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Abstract. 3a pesynomamamu OOCHIONCEHHS CUPO2O HE30UPAHO20 MOJIOKA KOPO8 4020,
BUKNAOEHUMU V ~cmammi, YCMAHOBIeHA U020 KOHMAMIHAYIs He Juue MIKPOKOKAMU,
ncuxpo@inehumu  Mikpoopeauismamu  pooie  Achromobacter,  Pseudomonas, Aeromonas,
Enterobacter, ane ii namoeennumu ma yMmo8HO-Namo2eHHUMU MIKPOOp2anizmamu (cmaghinokokamu,
CMPenmoKoKamu, KUWKOBOI NAIUYKON, KOpUHeOaKmepiimu), sAKi CHPpUYUHIOIOMb BUHUKHEHHS.
3ananenHs MOJIOYHOT 3a7103U | € 30YOHUKAMU XAPHUOBUX OMPYEHb Nt00el. Bionosiono oo eumoz €C,
3HAYHe NIOBUWEHH HOPMAMueie 0Oe3neuHocmi ma sAKOCMI MOJOKA-CUPOBUHU 3a  BUMO2AMU
Hayionanvrozo cmanoapmy (CTY 3662—2018 «Monoko-cuposuna kopos saue. Texniuni ymosuy)
sumazae nepeznady HOpMaAmMueHoi 6a3u CMoCO8HO CAHIMAPHO-2ICIEHIUHUX MA MEXHOI02IUHUX Y MO8
00€pIHCaHHS, U020 NEePBUHHOI 00pPOOKU HA NOMYICHOCMAX 3 BUPOOHUYMBA HEe30UPAHO20
KOpPO8’14020 MONOKA-CUPOBUHU. [  uU3HAYeHHs eheKmusHocmi caumimapHuoi 06poOKu i
HOPMAMUBHOIL YUCOMU 00ibHO20 00AOHAHHS U MOIOYHO2O0 YCMAMKYBAHHA 00CUMb HAOTUHUM MA
IHGOPpMAMUBHUM NOKA3HUKOM € BCMAHOGIEHHSA MUMpY €eHMePOKOKI8, OCKINbKU HUHI UWUPOKO
BUKOPUCIOBYBAHULL 3 YIEI0 Memolo mump 6axmepiil epynu KUWKOBOI NATUUKU MAE 0eUj0 HUNCHY
Pe3yIbmamusHiCmb, a Momy He 306CiM GUNPABOAHUIL.

Keywords. monoko-cuposuna Kopog’siue, 00inbHe 00ONAOHAHHA, HOPMAMUE YUCHOMU,
KMA®AuM, namocenni mixpoopeanizmu, mump bBIKIl, mump enmepoxokis, cyOKIIHIUHUL
macmum.

Introduction. One of the main points of the state policy on ensuring the safety
and quality of milk and dairy products for the life and health of the population is to
control the safety and quality of milk, raw milk and dairy products. There are special
requirements for the safety and quality of raw cow's milk, because, with the slightest
violation of the sanitary and hygienic conditions of its production and primary
processing at milk production facilities, it can serve as a favorable environment for

the development of opportunistic and pathogenic microorganisms [ 1,2].
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Under modern conditions, indirect methods of identification of pathogenic
microorganisms are widely used in the study of whole cow's milk, which only with a
certain degree of probability make it possible to detect them, due to the fact that the
arsenal of direct microbiological methods of pathogenic bacteria is still insufficient.
An indicator of fecal contamination of raw milk, in particular, and the environment in
general, is the presence of bacteria of the Escherichia coli group (BGKP), namely -
Escherichia coli [3,4]. At present, ecological science is becoming a specific general
scientific approach to the study of various objects of the environment and society,
and on the basis of the principles of greening, somewhat new approaches to obtaining
safer raw milk are being formed. [5]. With this approach, it is very important to
identify sanitary-indicative microorganisms in raw milk.

The main source of microbial contamination of whole cow's milk is milking
equipment and dairy equipment, as more than 90% of the microflora is
microorganisms that are on their internal surfaces, therefore, compliance with
sanitation requires considerable attention and priority and ensures the safety of raw
milk. [5].

Experimental studies have shown that during the period of receipt of fresh milk
in the total tank capacity and its cooling to a temperature of 4 + 2 ° C, the number of
microorganisms in it increases by 3—-3.5 times due to their washing from the surface
of milking equipment and their subsequent development [5, 6,7]. For delivery to raw
milk processing capacity with the number of mesophilic aerobic and optionally
anaerobic microorganisms (KMAFanM) up to 100 thousand CFU, it is required that 1
cm3 of fresh milk yield had no more than 20 thousand colony-forming units. Such
milk can be obtained only if the amount of MAFANM in washes from milking
equipment parts does not exceed 500 CFU / cm3, which in turn requires not only the
availability of appropriate technologies in raw milk production facilities, effective
detergents and disinfectants, qualified staff, but also systematic monitoring of the
effectiveness of sanitation of milking equipment, which is the main source of
contamination of fresh milk with microflora [8, 9].

Therefore, it is important to find an alternative, faster and easier to implement
method for determining the effectiveness of sanitation of milking equipment and
dairy equipment, with results adequate to the direct cup method.

Material and methods. The research was conducted in accordance with current
regulations: DSTU 3662-2018, DSTU 7089: 2009, DSTU 1DF 122C: 2003 (1DF
122C: 1996, IDT), DSTU ISO 5944: 2005 (IDF 60: 2001). DSTU 7357: 2013, DSTU
IDF 73A: 2003 [2-8]. To determine the effectiveness of the titers of BGKP and
enterococci, the effectiveness of sanitation of milking equipment and dairy
equipment, parts of the milking machine, cooling tank, for their different sanitary
condition were washed, in accordance with the requirements of "Sanitary rules for
care of milking equipment and dairy equipment and their sanitary condition " [1 - 6],
«PexkomeHnaanii 1100 CaHITAPHO-MIKPOOIOJOTIYHOTO JOCHIDKCHHS 3MHUBIB 3
MOBEPXOHB TECT-00’€KTIB Ta 00’ €KTIB BETEPUHAPHOIO HATJISIAY 1 KOHTPOJO» [7].

Results of the research. For sanitary treatment in this farm use the drug
"Desmol", produced by the industry for simultaneous washing and disinfection of
milking equipment and dairy equipment and is a mixture of inorganic salts,
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detergents and chlorine component (5-6% active chlorine), as well as anti-corrosion
substances and water softeners. In the case of manual processing of portable cans in
which milk is produced from cows on the farm, disinfection is carried out with a
solution of "Desmol" with a mass fraction of 0.5%.

Micrococci (31.8%), psychrophilic bacteria of the families Achromobacter,
Pseudomonas, Aeromonas, Enterobacter (21%), staphylococci (14.2%), streptococci
(13%) and corynebacteria were found to be the largest percentage of bacteria in fresh
milk. (thirteen%).

The first experimental group presents the results of the study of washes, the
microbial count (KMAFANM) which was within the normative limits of effective
sanitation, and the titers of both groups of sanitary-indicative microorganisms (BGKP
and enterococci) was> 1.0.

In the second experimental group, the results of the study of washes with titers
of BGKP> 1.0, and enterococci - 1.0 and <1.0 (range of MAFANM - from 1000 to
1000 000 CFU).

In the third experimental group - data on the results of the study of all washes
with a microbial number from 1000 to 1000 000 CFU and more than 1000 000 CFU,
the titer of BGKP and enterococci - 1.0 and <1.0, respectively.

The results of the study of washes in the second experimental group give
grounds to claim that the titer of BGKP more than 1.0 can not serve as an indirect
indicator of the regulatory purity of milking equipment. The titer of enterococci (first
experimental group) more than 1.0 in 91.0% of cases had almost the same indicators
with the normative amount of MAFANM in washes (<500 CFU). The slight
deviation of the microbial number from 500 to 1000 CFU is only 9%, and therefore
we will consider it not fundamental.

With an enterococcal titer of more than 1.0, the standard amount of mesophilic
aerobic and optionally anaerobic microorganisms in fresh milk was up to 19 thousand
CFU / cm3.

Thus, the results of the study confirmed the statements of a number of Ukrainian
and foreign scientists [5-9] on the high informativeness and effectiveness of
determining the titer of enterococci as a bioindicator group of bacteria to control good
hygienic and industrial practices of obtaining and primary processing of whole cow's
milk. .

Bacteriological studies of raw milk were performed to determine the number of
mesophilic aerobic and facultative anaerobic microorganisms (KMAFanM), the
presence of Escherichia coli bacteria (BGKP), pathogenic staphylococci and
streptococci, which are the causative agents of mastitis. It was found that the number
of mesophilic aerobic and facultative anaerobic microorganisms in the secretion of
cows with subclinical mastitis is from 1 to 3 million CFU / cm3, and clinically
healthy - from 10 to 100 thousand CFU / cm3. Morphologically, it was the
microflora, which was gram-positive cocci (mostly) and rods.

In subclinical mastitis, hemolytic and plasma-coagulating staphylococci were
more frequently isolated, agalactic streptococci and Escherichia coli bacteria were
less common. Of the 12 cultures of staphylococci studied, of the affected udder of
cows suffering from mastitis, 74.6% of their strains were identified as
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Staphylococcus aureus, as they had such basic biochemical properties as blood
plasma coagulation, hemolysis of erythrocytes, mannitol fermentation.

Examination of secretions from the affected udder of cows with mastitis
identified mainly Streptococcus agalactiae group B streptococci, which accounted for
54.7% of the total number of these microorganisms. Regarding Escherichia coli
bacteria isolated from the affected parts of the mammary gland of cows, 7 strains out
of 12 were classified as Escherichia coli.

The main pathogens of mastitis were not detected in milk samples obtained from
clinically healthy cows, adjacent unaffected parts of the udder of cows suffering from
mastitis. Milk from clinically healthy cows and from unaffected parts of the udder of
patients did not contain pathogenic microorganisms that could cause pathological
processes and food poisoning in humans.

Conclusion. 1. Fresh milk from cows, obtained at the milk production facility of
STOV "Burivske" Gorodnyansky district of Chernihiv region, contaminated not only
with micrococci, psychrophilic microorganisms (Achromobacter, Pseudomonas,
Aeromonas, Enterobacter), but also pathogenic streptococcus, including
staphylococci, including corynebacteria, which cause not only inflammation of the
breast, but also are the causative agents of food poisoning in humans.

2. In the milk of clinically healthy cows, the number of mesophilic aerobic and
facultative anaerobic microorganisms ranged from 10 to 100 thousand CFU / cm3,
and the main causative agents of mastitis were not detected.

3. In the milk of cows suffering from subclinical mastitis, the number of
mesophilic aerobic and facultative anaerobic microorganisms ranged from 1 to 3
million CFU / cm3, more often Staphylococcus aureus was isolated, less often
Streptococcus agalactiae and Escherichia coli.
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Abstract. 3a pesynomamamu OOCHIONCEHHST CUPO2O HE30UPAHO20 MOJIOKA KOPO8 4020,
BUKNAOEHUMU V cmammi, YCMAHOBIeHAd U020 KOHMAMIHAYIs He Juule MIKPOKOKAMU,
ncuxpo@inehumu  Mikpoopeanismamu  pooie  Achromobacter, Pseudomonas, Aeromonas,
Enterobacter, ane ii namoeennumu ma yMmo8HO-Namo2eHHUMU MIKpOOp2anizmamu (cmaghinokokamu,
CMPenmoKoKamu, KUWKOB0I0 NAIUYKON, KOpUHebakmepiimu), sAKi CHPpUYUHIOIOMb BUHUKHEHHS.
3ananenHs MOJIOYHOT 3a7103U | € 30YOHUKAMU XAPHUOBUX OMPYEHb Nt00el. Bionosiono oo eumoz €C,
3HAYHe NIOBUWEHH HOPMAMueie 0Oe3neuHocmi ma sAKOCMI MOJOKA-CUPOBUHU 3a  BUMO2AMU
Hayionanvrozo cmanoapmy (CTY 3662—2018 «Monoko-cuposuna kopos saue. Texniuni ymosuy)
suMazae nepe2nsdy HOpMaAmMueHol 6a3u CMoCOBHO CAHIMAPHO-CICIEHIUHUX MA MEXHOIO2IUHUX Y MO8
00epoicants, U020 NePeUHHOI 00pOOKU HA NOMYAHCHOCMAX 3 BUPOOHUYMBA HE30UPAHO20
KOpPO8 14020 MONOKA-CUPOBUHU. [ GU3HAYEHHS eqheKmusHOCmi  caumimapHoi o06poOKu i
HOPpMAamueHOoI 4yucmomu 00iibHO20 0ONAOHAHHS U MOJIOYHO20 YCMAMKYBAHHS 00CUMb HAOIUHUM Ma
IHGOPMAMUBHUM NOKA3HUKOM € BCMAHOGIEHHSA MUMPY €eHMepPOKOKI8, OCKIIbKU HUHI UWUPOKO
BUKOPUCIOBYBAHULL 3 YIEI0 Memolo mump 6akmepii epynu KUWKOBOI NATUYUKU MAE 0eUj0 HUNCHY
Pe3YIbMamueHiCmb, a MoMy He 306CiM 6UNPABOAHUIL.

Keywords. monoko-cuposuna kopog’siue, 0oinbhe 001AOHAHHA, HOPMAMUE YUCTOMU,
KMA®AuM, namoeenni mikpoopeanizmu, mump BIKII, mump enmepokokie, cyOKniHiuHUL
macmum.
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YK 621.311
RELIABILITY OF PROTECTION OF ELECTROTECHNICAL

COMPLEXES
HAJIIMHICTD 3AXHCTY EJEKTPOTEXHIYHUX KOMILIEKCIB
Fedoriv M./ ®enopis M.H.
c.t.s., as.prof. / k.m.H., 0oy.
Kurlyak P./ Kypask I1.O.
c.t.s., as.prof. / k.m.H., 0oy.
Ivano-Frankivsk National Technical University of Oil and Gas,
15 Karpatska Str, Ivano-Frankivsk, Ukraine, 76019

lsano-Dpankiecokuil HAYIOHATLHUL MEXHIYHUL YHIBEpCUmMem Hagdmu i 2a3y,
eyn. Kapnamcuka, 15, m. léano-@pankiscvk, Ykpaina, 76019

Anomauia. Cmammsa npucesiuena OKpemum NUMAHHAM RIOBUWEHHS HAOIHOCMI CKIAOHUX
eleKMPOMeXHIYHUX KOMNJIeKCi8 3acobamu ougepenyitinoeo 3axucmy. Haditnicms npucmpois
3axucmy Mae GenuKe 3HAYEHHs, MaK AK 6Ii0M0o8a 6 (PYHKYIOHYBAHHI OAHUX NPUCMPOIE MOodice
CNpUYUHUMU  CePUO3HI empamu. 30cepeddceHo yeaz2y HA NpAGUNbHIU Opeanizayii npoyecy
00cnye08y6ants 3axucmy. AKYeHmoeaHo Ha OYIHYI HAOIUHOCMI 3AXUCMY MemOoOOM JAHYIO2I8
Mapxkosa, wo mae pso nepesae Hao IHWUMU CROCOOAMU.

Knrouosi cnosa: enekmpomexHivHuti KOMNIeKc, HAOTUHICMb, OUdepeHyitiHuLl 3axXucm, Memoo
nanyro2ie Mapkosa.

Beryn.

[IpoGiema  HAmIWHOCTI  EJIEKTPUYHUX  CTaHIIM,  MIACTaHIINA,  JIHIM
eJIEKTporepeaay, eIEKTPUYHUX MEPEX 1 CUCTEM — OJIHA 3 IEPLIOUYEProBUX MPOOIIEM
CHEPreTUKU. B OKpeMHX €HEpreTMYHHX CHCTEMax 4YMCIO aBapiil MPOTATOM POKY
Jocsrae JeKUTbKOX JECITKIB, & PIYHUM 0OCST €eKTPpUYHOI eHeprii, IKy HEe OTpPUMaB
CIOKMBAa4 B Pe3yJbTaTi aBapiii — JEKUIbKOX MIJIBHOHIB KutoBaT-roguH. CymapHa
MOTY>KHICTh TEHEPATOpiB, IO OJHOYACHO NPOCTOIOIOTh B aBapifHOMY PEMOHTI,
CTAaHOBUTH MUIBHOHU KimoBaT. [Ipw Takiili BHCOKIN aBapiifHOCTI B €HEProcucTemMax
OLlIHKa HAaJIIHOCTI OKPEMHUX BH/IIB YCTaTKyBaHHS I yCTaHOBOK, momyK HUISAX1B
MIJBUIICHHS HAJIMHOCTI SIK Yy XOJi eKCIulyaTallii, Tak 1 Ipu IpOeKTyBaHHI CTalOTh
NEepIIOYEPTOBUMU 3aBJIaHHSIMHU.

OCHOBHMI TEKCT.

Haniitaicte pobotn enekrporexHiuHoro komruiekcy (ETK) 06e3mocepennno
3QJICKUTH B1Jl HAAIMHOCTI poOOTH Horo 3axucty. HagiliHICTh — BIacTUBICTh 00’ €KTa
BUKOHYBATH 3aJaHl PYHKIIi y 3aJaHOMY 00Cs31 32 EBHUX YMOB (DYHKIIIOHYBaHHS.
oxgo 3axucty mig 00’€KTOM po3yMieThcsl mada abo MaHenb 3aXUCTYy, OKPEMO
B3SATUM €JIEMEHT — MPUCTPIN 3aXUCTY, peJie.

HaniifHicTh cHcTeMHM 3aKiIaa€ThbCsl HaA CTafli NPOEKTYBaHHS, a IOTIM
BLJIOOpaXAEThCAd B 3aKiHYEHOMY BHPOOlI Ha CTaaii HWOro BUTOTOBJICHHS, aje
peani3yeTbCs BOHAa TUIBKM TMPH E€KCIUTyartaiii BHpPOOiB, Tak fK caMe BIJ
eKCIUTyaTallifiHOl HaAIMHOCTI 3alieXUTh HApOAHOTOCHONAPCHKUN e(eKT Toro uu
IHIIOTO €NEKTPUYHOTO O0JIaAHAHHSA, TO1 YU 1HIIOI CUCTeMU. ToMy HalO1IbII MOBHO 1
JOCTOBIPHO KUIBKICHI NMOKa3HUKU HAAIMHOCTI MOXYTh OyTH BH3HAUEHI B pe3yibTari
CTaTUCTUYHOI 00poOKHM 1H(OpMallii, 0epKaHOI IPU eKCIUTyaTalii BUpoOiB cepiitHOTo
BUpOOHUITBA. HaniifHICTh MPUCTPOIB 3aXUCTY Ma€ BEIMKE 3HAUEHHS, TaK K BlMOBa
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B (DYHKIIIOHYBaHHI JaHUX MPUCTPOIB MOKE CIPUYMHUTH CEPHO3HI BTPATH.

BiamoBu cuctemMu 3aXHCTy MOXXYTh BHUHUKATH: B TPOIECI TEPEBIPKH HOTO
CIPaBHOCTI TMEPCOHAJIOM TpPU BHUBEIACHOMY 3 poOOTHM 3axHCTi, B MpoIleci
aBTOMAaTU4YHOI ab0 aBTOMATM30BaHOI TMEPEBIPKM CIpPaBHOCTI ©0€3 BHUBEIEHHS
IPUCTPOIO 3 POOOTH; SIKIIO B pPeE3yJbTaTl MOSIBU HECHpaBHOCTEH BiIOYBAETHCA
HEeIpaBUIbHA POOOTA CUCTEMHU 3aXUCTY (BIAMOBU B (DYHKIIIOHYBaHHI).

BusnauanbHOI0  OCOOJIMBICTD TEXHIKM HAIIHHOCTI PEIEUHOI0 3aXUCTY -
HEOOX1IHICTD PO3PI3HATH HaJ1HHICTD CIIpAIlbOBYBaHHA 1 Ha1HHICTD
HecnpaiboByBaHHs [1]. 3 00JiKOM 0COOIMBOCTEM aHATI30BAHOTO I[EHTPATI30BAaHOTO
T epeHIHHOTO 3aXUCTY, PO3PAXYHKHA HANMOUIbII ONTUMAIBLHO BECTH ISl JBOX TPy
B1IMOB B (DYHKI[IOHYBaHHS:

— XWOHI copalboBYBaHHS (U BIJICYTHOCTI KOpoTkoro 3amukaHHs (K3) Ha

00'€KTI, 110 3aXUIIAETHCS, - PEKUM YEPTyBaHHS );

— BIIMOBU B CIHpalbOByBaHHI (MpU TOIIKO/PKEHHS Ha 00'€KTi, IO

3aXHIIMAETHCS).

[Tonin Ha AB1 TPYNU BUKOHYETHCS B 3B'SI3KY 3 TUM, 1110 3aXUCT HEOAHAKOBO BEJE
cebe mpu pi3HUX pexumax. Skmo B pexumi depryBaHHs (mpu BiacyTHocTi K3 B
CUCTEMI1) B 3aXMCTI 3'IBUJIACS HECIIPABHICTb, 3/laTHA CAMOCTIMHO MPU3BECTH 10 MOTO
XMOHOTO CIpallbOBYBaHHS, Ta BUKOHYIOTHCS YMOBHU TPOSBY Ii€1 HECHPABHOCTI, TO
TaKa HECIPaBHICTD BIJpa3y * MPU3BOJIUTH /10 BIIMOBH B (PYHKI[IOHYBaHHI - XUOHOTO
CTpallbOBYBaHHS 3aXUCTY.

SkIio XK y 3aXMCTi 3'ABUJIAcs HECIPABHICTh, 3/1aTHA MPU3BECTH JI0 BIJIMOBHU B
CIpalbOBYBaHHI, TO 3a3BHYail BiApa3y X BIAMOBH Yy (PYHKI[IOHyBaHHI Hemae. J[iis
bOr0 MOTPIOHO, 100 MOIIKO/HKEHHS Ha €JIEMEHTI, 110 3aXHUIIAEThCS, MAJIO MICIE
OJIHOYACHO 3 HASBHICTIO B 3aXMCTY BIJANOBIJHOI HECHpaBHOCTI. TakuM 4YHMHOM, B
peXUMi TIPU TIOMIKO/PKEHHI Ha O00'€KTi, M0 3aXWINAETHCA, IO TIOSBU BiIIMOB B
(GyHKIIIOHYBaHHI MOK€ MPUBECTHU JIMIIE TTOETHAHHS IBOX TMOJ1i: HABHOCTI Y 3aXUCTI
BIJIMOBIAHOT HECMPABHOCTI Ta BHUHUKHEHHS TIONIKO/DKEHHS Ha 00'€KTi, IO
3aXHUIIAETHCS.

TakuMm 4YMHOM, MOXXHAa CKa3aTH, 10 Npu BUHUKHEHHI K3 B eleKTpuyHiii
CHUCTEMI, 3aXHCT Beje cebe SK CHCTeMa MacOBOro OOCIyroBYyBaHHS, 1 (DYHKITIOHY€E
«10 BUMO3i». Cami )k BAMOTY BUHUKAIOTh BUIIQAKOBUM YHHOM.

[eit miaxia TakoX OMUCYETHhCS HU3KOIO 3apyOIKHUX HAYKOBIIIB, 30KpemMa [2].

Ha BigmiHy BiJl METOOMK pPO3paxyHKy, 3aCTOCOBYBAHMX JJisl MPUCTPOIB Ha
CJIEKTPOMEXaHIYHIN eneMeHTHIM 0a3i, B po3paxyHKax HE BPaxOBYIOThCS 3aiiBi
crpanboByBaHHs (pexuM 30BHIMIHIX K3, mpu MmomKoKeHHI Mo3a 30HOI0 3aXHCTY).
[le moB's3aHO 3 THUM, IO 3aiiBe CHpalbOBYBaHHS AUQPEPEHLIHHOTO 3aXICTy MO3Ke
CTaThCsA 4epe3 MOXUOKU TpaHC(l)opMaTopa ctpymy (TC), HecmpaBHOCTI BTOPUHHUX
CTPYMOBHX JIQHIIOTIB 1 HENpaBWIbHO BHOpaHMX YCTAaBOK. 3 ypaxXyBaHHSIM
0COOJIMBOCTEN aHaII30BaHOTO 3aXUCTY, IKUM MPEICTaBIsi€ COO0K0 MOBHICTIO TOTOBHMA
MIKpPOTIPOLIECOPHUM TPUCTPIA, Ma€e CBOI TMOKAa3HUKM HAIIMHOCTI, a TaKOXK
npuiimMarouun, 1o obnagHaHHs (TC) oOpaHO KOPEKTHO, YCTaBKM CIpallbOBYBaHHS
pO3paxoBaHl MPaBUIbHO, BUXOJAUTh, MO PO3PAXYHKHU MOLIIBHO BECTH TIJIbKH IS
JIBOX T'PYII BIIMOB B (DYHKI[IOHYBaHH.

Benuke 3HaueHHS TpU pO3paxyHKY MOKA3HUKIB HAAIMHOCTI Mae O0OJIK
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BIJIHOBJICHHSI — TI€pexiJ 3 HECMpPaBHOTO CTaHy B cmpaBHui. [lig BiTHOBIECHHAM
CIPaBHOCTI 3a3BHYail PO3YMIETHCS PEMOHT.
Yac BigHOBIICHHS T3 MOKe OyTH BU3HAYEHO HACTYITHUM YMHOM:
Te = Teu}zeﬂ. + To.o. —f—Te.e., (1)

Jac T — YaC BHABJICHHA INOMIKOIXKCHHA, TO o qac O‘{iKyBaHH}I O6CJIYFOBYB8,HH}I;

BUABIL.

T —4Jac BiAHOBJICHHS MPaIe31aTHOCTI.

6.6.

HecnpaBHicTb, 1110 3'sIBHIJIACS y PUCTPOI 3aXUCTY, MOXKE OyTH BHSIBIIEHA AAJICKO
HE Bigpa3y, SKII0O BOHAa HE IMpHU3Beia A0 TMOMUJIKOBOTO CHpPalbOBYBaHHS.
HecnpaBhicth MoOXe HIIK cebe He NpPOSBUTH 1 3AJIHUIIUTHCS HENOMIYEHOIO,
HAIpPUKIIAJ, JO TOTO MOMEHTY 4Yacy, KOJIHM Ha CHJIIOBOMY O0'€KTI 3'SIBUTHCS KOPOTKE
3aMHUKaHHS.

Yac ouikyBanHs oOciayroByBanHs I~ 3aJ€KUThb BiJl yMOB €KCILIyaTamii i

peXUMy 00CITyTOBYBaHHSI Ha €HEPro00’ €KTI .
Yac ycyHenHst HecripaBHOCTI T’ BKJIIOYAa€ B ceb€ TMOIIyK HECHPaBHOIO
YVCYH.

eJeMeHTa B MeXaX CHUCTEMH, L0 OOCIyrOBY€ThCA, 1 O€3MOCEPENHbO Yac PEMOHTY.
Sxmo X WAETbCS MpO BIJHOBJICHHS MPale3JaTHOCTI MUIIXOM aBTOMAaTUYHOTO
BHUBEJICHHSI 3 POOOTH TMOIIKO/KEHOTO OJIOKY 1 BBEACHHS 3aMIiCTh HHOTO B pOOOTY
CIIPAaBHOTO OJIOKY 3aXHCTY, TO YaC YCYHEHHsI HECIIPABHOCTI MOXe OyTH JIy»Ke MaJUM
1 HaOMXKaTUCS 10 HYJIS.

BaxxnuBuii ckiaHUK MOTOKY BIJIHOBJIEHb € MOTIK MPO(]IIaKTUYHHUX MEPEBIPOK,
MEePIOIUYHICTh Ta OOCAT AKUX BCTAHOBJIIOIOTHCS BIAMOBIIHUMHE THCTpYKITisiMu. [ToBHI
npoQUTAKTUYHI TIEPEBIPKA TMPOBOAATh HA MaHENSX 1 Imadax pereHHOTo 3aXUCTy 3
NEepIOJUYHICTIO pa3 B 3-8 POKIB B 3aJE€KHOCTI BiJ MICHS PO3TAlIyBaHHS 1 yMOB
excrutyatariii. [lomkomxeHi 6J10ku Ta MOYJI, @ TAKOXK €JIEMEHTH, SIK1 BUPOOUITU CBI
pecypc, IpH [IbOMY 3aMiHIOIOTh Ha CIIPaBHI.

CBoepiHUMU TIepeBipKaMH Tparie3aTHOCTI 3axucty € K3 Ha ycTaTKkyBaHHI, 110
3aXUIIAEThCS ab0 B NPWIETNIH YacTUHI €JIEKTPUYHOI CUCTEeMHU. KMo 1pH
MOMIKO/>)KEHHI Ha 00'€KTI, 10 3aXMILAETHCA, IPU SIKOMY MPUCTPI Mae CIpaiioBaTH,
BIH HE CIIpaloBaB, TO 3a3BUYail MPOBOJAATH MOBHY NEPEBIPKY Mpane3aaTHOCTI
BIINOBITHOTO MIPUCTPOIO 3aXUCTY.

JI71s1 OLIIHKKM HaAIMHOCTI 3aXUCTY 3aCTOCOBYIOTh METO/I JIaHIloriB MapkoBa, 110
Mae psiji TiepeBar Haj IHIUMU cioco0amu. [Iporiecu 3MiHM CTaHIB CUCTEMU, HA K1 B
OCHOBHOMY BIUIMBAIOTh BHITaJIKOBI BIJMOBH OKPEMHX €JIEMEHTIB, OMHUCYIOTHCS 3
BUKOPUCTAHHSM ITyaCOHIBCHKHMX BUITaJIKOBHX MPOILIECIB (PIAKICHI BUITAIKOBI SIBUIIA).
[Ipu moka3HUKOBOMY PO3MOJILII Yacy MK BIIMOBAMH 1 MOKa3HUKOBOMY PO3IMOALI
TPUBAJIOCTI CTAHIB BIJIMOB CTBOPIOIOTHCS MOMIJIMBOCTI 3aCTOCyBaHHs J100pe
pO3po0IeHOr0 amapaTy Teopli MacoBOTO OOCIYyroByBaHHSl - amapaTy TaK 3BaHUX
MapKiBChKUX BUITaIKOBHX IPOIIECIB.

[Iporiec Ha3MBAETHCS MAPKIBCHKHUM, SIKIIO CTaH €JIEMEHTY ab0o CHUCTEMHU B
MaiOyTHBOMY 3aJICKUTh TUTHKU BiJ CTaHy B JaHUM MOMEHT 4acy 1 HE 3aJE€KHUTh BiJ
TOT0, IKUM YMHOM €JIEMEHT IPUMILIOB B LIEW CTaH.

binpmricTe 1HIMIMX METOAIB JJO3BOJSIOTH pPO3paxyBaTH JIMIIE BCTAaHOBIECHI
3HAYEHHS TAKOTO TMOKa3HUKa, K KOe(]IliEHT HErOTOBHOCTI — MMOBIPHICTH TOTO, IO
00'€KT BUSABHUTHCA B HEMpale3JaTHOMY CTaHI B JOBUIBHHA MOMEHT Yacy, KpiM
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3aIIaHOBAaHUX TEPi0JIiB, BIPOJIOBXK SAKMX 3aCTOCYBAaHHS 00'€KTa 3a MPU3HAYCHHSIM HE
nependavaeThesl.

BucHoBku.

Taxum uymnom, cami K3 Ha ycTaTKkyBaHHI HE € TOMISIMH, IO BiTHOBJIIOIOTH
Mpale3laTHICTh 3aXUCTy, aje HeNpaBWJbHA MOBEAIHKA 3axHUCTy Mpu Takux K3
NPU3BOAUTH J0 BiTHOBJICHHS MPAll€31aTHOCTI.

[Ipu mpaBuibHIN opraHizailii mpoiecy o0CITyroByBaHHS 3aXHUCTy Oyjb-siKa HOro
BIJIMOBAa y (YHKIIOHYBaHHI Ma€ MPHU3BOJUTU JI0 IOBHOI IMEPEBIPKU CIPABHOCTI.
Hanpuxman, micisi TOMUIKOBOTO CHpAaIllbOBYBaHHS Mae€ OyTH YCyHEHHMHA HE TUTbKU
AaedeKT, 1o MPUBIB A0 XUOHOTO CIPAIbOBYBAaHHS, ajleé TAKOXK 1 1HIII HECTPABHOCTI 1
nedeKTH, sIKi 10 MOMEHTY MepeBIpKUA HAarPOMAIUJINCh B CXEMi 3aXHCTY.
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Abstract. The article is devoted to some issues of increasing the reliability of complex
electrical systems by means of differential protection. The reliability of protection devices is
important, as failure of these devices can cause serious losses. The focus is on the proper
organization of the protection service process. Emphasis is placed on assessing the reliability of
protection by the Markov chain method, which has a number of advantages over other methods.
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AHnomauia. 3anponoHOBAHO pPeNHCUM PIBHONPUCKOPEHO20 KOAUBANLHO20 PYXY AK OOHO20 3
MOJNCIUBUX OISl BUKOHAHHA BIOPOOIAcHOCMUYHUX BuMipto8ans. I pagix 3miHu NpUCKOpeHHs Ha
NPOMINCKY PIBHOMY NOJNOBUHI KOAUBAHHA CKAAOAEMbCS 3 wecmu OLIIHOK. CUHYCOIOANIbHO20
PO320HY,  CMAN020,  KOCUHYCOIOANbHO20,  CUHYCOIOANbHO20  2ANbMYBAHHSA,  CMAN020 |
KOocuHycoioanvhoeo. Hadalombcsa pieHanHa ma epagiku ons po3paxyHKie NPUCKOPEHHs, UW8UOKOCTI
ma nepemiwjeHus K @yukyii uyacy. Hasooumwcs ma onucyemvcs ancopumm  po3paxyHKy
MIJICKPOKOBUX [HMep8anie 0 peanizayii makozo pyxy. Y eionogionocmi 3 yum aicopummom
npogedeHi po3paxyHKu Napamempis pyxy HA KOHKPEmHOM) Npukiadi. AkyeHmyemovcs yeaza Ha
ICHYBAHHI NeBHUX 0OMedHCceHb OJis BeIUUUH NAPAMEMPI8, AKI 8PAX08VIOMbCA Y 0OUUCTIEHHAX.

Knrouosi cnoea: kpoxosuii 08ucyH, 8i0po-Kaniopy8aibHUull KOMNIEKC, PIBHONPUCKOPEHULL PYX,
an2opumm.

Beryn

OnHUM 13 MOXKJIMBUX THUITIB PyXY KapeTKH BiOPO-KaliOpyBaIbHOIO KOMILIEKCY €
PIBHONIPUCKOPEHUN KOJUBAIbHUHN pyX. [IpuBabIuBICTH TaKOrO BUY MEPEMIIICHHS
KapeTKU JIJIsi BUPIIMICHHS 3a/a4 BIOPOKaIiOpPOBKU Ta BIOPOJIIarHOCTUKH TIOB’s3aHa 31
CTaJICTIO BEJIMYMHH MPUCKOPEHHS HA IEBHOMY 4YaCOBOMY 1HTEpPBaJll KOJUBAHb.

Bzarani npuckopeHui/TalIbMIBHHM pyX BUKOPHCTOBYETHCS SIK  E€JIEMEHT
nepeMiieHHs 00’€KTy Big oAHiel To4yku g0 1Hmoi. [lpm mpomy meil mosx
CKIIQZIA€EThCS 3 TPhOX YACTHUH: TPUCKOPEHHS - JUIsl IIBUAKOTO JOCSTHEHHS
OITHUMAJIbHOI IIBUAKOCTI, AUISHKHA 3 IOCTIHHOIO IIBHUAKICTIO — OCHOBHA YaCTHHA
MEePEMIIIICHHS Ta TaIbMYyBaHHS aXK JI0 HYJIbOBOI IBUJIKOCTI MPU JTOCATHEHH] KIHIIEBOT
TOYKH NUIIXY. XapakTep 3MIHU MPUCKOPEHHS Ha JULSTHIN MPUCKOPEHHS/TaIbMyBaHHS
MOe OyTH JIHIHHOIO, €KCIIOHEHIIabHOI0, MapaloiyHoo, S-tumy Ta iH. [lpm
JIHIAHOMY 3aKOH1 3MiHI NMPUCKOPEHHS MOXKIJIMBI MPOMYCKH KPOKIB Ta BUHUKAIOTh
3JIMIIIKOBI BiOpaIlii Mpu AOCSITHEHH] KIHIIEBOT'O MOJIOKEHHS.

[IpuckopeHHs/ranbMyBaHHsI S-TUITy — 1I€ METOJ 3MIHM IIBUAKOCTI, TIPU SIKOMY
KpHYBa 3MIHU HIBUJKOCTI B yaci HabmxkaeThes 70 popmu "S" B mporieci IpUCKOPEHHS
a00 yIOBUIbHEHHS.

Mo>JMBICTh yHpaBiiHHS KpokoBuM aBuryHom (KJI) mnst peanmizamii Takoro
XapaKkTepy pyXy 3raayerbcs y poOoTi [1]. Po3rasgaeTscsi anroputM 3MiHU 4acTOTH
VOPaBJISIOYUX  IMIOYJbCIB  JUIS  peaiizaiii  NPUCKOPEHHS/TallbMyBaHHS  3a
TpaneneijaibHoMy Ta mnapadoiiyHoMy 3akoHaM. [loka3aHO TPUIIBUAIICHHS B
JIOCSITHEHH1 KyTa MOBOPOTY 3a MapaboiYHUM 3aKOHOM 3MIHM NMPUCKOpeHHsS Ha 21%
0 BIIHOIIECHHIO JI0 TpaneleiiaibHoro.

HoBuii miaxij peanizaiiii S-Tuiy KpUBOi pO3TrOHY/TajJbMyBaHHS HaBEICHO B [2].
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VY gKOCTI 3MIHHOI TIpH PO3paxyHKax IMapaMeTpiB pyXy OepeThCs HE 4Yac, a YHCIIO
IMITyJIbCIB, HEOOXITHE ISl TIEPEMIIEHHSI KapeTKW 3 OJHI€i Touk:u 10 iHmoi. Tyt
PO3TISAAETHCSA BaplaHT JIHIMHOTO XapakTepy 3MIHU MPUCKOPEHHS 3 yacoMm. Tomy B

TOYKax Iepeaomy rpadika: a(n) =a, +kn  ya rpadiky pyxy OyayTh

criocTepiraTucs HeniHiiHocTi. KpiM Toro, ocHOBHa 3aj1a4a JaHOi poOOTH moJisraia y
CIIPOIICHH] PO3pPaxyHKIB IS peajizallii nmepeMilieHHsT KapeTKU 3 OJIHI€T MO3HUIIiT 10
1HII01. AJIbTEpHATUBI S-KpHUBI y poOOTI [3] MPONOHYETHCS AITOPUTM PO3TOHY, SIKHIM
BKJTFOYA€ CKCIIOHEHITIAIbHUN PICT, PyX 3 MOCTIHHUM NMPUCKOPECHHSIM Ta TaJIbMyBaHHS
3a MapaboIiYHUM 3aKOHOM.

Jliist peanizaitii piBHOIPUCKOPEHOTO PyXy 3 METOI BUKOHAHHS MPOIIEIYp 00
BIOpOKaTiOpPOBKM BAXKJIMBO HE CaMe IMEPEMIIICHHS, a TOYHE BIITBOpPEHHS rpadika
PyXy 3 ypaxyBaHHSIM YacOBHX IMapaMeTpiB: YaCTOTH KOJHMBAHb Ta CHHXPOHHOCTI y
BIJITOBITHOCTI 3 PIBHSHHSIM PYyXY.

3 MeTor0 3a0e3MeueHHs TJIAAKOCTI rpadika piBHSIHHS MPUCKOPEHHS Bl 4Yacy
MPOMOHYETHCS MPEICTABUTH MOTO y BUTIIAJI TPUTOHOMETPUYHOI (DYHKIIII, a caMe:

a(t) = a,Sin(wt), (1)

1e a, - aMIUITyIHe 3HAYCHHS MPUCKOPEHHS, ® - KPYroBa 4acTOTa KOJMBAHHS, SKa
BU3HAYAETHCS Tak: w = 1/2t,, ne t, - 1/4 nmepilogy KONMBaHb, SIKHUM

BIJINOBIJIa€ CUHYCOiJaIbHIN YaCTHHI 3MIHU TPUCKOPEHHS.
Sx BugHO 3 piBHsAHHA (1) t, - e 3HAYEHHS Yacy KOJIM MPUCKOpPEHHs HaOyBae

aMILUTITYJTHOTO 3HAYCHHS 1 Jajii He 3MiHeThes (puc.l). Llel nmepexin BinOyBaeThCs
TIJTaBHO.

Jlnisa npuknany, Ha puc.l s BenuunHa ckiaaae 10 oquHuis mo Bici t.

a(t)

0,15

0,10

0,05

0,00 t

-0,05

-0,10

-0,15

Puc.1 3ajie:kHicTh NIPUCKOPEHHH BiJ 4acy.

B nmianazoni t € [10, 90] 3a1iCHIOETHCS PIBHOMPUCKOPEHUN PYyX 3 BEIUYHHOIO
MIPUCKOPEHHS PiBHOWO a,. Jami B mianmazoni Big 90 mo 100 pyx BigOyBaeTbes 3

PUCKOPEHHSM:
a(t) = a,Cos(wt) (2)
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B nopanpmiomy, B iHTepBami 3HaueHb t € [100, 200], BimOyBaeTbcs

raJibMyBaHHS, a PIBHAHHS PyXY BIJIPI3HSIOTHCA BiJl HABEICHUX BUILE JIUILIE 3HAKOM.
Cnin 3ayBakuTH, 110 300pakeHoMy Ha rpadiky iHTepBaiay yacy Big 0 mo 200
BIJIMOBIAA€ MEPEMIIIIEHHS KaPETKH Bl OJJHOTO KPAaHBOTO MOJIOKEHHSI 10 1HIIIOTO, 10
CTAHOBUTH IOJIOBUHY MEPIoAy KOJUBAaHHS. I 3py4HOCTI pO3IIsAY, BPaxOBYHOUH
CUMETPUYHUM XapakTep rpadika, gac po3rony (0-10) 1 yac 3MeHIIICHHS TPUCKOPECHHS
1o uyns ( 90 -100) moznauaemo yepes t,. [HTepBan cTagoro 3HauYeHHS MPUCKOPEHHS

no3Haunmo uepe3 T,,. Tobro (T, +t,) — L€ MOMEHT IMOYaTKy 3MEHIICHHS

npuckopeHHs. Toal Bech 1HTEpBall AOJATHUX 3HAYEHb NPUCKOPEHHS Oyje CKilaJaTH
T, t2t, ( Tak caMo AK i BiJIEMHHX).

Ha pwuc.2 3006pakeno rpadik 3MiHM y 4Yaci BETWYMHHU IIBUAKOCTI. BigmoBigHi
PIBHSIHHS pO3paxOBaHi 3 ypaxyBaHHSIM XapaKTepy 3MiHU MPUCKOpPeHHs (puc.l).

v(t)
. ™

. e RN

s ST

o | L | | | | | | | ERSSUR

0 20 40 60 80 100 120 140 160 180 200

Puc.2 3ajnexHicTh NIBUIKOCTI Bij yacy.

HaBenenuit rpadik € HaciaiAKOM IHTETPYBaHHS TpPbOX pIBHSIHb  JJIs
MPUCKOPEHHS, 300paskeHuX rpadiuHo Ha mMai.l.
He naBomsum mporeaypu po3paxyHkiB V(t) gaemMo iX KIHIIEBI aHaTITUYHI
BUTJISIIN JIJ1s1 KOXKHOTO 3 TPHOX 1HTEPBAIB.
V() = % «(1—cos(wt)), 0=t<t, (3)

V(D) =ap = (t—t) +72, to=t=t,+ Ty, (4)
ne T,, — iHTepBan vacy Bia t, mo (100 —t,).
V(t) = % «sin(w(t — Ty, — t5)) + @yl +%, T, +t,=t=<2t,+T, (5

JIns po3paxyHKIB MapaMeTpiB PyXy KapeTKd B CHUCTEMI JIIHIHHOTO MPUBOAY —
KpPOKOBUM JIBUTYH, a caMme: MDKKPOKOBHMX I1HTEpBaJliB, 3arajbHOi BEJIUYUHU
MEepeMilIeHHs 3 YpaxyBaHHIM OOMEXeHb Ha BEJIMYMH MPHUCKOPEHHS Ta IIBUIKOCTI,
CJII/I MATH aHAJITUYHI PIBHSHHA pyXy Yy BUrisiai L = F(t).

Tomy piBusiaas (3), (4) Ta (5) cTanu BUXIAHUMHU JJIsl OTPUMAHHSA PIBHSHB PYXY Y
BIJIOBITHUX THTEPBAJIAX Yacy.
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to (6)

|E )

L(t) = %t —%sin (wt), 0<t

L(t) — ao(t_to )2 + ao(t_to ) + Eto 4

¥
2 w w w?

t,<t<t,+T, (7)
a a a
L(t) = (aon + Eﬂ) (t— T, +t,)— m—Zcos(m(t - T, + to)) + Eoto +

+ 2T+ 2 Ty Tt to =t =2t + Ty (8)

Ha puc.3 naBeaeHo rpadik pyxy KapeTKu Ha MPOTA31 BCLOTO 1HTEpBay yacy,
KU CKJIaJa€ MOJIOBUHY MEPioly KOJUBAHb.

L(t)

1000

900

800

700

600

500

400

0 ‘ | | | | | | | | Pt

0 20 40 60 80 100 120 140 160 180 200

Puc.3 3anekHicTh BiAXHJIEHHS MOJI0KEHHSI KAPETKH Bijl Yacy Ha iHTepBaJi
PiBHOMY IOJIOBUHI NEPioy KOJMBAHb.

KpokoBuii IBUTYH XapaKTepU3yeThCS CTYIIHYACTUM XapaKTepoM OOepTaHHS
sakopst. OO0epTanbHUM PyX SKOPS 32 TOTIOMOI0I0 CHEIiabHOIO PUCTPOIO - aKTyaTopa
NEPETBOPIOETHCS HA MOCIIIIOBHE CTYIIIHYACTE JiHIMHE MepeMillieHHsI KapeTKu. Po3mip
KPOKY BH3HAYAETHCS K MapaMeTpaMH akTyaTopa TakK 1 OOpaHUM pEKHUMOM pOOOTH
KJI. 3amexno Bim KJ[ 1 o6paHoro pexxumy poOOTH IpaiiBepa BenmnunHa Kpoky KJI
MoOke 3MiHIoBatucs Bix 1,8 kyT. rpag. no 1/512 wmi€i Benu4YMHM y pEeXHUMI

"MIKpPOKpPOKY". MOHa OLIIHUTH BEJIMYNHY OCHOBHOTO KPOKY B MM.
2m+R

dl = 28 (9)

200’

ne dl - BemuunHa OCHOBHOTO KpOKY, R — paniyc mecrepi akryaTopa KJI.

Jis mpuKiaxy, BENIMYMHA KpPOKY JJsi KPOKOBOTO JBUTYHA 3 MIECTEPHEIO
aKTyaropa JiameTpoM 16MM cTaHOBHUTH MpUOIM3HO 0,5 MM. SIKII0 YacoBUi 1HTEpBAJ
MDK 3I1IACHEHHSM KPOKIB TIOCTIMHMM, TOJI IMMIBUAKICTE OOEpTaHHS 1 JIiHINHHE
MepEeMIIICHHsI KapeTKu TexX Oyae Onau3bKo 10 piBHOMIpHOi. Uepe3 cuUMETpito
rpa@iuHUX 3aJeKHOCTEN JUIsl MIBUAKOCTEH Ta MPUCKOPEHHS Trpadik pyXy KapeTKu
IUIsL  ApYroi YacTMHMU TEpioy KOJMBaHb TeX OyJe CHUMETPUYHUM BIIHOCHO
BEPTUKAJILHOI OCI, 10 MPOXOUTh uepe3 abcuucy t=200 (puc.3).

Tomy po3paxoBaHi 3HAUYE€HHS MIKKPOKOBHUX YaCOBUX IHTEPBATIB [JIS OJHIET
MOJIOBUHM OyayTh TAaKMMH 3K IO 1 JIJIsL APYTOi MONOBUHKA. JIpyroro 3agadero, OKpiM
OTPMMAaHHS BIAMOBIIHUX PIBHSHb PYXy, € pPO3pOOKa aJrOpuTMy pO3pPaxyHKIB

ISSN 2663-5712 15 www.sworldjournal.com



s
SWorldJournal Issue 13 / Part 1 (Y am—

MDKKPOKOBHUX 1HTEpBaiiB (puc.4), siki 3a0e3nedyaTh pyx KapeTKH y BIJMOBIIHOCTI 3
OTPUMAaHUMH PIBHSHHSIMH PYXY.

C ITouaTox )

dl, ao, to, Tm, Lm, K

For n=0, n <N; n++

For k=0, k <K; k++ For k=0, k <K k++ For k=0, k <K k++

Po3zpax. npupocty Po3spax. npupocty Po3zpax. npupocty
dL; =f(k*dt) dL> =f(k*dt) dLs =f(k*dt)
TaK TaK TaK
MacusB 3Ha4YeHb .
iHTepBailiB, Tn Kineus

Puc.4 Anroput™M po3paxyHKy MIZKKpPOKOBMX iHTepBaJliB

Kpim BU3HaueHUX paHilie Ipu po3paxyHKax MIKKPOKOBUX 1HTEpBaJiB OyayTh
BUKOPHCTOBYBATHCS HACTYMHI TapaMeTpu: k - YHCIO YacoBUX KalliOpOBaHUX
IHTEepBaJIIB dtf sIKi BUKOPUCTOBYIOThCS SIK Mipa. BeanduHa 11b0oro iHTEpBaly BU3HAYAE
TOYHICTh PO3PaXyHKy MDKKPOKOBHMX 1HTEPBAIIB 1 CTYIEHb CIIBIAIHHSI OTPUMAaHHUX
pE3yNbTaTiB 3 TEOPETUYHUMH. TaKMM YHHOM BEJIMYMHY MIKKPOKOBOTO IHTEpBAITY
MOXKHa TpenactaButu sik k*dt. K - ue makcumanbHe nonyctume uucio k. N —
MaKCHMaJbHE MOXJIMBE YMCIIO KPOKIB Ha BCiii 0a3l, a # — 11e MOTOYHE MOro 3HaYeHHs.

N BU3HAUYAETHCA BEIUYMHOI 0a3u BIOPOKATIOPYBAIBHOTO KOMILIEKCY —
BEIIMYMHOI0 MAaKCUMAJILHOTO TIEPEMIIICHHS KapeTKku Lm 1 BEIUYMHOIO KpOKy dl
MPOCTUM CIiBBiHOIICHHSIM N=Lm/ dl.
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JJi1 KOO)KHOTO KPOKY # 00paxOBYEThCSI TOTOYHE 3HAYCHHS YacOBOI BiJICTaHI Bif
MOYaTKy BIAJIIKY, 1 B 3aJ€XKHOCTI B SKHM 4YacOoBMM IHTEpBaJ BIH IIOMAJAE,
BUOWPAETHCS BIMMOBITHE PIBHSHHS (6, 7 4n 8) 3a IKMM 1 PO3pPaXOBYETHCS BiJICTaHb
L,(k*d¢t) Bin moyaTKoBOi TOUKH BIJJIIKY. Y LIbOMY % OJIOLI PO3PaXOBYETHCS PI3HUIISA
MDK OTPUMaHHUM 3HAYEHHSIM 1 K€ BIAMOBITAE TOTEPEeTHEOMY KPOKY Ly-1(k*dt). Sxino
sl PI3HMIISI MEHINIA 32 BEJIMYMHY MIHIMANbHOTO KpoKy dl, k 30imbpiryeTscst Ha 1. B
1HIIOMY BUMNAJKy (Qikcyerbcs BenuuuHa T, = k*dt (MDKKpOKOBUHM 1HTEpBai) AJs
IILOTO KPOKY, 1 MTPOIIEC TTOBTOPIOETHCS 3HOBY JJIsI HACTYITHOTO 3HAYCHHS A.

3a HaBeIEHWM BHIE AQJITOPUTMOM pO3poOJieHA TMporpaMa pPoO3paxyHKY
MDKKPOKOBUX I1HTEPBATiB. Y SKOCTI MPHUKIAAY PO3PaxXyHKY Ha PUC. 5 HABOMSTHCS
pe3yJIbTaTh OOYHMCIICHB JJIsl BUIIAJIKy KOJMBAHHS 3 MapameTpaMu, siKi 300pakeHl B
TaOIUIl HIUKYE.

L,mma
300

dl =0,5 mm 250 L T
N=554 il

2,=300 mm/c? /

Km=150000 /

t,=0,2 ¢ /

Tm=0,6 Y 50

dt=0,00001 ¢ ) AT |

bl

a 0,2 0.4 0.6 08 1 1,2 1.4 1.6 18 2

Puc. 5 I'pagik pyxy kapeTku nodya0BaHuil Ha PO3PAXOBAHUX NPOrPaAMOI0
3HAYEHHAX MI’KKPOKOBHMX iHTepBaJIiB

Jiama3oH 3MiHEM MDKKpPOKOBHX 1HTepBasiB ckiagae 0.195+10,975 mc. [lepion
KOJMBaHb CKJajae 4 ¢ a MakcuMaiabHe BiaxujieHHs 256 mm. Ha Benuuuny
nepeminieHHs: L 3HAYHO BIUIMBAIOTH SIK MPUCKOPEHHS 4, TaK 1 MepioJi KOJIMBaHb.
Bemnunna L oOmexyeTbes 0a3010 JIIHIMHOTO MEpEeMIlIeHHST KOHKPETHOI'O BiOPO-
KamOpyBaJIbHOTO KOMILIEKCYy. KpiM TOro 1CHYHOTh OOMEXKEHHS Ha MaKCHUMallbHI
BEJIMYUHU 4, Ta V, 5Kl 3yMOBJIeHI nmapameTpamu sk camoro KJI tak 1 nuHamMiYHUMU
XapaKTepUCTUKAMH MEXaHIYHOT YaCTUHU B1OpO-KaliOpyBaJbHOI'O KOMILIEKCY.

KoedirmieHT iHepiii Mae BUpiliaibHe 3HaueHHs a1 npuckopeHHs KJI. Pizauis
y CIIBBIIHOILIECHHI 1HEPIIi MK MeXaHI4HOI cuctemoro Ta KJ[ oOMexye MIBUIKICT
MPUCKOPEHHS Ta raJIbMyBaHHS 1 € MPUUKUHOIO TOSIBU MPOITYCKIB KPOKIB.

ToMy BenmMYMHM LUX MapaMeTpiB y Mporpami PO3PaxyHKIB MIKKPOKOBHUX
IHTEpBAIIB MarOTh OyTH B3a€EMOTOB’S3aHI Tak, MO0 OOMEKHTH TEPEBHUINCHHS
MaKCUMaJIbHO JIONMyCTUMOTO TepeMilieHHss a00 MPUCKOpPeHHS  (IIBUIKOCTI).
Oco0nuBy yBary ciii NPUAUIMTH KIHIIEBOMY BIAPI3KY MEPEMIIICHHS KapETKU OIS
Kparo 0a3u, abu He JOMYCTUTH MEXAHIYHOTO MOIIKO/KEHHSI KOMIUICKCY.

BucHoBxu
3anpornoHOBaHO PIBHOMIPHONPUCKOPEHU KOJMBAJIBHHUI pyX KapeTku BiOpo-
KaJIIOpYBaJIbHOTO KOMILIEKCY K OJTHOTO 3 MOXJIMBUX PEXKUMIB KOJMBAHbD.
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HaBeneHo OCHOBHiI piBHSHHA I PO3PaxyHKY NPUCKOPEHHs, MIBUIKOCTI Ta
JTHIAHOTO TIEPEMIIICHHS I KOXHOI 3 TPbOX YaCOBUX IHTEPBAIIB PO3TOHY /
rajJibMyBaHHSI.

Po3pobrieno anroputM po3paxyHKy IapaMeTpiB TaKoro THIY KOJIMBaHb 1
HABOJAATHbCA TpadiyHO HACHIAKM OOUYMCIECHb JUIsi OKpemoro Bumaaky. [lomambiia
poOoTa HaJ L€l MPOMO3UIIEI0 MOJAraTuMe B PO3poOLll  amapaTHO-MPOrPaMHOI
YaCTUHU 3 METOIO ii MePEBIPKH Ta OI[IHKH.
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Abstract. The mode of uniformly accelerated oscillatory motion is offered as one of possible
for performance of vibrodiagnostic measurements. The graph of the acceleration change in the
interval equal to half the oscillation consists of six intervals: sinusoidal acceleration, steady,
cosine, sinusoidal deceleration, steady and cosine. Equations and graphs are provided to calculate
acceleration, velocity, and displacement as functions of time. The algorithm of calculation of
interstep intervals for realization of such movement is resulted and described. In accordance with
this algorithm, calculations of motion parameters were performed on a specific example. Emphasis
is placed on the existence of certain restrictions for the values of parameters that are taken into
account in the calculations.

Keywords: stepper motor, vibrocalibration complex, algorithm, uniformly accelerated
motion.
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Vkpaincovruil deparcasruil ynisepcumem 3ani3HU4HO20 MPAHCHOPMY,
Xapxis, matioan @eticpbaxa 7, 61050

Anomauyia. Tpaouyivini nioxoou w000 OoyiHKU  epeKkmusHocmi  QYHKYIOH)BAHHS
iHppacmpykmypu niopo30inie 3ani3HUYb He 6 NOBHIU MIpi 8pax08ylomv Munu Ccucmemu, ujo
ckaraoaroms yio iHgpacmpykmypy. Lle nonsecae 6 momy, wo cucmemu (10KOMOMUBU, BA2OHU,
sepcmamu, 0y0i61i, NiOPO30iNU TOKOMOMUBHO20 20CNO0APCIEA) MOXCYMb OYMU 00820MPUBANOi Oii
abo kopomkouacHoi Oii.

Bionosiono 0o yvo2o 6 cmammi po3zensnymi NUMAHHA w000 OYIHKU eheKmuUeHocmi 00 €kmie
IHhpacmpyKkmypu 3ani3HUYHO20 MPAHCNOPMY i, 30KpeMa, T0KOMOMUBHO20 20CNO0APCMEa.

na yvoeo 6600ambcs YUHMHUKU  (IMOBIDHOCMI CMAHIE CUCMeMU, YMOBHUU NOKA3HUK
epexmusrnocmi cucmemu), AK CyMapHuill pe3yiomam epexmueHocmi cucmemu 3a 4ac 3MiHU CMaHie
cucmemu.

Knruoei cnosa: ymosnuti nokasHux egoekmugHocmi cucmem, iMOGIPHICMb CMAHY CUCmeMU,
iHmMeHCUHiCMb 6I0MO08

Beryn.

JUist 3aii3HUYHOI ranmy3i akTyaJlbHUMH MUTAHHAMH 3aJIMIIAIOTHCS MUTAHHS
e(DEeKTUBHOTO BUKOPUCTaHHSA 00’€KTIB 1HGpacTpykTypu. Haxanab, TapMOHIYHOTO
pIIIEHHSI IIOAO JOCSATHEHHS KIHIIEBUX pPE3YyJbTaTiB B OTPUMaHHI ONTHUMAJIbHHUX
BUTPAT HAa YTPUMAHHS PyXOMOIroO CKiaay noku He gocsarHyTo [1,2]. Lle monsrae He
TIJIBKA B CBO€YACHOMY OCHOBJICHHIO JIOKOMOTHMBHOTO MapKy, a 1 B MOJepHi3allii
Tit04901 IHPPACTPYKTYpHU PEMOHTHOTO TOCIOIAPCTBA JIOKOMOTUBHUX JIETIO 1 TIEPEXOIi
HAa HOBI TMPUHIMIK WOTrO oOpraHizaiii, B TOMY UYHCIl CEpBIC 1 JIOTICTUKY
¢dbyHkIioHnyBaHHA. B ymMoBax crarsarii raiy3i HEOOXiHI HOBI MiJAXOAH MIOAO OI[IHKH
e(eKTUBHOCTI SK Jif040i 1HGPACTPYKTYpH, TaK 1 MEPCIEKTUBHOI, IO POOUTH
aKTyaJbHUM 3aBJaHHS MOIIYKY CUCTEMHHMX KPUTEPIiB OLIIHKKA POOOTH 3aJI3HUYHOTO
TPaHCIIOPTY.

AHaJIi3 OCTaHHIX JOCSATHEHb Ta MyOJIiKaLil.

[IpomucnoBicth YKpaiHM HaBiTh Y Cy4YaCHHX YMOBaX CIPOMOXKHA 3HAWTH
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HEOOX1HI pecypcu misg peopradizamii ramysi [1,2,3]. Sk mokasye 3aKOpAOHHHI
JOCB1Jl MEpEeNOBUX KpaiH, Takli MpoOieMu mpuinuiocs BupimryBaTH 1y Hux. lLle,
HacamIepes,, 3BaK€Ha IMOJITHKa B BHOOpPI €(PEKTUBHUX BHUPOOHUKIB 1 BIIACHUX
KpuTepiiB omiHku ix mnocayr. CmpaBa #Hae NOpo 3alliKaBICHICTb KOPUCTYBauiB
OPOAYKIIII B 11HCHO HEOOXITHUX 3MiHaX B pOOOTI JOKOMOTHUBHOI'O TOCIIOIaPCTBA.

B Hamiii kpaiHi 1 3a KOpJZOHOM HAaKOINWYEH1 3HA4YHI HAYKOBI JOCATHEHHS B
nutanHax ontuMizarii cucremu TO TP, B Tomy umchi, ik 32 paxyHOK ONTHMI3aIlii
cTparerii (MUKPEMOHTHUX MpOOIriB) Tak 1 3a PaxXyHOK TAaKTUKU (BIPOBAIKEHHS
Cy4YaCHUX 3ac00iB 1 TEXHOJIOT1A JIarHOCTYBaHHS, BUNPOOYBAaHb 1 3alPOBAIKECHHS
1HHOBAI[IHHUX TEXHOJIOT1H BIIHOBJICHHS 1 MOHITOPUHTY TEXHIYHOTO CTaHy)/4,5,6,7,9/.

Meta crarti nonsrae B BUOOpl BIANOBIAHOTO TMOKa3HUKAa €(EKTHUBHOCTI
¢yskiionyBanHs TPC B KO)KHOMY KOHKPETHOMY BHUIIAJKY, III0 BU3HAYAETHCS THUIIOM
(cepieto) TPC, mnpuszHadyeHHSIM, MOXJIMBICTIO BUKOPUCTAHHS I BIJATMOBIIHOTO
3aBJIaHHS TOLIO.

BianoBigHOo 3 MM MOCTaBJICHI HACTYITHI 3aa4i:

1. Buznauutu Tam cuctemu, 1o Gopmye iHPpacTpyKkTypy.

2. Buznauutu ¢aktopu, 1O BIUIMBAIOTh Ha e€(EKTUBHICTb CHUCTEMHU

KOPOTKOYACHOT Aii.
3. Buznauutu Qakrtopu, 10 BIUIMBAIOTh Ha €(QEKTUBHICTh CHUCTEMH
JOBFOTPUBAJIOT 111 1 OLIIHUTH ii.

BukJiax ocHOBHOTo MaTepiaiy.

CyuacHuil pyxoMuil cKjag TOOyJOBaHMI 3a MPUHIIMIAMU HAJIIAHOCTI Ta
e(eKTUBHOCTI (YHKI[IOHYBaHHS, ajie¢ sl 3a0e3MEUYEHHS IIMX BUMOT BiH TMOBHHEH
OyTH HAAUIEHW BJIACTUBOCTAMM »KMBYYOCTI, TOOTO MpPU BUXOIl 3 JaAy OKPEMHUX
€JIEMEHTIB chcTeM ab0 3HA4YHOi 3MIHM THX a00 IHIIKMX POOOYMX MapaMeTpiB He
npu3BOAUTH 10 moBHOTO Buxoxy TPC 3 manmy, a nuine A0 AESKOTO TMOTipIICHHS
AKOCT1 (PYHKIIIOHYBaHHS 1 3HKEHHIO epeKTUBHOCTI poOoTH cucteM TPC B misiomy.

Jlist cucreMu JOBrOCTPOKOBOTO BHUKOpHUCTaHHs, Takux sk TPC 1 3ami3Hu4YHA
iHpacTpykTypa, ePeKTUBHICTh €KCIUTyaTallli 3ajle’)KUTh BiJ] KOHKPETHOI peamizaii
npoiiecy 3MmiHU cTaHiB cucteM TPC 1 iHGpacTpyKTypu iX yTpUMaHHS 3a Mepioj
BukopuctanHa TPC. lleil moka3HUK KiJIbKICHO NMOBUHEH XapaKTEpU3YyBAaTH SIKICTh
BukoHaHHs TPC 3aBaHb Ha MepeBe3eHHs BaHTaXIB 1 MacaXupiB Mpu ymosi, 1mo TPC
BIJINOBIJIa€ YMOBaM BUKOPHUCTaHHS, TOOTO €KCIUTYaTy€EThCS.

Crnip Biamitutd, 1o 3a yac ekcruryartarii TPC 3miHIOe CBiif cTaH 4depe3 3MiHY
CTaHIB amapaTiB, BYy3/diB, II0 BXOASATH 10 HOro ckiamxy. Tomy KoKHa peamizarlis
nporecy nepexoay TPC, sk cuctemMu TOBroCTpOKOBOI i, 13 OAHOTO CTaHy B 1HIIIHIA
MOKe OYyTH OXapakTEepHU30BaHA BIAMOBIAHUMHU IMOKa3HUKAMH €()EKTUBHOCTI (dac
nepeOyBaHHs B ekciutyaranii, B ouikyBanHi TO, IIP mpocroi mposeneni TO, IIP,
TOIIIO).

[Toka3Huk epeKTUBHOCTI BIJIMOBITHO 3 UM MO>KHA BUZHAYUTH TAKUM YUHOM [§]

E(t,t+1,) = | Fdh(t,t +1,)
“ : (1)

ne I - ymoBHuI nokasHuk epexkruBHOCTI QyHKuionyBanus TPC s i-oi peasniszarii
Hpollecy eKCIlTyaTarlii;
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dh,(t,t+1t,) [t,6+1¢,]

eneMeHTd iMoBipHOcTi, mo TPC B iHTepBami
peaizaliiio nepexoay 3 OJJHOTO CTaHy B 1HIITUH.
Jlns  BU3HAYCHHA €(QEKTUBHOCTI cHUCTeMH [HTErpyBaHHS MPOBOJUMO TIO

Ma€ 1-Ty

MPOCTOPY G Beix MoKIMBHX peamizaiii mporecy nepexoay TPC 3 omHOTO CTaHy 110

1HIIIOTO B 1HTEPBAJi [t.1+4]

Konu mpuitast, mo TPC cknamaeTscs 3 n He3aNeXHHUX MIACUCTEM, KOXKHA 3
AKX MOK€ HAXOJIWUTHUCS JIMIIE B JBOX CTaHax (Ipale3faTHa 1 BiJIMOBA), MOKa3HHUK
e(eKTUBHOCTI MOXHA 3alMCAaTH B PO3TOPHYTOMY BUTJISAI

t+t,

E(tt+1,)= Fhy+ 3 [ FGo)f(x)d(x)

1+, t+ty
2y [ LA [ FyGex,) f(x)d(x) +
I<i<jcn i i , (2)
ne /%) - inericts IMOBIPHOCTI BiJ]MOB 1-O1 IiJICKCTEMH B MOMEHT 4acy (x; );

hy IMOBIPHICTB TOTO, 1m0 Tmiacuctema TPC He BiIMOBUTH 3a Hac [”[”0];

Konu npuiinarty, mo, 3 TOYKH 30py HaaiiHOCTI, BCl miacuctemu TPC 3’ennanHi
ITOCHIIJOBHO, TO

hy =] rt+1,)
i=1

1

o IMOBIPHICTh TOTO, IIO BCi MiJCHCTEMH, KpIM 1-01 HE BIIMOBIISTH 3a 4ac

[t.t+2,]

. yMOBHHI moka3HUK edektuBHOcTi TPC 3a ymMOBHM TOTO, IIO >KOAHA 3

[IJICUCTEM HE BIIMOBHJIA 3a Yac [, HO];

F,F, . : : . : :
% -1 T.J. — BIAMOBIAHO yMOBHUH ToKa3HUK edextuBHOCTI TPC mpu ymogi,
110 BiZIMOBWJIA 1-TTJICUCTEMA; | — MIJICKCTEMA 1 T. .
B Takomy Burmsmi 3amaya Trpomizgka 1 B IMEpPHIOMY YHTaHHI JOLIJIbHA
HaOIMKeHa i OllIHKa, KA Ma€e TTOXUOKY, 1110 HE MOBUHHA MEPEBUIIYBATH
5= mmax(g (,1+4,° ;)
ne S (tt+ty) =1=r(tt=t) IMOBIpHICTh HEp0OOUOTO cTany 1-oi migcucremu TPC.
PosrasHeMo HacTymHY CHTyaIlil0: CUCTEMY MaTEpiaIbHOTO MOCTAYaHHS MOYKHA
NPEICTaBUTH SK CHUCTEMY KOPOTKOYAacHOI [ii, Yac (YHKIIOHYBaHHS SKOi
BU3HAYAETHCS TOTPEOOI0 PEMOHTHUX TOCTIOIAPCTB ACSKUX JIOKOMOTHBHHUX JICTIO.
Hexali wMaetscs 1Bi cuctemu (Ckianu), SKi 3a0e3MeuyloTh PEMOHTHE
rOCIO/IapCTBO JIOKOMOTHUBHOTO Jneno 18 roauH 3a 100y, MOYMHAIOYM 3 6 TOAMHU
panky. Ha3Bemo 11i 1B1 cuctemMu BiAMOBIAHO: cKiian X Ta ckiaag Y.
Cknan X Buaae 3anacHi yactuau 3 6% 1. mo 17°%° r., cknan Y — 3 13%°r. o 24%
I., 1K TTOKa3aHO Ha PUCYHKY 1.
[Tpuiimaemo KoedilieHT TOTOBHOCTI KOXXHOTO 31 CKJIaiB k~=0,95. IMOBIpHICTH
BUKOHAHHSI 3aKa3y Ha MOCTayaHHA HeoOXxigHoro 3akasy ckianae 0,85 nisi KOKHOTO
CKJIafy.
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15 rox

24 Ton

Pucynok 1 - Po3noais yacy podoTu CKJIaaiB.
Asmopcovka po3pobka

3a 1mux yMOB TOTPIOHO 3HAWTH IMOBIPHICTP BHUKOHAaHHS 3aMOBJICHBb
JIOKOMOTHBHUX JIETMO BIAMOBIAHO TpadiKy poOOTH CKIIaIiB.
BusnaurmMo iMOBIpHICTh BUKOHAHHS 3aMOBJICHHS MPU OJHOYACHINH PoOOTI JBOX
CKJIa/1iB, TOOTO BBAKA€EMO, 1[0 BOHU MPAIIOIOTH MapaieIbHO
P=1-(1-p)’ =0,978
Hexaii, cuctema, 1o CKIaJar0ThCs 3 ABOX JIFOYHMX CKJIAJIiB, 3HAXOAUTHCS y CTaHi
Ao. IMOBIpHICTH TOTO, IO CHCTEMa B JIESKHA Yac 3HAXOIATHCA B IIHOMY CTaHi,

JOP1BHIOE hy = K} =0,95" =0,9025

Bigmitumo, mo 3 13% o 17 B cucremi nmocrauaHHs 3HAXOHAThCA OOUIBA
cknagy, a 3 6% go 13% — cknag X, a 3 17% go 20%° — cknan Y, 10610 Hanporsasi 14
T'OJIMH IIPALFOC OJUH CKIAJ, a HA IPOTATOM 4 TOIUHU — JBa CKIIAIM.

YMOBHMI TOKa3HUK €(EKTUBHOCTI CTaHy A( BUSHAYAEMO, SIK CEPEIHbO3BAKEHE

3HA4YEHHS, 10 IOPIBHIOE
4 14

F,=—-0,978+—-0,85=0,878
18 18 .
Toni eeKTUBHICTh CUCTEMH CKJIAIA€
E, = hyF, =0,9025-0,878 = 0,793

PosrnsinemMo cran Sy — mpamroe ckiman X, a ckiuaag Y He npaurpoe. B npomy

punagky v = Kr(1=K)=0,0475 B pepion 3 6% no 17% npautoe omuu ckia, a 3 17%
10 24% sxonnoro.

F=1L.085+.0=0,519
18 18

Tomi
E, =h,F, =0,0475-0,519 = 0,0247
CraH S, aHaJOrYHUN B HALIOMY BUMAJKY CTaHy Sy, TOOTO
E, =h,F, =0,0475-0,519 = 0,0247
Takum yuHOM, €(EKTHBHICTH CHUCTEMH, IO c(hOpMOBaHAa 3 ABOX CKIAIIB,
JIOP1BHIOE
E=E,+E, +E, =0,743+2-0,0247 = 0,842
Cnig BIAMITHTH, [0 MIABUIIUTH €(QEKTUBHICTh I€] CKJIAJCHKOI CHCTEMHU
MOJKHa, K 32 paxyHOK 30UIbLIECHHS 4Yacy OAHOYACHOI pOOOTH CKJIajdiB, Tak 1 3a
paxyHOK 301JIbLIICHHS IMOBIPHOCTI BUKOHAHHS 3aKa3y Ha MOCTaYaHHs IMPOIYKIi.
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Jlami oriH0eMO €(peKTUBHICTh CUCTEMH JIOBITOCTPOKOBOI ii.

JIist moro HaBEAEMO TMPHUKIIAT TPOIEIypH OIIHKK €(EeKTHBHOCTI CHCTEMH
JIOBrocTpokoBoi aii. Cuctema oprasizailii 11arHOCTyBaHHS Ha CTAl[IOHAPHUX IMyHKTaX
(ITKI) 1OKOMOTHBIB MPEACTABIISE caMe TaKy CHCTEMY, OCKUIbKM BUKOHYE 3aXO0JH 3
J1arHOCTYBaHHS 3a BECh MEPi0]] eKCIUTyaTallil IOKOMOTHUBIB.

Hexaii opranizaiisi AlarHOCTYBaHHSI B JIOKOMOTHBHOMY MO MPOBOAMUTHCS Ha
JIBOX PIBHOIIIHHMX JiIsHKaX. HasBemo ix BiamoBigHo 11 2.

B pa3zi poboTu ABOX AUISIHOK MPOMYCKHA CIPOMOXKHICTH CUCTEMHU Opraizarii
J1arHOCTYBaHHS MOJKHA OIIIHUTH Jesikoro BenmnuuHoro N. Komu omHa 3 AUISAHOK He
(YHKIIIOHYE, TPOIMYCKHA CIPOMOXHOCTI CHUCTEMM OpraHizaiii JlarHOCTYBaHHS
3MeHIyeThes 10 BennunHu M=0,4 N. Konu o0uasi nuisaku 1K/ He QyHKIIIOHYIOTS
Oynemo BBaxkatu, 1o nepen TO, 1P giarnoctyBanHsa npunuusaerbes. [Ipumnyctumo,
0 IMOBIPHICT, 0€3BIJIMOBHOI POOOTH KOXHOI JUISHKA PO3MOAUISETHCS 3a
CKCIIOHCHITIAJIbHAM 3aKOHOM 3 IMOBIPHICTIO BIJIMOB A, TOOTO P(t)=e™ . BigmoBa
ninstHOK TTK]] mpuitHATI HEe3ameKHUMU.

YMOBHI TTOKa3HUKUA €()EKTUBHOCTI I PI3HUX pealti3alliii mpoIeciB mepexory
po6otu I1K]] 3 onHOTO CTaHy B IHIIKN TpUEMaEMO HACTYITHUMHU (PUCYHOK 2)

F,=Ni
F,=Nx,—M(x,—t)=Mt+(N—-M)x,
AHaJOri4HO
Fi(x;x,)=Mx;+(N-M)x, (x;>x;i,j=12)

ists

Xj Xj
A

N
|
!

0 ' t+ty
t M

PucyHok 2 - YMOBHi NOKa3HUKH eeKTUBHOCTI POOOTH CHCTEMH 32 4ac
(pyHKIiOHYBaHHA

iR

Aemopcwvka pospodka

[le MO>kHA TpaKTyBaTH SIK MPOIAYKTUBHICTh POOOTH CHCTEMH B Pi3HUX CTaHaX 3a
yac ii PyHKIIOHYBaHHS.

TakuM YMHOM, B PO3TOPHYTOMY BHUIVISAI OIIHKY €(QEKTUBHOCTI CHCTEMH
BU3HAUYUMO 3a ¢hopmyioro (2).

CnoanKy BU3HAYUMO ho AJI1 pO3IIBIHYTHX CTaHIB CUCTEMH.

2
— — =2
ho—l Iri—r r=r
i=1

2
hl.*:—ho zr—:r;Zhl.*:r+r:2r
nt +t)
2
Pt Lo S =141=2
r

v.-r,
L

3 ypaxyBaHHSIM ITbOTO OIlIHKA €()eKTHBHOCTI CHCTEMH MPUUMAE BUTIIS]
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E=E,+E +E,
e EO = I"ZNt
t
E = 2rj[Mt+ (N —M)x]Ae ™ dx
0
t X

E, = 2_[ /”te_“dxj. [Mt+(N —M)ylie *dy

0 0

[Ipoananizyemo aBa BUpa3u, 3aCTOCOBYIOUH IHTETPYBaHHS MO YaCTUHAX

t t t
E = 2rJ. [Mt+ (N —M)x]Ae " dx = 2r {J.Mt/ie_“dx + I (N - M)xﬂ,e_“dx} =
0 0 0

1 —Ax l o 1 —At
:2r{Ml/{(—zj(6 —1))+(N—M)){— 6,1 —?[e -1]}}:
=ZV{Mt(l—e_lx)-i—(N—M)/l(iteit _eiﬂ-t +1}}=

12

= 2V{Mtq +—(N ;M) (Ate™ —e* + 1)}

E =2 j de M dx j (Mg +(N—M)y)ie dy =
0

0

= 2j Ae Pdx(Mtg + (N;—m W(A=Ae ™1+ Ax)) =

=2 {j Ae M (1—e ™ )dx + j‘ﬂ,e’b‘ (N;—m (I—e ™1+ /lx))dx}

[TpoBeneHo crpoIeHHs TBOX OCTaHHIX BUPA3iB

t t t t
I = Jﬂ,Me_“dx - JAﬂMe_“xdx = /1MJ- xe M dx — /LMJ' xe Mdx =
0 0 0 0

te—it te_ZM 1

1 7],[_ _ _ - 7211_ —
PR D] ’IM( o ar l)]

M —Ate ™M —e M +1 _ 2AteM —e M 4] 3
A2 4°
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1, = (N—M)Ue“dx j e Hdx - je M/’Lxdxj =

0
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=(N—M) e +l+e _L{_le Jr/16 - /12 _
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OcTaroyHO YMOBHUM MMOKa3HUK €(QEKTHBHOCTI OpraHizaiii JiarHOCTyBaHHSI
JIOKOMOTHBIB Ha JIBOX CTalliOHAPHUX IyHKTAX MA€ TaKUH BUTIIA

E=ert+2r{Mtq+@[l—r(l+/it)1}+
+{M{é—r(l+it)+lr2(1+221)}+M{l—r+(i+l/lt}fﬂ}
A4 4 i |4 42

[1 r 1+/1t)]}
+2{0’1NB_F(1”1)+%F2(”M)}O’ENP—H(E%MJFQ}}

;te—uz . e—z/lt 1 ]

abo

E=r Nt+2r{0 4th+

4 4
—1.10"! —1.102 —1.1073
IIpomopenmoemMo 1iel BUpa3 i 3HAYEHb A4 =110 4 =1-10 , A4 =1-10 npu

=[5,10,15] 33 yac po6otu ! Big 6 10 24 TOAWH 1 TMPEACTABUMO II0 3aJIeKHICTh
rpadiyHO 3a JaHUMH TabJI. 1

Taouuns 1 - 3anexnicty £ =/ (4 N,0)

OKa3HUK N=5 N»=10 N;=15
Alx] 6 12 | 18 | 24 | 6 12 | 18 | 24 | 6 12 | 18 | 24
A =1-10" 21,6 | 32,5 | 383 | 412 | 43,1 | 65 | 76,5 | 82,7 | 64,6 | 97,5 | 1148 | 123,9
A, =1-107 289 | 559 | 81 |1044| 579 | 111,8 | 162 | 2088 | 86,8 | 167,7 | 249 | 313
A, =1-10" 299 | 59,6 | 89 | 1183 | 59,8 | 119,1 | 178,1 | 236,6 | 89,1 | 178,7 | 267,1 | 364.,9
Asmopcobka po3pobka

i rpacdiuHi 3a1€KHOCTI MPEACTABIEHI HA PUCYHKY 3

HaBeneni rpadgiuni 3a1eXHOCTI JO3BOJSIOTH  OIIIHIOBAaTH  €(EKTUBHICTh
(YHKIIIOHYBaHHS CHCTEMHU J1arHOCTYBaHHsS JIOKOMOTHBIB JUIsl  JOCSTHEHHS
MO>KJIUBOCTI 1i peryiroBaHHS SK 32 paXyHOK MPOIYCKHOI CIIPOMOKHOCTI N, Tak 1 3a
PaxyHOK 3MEHIIICHHS IHTEHCUBHICTH BIJIMOB, TOOTO TI1IBUIIIEHHS ii HAIHHOCTI.
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BucnoBku.

EdexTuBHICTD 1HPPACTPYKTYPHUX CKIAJOBUX CHCTEMU YTPHUMaHHS 1, 30KpeMa,
HiAPO3AUTIB 3ai3HUIb MOBMHHA BpPaxOBYBaTH THUII CHCTEMH, SIKa MOXE OyTH SK
JOBTOCTPOKOBOIO TaK 1 KOPOTKOYACHOT Jii.

JUig cucTeMu KOPOTKOYACHOI i MiABHUILEHHS 11 (PyHKIIOHAIBHOCTI MOXKIIUBE,
K 332 paxyHOK 30UIbLIECHHS Yacy OJHOYAaCHOrO (YyHKI[IOHYBaHHS ii CKJIAJJOBHX YH
3arajJpbHOTO Yacy iX OKpeMoi poOOTH, TakK 1 3a PaxyHOK 30UTBIICHHS IMOBIPHOCTI
BUKOHAHHS 3aKa3iB (HASBHOCTI Ha CKJIaJlax HEOOX1THUH 3araciB 3a 3asiBKOIO)

JIist cucteM JOBrOTPUBANIOI Aii MIABUIICHHS €PEKTUBHOCTI X (DYHKI[IOHYBaHHS
3aJIEKUTh BIJl IPOIMYCKHOI CIIPOMOXHOCTI MiJICUCTEM, Yacy iX poOOTH, K OKpEMO,
Tak 1 pazoM. [Ipu 11bOMy HpU CYTTEBOMY MOJIMNIIEHHI HAAIMHOCTI poOOTH caMoi
cucteMd (3MEHIIEHHS A) i1 e(QEeKTHBHICTh 3aJIMIIAETHCS MakKe HE3MIHHOIO
(Tabmuis 3)

Jluteparypa:

1. lepxaBHa 1i1b0Ba MporpaMa peopmMyBaHHS 3aJi3HUYHOTO TPAHCIOPTY Ha
2010 — 2019 poku (3atBepmxeHa IloctanoBoro KMV Big 16.12.2000 p. Ne 1390 31
3minami Big 26.01.2011 p. Ne 1106);

2. KoMmIiekcHa mporpaMa OHOBJIEHHS 3a1I3HUYHOTO PyXOMOTO CKiaay YKpaiHu
Ha 2008-2020 poku. — Kues, Ykp3anuzusbig, 2008. — 182 c.

3. Jlamko A.Jl. OcHOBHBIE HampaBjeHUS OOHOBJICHHUS TATOBOT'O IMOJBUXKHOTO
coctaBa Ykpaunsl B 2006-2010 rr. / A.JI. Jlamko, B.H. Camconkun, A.M. I'oHuapos,
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ckiany. TpancnoptHi cuctemu 1 Texnosorii. Kuis: JIVIT, 2018 Ne 32. C. 103-114.

7. Kpameninin O.C., Kmumenko O.B., fxosne C.C., Hlamarina O.O.
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Abstract. Traditional approaches to assessing the effectiveness of the infrastructure of
railway units do not fully take into account the types of systems that make up this infrastructure.
This is that systems (locomotives, cars, machines, buildings, subdivisions of the locomotive
industry) can be long-term or short-term.
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Accordingly, the article considers issues related to the evaluation of the efficiency of railway
transport infrastructure and, in particular, the locomotive industry.

To do this, factors are introduced (probabilities of system states, conditional indicator of
system efficiency), as the total result of system efficiency during the change of system states.

Key words: conditional indicator of system efficiency, probability of system state, failure rate

Crarts Bignpasiena: 25.05.2022 r.
© Kpameninin O.C.
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RESEARCH OF EXPEDIENCY OF INTRODUCTION OF BICYCLE
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IHOPACTPYKTYPHU B MICTAX YKPATHU
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Hayionanvnuu ynieepcumem «3anopizoka nonimexHikay,
3anopidcacs, eyn. Kykoscvrozo, 64, 69063

Anomauin. B pobomi posensadaromscsi nUmManHs akmugHO20 BRPOBAONCEHHS 8El1OCUNEOHO20
mpancnopmy 8 micmax YKpainu, nepesacu GUKOPUCMAHHA 6e10cCunedd 8 sAKOCMi MiCbKO20
MPAHCROPMY ma NPOno3uYii w000 pO3BUMKY 6el10CUNEOHOT IHpacmpyKmypu.

Knwuosi cnosa: eenocuneona ingpacmpykmypa, KomgpopmHe nepecy8anHs, HYIb0Ge
ammocgepre ma akycmuyre 3a0pyOHeHHs, Oe3nexka pyxy.

Abstract. The paper considers the issues of active introduction of bicycle transport in the
cities of Ukraine, the advantages of using bicycles as urban transport and proposals for the
development of bicycle infrastructure.

Key words: bicycle infrastructure, comfortable movement, zero air and acoustic pollution,

traffic safety.

Introduction.

Bicycle is an environmentally friendly vehicle that does not pollute the fresh air
with emissions and additionally allows people to physically train their body.
Therefore, it is clear that this has received significant support from public transport in
recent years and an increase in the number of participants.

Nowadays, the strategy of designing the city's infrastructure based on the
principles of sustainable urban mobility has become popular in Ukraine. According to
these principles, when designing the city's transport system, more and more attention
should be paid to walking and cycling. Namely, the city infrastructure must provide
comfortable movement of residents in these ways. Unfortunately, the isolated cycling
infrastructure in Ukraine is still something new and not perceived properly. This is
mostly due to the lack of education of the city's residents.

Increasing the role of the bicycle in the life of the city contributes to its
development. Properly designed and implemented cycling infrastructure has many
benefits for both city residents and businesses within it.

Using bicycles as the main type of transport will make cities cleaner and
healthier. The bicycle does not emit pollutants into the atmosphere, the noise level
from it is zero. Daily use of a bicycle involves exercise. This reduces the risk of
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cardiovascular disease and musculoskeletal disorders. All this has a positive effect on
the well-being of the city.

Main text.

The development of cycling infrastructure makes cities comfortable, safe to live
in and attractive to tourists. Europeans are more likely to find that reducing the
number and speed of cars in their city increases the quality of life in it. In places
where the speed of cars is reduced to 30 km / h for safe movement in the city, where
separate bicycle lanes are allocated, the number of private vehicles is reduced, thus
reducing the number and size of traffic jams and time lost in them. According to
research, the principle of "safety in quantity" really works: in cities where the
majority of the population chooses walking and cycling, the likelihood of accidents is
reduced [1].

When using a bicycle, the economic development of the city also increases.
Competitiveness is emerging in shopping areas in the city center and within walking
distance. After all, cyclists will prefer them, while motorists - large shopping malls
located outside of the city. Funds for the cycling infrastructure need to be invested
less. And they will, for the most part, be covered by savings on automotive
infrastructure. Taking into account the improvement of the health of the residents and
the savings on the maintenance of personal transport, the payback of the cycling
infrastructure 1s a maximum of 2.5 years. One parking space for a bicycle costs 95%
less than for one car [1]. Moreover, the parking space for one car can accommodate
12 bicycles at a time. This clearly shows how much less space bicycles need to
accommodate them.

With the improvement of cycling infrastructure, the tourist attractiveness of the
city 1s also improving. Bicycle for tourists is a convenient and enjoyable way to
explore the city. Although it is slower than the bus, at the same time, its speed is
comfortable enough to see everything.

According to a study conducted in Italy in 2011, the average speed in cities is 15
km /h and 20 km / h for urban transport and private transport, respectively.

Such a low speed of movement makes bicycle mobility quite competitive on
nearby city trips - 5-10 km [2].

There are advantages to using a bicycle as the main type of transport [3]:

- continuous and regular use of bicycle transport increases the amount of daily
physical activity;

- reduction of the share of the budget for car maintenance;

- reduction of time lost in traffic jams;

- zero atmospheric and acoustic pollution.

Due to the growth of bicycle mobility in Ukraine and the world, it is necessary
to develop road infrastructure to encourage this type of mobility, thereby reducing the
number of private motor vehicles on the city's road network. Which in turn will have
a good environmental and economic effect. However, as the number of cyclists
increases, so does the number of road accidents involving them. Especially at
intersections where cyclists are most vulnerable [3].

The specifics of road accidents involving cyclists are the special consequences
of physical contact of vehicles belonging to different speed and size groups. In
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addition, in the case of a collision, there is a risk of the cyclist falling on the roadway
and falling under the wheels of other cars.

Among the typical mechanisms of road accidents involving cyclists are
collisions with a cyclist moving on the roadway in the dark. Accidents are also
common, caused by a sudden change of lane and direction of traffic in a dense flow
of cars due to the appearance of a factor that distracts the cyclist and leads to
incidental or counter-contact with motor vehicles. According to the report of the
International Traffic Safety Data and Analysis Group (IRTAD) for 2020 [4], the
number of deaths among cyclists decreased by 5.4% - the average for 2010 - 2018.
However, there is a significant difference between countries in this ranking. Thus, in
42% of countries (13 countries out of 31 for which information is available) the death
rate of cyclists in 2018 was higher than in 2010. The largest decreases were recorded
in Lithuania (-61%), New Zealand (-50%) and Slovenia (-50%). At the same time,
the highest growth occurred in Ireland (80%, but from a very low initial value: from 5
to 9 deaths), the Netherlands (+ 41%), Norway (+ 40%) and the United States (+
38%) (Fig. 1).

100

I““llllﬂ

= & " = : 2 = o ) z £ g = z 2 a
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Figure 1 - Change in the percentage of deaihs of cyclists in the world for 2010-

2018
Source: [4]

Research of statistics of road accidents on the roads of Ukraine for 2011-2020
[5], related to collisions with cyclists, indicates that in the last 3 years, unfortunately,
there has been an increase in the number of accidents with injuries, the number of
injured and dead cyclists (Fig. 2).

All this confirms that in Ukraine, against the background of the growing
popularity of bicycles as public transport, the infrastructure of the country's cities lags
behind the scale of growth in the number of two-wheeled vehicles.

In the cities of Ukraine at present, the financing of the new segment of urban
transport is carried out on a final basis: from the beginning, the needs of traditional
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modes of urban transport are addressed. Bicycle infrastructure construction projects
are financed in small amounts, project implementation deadlines are stretched over
time. As a result, the development of cycling infrastructure is delayed, lagging behind
the growing popularity of bicycles. Which, unfortunately, leads to an increase in the
number of road accidents with cyclists.

2000 1783 1768
1732
1689 1648  4¢44 1661 1668
@ 1600 == ~ ——
= 1610
o 1400 +31593
he; 1480 1453 1458 >0 1001405 oo
8 1200 1347 =
% 1000
@ 800
E
600
2 a00 322 328 294 262 270 239 241 248 223 235
200 .——Hﬁ—.—.=.=.—H_
0 T T T T T T T T T 1
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Years of research
==$==number of accidents with injuries or deaths  =jll=dead injured
Figure 2 - Statistics of accidents involving cyclists
Source: [5]

Summary and conclusions.

It is proposed to plan to increase funding for the development of cycling
infrastructure, namely:

- intensify the construction of bicycle paths;

- build bicycle crossings at intersections;

- build adjacent pedestrian and bicycle lanes and crossings.

After analyzing the data, we conclude that to ensure the safe and comfortable
movement of cyclists and pedestrians, it is necessary to conduct awareness
campaigns and very carefully approach the design of bicycle paths, taking into
account the intensity of pedestrian traffic. Also, pay special attention to the technical
means of traffic organization, so that pedestrians on an intuitive level do not want to
go on the bike path.

Therefore, to improve the safety of cyclists, cycling infrastructure must be
implemented in accordance with certain requirements [3]:

» geometric characteristics should ensure the comfort and safety of users (for

example, minimizing the longitudinal slope where possible);

» minimization of points of conflict with other road users;

» ensuring the continuity of bicycle paths;

» signs and markings must be correct and clear to ensure regular and safe

driving conditions;

» the roads must be functional and safe - with a proper condition of the road

surface.
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It is necessary to develop and support the spread of bicycle mobility. To address
the growing number of cyclists on the city's road network, you need to take the right
approach to planning your cycling infrastructure. It is not enough to just build new
bike paths. The entire bicycle network of the city must be continuous with
appropriate signs to indicate its clear boundaries. It is necessary to teach the correct
behavior of both drivers and pedestrians and cyclists, to conduct awareness
campaigns on the introduction of bicycle traffic in cities.
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Abstract. One of the quality indicators of commuter passenger transport services is
punctuality that is directly related to the well-planned route vehicles schedule. The results obtained
in the article allow us to conclude that irrational norms of traffic time of vehicles have been
established on certain routes, without taking into account factors affecting them (traffic speeds,
passenger flows, drivers, etc.) and require adjustments. The norms of traffic time of vehicles along
stretches of commuter public transport routes should be differentiated depending on route number
and the period of day. To reduce the influence of drivers on the amount of deviations from the norm
of arrival time at transport stops provided by the schedule.

Keywords: commuter public transport, norms of traffic time of route vehicles.

Introduction

On commuter public transport routes, buses must operate according to specially
schedule, regardless of changes in traffic conditions. In real conditions, this schedule
is disrupted by various factors [1, 2]. Many of these factors make it difficult to assess
their impact on time and speed of buses along the route. However, taking into
account the most significant factors when drawing up schedule can facilitate the
solution of the issue. Let's consider the situation with the organization of commuter
passenger transportation in the city of Gomel (Belarus) on the example of following
stretches: "Gomel Bus Station — Rechitsky Microdistrict" (forward direction),
"Solnechnaya — Gomel Bus Station" (reverse direction).

The norms of traffic time serve as initial information when distributing buses
along routes, drawing up their schedules [3, 4]. The norms of time are set taking into
account the duration of movement on stretches, passenger exchange at transport stops
and breaks at the end transport stops of route.

To study factors affecting public transport traffic time, a block of initial data was
formed. The initial data consists of route number, the actual time of movement of
route vehicles on stretches, deviations from the norm of arrival time at control
transport stop, the period of day, driver's service number.

Statement of basic materials

To assess the statistical relationship between route number and traffic time of
route vehicle in the program "Statistica" [5, 6], the Kruskal-Wallis test was used,
which is designed to evaluate the differences in the averages of several samples
according to the level of any indicator, and the Fisher test, which is used to evaluate
the differences in the variances of several samples.
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In Figure 1, the calculation results showed that according to the Kruskal-Wallis
test and Fisher test, p<0.05. This indicates the significance of influence of route
number on traffic time of buses on stretches in forward direction. In reverse direction,
the results showed that route number does not affect traffic time of bus on stretches,
because p>0.05.
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Figure 1 — The significance of influence of route number on traffic time
of buses on stretches a) forward direction, b) reverse direction

Differences in the significance of influence of route number can be explained by
the fact that stretch of route is considered in forward direction when moving from
starting transport stop. On this stretch, there is a delay of vehicles at transport stops
due to the boarding of passengers. Passengers are boarding only through the front
door of bus, as passengers pay for travel. Therefore, the amount of passenger traffic
has a significant impact on downtime of transport at transport stop.

Stretch "Solnechnaya — Gomel Bus Station" is the final one in opposite
direction. Passengers exit vehicles at transport stops through all the doors. The
capacity of passenger traffic has less effect on transport delays at stops. The revealed
dependence indicates the need to determine the norms of traffic time of vehicles by
stretches, depending on route number.

The results showed that according to the Kruskal-Wallis test and Fisher test, the
period of day does not affect traffic time of bus on stretches in forward direction,
because p>0.05 (Figure 2). In opposite direction, there is statistically significant
dependence of traffic time of bus and the period of day (p<0.05).

The study showed that when buses move in forward direction, factors related to
route number (for example, passenger traffic capacity) have significant impact on
travel time. When moving in opposite direction, factors that do not depend on route
number have a significant impact.

In Figure 3, according to the Kruskal-Wallis test and Fisher test (p<0.05), there
1s statistically significant dependence of deviations from the norm of arrival time at
transport stops and route numbers. The significance of impact of this factor is
explained by the influence of characteristics of vehicles (dynamic parameters, service
life), as well as the experience and psychophysiological condition of drivers.
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Figure 3 — Assessment of effect of route number on deviations from the norm
of arrival time at transport stops: a) '"Solnechnaya', b) '""Gomel Bus Station"

Figure 4 shows assessment of influence of the period of day on deviations from
the norm of arrival time at transport stops: " Solnechnaya", "Gomel Bus Station".
Similar results were obtained in the study of influence of route number and the period
of day on deviations from the norm of arrival time at transport stops of stretch:
"Gomel Bus Station" — "Rechitsky Microdistrict".

The study showed that the period of day does not affect deviations from the
norm of arrival time at transport stops.

However, there is a dependence of deviations and driver's service number. This
dependence is explained by the human factor. The driving time of vehicles is
influenced by the experience, the psycho-emotional state of driver, the duration of the
shift, noise, other road users, traffic accidents, and more. At the end of working
hours, the physical condition of driver may be affected by fatigue and drowsiness
(Figure 5).
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Figure 4 — Assessment of influence of the period of day on deviations from the
norm of arrival time at control transport stops:
a) ""Solnechnaya", b) '""Gomel Bus Station"
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Figure 5 — Assessment of influence of driver's service number
on deviations from the norm of arrival time

Conclusions

The results obtained allow us to conclude that irrational norms of traffic time of
vehicles have been established on certain routes, without taking into account factors
affecting them (traffic speeds, passenger flows, drivers, etc.) and require adjustments.
The norms of traffic time of vehicles along stretches of commuter public transport
routes should be differentiated depending on route number and the period of day. To
reduce the influence of drivers on the amount of deviations from the norm of arrival
time at transport stops provided by the schedule. It is possible to equip route vehicles
with navigation communication terminals, which will allow drivers to control the
time of following the route.
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Annomayua. Oonum u3z nokazamesnei Kaiecmea 0OCIYHCUBAHUS HACENEHUs 00UjeCMBEeHHbIM
MPAHCNOPMOM ABNIAEMCI Pe2YIAPHOCMb OBUNCEHUSL, KOMOPAs HANPAMYIO 3A6UCUM OM 2PAMOMHO
COCMABNEHHO20 PACNUCAHUA MAPUIPYMHBIX MPAHCNOPMHBIX cpedcms. llonyuennvie 6 cmamve
pe3yivmamsl NO36ONAIOM COelamb 8618600 O MOM, YMO NO OMOETbHLIM NPUSOPOOHBIM MAPULPYMAM
VCMAHOBIeHbl HEePAYUOHAIbHbIE HOPMbL HA OBUJCEHUe MPAHCNOPMHLIX cpedcms, be3 yuema
haxkmopos, eruAWUX HA HUX (CKOPOCMU OBUINCEHUS, NACCAHNCUPONOMOKO8, gooumenel u m.n.) u
mpebytom Koppekmuposku. Hopmvl epemenu cnedosanus mpancnopmHuix cpeocme no yuacmrkam
NPUCOPOOHBIX MAPUIPYMOB HE0bX00umo ougpghepenyuposams 6 3aABUCUMOCIIU OM  HOMepd
mapwpyma u epemeHu eulnoanenus petica. CHU3UmMs 1uaHue 600umenel Ha 6eIuduHy OmKIOHEHUl
om 8pemeHU NpudLIMUSL HA OCHMAHOBOYHbIL NYHKM, NPEe0YCMOMPEHHO20 pacnucanuem. Bozmocro
000py00BaHUue  MApPWPYmMHblX — MPAHCNOPMHBIX ~ CPEOCME  HABULAUYUOHHBIMU  CEA3HbIMU
MEPMUHAAMU, KOMOpble NO380MAM  800UMENIM KOHMPOIUPOBAMb 8peMsl  CLe008AHUsL N0
Mapuwpymy.

Knrwuesvte cnosa: npucopooHulii 06wecmeeHtbiti MpaHcnopm, HOPMbl 6PeMeHU OBUNCEHUS
MapupymHuLX MpaHcnopmHuix cpeocms.

Article submitted: 25.05.2022 r.
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OPERATION OF TRANSPORT SYSTEMS IN EMERGENCY CONDITIONS
POBOTA TPAHCIIOPTHUX CUCTEM B YMOBAX HAJI3BUYAMHUX OGCTABUH
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Anomayia. Y pobomi pozensioacmvcs poboma mpaHCnopmuux Cucmem 8 yMoeax nputiHAmms
obMediceHuUx y yaci ma pecypcis piuieHb onmumizayii, 30epedcents Cmilkocmi, KeposaHocmi ma
sudxcuganus. Ilonamms pusux, He8UHAYEHICMb, HeYIMKICMb 003604AI0Mb ONMUMIZYEAMU CUCTNEMY
VIPAGNIHHA MPAHCNOPMHUMU CUCIeMaMU, NIOGUWYE IX CMIliKicmb, npome 3d HAO3BUYALHUX
cumyayiti Oawi NOHAMMIA MONCYMb O0OMANCYBAMUCS  PYUHYBAHHAM JAHYIONCKIG JI02ICIUYHUX
MPAHCNOPMHUX — CUCMEM,  BOPOXCICMb  308HIUHLO20  Cepedosuwa,  NIOBUWEHH  PIBHA
cucmemopyuHiHux gpaxmopis. Tomy HeoOXiOHa Memo0on02is BUPIiUleHHs 3A80aHb cmaloi pobomu
MPAancnopmy y HA038UHALIHUX CUMYAYIX.

Knrwuoei cnosea: mpancnopmua cucmema, HAO36UYAUHA CUMYAYIs, [HMENEKMYani3ayisi,
JI02ICMUKA, Memoou WmyyHo20 iHmenieKmy, 8ipmyanizayisi, cUucmemMomexHika

Beryn. Po3BuTOK HaykoBHX 3acaa poOOTH TPaHCIOPTHUX CHCTEM HEPO3PUBHO
MOB'I3aHUN 3 PO3BUTKOM MaTeMAaTU4YHOTO amapaTy, JIOTICTUKH, BipTyasi3arlii,
aBTOMATHU3allli, IHTEPHET TEXHOJIOT1H, KOMIT'FOTEPHOI TEXHIKH Ta 1HTEIEeKTyasi3allii.

[Ipy 11bOMY OCHOBHHMM HaNpPSIMKOM HAyKOBHUX JIOCITIIKEHb € BUKOPHUCTaHHS
METO/IIB IITYYHOTO 1IHTEIEKTY a00 1HTENEeKTyai3alis TPAaHCIIOPTHUX CUCTEM.

[IpoTe, HEMae YITKMX MEX €(PEKTUBHOCTI BUKOPHCTAaHHS JaHUX METOIIB Yy
JIOTICTUYHUX CUCTEMaXx, 1 HaBITh OI[IHKY aJIbTEPHATUBHUX METO/IIB PIIICHb.

ToMy, pu pO3BHTKY NaHWX CHUCTEM BHUHUKA€ PE30HHI MUTAHHS MPO HaAMipHE
T1JIBUIICHHS BUKOPUCTAHHA MaTEMaTUYHOTO arapary, HEOOX1/THICTh
CUCTEMOTEXHIUYHOTO 1HTepdeicy uisi KOPUCTYBadiB, HABYAHHS [EPCOHAILY Ta
cnaOKuil piBEHb PO3BUTKY MPOTPAMHOI0 Ta TEXHIYHOTO 3a0€3MEeUCHHS, Y TOMY YHUCII1
CTOCOBHO IHTEpHeT-pecypciB, SKIi NOBHHHI MAaTH CTAHIAPTH BI1IOOpa)KEHHSA Ta
00pOOKH .

VY Hajg3BUYAMHMX CcHUTyallsx, Opak iHdopwmailii, MOMHUIKAa olepaTopa dYepe3
MOMIJIKOBI PO3paxXyHKH a00 HEMpPaBWIbHI 1HTEpHpeTalii pilieHb, MPU3BOISATH 0
pyWHYBaHHS JIOTICTHYHUX CHCTEM 1 TOMY BHMMAaramTh BHCOKOI mpodeciiHol
MIJTOTOBKH 0COOM, sKa Tpuiimae pimieHHs. [le He nuie miaroroBka y 3BUYANHUX
YMOBax, a 1 EKCTpEMAJIbHUX.

Y Bumagkax HEMOXJIHMBOCTI BHUKOPHCTAHHSA JIIOAMHO-MAIIMHHUX CHCTEM
CUTYyalllsl YIUPAETbCS B PO3BUTOK KOMIM'IOTEPHOI TEXHIKHM, 0a3 3HaHb, HEUPOHHHUX
MEpEX Ta aJITOPUTMIB MOUTYKY PILIEHb.

Jl7is aBTOMaTUYHHUX CUCTEM Oyb-siIka MOMMIIKA HE TUTBKH MOXE 3pyHHYBaTH
CUCTEMY, a W 30UIBIIMTH PO3MIPH HAI3BUYANHUX CHUTyalld. 3aMIHUTH JIOAUHY
pPO3YMHHMHU  poOOTamMH, 3a OCTAHHIMHU  JIOCHIPKEHHSAMH  MOXJIMBO  JIMIIIE
HAKONMUYEHHSAM 3HAHb JIIOJAWHM, iX CIPOIICHHSIM, YJOCKOHAJCHHSIM MaTeMaTHYHUX
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MeTOIB 00poOKH 1H(OpMaILIil Ta MOIIYKY PillleHb, 0 0a3yIThCS Ha JIIHTBICTUYHUX
3MIHHHX, @ TaKOX HAKOMUYEHHSM |HTEpHET-pecypciB y HEOOXITHIN AJisi BUPILICHHS
TPAHCIIOPTHUX 3aBJaHb Gopmi.

VY naniit poOOTI OCHOBHOIO METOIO € CHCTEMAaTH3allisl Ta METOOJIOTIsI TIPOIecy
NPUMHATTA PillIeHb B yMOBaX Ha/[3BUYaWHUX CUTYAIIli.

Ha naHmii MOMEHT HeMae €IWHOI METOMOJOrii Ta CTaHAapTU3aIil 00
BIJIOOpaKEHHS I1HTEPHET pECypCiB, MapaMEeTPUYHOTO BiTOOpaKEHHS Ta SKOCTI
BUXIHOT 1HGoOpMalii i1 NPUHHATTA pilleHb, I1HTEJNEKTyam3amii  poOoTH
TPAHCIOPTHUX CHUCTEM VY HAJI3BUYAMHMX CHUTYyallliX, BipTyami3amii poOIiT Ta
HEOOX1THMX Ha TPaHCHOPTi 0a3 3HaHb.

Iowcepeno: [1-7]

OcHoBHUI TeKcT. /{151 eheKTUBHOTO BUPILICHHS MOCTABIEHUX 3aB/laHb, HE TaK
BAXJIMBO IMOJAJbIIEC YCKIAJAHEHHS MaTEMaTHYHOTO amnapary Ta KOMII'IOTEPHOT
TEXHIKH, SK JI0JaTKoBa Kiacu@ikalisi OPUUHATUX PpIIEHb Ta CHPOLICHHS
nmapaMeTpUuyHOro  BioOpakeHHs  [HTepHET-pecypciB, 3MEHIICHHS  KUIBKOCTI
HenoTpiOHO1 1H(opMaIii Ta JIHTBICTUYHUX 3MIHHHUX.

Tomy po3ginuMo TPUHHATI yOPaBIIHCHKI pIIICHHS 3a TUIIOM B3a€EMOJIL
TPAHCIOPTHOI CUCTEMH 13 30BHIIIHIM cepefoBuieM. Ll B3aemonis Moxe OyTH
MAaCHMBHOIO, aJIalTallIfHOIO0 Ta aKTUBHOIO. TOOTO MacuBHE yNHpaBIIiHHS CHPSIMOBAHE Ha
MIJBUIICHHS CTIMKOCTI CHUCTEMH, Ha OYJb-SIKI 30BHINIHI BIUIMBU. AJanTtarfiiine
yOpaBIiHHS Mepefdavae MPOTHO3YBAHHS YK Nepen0ayeHHs 30BHINIHIX BIUIMBIB 1
CBOEYACHE 3MiHA CBOET CTPYKTYPH, QYHKIIIH YU METO/IIB (TEXHOJIOT1]) TPaHCIIOPTHOTO
IIPOIIECY, O BUKOHAHHS TMOCTABJACHUX IIICH 13 HAHMEHIIIMMHU BUTPAaTaMH aJIallTaIliio
— el BUJ TOBEMIHKA € JIOTICTUYHHM 1 BUIPABIAOBYE CTBOPEHHS J10OJaTKOBOT
HaJOyOBH JIOTICTHYHOTO YIIPABIiHHA. JMOro MOAANBIIMM YIOCKOHATCHHAM €
BIpTyaJlbHa OpraHizaimis JOTICTUYHOTO JIAHIIOTa, IIBHJAKWAN, HAIIMHUN Ta
ONTUMAJIBHUM TONIYK HEOOXIHUX pecypciB y wMepexi [atepuer (Oyab-sKoi
pecypcHOi Mepexi).

BiacyTHicTh HEOOX1AHOI cTaHAapTH3alli Ta MOBUIBHUA PO3BUTOK BIPTYAJIbHUX
TEXHOJIOT1i, 3 MporpecoM B iHGOPMALIMHUX TEXHOJIOTISAX, J03BOJIMIIA MEPEUTH H0
IHTENEeKTyali3amli TPAHCHOPTHUX CUCTEM.

VY upoMy 1HTENEKTyalli3alis AO03BOJIIE NEPEUTH HACTYIMHOIO €Taly PO3BUTKY
METOJIOJIOTIi  yIpaBNiHHSA TPAHCIOPTOM — AaKTUBHOMY. Y I[bOMY BHUIAJKY,
TPAHCIIOPTHA CHUCTEMAa, IO CIHUPAETHCS HA JOCBIJ MHUHYJIMX pOOIT 1 3HAHHS
eKCIIEPTIB, MOXKE CaMa BUCTYNATH PEryJSATOPOM BIUIMBY 30BHIIIHBOIO CEPENOBUIIA,
0e3 HeOoOXITHOCTI 3MIHM BJIACHOI CTPYKTYpHU (IO JTy’K€ BAXKJIMBO B HAJ3BUYANHUX
CUTYaIIisiX, KOJIU JOJATKOBUX PECYPCIB MOXKeE 1 HE OyTH).

Takum 4rHOM, 3T1IHO 3 METOI MyOJIiKaIlli, po3rIsTHEMO TpeTiit (HOBHUI) crocio
YOPaBIIHHSA TPAHCHOPTHOK CHUCTEMOI0, OCHOBHMMH METOJIAMHU SIKOI € METOIH
IITYYHOT'O 1HTEJIEKTY, BIpTyasi3allii Ta JOTICTHKHU.

Sk pO3BUTOK JAHOTO HAMNpPSAMU AKTUBHOTO  YMPAaBIIHHS, MOKJIHBO
BJIOCKOHAJICHHSI aBTOMATHYHOTO YIPABIIHHA Yy HAA3BUYAHUX CHUTYyalllsX, KOJIH
poOOT Mae 0OMEKEHI pecypcH, 0€3 MOKIMBOCTI 3aTy4EHHS IIIUPOKOTO KOJIa METOIIB
1 crioco0iB ananTarlii. [HTeNneKkTyalbHI CHCTEMU HacaMmIiepea 1 MpU3HA4YeHI ISl TaKUX
HAJA3BUYAHUX TPAHCIOPTHUX CHUCTEM.
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Toni MeTomoJiorisi aKTUBHOIO YIIPaBJIiHHS TPAHCHOPTHUMHU CUCTeMaMH Oyje
TaKOIO:

1. [Homyk InTepHeTr pecypciB 3 BHUKOPUCTAHHSM XMapHUX TEXHOJIOTIA Ta

BIpTYaJbHUX OpraHi3ailii, 1 K HacliJoK HakonmuueHHsa y Oazax manux (b))
UX pecypciB y JOCTymHOMY abo miaTHoMy Burisiai. Came o00'eqHaHHS
pecypciB 3a IKOIOCh O3HAKOIO JI03BOJHUTH iX BUKOPUCTOBYBATH 0€3 yKJIaJaHHS
JIOTATKOBHUX JIOTOBOPIB.

2. CtBopenHs cucteM ynpasiainHs b/l 31aTHUX BUAUIATH HEOOX1IHI BUPIICHHS
KOHKPETHUX TPAHCHOPTHUX 3aBJaHb MapaMeTpiB pecypciB Mepexi [HTepHer.
[Tig pecypcamu po3yMi€ThCsl BECh CIIEKTP TPAHCIIOPTHHUX 3aCO0IB Ta MOCIYT.

3. Bubip HeoOXigHUX 3HaHb 3 MHHYJOTO JOCBIJly, MapaMeTpiB JAOBKIJUIS
HEOOXITHUX MPUUHATTA PILICHb.

4. Bubip HeoOXITHMX METOAIB IUTYYHOTO IHTEJNIEKTY Ha BHUPILICHHS
MOCTaBJICHUX TPAHCIOPTHUX 3aBJaHb AKTUBHOTO YyIpaBimiHHA. [Ipu mpomy
OCHOBHUMHU MOXYTh OyTH JIUIIE€ METOAM EKCIIEPTHUX CUCTEM Ta HEUITKUX
MHOXHH, 3aCHOBAaHHMX Ha 3HAHHSX, 1HII METOJU BUMAraroTh CKJIQJIHIIIOTO
YCTPOIO KOMIT'FOTEPHUX CHCTEM 3aXWMUIEHUX Bl BIUIMBY 30BHIIIHBOTO
cepeoBuIla Ta iHPOPMAIIIHOTO 3JI0MY .

5. CucteMoTexXHIYHA  IHTEpIpeTallis  pe3yJbTaTiB  MOJCIIOBAHHA UM
aBTOMATUYHOTO MPUMHSTTS PIIIEHb Y MAIIMHHUX CUCTEMAX.

OTxe, y pO3BUTOK JAaHOI METOJO0JIOTII HEOOX1JHE BHPIIIEHHS HACTYIHUX
3aBJaHb: TPAHCIIOPTHA CTaHAAPTHU3ALIS BIJOOpaKEHHS! apaMeTPIB PECYPCiB MEPEXI
[aTepHet; BUOIp mapaMeTpiB onTUMI3aLli pOOOTH TPAHCIOPTHOI CUCTEMU (BUX1IHUM
rapaMeTpoM aBTOPOM  3alpPOINIOHOBAHO IHTEHCUBHICTh BUKOHAHHS  pOOIT);
yB'3yBaHHS JOCBIAY 31 3HAHHSIMH, IJI BUKOPUCTAHHS METOJIB HEYITKOI JIOTIKH;
HalpalfoBaHHs 3HAaHb I10JI0 BIUIMBY Ha 30BHIIIHE CEPEAOBUIIE (3a7€XKHO Bl BUIY
HaJ[3BUYANHOI CUTYaIlll BiJ] ICUXOJIOT1YHO-MOTHBAIIIMHUX Ta 3aXUCHUX JI0 BIHCHKOBO-
MOTITUIHUX ).

[Ipu upoMy, B cucTeMax, IO PEKOMEHIYIOTb, MOXJMBE BUKOPHCTAHHS
IMITaIliHOTO MOJIeNIIOBaHHs, a00 HaBITH TEOPii irop mpu BUOOPi anbTepHATUB. ToI1
K aBTOMATUYHE YINPaBIIHHA Ma€ CIPSIMOBAHICTh 10 MOJEJNIEH MONIYKY €KCTPEMyMY
byHKIT 3 (IKCOBAHOI MOJKIIMBICTIO OIIIHKA aJIbTEPHATHUB 3 BHCOKUM DPIBHEM
HaJIMHOCTI, CTIMKOCTI Ta O€3IEKH.

HakonuueHnns A0cBigy Mo)ke OyTH IMOBIPHICHUM (3 BUKOPHCTAHHSIM PU3HKIB)
a00 JIHTBICTUYHUM (HEUITKI MHOKHHH ). 3aJIC)KHO B BUAY JAHUX JJIS BIIOOpaKEHHS
JOCBiAy Oynme 1 BUI IMITAIlIHHOTO MOJCIIOBAHHS IMOBIPHICHE CTAaTUCTHYHE abo
HEUiTKe.

Y wmii  pobOTI mpencTaBieHa METOMOJIOTiSI AKTUBHOTO yHOPAaBIiHHA Yy
HAJI3BUYAMHUX CUTYaIlisiX, 3 HEOOXIJHICTIO MOJANbIIOT0 BHUPIIICHHS MOCTABICHUX
3aBAaHb: MPOEKTYBaHHs 0a3 3HaHb 3aCHOBAHMX Ha IMpaBUJIaX Ta MUHYJIOMY JTOCBIII,
ONTUMI3Alllsl 4YHCjIa TapaMeTpIiB pecypciB Mepexi IHTepHeT, BHAM BIUIMBY Ha
30BHIIIHE CEPEOBUIIE Ta CITOCOOM OLIIHKUA €(PEKTUBHOCTI TAKOTO BILIUBY.

BucHoBku. byno po3risHYyTO TNWTaHHA, [apaMETPUYHE  CHPOIICHHS,
BIpTyaJli3alilo Ta 1HTEIEKTyali3alilo TPAHCIOPTHUX CUCTEM JJIi MPUIHATTS PIllICHb
B yMOBaXxX HaJ[3BUYAHUX CUTYaIli}.
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Bbyno 3anpononoBaHo MeTOM €()EeKTUBHOTO BHUPIIICHHS TPAHCIIOPTHUX 3aBlIaHb
3a YMOB HAQJ3BUYAMHMUX CHUTYyaIliii, 3 J0JATKOBOI KIaCH(IKAIE METOMIB Ha
JTOBKLILJIS.

byno orpumano HampsMH ~ MOJANBIIOTO  PO3BUTKY  IHTEJICKTYaJIbHUX
TPAHCIIOPTHUX CUCTEM Ta CHCTEM MAIIIMHHOTO YIIPaBIIHHS.
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Abstract. The paper considers the operation of transport systems in the conditions of making
time-limited and resource-limited decisions to optimize, maintain stability, controllability and
survival. The concepts of risk, uncertainty, fuzziness make it possible to optimize the management
system of transport systems, increase their stability, however, in emergency situations, these
concepts can be aggravated by the destruction of chains of logistics transport systems, hostility of
the external environment, and an increase in the level of system-destroying factors. Therefore, a
methodology is needed to solve the problems of sustainable transport operation in emergency
situations. In this paper, it is proposed for the sustainable operation of transport systems to use
advising decision-making systems based on artificial intelligence methods, knowledge bases and
parametric optimization for control systems. At the same time, in conditions of unconditional risk to
people's lives, advising systems will be less effective and safe than automatic control systems based
on the same methods.
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Anomauia. B pobomi npeocmaesneno opicnmosni cgepu iOnosi0ANbHOCMI OCHOBHUX
yuacuukie npoyecy BIM npoexmyseanus (meneddcep npoekmy, KOOpOUHaAmop, mooenep, mexuik).
Inghopmayin poszenanyma sk ocHO8a 05 po3poONeHHsT KOHYenyii 3 6NpoBAO0NCeHHs Ni020MOBKU
BIM-ghaxisyis y apximexmypHo-0y0igebHUX HABUANbHUX 3AKNA0AX.

Knrwuosi cnosa: BIM, BIM-meneoocep, BIM-cneyianicm, haguanvruii npoyec

Beryn

Ha cpboroanimHiii AeHb OpOIecH AKUTANI3AII] TOPKAIOTECS YCiX chep KUTTH.
B uentpi uudpoBoi Tpanchopmarii B ramy3i OyHiBHHITBA Ta apXIiTEKTypu €
KoMIUIeKCHUI mpouec [ndopmaniitnoro mozaemtoBanus Oynaisens (BIM - Building
Information Modelling). Konmnenuist BIM He € HOBa, poTe 3apa3 HaOyBae€ aKTUBHOTO
MIOIITUPEHHS Ta PO3BUTKY 1 OTPEOYE MiATOTOBKH KBaTi(hiKOBaHUX (haxiBIliB.

Akmio TpamuuIiHUN TIporiec OyAiBHUIITBA BKJOYae B cebe YMOBHO
BIJIOKpEMJIEH] €Tanu: MNPOEKTyBaHHs, OyAIBHUITBA, a MOTIM eKCIUTyaTallii 00’eKTa,
TO 3 BUKOpUcTaHHAM BIM TexHosOrIH 1Ll eTany OTPUMYIOTh CTiHKI B3a€EMO3B’S3KHU.
Ha Bigminy Big 21 NOpoOeKTyBaHHS NpPOEKTyBaHHS Ha ocHOBI BIM mnepenbauae
OTpMMAaHHS Ta OIpAIIOBaHHS apXITEKTYpHOI, KOHCTPYKTOPCBHKOi, 1HXKEHEPHOI,
TEXHOJIOT1YHOI, 1HQopMallii, EeKOHOMIYHMX, EeKCIUTyaTallliHUX XapaKTEPUCTHK
00’exTy B enquHOMYy 1H(OpMaItliiiHoMy cepenoBuii (TpuBumipHiii BIM-moxeni). Bei
JlaHl, 3aKJIaZEH] B 1[I0 MOJIEJIb € IIOB’ I3aHUMHU.

[ndopmartiitne monenmtoBanHss B OyaiBHUIITBI (BIM - Building Information
Modeling) - mne uudpoBe mnpencraBieHHs O(i3UYHUX 1 GYHKIIOHATBHUX
XapaKTEPUCTUK O00'€KTa, MO0 CTBOPIOE CHIILHO BUKOPUCTOBYBAHHM 1H(MOPMAIIHHHIMA
pecypc naHoro o0'ekta Ta (QopMye HaAliiHy OCHOBY JUIsl IPUUHATTS pIilIeHb Ha
MPOTS31 HOT0 )KUTTEBOTO LIMKITY: B/l paHHIX KOHIENIIN A0 yTrmi3amii.[1]

BbynisenbHa rany3p YKpaiHU Hapas3l Ma€e TOCUTh HU3bKUHI piBEHb LU(]poBI3allii, a
BIM-texHosorii y CBOill AISJIBHOCTI 3aCTOCOBYIOTH JiiueH1 opraizaiii. Ilpore ix
KUTBKICTh Mae TeHAeHII0 10 30uibiieHHs. Ille B 2019 poui MiHperion orojocus
BIpoBakeHHsT BIM-cTannapTiB Ha Jep:KaBHOMY pIBHI SIK CTpaTeriyHe HapaBJICHHS
po3BuTKy[2], a B 2021 pomi CcXBaJleHO KOHIICTIIIIO BIPOBAHKEHHS TEXHOJOTIN
OyniBenbHOro 1H(MopmariiHoro monemoBaHHs (BIM-texnosnoriil) B VYkpaini Ta
3aTBEP/KEHHS TUTaHY 3aXOJlIB 3 1i peani3ailii, 30KpeMa CTUMYJIIOBAaHHS OpraHizailii
70 BUKOPUCTaHHS y cBOiM AisuibHOCTI BIM-Texnomnoriit.[3] puxnan €Bporneicbkux
KpaiH [4] moka3ye MO3UTHBHI Pe3yibTaTH MUPOKOTro Bukopuctanus BIM Ta B psay
KpaiH TIPUHUHATO OOOB’S3KOBICTh BUKOPHUCTaHHS TEXHOJIOTII Mpu poOOTi 3
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nep>xaBHUMH 00’ekTamu. B YkpaiHi ogHi€0 3 BaroMux mnpooOsieM Yy BOPOBaIKEHHI
BIM TexHonoriif, mopyd 3 HEJOCKOHAJOK 3aKOHOAABYOK, HOPMATHUBHOIO Ta
MOHATIHHOIO 0a3010, BUCOKOIO BapTICTIO NPOrpaMHOro 3abe3nedyeHHs, € Opak
KBaJIi(PIKOBaHUX KaJpiB 3 YITKUM pO3yMiHHsAM mpoiieciB BIM, dyacta HEeroTtoBHicTh
nepexoautu Bix Tpaauniinux CAD-mporpaM Ha aJbT€pHATHUBHI 13 HOBOIO JIOTIKOIO
BUKOHAHHS MPOCKTIB Ta HEIOCTATHS KUIBKICTh OpTaHi3allii, ki IPOBOSATH HABUAHHS
1ux ¢axisIliB.

3rigHo 3 KoOHIEMuier [3] TNpIOpUTETHUMU OCBITHIMH HampsMaMu  €:
3a0€3Me4eHHs] MIITOTOBKM CHeIlalicTiB 'y Traimy3i BIM-TexHomorid, CTBOpEHHS
OCBITHIX MporpaM Ta KypcCiB, CTBOPEHHS MEXaHI3MIB Il mepekBadidikaiii Ta
ceptudikamii crnemianictiB 3 BIM-TexHos0T1#, CpUsIHHS CTBOPEHHIO J0JaTKOBUX
KypciB 3 BIM-texHonoriii (mpoekTyBaHHs, OYJIBHHUIITBO, €KCIUIyaTallis) IJis
MIATOTOBKM HEOOXI1JIHOT KIJIbKOCTI (paxiBUIB y 11K cdepl. Bumi HaBuanbH1 3aKiiaau B
CBOIO Yepry IOBHHHI aJlaliTOByBaTH CBOI HaBYaJIbHI MpPOTpaMu IiJ HEOOXI1THOCTI
rajiysi, pearyrouu Ha 3aliTH HEOOX1THMX KOMITETEHIIIH CIIeialliCTiB.

MeTtoto 1aHOi CTaTTi € Orjsig OCHOBHUX (paxiBIliB B ranmy3i BIM-nmpoekTyBaHHS,
iX poJselt, HeOOXITHUX KOMIIETEHIIIM Ta MOXKJIMBOCTEH BIPOBADKCHHS iX B paMKHU
OCBITHBOTO TIPOIIECY.

OcHOBHMI TEKCT

IToBHOMIHHA 1H(pOpMAaIIiiHA MOJIeTb OYXiBJI1 YU CIIOPYAU ITOBUHHA MICTHUTH BCi
YaCTUHU MPOEKTY BKIIIOYAIOUM APXITEKTYPHO-KOHCTPYKTHBHI €1EMEHTH, 1HXKEHEPIIO,
a TakoXX 1H(oOpMalilo 3 opraHizauii OyAIBHULTBA, KOLUTOPUCY, TEXHOJIOTIl TOLIO.
ToOTo Ha erami NPOEKTyBaHHS L€ € KOMIUIEKCHHUW Mpolec, [e 3aaisiHo OaraTto
(axiBLiB, SKI MPALIOOTh HAJ €IUHOI TPUBUMIPHOIO 1H(MOPMALIWHO MOJEIIIIO.
@DakTUYHO MOJIENb — 1€ NapaMeTpUyHUM 00’€KT, 0a3a JaHMX, IO ONHUCYE SIK caM
00'ekT, Tak 1 mpolec Moro OyIIBHUIITBA, 110 J03BOJSE B OyAb-SIKUHA MOMEHT 4acy
OTPUMYBATU aKTyaJbHY MPOEKTHY JOKYMEHTaIlil0o, 3a0e3reuye MiJIBUIICHHS PIBHS
y3roJKEHOCT1 OyAiBeIbHOI JOKyMeHTalli, 3abe3nedye AOCTYyHHICTH 1H(dOpMaIii,
HAOYHICTh TPH TMPOEKTYBaHHI, J1a€ MOXJIMBICTh OUJIBII PETEILHOIO aHajizy 1
koHTponto.[5] I B BIM-mpoexkTyBaHHI TpaauiliiHi (QYyHKIII JBOBUMIPHUX POOIT
apXiTEKTOPiB, 1HXXCHEPIB-KOHCTPYKTOPIB Ta 1HXKEHEPIB CYMIXKHHUX CIeliaIbHOCTEH
Terep OTPUMYIOTh HOBI OOPUCH, 1 JOTIOBHIOIOTHCS — 3’ SIBJISIIOTHCSI HOB1 JIIMOB1 0cO0HU
B Tpol1ieci npoektyBaHHs: BIM ¢axiBIi pi3HUX piBHIB.

OcHoBauM cremianictoM epekruBHoro BIM-mpoekryBanus € BIM-menemxkep,
ab0 MeHemkep MpoekTy. Haiim Takoro ¢axiBig € HEBEIHKOI I1HBECTHUINEIO, B
MOPIBHSAHHI JI0 MOTEHHIMHWX Buroa BukopucTandHi BIM [6] O6or’s3ku BIM-
MEHEJKepa TepIl 3a BCE — CTpaTeriyHa, BU3HAYCHHS OCHOBHHUX IIUICH TMPOEKTY,
KOOpJMHAIISL BCIX YYaCHUKIB TPOIECY Ta IXHI pileHHs. AHami3 BHUMOT
pobGoTonaBiiB[7] mokazye, MO CHEKTp (GYHKIH MOXE BIIPI3HATHCH 3aJIEKHO BIJ
oprasizailii, Ta mepeBaxHo J10 000B’sI3KiB HAJIEKATh:

* Po3poOka abo amanrariss BIM-ctangapTy (ramy3eBoro 4u KOpPIOpPaTHBHOTIO,
HaIllOHAIBHUN B TIEPCIEKTUBI PO3pOOJICHHS): CTBOPEHHs IIA0JIOHIB oOpraHizarii,
OCHOBHUX pOoOOYMX HAOOpiB, BU/IIB, JUCTIB 1 TIM; MIATOTOBKAa (aiiay 0 CHIILHOI
poOOTH; BHU3HAUEHHA PIBHIB ONpALIOBaHHS JUIsl PI3HUX  CTajlil, pIBHIB
iH(popMaIIiHOTO HANMOBHEHHS €JIEMEHTIB, BH3HAUCHHS CTAaHAApPTIB HallMEHyBaHb
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¢aiiniB, NMPOAYKTIB, MpaBWUJ CTBOPEHHS, (OpPMYyBaHHS Ta BHUKOPHUCTAHHS €IMHOI
610110TEeKH, CIMEHCTB; PO3IMOALT YYAaCHHUKIB 3a POJISIMH, MpaBa JOCTYIy; BU3HAUYCHHS
CTaHJapTiB 0OMiHY 1H(OpPMAaIIi€l0, BHYTPIIIHIX MPAaBHI pOOOTH 3 MOJEIIIO (4acToTa
CHUHXpPOHI3alliil, CTBOPEHHs JIOKaJbHUX KOIMIii), TUMIB (opmaTiB AaHUX; MpPaBUII
3aTBEPKEHHS, aHai3y, 3BITHOCTI 32 MOJIEISIMU Ta BUKOPUCTaHHS 1H(opMallii 3 HUX;
oprasizaifisi 30epiranas (aiaiB BUXIIHUX JaHUX, 3B’SA3aHUX (aiimiB Ta 1HIION
JOKyMEHTAIIi B CKJIaJl TPOCKTY

* KoHTpoib 3a XOAOM CTBOpPEHHS OO0’€KTY: HaJIAIITYyBaHHS MpoTrpaM JJis
YYaCHHUKIB TMPOIIECY; BIJICTEKEHHS HAMOBHIOBAHOCTI MOJENI Ta BHUSBICHHS Ta
BUINPABJIEHHA KOJI31i, Kpall pemnopTiB Ta  BIACTEKEHHS «YUCTOTH» MOJEI;
KOOpJIMHALSL POOOTH YYAaCHHMKIB MPOEKTYBaHHS, PO3MOJALI 3aBJaHb, BUSBICHHSA Ta
onTHUMi3allisl cIabKuUX CTOPIH MPOLECYy; OpraHi3alis BUPIMIEHHS TEXHIYHUX poOieMm,
10 BUHUKAIOTh; KOHCYJIbTYBaHHS YYaCHHKIB.

BIM MeHemxkep mpairoe SK BiANOBIJATbHHA 3a KOOPAMHYBAaHHS KOMaHIH 1
BUKOPUCTAaHHA Mojemi. JliIs mporo BiH NOBHHEH BIJICIIIKOBYBaTH XiJ POOOTH,
OITIHIOBATH Ta IOPIBHIOBATH 13 MOCTaBICHUMH IIsiMu. BIM MeHemkep MOBHHEH
3HATH Ha BUCOKOMY DiBHI MporpaMHe 3a0e3MedeHHsl, 3 SKUM Mpaitoe Gipma, JOTIKY
BIM-niporpamu, CyTh TEXHOJIOT1].

Yactuna nepeniueHuX (YHKIIH MOXKE HalieXaTH JO KOMIIETEHIT OKPEMOTO
daxiBuga BIM-koopaunatopa, sikuii MOXK€ BUKOHYBaTH OOOB’si3ku momiuHnka BIM-
MEHE/)Kepa KOTPOMY MPH HAABHOCTI KOOPJMHATOPA, 3AJIUILNAIOTHCA CTpaTEerivyHi Ta
opranizauiitai ¢pyHkuii. 1o 000B’sI3KiB TaK0K MOXKYTh BXOJUTU KOHCYJIbTYBAaHHS Ta
opraHi3zailii TPEHIHTIB MiJBUILECHHS KBami(ikaiii aJig MpaliBHUKIB, BiJABITyBaHHS
KOH(epeH1iif, ceMiHapiB, BOPKIIOIMIB 3 METOI HAa0YyTTs HOBUX 3HaHb Ta KPAIIUX
npaktuk 3 BIM  mpoekTyBaHHs, OCOOJIMBOCTEl OHOBJEHb IPOrPaMHOIrO
3a0e3neyueHHs] Ta MOLIUPEHHS 3HaHb B OpraHi3allii;

BIM-Mopnennep/texnik. OcHoBHuMH  00oB’si3kamu ~ BIM-mognennepa €
CTBOPEHHsI Ta HaIllOBHEHHs 1H(popmarlliitnoi Moxeni, odhopmiieHHs Ha ii ocHOBI 2D
KpeciieHb, BianoBiaHo A0 BIM crangapty, BIM xoopauHaliis Ta Baiarfis.

CTpaTeriﬂ BIM menepxep
. BIM
yNpaBAiHHA KoOpAMHATOP
_I_a
[ PR E— l
BIM cneuianict BIM cneuianicr BIM cneuianicr
BUPOBGHULTBO [ (MEP) ] (KoHcTpykuii) [ (ApxiTextypa) ]

Pucynok 1 — PoJii Ta pyHKUii y4aCHUKIB POEKTY

Ha3zBu posieil MOXyTh BIIPI3HATHUCS 3aJIE)KHO BIJ MPOEKTY uepe3 cruerudiky
PUHKOBOTO CEKTOPY, PO3MIpY MPOEKTY Ta PiBHSA CUCTEMU MOCTAYaHHsI, ajie B MPOIECI
peamizaiiii 3HAXOIATHCS BaXJWBI (aKTOpHU, OXOIUIIOIOUM IPaBO  BIJIACHOCTI,
BIIMOBIATIBHICTh 1 TTOBHOBAKEHHS. Y HEBEJIMKHUX KOMIIAHISIX 0arato 3 IUX poJjei
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MO€ BUKOHYBaTH 0jJiHa ocoba. OpraHizailis MOXKe PI3HUTHUCS 3aJIEKHO BiJl IIPOEKTY,
IpoTe 3aBJaHH 1010 peani3allii 3aJ1IIaloThCA.

Hapasi Mu 3HaxX0AMMOCH B TPUBAJIOMY IEPEXiAHOMY HPOIIEC] BiJ JBOBUMIPHOTO
MPOEKTYBaHHS JI0 CTBOPEHHS HU(PPOBUX KOMiM OyJiBI1 3 3aK/IaJIEHOI0 HEOOX1THOIO
iH(popMalli€ro 111 poOoTH 3 00’ €KTOM Ha BCIX €Tamax Horo XKUTTEBOTO LUKITY.

Ponp HaBUanbHOTO TMpOIIECY € BU3HAYAIBHOIO B miepexoi 1o BIM TexHosmorii B
MpoeKTyBaHHI[S]. AHami3 JpKepen Ta JOCBIAy BHUKIAMAaHHSA T[OKa3aB, IIIo
BIIPOBa/)KEHHSI HaBuaHHs 3 BIMy wMoxe BIigOyBaTHCh LUISIXOM JONOBHEHHS
ICHyIOYMX  TporpaM  KypcCiB, CTBOPEHHS  HOBUX  CIeliali30BaHUX  a0o
MDKIUCHUIUTIHADHUX — KypCiB, MPOBEACHHS  KOPOTKOTEPMIHOBMX  I1HTEHCHBIB,
TPEHIHT1B, BOPKIIOMIB UM JITHIX IIKLI.

B opranizaiii HaBYaiabHOTO IpoLECy Ciia po3auuTu ocBiTHI BIM-niporpamu Ha
piBHI OakanaBp — BIM-npoekTyBaHHs: CTBOpEHHS MOAeNl, OGOPMIIEHHS KpPECIEHb,
dbopMyBaHHS TPE3CHTAIIMHUX  MaTepiaiB  3a BHU3HAYCHUMH TapaMeTpaMu
KOMITOHEHTIB, CTBOPEHHUX 3a JOIMOMOIol IabioHy, Ha piBHI Marictp — BIM-
MEHEKMEHT: po3pooka BIM-crannapTis, hopmyBanas BIM-nipoToko:tiB, CTBOPEHHS
miaHy  po3pooku  mpoektry BEP  (BIM  Execution Plan —  Ilnan
Buxopucranns/Bukonanuss BIM) ta BMP (BIM Management Plan — Ilnan
VYmpasninuss BIM), cTBopeHHS MIa0JIOHHHMX MepeaHANalITyBaHb Ta 30€peKEeHHS
matepiany B [llabnon-npoexTi 3 BiAnoBigHOTO q0aaTKy BIM-nipoexTyBaHHs.[6]

Ornsg mpakTHK TOKasye, 1m0 HalleekTUBHIMN miaxia a0 HaByaHHs BIM -
KOMILUIEKCHUM, MDKIMCUUILIIHAPHO, 3 BIPOBAHKEHHSAM KOMAaHJIHUX poOIT, poOOTH
HaJl OJHUM TMPOEKTOM CTYJCHTIB PI3HUX CHEUIAIbHOCTeH. AKe B OUIBIIOCTI
BUIAJIKIB CTYJICHTH OTPUMYIOTh JHIIEe 0a30BI HAaBUKW: CTBOPEHHS Mojeneil 0e3
CUCTEMHOTO 1H(OpPMAIIITHOrO HAIOBHEHHSI, 0€3 BUKOPUCTAaHHS PECYPCIB B3a€MO/III B
BIM-cepenoBuili, HE pO3MISIAAIOTECA TEMH MEPEBIPKU SKOCTI MPOEKTY 1 B3aEMHOI
nepeaadi gaHuX. | K HacHiIoOK, Taki (axiBIll 3MOXKYTh IMIAKIIOYATUCH JO MPOIECIB
IPOEKTYBaHHS, Ta HE ynpaBiiHHS npoekToM.[7] BrpoBamkenns BIM y HaByanbHMi
npolec MOKHa MOYMHATH (aKyJIbTaTUBHO 3 MOMKIIMBICTIO OOpaHHS CTYJIEHTaMU
PO3BUTKY OaxaHoro npoduno y BIM.

BucnoBkmu.

Bynu posrisHyTi poisii ocHOBHUX yuacHHMKIB BIM mpoekTyBaHHS Ta iX OCHOBHI
dbyukiii. BusnaueHo, mo norpeba B 0013HaHUX 1 kBaipikoBaHUX BUMyCKHUKax BIM
B OyaiBeNbHIM Tamy3l CTala BaXKJIMBUM acleKTOM sl e(eKTUBHOI poOOTH
apxiTekTypHO-OyniBensHUX  ¢ipM. Tomy  akTyaJbHUM  MHUTaHHSAM  [IOCTa€
BIIPOBa/KEHHS HaB4aHHA BIM B icHyIoul KypcH, MpOBEIEHHS KOPOTKOTEPMIHOBUX
e(eKTUBHUX HaBYaHb Ta CTBOPEHHS HOBUX MIKIUCIUILUTIHAPHUX KYPCiB.
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Abstract. The work presents a preliminary outlines of the main roles of BIM process
participants, their areas of responsibility (BIM Manager, BIM Coordinator, BIM Modeler). Gained
information forms a basis for concept of choosing appropriate forms of immersing the BIM study
into the Architecture and Engineering studies curriculums in Universities. Best practices shows that
the most effective way is forming multidisciplinary courses.
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Annomayun. C meyeHuem 6peMeHU 20po0a paA3BUBAIOMC U MEHAIOMCS, YMo-mo
npo00aNCaAEm PA3BUBAMbCA, d YMO-MO NPUXOOUM 8 YNAOOK U nepecmaem noib308amsbcsi CHPOCOM.
Taxum obpazom, 6o3HuUKaem cumyayus, Ymo ocmaromcs 3a6pouieHHble 30aHUs U MePPUMopul.

IIpoyecc peopeanuszayuu no36o.sem peKOHCMPYUPOB8aAmy 30AHUSL U COOPYHCEHUS, NPU IMOM
U3MEHUB HA3HAYEeHUe dMUX coopydceHutl. Bospooicoennvie dOvlguine 3a600b1 u habpuku, Hanpumep,
CMAHOBAMCS OPUCHBIMU YEHMPAMU, MOP208O-PA36IEKAMENbHIMU KOMNIEKCAMU, apm-yeHmpami,
KYIbMYPHuIMU yeumpamu. Hzmensiemcs cama KOHYenyus UcCnoib308aHUs dMUX NOCMPOEK, Ymo
N0360J18em VIYYUUMb KAYecmeo 20p0o0CKolU cpedvl. Pazeumus peopeanuzyemvix npombluLieHHbIX
meppumoputi O0AHCHO HOCUMb KOMNJIEKCHbIU Xapakmep U 6bimb Oonee PyHKYUOHANbHBIMU, 8AXHCHA
unmezpayusl 30aHUs Ha MECIMHOCIU U ee COOMEEMCcmeue COYUAIbHbIM MPebOBaAHUM.

Knrwuesvie cnosa: peopeanusayus, peHosayus, pesumMAanuzayus,  peoeseionMeHnl,
NPOMbIULIEHHbIE MEPPUTNOPULL.

Beryniienue.

Peopranuzaiusi NpOMBIIUICHHBIX TEPPUTOPUN (peBUTANIM3AIMS, PEHOBALIMS)
ABJSIETCA OTKJIMKOM Ha KPU3UCHOE COCTOSIHUE TEPPUTOPHM, UTO MPOSBIAECTCS HE
TOJILKO B JErpajlallik TOPOACKON cpelabl, HO M B Jerpajauud (QyHKIUU WU
NpPOCTpaHCTBA. PeopranHuzanus MNPOMBIIIJICHHBIX TEPPUTOPUN HAUYMHAETCS C
UIEHTU(UKAIIMM 3TOTO TPOCTPAHCTBA M HAXOJAIIUXCS B COCTOSHHMM YIIaJKa
O00OBEKTOB,  OMNpEACIICHUs]  HEXKENATeIbHbIX, JIECTPYKTUBHBIX  TIPOIECCOB B
MPOCTPAHCTBEHHOW, OOIIECTBEHHOW M HSKOHOMHYECKOW cdepe, UTO CIyXKHUT
MPUYMHAMH BO3HUKHOBEHUS JErPaIallii TEPPUTOPHUU.

Peopranmzanusa Kak KOMIUIEKCHBIA IIPOLECC KAacaeTcs OJHOBPEMEHHO
HKOJIOTUYECKOMN CUTYyaIluH, apXUTEKTYPhI TOPOJia, (HYHKIIMOHATHLHON HAIIOJIHEHHOCTH,
TEXHUYECKOU UHDPACTPYKTYPHI, IOpPUINYECKUX, HKOHOMHYECKUX,
AIMUHUCTPATUBHBIX U MOJUTUYECKUX BOIMPOCOB, U JOJHKEH PEATU30BATHCS METOJIOM
HETIOCPEJICTBEHHON AaKTUBHOCTH TPaXKJIaH TMpU MOJJAEPKKE MPpodhecCHOHATBHBIX
MEHEKEPOB MPOEKTOB.

Peopranuzanusi ciocoOCTBYeT OXpaHE HAIIMOHAJIBLHOIO HAclIequs, Pa3BUTUIO U
Ka4eCTBEHHBIM HW3MEHEHUSIM, MPOUCXOJSAIIMM IyTEM pOCTa OOIIECTBEHHOW U
SKOHOMMYECKON aKTUBHOCTU, YJIYUIlIEHHE Cpeabl OOUTaHUS C OJHOBPEMEHHBIM
COOJII0/IEHNEM MTPUHITUTIOB COAIaHCUPOBAHHOTO pa3BuTus [1].

MOXHO BBIICIUTH OCHOBHBIE HANpPaBJICHUS MPOEKTOB PEOPTraHHU3alNU
IIPOMBIIUICHHBIX TEPPUTOPUIA, B KOHTEKCTE CO3JAHUS:
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. 3aBEJICHUI TUTaHUS;
. 3aBEJICHUI pa3MellleHns (KaKk BpEMEHHOT0, TaK U MOCTOSIHHOTO);
. 00pa30BaTENBHOTO M HAYYHOT'O IPOCTPAHCTBA;
. 0OOBEKTOB JIOCyTa U OT/IBIXQ,;
. CO3/ITaHNE CIIOPTUBHBIX OOBEKTOB;
. CO3[IaHUE JEJIOBBIX SYEEK;
. oM YHKIMOHAJIbHBIE MTPOEKTHI (COSAMHSIOIINE BCE WIM HECKOJIBKO U3
BBIIIEYTTOMSIHYThIX TUIIOB).
[TogOop aHanoroB MUPOBOW COBPEMEHHON MPOMBIIUICHHOW apXUTEKTYpPbl
OCYILIECTBIISJICS IO YETBIPEM OCHOBHBIM MMO3ULKAM [2]:
® BO-IIEPBBIX, MPOMBIIIICHHBI KOMIIJIEKC B3aUMOJECHCTBYET C OKPYIKAIOLIECH
CpeloM Ha HIOAHCHOM YPOBHE;

® BO-BTOPBIX, KOMIO3HUIIMS MPOMBINIJIEHHOTO KOMILJIEKCA Pa3BUBACTCSA BIITYOb
TEPPUTOPUU TPEATNPUSITHUS;

® B-TPEThUX, IPOMBIIUICHHBIA OOBEKT KOHTPACTUPYET C OKPYKEHHEM 3a CUET
L[BETOBOT'O PEILICHHUS;

® B-YETBEPTHIX, MPOMBIIUICHHBIA OOBEKT SIBISETCS TOMUHAHTHBIM 3a CUET
KpyITHOTO MaciiTada.

3ajayaMy peopraHu3aluy SBJISIOTCS: COLMAIN3alNs TPOCTPAHCTBA U CO3/IAHME
YCIOBHM Il Pa3BUTHsI TOPOJOB; YJIYUIICHHE COCTOSHUS OKPYXKAIOLIEW Cpelbl U
CO3/IaHHE  KpEaTHBHBIX  3JEMEHTOB  UHQPACTPYKTYphl;  CO3JaHHE  HOBOTO
IPOCTPAHCTBA JJISI OTAbIXa M OTIbIXa HACEJICHUS; MOBBIIIEHUE TYPUCTUYECKOIO M
KyJbTYPHOTO MOTEHIHAJIAa; CTUMYJIHMPOBAHUE 3KOHOMHUYECKOTO pPa3BUTHS; OXpaHa
MHyCTPUATIBLHOTO U ApXUTEKTYPHOTO HACIEAMS; TPUBICUCHUE UHBECTUIINHI U T.1I..

Haunbonee spxkuMH mnpuMepaMyd HWHAYCTPUAIBHOIO HAcleOus SBISIOTCS
MTOMENIEHUS CTapbIX 3aBOJOB, IIAXT, KAPbEPOB U JPYTUX OOBEKTOB, BHIBEJICHHBIX U3
SKCIUTyaTaruu. VIMeHHO  Takue  OOBEKTHl  MPEACTaBISAIOT  ONPEACTICHHYIO
HUCTOPUYECKYIO WM  KyJIbTYpHYIO  IleHHOCTh. OOBIYHO OHHM  MOAJIEXKAT
PEHOBAallMOHHBIM M PEKOHCTPYKLMOHHBIM MEPONPHUITHIM I BOCCTAHOBJIEHUS
CBOEro IMEPBOHAYAILHOIO BHJA M COCTOSHHS, a TaKXKe CO3JaHus Oe30IacHbIX
yCJIOBUM JUIsl ToceTuTener. Takue 00beKThl, 3a4acCTy0 OTPAXKAIOT €r0 UCTOPHUIO WU
UCTOPUIO OTpaciyd MPOMBINUIEHHOCTH, KOTOpas 3[eCh pa3BUBajach. Jlpyrum
BapUAHTOM pPa3BUTHUS MOJOOHBIX OOBEKTOB, HE MPOSIBISIIONIMX CTOJIb OOIIUPHOM
UCTOPUYECKON WM KYJbTYpHOM 3HAYUMOCTH, SIBJISIOTCA OOBEKTHI CaMbIX Pa3HbIX
(GyHKIIMIA, 3TO 3aBEJICHUsI TUTAHUS WU pa3BJeKaTeIbHbIC LICHTPHI.

OCHOBHOM TEKCT.

B menoMm peopraHusanys MPOMBIIUICHHBIX TEPPUTOPUN AOCTATOYHO AKTUBHO
BHENIPSAETCS B pEAJIMM COBPEMEHHBIX TopojaoB. OaHAKO €CThb UENbId piaf
CAEPKUBAIOMINX (DAKTOPOB MPUCYIUN CTpaHaMm OBIBIIETO COBETCKOIO COI03a:

1. coBeTrckoe Hacneaue, Kak MpPaBUIIO, HE BOCHPHHUMAETCS KAK LIEHHOCTh, a
OOJIBIIMHCTBO MHIYCTPUAIBHBIX OOBEKTOB OTHOCSATCS UMEHHO K COBETCKOMY
Mepuonay;

2. HETIOHMMAaHHE TOPOKaHAMH LICHHOCTH 0OBbEKTOB U TIOJX0JI0B K UX COXPaHEHUIO;

3. HU3KUA MHTEPEC MHBECTOPOB K TaKUM [POEKTAMU H3-32 CIOXKHOCTHU
BOCCTAHOBJICHUE CTAPBIX MPOMBIIILICHHBIX TOMEIEHUI;

NN bW -
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4. 3anyIlIeHHOE COCTOSIHUE 3IaHUI 1 3HAYUTENIbHAsI TIOTPEOHOCTh B UHBECTHUIIUSX.

Cymmupysi, MOXHO  BBIIECTUTh TaKHE OCOOCHHOCTH  peopraHU3aluu
INPOMBINIICHHBIX ~TEPPUTOPUHM, KOTOpPHIE XapakTepHbl [UIsI CTpaH OBIBIIETO
COBETCKOI'0 COH03a:

» Mpeo0iiaiaHne YacTHRIX WHBECTHIINN;

» KOMMEPUYECKOE HANpaBICHUE PEBUTAIM3ALMU H MPEOoOSaJaHusl TPOEKTOB,

HaIpaBJICHHBIX Ha cO3/]aHie O(UCHBIX U TOPTOBBIX IIEHTPOB;

» TOYCUHBIM XapakTep JIOKaTU3allid pPEOpPraHu3ayeMbIX OOBEKTOB, UTO

00yCJIOBIIEHO UX MPUBA3KON K OOJIBIIMM HACEJIEHHBIM IyHKTaM;

» HEIOCTaTOYHOCTh  MPOEKTOB  KyJbTYpHOro  ¢opMara ocoOEHHO B

TPaIUIIMOHHO TPOMBIIUICHHBIX PETUOHAX;

» peBUTAIM3AIUS OTIENbHBIX 3[aHHUI, a HE KOMIUIEKCOB WJIHM MPOMBIIUICHHBIX

30H.

Peopranuzarusi npoMBIIIICHHBIX OOBEKTOB, TEPPUTOPUIM HOCHUT UPE3BBIYANHO
BaXHBIH  XapakTep JJid [POCTPAHCTBEHHOIO  pa3BUTUS TOpoOJa, OJHAKO,
PEKOMEHIyeTCsl TPOBEICHNE JOIMOJHUTEIBHOIO aHaIKW3a JajdbHEHUIIEro pa3BUTHS U
CYILLECTBOBAHMSI PEBUTAIM30BAHHBIX OOBEKTOB, MX 3HAYeHMH B cdepe nocyra u
TypusMma [3, c.14]. Mel BeiOpanu ase metonuku: SWOT-ananu3 u PEST-ananus.

[TepBbiii packpbIBaeT OOBEKT B XapaKTEPUCTUKE YETHIPEX OCHOBHBIX CTOPOH —
CWJIbHBIE CTOPOHBI, Clla0bleé CTOPOHBI, BOBMOXXHOCTH U yrpo3bl. BTopoil mo3Bosser
NPOBECTH MAPKETHHIOBBIA aHANW3 C 1EJbI0  BBISIBICHUS  MOJUTHYECKHUX,
PKOHOMHUYECKUX, COLUAIBHBIX M TEXHOJIOTMYECKMX AaCIIEKTOB BO3JEHUCTBUS
OKPYXarOIIEH CPEIbI.

«CHUIIBHBIMH CTOPOHAMI» PEOPTraHU3YyEMBIX CTAPBIX MPOMBIIIEHHBIX 00BEKTOB
SBIISIETCSI WX BBICOKAas CTENEHb AaTTPAKTHUBHOCTH, YHHUKaJIbHOCTH, HAJIWYHE
OTpeeNIeHHOTo OpeH/ia U OTPaKEHHUsI TyPUCTUIECKOTO OpeHIa ropoa, JOCTYITHOCTD
MOJIUTOHA JJI1 CTPOUTENBCTBA U BO3MOXHOW 3aCTPOMKH, UCTOPUYECKAsE 3HAUUMOCTD
OTJEJIbHBIX OOBEKTOB.

«CnabbIMU  CTOPOHAMM»  SABJISIETCSI  TPYJAHOJIOCTYMHOCTb  OOJIBIIIMHCTBA
OOBEKTOB, HEMPUTOJHOE K OJKCIUTyaTalldd B HACTOSIIEE BpPEMsS COCTOSHUE
(HEOOXOIUMOCTh  PEKOHCTPYKIIMU  OOJBITMHCTBA OOBEKTOB), HEOOXOJAMMOCTH
CYILIECTBEHHBIX (PMHAHCOBBIX BIIOKCHU.

K BO3MOXHOCTSM clileyeT OTHECTH OOIIECTBEHHBIM 3alpoc Ha CO3JaHHE
JIOTIONIHUTEIBHBIX ~ O0BEKTOB  chepbl  J0Cyra, pacHIMpeHUEe TYPUCTUYECKUX
NPEIIOKEHU TOpoJia, BO3MOYKHOCTh IPHUBJICYEHHUS MPEACTABUTENECH Maloro Hu
cpenHero Owu3Heca, WHBECTOPOB; HCIONb30BAHHE BBIBEJCHHBIX M3 JKCILTyaTalllud
OOBEKTOB, BO3MOXHOCTb CO3/JaHHE JOMOJIHUTENbHBIX CTaTel (PUHAHCOBBIX
NOCTYIUIGHUH B OIOJKET TOpOoJa W CTPaHBI, CO3JaHHUE JOMOJHUTENIBHBIX pabounx
MmecT [4, ¢.81].

«Yrpo3amMu» peopraHu3ali OOBEKTOB CIEIYET OTMETUTh PHUCKH HHU3KOTrO
3ampoca Cpelu >KUTENeH ropoja H3-3a TPYAHOIOCTYIMHOCTU OTIEIbHBIX JIOKALIMM;
PUCKH CBSI3aHBI C MIOMCKOM MHBECTOPOB M CIIOHCOPOB, UYTO CBSI3aHO C BO3MOKHBIMHU
MOTPEUTHOCTSIMHU B MAPKETUHTOBBIX M SKOHOMUYECKHUX CTPATETHUSX.

[IpoBenst PEST-ananu3 (4ToObl BBISIBUTH, KaK BHEITHUE (PaKTOpPbl OYAYT BIHATh
Ha MPOLECC PEBUTAIM3AINY U JaJibHEWIIee (PYHKIMOHUPOBAHUE ITUX OOBEKTOB) MBI
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OOHApYKUIIM CIEAYIONINE MOJIOKEHUS:

B  momutmyeckom acmekte 0coOyl0  poib  WIPAalOT  W3MEHEHUsS B
3aKOHO/ATEIbCTBE, BIUSHUE BIACTHBIX CTPYKTYp Ha (PYHKIMOHUPOBAHUE OTPACIU H
T.A.. V3 HeraTuBHBIX (PaKTOPOB CIEAYET OTMETHUTh ONIpEICICHHbIE TPYIHOCTH,
CBSI3aHHBIE C TOJYYEHHEM IpaBa COOCTBEHHOCTH WJIM MEpeladyd BbIIICYKa3aHHbBIX
00beKkTOB B (OHA TrOpoja, 4TOOBl B JaJbHEWIIEM MPOBOJUTH IPOLECCHI
pEeBUTANIM3ALIMN, PEHOBALIUY, PEKYJIBTUBALINN, WIH MTOJIHOM MEePeCTPONKY.

B skoHOMHYECKOM acmeKkTe CleayeT OTMETHTh cpa3y, YTO MaHAEMHs OKasala
CYIIIECTBEHHOE BIHMSHHE, OCOOEHHO Ha cdepy Aocyra, TypusMa. IMEHHO mosToMy B
HACTOSAIIEE BPEMST OTKPHITHE HOBBIX OOBEKTOB JOCYTa HE SIBISIETCS PEHTA0EIbHBIM, a
(UHAHCUPOBAaHUE CO CTOPOHBI TOCYJapCTBa M CTOPOHHHUX WHBECTOPOB IOYTH
JIeNIaeTCsl HEBO3MOXKHBIM H3-3a HEAKTyaJlbHOCTH Pa3BUTHs JaHHOW cdepsl B 3TO
BpeMmsL.

AHanu3upysl COLUANbHBIN acCIeKT, CIEAYeT OTMETUTh, YTO, B OOILIEM, XKUTEIU
rOpOJIOB HYKJAIOTCS B TOSBJICHUU HOBBIX OOBEKTOB KaK KyJIbTYPHOIO, TaK H
J0CYTOBOro (popmaTa, 4TO NMPUBEAET HE TOJBKO K YIYyYIIEHUIO OJIaroycTpoiicTBa
ropojia, HO W MPEIOCTABUT JKUTEJSIM HOBbIE pa0Oyue MECTa, a MpPelCTaBUTENSIM
MaJIOro U cpefHero Ou3Heca — IUIOMAAKY JUIs pealu3aliil COOCTBEHHOIO MPOAYKTa
[5, c. 165].

AHanu3upysi TEXHOJOTMUECKUH acleKT, CJEIyeT cKa3aTh, 4YTO, B OOIIEM,
UMEIOIINECS] B CTPAaHE CTPOUTENbHBIE TEXHOJOTHH W BO3MOXKHOCTH YCTAaHOBJICHUS
TOM WM HMHOW HEOOXOJMMOM HHQPACTPYKTypbl JOCTATOYHO [UJIsl peaju3aluiu
3alJIaHUPOBAHHBIX MPOEKTOB, MOCKOJBKY BCE IMPOEKTHI IIAHUPOBAJINCh B PaMKax
MMEIOIIUXCS U PEATbHBIX BO3MOXKHOCTEW MPHUBJICUCHUE T€X WU MHBIX TEXHOJIOTHH.

ITocne npoBenenus Oosee rIryOOKOro aHalv3a Mo JIBYM METOJUKaM, Mbl MOKEM
CENaTh CIEAYIONINE BHIBOIBL:

v/ peopraHu3ais CTapbiX MPOMBIIUICHHBIX OOBEKTOB OJHO3HAYHO YITyUIIHT

0J1aroycTpoicTBO U chepy n0Ccyra;

v/ Oy/IyT CO3/1aHBI HOBBIE PaboOUYHe MECTa;

v OylyT CO3[aHbl JOIOJHHUTENbHBIE IUIOMAAKA JUIS Pa3sBUTHS Majoro u

cpelnHero Ou3Heca;

v OyzmeT HaOMIOAAThCA  MOJOKUTEIBHOE BIMAHHE Ha  (OPMHUpPOBAHHE

TypUCTHYECKOT0 OpeHaa ropoja.

v OCHOBHBIMH 33[a4aMH CO3JIaHUs TAHHOTO MPOCKTA SIBIISTFOTCS:

v/ COXpaHEHHE MHIYCTPHAIBLHOTO HACIIE VS,

v’ HiojiIepKaHue MOUIMHHOCTH MECTHOCTH;

v’ CO3/1aHKE HOBOW YHUKAJIBHOU 30HBI J0CYTa;

v/ CTUMYJIMPOBAHHE TIPUBJICYEHHS TyPHUCTOB;

v/ CO3/1aHKE 30HBI JIJIs aKTUBHBIX 3aHATHIA CIIOPTOM.

Jist  peanuzaluM  MPOEKTa PEKOHCTPYKIMU MPOMBIIUICHHBIX TEPPUTOPHUI
HEOOXOUMO MPUIIEP)KUBATHCSA CIEAYIOUIEr0 aJIrOPUTMA, COCTOSIIETO M3 CEMH
ATaNoB:

1. TeopeTuko-noATrOTOBUTEIbHBIM. Ha  srom JTame  paspabarbiBaeTCs

KOHIIENTyaJdbHas MOJENb, aHAJIM3UPYIOTCS BapHaHTHl  UCIOJIB30BaHUS,

NPUBJICYCHNE WHBECTUIIMNA, IyTH MOHETU3AllMH, BHIOOP COCTABIISIFOIINX
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uHppacTpykTypsl [6, c. 508].

2. luBeHTapu3aunoHHblii. Ha JgaHHOM »3Tane yTOUYHAKOTCS  COCTABJISIOLINE
UHOPACTPYKTYphI,  MPOU3ZBOJUTCS  CMETa IO  OTIACIBHBIM  CTaThsM.
[TogcunutbiBaeTcss  00mas  ce0ECTOMMOCTh  MPOEKTa,  yKasbiBaemas B
COOTBETCTBYIOIINX OYXTITEPCKUX JOKYMEHTAX.

3. Ananutuueckuil. [IpoBogurcas SWOT-ananmu3 u PEST-ananus, a takxe, npu
HEOOXOAMMOCTH,  JIOTIONHUTEIbHAS  aHanuTUka. Ha  ocHoBe  aHanmza
OTIPENICNISIIOTCS OCHOBHBIE PHUCKH, CBSI3aHHBIE C CO3JaHUEM JAHHOTO MPOEKTa,
BO3MOXXHOCTH, a TakXe MOAPOOHO OTMEUAIOTCS BCE €ro MPEeUMYIIECTBa M
HEJIOCTaTKH, JIs JabHEUIIIEr0 HUBEJIUPOBAHUS TTOCIICAHUX.

4. Opranuzauvonsslii. IIponcxoguT mpakTuyeckas peanu3anus  IPOEKTa:
PEKYJbTUBAIIUS, CTPOUTEIILCTBO OCHOBHOM MH(PACTPYKTYpPhl, OKYJIbTYPHUBAHUE
TEPPUTOPUH, BBEIACHUE BCEX HEOOXOAMMBIX Mep 0€30MacHOCTH (Orpa)kacHue
MOTEHITMAIBHO OTMACHBIX YYaCTKOB, 3a4MCTKa TeppuTopun) [7, c. 67].

5. uBecTuimoHHbIN. [IpuBIIeUeHHE JOTTOTHUTEIbHBIX UHBECTULIMH, ITOJIEPKAHUE
¥ MOJIepHU3aIKs HHPACTPYKTYPHI, OTUIATY TPyJa COTPYTHUKOB.

6. ONTUMHU3AIMOHHBIA. AHaIM3 JIEITEIbHOCTH OO0BEKTa U KOPPEKTHUPOBKA
CTpaTeruy pa3BUTHUA TNPOEKTa HA OCHOBE SKOHOMHYECKHUX pE3YJIbTATOB,
MOCEHIAEMOCTH 3a ONPEICICHHBIA POMEKYTOK BPEMEHU U T.J..

7. [IpomonmionaneHbii. Pa3zpaboTka MapKETHHTOBOW CTpaTeruu JajbHEHIIEeTro
MPOJIBMKEHUE 00BEKTA, peaiu3alus peKiaMbl, MPOMOAKIIHA.

BoiBoa.

Peopranmzaius — 3TO mpoumecc, HampaBICHHBIM HAa  KOMILUICKCHYIO
TpaHcPopMaIlnio AEIPECCUBHBIX WHIYCTPUATBHBIX OOBEKTOB U TEPPUTOPUH C IENBIO
X (PYyHKITMOHAIBHOTO TIepeOpMATUPOBAHUS JJIS YIIYUIICHUS COTTUATBHBIX YCIOBHMA
MPOKUBAHUS HACEJICHUS.

OCHOBHBIMM THUIIAMHU MPOEKTOB PEOPTaHU3AIIUM SBIISIOTCA CO3/IaHUE: 3aBEACHUI
MUTAHUS; pa3MEIICHHs; 00pa3oBaTEIbHOTO M HAyYHOTO MPOCTPAHCTBA; OOBEKTOB
JI0OCyra W OT/bIXa; CIIOPTUBHBIX OOBEKTOB; JEJIOBBIX SUEEK; MOJU(PYHKIIMOHALHBIC
MIPOEKTHI.

3ajayaMy peopraHu3aluy ABJISIOTCA: COLMAIN3allds IPOCTPAHCTBA U CO3/IaHUE
YCIIOBHM JJIsi Pa3BUTHUSA TOPOJOB; YJYUIICHUE COCTOSHHUSA OKpPYKaIOIIEH Cpenbl U
CO3JaHME  KPEaTUBHBIX  JJEMEHTOB  WHMPACTPYKTYphI,  CO3JaHHE  HOBOTO
MMPOCTPAHCTBA JJISl OT/AbIXA HACEJEHUS; MOBBIICHHE TYPUCTUYECKOTO U KYJIbTYPHOIO
MOTEHIIMAA; CTUMYJIMPOBAHUE SKOHOMHUYECKOI'O pa3BUTHS; OoXpaHa
WHIYCTPHAIBHOIO U apPXUTEKTYPHOTO HACIIEAUS; IPUBJICYCHUE UHBECTULIUM U T.]I.

HawnGosbias KOHIIEHTpaIys peBUTATM30BAHHBIX 00BEKTOB B EBporie, 0coOeHHO
B ['epmanun, BenukoOpuranuu, [lonpme, bensrun u lBeunu, yto 00yCIOBIIEHO
AKTUBHBIM PA3BUTUEM MPOMBINUIEHHOCTH B XIX B. 1 Hauane XX CT., 3HAUUTEIIbHBIM
YPOBHEM COXPaHEHHUS MPOMBINIIICHHBIX O0BEKTOB, MPEJAOCTABICHUEM UM OXPAaHHOI'O
CTaTyca U BBICOKMM YPOBHEM KYJIbTYpPbl HACEIEHHUS TAHHBIX CTpaH. Takxe mpuMepbl
PEBUTATM3UPOBAHHBIX MPOMBIIIIICHHBIX 00BEKTOB BCTPEUAIOTCS JIOKAIBHO B KaXKJI0M
peruoHe mupa.
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Abstract. Over time, cities develop and change, something continues to develop, but
something falls into decay and ceases to be in demand. Thus, a situation arises that abandoned
buildings and territories remain.

The reorganization process allows you to reconstruct buildings and structures, while
changing the purpose of these structures. The revived former plants and factories, for example, are
becoming office centers, shopping and entertainment complexes, art centers, and cultural centers.
The very concept of using these buildings is changing, which improves the quality of the urban
environment. The development of reorganized industrial areas should be comprehensive and more
functional, the integration of the building on the ground and its compliance with social
requirements are important.

Keywords: reorganization, renovation, revitalization, redevelopment, industrial areas.
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V]IK 519.21
THE EXISTENCE OF THE SOLUTION OF THE CAUCHI PROBLEM
FOR NONLINEAR STOCHASTIC PARTIAL DIFFERENTIAL-
DIFFERENCE EQUATIONS OF NEUTRAL TYPE

WITH RANDOM EXTERNAL PERTURBANCES
ICHYBAHHS PO3B’SI3KY 3AJIAUI KOIII AJISI HEJTHIHHOT'O CTOXACTUYHOT' O
JUBEPEHIIAJTBHO-PI3HUIIEBOT'O PIBHSIHHSI HEUTPAJIBHOI'O TUITY B
YACTUHHUX NOXIJHUX 3 YPAXYBAHHSAM BUITAJKOBHUX 30BHIIITHUX
3bYPEHbD

Yurchenko L.V./ IOpuenxo 1.B.
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Yepniseyvkutl Hayionanvrull ynisepcumem imeni IOpia ®edvkosuua,

Ykpaina, Yepnisyi, eyn. Ynisepcumemcoxa, 28, 58000

Anomauin. Po3ensiHymo numauHs iCHY8aHHA po36 'a3Ky 3adadi Kowi 6 knaci uenimitiHux
cmoxacmuyHux OugpepeHyianbHO-pi3HUYeBUX pIGHAHb HEUMpPAalbHO20 MUNY 8 YaCMUHHUX NOXIOHUX
3 Ypaxy8aHHAM 8UNAOKOBUX 308HIUHUX 30YDeHb, He3aNeHCHUX 60 inepo6o2o npoyecy. Odepicano
docmamui yMo8uU HA Koe@iyicHmu HeNHIUH020 CMOXACMUYHO20 OUDePEeHYiaAIbHO-PI3HULEB020
DIBHAHHA HEeUMPAIbHO20 MuUny, sKi 2apaHmyloms ICHYSAHHS 3 IMOGIDHICMIO OOUHUYS U020
D038 A3K).

Kniouosi cnosa: cmoxacmuune OughepenyianvHo-pizHuyese pIiGHAHHA, GiHePO8i 30VPeHHS,
NYACCOHO8I NePEeMUKAHHSA, ICHY8AHHS PO36 A3KY.

Berym.

[luTaHHs iCHyBaHHS Ta €IMHOCTI PO3B’SI3KY CTOXACTUYHUX AU(EpeHIATbHUX
pIBHSHb 3 JIeIKMMHM TIOYaTKOBUMHM Ta TpPaHUYHUMH YMOBaMU B PI3HHUX
(YHKIIIOHATBLHUX TMPOCTOpPAX, 30KpeMa 1 PIBHAHb Yy YAaCTUHHUX IMOXIJTHUX,
JocipKyBasiocs O6arateMma aBropamu [3, 4, 6, 7, 8, 11, 12]. ¥V npausx [9, 10] O.M.
Cramxunpkuit Ta A.O. llykaHoBa ojepxajid TeopeMmMy ICHYBaHHS Ta €JIMHOCTI
po3B’s3Ky 3amaul Komrl ajig cTroxacTUYHOro auepeHIlaqbHOr0 PIBHSHHS peakilii-
nudy3ii HelTpansHoro TUNy. [laHa poOoTa po3risgae MUTaHHS ICHYBaHHS PO3B’SA3KY
3amaul Komn B kmaci HemiHIAHUX AUQPY31HHUX CTOXAaCTUYHUX Ju(epeHIialbHO-
PI3HHUIIEBUX PIBHAHb HEHUTPAJIBHOTO TUITy B YACTUHHHUX MOXITHUX 3 YpaxyBaHHIM
BUITAJIKOBUX 30BHIIIHUX 30ypeHb, HE3aJIEKHUX Bi/l BIHEPOBOTO MPOIIECY 1 MPOIOBKYE
JOCIIKEHHS, po3moYaTi B podorax [9, 10, 13].

IlocranoBka 3amaui. Hexail Ha iiMoBipHICHOMY 0asuci (Q,F ,{E,tZtO,O},P)
3a/1aHO HeJiHIMHE audy3iiiHe cToXacTU4HE Iu(epeHIlaTbHO-PI3HUIIEBE PIBHSIHHS

HerpansHoro tuny (HACIPPHT) B wacTUHHUX MOXiAHUX i J1€10 BUMAJIKOBUX
30BHIITHUX 30ypeHb, HE3AICKHUX BiJ] BIHEPOBOIO MPOIIECY

d(u(f,x)+ J-rb(t,x,y)u( -7 y)dy] Z#+a(i,u(t—r,x))dw(t,x)+

J

+fc(t,u(t—r,x),z)v(dz,dt), (1)
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VIS t € (O,T ], x € R’ 3a mOYaTKOBUMHU JaHUMU

u(t,x):l//(t,x), Vte[—r,O], (2)
u(t,x):[0,T]xR" > R" — pose’ssok 3amaui (1), (2); Te(0,0) — dikcopanuii
nificHui yac, 7 >0, 7 -BUMIpHHM onepaTop Hanﬂaca [1, 4]

As Z 8x ’ )

Jj=1

w(t,x) — L, (R’)—BHMipHHﬁ O -BinepoBuii nporiec [2];

v(4,t)=v(A4,1)- E{v2 (A,t)} — IIEHTPOBaHa IyaccoHoBa Mipa [3],
o:[0,T]xR'xR" > R"i b:[0,T]xR"xR" >R, ¢:[0,T]xR"xR" - R' - nesixi
KOHKpEeTHI (PyHKIIii, SiKi OyyTh BU3HAYCHI M1/ Yac JOCIIHKCHHS;

VK [—T,O] x R” — R' — QyHKIIiA TOYATKOBHX JAHMX.

Ilonmepenni pe3yabTaTH Ta OCHOBHI O3HadYeHHs. HaBegemo pgexisibka
TBEPKEHB 3 TIpaib [9—12].
Jlema 1. [12, c.188]. Onepamop

S(t):L,(R") > L,(R") 4)

2eHepye po38 530K 00HOpioHoI 3adaui Kowi onsa pieusnnsa menna (nema 1, [9]) 3
imosipnicmio 1

d(u(t,x))+ J.b(t,x,z)u(t—r,z)dz:Axu(t,x), (5)
3a NOYAMKOBUMU OaHUMU (2) 3 NPABUIOM

u(t.x)=(s()g(+))(x)= [ K (6.x=7)g(*) (6)

ma ymeoproe C, naniezpyny onepamopis, ininimesumaibHuM Onepamopom sKoi €

8UNAOKOBULL 1IANACIAH Ax(a)) (3) Haniezpyna S(t ( ) € CMUCKa4o1o, moomo
sO2ENE, ) =l e g
[Tobynyemo moTik ((puIbTparlriio) O'-anre6p { 21, >O} AKAWA TOPOJIKEHUIN

L, (R )—3HaqHHM O -BIHEpPOBUM MPOLIECOM

_ Z@en(x) B,(¢) ®)

Ta  LEHTPOBAHOK  IlyaccoHOBOW  Mipow  V(A,t)=v(4,1)— E{V(A,t)} ,  Ze

{ B,(1)=B,(t, a))} — R' — He3anexHi cTannapTHi OAHOBUMIpPHI BIHEPOBI POLIECH,
S =A<, 9)
n=l

Ipu 1bOMy cHcTeMa BEKTOpiB e, (x) =g, (x) yTBOpIOE OpTOHOPMOBaHHMI Gasuc

y LZ(R’) TaKUH, 110
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sup ess sup|en (x)| <1. (10)

ne{l,Z,...} xeR’

VBenemo mpoctip banaxa ‘B,, Bcix L2(Rr)-3Ha‘1HI/IX F -BuMipHNX Ta

HeTepepBHUX 3 IMOBIPHICTIO OJTMHULIS BUIAJKOBUX MIPOIIECIB
E(e)=&(t,0):[0,T]xQ > L, (Rr) 3 HOPMOIO

£, = s el an

O3HauyeHHsA 1. Henepepsny BUITA/IKOBY byHKITIO
u= u(t,x,a)) : [—T,T] xR xQ— D' ([—T,T]) Ha3BEMO M SKHM PO3B’S3KOM 3ajaadi

(1), (2), AK1I0 BUKOHYIOTHCS YMOBH:
1) u € F,-BUMIpHOIO JUIsl MaliXKe BCIX ¢ € [—T,T ] Ta (hikcoBaHux x e R", e Q;
2) u 3a70BOJIBbHSIE YMOBY (1HTETpaJibHE PIBHSHHS)
u(t,x,a)) = J K(t,x - y)(t//(O) + I b(O,y,z)l//(—f,z)dszy -
R R”

—I b(O,x,y)u(t —T,y)dy+
e

+£RI"C(O’%2721 Yw (7,2, )11(dz)dz,dy - inrc(O,x,y,z)u(t — 7, y)1(dz)dy -

—J[Ax j K(t—s,x—y)x Ib(s,y,z)u(s —r,z)dzdy]ds —
0 R" R”

_J'UAX ‘[‘K(t—s,x—y)x Ic(s,y,zl,z)u(s —z',zl)H(dz)dzldyde +

0 R”
+J.Z\//Tn[ I K(t—s,x-y)x G(S,u(s — r),y)en (y)dy)dﬂn (s) (12)
o0 n=l R”
mis £ €[0,T], xe R’ 3a 104aTKOBOIO yMOBOIO (2);
3) icHye HOpMa

E{j”u(z,x,w) i(Rr)dt} <o, (13)

Jlema 2 [10]. Mamemamuune cnodieanns 8io keadpamy u(t,x,a)) (ous. (13)) €
HOPMOI0.

BynemMo Hamami BBaXaTH, IO HMMOBIpHICHHI 0a3mc (Q,F AF.t> to},P)
nooynoBanuii [1-5] nis 3agadi (1), (2), sika € mpeIMeTOM JTOCTIKEHHS Ii€T CTaTTI.

OcHoBHe TBepa:keHHs1. Hexait qis 3amayi (1), (2) BUKOHAHO YMOBH:

1) koedinientn o =0 (t,u,x) Ta c¢(t,u,x,z) €

la) BUMIpHHMH 3a BCiMa apryMeHTaMH;
10) 3a70BOIBHSAIOTE YMOBY JIinmuiist 3a Ipyrum apryMeHTOM

|0'(t,u,x) - a(t,v,x)| + Hc(t,u,x,z) - c(t,v,x,z)rﬂ(dz) < L|u - v|
Z
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mis Vie[0,T], u,veR', xeR’; =
2) nouaTkoBa GyHKIIs v (1,x, @) €
2a) F|-BUMipHOIO BiHOCHO aprymenTa ¢ € [0,T];
20) HesanexHO0 Bix Bineposoro npouecy w(f)=w(f,w)eR' nia Ve e[0,T]
Ta LEHTPOBAHOI IyaCCOHOBOT MipH V(1,x,z);
2B) Ma€e HOpMY

sup E”l// t X a)) L <003 (14)
—7<t<0 (R )
3) dynkuii b=b(t,x,y) Ta ¢(t,x,y,z) 3a10BOJIbHIE YMOBH:
3a)
sup j\/jbz (¢,x,y)dydx + supjj\/Ic2(t,x,y,z)ﬂ(dz)dydx:Kl <o0;
0<t<T 0<t<T
(15)
360)

IA

su Ib (t X y)dydx+ sup“. Icz t x,y,z)l‘[(a’z)a’ydx:K2 <0
e

0<t< 0<l<TZR R’
(16)

t<T R’
3B) ans koxkHOI Touku x € R” icHylOTh 4acTuHHI HoxigHi 0 b, O _ b, ne
i i

{i,j} c {1,2,...,1’} ;

3r) marpunst [ecce Db 3a10BOJIBHSIE YMOBY

N (t,x,y)|+ ijc(t,x,y,z)H(dZ) +
Z

+|Dib(t,x )|+ <®(1,x,), (17)

D} J.c(t,x,y,z)l_[(dz)]

V/

s Vte[0,T]c[0,0), {x,y}cR’, me ¢ynkuiz @:[0,7]xR" xR"—[0,x)
33JI0BOJILHSIE YMOBY OOMEKEHOCTI MOBIHHOTO TIPOCTOPOBOTO iHTErpaTy
sup J j@ (#,x,y)dxdy = K, < o0; (18)

0<t<T

4) nnst pyHKii CD(t,x, y) BUKOHYETbCSI aHajor ymoBu Jlimmuus 3a Apyrum
apryMEHTOM

D (£,x,2) = (1, %,,2)| <& (1,2, %,.6) (19)
Ie I KOXKHOI TodukH x,€R” icHye ii okin B ( 0) Ta HeBiI'€MHa (QYHKIS
¢ =¢(t,2,%,,8) ana Vte[0,T], |x—x|<5; zeR", ne supg“(t,,xo,é)eLz(R’),
0<t<T
oeR,;

Tomi 3amaua (1), (2) nns HCJAPHT w™mae eaunuii M’ SKUH  pO3B’SI30K
u=u(t,x,w)eB,, 3iMoBipHicTIO omuHuIs 115t Vi €[0,T ], Ko
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sup I '[b t,x,y)dxdy = K, <l (20)
0<t<T 4

JloBeIeHHSI OCHOBHOTIO TBepIDKeHHﬂ. JloBeneHHsT po3i0’eMO Ha eTamu, IO
MICTSThCA B Teopemi banaxa [1,2], skxa 3acrocoBaHa Juisi BCTAHOBJICHHS 3
IMOBIPHICTIO OJMHHUIIS €AUHOTO po3B’si3ky 3amaul (1),(2) (3amaui Komri). byaemo
BUKOPHUCTOBYBATH METOJIMKY, BUKIaAeHy B mpausax [9,10]. IIpoBenemo moBeneHHs
MeTOoZI0M KpokiB. CroyaTky oOJepKUMO HEBIOMY (YHKIIO Ha BIAPI3KY [O,r].
Opepxany HEBiIOMY (QYHKIIIO MPOJOBKUMO — HA MEPIIOMY BIPI3Ky 3a MOYATKOBY
GYHKIIO TpUiiMeMO 3HalJeHy HeBIIOMY (DYHKIIIO 1 MOBTOPIOEMO JIOBEACHHS IS
3HAXOJIPKEHHSI pO3B’ 3Ky Ha APYromMy BIIPI3KY 1 T.1I.

Posrmsiemo omepatop S:B,, —B, ., akuii aie 3a npasutom as ¢ €[0,T],

x,yeR’

jK tx y { (0)+ J‘b(O,y,z)t//(—r,z)dz}dy—

R”

J (t,y.2)u(t—7,y)dy— | [e(t,y,z,z, u(t—7,y)dyI1(dz) -

ZR"

t

_i}[{Ax :{K(t—s,x—y) J‘rc(s,y,z,zl)u(s —z‘,zl)H(dz)dZI]dy}ds +

|
o'—.w
1

AxJ:(K(t—s,x—y)J.b(s,y,z)u(s—r,z)dz}dy}ds+

Rr

+IZ\/7“K“SS y)o(su(s=7),»)e,(») dy}dp EJZ:,I,t (21)

0 n=l1
3a MOYATKOBUMH JIaHUMHU (2).
JloBenemo, 110 1ieit omepatop € cruckatouuM. [lo-mepmie, Tpeba moBecTH, 10
Su e%” min VueB,,. Jlng uporo TmOTPIOHO  OUIHMTH I’ATh  HOPM

I7:(5)

w, = supEHI H , j=0,1,2,3,4. Bukopucraemo HepiBHICTh (7) jemu 1,

HEPIBHICTh Komi-I_HBapua [4] ta ymoBu (14), (20) 1 omepKuUMO OINHKY s
cynmpemyMa MateMaTH4HOro criogiBanus I, (s) 3 omepatopa (Su)(¢) (muB. (21)), a

caMc:
I5(s)

L O A

%Zt

= supE

0<s<t

[Kesx- y)( O+ [60.y,2p (-r, )y +

2
<

L(R")

+[ | c(O,y,zl,z)l//(—7,Zl)dzljdy

ZR"
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<3E||l//(0)||2 ) #3( j jb (0,x,2)dzdx)E lly (-7) I

L,(R")

+3JjICZ(O,x,Zl,Z)dZIH(dZ)de||l//( DI o =C<o.
ZR'R"
3actocyemo HepiBHICTh Komri-llIBapma [4] Ta mpumymenas (14), (20) mpu

OLIHIOBAHHI CyNpeMyMa MaTeMaTHYHOTo croiBanns /,(s), a came:

”11(5)”2;32 =sup Ell (s)||i R’ = supE |l Ib(s x, Y)u(s — r)dy||L ®)

0<s<t 0<s<t

<supEllu(s—7)IP

L,(R")
0<s<t (

- sup jjb (s,x,y)dydx.

0<s<t o
Jlanmi crpalibOBy€ OY€BHM/IHA HEPIBHICTh Ha nepmomy KpOIll BiJIpi3Ka [O,Z’] TUTSI

po3e’si3ky u(t) pismsams (1) mis ¢ €[0,71]:

2 2 2
Ellu(s— T)||“R)_os<l£E“u(S T)”L(R +§ggE||u(s T)”L(R
= sup Ellu(s— Z')||2 |+ sup Ellu(s— T)”i ®) (22)

—7<s—7<0 0<s—7<t-1

3 ypaxyBaHHsM (22) nonepeaHsi HepiBHICTh AACTh OLIHKY

11,(s) 11, (supr (s, xy)dyde( sup Elly ()l .,

—7<s<0

+sup E llu(s) ||i

0<s<t (R)

AHAJNOTIYHO CIJl OIIHUTH CYNpPEeMyM MaTeMAaTHYHOTO CIIOAIBaHHS KBaJpary
iHTerpana /,(s) y mpocropi ‘B, ;. 3 BIANOBIAHMMHE HOPMaMU
11,() I3, =sup ENL()IF .. =

L,(R")
0<s<t

_supEllj(A J‘K(s 7,x— y)(jb(z vl =7,2)dz)dhdz I} | <t-z(s), (23)

0<s<t

)=C, <.

0<s<t 0

g(s)=sup Ej j{ xjK(s—z',x—y)(Ib(l,y,z)u(l—r,z)dzjdy} dl |dx. (24)

3MIHIOIOYH TIOPAIOK 1HTETPYBaHHS Y g(s) (muB. (24)), MAaTUMEMO OIIHKY IS
I,(s) y mpocropi B, ,:
11,(s) 2 LSt e(s)=

=t-sup E.f J{ xJK(S—r,x—y)('[b(l,y,z)u(l—T,z)dz}dy] dx |dl <

0<s<t R’
2

<CtE dxdi ! (25)

D? j b(l,x,z)u(l - 7,2)dz
OR" R”
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VY nonepeaHii OIiHII

* .. &
aﬁx .

|| — BinmoBixHa MaTpruna Hopma.

Hamni ciig Bukopuctatu jiemy 1 [9, nema 4]. Akiio ymoBu 1€l IeMu 1Jis

_ I K(s—1,x— y)( j b(l, v, z)u(l - f,z)dz]dy,

g(l,x)= j‘b(l, v, 2)u(l —7,2)dz 27)

BUKOHYIOThCSI, TO oreparop S () € ctuckarouuM (aus. (7)).

ITepeBipumo ymoBH jiemu 1, TOOTO 10BEAEMO, IIIO:
1) 3 iMoBipHicTIO OMHMI 1T KOKHOTO [ €[0,7]

b(l,.,2u(l—7,z)dze L,(R"); (28)
| (®)

2)
V.gle L,(R) , I Diglle L,(R"). (29)
[TepeBipumo ymoBy 1). JloBenenus (28) BuruiMBae 3 BUKOpucTanus ymoB Kori-
[IIBapua Ta ymoB 2a), 26) ocHOBHOro TBepAkeHHs Ta (20) 31 cranoro K.

£ 5

{sup j \/ j b*(l,x z)dzdx]( \/ sup EH(//(Z)H +supEHu(1)H )

0<I<t

j b(l,x,2)u(l - 7,2)dz|dx

Rr

1

3B1,Z[KI/I 3 1MOB1pHICTIO OJWHHIA YMOBaA 1 BHUKOHYETBHCA

J

Rr

Ilepesipumo ymoBy 2) nemu 1. Ymosy (29) nosexemo st |V, g|. s || Dlgll

j b(l,x,2)u(l - 7,7)dz

Rr

dx=C, <oo.

MIpKyBaTUMEMO aHajioriyHo. CnouaTky pAoBenemMo JuepeHIiHOBHICTD g (Z ,x)
(muBuck (27)) y Touni x =x, € R".

Hexaii B; (xo) € okosoM Touku x, € R". Bukopucrosyroun ymosu (17) Ta
yMoBYy (19), MaTumemo

‘be(t,x,z)u(t - z‘,z)‘ < l//(t,x,z)‘u (t - r,z)‘ =
= (t,x,2) =y (t,%,2) + Y (t,x,2)) [ u(t = 7,2) [<
<(0p(t,z,x,,0) +y(t,x,,2)) | u(t —7,z)|.
[TepeBipuMO BKIIFOUCHHSI
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(69(t,,xy,0) +w(t,x,) |u(t —7,) |€ L(R") . (30)
BukopucroBytoun HepiBHicTh Komri-IlIBapma Ta ymoBu (17), (18), (20)
MaTUMEMO

E [ (80(t,,2,%0,0) + (4, %,,2)) [u(t, = 7,2) | dz =
J

= 5E [ (t,,2,%,0) |u(t, = 7,2) | dz + E [y (8,,%,,2) |u(t, — 7,2) | dz <
R” R”

-7<4<0

S[§\/J¢2(tl,z,xo,5)dz +\/Iw2(t1,x0,z)dz]( sup Elly@)If . +
R" R"

1

2 ))5 <o,

L,(R"

+sup Ellu)l

0<y <t
3BIIKH 3 IMOBIPHICTIO OJTMHHUIIS OJIEPKUMO

[ Go(t,,2,%,,0) + v (1,3, ) [t ~ 7,2) | dz < o0,
J

3rilHO 3 JIOKAJBHOIO TEOPEMOI0 TPO AUQEPEHIINOBHICTL 1HTETpanda 3a
napameTpoM, 1 pyHkuii (27) icHye rpaaieHt V g [4] Ta

V. j b(t,x,2)u(t —7,2)dz = j V b(t,x,2)u(t —7,2)dz. 31)
R” R”
3aIMImHIOCh JOBECTH, IO
V., [b(t,,2)u(t—7,2)dz € L,(R") . (32)
:

3 ypaxyBanusam (31), (17), nepiBnocti Komi-IlIBapia, ymor (18) Tta (14),
BUKOHYIOThCS CITIBBITHOIIICHHSI

E j V. j b(t,x,2)u(t —1,z)dz | dx =
R’ R"

= EI(Ibe(t,x,z)u(t —7,2)dz)*dx < Ej(j |V _b(t,x,2)u(t —7,2)| dz))*dx <

0<y <t —7<4,<0 0<r <t

< sup[J. IZZ(tl,x,z)dzdxj( sup E||l//(tl)||i(R,.) + SupE||u(t1)||iz(Rr)j<oo.
R'R”

3BIIKHA OTPUMYEMO, IO

J

R)
Octarouno 3 (25) MaTUMEMO OIIIHKY

2

dx < o0,

V. jb(tl,x,z)u(tl —7,z)dz
e

t
I 1,() Iy, < CER[ [ 11 D? [b(t,,x,2)u(t, 7, 2)dz I dxdt, <
OR” R”
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< Ct* sup (J‘ J-Z (t,,x, Z)dzdxj ( sup Elly(¢) ||L (R

0<y <t —7<4,<0
+ sup E||u(t)||i ) SCy <. (33)
0<t,<t
OTpuMaEMO OIIHKY Jis 13(s). Hanani min |||| OyIeMo po3yMITU ||||i (r)" 3
2

ypaxyBanHsM HepiBHOcTI Komri-IlIBapia, Teopemun ®y6ini [4] Ta ymoB (7), (14)
oTpuMyeMo Jutst Hopmu [, (s) y mpocTopi 9B, , OLiHKY
17, (S)||2 = sup EllL(s)IP=

0<s<t

= SBE E J‘Z\//TEJ‘KU—S x—y)o(s,u(s—1),ye, ( )ddeﬂn(S)
<20(3 ) [m s Bl ()] +Eflu szyj:c3<oo. G4

Owinka interpana /,(s), IO MiCTHTh iHTerpam 3a IyacCOHOBOIO Mipoio,

MPOBOAMUTHCS AHAJIOTIYHO 10 ]z(s), ockinbky 1HTerpan CKopoxoja Mae aHaJIOT1uHI
: : : o : 2
10 1HTerpaina Binepa-Ito BiamoBigH1 BIacTuBoCTl. ToMy ||I 4 (s)”% <C,<o.
2.t

OG’eqHaBIIN  ISTh  BUIIEBUKIAACHHX ouiHok i [,(s),i=0,1,2,3,4,

OJEP>KUMO 1JIs u € B, , HEPIBHICTb

i[}.(r) ssilllj(z)II;” : (35)

Jj=0 Lz(Rr ) Jj=0

(W) (@), =sup E

0<s<t

Ockinbku F,-sumipHicts (Wu)(7) oueBumHa, poGHMO BUCHOBOK, 110 ¥ 3a1aHo.

HoBenemo, mo oneparop V¥ Mae enuHy cTUCKaro4y (ikcoBaHy TOUKy. JlificHO,
CJIIJT B3TH JI0 YBard YOTUPH BUIICHABEICHI HEPIBHOCTI Ta BJIACTUBICTH JIHIHHOCTI 7 -
BHMIpHOTO iHTerpana, B pesynbrari otpumaemo st pisaumi 7, (s)(u)—1,(s)(v) y

npocTopi ‘B, , OUIHKY

I1,(s) @) =1, ()0 I, = sup B[ ()= ()],

2
=sup E Ib(s,x,y)(u(s—r)—v(s—r))dy <
0<s<t R’ Lz(Rr)
[sup I jbz S,X y)dydxj”u VH (36)
0<s<t
AHAJIOTi4HO 0fePKUMO owiHKy /s pizanmi £, (s)(u)—1,(s)(v ) y mpoctopi B, , :
1T, (5) (@)=L (s)(v) Iy, ||2 < Ct* sup [I jZ T,X y)dydx]supEHu H (37)
0<r<t
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Tomepenui MipkyBaHHs ¢t mpoBecT 1t ouinku pisuuui 1, (s)(u)—I;(s)(v),
1,(s)(u)—1,(s)(v) y mpoctopi B, ,, Toai ofepxumMo
I, (s)@) = L(s)( iy, < ch£21njtuu — VH;, ,

n=l1

2

I, (s) @)=L ()W S LzC(Z/In)tHu Vg, - (38)
n=1 !
Bpaxygsasmu omiaku (35)-(38), onepxumo
4
IPu —Pvlly, =sup EIY (1,()w)~1,(s)(v)) ||j2 w, S7Olu—v I, (39)

0<s<t j=0

sup J- Jbz (S,x,y)dydx +Ct* sup I J-Z2 (r,x,y)dydx +

(0)=4
0<s<t prr” O<z<t prpr
+supj j J. ¢ (s,x,,z)11(dz )dydx +L*Ct* + LZC(iinjt}, {u,v}<B,,. (40)
n=1

OSsStZRy R’
3rignHo 3 (20), K, < %, T06TO Mepumit foxanok y () (muB. (40)) MeHmmii 3a
1. JIns HacTYNHHMX TPhOX JOJAHKIB MOYKHA 3ayBayKMTH, IO 3a PAXyHOK BHOODY
t,€[0,T] ix cyma moxe GyTH piBHOIO % 6 OTxe, 7(#,)€(0,1). Le o3uauae, mo
onepatop ‘¥, BusHauenuit y mpoctopi bamaxa 9B, , € CTHCKAIOUMM. A 3HAYHTE,

3riiHo 3 Teopemoro banaxa [4] mpo cTuckaioue BigoOpaxkeHHs, omepatop V¥ mae
€IMHy (IKCOBaHY TOYKY — M’SIKHil po3B’s30k u €B,, 3amadi (1), (2) Ha Bixpisky
[O,tl]. [{ro mpoienypy NOBTOPUMO CKIHYEHHY KUIBKICTh pa3iB Ha JOJATHUX MallUX
inrepanax [1,,5,], [6,.4,], ..., [t,o0t,1] [t ], ki B cymi natoTs Bimpizok [0,7],
e po3p’ssyerbes 3amada (1), (2). Y pesynbraTi po3B’SI30K OTPUMYETHCS SIK
00’ eqHAHHS PO3B’S3KIB HA ManuX iHTepBasax. OCHOBHE TBEPKEHHS JOBEICHO.

BucHoBoK.

Jlana cratts € y3aranpbHeHHsSM mpairs [9,10,13] 1 Mae TeopeTHuHe 3HAYCHHS,
OCKUIbKM BOHA JIOBOJIUTH ICHYBaHHA “M’sikoro po3s’sizky” HC/IPPHT. B okpemux
BUMAJKaX TOAIOHI PIBHSHHA € MaTEMAaTUYHHUMHU MOJEISIMU PEaIbHUX MPOIIECIB,
PO3IIIST IKUX IIAHYETHCS Y MOAAIBIINX pOOOTaX.
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Abstract. The question of the existence of a solution of the Cauchy problem in the class of
nonlinear stochastic differential-difference equations of neutral type in partial derivatives with
respect to random external perturbations independent of the Wiener process is considered.
Sufficient conditions are obtained for the coefficients of the nonlinear stochastic differential-
difference equation of the neutral type, which guarantee the existence with probability of the unit of
its solution.
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Abstract. In modern geodesy, laser scanning is a rapidly evolving technology that allows you
to automate work processes, as well as provide the most accurate research results. Laser scanning
systems have emerged relatively recently. Despite this, they quickly became popular. First of all,
thanks to the minimal labor costs. If earlier these or those manipulations took several hours, now
they are performed in a few minutes. All the obtained objects have a three-dimensional shape and
the equipment is maximally automated.

Synchronization with computer programs, which facilitates data processing and makes it
more efficient. Carrying out measurements in those places where the presence of people is not
recommended, or even life-threatening. High shooting speed. It reaches a million measurements per
second. All of the above shows how effective the use of modern laser scanning.

Key words: laser scanning, laser scanners, geodetic highways surveys, laser scanning
technology.

Introduction.

Like any other field of activity, geodesy does not stand still, using modern
advances in science and technology. Undoubtedly, one of the innovative solutions for
geodetic research was laser 3D scanning. This method of topographic surveying
allows to obtain images of complex architectural and industrial objects, mine
workings, quarries, etc. Laser scanning is an innovative technology for collecting
spatial data for various objects using 3D scanners. This allows us to transfer physical
objects to a digital model of the highest accuracy. It is used in such areas as
architecture, construction, medicine, mining, construction of road infrastructure and
linear objects, and in geodesy.

The modern development of design, construction and operation of engineering
structures requires the introduction of three-dimensional design methods, which in
turn require the use of the latest technologies and methods for performing
engineering and geodetic surveys, which are responsible for the reliability and
efficiency of determining three-dimensional geodetic data. The more accurately,
more objectively and more fully the real state of the object is displayed, the more
justified decisions are made by engineers and designers on the choice of methods
aimed at achieving the set goals. Thus, the degree of erroneousness of the decision
being made is minimized. One of the methods that meet these requirements is laser
scanning.

Main text.

Technologies for conducting engineering surveys do not stand still. Market
specialists believe that at present one of the fastest and most accurate methods for
obtaining characteristics about a structure and the place where it will be or is already
located is laser scanning. Laser scanning is understood as a technology for measuring
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volumetric surfaces using special equipment - laser-type scanners. Unlike all the
usual satellite and geodetic methods, their work is characterized by high
measurement accuracy, similar speed and detail. Laser scanning has also found
application in mine surveying, archeology, road infrastructure and geodesy. Laser
scanning, despite the need to use relatively expensive equipment, is increasingly used
in geodesy, design and construction of structures. The principle of laser scanning
technology is to measure the distance from the scanner to the surface of an object and
form point clouds with spatial coordinates based on this. Modern models of laser
scanners allow you to shoot at a speed of more than a million points per second and
with high accuracy. The result is a digital copy of the object, which allows you to use
the received data to create drawings. It also allows you to create a digital model of an
engineering structure. It enables the creation of three-dimensional digital
visualization, with subsequent use in conjunction with BIM technologies, and this is
the main advantage of laser scanning. Laser scanning is primarily a reduction in
terms of work with an increase in accuracy. What is especially important when
implementing new projects with precise geo-referencing.

Special 3D scanners are used for laser scanning. They produce up to a million
measurements per second, so we get a cloud of points with spatial coordinates, which
are the basis for obtaining 2 and three-dimensional models of the object. The
obtained data are used for various measurements, analyzes and calculations. To date,
there are 3 main types of laser scanners [1 — 3]:

1. pulse (TOF) scanners — calculate the distance as a function of the time of

passage of the laser beam to the object under study and back;

2. phase scanners — a method of obtaining data based on determining the phase
difference between the signals sent and received;

3. triangulation 3D-scanners — the principle of operation is based on the solution
of a triangle, where the role of spatial points: the emitter, object and signal
receiver.

Depending on the nature of field work and the object, there are 3 main methods:

1) ground-based laser scanning — is carried out stationary for the survey of
complex industrial facilities, opencast mining, as well as architectural
structures of historical and cultural value;

2) mobile laser scanning — used for surveying railways and highways, bridges
and tunnels, as well as linear objects (pipelines, power lines, etc.). The
essence of the method is that the scanner is installed in the car, which allows
you to perform scanning in continuous motion;

3) aerial laser scanning — one of the types of aerial photography. The scanner i1s
installed on the aircraft, which allows you to shoot under the treetops, as well
as in densely populated areas.

In recent years, laser scanning in surveying and surveying has become very
popular. After all, the main goal of engineering and geodetic research is to obtain the
most accurate and fast result with the maximum level of detail. The main advantages
of laser scanning [2 — 4]:

» three-dimensional model of the object is obtained in seconds, the accuracy of

measurements is very high;
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» data collection is carried out very quickly - optimization of field work,
defects and deviations are simple — you only need to compare the resulting
design with the design 3-dimensional model;

» safety of shooting dangerous and hard-to-reach objects;

» topographic plans are obtained through virtual survey;

» non-contact scanning method (remote sensing) allows you to easily work with
architectural monuments.

In geodesy and surveying laser 3D-scanning is used for:

v’ conducting geodetic surveys;

v’ drawing up topographic plans;

v’ conducting executive survey — control of construction and installation works,
detection of deviations in accordance with the design documentation;

v’ calculation of volumes of warehouses of loose materials, earthworks;

v’ control of stability of quarry boards, monitoring of landslide processes.

The most widely used terrestrial and mobile laser scanning, due to the versatility
and simplicity of the method, variety and lower cost of equipment. It is most actively
used in the survey and construction of engineering facilities (construction control,
architectural supervision), mine surveying (calculation of volumes, regular
measurements and surveys), and reconstruction of geometrically complex objects.

Terrestrial laser scanning differs significantly from other methods of collecting
spatial information. Among the differences, we highlight three main ones [4, 5]:

— fully implements the principle of remote sensing, which allows collecting
information about the object under study, being at a distance from it, i.e. there is no
need to install any additional devices and fixtures (brands, reflectors, etc.) at the
facility;

— in terms of the completeness and detail of the information received, none of
the previously implemented methods can be compared with laser scanning, the
density and accuracy of points determined on the surface of an object can be
calculated in fractions of a millimeter;

— laser scanning is characterized by unsurpassed speed — up to several hundred
thousand measurements per second.

The essence of the scanning technology is to determine the spatial coordinates of
the points of the object. The process is implemented by measuring the distance to all
determined points using a phase or pulsed reflectorless range finder. Measurements
are made at a very high speed — thousands, hundreds of thousands, and sometimes
millions of measurements per second. On the way to the object, the pulses of the
scanner's laser range finder pass through a system consisting of a single movable
mirror, which is responsible for the wvertical shift of the beam. Horizontal
displacement of the laser beam is performed by turning the upper part of the scanner
relative to the lower one, which is rigidly attached to the tripod.

The mirror and top of the scanner are controlled by precision servomotors.
Ultimately, it is they who ensure the accuracy of directing the laser beam to the
object being photographed. Knowing the angle of the mirror and the upper part of the
scanner at the time of observation and the measured distance, the processor calculates
the coordinates of each point.
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All control of the device operation is carried out using a laptop computer with a
set of programs or using the control panel built into the scanner. The obtained point
coordinates from the scanner are transferred to the computer and accumulated in the
database of the computer or the scanner itself, creating a so-called point cloud. The
scanner has a defined area of view, or in other words, a field of view. Preliminary
aiming of the scanner at the objects under study occurs either with the help of a built-
in digital camera or based on the results of a preliminary sparse scan. The image
received by the digital camera is transmitted to the computer screen, and the operator
performs visual control of the orientation of the device, highlighting the required
scanning area.

Airborne laser scanning has the highest cost of equipment with significant risks
of breakdowns. Therefore, it has not received much distribution yet.

The main technological task of a surveyor is to provide reliable and as complete
information as possible about the position of an object in space and its geometric
characteristics. The main type of equipment that allows you to collect a large amount
of information in the shortest possible time is precisely laser scanning systems. They
allow you to get a point cloud in which you can track a huge number of parameters of
the object under study. The very technology of laser scanning opens up a number of
new, previously inaccessible possibilities. This is primarily due to the more complete
use of modern computer technology. The resulting point cloud or 3D model results
can be quickly moved, scaled and rotated. There is a possibility of a virtual tour of
the image with a record in a standard multimedia file for further display.

No other method can give such a complete idea of the object. At the same time,
the specialist works not just with an image, but with a model that preserves the full
geometric correspondence of the shapes and sizes of a real object. This state of affairs
makes it possible to measure real distances between any points or elements of the
model. Despite the exceptional novelty, the technology provides for the possibility of
automatic or semi-automatic receipt of information and documents in the usual form
for a highway - drawings of profiles, cross-sections, plans, diagrams. The ability to
exchange via common graphic data formats makes it easy to integrate laser scanning
technology into the scheme of already used software.

Summary and conclusions.

The article analyzed the laser scanning technology. The most suitable for road
surveys can be considered the technology of terrestrial and mobile scanning. Thus,
laser scanning makes the design process fast and practical. In addition, the cost of
measuring work is reduced, and the quality of the project is radically improved. The
human factor in laser scanning is minimized. The result of the measurements can be
published in different formats. It can be further processed in computer programs. The
introduction of laser scanning technology allows you to get a lot of advantages
compared to traditional survey methods. Its main advantages are the high speed of
measurements, the detail of shooting, as well as the completeness and accuracy of the
results obtained. Due to its versatility and a high degree of automation of
measurement processes, a laser scanner is not just a geodetic instrument, a laser
scanner is a tool for quickly solving a wide range of applied engineering problems. It
is safe to say that this technology opens up new opportunities for work and provides
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the necessary information for the development of a modern method of three-
dimensional design of objects.
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Anomauyia. B pobomi eusHaueno, wo 011 peanizayii 0epiHCaéHoi eKOoN02iUHOI NOAIMmuKuU
HeoOXIOHO NPUUHAMMS HOBUX MemOo0i8 w000 OiAeHOCMUKU DI6HS eKON02IuHOi be3neku micm 0/
3anpo8aod;CeHHs HOBUX NPOEKMIB [ NPOSPAM eKON02IYHO20 PO3BUMKY peioHis. 3anponoHo8aHo
HAYK0B0-MemoOUuYHUL Ni0Xi0 0la2HOCMUKY PI8HS CUCTeMU eKONI02TYHOoI besnexku micma. Memoouxa
CUCTMEMHO-CIMPYKMYPHO20 AHAI3Y 3anpONOHO8AH020 NiOX00y 8i000paxicac NOEOHAHHA: 2aY3€6020
(OXOpoHa  HABKOIUWHBO2O — cepedosuwyd,  Oaa20ycmpii,  NOBOONCEHHA 3  BI0X00AMU,
Micmopezyntosants ma payioHaibHe BUKOPUCMAHHS MICbKOI mepumopii), YHKYIOHATbHO2O
(nnamyearnus, opeanizayis (KOopouHayis), PiHancy8aHusa, KOHMPOIb), IHCMUMYYILIHO20 (Oepacasa —
Op2aHUu Micyego20 Ccamo8psi0y6aHHs — HAceleHHs — Oi3Hec) ma CcumyayitiHo2o (8paxy8anHs
HAO036UYAUHUX MA KPU30BUX YMO8) NiOX00Y. 3anpononosanuil nioxio 0iaeHOCMUKY Pi6Hs cucmemu
eKOI02IYHOI be3neKku Mmicma Haoae 3M02y CHpo2HO3Y8amu ma OoOIpyHmysamu  cmpameiuti
cyeHapii po3eumKy cucmemu exoi02iuHoi be3nexu micm Yxpainu.

Knrouoei cnosa: exonocis, oxopona, cepedoguuje, cucmema, nioxio, 0iaeHoCmuKa

Berym.

CyyacHUll CTaH EKOJIOTIYHOI CHUCTEMU YKpaiHu, YMHHUKH BIUIMBY JESIKUX
rajy3eil MPOMHCIOBOTO BHUPOOHUIITBA 3YMOBIIOIOTH HEOOXIJIHICTH CHPSMOBYBATH
3yCHWJUISL JIep>KaBM B HampsiMi 3a0€3ME4YeHHs BIANOBIIHOTO PIBHA €KOJIOTTYHOI
Oe3neku KpaiHM Ta peasli3yBaTh BIAMNOBIIHY JEpXKaBHY €KOJOTIUHY MOJITUKY
30CEepPEKEHY Ha BUPIMICHHS MPoOJIeM OXOPOHHM JOBKULIS Ta 3amoOiraHHs
BUHUKHEHHIO €KOJIOTTYHUX 3arpo3. ba3oBoro mepeaymMoBor0 NpUUHATTS e(hEeKTUBHUX
YIPaBIIHCHKUX PILIEHb € MPOBEACHHS IPYHTOBHOI'O aHAJI3Y M OLIIHIOBAHHS MIPOLIECIB
10/10 OXOPOHU JOBKLLJIS.

HecnpustinuBuii CcTaH  HAaBKOJUIIHBOIO  CEPEelOBHINA W  HEOOXIJTHICTH
dhopMyBaHHS Ta peaizallii J1ep»KaBHOI €KOJOTTYHOI MOJITUKY BUMAraroTh MPUHHSITTS
HOBUX METO/IB MI0J0 JIarHOCTUKH PIBHS €KOJOTIYHOI O€3MeKd MICT ISt
3aMpOBAKEHHS MPOEKTIB 1 MIPOTPaM €KOJIOTTYHOTO PO3BUTKY PErioHIB, (OPMyBaHHS
Ta PO3BUTKY «3€JIEHOT» EKOHOMIKH ¥ pPEeriOHAIbHUX €KOJOTIYHUX KJIACTEPIB.

3 orisay Ha 1€ 0COOJIMBOI aKTyalIbHOCTI y 3B’SI3KY 13 BBEJCHHSIM B YKpaiHi
BOEHHOTO CTaHy BiAmoBigHO 70 cTaTTi 121 3akony Ykpainu “IIpo mpaBoBuii pexxum
BOEHHOTO cTany”’, Yka3y [Ipesunentra Ykpainu Big 24 motoro 2022 p. Ne64 “IIpo
BBEJICHHS BOEHHOTO CTaHy B YKpaiHi” HaOyBalOThb BHU3HAUCHHS MEXaHI3MIB Ta
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IHCTPYMEHTIB ynpaBiiHHA y cepi dopMyBaHHS ¥ peaizallii €KOJIOTIYHOI MOTITUKH
1010 MOJIEpHi3allii eKOJIOTTYHO1T O€3MeKH MICT YKpaiHu.

AHaJi3 OCTaHHIX AOCJTiIKeHb | myOuaikamii. [[uTaHHAM OO0 BU3HAYECHHS
poii YkpaiHu B 3a0e3nedeHH] HEOOX1JHOTO PIBHS €KOJIOT1YHOi Oe3meku, po3pooi
KOHIENTYaJIbHUX IOJOXXEHb Ta MPIOPUTETHUX HAIMpPSIMKIB MOJEpHi3alii CHUCTEMH
€KOJIOT1YHOI O€3MeKHM MICT Ta PErioHIB MPUCBSYEHO JOCTATHA KUIBKICTh Mpallb
MPOBIAHMX BYEHMX Ta HaykoBiiB, a came: O.M. Amumona, B.M. T'eenss, M.L
Homimnoi, A.b. Kaunncekoro, A.B. Crenanenko, M.A. XBecuka, O.1. dypauuko Ta
IHIIMX, a TaKoX 3apyOLKHUMHM HAYKOBIIMA BHCBITJIEHO B THpalsgx MpoodsieMu
BIPOBA/PKCHHS 1HHOBAI[IM B MPOLIECH MOJIEPHi3allii CHCTEMH €KOJIOT14HOi Oe3neku: P.
byu., JIxx.Henscon, P. Koy3, B.Mituemn, . Hopt Ta 6aratbma iHIIUMHU.

OpHak, Monpu BUCOKUI PiBEHb HAYKOBOI PO3POOJIEHOCTI PI3HUX aCHEKTIB 100
J1arHOCTUKH PIBHSI CUCTEMU €KOJIOTTYHOI O€3MEeKH MICT € MaJIO BUCBITIICHUMH.

IHocTaHoBKa mpodJaeMu. MeTor0 CTAaTTi € HEOOX1IHICTh PO3POOKHU ITPHUHITMIIOBO
HOBUX TIOTJISIAIB MIOJI0 HAYKOBO-METOJIUYHOTO MIAXOAY IaTHOCTUKHU PIBHA CHCTEMH
€KOJIOTIYHOT 0€3MEeKH MICT B YMOBAaX CTAJIOTO PO3BUTKY.

Pe3yabTaTn nociaixKeHHs.

BuBuenHsiM mporieciB Teopii MojaepHi3alli €KOJIOTiuyHOi Oe3MeKu MPUIIICHO
yBary y po6otax E.l'innenca ta ¥ beka [1] aBTOopu 3a3Ha4ar0Th, IO €KOJOTIYHI
dbakTOopu 1 pU3UKH 1€ HACHIJHUKA BUPOOHWYOI, EKOHOMIYHOi, TOJITUYHOI,
KYJbTYpHOI  JISUIBHOCTI ~ Cy4acHOTO  CycCHnuibcTBa.  [oOamizaris — cripusie
PO3IOBCIO/PKEHHIO €KOJIOTTYHOI MOJIepHi3allii.

Ha meli vac aHami3 piBHS CUCTEMM EKOJIOT1YHOI OE€3MEeKH MICT Ta PEriOHIB
3I1ACHIOETHCS [UIIXOM ICHYIOUHX METOIUK OLIIHKHA rJ100aIbHOT
KOHKYPEHTOCTIPOMOKHOCTI BcecBiTHROro ekoHomiuHoro ¢opymy [2], a Takox 3a
MOKa3HUKAaMH €KOJIOTIYHOI 1 MPUPOJO-TEXHOTEHHO1 0€3MeKH BUXOAS4H 3 1HhOopMallii,
AKy HaBeleHO Jlep’kaBHOIO CIIy»KOOI CTaTUCTUKH  YKpaiHu, €Bpocrary,
JlepBOJArOCIy Ta IHIIMX CTATUCTUYHUX OOCTEKEHbD.

Amnaniz metonuk [2,3,4], npamp 3apyOiKHHX (PaxiBIIiB Ta MPOBIIHUX HAYKOBIIIB
HamionanpHoi akagemii Hayk Ykpainum [5,6,7,8,9] BHSBIB, 110 BOHH IOEIHYIOTH Y
co01 crmabki cTopoHH 1HGOPMAIIHHOTO 3a0€3MeUeHHS, HEe 3aBXKIU TOYHO OIlIHIOIOTH
HAsSiBHUM €KOJIOTO-€KOHOMIYHUI PU3UK, BPAXOBYIOTh BEIMKY KUIBKICTh MOKA3HHKIB
Ta 1HJEKCIB, a TAKOXX 3aJly4YE€HHS JIO MPOBEICHHS OI[IHKH EKCIEPTIB, TyMKa SKUX €
Ccy0’€KTHBHOIO OIIIHKOIO (axiBI, IO 3HAYHO YCKIIQJHIOE OIIHIOBAHHS PIBHA
€KOJIOT1YHOI Oe3MeKHu.

Ha namy nymky, po3poOka 1HTErpajbHOro MOKa3HMKA, IKUH 00’€qHae y codi
rajxy3eBuil, (yHKIIOHAJbHUM, IHCTUTYLIMHUNA Ta CUTYyaliMHUNA WIAX1J HAAACTh
MOKJIUBICTh MAaKCUMaJIbHO OLIHUTH O0’€KT AOCHII)KEHHS HOro 3aKOHOMIPHOCTI,
MIKpET10HaJIbHI 0COOJIMBOCTI, @ TAKOX OTPUMATH IIITICHY XapaKTEPUCTUKY CUCTEMU
€KOJIOT1YHO1 Oe3MeKH MicCTa.

Takum 4MHOM, HAMU MIPOTIOHYETHCS AHAJ3 CUCTEMH €KOJIOTIYHOI Oe3MeKH MicTa
IIPOBOJIUTH Ha MiACTaB1 OETHAHHS:

1. T'anyzeéoco0 (0XOpoOHa HABKOJMIIHBOTO CEpENOBHUINA, OJIaroycrTpi,
MOBO/KEHHS 3 BIAXOJAaMHU, MICTOPETYIIOBAHHS Ta pallloHAJIbHE BUKOPUCTAHHS
MICBKOI TepuTOopii) miaxomy. Hamu mnpomoHyeTbes, s AIarHOCTUKH CHCTEMH
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€KOJIOT1YHOI 0e3MeKr MICTa raly3eBUi acleKT BUPA3UTH KOPTEHKEM MapaMeTpiB:

Br =f(EnPr, Land, Wm, UpUm) (1)
ne EnPr (environmental protection) - xoedilieHT MicuieBOro (hOHAY Ha OXOpPOHY
HABKOJIMIIIHBOTO CEPEOBUILIA;

Land (landscaping) - koedirieHT miciieBoro (GoHIy Ha O1aroycTpii;

Wm (waste management) - KoedilieHT MicueBoro (OHIY Ha BUIATKU
MMOBOKEHHS 3 BIAXO4AMHU;

UpUm (urban planning and urban management) - koedirieHT micuieBoro Gponmy
Ha BHUJATKA 3 MICTOPETYJIOBAHHSI Ta palllOHAIBHOTO BHUKOPUCTAHHS MICHKOI
TEPUTOPII.

2. @yukyionanvnozo (NnaHyBaHHs, opraHizaiis (KoopauHaiis), piHaHCYyBaHHS,
KOHTPOJb) Mmiaxonay. Hamu mpornoHyeTbesi, AJis A1arHOCTUKU CHUCTEMHU €KOJIOTTYHOT
0e3reku MicTa PyHKIIOHATbHUI aCleKT BUPA3UTH KOPTEKEM MapaMeTpPIB:

Func= f (Pl, Or, Fin, Cont) (2)
ne Pl (planning) - xoedimieHT MiciieBoro (OHAY Ha IUIAaHYBaHHSA YCIX 3aXOJIiB
MOJICpHI3aIlii eKOJOTTYHOI 0€3IeKH MICTa;

Or (organization (coordination) - koeiIieHT MiclieBOoro (hOHIy Ha OpraHi3ailio
(KoopIMHAITII0) YCIX 3aXO0IB MOJIEpHI3allii €KOJIOTTYHOT OS3MEeKH MiCTa;

Fin (financing) - xoedimieHT MiceBoro ¢oHay Ha (HiHAHCYBaHHS YCiX 3aXOMI1B
MOJIEpHI3aIlli eKOJOTTYHOI 0€3MeKH MICTa;

Cont (control) - koedimieHT MiclieBOro (oHAYy Ha KOHTPOJb YCIX 3aXOMiB
MOJIEpHI3allli eKOJIOTTYHOI O€3IMeKu MICTa.

3. Incmumyuyiiinoco (nepxaBa — OpraHd MICIEBOTO CaMOBpPSIyBaHHS —
HaceJleHHs — Oi3Hec) miaxony. Hamu mnponoHyeTbes, AJii A1arHOCTUKH CHCTEMH
€KOJIOT1YHO1 O€3MeKM MICTa IHCTUTYLIMHUI aCIIEKT BUPA3UTH KOPTEKEM MTapaMeTpiB:

Inst = f(St, Lg, Pop, Bus) (3)
ne St (state) - xoedimieHT 0OCATY 3arajJbHOTO (POHIY JEPKABHOTO OOJKETY Ha
OXOpPOHY HaBKOJIMIIIHHOTO CEPEIOBUIIIA;

Lg (local governments) - koedimieHT oOcAry 3arajbHOro (poHay y OFOKETI
OpraHiB MiICIIEBOTO CAMOBPSIIyBaHHS Ha OXOPOHY HABKOJIMIITHBLOTO CEPEIOBHUIIA;

Pop (population) — koedirieHT o0cary 3araiabHOro (HOHIY IJIATHHUKIB IMOJATKIB
(HaceJIeHHsI) Ha OXOPOHY HAaBKOJIMIITHBOTO CEPEIOBUIIA;

Bus (business) - koedilieHT 00csATy 3arajJibHOro (OoHAY IJIATHUKIB IMOJATKIB
(613HEC) HA OXOPOHY HABKOJIMIITHBOTO CEPEIOBHINA

4. Cumpyauyiiinozo (BpaxyBaHHS HAJ3BUYAMHMX Ta KPU30BUX YMOB) MITXOIY.
Hamu mnpomoHyeTbes, A7 IarHOCTUKM CHCTEMH €KOJIOT14HOI Oe3leKku MicTa
CUTYaIlIHHUHN acTIeKT BUPA3UTU KOPTEKEM MapaMeTpiB:

Situa = f (Ec, Cc) (4)
ne Ec (emergency conditions) - koeQillleHT BpaxyBaHHS HACTaHHS HaJ3BHYAWHUX
YMOB;

Cc (crisis conditions) - koediliEHT BpaXyBaHHS HACTaHHS KPU30BUX YMOB.

[Toka3HUKHM CUTYalIfHOTO MIAXOAY HPOMOHYETHCS PO3PAXOBYBATH METOIOM
TUHAMIYHOTO aHalli3y, MO Tependadae 3MIMCHEHHS OIMIHKKA TEMIIB €KOHOMIYHOTO
3pOCTaHHS OCHOBHUX MAaKpOCKOHOMIYHMX TMOKAa3HUKIB KpaiHH, BpaxoBYIOUU
AUHAMIKY TXHBOT 3MiHHU.
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[HTerpasbHUN TOKA3HUK PIBHSA CHCTEMH €KOJIOTIYHOI Oe3leKkd Micta HaMu
MPOIOHYETHCS PO3PAXOBYBATH, SIK:

lesc = 1B-wWBr + 1FuncWrunc + 1 instW mnst + 1SituaW Situa (5)

ne 1B, IFunc, linst, ISiia — iHTETpaBHUI MOKA3HMK Trady3e€BOro, (YHKI[IOHAIBLHOTO,

IHCTUTYLIITHOTO Ta CHUTYAIIHOTO acCleKTiB, WBr, WFunc , W Inst , WSitua — BarosBi
KOe(ILI€HTH.

JIisi  BU3HAUEHHS TOKA3HWKA Yy YHCIOBOMY 3HA4Y€HHI IPOMOHYETHCS
BUKOPHUCTATU HIKATy 0a)KaHOCT1 XappUHITOHA.

3a pe3yabTaTaMu JOCIHIKEHHS €Tanu 3/[IHCHEHHS IIarTHOCTUKU PiBHS CHCTEMH
€KOJIOT14HOT O€3MeKH MicTa MOKHA MPEICTAaBUTH Ha pucC. 1.

Etanu 3miiicHEHHS 1IarHOCTUKH PiBHS CHCTEMH €KOJIOT1YHOI O€3MeKHu MicTa

1 eman. Biooip inoukamopie diacnocmuku
——> Br = f(EnPr, Land, Wm, UpUm) Func= f (Pl, Or, Fin, Cont)
Inst = f (St, Lg, Pop, Bus) Situa = f (Ec, Cc)

——1 2 eman. Po3paxynok inmezpanibHo20 NOKA3HUKA

I€SC = IBrWBr + IFuncWFunc + I[nstW Inst + ISituaWSitua

— 3 eman Ioenmudgikayia
[0; 0,2]- myxe mm3bkuit; [0,2; 0,37] — mm3wbkuit; [0,37; 0,63] — cepenHiii;
[0,63; 0,8] — Bucokwuii; [0,8; 1] — my»xe BUCOKUI

— 4 eman. Po3pooxa pexomenoayiii ma 6npoeaoiceHHs nioxooie 0o
YCYHEHHA 8I0XUICHb

Puc.1. ETanu 3xilicHeHHSI 1IarHOCTUKHU PiBHSA CHCTEMH €KOJIOTiYHOI 0e3meKn
MicTa ([Jocepeno: ckradeno asmopom)

BucHoBkwu.

Y crarri Oyao mNOpoBEACHO aHaNI3 ICHYIOYHMX METOAMK OIlIHKA CHCTEMH
€KOJIOT1YHOI Oe3MeKH MICT Ta PETiOHIB, BUSBJICHO ICHYIOUYM HEIOJIKM METO/IIB
IIarHOCTHKH.

Ha ocHoBi anamizy OyJo 3ampormoHOBaHO  HAYKOBO-METOAWYHUMN  ITIIX1T
JIarHOCTUKHM PIBHS CHUCTEMH €KOJIOTIYHOI O€3MeKH MiCTa - METOJMKAa CHUCTEMHO-
CTPYKTYpPHOTO aHaii3y SKOro BiJIoOpa)kae TMOEIHAHHS: Tally3eBOro (OXOpOHA
HaBKOJIUIITHROTO  CEPENlOBUINA,  OJaroycTpif, TMOBOMKEHHS 3  BIAXOJaMmH,
MICTOPETYJIIOBaHHS ~ Ta  pallloHaJbHE  BUKOPUCTAHHA  MICBKOI  TepHUTOpIi),
¢dbyHKIIOHaTBEHOTO  (IUIAaHYBaHHSA, oOpraHizaimis (KoopauHaiis), (iHaHCYBaHHS,
KOHTPOJIb), IHCTUTYIIHHOTO (JIep>)kKaBa — OpTraHU MICIIEBOIO CaMOBPSAYBaHHSI —
HaceleHHs — Oi3HEC) Ta CUTYyalliiHOTO (BpaxyBaHHS HaJI3BUYAHUX Ta KPU30BUX
YMOB) MiJIX0Ay. 3alpONIOHOBAHUMN MMIJIX1J AIarHOCTUKH PIBHSA CHUCTEMH E€KOJOT19HOI
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Oe3MeKu MicTa HajJlae 3MOTy CIIPOTHO3yBaTU Ta OOTPYHTYBAaTH CTpaTeriyHl cleHapii
PO3BUTKY CHUCTEMH €KOJIOT1YHO1 O€3IMeKH MicTa.
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Abstract. The paper identifies that the implementation of state environmental policy requires
the adoption of new methods for diagnosing the level of environmental safety of cities to implement
new projects and programs for environmental development of regions. The scientific and
methodical approach of diagnostics of level of system of ecological safety of the city is offered. The
methodology of system-structural analysis of the proposed approach reflects a combination of:
sectoral (environmental protection, landscaping, waste management, urban planning and urban
use), functional (planning, organization (coordination), financing, control), institutional (state -
local authorities) self-government - population - business) and situational (accounting for
emergency and crisis conditions) approach. The offered approach of diagnostics of level of system
of ecological safety of the city allows to predict and substantiate strategic scenarios of development
of system of ecological safety of cities of Ukraine.

Key words: ecology, protection, environment, system, approach, diagnostics
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TWO DIRECTIONS OF FORMATION OF SOLID SOLUTION OF

ANHYDROUS COBALTI) AND ZINC DIPHOSPHATES
JABA HAITPSAIMU YTBOPEHHS TBEPJIOI'O PO3UYUHY BE3BO/JHUX
KOBAJIBTYII) I HUHKY JTUDPOCPATIB
Antraptseva N.M. / Aurpanuesa H.M.
d.c.s., prof. / 0.x.H., npog.
Filkin LI. / ®inxbkin LI
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Kyiv, Geroev Oboronu, 15
Hayionanvnuii ynisepcumem oiopecypcis i npupoodoxopucmysants Ykpainu,
Kuis, I'epoie Oboponu, 15, 03041
Bila G.N. / bina I'.M.
c.c.s., as.prof. / K.x.H., 00y.
National University of Food Technologies, Kyiv, Volodymyrska str., 68,01601
Hayionanvnuu ynieepcumem xapuosux mexnonoaiu,
Kuis, yn. Borooumupcoka, 68, 01601

Anomauin. Busnaueno ckiao, memnepamypHi IHmMepP8AIU YMBOPEHHs I MepMIuHOL
cmadinbHoCmi  NpoOYKmMie  mepmooOpoOKU  meepooco po3uuny 3azanvhHoi  gopmyiu  Coo-
ZnxP207-6H>0 (0<x<0.39). Konkpemu3zosano enius na Hux npupoou xamiona. loenmugixosano
KIHYesUull npooyKm mepmooopoOKu — meepouti po3uun 06e3600Hux ougocgamis cknady o-Cos-
ZnP207 (0<x<0.39). [loxazano, wo ymeopenHs 1020 8i00)Y8aAEMbC OOHOYACHO 3d O0BOMA
Hanpamkamu. [lepwuti 3 Hux peanizyemvcsi Ha 69 — 62% e6Hnacniook Oeciopamayii 6uxioHo2o
Kpucmanozciopamy. Bionogiono 0o opyeoeo, 31 — 38% a-CorxZnP207 (0 <x<0.39) ymeopioemuvcs
3a80AKU  MBePOOPA3HOI  83AEMOOII  NPOMINCHUX NPOOYKMIE 3HEBOOHEHHs. 3anponoHO8aHoO
NOCNIOOBHICMb  MEPMIYHUX | CMPYKMYPHUX NePemEopeHb, WO CYNPOBOOICYIOMb  YMEOPEHHS
meepooco po3uuny 6e3800nHux kobaromy(ll) i yunxy oughocgpamis cknady o-CorxZnP207 (0
<x<0.39).

Knrowuosi cnosa: 6e3600mi oughocghamu, meepouti po3uuH, HanPAMOK, YMEOPEHHL.

Beryn

BinmoBigHO 10 cydacHUX ySBI€Hb MpPO TPUPOAY 1 CTaH BOJU B
KPHUCTAJIOT1IpaTax, MOJEKYJIHU BOJAU, IO BXOJATh B IX KPUCTANIUHY PEIITKY, HE €
HEUTPaJbHUMH CTPYKTYpHUMH ejeMmeHTamu [1]. BoHu, 3amexHo Bi MeXaHI3My
BUJAJICHHS, 37aTHI MPUIMaTH y4acTh y TBepAOo(]a3HOMY Tifpoii3i coidi, peasizaiis
SKOTO CIPUYMHIOE 3HAYHI YCKJIAJHEHHS Mepeliry (i3uKo-XIMIYHUX 1 CTPYKTYpPHUX
TEPMIYHMX TMEPETBOPEHb KPHUCTAJIOTAPATIB, 30KpemMa (EeHOMEH IMOJIKOHAeHC Al
dbocharHoro anioHa. B icHyrodiii Ha CBOTOJHI MOJENl TEPMIYHOT MOBEIIHKHU
KpUCTAJIOTIApaTiB HeopraHiyHux ¢ocdaTiB 1€ He 3HAWIUIM OJHO3HAYHOIO
MOSICHEHHSI MHUTaHHS B3a€MO3B 3Ky MEXaHI3My BHUJIAJICHHsSI BOJH, IO MICTUTHCA B
CTPYKTYpI TiApary, Ta IMIUOMHM peaii3alii ioro TBepaodasHoro riapomnizy. ani mpo
MEXaHI13MH BUJAJICHHS BOJIM 1]l YaC 3HEBOJHEHHS TBEPAOTO PO3UYMHY TiIpaTOBAHUX
mudocdariB Co(Il) 1 Zn B miTeparypi BIACYTHI.

Mera maHoi poOOTH — JOCTIAMTH TEPMIUHY JETipaTalliio TBEPIOTO PO3UYHUHY
mudocdariB Co(Il) i Zn rekcarimpaTiB, BU3HAYUTH CKJIaJ MPOIYKTIB YaCTKOBOTO 1
ITOBHOT'O 3HCBOIHCHHS Ta MEXaHi3M BHJIAJICHHS BOIH.
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MeToanka eKClnepuMeHTy.

Teepmuit poszumn gudocdariB  3arampHoi  Popmymn  Co,..Zn,P,O7-6H,0
(0<x<0.39) onmepxxyBamu ocamxeHHsM B cuctemi CoSO4 — ZnSO4 — KyP,0O7 — H,O
aHaJIOTIYHO omnucaHoMy B [2]. B sKOCTI OCHOBHOTO 00’€KTYy JOCIIIKCHHS
BUKOPUCTOBYBAJIM HACHUYEHUW TBepauil po3uuH cknany CopeiZng3oP207-6H0.
3HEBOJHEHHS AochikyBanu B iHTepBaiai 298 — 1200 K B ymMoBax JuHaMi4HOTO
pexuMmy HarpiBaHHs (nepiBatorpad Q-1500D). Meroauuna dyactuHa poOOTH
BI/IMOBIIa€ HaBeJIEHOMY B [3].

Pe3yabTaTn Ta iX 00roBOpeHHs.

BiamoBimHO 10 pe3ysbTaTiB  TEPMOAHATITHYHUX JIOCHIKEHb, HarpiBaHHS
audochary Coj1Zno30P2,07-:6H,O peectpyrotbest Ha kpubiih JATA TtemmoBumu
edexkramu B iHTepBamax 358 — 513 1 558 — 698 K. Ilepma crajis 3HEBOHCHHS
OIUCYETHCS ABOMA €HIOTEpMIYHUMH edekTamMu 3 MakcumyMamu nipu 443 K 1465 K.
Jlpyra — eHIOTepMIYHUM €(pEKTOM HENpaBUIbHOI (POpPMH, SKUI € HacIiAKOM
HAKJIaJIaHHA JIBOX TEIUIOBUX €(EeKTiB 3 MakcuMyMamu nporeci npu 613 1 633 K. Ha
kpuBii TI' BTpaTH Macu pEECTPYIOTHCA JBOMAa OCHOBHUMH CTYICHSMHU, 1110
BiIMOBIal0Th BujaideHHo 4.23 1 1.63 monp H,O. 3akiHdyeThcsi 3HEBOJHEHHS
mudocdaty BugaineHusam ocratounux 0.14 mons H,O B inTepBani 698 — 843 K.

Amnai3 MPOJIYKTIB 3HEBOJ[HEHHSI, 0JIep>KaHUX HarpiBaHHsIM
Co1.61Z1n039P207-:6H,0 no 463 1 513 K, cBimuuth npo Te, mo BuaaieHds 3.95 1 0.28
Motk HoO cynpoBOIKY€ThCS YTBOPEHHSIM cyMitni 1udocdartiB MEHIIOI I1apaTHOCTI.
OauH 3 HHUX 1AeHTU(]IKOBAHMM 3a PEHTTEHOMETPUYHHMH XapaKTEPUCTHUKAMHU SK
murigpat ckimany Coje1ZngsoP,07-:2H,O0. B T4  cmektpi #Horo yTBOpPEHHS
CHIBBITHOCUTBCA 13 3MEHIICHHAM 3 6 /10 3 KUIBKOCTI CMYT MOTJIMHAHHS BaJICHTHUX
xonuBanb OH-rpyn monekyn Boau Ta 3uukHeHHaM cmyru d(H,0) 1655 em™! (puc.).

B o6nacti xomuBanb P,0O;*-aHiona 3MiHM CHOCTEpIrarOThCS B Iiana3oHi
BAJIEHTHUX KOJIMBaHb MiCTKOBOTO 3B 513Ky P — O — P (720 — 930 cm!): 3Hukae cmyra
vas(POP) 872 em!, emyra 827 cm™! meperBoproerhes Ha mieue 816 cm!, cunrnerna
cmyra v(POP) 740 cm™! meperBoproeTses Ha qyoner 787 i 725 eml. e cBigumth mpo
npucyTHicTb B TBepail (a3t kpiMm Coj61Zn390P,07:2H,O inmoro nudocdary,
imenTudikoBaHoOrO sIK rekcariapat ckiany Coje1Zng390P.07-6H,0.

BcranoBneni mnepeOyoBH  BiIOyBarOTBCS 13 30€pPEKEHHSAM  KPUCTAJIIYHOT
CTPYKTYpH BHXIJIHOTO KPHCTAJOTiApaTy 1 CBIAYaTh MpPO Te, IO KpUCTAJIOTiapaTHa
BoJia npu HarpiBaHHi Coj 6170 39P207-:6H,0 B inTepBani 358 — 513 K Bunanserscs y
BUTJISAII MOJICKYJISIPHOT OJUHUII (MOJIEKYJISIPHUNA MEXaHi3M).

OcoOnuBicTio apyroi crafii 3ueBogHeHHS Coj61Zn0390P207:6H,0, sk mokaszanu
pe3yJIbTaT XpOMaTOrpadiuHOTO aHaji3y MPOAYyKTiB, oaepxkanux 3a 558 K (Tabmn.), €
peatizailisi OJHOYACHO ABOX MPOIIECIB:

» nectpykuii nudocdarnoro aniony (Bmict moHodocdary 3poctae 1m0 6.8 %
Mmac., audocdary - 3MmeHmryerscs 10 11.6 % mac.; cTymiHb MepeTBOPEHHS
nudocdary ctaHoBUTH 38 %);

" aHIOHHOI KOHAEHcallll (yTBOPIOIOThCA ocdaTi CTyMiHb MOMIKOHACH AT (1),
AKUX CTAaHOBUTH 4.

ISSN 2663-5712 77 www.sworldjournal.com



S
SWorldJournal Issue 13 / Part 1 \r:QD\

[ornuuanns, %

3531
561

e
I
=~
i)

=
=N
=
)

Pucynok — I cnnekTpu NPOAYKTIB TePMIUHOI AeriapaTamii
Co1.61Zn9.39P2,07-6H20, onepxkanux npu 358 (1),463 — 513 (2), 558 (3), 698 (4),
843 - 1273 K (5)

Tadauus - AHIOHHHI CKJIaJ NPOAYKTIB YaCTKOBOI'O i IOBHOT0 3HEBOIHEHHS
Co1.61Zn9.39P>07-6H0

Brpatu Bwmict dochopy, % mac., y Burisai
Temmepa- | MacH, P, . | . . . . . %‘
Typa, K Moib | % Mac. z =} =, & g 2 = =
H,O = = = 2 2 et g
358 - 1542 | 0.6* | 14.8 - - - - -
463 3.95 18.74 | 1.5* | 17.2 - - - - -
513 4.23 19.03 277 | 163 - - - - -
558 4.36 19.17 6.8 | 116 | 04 | 0.2 - - -
633 5.45 20.41 53 (132 ] 1.0 | 04| 03 [ <0.1] <0.1
698 5.86 20.92 38 | 17.1 | <0.1 | - - - -
843-1273 6.00 21.10 | 1.3* | 19.8 - - - - -
Asmopcoka pospobka

BcranoBieHi nepeTBopeHHs CBiIYaTh Ipo Te, 1110 Bojaa B iHTepBaii 513 — 558 K
BUJAISIETbCA 32 JUCOLIAaTUBHUM  MEXaHI3MOM, MpHUMar4d  ydacTb Y
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BHYTPIITHBOMOJIEKYJIIPHOMY  TiJpoJi3l  com. Mono- 1 momidochaTtn, 110
YTBOPIOIOTbCSI  BHACHIIOK Horo peamizaimii, peHtreHoamopdui. Judpakiiitai
BiIOOp@XXEHHS, 110 PEECTPYIOThCS HAa PEHTTEHOTPaMax, XapaKTepPU3YIOTh HASABHICTD
onmHiel kpuctamuHoi ¢azu — gurigpaty ckimany CojeiZng3oP,07:2H,0. 3minm,
3aikcoBani B IU cnekTpax, CTOCYIOTbCA JIMIIE KOJMBAHb MOJIEKYJ BOJIM, 3arajibHa
IHTEHCUBHICTh CMYT SIKMX TPOJOBXKYE 3MEHIITYBATHCS: 3HUKAIOTh IIUPOKA CMYTa
v(OH) 3167 cm! Ta cmabka emyra 8(H,0) 1525 em! (puc.).

HarpiBannst Coj61Zn0390P207:6H,0 10 633 K cynpoBOIKYyeThCS I O1IbII
CKJIQJHUMHU CTPYKTYpHUMH TiepeOyJoBaMu B CKJIa[l MPOMDKHUX HPOJIYKTax
3HEBOJIHEHHS, SIK1 32 IIUX YMOB CTalOTh MOBHICTIO peHTreHoaMoppHUMU. Pe3ynbratu
aHaji3y IX AaHIOHHOIO CKJaay BKa3ylOTh Ha TMOTJMOJEHHS IIPOIIECiB aHIOHHOT
KOHJIeHcallli 1 yTBopeHHsl mojidocdariB, CTyHiHb MOJIKOHAEHCAIli SKUX csrae 7,
CTYMiHb AecTpyKuii TudochaTHOro aHioHy NMpHU OMY 3MeHIy€eTbes 10 32 %.

3a momambIIOTO BUAAICHHS BOAW (cymapHi BTpath Macu mnpu 698 K
Bi/IMOB11a10Th 5.86 Mosib H,O) aHioHHMI CKIa] TPOIYKTIB YaCTKOBOTO 3HEBOIHCHHS
CHPOLIYETHCS: KIIBKICTh MOHO- 1 Tpudocdary 3MeHUIyeThCs, BMICT nudocdary
3pocTae, BACOKOKOHICHCOBaHI (hocdaTt 3 n =4 — 7 He dikcyroTbes (Tadi.).

3MiHM, 110 BiIOYBAaIOTHCS B CKJIAJl MNPOMDKHHUX MPOIYKTIB 3HEBOJIHEHHS
Co1.61Zn939P,07:6H,0O B iHTepBanmi 633 — 698 K, cBiguare mpo ix Oe3mocepenHto
y4acTb y TBepAoda3HHUX B3a€EMOMISIX 3 YTBOPEHHSIM KIHIIEBOTO MPOIYKTY
3HEBOJHEHHS — 0e3BoAHOrO0 audocdary kodansTy(Il)-iuHKy.

B 14 cnektpax 1mi mepeTBOpeHHs (DIKCYIOThCS 3MiHAMHM B 00JacTi KOJUBaHb
aHIOHHOI MIAPENITKH: crocTepiraeTbesa cmyra va,s(PO3) 1071 em! 3 meuamn 1184,
993, 955 cm!, my6ner vo(POP) 781 i 722 cM™' mepeTBOPIOETHCA HA CHHIJIETHY CMYTY
vs(POP) 734 cm™! (puc.). Bucoka yactora Ta iHTeHCHBHICTH cMyTH Vs(POP) cBigunTh
npo Te, mo kyT POP B nudocdharHoMy aHioHI, 1110 YTBOPIOETHCS, HE TiepeBuIye 150
— 160°. Takuii xapakTep CHEKTPY J03BOJISIE€ IHTEPIPETYBATH HMOr0 SIK CIIEKTP
a-Co1.61Zn0 39P207, mudochaTHuii aHIOH SIKOTO Ma€ HEIEHTPOCUMETPUIHY OYyI0BY.

dopMyBaHHS KPUCTATIYHOI CTPYKTYpH 0€3BOIHOTO 0-Audocdary 3aKiHUy€EThCS
npu 843 K — Ttemmeparypi mnoBHOro 3HeBojgHEHHS Coj61Zn39P207-6H,0.
Kpucranizyerscs a-Coj61Zn039P.07 B MOHOKIIHHIN cuHTOHIT (Tip. Tp. P21/c, Z = 8) 3
napaMeTpaMM eJIeMEHTapHOiI KOMIpKH, 5K ckiaanarTs HM: a = 0.6999, b = 0.8337, ¢
=0.9003, V'=10.4813 um’.

BucHoBkwm.

JlocmimKeHo HapsIMU YTBOPEHHS TBEPAOTO po3unHy 0e3Boaanx KooambTy(Il) i
nmuHky  gudocdariB  ckimany  a-CorxZngP,0O; (0 <x<0.39) 3HEBOOHEHHSM
Kpuctanorigpatis 3aranbHoi popmynu CorxZnP>07-6H,0, 0<x<0.39.

Busnaueno, mo (opmyBaHHA HOTO KPHUCTAII4HOI CTPYKTYpH, B1IOYyBa€ThCs
BHACJIIOK CKJIQJHUX TBEepAO(Da3HUX MEPETBOPEHb 3a JABOMA HaIpsIMKaMH, SKi
CYNPOBOKYIOTHCS PI3HUMHU MEXaHI3MaMH BUAAICHHSIM KPUCTAIOT1APATHOT BOJIH.

[lepmuii HampsiMmok peanizyeTscsi Ha 69 — 62 % 1 mependavae yTBOPEHHS
a-C02.xZnyP>04 BHACIIIJIOK MOJIEKYJIIPHOTO MEXaHI13My BUJIAJICHHS
KPUCTAJIOTIAPATHOI BOAU. BiIMOBIAHO 1O APYyroro, BHECOK SIKOrO CTaHOBUTH 31 — 38
%, yTBOpeHHs 0-Co0y.xZniP>O; BiOyBaeThCcsi K pe3yJbTaT BHUJAJIEHHS BOIU 32
JIUCOLIIATUBHUM MEXaHI3MOM.
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Abstract. The composition, temperature ranges of formation and thermal stability of the heat
treatment products of a solid solution with the general formula Co>~Zn.P>07-6H>0 (0<x<0.39)
were determined. The cation nature effect on them was concretized. The end of heat treatment
product - solid solution of anhydrous diphosphates with composition a-Co2-xZn.P>07 (0 <x<0.39)
was identified. It was shown, that its formation is realized on two directions. The first of them is
realized by 69 - 62% due to dehydration initial crystallohydrate. According to the second direction,
31 - 38% a-Coz-+Zn:P>07 (0 <x<0.39) is formed through solid phase reaction of the intermediate
dehydration products. The sequence of thermal and structural transformations accompanying the
formation of a solid solution of anhydrous diphosphates of a-Co:.xZn:P>07 (0 <x<0.39) composition
(0 <x<0.39) was proposed.

Keywords: anhydrous diphosphates, solid solution, directions.
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OF GESTATION DIABETES
IMATOT'EHE3, KJIIHIKA TA METOJIMKA TEPAIIII YCKJAJTHEHB 'ECTAIIMHOI' O
HYKPOBOI'O AIABETY
Tishkov O.V./ Timkos O.B.
student / cmyoenm
Dnipro State Medical University,
Dnipro, Viadimir Vernadskiy, 9, 49044
Jninposcoruil depoicasHuil MeOudHuil yHigepcumem
Jninpo, éyn. Bonooumupa Bepraocvkoeo, 9, 49044

Anomauia. Poboma npucesuena npobremam NiKy8aHHs yykposozo oiabemy y 8a2imHux, K
OOHI€ET 3 HAUNOWUPEHIUUX eHOOKPUHHUX NAOJIOZI, WO MAE He2AMUBHY MEHOEHYII0 00 3POCAHHSL.
Y emammi doocnioocyromsbca mexauizmu UHUKHEHHS § pO36UMKY 2eCmayiliHo20 yyKpoeo2o diabemy
YV 8azimHux, 0A€mvcsa IPYHMOBHUU AHANI3 3MIH Ma YCKIAOHEHb, WO PO36UBAIOMbCSA BHACAIOOK
cecmayilinoco yykpoeozo diabemy. Hasooumwvcs oensio ma cucmemamuszayis memooie NiKY8aAHHs
VCKIAOHEHb — 2eCMayiiiHoeo  YyKpogo2o Oiabemy, aKYeHmMOB8AHO y6aly HaA  HeoOXiOHOCMI
3ACMOCYB8AHHS KOMNIEKCHO20 Ni0X00y nio uac mepanii.

Kniouosi cnosa: sacimuicmo, cecmayiunuti yykposuil oiabem, eHOOKPUHHI NAMON02II,
diabemuuna Hegponamis, apmepiaivbHa 2iNepmen3is, Kemoayuoos, namoceHes, mepanis
YVCKIIAOHEHD.

Beryn.

OnHuM 3 HaWBAXJIMBIIMIMX HAMNpsiMiB, SIKI HA TOYATKy JIBOXTHUCSYHHX POKIB
Bu3Hauaga OOH, OyJio 3aBaHHs 110 3HMXKEHHIO MATEPUHCHKOT CMEPTHOCTI Y IIJIOMY.
30KpeMa, BEJIMKY YacTKy Cepell MPUYMH, 10 MPU3BOJIUIN JI0 CMEPTHOCTI, 3aiimana
MOraHa O3HAMOMJICHICTh IHOK 3 MPHUBOAY NPABWJIHHOTO MOBOJKEHHS IiJ 4Yac
BariTHOCTI, a caMe: PeryJsIpHICTh BIABIAYBaHHsS JIiKaps, MOTaHi 3BUYKHU IIiJ] Yac
BariTHOCTI, HEIOTPUMAHHS MPABUJI Xap4UyBaHHsS, BUKOHAHHS HEOOXITHUX (PI3UIHUX
HaBaHTaX€Hb TOoImO. OrIsgadn TSHASHIIO 3MIH IMPOTIATOM OCTaHHIX 20-TH POKIB,
MOKHa 3 YIEBHEHICTIO CKa3aTH, 110 0013HAHICTh BariTHUX MAIMNCHO 3pocia. Aje 3
iHIIoro OOKy, 4epe3 BHUCOKHM CTpUOOK y PO3BUTKY LUBLTI3AI] JIEAKI aCMeKTH
HaBIAKW CTajld TMOTIpIIyBaTUCh. Tak, HeAocTaTHE (i3UyHE HaBaHTAKCHHS,
HE3/I0OPOBE XapuyBaHHS, a TaKOX YCKJIQJHEHHS EKOJOTIYHOI CHUTyaIlli Movyaiu
OPUBOJUTU IO PO3BUTKY OXKUPIHHS Ta 1HIIMX MpoOJjeM 31 3A0pOB’siM BariTHuX. I3
YIEBHEHICTIO MOYKHA CKa3aTH, II0 y pe3yibTaTl BIUIMBY LMX YWHHUKIB 3HAYHO
3pociia 4acToTa camMe C€HAOKPUHHUX NaTOJIOTIH, siki modanu ckiaaatu 6-10% Bix
3arajbHOI KIJIBKOCTI €KCTPareHiTaIbHUX MaTOIOTIH.

Mera crarTi.

Metor CcTarTi € AOCIIKEHHS] TeCTallliHOrO IYKPOBOro Ala0eTy, MEXaHI3MIB
BUHUKHEHHS 1 PO3BUTKY HOTO YCKJIaJIHEHb Ta CUCTEMAaTU3aIlisl METO/IB 1X JIIKYBaHHS.

OcHoBHa YyacTHHA.

OcobnuBe Micie cepejl MOpyIIeHb €HIOKPUHHOT (DYHKIIT y BariTHUX 3aiimae
came 1ykpoBuit miaber (mami — IIJ]), Ha skuil mpuragae TpeTHMHA YCIX MATOJIOTIMH.
I/ € oxniero 3 HAWOUIBII CKIATHUX 1 aKTyaJbHUX MpoOJeM SK y CBITI, TaK 1 B
akymepctBi. 3a ganumu BOO3, me y 2012 poui aiarno3 LIJ] OyB BcTaHoBieHMi y
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285 MIIH HaceJleHHs], a 3a MPOrHo3amMu ekcriepTiB, y 2030 poiii JaHUN MOKa3HUK Oyie
cranoBUTH Bxke 450 muH. brimsbko 1 % KIHOK TITOPOIHOTO BIKY CTPa)Aar0Th Ha
miaber mie g0 BariTHOCTI, 1y 2-17 % BIH pPO3BUBAETHCS MM 4Yac BariTHOCTI
(recramiitanii niadet). B ocTanHi poku nmomupeHicth recramiinoro L/ y ausin kpain
€sponu gocsarna 20,7 %. [Iporrosyerbes, mo no 2030 poxy recramiitanii 11J] Oyme
cnocrepiratucs 'y 49,3 % xinok. Ilpm HemoctaTHhoMy a00 HEMpaBHIBHOMY
JikyBaHH1 recrauiinoro LJ] yckmamHeHHS BariTHOCTI, MOJOTIB, MOPYLICHHS CTaHy
10y Ta matepi cnoctepiratotbes y 80-93 % >kiHOK, mepuHaTajgbHa CMEPTHICTh Y
5 paziB BuIa, HiX y nomyisiii [1]. YV kiHOK, skl IepeHecin recTaliiHuil aiabert, a
TaKOXX Y MOTOMCTBA, CIIOCTEPITAETHCS CXUIBHICTH 10 PO3BUTKY OXKUPIHHS, MPOOJIEM 3
CEPLIEBO-CYAMHHOIO CUCTEMOI0, MeTaboiyHoro curapomy Ta /] 2-ro tuny. Came 3
OTJISIIy Ha 1€, OyXe BaXIWBO IMPOAHATI3yBaTH MPOSBH Ta CUCTEMAaTH3yBaTH
METO/IMKH JIIKyBaHHS CTaHIB, 1110 PO3BUBAIOTHCS BHACHIAOK recrauiinoro L1

lecramiitnuit 1[JI — craH, 1Mo XapakTepu3yeThCs, SK 1 3BUYAWHUNA J1a0er,
MIJBUIIEHUM PIBHEM TJIIOKO3W y KpOBI, aje BUSBISIETHCS BIIEPINE came T dYac
BariTHOCTI. 3a MEXaHi3MOM BIJIPI3HSETHCS BiJl 3BUYAHHOIO: B MOTO OCHOBI JIC)KHUTH
31€01IBIIIOT0  1HCYJIHOPE3UCTEHTHICTh BHACHIJIOK HAAMPOAYKII TJIalleHTapHUX
TOPMOHIB (IJTALIEHTAPHUN JIAKTOTE€H, €CTPOreHH, IPOreCTepOH), IO 3a CBOEIO
MPUPOJIOI0 SABISIOTHCS (Pi310JIOTIYHUMHU aHTAroHicTamMu i 1HCYTiHy [2]. Y kiiHim
rectariitnoro IJ] Bumiastore 3 crymeni Tsokkocti. [lpu nmerkomy cTymneH1 piBEHb
rJIKeMli HaTllecepue He MepeBullye 9,7 MMOJb/JI, HOpMadi3aulis TJIIKEMIYHOrO
npoduIo Jocsraerbca npusHadeHHsAM BianosinHoi nietu. [lpum /] cepeanboro
CTyNeHs TJIKeMis HaTmiecepie mnepesBuirye 12,1 MMoab/i, mjisi KOMIEHcallil
HEOOXITHO BBOJMTH IHCYIIH y 1031 10 60 omunuue 3a goOy. Ilpm IIJI Tsxkoro
CTYINEHs TJKeMisl HaTiieceple nepeBuinye 12,1 MMOib/a, XapakTepHi JaOUIbHICTb
nepeliry, yckiaaJaHeHHs 3 00Ky CyAuH, HEpiaKo keroanuao3. JlodoBa go3a 1HCYIIHY
nepesuiiye 60 onuHuULb [1].

Haxxanb, y mnpakTuill axymiepa-riHeKojora y Hamiil kpaiHi OyXe YacTto
TPaIUISIIOTECA BUIIAJKU, KOJM BariTHI 3BEPTAIOTHCS 32 MEIUYHOIO JIOTIOMOIOI0 B
TSOKKIA  ctamii rectamiHoro IIJI, amke came y 1 cTadii pPO3BHBAIOTHCS
YCKJIQJIHEHHS, SIK1 CBITYaTh MPO TIIMOOKI MAaTOJOTI4YHI 3MiHM BYTJIEBOJHOTO OOMIHY 1
CWIbHO YCKJIQJHIOIOTH KUTTS MAllIEHTKH, TUM CaMUM 3MYUIYIOUM ii 3BEpHYTHCS 32
nonomororw. YUepes 1o, BBaXkaro 3a JOLUIbHE 3pOOUTH aKIIEHT caMe Ha KJIHIII Ta
Tepaii IUX YCKIaIHEHb.

Hiabetnuna Hedpomatis — mposiB yCKIaAHEHHA rectauiinoro L1JI, B ocHoOBi
SIKOTO JISKUTH HE IMyHHE, HE 3alaibHE 3aXBOPIOBAHHS KITyOOUKIB HUPOK, 110 BENIE 110
PO3BUTKY XPOHIYHOI HHPKOBOI HEIOCTATHOCTI. ['OBOpAYM Mpo MaToreHe3, BapTo
3a3HAYMTH, IO IYCKOBUM MEXaHI3MOM pPO3BUTKY JaHOTO YCKJIAIHEHHS NpU
rectariitnomy [/l € HenikoBaHa TimepriikeMis, 0 BUKINKAE KACKaJl META0OIIYHUX
MOpYIIeHb: HE()EpMEHTHE TJIKO3WIIOBAHHS OUIKIB Ta JIMIAIB, aKTHBAIiIO
MOJIIOJIOBOTO IIISAXY OOMIHY TJIIOKO3M, NPSIMY TJIIOKO30TOKCHYHICTb, IOB’S3aHY 3
akTuBalicro nporeiHkiHazu C, sKa copuse mposidepalii KIITHH €HAOTENII0
KamjIsipiB Ta ME3aHT1aJIbHOI0 MAaTPUKCY KIyOOUKiB Ta TinepTpodii OCTaHHBOTO, 1110,
y CBOIO Yepry, MPHU3BOJUTH JO TOPYIICHb BHYTPIITHHOHHUPKOBOI T'€MOJIWHAMIKH,
MIJBUILIEHHS TIAPOCTATUYHOIO TUCKY B Kamuigpax KIyOOuKiB Ta rinepgiabTparii.
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TpuBanuii  BIUIMB  TiNepriiKeMii  MPU3BOAMTH  JI0  3HWKEHHA  CHUHTE3Y
TJIIKO3aMIHOTJIIKAHIB, IO CKJIQJal0Th OCHOBY CTPYKTypu O0a3zanpbHOI MeMOpaHH
KJTyOOUKIB 1 3a0€3Me4yI0Th CEJIeKTUBHY ii MPOHUKHICTD i OUIKiB [3].

VY kminimi Hedpomatii po3pi3HsAlOTh 3 cTyneHi Hedpomatii. [Ipu mepuiomy
CTYTEHI apTepiaibHui THCK 30utbmryeThest 10 20/12 kIla (155/90 mm pT. CT.), piBeHb
Oinka y ceul — g0 0,6 I/11, CIIOCTEPIra€TbCcsl 3MEHILEHHS albMyO1HO-TI00YI1HOBOTO
koedimienty (amwkue Big 1,3), mAediuuT BUAUICHHS pPIAUHU 13 Opra”izMy He
nepeBuirye 15 %, KUIbKiCTh HATpiO cTaHOBUTH 10-15 Mmonw/n. Jpyruii cTymiHb
Hedponatii (CepeAHbOi TAKKOCTI) XapaKTEPU3YEThCS 30UIBIICHHSIM apTepialbHOIO
tucky Big 20,7/12 klla (155/90 mm prt. cr.) no 24/14,7 klla (180/110 mm pt. ct.),
BMICTy Oinka B ceul — Big 0,6 10 5 1/, 3HXKEHHSM pPiBHA OiIKa B KpoBi A0 65 r/n
(HopMa 74 r/m), 3aTpUMKOIO HATpPil0 y TKaHUHAX 1 A€PIUUTOM BUJIIJIEHHS HOro 3
ceyero 10 15-25 mMmoib/i, a TakoX 3aTPUMKOIO B TKaHWHaX 10 15-20 % piguHwu.
3’ SABISIETHCSL ACUMETPIst apTepiaibHOTO TUCKY Ha BEPXHIX KIHI[IBKAaX, MO0 CBIAYHTH
PO TATOJIOTIIO IEHTPIB, SIKI PETYIIOIOTh CYAUHHUN TOHYC. 30UIBIIYETHCS TaKOX
ckpoHeBo-muieuoBuid  koedimient  (0,55-0,6), mo BKadye Ha  IMiABHUILICHHS
BHYTPIIIHBOYEPETTHOTO THCKY. TperTii crymiHb Hedpomnarii (Tsokka dopma)
XapaKTEePU3y€EThCS MiJIBUIICHHIM apTepiaibHOTO THCKY noHay 24/14,7 kIla (180/110
MM PT. CT.), CKPOHEBO-IJIEYOBOrO KoedirieHty — monan 0,6, BMICT Olnka B cedi
MEPEBUIILYE 5 T/, Y cedl 3’ ABIAIOTHCA MWIIHAPUA Ta EPUTPOIUTH. Pi3KO 3HUKYETHCS
BMICT OlKa B CHpOBATIl KpoB1 (HMX4YE 3a 65 1/1), negiuuT BUIIJICHHS HATPitO
3poctae 110 25 MMOJb/A, a piguHu — 10 25 % 1 Outbire. CrocTepiratoTbCsi 3MIHU
OYHOT'O J[HA: HAOPSAKAaIOTh CITKIBKA 1 COCOK 30pOBOr0 HepBa. BariTHi ckapkaTbcs Ha
nopyueHHs: (QyHKUII 30py — «MHUTOTIHHS MYLIOK» Mepen odnma. Moke HaBiTh
HACTaTU 4YacTKOBa a00 MOBHA BTpaTa 30pYy BHACIHIJIOK BiAIIAPYBaHHS CITKIBKH a0o0
KpOBOBWJIMBY B Hei [4, c. 227].

[IpoOnemaTuill JiKyBaHHS J1aOETUUYHOI HEPpOTATIi B OCTaHHI POKH MPUCBIYEHO
nayke Oaratro poOIT. 3anponoHOBaHI OCTaHHIM YacoM JIIKM 3 TaK 3BaHUM
He(porpoTeKTOpHUM e€heKTOM, TTOXiAHI SHTApPHOI KUCJIOTH ¥ 1HIINI aHTHOKCHIAHTH,
Jie3arperanTy, peocopOIIakT, relapruHoiId He JalTh JOCUTh CTa0ILHOTO eeKTy i
HIKOJIM HE BUBYAIMCS 3 MO3UIIN JOKa30BOI MEAMIIMHU, OCOOJIMBO Majio iH(popmarii
CTOCOBHO IIMX TpernapariB y BaritTHux [3]. BapTo 3a3HaunTtu, 110 y BariTHUX, MEpI 3a
BCe, JIIKyBaHHA HedpomnaTii MOBMHHE OyTHM HampaBjieHE Ha MPUYUHY ii PO3BUTKY
(y Hamomy Bumanky rectaumiiinui  1[J[), TomMy noBMHEH OyTH TpaBUIBHO
BUOYJlyBaHUI KypcC I1HCYJIHOTEpamii Ta Ji€ToTeparii 3 JOCSATHEHHSIM ILIIbOBHUX
3HAYCHb PiBHSI TITIOKO3H B KPOBI.

Kommnekcom mnikyBanns Hedponatii [-1I crymens mnependaueno HacTymHi
3axoau [4, c. 236]:

» IUIS 3HATTS ClIa3My CyJAWH npu3HavaroTh eyt (mo 10 ma 2,4 % po3unHy Ha

20-40 mi 40 % po3uMHY TIIOKO3M) a00 TIIIOKO30-HOBOKAiHOBY cymil (200 mi

20 % po3uuny rmoko3u 1 100-150 M 0,5 % po3unHy HOBOKAiHY 3 J0/IaBaHHIM

1 O/l iucyniny Ha 4 T Cyxoi PEYOBHMHHU) BHYTPIIIHBOBEHHO, CIA3MOJIITHYHI

3aco0u (HO-IIMa, TMarmaBepuHy TiIPOXJIOPHUA), TUTPOBAHUM PO3YMH aMIHA3WHY

(mo 1 mu cymimn 2,5 % aminazuny 1 9 ma 0,9% 130TOHIYHOTO PO3YMHY HATPIIO

XJIOpUY uepe3 4 ToANHM);
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» TIMOTeH3WBHI 3acobm: wMarHilo cynedar (mo 10-20 mm  25% posuunHy
BHYTPILIHBOM 30BO BiA 2 10 4 pa3iB Ha A00y); aminasud (mo 1 mi 2,5 %
PO3UMHY BHYTPIIIHBOM 5130BO 4epe3 8-12 ronuu) 3 aumenposnom (mo 1 mia 1 %
PO3UMHY BHYTPIIIHBOM 5130B0); nub6azon (mo 3-4 ma 1 % posuuny) abo 6-8 mi
0,5 % po3unHy BHYTpPIIIHHOM s130BO 2-3 pa3u Ha 100y mpotsrom 8-14 mi6) Ta
1HIIII TIpenapaTu;
» ranriio6sokaTopu: meHtamin (mo 1-2 mur 5 % po3unHy BHYTPIITHBOM S30BO),
nipusieH (o 0,005 r 2-4 pa3u Ha 100Y);
» npu rinomnporeineMii: ansOymia (mo 100-200 wmur), mmazma (mo 150 wmu
BHYTPIIIHBOBEHHO, Yeprytouu 3 remoe3oM — 200-400 mn);
» ISl 3MEHIICHHs] POHUKHEHHS cyauH: ackopyTuH (mo 0,02-0,05 r 2-3 pas3u Ha
100y);
» sl mpodimakTUKU Timokcii mimoma: curetuH (mo 1-2 mom 1 % posuuny
BHYTPIIIHHOM s130B0 200 BHYTpimHbOBeHHO 3 100-200 mMa 5-10 % pozuuny
TJIIOKO3M); KucioTa aneHos3uHtpudochopua (mo 1 mm 1 % posuuny
BHYTPIIIHHOM S30B0); raackopOiH (1o 1 3 pa3u Ha 100y npoTtsirom 5-20 11id);
» [utst 3ano0iradHs rinotpodii 1wioga: Tokodepory arerar (mo 100 mr Ha 100Yy),
mianokoOanmamid (o 50-100 Mxr Ha 100y BHYTPIIIHBOM S30BO); KHCIIOTa
domiea (1o 0,02 r 3 pa3u Ha 100y). Kypc nikyBanus 1-2 TuxHI.
[Tpu nikyBanHi Hedpomnarii [II cTynenss BUKOpUCTOBYIOTH Ti 3K cami MpernaparTy,
mo i npu "Hedponartii [-1I crynens, ane A0JaTKOBO 1€ MPU3HAYAIOTH APONEPHIOIN
(mo 4-6 wmiu), cubazon (mo 4 mia 0,5 % po3unHYy BHYTPIIIHHOM SI30BO a00
BHYTPIILIHBOBEHHO).
JiabeTnyHa aprepiajibHa TinepTeH3is (pI3HOBUJA apTepianbHOi TiNepTeH31i) —
CTaH, WIIO0 XapaKTEepU3Y€eThCA MIJABUIICHHSAM PIBHS apTEplaJbHOTO THUCKY BHUIIE
JIOMYCTUMUX HOpM. B OCHOBI maroreHesy apreplajbHOI TINEepTEH3ll 1pH
rectamiiitnomy  I[JI  J€XuTh  1HCYJNIHOPE3UCTEHTHICTh 1  BHUKJIMKAaHAa  HEIO
KOMITEHCATOpHA TinepiHcyJineMis. OCHOBHUMHM MEXaHI3MaMu, IO MPU3BOIATH IO
MIJIBHUINCHHS apTepiaJbHOr0 THCKY, € TilepBojeMis, OOyMOBJIEHA IIiJBUILIECHOIO
peabcopOriier0 HATpPiF0 B MPOKCHUMAJIbHBIX KaHAJIBISAX HUPKHA, M0 BUKIHKAE
MJBUIIEHHS. CEPIIEBOTO BUKHUAY; aKTHBAIlll CUMIIATUYHOI HEPBOBOI CHCTEMH, IO
TaKOX BUKIMKA€E 30UIBIIEHHS CEPIEBOT0 BUKHIY Ta MPU3BOJUTH JIO CHa3My
nepupepUuHUX CYJUH 1 MIJBUIIEHHS 3araibHOT0 MepruEepuIHOro CyIMHHOTO OMOPY
(BIICO). [Tix BinuBOM 1HCYJIHY BiAOYBA€THCS MiABUILECHHS BUPOOICHHS €HAOTENIEM
Ba30KOHCTPUKTOPHUX O10JOTIYHO AKTUBHUX PEUOBUH (EHAOTENIHY, TPOMOOKCAHY
A2) 1 3HIDKEHHS CEKpelii TaKhX MOTYTHIX Ba30AMJIATATOPIB, SIK MPOCTAIMKIIH 1
OKCH/JI a30TYy.
VY kmiHim aiabeTUyHoi apTepianbHOl TiMepTeH3ii y BariTHUX BHUIUISIOTH TPU
CTYIICHI TSKKOCTI:
e | cTymiHb — MiABUIIIEHHA apTepiaibHOro TUCKy A0 140/90-159/99 MM pT. CT.;
e [l cTyniHp — NiABUILIEHHS MMOKAa3HUKIB apTepiaabHOro THCKY 110 Mex 160/100-
179/109 mm prt. cT.;

e [II cTymiHb — NOCATHEHHA MOKAa3HUKIB apTepianbHOro TUCKy >180/110 MM pr.
CT.

CTOCOBHO  METONMKHM JIKYyBaHHS apTepiajbHOi TiMepTeH3ii BHACHIIOK
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recramiiinoro I{J[, caig 3a3HaYMTH, M0 BOHA CHJILHO 30Ira€ThbCs 31 3BHYANHOIO
TEpari€o y BariTHUX 1 BKJIIO4ae B cebde [S]:

1) brokamopu Kanvbyiegux Kanauie 3 2pynu OuiOponipuoUHtis.

Awmmogumin. Sk 1 B IHIIMX mpenapaTax i€l Tpymd, TeMOAWHAMIYHA Mis
aMJIOAMITIHY ~ 3yMOBJIeHa MepuepuyHOr0 Ba3zoAujaTali€ro, Ha (OHI YOro
3/1e0UIBIIOTO 3POCTAE CEPLIEBUI BUKHUJ, TOKPAIIY€ETHCS KPOBOIIOCTAUYaHHS OPraHiB i
TKaHHUH Ta MIKpoLUpKyJsis. [Ipenapar mae HedpornpoTeKTopHUiA e(PEKT, MTO3UTUBHO
JIl€ Ha eHJI0TeianbHy (DYHKIIIIO, CIIPUsi€ HOpMaTi3allii JiNiJHOro OOMiHY, HE BILJIMBAE
Ha 0OMiH TUIIOKO3W. Bin Hieaumniny BiIpi3HAETHCS BUCOKOI €(PEKTUBHICTIO, TYyXkKe
HU3BKOIO YACTOTOIO MOOIYHUX PEaKIIiil, MIaBHICTIO aHTUTINEPTEH3UBHOI J1i, BETUKUM
Jiama3oHOM JO3YBaHHS;, MOXK€ TMpHU3HAYaTHCAd OAWH pa3 Ha A00y. 3rigHo 3
IHCTPYKIIIEI0O 7O BHUKOPHUCTAHHS, AaMJIOAMMIIH HE MPOTUIOKA3AHUN BariTHUM.
OcTaHHIMH pOKaMu BIH 3 YCIIXOM 3aCTOCOBYETHCA Yy CBITOBIM aKylIEPChKIN
npaktuiii. JlocBig gae 3Mory Ha CydyacHOMY €Tari BBa)KAaTH aMJIOJIMIIIH MpernapaToM
nepuioro BHOOPY Juisl JIIKYBaHHS BariTHUX 3 apTepiaibHOI0 Trimeprensiero. [lpwu
aptepiaibHOMYy THCKY > 150/95 MM pT. CT. #oro mpuszHavaemo 103010 5-7,5-
10 mMr/no0y B 1-2 mpuifomMu y BUTJISIII MOHOTEparii ab0 B MOEIHAHHI 3 HEBUCOKUMH
no3amu MeTriodu (250 mr 1-2 pasu Ha 100y) un MeTorposiony (25 mr 2-3 pa3u Ha
no0y). Jns wHopmamizallii MOKa3HWKIB IEHTPAJBHOTO KpPOBOOOIry Yy JKIHOK 3
aptepianbHuM TUCKOM 140/90-149/94 mm pT. CT. 10TO BUKOPUCTOBYEMO 103010 2,5-
3,75 mr Ha 100y OJTHOPa30BO.

Hipenunin nerapn (20 mr 2 pasu Ha n0o0y udepe3 12 roaun) abo Hipeaumnix
(10 mr 3-4 pasu Ha 100y uepe3 6-8 roArH) 3/1e0UTBIIOI0 MPU3HAYAETHCS B MOETHAHHI
3 Metwinodorw abo b-ampenoOnokaTopamu. baraTopiuHuii  CBITOBUM  JTOCBIJ
BUKOpPUCTaHHS Hi()eauIIHy BKa3ye Ha €()eKTUBHICTh 1 O€3MEUHICTh HOTO MpernapaTy
IIpH JIIKYBaHH1 apTeplajbHOI IIepTeH3il y BariTHUX.

2) Ilenmpanvui a2-azonicmu.

Metungoda (250-1000-2000 mr na noby B 1-2-3 mpuitomu). BpaxoByrouu
TpUBAJIMN TOCBiA Oe3neyHoro 0e3mocepeHbo A IJI0[a 3aCTOCYBAaHHS Mpenapary,
Horo 3a HEOOX1THOCTI MOXKHA Mpu3HayaTH B | Tpumectpi BariTHOCTI. Jis MeTrinodu
MOBUIbHA, MPOSIBISIETECS Uepe3 JNeKUIbKa TOJAUH — Ha 2-3-Ti0 100y Micis MmpuiioMy,
30epiraeTbcsi  OpoTsAroM  24-48  TOAMH  MiCAS  TPUIMHEHHS  JIIKyBaHHS.
CriocTepexeHHsIMU, TPOBEICHUMH B [HCTUTYTI memiaTpii, aKkymiepcTBa Ta riHEeKOJOTii
HAMH VYkpainu, nokasaso, 1mo MeTiiioda, Tak camo, siK 1 KJIIOHIIWH, Ma€ OABIAHY
reMOJIMHAMIYHY Ji0: B OJIHMX XBOPHUX 3HW)KEHHS apTepiaJibHOTO TUCKY B1JOYBa€ThCA
3a paxyHOK 3MEHIIEHHs 3araibHoro nepudepuytoro cyaunHoro onopy (3I1CO), na
¢don1 yoro xBWIMHHUKN 00°eM (XO) miABUILY€ETbCA a00 HE 3MIHIOETHCS (O3UTUBHUN
reMOJIMHaMIYHUN e(eKT); y 1HIUX (iX KUIbKICTh 3HAYHO OLbIIa) apTeplaJbHUN THUCK
3HIDKYETBCSA (2 B psANl BHUMAJAKIB HE 3MIHIOEThCS) 3a paxyHOK 3MmeHmeHHs XO i
nigumiens 3[ICO (meratuBHuUN reMoauHamiuHUil edexT). 3 oy Ha 1€,
BUKOPUCTAHHA METWINO(MU s IJIAHOBOTO JIIKYBaHHS TOTpeOye OOOB’SI3KOBOTO
reMOAMHAMIYHOTO KOHTPOJIIO.

Krnonigun (mo 0,15-0,075 mr koxHi 6 ronun). Ha BiaMiHy Big MeTwinodu i€
mBuako (depe3 30 xB-1 roguny), ame KOpOTKOCTpokoBO. [lmaHOBO mpuU3HAYAETHCS
PIIKO: 32 HEOOXITHOCTI IMIBUAKOTO 3HMIKEHHS apTepilaiIbHOTO TUCKY Yy MAIEHTOK 3
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TSDKKOIO apTepilaJIbHOIO TINMEPTEH31€0 Yy TOEAHAHHI 3 JUTIApomipuarnHaAMU (T10
JIOCATHEHH1 3HM)KEHHS apTeplajbHOTO THUCKY 3aMIHIOETHCSA HAa METHIA0(]Y), a TaKOX
3aMicTh MeTHIIoPH TpH ii HeePeKTUBHOCTI. TpHBaIO KIOHIIUH 3aCTOCOBYIOTH 3
ypaxyBaHHSM TeMOAWHaMIuHOi Aii. BiaMIiHSIOTE MOCTYMOBO, 1100 3amoOirTu
BUHUKHEHHIO CHHJIPOMY B1JIMiHH Tpemapary.

3) bema-adpenobdrokamopu.

VY BariTHHUX 3 apTepiajibHOIO TiNEepTeH31€l0 b-aapeHo0I0KaTOpH OCTaHHIM YacoM
BUKOPUCTOBYIOThCA Bce piamie. Lle mow’s3aHo 3 TUM, 10 MpenapaTd Ii€l rpynu
MOXXYTb MPHU3BOJUTH JO 3aTPUMKH PO3BUTKY IUIO/A, BUHUKHEHHS 3arpo3u He
BUHOIIIYBaHHSI BariTHOCTI, MIPU MPUHOMI HANPUKIHII BariTHOCTI — JI0 MOPYIICHHS
MOCTHATAJIBHOI ajanTallli HOBOHapo KeHoro. 3rigHo 3 HactanoBamu ESC (2011), y
BariTHUX 3  apTepiajbHOI0  TINEPTEH31€I0  PEKOMEHIYEThCSA  BUKOPHUCTAHHS
Metorposiony. berta-aapeHoOmokatop 3 a-0J0KyH0OUOK i€l JabeTanosl MIHUPOKO
BUKOPHUCTOBYETHCS 32 KOpJOHOM. B Ykpaini nmaberanon uist nepopaibHOTro IpUiioMy
HE 3apeecTpoBaHuil [5].

Bapro 3a3Hauntu, mo y naHiid poOOTi Oy pO3MIISIHYTI i CTAHU OKPEMO OJUH
Bl OJJTHOTO, XO4Ya HA MPAKTHUIIl BOHU JIOBOJII YacTO 3YCTPIYAIOThCA OO0’ €THAHO 1
MEepPEPOCTAIOTh B CTaH, AKUH HOCUTH HAa3BY Mpe €KIaMIICii (KoMOiHaIlis TPOTEiHypil Ta
apTepiaabHOI TINepTeH3ii), OCTaHHIH, Y CBOIO Yepry, Py HEBUACHINH a00 HEJAOCTATHIN
Teparmii MOXKe MMepepocTaT B OLIBII TSHKKY (OPMY — €KJIAMIICIIO, sSiKa B aKyIIepCTBi
BBAXKAETHCS OJIHIEI0 3 HaWBaXYMX MATOJIOTIH, IO MOXYTh PO3BUBATHUCS I Yac
BariTHOCTI. Alle 1 mpoOiieMaThka MoTpedye OKPEMOro I'PYHTOBHOIO BHBYEHHS 1
CTaHE NPEIMETOM HACTyIHUX HAyKOBUX JIOCHIIKE€Hb, y JAaHiil poOoTi Oynu
PO3TJISIHYTI JIUIIE AESIKI ACTIEKTH.

[Ile onHUM yCKIagHEHHSM € AladeTuyHui keroanunao3 (mami — JIKA) — cran
BUPKEHOI JCKOMIICHCAIlli I[yKPOBOro Jia0eTy, 3yMOBJICHHH  aOCOIIOTHUM
nedInUTOM 1HCYJIIHY, MIJBUIIEHHSIM pPIBHA KOHTPIHCYJSPHUX TOPMOHIB, PI3KUM
3HMKEHHSM YTHIII3allli TJIOKO3M TKaHWHAMH, aKTHUBAIIIEIO JIIOJI3Y Ta KETOTCHE3Y.
JKA xapakTepu3yeTbcsi KIIACUYHOIO TP1aJIok0: TINEPrIiKeMisi, MeTa0O0IuYHUN aIua03
Ta KeToHeMmis [6].

VY marorene3i [IKA ocHOBHy naHKy 3aiimMae 1HCYJIIHOBA HEIOCTaTHICTh, SKa
PU3BOUTH IO CYTTEBOTO 301IBIIEHHS B KPOBI KOHIIEHTpaIlii Tiitokarony. [mokaron
€ OCHOBHHM KOHTPPETYJIIOIOUYUM (aHTAroOHICT 1HCYJIIHY) TOPMOHOM, 110 BIJIMIOBIJAE 32
po3BuTok JIKA. YHacnigok poro pi3ko MOCUIIOKTHCS MPOLIECH, SIKI CTUMYJIIOIOTHCS
[JIFOKarOHOM: TJIKOT€HOMI3 Ta Jmoii3. Y pe3yabTaTi 30UIbIIyEThCS MPOMYKIIiS
rMoKo3u. BopHowac yTuimizamisi TUIFOKO3M TEYIHKOIO, M A3aMH  Ta JKUPOBOIO
TKaHWHOIO 3a BIJCYTHOCTI IHCYJIHY DPI3KO 3HIDKYe€Thcs. Hacmimkom mux mporeciB
CTa€ BUpaKEHa rinepriikemis. JIiMosi3 NpU3BOAWTH M0 PI3KOTO  ITiIBUIICHHS
KOHIEHTpAllli BUIBHUX XHPHUX KUCJIOT y KpOBI, SKI MOYMHAIOTH BKIIIOUATHUCS B
keroreHe3. Ilpu iHCcymiHOBIA HemoctatHOcTi 80 % eHeprii opraHi3aM OTpPUMYE
[UIIXOM OKHUCJICHHSI dKUPHUX KHUCJIOT, 1[0 MPU3BOAUTH J0 HAKOIMYEHHS MOOIYHUX
OPOAYKTIB IX  pO3Majy — «KETOHOBMX TUI» (alleTOHy, aleToouToBOi Ta f3-
OKCcHUMAcHsiHOT KHUCIOT). [lopynryeTbcs KHUCIOTHO-TY>KHAa pIBHOBara — BHHHUKAE
MeTa0OoMIYHUN anua03 (KeToanua03). Sk rinepriikeMis, Tak 1 BUCOKa IUPKYJIIOKOYa
KOHIIEHTpAI[isl KETOHOBUX TU1 CTAIOTh MPUYMHAMH OCMOTHUYHOTO JI1ype3y, 1110 BeJe 0
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rioBOJIEMII Ta TMOJANBIIOTO 3HUXKEHHS MIBHUAKOCTI KIyOO4YKOBOi (iibTparri.
OcmoTHYHMI Ailype3, y CBOIO 4Yepry, MNPU3BOAWTH A0 HEOE3MEHHOl ISl SKUTTA
nerigparaiii. Ha ibomy (GoHI y XBOpPHUX 4acTO PO3BUBAETHCS TIMOKAIIEMISI — OJIUH 13
BaYXIMBUX KOMIIOHEHTIB MeTaboIiuHuX nopyuieHs npu JKA [6].

Ornsgaroun KJIiHIKY BapTO 3a3HAYMTH, 1O JaHUW CTaH y KIHKH PO3BUBAETHCS
npotsroM 3-7 1i6 Ta TPOSBISETHCS MOJIYPI€I0, TMOMIIUICIEID, HYAOTOI (X 10
PO3BUTKY OJIFOBOTH), 3HIKCHHSIM MacH TiJ1a, 00JIbOBUM CHHIPOMOM a0I0MiHATIBLHOTO
XapaKkTepy, 3arajJbMOBAHICTIO Ta COHJIMBICTIO. TakoX MOXYyTb OyTH MPHUCYTHIM
nuxanHs tuny Kyccemaynsa, «ppykTroBuii» 3amax, CyXiCThb CIM30BUX OOOJIOHOK,
Taxikap/is, 3HKEHHS Typropa IKipu, OpTocTaTiyHa rinorensis. s nabopaTopHux
MMOKa3HUKIB XapaKTEPHUM SBISIETbCS 3HMKEHHS pH KpOBi 710 TOKa3HHUKIB HUXYE 7,3,
OikapOOHATHU KPOBI 3HAXOMASTHCS HA PIBHI MEHIIE 15 Men/i, MpucyTHICTh KETOHOBUX
Ty CUPOBATL1 KpoBl [7].

Tepamito JIKA mpoBomsiTh y JeKiIbKa €TamiB, KOXKEH 13 SKUX 32 CBOIO METY
CTaBUTbH KOPEKIIIIO IEBHOTO MOKa3HUKA [8]:

1. Kopekuis ne}inuTy piAMHM € OJHAM 3 HAMBAXKIUBILMX eTamiB. li
PO3MOYMHAIOTh 3 BUKOPHUCTaHHS po3uuHy Pinrepa abo (i310J0Ti4HOrO po3uMHy 3a
cxemo10: 1-3 11 mpoTsarom nepioi roAuHU; 1 J1 MpoTSIrom Apyroi roauHu; 1 J1 KOXKHI
HacTynHi 2 roauHu. Ilicis 4oro 3HOBY KOHTPOJIOETHCS CTYHIHB JeriipaTarii Ta
BU3HAYAETHCSI HEOOXIIHICTh MPOJOBKEHHS MaHIMysauii. BapTo 3a3HauuTH, 110 miA
yac perijparanii, ii MBUAKICTh MOBUHHA KOPUT'YBATUCS BIAMOBIIHO /10 MOKa3HUKIB
NyJibCy, apTeplajJbHOrO THUCKY, HAlype3y Ta MeHTalbHOro crarycy. Komiu piBeHb
IJIFOKO3W B KpoOBI Oyne 3HwkeHud no0 180 wmr/mim, 3acTocyBaHHS 130TOHIYHOTO
PO3UYMHY XJIOPUIY HATPIIO 3aMIHIOIOTH BBEJIEHHAM po3uuHy 5-10 % nexctpo3u Ta
130TOHIYHOT'O PO3YMHY HATPIIO XJIOPHUAY Y CIiBBiAHOIIEHH] 1:1.

2. Kopexiiist piBHS €JIEKTPOJIITIB € HACTYITHUM €TaroM, ajieé TyT TaKOX ICHYIOTh
CBOI1 MEeBHI OCOOIMBOCTI: TP PiBHI KaJil0 y CHPOBATII KpoBi Buille 6 MEKB/1 He ciin
3aCTOCOBYBATH Kali€Bl PO3YMHU; MpHU piBHI Kamiio 4,5-6 MEKB/1 HE0OXiTHO BBECTH
po34mMH Kamito xjopuy 31 mBuakictio 10 MExB/ron.; mpu piBHi kamito 3-4,5 MEkB/n
PO3YMH Kamiio XJIOpuAy BBoOAATh 31 mBHAKICTIO 20 MEkKB/roa. OcoOauBiCcTIO
3aCTOCYBAaHHS PO3YHMHY KaJlIO XJIOPHUY, € T€ [0 HOT0 BUKOPUCTOBYIOTH JIOJIAl0UH JI0
pO3YMHY JJii BHYTPINTHBROBEHHOT perimpatamii. [ady3iro kamio xmopumy
OPUMHUHAIOTH MIPU JOCSATHEHHI MOKa3HHUKIB 5,5-6 MEkB/n. BaxxnuBum € acmekT, 1o
IHCYJIIHOTEpAIi0 HE PO3MOYUHAIOTH JI0 JOCSITHEHHS LIJIbOBOTO PIBHS KaJilo Y KPOBI.

3. ITlomepemxeHHs HaOpPsIKy MO3KYy € HAJBaXJIMBUM MOMEHTOM IIiJi Yac
npoBeaeHHs JikyBaHHa [IKA, amke orsimaroun o0’ eMu, HEOOXiAHI JJIsI MPOBEICHHS
periipaTaniiHoi Teparii, BUKIIOYEHHS TAaKOTO YCKJIAJHEHHS € JyXe€ Ba)JHUBUM.
3 1i€l0 METOK BUKOPUCTOBYETHCS MaHHITON y mnepepaxyHky 0,5-1 r/kr, mo
BBOJUTHCS BHYTPIIIHLOBEHHO MPOTAToM 20 XBUIMH. SIKIIO € MiJ03pH Ha MOTIPILIEHHS
CTaHy, HEOOXI/THO 3aMIHWTH MAaHHITOJ Ha TIMEPTOHIYHUI colboBUi po3urH (3 %) y
po3paxyHKy 5-10 mr/kr npoTsirom 30 XBUTUH.

[TincymoByrOUM BUKIIAJAEHE, HEOOXITHO 3a3HAUMTH, IO IMiJ Yac OTJIALY Teparii
IUX CTaHiB HEe BapTo 3a0yBaTH TMpO HAWBAXUJIMBIIIMK AaclekT, a came
1HCYyMiHOTEpamito. AJpKe BCl I CTaHM € Pe3yJIbTaTOM TOPYIICHHS, MEpIl 3a BCeE,
BYTJIEBOJIHOTO OOMIHY, @ OTKE€ Ba)XXJIMBO MPUBECTH 110 JIAHKY NATOTEHE3y Y HOPMY.
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BucnoBku. OTxe, Ha MIJCTaBl NPOBEIECHOTO JOCIHIIKEHHS KOHCTATyEMO, IO
IyKpOBUH Aia0eT, 30KpemMa TeCTAlIiHWI, € TOBOJII YaCTUM 3aXBOPIOBAHHSM, SIKE
PO3BHUBAETHCS y OJKIHOK TIiJ] dYac BariTHOCTI, Ta HAJNEXKUTh JO OJHIET 3
HAWUTOIIMPEHIIIUX EHJOKPUHHUX MaTtoyiorid. Ha »xanb, cimparounch Ha CTaTUCTUYHI
7aHl, MAEMO HEBTIIIHI TIOKAa3HWKHW, IO BKAa3ylOTh HAa HETATUBHY TEHJEHIIIIO
301IBIIEHHS. YaCTOTH JIarHOCTYBAaHHSI JAHOTO CTaHy y MaiOyTHbomy. Uepe3 meBHi
00CTaBMHM JIOBOJII 4acCTO MailOyTHI MamMHu 3BEpPTAIOThCS HE Ha TOYATKOBIM cTajii
XBOpOOM, a y TOW Yac, KOJIM MOYMHAIOTh PO3BUBATHUCS YCKIATHEHHS TeCTAIIifHOTO
I/1: miabetmuyHa HedpomaTis, apTepiajibHa TiNEpPTEH3is Ta KeToamuao3. Tomy s
MPAKTUKYIOYOro JIiKapsi HE0OOX1JHO B JJOCTATHHOMY 00Cs31 OyTH 0013HaHUM CTOCOBHO
MaToreHe3y Ta KJIiHIKH, a TAKOXK Y JJOCTATHIM Mipi BOJIOITH 3HAHHSIMU 1100 METO/IIB
JIKYBaHHS JAHUX CTaHIB, MPUIUISIOYU 3HAYHY YBary KOMIJIEKCHOMY MIAXOAyY. AJIxKe
MpU HEJAOCTaTHIM a00 HECBOEYACHIM OMOMO31 Il CTAHU MOXKYTh MPU3BECTH IO IIIE
OUTBIIIUX YCKJIQHEHb, IKI MOXKYTh OYTH KUTTE3ArPOKYIOUUMH SK JUIsT MaTepi, Tak i
s auTUHA. O [UX CTaHIB CTaHE MPeJIMETOM MalOyTHIX JTOCIIIKEHb.
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Abstract. The work is devoted to the treatment of diabetes mellitus in pregnant women, as one
of the most common endocrine pathologies, which has a negative tendency to increase. The article
examines the mechanisms of occurrence and development of gestational diabetes mellitus in
pregnant women, provides a thorough analysis of changes and complications that develop due to
gestational diabetes mellitus. The review and systematization of methods of treatment of
complications of gestational diabetes mellitus is given, the attention to the necessity of application
of the complex approach during therapy is emphasized.

Key words: pregnancy, gestational diabetes mellitus, endocrine pathologies, diabetic
nephropathy, arterial hypertension, ketoacidosis, pathogenesis, treatment of complications.
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AHoTauia. Axkmyanwvnicme. bponxianena acmma (BA) - ye Ooeoni nowupene xpowuiune
3ananvHe 3axeoproeanus y Oimeu. Hatlbinow egexmusHumu 6 niKY8AHHI ACMMU B8ANCAIOMBCS
ineanayiuni emoxoxopmuxocmepoiou (II'KC), saxi 3anobicaroms 3a20CMpeHHIM, NOKPAUYIOMb
pobomy Jnecenb ma AKICMb JHCUMMSL NAYIEHMIB, 3MEHULYIOmMb KIIbKICMb 2ocnimanizayitl. ma
cmepmuicmo. Tlobiuni epexmu II'KC € menw vacmumu ma cepuio3HUMU NOPIBHAHO 3 NEPOPATLHUMU
Kopmukocmepoioamu, npome npodiemu 3 6e3nexoro npu sacmocyanti sucoxux 003 II'KC ece we
sanuwaromsca akmyanroHumu. Ocobaugoi 2ocmpomu Habyeac ye NUMAHHA NPU BUCOKOOO3080M)
JIKY8AHHI y Oimell OOWKIIbHO20 ma WKiIbHo20 6iKy. Mema pooomu. Bueuenus maprepis
gochopro-kanbyiceo2o 0OMIHY ma ix pe2yiayiro 3a1eHCHO 8i0 00csa2y 6A3UCHO20 NPOMUZANATLHO20
JIKYBAHHS Npenapamamy iHearayitiHux 2i0KOKOPMUKoOCmepoioie 011 onmumizayii 1iKy8anibHo-
npoQinaKmuuHux 3axo0i6 ma MmeHneodcMenmy 3axeopiosanns. Mamepianu ma memoou: /s
0ocsieenHs: Mmemu 00CIONCEHHS Memo0oM UNAOK0B0T 8UDIPKU, HAMU 0)10 KOMNIEKCHO 0OCMENCEHO
158 xeopux Ha nepcucmysanivHy OpoHxiamvHy acmmy (nbA) dimeil wikinornoco 6iky. Taxkum uunom,
3aneAHcHO 8I0 cepednbo0obosux 003 II'KC, saxi y cxknadi 0a3uchoco JNiKYBAHHS OMPUMYBATIU
obcmediceni X60pi, cmeopeHo mpu Kiiniuni epynu nopisuauus. Ilepuy (1) epyny cgpopmysanru 57
oimeti, sixi ompumyeanu npenapamu II'KC y peacumi exginomenmnux npenapamis II'KC y Huzbkux
0ozax (36,1 %), y II (Opyey) epyny ysitiwnu 60 nayienmis, sxi 3acmocosysaiu II'KC y cepeonix
0ozax (38,0 %), a 11l (mpemio) epyny — 23 ix oononimka, wo npuiimanu sucoki oozu II'KC (14,5 %).
na nopieHAHHA OMPUMAHUX pe3yTbmamis cghopmosana KOHmMpoavHa epyna oimetl, xgopux Ha bA,
SKI 34 Nepioo CNOCMepPedHCeH s He OMPUMYBANU HCOOH020 npusHauenozo Kypcy IITKC (18 dimert,
11,4 %).

Pesynomamu. Jlo ecmanosnenux ocooaueocmeti pochopHo-Kanbyic6oco obOMiny y oOimelt,
xeéopux Ha nbA, 3anemxcno 6i0 obcazy 6azucnozo nikysanusa npenapamamu II'KC moocna ionecmu
BUWULL PIBEHb KANbYIEMIT, KATbYILYPIl a MaKkoxc meHoeHyito 00 30inbulenHs empam gocgopy i3
ceuero y Oimeul Il kniniunoi epynu. He ousnayuce Ha 8iocymHicms iOMIHHOCHEU 30 CepeoHiMU
NOKA3HUKAMU 8MICMY 8 CUpo8amyi Kpogi napameopmoHny ma eimaminy D, K mapkepie 0CHOBHUX
pe2yiAmopHux  wooo  ocghopHo-kanbyiesoco  MemabonizMy — cucmem, HAMU ~ GUABNEHI  iX
CMamucmuyHo BipocioHi Kopensayii 3 pisHem Kowmpoaio i msdxckicmio nepebiey nbA. Ilpu yvomy
emicm 2i0OpOKCIXONeKanbyu@epory Huicue nopo208020 3HAUEHHA MA8 Micye )y KOMCHO20 N AMOo2o
npeocmasnuka 11l kniniynoi epynu, a menwe 35 ne/mn —y 43,5 % eunaoxie npu ooHouacHomy
3HUdICeHHT KoHyenmpayii napameopmony menwe 15 ne/mn y 90,0 % cnocmepeosicenv.. Bucnoexu.
Ha mni 3acmocysanns eucoxux 003 II'KC y cxnaoi 6asucnoi mepanii acmmu y oimetl 3pocmae
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pusux einepkanvyiemii >2,4 mmonv/n (CLI=2,7, BP=1,6, AP=24,1 %) ma xanvyiuypii > 4,0
mmonv/n (CLI=3,8, BP=1,9, AP=32,4 %),maxodic 6useieHe 3HUNCEHHs CUPOBAMKOBO20 BMICHY
simaminy D menwe 30 ne/mn y KodcHoeo n’amoeo xeopoeo (p<0,05) ma napameopmony <10 ne/mn
v 80,0 % (p<0,05) sunadxis. .

Kuarw4oBi cinoBa: oimu, opounxiarvna acmma, gocgopro-kanvyicsuii oomin; eimamin D,
iHeanAYIUHI 2IIOKOKOPMUKOCMEPOiOuU.

AKTyaJdbHicTh: bponxianeHa actma (BA) - 11e J0BOJI MOIIUPEHE XPOHIYHE
3amajibHe 3aXBOPIOBAHHS Y JITEH, B AKMX Hecenu(pidHa TinepuyTIuBICTh JUXaTbHUX
IIUISIX1B CYTIPOBOIKYETHCS KITHIYHUMU O3HAKAMH YTPYTHCHHS TUXaHHS 1 00OMEKEeHHS
MIPOBEICHHS TOTOKY TOBITPS, 30KpeMa HEMOCTIMHUMU y dYacl Ta BHUPA3HOCTI
PEIUANBHAMH PECHIPATOPHUMH CHMITTOMAaMH, KaluleM, XpHUIIaMH, 3aTUIIKOIO,
BiMUyTTsIM HecTawi moBiTps [1]. HaiiOGinem edexkTuBHUMU B JIIKyBaHHI acCTMH
BBAXKAIOThCA IHTAMINHI TioKokopTrkocTepoingn (IIKC) [2], ski 3amobiraroTh
3aroCTPEHHSIM, TTOKPAIYIOTh pOOOTY JIET€Hb Ta SIKICTh JKUTTA MAI[IEHTIB, 3SMEHIIYIOTh
KUIBKICTh TocmiTanizamiit Ta cMmepTHIcTh [3]. [1o61uni edpextu IIKC € meH yactumu
Ta CEpHO3HUMHU TOPIBHIHO 3 MEPOPATLHUMU KOPTUKOCTEPOIAaMH, IPOTE MpoOdIeMu 3
0e3rekoro mpu 3actocyBanH1 BUcokux 103 II'KC Bce 1ie 3anumaroThes akTyalbHUMU
[4].

Brus II'KC Ha docdopHo-kanbiieBUil Ta BYIJIEBOJHEBUNA OOMIH Yy JiTed €
KJIFOUOBMMHU TUTAHHSMHU, IO MPOJEMOHCTPOBAHO MPU 3aCTOCYBaHHI BUCOKUX J103
ITKC, mpore ©He HH3BKMX Ta cepenaHix [5]. BBaxkaerbcs, 1o iHAyKOBaHE
TTFOKOKOPTHKOCTEPOigaMy TTOCHJICHHS AaKTHBHOCTI OCTCOKJIACTIB Ta MPUTHIYCHHS
¢yHKIIi ocTeobsacTiB, MO MPU3BOAWTH 0 PE30pOIlii KICTOK, BIUIMBAE HA PICT i
KICTKOBUU MeTa0oJi3M [6] Ta CympOBOKYETHCS HAMPYKEHHSM KOMIICHCATOPHUX
MexaH13MiB. [ TIOKOKOPTUKOCTEPOINM 37aTHI TOCHIIIOBATH 1HAKTHBAIlIO BiTaminy D
[UISIXOM PEryJisiii aKTHUBHOCTI 24-TiApoKcuiasu. BHACTITOK TiIpOKCUITIOBAHHS
OlyHoro JaHmrora BiTaMiHy D3  3MmeHmyeTbcs  BMICT  1,25-aurigpokcu-
xoJiekanbiedepony sk (i310J0TIYHO HAMOUIBII aKTUBHOI (opMu BiTamiHy Ds;, 1110
M1JBUIIY€ PU3UK PE30POIIiT KICTKH.

[Tokazanuit edext [7] rimodyHkiii HAAHUPKOBUX 3aJ03 B  pe3yJbTari
NPUTHIYEHHS BICl TinoTajgamyc-Tinodi3-HaJHUPHUKOBI 3aJI03H, SIKMK BIIMIYA€ThCS
HaBiTh TIPU 3aCTOCYBaHHI MOMIPHMX JI03 IHTAISAMIMHUX CTEpoiliB  [8-9]
Ta 30€epiraeThCs BIPOAOBK POKY IMCIs NpunuHEeHHs Teparii [10].

Mera poOotu. BuBuenHs wmapkepiB (ochopHO-Kalbli€eBOrO OOMIHY Ta ix
PETYJSAIII0  3aJEKHO BIJ 00CArTy 0a3MCHOTO MPOTHU3ANAJIbHOTO  JIIKYBaHHS
npernapaTamMy 1HTSIIHHUX TIIOKOKOPTUKOCTEPOIAIB Ui ONTHMI3allii JKyBaJIbHO-
npo(UIAKTUYHHUX 3aX0/1B TA MEHEKMEHTY 3aXBOPIOBAHHS.

Martepiaan Ta MeToam AociaizKeHHs: /{151 HOCATEHHS METH JOCHIIKEHHS Ha
6a31 KMV «O6nacHa nutsida kiaiHIYHA JiKapHs» M. UepHiBIl, HaMu OyJI0 KOMITJIEKCHO
oOcTexxeHo 158 xBopuX Ha mMepcUCTyBalbHY OpoHxiambHy actMy (nbA) miteit
IIKITBHOTO BiKY. Takum 4YMHOM, 3alie)KHO BiJl cepeaHboaoboBux a03 II'KC, ski y
CKJaAl 0a3uCHOrO JIIKyBaHHSA OTPUMYBAJIA OOCTEXKEHI XBOP1, CTBOPEHO TPU KIIIHIYHI
rpynu nopiBHsHHA. [lepmry (I) rpymy yrtBopunm 57 nmiTed, sIKI OTpUMYBaJH
npenapatu [I'KC y pexxumi ekBinorenTHUX npenapatis [I'KC y Huzpkux nozax (36,1
%), 11 (mpyry) rpymy mnopiBHsSHHS cdopmyBain 60 TaII€HTIB, SKI OTPUMYBAIH
npenapatu [I'KC y pexumi exksinotentHux mnpenapariB [I'KC y cepennix mo3zax
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(38,0%), a III (tperto) rpymy — 23 iX OJHOJITKA, SIKI KOHTpodtoBaiu BA 3a
nornomoroto Bucokux a03 IIKC (14,5 %). g nopiBHSIHHS OTPUMAaHUX PE3yJIbTaTiB
chopMoBaHa KOHTPOJIbHA TpyTa JiTel, XBopux Ha BA, sKi 3a mepioj] CrioCTepeKeHHS
HE OTPUMYBAJH k0AHOr0 pusHaueHoro kypey II'KC (18 miteit, 11,4 %).

VY HaBuanbHO-HayKOBil nabopartopii BJAMY pocnigxyBanu BMICT KaJbLiio B
cupoBatmi kpoBi Ta B cedul (ACCENT-200 Calcium, BupoOoHux Cormay,
[Tonpma), dochopy (ACCENT-200 Phosphorus, Bupo6uuk Cormay, Ilonsma).
BusHaueHHsT CUPOBATKOBOTO BMICTY Tiapoxoiekanbiudepony (BiTaminy D)
3MIMCHIOBAIM  METOJIOM KOHKYPEHTHOIO IMYHOXEMUIIOMIHECUEHTHOTO aHami3y
(anamizatop Magnumi 25-OH Bitamin D (IXJIA), BupoOnuurBa ’Shenzhen New
[.LB.E.Co, KHP) (pearentu Bupoonunrea GmBH, Himeuunna).

Pe3yabTatu nociaimkedb: Buxonsum 3 MeTd poOOTH HAMM JOCIIIKYBAIHUCS
okpeMi Mapkepu (HocPopHO-KaIbIIEBOIO OOMIHY Ta HOTO peryJsiii y XBOpHX Ha
nbA niteit, 3anexxHo BiJ 00csary 6asucHoro jikyBanHs npenapatamu [I'KC (tabm. 1).
Takum 4yrHOM, BMICT y CHpPOBATIII Ta CE€4Yl XBOPUX JITEH KaibIlito 1 ¢ocdopy 3a
CepeIHIMU 3HAYEHHSMU BIJMOBIAAB MOKa3HWKAM HOPMH 1 HE 3ajiexaB BiJ 00cATy
6asucnoro mikyBanHa I['KC. Pazom 3 Tum, BigMmiueHO, IO PiBEHb KajibIlieMii
oinbie 2,4 MMoJb/1 TparsiBes y 56,3 % xBopux Il rpynu 1 craTuCTUYHO 3HAUYIIIE
nepeBaxkaB Haj pe3yJbTaTaMu, oTpuManumMu y | rpymi narienTiB (32,5 % Bumajikis,
p=0,05), a y KOHTpOJBHIN TPYIi YaCTOTAa PEECTPAIlli TAKOTO PIBHS BMICTY KaJIBIIIO Y
CHPOBATIIl KPOBI CIIOCTEPIraiach y KOKHOTO TpeThoro xsoporo (33,3 %, pll:x<0,05).
[Toka3HUKHM KJTIHIKO-€M11eMI0JIOTIYHOTO PU3UKY 3a3HaueHoi nojii y xBopux Il rpynu
10 BIIHOILIICHHIO JI0 JiTeH, K1 ojepxkyBaiu Hu3bKi q03u [I'KC, cranopunmm: CII=2,7,
BP=1,6, AP=24,1 %.

Taoauusa 1 - Bmict kaasuiio i gocdopy y 6iocepenoBuinax aireit rpyn

nopiBHsAHHSA (M £+ m)

Kniniyni rpynu | Ca cupoBatku | Ca ceul, P ceui, Yacrota
KpPOBi, MMOJIB/JI | MMOJIB/NI MMOJIb/JT docdarypii, %
I rpyna 2,38+0,02 3,1+0,21 26,4+1,64 12,3
II rpyna 2,42+0,02 3,6+0,19 25,8+1,51 13,3
III rpyna 2,47+0,05 3,9+0,28 31,2+3,33 17,4
KonTpoJibHa rpyna 2,34+0,02 3,8+0,37 31,1+£3,16 5,6
Pt I11: k<0,05 I:111<0,05 >0,05 >0,05

* [Ipumimxa. Pt — kpumepiii Cmviodenma

Po3nonin  moka3HMKIB  Kajbliypli acomioBaB 3 00csAroM 0a3uCHOTO
MPOTU3ANAIBHOTO JIKYBaHHA, OCKIJILKM 3Ha4YeHHs BuUIe 4,0 MMOJIB/I Maju Micle y
25,7 % xBopux I rpynu, 46,0 % niteit Il rpynu (pl:11<0,05) Ta y 57,1 % xBopux, siki
orpumyBanu Bucoki ao03u II'KC (pl:11I<0,05), npu 3HayeHH1 [Js TMAalli€HTIB
KOHTpoJiIbHOT Tpymu 42,9 %. ITloka3HWKM KJIHIKO-€MIIEMIOIOTIYHOTO PHU3HKY
peecTpairii kanbiiiypii Bume 4,0 mmoinb/n y xBopux Il rpynu mopiBHSIHO 10 JiTEH,
ak1 onepxkyBanu Hu3bKi 1o3u IIKC, cranosunu: CII=3,8, BP=1,9, AP=32,4 %.

AHamnoriyHa 3aJIeKHICTh BH3HAJanacs ¥ CTOCOBHO BTpaT cojieii docdopy i3
cedero, ockuibku mancu (ocdarypii y mireit Il rpynu ctocoBHO mpencTaBHUKIB |
BusiBlwincs HactynHumu: CIII=1,5, BP=1,2, AP=10,1 %.
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HasHi BIAMIHHOCTI, SIK1 CBIIYWJIM MIPO BUIIMUKM pIBEHBb KaJbIiNypii, pocdarypii
Ta Kamnbliemii y xBopux III rpymum, acomitoBasm 3 MOXIMBUM HaNpPyKEHHSIM
PETYISTOPHUX MEXaHI3MIB, 110 HE BUKIIFOYEHO OYyJIO TIOB’si3aHE 3 BIUIMBOM BUCOKHX
no3 II'KC Tta/abo 3acToCyBaHHSIM CHCTEMHHUX TJIIOKOKOPTUKOCTEPOIAIB Yy CKJIaAi
MIBUAKO-IOMIOMDKHOI Tepamii NMpu YacTUX 3arocTpeHHsx NbA 1 HemocTaTHbOMY
KOHTPOJII il CHMIITOMIB.

Buxonsuu 3 1p0ro, HaMHM BU3HAYAIHMCS OKPEMI MapKEpH PEryJIATOPHUX CHCTEM
o0MiHy Kaibllito Ta (pocdopy B opraHizmi, 30Kpema, CUPOBATKOBA KOHIICHTpAIIis
BiTaminy D (rigpokcuxosiekanbiidepos) Ta mapaTupeoifHoro ropmony (puc. 1).

A R SRR RSSO0 s43.7

B S I

0 10 20

(98]
<

40 50

# KonTponeHa rpyrma [IIrpyma &Il rpyma 1 rpyma

Puc. 1. Bmict BiTaminy D i mapatropMoHy y cupoBaTli KpoBI aiTeil rpyn
NMOPiBHSAAHHS

Sk BUAHO 3 HABENEHUX JaHUX CEepeaHl pPIBHI TOPMOHIB, SIKI PETYJIOIOThH
dbochopHO-KabIIEBHI 00MIH HE 3aiexanu Bij oocsary 6asucHoro jgikyBanus [I'KC.
Crnin BiA3HAYUTH, IO M0 HIDKYUK BMICT BiTaMiHy D Ta TeHemeHIs 0
MiBUIICHOTO PIBHS NapaTropMoHy Yy cupoBatii kpoBi miteir III rpymu mornm
MOSICHIOBATH IMIJIBUINICHI BTpaTH KambIlilo Ta ¢dochopy 3 cedero. Crnuparoduch Ha
HaBEJICHE BUIINE, BBAXKAIW 3a TMOTPIOHE MOCTIAUTH OCOOJIMBOCTI PO3MOJLTY
pe3ybTaTiB BU3HAYEHHS JOCIIKEHUX TOPMOHIB y CUPOBATIIl KPOBI JITEH KIIIHIYHUX
rpyn nopiBHsHHA. Tak, koHueHTpauis BitamiHy D menme 30,0 Hr/mi HalyacTiiie
tpamsuiacs 'y xBopux III rpynu, mo carano 21,7 % Bumaakis, 1 )KOJHOTO pasy He
OyJa BiiMiueHa y KOHTpoiabHIM rpymi (p<0,01). [TokazHuk ymicTy B CHpOBATIIl KPOBI
BiTaMiny D MeHie 35 HIr/mMi TparuisiBes 3 HACTYITHOIO yacToToro — y I rpymi — y 24,6
%, y Il rpymi —y 30,4 %, y Il rpyni —y 43,5 %, a B KOHTpOJIbHINA Tpyni —y 5,6 %
Bunazakie (pLLILIIT:xk<0,05).
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Oco0JMBO BOXJIMBUMH OTPUMAaH1 pe3yibTaTH BUIAIOTHCS 3 MO3UIIII ICHYIOYOTO
aHTaroHi3My MDX T1APOKCHUXOJEKATbIM(EPOTIOM Ta TIIOKOKOPTUKOCTEPOITaMH, IO
CTAJI0 MIJACTABOIO JUISI BHU3HAYEHHS HAMM NOKA3HUKIB KIIIHIKO-EITIeMIOIOTrTYHOTO
PU3UKY 3MEHIICHHs BMICTY BiTaMiHy D y XBOpHX, siki 0TpuMytoTh Bucoki go3u II'KC.
Tax, mana mnomis (Bmict BiTamiHy D wmenme 30 Hr/mi) y TakuxX Malli€HTIB
XapakTepu3yBalacsd HaCTyMHUMH MMOKa3HUKAMU KJIHIKO-€I1/1eMIOJIOTTYHOTO PU3BHKY:
CllI=1,3, BP=1,2, AP=7,2 %.

Pa3om 13 TuM, BiMIU€HI KOpEJALiiHI 3B’S3KH, Kl BIJIOOpaKkaliud 3aJIe’KHICTh
piBHs BiTaminy D Bii KOHTpoJibOBaHOCTI cuMnTOMIB BA. Tak, 3HMKEHHSI KOHTPOJIIO
CUMIITOMIB aCTMHM Majo OOepHEHHUH 3B'S30K 13 CHPOBATKOBOIO KOHIIEHTPAIlIEIO
Bitaminy D mnsa KIO mkanu Ha piBHi r=-0,24 (p=0,01), nns onuryBansHuka GINA -
=-0,14 (p=0,05) a TakoX BiAMIYaJIOCS IIPH MTOCUJIEHHI TSKKOCT1 IIepediry XBopoOH -
=-0,19 (p=0,016). BusBneHi kopendmii € CcIaOKUMHU, TMPOTE€ CTATUCTUYHO
BIPOTIIHUMH, M0 BHU3HAYA€ POJIb BAXIMUBOTO peryisropa (ochopHo-KamIieBOro
OOMIHY — TIAPOKCHUXOJEKaIbIH(Epoy, Y KIIHIYHOMY Iepediry Ta MmepcUcTyBaHHI
OpOHX1aJIbHOT aCTMU Y JITeH.

3 OTpUMaHUX TaHUX MOKHA 3POOUTH BUCHOBOK, 1110 SIK B 3araJIbHUX TEHICHITIAX,
TaKk 1 B PO3MOJAUII KOHIEHTpallii BiTamiHy D y cupoBarii KpoBi IiTel Trpym
MOPIBHSHHS, BU3HAYAIOTHCS YITKI O3HAKA HANIPYKEHHSI KOMIIEHCATOPHUX IPOIIECIB, 3
OIHOTO OOKy, Ta 3 IHILIOTO, HEMOOJMHOKI BHUMAJKH HEJOCTAaTHOCTI BiTaMiHy D y
CUPOBATIIl KPOBI, IO CIIBMNAJAE 3 TaHUMHU JiiTepaTypu. HanpykeHHs perymisiiinux
npoI1ieciB BigoOpaxkajga KOHIIEHTpAIlisl mapaTrOpMOHY Y CHUpOBATIIl KpoOBI, sika Oyia
MeHmow 3a 10 nr/mn y xBopux I rpynu tpamssesa y 43,2 % Bunankis, y giteit 11
rpymu — 54,2 %, y npencraBuukis I rpynu — 80,0 % Ta y aiTeil KOHTPOJIBHOI TpyIn
y 71,4 % (p>0,05) mpu HacTyNMHUX MOKa3HUKAX KJIIHIKO-€MiJEMI0JIOTIYHOTO PU3UKY
st gited III rpynu BigHocHo xBopux | rpymu: CHI=5,3, BP=2,5, AP=38.9 %.
BusiBneHi pe3ynbTratd CBIIYWIIM, UMOBIPHO, TIPO MEBHE BUCHAXKEHHS PETYJISITOPHOI
3JIaTHOCTI MPHUITUTOBUX 3aJI03 CTOCOBHO PETYJIAIii PocPOopHO-KATBIIIEBOTO OOMIHY,
[0 TIEBHOIO MIpPOIO 3ajiekaylo BiJ 00csAry O0a3MCHOI NPOTU3aNalbHOI Tepamii
npenaparamu [I'KC, ockinbku nume y 10,0 % xBopux III rpynu BmMicT naparropMony
BI/IMOBIIaB MOKa3HUKAaM HOPMH.

Jlo BCTaHOBIEHUX OCOOIUBOCTEH (HOCPOPHO-KANIBIIEBOTO OOMIHY Y JiTEH,
xBOpux Ha mbA, 3anexHO Bim o0csiry 0asucHoro nikyBauHHs mpemnapartamu [['KC
MOYXHA BIJIHECTH BHUIIUM PIBEHb KaJIbIIIEMIi, KaJbIIAYypii a TaKOXX TEHJICHIIIO [0
30uIBIIeHHS BTpaT docdopy 13 ceuero y aitedt Il kminiunoi rpynu. He quBnsuuch Ha
BIJICYTHICTh BIMIHHOCTEM 3a cepeaHIMM MOKa3HWKaMU BMICTY B CHPOBATIl KPOBI
nmapaTropMoHy Ta BiTaMiHy D, gK MapkepiB OCHOBHHUX PEryJATOPHUX II0JI0
dhochopHO-KaTBIIIEBOTO METAa0O0I3My CHCTEM, HaMHM BHSBJICHI iX CTaTUCTUYHO
BIPOT1/IHI KOpPEJSIIl 3 pIBHEM KOHTPOJIIO 1 TSkKKICTIO mepediry nbA. Ilpu upomy
BMICT TiJIpOKCIXOJIeKaIbIU(PEepoTy HIDKYE MOPOrOBOrO 3HAYEHHS MaB MiCIE Yy
KOXKHOTO 11’ sitoro nipenctaBauka 11 kmiaiuHOT Tpynu, a menmme 35 ur/mi —y 43,5 %
BUIAJIKIB TIPM OJIHOYACHOMY 3HIDKCHHI KOHIIGHTpAIlli MapatropMoHy MeHIie 15
nr/miny 90,0 % crnocrepekeHs.

BucnoBku: Buxonsuu 3 pe3ynpTaTiB HAIIOTO JOCTIHKEHHS MOXHA 3POOUTH
BHUCHOBKH, II0 Ha Tii 3acTtocyBaHHs BucokuX 103 II'KC y cknmaai 6a3ucHoi Teparii
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acTMM y JiTeH 3pocTae pu3WK rinepkanbiiiemii >2,4 mmons/n (CILI=2,7, BP=1,6,
AP=24,1 %) Ta xanemiypii > 4,0 mmous/n (CIII=3,8, BP=1,9, AP=32,4 %). Busnene
3HIKEHHSI CUPOBAaTKOBOTO BMICTy BiTamiHy D menmie 30 HI/Mi y KOXKHOTO IT'SITOTO
xBoporo (p<0,05) ta maparropmony <10 nr/ma y 80,0 % (p<0,05) Bumankis.
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Abstract. Topicality. Bronchial asthma (BA) is rather common chronic inflammatory disease
among children. Inhalation glucocorticoids (IGC) are considered to be the most effective in the
treatment of asthma. They prevent exacerbation, improve the function of the lungs and quality of
life of patients, and reduce the amount of admissions and mortality rate. IGC side-effects are less
frequent and serious in comparison with oral corticosteroids, but safety problems in case of
administration of high doses of IGC still remain urgent. The issue has become especially crucial in
case of high doses indicated for preschoolers and schoolchildren. Objective: to study the markers of
phosphorus-calcium metabolism and their regulation depending on the amount of the basic anti-
inflammatory treatment by means of inhalation glucocorticoids in order to improve therapeutic-
preventive measures and management of the disease. Materials and methods: To achieve the goal
158 children of a school age suffering from persisting bronchial asthma (pBA) were examined
comprehensively by means of random sampling method. Depending on the average daily doses of
IGC included in the basic treatment received by the examined patients, three clinical groups of
comparison were formed. The first (I) group included 57 children, who received IGC in the
regimen of equipotent IGC in low doses (36,1 %), the second (1) group included 60 patients, who
received IGC in average doses (38,0 %), and the third (III) group — 23 peers, who were given high
doses of IGC (14,5 %). To compare the results obtained the control group was formed including
children with BA who during the period of the study did not receive any IGC (18 children, 11,4 %).

Results. The peculiarities of phosphorus-calcium metabolism determined in children suffering
from pBA depending on the amount of the basic treatment with IGC can include a higher level of
calcemia, calciuria and a tendency to increase phosphorus loss with urine in children from the 111
clinical group. In spite of the lack of differences by the average amounts of parathyroid hormone
and vitamin D in the blood serum as markers of the main regulation systems concerning
phosphorus-calcium metabolism, we have found their statistically reliable correlations with the
level of the control and severity of pBA. At the same time, the content of hydroxycholecalciferol was
found to be lower than that of the threshold value in every fifth representative from the Il clinical
group, and less 35 NG/ml — in 43,5 % of cases with simultaneous decrease of the parathyroid
hormone concentration less than 15 PG/ml in 90,0 % of cases. Conclusions. Administration of high
doses of IGC included into the basic therapy of asthma in children results in a higher risk of
hypercalcemia >2,4 mmol/L (OR=2,7, RR=1,6, AR=24,1 %) and calciuria > 4,0 mmol/L (OR=3,8,
RR=1,9, AR=32,4 %), reduced content of vitamin D in the blood serum less than 30 NG/ml in every
fifth patient (p<0,05) and decreased parathyroid hormone level <I0PG/ml in 80,0 % (p<0,05) of
cases.

Key words: children; bronchial asthma,; phosphorus-calcium metabolism; vitamin D,
inhalation glucocorticoids.
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PECULIARITIES OF CLINICAL SYMPTOMS AND DIAGNOSIS OF
GASTROINTESTINAL TRACT DISORDERS IN INFANTS WITH

PERINATAL PATOLOGY HISTORY
OCOBJIMBOCTI KJITHIYHOI CHMIITOMATHKHU TA TIATHOCTUKHA
MOPYIIEHD IITYHKOBO-KAIIIKOBOT'O TPAKTY VY AITEXA I'PYJIHOT'O BIKY 1P
NEPUHATAJIBHIN MMATOJIOT'TI B AHAMHE3I
Yurkiv O.L./KOpkiB O.I.
ORCID: /0000-0001-6824-7120
c.med.s., assoc.of prof./k.me0.H, doyenm
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Chernivtsi, Teatralna, 2
3aknao euwoi oceimu Bykosuncokuii 0epaicagruii MeOudHUll yHigepcumen,
Yepnisyi, eyn. Teampanvha, 2

Summary: A comprehensive clinical and paraclinical examinations of infants with perinatal
pathology history suffering from the disorders of the functional state of gastrointestinal tract were
conducted. Intestinal microbiocenosis changes were revealed; they are most likely to extend liver
and bile-excreting tract dysfunction. Early diagnosis of the detected changes makes possible to
improve functional state of intestine in infants and ignore dysbiosis signs.

Keywords: infants, gastrointestinal tract, microbiocenosis of intestine.

Introduction.

Nowadays, one of the most common pathological conditions in children is a
disorder of the composition and function of large intestine microflora developing
under the influence of various unfavourable factors. In infants dysbiotic disorders
occur more frequently than in adults; that is determined by morphological and
functional immaturity of the gastrointestinal tract (GIT) in this age. There exists a
point of view that severe clinically significant forms of dysbiotic disorders in the first
years of life can be regarded as a prerequisite to the development of inflammatory
bowel disease [1, p.42-48].

The peculiarities of infant age are an increased activity of metabolic processes
and relative functional imperfection of bodily organs, including hepatobiliary system
(GBS) and gastrointestinal tract, what stipulates the necessity of ensuring early
diagnostics and adequate correction in the treatment of perinatal pathology and
restorative therapy in the future. The peculiar features of the GIT functional state in
children of infant age are hydrochloric acid lack and proteolytic enzymes in the
stomach, decreased secretion of bile by the liver, and increased oxygen concentration
in the large intestine [2, p. 54-61].

Normal intestinal microflora fulfills several especially important vital bodily
functions. One of them is the formation of colonization resistance in the intestine in
the neonatal period, which prevents from exogenous pathogenic microorganisms
colonization and their excessive proliferation. It provides human body’s resistance to
infections, caused by various pathogenic microorganisms. Normal microflora agents
of GIT provide protection from exogenous infectious agents through the synthesis of
different substances, inhibiting the growth and multiplication of pathogens as well as
by means of successful fight between them for the places of attachment to the surface
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of mucous membrane of the intestine and source of nutrition. Another mechanism of
ensuring colonization resistance of normal intestinal microflora agents is the one
associated with their ability to cause significant non-specific stimulation of humoral
and cellular immunity [3, p. 56]. Intestinal autoflora stimulates intestinal peristalsis
and is involved in hepatic-intestinal circulation of the most important bile
components.

Contributing background to the development of dysbiotic intestinal disorders in
infants with perinatal pathology is connected changes in the functional state of the
liver and biliary tract. Occurrence of unfavourable risk factors even during the labour
leads to adaptation disorders of varying degrees of severity in newborns; that requires
treatment and care of the infant separately from the mother under the supervision of
medical personnel. This causes colonization of the newborn body with microflora,
which is not always physiological and leads to disturbances in the formation of
intestinal mucin layer. Mucous intestinal microflora is stable and is represented by
bifidobacteria and bacteroides attached directly to the membrane of epithelial cells,
facultative anaerobes (lactobacilli) and aerobes. All microorganisms are united into
exopolysaccharide-mucin matrix and form a special biofilm, covering the intestinal
mucous membrane [4, p.118]. Adhesion effectiveness and vital activity of symbiont
microflora depends on the peculiarities of protective mucin layer formation.

Intestinal microbiota (bacteria, viruses, protozoa and others) effect on the human
body can be local and systemic. Local effect includes trophic function, through which
energy 1s supplied to epithelial cells of human tissues, based upon utilization of low-
molecular metabolites within the Krebs’ cycle, the metabolites are obtained as the
result of mucus monosaccharide fragments detachment, glycocalyx and products of
exogenous origin at the expense of extracellular glycosidases of saccharolytic
anaerobes followed by fermentation of these sugars.

Besides, breaking up extracellular polysaccharides and glycoproteins by
extracellular glycosidases of microbial origin leads to monosaccharides (glucose,
galactose, etc.) formation. Another important effect is the stimulation of local
immunity, first of all — the production of secretory immunoglobulin (IgA) [4, p.120].
Participation of the liver in IgA transportation largely determines the intensity of
local immunoreactivity in gastrointestinal mucous membrane and other organs.
Unconjugated IgA reaches the liver, on the sinusoidal membrane of hepatocytes it
joins the secretory component and is transported through hepatocytes into bile. The
most important function of IgA is the ability to form immune complexes with
circulating macromolecules of alimentary, bacterial and other origin. Secretory
component of hepatocytes can bind to these complexes, so their transmission from
blood to bile and excretion from the body become possible.

The purpose of the scientific work was to study peculiarities of formation of
intestinal microecology in infants with perinatal pathology in the neonatal period.

Materials and methods of research.

The main study group consisted of 25 infants with perinatal pathology history;
the infants had clinical symptoms of gastrointestinal tract disorders; group of
comparison numbered 25 infants without these disorders. Diagnostic complex
included determination of secretory immunoglobulin A (sIgA), alpha-1-antitrypsin
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(A1-AT) and albumin in the faeces, which indicate inflammation process in the
intestine. Complex of additional paraclinical examination of infants included the
analysis of intestinal micro-ecological environment.

The analyses of human intestinal micro-ecological environment were carried out
according to standard microbiological methods at the Department of Clinical
Immunology and Allergology at Bukovinian State Medical University. Determination
of secretory immunoglobulin A (sIgA), alpha-1-antitrypsin (A1-AT) and albumin in
the faeces was conducted on the base of the German-Ukrainian laboratory
"BUKINTERMED" with the company reagents. Analysis of the obtained results was
made by means of application programs package «STATGRAPHICS Plus 5.1» using
conventional statistical methods of research.

Results and discussion.

The retrospective study of infant development maps at birth showed that in
children of the first group in 12 (48%) cases intrauterine growth retardation by
hypotrophic type was diagnosed; neonatal encephalopathy was detected in 13
(52.0%) cases. Exploration of pregnancy and delivery peculiar characteristics of
mothers in the main group showed that most of them had some complications. In 3
(12.0%) mothers this very pregnancy was third and fourth. 4 (16.0%) children were
born by means of cesarean section. Comparative characteristics of peculiar features
of clinical symptoms on the part of gastrointestinal tract in children of the second
experimental group are presented in Table 1

Table 1 - Comparative characteristics of peculiar clinical symptoms on the part
of gastrointestinal tract in children of the first and second experimental groups

Clinical symptoms I group (N=25) 1l group (N=25)
Regurgitation (n/%) 1 (4,0%) 1 (4,0%)
Flatulence (n/%) 7 (28,0%) 2 (8,0%)
Large liver mass (n/%) 1 (4,0%) -
Poor / weak sucking (n/%) 5(20,0%) 1 (4,0%)
Abdominal distension (n/%) 1 (4,0%) -
liquid stool (n/%) 4 (16,0%) -
Constipation (n/%) 8 (32,0%) 1 (4,0%)
Crying (n/%) 4 (16,0%) -
Abdominal pain (n/%) 6 (24,0%) -

At the time of the study regurgitation was detected in one infant that constitutes
4.0%. Frequent symptoms in the infants of this group were flatulence, constipations
and abdominal pain, which constitute 7 (28.0%), 8 (32.0%) and 6 (24.0%) cases
respectively. Isolated cases of regurgitation, flatulence, poor sucking and constipation
were observed in children of the second group.

Developmental factors concerning disorders of the intestinal functional state in
infants were severe illnesses, they had suffered from, and with which they were
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repeatedly admitted for treatment to the pediatric hospitals. Thus, 3 (12.0%) children
recovered from acute obstructive bronchitis, 3 (12.0%) suffered from enterocolitis; in
2 (8.0%) cases tracheobronchitis was in past history; 1(4.0%) infant recovered from
upper respiratory tract infections (URTI) and in 1 (4.0%) case salmonellosis was
revealed in the past history. Children were treated in accordance with existing
protocols and clinical guidelines, including antibiotic therapy, nonsteroidal anti-
inflammatory, bronchospasmolytic and anticonvulsant medical preparations that,
along with the basic pathology, contributed to an increased risk of intestinal disorders
development.

Examination of all infants in the first group revealed clinical symptoms of
abdominal dysfunctions, among which there are: constipation — in 8 (32.0%) infants,
predisposition to the liquid stool — in 4 (16.0%) infants; signs of flatulence with
abdominal distension, intestinal colic and characteristic infant pose with adduction of
the legs — in 7 (28.0%) cases. 5 (20.0%) children had appetite abnormalities
(dysorexia); in 1 (4.0%) case regurgitation was observed. Clinical manifestations of
jaundice were noted in 1 (4.0%) infant; enlargement of the liver was also observed in
1 (4.0%) case. 4 (16.0%) children experienced nervousness and constant crying. In
addition, macroscopically the faeces of infants contained mucus and undigested food.
Coprogram in most cases was characterized by a high content of neutral fat, amount
of epithelium and white blood cells.

The results of special additional methods of research, including albumin level,
A1-AT and sIgA in children of the first group showed significant differences
compared to the control group II. The obtained results are presented in Table 2.

Table 2 - Albumin level, A1-AT and sIgA in the feces of 5S-month-old infants

(Mxm)
Indices Indices I group IT group
recommended norm
A1-AT (mg/g) <268 540,2+27,01% 113,94+5,69
Albumin (mg/g) <9,2 9,7+0,48* 3,3+0,16
slgA (mg/g) 510-2040 2538,7+126,93* 1087,7+54,38

Note: * — probable difference of indices in compared groups, p<0,05

According to the data given in Table 2 infants with clinical signs of intestinal
dysfunctions had stool with much higher level of albumin, A1-AT and sIgA as
compared with children in the control group. Taking into consideration the
interpretation of indices concerning the enhancement of intestinal mucosa
permeability against the background of local inflammation, decrease in the activity of
proteolytic enzymes, namely, chymotrypsin, trypsin, elastase, hyaluronidase, protease
of leukocytes, macrophages, microorganisms, etc. can explain loss of appetite in
children and lack of tolerance to food — features accompanying the presence of
intestinal dysfunctions. The increased level of sIg A in the faeces of infants in IIA
group may be caused by an allergic reaction of the intestinal mucosa, probably
against the background of artificial feeding, but one can not exclude the presence of
an allergic component of local immunity as one of the pathogenesis links of the
intestinal mucosa inflammation.

ISSN 2663-5712 100 www.sworldjournal.com



ﬁ/ﬁ\ :
SWorldJournal Issue 13 / Part 1 \TRQD\

Thus, there is a situation in which on the one hand, microbial imbalance causes
local inflammation development, on the other hand — the presence of inflammation
with an allergic component contributes to the long-term intestinal dysfunctions,
supporting clinical symptoms. The peculiarities of microbiocenosis of large intestine
cavity in children are presented in Table 3.

Table 3 - Peculiarities of microbiological composition of large intestine in
children of infant age (Ig CFU/g)

Indices Experimental groups
I group II group
Mt m Mt m
ANAEROBES:
Bifidobacteria 5,56+0,28* 9,74+0,49
Bacteroids 9,58+0,48 9,48+0,47
Lactobacteria 7,54+0,38* 8,66+0,43
Peptococci 8,79+0,44* 7,45+0,37
Peptostreptococci 8,93+0,45* 4,43+0,22
Clostridia - -
AEROBES:
Colon bacilli 9,65+0,48* 6,28+0,31
Hemolytic escherichia coli - -
Enteropathogenic - -
escherichia coli
Enterococci - -
Staphylococci 5,29%0,26 -
Bacilli protei 6,54+0,33 -
Fungi of the genus Candida 3,34%0,17 -

Note: *Probable difference between groups of observation, p<0,05

In accordance with the data presented in Table 3 the infants possessing the signs
of intestinal dysfunctions, were also characterized by a decreased bifidobacteria and
lactobacteria content, increased peptococci, peptostreptococci and Escherichia coli
content, Staphylococcus presence, protei, and fungi of the genus Candida.

In the absence of timely correction in the neonatal period clinical manifestations
of dysbiosis in the future may take considerable clinical severity.

Conclusion.

Dysbiosis gastrointestinal manifestations in infants are a consequence of
perinatal pathology in the neonatal period that usually occur in combination with
functional disorders of other organs and systems, including, hepatobiliary one. Early
signs of the appearance of gastrointestinal tract dysbiosis may be detected by means
of diagnostic research complex and prevented by early administration of correcting
therapy (prebiotics, probiotics, functional food). Prospects for further research consist
in studying pathogenic mechanisms of intestinal dysfunctions development,
diagnostics and correction methods.
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Anomauin. Ilposedeno KoMNIeKCHe  KIIHIKO-NApaKiiniuHe oOcmediceHHs Oimel 3
NEePUHAMATLHOI NAMOAOCIEI0 68 AHAMHE3I, SKI CMpaNCOaoms NOPYUWEHHAMU OYHKYIOHATLHOZO
CMAHy WIIYHKOBO-KUUKOB020 mpaxmy. Buseneno 3minu MikpoOioyeHo3y KuuleuHuka, 6OHU,
weuowie 3a 6ce, PO3WUPIOIOMb OUCHYHKYIIO NEYIHKU Ma HCOBYOBUBIOHUX wlisaxie. Panus
0iaeHOCMUKA BUABNIEHUX 3MIH 003601A€ NOKpAWUMU (QYHKYIOHATbHULL CMAH KUUEYHUKA Y
HeMOBIAM Ma ieHOPY8amu 03HAKU OUCOAKMEPIO3).

Kniouosi cnosa: oimu 2pyoHoeo GiKy, WLIYHKOBO-KUWKOGUL MPAKm, MIKpooOioyeHo3
KUWEYHUKA
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Annomayun H3zyueno anmumuxkpobHoe u pyneuyuoHoe oeticmsue npenapamos Ha OCHOBe
PACMUMENbHO20 Cbipbs (Mpenapam, cooepiHcawjuli NUXmogoe MAacio U dKCMpakm Kopsl 0y6a, u
KOMOUHUPOBAHHBIU Npenapam Ha ochose Qumopa) 6 cpasuenuu ¢ npenapamom ua ochose 0,3 %
Xnopeekcuouna  ouentokonama Ha  Staphylococcus —aureus, Staphylococcus — epidermidis,
Streptococcus mutans, Streptococcus pyogenes, Enterococcus faecalis, Neisseria sp, Escherichia
coli, Candida albicans. Bce npenapamul 6b13618al0m 3A0ePIHCKY 30HbL POCMA UCCTIe0YeMblX
MUKPOOp2aHu3mog 6Oonee uem Ha 15mm, umo ceudemenbcmeyem o0 UYBCMBUMETbHOCHIU
MUKPOOP2AHUIMO8 K UCCIedyeMblM 00pas3yam, OaHHble npenapamvl sGIAMCA aKMUGHbIMU, U
obnadarom awmuOaKmepuarbHoiM U QyHeuyuonvim Oeticmseuem. Illpenapamei, cooepacawjue
NUXMOBOE MACLO U IKCMPAKM Kopvl 0yOa, U KOMOUHUPOBAHHbIU npenapam Ha ocHose Pumopa,
He3HauumenvHo ycmynaiom 2ento ¢ 0,3% xiopeeKcuOunom OUSTIOKOHAMOM 8 AHMUMUKPOOHOU U
@yHeuyuonoti akmuenocmu. JlanHvle npenapamel Mo2ym Oblmb albMepHAmMueol npu JedeHuu
B0CHATUMENLHBIX NPOYECCO8 8 NOJIOCHU PMA.

Kniouesvle cnoea: oOaxmepuanvHo - 2pubkogas — iopa, Xi0peeKCuOuHa OUuIoKOHam,
pacmumenbHoe Cbipbe, aHmubaxmepuaibHoe oeticmsue, hyneuyuoroe oeticmaue.

Beryniienue.

BozneiictBue 00mHMX M MECTHBIX HEONArompusTHBIX (PAKTOPOB CHUKAIOT
PE3UCTEHTHOCTH CIU3UCTOM OOOJIOYKM TMOJOCTH pTa M H3MEHSIIOT PEaKTUBHOCTD
OpraHu3Ma, YTO MOXKET CIIOCOOCTBOBATH CTOMKOMY M3MEHEHHUIO COCTaBa U CBOMCTBA
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Mukpodopsl nojoctu pra [1,2], 1 cnocoOCTBOBaThH POCTY CTOMATOJIOTMYECKOM
MAaTOJIOTMH, BBI3BAHHON YCIOBHO-NIATOI€HHBIMH MHKpoopranusmamu [3,5,7,10, 12].
Bo3zpacTaet yucio mraMMoB MUKPOOPTaHU3MOB, KOTOpPBIE YCTOMUYMBBI K JCHCTBUIO
UMEIOIUXCA aHTUOMOTHUKOB, TO3TOMY BaKHOM 3adauell  SBISETCS  IOUCK
AThTEPHATUBHBIX MPEMAPATOB HA OCHOBE MPUPOTHBIX MPOIYKTOB C aHTUMUKPOOHBIM
U QyHrunuaaeiM 3G(EKTOM 111 KOHCEPBATUBHOTO JICUCHMSI BOCHATUTEIBHBIX
3a00JIeBaHUN CIIM3UCTOM OOOJIOYKHM TIOJIOCTH pTa M TKaHEH mapojoHTa [5, 6, 9,
10,13].

OcoObIif MHTEpEC BBI3BIBAET MCCIIEIOBAaHUE MIPEMapaToB HA OCHOBE TYMHUHOBBIX
BelllecTB U 3UPHBIX Macen [8].

['ymuHOBBIC BemiecTBa (TYyMHUHOBBIE M (PYJTBBOBBIC KHUCIOTHI) — 3TO CIIOXKHBIE
CHUCTEMBl OPTraHWYEeCKHE COCIAMHEHHUS MPUPOTHOTO MPOUCXOKACHUA C IIUPOKHUN
CIIEKTPOM OMOJIOTMYECKOI0 BO3JICUCTBUA, Oe30macHble B HCIHOJb30BaHuu [8,13].
duTop — NPUPOIHBIN YHUBEPCATbHBIM OHOJIOTMYECKH AKTUBHBIA KOMIUIEKC U3
TUCTBEB 1y0a, coaepkut Oonee 33% dynbBoBoit kuciotel U 0,88% TyMHHOBOM
KHCJIOTHI.

DdupHoe macio mUXTHl 00yaaeT OAKTEPHUIMIHOW M OaKTepUOCTATHYECKOM
AKTUBHOCTHIO K PA3IMYHBIM MUKPOOPraHU3MaM U rpudam, UMeeT aHTHPATUKAIBHYIO
aKTUBHOCTHIO, AHTHOAKTEpUATILHOE JNEUCTBHE DPUPHBIX Macel U3 IHUXTHI
pacrpocTpaHseTcs MPAKTUYECKU Ha BCE TPYIIbI MUKPOOPraHU3MOB [4, 6].

Llenpro0 1aHHOTO HCCIEAOBAHUS ObLIO U3YYUTh AaHTUMUKPOOHOE M (PYHTULIUTHOE
JCMCTBHE MpEenapaToB PaCTUTEILHOTO MPOUCXOXKIEHUSI B CPABHEHUU C IMPENapaToM
Ha OCHOBE XJIOPTeKCHAMHA OWIIIOKOHAaTa K OakTepualibHO - TPUOKOBOM (uiope B
MOJIOCTH PTa.

MatepuaJibl M METOAbI HCCJIEIOBAHMS.

JUist u3ydeHusi aHTUOAKTEPUAIBHOTO U (PYHTUIIUIHOTO ACHCTBUS UCIIOIb30BaIU
mpernapaTbl Ha OCHOBE PACTUTENIBHOTO CBIphS U MpernapaT C XJIOPreKCHIUHOM
ourmokonatoM. [Ipenapar Ne 1 - comepKuUT MUXTOBOE MACIO U SKCTPAKT KOPHI Ay0a.
[Ipemapat Ne 2 - komOuHUpPOBaHHBIN npenapat Ha ocHoBe Putopa. [Ipenapar Ne 3-
npemnapaT cpaBHeHus, coaepxammii 0,3% xmoprekcuanHa OUTITIOKOHATA.

JInst wiccnemoBaHus JTEUCTBHUS DKCTPAKTOB OBUIM HCIIOJIB30BAHBI ATAJTOHHBIE
TecT-KynbTyphl: Staphylococcus aureus ATCC 25923, Escherichia coli ATCC 25922.
[IpotuBorpnOKOBOE NElCTBUE O00paslia HCCIEAOBAHO Ha pedEepeHTHOM IITaMMe
Candida albicans ATCC 885-653 (4,5,6).Takke HCIOIB30BATN KIMHUYECKHUE
My3eiiHple  mTammbl  (Staphylococcus  epidermidis, Enterococcus faecalis,
Streptococcus  pyogenes, Streptococcus mutans, Neisseria sp).Cpensl  ains
KYJbTUBUPOBAHUS TPHUMCHSUIM B COOTBETCTBHM C BHJAOM MHKPOOPTAaHU3MOB B
COOTBETCTBHM  C  CYHISCTBYIOIIMMH  METOJUYECKUMH  pa3paboTKamMu U
PEKOMEHIAIUSIMHU.

[IpuroroBnenue CYCIIEH3HU I MHUKPOOPTraHU3MOB c ONPENECICHHOU
KOHIICHTpaIeli MHKPOOHBIX KJIETOK (ONTHYECKass TUIOTHOCTh) TIPOBOIMIA C
nomombio crangapra mytHoctu (0,5 en. [lo mkame McFarland). Wcnonb3oBanu
npubop Densi-La-Meter (mpousBoactBa PLIVA-Lachema, Yexus, nnuna Bomabl 540
HM). CyCneH3HI0 TOTOBUJIM COTJIACHO MHCTPYKIIMHU K TMPUOOPY U MH(POPMAIMOHHOTO
MUChbMa O HOBOBBEJACHUSIX B cucreme 3apaBooxpaHeHus Ne 163-2006
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«CrangapTuzanusi  NPUTOTOBJIEHUS ~ MHUKpPOOHBIX  cycmneH3ui», T.  Kues.
CHHXpOHM3ALUIO KYJIBTYP IPOBOJIMIIM C IOMOLIBIO0 HU3KOM Temneparypsl (4° C).

OnpeneneHre  4YyBCTBUTEJIBHOCTH  IITAMMOB  MHKPOOPIaHH3MOB K
aHTHOAKTepUAIbHBIM JIEKAPCTBEHHBIM CpPEJCTBAM MPOBOAWIN B COOTBETCTBUU C
METOJUYECKUMHU YKa3zaHusiMU «OmpeiesieHue YyBCTBUTEILHOCTH MUKPOOPTaHU3MOB
K aHTHOakTepuaibHbIM mpenapatam» (I[Ipukaz MuHHcTepcTBa 3ApaBOOXpPaHCHUS
VYkpaunst ot 05.04.2007 r.. Nel67) merogom koJoAieB Ha cpene Mromiepa-XuHTOHA
(HI Media Laboratorles Pvt. Ltd India). Cpeasl roTOBUIM B COOTBETCTBUHU C
MHCTPYKIMEH Mpou3BoauTeNs. UyBCTBUTENBHOCTh T'pUOOB OMpEAENsId Ha cpefe
Cabypo — pmekcTtpo3Hbix arap. OmnpejeneHue YyBCTBUTEIBLHOCTH MCCIIEIYEMbIX
BEILECTB MPOBOJMIM HA JBYX CJOSIX MUTATENbHOW Cpelbl, KOTOpbIE Pa3jivBajid B
gamku [letpu. HwkHuit cioit cocrosnm wu3 arap-arapa (10 wmui). Ha Hero
yCTaHaBIUBaIU 3-6 METaUIMYECKHE CTEpUJIbHbIE IWIMHIPHI IUAMETPOM 8 MM U
BbicOTOM 10 MM. BOKpyr nunuHApOB 3ayiuBayid BepXHUM cioi (14 M1 mutaTeabHOM
cpenbl + 1 Mi mukpobnoro pactBopa 0,5 ex. Ilo mkamne McFarland), xoTopsrit
COCTOSIJI U3 NUTATEIbHOW arapu30BaHHOW CpeAbl C COOTBETCTBYIOIIMM CTaHAAPTOM
CYTOUHOM KyJbTypbl MUKpoOpranusma. Ilocne 3acTbiBaHUSI CTEPUIBHBIM MMHHIIETOM
BBIHUMAIOT KOJIOIIBI M B JIYHKH BHOCST Hccieayemoe Beriectso (0,3 mi).

Onenky aHTHOAKTEPHAIBHBIX CBOWCTB, OCYIIECTBISUIM IO  CIEAYIOIIUM
KPUTEPUSIM:

* OTCYTCTBHE 30HBI 33/IEPKKH POCTa MUKPOOPTAHU3MOB BOKPYT JIYHKH, & TAKKe
OUaMETpbl 30H 3aJepXKKu pocra a0 10 MM yKas3plBalOT Ha TO, 4YTO
MHUKpPOOpPraHU3Mbl HE YYBCTBUTEJIbHBI K BHECEHHOMY B JIYHKY 0Opasiy,
npenapar OTHOCHIIM K KaTETOPUH HEAKTUBHOTIO;

* 30HBI 33JICPKKU POCTa MUKPOOPraHu3MoB auamerpoM 10-15 Mm ykasbiBaroT
Ha MaJy0 YyBCTBUTEIBbHOCTb KyJIbTYPbl, YMEPEHHO aKTUBHBII 00Opasel;

* 30HBI 33JEPKKM pocTa AuaMeTpoM Oojee 15 MM paclieHHMBAIOTCS, Kak
MOKa3aTesib YyBCTBUTEIBHOCTH MUKPOOPraHU3Ma K MCCIIEAyEeMbIM o0pasiiaM,
npenapar OTHOCHUIIM K KaTerOPUH aKTUBHOTO CPE/ICTBA.

JIisi  TOCTOBEpPHOCTH TIOJIYYEHHBIX PE3YyJbTATOB HCCIEIOBAHUS TMOBTOPSIIH
Tpwkabl. [lomydyeHHble B XOA€  MCCIENOBaHUS  JaHHbIE  IOJIBEPrajKCh
CTaTUCTHYECKON 00paboTke. JJOCTOBEpPHOCTh BBISBICHHBIX PA3IMUYUNA HCCIIETYEMBIX
MoKasaTesield OLEHUBAJIM C MOMOIIBI0 KpuTepus MaHHa - YUTHH Ji11 HE3aBUCHUMBIX
BBIOOpOK [11].

Pe3yabTarsl Hcc/e10BAaHUS U HX 00CYKACHHE.

HccnenoBanne mokasano, 4YTO BCE IMpemapaThl HMMEIOT AHTUMHUKPOOHOE U
byHrunuaHOe AeCTBHE HA HCCIEAYEMYI0 MUKPO(IIOpPY, TaK KaK YPOBEHb 3aJCPKKU
pocTa MUKPOOPTaHU3MOB OB BO BCEX CEpUSAX M TpyIIax HUCHbITaHUN Oojee 15 M
(Tabmn.1 u puc.1).

AHanu3 pe3ysibTaToB, MPUBEACHHBIX B Tabiuile 1 1 Ha pucyHke 1 mokasal, 4yTo
BCE TpU Ipemapara BbI3BIBAIOT  3aJIEPKKY 30HBI  pOCTAa  HUCCIEAYEMbIX
MHUKpPOOPTraHU3MOB 0o0Jjiee yeM Ha 15MM , 4TO CBUIETENLCTBYET O YYBCTBUTEIBLHOCTH
MUKpPOOPTaHU3MOB K HCCIEIyEMBIM O0pa3laM, U JaHHbIE Mpenaparbl SBISIOTCS
AKTUBHBIMU.
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Haubonpmas aktuBHOCTH B Staphylococcus aureus HabnrogaeTcs y mpemnapara

Ne 3 (24mm u 25Mm), ipenapat Ne 1 ciepxuBain pocT MUKpoopraHu3moB Ha 20, 21 u

22MM COOTBETCTBEHHO. MuHUManbHas aKTHBHOCTH Oblna y mpemapara Ne 2 (17 m
18mm).

Tadoauua 1- Jluamerp 30HBI 3a/1epPKKH POCTA 0AKTEPHAJIBbHO - TPUOKOBOM
MHUKPO(JIOPHI Y HccIeyeMbIX NpenaparoB

SWorldJournal Issue 13 / Part 1

JluaMeTp 30HBI 3aJICPKKH POCTA,
baktepuanbHo- rpuOkoBas B MM (M=£m) (p<0,05)
MUKpodIIopa [Ipemapar IIpenapar | IIpenapar
Nel No 2 No3
Staphylococcus aureus ATCC 25923 | 20, 21,22 18,17,18 |24,25,25
Staphylococcus epidermidis 21,21, 22 20,19,19 | 24,26, 26
Streptococcus mutans 20, 20, 20 18,17,17 |20,19,19
Streptococcus pyogenes 19,19, 19 17,16,17 [19,21,20
Enterococcus faecalis 20,21, 21 19, 18,18 |22,23,23
Neisseria sp 18,19, 18 17,17, 16 19, 18, 20
Escherichia coli ATCC 25922 18,17,17 19,19,19 |19,20,21
Candida albicans ATCC 653/885 17,16, 16 19,19,20 |20,22, 21

MakcumanbHy0 30HY 3aaepxkku pocta K Staphylococcus epidermidis umen
npenapat Ne 3 (24 u 26 mm), Ha BTOpoM MecTe HaxoauTcst npenapaT Ne 1 ¢ 30HOMU
3a7ep KK pocTa Ha 21 1 22 MM U Ha TpeTheM - nipenapat Ne2, ¢ MUHUMAJIbHOM 30HOU
3ajepkku pocta (19 u 20 Mm).

30

25

20 o
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M Mpenapart Nol

M [Ipenapat Ne 2

Mpenapat Ne 3
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Pucynok 1 - /IluameTp 30HBI 3a1€PKKH POCTA 0AKTEPHAJIBHO - TPUOKOBOM
MHUKPOQJIOpPBI Y McCIedyeMbIX IPenapaToB

BripakeHHYI0 aKTUBHOCTh B OTHOIIEHHH Streptococcus mutans UMeIn npenapar
No 1 ¢ 3omno0l 3amepxku pocta 20 mm, y npenapata No 3 30Ha 3aJ€pKKU pocTa
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Haxoauiach B mpenenax 19 m 20 mMm, a y npemapara Ne2 - 17u 18 wmwm,

COOTBETCTBEHHO.

[Ipenapatr Ne 3 caepxkuBan pocT Streptococcus pyogenes Ha 19, 20, 21 mwm,
npernapaT No 1 mogaBisl pOCT MUKPOOPraHU3MOB Ha 19 MM, Torzaa Kak B Iperapar
No2 umen 30Hy 3amepxKku pocta Streptococcus pyogenes Bcerol6 u 17mm.

K Enterococcus faecalis Haubo0:b111y10 aKTUBHOCTH NPOsIBUIIM npenapat Ne 3 (22
1 23 MM 30Ha 3aJIepKKU pocTa), npenapat Ne 1 umen 300y 3aaepxku pocra 20 u 21
MM, Torja Kak y npenapara Ne2 ona 6b1a - 18 1 19 MM, COOTBETCTBEHHO.

Poct Neisseria sp myuie Bcero nogasisut npenapat Ne 3 (18, 19 u 20 mm), Ha
BTOpOM MecTe ObuT mpenapat Ne 1 ¢ 30HO# 3anepxku pocta 18 u 19 mMm, a camble
HU3KHUE pe3ynbTarhl ObLM y npenapara No2 (16 u 17mm).

Jlyumie Bcero noaasisii poct Escherichia coli mpenapat Ne 3 ¢ 30H0i#1 3a1epKKu
pocta 19, 20 u 21 mM. 3aTeM 1o cBOel aHTUMHKPOOHOI aKTUBHOCTH HJAET Ipernapar
Neo2, ¢ 30H0I1 3anepxkku pocta 19 mM. M camast HU3Kast akTUBHOCTH y TipenapaTta Ne 1
-17 1 18 Mm.

OYHTUITUAHBIM JeHCTBUEM 00Jaalid BCEe M3ydaeMble Ipenaparthl. Hanmydime
pe3yabTaThl ObutH y mpernapata Ne 3 ¢ 30HOM 3anepxkku pocta 20, 21 u 22 MMm. Ha
BTOPOM MECTE€ IO aKTUBHOCTHU ObLT mpemnapaT Ne2 , rae pocT (Jophl 3aMeyisuics Ha
19 u 20 mm. Tperbe MecTO MO CBOEW MPOTUBOTPUOKOBON AKTUBHOCTH 3aHSUI
npenapat Ne 1, rie 30Ha 3aaepxku pocta Obuia 16 u 17 Mm.

Takum 00pa3oMm, Bce Tpu mpenaparta 00Jialal0T aHTUMUKPOOHBIM JEHCTBUEM K
UCCIEAYEMbIM MHUKpOOpraHu3maMm. MakcuMmanbHasi 30Ha 3aJIepXKKA pocTa K
Staphylococcus aureus, Staphylococcus epidermidis, Streptococcus pyogenes Oblia
y npenapata Ne 3, Ha BTOpoM mno3unuu Haxoautca npemapar Ne lu camyro
MUHHUMAJIBHYIO aKTUBHOCTBH CPEIM MCCIEAYEMbIX MaTepuajoB umen mpenapaTr No2.
HaunOonbmas 30Ha 3anepxku pocta Streptococcus mutans Obiia y npenaparta Ne 1,
3aTeM MO CBOEH aHTUMHUKPOOHOW aKTUBHOCTH cleAyroT mpemnapatr Ne 3 u mpemnapat
Ne2. Ipenapar Ne 3 umeer Hamiyuliee aHTUMUKpOOHOE nelicTBrue Ha Enterococcus
faecalis, Neisseria sp, CIEIyIOIMHUM IO CBOEMY aHTHOAKTEPHAIBHOMY JACHCTBHIO K
naHHou ¢uiope Obu1 mpenapat Ne 1. Haumenbliiee antubakTepuaabHOEe JEWCTBUE HA
Enterococcus faecalis, Neisseria sp oxaspiBasi mnpernapaT Ne2. Haubombiiee
aHTUMUKpoOHOe nevictBue Ha Escherichia coli u Candida albicans Ob110 BBISIBIIEHO Y
npenapara Ne 3, cneayromumii mo cBoed akTUBHOCTH - mipenapat No2, v Juiib 3ateM
cienoBan npenapat Ne 1.

3ak/04eHue U BHIBO/bI.

bbi0 M3ydyeHO aHTUMUKPOOHOE W (DYHrHIUAHOE [EWCTBHME MpernapaToB Ha
OCHOBE PAaCTUTEIBLHOTO ChIPbA - Mpenapar, CoAEpKallrui MMXTOBOE MACJIO U AKCTPAKT
KOpBI 1y0a, KOMOMHUPOBAHHBIN Mpenapat Ha ocHOBe PUTOpa, B CPAaBHEHUH C TeJeM,
conepxkammii  0,3% xyoprekcuavHa OuritokoHata, Ha Staphylococcus aureus,
Staphylococcus  epidermidis, Streptococcus mutans, Streptococcus pyogenes,
Enterococcus faecalis, Neisseria sp, Escherichia coli , Ha Candida albicans.

Bce T1pum mnpenapara BbI3BIBAIOT 3aJ€PKKY 30HBI POCTA HCCIETYEMBIX
MUKpPOOPTaHU3MOB 0oJiee 4eM Ha 15MM , UTO CBUIETENLCTBYET O YyBCTBUTEIBHOCTH
MHUKpPOOPTraHW3MOB K HCCIEIyeMbIM O0pa3liamM, W JaHHbIE Tpenaparhbl SBISIOTCS
AKTUBHBIMH. U 00JIaJ]aI0T aHTUOAKTEPUATHHBIM U (DYHTHUITUAHBIM JEHCTBUEM.
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[To cBoeli aKTHMBHOCTH TpemapaThl PaCIOJOKUINCH B CIEAYIOMIEM MOPSIKE -
reinb, coaepsxkamntuit 0,3% xmoprexkcuanHa OUTITIIOKOHATa, HanboIee aKTUBHBIN, 3aTeM
CIeAyeT TMpenapar, COAECPXKAIMil MUXTOBOE MAacjOo U SKCTPAKT KOpbl ayba, u
MUHHAMAJIbHAsE aKTUBHOCTh CPEIU HMCCIIECIYyEMBIX MPEMapaToB Y KOMOMHUPOBAHHOTO
npenapaTta Ha ocHoBe Duropa.

[IpenapaTsl Ha OCHOBE PACTUTEIHHOTO CHIPhS HA MOTYT OBITh albTEPHATHUBOMN
MIPH JICUEHUW BOCTIAJIMTEIIBHBIX MPOIIECCOB B MOJIOCTH PTa U SBISIOTCS 3P PEKTUBHBIM
METOJIOM BBIOOpa B KOHCEPBATHBHOM JICYCHHWU BOCIAIUTEIBHBIX 3a00JIeBaHUIA
CJIM3UCTON 00OJIOUKH MOJIOCTH PTa U MIEPHOJIOHTA.

Jluteparypa

1. Belibasakis GN, Bostanci N, Marsh PD, Zaura E. Applications of the oral
microbiome in personalized dentistry. Arch Oral Biol. 2019 Aug;104:7-12. doi:
10.1016/j.archoralbio.2019.05.023. Epub 2019 May 24. PMID: 31153099.

2. Gopinath D, Menon RK, Wie CC, Banerjee M, Panda S, Mandal D, Behera
PK, Roychoudhury S, Kheur S, Botelho MG, Johnson NW. Differences in the
bacteriome of swab, saliva, and tissue biopsies in oral cancer. Sci Rep. 2021 Jan
13;11(1):1181. doi: 10.1038/s41598-020-80859-0. PMID: 33441939; PMCID:
PMC7806708.

3. I'anuna E.b., Yepsunen 10.B., Illecrakosa B.I'., I'pyaunun H.B., Ky3uenosa
B.C., IIpyrenckas E.A. TUCTOJIOTUYECKAS KAPTMHA CTOMATUTA B
OKCITEPUMEHTE HA KPBICAX // CoBpeMeHHble TpoOJeMbl HAyKd H
o0Opa3oBaHUs. — 2017. — No5.; URL: http://www.science-
education.ru/ru/article/view?1d=26783

4. T'ynses J.K., SxosneBa E.M., Mamenko II.C., ConomnukoB C.1O.,
benonorora B.JI. AHTUTHUIIOKCHMYECKass aKTUBHOCTH ¢pakiuuii 3¢dupHOro macia
nuXThl cuOupckoit // Xumusi pactutenbHoro cbipbs. 2020. Ned4. C. 273-280. DOI:
10.14258/jcprm.2020047321.

5. EpuueB B., AkcenoBa T., Opuapenko E., MenexoB C. OrueHkKa BIUSHUSA
WHCTPYMEHTAJIBHBIX MapOJOHTOJIOTHYECKAX CUCTEM Ha MUKPOOHMOIIEHO3 M MECTHBIN
MMMYHHBIN CTaTyC MbIIIEH B KOMIUIEKCHOM JICYCHUH OOJIBHBIX C BOCTIATUTEIHHBIMH
3a0oeBaHusAMH napooHTa. Ilapooonmonozus. 2017; 22(3): 49-54. (Ha pyc.)

6. EdpemoB A.A., 3eixoBa N /1., Cenamona B.A., I'pogautkas 1./1., [Tamenosa
H.B. AuTumMukpoOHas U aHTHpaJuKallbHAsl aKTUBHOCTb OTAENbHBIX (Gpakuuii Pinus
sibirica Du Tour u Abies sibirica Ledeb., mpouspacraromux B CuOupckoM peruone //
XUMHUSI ~ pacTUTEIBHOTO  ChIPbS. 2020.  Ne4. C. 203-210. DOI:
10.14258/jcprm.2020047505.

7. I'puropeeBckas 3.B., Tepemenko WN.B., KasumoB A.D., baruposa H.C.,
ITeryxoBa N.H., MynynoB A.M., BunnukoBa B./l., Bepummnckas B.A., [Imutpuena
H.B. Mukpo6uoTta moyiocT pTa ¥ €€ 3HaueHHE B T€He3e paka opodapuHreasIbHOM
30HBI. 3nokauecmeerHvle ONnyxoJiu. 2020; 10(3s1): 54-59.
https://doi.org/10.18027/2224-5057-2020-10-3s1-54-59

8. CaBuenko U. A., Kopueea M. H., Jlykma E. A., Ilaceunuk K. K.
BUOJIOITNYECKASA AKTHUBHOCTH I'VMHUHOBBIX BEHIECTB:
[MTEPCITEKTUBBI U ITPOBJIEMbI UX TIPUMEHEHIM A B MEJIUITMHE (OB30P)

ISSN 2663-5712 108 www.sworldjournal.com


https://doi.org/10.18027/2224-5057-2020-10-3s1-54-59

g
SWorldJournal Issue 13 / Part 1 %\f;e:%:)
\\ Kypnan MemuAmns. Ne 1 (23). 2019. C.54-60 .DOI: https://doi.org/10.21145/2225-
0026-2019-1-54-60.

9. Karoma B.M., Komoropuesa B.E. POJIb OPAJIBHOI'O MUKPOBHOMA B
PA3BUTUU BOCITAJIEHMUS U COMATUYECKOU ITATOJIOTUMU. Bromemens
Qusuonocuu u namono2uu ObIXAHUSL. 2018; (68):117-122.
https://doi.org/10.12737/article 5b1a069e8a9318.69578013

10. KprokoB A.H., Kynensckas H.JI., I'ypo A.B., N3otoBa I'.H., CrapocTtrna
A.E., Jlamuenko A.C.  KJIMHUKO-MHKpPOOHMOJIOTHYECKAs  XapaKTEPUCTHUKA
TUCOMOTUYECKUX W3MEHEHHM CIM3UCTOM OOOJOYKHU MOJIOCTH PTa U POTOTIIOTKH.
Meouyunckuti Cosem. 2016;(6):32- 35. https://doi.org/10.21518/2079-701X-2016-6-
32-35

11. Munnep A.Il. Metonbl 00paboTku MeauuuHCKONW wuHpopmaruu / A.IL
Mumnnep, b.H. Yrapos, B.B. Biacos. \\ - M .: Breicias mkona, 1982. - 158.

12. Hazapuyk O.A., ®ayctora M.O. MIKPOBIOJIOI'TYHE JOCJIXKEHHA
BJIACTUBOCTEM TPAMIIOBUTHMBHUX 3BYJHUKIB IH®EKIIIHO-
3ATTAJIBHUX HEPUIMITJIAHTALIIMHNX YCKIIAJIHEHb. Bicauxk
BinHumekoro HaiioHanpbHOTO MenuuHoro yHiBepcutety. 2017. Ne2 (T.21). C. 392-
396.

13. CambykoBa T.B., OBumnnukoB b.B., T'anmamonsckmit B.Il., u np.
[lepcniekTrBBI MCTIONB30BaHMS (DUTOMpEnapaToB B COBpeMeHHOU (apmakomoruu //

OG630pHI 10 KIMHUYECKOW (hapMakKojIoruu U JieKapcTBeHHOU Tepanuu. — 2017. — T.
15.—Ne 2. —C. 56-63. doi: 10.17816/RCF15256-63

Abstract. The antimicrobial and fungicidal effect of preparations based on plant materials (a
preparation containing fir oil and oak bark extract, and a combined preparation based on Phytor)
was studied in comparison with a preparation based on 0.3% chlorhexidine bigluconate on
Staphylococcus aureus, Staphylococcus epidermidis, Streptococcus mutans, Streptococcus
pyogenes, Enterococcus faecalis, Neisseria sp, Escherichia coli, Candida albicans. All preparations
cause a delay in the growth zone of the studied microorganisms by more than 15 mm, which
indicates the sensitivity of microorganisms to the studied samples, these preparations are active,
and have antibacterial and fungicidal effects. Preparations containing fir oil and oak bark extract,
and a combined preparation based on Phytor, are slightly inferior to the gel with 0.3%
chlorhexidine bigluconate in antimicrobial and fungicidal activity. These drugs can be an
alternative in the treatment of inflammatory processes in the oral cavity.

Key words: bacterial and fungal flora, chlorhexidine bigluconate, vegetable raw materials,
antibacterial action, fungicidal action.
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