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V]IK 633.527
TEHO®OH]I BATATOPIYHUX BOBOBUX I 3JJAKOBUX TPAB TA IOT'0
BUKOPUCTAHHS B CEJIEKIIII

Baiictpyk-I'nonan Jlecs 3inoBiiBHa

K. C.-T. HAyK, CT. HayK. CIIIBp.,

AKanasey I'anmna 3iHoBiiBHa

MOJI. HayK. CHIBp.,

Ounexkcaxk Bosogumup MuxaioBu4

[HCTUTYT CIIIBCHKOTO TOCIIOIAPCTBA

Kapmnarcekoro periony HAAH,

By ['pymieBcrkoro, 5, ¢.O0pommrne [IycToMUTIBCEKOTO p-HY
JIpBiBCBKOT 0011, 81115, Ykpaina

AHoTanis: 1ociKeHHa [HCTUTYTY cinbebkoro rocnonapctBa Kapmarcbkoro
periony HAAH cnpsmoBaHO Ha TMOMOBHEHHS T€HETUYHUX KOJIEKI[I KOPMOBHX 1
ra30HHUX TPaB 3 METOIO BUAUIEHHS JKEPEI Ta JOHOPIB rOCHOAAPChKO-IIIHHUX O3HAK;
BIJIB1/IaHHI 3aMIOBIHUX TEPUTOPIN, 1€ pOCTYTh OaraTopiyH1 TpaBu; 30MpaHH1, BUBUEHI
Ta 30epiranHi (MeTox 30epeKeHHsS MPHUPOJHUX PECypCiB — €X Situ) AMKOPOCIHX
010THIIB, SIK LIHHUWA BUXITHUN MaTepiasl [Uisl PI3HUX HANpsMIB CEJIEKIIi; CTBOPEHI
0a3u maHux Ayig oOMiHy 1H(OpMaIli€ro; peecTpallii 3pa3KiB Ta KOJEKIIii; 30epeKeHHs
B TeHHUX OaHKaX pociuH; (OpMYBaHHS Ta BEJCHHS 03HAKOBHUX KOJIEKI[iH. BaxxnBum
3aBJ@HHSIM HAIlIUX JOCTIIPKEHb € THTPOMYKI[iS - 3aJIydeHHS J0 KOJEKIM HOBHX
3pa3kiB reHO(GOHIY POCTUH, 110 CTBOPIOIOTHCS B YKpaiHi Ta 3apyOiKHUX KpaiHax, a
TAKOX PEIHTPOIYKIIS - MOBTOPHE 3aJlyUYEHHsI I[IHHUX 3pa3KiB, AKl 3 PI3HUX MPUUYUH
Oynu BTpadeHi. 30aradyeHHs KOJIEKIi TeHO(OHIYy € HEOAMIHHOI YMOBOK iX
€(eKTUBHOTO BHUKOPUCTAHHS Yy CEJEKIIHHUX, HAYKOBHUX, OCBITHIX Ta IHIIMX

nporpamax.
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KurouoBi cioBa: reHodoH1, COpT, BUXITHUN MaTepian, OaraTopiuni 0000BI 1

371aKOBI1 TPaBH

Tepmin «reHodoua» BBiB y 1928 p. renetuk A. C. CepebpoBcrkuit [1],
PO3YMIIOYM MiJ MM TEPMIHOM BCHO CYKYMHICTh T€HIB KOHKPETHOI IOMYJISIIIi.
Haii6inpmmii BHECOK y BHUBUYCHHS 1 30€peKeHHS TeHO(POHAY KYJIbTYPHUX POCIUH
3poOuB BujaTHHUI reHeTHk 1 cenekuioHep H. 1. BaBunos. Bin mepmmii ycBizoMus
noTpeOy 30epekeHHsS JKUBUX KOJICKI[IH BChOTO TEHETHYHOTO PI3HOMAHITTS
HaWLIHHIMNX KyJIbTYPHUX BUAIB POCIHH 1 IX JTUKHX POJIUYIB.

HaliG11b11 rocTpo HACHIAKK BTPATH T€HETUYHOTO PI3HOMAHITTS BYEHI BIIUYIIU
micis cnanaxy B CHIA Ha movatky 70-X pOKiB MacOBOTO 3aXBOPIOBAHHSI 3J1aKOBUX,
10 MPHU3BEJIO 10 BEJIMKUX EKOHOMIYHHX BTpaT. bylio BCTaHOBIIEHO, IIO TOHUTBA 32
OJTHOPIJHICTIO COPTIB POCIMH TMpHU3BEJIa JO0 PpI3KOro 3BY)KEHHS T'€HETUYHOI
pi3HOMaHITHOCTI. Ak Bim3Hayae M. C. CBaminatan [2], 96% npoaHaji30BaHUX COPTIB
ropoxy MOCIBHOTO OyJIO OTPMMAHO B TIPOIIEC] CEJIEKIlli HA OCHOB1 BCHOTO JIBOX JIHIH,
95 % copTiB apaxicy MOXOAWIM BiJ AEB'ATH JuKepen. TIIbKU MICsA I[bOTO aHaJli3y
CTaJsa 3p0o3yMula 3arpo3a MoJaibIiIoro 3011HIHHS reHO(OHAY KyJIbTYPHUX POCIIHH.

3rinno 3 M. C. CpamiHaTtoM, m010 KYJbTYPHHUX POCJIHH, NOTPiOHO,
HacaMIiepea, BU3HAYMTH KaTeropii Marepiaay, mo HiIAralTb, 30MPAHHIO Ta
30epeKeHHIO:

1. Coptu pocivH, SKi CTBOPIOIOTH y TEMepiliHiid 4Yac. Sk mpaBmiio, BOHU
BIJIPI3HSIOTECA ~ BUCOKMM  PIBHEM  NIPOIYKTUBHOCTI, BHCOKOIK T'€HETHYHOIO
OJTHOPIJTHICTIO 1 TEXHOJIOTTYHICTIO. AJKE, BOHU CTAaHOBJSTH BEJIUKY I[IHHICTH SIK
JIOHOPH TIPOJYKTUBHOCTI Ta B TPOIIECI COPTO3MIHM MAIOTh HAAINHO 30epiratucs sk
BUXIJIHUM MaTepia;

2. Coptu pociviH, SKi JaBHO BHUMIIIM 3 BUPOOHMIITBA, aje€ 32 OKPEMHUMH
napaMeTpamH CTaHOBJIATH BEJTUKY T€HETHYHY 1 CEJIeKLIHHY LIHHICTD;

3. Oco0nuBO LIHHY YaCTUHY T€HO(POH]Iy CTAHOBJSATH MPUMITHBHI, 200 MICLEBI

cOpTH. SIK IpaBUII0, BOHU BIAPI3HAIOTHCS BUCOKOIO TEHETUYHOIO MIHJIMBICTIO 1, OTXKE,
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BHCOKHAM aJalTarliHuM [OOTEeHIlaIoM. BoHM OuIbII CTIHKI 10 IATOTEHIB 1
IIKITHUKIB, IO POOUTH iX YHIKAJIbHOIO YaCTUHOIO T€HO(POH/TY;

4. Jluxki poauyl KyJbTYPHHUX POCIMH € HaMIIHHIIIAM pPE3epBOM TEHIB, SKi
BIJICYTHI B KYJIbTYPHHX BUIIB 1 MOKYTh OyTH NepeiaHi 3a JOMOMOTOI0 Iiopuu3altii;

5. Jluxopocai momyssiii poCiAWH, NMEPCHEKTHBHI JJii BUKOPUCTAHHS, SKi
NPEICTaBIIAIOTh IHTEPEC ISl BBEACHHS B KYJIbTYpY. JIFOACTBO 00OMEXMIO cede ayxke
BY3bKHM Ha0OpOM BHUIIB POCIUH. YK€ ChOTOJHI BIAYYBAETHCS MOTpeda 3HAYHO
MOTIOBHUTH MPOJOBOJIBYMI MOTEHIIIa)l HOBUMU BUIAMH POCIIMH, PO3IMOYATH iX MOIIYK
1 TpUBAJIMIA MPOLIEC BBEACHHS B KyJIbTYpy. Y 3B'SI3Ky 3 LIUM HA MEPIIOMY €Tarl CJIiJl
B1/I3HAYUTHU MEPCIEKTUBHI JJIsI X LUJICH WK1 BUJU POCIIHH;

6. ExcnepumeHTalbHO CTBOpEH1 TeHeTH4H1 JiHil. Jlo HHMX, Hacammepen,
MOTP1IOHO BIAHECTH YMCJIEHHI MYTAHTU y POCIWH, OTPUMaHI METOJIaMH XIMIYHOTO Ta
panianiiiHoro MmyrtareHe3dy. CbOrojHI L€ AyXe ICTOTHA JIaHKa, LI0 IONOBHIOE
BIJICYTHE TEHETHUYHE PIZHOMaHITTA y Oararbox BuAiB. OcoOnuBuil iHTEpec
MPEACTABIISIIOTh MAapKOBaHI, 130T€HHI Ta 1HIII T€HETHYH1 JIHII, 0 MAarTh A00pe
BIJJOMY T€HHY CTPYKTYDpY.

BusHaueHHs MOJenl €KOJOTIYHO aJanTOBaHUX B YKpaiHl T'€HOTHUIIB PI3HUX
KyJbTYp, SKI € HOCIAMH IIHHMX O3HAK, 13 KpaiH 3 aHaJOTIYHUMHU KIIMAaTUYHUMU
yMOBaMH, a TaKOX 3 reorpadiuHo BiJJajJe€HUX PETiOHIB, JO3BOJIMIO IiJBUIIUATH
€(EeKTUBHICTh IHTPOAYKIII Ta OUIBII LIJIECOPIMOBAHO MPOBOAUTH MOIIYK 1
3amydeHHs: 10 HarioHanbHOro reHOaHKY POCIHMH 3pa3KiB 3 MOTPIOHUMH PIBHSMU
MpOsIBY  rOCHOJapchkux 1  OloJoTiyHMX  oO3HaK. BuHacmigok  OaratopiuHoi
IHTPOAYKUIHHOI poOoTH HarioHanbHuil reHOaHK poCIWH YKpaiHW TOMOBHUBCS
HOBMMHU JDKEpelIaMH 1 JIOHOpPAMH I[IHHUX TOCHOJApPChKHUX, OIOJOTIYHUX O3HAK
BITYM3HSHOTO Ta 3apyOIKHOTO MOXOKEHHs. 3ajJydyeHHs HOBHUX 3pa3KiB Ta ix
BUKOPHUCTAHHSI Yy CENEKUIMHUX MporpaMax 3a0e3NeyuTh PO3LIMPEHHS T'€HETUYHOI
OCHOBH IIIHHUX T'OCIIOAapPChKUX O3HAK, OTKE, MiABUINCHHS PiBHA Ta CTaOIMBHOCTI iX
IPOSIBY Y CTBOPEHUX COPTIB 1 ridpuis [3,4].

Jukopocni momysitii 6000BUX 1 37aKOBUX OaraTOpiyHUX TPaB MarOTh JESKi

crietndiyH1 roCrnoAapCchKO-KOPHUCHI 03HAKU W BIACTUBOCTI, MOTPIOHI JJISI JIYYHOTO 1
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MACOBUIITHOTO BUKOpHCTaHHS. HalOUThI MIHHUMU 13 HUX € JOBTOJMITHI, CTIMKI 70
TPUBAJIOTO 3aTOIUICHHS, 3WMO-, XOJOIO- 1 TOCYXOCTiHKi, CTIWKI J0 XBOpPOO,
IIPUCTOCOBAHI JI0 BM3HAYEHUX THUINB TIPYHTIB (KUCIMX, 3aCOJICHHUX Ta 1H.). Aue
OJTHOYACHO BOHHM MaloTh 1 HeOakaHi BJIACTHBOCTI, 10 SAKUX HaJekKaTh PO3TIATHYTUN
nepioj UBITIHHA 1 TJIOJIOYTBOPEHHS, OCUITAHHS HACIHHS, HU3bKa CXOXICTh BHACIIIJIOK
TBEPJIOHACIHHOCT1 1 TPUBAJIOTO MEPIoy MICAA30MPAIBHOTO JTOCTUTAHHS, HEAOCTATHS
BI/IMOBITHICTh IHTCHCUBHUM METOJAaM 3eMJIEPOOCTBA, HEBHCOKA peakilis Ha
yaoOpeHHs 1 3pOIIeHHS ToIo. Bce 1e ciiji BpaxoByBaTU B CEJICKIIMHINA POOOTI.
3azBuuail  Taki (OpMH BHUKOPHCTOBYIOTh SIK OaTbKIBCbKI ~KOMIIOHEHTH 3a
ribpuau3aiiii, 3aCTOCOBYIOTh J00Ip Kpamux OlOTHMIB 13 AMKOPOCIHMX MHOIMYJISIIN Ta
1HIII METOJIH, IO JO3BOJISIFIOTH BUKJIIOYATH HETaTUBHI T€HOTHUITH.

Ha ocHOBI AuKopocaux MomyJsiuii B YKpaiHi CTBOPEHO OaraTo LIHHUX COPTIB
KOHIOIIMHUA JIy4HOI Ta TIOpPUAHOI, KOCTPHUIIl YEPBOHOI, >XUTHSAKY Ta iH. barato
JTUKOPOCTUX TOMYJSALIM 1 MICHEBUX COPTIB YKpaiHU CIYTyBalld BUXIJIHUM
MarepiajaoM JUisl CTBOpPEHHs cenekuiiHux coptiB y Pocii, Kanami, CHIA Ta iHmuMx
kpainax. Jlns 30upaHHS HACIHHA JUKOPOCIHMX TOMYJSINA TpaB CHUCTEMATHYHO
MpoBOJATh ekcneauuii HamioHanbHUN TreHeTUYHUN OaHK pOCIMH  YKpaiHu,
CeJICKIIIlHI yCcTaHOBM 1 OoTaHiuH1 canu. [liHHMN BUXITHUN MaTepiai, 0COOIMBO AJIs
CEJIeKIIIT Ha MIBUAKUHM PICT Ta 0araToyKiCHICTb, CTIMKICTh O XBOPOO 1 BUCOKY SIKICTh
KOpMY, TMpEACTaBIsAOTh 3apyOiKHI copTH. OCKIIBKM Takl COpPTH 3a3BHUYal
XapaKTEPU3yIOThCS HEBUCOKOIO 3MMOCTIHKICTIO 1 HEJOCTATHHOIO MPHUCTOCOBAHICTIO
710 MICIIEBUX YMOB, iX BUKOPUCTOBYIOTh Y CEJIEKIIIi IEPEBaKHO MPU CTBOPEHHI COPTIB
IHTEHCUBHOTI'O TUITY JJIsl IOJILOBOTO TPABOCISIHHSL.

OcHOBHI JpKepenia OTpUMaHHS BUX1THOTO MaTepiaiy: KoJiekilis HarionansHOTro
FEHETUYHOrOo OaHKy pOCIMH VYKpaiHM, sKa BKJIOYae Oulblle 2 THC. 3pa3KiB
0aratopiuHUX TpaB;, B3a€MHUN OOMIH HACIHHSIM MK HayKOBO-JOCTIJHUMHU YCTaHO-
BaMHu; Oe3mocepeaniil 301p MICIIEBUX COPTIB 1 AUKOPOCTUX MOMYJIAIIN Y TPUPOTHUX
yMoBax [3].

['eHeTryHa Pi3HOMAHITHICTH € MEPEIYMOBOIO €(DEKTUBHOI MPOTPAMHU CENEKIIil

pocnuH [6,7]. 30epekeHHs Ta CTajle BUKOPHUCTAHHS T€HETHMYHHX PECYPCIB POCIHH
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BHMarae TO4HO1 iaeHTudikarii Ta ix BuB4eHHs [8]. Mopdonoriyaa xapakTepucTuka —
11e MepIIMii KpoK B omwmci 1 kiacudikamii reHeTnayHuX pecypciB. Ha ocHOBI anamizy
p13HUX HAOOpPIB COPTIB a0O0 MOMYJIAIIN KOHIOMIMHMA JYYHOI OyJIO BUSIBJICHO BEIUKY
TeHETUYHY  PI3HOMAHITHICTh  BCEpPEIMHI  TOMyNALlid 3  BUKOPUCTAHHSIM
MOPGOJIOTIYHUX 03HAK 1 MOJICKYJISIpHUX MapkepiB [9,10,11].

3a poku pocmikeHb (2011-2021 pp.) B [HCTUTYTI CLIBCHKOTO TOCMOAAPCTBA
Kapnarcekoro periony HAAH mpoBeneno momryk i iHTpoaykoBaHo 2207 3pa3kiB
OaratopiuHux 0000BMX 1 37akoBUX TpaB. Jlmsg 3abesneueHHs HamioHalbHOTO
cxoBulia BupolryBajgocsi Onu3zbko 900 3pa3kiB Ta Oyjo mepegaHO Ha TpUBAe
30epiranHs 10 HaiioHanmbHOTO LEHTPY TE€HETUYHUX PECYPCIB POCIUH YKpaiHH
HaciHHA 736 3pa3kiB. CTBOpeHO MacnopTHy 0a3y JaHuX, sika HapaxoBye 1145 zamucu
1 42 nmossa. 3a pe3yiabTaTaMy KOMIUIEKCHOTO BUBYEHHS 1HTPOJIYKOBaHUX 3pa3KiB, a
TaKOX 3pa3KiB BJIACHOI ceJeKili copMOBaHO KOJEKII0 OararopiyHux O00OBHX 1
3JIaKOBUX TpaB, sika HapaxoBye 1319 3paskiB 13 19 BuaiB, 3 Hux 6000BUX — 583 1
3maKoBuX — 736.

B pe3yabTaTri BUKOPMCTAaHHA KOJIEKIIHHOr0 Martepiajgy OaraTtopidvHMX
0000BHX i 371aK0BUX TPaB B [HCTUTYTI cliIbecbKOro rocnoaapersa Kapnarcskoro
periony HAAH crBOpeHo:

- copT KoHtomuHU Jdy4dHoi TpyckaBuyanka (UJ 0600469), skuit 3 2016 poky
3aHeceHu 10 Jlep>KaBHOTO PEECTPY COPTIB POCIWH MPUIATHUX JJIsI MOLIMPEHHS B
VYkpaini (Cigouro Nel160746 Big 08.02.2016 p.);

- coptT KoHtomunHU noB3ydoi Cxigaudanka (UJ 0600799), sxuit 3 2016 poky
3aHeceHuil 10 Jlep>KaBHOTO peecTpy COPTIB POCIUH MPUAATHUX AJIA MOIIMPEHHS B
VYkpaini (CigonrBo Nel160745 Big 08.02.2016 p.);

- copt rpsactumi 30ipHoi borikiBuanka (UJ 1900302), sxuit 3 2017 poky
3a"eceHuil 10 [epkaBHoro peectpy copTiB pociuH Ykpainu (CimorrBo Nel71278
Bim 7.11.2017 p.);

- copt tumodiiBku nyunoi [apuna (UJ 1100101), sxwmit 3 2018 poky
3aHeceHuil 10 Jlep>KaBHOTO PEECTPY COPTIB POCIMH, MPUIAATHUX JIJIS TIOMIUPEHHS B

VYkpaini (CsigorrBo Nel181090 Bix 06.12.2018 p.);
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- copt koctpuii 4depBoHoi JIbBiB’sHkKa (UJ 1300285), sxuit 3 2018 poky
3aHeceHui 10 Jlep)KaBHOTO PEeECTpPy COPTIB POCIWH, MPUAATHUX JJIS TOIIUPEHHS B
VYkpaini (CigourBo Nel180555 Big 07.03.2018 p.);

B 2020 poui npwuiiHaTOo Ha Jlep:kaBHY HAyKOBO-TE€XHIYHY e€KCHEPTHU3Y
copTH:

- copT KoHtomuHu Jy4yHoi JIro6asa (PFZ 02313) (3asska Ne 20155002 Bix
23.06.2020 p.);

- copt koctpuili mopctkonuctoi Cuza (UJ 1300350) (3asiBka Ne 20437001
B111 23.06.2020 p.);

- copt crokoiocy Oe3zocroro Kapmarcekuit (PFZ 02311) (3asBka Ne
20191001 Bix 23.06.2020 p p.);

- copt paiirpacy Bucokoro HaryeBunpkuii (PFZ 02312) (3asBka No
20223001 Bix 23.06.2020 p );

Opnep:kaHo CBIIOLTBA MPO PEECTPALIIIO 3pa3ka FeHO(OHAY POCIMH YKpaiHu: Ha
rpsactuiio 30ipay — M@ 1524 (UJ 1900410) Cs. Ne 1890 (Bim 07.11.2018 p.),
[Monynsamist boiikiBuanka (UJ 1900409) Cs. Ne 1891 (Bim 07.11.2018 p.), Ha
koctpuio yepBony — II 1776 (UJ 1300337) Cs. Ne 1915 (Bim 12.11.2018 p.), Ha
KOHIOIMHY 1oB3yuy - J1 498 (UJ0600439) Cs. Ne 1992 (Bixm 12.11.2019 p.), 1 500
(UJ0600441) Cg. Ne 1993 (Bim 12.11.2019 p.), MAII 27 (UJ0600804) Cs.Ne 1994
(Bimg 12.11.2019 p.), IARJI (UJ0600796) CB. Ne 1995 (Bix 12.11.2019 p.), Ko31ATHUK
cximganii — M® 1401 (UJ 4600041) Cs. Ne 2112 (Bix 23.09.2020 p.), KOHIOUIUHY
ayuny — I1 1145 (UJ 0600806) Cs. Ne 2113 (Bim 23.09.2020 p.), KOHIOMHUHY
riopuany — I1 1744 (UJ 0600919) Cs. Ne 2114 (Bix 23.09.2020 p.), ecnapuer — I1
1779 (UJ 0800161) Cs. Ne 2115 (Bix 23.09.2020 p.).

[Ipoxonare BuB4YeHHs 3asBieHi B HIIIPPY nHa peectpanito 3pasku
OararopiuHux 0000BHX 1 37TaKOBUX TPaB, a caMme: palWrpac MacoBUITHUHN, TUMO(DiiBKA
ayyHa 1o 4 3pa3kd, KOHIONIMHA JIy4Ha, JIIONMH OaraTopiuHui, KOCTPHUIIS
HMIOPCTKOJIMCTA, KOCTpULIE-pairpacoBuil Ti0pu 1 MiTiuis Oina o 1 3pasky.

3apeectpoBaHO po0OOYY O3HAKOBY KOJEKIIO KOHIOMIMHUA TIOB3Y4O0i 3a

BPOKaNHICTIO Ta CKOPOCTUTTICTIO. KiTbKICTB 3pa3kiB y KoJIeKIli — 31, 1110 MOXOASTh
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3 5 kpain Ta 3rpymnoBaHi 3a 10 o3Hakamu 1 37 piBHAMHU X MPOSABY: YpOKalHICTbH
3eNIeHOI Macu, YPOXKaWHICTh CyXOi pPEUOBMHH, YPOXKAHHICTH HACIHHS, BHCOTa
POCIIMHY, YJIMCHEHICTh, Yac IBITIHHS, JOBXXWHA KBITKOHIKKH, JlaMeTp CYLBITTA,
TPUBANICTh BETETAIIHOTO Mepiofy, CTilKicTh A0 OGopomHucToi pocu. (CB Ne 280
Bim 07.11.2019 p.)

CdopmoBaHO i IOJaHO HA peecTPALiI0 03HAKOBY KOJICKIIIIO:

- mo TUMO(DIIBII Jy4yHIA 3a MPOMYKTUBHICTIO Ta IHIIMMH TOKa3HUKAMHU.
Komnexkiis ckinagaeTbest 3 0JHOro 00TaHIYHOTO BUAY 1 BKJItoUae 37 3pa3Kis;

- [0 NaXWUTHUII OaraTOpiyHIA 3a BpPOXKAMHICTIO Ta CTPYKTYPHUMH
enemeHTamu. Komekilis CKIagaeTbcs 3 OJHOTO OOTaHIYHOTO BUAY 1 BkiIouae 41
3pa3oK.

OpnepxaHo TATEHT Ha KOpUCHY Mojenb «Croci0 OIIHKKA COPTO3pa3KiB
KOHIOIIMHU JIY4YHOI 32 O10JIOTIYHUMH Ta TOCMOAAPCHKO-IIIHHUMH TOKa3HUKaMm» (Ne

139984 10.02.2020 p.).
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VJIK 635.21
®OPMYBAHHS YPOKAMNHOCTI KAPTOILII 3A YMOB TEHJIEHIII|
3MIHU KJIMATY

Meabnuk Ouiekciii BosoaumupoBu4

3aB. 1a0., K. ¢.-T. H., C. H. C.,

CroB0ip Okcana IlerpiBHa

HAyKOBHH CIIBPOOITHUK

Ypronina Jlapuca MuxaidsaiBHa

HAyKOBUH CIIBPOOITHHUK,

IncTuTyT OBOUiBHMIITBA 1 OamTanHunTBa HAAH
cen. Cenekiiiine, Ykpaina

AHoTtanisi. TeHmeHuiss a0 CTIMKOrO NAJIHHSA YPOXKAWHOCTI KapToIul B
cxizHoMy Jlicocreny Ykpainu, sika ciocrepiraerbest ocrandi 10-15 pokiB, 3ymoBieHa
HE3/IaTHICTIO CY4YaCHUX COPTIB 10 (HOpMYBaHHS TMOTEHIIIHHOI ypoxkailHOCTI 3a
KPUTUYHUX YMOB BUPOIIYBaHHS.

KuarouoBi cioBa: kapToruisi, COpTH, 3MiHa KJiMary, TeMIlepaTypa, OIMaju,

ypOKaNHICTb.

Mera poOoru. [ocmiautu ypoKalHICTB Cy4daCHUX COpPTIB  KapTOILIi
BITYM3HSIHOI CEJEKIIIT 3aIeKHO BiJl MOTOAHUX YMOB cximHoro Jlicoctemy YkpaiHu.

Marepiaim u meroam. [ocnimkenns mnposeaeHo B 2021 p. B IacturyTi
oBouiBHuITBA 1 OamranuunTea HAAH (cxigaumit Jlicocten VYkpainu) Ha
NEPCHEeKTUBHUX [UIsl JAHOTO PETiOHYy cOopTax KapTOIUli BITUM3HSHOI CeNeKIli
BIJIMOBIAHO JI0 3arajibHONPUUHATUX METOAuK. OOJIK BpOXKal0 3 BU3HAUYCHHSIM HOTO
CTPYKTYpPH 31MCHIOBaNM 1O 3aBepiieHHi Bereraiii. Camainusa BigoyBanocs 5.05.2021,
30upanHs, 3aexHo BiJ copTy — 11-27.08.2021. Cxema caninas 70x35 cwm.

Pe3yabTaTu T2 00roBOpeHHs. 3MiHU KJIIMATY, SIKi CIIOCTEPITaIOTHCS B PETi0HI
OCTaHHI POKH, NOJATalOTh y CYTTEBOMY 3pOCTaHHI TeMIEpaTypu TMOBITPS 1
HEPIBHOMIPHOMY 3BOJIOKEHH1 TepuTopii. Lle mpu3BoauTh 10 BUHUKHEHHS TPUBAIMX

NepiojiB MOBITPSHOI 1 TPYHTOBOI MOCYXH, IO POOUTH HEMOXXIUBUM (POPMYBAHHS
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ypokaro OUTBIIOCTI OBOYEBUX KYyJNbTYp 1 KapTOIUNl 3a TPAAMULIHUX TEXHOJOTIH
BUPOIIyBaHHS.

Otpumani B 2021 pomi jgaHi cBig4aTh npo (oMyBaHHA B JAPYTid IMOJOBHHI
BETETAIIHOTO TEePioay HECHPHUSTINBUX IS POCTY Ta PO3BUTKY POCIWH KapTOILTI
TemneparypHux yMoB (puc. 1). [TounHatouu 3 qpyroi [ekaau 4epBHS CIIOCTEPIraioch
3HaYHE TIEPEBHINEHHS CEPEeIHBOIOOOBUX TEMIIEpaTyp TMOBITPS, IO CIPHUSIO

MeperpiBy TPYHTY 1 HETATUBHO BIUIMHYJIO HA MPOIIECH CTOJIOHO- 1 OyIL00YTBOPECHHS.
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npu3BeNa 10 3HAYHOIO YIIUIBHEHHS TpyHTY. B mopanmeuioMy, 3a Maiike MOBHOI
BIJICYTHOCTI OMNaJiB Ta 3pOCTAaHHS TEMIIEpaTypu MOBITPs, L€ BUKIMKAJIO 3HAYHI
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BinpiricTe COpTIB KapTOIUNL YTBOPHJIM 3HAYHY KUIBKICTH Oynp0, ane B
MOJAJbIIOMY iX PO3BHTOK BiIOyBaBCS 3 MOPYIICHHSMH, IO MPU3BENO A0 HU3BKOI
TOBApHOCTI Bpoxkaro. Tak yposkaiiHICTh JOCIIPKYBaHUX COPTIB KoJiMBajiach Bija 16,8
10 26,6 T/ra i B cepeaabomy ckiana 22,1 1/ra . [Ipu oMy ToBapHICTH ckiana 62%
(B11 49 1o 72%, 3a51e3KHO BiJ] COPTY).

Bigmiueno 3HauyHi Bumaakud (i310J0TIYHUX po3iaaiB Oyian0, 30KpemMa —
HE3BOPOTHSI BTpaTa TYpropy, TIMOKCIA, «IITKyBaHHS» Ta BTOPUHHUHN picT. Takox
MaJjid MiCIIe mapiiia Ta CTOJI0HHA THIIb OYiIbO0.

BucHoBku. BpaxoByiouum 3MIHHM KJIiMaTy, $IKI BiIOYBAalOTbCS y CXIAHOMY
JlicocTeny YkpaiHnu, Ajis OTPUMaHHsS MOTEHIIMHO MOXJIMBUX Ta CTajJuX BPOXKAiB
KapTOIUll HEOOX1THO 3BEPHYTU CYTTEBY yBary Ha HEOOXIAHICTh 3MIHU TEXHOJOTIN
BHUPOIIYBaHHs, MiAOIp aJanTOBaHUX COPTIB, @ TAKOX KOPETyBaHHS HACIHHUIBKOIO

IIPOIIECY.
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RADIOFREQUENCY ABLATION PREDICTION SCALE FOR COMPLETE
TUMOR NECROSIS (PSCTN) FOR SECONDARY COLORECTAL LIVER
CANCER BASED ON RADIOLOGICAL DATA
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Objective: evaluating the effectiveness of the proposed full tumor necrosis
prediction balloon in planning radiofrequency ablation of colorectal cancer
metastases to the liver.

Materials: analysis of the data of the radiation pattern of metastases to the
liver of colorectal cancer was carried out using a table of prognostic assessment of
complete tumor necrosis prior to radiofrequency ablation of liver metastases and
analysis of remote data after locoregional radiofrequency therapy in 51 patients of
radiofrequency ablation in the institution "Gomel Regional Clinical Oncology
Center" from 2014 to 2020 inclusive.

Results: Using statistical analysis methods, data from the radiation pattern of
colorectal cancer metastases to the liver and distant data after locoregional radio
frequency ablation were analyzed. The effectiveness of the developed prognostic
model of ballroom assessment of complete tumor necrosis has been proved.

Sensitivity of evaluation procedure 82.93%; specificity 80.0%.
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Key words: radiofrequency thermablation, RFA, liver tumors, ROC-analysis,

prognostic model.

Introduction Currently, minimally invasive technologies are actively used,
one of which is radio frequency ablation (RFA) [1], originally used as a cytoreductive
intervention in inoperable patients, and currently the RFA is an alternative to classical
surgical treatment in operable patients with a high degree of operational risk.

The working temperatures at RFA are the range of 60-100 ° C, which on the
one hand limits the size of the ablation zone, the scope of exposure to 5 centimeters,
and on the other, makes it extremely sensitive to the effect of heat removal, limiting
the size permissible to conduct RFA tumor [2-3]. In half of cases, the node adjoins or
surrounds the visible hepatic vessel, two questions should be taken into account when
planning radio frequency ablation. First, is there a significant risk of potential thermal
vascular damage (thrombosis)? Second, will the heat sink effect of the ever-present
body temperature in these vessels impede adequate radiofrequency ablation of tumor
cells immediately adjacent to them? In a study by Lu DS et. al. no adjoining vessel
larger than 3 mm was thrombated after RFA. Rather, one should fear inadequate
ablation of a tumor immediately adjacent to veins larger than 3 mm (radiator effect)
[7.15]. Various methods are proposed to reduce the dependence of the technique on
the above limitations: application of pulsating incoming energy, use of water cooling,
parallel installation of several electrodes, increase of the surface of contact with the
tumor by opening the electrode in the form of an umbrella or a star, as well as
electronic temperature control in the ablation zone [4-6].

Given the above - the RFA has many unresolved problems: there is no single
position regarding contraindications to radio frequency effects: vascularization of the
tumor, large diameter and location of the focus. There are no clear beam criteria - for
predicting the effectiveness of manipulation, postoperative assessment of the
completeness of tumor destruction, safety issues of methods and prevention of
complications. There is an open question about the development and application of a

prognostic scale in the planning of RFA to increase the efficiency of surgery, using
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radiation diagnostics data.

Objective. Evaluating the effectiveness of the proposed full tumor necrosis
prediction balloon in planning radiofrequency ablation of colorectal cancer
metastases to the liver.

Materials The study analyzed the data of the radiation pattern of colorectal
cancer metastases to the liver using a table of prognostic assessment of complete
tumor necrosis prior to radiofrequency ablation and analysis of remote data after
locoregional radiofrequency therapy in 51 patients of radiofrequency ablation in the
institution "Gomel Regional Clinical Oncology Center" from 2014 to 2020 inclusive.

Radiation evaluation and follow-up included examination of all patients by
ultrasound, CT - angiography and morphological verification under ultrasound
control.

Statistical analysis methods Statistical analysis of the obtained results was
carried out using the software environment R version 3.2 (R Foundation for
Statistical Computing, Vienna, Austria) and MedCalc 15.6.1 (trial version).

The Shapiro-Wilk test was used to verify that the variables were normally
distributed. If distribution of quantitative values was different from normal, then the
results were grouped into 25" percentile and 75" percentile, while in the event of
normal distribution, the results were given as the mean and standard deviation of the
mean (M+£SD). The Mann-Whitney U-test and two-tailed Fisher's exact test were
used to compare two independent samples. The results were regarded statistically
significant if the p-value was below 0.05.

Multivariate analysis of Cox proportional hazards was applied to analyze the
effect of major prognostic measures on patient survival [8-9]. Using the ROC-
analysis model, the nature of the change in the indicator when changing the existing
factors was estimated; assessment of the degree of influence of factors on the value of
the response indicator; predicting a response measure for given levels of factors;
determining optimal levels of factors to obtain the required or desired values of the
state indicators of the proposed scale. A ROC analysis was built - a graph that allows

you to evaluate the quality of the model by separating the two classes [10-12].
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Proposed scale.

Factors potentially capable of influencing the outcome of points
locoregional radiofrequency therapy
Metastasis size <3cm
3-5cm 12
up to 5¢cm (1p) >5cm (Op) 0 1
Type of blood supply not vascular 2
metastasis up to 3cm (3p) > 3cm (2p)
perivascular <3mm 112
0 1
perivascular 3-5mm
perivascular >5mm 0
Possibility to implement Yes (no more than 2 applications 2
the principle of electrode - 2p; more than two— 2p)
overlapping No (see by tumor size) 0 12
Location of metastasis intimately 0
(capsule-by-capsule; near | <2-4mm (up to 3mm 2p, Goxnee - 12
the gallbladder, hepaticus) | 1p.) 2
>4mm

10-12 - maximum probability of complete tumor necrosis
8-10 (+) high probability of complete tumor necrosis

6-8 (+) moderate probability of complete tumor necrosis
4-6 (-) low probability of complete tumor necrosis

0-4 (-) minimum probability of complete tumor necrosis

Explanations of table items.

Metastasis size The test was carried out with a cool-tip system. Research work
was carried out with a system of a radio frequency electrode (cool-tip). In electrodes,
the principle of preventing carbonization of the needle is applied in view of the
circulation of cold liquid inside the electrode. Using a single RF electrode with a
cooling system, it is possible to create an active exposure zone up to 5 cm in diameter

[13-15]. A combined cluster electrode consisting of three single electrodes allows you

to increase the destruction zone to 6-7 centimeters.

Blood supply of metastasis Liver metastases are divided into nonperivascular
and overvascular (with adjacent and\or feeding vein from 3-5 mm).

The presence of vessels at least 3 mm in size feeding and/or adjacent to the
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liver tumor is a strong independent predictor of incomplete destruction of tumor cells
during the ablation session. In the group of patients with vascularized liver tumors,
the focus has a fairly pronounced vascularization with a diameter of adjacent and\or
feeding vessels from 3 mm to 5 mm. This fact is a relative contraindication to the
conduct of RFA, in view of the high risk of residual tumor component at the level of
the transition zone due to heat removal from the ablation zone by feeding and\or
adjacent to the tumor blood vessels with a diameter of 3 to 5 mm - the heat removal
effect. Carrying out ablation of perivascular tumors with a vessel diameter of more
than 5 mm is a contraindication to ablation due to a significant heat removal effect,
with a pre-assumed residual component [16-17].

Lateralization of the electrode in locoregional therapy With a focus diameter
of 4-5 cm due to one of the limitations of the radiofrequency ablation method, there is
a risk of residual component due to its incomplete coverage, which may result in
incomplete necrosis of ablated tumor formation [18].

Location of metastasis At the moment of radiofrequency effect on the tumor at
adjoining of hollow structures (intestines, gallbladder) there is a buffer zone with
diameter of 2-4 mm, within which the effect of the residual tumor component can be
observed, as well as perforation of said hollow organs [18].

Results Analyzed data of the radiation pattern of liver metastases prior to
radiofrequency ablation and distant data after RFA in 51 patients of radiofrequency
ablation in the institution "Gomel Regional Clinical Oncology Center " from 2014 to

2020 inclusive.

Tab. 1
Descriptive statistics of quantitative indicators.
- Mean : . Min. Max. p (Shapiro-
indicator + Median quartile value value WilK test)
Full tumor necrosis
prediction scale (in 8.88 £2.07 9 [7; 10] 4 12 0.02
points)
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Fig. 1 - Distribution histogram **Prediction scale of complete tumor
necrosis (in points)"

For the following indicators, a statistically significant difference was recorded
from the normal law of distribution (Shapiro-Wilk test): “The prediction scale of
complete tumor necrosis (in points)." The data are results of evaluation of liver
metastases of RFA in the studied sample with incomplete necrosis with an average
ballroom value of 8.9 points and complete necrosis of 10.9 points.

Conclusion Based on the results of radiofrequency ablation performed in the
Gomel Regional Clinical Oncology Dispensary, the effectiveness of the prediction
scale of complete liver tumor necrosis using logistic regression was estimated, and
the tool for assessing the predictive ability of the scale by ROC-analysis (ROC -
Receiver operating characteristic) was applied. ROC analysis is closely related to
logistic regression and, being essentially the final step in producing the most adequate
model, is used to assess its quality. It allows you to analyze sensitivity and
specificity, select the cut-off threshold and select a model with the best predictive
force [10-12]. Using the ROC-analysis model, the nature of the change in the
indicator when changing the existing factors was estimated; assessment of the degree
of influence of factors on the value of the response indicator; predicting a response
measure for given levels of factors; determining optimal levels of factors to obtain the
required or desired values of the state indicators of the proposed scale. The A ROC
curve is a graph that estimates the quality of a model by separating two classes[10-
12]. The predicted response in our case is the probability of complete necrosis of
colorectal cancer metastasis in the liver after exposure to radiofrequency for a

particular patient (summation of scores for each factor from the proposed table). A
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possible solution is a continuous value which may range from 0 to 12. The value of
the digital indicator, from 0 to 6 points, indicates a low probability of complete
necrosis of the tumor, and on the contrary, the value, from 6 to 12, speaks in favor of
a high probability of complete necrosis [13-14].

Model quality depends on the height of the ROC curve area. The ordinate axis
indicates the frequency of true positive results (sensitivity), the abscissa axis indicates
the frequency of false positive results (1 minus specificity) over the entire range of
separation points. The values along the axes correspond to probabilities from 0 to 1
(i.e. from 0 to 100%).

The graph is often supplemented by a direct y = x.

80 .
Uy BCTBUTENBHOCTL: 80,0
B CneunduuHocTs: 82,9
F Kpurepwin: 57
60
40 /
20

o 20 40 60 80 100
100-cneundmyHoOCTL

AUC = 0,860
P < 0,001

[IIkana nporHosa Prognosis scale
YyBCTBUTEIHHOCTb sensitivity
Crieru(puIHOCTh specificity
Kpurepnii criterion

Thus, in our work, the threshold value of the total scale (Cut_off) was 12
points. The test score had sensitivity (Se) of 80.0% and specificity (Sp) of 82.9%.
Model accuracy: prognosticity of positive result - 80.39%. Prognosticity of a negative
nature - 19.61%. Up-to-date prognostic models based on radiation diagnostics have
not yet been clearly developed to assess the possibility of complete hepatic tumor
necrosis after RFA.

In view of the above, we have developed a prediction scale for complete tumor
necrosis based on factors such as the size and location of the foci; type of blood
supply and possibility of implementing the principle of overlapping with an
electrode. The effectiveness of the proposed classification was confirmed by the
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results of validation of the presented prediction model in clinical practice. The
analysis evaluated the data of radiation diagnostics both before surgery and the
distant results of 51 patients operated on at the Gomel Regional Clinical Oncology
Clinic from 2014 to 2020 inclusive. It is noteworthy that already when assessing the
average sum of points from 4 to 9, the percentage of complete necrosis in RFA of a
liver tumor is significantly lower than with the average sum of points from 9 to 14.
The ROC-analysis method also confirmed the diagnostic efficacy of the
proposed prognostic model - AUC was 0.860 (95% CI 0.734-0.941) at the validation
stage of the technique. Thus, the prognostic model we have developed for prognosis
of tumor necrosis of liver tumors in RFA is easily reproducible and can be used to
assess efficacy using radiation-based diagnostic methods at the stage of surgery
planning. Using ROC-analysis, it was obtained that the " PSCTN " scale has a high
prognostic effectiveness of complete necrosis of colorectal cancer metastasis in the
liver using radiofrequency ablation. Sensitivity of evaluation procedure 82.93%;
specificity 80.0%. Thus, the use of mathematical models in medicine not only
facilitates an accurate quantitative description of a certain problem by constructing a

suitable model, but also provides a means to solve the problem.
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Annotation. The present review article touches some typological aspects
(ethnic, ethno-age, ethno-gender, ethno-gender-age, seasonality) taking into account
for describing the peculiarities and management of dermatological diseases in some
countries concerning to their diagnosis and treatment new methods and prospects.

Key words: typological aspects, dermatological diseases, teledermatology.

Typological aspects touch Medicine various branches. Dermatology is not an
exception.

Ethnic typological aspect is described in the works from different countries.
These works deal to such diseases management: diagnostics, treatment and
prevention. Teledermatology is thought to be powerful diagnostic method in Iran [1,
p.11-23; 2, p.279-290] applied also in this country for treatment though this work [3,
p.83-92] describes this method usage in the elderly in 62-89-yeared patient and thus
ethno-age typological aspect. Web base teledermatology system was created in Iran
(also ethnic typological aspect) [4, p.681-688] as well as standards and photography
techniques in this informative method [5, p.515-525] were developed.
Teledermatology can be applied to provide healthcare services for the distant areas
and the poor; the diagnoses reliability and accuracy in teledermatology comprised

more than 60% in comparison with the data received in the face to face by Iranian
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scientists research data with ethnic typological aspect description concerning to such
diagnostic methods [6, p.148-156]. Probiotics usage is comfortable due to their safety
for the host organism; it defined their wide applying at the problems of digestive
tract, immune disorders, skin diseases, diabetes, cancer, liver diseases, hypertension,
urogenital problems, oral cavity pathological conditions; in Dermatology — at atopic
dermatitis, acne, eczema, allergic diseases, skin aging, bacterial and fungal infections,
chronic wound healing, including diabetic foot ulcers and the results were promising
in Iran; these researches describe ethnic and ethnic-age typological aspect (if they
deal to skin aging) [7, p.44-51]. Specialists from various countries proposed and
propose their own approaches for skin diseases and syndromes management,
sometimes — with guidelines publishing like it was performed in Iran for urticaria; in
part they consider that common measures by general physicians, allergologists and
clinical immunologists are essential for this disease best management [8, p.105-123].
This work was also performed while ethnic typological aspect taking into
consideration like the one on the Egyptian psoriatic patients life quality weakening as
well as the disease acceptance by them that was found to be life quality independent
predictor; this work was realized in Mansoura city [9, p.91-97]. Iranian
dermatologists performed investigations in the patients with pemphigus vulgaris (skin
and mucosae autoimmune bullous disease caused by T-cells activation and
proliferation, Th2-cytokines synthesis and pathogenic antibodies formation) at
genetic level with the partial conclusions that vitamin D serves as probable
immunodeviator to Th2 and their mediator acting through the vitamin D receptor;
there was no association between the vitamin D receptor polymorphism (Fokl alleles)
and pemphigus vulgaris in the population observed and such a distribution of genes
alleles as 77% for F and 23% for f was detected [10, p.49-55].

Such a research as [11, p.105-115] used ethno-age typological aspect and
described clinical and epidemiological profile of Indian psoriasis patients whose age
was approximately 26-58 years; phototherapy was proven to be an effective method;
such typological aspect as seasonality was also taken into account because the disease

exacerbation was observed mainly in rainy seasons and winter; there are works
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touching the disease peculiarities in a definite cities like this one (Mangalore).

Cosmetic Dermatology is developed rather well in India and there were World
Congresses on this Dermatology branch in this country [12, p.57-59]. Italian
scientists from Rome consider skin as a psychoneuroendocrine microcosm and
propose low-dose therapy with highly-molecular regulatory peptides (10-50 kDa)
cytokines and growth factors at vulgar psoriasis, vitiligo and atopic dermatitis while
supporting low dose medicine (LDM)-based therapeutic approach for many
dermatological diseases and guiding the principles of psychoneuroendocrine
immunology (PNEI) [13, p.1-6].

Ethno-age typological aspect found its description in the research set about
sclerotherapy representing a bloodless approach in pyogenic granuloma in the Indian
children taking into consideration this disease prevalence in the pediatric age group
[14, p.76-79]. Ethno-gender aspect was taken into account in the work of Iranian
dermatologists performed also in the country separate city Shiraz located in Southern
Iran because of practically no studies in this country area; gender aspect was involved
in the following data about fibrosal alopecia possible development in women with
hypothyroidism testifying to the disease immunological origin; estrogens synthesis
did not influence on the disease occurrence; also asymmetry was taken into account
because the disease complete name is “frontal fibrosal alopecia” (FFA) [15, p.112-
119]; psychological disturbances in Indian women taking such serotonin reuptake
inhibitors as fluoxetine at acne excoriée were established in a following studies [16,
p.98-104].

Ethnic-gender-age typological aspect is reflected in the works set on various
dermatological diseases and syndromes, laboratory abnormalities distribution in
different countries in males and females — in part laboratory abnormalities at pruritus
(itching sensation lasting more than 6 weeks) in Iran with no varieties found in the
representatives of two genders of a definite age (approximately 50-65 years) the
results of which testified that 40% of the patients had the laboratory abnormalities
(60% of the patients were males) [17, p.230-235]. Vulgar psoriasis was found to be

the most prevalent among psoriasis patients and males were affected more
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comparatively to women; as for the dominant age of onset — it was under 20 years
and it was important that hypertension and diabetes were the most often
comorbidities to be met in Iranian patients [18, p.1-7]. There weren’t the correlations
between metabolic syndrome and acne in Iranian adolescent girls aged 12-18 years
[19, p.85-90] as well as no correlation between acne and dietary carbohydrates
including glycemic load in the same investigative object [20, p.43-48]; there was no
significant relationship between serum vitamin D levels in 18-50-yeared male and
female patients and warts existence and there was no variety in age and gender
between the case and control groups in the patients from Tehran [21, p.64-71].

Thus, typological aspects taking into consideration are indeed rather important
in Dermatology for the diseases proper and multi-sided management and as a result

for termed diagnostics and successful treatment.
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The purpose of the study was to establish the dynamics of changes in the
metric components of the structural components of the rat gastric wall with long-term
use of a complex of food additives: sodium nitrite, sodium glutamate and Ponceau
4R. The use of a complex of food additives (monosodium glutamate, sodium nitrite
and Ponceau 4R leads to structural and metric changes in the fundus of the fundus of
the stomach. At 4 weeks is determined by severe hyperhydration and microcirculation
disorders in all membranes. Other components do not recover to the values in the
control group, destructive phenomena develop in the mucous membrane, and
pronounced leukocyte infiltration in the submucosal.

Key words: gastric wall, sodium nitrite, sodium glutamate, Ponceau 4R, rats.

The dramatic increase and uncontrolled use of synthetic food colorants added
to various types of goods to enhance their appearance or compensate for natural color
variations is of great concerned. [1, p. 526].
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The study of the effect of complex food additives (sodium nitrite, monosodium
glutamate and Ponceau 4R) on the adaptive responses of rats has established
behavioral disorders of experimental animals. From the first week of observation, the
rats showed anxiety, fear, dull adaptive reactions, decreased activity and emotional
disturbances, which were exacerbated by week 16 of the experiment [2, p. 233].

Therefore, recently, scientists of various profiles are devoting to the study of
the mechanisms of its toxic effects, as well as the study of compensatory-adaptive
reactions in response to entry into the body. The purpose of the study was to establish
the dynamics of changes in the metric parameters of the structural components of the
rats’ gastric fundus wall in long-term use of complex food additives: sodium nitrite,
monosodium glutamate and Ponceau 4R. Materials and methods. 42 outbred mature
male rats were involved into the study. Control rats consumed drinking water and
received saline per os. The rats of the experimental group were given access to water
ad libitum and, supplementary, consumed sodium nitrite solution. Monosodium
glutamate was administered at a dose of 20 mg/kg in 0.25 ml of distilled water,
Ponceau 4R at a dose of 5 mg/kg in 0.25 ml of distilled water once daily per os. The
doses of food additives were twice lower the allowable normal rate in foods. To
evaluate the adaptive behavior, the rats were exposed to the “open field” test. [13].

The animals were sacrificed within 1 and 4 weeks under thiopentone anesthesia
overdose. For histological study, after euthanasia of the animals, fragments of the
gastric fundus wall were fixed in 10 % neutral formalin solution for three days.
Subsequently, the fragments, fixed in formalin, were embedded into paraffin [3, p.
66]. After staining with hematoxylin and eosin, sections of the 5-10 pum thick were
studied in the Biorex 3 light microscopefter equipped with DCM 900 digital
microphoto attachment. To obtain semi-thin sections, the material was fixed in
glutaraldehyde and embedded in Epon-812. Sections of 1-2 um thick were stained
with toluidine blue with pH 8.4. The thickness of mucous, submucous, muscle, serous
membranes and the total thickness of the gastric wall were determined using the
morphometric method. Statistical processing of morphometric data was performed

using the Excel program [4, p. 68]. Results of the study and their discussion. The
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findings of the morphometric study have established that in animals of the control
group, the mean values of the total gastric fundus wall thickness were 1364.26+27.86
um. After 1 week of consumption of the complex food additives, the value
significantly decreased by 10.97 % and accounted for 1118.66+£20.34 um. On week 4
of the observation, a dramatic thickening of the gastric wall by 55.58 % was
established and the values reached 1740.63+25.86 um, induced by prominent
hyperhydration of the connective tissue. The analysis of the dynamics of metric
parameters of mucosal thickness has found that after a week of the observation of
experimental animals, the average values of mucosal thickness significantly
decreased by 12.97 %, and by week 4 the value increased by 22.58 % (p<0.05),
compared to the previous time period and exceeded the value in the control group.
The defined phenomenon is caused by the connective tissue edema and vascular
plethora.

Changes in the average thickness of the submucous layer at the early stages of
observation were similar to the thickness of the mucous membrane. However, the
tendency to decrease and restore indicators did not lead to normalization — the values
were by 15.23 % significantly higher compared to the control group (p<0.05) and
histological study revealed diffuse infiltration by leukocytic cells. The least
pronounced changes in the average thickness were found in the muscle plate. On
week 1 and 4, its thickening by 22.95 % (p<0.05) was detected most likely due to
general hyperhydration and disrupted blood perfusion in the gastric wall. Changes in
the serous membrane were manifested by a decrease in thickness by 25.9 % on week
1 of the experiment, an increase by 62.8 % to week 4 (p<0.05). The revealed changes
in the metric parameters of the structural components of the rats’ gastric fundus wall
of rats after the consumption of glutamate, sodium nitrite and Ponceau 4R are
primarily caused by their direct effect on the surface of the gastric mucosa, which
leads to alteration and exudation and is stereotyped for many aggressive factors. [5, p.
132, 6, p. 155]. However, the findings of our study showed that from week 8 of the
effect of the complex food additives, dystrophic and destructive changes developed in

the mucous membrane, which persist until the end of observation. Entering of the
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stimuli into the thickness of the gastric wall leads to disorders of
hemomicrocirculation and hyperhydration of connective tissue.

Consumption of the complex food additives (monosodium glutamate, sodium
nitrite and Ponceau 4R) leads to structural and metric changes in the gastric fundus
wall. On week 4, a prominent hyperhydration and microcirculation disorders in all
membranes is observed. At the later stages of observation, the recovery of the metric
parameters in the muscle and serous membranes were noted. Other components do
not recover to the values in the control group, destructive phenomena develop in the
mucous membrane, and pronounced leukocyte infiltration in the submucous
membrane is observed.
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MOP®OJIOTHTYECKOE COCTOSSHUE TOHKOHN KHUIIKHU ITPH OCTPOM
IKCIIEPUMEHTAJIBHOM TAHKPEATUTE
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TamxkenT, Y30ekucran

Annoramusi [latomopdosiornueckue M3MEHEHUS! B TOHKOM KHILIEYHUKE MpU
OCTPOM MaHKPEATUTE MOATBEPKAAIOT PA3BUTHE OCTPOM KHUILEYHON HEJOCTATOYHOCTHU
U HapylieHue (YyHKIMH opraHa B JaHHOW matojoruu. IIpu octpom maHkpeature
BO3HUKAET  HapylIEHWE  MaHKpPeaTOOMJIMApDHOM  CEKpelMH, OHa  SIBJIACTCS
CTUMYJIATOPOM MPOJIU(PEPATUBHBIX MPOIECCOB KUILIEYHOTO IIUTEIHS.

KiroueBsble ciaoBa. ToHkas KHIIKA, OCTpad KUIMICUHASA HCJOCTATOYHOCTD

BBenenne. KuilleuHas HeIOCTAaTOYHOCTh CPEIU BCEX OCIONKHEHUU OCTPBIX
XUPYpPrudeckux 3a00JeBaHUN OPraHoB OpPIOUIHOW MOJIOCTH, 3aHMMAET OCHOBHOE
mecto [3, 4, 5, 9]. JleraapbHOCTh OT KHUIIEUHOW HEAOCTATOYHOCTH TPU JTAHHOM
IIATOJIOTUH OCTaeTCsI BBICOKOM, nocturas oT 15% mo 40% u He MMeeT TEHIEHIIMHA K
camwkennto [1, 2, 6, 7, 8]. B c¢Bs3u ¢ 3TUM HW3ydYeHHE AAHHOTO BOMpOCA SBISICTCS
aKTyaJIbHOW MpOOIeMO SIS CIICIMAIMCTOB BCeX oTpacield Meauiuuabl. HecmoTps Ha
BBIIIIE TIEPEUUCIICHHBIC MPOOIEMBbI BOIIPOC O MAaTOMOP(OIOTHYECKUX HAPYIIICHUSX B
KUIIIEYHUKE TIPU OCTPHIX XUPYPTUUECKUX 3a00JE€BAHUSX OPTaHOB OPIOIIHON MOJIOCTH
JI0 HACTOSIIIETO BPEMEHU HEJOCTATOUYHO U3YUECHO.

MarepuaJbl U METO/bI HCCJIeI0BaHMS. OOBEeKTOM  HaIIero
MOPGOJIOTHYECKOTO UCCASAOBAHUS SIBUJINCH MaTEepUalbl U3 TOHKOW KUIIKHU KPBIC Ha
1, 2,3 ,4, 5 1HU pa3BUTHUS SKCHEPUMEHTAIBHOW MOJEIH OCTPOro nakpeartuta. s
CO3JIaHUSI PKCIIEPUMEHTAILHOW MOJEIM OCTPOrO MaHKpeaTUTa IKCIEPUMEHTATbLHBIM
KUBOTHBIM, B TeueHHe 21 [HS TMepopaJibHO BBOJIUTHCS HECTEPOUJIHBIN
NPOTHUBOBOCHIATUTENbHBIA mpenapaT Pumanun P B paszoBoit mpoze 40 wmr/kr. [Ins

JOCTHKCHUA LCJIU U ITIOCTABJICHHBIX 3a1a4 UCIIOJIb30BaAJINCh O6HICMOp(i)OJIOI‘I/I‘I€CKI/I€,
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AIEKTPOHHO- MUKPOCKOIIMYECKHUE METO/IbI UCCIEAOBAHUS.

Pe3yabTarbl. YCTaHOBIEHO CIEAYIOIIME U3MEHEHHS: B CIU3UCTON O0OJIOUKE
KHIIKA BBISBIIIOTCS TEPBUYHBIA HEKPO3 BEPXYIIEK BOPCHHOK, OTEK B CTPOME
BOPCHUHOK M B COOCTBEHHO! IUIACTUHKE CIMU3UCTOM, CBUJIETEIIbCTBYIONIUE O UIIIEMUU
SHTEPOLUUTOB. B  HEKOTOpPHIX BOpCHHKaX OBUIO OOHAPYXEHO CIyIIMBaHUE
HEKPOTUYECKUX SHTEPOLUTOB, HAPYIIEHUE LEIOCTHOCTH SMUTEINAIBLHOTO IIIacTa
CIIM3UCTOM 00O0JIOUKH TI0 TUITY MUKPOIPO3HUH.

B Mble4HOM TUIACTUHKE CIM3UCTOM TaKK€ BBISBISIOTCS AHAJIOTUYHBIE
M3MEHEHHS. B Ccepo3HO-MBIIIEUHONH O000JI0OYKE CTEHKM KHUILIKH BBISABISETCS
BOCMIAJIUTEIIbHO-PEAKTUBHBIC ~ WM3MEHEHMS:  OTEK, HUHPUIBTPUPOBAHHOCTH U
HaOyxaHue, pa3pbIXJCHUE U PA3BOJOKHEHWE MBIIICYHBIX BOJIOKOH. HaOmromaercs
M3MEHEHHE CTPYKTYPhl MHUOIIMTOB B MBIIIEYHON O0O0JIOYKE W H3MEHEHUE KIIETOK
CEpO3HOM O00O0JOYKH KHIIEYHUKA. DJIEKTPOHHOMHUKPOCKOTMYECKH BBISBISIOTCS
OYaroBbIN JIM3UC SiACP KJIETOK M KPUCT MUTOXOHAPUH, (pparMeHTaIusl TPpaHyISIpHON
SHIOIIA3MATUYECKOM  CEeTH, pEeAyKIus KoMmIuiekca [ONbIKu, yMEHbIICHUE
KOJIM4YecTBa pUOOCOM M TOJMCOM B mUTOIa3Mme. bazanbHas mMemMOpaHa SMUTENHS
MeCTaMUu BBITJIsSIZIeNIa HAaOyXIIeH, UMeNna pa3pekeHHYI CTPYKTYpy M Oblia cierka
YTOJIIEHA, MECTaMU OTMEYAIM €€ W3BWIMCTOCTU. B 3SHNHUTEIHalbHOM  CII0€
OOHapy>KUBaJIM OYard MEXKKIETOYHOTO OTEKa, YTO BBIPAKAIOCH B PE3KOM
paclIMPEHUH  MEXKKJIETOYHBIX  MPOCTPAHCTB M HAPYIICHHWH  B3aUMOCBSI3U
JaTepajJbHbBIMU  TOBEPXHOCTSAMH COCEIHMX OSHTEPOLUUTOB TMPU COXPAHEHUU
anyKaJIbHBIX KOMIUJIEKCOB KJIETOYHBIX KOHTAKTOB.

B pacumiupeHHBIX ~ MEXKKJIETOUHBIX  MPOCTPAHCTBAX  BU3YAIU3HPYIOTCS
eAMHUYHBIE JTUMGOUIHBIC KIIETKH, JIEHKOIUTHI W 3PUTPOLUUTHL. MHKPOBOPCHHKH
BCACBIBAIOIIUX DSHTEPOIMTOB pACIOJArajiiCh HECKOJBKO XaOTHYHO U  YacTo
nehOpMHUPOBAaHbI, UMEIOT PA3IMYHON TOJIIUHBI CJIOS TIMKOKamukca. KOHTYpsI
HEKOTOPBIX KJIETOYHBIX SIIEp MHOTJAa WMEIH BBIPAKEHHYIO HM3PE3aHHOCTD.
MuroxoHapur TnoMMMOp(HBIE, OTEYHbIC, OTIEIbHbBIE M3 HHUX C OYaramu
MPOCBETBJIICHUS MaTpUKca M JECTPYKUHMH KpucT. lLluctepHsl rpanynsipHO

HI/ITOHHaSMaTI/IIIGCKOfI CCTH PACHIMPCHHLBIC W JJICMCHTBI IINIACTHHYATOI'O KOMILICKCA
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MMEIOT BHUJ Bakyoseil. B HaabsaepHbIX 30HaX 3HTEPOLUMUTOB YaCTO BCTPEYAIOTCA
KpPYMHBIE JIM30COMBI U MHEITUHOINOAOOHBIE CTPYKTYpbl. BOKaTOBHIHBIE KIETKH
noJIMMOpGHBIE U B Pa3IMYHBIX CTAIUSAX CEKpeTooOpa3zoBaHusa. B oudarax kuiieyHou
MeETaIUIa3uy SMUTEITUOIUTH MECTaMH ObLIN JIMIIEHB MUKPOBOPCHUHOK M COZAEp AU
XapaKTEPHBIE TPAHYJIbI CIIU3U.

Takum 006pa3zom, MaToMOP(OJIOTHUECKHE H3MEHEHHUS B TOHKOM KHUIIICUHHUKE
IIpU  OCTPOM  MAaHKpPEAaTUTE MOIATBEPKAAIOT PA3BUTHE OCTPOM  KHILEYHOM
HEJ0CTaTOYHOCTU U HapylieHue GyHKIMU OpraHa B JaHHOM MaTOJOTUH.

[Ipy ocTpoM mnaHKpeaTUTE BO3HHMKAET HAPYIICHHE [MaHKPEaTOOMIHapHON
CEKpEeLUHU, OHA SIBJIICTCA CTUMYJATOPOM MPOIH(PEPATUBHBIX MPOLIECCOB KUIIEYHOTO
snutenus. [losTromy HapylieHne NaHKpeaTOOWIMAapHONW CEKpelUuu, IO HalleMy
MHEHHUIO, SIBJIAETCS TJIABHBIM NATOT€HETUYECKUM ITyCKOBBIM MEXaHHU3MOM Pa3BHUTHS
SHTEPAIBHON HEJOCTATOYHOCTH.

BeiBoa. B sTtom mpouecce nJOMHUHHpPYET AUCTPOPUUECKU-IECTPYKTUBHBIE U
PEaKTUBHBIE M3MEHEHHS B COCYJIMCTO-TKAHEBBIX CTPYKTYpax BCEX CJIOEB CTEHKHU
TOHKOW KHIIKK. DTH HPOLECCHl COMPOBOXKAAIOTCS HapyLICHHMEM MeTabOoIMYeCcKUX,

BCAChIBATCJIIbHBIX, TPAHCIIOPTHBIX IMTPOICCCOB B KUIICYHUKE.
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3aBijlyroua 6araTonpo@uibHO1 KJIIHIKO-A1arHOCTUYHOI JIabopaTopii
KomyHnanpHe HekoMepITiiiHe TiAIPUEMCTBO

XapkiBchKoi 0051acHO1 panu «Ob1acHa KIIiHIYHA JiKapHS,
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Beryn. 3axBoproBaHICTh Ha TOH3WJIT Yy CBITI ckianae Bif 2 a0 15% ycworo
HaceleHHs. YacTimme XBOpitoTh AiTH BikoMm Bix 5 mo 15 pokiB (50% mnarieHTiB),
qacTilie — Yy paHHbOMY WIKUIbHOMY Bimi. OCTaHHIMM pPOKaMHU TOKAa3HUKH
3QJTMIIAIOTHCS HA TOCTATHHO BUCOKUX PiBHAX. Taki XBOPi CTAHOBISITh 3HAYHY YACTKY
aMOyJnaTOpPHUX TAIIEHTIB $K OTOJIAPUHIOJIOrIB, TaK 1 TMeaiaTpiB, a JlarHo3
3aXBOPIOBaHHS JIM(OTIIOTKOBOTO arapaTy TJOTKH BCTaHOBIOEThCS y 19-20%
BUMAJKIB Cepell JBAJALSTH J1arHO3iB, [0 HAWOLIbII YacTO BCTAaHOBIIOKOTHCS
OTOpHHOJIapUHTOI0TaMH [1].

AHoTanisi. Y po0oTi HaBeleHI perioHalbHI JlaHi MPO yYacTh YMOBHO
NAaTOr€HHUX MIKPOOPraHi3MiB y O10LI€HO31 31BYy MpHW TOH3WIITI. I3 57 mramiB 82,5 %
craHoBuiau rpammnosutuBHi koku, C. albicans sumimsumics B 15,8 % Bumamkis.
Haii0inpin momupenumu Oyiu cTpenTokoku rpymu Vviridans (29,8 %), S.aureus (28,1
%) i S.anginosus (10,5 %).

Kuio4oBi cjioBa: yMOBHO-IaTOreHHA MiKpO(hIopa, TOH3WITIT.

Merta: BuUBYEHHS BHUIOBOIO CKJIaqy MIKpodJIopu TMpH TOH3WIITAX Ta
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BHU3HAUEHHS €KOJIOTTYHOI POJIl PI3HUX BUJIB y CTPYKTYP1 MIKPOOIOLIEHO3Y.

Martepiaan Ta MeToam aocaigkeHHsi. BuBueHo ctaH MikpoO1OIIeHO3Y 31BY Y
43 XBOpHMX Ha TOH3WIIT. [HTEHCHBHICTH OOCIMEHIHHS Ta KIJIBKICTh MIKpOOpPTaHi3MiB
TOCTIKYyBIA OAKTEPIOJOTIYHUM METOJOM 3TiHO HOPMATHBHUX JOKYMEHTIB [2].
InenTudikamio poaoBOi Ta BUAOBOI HAJIIEKHOCTI MIKPOOPraHi3MIB 3A1HCHIOBAIM Ha
OCHOBI  MOP(OJOTIYHMX, THUHKTOPIATbHUX, KyJIbTypaJIbHUX Ta O10XIMIYHHX
BractuBoctel [2]. Exonoriyauii anani3 MikpoOi0TH MPOBOAMIIN IIUIIXOM BU3HAYCHHS
MOKa3HUKIB: 1HACKCY AJoMiHyBaHHS beprepa-Ilapkepa [3] Ta iHAeKCY MOCTIHHOCTI [4].

Pe3yabTaTn Ta iX 00roBOopeHHsi. Y pe3yJsbTaTl JOCHIIKEHHS OylIu BUILICHI
Ta iienTudikoBani 7 BuaiB 6aktepiit, 1 Bug rpudis C. albicans i crpentokoku rpymnu
viridans. Bcyoro Oynu igentudikoBani 57 mramiB MiKpoopraHi3miB, 82,5 % 3 sKuX
CTAaHOBWJIM TPaMITO3UTHBHI KOKH, a came 47,2 % Hanexaino a0 poay Streptococcus, a
35,1% — Staphylococcus. C. albicans Buminsiaucs B 15,8 % Bunankis (tabm. 1).
Cepen CTPENTOKOKIB JIIAUPYIOYE Miclle 3aliMalii CTpenToKOKU rpymu Viridans (29,8
%) 1 S.anginosus (10,5 %). HaiOinpIn mommpeHuM MpeCTaBHUKOM CTa(iIOKOKIB
oy S.aureus (28,1 %). Yactka iHIIMX CTPENTOKOKIB cTaHoBmia Bim 7,0 % y S.
epidermidis 1o 1,7 % y S. anhaemolyticus i S. mitis. S. pyogenes OyB i301b0BaHHI Yy
nBox xBopux (3,5%). Y ognoro xBoporo (1,7 %) Oyna igeHTrdikoBaHa CHHBOTHIMHA
nannuka (tabm. 1).

[Ipu ananmizi pe3ynbraTiB Oyino BUSBICHO, 1110 54,4 % mTamiB 3yCTpi4aloThCs y
MOHOKYJIBTYpi, 35,1 % mramiB GopmyBanu ABOKOMIOHEHTHI acomiarii, a 10,5 %
Oynu y cksajal KoMOiHaIlii 13 Tpbox MikpoopranizMmiB. [llono BugoBOrO ckiamgy, To
CTPENTOKOKHU Tpymnu Viridans Haivacriiie BUAUISIIMCS Y MOHOKYJIBTYpi (64,7 %) 1y
35,5 % — y TBOKOMITOHEHTHHUX acoliamisx. 30J0TaBuil cTapiIOKOK OyB MOMMUPEHUN
AK Yy MOHOKYIbTYpl (68,75 %), Tak 1 y naBokomnoHeHTHuX (18,75 %) Tta
TPUKOMITOHEHTHHX acoramisx (12,5%). C. albicans Takox BHILISIMCS ITOOIHHII
(44,5 %) Ta y ckmami nBokommoHeHTHUX (33,3 %) 1 TPUKOMIOHEHTHHUX acoIliaIrii
(22,2%) (tabn. 1). 3a manumu aBTopiB [5-7], S.viridans, S.aureus, S.pyogenus, S.
anhaemolyticus, S.epidermidis BuciBarOThCsI B acolfiaiisx SK IpU TOCTPOMY, Tak i

IPU XPOHIYHOMY TOH3HUJIITI.
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Taoauusa 1

BunoBuii cK1a1 YMOBHO-IIATOr€eHHUX MIKPOOPraHi3MiB, BUIIJICHUX i3

KJIIHIYHOIr0 MaTepiajay mpM TOH3WIITaX

YacroTa BUIIJICHHS] MiIKPOOPTaHi3MiB

(abcomroTHE 3HAYEHHS/BiJICOTOK)

MikpoopraHizm Yy B acomiamiax
3aranpHa | MOHOKYJIBTYPI J1Bo- Tpu-
KOMITIOHCHTHHUX | KOMIIOHCHTHHUX

Streptococcus 17/29,8 11/64,7 6/35,3 -

rpymu Viridans

S. aureus 16/28,1 11/68,75 3/18,75 2/12,5

S. anginosus 6/10,5 4/66,7 1/16,7 1/16,6

S. epidermidis 4/7,0 - 4/100 -

S. pyogenes 2/3,5 - 2/100 -

S. anhaemolyticus 1/1,7 - - 1/100

S. mitis 1/1,7 - 1/100 -

P. aeruginosa 1/1,7 1/100 - -

C. albicans 9/15,8 4/44.5 3/33,3 2122,2

Bcworo mramis 57/100 31/54,4 20/35,1 6/10,5

[Ipyn aHami3i €KOJOTIYHUX MOKa3HUKIB BHUSIBUJIM, IO CTPENTOKOKH TPyIu

viridans (29,8 %) 1 S. aureus (28,1 %) HamexaTh 10 JOAATKOBUX, a BCi 1HIII

MIKpOOpraHi3MH y KIIHIYHOMY MaTepiani Oyiau BUMaAKOBUMH (1HIEKC MOCTIMHOCTI <

25 %) (tabm. 2).

3a iagexcom beprepa-Ilapkepa, nmomiHyro4a poib Hajexala CTPENTOKOKAM

rpymnu viridans i S. aureus (ta6x. 2). I[Ipu kibKicCHOMY BU3HAYCHHI MIKPOOPTaHi3MiB

HAWBHINMI piBeHb OOCIMEHiIHHA OyB BHM3HaueHuwit y S. anginosus (7,33+0,84 Ig

KYO/mn) 1 S. pyogenes (5,0+0,0 Ig KYO/mi) (tabn. 2). PiBenb kosowizarii C.

albicans Takox rnepeBHIIlyBaB MOKa3HUKU HOPMHU.
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Taoauuga 2
Exosoriyna xapakrepucTuKa YMOBHO-IIATOr€HHUX MiKPOOPIraHi3MiB,

BHM/IIJIEHHX i3 KJIIHIYHOT0 MaTepiajy NpPH TOH3WIITAX

Innexc Kononizamnuuin
Mikpoopranizm [HAeKC TOCTIHHOCTI, JIOMIHYBaHHS piBEHBD,
% beprepa-Ilapkepa | Ig KYO/mn (M+SD)

Streptococcus rpymu 29,8 1 3,5+0,20
viridans
S. aureus 28,1 1,1 4,33+0,61
S. anginosus 10,5 2,8 7,33+0,84
S. epidermidis 7,0 4,25 2,75+0,13
S. pyogenes 3,5 8,5 5,0+0,0
S. anhaemolyticus 1,7 0,06 2,0+0,0
S. mitis 1,7 0,06 3,0+0,0
P. aeruginosa 1,7 0,06 3,0+0,0
C. albicans 15,8 1,9 3,42+0,21

TakuMm YMHOM, BHSBJICHI MIKPOOPTaHI3MH HaJleXaTh JO MPEACTABHUKIB
HOPMAaJILHOT MIKpOO1OTH POTOBOT MOPOKHUHHM, SKI IPU HOPMAIBHOMY CTaH1 IMyHHOI
BIANOBIJI (MpU NPUPOAHUX KOHUEHTPALISX) HE BUKIMKAIOTH 3alajlbHUX IPOLIECIB
[9]. [IpoTe mpu mopylieHH1 IMyHITETY ¥ OanmaHcy MiKpodJIOpu YMOBHO IMaTOTC€HHI
MIKpPOOPTaHi3MH MOKYTh BUKJIMKATH 3anajibH1 npouecu [10].

BucnoBku. [Ipy ToH3UIIITaX BUALISAIOTHCS YMOBHO MAaTOM€HHI MIKPOOPraHi3MuU
— MPEACTAaBHUKH HOPMAJBLHOT MIKPO(IIOPH SIK Y MOHOKYJBTYpPI, TaK 1 B acOIliaIlifX,
AK1 MPU MEPEBULIEHH] JII0YUX KPUTEPIiB PIBHSA MIKPOOHOTO OOCIMEHIHHS MOXKYTh
OpaTtu y4acTh y PO3BHUTKY 3allafOBaJbHUX IporieciB. bakTepionoriyne g0CiiKeHHS
3 ypaxyBaHHSIM €KOJIOTIYHUX MOKAa3HUKIB MA€ 3HAUCHHS JJIsi BUSIBJICHHS €T10JI0TTYHOT

poJii 30yAHUKIB 1 BUOOPY TaKTUKHU JIIKYBaHHS.

CIIMCOK JIITEPATYPU
1. VHiikoBaHMNA  KIIHIYHMA  MPOTOKOJ  TMEPBUHHOI,  BTOPUHHOL
(cmerianizoBaHoi) Ta TPETHHHOI (BUCOKOCIICIIAI30BAHOI) MEJIMYHOI JOTIOMOTH.
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VJIK 616.89
MPOBJIEMHA KOMOPBIJITHOCTI Y TAIIEHTIB I3 HIN30®PEHICIO,
SIKA ACOLIHOBAHA 3 CEPLIEBO-CYJIMHHOIO TATOJIOTICIO

Cagka CgiTiiana /ImutpiBHA

K.ME/I.H., JOLUECHT

KapBanbka Hartauis CemeHniBHa

K.ME/I.H., JOUECHT

BykoBUHCBHKHI Iep)KaBHUN METUYHUM YHIBEPCUTET
M. UepHiBii, Ykpaina

Anortanis. KoMopOigHi cepleBO-CyIMHHI 3aXBOPIOBaHHS € HaWOUIbII
PO3MOBCIOJIKEHOK0 COMAaTUYHOIO MATOJIOTIEND Yy MALIEHTIB 3 MIMU30(PEHIEI0, a TaKOXK
OCHOBHOIO IIPUUYMHOIO NIEPETIaCHOT CMEPTHOCTI. Brcoka yactoTa cepleBo-Cy IMHHUX
3aXBOPIOBaHb Y XBOPHUX Ha MIM30(PEHi0 BIUIUBAE HA CIENU(DIKY KIIHIYHUX MPOSBIB,
Ha MeTaboiiyHl MmoOiYHI  eeKTH, sSAKI BHHHMKAIOTh BHACIIJOK  Teparii
AHTUTICUXOTUYHUMU TIpernapaTaMy Ta MOTIPIIYE SKICTh )KUTTS MAIIEHTIB.

KuarwuoBi caoBa: mm3odpeHis, cepreBO-CyAMHHA TMAaToJorisl, KOMOPOiaH1

3aXBOPIOBaHHS.

Beryn. Ilamientd 3 mu30(QpeHIEd MalOTh MEHUIY TPUBANICTH KUTTA Y
MOPIBHAHHI 3 3arajibHOIO Tomysisiiiero [1, ¢. 212]. 3MeHIIeHHS TPUBAIOCTI KUTTS
JAHUX TAIIEHTIB TOB’S3aHO 3 COMATUYHUMHU 3aXBOPIOBAHHAMH. [3 KOMOpOiTHUX
COMATHUYHHUX 3aXBOPIOBaHb HAMUaCTIIIE 3YCTPIYAOThCA 1MIEMIYHA XBOpoOa cepiis
(IXC), rineproHis, niadet, AUCIIMIIEMis Ta OKUPIHHS.

Yacrora BHUHHUKHEHHS COMATHYHHMX 3aXBOPIOBaHb  acOIlIHOBaHUX 13
mu3odpeHieo 00yMoBiieHa TakuMU (pakTopam, sSIK 3MEHIeHa (i3MYHa aKTUBHICTH,
HE JOTPUMAHHSA 3J0POBOTO CHOCOOY KUTTSA, NOOIYHI [1i AHTHUIICUXOTHYHUX
npenapariB, HASBHICTIO IIKIAJMBUX 3BUYOK Ta HE PETYJSIPHICTIO NPUHAOMY
npenapariB [2, ¢. 32]. Ilamientu 3 mm3odpeHiero 4acTo HE OTPUMYIOTh BIAMOBIIHI

(dapMakoOriyHy Teparilo, SKa 3HIKYE PHU3UK BUHUKHEHHS CEpLEBO-CYAMHHOI
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MaTOJIOT1i, @ TAKOXK MpernapariB KapA10MPOTEKTOPHOI A1l micist iHpapKTy miokapay [3,
c. 422]. 3 inmoro 60Ky, CEplIeBO-CyIMHHA MATOJIOTIA BIUIMBAE HA KIIHIYHY KapTUHY,
nepeOir 3aXBOPIOBAHHS Ta MOTIPIIYE SAKICTh )XUTTS MAIIEHTIB 3 MTU30(QPEHIELO.

Mera pgocaimkeHHsi. Mera HaAmoro JIOCTIPKEHHS BHUBYCHHS KJIIHIKO-
IICUXOJIOTIYHUX OCOOJMBOCTEM KJIIHIYHOI KapTUHU IHU30(PpeHii KoMopOigHOoi 13
CEPLIEBO-CYMHHOIO MATOJIOTIELO.

Marepiaiau i Meroau. B SKOCTI METOMIB AOCHIHPKEHHS BUKOPHCTOBYBAIU
IIKaJly OLIHKK IO3UTHBHHUX Ta HeraTuBHUX cuMmnTomiB (PANSS), kminiko-
[ICUXOMATOJOTIYHUI  METOJlT OOCTEeKEHHA 3 BUKOPUCTAaHHSAM IHTEpPB’I0 13
3aCTOCYBaHHSAM JIIarHOCTUYHUX KPUTEPIIB MIKHAPOIHOT Kiacu(ikaii xsopoo — 11.

[Ilkana MO3UTUBHUX Ta HEraTHUBHUX CHUMITOMIB BKIO4ae 30 IYHKTIB, 5Kl
JO3BOJISIIOTh  KUIBKICHO ~ OI[IHUTH TSDKKICTh NPOAYKTHBHOI CHUMIITOMATUKH Ta
HEraTUBHOT CUMITOMATUKH, KOMIIO3UTHUH 1HIEKC Ta BUPAXKEHICTh 1HIIUX TCUXIYHUX
HOpYILIEHb.

PesyabTtatn Ta oOrosopenHsi. JlocmipkeHHS TpOBOAWIOCH Ha 0asl
ncuxiatpuunoro BigmineHHs OKHIT YepniBerbkoi 001acHOI MCUXIATPUYHOI JIKAPHI
32019 no 2021 poku. OOGcTex)eHHS NALIE€HTIB 3A1CHIOBAJIOCH IIISIXOM CTaHIapTHOTO
IHTEpB’I0 13 3aCTOCYBAHHSM JIIarHOCTUYHHUX KPUTEPIiB MIKHAPOAHOI Kiacuikarii
XBOp00. Bysio cTBOpeHO KapTy-OnmuTyBaIbHUK B SIKY BHOCHJIMCH JaH1 MPO MAIlIEHTIB.
JlaHne gocnipKeHHsT Majo HACTYIHI KpUTEpP1i BKIIOUEHHS: HAsIBHICTD IM1ITBEPKEHOTO
niarHosy mu3odpenis, Bik Big 18 10 65 pokis.

Jlo KpuTepiiB BUKJIIOYEHHS BITHOCWJINCH: BIK MeHIIe 18 Ta crapmie 65 pokis;
3JI0SIKICHI HOBOYTBOPEHHSI; CYMYTHI 1HIII MCUXIYHI Ta HAPKOJOTIYHI 3aXBOPIOBAHHS.
VYci manieHTd Opaiu ydacTb y AOCHIIKEHHI JOOpPOBUIBHO Ta aHOHIMHO 1 OyiH
noiH(GOPMOBaHI PO METY Ta METOAM JTOCIIIIKEHHS.

Cratuctuyauii anami3 npooawim y nporpamax SPSS for Windows 17.0 ta
STATISTICA for Windows 5.1. IIpu craructuuHiii oOpoOIll OTpUMaHUX PE3yJbTaTiB
BUKOPHUCTOBYBAJIUCS METOAM BapialiiiHOi cTatucTuku. OIiHKa TUIY PO3MOILITY
MPOBOMIIACS 13 BU3HAYEHHSAM MIpU IIEHTPaIbHOI TeHACHIII. BukoHane oOCTeXeHHs

60 mnamientiB 3 mm3odpeniero (F-20) 1 kKoMOpOIAHUMU CepIIEBO-CYIUHHUMU
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3axBoproBaHHsAMH Ta 20 XBOpUX Ha mapaHoiaHy (opmy mu3odppeHii 6e3 CymyTHBOI
CepLIeBO-CYMHHOI MATOJOT11, SIK1 BBIMIILIIM KOHTPOJIBHY TPYIY.

[TamienTn Oyiau po3aAUJICHI 3a TPUBAJIOCTI 3aXBOPIOBAHHS HACTYIHHUM YHHOM: Y
27 ocib (33,8 %) manu TpuBaicTh 3aXBoproBaHHs Oyna 10 10 pokiB, y 53 ocib (66,2
%) — 10 1 OiabIIIEe POKIB.

VY maii€eHTiB OCHOBHOI T'PYINHM HaWOUIbII BUPaKEHI MOPYIICHHS 3a IIKAJIOK0
PANSS cnocrepiramucs y N2 (emortriifHa BiATOpOIKEeHICTh), N4 (TTacHBHO-anmaTuyHa
collajJbHa BIATOPOUKEHICTh), N5 (mopylieHHS aOCTPaKTHOrO MHUCIEHHs), N6
(mopyIIeHHS CHOHTAHHOCTI 1 TUIABHOCTI MOBJIEHHS), N7 (CTEpeoTUITHE MHUCIICHHS),
nyHktax P2 (koHuenTyajibHa Ae3oprasizaunis MucieHHs), P6 — (mmgo3puiicts 1 1aei
nepeciiayBanis), Gl — (comarnuna ctypboBanicts), G11 (mopymenus yaru), G12
(3HMKEHHSI KPUTUKH JI0 CBOTO CTaHy). Y MAaIllEHTIB KOHTPOJBHOI IPYNH MOPYLIECHHS
3a IIKajgow Oynu MeHII BupakeHi y N4 (macuBHO-amaThyHa CoOIllajbHa
BiJiIropoikeHicTh), G1 — (comaTtuuHa ctypOoBaHicTh), G11 (mopyiieHHs yBaru).

BucnoBku. OTpuMaHi pe3yjabTaTd MOXYTh CBIIYUTH IPO HETaTUBHUM BILIMB
KOMOPO1HOT CepIieBO-CYAMHHOI MaTOJIOTIi Ha CTYIIHh BUPAKEHOCTI IMO3UTUBHUX Ta
HETaTUBHUX CHUMITOMIB Yy TMAllI€HTIB 3 MK30(peHiero. [JaHl gocaiKeHHs! CBIIYaTh
IpO aKTyalbHICTh MPOOJIeMH KOMOPOIJHUX 3aXBOPIOBaHb Yy TAII€HTIB 3
MHU30(pEHIEI0 Ta MOKa3yIOTh MEPCHEKTUBU AJsl MOJANbIIOT0 BUBYEHHSI 3 METOIO

KOMIUIEKCHOI KOPEKIIli JaHUX MOPYIIEHb.
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Abstract. Derived from polyvinyl chloride (PVC) polymeric materials have a
number of valuable features and find wide practical application. For these purposes is
primarily used plasticized PVC although it is known that many plasticizers improves
a number of compositions properties, in particular of frost resistance. Polymer
materials obtained on the basis of polyvinyl chloride (PVC) possess a number of
valuable properties and find wide practical application. For these purposes, mainly
plasticized PVC is used, although it is known that many plasticizers improve a
number of properties of the composition, in particular frost resistance Thus, the
results showed that MFFO is the most promising oligomer for regulating the structure
and performance of PVC-based compositions.

The effect of the new mineral filler on the processing of PVC-based
composition and its physical and mechanical properties were studied. It has been
shown that the new mineral filler based on PVC improves the processing conditions
of the composition and has a significant effect on the physical and mechanical
properties. For this purpose, a new mineral was added. The addition of a modified
phenol-formaldehyde oligomer to the system increased the relative elongation of the

system by 1.7; increases its impact resistance by 2.7 times
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The rheological properties of alloys of the composition mixture on the basis of
PVC filled with rust were studied.
Keywords: plastification, polymeric materials, compositions, benzilnaftenatnyj

ether, filler, shear, volumetric flow.flow indicator of polymer alloy

1. Introduction

One of the main directions in the processing of plastics is the construction
industry. Polyvinyl chloride is one of the most important plastics used in this field.

Polyvinyl chloride used in the construction industry is a multicomponent
system that combines stabilizers, fillers, pigments, modifiers and technological
additives. Research is underway in this direction and the effect of local mineral filler
on the performance of polyvinyl chloride-based composition has been studied.
Polymer materials obtained on the basis of polyvinyl chloride (PVC) possess a
number of valuable properties and find wide practical application. For these purposes,
mainly plasticized PVC is used, although it is known that many plasticizers improve
a number of properties of the composition, in particular, frost resistance (1-6).

In this work, benzyl naphthenate ether (BNE) obtained from Baku oil was used
as a plasticizer (11-13). BNEs have a number of valuable physical and chemical
properties. Despite this, only 20% of BNE is used. Therefore, the use of BNE is very
relevant today. Taking into account the large raw material base, in our work, we
studied the use of benzyl naphthenates in a composition based on BSA.

2Experimental

The following composition was prepared in the research work:

PVC 20-55

BO 20

AFMA-FFO 25

Mineral filler 20

The mixture on the basis of PVC is prepared as follows:
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Polyvinyl chloride by rolling, heated to a temperature of 20-300C, is brought to
a leaf-like state (until the matrix is obtained). PVVC is plasticized for 3-5 minutes, then
benzyl naphthenate drops are added to it. The mixture of PVC and benzyl
naphthenate is mixed for 2-3 minutes.

With the aim of assessing the technological complexity of the composition on
the basis of PVC studied its rheological properties. With the help of the device IITR-
3 (radius of the capillary g = 1,045 mm, length L = 8 mm) at different loads (6,5;
9,11; 11,75 and 15,35) were determined the time of flow of the prepared composition
on the basis of BSC. From the experimental results obtained, it follows that the single
values of PVC compositions are obtained without a single plasticizer. In order to
obtain a melting composition of 5 g / 10 min (at 1500C) it is necessary to enter in
PVC (calculated on 100 m.h. PVC 4-5-6 m.h. plasticizer (BNE).

The composition was prepared on a laboratory roll at a temperature of 30-40
CO for 30 minutes.

The obtained composition was granulated in an extruder at 180 CO.

Taking into account that the main indicator of the operating conditions of
products made of polyvinyl chloride-based composition is the impact resistance, the
Impact resistance of the samples was determined.

The composition included PVC benzyl naphthenate ether and a new mineral
filler. The main indicators of BNE and the composition of the composition based on
PVC are shown in table. 1 and 2.

Table 1.
Composition of the composition prepared on the basis of BSK
Per 100 mass part of
Component name rubber, m.p

No Mixture code

K-1 | K-2 K-3 K-4 K-5| K-6
1. [PVvC 100 | 100 100 100 100 | 100
2. |Benzilnaftenatnyy efir 2 4 6 8 10
3. [Filler 4 20
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Table 2.

Physicochemical and electro-physical properties of benzyl naphthenates

Fractions
benzylnaphthenates
Ne [Indicators 195- 248- 258- 301-
205/mm | 266/4mm | 275/4vm | 317/mMMm
1. [Refractive index 1,5020 1,5024 1,5074 1,5055
Specific
2. gravity 1,06
3.
4. |Kinematic viscosity, °C -55 -55 -53 -50
5. [Flash point, °C 165 170 - -
The dielectric
constant:at
room temp.,
at 90°C 4,9 4,93
00°C in 48
6. |hours 4,19 4,56 4,8 4,3
3,9 4,4 4,6 4,3
Tangensugla
losses:at room
pace.,
7. 0,007 0,047
at 90°C
At 90°C in 48 hours 0,046 0,1725 0,25 0,35
0,55 0,551 0,10
Specific volume resistance,
at room temperature.
8. - 2,64-10% | 1,76-10% -

3 .Results and Discussion
As a result of the conducted studies of the mixture of the composition, the
dependence of the volumetric flow rate of the composition on the amount of benzyl

naphthenate ether was studied
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From the experimental results it follows that the same values of the PVC
composition are achieved with not the same plasticizer.

In order to obtain a melt composition of 5 g / 10 min (at 1500C), it is necessary
to introduce 4-5-6 pbw of plasticizer into PVC (per 100 pbw PVC). Figure 1, the
addition of butadiene oligomer to the PVVC-based composition does not significantly
affect the impact viscosity, but the addition of AFMA-FFO can maximize the impact
viscosity.

This can be attributed to the modification of the PVC-based composition with a
modified phenol-formaldehyde oligamer (MFFO). To PVC-based composition 4.5
bin.h. By adding MFFO, you can get the highest impact-resistant material

2 4 6 3

Fig. 1. Dependence of volumetric flow rate on ether content under voltage

1-PVC +BNE- (100 +2)  shear in the blend shear in the blend
2 - PVC + BNE - (100 + 3) composition: composition:
4 - PVC + BNE - (100 + 6)
- PVC + BNE - (100 + 8) - PVC + BNE - (100 + 8)
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Rice. 2. Dependence of the speed of the composition on the shear stress:

1-PVC +BNE - (100 + 2) 4 - PVC + BNE - (100 + 6)

2 -PVC +BNE - (100 + 3) 5 - PVC + BNE - (100 + 8)

3-PVC +BNE - (100 + 4) 6 - PVC + BNE - (100 + 10)

As can be seen from Fig. 1, with an increase in the amount of benzyl
naphthenate ether in the composition, the volumetric flow rate increases.

Based on the data obtained, a graph of the dependence of the shear rate () on
the shear stress was plotted and a graphical dependence was plotted from the obtained
data (Fig. 2).

3.1. Influence of phenol-formaldehyde oligomer on indicators and
structure of polyvinyl chloride-based composition

The effect of phenol-formaldehyde oligomer used in polyvinyl chloride-based
composition on the performance and structure of the composition was studied. It was
found that the addition of a modified phenol-formaldehyde oligomer to a PVVC-based
composition is the most promising oligomer for regulating its structure and
performance. The expansion of construction work in the country in recent years has
led to an increase in demand for polyvinyl chloride-based composite (PVC). Thus,
window frames, wall panels and other building materials are obtained from PVC-
based composition. Such widespread use of polyvinyl chloride-based composition is
its modification by good contact with fillers and plasticizers. Therefore, in order to

expand the field of application of PVC-based composition, the regulation of its
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parameters and structure is the most urgent issue. The most promising direction in the
regulation of indicators and structure of polyvinyl chloride-based composition is its
modification with oligomer. (78) The addition of an oligomer to the polyvinyl
chloride-based composition, which replaces the low-molecular-weight plasticizer,
simplifies the technological process and allows to adjust the performance of the
obtained composition. In addition to YMNT, C70 PVC, butadiene oligomer (BO) and
aminophenolmonomaleinamide modified phenol-formaldehyde oligomer (AFMA-
FFO) were used in this study. (79) The temperature dependence of the tangent angle
of the mechanical losses of the PVC-based composition and the dependence of the
effective viscosity of the composition at the shear stress t = 10,5336 104 on the
amount of the upcoming MFFO were studied and the remaining results are given in

Figures 3 and 4.

»
>

tga

Fig. 3. Temperature dependence of the tangent angle of mechanical losses of
PVC-based composition

1-Butadiene oligomer; 2-MFFO; 3-Unmodified PVVC-based composition

Thus, by modifying the PVC-based composition, it is possible to adjust its
performance. This was determined by adding MFFO to the PVC-based composition,
expanding the a-relaxation transition by changing the glazing temperature of the
resulting composition, changing the alloy flow index and having the maximum value
of mechanical loss (Fig. 3). The use of MFFO in PVC-based compositions increases

the impact resistance of the composition by 1.5 times and improves a number of
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technological parameters. All these carriers allow the widespread use of MFFO-
modified PVVC-based composition in the production of building materials.
T = 10,5336 104 Dependence of the effective viscosity of the composition on

the amount of MFFO at a sliding stress

T 4
492
488

A
480 ?
476 \
472 \
468

462

v

. Amount of MFFO, mass
Fig. 4. Dependence of the effective viscosity of the composition on the amount of

the upcoming MFFO at a shear stress T = 10.5336 104

1-PVC + BO + MFFO + dol.-20 + 20 + 2.0 + 5.0; 2-20 + 20 + 2.5 + 5.0; 320

+20+3.0+5.0;4-20+20+3.5+5.0

Conclusion 1. Plasticization of polyvinyl chloride-based composition with
butadiene-nitrile rubber was studied and the composition mixture included plasticizer,
stabilizer and filler.

2. The flow index (index) of the alloy of PVC-C-62 plasticized with YMNT
was studied, the processing temperature of the prepared mixture, processing mode
under the influence of various loads, rheological properties, change of effective
viscosity, melting index were studied.

3. The effect of fillers and modifiers on the properties of PVC-composition was
studied. As expected, the volume of the composition changed depending on the
amount of filler under the influence of different shear stresses, as expected, as a result
of research.

4. The morphology of the PVC-based composition has been studied and the
results show that lowering the mixture temperature increases the polarity of the

polymers, which prevents the homogeneity of the resulting mixture. Obtaining a
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homogeneous system is possible if the ratio of components in the mixture of PVC +
YMNT is 4: 1.

5. For the first time in the obtained PVC-based composition, stone aggregates
of Guzdek stone quarry were used as filler and it was shown that 20 k.h. YMNT, 10
qut.h. mineral filler, 2.5 k.h. MFFO and 4 k.h. Due to the fact that the composition
obtained by adding BaCl2 has the highest physical and mechanical properties, it was
proposed to process water pipes from it.

6. The obtained research showed that the physical and mechanical properties of
the composition based on PVC + YMNT + MFFO and the new mineral filler are
superior to the PVC-composition. A water pipe was obtained from the obtained
composition, and since this pipe meets all the requirements of the standards, we offer

its application on an industrial scale.
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Annotation: The DFT method was used to investigate the keto-enol
tautomerism of the most stable three enediol structures of dihydroxyfumaric acid
(DHF), in the gas phase, and aqueous solution (SMD model). It was found that the
activation energy and the free activation energy are in the range of 230-310 kJ mol*
for the gas phase and by 50-80 kJ mol lower in water, and TSs structures reveal that
the carboxylic oxygen that forms the hydrogen bond in the enediol structure is
involved in the mechanism of proton transfer. Furthermore, equilibrium constants
have been calculated, along with the forward and reverse reaction rates.

Keywords: dihydroxyfumaric acid, tautomerism, dft study, kinetic parameters,

equilibrium constants

Dihydroxyfumaric acid (DHF) is an important intermediate in the cycles of di—
and tricarboxylic acids, and in the glyoxalic acid cycle via the tartaric acid
transformation cycle, which are of vital importance in vegetal and living organisms.
Eschenmoser recently suggested [1] that glyoxylate and its dimer, DHF, could have
served as the basic raw material for the synthesis of organic macromolecules in the
constraints of prebiotic chemistry, thus leading to the formation of life on Earth.

In spite of the fact that keto-enol tautomerism is one of the most studied forms
of prototropy and of the interest recently attracted by DHF and its potential practical

uses in various fields, to the best of our knowledge, to date there are no published
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theoretical investigations of the DHF keto-enol interconversions. Keto-enol
tautomerism is of great biological importance, it often occurs in nature and even in
the human body, mainly manifested via acid or base-assisted catalysis [2].

In the case of DHF, various conformations are possible for the two tautomeric
forms, and our previous studies revealed that there are 22 enediol and 23 keto
structures of DHF, with three enediol structures being the most abundant [3].

In the present research, the keto-enol tautomerism reactions of the three most
stable enediol structures have been investigated. Geometries of the necessary
structures of DHF and the relevant transition states (TSs) were optimized at the
B3LYP/6-311++G(2df,2p) level, in gas and water. All calculations were carried out
using the ORCA quantum chemistry package [4], and the absence of imaginary
frequencies in the vibrational spectra confirmed that calculated isomer structures
were energy minimums. The Nudged Elastic Band method (as implemented in the
ORCA software [4]) was used for the identification of TSs, with further optimization
and calculatons at the B3LYP/6-311++G(2df,2p) level. The effect of water, as the
solvent, on the tautomeric reactions was calculated using the SMD model.

Rate constants were calculated by canonical TS theory using Eyring equation

fe == emaot T Eq),

whereAG* is the Gibbs energy of activation, kgis Boltzmann’s constant, and
h is Planck’s constant.

The equilibrium constant K, was calculated using the following equation:

K., = exp (—AG/RT) (Eq.2),

where AG = GEJOMY — Greactantsand individual thermodynamic parameters
are  Gyog = Hygg — TS208, Hzog = Eei + Evip + Eror + Etrans + ZPE + kpT  and
So0s = Se1 + Suin + Sror + Strans- All calculations were carried out at 298.15K and
1.0 atm. Energy barriers of the keto—enol tautomerization process were computed
using the energy differences between local minimum structures and transition states.
The only route for the keto—enol tautomerism is through proton transfer. Table 1
presents the activation energy, E,, imaginary frequency, v, and Gibbs free activation

66



energy, AG* of the keto—enol interconversions calculated at the B3LYP level of
theory at 298.15 K. As expected, the barriers for enediol — keto conversions exceed
those for the reverse keto — enediol transitions, in gas and in water, by around 50 kJ

molL.

E2 - K14 E3 — K13

'nt‘
Figure 1. Optimized structures of TSs in the keto—enol tautomerism of the three

most stable enediol isomers of DHF, in the gas phase
The activation energies for the keto—enol tautomerism are up to 20—fold greater
than those for the interconversions of the enediol-enediol or keto—keto forms,
reported earlier in our studies [3], which may be explained by the fact that the
mechanism of the keto—enol tautomerism is more complex and involves more atoms,
as well as a geometrical rearrangement of the molecule.
Table 1
Activation energy, E,, imaginary frequency, v (cm?), and Gibbs free activation
energy, AG* , for the keto—enol tautomerism of the three most stable enediol

forms, in gas and solvent (water).

_ v (cm™) Ea (kJ mol™) AG* (kJ mol™)

Reaction

Gas Water Gas Water Gas Water
El — K5 293.46 236.07 275.13 212.88
K5 — E1 -1813.03 | 188178 232.79 175.41 220.29 158.05
E2 - K7 291.07 228.97 272.36 206.85
K7 — E2 ~1791.89 | ~1885.58 233.42 171.31 220.99 155.48
E2 — K14 309.94 239.55 289.43 216.36
K14 — E2 -1819.46 | -1899.57 244.66 174.27 231.14 158.07
E3 - K13 308.11 232.14 287.50 209.61
K13 — E3 -1805.39 | ~1895.83 246.58 170.60 234.51 156.63

It should be mentioned here that £, and AG* are lower by 50-80 kJ mol™ in
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water, than in gas, indicating that water influences the H-transfer process, making it
easier. The TSs structures reveal that the carboxylic oxygen that forms the hydrogen
bond in the enediol structure is involved in the mechanism of proton transfer.
Table 2
Kinetic and thermodynamic data for the transition states of isomerization and
tautomerization of the three most stable enediol forms, in the gas phase and in
water. All energetic data have

been reported in kJ mol™ and the rate constants in s. 2

Keto-enol tautomerism reactions

El & K5 E2 & K7 E2 «~ K14 E3 <« K13
Gas Water Gas Water Gas Water Gas Water
AE 60.67 35.61 57.66 39.97 65.28 35.84 61.54 39.78
AH 59.55 40.44 56.50 42.57 63.70 35.38 59.77 4212
AG 54.84 39.07 51.30 37.42 58.29 35.64 52.99 36.52

Keq |246x10%0 [ 1.41x107 |10.29x 10| 2.73x107 | 0.61x 100 | 5.61x 107 |5.21x 100 3.93x 107

AG* 275.13 261.20 272.36 260.72 289.43 270.23 287.50 267.22

AG% 220.29 222.13 220.99 223.29 231.14 234.59 234.51 230.70

k1 3.91x10% | 1.01x10%® [ 1.19x10% | 1.23x10*[ 1.22x 1038 | 2.66x10% |[2.66 x 1038 [8.96 x 10

k2 1.59x 102 [71.85x 10?6 | 1.19x 10% | 4.49x 10?7 1.99x 102 | 470x102° |5.11x10%°[2.26 x 10

8 AG*1 = Grs - Greactant; 4G"2 = Grs - Gproduet, K1 - rate of forward reaction, k; -
rate of reverse reaction.

Table 2 summarizes kinetic and thermodynamic data for the transition states of
tautomerization reactions of the three most stable enediol forms, in the gas phase and
in water. Results show that the presence of solvent (water) influences both,
thermodinamic and kinetic parameters. In aqueous solution, the AE, AH, AG, AG¥ and
AG¥ decrease by around 10-30 kJ mol™. In the gas phase, equilibrium constants of
keto-enol transformations E1 «» K5, E2 <> K7, E2 «» K14 and E3 < K13 equal to
2.46 x 101°,10.29 x 101%, 0.61 x 10 and 5.21 x 10, respectively. In water, these
values are of 1.41 x 107, 2.73 x 107, 5.61 x 107, 3.93 x 107, respectively, showing a
significant increase in the values of direct reactions.

In conclusion, this research presents for the first time, important information

regarding the keto-enol tautomerism of difydroxyfumaric acid, which aim to broaden
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the understanding of these processes in gas and solvent (water). Such studies are
important mainly because enols are essential intermediates in many important
reactions of carbonyl compounds, as well as in several biological reactions.

Funding information National Research Project REDOX No.
20.80009.5007.04
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Abstract: When processing alunite by the alkaline method, gallium passes into
an aluminate solution and accumulates to a concentration of 0.2 g / I. In the process of
decomposition of aluminate solutions (decomposition or carbonization), aluminum
hydroxide first precipitates, and gallium remains in the circulating solutions. In the
first fraction of carbonization, 90% of alumina is precipitated, while gallium is almost
not precipitated.

Key words: gallium (1), liquid extraction, carbonation

Currently, approximately 90% of gallium is obtained in the production of
alumina, the rest is extracted from the dust of zinc plants, during the processing of
phosphate ores and from coal ash [1, 2]. Aluminum production is mainly based on
bauxite, however nepheline and alunite are also used. When processing alunite by the
alkaline method, gallium passes into an aluminate solution and accumulates to a
concentration of 0.2 g / I. In the process of decomposition of aluminate solutions
(decomposition or carbonization), aluminum hydroxide first precipitates, and gallium
remains in the circulating solutions. In the first fraction of carbonization, 90% of
alumina is precipitated, while gallium is almost not precipitated. The precipitate of
aluminum hydroxide is separated by filtration. The solution obtained after the first
carbonization is subjected to secondary carbonization (or neutralization) until the
remaining aluminum and gallium are completely precipitated. A mixture of
aluminum and gallium hydroxides is dissolved in caustic alkali and sent to
electrolysis or cementation on sodium amalgam or aluminum gallam [3]. Liquid
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extraction is promising for the extraction of gallium from aluminate solutions [1].
This method is highly efficient and technologically simple. For the extraction of
gallium from acidic sulfate solutions, cation-exchange reagents such as di-2-
ethylhexylphosphoric acid are often used. This reagent is used for the extraction of
numerous metal ions such as Zn, Be, Cu, V, Cd and rare elements.

To obtain the extraction characteristics of D2EHPA with respect to gallium, the
conditions for the formation of extractable compounds and their extraction were
studied depending on the contact time of the phases, the acidity of the aqueous
solution, the concentrations of the reagent and metal, and the nature of organic
solvents. The study of the kinetics of gallium (111) extraction with a 0.6M solution of
D2EHPA in kerosene showed that when it is extracted from a weakly acidic medium,
equilibrium is established within 5-10 minutes. Therefore, for further experiments on
extraction, a contact time of the phases of 15 min was chosen. The study of the effect
of equilibrium pH on the degree of extraction of gallium (I11) in the pH range 0.5-3.0
shows that at a concentration of D2EHPA in the organic phase of 0.6M, the
extraction of gallium is quantitatively complete in the pH range 1.4-2.0. The optimal

pH 2 was chosen for further research (Fig. 1.).
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Fig. 1. Dependence of the percent yield of Ga (111) ions on the equilibrium
(Cgaq,,= 0-007MOVI; Vg : Vi, = 1: 1, t=20°C)
Within pH 1.25-2.0, the dependence of logD on equilibrium pH in the
ascending part is straightforward, and the slope is equal to three. This indicates that

the gallium ion is extracted from sulfuric acid solutions by the cation exchange

71



mechanism. To clarify the dependence of the distribution coefficients of gallium on
the concentration of sulfuric acid (Fig. 2.), a series of experiments was carried out in
which the concentration of H,SO,4 was varied over a wide range (0.0816-1.031 mol/l).
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Fig. 2. Dependences of the distribution coefficients of gallium (Dga) on the
concentration of sulfuric acid.

An increase in the concentration of H,SO,4 to 1.031 mol /I adversely affects the
extraction of gallium, since in this case the degree of extraction of gallium decreases
to 9.85%. A sufficiently high degree of extraction (e = 98.53-99.14%) of gallium into
the organic phase is achieved by its extraction from aqueous solutions with an H,SO,

concentration in the range of 0.0816-0.108 mol /I.
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Abstract. The paper considers solutions to the ecology problems, which set is
formulated from cause-effect relationships. According to the adopted model, the
equation’s coefficients for the harmful impurities transfer are attributed to the causal
features of the process. Herein, the setting of cause-and-effect links is the goal of the
ecology’s direct problems. Along with direct methods of mathematical modeling of
harmful impurities transfer in the atmosphere from pollution sources, the paper
considers the formulation and methods of solving inverse problems, which essence is
to estimate the input parameters based on actual information about the modeled
system, known from the experiment. Based on the research results, a software
package was developed to implement the solution of the coefficient inverse problems
of ecology using the mathematical modeling method.
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Introduction.An essential task now is to forecast changes in ecological
systems under natural and anthropogenic factors. Theoretical studies of such
phenomena are based on well-known models of continuum mechanics [1]. In
mathematical terms, these are multidimensional nonlinear differential equations that
include a series of input parameters. Along with direct methods of mathematical
modeling of harmful impurities transfer in the atmosphere from pollution sources, the
paper considers the formulation and methods of solving inverse problems, which
essence is to estimate the input parameters based on actual information about the
modeled system, known from the experiment [2, 3]. Currently, various combinations
of programs became widespread, which are often called packages or complexes of
programs. This paper considers an applied software package (ASP) designed for
processing by reverse methods of environmental experiments. The main goal pursued
during the ASP designing is to provide significant assistance to the researcher at all
stages of processing an environmental experiment by reverse methods on a PC.

Identification of harmful impurities transfer by reverse methods. To solve
the inverse problems of the environment dynamics, we apply the equation’s simplest

approximation for the harmful impurities transfer [1]:

u%+a¢=D az—¢+Q5(x—xo)’ (1)

X 9x2
on a line in an infinite environment —« < x <o , Wherein Q is the power of a
point source emitting aerosol into the atmosphere; § (x — x,) is Dirac function. Here,
the assumption that the sought-for solution is limited in the entire domain of
definition should be applied as the boundary conditions. It is advisable to reduce the
problem (1) to an equivalent form without further analysis without the delta function.

Integrating (3.2) at the point X =X,, we get an important relation:

p-2 _p % +Q =0, (2)

ax|x0 aX|xO
Two areas can now be considered: —oc<x<x,, X, <x<oc. Denoting the

corresponding solutions through the functions ¢~ u ¢*, consider two tasks:
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Assuming the sought solution to be continuous at all points of the considered

region, including and X =X, we arrive at the second condition:

Plrmxy = Plrox (5)
It is easy to verify that the solutions of problems (3), (4) are connected by
applying relations (2) and (5).
It is obvious that the following form [1] represents both solutions:

\
N o u®*® u

¢F =Ciexps — 5+5_5 (x —x9) (X = X
. 0+u2 u -

where C,,C_ are integration constants. Substitution (6) into relation (3), (4),

-~
~

(6)

transformed to the form:

ap* dp~
D= —-D-—— +Q=0
0X |x=xo 0x |x=xg ¢ , (7)
¢|-;(=x0 = ¢|:(=XO
get C, =C_=C. Ultimate values of the constants have the following form
C+=C_=C=L (8)
V4oD + u?

As a result, we have a solution to the problem in an analytical form
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Fig. 2 demonstrates the change nature in function ¢(x) for the given input data.
The simulation analysis shows that for u>0 left (for x =x,) part of the exhibitor is
pressed against X=X,, and the right one, on the contrary, spreads, which

characterizes the substance drift by the wind with simultaneous diffusion.

Herein the solution to problems from cause-effect links should be attributed to
the direct problems of ecology. Indeed, if the parameters:
{D, u,o, x5, Q}, € R, (10)

then, herein, the solution to any direct problem (9) is determined as a function
of the spatial coordinate and as a function of the input parameters R (10). Therefore,
from cause-effect links, each direct problem within the limits of the adopted structure
(9) can be compared with some R-set of inverse problems. Thus, any inverse problem
solution from this class is finding such control that implements the goal for which the
functional on the solutions of the controlled system (9) takes the least possible value.
Herein, the solution of one or another inverse problem can be implemented by the
method developed in [4 — 6]. Let us now consider some applied problems, which
solutions can be obtained applying model (9) by inverse methods.

The following values were used as input parameters of the model:

— U is speed (m/s);

— Dy is diffusion coefficient (m - m/s);

— G is absorption coefficient (1/s);

— Q is source power (kg/s).

Several computational experiments were carried out. Fig. 1 — 4 shows the
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simulation results.

Application package work illustration. When the executable file of the
application package is launched, a splash screen with the name "Environmental task
(Fig. 1) is displayed. Here, in an interactive mode, input data and modes of the output

of computed information on the developed model are entered.
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Fig. 1 Application package splash screen

Fig. 2 depicts the solution to the direct problem of ecology. Here, for the
mathematical modeling mode implementation, it is possible to enter the appropriate
initial conditions. Information output is implemented as a graphical dependency
illustrating the function change ¢(x) nature with the given input data. Here, the
graph’s right side is blurred, characterizing the substance drift by the wind with

simultaneous diffusion.
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Fig. 2. Graphic interpretation of the ecology direct problem solution
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Fig. 3 and Fig. 4 show the graphical dependences of the turbulent diffusion

coefficient determination for different modes of input data error.
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Fig. 3 Graph of changes in the turbulent diffusion coefficient with zero error in

the input data
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Fig. 4 Graph of changes in the turbulent diffusion

coefficient with input data error + 1%
Conclusions. The paper deals with the ecology problems’ solution, which set
Is formulated from cause-effect links. According to the adopted model, the equation’s
coefficients for harmful impurities transfer in a one-dimensional formulation are
attributed to the causal features of the heat exchange process. Herein, the setting of
cause-and-effect links is the goal of the ecology’s direct problems. The paper presents

the results of solving direct problems of ecology. In the above studies, the inverse
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problem of ecology is solved. The essence of its solution is as follows: according to
certain information about atmospheric pollution, it is required to restore the causal
features. Herein, one arrives at the formulation of inverse problems of ecology, which
belong to the class of Hadamard ill-posed problems.

Currently, various combinations of programs became widespread, which are
often called packages or complexes of programs. In this paper, an applied software
package (ASP) is developed for processing environmental experiments. The main
goal pursued when creating the ASP is to provide substantial assistance to the
researcher at all stages of processing an environmental experiment by a PC. The ASP
Is applicable in planning and processing the results of an environmental experiment.
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Abstract: The results of physical modeling of the field of wall pressure
fluctuations beneath a turbulent boundary layer are presented. The influence of a ring
obstacle on the structure of the boundary layer, which was formed over an extended
coaxially streamlined cylinder, was investigated. The features of the integral and
spectral characteristics of the wall pressure fluctuations in the obstacle wake are
shown. It was found that an increase in the diameter of the obstacle leads to an
increase in the energy of turbulent fluctuations, mainly in the low-frequency region of
the spectrum. At a distance exceeding 100 obstacle diameters, the turbulent boundary
layer is restored.

Key words: wall pressure fluctuations, local obstacle, turbulent boundary

layer, streamlined surface

Introduction. A turbulent boundary layer developed on a streamlined surface
Is largely determined by the interaction of coherent vortex structures both in space
and in time. These structures, generating in the boundary layer, create fluctuating
fields of velocities, temperatures, concentrations, pressures and other physical
parameters that characterize this turbulent flow. Although these fluctuation fields are

random processes in four-dimensional space, they still obey certain patterns that can
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be determined using the appropriate statistical analysis for such random processes [1,
2]. It is known that vortex systems are not isolated in the boundary layer; they interact
with each other, as well as with the streamlined surface and potential flow at the outer
boundary of the boundary layer. It is widely accepted that there are at least two
classes of coherent vortex structures in a turbulent boundary layer - small-scale near-
wall vortices that form an ejection-burst cycle, where almost 80% of the turbulence
energy is generated and large-scale vortex structures located in the outer part of the
boundary layer.

The impact on these coherent vortex structures or their interaction leads to
significant changes in the kinematic and dynamic characteristics of the boundary
layer, a change in the energy parameters of the averaged and oscillated fields of
turbulence, a decrease or increase in heat and mass transfer also hydrodynamic drag,
an improvement in the aerodynamic qualities of aircraft and space vehicles, and
vibroacoustic characteristics of the streamlined objects. The impact on coherent
structures is carried out through active, using external energy sources, and passive
control methods [3-5]. Of particular interest are the means of local hydrodynamics
based on local changes in the geometric parameters of the streamlined surface.
Among them, one can single out the use of riblets, various grooves and dimples,
regular and sand roughness, vortex breakers and vortex generators [2, 5, 6].

This experimental work is aimed at studying the effect of a local obstacle
placed in the near-wall region of a turbulent boundary layer of a longitudinally
streamlined cylinder on the statistical characteristics of the pressure fluctuation field.
The paper presents data on the change in the field of wall pressure fluctuations and
the structure of the boundary layer depending on the geometric dimensions of the ring

obstacle, its location along the length of the cylinder and the flow velocity.

82



/"_/_
I R A .. \\ \\\\\‘@ AR V!LF\ \\\\\ W AN
S J
a 5

Fig. 1. Measuring section of the streamlined cylinder with a ring obstacle

Materials and methods. Experimental studies were carried out at the testing
area of the Institute of hydromechanics of the National academy of sciences of
Ukraine in a hydrodynamic channel by towing of an extended cylinder at a fixed
velocity at a given depth. A detailed description of the experimental setup and the
towing test methodology is presented in [7, 8]. A schematic representation of the
measuring section of a streamlined extended cylinder is shown in Fig. 1.
Measurements of wall pressure fluctuations were carried out by an ensemble of
miniature piezoceramic sensors (S), with a sensitive surface diameter (ds), that were
mounted flush with the streamlined cylinder surface of radius (a). Ring-shaped

obstacles in the form of a torus with a diameter (d) were fixed on the surface of
smooth cylinder. The studies used obstacles with a diameter of 1.5-10° m; 3.0.10

m and 6.0-10° m. Depending on the location of the sensors and the obstacle, the
wall pressure fluctuations were recorded in the regions of the near and far wakes of
the obstacle. To determine the changes introduced by the obstacle in the structure of
the boundary layer and in the characteristics of the fluctuations of the near-wall
pressure, the measurements were alternated, according to a certain method, on a
cylindrical model with and without obstacles.

The studies were carried out at U =3.0 m/s and 5.0 m/s at a cylinder towing

depth of H =1.2 m. A measuring cylinder with a diameter of 2a=29.0-10" m had

a length of L =20 m, its surface was hydraulically smooth. Effective diameter of the
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sensitive surface of the pressure fluctuation sensors d,=1.6-10"° m. Calculated

values: velocity head q=pU?/2=45-10° Pa and 12.5-10° Pa, where p is the
density of the liquid; Reynolds number along the radius of the cylinder

Re,=aU /v=43-10" and 7.2-10°; along the length of the cylinder
Re, =xU /v =(1.54+4.7) -107, where v is the coefficient of kinematic viscosity; the
curvature of the cylinder 6/a=(2.27+3.43), where & is the thickness of the

boundary layer; displacement thickness & =o&/6.5; dynamic velocity

u /U =(3.18+3.77); coefficient of surface friction C, =7, /q=(2.01+2.82),
where 7, - shear stresses on the wall; diameter of the obstacle
d"=du_/v=(160+974).

Processing and analysis of research results was carried out using specialized

and universal computing systems. The measurement errors, determined with a

reliability of 95% or 2o, did not exceed (5+10)% for integral or averaged
characteristics, and (1+2) dB for spectral dependences in the entire investigated
frequency range of (2+12500) Hz.

Results and discussion. The intensity of the wall pressure fluctuations in an
axisymmetric flow around a smooth cylinder did not change within the measurement
accuracy, along the circumference and length of the cylinder, in the investigated
frequency range. The installation of the ring obstacle in the near-wall region of the
turbulent boundary layer led to an increase in the levels of the wall pressure
fluctuations and its spectral components. When the boundary layer was detached
from the transversely streamlined ring obstacle, the maximum intensity of the wall
pressure fluctuations was observed in the region of the near wake of the obstacle.
Then, the intensity of the pressure fluctuation field with an increasing rate decreased
with distance from the obstacle downstream, and when distance reached of the

obstacle diameters 100, the turbulent boundary layer was restored.
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Fig. 2. Power spectral densities of the wall pressure fluctuations behind the ring

obstacle on surface of the streamlined cylinder

Fig. 2 shows the spectral power densities of the wall pressure fluctuations,

expressed in dB relative to 2-10 Pa, in the frequency range (16+1600) Hz. The

results were measured in the wake of the obstacle and its location L /L =0.350 from

the bow of the cylinder, at a towing velocity of 3.0 m/s. Curve 1 was obtained for
removing the sensor to the aft part of the obstacle x/d =2; curve 2 - x/d =5; curve
3 - x/d=17; curve 4 - x/d=49; curve 5 - x/d =107 and curve 6 - axial flow
around the cylinder without obstacles. The energy of turbulent fluctuations of the
near-wall pressure gradually decreases with increasing frequency both for the
disturbed by the obstacle and for the naturally developed turbulent boundary layer.
The rate of decrease in this energy in frequency is clearly different. The maximum
decrease is observed in the high-frequency region (>500 Hz), where the main
contribution to the energy of the pressure fluctuation field is made by small-scale
vortices. The decrease is about 16 dB per octave, i.e., proportionally . As the
sensor approaches the obstacle, the greatest changes in the power spectra are
observed in the low frequency region.
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Fig. 3. Power spectral densities of the wall pressure fluctuations in near wake of
the ring obstacle on cylindrical surface
The power spectra of the wall pressure fluctuations, which were measured by

the pressure fluctuation sensors closest to the obstacle, are shown in Fig. 3 for
L, /L=0.29. Here curve 1 is obtained for d”=165; x/d =4; curve 2 - d" =330;
x/d=2 and curve 3 - d"=660; x/d=1, at U=3.0m/s; Re,=43-10%;
5la=282. Curve 4 - d"=992; x/d=1; U=50wmlc; Re =2.88-10";
Re, =7.2-10%; &/a=2.31. The results of the research showed that an increase in the
diameter of the obstacle led to an increase in the energy of turbulent fluctuations of
the wall pressure in the low-frequency region of the spectrum. An increase in the
flow velocity caused a general rise in spectral densities in the entire investigated
frequency range, but to a greater extent this increase manifested itself in the high-
frequency region of the spectrum. The introduction of an obstacle into the near-wall
region of the boundary layer led to a change in the structure of not only the near-wall
region, but also the outer one, where the main sources of turbulence energy are large-
scale low-frequency vortex structures [8-10].

Research has shown that at frequencies (25+30) Hz or (0.3<w <0.4) (the
region of the most intense vortex structures inside a developed turbulent boundary

layer [11-13]), an increase in the obstacle diameter by a factor of 2 leads to an
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increase in the spectral levels of pressure fluctuations by (10+12)dB or
(3.5+4) times. Consequently, the wall pressure fluctuations in this frequency range
( @ =(0.3+0.4)) increase in proportion to the square of the diameter of the obstacle.

With an increase in the flow velocity in the near wake behind the obstacle, an
expansion of the pressure fluctuation spectra towards high frequencies was found [13,
14]. At the same time, the spectral components in the low frequency region increased
by (4+5) dB, while at high frequencies by (10+12) dB), i.e., from 1.5 to 4 times.

Consequently, the wall pressure fluctuations in the near wake of the obstacle are

proportional to the flow velocity: in the low frequency region (10+20) Hz - (F)“2~

U°® and in the high frequency region (500+700) Hz - (p®2)">~U?".

Conclusions. The features of the integral and spectral characteristics of the
wall pressure fluctuations in the obstacle wake are shown. It was found that when the
boundary layer of a ring obstacle is separated, the maximum intensity of the wall
pressure fluctuations is observed in the region of the near wake of this obstacle. At a
distance exceeding 100 obstacle diameters, the turbulent boundary layer is restored.
With an increase in the flow velocity, an increase in the spectral components of
pressure fluctuations in the near wake of the obstacle is observed in the entire
investigated frequency range, but to a greater extent at high frequencies. It was found
that an increase in the diameter of the obstacle leads to an increase in the energy of
turbulent fluctuations, mainly in the low-frequency region of the spectrum. When the
obstacle moved into the aft part of the cylinder, an increase in the spectral
components of the wall pressure fluctuations in the low frequency region was found,
due to an increase in the thickness of the boundary layer and the scale of vortex

structures.
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VIIK 621.318
PACYETHBIE COOTHOIIEHHUS XAPAKTEPUCTUK PE3OHAHCHOT' O
YCUJHUTEJS PEAKTUBHOM DJIEKTPHYECKONU MOIITHOCTH

Bbarbirun IOpuit BukropoBuy4

1. T. H., ipoeccop

Epémuna Enena ®énoposHa,

HIungepyk CBeTiiaHa AJIeKCAHIPOBHA,
Yanubirna EBrenuii AjleKcaHApoOBHY,

K. T. H., JIOLIEHTBI

I'aBpuiioBa Tarbsina BiaragumupoBHa

K. .-M. H., TOIIEHT

be3poanas Ajsiekcanapa BiagumMupoBHa,
CTyJCHTKA

XapbKOBCKUH HAIIMOHAJIBHBIA aBTOMOOUIIBHO-TOPOKHBI YHUBEPCUTET
r. XappKoB, YKpanHa

AHHOTaNUsI: B pab0OTe MPOBEICHO TEOPETHUECKOE MCCIICIOBAHUE TTPOIIECCOB B
PE30HAHCHOM YCUJIUTEJIE PEAKTHUBHOM DJIEKTPUYECKONM MOIMHOCTH W3 JIBYX
WHIYKTUBHO CBS3aHHBIX TIOCIICOBATEIBHBIX AKTHBHO-PEAKTHBHBIX KOHTYPOB TIPH
BO3MOYKHOU BapHaIliy yPOBHS 3JIEKTPOMArHUTHON CBSI3W MEKy HUIMHU U HapyIICHUN
ycioBuii pe3oHaHca. [lomydeHo, 4To 3HEprooOMeH MeEXIy KOHTYpaMu YCHUIIUTEIS
MO3BOJISIET PEan30BaTh PEXUM C MAKCUMaJIbHO BO3MOXKHBIM KO3(hPUIIMEHTOM
YCHJICHHsI TIpU HEOOJIBIIUX 3HAYEHUSX BO30YKJIa€MbIX TOKOB WM PEXHM C BIBOE
MEHBIIIM KO3(hOHUITUEHTOM YCHIICHHS, HO C CYIIECTBEHHO OOJBITUMU TOKAMH, YTO
COOTBETCTBYET PE30HAHCHOMY BO30YXKICHHWIO, YyKazaHHOMY B paOorax H.Tecna.
3HAUUMOCTh JaHHOTO (QakTa JUIsi TPAKTHKUA OMNPEICISIETCS BO3MOKXHOCTIMH
MPUMEHEHUS TPEIOKEHHOTO YCHUIUTENSI B 3aBUCUMOCTH OT MOIIIHOCTH MCTOYHHUKA
HanpspkeHUs. [loydeHHbIE aHATUTUYCCKHE 3aBUCUMOCTH CBHJICTCIBCTBYIOT O
CYIIIECTBEHHOM CHWXEHUU KOI(P(GUIIMCHTa YCHIICHHUS TPU OTKIOHEHUU YaCTOT
BO30Y)KJICHHUS OT PE30HAHCHBIX BeIWUYMH. [loka3zaHO, YTO MPU YBEIMYCHHUH YPOBHSI
ANIEKTPOMATHUTHOM CBSI3M MEXIYy KOHTYpaMH YCUJIUTENS TMPOUCXOAUT POCT

TEHEPUPYEMOU PEAKTUBHOM JIEKTPUYECKON MOITHOCTH.
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Kaw4eBble cjioBa. YCUIIMTCJIb TAPMOHHUYCCKOI'0O CUTHAJIA, IMOCICAOBATCIIbHBIC
QJIICKTPHUYCCKHUC KOHTYpPBI, PCE30HAHC HaHpH)KeHHﬁ, QJICKTPOMArduTHasA CBA3b,

PE30HAHCHAA 4aCTOTaA.

BBenenue, mocranoBka mnpooOsgembl HauOosee W3BECTHBIM U3 MEPBBIX
NPEAJIOKEHUN HCIIOIB30BaHUs PE30HAHCA JIJISl YCHIICHUS 3JIEKTPUYECKUX CUTHAJIOB B
KOHTYpax C PEaKTUBHBIMU 3JIEMEHTaMU MOKHO CUMTATh YCTPOMCTBO, HA3BAaHHOE IO
uMeHH wu3o0peTatens «rpaHchopmaTtopom H.Tecmay. Ilocnemuuii 3amuméH
aBTOPCKUMHU TIaTEHTaMH «Ammapar s MNPOU3BOACTBA JJIEKTPUUECKUX TOKOB
BBICOKOM 4YacToThl M moTeHuuasna» (1896) u «Cnocob mnepenayu 3JI€KTPUUYECKON
sHEpruu uepe3 ectectBeHHYIO cpeay» (1907). OrnuuutenbHOW OCOOEHHOCTHIO
MPEUIO)KEHHOTO  YCTPOMCTBA  SIBJISIETCS HEOOBIYaHO BBICOKHH  KOY(P(UIIMEHT
npeobpazoBanus HampspkeHus (k>1000), HaMHOTO MpeBbIIAONUE K03 dumeHT
TpaHchopMalu, 0OYCIOBICHHBIA WHIYKTUBHOW CBSI3bI0 MeEXay oOMoTkamu [1, c.
102].  Hcnonp30BaHUIO  PE30HAHCHBIX  SIBJICHUM  JUIsl  AJbTEPHATUBHOU
AIEKTPOIHEPTETUKU TOCBAIIEHO JOCTATOYHO OOJBIIOE YUCIO PadOT pPa3TMUHBIX
aBTopoB. He ocTanaBnuBasch Ha MX MOAPOOHOM MEPEYUCICHUM MOKHO BBIICIIUTH
HanboJiee HUTIOCTPATUBHBIC TTyOMKanuu [2-5].

Tak, aBropamu [2, c. 043511-2] snekTpuueckue KOJIeOAHUS B PE30HAHCHOM
KOHTYpe BO30yXHaroTcsi 3a CY€T mnpeoOdpa3oBaHUsi JIHEPTUM MOPCKUX BOJH
(Bo300HOBIIsIEMBIN UCTOUHUK!). B iuTHpyemoii ctaTbe 000CHOBaHA JEeCTIOCOOHOCTD
MPEIJIOKEHHOW CXEMbI U MOKa3aHO, YTO, MMEHHO, BO30YXKIEHUE €€ B PE30HAHCHOM
pexxume Na€T 3HAYUTEIBHOE YBEIIMYEHUE BBIXOIAHOM JJIEKTPUYECKOW JSHepruu. B
pabotax [3, 4] npemsioxKeHbl HECKOIbKO MHBIC IMOJIXO0JBI K CO3AaHUI0 PE30HAHCHBIX
YCUJIUTEJIEM PEaKTUBHOW MOIMHOCTU. [lepBBII M3 HHMX IIPEACTABIEH CXEMOW, B
KOTOPOM MOceI0BaTeNbHO CBsI3aHHbIe napaielibible RLC — KOHTYpBI BKIIIOUEHBI B
LeNb HMCTOYHUKA BBICOKOYACTOTHOTO CHHYCOMJAJIBHOrO Hampsbkenus. [lpu
BBITIOJTHEHUW PE30HAHCHBIX YCJIOBHUH, M0 MHEHUIO aBTOpPA, CTAHOBUTCSI BO3MOXKHBIM
MHOTOKPAaTHOE YBEJIMYEHUE PEAKTUBHOUN SHEPruu BhIXOJHOro curHana [3]. Bropoi

NOJXO0Jl WUIIOCTPUPYETCS HUACATU3UPOBAHHOM CXEMOW, NPE/CTABICHHON JByMs
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WHIYKTUBHO CBS3aHHBIMH, HO YK€ mocienoBarenbHbiMu RLC-koHTypaMu. AKTHBHOE
CONPOTUBJICHUE BBIXOAHOW LENMU ToyaraeTcs HyJeBbIM. (CxeMa BO30yxmaercs
reHEepaToOpoOM TrapMOHHMUYECKOro Hampspbkenus [4, c. 317]. OO6mmMu HepocTaTKamu
MOCHAEAHUX JBYX TNPEIJIOKECHUM SIBISIIOTCA 3HAUYUTENIbHBIE CIOKHOCTH B HUX
MPAKTUYECKON peann3aiui.

Pa3BuTue TEopuu MPOIECCOB B CXEME C peajbHBIMH IOCJIEI0BATEIbHBIMU
AKTUBHO-PEAKTUBHBIMU KOHTYpPaMH MO3BOJUIIO B PEXXUME «PE30HAHCA HAMPSHKCHUID)
MOJIYYUTh TEOPETUUECKU U SKCIIEPUMEHTAIFHO 00OCHOBAaHHOE YCUJICHUE PEaKTUBHOM
MoITHOCTU Oozee, yeM B ~ 33+35 pa3 [5, ¢.39, 6, c.20]. 1 sTto He mpexaen. Kak
MOKa3aJd IPOBEJACHHBIE MCCIEIOBaHUsA, HaumOoJiee CYIIECTBEHHOE BIIMSHUE Ha
BBIXOJIHBIC XAPAKTEPUCTUKU TIPEMJIOKEHHOIO YCTPOMCTBA OKAa3bIBAIOT CTEICHBb
OTKJIOHEHUsS pabouyux YacTOT OT PE30HAHCHBIX 3HAYEHUH U  YPOBEHb
AIEKTPOMArHUTHOM CBSI3U MEXKAY KOHTYpPaMHU MPEIJI0KEHHON CXEMbl YCUITUTETIS.

Leab padoThl — OIICHKA BBIXOJHBIX XapaKTEPUCTUK YCUIIUTENS PEAKTUBHOMN
ANEKTPUYECKOM  MOIIHOCTH  TapMOHMYECKMX  CUTHAJIOB, CXeMa  KOTOpOro
Ipe/CTaBlieHa JBYMSI WHIYKTUBHO CBS3aHHBIMH IOCJTEIOBATEILHBIMU KOHTYpPaMH,
NPy Bapualldd YPOBHS DJEKTPOMArHUTHOW CBS3W MEXKAY HUMH W OTKJIOHEHUH
pabouyux 4acTOT OT PE30HAHCHBIX BEITUYHH.

OcHoBHBbIEe pacuyéTHble COOTHOIIeHHA. Cxema 3aMelIeHUsl MpeaIaraeMoro
npeoOpa3oBaTessi MOIHOCTH U3 JABYX MOCIEI0OBATEIbHBIX PE30HAHCHBIX KOHTYPOB C
BO3/IyIIHBIM TpaHC(POPMATOPOM CBSI3M MEXKIYy HHUMU TIpelIcTaBlieHa Ha pwuc.l.
NHIyKTUBHOCTh MEPBUYHON M BTOPUYHON OOMOTOK TpaHchopmaropa 0003HAUYEHBI

Ly o7, COOTBETCTBEHHO.

Cq

Cy
i 1 i

TpaHchopMaTop CBA3H

- - = . - 1
E(t) LT LoT, L,

Rj

R1

Puc.1. Cxema 3aMenieHus1 yCUJIMTEIS PEAKTHBHOM 3JIEKTPUYECKOH MOIIHOCTH.
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[lepBbIli WM «BXOJHOW» KOHTYP ¢ HICTOYHHKOM FapMOHUYECKOTO HAIIPSKEHUS
E(t)=E.,sin (ot) (Em — ammiauTyma, © — 4acToTa, t — BpeMms) COIEPKUT
[OCJIeIOBaTEeIbHO COEAMHEHHBIE HMHAYKTUBHOCTh L1, &Mmkocts C;, axkTHBHOE

COIIPOTUBJICHUC COCIMHHUTCIIbHBIX IIPOBOJOB, BHYTPCHHCT O COIIPOTHUBIICHUA

MCTOYHMKA HaNPsHKEHHS U IIEPBUYHON 0OMOTKH TpaHcdopmaropa cBsasu R; .

Bropoii wWiIM «BBIXOIHOW» KOHTYpP CONEPXHT HWHIYKTHBHOCTH Lo,
WHIYKTUBHOCTh Ly, KOTOpas paccMaTpuBaeTCs KaK «BBIXOJHOW»  JJIEMEHT
npeoOpazoBatens B 1eI0M, EMKOCTh Cp, aKTUBHOE CONPOTUBJICHUE COCAMHUTEIIBHBIX
IPOBOJIOB M OOMOTOK MHAYKTUBHOCTEH Rj.

IIpumeyanue. [TIockoIbKy B pe30HAHCHOM PEKHMME BEIMYMHA HANPSHKCHUS HA
PEaKTUBHBIX DJIEMEHTAX OJIMHAKOBa, B KAaueCTBE «BBIXOJHOTO»  DJEMEHTA
npeoOpa3oBaTesst MOXKET CITYKUTh U EMKOCTH Cp.

CoOCTBEHHBIE PE30HAHCHBIE YaCTOThl MEPBOTO M BTOPOrO KOHTYPOB

1 1
W =———— U Oy = , COOTBETCTBECHHO.
Vbt -G J(Lor +15)-Cy

PacuéTHble COOTHOIIIEHUS.

YpaBHEHUS, ONMUCHIBAIOIINE TPOTEKAIOIINE ITPOIECCHl B MPHUOIMKEHHH METOa
KOMIUJIEKCHBIX aMIUTUTY/l, UMEIOT BUJ [5, c. 40]:
E=l-(iR(o0)+Ry)+ioM,-Iy;
—iw- Mgy - |y = (iFy (@,0,) + Ry) - Iy;

rae i = -1 - MEnIMas eIMHUIIA, R (o,0p) =0T A,
F2(0),(D2):0)°(L2T + L2)'A2,

Mo =Ky -y/Li1 - Lot — B3anmounayktuBHOCTS, K15 — KOD(DOUIMEHT ypOBHS

AIIEKTPOMATHUTHOM CBSI3M MEXIy 0OMOTKaMu TpaHchopmaropa CBsI3H, ® — pabouue

2
o1

4acTOThl BO30YXKAEHUS, A, =|1-—
’ ®

— TapaMeTpbl OTKJIOHEHHH padoumx

4aCcTOT OT PC30HAHCHBIX 3HAYCHUM IJIs1 TIEPBOTO MU BTOPOI'0 KOHTYPOB CHCTCMBI,

COOTBETCTBEHHO.
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N3 cucrempl ypaBHeHmit (1) HaxoauM TOKH, BO30YXKIJaeMble B IEPBOM M
BTOPOM KOHTypax. Ormyckass TpOMO3JAKHE MNPOMEKYTOUHBIE TOXKJIECTBEHHBIC

npeoOpa3oBaHus, MOJIyYaeM CICAYIOIMNE aHATUTHIECKUE 3aBUCHMOCTH.
— E .

Z (1)
— E .

zZ,

Iy

I

rne Zi o AMEIOT CMBICI SKBUBAIEHTHBIX KOMIUIEKCHBIX COMPOTHUBIIEHHUN CBS3U
1,2

BO30YKIa€MBIX TOKOB C HAINPsHKEHUEM HCTOYHMKA E (t) :

fo M2y e,
Fzz(w,wz)+R§
R2 .
(\DZl Z[arctgm—ﬂj, (2)
ZZ = 1 X
(DM]_Z

X\/(RlRZ +(COM12)2 - Fl((’)’(”l)FZ (m'mZ))z +(F1((Dn 601)R2 +F (m, coz)Rl)z .ei<¢22 :

(Fl((;),ml)R2+F2(oa,co2)R1) 3
Ri-R, +(u)|\/|12)2 -R(w,0)F ((0,0)2)) 2

¢z, =| arctg (

@®opMyinbl  (2) MOXHO TMPOBEPUTHh NPENETbHBIMU MEpEXofaMu K paHee
HOJy4YEeHHBIM pe3yJibTaTaM B MmyOsukauuu [S5], rae paboTa yCUIUTeNs peakTUBHOU
ANEKTPUUECKON MOIIHOCTH ObLIa MCCIIE0OBaHA B YCIOBHIX CTPOroro pezoHanca. [lpu
AQHAJIOTUYHBIX YCIOBUAX COOTHOLIEHUS JUISl SKBUBAJIECHTHBIX COMPOTUBIICHUI U TOKOB
(2) ¢ TouHOCTBIO 7O O0O3HAYEHUW TMOBTOPSIIOT COOTBETCTBYIOIIUE BBIPAKCHHS B
cratbe [5, c. 40], 4TO HATJISIAHO CBUIAETEILCTBYET O JOCTOBEPHOCTH AHAJIUTUYECKHUX
3aBHCHMOCTEH, MOJIy4eHHBIX B HACTOAIIEH paboTe.

Cnegyer OTMETUTh TakKe TMPAKTUYECKM HHTEPECHYI0  OCOOEHHOCTh
nuTUpyeMon mnyonukanuu. [lokasaHo, 4To mpu omnpeaeaéHHOM BbIOOpPE BETUUYMHBI

Koo puImeHTa SIEKTPOMATHUTHOM CBSI3U MEXKIy OOMOTKamMH TpaHchopMaropa

CBABH Ky, = 1 | Ri'R2 1ok BO BTOPUYHOM KOHTYpE JOCTHUIacT MaKCUMyMa —
o2 \Lir Lo
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E

Iy = lopay = ———,
2 2max zm

MOIITHOCTH — K —E(Q_LZJ

a KOd(DPUIMEHT yCHIIEHHS] PEaKTUBHOW DIEKTPUUYECKON

"2 Ry
Janee, ¢ moOMOIIBIO 3aBUCUMOCTEH (2) MOXKHO JOMNOJHUTH ITUTUPYEMYIO
paboTy BecbMa 3HAYMMBIMH C TMPAKTHYECKOW TOYKH 3pEHHsS] PacuETHBIMU
COOTHOIIICHUAMMU. Hauném C pexKuMa CTpororo PE30HAHCA, Koraga

O=m; =0y, Ajp=0, HO MOAYIb «B3aUMOMHIYKTHBHOIO»  CONPOTHBIICHHS
XL, :(w-Mlz) €CTh BENMYMHA TNepeMeHHas. Ilpaktuuecku, Bapuammioo X
MOJKHO  OCYHIECTBUTh  W3MEHEHHMEM  B3aMMHOIO  PACHOJOXKCHHA  OOMOTOK

TpaHchopMaropa CBSI3M, YTO BIJICUET 3a COOOW YBEIMYECHHE WM YMEHBIICHHUE

K03(hGHUIUEHTA HIEKTPOMArHUTHOM CBS3H MEKAY HUMU — Ky, = Var .

2 o o
Ilpu (®My,)” >>R; R, u3 3aBucuMocTeii (2) cieyeT OCHOBHON M Hanbomee

PIHTGp@CHBIfI A1 IIPAaKTUKKW BBIBOA O BO3MOKHOCTH YJIABOCHMUA (B CpaBHCHHNH C

paboToii [5, c.41]) BEIXOIHOM SHEPTHH.

L 2
Kmaxzz.Km:[(DR;j,an (coMlZ) >>Ri-R,. 3)

B ciydae nOpouM3BOJIBHOTO  BPEMEHHOIO  PEXHMMa  BBIPAXEHUE  JUIA
KO3 dUlIMeHTa YCUTICHUSI PEAKTUBHOMN JIEKTPUYECKON MOIIHOCTU, HOPMUPOBAHHOTO

Ha MaKCUMYM cBoero 3Hauenus (popmyna (3)), npuHUMAET BUI:

Km _P2m_ 1 Zlm‘RZ

K, = - - : (4)
° Kmax le Kmax Z%m
rae
1 2 2 2
ZZm =(DM12 \/(RlRZ +(0)M12) —Fl(O),(l)l)Fz((D,(Dz)) +(F_|_((1),(1)1)R2+F2(0),0)2)R1) ;
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2
Fl(m’ml):leT'Al; Fz(w,®2)=co-(L2T+L2)-A2; Mp=|1- % ’

1 1
W1=—F——— H W=
Jur-C J(Lar +12)-Cy

OTKJIOHCHMH pa60‘-II/IX 9aCTOT ® OT PC30HAHCHBIX 3HAYCHUH i TICPBOI'O 1 BTOPOTO

— OILICHOYHBIE XApPaKTEPUCTUKHU

KOHTYPOB, COOTBETCTBEHHO. C TIOMOIIbIO BbIpakeHUs (4) MOXKHO BBIIOJTHUTH
KOHKPETHBIE YHCJICHHbIE OIEHKH 3((EKTUBHOCTH HKCIEPUMEHTAIBLHON MOAeNIn
YCUJIUTENSl PEAKTUBHOM 3JIEKTPUUECKON MOIIHOCTH, pa3paboTaHHOW Ha kadeape
bu3ukn XapbKOBCKOTO HAIMOHAIBHOTO aBTOMOOUIIBHO-IOPOKHOTO YHUBEPCHUTETA,
IpU Bapuallid YPOBHS SJEKTPOMArHUTHOM CBSI3M MEXIY KOHTYpaMU M Bapualluu
pabo4rX 4aCTOT OTHOCUTEIHHO PE30HAHCHBIX BEIUYHH.

BuiBoabI

1. TlomydeHbl O0OOOIIEHHBICE AHATUTHYECKUE 3aBUCHUMOCTH  BBIXOJIHBIX
XapaKTePUCTUK DKCIIEPUMEHTAIBHOTO YCUJIUTENS PEAKTUBHOM AJIEKTPUYECKOU
MOIIIHOCTH  TApPMOHUYECKUX CUTHAJIOB U3 JBYX HHIYKTUBHO  CBSI3aHHBIX
MOCJEAOBAaTEIbHBIX  KOHTYPOB € Y4€TOM  BO3MOXKHOW  Bapualud  ypOBHS
AIIEKTPOMATHUTHOM CBSI3M MEXK]Iy HUIMH M HAPYIIICHUH YCJIOBHI pe30HaHCcA.

2. IlpencraBineHbl COOTHOIIEHHUS JUIsl OLEHKH KO3 UIIMEHTa YCUICHUS
PEaKTUBHOU DJEKTPUUECKON MOIIHOCTH TapMOHUYECKUX CUTHAJIOB MPU BapHaluu
YPOBHS 3JIEKTPOMArHUTHOU CBSI3U MEXy KOHTYpaMU U OTKJIIOHEHUH pabOYHX YacTOT
OT PE30HAHCHBIX BEJIUYMH.

3. TlomydeHHBbIE BBIpaXEHUS JaIOT BO3MOXKHOCTH BBITIOJTHUTH KOHKPETHBIE
YUCJICHHBIE OICHKA A((OEKTUBHOCTH HKCICPUMEHTATHLHON MOJEIN  YCHUITUTEIS

PEAKTUBHOM DIIEKTPUYECKON MOIIIHOCTH.
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VJIK 686.12:655.3.062
3ACTOCYBAHHS CUCTEMHOI'O AHAJII3Y J1O OIHIOBAHHS
SAKOCTI HOJITPA®IYHOI MPOAYKIII TA TAKOBAHDb

I'aBenko Caitiiana @exopiBHa

1.T.H., ipoecop

Oripko Muxaiisio OJieropu4,
Jlozosuii Auapiii-Hocadat IaBiosuy
acIipaHTH

VYkpaincbka akazieMist IpykapcTBa

M. JIbBiB, YKpaiHa

AHoTaniA: PO3rasHYyTO MOMKJIMBICTh 3aCTOCYBAaHHS CHCTEMHOrO MIAXOAY 0
OLIIHIOBAHHS SIKOCTI MOJIrpadiuHOi TPOAYKUIi 3 BpaxyBaHHAM CTPYKTYpPHO-
(GYHKIIOHATBHOTO — aHANI3y, B3a€EMO3B’SI3KIB MK  €JIeMEeHTaMu BUpoOOy Ta
TEXHOJIOTTYHUMH MiJICHCTEMaMH BUPOOHUIITBA. PO3rNAIaloThCsl CTPYKTYPH CHUCTEM
BUPOOHHUIITBA, (PYHKIIOHAIBHI BITHOIIEHHS MIX €JleMeHTaMu BUpoOy (IpOIyKIii) B
iJIoMy. 3ampoIrOHOBAHO JIJIS OILIHIOBAHHSA SIKOCTI BUPOOHMIITBA 1 MPOAYKIIT BBECTH
KOe(DII[IEHT AOLIIBHOCTI, SKUH BpaxOBY€ BaroMiCTb IOKa3HMKa Ta MaTepiasibHi
3aTpaTH.

Kuro4oBi cjioBa: cucTeMHUM aHami3, OI[IHKA SKOCTI, MaKOBaHHs, oiirpadiyHa

MPOJIYKILIsl, KOEPIIIEHT AOUIITBHOCTI.

CyyacHuil piBeHb aBTOMATH3allli Ta KOMITIOTepU3aIlli TEXHOJIOTIYHUX
MPOIIECIB  JIO3BOJISIE KOHTPOJIOBATH SAKICTh HA BCIX CTaaiaX MOJIrpadiqHOro
BUpOOHUIITBA. BigoMO, 110 KOHTPOJIH SIKOCTI MOJIrpadiqHol POIYKIlli TOUUHAETHCS
Ha JIOJAPYKApChKiN CTajii, 30KpemMa BIAMOBIIHICTh OPUTIHAI-MAKETIB Mapamerpam
JIPYKapChbKOTO OOJaJHAHHS Ta BUMOTaM MICISAAPYKapCchkoi oO0poOku. BakmuBum
€TarioM € OIIHIOBaHHS SIKOCTI BXIIHMX MaTepiajgiB 1 MIATOTOBYMX OIeparliif
JIpyKapchbKoro ycrarkyBaHHs. Came Ha Il cTajli BUPOOHUIITBA KOHTPOJIIOBAHHIO

MUIATal0Th APYKapChbKi BIIOUTKU (IEHCUTOMETPUYHUMN, CIIEKTPOMETPUUYHMIA aHAai3
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SAKOCTI HaJpyKOBaHUX 300pa’keHb); BIACYTHICTh Bi3yadbHUX NE(EKTIB Ha MPOAYKIIIi
(MexaHIYHUX TIONIKO/KCHb, PO3IMIApyBaHb, MOAPANHUH, HETPOAPYKIB, BMSITHH,
CTOPOHHIX BKJIIOYEHBb, Mapaliok, cymimeHHs (ap0 Ttomro). Bimomo, mo sKicTh
ApYyKyBaHHS 3aJIeKUTh B MEXaHi3My B3aeMopii (pap0, nakiB 3 cyocTpaTtamu (mamip,
KapToH, TopokapToH, IUIBKKH Tomio). Ha micasapykapcekiii ctaaii BUpOOHHUIITBA
IPOJAYKIT KOHTPOJIFO MiJUIsIrae TOCTIJOBHICTh BHKOHAHHS OIEpalliii, SKICTh
037100JIeHHs1 HamiBpaOpUKaTiB, SIKICTh CKPIIJICHHS €JIEMEHTIB BUPOOYy, TOYHICTb
FCOMETPUYHUX PO3MIPIB KOHCTPYKIli BUpoOy Tomio. JIJisi OIlIHIOBaHHS SIKOCTI
nomrpadIyHoi 1 MaKyBaJIbHOI MPOAYKIIIT BUKOPUCTAHO (DYHKIIIOHAIBHO-CTPYKTYPHUI
MIIX1], SIKUA 0a3yeTbCsl Ha MPUHIUINAX CUCTEMHOro aHam3y. [lepiiuM BHU3HauaeMo
pPIBEHb BIJIACTUBOCTEH, SIKUA € MOXIAHUM BiJ (YHKIIIOHAJBHOTO PIBHS, a TaKOX
KOHCTPYKTUBHUW pPIBEHb, SIKUA € MOXIIHUM BIJ CTPYKTYpPHOro. Y CBOIO Yepry
TEXHOJIOTIYHUN pPIBEHb BU3HAYAETHCS PIBHEM BIIACTUBOCTEH, a piBE€Hb OOJaJHAHHS-
KOHCTPYKTHBHUM piBHEM. Y Ta0iuIll 1 HaBeIeHO 3MICTOBHE MOSICHEHHS PIBHIB.

Taoannsal

PiBHi QyHKIiOHAJIBLHO-CTPYKTYPHOTI'O MiIXOXY

10 OLIHKH SAKOCTI moytirpagivyHoi npoayKuii

Bunu piBHIB 3MICT Ta HAOBHEHHSI PIBHIB

OyHKI10OHATBHUH

Busnadae Bci GyHKIII, IKi BUKOHYE TPOAYKIIis (BUPiO) Bix
BX1IHUX MaTepiaiiB JI0 TOTOBOIO NPOAYKTY

CrpykTypHUil

BusHadae B3aeMO3B 3K MiXK €lIleMEHTaMH BUPOOY 3a
JIOTIOMOTOI0 CUCTEMHOTO T1IX0Y, BPAaXOBYIOUH aHaJ3 CUCTEMH,
MMICUCTEM 1 HAACUCTEMHU

PiBens BnactuBocTeit

Busnauae BractuBocTi BUpoOy Ha OCHOBI HOTO (QyHKIIIN
(MEpBUHHUMH € CITO’KMBY1 BJIACTUBOCTI)

KonctpykTuBHuii Busznauae ckiaj 1 B3aEMHE pO3MIIIICHHSI €JIEMEHTIB BUPOOY;
BH3HAUYa€ BapiaHT KOHCTPYKIT BUXOASYU 3 ONTUMAIBHOI
oprasizaiii CTpyKTypH BIANOBITHO IO MPOTHO30BaHUX
CIOYKUBYMX BIACTUBOCTEN

TexHOoMOTIYHUH Busznauae ckiaj 1 mOCiIOBHICTh TEXHOJIOTTIYHUX OTEpariini st

3a0e3neYeHHs BJACTUBOCTEH, K1 TOBUHHA MATH MTPOYKITisl.

PiBensn ycTaTkyBaHHS

BusHnauae Habip i1HCTpyMEHTIB, MEXaHI3MiB, MallllH, arperaris,
MOTOKOBUX JITHIN %151 peani3alii B yMOBax KOHKPETHOT'O
BUPOOHUIITBA HEOOX1THOTO TEXHOJIOTIYHOTO piBHSA. OOMaaHAHHS
BUOUPAETHCS BUXOJITYHN 3 HEOOX1THOCTI 3a0€3MeYCHHSI
B3a€MHOTO PO3MIIICHHS €JIEMEHTIB y IPOCTOPI 1 HAJaHHS IM
HEOOXiTHUX BIACTUBOCTEH.
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BaxnuBum etamom 3a0e3leueHHsT SIKOCTI € BCTAHOBJICHHS B3a€MO3B’S3Ky Ta

MIITOPSIIKOBAHOCTI BHIINE 3TaJjaHuX piBHIB (puc.1).

l NepIIHii piBeHb )
quHKLljoli\anhHHﬁ CTPYKTYPHHIT
GVHKI BHXITHIX MICHCTEMH

MaTepiamiB BHPOOHHIITBA
{pyHEU_HI BHX1IO B
TOTORO1 HalCHCTCMY
MPOIYKIIil
[ OpyTHIl piBeHE \
PIECHE y KOHCTPYKTHBHHI
BIIACTHROCTEH [
] .

, KOHCTPYKIIIA
BITACTHBOCTI - TEP}];{
MATEpIAT, MaTepiaie
Harie(aOpHKATIE, ) o
CIOEHEBYI HarnieaGpHKaTiB i
RIACTHROCTI TOTOBHX BHPOOIE
BHpOGIB

piBeHb OOMANHAHHA TpeTiil piBeHb TeXHOIOTIIHHH

Puc.1 B3aem03B’s130K 1 HiANIOPAAKOBAHICTH PiBHIB aHAJII3Yy BUPOOHMUTBA
[ToGynyeMo iepapxiuyHe JEPEeBO IEPEeXoay BiJi TOTOBOIO BHpPOOYy 10 3aco0iB

KOHTpOJIIO (pHcC.2).

iepapxis

MOKHE91
BIIACTHEOCTI

MIOKHBYHX
BIIACTHEOCTEH

—

nepexony

METOMH
KOHTPOIIIO

HOPMH

33aco0H KOHTPOII

Puc.2. IepapxiuHe 1epeBo B3a€MO3B’I3KY Mi’K r0TOBOIO

NPOAYKIUIEI0 i 3ac00aMU KOHTPOJIIO.
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VY 3aragpHOMY BHIIaJKy CIIOXXHBYl BJIACTUBOCTI MPOAYKIT MOXYTh OyTH
MOJIIJICHI HAa TEXHIUHI, €KOHOMIYHI Ta ecTeTHuHi. KO)KHOMY CEKTOpY CHOKHBYHMX
BJIACTUBOCTEH MPOIYKIIT MOXYTh BIAMOBIAATH BiJl OJTHOTO JI0 ACKUIBKOX KPUTEPIiB 1X
ouinku. He onHO3Ha4YHI MOXYTh OyTH 1 METOIM KOHTPOJIIO, TOOTO OAMH 1 TOH XKe
KpUTEPiil MOXKHA OIIIHUTH Pi3HUMHU crocoOamMu. OAUHUII BUMIpPIOBaHHS 1 HOPMHU
MaloTh MEBHUH /1ana30H 1 perIaMeHTYIOThCSl TEXHIYHUMH YMOBaMU, CTaHAapTaMHU.

Takum dYmHOM, 3acTOCyBaHHS (YHKIIOHATBHO-CTPYKTYPHOTO TIiAXOAY MO
OITIHIOBAHHSI SIKOCTI TOTOBOT MPOYKIIII 103BOJISIE 00’ EKTUBHO OLIIHUTH TEXHOJIOTTYHI
MpoliecH BUPOOHUIITBA NOJIrpadiuHOi MPOAYKIIi, 30KpemMa iX 03700JEHHS 1 3aXUCTY
BiJl MiIPOOKH, Ta BU3HAYUTH KOE(IIIEHT JOUUIBHOCTI K BITHOIICHHS KOE(IIIEHTY
AKOCT1 BUPOOY 10 3aTpaT Ha MOro BUPOOHUIITBO 3 BpaxyBaHHSIM Koe(]IiIiEHTIB
BaroMOCTl KBAJIIMETPUYHUX IMOKAa3HUKIB. 3aCTOCYBAaHHS KOE(DILIEHTY IOLIIBHOCTI
JO3BOJIUTh ~ MOPIBHATH  MPOAYKIIO 3  OJUHAKOBUM HA0OpPOM  CIIOKMBYHMX
BJIACTUBOCTEH; OI[IHUTH MEpeBark TOro Yu 1HIIOTO BUPOOY HA PUHKY, CIIPOTHO3YBATH
HOT0 KOHKPEHTHO3JaTHICTb.
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VJIK 623.438.3.093
3AJIAYI CUCTEM JIATHOCTUYHOI'O KOHTPOJIIO KOHCTPYKIIN
ABIAIIAHOI TEXHIKHA I METO/IH iX BUPIIIIEHHS

Komapos Boaoaumup OnexkcanapoBuy
3aciy>keHUil BUHAX1THUK Y KpaiHu

Camyk Csarociaas IBaHOBHY

HavyaJbHUK HAYKOBO-JOCIITHOTO BIJIILITY
[{eHTpanbHUI HAYKOBO-TOCIITHANA IHCTUTYT
030pO€HHS Ta BIMCHKOBOI TEXHIKU
30poitnux Cun Ykpainu

JleBimenko €sren Bosiogumuposuy
K.T.H., HAYaJbHUK BIJIJILITY

Boenno-naykose yrpasiinus [ 3C Ykpainu
M. KuiB, Ykpaina

AHoTamisi: B po60Ti po3risialoThCs MUTaHHS MO0 MiABUIIECHHS HAIIHHOCTI
aBIALIMHOI TEXHIKU NUIIXOM MPOBEACHHS A1arHOCTUYHOIO KOHTPOJIO J1JIs1 BUSIBJICHHS
YIIKOPKEHb BUCOKOHABAHTAXKCHUX KOHCTPYKIIIHA THUITY KpHJia, XBOCTOBOTO OICPECHHS
3 METOIO TIOJTIOBXEHHS HEOOXITHOTO pecypcCy JiTaka Ta BUSHAYCHHS MOTO 3aJMIIIKOBOT
MIIIHOCTI. PO3risialoThCsi MUTAHHS JIAarHOCTUKM TEXHIYHOTO CTaHYy KOHCOJBHO
3aKpIIUICHUX KOHCTPYKIIM JitampHOTO amapaty (JIA) Ha oOcHOBI aHamizy ix
TUHAMIYHUX XapaKTePUCTUK, a TAKOK MOMJIMBOCTI 3aCTOCYBaHHS METO/Ja KOHTPOJIS
YaCTOTH BJIACHUX KOJIWBaHb JJISI BU3HAUCHHS 3aJIMIITKOBOI MIITHOCTI IIUX KOHCTPYIIIN
P HASIBHOCTI €KCIUTyaTalllfHUX MOIIKOKEHb iX CHIIOBOTO HA0OPYy.

Kiarw4oBi cioBa: apiamiiiHa TeXHIKa, JITaK, €KCIUTyaTallis 3a TEXHIYHUM
CTAaHOM CHCTEMH JIarHOCTUYHOTO KOHTPOJIO, KPHWUJIO, CUJIOBUH HaOIp, YacToTa
BJIACHUX KOJIMBaHb, ()OPMHU KOJIMBAHb, MIITHICTh KOHCTPYKIIi, 3aJIUIIIKOBA MIIHICTb,

YIIKOPKEHHS, TPIIIMHA, JTOBMOBIYHICTh KOHCTPYKIIIi, pecypc JiiTaka.

B ekcmyartarii aBialifiHOT TEXHIKM BHKOPUCTOBYIOTHCA PI3HI CHUCTEMU
T1arHOCTUYHOTO KOHTPOJTIO Y 3aJIEKHOCTI Bij] MPUUHSATUX METOIB €KCILTyaTaIlii — 3a

pecypcoMm, 3a TEXHIYHUM CTaHOM 1 CyMiteHwui [1].
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[Ipu excrutyatamii 3a BCTAHOBJIEHHM PECYPCOM KOHTPOJb KOHCTPYKIIN
BUKOHYETHCA MICIS JOCATHEHHS OOMEXKEHb iX pecypcy, aje pa3oM 3 TUM MEepeBipKH
MOXYTh TPOBOAMTHUCS BHOIPKOBO TaMm, J€ BOHM MOXJIMBI Ta edekTuBHI. Taku
MOYATKOBI IHTEPBAJIM KOHTPOJIIO BCTAHOBIIOIOTHCS BUPOOHUKOM TEXHIKU.

[Ipn excryatarii 3a TEXHIYHMM CTaHOM IUIAHYIOTBCS — TIEPIOAWYHI
KOHTPOJBHO-TIEPEBIPOYHI pOOOTH, 32 PE3YJIbTATAMH SIKUX MPUHUMAETHCS PIICHHS PO
MoJajbllly eKCIUTyaTalito. [HTepBaiy KOHTPOJIO MpH I[bOMY 0a3yloTbCs Ha JOCBiji
eKCIUTyaTalii 1 pEeKOMEHJallisiX BHUPOOHMKIB, a TaKoXX Ha MPUITYCTUMOCTI
nomkokeHb. [[OBHICTIO TepeBeCTH aBialliiHy TEXHIKY Ha eKCIUTyaTaililo 3a
TEXHIYHUM CTAaHOM He BIA€ThCs (TUIbKU B1A 60 10 75 % arperariB 1 CUCTEM Cy4acHOI
aBIaTEXHIKM €KCIUTYaTyIOThCS 3a CTAaHOM), TOMY OCHOBHUM METOJIOM €KCILTyaTarlii €
CYMIIIIEHUA METO/I.

[lepexin Ha eKkclulyaTallilfo 3a TEXHIYHHM CTaHOM 1 Ha CYMIIIEHUA METO]
eKCIUTyaTamii crhpuse MIJABUIIECHHIO PIBHA  HAQMIMHOCTI TEXHIKM  3aBISKH
BIIPOBA/KEHHIO HAWO1IbII PETETBHOTO KOHTPOJIO 3HAYHO OLIBIIOrO YMCiia JeTaneu
0o0’ekTa B YMOBax eKcIulyaTallii 1 peMOHTy. binbpinia yBara mpu IbOMY IOBHHHA
NPUAUIATHCS BU3HAYEHHIO CTaHy MaTepialy AeTalied MeToAaMH 1ePEeKTOCKOMIi.

[Topsinok mpoBeAeHHS POOIT MO TEXHIYHOMY OOCIYTrOBYBAaHHIO 1 KOHTPOIIIO
BHU3HAYAETHCS] TUTIOM TEXHIKHM 1 Moke OyTH pizHuM. OHAK, B IPOrpaMax TeXHIYHOTO
00CIIyrOBYBaHHSI PI3HUX OO0 €KTIB 3IMCHIOIOTHCS JEAKl 3arajbHi MPUHIMUIN
BUKOPHUCTaHHS 3ac001B J1e(heKTOCKOTMI1.

Hampuknan, d4acti mepeBipKM MependavyaeTbcsi BUKOHYBATH — BI3yaslbHO.
[lepeBipkr 3  OLIBIIOK  NEPIOJUYHICTIO BUKOHYIOTH 3  BUKOPHUCTAHHAM
IHCTPYMEHTAJILHUX 3ac001B KOHTpOIr0. Hailbinbin 9acto MepeBipsitOTHCS BHCOKO
HaBaHTaXXEH1 1 BIAMOBIIAJNbHI JAeTami Ta By3au. [Ipu BeamkoMy HampaifoBaHHI 3
MOSIBOI0 BTOMHUX TPIIIHMH 1 KOPO3ii nepeadadaeTses 301IbIICHAS KUTBKOCTI JIeTaje,
[0 KOHTPOJIIOIOTh, PETEIHHOCTI 1 YacTOTH TEPEeBIPOK 3acobamu eeKTOoCKOmIi,
BUKOPHUCTAHHS KOMIUIEKCHOTO KOHTPOJIIO.

HaiiGinpmr xapakTepHuM MPUKIAIOM CHCTEM KOHTPOIIO Oyiia opraHizaris

HEPYHHIBHOTO KOHTPOJItO JiTakiB Ty boinr-707 (puc. 1). Ha nouaTtkoBomy etami ix
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eKCIUTyaTarlii 4YacTHHA BUCOKOHABAHTAXEHUX €JIEMEHTIB IUIaHepa TepeBipsutacs
meromamu nedekrtockomii uyepe3 3000 rommH. Yepes 12500 rommH (5 pokiB
eKCIUTyaTaIlii) KOHTPOIIOBAIKCS YC1 BUCOKOHABAHTAXKEH1 €JIEMEHTH 3 OLIHKOIO CTaHy
ix marepiamiB. HacTynmamii Takuii KOHTpOJIb 31HCHIOBaBCsS Bxke depe3 6500 roaun
(uepe3 3 pOKH TICIIs MEPIIOTro JETAITBHOTO KOHTPOJIO 1 3arajJbHOr0 HampalfoBaHHs
19000 romwn). Ilicns wampamroBanHs JjitakoM 25000 romun (uepe3 10 pokis
eKCIUTyaTallii) BUKOHYBAaBCS TMOBHHUM KOHTPOJb MaTepiaiiB YCiX BIIAMOBIIaIbHUX

€JIEMEHTIB 13 3aCTOCYBaHHIM Ae()EKTOCKOITI.

Puc. 1. 3araasuuii Buriaaj Jgiraka boiar-707.

Cy4acHi X CHCTEeMH KOHTPOJIIO TIepe10avyaroTh 13 301IbIICHHSIM HaIPaIFOBaHHS
Ta BIPOTIIHOCTI BUHMKHEHHS BTOMHHMX TpPIIMH 1 KOPO3ii 3MEHIICHHS
MDKKOHTPOJIBHUX 1HTEpBatiB. JleTani 1 By3iau KOHCTPYKIIH 3 OAHAKOBUMU rpadikamu
KOHTPOJIIO YMOBHO 00’ €IHYIOTb B TPYIIH.

Jns  peanmizauii UMX NPUHUMUIIB BH3HAYEHHS MEPIOAMYHOCTI KOHTPOIIO
HEOOXIJTHO 3HATH BIPOT1/IHICTh MOSIBU JI€(PEKTIB B KPUTUUHHX JIETAISAX Y Pi3HI 4aCOBI
npoMmikku excruryataiii OK 1 mBuakicte po3BUTKY aedekTtiB. Tak, ko aedekt
BUSIBJISIETBCSL Y BEJIMKIN KUIBKOCTI €K3EMIUISIPIB MPU 3HAYHOMY HaIpalioBaHHI, TO
HEOOXITHO CYTTEBO 3MIHUTH MPUHITUIIN Ta TIEPIOUIHICTH KOHTPOJIO.

Opranizailis BU3HAYEHHS TEXHIYHOTO CTaHy JeTajlied 1 KOHCTPYKLIN
BITUM3HSIHOI aBialliiHOI TEXHIKM MPOBOJUTHCS 3TIIHO PeriameHTiB 3 TEXHIYHOTO
oOcnyroByBaHHs JiTanbHUX amnapaTiB (JIA) KOHKpETHUX THMIB, SIKi BCTAHOBIIOIOThH
nepionYHIicTh  KOHTPOt0 [2]. TexHoyoris BHKOHAHHS KOHTPOJIIO JAEThCSA Y
CIeIIAIPHUX TEXHOJIOTTYHUX BKa3iBKaX 3 BUKOHAHHS periiameHTHuUX poOit [3]. Ll

JOKYMEHTH  BHU3HAYalOTh  BHUMOTHM  JO  TEXHIYHOTO  OOCIyroByBaHHS 1
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BUKOPUCTOBYIOTHCSA K €KCIUTyaTaHTaMH, TaK 1 aBlapEMOHTHHMH 3aBOJaMHU.

OCHOBHUMH HOPMATHBHUMH JOKYMEHTAMH, 32 SKUMH MMPOBOJUTHCS KOHTPOJb
IIPU PEMOHTI aBialliiHOT TEXHIKH, € TEXHOJOT1l KOHTPOJIIO, 110 BXOJATh Y TEXHOJOT1IO
pemonTy JIA pizHux tumiB. CydacHi CBITOBI aBiakoMIIaHii 1 BUpOOHHWKHM aBialliiHO1
TE€XHIKA BUKOPUCTOBYIOTH MPOTPAMU TEXHIYHOTO OOCIYTrOBYBaHHS, 1110 0a3yIOThCS Ha
cXxemax JIOTIYHOTO aHali3y KOHCTPYKIIN 1 MOMmKOJXeHb. OCHOBOIO TaKUX CXEM €
Oe3meka eKcIuTyaTallii 1 MiJBUIIeHa yBara A0 MPUXOBaHUX (PYHKI[IOHATLHUX BiJIMOB.
Bumorun no0 mporpam TEXHIYHOTO OOCIYrOBYBaHHSI MpPEICTaBIICHI, HAMPUKIAI, B
KepiBauinrsi 3 po3pobku nporpam — MSG, 1o po3pobiaeHe cymicHo DeaepaibHUM
yopaBniaasam  [[A  CIHA (FAA), BemukoOputanii (CAA/UK), Acomiai
eBporeicbkux aBiakommaHiii (A€A), BupoOHuKIB nitakiB Ta nBuryHiB CIIA 1
€Bponu, aMepUKaHCHKUX Ta €BPONEUCHKUX aBlaKOMMaHii [4].

MOXIMBICTh MEpPEXoly 10 MPOrpEeCUBHOI cucTeMHu oOciyroByBaHHs JIA 3a
TEXHIYHUM CTaHOM 0arato B 4YOMY BHU3HAUA€ThCS PIBHEM PO3BUTKY HEPYWHIBHUX
METO/IB KOHTPOJIIO. 3arajbHUl €(PeKT BIJ BUKOPUCTAHHS HEPYHHIBHHX METOJIIB
KOHTPOJIIO MPU TEXHIYHOMY 0OCIIyroByBaHHI aBiamiitHoi TexHiku (AT) ckimagaeTbes 3
nepesar, OTpUMaHuX B OCHOBHOMY B pe3yJbTaTi CKopoueHHs yacy npoctoto AT npu
BUKOHAHHI Ha HIH pErjJaMeHTHUX PpOOIT, MOB’SI3aHUX 13 MOBHOIO 400 YaCTKOBUM
pO30MpaHHSIM Yepe3 IMOIyK JaeeKTiB 1 HECHpaBHOCTEH, 1 OjAep)KaHHS OLIbII
00’€KTUBHUX BIJIOMOCTEH MpPO TEXHIYHMA CTaH KOHCTPYKIIi, HacaMmIepes, MoAo ii
3QJIMIIKOBOI  MIIHOCTI MPU HASBHOCTI EKCIUTyaTalliiHUX a0 1HIIOrO BUIY
MOIIKO/PKEHb ~ CHJIOBUX  €JIGMEHTIB. BaXIMBUM  aclieKTOM  J1iarHOCTYBaHHSI
3QJIMIIKOBOI MILIHOCTI KOHCTPYKIi € BUOIp HalOuibil 1H(GOPMATUBHO O3HAKH, 32
SIKOTO OIIHIOETHCS TEXHIYHUHN CTaH 00'€KTY JlIarHOCTYBaHHs. BimoMo, 1110 OCHOBHUMU
BIOpaIliiHUMHU MapaMeTpu MPYKHOrO TUIa € KWOro MoJajbHI MapaMeTpu, a came
YaCTOTH BJIACHUX KOJMBaHb, KoedimieHTH nemmdipyBands 1 BiacHi Gopmu
KOJIMBaHb. BriacHi yacToTH 1 KoedilieHTH AeMnpyBaHHS ITUPOKO BUKOPUCTOBYIOTHCS
B SIKOCTI JIarHOCTMYHMX O3HAK TEXHIYHOTO CTaHy KOHCTPYKIH. OpHaK 4acTOTH
BnacHux konuBaHb (UBK) Tta koedimientun pemndipyBaHHA € IHTETPAIBHUMHU

XapaKTEPUCTUKAMU KOHCTPYKIIIi, 110 3 PO3BUTKOM JAE(PEKTY 3MIHIOIOTHCSA [IyKe
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noBUIbHO. BrmacHi Qopmu KonMBaHb KOHCTPYKLII 1€ €IMHUH 3 MOAAIBHUX
rmapameTpiB, IO € HOro JOKATHHOI XapaKTEPUCTUKOIO 1 3aJICKHUTh BT MICIIS, B SKIH
BU3HAYA€ThCs. 3 BIIACHUMH (popMaMu KOJIMBaHb MOB'sI3aHI €KBIBaJEHTHI Macu. Tomy
BHU3HAUEHHS BIAcHOi (POPMH KOJIMBAaHb KOHCTPYKINI J03BOJSIE OOUYMCIUTH IOTO
EKBIBAJICHTHI MacH, 1 HaBIIaKM, 3HAIOYM €KBIBaJCHTHI MacH, OOYMCIMTH BJIACHI
dbopmMu KOJTUBaHb.

CyTb METOAY AIarHOCTYBaHHS 3aJUIIKOBOI MIIHOCTI KOHCTPYKIIi MOJSTae B
30y/KE€HHI KOJIUBaHb €TaJIOHHOI (03 MOIIKO/KEHb) Ta JOCIIIKYBaHOI KOHCTPYKIIiH
(3 UMOBIPHUMH TOMIKOKEHHSIMH) 1 BUZHAUCHH1 JEKUIBKOX MEPIINX E€KBIBAJICHTHUX
Mac UX KOHCTpYKU1A. OgHaK BUKOPUCTAHHS BEJIMYMHHM LI€1 PI3HULI €KBIBaJEHTHUX
Mac KOHCTPYKII B SKOCTI JIarHOCTUYHOI O3HAaKU JJIA BIOPOJiarHOCTYBaHHS
0OMEKYETHCSI HEOOXIHICTIO BUMIPY MOPSJ 3 MMapaMeTpaMu CHOCTEPEKEHHS Oylb-
SIKOTO MapaMeTpa BUMYIICHUX KOJIUBaHb [5].

3a pe3yapTaTaMM MaTEMaTHYHOTO MOJEIIOBAHHS KOHCTPYKIII Kpuiia JIiTaka
tuny AH-178 3 BukopuctanHsMm komruiekcy ANSYS npu npoBeaeHHI MOJAIbHOTO
aHaji3y BU3HAUEHO, 10 ¢GOpPMHU BIIACHUX KOJHMBaHb € OUIBII CYTTEBOIO
JIarHOCTUYHOK O3HAaKOK, HIK BIJIACHI YacTOTH KOJMBaHb Kpujia TMpU HOro
MOMIKO>KeHHI. KOHCTPpYKTHBHO-KOMITIOHYBaJIbHY CXeMy Kpuia jitaka Tuny AH-178

HaBEJICHO Ha PUCYHKY 2.

KPHIO 6- GOpTOBA HEPBEOPA

1
2 nepeuiil nomkepon 7-  o0mHaBKa (Bepxua)
1 3-  aaguill nomkepon 8- obmHBK (HEAHS)
a CTpPHHIED 9- KOHCOME KPHAA
5 HEpPBKIpA NEPei KPOMEA KPHITA

Puc. 2. KOHCTPpYKTHBHO-KOMIIOHYBaJIbHA cXeMa KpuJa JiTaka tTuny AH-178.
106



Po3paxyHKu YacTOT BIACHMX KOJHMBAHb MPOBOJWIMCH 3 BUKOPHCTAHHIM
metony ckindyeHHHX eneMmeHTiB (MSC/NASTRAN for Windows 4.0). Mertoauka
PO3paxyHKIB 1 BIAMOBIAHI (GOpMYJH JJIsi TMPOBEJACHHS PO3pPaxyHKIB (MaTeMaTH4YHA
MOJICJTb) HaBeeHl y [6]. 3a pe3yapTaTaMu PO3paxyHKIB OyJI0 OTPUMAHO CKIHYEHHO-

€JIEMEHTHY MOoJieib (pUCYHOK 1) kpuiia jitaka Tumy Au-178.

: |
405 -36 -215 27 225 18 135 09 045 0 045 08 1.35 18 228 27 315 386 405

Puc. 3. CkinueHHO-eJ1eMeHTHA MO/leJIb KPHJIa JiiTaka Tumy AH-178.

IIpu po3paxyHKax po3r/sigajaucs HACTYIIHI BUNIAKU:

- KpWJIO HE Ma€ MOUIKOKEHb 1 HE Ma€ HapoOITKY (BUXI1JHUHN BaplaHT);

- KpWIO Ma€ 3HAYHUUA HApOOITOK, BHACIIJOK YOTO TiJ BIUIUBOM (DaKTOpIB
HaBKOJMIIHLOTO cepeAoBuIa (Kopo3ii, BTOMi, aOpasMBHOMY 3HOCY, TOIIO) BOHO
BTpaTtuio 33,3% Hecy4yoi CIPOMOKHOCTI KOKHOTO 3 MOTO CHJIOBUX €JIEMEHTIB (Ipu
MaKCHUMaJbHUX EKCIUTyaTallliHUX HABAaHTAKEHHSX B €JIEMEHTaX TaKoi KOHCTPYKLIi
MO>KJIMB1 HEJIOMYCTUMI TJIaCTHYHI Aedopmariii);

- KpPWJIO Ma€ JIOKaJbHI MOIIKOP)KEHHS, Kl MpPHUBEIM 0 BTPATH HECYdol
cpoMOXHOCTI Ha Ti X 33,3% TUIBKM y TNEBHUX 30HAaX (Y OKPEMHX CKIHYEHUX
eJIEMEHTax).

BizyanbHo hopmu KoMBaHb HaBEJICHO HA PUCYHKaX 4-8.

7
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L 1]

T o AT T T
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Puc. 4. Ilepma acumerpudna ¢gopmMa KOJMBAHb KPUJIa
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Puc. 6. Ipyra cumerpuuHa ¢popma KoJIMBAHb KPUJIA
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Puc. 7. Tperss acumerpuyHa (popMa KOJIMBAHb KPWJIA

Puc. 8. Tperss cumerpuyHa (popMa KOJIMBAaHb KPUJIA
Y Tolt ke wac Ui L€l JIarHOCTHKU TEXHIYHOTO CTaHy KOHCTPYKLIN
JITaIbHOTO amapara Oyiu po3poOJieH] cheliagbHl METOJWKH Ha OCHOBI METOIY
koHTpomo UBK Tta miarHoctmuyne oGOnamnanHa. Ha pucyHky 9 mokaszaHo cxemy

pO3TallyBaHHs 11arHOCTUYHOTO 00JIalHaHHS Ha JliTaky AH-178.
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Puc. 9. Cxema po3TaniyBaHHS JiarHOCTUYHOTO 00JIa/IHAHHSA HA JiTaky AH-178

Jo cknamy iarHOCTUYHOIO OOJIaiHaHHS BXOAATh: 1 - oOjagHaHHS s
CTBOPEHHSI KOJIMBaHb KOHCTPYKIIM Kpuijia 3 BJACHOIO YaCTOTOIO; 2 - KOHTPOJIbHO-
nepeBipouyHe oOJagHAHHSA Ta oOOJaAHAHHS Ta TMPUCTPOiI Il 3a0e3MeUeHHS
(YHKILIOHYBaHHS CUCTEM Y LIIIOMY 1 3alliCy MapaMeTpiB A1arHOCTUYHOTO KOHTPOJIIO.

3a3HaueHl METOJMKH MPAKTUYHO HE MAIOTh HENOJNIKIB TOMY, IO BPaxOBYIOTb
Takl (Qi3UYHI SBUILA, K 3CYB OCI KOPCTKOCTI KOHCTPYKIIIl 3 MOSBOIO YIIKOJKEHHS B
€JIEMEHTaX CUJIOBOrO HaOopy, MOSBY NHMCUNATUBHUX CHJI BiJl KOJMBAHHS MajuBa y
KPWJIbOBHX MaJMBHUX Oakax, TUCK Y MHEBMAaTHKaX KOJIIC JIiTaka, HarpiB KOHCTPYKIIT
COHSYHUMH TPOMEHSMHU, IO MPHU3BOAATH A0 morpimHocTed Bu3HaueHHs UBK i
BUJUICHHS YUCTUX (OpPM BUTHMHHHUX 1 KpPYTWIbHUX KoiuBaHb [7]. B ymoBax
IHTEHCUBHOI  ekcruryarauii JIA TpuiHATTA pilleHHS Ha BUIYCK Yy TOJIT
VIIKO/PKEHOTO JIiTaka TOBWUHHE 3A1MCHIOBATUCS B MIHIMQJIBHUNA TEPMIH 1 3

109



MIHIMaJbHUMH TpalieBUTpaTaMu Ha peMoHT. lle o3Hayae, 1m0 OIS KOXKHOTO
VIIKOKEHOT0 JTiTaka HEOOX1THO BU3HAUNUTH (PAaKTUIHHM 3amac MIIIHOCTI (3aJIUIIIKOBY
MIIIHICTB) 1 Ha MJCTaBl OTPUMAHUX PE3YIbTATIB J1arHOCTUYHOTO KOHTPOJIIO 3pOOUTH
BHCHOBOK PO MOXKJIUBICTh HOTO MOJANBIIO] €KCIUTyaTallii — MOKIMBOCTI BUKOHAHHS
OoloBUX BWIBOTIB 3 oOMexeHHsMH 10 TTX. OneparuBHICTh BHU3HAYCHHS
3QJIMIIIKOBOT MIITHOCTI KOHCOJIBHO 3aKpIIUICHUX KOHCTPYKINHM IIjIaHepa JiiTaka,
HacamImepes, Kpuia, Moxe OyTH JOCSITHYTa LUISIXOM BUKOPHUCTaHHS MEPEIOBHX 3a
TEXHOJIOTI€I0 1 MPOCTOTOI0 METO/AIB HEPYHHIBHOIO KOHTPOIJIIO, 3aCHOBaHUX fAK Ha
3MiHI 4acTOT aBTOPE30HAHCHUX BUTMHHUX 1 KPYTUJIBHUX KOJHMBAaHb IPH HASIBHOCTI
VIIKO/KE€Hb, TaK 1 Ha 3MiHI XapaKTEpPUCTUK MIIMHOCTI KOHCTPYKIIi (CTOCOBHO
CTAIOHHUX YacTOT 1 JIarHOCTUYHMX [apaMeTpiB, XapaKTepHUX MOKa3HUKaM
KOPCTKOCTI, 3aMIPSIHUM Ha CBIJIOMO HEYIIKOJKEHIA KOHCTPYKIIi). YacToTH BIacHUX
KOJMBaHb (BUTMHHI W KPYTWIbHI) HaWOUIbIIE BIPOTIAHO JO3BOJSIOTH BIJOUTH
JTUHAMIYHY 1HAMBIIYalbHICTh KOHCTPYKIII TOMY, IO 37aTHI 3 BEIUKOIO TOYHICTIO
BUJaBaTH iHPOpMaIiliHi XapakTepucTuku [8].

BusnauuBmm MeTonaMM HEPYHHIBHOTO KOHTPOJIIO, a came, METOJIOM
KOHTPOJIF0O YaCTOTH BJIACHMX KOJMBaHb, (PaKTUUHY MILHICTb KOHCTPYKIIi, MOXHa
NPU3HAYUTH W KOMIUIEKC HEOOXIJHMX oOmepaiiii 3 BIJHOBJICHHS 1i MIITHOCTI.
Busnauennss npu 1pomy o00cCiITy poOIT 3 BIIHOBICHHS XapaKTEPUCTHK MIITHOCTI
KOHCTPYKIIi Ha KOXHOMY KOHKPETHOMY JITaKy, JIO3BOJUTh MEPEPO3NOIITUTH
0CO0O0BUH CKJIaJ PEMOHTHUX IMiIPO3/UTIB HA OUTBII TPYAOMICTKI JUTSTHKA POOIT.

TakuMm uuHOM, €QEKTHBHUM CHOCOOOM 3HMKEHHS BapTOCTI TEXHIYHOTO
00CITyrOByBaHHS JIITaKiB MO’KHa BBa)KaTH IIUPOKE 3aCTOCYBAHHS IJIsI J1IarHOCTUKU
TeXHIYHOro cTtany JIA MeTrony KOHTpoJto 4acToT BiacHuX koiuBaHb (UBK). Meron
koHTpomo YUBK Moke CyTTe€BO [JOMOBHUTH CHEKTP METOMIB, IO IIMPOKO
3aCTOCOBYIOTHCSL Yy 1IeH 4ac, Takl SIK KOHTPOJIb 3a JIOIMOMOI'OI0 BHUIIPOMIHIOBAaHb, IO
MPOHUKAIOTh (PEHTreHo U rammarpadii), Tomy, mo Meron koHTpoiato UYBK He
BHUMArae y3roJKEHHS! 3 BUKOHAHHSIM I1HILIOTO BHUJly pErJIaMEHTHUX pOOIT Ha JIITaKy 1
MOE 3aCTOCOBYBATHCS O€3MocepeHh0 Ha aepoApoMi (Ha CTOSHII JIiTaka YU B

YKPHUTTI).
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V]IK 629.7.01
JTOCHAUIKEHHS AJITOPUTMY ADAPTIVE DATA RATE

Minoukin /Imutpo AHaToJiilioBuY
K.T.H., C.H.C., JOLIEHT

Pubak Ouekciii OsiekcaHapPOBUY
AcmipaHT

HTVYYVY «KIII im. Iropst CikopbChKOTO»
M. KuiB, Ykpaina

Anoramisi: Long-Range Wide Area  Network (LoRaWAN) €
IIBUJIKO3POCTAIOYOI0  CUCTEMOKO  3B'A3KY JUISI  PO3TOPTAHHS  MAaJOMOTYKHUX
mupokocMyroBux wmepexxk (LPWAN) B wmepexi IntepHer peueit. LoRaWAN
nodynoBana jia ontuMizanii LPWAN 3 ypaxyBaHHsIM T€pMIHY CiIy:kOu Oartapei, iX
€MHOCTI, anbHOCTI Aii 1 BapTocTi. LORaWAN BukopuctoBye cxemy Adaptive Data
Rate (ADR), sika quHaMi4HO ONTUMI3Y€E MIBUAKICTH MEpeaadi JaHux, e(ipHOro yacy
Ta eHeprocnoxxkuBaHHs. OcHoBHa mnpoOsema B LoRaWAN monsirae B ToMy, IO
cnenudikamis LoRa He Bka3ye, sSK MEpeXeBH cepBep MOBUHEH YIMPABIATH
KIHIIEBUMU BY3J1aMU, 10 BIAHOCITHCA A0 aaanTailii mBUAKOCTI. B pesynbrari Oynu
3anponoHoBaHi uucieHHi cxemu ADR, mo BpaxoByloTh 0€3714 3aCTOCYBaHb

TexHoJorii 10T, BUMOru 10 AKoCTi 0OCIYroByBaHHS, pi3HI METPUKH 1 PallOYaCTOTH.

Kurouosi caosa: 10T, LoORaWAN, ADR, LPWAN

Bce yacrime opranizaiii B 0araTb0X raixy3siX MIpOMHUCIOBOCTI BUKOPUCTOBYIOTh
[arepuer peueti (I0T) nmnms Oinmbmr  edekTUBHOTO (GYHKIIOHYBAaHHS, KpPaIioro
PO3YMIHHS CBOiX KII€HTIB, 3a0€3MeUeHHs MOJIMIIEHOTO OOCIyrOBYBaHHS KJIIEHTIB,
NiJBULIEHHS SKOCTI MPUUHATTA pillleHb Ta 30uIblIeHHS BapTocTi Oi3Hecy. Lle
MPU3BEJIO 10 3HAYHOTO 3POCTAaHHS YHUCIA MPUCTPOIB, MIIKIIOYEHUX 10 [HTepHeTy
Peueit. V cohepi IoT moxxkHa 3acTocyBaTH JAaTYMK KapAiOMOHITOPOM JJIsl MAIlIEHTA B
JIKapHI.

«Smart Home», MoO)XHa 3acToCyBaTH JaT4UMKA JJII ABTOMaTUYHOIO
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PETYJIIOBaHHS OIAJICHHS Ta OCBITJICHHSI.

«Smart Agriculture» MoOXXHa 3acTOCyBaTH AATYUKU BIJACTEKEHHS Ta CTaHy
3nopoB'ss TBapuH "Smart City" a6o "lloT" MoxkHa 3acTocyBaTv JaTYUKUA JUIs
MOHITOPUHTY TIPOMHKCIIOBOTO OOJIaJIHAHHS B TOIIyKax 300iB, a MOTIM aBTOMaTUIHO
peryioBaTi iX po0oTy, 1mo0 yHUKHYTH ToysioMku [1, c. 2]. 1li mpucTtpoi moBuHHI
OyTH 37aTHI OTpUMYBATH Ipu3HaYeHUi HUM IaTepHeT nportokon (IP) aapecu 1 Mmatu
MOXJIUBICTh Tepenayi gaHux mno mepexi. HIupokocMyroBi Mepexi 3 HHU3BKUM
eneprocnoxkuBaHusiM (LPWAN) - wne HoBuili Bua 0e3IpOoTOBOrO  3B'A3KY,
00yMOBJIEHMI HU3bKHUM €HEPrOCIIOKMBAHHIM, HU3BKHUM OITPEHTOM 1 TEXHOJOTISIMH
3B'I3Ky Ha BEIMKHUX BIJCTaHSAX B HEIIICH30BAHOMY IPOMHUCIOBUX, HAYKOBHX 1
MEIUYHUX YacTOTHUX Jiama3oHax (ISM), ckoHirypupoBaHHMX B TOIOJOTIYHOI
Mepexi "3ipka". I{e poouTts Horo npugatHum a1t 6aratbox qoaatkiB [oT, ski mpocto
BUMAararoTh Ilepefadyl HEBEIUWKHX IIaKeTIB JaHWX Ha Benuki Bijgctani. LPWAN
JI03BOJISIE TIepeaBaTH JIaHl Ha BEJUKI BIJICTaH1 B JECATH JI0 COPOKA KUTOMETPIB Ha
CUIBCBKIM MICHEBOCTI Ta BIJl OHOTO JI0 I'ATH KIJIOMETPIB B MICBKOMY CepeloBULII [2,
c. 60]. LPWAN nerko macmrabyerbess Ta eHeproedekTuBHa [3, c. 855]. Cxema
Adaptive Data Rate (ADR), sxa quHaMi4HO ONTUMI3Y€E MIBUIKICTh Mepeaadl JaHuX,
edipHuil Yac 1 eHeprocnokuBaHHs. B pe3ynpTaTi Oyiu 3amporoHOBaHI YHCIICHHI
cxemu ADR, 1110 BpaxoByOTh 0€31114 3aCTOCYyBaHb TeXHOJIOT1i 10T, BUMOru 10 IKOCTI
o0clIyroByBaHHsI, pi3H1 MeTpuku 1 pamiodactoTHi (RF) ymoBu. VY paniéi crarri
IPOTIOHYETHCS KOMIUIEKCHUM OTJISA JOCHIKeHb anropuTMmiB ADR mis texHomorii
LoRaWAN. Sigfox, NB-IoT i Long-Range Wide Area Networks (LoRaWAN).
[TopiusaHs 1nmx TtexHonorii LPWAN wmoxna 3naiitu B [4, ¢. 1]. B manomy
OTJISIIOBOMY JIOKYMEHTI OCHOBHa yBara npuauisierbcs LORaWAN, sika nemoHCTpye
Taki arpuOyTH, K MPOCTE PO3rOPTaHHS, HU3bKE EHEPrOCHOXUBAHHS 1 TOKPHUTTS
BEJINKMX BlICTaHEMN.

LoRaWAN - ue Bigkputuii crangaptr LPWAN, skuii BHUKOPHUCTOBYE
Hemiuen3iiauil cnexktp. LoRaWAN e kirouoBotro TexHosoriero st [oT, miaxoasauiol
JUIS PI3HUX CTaIlOHApHKUX 1 MOOLTEHKX qoaaTkiB IoT.

BaxumBoro ¢ynkiiero LoRaWAN € cxema Adaptive Data Rate (ADR)
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(amanTMBHA WMBWAKICTH TIepedadi JaHuX). MeToro IIi€i cXeMu € MiHIMIi3alis
€HEPTOCIIOKUBAHHS Ta MAaKCHUMI3aIlisl MPOMYyCKHOT 3JaTHOCTI IUIIXOM KOPHUTYBaHHS
IIBUJIKOCTI TIepeaayl JaHUX B 3aJICKHOCTI B1Jl OFOHKETY KaHAy 3B'S3KY JUIsl KOKHOTO
KiHIeBorOo By3ia B Mepexki LoRaWAN. ADR ynparmisie mapamerpamu mepenadi, a
came: nponyckHoro 3aaTtHicTio (BW), koedimientom posmupenns (SF), moTy)HICTIO
nepenaul (TP) 1 mBuakictio komyBanHs (CR). Ontumizamiss ADR 30uibinye
MPOITYCKHY 3/IaTHICTh MEPEXKI, TaK SIK TMAKETH JaHUX, 10 MTepeaaroThes 3 pisHuMu SF,
OpPTOTOHAJBHI 1, OTXKE, MOXKYTh MIPUHUMATUCS OJTHOYACHO, 110 CKOpouye edipHUil yac.
ADR - ne wmexaHni3M, sKdAil KOHTpOJO€ mnapamerpu BucxiaHii nepengaui (UL)
npuctpoiB LoRa B 3asexHocTi Bl Oromkery kaHanmy. DyHkuioHanbHicTh ADR
NoBMHHA OyTH BKJIIOYEHAa Ha KIHIEBOMY By3qi, Im00 il MoxHa OyJo
BUKOpUCTOBYBaTU. Y peam3amisx LoRa, omucanux B miteparypi, cxemu ADR
peani3yloTbCcs 1 OIIHIOIOTBCA 3 BHUKOPUCTAHHSIM PI3HHUX IMIJIXOJIB, TaKUX SK
MaTeMaTU4H1 Mozeli 1 MmojentoBaHHs. OcHOBHOIO npobieMoro anroputMmy ADR e e,
o cnenudikariss LoRa He Bkaszye cnoci0, skum mepexeBuit cepsep (NS) noBuHeH
IHCTPYKTYBAaTH KIHIIEBI BY3JM IIOAO0 adanTarii mBuakocti. lle mnpusseno g0
MPOMYCKY 3 TOUKHU 30py peanizanii ADR, ocKiibku mocTayaabHUKUA TPUMAKOTh CBOT
BIIPOBAKCHHSI B TAEMHHUII, TOMY OyJ10 3ampornoHoBaHo 0arato pizHux cxem ADR.
Cxema ADR [1ae KOHKYypEeHTHy TIiepeBary, TaK SK BOHU 30epiraroTh
KOH(]1IeHIIMHICT CBOiX A0JaTKiB. Ha macTs, icHye MepekeBHil cepBep 3 BIAKPUTUM
BUXITHUM KOZOM, SIKUH 3poOHB cBiii amroputM ADR 3arampHOgocTymHHM - The
Things Network [5, c.1]. Lleit anroputm 3acHOBaHUN Ha PEKOMEHJAIlll KOMITAHIEIO
Semtech. LoORaWAN ADR, BUKkopHCTOBYBaHy JiJisi ONITUMI3allii MBUIKOCTI Iepeaayi
naHuxX B Mepexi, ToA 1 eHeprocrnoxuBaHHsA. J[JI1 MakCUMaabHOTO 301IBIICHHS
TEPMIHY CIyXOM OaTapeil KIHIIEBUX BY3JIIB 1 €MHOCTI TJIOOAJbHOI CHUCTEMH,
LoRaWAN NS ynpasisie mBuakicTio nepefadi nanux 1 TP s BCiX KiHIIEBUX BY3JIiB
HesaexkHo 1o cxeMi ADR. VYV mitepatypi Oysno 3ampomoOHOBAaHO NEKUTbKAa CXEM
ajanTarii MBUIAKOCTI Nepeiadl JaHuX, iK1 HAMaratoThCs MiABUIIUTH TPOTYKTUBHICTh
3B's3Ky. Y umitepatypi y cxemy ADR Oynu BHeceHl 3MiHM 1 peani3oBaHl IS

nocsirHeHHs  piHux 1iel B LoRaWAN, opieHTOBaHMX Ha TOKa3HUKU
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MPOAYKTHUBHOCTI Mepeki. Mu po3risgaeMo oOcsr poOiT, B SIKUX BUKOPHUCTOBYETHCS
ADR nang mominmieHHs TakWX TOKAa3HUKIB, SK MAacIITabOBaHICTh, MPOITYCKHA
3/1aTHICTb, TOCTYII 0 KaHamiB, piBeHb curHainy (RSSI) 1 eneproedekTUBHICTS.

Y mepexax LoRaWAN kontposns ADR no3Bomsie miaTpumyBatu 3'€THaHHS 3
Mepexero, 3a0esleuyroud  YHCJICHHI  IIBUAKOCTI  mepenadi  gaHux. CraH
paaloyacTOTHOro 3'€IHAHHA BU3HAYaeTbcad cTaHoM Tmpuilomy makera ACK B
LoRaWAN uepe3 nmomwiku 3'eqnans. Lle, oqHak, HE BKa3zye Ha MEPEBAHTAXKCHICTh
MEpexi, ajJie MOXE€ MPHUBECTU J0 HEeePEKTHMBHOCTI Mepeaadi JaHUX 4Yepe3 TpuBai
3aTpuMKH rnepefadi. OCKUIBKA TNEPEeBAaHTAXKEHICTh HE PaxyeTbCs MPOOJIEMOIO
MIJKTIOYEHHS, 3HUKEHHSI IIBUIKOCTI Mepenadl JaHuX IUISXOM 3aMiHU CHUCTEMU
Moaymsamii HepouuieHo. B [6, ¢. 171] aBropu po3pobunu cxemy ADR, B skiif
3po0JieHa crpoda BUKIIOYUTH CTOPOHHE YNPABIIHHS MIBUAKICTIO NE€penadl JTaHuX 3
BUKOPUCTAHHSIM JIOTICTUYHOI perpecii. 3amporoHOBaHa CXeMa pO3IMi3HAE PIBHI
NEPEeBAHTAKEHOCTI MEPEeXl NUIIXOM HaBYaHHS 1 TMOJAJBIIOTO 3aCTOCYBaHHS
pe3ynbTaTy I YOPABIIHHS IIBHIAKICTIO Tepeaadi MaHuX. SIK XapakTEepUCTHK IS
HABYaHHS B METOJ[I BUKOPUCTOBYIOTHCS IIBUAKICTH nepeaadi nanux, RSSI 1 kiabkicTh
3'enHaHb Ha U031l  OMIHKAa [HUX  XapakTEPUCTHK  3a0e3Medyye  OLIHKY
nepeBaHTakeHoCcTI Mepexi. Komu mporHo3yeTscsi mepeBaHTaXeHHS, MPOTIOHOBAHUIMA
JITOPUTM 3MIHIOE Yac BIJICIYCHHS 3aMICTh 3HMDKCHHS IIBHJIKOCTI Iepenadl JaHuX,
KOPHUTYIOUH 3aTPUMKY 3aMiCTh 3HFDKCHHSI TTPOMYCKHOI 3maTtHOCTi. Lle mpu3BoauTh 10
MIJIBHUINCHHS TOYHOCTI YIpPaBIIHHSA IIBUIKICTIO Tepefaadl JaHuX 1 e(eKTUBHOCTI
Mepexxi. NS BUKOHye HaBYaHHS 1 Nepelae pe3yiabTaTH Ha KIHUEBI BY3IM IS
NPOTHO3yBaHHS TIEpeBaHTa)XCHb. PO3paxyHKW [Ji1 HaBYaHHS BUKOHYIOTHCS B
IeHTpami3oBaHii MamuHi. CHUIBHOI CTOPOHOIO IIHOTO MIAXOAY € Te, IO BIH
BpPaxoBYy€ PIBEHb IMEPEBAHTAKEHOCTI MEPEKl Ha BIAMIHY BiJ[ YCIIaJKOBAaHOI CXEMH
ADR. Henomnixom 1iporo miaxonay € te, 1o nporec Bumarae ACK DL noBigomiieHHS
st kokHoi mepenavi. Ockinmbku Tpadik DL HeraTuBHO BIUTMBAaE Ha MPOMYCKHY
smatHicte UL, PDR B pesynbrari 3menmyerbcs [7, c. 1]. ¥V mnomampmmx
JOCTIKEHHSAX MOXHA Oyno O pO3MISIHYTH BHUBYEHHS PO3MOJAUICHOTO HaBYAHHS

KIHIIEBUX BY3JiB. J[JIsi TPOTHO3YBaHHS 3aTPUMOK MOXKYTh OyTH 3aCTOCOBaHI W 1HIII
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METOH ONTHUMI3AIlii.

VY naniét poOOTI MU TIPOBETM KOMIUICKCHHM aHaIi3 PIIICHHS, I OMTHMI3aIii
anroput™My ADR. IlponoHoBaHuii MeTOJ ONTHMMI3allli BUPINIYIOE Taki crerudivHi
3aBlaHHA, K  MacmTaboBaHicTh [8, c¢.l], TOpomyckHy 34aTHICTH  Ta
eHeproe(eKTUBHICTh. Y HalIOMy aHami3l Oylyd BUAUICHI BUKOPUCTaHI MIIXOIU 1
BUJIJICHO TPOOJEeMH Ta TMOKA3HUKM B PO3MVISIHYTUX JOCHIDKEHHSAX. AHami3
JiTEepaTypu TMokasye, 1o icHytoul cxemu ADR BHKOpHUCTOBYIOTH pi3HI alrOpUTMH 3
pPI3HUMU OOYHCIIOBAILHUMHU TPYAHOIIAMM JIJI1 ONTHMI3AIli IIBHUIKOCTI Tepenadl
JAHUX B 3aJIeKHOCTI BiJl pi3HMX Iined, takux sk RSSI, edext mepeBanTaxeHHs,
edbexT 3axoruieHHA 1 KOH(mKT kKaHamiB. [lig OOYMCIIIOBATIBHOIO CKJIATHICTIO
PO3YMIETBCS 00CAT pecypciB, HEOOXITHUX I POOOTH aIrOPUTMY, 30KpeMa, BUMOTH
I0 mam'aTi 1 4acy. AJTOpUTMH, WIIO0 BUKOPUCTOBYIOTHCS [JIsl MOJIIILIEHHS
MmacitaboBanocti B LORaWAN, obrosoproBaimcs B [6, ¢. 171]. CHIIBHOIO CTOPOHOIO
X0y € Te, 10 BiH BPaxoOBY€ PIBEHb MEPEBAHTAKEHOCTI MEpEXi Ha BIAMIHY Bij
ycnaakoBaHoi cxemu ADR. HeponmikoM nporo miaxomy € Te, MO JJIsI KOXHOI
nepeaadi nporecy mnorpioHo mopigomsieHHs ACK DL. Xouwa 3amporoHoBaHMiA
anroputm B [8, c. 1] moka3ye 3Ha4HE MiABUILEHHS HAAIMHOCTI 1 MAcIITAOOBAHOCTI, € 1
fioro wHemomik. OdiKyBaHHSA JBAALSITH KaJpiB I KOPUTYBAHHS CXEMH MOXE
BUSIBUTHUCS 3aHAJITO TOBrUM. {7151 MIUIBHUX MEpEeX HEIOCTATHS ajanTarlisi Ha OCHOBI
3B'13Ky. B moganbmiiii poOboTi Moke OyTH PO3IIIAHYTO NMHUTAHHS MPO BKIIOYEHHS B
MEpeXXy MHMOBIPHOCTI 3ITKHEHHA. banmaHcyBaHHA OIOKETYy KaHAy 3B'S3KY IS
KOkHOTro kaHamy 1 PDR Bciii mepexxi Morno © 1mie OulblIe MOJINIIUTH
MmacimTaboBaHicTb. B [9, c. 24], xoua mijixia, 3aCHOBaHU Ha MOJIETHIEHOMY Tpadiky,
TT1IBUIILY € HAIIHHICTD 1 MacIITaOOBaHICTh, BBOJIUTHCS IOJATKOBE
€HEProCHoKUBaHHS, OCKUIbKM KIHIIEBI BY3JM MOBHHHI MPOCITYXOBYBAaTH Masik Bij
[UTI03Y, MEPII HIXK BIANPABIATH makeT. Lleidl miaxiq He MOBHICTIO YCyBa€ 31TKHEHHS
MAKeTIB, OCKUIbKM BUCXI1JIHI MOBIJIOMJIEHHS BCE L€ MOXYTh CTHUKAaTUCS 3 MasKaMu
1HIIMX 10TR031B. OCKIIBKM MiAXiJ BUKOpUCTOBYE Aloha, 11 Tako)X oO3HA4ae, IO
3ITKHEHHs He MOXYTb OyTu ycyHeHi. [IpomonoBanuii amroput™m B [10, c. 85]

3MEHIIy€E KUIBKICTh MOBiOMJIEHb JaHuxX B Oi0mioreni UL, a TakoX MOBIJOMIICHb
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komana MAC B 6i6mioreni DL, 1 qocsrae 4yaoBoi NpoyKTUBHOCTI PU MOMUJIKAX B
KaHajmax 3 IMOTaHuM CcTaHOM. lle [03BoJisiE PO3IIMPHUTH MEPEKEBHM Jiama3oH.
HenonikoM 1poro airoputrMmy € Te, 110 BUKOPUCTOBYBaHa IMITalliiHAa MOJIETh HE
BpaxoBYy€ BENUKI CKJIagHl Mepexi. Bukopucranus anroputmy SF- kmacrepusarii Ha
ocHoBi aepeB (Tree-Based SF Clustering Algorithm, TSCA), sikuii po3noaisise By3iu
M0 YMCJICHHUM MiaMepekaM, 3HaYHO MOKpaIly€e MacIITa0OBaHICTh, SIK 11€ XapaKTepHO
s mopuctux Mepexxk. Ha nam mormsia, anroputm B [11, c. 800] € Haiikpanmm
MIIX0JOM JI0 TIJBHMINCHHS MAacITabOBaHOCTI, TaK SK IPOMOHOBAaHE PIIIEHHS
MepeBepIlIye CXEeMU PIBHOMIPHOTO 1 PIBHOMIPHOTO po3noAiuty SF mo cepeaHnoi
mepexi PSP.

[IpoBenene mgochipkeHHS TMoKazaino, Mmoo anroput™Mu ADR, ski  Oynu
MIPOAHAJII30BaHl, MPIOPITI3IPYIOT pI3HI TOKAa3HUKU MPOAYKTUBHOCTI 1, OTXKe,
3a0€3MeuyIoTh Pi3HI pillleHHA. 3ITKHEHHS MaKeTIB JaHUX 1 POOOUYMi IUKJ IMepeaadi
JaHUX - IIe TpoOiieMH, K1 € chilbHUMH i Oarathox cxem ADR. binbmricts
MIIX0/1B peani3ytoTh cBoi cxemMu OPP 3 BUKOpPHCTaHHSIM OJTHOTO IUTIO3Y.

VY pimeHHAX, fKi BUKOPHCTOBYIOTh MAaIllMHHE HaB4YaHHSI, NS BHUKOHYE
HaBYaHHS 1 TMepelae pe3yjabTaTd Ha KIHIEBI BY3/IM, 1100 MependadyuTd JesKi
METPUKH, $KI BIJICTIIKOBYIOTBCS, HANpPUKIAJA, T[EPEBAHTAKEHHS MEpexKi, 3a
JOTIOMOTOI0 IIEHTPAJII30BaHOTO MAIIMHHOTO HaBYaHHA. Takwil MAXix IEeHTpaizye
JaHl HaBYaHHSA Ha oAHiM MammHi, NS. Ile Moxke cTBOpUTH By3bKe Miclle B 300pi
JaHUX HaBYaHHA. MailOyTHs poOOTa MOKEe BKIIIOUATH BUKOPUCTAHHS PO3IOIJICHOTO
HaBYaHHS BY3JIIB, a HE IIEHTpaJi30BaHe HaBUaHHs. Po3moijieHe MalllnHHEe HaBYaHHS
J03BOJISIE KIHIIEBUM BY3JaM CIIUJIBHO BUBYATH MOJIEIb MPOTHO3YBaHHS, 30epirarouu
Opy LbOMY BCl HaBYaJbHI JaHI Ha KIHIEBOMY BY3Jl 1 CKOPOYYIOUH KUIBKICTb

IMOMMJIOK B HABYAHHI.
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Abstract: The rectangle multilayered area is considered. All layers are fixed
by the line x=0and x=a. The first layer is in smooth contact conditions on the line

y =0 and the normal load applied to the side y=b, of the upper layer. The solution of

the problem is constructed with the help of differential calculation and recurrent
formula.
Key words: antiplane problem, rectangle area, multilayered, recurrent formula,

Fourier transform

The needs of engineering practice necessitate development mathematical
apparatus for the study of layered media. In real life we also have some objects and
structures that consists of layer. This is one way of strengthening or isolating some
substances from each other.

The model problem for a rectangular region consisting of N-layers is
considered in the paper. This problem is solved using the method of integral
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transforms.

The rectangular areaO<x<a, 0<y<b, (N is number of layers) in a state of
antiplane deformation is considered. All layers are fixed by the line x=0and x=a:

W, _,=0W,| . =0b_ <y<b k=LN (1)

where W, (x,y) are displacements by the axis ; in k-th layer, b, =0,b, =b.

The first layer is in smooth contact conditions on the liney =0 and the normal
load p(x) applied to the side y=bh, of the upper layer

_ N
o = 0,7,

=p(x),0<x<a (2)

y=b
where ), (x,y) are tangential stresses of the k-th layer.
Conjugation conditions are fulfilled between the layers:

Wk |y:bk 0= Wk+1|y:bk+0 !

O<x<ak=LN
y=b,+0 (3)

k

_ . k+1
Z'yz

y=hy -0 IRt

The displacements and stresses of each layer that satisfy conditions (1) - (3)

and the equilibrium equation
o'W, W,
_l’_
aXZ ayZ
should be found.

=0,0<x<ab_, <y<b,k=LN 4

The boundary problem (1) - (4) is reduced to the one-dimensional problem by

the applying of finite integral Fourier transform by the variable x[1]
W, . (¥) =.TWk(x, y)sin o, x dx (5)
with the inverse formula
W 04)=2 S W, ()sina (6)

The problem in transform space has the following form:
W, (V) -,  (y)=0 (7)
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A
Bk

(8).

. . P,
Wan 1 y=0 - 0’ Wan,N ‘y:b - GN (8)
kaolzn,k yoh-0 Gk+1W0Izn,k+1 y=b, +0

where:

J a, - integral transformation parameter,

o G, — shear modulus of the k-th layer.

The general solutions of the equation (7) are searched in the form:
W, «(y)= Ae™ +Be

W, ((¥) =2, (Ae™ ~Be ™)

here A ,B, are unknown constants.

(10)

The following conjugation conditions are used

(Akea”y +B.e )‘y:bk—o - (A1<+1ea"y + B )‘y:bﬁo (11)

Gk (Akea"y - Bkeﬂny )‘ = Gk+l ( Ak+1eany - Bk+1eﬂny )‘

y=hy -0 y=b, +0

The constants A,B, are expressed through A,B,[2]by the recurrent formula:

]= R (Q] where P, =H,"( ) - Hi () - Hy'(B)-H, () - Here

1

H, (y)= e e 12
(Y)= Ge™ —Ge (12)

Unknown constants of the first layer were found from the boundary conditions

As the result, the displacements and stresses of each layer are found for any

fixed value of N.

physics. Method of integral transformations. - Odessa: Astroprint, 2005. - 184 p. (in
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Ob AHIITPOKCUMAIIMA MHOT'OKPATHO ITUOP®EPEHIIUPYEMBbIX
®YHKIUU CONTPAKEHHBIMU m-CUHI'YJIAPHBIMU UHTEI'PAJIAMHU

MycaeB Aiau Mexru,

Jamuposa /I:xaBuna PuzBan

AzepOaiimxanckuii ['ocygapcTBeHHbI Y HUBEPCUTET
Hedtu u [IpombliienHocTr

AHHoTanusi: B nmanHo#l paboTre wucciemyeTrcss acMMITOTHYECKHE 3HAYCHHS
OpUOIMKEHUST MHOTOKPAaTHO AUQPQPEpeHUUupyeMbIX (DYHKIHUU CONPSHKEHHBIMU M -
CUHTYJSIDHBIMM ~ MHTerpanamu. IlomydeHHbIEe  pe3ylnbTaThl NPUMEHSAIOTCA K
ONPENECIICHUI0 AaCUMNTOTUYECKUE 3HAYECHHWs KOHKPETHOTO M - CHHIYJISPHOTO
UHTEerpaja.

KiroueBsbie cioBa: [lopsaka, KOMIIAKTHOCTb, METPHUKA, PAa3HOCTh, CXOISITCS

npeoOpa3zoBaHusl.

PaccmoTpum MHTErpalibHBIE ONIEPATOPHI

BN =2] [0 () fervolla@ae @)

c sapamu tuna deiiepa. OnepaTopsl ¢ MPOU3BOILHBIMU siApamu k; (t) Obun
noapooHo n3yuensl P.I'.MameoBeiM [4] 1 Ha3BaHBI M — CHHTYJISPHBIM HHTETPAJIaM.
[Tycts dynkums k(t) ynoBIeTBOPSET YCIOBUSM :

1°. YerHas.

2°, Tk(t)dt =1,

v

~/1[2m+1](f; X) = AT [221(_1)V (Zm + 1) Flx+v(@) -k @ndt] ()

Bripaxxenue (2) OyeM Ha3bIBaTh CONPSHKEHHBIM 1M — CUHTYJISIPHBIM
UHTETPAJIOM.

B nanpHelem noHamo0sTCs clienyronmue 0003HauYeHuUs:
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0

Eiv1 = | 2T (I_c(t) + i) dt

0

2m+1
ol = ) e (P e,
v=1
i=(0,12..).

Teopema 1. Ilycte obyukuus f(t), k(t) € L(—00;00) u TNONOXKUTEIbHAS

kg k(t TOBJIETBOPSIIOT yCJIOBUAM 1°M 2°. Ecim HedeTHbIE MOMEHTBI
by Y. p y

— 1
1,83 Eony1 bynkuun k(t) +5— KOHCYHBI M byukuus f(t) uMeeT KOHEUYHYIO

IIPOU3BOJHYIO (2n+ 1)-r0 nopsiaka f (2n+1) B TOYKE t = X, TO CIpaBEIINBO
ACHMIITOTMYECKOC PAaBECHCTBO:
[2i+1]

. i ~ n $2i ,
Jim 0 0 = B0 <2 ), e )| -

i=m

9. Mot Eansa (2n+1) () 3
o 2n+1)! f X ()

Teopema 2. IlycTh yIOBIETBOPSAIOT BCE YCJIOBUA TeopeMbl 1 (BMecTo
MOMEHTOB 5.1 OepyTcs f[ ] = |t2”+1 [l_cl(t) + %” dt;).

Ecmn &MY 0 u [ |t2"+1 [k () +—]| dt = 0( [2"“]) u

@f;w |t2"+1 [l?,—t ) + E” dt = 0 (1) aus mo6oro § > 0, mpu 1 > 0, T0

CIIpaBCAJIMBO PABCHCTBO!

n-1 77[2i+1]
: * _plem+1] o N 2m+1 | g[2i+1] £(2i+1)
fim e [f () = BP™(f ) 22—(2 e (x)]
[2n
= 2L penen ) @

B camom nene,

n—-1 [2i+1] f[2n+1]

[f*(x) = FPm(fia) -2 ) A i) <x>] =

i=m

f)[L2n+1]
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[2n+1] [m]
=2 Mom+1 f(2"+1)(x)+ yA

2n+ 1! )[L2n+1]
rac
m+l me1 0
L 2mt 1y Y
=Y o (P )i j 2T () [k,fl(t)+—] dt
n=1 0

Teneps cipaBesIMBOCTS (4) ciaeayeT U3 paBeHCTBa

Am gnt)

Y2

[TpuBeneM MpUMEHEHNE BBIIEU3I0KEHHBIX TEOPEM K IMPUOIHKEHUIO
(GyHKUIHI KOHKPETHBIM OIIEpaTOpam.

PaccmoTpum 2m — cunryssipHsiii nuaterpan Aoens-Ilyaccona

P =2 177 [ (P7) £ o+ v0)| e (5)

Teopema 3. Eciiu f(t) € L(—0,4+00) uMeeT KOHEUHYIO IIPOU3BOJHYIO 21 -TO

ImopsaaKa f(Zn) (X) B TOUKe t = X, TO CIIPpaBCAJINBO ACUMIITOTHYICCKOC PABCHCTBO!

™ (5 20 + G () —

m(2n)! A%" [Zarctga

20 2 LT

n-—1
- #gz’fz]kz" f(2'<><x)] @ ()
k=m
rIe
t© 2m
o =2 1 o () (e ) - )
0o Ww=1

0<a<+o, ugzmk] = y2m (=) (21r/n) vk

Joka3areabcTBO. Tak Kak
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2 a/l = Zm L& f(k)(x) k
™ (%) = f {Z( D [ D e
k=0

+ ((2)), i, (t)

+GE™M(f; %),

} 1+ A%t2
To nmeem
[2n

=) -0 + 6 x)——Z(Zk"), “;;; O () =

Zarctga

[2n]
2Conlom 1 2:
_——ent2m | r(2n) _ _1\v-1
n(Zn)!/lzn ) m(2n)! 1( DA
Y=
a/d

X (Zm) p2it1 j {[f(zn) (x) + 91,v(x: t) + f(Zn)(x)] i

1%
0

F[F@ (x + 0, (x, £) — F@D ()P

[Iponomkas Takum 06pa3om, NpuaeM K TpedyeMomy.

1+/12t2

N3 Teopemsl 3 ipu n = m CAEyeT.

Caencreue. Ecim yI0BIETBOPAIOTCS YCIOBUS TEOPEMBI 3, TO

A" [2arctga
lim [
A0 20,

£ =1 (0 + GEM (0| = £ o)

PaccmoTpum rapMOHHYECKH CONPSIKEHHBIN 2M + 1 CHHTYJISIPHBIN UHTETPAJT

AGens-Ilyacona

APl =2 17 [mime et (P fecr o) ©)

Teopema 4. ITycts f(t)e L(—oo,+0) u f(f) umeeT KOHEUHYIO TPOU3BOIHYIO

1+A2¢2

(2n+1)-ro nopsaka f "D (x) B TOYKE t =X, TOrga CIIPaBELIUBO

ACUMIITOTHYICCKOC PpaBCHCTBO:

lim 22 [ Go) = P00 = g2 ) -

n-—1 . .
20 Gl pirn ] g pant

T ' = 2m+1 | r(2n+1)
nls Qi+ 22 anty L) (7
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e a0 = [ o (M ) (e 5)-

f (x N t%t)} s t(10-l+tt2);
a t2i
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PaBenctBo (7) ciienyeT U3 NpeIcTaBiICHUS:
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(2n+1] J2n+1 2m+1 2n+1
=M.f(2n+l)(x)+ n+ 2 ( 1)1/ 1 2m+1)Lx
ran+ D) VoGl
a/A

x [ ([Fem G+ 0,0 - FEr 0] +

0

+[f @D (x + 0,,(x, 1)) — FED ()]}

N3 Teopemsl 4 ipu 1 = m clAeayer.

t2ndt
1+A2¢2

CaencrBue. Ecim yJ10BIE€TBOPAIOTCS YCIOBUS TEOPEMBI 4, TO

[ @) = AP0 — g (0] = £ o).

lim =
Ao 2Cm

3aMeTUM, YTO AHAJIOTUYHBIE YTBEPKICHUS CIPABEUIMBBI I APYTUX

KOHKPETHBIX JIMHEMHBIX oneparopoB JlxkekcoHa, Bamne-Ilyccena, Axuesep-

JleBuTana u T.1.
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VJIK 911.3
YUYACTbh YKPATHA Y MUPOTBOPUYHX MICISIX OOH:
CYCHLIbHO-TEOTPA®IYHUIN ACTTEKT

Kortuk JIro0oB IBaHiBHA

ACHCTEHT,

JIbBIBCHKHMIA HallIOHATBLHUN YHIBEPCUTET
iMeH1 [Bana ®@panka,

M. JIbBiB, YKpaiHa

VY cTaTTi pO3KpUTO THCTUTYLINHI 3acaau MUpOTBOpuoi AisuibHOcTi OOH, ii
TUHaMIKy, TMPOCTOpPOBI ocoOauBocTi mnepediry Ta cnemudiky y XXI cr.
OOrpyHTOBaHO pPOJBL YKpaiHM y MHUPOTBOPYIM MissIbHOCTI. BusHaueno mepionu
HalaKTUBHINIOI y4yacTi AepxaBu y MuporBopunx miciax OOH Ta po3kpUTO BHECOK B
HUX. JleTanbHO MpoaHaIi30BaHO CydyacHYy AISUIBHICTh YKpaiHU y MUPOTBOPYHX MICISIX
OOH, aprymeHTOBaHO iXHIO BaXXJIUBICTh JJIS MOJITUYHOTO M BIICBKOBOTO BU3HAHHS
JIEpKaBH y TJI00AIbBHOMY i perioHAIbBHOMY MPOCTOPI.

KarouoBi caoBa: OOH, wMupoTtBOpUicTh, MHUPOTBOpPYA Micis, YKpaiHa,

CYCIUIbHO-TeOrpa(iyHM aCTIeKT.

VYkpaina — iHCTUTYIIIHIHO, MoJIoAa AeprkaBa (1991) Ha momiTHUHINA KapTi CBITY
3 JaBHHOKO HAIIOHAJIBHOK ICTOPIE€I0 W CIABHUMHU BIWCBKOBUMM TPAAMIISIMHU Ta
3mo0yTkamMu. SIK JIeMOKpaThyHa KpaiHa, [0 Tpomarye 3acaad HEeMmOpYIIHOCTI
JIEp>)KaBHUX KOPJOHIB 1 HEAOMYIICHHS PO3B’S3aHHS Ta 3aroCTPEHHS 30BHINIHIX 1
BHYTPIIIHIX €THIYHUX, TEPUTOPIaJIbHUX, BIMCHKOBUX Ta IHIIUX KOH(IIKTIB, Oepe
aKTUBHY y4acTh y MupoTBopuux Micisix OOH. Ocranni 3a0e3nedyroTh YKpaiHi

MOCUJICHHS TOJITUYHOI 1JIGHTUYHOCTI Ha KapTi CBITY Ta OTPUMAaHHS CY4YaCHOIO
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JOCBiAY BIMICHKOBOI B3a€EMO/IIT IepKaB, CIPHUSIOTH JOJIYYCHHIO 0 PO3B’A3aHHS OTHIET
3 rI100aTBbHUX MPOOIIEM JTIOACTBA — MPOOJIEMHU BIHH 1 MHDY.

MupoTtBopuicTh (aHri1. peacekeeping) — cmoci0 KepyBaHHS MIKHAPOIHHM
KOH(JTIKTOM, KOJM TPETi CTOPOHW HAMAararOThCS MPUIUHUTH HOTO HACHIBHUIIBKY
¢a3y mupHumu 3acobdamu [1, ¢. 136].

[ToHSATTS MUPOTBOPYOCTI, Yy HOro MNpPSIMOMY pO3YMIHHI HE O3HA4€HO Y
cTaTyTHHX jnokymenTax OOH. Moro 3micToBi 3acamy po3kpuTo y mepmii i 33
cTaTTsAX XapTii opranizaiii. 30kpeMa, y nepiriil ctarTi Bkazano: « OOH nepecnioye
Memy niompumyeamu MIXCHAPOOHUl Mup i b6e3neky i 3 yi€o Memow Apuumamu
eheKmusHi KoIeKkmueHi 3axoou 075 3anodieanHs ma YCYHEeHHs 3a2pOo3u MUpy 1
npuoyulenHss akmie azpecii abo IHWUX NOPYUEeHb MUpy i npoooumu MUpHUMU
3acobamu, y 32000 3 NPUHYUNAMU CHAPABEOIUBOCMI [ MIJNCHAPOOHO20 Npasa,
3a1a2002CY8aHHA  AO0 GUPIULEHHS MIJCHAPOOHUX cynepeyok abo cumyayiu, sKi
moorcymov npusecmu 00 nopyutenns mupy» [2]. Y 33 Crarrti Xaprii OOH 3a3naueHo:
«CmopoHu  6y0b-aK0i cynepeuku, NpPOO0GIHCEHHS SKOi, UMOBIPDHO, 3A2POAHCYE
30epedcentIo MIdCHApOOHO20 Mupy ma Oe3nexu, OyOymo, nepui 3a 6ce, ULyKamu
PIWeHHs  WIsIXOM Nepe2o8opis, pOo3CNiOV8aAHHs, NOCEPeOHUYmMed, NPUMUpPeHHs,
apbimpasicy, cy008020 8pe2yNio8anHs, 36epHEHHS 00 De2IOHANbHUX aA2eHmcmeé abo
domoenenocmetl, abo IHWUX MUPHUX 3Ac00i8 Ha elacHull eudip» [2].

34 crarts Xaprtii OOH nHece iH(dopmariito mpo 3000B’s3aHHA Ta poyib Paam
besneku y po3B’sa3aHH1 CyNEepeUHOCTEH, IKI MOXKYTh MOPYIIUTH MUp: «Pada be3neku
VHOBHOBANCYEMBCA PO3Cai0y8amu 0y0b-AKy CUMYayirto, 5SKA MOXdce Npuzeecmu 0o
MINCHAPOOHO20 mepms abo SUKIUKAMU CNip, O GU3HAYEHHS MO20, YU He MOodice
npooosiceHHs  yiei  cynepeuku abo  cumyayii  3azpojcysamu  NiOMpUMYi
MidcHapooHozo mupy i oesnexu» [2]. 3rimHo Hei Pama besneku OOH yxBamioe
pIIIIEHHS TIPO CKEPYBAHHS MUPOTBOPYMX KOHTHHTEHTIB Y 30HU OOMOBHUX il («30HU
BOTHIO») 3 METOI0 cTabuIi3amii cuTyarlii Ta NiATpUMaHHs MUPY 3ac00aMu BIICBKOBHX
KOHTUHTEeHTIB 1] erigoro OOH. Xoua nonoxenus Xaptii OOH matoTh NpeBeHTUBHY
pons 1 3a HuMH Pana be3neku Moxe 3acTOCOBYBaTH BIMCHKOBHUI NpuUMyC st

JMOCSITHEHHST MHUpPY, Ha TMPAKTUIl MHUPOTBOPUICTh 3AIMCHIOETHCS  30POMHHUM
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koHTUHreHToM OOH 6e3 BuKOpucTaHHSAM 30poi (MEPEMOBHHU ILOAO IMEepeMHup’s 1
3a0e3neyeHHs] WOTro JOTPUMAHHS CTOPOHAMHU KOH(IIKTY; MOMITHYHE, COIaJIbHO-
€KOHOMIYHE BPETYJIOBAHHS CYNEpPEYHOCTEeH TOIIO), 3a BHUHATKOM BHUIAJKIB
CaMOOOOPOHH.

V¥ cydacHux nokymeHtax OOH, 11010 BperytoBaHHS MUPOTBOPYOI TISITBHOCTI
napajelibHO 13 TEpMIHOM MUPOTBOPYICTH (peacekeeping) 3acTOCOBYIOTh ITOHATTS, SIKi
IMEHYIOTh BHUJU MISUTBHOCTI 3 BPETYNIOBAaHHS KOH(IIIKTY Ta BCTAHOBJICHHS MUDY:
3aro0iranHs koH(ukTam Ta mocepeanunTBo (conflict prevention and mediation),
CTBOPEHHSI MHUPY (CMHOHIM 10 MUPOTBOPYICTh B YKPAaiHCBKIM HayKOBIH JiTEpaTypi,
peacemaking), 3acrocyBanHs Mupy (mpumyc a0 wmupy, peace enforcement),
mupoOyniBauiTBO (peacebuilding) [3]. disutbHicTh 13 3amoOiraHHs KOHQIIIKTIB
nependadae BUKOPUCTAHHS AUIUTOMATUYHUX 3aX0/IiB JUIsl BUKIIOUECHHS MTEPEPOCTAHHS
BHYTPILIHBOJEPKABHOI a00 MDKAECPXKABHOI HANpPYXKEHOCTI Yy HACHJIbHULBKUNA
KOH(QIIKT; CTBOPEHHSI MHUPY — BHUKOPUCTAHHS CHUCTEMM 3aXOJIB CIPSIMOBAHHUX Ha
CTBOPEHHS YMOB, I TPUBAJIOTO MUPY; 3aCTOCYBaHHS MUPY — BUKOPUCTAHHS HU3KH
NPUMYCOBHUX 3aXOJiB, aX [0 BIMCHKOBOI CHUJIM 3 METOK 30€epeKeHHS Y
BCTAHOBJIEHHSI MHpPY; MHUPOOYAIBHUUTBO — CTBOPEHHA HEOOXIAHMX YMOB IS
CTaJIOTO MHUPY, METOI € MiHIMI3allld MOXJIMBOCTEH 3aroCTpeHHsS KOH(IIKTY 4YH
MOBEPHEHHS /10 HBOTO MIJISXOM 3MIIHEHHS HaIllOHAJIBHOTO TMOTEHIlaTy Ha YCiX
PIBHSIX yHpaBiiHHSI KOHQIIKTOM Ta (OpMyBaHHS 3acajl 30aJaHCOBAHOTO COLIAJIBHO-
€KOHOMIYHOTO PO3BUTKY TepuTopii KoHGikTy. MupotBopui omnepamii OOH
MEePEBXXHO OXOIUTIOIOTH yC1 TEepeiueHl BUIU JiSJIbHOCTI 3 JOCSATHEHHS MHPY Ha
KOH(MJIIKTHUX TEPUTOPIAX.

CucTema NpUHIMITIB pearizaiiii MupoTBopuunx onepariii OOH [4, ¢. 121-122]:

» 4iTKO chopMySIbOBAHE 3arajbHe TOJTITHYHE 3aBJaHHS Ta MaH/aT;

» TOYHI BKa3iBKU Ta MOJITHYHUN KOHTPOJIb OpraHi3allii, 1o Haiajaa MaHaaT;

» 3rojla KpaiHu, Ha TEPUTOPIi K0T pO3rOPTAETHCS MUPOTBOpYA MicCis (SKIIO Y
KpaiHi BIJACYTHIM 3aKOHHHMH ypsan a00o HOro BHYTPIIIHBOMOJITHYHI MOXKIJIUBOCTI
3HAYHO OOMEXEHI, HEOOXITHO BpPaXOBYBAaTH MIPKyBaHHS CHJ, MO0 (PaKTUUHO

3M1MCHIOIOTH KOHTPOJIb TEPUTOPII 1 BIAAM);
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» ONTHMaJbHA KIJBKICTh J€pXKaB, SKI 3aly4aTHMyTh Ui TPOBEICHHS
oreparii;

» THyYKE TIONITUYHE KEPIBHHUIITBO, MOXIWBICTb KOPWUTYBAaTH MaHIAT y
BUITAJIKy 3MiH MOJITUYHOT OOCTAaHOBKM a00 TMOJITHYHA 1HTEpHpeTallis MaHaaTa, 110
HaJla€ 3MOTYy aJIanTyBaTH BIMCHKOBI ITLJI1 IO MO/IIH, 1110 BiI0YBaIOTHCSA (PaKTHUHO.

Bununsarots yotupu tunu onepaiiii (micii) OOH [5]:

» MOHITOPUHTOBI — MAalOTh MaHJAT Ha CIOCTEPSIKCHHS 3a IEPEeMHp’sIM,
BIIBEJICHHSAM BIMCBHK, JEMUIITApU3AIEI0 Ta KOOPAWHAINIEID CHUTyallli Ha JIiHii
PO3MEXYBaHHS; BIAPSAIKAIOTHCA 32 3TrOIyI0 Ta MOTOKEHHSIM CTOPIH KOH(IIKTY;

» TPaJIMIIHI — MaroTh PO3IMIUPCHUN MaHIAT, BIIPSKAIOTHCS 3a 3TOJ0K0
ctopiH. [lepeBaxH0, MalOTh MOJIIEHCHKI MTOBHOBaXKEHHS Y Oy(epHiii 30H1, HaJal0Th
JIOTIOMOTY B IIEPETOBOPax MI0JI0 MUPHOI YTOIH;

» OaraToBHMIpHi («oreparlii Ipyroro MOKOJIHHS») — MaHJaT BH3HAYA€THCS
3a 3rOJI0I0 CTOpIH, CTOCYIOThCSI KOpPEHIB KOH(MIIKTY (eKoHOMIYHa BiAOy/0Ba,
IHCTUTYLIMHI TpaHchopmanii — pedopma moiLii, apmii, CyJOBOi CHCTEMH,
IIPOBEJICHHS 3aKOHHUX BHOOPIB TOIIIO).

» 3 mpuMycy (oreparlii TpeTboro MOKOJIIHHS) — CIMPAIOTHCS HA CTaTTi 25, 42
1 43 Xaptii OOH [2] moao 3acToCyBaHHS CHJIM 3a/Jisi TapaHTyBaHHS peai3allii
Micii, He TOTPeOyIOTh 3T0IU CTOPIH KOHQITIKTY.

[Ipobnemoro € edextuBHicTh Micii OOH: nmepmii Tpu TUOU MICIH, SIKI YMOBHO
MOXHAa Ha3BaTH «IUBUIBHUMHW» € MaJoe(EeKTHBHI y pallOHaX aKTUBHOI'O BEJCHHSI
OoioBux aidt [5], iXHE BIPOBAHKEHHS HABMAKU, TUIBKU MOCHIIOE THUCK HAa MHUPHE
HACEJIeHHs 1 CIPUYMHIOE 3POCTaHHS JIIOJICBKUX BTPAT; «BIACHKOBI» MicCli, SIK BKa3ye
C. 3akipoBa, MOBUHHI «MAaTH 3[aTHICTh MOTPOKYBaTH CHJIOIO 4YJI€HAM HE3aKOHHHUX
30poiiHuX (popMyBaHb, SIKi HEe 0a)karOTh CKJIaJaTH 30pOl0, a TAKOXX MaTH JOCTYM J0
yciel Teputopli Ta 1HGPACTPYKTYPHUX OO’€KTIB KpaiHW, BKIIOYHO 13 BIHCHKOBHUMH
00’ extamm» [6].

3 wmomenty 3acHyBaHHs OOH (1945) wmupotBOopuy [ISJIBHICTH BIHEpIE
3miicieHo 1948 p.: ckepoBaHO BiHiCbKOBHX croctepiradiB (217 oci®) Ha IIISHKH

KOPJIOHY HOBOCTBOPEHOI JAep>kaBu [3painb 3 METOI0 KOHTPOJIIO 3a nepemup’sim. Ha
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ceoronHi, mig erigor Paau besmeku OOH 3aBepmieno 60 MUPOTBOpYMX MiCid 1

12 peanizyetscs [3].

B Adpuxa

B Amepuka

® Azia
€epona

B bmzekaii Cxig

Puc. 1. Po3noais muporBopunx miciit OOH 3a perionamu cBity, 1948-2021 pp.

[To6ynoBano 3a: [3].

VY mpocropoBoMy acmnekti (puc. 1), Ouibmicte MupoTBopuux wmicii OOH
npunaaae Ha Adpukancbkuil perioH (42%, 31 wmicis); Ha TepuTopli AMepuku U Asii
sniicaero 30% wicii (11 miciit y koskHOMY perioHi), €Bponu Ta biusskoro Cxomy
28% (10 wmiciit y kokHOMY perioHi). B Adpuiii, nepeBaxkno 06’exrtamu miciii OOH
CTaBaJy HaWMEHII pO3BHHYTI 1 TOJITUYHO BKpail HeCTaOUIbHI JepKaBu
Adpukancekoi Cybcaxapu — Mo3zam0Oik, /IP Konro, Comani, Epurtpesi, Yranna,
Anrona, Pyanna ta in. HaitGinbiie wmiciii (4) peanizoBaHO Ha Teputopii AHroju
(1988-1991, 1991-1995, 1995-1997, 1997-1999), wHamkTpuBamina Micisd, 3
3aBepiieHux, oyna B JIidepii (2003-2018), mo croroani (3 1991) aie micisa B 3axigHii
Caxapi (B3aeMHI TepUTOpiaJIbHI cynepedkdn Mapokko 1 C€aMOmporoJionieHol
PecniyOmika Caxapa) [3]. B Awmepuni o6’exktamu Miciik OOH Oynu  gepsxaBu
Hentpansaoi Awmepuxu (I'Batremama, [onmypac, Hikaparya, CansBamop) i
Kapu6crkoro cyoperiony (I'aiti, Jlominikancbka Pecriy6mika). Ha teputopii I"aiTi, 3a
yac ¢ysukuionyBanHs OOH, 3aificHeHO HaMOLIbIIe MHUPOTBOPYHX MiCii — cCiM.
binbuiicte Miciil y perioHi copsiMOBaHO HAa BCTAHOBJIEHHS JIE€MOKpaTii y JepikaBax
npoeaeHHss  Micii  (CanbBagop, [ominikancbka PecmyOmika), 3ynuUHEHHS
rpomansHcbkuii  BiiH (I'Baremana, Hikaparya), ¢opmyBaHHS HaIiOHATBHUX
MPaBOOXOPOHHUX opraniB (I"aiTi) ToLIO.

B A3sii, o6’exktamu wmiciii OOH Oynu sk HaliMEHII COI[aJbHO-EKOHOMIYHO

PO3BUHYTI 1 MOJITUYHO HecTallabHI AepkaBu LlenTpansHoi A3ii (Adranictan) Ta
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[TiBnenno-Cxiguoi A3ii (Timop-JlemTi, Kambomka) Tak 1 Benmuki perioHanbHI KpaiHu
3 CKJIQJHUMH PEJNITiHHAMHU, E€THO-KYJBTYPHUMH, TOJNITUYHUMH CYIEepEUKaMu
(Immonesia: 1962-1963, 1999) [3] abo B3aeMHUMHU TEPUTOPIATLHUMH IPETECH3IIMHU
(ITaxkuctas—Iumis, 1965-1966; Ilakuctan-Iaais (Kammipeekuii koH(UmkT: 3 1949 p.
no cporojui)) tomo. B €spomni, gisspHicTs Miciit OOH nokanizoBaHo Ha TepUTOpIi
JIEp>KaB 3 CHIJIbHUM MPOKUBAHHIM XPUCTUSHCHKOTO Ta MYCYJIbMaHCHKOTO HACEJICHHS
Ta TOJITHYHUMHU NpoOIeMamMH, sKI BHHHMKAIOTh Ha 0a3l KyJbTypHO-PETITiiHHUX
BiaminHocTed (Kinp-IliBaiuauit Kinp: 3 1964 p.; Kocoso: 3 1999 p.) 1 tepuropiit
MOCTCOB’€TCHKUX JIepKaB, 110 BUHUKIM y pe3ynbTaTi po3nany FOrocnasii Ta CPCP
(I'py3is: Abxasbka BiiiHa, 1993-2009; Xopsaris: Biiina 3a HezanexHicth, 1994-1996;
Makenonist: FOrociapceka BiitHa, 1992-1995) Toro.

Ha binzbkomy Cxoai 00’ ektom miciii OOH e nporosomiena B 1948 p. nepkaBa
[3painb Ta TOMITUYHO HECTAOLIBHI JEp>KaBH PETIOHY B SIKUX BIiJOYyBaeThCA
YyepryBaHHs XBWJIb JIeMOKpaTii 1 Totamitapusmy [1, 7] — JliBan, Ipan, Ipak, Cupis.
bmusbkuit Cxii € perioHoM 3ocepekeHHs HauTpuBamimux wmicidi OOH: I3painb-
[Tanectuncrki Teputopii (3 1948 p.), [3painb-Cupis-Jlisan (3 1974 p.), JliBan (3 1978
p.). Ha ceorogni mix erimoro OOH mnpoxoaste 12 wmicii [3]: micTe Ha TepUTOPIT
Adpuku, omna — Aszii, 181 — €Bponu, Tpu — biusekoro Cxony. Micii cipsamoBasi
HAa CTPUMYBaHHS BOEHHUX i, TXHbOrO 3aroctpeHHs 4u BimgHOBIeHHA (KocoBo:
BperymtoBaHHs KocoBcbkoi BiiiHM, 3 1999 p.; Inpis-Ilakucran: Kammipcekuii
kKoH}uTiKT, 3 1949 p.; Cynan: BiiicekoBi nii y M. Jdapdyp, 3 2007 p.), nemokpaTuyHe
pO3B’sI3aHHSl TEPUTOPIANBHUX 1 PENIriiHO-KyIbTYypHUX cynepeunocrei (Kimp-
[TiBaiunmii Kinp: Kinpeeskuii nucnyt, 3 1964 p.), neminitapusanii repurtopii (I3paisns-
Cupis-JliBan: 3 1974 p.) Ta iH. 3a THOOM, II€ TICPEBAaXKHO MOHITOPHHIOBI i
TpaaMIIiiHI Micii; 6araTOBUMIpHI 1IHTErPOBaHI MiCli IPOXOATh Ha TepUTOpii Mai ta
[lenTpanpHOadpukancrkoi PecmyOmiku.

VYkpaina B mupoTBopuux Micisix OOH 3axisina 3 1992 p., konu Bepxosna Pana
3aTBepauia nocranoBy Ne 38 «IIpo yuyacth GaTtanbiioHiB 30poHMX CUI YKpaiHU B
MupotBopunx Cunax Opranizamii O0’enqnanux Hariii y 30Hax KOH(IIIKTIB Ha

TepuTopii KoauiHKo1 FOrocnasiiy» [8]. 3a nepioa 1992-2021 pp. BilicbKOBI AepkaBu
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B3suin yuacTh y 27 micisix OOH y pi3HHX aepxaBax CBITY, 3arajJibHOIO KIJIBKICTIO
6sm3bKO0 45 THC. oc. 3 AKuX 55 oc. 3arunyno [9, 10].

VY cepelHbOMY YKpAiHCHKUH TepCcoHal 3aJisiHUA y 6 MHPOTBOPYHMX MICISIX
IOPOKY; MaKCHMajbHa KUIBKICTh MICIH, 1€ 3aly4eHi YKpaiHChKi MpeICTaBHUKH
npunanae Ha 2001p. — 9 miciii; MiHIMaJIbHA — HA MIOYATKOB1 POKU CIiBIpaIll Jep>KaBu
3 OOH: 1992-1994 pp. yuyacTs B oaHiii micii. 3 2014 p., yepe3 po3B’s3aHHIM BOEHHUX
A1l Ha CXOJIl JIep>KaBH, y4acThb KpaiHu y MupoTBopuux Mmicisx OOH ckopouyerbes

(Puc. 2).

KinbKicTb Micii, o,
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Puc. 2. Yuacrs Ykpainu B MmupoTBopuux Mmicisx OOH

[ToGynoBano 3a: [3].

UNIKOM — mnepma mupoTBopua wMicis cmiBopari Ykpaimm 3 OOH, ii
3aBJaHHS — CIIOCTEPEKEHHS 32 MUPHHM BPETYJIOBAaHHSM B perioHi 3aximHoi A3zii
koHpmikTy Ipak-KyseiiT. B Hiif, 3 yKpaiHChKOI CTOPOHM TEPBUHHO 3aaisSTHO 6
cnoctepiraviB (1992), a B 1994 p. — 1152 siiickkoBux mnpeactaBHukiB (1123 oc.
BilichKOBUX, 10 0Oc. BIICHKOBUX criocTepiradis, 19 oc. muBuUIbHUX crioctepiravis) [3].

3 1995 p. posmmupeno nepenik Micii OOH 3 ykpaiHCBKUM TPEJICTaBHUIITBOM,
30UTBIIIEHO YaCTKY JEP)KaBU y CTPYKTYpl MEpCOHATY 1 quBEepCU(IKOBAHO HOTO POJIb
[11], 3amydeHo yKpaiHCHKUX MPEICTABHUKIB /10 PO3POOJICHHS Ta KOOpAWHAIlT MicCii

Ha MICIIX Y POJIi BIHCBKOBHX i IIUBLIBHUX ekcriepTiB (Puc. 3).
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Puc. 3. IlpeactaBHuuTBO YKpaiHu B MmupoTBopuux Micisx OOH

[ToGynoBano 3a: [3].

HaiiGinbiie ykpaincbkoro nepconany 3ainydeHo 2001 p. y nes’aru micisix OOH
— 1536 oc. (3,26% ycboro nepconairy muporBopunx Mmiciii OOH). Ha neit pix
IpUIMAJAE 1 BUCOKUI PEUTHHT Jiep:kaBU (BOoCchbMe Micue 3 87 MOXJIMBHX) ydacTi B
MUpPOTBOpUYMX Micisx. HaliBummii peiitunr Ykpaina mana 2000 p. — cbome Micle 3
89 nepxkas (y micisix OOH 3anistHo 1400 oc., 3,71% nepconamy MUPOTBOPUYUX MiCiit
OOH). V cepennbomy 3a Bech yac cmiBOpall YKpaiHM y paMKax MUPOTBOPYOi
nismbHOCcTI OOH miopoky B wMiciax 3amydeHo 573 oc., Omuspko 80,2% skux
BilicbKOBI, 16,2% — UMBLIbHI TpPEACTaBHUKK 1 momimis, 3,6% — BIHCHKOBI
criocTepiraui.

[Mogo cammx wicit, To B XXI cT. HalyucenpHIMMM OYJI0 YKpaiHChKe
npeactaBHUITBO B Micissx UNAMSIL (644 oc. 2002 p.; 640 oc. 2003 p., 449 oc. 2004
p.), UNMIL (304 oc. 2005 p, 319 oc. 2007 p., 299 oc. — 2011 p.), MONUSCO (269-
265 oc. 3 2013 p. mo ceoromui) [3]. YV mOpocTOpoBOMYy acmeKTi, YKpaiHCBHKi
MUpPOTBOpILI OyNu 3aimydeHi B Micii Ha AQpPUKaHCHKOMY KOHTHUHEHTI, bin3bkomy
Cxomi Ta €BpOIeichbKOMY MPOCTOPI.

Ha cepenuny 2021 p. Ykpaina 3amissHa y 1mecTd 3 12 MUpOTBOpYHMX MicCid
OOH: MINUSMA — 6araroBumipHa iHTerpoBana micisi crabimzauii OOH y Mauni,
MONUSCO — wmicis OOH 31 crabumizauii y AP Konro, UNFICYP — wicis

mupoTBopunx cuian OOH na Kinpi, UNISFA — wMiciss THMYacoBUX CUJIU O€3IMEeKH
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OOH nns A6’es, UNMIK — wicis tamuacoBoi agminictparii OOH B Kocoso,

UNMISS — wicigs OOH y Pecniy6mini [liBnennuit Cynan (ta6mn. 1). HaituncenpHime

MPEICTaBHUIITBO YKPATHCHKOTrO MUPOTBOpYOro KoHTUHreHty B JIP Konro — 257 oc.

(85,6% yxpaincbkux mMupoTBopiiB, 1,47% muporsopiuiB OOH B kpaini); HaitMeHIIIe

yKpaiHChKkuX MUpOTBOpIiB 3anyuyeHo B UNMIK — 2 oc. (BiiicekoBi ekcniept; 0,57%

mupoTBopiiB OOH 3anydeHux y miciio).

Taoauuga 1

Yuyacre Ykpainu B Muporsopuux micisx OOH, 31.07.2021p.

HazsBa micii Jlokamizars Pix 3arajpHa KuiekicTh [Ipencrasu
Micii MOYaTK KUTBKICTh MepCoHATY UIITBO
y Micii | mepcoHany | Bix YkpaiHu, | YKpaiHu B
OOH B wicii, ocC. Micii, %
ocC.
baraToBumipHa Mami; mrad-| 2013 18168 11 0,06
IHTEerpoBaHa MicCisl | KBapTupa:
crabOimizamii OOH | bakama
y Mani
(MINUSMA)
Micis 31 AP  Konro; | 2010 17456 257 1,47
crabimizamii OOH | mrad
y AP Konro KBapTupa:
(MONUSCO) Kinmaca
MupotBopui cunu | Kinp;  mta6b | 1964 1012 4 0,40
OOH na Kimnpi KBapTHpa:
(UNFICYP) Hikocis
Tumuacosi cwin Paiton AO'eii | 2011 3816 7 0,18
oesneku OOH mns | (M. Hapdyp,
A0’es (UNISFA) Cynan);
mrao-
KBapTHpa:
AOQ’elt
Micist tumuacoBoi | Kocosa; 1999 351 2 0,57
aaMiHicTparii mrao-
OOH B Kocogo KBapTupa:
(UNMIK) [Tpummtuna
Miciss OOH y [TiBneHHM 2011 18987 19 0,10
Pecmy0umiri Cynan; mrab
[liBnennuit Cynan | kBapTHpa:
(UNMISS) JIxy0a

Vknaneno 3a: [3].

Y crpykrypuomy BiaHomeHHi (Ha 31.07.2021 p.) 81,67% ykpaiHCbKUX
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MHUPOTBOPIIIB — BIACHKOBI, 6,67% — odinepu 3 nepconary, 7,33% — moienchKi,
4,33% — BilicbkoBl Ta LMBUIBHI ekcnepTd [3]. Tlo3uTBOM € 3pOCTaHHA YaCTKH
YKpPaiHCBKMX TPEACTAaBHHUKIB Yy CTPYKTYpl €KCHepTiB Ta odilepiB MHUPOTBOPUYOTO
nepconairy OOH (1,1% Ta 0,98% BinmoBiaHO).

VYyacte Ykpainu y mupotBopuux miciasx OOH nae 3Mory BificbKOBUM Jiep>KaBU
OTPUMYBATH JOCBIJ B3a€MOJIIi 3 BIMCHKOBHMHM IIIJIPO3/IJIaMU TIPOBITHUX JIEpKaB
CBiTy, 3100yBaTH HABUKH BUKOPUCTaHHS CyYacCHOTO BIWCHKOBOTO OOJaTHAHHS,
03HAHOMUTHUCS 3 TAKTUYHUMU PIIICHHSMU PO3B’A3aHHS CKJIATHUX BOEHHO-IIUBIIBHUX
3aBAaHb Yy TOCTO3acelICHUX pErioHaxX, PO3BUHYTH HABUKH MYJIBTHKYJIBTYPHOL
KOMYHIKaIlll Yy KpPU30BUX CHUTyallisax Tomo. lle cyrreBo miaBuIye BiiCHKOBUMN
MOTEHIlla)l JepXKaBU Ta ii HaIlOHAIbHY O€3meKy, poOUTh BIMCHKO JEp>KaBU
00OpPOHOCTIPOMOKHUM ¥ TOTOBUM [JI0 PO3B’SI3aHHS CKJIQJIHMX 30BHINIHIX Ta
BHYTpIIIHIX BUKIMKIB. [Ipuitmatoun ydacte y muporBopuux Mmicisx OOH VYkpaina
JIOJIy4a€ThCS 10 PO3B’SI3aHHA OAHIET 3 TJIOOATBHUX TPOOJIEM JI0JICTBA — MPOOIEMU
BIHM 1 MHpYy, YMM BHOCUTH CBIM BKJaJ y 30alaHCOBAHHWI PO3BUTOK JIIOJICTBA Ta

nocsiTHeHHsI [ 100anbHuX IiJIel PO3BUTKY.
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VIIK 330
METO/IM ®OPMYBAHHS ITPUPOIO3HABYNX KOMIIETEHTHOCTEM
YYHIB TOYATKOBUX KJIACIB

Cuibuenko Ipuna @enopiBHa

MaricTpaHTKa

[lenTpanbHOYKpaTHCHKUHN AepKABHUHN MEIaroriYHUN yHIBEPCUTET
imeH1 Bonoaunmupa Bunanuenka,

M. KponuBHunbkuid, Ykpaina

AHortanis. [lyOmikamiss po3KpuBae MEAAaroriudl METOAM, M0 (POPMYIOTh
IPUPOAO3HABYY KOMIIETEHTHICTh B YYHIB MOYATKOBOI MIKOJIU. POO0Ta MICTUTH OTJIsI]
TaKUX METOJIIB: CIIOCTEPEIKEHHSI, METO/I IPOCKTIB, HABUAJILHUN JOCII].

AKTyaJbHiCTL TeMH. Ha ChOroJHINIHIN J€Hb TPUPOJO3HABCTBO € OJHIECIO 3
0a30BUX 1 BOXJIMBUX JUCHUIUIIH Y HaBYaHHI YYHIB MOYATKOBOI IIKOJIM SIKa Ma€ Ha
METi BHXOBaTH B y4YHIB T'yMaHHE CTaBJCHHS JIO BCHOTO XHBOTO, TOBAry J0 Tpaiii,
dbopMyBaHHS BIJIIOBITAJIBHOCTI 3a 30€pEeKEHHS HABKOJIUIITHLOTO cepenoBuina. Ha
ypOKax TMPHUPOJIO3HABCTBA y JOiTel (OPMYIOThCS YSABICHHS TIPO TMPHUPO.Y,
bopMyIOThCSI TPYIOB1 BMiHHS M HaBUYKH. 3MICT IILOTO MpPEIMETa CKJIAJa€e CUCTEMa
B3a€MOIIOB SI3aHUX TIOHSITh, 3AaCBOECHHS YUYHAMH KOXXHOTO 3 SIKMX TOTpedye
CIeliaIbHOI METOJIMYHOI MIArOTOBKM BuuTens. llepen cydacHOK MOYaTKOBOIO
IIIKOJIOI0 TOCTPO CTOITh MHUTAHHS MPO TaKy OpraHi3aimil0 HaBYAIbHO-BUXOBHOTO
npolecy, sikuii 6yB 61 OLTBIIT 0OCOOMCTICHO-30PIEHTOBAHMM Ha BCEOIYHY IMIATOTOBKY
IIKOJISIPIB, IXHIM HITICHUN 1 TapMOHIMHUN PO3BUTOK Ta OCOOMCTICHE 3POCTaHHS.
Boanouac, nmpakTuka CBiTYUTH, IO BUUTETh HE 3aBXKIU BUKOPUCTOBYE MOMKIMBOCTI
HaBUAJbHUX 3aHATH JUIsI TBOPYOCTiI, PO3BUTKY IHJMBIAYaJIbHOCTI Y4YHIB, IXHBOI
CaMOCTIMHOCTI, 1HII[IaTHUBH.

Meta noc/aizKeHHs1: PO3KPUTTS TENAroriYHUX METOMIB, 11010 (hOpMYBaHHS
IPUPOAO03HABYOI KOMIIETCHTHOCTI B YYHIB TTOYATKOBOI IITKOJIH.

Buxknan ocHoBHoro wmarepiaigy. Ha ocHoBi JlepkaBHOTO cTaHIapTy
po3pobieHa mporpama HaByainbHoro mnpenmera «lIpupomo3znaBcTBO». 3MicCT
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nporpaMu mependadae pPO3BUTOK CHUCTEMHHUX YSIBJIEHb IMPO LUIICHICTh MPUPOIH,
YTBEp/UKCHHs] ~ NPUHLMUIIB  CTaJor0  PO3BUTKY  €(PeKTHUBHOI  Oe3MedHo],
IPUPOAOOXOPOHHOI MOBEAIHKMA B JOBKULIL, ()OPMYBaHHS HAYKOBOTO MHUCIEHHS Ta
KylnbTypu AochikeHHs. [lpuHiun moOyaoBu HaByanbHOI mporpamu 3abesmneuye
HACTYMHICTh 1 HENEPEpBHICTh HABUAJIbLHO-BUXOBHOTO TPOIECY Yy IMOYATKOBIM Ta
CepelHi 3araJlbHOOCBITHIA IIKOJI. METOH NPUPOJHUYOI OCBITHBOI Tally3l €
¢dbopMyBaHHS PUPOIO3HABUOI KOMIIETEHTHOCTI YYHIB IUISIXOM 3aCBOEHHS CHCTEMU
IHTETPOBAaHUX 3HAHBb IMPO MPHUPOY, CIIOCOOIB HABUAJIBHO II3HABAIBHOI MISUTBHOCTI,
PO3BUTKY WIHHICHUX OpI€HTalld y pi3HUX c@epax O KUTTEMISUIBHOCTI Ta
MIPUPOJOOXOPOHHOT TIpakTUKH. IIpenmerHa mnpupomo3HaBYa KOMIIETCHTHICTh —
OCOOHMCTICHA pHCa, IO XapaKTepu3ye 3JaTHICTb Y4YHIB PO3B’SI3yBaTHU JOCTYIIHI
COIllaJIbHO ¥ OCOOMCTICHO 3HAuyIll MPAaKTU4YHI Ta Mi3HaBajbHI MPOoOJIEeMHI 3ajadli,
OB’ s13aH1 3 PEAIbHUMH 00’ €KTaMU NMPUPOU Y cdepl BIIHOCUH «JTIOJIMHA — TIPUPOIA»
[1].

[Ipobnemy ¢dopmyBaHHS  TMPUPOJAO3HABUOI KOMIIETEHTHOCTI B  YYHIB
MOYATKOBHMX KJIacax JOCTiKyBaiau Taki BueHi, sk JI. baxapesa, T. bormanens, JI.
Boposcbka, B. I'epacumos, E. Jlepum-Oriny, 3. XKynycora 3. Kupunosa, 3. Knemnina,
O. Hikimuna, B. Ilepekanoa, A. Ilnemakos, O. IlpoxopoBa T. Cmupnona, O.
Copompka, B. Tapacos, T. TapacoBa, H. Tominina, A. XoJloMKiHa TOIIIO. 3arajJbHUAMA
OTJISiAT JTOCHTIDKEHb, NPHUCBIYCHUX BHUBYCHHIO JAHOTO IMMTAHHS, CBIAYWATH TIPO
HEJI0CTaTHE BUCBITJICHHS IaHOT TEMATUKU Y HAYKOBIH JIITEpaTypi.

HalyTTs y4HSIMH NpUPOJO3HABUOI KOMIIETEHTHOCTI BIJOYBA€THCA LUISIXOM
BIIPOBA/PKCHHS BUMTENIEM PI3HUX 1HHOBAIlIMHUX METOJIB Ta TexHoJorii. Ha ypokax
MPUPOJIO3HABCTBA MAIOTh 3aCTOCOBYBATHCS OCHOBHI METOAM POOOTH Taki SK:
CIIOCTEPEKEHHS, HABYAIBHUHN JOCIIIJT Ta METO/] TPOCKTIB.

PosrisnemMo koxeH 3 1ux MeroniB. CrocTepexeHHs — 1€ IIecIpsiMOBaHe
crpuiiMaHHs 00’ €KTIB HABKOJIMIIHHOIO CBITY. YU€Hb MOBUHEH HE TIJIbKU CIIyXaTH, a
i1 6aunTH, BMITH 3HAXOAUTH YMOBHO-TIOCHIJOBHI 3B’3KH MK OKPEMHUMHU peUYaMH Ta
sputiamu. CIIOCTEPEKEHHS MOXKe OyTH KOPOTKOYacHUM abo TOBrOTPUBAIIUM,

000B’s13K0BO crtaHoBaHuM. Ilicis CIIOCTCPECIKCHHA BUMUTCIIb MaeE 3pO6I/ITI/I BUCHOBKH
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Ha OCHOBI pe3yJbTATIB MOOAUYEHOTO YUHIMH.

HaBuanbHuii nocnmig — 1€ HaBYAJbHUM EKCIIEPUMEHT, SKUW Jla€ 3MOry
BIITBOPUTH SIBUINIA B CIEHIAIBHUX YMOBaX 1 3a JIOMIOMOI'OI0 CIICIaIbHUX TPHIIAJIIB.
OOOB’SI3KOBHM  €IEMEHTOM JOCJHiAy € CTBOPEHHS CIeLiaJbHUX YMOB JJis
IIPOXO/KEHHS SIBHUII, MPOIECIB Ta J00Ip 3aco0iB IS IIIJICCHPSAMOBAHOI 3MIHH
00’€ekTiB a00 cepenoBuIa iX icHyBaHHs. CTpyKTypa A0CIITy:

1. OcMucieHHs BlacHE MPEIMETHHUX IIIeH Mociay. AKTyani3alis 3HaHb PO
00’€KT, 3 IKUM TTPOBOJUTHLCS JOCIII.

2. IlnanyBaHHs OCHIy W BU3HAYEHHA MPAKTUYHUX 1M, X MOCIHIIOBHOCTI,
BHUOIp 00JaAHAHHS.

3. BukopucTanus qociiay.

4. OcMHUCIICHHS PE3yNbTaTIB TOCTIY.

5. 3akpiruieHHs pe3yJbTaTIB MPOBEIACHHS AOCTITY.

Jlocmia ik METOJ] HaBYaHHsI, € CIOCOOOM B3a€MO3B’S13aHOT TiSJIBHOCTI BUMUTEIS
1 yuHiB [2].

MeTon mpoEKTIB — cCUCTEMa HABYAHHS TP SKiH y4HIB HaOyBalOTh 3HAaHb B
MpoIeCl BUKOHAHHSI MOCTYMOBO YCKJIAIHIOIOUMX TBOPYUX 3aBAaHb a00 MPOEKTIB.
[{iHHICTh POEKTYBAHHS TOJIATAE B TOMY, 1[0 CaMme ISl MisUIbHICTh MPUBYAE NITEH 10
CaMOCTIIHO1, MPaKTUYHOI, MJIAHOBOI 1 CUCTEMAaTUYHOI POOOTH, BUXOBYE MpPAarHEHHS
0 CTBOpEeHHS HOBOTo. I[IpoexTyBaHHSi cuHTE3ye B €001 €JIEMEHTH IrpoBOi,
Mi3HABAJIbHOI, TIEPETBOPIOIOYOI, KOMYHIKATHBHOI, HaBYaJIbHOI, TEOPETHYHOI Ta
MPaKTUYHOI ISUIBHOCTI.

OcoOnuBICTIO HaBYAJIBHUX MPOEKTIB Yy MOYATKOBIM IIKOJI € Te, MO B iX
po3po0Ill MPUAMaIOTh y4acTh Jopocii (BuuTenb abo OaTbku). TakuMm YHUHOM,
CaMOCTIMHICTh YYHSI CTa€ MijJ MUJIbHUM HArJISIA JAOPOCIIOro ¥ CIHMPAEThCS HAa MOTO
JI0TIOMOTY Ta MIATPUMKY. bepyun no yBaru, o BIK AUTHHU BHMAarae MpUCYTHOCTI
MOopy4Y JIOPOCJIOTO, BBAXKAEMO 3a JOILJIbHE AaKIEHTYBaTH yBary Ha HEOOXITHOCTI
0aThKIBCHKOI OOI3HAHOCTI y TEXHIYHMX Ta METOJUYHMX acHeKTax MpoekTy. Tomy
MepeBaror0 HaBYAJILHOTO MPOEKTY € HOoro TpaHC(HOPMOBaHICTh (TTOBHA a00 YaCTKOBA)

y JOMaIllHi YMOBH, a TUM CaMHM W aKTUBHE 3aJlydeHHs 0aTbKiB JI0 y4acTl y HaBYaHH1
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IUTUHUA [3].

BucHoBku. Y Tmporieci BUBUCHHS TMENAroTidyHOI JITEpaTypw 3’sICOBAHO, IO
dopMyBaHHS TPUPOI03HABYOI KOMIIETEHTHOCTI MOYKE OyTH BUKOHAHO 32 JTOTIOMOTOO
JIEBUX METOIB 1 TEXHOJOTIHM, SKi MalOTh 3aCTOCOBYBAaTHCS Ha KOXXHOMY YpoIIi
IPUPOAO3HABCTBA. 3a CBOEI0 MPHUPOAOI0 MPUPOJO3HABUYA KOMIIETEHTHICTh HE €
BPOJ/IPKEHOIO BJIACTUBICTIO OCOOUCTOCTI, BOHAa BHUHHUKA€E HE cama Mo coli, a
oOyMOBJICHa BIUIMBOM Ha JIIOJWHY HABKOJUIIHBOI JIACHOCTI, TOOTO HOCHUTH
COILIaIbHUN  XapakTep. XapakTepHUMU OCOOJUBOCTSMH €.  YCBiJOMJICHICTB,

€MOIIIMHICTh, 0COOJMBA BOJIbOBA CIIPSIMOBAHICTD J0 Mi3HAHHS.
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Annotation. The importance of mastering soft skills by higher medical
education, the need to understand and involve in this process all participants in
educational activities, as well as the features and role of game technology in
mastering soft skills by medical students are substantiated in the article.
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The use of modern innovative pedagogical technologies in the educational
process is an indisputable requirement of time for all institutions of higher education
today. Medical institutions of higher education are no exception. The level of
qualification and professionalism of future professionals - currently students of higher
education, including higher medical education, their competitiveness in the domestic
and international labor market, the ability to adapt to changing conditions, build a
successful career and a successful life in uncertainty and significant dynamism of
social transformations, largely depends on the quality of higher education, the

conditions of the educational process and the educational environment in which their
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professional and personal development will take place. Determinants in this process
are the mission and values of the university where they study, the peculiarities of
their implementation in daily educational activities, the university's desire to train not
only qualified professionals, but also conscious, active, socially responsible and
mature individuals, people and professionals.

These tasks are especially important in the field of higher medical education.
After all, the future profession and professional activity of their graduates, their
conscious position and desire to improve the lives of people, community, state, is an
important area of national security, its social and economic stability and
development. Kharkiv National Medical University attaches great importance to
addressing these issues, constantly striving for development and improvement,
changing and developing its mission, vision, values, development strategy in
accordance with the needs of major stakeholders and trends in the market of
educational services in higher medical education and medical labor market.

The implementation of such changes requires constant search, study, analysis
and implementation of various innovations both in the educational process and in the
organization of activities and management of the university. The formation of soft
skills in students of higher medical education requires the formation of an
understanding of their content and the importance of mastering by higher medical
education at all levels of the educational process. Firstly, guarantors of educational
programs, project teams and leading research and teaching staff in certain specialties
must, understanding the content of soft skills, anticipate and effectively include their
acquisition in the relevant educational program, as well as monitor and direct the
process of their actual acquisition by students under this program.

Secondly, the university management, deans, representatives of departments
involved in the formation and implementation of the internal quality assurance
system of higher education should provide support to guarantors of educational
programs and project teams to implement their planned activities to provide students
with soft skills in certain educational programs, to create conditions for understanding

by all scientific and pedagogical workers and students of the content of soft skills,
145



their components, importance and features of acquisition, and also the role in this
process. In addition, they should create and maintain conditions for finding and
implementing new approaches in the educational process, the use of innovative
technologies, dissemination of best practices, improving the content of educational
components to improve the quality of higher education in general and students
acquire the necessary soft skills. Thirdly, research and teaching staff must understand
the essence and importance of mastering soft skills by students of higher medical
education, seek and implement innovative approaches and technologies in order to
achieve the appropriate result. They need to understand what soft skills are most
needed by students in their future professional practice as doctors, nurses, physical
therapists, laboratory diagnosticians, health managers, public health professionals,
etc., as well as what pedagogical technologies and tools can be used to achieve and
practice the acquisition of these skills.

This sample of future specialties is taken from the work of Kharkiv National
Medical University, although, of course, their range can be much wider. And as the
experience of this university shows, such an understanding, the conditions for
academic freedom of teachers and the desire, although unfortunately not all teachers,
but their significant part to improve the quality of education and efficiency of their
teaching just forms an opportunity for each group of students, for each individual
student, to realize their desire and need to receive quality educational services and
mastering soft skills for each educational program within the majority of educational
components. However, soft skills are not acquired by students in the course of
classical lectures, self-study of material and "boring and outdated" practical classes
that involve only the study and reproduction of material. Soft skills are acquired
through interaction, cooperation, performance of various tasks, which is realized on
the basis of the use of modern innovative pedagogical technologies by teachers, a
special place among which is occupied by game learning technologies.

The positive effect of the use of such technologies in higher medical education
is one of the conditions for the modernization of educational and economic systems.

In the context of a new educational paradigm, built on the principles of humane
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treatment of man and the processes of his personal growth and further development,
educational technologies should be considered personality-oriented [1, p. 748].

The application of innovative technologies in the educational process of higher
medical school in modern conditions allows to adapt the educational process to new
conditions, to more effectively form social (soft) and professional (hard)
competencies of future specialists, changes the trajectory of scientific and
pedagogical workers and allows to improve the quality of education in the institution
of higher medical education in general. The use of modern pedagogical technologies
in the educational process is one of the effective means of forming the skills
necessary for professional and personal growth. Among them, the leading place is
occupied by game technologies that are aimed at the individual and intensify his/her
activities. Game educational technologies are one of the most relevant tools of high-
quality training, which allows in the educational environment to develop practical
skills in the use of theoretical knowledge and develop patterns of behavior in certain
practical conditions, to intensify cognitive activity of students in a positive perception
and free expression of thoughts and views. [2]. In general, the game is a type of
activity in the formation of situations similar to life and aimed at reproduction and
assimilation of social experience, in the process of which are created, tested and
adjusted models of behavior management or specific actions [2].

The use of game technology for children in education has long been justified.
After all, this is how they learn about the world, study patterns of behavior in society
and social roles, experience these other behavioral reactions and actions [2].

Game technologies in combination with traditional complex forms of the
organization of training in an institution of higher medical education can be:

— a powerful and universal means of obtaining, processing, transmitting,
analyzing, interpreting a variety of information;

— a powerful positive motivator to learn;

— to promote "soft control™ over the acquisition of knowledge and skills by
students;

— facilitate the implementation of non-creative operations related to the study
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of various processes, phenomena or their models;

— to direct the intellectual potential of students in the direction of creativity,
scientific research;

— to create a positive emotional background of interaction in the system
"teacher-student", "student-student".

Game methods are characterized by the presence of game models of the object,
process or activity; activation of thinking and behavior of the student; high degree of
involvement in the educational process; obligatory interaction of students between
themselves and the teacher; emotionality and creative nature of the lesson;
independence of students in decision making; their desire to acquire skills and
abilities in a relatively short time [3]. In general, gaming activity has the following
functions: motivational; sociable; self-realization; developmental; entertaining;
diagnostic; corrective [3]. The great advantages of game technologies are their
interactivity, creative implementation and application of a variety of acquired
theoretical knowledge in the form of games. Types of game technologies are quite
diverse, which allows you to choose the necessary and appropriate methods and
develop effective games for both professional and general disciplines, as well as to
develop certain skills with a small amount of tasks and for complex interdisciplinary
situations [2]. The range of games is quite wide: simulation (imitation of functions,
responsibilities of objects of activity), role (imitation of professional roles), creative
(reflection of unusual thinking and decision-making skills in atypical situations),
operational (workflow modeling), intellectual ( development of flexibility, variability,
"business theater" (acting out a specific situation that reflects the professional
orientation), breadth, depth of thinking), psycho-and-sociodrama (manifestation of
the ability to interact with members of the professional group), etc.

There are usually such types of games as exercise games, game discussions,
game situations, role-playing and business educational games, computer business
games. Each of these types of games has its own subspecies, tasks and purpose and
rules for their conduct [2]. The use of game technologies is based on various forms of

game cooperation: disputes; discussions; staging; mnemonics; "Brainstorming";
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different types of "attacks™ (on the organizer, on a classmate, on subgroups) [4, p. 4-
18]. The use of game technologies in the training of future personnel allows to form a
wide range of skills: prognostic; activity planning; design; organizational; control,
evaluation and correction; information; analytical; communication; research;
scientific and cognitive. These skills are the basis for the separation of relevant
functions as a certain "specific direction of application of professional skills" in
various fields of activity [5, p. 232].

However, it should be remembered that in order to be able to develop soft
skills in students with the help of game technology, it must be:

— socially oriented, ie to develop professional skills and social interaction
skills;

— group, which provides different options and strategies for interaction
between its members;

— based on practical activities through which the individual can directly gain
experience.

Also, the use of game technology can be considered one of the tools to increase
student-centered learning. After all, along with the complexity and important tasks
that they allow to solve, they also allow to reveal the abilities of the student and to
form a fairly free and positive atmosphere in the learning process. Thus, due to play
activities, the individual abilities of students are better developed, because they do not
feel the psychological pressure of responsibility, which is inherent in normal
educational activities. The game teaches action through action itself. Assimilation of
knowledge is carried out in the context of certain activities, which creates a situation
of need for knowledge. The game allows you to get rid of patterns and stereotypes,
can change the attitude of students to any phenomenon, fact, problem. It stimulates
the intellectual activity of students, teaches to predict, research and check the
correctness of decisions and hypotheses, cultivates a culture of communication, forms
the ability to work in a team and with a team "[6, p. 190-191]. Involvement in the
system of professional training of medical students of game technologies allows to

develop intelligence and creativity, as a whole promoting personal development of
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the individual. Game technologies are classified on various grounds. In particular,
they can be classified as a type of personality-oriented technology. Among the variety
of games that have a practice-oriented nature and are aimed at forming certain
competencies and improving the individual's own qualities, it should be emphasized
the importance of intellectual and creative games, which can be considered as:
enriching the worldview of student youth; to develop memory, imagination, logic,
associative thinking, to concentrate attention; apply in practice theoretical
information on the topic or subject being studied. Considering the role of game
technologies in the formation of soft skills in medical students, we note that an
important role in the formation of social competence belongs to the technologies of
contextual learning, one of the forms of which are business games. During their
application by imposing a simulation and game model, the student reproduces "the
substantive and social content of professional activity, modeling systems of relations
characteristic of this type of work™ [7, p. 3].

There are certain characteristics of games as a form and method of learning:

— due to the non-standard format, ample opportunities for self-expression,
creativity and initiative, they are positively perceived by students;

— their use makes it possible to apply in practice in theory, contributes not only
to memorizing the material, but also its comprehension, translation into the category
of skills;

— games develop the ability to think creatively and apply knowledge in non-
standard conditions.

It should be emphasized that despite the undeniable value of gaming
technology in the formation of professional and social skills, they can not become the
main form and method of learning, because they do not provide the study of large
amounts of information: in the game it is better to consolidate and improve
knowledge. Generally, the use of game technologies in the educational process of
higher medical education is an indicator of quality and thoroughness of students'
preparation for fu