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RESEARCH OF ALGORITHMS AND EQUIPMENT FOR MOVEMENT OF

MOBILE ROBOTS USING COMPUTER SIMULATION
JOCIITKEHHS AJITOPUTMIB TA OBJIAJJHAHHSA AJ151 HEPEMIIIEHHSA
MOBUJIBHUX POBOTIB 3A TOITOMOI'OIO KOMII'IOTEPHOTI'O MOJAEJIOBAHHSA
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c.L.s., as.prof. / K.m.H., 0oy.
ORCID: 0009-0008-8946-7999
Lingur V.M. / Jlinryp B.M.,
c.t.s., as.prof. / k.m.H., 0oy.
ORCID: 0000-0002-7240-2848
Antikhovich D.S. / Aatuxosuu /l. C.,
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Odesa Polytechnic National University, Odesa, Shevchenka avenue, 1, 65044
Hayionanvnuii ynisepcumem «Ooecvka nonimexuixka», npocnekm lllesuenka, 1, 65044

Anomauia. Ilposedenuti aumaniz ichyrouux 3acobieé nepemiujeHHs MOOLIbHUX pOOOMIB, 5KI
MOXMCHA  BUKOpUCMO8Y8amuU OISl PO3POOKU  ANOPUMMIE KepYBaHHsa NepeMiljeHHAM poboma.
Poszenanymi mooicnueocmi komn romepHo2o MoOent08aH s 3 MEMol 00CIIONCEHHS ANeOpUMMIE ma
001a0HaNHs 3Ac0016 nepemiujenHs K camoz2o poboma, max i tlo2co okpemux 1aHok. Pozpobieni
aneopummu ma 3acoou nepemiuyeHHs MOOLIbHUX poOOMi6 3 BUKOPUCMAHHAM DISHUX BUKOHABYUX
npucmpoie ma ypaxy8amwam mpaeckmopii pyxy. Pozenanymi modxcaueocmi  8UKOPUCMAHHA
OMpUMAHUX pe3yibmamie OJisi OUCMAHYIUHO20 NPOBeOeHHs NabOpamopHuM ma NPaKmudHux
3anamos. Pezynomamu pobomu 8UKOpUCmMo8y8aIuch 01 CMBOPEHH KOMN IOMEPHUX Mmooeell
MOOLILHUX pOOOMIE NPU NPOBeOdeHT 1aDOPAMOPHUX MA NPAKMUYHUX 3AHAMb.

Kniouogi cnosa: mobinoHuti pobom, mpaHcnopmuuil 3acio, areopummu nepemiujents, 3acoou
nepemiujenHs, cucmema Kepy8aHts, UKOHA8YI NPUCMPOI.

Beryn

B Ham yac Bce yacrilie 3aCTOCOBY€THCS TMCTaHIlIIIHE HABYaHHS, TOMY IyXKe
BaXXJIMBO 3JIIHCHUTH PO3pOOKY 3ac00iB JIJIsl MPOBEACHHS MPAKTUYHUX 1 J1a0OpaTOPHUX
3aHITh B YMOBax, KOJM HEMOXXJIMBE BHUKOPUCTAHHS BIAMOBIIHOTO 0OJagHAHHS 200
nabopaTtopHUX cTeH1B. Tak A mpOBeJCHHS MPAKTUYHUX Ta JIAOOPATOPHUX 3aHATH 3
BUKOPUCTAHHAM  pPOOOTOTEXHIYHUX  TPUCTPOIB  TMOTPEOYeEThCS  BIAMOBIAHE
YCTaTKyBaHHS Ta porpaMHe 3abe3rneueHHs, 10 poOUTh MPOBEACHHS TaKUX 3aHATh y
JUCTAHIIMHOMY pPEeXHUMI BKpai npoodseMatnyHuM. OTHUM 13 MOXKJIMBUX PILIEHB L€l
3a/la4l € BHUKOPUCTAaHHsS 3aco0iB 11 KOMII'FOTEPHOTO MOJIEIIOBAaHHS  JJIst
JOOCIIKEHHS POOOTOTEXHIYHUX MPUCTPOIB Yy BIPTyallbHOMY cepenoBuill. Taki
3ac00M JJal0Th MOXKJIMBICTD 3[IIUCHUTH PEANICTUYHY CUMYJIALIIO MOBEIIHKH POOOTIB 1
JIO3BOJIAIOTh CTYJIGHTaM IIPOBOJAMTH JOCIIPKCHHS O€3MOCEepeIHhO Y JIOMAIIIHIX
yMmoBax. JlJig npoBeAeHHS AUCTAaHIIHHOTO HaBYaHHA, Tpeda 3a3/1ajeriib CTBOPIOBATH
BIANOBIAHI 3aBJaHHA, SKI CTYJEHTH MOXYTh BHKOHYBAaTH JHUCTaHIIHHO 3a
JIOTIOMOTOI0 CBOiX KoMIT toTepiB. OcobmuBy yBary Tpeba HajaBaTH O€3KOIITOBHUM
3aco0aM MPOEKTYBaHHSA Ta MOJCIIOBAHHSA POOOTOTEXHIYHUX MPUCTPOIB, MO0 3HAYHO
CIIPOIIY€ iX BUKOPUCTAHHS JUIS JOCUTH BEJTUKOI KIJTBKOCTI BIITAJICHUX CIIOKMBAYIB,
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VY po6oTi po3rIsHYTI MOXKIIMBOCTI BUKOPUCTAaHHS cuMyJsiTopiB UnoArduSim Ta
CoppeliaSim gy1s1 mpoBeaeHHS MPAaKTUYHUX Ta JAOOpPaTOpPHHMX 3aHATh, MiA dYac
BUKOHAHHS SIKUX 3MIMCHIOETHCS JIOCTIDKEHHS 3ac00iB TIEPEMIIICHHS KOJICHUX
MOOLUTEHUX POOOTIB.

1. AHaJji3 icHyroYMx 3aco0iB nepemimeHHs MOOiJILHUX PO0OOTIB

BaxxnmuBuM  eneMeHTOM aBTOHOMHHMX MOOUTbHHX pobotiB  (AMR) Ta
aBTOMATU30BaHUX TpaHCTOPTHUX 3aco0iB (AGV) € mpuctpoi, 3a JOMOMOTOI0 SKUX
3IMCHIOETHCS TIEPEMIIIEHHS! MOOUTbHUX POOOTIB Yy BH3HAUYEHY MO3UIIIO 3TiTHO 3
BIJIMOBITHOIO TPAEKTOPIELO.

Buxonsuu 3 MexaHI3My TMepeMillieHHs MOO1IbHI pPOOOTH MOXYTh OyTH 3
JOBUILHOIO 200 MPUMYCOBOIO TPAEKTOPIEIO MEPEMIIICHHSIM. Y MOOIIBHUX POOOTIB 3
JOBUJILHOIO TPAEKTOPIEI0 MEPEMIIIEHHSI TEepecyBaHHs PoOOTa OOMEKYEThCS JIUIIIEC
MPUPOTHUMH TIEPEITKOTAMHU.

Mo06ibHI POOOTH 3 MPUMYCOBOIO TPAEKTOPIEID TMEPEMIIIEHHS 31HCHIOIOTh
NepecyBaHHs [0 CHElialbHUM HAmNpaBisloYuM (HANpuKiIaa, Mo peiikam  abo
crieriagbHuM 3acobam mnepeMiiieHHs). Taki pob6otu 3a0e3medyroTh OLIBII BHCOKY
TOYHICTh TO3WIIOHYBAaHHS 32 PaxXyHOK MEXaHIYHOTO OOMEKEHHsI TPaeKkTopii Ta
noTpeOyroTh  BITHOCHO TPOCTI MPHUCTPOi TMO3UIIOHYBAaHHSA, TOMY YacTille
BUKOPUCTOBYIOTHCSA Ha BUPOOHMIITBI 3 HEBEITMKHUM IILJISTXOM TrepeMitieHns [ 1].

Mo061isbHI poOOTH MOYKHA TMOJIITUTH HA BUPOOHHYI, TPAHCIIOPTHI Ta CHEIlaIbHI.
Bonu MoxyTh OyTH MOBHICTIO aBTOHOMHUMH, 200 MpaIlOBaTH Pa3oM 3 ONEPaTOpPOM B
IHTEPaKTUBHOMY PEKUMI.

Mo0isbHI poOOTH MOXYTh MaTH Pi3HI 3acO0M NEpecyBaHHs, TaKl K KOJICHI,
I'YCEHHYHI Ta KPOKYIOUHU. [CHYIOTh Tak0k MOOUIBHI pOOOTH, 1110 IOB3YIOTh, IJIABAIOTh
(aBaro4i Ta MiABOAHI APOHM) 1 JIITaOTh (O€3MUIOTHI JIiTallbHI anapaTu briJIA).

VY nauiii po60Ti 00MEKUMOCH KOJICHUMH MOOUTBHUMU POOOTaMHU.

KomicHi MoO1IbHI pOOOTH MOAUIAIOTH HA TOJIOHOMHI Ta HETOJIOHOMHI.

Y MOOUTbHHUX KOJIICHMX POOOTaxX 3aCTOCOBYIOTh PIi3HI TOETHAHHS BEIy4YHX,
PYJIbOBUX, OMOPHUX Ta BEIyUYHX PYJIbOBUX KOJIC, IO /1€ MOKJIUBICTH CTBOPUTHU SIK
TOJIOHOMHI, TaK 1 HEroJIOHOMHI MOOUIbHI poboTu. HeromoHomHl MOOUIBHI POOOTH
JUTSL 3MIHU HANPSMKY pyXy MOTpPeOyIOTh 31MCHUTH MOBOPOT, a TOJJIOHOMHI - MOXYTb
nepeMilryBaTucs y 0yib SKOMY HaIpsiIMKy 0€3 po3BOpOTY.

2. AHaJi3 aaropuTMiB nepeMiiieHHsi MOOUIBHOT0 podoTa

Posrnsnemo, sk 311HCHIOETHCS MEPEMIIIEHHsI MOOITBHOTO poOOTa HA MPUKIIATI
MOOLUTEHOTO poOO0Ta 3 TU(DEPEHIIIITHUM MPUBOAOM, SIKUI Ma€ 1Ba MOTOPA, MO OJAHOMY
Ha KOXXHE KoJjieco. 3MiHa HampsIMKy pyXy 3AIHCHIOETbCA 3a PaxyHOK pi3HUX
mBUAKOCTEN Koumic. KpiM TOro Ha TpaekTopito MepeMillieHHsI BIUIMBA€E B1ICTaHb MIX
Kosecamu W.

Jis  mpsAMOJNIHIAHOTO pyXy KoJieca TOBHHHI 00epTaTHCs 3 OJHAKOBUMHU
HIBUIKOCTSIMHU.

Jlst Toro, 1100 poOOT PO3BEPHYBCS Ha MICIl, HEOOXITHO BCTAHOBUTH IIBUJIKOCTI
OJIHAKOBUMHU TI0 MOJYJIIO, ajie CIPSIMOBAHUMU IIPOTUIIEKHO.

[H1111 KOMO1HAIIIT IBUKOCTEN MPU3BOJATH 10 PYXY 3a JIyTOl0 KoJja.

CxeMa 11 pO3paxyHKy NapameTpiB MEPEMINIeHHS TPAHCHOPTHUX 3ac00iB 3
nudepeHIIHHUM TPUBOAOM JUIsl IOBOPOTY HaliBO HaBeAeH1 Ha (PucyHky 1).
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PucyHnok - 1 Pyx 3a ayroro koJia

JIist  po3paxyHKy BUKOPUCTOBYIOTbCA Takl Mo3HadeHHs, L left — nwiax
nepeMilleHHs JiBoro koseca, L right — nuisx mepemimieHHs npaBoro kojieca, R —
pajiyc KoJia MoBOPOTY, W — BIJICTaHb MIXK KOJIECAaMH, (@ — KYT IMOBOPOTY. Bu3HaueHHs
NUISIXY TEepeMIleHHs HalvacTiie 31HCHIOEThCS 3a JIOTIOMOT0I0 3ac001B OJ0METPIi,
K1 3/IIMCHIOIOTh BUMIPIOBaHHS MEPEMIIICHHS 3a JIONIOMOIOK0 JIaHUX, OTPUMaHUX 13
CEHCOPIB pyXy, HAMpUKIAd, Yy BHIJSAl TOCIITOBHOCTI IMIYJBbCIB Ha BHUXOI
doToimMmynbcHUX ceHcopiB [3].

Ha (Pucynky 1) BunHo, mo nuisx nepemimienss jgiBoro L left Ta mpasoro L right
KOJIIC, @ TAKOX KYT (0 1 pajilyC MOBOPOTY MAIOTh TaKy 3aJICKHICTh:

L left=(R —w/2)* o,
L right = (R +w/2)* o.
3BiJICH MAaEMO TaKe PIBHSIHHS:
¢ =L left/ (R—w/2) =L right/ (R + w/2).

[Ticms HECKIaAHMX TIEPETBOPIOBAHb OTPUMAEMO TaKy 3aJCKHICTh JUIS

BU3HAYEHHS pajilycy nmoBopoTy R Bix nuisixy nepemimenss koiuic L right ta L left:
R =w (L left + L right) /2 (L right — L left) =

=w (1 + L right/L left)/2 (L right/L left — 1). (1)
OCKUTBKY MIBUIAKICTD 1 IUISIX MEPEMIIIIEHHS OB’ sI3aH1 TaAKOI0 3aJICKHICTIO:
V=L/t,

TO OTPUMAEMO 3aJICKHICTh AJII BH3HAYEHHS pPaJilyCy MOBOPOTYy R Bij mBUAKOCTI
nepemiteHHs abo obepranus kojic V right ta V left:
R=w (V left + Vright)/2 (V right— V left) = 2)
=w (1l +Vright/ Vleft)/2 (Vright/V left — 1).

Jlnis mepeMileHHs Mo Koy 3 pagiycoM R Tpeba BCTaHOBUTH Take BiTHOIIECHHS
MDK IIBUJIKOCTSIMU MEpeMIIeHHsT a00 o0epTaHHS KOJIC:

Vright/ V left= (R +w/2) / (R — w/2). 3)

AHaJIOT14H1 3QJIS)KHOCTI MOYKHA 3HAWUTHU JIJIS 1HIIIUX CXEM TePEMIIIICHHS.

Jlami  posriasiHeMoO, SK  BHKOPUCTOBYBAaTH  OTPHMaHI  3aJIeKHOCTI  IIPH
KOMIT'FOTEPHOMY  MOJICTIOBaHHI VIS BCTAHOBJICHHS TPAEKTOpIi TEpEeMIIICHHS
MOO1TEHUX POOOTIB.

3. JocaigxeHHs: 3ac00iB KOMII'IOTEPHOI0 MOJEJIOBAHHS MOOUIbHHUX
poooTiB

3aco0M KOMIT' FOTEPHOTO MOJCIIOBAaHHS MOOUIBHMX POOOTIB  JACTaIbHO
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po3rIsiHYTI y Matepianax [4, 5], me OyJio moka3aHO, IO JeTajbHE IOCIIHKEHHS
MOOUTEHUX POOOTIB HA OCHOBI KOMIT IOTEPHOTO MOJETIOBAHHS MOXKHA 3[1MCHUTH 3a
JOTIOMOTO0 Takux cumyssTopi, sk UnoArduSim ta CoppeliaSim (V-REP). Pizauns
MDK HHMMH Toisirae B ToMmy, w0 cumyinarop UnoArduSim pae MOXIHBICTH
CTBOPIOBATH MOJIEJI ISl PEajbHOrO amapaTHO-NMPOrpaMHOTO Komiuiekcy Arduino,
KU 3HAMIIOB IIMPOKE BUKOPUCTAHHS y PI3HUX POOOTOTEXHIYHUX MPHUCTPOSX, a
cumyssatop CoppeliaSim wmae BenuKy KUIBKICTh TOTOBUX MOJENEH pealbHUX
CTalllOHAPHUX Ta MOOUIBHUX POOOTIB Ta JIOJATKOBUX MPHUCTPOIB, a TAKOX J03BOJISE
CTBOPIOBATH CBOI JIIFOYH MOJIEJ JTOCUTh CKJIAJHUX POOOTOTEXHIYHUX KOMIUIEKCIB Ta
iX eJeMeHTIB. AJie LIe CUMYJATOP Mae OOMEXKEHI MOKJIMBOCTI JIJIi BUKOPUCTAHHS
3ac00iB MpOrpaMyBaHHS CUCTEM KepyBaHH:, III0 BUKOPUCTOBYIOTHCS 0€3MMOCcCepeTHBO
JUIsl KepyBaHHSI POOOTaAMH.

Po3srasineMo 0co0JIMBOCTI BKa3aHUX 3aCO01B KOMIT FOTEPHOTO MOJIEIIFOBAaHHS.

[Tporpamuuii 3aci6 UnoArduSim € 0G€3KOIMITOBHUM CHUMYJATOPOM KOHTpoOJepa
Arduino, SIKU# Ja€ MOMKJIMBICTh 3[1IMCHUTH BUKOHAHHS MPOTpPaMu B PEaIbHOMY 4aci
6e3 HasBHOCTI camoi matu Arduino [6, 7, 8]. [Ipu 1boMy € MOXIHMBICTD TIEPETIISITY
xony BuUKOHaHHA miporpamu. UnoArduSim mnpu3zHaueHuWd Jis CTBOPEHHS Ta
HAJAro/PKeHHsl TporpaMm st KoHtposiepa Arduino 1 MicTuTh Habip BipTyaldbHHUX
npuctpoiB BBoay Ta BuBoay ('[/O' Devices), ski MOXHa HaJalITOBYBaTH 1
HiJKII0YaTd 70 BipTyaidbHOro kouTpojdepa Arduino. Ha (Pucynky 2) HaBeneHi
MO3HAYEHHS MPUCTPOIB BBEJICHHS 1U(ppoBUX (a) Ta aHAOroBuXx (0) JaHUX, a TAKOXK
BUKOHABYMX MPHUCTPOIB, @ CAME JIBUTYH MOCTIHHOTO CTpyMy (B), CEpBOJIBUIYH (T) Ta
KPOKOBUI JIBUTYH (11).

MOTOR ] SERVO STEPR
p— 5V Prm Enc P1 P3
D P2 step: P4
- @ o w0 [1]
a) 6) B) r) n)

PucyHnok - 2 IIpucTpoi BBeAeHHS JAHNUX Ta BUKOHABYI IPUCTPOI

[Tnarpopma CoppeliaSim  BUKOPUCTOBYEThCS I IHIBHUAKOL  PO3POOKHU
QITOPUTMIB, MOJICJIOBAaHHS aBTOMAaTH3allli BHUPOOHUIITBA, IIBHUJKOTO CTBOPEHHS
MPOTOTHUIIIB 1 IEPEBIPKU, HABYAHHSI, OB’ 3aHOTO 3 POOOTOTEXHIKOIO 1 6araTo 1HIIOrO
[9, 10]. IaTepdeiic mmardhopmu CoppeliaSim (V-REP) mae nocuth Benukuii Habip
IHCTPYMEHTIB 32  JIOTIOMOTOI0  SIKUX MOKHA 3[IMCHIOBAaTH  MOJICITIOBAHHS
pOoOOTOTEXHIYHOTO OOJaHAHHSA, KpIM TOro € Oi0JioTeka 3 PI3HUMU MOJEISIMU
cTalioHapHUX Ta MOOUIbHMX pobOotiB. Ha (Pucynky 3) HaBeaenuil intepdeiic
mnatgopmu CoppeliaSim (V-REP) 3 616110Tek00 MOOUIBHUX POOOTIB y PEXKHUMI
CUMYJISIII.

ITnarpopma CoppeliaSim (V-REP) mae pizHi moneni poOOTIB Ta OKpeMHUX
KOMIIOHEHTIB 3 PYYHUM KEpyBaHHSIM, HaNpHUKJIaA, Bl MOJENIl MOOILILHOrO podoTta
KUKA YouBot, ski nHaBenena Ha (Pucynky 5). Jlns omHoi Mozem y pexumi
CUMYJIAIIT 31ACHIOETbCSI aBTOMATHYHO TEPEMIIICHHS po0OTa MO TPAEKTOPIi, SKY
MO>KHa BCTaHOBJIIOBATH IUIIXOM KOpPEryBaHHS MPOrpami, 1o Oyae po3rIsHyTO Jai.
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Jlns  gpyroi Moneni 'y PpeXuMmi CUMYJIAIIT  3alyCKAaeThCsl PyYHE KepyBaHHS
MepeMIIeHHsIM po0O0Ta Ta yCiX JAHOK MaHIMyJISITOpa.

) Coppeliasim Edu - New file

7 ms (625 fps) - SIMULATION RUNNING - B x
el

Pucynok - 3 Intepdeiic nporpamu CoppeliaSim (V-REP) y pe:xxumi cumyssiii

nnnnnnn =

4. Po3po0Oka mojeJieii mepecyBaHHsI MOOLIBHOTO podoTa

Posrnsaemo Mopeni mepecyBaHHS MOOUIBHOTO po0OoTa 3a  JIONMOMOTOHO
cumyssgtopa UnoArduSim 3 BUKOPUCTaHHSIM Pi3HUX BUKOHABUUX IIPUCTPOIB.

Mogens 3aco0y TMepeMillieHHS Ha OCHOBI JIBUTYHIB TMOCTIHOTO CTpyMy
HaBejeHa Ha (PucyHky 4).

B UnoArdusim V292 - o x

speedM2ns =(float)80+*10.25/tined2; } }

in()" below is IMPLICIT in Arduinc
here EXPLICITLY by UnoArduSin

PucyHnox - 4 Moaeab 3aco0y nepeMillieHHsI HA OCHOBI IBUT'YHIB IIOCTIi{HOTO

CTPpymMy
IDicepeno: [5]

Bkazana momens Mae 1Ba JBUTYHA TOCTIMHOTO CTPYMY, 32 JOMOMOTOIO SIKUX
CTBOpeHUl audepeHuiinuil npusBoi. [IpuBoau Kojic MalOTh BXOAM KEpyBaHHS
IIBUJKICTIO OOEpTaHHS 3a JOMOMOTOI0 HAmpyrd 3  [IMPOTHO-IMITYJIBCHOIO
moayssniero (Pwm) ta 3minu HanpsMky obeptanns (Dir), a Takox Buxin (Enc), Ha
KU TOCTYNalOTh CUTHAIM 3 IMITyJIbCHOTO JaTyuKa IEpEeMIIIeHHs, L0 BHAA€E 8
IMITYJIbCIB Ha OjiHe 0OepTaHHs (a00 16 3MiH cTaHy). 3a JOMOMOIOI0 €HKOIEpa MOXKHA
3M1MCHUTH BU3HAYCHHS IUISIXY 200 MIBUAKOCTI MEPEMIIICHHS.

[{ro Mozies1b MOKHA BUKOPUCTOBYBATH JJIsL JOCIIIJIPKEHHS IIBUAKOCTI 00€pTaHHS
JBUTYHIB B1Jl MapamMeTpy CUTHAIY 3 HIMPOTHO-IMIYJIbCHOWO Moayisiieo (I11IM),
aKui Mae niana3zoH Big 0 go 255, 3a gomomororo cumytiaropa Q2WDBotSim, mio
BXOAuTh y ckian cumyistopa UnoArduSim. PesynbpraT HaBenenuii Ha (Pucynky 5).

ISSN 2567-5273 7 www.moderntechno.de
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Vm/s
02 +

0,15+

01 +

0,05+

speedns= 0.21925
Svoltage= 5.00000
1= 37

T ey 75 95 115 135 155 175 195 215 235 255 pym
PucyHnok - 5 BuzHaueHHs 32J1€KHOCTI IIBUKOCTI MepeMillleHHS BijJl CUTHAJLY
1M

JIist  mOCHiKEHHSI TIEPEeMIIIeHHs] MOOUTBPHUX POOOTIB MOKHAa BUKOPUCTATH
Mojeni MoO1TeHUX po6oTiB KUKA YouBot 3 yoTupMa BcecripssMOBaHUMHU BETyIUMU
KOJIECaMH.

Y ckerut gns ocranHid Bepcii CoppeliaSim, MoOXHa BH3HAYUTH Takl
MepeMilleHHsl, ki BcTaHOBJeH1 ¢yHKIliero setMovement():

AHani3 cKeTdy /J03BOJIMB BHU3HAYUTH BIANOBIAHICTH MapaMeTpiB 3 HANPIMKOM
PYXy, a came:

setMovement(0,0.5,0) -- mepeMilieHHS BIIPaBO

setMovement(0.5,0,0) -- mepeMilieHHS BIIepeT

setMovement(0,-0.5,0) -- mepemilieHHsS HAJIIBO

setMovement(-0.5,0,0) -- nmepemimieHHs Ha3a]

setMovement(0.5,0.5,0) -- nepemitieHHs BIEepea-BIPaBO

setMovement(-0.5,-0.5,0) -- nepemilieHHs Ha3aa-HAIIBO

setMovement(-0.5,0.5,0) -- mepemilieHHs1 Ha3a1-HAIPABO
setMovement(0.5,-0.5,0) -- nepemilieHHs Biepe1-HaIIBO

setMovement(0,0,0.5) — mOBOPOT 3a TOJUHHUKOBOIO CTPIJIKOIO

setMovement(0,0,-0.5) — moBOpOT NpOTH rOAMHHUKOBOI CTPLIKH

setMovement(0,0,0) — cTom

[IInsgxoM 3MIHHU CKPHUIITY KEPYBaHHS MOKHA 3MOJICTIOBATH IEPEMIIIECHHS II0
TpaekTopii «koyio» (PucyHok 6, a) Ta mepemilleHHS IO TPAEKTOPIi «KBaApaT»
(PucyHok 6, 0).

a) 0)
PucyHoxk - 6 IlepemilieHHsI 10 TPAEKTOPII «K0JI0» (a) Ta «KBaapaT» (0)
IDicepeno: [5]
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3a pomoMoror MoOUTBHOTO poboTta Pioneer p3dx MoXHa TPOBOAUTH
TOCIIKEHHSI BU3HAYEHHS PaJIlyCy TEPEMIIICHHS 10 KOJTy BiJ MIBUAKOCTI KOXXHOTO 3
KOJIIC, sIKE BCTAHOBIIOIOTHCSA y ckeTui (Pucynok 14), me, Hampukiaj, MIBUIKICTH
APYToro Kosieca BABIY1 OLIbIIA, HIXK Y TIEPUIOro. Y CKEeTYi 1€ BUTIISAIAE TaK:
vLeft =v0 vRight =v0*2
Pesynbrar cumymsiii mepeMimeHHs MO KOy 3 O3HAYCHUMHU IapaMeTpamMu
HaBeneHul Ha (Pucynky 7).

She
x+0 4]
4000073 " b:-000| o
5601305 @-50 0 ma pp1-

er ey
ope (mulishope.
347y +0 159

Pucynok — 7 Pe3yabTar cumMyJisilii nepemMilieHHs M0 KOJIY
Icepeno: [5]

Ha (Pucynky 8) HaBemeHi pe3ysbTaTH CHUMYJIALI] BH3HAYEHHS IMEPEIIKO] 3a
JOTIOMOT010 YJIbTPa3BYKOBHUX CEHCOPIB MiJ Yac MepeMilieHHs MOOUTEHOTO poOoTa.

PucyHnoxk - 8 Pesyabrat cumysisinii BUSHaYeHHS MePeKo/l
IDicepeno: [5]

Ha (Pucynky 9) HaBegeH1 pe3yJbTaTH CUMYJISLII KEpyBaHHS IIBHAKICTIO
obepTaHHS KoJic poOoTa 3a JI0IOMOI0I0 ClIalepiB.

— :

7

Time graph | X/ graph

PucyHok - 9 Pe3yabTaT CUMYJISILiI KePYBaHHS HIBUAKICTIO 00€PTAHHS KOJIIC
podora
Icepeno: [5]
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Hagepeni pe3ynbTaTu MOJEIIIOBaHHS 3aC001B MEpEMIIICHHSI MOOUIBHUX POOOTIB
BUKOPUCTOBYBAJIHMCh [UIsl JMCTAHIIMHOTO HAaBYaHHS T Yac MPOBEACHHS
71a00paTOPHUX Ta MPAKTUYHUX 3aHSTh.

BucHoBku

B pe3ynbraTi npoBeeHOro aHaii3zy ICHyI0UHX 3ac001B IepeMillieHHs] MOOUTbHUX
poOOTIB Oy BU3HAYEHI 3aJ€KHOCTI, Kl JO3BOJIAIOTH 3IACHIOBATH MEPEMIIICHHS
MOOUTHHHX POOOTIB MO BKa3aHUM TPAEKTOPISIM.

Po3risiHyTi  MOKJIMBOCTI  MOJIETIOBaHHS 32  JONMOMOIOI0  CHUMYJISITOPIB
UnoArduSim Ta CoppeliaSim.

Hageneni 3anmexHOCTI mapameTpiB pyXy TPaHCHOPTHUX 3acoOiB BiJl 3ac00iB
nepeMiiieHHs. Po3po0iieH1 anropuTMu rnepeMilieHHs: TpaHCIIOPTHOTO 3aco0y.

PesynpTatn po6OTH BUKOPHCTOBYBAIHMCH ISl IPU MPOBEACHHS Ta0OPaTOpPHUX
Ta MPAaKTHYHUX 3aHSITh.
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Abstract. An analysis was made of existing means of moving mobile robots, which can be
used to develop algorithms for controlling the movement of the robot. The possibilities of computer
modeling for studying the algorithms and equipment of the means of movement of both the robot
itself and its individual links are considered. Algorithms and methods for moving mobile robots
using various actuators and taking into account the trajectory of movement have been developed.
The possibilities of using the results obtained for remote laboratory and practical classes are
considered. The results of the work were used to create computer models of mobile robots during
laboratory and practical classes.

Keywords: mobile robot, vehicle, movement algorithms, means of movement, control system,
executive devices.

CratTs Bianpasinena: 14.10.2023
© Muxaiinos €.11.
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CREATION OF A DATABASE OF MODELS AND CHARACTERISTICS OF

LOCAL AREA NETWORK SWITCHES
CTBOPEHHS BA3U JAHUX MOJIEJIEHA TA XAPAKTEPUCTHUK KOMYTATOPIB
JIOKAJIBHUX MEPEXK
Pakhomova Victoria / [laxomoBa BikTopis
K.M.H., 0oy. | c.t.s., as. prof.
ORCID: 0000-0002-0022-099X
Martyniak Denis / MapTunsik [lenic
second degree holder / 3006y8au Opyeoeo cmynens
ORCID: 0009-0003-9592-3667
Ukrainian State University of Science and Technology,
Ukraine, Dnipro, Lazaryan St., 2, 49010
Ykpaincokuii 0epacasnuii ynisepcumem HayKu i mexHon02il,
Ykpaina, /[ninpo, eyn. Jlazapana, 2, 49010

Anomauia. Cnpoexmosana 6aza Oanux Mmooenel ma Xapakmepucmuk KoMymamopis
nokaneHux mepedic «LAN Switchy na ocnoei @uxopucmanus Hacmynuux memoodis: «Hopmanvnui
dopmuy ma «Cymuicmo-36’a30k». Ilpu npoexmysanni 6aszu oanux «LAN Switch» pesyromamu
KJldCU4YHO20 Memody, 8 OCHOBI SIK020 BUKOPUCMAHHA mamemamuiynoco anapamy GiaHOWQHH}l,
cnisnanu 3 pe3yibmamamu  NPOeKMY8aHHs 34 2SpaA@iuHUM MemoOOM, WO 3ACHOBAHUU HA
suxopucmanui Odiacpam ER-muny. Cnpoexmosana 6a3a Oanux moolenei ma Xapaxkmepucmux
komymamopie «LAN Switchy cmeopena 3a 0oonomoeoro npocpamu Microsoft Access ma
npusHawena Oisl GUKOPUCMAHHA 3000y8ayamu  OAKANABPCbKO20 CMYNeHs ChneyiaibHocmell
«Komn tomepna inoicenepisy ma «Kibepbesneka» nio uyac SUKOHAHHA 1AOOPAMOPHUX podim 3
oucyuniinu «Jloxaneni mepesiciy npu 3MIUAHOMY HABUAHHI.

Knrwowuosi cnoea: xomymamop, mexuonocis, mooeib, napamemp, Xapaxkmepucmuxa, 0a3za
O0aHUX, NPOeKmy8aHHus, HOpmMaibHi hopmu, diazpama ER-muny.

Beryn

Ilocmanoeéxka npoonemu. CydacHUd CTaH B CBITI, IO TOB’SI3aHUA 3
MOIIMPEHHSIM 1H(IKOBAHUX 3aXBOPIOBaHb Ta BOEHHUX MOJIH, SIK1 3arpOKYIOTh KUTTHO
3100yBayiB, TPHU3BEIO JO0 BHUKOPUCTAHHS 3MIIIAHOTO HaBYaHHS, 30KpeMa 3
mucuuiuniH - «basu  ganux» Ta  «JIokanmpHl Mepexi», a Takoxk (HOPMyBaHHIO
BIIMOBIAHUX MDKOPEAMETHUX 3B’S3KIB Ta MPEAMETHUX KOMIIETEHTHOCTEH Yy
3100yBaviB MEPIIOT0 CTYNEHIO 32 TaKUMHU CKJIAJHUMU YMOBAMM CYYacCHOCTI, IIO
MIATBEPIKYE aKTyaTbHICTh TEMHU.

AHaniz ocmaunnix 0ocnioxycens. [IpoBenennii aHami3 OCTaHHIX MyOmKaiin [1-
8] BusBUB  HacTymHe: 1) BIACYTHICTh €IUWHUX 1H()OPMALIHHO-KOMYHIKALIMHUX
TEXHOJOT1M HaByaHHS 3 AucuumuiiH «ba3sum manux» Ta «JlokanbHi Mepexi» MpH
3MIIIAHOMY HaBYaHHI; 2) ICHyBaHHS BEJIWKOI KUIBKOCTI MOJENEeH KOMYTaTopiB, IO
MpUJATHI 70 BHKOPUCTAHHS B JIOKAJBHUX Mepekax pI3HUX TEXHOJOTIH; 3)
PO3MOBCIOJIPKEHOTO BUKOPUCTAaHHA 0a3 JaHMX Ta ICHYBAHHS IIMPOKOIO CIEKTPY
MPOTPaMHUX J0JIaTKIB MO iX CTBOPEHHIO Ta 00p0oOKH; 4) 0COOIUBOCTI TOKOIIHHA Z, 1
CTaB IiICTaBOIO JIJIsi pO3pOOKH BJIACHOI 0a3u TaHUX.

Memor cmammi € ctBopenHs 60a3u gaHux «LAN_Switchy» 1moao Bukopuctanus
3n00yBauyaMu CTyIEeHs «0akanaBpy creriaibHocTed « KoM’ roTepHa 1HXeHepis» Ta
«KibepOe3neka» mpu 3MilIaHOMYy HaBYaHHI 3 JUCHUIIIIHU «JIOKaIbHI MEPEXi».

ISSN 2567-5273 12 www.moderntechno.de
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IlocranoBka 3amauvi. AwnHani3 mpeaMeTa JIOCTIKEHHS I0Ka3aB, L0 JUJIS
po3kputtsa cyTHOCTI KOMYTATOP HeoOXimHO pO3MIISSHYTH HACTYIIHI aTpHOyTH:
Tun komytaropa; Mopens; Bupobnuk; [Ipu3HaueHHs; Kpaina;
KoHCTpyKTHBHE BUKOHAHHSI KOMYTaToOpa; AJropuTMm; Texniuna peamizariii;
OcHoBHi_mnapametpu; JlomatkoBi_mapameTpu; ba3oBi xapakTtepucTuku; TexXHOOTIS;
Cranmapt; Pik_BnpoBamxenHs; Pexum poGotwm; [imepnocwianns. OCHOBHOIO
3a/auero, Mo OOMIPKOBYETHCS B TPOIECI MPOEKTYBaHHS 0a3W JaHUX MOJCNCH Ta

HapegemMo ekl mnpukiagud: JOMEH {KOMyTallliiHa MAaTpuIlsl, pO3MOiIcHa
OaraToBxXiJiHa TIaM’ATh, 3arajbHa IlIMHA, KOMOIHOBaHI KOMYTAaTOpH} aTpUOYTy
Texniuyna peamizanis; AoMeH {(]ikcoBaHa KUIbKICTh MOPTIB, MOJYJIbHI KOMYTaTOpH
HAa OCHOBI IIaci, KOMYTaTOpH, IO 30HparOThCsl B CTEK}  aTpuOyTy
KoHCTpykTHBHE BUKOHAHHS KOMYTaTtopa; JOMEH {Ipo30puil MiCT, MICT 3
MapIHipyTH3aIli€l0 BiA JpKepena) aTpuOyTy AJTOPUTM; JIOMEH {IIBUIKICTH
¢binpTparlii, MBHUAKICT MPOCYBAaHHS, TMPOMYCKHA  3MATHICTh,  3aTPUMKA,
MPOMYKTUBHICTE} aTpuOyTy OCHOBHI MmapaMeTpu; JOMEH {THI KOMYTaIlii, po3MIp
Oydepa, TPOAYKTUBHICTh IIWHU, TPOAYKTUBHICTH MPOIECOPA, PO3MIP aapecHOi
Tabnuii} arpulyty ANroput™m; JOMEH {miATpuKa anroputMmy Spanning Tree,
TPAHCIISIlIS TPOTOKOJIY KaHAIbHOTO piBHA, (inbTpamis Tpadiky, TpiopuTeTHA
o0poOka kanpiB} arpuOyty ba3oBi xapaktepucTtuku. /[0 mO4aTKOBOTO BiTHOIICHHS,
CTYHiHb SKOTO JOpIBHIOE 16, HATIWIIIM MOJAENI KOMYTAaTOpiB, IO MPUJATHI [0
BUKOPHUCTAHHS B JIOKAJTbHUX MEpPEkKax.

IIpoexTyBanHsi 06a3u JaHUX 3a MeTOJAOM HopMajabHuX ¢opm. Mix
aTpuOyTaMu TOYaTKOBOI'O BIJHOIIECHHS BHSBJICHI 3alieKHOCTI (pucyHok 1). Merta
MIepIIOTO eTalmy HopMaji3alii — Mmo30aBJeHHs BiJ YaCTKOBUX 3ajiekHOcTed. Meta
JIPYTOTo eTary HopMaJizallii — mo30aBJIeHHs BiJl TPAH3UTUBHUX 3AJIC)KHOCTEH.

(—I>| KOHCTpYKTMBHE_BUKOHaHHA_KOMyTaTtopa

(—-‘ Anroputm ‘

/—>| ba3oBi_xapaKTepuUCcTUKK ‘

/—>| TexHiuHa_peanisauia ‘
(—-" OcHOBHI_napameTpu ’—»‘ JopaatkoBi_napametpu

Mopgens

— I Kpaiua ‘
Bupo6HUK \ .
| Tinepnocunanna |

TexHonoria

‘—'—i CraHpgapt Pik BnpoBageHHnA

Pexxum po6oTu

;»\ Tun KomyTaTtopa

Pucynok 1 — I'pagivyna inTepnperanisi 3ajie;kHocTeil aTpUOYTIB
Aemopcovka po3pobdka

MpusHaueHua |
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Ctpyktypa chopoekroBaHoi ©60a3u nanux «LAN Switch» 3a werogom
HOPMaJIbHUX (hOPM TIPEJCTaBICHA HA PUCYHKY 2.

P§

¥ 4
Oc_napam | log,_napam

*|+ + P7

Mopene | Anroputm |Koucrp_swx |Texu_peanis | Ocu_napam | bas_xapawt

¥4 k[+ x|+ ; P * [+ P10 |+ P2

Tun Tun

Mogent | BupoBuuk | Texsonoria
KOMYyTaTOpa KOMYTaTOpa

MpH3HaYEHHA Bupobuue | Hpaiwa | linepnocunanus

¥+ |4+ P12 %[+ % | 4+P11

TexHonoria Texuonoria | Craupapt

Pexum
poboTH

¥ |+ P6

Craugapr | Pik_enp

Pucynok 2 — CTpyKTypa CIPOEKTOBAHOI 0a3M JJAHMX 32 METOJA0M HOPMAJIbLHUX
¢opm

Aemopcvka po3pooka

Pesynbrarom npoextyBaHHs € 0a3a nanux «LAN Switchy», sika ckiagaeTscs 3
tabnuupb P2, P6-P12. Otpumani BigHomenHs P2, P6-P12 — 3a10BOIBHAIOTh BUMOTaM
HopMaibsHO1 popmu borica-Komia, ToMy 1110 BOHHM 3HaXOSATHCS B TPETIM HOpMaIbHIN
dbopMi, a iX MEepBUHHI KJIIOUl HE 3ajJeXaTh BiJ HEKIOUOBUX aTpuOyTiB. Came ToMy
MpoIec HopMaTi3allii MOKHa BBaKaTH 3aKIHUCHHM.

IIpoextyBanus 6a3u naHux 3a MetoaoM «CyTHicTh-3B’10K». Ha nepuiomy
eTami TMPOEKTYBaHHSA MNOTPIOHO BHUSBUTU CYTHOCTI 1 iX 3B’s3ku. Bunimmmo Taki
cytHocti: KOMYTATOP  (Mognens, Bupo6nuk); MOJEJIb  (Monens);
TEXHOJIOTTI (Texnomoris); CTAHJAAPT (Crannpapt); ITAPAMETP (OcHoBHi
napametrpu); BUPOBHUK (Bupobuuk); [MPU3HAUEHHSA (Tunm komyTaTopa).
Bunmimumo Taki 3B’s3ku Mik cyTHocTsamu: KOMVYTATOP BUKOPUCTOBYE
TEXHOJIOTT; KOMYTATOP MA€ MOJIEJIb; BHUPOBHUK PO3POBUB
KOMVYTATOP; TEXHOJIOI'TA BIJIIOBIIAE CTAHIAPTY; ITIAPAMETP
HAJIEXXUTH 1O MOJEJIT; KOMYTATOP BUKOHY€E ITPUSHAYEHHA.

Ha npyromy erami po3riisiHEeMO 3B S3KM MDK CYTHOCTSAMHM Ta BHSIBUMO iX
CTymiHb, 3arajgpHa Jiarpama ER-tumy, mo oTrpuMana mij 4yac MpPOEKTyBaHHS O0a3u
JaHUX 3a rpadiuHUM METOJO0M, MPEJICTaBICHAa Ha PUCYHKY 3.

Ha tperboMmy eram mnpoBeneHo (opMyBaHHSI TIONMEPEIHIX BIJHOIIEHb 3a
npaBwiamu Ne 1-6 metony «CyTHICTB-3B’siok». Kpim Toro, HeoOXiJHO J10JaTH
HEKJIFOUOB1 aTpuOyTH 0 BIJHOIICHh 3 TIEK0 yMOBOIO, 00 BOHH BiIOBIIAJH
BUMoOraM HopMmanbHOi (Gopmu boiica-Komma, — 1me derBeptuii eram. 3aranabHa
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CTpYKTypa cripoekToBaHoi 06a3u nanux «LAN_ Switch» 3a MeTO0M CyTHICTB-3B’ 130K

MpEJCTaBIIEHA HA PUCYHKY 4.

1 b L

MPH3HAUEHHS 5 ® | TExHOTOTTE . Crammapr
Texronoria Cramnapt

Tan komyTatopa ['] [ ]
——  Komyrarop ——

0
b
1 Bupoturk, Texroitoria 1 1
PO3POEHB b
BHPOFHHK ‘ MOTETS |@ @—g— TAPAMETP

BupoGuux Mozens Ocroexi mapaverpn

b
BIKOPACTOBY

Pucynok 3 — 3araabHa niarpama ER-tumy
Aemopcovka po3poboka

g+  TAPAMETP

Ocx_napam | log_napam

*| + +  MOJETb

Mogens | Anropurm | Koetp_puK | Texw_peaniz| Ock_napam | Baa_xapakt

KOMYTATOP IIPH3HAUEHHS
¥+ kl+ x|+ + * |+ |+ BHPOBHHK
Mogens | BupobHuk | TexHonoria KOM:::‘IOPE L TpHaHaueHHa Bupobumk | Kpaia | linepnocunanms
KomyTaropa
TEXHOIOTH %[+ |+ %+ % 4].1 ATERIT
Pexum .
pobom Texronoria Texnonoria | Crangapt
% +| CTAHJAPT

Crangapr | Pik_snp

Pucynok 4 — CTpyKTypa CIPOEKTOBAHOI 0a3M JJAHUX 32 METOA0M

«CyTHICTB-3B’S10K»
Aemopcovka po3pobdka

VY pesyabTaTi NpoekTyBaHHS 3a MeTOJI0M «CyTHICTh-3B’SI30K» OTPUMaHO 0azy
nanux «LAN_Switch» (pucyHok 4), CTpyKTypa sKOi CIIBIaJa€e 13 CTPYKTYPOIO, IO
OTPUMAHO 3a METOJIOM HOopMasibHUX (hopM (pucyHok 2): BigHomeHHs BUPOBHUK
coiBmagae 13 BigHomeHnusM P2; Bimnomenus CTAHJAPT cnoiBmagae 13
BimHomeHHsM P6; BimHomenHss ITAPAMETP choiBmagae 13 BijgHomieHHsSIM P8;
Bimnomennss TEXHOJIOII] cmiBmamae i3 Bimmomenusm P12; BigHOIIeHHS
HAJIEJXKUTD cmiBnamae 13 BigHomeHdasm Pl1; Bigaomenns KOMVYTATOP
cmiBragae 13 BigHomeHHsM P9; Bignomenus I[IPU3HAYEHHS cnoiBmagae 13
BigHomeHHsaM P10 ta BigHomends MOJIEJIb cniBnagae i3 BigHOmICHHSIM P7.
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CtBOpeHHs1 B AccesS CINPOEKTOBAaHOI 0a3W JaHMX Ta 1I BUKOPUCTAHHS.
Cxema manmx crupoektoBanoi 6a3u manux «LAN Switch», mo cTtBopena B Access,
npelncraBicHa Ha pUCyHKY 5. CTBopeHa 0a3a JaHMX MOJENCH Ta XapaKTEPHCTUK
MOke OyTH BHKOpUCTaHa IIiJi Yac pO3pOOKHU
IMITaIIfHIX MOJIEIEeH JIOKAIbHUX MEPEeX 33 PISHUMHU TEXHOJIOTISIMH, 10 BUBYAIOTHCS

KOMYTAaTOpIB

«LAN_Switch»

3 TUCHUIUTIHU «JIoKaJIbHI Mepexi».

BUPOBHWKK

i BupoBHuK
Kpaita
linepnocunaHa

KOMYTATOR

q Mogenb
q BupoBruk

CTAHOAPT

HANEXWTE 1

7 CraHgapt
Pik_BnpoBagxeHHs

§ Crangapt
Texronaria

§ Texnonoria

Tun komyTatopa

I8

TEXHONOMI

# Texwonoria

Pexcm poBoTh

MOZE, TMAPAMETPI

% Mogens § Ocr_napan

Anroputm
KoHerp_suk
TexH_peanism
OcH_napam

BazoEi_xapakt

JogaTrosi_napametp

TMPM3HAHEHHA

7 Tun_komyTatopa
MpusHaueHHs

Pucynok 5 — Cxema nanux «LAN_Switch», mo crBopena B Microsoft Access

Aemopcvka po3pooka

VY sKocTi mpuKIamy BUKOpPUCTaHHS cTBOpeHOi Oasm manmx «LAN_ Switchy
HABEJEMO HACTYNMHUU MPHUKIAL: BiIoOpa3uTu
Mozeneil komyrtaropiB TexHousorii Ethernet. Pesynbrar 3anuty mnokasanuil Ha

PUCYHKY 6.

l:ll ba3oBi_xapakTepucTHKH

Mooens

Accelarl200

SmartSwitch 2200

ProCurve2626

Catalyst4507R

Catalyst 6500

EtherSwitch 11

OcH_napam

MpoAyKTUBHICTE: BUCOKE
NpoayKTHEHICTE 3aBAAKK
MOTYHHOMY NPOUECOPY

MponyckHa 3aaTHicTb: go 1 rirabita
Ha CERYHOY

MponyckHa 3aaTHicTe: 8o 176
rirabiTie Ha ceryHaoy

LisnaKicTs NpocysadHAa: ao 10
riraBiT Ha ceryHay

WemaricTs dinbTpawii: oo 720
MiNbAOHIB NaKeTiB 33 CEHYHLY

3aTpMmea: 40 MEC

Eaz0Bi_xapauT
TpaHcnAuik NpoToRaNy

HaHansHOro pieHA

MpioputeT 0BpoGKKW Kagpis

MiaTpymey anropyuTmy
Spanning Tree

MpioputeT 0bpobrK vaapise

DinbTpauito Tpadiky

OTpPUMaHHA JOCTYY A0
cepenoBULIA NPOLECOPOM
BMXIOHOrC NOpTY

rnapamMeTpu Ta XapaKTEPUCTHUKU

[NonaTHOBI_napameTpH

Tun komyTauli: MaricTpaneHa
HOMYTaLiA

Tun komyTawii: Store-and-
Forward (30epiraHHAa Ta
nepecunaHHA)

Poamip Bydepa: 12,38 MbaAt

Tun komyTauii: Cut-Through
{Mpoxogom)

Tun komyTauii: CamocTiiHa
womyTauia (Cut-Through)

™N HCIMVTaLl,i'I': WHa nery»

Pucynok 6 — IlapameTpu Ta XapaKTepuCTUKH KOMYTaTOpiB TexHoJiorii Ethernet
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IMoganbmMii PO3BUTOK CTBOPEHOI 0a3W JAaHuX. /[ moaanbIioro po3BUTKY
ctBopeHoi 0a3u qannx «LAN_ Switch» 3100yBau Moske ekcropTyBaTH 6a3y JaHUX 10
cnucky SharePoint, 306paxenoro Ha pucyHky 7. Ilicas mporo ctBopuTH 00JIIKOBUM
3anuc Ta onyOikyBaTu BeO-no1aTok SharePoint, sikuii Hagaetbes Office365 y xmapi.

TatGmwLyss 3
EE switchboard ltems
EH BWMPOBHWMKW
B KOMYTAT M3  Oreperrs
B MO4ENb bF  Kowncrpykrop
B3 Hanexan Wranopt g E‘]—,—J Baza garHem Access
EE nNAPAMET 3kcnopr v | g2 Excel
B neusHay = MeperiMeHOBaTE ID—] Cnwncog SharePoint I
E cranase CKpbITE B 3TOH Fpynne [_]'_—I.,. TekcToBblA grain
B Teono Yaanute @'_.-',. HML-draidn
Zanpocw =
jj . X Bripezate FE% Easagannen: ODBC
E isco o - )
) E ECI’IH[‘JCEETI: Ehl—_'* QCF.":"F.IEHT HTRAL
'ﬁj Bazosi_xa
®opa E]? MNanka Cutlook
-5| BKMPOBHIA
EI KHoMnouYH;
2| MOAENbL CeoWcTEa TAaBNMLUEI
— n
Pucynok 7 — SharePoint
BucnoBku.

1. Ha ocHOBI aHamizy nmnpeaMera JOCHIDKEHHS CTBOPEHO IOYaTKOBE
BigHOWIEeHHST «KomyTaTop», cTymiHb sikoro 16, a motyxHicTs — 22. IlpoekTyBaHHS
0a3u aHuX MOJEJNICH Ta XapaKTePUCTUK KOMYTaTOPIB JIOKAIBHUX MEPEX BHUKOHAHO
3a HacTynHuMU Metoaamu: «Hopmanbehi popmu» Ta « CyTHICTH-3B’s130K». OTprMaHi
pesyibTaTH mpoekTyBaHHA Oasu maHux «LAN_ Switch» 3a pizHUMEH MeTOgaMu
CHIBITAJIM, IO CBITYUTH MPO BIPHICTH MPOCKTYBaHHS 0a3u JaHUX.

2. Ha cyvacHomy eTtami iCHYIOTh Pi3HI TOJATKU AJisi CTBOPEHHS 0a3W JAaHMX, a
came: Altibase; Microsoft Access; MySQL Workbench; Oracle; PostgreSQL; SQL
Azure Ta iH1I. CIpoeKTOBaHy 0a3y JTaHUX MOJEJCH Ta XapaKTePUCTUK KOMYTaTOPIB
JIOKAJIbHUX MEpeX CTBOPEHO 3a jonomororo Microsoft Access.

3. CtBopena 6aza ganux «LAN Switch» Moxke OyTh BuUKOpHCTaHa
3n00yBayaMM MEPIIOT0 CTYIEHs creniaibHocTe «Komm’roTepHa iHXEHepis» Ta
«KibepbOe3neka» mij 4yac Ja00paTOpHUX 3aHITh 3 JAUCIUILIIHU «JIOKaIbHI Mepexi»
[P 3MIIIIaHOMY HaBYaHHI.

Jliteparypa:

1) AuctaHuiiHuid Kypc 3 HaBYaJbHOI AUCUUIUIIHM «JIoKambHI Mepexi» s
3n100yBaviB CTyneHs «OakanaBp» creranbHocTel «KoMm’rorepHa iHXKeHepis» Ta
«Kibepbesnekar; ykinagau [Taxomoa B.M. Ceprudikar IK0287 Bix 20.07.2018.

2) Jluctanmiitanii kypc 3 mucuumuiian «ba3u manmx» it 3m00yBadiB CTyTEHS
«bakanaBpy criemianbHocTel « KoM roTepHa iHxkeHepis» 1 «Kidepoesnekay; ykiaaay
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Abstract. A database of models and characteristics of local network switches «LAN _Switch»
has been designed based on the use of the following methods: «Normal formsy and «Entity-
relation». When designing the database, «LAN Switch» the results of the classical method, which is
based on the use of the mathematical apparatus of relations, coincided with the results of the design
by the graphical method based on the use of ER-type diagrams. The designed database of models
and characteristics of switches «LAN _Switch» was created with the help of Microsoft Access and is
intended for use by applicants for bachelor's degrees in the specialties «Computer Engineeringy
and «Cybersecurityy during laboratory work in the discipline «Local Area Networksy» in blended
learning.

Keywords: switch, technology, model, parameter, characteristic, database, design, normal
forms, ER-type diagram.
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HIGH VOLTAGE MEASUREMENT AMPLIFIER
BUCOKOBOJIbTHUI BUMIPIOBAJIbHUI MIJICUJIIOBAY
Dovhal A.V/ loBraias A.B
National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”
Hayionanenuu mexniunuu ynigepcumem Yxpainu
"Kuiscokuil nonimexniunuii incmumym imeni l2ops Cikopcbkoeo"

Anomayia. B oaniti cmammi po3sensaosemvcsa nody0osa 8UCOKOBOILIMHO20 GUMIPIOBATbHO2O0
niocunosayua (BBII) 3 po3wupenum dianazoHom 8uxioHoi Hanpyeu, ma pe3yibmamu 6Unpody6anHs.
MoOdeni maxoeo niocuniosaya. Hageoeno 6ionosioni cxemu ma diazpamu.

Pezynomamu oocniosncennss mooeni maxoeo BBII [9] noxazyroms, wjo 3a605Ku BUKOPUCTIAHHIO
OpUCIHANbHOT  cXeMU  3'€OHAHHA  KIIbKOX KACKAOI8 OnepayitiHux nioCuiosavié  Cymmeso
PO3UWUPIOEMbCSL  0iana3oH poooYUX uyacmom nioCuno8add, wo O00360JA€ NIOBUWUMU SAKICMb
BUMIPIOGAHHS.

Bukxopucmanns BBII 3anpononosanoi cxemu modice Oymu epexmueHum npu 6UKOHAHHS
00CnidJceHb ma 8UNPOOYBAHbL 8 YUBLILHUX MA GIUCHKOBUX NPOSPAMAX, 0COOaUBO 015 N00YO08U
1aOOpamopHUX emanoHie Oasl GUMIPIOBAHHA NPU  pO3POOYI cucmem  eieKmpoCcCmamuiHo2o
BIOXUNIEHHS MA eleKMPOONMUYHOT MOOYAAYII.

Knrwouoei cnosa: 6ucoxkoonbmuuil 8UMIPIOBANbHUL NIOCUNI08AY, KACKAOHUL NIOCUTIO8AY,
Hanpyea, onip, 0ianazox

Beryn Omnepaniiisi miicuiaroBadi coyaTky OyJiu CIpO€KTOBaHI JIJIsl BUKOHAHHS
MaTeMaTUYHUX oOlepaliid, B SKUX 3HAYEHHS YKCEN 3aJaBJiOCs PIBHEM HAIpPYTH,
BIIMOBIAHOTO 3HAaKy Ta dacToth. [IpoTe 3apa3, omepaiiiiHi MiJCWIIOBadl €
0araToQpyHKIIOHAIBHUMHU BUPOOAMHU 3 BEJTUKOIO KUJIBKICTIO BaplaHTIB 3aCTOCYBaHHS.

JIo BHCOKOBOJBTHUX  OINEpallifHUX TMIACUJIIOBAYiB  B3araji  BIIHOCSTh
MIJCUJIIOBAYl, BUXIJIHA Hampyra sKdAX TNEpeBUIlye poOody Hampyry ICHYKUOl
ereMeHTHOi 6a3u [2]. Taki omeparliiiidi miJCHUIIOBa4Yl CXEMOTEXHIYHO SIBJISIIOTH COOO0I0
0araToTPaH3MCTOPHI CXEMU 3 BEIUKUM Koe(illieHTOM mmiacuaenns Hanpyru (mo 10°) i
cmyroro 4actoT 0...fn.x. Y CydacHHX TIACWIIOBAYIB 3HAYCHHS fi.x MOXKE csraTw
oaununb [T [1].

BucokoBOJIbTHI MIACHIIIOBaYl IIMPOKO BHUKOPHUCTOBYIOTHCS B JIIEJICKTPUYHIN
cnektpockomii. [lpu 1poMy Taki MIACHIIOBa4Yl MalOTh 3a0e3MeuyBaTh HE TIIBKH
3HaYyHy BUXIJAHY Hamnpyry (COTHI BOJBT), ajie ¥ BHUCOKY TOYHICTh MiATPUMAaHHS
CTaJIOTO 11 3HAYEHHS Ta BEJIMKY IIBUKICTS ii 3pocTanHs. Lle 103Bossie 3acTOCOBYBaTH
Takl TMIJICWJIIOBAYiB B TPUCTPOSX IS JIaTHOCTUKU 130JISIIiT 1 JIIEJICKTPUKIB B
MPOMHUCIIOBOCTI (IpKepenax >KUBICHHS, 3BaplOBALHOMY OOJaJHaHHI, CHCTEMax
YIpaBIiHHS €JICKTPOIPUBOAAMH, KiaaHaMH, COJICHOIaMH 1 IHITUMH BHKOHABYMMHU
MEXaHi3MaMHu) Ta IMpu JIA0OPaTOPHOMY 3aCTOCYyBaHHI. BOHM TakoX YCIIIIHO
3aCTOCOBYIOTHCA B 00JIaIHAHHI BIHCHKOBOIO 1 aPOKOCMIYHOIO MPU3HAYEHHS (CXeMax
KOMIIEHcallii BiOpalii, TiAposoKaTopax, MPUCTPOSAX EJIEKTPOCTATUYHOI JeBiTallli),
BUpPOOAX MEIUYHOTO TMPHU3HAUCHHS (amapaTypl yJIbTPa3BYKOBOi [IarHOCTHKU Ta
MarHiTHO-pE30HaHCHO1 ToMorpadii, MIKpockomnax i ananizatopax) [3].

VY kamiGpaTtopiB 3MIHHOT HAmpyrd € 1 MEeBHI OCOOJMBOCTI: OOMEXKEHa cMyra
poOOYMX YaCTOT, OOMEXEHHH BHUXITHUW pIBEHb CUTHATY, BHCOKa IOXHOKa
cTabumzaiii 3agaHOro0 pIBHS BHUXIJHOTO CHUrHaimy. Taki TMOXHMOKM BHHHUKAIOTH
MEePEBAXKHO BiJ] 3MIIIEHHS HYJILOBOTO PIBHS HANIPYTH HA BUXOJIaX OKPEMHX KacKaiB 1
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B1JI CITaJIaHHS HAIIPYTH B JIIHISAX 3B’ SI3Ky MK Kackajaam# [7].

YacroTHwii A1ana3oH O1IBIIOCTI KaniOpaTopiB oOMexyeTbest yactotoro 100 kI,
a BUCOKOYACTOTHI KaymbOpaTopu, 0 mpaiorTs B Aianazoni 50-100 Ml (B1-16, B1-
29, H5-3), matoTh oOMexeHui BuXimHui piBeHb curHany (30 V), HemocTaTHIN 1is
KOMIUIEKCHOI MOBIPKM MPHJIAIB BKa3aHOro Jiana3oHy 4dactoT. [Ipu 1mpoMy BiacHi
noxuOKu cTalbumizamii piBHA BHUXIAHOI HAmpyru KamiOpaTropiB, L0 MPaIiOl0Th B
miarmazoni gactor g0 100 kl'm, cranoBmsate +(0,002-0,05) %, a mnpaiorounx B
niama3oHi yactoT 10 100 MI't cranoBnsats +(0,1-1)% [6].

Oxkpemo ciiJi po3risiAaTd BUMIPIOBANIBHI omepalliiiHi mijgcuitoBadi. [Ipernusiiini
napamMeTpu TaKuX NIJACHIIOBayiB 3a0€3MeuyloTh iX IIMPOKE BUKOPUCTaHHS Yy
BUMIPIOBAJIbHOMY YU TE€CTYBaJIbHOMY OOJaiHaHHI [1]; olHaK BOHM HE MpU3HAYEHI
JU1s 3a0€31eYeHHs BUCOKOI MOTY>KHOCTI Ha BUXO/II.

BumiproBansHuii BHCOKOBOJIbTHUH T ICUITFOBAY MOKHA BBa)KATH
CHEIlali30BaHUM BHUMIPIOBAJLHUM  OIEpalliiHUM  MijcuiaoBadeM. Ha  cHOBi
OTepaliifHOrO MiACHIIOBaYa 3pyYHO OyAyBaTH HE TITBKH MIJCUIIOBAIbHI CXEMH SIK
TakKi, ajie i CUCTEMHU aBTOMAaTUYHOTO PETyJIIOBaHHSI.

AKTyaTpHUM 3aBJIaHHSIM € TIO0Y/I0Ba BUCOKOBOJBTHUX MOTY>KHUX KaaiOpaTopiB
3MiHHOi Hampyru Ha ocHoBi BBII. Taki kamiOpatopu 3a0e3medytoTh aBTOMaTHYHE
MIITPUMaHHS CTa0lILHOTO PIBHS BUX1IHOI HAIIPYTH MPH i1 BIAXWICHHSX BiJ 3aaHOTO
3HAYCHHS.

AHaJIi3 MOTOYHMX JOCTIKeHbD i myOaikami

IcHytoTh pi3HOMAaHITHI BapiaHTH CXeMOTexXHiIuHoi peam3amii BBII 3 metoro
PO3IIMPEHHSI Jlana3oHy iX poOouYoi HAMmpyrud Ta 3MEHILIECHHS MOXMOOK cTadimizallli
PIBHSI BUX1/IHOI HAIIPYTH.

Haii6inpm nommpenit Ha cvorogHi € BBII amepukancbkoi ¢ipmu Fluke Ta
MOTYXHI onepaiifHi miacummoBadi Gpipmu Apex Microtechnology.

Taki nmpucTpoi BUKOPHCTOBYIOTHCSI B HOBITHIX KalliOpartopax i3 BOYJIOBaHUMH
MiJCHIIIOBaYaMU MOTY>KHOCTI, 3JaTHUMHU (POpMyBaTH 3MIHHY HANpyTy aMILIITYI0I0
mo 1000 B ma yactorax mo 30 xI'm ta 750 B mHa uacrorax mo 100 xI'm. Taki
Kaynoparopu moOyI0BaHI Ha OCHOBI T'e€HEpaTOpa CUTHAJIB 3 BOYJOBAaHOI CHCTEMOIO
aBTOMATUYHOTO PETryJIIOBaHHS PiBHS BUX1THOI HANpyrH [§].

[TincumoBaui Apex Microtechnology sBIsStOTH CO00I0 YHIKaJIbHI 32 CBOIMH
nmapaMmeTpamMu OaraTodyHKI[IOHAJIBHI MPHUCTPOi, IO 3a0e3MeuyloTh IITUPOKUI
mianma3oH Hampyr KuBJeHHS (25...450 B), Benuki 3HaYCHHS BUXITHUX CTPYMIB (10
200 MA), TOYHICTh 1 MAKCUMAJIbHY IIBHUIKOIIO TIOPS]T 3 MAJIMMU CTPyMaMH CIIOKOIO,
HU3BKUMH BHYTPIIIHIMU BTpaTaMH 1 BUCOKOIO JiHIHHICTIO (Kiacc AB)- moxinBo
TaK, a MOXJIMBO Hi, X10a 110 TMpeICTaBHUKHU (ipMU HATTUCAIIH TIPO 11E).

Crnig 3a3HauMTH, 110 HECTELialli30BaHl OMepaliiiHi MiJACUIIOBaYl HE MOXYTh
3a0e3nedyBaTh 3HAYEHHS BUXIAHOI HAMPyTu OLIBINOI 32 HANpyry >KUBICHHS. Jls
NOJONAaHHS I[bOTO HEAOJIKYy B CTaTTl pO3IJsSHYyTa HOBa cxema NoOyA0BH
MiJICWIIIOBAaYiB  BUCOKOi HANpyrW, B SIKUX BUKOPUCTOBYETHCS KIJIbKAa KacKaJiB
BUCOKOBOJIPTHUX OIEpAllifHUX TMIJACUIIOBaYiB I 3Ha4Horo (B 3-5 pasiB)
PO3IIMPEHHS Jliana3oHy po00Y0i HAPYTH MPUCTPOIO B IIIOMY.

B naniit crarTi posrasgaerbest moodyaoBa mojeni 3-kackagHoro BBIT Ha ocHoBI
oneparriiinoro miacuwioada PA94 (Apex Microtechnology).
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PA94 — 1e BHCOKOBOJIBTHUM OINEpalifiHUN TMIJICWIIOBaY 3 TMOTY>KHUMH
MOSFET-tpan3ucropamu, 1mo OyB po3poOJIeHHI came SK HEeAopore PIilieHHS s
nepenavl MocTiHHUX BUXITHUX cTpyMiB 10 100 MA Ta iMmynbcHUX cTpymiB a0 200
MA Ha eMHICHI HaBaHTaXeHHs. PA94 Oyno oOpaHo miist moOy10BU OararokackaaHoTo
MiJCUIIIOBayYa 3 BUCOKOIO Hampyroto xuBiieHHs (+/- 1500 B) Ta 3Ha4HOIO MIBUIKICTIO
HapocTtanHs curHany (1m0 700 B/mkce) [4].

¥ } - - * - * ) - -

Pucynok 1. Cxema BHCOKOBOJIbTHOI'O MiICHJIIOBAYA HA YOTHPbOX ONepaliiiHuX
nmiacuIroBavyax.

IocTanoBKa 3aBAAHHSA T0CJIIKEHHS

Ha paHuii MOMEHT NPOMHCIOBICTIO BHUITYCKAaIOThCSl TE€HEPATOPU CUTHAMIB,
KamOparopu 1 BHUMIPIOBaJIbHI MIiJCHIIOBa4l BHUCOKOI HAalpyTrd, OCHOBHUM
MpPU3HAYEHHSM  SKUX €  BUKOPUCTaHHS 1T METPOJIOTIYHOI  arecTaiii
TEPMOEJIEKTPUYHUX MEPETBOPIOBaUIB; BKa3aH! BUMIPIOBAJIbHI NPUJIad MPALIOIOThH B
niana3oni yactot 10 100 x['u mpu Hanpysi 500 B 1 1000 B. OcHoBHUM HemomiKOM
cyuacHux BBII € Te, mo BoHM MaioTh OOMEXEHUN pIBEHb BUXIJHOTO CUTHATIy (+/-
400 B). B Toii xe wac, myis 3a0e3MeueHHs BUMIPIOBAHHS MOTPIOHI O1IBII BHUCOKI
Harpyru (+/- 1500 B). Tomy € [OIIIBHUM CTBOPEHHS BHCOKOBOJBTHOTO
BUMIPIOBAJILHOTO TMIJACWIIOBAaYa, SKU MIr OW 3a0e3MeunTd aMIUTITyay BHXI1THOI
Harnpyru He MeHuie 1000 B y nianazoni yacrot go 100 xI11.

MeTta nocJaisKeHHs

Merta gochipkeHHsT Toysirae 'y po3po6Oii HoBoi moxaemi BBII, B skomy
BUKOPHUCTOBYETHCS JCKIJIbKA KaCKaJlIB ONEpalliiHUX MiACUIIOBAYiB JJIsI PO3IIUPEHHS
Jiara3oHy 3HauyeHb pPoOO0YOi HANpyTrH (3aBASKH TOCIIAOBHOMY "BIpTyaJlbHOMY"
3'€IHAHHIO BUX1AHUX HAIPYT OKPEMUX KaCKaJiB) .

Mopensb 0araToKkackajaHoro BHCOKOBOJILHOT'O BUMIipIOBAJILHOTO
nmiacuIoBava

JlociKeHHs JeKIJIbKOX BaplaHTiB MOOYOBH CXEM ONepaliiHuX MiICUIIOBaYiB
13 1HBEPTYIOUMMH Ta HEIHBEPTYIOUMMHU KacKaJaMH 13 3aJeKHUMHU 1 He3aJeKHUMU
3B’A3KaMU ToKa3and, 1mo Ha dactori 100 k['m depe3 oOMexeHy IIBHIKICTb
HApOCTaHHSI, BUXIHUI CUTHAJ CIOTBOPIOEThCA. [IpH 1IbOoMy 3aMiCTh CUHYCOiaTbHOT
dbopmu, BiH HaOyBae (GopmMu OIM3BKOI A0 TPUKYTHOI. binbil HAOYHO IIe SBUIIE
CIIOCTEPITAEThCA Y pa3l KacKaJaHOTO 3’€IHaHHS JIBOX Ta OiIbIIE MiJICUIIOBAYIB IO
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€KBIBAJICHTHIN CXeM1 1HBEPTYIO yoro mijgcuitoBaya (puc. 1) [5]. BianosiaHo, moctae
3a/1aua po3poOKH MPHUCTPOIO, 0 Oy/ie mo30aBIeHU BKa3aHUX HEIOMIKIB.

JUis YHUKHEHHSI BKa3aHUX HEJONIKIB BUKOPHUCTOBYETHCS IMOCIHITOBHE KacKaJHE
3’€THAHHSI OKPEMUX OIEpaIlifiHuX IMiICUITIOBAYiB, 3 METOIO MOCIIJOBHOTO 3’ €THAHHS
JDKEpEIT AKUBJICHHS IUIAXOM (DOPMYBaHHS CyMaTopa Hampyr.

Jliig aHaizy poOOTH CXeMHU TaKOTO MiJCHIIIOBaya OyJ0 BUKOHAHO MOJIEITIOBAaHHS
B naketi MicroCap. CTpykTypHa cxema Mojielli BUCOKOBOJIBTHOTO BIMiIpIOBAIHHOTO
niJcUiIIoBayYa 300pakeHa Ha puc. 2.

vact vaoz VG

VEET \Z==4 VEE

vaoz

o)_vn = vaur
A e var

¥
_ 4 ° N V(an Vout
_ O)
Rb21
VEE! Rb22

VEE2 Rb2n

Rbtt

GO

Pucynok 2. CTpyKkTypHa cXeMa BUCOKOBOJIbTHOI'O MiJICH/IIOBAYA.

Bkazana wmogens sBisie cobor cxemy 3 (pikcoBaHUM  Koe(illiEHTOM
MIEPETBOPEHHS; CXE€Ma CKJIAJAEThCS 3 OKPEMHUX HE3aJIEKHUX KACKaJlIB ONepariiiHux
MiACHIIOBAYIB, 3’€IHAHUX mnocihigoBHOo. KokeH KkackaJg  BHCOKOBOJIBTHOTO
HiJICHIIIOBaYa BHKOHAHO VY BHIVIAJI OKPEMOro OIEepaliifHoro mijcuiioBaya 3
HE3aJeKHUM Ta TajJbBaHIYHO PO3B’SI3aHUM BIJ IHIIUX KacKajiB, JKEpesoM
KUBJICHHSI.

Bxinna Hampyra, 1o mMocTymae Ha BXiJ KOXKHOTO Kackaay HiACHIioeThes y K
pasiB; 1€ JOCATAEThCS 3aB/IIKM BUKOPUCTAHHIO MOAIIbHUKA HANPYTH Ha PEe3UCTOpax
Rpp,Ta Ry, B KOJI1 3BOPOTHOTO 3B'A3Ky. TakMM YMHOM HAmpyra Ha BUXOJ1 KOXKHOTO 3

KacKajiB Moxe OyTu 004YHuCIIeHa 3a 3araTbHOI0 (POPMYIIOH0:

Voutn - Voutn_l X Ku (1-1)
R
K,=1+—2n (1.2)
b1,

Jie: N — HOMep KacKajy MiJCHIoBaya;
Voutn-1 — HAIIpyTa, 110 HATXOIUTh HA HEIHBEPTYIOUHM BX1J] BIJIIOBITHOTO
M ACHJTIOBAYa;
K, — koedilieHT NoaiIbHIKA 3BOPOTHOTO 3B’ SI3KY.
[Ipu ubomy popmysa nepeTBOpeHHs AJIs BX1IHOT HApyTyu HaOyBae Takuil BUA:
Vout = Vin X ;lzj_Ki (13)
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Ha puc. 3 HaBeneHi po3paxyHKOBI JiarpamMd BHXIJHOI Hampyrd OKPEMHUX
KacKaiB.

&00

Hanpyra [v]

R 0 19105 2e105 36105 4e‘—05 5&105 69105 79105 SeIOS S‘eiUS 0.0001
Yac [t]
Pucynok 3. Jliarpamu BUXiHOI HAIIPYTId HA BUX01aX KACKA/IB: YePBOHUI —
6XIOHUL cueHAal; 3eJIeHUM - 8UXIOHUL CUSHATL NEPULO20 KACKAOY, OJAKUTHUMN —

BUXIOHULL CUSHATL OPY2020 KACKAOY, CUHIN — GUXIOHUL CUSHATI MPEMbO20 KACKAOY.

[Ipu BuOOpPiI koedilieHTa NEPETBOPEHHS JUIsI KOXKHOTO KackKagy HEOOX1THO
YMOBH 3BepTaTH YyBary, WI00 BHXIJHAa Hampyra KOHKPETHOTO KacKagy He
NEepEeBUILyBala CyMH 3Ha4€Hb BX1IHOT HAIPYTH Ta HANPYTH JKEpeia )KUBIICHHS:

Vo XKy < Voo +Vy (1.4)
Ve +V,
K, < —2 =% (1.5)
Vll

Cxema eIeKTpUYHOI MOJIeNll BUCOKOBOJIBTHOTO MMIZICUIIIOBAaYa HaBeIeHa Ha puc. 4.

Road

PucyHnok 4. EjlekTpruHa Mo/ieJib BUCOKOBOJIbTHOTO MiICHJIIOBAYA.
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BucnoBku

PesynpTatu po3paxyHKOBHX ocCiipkeHb HOBOT Moxeni BBII mokasyiors, mio
3aBJISIKM BUKOPHCTAHHIO KUTBKOX KacCKaJliB ONEpaliiiHuX MiJICHIIOBAaYiB Ta BBEACHHIO
CXeMU AaJUTUBHOI KOPEKIIi MOXHUOKH MOKIUBO CYTTE€BO 3OUIBIIMTA YaCTOTHUN
JlianasoH IMiICKII0BaYa, a TAaKOX PO3MIMPUTH 1HTEPBAJI poO0YO0i HATIPYTH, IO Y CBOIO
4yepry MiABUIIUTD SKICTh BUMIPIOBAHHS.
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Abstract. This article discusses the construction of a high-voltage measuring amplifier and a
model capable of changing the working range of a single voltage. Schemes and diagrams have been
translated.

The results of research on a new model of a high-voltage measuring amplifier show that,
using several cascades of operational amplifiers, the frequency range of the amplifier's operation is
essentially increased, which makes it possible to increase the washing efficiency.

The use of the proposed model can be useful in research, military applications, including
reference units, dielectric laboratories, electrostatic deflection and electro-optical modulation.

Key words: high-voltage measuring amplifier, cascade amplifier, voltage, resistance, range
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Abstract. The world of software architecture is in a constant state of evolution, and the
development of distributed architectures continues to shape the industry's landscape. Monoliths,
characterized by their unified codebase and singular deployment, have long been the traditional
choice for software development. On the other hand, microservices, with their small, independently
deployable services, have gained prominence due to their scalability and resilience. This article
explores the dynamics of monoliths and microservices, the challenges associated with this
migration, and proposes the idea of modular monoliths as a precursor to microservices to reduce
migration efforts. It also highlights the lack of research in the domain of structuring monoliths in
advance for future efficient migration to microservices.
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Introduction

In the world of software architecture, two dominant styles have emerged, each
with its set of advantages and disadvantages: monoliths and microservices. Monolith
i1s a “system in which all of the code is deployed as a single process” [1]. In this
architectural style all code resides in a single repository and forms a single

deployment artifact, all data is most often located within a single database (Figure 1).

Monolith

Database

Figure 1 - Single process monolith
A source: [1]

In contrast, a microservice (Figure 2) is a “single-purpose, separately deployed
unit of software that does one thing really, really well” [2].

While both approaches have their merits, the shift towards microservices has
been on the rise in the recent decade (Figure 3).
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Figure 2 - Microservices topology

A source: [2]

Google Trends (Computer Science category)

100 4 —— microservices
—— monolith

80 1

60 1

Search Interest

20 A

Figure 3 - Raising interest in microservices architecture

A source: [3]

Monoliths vs. Microservices
Monoliths have been the traditional choice for software development for
decades. In a monolithic architecture, the entire application, from user interface to
database access, is bundled together in a single codebase. This tightly coupled nature
simplifies development but introduces challenges in terms of scalability and

maintainability [4].

Monolithic architecture provides the following benefits [5]: simplicity of
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development and deployment since all code is located within a single codebase and is
deployed as a single artifact; optimal performance, since components communicate
via direct function calls without any network overhead; faster time to market since
developing and deploying a single codebase that does not require sophisticated
infrastructure. At the same time, monolithic architecture is characterized by natural
degradation of scalability (increasing capacity often involves scaling the entire
application, which can be inefficient) and maintainability (monoliths tend to become
increasingly complex and harder to maintain) [5].

Microservices, in contrast, advocate for breaking down an application into
smaller, autonomous services, each with a specific singular responsibility. These
services communicate with each other over the network, allowing for flexibility and
independent scalability [5].

The heightened interest in microservices over the past decade can be attributed
to several key factors. First, there has been a growing demand for applications with
enhanced availability, fault tolerance, and resilience, especially as businesses rely
more on digital services [6]. Microservices provide a framework for achieving these
goals by allowing individual services to fail gracefully without compromising the
entire system's functionality. Second, the rapidly evolving technological landscape
has introduced greater complexity, making it challenging to develop and maintain
monolithic applications efficiently. Microservices offer a solution by breaking down
complex systems into smaller, manageable components that can be developed,
deployed, and scaled independently [7]. Third, the surge in data volumes, driven by
the advancements of data-driven applications and IoT devices, has necessitated
scalable and distributed architectures. Microservices' ability to scale horizontally
makes them well-suited for handling data-intensive workloads [6]. Lastly,
advancements in laaS cloud technology have made it easier to adopt microservices,
with cloud providers offering robust infrastructure, platforms and services that
facilitate the deployment and management of microservices. These factors have
collectively fueled the rising interest in microservices as a modern software
architecture paradigm [7].

Benefits of microservices include [5]: scalability since each microservice can be
scaled independently, enabling cost-effective resource allocation; smaller codebases
are more maintainable, reducing the risk of system-wide disruptions; microservices
are fault-tolerant and can be easily made highly available, as the failure of one service
doesn't necessarily affect the entire application.

At the same time, microservices architecture is complex, as developing and
managing microservices can be complex due to the need for inter-service
communication and infrastructure management; it brings added overhead in terms of
communication, deployment, and monitoring; and introduces additional layers of
communication between services which negatively affects overall system
performance due to network latencies [4].

The Migration Trend: Monoliths to Microservices

In recent years, many organizations have embarked on the journey of migrating
from monoliths to microservices. Several compelling reasons drive this migration

[7118]:
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1. Scalability: Monoliths often struggle to scale efficiently, as any increase in
load affects the entire application. Microservices allow organizations to scale only the
parts of the application that require additional resources. The entire system can scale
up or down in response to demand changes.

2. Technology diversity: Microservices support a wider range of technologies
for different components of the application. This enables organizations to choose the
best tool for each job, enhancing overall performance.

3. Distributed team autonomy: In a monolithic environment, changes to one part
of the application can affect other components. Microservices promote team
autonomy, as technologically diverse teams can work on separate services with
minimal interference.

4. Faster deployment: Microservices enable independent deployment, allowing
organizations to release updates and new features more rapidly.

5. Resilience: Microservices inherently offer better fault isolation. If one service
fails, it doesn't necessarily lead to the entire application's collapse.

Challenges of Migrating Monoliths to Microservices

While the benefits of microservices are clear, the journey from monoliths to
microservices is fraught with challenges [9]. These challenges encompass both
domain and codebase refactoring, as well as infrastructure and data-related hurdles
[4]. Moreover, the cost of migration, both in terms of time and resources, can be
substantial [10].

Domain and Codebase Refactoring

Refactoring a monolith into microservices requires tearing the application into
smaller bounded contexts that encompass specific business domains. This process
involves identifying boundaries, separating concerns, and establishing clear APIs for
inter-service communication.

These refactoring efforts often face the following common challenges:

® Boundary identification: Determining the right boundaries for microservices
can be complex, and mistakes can lead to overly chatty communication between
services or services that are too tightly coupled.

® Data separation: Monoliths often share a common database. Refactoring
requires separating the often tightly coupled data into distinct databases for each
microservice, which can be intricate for some systems [4].

e API design: Designing clear APIs for microservices is a critical task, as these
APIs serve as a domain separation boundary and enable inter-service communication.

While there is plenty of research on the attempts to automate or semi-automate
monolith decomposition by static code analysis [11] or by analyzing data flow [12],
the prospect remains a daunting one [13].

Infrastructure and Data Challenges

In addition to domain and codebase refactoring, the migration from monolith to
microservices entails addressing infrastructure and data-related challenges [14]:

® Deployment and orchestration: Microservices require robust CI/CD practices
to manage the deployment of multiple services across a distributed environment.

® Data consistency: Maintaining data consistency and ensuring data availability
in a microservices environment is a complex task, particularly when multiple services
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access the same data or when there is a need to implement more complex data
replication or CQRS patterns.

® Monitoring and observability: With the increase in the number of services,
monitoring and troubleshooting become more challenging. Each service needs to be
individually monitored and each service call needs to be traced as it propagates
through a distributed system with varying availability.

o Communication and networking: Microservices rely heavily on network
communication. Designing and managing network traffic and security is vital.

o [nfrastructure cost. The distributed nature of microservices can lead to
increased infrastructure costs, as additional resources are required to maintain the
architecture.

The cost of migration should not be underestimated. It encompasses not only the
time and effort required for refactoring but also the effect on organization
communication patterns and potential business disruptions during the migration
process [4].

Modular Monoliths: A Potential Solution

Despite their shortcomings, monoliths remain an attractive architectural choice
for many projects due to their speed of development, shorter time to market,
infrastructure relative simplicity, and performance benefits. Not every greenfield
project should start from microservices. In fact, many falling prey to the trend find
themselves not being able to deliver on time. So, the question to be asked is: what
architecture is the best fit for a greenfield project that needs fast time to market at
first and 1s very likely to scale exponentially later? Or rather: are there any options
other than painful monolith to microservices migration or unnecessary and expensive
microservices from the start?

One way to alleviate the challenges associated with migrating from monoliths to
microservices is to consider the concept of modular monoliths. A modular monolith
is a monolithic application that is structured in a way where each module already
represents a separate domain or subdomain. This modular structure mimics the
decomposition of a microservices architecture within a monolithic codebase. While
modularizing a monolith is a challenging endeavor [15] it will certainly pay off when
a need to scale arises and the organization decides on migration to microservices. In
this respect, modularizing a monolith from the start can be viewed as earning
architectural credit early on.

A modular monolith brings:

® Fast time to market: Inherent to monolithic architectures ease of development,
simplicity of deployment, and lack of interservice communication overhead mean
that greenfield projects can freely experiment and deliver functionality faster than
with microservices.

® Clear domain boundaries: A well-structured modular monolith already
exhibits distinct domain boundaries, making the transition to microservices more
straightforward.

® Loose coupling: The modular structure reduces interdependencies between
modules, making it easier to extract and deploy them as separate services.
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o [nfrastructure simplicity: Modular monolith inherits simplicity of deployment
and required infrastructure from the monolith by the virtue of being a single
deployable artifact.

® [ncremental migration: Organizations can gradually migrate modules to
microservices, reducing the disruption and risk associated with a complete migration.

® Performance: Direct method calls within a singular deployment artifact bring
a natural performance optimization as opposed to a distributed system.

However, it's important to note that achieving a well-structured modular
monolith is not a trivial task and requires careful planning and design. A clear
understanding of the business domains and subdomains, along with effective API
design, is crucial for success. Despite structural complexity required from the start,
greenfield projects are likely to adopt a modular monolith approach as part of
addressing the tech debt [16].

The Research Gap

Despite the increasing popularity of microservices and the challenges associated
with migrating from monoliths to microservices, there is a noticeable scarcity of
research in the domain of structuring a monolith to facilitate a smooth transition.
Among the few research attempts in this area, a bachelor's thesis by Tsechelidis
should be noted [17]. The paper proposes to standardize monolith module structure
by leveraging hexagonal architecture as an easy way to control granularity of services
and promote microservice-like domain-centric design of each module [17]. Author
emphasizes on the benefits of infrastructure simplicity but does not extend an
argument for further splitting of such modular monoliths into microservices.

Apart from the lack of scientific research in the area there are conflicting
opinions from the industry voices. Fowler is convinced that “you shouldn't start a
new project with microservices, even if you're sure your application will be big
enough to make it worthwhile” [18]. Newman notes that it is more practical to start
with a monolithic system, warns against the pitfall of introducing unnecessary
complexity overhead, but does not rule out using microservices for greenfield
projects altogether [19]. Tilkov, on the other hand, argues that carving the new
system into pieces should be done as early as possible and going with microservices
first is the right way to achieve that [20].

While industry best practices and case studies provide valuable insights, there is
a need for systematic and scientifically grounded approaches. Research question that
remains unexplored is: what are the best practices for designing modular monoliths
that are more amenable to migration to microservices? What design patterns and
architectural principles should be applied?

Summary and Conclusions

The architectural choices in software development are pivotal, and the transition
from monoliths to microservices is a significant endeavor for many organizations.
While the benefits of microservices are clear, the migration process is challenging,
both in terms of domain and codebase refactoring, as well as infrastructure and data
considerations. The concept of modular monoliths, where each module already
represents a separate domain or subdomain, offers a potential solution to ease this
transition.

ISSN 2567-5273 30 www.moderntechno.de



Al
Modern engineering and innovative technologies Issue 29 / Part 1 fj;{.

However, it's important to note that the landscape of structuring monoliths for
microservices migration is under-researched. More scientific inquiry and systematic
studies are needed to develop best practices, tools, and frameworks that can guide
organizations in this transition. By closing the research gap, we can make the path
from monoliths to microservices more predictable and efficient. This will allow
organizations to harness advantages of both architectural styles, alleviate the fear of
being “stuck” with the monolith, and enable easier transitions from monoliths to
microservices when the need to scale arises.
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Abstract. When embarking on the development of a mobile application, the initial step is the
selection of the appropriate architectural framework, which should be based on the specific
domain, intended functionality, and the identified quality attributes. This article delves into the
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alongside an exploration of the quality attributes that should be taken into account during the
architectural selection process. The aim here is to unearth prevalent mobile architecture patterns
and provide insights into methods for measuring and comparing these architectures against one
another.
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Introduction

Mobile applications have witnessed an unprecedented surge in popularity and
ubiquity over the past decade. This phenomenon can be attributed to several factors,
including increasing smartphone adoption, changing consumer behavior, and the
normalization of mobile-first approaches in businesses. As pointed out in [1], the
penetration rate of smartphones reached 78.05 percent globally in 2020, and this
figure is projected to rise to almost 87 percent in the United States by 2025. With this
surge, mobile applications have become the primary gateway to the online world for
a significant portion of the global population.

In 2010, only 27 percent of mobile users in the United States owned
smartphones, a stark contrast to the anticipated 87 percent in 2025 [1]. This
transformative shift has allowed not only enterprises but also individual developers
and teams to create and distribute their applications to a worldwide audience.
However, this diverse landscape comes with various challenges, ranging from
differences in team sizes, budget constraints, and time-to-market pressures to distinct
marketing strategies and business models.

Not only enterprises but individual developers and teams are allowed to create
their applications and distribute them to a worldwide audience. The organizations
vary in team sizes, budget constraints, time-to-market and marketing strategies, and
business models.

Mobile applications have become integral to our daily lives, facilitating a wide
range of activities, from online shopping to managing finances and accessing
government services. Consequently, mobile application developers bear a
considerable responsibility in ensuring that their products meet high standards of
usability, availability, and reliability. This responsibility extends to both individual
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developers and large enterprises.

Amidst this dynamic landscape, the software architecture of a mobile
application emerges as a pivotal factor. Software architecture encompasses the
fundamental design decisions that dictate how an application will function and
evolve. In the context of mobile applications, where agility, scalability, and user
experience are paramount, the choice of software architecture becomes even more
crucial.

High competition levels and therefore high levels of expectations from users
make mobile application vendors careful in technical decisions and practices. The
first thing every vendor should be aware of is the software architecture of its
product.) — In the realm of mobile applications, a prescient perspective has been
validated, primarily attributed to the rapid pace of evolution within this domain. Each
vendor must possess a profound understanding of the software architecture
underpinning their product as a foundational consideration.

Software Architecture and Quality Attributes for Mobile Applications
Development

How can you ensure that the software architecture you've selected is the most
suitable for your needs? It is not an easy question, and there is no one right answer or
a silver bullet. As stated in the work [2], software architecture is like a bet, a wager,
wouldn't it be nice to know the outcome in advance? To know it, we need to step out
and as we already did for the piece of code and then for software — we need to
establish the rules, and measurements for a clear understanding of which architecture
could fit better in certain conditions. However, the topic has already been well
researched, we found plenty of space to fill towards the architecture of mobile
applications.

Project Managers seek to achieve business requirements, Software Architects
seek to manage the architecture according to these requirements. It can’t be managed
what is not measured. But what can we measure in software architecture? While it
was identified [4] the main quality attributes of the software overall, we would like to
stop on those that are crucial specifically for mobile application development.

Performance. Performance pertains to the system's reactivity, which
encompasses the time needed to react to stimuli (events) or the number of events
processed during a specific period [4]. Performance holds significant importance in
mobile software architecture due to the perpetual resource constraints of mobile
devices, including limitations in terms of microprocessor power, storage capacity,
and battery life .

Reliability. Reliability denotes the system's capacity to sustain continuous
operation throughout its operational lifespan, often assessed through the metric
known as mean time to failure [4]. For mobile systems we should consider that the
network could be unstable, and some operations could fail due to the aforementioned
constraints.

Availability. Availability refers to the percentage of time the system remains
operational [4]. Availability is a critical consideration in mobile application
architecture. Ensuring the availability of a mobile application means that it should be
accessible and operational for users whenever they need it. Mobile applications can
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face challenges related to network connectivity, server availability, and other factors
that can affect their accessibility. To provide a positive user experience, mobile app
architects need to design for availability, which may include strategies like offline
capabilities, redundant servers, and efficient error handling to ensure the app remains
usable even under less-than-ideal network conditions.

Security. Security involves assessing the system's capacity to withstand
unauthorized access attempts and service disruptions, all while maintaining its
functionality for authorized users [4]. Security of Mobile apps involves implementing
robust measures to protect user data and the application itself, ensuring that it remains
resilient in the face of potential security risks.

Modifiability. Modifiability refers to the system's capacity for swift and cost-
effective modifications, which is one of the key attributes for a large team, which is
working on a mobile application.

Portability. Portability refers to a system's adaptability to function across diverse
computing environments, which can encompass hardware, software, or a blend of
both [4]. For a mobile architecture, it could address new versions of OSs or the
device’s screen size.

As stated in the work [2], quality attributes form the basis for architectural
evaluation, but simply naming the attributes by themselves is not a sufficient basis on
which to judge an architecture for suitability. In a perfect world, the quality
requirements for a system would be completely and unambiguously specified in a
requirements document.

Modern Mobile Applications Architectural Styles

Over the years of mobile app development, the projects have rapidly become
more and more complex and harder to maintain. Companies behind major platforms -
Google and Apple have sought to develop guidelines for native app architectures. At
the same time, developers have adapted existing architectural patterns for mobile
platforms and continued to evolve them to adjust to growing complexity. In this
section we will briefly review some of the most popular patterns: MVC, MVP,
MVVM, and Clean architecture-based patterns.

Model-View-Controller (MVC)

Model-View-Controller (MVC) architectural pattern was first introduced by
Trygve Reenskaug while working on Smalltalk based system [3]. MVC architecture
operates with three entities: model, view and controller. A model object encapsulates
the data and implements the logic for manipulating the data. It can be as simple as
storing a string, or more complex, like storing an object with multiple value fields or
retrieving data remotely. A view object is responsible for the user interface. View
object receives updates of model's state and updates the user interface accordingly.
Controller object receives user input events from the view and changes the state of
the model [5].

Over the years, the MVC architecture gained a lot of popularity among
developers thanks to its clear separation of concerns [6].

MVC implementation in iOS

When Apple first published its iPhone SDK, MVC was the recommended
architecture for native apps. However, the implementation Apple has proposed was
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different from the original pattern [7].

View doesn't receive updates of the model directly. Instead, the controller
receives updates of the model and then updates the view accordingly. Ideally, View
and Model should not even be aware of each other and should not be coupled in any
way.

This form has a few advantages, mainly increased maintainability. Decoupled
models and views should make it easier to introduce changes to one of these
components without changing the other. Additionally different teams may be able to
work on business logic and user interface concurrently which can increase overall
productivity and time to market.

MVC and its variants [8] have also become very popular with Android
developers [9] due to its excellent separation of concerns and increased
maintainability.

Model-View-Presenter (MVP)

Model-View-Presenter (MVP) pattern was introduced in 1990s and was one of
the first alternatives to MVC [10]. MVP has a lot in common with MVC. Similarly,
MVP also has 3 entities: Model, View and Presenter.

In MVP, the Model is again responsible for data access and manipulation. The
view is dedicated to user interface and presentation logic. Finally, MVP introduces a
new concept: Presenter. The presenter acts as an intermediary between the Model and
the View. It responds to the user input from the view and updates the Model. At the
same time, the Presenter listens to changes in the Model's state and updates the view
if necessary [11].

The View in MVP is completely separated from the Model, which is similar to
the Apple’s version of MVC we mentioned earlier. While MVP is a little more
complex than MVC, it offers a better separation of concerns, which makes business
logic more testable [11].

Model-View-ViewModel (MVVM)

Model-View-ViewModel (MVVM) architecture was introduced by Microsoft in
the early 2000s and was used in Silverlight and WPF [12]. It became prevalent in
native app development for both Android and 10S.

MVVM operates with three objects: Model, View and ViewModel.Similarly to
MVC and MVP, the Model is responsible for data access, data persistence, and
communication. The View is dedicated to the user interface and should not contain
any logic. The new object ViewModel is the core of the MVVM pattern, and its place
is between Model and View. The view is bound to ViewModel via data binding. The
data binding updates the View automatically when ViewModel’s state changes. A
View can have multiple references to ViewModel. However the ViewModel should
not have any dependencies on View. This is a big difference compared to MVC or
MVP, where presenter or controller will set view in code [9]. This way MVVM
offers even greater separation of concerns and greater testability of ViewModel [11].

Clean Architecture based architectural patterns

Clean Architecture is a layered architectural pattern proposed by Robert C.
Martin [13]. This architecture provides an improved separation of concerns by using
four concentric layers: Entities, Use Cases, Interface Adapters, Framework and
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Drivers.

The central idea behind Clean Architecture is that the inner layers (Entities and
Use Cases) are independent of the outer layers. Business logic and core use cases are
not tightly coupled to specific Ul frameworks, databases, or external services. The
dependency flow moves inward, from the outer layers to the inner layers. The inner
layers should have no direct dependencies on the outer layers [13]. This separation
enables easier testing, maintainability, and adaptability [14].

Naturally, Clean Architecture derived patterns became extremely popular with
mobile developers. On 10S the most popular patterns are VIPER [15] and VIP [16].
Android and cross-platform frameworks like Flutter have their own examples of
Clean Architecture implementation [17].

Conclusions and future work

In this work, we discussed what is Software Architecture and Quality Attributes
for Mobile applications and what are the main styles used in Mobile application
development. We discussed the history of architectural styles and patterns and their
implications in the modern world.

In the [18] it was described the variability inherent in the design of the software
architecture and how that variability argues for the use of measures that are tailored
to the context of the specific organization. For instance, different roles seek to have
different points of view and therefore different metrics, specifically, there was
elaborated on Software Architect and Project Manager roles.

That’s also true for different domains — there is no architecture of size-fits-all,
no silver bullet, we should carefully integrate our requirements into Quality
Attributes and therefore pick the right architecture for the solution.

A more in-depth examination underscores the significance of a comprehensive
assessment of mobile software architectures with a focus on their thorough
implementation to ensure the robustness of these attributes and more.

Such examination should first of all rely on practical comparison of the different
architecture codebases. Furthermore, we have posed an essential research question: Is
there a suitable method for selecting the right architecture based on the specific
requirements of a given project? As the field of Mobile Application Development
continues to expand, there is a growing need for a more in-depth exploration of this
topic, particularly concerning the criteria used to evaluate the quality attributes of
Mobile Software Architectures.
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Anomauin. Poszenanymi numawnns ymunizayii meepoux nooymosux eioxooie (TIIB) 3
BUPOOHUYMBOM HOBUX NATUE HA IX OCHOGI I 3aNpPONOHO8AHA MEXHONO02ISA IX BUPOOHUYMEA 3 Hanepeo
3a0anuMU MenOMeXHIYHUMU XAPAKMEPUCMUKAMU, 30KpeMa, ix meniomu 32opauHa. IIposedeno
AHANI3 ICHYIOYUX MemOOUK BU3HAYEHHs meniomu 320psHHs naaue 3 TIIB, ix nepeeac i 6ao.
Kanopumempuunuii memoo 68asxcacmuvcs Haubinbw mounum cepeo Hux. Ilokaszano, wo mounicmo
suzHauenHs meniomu 320pauns TIIB KaropumempuuHum MemoooM, 8 3HAUHIL MIpI, 3anedHcums 6io
GopmysanHs npedcmasHUYbKoi OOCIIOHOT HABANCKU Y 8I0NOBIOHOCMI 00 MOPHON02IUHO20 CKAAOY
BUXIOHUX 8I0X00i8. B pobomi po3ensinyma Mo#cIugicms GUKOPUCTMAHHA OOMOOBUX KOHOYKMUBHUX
Kanopumempie Onisl 6uU3HaAueHHs meniomu 320psaunsa T1IB i 3anponoHo8aHo cnocid niosuujenHs
00CmMOBIPHOCIE MAKUX OOCTIONHCEHD.

Kniouosi cnosa: meepoi nodymosi 6ioxoou, mopgonoziunuii cKiad 6i0x00is, menioma
320pSAHHSA NAUB, OOCTIONCYBAHA HABANCKA, KATIOPUMEMPISL.

Berym.

Teepai moOyToBi Biaxoau (TTIB), 06’emu SKMX MOCTIHHO 3pOCTaIOTh, € 3HAYHUM
JDKEepesioM  3a0py/JHEHHS HaBKOJMIIHBOTO cepefoBuiia. Tomy mpobiema ix
yTHIII3aMii 1 00€33apaskeHHs € OJHOIO 3 HAWO1IbII aKTyaJIbHUX 3a/1a4 CBITY.

CxeMa MOBOKEHHSI 3 BIJIXOJIaMH B KOXKHIM KpaiHl BU3HAYAETHCS K BIACHUMHU
¢dakTopamMu (HasBHICTh BUIBHUX 3€MENIb MiJ TOJITOHW JUIsl 3aXOPOHEHHS, CTaH
€KOHOMIKH, IIIJIbHICTh HACEJIEHHS, YMOBU YTBOPEHHS 1 30MpaHHs BIAXOAIB 1 1H.), TaK
1 MDKHapoAHUMH  3000B’si3aHHsAMU.  Hanpukman, 1 YkpaiHu, Takum
«JI0pOTOBKa3zoM» € Yroja npo acoiiaiito 3 €C 1 po3pobiena HamionanbpHa cTparterist
yIpaBiIiHHS Bigxoaamu B Ykpaini 10 2030 p.

[lepenoBuii CBITOBUM JOCBI 1 MOPUHHATI 3000B’sA3aHHS CTUMYJIIOIOTH [0
BIIPOBA/KEHHSI TEXHOJIOT1H HaOubm edextuBHOi yrumizamii TIIB, ski HaHOCATH
MIHIMQJIbHY €KOJIOTIYHY IIKOAY JOBKIUIIO, MalOTh HU3bKI KamiTaJbHI BUTPATU Ta
J03BOJISIIOTh  OTpUMaTH NpUOyTOK. BupimieHHs 3a3Ha4eHOi MPOOJIEMH € JI0BOJI
aKTyaJbHOIO SIK HAYKOBOIO, TaK 1 MPAKTUYHOIO 33]1a4€lO.

OcHoBHHUII MaTepiaJ.

TBepai moOyrtoBi Bigxoau (TIIB) — me Bigxomau, siKi yTBOPIOIOTHCS B MpOIIECi
KUTTENSUIBHOCTI JIIOJIMHU, € HENPUIATHUMH JO0 TMOAAJIbIIOTO BUKOPUCTAHHA 1
noTpeOyIoTh yTUIIi3allili, 3HEIIKOKEHHS Ta 3aXOPOHEHHS.
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Onnak, epexktuBHa ytumizaiis TIIB € ckinagHoO CIpaBoro, OCKIIBKH MOTpedye
cnemianbHOl TexHiku 1 TexHojorii. Cknaanicte ytumizauii TIIB, B 3HauHiél Mmipi,
00yMOBJIEHa IIUPOKUM MOP(DOJIOTiYHUM CKJIAJO0OM Ta HU3BKUMHU TEIIOTEXHIYHUMU
XapaKTEPUCTHKAMU ITUX KoMmoHeHTiB (Tadu. 1) [1]. [IpoGrema yckiagHIO€ThCs 1 i
TUM, IO KUIbKICHI 1 siKicH1 Xxapakrepuctuku TIIB He € cramumm, a mOCTIHHO
3MIHIOIOTBCS, B 3aJICKHOCTI BiJ] KpaiHH, HACEICHOTO IyHKTY, YMOB UTTS HACEJICHHS,
MOpH POKY, MOTOJTHUX YMOB Ta IHIMUX (aKTOpiB iX yTBOpeHHs 1 300py [1,2,3,4].
Tomy pi3Hi JiTepaTypHl JKEpena 4acTo HAlalTh BIAMIHHI MiX COOOI0 JaHi Mpo
ckian ta xapakrepuctuku TIIB.

Tak, Hanpuknaa, B [4] HaBeneHO ycepenHeHl aadi 11locToro HaiioHaJIbHOTO
MOBIJOMJICHHSI YKpaiHU 3 MUTaHb 3MIHU KJIIMATy J1ana3oHiB 3MIHU MOP(]OIOT1HHOrO
ckiany TIIB: xapyosi Bigxoau — Big 35 mo 50%, mamip Tta kaptoH — Big 10 1o
15%, BTopunni nomimepu (tactmaca, [IET® musmiku, noiiMmepHa 1uiiBka, Terpa
[Tak ynmakoBka) — Bix 9 o 13%, ckimo — Bix 8 1o 10%, 4opHI Ta KOJILOPOBI METAIH
— 2%, TeKCTWIbHI MaTepianu — Bix 4 1o 6%, nepeBuna — 1%, OyiBeIbHE CMITTS
— 5%, iamm Bigxoau (JIMCTS, TITi€HIYHI 3acO0H, KICTKH, IIKipa, rymMa, KoMOIHOBaHI
BiX0oau, HeOe3meuHi Bimxoau Tomo) — 10%. YacTtka BiAXOAIB 3 OPraHidHOIO
ckianoBoro — Big 60 10 85%.

3MmiHa K MOPQOJIOTIYHOTO CKJIaay TMPU3BOJAUTH 10 3MIHU  €JIE€MEHTapHOTrO
CKJIaJly BIJIXOJIB, 1 SIK HACHIAOK, JO 3MIHU iX TEIJIOTH 3TOPSIHHS, III0 € OCHOBHOIO
E€HEPreTUYHOIO XapaKTEPUCTUKO BIIXOIB.

Tabuuns 1 - TenutorexHiuHi xapakrepucTuku ckiaagopux TIIB [1]

55 Ximiuaui cknam, % X >
clg § : 5 S E
& = = ]
o o 2> S
= R 5 T =
Komnounentu TR = p=
TIIB gmﬁ Cp HP or NP qp AP WP . E[ § %:
SE g s
[Tanip 34 278 | 3,7 | 283 | 0,16 | 0,14 | 15 25 79,0 9,49
XapuoBi 35 12,6 | 1,8 80 | 095 (0,15 | 4,5 | 72,0 | 65,2 3,43
TexkcTunan 4.5 394 | 45 | 232 | 3,4 1,1 8,0 | 20,0 | 84,0 15,72
JlepeBrHa 3 40,5 | 48 | 33,8 | 0,1 - 0,8 | 20,0 | 67,9 14,46
[Ikipa, ryma 2,5 65,0 | 5,0 | 12,6 | 0,2 0,6 | 11,6 | 5,0 49,0 25,8
ITmacTmaca 1,5 55,11 7,6 | 17,5 ] 0,9 0,3 | 10,6 - 89,0 24,37
Bizncis < 15 Mmm 5,5 13,9 | 1,9 | 14,1 - 0,1 | 50,0 | 20,0 | 54,0 4,6
3oi1a, mIIaKk 25,21 0,45 | 0,7 - 0,45 | 63,2 | 10,0 2,7 8,65
Irmm Bimxonou 0,5 470 | 53 | 22,7 | 0,1 02 | 11,7 | 8,0 60,2 18,14
Kictku, metai,
. 13,5 - - - - - - - - -
CKJIO, KaMIHHS

Tax, B [5] 3a3HauaeThcsi, MO Hampukiaa, B SMoHII, JuIlle 32 OCTaHHI POKH,
CepelHs TEIUIOTa 3rOPSHHS MICBKOTO CMITTS, 30UIbIniack Maike y aBivi 3 3300 —
4200 o 6300 — 7150 xJIx/kr).

AHaJi3 cBITOBOTO JOCBiy mokasye, 1o ytuiizauis TIIB 3aificHIoeThCS B TPHOX
OCHOBHUX HaIlpsIMKax:
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- TOBTOpHE BHKOpHCTaHHs ckianoBux TIIB, uu ix mepepobka 3 oTpUMaHHAM
HOBHUX KOPHCHUX MPOAYKTIB 1 MaJHB,;

- TepMOXiMIYHAa KOHBepcCis (cnamioBaHHS, rasu@ikailis, MOIipoi3) Ta 1HOI
MeTOo U yTuii3alii ( 610J10T14H1, XIMIYHI, PI3UKO-XIMIUHI 1 1H.);

- 3aXOpOHEHHS Ha MOJITOHAaX.

Ha npaxTuiii, HalOUTBIIT ONTUMAEHUM € KOMIUIEKCHUH MiAX1J, 10 mepeadaydae
po3auibHuit 30ip 1 copryBanHs TIIB Ta HacTymHy TepMOXiMiuHYy KOHBEPCIIO
(nepepoOKy) numie THX BIAXOMIB, SIKI HE MOXYTh OyTH €(EKTHBHO mepepoOIieHi
IHIIIUMHA METOIaMU.

BpaxoByroun Hemoniku mosiroHHoro 3axopoHeHHs TIIB, a Takox nediunur i
MOCTIiHE 3pOCTaHHA I[IH HAa TPaJULIiHI BUKOMHI MajJvBa, YCTAHOBKU TEPMIYHOI
yrumizauii TIIB nHabynu mupokoro nomupenss. Ha cboronisi, B po3BUHYTHX KpaiHax
CBITY, €KCIUTyaTy€ThCA TUCSUYl CMITTECTATIOBAIBHUX YCTAHOBOK 1 iX YHCIIO MOCTIHHO
3poctatume. Ha OibIIOCTI IUX YCTAHOBOK BUPOOJSETHCS TEIUIOBA 1 €JICKTPUYHA
€HEpris, 0 CyTTEBO 3MEHIIIYE BapTICTh YTWJII3AIlil BIIXO/IB 1 € IEBHUM BKJIAJOM B
eHepretuky kpainu. Hanpuxnan, B kpainHax €C go 98% TIIB oOpobmnsieTses, 1 10
30% cmamoeTbest 3 TeHEpalli€lo eHeprii. 30kpema, 11 reneparlii eneprii, B OiHasHii
BUKOPUCTOBYETHCS Tpubn3Ho 10% modyToBux Biaxo/iB, B ['epmanii — 25%, [IBemii
— 30%, Hanii — 45%, IBetinapii — 55% [6], A B fmnoHii, B3arai craatorTh O1IbIIIe
80% micekoro cmitts, 3 sikoro 25 -30% 3 reHepemiero eHeprii 1 jume g0 3%
3aXOpPOHIOIOTh, A00 BUKOPUCTOBYIOTh SIK 100pHUBO [7].

B Vkpaini x, 3a JaHUMU HaBeJACHUMHU B [§], IpH MIOpIYHUX 0OcsArax 30upaHHs
TIIB B mexax 11—I12 muH. T., gume 10 6% nepepoOnseTbes 1 yTHII3YEThCA, a
BCHOIO J10 2% CHAOETHCS 3 FEHEPaLI€l0 TEIJIOBOI Ta €IEKTPUYHOI EHEeprii.

ToOto, ocHoBHa Maca TIIB B YkpaiHi BUBO3UTHCS HA CIIELIAIbHO 00JIaJHAH] YU
CTUXIMHI 3BaivIIa, a L€ MOTpeOye 3HAYHMX 3E€MENbHUX IOl 1 TPAHCHOPTHUX
Butpar. [lopsa 3 UM, €KOJIOTIYHUMN 1 CaHITapHUN CTaH IIUX IOJITOHIB, TPU3BOJIUTH
70 CyTTEBOTO 3a0pyAHEHHS JOBKULIA (3€MJIl, TOBITPSI, MMOBEPXHEBUX Ta IPYHTOBUX
BOA ). SIKpa3 €KOJOriYHWW YMHHUK 1 €, BiAMOBIAHO 1o HamioHnanmbHOI cTpaterii
ynpaBimiHHS Bigxogamu B Ykpaini g0 2030p, ocHOBHMM (akTopoM 3a00pOHH
YTBOPEHHS HOBHMX 3BaJMIL, 3MEHIICHHS 00’emiB 3axopoHeHHs TIIB Ha 1ux
nosiiroHax Ao piBHsA 30% B 2030 p, a Takox 30UIbIIEHHS KUIBKOCTI CTalllOHApHUX
YCTAHOBOK JIJIA TEPMIYHOI iX yTwiizamii (mipoiidy, rasudikaiii 49u MIpsSMOTo
CITAJIFOBAHHS).

Cepen TepMIYHHMX METOMIB yTHII3alii MOOYTOBUX BIAXO/IB, HaWOUIBIIOTO
nmomwupeHHs HaOynau mporecu mpsmoro crnamioBanas TIIB 6e3 miaroroBkm 1 3
MiZCBITKOIO  Tra3oM YW MaszyToM. [Ipu 1poMmy, 3rigHO NPaKTUYHOTO JOCBinYy,
MporiecaM MPsIMOTO CITAIFOBaHHST HAWOUTBIN JoiiyibHO mianaBatu TIIB 3 BosoricTio
20-40%, cepeHbOIO 30JBHICTIO A0 25% 1 TETIOTOO 3rOpsiHHA HE HIbKYe 6 MJIK/KT.

[Hma TexHomyoris - ne cnamoBaHHs TIIB 3 momepeaHbo0 TEPMOXIMIUHOIO
nepepoOKoro 1 6e3 MiACBITKY 1HIIUM NaJIMBOM. Taka TEXHOJIOTIsI € OUIbII BapTICTHOIO,
OCKUJIbKHU Tepedayae monepeaHe COpTyBaHHS 1 BiJI0Ip KOMIIOHEHTIB sIKi MpPHUAATHI
JUTSL TIOJIAIBIIIOr0 BUKOPUCTAHHS, @ TAaKOX BUJIYYEHHS IIKIJIMBUX KOMIIOHEHTIB, He
JTUBIISIYUCh Ha 1€, BOHAa BBAXKAETHCS OUIBII TMEPCIEKTUBHOIO, OCKLJIBKH YacTHHA
OpraHikv BIJXOJIB, MOX€ OyTH BUKOPHCTAaHA JUIsi BUPOOHUITBA KOMIIOCTY IMIiCIs,
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HaIpUKIIaa, aHaepoOHOI ¢epMeHTallii 1 BUPOOHMIITBA TOPHOYOro rasy, a 3 perTH
BIIXOMIB, MIJJAHUX CYIIIHHIO, TOAPIOHEHHIO Ta TIPECYBaHHIO BUPOOJISIOTH
rpaHyJibOBaHe ManuBo (y BUIJIAII TpaHyd 4u OpukeTiB). EHepretnyHa HIUIbHICTD
HOBUX MaJdMB 1 iX €(QEKTUBHICTh 3aCTOCYBaHHS, B 3HAUHIM Mipi, 3aJ€KUTh BiA
BUX1AHOTO Mop(osnoriunoro ckiany TIIB.

TpanguiiitHo TBepae nanuBo 3 MOOYTOBUX BIAXOMIB PO3AUIAIOTH HA ABI TPYIH -
RDF (Refuse Derived Fuel) Ta SRF (Solid Recovered Fuel). 'onoBHa BimMiHHICTB
MK HUIMHU Yy TOMY, HACKUIbKM OUYMIIEHUN Ta 00poOseHuit kinueBuii npoaykr. SRF -
e OUIBII TPYAOMICTKUH MpOILIEC, ajle MaTepial, 0 OTPUMYETLCS B pe3yJIbTaTI, TyKe
n00pe MIIXOAUTH JJIi BUKOPUCTAHHS B SIKOCTI MajvBa B MPOMMCIIOBOCTI. 3 1HILIOTO
ooky, RDF meHm ouniienuii i 3a3BU4ail He TakUil €PEKTUBHUIM, K TATUBO.

RDF (Refuse Derived Fuel) — 1c opraniube nmaaumBo, Yy BHIJISAl MUY,
MOPOIIKY, T'paHyJl, OPUKETIB YW CYCIEH31M, OTpUMaHe MpU BHUAAICHHI BTOPUHHOT
cupoBuHM Ta Heroprounx matepianiB 13 TIIB. RDF e 3aranpbHuM TepMiHOM, IO
BUKOPHUCTOBYETHCSA JUISI 3MIMIAHMX BIAXOMIB, CKJIQJ SKHX, XapaKTEpPUCTHKHU Ta
BJIACTUBOCTI HE € TMOBHICTIO BIJOMHMH. TemioTa 3rOpsiHHS TaKhX TMaJluB, B
3aJIeKHOCTI Bif Mopdosoriudnoro ckinany Buximuux TIIB, moxe ckmagatu mo 14
M/JIx/Kr.

SRF (Solid Recovered Fuel) — 1ie Ounbln sikicHe TBepJie MaluBO, OTPUMAHE 3
TIIB micnst copTyBaHHS Ta CYUIIHHS 13 3aCTOCYBAaHHSM ISl BUPOOJICHHS IMajiMBa
0e3MeyHuX MaTepialliB 3 BUCOKOIO TEIUIOTOIO 3ropsiHHsS. Termnora 3ropsiHHS TaKuX
MaJIvB 3a3BUYall CTAHOBUTH Oibie 15 MJ[x/ kr.

B Toii xe wyac cywyacHi HopMmaTHBHI JokyMmeHTH, Hanpukinan JCTY EN
15359:2018 [9], posrasgatoTs TBepae nanuBo 3 TIIB tinbku sik SRF, posainsioun
JOro Ha IT’SATh KJIACiB B 3aJI€XKHOCTI BiJl BULIOI TEIJIOTH 3TOPSIHHS Ta BMICTY XJIOPY 1

PTYTI.

Taoauusa 2 - Knacudgikanis SRF 3rigno 3 EN 15359:2011 [9]

Knacudikaniinuit | CratuctuyHa OnuHumi Kiacu
nmapameTp Mipa BHMIpPIOBaHHS 1 2 3 4 5
Buma podoua Cepeme ML/ | >250 | =200 | >150 | >100 | >3,
TEIJIOTA 3rOPaHHs 3HAYCHHS
0
Xnop (CI) Cepenne o (macyxy |, <0,6 <1,0 <1,5 <3,0
3HAYEHHS Macy)
PryTs (Hg) Cepenne Mr/M Dk <0,02 | <0,03 | <008 | <0.15 | <0,50
3HAYCHHS

KpiM Toro 3a OaxaHHSIM BUpPOOHMKa a0O 3a BHMOTOIO CIIOXKMBaua MOXYTh
BU3HAYATHCS BMICT B&KKMX METaJIiB a00 1HIINUX 3a0pyIHIFOUUX PEUOBHH.

B octanni poku, cepel TaKUX TEXHOJIOTiH, IIMPOKOro MOIIMPEHHS Halyna
texHoJjoris « Waste-to-Energy» a6o WtoE. Bona nepeabayae BUpoOHHUIITBO TEILIOBO1
1 enekTpuyHoi eHeprii mpu BukopuctanHi nanuB RDF/SRF 3 moOyroBux i
MIPOMUCITIOBUX B1AXOAiB. [Ipy IbOMY, €eKOHOMIISTHCS TPAJIUIIIIHI BUKOIHI MaJIMBa Ta
3MEHIIYFOTHCS MIKIIJTNBI BUKUIN Y HABKOJIHIIHE CEPEIOBHIIIE.

Hamnpuknan, 3a texnonoriero ¢ipmu PLM Miljoteknik (IBemist) [10], nerki
dpakii (mamip, TEKCTWIb, IUIacTMaca 1 iH.), ki ckiagaroth 10 -15% BuxigHUX
BIIXO/IB, MiCis 3MeHIIeHHs iX Bojorocti 3 30 o 15%, mnpecyroTh mig BEIUKUM
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THCKOM, B nanuBHi 6pukeTu Brini Fuel. Ix Tenora sropsuus 6ins 16,7 MJIx/kr, npu
IiILHOCTI, IprOIU3HO, 450 Kr/Mm>.

VY ®panuii mMUpOKOro MOMUPEHHS HAOYB TEXHOJOTIYHHUM MPOLEC MiArOTOBKU
CMITTS 10 #Horo cnamoBaHHsS Yy Bursial rpanyan Combor [11]. Texnomoris
nependavae cOpTyBaHHs, MOAPIOHEHHS, CeMapalliio, CylKy 3a paxyHOK CHaJIFOBaHHS
gactuau TIIB 1 rpanymtoBanus pemtu (40%) BigxoaiB. ['panynu maroTh Qopmy
HTHIAPIB giameTpoM 12 — 16 MM 1 noBxuHy 20 — 70 MmM. Terora 3ropsiHHA rpaHyl
ckianae 15,1 M/Ix/kr, npu Bosorocti 10% 1 3ombHOCTI 15 — 20%.

CnamtoBannsi nanuB 3 TIIB BigOyBaeThCcsi B KOTJax, Medyax 4Yu CIEMIaIbHUX
ycTaHoBKax. HaiiOoinbll MOMmMpEeHUM CrmocoOOM CHAalIOBaHHS TakUX NaluB € IX
CHAJIOBAHHS B CYMIllll 3 1HIIMM HAJIUBOM (BYTULISIM, Ma3yToM, razom) [12.13,14,15].
[Topsin 3 eKOHOMi€ TPAAUIIMHUX NaIUB 1 3MEHIICHHS IIKIIJIUBUX BHUKUJIB B
aTMocdepy, CIaTOBAHHS TaKO1 CyMillll 103BOJIsI€E YHUKATH 3HAYHOT'O Harapy 1 Kopo3sii
nmoBepxoHb HarpiBy. Tak B [13] 3a3HauaeThcs, 1m0 npu cnamoBaHHi cymimm 3 50%
OpukeTiB 1 50% Byriyulsl MBHUAKICTH KOpo3ii moBepxoHb Harpiey B 10 — 30 pa3sis
MEHIIA, H)K MPYU BUKOPUCTAHHI OJTHUX OPUKETIB.

[Tepepobka TIIB B rpanynu 1 OpuKeTH Ta IX BUKOPUCTAHHS, KPIM €HEPreTUUHUX
1 EeKOJOriYHMX 3MCKIB, JIO3BOJIi€ OTpuMaTd 1 1HmI  nepeBaru. Lle
TPaHCIIOPTAOENBHICTh, IO JO3BOJIIE BUKOPHCTOBYBATH iX Ha BIJCTaHI BIJ MiCIlh
BUPOOHMIITBA, a TAKOX MOXJIMBICTh O€3MEYHOr0 CKIAIyBaHHS 1 JOBrOTPUBAJIOTO
30epiraHHs TaKUX MajuB.

IIpu BupoOHuuTBI TBepAux mnamuB 3 TIIB, OiapmIiCT  TEXHOJOTIH
(GYHKITIOHYIOTh 32 MPUHIIUIIOBOIO CXEMOIO MPUBEIACHOIO Ha pHC.l, sIKi BKIIOYAIOThH
IPOLIECH: COPTYBAHHS 3 MArHITHOIO CEMapaielo 1 MOBITPSAHOIO KiacuQiKalier,
no/IpiOHEHHS, CYIIiHHS, OpUKETYBaHHS Ta CKJIayBaHHS.

CopryBa/ibHa Criaj
JiHis
r
v
baok > C}-’lllll.rle‘a »| bpurkeryBaHHsA
MoaApioHe HHA KaMepa

Pucynok 1 - TpaguuniiiHa cxemMa TeXH0J10Tii BUPOOHMITBA IPAHYIbOBAHUX
NAJIUB 3 MiCbKUX MO0OYTOBHUX BiIX0diB

Bubip wmetonis yrtwmzamii TIIB 3 BumineHHSIM BTOPUHHOI CHUPOBHMHHU Ta
BUKOPHUCTAHHAM E€HEPreTMYHOTO MOTEHI1aly HOBHX MajJuB MOBUHEH Oa3yBaTHCS Ha
aJICKBaTHUX JIaHUX TMPO iX CKJIAJ 1 OCHOBHI TEIJIOTEXHIYHI XapaKTePUCTUKH (
BOJIOTICTh, 30JIbHICTh 1 TEIJIOTA 3rOPSHHS), 10 MOTPeOy€e BIAMOBIIHUX JOCIHIIKEHb B
npoueci cepTudikallii [uX Majaus.

PosrasiHyta TexHOJOTIYHA cXxeMa nependayae BU3HAYEHHS TEIUIOTEXHIUHUX
XapaKTEPUCTHK MajuBa miciig GakTy HOro BUTOTOBIEHHS. A BpaxOBYHOUM IIMPOKUH 1
3MiHHUK Mopdosoriuauid ckian Buxigaux TTIB, MoxkHa cTBEpaKyBaTH, 110 TEIUIOTA
3TOpPSIHHS TaKUX NanuB Oyae TaKoX 3MIHIOBATHCh B IIMPOKUX MEXKaX, MPUIOMY
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TEIIOTa 3TOPSHHS HE MOYKE KOPEryBaTHUCh (MIABUIIYBATUCH) MPU MOTPEOI.

J5is BUpilIeHHS JaHOi MpoOJIeMH MPOMOHYEThCSl TexHoJorio yrumizamii TIIB 1
BUTOTOBJICHHSI TPaHYJIbOBAHHMX IMajMB 3/1MCHIOBATH 3a CXEMOIO, HABEJACHOIO Ha
puc.2.

CopryBajibHa
JiHinA
Maruitna Baok [losiTpsna CylunabHa 3milyBanbHa
cenapatis noApidHeHHs kaacndikauisn Kamepa KaMmepa

I l '

Ha noairon AHaepo'oHa.u I'oprounii ras Bpuxerypanun
thepmeHTALlIA l
Komrmoct Craan

Puc.2 IlpunuunoBa cxemMa yTuJjisauii TBepAuX No0YyTOBUX BiIX0aiB 3
BHPOOHMUTBOM NAJIMB 3 HaNlepea 3aJaHUMHM TeIIOTeXHIYHUMH
XapaKTepuCTUKAMH

Ha BigmiHy BiJl TeXHOJIOTIT IpUBEIEHOT HA puUC.l, B 3aIpONMOHOBaHIN TEXHOJIOT1i
J0JJaTKOBO BBOAMTHCS 3MIIIyBaJIbHAa KaMepa, /1€ BiAOYBAETHCS 3MIIIYBaHHS BUX1THOT
cymimii TIIB 3 107aTKOBUMHM BHCOKOEHEPIe€THYHUMHU I1HrpafieHTaMu (BiAXOIU
Byrjez0araueHHs, HadrTonepepoOku, Oiomaca, Topd 1 1iH.). ToOTO, TEXHOJOTIs
JI03BOJISIE BUPOOJIATH KOMIO3UTHE MAJUBO 3 HAMEpesa 3aJlaHUMHU TEeTUIOTEXHIYHUMH
XapaKTEepUCTHUKAMHU, TMpU I1OMY TEIUIOTY 3ropsiHHS BuxiaHoi cywimni TIIB
MPOTOHYETHCS AOCTIXKYBATH MICISL KAMEPU CYIIIHHS.

Otpumana iHpopmaIlisi 103BOJISE AHATITUYHO BU3HAYUTH KUIbKICTh HEOOX1THUX
JOJIATKOBUX IHTPAMIEHTIB SIKI MalOTh OUIbIIY €HEPreTUYHY HIUIbHICTh. [Ipu npomy
KUIBKICHI  cIiBBigHOIEHHA Buxigaux TIIB 1  gomaTkoBMX  KOMIIOHEHTIB
MiIOMPAIOTECS HA OCHOBI TOMEPEIHHOTO BU3HAYEHHS IX TEIUIOTH 3TOPSHHS 1
MJIAHOBUX TEIUJIOTEXHIYHUX XapaKTEPUCTUK KIHIIEBOrO MpoaykTy ToOTo Teminory
3TOPSIHHS TPOEKTHOI'O NajJMBa BU3HAYAIOTh SIK CyMy TEIUJIOTH 3TOPSIHHS BIAXOJIB
TIIB 1 nomarkoBui IHrpagi€HTIB 3 iX BaroBUMH Koe(]illleHTaMH, SKI IPOIOPIIIHHI
YacTKaM IMX KOMMOHEHTIB y cywmimi [16,17,18]. Temnory 3ropsiHHS KOXKHOTO 3
JOJAaTKOBUX KOMIIOHEHTIB BH3HaualwTh, a00 3a pe3ylbTaTaMHd  OKpPEMHUX
KAJIOPUMETPUYHUX JTOCHIIKEHb a00 32 JITepaTypHUMU TaHUMH.

MeTo10 aaHOi podOTM € PO3TJIAA PI3HUX METOAMK BHU3HAUCHHS TEIJIOTH
3rOpSIHHS MaJIUB 3 TBEPAMX MOOYTOBHMX BIAXOIB Ta OOrpYHTYBaHHS €()EKTHBHOCTI
KaJIOpUMETPUYHOTO METOY.

Temora 3ropsiHHS, K OCHOBHA XapaKTEPUCTUKA E€HEPTreTUYHOTO TMOTEHITaTy
najauBa, € KUIbKICTIO Teruia (kkai, MJIx), mo BUAUIAETHCS MPH MOBHOMY HOTO
3ropsAHHI Ha OXUHUIO Macu abo o0’emy (lkr; 1m®). g amamisy nammsa i mus
BUKOHAHHS PI3HUX TEIUIOTEXHIYHUX PO3PaXyHKIB BUKOPHUCTOBYIOTh 3HAUEHHS BUIIOT
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1 HUKYOI TEIUIOTH 3ropsiHHsA. Hukya Tensora 3ropsiHHsS BIAPI3HAETHCS BlJ BUIIOL
BUTpaTaMM TEIUIA HAa BUIMIAPOBYBAHHS BOJIOTH (KA MICTUTHCS Yy BHXIJTHOMY MaJIMBI 1
YTBOpEHIH B MPOIIeCi HOTO 3ropsiHHS ).

Busnauennto terotu 3ropsHHs TIIB ta manuB 3 HuUX mpucBsueHo OaraTo
AocaiKeHb. TpaAuiiitHO, TEIJIOTY 3rOpsSHHS MaJMB BU3HAYAIOTh AHATITUYHUM YU
EKCIIEPUMEHTAIbHIUM METOOM.

Cepen BIIOMUX METOIB aHAJIITMYHOTO BU3HAYEHHS TEIUIOTH 3TOPSHHS
[IMPOKOTO TOMIMPEHHST HAOyJIM PO3paxyHKH 3a €JIEeMEHTApHUM CKJIaJOM TOpIOYOi
yacTMHU 1 Oasacty poOoudoi Macu mnanuBa. [{s 1IbOr0 BUKOPUCTOBYIOTH Dsifl
eMIIpUYHUX QOopMyJI, cepell IKUX J0BOJI1 nommpeHoro € gopmyna J.I.Menaeneesa
[4], ika Ma€ BUTIIS;

QP =339,13 - C" +1029,95 - H" — 108,86 (OF - S*) 25,12 - W*, kJlx/kr (1)

a6o Oy =81 - C*" +246 - H* — 26 (O” - S*) — 6 - W', kkan/kr,

ne: CP, HP, OP, SP — enemMeHTapHI CKJIaJ 0Bl TBEPAOrO IMajuBa, BU3HAYEHI B IPOIIEC]
TEXHIYHOTO 1 €JIEMEHTAPHOTO aHali3y, % 1mo maci; WP — BUXiJHa BOJIOTICTh TaJuBa,
%.

[IpakTrka moka3ye, MO0 TOYHICTh PO3PAXYHKY TEIJIOTH 3TOPSIHHS MalMBa IO
eMIipuuyHuM (opMmysiaM, B 3HAYHIA MIpl 3aJIEKUTh BIJl TOYHOCTI BHU3HAYCHHS
€JIEMEHTAPHOI0 CKJIay MajuBa, 110 MOB'I3aHO 3 CKJIAJHICTIO MPOBEACHHS XIMIYHOTO
anamizy. Bignocno TIIB, me TakoXX YCKIQJAHIOETbCS 1 B CHIIy iX IIMPOKOIO Ta
3MIHHOTO MOP(})OJIOTIYHOTO CKIIady.

Pasom 3 Tum, nmaHi neTtanpHOTO JOCHIKEHHS Mopdonoriynoro ckiaaxy TIIB,
MOXYTh OyTH TIOKJIaJeHI B OCHOBY METOAWK BHU3HAYECHHS IX OCHOBHHUX
TEIJIOTEXHIYHUX  XAPAaKTEPUCTUK, HEOOXITHUX JUIsl  OI[IHKM  EHEPreTUYHOTrO
MOTEHITiaTy 1 BUOOPY METO/IB 1X €PEeKTUBHOI yTHIII3AIlli.

3 omHOTO OOKYy, MEpeBarol0 TaKUX METOJUK, € CIPOIICHHS 1 CKOPOYCHHS
€KCIIEPUMEHTAJIbHUX  JOCHI[DKEHb TNpU  OTPUMAHHI  CEpPElHIX  IOKa3HMKIB
TEIUIOTEXHIYHUX  XapaKTepUCTUK  B1AXOAIB  0€3  3acCTOCYBaHHS  BapTICHOIO
BHUCOKOTEXHOJIOTTYHOI'O aHAIITUYHOTO 001aJHAHHS.

3 iHmoro 60Ky, npobdaemMoro npu nocuigxkernHi TIIB, € ckinaaHicTh popMyBaHHS
npo0 peleBaHTHUX peaIbHOMY MOP(]OJIOTIUHOMY CKJIaay, 0 Ma€ BaXKJIMBE 3HAUCHHS
JU1s1 3a0€3MeUEHHSI SIKOCT1 1 TOYHOCTI Pe3yJIbTaTiB JA0CIIKEeHb. BpaxoByrouu Te, 1110
JOCIIKyBaHl MpoOU BIAOMPAIOTHCS 3HAYHO OUIBIIOI Macu, HDK MpooH sKi
BUKOPUCTOBYIOTHCA B JTAOOPATOPHUX METOJAxX, JACII0 3MEHIIYIOThCS 3YCHUJUIS Ta
MOXUOKH MpH iX (OPMyBaHHI.

[ToTpeba y BU3HaUYECHHI OPIEHTOBHUX 3HA4YeHb TerioTu 3ropsiHHs TIIB, B xomi ix
IIPOMUCIIOBOT YTUJII3AIlll, YacTO CTUMYJIIOE€ JO 3aCTOCYBAHHS EKCIIPEC METO/IIB
AQHATITUYHOTO CIPSMYBAaHHS, 3 BHUKOPUCTAHHAM eMHIpUYHUX (OpMyJ, SKi
HIBEJTIOIOTh TPOOJIeMH BUKJIMKaHI MOP(OJOTiYHUM CKJIaJoM BiaxomiB. Tak, psn
METOJMK  BHU3HAYCHHS TEIUIOTH 3TOPSHHS, 0a3ye€Tbcsl HA OCHOBI JIMINE JaHUX
TEXHIYHOrO0 aHai3y (BMICTY BOJIOTH, 30JIM, BUXOAY KOKCY Ta JETKHUX HPOIYKTIB B
nepepaxyHKy Ha roprody Macy naiuaa) [4].

Hampuxknan, B [19] npuBenena gopmyra BU3HauUEHHS HIKYO1 poOOUOi TEIIIOTH
sropsinas T1IB nuie 3a JaHUMU TEXHIYHOTO aHai3y iX BOJIOTOCTI 1 30JbHOCTI.
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Q" =4600 — 4AP- 51,85 WP (2)
ne: Q4P - Hmkua temnora 3ropsaus TIIB Ha pobouy macy, k/x/kr;

AP —3ompHIicTh TIIB Ha pobouy macy, mac.%:;

WP- Bogoricts TIIB, mac.%

Sk mokasye MOpIBHAHHS Pe3yJibTaTiB po3paxyHKiB Temnotu 3ropsuus TIIB mo
dbopmyi (2) 3 TaHUMU HaBeICHUMH B TaONuIl 3, IX 3HAYCHHSI € 3HAYHO 3aHIKCHUMH,
110 MO’KHA BiJTHECTH HA HEJOCTATHIO TOYHICTh BU3HAYEHHS MOP()OJIOTIYHOTO CKIIATy
TIIB 1 HUXKY01 TETIOTU 3TOPSHHS Ha CyXy Macy KOMIIOHEHTIB.

Psan metonuk [16,17,20] nmependavae BU3HAYEHHS TEIIOTH 3TOPSIHHS PI3HUX
KoMno3uTHUX manuB Ta TIIB, Buxoasiun 3 peasbHOro iX MOp(OJIOTIYHOTO CKIIamy.
JIns 11bOTO BUKOPHUCTOBYIOTH JIOBIJIKOBI JaHI CKJIQJOBUX IMX TMajluB, YW JaHl
OTpUMaHl B XOJ1 BJIACHMX JOCHIIXeHb. | 3arampHa ¢opmysia 1100 BU3HAYCHHS
TEIUIOTU 3rOPSHHS TaKuX NainuB, Hanpukiaan TTIB, mae Burmisa:

n p
or =39 2% ©
i1 100
ne: O, - nmxkua temora 3ropsaas TIIB Ha poGouy macy, kJx/kr; Q' - HMK4Ya
TEIUIOTa 3rOpsiHHS Ha poOouy macy i-ro kommnoHeHty TIIB, xI[x/kr; C; - BMICT i-TO
komroHeHty TIIB B 3aransHiit maci TIIB, mac.%.

[Ipu BUIMMIN TIPOCTOTI METOJMKH, TOYHICTh PO3PaXyHKIB, B 3HaUHIM Mipi Oyje
TaKOXX 3aJIe’KaTH BiJl TOBHOTH BU3HAYEHHs peaibHOTro Mopdooriunoro ckiaay TIIB
1 peaJIbHUX XapaKTEPUCTUK IIMX KOMITIOHEHTIB.

JUist crpollleHHs 1 3MEHIIEHHA OO0 €MIB pPO3paxyHKIB psl MeToauk [21]
nepenbavae posauvieHHs Mopdosoriunoro ckmany TIIB Ha KOMIOHEHTHI Tpymnu
(mamip, TEKCTWJb, IUIaCTMAca, METaJl, IHIII HEOPTaHiuYHI MaTepiajii 1 Xap4doBi
BIJIXOM), BU3HAYCHHS iX MAcOBOi JIOJi B 3arajbHid Maci BIIXOAIB Ta iX cepemHix
TEMJIOTEXHIYHUX XapPAKTEPUCTHK.

Hampuknan, B [22] 3ampornoHoBaHa HacTynmHa ¢GopMmysa pO3paxyHKY HIDKYOI
Teriotu 3ropsias TIIB:

QuP = 4,186X[(95F 1os H40F oprt40F i H44F 1o 1) (1 — W/100) — 14W]  (4)

ne: Q. — Hmwxkua Terora 3ropsHHs TIIB Ha pobouy macy, kIK/Kr; Fpop —
3araJbHUNA BMICT IOJIIMEpIB, Mac.%; Fo,r — 3arajJibHUi BMICT OpraHiYHUX BIAXOJIB
(xapuoBuUX 1 POCIMHHHUX), MaC.%; Fya 3aranbHU BMICT Makynatypu, Mac.%; Frep rec-
3arajibHUil BMICT JIEPEBUHM 1 TEKCTUIO, Mac.%; W — 3arajibHa BOJIOTICTh BIJIXO/IB,
Mmac.%.

TakuM 4MHOM 1 B BHIILE PO3IJISHYTIA METOJUIII, TOYHICTh BU3HAUYCHHS TEIJIOTH
sropsiuast TTIB, Takoxx 3anexuTh Big Mopdosiorii BiAXOAIB, iX KOMIIOHEHTHOTO
CKIIamy.

Jlns  crpormieHHs ekcriepuMeHTanbHoro gociimkeHas TIIB B pobori [23]
pPO3IIIIHYTa METOJMKA IHTETPAIBHOTO BU3HAYCHHS CHEPreTUYHOTO TOTEHINATY
3MIIIAHUX TBEPAUX MOOYTOBUX BIAXOJMIB YCEPEAHEHHX 3a CE30HaMHU POKY, MpH iX
BOJIOTOCTI B CTaHI IIOCTaBKM Ta HOBITpAHO—CyXxoMy cTaHi. EkcnepumeHTH
IPOBOAMIIUCH Ha Ja00OpaTOPHOMY CTEH/I, 10 CKJIaay SKOro BXOAMB OJIOK Mojiayi ra3y
JUISL TJICBIYYBaHHA (TIpONaH—OyTaHOBa CyMilll), BOJOIPIMHOIO KOTJIAa MOTYXKHICTIO
12,5«BT (B SKOCTI MNPOTOYHOTO BOJSHOTO KaJOPUMETpa), CHUCTEMH BIJIBOJY
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MPOJYKTIB 3TOPSIHHS Ta KOHTPOJIbHO—BUMIPIOBAJIBLHOTO O0JaAHAHHS.

YcranoBka posirpiBajach Npd  JOMOMO31 Ta30BOi  miacBiTku. [licis
BCTAQHOBJICHHSI BHU3HAUEHOTO TEMIIEPATYpHOrO pEXHMY B TOMII KOTia ras
BIJIKJIFOUYABCS, a B TOIKY I0JlaBajlach BU3HAUCHA HABAXKKA IMajMBa JAJIS CHATIOBAHHS.
IIponec cnamoBanHsa BU3HaueHOI HaBakku TIIB TpuBaB no 3aracanns mpouecy Ta
MTOBHOT'O OXOJIOJIKEHHSI TONKU ( TeMIiepaTypa BOAM tuxix= touxin)-

B xoai gocnimkeHb BUMIPIOBAIMCH BUTPATH Ta TeMIepaTypa BOAM Ha BXOJl 1
BUXOJIl OXOJIOJP)KYBAJIbHOTO KOHTYPY KOTJIA, @ TaKOXK MapaMeTpu rasiB ( BUTpaTH,
TeMIlepaTypa, CKIIaN),l0 BUAAISIOTHCS 3 KOTJIA.

3a OTpUMaHUMU JAaHUMH 1 JIOBIJKOBHUMHU JaHUMHU JIITEpATypHUX JKEpes
MPOBOAMBCST PO3PAXyHOK KUIBKOCTI TEIUIOTH, IO BHUAUIMIACH TIPU 3TOPSIHHI
nociikyBaHoi HaBaxku TIIB. B maniit metonuii, KpiM CKIagHOCTI (OpMYBaHHS
JTOCIIKYBaHUX MPOO pPEIeBAaHTHUX peaTbHOMY MOP(OJIOTIYHOMY CTaHy BUXIJHUX
TIIB, Ha TOYHICTH BU3HAYCHHS TEIJIOTH 3TOPSHHS BUX1THOTO IMAJIMBa 3HAYHHUI BIUINB
MaTh 1 paAnx iHmuUX QakropiB. lle TOYHICT, BHU3HAYEHHS: TEIUIOTH 3TOPSHHS
MiJCBITOYHOTO Ta3y, BUTPAT 1 €JIEMEHTApHOTO CKJIaTy MPOAYKTIB 3TOPSHHS Ta iX
TEMJIOTEXHIYHI XapakTePUCTHUKU, BHUTPAT OXOJIOKYIOUOTO TEIUIOHOCIS 1 #oro
XapaKTEPUCTHK, BTPAT TEIUIOTH B HABKOJMIIHE cepenoBuie 1 iH. Kpim Toro,
TPUBAJICTh MPOBEJICHHS €KCIIEPUMEHTY 3HAYHOIO MIPOIO YCKIIAIHIOE JOCIIKEHHS.

Sk mokaszye mpakTHUKa, BUKOPUCTAHHS PO3TIISIHYTUX METOAWK, B TIM UM 1HIIHN
Mipi, NOTpeOdy€ BUKOPUCTaHHS  KaJOPUMETPUYHOIO  METOAY  BU3HAUEHHS
TEMJIOTEXHIYHUX XapaKTEPUCTUK JOCHIKYBAaHUX NAJIMB 1 HOro KOMIIOHEHTIB, SK
O1IbIII TOUHOT'O METOTY.

[IpoBenenuii aHaii3 MOKa3zye, M0 EKCIEPUMEHTANIbHI MOCTIKEHHS TEIJIOTH
sropsuHss TIIB Ta manuB 3 HHUX, B OUIBIIOCTI BHUIMAJKIB 0a3yrOThCS Ha
KAJIOPUMETPUYHUX METOJAX SIKI perjiaMeHTytoTbes cranaaptom EN15400 [24].

JlaHuii cTaHmapT IMOUIMPIOETHCS HA TBEPJEC MAIMBO 3 MOOYTOBHX BIIXOIIB 1
YCTaHOBJIFOE METO]T BU3HAYECHHS BUIIO1 TETJIOTH 3rOPSHHSA MIPU MOCTIHHOMY 00’ €M1 Ta
cTanaaptHiid temneparypi (25°C) B KaJIOpUMETpUYHINA YCTaHOBII, a TAKOX CIOCIO
PO3paxyHKy HUKYOI TEMJIOTH 3TOPSIHHS TIPH IMOCTIHHOMY THCKY.

3aranpHa CYTHICTH METOAY BH3HAQUCHHSI BHWINOI TETUIOTH 3TOPSHHSA TIPH
MOCTIHHOMY 00’€Mi, MOJSTae B MOBHOMY 3TOpPSHHI HABaKKH TBEPJOro MajiuBa B
atmocdepi crucHeHoro kucHio (3+0,2) MIla, B repMeTHYHO 3aKpUTI MeETaJeBiid
MOCY/IMHI - KaJOPUMETPHUUYHIN O0MO1 1 peecTparlii BUAIIECHOT TEIUIOTH. s 1mbporo
BUKOPUCTOBYIOTHh  pI3HI THUIOM AaBTOMAaTH30BAaHUX BOJSHUX ab0 Oe3BOAHMUX
KaJOPUMETPIB, CEpea SIKUX, B OCTAaHHI POKH, IIMPOKOTO 3acTOCYBaHHs HaOymu
OOMOOBI KaJIOPUMETPU TEIUIOBOTO MOTOKY a00 KOHIAYKTHUBHI KalopuMeTpH [25], sKi
J03BOJISIIOTH CITPOCTHUTH 1 MMPUIIBUAIIATH MPOIICAYPY BUMIPIOBAHHS.

Tak B ITT® HAH VYkpainu BOpoJoBXK psly pOKiB pO3pOOIISIIOTECS KOHTYKTHUBHI
kamopumerpu Mapku KTC, sxi mnoOymoBani Ha 0a3l  TEpPMOEIEKTPUUHUX
NIEPETBOPIOBAYIB TETIOBOTO MOTOKY [26]. KamopumeTp 103B0OJIsIE BUMIPIOBATH BUIILY
TEIJIOTY 3rOPSHHS PIIKUX Ta TBEPAUX MAJIHB.

Ha puc. 3 mpencraBieHo BUMIpIOBAIBHUI KOMIUIEKC, Ha 0a3i OOMOOBOTO
AHEPOITHOTO 130MepiOOIIYHOTO KAJOpUMETpa TEIJIOBOTO MOTOKY, /10 CKJIaay SIKOTO
BXOJIATh: TeIIoBUH 050k (1), eneKTpoHHO — oOuucaoBabHMM 010K (2), 1Bi
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yHiBepcalibH1 KajopuMeTpuuni 6omou BKY — 2 (3), mincraBka ais 6om6 (4) Ta mipec
st BUTOTOBJICHHS TIpo0 (5). s TepmoctartyBaHHsS TersioBoro Oyioky (1), momo
CTaHJAPTHUX YMOB MPOBEIEHHS JOCIIKEeHb (Temneparypa 25°C), Horo po3MimyoTh
B XOJIOAMJIbHIN KaMepi.

OcHoBHi TexHivHi xapakrepuctuku KTC — 4:

- liara3o0H BUMIipIOBaHHs KiabKocTi Teroty 10...40 xJIx;

- TPaHMII JOIyCTUMOI OCHOBHOI BiTHOCHOT moxuoOku = 0,1%);

- 4yac MiArOTOBKH J0 BUMIPIOBaHb, HE Oubiie 1,5 ro.;

- yac POBEICHHs BUMipioBadb 0,5 roj.

Pucynok 3 - BumiproBajibHMii KOMILIEKC VISl BUBHAYEHHS TEIJIOTH 3rOPSTHHS
MAaJIUB.

Meroauka BU3HAYE€HHS BUILOI TETJIOTH 3ropsitHHS TIIB yu nmanmuB 3 HUX, TIpU
BUKOPHCTaHHI JAHOTO BUMIPIOBAIBLHOTO KOMILUIEKCY, MOJISITA€ B HACTYITHOMY:

1. JIna mpoBeneHHsT KajopuMeTpuuHux nociimkens TIIB HeoOxigHO, B mepiry
4yepry, IpoBeCTH BiJI0Ip Mpo0 MmajivBa, MO periaMeHTyeTbea ctanaaprom EN15442
[27]. CknagHicTh IIl€1 TPOLEAYPU BU3HAYAETHCS HIMPOKUM MOP(OIOTIYHUM 1
(dpakimiifHIM CKJIaJ0M BIAXOMIB, PI3HOIO iX BOJIOTICTIO Ta 30JbHICTIO. /{7151 1150TO 13
BuOpanoi maprtii manuBa 3 TIIB BigOuparoThbcst TOUKOBI MpoOU (MiHIMAIBHE YHCIIO
TOYKOBHUX MPOO — 24), [K1 TpH 3MilTyBaHH1 GOpMYIOTh 00'€1Hany ipo0y. MiHIMalIbHI
PO3MIpH TOYKOBHX Ta 00’€IHAHOI MPOO BU3HAYAIOTHCSA B 3aJIEKHOCTI Bl pPO3MIPIB
YaCTUHOK MajiBa, HACUIIHOT TYCTUHH Ta PO3MIPIB 00 €KTY, 3 SIKOTO BIIOMPAETHCS
npo6a. ITicas moapiOHEHHS 1 TOMOTreHi3allii 3 YacTHHU 00€IHaHO1 TPOOH BU3HAYAIOTH
Bostoricts (EN15414) [28] ta 30mpHIcTh (EN15403) [29] BUXinHOTO manuBa, B CTaHi
MTOCTaBKH.

I3 1HmIOT yacTuHu 00'eaHAHOT MPOOH, NUIAXOM ii CKOPOYEHHS, MOJAPIOHEHHS,
rOMOT€Hi3allli 1 KOHACHIIIF0BaHHS (opMyeThes tabopaTopHa npoda (EN15443) [30],
JUISL TIOJIAIBIITNX JTOCTIKEHB (BOJIOTOCT1, 30JIbHOCTI, TEIJIOTH 3ropsiHHs). CraHmapT
BU3HAYa€ TOCIIIOBHICT, TPOBEACHHS omepaliii oOpoOku mpodu (1€ CyKYIHICTh
MPOLIECIB CKOPOUYEHHS Macu MpoOu, MoApiOHEeHHA 1 1i po3auieHHs ). Metoro
MIATOTOBKY TIPOOH € Ti CKOPOUCHHS 10 OJIHI€T Un OLIbITe JOCTIKYBAaHUX YaCTHH, SKi
MEePEBAKHO MEHIIT, HI’K BHXiJ{HA MP00Oa. AJie TOJIOBHUIM MPUHIIUI CKOPOUEHHS MPOOH
MOJISITa€ B TOMY, 1110 CKJIaJ] BIIOpaHOi mpoOu He MOXe OyTH 3MIHEHUN Y X0l KOXKHOI
HACTYIHOI CTaail MpoOOMiATOTOBKHY 1 KOXKHA CKOpoUueHa mpobda Mae XapaKTepru3yBaTH
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BUXIJHY NpoOy. Jisi JOCATHEHHS 1€l METH KOXHA YacTKa MpoOM MOBMHHA MaTH
piBHY WMOBIPHICTh MOTPANUTH A0 YAaCTUHU NpoOH, M0 30epiraerbcs 1 MIiCH
3MEHIICHHS] Macu T dYac ckopoueHHs. [loapiOHeHHS TpoOM TPOBOIATH 3a
JOTIOMOTOI0 PI3HUX THUIIIB MIIMHIB Ta JpOoOapOK, a 3MEHIICHHS MPOOH 3a J0MOMOTOI0
NPUCTPOIB - AUIBHUKIB a00 BpydHy, MeTon0oM kBapTyBaHHsA. CdopmoBana mpobda
MOBUHHA MPOWTH KOHAMIIIFOBaHHS B 1a00paTOPHUX YMOBaX, TOOTO MPOUTH BUTPUMKY
y TOHKOMY IIapi BOPOJOBXK JBOX Ai0 IO TOCATHEHHS PIBHOBAXXHOI MOBITPSIHO-CYXO1
BOJIOTOCTI.

2. Ilpu nonanpioMy po3AUIEHHI, TOMOT€HI3allli, a Ipu MOTpeOd1 1 J0JaTKOBOMY
noApiOHeHH1 J1abopaTOpHOi MpoOH, HOPMYETHCS aHATITUYHA MTPoOa JAJIsI TTOAATBIITNX
nociikensb. [Ipu 1boMy, A7 OTpUMaHHSI PENIEBAHTHOTO PE3yJIbTaTy BHUMipIOBAaHb
HEOOX1THO 3a0€3MEeUUTH BJIACTHBOCTI KOXKHOI JIOCHIIHOI HaBa)KKW TaKHUMHM, IO
BIIMOBIZIAIOTh YCEPEHEHUM 3HAUYEHHSIM BUXITHOro mnanuBa. [liaroroBka mnpoOu
MPOBOUTHCA 3T1IHO cTanaapty EN 15413:2011 [31].

Meronvka BH3HAYEHHS  BOJIOTOCTI  TOJIATa€ 'y  3BaXKyBaHHI  3paska
JOCIIKYBAaHOTO Marepiaidy, CymiiHHI Horo mpu temmeparypi (105 £2)°C mo
MOCTIMHOT Macu Ta 3Ba)KyBaHHI CyXOro 3pa3ka. 3a 3HalJIeHUMH MacaMH BOJIOTOTO Ta
abCOJIIOTHO CYXOTo 3pa3Ka BU3HAYalOTh BIIHOCHY BOJIOTICTh. PO3paxyHOK BOJIOrOCTI
W npoBoasaTs 3a hopmyioro:

m
W="1100 (5)
m
m;j —3MiHa MaACHU HaBaXKHU 3pa31<a Hi,II qgac CyuIiHHH; m — I104aTKOBaA MAdCa HABaAXKHU

3pasKa.

[TapanensHO TPOBOAATH BUMIPIOBAaHHS HE MEHIIE HDK Ha JBOX HaBaXKKax
3pa3Ka, a 3a pe3yJbTaT NPUHMAETHCS CEPEIHE IBOX BUMIPIOBAHb.

30bHICTh 3pa3Kka BHU3HAYAETHCS METOAOM MOBUIHHOTO O30JICHHS HaBaXKU
3pa3Ka HUIIXOM HarpiBy MOro B THTesl y MyQelbHil eyl Ha npotasi 60 XBUJIMH, Bij
kiMHaTHOI Temmeparypu a0 500°C, Butpumill Ha miid Temmeparypi mpotsirom 60
XBWJIMH, a OTIM HarpiBy A0 (815 +10)°C i BuTpumui npu LIl TEMOEPATypi NPOTATOM
120 xBwmmH. Ilicns 1pOTO THTI BUUMAIOTH 3 T€Yi, OXOJO/KYIOTh 5 XBUJIMH Ha
KepaMiyHiil abo MeTaneBiil MiACTaBlIl, a MOTIM Y 3aKPUTOMY €KCHKATOP1 10 KIMHATHOT
TeMIIepaTypH Ta 3BaXKYIOTb.

Po3paxyHOK 30JIbHOCTI aHATITUYHOT TPOOU MPOBOATH 32 (OPMYJIOIO:
m, —m,

Z, =100 (0)

m, —m,
7e: m; — Maca THUTJIS; m, — Maca TUTIIS 3 HAaBAXKKOIO; 713 — Maca TUTJIS 3 30JI010.
[TapanenpbHO TPOBOASATH BUMIPIOBAHHS HE MEHIIE HDK Ha JBOX HaBaXKax
3paska, a 3a pe3yJbTaT MPUIMAETHCS CepeIHE 3HAUCHHSI BUMIPIOBaHb. 30JbHICTh TIPH
JOBLIIBHIN poOoUiii BosiorocTi WP Bu3HavaeThes 3a (HOpMyIIoL0:
o _ o 100" 7
100-w*
Jl7iss BU3HAYEHHS BOJIOTOCTI Ta 30JBHOCTI 3pa3KiB BUKOPHUCTOBYBAIMCS Baru
aHaJIITUYHI JTaOOpaTOPHI 3 MEXOI0 JOMyCcTUMOI moxubku +0,1Mr (Hampukias, Baru
A500 dbipmu AXIS), mada cymmibHa gaboparopHa (Hanpukiag, CHOJI -3,5) Ta miu

My(enbHa.
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3. Bu3HaueHHs TEIMJIOTU 3rOPSHHS MPOBOJUTHCSA 32 METOJIUKOI, HABEJEHOIO B
EN 15400:2011 [2], nnst 9oro 3 aHAMITHYHOT TTpoOu (OPMYETHCS TOCTIAHA HABAXKKA.
OTpumaHHSI TaKOl HaBAXKU JOCITAETHCA B MPOIECT HU3KU TMOCIIIOBHUX, PETEIHHO
MPOBEICHUX omepaniil (romMoreHisamii, po3AUICHHS, MOAPIOHEHHS, 3MIIIyBaHHS 1
nineHHs npoou). CKIaaHICTh OTPUMAHHS TaKoi MPECTaBHUIIBKOT TOCITHOT HABaKKH
noyisirae 1 B TOMY, IO Uil  KAJIOPUMETPUYHOTO JOCTIDKEHHS BOHA TOBHHHA
ctaHoBUTH B Mexkax (1,0 +£0,1) r.

3pa3ku HACUITHUX PEUYOBHH OPHKETYIOTh 3a JOMOMOTOI0 TEXHOJIOT1YHOTO
oOnagHaHHsA, a00 BUKOPUCTOBYIOTH, HAIPUKJIIAJ, MAalepoBY YIAKOBKY 3 B1JIOMOIO
TEIJIOTO0 3rOPsIHHSA. 3BaXKYIOTh OKPEMO YIIaKOBKY 1 CreliadbHUM 3ananbHUi IpiT, a
TaKOX 3pa30K B KOMILJIEKCI.

Jlnis 3BakyBaHHS mMpoOW 3pa3ka, 3amajibHOTO JAPOTY,YIIaKOBKH BAarol MEHIIE
0,5T BUKOpUCTOBYIOTh Baru aHaJIITH4HI J1a00OPaTOPHi 3 MEXKOIO T0IyCTUMOI TOXUOKH
+0,01mr.

4. Ha mouatky B 00MOy 100aBisilOTh BU3HAUCHUN 00'eM (3 po3paxyHKy 3T Ha
1am® BHYTpimHBEOrO 00'eMy GOMOM) AMCTHILOBAHOI BOIY, 100 IIE IO CIATIOBAHHS
CTBOPUTH Ta30By aTmocdepy, HacHueHy BOAsSHUMH napamu. lle crnpuse moBHIN
KOHJICHCAIIl1 BOJU, SIKa YTBOPIOETHCS 3 BOJHIO 1 BOJIOTH MpoOM 3paska (pigka dasa
MPOJIYKTIB 3TOPSHHSA).

3pa3ok, 3 APOTOM 3amaily, po3MIIIyIOTh Y TUIJI KAJIOPUMETPUUIHOI OOMOU, SIKY
3aMOBHIOIOTh KHUCHeM T Tuckom (3,0+0,2) MIla. bomOy yCTaHOBIIOIOTH B
kasnopumetp. Ilicis BCTaHOBIEHHS HEOOXIAHOTO TEIJIOBOIO PEXUMY 3pa3oK
JTOCHI)KYBAHOTO MajvBa MIANATIOITh 1 BUMIPIOIOTh KUIBKICTh TEIUIOTH, IO
BUJIUISAETHCS MPHU 3ropsHHI. B KiHLI J0CIily TpOBOJSATH aHaAi3 MOBHOTH 3rOPSHHS 1
3BXYIOTh 3aJIMIIKH 3aMajbHOTO JPOTY. 3TiTHO CTAaHAAPTY MPOBOISATH MIOHAWMEHIIIE
7Ba JOCTIAM BUMIPIOBAHHS TETUIOTH 3TOPSHHS 1 pe3ylbTaT BU3HAYAIOTH K CEPETHE
3HadyeHHA. [IpoTe mpu BU3HAYCHHI TEIJIOTH 3TOPSHHS, BHACIIJIOK HEOIHOPITHOCTI
mpo0, MOXE CIOCTepiraTucs 3HayHa pO301KHICTH pe3yJbTaTIiB JOCTIAIB, IO
MIEPEBUIILY€ 3aIaHUM PIBEHbD.

[TpakTrnunuit JIOCBI JIOCIIIKEHD TEIUIOTEXHIYHUX XapaKTEPUCTHUK
KOMITO3UTHHX TamuB [16,17,18] moka3as, mo OgHUM 3 JIEBHX CIIOCOOIB IiIBHIICHHS
TOYHOCTI BUMIPIOBAaHb 1 3MEHIIIEHHS IMOXUOKH JOCITIKEHHS € 301IbIICHHS KIIBKOCTI
BUMIPIOBaHb, a 3HAYEHHS BUIIOI TEIJIOTH 3TOPSIHHS BHU3HAYaTH 32 CEPEIHIM
3HAYEHHSAM BHUMIpPIOBaHb. AHAJIOTIYHHMI CHOCIO MPOMOHYETHCS 1 JJI1 BU3HAYEHHS
TEIJIOTH 3TOPSIHHS TBEPAUX MOOYTOBUX BIIXO/IIB.

5. IluToma TeryioTa 3ropsiHHS aHATITUYHOT TpoOu B 60MO1 (s pO3PaXOBYETHCS 32
dhopmyioro (8), 3 BpaxyBaHHSM BUIJICHHS TEIJIa MPU 3ropsiIHHI YaCTHUHU 3alajbHOTO
JIPOTY 1 YITaKOBKHU:

46 = [Qu— qup(mi- m2) — qyn Myy] /My (8)

ne: Qn— BUMIpsiHA TEIJIOTA 3rOPSHHA NpoOH nanusa , Jx;
Qup = 2510 Jx/T — muTOMa TemsoTa 3ropsHHS 3alaJIbHOTO JPOTY;
m;, My — Macu 3anajibHOTO APOTY A0 Ta MICIs 3TOPSHHS;
qQyn = 15627 Jx/r — nuTOMa TeIoTa 3ropsiHHS MarepoBoi yIaKOBKH;
my,; — Maca yIakOBKH 3 Marepy; My, —Maca 3pa3Ka IaJIuBa.
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Ha mincraBi mpoBeneHMX BHUMNPOOYBaHb 1 PO3PAaXyHKIB TEIUIOTH 3TOPSHHS
aHaJIITUYHOI MpoOM manuBa B OOMO1, MPOBOIATHCA PO3PAXYHKH BHILNOI 1 HUXKUYOT
aHaJIITUYHOI, CyXoi 1 pobo4oi mpoOu 13 BpaxyBaHHSAM IONPABOK HAa CTBOPEHHS Ta
PO3UYMHEHHS a30THOT KUCJIOTH, SIKa BU3HAUYEHA MIPH IPaJylOBaHHI KaJOpUMETpA.

KpiMm TOro, mpu po3paxyHKax BHILOI TEIUIOTH 3TOPSHHS BBOJAATH TaKOXK
MOMPaBKy Ha TEIUIOTY YTBOPEHHS BOJHOTO PO3YMHY CIPYAHOI KUCIOTH 3 JIOKCUIY
CIPKH 1 piJIKOi BOJM.

Buma Teruiota 3ropsHHS aHaNITHYHOI MPOOM 3 BpaxyBaHHSM TIONMPABOK Ha
CTBOPEHHS Ta PO3UMHEHHS KUCIIOT PO3PAXOBYETHCS 32 POPMYIIOH0:

9’ = qs— (94-S+a.-qe) (K Ix/KT), 9)
e 94 — koe(ili€eHT, 110 BPaxOBYe€ TEIUIOTY YTBOPEHHS CIPUYaHOT KUCIOTH 3 A1I0KCHIY
CIPKM Ta PO3YMHEHHS CIpYaHOI KUCIOTHU y BOJII Ha 1% cipku, 1o mepeinuia npu
3rOpsIHHI NAJIMBA B CipYaHy KUCIOTY, KJXK/KT;

S — MacoBa 7107151 CIpKU B MajiuBi, %;

0qs — TMOIMpaBKa, II0 BPAaXOBY€ TEIUIOTY YTBOPEHHS Ta PO3UYMHEHHS Y BOJI
A30THOI KUCJIOTH, MPUUHSATO aqs= 29 KJK/KT.

Bwmict cipku B aHalmiTUUHIN po01 po3paxoBYy€ETHCS 32 (OPMYJIIOO:
_100—W* (10)

100

Bwmicr cipku S° Ha cyxy Macy NpuiMaroTh BUXOJSYH 3 JaHUX BUMIPIOBaHb a00
TEXHIYHOI JIITepaTypH.

Huxda TenioTa 3ropssHHS aHaTITHYHOI TPOOU pO3paxoBYeThes 32 HOPMYIIOLO :

S=S

Gy =qp —24,42(8,94H" + W* )(koc / ke) (11)
B a0conroTHO CyXOMY CTaH1 BUIIA TEIUIOTA 3TOPSIHHS CKIIAJIAE:
100
C =gt ————— 12
9z =43 100—W° ( )
B a0conroTHO CyXOMY CTaHI HIKYa TEIJIOTa 3TOPSHHS CKIIAJIAE:
qr =q5 —24,42%x8,94H (/o / ke) (13)
[Ipu noBimpHIA poOouili Bosiorocti WP, po3paxyHKH TIPOBOISATHCS 32
dbopmynamu:
- BUIIIA TETUIOTA 3TOPSIHHS:
_100—w'”
a5 =qy — —— (kJx/Kr) (14)
100
- BMICT BOJHIO:
g = pge 00" (15)
100
- HWKYa TETI0Ta 3rOPSTHHS:
gl =ql —24,42(894H" + W) (kJIK/KT) (16)

3HaueHHS BMICTY BOJHIO, CIpKM Ta a30Ty IS BHU3HAUEHHS TIOMPABOK MPHU
0o0poOIIi eKCTIepUMEHTAILHUX JAaHUX, BUKOPHCTOBYIOTHCS PE3YJIbTaTH OKPEMHUX
BUMIpIOBaHb a00 JaH1 TEXHIYHOI JiiTepaTypu. Pe3ynbratu BUMiproBaHb 0(OPMITIOIOTh
y BUIJISIII MPOTOKOIY 13 3a3HAYEHHSM BCIX BIJOMHUX MapaMmeTpiB JOCIIIKEHOTO
3pa3Kka MajauBa.
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BucnoBkn.

3anpornoHoBaHa METOAMKA KOHTPOJIO TEINIOTEXHIYHUX XapaKTEPUCTUK IMaUB 3
TIIB mpu BuUpOOHHMLTBI mepen iX NpecyBaHHSAM, IO3BOJUTh OTPUMATH KIHLIEBUN
OpPOAYyKT 3  OUIBII ~ BUCOKMMH  Hamepel  3aJlaHUMH  TETUIOTEXHIYHHMH
XapaKTepUCTHUKaMH, 10 3HA4YHO MiABUIIUTH edekTuBHIicTh yTuimizaumii TIIB 1
BUKOPHUCTAHHSA iX €HEPreTUYHOT0 MOTEHIaTy JIJIsl TeHepallii eHeprii.

JUis miIBUIIEHHS] TOYHOCTI BU3HAUEHHS 3HaY€Hb TETUIOTH 3rOPSIHHS MaJliBa MpU
KAIOPUMETPUYHUX  JIOCHIJKEHHSIX, HEOOXIIHO pPEeTeIbHO MPOBOJUTU IPOIIEC
dbopMyBaHHS JOCHIJHOI HABAXKH, 10 BKJIKOYAE: MPEACTaBHUIBKUA BIIOIp,
MoApIOHEHHA Ta TMEepeMilllyBaHHS Y KUIbKa CTajlid, 3MEHIIeHHS o0cAry Ta
KOHJIMIIIIOBAaHHS. Y pa3i po301KHOCTI pe3yJbTaTiB JBOX JOCHIAIB BU3HAYCHHS
TETUIOTH 3TOPSHHS Ha JIEKUIbKA BIJCOTKIB PEKOMEHIY€EThCS TPOBOAUTH S...7 TOCTIIIB
1 BU3HAYATH TEIUIOTY 3rOPSHHS SIK CepeIHbOapU(PMETUUHE 3HAYEHHSI BUMIPIOBAaHb, Ta
PO3paxoByBaTH CEPEAHHOKBAPATHYHE BIIXUJICHHS SIK OI[IHKY HEOJIHOP1IHOCTI.
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Abstract. The issues of disposal of solid municipal waste with the production of new fuels
based on them are considered, and the technology of their production with predetermined heat-
technical characteristics, in particular, their heat of combustion, is proposed. An analysis of the
existing methods of determining the heat of combustion of fuel from solid waste, their advantages
and disadvantages was carried out. The calorimetric method is considered the most accurate
among them. It is shown that the accuracy of determining the heat of combustion of solid waste by
the calorimetric method largely depends on the formation of a representative test weight in
accordance with the morphological composition of the original waste. The paper considers the
possibility of using bomb conductive calorimeters to determine the heat of combustion of solid
waste and suggests a way to increase the reliability of such studies.

Key words: solid municipal waste, morphological composition of waste, combustion heat of
fuels, investigated specimen, calorimetry.
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Y KO2eHepayitiHux eHep2oyCmano8Kax 3 BUKOPUCMAHHAM 800HIO, KUCHIO,
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FOR BALANCED ELECTRICITY SUPPLY
BUKOPUCTAHHSA EJIEKTPUYHUX MEPEK 3 PO3IIOAIVIEHOIO TEHEPALIIEIO
JIJIS1 3BAJIAHCOBAHOTI'O TIOCTAYAHHS EJIEKTPOEHEPT 1T
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Anomauia. [[a cmamms npucesuena 00CIIONCEHHIO MA AHANI3Y BUKOPUCMAHHS eIeKMPULHUX
mepedxic 3 pO3noOIIEHOI 2eHepayieto 0l 30A1aHCO8AH020 NOCMAaYants elekmpoenepeii. OCHO8HO
Memoro cmammi €p032.71}l() nepeeac I 8uK.11uKi8, noes's13anux 3i 3mMiHamu Y eNEeEKMPUHYHUX Mepedcax ma
iHmezpayieio 8iOHOGII0BAHUX ddicepen eHepeii. Takooic y cmammi 6yOymob po3ensaHymi cmpamezii
ma mexHonolii, wWo 00360JAI0Mb ONMUMAILHO YAPAGIAMU  PO3NOOLIEHOK  2eHePayier,
3616831161!)/}0111/{ cmabinbre ma cmilke noCmayanHs eﬂekmpoeHepzii'.

Knrowuosi cnosa: enekmpuuni mepedxci, po3nodinena eenepayis, 30a1aHCO8aHe NOCMAYAHHS
eleKkmpoeHepeii, BIOHOGNI0BAHI  Odicepena eHepeii, YeHMpAani308aHi Mepedici, eHepeemuyHa
CMIUKICM®b.

Berym.

B cyudacHOMYy CBITI 3pOCTalOTh BUMOTH JI0 CTAOUTHHOTO Ta CTIMKOTO MOCTAYaHHS
CJIEKTPOCHEPTii, a TAaKOX J0 3MCHIICHHS HETaTUBHOTO BIUIMBY Ha HABKOJHUIITHE
cepeloBHILE. 3 LIEI0 METOI BCE OUIbIIY MOMYJISPHICTh HAOyBaIOTh EIEKTPUYHI
MepexXi 3 PO3MOAUICHOI0 TeHEepaIli€lo, siKi TOETHYIOTh B cO01 BiHOBIIIOBAHI JKepesa
eHeprii, epekTUBHE YNpaBIiHHS Ta IHHOBaIliHI TexHoJorii. [i Mepexi BIIKpUBAIOTh
HOB1 TMEPCIEKTUBHU JJis 3a0e3MeueHHs] 30aJaHCOBAHOTO Ta EKOJOTIYHO YHCTOTO
MOCTa4YaHHS €JIEKTPOEHEPTi.

Meta podoru. JlocmipkeHHST Ta aHali3 BUKOPUCTAHHS €JIEKTPUUHUX MEPEX 3
PO3MOJIJICHOI0 TIeHepallielo s 3a0e3nedeHHs 30ajlaHCOBAHOTO TOCTavYaHHs
enexkTpoeHeprii. Pobota chnpsiMoBaHa Ha BHBYEHHS OCOOJMBOCTEH IIUX MEPEX,
BUKJIMKIB, 3 SIKUMH BOHU CTUKAIOThCS, Ta TIEpeBar, siki BOHU MOXYTh IPUHECTH.

OcHOBHA YacTUHA.

Enexkmpuuni mepeoici 3 po3nooiieHoro 2eHepauyicro.

Enextpuuni Mepesxi 3 po3MoIiJIeHOI0 T'eHEPAIle€r0 MPEACTaBISIIOTh CO00I0 HOBHI
MIIX1A 10 TOCTayaHHS eJEKTPOeHeprii, sKuil 0a3yeTbcs Ha BHKOPUCTAHHI
JEIEHTPANII30BaHUX JIKEPENT €HEprii, TaKuX SK COHSYHA, BITpOBa abO TipOEHEepPTis
[1]. V TpagumiiHUX [EHTPATI30BaHUX MEpekKax EJICKTPOCHEPTiss TI'eHEePYEThCs
BEJIMKUMH €JICKTPOCTAaHUISAMH Ta MEPEJAEThCsl Yepe3 BEIMKI BIJCTAaHI 10 KIHIIEBUX
cnokuBauiB. OHaK, e MiAX1J1 4aCTO CYNPOBOKYEThCA BTpAaTaMU €HEPril Mij Jac
nepeayl Ta 3aJICKHICTIO Bl BUKOITHUX MaJIHB.

EnexTpuuHi Mepexi 3 pO3MOAUICHOIO T€HEpall€l0 MPOMOHYIOTh PO3MIILLYBAaTH
JoKepena BHUPOOHHUIITBA €HEpPrii OJMkde J0 MICI CHOXKHMBaHHS (pUCYyHOK 1).
Hanpukman, coHs4HI maHed MOXYTh OyTH BCTAHOBJICHI Ha Jaxax OyAMHKIB, a
BITpOBI TypOiHM - Ha maropOax abo y3moBxk y30iu Benukux nopir. Lle mo3Bosse
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3HU3UTU BTPATU EHEPrii, OCKUIbKH EJIEKTPOEHEprisi BUPOOISETbCA TaM, 1€ BOHA
BUKOPUCTOBYETHCA [3].

Pucynok 1 — 3arajibHuii MaKeT eJIeKTPUYHOI Mepe:Ki 3 po3M0AiIeHOI0
reHepaui€ero

OnHiero 3 0COOMUBOCTEM EEKTPUYHUX MEPEXK 3 PO3IMOJIJICHOI0 T'eHEepalli€l €
MOXJIMBICTh BUKOPUCTAHHS PI3HUX JDKepen eHeprii B komOiHamii. Hampukian,
COHSIYHA EHEPris Mo)Ke OYTH BHUKOpPHUCTaHA MPOTITOM COHSYHOTO JHS, TOMIl SK
BITpOBa €HEpris Mo)ke 3a0e3MeuyBaT MOCTavyaHHs €JIEKTPOSHEPrii y BeUipHi rOJuHU
a00 B IepioM HETOCTAaTHHLOTO COHSIYHOTO BUIPOMiHIOBaHHS. Take MmoeTHaHHS Pi3HUX
JOKEPEIT JI03BOJISIE 3a0€3MeYUTH OUTBIT CcTablIbHE TOCTaYaHHs eJIeKTpoeHeprii [2].

[Ipu po3risal eNeKTPUYHUX MEPEX 3 PO3MOAUICHOI0 TEHEPAIIEI0 BaXKIMBO
BpPaxoOBYBaTH 1HTETPAIlil0 3 TPATUIINHUMH IIEHTPATi30BaHUMH Mepekamu. [le moxe
BKJIFOYATH BHUKOPUCTAHHA CHUCTEMHU JIBOCTOPOHHBOTO JIYWJIBHUKA, SKa JIO3BOJISIE
OOMIHIOBATHUCH EJICKTPOCHEPTIEI0 MIXK JKEpPEIaMi BUPOOHHIITBA Ta CIIOKUBAYaMHU, a
TaKOXX BIPOBA/KEHHS CHCTEM YIPABIIHHS Ta MOHITOPUHTY, IO 3a0€3MedyrOTh
KOOPJIMHALIIIO MK PI3HUMHU YaCTHHAMU Mepexi [2,3].

Buxnuku i nepeeazu uKoOpucmanHa ej1eKmpuiuHux mepexc 3 po3nooiieHoro
2enepauieio.

OnuH 3 BUKJIMKIB TIOJISITAE y 3a0€3MeueHH] 30a1aHCOBAHOCTI M1 BUPOOHUIITBOM
Ta CIIOKMBAHHSAM €JICKTPOCHEPTi.

3 MIHJIMBICTIO BUPOOHUIITBA BIIHOBIIIOBAHUX JIXKEPEIT EHEPT1i, TAKUX SIK COHSTYHA
Ta BITpOBa €HEPris, BHUHHUKA€E MOTpeda B pO3poOIl CTpaTerii ynpaBiiHHS, SK1
JI03BOJISITH MIATPUMYBATH CTAOUTbHE TIOCTAYaHHS €JIEKTPOCHEPTii 10 CIOXKMUBaviB. 3a
YMOBH 3MiHU MOTOJHUX YMOB 200 1HIIKX (DaKTOPIB, 110 BIUITMBAIOTh Ha BUPOOHUIITBO
€Heprii 3 BIJHOBIIOBAHUX JDKEpPETI, MOXKE 3MIHIOBATHCh 1 KUIBKICTh JIOCTYIHOI
enektpoeHeprii. lle Moke mnpu3BeCTH 10 HEIOCTATHHROTO ab0 HAJIUIIKOBOIO
MOCTayaHHs €JICKTPOeHeprii [4].

OnTuManbHe YNPaBIiHHA  EIEKTPUYHUMHU MEPEKaMH 3 PO3MOALICHOIO
reHepalli€l0 BUMarae po3poOKH ajJropUTMIB Ta CTpaTeriid, ski 3a0e3mnedars OajaHc
MK BHPOOHHUIITBOM Ta CIOXHMBAHHIM elekTpoeHeprii. Hampukman, mMoxyTs OyTH
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PO3p0O0JICH]I aNrOpUTMH Tiepefadl JaHUX MpO OYlIKyBaHEe BUPOOHHIITBO €HEPrii Bijl
BIIHOBITIOBAaHMX  JDKEpeN Ta  TPOTHO3  CIOXHUBaHHA, 100  3abe3medyuTH
30aJ1aHCOBAHICTh Y peallbHOMY Yaci.

He3zane)xHo Bi BUKJIMKIB, BAKOPUCTAHHS €JICKTPUUYHUX MEPEXK 3 PO3MOALICHOIO
reHepalli€lo TakoXK Mae Kijbka rnepesar. llepin 3a Bce, e 3HMKYE 3aJE€KHICTh Bij
BUKOIHUX TAJMB, TaK $K BIJHOBIIOBaHI JDKEpesna eHeprii € Oe3mepepBHO
JOCTYITHUMHU Ta HeoOMekeHnMH. KpiM TOTro, BUKOPUCTaHHS PO3IMOAIICHOI TeHepalii
J0TIOMara€e 3MEHITUTH BUKHJIWA TAPHUKOBUX Ta3iB, OCKUIBKM BOHH MarOTh 3HAYHO
MEHIIMH BIUIMB HAa HABKOJUIIHE CEPEIOBUINE TIOPIBHSIHO 3 TPaaUIIHHUMH
€JIEeKTPOCTAHLISIMU Ha BUKONMHUX nanuBax. KpiM TOro, po3mnojijieHi TeHepaliiiHi
CUCTEMH MOXYTh MIJIBUILIUTA CTIHKICTh EJIEKTPUYHUX MEPEkK, OCKUIbKM BOHH
PO3MO/IITIEH] Ta MEHIII Bpa3JuBi 10 BiAMOB [2,5].

Onmumanvne ynpaeuiHHA eNeKMPUYHUMU MeEPeHcamMu 3 pPO3N0OLIEeHO10
2eHepauicro.

Ochb KiJIbKa KITIOUYOBUX €JIEMEHTIB, SIK1 PO3TJISIHYTI B IbOMY ITYHKTI:

1. TlporHo3yBaHHs CHOXXMBaHHS Ta BHUPOOHUIITBA. OTHUM 13 KIIIOYOBUX
BUKJIMKIB B YMPABIIHHI €JICKTPUYHUMH MEPEKaMH 3 PO3IOJAIICHOI0 T€HEPAIli€lo €
HECTaOIBHICTh Y BUPOOHHIITBI €HEPTii 3 BITHOBIIOBAHUX JKEPET, TAKUX SK COHSYHA
Ta BIiTpoBa eHeprisi. OnTumanabHe YIPaBIiHHA BHUMAara€ TOYHUX IPOTHO3IB
CIO’KMBAHHS Ta BHUPOOHUIITBA €JEKTpoeHeprii. Taki MpOrHO3u MOXKYTh 0azyBaTuCS
Ha aHali31 ICTOPUYHUX JAHMX, BUKOPUCTAHHI IITYYHOTO 1HTEJIEKTY Ta MAUIMHHOIO
HaBYaHHS.

2. VYnpaBniHHs 30epiraHHsM eHeprii. 30epiraHHsi €Heprii Mo)Ke BiJIrpaBaTH
BAXKIIMUBY POJIb y PO3MOJIIEHIM TeHepalli. Enepris, 3i0paHa 3 BIJHOBIIOBAHUX
JoKepes, Moxke OyTu 30epekeHa y OaTapesx abo 1HIIMX cUCTeMax 30epiraHHs s
BUKOPUCTAHHS B 4YacH MMIKOBOI'O HABAHTa)XEHHs ab00 KOJIM BUPOOHUIITBO EHEPrii 3
THIINX JKEPEIT € HeTOCTAaTHIM.

Kpim Toro, ontumaiibHe yOpaBIiHHS BKIIOYAE PO3POOKY aITOPUTMIB
YIOPaBIIHHSA, 10 TO3BOJSIOTh €(DEKTUBHO KEPYBATH HABAHTAXKEHHSIM Ta PO3MOIIISTH
EJIEKTPOCHEPTit0 MK pI3HUMH pkepenamu. Lli aaropuTMu BpaxoBYHOTh MPOTHO3U
MOMUTY Ha EJNEKTPOCHEPril0, HASBHICTh Ta MOTYXHICTh PO3MOJAUICHUX JIKEpe
reHepailii, a TakoXk CTaH E€JIeKTPUYHOi Mepexi. BoHu nomomaraiorh 3a0e3nmeduTH
CTIMKICTh Ta €(QEeKTUBHICTh CHCTEMH, PETYIIOIYH PEXKUM POOOTH PI3HUX
KOMITOHEHTIB €JIEKTPUYHOI MEPEXKIi.

JIist  MOCATHEHHS ONTUMAJIBLHOTO VIIPABIIHHSA CIEKTPUIYHUMHU MEpexaMu 3
PO3MOIIICHOI0 TeHEpalli€l0 MOXKYTh OyTH BUKOpUcTaHi TexHounorii Internet of Things
(IoT) Ta mryuynoro inTenekty. [oT m03BoIsE TMIAKITIOYATH Pi3HI IPUCTPOI Ta CEHCOPH
10 Mepexi, mo 3abesneuye 30ip Ta oOmiH manmmu. lle no3Bomsie OoTpEMyBaTH
peasibHUi yac 1H(OopMallii PO CTaH €JIEKTPUUHOI MEPEXI, 110 JOMOMArae yrnpaBisTH
ii poboToro [6].

[ITyyHuid 1HTEJIEKT BUKOPUCTOBYETHCS IS aHAI3y Ta OOPOOKH BEJTUKHX
0o0CITIB JaHMX, IO 30UPalOThCs B EJICKTPUUYHHUX MEpeXax 3 PO3MOJILUICHOIO
reHepalieo. 3a JIOMOMOIoK ajIrOpMTMIB MAIIMHHOTO HABYaHHS Ta TIJIMOOKOTO
HAaBYaHHS MOJKHA 3IHCHIOBATH aBTOMATH30BaHE NPHAHATTS PIMICHb I0JI0
YIOpPaBIIHHS MEpPEeKet0, MPOTrHO3yBaHHS MOMUTY Ha €JIEKTPOCHEPTii0 Ta ONTUMI3Allil
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POOOTH PO3MOIITIEHUX JHKEPEIT reHepartii [6].

3. banancyBanHs HaBaHTaxeHHs. EjnekTpuuHa wepexa TOBHHHA OyTH
30anmaHcoBaHOIO, 1100  3a0e3nmeunTH  CcTabLIBHY  poOOTY Ta  3amoOirtu
nepeBaHTaKEHHSAM a00 mepeHaBaHTaXeHHSAM. ONTUMalbHE YMHPaBIiHHS BKIIOYAE
cTparerii O0ajaHCyBaHHS HAaBAHTAXECHHS, SKI PO3MOAUISIOTH CIIOKHBAHHS €HEPrii B
pPI3HHX Yacax Ta MICIX, BUKOPHUCTOBYIOUM TEXHOJOrIT "pO3yMHHX CITOK" Ta
aBTOMATH30BaHI CUCTEMH [4].

4. BpaxyBanHs TapudiB Ta BapTOCTi eHeprii. OnTuManabHe YOpPaBIIHHS
CJIICKTPUIHOI0 MEPEKEI0 3 PO3MOIIICHOI0 TeHEepalli€l0 TaKoX BpaxoBye Tapudu Ha
€JIEKTPOEHEPTiI0 Ta BapTICTh BUpOOHUIITBA. Bukopucranus "po3ymuux" tapudis, siki
BapIIOIOTBCA 3aJIeKHO BIJI TOMMUTY Ta JOCTYIHOCTI €Heprii, MOXe€ CHpUSITH
e(eKTUBHOMY BUKOPHUCTAHHIO Ta 30€PEKEHHIO EHEPrii.

[le sume KiJbKa acHeKTIB ONTUMAJIbHOTO YIPABIIHHS —EJICKTPUUYHUMHU
MepekaMu 3 PO3MOJIJICHOK TeHepallielo. BpaxoByrouw yHIKaJIbHI BHMOTH Ta
KOHTEKCT KOXKHOI MEpPEeXk1, MOKYTh BUKOPUCTOBYBATUCH PI3HI CTpATETIi Ta TEXHOJIOT11
JUTSI TOCSATHEHHST MAaKCUMAaJIbHOI €()EeKTUBHOCTI, CTIKOCTI Ta CTaJIOCTI.

Ilpuxnaou ycniuinozo eénpoeaodiiceHHs e1eKMPUULHUX MEPEHC 3 PO3NOOLIEHOI0
2enepauicio.

3rinno 3 onuryBanHsIM Word Energy Council, monan 50% ekcrepTiB y ramy3si
€HEPreTUKHN OYiKYIOTh, 110 /10 2025 poKy po3MmojijieHa TeHepallis 3pocTe MpUHANMHI
Ha 15% Bixg 3aranbHOl BCTAHOBJIEHOI MOTYXKHOCTI IiXHBOI Kpainu. L1 00’ektn
3a0e3neuyoTh 0€3MeKy, JOCTYMHICTb 1 KOHKYPEHTOCHPOMOXHICTh E€HEPreTMYHUX
pecypciB, TOMy MpUBaOJIIOIOTh CHEPTETUKIB, IHHOBATOPIB, MOJITUKIB 1 CIIOKUBAYIB SIK
HalKpanuii crnocio 3aI0BOJICHHS €HEPreTUUHUX MoTpeod [5].

[TparneHHst 40 BUKOPUCTAHHS COHSIYHOI €HEPTii MPOIOBKYE 3pOCTaTH — COHAYHI
Oarapei Ha Jaxy OyJUHKY YM 3€MEIbHOI TUISTHKY Ta COHSIYHI TETJIOBI KOJIEKTOPH AJIs
HarpiBaHHs Boau. ['100anbHI 1HBECTHIIIT B HEBEJIUKI COHSIYHI CHCTEMHU Ha jJaxax 1 Ha
3emuti 3pociu Ha 15 BiacoTkiB 10 49,4 minbsipaa nonapiB 'y 2017 poi [5].

OmuH 3 TNpUKIaAiB  yCHIINIHOTO BIPOBAXKEHHS EJIEKTPUYHUX MEpex 3
PO3IOIIICHOI0 TeHepallier0 3HaxoauThest B Jlanii. ¥V 1il kpaiHi BIajmocsi CTBOPUTH
e(EeKTUBHY MEpEeXy, 110 0a3y€eThCs HA BITPOBUX Ta COHSYHMUX E€JIEKTPOCTAHIIISIX, KA
3a0e3neuye eJIeKTPOCHEPri€0 3HAUYHy YaCTKy HACEJICHHS.

JlaHcbka cucTeMa eNEeKTPUYHMX MEPEXK 3 PO3MOJIIJICHOK TeHepallelo BijoMa
CBOEIO 1HHOBAIIMHICTIO Ta 3a0e3medye CTaOUIbHE Ta CTIMKE MOCTaYaHHS
enekrpoeneprii. OcHOBHA 4YacTMHA eHepreTuyHoi cuctemu B Jlanii Ga3zyeTbcst Ha
BITPOBIM eHeprii, 30KpeMa Ha BEJUKHX BITPOBUX (epMax, po3TalIOBAaHUX Ha
y30epexoki. Li ¢pepmu BUpOOISIOTh 3HAUHY KUTBKICTh €IEKTPOCHEPTii Ta MOCTAYar0Th
il y Mepexy 3 pO3MOIICHOI0 TeHEPAIETO.

Y nmomatok 10 BITPOBOI €HEPrii, IIUPOKO BUKOPHCTOBYIOTHCS COHSYHI
€JIEKTPOCTaHIIIi, SIKI TEHEPYIOTh €JIEKTPOCHEPTII0 3 COHAYHOIro BUIpoMiHtOBaHHs. 111
COHSIYHI TaHeNl BCTAaHOBIIOIOTHCS Ha Jaxax Oy/iBelslb, HAa 3eMEJNbHUX JUISHKAX Ta
IHIIUX BIIKPUTHX MPOCTOpax. ['eHepoBaHa €JIeKTPOCHEPTis MOCTYIOBO 1HTEIPYEThCS
y MEPEKY 3 PO3MOILICHOIO TeHEPALI€l0 Ta MOCTAYAETHCS CIIOKUBAYAM.

OpHa 3 TOJIOBHMX TepeBar eJeKTPUUYHUX MEPEeX 3 PO3MOAITICHOI TeHEpPAIli€o B
Janii - 1me iX THYYKICTb Ta 3/JaTHICTb HIBUIKO pearyBaThd Ha 3MiHM B oOcsArax
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BUPOOHUIITBA €HEPrii. 3aBJIKM CyYaCHUM TEXHOJIOTISIM YIPABIIHHS, CUCTEMA MOXE
M1JTalITOBYBATH PO3MOJILT €EKTPOCHEPTii B 3a1€KHOCTI BiJl TOTPeO CHOKUBAYIB Ta
JIOCTYMHHUX JpKepel reHepanii. Hanpukian, y nepioau 31 30171bII€HUM BUPOOHUIITBOM
eHeprii, KOJU BITPOBI Ta COHSYHI €JIEKTPOCTAHIII] MPAIIOIOTh Ha MOBHY MOTYXHICTb,
3aliBy €JIGKTPOCHEPril0 MOXKHA IEpEHANpaBUTH Ha 3apsypKaHHSA Oatapeil 1uis
30epiranHs eHeprii abo Ha 1HII1 ToTpedu [9].

Bxxe 2014 poky y HimeuunHi yacTka MajauX CHUCTEM TreHeparlii, BCTAHOBICHUX
CHOKMBa4YaMH, cArnysa Maixke 20% Bia BCiX BCTAHOBJIEHUX MOTYKHOCTEH y KpaiHi.
OpieHTHp HA PO3BUTOK MaJMX COHAYHUX CTaHIINA KpaiHa B3suia 1ie Ha moyatky 1990,
Oynu ctBOpeHi AepxaBHi mporpamu miaTpuMku Mamux CEC «Tucdua coHsuHUX
JaxiBy, sika Micis ycmixy TpaHchopmyBasachk y mnporpamy «CTo THUCAY COHSYHUX
naxiBy. 3aBAsKd Tporpami OyJIO JIOBEICHO, IO JaXW 3BHYAWHUX MPUBATHUX
OyIMHKIB € J00pe NPUCTOCOBAaHUMU IS JCIEHTPaTi30BaHOTO BUPOOHUIITBA
enektpoeneprii. 3amyck «100 000 coHsyHMX JaxiB» TMiJBUIIMB 0013HAHICTH
IPOMAJICHKOCTI TMPO MOKJIUBICTh BUKOPUCTaHHS (DOTOENEKTPUYHOI TeHepallii
€JIEKTPOCHEPTii, 0 JOTOMOIJIO MiJIBUIUTHA IHTEPEC TPOMAJICHKOCTI Ta 3arajbHY
YaCTKy PUHKY JIO 3aCTOCYBaHHS IIi€1 TEXHOJNOTII [5,9].

i mpukiIagy yCIHIIIHOTO BIPOBAKEHHS €JIEKTPUIHUX MEPEXK 3 PO3MOIICHOO
reHepamiero B [lanii tTa HimedunHi Moka3yrOTh, MO0 TaKi CUCTEMH MOXKYTb OyTH
HAJIAHUM Ta CTIMKUM JDKEPENIOM EJIEKTPOCHEPrii, CHpUSITH 3MEHIIECHHIO BUKH/IIB
IIKIJJIMBUX Ta3iB  Ta MPUCKOPIOBATH TNEPEXil A0 CTaJIOr0 €HEpPreTUYHOro
MaiOyTHBOTO.

BuchHoBok.

BukopucTaHHs €IEeKTPUYHUX MEPEX 3 PO3MOAUICHOI0 I'€HEPAIlE0 MOXKE CTaTH
eheKTUBHUM  pIIEHHSIM Juisi  3a0e3nedyeHHs  30aJaHCOBAHOTO  MOCTAYaHHS
€JIGKTPOCHEPTii B yMOBaxX 3pOCTAI0YOr0 BHUKOPUCTAHHS BIJHOBIIOBAHUX JDKEPEI
eHeprii. OnTumanbHE YIPaBIIHHS EJIEKTPUYHUMH MEpEKaMu 3 PO3MOIIICHOIO
reHEepalli€l0 BHUMAara€ BUKOPHUCTAHHS IIE€PEOBUX TEXHOJOrIH Ta pPO3pOOKY
QITOPUTMIB, 10 JO3BOJISIIOTh €(PEKTUBHO KepyBaTH HABAHTAKEHHAM  Ta
3a0e3nedyBaTu cTablIbHEe MocTavyaHHd. [Ipukiaan ycHimHoro BIPOBAIKEHHS TaKUX
MEpeX CBIIYaTh MPO MOTEHINAN M€l KOHIEHIi sl €HepreTUYHOi CTIHKOCTI Ta
CTaJIOrO PO3BUTKY.
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Anomauin. Cnpusmiusi @i3uKo-mMexaniuHi Xapakxmepucmuku HIiKeio npuseeiu 00 U020
WUPOKO20 3ACMOCYBAHHS 8 DI3HUX NPOOYKMAax Onu3bko 060X MINbUOHIE mou Ha pik. Hikenv €
HAUBANCIUBIUUM  N1€2VIOYUM — eleMEeHMOM 6 AYCMEHIMHIlL Hepicasilovi cmani ma  iHWUxX
cneyianvHux cnaasax. Pizke 30invuienHs upoOHUYmMEa MaxKux Cniasie NpomscoM OCHAHHIX
decamunims 3HAYHO 30LIbUUECS NONUM HA (DePOHIKeb.

Ll]o6 3a00601bHUMU 30i1bUIEHHS NPOMUCTIO8020 NONUMY, HEOOXIOHI HOBI ma egeKxmusHiuii
WaAXU ONsl BUILYYEHHs HIKento 3 OIOHUX [ CKAAOHIWUX YO 3a YMO8 BUCHAMICEHHA 3anacie bazamux
HiKenesux pyo. Y yvomy OoKyMeHmi y3aeanbHeHO 00C8i0 pobomu 8 2any3i O0CBOEHHS mda
excnayamayii mexHono2ii enekmponiaeku (hepoHikenio ma GUKIAOeHO O0CAHYMI NOKAZHUKU
pyoomepmiunoi neui nomyosicrhicmo 40 MWA ma ocobausocmi npoyecy mexHoO€02ii HUZLKO2O
BIOHOBIEHHS 341134 MA UOIP ONMUMATLHO20 BIOHOBHUKA NPOYEC).

Knwwuosi cnosa: namepumu, niaska ¢peponixenio, pyoomepmiuna niv, npooremu GUnIaéKu,
MEXHON02IA HUZLKO20 8IOHOGIEHHS 3A1i3d, 8IOHOBHUK.

1. Beryn

JlaTepuTH1 BiAKIaJAEHHS YTBOPIOIOTHCS B PE3YJIbTaTi BUBITPIOBAHHS OCHOBHUX
TIPCBKUX TOPiJ, SKI € CKIaQAHUMU CyMilllaMu (epo-MarHi€BUX MiHEpaiB, TAKUX SIK
oniBiH (Fe,Mg), [Si04], mipokcen (Mg, Fe),S120¢ Ta ampi6on (Mg,Fe);S150.2(OH)s,.

[IpomucnoBuii IHTEpEC JIATEPUTIB CKIIAJAI0Th TPU BUIU MIHEpAJIiB:

o Jlumonim: retut (FeO(OH), takox 3amucyerhcs y Burimsanai Fe,Os.H,0),
TeMaTUT, a 1HO/lI MAarHETUT € OCHOBHUMHU MiHepaJiaMu. BMiCT HiKem0, K MPaBWIIoO,
Bix 1,0 1o 1,5% macoro, 10CHUTh OHOPITHOTO CKIIAIY;

o Canponimom: rtapHiepuT (Ni1,Mg)sS14019(OH)s € ocHOBHMM MiHEpaIoM
HIKEJIIO JIJIsi BUPOOHMIITBA COPTOBOI cTast 3 BMicToM 710 10% 3a macoro Ni. Canponitu
Jy’Ke€ HEOIHOPIJIHI 1 MICTATh 0araTo I1HIIMUX CKJIAJIIB, IO MICTSITh HE MEHIIE HIKEIO,
HIXK TapHIEPUT. 3MICT HIKENIO Yy AKuX 6nu3bko 1,8 1o 2,5% mno maci.

o [lepexioHi minepanu: € MEPEX1THUMHI MK CAIPOITOM Ta JINMOHITOM.
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HaykoBuit miaxizy 3yMOBIIOE JOIIJIBHAM BHUKOHATH TNEPEpOOKy JTUMOHITIB
BUJIYTOBYBaHHSIM, a CalpojiTiB — mipoMmeranypriiiaumu meronamu [2]. OnHak
CKOPOYEHHSI CAalpOITOBUX IMOKJIA/IIB 3MYIIIy€ 3BEPTATUCS JI0 MEepepOOKH JTUMOHITIB 1
NepexiAHUX MIHEpalliB, TIPOMETATYPTiHHUMHI METO/IaMHU.

Kpim Toro, miABUIIICHHI MOMUT HA HIKEJIb MPU3BOAUTH J0 TOTO, IO B IEPEPOOKY
3alydaloThCs pyaud 3 HeOaKaHUMU NpOoOJIeMaTUYHUMHU Yy MIpOMETaIypriiHii
nepepoOIll MOKa3HUKaMH KHUCIOTHOCTI (S/M), BHCOKMM BMICTOM TE€THUTY, IO
30utblye criBBigHomeHHs Fe/Ni. i pyau cTBOpIOIOTH MpakTU4HI MpoOiIeMu MpH
eKCIUTyaTallli nmeuei, Takux, HarpyuKIaz, sSK:

» HasBHICTh BEJIMKOI KIJBKOCTI BIJTRHOTO KPEMHE3eMy Ta TETUTYy OOMEXKYIOTh
TeMIeparypy BHUIIAly orapka, s 3amoOiraHHs WOro CHiKaHHIO B TpyOdacTii
neyi, 1 sIK HacHiJ0K, 301IbIIy€e MUTOMI BUTPATU €IEKTPOEHEPTIi MPHU IJIaBICHHI
IIUXTH B €JIEKTPOIIEYi,;

» 30UTbIICHHS KUCJIOTHOCTI S/M NpU3BOAMTH A0 HASBHOCTI MpoOIeM, TOB'I3aHUX
3 EJCKTPUYHUMH PEKUMaMU pOOOTH TMeyel, a TaKoK KHUIIHHS (CHIHIOBaHHS)
pO3IUIaBy IIJIAKy, 1 SK HACIIJIOK, MPU3BOAUTH O aBapiHOCTI CaMOCIIKHUX
EJIEKTPO/IIB.

Y 1mpoMy JIOKYMEHTI 30CEpPE/KEHO OCHOBHI NPOOJIEMaTHKH, 3 SKUMH
CTHUKAIOTHCS B IIPOIIEC] TIJIABKH HIKEJIEBUX PY/I.

2. OcHOBHI mpo0IeMHu

OCHOBHUM 00MEXYIOUUM (DAaKTOPOM € Te, 10 HE BCl MOTEHUIWHI pyAH MOXYTb
(a0o moBuHHI1) OyTH MEperIaBieH] B JOBUIbHI COPTH (PEPOHIKEITIO.

[Ipu upomy (epoHikeneBi 3aBOAN NOTPAIUISIOTH Y ABI TPYIH, IO BIAPI3HAIOTHCS
CTyNEHEM BIHOBJICHHS 3aJ1i3a 13 PyIIU:

e Husbke BiIHOBIICHHS, sike BiTHOBIMIOE BijT 15% 1m0 30% 3amiza 3 pyau;

e Bucoke BITHOBJIEHHS, sike BITHOBIIOE Big 45% 1m0 65% 3amiza 3 pyau. Y Tomy
YUCJIl BUPOOHUKU HIKEJIEBOTO YaBYHY. 3a0e3MeuyroTh pIBEHb BIJHOBIICHHS 3alli3a B
marasoni Big 70% mo 80%.

TakuM YWHOM, KOXKEH TMpOIEC IOBHHEH ITOYMHATUCS 3 BHU3HAYEHHS HOTO
ONTUMAJILHOTO CTYIICHS BIAHOBJICHHS 3aji3a 1 BiAMOBIIHO copTy deponikento [3]. Lle
BU3HAUYCHHS BUMAara€ HacTyITHUX KPOKIB:

Busnauennus onmumansno2o copmy gpepouikenio:

Od4eBuAHO Te, MO BUPOOHUITBO (DEPOHIKETIO 3 HIDKYMM BMICTOM HIKEIIO
MPU3BOIUTH 10 HUKYOI BTPATH HIKEIIO B NUIAKOBIA (hasi 3 JABOX MPUYMH: Yepes
HU3BKUN BMICT HIKEIIIO B IIIJIAKY 1 MEHIIMX 00Csrax BIACHE LIJIAKY.

[Ipy nboMy O17BIIT BUCOKE BIJTHOBJIEHHSI BUMarae Oibllie BIIHOBHUKA 1 OLIbIIE
BUTpAT €HEprii Ha TOHHY MPOILJIaBICHOTO HEJoTapKa.

BignoBigHo, BUPOOHUIITBO (PEPOHIKETIO 3 HHUXKYMM BMICTOM HIKEIIO, SK
MIPaBUJIO, MPU3BOAUTH JI0 3HMKEHHS 0OCSTIB IEPEPOOKH Py, OCKITBKH MOTY>KHOCTI
OLIBIIOCTI MJIABUIILHUX TeYeH € eyl 0OMeKeHl.

Takum uuHOM, I Oyab-sKO1 3aJaHOl pyAd Ta IUIABWIBHOI TI€4l ICHY€E
MaKCUMAaJbHUI pPIBEHb BUPOOHUIITBA HIKENIO, /1€ 3POCTAHHS CTYMEHs BIAHOBJICHHS
BPIBHOBaXXYETHCS 3HMKEHHSIM 00CSITIB MPOIUIABY PY/IH.

Ha manronky 1 HaBezeHi 11 KOpessiii B 3aJI€)KHOCTI BiJl CTYTICHS BiTHOBJICHHS
3amiza Uit pyau 3 BmictoM 1,6% Ni, 16% Fe, ta 2,2 S/M. Pi3ka 3MiHa Haxuiry KpUBOi
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Macu IUIaKy, Ha piBHI Onu3bko 45% BITHOBICHHS 3aji3a, BIAOYBA€THCA YeEpe3
OKHCJICHHSI KPEMHIIO TTPU BUPOOHHUIITBI (DEPOHIKEITIO.

Oyinka memanyp2itHoi 0OYLIbHOCMI Yb020 ONMUMATLHO20 COPMIY:

[left kpox BKIIIOYA€E OIIHKY 0314l poOOYMX MapaMeTpiB, Taki SK JIKBIAYC
TEMIIEpPaTypu METaJIeBOi 1 IUIAKOBHX (a3, HEOOXiTHUN TmeperpiB (PepoHIKeNo 1
HUiaKy, poododi TeMIeparypd, MOTEHLIHHAa CTaOUIbHICTh poOOTH, WMOBIPHICTD
OKHCJIEHHSI KPEMHIIO 1 BYIVICIIO, KUIIIHHS PO3IIJIaBy 1 TaKe 1HIIE.

Bubip cknany ¢gepoHike o € KoMIpoMiCOM MK ONTUMAIBHUM JJIsI TaHO1 pyau
(TM1aBUJIBHOI Te4l) Ta IMOBIPHOIO CTA0IBHICTIO Ta JOBrOBIUHICTIO POOOTH 33 TAKOTO
CTYIIEHsI BIAHOBJIEHHA. TakKUM YHMHOM, 11eil BUOIp HE MOXe OyTH JIOBUILHUM Ha OCHOBI
171e1 1110710 3aTpeOyBaHOCTI IEBHOTO COPTY (PEpOHIKENIO.
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CTyniHb BigHOBNEHHA 3ani3a, %
MauroHok 1. 3aseskHicTh CKIaay HiKeJII0, BUX01Y, BUPOOHMUTBA ()epOHiKe/II0 Ta

IIJIAKY BiJ cTyneHs BiiHOBJIeHHs Fe.
Ilocepeno: [3]

3. Kourpoas mapamerpiB pyrorepmiuHoi nmedi nmoryxHictio 40 MWA npu
3MiHi cKkJIagy BHP00JIeHOro (epoHiKeTI0.

[TouatkoBuit mepion poOOTHM PyAOTEPMIYHOI M€Yl BIANOBITAB yCTaleH1H
TEXHOJIOT1i BUCOKOTO B1JIHOBJICHHS 3aji3a 3 JOJaBaHHIM J0 pPyAHOI cyMmimn (UIIOCiB y
BUIVISAI BalHSAKY Ta BIJHOBHHMKa aHTpauuToBoi rpymnu [4]. [Ipu upomy gocsranucs
TaK1 MOKa3HUKU POOOTH:

* IOTYXHICTh 1iedl — 70 41 MBT;

* BIJHOBJICHHS 3ai13a -60-65%;

* IMUTOMA BUTpara enexkrpoeHeprii — 620 kBTr/T orapka;

* MUTOMA BUTpaTa BamHIKy — 10 67 KI/T;

* MUTOMA BUTpara BiTHOBHUKA —52-77,7 Kr/T (3aJI€KHO BiJ TUIY BiTHOBHUKA);

* BUX1J1 oTapka i3 pyau — 0 106 %.
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* BMICT HIKeII0 B YOpHOBOMY (hepoHikeni — a0 14%;

* BMICT BYIVIEITIO B 4OpHOBOMY (peponikeni — 110 3,5%;

* BMICT KpEMHiI0 B YOpHOBOMY (heponikeni —3,5-4,5%.

301/IbIIIEHHST YaCTUHU JIMMOHITIB B MEPepOOIIOBAHUX PyAax MPU3BOIUIO [0
CTaOUTbHOI 3MIHM COPTY (PEpOHIKENI0, 3MEHIIYIOUM YacTKy HiKelllo B (pepoHiken 1
poOIIsIun MpoIiec OUTBII €eKOHOMIYHO HETOIIIbHHUM.

Ha mamonky 2 BigoOpakeHa 3aJeXHICTh 3MIHH COpPTy (epoHikemo 3i
3HI)KEHHSIM BMICTY B HbOMY Hiken0 3 20% no 10% mnpu 30uiblIeHH] nepepoOKu
JIIMOHITIB 3 OUIbIII BUCOKMM BMICTOM 3ajli3a Ta HHYKYUM BMICTOM HIKEJIO.

CKnag pyau Ta BMIcT Hikena B ¢epoHikeni THB/TBB
2,4 60
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MaJjiioHoKk 2. 3miHa copTy (PepoHiKeII0 32 3MIHM CTyIeHsI Bi/ITHOBJICHHS 3aJ1i3a
Asmopcovka po3pobka

[Ipo6nemaTrka TATPUMKH CTAOUTFHOCTI TEXHOJIOTIYHOTO MPOLIECY, MOTIPIIECHHS
copty (epoHikeno Ta 3HIKEHHS EKOHOMIYHOI €(EeKTHBHOCTI BUPOOHUIITBA
3YMOBUWJIM TIONIYK MUISIXIB MEPEBEICHHS TIedl 3 TEXHOJIOT1i BUCOKOTO BiIHOBJICHHS Ha
TEXHOJIOT1F0 HU3bKOTO BITHOBIICHHS 3aj1i3a.

[TepeopientyBanHio pynorepmiunoi nedi Ha THB mepenyBaB mepiomx 0CBOEHHS
TEXHOJIOT1i 0e3 3aCTOCYBaHHS (DIIOCIB, TUM CaMUM 13 IIMXTYBAaHHS O PYIHOI CyMIIIi
BUKITIOYHIIM BamHsK. [Ipy IbOMY cTano crocTepiraTtucs MoripIieHHs BUXOAY IUTAKY i
BIJINOBIJIHE HAKONMUYEHHs HOro y BaHHI nedi. J{Jis moinieHHs piiuHHOT pyXOMOCTI
[UIaKy TPUUHATO PillIeHHS PO 301IbIICHHS BMICTY 3ajli3a B €JIEKTPOIIYHUX HITaKax
3 5,5% no 8% muIsIXoM 3HM)KEHHS YaCcTKM aHTPAllMTOBOTO BigHOBHUKA 3 3,5% 10
2,5%. B pesynbraTi AOCATHYTO 30UIBIICHHS BMICTY 3ajli3a B muiakax jo 8,7%,
3HIDKEHHS BMICTY KPEMHII0 B 4opHOBOMY (heponikeni a0 1,8% (3aranbHe 3HMKECHHS
3,9-1,8), 36inbuienns Temneparypu mMetaiy g0 1500 °C. PerymroBanus Temmeparypu
MeTaldy IMpPOBOAMIIOCS 3HWKEHHAM MOTYyXHOCTI medi g0 30 MBT. 3 wmetoro
HEIOMYIIEHHS! HEKOHTPOJIBOBAHOTO OKUCJIEHHA KPEMHII0 B YOPHOBOMY (hepOHIKei,
JacTKa BIJHOBHMKAa THMYacoBO 30imbmieHa 10 3-4%. Ha mokasHuk 1,5-1,6%) mo
1,1%. [lonansiue perymntoBanHs (cTaliii3allis) BMICTy KPEMHIIO B YOPHOBOMY MeTalll
IUISXOM 30UIBIIEHHS HAaBINIYBaHHS BIJHOBHUKA BUSBWIOCS HEC(EKTHBHUM.
Temneparypa MeTally peryIo€eThCs 3HKEHHSIM TTOTYKHOCTI edi 10 25 MBT.

HacTtynaum KpokoM depe3 HEMOXKIIUBICTh MOIAJIBIIOTO 301IBIIIEHHS MOTY>KHOCTI
PYIOTEPMIYHOI Me4l Ha BeJuuyuHy Ouiblie 25 MBT uepe3 KpUTHUHY TeMIleparypy
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MeTally, [0 MOIJIO BKpail HETraTUBHO IMMO3HAYUTHUCS Ha CTaOUIBHOCTI KOHCTPYKIIIH
medi, BKJIIOYAIOUM BOTHETPUBKY (YyTEPOBKY, MOJANIbIIE TEXHOJIOTIYHE YMPaBIIHHS
PYAOTEPMIYHOI MU0 OYyJI0 MOXJIMBUM 32 TEXHOJIOTI€I0 HU3LKOTO BiTHOBJICHHS. [[71s1
YOro BMKOHAHO 3MiHY THUITy BIJIHOBHHKA, II0 BUKOPUCTOBYETHCS, 3 AHTPALUTOBOI
MapKH ByT'ULIS HAa €HEPTreTUYHI, TPUOIU3HOTO HACTYITHOTO CKJIaay:

*30m1a — 10,8%;

o teTki — 34,5%;

* cipka — 0,5%;

Ta KOHTpoJieM (pakKIifHOTO CKIIay.

[Tomanbir kpoku Oyiu CIpSIMOBaH1 Ha CTab1T13a1lil0 TEXHOJIOTTIYHUX TTapaMeTpiB
poOOTH meyl Ta TOBHE OHOBJIEHHS PO3IUIABIB y Meul.

3HIDKEHHSIM YacTKU EHEPreTHYHOTO BiIHOBHUKA MJOCATHYTO MaKCHUMallbHE
OKHCIICHHS KpeMHII0 3 (depoHikento, aocsarHyBmu BMmicTy 0,2% Ta nmeskoro
OKHUCJIEHHS Bymiento a0 2,5%. HOTy)I(HiCTB nedi oOMexKyBasiacs MaKCUMaJbHO, aX J10
MOBHMX 3yNnUHOK 25 MBT uepe3 HlI[BHIHCHy TEMIEPATYpy MeTaiy oinbime 1500 °C.
[lepioa 3aiHMIIKOBOTO OKUCJICHHS KPEMHIIO B MeYl 1 MOYaTKy OKHCIIEHHS BYTJIELIO
XapaKTepu3yBaBCid AaKTHBHHMM CIIIHIOBAHHSM IIJIAKOBOT BaHHH, 4epe3 IO 4YacTKa
€HepreTUYHOrO BiJTHOBHHKA, 1[0 BHUKOPHUCTOBYETHCS, Oyna 3HmxkeHa no 1,5%. 1]o0
YHUKHYTH aBapiiHUX BHXOIB PO3ILIaBy, €KCIUTyaTallis Medi MpOBOAMIACA B PEXHUMI
OTUIaBJIEHOT BaHHU 3 MUTOMOIO BHUTparoro enekrpoeneprii 7o 700 xkBtr/t orapka i
oinbie. Bmict kpemHito 3uu3uBcs 110 0,1%, BmicT Bymiemnto — 10 2,5%. 3adikcoBaHo
3HIDKEHHs Temneparypu uniaky 10 1490 °C (awxue 3a Temneparypy metany). Lleit
(dakT CBIIYMB MpPO IMOYATOK MEPIOAy aKTUBHOIO OKHUCJIEHHS BYIVIEIIO, SIKMM TpPUBaB
npoTsirom 9 1io.

[lepion oOKMCIEHHST BYIJIELIO XapaKTepU3yBaBCsl AKTUBHUM CHIHIOBAHHIM
[IUIAKOBOT BaHHM 1 BIANOBIIHUMHM TOBHUMHU 3YNHUHKAMHU PYIOTEPMIYHOT Medi IS
OCaKEHHS [IIAKY, IO CIiHMBCs. Temmeparypa MeTaiy 3a mepion 3umkeHo 3 1500 °C
10 1470 °C (mamonok 3).

3miHa ximiuHOro cknapy i tTemnepatypu pepoHikens
npu 3MmiHi ioro copty 3 TBB Ha THB
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Mauronok 3. 3miHa copTy (epoHiKeJII0 i Yac nepexoay 3 TEXHOJIOTrii BUCOKOIO
BiTHOBJICHHS 3a.1i32 HA TEXHOJIOTiI0 HU3HLKOI'0 BiTHOBJICHHS.
Aemopcovka po3pobdka
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Ocrarounuii mepioy; mepeBeeHHsS (PEpPOHIKEIEBOI PYAOTEPMIYHOI Tedl Ha
TEXHOJIOTII0 HHU3bKOTO BIJHOBJICHHS XapaKTepU3yBaBCS AKTUBHUM OKHCJICHHSM
BYIJIEIIO 3 (DEPOHIKENTIO Ta MJIABHUM HAOOPOM TEXHOJOTTYHOT MOTY>KHOCTI.

[lepiog MOBHOTrO OKHCIIEHHS KPEMHIIO Ta ByIJIeLIO 3 (DepoHiKeNto OOIpyHTYBaB
TBEP/KEHHS MPO MOXJIMBE MPOTIKAHHS MO3amiuHoi Jecynb(ypauii 6e3 HasBHOCTI
KPEMHIIO0 B METaJIl Ta MOBHOTO MPUIMHEHHSA MPOIIECy MO3alivyHoi Jecyabdyparllii npu
3HWKEHH1 BMICTY ByIvielto MeHie 2%.

[Tonaneime padinyBaHHsS (EPOHIKEIO CTATO0 MOXJIMBUM BHUKIIOYHO IUISIXOM
MIKIIYBaHHSI YOPHOBOTO (DEpOHIKENI0 3 pydOTEpMIYHOI Ie’i, L0 Mpaloe Ha
TEXHOJIOT1I BUCOKOTO BITHOBJIEHHS 3aJ113a.

Jlo KiHIE [BOTO TIEPIOAY OKHCHEHHSI BYIJICII0 TeMIlepaTypa YOPHOBOTO
(eponikenro cradinizoBana Ha mokasHuky 1430 °C, mmaky - mo 1580 °C.

3miHa XimiuyHOro cknagy WnaKy Npu 3HWXKEHHI CTYNiHIO BiAHOBAEHHA 3aNi3a
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MaJiioHoK 4. 3MiHa CKJIAAy NIJIAKY 31 3HUKEHHAM CTYIEeHsI Bi/THOBJIEHHH 3aJ1i3a.
Asmopcovka po3pobka

Hactynuuit nepion Buxomy B poOouuii pexum poOOTH pyIOTepMIYHOI meul OyB
MOB'I3aHUN 31 CTAOUTI3AIIEI0 IUIAKOBOTO PEXUMY (MAJIIOHOK 4) Ta BHUPIIICHHSIM
MPaKTUYHUX 3aBIaHb:

* GU3HAYEHHS ONMUMATILHOL NUMOMOI 6UMPAMuU e1eKmMpoeHep2il

[Ipu npoMy criocTepiraeTbesi IPUPOIHA 3AJICKHICTh 3HUKEHHSI TUTOMOI BUTPATH
eJIEKTpOEHeprii 31 30UIBIICHHSM TMOTY>KHOCTI (MAJIOHOK 5), a TakoX cTaOiibHA
3aJIEKHICTh 3HUKEHHS MUTOMOI BUTPATU €IEKTPOEHEPrii 31 30UIBIIEHHAM BMICTY
3aJti3a (JIMMOHITIB) Y PY/i, 110 IepepoOiIsieThes (MAJTIOHOK 6).

TakuMm 4uHOM, TIepexiJ Ha TEXHOJIOTIK0 HU3BKOTO BIJHOBJICHHS 3ajli3a € HE
TUIBKA TEXHOJOTIYHO ONTHUMalbHUM, a W EKOHOMIYHO JOIJIbHUM, 3HIKYIOUU
BUTPATU OCHOBHOT €KOHOMIYHOI CKJIaJI0BO1 — €JIEKTPOCHEPTi.

spoboma Ha eNeKMPUUHUX peXCUMax, wo 3abesneuyioms ONMUMATLHY
memnepamypy 40pH08020 (hepoHiKenio ma eleKmponiuno2o uiiaxky (MaJarHoK 7).

[le mnponuxkTOoBaHE HEOOXIMHICTIO dYepe3 Te, IO 3HIKCHHS CTPYMOBUX
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HaBaHTaXxeHb 10 18-20 KA mNpu3BOAWIO 10 MIJABHUIINCHHS TeMIEparypu MeETaly 0
1460 °C i 36inbuienns temmeparypu mwiaky a0 1670 °C, npu pyiiniBHO Iisio Ha
byTepyBaHHs Yepe3 KPUTUUHUN NIEPETPIB MIIAKY;

3anexHicTb NMTOMOI BUTPATU eNeKTPoeHepPrii Big NOTYXKHOCTI

pyAoTepmiyHOI neyi
800 (]

450

MuTomi BUTpaT enekTpoeHeprii., KBT.r/T orapka

400
15 20 25 30 35 40

MNoTtyxHictb, MBT
MasoHok 5. 3aJiexkHiCTh MUTOMOI BUTPATH €JIeKTPOEHEePril Bi/l MOTYKHOCTI
pyAOTepMivYHOI meyi
Aemopcwvra pospodka

3aneHicTb NUTOMOI BUTPATU enekTpoeHeprii Big Fe B pyai
800 *,

750
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L
L s -' °e 4
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500 e ®

450

MuToMmi BUTpaTK enekTpoeHeprii., KBT.r/T orapka

11 12 13 14 15 16 17 18 19 20
Fe B pyai, %

MauroHok 6. 3aj1esKHiCTh MUTOMOI BUTPATH eJIEKTPOEHePril BiJ BMICTY 3aidi3a y
pyai

Aemopcvka po3pooka

301IBIICHHS K CTPYMOBUX HaBaHTAXKEHb J0 26-28 KA maBasio 3BOPOTHU e(deKT
31 3HIKEHHSIM TEMIIEpPaTypu YOPHOBOTO (PEPOHIKENIO 3 BIAMOBIAHUM MOAOBXKEHHSIM
KaHaJiB METaJeBUX MIMypiB (MiABHUIILYBAJO iX CTIHKICTB), ajie THUM CaMHM
YCKJIAIHIOBAJIO €BaKyallll0 «KOPOTKOrO» METajly 4Yepe3 Majui Horo meperpis i
3HIDKCHHS TEMIIEPaTypH €JIEKTPOIYHOTO IIIAKY 3 BIATOBIAHUM 301IbIIICHHSIM BMICTY
B HUX NPSIMUX BTPAT HIKEJIO.
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3aIesKHICTE TEMIICPATyPH IOPHOBOTO (DEepOHIKeS BLI OLIOPY

1460

+

1450 * .

$
1440 g
*

1430 - LA

1420

1410

: : : T T : : : ]
0,0 5,0 10,0 15,0 20,0 25,0 30,0 35,0 40,0 45,0
R, mOm

MauroHok 7. 3aj1esKHicTh TeMIIepaTypu YOPHOBOIO (pepoHiKeJII0 BiJ 0nopy
Aemopcovka po3pobka

* BHUJICEHHSl PIBHS WLIAKY, WO CNIHUBCSA, 8 nedl, wo 30LIbUYEMbCa NPpU 8MIiCmi
gyeneyto 6 ozapky Oinvwe 1% i 3HUNCYeEMbCA Npu NAOIHHI Gy2lleyto 8 Hed02apK)y
menuwe 1%

3a1esKHICTE CIIHIOBAHHS IIUIAKOBOI BaHHU BIJ
(dpaxiiii BITHOBHIKA
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Manonok 8. 3aJiexkHiCTh CIHIOBAHHS HIJIAKOBOI BAHHU Bix ¢pakuii

BiITHOBHHKA
Aemopcovka po3pobdka

Bmict 3anuMmikoBOro BYIVIEIIO B OrapKy, MpH MOCTIHHOMY JO3yBaHHI
BIJIHOBHHKA, 3aJIC)KUTh BIJI AKTHBHOCTI BigHOBHHKa (MaJilOHOK 8) Ta iioro
dpakmitHoro ckiany, 4acy 3HaxomkeHHsS wmarepiany y TOII ta TemmeparypHOro
npodumo TOII. [TepeBakHO BUKOPUCTAHHS «MOJIOZIOTOY» BYT1JUISI, 3 BACOKUM BMICTOM
JETKUX Ta ¢ppakuiiHuM ckiaaoM -6 MM >95% (masmaronok 9, 10) [S].

JlocaruyTi oKa3HUKH poOoTu pyaorepmiunoi neyi Ha THB [4]:

* OTYXHICTh TIedl — 37MBT

* BIZHOBJIEHHS 3aii3a — 10 15%;
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* MUTOMA BUTpara ejekTpoeHeprii- 583 kBTr/T orapka,;
* MUTOMA BUTpaTa BarmHsIKy — OKr/T;

* MUTOMA BUTpPATa BiIHOBHHUKA — 36,6 KI/T;

* BUX1J1 orapka 3 pyau- 91,0%.

* BMICT HiKeJII0 B YopHOBOMY (hepoHnikem — 45%;

* BMICT BYIVIEITIO B 4OpHOBOMY (heponikeni — 10 0,02%;
* BMICT KpeMHit0 y yopHOBOoMY (eponikemni — 0,01%.

3ameskHICTh CIIIHIOBAHHS [ITAKOBOI BAHHII B1T
JIETKHX B BiﬂHOBHHKy
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MaJiioHOK 9. 3a/1esKHICTh CIIIHIOBAHHS IIIJIAKOBOI BAHHU Bi/l BMICTY JIETKUX

BiIHOBHHKA
Asmopcovka po3pobka

3MiHa piBHA LWAaKy, BMIiCTy NeTKMx Ta ¢paKuii BiAHOBHUKA
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Mauronok 10. 3miHa piBHA HIJIAKY, BMICTY JIETKMX Ta (ppaKuii BiTHOBHUKA.
Aemopcovka po3pobka

3 ypaxyBaHHSIM POOOTH JBOX PYAOTEPMIYHUX IIEUCH, OJHA 3 SKUX IPaIlioe 3
BHCOKHM CTYIICHEM BiJHOBIICHHS 3aj1i3a, 1HINA — 3 HU3bKUM CTYIICHEM BiJHOBIICHHS
3aJti3a, AOCSITHYTO MOTEHIIaly BUPOOHUIITBA MOXJIMBOTO TIOBHOTO CIIEKTPY COPTIB
(bepoHiketo, 3 BMICTOM HIKeI0 B ToBapHOMY (heponikeni Bix 18 % mo 70 %.
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Abstract. The favorable physical and mechanical characteristics of nickel have led to
widespread use in various products, about two million tons per year. Nickel is the most important
alloying element in austenitic stainless steel and other special alloys. The dramatic increase in the
production of these alloys over the past decade has significantly increased the demand of
ferronickel. In order to meet increased industrial demand, new and more efficient ways of nickel
production from poor and more complex ores are needed in conditions of depletion of reserves of
rich nickel orves. This document summarizes the experience in the field of development and
operation of ferronickel electric smelting technology, sets out performance of ore-smelting furnace
with a capacity of 40 MWA and the features of the process of low iron reduction technology,
selection of the optimal process reducing agent.

Key words: laterites, ferronickel smelting, ore-thermal furnace, smelting problems, low iron
reduction technology, reducing agent.
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AHnomauin. 3axnouHor cmadi€io npoyeca OMpUMAHH (PepOoHIKeNio, 00H020 3 8apiaHmis
nepepooOKuU OKUCHEHUX HIKenesux pyo nepeod 2epamynto8aHHAM, € pagiHy8aHHs @epoHIKenro.
Texnonoeiuni cxemu paginysants (epoHikeno Ha NIONPUEMCMBAX 8 C8IMi, 8 OCHOBHOMY, MICMAMb
CX00Cci emanu UPOOHUYMBA 3 HEZHAYHUMU 8aApiayiaMU, ale HEPIOKO BUKOPUCTIOBYEMbC NPOYEC Y
6EPMUKAILHUX KUCHEBUX KoHeepmepax. /[eoemannicmyb (OyniekcHicmy) paginysanus geponikenio
noJs2ae 8 momy, wo nOOIYHUL NPOOYKM NIABKU, WO YIMBOPIOIOMbCA 8 NOYAMKOBULL Nepiod 0OpoOKu
4OpHOB020 (hepoHikento, Micmumb 06a2amo OKCUOY KpeMHilo, 6i0N0GIOHO neputy Ccmaodiio
paginysanHs npoeoosms 6 KOHeepmepax 3 Kucium gymepysanHsim. [pyey cmadiro obpodxu, 3
BUOANIEHHAM 3ATUWKIE Xpomy, eyzieyio, Cipku, ¢ocgopy, ma iHWuUX OOMIUOK, 30IUCHIOIOMb 8
KOHBEPMEPAx 3 OCHOGHUM (pymepysanHam. B yitl cmammi moea tioe npo KOHEEpMOpPU, AKU MAIOMb
BEPXHE NI0BEOEHHS. KUCHIO.

Omowce npoyec npooysanHs KUCHEM HeOOXIOHUU O/ 3HUNCEHHsT emicmy cipku, gocgopy,
gyeneyto ma 3aniza 6 memani FeNi 0o 3a0annoeo pisHsa. OxucieHHs: OOMIUOK 8i00y8aemuvcs
30e0inbui020 y 30HI YUPKYAAYii, 0e Meman CmuKaemovcsa 3 QymeposKor, WAaKom i Npucaokamu
niasku. Bizyanvhe cnocmepedcents, O0O0CHIONCEHHA 2308020 CMPYMEHS, Npoyecy YUpKyasayii
PIiOK020 Memainy i wiaKy cepeouti KOH8epmepa HeMONCIUBe, MOMY W0 cepedosuule Henpo3ope, a
KOHBepmep Mae Memanesuil KOpnyc i eocnempuexe oymepysants. Y yiti 0onosioi 6yoe nposedeno
KOMR'tomepHe MOOent08anHs 2iOpOOUHAMIUHO20 Npoyecy NPOoOYE8AHHS KOHEEPMEPHOI 6AHHU i3
3aCMOCYBAHHAM OOHOCONIOBUX MA MPUCONTOBUX DYPM Oe CONIA PO3MAULOBAHT NIO PIZHUM KYMOM
0o eepmuxani. Pozensinymo cnocobu 36inbuients epekmusHocmi ma cmabiibHOCmi npooy8aHHs HA
NPUKIA0ax MoOento8anus 00'€MHOI KoHyeHmpayii piouHu, Macogoi KomyeHmpayii piouHu ma
MpacKmopii pyxy a3y 6 po3niaei. 36epHeHo ysacy HA NUMAHHA CMIUKOCMI @QymepysanHs
azpeeamy.

Kniouosi cnosa: paghinyseanus ¢heponikento, Koneepmep, KucHesa Gypma, 0OHOCONI08a
dypma, mpuconnosa @ypma, MoOent08aHHA npoyecy NpPoOYBAHHs, CMIUKICMb @ymepyeaHHs.
azpezamy.

Hikesab Ta BHKOPUCTAHHS HikeJa10. BupoOHUUTBO (epoHikeno Ha
IHo0y3bKkoMy (pepoHikeeBOMY KOMOIHATI

Hikenp — m’saTuii 3a MOMIMPEHICTIO €JIEMEHT Ha 3eMJl, SKUW IIMHPOKO
3yCTpI4a€eThCs B 3eMHIHM KOP1 Ta SApi, MPUPOJTHUM YHHOM MICTUTHCS B TPYHTI Ta BOJI,

€ BaXJIMBOIO MOKMBHOIO PEYOBHMHOIO 1Jisi pociuH. Hikenb mae BuaatHi ¢i3uuHi Ta
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XIMIYH1 BJIACTUBOCTI, 1[0 POOUTH HOTO MPUCYTHICTh HEOOXITHOIO Y COTHSX THUCAY
MPOYKTiB, KOTO HANOUIbIIIe BUKOPHUCTOBYIOTh Yy JIETYBaHHI, 30KpeMa 3 XpPOMOM Ta
THIITUMY METaJaMHu JIJIsi BUPOOHMIITBA HEPIKABIFOYOT Ta ®KapOCTIUKOI CTaJIi:

- Ma€ BUCOKY Temmeparypy miasiaeHus 1453 °C;

- CTIMKUH 10 KOPO3ii Ta OKUCIICHHS;

- Ma€ BUCOKY IIACTUYHICTh, HIKEIIb KOBKHIA;

- TOTOBHI 10 BUKOPUCTAHHS B CIIJIaBaX;

- Mar”iTHUN 3a KIMHATHO1 TEMIIEPaTypH;

- MOXe OyTH HaHECEHHUH 3a IOOMOTOI0 TaJIbBAHIYHOTO MOKPUTTS;

- Ma€ KaTaJalTU4HI BJIaCTUBOCTI;

- MAIA€THCS TTOBHIN MepepoOIil.

Takum ynHoM Mmaibke 70% CBITOBOrO BUPOOHMIITBA HIKENIO BUTPAYAETHCS Ha
BUPOOHUIITBO HepxaBito4yoi cranmi, 11% BHUKOPUCTOBYEThCS B BUPOOHUIITBI
EJIEKTPOHIKU Ta aKyMYJISITOPIB, CIUIABU KOJIBOPOBUX METaNiB - 7%, 1HIIN Taiy3i, Taki
SIK JIETOBaH1 CTajl Ta TuBapHe BUpOoOHUITBO - 12% [1, 2].

Hikenb 3ycTpidaeTbcs B TPUPOIl, TOJOBHUM YHWHOM Yy BUIJISI OKCHIIB,
cynbdimiB 1 cuikaris. [lepBUHHUI HIKEIIb BUPOOJISIOTH 1| BAKOPUCTOBYIOTH Y BUTJISII
(hepoHIKeTI0, OKCH/IIB HIKEIIO Ta IHIMMX XIMIYHHX PEYOBHMH, a TaKOX SK YHCTHI
MetaneBuid Hikenb. [I[opidHO y CBITI BUPOOISETHCS Ta BUKOPUCTOBYETHCS TIOHA]T IBA
MIJIbIOHM TOHH HOBOTO a00 MEPBUHHOTO HiKemo. IcHye 0arato pi3HMX HIKEJIEBUX
pyA, AKI BHMAararTh PI3HOMAHITHHUX METO/AIB BUIOOYTKY Hikemto. B manuii yac
HIKEJIBLBMICHI PYJIM BHA00YBalOTh OUIBII HIXK B 25 KpaiHaxX CBITY, a peCypcH HIKEIO
OLIHIOIThCS Maike B 350 minbitoHiB ToHH. [lonan 50% cBiTOBUX pecypciB HIKEIIO
npunagae Ha Asctpanito, I[umonesito, IIAP, Pocito Ta Kanamy, ekoHOMIiuHI
KOHIICHTpAIIll HIKEJII0 3yCTPIYarOThCsl B POJOBUINAX CYNb(MITHUX 1 JATEPUTHUX DY
[1].

Maiixe 80% ychoro icTOpUYHO BHAOOYTOTO HIKETIO OYJI0 BUAOOYTO MPOTITOM
OCTaHHIX TPHhOX NECATUIITh. Y TOCKOHAJICHI TEXHOJOTIi BUAOOYTKY, IJIABICHHS Ta
padiHyBaHHS, a TaKOXX 30UIBIIEHI MOTYXHOCTI JO3BOJISIIOTH TIEPEPOOIATH HIKEIEBY
pyIy 3 HIDKYUM BMICTOM. 3HWXKEHHS BMICTY Pyad HE OOOB’SI3KOBO € O3HAKOIO
3MEHIIIEHHS PECypCiB, a € BIIOOpaXCHHSM 1HHOBAIlIA 1 BJOCKOHAJICHb, BHECCHUX Y
BHJIO0OYTOK 1 TEXHOJIOTIYHI mponecH. JloJaTKoOBO CIIiJl 3a3HAYMTH, IO 3HAYHUMU
BBAXKAIOTHCA TMOKJIAJAM HIKEII0 B MOPCHKHX IMHOMHAX. 3a OCTaHHIMHU OI[IHKaMH, Y
TaKUX POJOBHUILAX MICTUThCA MoHa 300 MUIbIOHIB TOHH Hikemto [1].

3a OILlIHKaMM 3aKOPJIOHHUX €KCIEPTiB, MIATBEPPKEHI 3alacu HiKelo B YKpaiHi
cTtaHoBIATh OMm3bko 190 Tmc. T (0,4% Big cBiTOBUX). PeHTabenbHI pojoBHINA
CUJIIKATHOTO Hikento BusBiIeHI B perioHi Cepenne IloOyxoxks (6 pomosuin). B
[ToGy3bkiii rpymni po3polssitoThes JlepeHroxchke Ta JIMMOBEHBKIBCHKE POJIOBHUINA,
MiArOTOBJIEHE 0 eKCIuTyaTallii TapHaBaTChbKe poJIOBHUIIE. 32 BITUU3HIHUMU JAHUMH,
3amacu Hikemo B Cepennbomy [loOyxoki ctaHOBisATH TOoHaA 60 Tuc. T. Y paiioHi
[ToOy3pkoro (eppoHiKeneBOro 3aBOAY BHSBICHO KiUTbKa HOBUX POJOBHII 1
MEePCIEKTUBHUX JUISHOK 13 3arajlbHUMH TEPCIIEKTUBHUMU pecypcamu 52 THUC. T.
31e01IBITIoTO 1€ Py/Aa 3 HU3bKUM BMICTOM HiKelo [3].

[ToOy3bkumii epoHikeneBuil KOMOIHAT - €AWMHE B YKpaiHi MiAMPUEMCTBO, IO
BUpOOJsiE B TPOMHUCIOBOMY Maciitadl (QepoHikenb 3 OIAHMX OKHCIECHUX
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HIKEJIEBMICHUX py/. TexHoJoris BKIoUae B ce0e MOMepeHIO CYIIKY BCIET MacH pyau
31 3HIKEHHAM BoJjiorocti 3 30 — 35 % mo 18 — 20 %, Buman pyaHOl MKUXTH-CyMiIIi
pynu 3 BimHOBHMKOM (AC, AIlll), Bemetbcss B TpyOuacTux 0OEpPTOBUX Tedax
niametpoM 4,5 M 1 goBxkuHo0 70 M. OnepkaHwii rapsdudii  HEIOTapoK 3
temneparyporo  800-900°C 3aBaHTaXyeTbCS MJIA BiTHOBIIOBAJILHOI IIJIABKHM Ha
YOpHOBUN (PEpOHIKENb Y PYyAOIJIABUIBHBIX €JIeKTpornedax moTyxHictio 40 MBT 3
IIiCThMA CaMOCTIKalUuMHCS enekTpogamu miametpom 1200 mMm. Temmeparypa
yopHoBoro wmetany Ha Buxoai 3 PTII cranoBute 1360-1480°C. YopHOoBuit
dbeponikens Mae HacTynmHui ckian: Ni 10 — 30 %; S1 0,1 — 6,0 %; C 1,8 —2,5%; S —
He oureme 0,4 %; Cr 0,5 — 2,0 %; P — me 6umpme 0,1 %, Cu — ve 6utbme 0,08 %,
penita — 3aii3o0.

OcrartoyHe OYMIIEHHS BiJl JOMIIIOK, MPU OTPUMaHHI TOBapHOrO (PEpPOHIKEIO,
MIPOBOJIUTHCS Y BEPTUKAIbHUX, S0 TOHHUX KOHBEPTOpaxX 3 BEPXHIM M1JBOJAOM KHUCHIO
(KkuceHb — BJIACHOTO BUPOOHUIITBA), AYIUIEKC-MPOIIECOM, IOCTIIOBHO B JBOX
KoHBepTopax. ToBapHHI (PpepoHiKeab 3 BMICTOM HiKe0 0ym3bko 15-20 %, gqomimmok
menie 0,5 %, po3IUBa€ThCS B 37TMBKH, MacOI0 OJM3bKO 35 KT a00 rpaHyTtoeThes [4].

IIponyBaHHs B KOHBepTepi 3BepXy Ta HUPKYJIALisl piIMHHA

Pexum AyTTS CyTT€BO BIUIMBAaE Ha MPOAYKTUBHICTb KOHBEPTEPIB, XiJ
[JIAKOYTBOPEHHSI, CTIMKICTh (PyTepyBaHHs, KUIbKICTh BUKHIIB, BUX1Jl PIJIKOT CTali Ta
CTIMKICTB coruia pypMu. XapakTep B3a€MO/ii KUCHEBOTO CTPYMEHS 3 KOHBEPTEPHOIO
BAaHHOIO MO’K€ 3MIHIOBAaTHUCh B 3aJIC)KHOCT1 B1JI KOHCTPYKIIii COIIa, TUCKY KHCHIO,
MOJIO’KEHHS COTUIa Ha/l pIBHEM BaHHU Ta 1HIIUX (HaKTOPiB [6].

CxeMa 1HXeKIli Ta30BOro CTPYMEHsI 3BEPXY B PIAMHY MPHU BEIUKOMY THUCKY a00

MIBUIAKOCTI CTPYMEHSI B THPJIi COIUIA i MPU HEBEJMKIA BiJcTaHi X KIiHISI COTUIA Bij

piBHS piAMHM TpencTaBieHa Ha Mada. 1. CTpymiHb ra3y, BUXOASYM 13 COILIA,
PO3IIUPIOETHCS, 3Ty4aI0UU 1 PEYOBHUHY HABKOJIHMIIHBOTO Ta30BOTO CEPEIOBHIIA.

Maur. 1. Cxema B3aemofii cTpyMeHsi ra3y Ta piiMHHM IPH NPOAYBaHHI 3BepXy

[Ipu 3ycTpiyl 3 piguHOIO AlaMeTp cTpyMeHs d OuIblIuil 3a niameTp coria dy,

IIBUJIKICTh CTPYMEHS B PIMHI @ MEHIIA 3a IIBUJKICTb CTPYMEHS wg B COILII.
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l'az0Buil CTpyMiHb BXOJUTH CYIIIBHUM (aKeJIoOM Yy pIJIUHY, TIMOMHA 3aHYpPEHHS
CTpyMeHs - h, MOro MBHIKICTb IOCTYNOBO 3MEHIIYEThCSA, 3 OOKIB CTpyMEHs

YTBOPIOIOTBCS CHPSAMOBaHI Bropy MHMPKYJSIIINHI TMOTOKH, BCEPEIUHY Ta30BOTO
CTPYMEHS BTATYIOTHCS «BiIIpBaHDy Kparuii piauHu [5].

HIBuaKICT Ta3y HA OC1 CTPYMEHS Ha PiBHI MOBEPXHI P1IKOT BAHHM 3aJICKHUTh Bijl
B1JICTaH1 MDDK BUX1IHUM TIepepizoM pypMH Ta MOBEPXHEIO BaHHHU:

ch, [6 1]

a)_
do

7€ X - BIACTaHb MK BUXIJHUM Tepepi3oM GypMHU Ta MOBEPXHEIO BAHHU, MM;

o . . X . . . o
B — KO@CblHlEHT, 10 3aJICKUTDH B14 3HAYCHHS d_ 1 BIITHOIICHHS IIIJIBHOCTCHU Ia3y,
0

10 BUTIKA€E 3 PypMH, 1 CEpeIOBUINA, B SIKE CIUTUBAE Ta30BUNA CTPYMIHb.

. . X
31 301JIbIIEHHSIM d_ BEeIWYMHA B 3pocCTa€ 10 ACAKOTr0O MaKCUMAJIbHOTO 3HAYCHHS
0

(B,jqx ), TICIS YOTO MPAKTUYHO HE 3MIHIOEThCS. Ha OCHOBHIN NUISHIIL CTPyMEHS,

X [V}
MOYMHAIOUM 3 — > 2Byqy, 3HAYCHHS B 3a/MIIAETBCA TPAKTHIHO TOCTIHHUM. B
0

yMOBax Iojiaul KUCHIO 3 GypMHU B IOPOKHUHY KOHBEpTEpa BITHOLIECHHS LIUIBHOCTEH
ra3iB (KMCHIO 1 Ta30BOTO CEpelOBHINA) B KOHBEPTEpl, a TaKOXK 3HA4YeHHS B

MPAKTUYHO HE 3MIHIOIOTHCA. TOMy HIBUAKICTH Ha OCl CTPYMEHsI Ha PiBHI MOBEPXHI

. . x . . . .
BaHHHN BH3HAYA€THCA B1JHOCHOIO B1JICTAHHIO d_ MK BHUX1IJHUM IICPCPI3OM (bprI/I 1
0

MMOBEPXHEIO0 BaHHH: UMM O1JIbIIIA 1151 BIJICTaHb, THM MEHIIA MIBUIKICTH CTPYMEHS Ha
piBHI IOBEpXH1 BaHHH [6].

CTtpymiHb KHCHIO, III0O HAampaBIS€TbCA HAa TOBEPXHIO PIAKOi BaHHM,
BIIPOBA/KY€ETHCS B OCTaHHIO Ha JAesIKy INMOMHY. ['nnOuHa 3aHypeHHs 3pocTae i3
30UTBIIIEHHSIM IBUKICHOTO HAMMOPY CTPYMEHS Ha PiBHI MOBEPXH1 BaHHHU:

2
h:i-% [6.2]

Yp
e h - MakcuMalnbHa rIMOUHA 3aHYPEHHS, M;
n - KoeIiieHT TPOHUKHEHHS IIBUIKICHOTO HAIOPY;
¥p Ta ¥y - 00'eMHa Maca pijiuHu Ta rasy, Kr/M°;
@ - MBUJKICTB Ta3y Ha OC1 TOTOKY Ha PiBHI MOBEPXHI PiJIKOT BAHHH, M/CEK;
g - TPUCKOPEHHSI CUJIN TSXKIHHS, M/CEK.

BinpHuii ctpyMidb (TamiHapHuii a0o0 TypOyJICHTHHI) HEOJHAKOBO i€ Ha
pinuHy. JlamiHapHUN CTpyMiHB - BY3bKHM, pPIBHUM, YTBOPIOE Ha MOBEPXHI BOJHU
BY3bKY TJMOOKY 3amaguHy-ITyHKy. TypOyJeHTHUH CTpyMiHb YTBOPIOE B MIiCIl
3ITKHEHHsSI 3 PIAMHOI0 IIMPOKY 1 MEHII TIMOOKy BhaiauHy. B 000x Bumagkax 3i
301IBIICHHSAM HIBUAKOCTI CTPyMEHS IJIMOMWHA Ta IIMPHUHA 3alaJuHU 301IbLIYIOTHCS
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[5].

CTpyMiHb, 3ITKHYBIIMCH 3 PIAKICTIO, YTBOPIOE B OCTaHHIN KpaTepoo6pa3Hon
3anajguHy, (1)opMa AKO1, SIK BKa3yBaJIOCSl, BU3HAYAETHCS BIACTAHHIO MIX TPYOKOIO 1
MMOBEPXHEIO 1 IHTEHCHUBHICTIO AyTTs. [IpoHmKarouu B pmHHy CTPYMiHb YaCTKOBO
B1IOMBA€ETHCS 1 BHACIIZIOK TEPTS MIPUBOAUTD Y PyX BaHHY PITMHU HABKOJIO CTPYMEHS.
[Ipu BiTHOCHO HEBENMKINA HIBUAKOCTI (10 MOYATKy Ta MpH CIAOKOMY pO3MUIICHHI
piauHM) 3amaguHa ApioHa (MaJj. 2a). BinOutuii CTpyMiHb 3ajMINAE PIANHY I10
JOTUYHIN 70 JIiHIT 3anmaauHu. PinuHa nupkynoe. BTOpUHHMM CTpyMiHb, SIK Y COILII,
0 PO3IIMPIOETHCS, OOYMOBIIIOE PO3PLKEHHS Ha CTIHI Kkpatepa. [Ipu mgocuth
BEJIUKIN MIBUIKOCTI AYTTS Ta TIUOOKIN 3amajauHi (Maj. 20). CIOCTEPITraEThCs CUIIbHE
po3nmiieHHs pinuHu. Kpanenbku piiHA 3aXOTUTIOIOTHCS CTPYMEHEM, 110 BUXOJIUTH,
NaJaoTh M0 NapaboIIYHUM TPAEKTOPISIM Ha3aa B PiJIKy BaHHY. YacTHHA Kpamelibok
MIPOCKaKy€e CTPYMiHb, IO BUXOJWUTH, 3aXOIUTIOETHCS TEPBUHHUM CTpyMEHEM 1
MOBEPTAETHCS Y BaHHY, CTBOPIOIOYH KPYTOOOITr piAMHHM, CIIPSIMOBAaHUN Bcepeuny [S].

2 — HaIPSMOK TTOTOKIB B PiJIHi;

3 — NMOBITPSHUI CTPYMiHb; \
4 — pinuHa - " P)

)]
1 — HANPAMOK CTPYMEHS; §
D

I \ 3

Maur. 2a. CxeMa pyxXy BaHHH 32 HasiIBHOCTI ApiOHOI 3anaguHu

B3aemomist ctpyMeHst a3y 3 piIMHOI0 MOKe OyTH PI3HOIO 3aJIe)KHO BiJ BETUIUH
JMHAMIYHOTO HATHUCKY B OCBHOBIM YacTHHI CTpyMEHsI Ha Mexl rasz-BaHHa h, (abo

OCBhOBOI1 HIBI/II[KOCTi CTpYMCHs &}), K1 BU3HAYAIOTHCS THCKOM AYyTTs, BUCOTORO

nigiioMy pypMu HaJl BAHHOIO Ta IHITUMH (PaKTOpaMHu.

1, 3 — cTpyMiHb, 1110 BUXOWTD;

2 — TIOBITPSIHHUH CTPYMiHb;
4 — pinnHa
“
T
. M A D
S - ~ =
>
T
Q

Mau. 26. Cxema KpyroooOiry piiMHu npu IyTTi 10 CHJIBLHOIO PO3NUJICHHS
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1

Maur. 2B. B3aemozisi crpyMeHst ra3y 3 piaKiCTIO IPU MaJIMX THCKAX

[Ipu Manux 3Ha4eHHsX h,., TOOTO MPU MajIoOMy THUCKY P 1 BEJIMKii BUCOTI pypmMu
X CTPYyMIHb YTBOPIOE BUIMKY (KpaTep) B PiJiUHI, IO BIIOUBAETHCS 1 PO3TIKAETHCS HA
NOBEPXHI BaHHW; NpPHU JI€IKOMY 30UIblIEeHH] h, piiuHAa NOAPIOHIOETHCS, Kparui

BUKHUAIOTHCS BIIOUTUM cTpyMeHeM (MaJ. 2B) [7].

VY KoHBepTepl € LUPKYJALis PIIUHM - 3arajbHa Ta y KOXHOro coruia (abo
bypmn). Ilpu 61m3pKOMY pO3TalllyBaHHI CONEN y JHUII BiOYBa€eThCsl HAOMMKEHHS
CTPYMEHIB M1J] BIULTMBOM LIMPKYJISLII Ta 37UTTA iX 13 YTBOPEHHSIM CYLLJIbHUX KaHAaIIB,
T. €. YTBOPIOIOTHCS pO3pUBH piAMHHU. PimuHa o00epTaeTbcss 1 TOPU3OHTAIBHIN
TJIONIMHI, BiAOYBAIOTHCS KOJIMBAHHS PIAUHU, TIPU PE30HAHCI — CIUIECKH XBWIb. [Ipu
MIJBUILEHHI B'A3KOCTI PIAMHM KapTHHA pO3MOAULY raszy (MOBITpsA) Ta PILAUHU
3MIHIOETHCA: MOPYIIYETHCS a00 3HUKAE MPaBUJIbHA HUPKYISLISA PIAMHY, OyibOalIKu
BEJIMKI, pIIMHA JPOOUTHCS HA BEJIMKI Kparuli; BIAOYBalOThCA BUKUIU PIAVMHU (METaly,
[IUIaKy ); KOHTAKT rasy Ta piAMHM MOTIpIIyeThCs [S].

[Ipu mpomyBaHHI 3BEpXy XapakTep B3a€MOJii Ta30BOTO CTPYMEHS 3 PiIUHOIO
3aJIEKUTh B1Jl TMHAMIYHOTO HATUCKY (IIBUIKOCT1) CTPYMEHS Ha MeXi ra3-aHHa. [lpu
MajuX 3HAYEHHSX JAMHAMIYHOTO Hamopy (IIBHAKOCTI) CTPYMIHb YTBOPIOE ITYHKY
PIIVMHY, BIIOMBAETHCS 1 PO3TIKAETHCSA MOBEPXHEIO0 BAHHU; MPHU BEIMKUX 3HAYCHHSX
JUHAMIYHOTO HATHUCKY BiJIOYBA€THCS pO3OPU3KYBaHHS PITUHU, ajle OCHOBHA YacTHHA
CTPYMEHS MPOHUKAE B PIAUHY, MJICMOKTYE (BiApUBAE) piIUHY 1 ApoOUTSH ii Ha ApiOHI
kparti. CrocTepiraeThCsl TaKOX HUPKYJIAIIA Ta YTBOPeHHs OynbOaiiok razy. Takum
YUHOM, TMIPH JIOCTAaTHROMY THUCKY Ta3y 1 HEBEJNMKINA BUCOTI (ypMH ra30BUN CTPYMiHb
BXOJIUTh B PIJUHY CIOYATKY TEX CYLUUIRHUM CTpyMeHeM-(hakeioM. Y peaabHuX
YMOBaX CTPYMIHb HEPIAKO 3aHYPEHUI y IIJITAKOMETAJIEBY TIIHY.

[Ipu mnpoxyBaHHI 3BepXy INIMOMHA NPOHUKHEHHS CTPYMEHS B pIIUHY
30UTbIIY€EThCS 31 30UIBLIEHHSM THUCKY YW IIBUAKOCTI, rasy, AlaMerpa coIuia Ta
3MEHIIEHHSIM BUCOTH COIUIa HaJ piBHEM pinuHU. [Ipu mpoayBaHHI 3BepXy KHCHEM
OCTaHHIM YacoM, KpIM OJHOCOIUIOBUX (ypM, CTaldd 3aCTOCOBYBaTH TpHU- 1
yotupucomioBi. Comjia HaXWJieHI 0 BepTUKall Ha KyT 6-15 rpaa., yTBOprowouu
CTPYMEHI, IO PO3XOIAThCS. SIK MOKa3aB JOCBiJ 3apyODKHUX Ta BITYM3HSIHHUX 3aBO/IIB,
OararocomioBi ¢GypMmu 103BOJSIOTh 3HA4YHO 301UIbIIMTH (30—40%) 1HTEHCUBHICTD
IpOJIyBaHHS 3a 30€peeHHsI CIOKIMHOTO XapakTepy ii (0€3 BUKHUIIB) Ta 301IBIIUTH
BUXI1JT IPUIATHOTO [5].
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PaginyBanus B 0CcHOBHOMY KOHBepTepi B ymoBax II®OK

B ocHoBHomy kouBeprepi Ha [loOy3pkomy (eponikeneBoMy KoOMOiHATI
MPOBOAUTHCS OCTaTOYHE padiHyBaHHA HAMIBOPOAYKTY 3 METOI0 OJEp KaHHSI
TOBapHOTO (epoHikemnto. [Ipu BMICTI KpeMHIIO B YHOPHOBOMY (DEPOHIKEN MEHII, HIXK
1,5% padinyBaHHS [03BOJIAETHCA MPOBOAUTH B OAHY CTaAil0 B OCHOBHOMY
koHBepTepl. Ilicas 3anMBKM  HaMiBNPOIYKTY KOHBEPTEP BCTAHOBIIOETHCS Y
BEPTHUKAJIbHE MOJIOKEHHSI, OIYCKA€ThCS (ypMa 1 TOYUHAETHCS POy BaHHS.

st padinyBaHHS (EepoOHIKEN0 B KUCHIIM CTajli 3aCTOCOBYETHCS OAHOCOIIIOBA
dbypma 3 MIJJHUM HAKOHEYHHKOM, 3 KPUTHYHUM IMepepizoM comia — 32,5 mwM;
nepeTuHOM Ha Buxoji — 44,0 MM; BucoToro coria — 81 MM (Mad. 3).

““““““
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Mau. 3. OgHocomioBa pypma 3 MiTHUM HAKOHEYHUKOM

3anexHo BiJ XIMIYHOTO CKIJIaJy YOPHOBOTO (DEpOHIKENI0, a TaKOXK KUIBKOCTI
MePEpOOTFOBAHOTO XOJIOJHOTO METaly, 110 MICTHTh HIKENb, JJISl MPOJAYBAHHSI MOXKE
OyTu BUKOpUCTaHa pypMa 3 TPUCOIIOBUM HAKOHEUYHUKOM [§].

[IpoyBaHHs IPOBOAUTLCS PH THCKY KUCHIO He Hibkde 10 at (10,1x10° ITa) mo
MaHOMETPY Ha LEXOBOMY KOJIEKTOpi, BUTpara KucHIO — 100-170 m*/xB, umcrora
KHCHIO He MeHIl, HIX 99,5%. [lonoxenHst GpypMu 3MIHIOETbCA HaJ PiIBHEM J3€pKaia
BaHHM B 3aJICKHOCTI BiJ CKJIay, TEMIEpaTypyd YOPHOBOTO (PEPOHIKENIO Ta 3a1aHOTO
peXKUMY.

JIJisi UTaKOYTBOPEHHSI MO XOJy NPOJyBaHHS JIOAA€THhCS BalHAK a00 BalHO 3
pPO3paxyHKy OTpUMaHHs OCHOBHOCTI muiaky (cmiBeigHomeHHs: Ca0/Si10;) B mexax 2-
3. Burtpara BarnHsKy BU3HAYa€ThCS MAIIMHICTOM JUCTPUO'IOTOpA 3aJI€KHO BiJl BMICTY
KpeMHito, cipku, (ocopy B HamiBONpOAYKTI. TPHUBAIICTH MEPIIOr0 IPOTyBaHHS
BU3HAYAETHCS MAIIMHICTOM JTUCTPHUO'IOTOpa Bi3yaldbHO MO (akeily g0 TOBHOTO
OKHCJIeHHs Byruiewto. [licns 3aKkiH4eHHs MepIioro npoyBaHHS Ha po3cy Opuraaupa
BIIOMpaeThCs MpoOa MeTalny il BU3HAYEHHS BMICTY BYIVICLIO, KPEMHIIO, CIPKH,
dochopy, xpomy, HIKENO, Mijl, KOOAJIbTy. 3 METOIO KOPUTYBaHHS XIMIYHOTO CKIIaay
Ta TeMIlepaTypu (PEpOHIKEII0 MOMJIMBI HACTyHHI TpomayBaHHS. [licist KOXHOTO
MIPOJTyBaHHS MPOBOIUTHCS B1AOIp POO I BU3HAYEHHS XIMIYHOTO cKiany [8].

PaginyBanns y kuciomy kouseprepi B ymosax II®OK

[Ticns 3amuBku  (EPOHIKENIO KUCIUWA KOHBEPTEP BCTAHOBIIOETHCS Y
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BEPTUKAJIbHE TOJIOKEHHS, OMYyCKAEThCA (PypMa 1 MOYMHAETHCS TPOYyBAaHHS KUCHEM.
Jlo moyaTKy MpOayBaHHs IIiJi KOHBEPTEPOM MOBHHHI OYTH BCTAHOBJEHI IIAKOBA
yaia, Kopoba, a Ha METaJOBO3HOMY Bi3KYy — KOBII 3 TEMIIEPATypoOI0 (PyTepyBaHHS HE
Hwxkue 400°C.

3 NUUTI0O HOPMAJBHOTO 3aMajfOBaHHS IUIABOK MPH MPOJYBaHHI YOPHOBOTO
dbepoHikento 3 MOHWXKEHOI TemmepaTryporo menmie 1180 °C 1 BUCOKMM BMICTOM
KpeMHif0 B MeTanm (Buie 6%), Micis 3aMBaHHS METaly B KOHBEPTEpP HEOOXITHO
3pOOUTH 3aBaJIKy MHJIONOAIOHOTO Marepiany, IO MICTUTh HiKedb (OKaJIuHH,
CTPY>KCHUHH, MUITY), Y KUIBKOCTI, 110 BKa3aHa B TEXHOJOTIYHIM 1HCTPYKIIii, TOYaTH
npoayBaHHs. 3a00pOHSETHCS MPOBOJUTH 3JIMBKY METaly Ha IUIAK, TOMY IO MPH
IIbOMYy MOJKJIMBI BHUKHAM MeETaly 3 KoHBepTepa. llepem moyaTkoM MpoyBaHHS
HEOOXI1THO EpPEeKOHATHCS, IO PypMa clipaBHA, HEMAE TeUl, COIUIO HE 3a0UTO 1 HEMAE
posnany [8].

st padinyBaHHS (EpOHIKENO0 y KUCHTIN CTajli 3aCTOCOBYETHCS OHOCOILIIOBA
dbypmMa 3 MIJIHUM HAKOHEYHHKOM, 3 KPUTHYHHUM IepepizoM coria — 32,5 mwm;
IepeTUHOM Ha Buxoi — 44,0 MM; BUcOTOIO coria — 81 MM (MaJ. 3).

3aJIe’)KHO B XIMIYHOTO CKJIaTy YOPHOBOTO (PEPOHIKENI0, a TaKOX KIUIBKOCTI
MepepoOTFOBAHOTO XOJIOJHOTO METaly, 110 MICTUTh HIKEJb, JJIsi MPOJAYBAHHSI MOXKE
OyTu BUKOpHCTaHa (ypma 3 TPUCOIIJIOBUM HAKOHEYHHKOM, 3 KPUTUYHUM TEPepi3oM
KOKHOTO cormia — 25,0 MM; mepetTnHoM Ha Buxoji — 34,0 MM; BHCOTOIO coria — 68
MM (MaJI. 4).

Bucoma

nepepi conia

@ 34 Hepepiz conta

nepen uKoM Ha euxodi

Mau. 4. TpuconsioBa ¢gypma 3 MiITHUM HAKOHEYHUKOM

3ajeXHO BiJ XIMIYHOTO CKJIaJy YOPHOBOTO (DEPOHIKETI0, a TaKOX KIJIBKOCTI
nepepoOIIFOBAHOT0 XOJIOAHOTO METaly, IO MICTUTh HIKEJb, JJIS MPOIYyBAaHHS MOXKE
OyTu BUKOpUCTaHA (pypMa 3 TPUCOILIOBUM HAKOHEYHHKOM, 3 KPUTUYHHUM IE€PepPi3oM
KOXKHOTO coruia — 25,0 MM; nepeTuHoM Ha BuxoAl — 34,0 MM; BHCOTOIO coruia — 68
MM (MaJl. 4).

[TpomyBaHHs MPOBOAUTHLCS TAKOXK IIPU THCKY KHCHIO He Hmkde 10 at (10,1x10°
[Ta) mo MaHOMETPY Ha LEXOBOMY KOJIEKTOpi, BUTpaTa KuCHIO — 100-170 m’/xB,
YICTOTa KUCHIO HE MeHII, HIX 99,5%. [lonoxeHHss pypMu 3MIHIOETBCS HaJ PIBHEM
J3epKajia BaHHU B 3aJIC)KHOCTI B CKJIaay, TEMIIEpaTypu YOPHOBOTO (PEPOHIKENIO Ta
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3aJJaHOTO PEKHUMY.

TemoBuil pexuM MIABKH MOXE PEryJIOBATUCS 3aBAHTAXCHHSIM B KOHBEPTEP
BIJIXO/IIB HIKEJIO0, XOJIOJHOTO YOPHOBOTO (PEpOHIKEINI0, HIKENEBOI a00 3a1i3HOI PyIu.
Butpara 0xo0101KyBadiB BHU3HAYAETHCS B 3AJEKHOCTI BiJl TEMIIEpaTypu KIIAJIKH
KOHBEpTepa, BiJ Baru, XIMIYHOTO CKJaay Ta TeMIIEpaTypud YOPHOBOTO (PEPOHIKEINIO.
[Ipy 1pOMY MaIIMHICT AUCTPUO'IOTOpPA TMOBMHEH BpPAaxOBYBaTH, IO OCHOBHHUM
JDKEpesIoM XIMIYHOTO TeIla TMPOIIECY € PEaKIliss OKHCICHHS KPEMHiIo, M0 Mae
HaWBUIIUH TerIoBUi edekr [8].

MogaenoBaHHS NPOAYBAHHSA B )epOHIKe/IeBOMY KOHBepTepi

Jlns  moOynoBu  reoMerpii  Mojeni  (epoHiKeIeBOoro - KOHBepTepa
BUKOPHCTOBYBABCS MPOTPAMHHUI KOMIUIEKC CUCTEMH aBTOMATUYHOTO TMPOCKTYBAHHSI
SolidWorks. IpyHTYrOUHCh Ha NPOEKTHHX KPECIAEHHSX, MiATOTYBadd TPUBUMIPHY
MOJIeTIb METaJIEBOTO KOPITyCy KOHBEpTEpa, B HEi BCTAHOBWJIM apMaTypHE i1 pobodye
dbyTepyBaHHs BIMOBITHO JO PEAIbHOTO POOOUYOTO MPOEKTY, BCTAHOBUIM KHUCHEBY
bypMy 31 3MIHHUM HaKOHEUYHUKOM (MaJ 5).

[Tin yac miArOTOBKM YMOB MOJICIIOBAHHS BPaXxOBYBAJIMCS peajbHl 3HAYEHHS -
tck kucuio 10 ar (10,1x10° ITa) mo MaHOMETPY Ha LEXOBOMY KOJIEKTODi, BUTpara
kucHo — 150 M*/xB. TTonoxkenHs (ypmMu Haa piBHEM A3epKana BaHHH (SK s
OJTHOCOTIIOBO1, TaK 1 JJIS TPHUCOILIOBOi) HE 3MIHIOBAIOCA 1 CTAHOBWIO X = 216 MM

(BiJIcTaHb M1 BUXIJTHUM MEepepizoM (ypMHU Ta MOBEPXHEIO BAHHM).

Hns  dbopmyiroBaHHS MaTeMaTH4HOI Mojeni Oyau  3poOJjieHI HACTYIHI
NPUITYIICHHS: PO3MIJANNCA JIUIIE PIAKUN Iiak, MeTan 1 KuceHb (l); KHUCeHb
pO3IIIIaBCsl K CTUCIMBUHN 1eaJbHUN Ta3 1, TaKUM YHUHOM, JOTPUMYBABCS
crhiBBiHOWIEHHS pV = URT, a po3IuiaB — sIK HECTHCIMBA HBIOTOHIBChKA piauHa (2);

B'S3KICTh 1 MOBEPXHEBUU HaATAr Yycix (a3 Oynaum mnoctiitHuMu (3); XIMIYHUMH
peaKIlisIMH IPOILIeCy IJIABKU JTOBEJIOCS 3HEXTYBATH (3).

il

gl

=
Maur. 5. TpuBuMipHa Mo/Ie/Ib OCHOBHOI'0 KOHBepTepa padiHyBaHHA
(deponikesiro
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HonatkoBuii moayiabs Flow Simulation 103Bosisie MOAEIIOBAaTH MOTOKHU PIAMHU Ta
razy Aisi OOYMCIIEHHS PI3HMX XapaKTePUCTHK, TAaKUX SK TeMIepaTypa, IIBHIKICTb
MOTOKYy, 00'eMHa Ta MacoBa KOHIIGHTpAIlis piAWMHHU, TOI0. Moayibs po3B’s3ye
piBusiHHs Hap’e-Ctokca, ski € (QOpMyJIOBaHHSIMH 3aKOHIB 30€peKeHHS MacH,
IMIyJIbCY Ta €Heprii JJIs MOTOKIB piAMHU. PIBHSHHS JTOMOBHIOIOTHCS PIBHSHHSAMU
CTaHy PIAUHH, II0 BU3HAYAIOTh NMPUPOAY PIIWHHU, 1 EMOIPUYHUMHU 3aJIEKHOCTIMU
TYCTUHU PIAWHM, B'SI3KOCTI 1 TETUIONPOBIIHOCTI PiIMHU BiJ Temneparypu. Hemnpyxhi
HEHBIOTOHIBCBKI PIIMHM  PO3MVISIAAIOTHCS  IIJISIXOM  BBEICHHS 3aJEKHOCTI  iX
JUHAMIYHOI B'SI3KOCTI B1J HIBUJKOCTI 3CYyBY NOTOKY 1 TeMIlepaTypu, a CTHCIIHUBI
pIIMHU — TUIIXOM BBEJEHHSA 3aJ€XKHOCTI I1X TYCTHHHM BiJ THCKY. 3aaada
KOHKPETU3Y€EThCA BU3HAYEHHSIM ii F€OMETpIi, (PAHUYHHUX 1 HOYATKOBUX YMOB.

[Iporpama nisi MojeNIOBaHHS 37aTHa mepeAdadaTv K JIaMiHApHI, TaK 1
TypOyJIEHTHI IOTOKH. JIaMiHApHI MOTOKYA BUHUKAIOTh MIPU HU3bKUX 3HAUYECHHAX YUCIa
Peitnonbaca, koiu uucio PeliHonblica IEpEeBUIILY€ TEBHE KPUTHYHE 3HAYEHHS, MTOTIK
cTa€e TypOyJEHTHUM, TOOTO MapaMeTpu MOTOKY MOUYMHAIOTh XaOTHYHO KOJIUBATHCS.
binburicTh MOTOKIB  pIAMHHU, $AKI 3YCTPIYAIOThCSl B 1HXKEHEPHIA NPaKTHIl, €
TypOYJIEHTHUMHU, TOMY MOJYJIb OYJI0 pO3p00JIEHO B OCHOBHOMY JIJIsl MOJICITIOBAHHS Ta
BUBUCHHS TypOYJIEHTHUX TMOTOKIB. JIJisi TpOTHO3yBaHHA TYpOYJEHTHUX IOTOKIB
BUKOPUCTOBYIOThCA  ycepeaHeHi 3a ®aspom piBHsHHA Hap’e-Ctokca, ne
BPaXOBYIOThCSl YCEPEIHEHI 32 4acoM €PeKTH TypOYyJIEeHTHOCTI MOTOKY Ha MapaMeTpu
MOTOKY, TOAl fAK 1HIN, TOOTO BEJIMKOMACIITAOHI, 3aJie’KHI BIJ Yacy SBHUIIA
BpPaxOBYIOThCSl O€3MOCEPEIHbO. 3aBASKUA LI MpOUEeAypl B PIBHAHHIX 3’ SIBISIOTHCS
JIOJIATKOBI YJIEHU, BiJIOMi sIK Hampyru PeifHosbrca, 1jsi SIKUX HEOOXITHO HaJaTh
nonatkoBy 1H(popMmaiito. o6 3akpuTh 110 cUcTeMy piBHSIHb, IPOrPAMHUI MOIYJIb
BUKOPUCTOBYE pIBHSHHS IE€peHOCY g TypOyJIeHTHOI KIHETMYHOI €Heprii Ta
IIBUJIKOCTI 1i JUCHIIAIIl1, TaK 3BaHy Mojienb k — £ [9].

MacooOMiH cyMimax piAMH BU3HAYAETHCS PIBHSAHHSAMU 30€pEKEHHS YacTOK.
PiBHSIHHS, 110 ONMHMCYIOTh KOHIIEHTpAIlll KOMIIOHEHTIB CYMIllll, MOXHa 3alucaTu y
BUTJISAL:

aPJ’m ( ) _ 9 (D + pt )a}'m + S [9 1]
At puiy?ﬂ mmn mn m °

m=12,...M
Tyr D,,,,D. .~ MoxexymspHa i TypOynentHa wmarpumi audysii, S,
MIBUKICTh BUPOOHUIITBA A00 CIIOKMBAHHS M —TO KOMITOHEHTA.

VY Bunazaky 3akony audysii dika:
i
Dy = D = S D:’:H?’i. = Omn o [9.2]

a
Mix KOHILIEHTpaLIsIMU BH/I1B Ma€ MiCIie HACTyITHA ajireOpaiuHa 3aJe)XHICTh:
Zm¥m =1 [9.3]

Axmo razomoaiOHa (abo pigka) pedyoBUHA IUQPYHAYE B ra3omnojiOHiM (abo
piaKif) piauHI (SKIIO Is1 piMHA Te4e 1 MEPEHOCHUTh IHIIY PEUYOBHUHY, IO PIAUHY

ISSN 2567-5273 80 www.moderntechno.de



Modern engineering and innovative technologies Issue 29 / Part 1 éw

3a3BUYail Ha3MBAIOTh PIJIMHOIO-HOCIEM), 1 MacOBa YacTKa Ili€i pEUOBHHH Y B piAuHA
HOCIi 3aHaATO Maja, TOOTO y << I, TO BOHa HE MOKE€ BIUIMHYTH HA BIIACTUBOCTI
MOTOKY PIAMHHU-HOCIS (IIBHUIKICTh, TUCK, TEMIIEPATypy), a MOTIM Ha PO3MOJILI L€l
PEUYOBMHU B OOUMCIIOBAJIbHINA 00JACTI Yepe3 MepeHECeHHs 1i MOTOKOM PIAMHM Ta il
AUQy31I0 B 110 PiAMHY. 3TiAHO 3 II€I0 OMIIi€l0, Mudy3is i€l peYOBUHU OIIHIOETHCS B
MOTEepPEHHO PO3PAXOBAHOMY CTalllOHapHOMY a00 HECTalllOHAPHOMY HOTOIl PiIUHH-
HOCISl IIIJISXOM BHPIMIEHHS HACTYIMHOTO PIBHSHHSA, BPaxOBYIOUM HEPIBHOMIPHICTH
KOHLIEHTpAlli pEYOBUHH Ta TPAJTIEHT TUCKY PIAUHU-HOCIS (JIMIIE JUIsl Ta30MO1I0HUX
piauH):

@ﬂ+i pRT(;u LM )@y:

at  0x; pm \Pr-Le Pr;-Le./ 0x;

a mymy [p;v't%—y( L )@P
dx; m? p Pr-Le Pr,-Le./dx;

pYU; —

[9.4]

Je: p — ryCTHHA PIAMHHU-HOCIS 1 CyMilIl pedyoBUHH (OCKUIBKH Yy << 1, TO p MOXHA
BBA)KaTU T'YCTHHOIO P1AMHU-HOCIS) ;

t —4ac;

X; — 1-Ta KOMIIOHEHTa BUKOPUCTOBYBAHOI CUCTEMU KOOP/AMHAT;

u; — 1-Ta CKJ1a/I0Ba MIBUIKOCTI HECYUOl PIAMHYU (peUOBHHA MA€ OJHAKOBY
IIBUJIKICTB);

p — CTAaTUYHUN TUCK PIAMHU-HOCIS;

R — yHiBepcasibHa ra3oBa cTania;

m — MOJISIpHa Maca piJIMHU-HOCIS Ta CyMiIlll PpEYOBHHH;

m; — MOJISIpHA Maca PeYOBHHH;

m; — MOJISIpHA Maca piIMHU-HOCIS;

v, — TATOMHUH 00’ €M pEUOBUHU;

( — TaMiHapHA B’ A3KICTh PIIUHU-HOCIS;

ut — TypOyJIeHTHA B’ SA3KIiCTh PIIUHU-HOCIS;

Pr, Pr,— naminapse ta TypOysenTHe uncia [Ipanaris Hecydoi piauHu;

Le, Le, — naminapse ta TypOysieHTHe uncina JIptoica Hecydoi pigunu. [9]

PiBHSHHS pO3B’SI3y€ThbCsl B OOUMCIIOBaNIbHIN 00macTi (abo ii mimo6macTi) 13
3alaHUMH  KOPUCTYBa4eéM TpPAaHUYHUMHU YMOBAaMH, IIOYaTKOBUMU yMOBaMHU Ta
JoKepenaMu 00’eMy PEYOBHHHU, IO MEPEHOCUTHCS MOTOKOM pinuHM (abo rasy). B
HallOMY BHIIQJIKy 3aBAaHHS 3BEICHO JO TOro, IO OOYMCIIOBaJbHA 00JaCTh
BHU3HAUEHA SIK BHYTPIIIHS TMOpPOXKHHWHA KOHBepTepa, oOyMOBIIEHa MHOro poOodyum
dbyTepyBaHHSM, piIMHA — II€ PO3IUIAB, ra3 MOJAEThCS uepe3 PpypMmy 13 3aJaHUMHU
yMOBaMH, MapaMeTpu MOJENIOBAHHA 1/eaibHl (KOHBEpTep Ta (ypMmMa poO3TalloBaHi
CTPOr0 BEPTUKAIBHO).

Ha man. 6 Ta 7 BimoOpaxkeHa o0'eMHa KOHIIEHTpaIlis po3IUiaBa B KOHBEPTEPI
Py MOJIENIIOBaHHI POOOTH OJIHOCOIUIOBOI Ta TPHUCOILIOBOI ()ypMH B dYaci, sika €
MIpOI0 00’€My pO3YMHEHOI pIAUHU y 3agaHoMy o00’emi po0OoY0i MOPOKHUHH
KoHBepTepa. Jlis mpoBeneHHsS aHalizy Ta 3ICTaBJICHHS PE3yJIbTaTiB MK JBOMA
dbypmamu, obpaHni HacTymHI yacoBi mo3Hauku — 0,1 ¢; 0,3 ¢; 0,6 ¢c; 1c; 1,7¢; 2c;
2,8 ¢c; 3,8c; 4,3 c. Ilpu BIIMBI CTpyMeHs rady Ha BaHHY KOHBepTepa Ha MaJ. 6
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CIIOCTEPITaeThCsl ITyNbCALIHHUI» XapaKTep 3alaJuHu, 10 MOBTOPIOETHCA 3 YAaCOM
(1,7 c, 3,8 ¢), po3MIaB MEepPIOJUYHO «ITPOOUBAETHCS CTPYMEHEM Ta3y MPAaKTHYHO J0
JIHa KOHBEpTEepa, M0 Oe3yMOBHO MOXE BIUIMHYTH HEraTMBHO Ha (yTepyBaHHI

arperary, 3MEHIIIYIOYH HOTO TePMiH CITyXKOU.

1=0600s

1

t=2.000s

)

1=4.300s

Mau. 6. OgnocomioBa pypma. O0'eMHAa KOHIIEHTPALIA PiAMHA

[Tpu po6oTi PypmMH 3 OJHUM COILIOM, IIMPHHA 3aMaJUHHA B PIAMHI 3aJUIIA€THCS
Maibke TIOCTIMHOIO i BIUIMBOM Ta3y, 3MIHIOEThCS JIMINE TIMOWHA 3amajuHH,
CIIOCTEPITaEThCA YTBOPEHHS XBWJIb, I'PEOIHIIIB O KpasxX 3amajuHu, XapakTep Ta
dbopma sSKMX 3MiHIOIOTHCS B 4aci. OKpeMo BapTO 3BEpHYTH YBary Ha mepudepiro
METaJICBO1 BAHHU KOHBEPTEpPaA, Ha AKUX 00'eMHA KOHIIEHTpAIllsl PIAMHU MPAKTUIHO HE
3MIHIOETBCS, II0 MOXE OIOCEPENKOBAHO CBIAYUTH SK TPO  HEAOCTATHE
MepeMilllyBaHHs pPO3IUIaBy B 111 00JIaCTI, TaK W MPO MEHIIY [0 PO3IJIaBy Ha poboue
(dyTepyBaHHs CTIH KOHBEpTEpA.

Kaptuna 3 BHUKOpHCTaHHSIM TPHUCOILUIOBOT (ypMu Ta po3moail 00'eMHOI
KOHIICHTpAIlli piIMHY, K BKa3aHO HAa MaJl. 7, Mae Jiemo iHmui xapakrep. [lo-nepie
BIJICYyTHA TNyJbcallil 3amaJuHU, 110 (OPMYeTbCS MOTOKOM Tazy 3 ¢ypMmu, a
«IIPOCTPLID» JI0 THA KOHBEPTEPA CIOCTEPITaEThCS TIILKH HA OJIHIN 4acOBiM MIISHIN —
ot 0,6 cexynau. BpaxoByroum, 1o mnepexiy BiJl OJHOTO PEXHUMY 0 I1HIIOTO
(mouaTok  TPOJyBaHHS) BIAOYBAa€TbCS  CTPUOKOMOMIOHO, OCKUIBKH  ¢ypma
0araTrocormioBa, a CTpyMEHI raza TypOyJIeTHI, MOKEMO MPUITYCTUTH, 1110 TaKUi ePeKT
MOB'A3aHUN 3 MOYATKOM POoOOTH (ypMH TpPU MOJENIOBaHHI mpouecy. B Takomy
BUIIAJIKY, BIUIUB IIPOyBaHHS HAa TEPMIH CIIyKOHU (yTepyBaHHA IHA KOHBepTepa Oyje
MEHILIUM, HIXK Y TOTIEpETHOMY BapiaHTI.

JlonatkoBo (ikcyemMo OUIbIN CTaOLIbHY IMOBEAIHKY 3amaJuH{, BOHA HE Taka
uOoKa K Ha MaJl. 6, ajie Bi3yaJlbHO 3[a€ThCs IIUpIIE. XBUJIl Ta TpeOeHl Mo Kpasx
BIIAJIMHU MEHII, XapakTtep 1 ¢opma CcTaOUIBHINII 3a TMOmepeaHto, 00'eMHa
KOHIICHTPAITiS PIAMHY OIS CTIH MTPAKTUYHO HE 3MIHIOETHCS.

MacoBa KOHIIEHTpaIIisl piIMHHM, sSKa BigjoOpakeHa Ha MaJl. 8 Ta 9, TakoXx BijlomMa
K MacCOBHI BIJICOTOK pIOUHH, IOKa3y€ CKUIBKM Macu pO3IUIaBa PO3YMHEHO B
3a1aHOMy 00’ eMi poO0UY0T MOPOKHIHY KOHBEPTEPA Ta 3 IKOK KOHIIEHTPAIIIETO.
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Mau. 8. OgnoconioBa pypma. MacoBa KOHIeHTpallisi piiuHU

Ak 1 y Bumaaky 3 o0O0'€MHOI0 KOHLEHTpALl€l0 piAMHA, Ha MaJ. §
CIIOCTEPITa€eThCs, XapakTepHa JJisi GypMHU 3 OJHUM COIUIOM, ITyJbCallisl, MPU SKii
ra3oBHUi CTPYMiHb MPOOMBAETHCS 10 JIHA KOHBepTepa Ha 1,7 ¢, 2,8 ¢, 3.8 ¢. Ha man. 9
MU He OauuMo Takoro edekrty. Ilpu mpomy, momiOHMI €(dEeKT CrocTepiraeThes Ha
no3Hauti 0,6 ¢, aje 1e sSBUIlle MOKHA 3HOBY OB’ S13aTH 3 MOYATKOM MPOTyBaHHS.

[Ipu Bi3yasibHOMY TOPIBHSHHI BiJ3HAYa€ThCs OUIbII CTaOUIbHA 3amajguHa I
gac poOOTH TPUCOILIIOBOT GypMH, TOI K (hypMa 3 OJHUM COILIOM MOCTIHHO 3MIHIOE
IIMPUHY Ta TIUOWHY 3amajuHUA B Yaci, Hajawouu i HemepeabadyBaHy Qopmy.
MosxHa NpUIyCTUTH, 110 OararocorioBa ¢pypMa J103BOJISIE POBOJUTH MPOyBaHHS
po3IIaBy TpH 30€peKeHHI OUIBII CIOKIMHIMIOro (3 MEHIIOK TypOYJIEHTHICTIO)
XapakTepy IepeMilllyBaHHS, 3 MEHUIMM BIUIMBOM Ha IUICHICTb POOOYOro
(dbyTepyBaHHs IHa KOHBEpTEpa.
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Mau. 9. Tpucomiosa ¢gypma. MacoBa KOHUEHTPALis PIAMHA

[lutanHs eQeKTUBHOCTI TMepeMillyBaHHS BaHHU KOHBEpTEpa HEMOXIIUBO
JOCTOBIPHO OIIIHUTH BHUXOIAYU 3 MaJl. 6-9, OCKUIBKM TamM HeE B1AOOpaKaeTbCs
noTpiOHOi JIs 1poro iHGopmarii. Tox g Toro, mod mobGauuTd MpoLec Pyxy
YaCTMHOK Ta3y B pO3IUIaBl, iX KUIBKICTh Ha HampsiM, [poaHali3yBaTH Xij
nepeMilryBaHHs, IPOBOANUIIOCS KOMIT'IOTEpHE MOAETIOBAHHS TPAEKTOPIi MPyXy rasy B
pinvnau. IlopiBHSIBHI 300pa)KeHHS IS OJHOCOIUIOBOI Ta TPHUCOIIOBOT (ypMuU
300paxkeHi Ha maJ. 10.

Mau. 10. TpaekTopist oOTOKY ra3y B piauHi (oaqHoconioBa ¢pypma 3JiBa,
TPHUCOILJIOBA - CIIPaBa)

®dypma 3 OIHUM COILUIOM MOKa3y€e PIBHOMIpHE MEPEMIITyBaHHS BaHHH HABKOJIO
BJIACHOI BEpPTUKAJIBHOI OCI, pilMHA IUPKYJIO€, BIAOMBAIOYMCH BiJ JHA Ta CTIH
KoHBepTepa. CIoCcTepiraeTbCcs HEBEIMKE PO3MUWICHHS PIIUHH, KpamneabKu PlIuHU
3aXOIUTIOIOTHCSI CTPYMEHEM Ta3y 1 BAHOCSATHCS 32 MEX1 BaHHHU Y HAPSIMKY Bia Qpypmu
710 CTiH KoHBepTepa. llepemimryBaHHS HOCUTH OUIbII 1HTEHCHBHHM XapakTep B
o0JacTi 3amaguHu Ta BEPTUKAIbHOI oci (ypMH, 1 cliajjae B Mipy BiJJaJIEHHS BiJ OCl
bypMu Ta HaOMMXKEHHSI 10 CTIH y TOPH3OHTaJbHIN TuIOmMHI. PyX MOTOKIB rasy B
OesnocepeHii OMU3BKOCTI IO JIHA KOHBEpPTEpa BI3yali3y€eThCS YITKO, 3 BEIUKOIO
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KUIBKICTIO BEKTOPIB, 110 TAKOK BKa3y€ HA BUCOKY IHTEHCHUBHICTb MEPEMIIITyBaHHS.

['pyHTYyIOYMCh Ha MOJENIOBAaHHI, MOXXEMO CKaszaTu, L0 TpHUCOIUIoBa ¢ypma
Kpalle nepemiilye BaHHY 3 PIAMHOIO, IPH OJHAKOBUX MapaMeTpax THUCKY 1 BUTpATH
razy, KUIbKICTb BEKTOPIB TpaeKTOpii MOTOKYy Ta3y Habarato Oulblle, HIK Y
onHocoruioBii. [lpu Takiii TpaekTopii pyxy, KOJIM piAHMHA LUPKYJIIOE, BiAOUBAIOUNCH
BiJl JIHA 1 CTIHOK METaJeBOi BaHHM KOHBEpPTEpa, MEPEMIIIYBaHHS HE Ma€ TaKOTO
«3aracaHHs» B HAMPSIMKY BIJ BEPTUKAIbHOI OCi (GypMu a0 CTiHKA. MokHa
MPUIYCTUTH, IO 3aCTOCYBaHHS TPUCOIUIOBOI (hypmH, 30UIBIIMBIIN 1HTEHCUBHICTD
nepeMilryBaHHs, J03BOJIUTh JOCITTH MMOBHOT'O OKUCIIEHHS BYIJICLIO IpH padiHyBaHHI
(bepoHiKeI0 B OUIbII KOPOTKUM TEPMIH, 110 JO3BOJIMTH IIBUILIE BIAIOpaTH mpoldy
MeTajay JUisi BU3HAYEHHS BMICTY HEOOXIIHMX XIMIYHMX €JIEMEHTIB, CKOPOUYYIOUH
TPUBAJICTH TUIABKHU.

TpuocnnoBa ¢pypma, Buxonsauu 3 mMaJj. 10, B piBHII Mipi BIUIMBaE Ha poOoue
(dbyTepyBaHHs JIHA 1 CTIH METaJeBO1 BAaHHU KOHBEpTEpa.

Bapro Big3HauuTH, 110 pEMOHT PoOOYOro PyTepyBaHHS CTIH METAJIEBOi BAaHHU
KOHBEpTepa CKJIaJHININKI, y TOH Yac fK JHO MOYXKHA HApOCTUTH, BUKOPHUCTOBYIOUU
OpUKeTH 31 BMICTOM Martes3uty abo iHIII MiIPyYHI MaTepialiv, Taki sK, HAlPUKIA],
0111 MarHe3iajabHOI LETJIN.

BucHoBku

1. XapakTep B3aeMoOjii ra3oBOro CTpyMeHs 3 PiAMHOI, dopMa Ta PO3MIpH
3amaJiiHy Ok CTAOUTBHI MIPU 3aCTOCYBaHHI TPUCOILJIOBOI PypMHU.

2. |HTEHCHBHICTh IE€pEMIIIYBaHHS BaHHM MeETaJly M[pU BUKOPHCTAHHI
TPUCOIUIOBOT (ypMH BHILE Ta PIBHOMIPHIIIE 3a 00'€eMOM pO3IUIaBy, HDK IpHU
BUKOPHUCTaHHI (PypMU 3 OTHUM COILJIOM.

3. Edexr 3011blIeHHS KUTBKOCTI comen GypMu MOXKe IPU3BECTU 10 CKOPOUEHHS
TPUBAJIOCTI IUIABKHM, 3MEHILEHHS Yacy NpUuOyTTs METally B KOHBEpPTEpl, MiABUILICHHS
MPOYKTUBHOCTI 1 CTIMKOCTI (PyTepyBaHHs arperaTy, 3HIKEHHIO TUTOMUX BUTpPAT.

4. OpnHocomioBa ¢Gypma OUIBIIO MIPOIO BIUIMBaE Ha (yTepyBaHHS IHA
KOHBEPTEPA, 1110 MOXKE MPU3BECTHU J0 BUIIEPEIKAIBHOTO 3HOCY Ta YTBOPEHHS JIYHKH.

5. ®ypma 3 TppbOMa COIUIaMHU BILIUBAE SIK HAa poOoue (yTepyBaHHS CTiH, TaK 1 Ha
(dyTepyBaHHs HA KOHBEpTEpA.
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Abstract. The final phase of ferronickel production process, one of the options of oxidized
nickel ores processing before granulation, is ferronickel refining. Ferronickel refining technological
methods at industrial enterprises in the world mainly consist of the similar steps of production with
minor variations, but the process in vertical oxygen converters is often used. The two-stage
(duplexity) nature of ferronickel refining lies in the fact that smelting by-product, which is formed in
the initial period of processing of rough ferronickel, contains a lot of silicon oxide, accordingly, the
first phase of refining is carried out in converters with silica lining. The second stage of processing
with removing of chromium, carbon, sulfur, phosphorus, and other admixtures, is carried out in
converters with basic linings. This article is about converters with upper oxygen supply.

Therefore, the purging process with oxygen is required in order to reduce the content of sulfur,
phosphorus, carbon and iron in FeNi metal to a given level. Oxidation of impurities occurs mainly
in the circulation zone, where the metal collides with the lining, slag and melt additives. Visual
inspection, study of the gas jet, the process of circulation of liquid metal and slag inside the
converter is impossible, because the environment is opaque, converter has a metal body and a
refractory lining. In this report, computer simulation of the hydrodynamic process of purging a
converter bath using single-nozzle and three-nozzle lances will be investigated, where the nozzles
are located at different angles to the vertical. On the base of examples of modeling the volumetric
concentration of liquid, the mass concentration of liquid and the trajectory of gas movement in the
melt, methods for increasing of the efficiency and stability of purging are considered. The issue of
durability of the unit lining are highlighted.

Key words: ferronickel refining, converter, oxygen lance, single-nozzle lance, three-nozzle
lance, modeling of the purging process, durability of the unit lining.

Crartio Hagicnano: 23.10.2023 p.
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Anomauin. Busuenns npoyecie meepoodhasHoco BiOHOGNEeHHs 3aNi3d 3 OKCUOi8 3
BUKOPUCMAHHAM 8 AKOCMI BIOHOGHUKA BY2IllA AHMpAyumosux ma eHepeemuyHux 2epyn ma
PO3pOOKaA eHepeoeheKmUBHUX MexXHOI02itl OMPUMAHHA A 3ACMOCYBAHHSA 02APKY 3 HIKele8ux pyo,
OMPUMAHO20 BHACTIOOK GUNANIOBAHHA 68 mpybuacmiu 00epmosili neui, € aKmyanbHUM HAYKOBUM
HanpsamMom y Koaboposiu memanypeii. Excnepumenmanvhe eusuenusi npoyecy meepoodhaznozo
8I0HOGNEHHA 3ali3a 3 HiKenegoi pyoHoi cymiwi nposoounu na TOB "llobyaccokuil ¢heponikenesuti
Kkombinam'" y mpybuacmiu obepmogoi neui Nel (dani TOII-1), 6 axocmi naiuea euKOpUcmo8ysascs
npupoonuii  2az. OmpumaHo  3a1eHCHOCMI  CNIBBIOHOWIEHHS  8Y2ilid  (8IOHOBHUKIB), WO
BUKOPUCTOBYIOMbCL HAOAN Ol BIOHOGIEHHST Memalie y pyOHOmepMiyHilu neui. B pe3ynvmami
BUOLNIEHHS TeMKUX KOMNOHEHMI8 V Npoyeci HazpiBanHs 8y2iiig 080X mapok 3a memnepamyp 300-
1050 °C, e6usHaueHi onmuManbHi CRIBBIOHOWEHHS Y2, Wo 3abe3neuyioms NnonepeoHe
BIOHOBNEHHS 3ANi3a 3 HIKENeBMICHOI CUuposuHu. Jl00amKoeo, y pe3yibmami GUSUEHHS Npoyecy
6I0OHOBNEHH 341i3a 3 HIKeNe80i pyou BUHAYEHO ONMUMATbHI Cnig8IOHOWEH s 8yeinns mapok I i
AC (75% / 25%) npu memnepamypi 850-950 °C, wo npu3e00umsv 00 3HUINCEHHA SUMPAMU
NPUPOOHO20 2A3y 3a4 PAXYHOK 2ODIHHA JemKUX 3 @Veilid, a MAKONC 3HUNCEHHA SUmpamu
e/leKmpoenepeii nio uac niasieHHs 02apKy 6 pyoOHOMepMIiuHil neyi.

Pezynomamu ybo2o 0ocniodicenns modcyms mamu npaKkmudmne 3acmocy8anHs ¢ Onmumizayii
BUPOOHUYUX NPOYECI8 Yy MEMALYPIUHIll NPOMUCTIOB0CMI, A MAKOMC Y 6UOOPI ONMUMATLHUX MAPOK
8yeinis OJisl NONINWEHHS eq)eKMUBHOCMI MA eKOHOMIYHOI OOYLIbHOCMI NPoYecie 8I0HOBNIeHHs 341i3a
68 mpyouacmux 0bepmosux neuax.

Kniouosi cnoea: muixenesa pyoa, oeapok, meepoo ¢hasHe BIOHOGIEHHs 3A1i3d 3 OKCUOIS,
Cmyninb mMemanizayii, 00820 NOIYM sAHe 2a308e V2, 8Y2ile aHMpayumosux epyn, mpyouacma
obepmanvha niy.

Beryn
OmuuM 3 METOAIB BITHOBJEHHS 3ajli3a 3 OKCHAIB HIKEJIEBOI pyau €
BUKOPHUCTaHHS TpyOuactoi obeproBoi meul. llelt Tunm medi no3Bosisie €PEKTUBHO
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NPOBOJUTH TPOIIEC BiTHOBJICHHS IMIJISXOM IOCTIHHOTO TIEpEeMIIIeHHS Marepialy B
meui. OpHak, Ui YCIIIIHOTO TBepa0(}a3HOro BIJIHOBICHHS 3ajli3a 3 OKCHJIIB
HIKEJICBOI pyIr HEOOXi/THE BUKOPHUCTAHHS BITHOBHHKIB.

OmHuM 13 TOTEHIIIMHMX BIJIHOBHHKIB, SKi MOXYTh OYTH BHKOPHCTaHI B
TpyOuacTiii 00epTOBiil Tedi, € ByTUUIS €HEPreTUYHUX Tpyl. Byriiis mae BHUCOKHI
BMICT BYTJICITIO, ITIO JTO3BOJISIE HOMY BHCTYIIATH SIK BITHOBHUK, 3a0€3MEUYI0OUH MPOIIEC
TBEpA0(}a3HOTO BITHOBIICHHS 3aj1i3a 3 OKCUAIB HiKeaeBoi pyau [1].

Mertoro 1aHoi poOOTH € BUBUYECHHS CTYIMEHS TBEPAO(A3HOrO BIAHOBJICHHS 3ajli3a
3 OKCHJIIB HIKEJIeBOI Py B TpyOdUacTiii 0OepTOBIN Medl 3 BUKOPUCTAHHSIM BYT1ILIS
EHEePreTUYHUX TPYH B AKOCTI BIJITHOBHUKIB.

IIpoBeeHHS eKCIIEPUMEHTY

[IpoBeneHHsT MOCTiIKeHb 3 BHBUEHHsS BIUIMBY 3aBaHTakeHHS B TOII cymimri
aQHTPAIMTy 1 BYTUJUIS 3 MIABUIIEHUM BMICTOM JIETKHX Ha CTYMiHb IOINEPEIHBOTO
B1THOBJICHHS OTapKYy.

Hocmimxenns nposeneno Ha TOII-1 B ymoBax mgitouoro BupoOHuinrBa TOB
"TToOy>kchkuit  (eponikeneBuit komOinat". OcHoBHI xapaktepuctuku TOII-1:
nosxuHa 70 M, paaiyc 4,5 M, kyT Haxuiy 3° [2].

JIns mpoBefeHHs AOCHIPKEeHb M1 Yac KamiTaabHOTO PEMOHTY B KOHCTPYKIIIIO
neyui TOII-1 BHeceHo Taki 3MiHU:

- Y BHYTPIIIHBOMY MPOCTOPI Ha BiACTaHI 28 M BiJ rapsyoro KiHIg Medi
BCTAaHOBWJIM TIJMIpHE Kijblie (mopir) 3aBBUIIKK 640 MM 1 3aBmupimikd 400 mw,
BUKOHAHE 3 BOTHETPUBKOTO OETOHY;

- Ha BigcTadi 30 M 1 34 M Bijg TapsUOTO KIiHIM HA KOXYCI M4l BCTAHOBJICHO JIBa
BeHTHIIATOpU TUiy BP-288-46-5 mpoaykxtuBHicTio 10 000 HM’/rom, sKki momaroTh
MOBITPS B MY JIJISI OTIAJIIOBAHHS OKCUTY BYTJICITIO 1 3a0e3MeueHHs] BUOYyX00e3MeuHOT0
mporiecy. Y paaialbHOMy HanpsIMKYy BEHTUJISITOPH 3CYHYTI BITHOCHO OJIMH OJTHOTO Ha
180 rpamyciB. JKuBieHHS BEHTWISITOPIB 3AIMCHIOETHCS 32 JOIMOMOTOI0 TUIABAIOYMX
CTPYMO3HIMAaHiB,;

- A 3I1ACHEHHS] KOHTPOJIIO TEMIIEPATypHOTO PEXHUMY OTPHUMAaHHS OTapKy i
BU3HAUCHHS TPaJi€HTa TeMIIepaTypyd OrapKy i rasy IO JOBXKHHI €4l B OJHOMY
paziaJbHOMY HampsMKYy BcTaHOBWIM S5 Tepmomap tunmy TXA 10-88, ocHameHux
pazio KoHTposiepaMmu. BijcTanp Bij rapsyoro KiHig mnedi g0 tepmonap 10 m, 18 m, 24
M, 32 M, 38 M BianoBigHo. PoOoui KiHIII TepMmomap pPO3MIIIEHI B CIEIiaIbHUX
kumeHsx. [Ipu HIKHbOMY TIOJIOKEHHI TepMomap (iKCyeTbes TemIeparypa orapka,
MIPU BEPXHBOMY TIOJIOKEHHI - TeMITepaTypa miyHuX rasis [3].

JlociKeHHs 3 BU3HAUYEHHS ONTUMAJIBLHOTO CIIBBIAHOLICHHS By Mapku JI°
y CKJIaJil BITHOBHHKIB MTPOBEJICHO 32 TAKUMHU €TaraMu:

Tabauus 1 - ETanu npoBeieHHs] eKCIIEPUMEHTY

Ne eramy Cnissignomenns Byrimws A AC y muxti, % BwmicT BinHOBHUKA B XTI, %o
1 0:100 4
2 25:75 4
3 50:50 5
4 75:25 5
5 100:0 5
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VY nepion mpoBeeHHs A0CIIKEHb Ha KOXKHOMY eTalll BiiopaHo nmpoOu pyau Ta
OTapKy JJII BUKOHAHHS XIMIYHOTO aHaiizy 3 Bu3HaueHHSIM Fe;Os, FeO, Feoou, Feyer
Ta BOJOTH. XIMIYHUW CKJIaJ BYTUDIS BUKOHAHWHA TMepe]] MOYaTKOM IPOBEIACHHS
JOCTIIKEHb 1 3aIUIIABCs MOCTIMHUM MPOTATOM YChOTO MEpioy BUNIPoOyBaHsb [3].

Taoauusa 2 - Ximiuynuid ckjiaja Byrijujisi, Mmac. 10J1. %

0
Mapxka C Jletroui 3ona S CaO | Feosm 305?282/0 MgO P
Alll 80,5 4.4 13,2 1,05 1,4 9,8 49 1,6 0,03
AC 86,3 5,3 7,4 0,85 2 9,5 51 1,8 0,031
Al 66,2 25,0 12,1 0,65 7,2 9 47 2,2 0,033

s Byriyuist Mapku JII' XapakTepHU# TMIJBUINEHUN BMICT JIETKMX 25 Mac. JOJ.
%. TopiHHS JETKMX PEYOBHUH 3a0e3neuye HeoOX1JHI YMOBU sl TBEpA0(a3HOTO
BITHOBJIEHHSI B Tpolieci obmaiy. 3a IUX YMOB OCHOBHA YacTHHA TPHUBAJIEHTHOIO
OKCHJy 3ajli3a BIJHOBIIIOETHCS O JBOBAJEHTHOTO. CIOCTEPITa€EThCS TAKOXK JESKE
BIJIHOBJICHHSI OKCHJTy 3ajli3a 70 MeTany [4].

Tadanus 3 - XiMiuyHNH CKJIAJ HiKeJeBOI pyau, Mac. 10J1. %

Ne erama CHIBBM;[%H;HXEBYHHM Bomora Feoou Fewer FeO Fe,O3
1 0 23,3 13,56 0,01 2,04 16,04
2 25 233 13,56 0,01 2,04 16,04
3 50 20,9 13,74 0,02 2,33 17,07
4 75 20,9 14,4 0,01 2,15 18,2
5 100 223 14,23 0,01 2,23 17,85

Taoauus 4 - CepeaHiil XiMivHMH CKJIAJ OTapKy, Mac. 10J1. %

Ne etanm CmisBignomenns Byrimis AT mo AC Feoom Feyer FeO Fe O3
1 0 12,14 0,18 6,78 9,24
2 25 12,63 0,24 8,75 7,98
3 50 13,36 0,32 10,74 6,69
4 75 13,73 0,35 11,23 6,55
5 100 13,6 0,45 11,48 5,98

Sk BumuuBae 3 tabnwmii 4, BiAcoTKoBUi BMICT FeO B orapky 3 BUKOPUCTaHHSIM
Byriuisa mapku JI[" mopiBHSIHO 13 3aBaHTaKEHHAM 0e3 mo0aBku Byrunis mapku JII7 mo
CKJIaJy BITHOBHHKIB (eTarm 1) 30UTbIITUBCS B:

- Eram 2 smict AT - 25 % y cknani BigHOBHUKA B 1,29 pasis;

- Etan 3 Bmict I - 50 % y cknanai BigHOBHUKA B 1,58 pas3is;

- Etan 4 Bmict I - 75 % y cknazai BiiHOBHUKA B 1,66 pa3is;

- Eran 5 Bmict I - 100 % y cknani BimHoBHUKA B 1,70 pa3sib.

Ha migcraBi pe3ynbTariB aHami3iB, HaBeACHUX y Tabmuii 3, po3paxoBaHO
BigHomeHHs BMicTy Fe,Os/ Feobin ta FeO/Feqey y oTapky 3a eramnam [3].

Ak mokazaHO Ha MaOHKY 1, 31 30UIBIICHHSM BIJICOTKOBOTO BMICTY BYTULIS
mapku JII' y BigHoBHUKY BimHomreHHs Fe(™?)/Fe(osn) MiABUIYETHCA 1 BimmosimHO
Bimnomenns Fe(™)/Fe(osn) 3HIKYETHCS, 0 XAPAKTEPHO MJIS MPOTIKAHHS MPOLECIB
TBepAO0(}a3HOTrO BiTHOBIEHHS [3].
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3MiHa CIiBBiTHOIIEHE OKCHIIR 3a1Ti3a 0 3ali3a 3araabHOTO Bil IPOIIEHTHOTO BMICTY
ByTiIA MapkH /I y BiTHOBHHKY
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Mauronok 1. 3mMiHa crmiBBiZHOIIIEHb OKCHIIB 3aJ1i3a 0 3aJ1i3a 3araJbHOro Bijg
BiicOoTKOBOr0 BMicTy Byrisist Mapku I y BitHOBHUKY

OCHOBHMMH XapaKTEPUCTUKAMH TIPOIIECY TBEP10(ha3HOTO BITHOBICHHS OKCH/IIB
3ail3a € CTYIiHb BIAHOBJICHHS 1 CTYmHL MeTamizamii. J[as BHU3HAYCHHS IHUX
XapaKTEPUCTHK OYyJI0 BUKOHAHO PO3PaXyHOK MarepiaabHUX OajlaHCIB 3a BMICTOM
3amiza [5].

Jlns po3paxyHKy MarepiajlbHOro OajlaHCy 3a 3ali30oM Y MepioJi MPOBEICHHS
JTOCHIDKeHb  31MCHIOBAIM  KOHTPOJb MacH IIUXTOBUX  MaTepiaiiB, IO
3aBaHTAXYIOTHCS, OTPUMAHOTO OTapKy, MUJIe BUHOCY 3 Tedi 3 BUKOPUCTAHHSAM JTaHUX
ACY TOII-1. Pe3ynpraTu po3paxyHKIB MaTepialbHUX OajaHCIB 3a eTamnamu
npejcTaBiieHi B Taobmuii S5 [3].

CrymiHb BIJIHOBJICHHS - II€ BIAHOIICHHS KIUIBKOCTI BiZiOpaHOTO B mpoleci
BIIHOBJICHHSI KHCHIO /10 KUTBKOCTI HWOTO Yy BHXIJTHIA CHUPOBHHI, IO XapaKTEPHU3YE
MMOBHOTY BITHOBJIEHHS [5].

Tabauus 5. Baxancu 32 BMICTOM 3aJ1i3a B Py/ii Ta Orapky

No Eran [puxin (3a cyxoro pyaoio) Burpara (orapok)

m\m T Fe ¢} T Fe ¢}
1 Feyer 0,87 0,87 16,29 16,29
1 FeO 177,59 138,13 39,47 606,74 471,91 134,83
1 Fe 05 1396,38 977,47 418,91 826,89 578,82 248,07
1 Bceboro 1574,85 | 1116,47 | 458,38 1449,92 1067,02 382,90
1 Hen'sizka 4,43 %
2 Feyer 0,13 0,13 3,10 3,10
2 FeO 27,45 21,35 6,10 115,40 89,75 25,64
2 Fe 05 215,83 151,08 64,75 105,17 73,62 31,55
2 Beboro 243,41 172,56 70,85 223,67 166,47 57,20
2 Hen'sizka 3,53 %
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No Eran [puxin (3a cyxoro pyaoio) Burpara (orapok)

m\m T Fe 0 T Fe 0
3 Feyer 0,77 0,77 12,43 12,43
3 FeO 89,99 69,99 20,00 420,54 327,09 93,45
3 Fe 05 660,15 462,10 198,04 262,08 183,46 78,62
3 Beboro 750,90 532,86 218,04 695,05 522,97 172,08
3 Hen'sizka 1,85 %
4 Feyer 0,11 0,11 3,88 3,88
4 FeO 24,20 18,83 5,38 123,59 96,12 27,46
4 Fe 05 195,14 136,60 58,54 72,12 50,48 21,63
4 Bceboro 219,45 155,53 63,92 199,58 150,49 49,10
4 Hen'sizka 3,24 %
5 Feyer 0,20 0,20 5,30 5,30
5 FeO 26,77 20,82 5,95 134,37 104,51 29,86
5 Fe 05 212,90 149,03 63,87 69,97 48,98 20,99
5 Bceboro 239,87 170,05 69,82 209,64 158,79 50,85
5 Hes'sizka 6,63 %

Crymiae MeTaiizailii - BIIHOIICHHS BiJICOTKOBOI'O BMICTY 3aji3a METaJIEBOTO 1
3aJ1i3a 3arajibHOro B MIPOAYKTI [5].

CrymiHb BIIHOBJICHHS 1 CTYIIHh MeTaji3allli OTPUMAHOI0 OrapkKy 3a eTaraMu
npencTaBieHi B Tabnuii 6.

Taoauus 6. CTyninb BITHOBJIEHHH i CTYIIHb MeTAaJIi3allil OTPUMAHOIO OTapKy,
Mac. 10J1. %

Ne etamy CtyniHb BiTHOBJICHHS Crymiap MeTaizamii
1 16,47 1,50
2 19,27 1,86
3 21,08 2,37
4 23,19 2,57
5 27,17 3,33

CryniHb BIJHOBJICHHSI OrapKy IpHu 3aBaHTakeHH1 Byruwiss mapku AT 100%
3pocia B 1,65 pasiB, cTymiHb MeTajizalii BiAMOBiAHO B 2,22 pa3iB MOPIBHSIHO 13
3aBaHTAXKECHHAM 0e3 100aBku Byriuist mapku " 1o ckimany BigHOBHUKA [3].

Taoauua 7. Ctyninb nepexoay Fe:Os B FeO i FeO B Feyer, %

Ne erany Fe,Os3 B FeO FeO B Feuer
1 48,72 3,16
2 58,98 3,20
3 65,16 3,44
4 66,67 3,78
5 67,59 4,65

Ha npouecu TBepaoda3HOro BiIIHOBICHHS KpIM XIMIYHOTO CKJIady BHUXITHOT
CUPOBHHM BEJIIMKUW BIUIMB YHHUTH TPAHYJOMETPUYHUN CKIAJ 1 TEeMIepaTypHHMA
pexum npouecy [3].

['panynoMeTpuyHuil CKIaj OTrapKy NpENCTaBIeHUNA y TaOiuii &, XiMIYHUI
CKJIaJ] OTapKy 3a dpakiisiMu (eTam 5) mpeacTaBieHui y Ta0muli 9.
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Tabaunus 8. 'panyjioMeTpHYHHUI CKJIAL OTAPKY, %o

Bwict dpaxii, mac. mon. %

Ne po6u -0,063 + 0,315 -0,63+5 -10+40
Jpibna Cepenns Kpynna

1 13,1 33,4 53,5

2 12,1 34,1 53,8

3 12,4 32,1 55,6

4 14,7 32,3 53,1

6 21,1 33,2 45,7

Taoauusa 9. XiMiunui ckiaaja orapky 3a gpakuiamu, mac. 101. %

Dpaxkiris, MM
Kommonentu -0,063 + 0,315 -0,63+5 -10 + 40
Jpibna Cepenns Kpynna
Feoom 21,50 11,40 8,10
Feyer 0,30 0,31 0,32
FeO 19,10 10,60 6,60
Fe 05 9,10 4,10 3,80

AmHani3 moka3HuKIB Tabmuil 8 1 Tabmuil 9 mokaszaB, MO aKTUBHIIIE MPOIEC

TBep10(ha3HOTO BITHOBIICHHS MPOTIKA€ B APiOHINA (Ppakilii pyau.

KonTpons Temmeparypu orapky i1 Tras3iB 1o JOBXKHHI Iedl 3IIHCHIOBAIM 3a
JOTIOMOTOI0 T€PMOTIap, BCTAHOBJICHUX Ha KOKYCl Ha BiICTaH1 BiA raps4oro kiHis 10
M, 18 M, 24 M, 32 M, BianoBigHo. JaHi 3a TemmepaTypamu ra3y i orapky B medi

HaBeAeHo B Tabmwmil 9 1 Tadmumi 10 [3].

Taoaunusa 10. Cepennbo1000Ba TeMnepary

a orapky, °C

BuBanrtaxeHHs
Ne 3amipy (rapsumii T.1 1.2 1.3 1.4
KiHEIh)
1 869,38 964,17 849,98 635,03 321,53
2 861,25 978,17 834,92 622,35 332,57
3 857,5 901,43 849,58 623,20 346,36
4 846,25 874,22 886,09 684,59 367,62
5 849,38 1036,32 791,0 649,24 352,11
Cepenne 856,75 950,86 842,32 642,88 344,04
Taoauus 11. Cepennbono60Ba Temneparypa rasis, °C
Ne 3amipy T.1 T.2 1.3 1.4
1 1042,65 952,51 837,87 417,07
2 1098,72 960,33 839,38 447,66
3 1053,03 971,89 853,35 469,09
4 983,52 1026,83 908,28 476,69
5 1129,72 1005,97 889,84 470,74
Cepenne 1061,53 983,51 865,74 456,25

VY mepioa AOCHIKEHb CIIOCTEpIrajgocs MiJABUIIEHHS TEMIIEpAaTypu OrapkKy B
rapsyomy KiHmi nedi (1.1) mo 1036 °C, mo npusBeno 10 HOro po3M'sKIIEHHS Ta

yTBOpeHHs rapHicaxy Ha pyreponui TOIL.
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OnHier0 3 MPUYUH MIJIBUINCHHS TEMIIEpATypu OrapKy B rapsdiil 30H1 Iedl €
MOPYIICHHS PEXXUMYy pOoOOTH manbHUKa. PexkuM poOOTH NMalbHHMKIB HalAIITOBAHUMN
Ha CHIBBIAHOIIEHHS Ta3 - XOJIoAHE MOBiTps. [Ipu BUKOpUCTaHHI Taps4OTO TOBITPS
MiCsl peKymneparopa peXUMHA KapTa poOOTH MATBHUKIB HE BIAMOBIAAE€ MOTOYHUM
yMoBaM poOoTH [3].

st kouTpomto BMicty CO, CHy 1 muny y raszax, mo Biaxoasats, TOII-1 6ymo
BUKOHAHO TTHJIO TA30B1 BUMIPH.

Pe3ynbpTaT muiio razoBuUX BHUMIPIB MOKazaiu, 1o y BiaxigHux razax TOII-1
BMmicT CO mepiogu4HO TepeBUIIyBaB HOpMaTUB y 3-4 pasu, L0 TMOB'I3aHO 3
MOPYILICHHSIM POoOOTH MaJbHUKA MiJ Yac IMojadl Ha HbOrO TMOBITPS, HArpiTOro B
pekymneparopi a0 214 °C. 301ibIIeHHS MU0 BUHOCY 3 €Yl Ta BUKU/IIB B aTMOchepy
B TIpolleci JOCHIDKEHb HEe crhocTepiraiiocs. Bukua nuiay B atMmocdepy He
NepEBUIIyBaB HOPMATUB JJis JKepena BUKUAIB Ne33 1 ctaHOBUB y cepeaHbomy 330
mr/am® 3a Hopmu 760 mr/am’ [7].

3a pesynbpTaTamu ompartoBanHas gaHux poooTtu TOII-1 BuKOHAHO PO3paxyHOK
MATOMUX HOPM BHUTpPAT MarepiajiiB, IO 3aBAaHTAXKYIOTHCSH, OICPKYBAaHOTO OTAPKY,
npUpPOAHOTO raszy. [IutToMi HOpMU BUTpAT 3a eTanamu npeacTaBieHi B Ta0mui 12.

Tadauus 12. [luromi HOpMHU BUTPAT, T/T CyX0l pyaun

[TuxToBi Matepiani erar 1 erar 2 erarr 3 eram 4 eTart 5
(A —0 %) | (AT —25 %) | (AT — 50 %) |(AT — 75 %)| (A — 100 %)

Orapok 0,902 0,825 0,889 0,927 0,935
Bamnsk 0,057 0,007 0,048 0,053 0,052
BigHOBHEK y T.4.: 0,052 0,057 0,063 0,063 0,064
Alll 0,041 0,034 0,014 0,016
AC 0,010 0,009 0,017
Ar 0,014 0,031 0,047 0,064
Burpara nIpupOIHOTro rasy, M> 86,500 84,314 83,092 82,150 81,208
BuTtpara npupoiHoro razy
CepemHsI 3a TIePio MOCIIiIKECHb, 83,090
M>/T cyxoi pyau

3MEHIICHHS! TTUTOMOI BHUTPATH MPHUPOIHOTO Ta3y BiAOYBAEThCA 3a PaxyHOK
30uUThIIeHHsT YacTku Byruwis mapku JII' y ckmami BimHoBHUKa. IluTtoma BuTpaTa
MPUPOTHOTO Ta3zy Oe3 BUKOpUCTaHHA Byrumis mapku JIIT 3a maHummm KoMOiHATy
cTaHoBUTHL 86,5 M>/T cyxoi pymu. CepeqHs mMTOMa BUTpaTa MPUPOIAHOrO Trasy 3a
nepion JOCIiIKEHb 3 BUKOpUCTaHHAM Byrimis Mapku I ckmama 83,090 M/t cyxoi
pyau. ExoHOMIS MPUPOAHOTO ra3zy 3a paxyHOK BUKOPHCTaHHA Byriuwis mapku Iy
CKJIaJi BiTHOBHMKA cTaHOBUTH 3,41 M>/T cyxoi pyan [3].

Otpumanuit y TOII-1 orapok npsmyBaB sl MNOJAJBIIOrO MNepepoOJIeHHS B
PTTI-1. 3aBantaxxenns orapky B PTII-1 3aiiicHtoBanocs sik 3 TOII-1, tak 13 TOII-2 y
craiBBigHOIIEeHH] 1:1.

JIJist mepeBipKyM OKHCHIOBAHOCTI 3aii3a B orapky, mo HaaxoauB 3 TOII-1 na
nepepoOky B PTII-1 BiniOpano 2 mapanenbHi TpoOu Mij Yac BUBAHTAXKECHHS OTapKy 3
TOII-1 1 3 xrwoGenst momaui orapky B PTII. PesynbraTtu anamizy mpeicTaBieHI B
Tabmmmi 13.
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Tabaunus 13. XiMiyHMi CKJIaJ OTapKy, Mac. 10J. %

Micre Bigbopy npobu Feosw Feuer FeO Fe,O3
Orapok Mpu BUBaHTAXKEHHI 3

TOIL1 15,00 0,37 14,20 5,10

Orapok i3 Kro0ens 15,00 0,24 13,80 6,10

Ax BuaHO 3 Tabnuin 13, OKUCIEHHS 3ajli3a METAJIEBOr0 Ta OKCHJIIB 3ai3a 0yJio
HE3HAYHUM.

VY nporneci po6otu PTII-1 3pificHIOBaBCSI KOHTPOJIb 32 TAKUMH T€XHOJIOTTYHUMH
MOKa3HUKAMHU:

— MUTOMA BUTpATA EIEKTPOCHEPTI;

— XIMIYHUN CKJIaJ METaily.

AHaJi3 XIMIYHOTO CKJIaJy YOPHOBOI'O HIKEII TOKa3aB, M0 MpH mepepoOiri
Orapky 3 BUKOPUCTaHHSIM B SIKOCTI BIAHOBHHMKA NpHU 3aBaHTaxeHH1 B mwmxty 100 %
Byruus Mapku I, 3menmuBcs BmicT Si 3 5 % 1o 2,8 %, 1110 npu3Beno 10 3pOCTaHHs
TEeMIIepaTypyu MeTaldy BHUIIE HOPMHU, TOMY HAMIOLUIBHIIIOW € MepepoOKa Orapky 3
BMICTOM Y cKJiai BigHOBHUKA 75 % Byriyuist mapku I (etam 4) [6].

ExoHoMmiss mUTOMOI BUTpaTH e€JeKTpoeHeprii Ha 1 T orapky 3a paxyHOK
MOTIEPETHHOTO TBEPA0(a3HOTO BiTHOBIECHHS CTAHOBUTH 5 KBT/T orapky [3].

BucHoBku

1. Buxopucranns Byruwis mapku J[I' y ckmani BiIHOBHHMKA MPU OOMaTIOBAaHHI
HIKEJIEBOI pyId 3 OTPUMAHHSIM OrapKy TIO3WTUBHO BIUIMBAE Ha MPOIIEC
TBepao(daszHoro BimHOBICHHSA. HallepekTHBHIMIUM IS IOJAIBIIOrO IUIABICHHS
orapky B PTII € 3aBaHTa)XKCHHS IIMXTOBHX MaTepiajiiB 3 BiTHOBHHKOM, IO MICTHTh
75 % Byrimns mapku I 125 % Byriwis mapku antpanutoBux rpyi (AC).

2. ExoHOMIsI IPUPOAHOTO ra3zy 3a paxyHOK BUKOPHUCTaHHS Byriyuist Mapku "y
CKJIaJi BiTHOBHMKA CTaHOBUTE 3,41 M>/T cyxoi pyau a6o ~4%.

3 ExoHOMIisS TIHTOMOI BHTpAaTH eJeKTpoeHeprii Ha 1 T orapky 3a paxyHOK
MOTEePEAHBOT0 TBEP10(ha3HOTO BIAHOBIECHHS CTAHOBUTH 5 KBT/T orapky abo ~1%.

4. Jlns. yTOYHEHHS OTPUMAHUX JAHUX WIOJI0 EKOHOMIl MHUTOMOi BHUTpaTH
npupognoro razy Ha TOII-1 1 mutomoi BuTpatu enexkrpoeHeprii Ha PTII-1
HEOOX1IHUIM OlIbII TPUBAIMM TEpioa AOCHIKeHb. EKOHOMISI TMHUTOMOI BHUTpaTH
enektpoeneprii Ha PTII-1 moxxke Oytu BusHaueHa 3a 100 % 3aBaHTaKEeHHS
MONEepPEeHLO BIJIHOBJIIGHOTO orapky. /[lns 3a0e3neueHHs IIMX yMOB HEOOXijgHa
onnouacHa po6ora TOII-1 1 TOII-2 3 oTpuMaHHAM MONEPETHBO BiAHOBIECHOTO
OTapKy.
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Abstract. The study of the processes of solid-phase reduction of iron from oxides using
anthracite and energy groups of coal as a reducing agent, development of energy-efficient
technologies for production and use of calcine from nickel ores obtained by firing in a rotary kiln is
a current scientific direction in non-ferrous metallurgy. An experimental study of the process of
solid-phase reduction of iron from a nickel ore mixture was carried out at «Pobuzhsky Ferronickel
Works» LLC in tubular rotary kiln No. 1 (hereinafter referred to as TRK-1), natural gas was used
as fuel. The dependence of the ratio of coal (reducing agents), which are subsequently used for
reduction of metals in an ore-smelting furnace, was obtained. As a result of the release of volatile
components during the heating of two grades of coal at a temperature of 300-1050 °C, the optimal
ratios of coal were determined to ensure the preliminary reduction of iron from nickel-containing
raw materials. Additionally, as a result of studying of the process of iron recovery from nickel ore,
the optimal ratios of energy coal and anthracite coal grades (75% / 25%) at a temperature of 850-
950 °C were determined, which leads to reduce consumption of natural gas due to the combustion
of volatiles from coal, as well as reducing energy consumption of calcine melting process in an ore-
smelting furnace.

The results of this research can have practical application in the optimization of production
processes in the metallurgical industry, as well as in the selection of optimal grades of coal in order
to improve the efficiency and economic rationality of iron reduction processes in tubular rotary
kilns.

Key words: nickel ore, calcine, solid-phase reduction of iron from oxides, level of
metallization, long-flame gas coal, coal of the anthracite group, rotary tubular kiln.
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BASIC ELEMENTS IN THE SYSTEM OF GUARANTEEING THE VIGOR,
SAFETY OF THE GROWER AND THE IMMEDIATE ASSESSMENT OF

THE PROBLEMS OF THE VIGOR OF GRUB PRODUCTS
BA3WUCHI EJJEMEHTH B CUCTEMI TAPAHTYBAHHS SIKOCTI, BESIEYHOCTI Y
BUPOBHUIITBI TA CYYACHE OILIHIOBAHHS ITPOBJIEM SIKOCTI XAPYOBOI
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Abstract. It is very important to maintain the stability of the quality of food products. The
buyer is interested in the methods, techniques and materials with which the manufacturer ensures
the stated expiration date. Trust in the manufacturer can quickly collapse if the consumer learns
that ingredients and technologies are used that can negatively affect human health. The buyer
appreciates natural products with short expiration dates, including organic products, and is ready
to pay a higher price, but will not buy again products that are stored in the refrigerator for months
and do not spoil. In Ukraine, the system of control bodies for food safety is in the process of
reforming, but at this time, it remains built on the basis of legislative acts adopted earlier: "On the
safety and quality of food products”, "On veterinary medicine", "On the protection of consumer
rights " etc. The urgency of creating a single independent body for control and supervision of food
safety, by analogy with the European one, has not yet been reflected in Ukrainian legislation. Food
safety is a primary problem for economic development, the health care system, the national.

Keywords. Quality, food products, consumer, system of control bodies, producer.

It is generally known that the production of high-quality and safe products in the
global market space for the population provided with food products is of particular
importance. After all, food products are a source of fats, proteins, carbohydrates,
mineral and extractive substances, vitamins.

Taking into account the peculiarities of the modern food market, it should be
noted that the producers of the world trade community define the high quality and
safety of food products as the main strategic commercial potential and the source of
the formation of the national authority of each country. Therefore, an important
aspect of the activities of the governments of the international community is the
formation of legislation aimed at protecting consumers from potential health hazards
that may come with the consumption of food products. For example, such a danger
can potentially arise as a result of falsification of a food product or the provision of
unreliable and incomplete information about the properties of products. In this regard,
the introduction of measures related to the introduction of guarantees for the
production of high-quality and safe food is gaining more and more relevance. The
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review of regulatory and technical documents relevant for the world community
allowed to determine the scope of the "normative basis" intended for determining the
requirements, conditions, features of the implementation and operation of measures
necessary for the introduction of quality and safety guarantees in the production of
food products.

The key requirement put forward by Europe regarding the production of food
products by candidate countries for joining the EU, or their import from third
countries, i1s compliance of these products with the same high requirements as
products produced within the Community.

National Food Safety Authorities have been established in each EU country in
order to achieve higher standards in this area and guarantee effective control in this
area. National control systems on the territory of the EU differ in countries: they vary
from completely centralized systems (Netherlands, Denmark, Belgium) to
decentralized ones, in which the competent authorities work on the basis of regional
(Germany) or local systems (Great Britain, Ireland).

Since 2002, the General Food Law has been in force in the EU, which defined
the main principles and procedures for guaranteeing the safety of food products.
Within the framework of this law, the Unified Food Safety Authority was created.
This organization started its activities in 2003. It focuses on risk assessment and
scientific advice in the field of food safety.

In Ukraine, the system of control bodies for food safety is in the process of
reforming, but at this time, it remains built on the basis of legislative acts adopted
earlier: "On the safety and quality of food products"”, "On veterinary medicine", "On
the protection of consumer rights " etc. The urgency of creating a single independent
body for control and supervision of food safety, by analogy with the European one,
has not yet been reflected in Ukrainian legislation. Food safety is a primary problem
for economic development, the health care system, the national economy of tourism
and trade.

The food supply system is international in nature. Effective cooperation between
the governments of countries, producers and consumers of food helps to ensure the
safety of food products. Ukraine, including at the legislative level, is trying to solve
the issue of food security. But this is a question not only of the state, but also of each
of us personally. Responsibility in the matter of choosing products and preparing
one's own diet is the key to maintaining health and preventing a whole range of
diseases related to the way of eating.

The developed concept of total quality management is based on the principle of
continuous quality improvement, system and process approaches, the leadership of
the manager and the involvement of all employees in improving quality, meeting the
needs of customers.

Food products belong to a special group of goods, because a person eats food
every day, several times a day, using products, including processed agricultural
products. In most cases, these products are perishable, subject to microbiological
contamination, possibly with residues of pesticides, veterinary drugs, etc.

The food supply system is international in nature. Effective cooperation between
the governments of countries, producers and consumers of food helps to ensure the
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safety of food products. Ukraine, including at the legislative level, is trying to solve
the issue of food security. But this is a question not only of the state, but also of each
of us personally. Responsibility in the matter of choosing products and preparing
one's own diet is the key to maintaining health and preventing a whole range of
diseases related to the way of eating.

The developed concept of total quality management is based on the principle of
continuous quality improvement, system and process approaches, the leadership of
the manager and the involvement of all employees in improving quality, meeting the
needs of customers.

Food products belong to a special group of goods, because a person eats food
every day, several times a day, using products, including processed agricultural
products. In most cases, these products are perishable, subject to microbiological
contamination, possibly with residues of pesticides, veterinary drugs, etc.

Issues of the quality of food products are determined by relationships in the
producer-consumer system, and another risk factor also applies to this process, which
includes the participation of wholesale and retail trade structures. The next risk factor
is based on the fact that counterfeit products may reach the buyer.

In most cases, the problems of product safety and falsification are invisible to
the consumer who does not have sufficient tools and professional experience. The
consumer hopes for state guarantees in the field of ensuring safety and protection
against falsification of food products.

The combination of consumer requirements regarding the nutritional value and
sensory properties of the product is attributed to the biological quality or core quality
of food products. In most cases, these requirements are decisive when deciding to
purchase a product. In recent years, food enterprises pay more and more attention to
the organoleptic properties of products. This applies both to the product itself and to
the packaging, which should functionally ensure the preservation of the declared
quality properties during the shelf life. In addition, the aesthetics and attractiveness of
the packaging, as well as the information printed on it, are of great importance.

The quality of food products can be characterized by the main parameters using
the "quality star". In the conditions of crisis phenomena, the price of the product takes
one of the first places. A decrease in income and a change in the population's
expenditure structure led to a significant decrease in demand for the relatively
expensive segment of food products. As a result of import substitution, foreign
suppliers of raw materials and materials are replaced by domestic ones, more efficient
logistics systems are used, and production costs are reduced.

The growth of competition and the simultaneous decrease in consumer demand
forces manufacturers to more responsibly comply with the requirements of regulatory
documentation regarding quality, to move to the implementation of stricter
requirements of national standards.

Consumers' trust in certain products and manufacturers is the result of a complex
measure, which is based on their own feelings of organoleptic properties, advice from
friends and relatives, advertising, watching television programs, etc. Such trust is
directly related to the target audience of consumers of this product. The
manufacturer's challenge is to continuously expand this audience by fulfilling their
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current and future desires that lead to repeat purchases.

The quality of the product, its appearance, taste, aroma, structure, consistency,
as well as the convenience, functionality and informativeness of the packaging at an
affordable price primarily attract buyers. and new products, it increases its target
audience, increases the competitiveness of products and expands market share.

Traceability is considered an effective quality improvement tool and allows
tracking the movement, location and origin of raw materials, food products and
ingredients intended for use at all stages of the life cycle. Tracking allows you to
create consumer confidence that the manufacturer manages the safety and quality of
manufactured products, reducing the likelithood of appearance, including counterfeit
products.

It is very important to maintain the stability of the quality of food products. The
buyer is interested in the methods, techniques and materials with which the
manufacturer ensures the stated expiration date. Trust in the manufacturer can
quickly collapse if the consumer learns that ingredients and technologies are used that
can negatively affect human health. The buyer appreciates natural products with short
expiration dates, including organic products, and is ready to pay a higher price, but
will not buy again products that are stored in the refrigerator for months and do not
spoil.

Traceability is considered an effective quality improvement tool and allows
tracking the movement, location and origin of raw materials, food products and
ingredients intended for use at all stages of the life cycle. Tracking allows you to
create consumer confidence that the manufacturer manages the safety and quality of
manufactured products, reducing the likelithood of appearance, including counterfeit
products.

It is very important to maintain the stability of the quality of food products. The
buyer is interested in the methods, techniques and materials with which the
manufacturer ensures the stated expiration date. Trust in the manufacturer can
quickly collapse if the consumer learns that ingredients and technologies are used that
can negatively affect human health. The buyer appreciates natural products with short
expiration dates, including organic products, and is ready to pay a higher price, but
will not buy again products that are stored in the refrigerator for months and do not
spoil.

The integrated system has an obvious hierarchical structure: quality
management system (developed in accordance with ISO 9001); safety management
system (developed in accordance with ISO 22000, the basic principle of which is risk
control according to HACCP principles); prerequisite programs (developed in
accordance with "Good Manufacturing Practices (GMP) and "Standard Sanitary
Operating Procedures" (SSOP) and others [1].

Therefore, the controlling direction of "Good Manufacturing Practice" GMP and
"Standard Sanitary Work Procedures" SSOP conditions the functional significance of
prerequisite programs in ensuring quality and safety guarantees in the production of
food products. And the problem of quality and safety of food products is relevant for
solving in modern theory and practice of commodity science.
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Integrated quality and safety
management system

Food safety management system Quality management system
(ISO 22000) (ISO 9001)
BASIC PROGRAMS - PREREQUISITES:
Good Manufacturing Practice (GMP) Sanitary Standard Operating
Procedures (SSOP) and others
Fig. 1 Hierarchy of provisions for guaranteeing the quality and safety of food
products
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Anomauia. J[yxce 6axciugo niompumysamu CmaOilbHICMb AKOCMI Xapuyo8Ux npooyKmie.
Ilokynys yikagname memoou, mMemoou ma mMamepiany, 3a O0NOMO20I0 AKUX GUPOOHUK 3abe3neyye
3as6nenuti mepmin npuoamuocmi. /losipa 00 6upoOHUKaA MOdice WBUOKO 3PYUHY8AMUCH, AKUWO
cnoxcusay  Oi3HAEMbCS, WO BGUKOPUCMOBYIOMbCS [HEPeOIEHMU ma MeXHON02I, SAKI MOJCYmb
He2amueHo BNJIUHYMU HA 300po8's ntoounu. [lokyneysb yinye HamypanvHi NPOOYyKmMu 3 KOPOMKUM
MepMiHOM NPUOAMHOCII, 8 MOMY YUCTI OPeaHiyHi, | 20MOosull niamumu OiIbUy YiHy, aie He 0yoe
3HOBY KYNysamu npoOyKmu, SKi Micayamu 30epiearomovcs 8 X0JN00UIbHUKY | He ncyiomocs. B Yipaini
cucmema Opeami6 KOHMPONIO 3a 0e3neuHicmio Xapyoeux npooykmie nepedysac 6 cmaoii
pegopmysanns, ane HaApa3i 3AIUUAEMBbCS  NOOYOO0BAHOI0 HA OCHOBI NPUUHAMUX paHiue
3axkoHooaguux akmig: «lIpo 6esneunicmv ma sAKicms xapuoeux npodykmiey, «llpo eemepunapmy
meouyunyy. », «llpo 3axucm npae cnoxcusauiey moujo. AKmyanvHicms CMEOpPeHHs €O0UHO20
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He3aJIeACHO20 OP2aHy KOHMPOLIO Ma HA2NIS0Y 34 O€3NeUHICII0 XaPYosux nPoOYKmIi8, 3a AHAL02IEN0 3
€8pPONENCoKUM, 00CI He 3HAUWIA BI000PAdtCeHHs 8 YKPAiHCbKOMY 3aKoHodascmei. besnexa
Xap4osux npooyKkmieé € nepuiouepeo8or0 NpoOLeMOI0 PO3GUMKY eKOHOMIKU, CUCTEMU OXOPOHU
300p08 5.

Kniouosi cnosa. fxicmv, npooykmu XapuyeanHs, CHONCUBAH,CUCEMA OP2AHI8 KOHMPOIIO,
BUPOOHUK.
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IMPROVING EFFICIENCY OF THE INTEGRATED SECURITY

INFORMATION SYSTEM FOR BUILDING PROTECTION
MNIABULIEHHS E@EKTUBHOCTI IHOOPMALINHOI CHCTEMU KOMILJIEKCHOI
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Anomauin. Ilpononyemvcs memoo, wo nog'szanuti 3 NIOBUWEHHAM epeKmusHocmi
inpopmayiinoi cucmemu Oesneynoi excnayamayii 3axucmy Oyoieenv. Pozensmymuii memoo
Oe3emanoHHo20 OYIHIOBAHHA 3HAYEHb napamempie 6esneunoi pobomu 0Oydisens. Ompumani
pexkomenoayii 00380I510Mb MONCIUBICMb 3a0e3neueHHs: 00820mpueanoi ma HaoiliHoi be3neunol
excniyamayii 6y0igenb 3a PAXyHOK C80E€YACHO20 NPOSHO3Y8AHHA MA BUKOPUCMAHHA MOOerel ma
Memoois niosuueHHs epeKmusHocmi iHhopmayitiHoi cucmemu OideHOCMUKU MEXHIYH020 Oe3nexu
bydisens.

Knrwowuosi cnoea:. inopmayiiina cucmema, nioguweHHs e@dekmusHocmi, 0iaeHOCMUKA,
MEeXHIYHULL CIAH, KOMNIIEKCHA be3neKa, 3axucm.

Beryn.

JliarHOCTHKa TEXHIYHOTO CTaHy KOMILJIEKCHOT Oe3mneku Oy 11BesIb BULIAETCS K
BOKJIMBUN HamNpsIMOK OyJiBeIbHOTO BUPOOHMIITBA. OOCATH LBOTO BHAY POOIT
30UIBIIYIOTBCS  BHACHIIOK  (PI3MYHOrO Ta MOPAJIBHOTO 3HOIIEHHS Oy/iBeb,
oOJlalHaHHS 1 PEKOHCTPYKIII MiJANPUEMCTB, aKTHBIi3allli HOBOrOo OYJIBHUIITBA B
paiioHax ctapoi 3a0yl0BH, PEKOHCTPYKIIII MaJOMOBEPXOBUX Oy/iBellb, IMiJBULICHHS
IIH Ta 3MiHU (JOPM BIACHOCTI HA HEPYXOMOCTI.

[Ipobnema nAiarHOCTyBaHHS TEXHIYHOTO CTaHy OyJiBENb pO3IJIAAAETbCA B
JepXkaBl, K COLIaJbHO-€KOHOMIUHA, II0 MOTPe0Yy€e€ CYTTEBUX HAYyKOBO-TEXHIYHUX
3axoniB. OOpanHuil  HaAOpsIMOK JOCIKEHHS BIANOBiae mnoctaHoBl KaGinety
MinictpiB Ykpainu "IIpo 3a0e3medeHHs HaAidHOCTI W O€3MEYHOI eKCIUTyaTtarii
OyniBenb, cropya Ta iHxeHepHuX Mepex" Bin 05 TpaBus 1997 poky Ne 409 Tta
posnopsikenHo  Kabinety MinicTpiB Ykpainu “IIpo 3axoam 1moao mifCUICHHS
KOHTPOJIIO 332 MPOEKTyBAaHHAM, HOBHM  OYJIBHUIITBOM, pPEKOHCTPYKIIEO,
KamiTaJbHUM PEMOHTOM Ta eKCIuTyaTaliero OyauHkiB 1 ciopyn ~ Ne 100-p Big 01
oepesns 2004 p.

O1LiHKa TEXHIYHOTO CTaHy KOMIUIEKCHOI Oe3meku Oy/iBeNib € OJIHA 3 HANOUIBII
CKJIQHUX 33/1a4 HA PUHKY IHTEJNEKTYaJIbHUX CUCTEM OLIHKU 1 MPUUHATTS PIlICHb.
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CknagHICTh MOJIATaE y BEJMUKIN KITBbKOCTI YNHHMKIB, 110 BIUIMBAIOTh HA OIIHKY, SIKI
IOCUTHh CKiIamHo (opmamizyBatu. 3agada JIarHOCTUKU TEXHIYHOTO CTaHy
KOMIUIEKCHOI Oe3meku Oy/iBedb BUPIMIYETbCS EKCIEPTaMU, L0 KOPUCTYIOThCS
JTHIHHUMHA METOJaMU CTaTUCTUYHOTO aHAII3Y.

[TinBumieHH1o e()eKTUBHOCTI MPOLECY OOCTEKEHHS, 3HIXKEHHIO CTYIICHSI PU3UKY
OPUMHATTA HE0O €KTUBHUX pilleHb crnpusiio 0 iHdopMaliiiHe 3a0e3nedeHHs, 110
JI03BOJIUTH BUPINITYBaTH TUTaHHA 3 OOpOOKM MarepianiB OOCTeXKeHHS. 3BICHO,
KIHI[EBE PIIICHHS MPUUMATUMYTh €KCIIEPTH, ajieé HAABHICTh 1H(OPMAIIITHOI cucTeMHU
KOMILJIEKCHOI Oe3neku OyiBeNb yIpaBiIiHHS MiIBUIIUTH ()aXxOBHUI PiBEHb MPUUHSTTS
TaKUX PIlICHb.

AHaJI3 JiTepaTypHUX JaHHUX.

[IpoBeneHO BWBYCHHS HAyKOBHX JDKEpeNl 3a MPOOJIEMATUKOI JOCIIHKCHHS
TEOPETUYHUX 3acaj 00 MOOYyJAOBH 1H(QOPMAIIHHUX TEXHOJOTIM J1arHOCTHKU
CKJIQJIHUX TEXHIYHUX CHUCTEM Ta aHAJITUYHOTrO 3a0e3leueHHs iX (DyHKI[IOHyBaHHS,
OTPMMAHMUX BIJIOMUMHU BITUM3HSHUMHU HAyKOBISIMH, cepenl sikux TepertreB O.0.,
Kuisceka K.1., 'onuapenko T.O., ['opbatioe €.B., I'puroposcekuii [1.€., Bu3HaueHO:
BIICYTHICTh  €IMHOI METOJMOJOTII i1 1oOyaoBH  1HGOPMAIIMHOI  CHCTEMU
JIarHOCTUKM TEXHIYHOTO CTaHy KOMIUICKCHOI Oe3neku Oy/iBenb; BIACYTHICTb
MOJIeJiel Ta METO/IIB IiJIBUIEHHS €(heKTUBHOCTI KOMIUIEKCHOT Oe31eku OyIiBensb, sKi
0 ganmu MOXIMBICTH 3a0e3neunTH e(eKTUBHE (QYHKIIOHYBaHHS 1H(GOpMAIIITHUX
CUCTEM JIIaTHOCTUKM TEXHIYHOTO CTaHy Oe3neku OyJiBelb, 3a0e3MEeYUTH BHUCOKY
TOYHICTh NMPUUHATTA PIlIEHb LIOJO iX CTaHy; BIACYTHICTh €AMHOI 1H(OpMaLIHHOI
0a3n naHuMx, WO JAaja O MOMXKIMBICTH NOPIBHIOBATH PE3YJIbTATH J1arHOCTUKH
TEXHIYHOTO CTaHy Oe3neku OyjdiBenb, CIOCTEpIraTH JMHAMIKY  CTapiHHS,
CHUCTEMATHU3yBaTH BHUCHOBKHM TMPO iX CTaH. A TOMy, pO3B’s3aHHS IHMX 3a7ad €
aKTyaJIbHUM 1 JJa€ MOKJIMBICTh 3a0€3MeueHHs TOBrOTPUBAJIOT Ta HAIIHHOT Oe3MmeyHol
ekcIutyaTarlii Oy/iBeib 3a paxyHOK CBOE€YACHOTO MPOTHO3YBAHHS Ta BUKOPHUCTAHHS
MoOJieJleli Ta METOJIB TIJABHMINCHHS e(PEKTUBHOCTI 1H(POPMAIIHHOI CHCTEMHU
J1arHOCTUKH TEXHIYHOTO CTaHy Oe3IeKu Oy 11Beb.

3a0e3nedeHHs] TOBrOTPUBAJIOi Ta HAAIMHOI eKcrutyaTallii OyiBenb 3a paxyHOK
CBOEYACHOTO MPOTHO3YBAaHHA Ta BUKOpPUCTaHHS 1HOpMAaIiiiHOI  cucTeMu
JIarHOCTUKHM iX TEXHIYHOTO CTaHy KOMILJIEKCHOI Oe3leku Oy/IBeNlb € aKTyalbHOIO
TEOPETHUYHOI0 Ta TEXHIKO-€KOHOMIYHOIO MPOOJIEMOI0, 110 MOTpedy€e 3acTOCYBaHHS
e(eKTUBHUX PIllIEHb HA BCIX €Tanax KUTTEBOTO IIUKITYy OyIiBeb.

Jlanuii miaxig MoXe 3HAWTH MpaKTHYHE 3aCTOCYBaHHS B OpTaHi3allifx, IIo
3MIMCHIOIOTH MIITPUMKY TIPAIe3aTHOCTI CTaHy KOMITJIEKCHOT Oe31eKu OyIiBeb.

Merta Ta 3axa4i 10CTiTKEHHS.

Metoro gocmikeHHS € po3poOka 1HGOpMAIIHOI CHCTEMU IiJIBUILIECHHS
e(EeKTUBHOCTI CUCTEMHU JIarHOCTUKH TEXHIYHOTO CTaHy OyiBeib, IO JO03BOJIHTH
MIJIBUIUTH €(PEKTUBHICTh MPOLIECY OOCTEKEHHS Ta IMOKPAIIUTH SKICTh MPUUHATTS
pillieHb 100 0e3MeyHo1 Ta HaAIHHOIT eKCIuTyaTarllii Oy/1iBeb.

JIns mocsiITHEHHST METH POOOTH MPOBECTU aHaII3 CydyacHOTO CTaHy MpoOJieMHu
BUKOPHUCTaHHS 1H(OpMaLIHUX CHUCTEM JJis IMiJABUIIEHHS pPiBHSA O€3MeKu OyaiBeb.
BusiBneHo OCHOBHI 3aBAaHHs Ta 3[1HCHEHO BUOIp NUIAXIB iX BUpimeHHs. Ha ocHOBI
SKOTO PO3POOUTH I1HTETPOBAHUM METOJ] O€3eTaIOHHOTO OIIHIOBAHHS 3HAYEHb
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napameTpiB CUCTEMH JIarHOCTUKU TEXHIYHOTO CTaHY Ta 3alpOIOHOBaH1 KOMIUJIEKCHI
METOJIM MPOTHO3YBaHHS MOPYILIEHHS CTaHy 1 BU3HAUYCHHS IepelaBapiiHUX CUTYallli
KOMILJIEKCHOI O€31eKH OyIiBeb.

Metox 0e3eTaJJOHHOIO OWIHIOBAHHS 3HA4YeHb MapaMeTpiB 0Oe3me4Hol
ekcniyaranii OyaiBesib. [IponoHyeTbess HOBUIT MeTO O€3€TaIOHHOTO OIIHIOBAHHS
3Ha4YeHb MapameTpiB Oe3neyHoi poboTH OyiBelb, 0 BUMArae 3aMicTb IPOLEAYPH
MOPIBHSHHA 00'€KTa 3 €TAaJOHOM YMOPSAKYBaHHS BUOIpKU 3 Oe3niui 00'ekTiB. [lpu
IIbOMY Tepe10avaeThes, 110 Ha MiJCTaBl 0a3u JaHuX 1HOOPMAIIITHOT CHCTEMH MOXHA
o0y IyBaTH 3aKOHU PO3MOJLTY aHAII30BaHUX MMapaMeTpiB.

Bim3HaunMo nesiki BIACTHBOCTI MOPSAKOBUX CTaTUCTUK, BUKOPHCTOBYBaHHX B
noAabIINX MOOyA0BaX.

Hexaii dynxuis posnoginy F'(X), 0 po3rIsIacThCs FEHEPATBHOT CYKYITHOCTI
HernepepBHa Maiike BCloAu. EnemenT BUOIpKH 3 1i€1 TeHEepanbHOI CYKYIMHOCTI X1, X2,
...., X, OTPUMaHI1 SIK MOCJII0BHI 3HAUEHHS BUMIPIOBAHOTO TUMYACOBOTO Psiny Oyib-
SKOTO TapaMeTpa. 3MIHMBILIY BHUXIJHE PO3TAUITYBaHHS IIMX €JIEMEHTIB BIAMOBIIHO JI0
iX 3pocTaHHs (YU CIAaJaHHs), OTPUMAEMO PAJL: X1 <Xz <... <X,.

B TtakoMy BHUMaJKy €JI€MEHTH X; SIBISIIOTH COOOI0 i-10 MOPSAIKOBY CTATUCTUKY B
BUOIpIIl 00CATY 7 3 TeHepalibHOI CyKymHOCTI. [Ipu momiOHOMy mijaxojl TreHepaibHa
CYKYIHICTh € KOMIUIEKCOM BUIAJKOBUX BEIUYHH.

[Ipn BHUKOpUCTAHHI MOPSAJKOBUX CTATUCTUK JUIsi OOpPOOKM JaHUX HEMAE
HEOOX1AHOCTI MOOYJOBH JWHAMOrpaMH B il CTaHJAPTHOMY BHIJIAAI — Yy BUIJISIL

3aMKHYTOI KpHBOi. JlaHi SBISIOTH COOOI0 THMYACOBI PSOM JaHUX {X;} 3a CBOEIO

CYyTTIO aHaJIOTi4H1 oclwiorpamMaM. Ha mpakTuill paHroBi MOPSIKOBI CTaTUCTHUKH
MOXYTh OyTH oOOYHClieHI B OyAb-SKMX YacCOBUX psAJIaX, MAalTh XapaKTepHE
MOJIOKEHHS EKCTPEMyMY. 3 ypaxyBaHHSIM BUIIQJKOBOI CKJIaJ0BOT BUMIPSAHUX 3HAYCHb
3QJIEKHOCT] HAIIPYTH BiJl 4acy MOXHa MPEJACTABUTH Y BUTJISAII:

F(t)=06() - &(1), (1)
ne F(t) — nanpyra B MomeHT yacy ¢; 0(¢) — QpyHKIis, 1110 ONMKCY€e 3MiHA HATIPYTH Y
gaci; &(f) — mymoBa CKJIajoBa BHMIpy, Ma€ B 3arajbHOMY BHIIAJIKy NOBUIbHHUIT
PO3MOILIL.

Buxopuctanss Teopii paHTiB A pO3Mi3HaBaHHA 3MIHM B IMHAMOTpami 3py4HO
TUM, IO TaKUl MIAXiJ T03BOJISIE YHUKHYTH TPYIHOILIIB, MOB'SI3aHUX 3 MOOYI0BOIO
00'eKTUBHOT HIKaIK aOCOMIOTHUX 3HAUYE€Hb HABAHTAXKEHb, OCKUIbKHU LIeH MapameTp €
ICTOTHO BapiaOeNbHUM.

Y mopanemmx noOyaoBax Il paHIOM BHMIPIOBaHHS PO3YyMITH HOMEp R(F )

kUil HaOyBa€ Il BUMIp B YMOPSAKOBAHOMY 3a 3POCTAaHHSM PSAY 3HAUEHb MPH

k<i<k+n, ne n — o0car Bubipku. M. Kenmen mokaszaB, mo mnpu aHaisi
3aJIeKHOCTI 3pyYHO BUKOPUCTOBYBATH CTAaTUCTUKY S (7) = ?2_11 ?_1817 ,
lopu F; > F;
J— J— 9 2
Sij— Oan/IFl-—Fj 2)
lopu F; < F;
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ne F;, I |/ — BUMIPIOBAHHSI 3 THMYACOBOTO PSly HANpPYTH, j < N .
KoedirieHT panrosoi kopemsiii
25(n
L 25()
n(n—1)
J103BOJISIE€ 3pOOMTH BUCHOBKH IIPO CTYIiHbL MOHOTOHHOCTI 3anexuocti F'(¢).

3)

[Ipu k =1 3HaYeHHS MOHOTOHHO 3POCTAIOTh, k =—1 XapaKTepU3ye MOHOTOHHE
CITaIaHHs.

[IpoBenenuii psim Ha TMiACTaBl BUKOPUCTAHHS 0a3 JaHuX i1HQopMaiiiiHoi
CUCTEMH, 110 PO3TIISIAIOTHCS SIK THMYACOB1 PSIIM, OKA3aB, 10 B OLIBIIIOCTI BUMA/IKIB
Il pAIM XapaKTePU3YIOThCS LIJIMM HAOOPOM XapaKTEPHHUX JOKAJIBbHUX EKCTPEMYyMIB
¢yukuii F = F(t). Tum caMuM HOPYUIYETbCSI YMOBAa MOHOTOHHOCTI (YHKIIii, 110

BU3HAYAETHCS CTATUCTHKOIO Kenpanna.

B po6oTi Oy7o mokaszaHo, 1o nepiry ctaTucTuky Kenmamia MokHa TOTIOBHHUTH,
SAKIIO ICHYE JOCTOBIpHa ampiopHa iHdopMaIls NpU KOOPJAWHATAX JIOKAJBHHUX
EKCTPEMYMIB, sK1 MIOAUISAIOTH 00JIACTI 3pOCTaHHs a00 criajgaHHs QYHKITIT.

Ile mocsiraeTbes 3a paxyHOK BHKOPUCTaHHS TOTOXKHOCTI N =2n (aya mapHOi
KUTBKOCTI BUMIPIOBAaHb 1 CHAMETPUYHOTO PO3TALITYBAHHS TOUKH EKCTPEMYMY ).

JliiicHO, KO po30UTH BUOIPKY BUMIPIOBaHb Ha MEPII 1 IPYTl CHOCTEPEIKEHHS,
TO BEeJINYMHA

S, =sM 5@, @)
1 koeditieHT paHroBoi kopesiii Kenaena apyroro nopsaxKy
28(n)
y =t (5)
n(n—1)

OyyTh KIJIbKICHO ONMKUCYBATH XapaKTep 3MiHU TUMUYACOBOI IMOCI1TOBHOCTI {Ft }

Anani3 QyHKIIi Mokasye, 0 SKILO {Fj} MOHOTOHHO 3pOCTa€ Bix F, 10 F, i

MOHOTOHHO yOyBae Bix F,,; mo F,, ,, To 3HaueHHs k, Oyge B TOYHOCTI

nopiHoBatu +1. Ilpm 1boMy He Tpae pojil, SK MBHAKO 3pOCTalOTh abo
3MEHIIYIOTCS 3HAYCHHA F, 3 POCTOM I. BaxmuBo mnuime Te, mo0 eKcTpeMyMm

IPUIAJaB Ha TOUYKY 3 HOMEPOM 71.

MeTtoan HemapamMeTPpM4HOI Kopessilmii i perpeciss AJsi OWIHKH CTaHy
CHCTEMH JAiarHOCTMKH TEXHIYHOI0 CTAHY KOMILJIEKCHOI Oe3nexku OyaiBesb

€ 1Bi TpynHu NOB'A3aHMX crocTepexeHb X = (X{,...,X,,) 1 ¥ =V}, V), ) -

Sk110 € CyMHIBH B 3aCTOCOBHOCTI ["aycom Mojeni po3nodiiay JaHux (a BOHH, B
OLIBIIOCT] BUITAAKiB, HEOE3IiACTaBHi), TO A/ OLIHKH 3B'13Ky MK 3MiHHUMH Y 1 X
MOKHA CKOPHICTATUCS JEIKUMHU aJbTepHATUBAMH METOJIYy HAWMEHIIWX KBaJpaTiB.
PeanpHNM 3MiCTOM IIMX BHUMIPIOBaHb € TOW TOPSIOK, B SIKOMY BHOYIOBYIOTHCS
00'€KTHM 3a CTYNEHSAMHM BHPAXEHOCTI BUMIpIOBaHOI O3Haku. [lopsakoBuii HOMeEp
Yrclia B TAKOMY BIJICOPTOBAHOMY CIIMCKY Ha3WBA€THCS HOTO paHTOM.

HeoOxilHO OLIHUTU CTYMiHb BIUIMBY O3HaKM X Ha CTYIiHb BUPAXEHOCTI
BiAryKy Y. SIKImo Taxoro BIUIMBY HEMae, TO CIPABEUIMBA HyJbOBa TiNOTE3a [, PO

HE3aJIC)KHICTh MOPpAAKOBHUX  O3HAK. BI/IpiHICHH}I ObOro 3aBJaHHA IIYKA€TbCA,
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I'PYHTYIOUHCh HA PaHT'M BUMIPIOBAHb.
Hexaif ko)XHOMY i-My BUMIPIOBAaHHIO TMpUIKCaHa Tapa HATypaJbHUX YHCEI

1,81, Ae 1 — paHr X; cepen uucen (Xi,...,X, ), a §] — paHry )| cepel 4YHcen
(¥15++» Yy, ) - Bynemo mpu mpoMy BBaXkaTH, IO cepen psiaiB uucen X i Y Hemae
MOBTOPIOBAHMX 3HAYEHb, TaK 1110 MEPEXiJ O PaHTiB MUTAaHb HE BUKJIHUKAE.

SIkmo o3HakuM X 1 Y B3a€MOIOB’A3aHi, TO NOCHIJOBHICTh PAHTIB 71,7,..., 7,
BIUIMBA€ HA PAHTOBY HOCIIZOBHICTb S1,S5,...,S,,; B IHIIOMY BUIIaJKYy ITOPIOK CEpPEl
Y BUIAaIKOBUH MO BITHOIIECHHIO MOPSAKY cepen X . ToMy HeHTpadlbHUM MOMEHTOM
OOrOBOpEHHs TINOTE3W [, € OILIHKA, HACKUIbKM € paHrd  S1,57,...,5),
PIBHOMOJIUBUMHU (TOOTO PIBHOMMOBIPHMMH) TIpU OyAb-SKOMY TMOPSIKY YHCEI
Hs1)seees Ty, - JPYTEM BaKIMBAM MOMEHTOM € BHOIP MipH CXOXOCTI JBOX HaOOpiB

paHriB.
KoeiwienT panroBoi kopesnsiiii, 3aCHOBaHUI Ha TOMY, IO OJU3bKICTh IIUX ABOX
PAIB YKCeN BijoOpakae BeJIMUMHA:

_m 2
S=2i—s)", (6)
sKa BapitoeTbes Bi 0, SKIO MOCIHIIOBHOCTI MOBHICTIO 301ratoThCsl, 10
3
m> —m
— (7)
3

KOJIM TIOCTIZIOBHOCTI PaHT1B MTOBHICTIO MPOTHIICKHI.
HopmoBaHuii 10 CBOro MakCHUMajlbHOI'O 3HA4YEHHS, KOE(]Iili€eHT paHTOBOi
kopessnii CripmeHa
p=1-—22 (8)
m’> —m
Bapitoe Bix +1 g0 -1 1 cBOi KpaiHI 3HaYeHHS TNpUiiMae B paszl MOBHOI
nepeadadyyBaHOCTI OJIHIET PAHTOBOI MOCHIJOBHOCTI MO I1HIIMHA. 3ayBa)KUMO, IO
3HaYeHHs S He 3aJIeKUTh Hi BiJl 3HAYEHHS MEPIIOr0 HOMEPA MOCIiIOBHOCTI, Hi BiJ
MOPSJKY COPTYBaHHSI.

[Hmumi Koe(ilieHT PaHroBOi KOpENslii, KU OTpUMaB MOMYJISIPHICTH MICTsS
poOiT M. Kennamna, ik Mipu CXOXKOCTI MIDXK JBOMa PaH)KyBaHHSIMU BHUKOPHCTOBYE
MiHIMaJbHE YHCJIO MEPECTAHOBOK, sIKe Tpeda 3MIMCHUTH MK CYCIAHIMH 00’ €KTamH,
1100 OJIHE BIOPSKYBAaHHS 00’ €KTIB MEPETBOPUTH B IHIIIC.

Craructuky Kenmamia K mipaxoByrOTh HACTYIHHM YHHOM. BHOYIOBYIOTH
MOB'sI3aHI CIIOCTEPEIKCHHS B MOPS/IKY 3pOCTaHHs 03HAKU X 1 Ul KOYKHOTO 3HAYCHHS

yi BHU3HAYAKOTb HMOI'0 paHI Si . Ha IMOCINNIAOBHOCT1 PAaHI'1B S19S2""’Sm BU3HA4Yal0Tbh

KUIBKICTB iHBEpCIii, TOOTO MOPYIIEHb HOPAAKY CiliayBanHs. Hanpukian, npu m = 4
1 mociioBHOCTI paHriB {4, 3, 1,2} MaemMo KUIbKICTb 1HBEpCiil (CyThb — CTATHUCTHUKY
Kennmanna) K =3+2=5, ne 3 — KiUIbKICTh 1HBEpCIH aiisg uuciaa 3 1 2 — KITBKICTh
iHBepcit mna uucna 3. Haiimenme MoxnuBe 3HaueHHs K =0 BHUXOAUTH TIpU

m(m—1)

NOBHOMY 30iry paHroBUX MOCTIAOBHOCTEW, HAHOUIbIIE K — IpU MOBHIN X

MPOTHIICIKHOCTI.
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Koedimient panrooi kopesnsuii nmo Kenpamny sBisie co0or0 CTaTUCTHKY,
HOPMOBaHY TO ii MakCHMyMy, 1 3MIHIOETBCS B THX € MeXax, Mo 1 Koe]iieHT

4k

kopesiii CripMena: T=1-— )
m(m—1)

Cratuctuka T Kenpamna exkBiBageHTHa p CHipMeHa SIK 10 MOTY>KHOCTI, TaK 1
[0 BUKOHAHHIO OCHOBHUX IpUIYLIeHb. 3a3BUYaid, OJHAK, YUCIIOBl 3HAYEHHA P

Cnipmena 1 T Kengamna pi3Hi, TOMY 10 BOHU BIJPI3HAIOTHCS SIK CBOEIO
BHYTPIIIHBOIO JIOTIKOIO, TaK 1 CIIOCOOOM OOYHMCIIEHHS. Bijblll BaXJIMBUM € Te, IO
cratuctukd Kenpamia 1 CripMeHa MaloTh pi3HY 1HTEPHPETAIliIO: SIKIIO KOSMIIIEHT
kopensiii CriipMeHa MOKe pO3IIIsAaTUCS K MPSIMUN aHAJIOT KoedilieHTa KOpesiii
T Ilipcona, oOumucnenuii 3a panramu, To craructuka Kengania mBuaiie 3acHOBaHA
Ha nmpaxyHKy I/IMOBlpHOCTeI/I (BUCIIOBIIOIOYHMCH OUIBII TOYHO, MEPEBIPSIETHCS
HAsBHICTb  BIAMIHHOCTEH  MDK  BIPOTAHICTIO  OJM3BKO  pO3TAIIOBAHUX
CIOCTEPEKyBaHUX JaHUX JJI ABOX BEJIHUYUH).

Sxuio B naHuX € 0arato CIiBMNagal0YMX 3Ha4€Hb, TO Kpalle BUKOPHUCTOBYBATU
TPETIO PAHTOBY CTaTUCTUKY T-KPUTEPIH, sIKWH MO CBOIM 1HTepIpeTalii 1 004ncIeHb
CKBIBAJICHTHUH cTaTUCTHKOIO KeHpania, 3a BHHATKOM TOro, IO 30irM SBHO
BpPaxOBYIOThCSI B HOpMYBaHHI. BHCIIOBIIOI0UHCH KOPOTKO, T SIBJIsIE COOOIO PI3HULIIO
MDK HWMOBIPHICTIO TOTO, IO PAHTOBHM MOPSIOK JIBOX 3MIHHMX 301ra€Thbcsi, MIHYC
HWMOBIPHICTb TOTO, 1110 BIH HE 301ra€Thcs, MOAIICHY Ha OJMHUINI0 MIHYC WMOBIPHICTh
30I1riB.

JIist mepeBIpKM MPUMYIIEHHS MPO BIJICYTHICTH 3B S3KYy MIX O3Hakamu Tpeda
0o0YMCIUTH BUOIPKOBE 3HAYEHHA OyAb-SIKOTO Koe(dillieHTa paHroBOi KOpessuii i
MOPIBHATH WOTO 3 KPUTUYHUM 3HAYCHHSM JUTsI JAHOTO PiBHS 3Hauymiocti. HymbsoBy
rinote3sy f( ciiJ BiAKMHYTH, SKIIO OTPMMAHE B JIOCBiJli 3HaUeHHsA KOe]ilieHTiB T
abo p 1Mo MOJYJIIO NEPEBEPILYE KPUTUUHE.

KpuTnuni 3Ha4eHHS paHTOBUX KPHUTEPIiB MOKHA 3HANTH 3a TaOIMISIMH, a00

004HCIMTH 32 HAaOMKeHUMH (OpMyTaMH, SIKi 3aCHOBaHi Ha TOMy, 1o npu 1 i 3i
Om(m+1)
2(2m+5)
ACHMITOTHYHO HAOJIMKAETHCS 10 CTAHAAPTHOTO HOPMAJIBbHOIO 3aKOHY N (0,1).

30UIBIICHHAM 771 PO3MNOALT BHMIAJKOBUX BEIMYMH p=+m—1, 1=

Taomuiu [MOB’A3aHOCTI JI03BOJISIIOTH BUMIPSTH 3B’ A3KU MK
KpoccTa0yIbOpPOBAaHUMHU 3MIHHUMHU.

CnoctepexxyBaHi Ha TMpPaKTHUIl 3B’S3KM 3HAYHO CjaOKimie, 1 TOMY BHUHHUKAE
MUTAHHS: SK BUMIPATH 3B’S3KM MK TaOyJbOBaHMMH 3MIHHUMHM 1 OIIIHUTH iX
HAJIHHICTD (CTATUCTUYHY 3HAYYIIICTH). J{ami 0OroBOprOIOTHCS Hal3arajibHIIIl 3aX011
3B 43Ky MIXK JJBOMa KaTeTOPU30BaHUMHU 3MIHHUMU.

Meronu, sSiKi BUKOPUCTOBYIOTHCS JIJISl aHAJI3Y 3B’SI3KIB MK OLIBII HIK JABOMA
3MIHHUMU B TaOJIHUIIX BUCOKOTO TOPSJIKY, 0OTOBOPIOIOTHCS B po3auiax JlormHeHHwmi
aHami3 1 AHaji3 BIAMOBITHOCTEN.

Xi-xBanpar Ilipcona — 11e HalOUIBII MPOCTHI KPUTEPIi MEPEBIPKU 3HAYYIIOCTI
3B’s13Ky MK ABoma 3MiHHUMHU. Kpurepiit [lipcoHa rpyHTyeTbCs Ha TOMy, IO B
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JIBOBXOJIOBIA TaOJMIIl OYIKYBaHI YacCTOTH MpHU TimoTe3l "MiXK 3MIHHUMH HEMae
3aJIeKHOCT] "MOKHA 00YUCIUTH 6€3M0CEPEAHbBO.

3HaueHHS CTATUCTHKHU Xi-KBajgpaT 1 ii pIBEHb 3HAYMMOCTI 3aJICKHUTH B
3araJibHOTO YHUCJa CIOCTEPEKEHb 1 KITBKOCTI ocepeAkiB B Tabuuii. BigHocHo maii
BIIXUJICHHS CITIOCTEPEKYBAaHUX YAaCTOT BiJ OUIKyBaHUX Oyjie JOBOJUTH 3HAYUMICTh,
SKIIIO YHCJIO CIIOCTEPEIKEHD BEHKE.

€ TITBKYM OJTHE 1CTOTHE OOMEKEHHSI BUKOPUCTAHHS KPUTEPIIO Xi-KBaapat (KpiMm
OYEBMJIHOTO NPUITYLIEHHS MPO BUMAJIKOBUNA BHOOPI CIOCTEPEKEHD), SIKE MOJISATaEe B
TOMY, 1110 OYiKyBaHI YaCTOTH HE MOBUHHI OyTH ayxe maii. Lle moB’s3aHO 3 TUM, 110
KpUTEpid XiI-KBaApaT 3a CBOEIO MPUPOJOI0 TMEPEBIpsie HMOBIPHOCTI B KOKHOMY
OCEpENIKy 1 SIKIIO OYIKyBaHI YaCTOTH B OCEpPEAKaX CTalOTh MAJICHbKUMH, HAPUKIIAJ,
MEHIIIE 5, TO Il WMOBIPHOCTI HE MOXKHA OIIHUTH 3 JIOCTaTHHOK) TOYHICTIO 3a
JOTIOMOTO0 HasiBHUX YaCTOT.

MakcumyM TpaBAOMOAIOHOCTI Xi-KBaipaT MPU3HAUYCHUN I TIEPEBIPKU Ti€l Xk
caMoi TIMOTEe3H IMIOA0 3B’SI3KIB Y TaOIUIIAX CHPSHKEHOCTI, 0 1 KPUTEPIii Xi-KBagpat
ITlipcona. OpnnHak #oOro OOYMCICHHS 3acHOBAaHE HAa METOJI MaKCHUMalIbHOI
npaBaonoaioHocTi. Ha mpakTuii craTucTuka MaKCHUMyM MPaBIOMOIOHOCTI Xi-
KBaJpaT Myke ONu3bKa 3a BEIMYMHOI N0 3BUYaiiHOi craructuku I[lipcona xi-
KBaJpar.

AmnpokcumMaliisi CTaTUCTUKH Xi-KBaJpaT JId TaOauib 2X2 3 MajuM YHCJIOM
CIIOCTEPEXEHb B OCEpeAKax MOKe€ OyTH MOJIIIIEHA 3MEHIIEHHSM a0COJIIOTHOIO
3HAYEHHS PI3HUIb MK OYIKyBAaHMMH 1 CIIOCTEP)KHUMH YacTOTaMu Ha Beaunyuny 0,5
Tmepe]] 3BEICHHAM B KBajpaT (Tak 3BaHa mompaBka Merca). ITompaska Merca, mo
POOUTH OIIHKY OLIbII MOMIPHOO, 3a3BUYall 3aCTOCOBYEThCA B THX BUIMAJAKaX, KOJHU
TaOIUI MICTATh TUIBKM Majli YaCTOTH, HAIPUKJIAJ, KOJU JESIKl OYIKyBaHI 4acTOTH
cTaroTh MeHure 10.

Tounuii kpurtepiii dimiepa MOXKHaA 3aCTOCYBaTH TIIBKH I TaOIUIL 2X2.
Kpurepiii 3acHOBaHUN Ha HACTYMMHOMY MipKyBaHHI. JlaHO MapriHajibHI 4acTOTH B
TaOJIHUIIl, TPUITYCTUMO, IO OOMBI TaOyJIbOBaH1 3MiHHI HE3aJIe)KHI. 3a7aMO NMUTAHHS:
HACKUIbKM MMOBIPHUM € OTPUMAaHHS CIIOCTEPEkKYBAaHUX B TaOJMIII 4aCTOT, BUXOSTUH
13 3a7aHUX MapriHaTbHUX? BUSBIS€TbCS, 1S UMOBIPHICTh OOYHMCIIOETHCS TOYHO
MIJIPaxXyHKOM BCIX TaOJuIlb, SKI MO)XHa MOOYyBaTH, BUXOISYM 3 MapriHajJbHUX.
Takum uuHOM, KpuTepid Dimepa OOYHCIIOE TOYHY BIPOTIIHICTH  IOSBH
CIIOCTEPEKyBAaHMUX YAaCTOT TMpPH HYJIbOBIM TinmoTe3l (BIACYTHICTH 3B'SI3KY MIXK
Ta0yJIbOBAaHUX 3MIHHUMH). B TabnuIi pe3ynapTaTiB HABOAATHCA K OJJHOCTOPOHHI, TaK
1 IBOCTOPOHHI PiBHI.

Xi-xBampar MaxkHeMapa 3aCTOCOBYEThCSA, KOJM 4YacTOTH B Tabmwmimi 2x2
MPEICTaBISAIOTh 3alekHl BuOIpku. Hampuknan, crmocTepeXeHHs OJHUX 1 THX XKe
IHAMBIAYYMIB JI0 1 MICTS €KCIIEPUMEHTY. 30KpeMa, BU MOKETE IMiIpaxoBYBaTH YHUCIIO
CTYJCHTIB, SIKI MalOTh MIHIMaJbHI YCIIXM 3 MaTeéMaTHKM Ha TMOYaTKy 1 B KIHII
ceMecTpy a0o0 IepeBary OJIHMX 1 THUX K€ PECIHOHJICHTIB JI0 1 TICIs peKIaMHu.
OOGuucooThea JBa 3Ha4YeHHS xi-KBaapat: A/D 1 B/C. A/D xi-kBagpaT mnepeBipsie
rinoTe3y Mpo Te, M0 YacTOTH B ocepenkax A 1 D (BepxHs JiBa, HWKHS TMpaBa)
onHakoBi. B/C xi-KkBaJipaT nepeBipsi€ TinoTe3y Mpo PIBHICTh YaCTOT B ocepeakax B i
C (BepxHs MpaBa, HUKHS JIiBA).
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KoedimieHT cripspkeHOCTI siBJis€ cOO0I0 3aCHOBAaHY Ha CTAaTHUCTHIN Xi-KBaJpaT
Mipy 3B’S3Ky O3HaK B TaOJHMIN CIpspKEHOCT! (3ampomnonoBany Ilipcornom). IlepeBara
OTO Koe(illieHTa Nepe]l 3BUYaiHOI0 CTATUCTUKOIO XI-KBaipaT TOMY, LIO BiH JIETIIe
IHTEPIIPETYEThCS, Alanma3zoH HOro 3MiHM 3HaXOAUThCs B iHTepBaii Bix 0 mo 1 (ae 0
BIJIOBI/Ia€ BUITAJIKy HE3QJIC)KHOCTI O3HAK B TabOmuIll, a 30UThIIEHHS KoedirieHTa
noka3ye 30UIbLICHHs CTyneHs 3B s3Ky). Hemomik koedimieHTa CrpspkeHOCTI B TOMY,
0 Oro MaKCUMaJIbHE 3HAYCHHS "3aJeXuTh" Bia po3Mipy Tabmummi. [lei koedimienT
MO>K€ 1OCATaTH 3HAaUYeHHS | TUIBKH, SIKIIIO YMCJIO KJIaCIB HE OOMEIKEHO.

KoedimieHTH HEeBU3HAYEHOCTI BHUMIPIOIOTH 1H(QOpPMALIAHUNA 3B 30K MK
dbakTopamu (psakamMu 1 cTOBNUAMHU Tabnuil). [ToHATTS iHGOpMAIIIHHOT 3aI€XKHOCTI
Oepe MoyaTtok B TEOPETUKO-1H(OpMaLIMHOMY MIAXOAl A0 aHali3zy TabJHUIlb 4acToT,
Kyl MOXHa 3BEPHYTHUCS 3 BIAMNOBIAHOIO 1HCTPYKULIEI Jisi PO3'ICHEHHS LbOro. €
CUMETPUYHOIO 1 BUMIPIOE KUIBKICTh 1H(OpMalii B 3MiHHIN Y BIJHOCHO 3MiHHOI X B
3MiHHOI X BiHOCHO 3MiHHOI Y. Cratuctuku S(X|Y) 1 S(Y]X) BupakaroTh CripsiMOBaHY
3aJICKHICTb.

OOroBopeHHsi  pe3yJbTAaTiB  JOCHII:KEHHSI  METOAIB  MiJIBUIIIEHHSA
edpexTuBHOCTI iHpOopMaNLiiHOI ccTeMH 0e3MeYHOI eKcIuTyaTaii OyaiBenanb

AHami3 pe3ylbTaTiB BUMIPIOBAHb CBIJYUTH MPO TE€, IO MPOTITOM JIOCUTh
TPUBAJIOTO BiJIpi3Ka Yacy PO3TAIIyBaHHS JIOKAJIbHUX E€KCTPEMyMiB Ha JIMHAMOTpaMi
3QIIMIIAETHCS HE3MIHHUM, X04Ya y TUMYACOBUX IHTEpBajax MiX KOOPAMHATAMH IUX
€KCTPEMYMIB CIIOCTEPITatOThCS JOCUTDH ICTOTHI Bapiallli Halpy>KeHb.

OnHak 3 4yacoM TEXHIYHMM CTaH OyaiBJil 3MIHIOIOTHCS, 10, SK HACHIOK,
CYNpPOBOXKYETbCS 3MIHOIO BHUAY JAiHAMOTpaMMH 1 KOOpPJIMHAT  BIJHNOBIIHUX
JOKambHUX  ekcTpemymiB. CrapiHHS  OyZIiBedb MOXHA — OXapaKTEpHU3yBaTH
THUMYAaCOBUM BEKTOPOM CTaOILILHOTO HampsMKy. BHacmigok 1boro MoXHA
MPUITYCTUTH, MO cTatucTuka KeHaema Apyroro mopsiAKy 3a3HaBaTHME 3MiH 3
MOTIPIICHHSM TEXHIYHOTO CTaHy Oy/IiBIIl.

AHami3 HUxX pe3yJbTaTiB MOKA3ye, 110 MPOrHO3yBaHHS 3MIHU TEXHIYHOTO CTaHy
OynmiBedb TUIBKM 3a OJIHUM IapaMeTpOM € MaJIoJOoCTOBIpHUM. HaBmaku, 3MiHa
napamerpa k, — craructukn Kenjena xapakrepusye BCl €Talmu EKCILTyaTawii
OyliBesb Ta 3MiHA PSKUMHUX XapaKTEPUCTUK X pOOOTH.

AHani3 pe3ynbTaTiB JOCITIKEHb MOKa3ye, 1110 mapametp ko € BENbMH Yy TIUBAM
MOKA3HUKOM, 1110 XapaKTepU3ye 3MiHY PIBHS TEXHIYHOTO CTaHy OyiBEb.

3ayBaXMMO, 10 IPUKOPIOHHMM 3HAYECHHSM Mapamerpa K, 110 BiJOKpeMIIIOE
OZIMH XapaKTEPHUM CTaH HECy4Oi KOHCTPYKLIi Bij 1HINOro, € BenuduHa k, =0,5
(Tabmurs 1).

Taoauus 1 — Cratuctuku Kengesna II-ro mopsiiky B 3a/1€5KHOCTI Bil TEXHIYHOTO
CTaHY
/1 PiBeHb TEXHIYHOT'O CTaHy HECYUOi BenuuuHa napamerpy k2
KOHCTPYKIIii OYTiBII
1 Crilixe 1000Be HaBaHTAKEHHS, 0,95-0,99
nedEeKTH BiICYTHI.
2 [lepenaBapiitnuii craH, 0,1-0,5
PO3BHUTOK JIe(DEKTIB
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Takum uywmHOM, cratucTka KeHmena Apyroro mOPSOKY MOXKE CIYKUATH
TIarHOCTUYHUM KPUTEPIEM, IO TO3BOJISIE BUHOCUTHU CYIDKCHHS BUIY «TaKk» / «HI»
PO PiBEHb TEXHIYHOT O€3MEKU EKCIUTyaTallii OyaiBeb.

AHaJOri4H1 po3paxyHKu Oyiau Hamu peanizoBani 1 200 HecyunX KOHCTPYKLIN
OyniBelnb, B paMKax skux O0yio oopoosieno moHaa 300 cepiii BumiproBanb. OTpuMaHi
pe3yibTaTH TOBHICTIO BIAMOBIAalOTH TaOnuii 1. 3ayBakuMo TpH I[HOMY, IIIO
IHTEepBaJIbHI OI[IHKA TOKa3HUKA k2 JUISL CTaHy CHUCTeMH «AeheKTiB HeMae» 1
«HASBHICTh PO3BUHEHOTO Ne(hEeKTy» IMOBHICTIO MEPEKPUBAIOTHCS, IO CBIMYUTH PO
MaJly 4y TJIHBICTh apameTpa K, Ge3rmocepesHbo 10 PO3BUTKY IePEKTY.

3 iHmoro OoKy, cTpuOkomonaiOHa 3MiHa craTucTHKU KeHpena npu BUXOI
HECY4YuX KOHCTPYKIIIM 31 CTaHy «CTiliKe J00OBe HaBaHTa)XEHHs, Ne(PEKTIB HeMae» —

CBIiIYMTP PO BUCOKY YyTJIMBICTH Hapamerpa k, 0 MOMEHTY 3MiHH PiBHS OPOTOBOI

TEeXHIYHOI 0€3MeKr eKCIuTyaTarlii Oy IiBJIi.

BucHoBku

1. IIpoBeneHi MOCHIIKEHHSI TOKAa3ylOTh, II0 BHCOKAa BapiaOENbHICTh 3HAYCHD
BHMIpIB 1 3MiHa YMOB, II0 OTOYYIOTh OYAiBIi, HE T0O3BOJISIIOTH IPOBOJAUTH JOCTOBIPHI
MOPIBHSHHS BUMIPSHUX 3HA4Y€Hb, MPUAATHUX JJIS €KCIIEPTHOIO OI[IHIOBAHHS 3MIiHU
PIBHSI TEXHIYHOTO CTaHy OY/1iBEJIb.

2. 3HayeHHs HaIPYTH, SIKI XapaKTepU3yIOThCsl BUCOKUM PIBHEM IIYMY, HOLLIBHO
o0poOJIsATH 13 3aCTOCYBaHHAM METOIB Teopli MOPSAKOBUX CTATUCTUK, WIO
JIO3BOJIAIOTE  O00poOJisATH JaHi 0e3 moOynoBM IIKajl aOCOMIOTHUX OIHOK. Jlist
BU3HAUYECHHS PIBHA  eKCIUTyaramiiiHoi  Oe3neku poOOoTH  OyliBelb  MOHA
BUKOPUCTOBYBAaTH TOYKOBY OLIHKY — KoeilieHT paHroBoi kopensauii Kengena
JPyTOro TOpPSJIKY, 3MiHA BEJIMYMHH SIKOTO JIO KPUTHYHOrO 3Ha4eHHsA k, =0,5

CBITYUTH TIPO 3MIHY TOPOTOBOTO plBH}I Oe3mevyHoi excruTyaraiii 00’ ekTa.

3. BusHadueHO MeXi 1 OINHMCaHI MEPCIEKTUBU 3aCTOCYBAaHHS MPOMOHOBAHUX
METOMIB MiJABUIICHHS €()EKTUBHOCTI 1H(POPMAIINHOI CUCTEMHU IJIsi KOMIUIEKCHOI
Oesneku Oy/iBesb. Pe3ynbTaToM € METOUYHI pEeKOMEH Al 110,10 BAOCKOHAICHHS 1
MOJIepHi3aIli anropuTMiB (QyHKIIIOHYBaHHS ICHYIOUUX 1HGOPMAIIHHUX CHUCTEM
KOMIUIEKCHOI 0e3neku Oy/1iBeb.

4. Pe3ynbpTaTd poOOTH € OCHOBOIO IS MOAQIBIIMX HAYKOBUX JOCIIIKEHb Y
HampsIMKy  MOINIMOJEHHS 3aco0IB  1HTENEKTyali3alii MpOLECiB  IiABUILECHHS
e(eKTUBHOCTI 1HPOPMAIIHHOT CUCTEMU JIIaTHOCTUKU TEXHIYHOT'O CTaHy KOMILUIEKCHOT
Oe3nexu OyiBeb.
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Abstract. With the rise of new technologies, especially tools using Large Language Models
(LLM), many areas of our lives are seeing exciting changes. In education, LLM can dramatically
help to improve both learning and testing processes, benefiting everyone involved — from those
creating learning materials to the student's educational performance. This article explores how
LLM tools, particularly ChatGPT by OpenAl, can help develop better tests and quizzes by
analyzing existing educational materials and texts. The goal here is to show how tools that create
new text, like ChatGPT, can improve the quality of tests by using already available educational
materials. In this article, we propose a high-level architecture of assessment generation based on
the ChatGPT.

Keywords: large language model, ChatGPT, concept mapping, educational text analysis,
natural language processing, named entity recognition.

Introduction. Education constantly seeks innovative methods to enhance
learning and assessment processes. The traditional methods of educational
assessment, primarily the generation of tests and quizzes, often entail a substantial
investment of time and effort from educators. Moreover, these conventional
approaches may need more dynamic adaptability to cater to students' diverse learning
curves and educational pathways. With its prowess in processing and analyzing data,
LLM seems promising in automating and enriching the assessment generation
process. Among the list of LLM tools, OpenAl products, like ChatGPT, showcase the
capability to analyze and generate text based on given contexts [6, 7, §].

This article aims to introduce a high-level solution for integrating ChatGPT for
better assessment generation and outline the main direction the article intends to take.

Related work. Various researchers have delved into leveraging LLM for text
analysis in context of education. Among the approaches explored, some researchers
have utilized concept maps to develop assessment systems [1, 2, 3, 5, 10]. Others
describe how to decompose texts into logical parts for further analysis [1, 2, 3, 5].

A concept map as a tool to assess the understanding of a certain topic was
described in various papers. For instance, in the article [1], the authors introduced the
Artificial Intelligence-based Student Learning Evaluation tool (AISLE), which is
based on concept maps to evaluate the understanding of different topics. The main
idea of the proposed concept is to allow students to describe the educational content
through a concept map. Each topic starts from some primary node and then expands
to multiple levels. Roughly said, the level of hierarchy and number of concepts
students identified explains how deep the understanding of a particular topic is.

There are other researches where authors decompose text in a more granular
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way, which is an essential concept to understand in the scope of our research. The
article [2] proposed to break down educational content into smaller, manageable units
termed Concepts, Theses, and Hierarchy of Educational Content [2]. This structured
approach facilitates a more organized and coherent assessment generation process.
Based on different schemas for assessment generation, it can be created around
concepts or theses. These schemas are the backbone for generating alternative
answers for the tests, sourced from correct and incorrect answers. This not only aids
in crafting dynamic and maintainable tests but also provides a system to inform users
about their knowledge gaps in specific areas or content portions. The outlined
hierarchical relation of Educational Content, Theses, and Concepts simplifies the
maintenance of tests and ensures their alignment with the educational content,
thereby fostering a more effective and meaningful assessment process. This approach
to defining different building blocks of any text is essential in the process of using
them by LLM in a formalized way.

The article [6] analyzed the integration of Al tools in education. The article
stated that integrating OpenAl's GPT-3 model into educational products led to a 25%
improvement in student engagement and learning outcomes. GPT-3 facilitates
personalized, efficient, and effective learning experiences for students. The United
States, India, and China are the leading adopters of GPT-3 in education, accounting
for 60% of the global adoption [6]. The article [6] described five key areas of GPT
model usage in the learning process: a) customized content generation, b)
conversational learning, c¢) intelligent tutoring, d) streamlined operations, and e)
automated assessments [6].

Based on the available data, the interest in ChatGPT, particularly in education,
has risen significantly. Following the recent statistics, the estimated number of visits
to ChatGPT is reaching 2 billion points, and an estimated 80% of major Fortune 500
companies are expected to utilize ChatGPT in their business operations permanently
[7]. This says that Al technologies, particularly LLM, are becoming inevitable in all
areas of our lives, including education.

Methodology. As mentioned above, it is crucial to leverage LLM to formalize
the process of analyzing information. The methodology for leveraging LLM in
dissecting educational text for assessment generation hinges on adjusting
sophisticated Al techniques such as Natural Language Processing (NPL) and
Machine Learning algorithms. In the current article, we aim to describe a high-level
architecture of the possible solution based on using OpenAl’s ChatGPT tool to
decompose content into fundamental building blocks, like Concepts and Theses,
subsequently crafting a concept map and utilizing it in the assessment process.

The whole process consists of four stages (Figure 1).

Automated Concepts and Concepts and Automated Feedback from
Theses decomposition as Theses assessment expert to system to
recommendations finalization generation improve
to an expert by an expert automation process

Figure 1 - Assessment generation process
Authoring
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In this article, we will describe the first stage.

Implementation.

We define three stages to implement the content decomposition process that will
be analyzed using Natural Language Processing (NLP) techniques. We will use
ChatGPT as the LLM of choice to process data.

The entry point for the system is the scientific text or other content to analyze.
At this stage, the LLM tool, in our case ChatGPT, identifies, extracts, and categorizes
the data into the essential building elements (Concepts, Theses). LLM facilitates
understanding semantic relationships among words and phrases within the text,
finalizing by a structured breakdown of the content. The data to analyze may be used
from a) external API from the existing system and b) attached files by the user.

The second stage of the process is to perform entity recognition using some data
preprocessing tasks, like named entity recognition (NER), based on the predefined
prompts for ChatGPT. In the context of this paper, the entities primarily comprise
Concepts and Theses. These entities are consistent topics or items repeatedly
mentioned or referred to throughout the educational text, forming the basis for further
analysis and assessment generation in assessments’ creation.

The third important part is to extract the essential keywords and attach them to
each entity (tagging), like Theses or Concepts.

In the final stage, the subject matter expert analyzes the system’s output.

The high-level flow can be visualized as shown below (Figure 2).

Send feedback to LLM system to f Manual analysis\

___________ teachthemodel | ro NER

output by subject

Initiate
] matter experts
processing ChatGPT- Named entity (SME).

% based — recognition —>| Approve or reject
solution module (NER) categories for

K further analysis /

External API Enrich user's prompts
with predefined tasks
to identify different
entities and tagging

D
Loc

Provide custom prompts for text analysis,
provide essential information
regarding data structure

Figure 2 - Educational text decomposition flow
Authoring

Summary and conclusions.

The application of Al, particularly ChatGPT, in analyzing educational texts and
decomposing them into fundamental entities (Concepts, Theses) unveils a new
horizon in automating and enriching the educational and assessment generation
process. The proposed methodology facilitates a more organized and dynamic
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assessment generation and paves the way for real-time feedback and continuous
improvement, aligning assessments closely with educational goals. The collaborative
nature of the solution, involving both LLM and subject matter expertise, exemplifies
a balanced approach, ensuring the reliability and relevance of the AI output. The
iterative feedback loop with the human experts augments the learning model,
promising a refined accuracy and contextual relevance over time, hinting at a
sustainable, evolving LLM-aided educational assessment generation model. While
the potential of LLM in enhancing the educational process is significant, there are
challenges to address. There's a call for further exploration in areas like prompt
engineering strategies and validation by domain experts.
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Abstract. The development of generative Als and the variability of their use are still at the
level of research and active development simultaneously. However, it has already become clear that
the emergence of generative Al significantly impacts many industries, including education.

In this study, we explore the potential applications of generative Al in education, such as
personalized learning tools and Al-powered study resources. We also delve into the critical role of
prompt engineering in ensuring effective communication between users and Al systems, leading to
improved educational outcomes. In addition, we identify the challenges and risks associated with
integrating artificial intelligence technologies into the educational environment, including data
privacy, security issues, and potential Al "hallucinations". By thoroughly exploring these topics,
this study aims to highlight the opportunities and limitations of generative Al and prompt
engineering in education.

Keywords: Generative Al, education, ChatGPT, Prompt Engineering

Introduction.

Generative Al is an incredibly powerful technology that was popularized by
ChatGPT developed by OpenAl. The ChatGPT website has 1.43 billion users as of
August 2023 [1]. ChatGPT has brought the revolution to the public by demonstrating
the ability to understand not only simple commands but also complex speech patterns
and generate well-structured responses. ChatGPT is a product of deep learning [2],
which is a subtype of machine learning that mirrors the human brain in learning and
responding to data, information, and cues [3]. The big players in the tech world were
quick to respond. Google announced its own generative Al - Bard. Generative Al
can be defined as a technology that (i) uses deep learning models to (ii) generate
human-like content in response to (ii1) complex and varied prompts (e.g., languages,
instructions, questions) [18]. Several groundbreaking techniques have contributed to
the development of generative Al, such as Generative Adversarial Networks (GANs)
[5][6]. Eventually, the development of large-scale language models like BERT [7]
and GPT [8] paved the way for the practical implementation of generative Al in
various industries, including education. It is important to distinguish generative Al
from conversational Al. As defined above, generative Al has the ability to not only
provide a response but also generate its content based on the information it has been
trained on [4], which is a very big difference from conversational Al, which typically
relies on pre-formed responses. Key components of conversational Al include natural
language processing (NLP), Natural Language Understanding (NLU), and natural
language generation (NLG). It should be noted that not all generative Als are
conversational, nor do all conversational Als lack the ability to generate content.
Advanced Als such as ChatGPT and Bard combine generative and conversational Al,
making them much more attractive to the general public.
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Generative Al in the educational process.

With the popularization of Al, a lot of research has begun to emerge on how Al
can enhance the learning process by improving and optimizing both face-to-face
learning and blended and online instruction.

A study of the popularization of online courses and blended learning during the
COVID-19 pandemic [10] found that while these types of learning are significant,
there are a number of challenges that AI can help solve. For example, an
individualized approach to students. During online learning, teachers cannot always
track how effective the information is. This problem can be solved by using Al to
"tailor" information to the student's needs. Moreover, personalized learning can be
facilitated by Al-powered tools that identify individual learning gaps and recommend
content tailored to each student's unique context. Al-powered tools can also assist
instructors in generating assessments and issuing grades and feedback automatically.
This allows teachers to spend more time on actual teaching and student interaction. In
addition, Al can help revolutionize assessments by evaluating students’ performance
over a more extended period, ultimately providing a fairer and more comprehensive
evaluation system [11].

Intelligent learning systems, another area where Al is making strides, can mimic
teachers, providing students with a personalized learning experience. Although they
may be limited in their coverage of a particular field, these systems have proven
effective in improving student performance and providing students with the right
content.

However, the success of Al depends heavily on the availability and quality of
student data, which has historically been a challenge for education companies as well
as data researchers. The COVID-19 pandemic has dramatically expanded the use of
educational products, thereby providing more data for Al systems. This data, in turn,
has the potential to improve further and refine Al-based learning tools and methods.

In addition to the benefits already mentioned, Al technologies offer educators
new opportunities to improve teaching methods, including learning analytics.
Teachers can increase their effectiveness by using Al tools, and they can also
promote self-regulation among their students. Despite these benefits, many educators
have not yet used Al-driven technologies. Thus, it is critical to understand what the
transition to using such technologies will entail and what obstacles they may face in
their implementation. We must provide them with the digital competencies needed to
enrich students' learning experiences.

Teachers' concerns about the introduction of Al into the classroom should also
be taken into account. Some fear that they will be replaced, believing that Al will
weaken their professional positions [12]. This may contribute to reluctance and slow
down the adoption of Al technologies, as teachers may not understand that Al can
complement, not replace them.

Teachers may hesitate to adopt Al-based tools because they often lack a clear
understanding of how student data privacy is ensured and how to avoid algorithmic
bias. In addition, a lack of infrastructure, funding, and support is often an obstacle to
the widespread adoption of Al systems. Finally, teachers may not have the necessary
technical and pedagogical knowledge and experience to successfully integrate Al
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tools into the classroom, which may cause them to be hesitant and resistant to using
them.

Effective use of Prompt Engineering in the educational context.

Prompt engineering is the process of structuring text that can be interpreted and
understood by a generative Al mode [16], [17].

It is crucial to understand that the effectiveness of Al language models is
influenced not only by the algorithms they use and the training data, but also by the
quality of the instructions they receive [13], [15].

The capabilities of generative Al can be dramatically expanded with careful
prompt engineering. Teachers can improve the assessment process, students can
receive accurate, contextually relevant information. However, it should be realized
that in some cases, users can even extract results from the generative Al model that it
1s not allowed to generate. This is known as reverse engineering or jailbreaking [14].
It is very important to take these features and concerns into account when integrating
Al into the learning process.

Generative Al can contribute to the creation of learning content. However,
communication and interaction between humans and generative Al revolve around
engaging in critical conversations between these entities, which emphasizes the
importance of creating appropriate prompts that require us to understand prompt
engineering.

The goal of prompt engineering is to improve the model's responses by adapting
them to the structure, content, and tone of the question. This, in turn, helps to achieve
more accurate, valuable, or consistent answers. In the field of Al language models,
prompt development involves creating well-designed prompts that elicit predictable
responses, ensuring clarity, relevance, and accuracy.

To write good promos, the following strategies can be considered:

1. Clarify the objective: Explicitly state the intended purpose of your prompt.
What type of response or information do you aim to obtain? Clearly define the
desired learning outcome or the interaction you seek.

2. Be direct and concise: Craft prompts that are clear, concise, and free of
ambiguity.

3. Provide context: Establish the setting or background for your prompt,
allowing the Al model to better grasp the task or subject matter. Contextual cues aid
in guiding the model's response and maintaining relevance.

4. Offer examples: If possible, furnish illustrations of the output you expect from
the language model.

5. Specify the format: If you require a particular response format or structure,
make sure to explicitly state it in the prompt. For instance, if you need a step-by-step
answer or a pros-and-cons analysis, provide clear instructions accordingly.

6. Refine, optimize, and debug prompts: Continuously fine-tune your prompts to
elicit more accurate, relevant, and contextually suitable responses from the model
[18].

By adhering to these tactics, educators, researchers, and users can enhance the
art of prompt engineering, yielding meaningful and precise responses from Al
language models while aligning with their unique goals and prerequisites. From this
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perspective, it can be argued that in education, prompt engineering can serve as a tool
to stimulate critical thinking, and nurture a deeper understanding of the subject
matter.

Generative Al full power becomes visible when it is guided by human prompts.
Under human guidance, generative Al opens up endless creative possibilities. The
key to ensuring effective communication and interaction between humans and
generative Al is the skillful creation of prompts. The skillful creation and engineering
of appropriate prompts is of paramount importance, as they directly affect the
capabilities of generative Al.

Summary and conclusions.

Generative Al has significant potential to revolutionize the educational process
by offering personalized learning experiences, improving assessments, and
optimizing teaching methods. The role of prompt engineering is crucial to ensure
effective communication between users and Al systems, leading to improved
educational outcomes.

However, the integration of generative Al into the educational process also
comes with certain challenges and risks, such as data privacy, security, potential
misinformation, and the impact on human interaction. Addressing these issues and
equipping teachers with the necessary digital competencies are important steps to
fully utilize the potential of generative Al and rapid engineering, which will
ultimately contribute to enriching and engaging students in the learning process.
Suggested methods of effective use of Prompt engineering can notably enhance the
interaction with Generative Als.

Nevertheless, it is important to understand that the exploration of Prompt
engineering and engagement with Generative Models are in preliminary stages and
could undergo significant changes over time.

References:

1. References: A. Tong, Routers (2023). Exclusive: ChatGPT traffic slips again
for third month in a row.

2. OpenAl (2023). About ChatGPT.

3. Sahoo S, Kumar S, Abedin M, Lim WM, Jakhar SK (2022). Deep Learning
Applications in Manufacturing Operations: A Review of Trends and Ways Forward.
Journal of Enterprise Information Management ISSN: 1741-0398.

DOI: 10.1108/JEIM-01-2022-0025

4. Weng Marc Lim , Asanka Gunasekara, Jessica Leigh Pallant, Jason Ian
Pallant, Ekaterina Pechenkina. (2023). Generative Al and the future of education:
Ragnardk or reformation? A paradoxical perspective from management educators.
The International Journal of Management Education Volume 21.

DOI: 10.1016/j.ijme.2023.100790

5. Weng Marc Lim, Satish Kumar, Sanjeev Verma, Rijul Chaturvedi (2022).
Alexa, what do we know about conversational commerce? Insights from a systematic
literature review March 2022 Psychology and Marketing 39.

DOI: 10.1002/mar.21654
6. Ian J. Goodfellow, Jean Pouget-Abadie, Mehdi Mirza, Bing Xu, David

ISSN 2567-5273 120 www.moderntechno.de



Al
Modern engineering and innovative technologies Issue 29 / Part 1 fj;{.

Warde-Farley, Sherjil Ozair, Aaron Courville, Yoshua Bengio (2014). Generative
Adversarial Networks. Advances in Neural Information Processing Systems.
DOI: 10.1145/3422622

7. Diederik P Kingma, Max Welling (2014). Auto-Encoding Variational Bayes.
Conference: ICLR.

8. Jacob Devlin, Ming-Wei Chang, Kenton Lee, Kristina Toutanova (October
2018). BERT: Pre-training of Deep Bidirectional Transformers for Language
Understanding.

9. A. Radford, K.Narasimhan, T. Salimans, I. Sutskever (2018). Improving
language understanding by generative pre-training.

10. Liu Kexin, Qu Yi, Song Xiaoou, Li Yan (202). Future Education Trend
Learned From the Covid-19 Pandemic: Take <Artificial Intelligence>> Online
Course As an Example. Conference: 2020 International Conference on Artificial
Intelligence and Education (ICAIE).

DOI: 10.1109/ICAIE50891.2020.00032

11. Olga Tapalova, Nadezhda Zhiyenbayeva, Dmitry Gura (2022). Artificial
Intelligence in Education: AIEd for Personalised Learning Pathways December. The
Electronic Journal of e-Learning 20(5):639-653.

DOI: 10.34190/¢jel.20.5.2597

12. Wayne Holmes, Ilkka Tuomi (2022). State of the art and practice in Al in
education. European Journal of Education 57(3).

DOI: 10.1111/ejed.12533

13. Liu, P., Yuan, W., Fu, J., Jiang, Z., Hayashi, H., & Neubig, G (2021). Pre-
train, Prompt, and Predict: A Systematic Survey of Prompting Methods in Natural
Language Processing.

14. Liu, Y., Deng, G., Xu, Z., Li, Y., Zheng, Y., Zhang, Y., Zhao, L., Zhang, T., &
Liu, Y. (2023). Jailbreaking chatGPT via prompt engineering: An empirical study.
DOI: 10.48550/arXiv.2305.13860

15. Leo S. Lo (2023). The CLEAR path: A framework for enhancing
information literacy through prompt engineering.
DOI: 10.1016/j.acalib.2023.102720

16. Diab M., Herrera J., Chernow B (2022). Stable Diffusion Prompt Book.

17. Albert Ziegler, John Berryman (2023). A developer's guide to prompt
engineering and LLMs.

18. Aras Bozkurt, Ramesh C Sharma (2023). Generative Al and Prompt
Engineering: The Art of Whispering to Let the Genie Out of the Algorithmic World.
DOI: 10.5281/zenodo.8174941

Article sent: 19.10.2023
© 2023 Authors

ISSN 2567-5273 121 www.moderntechno.de



Modern engineering and innovative technologies Issue 29 / Part 1 ﬁ \

http://www.moderntechno.de/index.php/meit/article/view/meit29-01-071
DOI: 10.30890/2567-5273.2023-29-01-071

V]IK 004.9
THE USE OF CONVOLUTIONAL NEURAL NETWORKS FOR THE
RECOGNITION OF BURNED FIELDS ON SATELLITE PHOTOS IN THE

TERRITORY OF UKRAINE
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Anomauia. B cmammi onucano akmyanbHicms 8USHAYEHHS 320PLIUX NONI8 HA CYNYMHUKOBUX
sHimkax. Ilpogedeno oensad icuyrouux piwens. Onucano nioxio 0Jis pO3NIZHABAHHS 320PLIUX NOJIG 3
BUKOPUCMAHHAM 320pmK060i  HelipoHHoi Mepedwci U-net 3 BUKOPUCMAHHAM — CYNYMHUKOBUX
300padcens Sentinel-2. Taxoo onucana memoouxy 360py ma posmimku 8xionux oanux. Ilposedeno
AHANI3 OMPUMAHUX Pe3YTbMamie eKCnepuUMeHmalbHux 0ocaiodceny. Ilokazano, wo 8UKOpUCMAHHSL
000amKoBUX KAHANI8 300pAdiCeHHs CYNYMHUKOBUX 300padiceHb Sentinel-2 3 inghpauepsonoco
0ianasony NOKpawye AKiCmsb PO3Ni3HABAHHS 320PLIUX NOJIE.

Knrwouoei cnoea: s3ecopmkosi meuponni mepedci, U-net, mooeni MAwUHHO20 HABYAHHS,
ceamenmayis 300pan’fceHvb, CynymHukosi 3uimku, Sentinel-2, 3eopiswi nons, Yxpaina

Beryn

B Vkpaini K0)XKHOTO poKy TparuisieTbes O05m3bko 20 THUCSY MOXKEXK Ha 3eMIIAX
CLTBCHKOTOCTIONAPCHKOTO TMPU3HAYCHHS. SIKIO TMOPIBHIOBATH CTATUCTUYHI JlaHi 3
CyCIIHIMU KpaiHamu, TO YKpaiHa € JiIepOM 3a KUIBKICTIO Moxex. B Pymywnii
KUTBKICTh OCEpEKIB MOXKeX y 4 pa3iB MeHie, y [lonbmii - y 30 pasis. [Toxkexi Ha
CUIBCHKOTOCTIOAAPCHKUX TOJIAX MPU3BOJATH 10 3HUILEHHS €KOCHUCTEMH, 3MEHILICHHS
POJIFOYOCTI TPYHTIB Ta BUKHIB B aTMocdepy NWIy Ta IHIIMX MapHUKOBHUX Ta3iB,
0COOJIMBO BYTJIEKHUCIIOTO Ta3y. [1]

3 noyaTtkoM BiiiHK B 2022 poui 0yJio 3adiKCOBaHO MOXKEX Ha Iuiouli noHan 1.5
MJIH. TektapiB. IIpu 1poMy OLIblIE TPETHUHH TMOXKEXK TPALIUCA Ha 3eMIISIX
CLITBCBKOTOCIIOIAPChKOTO TMpu3HadeHHsA. [loloBMHA BCiX MOXKEX BimOyBajacs Ha
TepuTOopii 60ioBHX Ailt. [2]

Ha nanuit MomeHT B YKpaiHi HeMae DIICHHS AJisi PO3MI3HABAHHS IMOXKEX Ha
CUTBCHKOTOCTIONAPCHKUX TOJIAX. [Ipu 1ibOMYy 3/11MCHIOBATH OIIHKY HACIIiJIKIB MOXEX
Ha TUMYACOBO OKYITOBAHUX TEPUTOPISX MPAKTUUHO HEMOKITUBO.

Orasa iICHYIOUMX MeTOIiB PO3Mi3HABAHHSA 3rOpiIMX MOJIIB

Po3pobka pimens anst kapTorpadii MOKeX 3 BHUKOPHCTAHHSIM CYITyTHHUKOBUX
3HIMKIB po3nouanacs 3 1970-x pokiB. OcTaHHIM 4YacoM JJisi BUPILIEHHS II1€1 3a/1a4l
HaOyJIM MOMYJSPHOCTI adroput™Mu MammHHOro HaBuyaHHs (SVM, Random Forest,
DNN Ta 1Hm11). [3]
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BuaisisroTs ABa OCHOBHHUX ITIIXOMM JIJI1 BU3HAYCHHS TMOXKE)K HA CYIyTHHUKOBUX
3HIMKax. [{e po3mi3HaBaHHS aKTUBHHX IMOXKEX Ta PO3Mi3HABaHHS HACTIAKIB TIOKEK.
Jlyist meprioro miaxoau OOOB’SI3KOBOIO YMOBOIO ISl BU3HAUCHHSI TMOXKEXKI € MPOJIIT
CYNyTHHKA B MOMEHT ropiHHs. Jpyruil miaxij, sk npaBuiio, € OUIbII CTIHKUM B Yaci.

[4]

IcHytoul pimeHHS Ui PO3Mi3HABAHHS TMOXKEX TAKOXK MOXHA PO3AUTUTH Ha
rnobanpHi  (MpamiolTh  Ha  OUIBIIOCTI  TepuTOopil  3emuti),Ta  JIOKaJibHI
(BUKOPUCTOBYIOTh JIJIsl TEBHOI KpaiHWM 4M perioHy). Jlo rioOaJibHUX pillleHb, SKI
TaKOXX MOKPUBAIOTh TEPUTOPit0 YKpainu MoxHa BigHecTd Taki: Collection 6 MODIS
Burned Area Product (MCD64A), Fire Information for Resource Management
System (FIRMS), European Forest Fire Information System (EFFIS). B Tta6mumi 1
HaBEJICHO KOPOTKI XapaKTEPUCTUKH JaHUX PIIICHb. [5, 6, 7]

Tadoauus 1 - KopoTki xapakTepucTHKH iICHYIOUYHMX pPillieHb JJIsl PO3Mi3HABAHHS
MOKEeK

Hazga CynyTHHK Pik Yacose IIpocTopose
3amycKy | posmmpeHHs | po3mmpeHHs, M/IIiKCEb

Collection 6 MODIS Burned | MODIS Terra/Aqua 2000 1 micsip 500
Area Product

Fire Information for Resource | MODIS Terra/Aqua, 2000 1 menn 375/1000
Management System Suomi NPP, NOAA-20

European Forest Fire MODIS Terra/Aqua, 2000 2-3 nHiB 250/20

Information System (EFFIS) VIIRS, Sentinel 2
Icepeno: [5, 6, 7]
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Jlns mpukiiany, Ha pUCYHKY | HaBelIeHO KapTy 3 JaHUMH PO TMoxexi 3a 2022
pik Ha Teputopii Ykpaiau 3a qanumu NASA FIRMS.

IcHyroui TII00aibHI PINICHHS YacTO 3aHIDKYIOTh IUIOII IMOXKEK Ha IOJISX.
Hepenuki 3a mIomero Mmoexi, sSKi TPaIUISIOTHCS Ha IOJISX, 4acTO IPOITYCKAIOThCS
TaKUMHU CHCTEMaMH 4Yepe3 I1X HHU3bKY pO3JIUIbHY 3/1aTHICTh. BUKOPHUCTOBYHOYM
CYMyTHHUKOBI 3HIMKH 3 BHCOKOIO TPOCTOPOBOIO Ta YacCOBOK PO3ILILHICTIO
(manpuxnan Sentinel 2) MOXHa TOCATTH 3HAYHO KPAIIUX PE3yJIbTATIB. 8]

BinbmricTe 3raganux rio0albHUX PIlIEHh HE MA€ PO3IJICHHS MOXKEXK Ha JIICOBI
Ta noJsiboBi. Jlumie B pimenHi “European Forest Fire Information System” icHye Taka
MOKJIUBICTD. [7]

Onuc BXiTHHUX JaHUX

VY SKOCTI BXIAHUX AaHUX ISl pO3MI3HABAHHS 3rOPUIMX IMOJIB Ha CYMyTHUKOBUX
3HIMKaX BUKOPUCTOBYIOTHCS 3HIMKU 3 CynyTHHKIB Sentinel-2. /IaHi 3HIMKA MarOTh
HaWBHIIE TPOCTOPOBE Ta YACOBE PO3IIMPEHHS 3 HASBHUX BIIKPUTHUX JPKEpEN JTaHUX.
Ha pucynky 2 HaBezieH1 ClIeKTpaibHI XapaKTepUCTUKU 3HIMKIB CymyTHHKa Sentinel 2.
Koxne otpumane 300paxxeHHsI MiCTUTh B c001 13 kaHasiB 3 pI3HUMH CIEKTPATbHUMH
XapaKTEPUCTUKAMU Ta 3 PI3HUM MPOCTOpOBUM posmmpeHHsM. Kanamu 2, 3, 4 (RGB)
ta 8 (near infrared) maroth posmmperHs 10m/mikcens. Kanamm 5, 6, 7, 8a, 11 ta 12
MaTh posmupeHHs 20 m/mikcens. Bcl  iHIN  kKaHaIM MaOTh  PO3MIMPEHHS
60 M/miKCeNb.

100:

£ !

g’ 1 9 10

c | w o s

I R 1 :

@ | |

g | il +

& !
NV AVAVAVAVAVAVAVAVAVAV i NPz NP NI

O II 1 ] ] ] / ] ] 1 ]
0.4um 0.9 1.4 1.9 2.4 10pm 11 12 13

PucyHnok 2 - CrieKTpajibHi XapaKTepuCTHUKH 300paxeHb cynyTHUKa Sentinel-2
Icepeno: [9]

JlaHi CyNmyTHUKOBI 3HIMKM MOXJHMBO OTPHUMATH 3 PI3HUM piBHEM OOPOOKH.
PekoMeHZ0BaHO BHUKOpUCTOBYBaTH piBeHb Level-2A, skuil BXXe MICTUTH B €001
BUKOHAHY KOPEKIIII0 aTMOC(EpHOro BIUIMBY, peibedy Ta xmapHOCTI. Takox naHMit
piBeHb 0OpPOOKHM Ha/la€ AOJATKOBY 1H(OpMAIIiO PO MACKy XMapHOCTI. [9]

ABTOpamu He Oys0 3HAWJEHO JOCTYIMHOTO HAO0Opy 300pakeHb 3 HACIIJIKaAMHU
MOXKEX Ha TepuTopii YKpaiHW, SKUH MOXJIMBO OYyJIO BHUKOPHUCTAaTH B SIKOCTI
TpeHyBaJIbHOi BUOIpKU. Y cTarTi [l] MOXHa 3HAWTHM TpUKIAId 300pakeHb 3
aKTUBHUM TIPOIIECOM TOpiHHS Ha moysx. Ha pucyHKy 3 HaBeaeHO MPUKIAAN TaKUX
300paKeHb.

[Ipy 1pbOMY 3HAYHO 4YACTINIE HA CYNYTHUKOBHUX 3HIMKaX MOXKHa NOOAaYyuTH
300paXkeHHsI HACIIKIB okexK. [Ipukinaau Takux 300pakeHb HaBEJEHO Ha puc. 4.

Hageneni npukiiaay 300pakeHb 3 HACTIKAMHU MMOXKEXK MOKA3YIOTh, 1[0 MOKIIUBO
MPOBECTH PO3MITKY TPEHYBaJbHOI BHUOIPKM BpPY4YHY 3a JOMOMOTOI0 Bi3yajabHOI
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iHTeprperanii. Ilpu mnpoBeneHHI pPO3MITKM BapTO BKJIOYATH SK 1 MPUKIATU
300pakeHb 3 MO3UTUBHUMU KjIacamu (3rOPiBIII TOJIS), TaK 1 3 HETATUBHUMU KJIACAMH
(3Buuaiini mosst). Takok mpu pO3MITIN TOJIST BAXKIMBO BKA3yBaTH JAaTy OTPUMAHOTO
300paKeHHSI.

Pucynok 3 - Ilpukiaau 300paskeHb MOKeK HA CYMYTHUKOBHUX 3HIMKAaXx Sentinel-2
B BUuUMomy aiana3oHi (;koBreHb 2021 p. KipoBorpaacska ta XepcoHcbKa 00.1.)
Iocepeno: [1]

PucyHnok 4 - Ilpuxnaam 300pa:keHb 3ropiBIIMx moJiiB Ha Sentinel-2 B Buaumomy
aiana3oHi (JIunens 2022 p. XepcoHcbKa 00J1.)
Asmopcobka po3pobka

Jlsis IpoBeIeHHS! PO3MITKH TPEHYBaJbHOI BHOIpKM Oy BUKOPHCTaHI 3HIMKHU
Sentinel 2 L2A 3a nitHiil nepion 2022 poky B XepCcOHCHKIN Ta 3anopi3bKiid 001acTsIX.
Ha puc. 5 mo3HaueHo po3TalryBaHHs PET1OHIB 3 TPEHYBaIbHOI BUOIPKHU HA KapTi.

Bceworo 6ymo BifiOpano 7 3HIMKIB i XepCOHCHKOI 00acTi Ta 9 3HIMKIB 115
3anopi3pkoi obOnacti. Ha oTpumanux 3HiMKax Oyjia MpoBEeAEHAa PO3MITKA IUIUX Ta
3ropinmux MoiB Ha TepuTOpii 3 cymapHow miomer 730 km?. Posmitka Oyna
MpOBEJICHa METOJIOM BI3yaJIbHOI IHTEpHpeTallii, 3 BUKOPUCTAHHSM BUILHOTO
nporpamHoro 3ade3nedenus QGIS.

VY pe3ynbTari po3MITKH 0yJIo OTpuMaHo 7333 MOJIrOHIB 3 KOHTypaMu IOJiB, 3
Hux 1771 - axi mictath 3ropiBmn nossi. Ha puc. 6 HaBegeHo (pparMeHT OTpUMaHO1
PO3MITKHU.
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PucyHnok 5 - Po3ramnyBaHHs perioHiB Uil MIATOTOBKY TPEHYBaJIbHOI0 HA00Opy
JaHUX Asmopcovra po3pobka
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Pﬁcyﬂmc 6 - IIpuxkiaaa po3MIiTKHU 3ropiBIIMX MOJIB (HEMoAA K M. X€pPCOH,
07.08.2022) Aemopcora pospobka
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OTtpuMaHa po3MiTKa BXITHUX JaHUX MICTUTh AUCOaaHC KJIACiB I[1J1e/3ropiBIIe
nosie. KinbkicTh 3ropimmx mojiB 3poctae 3 yacoMm. Ha puc. 7 HaBeaeHuii rpadik
3QJICKHOCTI IUIOINTI 3TOPLINX ITOJIIB BiJl 9acy I KOJKHOI 00J1acTi OKpEeMO.

304 XepcoHceka obn.
—— 3anopizbka obn.
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Pucynoxk 7 - ILnommi 3ropiBIIMX MOJIB B 32JIE2KHOCTI BiJl 4aCy CIIOCTEPEeKEHHHA
JJISI Pi3HUX perioHiB
Asmopcbka po3pobka

[Tin yac poO3MITKH BXITHUX AAHUX OYyJIO BIAMIYEHO, 10 300paXKeHHS 3TOPLINX
MOJTIB 3 YaCOM CTalOTh MEHII YITKUMH 1 3JTMBAIOTHCS 3 CycCiaHIMU moisimu. Ha puc. 8
HaBEJCHI MPUKIAIN 300pa’keHHsI OJHOIO 1 TOrO caMoro moJis, ki Oynu oTpumMani 13
yepBHs, 3 numnHs Ta 7 auctonaga 2022 poxy. Ha nux 300paskeHHSX BUAHO, 1110 MOJeE,
Ha SIKOMY IOXeXka Oyjia HeJaBHO € 3HAYHO TEMHIIIMM B MOPIBHSHHI 3 CYCUIHIMU
MOJISIMHU 1 Ma€ 41Tkl Mexi. [Ipubnuszno yepe3 1 Micsip BXe Ay’Ke CKIATHO BIIPI3HUTH
3rOpiBIIIE MOJIE BiJl 3BUYAHHOTO.

sy =

Pucynok 8 - Ilpukiiag 3MiHu 300pakeHHs 3ropijioro noJif 3 4acoMm (YepBeHb-
cepnieHb 2022 poky)

Aemopcwvka pospodka
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Onuc aaropuTMy po3ni3HaAaBaHHA 3ropPUINX MOJIIB

3amady po3mi3HaBaHHS 3rOPUIMX TOJIB Ha CYNMYTHHUKOBHUX 3HIMKAX € 3a/ladyero
CEMaHTHYHOI CerMEeHTAIlil 3 00J1acTi KOMIT'FOTepHOro 30py. CeMaHTHYHA CErMEHTallis
nepeadayae, Mo KOKHOMY IMIKCENTI0 300pakeHHs Oy/ie MPU3HAYECHO OJWH 3 KJaciB. Y
JAHOMY BHWITQJIKy MOXJIMBE BUKOPHCTaHHS HACTYIMHHUX KJAciB - 3ropije Tole,
3BUYaiiHe ToJie, HeBigoMa iHdopmamis. OcTaHHIM YacoM JUIsl BUPILIEHHS 3ajadi
cerMeHTarlii HaOyiau TOMYyJSIPHOCTI METOAM 3 BHUKOPHUCTAHHSM 3TOPTKOBUX
HEUPOHHUX MEPEK, SIK1 CKIIAJIAl0ThCA 3 IBOX OJIOKIB - €HKOJEpa Ta ACKOAepa.

OmHa 3 Takux MoOAeNeW - 1€ 3ropTKoBa HEHMpoHHa Mepexa U-net, ska
MOYATKOBO PO3pOOJIANach NIl CerMeHTalli 010MeIMYHUX 300pa’keHb, alie Mmoka3ajia
e(eKTUBHICTh B Pi3HUX cepax, B TOMY YHUCII 1 JUIsl CETMEHTalli CymyTHHKOBUX
3HIMKIB.

OpurinanpHa  apxiTeKkTypa nependadae  OJHOKaHAJIbHUWA  BXIH,  SIKUM
MPU3HAYEHUN NJI1 BUKOPUCTAHHS 3 300pa)k€HHsSMM B BiATiHKax ciporo. [10] s
pOOOTH 3 CYyyTHUKOBUMH 300paKCHHSMHM BXiJl OyJe 3MiHEHUN Ha OaraTokaHaIbHUN
1 Horo po3MipHICT, Oyjae 3ajexard BiJ] KUIBKOCTI BHUKOPUCTAaHUX KaHaJliB
300pakeHHs.

Jnst  posmmpeHHss HaOOpy  BXIOHUX JaHUX JJI8  HaBYaHHIM  Oyne
BUKOPUCTOBYBAaTUCh MIAX1J TiJ] HA3BOIO ayrMEHTallis. AyrMeHTallis TOJsrae B
mTy4yHid Moaudikamii BXITHUX 300pakeHb IiJI 4ac HaBYaHHSA Mojneni. B manomy
BUIMAJKy OyAyThb BHUKOPHCTOBYBATHCS BHWITAJKOBHHA 3CyB 300pakKeHHS, IOBOPOT
300pa)keHHsI Ha BUMIAJIKOBUH KYT, 3MIHa MacIuTady 300pakeHHs Ta 1H.

Jlnst Outbil CTaO1IBHOT OLIHKU SIKOCTI POOOTH aIrOPUTMY BUKOPHUCTOBYETHCS
Meton Kkpoc-Bamigamii Ha k Omokax (anrin. k-fold cross validation). Ilpu
BUKOPHCTAaHHI TAKOTO METOAY HaBYallbHy BHUOIPKY BHIIQJIKOBO pO30MBaIOTh Ha k
miABUOIPKOK OJHAKOBOTO pO3MIpYy, B JJaHOMY BHMAAKy - 3a IPOCTOPOBHUM
po3ranryBaHHsM. [loTiM oaHa 3 BUOIPOK BUKOPUCTOBYETHCS SIK BajijalliiHa BUOIpKa
JUISL OIIIHKK poOOTH Mojeni, a 00’ eaHanHs 1HIMX k-1 BHOIpok siBIise cO00I0 HOBUM
TpeHyBaibHUI nataceT. [Ipoiiec moBToproeTbest k pasiB, 1 mpu 1bOMy KoXKHa 3 k
BUOIpOK Oyje BUKOpPHUCTaHA B SKOCTI BaJliJamiiiHOI. YCepeaHEHHs BalliIalliiiHUX
METpUK Ha BCiX k po30UTTIX Oyae (iHAIBHOIO OIIHKOIO SKOCTI POOOTH ajJrOpUTMY.
[11]

B sxocTi MeTpuKu A OI[IHKU POOOTH aJITOPUTMY BUKOPUCTOBYETHCSI METPUKA
Fl-score, sika 4acTO BUKOPUCTOBYETHCS JJIsl OIIHKM Kiacu@ikailii uu cerMeHTarlli B
BUITAJIKy 3HAYHOTO qucOaancy KiaciB. @opmyra T1aHOi METPUKH:

B TP
F1= TP+0.5(FP+FN)’ (1)

ne TP - me KuUIbKICTh MpaBWJIBHO Kiacu(iKoBaHUX TikceniB, FP - KUIbKICTH
MOMHJIKOBO PO3MI3HAHUX IIKCENiB 3ropiBmMX mojiB, FN - KUIbKICTh MIKCENiB
3ropiBIIUX TOJIB, K1 OyJM MOMMJIKOBO PO3Mi3HaHI K He 3ropiBuii. JlaHa meTpuka
MOKe MaTH 3HaueHHs B miana3oni [0, 1], me O BiAmoBimae BUMAAKY, KOJU KOJCH
MIKCENb 31 3rOpiBIIMMHU TOJISIMH HE OyJio po3Mi3HaHO, a | - KOJM BCl MIKCeN
3ropiBHIMX MOJIB Ta HE 3rOPIBIIMX MOJIB OyJu po3mi3HaHi BipHO. s mpuknany,
TaKa K caMa METPUKa BUKOPUCTOBYETHCS B POOOTI [§]
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Pe3yibTaTu eKcniepuMeHTAIbHUX J0CTiIKEHb

Jlis mepeBipkM BIUIMBY KITBKOCTI BXIJHHX KaHAMIB 300paXCHHS Ha SIKICTh
pO3Mi3HABaHHSA 3rOPUIMX MOJIB OyJI0 MPOBEJCHO HABUAHHS MOJENEH 3 HACTYIMHUMHU
KOMOIHAI[IsIMU KaHaJliB CYIyTHUKOBOTO 3HIMKY Sentinel-2:

1. 3 xananu BuguMoro gianazony (RGB).

2. Komb6inaniss RGB ta kanamy 61mKHBOTO 1HPPayepBOHOTO - BCHOTO 4 KaHAJH

3. Kombinaris Bcix HasBHUX KaHauiB Sentinel 2 B po3mmpenni 10 m/mikcens Ta

20 m/mikcensb - Bchoro 10 kaHalis.
4. KomMOiHarlis BCix HasiBHUX KaHajiB Sentinel 2 B po3mmpenHi 10 m/mikcens, 20
M/mikcenb Ta 60 M/mikcens - BChboro 13 kaHaiB.

Ak Bxe Oyyno BiAMIYEHO BHWINE, 3 YacOM 300pa)KEHHsI 3ropuIMX TMOJIB Ha
CYNyTHUKOBHUX 3HIMKax CTaBaJM MEHII MOMITHUMHU. [Ijis1 Toro, o6 nepeBipuTH, 41
BIUIMBA€E MPOMAEHMA Yac BiJ MEPHIOr0 OTPUMAHOTO 300pa)KEHHS 31 3rOpIBIIUM
moyieM, OyJI0 TPOBEJACHO JO0JAaTKOBE HABYAHHS MOJEICH 3 PI3SHUMU YaCOBUMH
MPOMDKKaMHU BIJ] Mepuioro crnocrepekeHns moxexi (1, 7, 14, 30 ta 90 ngHiB).
Hampuknan, npu HaB4aHHI MOJENl 3 BHUKOPHUCTAaHHSIM MPOMIKKY 14 1HIB, Bci
300pakeHHsI 3ropiBIIMX TOJIB, AKI OyJM OTpUMaHi Mmi3Hime, H 14 aHIB Bix (akTy
MEPIIOTO CIOCTEPEKEHHs, OyNu BUIAJCHI 3 TPEHYBaJbHOTO HAOOPY AaHUX IS
JaHOTO €KCIIEPUMEHTY.

Marouun 4 MOXIMBUX KOMOIHAINT BXIAHUX JaHUX, S5 PI3HUX YACOBUX MPOMIKKIB
Ta BUKOPHUCTAHHS PO3OUTTA BXIIHMX JAaHUX Ha 3 YAaCTUHU TNPU Kpocc-Bajigalli,
BChOro Oysio oTpumano 60 pi3HUX MoOJenel, Kl BKJIIOYAIOTh BCl IepesiyeHl
KOMOI1Ha1ii (pakTopis.

Bci 1HmI rineprnapaMeTpu MoJeneu, Taki K (PyHKI[Sl BTpaT, po3Mip BXI1JHOTO
300pakeHHsl, po3Mip O0atuy Ta iHII Oysiu 3adiKCOBaHI JJis BC1X €KCIIEPUMEHTIB.

Ha pucynky 9 HaBemeHi rpadikd 3aJeKHOCTI pe3ynbTaTiB Mojeiell Ha
BaJIIallIMHINA BUOIPII B 3aJIGKHOCTI Bl KUIBKOCTI BUKOPUCTAaHUX KaHAIIB BX1JHOTO
300pakeHHs. MoXHa BIJ3HAYUTH, 110 BUKOPUCTAHHS JiMile 3 KaHAIIB BUAMUMOTO
nianazony (RGB mo oci x) mae B cepeHbOMYy HAMHIKUMN pe3ynbrar. JloJaBaHHS
KaHaly 0JM3bKOro 1H(pavyepBOHOIO KaHaly Tpoxu nokpairye pe3yiabrat (RGB+NIR
1o oci x). Halikpamuii pe3ynbTaT OTPUMYETHCS NMPU BUKOPHUCTAHHI KOMOIHAIlT BCIX
JTOCTYIHUX KaHAJB 3 MPOCTOPOBUM posmmupeHHsM 10 m/mikcens 1 20 m/mikcensb
(RGB+NIR+20m mo oci X). A nomaBaHHS JI0AaTKOBOi 1HQoOpMarllii 3 KaHaJiB B
posmmpenHi 60 m/mikcenb HaBiTh noripirye pe3ynbrat (RGB+NIR+20m no oci x).

Tenep po3risHEMO 3alekKHICTH OTPUMAHUX pE3yJbTaTIiB HA BajiJaliiHINA
BUOIPIIl B 32JIEKHOCTI BiJl MPONCHOTO Yacy BiJl EPILIOTO CTIOCTEPEKEHHS MOKEX1 Ha
noui. I'padiku Takoi 3anexHocTi 300paxeHo Ha pucyHky 10. Ha manomy pucysky
gyiTko BuaHO, Mo Mojaeni RGB i RGB+NIR wmaioTe TeHneHIio A0 MOTipIIeHHS
pe3yibTaTy TpU JOAAaBaHHI OUTBII CTapimmx 300pakeHb HACTIAKIB TOXKEXK B
TpeHyBallbHy BHOIpKYy. Ilpm 1npomy wmoxem 3 HaOOpoM BXIJHHUX JAHUX
RGB+NIR+20m 1 RGB+NIR+20m+60m He MarwTh Takoi TEHACHIII 1 MOKa3yHOTh
CTablIpHI  pe3yJIbTaTH HE3QJIEXKHO BiJ TPOMAEHOr0 dYacy BIJ MEpIIOTO
CITOCTEPEKEHHS MOXKEXKI.
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Pucynok 9 - 3anexunicte Merpuku F1 Ha Baninaniiinuii BuOipui Biax B
3aJ1€5KHOCTI BiJl KiJIbKOCTI KaHAJIIB BXITHOT0 300paKeHHs
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MakcManbHa KinbKiCTb [JHIB Bif NEPLIOTO CIOCTEPEXEHHS NOXEXi

Pucynok 10 - 3anexnicte merpuku F1 na Baninauiiinuii Budipui Bia B

3aJI€KHOCTI Bi/l MPOIAEHOT0 Yacy BiJ MEePIIOro CIOCTEePeKEHHS MOMKeKi
Asmopcovka po3pobka

Takum 4MHOM OTpHUMaH1 pe3yJbTaTH MOKa3alu, 10 MOJENl 3 HA0OpOM KaHaJliB
BUUMOTO Jlarna3ony, OJIM3bKOTO 1HcppaqepB0Horo Ta BCIX KaHaJiB B po3mupeHHi 20
M/TIIKCEIb Jal0Th HaI/IKpaH_[I/II/I pe3yJNbTaT 1 IPU LbOMY € CTa0UIbHUMH HE3aJIeKHO BiJ
MPONEHOI0 Yacy BiJ MEPIIOro CIIOCTepexeHHs moxkexi. Mozeni 3 HabopoM KaHalliB
TITBKH B BUIMMOMY Jiama3oHi 1 B BUAMMOMY Ta OJIM3BKOMY i1H(padyepBOHOMY
MOKAa3ylOTh TMOTIPIICHHS pe3yJbTaTiB 31 30UIBIIEHHSAM 4Yacy BiJ MEpLIOro
CIIOCTEPEKEHHS ITOXKEXK1 Ha IOJII.
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Haiikpamuii ycepenHeHuil pe3yiabTaT METPUKM Ha BajifaliiHid BUOIpI
F1=0.878 Oyno otpumano 1jst MOJEN, fKa MpHUiiMae Ha BX1J § KaHaB 300paxeHHs
(RGB+NIR+20m).

BucHoBok.

VY naHiii cTaTTi PO3IJISHYTI ICHYIOYl MIAXOAU Ta PIIICHHS JJI PO3Mi3HABAaHHS
3rOpiIMX IOJIIB Ha CYNYTHUKOBUX 3HIMKaX. Takoxx Oyjo 3amponoHOBaHO
BUKOPUCTAHHS 3TOPTKOBUX HEHUPOHHUX Mepex (Ha mpukiani moxeni U-Net) s
pO3Mi3HaBaHHs 3rOPUIMX IMOJIIB HA TEPUTOPIT YKpaAiHU 3 BUKOPUCTAHHSIM 300pakeHb 3
cynyTHUKiB Sentinel-2. [TpoBeneHi ekcnepyuMeHTaNbHI JTOCHIIKEHHS MMOKa3aiH, 110
3alPOMOHOBAHUN MIAXi1A MOXE PO3Mi3HaBAaTU 3rOPIBIIl TOJISI 3 JOCUTh BHUCOKOKO
orinkoro Tounocti (F1 = 0.878 Ha Banigariiiniil BuGIpiri).

Jlitreparypa

1. €srenis Jlpo3noa, Annpiii I'apacum, Hans Kenbm, Imas Camoiinuny,
Amnaromiit bounapenko. Jukicte. B Ykpaini mopoky 01u3bko 20 THCSY MOXKEXK Ha
OPHUX 3eMJISIX. KYPHAJIICTHUKA HAHUX: BeO-CailT. URL:
https://texty.org.ua/projects/104757/v-ukrayini-shoroku-blyzko-30-tysyach-pozhezh-
yak-vony-vyhlyadayut-iz-kosmosu/ (nata 3Bepuenns: 11.12.2022).

2. Jhwo6os Ilerpymko. Ypoxkail y BOTHI: y 30HI O0MOBHX il 3ropuyio OJU3BKO
350000 ra momiB. fIKi BTpaTh Ta HACHIJIKH MacIITaOHWX MOXeX. Forbes: BeO-CailT.
URL: https://forbes.ua/inside/urozhay-u-vogni-u-zoni-boyovikh-diy-zgorilo-blizko-
350-000-ga-poliv-yaki-vtrati-ta-naslidki-masshtabnikh-pozhezh-12072022-7129(nara
3BepHeHHs: 11.12.2022).

3. Piyush Jain, Sean C P Coogan, Sriram Ganapathi Subramanian, Mark
Crowley, Steve Taylor, and Mike D Flannigan. A review of machine learning
applications in wildfire science and management. Environmental Reviews July 2020
DOI:10.1139/er-2020-0019

4. Dmitry Rashkovetsky, Florian Mauracher, Martin Langer, Michael Schmitt
Wildfire Detection from Multi-sensor Satellite Imagery Using Deep Semantic
Segmentation. IEEE Journal of Selected Topics in Applied Earth Observations and
Remote Sensing, vol. 14, pp. 7001-7016, 2021, doi: 10.1109/JSTARS.2021.3093625.

5. Louis Giglio. MCD64A1 v006 MODIS/Terrat+Aqua Burned Area Monthly
L3 Global 500 m SIN Grid. BeO-CailT. URL:
https://Ipdaac.usgs.gov/products/mcd64alv006/ (nara 3Bepuenns: 11.12.2022).

6. Fire Information for Resource Management System (FIRMS). Be0G-caiiT.
URL:  https://www.earthdata.nasa.gov/learn/find-data/near-real-time/firms  (zmara
3BepHeHHs: 11.12.2022).

7. European Forest Fire Information System. Be6-caiit. URL:
https://effis.jrc.ec.europa.eu/ (nata 3Bepuenns: 11.12.2022).

8. Monish Vijay Deshpandea, Dhanyalekshmi Pillai, Meha Jainc. Agricultural
burned area detection using an integrated approach utilizing multi spectral instrument
based fire and vegetation indices from Sentinel-2 satellite. MethodsX Volume 9,
2022, 101741

9. Sentinel-2. Freie Universitit Berlin. Be6-caitt. URL: https://blogs.fu-
berlin.de/reseda/sentinel-2/ (nata 3Bepuenns: 17.12.2022)

ISSN 2567-5273 131 www.moderntechno.de



v "~

Modern engineering and innovative technologies Issue 29 / Part 1 (g

10. Ronneberger, O., Fischer, P., Brox, T. U-Net: Convolutional Networks for
Biomedical Image Segmentation. Medical Image Computing and Computer-Assisted
Intervention — MICCAI 2015.

11. Cross-validation: evaluating estimator performance. BeO-caiit. URL:

https://scikit-learn.org/stable/modules/cross_validation.html ~ (matra  3BepHeHHS:
16.10.2023)

Abstract. The article discusses the significance of identifying burnt fields in satellite images.
It provides an overview of existing solutions and describes an approach for recognizing burnt fields
using a U-Net convolutional neural network with Sentinel-2 satellite imagery. The method for
collecting and annotating input data is also detailed. The results of experimental studies are
analyzed, demonstrating that utilizing additional image channels from the infrared spectrum of
Sentinel-2 satellite imagery improves the accuracy of burnt field recognition.

Key words: convolutional neural networks, U-net, machine learning models, image
segmentation, satellite imaging, Sentinel-2, burned fields, Ukraine.
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SOFTWARE DEVELOPMENT TO AUTOMATE JWT TESTING
PO3POBKA ITPOI'PAMHOI'O 3ACOBY IJISA ABTOMATU3ALIX TECTYBAHHSA JWT
Posuvailo M.-M.V./ IlocyBaiiiio M.-M.B.
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JIveie, Cmenana banoepu, 12, 79000

Anomauin. Y cmammi posensdaemocsa JSON Web Token, éionocno “monooa”, ane nonyniapua
MEexXHOJIO02Is, KA 8 OCHOBHOMY 8UKOPUCMOBYEMbCS 0I5l BIOCMENCEHHS CeaHCi8 KOPUCmMys8ais.

Memoto yici pobomu € cmeopeHHs THMYIMUBHO 3PO3YMILO20 NPOSPAMHO20 3ACO0Y, AKUL
Moorce asmomamu3zyeamu mecmyeanus JWT.

Jna eukoHamnHa Yb020 3a60AHHA MU NPOGeNU OOCHIONCEHHS, Ni0 4ac AK020 3i0panu AKomMo2a
Oinvute iHghopmayii npo 6i0omi 8pazIUBOCMi Ma XaAPAKMEPUCMUKY BJice ICHYrouUUx npozpam. Mu
NPOAHANI3Y8aANU iX I OMpUManu 4imxe YeileHHs NPo KiHYesulli npooyKm.

Bpewmi-pewum 3a60annsa Oyno euxonano. ®axieyi 3 ycvo2co ceimy ompumaniu oocmyn 00
iHmyimueHo 3po3yminoi ma 6azamo@yukyionanvHoi npocpamu. Ha oanuu momenm, ye eoune
npozcpamue 3abesneuenHs, 30amHe aA8MOMAamMu3y8amu Mecmy8aHHs 8ce GIOOMUX I MONCTUBUX
épaznusocmel.

Knrwuosi cnosa. JIWT, JSON Web Token, asmomamu3zayis mecmysanms, epasiueocmi, stateful
cookie, stateless cookie, JwtTester, JSON Web Tokens, jwtcat, jwt_tool, jwtXploiter, JwtCracker.

Beryn.

ABTOpH3allisl TPUBAJIMM Yac BUKOPUCTOBYBajia JIOKaJIbHO 30epexkeHl cecil
KimeHTiB (Kyki). KopucTtyBadui BBOASTH CBOi 0OOJIKOBI JaHi, TEHEPYEThCS YHIKAIBHUN
imenTudikarop ceancy (Kyki), 30epiraeMo HOro Ha CTOpOHI cepBepa Ta MOBEPTAEMO
KOpUCTyBaueBi. YCi JaHl KOpUCTyBaya MOBUHHI 30epiratucs Ha CTOpPOHI cepBepa.
bynp-sika ciyx0a, akiii moTpiOHa sikack iHGoOpMalis NpO KOPHUCTyBaya, MOBHHHA
3BEpPHYTHCS [0 CXOBWINA JaHUX. SIKIIO JaHI KOpUCTyBada IIEHTpai30BaHl, ix
HEMOXJIUBO MifpoouTu. Kpim Toro, me ycyBae mpobieMy 3actapiivx gaHux. Bce
30epiraeTbcsi B IICHTPAIILHOMY MICIT.

Takwuit migxin Ha3uBawTh — “stateful”, mporunexxunii miaxin — “stateless”.

daitmm cookie 13 30epexxeHHsM ctany (mam - Stateful) [1] 1 daitnmu cookie Ge3
30epekeHHsT cTaHy (mami - Stateless) - 116 TPUKMETHHKH, SIKI OINUCYIOTh, YH
npuU3HauYeHU cepBep ado0 MeBHA Mporpama JUid 3alucy Ta 3arnaM’ STOBYBaHHS OIHI€T
Yy KUIBKOX TIONEepeAHIX TMOAIA y TMEBHIA B3aeMOAil 3 KOPUCTYBadeM, I1HIIUM
KOMIT'IOTEPOM YW MPOrpaMolo, MPUCTPOEM YU IHIIMM 30BHIIIHIM eJleMeHTOM. be3
30epeKeHHsI CTaHy O3HaJae, 10 HE ICHYE 3alUCIB MPO MOIMEPeTHI B3aEMOIIT, 1 KOXKEH
3alUT Ha B3a€MOJIII0 Ma€e OOPOOIATHCS BUKJIIOYHO HA OCHOBI OTpUMaHoi 1H(opmariii.
@aitnu cookie 13 30epekeHHSM CTaHy Ta 0e3 30epeKeHHs CTaHy NOXOASTh Bij
BUKOPHCTAHHS CTaHy SK HAOOPY yMOB y MEBHUI MOMEHT Yacy.

Kopotko mizcymyemo:

o Stateful - BiacTrexxeHHs 30epexeHoi 1HPOpMaIii, sIka BUKOPUCTOBYETHCS IS
B3a€EMOJIIT 13 KITIEHTOM.

o Stateless — xomHa iHPOpMAITlis He 30epiracThCsi Ha CTOPOHI cepBepa.
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SAxk110 moBepHYTUCH came 10 “stateful” minxomy, A CKJIQTHUX apXiTEKTyp, Taki
KyKl MOXXYTh CIPUYMHHUTH MPOOJIIEMHU: OTPUMAHHS JAHUX 13 HEHTPAJIBLHOTO CXOBHUIIA
JUIA KOXKHOI omepariii MOXKe CTaTu MPOOJEeMHHUM PIIIEHHSM, BPaXxOBYIOUH KUIbKICTb
3alUTIB, 10 OylyTh BHUKOHYBATHUCh HIOCEKYHIU IS OTPUMAHHA TOI YW 1HIIOI
iHpopMalii. BoHN HE TITPKU 3aiMaTUMYTh OOYHMCIIIOBAIbHI MTOTYKHOCTI CEpBepa, aje
M TMOHIKYBaTUMYTh HPONYCKHY 34aTHICTH Mepexi. Ha gomatox 10 1poro, mu
’KUBEMO Yy peajbHOMY CBITI, TOMY Ba)KJIMBO BPaXOBYBaTH T€, IO y Oyb-sKI YaCTHHI
Hamoi 1HQpacTpykTypu Moxke cratuch 301i. lle o3Hauae, mo Ham nNOTPIOHO
BUTpayaTy JOAATKOBI pecypcH Ha CTBOPEHHS APYroro cepBepy, KW y pasi 300r0,
MiCTPaxOByBaTUME TOJOBHHM XOCT.

€ JeKkibKa MOXJIMBUX PIIIEHb Takoi MpoOjeMu, OJHAK B I poOOTI, MH
posmsiatuMemo Juiie Bukopuctanus Stateless Cookie, a came JW'T.

OCHOBHUII TEKCT.

Bupimennsim panime Bkazanux npotiem moxe cratu JSON Web Token [2]. Lle
3aKO/IOBaHUM OJOK 1H(opMaIlii, KU MOXKE MICTUTH BEIUKY KUIBKICTb JaHUX (Ha
BinMiHy BiJ Cookie) 1 Mae kpuntorpadiuynuii nianuc. Komm XocT oTpuMye TOKeH, BiH
MOXKe OyTH BIIEBHEHHMM, IO JIAHUM, SIKi MICTUTH oTpuMmanuii JWT, MoxkHa TOBIpsTH,
OCKIJIbKM BOHM MiJMUCaHI BiANpaBHUKOM. JKOJEH MOCEpETHUK HE MOXKE 3MIHUTU
BMmicT JWT mics oro BinnpaBieHHs: €3 HassBHOCT1 Y HbOTO KJTHO4A.

Ormsin tokena. JWT mpexacraBneHuil y BUINISIAI MOCIIOBHOCTI TPHOX CEKIIIH,
po3nineHnx cumBosiamu kpanku ('.'). KokHa yacTrHa MiCTUTh 3aKOJI0OBaHE 3HAYCHHS Y
dbopmari base64url, 11e o3Havae, 110 TOKEH MOxke 0e3 mpoOieM HaACHIATHCh depe3
HTTPS nportokos. 3arajioM TOKEH MiCTHTb:

e 3aroJioBOK

o Ilenmoan

o [limnuc

ToOto 3arampaa cxema JSON Web Token mae mactymuuii Bursig: aaa.bbb.ccc ,
ne aaa — “3aronoBok”, bbb — “Ilefimoan” 1 ccc — “Tlignuc”.

Ko’kHa 13 BuIIle MEPEUHCIICHUX CEKII MOke OyTH Bpas3IWBOIO JIO TOTO 4YH
1HIIIOTO TUITY aTaK, HaIPUKJIA:

e 3aconosox: 3a3BUyail MICTUTh METaJaHi MPO TOKEH, HANPHUKIAJ aJrOpUTM,
KU BUKOPUCTOBYETHCS JUIA MiANUCY. 3arajibHa BPa3iuBICTh [3] B Lii CEKIIT MOXke
BUHUKHYTH, Komu JWT MiaOUCyloThCS 3a JIOMOMOTOI0 CIaOKHX aJfOPUTMIB abo
3acTapiIuX CTaHJIAPTIB, 5Kl HE € O0e3MeYHUMHU. Y TaKUX BUMAJKaX 3JOBMHUCHHUK MOXKE
BUKOPHCTATHU BPA3JIMBI MICIlS B aJITOPUTMI MIAMKUCY, 1100 3J1aMaTh TOKEH 1 OTpUMaTH
JOCTYT 10 1H(popMaIlii B KOPUCHOMY HaBaHTa)K€HH1 a00 HaBITh 3MIHUTH ii.

e [letinoad: MICTUTh JaH1 KOPUCTyBadya Ta MapaMeTpH, MOB’s3aHi 3 MPOLIECOM
aBTeHTH(iKaIli Ta aBropm3aiiii. [loTeHIIHiHI Bpa3IMBOCTI B I CEKIi MOXYTh
BKJIIOYATH HE3axWIeHe 30epiraHHs TaHWUX, HECHpPaBHUA KOHTPOIb JOCTYIy Ta
BUKpAJICHHS CEaHCy. 3JOBMHUCHUK MOXE OTpUMaTH JocTyn 10 iHdopmartii
KOpUCTyBaua, IEPeBU3HAYMBINM MpeTeH3ii, 3pooneni B JWT, 1 3MiHuBImmM ix Ha OakaHi
3HaueHHA. lle MoXe MOCTaBUTH JaHI KOPUCTyBada IIiJ 3arpo3y Ta IOTEHIINHHO
MPU3BECTH /10 BUTOKY JAHUX.

o [lionuc: 1s cexuis BKIIOYAE 3alId(poBaHMl Xell MOBIIOMIICHHS PO3ILIIB
3arojoBka Ta meinoany. [lommpena Bpa3iuBICTH Yy LBbOMY pO3AUIT MOXE OyTH
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MOB’si3aHA 31 CXEMOKO KEpYyBaHHS KIIIOYaMH, sIka BUKOPHUCTOBYETHCS ISl CTBOPEHHS
mianucy.  SIKmio  3JI0BMUCHUK —~ MOXE  BUKDACTH  3aKpUTUH  KIIOY,  SIKHM
BUKOPUCTOBY€EThCS Jtst mianucy JWT, BiH MoXe CTBOPUTH HOBUI MapKep 1 MiAMUCcCaTH
H0r0 BKPaJCHUM KIIKOUYEM.

Bpaxosytoun te, mo JWT € 06’€eMHOIO TEXHOJIOT1€10, 3pO3yM1JIO, IO 1 IJIOIIMHA
JUIA TIONIYKY Bpa3jiMBOCTEH TaKOX € BEIMKOIO. Y Mepexi [HTepHer Hemae
KOHKPETHOTO CIHUCKY 13 yciMa MOXJIMBUMH Bpa3JIMBOCTAMH, aje 3a MOIMH
TOCHIKCHHSAMH, 1X IITOHaiMeHIIe 15.

Tomy, 3BU4aitHO X, TakKuil 00’ €M pydHOT poOOTH MOTPIOHO aBTOMATU30BYBaTH, 1
NeBH1 HaIpaloBaHHs €. J{aBaiiTe repeiieMo 10 HUX, 1 po30epeMoch HACKIIbKA BOHU
XOPOIIIl, SIKUM KPUTEPIsSIM BiJMIOBIIaIOTh Ta K1 BPA3JIMBOCTI 3/1aTHI 3HANUTH.

Ormisag yTUMT JUisl TeCTyBaHb Ha BPA3JMBOCTI. 3arajoM, MU PO3IVISTHEMO
HactynHi ckpunta: JSON Web Tokens (Burp’s extention), jwtcat, jwt tool,
jwtXploiter 1 jwtcracker. BiabmmicTs 13 HUX € OE3KOIITOBHUMH 1 PO3POOICHUMH Ha
MOBI niporpamyBanHs Python, onHak € 1 BUKITIOUEHHS, ajie 0 bOTO MU IIe T1HAEeMO.

JSON Web Tokens (Burp s extention)

Jlo ocHOBHUX (YHKITI MOXKHA BiTHECTH [4]:

o 3mina anroputmy 3 RSA sa HMAC (CVE-2016-10555). 3n0BMUCHUK MOXe
BUKOPUCTOBYBATHU 1€, 100 OOXUTPUTU CepBEP 1 BUKOPUCTOBYBATH BIIKPUTHI KIIIOU
JUTSI TIEPEBIPKH.

e Bincytnicts anroputmy (CVE-2015-2951). e Moke npu3BeCcTH 10 TOTO, 110
cepBep B3arayji He Oy/le BUKOHYBAaTH MEPEBIpKY MIJAMUCY 1 Biapasy mnepeiae 1o
00pOOKM KOPUCHOTO HABaHTAXEHHS TOKEHA.

e Bincytnicts miamucy (CVE-2020-28042). Cnioci0 cXokuii Ha TOMEPEIHiH,
aje BIAMIHHICTh Y TOMY, III0 IIbOTO pa3y Meplla YacTHHA TOKEHAa HE 3MIHIOETHCS,
TPETS IPOCTO BIJKHUIAETHCA.

« IlepeBipka mapkepis. [lepeBipka mianucy Ta nepumx IBOX 4YaCTUH TOKEHA.

o PemaryBanHs TokeHa. SIKIIO y Bac € CEKpETHE CIIOBO YH KIIIOY, MOXKHA
3MIHUTH BMICT TOKEHA 1 MiIMUAC 3AJIUIITUTUCS JIACHUM.

o In’exmis wmoua (CVE-2018-0114). Mu MokeMO [0/aTH Hall KIIOY [0
nepuoi 4acTUHU TOKeHy. BpasnuBuii cepBep BHKOPUCTOBYE Horo miis Bepudikarii
TIITACY.

o IlepeBipka Ha moraHi HajamTyBaHHS. 3aKIHUYEThCS TECTyBaHHS OaraTrbox
BapiaHTIB NOTAaHOTO HanamTyBaHHs BeO-TokeHa JSON.

Jwtcat

Jlo ¥oro yHKIIIOHAJILHOCTI MOYKHA BIJTHECTH JIUIIIE TP KOMIIOHEHTH [5]:

e Bincytnicts anroputmy (CVE-2015-2951). e Mmosxe npu3BecTH 10 TOTO, 110
cepBep B3araji He Oy/ie repeBipsITH MIANKC 1 BiApa3y nepeiae 10 00poOKHU TOKEHa.

e Bruteforce qst HS256. 3noBMucHUK MOke cripoOyBaTH BrajiaTu CEKpeT, sIKUi
BUKOPUCTOBYBABCSl ISl CTBOPEHHA miamucy B mpomy mugpi. Llg araka moxe
BUKOPHUCTOBYBAaTH a00 CIIMCOK HANOUIBII PO3IMIMPEHUX CIIiB, a00 TpyOy CHITy.

o PeparyBanns TokeHa. SIKIIO y Bac € CEKpeTHE CJIOBO a0 KIIOY, BU MOXKETE
3MIHUTH BMICT MapKepa, 1 TAMHUC 3JIUIIUTHCS TIHCHUM.

JWT Tool

Jlo pyHKITIOHATEHOCTI MOXKHA BiHECTH [6]:
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e wmiHa anroputmy 3 RSA na HMAC. 310BMUCHUK MOX€E BUKOPUCTATH 1€, 11100
3MYCHUTH CEPBEP BUKOPHUCTOBYBATH BIIKPUTUN KITFOU JJIS IEPEBIPKH.

o Bincytnicts anroputmy (CVE-2015-2951). Lle Mmoxe npu3BecTd 10 TOTO, 1110
CepBep B3araji HE BUKOHY€E MEPEBIPKY MIJMUCY Ta HEralHO MEePeXoauTh 10 00pOOKU
KOPHCHOTO HaBaHTa)XKEHHSI MapKepa.

e Bincyrtricte mignmucy (CVE-2020-28042). Crioci0 cxoxuii Ha TOMEpeaHi,
ajie BIIMIHHICTh y TOMY, II[O I[LOTO pa3y IMepila YaCTHHA TOKEHA HE 3MIHIOETHCH,
TPETS MPOCTO BIAKUIAETHCS.

o ChopuunHeHHs noMuiiok. Lled MeTrom araku NOKJIMKAHWNA Ha TECTyBaHHS
MOBIJIOMJIEHB TTPO MOMMJIKH. [{i TOB11IOMJIEHHSI MOXKYTh MICTUTH IIIHHY 1H(pOpMaIlito.

e Artaka rpyboro mnepebopy mias HS256. 310BMUCHMK MOXe COpoOyBaTu
BralaTi CEKpEeT, BUKOPUCTAHUH /JI1 CTBOPEHHS MIAMKUCY B IbOMY IIUPI.

 IlepeBipka TokeHa. [lepeBipka mianuCy Ta NepIIMX ABOX YACTUH TOKEHA.

o [lizpoOka mo3Ha4yKu yacy.

o PemaryBanns TokeHa. SIKIIO B Ma€Te CEKPETHE CJIOBO YW KJIIOY, MOXKIIMBO
3MIHUTH BMICT TOKEHA 1 MiIMHAC 3aJIAIIUTHCS B THUM.

o In’exmis xmroua (CVE-2018-0114). Mu moxemo moaTH HAIl KITFOY Yy TIEPITy
YacTUHY TOKeHa. BpasnuBuii cepBep BUKOPUCTAE MOTO JJIs BepudiKallii mimucy.

o T'eneparis kmouiB RSA 1 ECDSA.

JjwitXploiter

[IpucyTHs HacTynHa QPYHKIIOHAJIBHICTS [7]:

e PenaryBanHsi TokeHa. Maroun BCl HEOOXiJHI KOMIIOHEHTH Ha MICIl, MH
MO>KEMO 3MIHIOBaTH BMICT TOKEHA.

e Excryaramisi BpasnuBux 3arojioBkiB. Skmo JWT wmictute opHe 3
NOTEHIIIHO Bpa3JIMBUX 3HAUYEHb y APYTidl 4acTUHI TOKEHA, MU MOXXEMO CIpoOyBaTu
BUKOPHCTATH MOTO.

 IlepeBipka TokeHa. [lepeBipka mianucy Ta NEpIIUX JBOX YaCTUH TOKEHA.

e Bunobyrox myb6miynoro kmoua uyepe3 SSL 3’ennanns. g yrtumita 3matHa
CaMOCTIMHO oTpuUMaTy mMyOIiyHUIN K104 13 BeO-cepBepa.

o I[ligTpumye yci anropuT™MH MiANUCy Ta MU(pyBaHHS

JWT Cracker

Ha xanp, 1 yTwiiTa HE Ma€ BENMKY KUIBKICTh (DYHKIIH, OJHAK BOHA €
Harie(peKTUBHIMIO 114 [ 8]:

e Ilepebip cexperiB aiisg HS anroputMis.

[lopiBHsaHHA nporpamMHux 3aco0iB. CIIBCTaBUBIINM HAsBHHU CIIMCOK BI1JIOMHX
Bpa3JIMBOCTEN 1 (PYHKIIIOHAJ YCIX PO3IISSHYTUX YTHJIIT, MOXKHA JIATH IO BUCHOBKY,
10 >KOJ{HA 13 HUX HE MOKPUBAE BUSIBJICHHS yCiX BpaziauBocTel. Ilicias mpakTuyHOro
BUKOPHCTAHHS, TAKOXX MOXKHA JI0abH, 110 3a3HAa4Y€H1 IPOTpaMHi 3aCO0M MOXYTh OyTH
BOKKHMHU Y BUKOPUCTAaHH1, 0COOJIUBO IS JIFOJICH 13 MaJIol0 KiJIbKICTIO TOCBIY.

Jnis Toro, 1mo0 BUPIMIUTH OMUCaHI IPOOIEMHU, MU BUPILIMINA HANUCATU BIACHY
YTUIITY, fiKa O TOKpPUBAJIM YBECh CHEKTp Bpa3IMBOCTEH Ta Oyna I1HTYiTUBHO
3pO3YMLJIOI0 Y BUKOPUCTAHHI.

3a pesynabraramu BurpoOyBaHb, JwtTester momema, mo 3maTHa 3HAXOAUTH yCi
noTpiOH1 BpasnuBocTi. HasBHICTP MaHyally poOUThH ii 3pO3yMiNOI0 HAaBiTh IS
noyarkiBliB. Pe3ynbraTtu TeCTyBaHb HaBEeIEHI HUXKYE!
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Taoauus 1 — [lopiBHSIHHS yTHJTIT
: : . Jwt
JwtTester | Burp | jwtcat | Jwt tool | jwtXploiter cracker
RSA to HMAC + + + +
Alg: None + + + +
Strip sign + + + +
Errors + +
Brute for HS256 + + + +
Verify token + + + +
Tlmest'ap + .
tampering
Path traversal +
SQLi +
OS Injection +
SSRF +
JWT Editor + + + + +
Price Free Free Free Free Free Free
Key 1inj ec'tl'on + n n
vulnerability
Platform Any OS Burp [Any OS| Any OS Linux | Any OS
Blank password + - - + +
RSA k§y + 4
generation
ECDSA .key + 4
generation
Interface CLI GUI CLI CLI CLI CLI
: +(sqli, +(sqli, :
+
kid path,rce,ssrf) path,rce) (path,sqli)
jku + + +
xSu + +
x5¢ +
Jti +
BucHoBkwu.

Byno posmisnyto TeopetuuHy iHdopmaritiro mono JWT, Biomi Bpa3auBOCTI Ta

HasBHI

MpOTrpaMHi  PIIICHHS Ui 3HAXO/HKCHHS CJIA0KUX MICIb.

MpOoaHai3yBajy Ta MOPIBHSIIM YTHIIITH IJIs1 TECTYBaHHS TOKEHY.

B pesynbrari, Oya0 OTpUMaHO psAJ NMOKA3HUKIB, 13 SKUX MU BUAUIMIN pedi, sKi
BUpIIMIM TOKpamuTy. Ilicias HamucaHHs Koy Ta 3aBepllajbHUX TECTyBaHb,
pe3yibTaTH MoKa3aliy, 110 MOCTaBJIeHEe 3aBlaHHs OyJI0 BUKOHAHO.
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Abstract. This work involves the creation of an intuitive software tool for testing JSON Web
Tokens (JWT), which is a solution to traditional authorization problems with cookies. Despite their
security features, each aspect of JWT can be vulnerable to attacks, requiring an automated solution
to address over 15 known vulnerabilities. JwtTester, a utility that can identify all necessary
vulnerabilities and is easy to use, was developed. This work reviewed theoretical information,
known vulnerabilities, and software solutions to identify weaknesses in JWT. After thorough testing,
the final product successfully completed the original aim.

Key words. JWT, JSON Web Token, testing automation, vulnerabilities, stateful cookie,
stateless cookie, JwtTester, JSON Web Tokens, jwtcat, jwt_tool, jwtXploiter, JwtCracker.
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Abstract. This article examines the intermodal freight markets in Europe and Ukraine,
emphasizing the importance of rigorous analysis for guiding policy and investment decisions. The
analysis reveals weak and statistically insignificant relationships in the EU intermodal transport
volumes, calling for a more comprehensive dataset and consideration of other factors. In Ukraine,
a complex Polynomial Regression model fits the data perfectly, but overfitting is a concern. This
model captures intricate relationships, demanding careful interpretation. Further research is
needed to address limitations, improve data consistency, explore innovative strategies, assess the
financial sustainability of intermodal systems, and investigate the impact of regulatory frameworks,
stakeholder collaboration, and emerging technologies on the intermodal freight sector.
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Introduction.

In the ever-strengthened landscape of global trade and transportation, the
efficient movement of goods stands as a pivotal driver of economic growth and
prosperity. At the heart of this movement lies the intermodal freight market — a
dynamic network that seamlessly integrates multiple modes of transportation to
optimize the flow of cargo. In Europe and across the world, intermodal and
multimodal transport systems have emerged as key catalysts for enhancing
connectivity, reducing transportation costs, and minimizing environmental impact.

As countries strive to forge stronger links in their logistical chains, the
importance of comprehensive analysis cannot be understated. Understanding the
intricacies of intermodal freight markets, both in Europe and specifically within
Ukraine, becomes not only relevant but imperative in fostering a competitive and
resilient economy. For Ukraine, a nation endowed with a strategic geographical
location and burgeoning trade potential, a well-calibrated intermodal freight strategy
is not only aligned with global trends but also deeply intertwined with its national
transport and development strategy up to 2023.

Ukraine's aspiration to harness the power of intermodal freight systems is
anchored in its broader vision for robust and sustainable economic growth. The need
to augment intermodal and multimodal transportation capabilities resonates not only
with international best practices but also with the country's own strategy to elevate its
position as a key player in regional and global trade. The ongoing analysis of
intermodal freight dynamics both in Europe and Ukraine serves as a compass guiding
policy makers, industry stakeholders, and investors toward strategies that optimize
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efficiency, boost competitiveness, and foster environmentally conscious choices.

In a comprehensive exploration of intermodal freight markets, a collection of
articles was examined to unravel key insights and trends within the realm of
multimodal transport and its impact on various aspects of transportation and logistics.
These articles delved into diverse facets, ranging from the development of intermodal
transport in individual EU countries to the challenges faced by the European rail
freight sector. While each article offered valuable perspectives, a systematic analysis
has revealed common threads and discernible limitations across the research
landscape.

Through an in-depth review of these articles, several prominent conclusions
emerge, shedding light on the current status, challenges, and potential avenues for
enhancing intermodal freight transport:

Insufficient methodological detail: some articles lack in-depth descriptions of
the methodologies used for data collection, analysis, or audits, affecting the
credibility of the research [4, 6, 8, 10]

Data inconsistencies: multiple articles note data inconsistencies or lack of
disaggregated data, limiting the accuracy and reliability of their findings [4, 5, 8]

Lack of comparative analysis: some articles do not sufficiently compare
intermodal transport with other modes or analyze the advantages and disadvantages
in a broader transport context [6, 7, 9]

Inadequate future outlook: a few articles lack discussions about future trends,
potential developments, or how research findings might evolve over time [1, 2, 4, 7,
9l

Scope and sample size: limited geographic coverage, small sample sizes, or
focus on specific segments hinder the generalizability of findings to larger regions or
the entire intermodal transport industry [4, 5, 7, 9.]

Limited economic analysis: few articles discuss economic impacts, cost-
effectiveness, or financial sustainability of the proposed solutions or
recommendations [3, 8, 9.]

Infrastructure focus: some articles emphasize infrastructure issues without
comprehensive analysis of existing infrastructure, development strategies, or the
relationship between infrastructure and modal shift. [7, 10]

Based on the research and analysis of current investigations of European and
Ukrainian markets, our analysis could potentially address the following limitations:

Data inconsistencies: our research could contribute to solving the limitation of
data inconsistencies by conducting a thorough investigation into the availability and
quality of data related to intermodal freight transportation. By identifying data gaps
and proposing methods to improve data collection, standardization, and sharing, our
research could promote the use of accurate and reliable data for informed decision-
making and policy formulation.

Inadequate future outlook: our research could provide valuable insights into the
future outlook of intermodal freight transportation in Europe and Ukraine. By
analyzing emerging trends, technologies, and market dynamics, your article can offer
predictions and recommendations that contribute to informed decision-making and
strategic planning in the intermodal transport sector.
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Research and analysis.

Before we started the analysis, we had several assumptions of dependencies
between the volumes of EU intermodal transport and other indicators:

* Funding and volumes: the hypothesis is that increased funding of transport
volumes may lead to higher volumes of intermodal transport volume as it can support
infrastructure development and operational improvements.

* GDP and volumes: The hypothesis is that economic growth, as represented by
GDP, may have a positive impact on intermodal transport volumes as it reflects
increased trade and economic activity.

* Mode shares and volumes: this can help identify if certain modes, such as rail
or trucking, have experienced significant changes in their market shares over time
and 1f those changes align with changes in overall volumes.

The question is whether all these variables have a mutual impact on the
dependent variable — EU intermodal freight volumes.

By performing Multiple Linear Regression on these variables, we identified
patterns, trends, and potential causal relationships over time. It's important to note
that the specific dependencies discovered depend on the data and the time period
being analyzed. The analysis may provide insights into how different factors, such as
funding and economic conditions, impact the growth and dynamics of EU intermodal
freight transportation.

For the analysis we used data derived from the Special report Intermodal freight
transport [10] and European Commission website [12]. As for the dependent variable,
it was ‘Goods transported’ in intermodal transport units. Independent variables
selected for the analysis were: ‘Gross Domestic Product (GDP)’, ‘Road vehicles
(accompanied)’, ‘Founded projects and investments related to intermodal transport’,
‘Railways & inland waterways’, ‘Railways, Roads, Inland waterways’ — which refer
to shares of different transport modes. The time period — 10 years from 2012-2022
(Table 1).

Based on the provided OLS regression results (Figure. 1), here are some key
observations.

1. R-squared: the R-squared value of 0.122 indicates that the selected variables
(GDP, road vehicles, and railways) explain only a small portion (12.2%) of the
variation in intermodal transport volumes. This suggests that there are other likely
factors influencing intermodal transport volumes that are not captured in the current
model.

2. Coefficients: the coefficients represent the estimated effect of each variable
on intermodal transport volumes. In this case, the coefficient for GDP is -0.0102, for
road vehicles it is 0.2068, and for railways it is -30520. These coefficients suggest a
weak or negligible relationship between these variables and intermodal transport
volumes. However, none of the coefficients are statistically significant (P>[t| > 0.05),
indicating that the relationships observed could be due to random chance.

3. Adjusted R-squared: the adjusted R-squared value of -0.317 indicates that the
inclusion of the selected variables actually worsens the model's fit. This suggests that
the selected variables may not be appropriate predictors of intermodal transport
volumes or that there may be multicollinearity issues among the variables.
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4. Other statistics: The statistics such as F-statistic, p-values, AIC, BIC,
omnibus, and Durbin-Watson are additional measures of model fit, significance, and
goodness-of-fit. However, in this case, none of these statistics provide strong
evidence of a meaningful relationship between the variables.

Table 1 - EU intermodal freight transportation market data

Variables | 2012 | 2013 | 2014 | 2015 | 2016 2017 2018 2019 2020 2021 2022
Gpp | 15:207.[15.353.1|15.821.9] 16.712. [16.832.6 | 17.282.58 | 13.533.331 [ 14.018.762| 13.461.663 | 14.532.19 | 15.806.8
863 33 00 834 68 5,80 .00 .00 70 1,10 99,30
Road 558.653,1390.615, [ 270.502 | 256.877, | 265.147,0 236.611,0 | 128.490,
vehiaes | N/A o0 00 00 5 o 241.954,00 | 347.293,00 | 167.443,00 0 00
Goods 245.381,231.327,] 233.226 | 243.345, | 253.628,0 289.798.,0 | 34.771,0
ransported | VA 00 o0 00 o0 0 277.125,00 [ 281.702,00 | 259.514,00 0 o
Founded
s ond 32385 nya |12:848.6] 68.779. 275.527. | 18.419.52 | 19.144.401 | 59.607.636  36.537.283 | 1.118.000. [
projects and ¢4 47,00 | 100,00 | 016,00 4,00 ,00 ,00 ,00 000,00
mvestments
Railways,
inland
25,40 | 2520 | 2520 | 24,80 | 2430 23,50 24,40 23,70 22,60 22,70 N/A
waterways,
%
Railways | 18,50 | 18,30 | 1840 | 1830 | 18,00 17,50 18,60 17,70 16,80 17,00 N/A
Roads | 74,60 | 74,80 | 74.80 | 7520 | 75,70 76,70 75,60 76,30 77,40 77,30 N/A
Inland 6,80 | 6,90 6,80 6,50 6,20 6,00 5,80 6,00 5,80 5,60 N/A
waterways

Sources:[10], [12]

Overall, based on these results, it is difficult to establish a strong and statistically
significant relationship between intermodal transport volumes and the selected
variables (GDP, road vehicles, and railways). Further analysis with a larger dataset
and consideration of other potential factors may be necessary to gain a more
comprehensive understanding of the relationships.

The limitations of the Multiple Linear Regression method for our particular case
may be solved with the help of another method — Polynomial Regression, which we
used for another set of variables and with the aim of discovering dependencies
between the volumes of intermodal freight transport in Ukraine and other indicators:

Population density: Higher population density in an area may lead to increased
demand for intermodal transport.

Trade volume: The volume of international trade can have a direct impact on the
demand for intermodal transport services.

Infrastructure investments: The Ilevel of investments in transportation
infrastructure, such as ports, railways, and roads, can influence the efficiency and
capacity of intermodal transport.

Energy prices: Fluctuations in energy prices, especially fuel costs, can affect the
operational costs of intermodal transport and, in turn, impact volumes.
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OLS Regression Results
Dep. Variable: Intermodal Volumes R-squared: 0.837
Model: OLS Adj. R-squared: 0.744
Method: Least Squares F-statistic: 9.176
No. Observations: 5 Prob (F-statistic): 0.0807
Df Residuals: 1 Scale: 9.051e+09
Df Model: 3
Covariance Type: nonrobust

coef std err t P>t [0.025 0.975]

const -7.614e+06 2.616e+07 -0.291 0.859 -3.77e+08 3.63e+08
GDP 0.1665 0.152 1.095 0464 -2410 2.743

Road Vehicles 0.0637 0.067 0.953 0.484 -2.903 3.030
Railways  -0.1206 0.117 -1.031 0454 -2.232 1.990

Omnibus: nan _Durbin-Watson: 2.800
Prob(Omnibus): nan _Jarque-Bera (JB): 0.498
Skew: 0.500 Prob(JB): 0.779
Kurtosis: 1.500 Cond. No. 1.14e+06

Figure 1 - OLS Regression Results
Authoring

Manufacturing output: The level of manufacturing activity in an area or country
can be an indicator of the need for efficient transportation of goods, potentially
driving intermodal transport volumes.

International economic conditions: Factors such as global economic growth,
trade agreements, and political stability can influence the demand for intermodal
transport on an international scale.

Given the results we obtained during the analysis of the EU market of
intermodal freight, to discover the trends of the Ukrainian market we also opted for
additional method — Polynomial Regression.

The results (Figure. 2) indicate the output of a multiple linear regression analysis
that aims to model the relationship between the dependent variable "Intermodal
freight (mln. t)" and several independent variables: "Goods transported by railway
(mln. t)," "Population density (mln)," "Import volumes (mln)," "Export volumes
(mln)," "Energy prices for non-households (UAH for 1 kWh)," "Industrial Production
Index," and "GDP growth (annual %)."

The R-squared value of 1.000 suggests that the model explains 100% of the
variance in the dependent variable, indicating a perfect fit. However, such a high R-
squared value may be a result of overfitting or collinearity issues, especially with a
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limited number of observations.

Table 2 - Ukrainian intermodal freight transportation market data
Metrics 2012 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022

Goods transported | 47 50 441 80 [ 387.00 350,00 | 344.10 | 339.50 | 32230 [ 312,90 | 305.50| 31430 | 26,20
by railway, min. t

Intermodal freight, 4,575 4418 | 3.87 | 3.5 | 3,441 |3.395 | 3223 3,129 3,055 | 3.143 | 0,262

min. t
Population 45439, [ 45410, {42910, 42738, | 42584, | 42364, [ 42122, | 41879, | 41588,
density, thousands [ 033 | "g20 " 071 | 885 | 07 | 5 | 933 | 657 | 904 | 354 |H1208:100
Population 45,439 45,410 [ 42,910 42,738 | 42,584 | 42,364 | 42,122 | 41,879 | 41,588
density, min | 20336 1 g0 | 071 | sss | 07 | 5 | 933 | 657 | 904 | 354 [41-208100

76.963 | 54.428 | 37.516 [ 39.249 | 49.607 | 57.187| 60.800 | 54.336
Im‘iﬁm‘)l‘;mes’ 84'65%’059’9 9654 |.716,9 | 4430|7972 | .173,9 | .578,0 | .173,1 | .136,6
ousands 0 0 0 0 0 0 0 8

76963, | 54428, 37516, 39249, [ 49607, 57187, ] 60800, [ 54336, | 6186,6 | 55295,748

6.186.6 | 55.295.74
13,48 8,39

Import volumes,

min 84658,0599 | ‘9654 | 7169 | 443 | 7972 | 1739 | 578 | 1731 | 13668 | 13478 39
63312 | 53901 | 38127 | 36361 | 43264 | 47334 | 50054 | 49191 [ 602058 | 44135592,
Export volumes, th| 68809810.6 | >) "I ‘¢eq 1 | 1497 | 7112 | 736 | 987 | 605.8 |824.52] 0.676 46

Export volumes, 68809.8106 63312, (53901, 38127,|36361, | 43264, 47334, | 50054, 149191, | 6020,5 | 44135,592
mln ’ 0221 | 6891 | 1497 | 7112 | 736 987 | 6058 | 82452 | 80676 46

16781, (23801, 32731, 43792, | 34884,
1 9 6 8 6

Infrastructure N/A  |6807,7[4531,2|9070,3 528802 N/A

investments, mln

Energy prices for
non-households N/A NA | NNA | NNA | NA | N/A | 2,19 | 2,24 1,9 2,25 N/A

(UAH for 1 kWh)

Industrial 98,5 952 | 112,8 | 942 | 943 | 983 | 102,1 | 101 | 96,1 | 92,8 95,9
Production Index

GDP growth -

(annoal %) 0,152 0.045 | | (70| 9-773| 2441 | 236 | 3488 | 32 |-3.753| 3446 | 291

Source:[13]

Each coefficient estimates the change in the dependent variable associated with
a one-unit change in the corresponding independent variable, assuming all other
variables remain constant. The coefficients have extremely small values (e.g., 10"-12
or 107-15), which might indicate a problem with the scale of the data or potential
multicollinearity.

The p-values for most of the coefficients are not significant, suggesting that the
independent variables do not have a statistically significant effect on the dependent
variable in this model.

The F-statistic is enormous (1.536e+25), but the probability (Prob F-statistic) is
very low (2.53e-38), suggesting that at least one of the coefficients is significant.
However, since the p-values for individual coefficients are not significant, this result
should be interpreted with caution.

The Omnibus test (Prob(Omnibus)) and the Jarque-Bera test (Prob(JB)) assess
the normality assumption of the residuals. In this case, the residuals may not be
normally distributed as the p-values for these tests are greater than the typical
significance level of 0.05.
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OLS Regression Results

Dep. Variable: Intermodal freight (mln. t) R-squared: 1.000
Model: OLS Adj. R-squared: 1.000
Method: Least Squares F-statistic: 1.536e+25
Log-Likelihood: 307.27
No. Observations: 11
AIC: -598.5
Df Residuals: 3 BIC: -595.4 Df Model: 7 Covariance Type: nonrobust

coef std err t P>|t| [0.025 0.975]

const -1.091e-12 1.33e-11 -0.082 0.940 -4.34e-11 4.12e-11

Goods transported by railway (mln. t) 0.0100 8.66e-15 1.15e+12 0.000 0.010 0.010

Population density (mln) 3.575e-14 4.54e-13 0.079 0.942 -1.41e-12 1.48e-12

Import volumes (mln) -5.421e-19 7.66e-17 -0.007 0.995 -2.44e-16 2.43e-16

Export volumes (mln) 6.234e-19 9.87e-17 0.006 0.995 -3.13e-16 3.15¢-16

Energy prices for non-households (UAH for 1 kWh) 7.327e-15 2.14e-13 0.034 0.975 -6.73¢-13 6.88e-13
Industrial Production Index -3.83e-15 4.8e-14 -0.080 0.941 -1.57e-13 1.49e-13

GDP rowth annual 9 5.343e-15  5.78e-14  0.092 0932  -1.79e-13  1.89%¢-13

Omnibus: 4.210
Durbin-Watson: 0.035
Prob(Omnibus): 0.122
Jarque-Bera (JB): 2.244
Skew: 1.105

Prob(JB): 0.326
Kurtosis: 2.886

Cond. No. 9.50e+06

Figure 2 - OLS Regression Results

The Durbin-Watson statistic is very close to 0, indicating potential positive
autocorrelation among the residuals, which may violate one of the assumptions of
linear regression.

The condition number (Cond. No.) indicates that there might be strong
multicollinearity or other numerical problems, which can affect the reliability of the
coefficient estimates.

In summary, the current model with these variables may not be suitable for
predicting intermodal freight volumes accurately.

Based on the analysis, the correlation between intermodal freight volumes and
the selected variables (‘Goods transported by railway’, ‘Population density’, ‘Import
volumes’, ‘Export volumes’, ‘Energy prices for non-households’, ‘Industrial
Production Index’, and ‘GDP growth’) is quite complex and might not be
straightforward to interpret. The model used for the analysis claims to explain 100%
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of the variance in intermodal freight volumes, but this level of fit is unusual and
could indicate potential issues with overfitting the data.

Using alternative statistical methods like Polynomial Regression can be
beneficial when dealing with complex relationships and nonlinear patterns in the
data. Linear regression assumes a linear relationship between the dependent variable
and independent variables, but in many real-world scenarios, the relationships may be
more intricate. Polynomial regression extends linear regression by introducing
polynomial terms to capture nonlinear relationships. This can be useful when the
relationship between the variables is curvilinear.

The polynomial regression model with an R-squared value of 1.0 (Figure. 3)
perfectly fits the data, which means it describes a relationship between intermodal
freight volume and the other variables that perfectly explains the observed variations
in the data. However, due to the high complexity of the polynomial model and the
possibility of overfitting, the specific functional form of the relationship may not be
straightforward to interpret.

In general terms, the polynomial regression model captures not only linear
relationships between intermodal freight volume and other variables but also
nonlinear relationships. This means that the model can describe complex
dependencies between intermodal freight volume and the variables considered.

The model considers various interactions between the input features (variables)
and their higher-order terms, which allows it to adapt to curvilinear patterns and more
intricate relationships. Consequently, the model may describe scenarios where the
impact of certain variables on intermodal freight volume varies non-linearly with
their values.

[ 3.82445334e-18 7.57905714e-12 2.42540162¢-13 -1.45939402e-09 Actual vs. Predicted Intermodal Freight
-1.12451237e-09 7.49922487e-10 1.05311486e-13 4.63650794¢-13 o tual
4.11778527e-12 4.25190898e-09 4.21988977e-10 8.01014858¢-08 .
1.05617676e-07 -8.09524699¢-08 2.65394315¢-11 1.04905472e-09
1.22061089e-09 2.16412597¢-11 -4.57580436¢-08 -3.21539671e-08
2.54976705e-08 4.27267728¢-12 5.05799843¢-11 1.72532797¢-10
9.52556473¢-11 -1.05469356e-09 4.33455461e-10 9.13339292e-09
-7.07281410e-08 1.36267657¢-07 4.77810807¢-10 -2.17255941¢-10
7.25812080e-09 -3.73989911e-08 1.34212145¢-07 3.61969700e-11
1.16332596e-08 4.81139489¢-08 4.78771205¢-08 2.76971145¢-13 o
9.97503145¢-12 2.64191882e-13 1.20227208e-10 3.59460288¢-10
-3.93919503¢-11]

w

Intermodal Freight (min. t)
~N

° ? ! Data Points ° ° 0
Intercept: 2.4636766792491382
R-squared value of the polvnomial regression: 1.0
Root mean squared error (RMSE): 1.8261243633040052¢-15
Figure 3 - Polynomial Regression results: actual vs predicted intermodal freight

volumes in UKraine

Summary and conclusions.
In an ever-evolving global trade landscape, the article emphasizes the vital role
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of intermodal freight markets in optimizing the movement of goods. It underscores
the importance of rigorous analysis in guiding policy makers, stakeholders, and
investors toward strategies that enhance connectivity, competitiveness, and
sustainability. By delving into the intermodal dynamics of both Europe and Ukraine,
the article identifies complexities and potential trends that have implications for
future developments in the intermodal freight sector.

The results of the Multiple Linear Regression analysis indicate that the selected
variables, including GDP, road vehicles, and railways, explain only a small portion of
the variation in EU intermodal transport volumes. The coefficients are generally
weak and statistically insignificant, suggesting that the relationships observed may be
due to chance. The analysis underscores the need for a more comprehensive dataset
and consideration of other potential factors.

The Polynomial Regression analysis for the Ukrainian intermodal freight market
reveals a model with an R-squared value of 1.0, indicating a perfect fit to the data.
However, such a high R-squared value raises concerns about overfitting. The model
captures complex relationships between intermodal freight volumes and variables like
population density, trade volumes, energy prices, and economic conditions. While the
results offer insights into nonlinear patterns, the high complexity of the model calls
for cautious interpretation.
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00ecbKko20 HAYIOHATLHO2O MOPCbKO20 YHIgepCUmenmy

Anomauia: Ilumanns b6aracmuoi 600u mae Oyodice 6enuke 3HAYEHHS K OISl OOMPUMAHHSL
3aeanvHOi be3neku cyOHONIA8CMEA, MAK i 01 OOMPUMAHHA BUMO2 3 OXOPOHU HABKOJIUUHLOSO
cepedosuwia. lLle numanus cmae ocobauso eaxiciugum cbo2ooHi. Ilo-nepuwe, Hedonik KintbKocmi
banacmnoi 600U Ha 6opmy cyOHa MOdce MAMU He2amueHull 6NIUE HA CMAH OCMIUHOCMI CYOHA,
nocipuwumy MaHesposi Xapakmepucmuku cyoHa, wo Oydce Hebe3neuHo ni0 4ac BUKOHAHHA
MAaHe8py8aHHs CYOHA V 0OMedNCeHUX 800ax NOpmie, GUKOHAHHA Onepayii 3 Weapmy6aHHs cyOeH
mowo. [lo-Opyee, sukoHanus Oanacmuux onepayiti 8 aKeamopii MOPCbKUX NOPMIE SUKIUKAIOMb
3a06pYOHEHHST eKOCUCeMU NPUOEPENCHUX 800, W0 MAE OYiHce HecamUBHUL NIUE HA XIMIYHULL CKIAO
600U, Mopcoky gaopy i ¢ayny. Toomo, 3 00H020 OOKY MU MAEMO HEOOXIOHICMb BUKOPUCTNAHHSL
banacmuoi 600u 0151 OOMPUMAHHS HeOOXIOHOI be3neKu, MOpPexiOHUX AKocmel CyoHd, a 3 IHUL020
00Ky —ni0 4ac 6UKOHAHHA OANACMHUX ONepayiti MU HAOAEMO 3HAYHOI WKOOU OO0BKLILIIO, WO MeHC
Mae 0yoice He2amuHUll GNIUG.

Posymirouu yiti ¢paxm ceimosa cninbHoma HaAoAae Yvbomy NUMAHHIO Geauxy yeaey. Tak,
NOYUHAIOYU 3 OCMAHHLO20 Oecamupiuus 0eaoysamozo cmonimmsa IMO nocmitino novunae
posensoamu acnekmu O6anacmuux onepayiu Ha enacuux ceciax, a ¢ 2004 poyi 6ynra npuinama
Misxcnapoona KoHeéeHYis «npo KOHMPOAb CYOHOBUX 6ANACMHUX 600 | 0NA0i6 ma YNPAGIiHHA HUMUY
(Oani no mexcmy — «banacmna konsenyiny), ska nicis 6aeamvox 0onoeHeHsb Habpana yunnocmi 08
eepects 2018 poxky.

Jna mawoi kpainu, ska 3aumae mpeme micye y cimi 3 eKCHOPMY CLlbCbKA-20CNOO0APCHKUX
moeapis (0cobucmo 3epHOBUX), ye NUMAHHA MAc 6eauyesHe 3HaueHHA. 3eadxcarouu yiu axm mu
NOBUHHI HAOABaAmMu 0coOUCMOoi ygazu 00 NUMAHHI 8I0N0GIOHOCMI KPAiHU nonoxceHHam banracmuoi
KOHBEHYII.

Knrwuoei cnosa: baracmna KoHeeHyis, 0XOPOHA HABKOIUUHLOLO CepedosULyd.

IlocranoBka npoodJiemu.

Excriopt mpoaykiii CiIbChKOTO TOCIIOAAPCTBA Ha/laB HAIIOi KpaiHi Oiau3bko 9
MibspaiB nonapiB CIIA B muHynomy poiii 3a npojax Oau3bko 33 MUIBHOHIB TOH
3€pHOBOI MPOYKIIii. 3 BOTO €KCMOPTY OJIM3BKO 3 MUIBHOHIB TOH OYJI0 BUBAHTAKEHO
yepes aBTOMOOIBHUMN, 3aTI3HUYHUN TPAHCIIOPT, a pellTa NpoayKIlii — 4epe3 MOPChKI
MOpTU YKpaiHHU, B KOPCTKUX YMOBax BIMCBKOBOIO 4acy. BuUKoOpHUCTaHHS MOPCBKHX
CyJ€H JUIsl TPaHCIOPTYBaHHS 3C€PHOBHX BaHTa)XIB aBTOMATHUYHO BHUKJIMKA€E Bl
npobsiemu. [Ipobiemy 111 MOPCHKHMX CYJ€H B IUIaHI MATPUMKUA O€3MEUHUX 3HAYCHB

BJIACHOI OCTIMHOCTI, MAaHEBPEHUX XapaKTEPUCTHUK 1, NpoOIeMu 30epeKeHHs
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ekoJioriuHoi cuctemu (daopu, payHu) B ykpaiHChkux moptax. LI muTaHHsS MaroTh
OpsIMO TIPOTHJIEKH] 3HAUEeHHA. Tak, MIABUIICHHS KUIBKOCTI MOPCHKOTO Oajacty Ha
OOpTy CcyaHa TIOKpallye€ WOTO OCTIMHICTh, 3JaTHICTh BHUKOHYBATH O€3MEYHE
MaHEBpPYBaHHSA, aje 1€ 30UIblIy€e KUIbKICTh PHU3UKIB JUIsI HABKOJUIIHHOTO
CepeloBUIlla y pa3l CKHUJAHHS IHOro 0OanacTy B TMOPTOBUX, MPUOEPEKHHUX BOJAX
Vkpainu. Ha miacraBi Bulecka3aHOro, MpHiiMaroud A0 yBaru TOM (akT, IO
KUIBKICTh CKHMJIaHHS OanacTy 3 cyAeH jgocsrae Omu3bko 80 MinbiOHIB TOH (3a
odiuiinumu janumu 3a 2019 pik Oyno ckunyto 75 497 450 Ton BoasiHOro Oanacty
[8]), MU MOXKEMO ySIBUTHU ISl ce0€ yCIO0 BaXKJIMBICTh NOTpUMaHHs BUMoOr banactHoi
KOHBEHII1 JJIs 3ar00iraHHs 3a0pyIHEHHSI HAaBKOJIUIIIHBOTO CepeIoBUIlla OATaCTHUMU
BOJIaMU 3 CYJI€H 1 30€peKEeHHs ICHYI0YOi €KOCUCTEMH MPUOEPEKHUX BOJ YKpaiHu.
[HIIMMU cI0BaMH, SIKIIO MU OyJeMO AOTpUMYBaTUCS BUMOT baacTHOT KOHBEHIIi1, TO
KpaiHa OyJe MaTh IaHc 30€eperTd eKOCUCTeMy Il MallOyTHBOTO MOKoJiHHA. Lle
CBITYHUTPH IIPO BAXKJIUBICTh IMTOCTAHOBKH JIAHOT'O TTUTAaHHS Ta HEOOX1AHOCTI ITOCTIHHOTO
KOHTPOJIIO 3a SAKICTIO 0aJacTHOi BOAM, Ky CyJHA CKUAAIOTh i 4yaCc BUKOHAHHS
HABAHTAXKECHHS B YKPaiHCHKUX MOPTaX.

AHAaJI3 OCTAHHIX JOCTIIKeHDb I myO Tikaiid.

[lin ywac pobOTM Ham MAHOI TEMOIO CTaTi, aBTOPU PETEIHHO MEPEBIPSIU
y3TOJIPKEHICTh MOJI0KEeHb banacTHOI KOHBEHINT 3 MIF0YMMH BUMOTaMHU YKPaiHCHKOTO
3akoHOAaBcTBa. HeoOXimHO MiAKpecnuTH, 1o micas patudikaiii aHoi KOHBEHLIT
VYkpainoto (19 ugepBus 2018 poky), Oyj0 BUKOHAHO HEOOXIJIHI 3MiHI Y TOJIOBHHUX
3aKOHOJABYMX JOKYMEHTaX HaIloi KpaiHu 3 11poro nutaHHs. lle — «Boouuii kodekc
Vkpainuy, «3axon Ykpainu npo enympiwnii 600Huil mparncnopmy, «3axon Yxpainu
npo mopceki nopmuy, «Kodexc Topeosenvnoco Mopennaecmea Yrpainuy,
ITocranoBa Kabinety miHicTpiB Ykpainu «lIlpo 3ameeposicenns Ilopsaoky naoauHs
nocnye i3 3abe3nevueHus 3ano0ieanHs i aiKeioayii po3nugy 3a0pyOHIOIOYUX PEYOBUH Y
mopcokux nopmax  Ykpainuy 1 IloctanoBa KaGinety winicTpiB Ykpainu «lIpo
3ameepodcennsi [lopaoky 63aemolii Oepacaenozo nionpuemcmea “Aominicmpayisn
Mmopcokux nopmie Ykpainu” ma [lepoicasnoi exonociunoi incnexyii i3 3a6e3neyuenms
OOMPUMAHHA ~ 3AKOHOOA8CMBA  NPO  OXOPOHY  HABKONUWHBO20 — NPUPOOHO2O
cepedosuwa y pasi BUAGNEHHSA BUNAOKIE CKUOAHHA CYOHamu (niaagzacobamu)
3a6pyOHIOIOUUX pevosuH Y Medcax akeamopii mopcvkoco nopmy». B yci
BUIIIETIEPEPAXOBaHl 3akoHOAaBYl akTu mpoTsiarom 2019-2023 pokiB Oynau BHECEHI
HEOOXIJIHI 3MIHH, K1 JO3BOJMIN YHUKHYTH OyAb-SIKHUX CYNEpPEUYOK y 3aKOHOJABCTBI
VYkpainu Bumoram banactHoi koHBeHIlii. CyTHICTh IUX 3MIH TOJISITA€ Y HACTYITHOMY:
B KOXHOMY JOKYMEHTI 3 MBWJIHCS  JOJATKOBI  MOSCHEHHS, M0 «...V
MepumopiaibHOMY MOPI, 8HVMPIUHIX MOPCLKUX 800AX, HA [HUUX BOOHUX ULIAXAX
3a2aNbH020 KOPUCMYBAHHS, 8 AKBAMODIAX MOPCLKUX NOPMIE 00360IACMbCA CKUOAHHS
3 CYOeH [301b08AH020 OANACY, AKWIO BIH NPUUHAMUU HA CVOHO 8 MelCcax 600
baceunie Yopnoeo ma A306cbko20 Mopie abo axkwo yeu 800aAHul 6a1acm 3aMiHeHO
ni0 Yac npAMY8anHs cyOHOM HACMINbKU 0AlIeKO 8i0 HAUOAUHCU020 Oepead, HACKIIbKY
ue MOJCIUB0, ane Ha siocmaHi ne menuie 50 MOPCbKUX Mub 8i0 HAUOIUHNCYO20
bepeca ma 6 micysax i3 enubunow ne menuie 200 mempis, abo AKWO ueti 800AHUL
banacm 3HewKoOdceHUull (3He3apaxdcenuti) v CYOHOBIU cucmemi NO0BOONCEHHS 3
banacmuumu _800amu, wio 8i0N0BI0AE BUMO2aM MIHCHAPOOHUX KOHBEeHYil V cghepi
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mopeogenvro20 mopennascmed. ...» [1], un «Hxkwo miscnapoonum 0o2080pom, 8
AKkomy bepe yuacmov YKpaina, 6cmaHo8ieHo inwii HOpMU, HIdDC mi, wo nepedodayeHi
B0OHUM 3AKOHOO0ABCMEOM YKpaiHu, MO 3ACHMOCO8VIOMbCA HOPMU MIHCHAPOOHO20
002060py.» [2]. IlpuBeneHHs HAIIOHAIBHOTO 3aKOHOAABCTBA Y BIAMOBIAHICTH 0
ICHYIOUMX BUMOT banacTHOI KOHBEHIIi OAHOYACHO J03BOJIMIIN 3aMO0IrTH LTy Pi3KY
npo0JieM, SIKi ICHYBaJIM y MOPCBKOI rajty3i MPOTATOM TPUBAJIOTO Yacy, a caMe:
e OyJI0 BUKIIIOYEHO pI3HE TIAYMayeHHs 1 yCl MOJOXKEHHS CHHXPOHI30BaHO IIOA0
BUMOT bajacTHOT KOHBEHIIIT;
® JI03BOJIWJIU JOCSTTH «IIPO30POCTI» BUKOHAHHS MEPEBIPOK CY/ICH Ta BUKIIOUYUTH
OyAb-sIKy KOPYILIAHY CKJIaI0BY i/ 4YaC BUKOHAHHS TaKUX MEPEBIPOK;
® [IJHATUA MDXHAPOJHUN PEUTHUHT HAIIOI IEP>KaBH.

Buksaa ocHOBHOTO MaTepiadny.

3a paxyHOK CKOOpPAMHOBaHUX 3ycWib Oaratbox ¢axiBuiB MiHicTepcTBa
iHppacTpykTypu VYKpaiHu Oylo JOCATHEHAa 3HAYHOTO YCIIXy 3 TMPUBEICHHS
YKpaiHCHKOT'0 3aKOHO/IABCTBA Y BIAMOBIIHICTH 10 BUMOT banactHoi konBenitii. [1{ogo
[bOTO MYHKTY, TO MOXIJIMBO BIIEBHEHO 3asBUTH, IO HAa JaHUM Yac BUMOTH
YKpPaiHCBKOTO  3aKOHOJIAaBCTBA IMOBHICTIO  BIJMOBIJAIOTH BUMoram banactHoi
KOHBEHIIII.

Jns gitkoro, 100% po3yMiHHA TOro SIK BUKOHYIOTbCS BUMOTM banmacTHoi
KOHBEHIII Ha TepuTopii YKpaiHH, HaM NOTPIOHO MOPIBHATH BHUMOTH JACSIKUX
rOJOBHUX IMyHKTIB bamacTHOoi KOHBEHIT 3 ICHYIOUOIO MOXJIMBICTIO  iX
BUKOHAHHS/JOTPUMYBAHHS B YKPAiHCHKUX TOpTax. | MOYHEMO MU 1€ MOPIBHSIHHS 3
HACTYITHOTO:

eOepez208i cnopyou 0 nputiomy bairacmy,; NOIATOK 10 bajmacTHOI KOHBEHINT
G5 «KepiBHUIITBO 3 Ooprasizailii 31a4i 6anacty Ha OeperoBl MpUMaIbHI CHOPYIN»
BUMAarae MPUCYTHICTb B MOpPTaX KpaiHW, fKa € cTOpoHOl0 KoHBeHIi, HasBHICTb
OeperoBux cCHopyjs s mpuiioMy OanacTy Ta BHUKOHAHHS MHOro OYMILIEHHS [0
BIIMOBITHOCTI ICHYIOUMM CTaHJAAapTaM; I BUMOTra BUKJIMKaHa THUM, 1100 y pasi
HEBIJAMOBIAHOCTI SIKOCTI OamacTHOI BoAM BHMoraM bajgacTHOI KOHBEHIN, s
3aro0iraHHs MpPOCTOIB Cy/IEH y mopTax, Oyja O MOXJIMBICTH BiJAaBaTH 11 OanacTHI
BOJIM Ha OEperoBy cropyay AJisi IPOJOBKEHHS! BUKOHAHHS HAaBaHTa)KEHHS Cy/IHA O
MpUYaly; HaBiTh HB OOPTY HOBOTO CyJHA MOXE€ TPAIMUTUCS BHUXIJ 3 JIAy CHCTEMH
OYMIIIEHHs 0ajJacTHUX BOJ; B HACHIJAOK I[LOr0, OajjacTHA BOJA 3 BEIHKOIO KUILKICTIO
MIKpOOPTaHi3MiB, Ki MOXXYTb OyTH MaTOTEHHUMU (IUB. PUCYHOK 1) aiis monuHu abo
TBAapWH, COPUUYMHSIOYH 3aXBOPIOBAHHS, TaKl K X0Jiepa, CAIbMOHEIH03, JICTITOCIIPO3
TOIIO0, MOXKYTh OyTH 3JIiTH y OPTOBHX BOJIax YKpaiHU; Ha CbOTOJHIIIHIN JACHb IUX
CHOpyA JIJIsl IpUoMYy OalacTHOI BOJW HEMa B YKOJHOMY YKPaiHCBKOMY TOPTY, a IIe
B)K€ BeNlMKa HeOe3leKa 1 CBIIYUTh PO HEBUKOHAHHS YKpaiHO BUMOr bamacTHoi
KOHBCHIIII;

®Oepe2osi _cnopyou Ons_nputiomy onaodie 3 cyodew; nojaTok ao bamacTtHOi
koHBeHI1i G1 «KepiBHUIITBO 3 6eperoBoro o6yagHaHHs MPUIOMY OMaiB 13 CyJIEHY;
3TiIHO 3 BUMOTaMu bajnacTHOT KOHBEHIIT Omaau, iK1 3HAXOASATHCS BCEPEANHI CYTOBUX
OaJlacTHUX TAaHKIB MOBHUHHI OyTH 0OOB’S3KOBO BHUBAHTXKEHI TIJIBKM Ha CHEIiaIbHO
MpU3HaueHy OeperoBy CHOPYIy; IIJIKOM 3pO3yMIJO, MO B MPOIECi EeKCILTyaTailii
CyJlHa TaKa CUTYyallisl MOK€ TPAIUTUCSA TIJIbKU Y pa3l BUBEJICHHS Cy/IHA 3 €KCILTyaTalll
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s TiJ Yac 3HaXO/DKEHHS CyJHa Ha CyJHOPEMOHTHOMY 3aBO/Ii, Kl MMPUCYTHI Mailke B
KOXXKHOMY YKpaiHCbKOMY MOPCBKOMY TMOpTy; ajieé Ha JKajlb, 31 CTAaHOM Ha
CBOTOJHIIIHIA  J€Hb, TaKUX CIOPYA HEMae B IKOJHOMY YKpPaiHCBKOMY
CYJHOPEMOHTHOMY 3aBOJi, SK HE ICHY€ MpOLEAypH 3arnodOiraHHs IMX OMajiB Y
HABKOJIMILIHE CEPEOBHILE M| YaC BUKOHAHHSA BIJIKPUBAHHA Ta BUKOHAHHS MUUKH
OalacTHUX TaHKIB; el (PaKkT Takoxk CBITYUTH MPO HEBUKOHaHHS BUMOr bamacTHOi
KOHBEHIIi1 B HAIIO1 KpaiHi;

Pucynok 1 HIkignuBi MmikpoopranizmMu y 0a1acTHUX BOAAX
[https://ru.depositphotos.com/stock-photos.html]

egi0O0opy npob baracmosoi eoou; nonatok no bamactHoi xoHBeHImT G2
«KepiBHUIITBO 3 BiI00py mpoO OanacToBOi BOAW» YITKO pPErJIaMEHTYE MPOLEAYPY
B3ATTA Tpo0 OasacTHOI BOJAM IS BHUKOHAHHS aHali3y Ha BIJAMOBIAHICTE, Ha
MPEBEIIMKUN Kajlb Yy MOPCBKHMX IMOpTax YKpaiHu Oyiau BiIMIYE€HI BUITQJKH, KOJU
MPEJACTABHUKA KOHTPOJIIOIOYUX OPraHiB MOMMWJIKOBO BHUMAarajd BHUKOHATH B3ATTS
nmpo6 uepe3 3aMipHi TpyOM YU TOPJOBHMHU OajaCTHUX TaHKIB, pPENpPe3eHTATUBHI
npoOu BiiOpaTH 3 OaJaCTHOrO TaHKA MPAKTUYHO HEPEATbHO; MPUYMHOIO TOMY
nepeayciM CIIyrye KOHCTPYKIIS CyJHa 1 Horo OajacTHUX TaHKIB, SKa HE Ja€ 3MOTH
migiopaTrcs 31 CBOIMU MPUJIaIaMH B YCI MICIISl TaHKA; HY a OCKIJIBKHA B OyIb-SKOMY
TaHKy NPUCYTHI e€JIeMEHTH Habopy KOpIyCy, LI0 MEPEIIKOKAIOTh BUIbHIM
MUPKYJSIIT BOAW, TO MpoOM, B3sATI 4epe3 3aMmipHi TpyOku abo HaBITH dYepes
TOPJIOBUHHU TaHKIB, HE BIAOOpaXaTUMYTh pPEAJIbHOI KAPTUHU HASBHOCTI YKUBUX
OpraHi3MiB y TaHKy; TaKUM YHMHOM, B JaHMM 4ac MICIS TPUBAJIUX IUCKYCIH IO
BCbOMY CBITY, HAMOUIbII MIAXOMSIIUM MICLEM i BiZOOpPY MpoO BU3HAHO MicCIe
CKMJaHHs Oajacty 3a OOpT; 3PEIITO0, 1HCMEKIIMHI OpraHv TMOBHHHI I[IKABUTUCS
HacaMIiepes] BMiCTOM 0alacTy, 110 CKHIAE€ThCSA, a HE TUM, 1110 3aJTUIIAETHCS HA OOPTY;
Mpy 1IOMY HEOOXIHO 3pOOUTH KiIbKAa 3aCTEPEKEHb: WIEThCS MpOo BiaAdIp mpod
Oanacty, o0OpoOJICHOrO CYyJAHOBOK YCTAaHOBKOIO, BIJAIMOBIIHO JIO0 CTaHAAPTY,
3aKpIIJICHOr0 MpaBwioM D-2, 1o MIiCTUThCS B A0jAaTKy 10 KoOHBeHIi; KpiM TOTO,
B110Ip mpoO €, 3a 3MicTOM banacTHOI KOHBEHIli, CKOpIlle BHUHITKOBUM 3aXOJI0M,
3aCTOCOBYBAaHMM Yy THX BHWIAJKaX, KOJM B HASBHOCTI SBHE IMOPYIIEHHS, a0o
BIICYTHICTh HEOOXITHHUX JOKYMEHTIB YHM 3aIlMCIB; 1HIIUM Ba)XJIMBUM MOMEHTOM €
MOJIOKEHHS HE TIJIBKHM IT1€1 KOHBEHINi, a W IHIIMX MDKHApPOJHUX KOHBEHIIIH PO
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HEOOX1/THICTh 3armo0iraHHss HEOOTPYHTOBAHUM 3aTPUMKAM CYJICH 1 BIIXUJICHHS iX BiJ
BUKOHAHHS PEMCOBOTO 3aBIaHHS, HEOOXITHO MiJKPECIUTH, 110 BHACIIOK BHECCHHS
JIOTIOBHEHb 1 PUCKY IMPABOBUX HOPMATHUBHUX akTiB YKpaiHW, LSl cuUTyauis Oyna
3HaYHO BUIIPABJICHA 1 HA TaHUW MOMEHT MOJIIOHUX KaJI00 HE BIIMIUCHA;

®1a00pamopii 01 npo8ederHs analizy 8i0n08IOHOCMI AKOCMI OANACMHUX 800,
B banacTHOi KOHBEHIII1 YITKO BM3HAYEHO, 0 KOHTPOJIIOIOYM OPraHd MaroTh MpPaBo
NepeBIpSITH CYJTHOBI cepTU(dIKATU, JOKYMEHTH, KYpHaJd 3 BUKOHAHHS OajlacTHUX
onepauiﬁ Ta 1HII 3aluCH; y pasi, KOJIM y MPeACTaBHUKIB BIJMOBIJIHUX OpraHiB
3’ABSATHCA CYMHIBM IIOAO SIKOCTI OanacTHOi BOAM 1 11 BIAMOBIAHOCTI BUMOTaM
bamacTHO1 KOHBEHIIi1, TO BOHM MarOTh ITPaBO Ha BUKOHAHHS aHaJIi3y 0ajacTHOI BOJH,
LIJIKOM 3pO3yM1J0, 10 JJii BUKOHAHHS i€l omeparii HEeOoOXiAHO MaTu MOOLIbHY
1abopaTopiro 3aTBEPKEHOTO 3pa3Ka; KpiM TOT0, Yac, HeOOXITHUMN 71l aHAI3y TPoo,
HE TIOBMHEH BUKOPHCTOBYBATHCS SIK TIJCTaBa MJisi HEOOTPYHTOBAHOI 3aTPUMKH
eKCIUTyaTalii, pyxy alo BIAXOAy CyAHA; 1€ NHUTaHHA TaKOX IIOBHICTIO HeE
BUKOHYETHCSA B YKPAiHCHKUX MOPTAX, TaK AK HA TEPUTOPIl YKpaiHU MOXKIIMBA 3HANTH
JUIIe JIeKUTbKa Takux jabopatopidt (B3araii y TojoBHUX odicax); HEOOXITHO SK
MOXJIMBA CKOpille mpuadaTd 11 MOOiIpHI jabopaTopli Ta BUKOHATH HaBUYaHHS
MPEJACTABHUKIB 3 OPAJIKY iX BUKOPUCTAHHS M1J] YaC BUKOHAHHS aHali31B;

esuxonantsa_cmandapmy D-5 ; B bamacTHOi KOHBEHI[I BH3HAYEHO, IO «...HE
mi3HIIIE, HDK 3a TPU POKH JIO PAHHBOI JIaTH, 3 SKOI MOYMHAE JISATU CTaHIApT,
BCTaHOBJIEHUH y mipaBuil D-2, KomiTeT mpoBOAUTE OIJIST 3 METOI0 BCTAHOBUTH, YU €
HaJISKHI TEXHOJIOTI], M0 JJO3BOJIAIOTH JOCATTH CTaHAAPTy, & TAKOX COIIaJbHO-
€KOHOMIYH1 HACHIAKH, OCOOJIMBO IOJ0 BIAHOIICHHIO JO MOTped PO3BHUTKY KpaiH,
30KpEMa HEBETMKHX OCTplBHI/IX KpaiH, 1110 PO3BHBAIOTECH. . .» [7]; 1HIIMME cITOBaMH,
yCcl JepkaBH-y4dacHHUIN bamacTHOT KOHBEHIi TMOBHHHI CHOPUSITH HAYKOBUM
TOCIIKEHHSIM 3 TIMTAHHS YOPaBIiHHS OaJaCTHUMHU BOJAMH; TaKl JOCTIIHKCHHS 1
MOHITOPUHT TTIOBUHHI BKJIFOYaTH CIIOCTEPEKEHHSI, BUMIPIOBAHHS, B1101p TIPOO, OIIHKY
Ta aHaii3 €(QEeKTUBHOCTI Ta HECIPHUSTIMBOIO BIUIMBY OYAb-IKOI TEXHOJOTril abo
METOJIOJIOTIi, a TaKOX OyJb-SIKOTO HETaTUBHOI'O BILUIMBY, CIHPUYMHEHOTO TaKUMH
opraHi3MaMH Ta MaTOreHamH, Kl Oyiu, sk OyJO BCTAHOBJIEHO, MEPEHECEH1 uepes
CyJHOB1 OanacTHI BOAM; BCl KpaiHu-ydacHUIll banacTHOi KOHBEHIII MOBUHHI
KOOPAMHYBAaTU Ta OOMIHIOBATUCh MK COOOK) HAyKOBUMH JIaHUMHU Ta TEXHIYHUMU
3aco0aMu CTOCOBHO YIIPaBJIIHHS OajacTHUMH BOJIaMH; BCl Il BMMOTH IOBHHHI
CIPHATH JOCATHEHHIO IIUIEH BU3HAYEHWX balacTHOI KOHBEHINIEID; 3 BU3HAYCHOTO
BHUIIIE TTPAKTUYHO HIYOTO HE 3pO0JICHO HA TepUTOpPIi YKpaiHH 1 1€ Ty’Ke COPOMHO, TaK
K Halla KpaiHa Mae€ Jay’Ke€ BHCOKHI HAyKOBUM TOTEHINAJ y CBITI, OJIHAK IMepes
YKpaiHCBKMMH BUCHMMH HIXTO HE TOCTaBIB II€ 3aBJaHHS; BHACIIJAOK BIJICYTHOCTI
HEOOX1AHOT KOOpJWHAII 3 BIAMOBIIHMUMHU JEp)KaBHUMH OpraHamH, YKpaiHa He
BUKOHY€ CBOIX 000B’5I3K1B 110,10 BUMOT banacTHOi KOHBEHIII1.

BucHoBku:

1. Bukonane AoCHiKEHHS MIATBEpAMIO TOM (akT, 10 BUKOHAHA 3a OCTaHHI
pOKM poOOTa 3 MPUBEIEHHS YKPaiHCHKOIO 3aKOHOJaBCTBa BUMoOTraMm banactHoi
KOHBEHIIIi TOBHICTIO 3HHUIIMIA yC1 PO301KHOCTI, SKI MaJld MICIIE B MUHYJIOMY; IIe
J03BOJIMJIO JTOCSITTH IIPO30POCTI BUKOHAHHSI KOHTPOJIIO CYA€H B YKPAiHChKHUX MOPTax
Ta YHUKHEHHSI Oy Ib-IKUX KOPYMIIHHUX BUIA/IKIB.
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2. Hapsgy 3 uuM ycmixoM HiATBEP)KEHO HEBUKOHaHHS BuUMoOr banacTHoi
KOHBEHIIIi 11100 MPUCYTHOCTI OOOB’S3KOBUX OEpPEroBUX CIOPYA A TPUHOMY
Oanacty, onaiiB 3 CY/IeH B KOXHOMY YKpaiHChbKOMY TOPTY, /1€ MOKJIMBO BUKOHAHHS
OanmacTHUX omepaniil; 1ed (akT € AyXKe BEIMKOIO 3arpo30i0 1 MOXKE BUKIMKATU
3a0pyIHEHHsSI HABKOJUIIIHHOTO CEPeloBUINA Ta HeOe3meky s O10J0Ti9HO1
€KOCHUCTEMU.

3. Takox BiIMiu€HA CyTT€BAa HEAOCTATHICTH JAaOOpaTOpiid JyUIsi BU3HAYCHHS
AKOCT1 0anacTHOi BOAM y MOPCBKUX IMOpTax, 110 HE JA€ MOXJIMBOCTI BUKOHAHHS
HaJIC)KHOT'0, ONIEPATUBHOTO KOHTPOJIIO MiJ YaC BUKOHAHHS 0ajJacTHUX Omepaliu.

4. B xoxi BUKOHaHHS 1€l poOOTH OyJIO BCTAHOBJIEHO, IIO HE3BaKalOUu Ha
OPUCYTHICTh 0aratbOX HAyKOBUX (axiBI[IB MOPCHKOi Tally3i, HE BHUKOHYETHCS
ctanaapt D-5, skuii BUMarae BUKOHaHHS AOCTIIKEHb €()EKTUBHOCTI PI3HUX CUCTEM
OuMCTKH OanacTHUX BoJ Ta iHpopmyBaHHs IMO o BukoHaHoi poOoTi. Ha >kaib, HIXTO
1110 poOOTY HE BUKOHYE.
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Abstract: The issue of ballast water is of great importance both for compliance with the
general safety of shipping and for compliance with environmental protection requirements. This
question becomes especially important today. Firstly, the lack of the amount of ballast water on
board the ship can have a negative impact on the stability of the ship, worsen the maneuvering
characteristics of the ship, which is very dangerous when maneuvering the ship in the restricted
waters of ports, performing ship mooring operations, etc. Secondly, the implementation of ballast
operations in the water area of seaports causes pollution of the ecosystem of coastal waters, which
has a very negative effect on the chemical composition of water, marine flora and fauna. That is, on
the one hand, we need to use ballast water to maintain the necessary safety and seaworthiness of
the vessel, and on the other hand, during ballast operations, we cause significant damage to the
environment, which also has a very negative impact.
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Understanding this fact, the world community pays great attention to this issue. Thus, since
the last decade of the twentieth century, the IMO has been constantly considering aspects of ballast
operations at its own sessions, and in 2004, the International Convention «On the control of ship's
ballast waters and Sediments and their managementy (further - Ballast Convention) was adopted,
which, after many amendments, entered into force on September 8, 2018.

For our country, which ranks third in the world in the export of agricultural goods (especially
grain), this issue is of great importance. Considering this fact, we must pay personal attention to
the issue of the country's compliance with the provisions of the Ballast Convention.

Key words: ballast convention, environmental protection.
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E®EKTUBHICTH ENTIPUHY 3A CTPOHI'JISTO3HOI THBA3II KI3
Antipov A.A./ AHTinoB A.A.
C.V.s., as. prof. / K.6.H, 0oy.
ORCID: 0000-0003-3955-3377
Bila Tserkva National Agrarian University,
Bila Tserkva, 8/1 Cathedral Square, 09100
binoyepxiscokuil Hayionanvrull azpapuuil ynisepcumenmn,
m. Bina llepxea, Cobopna niowa 8/1, 09111
Selykh L.P. / Ceanx LII.
lecture.special.discip / euxnao.cney.oucyun.
Chovgun A.M. / Yosryn A.M.
lecturer in vet. discip / suxnao.eem.oucyun.
Peresunko E.D. / Ilepecynsko O./1.
lecturer in vet. discip / suxnao.eem.oucyun.
Yerokhina O.M. / €poxina O.M.
lecturer in vet. discip / suxnao.eem.oucyun.
VSP "Technological and economic professional college
of Belotserkiv National Agrarian University,
Bila Tserkva, st. 21/2 Yaroslav the Wise, 09100
BCII «Texnonoeo-exonomiunuii gpaxosuii Koaeoxnc
binoyepkiscbkoco nayionanvnoz2o azpapno2o yHigepcumemyy,
m. Bina lepkea, eyn. Apocrnasa Myopoeo 21/2, 09100

Anomauia. Hawumu Oocniodxcenusmu ecmarnosieno, ujo iz 40 obcmedxcenux i3z, AKi
Hanexcamos npueamuomy 2ocnooapecmey Tapawancbkoeo paony cmpoueirioamu 6yno epasicero 30
eonis. Excmencusnicms insasii cmanosuna 75,0 %, a inmencusHicmo iH8a3ii, 5IKY 6CMAHOBII08ANU
WLAXOM NIOPAXYHKY Kinbkocmi seyb y 1 epami gexanii, 3 UKOPUCMAHHAM JIUUTLHOL Kamepu 0
0B80CKONIYHUX 00CNIOdNCeHb, cmanosuna 83,3 exzemnaapie. Y 00cnioi eueuuiu anmueeibMiHMHY
eexmugnicmy  GIMUUZHAHO20 AHMUSETLMIHMUKA eNnpuHy Npu HU3bKIl, CepeoHill ma BUCOKOi
iHmeHncusHocmi ineasii. 3 yieo memoro 6y10 cChOPMOBAHO 34 NPUHYUNOM AHANO2I68 MPU OOCTIOHI |
08I KOHMPOJIbHI 2PYNU Ki3, CHOHMAHHO [H8A308AHUX cmMpoH2iiamamu. /o 06pobku ma Ha 15 000y
nicin Oecenvminmuszayii usHauaiu excmencegpexmuenicmo (EE) ma inmenceghexmuenicmo (IE)
npenapamy. bByno ecmanoeneno, wo y meaputr 3 HU3bKOW Ma cepeoHbOl0 IHMEHCUBHOCMI IHBA3Ii,
aKkum 3acmocysanu enpur 2 % y 003i 1 mn na 100 ke macu mina niOwKipHo HOUBIOYATLHO,
00HOPA3080 ACYb CcMpoH2inam He 3natwau. Excmencegpexmusnicmv ma inmenceghexmuenicmo
cxknana 100 %. 3a eucokoi inmencusnocmi ineasii EE cmanosuna 80,0 % npu IE — 93,6 %.

Knrwouoei cnosa: enpun, aiiys, cmpou2iisimu, eKCmMeHCUSHICmby IH8A3ii, IHMeHCUBHICMb IHEAa3il,
eKcmeHcegheKmueHicmo, iHmeHcephexmusHicme.

AKTYyaJbHICTh TEMH.

Ko3iBHHIITBO Ma€ N1aBHIO 1CTOPIiIO0, CydacHl 3400yTKH 1 TEHIECHIII PO3BUTKY B
KYJBTYpl CUIbCHKOT'OCTIOIAPCHKOTO BHUPOOHMIITBA CBITY, IO 3YMOBJIECHO 3HAYHOKO
IIHHICTIO TPOAYKIIT Ki3, iX BUCOKUMH AJAlITUBHUMH BJIACTUBOCTSIMU Ta HASIBHICTIO
MIPUPOTHO-EKOHOMIYHUX YMOB JIJIs1 PO3BUTKY TaTy3i.

Yrpoaorx 6araTb0X CTOJITHh KO3IBHHUIITBO SIK B YKpaiHi, TaK 1 B yCbOMY CBITI €
BAKJIMBOIO Tay33t0 TBapUHHUITBA [1]. JIF0JCTBO BHCOKO IIHY€ PI3HOMAHITHICThH Ta
0COOMBICTh MPOAYKIIIi, IKY MOXKHa OTpUMAatd BiJ Ki3. Jlo mpoaykKiiii KO31BHUIITBA
BIIHOCATHCA HE TIIBKU Takl MPOAYKTH XapyyBaHHS, K M 5ICO, )KUP, MOJIOKO, aje i
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PI3H1 BUJIM CUPOBHMHM JJISA JIETKOI MPOMHUCIOBOCTI [2]. Take pi3HOMAHITTS MPOAYKITi
KO3IBHHUIITBA 3a0€3MEYYy€ThCs BEIMKOIO KUIBKICTIO MOpiA Ki3, iX O10JOriYHUMH 1
TCHETUYHHUMH OCOOIMBOCTAMH [3].

Ko3su MIEPEBAXKAIOTH ycix CLIBCHKOTOCTIOAAPCHKHUX TBApUH 3a
MPUCTOCYBAILHUMH BJIACTUBOCTSMU, BOHM HECIPUUHSATIWBI JO BICHH, YyMH,
TyOepKyJIb0o3y 1 TPUIIAHOCOMO3Y, CTIMKI IMPOTH KOPOCTH, HE XBOPIIOTh Ha MACTUT.
Ko3u 31aTHI nepeTpaBiroBaTi KOPMU 3 BUCOKUM yMICTOM KIITKOBUHU — 710 64 %, y
pe3yJIbTaTi 4YOro BOHM CHOKHMBAIOTh MOPIBHSHO 3 1HIIMMHU CLIIBCHKOTOCIIOAPCHKUMU
TBapUHAMU HaWOIIBITY KUIBKICTh BUAIB pociauH — 470 13 545. Ko3u 1noigarTh HaBITh
MOJIOAI TiNKK AepeB. Llux TBapuH MOKHa PO3BOAUTH B OYyIb-IKHUX MPUPOIHO-
KJIIMAaTUYHUX 30HaX, HABITh B €KCTPEMaIbHUX yYMOBax [4].

B ocoOuctux rocmomapcTBax, Ha BENUKUX ¢epMax, a TaKOoK OKPEMHX
CHElIaTI30BAHUX  CUILCHKOTOCIIOAAPChKUX  MIANPUEMCTBAX Ki3  pPO3BOJSATH B
OCHOBHOMY JIJIs1 OJIEpKaHHs MoJIoKa. /o ckilaay KOo3s90ro MoJioka BXOSTh, %: cyxa
pedyoBuHa — 13-15, y ToMy uucni xxup — 4-6, MonouHuii 1ykop (Jiakrosza) — 4,5-5,
outok — 3,5-4, y ToMy uHcii anpOymiHM 1 THOOymiHM — Onu3bko 1, a Takox
MiHepasbHi pedoBuHu — 0,8-0,9. 3a XIMIYHUM CKJIaJOM BOHO BIJIPI3HAETHCS BIJ
MOJIOKA 1HIIMX BUIIB CUIbCHKOTOCIOMAPCHKUX TBapHH, OCOOJIMBO BEJIHMKOI POraToi
XyJ100H, BUCOKUM yMICTOM aJibOyMIHIB 1 TJI00yIiHIB (y 2 pa3u Ouiblie, HiXK y KOPIB) 1
3HAYHO MEHIITUM PO3MIPOM KUPOBUX KYJIbOK Ta YaCTUHOK OlKa ka3zeiny. HeBenukuii
PO3MIp CTPYKTYpPHHMX KOMIIOHEHTIB OLIKa 1 KHPY CHOPHSIE KPAIIOMY 3aCBOEHHIO iX
OpraHi3MoM JIIOAUHU. 31 crienudikor O1IKIB, 0COOIMBO IIO0YIIHIB, OB’ sI3aH1 TAKOXK
LUTIONI ¥ JIIKyBaJIbHI BJIACTUBOCTI MOJIOKA Ki3 [5].

3n1aBHa OyJ0 MOMIYEHO 1 HHMHI MIATBEPIKYETHCS, IO BXUBAHHA KO3S4YOTO
MOJIOKa 3arodirae XBopoOaM Ta 3HUXKYE CMEPTHICTb AITEH, CHOpPHsE JOBrOMITTIO,
JoloMarae y JIKyBaHHI TEYIHKA ¢ JKOBYHMX IUISAXIB, JIET€Hb, 3aCTYJHUX
3aXBOPIOBAaHb, MIABUIIECHOI KUCIOTHOCTI NITYHKA, €K3€MH, aCTMU Ta Pi3HUX (HOopM
aneprii. CrnocrepiratoTh MO3UTHUBHUN BIUIMB KO35UOTO MOJIOKA Ha O3JI0POBJICHHS
JI0JIEW BiJ HACTIJAKIB BIUTMBY aTOMHOI pajniaiiii. Bce 1e Bu3Hauae mepcreKTHBU
KO3IBHHMIITBA B cdepi BUPOOHUIITBA MOJOKAa SK CHEHU(PIYHOTO MPOAYKTY IS
3arajbHOTO 03J0POBYOIO i JIKYBAJILHOTO MIPU3HAYEHHS [6].

EdextuBHiCTh 1 peHTa0EIbHICTh TBAPUHHHUIITBA MOXKE 3a0€3MEUUTH JIHIIE
310pOBe MOTOJiB’s. [HBa31iHI )X XBOPOOH, SIKI B OCTaHHI POKH MalOTh TCHACHIIIIO J10
MONIMPEHHS, 3aBIalOTh 3HAYHMX CKOHOMIHMX 30WTKIB KO3IBHHUIITBY. Haxanp,
00poTHO1 3 TeTBbMIHTO3aMH HE 3aBXKIU MPUAUIAETHCS HAJEKHA yBara IMepIil 3a Bce
yepes Te, 1110 BOHHM 4acTo nepediratoTe 6e3cuMnTOMHO [7]. CpaBKHBOIO MEPENOHOI0
Ha NUIAXY PO3BEJACHHS Ki3 1 MIABUIIEHHS IX MPOIyKTUBHOCTI € KUIIKOBI HEMATO03H.
Bonu 3ycTpiyaroThCs B yCiX 30HaX, JIe pO3BMHEHO KO31BHULTBO [§, 9].

VYcmimua 60poTrh0a 3 TEIbMIHTO3aMHU Ki3 MOXIJIHMBA JIAIIE 32 HASBHOCTI
BUCOKOE()EKTUBHUX BETEPUHAPHUX JIIKAPCHKUX Mpenapatis 1 3aco0iB [1, 5, 8]. [Iporte,
HE3Ba)kKal0YM Ha HAsSBHICTh 3HAYHOI'O apCeHally Cy4aCHUX IpenapariB, €(PeKTUBHICTD
0araThoX 3 HUX PI3KO 3HU3WJIACS BHACIIIOK OIMIPHOCTI Mapa3uTiB 110 iX 1ii.

Tomy nuTaHHA JIKyBaHHS HEMAaTOJI03HOI 1HBA3il y Ki3 HUHI 1€ 3aJIMIIAIOTHCS
aKTyalbHUMHU. Y 3B’S3Ky 3 IIMM, aKTyaJlbHHUMH € JOCHIDKCHHS 3 TIOIIYKY 1
BIIPOBAPKEHHSIM HAYKOBO OOIPYHTOBAHUX METO/IB OOpOTHOM 1 MPODITAKTUKHY.
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Merta i 3aga4i T0CTiKEeHH.

Memoto pobomu Oyno BUBUMTH €QPEKTUBHICTH BITUYM3HSHOTO JIIKYBAaJIbHOTO
3aco0y empuHy 3a PI3HOI IHTEHCHMBHOCTI 1HBa3ii y Ki3 B yMOBaxX NPHBATHOTO
rOCI0/IapCTBa.

JIyist moCcsITHEHHST METH HEeoOX1HO OYyJI0 BUPIIIUTH TaKl 3a0aui:

— BCTAHOBUTH TIONIMPEHHS CTPOHTUIATO3HOI 1HBA3il TPaBHOTO KaHAIy Ki3 y
rOCIIOJAPCTRI MUIIXOM JTOCTIIKeHHS (PeKaiil BiJl KOKHOI TBAPUHH;

— chopmyBaT 2 KOHTPOJBHOI TpyNH TBApPUH 3 PI3HOK 1HTEHCUBHICTIO
CTPOHTUISTO3HOI 1HBA311 (HU3bKOI Ta CEPEHbBOI);

— mpoBecTu anpoOlaliio Ha 3 JOCHIIHUX TpyHax Ki3 Cy4YaCHOTO aHTUTeJIbMIHTHKA
Ta BU3HAYUTH MOro €(PEeKTUBHICTH 32 PiI3HOI IHTEHCHMBHOCTI CTPOHTLISTO3HOT
1HBa311 (HU3bKO1, CEPEHHOT Ta BUCOKO1) TPABHOTO KaHATY Ki3.

MarepiaJj i MeTOAM J0CTIAKEHbD.

PoGotry Buxonano ympomoBx 2023 poky y TPHUBATHOMY KO3IBHHUOMY
rocriogapctBi Taparancekoro paiiony KuiBchkoi oOmacti Ta aboparopii kadeapu
napasurosiorii Ta ¢papmaxosorii BHAY.

JlocmipkeHHsT TTPOBOAMIM Ha Ko3axX AHIIO-HYOIHCBHKOT MOPOaM BIKOM BiJ 6
MICAIIB 10 4 pPOKIB, CIIOHTAHHO 1HBA30BaHUX CTPOHTUIIIaMH. AHTIJIO-HYOlHChKa
Mopojia Ki3 BIJHOCHUTHCS IO M’ SICO-MOJIOYHOTO HAmpsIMKY 1 1i BaXXKO CIUTYyTaTdu 3
IHITUMU TIOPOJIaMU 3aBJSIKA JIOBTUM BUCSYUM ByXaM Ta PUMCBKOMY, 3 TOPOMHKOIO
Hocy (puc. 1 a, 0).

a
Puc. 1 — 3oBHilHIi BUrIAA Ki3 AHIVI0-HYO0iHCHKOI TOPOIH

Ha mepmomy eram poOOTH MOCHIIKYBadud OCOOJMBOCTI  €MI300TOJIOTI
CTPOHTUIATO3HOT 1HBA31i cepel Ki3 y TOCMOJApPCTBI. 3 Ii€0 METOK OyB MPOBEICHUIA
B11I0Ip 1poO dekamiit Big Ki3 PI3HUX BIKOBMX Ta BUPOOHMUMX Tpymn. Jls
OBOCKOITIYHMX JOCTIKeHb (ekamnii BiAOMpad 1HAUBIIAYATIbHO 3 MPSAMOI KUILIKH
TBapUH B paHkoBui yac. Takum unnoM Oyio BiniOpaHo 40 npo6 dexaniii. Koxny
poOy (ekaniii momimmany y 1eaopaHoBi MaKeTH, Ha sIK1 OyJIM MPUKJICEHT €TUKETKH 3
IHAUBITyalbHUMU HoMepamu TBapuH. Dekanii AOCHIKYBad 3 BUKOPUCTAHHAM
JIYUIBHOT KaMepu IS OBOCKOMIYHUX pociimkeHb [10]. Jas mporo i3 3arajabHO1
3MiNIaHoi KompornpoOu Biabupanmu 1 r ¢ekaniid, moMimamm y MIpHHA CTaKaHYUK Ha
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30 mi. Croau BHOCWIM HE3HAYHY KUIBKICTH (40 5 Mil) (IoTaIiiHOro pPO3YHHY
(HACMYEHOTO PO3YMHY TPAHYJIHLOBAHOT aMiayHOI CeNTpH 3 muIbHICTIO 1,3). Dekarii
PETENbHO PO3TUPATIN Y PO3UMHI, IKUM J0BOIMWIM 00’eM 3aBuci 10 30 mi. OcTaHHIO
IPOCI/DKYBAJIM y 1HIIMM CTaKaHYMK Yepe3 METAJeBO CHUTEUKO, a MICIs PETEeIbHOro
PO3MIIIyBaHHs, 32 JOTIOMOTOIO MINETKU Yepe3 BUPi3 OCHOBU KaMepH BHOCUIIU B OJIHY
13 KOMIPOK, IKa BBaKaJIaCh 3aIlIOBHEHOIO, KOJIM 3aBUCh MTOBHICTIO BUTHCHE TIOBITPS 3-
1171 BEpXHbOI [JIACTUHU TPUIIAIY.

MIiKpOCKOIiI0 MPOBOAWIIM Yepe3 2 XBWJIMHM MICIs 3alOBHEHHsSI KoMipku. Lleit
yac HeOOX1IHUM i1t (pyroTallii si€lb, MCs 3aKiHYEHHS SIKOT BOHU PO3MIIIYIOThCS Ha
MoBepxHI (heKaabHOI 3aBUCl, TOOTO B OJIHIN IIJIOIIMHI 3 CITKOIO KaMmepu. B mosni 30py
MIKpOCKOmNa (Mpyu MajoMy 301JIbILIEHI) 3HAXOJIWJIM CITKY KaMepu, BOHA CIyXuja
OPIEHTUPOM JUIsl MiAPAXyHKY S€Ib TEJIbMIHTIB, 1[0 3HAXOAWJIWCh B KoMipi. Jlami
3aMOBHIOBAJIM JPYTy KOMIPKY MpWIaay 3aBUCCIO 3 1HIIOI mpobu dekamit. Ilicns
HiJPaxyHKY s€lb FeJIbMIHTIB Y KOXKHIH 13 KOMIPOK KaMepH, X KIIbKICTh MHOKUJIM Ha
10 (xoedirieHT, OTpPUMAHUN MAaTEeMATUYHUM IUIIXOM: BHUXOASYH 3 TOTO, IIO
(broTaiiitHy CyMill 13 HaBaXKOIO JOCHIKYyBaHUX (ekanid qoBoauiu 10 06’emy 30
MJI, 2 00’€M KOMIPKH JIIUUIIBHOT Kamepu 3 MJI) 1 OTpUMYBAJIM YUCIIO, SIKE CBITYUTH
PO KUTBKICTH €lb B 1 T pekaniit JocaipKyBaHOi TaBapHHHU.

OCHOBHUM KpUTEPIEM 3apa’KeHOCTI OyJM EKCTEHCUBHICTh Ta 1HTEHCUBHICTH
iuBasii (El, %; ta Il, kinbkicts seup y 1 r dekamiii, SATD).

Jl5i TiKyBaHHSI XBOPUX TBAPHH MU 3aCTOCYBAJIN BITUYM3HSHUN aHTUTEIBMIHTHUK,
akuil Bunyckae TOB «bpoBadapmay (puc. 2) — HalOUIbIIMKA B YKpaiHI BUPOOHUK
BETEpUHAPHUX MpenapaTiB A JIKyBaHHS 1 NpO(UIAKTUKY 3aXBOPIOBAHb TBAPYH.

ANA SACTOCYBAHHA
¥ BETEPMHAPHIA
"
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Puc. 2 — 3oBHIilIHIi BUIJIS] YIAKOBKH €NPUH

1 M1 enpuHy MICTUTH Jil04y pEUOBHHY enpuHOMEKTHH — 20 mr. Enpun 1e
po3unH 0e30apBHHMII a00 CBITJIO-)KOBTOI'O KOJIbOPY, Mpo3opuil. EnprHOMEKTHH
HAJICKUTh 10 MaKPOLUMKIIYHUX JIAKTOHIB. SIK €HAEKTOIWI Ma€ MIMPOKUN CHEKTP
MPOTUIIAPA3UTAPHOL Al MPOTH IMariHaJIbHUX 1 JUYMHKOBUX (Pa3 pO3BUTKY HEMATO
IIUTYHKOBO-KHIIIKOBOTO TPAKTy Ta OPraHiB JWUXaHHS, CAPKONTO3HHUX Ta 1KCOJOBHUX
KITIIIIB, JMYMHOK OBOJIB, BOIIEH, Ta ASAKUX 1HIITNX Mapa3nTiB.

EnpunomexTuH, sk aronict Hedpomeniatopa [AMK B HepBOBHX KIITHHAX, a
TaKOX 3’ €IHYETHCA 3 XJIOPUIA-IOHHUMHU KaHAJIaMH, sIKI MICTSATh TJIyTamar, y HEPBOBUX
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Ta M’S30BUX KIITHMHaX Oe3xpebeTHux. lle mpu3BoauTh A0 mapamidyy mapasuTiB 1
BHUBEJCHHS iX 3 OpraHiamMy a0o 3arubeni dYepe3 HEMOXIHMBICTh KUBUTHCA. [lpu
MIIIIKIPHOMY BBEJEHHI €MPUHY TBapWHAM HOTO O010J0CTYIHICTH CTaHOBUTH 89 %.
MakcumanbHa KOHIICHTpAINSl Y KpPOBI JIOCSATAEThCs depe3 36—48 roawH, mepiof
HaITIBBUBEJEHHS CTaHOBHTH 65—75 roaus. Jlo 99 % enpuHOMEKTHHY 3B’S3y€ThCS 3

O1JIKaMH CHPOBATKH KPOBI 1 BUBOAUTHCS 3 OPraHi3My B OCHOBHOMY 3 KaJIOM.
BuxopucTtanss enpuHy 3a CTpOTUIATO3HOI 1HBa31i Ki3 HaBeneHa y Tao. 1.

Taoauus 1. — BUKOpHCTAHHA AaHTUT€JIBMIHTHKA €NPUHY 32 CTPOrISITO3HOL

iHBasii ki3

Crioci6 BBe- 03a 1o
I'pynn Hazpa dopma . I[ . Jo3a o
TEHHS 1 JKapChKii L .
TBapUH Mpermapary | mpemnapary ; . Iito4iil pe4oBuHI
KpaTHICTb peUOBHHI
ocnigHa 1 . .
Hocain . [Migmxipao 0,2 Mr enpuHO-
(cmabka [HuBi-nyansHO,
. . Enpun Pozunn 1 M1 Ha MEKTHHY Ha | kr
IHTEHCUBHICTh 0JTHOpPa30BO . .
. 100 xr mMacu Tina MacH TiIa
1HBa3ii)
ociizHa 2 . .
Hlocain . [Migmkipao 0,2 Mr enpuHO-
(cepenus [HauBi-nyansHO,
. . Enpun Pozunn 1 M1 Ha MEKTHHY Ha | kr
IHTEHCUBHICTh 0JTHOpPa30BO . .
. 100 xr mMacwu Tina MacH TiIa
1HBa3ii)
ociiznHa 3 . .
Hocain . [Migmxipao 0,2 mMr enpuHo-
(BuCOKa [HauBi-nyansHO,
. . Enpun Po3uun 1 M HA MEKTHHY Ha | Kr
IHTEHCUBHICTh OJTHOpPa30BO . .
. 100 xr macwu Tina MacH Ti1a
1HBa3i1)
KonTponsHa — - - - —
Aemopcovka po3poboka

3 maHoi TabauIll BUIHO, 110 MU aHTUTEIbMIHTHK, IIIUPOKOTO CIEKTPY Ail, eNpuH
3aCTOCOBYBaJM BCIM TPbOM JOCHIAHHM TIpyIllaM 3 PI3HOIO IHTEHCHUBHICTIO 1HBAa3ii
(HM3BKOIO, CEPEIHBOI0 T4 BUCOKOIO) 1HAUBIAYaJIbHO, MIIIKIPHO, OJHOPA30BO y /1031
1 mi Ha 100 xr macu Tita. KOHTpoJIbHUM TBaprHaM Ipenapar He 3aCTOCOBYBaJIH.

Jlo BBeneHHs TmpemapaTy Ta uepe3 15 ai0 OpoBOAMIM KOIMPOCKOIIYHI
TOCTIKEHHS. Y Tepioj] MPOBEICHHS JTOCHITYy BCl JOCIHIIHI 1 KOHTPOJIbHI TBapUHH
3HAaXOJMJIMCS B OJIHAKOBUX YMOBAaxX TOJIBII Ta yTpuMaHHs. Tectamu /Ui BU3HAUCHHS
e()EeKTUBHOCTI JIIKyBaHHSI OyJIM €KCTEHCUBHICTh Ta IHTCHCHUBHICTh 1HBA3ii, a TaKOX
€KCTeHCE(PEKTHUBHICTh Ta IHTEHCE(PEKTUBHICTh

OcHOBHI pe3yJbTaTH Ta IX iHTepHpeTamis.

3 METOI0 BUBYEHHS €MI300THYHOI CUTYAIlll OO0 CTPOHTISATO3HOI 1HBA311 y Ki3
Mu mipoBenu BiOip 40 mpoO ¢ekaniid Bil TBAPUH PI3HUX BIKOBHX Ta BUPOOHUYUX
rpyn. Y pe3ysibTaTi OBOCKOMIYHUX JAOCTIHKEHb 3HANUIUIN UL CEPETHBOIO PO3MIpY,
OBaJIbHOI (POPMH 3 TOHKOIO TJIQJICHBKOIO 30BHIITHBOIO OOOJIOHKOIO, 3aBTOBIIKH JI0
0,06 1 3aBmmpiku 10 0,04 MM, BcepenuHi 3HaXoawIach mapu apoosieHHs. Lle Oynu
STATIST CTPOHTLIAT (pHC. 2).

PiBenp 3apakeHHS Ki3 PI3HUX BIKOBUX TPYIl CTPOHTUISITO3HOK 1HBA31EIO
HaBeJleHa y Tald. 2.
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Puc. 2 — 3oBHilIHIi BUTIA] A€Ub CTPOHTIAT

Asmopcvka pospobka
Tabanus 2. — PiBeHb 3apaKeHOCTi Ki3 10 rocnoIapcTBy CTPOHTVIATAMH
. YpaxkeHux Bceworo .
Bcroro BinbHux TBapuH Ekcren- . [HTEHCHUBHICTD
. ) TBapUH . 3HaWJEHO .
JOCIIJDKEHO BiJ s€mpb . CHBHICTb iHBa3ii, ex3 y 1
N AALAMUA . o A€nb, K3y 1 1 I
TBapuH, rojl reJIbMIHTIB, TON . iHBasii, % 2 r ¢ekaniit
reJIbMIHTIB bexamiii
40 10 30 75,0 2 498 83,3
Aemopcwvra pospodxa

3 nmaHoi Tabmuii BUAHO, 1o 3 40 oOcTexkeHuX Ki3 AHII0-HYOIHCHKOI OpPOIU
AL cTpoHrUIAT Oynu 3HaiaeHi y 30 ki3. ExkcTencuBHicTh 1HBa31i ctanoBuia 75,0 %
IIpY 1THTEHCUBHOCTI 1HBa31 83,3 ek3eMIUIIpiB sielb y 1 rpami ekaniid. [HTeHCUBHICTD
1HBa31i KoMBajach Bif 15 10 376 ex3eMIUISPIB B 3aJI€)KHOCTI Bijl BIKY TBapHH.

[Ticyist BUBYEHHSI PO3IMOBCIOKEHHS CTPOHTUIATO3HOT 1HBA31T MU MPUCTYMIIIH JI0
BUBYCHHS AHTUTEJIBbMIHTHOI €()EeKTUBHOCTI €MpUHY 3a I[i€l 1HBa3li. 3 I[IE0 METOIO
chopMyBaiii 5 Tpyn TBapwH, a caMe JIBi KOHTPOJIbHI 3 HHU3BbKOIO Ta CEPEIHBHOIO
IHTEHCUBHOCTI 1HBa3li Ta TPU JOCIHIJIHI TPYNHU 3 HU3bKOIO, CEPEAHBOI0 Ta BHCOKOIO
IHTEHCUBHOCTI 1HBa31i. Pe3ynbTaTu 11i€i poboT HaBeaeH1 y Taou. 3.

Ha 15 nens nmeHp Mu 3HOBY BifiOpanu mpoOW, 3 METOI BHSBJICHHS SEIb
reJbMIHTIB. Pe3ynbraTu 1i€i pobotu HaBeaeH1 y Tabuuiri 4.

AHaN3YIOUM JaHy TaOJHII0 MOXHA 3pOOWTH BHUCHOBOK, IO AHTUTEIbMIHTHK
Enpun € BucokoeekTUBHUM MpenapaToM 3a HU3BKOI Ta CepeaHBOI IHTEHCHBHOCTI
inBa3ii. ExcrenedexTuBHiCTh iHTeHCePeKTUBHICTH cTaHoBmia 100 %. 3a BHCOKOI
IHTEHCHBHOCTI 1HBa31i €eKCTeHC- Ta iIHTeHcepekTuBHICTh cTaHoBUIA 80,0 % Ta 93,6 %.
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Taoauus 3 — Pe3yJabTaTH 0BOCKOMIYHUX JOC/IKEeHb Ki3 10 JereJbMiHTH3aLIl

CIIPUHOM
Hwu3bka iHTEeHCHBHICTh Cepe/Hst IHTCHCUBHICTD Bucoka iHTeHCUBHICTh
Kin-tp iHBa3ii iHBa3ii iHBa3i1
I'pyna TBapuH | i1 Kin-16 Kin-1p
TBApHH y ypa- FI 1L, exs. ypa- I II, exs3. ypa- I II, exs3.
TPYML | skemmx | ) | semp 1T | kemmx | ) | semp 1T | KeHHX o, |s€uplrT
TOoJ A) ‘o A) .y A) ™
TBapHH, (dekaniii | TBapuH, dekaniii | TBapuH, (hekamiit
TOJL rOJL. TOJL
Kour- 5 5 [100| 276 - - - - - -
poiibHa 1
Korrr- 5 . s 10| 772 .
poJipHa 2
Aoc- 5 s [100| 254 - - - - -
migHa 1
Aoc- 10 . ~ 00| 785 ~ - -
JTiaHa 2
Hoc- 5 - - - - - - 5 100 | 212,4
migHa 3
Aemopcvka po3pooka
Tabauus 4 — Pe3yjabTaTH 0BOCKONIYHUX AOCTIIKEHDb Ki3 mic/s
AereJbMiHTH3aIlil eNPUHOM
Cnabka iHTEeHCHUBHICTb CepenHst iHTCHCUBHICTh Bucoka iHTeHCUBHICT
Kinb- iHBa3ii, eK3eMIUISIPiB s€lb | 1HBA31i, EK3EMIUISPIB €D iHBa3ii, eK3eMILIIpiB
KIiCTh 1 r dexamiii 1 r dexamiii senb 1 T pexanii
I'pyna — — —
TBADHH TBapuH | KinbKicTh KinpkicTh KinpkicTb
p y rpymi, | ypaxenux | EE, IE, | ypaxenux | EE, IE, | ypaxenux | EE, | IE,
roJ TBApUH, % % TBapuH, % % TBapuH, % %
TOJL TOJL. TOJL
Konr- 5 - 100 | 100 - - | - - - | -
poiipHa 1
Konr- 5 - - | - - 100 | 100 - - | -
poJibHA 2
Aoc- 5 - 100 | 100 - - - - -
magHa 1
Aoc- 10 - -] - - 100 | 100 - -
JigHa 2
Aoc- 5 - - - - - 1 80.0 | 93,6
JiaHa 3
Aemopcvka po3pooka
BucnoBku.
1. [IlpuBaTHe KO3IBHMYE TOCHOAAPCTBO  TapailaHChbKOro  paloHy €

HeOJIarornoJy4YHUM IO CTPOHTUIATO3HOI 1HBa3ii. EKCTEHCHBHICTH CTPOHTUISITO3HOT
1HBa3ii cranoBuia 75,0 % npu iHTeHCUBHOCTI 1HBa31i 83,3 ex3 sienb y 1 T dexamiid.

2. BituusHaTuil aHTUreAbMIHTHK EnpuH € BUCOKOE()EKTUBHUM MpenapaToM 3a
HU3bKOI Ta CcepeqHbOi 1HTEHCHBHOCTI iHBa3li. ExcreHc - Ta iHTEeHCE()EKTUBHICTbH

ctanoBuia 100 %.
3a BHCOKOI IHTEHCUBHOCTI 1HBa31i eKcTeHceheKTUBHICTh cTaHoBUIIa 80,0 %

3.

3a IHTeHCePEKTUBHICTIO 93,6 %.
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Abstract. Our research established that out of 40 examined goats belonging to a private farm
in the Taraschan district, 30 heads were affected by strongylids. The extent of infestation was
75.0%, and the intensity of infestation, which was determined by counting the number of eggs in I
gram of feces, using a counting chamber for ovoscopic studies, was 83.3 specimens. In the
experiment, the anthelmintic effectiveness of the domestic anthelmintic eprin was studied at low,
medium and high intensity of infestation. For this purpose, three experimental and two control
groups of goats spontaneously infested with strongylites were formed according to the principle of
analogues. Before treatment and on the 15th day after deworming, the extensive effectiveness (EE)
and intensive effectiveness (IE) of the drug were determined. It was established that no strongylate
eggs were found in animals with low and medium intensity of infestation, which were given 2%
eprin at a dose of 1 ml per 100 kg of body weight subcutaneously, once. Extensive efficiency and
intensive efficiency was 100%. At a high intensity of invasion, the EE was 80.0%, while the IE was
93.6%.

Key words: eprin, eggs, strongillates, extensiveness of invasion, intensity of invasion,
extensive efficiency, intensive efficiency.
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Anomauin. Jlocnioxceno emicm apoMamuyHux —8y2le8o0Hi6 ma  popmanvoeioy y
ammocgepHomy nosimpi iHOYCMPIAIbHO20 pe2ioH)y ma iX 6NaAu8 Ha CMaH 300p08’s OUMAYO2O0
Hacenenns. QOOIpyHmMo6ano nNiOXo0u 00 pO3POOKU NPOPaAMU  PECIOHANLHO20 MOHIMOPUHRY
ammocgepro2o nosimps 8 ymMosax iH0ycmpiaibHO20 PecioHy.

Kniouosi cnosa: ammocghepne nosimps, Gopmanvoecio, apomamuyHi  8y2Ne800HI,
3ax680pI06aAHICMb, Oumsie HaACeleHH s, MOHIMOPUHL.

Beryn

3a panumu BOO3, 929% naceneHHs IUTaHETH NPOXKHUBAE HA TEPUTOPIAX 13
3a0pyTHEHUM aTMOC(EPHUM TOBITPSIM, 110 MPUBOAUTH A0 9 MITbHOHIB MIEpeIIaCHUX
cmepreit Ha pik [1]. Cepexn HaWmoOmIMpPEHIIUX MPUYMH 3a0pyIHEHHS MOBITPA -
BUPOOHUIITBO €HEPrii, Ba)KKa MPOMHCIOBICTh, TpaHCHoOpT. [uTsumii opraxizm,
BHACJIIOK MiABUINEHOI YYTJIHUBOCTI JI0 HECHPHUSATIUBHUX (DAKTOPIB HABKOJIMIIIHHOTO
CEpEelOBHUILA € HAWOLIBII YyTJIIMBUM JI0 BIUIMBY XIMIYHUX PEYOBUH, 110 MOCTYNAIOTh
IHransAmiiao [2-4].

Mera poGoTm - Ha MiACTaBl TIT€HIYHOI OILIHKKA BIUIMBY apOMAaTUYHUX
ByriieBoAHIB (AB) Ta Qopmanbaerity Ha cTaH 370pOB’S JIUTSIYOrO HACEICHHS
YAOCKOHAIUTH CHCTEMY 3aXOMdiB IIOJ0 3HIDKEHHS HETaTUBHOTO  BIUTUBY
3a0pyIHEHOTO aTMOC(hEepHOTO TOBITPS Ha CTaH 370pOB’S  JITEH-MEIIKAHIIIB
1HTyCTPIaJIbHOTO PETIOHY.

JocnmimkeHHs: BUKOHAHI Ha 0a3l kadeapu TIiri€HH, €KOJOrii Ta OXOPOHM Mparli
JIHITPOBCHKOTO JIEP>KaBHOTO MEIUYHOTO YHIBEepcUTETY. [{ucepTartlisi BUKOHYyBanacs y
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paMKax 1HIIIaTUBHOI HaYKOBO-IOCHIHO1 «I'irieHIYHa OIliHKA BIUIMBY MPUPOJHUX Ta
TEXHOTeHHMX (DaKTOpiB Ha CTaH 3J0pOB’S HaceleHHA», No nepxkpeecTparii
01180004729, 2019-2022 pp.

Marepiaiau i meToau.

KoMmmuiekcHi gocmiKeHHs MPOBEAIEHI B yMOBaX OJTHOTO 3 HAMOIbII TEXHOT€HHO
HABAHTAKCHUX IPOMHCIIOBUX perioHiB Ykpaiaum — JIHIIpomeTpoBChKiiM 0O0JacTi.
VY3aranbHEHO Ta CTaTHCTUYHO OOpOOJEHO pe3yibTaTh BU3HAYEHHS SIKOCTI
aTMOC(EepHOro TOBITPSI 3a pe3yJibTaTaMu CIOCTEpPEXeHb JIHIIPONEeTPOBCHKOIO
perioHaabHOTO 1EeHTpY 3 TiapoMereopouiorii (JAPLII'M) ta 1Y «/lHinmporeTpoBchbKOro
obOnacHoro naboparopHoro ueHtpy MO3 VYkpainu» Ta BiacHUX JabopaTOpHO-
1HCTpyMeHTalbHUX fociimkenn. Jani Bix JAIPLII'M otpumani Ha miacTasi JJoroBopy
npo HaykoBy cmiBrmpaio Ned Big 28.03.2018 p. mix 3 «J/lHimponeTpoBchbka
menuuHa akagemis MO3 Vkpainm» ta JPLII'M. Ananizy miaisraid KOHLEHTparlii
HIKI/UIUBUX PEUOBUH Yy aTMOC(HEPHOMY TMOBITP1 AOCTIIKYBAHUX MICT, 3 MOAAIBIINM
PO3paxyHKOM iX CEpeIHBOPIYHMX Ta MAKCHUMaJbHO-Pa30BHX 3HAuY€Hb. Y MpoIleci
JOCTIKEHHSI BUKOHAHA Tiri€HIYHA OIIHKA XapakTepy, pIBHA Ta CTyNeHs HeOe3NeKH
3a0pyIHEHHsI  aTMOC(EPHOTO  TOBITPS  HUIIXOM  TMOPIBHAHHS  (PaKTUYHUX
koHreHTpaiii pedoBun 3 ix ['JIK [5]. Bigbip mpo6 B JIPLII'M mpoBomuBcs Ha iX
BJIACHUX CTAI[IOHAPHUX TIOCTAX CIOCTEPEKEHHS, SKI 3HAXOIAThCA y Mmicta J[Himpo,
Kam’suceke, KpuBuit Pir. ATmocdepHe mOBITps Ha CTalliOHAPHUX TMOCTaX
B1I0MPAJIOCh BIAMOBITHO JO METOAUKH Bi1OOPY NpoO Ha CTalllOHapHUX moctax [6].
Po3paxyHok Ta oliHKa pU3UKiB IpoBoAMIIaCk 3rigHo 3 Hakazom MO3 Ykpainu Nel 84
Big 13.04.2007 poky «IIpo 3aTBep/KeHHsI METOAMYHMX pekoMeHaarii «OIiHka
PHUBHKY JUTSl 37I0pOB’sl HaceJIeHHs Bija 3a0pyaHeHHs aTMocdepHoro moBitps» [7], US
EPA «Supplementary Guidance for Conducting Health Risk Assessment of Chemical
Mixtures» [8] ta US EPA «Guidelines for Carcinogen Risk Assessment» [9].
CratuctuHa oOpoOKa OTpUMAHUX pE3yJbTaTiB NPOBEIACHA Ha MEPCOHAIBHOMY
KOMIT'IOTepl 3 BHUKopucTaHHsAM cratuctuyHoro makety STATISTICA 6.1
(minen3iiinuit Homep AGAR909E415822FA).

Pe3yabTaTn nociaixKeHHs.

[rieniyna ominka Bmicty AB Ta ¢opmanbaeriny y armochepHOMy MOBITpi
HACEJICHUX MICLb MPOMHCIOBUX MICT CBIUUTH, 10 y M. JIHIMpO crocTepiragoch
nepesunieHus ['JIK denony y 1,33-1,66 pasis (p<0,001), y m. Kam’siucbke - y 2,17-
2,67 TIK (p<0,001) mpoTsiroM ychOro Hepioay CIOCTEPEkKEHHS, 3 TCHACHIIEIO 10
MIJBUIICHHSA. Y MICTI MOPIBHSHHSA KOHIIGHTpAIll JOCHIKYBaHUX 3a0pyIHIOIOUHMX
PEYOBHH 3HAXOIWINCH Ha MEXI YyTJIIMBOCTI JOCITIKEHHS Ta CTATUCTUYHO 3HAUYIIE
HIKYE, HDK y JOCIIKYBaHUX MicTax. BmicT hopmanbieriay y BCiX JOCHIIKYBaHUX
MicTax peectpyBaBcs y 2-8 paziB Bume ['ZIK mporsrom ycsoro mnepiony
CIIOCTEPEKEHHS, 3 HaWBUIIMMM KOHUEHTpauisMu y M. HHuinpo (p<0,001). 3a
JOCIIKYBaHUN 6-pIYHUI TIEp10J] CroCcTepiranach TCHACHINS 10 MIJBUIIECHHS PiBHIB
dopmanpaeriny y 1,5-2 pasm y Bcix Tpbox mpomucioBux wmicrax (p<0,001).
KonnenTpanii OeH301y, KCHJIONYy Ta TOJYOdy Y BCIX JOCHIKYBaHUX MiCTax
3HaxoAuThCs B Mexkax ['JIK M.p. 3a cepeqHbOpIYHUMHU TOKa3HUKaMU, oHaK y 2017-
2018 pokax BusiBiieHO pa3oBi nepeBuiieHHs ['JIK m.p. 6eH301y, KCUII0Ty Ta TOJIYyOIy
y M. Kam’siuceke y 2-2,85 pasiB (p<0,001). BusiBneno TeHaeHIlII0 10 MiABUIICHHS Y
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1,1-4 pa3u piBas AB y atmocepromy noBiTpi npomucioBux MicT (p<0,05).

AHami3 piBHS 3aXBOPIOBAHOCTI JUTSYOTO HACENICHHS JOCHTIKYBAaHUX MICT
CBIJUUTH, IO B MPOMHUCIOBUX MICTax PiBEHb 3arajibHOI AUTAYOI 3aXBOPIOBAHOCTI, B
CEpEeIHbOMY 3a TMEePi0Ji CIIOCTEPEIKEHHS, CTATUCTUYHO 3HauyIle Ha 4-15% Buiie, HiX
B uwiomy y /[lHinponeTpoBchkuil obnacTi Ta Ha 14-37% Bummii, HDK y MicTi
nopiBHsiHHA  (p<0,001). PiBenbp auTA40i 3aXBOPIOBAHOCTI XBOpOOaMU OpTraHiB
JTUXaHHS Y JOCHIHKYBaHUX MICTaX CTaTUCTUYHO 3Hauymie Ha 13-39% Bumwmii HIX y
MmicTi nopiBHsSHHA (p<0,001). AHami3 3axBOPIOBAHOCTI JUTSIYOTO HACEJICHHS
OHKOJIOTTYHOIO maToJioriero cdslxbnm, mo y M. Kam’sHcbke ii piBeHb cTaHOBUB 74,9
(95% I 53,05-96,65) na 10 THc. AUTSYOTO HACEIEHHS, 10 CTATUCTUYHO 3HAYYIIE Y
2,5 pa3u Buile, HX y M. [JHinpo 1 m. Kpuswuii Pir Ta y 2,35 pa3iB Bulle, HiX y MICTI
nopiBHsiHHSA (31,9 Ha 10 Trc. nutsdoro HaceneHHs (p<0,001) (95% I 26,04-37,79).

Po3paxoBanuil 1HAMBIAYaJbHUNW KaHIEPOT€HHUN PHU3UK MPU HAAXOIKEHHI
OeH30Iy 10 OpraHi3My Yy BCIX JOCIIKYBaHUX MiCTax, 3rigHo 3 kputepismu BOO3
BIIHOCUTKCA 10 BUcokoro (De Manifestis) - HenpUHATHUN JIsi BUPOOHUYUX YMOB 1
HaceneHHs. HeoOximne 3miiCHEHHS 3axo0/iB 3 YCYHEHHS a0o0 3HWKCHHS.
InuBinyanbHM  KaHIEPOTCHHUH PpHU3WK TPU  HATXOJDKCHHI  (opMabaeriay
3HaxoauThess B Mexkax 107 — 10, 3a xpurepismu BOO3, i npumyctumoro s
BUPOOHUYMX YMOB, aJi¢ HE MPUITYCTUMOTO JJIsl HACEeJICHHSI.

[Momynsmiitnuii kaHueporeHHUN pusuk ans wmicta JHinpo ckiagae 4980
JOJIATKOBUX BHUIIAJKM Ha paK BiJ HaaXo/KeHHs OeHzony Ta 133 nmomaTkoBuX
BUIAJIKIB BIJl HAJIXO/KCHHS (DopMasbaeriay y KoropTi HacedeHHs 1 muH. ociO. s
KpuBoro Pory mi mnokasHukd ckiagatumMyTh 1864 107aTKOBUX — BHUIAJKIB
OHKOJIOTTYHMX 3aXBOPIOBaHb BI1J BIUIMBY OeH30ily Ta 136 BuUMaakiB BiJ BIUIMBY
dbopmanpaeriay y koropTi HaceneHHs 1 MiH. oci6. Y M. Kam’stHCbke TpOTHO30BaHO
3818 nomaTkoBUX BUMNAAKIB HA pak BiJ BIUIUBY OeH30i1y Ta 133 BUMaaku BiJ BIUIUBY
®I' y xoropti HaceneHHs | MiH. ocib. Y [OOCHIIKYBaHMX MICTaX BCTaHOBJIEHO
HETIPUMHSATHUN HEKaHIEPOTeHHUW pu3uk st opraHiB nuxanus, [[HC, imyHHOI
cuctemu. CyMapHU HEKaHIIEPOTEHHUN pU3HK JopiBHIOE Y M. Kam’siHcpke 5,84, y M.
Huinpo HI 3ar=5,1, y KpuBomy Po3i HIzar=4,15. ¥V m. Kam’sHCbKe BiJl3Ha4Ya€ThCA
HENPUNHATHUNA HEKAHLIEPOTEHHUIN PU3HK [T CEPLIEBO-CYIUHHOT CUCTEMHU.

BpaxoByroun HagHOpMOBaHE 3a0pyIHEHHS aTMOCGHEPHOTO MOBITPS XIMIYHUMHU
CIOJIyKaMH B MPOMHCIIOBUX MICTaX, OJHUM 13 BaXJIMBUX MPEBEHTHUBHHUX 3aXOJIIB €
3/IIIICHEHHS] MOHITOPUHTY 32 SKICTIO aTMOC(HEpPHOro MOBITPA. Y XOIi AOCTIIKEHHS
MPOBE/ICHA OIlIHKA ICHYIOUOi PEriOHaJbHOI CUCTEMHU MOHITOPUHTY aTMOC(HEpHOTO
MOBITPS 32 HACTYITHUMU KPUTEPISIMHU:

» OXOIUICHHSI 30H Ta arjJioMepaiii (4u ImpeacTaBieHi cy0 €KTH MOHITOPUHTY B

BU3HAYEHUX 30HAX Ta arjoMepaisx);

» HasSBHICTh CTaIllOHAPHUX TIOCTIB CIIOCTEPSKECHHS (JOCIIIKEHHS SKOCTI
aTMOC(EPHOro TMOBITPS MOXKE 3IMCHIOBATHCS SK CTalllOHapHO, TakK 1 3a
JIOTIOMOT'O}0 MapUIPYTHUX M 1HIIUX BUJIIB CIIOCTEPEKEHD);

> HasBHICTh OONaJHAHHA Ta TPAHCIOPTY JUIS 3IIACHEHHS  BHIi3HUX
71a00paTOPHUX JTOCIIIKEHb;

» TOBHOTA Ta JOCTaTHIN 0OCST TPOBEICHHS TOCIIiI)KCHb;

» METpoJIoriyHa 3a0e3MeUYeHICTh (BUKOPUCTAHHS O0JIaHAHHS, 110 BHECEHE JI0
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nepesiky 3aco6iB BUMIPIOBAIBLHOT TEXHIKH);
» BUKODHCTAaHHS  Cy4YacCHUX  METOAWK  JabOpaTOpHOTO  JOCIHIKCHHS,
akpenuranis gadoparopiii y cucremi sikocti ISO 17025:2019;

» MPOBEJICHHS TiTi€HIYHOI OI[IHKU, 0OPOOKH Ta aHaIIi3y OTPUMAaHUX JaHUX;

» ONPWJIIOMHEHHS Pe3yNbTaTiB JOCT/DKEHh Ta Tepenada TaHuX [0 €IHHOI

1H(popMaLiiHOT 0a3u B OpraHax MiCLIEBOTO CaMOYTPaBIiHHS.

PerionanpHa cuctemMa MOHITOPUHTY SIKOCTI aTMOC(HEPHOTO MOBITPS MOBUHHA HE
Juiie BioOpakath (pakTUYHUN CTaH aTMOC(EpPHOro MOBITPS Y HACEIEHUX MICISX,
ayie ¥ cmyryBaTH JUIsl BU3HAUCHHS PU3MKIB IS 3/I0POB’SI HACETCHHS PiI3HUX BIKOBUX
rpyn Ta OyTH OCHOBOIO JUIsl TPUUHATTS YHPaBIIHCHKUX PIMIEHb MO0 KEePYBAaHHS
PU3UKOM, PO3POOKH MPO(MUIAKTUYHUX 3aXO0J/IB HANpaBJIE€HUX Ha MOKpaIIeHHs
IPOMaJICBKOTO 3[I0POB’sl B MMPOMHUCIIOBUX perioHax. Hamu 3ampomoHoBaHO cucTema
OILIIHKH, aHaji3y Ta BUSBICHHS PHU3UKIB JJIsl 370POB’S HACEJICHHS, BCTAHOBIJICHHS
€KOJIOT1YHO-00yYMOBIIEHOT 3aXBOPIOBAHOCTI Ta PO3pOOKH HEOOX1THUX
MpOQUIAKTUYHUX 3aXOIB JUIsl OPraHiB MICIIEBOTO CaMOBpsIyBaHHA. Taka cuctema
MOBMHHA OYTH BIPOBa/PKEHA B paMKax CMiJIEMIOJOTIYHOTO HArisay 3a
HeiHdekiiauMu xBopodamu y LlenTpax koHTposto Ta mpodiiakTuku xBopod MO3
Ykpainu.

HeBin’eMHOI0O 4acTHUHOIO MOHITOPUHIY € BIPOBAKEHHS KOMIUIEKCY 3aXOJiB,
AKl CIPSMOBaHI Ha ONTHUMI3AIlI0 SKOCTI aTMOC(EpPHOTO TMOBITPS, MIHIMI3aIIO
IIKIJJIMBOTO BIUIMBY HA OpraHi3M JIIOJAMHM BHACHIOK i 3a0pyJAHEHOro
aTMoc(epHOro MOBITPs 13 3a0€3MEUYEHHSM 3BOPOTHOTO 3B’SA3KY IMIOJIO OLIHKH iX
edexkTuBHOCTI. 10 3aX0AiB, sIKI CIIPSIMOBaHI Ha MOINEPEHKEHHSI HECIPUATIMBHUX 3MIH
y CTaHi 3/7I0pOB’sSl HACEJNECHHA y 3B’AKYy 3 BIUIMBOM 3a0pyIHEHOrO aTMoc(epHOro
MOBITPS, CJIIJI BIIHECTHU I ATh IpyIl. [lepiua rpyna - 3axou, cupsiMOBaH1 Ha pO3pOOKy
3aKOHOJIaBUMX akTiB. B VYkpaiHi Ji€ 1ula HU3KAa HOPMAaTHUBHO-NIPABOBHUX AKTIB, SIKI
rapaHTyIOThb OXOpPOHY 370pOB’s HacelieHHs Ta aoBKULIA: Konctutywis Ykpainw,
«OcHOBHU 3aKOHOAABCTBAa YKpaiHU MPO OXOPOHY 3A0pOB’s», 1992 p., 3akoH Ykpainu
«OxopoHy aTMmochepHOro noBiTps», 3akoH YKpainu «IIpo 0xopoHy HaABKOIHUIIIHHOTO
npupogHOro cepenoBumay, 1998 p., 3axkon VYkpainu «IIpo 3abe3nedeHHs
CaHITapHOr0 Ta eMmieMIYHOro Oyiaromofydus HaceleHHs», 1994 p., mocraHoBa
Kabinery MinictpiB Ykpainu Big 22.02.2006 129 p. Ne 182 «Ilpo 3aTBepmkeHHs
[Topsinky TpoBeACHHS JICP)KABHOTO COILIAJIBHO TITIEHIYHOTO  MOHITOPHHTYY,
noctaHoBa KMV Big 14.08.2019 Ne827 «/lesiki muTaHHS 3AIMCHEHHS JIEP’KaBHOTO
MOHITOPHHTY B rajxy3i 0XOpoHHU aTMochepHoro moBiTps»., Hakaz MO3 Ykpainu Ne52
«IIpo 3aTBep/KEHHA TIT€HIYHUX PETJIaMEHTIB JOIMMYCTUMOTO BMICTY XIMIYHHUX 1
010JIOTIYHHUX PEYOBHH B aTMOC(HEPHOMY MOBITP1 HACETCHUX MICI[b», Ta 1HIIIL.

3 METOI0 BJOCKOHAJIEHHSI KOHTPOJIIO 32 SKICTIO aTMOC(HEPHOro y Mepiii rpymi
3aX0iB AOLUIBHO TIEpeI0adnTH:

1. ¥Y3romxeHHs BUMOT JBOX JIIOYMX HOPMATUBHHUX JTOKYMEHTIB MiX CO0OI0,
mono mneperisay [JIK  Oenszonly, 3aTBEp/DKEHHS MaKCHUMAJbHOIO — Pa30OBHX,
CepeaHbO000BUX, CEPEIHBOPIYHUX KOHIIEHTpall XIMIYHHUX 3a0pyJHIOBaYiB
aTMOoc(epHOro MOBITPSI.

2. Buecenns nmo mocranoBn KMV Bim 14.08.2019 Ne827 «J/lesiki muTaHHS
3MIICHEHHS IEPKABHOT'O MOHITOPHUHTY B TaJly31 OXOPOHU aTMOC(EPHOro MOBITPSD 10
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[lepeniky Arnmomepaunii M. Kam’sHcbke a00 BH3HaHHA HOro TakuM Ha
perioHaNbHOMY PiBHI pillieHHs J{HIMPONEeTPOBCHKOI 00IaCHOT paju.

Jlpyra rpyna — mianyBaJIbHI 3aX0/id, B SIKI JOLLJIBHO Mepe10aunTu:

e IHBEHTApH3AI[l0 ICHYIOUHMX JDKEpEN CTalllOHApHUX BUKUIIB 3a0pYyIHIOIOUUX

PEYOBHH,;
OTpUMAaHHS JaHUX I0J0 0OCATIB BUKHUIB 3a0pyTHIOIOUUX PEYOBHH, IUIIXOM
BCTAHOBJICHHS JaTYMKIB Ha CTaIllOHAPHUX JDKepesiax 3a0pyaHEeHHs, JaHl 3
AKUX B OHJIAWH pexumi OyayTh mepenaBatucs 10 JlepaBHOi €KOJOTTYHOI
1HcrekIii YKpainu;

pO3pOOKY Ta 3aTBEp/DKEHHS Ha PIBHI MICIIEBUX OpraHiB BJIaJW TEPENIKY
CaHITapHO-03/IOPOBYMUX 3aXO0/IiB Y MEXaX TEPUTOPIH.

Tperss rpyma - TEXHOJOTIYHI 3ax0Jd, SKI CHOPSIMOBAaHI Ha TOIMEPEIKEHHS
YTBOPEHHSI MIKIJJIMBUX XIMIYHUX PEUOBUH MPU TEXHOJIOTITYHHUX MPOIECaX. 3 METOIO
MOJIMILIEHHS CTaHy aTMOC(EpHOro MOBITPS y TPETid Tpyml 3axoJliB JOLIIBHO
nepen0aynTH:

MOETarHe 3MEHILIEHHA OOCATIB BHUKHUIIB 1O aTMOC(EepHOro MOBITPS Bij
MPOMUCIIOBUX IiATIPHUEMCTB;

3aMiHa OOJlaJHAHHS Ha METATypridHUX KOMOIHAaTax Ha €JeKTPOIIaBUIIbHE,
nepexiJi Ha aJbTepPHATUBHI JHKepesia NaauBa, BAKOPUCTAHHS TPUPOJHOTO Ta3y
Ta BYT1JUIA aHTPALUTHOI MAPKU;

MIepEeHEeCEeHHS KUTI0BOT 3a0y10BH, 32 Mexki C33, AKIIO Taka HasBHA;

nepexiJi Ha Cy4acHi TEXHOJIOT1l BUPOOHUIITBA.

UYeTBepra rpyrma 3axo/1iB TEXHIYHI, B K1 JOIIJILHO TIepea0adunTH:

oO/asHaHHSA BCIX CTalllOHAPHUX JKEPENT BHUKHIIB Ta30-TMHJI00UYNCHUMHU
YCTaHOBKaMHU;

BIIPOBA/PKCHHSI CE30HHOTO MNPUOUpAHHS, MUTTA Ta TOJHUBY BYJHUIb 13
3aCTOCYBAHHSM BIJITOBITHOI TEXHIKHU.

[I’sta rpyna crnpsiMoBaHa Ha 3a0€3MEYEHHS] MOCTIMHOTO MOHITOPUHTY SIKOCTI
aTMOC(EpHOro MOBITPA. 3 METOIO peasizalii i€l rPyNH 3aX0/(1B PEKOMEHY€EThCS:
¢ MOJIepHI3allisl BHPOOHMYMX JabopaTopiii Ta CTaliOHApHUX ITYHKTIB

/7
0’0

/7
0’0

JOCIIDKEHHST SIKOCTI aTMOC(EPHOIro TMOBITPS Ta iX aKpeIuTalliss B CHUCTEMI
sxocti ISO 17025:2019;

BUKOPUCTAHHA CY4YaCHHMX BHCOKOUYTIMBUX METOJIUK J1a0OpaTOPHOTO
JOCTIKEHHS SIKOCTI aTMOC(HEpPHOT0 MOBITPS;

BJJOCKOHAJICHHSI CHUCTEMH BHUPOOHMYOTO KOHTPOJIIO. 3MEHIICHHS OOCSTIB
BU3HAYCHHS TIOKA3HWKIB, SKI CHCTEMAaTHYHO He mnepeBuiryiots 0,75
HopMatuBHuX BenuuuH (I'/IK) Ta 30UIbIIEHHS KpaTHOCTI JOCTIIKEHb (110
IIOJICHHO1) MMOKA3HUKIB, K1 BU3HAYAIOThCs Ha piBHAX noHaj 0,75 HOpMaTUBY
(I'IK). BukopucTtanHs iHIUKaTUBHUX METO/IIB BUSHAUCHHS,

¢ 3aTBEpJUKCHHS Ha PiBHI 00JJACHMX (MICBKHX) DPaJi PETiOHAIBHHMX IMPOTpaM

Tri€HIYHOTO MOHITOPUHTY aTMOC(EPHOTO MOBITPS;

¢ 3a0e3neueHHs  (PYHKI[IOHYBaHHS TPOMAChKOI CHCTEMH MOHITOPHHTY 3a

AKICTIO aTMOC(EPHOTO MOBITPS.

BucHoBoOK.
Ha migcraBi TirieHiYHOT OINHKM BMICTY apOMaTUYHUX BYIJIEBOJHIB Ta
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(dopManbaeriay B aTMOC(hepHOMY MOBITP1 HACEJIEHUX MICT 1HIYCTPIaJbHOTO PETIOHY,
aHalizy JUTAYOl BaXBopIOBaHOCTl PO3paxyHKy ICHyIO‘-II/IX KaHLEPOreHHUX 1
HEKAHLIEPOTeHHUX PHU3UKIB JUIsI 3JI0pOB’S OOTPYHTOBAHO MIAXOIU JI0 PO3POOKH
MpPOrpaMu PETiOHATBHOTO MOHITOPUHTY aTMOC(EpHOTo MOBITPS Ta ONTUMI30BAHO ii
1H(GOPMATUBHICTD 1 €(DEKTUBHICTh; y3araJbHEHO KOMILJIEKC 3aXOJliB, AKI CIPSIMOBaHI
Ha TOMEPEIKEHHSI HECHPUATIMBUX 3MIH y CTaHl 3/I0pOB’S HAcENeHHS y 3B’SI3KY 3
BILJTUBOM 3a0pYTHIOIOYMX PEYOBHH aTMOC(EPHOTO MOBITPSI.
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Anomauin: baxmepianvnuil 8acin03, Wo Npu3e00UMb 00 dedhiyumy IMyHHO20 3AXUCMY HA
Ppi6HI CIU3080i NIX8U, € UYACMUM CYNYMHUKOM NAniiomasipycroi ingexyii. Hamu nposedeno
BUBUEHHS  MOXMCIUBOI  poNi  OAKMepianbHO20  6A2iHO3Y 6  NAMO2eHe3l  YepBIiKAIbHOI
iHmpaenimenianibHoOi HeONAA3ii i paKy WULKYU MAMKU Y NAYIEHMOK i3 NANiIoMasipychoi ingpexyicro.

Ilo ckpuniney namono2ii wutiku Mamku, 6CMAHOBIEHO Wo Ol NIOBUWEHHS 1020 YYMIUBOCTI
KOPUCHUM € BNPOBAONCEHHSI CYYACHUX MEXHONO02il, MAaKux sIK HOB8I cucmemu o0O6poOKU MA3Kis,
BKIIOUAIOYU (PIOUHHY YUMONO02II0), KOMA Tomepu3ayiio, 0aKkmepianbHi 0CHiOHCEHHS.

Knrwowuosi cnoea: exzo-enooyepgikc, Heonnasii, nanitoma  6ipycHe  iH@DIKY8aHHA,
bakmepianvbHull 8aCiHO3.
Beryn

OcrtanHi  gecatupiyuss B YKpaiHi  CIIOCTEPIraeTbCcsi  HECHPUATIMBA
eM1IeMI0JIOT1YHA CUTYAIllS 11010 3aXBOPIOBaHb, SIK1 EPEAAIOTHCS CTATEBUM IILJISIXOM.
[IpoBijiHE Miclie B CTPYKTYpPl 3aXBOPIOBAHOCTI 3aiiMa€ TeHITalbHa IMarijoMaBipycHa
iH(pexkisa. Lle 00yMOBIEHO BHCOKOIO KOHTAriO3HICTIO BIPYCIB MAanuIOMU JIFOJUHH 1
TEHJICHITIEI0 10 POCTY IhOTO 3axBoproBaHHs [1, 2]. Ha croromHimHiil 1eHb OTpUMaHi
MEPEKOHJIMBl JIOKAa3d TOTO, IO ISl TATOJIOTiS € OJHIEI0 3 OCHOBHHMX IPHUYUH
3MOSIKICHUX TpaHC(hOpMAIIiil MUWKN MaTKH.

[IMopiuHO peecTpyeThesa y HAC B KpaiHi moHan 10 THC. BUMAAKIB TEHITAIBHOL
naniyioMaBipycHoi iH]exkIii. Ase, 3rigHO 3 HAasIBHUMU JaHUMH, HEMOXKJIMBO
BIPOT1IIHO OINIHUTH CTaH MpoOJeMHU B IUIOMY W 3MIMCHUTH HaBITh HAOIMKEHE
MIPOTHO3YBaHHSI €MiEMIOJIOTIYHOI KapTUHU HOTO MONIUPEHHS, OCKUIBKU 11€ MUTaHHS
MpakTUYHO HE MiagaBayiocs 00'ektuBHUM oIiHkaM [3]. Tomy akTyabHOIO
Mpo0JIEMOIO T1HEKOJIOTIi € ONTUMI3allisl J1arHOCTUKUA TOOPOSKICHUX 1 MEPEApPAKOBUX
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IpOIIECIB IIMHKK MaTKH, acoIllMOBaHUX 13 BIPYyCOM MamiJOMH JIIOJIUHM Ta
OaxkTepiaJbHOI0, 3a JIOMOMOIOI0 BHM3HAUEHHS HOBUX I[IaTOT€HETHYHHUX MapKepiB
HEOIUTAaCTUYHOI TpaHchOopMallii KIIITHH eMiTeiIo.

Metoro pobotu Oyno MiABUIICHHS €()EKTHMBHOCTI A1arHOCTUKH XBOPUX 13
I0OpOSKICHUMU Ta TEepeApaKOBUMHU MpoIlecaMH LIMMKKM MAaTKH Ha TJi BIPYCHHUX Ta
OakTepiadbHUX areHTiB. [IpeameT nOCHIKEHHs: MaTOJ]Oris €eK30-CHIOLEPBIKCY,
namnijoma BipycHe iH(]ikyBaHHS, OakTepianbHl 1H(EKIi, 110 MepeaaroThCs CTATEBUM
nusixoM. OO €KT JOCHIPKEHHS — JIOOPOSIKICHI Ta MEpeapakoBl MPOLECH MIWUKH
MaTKH y K1HOK. MeTtoau AoCHiKeHHS: TabopaTopHi (0aKTEpioJaO0riuHi, IUTOIOTIYHI,
IMYHOTICTOXIMIYHi).

3axBOPIOBAHICT, Ha 3JIOSAKICHI NyxJuHU B €Bpomi 3a octanHl 10 pokiB
3HU3WIAach Ha 15% B pe3ynbTaTi BOPOBAIHKEHHS IporpaMu «EBporia MpoTH paky,
HaIpaBJeHOi Ha MEPBUHHY MPOQPIIAKTUKY OHKOJOTIYHUX 3aXBOPIOBaHb. OJHUM 13
OCHOBHHX IIOJIO’KE€Hb TMPOTPaM 1 € CKPUHIHT 3JI0SIKICHUX HOBOYTBOpPEHb. Take X
3aBJIaHHS BHJIUICHE MPIOPUTETHUM B MEAWYHIN Tairy3i Ykpainu. Pak mumiku Matku
(PIIM) - onHe 3 HAWMONMIMPEHIMIUX 3JOSIKICHUX 3aXBOPIOBaHb Cepell >KIHOK [6].
P0o3BUTOK TyXJIWHU MPOXOAUTH TOCTYIIOBO, MPOTATOM JACKITBKOX POKIB, TOMY
peanbHOI0 MPO(MUIAKTUKOI I[HOI0 3aXBOPIOBAHHS € CBOEYACHE BHUSBJICHHS 1
JIKyBaHHS TIEPEPAaKOBUX 3aXBOpIOBaHb. 3a Bu3HaueHHsM BOO3, ckpuHIHT - 1I€
imeHTrdIKaIllsl HEBUSBICHOTO 3aXBOPIOBaHHA a00 AedeKTy 3a JIOMOMOTro TeCT-
JOCITIKEHb, K1 MOXKYTh IPOBOJIUTHUCS IIBUKO 1 MacoBo [3,4]. Halibinbem ycninmHum
MeToaoM ckpuHiHTy PIIIM € MeTo 1 IUTONOTIYHOT Ta OaKTEepP10JIOTIUHOI J1IarHOCTUKH.

bakTtepianbHMil BariHo3 - 11e¢ CaMOCTIHE 3aXBOPIOBAHHS, SIK€ XapaKTEPU3Y€EThCS
MOSIBOI0 MIXBOBUX BHJUIEHb 3 HENPUEMHUM 3alaxoM IMpPH BIACYTHOCTI Yy HHUX
natoreHHux 30yaHukiB (Trichomonas vaginalis, Neisseria gonorrhoeae, Candida
albicans) 1 o03HaK 3amajgeHHd Cchou30BOi oOosioHku. llelt 3amanpHUN Tpoliec
MPU3BOJIUTH 10 NeIIUTY IMyHHOTO 3aXHUCTy HA PIBHI CJIM30BOi MIXBU, € YACTHM
CYIyTHHUKOM TarijioMaBipycHoi indexuii [5,7].

Hamu mnpoBeneHO BHBYEHHS MOXKJIHMBOI poyi OakTepiadbHOTO BariHO3y B
MaToreHesl IepBIKaIbHOT 1HTpaemiTeNiaJbHOI HeoIUia3li 1 paKy IIMHKH MaTKH Y
Mali€eHTOK 13 TamijoMaBipycHoi 1HGekIie. Koabmockoms 1 OHKOIMTOJOTIS
HEOOXiHI B  OIMHII NEpPeApaKOBUX MPOIECIB  IMUHKKM  MaTkh. biomcis
BUKOPUCTOBYETHCS IS MIATBEP/UKEHHS JIarHO3y, TUM CaMUM 3MEHUIYIOYH
1HBA3MBHICTh JIIKYBaHHS 1 TIOB'SI3aHUX 3 HUM YCKJIaJHEHb. Y ChOTo Oyi0 00CTEXKEHO
138 X1HOK pPEenpoTyKTUBHOTO BiKY, 40 3 sIkux OyJy MPaKTUYHO 3JOPOBUMH 1 cKiiaiu |
rpyny. Y Il rpym mig cnoctepexeHHsM mnepeOyBano 42 >XKIHOK 3 MaTOJOTIYHUMH
mpolecaMu MIMMKK MaTKW Ta mnamijgoMaBipycHoi iHdekmiero. Y Il rpymi 6ymo 56
NAIlEHTOK 13 3aXBOPIOBAHHSIMH IIMMUKKA MaTKH, MamiioMaBipycHOI iH(]EKIIiew 1
OakTepiabHUM BariHO30M. OOCTE)KEHHM TMaIliEHTKaM MPOBOAMIA OaKTEPIOCKOTIIO
BariHaJbHUX BHJIJIE€Hb, KOJBIIOCKOMIIO, OHKOIIUTOJIOTIIO, KIJbKICHE BH3HAYEHHS 1
TUITYyBaHHS KOMEHCAJIIB MIXBU METOJI0OM OaKTepiaJIbHUX MOCIBIB.

B pesynbrari mnpoBeneHoi poOoTH Oyi0 BCTaHOBJIEHO, IO HABITH IIPH
HOPMaJIbHOMY THIIl OHKOIIMTOJIOTTYHOTO Ma3Ky B 16,2 % malieHTOK Big3HaudaBcs
XpOHIYHUY 1epBinuT, a y 10,1 % — nepBikanbHa iHTpaemnitTeniaabHa Heormasis (puc. 1,
puc.2).
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UyTnuBicTh LMTOJOTIYHMX Ma3kiB 1o [lama”ikonay 11070 AiarHOCTHKHU
LEPBIKaJIbHOI 1HTpaemiTeManbHoi Heomnasii 1 paky muiku matku Oyna 89,2%, a
cnernudiunicth — 73,0 %. YacToTa mepBikanbHOI iHTpaemiTeniaaIbHOT HeomIasii 1 paKky
mmitku Matku ckiana B I 1 I rpymax 39,8 % 1 25,9 %, BignoBigHO.

Puc. 1. Ma3zok-npenapar. 3BM4aifHa HUTOJIOT IS,
KaiTuHH moBepXHEeBOro mapy miockoro emirenio.®@apoyBaHHs 1o
PomanoBcbkomy. 30inbmenns 3aiBa x1000, cnpasa x250

Puc. 2. Ma3zok-npenapar pianHHoI HuTos0rii. Cymin noBepxHeBHUX i MPOMIXKHHMX
HIAPiB KJIITHH IU10CKOr0 enmiTeniro. IloBepxHeBi KIITHHH MICTATH MaJIeHbKe
NIKHOTHYHE AP0, (popMa KJIITHHH MOJIrOHAJbHA. PO NPOMIKHMX KJIITHH

MiCTUTH Api0OHO3epHUCTH XpomMaTHH. PapOyBanHs no [lananikouay.
30iuibmenns 3aiBa x 1000, cnpasa x250

Knacudikamiss muronoriyHoro pesyibTaTy JochimkeHHs 3a [lamanikonay
oJieprKayia HalO1IbITIe MOMUPEHHS Y CBITI ¥ BKITIOYA€ 5 OCHOBHUX KJIACIB :

1-i1 kJ1ac — HOpMaJbHA IUTOJIOTIYHA KapTHUHA, HE BUKJIMKAE TT1103PiHb;

2-i1 kiac — 3miHa mMopdosorii KIITHH, O0OyMOBJICHA 3aMalbHUM IPOIECOM Yy
MiXB1 Ta/a00 MM MAaTKU;
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3-# Kj1ac — BUSBIAIOTHCS OJIMHUYHI KIITHHHU 3 aHOMAIEIO siAep 1 IUTOIIa3MH,
OJTHAK OCTAaTOYHUU J1arHO03 BCTAaHOBUTHM He BraeThcs. [loTpiOHE NOBTOPEHHS
muronoriggoro  goOciiukeHHss a00  TICTOJOTYHE  JOCHIDKEHHS UL OUIBII
JIETAIPHOTO BUBYCHHS MATOJIOTIYHO 3MIHEHOT TKAHWHH;

4-i kjac — € OKpeMi KJIITHHU 3 SIBHUMHU O3HaKaMH 3JI0SKICHOCTI (aHOMaljbHa
IIMTOTIa3Ma, 3MIHEHI sipa, 301IBIIICHHS] MACH sIIep TOIIIO);

5-i Kjac — JuIsi Ma3Ka XapaKTepHE BEJIMKE YUCIOATUIIOBUX PAKOBHX KIIITHH.
Jl1arHo3 3J7105IKICHOTO TIPOLIeCy HE BUKIIUKAE CYMHIBIB.

TpaktyBaHHss MOPGOIOTIUHUX A1arHO31B 31HCHIOBAJIA 3a JIOTIOMOTOK0 3BEAEHOT
kinacudikamiinoi cucremu Richart [5,8] 1 uwuronoriunoi kmacudikaiii  3a
[Tanmanikonay (pwuc.l). JIyjs BHCTaBIIGHHSI OCTaTOYHOTO JiarHO3y BHUKOPHCTOBYBAJIH
tepmidogiorito CIN (CIN 1, CIN 2, CIN 3) 3 wMeroww 36 mo0O3HaYeHHs
NepenyXJIMHHUX 3MiH €MITeJII0 MMHKYM MaTKU 1 BU3HAYCHHS 1X CTYMHEHS TSHKKOCTI.
Richart B 1968 poriii 3anpononyBaB 1 BBIB TEPMIH «II€pBIKaJIbHA 1HTpacMiTETaIbHA
Heoruiazisny (CIN, CIN), mo € CMHOHIMOM TEpPMIHIB «IHCIUIa3is 1 MpeiHBa3UBHA
kapuuHoMmay. Jlerka mucriasis Biamosigae CIN I, momipna mmcmmaszigs - CIN I,
nousaTTss CIN III o6'eqnye Bakky mucrasiro 1 cancer in situ [9]. OOymoBieHO 1€
THM, IO IIUTOJOTIYHMX Ta TICTOJOTIYHHUX JH(PEPEHIIIOBATH BAXKKY JHUCIUIA3II0 1
MPEIHBA3UBHOTO PAK OJIMH BiJl OJIHOTO MPEACTABIISIE MIEBHI TPYAHOIIII, a TEPANEBTUYHA
TaKTHKa B 000X CHUTYyallifX 1IEHTUYHA, Y 3B'sI3Ky 3 MM BoHM Oynu 00'ennani B CIN
[II. JlTana TepMiHoOjOris NpuilHATa BCECBITHBROIO OpraHizalli€eld OXOPOHHU 3/I0POB'S
(BOO3, 1993). HaiiOupm crneuupiyHUM LHUTOJOTIYHUM KPUTEPIEM BipyCHO-
NanuioMHOi 1H(MEKIII MU BBaXKAJIM HASBHICTb KOMWJIOIIITOB, a TaKOX ILMTOJIOTIYHI
no3HayeHHs "3MiHM, XapakTepHi Juis BIIJI", «xoionutapHa aTUMisn, «KOWIOIUTO3

(puc. 3.)

Puc.3. Ma3zok-npenapar 3 muiiku matku. CIN II + HPV.
O3Haku nanisiomaBipycHoi iHexuii , KIITUHHU NPOMIKHOT0 IIAPY MJIOCKOT0
emiTeJ1ito 31 30UIbIIEHUMHM SAPAMHU | HEBEJIMKOI0 HEPIBHICTIO UTONJIA3MHU.
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HasBHicTh 0OakTepiaJIbHOTO BariHO3y B TMAIIEHTOK 3 TaIlJIOMaBiPyCHOIO
iHpekuielo € (HakTopoM, SKUN MIIBUIIYBAB PHU3UK BUSBICHHS LEPBIKAIbHOI
1HTpaemniTenalbHol Heorasli 1 paky muika mMatku Ha 19 %. [lanwmii pesynbTar
JE€MOHCTPY€E HEOOXITHICTh MOAAIBIIOT0 BUBUEHHS MOPYIIEHb BariHaJbHOTO 010TOIY
y JKIHOK 3 MamiJoMaBIpyCHO! 1H(EKII€I0 1 acoliiioBaHUX 3 HEI0 LEPBIKAIbHOI
1HTpaemniTenalbHOI HEOIUIA31€10 1 pAKOM IIMMKH MATKH.

Marepian ajis ITUTOJIOTIYHOTO 1 OAKIOCHTIKEHHSI Opalii MIISTXOM 3IMKpily 13
30HM TpaHc(opmarlii emiTenio Ta MUHKH MaTkd. OTpUMaHui KIIITUHHUM MaTtepial
HAaHOCWJIM TOHKHM IIIapOM Ha TNpeAMETHE CKJIO, (¢ikcyBanu 1 ¢apOyBanu 3a
3araJbHONPUHHITHMH B IUATOJOTIT MeToaukamMu. OHOYaCHO MPOBOJUBCS TOCIB Ha
YaIIKy 3 TTO)KUBHUMU CEPEIOBHIIIAMH, JIJIST BUSBJICHHS IMATOTCHHUX MIKpOOPTaHi3MiB.
Ilepen mochigKEHHSM OIIHIOBAIIM NPUAATHICT Ma3Ka ISl  LUTOJOTIYHHUX
JOCJIPKEHB 3T1THO 3 KPUTEPISIMU OLIHKU SIKOCTI IIEPBIKaJIbHOT0/BariHAIbHOTO Ma3Ka.
Ma3ok BBaXalld MPUIATHUM, SKIIO B HBOMY BUSIBISUIM KJIITHHU TIHIOCKOTO,
MATIHAPUYHOTO 1 METaIIa30BaHOro emiTeniio (30Ha Tpancopmarii). B maskax
KIHOK PENPOJYKTUBHOTO BIKY BUSBIBUIACS JA0Ope 30€peKeHUMHU KIITHHH TJIOCKOTO
emitenito He MeHme 10% Bclei miIom MOBEPXHI Ma3Ka, a TaKOX MiHIMYyM 2
CKOMUYEHHS (HE MeHIe S5 KITHH B KOXHOMY) 100pe 30epekeHHX KIITHH
EHJIOIEPBIKAILHOTO 1 (a00) MeTarIa30BaHOro MJIOCKOTO emiTenito. [[as Ma3KiB )KiHOK
B MEHOMAay3l BIJACYTHICTh C€HJIOIEPBIKAJbHUX KIITHH HE BBa)Kaju ITOKa3HUKOM
MOraHoi SAKOCTI Ma3Ka, OCKUIbKA I (Pi3iojioriuHa HOpMa [JIsi MEHOoMay3Hu.
HenpugatHum BBakaJli Ma3o0K, B SKOMY BEJIMKAa KUIBKICTh €JIEMEHTIB KpOBI 1
3aMaJieHHs] YTPYAHIOBAJM YW HAaBITh YHEMOXKJIMBIIOBAIM OIIHKY Ouibme 75%
eMITEeNATIbHUX KIITHH, a TaKOX «TOBCTI» Ma3KH, Ma3Kd 3 TOTaHOK (QiKcalli€ro
KJIITUH, HAsSIBHICTIO apTe(aKTiB.

3a CHIBBIIHOIIEHHSM YHCIA OPHAATHUX Ma3KiB JO0 3arajbHOi iX KUIBKOCTI
OI[IHIOBAJIM TOKAa3HUK 1H(GHOPMATHUBHOCTI IIUTOJIOTTYHMX MasKiB. JlociimKeHHs
IPOBOJMIN Ha CBITIOBOMY Mikpockomni ¢gipmu “SANNY™ (36unbmenns x 250) s
MOBHOT'O aHaJI3y OTPUMAHOIO0 MaTepialy €KTO 1 CeHJIOLEpBiKca: OIIHIOBAIN
erniTesNialibHl 3MIHU, ONUCYBAJIM JIUCIUIA31i, aTUITii, HASBHICTh €JIEMEHTIB 3aIlaJICHHS.
B 3akitoueHH1, KpiM BUCHOBKY, OIMCYBajacs IUTOJIOTIYHA KapTHHA Ma3Ka.

[{UTOOTIYHOMY OHKOCKPUHIHTY MiUISITAId BC1 KIHKH, CcTapii 25 poOKiB.
IaTepBan Mixk oOcTeKeHHAMU 7151 0ci0 BikoM 25-40 pokiB - 3 pOKH MPU YMOBI, 110
MOTEepPEAHIM UTONIOTIYHUIN Ma30K OyB HOpMaATbHHM.

bakTtepianpHuii BariHo3 (TapAHEPENbO3HUN, aHACPOOHWH) — He3aNmaTbHUIMA
CHUHJIPOM, TIOB'SI3aHUHN 3 J1c061030M MIXBOBOTO 010TOMY, XapaKTEepH3yBaBCs HAJAMIPHO
BHCOKOIO KOHIICHTPAII€I0 MIKPOOPTaHi3MiB, sIKI B HOPMI MPUCYTHI JIUIIE B HE3HAUHIN
kutbkocTi (Gardnerella vaginalis, Mycoplasma hominis, oOmniratai aHaepoOu -
Bacteroides, Prevotella, Peptostreptococcus, Candida spp. ) 1 pi3KUM 3HUKCHHSIM
BMICTY 200 BiICYTHICTIO JJAKTOOAIIMII, SIKI IOMIHYIOTh CE€peJl MXBOBOI Mikpodiopu y
’KIHOK penpoAyKTHUBHOTO BIKY (puc.4, 5).

Kniniyna niarHoctuka OakTepiallbHOTO BariHO3y BKIIIOuYajia ckapru (HaaMipHi
MIXBOBI BHUJIUICHHS CipyBaTo-O1JI0TO KOJHOPY 3 HEeTPHEMHAM (puOHUM 3amaxom).
BuninenHs mocwiItoBaNMCs TICIS CTaTeBOrO0 KOHTAKTy a0o T 4ac MeHCprauu 1
TpUBaIU pokamH. K TOKaszaau JOCTIIHKCHHS HAYKOBIIIB, TPUBAJII BUIUICHHSIMH 3
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HiXBH CYHPOBODKYIOTHCSI BHPAKEHUMH IICUXOCOMATUYHMMHU MOPYILICHHAMH, Y
TPETHUHU XBOPHX MOPYIIYETHCS CTAT€BAa Ta PEMPOAYKTHBHA (YHKIUS, 3HIKYETHCS
Mpale31aTHICTh.

Puc. 4. Ma3ok-npenapar 3 muiiku MaTtku. EsiemenTun rputda pony Candida, «roJti
SIIpa» pPO3pPYyLICHUX KJITHH, 0aKkTepiajbHa ¢uiopa- naanuku. @apOyBaHHs 10
PomanoBcbkomy x1000

Puc.5 Ma3zok-npenapar. bakrepianbHuii Barino3. «K/JI0490Ba KJIITHHA
KOKOOanuasipHa ¢iopa HABKPYT KJITHH y BUTJISIAL «0aKTepiaJIbHOTO MiCKY».
®apoyBanus no Pomanoscokomy x1000

BucHoBku

HasBHicTh 0OakTepiaJIbHOTO BariHO3y B TMAIIEHTOK 3 TaIUJIOMaBipyCHOIO
iH(pekiiero € ¢pakTopoM, SKUH MIABUIILYBAaB PU3UK BHUSBICHHS IIEPBIKAJILHOI
IHTpaeniTeMalbHOI Heorasii 1 paky muiku matkd Ha 19,0 %. lanuii pesynbrar
JIEMOHCTPY€E HEOOXIHICTh MOJIAJBIIOT0 BUBYEHHSI MOPYIIEHb BariHAJILHOTO 010TOITY
y JKIHOK 3 ManuIoMaBIpyCHOI 1H(EKII€0 1 acoliiioBaHMX 3 HEK LEPBIKAIbHOIO
IHTpaeniTeNalbHO HEOIIAa31€10 1 PAKOM ITMHKHA MATKHU.
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TakuM 4yuHOM, TIPU OPraHi3OBaHIN Ta YITKIA POOOTI TMHEKOJOTIB, KIIHIYHUX
IIATOJIOTIB, CKPUHIHT MATOJOTIi IMMHKA MATKH JIa€ MOKJIMBICTh MPOBECTH PAHHIO
TIarHOCTUKY Ta aJeKBaTHE JIIKYBaHHS, IO J03BOJISIE 30€pETTH 37I0POB’S KIHKH Ta i
PENpOAYKTUBHY (DYHKIIIIO, a 11, B CBOIO UEPTy, Ma€ BaXJIMBE COLlaJIbHE 3HAYCHHS.
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Abstract. Bacterial vaginosis, which leads to a deficiency of immune protection at the level of
the mucous membrane of the vagina, is a frequent companion of papillomavirus infection. We have
studied the role of bacterial vaginosis in the pathogenesis of cervical intraepithelial neoplasia and
cervical cancer in patients with papillomavirus infection. It was established that modern
technologies, such as new smear processing systems, including (liquid cytology), computerization,
microbiological examination, are useful for increasing the sensitivity of cervix pathology screening.

Key words: exo-endocervix, neoplasia, papilloma, viral infection, bacterial vaginosis.
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PART OF INTESTINAL PATHOLOGY AMONG THE CAUSES OF

HOSPITALIZATION AND MORTALITY PATIENTS WITH COVID-19
YACTKA IHTECTUHAJIBHOI MATOJOT' i CEPEJ NPUYMH T'OCHITAJIIBALIT TA
CMEPTHOCTI XBOPUX HA COVID-19
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eyn. Ilupoeosa, 54, 21018
National Pirogov Memorial Medical University, Vinnytsia, Pyrogova, 54, 21018

Anomauyia. Koponosipycha x6opoba 3anuuaemscs Ha pazi akmyanvbHoio npoonemoro. O3naku
ypaocicenun ILIIKT uacmiwe Oiacnocmytomvcsi y nayienmie i3 nepebicom cepeoHboi 8aiCKOCMI
COVID-19 — 25 xeopux (50%), 3 nux: empama anemumy — 19 (42%); nyooma — 9 (18%),; 6orvosuii
cunopom — 3 (6%); memeopusm — 3 (6%), oiapes — 5 (10%) eunaokis. Cnocmepicaromubcs maKoxtc
nio8UWeHHsl PIBHI8 OIOXIMIYHUX NOKA3HUKIG: 3a2albHo2o Oinipyoiny v 9 nayienmis (18%); AJIT — 4
xeopux (8%);, ACT — 2 xeopux (4%),; ecix noxaszuuxie — 6 xeopux (12%). Cepeo nomepnux
Oinvwicmes nayieHmie K MHCIHOYOI, MaK i 4ON08I40I cmami MAlu YPAadiCeHHs. cepyeso-cyOUHHOI,
MPABHOI, ceyo-8UdibHOL, eHOOKPUHHOI cucmem 3 yacmkoio 60% ma 52,28% eionosiono. Yacmoma
0ia2HOCMY8aHHS He20CNIMAIbHOI NHe8MOHII 8IpYCHOI ma OakmepianbHoi emionoii cymmeso He
8IOpI3HAEMbCAL ceped nayichmie 000x cmamet. Ilpuuunoro cmepmi ceped nepesadcHoi KilbKocmi
nayieHmies, wo nepedysanu Ha CMAYiOHAPHOMY NIKV8aAHHI V iHpexyitinomy 6i00inenni (87,6 JHCIHOK
ma 80,36 uonosikis), € 8ipycna nheemonis. Inwa npuuuna cmepmi 6yna ecmanosnena y 12,4%
acinok ma 19,64% uonosikie  ionogiono. Haeedenuii  KiHiuHulli  6UNAOOK  nepeodicy
ncegdomembpanosnoco Koaimy. Habymuii 0oceio OiacHocmuku ma J1iKY8AHHS KOPOHABIPYCHOL
iHgexyii, y momy uuci i3 KomopOiOHOW NAMONO2IEN, HEOOXIOHO NPUMHONCYBAMU A 8PAX08YBAMU
V KOHKPemHitl KAIHIYHIU cumyayii.

Kniouosi cnoea: Koponasipycha xeopobda, cmpykmypa CMepmHOCMmI, I[HMeCmMUHAIbHI
CUMNMOMU, NCEBOOMEMOPAHOZHULL KOTIM.

Beryn. KoponaBipycHa xBopo0a 3HaYHO 3MIHMIA CTPYKTYPY 3aXBOPIOBAHOCTI Ta
CMEpPTHOCTI y CBITI Ta B YKpaiHi 30kpeMa. Ctanom Ha 19 xoBTHS 2023 poKy y CBITI
iH(pikoBaHO 696 731 063 HaceneHHs, 3 HUX B Ykpaini — 5 557 995 (13,5%).

3apeecTpoBaHO CMEPTENbHUX BUMANKIB y cBiTi 6 927 438 (1%). PiBenp
CMEpTHOCTI B YKpaini BnBiui Bumuid Ta ckiaagae 2% (112 418 mamieHTiB) Bixg
KUIBKOCTI 3aXBOPIBIIKX. 3arajioM YKpaiHa 3aiiMae 26 MicCIll cepesi KpaiH yChoro CBITY
32 TOKa3HUKOM CMEpTHOCTI. Asie Oynu mepioau, Kol YKpaiHa 3a MOKa3HHUKAMHU
CMepTHOCTI Bxojuia y I 'saTipky mnepmocti micas Kanamu, CIHA, Himeuuunu,
®pantii [6,7].

Bnoponox mnaHzemii  BUpilieHO 0e3nid  NUTaHb WOA0 NpO(dIUIaKTHKH,
BaKI[MHAIIl1, aMOyJIaTOPHOTO Ta CTAI[IOHAPHOTO JIIKyBaHHS XBOPUX Ha KOPOHABIPYCHY
XBOpOOy, BEIEHHS MAaIl€HTIB 3 TMOCTKOBIHMM CHHIPOMOM; IPOBEACHUN aHaJI3
YaCTOTH 3aXBOPIOBAHOCTI Ta CMEPTHOCTI, Mepediry 3aXBOPIOBaHHS, y TOMY YHCII
MOETHAHOTO 3 KOMOPO1IHOIO MATOJIOTIEO.
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Benuka KiIbKICTh JOCHIIKEHb MPUCBAYEHA BUBYCHHIO TOIIMPEHOCTI YpaKeHHS
ITUTYHKOBO-KHUIIIKOBOTO TPAKTY, IO CYIPOBOKYIOTh THIIOBI PECIIPATOPHI CHMITTOMH.
be3scyMHIBHUMHE Ha pa3i € AaHl MO0 MOXKIMBOTO Iepediry KOpOHaBIPYCHOI XBOpOOH
TUTBKH 3 PECHIpaTOPHUMH CHUMITOMAaMH, Yy iX TMO€AHAHHI 3 O3HAKAMH YPaKCHHS
TPAaBHOI CHCTEMH, PiJIIie IarHOCTYIOThCS 130JbOBaHI CHUMIITOMH 31 CTOPOHU
IITyHKOBO-KHUIITKOBOTO TPAKTY [2].

Busznaueni HalmommpeHinn THIOBI 1HTECTUHAJIbHI MHPOSBM KOPOHABHPYCHOI
XBOpPOOU: 3HIIKEHHSI aleTUTy JI0 aHOpPEKcli, HymoTa, OJtoBaHHS, Jiapes, OuUlb Yy
’KWBOTI, MIiABUINEHUM PIBEHb TpaHCaMiHA3; 4YacTOTa BUHUKHEHHS Ta KOMOIHAIil
CUMIITOMIB PI3HOMaHITHI. Y OUIBIIOCTI JOCHIPKEHb KUIBKICTh TAIIEHTIB 31
3HIDKEHUM aneTuToM nepeBaxae BiJ 30,4 1o 66,7%, 3anexHo Bl nepediry XxBopoou:
CEpPEIHbO-TSKKOTO UM TsDKKoro [5, 11, 13].

VY wnamomy nocinipkeHH1 o3Haku ypaxkeHHsi IIIKT wacTtime miarHOCTYrOThCS Y
MaIi€HTIB 13 cepenubo-BakkuM mepedbirom COVID-19 — 25 xBopux (50%), 3 HuX:
BTpara ametuty — 19 (42%); mynora — 9 (18%); 6onpoBuii curgpom — 3 (6%);
meteopusM — 3 (6%); miapes — 5 (10%) Bunaakis. Ha Hamry nyMKy 3MiHHM aneTuTy
MOB’si3aHI 3 I1HTOKCHKAIIIEI0 Ta HE MalTh O€3MOCePEeIHBOTO BITHOIICHHS [0
ypakeHHs TpaBHOi cucteMu [1].

CynepeunnBi gaHi OTpUMaH1 JOCHITHUKAMH IIOAO BIUIMBY YPaKCHHS TPaBHOI
CUCTeMH Ha Tmepedir KOpOHaBIpYCHOI XBOpPOOM Ta CMeEpTHICTh. AmnHamiz 23
JTOCTIHKEHHB 3 BIAMOBIIHUMEU oco0amu (n = 3800), y SIKUX OLIIHIOETHCS 3B’ 30K MiXK
TSOKKICTIO 3aXBOPIOBAHHSI Ta [1apeero, IOKaszaB, IO, OCOOM, SKI Mayd Jdlapero,
yacTime nepeHeciau Baxky ¢popmy COVID-19 (cmiBBigHomenHs masncis: 1,715 95%
Al: 1,31-2,24; p <0,0001; 12 = 10%) [9, 10].

bine y xuBOTI OyB MOB’s3aHMM 13 Maibke B 2,8 pa3u MIIBHUIICHUM PU3UKOM
Baxxkoi popmu COVID-19; 3anexHicth Mk aiapeeto Ta TsokkicTio COVID-19 Gyna
pErioHaNbHO PI3HOIO; HyAOTa Ta OIr0BOTA Oyl OOMEXKEH1 Y 3B’SI3KY 3 IiJIBUILICHUM
pusukoM Baxkoi popmu COVID-19 [14].

Onucani Ta NpoaHadi30BaHI IHTECTHHAJBHI YCKJIAJHEHHS, L0 BUHHUKAIA Yy
XBOPUX Ha KOPOHABIPYCHY XBOPOOY.

[IpoBenenmii JIOTICTHYHMIA PETPECIHHUN aHalli3 HE BHU3HAYMB ILIYHKOBO-
KHUIIKOBY KPOBOTEUY SK HE3ICKHUNW TPEIUKTOP CMEpTHOCTI. JlOCHiqHUKH
BBa)KAIOTh, 1110 Y Mall€HTIB OyJa OuIbIa MMOBIPHICTh PO3BUTKY ILTyHKOBO-KHIIIKOBOT
KpOBOTEYl MPU 3aCTOCYBaHHI TEPaNeBTUYHUX J103 AHTUKOAryiasHTIB (29,7% mnpotu
12,8%, p = 0,003), crepoiniB (37,8% mnpotu 18,5%, p = 0,003) ta IIBJI (48,6%
nporu 30,4%, p = 0,018) [3, 8&].

3a nanumu 53 mxepen aiteparypu 3 55 245 nanientamu 3 COVID-19 (4 955 He
nepexuin Ta 50 290 Buwxunum). HagBHICTh IITYHKOBO-KUIIKOBUX CUMIITOMIB HE Oyiia
noB’s3aHa 31 cMepTHicTio marnieHtiB 3 COVID-19 (OR=0,88; 95% I 0,71-1,09;
P=0,23). llo crocyeTbcs iHAUBIAYaTbHUX cUMITOMIB, TO Aiapes (OR=1,01; 95% I
0,72-1,41; P=0,96), aynora/6moBanus (OR=1,16; 95% /11 0,78-1,71; P=0,46) 1 611 y
xuBoti (OR=1,55; 95% JII 0,68-3,54; P=0,3) Takoxx moka3ajau HEBIAMOBIIHICTH 31
cMmepTio marienTis 3 COVID-19 [12].

binbiiicth 1OCHIIHUKIB CTBEPDKYIOTH, 110 HMOBIPHICTH CMEPTI BUIIIE Y JIOACH
13 CYIyTHIMU 3aXBOPIOBAHHAMH, TAKUMU SIK CEPLIEBO-CYAMHHI 3aXBOPIOBAHHS, Aia0eT
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1 BUCOKHUI KPOB'STHUN THUCK [4].

[Tangemiss kopoHaBipycHOi XxBopoOuw y TpaBHi 2023 poKy 3a BH3HAYCHHSIM
BcecBiTHBOI opranizaiiii 0XopoHHU 310poB’s 3aBepimiachk. B Ykpaini 3 1 mumas 2023
POKY CKacOBaHHMM KapaHTHH, SKHH OyB BCTAHOBJISHHH 3 METOIO 3amoOiraHHs
MOIIMPEHHIO TOCTPOi pectiparopHoi xBopoou COVID-19.

BpaxoByroun BHCOKI TOKa3HUKH CMEPTHOCTI, TMEPIOJUYHE 3POCTAHHS
3aXBOPIOBAHOCTI, BEJIMKI CTPOKM THMYACOBOI HEMpAaIe3daTHOCTI, 1HBaJiIi3aIlis,
aKTyaJIbHUM € MOUIYK MPEIUKTOPIB BaXKKOTO, YCKIAAHEHOTO Nepediry Ta CMEpPTHOCTI
KOPOHAaBIPYCHOI XBOPOOH.

Meta Ta MeToau. MeTor0 € BUBYEHHS YaCTOTU 1HTECTUHAIBHOT MATOJIOT1T cepet
MPUYUH CMEPTHOCTI Yy TarieHTiB, ski rocmitanizoBani 3 SARS-CoV-2. Hamu
MPOBEJCHUN PETPOCIIEKTUBHUM aHaII3 IPUYMH CMEPTHOCTI BCIX MAIlI€HTIB, SIKi Oyau
rocmitanizoBani 3 SARS-CoV-2 y nepion 3 2020 ta 2001 pokiB, BU3HaueHa 4acTKa
1HTECTUHAJIBHOT MATOJIOT11, ONIMCAaHUN KIIIHIYHUN BUMAI0K (DyIbMIHAHTHOTO Mepediry
MICEBAOMEMOPAHO3HOTO KOJITY.

PesyabTratu. Hapa3i mu mnpoanamizyBanu icTopli XBOpPOO TMAIli€HTIB, IO
3HAXOJWJIUCh Ha CTallOHAPHOMY JIKYyBaHHI Yy BIJJIUIGHHI aHECTEe310/0rii Ta
peanimariii, iH}ekiiiHoMy Ta mynbMoHonoriyHoMy BiaauieHHsx KHIT «Binnuipka
Micbka KiiHIuHa JikapHs Nel» Bmpomomxk 2020 Ta 2021 pokiB. 3a maHuil nepioa
nomepiu 803 ocodu. Cepen nanieHTiB 0yno 379 xinok (47,2%) Bikom Big 21 mo 103
pokiB Ta 424 vonosikiB (52,8%) BikoM Big 18 10 95 pokiB, cepeqHiil BIK CTAHOBUTD
69,97 + 13,37 ta 67,24 + 13,27 pokiB BianosiaHo. JXKiHok BikoM ctapiie 80 pokiB
Oyno yaBiui O61b1ie (26,0%), Hixk vonoBikiB (13,8%), p < 0,001 (puc. 1).
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Pucynok 1 — I'eniepHoO-BiKOBa CTPYKTYpa OMeEPJIMX NaLi€HTIB, %
(ps0 1 — wonosiku, pso 2 — Hcinku)

CepenHiil BiK 4OJIOBIKIB Ta )IHOK CYTTEBO HE BIJIPI3HSAETHCS Ta CTAHOBUTH 69,97
+13,37167, + 13,27 pokis BianmosigHo (p > 0,05).

[Mpuunnamu cmepti Oynu: BipycHa SARS COV-19 nHeBMOHIs, HETOCHiTalbHA
ITHEBMOHIs OaKTepiaIbHOT €T10JI0T11, 1HII 3aXBOPIOBAHHS.

Cepen nmoMepiux HEBILAKIAIHOI TOIOMOTH NOTpeOyBasid OUIBLIICTh MAILIEHTIB K
KIHOUYOT, TaK 1 YOJIOBIYOI CTaTi 3 ypaK€HHSM CEpIIeBO-CYAMHHOI, TPaBHOI, CEYO-
BUJIUIBHOI, €HJOKPUHHOI cucteM 3 vacTtkoro 60% Tta 52,28% BinmosigHo. Yactka
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HETOCHITAJIbHUX THEBMOHIM BIPYCHOI Ta OakTepiaabHOi €TIONOorii CYyTTEBO HE
BIJIPI3HAETHCS CEpell MaIieHTiB 000x crarei (p > 0,05).

[TprunHOIO CMEPTI cepel MepeBa)KHOI KUTBKOCTI MAIIEHTIB, 110 nepedyBaiu Ha
CTaI[lOHapHOMY JIIKyBaHHI y 1HGekuiiHomy BiaaineHHi (87,6% >xiHOK), € BipycHa
nHeBMOHis. [Hi1a mpuunHa cmepTti Oyia BctaHoBieHa y 12,4% xiHok (puc. 2).

60
50 21
L2 12.4 10,5
il BS5 oo
0 F
PeaniManiize Indexuifine IHmi

® BipycHa MHeBMOHIA ™ bakTepialbHa ITHEBMOHIA ™ [HIIL
Pucynok 2 — YacTka XBOpPHX KiHOYO0] CTaTIi, 110 IOMEPJIN Y BiJAlIEHHAX

KJiHiKH, %

YacTora cmepTi MAaIl€HTIB YOJOBIYOI CTaTi BiJ BIPYCHOI IHEBMOHII Yy
crienian3oBaHoMy iH(DeKiHOMY BifauieHH] cTaHOBUTH 80,36%, 3 1HIIUX MPUYHUH
nomepinu 19,64% yomnosikiB (puc. 3).

100 %
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24,61 19.64

-l 55355
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BBipycHa mHeBMOHiZ M bakTepialbHa THEBMOHIA [Hmmi

Pucynok 3 — YacTka XBOPHX 40JI0BIYOI CTATI, IO MOMEPJIN Y BIAALIEHHAX
KJiHikn, %

CTaTHCTUYHO 3HAUYMMOKO € YacTOTa CMEPTHOCTI, L0 CIPUYMHEHA BIPYCHOIO
MTHEBMOHI€I0 Yy 1H(EKIIHHOMY, Y MEHUIIl Mipl peaHIMaliiHOMY BIJIUICHHAX Y
MOPIBHSIHHI 31 CIEMiaTi30BaHUMH BIAAUICHHSIMH TEPaneBTUYHOTO MpodiIio, e
nepeBakHa KUIBKICTh MPUYMH CMEpPTI 0OyMOBJIEHA YpaKeHHSM IHIIUX OpraHiB Ta
cucteM (puc. 4).

HaiiuacTiime mnpuYMHOIO CMEPTHOCTI Cepel  XBOpUX 000X crareid €
aTepoCKIIEpOTUYHE ypakeHHs cepusa Ta cyauH: 38,9% y xiHok Ta 42,1% cepen
YOJIOBIKIB (TUIBKH y OJHOMY BHITAJIKy — TimepTpodiuna kapmaiomionaris). [TaTomoris
LEHTPaJIbHOI HEPBOBOI CHUCTEMM TMPEACTaBJI€HA IMIEMIYHUM Ta Te€MOpariyHuM
IHCY/IbTaMH, TUXalbHOI CHCTEMH — XPOHIYHUM OOCTPYKTUBHUM 3aXBOPIOBaHHSIM
nereHb. [Ipu yomy y JKiHOK mepeBa)kaja CMEPTHICTb BiJl 1HCYJBTIB: 26,3% BUIAJIKIB,
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MOPIBHSAHO 13 4osoBikamu - 16,8% BumnankiB. [{upo3 nediHKHM CHOPUYMHUB BTPUYI
OUIbILIYy CMEpPTHICTh y YOJIOBIKIB, MOPIBHSAHO 3 KiHKamu: 16,8 Ta 5,3% BIAMOBIIHO.
Cepen IHOK Ta YOJOBIKIB JIOKaI3aIlis 30SKICHUX HOBOYTBOPEHB € 30BHIINIHBOIO, 11€
IIpsIMA KUIIKA, [MAWKA MaTKH.

YoI0BIKH KiHkH
® CCC

m JIC
= 3H

IHC
B - o
Pucynok 4 — Yacrora ypaeHHs1 BHYTPillIHiX opraHis, %

(CCC — cepyeso-cyounua cucmema, /[C — ouxanvua cucmema, 3H — 3105KicHi
Hoeoymeopenus, [IHC — yenmpanvrua nepsosa cucmema, TC — mpasna cucmema)

Bropogomx 2020-2021 poxky mnomepria JuIle OJHA Talll€eHTKa, M0 Oysa
rocmiTajizoBaHa 3  TPUBOAY  KOPOHABIPYCHOI  XBOpOOHM,  TMO€JHAHOI 3
MICEBIOMEMOPAHO3HUM KOJIITOM.

HaBoaumo nanuii KJIiHIYHUN BUTIAJIOK.

[Tamientka T., 36 pokiB, rocmiTanizoBaHa 31 CKapraMu Ha TMOCTIHHWI Oidb B
eniracTpaJibHIi AUISHIN, 301UTbIIeHHs YacToTu nedekartii 70 8-10 pa3iB Ha g00y, Kai
piAKUI, MOMapaH4yeBOTO KOJbOPY; 3aAMILKYy IiJ 4Yac MIHIMaJbHOTO (Di3UUHOTO
HABaHTA)XCHHS, IEPIOIUYHY HYAOTY, CIpary, CXyIHeHHS Ha 5 Kr 3a octanHi 10 AHiB.

Xesopie 10 onig. lIpuunHOI0 3aXBOPIOBAHHS BBa)Kajla KOHTAKTYBAaHHS 3 XBOPUMHU
Ha COVID-19. TIJIP SARS CoV2 — no3utuBHuii. [lodyanu TypOyBaTu BIJACYTHICTb
aneTHUTy, BUPAKEHA 3arajibHa CIa0KiCTh, IMiABUIIEHHs Temieparypu Tina 10 39°C. 3a
MEIUYHOIO JIONIOMOTOI0 He 3Bepraiack. [lpuiiMana >kapo3HIKYIOYl Ipernaparu.
AnTHOaKTepiallbHI Mpenapatd He 3acTOCOByBaIMCch. Ha 6 jeHb XBOpoOW cTaH
MIOTIPIIMBCSA Yepe3 IMOSBY MEPIOJUYHOTO MEPEHMHUCTOro OOJI0 B JKUBOTI, Jiapei.
UYepe3 3 nH1 3BEepHY/IACh 32 MEAMYHOIO JIOMOMOTOI0 y 3B’SI3KY 13 BUHUKHEHHSIM
3aJIUILIKH.

Disuxanvre obcmencenns. Cran Baxkuit. Temneparypa tima 36,2°C. Illkipa
Omima, cyxa, Typrop 3Hmxenuid. [lepudepuuni aiMmdaTudHi By3Iu HE MalbIyHOThCS.
Yacrora nuxanHs 24 wa xBwiuHy. Caryparis kucHio 92%. Han nerensmu
BUCIIYXOBY€TBHCS OCJIa0lieHe BE3UKYIsSIpHE AUXaHHsS. AprepianbHuit THCK 90/60 MM pT.
ct. Tonu cepist putmiuHi, ociabneni. Yactora cepreBux ckopoueHb 107 Ha XBHINHY.
SA3uk cyxuil, yuctuid. JKMBIT Bhanuii, CUMETpUYHHUM, TpuUiiMae ydacTb B aKTi
nuxaHHsa. Iliq 4Yac moBepxHEBOiI Tajblallii MepeaHs 4YepeBHAa CTIHKa M sKa,
6e30omicHa. Ileuinka He 30UIbIIEHA, Kpal TOCTpuil, 0e300TICHUNA, €TaCTUYHUH.
Cenesinka He nanbiyerbest. CumnToM [lacTepHalibkoro HeraTUBHUM.

Pe3ynpraTé  JIOJIATKOBUX  METOMIB  JOCHUDKEHHA. Ilemorno6in 208 r1/m,
epurpouut 6,89 x 10'%/m, neiikomutn 9533 x 10'%/n, meramienonmtn 8%,
nanuukosiaepHi  18%, cermenrosiaepHi 45%, nimdoruta 4%, moHouuTH 4%,
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IIBUJIKICTh 3C1IaHHSI €PUTPOLUTIB 3 MM/TOJ., IIIOKO3a KpoBi 4,8 MMOJIL/J1, OLTipyOiH
3aragbHui 13,2 mmons/in, AJIT 0,31 mxmons/a, ACT 0,25 mxMomnbs/n, kamid 3,5
mMmoutb/i1, Hatpid 142 mmone/n, MCKT OI'K: maeBmoniss COVID-19 etionorii Bix 15
1o 40%, nuHaMiKa HeraTHBHA.

Bcmanosnenuti  nonepeduiti  diaenos:  HerocmitaabHa — moJicerMeHTapHA
nHeBMoHisE 060x serens. JIH 1. Toctpa pecnipatopHa kopoHaBipycHa iH(ekis-19,
Baxkuii mepeoir. [lceBmomemobpano3uuii komit. Jeriapararris II ct.

Uepes n00y, He3BaKalOud Ha CUMIITOMATUYHE JIIKYBaHHS, CTaH TNalllEHTKU
NOTIpIIUBCS. 301IBIIMIACE IHTEHCUBHICTh OOJI0 B KHUBOTI, BUHUKIIA YacTi TCHE3MH.
Uepes 3 romunau BigOynacs 3ynmuHKa CEpIEBO-JEreHEBO1 MisUbHOCTI. Peanimariiiini
3axo/iu 0e3pe3ysbTaTHI BIPOAOBK roguHu. byna koHcTaroBaHa 01010T14HA CMEPTh.

Ilamonocoanamomiunuil diacHo3.

OcHoBuuii. IlceBnomemOpano3nuii totambHuii komiT (Clostridium difficille
MO3UTUBHE TUITYBaHHA NMPOayIeHTIB A, B, A/B TokcuniB BuzHaueHnusm [1JIP).

Yexknagnenns. Cepo3Huii peakTUBHUN MEPUTOHIT. BHOpuHHUN HecnenudiuyHuit
cepo3Huit npoMikHUM renatut. CyOeH10KapaialbHII KPOBOBWIIUB JIIBOTO IMITYHOUKA.
HaGpsix nerens. [ductpodiss Ta HepiBHOMIpHE TMOBHOKPIB’S MapeHXIMaTO3HUX
OpraHis.

CynyTtHi 3axBoproBaHHs. [ocTpa pecmiparopHa kopoHaBipycHa xBopoba (ILJIP
no3utuBHM). HerocmitanbHa mnomicerMeHTapHa mHeBMOHIS 000x jerenb (MCKT
OI'K 15-40%). Kanauno3 kuniedHuka (0akTepiooriyHe JOCTiKEHHS BMICTY TOHKO1
Ta ToBcTOi Kniku — Candida 10° KYO).

TpuBamicTe 3axBoproBaHHs J0 rocmitam3amii 10 1gHIB, nepeOyBaHHSI Yy
cTalioHapi — 26 roJuH.

3ak/Il04eHHs] TA BHCHOBKH. XO4a CKapru 31 CTOPOHHU IUTyHKOBO-KHIIIKOBOTO
TPaKTy BHHHMKAIOTh Ha MaTo(i3i0NOriYHOMY T y 3HAYHOI KUIBKOCTI XBOPUX Ha
KOPOHAaBIPYyCHY XBOpPOOY, BOHH HE € MPEAUKTOPAMHU TSHKKOTO Mepediry Ta CMEpPTHOCTI
namieHTiB. Jliapes Takok Moxe OyTH TPOSBOM aHTHOIOTUKACOIIMOBAHOI Jiapei,
CUHAPOMY  HAJUIMIIIKOBOTO  OakTepiadbHOTO pPOCTY, KaHAWUJO03y KHUIIECYHHKA,
MICEeBIIOMEMOpPAaHO3HOTO KomiTy. HaBenenuii KIHIYHUN BUIAIOK € CBITYEHHSM TOTO,
[0 HE MOYKHA HEJOOIIHIOBAaTH a00 HEXTYBaTH CHMIITOMAMH TOPYIICHHS TPAaBJICHHS
yepe3 HEBEJIMKY KUIbKICTh maiieHTiB. HaOyTuil 10oCBiJ A1arHOCTHKU Ta JIKyBaHHS
KOpOHaBIpyCHOI 1H(]EKIlli, y TOMy 4Yucii 13 KOMOPOITHOIO TAaTOJIOTIEN, HEOOXITHO
IPUMHOKYBATH Ta BPaXOBYBaTH y KOHKPETHIN KIIIHIYHIN CUTYyaIlii.
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Abstract. Corona virus disease remains an urgent problem. Signs of damage to the
gastrointestinal tract are more often diagnosed in patients with a course of moderate severity of
COVID-19 - 25 patients (50%), of which: loss of appetite - 19 (42%), nausea — 9 (18%), pain
syndrome — 3 (6%), flatulence — 3 (6%), diarrhea — 5 (10%) cases. Increased levels of biochemical
indicators are also observed: total bilirubin in 9 patients (18%); ALT — 4 patients (8%); AST — 2
patients (4%), all indicators — 6 patients (12%). Among the deceased, the majority of both female
and male patients had damage to the cardiovascular, digestive, urinary, and endocrine systems with
a share of 60% and 52.28%, respectively. The frequency of diagnosis of nosocomial pneumonia of
viral and bacterial etiology does not differ significantly among patients of both sexes. The cause of
death among the majority of patients who were hospitalized in the infectious department (87.6
women and 80.36 men) is viral pneumonia. Another cause of death was established in 12.4% of
women and 19.64% of men, respectively. A clinical case of the course of pseudomembranous colitis
is given. The acquired experience of diagnosis and treatment of coronavirus infection, including
with comorbid pathology, must be multiplied and taken into account in a specific clinical situation.

Key words: COVID-19, mortality structure, intestinal symptoms, pseudomembranous colitis.
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ART THERAPY OF CANCER PATIENTS IN THE CONTEXT OF THE
COVID19 PANDEMIC AND WAR IN UKRAINE

Rybin A.L,

Kuznetsova O.V.

Odessa National Medical University,

Department of Radiation Diagnostics, Therapy, Radiation Medicine and Oncology

"For the sake of goodness and love, a person should not
allow death to take over your thoughts ...”

Abstract. After the diagnosis is made, a cancer patient goes through a long period of
acceptance and awareness, which certainly leaves an imprint on his psycho-emotional state. And
the emergence of another unexpected negative factor, like war and the COVIDI9 pandemic,
multiplies the degree of depression, panic, despair, denial of the fact of the disease, and sometimes
refusal of treatment.

Goal and tasks. To assess the effectiveness of art therapy in complex antitumor treatment in
patients with locally advanced or metastatic HER2-negative hormone-dependent breast cancer
(HRCC), stimulation of patients' skills for unlimited creativity, an emotional outburst of negative
energy.

Materials and methods. 25 patients with thyroid cancer: 17 (68%) - metastatic cancer (of
which, damage to the bones of the skeleton - 13 (76.4%), lungs - 4 (23.5%), orbit - 1 (5.9%), liver -
1 (5.9%), ovaries - 2 (11.8%), peritoneal carcinomatosis - 3 (17.6%), ascites - 2 (11.8%). 8 (32%)
patients have locally advanced cancer The patients studied the effectiveness of anticancer therapy:
letrozole 2.5 mg per day daily + palbociclib 125 mg per day from 1 to 21 days daily against the
background of art therapy (pictures "by numbers"). Patients independently chose drawings, colors,
images, canvas sizes, and timeframes for completing the work, as well as pronounced their choice.

Results. Complex antitumor treatment (letrozole + palbociclib) against the background of art
therapy made it possible to achieve an objective effect in 21 patients (2 (9.5%) - CR, 12 (57.1%) -
PR, 7 (33.3%) - SD), progression of the process - 4 (16%). 14 patients chose flower drawings
(56%), 4 - landscapes (16%), 3 - animals (12%) and 4 - other (16%). The majority of patients
(60%) chose a drawing in dark colors as their first work, and the subsequent ones were done with
bright colors, which indicates an improvement in the psycho-emotional status, quality of life of
patients against the background of art therapy and was associated with the disappearance of
despondency and uncontrollable fear.

Keywords: art-therapy, breast cancer, quality of life, COVID-19, war in Ukraine

In February 2022, as a result of a full-scale invasion of the aggressor, a war
broke out in Ukraine, the consequences of which are also reflected in the condition of
cancer patients. Already now there is an increase in the incidence of cancer, the
formation of forms of cancer resistant to treatment and the emergence of more
aggressive variants of the course of the disease [2].

2020 has become a test for all of us, as well as an occasion to find a way out of
even the most absurd situation. How to continue special treatment for a cancer
patient, adhering to the timing of the introduction of cytostatics and the continuity of
care in a pandemic COVID-19? Cancer patients are at high risk for COVID-19
infection and need to continue anticancer therapy. Discontinuation of chemotherapy
or targeted therapy, discontinuation of hormone therapy or immunotherapy - today, in

quarantine, tomorrow - will reduce overall and relapse-free survival.
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On March 13, 2020, the American Society of Oncologists ASCO published
guidelines for the management of cancer patients in the context of the COVID-19
pandemic, according to which cancer patients at risk for severe COVID-19 [6, 12]
are:

patients 65 years and older;

patients with concomitant chronic diseases of the cardiopulmonary system;
patients receiving chemotherapy;

obese patients (BMI> 40);

patients receiving immunosuppressive therapy;

patients with decompensated conditions, such as diabetes.

To reduce the risk of infection, it was recommended to reduce the number of
visits to oncology hospitals. In this regard, all cancer patients should be divided into
three categories [9, 10]:

1. Patients who require immediate initiation of cancer treatment or continued
drug treatment because the risk of progression or death from the underlying disease is
higher than the risk of SARS-CoV-2 infection.

2. Patients who may be delayed in initiating therapy (for example, patients who
have already received multiple lines of palliative chemotherapy due to the
progression of the cancer process and have no symptoms of the disease).

3. Patients under observation without signs of disease and/or progression, who
should cancel visits in the next 2-3 months and/or conduct them remotely.

The recommended individual approach to each clinical case, change of
treatment tactics should not significantly worsen the prognosis of the underlying
disease. In some cases, refusing adjuvant chemotherapy for early breast cancer or
rescheduling it may have a more favorable effect on prognosis than pandemic.

The most famous international professional societies of oncologists (ASCO,
ESMO, NCCN) offered clinical oncologists around the world general
recommendations for changing the tactics of treatment of cancer patients, aimed at
minimizing social contacts and visits to medical institutions [11, 12, 13]:

o refusal of deliberately toxic chemotherapy, especially in patients with
comorbidities who are at risk for severe COVID-19;

e when choosing therapy, prefer drugs without potential pulmonary toxicity (for
example, replacement of bleomycin with ifosfamide in the presence of germ cell
tumors, the use of sunitinib instead of everolimus in the presence of
neuroendocrine tumors);

e observation or maintenance therapy when remission is achieved, provided that
reducing the number of treatment cycles will not lead to worsening of long-term
results;

e transfer of patients from intravenous regimens to oral treatment regimens, if it
does not worsen the course of the cancer process;

¢ in some cases it is possible to postpone the next course for 2 weeks, increase the
intervals between courses of treatment;

o refusal (where possible) of weekly treatment in favor of 2-3 weeks;

e the decision to cancel and/or modify the treatment regimen should take into
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account the indications, risks, and expected benefits, the decisions made should
be formalized by the decision of the oncology council or medical commission;

¢ expanding the indications for the prophylactic use of G-CSF for patients at risk
of febrile neutropenia more than 10%, consideration of the appointment of
prophylactic antibiotic therapy.

e providing the patient with instructions in case of side effects, indicating drugs
and modes of their use to relieve side effects.

Thus, currently, there are no absolute contraindications for a particular method
of anticancer treatment, as well as clear recommendations for the sequence of their
implementation [8]. Therefore, each specific clinical case must be considered
individually, which more than ever fits into the concept of personalized treatment of
cancer patients.

Our work aimed to evaluate the effectiveness of art therapy in complex
antitumor treatment in patients with locally or metastatic HER2-negative hormone-
dependent breast cancer (HDBC), by stimulating patients' skills to unlimited
creativity, an emotional outburst of negative energy to maximize survival. when
achieving satisfactory psycho-emotional status and quality of life.

It is known that after the diagnosis of cancer, the patient goes through a long
multi-stage period of acceptance and awareness, which certainly leaves a certain
imprint on his psycho-emotional state and behavioral reactions. And the emergence
of another unexpected negative factor, such as the COVID-19 pandemic, certainly
increases the degree of depression, panic, despair, denial of illness, protest, and
sometimes aggression.

In some cases, it was very difficult to persuade the patient, despite the presence
of incurable cancer, age, comorbidity (diabetes mellitus, for example), ie at high risk
of infection, to initiate anticancer treatment, despite daily COVID-19 statistics,
frightening tape news, the growing incidence in China, Italy, Spain, France, and the
United States. All this led to the search for options to improve the quality of life of
our patients in the context of anticancer treatment in a global problem. And such a
solution to the problem was for us and our patients the art therapy.

Materials and methods. From March 2020 to June 2021, we monitored 25
patients with HDBC. Tumor was common in all patients: in 17 patients (68%) -
metastatic cancer (of which, skeletal bone lesions - 13 (76.4%), lungs - 4 (23.5%),
orbit - 1 (5, 9%), liver - 1 (5.9%), ovaries - 2 (11.8%), peritoneal carcinoma - 3
(17.6%), ascites - 2 (11.8%). 8 (32%) patients have locally advanced cancer. All
patients underwent CT screening at the stage of examination and excluded brain
damage. The mean age of patients was 57.2 years. The average length of time after
the initial diagnosis before the progression of the process - 2.8 years. Due to many
factors, including the COVID-19 pandemic, repeated biopsies to obtain [HC were not
performed.

Taking into account the recommendations of the NCCN, patients were offered
special treatment: letrozole 2.5 mg per day daily + palbocyclib 125 mg per day from
1 to 21 days daily [9, 13]. This treatment regimen meets the requirements of today: it
1s highly effective and allows for continuous anticancer treatment in the context of
the COVID-19 pandemic. In addition, all measures were taken to reduce the risk of
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COVID-19 infection: patients received low-toxicity anticancer tablets at the place of
residence, under the supervision of an oncologist online. Back in 2020, after the
introduction of quarantine restrictions, we planned to assess the effect of special
treatment every 3 months after the start of drugs, and then every next 3 months. One
of the conditions in 2020 was to reduce the incidence, which means the removal of
quarantine measures, which would allow patients to come to see a clinical oncologist
and perform instrumental examinations.

In addition to the main method of treatment with anticancer drugs, all patients
were offered art therapy, namely daily painting of paintings "by numbers". The
choice of this option of art therapy was due, first of all, to the possibility of various
manifestations of both hidden and overt emotions of patients.

We studied many individual and group therapies, including online therapy,
consulted a psychologist, a specialist in the development of creative thinking and
chose, in our opinion, the most optimal type of art therapy that reveals the inner
world of each. We asked all patients to draw pictures "by numbers". It is quite
popular now and available, including online, a method of art therapy that does not
require large material costs. At the same time, patients independently chose drawings,
colors, images, canvas sizes and deadlines.

For example, we proposed to choose colors for art therapy, which in the opinion
of the patient express his personality or character and create a composition with their
help; choose colors that "neutralize" his negative experiences and use them to create
an image. In addition, patients were asked not only to draw, but also to say: why did
you choose bright colors or, conversely, what do the gloomy tones say? Because for
this method of art therapy to work, it is necessary not only to fill the drawings with
colors and shades, but also to think about the result [1, 5].

The term "art therapy" (literally: art therapy) was first used by artist Adrian Hill
in 1938 to describe his work with tuberculosis patients in sanatoriums. These
methods were used in the United States to work with children taken out of Nazi
camps during World War II. At the beginning of its development, art therapy
reflected the psychoanalytic views of Z. Freud and K. G. Jung, according to which
the end product of the client's artistic activity (whether drawing, sculpture,
installation) expresses his unconscious mental processes [3].

Art therapy in the narrow sense of the word - drawing therapy, is based on fine
arts, is popular for the psychological correction of neurotic and psychosomatic
disorders, and expresses the emotional state of the painter [4].

Indications for art therapy: difficulties in emotional development, stress,
depression, low mood, emotional instability, the impulsiveness of emotional
reactions, experiencing emotional rejection by others, feelings of loneliness,
interpersonal conflicts, dissatisfaction with family relationships, jealousy, anxiety,
fears, phobias negative "I-concept", low self-esteem [3].

All these manifestations, of course, can be seen in every cancer patient,
especially - depression, emotional instability, low self-esteem, anxiety, fear,
loneliness. Especially now, during the COVID19 pandemic, when all these feelings
are experienced with redoubled force: the fear of the unknown and the fear of death
not only from Cancer but also from COVID19 [7].
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According to K. Rudestam, one of the main tasks of art therapy [2] are: to give a
socially acceptable way out of aggression and other negative feelings; facilitate the
healing process as an auxiliary method and work out depressing thoughts and
feelings.

Stimulation of cancer patients' skills to unlimited creativity, an emotional
outburst of negative energy has become one of our tasks. At the same time, it
becomes easier for a person, because he learns a new tool of self-expression, that
goes beyond his capabilities. Any creativity gives a charge of energy - you write,
draw or sculpt, you are free from negativity, you relieve tension, you enjoy the
process [4]. The use of art therapy has many advantages over other methods. The first
is the ease of use, available to everyone, regardless of age, gender, level of creativity,
ie there are almost no contraindications. Another advantage is that art therapy is a
non-verbal method, and therefore is especially valuable for introverts or people who
have difficulty expressing their own experiences.

Results. Complex antitumor treatment (letrozole + palbocyclib) on the
background of art therapy allowed to obtain an objective effect in 21 patients: 2
patients (9.5%) - CR (complete answer), 12 patients (57.1%) - PR answer), 7 patients
(33.3%) - SD (stabilization of the process), progression of the process was registered
in 4 patients (16%). All patients continued antitumor therapy on the background of
art therapy with sequential staining of one picture after another, as the work
progressed. We tried to analyze the choice of our patients in consultation with a
psychotherapist. As a rule, when tired, people draw flowers (Fig. 1); if you need to
quickly get in shape and regain strength - paint the landscape; there is dissatisfaction
with life - make a reproduction of the picture (Fig. 2); there is despair - roads and
paths are drawn. Among our patients, 14 (56%) chose drawings of flowers, 4 (16%) -
landscapes, 3 (12%) - animals and 4 (16%) - others.

o

Fig. 1 Example of patient drawings ig. 2 Expl of patient drawings
(flowers) (oil painting reproduction)
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The color scheme chosen by the patient can also characterize his psycho-
emotional state. So, as a rule, the majority of patients (60%) chose as the first work
drawing in dark tones, and then, 2 or 3 works were executed with bright paints (fig.
3). The patients themselves pointed out that the choice of drawing with a
predominance of brown, black, burgundy, navy blue, they associated with despair,
low mood, uncontrollable fear. And the gradual transition to bright colors indicates
an improvement in psycho-emotional status, quality of life of patients on the
background of art therapy and was associated with the disappearance of despair and
uncontrollable fear.

Fig. 3. An example of changing the color scheme and theme of di‘awing on the
background of art therapy

Thus, based on the results of the study, the following conclusions were made:

1) In our opinion, the use of art therapy, namely painting "by numbers", helps to
improve the general condition of patients, namely to reduce stress and relieve feelings
of helplessness. The moment of expressing their choices and emotions that arise
during the entire period of drawing, which is reflected in their work, allows patients
to become aware of the experience through coloring.

2) The use of combination anticancer therapy with palbociclib + letrozole on the
background of art therapy (picture "by numbers") allows achieving an objective
positive result in 84% (21 patients) of patients, which opens great prospects for this
method of treatment of cancer patients in the ongoing pandemic COVID-19 and war.
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Anomauia. Mymigikayis niooa — ye noniemionociune i HAUOINbWL CeplO3HE NOPYULEHHS
8G2IMHOCMI V CAMOK PI3HUX 6U0I8 MEAPUH, sIKe Haudacmiuie 3YCmpiiacmovcs y 0a2amoniioHux
(ceuni 0o 4%,).

YV kopie mymigikayis niooa peecmpyemscs Ha 4—8 micayi eacimHocmi ti Xapakmepuzyemucsi
NPUNUHEHHAM PpO3BUMKY mMa 3a2ubennto niooa 6e3 abopmy, NPOOVKYIEID HCOBMUM MILOM
npo2ecmepomy, Wo CHPUsE Popmy8anHIo MyMipIiKo8aH020 N100Y.

3acanvui npuuuHu 6KIOUAIOMb 2eHeMUYHI a0 XPOMOCOMHI aHomanii, degpekmu niayenmu,
IHQexyitini  aceHmu, AHOMAILHY KOHYEHMpAayilo 20PMOHI8 1 HeoOIpYHmMOoBaHe 3ACmOC)B8aAHHs
JIKAPCbKUX 3ac00i8.

Tpancpekmanvhas nanvhnayis, peHmeeHozpais i Yibmpasgykose  OOCHIONCEHHS €
eheKMUBHUMU KATHIYHUMU MemoOamu OJisk Oia2HOCMUKU MyMighikayii.

Ilonepeodoicennsn mymighikayii nnodie nonseae y 0OmMpumManHi npasui 2icicHu ma cawimapii,
nepiooudHo020 CNOCMEPENCeHHs 34 CMAHOAPMHUMU NPOMOKONAMU AKYUHAYI] Ma NPUUHAMMms
PEKOMEHO0BAHUX NPOSPAM PENPOOYKIMUBHO20 MOHIMOPUHSY .

Knrouosi cnosa: camku pizHux 6udie meapuu, namono2is 6a2imuocmi, Mymigixayis nioois,
o0cobnusocmi KIiHIYHO20 NPos8Y, OiAeHOCMUKA, NPOQDIIAKMUKA.

Beryn.

Mywmidikaliis — 11e BUCUXaHHS TUI0JIa, 1[0 HACTA€ y BUIMAJKY, KOJIU MICIs HOTro
CMepTI IIMHKAa MaTKd HE BIAKPUBAETBHCSA, IUTA  IIAJAETHCS  ACeNTHYHIN
TpaHcdopmallii, ika MoJsira€ y po3CMOKTYBaHHI IUI0OJI0BUX BOJ| I TKAHMHHHUX COKIB, B
pe3yJIbTaTl YOTO 3MEHIIYEThCS 00’ €M I1J10/1a, 30UTBIIYETHCS HIIIbHICTh HOTO TKAHUH,
3MEHIYETHCS BHYTPIITHHOMATKOBUH THCK Ta IMiACHUIIOETHCS CKOPOTIMBICTH MATKH 1
I Ha0yBae caMux pi3HUX uyaepHanbkux (opm. [Ipy mpomy TKaHWHU TUIOAA
MPOCOYYIOTHCS COJIIMH KaJbITIO 1 KaMm sIHIIOTH [ 5, 9].

3TiIHO JITEpPaTypHUX JaHUX MyMidiKarlis II0iB y CAMOK Pi3HUX BUIB TBAPUH
CHJIBHO BIAPI3HAETHCA 3a €TIOJOTIE€I0, KIIHIYHUMHM O3HAKaMH, JIIKyBaHHSM,
MPOTHO30M Ta TPODUIAKTUYHHM TMIIXOA0M 1 MOTpeOye MOMAIBIIOTO JIETaTbHOTO
BUBYCHHS |5, 6].

Jlns migBuiieHHsS €(QEeKTUBHOCTI Ta TOYHOCTI JIarHOCTHKH, a TaKOX JUIs
MOKpAaIeHHsI JIKyBaHHS ¥ MPpOo(UIAKTUYHUX 3aXOJlIB, CIIPSIMOBAHUX Ha 30€peKECHHS
3arajibHOi (DePTUIIBHOCTI y CaMOK HEOOXiJHI JOJATKOBI HAYKOBI 3HAHHS MPO
NPUYMHU BUHUKHEHHSI, 0COOJMBOCTI KJIIHIYHOTO MPOSBY 1 MOIMIKUPEHOCTI MyMidikarii
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mioaiB. Tomy, BUBUEHHS TIMTaHb €TIOJIOTIi, PO3IMOBCIOKEHHS Ta CHUMIITOMIB
MyMi(Dikarii mIoaiB y CaMOK Pi3HHUX BUJIIB TBAPUH € aKTyaJIbHUM.

Orasig 30BHIIIHBOTO OTOYYBAHHS.

HeBuHomyBaHHSI BariTHOCTI 3a3BHYail JIISATh HA CTAJIi 3aJ€KHO B PO3BUTKY
IJI0JIa Ta MOTO MOTEHIIMHOI )KUTTE3IATHOCTI: eMOpioHAJIbHA Ta BHYTPIITHLOYTPOOHA
cmepTHICTh [10]. TounHmil pe3ynbTaT paHHKOI BHYTPIMIHBOYTPOOHOI CMEPTHOCTI
HenependauyyBaHUM 1 3aleXHUTh BIJ KIUIbKOX (DaKTOpiB, TakKUX SIK MpUYHHA
BHYTPIITHbOYTPOOHOI CMEPTHOCTI, BUJIOBI BIIMIHHOCTI, CTaJlisl recrailii Ha MOMEHT
BHYTPIIIHBOYTPOOHOI 3arubeni Ta KUTbKICTh IioaiB [4, 12]. OnHuM 13 MOXIJIMBUX
HACJIKIB 3aruderni mioay € myMidikaris [3].

[TaTosorist 3 HACTYTHUM TEpPEPUBAHHSAM BariTHOCTI MOKE€ BUHUKHYTH Ha Oy/ib-
SKIA CTalii BariTHOCTI 1 MPOSIBISATHCS pe30pOliriero eMOpioHa YM TUI0Ja, adopTOM
171012, MEPTBOHAPOKEHHIM a00 MyMmidikaritieto [6, 7].

Mywmidikaris mioga — MaTOJOTIA BariTHOCTI, SKa PIAKO PEECTPYETHCT Yy
OUIBLIOCTI IOMAIIIHIX BHJIIB TBApPHH, ajieé HAWYACTIIIE BIAMIYA€THCSA Y 0araToruliIHuX
[5].

Mywmidikariis, mpu sSKiid YTBOPIOETBCS CyXa, JKOPCTKa (eToruianeHTapHa
ONMHHIT O3 eKCyaaTy, Ha3uBa€ThCS MalipyCHOI MyMidikarieo Ta OmucaHa y
co0ak, KIIOK, BEIMKOI poratoi xymoow, OyiBosiB Ta akyn [1]. [lpu inmomy Twumi
mywmidikaiii, BITOMOMY sIK reMaTuyHa a0o mokoiagHa MmyMidikaiis, MyMiikoBaHHi
IUTIJT IOKPUBAETHCS KIEHKUM B’ sI3kUM matepianiom. Lleit Tun OyB 3apeecTpoBaHUil y
BEJIMKO1 poraToi xyaoou [2, 3].

Hapasi mymidikariiis mioja 1HOJ1 PeECTPYEThCS y OaraThboX CBIMCHKMX TBapHH,
BKJIFOYAIOUM BEJIMKY Ta JApiOHY porary Xyao0y, KoOus, CBUHEH 1 kpoauub [5, 11].
Haiibispiia mommpeHicTh CHOCTEPITAEThCA Y CBUHEH 1 MOETHYETHCA 3 PO3BUTKOM
HOPMAJIbHUX TUIOJIB Ta X BUBEJEHHSM Pa3oM y mepiof poaiB [8].

B oBemp Ta ki3 Mmymidikamis Tmioga 3yCTPIYAEThCA PIAKO W BpaKae sK
ITOOJMHOKI, TaK 1 MOABIMHI moau. Husbka mommpenHicte Mymidikarii cepesr camox
MTOSICHIOE HEJIOCTATHICTh 1HGopMaIlii B mTeparypi [9].

Jlo mywmidikamii MOXKe MPU3BECTH P YMOB JTOBKULISL — CIE€Ka Ta MOpPO3H.
[Tpomec mymidikariii 3ynuHse ayTomi3 — OUTBII BIAOMUN SK PO3KIAAaHHSI. AyTOJi3
BKJIFOYA€E JIBAa eTanu: 1) BUBUIbHEHHS TpaBHHUX (DEPMEHTIB, SIKi 3a3BUYall TIPHUCYTHI B
TaKUX OpraHax, K KHUIICYHHK Ta MEYiHKa, 1 2) PO3ILEIJICHHS OPraHIYHUX PEYOBUH
OakTepisiMu a00 THUTTA. Koy yMOBU CTalOTh HAJITO 3aCyIIJIMBUMHU, @ KOHIICHTPALIIS
KUCHIO HAJITO HU3bKOIO, OakTepli HE MOXYTh BUXKHUTH, 1 IUI HE PO3KIAJAAE€THCS.
3HEBOJIHEHHSI TKAHUH TaKOXX € BAXKJIMBUM €JIEMEHTOM Mpolecy MyMidikaiii: Koiu
BMICT BOJAM B TKaHMHAaX MaJa€ HUXKYE 3a KPUTUYHUN pIBEHb, OaKTepiaibHE THUTTS
NPUTHIYYETHCS, TKAHWUHU 3HEBOAHIOIOTHCS, a TUIO IJI0JIa 3MOPILYETHCS A0 CYXOi
MIKIPSICTOI MacH, CyX0XHJb 1 KICTOK [6, 7].

[TpuyrHamu mymidikamii mwioAiB HEiHGEKIIHHOT eTi0I0Tli MOXKYTh OYTH TaKOXK
KHCHEBE TOJIOMYBAaHHs, MATOJIOTisI BariTHOCTI — CKPY4YyBaHHS MATKH, M03aMaTKOBa
BariTHICTb.

3a psagy aBTOpiB MyMmidikamis IOy Mae€ SK HelH(PEKIiHy eTionorifo, Tak i
iHbexniiny (Tadmurs 1) i 11l TpUYUHA MOXKYTh OyTH B3a€EMOIIOB’ iI3aHUMH [3, 6, 7].
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Taoauus 1 — lpuunnn mymigikamii nJjoaiB y caMoOK pi3HUX BUIAIB TBAPHH

Bun tBapun ITaTosoris
3apa3Ha He3apa3Ha

Koposu BipycHa giapes (BVD) CKpY4YyBaHHSI MAaTKU
omyranr (BT) 3/1aBJIIOBAHHS ITyTIOBUHU
TPUXOMOHO3 nepeKpyyyBaHHs MyTOBUHU

BiBui/xo3u TOKCOILIa3MO3
XJIaM11103 —
osytanr (BT)

CBUHOMATKH napBoBipycHa iH}ekis (PPV) | oTpy€eHHS poCIUHAMH, L0
pPENpPOAYKTUBHO- MICTSTH TIOTJTIKO3UIU
pecripaTopHUuil CHHAPOM OTPY€EHHS IPOTIPKINMU
(PRRS) KHAPAMU
UPKOBIpyCHA 1H(EKIis
(PCV-2)
oemmxa
JICTITOCIIIPO3
XJIaM1/1103
napaMiKCOBIpyCHa 1H(EKITis

Kponematku CITIPOXETO3 1103aMaTKOBA BariTHICTh

Mywmidikaris mmoaiB iHGeEKmiitHOT eTiojorii Moxe OyTH BUKJIMKAHA €O
OakTepili, BipycCiB, HAMMPOCTININX, a TAKOXK TpUOIB (IIPU 3rOJOBYBaHHI KOPMIB, IO
MICTSTh MIKOTOKCHHH).

Jliarnoctuka Mywmidikamii IUtoga 3a3BHYail HeCKJIaaHa. TpaHCpeKTanbHa
nmajgbphaiis y BEJIUMKAX TBAPUH Ta YIBTPA3BYKOBE OCHIKEHHS TOKA3YIOTh
MyMI1(iKOBaHUH T Y BUIJISII KOMITAKTHOTO, TBEPJOTO Ta HEPYXOMOI'O YTBOPEHHSI
0e3 MIaleHTapHoi piIMHA a00 TIJIAIEHTOMIB.

VY npTpa3ByKOBe JOCTIIKEHHS BUSBIISAE BiICYTHICTD CepIeOMTTS y moaa. Takox
MOXYTh  OyTH  BHUKOPHCTaHI  CEpPOJIOTIYHI  JOCHIIPKEHHS Ta  BHSBIICHHS
MIKpOOpraHi3miB y TuianeHTi 3a gomnomoroto ITJIP. ¥V pasi 3apaxenns Toxoplasma
MO>KHA BUKOPHCTOBYBATH MOAM(IKOBAHUHN TECT arifOTUHAIIIT JJI1 BUSIBJICHHS aHTUTLI
y CHPOBATIII IJI0Aa Ta MaTepi.

Cmeptp mioga (TWIOAIB) y CaMOK pI3HUX BHJIB TBaApUH  MOXKE
CYyNpOBOKYBATUCS  NIIYHKOBO-KUIIIKOBUMH  pO3JaJaMH. 30KpeMa, Yy KOpIB
MePIOTUYHUMHU KOJTbKaMH TPUBATICTIO 10 2 THIKHIB, MOTIPIICHHSMHA aNeTUTY, TiMo- i
aTOHIEIO MEepeNUTyHKIB. Biq3HadaeThCsi BIICYTHICTh O3HAK HApOCTAaHHS BariTHOCTI,
MIPOXO/KEHHS TEPMiHIB HACTAHHS POJIIB 1 BIICYTHICTh CTATEBOT ITUKIIIYHOCTI.

VY kopiB BurHanHs MymidikoBaHoro mioaa (puc. 1) 3 matku Hactae Ha 10-12
MICSIIl IICJS OCIMEHIHHS. 3a PEKTaJbHOI'O JOCHIPKEHHS y MAaTIll MaJbIy€eThCs
CTOPOHHE TLJIO IIIIbHOT KOHCUCTEHIII, a B SEUHUKY JOOpEe BUPAKEHE KOBTE T1JIO.

Ha BigMiHy Big KopiB, MyMiikoBaH1 IJIOAN y APIOHUX KYWUHUX (pUC. 2) TBApUH
MHUMOBOJIi TIEPEPUBAIOTHCSI.
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Puc. 1. MymijikoBanuii i KOpoBu

Y cBuHel mommpeHicTh MyMidikaiii TIoaa, Tpo SKY TOBIAOMIISETHCS Yy
mitepatypi, Bapiroe [8]. Mymidikariist I0/1iB y CBUHOMATOK (pHUC. 3) MOXKIIMBA TCISA
35-40 ni6 MOPOCHOCTI, OCKIIBKH KICTKH KICTAKA TUIOAIB BXKe C(HOpPMYBaIHCS.
[IpyuriHM HEBWHOIYBAaHHS BariTHOCTI y CBHHOMATOK, BKIIIOUAOUM MyMi(iKaIlio
IJI0/1a, PO3AUISIIOTHh Ha ABa OCHOBHI KitacH. Ilepmmuii, Ha saxy npumnanae 6au3pko 70 %
BTpaT, IOB’s3aHa 3 METOJaMU YTPUMaHHS TBapWH, TOMAIBICI0 Ta (akTopamm
noBkuULIsA. [pyruit — iH(DexmiHI 3axBOproBaHHS (TaONWIls), HAa YAaCTKy SIKUX
npunazgae 6;1u3bko 30 % HEBUHOIIYBAHHS BariTHOCTI.

Puc. 2. Mymigikauisi mioaa BiBLi 3a TOKCOIIA3MO3y
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Puc. 3. MymidikoBanuii i cBuHI

OCKUIBKY KJTIHIYHI 03HaKU MyMidikamii B ApiOHUX TBapHWH 3a3BUYall BIJACYTHI y
KpOJIeMaTOK MyMi(hiKOBaHI IUIOAW BHSIBISIIOTECS BHITQJAKOBO IIiJT Yac OKPOIIY.
MywmidikoBaHi TIOAM  3AIOThCS  1HKANCyJIbOBAaHUMH B TKAaHMHAX  MAaTKH,
3arOpHYTMMHU B CaJbHUKOBI CHailkku a00 BUIBHUMH Y Y€PEBHIA MOPOKHMUHI MICHS iX
BHUBEJICHHS 32 HOPMAJILHUX POIB Y AUCTOLIT (puc. 4).

Puc. 4. MymigikoBaHuil 11 KPoJaeMaTKH

ISSN 2567-5273 196 www.moderntechno.de



Modern engineering and innovative technologies Issue 29 / Part 1 (NG

MymidikoBallis MIOAIB Y KPOJUIb 3a3BUYall PEECTPYEThCS PIAKO 1 mepebdirae
06e3cuMnToMHO. BuBenaeHHS MyMi(iKOBaHHMX TUIOAIB YACTINIE CIOCTEPITAIOTHCA Y
KpOoJIeMaTOK BikoM 3—4 pOKH Imi1 yac Apyroi crazii poais [11].

3a BHYTPIIHBOYTPOOHOI MyMidikarlii BimOyBa€eThCsAs 3HEBOAHEHHS IUIOAA Ta
HOro HaBKOJIOILIOAOBUX OOOJIOHOK, IO HEHTpai3ye ayToli3 TKaHWH 0e3 KHCHIO Ta
OakTepiit.

[pyHTYIOUKMCH Ha CYyYacHUX 3HAHHAX IPo MyMidikamiro, icHye psa pakTopis, ki
MOBUHHI CIPUATH MyMidikallii rioja:

1) muix TOBMHEH 3arWHYTH IIICJSI 3aBEPIICHHS PO3BUTKY KICTOK, I1HAKIIE
B1I0YBA€ThCS MIBUJIKUN ayTOMdI3, 1 M’SIKI TKAHUHU PYHHYIOTHCS (BIJIHOBIIOIOTHCS 10
CBOiX OCHOBHHUX €JIEMEHTIB Iiepes] abCopOIli€r0 uepe3 eHA0METPii);

2) MaTKOBI Ta TUTIIHI p1AMHU TOBMHHI pe30pOyBaTHUCS BIIHOCHO IIBUJIKO;

3) y Marmi He TOBMHHO OyTH KHCHIO, IOKH Tmpolec MyMidikaimii He
3aBEPIIUTHCS,

4) y Matiii He MOBHHHO OyTu Oaktepii. [llnitka MaTkyn Mae OyTH 3aKPUTOIO IS
3amo0iraHHsl TOMAJaHHIO THWIBHUX OpraHi3MiB, IO 3HAXOIAThCA y TIIXBI Ta
MPUCIHKY [6, 7].

BucHoBok.

OTxe, OKpIM TPYIHOIIIB, TMOB’S3aHUX 3 OIIHKOK TMOMMPEHOCTI MyMidikaiii
IUIOAIB Y CaMOK pI3HHUX BHJAIB TBAapUH, y TOMY YHCIl 1 B KpOJIMLb, BUBYCHHS
dbenomeny mywmidikaiii yTpyJHEHE 3a HU3KOK IHIIMX MPUYMH: Pi3HI 1HQEKIIHHI
areHTU 3 PI3HOK TPOMHICTIO (IUIalleHTa MNPOTHU IUIOAA), BIACYTHICTH 3HAHb PO
MIHIMAJIbHUNA Yac, HEOOXIAHWN IJisi BHYTPIIHBOYTPOOHOT Mywmidikamii. TouHuit
MEXaHi3M, BIAMOBIJATLHUNA 3a BHYTPIIIHBOYTPOOHY MyMi(diKkaiito HEBIIOMUM 1
notpedye MoAanbIIoro BUBUEHHS.
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Abstract. Fetal mummification is a polyetiological and most serious pregnancy disorder in
females of various animal species, which is most common in multiparous (pigs up to 4%).

In cows, fetal mummification is registered at 4—8 months of pregnancy and is characterized
by the cessation of development and death of the fetus without abortion, the production of
progesterone by the corpus luteum, which contributes to the formation of the mummified fetus.

Common causes include genetic or chromosomal abnormalities, placental defects, infectious
agents, abnormal hormone concentrations, and inappropriate drug use.

Effective clinical methods of diagnosing mummification are transrectal palpation,
radiography and ultrasound.

Prevention of mummification of fetuses consists in observing the rules of hygiene and
sanitation, periodic monitoring of standard vaccination protocols and adoption of recommended
reproductive monitoring programs.

Key words: females of various species of animals, pathology of pregnancy, mummification of
fetuses, features of clinical manifestation, diagnosis, prevention.

ISSN 2567-5273 199 www.moderntechno.de



‘ _

Modern engineering and innovative technologies Issue 29 / Part 1 ﬁ \

http://www.moderntechno.de/index.php/meit/article/view/meit29-01-058
DOI: 10.30890/2567-5273.2023-29-01-058

YK 631.8:633.11
JUSTIFICATION OF THE INFLUENCE OF FERTILIZERS ON THE

PRODUCTIVITY AND QUALITY INDICATORS OF SPRING WHEAT

GRAIN
OBI'PYHTYBAHHA BIVIMBY JOBPUB HA ITPOAYKTUBHICTD TA IOKA3ZHUKH
SIKOCTI 3EPHA SIPOI IIIEHUIII
Kudriawytzka A.N. / Kyapsasunbka A.M.
c.a.s. ., as.prof./ x.c.-e.H., ooy.
Karabach K.S. / Kapa6au K.C.
c.of agr.s., as.prof. / k.c.-e.H., ooy.
ORCID 0000-0002-7706-231X
National university of life and environmental sciences of Ukraine
Kyiv, street of Heroes of defensive, 17,03041
Hayionanvnuii ynieepcumem oiopecypcis i npupoookopucmysanus Yxkpainu,
M. Kuis, syn. I'epoie o6oponu, 17,0304 1

Anomauin. Bpooicaiinicmv i skicmv 3epHa Apoi nuienuyi Nio8UWYIOMbCS NPU BHECEHHI
NOJIYMOPHOI HOPMU MIHEepaNbHUX 000pue Ha (YoHI NicAAI OpPeaHiYHUX, 3 BI0NOBIOHO BUCOKUMU
NOKa3HuKamu sikocmi : 300py 6inky- 0,64 m/2za ma 300py «cupoiy kievixosunu-1,36 m/ea.

Knrwuoei cnosa: sapa nwenuys, eposcaiinicms, 000pusa, OiNOK, «cupay» KieukosuHd, copm,
IPYHM, CIBO3MIHA.

[IpoGiiema onepaHHsS SIKICHOTO 3€pHa IIIEHUIl spoi HaOyjaa BaKJIMBOTO
Jep>kaBHOTO 3HauUeHHs. OJIHUM 3 OCHOBHUX PE3€pBIB BUPIIICHHS LIOTO € MOJajbIIIe
YJIOCKOHAJIEHHsSI TEXHOJIOT1i BUPOIIYBaHHS TMIICHUINl TBepaoi spoi. B cucrtemi
arpOTEeXHIYHUX 3aXOiB OCOOJMBO BaKJIMBE 3HAYEHHS, B YMOBaX HECTAOUIBHOTO
KJIIMaTy, MalOTh Taki (akTOpH, 03U MiHEpaIbHUX JOOPHUB, 30KpeMa a30THUX, HOPMHU
BuCiBy HaciHHA. Came B MpaBUIBHOMY 3aCTOCYBaHHI LUX (DaKTOPIB KPHUETHCA
3HAYHUN pe3epB 30UTBIIECHHS BPOXKAMHOCTI Ta TMOJIMIICHHS SKOCTI 3€pHa MIICHHUII
TBEPAOI spoi [2-3].

BuporntyBanHs mimeHuIll spoi € eKOHOMIYHO BUIIPABIAaHUM, OCKUIBKU B TIEPITY
4yepry BUKIIIOYA€E HEOOXITHICTh IMIIOPTY MPOJA0BOILYOrO 3epHa. CaMe TOMY MIIICHHUIIS
spa MOCTYIOBO 3aliMa€e HaJeKHE MiCIle Yy 3€pHOBOMY TOCHOJApPCTBI YKpaiHU IS
cTabii3allii BUpOOHHUIITBA MTPOIOBOJILYOTO 3€pHA 1 3a0€3MeUeHHs CUPOBUHOIO MOTPEO
MaKapoHHO1 IpoMuciIoBocTi [1-2].

SIKicTh 3epHa MIIEHUII], SK 1 IHIIOI arpoMpOMUCIIOBOI MPOIYKIIIi, BU3HAYAETHCS
CYKYMHICTIO il KOPUCHHMX BIIACTUBOCTEH, SIKI 3aJOBOJIBHSIOTH KOHKPETHI MOTPEOU
CTIO’KMBAYIB 1 JOCATAIOTHCS CUCTEMHHM PETYIIOBAHHSIM CIOKMBYMX BIIACTUBOCTEH 1
XapaKTePUCTUK TPOJYKIIT 3 IXHBOI OI[IHKOK Ha KOXHIM CTajii MpPOEKTyBaHHS,
BUPOOHUIITBA, 30€piraHHs, TPAHCIIOPTYBaHHS 1 mepepoOku [3-4].

VYpokalHICTh 1 SIKICTh 3€pHA MIIEHUIll TBEPAOI SIPOi 3HAYHOIO MIPOIO 3aJIEKATh
BiJl 3a0€3MEUYeHHS] POCIUH €JIEMEHTaMH MIHEPaJbHOTO >KMBIIEHHS MPOTSITOM BCi€l
BereTailli, Ha W0 BIUIMBAIOTh I1XHS KOHIEHTpAIlii B TIPYHTI, YMOBH 1 3aXOJH
BUPOIIYBaHHSI, BIK 1 PO3BUTOK POCIIMH, COPTOBI 0COOJMBOCTI Ta iHII (aktopu [4].
HakonuueHHs pociavMHaMu €JIE€MEHTIB MIHEpPAJbHOTO JKUBJIEHHS BIJOYBA€ThCS
IpOTAroM BCbOro mnepioay Bererauii. [Ipore mnorpeba pociauH B MOXKHBHUX
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pEYOBHHAX B IMOYATKOBUM MEPIOJ pOCTY 1 B MOJANBIIOMY HeoJHakoBa. PociamHu
MaloTh MEPIOAN MAKCUMAaJIbHOTO BUKOPUCTAHHS MOKWBHUX PEUYOBUH, KOJU B IOCUTH
CTHCIIl CTPOKHM TOTJIMHAETHCS BEIUKa KIUIBKICTh MiHEpajJbHUX eneMeHTIB. Kpim
bOTO, POCIMHM MalOTh TaK 3BaHI KPUTWYHI TMEpIOJM CIHOKMBAHHS EJIEMEHTIB
JKUBJICHHS [5].

Jocnia 3akianeHo y TPUKPATHOMY IOBTOPEHHI, pO3Mip MOCIBHOI JUISHKH—
172 ™%, o00nikoBoi—100M>. V fociigi BUKOPUCTOBYBAIM amMiadHy CeJiTpy,
rpa"yJiboBaHuil cynepdocdar Ta kamil xjmopuctuit. JloOpyuBa BHOCHIW 3T1IHO 31
cxemoto gocaiay. [1onbpoB1 JOCHIIKEHHS IPOBOIUIIUCS B 3€pHO-OYPSAKOBIN CIBO3MIHI.

AHaJi3 TaHuX MO CTPYKTYPl ypoOrKaro Apoi MineHuIi MUpoHIBChKa spa CBITYUTH
npo Te, IO TMOKa3HUK 3arajbHOi KYIIMCTOCTI Ha KOHTPOJI JOpIBHIOBaB 2,5,
NPOAYKTUBHOI KyIIUCTOCTI—2,4 (Tabn.1). Bummmu Oyiau TOKa3HUKHU 3arajibHOl 1
IPOJYKTUBHOI KYIIMCTOCTI Ha yAOOPIOBAaHMX BaplaHTax 1 CTAHOBWJIM BIJINOBITHO
2,6-3,0 3aranpHOi KyImucToCTi 1 2,5-2,8 NpoayKTUBHOI KymucTocTi (Tadm. 1).

Tabanus 1- BiuiuB TpUBAaJIoro 3acTocyBaHHS J00PUB HA CTPYKTYPY BPOKAI0
sipol mueHnunui copry MupoHiBcbKka sipa

Kymucticts KoJioc o
. = 3
o =

Jopxuna % 2 GE 5= S 5 - &
ponnn, £ E g Eg B3 2E o
BapianT mocmiay cM ‘E E(‘ S § § é’ é’ 23 S
S ) 2 ol ? S g & s
g S¢ ? S «® = §

N
KonTposib 65,4 2,5 2.4 5,9 12,5 194 13,9 40,9
Miemamia 30wra co 3 5 25 | 64 | 135 217 156 @ 423

raoro-don

dou+Pyg 68,3 2,5 2.4 6,5 13,8 | 23,3 17,0 42.4
Dout+PgoKso 75,8 2,7 2,6 6,8 14,1 | 26,9 19,1 43 4
Doua+NgoPgoKso 83,0 2,9 2,8 7,2 15,5 @ 30,5 @ 20,6 44,5
CDOH+N110P120K12() 84,5 3,0 2,8 7,8 16,3 32,7 22,0 45,1
NgoPsoKzgo 80,1 2,7 2,6 6,8 14,8 | 30,3 19.9 44,0

JloBxkuHa kosocy Ha 0,5-1,9 cm Oyna OuUIbIIO Ha YIOOpEHHX BapiaHTax
MOPIBHSHO 3 KOHTPOJIEM, Ji¢ BOHa craHoBwia 5,9 cMm. PesynmpTatm mociimkeHb
CBIlUaTh MPO Te, IO HAWOLIbIIA JOBXKHWHA KOJOCY-7,8 CM, KUIBKICTh O3EpPHEHUX
KOJIOCKIB—16,3 T Ta KUIBKICTh 3€pEH B KOJ0CI—32,7 T B POCIWHAX SIPOi MIICHUI
BiIMIY€HA MPU BHECEHHI MOJYyTOPHOI HOpMU MiHepadbHUX 100puB (N;10P120Ki20 ) Ha
doni micnsanii opraniyHux. [[uM MOKHA TTOSICHUTH HAHO1IBIIT BUCOKUN YPOXKal 3epHa
Ha IIbOMY BapiaHTi, SIKUWA cTaHOBUB 3,79 T/ra, mpu ypokai Ha KOHTposi—2,06 T/ra
(Tab6n.2). Ha ynmoOpenux BapiaHTax 3HauyHO miaBummiacs maca 1000 3epeH i
cranoBuna 42,3-45,1 r, npu maci 1000 3epen Ha xoHTponi—40,2 r, U0 CHOPUAIO
OTPUMaHHIO BHILOTO YpOXKal0 3€pHa SApoi MNIIeHWIl Ha YJOOpPEeHHMX BapiaHTax
(Tabm.1).
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PesynbraTamu J0CHIKEHb BCTAHOBJICHO T€, II0 CHUCTEMATU4YHE 3aCTOCYBAaHHS
MiHepalbHUX 100puB Ha QoHi micasaaii 30 T/ra THOIO CHpusie MiABUILEHHIO YPOXKaI0
3epHa spoi mmenuni Ha 0,61-1,73 1/ra, mpu ypokai Ha KOHTPOJII BIAMOBITHO
2,06 t1/ra (tabn. 2). HaiiOinpln BHCOKMI ypoXkail OTpUMaHO NpPU BHECEHHI
Ni10P120K120.Ha doni micmsiaii 30 1/ra rHO0O — 3,79 T/ra 3¢pHAa SPOi MIIIEHUTT

Ta6auus 2- Bnume TpuBajioro 3acTtocyBaHHsi J00pUB HA BPOXKANHICTH 3epHA
SIPOI MIIEHUIi TA MOKA3HUKM HOT0 AKOCTI

: Bwmicr
[Ipupicr -
: «CHUPOI»
=  BPOXaro,T/ra O11Ka IICHKOBIHI
\H
3 ]
5 g g 25 &
‘T = = = B - =
BapianT gocminy % g 2 < E[ ) % = E )
S = .& SN 2 2 H ¥ o = .2 5
o) ) o o O T A Q Q9
=y 7 o \O = & a, g = E—i
a5 N o B = g E EE
~ 'S g - g
bespobpus 56 . . 148 03 - 319 066 -
(KOHTPOJIB)
[Ticnsamis 30 T/ra
2,67 0,61 - 16,1 1 0,43 0,13 33,7 0,89 : 0,23
rHOIO (poH)
Dou+Pg 3,05 099 038 156 047 0,17 324 098 0,32
don+PgoKso 287 081 02 16,1 046 0,16 33,8 096 0,30
®oH+NgoPsoKso 13,45 1,39 1 0,78 16,3 0,56 1 0,26 346 1,2 0,54
®oH+N1oP120Ki20 3,79 1 1,73 1,12 16,8 1 0,64 0,33 : 36,1 1,36 0,70
NsoPsoKso 321 1,15 0,54 162 0,52 0,22 344 1,09 0,43

Halimeniry npubaBKy ypoxar OTpUMaHO Ha BaplaHTax, J€ BHOCWIHCH
dbochopui Ta dochopHo-KamiiHI g00puBa Ha GOHI MICHAAIT OpraHIYHUX, sKa
cTtaHoBmJIa BiAMOBIAHO-0,99, 0,81 T/ra (Tabdm. 2).

Haii6inpmmii BMICT OLIKY OTpHMMAHO Yy BapilaHTi, Ji¢ BHOCWJIACh IIOJyTOpHa
HOpMa MiHepaabHUX 100puB Ha (oHi micasanii 30 1/ra rHor0—16,8 %, 3 BiIMOBIAHUM
NOKa3HUKOM 300py Oinky—0,64 1/ra (Tabdsn. 2).

OTpumaHni JaHl CBIAYATh TIPO T€, 110 HAWOLIBIINI BMICT «CHUPOi» KICMKOBUHU B
3epHi Spoi MIeHuIl BiamMideHui mpu BHeceHH1 NP 120K i20.Ha oni micasaaii 30 1/ra
THOIO, SIKUW CTAaHOBUB BiAMOBIAHO -36,1%, 3 BIAMOBITHO BUCOKUM TTOKAa3HUKOM 300Dy
«cupo» KiekoBuHU — 1,36 T/Ta. (Tabdm.2).

BucHoBku

s orpuMaHHs CcTaOlILHUX BPOXKAiB 3€pHA SAPOi MIIEHUIl copTy MupoOHiBChKa
spa (3,5-4,0 1/ra) 3 BIANOBIIHO BUCOKMMH MOKa3HUKAMHU SIKOCT1 3€pHa Ha CEPEIHBHO
3a0e3Me4eHoMy a30ToM, (ochopoM Ta KaJieM JTyYHO—HOPHO3EMHOMY KapOOHATHOMY
JIETKOCYTJIMHKOBOMY TPYHTI B 3€pHO — OypsSIKOBI CiBO3MiHI, OOTPYHTOBaHUM €
3aCTOCYBaHHS B OCHOBHE y100peHHS NgoP 120K 20 Ha doni micnsaaii 30 1/ra rHoto.
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Abstract. Studies on the meadow chernozem is installed that systematic using the mineral
fertilizers on background of the aftereffect organic, provides the gain of the harvest grain sort of the
spring wheat mironovskaya - bright on 1,73 t/he. The productivity and quality grain spring wheat
increase when contributing rates of the mineral fertilizers on the meadow chernozem of the
aftereffect organic, with accordingly high factor quality : collection protein -0,64 t/he and
collection gluten 1,36 t/he.

Key words: wheat, productivity, fertilizers, albumen, "raw" gluten, sort, soil, crop rotation.
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