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KAPITEL 1/ CHAPTER 1
FEATURES OF CRAFT BEER TECHNOLOGIES IN UKRAINE

S

DOI: 10.30890/2709-2313.2024-29-00-002

Berym.

CnoBo «kpadT1» BXKE KUJIbKa POKIB SK YBIMIIIO O HAIIOTO JIEKCUKOHY, BUBICKH
3aMpoIIy0Th ClIPOOyBaTH BUTBOPU MANCTPIB MUBA, X104, I[yKEpOK, IIOKOIATy, MEIY
Ta CYMyTHIX MPOIYKTiB, TEKCTWJIb, OAST 3 KOHOIUI, TOIIO. TOYHO TMepeKIacTH
"craftbeer" HempocTo: aBTOpchKe, MaHy(haKTypHE, PYKOTBOpPHE, pEMICHHUYE,
MaKlCTEPHO BUKOHAHE.

Haii61s1p111010  MOTYJISIPHICTIO 3 KpadTOBOT XapyoBOi MPOAYKIlI KOPUCTYETHCS

Kpa(TOBE MUBO.

1.1. KpadrTose nusBo, icropisi, ki1acudikanis BUpoOHUKIB.

Kpadrose nuBo (Big aHri. craft brewery — peMicHuYa MMBOBAPHS ) — 11€ TTUBO, SIKE
BUTOTOBJISIIOTH HEBEJIMKI TPUBATHI MUBOBapHi. TepMiH «kpadToBe TUBOBAPIHH» OYJII0
3anpornoHoBaHo B XXI cTomiTTi 00'eqHAHHAM aMepUKaHChKHX NMUBOBapiB (Brewers
Association), iK€ BU3HAYWIO PEMICHUYY MHBOBAPHIO SK «HEBEIMKHI HE3AJICHKHHI
3aKJaJl, SIKHH BUTOTOBJISIE TTMBO 3a TPAAULIIMHUMU perentaMmy.[1]

Ile He TUIBKM KJIACWUYH1 IHTPEAIEHTHU: BOJIA, COJIOM APLKIKI Ta XMijlb, HEBEJIHKI
MUBOBapHI BBOAMIIM HOBI PEIENTH, MOYATKOBOIO ayJauTOpi€lo Oynu Jpy3i, CycCiau,
BI/IBIIyBaul MiciieBoro rnady. MeTorw CTBOPEHHsI pEeMICHUYOTO IHBa € 3aJ0BOJICHHS
CMakKiB TypMaHiB, KpadT HE MOKE MPETEHAYBAaTH MaCOBHI PUHOK CIIOKHBAYIB.

Came ci1oBo «kpadTOBHID» 03HAUAE, 110 pid 3podieHa pykaMu. AJie B JIEKCUKOHI
JIOOUTEITIB XMEJTIO 11€ aCOLIIOETHCS HacaMIlepe/l 13 TUBOM.

[Tonstrs xkpadToBa mMBOBapiHHS 3’siBUiIoca B 1980-x pokax, Koiu
OpraHi3yBajiiCs 1 MOYaau PO3BUBATUCS HEBEJIMKI OpOBapHIi, 10 BUPOOJISIIOTH ITUBO 3a

TpaauIIMHUMU a00 aBTOPCHKUMU perenTami. [2 ]

!Authors: Koval Olga
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B ocHoBi imei cTBOpeHHS KpadTOBOro mHBa JCKHUTh 3aJ0BOJICHHS MOTPEO
KJIIEHTA, & HE BUPOOHHUIITBO BEJIMKUX OOCSTIB MPOIYKTY 1 30yTy OINTOM, 3 4acoM ijes
3MOrJIa TMEePEeTBOPUTHUCS Ha yCHIIIHY cdepy Oi3Hecy. AMEpPUKAHCHKI MIANPHUEMIN B
cepeanHi 20-ro CTOJITTS CTBOPUJIM HEBEJIUKI MIANPUEMCTBA 1 BUPOOJISATH Pi3HI COPTH
HAIoOI0, BPAaXOBYBAJIM 3alUTH HEBEJIMKHUX TPYI BiJIBiIyBadiB, pa3oM 3 TUM BEJHUKI
MUBOBApHI KOPIOpallii mpeICTaBIsUIM Ha PUHKY CTaHJapTHY JIHINAKY HaIoo, ike 0YyJI0
BUTIHUM MMBHUM KOPIOPALISIM Yepe3 1HIyCTPIalIbHICTh CIIOCO0Y, 110 BUPOOISUIA B
OCHOBHOMY CBITJIMI Jlarep.

Bnepiie mnoHsTTS MiKponmuBOBapHi BBeaeHO Yy Benwukiit bputanii y npyrii
nmojoBuHI 1970-X poKiB JjIsi TO3HAYEHHS HOBOTO IIOKOJIIHHS THMBOBApPEHb, IO
CHeliali3yBajlucs Ha BHPOOHULTBI TpaauliiHOro OoukoBoro emwo. Ilepmum
MIPUKJIAJIOM YCIIIIHOI MIKPOITUBOBApHI BBAXKAETHCS MMIANPUEMCTBO, 3aCHOBaHe B 1975
poui bimmom VYpkeaprom (anrn. Bill Urquhart) B cem okpyry Bimmnaropo
(Hoptremnronmup). HeBenuki MikponuBoBapHi (pipMH MOKa3yBaJld BUCOKY THYUKICTb
ACOPTUMEHTY TMPOAYKIlli, 37aTHICTh IIBHUJIKO BPaxOBYBaTH MIHJIMBI MMOOaKaHHS
KJIIEHTIB, a TAKOXK HOBATOPCTBO Ta €KCIIEPUMEHTATOPCTBO.

VY 1980-x pokax konuemniis nepexkoudysaia 1o CIIIA, ne repminom Microbrewery
CTaJIM MO3HAYaTH MUBOBApHI, 1110 BUTOTOBJSUIM HE OulblIe 15 THC. aMepUKaHCHKUX
OapeniB NuBa Ha PIK.

B 2019 poui 6yno crBopeno cnuibHOTy Craft Beer Club, sika mae 00’eqnatu
BUPOOHUKIB Ta CIIOKMBaYiB KpagdTOBOTO 1Ba VYkpainu [3].
https://craftbeerclub.com.ua/

B cBiti icHye nudepeninaris kpa@ToBUX MMBOBAapeHb [4,5,6] 3aI€KHO BiA:

l. KITBKOCTI  BHUPOOJIEHOTO HANOK - HAHOMHUBOBApHI, MIKPOMHMBOBAPHI,
3araJibHOBXHUBAHOT'O Kpa(dToOBi;

2. MICII€3HAXO/PKEHHS, MOoJadl CICIiaJbHO BHIOTOBJICHOI 1Ki, 00O0B’SI3KOBOI
npofaxi He MeHie 25% BiJ BUTOTOBJIEHOTO MHBAa Oe3MOCEpeAHBbO B 3aKiagax -
dbepMepchbki, nusosapui naou, "Tan-pym" (aHri. taproom);

3. OMOJATKyBaHHS, SIKE BEAETHCA 3a JEPKaBHUMU Ta MICIEBUMH 3aKOHAMHU 3

MIUPOKUM CIIEKTPOM MIJIBT.

MONOGRAPH 10 ISBN 978-3-98924-047-6



M\

Prospective global scientific trends ‘ 2024 Part 2 %

S

B Vxkpaini po3pi3HsrOTh TpyIy MiHI-ITUBOBAPHUX 3aBOJIIB [7]:

* «IOMalIHI» Ta «aMaTOPChKi» MIHI-IIMBOBAPHI, B SIKMX JIOJIU CaMi TOTYIOTh Ta
CIIO’KHMBAIOTH THBO;

* «pecTopaHHl» Ta «BUPOOHWYI» MIHI-IIUBOBAPHI, SKI BUPOOJIAIOTH Ta
peanizytots 1000...10 000 rexTomiTpiB MUBa Ha PIK;

* KOMEpIIiifHI MiHI-TMBOBAPHI, 1110 BUpoOIsitoTh A0 30 000 rexToniTpiB N1uBa Ha
pIK, X 00'€THYIOTH MiJ] 3arajJbHOI0 Ha3BOK «MIHI-TTUB3aBOIN.

Huni MiHI-TUB3aBOAM HE KyCTapHI BUPOOHUIITBA, a Cy4YacHI HaBITh HEBEJIMKI
MMBOBAPHI 3aBOJIM, OCHAIIEH] HAICYYaCHIIIUM TE€XHIYHO IOCKOHAIUM TEXHOJIOTTYHUM

O6J'Ia,HHaHH}IM, AK IIPpaBUJIO, HEC JIMIIC aBTOMATU30BaHHUM, a 51 KOMH'IOTCpI/IBOBaHI/IM.

1.2. TexHousoris, kiacugikanisi nuBa, BUPOOHMKH KPpadTOBOro musBa

3arajgpHa TEXHOJIOTIS BHTOTOBJICHHS muBa [8, 9] 3anumiaeTbcs HE3MIHHOIO,
CTaHJIapTH Ha TMBO Pa3oM 3 TUM KpadTOBI BUPOOHHUIITBA MalOTh CBOi OCOOJIMBOCTI:

1. BuroToBnsitoTb 32 TpaguIliiHUMH Ta  CTAPOJABHIMH  PEIENTaMH,
BUKOPHUCTOBYIOThH TPAIUIIIIHI IHTPEI1€HTH.

2. [IponoHy1OTh HOBI aBTOPCHKI COPTHM TIMBA, 3aCTOCOBYIOTh HETPAIUIINHI
100aBKH — IIOKOJIa, IIATPYCOB1, MOJIOKO, DPYKTH, CHEIli TOIIO.

3. He 3acTOCOBYIOTH KOHCEPBAHTH, IO 3MEHIITYE TEPMiH peastizallii, Hamoro.

4. He BUKOPUCTOBYIOTh TEIJIOBI KOHCEPBYIOUM TEXHOJIOTII macTepu3ariii, Hamii
OTPUMYIOTh OLJIBIIT apOMATHUH, KUBUM.

5. BapTicTh n1Ba 3HaYHO BUIIE, HIXK 3aBOJCHKOTO 3@ PaxyHOK JOJJaBaHHS OLIBII
JIOPOTUX HATypajJbHUX IHTPENIEHTIB, JOOABOK.

6. BUrotopnsitoTh Hamiii HEBENTUKUMHU MapTIIMHU, OCHOBHI CHOXWBAul — KHUTEI1
IPUWIErNIol TEPUTOpii, 3a MOTPeOM IMIBUIAKO 3MIHIOIOTH PELENnTypy, pO3pOoOJIIIOTH
cIieIiajibH1 BUAY MUBA JI0 CBST, JJIS JKIHOK.

ITueo knacughikyroms 3a iepapxiunum npunyunom [10, 11].

 Ilepmmii piBeHb Kjacu@ikallli miBa 3a CIIOCOOOM OpOJIHHS: Jlarepw,
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eJ1i, TMBO CIIOHTAHHOTO OPOIIHHSI, T1IOpUIHE TTHBO.

» Jlpyruii piBeHb, TUIH MOAUISIOTHCSA HA CTHIII NTUBA: MHJIB3HED, CTAYT, MMOPTEP
TOIIIO.

Jlns cucremartm3airii Ta Kiacudikaiii CTUJIB CHEMialiCTd TUBHOI Tamys3i
po3pobunn MixkHaponny kmacudikamiro BJCP (Beer Judge Certification Program)
[11], y1i penmakuii Bix 2020 poxy monax 120 ctuimis.

» Tperili piBeHb, Y paMKax CTHIIIB IMBOBAPH BapsATh COPTH.

Kpim mikHaponHux kinacudikaiiii, € 1 HalllOHAIbHI TPAIUIi.

[lepuium, cTBOpeHMM JIOAMHOK TMBOM, OyB enb. 3 XIIV cromitra, 13
3alo4YaTKyBaHHS 3aCTOCYBaHHS XOJOIMJIBHOI TEXHIKH, MOYAM 3’ SBIATHCS Jarepw.
[naycTpianbHi TUBOBapHI BUPOOJSUIM MUBO HU30BOTO OPOAIHHA, Pa3oM 3 TUM IHBO
BEPXOBOTO OPOJIIHHS BIJIPOJIUIOCH B Kpa)TOBOMY BUPOOHUIITRI.

IcHytoTh pi3H1 cOpTH KpadToBOrO MuBa. 3a cOCOOOM OPOAIHHS 1 IHAYCTpialIbHE,
1 Kpa)TOBE MalOTh OJTHAKOBY KJIaCH(IKaLIIO 32 BUKIIOYCHHIM MOHSTTS T10pUIHOTO 1
CIIOHTAHHOT'O OPOIHHSA:

« Bepxoge (eni) - 30poKeHe 3a TOMTOMOTOIO €IEBUX APIKIIKIB TTHUBO.

« Huzose (narepHe) nuBo - 30poKeHe JTarepHUMHU APDKKAMU 1 BATPUMAaHE TPH
HU3bKIN TemrepaTypi MHBO.

o T'iGpunHe - copTu nuBa, SIK1 HE MOXKHA BIAHECTH H1 10 OJHOTO 3 JIBOX COPTIB,
OCKUJIbKH B iX MMPUTOTYBaHHI KOMOIHOBaH1 ITHT'PEIIEHTH 1 TEXHOJIOTI].

o IluBo cioHTaHHOTO OPOIHHS - 30POIKEHE TUKUMHU AP1IKIKaMU MHBO.

3a K0JIbOpOM KpadToBOE MUBO OyBaE:

e CBITIIE;

¢ YEpBOHE;

. Olre.

3a CUPOBHHOIO PO3PI3HAIOTh:

¢ Ha OCHOBI SIUMEHIO, MIICHHULIL, )KUTa, KYKypya3u (eBponeiicbki kpainu, CI1IA);

« 3 copro abo 6aHaHiB (y appHUKaHCHKHUX KpaiHax);

e 3 SMIOHCHKOTO PUCY, BATOTOBJIECHHS MOAI0HO Cake.

3a ominkoro BRDO [12] (anrn. Better Regulation Delivery Office), odicy
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€(EeKTUBHOTO PETYJIIOBAaHHS, HE3aJEKHOr0 €KCIEPTHO-aHATITUYHOTO LEHTPY, SKHUM
(hiHaHCYEThCSA MDKHAPOAHUMHU OPTaHI3ILIsIMU, YKPAiHCHKUN PUHOK KOHTPOJIIOIOTH
JIeB’SITh BEIUKUX BUPOOHMKIB, SKI BUIyCKalOTh 87% ychoro muBa. 3 2017 poky
AKTUBHO PO3BUBAIOTHCS Masi OpoBapHi, 110 BUpoOsitoTh 1o 300 THC. 71 nMUBa Ha PIK,
ctanoM Ha 2021 pix Oyino Oinbine 200 kpadTOBUX MUBOBApeHb, SKI BUPOOISIIN
npuban3Ho 3% BiJ ycix 0OCSTIB MUBA.

Jlst nopiBasinHs y CHIA mani nuBoBapHi BUpOOIISIIOTE 10 12% mnuBa, KIJIBKICTh
kpadroBux nuBoBapens y Opantiii — 2500, y bpuranii — 1810, Himewunni — 1512.

3 BusHaueHnx BRDO 200 kpadToBUX NHBOBapeHb, OCHOBHY KOHKYPEHIIIIO
CKJIAIAI0Th JeKUIbKa TPOBIJIHUX KOMIMAHIA 31 CBOEK ICTOPIEI0, BIIACHUMU
TEXHOJIOTISIMH, OPHUTIHAJIBHOIO CHPOBHHOIO, JKEPENIbHOIO BOJOIO, CBITOBHUMH
pedTuHramu. Po3ristHeMo X IpoIyKIIito.

Kpaghmosi nusosapni, ocoonueocmi mexnonoziil.

1. [luBoBapHs Mukynunenskuii bpoBap, sika 3HaXOJUTHCS Y IPEBHHOMY CEJHII
MuKkynuHIll, BapuTh BEJIUMKUM AaCOPTUMEHT >KMBOTO HEMAacTepU30BAHOTO MHBA.
OcoO0aMBICTIO € MKepeiabHa BOJAA, sIKa MPOXOJUTh Yepe3 MOKJIaau roiay0oi IIMHU B
I'PYHTI, HaJIJIeHa CaMOI0 MPUPOJIOIO0 BCIMa CMAKOBUMH SIKOCTSIMU 1 BUKOPUCTOBY€ETHCS
JUIA BapiHHS MUBa 1 BUpOOHMIITBA HamoiB. lle ennHa muBoBapHsS B YKpaiHi, sika 3a
BHUCOKY SIKICTb HPOAYKILIi BIJIOBIIHO O €BPONEHCHKUX CTaHIAPTIB HAropoKeHa
TUIIIoMoM Ta ceptudikarom €Bponericbkoi biznec Acambiei, M. Oxcdopa (AHrmis
2006 pik). Ha ganwuii yac noty>xHicTb 3aBoay ctraHoBUThH 1 700 000 nexamiTpiB nmuBa Ta
1 500 ToHH cosiony B pik. bpoBapHs BUTOTOBJIsIE€ OUIbIIIE ABOX JACCSATKIB COPTIB IHBA,
cepell AKUX EKCKIIO3MBHA MPOAYKIiS — cremianbHl coptu nuBa “EmiTHe”, “Buma
nmpo0a”, 3 TOHKO-apOMATHYHUM XMeEJIEM, SIK1 PO3JIMBAIOTHCSA B CHEIiaibHI TUISIIKA 3
BIJIKUJTHOIO OYTeJIbHOI MpoOKOr. ['OpJicTI0 MMBOBapHI € MOJAPyHKOBHHM BapiaHT
“PigHa YkpaiHa”, mio po3iauBaeThbes y ABOMITpoBi cudonu, “Menose” ta “TepHOBe
noJie” — B I’ ATWIITPOBI O0UKU. Y (PIpMOBUX IUISIIKAX PO3JIUBAIOTH TaKi COPTU MHBA:
“Muxymun”, “TposH”, “TepnoBe mnone”, “Menore”, “Jlarep”, “HoBopiune”,
“Yxpaincoke”, “Muxymun 9007, “Radler”, “Barley Wine” Ta “bezankoronpHe’.

“Blanche” — cnemiaabHe NMUBO 3 MPsSHOUAMH. TaK0X MHUBOBApHsS BapUThb IHBO
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“Kaltenberg” no niuen3sii npunna Jliroitnonsaa gon baepna 1 nuBo Yecbka KopyHa 1o
JeHsii YEChKUX MIMBOBApIB. (Ixeperno:
https://www.beer.ua/pyvovarni/mykulynetskyy-brovar/)

2. VARVAR. Ils OpoBapHs Opi€eHTOBaHa Ha aMEpPUKAHCHKUU CTUIIb KpadTy.
Bona Ha naHuii MOMEHT € JijiepoM 1 Bxke OyJla YH4aCHUKOM JIEKUJIBKOX 3apyOiKHUX
NUBHUX BUCTaBOK. HaitOinmpi cusibHuM copToM OpoBapHi € Milk Stout — Temuuii kpadr
AQHTJIIMCHKOTO CTWIIO 3 JOJIaBaHHSM JIAKTO3H, 10 MO30aBJIsIE TUBO BiJl TIPKOTH TIPH
oOxaproBaHHi coiony. O6magnanHs nuBoBapHi Varvar Brew: ZIP Technologies.
(Ixepeno: https://varvarbrew.com/)

3. ITuBnwuii reatp [IpaBnaa. L{s1 OpoBapHs 11iKaBa HE TUILKW CBOIM IMTUBOM, ajie i MOTro
Ha3Bamu 3 cepii: Putin ..., Obama Hope, Frau Ribbentrop Tomo. Ane crnemiamicTu
HaroJoIlyoTh, 110 BI3UTHOIO KapTOYKOI OpoBapHi € TeMHUH enb «JIbBIBChKa
BECHa», Kpallle BITYM3HSIHE MUBO 32 BEPCIEI0 CBITOBOTO MUBHOTO peHTHHTY Rate Beer
Best. Ille ogna mera «IIpaBmm» — CTBOpIOBATH COPTH, SKI TMOEIHYIOTh 3HaHI
MDKHApPOJHI CTHI1 3 yKpaiHChbKoro TemaTukoro. Hampuknan, «100 pokis YHP» —
IMIIEPCHKHI CTAyT, HACTOSIHUN HA YOPHOCTHWBI 1 KOom4eH1d rpymi. AGo «3aMKoBa
ropa» — KHUCIMH OepiiHepBailc 13 JoAaBaHHSAM KBITOK Oy3uHu. (kepeno:

https://www.pravda.beer/pravda/).

4. Collider. IneitHi HaTXHEHHUKH 1 BIACHUKU I11€1 OpOBapHi € MmioHepaMu Kpadra
B YKpaiHi, OCKUIbKA came BOHHU mnepiumu 3Bapwim B 2012 pomi Indian Pale Ale.
BbpoBapHsa € HaWOUIBII EKCIIEPUMEHTATOPCHKOIO Ta 1HHOBaLIWHOIO. TyT BapsTh
rapOy3oBuid kpadt Ta HalOLbm mubkHUNA (31%) kpadT B kpaini. 3apa3 Collider
BapuTh NMUBO B KueBi Ha BiacHOMy oOJiaJiHaHHI, MapajelbHO BUPOOJISIOYM MHBO B

Yexii, (GYyHKIIOHYIOUH SIK KOHTpaKTHa IIMBOBAPHH. (dxepeno:

https://your.beer/brewery/collider-brewery)

5. BpoBapus Iluna. Kpama ykpaiHchka muBOBapHS 3a Bepciero pedtuHry Rate
Beer Best. Ockinpku [{una 3Haxoautbes B BUCOKoripHoMy PaxiBcbkoMy paiioHi, Bojia
JUISl TIMBA TOCTYIA€E 3 MiHEpaIbHUX Jipkepes. [IuBo micis BapiHHS «BIATIOYMUBAE) HE
MEHIIIe MICSIS B XOJIOAHOMY TifBami. Ha ganuii yac BUpOOHUKH 3HAYHO PO3LIUPUIH

ACOPTUMEHT SIK MHBa, TaK 1 KpaTOBUX CHUPIB, M’ SICHUX IPOAYKTIB, CMAaKOJIHUKIB,
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3aiiMarOThCA TaCTPOHOMIUYHUM Typu3MoM. ([[xepeno:https:// www.tsypa.beer/product-

category/napoi/)

6. Bierwille. Biapi3ustoTh qyske mMiKaBi MO3HINIT 1 BiJIX11 BiI CTAHIAPTHUX CMAaKiB
kpadtoBoro muBa. bpoBapHs MoOXke 3AMBYBaTH OCBDKAIOUMM CBITIIUM €JIEM,
appUKAaHCHPKUM XMIJIBHUM JIar€poM, TYCTHM CTayTOM, a TaKOX IMHBOM 3 KOHOIEINb,
KPOTIUBH 1 Iie 6aratboX pociuH. TomnoBa no3utlis — YepBoHMit enib. BUKOpHCTOBYIOTH
TUIBKM HaTypasibHI Ta SIKICHI IHTPEIIE€HTH, TPAAMWIIAHI Ta KJIACHYHI TEXHOJIOTII.
([Ixepemno: https://bierwelle.choiceqr.com/section:pivo)

7. White Rabbit Craft Brewery. CnaBuTbcs yHIKQIBHUMH  peElENTaMU
kpadToBoro nuBa. OHa 3 HaWKpAIIUX BITYM3HSIHUX MUBOBapeHb, Biakpuiacsa y 2011
poui. Binronl mpakTWUYHO HE BHUTpayae 4ac Ha MapKeTHHI Ta peKjamy, 3arajom
MOBHICTIO 30CepeKeHa Ha CTBOPEHHI HI Ha IO HE CXOXKUX, YHIKQJIbHUX PEIENTIB
xmiutpHOTO Hanow. Koxue HoBe Bapinus White Rabbit — 1ie ekcnieprMeHT, HOBI CMaKu
Ta NOEIHAHHS, HOBUM PEUENT Ta HOBUM pe3ynbrar. [loumHanocs Bce KIIACHYHO —
JIOMaIHi OpoBapHi OTPUMYBAIM Bijl CBOTo X001 Bce OLIbIIE 3a710BOJIeHHs, TOTiM White
Rabbit nepepic i3 romanrHboro nuBoBapiHHs, o 30 JITPiB ABIYl HA MICAIb, Y OPOBAPHIO
npoayktuBHicTi0O 300 miTpiB Ha 100y. HaOubIy momysIsipHICTE KPUBOPIKIIM J1aJI0
nuBo Lupulin — amepukancekuii IPA, 1110 nmoctaBuB yKkpaiHCbKHI peKOp. TIPKOTH y
kpadToBOoMy mnuBOBapiHHI. CripoOyBaT KpHBOPI3bKUN KpaT MOKHA B KHUiBCHKOMY

nabi CRAFT vs PUB. ([xepeno: https://beerplace.com.ua/news/white-rabbit-craft-

brewery, https://posteat.ua/obzory/ukrainskij-kraft-top-otlichnyx-otechestvennyx-

pivovaren/).

8. Andrii’s Craft Brewery. ®imkoro 11i€i OpoBapHi € MOXJIHUBICTH JOCTaBKH

3aMOBJICHHS KJi€HTy B Oymap-sikuii yac. [IuBo, 3BapeHe OpoBapHEI0, «BIAIOYUBAE) B
IJISIIKAX BIJ OAHOTO 10 ACKUIbKOX MicsiiB. Andrii's Craft Brewery Baputh eni B
aMEpUKaHCHKOMY, aHTJIIHCbKOMY Ta OENbridChKOMY CTHIISIX, TaK0XX CTBOPIOIOTH
CE30HHI COPTH — Pi3ABSHI 4K rapOy30Bi. 3 OCTaHHIX €KCIIEPUMEHTIB MOKHA 3BEPHYTU
yBary Ha OpayH eJIb B aMepUKaHChKOMY CTHJII 3 JOAABaHHSAM 00CMa)X€HO1 KOKOCOBOT
CTPY>KKH B KIHIIl Opo/1iHHA a00 Ha KaBOBUI OpayH elib 3 Koa0pro apadikoro 3 Tanzanii,

Ha JIETKUH €Jb 30J0TOr0 KOJbOPY 3 AOJABaHHSIM Medy Ta KyKypyasu. (IIxepeno:
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https://posteat.ua/obzory/ukrainskij-kraft—top-otlichnyX-otechestvennyx-pivovaren/).

9. K&F Brewery. bpoBapHs BIIPI3HIETBCS THM, IO JEAKI €KCKIIO3UBHI COPTH
T1Ba BAPSATHCS HEBEIMYKUMU ApTISIMU B JOMAIITHIX yMOBAX, a 00’ €M J0O0OBOTO BapiHHS
0111 TPOCTUX COPTIB AoX0oAUTH 10 1000 miTpiB 3a 700y, iX BapsTh HA MOTYKHOCTIX
3amopizpkoi MiHI-OpoBapHi KronSbeeR. Tomoma moswmiisi — brown ale Sex with
Mermaid (Mermaid — pycanka), 3 HEOOCMaX€HUMHU KaBOBHUMH 3€pHAMH 1 TOHAMH SIT1],
a Takok Drunken Monkey IPA, mo XapakTepu3yeTbcsi HACHYEHHUM Ta JIOBTUM
TpaB’ssHuM TmiciasicmakoM. KF Brewery Bxoauth a0 ckiany chinku «HesamexHi
BpoBaphi». Cborojani B acopTuMeHT1 UBoBapHi moHaa 50 COpTiB MKUBA, MPEICTABICH]

B IMBHUX 3aKjajax 1o Bciit Ykpaiui. ([[»xepeno: https://posteat.ua/obzory/ukrainskij-

kraft-top-otlichnyx-otechestvennyx-pivovaren/).

He HOBUM pass NUBOBapiB € 3acCTOCYBaHHS JAepeB’sIHUX OOUYOK, B OCTaHHI
AecsATUpIYUA 11 He momurpeHa tapa. CBITOBUN AOCBI KpaQTOBOTO MHUBAa PO3ALIMBCA
HAa TPAKTUKYy 3acTOCyBaHHS HOBHUX JEpEB’SHUX OOYOK 3  (hpaHIy3bKOroO,
aMEepUKaHCHKOTO, CX1THOEBPOIEHCHKOTO y0a, T0JaBaHHIM TPICOK 3 AepeBa, a TAKOX
00YOK JIepeB’IHUX 3-II1]] PI3HOTO BUHA, KOHBAKY, XepeCy, BICKi. BOUKM 3-111]1 KOHBSIKY,
BHMHA, BICKI NIPUBHOCAThH y MHUBO yHIKaJbHY, JIEIb TOMITHY, TOHKY HOTKY MIIIHOTO
aJIKOTOJII0 HaBITh O€3 MiJBUILEHHS rpaayca nuBHoro Hamnorw. [TuBoBapus VARVAR
OTpUMaJia BJIACHUU MO3UTUBHMM JOCBIJ 3acTocyBaHHS Oouok Shabo Myckar mns
BUTPUMKH MPOTATOM IIECTH MICSAIIIB, 01JI0T0, 4EPBOHOTO BUHA, KOHBSKY 3 BUTPUMKOIO

1o poky (Ixepemno: https://varvarbrew.com/nashe-pivo/limitovane/).

1.3. CyuacHi 1oxaTku nNpu BUTOTOBJIEHHI KpadTOBOro muBa

AHaJi3 TeXHOJIOT1 TTOKa3aBs, M0 YKPATHChKI MUBOBAPU-KPadTIpi 3aCTOCOBYIOTh
HOBI JIOJATKHM JJI1 BapiHHS IIMBa, 30KpeMa IIe: IIOKOJaa, KaBOBI 3¢pHa, KakKao-
MOPOIIIOK, Kakao 000u, KapaMesb, MOJIOKO, IIUTPYCOBI, SITOJH, KOKOC, TOPIXH, CIEeIil
(kopuilro, TBO3MKY, BaHLIb, YOPHUM TIEpEIlh, MEPeh YU, KOpiaHAp TOIIO), Me,

TpaBHU.
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Jloci Mano JOCHiPKEHMM IpU BHUTOTOBJICHI TNHBAa € HANpsSM 3aCTOCYBaHHS
JKYBaJbHUX, TyXMSHUX TPaB, TOYMHAIOYH 3 MEJIICH, M SITH, TYIITHII1, aJIe BXKE ICHYIOTh
TEXHOJIOT11 M1Ba 3 KOHOIEJb, KPallMBU, KBITOK Oy3UHH.

HoBuM HanpsamoM € dodasanns ppykmosux, a2ionux inzpeodienmie, 1110 BILTUBAE
K Ha (PYKTOBUI XapakTep MHBa, TaK 1 Ha YCKJIAJHEHHS MPOIIECIB MONEPETHBOT
H1ATOTOBKHU POCIMHHOT CHPOBHHH JJIs 3aII001TaHHS 3apakKeHHS MMBa HEXapaKTePHUMHU
JUJISL HhOTO OaKTepisiMHU, 1110 CKOPOUye TepMiH HOTO peanizallii. [CHyroTh pi3Hi mopaau
IOJ0 1X 3acTOCyBaHHA, Aeski 3 Hux [13, 14] mpoaHanizoBaHO 1 MPEICTABICHO B
tabmui 1.

Buxonsuu 3 qocmiakeHb, HalKpaIluM BapiaHTOM € Mojiavya CyIIeHUX, B’ AJICHHX,
MOMEPEHBO 3aMOPOKEHUX MPOIYKTIB, TAKUX IO MPOMILIM TEIIOBY OOpOOKY Bin
OJlaHIIyBaHHs, TacTepu3allii 10 cTepuiizamii ado BHECEHHS JO0JIaTKIB Ha CTaiail
BapiHHS MHBA.

Bapiantu nmonaui GppyKTiB, sIT1J1 IPH BUTOTOBJICHHI ITUBA MPEICTABIICHO HUKYE:

1) ITrope abo ppykTOoBUI CiK YAaCcTO OAAIOTh B OCTAHHI XBUJIMHHU KHIT'SITIHHS
cycna. Tak mope/cik macTepu3y€eThesl, 3aBISKH YOMY MaKCUMaIbHO 3HUKYEThCS PU3UK
3apakeHHs uBa. SKio gonaere PpyKTH y Takuil ciocid, To BOHU OyyTh IPUCYTHI Y
NUBI M1 Yac akTUBHOTO OponinHs. I1ig yac OpoaiHHS BTpadaeThesi OUIbIIA YACTHHA
(bpyKTOBOTO CMaKy 1 MMBO HAOyBa€ BUHHOTO XapakTepy. OHaK y IeIKHX COpTax MKBa
BUHHUI CMaK MOXe OyTH 1IKaBUM, HAIIPUKIIA]I, IPU JI0/IaBaHH1 BUHOTpay. BaxknmuBum
€ 30UIBIICHHS BMICTY LIYKPY B CYCJIi 32 paXyHOK BHECEHHs (DPYKTIB, LIeH I[yKOp Ma€e
OyTH BpaxoBaHO MPH CKJIaJaHHI pELENTYpPH.

2)ITrope Ta COKM MOXYTh OyTH JI0JaHI B CYCJIOBapWJIBHUN KOTEN IIiJi 4Yac
KUM'ATIHHA. B e ke yac MoxyTh OyTu AomaHi CBiXKI (pykTH, aje OaxaHO iX
NOAPIOHUTH JJISI OTPUMAHHS O1IBIIOT KIJTBKOCT1 COKY.

3) BapianT nonaBanHsi ppyKTiB Ha CTafii 3aBEpIIEHHS OPOIIHHS y BUTIISAII MIOpe
micys 3aMOPO3KH a00 MiCHsl MOMepPeaHbOT TEPMIUHOT 00POOKH Ta 0XONOMKEeHH. [
IIOTO 3aCTOCOBYIOTh HHU3BKOTEMIIEpaTypHY MacTepu3allilo B MmapoBapii  abo

Oe3nocepeIHbO Ha IMTi. BuTpumka ¢pykToBoro mope rnpu remmneparypi 65-75 °C mae

CKJIaZIaTH TMPUOIN3HO 15 XBUIHH.
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Tabnuus 1 - @pykmu, sa200u npu 6uzomoe1eHHi Kpaghmoeozo

At

nuea
OpykTH, ssroan Cik, Mmi/n [Trope, v/n (Cymeni, /1 |Limi,
[IIMaTOYKaMH, I'/JI
AtiBa 240
Ab6nyka 60 120-240
['pymna 60-180 120-240
AOpukocu 90 60-480
Hexrapun 120-240
[Tepcuxu 60-240 120-240
Cnusa 240-360
Yopna cmopoauna  |[180-280 40-180
OxuHa 60-480
YopHuus 60-360
ManuHna 30-240
O6ninuxa 2-8
[Tonynuus 60-120 240-360
Kypapnuna 50 120
dizaic 240 - 600
Bumns (kucnata  [90-180 240 60-180 120-400
COJIOJIKA/YEPEILIHS)
[Hxup 30 120-240
Xypma Pyio 300
['peitndpyt 30-45
Anenscun/KnemeHnT 30-120
uH
MenoBa quHs 240-360 280
Kigi 240
KymkBat 30-70
I'panar 60-90
KaByHn 300-470
AHanac 240

(CknageHo aBTopoM)

4) ITix yac BTOPUHHOTO OPOJIIHHS MOXHA J0AaBaTU PPYKTOBY M'SIKOTh 3 TIJIOJIB,

mope abo ¢pykroBui cik. s 4doro momepeaHbO0 00poOJeHi mpoje3iH(ikoBaH1
bpyKTH MOAaI0Th B MpoJe3iH(iKoBaHUM OpoauiIbHUN 0ak 1 MepeanBaloTh B HHOTO
MUBO OJIMKYE JIO KIHIIS IEPBUHHOTO OPOJIIHHS. 3aMOpOKyBaHHS (PPYKTOBOTO IMIOPE Ta

PO3MOpPOXKYBaHHSI TIEpPea TOJaBaHHSIM HOTO B (epMEHTEp aomomarae 3BUIBHUTH
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O1IbIIIE apOMaTiB 3a paxXyHOK TPaBMYyBaHHsI KJIIITUHHUX CTIHOK (pyKTiB. [lacTepusariiro
MO>KHa ITPOBOJIUTH B MIIIKY, MOJaJIbllIe 10AaBaHHA B JepMEHTEp BUKOHYBATH B I[bOMY
K MIIIKY JJIs1 3SMEHIICHHSI KaJlaMyTi B ITHBI.

5) 3acTOCOBYIOTh LIUTPYCOBI NpPH THUBOBAPIHHI y BUIJISAI BUCYIICHOI IEIPH,
CBIKHUX (PPYKTIB, COKY, M'KOTi, EKCTPAKTIB TOTOBHX JI0 B)KUBAHHSI.

6) [1pu BapiHHi (PYKTOBOTO MHBa BUKOPUCTOBYIOTH BiJ 30-60 rpam srig abo 120
rpam (pPYKTIB Ha JITP JUIs TUIOIB 13 CHUIBHUM apoMaToM 10 220 rpam 1 Oibliie Ha JITP
I MEHII BUPAKEHUX apoMartiB (BUlIHI To1io). TpuBanicts OpoaiHHS 3 GPYyKTOBUMHU
IIyKpOM TpHUBa€ npoTsirom 7—10 mHiB.

B ocranHi poku B Hamiil KpaiHi PO3BHUBAETHCS CaJlIBHUIITBO, OCOOJHBOIO
MOMYJISIPHICTIO KOPUCTYEThCS pO3BeneHHs sril. L{ikaBuM BapiaHTOM mepepoOKH AT
MaJIMHU, OKUHU, OJYHHI[l, CMOPOJIMHU, YOPHUIII € BapiHHS MTUBA 3 TOJaBaHHAM ST1.
BoHO KOpHCTYETBCS 3aCiTy>KEHOIO MOIYJIAPHICTIO Y AIBYAT Ta KIHOK 3a CBOI IITIOIII
BITAMIHHI Ta AaHTHOKCHJAHTHI BJIACTUBOCTI, BIAMIHHMH CMaK, MOKJIMBICTb
peryJIroBaTH BMICT aJIKOTOJIIO B ATITHUX Hamosx [15].

Bnaue ¢ppyxmis, a2i0 na 3miny cmaxy nuea.

SA6nyka y mnuBI JalOTh M'SKUM CMak, 3acCTOCOBYIOTh y BHIJISAI IOpe 1
MOJIpIOHEHUMU.

['pyma 3abe3nedye TOHKHIA CMaK y MHBI, 101al0Th CYIIEHOIO, MOAPIOHEHOIO.

[Tepcux cTBOPIOE BIIACTUBUI HOMY apoMaT y TOTOBOMY ITHUBI.

AOGpukoc mnpaifoe HabaraTo Kparie y MuBi, HK MEPCUK, J1a€ IEPCUKOBUM CMaK y
roroBe MNHBO. MOXKHa 3acTOCYBaTH €KCTpakT aOpUKOCy, Yy BHUIUIAIL MIOpE,
MOAPIOHEHUM.

ManuHa [goja€ cMak Ta apoMar, SIKMH J00pe TPUMAIOTHCS TICas OpoMiHHSA,
3aCTOCOBYIOTH IIJTUMH ATOJIaMH, 3aMOPOKCHUMHU.

[Momynuus. Ilpu gomaBaHHI cMak Ta KOJIp IIBUAKO 3HUKAIOTh, apoMar IyxKe
TOHKUH. BXKUBaTH TIJIBKK Y MOJIOZOMY IIHBI.

OuHa sK 1 MaJIMHA JOJAa€ CMaK, IIKaBUM KOJIpP, 3aCTOCOBYIOTh Y BHUTJISAIL STI,
3aMOPOXKYIOTh NEpe J0JaBaHHSIM.

Yopuung. Cmak Ta apoMaTr CUpOi NOTAHO TPUMAETHCS, TOAABAHHS 3BApPEHOTO
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BapeHs 3 YOPHUIIl HaJla€ TOHKUM apoMar IUBY.

Buninaio TpaauiiiiHo BUKOPUCTOBYIOTh B O€NbI1MChKUX cOpTax MuBa. JlogaBaHHs
BUIIHI Ta YepellHi MPOBOJATh Y BUTIIAMI LUIUX, MOAPIOHEHHUX, CYIICHUX, a TaKOX
CBIJKOT'O COKY.

XKypaBnuna Hamae MUBY CyXOi TEPIKOCTI, KOJbOPY, HE BIAUYBAETHCS 3MiHA
CMaKy, AOJAIOTh SK y BHUIJISIAL COKY, TaK 1 SITOJaMH, Ma€ BJIACTHBOCTI MPUPOJHOTO
KOHCEpBaHTA.

['peiindpyT NOETHYIOTh 3 aMEPUKAHCHKUMHU COPTaMH XMEJIO Y BUIJISII LEJPH,
CBIKHX (PPYKTIB, COKIB.

JluMoH abo naliM MOXXYTh 3MIHHUTHU apoMmaT IWBa, IOJAI0Th Yy BUTJISII LEIPH,
4aCcTOYOK, COKY.

AHaHac 3a0e3nieyye TOHKMM KHCIUN CMak, JTOJAl0Th y BHUIVISAI YaCcTOYOK
MOpi3aHUX IMMATOKIB.

KaByH Hasae nuBYy TOHKOTO BEPIIKOBOTO CMaKYy, JOAAOTh Y BUTJISA/II COKY.

3acTOCOBYIOTh 1 1HII (PYKTH, Takl sIK (DIHIKK, BUHOTPAJ (YacTille y BUIJISIAL
POA3HMHOK), OaHaHU (CBiXI, B’sJICHI ), MQHTO, TpaHaT, OUIBIIICTh JAIOTh TUIBKH M'SKUN
CMaKk 1 apomar, pa3oM 3 TUM (GPYKTH JO0JAIOTh 3HAYHY KUIBKICTh ILYKpPY JUIS
30pOIKyBaHHS, 10 301JIBIITY€E BMICT aJIKOTOJIFO B TOTOBOMY HAIIO1, MPOJOBXKYE TEPMIH

OpOIiHHS.

1.4. OcHOBHI CUPOBHHHI CKJIa10BI KPadTOBOI0 NUBA, METOAU 3ATHPAHHS,

30pOKYBaHHA

CaM TepMiH KpadTOBE MUBO CIIPUIMAETHCA K MIHHUHN HaIlil MpeMiyM-Kjacy I
CIPaBKHIX MOIIIHOBYBAYiB KpalX CMaKOBHX sIKOCTeH. Penientypa Takoro nuBa OyBae
PI3HOIO 1 3aJICKUTH BiJl HAPTIi COJIOAY, XMENIO, BUIY JIPIKIKIB, TEMIIEpATyPH BapiHHS,
Oponinna. IIpoTe OCHOBHI IHTpPeNi€HTH IJsl MPUTOTYBaHHS MPOXOJIOAHOTO MIHHOTO
HaIOI0 3aJIMIIAIOTHCS HE3MIHHUMMU: COJIOJ, HECOJIO/KEHI CKJIAJ0BI, BOAA, JIPIKIKI,

XMIJIb.
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B Ykpaini po3po06ieHi HOBI, MEPETIsSHYTI ICHYOUl CTaHapTH Ha MUBO [ 16, 17I
OCHOBHI CUPOBMHHI CKJIaJIOB1 Jis muBa: conof [ 18], xmins [19], Boay [20, 21], nmuBHI
IpiKIKI [22].

Bupoonuumeo nuea na manux niOnpuemMcmeax CKia0aemvca 3 HACHYRHUX

MEeXHOI02IYHUX CIMAOill:

* TIATOTOBKA Ta MOJAPIOHEHHS COIOTY,

* OJIepXaHHs MUBHOTO CYyCla,

* OpOoniHHA IUBHOTO CyCJa,

* 100pOI>KyBaHHS Ta JO3PIBaHHS MOJIOAOTO IHBA,
* (inpTpyBaHHs Ta pacyBaHHSI TOTOBOTO MHBA.

CydacHi TeXHOJIOTIT MUBa OCOOJIMBY yBary NpUIUISIOTh 3aTHPAHHIO Cycla, SKe
MpU3HaYEHE JJIs ePEBE/ICHHS CYyXHX PEUOBUH COJIOY B pO3uMHHUN cTaH. Cono s
cycia Ta MHUBa € HE TUIBKM JHKEPENIOM OTPUMAHHS €KCTPAaKTUBHHMX PEUYOBHH, ajlie U
oKepesnioM  (EepMEeHTIB, MiJ i€l0 SKUX HEPO3UYMHHI PEYOBHHH CaMOTO COJIOTY
NEePEXOASITh Y PO3UHH.

MaiicTepHicTh mNHBOBapa TOJSra€ B YMIHHI MiAIOpaTd  ONTHUMAaJIbHUN
TeMIiepaTypHuil pexum. PoOoui Temneparypu — KJIIOUOBI MapaMeTpu PeLenTyp, 110
30epiratloTbcsi B CEKpeTi. ICHye JBa OCHOBHMX METOAM 3aTUPAHHA: 1H(Y31HHHIA
(HacTiitHuI) Ta JEKOKIIIOHHUI (BiIBApIOBATHHUN).

He3zanexxHo BiJy MeTOly 3aTUpPaHHS BUTPUMYIOTHCS TEMIIEpaTypHI Nay3u:

» Kucnorna nmaysa (35-45 ° C). Heob6xiqna 3umxenHs pH 3atopy 10 He0OX1THUX
3HA4Y€Hb, 1 HABITH JIs pyHHaIlii ritokaniB. [IluBoBapu 4acTo IrHOPYIOTH 1110 May3y: s
OTpUMaHHA pe3yJIbTaTy il MOTPIOHO BUTPUMYBATH IIOHAMMEHIE OJHY ToauHYy. st
3miau pH 3aTOp NpoCTO AOJAIOTH KUCIOTY a00 KHCIUM COJIO/.

» binkosa nay3a (50-52 ° C);

* OnykproBanus (61-71°C). Y mexax 1iel nays3u Ji€ a8a GepMeHTH: CIOYATKy
oeta-aminaza (63 ° C), motim anbda-aminaza. Yum qoBiie Oy/ie akTHBHA OeTa-amiasa,
TUM cyximuMm Oyae nmuBo. Kpim toro, mpu 63 °C BinOyBaeThcsl KieHcTepu3alis
KpOXMAJIIO B COJIOJII; Ha TAaKUW KpOoXMaJjb Kpaille Ait0Th pepMeHTu. Anb(a-aMisiaza 3a

temriepatypu 70 °C  yTBOproe He30pOIKyBaHI IIyKpPH, SIKI POOJISATH MHUBO
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cosogkyBaTtuM. Tomy BuOGip may3u npu 68 °C akTuBizye o0uaBa PepMEHTH 1 MHUBO
BUXOJIMTH MOBHOTLIIUM.

* Mem ayt (76-78 °C). TpuBamicte — 5-10 xBwimH, pobota ¢hepMeHTIB
3YMUHAETHCS, alle HEOOXIIHUM, S[KIIO IJIAHYETHCS OTPUMATHU TOBHOTIJIE IHUBO.
[ToTpi6HO crexuTH, MO0 Temmeparypa ApOOMHM Ta BiI(UIBTPOBAHOTO Cycja He
omyckanacs Hiwkue 76 °C, iHakie GepMeHTH B CYCIl TPOJIOBKATH CBOIO POOOTY.

Axmo nuBoBapu o0HparoTh MOAM(IKOBAHI COPTH COJIOAIB, MHUBOBApY IS
OTPUMAaHHS CyCJla 3aJIMIIAETHCS JIHILIE 3aIlyCTUTH NPOLEC IEPETBOPEHHS KPOXMAJIIO B
IyKpH, TOOTO BUTPUMATH JIMILE OJIHY TEMIEpaTypHy Iay3y, CKacoBye NOTpeOy
MTOKPOKOBOTO 3aTHPAaHHS, pa3oM 3 THUM cIaboMOau(IKOBaHUN COJNOJ  BUMArae
MPOXO/KEHHS BCIX TeMIIepaTypHUX May3.

Ingysiiinuii (nacmininuil) memoo 3amupanns niependayvac 3MIITyBaHHS COJOTY
3 rapsiuoi0 BOJIOI0, BUTPUMKY JIMIIIE OJHIET TeMIepaTypHOI ay3H AJIs OLyKPIOBaHHS,
BBXKAETHCS OJHUM 13 HAWMPOCTINIMX Ta HalWe(EeKTUBHIMIUX, ajie Tmependadae
BUKOPUCTOBYBATH MOAN(IKOBAHUI COJIOI.

[Tpuknaz iHGY31HHOTO 3aTUPAHHS 3 OJIHIEIO MAY3010:

[{isboBa TEMIIepaTypa 3aTUPaHHS CTAHOBUTH 68 °C, SKIIO TeMIlepaTypa CyTTEBO
BIJIPI3HAETHCS, CITIJ] TOAATH rapsiaoi a00 XO0JI0IHOT BOJIH, 3aTOP HEOOXITHO BUTPUMATH
y 3aTOpHOMY 4aHi He MeHIne 45- 50 xBunuH. BUKOoHaTH MOBUIbHE TPOMUBAHHS CyClia
JOTIOKHM CYCJIO, IO 3JIMBAETHCS, BKe Oyze mpo3opuM, 0e3 ocany. [logansimmii mporec
BapiHHS MHBA: CYCJIO KUIM'ATUTHCS 1 10 HBOTO [

[ndys3iiine (HacTiiiHe) 3aTUpaHHS 3 KUIbKOMa TEMIIEPATYPHUMU Nay3aMHu.

Takuii MeTo/ 3aTHUpPaHHS O3BOJISIE Kpallle KOHTPOJIOBATH MPOIIEC MPUTOTYBAHHS
cycia Ta OTPUMYBaTd MUBO 3 KOHKPETHHUMH XapaKTEPUCTUKAMHU: CyXe, COJIOJIKE,
MOPOXKHE, OBHOTIJIE TOLIO, MIJIBUILYETHCS €()EKTUBHICTh 3aTUPAHHS.

[Tpuknaz iHGY31HHOTO 3aTUPAHHS 3 KUTBKOMA May3aMH:

1-a may3a: 50 ° C npotsirom | rogunu.

2-a maysa: JI0JalTh rapsady BOIy, JOBOJAYM TeMIIepaTypy 3atopy no 63°C,
BUTPpUMYIOTh 30-35 XBUIIUH.

3-8 may3a: A0Jar4u Tapsdy BOJAYy, MIJIBUINYIOTH Temmepatypy no 71 °C,
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BUTPUMYIOTH 20-30 XBUIIHH.

[IpoBoasATH MpOMUBaHHS 3epHa Ta GIBTPALliIO CyCa.

binpuricte BUPOOHMKIB OOMparOTh 3aTHUPAIOTh 1HQPY3IMHUM METOAOM, BIH
3aCTOCOBYETBCSI B JIOMAIlHbOMY IIMBOBapiHHI, B HEBEIMKHUX OpOBApHIX
BenukobpuTanii, y 6arateox nadax CHIA.

[IpaBuibHO npoBeaeHe 1HDYy31HHE 3aTUPAHHS A€ UyJOBUIA pe3yibTat, JOIA€ThCS
XMUIb. [TOTIM CycCiio MIBUIKO OXOJOMKYIOTh, 3aCUMNAIOTHCS APIKJIKI.

Jlekokuitinuii (siosaproeanvHuilt memood), CyTb METOAY B 3aCTOCOBYBaHHI
MOTPIHHOTO 3aTupaHHA (YACTHHY 3aTopa KUI'STWIA TpUYl) 1 THUM CaMHUM
3a0e3nedyBajiacsd BUTPUMKA 4-X TeMIlepaTypHUX nay3. YuMm OublIe YUCIO BiJBAPOK,
TUM BHILA KOJBOPOBICTh cycna. [Ipum 1mpomy wmetoai BigOyBaeThCs 3BIIBHEHHS
KpOXMaJIbHUX TpaHyJ, MPUCKOPIOETHCS KiehcTepu3allis KpoxXMajio, 1HaKTHUBaIlis
(bepMeHTiB.

Criocobu 3aTUpaHHS BiJBAPIOBAIILHUM METOJIOM.

1. OnHoBifBaproBajdbHUM Tiepeadavae, IO TICHAS JOCSITHEHHS 3aTOPOM
temriepatypu 63 °C 1/3 rycToi yacTHHU 3aTOpa MEPETUBAECTHCS B 1HINY €MHICTh. [[f0
YaCTUHY KHUIT'STATh, KPOXMaJlb Y BIJIBApLl KJIEHCTEPHU3YETHCS Ta PO3PIIKYETHCA, HA
HBOT'O KpaIle Jit0Th PEePMEHTH.

2. Cmocib 3atupaHHsi, IpH SKOMY KUI'SITUTCS BCSA T'yCTa YaCTHHA 3aTOPY, MiCIs
oinkxoBoi nmay3u (50-52 ° C) yekaroTh, KOJIM BCS TyCTa YaCTUHA 3aTOPY OCs/€ Ha JTHO.
Pinky gacTuHy mepenuBaioTh B 1HIIY €MHICTb, @ TYCTY YaCTUHY IOCTYTIOBO JIOBOJSTH
710 KUIHHS, MABUIYI0YH TemnepaTypy a0 63 °C, notim 1o 70 °C, a maii JOBOASTH
710 TeMIiepatypu KUmiHHs. [1icas Kun'sTiHHS TyCTy YaCTUHY BHOCSITh Y PIAKY.

[Ipu BigBaproBaHHI BiIOyBA€ThCS  3BUIBHEHHS KPOXMAJIbHHUX  TPaHY,;
MIPUCKOPIOETHCS KIEHCTEpH3alllsd KPOXMAIIIO; IHAKTUBALIIS (PEPMEHTIB, L0 MICTSITHCS B
HIH.

[lepeBaru Ta HEJIOJIIKM CY4aCHUX METOIB 3aTUPAHHSL.

[Ipu 1H(y3iiiHOMY (HaAcTiiHOMY) MeTOAl (PEpPMEHTH 3€pHA BUKOPHCTOBYIOTHCS
MOBHICTIO, BIIOYBAETHCSI €KOHOMIsI CHJI, Yacy, €Heprii, pa3oM 3 THM BHXiJl €KCTPAKTy

Ha 1-2% MeHiIlle, HIX NpU METO1 BIJIBAPOK.
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[Ipu BigBaproBaJbHOMY METOJI IMIABUIIYETHCSA CTYIIHb KICHCTepH3alii Ta
PO3PLIKEHHSI KPOXMaJlt0, 30UIbIIYEThCS BHXIJT €KCTpakTy Ha 1-2% mnopiBHSHO 3
iHQy31HHUM  (HACTIHHMM) METOJIOM, BiOYBAa€ThCS MaKCHUMAaJlbHE BIIIyYEHHS
MEJIaHOI/IMHIB, 1110 HAJAal0Th MUBY CMaKy Ta TeMHOro kosbopy. Llei cnocid mae psia
HEJOJIKIB, Y TOMY YHCIl BHUMAra€rbcsi IOCTIMHE MepeMillyBaHHs, TPHUBAJIILINH,
cnokuBae OubIne ereprii (10 20 % ).

BucHoBOK: pu BUKOPUCTAaHHI SKICHOTO COJIOAY JOIIBHIINIE BiAAaTH NEepeBary
1H}Yy31iiHOMY criocoOy 3aTHpaHHs, B IPOIEC] OTPUMAaHHS Cyciia MOKHA BIUIMHYTH Taki
XapaKTePUCTUKHU MHUBA SIK MIIHICTh (TPUBATICTh May3u OIyKproBaHHs npu 60-63 °C
BIUIMBAE HAa MIIHICTh NHBA), BUTPUMKA KHUCJIOTHOI may3u (35-45 ° C) momomoske
OTpUMaTH MpPO30pe NHUBO, BUTpUMKa mpu Temrieparypi 68-72 °C poOuTh HHBO
COJIOJIKMM Ta TOBHOTIIUMM, MOMIpHUM — Tipu 66-67 °C, cyxum — npu 60-63 °C,
OTPUMAaHHS CTIMKOI MHU JOCITA€ThCS BUTPUMKOIO O17TIKOBOI may3u TpuBamictio 20-30
XBWJIMH 3a Temiiepatypu 49-54 °C.

30pooixncysanna nuenoz2o cycaa. Jlyxe BaXIUBUM SIK JJI BEJIMKUX MUBHHUX
3aBO/IiB, TaK 1 JJI1 HEBEJIMKUX MMBOBAPEHb BUKOPUCTOBYBATH AP K1 BUCOKOT SIKOCTI.
Big Hux 3anexuTh HE TUIbKKM caMm (PaKkT CTBOPEHHS CHOUPTY, a W OpraHOJCHTHYHI
BJIACTUBOCTI, TEpemyciM, CMak, apomaT MalOyTHbOro Hamow. Baxiusi
XapaKTEPUCTUKU THBHUX APDKDKIB: aJleKBaTHA 3JaTHICTH 1O PO3MHOXKEHHS Ta
CTIAKICTh JIO 3TYOHHX 30BHIIIHIX BIUIMBIB, BIJl TEMIIEPATYPHOTO PEKUMY 3ICKUTH
KUTTEAISUTBHICTD IUX KYJBTYP.

Tun BUKOPHUCTOBYBaHUX JAPIKKIB 00OYMOBIIIOE JIBa BUJIM 30PO/IKYBaHHS CycCla,
110 TTO3HAYAIOTHCS B PE3YJIbTATI HA CMAKy HAIOO:

eBepxoBe. Peanizyerhes npu t 14-24 °C apixkmxaMyd BEpXOBOTro OpoIiHHS, K1 B
KIHIII CTUTMBAIOTh, 30CEPE/IKYIOThCSl Ha TTOBEPXHi, HE (DOPMYIOUH HIIJILHOTO OCaay Ha
IH1. AKTyallbHE JUIsl HOPTEPY, €10, CTAYTY;

eHu30Be. BinOyBaeThcs nmpu OLIBIN HU3BKIH t, a came mipu 6-14 °C 3a ydacTio
APDKIKIB HU30BOTO OpofiHHSA. B pesynbpTaTi OpiKIKI OMYyCKalOThCS HA JTHO Cycra,
YTBOPIOETHCS IIUIBHUNA OCa/l, 1110 HAaraJye 3a CTPYKTYporo IiacTiBii. Peanizyerbes 3

MCTOKO BUI'OTOBJICHHS, HAITPHUKJIAA, JIAIrCPHOTO 1 CepeﬂHBOCBPOHeﬁCBKOFO II1Ba.
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KpiM ABOX OCHOBHMX THIIB JPDKIKIB 1 BIAMOBIIHO OTPUMAHUX 3 HHUX €JIIB
BEPXOBOI'0 OpPOJIIHHS Ta JIarepiB HU30BOTO OpOIHHS, MAlOTh MICIE III€ JBa THUIIU
OpomiHHS

® MIMOBLIbHE, CIOHTaHHE (AMKE, MPUPOTHE) OPOTIHHS;

eriOpigHE OpOAIHHSA SIK BaplaHT KOMOIHYBAaHHS BEPXOBOTO Ta HU30BOT'O OPOIIHHS,
3aCTOCYBAaHHS JAPIKIKIB BEPXOBOrO OpOAIHHS 3 JOBTOTPUBAJIOI0 BUTPUMKOIO MPH
TEeMIepaTypax HU30BOrO OPOAIHHS.

KpadToBi mnuBOBapHi 3aCTOCOBYIOTh APDKIKI JJII BEPXOBOTO OpPOJIIHHA,
OTPUMAHHS €J110, HAPAXOBYIOTh 110 22 BHUJIIB, @ TAKOK HU30BOT0, OTPUMAHHS JIarepy
3a BHJAMHU CBITJIOTO, TEMHOI'O, KOIYEHOI'O TOIIO, JO0 12 BUAIB, 1 3MIIIAHOTO
(ribpimHOTrO) OPOJIIHHS.

CyuacHe 3BepHEHHS 0 KpadTy MPUBEPHYJIO yBary MUBOBAPIB 10 3aCTOCYBAHHS
OyBIIMX y BXHUTKY JEpeB’STHUX OOYOK micas OpoiHHS O1IuX, YEPBOHUX BHH,
BUTOTOBJICHHSI KOH STYHUX HAIOIB 3 METOI0 OTPMMAHHSI ITUBA CIIOHTAHHOTO OpOJIIHHS
JIaMOIK, MIIICHUYHE.

JpiKJIK1 BUKOPUCTOBYIOTHCS JJIsL JTOJaBaHHS B OXOJIOJKEHE CYCJIO JUIsi HOro
OpoxinHs. 3a3BUYail, 32 YMOB MajoOro BHPOOHUIITBA PO3BEIACHHS YUCTOI KYJIbTYypH
JPIKIKIB HE BUKOHYIOTh, @ BAKOPUCTOBYIOTh TOTOB1 JAPDKJIKI, IPUI0aHT Y BEITUKHUX
MUB3aBO/IIB, IIUPOKUNA ACOPTHUMEHT MPOMOHYIOTh 1HO3€MH1 KOMIIaHii MPOMOHYIOYH
CyXi BapilaHTH THBHHUX JPUKIKIB. KUIBKICTh KUBUX APDKIDKIB, 1O JOJAIOTHCS,
3QJIEKUTH Bl XapaKTepUCTHK cyclia, B cepennbomy 0,5 ... 0,7 1 nis otpumanHs 1 i
M1Ba.

Ilpouyec nacmepuszauyii npu eucomoeneHHi Kpagmoeozo nuea He
3acmocogyroms. JKvBe NMUBO 3a3BUYAN MMO3HAYa€ HEMACTEPU30BAaHE MUBO, 1HKOJHU 1
HedbTpoBaHe. [Ipyu IbOMY B TEXHIYHHMX perjlaMeHTax L KaTeropis BiACYTHS, TOMY
SK MOHATTS )KUBOTO MTUBA, TAK 1 BAMOT'H JI0 TEXHOJIOT1T MO0 BUPOOHUIITBA BU3HAYAIOTh
cami BUpoOHUKHU. JKrBe MUBO peani3zyeThes 3a3BU4ail abo mopsa NPUIIETIINX TUBHUX,
a00 Ha TEpPUTOpPIi OJHOTO PETIOHY, BIAPI3HAETHCA MaJUM TEPMIHOM 30epiraHHs
(6mu3pko omHOrO THKHSI). KpiM TOrO, CloBOCHONyYeHHS 'KWMBE MHUBO" 1HOJI

MOB'A3y€Thes 3 TexHouoriero "bottle conditioning" (KOHAUITIOHYBAHHS TISIITKH ), KOJIH
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HaIi Micis 3aKiHYeHHSI TOJIOBHOTO OpOJIHHS BIApa3y pPO3JIMBAIOTh IO TUISIIKAX,
Ooukax, B SKUX MUBO J03piBae. Take MUBO 30epiraeTbcs OBro O3 macTepu3allii Ta
¢inbTpanii. OxkpeMi CTHII MHUBAa IPU [IBOMY 3 BUTPUMKOIO CYTTE€BO 3MIHIOIOTHCS Ta
YCKJIQJHIOIOTh CMaK.

BiamoBa Bim mactepu3aliii Ma€ BEIUKHI IUIIOC, J03BOJISIE 30€pErTH TMOBHOTY
CMaKy muBa. AJie HeTIaCTePU30BaHE MMMBO MOXKE 30epiraTucs JUIIe KiJTbKa THXKHIB.

binburicte MiHI-IMBOBApeHb peaji3yloTh MUBO Yy TMpuiermx Oapax, kade,
pecTopaHax a0o MyHKTaxX ByJIM4YHOI TopriBii. [IuBo micias ¢inbTpa mepekayyroTh
HAacoCOM Yy TOPTOBHH J103aTOp JJIsI BIAMYCTKY Oe€3MocepeHbo CIOXHUBaueBl abo
dacytorb 'y wmeraneBi Oouku - KEI'm pans  tpancnopryBanHs. HoBum €
TpaHcTopTyBaHHs 1 crniokuBaHHs nuBa B [IET-kerax. Lle - exosoriunima i MeHII
BUTpATHA aJIbTEpPHATHBA METAJICBUM aHajoram, Jierki, nepeadadeni Ha 20, 30 g ams
OJTHOPA30BOTO BUKOPHUCTAHHS, 3axUIIeHa Bil yJIbTpagiolieTOBUX MPOMEHIB,

JI03BOJISIIOTH 30epiraHHs A0 6-9 MicAIIiB, MAXOASITh JIs TMBA, KBACY.

Bucuoskn.

Amnarni3z kpadToBOro BUpOOHUIITBA MHUBA B YKpPaiHi T03BOJISIE 3pOOUTH BUCHOBKHU
110 3 YaCOM 301JIBIITYEThCS KUIBKICTh Kpa TOBUX MTMBOBAPEHB, HA JAHWN Yac 1X OiIbIIe
200, 30impHIYETHCS TOMUT HA KUBE KpapTOBE MHUBO, CEPEAHbOCTATHCTUYHHIMA
yKpaiHelp BunuBae 01au3bko 41 11 B pik, 3 HUX 70 3 % ckiiagae kpadToBe.

KpadTtoBi nmuBoBapHi po3poOuiu BIacHI TEXHOJOTIT a0 3aCTOCYyBaau BIIOMHUX
BUPOOHMKIB, € TaKi, [0 BUTOTOBJISAIOTH MKBO 3a JIIEH3IWHUMHU yTOAaMu, IEsKl MalOTh
BJIACH1 COJIO/IOBHI, KOPUCTYIOTHCS BIIACHUM COJIOZIOM, YKPAiHCHKUM XMEJIeM, a TaKOX
3aKyIalTh COJO, XMeJb, MUBHI APIKIKI Y 3aKOPAOHHUX BUPOOHUKIB. [TomymsipHicTiO
KOPUCTYIOTBCSI CyX1 MHBHI JPLKIKI, IO JIETKO TPAHCIOPTYHOTHCS, 30epiraroThCs,
3aCTOCOBYIOTHCSI, HE MOTPEOYIOTH CHEIIAIbBHUX YMOB 1 0COOJIMBO1 yBaru.

[Tepmia mpuBatHa OpoBapHs» Oyna ctBopena B 2004 porl poauHOIO AHIpIisS
Maiionu Ta 3anumianacs BUHATKOBO ciMeliHuUM Oi3HecoMm a0 ciuds 2012 poky. [lo

MOYaTKy BIWHU OpOBapHI BIIKPWIMCH MOOJIMKYE IO CIOXKHBAYiB, a caMe€ y BCIX
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00JIaCHMX IIEHTpaX, B MiCTaxX BIAMOYMNHKY O11s1 MOPSI, paliOH1 KapraTChKUX Tip. 3 4acom
OCHOBHA Maca OpOBapeHb BiTHOBUJIA CBOIO POOOTY.

[Ipukaprnatcbkuii 1 3aKapHaTrcbki perioHd, oOMparoyu Micle sl BIIAKPUTTS
MMBOBapHi, OCOOJMBY YBary MNPUIUIAIOTH SKOCTI BOJM, TOMY OyJayBaju IMOOIU3Y
JOKEPEIBHOI BOIH.

binpuricte muBoBapeHb YKpaiHu OONAIITOBYIOTH BJacHI OroBeTH. [ nnOuHa
CBEpJIJIOBUH y OroBeTax KoiuBaeThbes Bim 90 no 340 meTpiB — 1€ BOJAW BIATOBIIHO
CEHOMAHCBHKOTO Ta FOPCHKOTO TOPU30HTIB. [ TrOnHa OIOBETHUX CBEP/IJIOBUH CBITYHTH,
10 BOHU JOCATAIOTh TOPU30HTIB, 3aXUILIEHUX BiJl 30BHIIIHBOTO BIUIUBY. SIKIO BOja
CEHOMaHCBHKOI'0 TOPU30HTY JIOCUTh 4acTO OyBa€e MpOoOJIEMHO0: MICTUTh OaraTo 3aiisa,
’KOPCTKOCTI, CIPKOBOJIHIO, TO Bojia 3 KOpCchKOro ropu30HTY 3a3BUYail Ma€ i7canbHUMA
CKJIJl: HE MICTUTh 3aJli3a, Ma€ ONTUMAJbHY IS JIIOACHKOIO OPraHi3My KUIbKICTb
MIHEpaJiB, a TAKOX € KPUIITAIEBO MPO30POI0.

CyyacHUM HampsiMOM peasti3allii )KUBOTO MHUBA € CTBOPEHHS CIICIiali30BaHUX
MICIIb TIPOJAXY, 30KpeMa II¢ TOPIroBi, TOPTOBO-PO3BAKAJIbHI IIEHTPU, MUBHI Nadw,
pEeCTOpaHH, MYyHKTH BYJIMYHOI TOPTiBII, 3afisiHI 1HTEPHET-PECypCH, 3aCTOCOBYIOThH
p13H1 METOU JOCTABKH.

[luBo st TpaHCHIOPTYBAaHHS PO3JMBAIOTH y CKJISHI, TUTACTHKOBI TUISIIKH,
metanesi, actukoBi KEI'u, meTaneBi (3kecTsiHi) OaHKH.

BigpomkeHHst 3alikaBIeHOCTI BHUPOOHHUKIB 10 TEXHOJOTIi KpadTOBOrO IHBa
posiBUIIOCH B yuacTi B XII @opymi muBoBapiB, TUCTUIISITOPIB Ta BUPOOHUKIB HATIOIB,

1110 Bi7I0YBCS B KBITHI 11bOTO pOKY B Kuesi. (Ixepeno https://forum.techdrinks.info/)
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KAPITEL 2/ CHAPTER 2*
GRAVITY-MECHANICAL PROCESSING OF MEAT

DOI: 10.30890/2709-2313.2024-29-00-003

Beryn
B po0oTi posrisHyTO MexaHidHe OOpOOJICHHs M’sca B TIPOIECT COJIHHS.

BrockoHaneHHsT TEXHOJOTIYHHUX MPOIECIB, BHUIYCK SKICHOI MPOAYKIli, €KOHOMIs
CUPOBHHHUX Ta EHEPreTUUYHUX PECYPCIB MOXKIIMBI 32 YMOBH BCEOIUHOTO JOCIIIKEHHS
SIBUILL, 1110 B1AOYBAIOTHCS IPU BUPOOHUIITBI M’SICHUX MPOAYKTIB Ta HamiB(haOpuKaris.

[1pu BUTOTOBJICHH] COJIOHUX JETIKATECHUX M'SICOMPOIYKTIB, IIMHKOBUX Ta 1HIITHUX
M'ICHUX BHUpPOOIB TMOCOJ M'SICHOI CHpPOBHUHH € OOOB'SI3KOBOIO TEXHOJOTIYHOIO
oreparli€ro, 6arato B YoMy BU3HAUYA€ SKICTh, COOIBAPTICTh MPOAYKIIi. 3 TEXHOJIOTTYHOT
TOYKH 30py, MOCOJ M'SICHOI CHPOBHHH € CKJIQJHUM KOMIIJIEKCOM Pi3HHX 32 CBOEIO
IPUPOJIOI0 TPOLECIB: MAacOOOMIHY, MEPETBOPEHb OUIKOBUX PEYOBHH, 3MIHM IOTO
MIKPOCTPYKTYPH, BOJOTOYTPUMYIOUO1 3JaTHOCTI M'sica Ta 1H. PO3yMiHHS TEOpETUUHUX
OCHOB TIPOIIECY MOCOJY, 3MIHU BJIACTUBOCTEH J03BOJISIE palllOHAIBHO OpraHi3yBaTu
BUPOOHUITBO M'SICHUX NPOAYKTIB LUISIXOM 3aCTOCYBAaHHS HOBHX TEXHOJIOTTUHUX
MPUAOMIB Ta CHELIAIbHOTO OOJIaHAHHS JJIA TOKpAIIeHHS KOHCUCTEHIIIi, BUXOIY
rOTOBUX MPOJYKTIB, @ TAKOK CKOPOUEHHS 4acy TEXHOJOT1YHOI 00pOOKH

BaxxnuBuM eTamoM TEXHOJOTIT M’SCHUX BHpOOIB € comiHHS M’sica. Bono
MPEACTABISIE COOOI0 CYKYIHICTh PI3HMX MPOIECIB: YTBOPEHHS TEPBUHHUX 30H
HAaKOMMUYEHHS TOCOJIOYHUX PEUYOBHH; PIBHOMIPHOTO pPO3MOAUTY iX B 00’emi
HamiBpadbpukaTy QiabTpaliero Ta audy3i€ro yepe3 Mopu Ta Kamuiipd, OCMOTHYHO
yepe3 MeMOpaHu Ta OOOJIOHKM BOJIOKOH; MPOXO/KEHHS MacOOOMIHHUX TIPOIECIB
BHUPIBHIOBAHS KOHIIEHTPAILII COJILOBUX PO3YUHIB.

B pesynbrari B3aeMo/iii MOCOJOYHUX PEUYOBUH 3 OLIKAMU 3MIHIOIOTHCS (13UKO-
XIMIYH1 BJIACTMBOCTI MPOTEIHIB, 10 MPU3BOIUTH 10 HAOYXaHHS O1KIB, MiBUIIEHHIO
BOJIOTO3B'A3YI0YOi  3aTHOCTI, 3MIHM CTPYKTYPHO-MEXaHIYHHUX BJIACTHUBOCTEM,
KOHCHUCTEHIIIi, IJACTUYHOCTI M’5icCa, YTBOPEHHS aJre3UBHOrO IIapy BOAO- Ta

COJIEPO3YMHHUX O11KiB. MIKpPOCTPYKTypa TMPOIYKTY 3MIHIOETHCS B PE3YJbTATI

2Authors: Koval Olga, Goots Victor
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pPO3BUTKY (PepMeHTaTUBHUX TMpolleciB. [[poMy crpuse HasgBHICTh MOCOJOYHUX
PEUYOBHH Ta MeXaHi4Ha Jis. BinOyBaeThCcsi yTBOPEHHS CMaKy 1 apomMaTy IIMHKOBOCTI
yepe3 (pepMeHTaTHBHI 1 MIKPOO1OJIOTIYHI MPOLIECH, 3MIHU CKIIAAy MIKPOQIIOpH.

[Ipy MOKpOMY COJTIHHI SKICTh BUPOOIB B OCHOBHOMY 3aJICKUTh BiJl KOHIICHTpAIIil
1 CKJIa/1y 3aCOTIOBAJIbHUX PO3YMHIB Ta PIBHOMIPHOCTI PO3MOLITY OCTAaHHIX B CHPOBHHI.
JIoBeIeHO 10 TPUBAIICTH IMPOILECY 1 CIOCOOU 3acCONIOBaHHS M’sica BIUIMBAIOTH HA
SKICTh TOTOBOI MPOAYKIli, EKOHOMIYHY €()eKTUBHICTh BUPOOHUIITBA 1, BIJIIOBIIHO, HA
BapTICTh TOTOBUX BUPOOIB, TOMY JOLLIBLHUM € iX ONTUMI3allisl Ta BJOCKOHAJICHHS.

BpaxoByroun pi3HOMaHITTS M SCHOI CUPOBUHHU, JJISI BUBHAUECHHS ONTHUMAIBHUX
PEKUMIB 3aCOJIFOBAHHS M’sica HEOOX1JHO BUKOHATH €KCTIEPUMEHTAJIbHI JIOCITHKEHHS.
[lepen moyaTkoM EKCIEPUMEHTY IOIIPHO BUKOHATH TEOPETUYHE OOTPYHTYBAaHHSI
MPOIIECIB MEXaHIYHOTrO OOpOOJICHHST M’sica, MOOyAyBaTH MaTEMAaTHYHY MOJIEb.
OcrtanHs  HAAacTh  MOXJIMBICTH  MAIOpaTh  TEXHOJOTIYHE  OOJaJHAHHS,
iHTeHCU(DIKYyBaTH HWOTO pPOOOTY, ONMTUMI3yBaTH MPOIEC MEXaHIYHOTO OOpOOJICHHS
Maca)XyBaHHAM (pO3M’SIKIIEHHS 1 HACHYEHHS PO3YMHOM) pI3HOTO 3a BUAOM 1
CTPYKTYpPOIO M’sica.

B rtexHomorii M’sca TEPCHEKTUBHUM € BUKOPUCTaHHS MEXaHIYHOTO
nehopMyBaHHS CHPOBUHH ynapoMm. J[Jis onTuMizaliii MeXaHi9HOTO Maca)KyBaHHS M'sica
JAHUM CIOCOOOM BaXJIMBO 3HATH MEXaHI3M HACHYEHHS HWOTO PO3YHHOM.
3anporoHOBAaHO PO3IIIAIATA M’ACO SIK PEOJIOTIYHY CHUCTEMY 3 PI3HMM HabOpoM
B’S3KUX, IJTACTUYHUX 1 MPYKHUX BIACTHBOCTEH M0 T1€POPMYETHCS PYIIIHHOIO CHUIIOKO.

B poboTi mpenctaBiieHO pe3yibTaTH JAOCHIIKEHHSI COJIHHS M’sca IIISIXOM
aHaji3zy 3MIH CTPYKTYpU MOTro MijJ Ji€:0 30BHINIHBOTO 30yJHUKA - PYLIIMHOI CHIIH
MEXaHIYHOI TPHUPOAN, 3 BUKOPUCTAHHSAM TEOpii MOJEITIOBAaHHS Ta KOMIT IOTEPHOI
CUMBOJIbHOI MaTeMaTHKHU. {7 eKCIiepuMEeHTaIbHUX JOCIIKEHbh BUKOPHUCTOBYBAIIH
M'sico cBUHUHHU 3 03HakamMu NOR .

O0’ekTOM JTOCHIKEHHSI € mporiecu AeGopMyBaHHS M’sica MPU MEXaHIYHIN
00poO11i i Yyac COMIHHS, MPEAMETOM JIOCHIPKEHHS € MaTeMaTU4H1 Mojielll 00pOoOKu

M’sica B TOPU3OHTAIBHHUX OapabaHax, 110 MOBLILHO 00€PTAIOThCSI.
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2.1. Pe:xxumu 00poOku m'sica.

3HaYHUM TOMHUTOM y HACEJICHHS KOPHUCTYIOThCS COJIOHI a00 HIMHKOBI M’SICHI
BUpoOu. IX TexHomorist 6a3yeThcs HA CKIAJHUX MPOILECaX IPU SKUX HA CUPOBUHY
AII0Th 30BHIIIHI (hakTopu pi3HOMaHITHOI mpupoau. Ilporec 3acomroBaHHS M’sica
MO>KHa PO3TISAATH K (UIbTpaliiHO-au(y31iHE HACHUYCHHS IIMaTKa PO3UUHOM COJi.
Cuip mpoHUWKae y TOBUIy M’sica Ay>K€ IMOBUIBHO, TOMY JJisi MPUCKOPEHHS LIBOTO
MpOoLECy MIMATOK NEPIOANYHO Je(hOPMYIOTh, BUKOPUCTOBYIOUH Pi3HI (D13UUHI METOIHU.
OnuuM 3 MeToAiB 1HTeHcU(iKallli € MeXaHIYHMM BIUIMB, a TaKOX IEepioJAUYHE
nedopMyBaHHS — MacaXXyBaHHs a00 TeHaepu3allis. OnTUMI3yBaTH 111 IPOIECH MOXKHA
IIUISIXOM JI030BaHOi MEXaHIuyHO1 Aii yJapoM a00 KOPOTKOYAaCHUM CTHUCKAHHSIM YH
PO3TIATYBaHHSIM.

Ha BITYM3HSHUX MiAMPUEMCTBAX 3aCTOCOBYBAIU Pi3HI PEXKUMU 0OPOOKH M'SICHOT
CHUPOBUHU B MacCaxi:

KictkoBa cupoBruna. OgHOpa3oBe MacakyBaHHS KICTKOBOI CUPOBHHU TIPU MaTiii
IIBUIKOCTI obepranHs Oapabana mo 8 00./xB, Bupogorx 10-20 xB, 3 mojgaIbIIAM
BUCTOEM — 50 XB.

beskictkoBa cupoBuHa. MacaxyBaHHS CHPOBHHM NpPU IIBHJKOCTI 0OepTaHHS
Oapabana o 16 06/xB, Baupogorx 20-30 xB, mojmanbimuii BUucTii Bix 45 mo 60 xB;
MMOBTOPEHHS LIUKITY 10 24 TOJ.

JUis BUTOTOBJIEHHSI KOITYEHO-BApeHOro Oannka B OOOJOHL MacaKyBaHHS
MPOBOAATH MIPH IMIBUAKOCTI 00epTaHHs OapadaHa K JJisi 0€3KICTKOBOI CHPOBUHU 16
00./xB, BIipo1oBk 15-20 xB, BUCTIH — 45—60 XB, MOBTOPEHHS LIUKIY Bij 24 10 48 roj.

IHO3emMHI HayKOBILI peKOMEHAYIOTh [1] MacaxyBaTu M'SICHY CHUPOBHHY B TaKHX
pexuMax Ui SJIOBUYMHU 3alIOBHEHHSI EMHOCTI poboyoro 6apadana 70%, moyeproo
yepe3 KokH1 30 XB MpoBoIATH 00poOKY Bpo10Bxk 30 XBUIIMH, 3arajibHUM yac 00poOKU
CTaHOBUTH 4 ro mpu mBUAKOCTI 20 00./xB, a00 8 roj mpu mBUAKOCTI 5 00./XB.

Jlnst oOpoOKM CBUHUHM pPEKOMEHIYI0Th BUKOHAath A0 2400 ynapiB mnpu
IIBUJIKOCTI oOepTaHHs 10 6 00./XB, KoedimieHTi 3anoBHeHHs 6apabana 0,7. [2].

[IpuckopeHHst mpoiiecy PIBHOMIPHOTO PO3MOAUICHHS PO3YMHY COJII B TOBIII
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NPOAYKTY  JIOCSTAlOTh BHKOPUCTAaHHSIM  0araTorojkoBOTO  IITMPHUIIOBAHHS i
MacaXyBaHHA M’sca IUKIIYHUM jAehopMyBaHHsIM. B  pesynbpTaTi mnepiogndHO
PO3IIKUPIOIOTHCA Ta CTUCKAIOTHCS MOPH 1 KaMispy, B HUX 3MIHIOETHCS TUCK PITUHH,
TUM CaMUM IHTEHCU(DIKyeThCs mepiil 3a Bce mnporec duibtparii. [lpu nedopmyBanHi
TaK0X 3MIHIOETHCSI BHYTPIIIHS CTPYKTypa M’sica [3].

OnTumizyBaTH MPOIEC MacakKyBaHHS MOXJIMBO BUKOPHUCTABIIM MeEXaHIUYHE
nepioMYHe KOPOTKOYACHE CTHUCKaHHS M’sica. [lepcreKTMBHUM € BUKOPHCTAHHS
yaapy, KW 3A1MCHIOIOTH pi3HUMHU criocoOamu. HaiOinbpIn momupeHuM € magaiHHSg
M’sca 3 BHCOTH B OapabaHax, IO MOBUIBHO 00€pTarOThCS, a00 KOPOTKOYACHE

CTUCKAHHSI UM PO3TATYBAHHS B 1HIIOMY OOJaHAHHI.

2.2. Macaxepu 60apa0daHHOI0 THILY.

Macaxepu M'sca, ABJISIOTh COO0I0 MITIHAPUYHI OapabaHu, 110 00epTaOThCS, B
SKUX TPOBOJUTHCS 00poOKa MMaTKIB M'sica. 3a3Ha4ueHl MAIIMHU TaKOX HAa3WBAIOThH
TyMOnepamu M'sca (Bi aHriiicekoro "to tumble" - mepeBepTaTrcs, MepeKuIaTUCS ).
CyuyacHi KOHCTpYKIIii 6apabaHHUX MacaKepiB B IIbOMY IUIaHI MaJIO €(pEKTUBHI, TOMY
1110 TPAIIOIOTh B PEXKUMI 3aHA/ITO BEJTMKHUX 1HTEPBAIIIB M1k J1e(hOPMYBAHHSIM 1 BUCTOEM
[4].

Macaxxep 6apabaHHOTO THILY, SIKHH BUKOPUCTOBYIOTh Ha MiAMPUEMCTBAX MaJO]l 1
CEpeHbOI MOTYKHOCTI. 30KpeMa JJisl peCTOPaHiB MPOMOHYIOTh MapuHATOP(MAacaxkep)
BakyymHui s M'sca 4ALL o6’emom 401m mBuukictio odepranns a0 50 o06/xB.
00’emom Oapabana 40 1 (puc.l), kommnanieto Rakitov, ChP npononyetbcst po3mipHuii
psan MapuHaTopiB-macaxepi Big 100 mo 1000 i 3 giamerpom Oapabana 600 mm. B
PECTOPAHHOMY TOCTIOJIAPCTRI, IOMAIIHIX YMOBaX 3aCTOCOBYIOTh MiHI-MapHUHATOPH B1J
2,5 no 6 1. ( Mapunatop Supretto 9 xsunua 2,5 1; Mapunarop 11 m’sca Vitalex VL-
5800 06’emom 6 11 3 Taiimepom 10 30 XBUIIHH.)

B macaxepax 6apabaHHOTO THITY TIPH MOBLILHOMY 0OepTaHH1 OapabaHy MOMXKIIHBI

HACTYIHI OCHOBHI PEXUMH PyXy IIMaTKa M’sca:
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Puc. 1 - Mapunatop(macaxxep) BaKyyMHHM I Puc. 2 - Mini-mapuHaTopu

nas m'saca 4ALL, 40 (2,50)

® [epeMilleHHs MIMaTKa KOB3aHHSIM I10 BHYTPIILIHIA MOBEPXHI (0OMYaiili);
® YaCTKOBWH MiHOM HOTO 3 HACTYITHUM CKOUYYBaHHSIM a0O CIOB3aHHSM B
HIDKHIO YacTUHY OapabaHa;
® [I/IiiOM IIMAaTKa 1 MaJiiHHS HOT0 B HIKHIO YaCTUHY OapabaHa B PO3YHH.
3ane)XHO BiJl BUMOT TEXHOJIOTIYHOTO perilaMeHTy MPU MeXaHiuH1i 00po0I1i pi3HO1
M’SICHOI CUpOBHHH B OapabaHax MOKIIMBO peali30BYyBaTH Pi3HI BUIU Je(opMyBaHHS.
[HTeHCUBHICTD NeopMyBaHHS 3ajieKaTh BiJ TPAEKTOPIi pyxy nmpoaykry. Bona
MOB’s3aHa 31 MIBUAKICTIO 00epTaHHs, HAsBHICTIO, BUY 1 JOPMHU aKTUBATOPIB (TIOJTHUIIb)
Ta po3MipiB 6apabaHa. OO0’ €KTHUBHOIO XapaKTEPUCTUKOIO, 10 BU3HAYA€E €(heKTUBHICTh
00poOKHM M’SICHOI CUPOBHHU TIpH 1i Maca)kyBaHHI, € 3MiHA CTPYKTYypU MpOAyKTy. Bona
0e3nocepe/IHbO MOB’s3aHa 3 KUIBKICTIO MOTJMHYTOI MIMAaTkoM eHeprii. [lommpenum
CIIocOO0M BH3HAUEHHS CTPYKTYpHO- MEXaHIYHUX BJIACTUBOCTEH MPOIYKTY € METO.
rpaBiTariinoi neHetpari [5].
3aIe)KHO B TEXHOJIOTIYHUX TMOTpe0 BUKOPUCTOBYIOTH PI3HI  PEKUMHU
MacaxyBaHHs. [Ipu M’ ikOMy Maca)kyBaHH1, MalOTh Micle Maji aedopMallii IpoayKTy,
BIIOYBalOThCSI HE3HAUH1 3MIHM B CTPYKTypi. BoHM mnposiBnsitoThcs B HaOpsKaHHI

M’SI30BUX BOJIOKOH, 30UIBLIEHHI KUIBKOCTI MOMNEPEYHO-IIUIMHHUX MOPYUIEHb,
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pyiHYBaHHI MEMOpaHHHUX CTPYKTYp, PO3MYyIIeHHI 1 HaOpskaHHI Mio(iOpUIspHUX
O1IKIB, MOPYIICHH] 3B’SI3KIB MIDK aKTUHOM 1 MiO3WHOM. 3MiHa CTPYKTYpPH, HKHICTB 1
BOJIOTO3B’sI3y104a 3/IaTHICTh M sica Ha IIiil cTajii 00pOOKHM MiABUILYETHCS MOBLIBHO.

31 301IBIIIEHHSAM TPUBAJIOCTI MEXaHIYHOI 00pOOKH a00 mepexo/il Ha THITUN OTBII
KOPCTKUH PEXHUM LUIAXOM 30UIbIICHHS 3yCHJIb Je(pOpMYyBaHHS, M’SI30B1 BOJOKHA
HaOPSAKAIOTh [0 BCbOMY 00’ €My IIMaTKa, BiAOYBa€ETHCS yTBOPEHHS O1IKOBOI MacH, sika
3aMIOBHIOE BHYTPIIIHIA MOpPOBUM mpocTip. BiH 30UIblIyeThCS 3  MOJATBIITUM
MOPYIIEHHSIM CTPYKTYpU M’SI30BUX BOJIOKOH. Y LbOMY BHIIQJKy YacTHHa O1JIKOBOI
MacH BHUXOJIUTh Ha TMOBEpXHIO mmaTka. [licis Takoi oOpoOKH BOJIOrOyTpUMYyHOYa
3JIaTHICTb M’sica 30UIBIIYIOTBCS, @ JKOPCTKICTh 3MeHmyerbes. Llg cranis
KJIACU(IKYETHCS SIK TOMIpHE Maca)KyBaHHSI.

[ToMipHe MacaxyBaHHSI MEXYE 31 CTaJI€I0 ONTUMAILHOTO MaCcaKyBaHHS, KOJIH
3’SBISAIOTBHCA AUISHKM 3HAYHOI AeCTPYKIil Mio(piOpui 1 BiOyBa€eThCs 30UIBLICHHS
KUIBKOCTI BUIBHUX MOJIEKYJIIPHUX 3B’S3KiB, 3/aTHUX YTPUMYBaTH JOJATKOBY
KUIBKICTh BOJIOTH.

[Tpu momaneIiit 06poOIIi 1 mepexo/ii Ha JKOPCTKUHN PEKUM, B1IOYBAETHCS PO3Ma]
npotodiOpuiIsipHOi cyOcTaHIli Miop1OpHII MO BCIid Macl MIMaTKa, 0 TPU3BOAUTH 10
BUXOAY 11 Ha TOBEPXHIO 3 MOJAIBIIAM TEpexoJoM y po3umH. Taka oOpoOka
OPU3BOAUTH JO 3MEHILIEHHS BOJIOTOYTPUMYIOUOi 3JaTHOCTI M’sica, MOTIpIICHHS
OpPTraHOJIENITUYHUX BJIACTUBOCTEH 1 3MEHIIEHHS BUXOAY TOTOBHX BHUPOOIB. Pexxum
o0poOKK KJIacu]iKyeTbcs, K HaIJIMIIKOBE MacaxkyBaHHs. [lpum BHU3HaAUeHHI
KOHCHUCTEHIIII TaKoro M’sica TOJIKa TMEHETPOMETpa MaKCUMaJIbHO 3aHYPIOETHCS B
MPOIYKT.

B icHyrounMx KOHCTPYKLISX MacaxepiB peai3yloTh, fK MpaBWIO, OJUH 13
BUILIEHABEICHUX PEXUMIB 00pOOKH. PerymtoroTh Horo 30UIblyr04r a00 3MEHIITYIOUH
TPUBAJIICTH OOPOOKHM MPOIYKTY B Macakepl, PiIIe 3MIHIOIOYH MIBUAKICTh OOEPTAHHS
Oapabany.

OCHOBHOIO MPUYUHOK HEAOCTATHHOTO a00 HAAMIPHOTO MacaKyBaHHS M’sica €
BIJICYTHICTh METO/IIB BU3HAYEHHS €HEPT1i MEXaHIYHOTO BIUIMBY Ha MPOAYKT 3 PI3HUMH

MOYATKOBUMHU CTPYKTYpPHO-MEXaHIYHUMHU BiacTuBocTaMu. lle He pgae 3mory
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BU3HAYUTH ONTUMAJIBHUM pexuM JedOopMyBaHHS 1 BIAMOBITHO PETyJIOBATH

e()EeKTUBHICTh MacaKyBaHHS.

2.3. MaTtemaTu4He MOAECJTIOBAHHSA MPOLIECY MaCAKYBAHHS.

MexaHniuHe 00po0IeHHS M’ sica Ma€e CBO1 0COOIMBOCTI. B cydacHMX KOHCTPYKITISX
MacaxepiB JeopMyBaHHS M’sica BiIOYBAEThCs, SIK MPAaBUIIO, IiJ] A1€10 3MIHHOI Y Yaci
py1IiiiHO1 cuu P(?) cipsIMOBaHOI Ha pO3TIATyBaHHsS a00 CTUCKAHHS HOTO.

XapakTep 3MiHH CTPYKTYPH MPOAYKTY MOXHA JOCHTITUTH IIJITXOM BU3HAYCHHS
PEOJIOTIYHUX KOE(DILI€HTIB — XapaKTePUCTUK MPYXKHHUX € 1 B’SI3KUX BIACTHUBOCTEH i
B’SI3KO-TIPY>KHOTO Tij1a SIKUM € M’sico. KoediiieHTH 3MIHIOIOTHCS i JI€0 PI3HUX YMOB
nedopMyBaHHS, TMEPII 3a BCE PYIIHHOI CHUIM 7(2) 1 XapaKTepU3yIOTh 3/IaTHICTH
OPOAYKTY ONHUPATUCS 30BHIIIHbOMY BIUIMBY Ta €HEPri€l0 sKy BHUTPAadeHO Ha
nedhopMyBaHHS.

Jlis BU3HAUEHHS CTPYKTYpHO-MEXaHIYHHUX BJIACTUBOCTEM M’sica HOro MokKHa
MPECTABUTH K PEOJIOTIUHE TiJIO 3 B’ I3KO-MIPYKHUMH XapaKTepUCTUKaMH. MexaHi4Ha
MOJIeJb TaKOTO TiJla Ma€ BUIJISA MOCTIAOBHO 3’€HAHOIO B’SI3KOTO €JIEMEHTa U 3
npyxauM c. [1ix niero 3MiHHOI y 9aci Hanpyru t(t) M’sico neopmMy€eThCs 3a 3aKOHOM,

AKUH MOXKHA onucatu AudepeHIiaTbHUM PIBHIHHAM

7(6)+£2(0) = 12 (1)
C

; (1)
ne x — BigHocHa aedopmMaiiis (6e3po3MipHa BEIMYHMHA),
i =% |
dt - mBuakicTs aedopmysanss, (1/c),
dr

t=— : :
dt - mBuakicts 3Minu Hanpyru (Ia/c).

Skmo mpoTAromM Jeskoro yacy (IMKIY) TpU  MacaXyBaHHI Mae€ MicIe
nepioguUHui BakyyM ab0 THUCK, TOJl B1AOYBA€ThCS MEPIOJUYHE CTHCKAHHS abo
pPO3TATYBaHHS M’sica 1 MOKHA BakKaTh B JaHOMY BHMAnkKy T(t) = const. BpaxyBasim

1e 1 MPUHHABIIN OoYaTKOBl yMOBH t = 0 = > x (0) = X, Ta TPUBAIICTH ¢ J1i HANIPYTH,
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PO3B’s130K nudepeHitianbHoro pisHsaHHA (1) Oyne:

x(2) zin‘—l—xo
y7;

2)
BukonaBmu  gudepeHiitoBanHs  piBHSAHHSA (2), OTpUMAEMO  IIBUIKICTH
nedpopMyBaHHS
ax _, 7
a 3)

Enepris (po6ota) A nedopmyBanHus Oye:

r’t

A=A4 +A, =—+1wx,
H ; 4)
Jle A; —enepris HeoOX1HA Ha MyXHe JedopMyBaHHS; 4> — €Hepria HeoOXiHa Ha
B’s13Ke 1e(hOpMyBaHHS.
Butpatu eneprii N nipu TpuBajiocTi 1eQOpMyBaHHS ¢ CKIAAYTh

NvoA_T m
t ou ot 5)

Konu Bimoma TpuBamiicTs ¢ qeopMyBaHHS IMATKa M sCa, AK€ 3HaXOTUTHCS M1
MOCTIHUM HaBaHTAXXCHHSIM 7, 3 PiBHSAHB (4), (5) MOXXHAa BU3HAYMUTH CHEPTETHUYHI
napaMeTpu MpoIeCcy MacakKyBaHHs 3a OAMH LUKI. SIKIIO0 MOMHOXHUTH Ha KiIbKICTh
IUKIIB 0OpOOKHM, TO MOXXHAa pO3paxyBaTd 3arajbHi (CyMmMapHi) E€HEproBUTpaTH 1

BIJIMOBITHO €(EKTUBHICTh MacaXyBaHHs, pO3M AKIICHHS CUPOBUHM Ta HaCUYEHHS ii

po3scosiom|[6].

D T T 'f-i_lhh"\—\—._,—o-:—' 1

01 , 003 0g4 005
10+

Puc.3 - Kinetuuna kpuBa n1e¢opMyBaHHS M’ica yIapOM.

B cydacHHX KOHCTPYKIISX MacaxkepiB 00poOsieHHS M’sca BiIOyBaeThbCs IPHU
y y y
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T#const. Hampukman, Koiau BOHO Majae 3 BUCOTU. B 1iboMy BHIAnKy e()EeKTHBHICTH
MacaXyBaHHS - KOHCHUCTEHIII0O (3KOPCTKICTh) WIPOJAYKTY, MOKHA BHU3HAYUTH
JOCTIAMBIIY KIHETUYHY KPUBY JAe(POPMYBaHHS HOTO MPH IMITYIbCHOMY HaBaHTaKEHHI
(ynmapi), mpeacrasiieHa Ha puc. 3 [7, 8].

Onucatu KpuBy Ae(OpMYyBaHHS MOKHA PIBHIHHSIM

p kt
Y(t) = Pe" sin(wt) , ©)

ne Y(t) —nedopmartist; P- mOKa3HUK aMIUTITYyIM KPUBOT; k - XapaKTepUCTHKA, sIKa
BU3HAYa€ TEMII CIIQJIaHHS KPUBOI; W — 4acTOTa KOJIMBaHb. BenmnunHu koeimieHTiB w,
P; k naroTh MOXJIMBICTH BCTAHOBUTH XapakTep PyWHYBaHHS CTPYKTypH M sica -
CTYIIHb HOT0 po3M’ SIKIICHHS 3aJIEKHO BiJl TPUBAJIOCTI MAacaKyBaHHS.

AHani3 kpuBoi gedopMyBaHHS (MpyKHA XBUISA 1e(OpPMYBaHHS), iIka BUHUKAE B
M’siCl TIpU MWBUAKOMY JedOopMyBaHHI, HaMpHKIad, yAapi, MOKa3ye M0 MPOIleC
nedopmyBanas TpuBae Oursa 3,5%107 cexynn [8]. Bim koporkowacHuii. Ile mnae
MOXJIMBICTh 3pOOUTH BHCHOBOK, IO 3a Tepioa yAapy BiIOYyBaeTbCs IIBHUAKE
CTHCHEHHS TMOp Ta KalJIApiB 3 MOJANBIIOI pelaKcalli€lo MiJl 4ac SKOi MPOXOAUTH
TOJIOBHUM 4YHHOM (iabTpalliiHe HacHYeHHs IIIMaTka M’sica po3cojioM. PiguHa
BCMOKTY€ETbCS Ta NPOIITOBXYETHCS IO MOpax Ta Kamiispax. B mepiog BUCTOIO
B110YBa€ThCS PO3MOALI 11 IIAXOM Jau(dy31i 32 paxyHOK PI3HUIb KOHIICHTpAIIH.

Binbmricte KOHCTPYKIM cydyacHHX OapaOaHHMX MacakepiB MaloTh BCEPEAMHI
MOJIMYKH, pedpa, puduieHy miactuHy. Ha mpakTuii ais BU3HAYEHHS IIBUIKOCTI
00epTaHHs, KpUTHYHOTO KyTa 31 30UIBIICHHSM SIKOT'O IIIMATOK M’sica HE BIJIPUBAETHCS

BiJ1 0OM4aiiky 6€3 MOJIOK, MOKITUBE 32 PIBHSIHHSIM:

30 [gsina sina
=— [=—~=30
" ﬁ\/ R \/R (7)

Jie N — IMIBUJIKICTh 00epTaHHs Oapabana 00/xB.; R—paniyc 6apabana, M; o — KyT
BIJIpUBaHHs M’sca BiJ oOu4aiiku OapabaHa.

CyyacHi KOHCTPYKIIii MacakepiB B cepeuHi OapabaHa MalOTh paJiaibHi MOJTHITL.
BusnauenHs mBUAKOCTI 00epTaHHs OapadaHa 3a YMOBH BIApUBAHHSI IIIMaTKa M’sica BiJl

MOJIAIN 1 TagiHHA Woro Ha AHO OapabaHa 3 MakKCMMAalIbHOI BHCOTH, MOTpeOye
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IIPOBEJICHHS CTIECLIAIbHUX PO3PAXyHKIB.

JudepeHniiiaabHe piBHSIHHS PyXy M sca MO MOJIUIIl 3aITUIIEMO:

2
m % + F, =mgsin(wt)

: (8)
7e m — Maca IMaTKa; S(¢) — AOBXKHWHA TOJUIlL; [ — TPUBAIICTh PYXy IIMaTKa M’sica
MOYMHAIOYH 3 TOPU3OHTAILHOTO MOJIOKEHHS TIOJHIIi; W- 4acToTa oO0epTaHHs OapabaHa
Macaxepa; Fon — omip pyXy mmarka.

[Ipuitmemo Fon=fmg, ne [ — Koe(ilieHT omopy (cepeAHe 3HA4YEHHS 3
ypaxyBaHHSIM TepTs, BIAIEHTPOBOI CHIIM, KyTa HAXWJy IOJHII). 3ampOrOHOBAHUMA
H17X1] 1O BA3HAYECHHA ['on 1a€ MOKIIUBICTh HE BPaXOBYBaTH Macy IIMaTKa, 110 3HAYHO
CIIPOIIY€ PO3PaXyHKH MPU HE3HAYHIN MTOXHUOII.

Po3B’s130k piBHsHHS (§) pu movyaTkoBUX yMoBax =0 => s(0)=0, V(0)=0:

s)=g(—————5—-"7). 9)

w w 2
[TigcraBuBIIM B PiBHAHHSA 3HaYeHHS g=9.8 m/c?; 1=0,12; w=0,4 06/c; m=0,7 ke ,
o0y 1yeMo Tpadik 3a1eKHOCTI §(2).

['padik QyHKIIOHATBHOI 3aJIEKHOCTI S(?) IPEeICTaBICHO Ha puc. 4.

0.2
0.15
5014
0.05

I:I.
0.05

Puc.4 - ®yHkuioHaJbHa 3aJ1€KHICTD S(2).

AHani3 3aJIeXHOCTI S(?) ToKa3ye, 10 PyX LIMaTKa Mo noiuii O6apabana, sKui
o0epTaeThCs 31 MBUAKICTIO 24 00/XB mounHaeThes yepes 0,75 ceKyHAM MICis TOTO SIK
MOJMLS TNPUMME TOPU3OHTAJIBHE IOJNOKEHHA. [loTparisHHS HWOro Ha IMOJIMIIO
B1I0YBa€ThCsl B HUKHIM yacTuHi O0apabana B Toutll 0 (Puc.5). CriouaTky Ha BiJIpi3Ky
ayrd 0 — 1 mMaToOK CHUJIOI0 TSDKIHHA Ta BIJUEHTPOBOIO CHIIOIO MPUTHUCKAETHCA 0

oOuuaiiku Oapabana, Ha BIAPI3KY AyTu | — 2 JEKUTH HA TOJUIlL, B TOUIll 2 MOYMHAE
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3MINTYyBaTUCh 1O TOJIMII 10 IIeHTpa Oapadana. [ KOpoTKO1 MOJHUIll BiH MIPAKTUYHO
3pa3y BIJIPUBAETHCS BijJ HEl 1 Majae BHU3, JJIs JIOBIIOI - KOB3a€ IO Hiil, a MOTIM,
3MICTUBIIIUCh Ha BIJICTaHb §, 3pUBAETHCA 1 Majnae BHU3 Oapabana. 3a el mepiof
OapabaH BCTUTHE 00EpHYTHCS Ha TOBXKUHY ayru L. st momui gorxuHoro 100 MM 11e
Bi10ynetThes uepes 0,92 cexynau (Puc.4).

3 piBHsSHHSA (8) MOXHA 3HAWTH, 3HAIOYM JOBXKUHY IOJHII Ta MIBUIKICTh
obepTaHHs OapabaHa, TPUBAIICTh PyXY IO Hill IMAaTKa 1, BIMOBIIHO, TIOBKUHY JIyTH
L. Ha puc.5 nmokazano 6apabaH 3 pi3HUMH 1O JOBXHHI MOJHIISIMH YMOBHO PO30OUTHIA

HaquistHKM 0 —1;1-2;2-3;34;4 - 0.

Puc. 5 - Po3ramyBanHsi mMaTKIiB M’sica B 0apa0aHi 3 pi3HMMH 110 JOBKUHI

MMoJIMIAMM.

HImaTok M’sica, po3TallOBaHUN HA KOPOTKIA monuil 1, mmMatok M’sica
PO3TAaIlIOBaHMUI Ha AOBT1H MOJUII 2 31 3MIIICHHSM S MEePe]T MaIHHAM 3 MOJIUIII.

3a pe3yiabTaTaMyd TEOPETUYHUX PO3POOOK B YMOBaxX BHUPOOHHUIITBA MPOBEICHO
eKCIIEPUMEHTAIbHI JOCTiKeHHsI. BUKOpHUCTOBYBaM M'SCO CBMHHUHU 3 O3HaKaMH
NOR wmacoro 0,7 xr. [IIMaTox TIMpHITIOBAIA PO3COJIOM, TICIS YOTO MOTO ITiIIaBaid
MEXaHIYHOMY OOpOOJICHHIO B Macaxkepi 3 JiameTpoMm Oapabana 1 Metp mpoTsrom 2
roa. IlIBunkicte oOepranHs Oapabana wmacaxepa — 24 00/XB., KoeilieHT
3aBaHTaxkeHHs — 0,6. MacaxxyBaHHS TpOBOIMIIH 32 MUKIOM: 20 XBWIMH OOEpTaHHS
Oapabana ta 10 xBwinH crokoro. [1o 3akiHYEHHIO MEXaHIYHOT0 OOpPOOJICHHS M’SICO
3paxyBaiH. Moro Bara 36ineumnack Ha 18%. IToTiM rpaBiTauiiHEM MEHETPOMETPOM

BHUMIPIOBAJIU CTYMiHb NeHeTpalli. L{eil moka3HuK 03BOJIs€ CYAUTH PO KOHCUCTEHIIIIO,

MONOGRAPH 38 ISBN 978-3-98924-047-6



At

g
Prospective global scientific trends ‘ 2024 Part 2 %

a00 BHKOPHUCTOBYIOUM TEXHOJIOTIYHUN TEpPMIH - HIKHICTH M’sica. Pesynbratu
JTOCIIDKEHHST - 3aJIeKHICTh KOPCTKOCTI P M’sica Bil TPUBAJIOCTI { MacaXKyBaHHS
npecTaBieHi B rpaiuHOMY BUTJISIIL HA pUC.6.

AmHani3 kpuBoi P=f{t) 103BOJIMB 3pOOMTH BUCHOBOK, 1110 3a 120 xB. nepeOyBaHHS
M’sica B Macaxkepi 3 iameTpoM Oapabana 1 M BennuuHa P M’sica 3MEHIINJIAch Ha 28
%. 3a pi3HI NPOMIKKA dYacy iI MOXHA BH3HAYUTH BHUKOPHUCTABIIHM DPIBHSIHHS
arpokcumariii QyHkiii

P =000, (10)

BizyanbHe gociipKkeHHs 1] MIKPOCKOIIOM MTOKa3aJio, [0 MeXaHiuHe 00pOoOIeHHS
M’sica CYNPOBOKYETHCS TIMOOKMMU 3MIHAMHU MHOTO PEOJIOTIYHHMX BJIACTHUBOCTEH,
BILUIMBA€E HA MIKPOCTPYKTYpy. B M’s130BuX BOJIOKHaX BiJ0yJI0Cs 301JbIIEHHS 4YUCTa
MONEePEYHO-IEICBUAHUX TOPYIIEHb, MICHS MPOKOJIB Majo IOMITHI, BiIOyJIOCS
HaOyxaHHS M’SI30BUX BOJIOKOH. B Toil ke 9yac Mae Miclie YacTKOBE MEXaHIYHe
MOIITKO/IKEHHST M’ SI30BUX BOJIOKOH, SIK€ MPUBOAMWTH A0 1HTEHCHU]IKAIlli OLIBIIOCTI
MacoOOMIHHMX TMpOIIECiB, IO MPOTIKAIOTh MpU CONIHHI M’sica. B pesymnbTari
010XIMIYHUX TMPOIECIB, CHUIBHOI Jii TKaHMHHUX (EPMEHTIB 1 MIKpOOPTraHi3MiB,
CEJICKTUBHUX MOJIOYHOKHCIUX OaKTepiil, B MPUCYTHOCTI KyXOHHOI coji BiOysocs

YTBOPEHHS CMaKy Ta TaK 3BaHOT'0 apoMaTy IMIMHKOBOCTI B TOTOBOMY MPOIYKTI.

1,2

0,8 S

0,4

0,2

0 50 100 150 200

Puc. 6 - 3anexnicTh skopcTkocTi P M’sica Bix TpuBasiocTi t MacakyBaHHS.
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Bucnosku.

Mexaniune oOpoOJIeHHS M sica IPU COJIIHHI — CKJIaIHUN TEXHOJIOTTUHUHN TPOIIEC.
B pesyinbTati sIKOro Big0yBarOThHCS 3MIHU HOTO CTPYKTYPH, 3MEHIITY€E€ThCS )KOPCTKICTb,
NPUCKOPIOIOThCS  (IIbTpaliiiHl Ta AUQy3iidHI [pouecH, IO MNPUBOIUTH 0
MPOHUKHEHHS 1 PIBHOMIPHOTO PO3IMOJAUTY COJII B TOBIII MPOAYKTY Ta MPUCKOPEHHS
010XIMIYHUX TepeTBOpeHb. MexaHiuHe OOpoOJieHHs M’sca BIUIMBAaE Ha SKICTh
MPOJTYKIIii.

B rTexHonorii M’sica TEpCHEKTUBHUM € BUKOPUCTAHHA MEXaHIYHOI'O
neopMyBaHHS IIMAaTKIB M’sica, SIK€ BIAOYBAETbCS SIK NPHU MOCTIHHO 1I0YOMY
HABaHTa)XEH1, TaK 1 3MIHHOMY - yjaapoM. J[isi omTumizalii mpouecy Maca)KyBaHHS
M’sica BaXKJIMBO 3HATH MEXaHI3M JeQOpMyBaHHSA, KU 3aJ€XUTh BiJ OOJaAHAHHS,
peXUMIB HOTo poOOTH 1 MOXKE 3MIHIOBATHUCA B IIMPOKHX Mexax. [IpuBeneHo
MaTeMaTh4yHl MOJENi, SKI JalTh MOXJMBICTh pO3paxyBaTH CHEPreTHYHI
XapaKTePUCTHKH MPOIIECY MacakyBaHHs, ONITUMI3yBaTH HOTO.

3a pe3yJpTaTaMH €KCIIEPUMEHTAIBHUX JAOCTII)KEHb METOI0M ToJ4aToi MeHeTparli
BCTAHOBJIEHO CTYMiHb 3MIHM KOHCHUCTEHIII M’sica, OTPUMAHO KPUBY Ae(POPMYBaHHS
Woro mpu ymapi. AHami3 ii 3acBiguye, 1o mpoiec AehopMyBaHHS KOPOTKOYACHHM,
tpuBae Oinsa 3,5%1073cexkynn. Lle ma€ MOMXKIMBICTH ONTHMI3yBaTd TEXHOJOTIUHHMA
IOPOLEC COJIIHHA M’dca IIJISXOM BHUKOPUCTAHHS CIELIAIbHOIO TEXHOJOTIYHOTO

oOJaIHaHHS B SIKOMY PEai3ylOThCsl yIapHi peXUMH MEXaHIYHOTO BIUIUBY Ha MTPOIYKT.
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KAPITEL 3/ CHAPTER 3°
IMPROVING OPERATIONAL EFFICIENCY: QUALITY MANAGEMENT
IN CAFE OPERATIONS

DOI: 10.30890/2709-2313.2024-29-00-001

Introduction

Enterprises play an important role in perceiving and implementing the functions
of social, ecological, and technological progress in the world [1]. They become more
diverse and competitive in response to market challenges, as each of them strives for
high productivity. For this purpose, the correct set of quality management systems is
needed, which will best correspond to the situations encountered in the production
process [2]. If owners start acting from an altruistic standpoint and from moral
considerations in carrying out their activities, which are based solely on non-economic
motives, their enterprises will begin to lose profits, as modern restaurant establishments
have a direct dynamic connection with the actions and reactions of society [2, 3].

To counteract altruistic methods of action, an increasingly diverse range of
business strategies is being developed to address deficiencies and create competitive
advantages for the organization, while also enhancing both the physical and
psychological involvement of employees in the production process.

Today, the widespread implementation of HACCP (Hazard Analysis and Critical
Control Points) and modern quality management systems have a significant impact on
public health in the food industry. This system ensures that food products are safe for
consumption by identifying potential risks and managing them at every stage of the
production process, from initial manufacturing to points of sale. The quality
management system is a requirement for every restaurant establishment [4]. It is
designed, on one hand, for organizations that implement it for their own internal
process documentation and activity description (including establishing critical control
points and control zones, characterizing measurement elements, developing

operational procedures, etc.) [5]. Additionally, it is applied to protect consumers and

3Authors: Borysova Evelina Olehivna, Fefelov Denys Volodymyrovych, Kravchenko Anatoliy Anatoliyovych,
Kuzmenko Rostislav Hennadiyovych, Kuzmin Oleh Volodymyrovych, Maksymiuk Anna Ihorivna,
Osadcha Veronika Anatoliyivna, Vozniuk Svitlana Ruslanivna, Omelchenko Mariia Serhiivna
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gain trust in safe production and distribution of food products [6]. N

Determining the importance values of service characteristics is necessary for
establishing priorities in management and improving service quality through precise
assessment of the degree of quality service provision, specifically its importance for
satisfying our visitors, which can be enhanced by the establishment's product control
[7].

Materials and methods

This work utilized diverse sources of information, including research by
Ukrainian and foreign scientists, professional specialists in the field of food
technology, and restaurant business experts specializing in new approaches to customer
service, methods of managing customer relations, as well as scientific research where
service quality management systems [8-10] in various national and global restaurant
enterprises are considered. The analysis of potential risks, hazardous factors, and
control of critical points that may arise in catering establishments during the production
and direct sale of products to visitors were also taken into account [11, 12].
Specifically, the study focused on service methods by waiters to maximize profitability
through increased value of the enterprise, namely by providing primary and additional
services to café guests.

Results and discussion

Implementing a quality management system procedure for all cafe staff brings
several significant advantages. Firstly, it ensures precise and consistent execution of
tasks, thereby enhancing productivity and saving time and resources. Secondly, process
standardization helps reduce risks associated with malfunctions and violations while
allowing for improvisation in decision-making processes.

This procedure is heavily focused on enhancing customer satisfaction. By
providing clear instructions and standards, cafe staff will offer better services.
Additionally, implementing a quality management system can make the cafe more
competitive in the market by improving service delivery, customer loyalty, and the
efficient use of essential resources. Therefore, it is necessary to develop the structure

of a quality management system in the cafe (Figure 1), in accordance with the
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provisions of P-1-1/0-24.
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Standard Service S-1-3/0-24

Figure 1 — Structure of the quality management system for the service division

in the cafe

The service division is a key component of the cafe staff, as these employees

directly interact with visitors and ensure the service process.

The café director, head waiter, waiters, bartenders, dishwashers, and cleaners

create the unique experience of being in the establishment, which attracts visitors. The

competence of these employees and the quality of their work largely determine the

success of the business.

Proper recruitment, training, and motivation of service staff are crucial. These

individuals need to have the necessary skills and be friendly, courteous, and patient

with visitors. Good appearance, endurance, and stress resistance are also important

qualities for such professions.

Positions and professions of employees involved in customer service processes:
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— director of the café — responsible for documentation, organization, arH
coordination of work in the café, ensuring high levels of production efficiency, control
of resource utilization, studying consumer demand, negotiating supply contracts,
maintaining records, representing the café's interests, providing information to
regulatory authorities, assigning job duties to employees, personnel management, and
ensuring compliance with rules and regulations (JI-1-1/0-24);

— headwaiter — an employee of the service unit who organizes the process of
serving customers, greets and seats them in the hall, takes and processes orders for
special events, supervises the work of hall staff, creates work schedules and assigns
personnel, maintains records, addresses guest complaints, and conducts employee
training (JI-1-2/0-24);

— IV-class waiter — a service unit worker who serves guests in the establishment,
takes orders, prepares the dining area for service, sets tables, assists with meal and
beverage selection, handles guest payments, manages cash transactions, and serves at
various events (JI-1-3/0-24);

— IV-class bartender — a service unit worker who serves customers, prepares and
serves drinks and snacks, takes orders, monitors product quality, ensures proper
storage, and maintains the appearance of display cases and counters (JI-1-4/0-24);

— Il-class dishwasher — a service unit worker who washes dining and kitchen
utensils, dishes, trays, equipment, tools, and containers using washing and disinfecting
agents, cleans dishes from food residues, dries utensils and dishes, collects food waste,
and delivers clean dishes and trays to the serving line (JI-1-5/0-24);

— cleaner — a service unit worker responsible for cleaning the premises and
territory of the establishment, washing walls, floors, window frames, cleaning and
disinfecting sanitary equipment, collecting garbage, and maintaining sanitation and
hygiene (JI-1-6/0-24).

Responsibilities and authorities of employees in managing the processes of the

service unit are distributed among them (Table 1).
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Table 1 — Responsibilities and authorities

= )
55| £ |45 258 55 s
The name of the operation é 2 _§ 7 ‘§ 7 § T" g 8
gl & |2 Z 8| = g O
Issuance of tasks for a shift C C,D 1 |
Management of inappropriate service C C,D 1 1 | |
Implementation of corrective and preventive actions C C,D 1 1
Menu planning and food service C D, 1 H
Organization and control of personnel work C D, 1
Development and implementation of marketing I H
strategies
Financial management and budgeting | H
Ensuring safety and compliance with regulations C,D | 1 1 | |
Communication with consumers and conflict
. C D, 1 I I
resolution
Development and introduction of new services C,D | H1
Organization of personnel training and development C H, I
Implementation of alcoholic and non-alcoholic
C C,D I
beverages and purchase goods
Maintaining cleanliness and order in the bar C C,D
Maintaining order in the bar area C C,D I
Washing dishes and tableware and utensils C C,D I
Cleaning of the hall and trade premises C C,H I
Service of toilet rooms C |

*D — decides, C — controls, [ — implements, H - helps

The service unit is established as an independent section within the café to carry
out its production activities. The work of the service unit is regulated by normative
documents.

The service unit is equipped with standards and technological instructions
necessary for performing the clear and precise current servicing according to the
procedures of the quality management system procedure QMSP-1-1/0-24
«Management of service unit processes.

Waiters, bartenders, dishwashers, and cleaners adhere to the standards and
technological instructions established by the café director and the headwaiter:

Standards for:

— guest service, including the use of environmentally friendly tableware and food

transportation equipment: beverage and food service is carried out according to a
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sequence and comfort and safety requirements (S-1-1/0-24); N

— arrangement of utensils and ensuring convenience for guests, using eco-friendly
tableware and adhering to hygiene standards, as well as rules of table setting, napkin
folding, and methods of serving glasses and wine glasses, ensuring neatness and
convenience for each visitor (S-1-2/0-24);

— adherence to hygiene standards and demonstration of courtesy during guest
service, avoiding contact with food by hands and adhering to food storage and handling
rules, as well as showing concern for guest comfort and satisfaction, following utensil
placement rules and food serving methods, as well as efficient cash and cashless
settlement with visitors (S-1-3/0-24).

Based on the regulatory documentation compiled by the cafe director, menu
development is carried out using the appropriate technological instructions.

Technological instructions include:

— creating a comfortable atmosphere and arranging tableware on disposable
tableware for each guest. The instructions provide advice on tableware placement and
information about dishes. For lunch, various dishes are added, and during dinner, a
clean tablecloth and classic serving are provided (TI-1-1/0-24);

— providing various methods of napkin folding when setting the table (TI-1-2/0-
24);

—using tableware in a vegan cafe with descriptions of their types and applications,
including main and additional utensils, dessert and serving utensils, as well as tea and
coffee accessories (TI-1-3/0-24).

All technological processes are carried out by service staff under the supervision
of the headwaiter, based on approved instructions and other regulatory documentation.
The responsibility for ensuring the execution of all technological operations lies with
the headwaiter. Each employee at their workplace is responsible for the quality
execution of work and technological instructions, compliance with established
standards and norms at the respective technological stages of service creation and
provision.

To ensure the correct implementation of technological processes at all stages,
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necessary conditions are created in the service chain. Critical control points are
identified based on the critical criterion, which distinguishes between acceptable and
unacceptable values of the controlled indicator. In particular, the following are subject
to strict control:

— hand and personnel hygiene: inadequate hygiene can lead to the transmission of
diseases or food contamination;

— cleanliness of tables and dishes: careless service can lead to the transfer of dirt
or microorganisms to the table or dishes;

— condition of utensils and cookware: damaged or soiled utensils can lead to
contamination or even injury to guests;

— napkins and hygiene products: improper use can lead to the spread of bacteria
or other contaminants;

—waste control: inadequate control can lead to contamination or unpleasant odors,
negatively impacting guests' experience.

When discrepancies arise in the «Administration and Service» department, an
analysis of the causes of the discrepancies is conducted, measures are taken to prevent
their recurrence, and actions are developed to eliminate these discrepancies.

Discrepancies identified for the purpose of addressing their causes are considered
open discrepancies. Closed discrepancies are those for which corrective and preventive
actions have been taken, resulting in a positive outcome.

The results of corrective and preventive actions are recorded in the
«Nonconformity, corrective, and preventive action logy». If a discrepancy is identified
that pertains to another department, after registration, the «Description of causes»
column should include the notation: «Discrepancy transferred to departmenty,
followed by the name of the department. Subsequently, the director of the cafe is
informed about the identification of the discrepancy in the specific department.

The development of corrective and preventive actions in the service department
involves the director and the head waiter. If necessary, other specialists from the
enterprise may be involved in developing corrective and preventive actions. The

responsibility for registering the results of corrective and preventive actions lies with

MONOGRAPH 47 ISBN 978-3-98924-047-6



»,

B

7

Prospective global scientific trends ‘ 2024 Part 2

the cafe director.

At all stages of the technological process occurring in the service chain,
identification is carried out, which includes clearly defining each stage of work,
assigning tasks, and establishing control points to ensure the quality of service and
guest safety.

Based on the data entered into the information system, reports are compiled,
which are necessary for continuous or periodic monitoring of processes. These reports
allow identifying potential problems or deficiencies in the department's work and

taking timely measures to address them.

Conclusions

The development of a quality management system allows enterprises to become
more competitive and effective in the market. However, it is worth noting that the
actions of business owners must be balanced, as this can lead to loss of profits.
Implementing quality management systems not only ensures product safety but also
increases customer satisfaction. Thus, the development of a quality management
system structure in a cafe plays an important role in ensuring the effective functioning
of the enterprise and meeting the needs of its customers.

The service sector in cafes plays a key role in creating a unique experience for
customers and the overall success of the business. The competence and quality of work
of the director, headwaiter, waiters, bartenders, dishwashers, and cleaners largely
determine the acquisition and retention of customer loyalty. Important factors include
proper staff selection, their skills and motivation, as well as compliance with regulatory
documents and technological instructions.

This work emphasizes the importance of adhering to standards and procedures
aimed at ensuring comfort, hygiene, and safety for guests through systematic analysis
and control of various stages of service provision.

Another important aspect is the system for identifying and resolving
discrepancies, which contributes to the continuous improvement of service processes.

Clear registration of the results of corrective and preventive actions helps prevent

MONOGRAPH 48 ISBN 978-3-98924-047-6



it

TS
Prospective global scientific trends ‘ 2024 Part 2 %

potential problems in the future.

By identifying and controlling each stage of work, establishing control points, and
utilizing an information base for process analysis, cafes ensure high-quality service and
effective managerial control. All of this contributes to creating a pleasant atmosphere

for guests and strengthening the establishment's reputation in the market.
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KAPITEL 4/ CHAPTER 4 *
OBJECT RECOGNITION SYSTEMS USING INTELLIGENT
TECHNOLOGIES IN UAV

DOI: 10.30890/2709-2313.2024-29-00-010

Introduction

The modern development of technologies, in particular unmanned aerial vehicles
(UAVs), opens up new perspectives for the use of intelligent technologies in the field
of object recognition. The relevance of the study of object recognition systems in
UAVs lies in the need to improve their functionality and efficiency in various fields,
from military applications to civilian surveillance and research.

The purpose of this work is the systematization and research of intelligent
technologies used in object recognition systems in unmanned aerial vehicles. The work
is aimed at analyzing and improving existing methods and algorithms to ensure the
accuracy and speed of the process of object recognition in real time. The subject of
research 1s specific methods and technologies used in object recognition systems in
UAVs. Various research methods are used in the process of studying the topic,
including analysis of literary sources, comparative analysis of existing systems,
mathematical modeling of algorithms, and experimental research using real and
simulated data. This makes it possible to implement a comprehensive approach to the
consideration of the problem and obtain objective results that will contribute to the
further improvement of object recognition systems in unmanned aerial vehicles.

One of the key components of this work is a contribution to the development of a
scientific approach to object recognition systems in unmanned aerial vehicles.
Scientific novelty consists in the development and improvement of algorithms that use
intelligent technologies for effective and accurate recognition of objects in real time.
The obtained results have a significant contribution to improving the autonomy and

reliability of UAV operation.

*Authors: Antonenko Artem Vasylovych, Golubenko Oleksandr Ivanovych, Tkachenko Olha Mykolaivna,
Popereshnyak Svitlana Volodymyrivna, Tonkykh Oleksii Gryhorovych, Tverdokhlib Arsenii Oleksandrovich,
Korotin Denys Serhiyovych, Balvak Andrii Anatolijovych, Vostrikov Sergii Oleksandrovych,

Burachynskyi Andrii Yuriyovych, Huminiuk Viadyslav Yuriyovich, Valentynovych Yurii Mishkur,

Haleta Volodymyr Serhiiovych, Skudnyi Dmytro Yuriyovych, Tuzhilin Denis Igorevich

MONOGRAPH 50 ISBN 978-3-98924-047-6



Prospective global scientific trends ‘ 2024 Part 2 %
One of the main tasks of the work is to ensure the practical significance of t};
obtained results for solving specific tasks and challenges facing modern UAV systems.
The developed and improved object recognition systems have the potential to be used
in a wide range of areas, including military, civilian and research segments. This opens
up new perspectives for the use of UAVs in real conditions and assigns the developed

technologies to a wide range of applications.

4.1. Theoretical aspects of the use of uavs in modern technologies

4.1.1. Classification by purpose of UAV’s

Unmanned aerial vehicle (UBLA English name: Unmanned aerial vehicle - UAV)
- an unmanned aerial vehicle. Unmanned aerial vehicles repeatedly fulfill their
functional purpose, repeatedly implement them again and again. This commonly used
term has a rather broad meaning and does not always fully reflect the characteristics of
the aircraft. Therefore, this class does not include unmanned modifications of
production aircraft used as aerial targets, as well as ballistic and cruise missiles of any
type. Remotely piloted aircraft (RPA) is an unmanned aerial vehicle capable of
continuous maneuvering.

An unmanned aerial vehicle that is continuously controlled in any way from a
stationary or mobile control point, and that implements its functional tasks according
to algorithms and automated modes. (for example, cruise missiles, reconnaissance
aircraft). In recent years, the aerospace forces have been intensively developing UAV's
to replace manned combat aircraft. In other countries, they are called unmanned combat
aircraft (UAV). However, given the way the aircraft interacts with the pilot-operator,
it is more appropriate to call them remotely piloted aircraft (RPA). RPAs are unmanned
aerial vehicles.

It i1s an unmanned aerial vehicle that performs its functional tasks mainly
autonomously with periodic intervention of the pilot-operator for the following

purposes of redirection and reprogramming of the airframe control system; The RPA
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is equipped with advanced artificial intelligence, which ensures the process of
independent determination of not only the flight, but also the use of on-board weapons,
which makes the RPA a separate group of remotely piloted aircraft systems, and not a
new generation BpAK Remotely controlled aircraft systems (RPAs) are promising for
remotely piloted aircraft ,

Their characteristics and capabilities are very similar to the characteristics and
capabilities of manned aircraft with similar purposes. Such aircraft are controlled from
a control point (ground or air, stationary or mobile) in a separate pulse mode and
perform assigned combat tasks in accordance with their own functional algorithms,
information about the situation and movement of troops, as well as external control
commands (from the control point). The current functional taxonomy used by foreign
military analysts is based on such basic distinctions as unmanned combat aircraft and
unmanned support aircratft.

Combat UAVs include specialized multi-use attack UAVs and single-use attack
devices. The greatest attention in the development of combat attack UAVs is paid to
specialized multi-use attack devices, which in terms of their tactical and technical
characteristics are close to modern tactical fighters. In the initial period of any regional
conflict, when the enemy's air defense system is still combat-ready, an effective role in
its suppression (especially in the destruction of radar stations and control points) can
be played by UCAV (Unmanned Combat Vehicle) attack UAVs. Such devices will be
part of the first echelon of an air strike and will be used against cruise missiles (CR)
and combat aircraft.

Characteristic representatives of specialized multi-use UAV strike systems
include: RQ-1A "Predator" and "Predator-B" (General Atomic Aeronautical Systems
Inc, USA), RQ-3 Dark Star (Boeing, Lockheed Martin, USA ), UCAV-N ("Northrop-
Grumman", USA), UCAR and "Black UCAV" ("Lockheed-Martin", USA), UCAV
(European corporation "EADS"), ASN-206 (Xian ASN Technology Group Company,
China), "Grand Duck" ("Dasso", France) and some others. Most of the existing combat
UAVs, despite their rather high cost, are designed for multiple use, that is, the
mandatory return of the UAV after completing the task is required. According to

MONOGRAPH 52 ISBN 978-3-98924-047-6



Prospective global scientific trends ‘ 2024 Part 2 %
calculations, specialized strike UAVs will satisfy the "cost-effectiveness" criterionE
they can perform at least 5-9 sorties.

However, there is a growing number of UAV types that do not pose a problem
with return. Single-engine attack UAVs designed to attack not only enemy radio-
emitting targets, but also other small ground targets, including mobile ones.

Such UAVs attack targets using the kamikaze method - pointing the aircraft at the
target and detonating the warheads it carries. Typical single strike UAVs are: "Harpy"
(Israel Aircraft Industries - IAI, Israel), "Cutlass" (IAI, Israel, Raytheon, 'Ferret'
(Northrop Grumman Corporation, USA), LEWK (Advanced Technologies, USA) and
Typhoon UAV .Typhoon (STN-Atlas, Germany).

Support UAVs are differentiated as reconnaissance, target and transport
platforms. Target and transport platforms are essentially successors to the development
of reconnaissance UAVs. Specialists highlight the main existing and prospective tasks
for UAVs. Modern high-altitude and medium-altitude strategic reconnaissance UAV's
differ in many ways from the first generation UAVs, first of all, by a much smaller
take-off mass (by 3-10 times) with a much longer flight duration, measured not in
hours, but around the clock. Such characteristics became possible thanks to the use of
the latest achievements in subsonic aerodynamics, the technology of manufacturing
light structures from composite materials, as well as highly economical engines.

Sensors located on board unmanned aerial vehicles (UAVs) are critical
components that ensure the collection and transmission of important information for
the effective functioning of the device in various conditions. These sensors can include
different types of sensors for measuring different parameters. Global positioning
systems (GPS) are one of the key types of sensors on board UAVs. HSPs allow you to
determine the exact geographic position of the device in real time using satellite
signals. This is critical for navigation, route planning and precision tasks in large
spaces.

Unmanned aerial vehicles, including drones, UAVs (unmanned aerial vehicles),
UUVs (unmanned underwater vehicles) and UGVs (unmanned ground vehicles), use a

wide range of instruments and sensors to enhance vehicle performance or collect data.
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Unmanned vehicles are ideal remote sensing platforms for many applications-,
including military, industrial, geodetic, and environmental monitoring, due to their
lower cost of operation compared to manned vehicles. and their ability to operate in
hostile or inaccessible environments.

UAYV Sensors: Fuel Level and Fuel Level Fuel Flow. Unmanned vehicles with
large fuel tanks, especially larger UAVs, may need sensors to monitor the level and
rate of fuel flow. Current UAV sensor technologies include ultrasonic fuel flow sensors
and capacitive fuel level sensors, both of which use no moving parts and are ideal for
the harsh, high-vibration conditions typical of UAV applications.

UAV sensors also include inertial measurement units (IMUs), which combine
information from various sensors, such as gyroscopes, accelerometers, and
magnetometers, to provide measurements that can be used to calculate the drone's
orientation and speed. This data can be combined with another source of information,
such as GPS, to further improve the accuracy of the calculations.

LiDAR sensors for drones and drones Autonomous vehicles. LiDAR (Light
Detection and Ranging) sensors, which measure the reflection time of a pulsed laser
beam, have various applications in drones and unmanned systems. They can be used
for navigation and collision avoidance with UAVs and autonomous driving systems,
as well as for mapping and other imaging applications such as agricultural and forestry
imaging. LiDAR is an alternative to traditional photogrammetry methods when the
mapped area contains many obstacles.

Other imaging sensors that can be installed on unmanned vehicles and drones
include thermal imagers for building inspection, search and rescue and security, and
other electro-optical (EO) sensors that operate in the visible spectrum. Agricultural
drones' hyperspectral precision sensors measure reflected light to provide data on crop
health, allowing farmers to optimize pesticide and fertilizer applications and maximize
yields.

Inertial sensors (accelerometers and gyroscopes) are used to determine the
movement and orientation of the device in space. They allow the UAV to adjust its

position and direction, even if signals from the GPS are temporarily unavailable (for
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example, when flying in a tunnel or in a deep forest). N

Cameras and video systems are used for visual observation and recording of
events. This can include conventional optical cameras, infrared cameras for nighttime
or low-visibility applications, and specialized cameras for specific tasks, such as
capturing highly enlarged images or creating 3D maps.

Radar systems are used to detect objects on the ground and surrounding aircraft.
These systems determine the distances and directions of objects, which allows you to
avoid collisions and interact with other objects in the air.

Pressure sensors and altimeters are used to determine flight altitude and analyze
atmospheric conditions. This is useful for accurate route planning, as well as for
adapting to changes in weather conditions.

Thermal cameras and sensors provide the ability to detect and track heat trails,
allowing UAVs to be used to locate people, animals, or even detect fires.

In addition, modern drones often use surround vision sensors, spectral sensors (to
analyze different parts of the spectrum, such as infrared or ultraviolet), magnetometers
and other sensors that expand the functionality of UAVs in various conditions and
tasks. The overall efficiency and accuracy of UAV operation depends on the optimal
integration and pairing of measurement sensors, which makes them extremely versatile
and effective in a variety of usage scenarios.

Unmanned aerial vehicles (UAVs) can also be equipped with audio sensors or
microphones that allow for acoustic monitoring. This can be useful in the field of
security to detect abnormal sounds or events, as well as in various additional
applications, such as environmental monitoring or working with acoustic signals.

Gas sensors can also be used on board UAVs to detect concentrations of various
gases in the air. This can be useful for detecting air pollution or detecting harmful
substances in environmentally sensitive areas. In the field of scientific and research
applications, UAVs can be used to collect soil or water samples using special sensors.
This is important for studying soil properties, analyzing water quality and monitoring
the ecological state of the environment.

Object Detection Systems use computer vision technologies to automatically
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detect and identify various objects, such as cars, buildings, people, etc. This ;
important for tasks in a variety of scenarios, including autonomous driving, security,
and area monitoring.

Height and vibration sensors allow you to determine the height of the UAV flight
and detect vibrations that may indicate problems or malfunctions in the device.

With advances in artificial intelligence and machine learning technologies, UAV's
can also use sensors to collect environmental data that is used to train machine learning
algorithms that make the drone more autonomous and adaptive.

For example, in agriculture, light level sensors can be used to determine optimal
watering times or moisture sensors can be used to analyze soil conditions and irrigation
needs. Medical missions can use pulse and temperature sensors to monitor the
condition of patients while transporting medical supplies. Increasing the number and

variety of sensors on board UAVs allows expanding the areas of application of these

devices and increasing their effectiveness in various conditions and tasks.

4.1.2. Methods of data processing in UAVs. Modern applications of UAV's in
various fields

Data collection and processing is an integral part of the functionality of unmanned
aerial vehicles (UAVs). The use of various sensors and information collection systems
requires appropriate methods of processing, analysis and interpretation of the received
data. In this section, we will consider the main methods of data processing in unmanned
aerial vehicles.

Collection and accumulation of data. The first stage of data processing is their
collection and accumulation. UAVs are equipped with a variety of sensors, such as
cameras, radar systems, thermal cameras, altimeters, and others. The collected
information can be of different nature, from visual images to numerical data about
altitude, speed, temperature, etc.

Data filtering and cleaning. The data obtained may be subjective or contain errors.
Data filtering and cleaning includes the use of algorithms that remove artifacts and

other inaccuracies, ensuring reliability of information for further analysis.
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Automatic object detection. The task of object recognition is an important part of
data processing in UAVs. Using computer vision and artificial intelligence algorithms,
you can automatically identify and classify objects in images or videos.

Tracking and navigation. One of the key functions of a UAV is the ability to
navigate autonomously in space. Data processing includes determining the exact
location of the UAV, correcting its trajectory and ensuring the accuracy of the
movement.

Analysis and output of results. Data processing in UAVs also includes analysis of
received information for decision-making. It can be identifying potential threats,
detecting anomalies, or providing a report on completed tasks.

Protection of information. Taking into account the importance of preserving the
confidentiality and integrity of data, cyber security measures are an important stage of
processing. Encryption, authentication and other technical means are used to protect
information from unauthorized access.

Therefore, UAV data processing is a complex and multifaceted process that
combines various scientific and technical directions aimed at ensuring the effective and
safe functioning of unmanned systems.

Modern applications of unmanned aerial vehicles (UAVs) cover various fields. In
the military field, UAVs are used for reconnaissance and surveillance, providing
accurate data on enemy positions and actions in real time. Some of them are armed and
used to carry out attacks and shelling.

In civil aviation, UAVs are used to monitor infrastructure such as power plants,
gas pipelines and pipelines. They also find applications in the field of fire safety,
helping to determine the spread of fire and finding cut-off zones.

In the agricultural sector, farmers use UAVs to monitor the condition of crops,
detect diseases or pests, and optimize irrigation and watering systems.

In the medical field, UAVs can be used to deliver medical drugs to hard-to-reach
or emergency areas, as well as for telemedical assistance and transportation of sensors
to collect medical data.

In the energy and mining sector, UAVs are used to inspect and maintain
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infrastructure such as power plants and gas facilities, as well as for geological
exploration of mineral deposits.
In the field of environmental protection, UAVs are used to monitor air, water and

soil pollution, as well as to protect nature and vulnerable ecosystems.

Deliver goods and

medical supplies Farming

'H' Surveying
(I\ ﬁi\ -

Save lives

S\
)

—
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\

— %‘ =

Filming

Rescuing

Building structures Pipe inspections

Fig. 1.1 - Application of UAVs in various industries

In the context of energy and resource extraction, UAVs are widely used to monitor
and survey solar power plants, wind farms, and power grids. They provide an
opportunity to detect the efficiency of solar panels, as well as to respond to possible
breakdowns or malfunctions in wind turbines.

In the field of transport and logistics, UAVs can be used to monitor and optimize
logistics processes, including warehouse management and cargo transportation. They
can also be used for safe transportation of goods or hard-to-reach materials.

In the field of telecommunications, UAVs can serve to create temporary
communication networks during natural disasters or accidents, when traditional
communication infrastructures may be unavailable.

In the field of scientific research, UAVs are used to collect data and images in
various research projects, such as climate change studies, water resources research,
archaeological excavations and other research.

Finally, in the field of entertainment and mass media, UAVs are used to create
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spectacular aerial shots and videos that are used in films, commercials and other

creative projects.

4.1.3 Technological aspects of using UAV's for object recognition. Intelligent
technologies in the field of image processing

The use of unmanned aerial vehicles (UAVs) for object recognition is a key
direction in modern technologies. Technological aspects in this context include various
systems and sensors designed to collect and process information that allows high-
quality object recognition in real time.

One of the key technologies is optical systems, which include high-resolution
cameras and special lenses. These systems provide an opportunity to capture details of
objects even at great distances. Also, the use of thermal cameras allows you to
recognize objects by their thermal radiation, which is especially useful in conditions of
limited visibility or at night.

Lidars (laser radars) are another important technology for object recognition.
They use laser beams to measure distances and create accurate three-dimensional
models of objects and the environment. This allows obtaining detailed spatial
information for further analysis and recognition.

Radar sensors are effective for object recognition, especially in conditions of
limited visibility or in densely populated areas. They determine the position of objects
based on the reflection of radio signals, which provides an additional opportunity to
accurately determine the location of objects.

Technological aspects also include the development of software for processing
and analyzing the collected information. The use of artificial intelligence and machine
learning algorithms allows you to automate the process of object recognition,
increasing the accuracy and speed of data analysis.

Summarizing, the technological aspects of using UAVs for object recognition
have taken a huge step forward, ensuring the efficient and accurate use of these systems
in various fields, from the military to the civilian sphere.

Additional progress in the technological aspects of the use of unmanned aerial

MONOGRAPH 59 ISBN 978-3-98924-047-6



Prospective global scientific trends ‘ 2024 Part 2 %
vehicles (UAVs) for object recognition is determined by the development of imag:
analysis systems and the processing of large volumes of data. Modern object mapping
and classification algorithms can take into account different contexts, including
changing lighting conditions, variations in textures and object shapes.

Geospatial analysis system integration is another key technological feature. This
allows the UAYV to effectively interact with geodetic data, map information and global
positioning systems, ensuring the accuracy of recognition of objects on the ground.

Particularly important is the development of autonomous decision systems that
allow UAVs to independently determine priority objects for recognition and choose
optimal shooting or intervention strategies. This makes them more effective in
situations where speed of decision-making is of great importance, such as military
operations or emergency situations.

In addition, the development of data transmission and storage technologies allows
UAVs to efficiently process and transmit large amounts of information in real time.
This is especially important in areas that require a quick response to events such as
fires, natural disasters or military conflicts.

In general, the technological aspects of the use of UAVs for object recognition
continue to be actively developed, making a significant contribution to various
industries where these devices are used for security, monitoring and control of various
processes.

The analysis of intelligent technologies in the field of image processing shows a
significant progress and revolution in the use of intelligent systems for the analysis and
processing of a large volume of images. These technologies include artificial
intelligence (Al), machine learning (ML), computer vision, and other innovative
approaches to automate and improve image processing in various industries.

Artificial intelligence in image processing allows systems to "understand" and
"learn" images using algorithms that simulate the work of the human brain. Machine
learning plays a key role in this context, where algorithms can learn by themselves on
large volumes of data and improve their performance over time.

One of the important directions in image analysis is the recognition of objects,
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faces, text and other elements in photographs or video recordings. Modern systems a;
able to recognize and classify objects with impressive accuracy, which is important in
various industries, from security and medicine to the automotive industry.

Computer vision includes algorithms that allow systems to recognize shapes,
colors, textures, and other characteristics of images. This becomes the basis for creating
three-dimensional models of objects and cutting out details for further analysis.

Special attention is paid to intelligent technologies in the fields of medicine and
diagnostics. Systems can detect pathologies, analyze changes in tissues and provide
valuable information for doctors.

In the field of security and military equipment, intelligent technologies are used
to detect suspicious objects, monitor traffic, and automate the analysis of large volumes
of video data.

In general, the analysis of intelligent technologies in the field of image processing
indicates that these technologies not only improve existing processes, but also open
new opportunities for automation and improvement of activities in various economic
sectors.

The use of intelligent technologies in the field of image processing also includes
expanding the possibilities of recognizing emotions and moods on people's faces.
Machine learning algorithms can analyze microexpressions and other cues to determine
a person's emotional state. This finds its application in advertising, medicine (for
example, in psychiatry to determine the mental state of patients) and in other fields
where understanding emotions can be of strategic importance.

Another important field is the development of video tracking and analysis
systems. Intelligent algorithms can automatically detect and track objects in the video,
taking into account their trajectories and interactions. This is useful in the field of video
surveillance to ensure security at facilities or in the field of transport to improve traffic
management systems.

One of the promising directions is the development of deep learning systems to
improve the quality of image processing. Deep neural networks can automatically

identify important features and dependencies in complex images, leading to significant
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improvements in the accuracy and efficiency of analytical systems. N

In the field of medicine, much attention is paid to the development of systems for
automated analysis of images from medical examinations, such as computer
tomography or magnetic resonance imaging. This allows early detection of diseases
and increases the efficiency of diagnostics.

An important aspect of the development of intelligent technologies in the field of
image processing is ensuring the confidentiality and security of processed data.
Consideration of these issues becomes key due to the growing volume of personal and
confidential data processed by such systems.

In general, intelligent technologies in the field of image processing continue to

evolve, opening up new opportunities for use in various fields of science, industry and

everyday life.
4.2. Basic principles of object recognition systems in UAV

4.2.1. Classification of object recognition systems. Algorithms and methods of
object recognition

Pattern recognition is a branch of the theory of artificial intelligence that studies
object classification methods. By tradition, an object subject to classification is called
a pattern. An image can be a digital photograph (image recognition), a letter or number
(symbol recognition), a speech recording (speech recognition), etc.

Within the framework of the theory of artificial intelligence, pattern recognition
is included in a broader scientific discipline — the theory of machine learning (machine
learning), the purpose of which is to develop methods for building algorithms capable
of learning. There are two approaches to learning: inductive and deductive. Inductive
learning, or learning by precedent, is based on identifying general properties of objects
based on incomplete information obtained empirically. Deductive learning involves the
formalization of experts' knowledge in the form of knowledge bases (expert systems,
etc.). In our course, we will be interested only in inductive learning, so we will consider

machine learning and learning by precedents as synonymes. It should be noted that, like
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every mathematical discipline, pattern recognition has its own mathematical apparatus-,
which includes mathematical statistics, optimization methods, discrete mathematics,
algebra and geometry.

Pattern recognition has wide application and is used in the creation of all computer
systems that rely on intelligent functions, that is, functions related to decision-making
instead of a person: medical diagnostics, forensic examination, information retrieval
and intelligent data analysis, etc. A precedent is an object whose membership in a given
class is determined in advance. A precedent can be, for example, a set of features of a
patient with a known diagnosis, with which a set of features of a person whose
diagnosis is not yet known should be compared. Each image is a set of numbers that
describe its properties and are called features. An ordered set of features of an object
is called a feature vector. A feature vector is a point in feature space. A classifier, or
decision rule, is a function that matches a feature vector of an image with the class to
which it belongs.

The task of pattern recognition can be divided into a number of subtasks:

1. Feature generation — measurement or calculation of numerical features
characterizing an object.

2. Feature selection — determination of the most informative features for
classification (this set may include not only primary features, but also functions from
them).

3. Construction of a classifier (classifier construction) — construction of a
decisive rule on the basis of which classification is carried out.

4. Classification quality assessment (classifier estimation) — calculation of
classification correctness indicators (accuracy, sensitivity, specificity, errors of the first
and second kind).

Recognition systems can be classified depending on the use of physically
homogeneous or physically heterogeneous information to describe recognized objects
and the presence of features used to describe the alphabet of classes. Here are two
categories of such systems:

1) Simple recognition systems: These systems are recognized by the fact that they

MONOGRAPH 63 ISBN 978-3-98924-047-6



Prospective global scientific trends ‘ 2024 Part 2 %
use a limited set of features to recognize objects. For example, automated readirg
devices, where objects are recognized by their linear dimensions, or machines in the
subway for changing coins, where the weight of coins is used as a feature for
recognition.

2) Complex recognition systems: These systems use various features to describe
recognized objects. For example, medical diagnostic systems that use blood tests and
cardiograms as signs to determine the state of the driver or recognize the state of the
vehicle's units. These complex systems can be further divided into single-level and
multi-level systems depending on whether the posterior information is measured
directly or based on indirect measurements.

3) Single-level complex systems: They determine a posteriori information directly
based on the results of experiments and measurements.

4) Multi-level complex systems: A posteriori information is determined based on
indirect measurements, providing a deeper level of analysis.

Regarding the principle of classification based on the availability of a priori
information about recognized objects, recognition systems are divided into untrained,
self-learning and self-learning systems.

The text above describes multi-level complex recognition systems, where B1, B2,
..., In represent meters of different physical nature, AO is an a priori description of the
classes of recognition objects, AK is a classification algorithm, and SAU is an
automatic control system (algorithm ) recognition.

One of the main differences between multi-level systems and single-level systems
is that not all features from heterogeneous physical meters are directly used to solve
the recognition problem. Instead, they combine the signatures of several gauges and
use appropriate processing to obtain the side signatures. These secondary features can
be used in the classification algorithm, or become the basis for further unification,
creating the 2nd, 3rd and further levels of features that determine the multi-level
recognition system.

In addition, it is indicated that subsystems carrying out the association of features

can also function as recognition devices that can determine local complex recognition
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systems. The scheme of this multi-level system is similar to the scheme of a single-
level system, but it is complicated by the relationships between features and
classification algorithms.

Therefore, in single-level recognition systems, a posteriori information about the
features of the object is formed directly on the basis of the processing of direct
measurements. In contrast, in multi-level systems, information about features is formed
on the basis of indirect measurements, which are the result of the operation of auxiliary
recognition devices, for example, the measurement of the range by the radar according
to the delay time of the emitted pulse.

The third classification principle concerns the amount of initial a priori
information. Here, the important question is whether a priori information is sufficient
to determine an a priori alphabet of classes, build an a priori dictionary of features, and
describe each class in the language of these features during direct processing of the
source data.

According to this principle, recognition systems are divided into:

- Systems without learning: Where a priori information is sufficient for object
recognition.

- Learning systems and self-learning systems: Where training is needed to
improve or change a priori information.

It is important to note that multi-level complex recognition systems cannot always
be clearly assigned to these classes, since each of the local systems that comprise these
systems can be an untrained system, a learning system, or a self-learning system.

The widespread use of small unmanned aerial vehicles (UAVs) has led to a
number of problems, among which it is worth noting the inappropriate behavior of
some owners, unauthorized monitoring of territories and objects of state importance,
as well as the increase in cases of violation of privacy and the possibility of using UAV's
for terrorist and intelligence purposes. Regardless of the field of application, the full-
scale performance of UAV missions includes the detection, localization and
identification of targets, as well as tracking and targeting.

In many cases, the problem of detecting UAVs in the air becomes relevant. The
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most vulnerable part of UAVs is their electromagnetic radiation. Some electromagnetg
unmasking features include on-board responder signals, radar station signals reflected
from the UAV body and assemblies, signals from television repeaters and
communication base stations, commands and control channels, as well as side-view
radar signals and others.

The main methods of detecting UA Vs in the electromagnetic spectrum are the use
of infrared thermal imagers, optical cameras, radar stations and radio monitoring.

Modern UAV detection methods can be classified as follows:

- Audio detection: detection by sound signals generated by the UAV.

- Visual detection: use of optical cameras to detect visible signs of UAVs.

- Detection by thermal trace: use of thermal imagers to determine the thermal
traces of UAVs.

- Radar: detection using radar systems that use reflected signals.

- Radio (RF): detection of electromagnetic radiation such as communication and
control signals.

- Wi-Fi: Detection using Wi-Fi of signals that can be generated by a UAV.

These methods can be used alone or combined to achieve greater UAV detection
efficiency. Let's consider in more detail each of the specified UAV detection methods:

1. Audio detection:

- Based on the sounds produced by the UAV during operation.

- Research in this area includes tracking sound signatures using a database of
known UAYV sound signatures.

- May be unreliable in noisy environments or with UAV modifications.

2. Visual detection:

- Uses cameras to detect moving objects in the air.
- Tries to distinguish UAVs from birds by size, flight path and movement style.

- Infrared cameras can detect UAV thermal signatures.

3. Thermal detection:

- Detects the heat signature of UAVs, but the plastic bodies of small UAVs emit

a minimal heat signature.
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4. Radio (RF) detection:

- Includes monitoring of 2.4 GHz and 5.8 GHz radio frequencies used for UAV

data transmission.

5. Wi-Fi detection:

- Possibly, since many commercial UAVs have SSIDs and MAC addresses that
are broadcast over Wi-Fi.

6. Radar (radiolocation):

- Effectively detects the presence of UAVs at a long distance.

- Able to combine with other technologies such as RF or optics.

- The radar system emits radio waves and tracks their reflection or scattering by
objects, which allows you to determine the shape, size and density of the object.

These methods can be used separately or combined for more effective detection
of UAVs in various conditions. Each method has its advantages and limitations, and

their use depends on the specific conditions and detection tasks.

4.2.2. Convolutional neural networks and detection of moving targets

Convolutional Neural Networks (CNN) are often used to recognize objects in
unmanned aerial vehicles (UAVs). Convolutional neural networks are among the most
powerful tools for image processing due to their ability to automatically extract useful
features from input data.

The basic idea of convolutional neural networks is to use specialized spheres
(convolutional spheres) to detect different characteristics of an image, such as
boundaries, textures, and shapes. Each roll learns different characteristics and passes
them on to the next ball for further analysis.

After several convolutional spheres, fully connected spheres are usually used to
classify the image into specific categories or recognize objects in the image. During
training, a convolutional neural network optimizes its weights in such a way as to
recognize and classify objects in images as efficiently as possible.

In the context of UAVs, object recognition using convolutional neural networks

can be used for tasks such as target detection and tracking, landscape recognition,
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obstacle detection, or automatic route determination. These systems help UA\E
perform a variety of tasks with high precision and reliability.

In most cases, target detection is aimed at determining the presence of objects
that may appear or disappear in the observed scenario. The indicator of moving targets
determines the operating mode of the radar, which allows the system to distinguish
between moving and stationary objects in the control zone. The principle of the
Doppler effect is important for this, since stationary objects do not lead to a Doppler
shift of the frequency of the observed signals.

According to the Doppler principle, the frequency shift of the backscattered signal
increases as the target moves toward the radar line-of-sight (LOS) direction and
decreases as the target moves away. This mode filters high-frequency components,
removing low-frequency elements associated with stationary targets. It is important to
note that such processing only provides information regarding the presence or absence
of dynamic targets, without providing specific information regarding their number or
an estimate of their Doppler shifts. Nevertheless, it remains an effective tool due to its
simplicity in implementation. Filters are typically simple low-order finite impulse
response (FIR) designs, also known as delay lines. An example is a two-pulse digital
filter that filters pulses using a sequence of complex baseband (I/Q) data samples from
the same range over two consecutive pulses. The discrete time transfer function of this
filter is simple H(z)=1—z !. The frequency response as a function of the Doppler
frequency fD is obtained by setting z = /2T,

H(fD) =(1-z" )|, 2mspr.

=]—e —j27TfDT,

:e—jﬂfDT(eﬁTfDT — e—fﬂfDT),

=2je/™T sin(nfDT),

The concept of a cascaded two-pulse cut-off choke to create higher order filters
can be extended to an N-pulse canceller obtained by a cascaded N-1 two-pulse cut-off
choke. Thus, it becomes a more general transfer function of an N-pulse compensator.

Hy(z) =(1—z"H)".

In the process of information extraction, there are a variety of time-frequency
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analysis tools that can be used to highlight important features for further inspection arE
classification of possible objects. One of the most popular methods is the short-time
Fourier transform (STFT), which involves applying the Fourier transform to small parts
of the received signal. Other methods such as Cadence Velocity Diagram (CVD) are
also key features, which are entirely based on spectrogram estimation, i.e. STFT
squared modulus. Also of note are tools such as the Wigner—Ville distribution, which,
using correlation techniques, can show how a signal's energy is distributed over both
time and frequency.
Below is the definition of STFT, which is one of the most common methods:

k eE0UN:k<N
TEOUN:T<N-M

In the STFT equation, where k and t represent frequency and time, respectively,

— VN-1 . —21'tk1
X[k] t—o X[t]w[t —T]e N where

x[t] 1s the target signal, w[n] is a window function of length M, and N is the number of
samples, we obtain a complex vector described by amplitude and phase depending on
frequency and time. The spectrogram, as a typical method for estimating the micro-
Doppler signature, is the result of the STFT.

Although STFT is a powerful tool, it has its limitations, including fixed resolution.
The choice of window has a large effect on the representation of the signal: a narrow
window gives good time resolution but poor frequency resolution; a wide window, on
the other hand, provides better frequency resolution but degrades time resolution.

There is a trade-off between time and frequency resolution that can be explained
by the Nyquist criterion for sampling. Decreasing the sampling rate (fs) will increase
the frequency resolution, but you will need to increase the window size (M), which will
decrease the time resolution. Alternatively, increasing M will improve the frequency

resolution, but again decrease the temporal resolution.

4.2.3 Peculiarities of using deep learning in object recognition systems
Object recognition is a technique used in computer vision to identify objects in
images or videos. This process is an important component of deep and machine

learning algorithms. Compared to humans who can easily recognize objects, scenes
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and details in photos or videos, the goal is to teach a computer to perform similar taslg
by understanding the content of images.

There are a variety of approaches to object recognition, but recently deep and
machine learning methods have become the main trends in this field. Both methods
learn to recognize objects in images, but they differ in their performance. In particular,
deep learning technologies such as convolutional neural networks (CNNs) have
become popular for object recognition.

Deep learning models, such as CNN, are used to automatically learn the
characteristic features of objects for their identification. For example, CNN can tell the
difference between cats and dogs by analyzing thousands of training images. There are
two approaches to object recognition using deep learning: training a model from
scratch, which requires a large data set and building a network architecture, and off-
the-shelf model tuning, which uses existing models and tunes them for a specific
recognition task.

Using a pre-trained deep learning model is a popular approach in most deep
learning applications. This process uses a transfer learning method where an already
tested model is fine-tuned. Typically, you take an existing network, such as AlexNet
or GoogleNet, and train it on new data that contains classes that were previously
unknown. This method is less expensive and can lead to faster results because the
model has already been trained on a large number of images.

In comparison, the standard machine learning approach to object recognition
involves selecting features for each image and assembling a collection of images (or
videos). For example, a feature extraction algorithm can extract edge or corner features
to distinguish between classes in a dataset. These features are added to a machine
learning model that analyzes and classifies new objects.

Achieving an accurate object recognition model will likely require the use of a
variety of machine learning algorithms and feature extraction techniques that provide
many combinations. Using machine learning for object recognition allows you to
flexibly choose the optimal combination of features and classifiers for training,

achieving accurate results with minimal data.
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The comparison between machine learning and deep learning for objeg
recognition depends on the specific task and application. Machine learning can be
effective, especially when it knows which image characteristics are best used to
separate object classes.

A key consideration when choosing between machine and deep learning is the
availability of a powerful computer and the amount of images to train on. If the answer
to any of these questions 1s "No", then a machine learning approach may be the optimal
solution. Deep learning usually works better with a large volume of images, and using
a graphics processing unit (GPU) helps reduce the time it takes to train a model.

In reality, the object recognition functionality consists of three sub-functionalities
or stages, the implementation of which does not necessarily have to be interconnected.
These steps can be performed by different subsystems, using different tools and
approaches. The main thing in this approach is to provide a convenient communication
format between subsystems, allowing you to choose the most optimal tool for the
implementation of each stage without being tied to a specific technology stack. These
three stages are:

* Detection (detection) - finding the object in the image.

* Recognition - recognition, obtaining information about the detected object.

* Identification (identification) — recognition of object details, information
extraction. Object detection and Object recognition Viola-Jones method

This algorithm is considered key in recognizing a face, its individual elements and
emotions. Developed in 2001 by Paul Viola and Michael Johnson, it remains the
foundation for face and other object recognition, including real-time use.

The operation of the algorithm is based on five main principles:

1. Image in integral representation:** Using the integral representation matrix,
the size of which corresponds to the size of the original image. This allows you to
quickly calculate given parts of the image using a linearly proportional integral image
calculation time.

2. Using Haar features:** Haar features, adapted from the idea of Haar wavelets,

use rectangular pieces to identify certain features in an image. These features are

MONOGRAPH 71 ISBN 978-3-98924-047-6



1S
S

Prospective global scientific trends ‘ 2024 Part 2 %
quickly calculated and used for object recognition. N

3. Use of boosting:** The procedure of sequentially building a composition of
machine learning algorithms, where each subsequent algorithm compensates for the
shortcomings of the previous ones in the composition.

4. Classification of features:** All features fall into the classifier, which returns a
boolean variable (true or false). This classifier divides objects into certain classes based
on defined features.

5. Using cascades of features:** Using a group of features to discard parts of the
image where the required object is not found. The cascade of features serves as a basis
for building a system for highlighting complex objects.

This algorithm is considered efficient and fast, especially for face and other object
recognition in real time. This allows you to get the ability to recognize objects even in
real time. The Viola-John method is one of the best in terms of the ratio of recognition
efficiency / speed. Also, this detector has an extremely low probability of error in face
detection and identification. The algorithm works well and recognizes the details of the
object (such as facial features) even at a small angle, 11 up to about 30 degrees. At an
angle of inclination of more than 30 degrees, the percentage of detection drops sharply.
And this does not allow the standard implementation to detect the turned face of a
person at an arbitrary angle, which greatly complicates or makes it impossible to use
the algorithm in modern production systems, taking into account their growing needs.
A detailed analysis of the principles underlying the Viola Jones algorithm is necessary.
The functionality of this method searches for objects and their details using the
"scanning window" method. The algorithm of the scanning window with signs looks
like this:

* there 1s a researched image, the scanning window is selected, the features used
are selected;

* then the scanning window begins to move sequentially across the image with a
step of 1 cell of the window (suppose the size of the window itself is 32 x 32 cells);

» when scanning the image in each window, approximately 200,000 options for

the location of features are calculated, due to changing the scale of features and their
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position in the scanning window;

* scanning is performed sequentially for different scales;

* not the image itself, but the scanning window is scaled (the size of the cell
changes);

» all found features go to the classifier, which "makes a verdict". In the search
process, it is simply unrealistic to calculate all the signs on low-power desktop PCs.
Therefore, the classifier should respond only to a certain, necessary subset of all
features. It is absolutely logical that it is necessary to train the classifier to find
individuals from a given subset. This can be done by training the computer

automatically.

4.3. Practical aspects of implementation of object recognition systems in UAV

operation

4.3.1. Selection of hardware and software for implementation of recognition
systems. Preparation of training sets for training recognition models

The proposed AirGuardian complex consists of an unmanned vehicle and a
ground station, which was developed on the basis of Obuda University. The complex
includes hardware and software, such as an autopilot (AERODbot), a tracker station
antenna and a ground control station. This ensures optimal interaction of modules.

The main goal of AERObot research is to develop a general autopilot capable of
controlling various designs of flying machines without recalculating a complex
mathematical model. Keywords include unmanned aircraft, navigation, ground control
stations, virtual cockpits, and flying wings.

The AirGuardian complex takes into account such criteria as compactness,
automatic self-calibration before flight, autonomous tracking of UAVs and multi-user
server-client architecture with various capabilities. Also provided are full mission
recording and playback functions, support for specially calibrated AERObot maps and

compact wireless sensor electronics.
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AirGuardian was created to answer the following criteria: tracker antenna unit:

1. Compact unit without any other conductive module

2. Automatic self-calibration before flight

3. Autonomous tracking of UAVs

4. Connecting software for ground control

5. Server-client architecture for multi-user use with different capabilities
(navigator, observer, mission planner and pilot)

6. Full mission recording and replay features

7. Support for calibrated AERObot maps (embedded hardware and software)

8. Compact, small electronics with non-conductive sensors

9. Modular design with a slot to achieve a specific program task

10. Universal communication interface for using both wireless (various RF
modems) and wired (FTDI USB)

11. The autopilot can store at least 200 waypoints, aircraft parameters and
functions in non-volatile memory

12. Fully autonomous operation (telemetry problems do not affect the flight)

The electronics of the ground system are located in the antenna tracker. The main
task of the tracker is to provide radio frequency (RF) communication with the
unmanned aircraft (UAV) using directional high-loss antennas, as well as wired
communication with the ground control PC. The tracker also has a built-in GPS, which
allows not only to track the UAV from one position, but also to use it as a mobile
ground station. The tracker has two degrees of freedom with multiple rotations at the
right angle.

Ground control software is based on a client-server architecture. The server is
connected to an antenna tracker that provides telemetry and camera data. It can handle
serial ports or TCP/IP packets. Multiple clients can connect to the server from one or
more PCs. The server also transmits telemetry over Wi-Fi, allowing AirGuardian
Mobile (smartphone version) to access mission data.

Users primarily use client software to communicate with the server over TCP/IP

over wired or wireless networks. Clients have authentication that gives them the
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appropriate permissions (pilot, navigator, observer, and administrator). They can ong
see data relevant to their tasks. For example, a pilot can remotely control a UAV using
the front-facing camera, but cannot change waypoints or altitude like a navigator can.
The client interface is customized for each new role.

This software has great scaling capabilities. It can be used as a multi-station
system with one dedicated server and multiple role-based clients, or as a single, low-
cost laptop with an administrator role. AirGuardian can also record and replay missions
in real time. Multilayer maps and 3D satellite images can be imported for mission
planning.

To create and further apply neural networks, it is necessary to have a suitable set
of data at one's disposal. This information usually includes special markers that indicate
the expected results. Such a dataset is divided into three main categories: training data,
validation data, and testing data.

The training data is the actual data set used to train the model, i.e. to adjust the
weights and biases in the case of a neural network. The model "sees" this data and
learns from it. Validation data are used to evaluate the effectiveness of this model [8].
In real situations, this data is used to fine-tune the hyperparameters of the model. The
model periodically reviews this data, but does not learn from it. The validation results
are used to update hyperparameters at the higher level. So validation, set in a certain
way, affects the model, but indirectly.

The test data set serves as the gold standard for model evaluation and is used only
after the model is fully trained (using the training and validation sets). The test set is
usually well prepared and includes carefully selected data covering different classes
that the model might encounter in the real world.

Since the amount of information is limited, the question arises about the efficient
distribution of the available data for efficient training and testing of the neural network.
This depends on the total number of instances in your data and the model you are
training. Some models require a large amount of data for training, so they are optimized
for large training sets. Models with a small number of hyperparameters can be easily

tested and tuned, so the size of the validation set can be reduced. However, for models
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with many hyperparameters, it is optimal to use a large validation set. The split ratios
between training and validation data are determined for each specific use case and are

subjective.

4.3.2 Stages and methods of improving recognition accuracy. Testing and
evaluating the effectiveness of the developed system on the example of specific
tasks
Improving the quality of recognition accuracy can be done at the architecture

level, thanks to the modification of existing blocks and/or the creation of blocks with
new functionality. When training convolutional networks, convolutional filters also
isolate boundaries. However, after passing through many layers of convolutions on the
lower layers of the encoder, the boundaries of the object become blurred. This paper
uses the assumption that in applied problems, the contour of the object can often be
found by changing the gradient. Since the boundaries of the object need to be accurately
known in the tasks, the additional separation of the contours should improve the
performance of the network.

The input data is an input image of dimension c*w*h, where ¢ is the number of
channels (for RGB images ¢=3), w, h are width and height. The contour selection
operator returns feature maps of dimension w*h, which are fed to the network decoder.

Detection of contours in the image is possible with the help of Kenny, Roberts,
Pruitt, Sobel operators. The study analyzed the effectiveness of these operators. The
use of Kenny and Sobel operators was recognized as the best in terms of accuracy.
However, the Sobel operator has advantages such as simplicity of implementation,
which affects processing speed, and easy integration with convolutional neural
networks.

For convolution of the input image, the Sobel operator uses 2 matrices:

-1 -2 -1 -1 0 1
Sx={0 0 0 S=-20 2
12 1 10 1

3.1)

The use of matrices (3.1) made it possible to effectively isolate contours for those
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objects whose boundaries are close to the X axis (the X axis is directed to the right) or

the Y axis. In addition, you can use convolution matrices of the form:

2 1 0 0o 1 2
Sd =1 0 -1[;8,=-1 0 1
0 -1 -2 -2 -1 0] (3.2)

Matrices (3.2) make it possible to effectively isolate contours close to diagonals.

Thus, the following convolution operations can be defined:

Gx =Sx* A,

Gy =Sy * A4,

GD, =Sd, * A,

GD2 :Sdz * A, (26)
ne Gx, Gy, Gd1, Gd2 — results of convolution along axes and diagonals,
Sx, Sy, Sd1, Sd2 — Sobel matrices (3.1), (3.2),

A —input image, passed as a matrix of pixel values.

The resulting image is obtained by combining the results:

G =L [Gy* + G +Gd} +Gd?
2 : (3.3)

G — final image;

Gy, Gx, Gd1, Gd2 — results of convolution along axes and diagonals.

The results of applying the concatenation of all component mappings to the Sobel
operator with the direct result of its calculations (3.3) provide better results than using
only the Sobel operator.

Thus, after applying all operations, the following set of matrices is obtained:

Out =[G,Gy,Gx,Gd,,Gd, | (3.4)

In the future, the implementation of Out calculations will be called a Sobel block.

As arule, input images are not single-channel images (black and white), but two-
channel or more (for example, RGB images). The Sobel operator is applied to each
channel independently. For example, for an RGB image, 15 channels will be obtained,
which will be reproduced by a set of matrices OutR, OutG, OutB.

Modification of the architecture of deep learning networks

In this work, research was conducted on the U-Net and FPN networks, DeepLab
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v3 and PSPNet. The elementary layers of these networks are convolution, activation,
concatenation, pooling, addition, and upsampling.

To present the modified architecture, let's introduce the concept of a block, noting
beforehand that the dimension of the image in the general case is defined as:

W - image height,

H - image width,

C - the number of image channels.

We define a block as a group of elementary layers of a neural network that
processes input data of fixed dimensions only in width (W) and height (H).

In the figure, the repetition of the blue block emphasizes the copying of data from
the output of the encoder block to the corresponding decoder block. The raw input
image is fed to the encoder and further undergoes standard processing. In the proposed
architecture, only a few upper (last) blocks of the decoder are modified. Forced
definition of contours (highlighted in yellow) and their concatenation with the
corresponding encoder blocks have been added to these blocks. Studies have shown
that the best results are provided by the use of the proposed method on the last 2-3
blocks.

In addition, a modification of the FPN network was proposed, which is also a deep
learning network, but unlike the U-Net network, it has a different decoder structure.

The modification of the FPN network is shown in Figure 3.1. The main difference

is that the signal after the Sobel block passes through a 3*3 convolution layer.

Sobel
conv 3*3

Fig. 3.1. - Modernization of the FPN network
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Since the dimensions of the layers in height and width do not match, it is
necessary to reduce the result to the appropriate dimension. The network decoder

block has dimensions:

Shape= Wk, H/k] (2.10)

W, H — width and height of the input image, respectively, k — block number from
the end.

The pooling layer reduces the dimensionality of the Sobel block output by a factor
of k.

In addition to the considered U-Net and FPN networks, other convolutional
networks were also used in the research: PSPNet and DeeplLab v3. Since these
networks have a different decoder structure, the result of the Sobel block was proposed
to be concatenated with the output of the encoder block (bottleneck) (Figure 3.2).
Additionally, the output after the pooling layer was passed through the convolution

layer.

I

Pooling
3x3 conv

L=

Encoder Decoder

Fig. 3.2. - Implementation of the Sobel block in the DeepLab v3 and PSPNet

networks

Modification of networks is implemented in the Python language on the Keras
framework using the segmentation_models library.

The detection range of targets with smaller ESRs is determined by formula (1.3):
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ol = 0.1 m2

(GZoulAZ
R1 = i/Pp (CZow ) 25-10%m

(4'77:)3'Ppr_min

o2 = 0.07 m2

4 |Ppy(G2-ou2-12)

R2 = \/ = 2.287- 103 m
(4'77:)3'Ppr_min
ou3 = 0.05 m2
. 2. .12
R3 = i/Ppr (€ 2102+ 10°m
(4'”)3'Ppr_min
ou4 = 0.01 m2
. 2. .12
R4 = i/Ppr (€0 ) _ 1.406- 10°m

(4'”)3'Ppr_min

ou5 = 0.005 m2

. 2. .12
RS = i/Ppr (C oS 2) 1182+ 103 m

(4'”)3'Ppr_min

Figure 3.3 shows the change in the radar observation area in accordance with the
reduction of EPR targets. At the same time, the probability of correct detection and
false alarm remained unchanged.

Therefore, a clear understanding of the appearance of the radar and the technical
characteristics necessary to solve the task is impossible without experimental
evaluations of observability (EPR) of objects of interest. The obtained EPR estimates
for small UAVs, on the basis of which the detection limits of promising radars can be
calculated, are able to count on the creation of mostly cheap radars for controlling UAV
flights, for example, over urban areas. Experimentally measured EPRs have a value of
about 0.1 m”2. Available models of UAVs can be detected by radar at distances of
approximately 3-5 km, which is enough to ensure the safety of protected objects and

mass events.
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Table 3.1 — Change in range with decreasing EPR of targets

ESR o1, m? Range R, km
0.1 25
0,07 2,287
0,05 2,102
0,01 1,406
0,005 1,182

oul =0.1mke, Rl=2.5 km
/au;'ﬂ = 0,07 M kB, R2= 2,287 km
oud = 0.05m kB, R3= 2,102 um

oud = 0.01 M KB, Rd= 1.406 km
o5 = 0,005 M ks, R5=1.182 um

e

Fig. 3.3 — Radar viewing area
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Conclusions

By 2026, the global market for unmanned aerial vehicles (UAVs) is forecast to
grow significantly to $34.5 billion, with annual growth of 32%. Due to the decrease in
cost and the increase in the availability of UAVs for consumers, there is a rapid increase
in the amount of images obtained with the help of these devices.

The solution to this dynamic lies in the application of artificial intelligence (Al)
and computer vision in the field of UAVs. New technological advances allow computer
vision models to perform the tasks of image classification and object detection with
impressive efficiency, comparable to or even exceeding human capabilities, in
fractions of a second.

UAVs are used in a variety of industries, including animal population tracking,
reforestation monitoring and livestock tracking in natural resources, as well as security,
intelligence and surveillance, as well as being used by emergency services to search
for survivors and deliver medical supplies to remote areas.

To optimize the processing of received data, Al performs it directly on embedded
devices located close to the source of collection, instead of sending data to the cloud.
The result of such an approach could be the development of an Al system for UAVs
that is capable of identifying any object it is trained to recognize, be it animals, people,
or ordinary objects. This method promises to be more cost-effective, safer and more
accurate than traditional image analysis methods, providing benefits that outweigh the

costs of development and implementation.
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KAPITEL 5/ CHAPTER 5°
MATHEMATICAL MODEL OF THE STATIC MODE OF THE LOW-
TEMPERATURE SEPARATION PROCESS

DOI: 10.30890/2709-2313.2024-29-00-023

S

Beryn

I"a3, sskuit moTynae i3 CBEpIJIOBUHU, BMIIITY€E UMK PSJT JOMIIIOK — KUCEHb, a30T,
KoHJeHcaT Ta iH. [lepm HIX HampaBUTH Tra3 CIOXWBadyaM OO OYHIIAIOTh,
MPOITYCKAIOYM 4Yepe3 TEXHOJOTIuHI amapatu — cemaparopu. [Ipomec cemapartii ra3zy
npoTikae y ABi ctaaii. Ha mepuriit ctazii 13 ra3y BUIy4arOTh MEXaHIuHI JIOMIIIIKH, a Ha
JPYTii — BOJY KOHJICHCAT 1 Ba)KK1 BYTJICBOIHI.

Sxk1110 ra3 13 CBEpAJIOBUHU BUXOAUTH I11]1 BACOKUM THUCKOM (HE MeHie 14 MIla),
TO JJIE MOro OYHMIIEHHS BiJ JIOMIIIOK BHUKOPUCTOBYIOTH HHM3bKOTEMIIEPATYpPHY
cenaparito (HTC). B ocuoBi Meronmy HTC nexuts edexr J[xoyns-Tomcona, y
BI/IMOBITHOCTI 3 SIKMM ra3 3MIHIOE CBOIO TEMIIEPATyPy MPHU PI3KOMY MMOHMKEHH1 THUCKY.

EdextuBnicte mporecy HTC  3amexuTh Bl HAJIEKHOI  MATPUMKH
TEXHOJIOTIYHOTO PETJIaMEHTy, SKUM BU3HAYCHHM JUISI HU3BKOTEMIEPATYypPHOTO
ceraparopa. Y pe3yiabTari 3MiHM yMOB mpotikaHHs mporecy HTC BinOyBaeTbcs
BIIXWJICHHSI PEXXMMHHX IMapameTpl BiJ BU3HAYEHUX TEXHOJOTIYHUM pPETJIaMEHTOM.
Tomy g MATPUMKH TEXHOJOTIYHMX TMapaMeTpiB Ha 3aJaHUX 3HAYCHHSX
BUKOPUCTOBYIOTh CHCTEMH AaBTOMATHYHOI CcTaOuUmi3amli, sKi 374eOUIbIIOr0 €
OJTHOKOHTYPHUMH 1 HE BpaxOBYIOTh HAasBHICTh BHYTpIIIHIX 3aB’SI3KIB MIX
TEXHOJIOTIYHUMHM TapaMeTpamu, 110 MOoripiye epeKTUBHICTh MpOLEeCy cemnaparii, a
TaKOXX IPUBOIUTH JIO BTpAT TaKUX I[IHHUX KOMIIOHCHTIB SK KOHICHCAT 1 BaXKKIl
BYTJICBOIHI.

Jlist cuHTe3y eEeKTUBHUX CHCTEM aBTOMAaTHYHOro kepyBaHHs mpouecom HTC
HEOOXI1THO CTBOPUTH aJIeKBaTHI MaTEMaTUYH1 MOJIEIl Y TEPMiHAX «BX1J-BUX1D», IO B

MIEBHII Mipi BUpIIIyeE 1aHa poOoTa.

SAuthors: Horbiychuk Mykhailo Ivanovych, Yednak Ihor Stepanovych
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5.1. AHaui3 JiTepaTypHHX JKepeJ

Oco6muBictio nporecy HTC € 3miHa cTaHy ra30BOro NOTOKY IPHU MPOXOKEHHI
HOro uepe3 TEXHOJIOTIYHI armapaTH, 0 yTPYAHIOE HOr0 MaTeMaTUYHHMA OIHC.

l'a3, sxuii mocrymae Ha ycrtaHoBky HTC, apocentoerbcs, MmO CHPUUHUHSIE
TypOyJIEeHTHY Teuil0 ra3y, a Micls BXOKEHHS B CEmapaTop IMOTIK NEPEeXOJUTh B
piBHOMIpHUN cTaH [1]. ¥V 3amexHOCTI BiJ XapakTepy MOTOKY - JOKPUTUYHHM UM
HaJKpUTUYHUHN, 1[0 TPOTIKAE Yepe3 JAPOCEIbHUN MPUCTPIA, BUTpaATy Tra3y
O0YHCITIOIOTH 32 pi3HUMU (popmynami [2]. [Ipu npoxomkeHH]1 ra3y miJl BACOKHM Yepe3
npocenb BUHUKae edext Jxoyns — ToMcoHa, 0 COPUYMHSIE 3HIXKEHHS TEMIIepaTypu
1 Tucky. [Ipu 3umxenni Tucky Ha 1 Mlla remneparypa ra3y 3umxyerbes [3] Ha 5,5 °C.

MatemaTuHe MOJETIOBAHHS CAMOI0 MPOIIECY HU3bKOTEMIIEpaTYPHOI cemapartii
IPYHTYEThCS Ha BUKOPHUCTAHHI 3aKOHOMIPHOCTEH, K1 MAaOTh MICIIe B ApOPIIUHHIN
cucteMi. SIKIIO MapopiuHHA CUCTEMa 3HAXOAUTHCA y PIBHOBAXKHOMY CTaHi, TO
BiJI0YBA€THCS Mpoliec OOMIHY MacaMH MIX PIAMHHOIO 1 Ta30BOI0 (azamu. PymriitHorO
CUJIOI0 TaKOTO TMpOIeCy € XIMIYHUN moTeHiian [4]. PiBHOBaXHMI CTaH CHUCTEMU

«piOMHA-Ta3» XapaKTepU3yeThesl IEBHOK TeMreparyporo 1 ituckom £ . Jlomycrumo,

0 CHUCTEMa «PIIMHA-Ta3», sSKa 3HAXOJIWUTHbCSI Y PIBHOBa3l CKJIAAa€ThCa 13 !

KOMIOHEHTIB. To/1 yMOBa TepMOJMHAMIYHOT PIBHOBAru 3a/a€ThCSl TAKOIO PIBHICTIO

[5]:

ne / - dyritusnicTs (netkicts); ¥ — piguna; L —map.

IIpu wmoxentoBaHHI MpoIEeCYy HHU3BKOTEMIIEpATYpHOI cemapailii OJHIEI 13
OCHOBHUX 3a/1a4 € BUSBIICHHS B3a€MO3B 13Ky MIXK CKJIaI0M CyMIIIi 1 PyriTUBHOCTAMU
fi(V) i fl_(L)‘

OyYTITUBHICT, € MIPOI0 BIAXWUJICHHS pPEaTbHOI CUCTEMH «piAMHA-Ta3»  BIJ
imeanbHOl (i1€aTbHUM Ta3, 17ealbHUN PO3YMH) 1 BHU3HAYAE TaKUM THCK PEaTbHOI
CHUCTEMHM, IO 3MIMCHIOE TaKy K Ji0 Ha HABKOJIMIIHE CEPEIOBHINE, SK 1 iJcanbHa
CUCTEMaA.

OYTITUBHICTh !~ TO KOMIIOHEHTY 3QJICKHUTh BIJI TeMIEpaTypu, TUCKY 1 CKIaTy
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cymimii. TpebGa BiI3HAYUTH, 1O HE ICHYE aHATITHUYHOI 3QJISKHOCTI ISl BU3HAUCHHS
(dyriTUBHOCTI SK (YHKIII BiJl IMepepaxoBaHUX IMapaMmeTpiB. Ha TemepimHiii yac He
ICHY€ aHaJIITUYHUX 3aJICKHOCTEH, iK1 O y 3aMKHYTiH (popmi onrcyBaiu (yTiTHBHICTD
IK (PYHKIIIO THUCKY, TEMIIEPATypH 1 CKJIAay CYMIIIl CUCTEMHU «rasz-piauHa». Jlis
oOuucieHHs! PyriTUBHOCTI BUKOPUCTOBYIOTh YMCIIOBI METO/IM, B OCHOBI SIKHX JIE)KATh
PIBHSIHHSL CTaHy peajpHOro raszy. Y po0OotTi [6] (IryTHBHICTH 3ampONOHOBAHO
BM3HAYaTH HAa OCHOBI piBHSHHS Ban-nep-Baanbca, ske mae oOMexeHe 3acToCyBaHHS (
P<5 MIla). Tummii nigxix m0 BusHaueHHS (YriTUBHOCTI IPYHTYETbCS Ha
BUKOPHUCTaHHI NOHATTSA eHeprii ['160ca [7]. OTpumMana gopmyna qae 3MOry O0UUCITUTH
(GyTiTUBHICTB Yepe3 KOe(ili€eHT CTUCIMBOCTI Ta3y.

Jis po3paxyHKy Koe(illieHTa CTHUCIMBOCTI ra3y 3alpOIOHOBAHO IIIHH P
METO/IiB, SIKI TPYHTYIOThCS Ha PIBHSIHHSIX CTaHIB ra3y, Ha OCHOBI BIpiaJIbHUX P1BHSHb
Ta CIEMIAIbHUX METOMIB 0araTOKOHCTAaHTHUX PIBHSHB [8], SIKI BUMAararTh 3HAHHS
CKJIa/ly Ta30BOi CyMillll 1 MAIOTh CKJIa/IHI aJITOPUTMHU po3paxyHKy. CIpolieHuii MeTo
pO3paxyHKy Koe(]illieHTa CTHUCIMBOCTI Ta30BO1 CyMIll, SKUM NPUIATHUN JJIs
MOJIETIIOBaHHSI TEXHOJIOT1YHUX IMPOLIECIB B TEPMIHAX «BX1J-BUX1», BUKOPHUCTOBYE
moaudikoBaHne piBHsHHs beHenikra-Be66a-Pybenca [9].

[TepeBaxHa OuTbIIICTh MaTeMaTHUHUX MoJiesel nporecy HTC 3opienToBaHa Ha
BUPIIICHHA TEXHOJOTIYHUX 3a4a4. /[ cuHTe3y aBTOMAaTHYHHUX CHCTEM KepyBaHHS
HEOOX1IHI MaTeMaTH4yHI MOJieJll B TEepMiHAX «BXIA-BUX1». Mojen Takoro THUITY
4aCTKOBO oTpuMani B podotax [1]1 [10].

Biamitumo, mo B po6otax [5] 1 [10] BigHOmIEHHS (YTITUBHOCTI 10 TUCKY B34YTO
pPIBHUM OJuHUII. Take JOMYIEHHs CIPaBEIJIMBE JHIIIE JIJI1 HEBUCOKUX THUCKIB 1 BOHO
BHOCHTD JIUIIIE HAOIMKEHO OMKCYE CTaTUYHI 1 TuHamMi4Hi BiacTuBocTi npouecy HTC.

Jnst  crabumizamii  TtexHosoriunux —napamerpiB - HTC  BHKOPHUCTOBYIOTH
OJTHOKOHTYpPHI CHUCTEMH aBTOMATHYHOTO PEryJIOBaHHS THUCKY, PIBHS PIIUHU Ta
temmneparypu [11].

Takum 4rHOM, MaTeMAaTUYHUI OIMKC MPOIECY HU3BKOTEMIIEpaTypHOI cenaparii
3/1€01TIBIIIOT0 OPIEHTOBAHUN HA CUHTE3 OJHO KOHTYpHUX cucteM kepyBanHs [10]. Sk

MOKa3ye€ MPOBEACHUN aHai3 JITEpaTypHUX JIKEPEIL, ICHYIOTh BHYTPIILIHI 3B’ A3KU MIXK
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BUXIJIHUMHU BEJIMYMHAMU B CeNaparopax siK MepIIoi, Tak 1 Apyroi CTyINeHl cenaparii
razoBoi cywmimii, BUA0OYTOI 3 Tra3oBUX CBepjioBMH. He BpaxyBaHHsS BHYTPIIIHIX
3B’S3KIB 3HAYHO MOTIPIIYE SKICTh MPOLECY KepyBaHHS.

Mema pobomu € CTBOPEHHsT MaTEMATUYHOI MOJENl CTATUYHOTO PEXUMY
HU3BKOTEMIIEPATypHOI cemapaiii 3 BpaxyBaHHSIM pEaJbHOTO CTaHy CHCTEMHU
«KOHJICHCAT-Ta3», M0 € MEePEeIyMOBOI0 CHHTE3Y MAaTeMAaTHYHOI MOJEN JUHAMIKA
IIPOLECY HU3bKOTEMIIEPATYPHOI cenapaliii 3 1oJabIIO NEPCIEKTUBOIO PO3POOIICHHS
CUCTEMH aBTOMATHMYHOTO KEpyBaHHS 3 BpaxXyBaHHSIM BHYTPIIIHIX IEPEXPECHUX
3aB’sI3KiB, SIK1 ICHYIOTh MK TEXHOJIOTTYHUMU MTapaMeTpaMH MpPOoLIeCy.

[TocTaBneHa MeTa BUMaraia BUpIIIEHHS B pOOOTI TaKUX 3aB/IaHb:

* Ha OCHOBI (I3UYHHUX 3aKOHOMIPDHOCTEH, SKI MPUTAMaHHI MPOLECY
HU3BKOTEMIIEPATYPHOI cenapallii, CTBOPUTH MOr0 CTaTUYHY MO/IEINb;

* BUSIBUTH BXI1JIHI 1 BUX1JHI BEJIMUYUHU 00’ €KTY KepyBaHHs, CPOPMYyBaTH OCHOBHI
JOMYyIIEHHs Ta  CTBOPUTH  MaTeMaTHMYHy  MOJEIb  CTaTUKU  IPOLECY

HU3BKOTEMIIEPATYpPHOI cenapaliii 3 BpaXyBaHHSIM peajibHOTO CTaHy ra30BOi CUCTEMHU.

5.2. MaremaTH4Ha MOJeJIb CTATUKHA NPOLECY HU3bLKOTEMIIEPATYPHOI cenapauii

Crpomena ¢gynkuionanbHa cxema ycranoBku HTC 306pakena [10] nHa Pucynok
1. T'a3, BumoOyTuii 13 CBEpMJIOBUHU, HAAXOJUTHh JO YCTAHOBKH KOMIUIEKCHOI
niarotoBku razy (YKIID). ITicas YKI'TI npupoaHuii ra3 nomnepeaHbo APOCeTOEThCS
(abo 6e3 npocentoBaHHs) mojaeTbcs Ha Bxin cemaparopa C-1 (Pucynoxk 1). YV
cenapatopi C-1 BimOyBa€eThCs BIJOKPEMIICHHS KpamneiabHOI piauHu. Jlanbime ra3 yepes
terioooMiHHUK T1 moctynae mo cemapatopa C-2 yepes mtyuep abo exekrtop. Y
TerooOMiHHUKY T1 BiOyBaeThCs OXOJIOMKEHHS Ta3y 3a JIOMOMOTOI0 TETUIOHOCIS
(razy), Axkuil TOAAEThCSI B MIKTPYOHMI mpocTip TerooOminHuka T1. 3 Buxomy
cenaparopa C-2 ocylieHHui ra3 HaAXOaUTh 0 TEMIOOOMIHHUKA, /1€ MIIrPIBAETHCS 1
MICIsE BUMIPIOBAHHS TOJAEThCS JO Ta30BOTO KoJiekTopy. Jlims 3amobiranHs

TIAPOYTBOPEHHS 10 BXIJHOTO Ta30BOr0 MOTOKY mepen cemnapatopoM C-2 nonar0Th
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nierenenriikons (JIEIN).3a paxyHok pi3Huill ryctuH kouaeHcary i JIEI BinOyBaeThbes

rpaBiTaiiitne po3aiieHHs piakux ¢a3 i suaiienuit JIEI" morpamse B emuocti P11 P-
2 (Pucynok 1).

Marematuuny mozenb nporecy HTC po3poOieHa nmpu Takux JOMYIICHHAX |5,
10]:

* TemmeparypHuid pexum B cemapatopi C-2 (Pucynox 1) miaTpumyetbcs
HE3MIHHHUM;

* 'yCTHHA PiIMHHOI (pa3u B cemapaTopi € MOCTIHHOIO;

* BiJOMUI XIMIYHUHN CKJIa]] ra3y, SKUH MOCTYIIa€ Ha cenaparliiro Ta MOJbHA YaCTKH

Hois jioro KOMITIOHEHTIB;
* MOJIbHA YacTKa rasy B CyMillli Ha Bxo/i B cenaparop C-2 BigoMa 1 3aIUIIAETCS

HE3MIHHOIO Ha MPOTS31 Yacy CHOCTEPEKEHb;

B maeicmpanbHui
gasonpogid

Cupuii 2as is
ceepdnosutu

Hecma®inohuli
S, KxordeHcam

Poswun QET

Pucynok 1. Cnpomena pynkunionanbHa cxema ycranopku HTC

Buxoagun 13 aHamidy Oporecy HU3BKOTEMIEPATYpHOI cemaparlii, K 00’ €KTa
y 1p y y 5

aBTOMATUYHOTO KepyBaHHs, MPUIIMEMO TaKi 3MIHHI MOJIEJIL:

« quxioni enuyunu — Tuck rasy P Ta pisens pimuanoi dasu H B cemaparopi;

o . : u .U o :
* 6XIOHI @euyUHYU — CTYIIIHD BIAKPUTTA ! 1 ~ 2 BUKOHABYMX opradiB 1 1 2, siki

MONOGRAPH 87 ISBN 978-3-98924-047-6



At

Prospective global scientific trends ‘ 2024 Part 2 %

S

BCTAHOBJICH1 Ha BUXo/i 1 Bxoi cenapaTtopa C-2 (PucyHoxk 1);
P . P
* 30ypenHs — TUCKHA B TpyOomnpoBogax ~ ! (Ha Bxoji B cemaparop C-2), "2 (Ha

BUX01 13 cenaparopa C-2) i B (ma 31uBi piauHM 13 cenapatopa C-2, Pucynok 1).

B ymoBax piBHOBa)XHOTO CTaHy HHU3bKOTEMIIEpATypHa Cemapallisi MpPOTIKAE SIK
0OMIH M1X P1JIKOIO 1 ra30Bo10 hazaMu. PymIiiiHOO CHJI00 TAKOTO MPOIIECY € XIMIYHHUI
noteHuian. KinbKkicHa OIIHKa XIMIYHOTO TMOTEHI[laly Ma€ Ha3By JIETKOCTI
(byriTuBHOCTI), sika BU3HadaeThes popmyroro (1). Taka ominka Oyna BBeaeHa ['iocom
IUTS XapaKTePUCTHKY 3arajlbHUX YMOB PIBHOBArH.

Homyctumo, mo Ha Bxij cenapaTtopa C-2 (PucyHokl) mocTymnae razoBa Cymill,

. M .M . . . :
sJgKa CKJIaJgae€e M Moieu. Ilo3naunmo qcpe3 con 1 § KUIbKICTh MOJIEH KOHJCHCATY 1

rasy B 3arajJilbHOMY MOTOIII Ta30BOi cyMilni. BigHomeHHs

M
M M)
BHU3HAa4Ya€ MOJIbHY YaCTUHY KOHACHCATY, a
- g =
M @)

3arajbHa 4acTHHA raszy B CyMilli, sika mocTynuia B cenapatop C-2.

Mo ;M

3Har4Md MOJBHI YacTKU ' ' 1 "¢ KOHAEHCcATy 1 rady ! — TUX KOMIIOHEHTIB y
ra3oBiil cyMili, CKJIaZieMO PIBHSHHS MaTepialbHOro O6anaHcy i ! — ro KOMIOHEHTY

M“Oi,s = Mcon“i,s + Mg“’i,g

ne Mois - MoNBHI HaCTKM KOMIIOHEHTIB B Ha(TOra30Bil CyMillli, SKa MOCTYIIA€ Ha
cemnapartiro.
Poszinumo ocranne piBusaaHs Ha M i Bpaxyemo (1) i (2). Toxi orpuMaemo:

Moo = fabos + (1= fo )Ry 3)

JI71s1 mapopiIMHHOT CUCTEMU MIXK Mis j Mig ICHY€ Take CIiBBiAHOIICHHS [4]:

PMi,g = Mi,sfi(PﬂT)

b
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ne fi(P’T)_(byriTI/IBHiCTB [ —TO KOMIIOHEHTY, fKka € (yHKiiero THcky £ i
Temneparypu 1 .

I3 ocTanHbBO1 POpMyTU BUBHAYUMO

W fi(P.T)

Mi,g P

1 OTpUMaHEe 3HAYCHHS Hig nigctaBumo y (3). Tomi

Hoi s
fi+ (=) f(PT)P

OckiibKkH 3p00JI€HO AOMYUIEHHS, 10 TeMIIEpaTypHUl pexxuM B cemnapatopi C-2

,"li,s =

(Pucynox 1) miaTpumMy€eTbcs MOCTIMHHUM, TO / (P T) / (P) . Tomy

Hois
fo+ (1= 1) 1(P) P &)

Mi,s =

Binome 3naueHHs His 7a€ 3MOTY BU3HAYHMTH YUCJIO MOJIeH ! — ro KOMIOHEHTa

KOHJICHCATy B piJKii da3i

Mcon,i - Mcon“i,s .

VY BignoBigHOCTI 3 (hOopMyII0IO (1) =M, . Tomy Mo = =Mfam; is, B ocTaHHI!

BUpAa3 3aMiCTh His M1JICTAaBUMO HOT0 3Ha4YeHHS 13 (4). Y pe3ysbTaTi OTpUMAEMO

Hoi s
L+ (1= £) £(P)P (5)

conz - f;i

. N . ..
HKHIO KOHACHCAT BMIINYE @ KOMIIOHCHTIB, TO Ha BHXOZ1 13 CCIIaparTropa C-2

(PucyHnok 1), MaTUMeMO Taky 3arajbHy KUIbKICTh MOJIEH KOHACHCATY
out
con Z Mcon S
1 Mcon i
[Ticnist BpaxyBaHHSI 3HAUCHHS 4, sIKe BU3HAYCHO (OpMyJIot0 (5), OTpUMAEMO

My, e
YAV DT 6

MONOGRAPH 89 ISBN 978-3-98924-047-6



AT

TS
Prospective global scientific trends ‘ 2024 Part 2 %

OueBHIHO, IO KIJIBKICTh MOJIEH Ta3y Ha BUX0/1 cenapaTopa C-2 11e pi3HUIS MIXK
3arajibHOI0 KUIBKICTIO MOJIEH Ta30BO1 CyMiIIll 1 KiIJIbKICTIO MOJIeH KOHJIEHCaTy, TOOTO

M(out) — M _ M(oul)
g con
. (out)
OCKIUJIbKM 3HAUEHHS — con OOUYHUCIIOETHCS 3a popmyJioro (6), TO

NCGH

(out) __ B HOi,S
M _M(l ﬁi;ﬁﬁ(l—ﬂ)ﬁ(’))])_l)

[To3naunmo vepes M MacoOBY KOHLIEHTpAI[i}0 KO)KHOTO KOMIIOHEHTA CYMIllli, 110

noctymnae B cenaparop C-2. Hexaii Howi MoJIIpHA Maca ! — ro KOMIOHEHTa CyMIIII.

Toxi Maca ! — ro KOMIIOHEHTa B CyMilli 6yIe TaKoro:
G=nG., )

G - .
e ¢ 3arallbHa Maca cyMilii, mo nocrymnae B cenapatop C-2 (Pucynok 1), a

3arajibHy KUJIbKICTh MOJIEH ! — ro KOMIIOHEHTa B CyMIIIl MOYKHA OOUYHUCIUTH TaK:

Hoi (8)

N . . . .
HKIHO ¢ KUIBKICTh KOMIIOHCHTIB B CyYMIII1, IO ITOCTYIIA€ B CEIIApaTop C-2, TO

3arajbHa KUTbKICTh MOJIeH Oy/1e TaKO0:

M, . . .
3HavyeHHs ' 3HaiiAemo 3a opmyioro (8). Tomi ocTaHHE CMIBBIIHOIICHHS Oyjie

TaKHUM:

. G, .
OckinpKkH ' MOKHA 3HAWTH 3a popmyioro (7), To

s ©)

3a anasoriero 3 popmMyioro (6) MOKEMO CTBEPIXKYBATH, 1110
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m MOi,s
wn: fdz]: (l_f)f(P) —1 . . o
=/ dJJi , aJIC B IbOMY BHUIIAJIKYy 3arajbHa KUIbKICTh MOJICH

ciig obunciroBatu 3a (9). OTke,

n l"’Ois‘
=G.f, - -
M= T e

Tenep 3HaiieMO KUIBKICTh KOHJIEHCATy, IO TMOCTynae B cenaparop 4

(Pucynok 1)

n HOIS w,i
wn Gfd ’ -1
M AT (10)

[Tepeiinemo Bij 3arajibHOi KiJIbKOCTI KOHACHCATY JI0 MAaCOBUX BUTpaAT. JJis IbOTo
: m
BBEJIEMO TaKi MMO3HAYEHHS: = “"- Maca KOHJIEHcaTy, 110 Mmocrymnae B cemnaparop C-2 3a

OJIMHUIII0 Yacy; "*- MacoBa BUTpara cymiln Ha BxoAl cemaparopa C-2. Toai Ha
ocHoBI1 Gopmyn (10) 3M0OxkeMO 3anucaTu

SRS HoisH.
mcon :mmixf - N B
R T AV I ap

OCKUIBKM MIX MAacCOBMMM BUTpAaTaMH CyMmimil " 1 razy ¢ ICHY€ TaKe

. m.=m_+m m =m. —m
CHIBBIAHOIIEHHS: "* @ "¢ o ¢ ~mr “er afo, BpaxoByrouu (17), Maemo
u()ts“wt
mn' fd Z
jlujzl lf;i)f() (12)

®opmynu (11) 1 (12) orpumani 6e3 BpaxyBaHHS BOJH 1 IIIKOJIIO, SIK1 IPUCYTHI B
ra3zoBiil CyMmillni, 110 MOCTYIIA€ B CEeMapaTop.

VY ra3o0Biii cyMiIlli, sika IOCTYIA€e Ha cemnaparlito B ycranoBky C-2 (Pucynok 1), €
NeBHA KUTbKICTh BOAW. MakcuMaibHa i1 KUTbKICTh XapaKTEePU3y€EThCS BOJIOTOBMICTOM.
[lefi mMoOKa3HMK 3aleXHUTh BiJ TOYKH pocH cyMmimmn. Todka pocu BU3HAYAETHCA
TEMIIEPATYPOIO, MPH SKiH ra3 NepexoqUuTh B HACHUCHUN CTaH MPH 33JJaHOMY THCKOBI.
SAxkmo cuctema (razoBa CyMilll) 3HaXOAUTHCA B PIBHOBAKHOMY CTaHi, TO BOJIOTOBMICT
razy o0uMcIioTh 3a (popmyoro brokadeka

b, = a,, / P+ a,,

MONOGRAPH 91 ISBN 978-3-98924-047-6



M\

Prospective global scientific trends ‘ 2024 Part 2 %

S

a . .a : . .
ne ™1 7mI - eMnipudHi KOS(IIIEHTH.

3a BiI[OMI/IM 3HAaYCHHAIM BOJIOFOBMiCTy MOJXHa BU3HAYUTH "¢ MaACy BOJH, sdKa

MOCTYIIHJIA B CENapaTop

m =b m")

w mc” " “mix ,

(v)
e Mo 00’eMHa BUTpaTa BOAU y IIOYATKOBIN CYyMIIII. Tak sax macoBa ™ 1

(v) )

i BUTPATH II0B’13aHi MiXK COOOO CIIIBBIJHOIIEHHSAM ' 'mix — m,./ Pmi | nie

00’eMHa m

Pz - T'yCTHMHA MOYaTKOBOI ra30BOi CyMillli, TO

mw = mc,lmmix / pmix. (13)
FYCTI/IHy pmix 06‘{I/ICHIOIOTI) 34 TAKOKO q)OpMy.IIOIOI

1 &
pmix _N_AIZ:;“O[,S“W,I'

N, =224

e - yuCcio ABOTaapo.
Jl1s1 3amo0iranHs TiIpOYTBOPEHHS B cenapartop 4 nocrymnae rinkoiab (PucyHok 1)

y KIJIBKOCTI

m = Am z,
g,z
175 (14)
Z, Z, . . .. .. . . .
e ) -B1IHOCH1 OAWHHII1 KUUJIBKOCTI1 I''T1IKOJIFO Ha BXO/I1 teroooMiaauka T1 1

BHUX0/i 13 cenapaTopa C-2 (Pucynoxk 1).
[Tin miero THIKOMIO B TOTOLI Ta3sy Ha BUXOJI 13 cemapartopa 4 3MIHIOETHCS

KUTBKICTh BOJIOTH Ha TaKy BEJIUYUHY:

@ .. : . : :
Ac m, KUIBKICTB BOJIOT'M B I'a31l HAa BUXO/1 13 CCI1apaTopa, BI/ITHECCHO1 10 OJIMHHUII1

rasy.

()
3nayeHHs " 06unciIIMO 3a GopMyIoro, AKa aHanoriuHa (13), To6To

me) = bmc,meix /pmix. (15)

—_
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[Ticns BpaxyBanus Gopmyaa (13) 1 (15), orpumaemo
An/lw = (bmc,l - bmc,Z )mmix / pmix
abo

An/lw = Abmc’/nmix / pmix (16)

Am
3Harun W, MOXKEMO OOYHCIIUTH
— Abmcmmixz

!
T P (17)

m

Ac !

o . m. m, . my
TpUMaH1 3HAYEHHS = "v, W i , JAI0Th 3MOTY OOYMCIIUTH MAacOBY BUTPATy
CyMilIIi, 0 MOCTYyIa€ Ha BXija cenapatopa C-2

m=m,, +m, +m,

. m. . m
[Ticns BpaxyBaHHSI CKJIQIOBUX W 1 ¢, MO BXOAATH B OCTaHHIO (HOpMYITy,

OTpHUMAEMO
1
m=m,, | 1+—(b,,, +Ab,,z)
pmix
3Biacu
1 -1
mmix = mEI + _(bmc,l + Abmcz)j
pmix
—_ (1) _ (2 ()
[Ipuiimaroun 10 yBaru, mo bmc’l = /R + Dz i bmcﬂ =) /P +am’2, BBEIEMO
-1
O(P,P)= (1 + L(bmc,1 + Abmcz)j
Take IMO3HAYCHHA: P omix . Tomi
mmix:me(P,R). (18)

®dopwmyna (18) Bu3Hauae MarepiaibHUM OalaHC 1l pIAUHHOIL (Da3u, 1110 MOCTYMae

B cenapatop C-2.
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Ha Pucynok 2 300paxeHo cxeMy MaTepiaJlbHUX IMOTOKIB YCTAHOBKHU JPYTroi

) . m® =m +m®
CTYHCHI CeHapaull, 13 AKOI'O BHUIIJIMBAE, 10 g g wo,

lm&%’

P
U,
mg
HakonnyeHHs rasy P,
Fa3oBa cymiL fasy
Ha HTC

TennoobMiHHUK

m=mm.fx +mw +mgl U2
= HakonuyeHHs piauHu B
CkuaaHHs

PiANHN
mJ AmnT

PucyHnok 2. Cxema martepianbHuX noTokiB ycranosku HTC

o o . . .m
["a3, sxkuit oTpMaHuil y pe3yibTaTi cenapanii B KUIBKOCTI ¢ 3a OJUHULIO Yacy,

cimia obuncioBaTH 3a hopmyroro (12). 3a ananorieto 3 popmynoro (13) 3Halimemo

m(g) — mmixbmc,Z
w
pmix

: m
Ockinpku ¢ o0uHcIoeThes 3a hopmynoro (12), To

N,

N, con
méz) _ mmix ((1 . fd )Z T]j z “Oi,s““w,i + bmc,Z j

Jj=1 !"lw,j i=1 ﬂ+(1_fd)ﬁ(P)P_l pmix
Bpaxosytoun gopmyny (16), maemo

méz) ZG(P,B) (l_fd)f T]j % !"LOi,Sl"l’W,i — + bmc,2 m
ST LHAA=5)LA(P)PT P,

(19)
BBenemo Take mo3HaueHHS:
<& N, & Hoi sHy i D
e, (P.B)=0(P,B)| (1-f, . bowl . e
()=o) (- LSS b
Toni (19) HaOyie TaKOTO BUTJISTY:
mS) =g, (P,P])m. (20)
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e (PP .
Benuunna g( R) HOCHUTB Ha3BY KoedillieHTa cenapartii rasy [5].

KinekicTe piakoi ¢da3u, sika yTBOpUJIACh y pe3ysbTaTl cerapailiii, BA3HAaYMMO 3a
ananoriero 10 Gopmynu (20). Omxke, (Pucynox 2),

(2) _
m,,’ =m, +md,+AmW‘

CkaioB1, 0 PO3MIIIEH] Yy TMpaBiil YacTHMHI OCTAaHHBOT'O PIBHSHHS, BU3HAUYCHI

dbopmynamu (11), (16) 1 (17). Tomy

e Reo b ,(z+1)
m )_m l"lOwaz _|_Amc
X " Z—; w,‘z—ll (1 ~fd)f(P)P_1 pmix .

[Ticns BpaxyBanus popmymu (24), oTpuMaeMo

N, N,
ml(q2) — ( Z Z MOls“’wl bmc(Z+1)Jm
:1

wi T S+ (L) L(PYPT

OcTtanHio popMyJTy 3aMHILIEMO Y TAKOMY BUTJISIIL:

mlq)—alq(P )m, 1)

e El (P’Pl) - KoeIIieHT BIIITICHHS pIIMHHOL (ha3u Bifg ra3y [S].

Pieasuas  (20) 1 (21) omnucyloTh  PIBHOBOKHHMA  CTaH  TPOIECY
HU3BKOTEMIIEPATYPHOI cemapaliii 3a yMOBH, 1110 TEMITepaTypHUI PEXKUM B cerapaTopi
€ HE3MIHHHUM.

Jis 3HaXOKEHHS (PYTITUBHOCTI SIK QYHKIIIT TUCKY, 3p0OMMO Take JOMYIIEHHS:

. .. fi(P) i—
3aMiHUMO (YTITUBHICTB Y\ /| gKa BU3HAYAETHCS AJISI KOKHOTO ! ~TO KOMIIOHEHTY
. : . f(P) . y
ra3oBoi CyMillli, Ha ycepeaHeHy (PIryTHBHICTb JUIS BIIOMOTO CKJIaTy Ta3oBOl

cymimii. Tozl 3HaUeHHS ! (P) BHU3HAYUMO 3a Takoro (popmyroro [7]:

o dP
ln—:—j(l Z)
P ; P , (22)

ne Z —Koe(DIMEHT CTUCIUBOCTI Ta3y.

Koedimient ctucauBocTi rasy z € gyukuiero tucky £ i remneparypu I, To6To

z=¢,(P.T) 3 . ¢, (P,T) .
y 3araJbHOMY BHITAJIKY . 3aJIeXkKHICTD BM3HAYAETHCSA HA OCHOBI
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EMITIPUYHUX TIPOLICTYD, 3 IKUX HaMO1IbIIIe BUSHAHHS 3HANIIUIA Ipolieypa benemikra-
Be66a-Py6ina [4, 9].

[IpoBeneH1 noCHiIKEHHs MOKa3aiu, Mo i1 pOOOYMX THCKIB 1 TeMIepaTyp, SKi

. ) : P,T)
XapaKTCPpH1 A1 HPOHECY HUIBKOTCMIICPATYPHO1 CCIlapalll, 3aJICKHICTb (PZ( ’
MOHa alPOKCUMYBATH MOJIIHOMOM JIPYTOro MOPSIIKY:

¢.(P.T)=a,+aP+a,l +a,P* +aT" +a,PT (23)

T e[243:263]

Jlns nianma3oHy THCKIB Pe[L:15] MTla 1 Temnepatyp °K 3a neBHUM

maHoM [ 10] oGuucieHi 3HaueHHs Koe(ilieHTa CTUCIMBOCTI Z JIJIsl CyMIII ra3iB, JJs

P, =0.8325 == N _
SKUX T'yCTHHA M 3a METOIUKOI poOoTH [12] y KOXHIN TOYII BUOPAHOTO

(P.T,) z, Q=1
IUIaHy 3 KOOpJAWHaTaMH Pt o0YHnCIIIOBaIu 3HAYEHHS L, . PGByJ'IbTaTI/I

oOuncieHp BinoOpaxkae PucyHok 3, Ha sKOMy CHHIM KOJbOPOM 300pakeH1

PO3paxyHKOBI 3HAYEHHS */, a Y4ePBOHUM — 3HAYEHHS AKi 069HcIIeHi 3a popmynoro (23).

OtpumMaHi Taki 3HaueHHs KoediieHTiB Mojeni (23):

KoedimienTu perpeciiiHoro mojiHoMa
a0=-1.0643e+00 al=-1.4509e-01 a2=1.5733e-02
a3=1.4264e-03 a4=-2.9531e-05 a5=3.7920e-04

AJIEeKBaTHICTh OTPUMAHOTO perpeciiiHoro mojiHoma (23) BU3HAUYATIACh IUIIXOM
OO0YHCIIEHHS! KOe(iIiEHTa KOPEIALIi MIX «EKCIIEPUMEHTAIbHUMUY 1 PO3PaXxOBAHUMU

naauMu. OCKITbKHA KOSDIMIEHT KOPEITsIIii K. = 0’998, TO MOKHA CTBEPJIXKYBaTH, IO 3

JOCTaTHBOIO JUIsI TPAKTUKU TOYHICTh perpeciiHuii momiHoMm (23) ampokcumye
: P, T
3aJICKHICTh (pz( ’ )

. . Z P = = s .
['padik 3anexHnocTi (P) pu T=T,=2520p 300paxeHuit Ha Pucynok4, i3 sikoro
BUAHO, 10 mpu THCKOBI £ =1 MIla xoeilieHT CTUCIUBOCTI HAOIMKAETHLCS [0

OJIMHUII, a 31 301IBLICHHSIM TUCKY HOT0 3HAUYEHHS 3MEHIIY€ThCS.
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2 o =2
~ ® (%)

KoedilieHT cTucnnBOCTI 2

2

0 100 200 300 400 500
KinekicTe TowoK

B

PucyHnok 3. 3ajexkHicTb P- (P’T) Ta 1l aNPOKCUMAILisl MOJIiIHOMOM (23)

085

0.9

085

08

0.75r

0.7}

KoedpinieHT cTncnueocTi 2(P)

065

0 2 4 3] 8 10 12 14 16
Tuck P, MlMa

PucyHnoxk 4. [3oTepma Koe@ilieHTa CTHCIUBOCTI ra3y ik PyHKIisI THCKY

Ipu pomymieHHi, mo temmeparypa ! B cemaparopi miATpUMY€ThCs HOCTIHHOO,

KoedilieHT cTHCIMBOCTI rasy Oyxe Tinbku (yHkiiero tucky P. Toxi ¢popmyna (22)

Haly/ie TaKOTO BUTJISAY:

3a yMOBH, IO

3HAYCHHA:

=T

z(P)=A4,+ AP+ 4,P’

2 — —
e A0=a0+a2T0+a4T0; Al—al-l-aSTO; 4, =a;

(24)

0 - mocTiiiHa BenuuuHa, (PyHKUis (23) HaOyae Takoro

(25)
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ko Tenep Z(P) 13 (25) miactaButu B opmyity (24), To OTpUMAEMO:

P P

Lt

W0 (1 e

[Ticnst BUKOHAHHS omepalli IHTerpyBaHHs, MPUXOJIUMO J0 TAKOT'O BUPaA3y:

P
lnfED ): o, +9,(P)
N @, = AR+ AR

9,(P)=(4 -1)inL + A1P+%A2P2

1

Po3B’s13aBmm piBHSAHHS (26), OTpUMAEMO

f(P):PeXp(_ap-i_(Pp(P)).

»,

‘{%&z

wa

7

(26)

(27)

Ha PucyHok 5 300paxeHa 3ajexXHICTh / (P), sAKa OTpUMaHa IMpHu P=Tyima i

TO :2520K

(-21°C).

s
o

dyrituenicTs f(P), MMa
N W bR 1 N @ ©

—_

0 2 4 6 8 10 12 14 16
Tuck P, MIMa

PucyHnok 5. 3ajexnicTs GyritTuBHOCTI BiJl TUCKY IIPH NMOCTilHI TemMnepaTypi

3 BpaxyBaHHSM (YTITUBHOCTI, sika BU3Ha4YeHa (opmysiorw (27), piBHOBOKHHI

CTaH CHUCTCMHU «T'a3-KOHJACHCAT» OIIMCYE TaKa CUCTCMaA piBHHHbZ

MONOGRAPH 98 ISBN 978-3-98924-047-6



Prospective global scientific trends ‘ 2024 Part 2

() e(P P 1 de)z 1/]1 Z l"LOI\I"I’WI +bmc,2 m

Jj=1 HWJ i=1 1 fd) ( ) Poix (28)
N, Neon A 1
mlq e(P P z Z l";Ostwt + bmc(Z+ ) m
=1 Ky, i imt fd) ( ) P mix . (29)
3a YMOBH, 1[0 TEMIICPATyPHUI PEIKUM B CeapaTopi € HE3MIHHUM.
(-7
VY dopmynax (28) i (29) P - koedirienT (QyriTHBHOCTI.

Takum ynHOM, OTpHMaHa 3aJI€XKHICTh (PYTITUBHOCTI Ta30BOi CUCTEMH SIK (PYHKITIS
THUCKY JacCTh 3MOTY (IIpH MOCTIHHIN TeMIiepaTypl) MABUIIMTH TOYHICTh MAaTEMAaTUYHOT
MOJIeNl Tpolecy HHU3bKOTEMIIepaTypHOi cemapamii sK 00’€KTa aBTOMATHYHOTO

KEpyBaHHS.

BucHoBkn

1. Ha ocHOBI 3ak0HY 30€peKeHHS KIIBKOCTI PEYOBHHU 1 MACOOOMIHY M1k P1AKOIO
¢dazor0 1 ra3oM B HM3BKOTEMIIEpATYpHOMY CemapaTopi, OTpUMaHa MaTeMaTH4Ha
MOJIETIb CTaTUYHOI'O PEKUMY IPOLECY HU3BKOTEMIIEpATYpHOI cemapauli, sika €
OCHOBOIO [l CTBOPEHHA MaTeMaTUYHOI MOJENi, W0 OINUCYyE JAUHAMIKY
HU3BKOTEMIIEPATyPHOI'O Cenaparopa.

2. OtpuMaHi 3aJeKHOCTI Koe(il[ieHTa CTUCTUBOCTI PEeabHOTO ra3y BiJl TUCKY 1
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HISTORICAL OVERVIEW OF THE EU GAS MARKET
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Introduction

Die Européische Union hat vor fast zwanzig Jahren begonnen, den Wettbewerb
auf dem europdischen Erdgasmarkt zu férdern. Als Folge davon unterzogen sich die
Organisation und Koordination des Gasmarktes sowie die Beteiligung verschiedener
Akteure wesentlichen Verdnderungen. Der Umstrukturierungsprozess ist bis Mitte
2016 noch im Gange. Es herrscht die verbreitete Meinung, dass der Markt weitere
Entwicklungen benoétigt, was zu hidufigen Veroffentlichungen neuer Gesetze,
Richtlinien und Interventionen fiihrt. Anfangs wurden Verzdgerungen im
Umstrukturierungsprozess des Marktes fiir die Probleme verantwortlich gemacht. Der
effiziente Betrieb des EU-Gasmarktes wurde durch Produzenten, Grof3- und
Einzelhandelsunternehmen beeintrachtigt, die ihre Marktmacht ausnutzten. In
Nordwesteuropa hat der Wettbewerb der Lieferanten am meisten zugenommen,
wihrend andere Regionen weiterhin auf einen einzigen Anbieter angewiesen sind.
Gleichzeitig sind bedeutende Verschiebungen auf den globalen und europdischen Gas-
und Energiemirkten sowie in der Umgebung, in der diese Markte titig sind, erkennbar
[1]. Erstens ist die EU geografisch gewachsen und hat neue Mitglieder aus
Mitteleuropa hinzugewonnen, die zuvor Mitglieder des Warschauer Paktes waren.
Dartiber hinaus haben die ehemaligen Sowjetrepubliken ihre Unabhéngigkeit erlangt
und setzen ihre eigenen Energie- und politischen Strategien um, die moglicherweise
von internen Konflikten beeinflusst werden konnen. Zweitens hat die zunehmende
Akzeptanz der globalen Erwdrmung als Folge der Nutzung fossiler Brennstoffe die
Priferenzen und Priorititen der EU-Mitgliedstaaten in Bezug auf die
Energieversorgung verandert, was Auswirkungen auf die Energie- und Umweltpolitik
hat. Drittens haben sich die Verfiigbarkeit und Transportfahigkeit von Gasressourcen
auf lokaler Ebene aufgrund des raschen Fortschritts der LNG-Technologie und der

unkonventionellen Gas- (und Ol-)Produktion signifikant verdindert. Letzteres hat
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insbesondere zur wirtschaftlichen Integration der drei gro3en kontinentalen Gasmarkte

der Welt — Siidwestasien, Eurasien und Amerika — beigetragen. Verdnderungen in
diesen geopolitischen, Umwelt- und technologischen Determinanten haben einen
erheblichen Einfluss auf die Entwicklung "reaktiver" Politiken in der Europiischen
Union gehabt, sowohl in Briissel als auch unter den Mitgliedstaaten, wie im Folgenden
dargelegt wird. Die iibergeordneten Ziele der Energie- und Gasmarktpolitik sind immer
noch im Rahmen des einzigartigen Verstindnisses der EU dafiir definiert, wie ein
"funktionsfahiger" Markt in einem Sektor etabliert werden kann, der zumindest
teilweise die Merkmale eines natiirlichen Monopols aufweist. Dies wirft die
faszinierende Frage auf, wie lange die derzeitige europdische Gaspolitik ithr Hauptziel,
durch mehr oder weniger kontinuierliche regulatorische Eingriffe einen
"funktionsfahigen" Gasmarkt zu schaffen, aufrechterhalten kann. Zunéchst werden im
Folgenden mehrere wesentliche Merkmale der Gasindustrie behandelt. AnschlieBend
wird die Entwicklung der Umstrukturierung des europdischen Gasmarktes kurz
skizziert, wie sie sich in den nachfolgenden Richtlinien und Interventionen der EU-
Kommission widerspiegelt. Danach werden die strukturellen Verdnderungen am
europdischen Gasmarkt sowie das Gesamtbild der globalen Energielandschaft kurz
erldutert. Abschlieend wird diskutiert, wie diese Faktoren miteinander interagieren
und was dies fiir Gas in Europa bedeutet. Es gibt drei Hauptsegmente in der
Erdgasindustrie. Die Exploration und Produktion von Gas erfolgt am Anfang. Der
Mittelstreckenbereich umfasst den Transport des Gases zu Kraftwerken,
GroBverbrauchern in der Industrie und lokalen Verteilungsnetzen. Das Gas wird
typischerweise liber Kontinente hinweg mithilfe von Hochdruckleitungen transportiert
[2]. LNG-Tanker werden verwendet, um das Gas iibersee zu transportieren. Erschopfte
Gasfelder und Salzkavernen sind zwei Orte, an denen Gas gelagert werden kann.
Kleine Wohn- und Gewerbekunden erhalten die Gaslieferung von den lokalen
Verteilungsnetzen. Diese Produktions-, Transport-, Verteilungs- und Speichersysteme
erfordern komplexe und gefdhrliche Operationen fiir ihre Entwicklung, Verwaltung
und Nutzung. Erstens erfordern sie erhebliche Investitionen, wobei die

Kapitalausgaben den Grofiteil der Gesamtkosten ausmachen. Zweitens sind die
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beteiligten Vermogenswerte sehr spezifisch; Sobald sie an einem bestimmten Ort
errichtet sind, konnen sie im Falle einer Unterbrechung des Angebots oder der
Nachfrage nach Gas nicht verschoben oder umgenutzt werden. Diese Ausgaben sind
buchstéblich "versenkt". Drittens ist jede Partei in gewissem Male verpflichtet, von
der anderen abhingig zu sein. Fiir Produzenten, Héndler und Endverbraucher sind
Pipelines, LNG-Anlagen und Speicheranlagen wesentliche Infrastruktur. Daher spielen
die Umstdnde des Zugangs zu diesen Einrichtungen eine entscheidende Rolle fiir die
Bestimmung, wie gut die Lieferketten und die wirtschaftliche Wohlfahrt der beteiligten
Parteien sind. Volumen- und Preisrisiken sind in diesem Zusammenhang wichtig. Nur
wenn ihre Vermdgenswerte mit einer angemessenen Durchsatzrate und Ertrdgen
genutzt werden, die langfristig ithre Kosten decken, konnen Gasproduzenten und
Infrastrukturbetreiber einen Gewinn erzielen. Sie bendtigen eine Nachfragesicherheit
[3]. Kunden zeigen ihr Engagement fiir die Gasnutzung, indem sie bestimmte
gasbetriebene Gerdte und Installationen kaufen. Sie benétigen offensichtlich eine
Versorgungssicherheit zu einem angemessenen Preis, der die Kosten fiir
Energiequellen in Betracht zieht. Aufgrund dieser Faktoren sowie der Skaleneffekte
im Zusammenhang mit ihren technischen und rdumlichen Merkmalen wurden
Gassysteme in der Regel als natiirliche Monopole betrachtet, bei denen Wettbewerb
praktisch unmoglich war [4, 5]. In der Vergangenheit griffen Regierungen ein und
regulierten die Branche, um das 6ffentliche Interesse und die finanzielle Stabilitét des
Sektors zu schiitzen, aufgrund oSkonomischer Theorien tiber o6ffentliche Giiter,
Marktunvollkommenheiten und Marktversagen. Das oOffentliche Interesse an der
Ressourcenverwaltung in den gasproduzierenden Nationen diente als weitere
Rechtfertigung fiir staatliche Interventionen. Private Unternehmen, die in den USA in
den Bereichen Produktion, Transport und Einzelhandel titig sind, unterlagen Bundes-
und Landesvorschriften. Die 6ffentliche Koordination in Europa nahm in der Regel die
Form direkter staatlicher Interventionen an. Kommunale Gasunternechmen
iberwachten den Einzelhandel und die lokalen Verteilungsnetze, wéhrend
Gemeinschaftsunternehmen zwischen Gasproduzenten und nationalen und lokalen

Behorden den internationalen Gastransport und den GroBhandel abwickelten.
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Langfristige Vertrdge mit "Take-or-Pay"- und Zielklauseln wurden Verwendet-,
um die Marktkoordination und kommerzielle Transaktionen zu organisieren.
Olprodukte waren die primiren Gasersatzstoffe, und der Gaspreis war mit ihnen
verbunden. Gasproduzenten wurden nach dem Netback-Prinzip bezahlt. Gemall dem
Netback-Prinzip sollen Produzenten (sowie die Regierungen) nach Abdeckung aller
Kosten einen Restbetrag erhalten. Offentliche Finanzen und wirtschaftliche
Koordination waren in diesem Zusammenhang bedeutende Faktoren. Es gab komplexe
Vorschriften zur Besteuerung, Produktion und Exploration fiir den Verkauf von Gas.

Gaspreise wurden haufig als Instrument zur sektoralen und regionalen

Wirtschaftsforderung verwendet.

6.1. Umstrukturierung des EU-Gasmarktes

Oberflachenwasser ist der Regen, der auf die Stadt fillt; auf dem Boden, auf der
Strale, auf dem Dach, im Park und im Garten [3]. Wenn das Wasser nicht
ordnungsgemél in den Boden eindringt oder durch das Abwassersystem flief3t, sondern
stattdessen auf dem Boden sitzt oder abflieBt, kann es zu Uberschwemmungen fiihren.
Wihrend London jetzt gut vor Hochwasser des Thames geschiitzt ist, gibt es wenig
Schutz vor Oberflidcheniiberschwemmungen. Die regionale
Hochwasserrisikobewertung fiir London (RFRA) identifiziert die Hauptgefahren von
Oberflacheniiberschwemmungen in London (GLA, 2014). Er identifiziert Londons
Uberentwicklung, unerschwingliche Hochhiiuser und einen generellen Mangel an
Registrierung als Probleme [6].

Ab den spdten 1970er Jahren gab es zunehmende Kritik an Formen staatlicher
Intervention und Marktkoordination, insbesondere aus dem angloamerikanischen
Raum. Das Konzept des 'Riickzugs des Staates', wie es von Personlichkeiten wie
Margaret Thatcher und Ronald Reagan beflirwortet wurde, neben der Forderung des
Wettbewerbs, zielte darauf ab, die Effizienz bei der Bereitstellung von Energie,

Wasser, offentlichem Verkehr und anderen Dienstleistungen zu verbessern. Im Jahr
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1985 verabschiedete die Europédische Gemeinschaft die Strategie des Binnenmarktes.,
einen breit angelegten Plan zur Liberalisierung der EU-Wirtschaft. Dies wurde 1988
durch die Initiative 'Interner Energiemarkt' ergénzt, die eine dhnliche Umstrukturierung
der Energiemarkte anstrebte. Die Hauptbegriindung hinter diesen Bemiihungen war die
Beseitigung von Barrieren fiir den innergemeinschaftlichen Handel mit Waren und
Dienstleistungen, wéhrend auch eine neoliberale Perspektive auf Wettbewerb,
Effizienz und Geschéiftsinteressen zum Ausdruck kam. Im Laufe der Zeit ebnete dieser
Ansatz den Weg fiir die Entwicklung eines europdischen Gasmarktes, auf dem
Wettbewerb zwischen Gasproduzenten und -lieferanten im Upstream-Segment sowie
zwischen Hindlern im GroB3- und Einzelhandelssegment existieren wiirde [7]. Der
Ubergang von traditionellen Langzeitvertrigen zu kurzfristigen Transaktionen war
vorgesehen, wobei die Marktpreise durch Knappheitsbedingungen zur
Ausgewogenheit von Gasangebot und -nachfrage bestimmt wurden. Die Erwartung
war, dass an Punkten, an denen sich verschiedene Versorgungsquellen mit der
Nachfrage iiberschnitten, fliissige Spotmairkte entstehen wiirden. Wesentlich fiir diese
Vision war die Gewédhrung von Zugang zu wichtiger Infrastruktur in den Bereichen
Transport, Verteilung und Lagerung fiir konkurrierende Héandler, um ihre Kunden zu
erreichen. Zur Erleichterung dessen wurden in FEuropa drei grundlegende
regulatorische Grundsétze angenommen.

Der erste Grundsatz erforderte die Trennung oder 'Entflechtung' wesentlicher
Einrichtungen von Produktions- und Handelsaktivititen. Diese Trennung
gewihrleistete, dass die Betreiber solcher Einrichtungen kein kommerzielles Interesse
daran hatten, Gasstrome zu manipulieren oder Markteinblicke fiir Handelszwecke zu
nutzen. Im Laufe der Zeit wurden immer strengere rechtliche und betriebliche
Entflechtungsanforderungen fiir Ubertragungs- und Verteilungsleitungen auferlegt.
Viele Netzwerke wurden von ehemaligen GroBhandelsunternehmen und lokalen
Gasversorgungsunternechmen getrennt und entweder als Ubertragungs- oder
Verteilungssystembetreiber (TSO oder DSO) gefiihrt. Andere Einrichtungen wie LNG,
Speicherung und Umwandlung unterlagen aufgrund ihrer Position als potenzielle

Monopole in relevanten Mairkten unterschiedlichen Regimen, wobei potenzielle
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Ausnahmen von den Anforderungen fiir den Zugang Dritter in Einzelfdllen gewéhrt
wurden [8].

Der zweite Grundsatz konzentrierte sich auf die Bereitstellung
'diskriminierungsfreien Zugangs' zu diesen wesentlichen Einrichtungen fiir
Handelsparteien. Dies umfasste nicht nur den Zugang zu Transportsystemen, sondern
auch zu Speicherung, LNG und Qualitdtskonvertierungseinrichtungen nach Bedarf.
Zunichst erfolgte der Zugang tliber relativ einfache Vertrdge nach dem Prinzip 'Wer
zuerst kommt, mahlt zuerst', die es Héndlern ermoglichten, fiir eine bestimmte
Zeitdauer zu einem festgelegten Tarif eine bestimmte Kapazitit zu reservieren. Im
Laufe der Zeit entwickelte sich jedoch ein komplexerer Ansatz. Der Zugang zu
Ubertragungsleitungen erfolgte im Allgemeinen nach einem Eintritts-Austritts-
Modell, bei dem Gasversender Eintritts- und Austrittsrechte fiir bestimmte
Gasvolumina an bestimmten Standorten buchten, ohne sich um die tatsdchlichen
Routen der Gasmolekiile zu kiimmern. Dieses Modell maximiert die Flexibilitét fiir
Versender, um an beliebige Standorte an Marktakteure zu kaufen und zu verkaufen,
wobei fiir alle Versender an bestimmten Standorten gleiche Eintritts- und
Austrittstarife gelten. Verteilungsnetze wandten in der Regel Portotarife an, bei denen
ein Verkdufer den Eintritt in eine bestimmte Zone zu einem vorab festgelegten Tarif
entsprechend dem Standort seines Kunden buchte. Die Zugangsbedingungen fiir
andere Einrichtungen hingen davon ab, ob sie von der Pflicht zur Bereitstellung von
Zugang befreit waren oder nicht; Eigentiimer oder Betreiber mussten entweder unter
vorab festgelegten Bedingungen Zugang flir interessierte Nutzer gewéhren, oder sie
durften die Nutzung ihrer Kapazitit selbst bestimmen [9].

Ein wesentlicher Aspekt der Erleichterung des Zugangs, zusammen mit der
Tarifstruktur, besteht darin, die verfiigbare Kapazitit an interessierte Versender
zuzuweisen. Anfianglich wurden einfache Regeln des "Wer zuerst kommt, mahlt zuerst'
angewendet, jedoch wurde eine komplexe Reihe von Mechanismen entwickelt, um
sowohl die Auslastung der physisch begrenzten Kapazitat zu maximieren, indem so
viele Versender wie moglich untergebracht wurden, was Vertragsiiberlastung

reduzierte, als auch die knappe Kapazitit effizient denjenigen Versendern zuzuweisen,
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die sie am meisten schitzen. Folglich wurden verschiedene Verfahren fiir dg
Ausschreibung, den sekundidren Handel mit Kapazititen und die Neuverteilung
ungenutzter Kapazititen eingefiihrt. Das libergeordnete Ziel war es, Versendern zu
ermoglichen, ihre Warentransaktionen auf dem Gasmarkt mit geeigneten
Abwicklungsarrangements fiir die Lieferung an ihre Kunden oder Lagerstitten
abzustimmen. Dieser Ansatz zielte darauf ab, die Funktionsweise des Gasmarktes zu
verbessern und die effiziente Zuweisung von Gasvolumina zu Marktpreisen zu
erleichtern, die ihren Wert fiir Produzenten und Verbraucher widerspiegeln [6].

Ein dritter Grundsatz befasste sich mit der Erkenntnis, dass die Gasinfrastruktur,
die aus der traditionellen Gasindustrie hervorgegangen war, immer noch den Abdruck
ihres fritheren Status als natiirliches Monopol trug. Zu den Hauptproblemen gehorten
iibermiBige Investitionen in Vermogenswerte, hohe Betriebskosten, Tarife, die nicht
mit den wirtschaftlich effizienten Transportkosten iibereinstimmten, und
diskriminierende Praktiken gegeniiber verschiedenen Verbrauchertypen und -regionen.
Um die Infrastrukturkosten zu mindern, war eine Tarif- und/oder Erlosregulierung
erforderlich, um Ubertragungsnetzbetreiber (TSOs) und Verteilernetzbetreiber (DSOs)
zu zwingen, die betriebliche Effizienz und die Auslastung des Systems zu verbessern.
Dies fiihrte zur Annahme verschiedener regulatorischer Ansétze wie Preisobergrenzen,
Vergleichspreise oder RPI-X-Regulierung. Jedes Mitgliedsland war verpflichtet, eine
Nationale Regulierungsbehorde (NRA) fiir den Energiesektor zu errichten, die mit der
Genehmigung und Uberwachung von Tarifen (oder Methodologien) betraut war, um

einen gerechten Zugang zu entbiindelten Netzwerken zu gewéhrleisten.

6.2. Implementierung

Nach ersten Versuchen in den frithen 1990er Jahren wurde das liberale Konzept
fiir einen Gasmarkt allmdhlich durch mehrere Stufen umgesetzt. Die Europaische
Kommission erlieB drei aufeinander folgende Gasrichtlinien ([6—8]), die zunehmend

explizite und strenge Regeln fiir die Mitgliedstaaten vorschrieben. Die Richtlinie von
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2009, bekannt als das Dritte Paket, war besonders bedeutsam, da sie darauf abzielte-,
unterschiedliche nationale Ansdtze zu harmonisieren. Diese Reaktion folgte einer
'Sektorenuntersuchung', die von der Generaldirektion Wettbewerb der Kommission
durchgefiihrt wurde [9], die Barrieren fiir einen gut funktionierenden Gasmarkt wie
begrenzten Zugang zur Infrastruktur und die Dominanz weniger Unternehmen
identifizierte.

Ein weiteres wichtiges Ergebnis des Dritten Pakets war die verstarkte EU-weite
Zusammenarbeit. Im Jahr 2009 griindete die Kommission die Agentur fiir die
Zusammenarbeit der Energieregulierungsbehorden (ACER). Zuvor hatten
Regulierungsbehorden seit Mérz 2000 freiwillig innerhalb des Rates der Europdischen
Energieregulierungsbehorden (CEER) zusammengearbeitet, neben der von der
Kommission eingerichteten Europdischen Gruppe der Regulierungsbehdrden fiir
Elektrizitdit und Gas (ERGEG). ACER wurde damit beauftragt, die regulatorische
Liicke in grenziiberschreitenden Situationen zu schlieBen und die EU-weite
regulatorische  Koordination zu erleichtern, um nationale Markt- und
Netzwerkbetriebsregeln abzustimmen und Investitionen in transeuropdische
Infrastrukturen zu fordern.

Des Weiteren begannen entbiindelte nationale Ubertragungsnetzbetreiber (TSOs)
im Jahr 2009 EU-weite Zusammenarbeit durch das FEuropdische Netz der
Ubertragungsnetzbetreiber fiir Gas (ENTSOG). Ihre Zusammenarbeit zielte darauf ab,
den grenziiberschreitenden Gashandel zu fordern und das europdische
Ubertragungsnetz zu entwickeln, einschlieBlich der Bereitstellung eines 10-Jahres-
Plans fiir die Entwicklung des Gasnetzes.

Die verstirkte EU-weite Zusammenarbeit fithrte zu weiteren Fortschritten bei der
nahtlosen grenziiberschreitenden Gashandels durch Initiativen wie dem Gaszielmodell
(GTM) ([2-10]). Das GTM zielt darauf ab, grenziiberschreitende Verbindungen
zwischen nationalen oder regionalen Ein-/Austrittsbereichen herzustellen, in denen
Angebot und Nachfrage den Gaspreis bestimmen, dhnlich einem virtuellen Spotmarkt.
Gasvolumina aus langfristigen Vertrigen werden an den Grenzen der Ein-

/Austrittsbereiche geliefert, was den Marktpreis beeinflusst, der auch durch
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gelegentliche kurzfristige Kéufe von zwischenbereichlichen Volumina beeinflusst

werden kann.

6.3. Versorgungssicherheit im Gasmarkt

In den frithen 2000er Jahren riickten Bedenken hinsichtlich der Sicherheit der
Gasversorgung in den Vordergrund. Im Jahr 2004 wurde die Richtlinie 2004/67/EG
verabschiedet, mit dem Ziel, einen einheitlichen Rahmen fiir die
Sicherheitsversorgungspolitik der Mitgliedstaaten zu schaffen und sie mit den
Anforderungen eines einzigen Gasmarktes in  Einklang zu  bringen.
Auseinandersetzungen zwischen Russland und der Ukraine in den Jahren 2006 und
2009 fiihrten zu Versorgungsunterbrechungen in Mittel- und Siidosteuropa, was zur
Verabschiedung der Verordnung 994/2010 fiihrte. Diese Verordnung zielte darauf ab,
nationale MaBnahmen zu standardisieren und gemeinsame Mindeststandards fiir die
Bereitschaft einzufiihren, um die Solidaritit der Staaten wiahrend Krisen zu fordern.

Da die Spannungen zwischen Russland, der Ukraine und der EU anhielten, wurde
2014 ein Belastungstest durchgefiihrt, um die Sicherheit der Gasversorgung zu
bewerten. AnschlieBend wurde 2016 ein Entwurf fiir eine umfassende Verordnung zur
Sicherstellung der Versorgung verdffentlicht. Dieser Entwurf weist der Industrie und
den Mitgliedstaaten, die in bestimmte Regionen organisiert sind, die Verantwortung
fiir die Sicherstellung der Versorgung geschiitzter Kunden zu, wobei die Européische
Kommission die allgemeine Koordination und Konsistenz tiberwacht. Der Entwurf
betont die verstirkte Zusammenarbeit bei regionalen praventiven Aktionspldnen und
Notfallplanen und schldgt gleichzeitig einen Infrastrukturstandard vor, um die
Gasversorgung auch bei fehlender groB3er Infrastruktur sicherzustellen. Dariiber hinaus
befiirwortet er die Aufrechterhaltung einer permanenten bidirektionalen
Ubertragungskapazitit [10].

Im Februar 2015 stellte die Kommission ihre Energieunion-Politik vor, die eine

grundlegende Uberarbeitung des europiischen Energiesystems vorsieht. Im Einklang
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mit den ehrgeizigen Klimazielen der EU zielt die Politik darauf ab, sicherzustelle;
dass die Verbraucher der EU Zugang zu sicherer, nachhaltiger, wettbewerbsfahiger und
erschwinglicher Energie haben. Die wichtigsten Bestandteile dieser Politik umfassen:

1. Energieversorgungssicherheit, Solidaritit und Vertrauen.

2. Die Schaffung eines voll integrierten européischen Energiemarktes.

3. Forderung der Energieeffizienz zur Dampfung der Nachfrage.

4. Dekarbonisierung der Wirtschatft.

5. Betonung von Forschung, Innovation und Wettbewerbsfahigkeit.

Die EU strebt an, von einer auf fossilen Brennstoffen basierenden Wirtschaft
abzukehren und sich einem dezentralen, nachfrageseitigen Ansatz zuzuwenden, unter
Verwendung moderner Technologien und Geschéftsmodelle.

In Bezug auf die Rolle von Gas adressiert die Energieunion-Politik hauptsidchlich
die Energieversorgungssicherheit, Solidaritdt und Vertrauen. Sie betont die
Notwendigkeit, Energiequellen, Lieferanten und Transportwege zu diversifizieren.
Schliisselelemente dieser Strategie sind:

1. Die Entwicklung des Siidlichen Gaskorridors, um die Gaslieferung aus
zentralasiatischen Lindern nach Europa zu erméglichen.

2. Die Einrichtung von Fliissiggaszentren mit mehreren Lieferanten in
verschiedenen Regionen, einschlieBlich Nordeuropa, Mitteleuropa, Osteuropa und
dem Mittelmeerraum.

3. Investitionen in zusitzliche Transportinfrastruktur mit Unterstlitzung von
Gemeinschaftsforderinstrumenten und europdischen Finanzinstitutionen.

4. Die Ausarbeitung einer LNG-Strategie zur Bereitstellung von Backup wahrend
Krisensituationen, einschlieBlich des Baus von Gasspeicheranlagen in Europa und der
Verbesserung der Transportinfrastruktur, die LNG-Zugangspunkte verbindet.

5. Die Forderung der inldndischen Energieerzeugung zur Reduzierung der
Importabhiangigkeit, wobei der Schwerpunkt auf erneuerbaren Energien zur
Dekarbonisierung liegt, neben konventionellen und, fiir die Mitgliedstaaten, die sich
dafiir entscheiden, unkonventionellem Ol und Gas, vorausgesetzt, dass Fragen der

offentlichen Akzeptanz und der Umweltauswirkungen angemessen beriicksichtigt
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werden.

6.4. Entwicklungen auf dem Gasmarkt

Im Zuge der Verabschiedung aufeinanderfolgender Gasrichtlinien haben sich seit
Beginn des Jahrhunderts sowohl die wirtschaftlichen als auch politischen Dynamiken
im Bereich der Angebot und Nachfrage des europdischen Gasmarktes und des globalen
Gasmarktes erheblich veridndert. Diese Entwicklungen haben den Betriebskontext des
europdischen Gasmarktes mafgeblich verdandert [7].

Auf der Angebotsseite gehen die einheimischen Gasreserven in Europa,
insbesondere in den Niederlanden, Grof3britannien, Deutschland, Frankreich und
Italien, allméhlich zuriick. In den Niederlanden haben durch die Gasforderung
verursachte Erdbeben im Groninger Feld die Regierung veranlasst, die jdhrliche
Produktion einzuschrinken. Abgesehen von Norwegen gibt es innerhalb der EU nur
minimales Potenzial fiir eine Angebotsausweitung. Die Rolle von unkonventionellem
Gas in Europa ist aufgrund offentlichen Widerstands und regulatorischer Hiirden
begrenzt. Derzeit stammen die Hauptimporte von Gas in Europa hauptsichlich aus
Russland, Norwegen, Algerien und Libyen tiber traditionelle Langzeitvertrige, obwohl
Neuverhandlungen stattfinden, um die Wettbewerbsfahigkeit zu erhalten. Eine
Erweiterung der Angebotskapazitit und die Inbetriebnahme neuer Reserven erfordern
erhebliche Investitionen in Produktions- und Transportinfrastruktur, insbesondere in
abgelegenen und kostspieligen Gebieten wie Russland und vor der Kiiste Norwegens.
Neue potenzielle Gaslieferanten befinden sich siidostlich von Europa, darunter
Turkmenistan, Kurdistan, Iran, Aserbaidschan und die Ostmittelmeerregion mit
Zypern, Israel und Agypten. Politische Komplexititen und Transitfragen, insbesondere
in Bezug auf die Tiirkei, behindern jedoch den Bau von Pipelines im Siidkorridor [9].

Der sich entwickelnde globale LNG-Markt wird oft als die 'ideale' Losung fiir
Europas Energie- und Gasabhéngigkeit betrachtet. Das Potenzial der LNG-Versorgung

ist erheblich gewachsen, angetrieben von traditionellen und neuen Reserven,
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insbesondere  nach  der  US-Schiefergasrevolution. LNG  konnte iib;
Umkehrkapazititen entlang der europidischen Kiisten in den EU-Markt importiert
werden.

Auf der Nachfrageseite hat sich die Situation ebenfalls entwickelt. Zunichst stieg
der Gasverbrauch in Europa in Lindern, in denen es eine traditionelle Energiequelle
war, allméhlich an, wihrend er in anderen Landern wie Spanien aufgrund von Umwelt-
, Komfort- und wirtschaftlichen Vorteilen schnell Marktanteile gewann. Die
wirtschaftliche Flaute nach 2008 fiihrte jedoch insgesamt zu einem Riickgang des
Gasverbrauchs. Dariiber hinaus hat die 6ffentliche Wahrnehmung von Erdgas aufgrund
von Politiken zur Forderung von Wind- und Solarenergie und Bedenken hinsichtlich
seiner Umweltauswirkungen nachgelassen. Gas wird zunehmend als 'schmutziger'
fossiler Brennstoff angesehen, was seine Rolle als Briicke zur Nachhaltigkeit
untergribt. Der lokale Widerstand gegen Schiefergas und Fracking sowie die
Verfiigbarkeit von kostengiinstiger Kohle aufgrund der US-Schiefergasforderung

haben die Position von Gas im EU-Energiesektor weiter beeinflusst.

Schlussfolgerungen

Die oben genannten Verdnderungen haben bedeutende Auswirkungen und
beeinflussen das vorherrschende Verstidndnis dessen, was einen 'gut funktionierenden'
EU-Gasmarkt ausmacht. Es besteht ein kontinuierlicher Drang zur Schaffung eines
wettbewerbsfdahigen Gasmarktes durch Sektorenregulierung, wobei der Schwerpunkt
auf zunehmend entbiindelter Pipeline-, Speicher- und LNG-Infrastruktur sowie
Wettbewerbspolitik liegt, die die dominante Position gro3er Lieferanten und Héandler
in der Branche anspricht. Dies legt nahe, dass Investitionen in neue
Versorgungsinfrastrukturen stark von den Erwartungen der Investoren und der
Ubertragungsnetzbetreiber (TSO) hinsichtlich ihrer Nutzbarkeit im Hinblick auf
zukiinftige Gasstrome sowie von regulatorischen Entscheidungen abhéngen.

Angesichts der erheblichen Anforderungen an Transport-, Speicher- und LNG-
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Infrastruktur, die sich aus den Zielen des Energieunion-Plans zur Sicherung der
Gasversorgung im Binnenmarkt und zur Verbindung der liquiden Marktgebiete
ergeben, ist es unwahrscheinlich, dass private Unternehmen die erforderlichen
Investitionen freiwillig tatigen werden. Auf der Angebotsseite wird das Interesse von
Produzenten und Héndlern an der Belieferung des EU-Marktes mit Gas stark von den
Erwartungen an Nachfrage und Preis beeinflusst. Es bestehen jedoch Unsicherheiten
hinsichtlich des zukiinftigen Gasverbrauchs aufgrund ehrgeiziger Ziele zur Abkehr von
fossilen Brennstoffen, der stabilen Lage der europdischen Wirtschaft und des
derzeitigen Nachteils von Gas bei der Stromerzeugung im Vergleich zu erneuerbaren
Energien mit marginalen Kosten von Null und kostengiinstiger Kohle.

Abgesehen von traditionellen Lieferanten wie Russland und Norwegen gibt es
aufgrund politischer Instabilitit in vielen potenziellen Forderlandern und
Transitproblemen nur begrenzte Alternativen fiir Pipeline-Lieferungen. Die
einheimischen Vorréte gehen zur Neige, sodass LNG als primére Option fiir zukiinftige
Lieferungen bleibt, entweder durch zuverldssige Langzeitvertrage oder Spotladungen
zu Weltmarktpreisen. Langfristige Vertrdage erfordern jedoch Nachfragegewissheit, um
Investitionen und Zahlungsbereitschaft zu rechtfertigen, was in der aktuellen Situation
herausfordernd ist. Spotvertrdage bergen Risiken, da der derzeit iiberversorgte Gasmarkt
zu niedrigen Preisen fithren kann, obwohl sich dies d&ndern konnte.

Insgesamt ergibt sich aus dieser langfristigen Perspektive auf die Entwicklung der
europdischen Erdgaspolitik die iibergreifende Erkenntnis, dass eine stark regulierte
Version eines 'gut funktionierenden' Gasmarktes ein stark politisiertes und instabiles
Experiment bleibt. Die Werte, die dem Erdgas als Energiequelle in der europdischen
Wirtschaft zugeschrieben werden, verschieben sich stindig zwischen wirtschaftlichen,
Versorgungs- und Nachhaltigkeitsaspekten. Dariiber hinaus variiert die Bedeutung
dieser Werte und ihrer Umsetzung in verschiedenen Teilen Europas. Folglich wird die
Schaffung eines 'gut funktionierenden' Gasmarktes als ein stark politisiertes und

fortlaufendes Bestreben fortbestehen.
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KAPITEL 7/ CHAPTER 77
TECHNOLOGIES OF WATER CLARIFICATION WITH RUFF FIBRED
MEDIUM

S

DOI: 10.30890/2709-2313.2024-29-00-005

Beryn

[IposicHeHHs1 BOMH, SIK TIPOLIEC BHIIYYEHHS 3 HEl 3aBUCIHMX JAOMIIIOK, € OJHUM 3
OCHOBHUX MiJl Yac MIATOTOBKH BOJAU JUIsl TUTHUX Ta BUPOOHUYUX I1JI€H, a TAKOXK IpU
OYMINICHH] BUPOOHUYUX CTIYHUX BOJA. TpaauiliiHO TPOSICHEHHS BOAU 3 PI3HUM
CTYIIEHEM  OYMILEHHS  JIOCSATal0Th  BIJCTOIOBAHHSAM,  LEHTPU(YTYBaHHAM,
IPOLKYBaHHAM, QUIBTPYBAHHIM Yepe3 3€PHUCTI 3aBaHTAKECHHs a00 3aBUCIIUH 11ap
ocany. Hamu 3ampornoHOBaHO 1HHOBAIIMHI TEXHOJOTIi MPOSICHEHHS MPUPOJHUX Ta
MPOMUCIIOBUX CTIYHUX BOJI 3 BUKOPHUCTAaHHSM BOJOKHHCTOIO cepeAoBUIa y (opmi
HOpXKIB.

Po3po6ku 1HHOBAIIHHUX TEXHOJIOTIH 13 3aCTOCYBaHHIM BOJIOKHUCTHX HACaJ0K Y
TEXHOJIOTISIX OYMILEHHS NPUPOJHUX Ta CTIYHUX BOA Oynu iHiUidoBaHi y 80-Ti poku
XX cromitra y JloHOackkiil HalioHanbHIM akazemii OyJIBHUIITBA Ta ApXITEKTYypH
(MakiiBcbkOMy 1HXKE€HEpHO-OyAiBeIbHOMY 1HCTUTYT1) npodecopom M.I. KynukoBum
[1]. Cnouarky OyiM 3ampoONOHOBAaHI TEXHOJOTii O10JIOTIYHOTO OYHUILIECHHS Ta
JOOYUIIICHHS MOOYTOBHUX CTIYHUX BOJI 13 3aCTOCYBaHHSM Hacaaku (HAMOBHIOBAYA) 13
CKJIOBOJIOKHA y (opmi HopxkiB. Hajgami aBTOpM MOMUPHIA JOCBIJA BHKOPUCTAHHS
HOpKOBOTO HATOBHIOBAYA 13 CHHTETUYHHX BOJIOKOH Ha TEXHOJIOTii MPOSICHEHHS
MPUPOTHUX Ta BUPOOHUYUX CTIYHUX BOJI.

Merta nociiakeHs moJisirajia y po3po0i1li IHHOBAI[IMHUX TEXHOJIOT1H Ta anapartiB 3
HACA/JIKOK0 13 CHHTETHYHUX BOJIOKOH SIK KOHTaKTHOTO CEpEAOBHUINA Y Ipolecax

YTBOPEHHSI TUIACTIBIB, GIILTPYBAHHS, ICHTPU(DYTYyBaHHS TIPU OYUIIICHH] BOJIH.

"Authors: Omelchenko Mykola Pavlovych, Kovalenko Ludmyla Ivanivna
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7.1. BOJIOKHHUCTI cepeloBUINA B OYUIIIEHHI BOIH

CUHTeTHYHI BOJIOKHA, $K (QUIBTPYIOUMHA MaTepiaj, BUKOPHCTOBYIOTHCS
TPaIUIIIMHO 1 Y BITUM3HSAHIHN, 1 3apyOlKHIA MPAKTHUIll, V BUIJIAI IEPEropoaok ado
KapTpukiB [2,3].

Haiibinpm Onu3bKMMU 10 HAIIUX JOCTIIKEHb € po3poOku [4], B sAKHX
MIPOTIOHYIOTHCSI Ta MAalOTh MPOMHUCIIOBE 3aCTOCYBaHHS BOJOKOHHO-KYJIhOBI (DUIBTPH.
3aBaHTa)KEHHS TaKOro (PUIbTpa € BUCOKOMOPHUCTI KyJIi 3 BOJIOKOH JiamerpoM 15...30
MM. 3a TBEPI>KEHHSMH aBTOPIB, TAKEe 3aBAHTAKEHHSA MAa€ MOPUCTICTh 96% 1 muToMy
nosepxuio 3000 m?/Mm>, 6pymoemHicTh 6...10 kr/M>. Bara ogHOro Ky0oMeTpa Takoro
3aBaHTaXEHHS CTaHOBUTH Jjume 1,38 kr. Po3poOkoro Ta BHUIYCKOM MpPOAYKIIi
3aiiMaeTbcs kuTalcbka komanis Xianke Water Treatment [5]. OcHOBHE nTpu3HaYeHHS
Takux (UIBTPIB — BHJIYYEHHSA 3 BOAM OJiM, XO0ua MOCHIAHUKU MPOBETU AOCTIAN 3
00pOOKOI0 MOBEPXHEBHUX KaTaMyTHUX BOJ, ajie epeKT NposicHeHHsI OyB HU3bKuM. Ham
BUJIAE€THCS Ty’KE HEJJOCKOHAIIMM Ipoliec pererepailii Takux ¢uibtpis. [1IBuame 3a Bce
MiCJsl BUKOPUCTAHHA TaKl BOJIOKHHUCTI KyJIi CJIiJT 3aMIHIOBAaTH HA HOB1, OCOOJIMBO MPH
OYMIIICHH] BOJY Bl OJIUB.

B ocHOBI mpomoOHOBaHMX HAaMH TEXHOJOTI — BHUKOPUCTaHHS BJIACTHBOCTEH
CTPYKTYypOBaHUX y (opMi MOpPKIB CHHTETUYHMX BOJIOKOH. Harmi nocmipkeHHs [6]
JIO3BOJIMJIM BUJUIUTH JIBa TUIU BOJOKOH — mojiedipHi (JlaBcaH) Ta MoJiiamijgH1
(xampoH), K HAHOUIBLI MPUUHATHI JJIs1 BUKOPUCTAHHS Yy TEXHOJOTISAX MPOSCHEHHS
BoJU. B pesynbTari qoCiiKeHb (hi3UKO-XIMIYHMX BJIACTHUBOCTEH mostiedipHUX Ta
MOJIiaMIJIHUX CUHTETUYHUX BOJIOKOH 3pO0JICHO BHCHOBOK IPO T€, 10 OOMABA THITU
BOJIOKOH JIO3BOJISIIOTH IX BUKOPUCTOBYBATH SIK CEPEOBHILEC JIJIsl 3aTPUMAaHHSI 3aBUCIUX
1 KOJIOTIHUX JOMIIIOK 13 TPUPOIHUX Ta CTIYHUX BOJ. Lle TBepIXKeHHS MiAKPITLTIOEThCS
J0CTaTHBOIO MILHICTIO 1 MPYXHICTIO HUTOK, iX CTIMKICTIO y BOJHUX cepeloBUIIax (Y
TOMY YMCI1 XIMIYHO 3a0pyJHEHHUX) 1 CyXOMY BHIJISIII Ha CBITII, CTIHKICTIO IO Jii
OKHCHIOBaUiB, HaBEJACHHSM MO3UTUBHOTO 3apsiAy Ha MOBEPXHI BOJOKOH (IO CIIpUsIE
aaresii JOMIIIOK, 110 BHIIy4aroThcs 3 Boau). [lepeBary ciin HagaBaTH nosiedipHUM

BOJIOKHaM.
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Jlo mepeBar BOJIOKHHUCTHUX CEpEIOBHII 3a3HaueHOi KOH]Iryparii BiTHOCATHCS
TaKOX:

-BUCOKa mmTOMa moBepxHs (mo 3000 wm?/m°), mo 3a0esmedye BHCOKY
OpyIOEMHICTh BOJIOKHHCTUX HACAOK;

-MPAaKTUYHO MUTTEBE MEPEOIr MPOIECY BUITYUEHHS JOMIIIOK;

-3MEHIIICHHS /103 Ta BUTpPAaTH PEareHTIB uepe3 IMepedir mpoieciB KOHTAKTHOI
KOaryJisiiii;

-MaJIMiA BIUIUB JTY>KHOCTI Ta 1HITUX XIMIYHUX TTOKa3HUKIB HA OUUIIECHHS;

-MaJui TiApaBIidYHUN onip (GUIBTPYIOUOTOo BOJIOKHUCTOTO CEPEIOBUINA Ta HOTO
HE3aMYyJIFOBaHICTb.

Y po3poOkax BUKOPUCTaHI BOJOKHUCTI HACAIKH 13 CHHTETUYHHX BOJIOKOH
CTPYKTypoBaHUX y ¢opMmi MOpXKIB, 110 BUTOTOBIISIIOTHCS Ha CIEIiaIbHOMY

yCTaTKyBaHHI.

7.2. @inbTPH 3 BOJOKHUCTOI HACATKOIO

Crouatky OyiM 3amporoOHOBaHI BOJOKHHUCTI (IUIBTPU SK CHOPYIU YaCTKOBOTO
MposiICHEHHs cycnien3ii. [leprn HaiBHI KOHCTPYKITIi MOBTOPIOBATIHN MBUAKI (PUIBTPH, Y
AKX 3aMiCTh 3€PHHCTOTO 3aBAaHTAKCHHS pO3MIIyBaiacs BOJIOKHHUCTA Hacajka.
[Tomanpmii po3poOku BpaxyBaiu crenu(piKy BOJOKHUCTOTO 3aBAHTAKCHHS Ta OYIIO
3aMpoNOHOBAHO KOHCTPYKIIi0, TIpencTaBieHy Ha puc. 1. Kopmyc BUroToBiserscs i3
CTaJIEBUX JIUCTIB (MPU MAJIUX PO3Mipax) abo 3a1i300€TOHY.

Po6oTta BosokHUCTHX QIIBTPIB MOJIATAa€E B HACTYIHOMY. Bucxinna koarynboBaHa
BOJIa PO3MOAUISETHCS 3a IUIONIeIo GiapTpa AUdy30poM 2 3 KyToM Tpu BepiuHi 90°
(mpu3maTuyHa a0 mipaMigaibHa YacTuHA GiabTpa) 1 GUIBTPYETHCS 3HU3Y BrOpy 4epes
BOJIOKHHUCTY HAcaJKy 3 13 CHHTETHMYHUX HOpXKiB. Y BOJOKHHUCTOMY CEpeIOBHIII
MPOTIKA€E MPOLIEC KOHTAKTHOI KOAryJsIii — KOaryJbOBaH1 JOMIIIKA NPWIMNAIOTh 10
BOJIOKOH HacaJku Ta BWIy4yaloThcsi 13 Boau. I[IposcHeHa Boma 30upaeTbes

BOJI0301pHUMHM JIOTKaMU 5 1 BIIBOJAUTHCS 13 criopyau. [lepiouuHo 311MCHIOETHCS
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PucyHnok - 1. Cxema BOJIOKHHCTOr0 QpliibTpa
- niogeodenus 8uxionoi 6oou, 2-ougysop, 3-6o1okHucme cepedosuuje; 4 Kanaui ons
300py oceimieHoi 8600u, 5-8i08ederHs 0C8ImaeHoi 600u,; 6 - dipuacmi mpyou 0
PO3NOOITY CMUCHEHO20 NOBIMPsL, 7- 8i08edeHHs OPYOHOI 800U

Aemopcobka po3podka

pereHeparlisi HacaJKi CTHCHEHUM MOBITpsIM. [[J1s1 1[bOTO il HAcaJKOIO BIAIITOBAaHA
PO3MOJIUIbHA CHCTEeMA 3 AipyacTux TpyO 6. Y mporieci YnieHHs B CUCTEMY MOJAAEThCS
CTHCHEHE TOBITps, OyJIbOAIIKH SKOTO, MPOXOASYM Yepe3 BOJOKHUCTE CEepPelOBHUIIIE,
CTPYIIYIOTh BOJIOKHA Ta OYHMIIAIOTH iX Bix 3a0pymHeHb. OIHOYACHO BUKOHYETHCS
CIIOpOXKHEHHST (PinbTpa depe3 TpyOy 7, mpu IbOMY BOjAa 13 3a0pyaHEHHSIMH
BITBOAUTHCA Yy CTiK. [liBeIeHHSI CTUCHEHOTO TOBITPS MPUITUHSAETHCS 32 3HIKCHHS
piBHS BOAM 10 HIDKHBOT KPOMKH Hacaaku. [l Bogo30epirarounx TeXHOJOTIH CKUIHA
BOJIa BIJICTOIOETHCS 1 HAAMYJIOBA BOJIA MIOBEPTAETHCS 0 TOJIOBU CIIOPYI.
Konctpykiito takoro ¢giabTpa 0ysio BUNPOOYBAaHO y BUPOOHMUMX YMOBaXxX IS
MPOSICHEHHST MaxTHOI Boam Ha maxTi «XomomHa bamka Ne3» 006'emHanHs
«MaxkiiBByrunis». Boga 3 maxTHOro BiACTIHHWKA (B poJIi ycepeaHIOBa4a) MIiCIIs
00pOOKM KOaryJstHTOM (CipuYaHOKHMCIIMM allfoMiHieEM) (inbTpyBamacs B JBOX
MOCIIIJIOBHO BOJOKHHUCTUX (IIBTPax 3 KOPIyCcaMu 31 CTAJIEBOrO JIUCTa PO3MIpaMu B
maHl 2x2 M 1 TOBIIMHOK HacaAkud 2 M. Y JOCHIPKCHHSIX KaJaMyTHICTh BHUCXITHOT

maxTHOi Boau cranoBmia 180..285 r/m°, kamamyTtHicTs (inbTpary micms Apyroro
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crymenss 20..40 r/M® npu mBuakocti ¢QineTpyBaHHS 5 M/rog. TpuBamicTs
(GUIBTPOIIMKITY CTaHOBHIIA B 8 10 12 rouH, BTpaTH HAIlOPY Ha MEPIIOMY CTYTIEHI HE
nepesuiryBanu 0,20 m, Ha npyromy — 0,10 m.

JIs mMiA3eMHOTO OYMINEHHS IIAXTHUX BOJ OYyJI0 po3pobieHo MoaudiKOBaHY
KOHCTPYKITi}0 0araToCTyMiHYaCTOTO BOJIOKHUCTOTO (UTBTpa, MPEACTaBICHY Ha pPHC. 2.
Moro cneumdika AUKTYBagach OOMEXKEHHAM BHCOTHMX TaGapHTiB Mif3eMHHX
BUPOOOK. Y KOXHIN cekiii (uIbTpa TOBIIMHA HACAJIKH CTAaHOBWJIA OJUH METp, a il
3arajbHa BeNMKa TOBIIMHA 3a0e3leyyBajlacsi 3a pPaxXyHOK OaraToceKUiHHOCTI
(KUTIBKICTh CEKIIH 3aJIe)KUTh BiJI KAJIAMYTHOCTI IMIAXTHOI BOJM) Ta PyXy BOJU Kpi3b
BOJIOKHUCTE CEpPEOBHUIIE 3WI3aroM — 3 YEepryBaHHSM BHCXIJTHHUX Ta HHU3XITHUX

noTokiB. Ha cxemi yMOBHO He MOKa3aHi 3amipHi MPUCTPOI HA maTpyOKax 7.

X 1

SRR N R

RN & S IR o P

Pucynok - 2. bararocexkuiiiHuii BOJIOKHUCTHI (PijabTp
1- niogsedenns 8ucxionoi 600u, 2- 6gedenHs peazenmy, 3 - ONOKHUCMA HACAOKA,; 4-
HAnpsIMHI nepe2opooxu, 5-8i08e0eHH s NPOSCHEHOI 800U, 6- dipyacmi po3nooiibHi
mpyou cmucHeno020 nogimpsi,; 7- CKUOAHHs OPYOHOI 600U NPU YUUJEHHI CeKYill

Asmopcwvka po3podra

Ha pucyHky mokazaHoO JOCIHITHO-IIPOMUCIIOBHM 3pa30K YCTAHOBKHU CEKILIMHOTO
BOJIOKHMCTOro (inbTpa mpoxyktusHicTio 0,5 MP/ron, Ha skoMy OyjM IIPOBENEHI
JTOCIIDKCHHST Yy  BUpOOHHMYMX yMoBax Ha 1maxti "Ya#ikino" o0'eqHaHHS

"MakiiBByriuia". BunpoOyBaHHs Jaiu Taki pe3yJbTaTH: €PeKT NPOsSCHEHHS MaXTHOT
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Boau 10 98%, BMICT 3aBHCIMX PEUOBMH B oumineHii Bomi 20..40 r/m°, Butpara
peareHTy 10 1 r/roa, TpuBaJicTh pOOOTH MK YHUIIEHHAM &...12 TOJIMH, BTpAaTU BOJU
npu yuieHHl 2%, BTpaTh Hamopy B HacaJlll BOJOKHUCTHX (UIBTPIB HAMPUKIHII
GbuIbTpOIIMKITY HE BUIIE 5 cM. JIOCSITHYTI pe3yiabTaTH MEPEBUITYIOTh PIBEHb HAIBHUX
y rajry31 TEXHOJIOT1{, OUMILEHa BOAAa MOKE IIOBTOPHO BUKOPUCTOBYBATHUCS HA TEXHIYHI
MOTpeOu IIaxXTH.

JIns KOHCTPYKIi BUPOOHHUYOI YCTAaHOBKHM OaraTOCEKI[IHHOTO BOJOKHHUCTOTO
¢binpTpa Oys10 MPUHHATO CHCTEMY BUIAJIEHHS OpYJIHOI BOJAM NPH YMIIEHHI HACAIKU
epmdramu, a mepe (GUIBTPOM BIAINITOBAHUW BIAKPUTHH TIAPOLMKIOH IS
3aTpPUMaHHS BEJMKHX BYTUIBHUX YaCTUHOK. KOHCTPYKIIisl JO3BOJISIE YHCTHTH CEKIIil

HE3aJIe)KHO OJIHA B1J OJHOI — YacCTIillIe IEePIi CTYIEHI Ta pi/Ile OCTaHHI.

7.3. PeKOHCTPYKIiS IIAXTHUX BiACTIHHMKIB 3 BUKOPHCTAHHAM BOJIOKHHUCTHX

MEePEeropoioK

Cxema peKOHCTPYKIIIi MAaXTHUX BIJICTINHUKIB 32 MPOEKTHOIO MPOMO3UIIIEI0 IS
maxtu iM. KipoBa 00'ennanns "MakiiBByriuia" mpencTaBiieHa Ha puc. 3.

Ha mepmriii cragii BeiaMKi BYTUIbHI YaCTHUHKU 3aTPUMYIOTHCS Y BiIKPUTOMY
rigpouukiioHi. IToTim maxTHa Bosi 00poOIISIETbCS PO3UMHOM KaTIOHHOTO (DIOKYJISIHTY
1 HAJAXOJWTHh y BIACTIMHUK. Y KOHCTPYKIIIO BIJACTIHHUKA BHECEHO Bl 3MIHH:
BJIAIITOBYETHCS OO0'€MHA BOJIOKHHCTAa TIEPErOpOJIKa y 30HI TPOSCHEHHS Ta
nipaMiJiajibHI OCepEeIKH y 30H1 HAKOITUUEHHS 0caly micis neperopoiku. [leperopoaka
3aMOBHEHA CUHTETHYHUMH HOPKaMH, XapaKTePU3Y€EThCS BUCOKUMHU TMOPUCTICTIO Ta
OpyAO€EMHICTIO, HU3bKUM TIJPABIIYHUM OINOPOM Ta HE3aMyJrOBaHICTIO. BoHa rpae
POJIb KOHTAKTHOI KaMepH YTBOPEHHS IJIACTIBIIIB, BEJIMKI arperaTu, 110 yTBOPUIIUCS,
HIBUAKO OCIIAIOTh 3a MEPEropoiKO0 1 HAaKOMUYYIOThCS B ocepeakax aHumia. s
NEepiOANYHOTO YHWIICHHS BOJOKOH TiJ TMEPEeropoAKOI0 BIAIITOBYETHCS OapOOTax
(b1IBTPYIOUOTO CepeoBHINA CTUCHEHUM MOBITPsM. BumaneHnHs ocamy 3 BIACTIHHUKA

POBAIUTHCS 3a JOTIOMOTOI0 epi(TiB.
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PucyHnok - 3. CxeMa peKOHCTPYKIIil IIAXTHOT0 BiICTIHHMKA
[ - niogeodenns 8UCXiOHOT 600U 3 80008I0UBY, 2 — BIOKpUMUL 2IOPOYUKIOH, 3 —
8y2ilbHa nyivna, 4 — Hanig3anypeHi nepecopooku; 5 — po3nooin 600U y I0CMILIHUKY,
6 - 10MoK 0151 30UPaHHS NPOACHEHOI 800U, 7 — 8i08e0eHHs NPOSICHEHOT 800U, 8 —
nepe2opooKa 3 60JI0KHUCMOIO HACAOKOI0, 9 — po3noodinvua cucmema CmucHymoz2o
nogimps; 10 - niogedenns cmucueno2o nosimps, 11 - eprigpmu, 12 - ckuoarnms
2pA3b060i nynvnu, 13 - bemonnui gumowenns; P — esedenns peacenmy

Aemopcwvka po3podka

OcTtanns npomno3uilig OyJjia MOUIMpPEeHa Ha TEXHOJIOTII0 MPOSICHEHHS MPUPOJIHUX
BOJ. 3aMmiCTh TiJIpaBiYHUX Ta TpaBIMHUX KaMep YTBOPEHHS IUIACTIBIIIB
PEKOMEH/IOBAaHO BIIAIITOBYBATH BOJIOKHUCTI KOHTAakTHI kamepu [7]. Bonm
3a0e3MeyyloTh IMepeBard KOHTAKTHOI KOaryJysmii (3MEHIICHHA 103 KOAaryJsHTY,
XOpoITy poOOTYy IIPH HU3bKUX TEMIIEpAaTypax Ta MaJlii JTy>KHOCTI BOJH, MaJll rabapuTH)
y TIO€JHAHHI 3 BHCOKOIO TMOPHCTICTIO, MajluM TIAPaBIIYHUM OMOPOM Ta

HE3aMYJIIOBaHICTIO.
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7.4. PeKOHCTPYKILisi OCBIT/IIOBAYiB 3 BUKOPUCTAHHSAM BOJIOKHHMCTOIO CepPeI0BHIIA

[Ipu BuBUEHH1 pOOOTH BOJIOKHUCTOTO (Q1IIBTPYIOYOrO CEPEAOBHILA 3 BUITYUYEHHIM
3aBUCIIMX JIOMIIIOK OyJI0 3aIpOINIOHOBAHO MEPETBOPIOBATH KOPUJIOPHI OCBITIIOBAYl 3
3aBHCIIUM ILIAPOM OCay Ha BOJOKHUCTI PinbTpu. Binoma «mpUMXIHMBICTH 3aBUCIIOTO
miapy, MOoro 3aJieXHICTh BiJ] IMIBHUAKOCTEH BUCXIAHOTO MOTOKY Ta TEMIEPATyp BOJIH,
YTBOPEHHS 3aCTIMHUX 30H TOIIO. BiamryBaHHs BOJOKHUCTOI HACAJIKH 3aMICTh IIapy
3aBHCJIOTO OCaJy Ta 3aXMCHOI 30HU J103BOJISIE MO30YTUCS 3a3HAYEHUX HEAOJIKIB MPH
30epeKEeHHI TepeBar MNpolecy KOHTAaKTHOI KoaryJsiii. BosiokHucTe cepenoBuiie
3alOBHIOE MICII€ 3aBHCJIOTO IIApy OCaay Ta 3aXUCHY 30HY BCIX TPhOX KOPHIIOPIB
OCBITJIIOBaya, a MO IUIONI KOPUIOPIB BIAIITOBYIOTHCS CUCTEMH PO3MOJLITY MOBITPAL.
Takum 4rHOM, KOXEH KOpUAOp Oy/e BIAIITOBAHWA MO TUMY pHC. 1, a podoTa Takoi
cropyiu Oyze noaiOHa A0 eKCIUTyaTalii BOJIOKHUCTOrO (iIbTpa.

Byno po3po6iieHo mpoeKTHI MpOno3uIlli TaK0T PEKOHCTPYKITiT OCBITIIOBAYIB JIJIS

CnoB'sHCBKOI (PUIBTPYBAJIBHOT CTAHIIII.

7.5. PekOHCTPYKIIiSl BIIKPUTHX TAPOIUKIIOHIB i3 32aCTOCYBAHHAM BOJOKHHUCTOL

HACAAKH

Hamni  gocmimkerHss [6] BUSBWIM HaBEJICHHS IOTCHINATIB  IPOTIKAHHS
MMO3UTHUBHOTO 3HAKY Ha JOCIIHKYBAaHUX BOJIOKHAX TPH PyXy BOAM Yepe3 HACaIKy i3
mBuaKicTio 50...125 m/Toz.

[IpakTuna peanizaiisi pe3yJabTaTiB WX TOCHIKEHb MpH3BENa 10 PO3POOKH
KUIBKOX KOHCTPYKIIIM BOJOOYMCHUX IPUCTPOIB: IUPKYJIALMIMHOTO CEKIIMHOTO (QUThTpa
3 epiidpTHuMHu KoHTypamu [8], ¢dimbTpa Ha 06a31 BEpTUKAIBHOTO BIICTIMHHKA 3
BOJIOKHHCTOIO HacaJKow Mo mepudepii Ta 00EpTOBUMHU JIOMATSIMHU JIJII CTBOPEHHS

BHUCX1IHOTO CHipajbHOTO MOTOKY [9], dbinbTpa-rigponukiona [10].
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3yNMUHUMOCS Ha PO3IJIA/ll  OCTAaHHHOTO, Hale(EeKTUBHIIIOTO MPUCTPOIO,
PEKOMEHI0BAHOTO JUIsl 3acTocyBaHHSA. Ha puc. 4 mpencraBiaeHuid po3pi3 OAHIET 3

MOKJIUBUX KOHCTPYKI[M BIJKPUTOTO TiAPOLUKIOHY 3 BOYIOBAaHMM BOJIOKHUCTHM

CEpEIOBUIIIEM.
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PucyHnok - 4. Binkputuii riipouuKJI0H 3 BOJIOKHUCTOI HACATKOIO
1-yuninopuuna yacmuna Kopnycy, 2-KOHiuHa 4acmuna Kkopnycy, 3 - 6xiOHutl
nampyoox, 4-ckuoanus ocaody; 5 - 80J10KHUCMA HAcAOKA, 6 Kiibyesull 600030ipHULL
JIOMOK; 7 - 8i08e0eHHs NPOSCHeHOI 6oou, 8 - dipyacma mpyoda 0is po3nooiny
CMUCHYmo2o nosimps, 9- niogedenus cmucneno2o nogimps,; 10 - Kinoyesuti 3a3op

Aemopcbka po3podka

Boma mo TtaHreHmianpHOMy maTpyOKy 3 BIYCKA€ThCS B HUIKHIO YaCTUHY
BEPTUKAIBHOTO IMWJIIHAPHIHOTO KOPMIYCy 1, MPOXOAUTh KPi3h HOPKOBY BOJOKHHUCTY
HACaJKy 5 Mo BUCXiAHIN cripani. Ha BoloKkHAX HaBOIUTHCS MO3UTUBHUN 3apsii, LIO0
BUKJIMKAE KOATYJISIII0 JOMIIIIOK BOJIU 3 HETATUBHUM J[3€Ta-IIOTEHITIaJIOM Ha TTOBEPXHI

BOJIOKOH Ta 1X BUJTy4eHHs 3 Bojiu. OuuIlieHa Bojia 30MPaEThCS KIJILIIEBUM BO10301pHUM
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JOTKOM 6, a MOTIM BiIBOJIUTHCA 1O TpyOorpoBoay 7. Jjisg pererepaiiii BOJIOKHUCTOT
HAaCaJIKy MiJIBEJACHHS BOJIH, 1110 OYHUIIAETHCS, BIAKIIOYAETHCS, a 10 TPyO1 9 momgaeThes
CTUCHEHE TIOBITPSI, SIKE PO3IMOAUISETHCS IIPUacTOl0 TPyOOIO 8 Mo BChOMY TEpepizy
BOJIOKHUCTOI HacaJKu. TEeXHOJIOTis YMILIEHHS BOJIOKOH BiJ 3a0py/IHEHb CTUCHEHHUM
MOBITPSM aHAJOTIYHA BOJIOKHUCTUM (1IbTPaM Ta OMUCAHA BUILIE.

[Ipu nHasBHOCTI 3a30py 10 BenMKi JOMIIIKA BiJOKPEMIIOIOTHCSA BiJ BOAU
BIILICHTPOBUMHU CUJIAaMH, BIAKUJIAIOTBCA JO CTIHOK IMJIIHAPUYHOIO KOPITYCY,
CIOB3AaIOTh IO HUX MIiJ AICI0 CUJIXA TSHKIHHA B KOHIYHE JHUINE 2 1 BIABOIATHCS II0
naTpyoky 4 3 mpUCTPOIO MIPHU pereHeparlii BOJOKHUCTOI HACAIKHU.

JliniitHa IBUAKICTE 00€pTaHHS MaKCUMalibHa OUIS CTIHKM KOPITYCy 1 TMaja€e B
pagiaTbHOMY HAMPSMKY 10 HYJSI Y OCl OCTaHHBOTO. J[Jis OOTpyHTYBaHHSI TOBIIMHU
mapy BOJOKHHUCTOI  HAcajgkl CKOPUCTAEMOCS  pe3yJbTaTaMu  JOCHiAIB 13
HUPKYJSAUIAHUM ~ GUIBTpYBaHHSAM. BiAmoBigHO 10 ONTHUMAIBHOTO Jllalla30HY
mBuaKkocTed pinbrpyBanus 50...125 m/ro (nuB. BUIIE) THINHI TIBUAKOCTI 0OEPTaHHS
craHoBiATh 1,4...3,5 cM/c, a ix cmiBBigHOomeHHA 0,4. OCKUIBKM JIHINAHI IIBUJIKOCTI
oOepTaHHsI MPSAMO MPOTOPIIKAHI PajilyCy, BITHOIICHHS MIHIMAJIBLHOTO pajiyca 0
MaKCUMaJbHOTO TakKoX cTaHOBUTH 0,4. Jlnsg oTpuMaHHS HAJTIMHOTO OYHIICHHS
3a3HAYCHE CITIBBIJIHOIIEHHS NPUUHATO 1/3 — IIe TOBIMHA BOJIOKHHCTOI HACaJKH
CTaHOBUTH TI0 BIIHOMIEHHIO /IO PajlyCy HUIIHAPUIHOT YACTHHH KOPITYCY.

[Ipuctpii M03BOJISE BHUKIIOYUTH BUTPATH KOATYJISHTY TMPU YaCTKOBOMY

MIPOSICHEHH1 BOJIH.
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S

BucnoBku

3anpornoHOBaHO HOBI TEXHOJIOTII Ta amapaTt JUisl NPOSICHEHHS MPUPOJHUX Ta
MIPOMMCIIOBUX CTIYHUX BOJI 3 BAKOPUCTAHHSIM 00'€MHOTO CEpEOBUIIIA 13 CHHTETUYHUX
BOJIOKOH y (dopmi HopxkiB. Pe3ympTaTé AOCTITHO-MIPOMHUCIOBUX Ta MPOMHUCIOBUX
BUIIPOOYBaHb HOBUX BOJOOYMCHUX amapariB 3 BOJIOKHUCTUMH CEpEIOBUIIAMH —
BOJIOKHMCTUX (UIBTPIB — MOKa3aM €(PEKTUBHICTH iX poOOTH 3 MOKa3HUKAMHU, IO
MEePEBUNIYIOTh JOCSITHYTUH y Taly3l piBeHb. PoO3poOKM [al0Th MOMKIIUBICTH
PEKOHCTPYKIIT TPaaUIIMHUX BOJOOYUCHUX CIOPYJ Ta MPUCTPOIB (OCBITIIIOBAYIB 13
3aBUCIIMM IIIAPOM OCaJy, TOPU3OHTAIBHHUX BIJCTINHHMKIB, KOHTAKTHUX KaMmep
YTBOPEHHS IUJIACTIBI[B, BIJKPUTUX TIIPOLUKIOHIB) 3 METOI IHTEeHcHQIKalii Ta
MOKpAIIeHHs X poOOTH.

JIOCBiJl TOCHIKEHb Ta BIPOBAIKEHb Y BHUPOOHULTBO HOPKOBHX HACAIOK 13
CUHTETUYHUX BOJIOKOH IMiJITBEPIKYE MOMKJIMBICTh iX IIMPOKOTO 3aCTOCYBAHHS B

e(PEeKTUBHUX TEXHOJIOTISX OYUIICHHS IPUPOJAHUX Ta BUPOOHUYHUX CTIUHUX BOJ.
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KAPITEL 8/ CHAPTER 8 °
FLOOD CONTROL CHALLENGES: UNDERSTANDING CAUSES AND
EFFECTIVE SOLUTIONS

DOI: 10.30890/2709-2313.2024-29-00-008

Introduction

The ongoing global shift towards urbanization remains a defining trend of our
times. From the twentieth century to the present, urban populations have surged
tenfold, contrasting with a doubling of rural inhabitants. Today, half of the world's
population resides in urban centres, a stark contrast to the less than 15% recorded in
1900, with urbanized areas covering approximately 3% of the planet's total landmass
[1]. This urbanization wave significantly influences both the quantity and quality of
water resources.

The expansion of urban areas is often synonymous with a proliferation of
impervious surfaces, disrupting the natural hydrological equilibrium of these regions.
This disruption manifests in a sharp rise in rainwater runoff volumes entering natural
water bodies, carrying with it a heightened level of pollutants, thus posing a substantial
environmental challenge. Consequently, the regulation of rainwater runoff has
emerged as a critical governmental priority in nations such as Australia, Canada,
Germany, Japan, the United Kingdom, the United States, and others. The term
"stormwater management" has firmly entrenched itself in international scientific and
technical discourse [2].

It's crucial to note that stormwater management solutions must be tailored to the
unique circumstances of each city, even within the same country or region, as
emphasized by analysts. Effective regulation of rainwater runoff not only enhances the
reliability and efficiency of drainage systems in urban and industrial settings but also
fosters favourable conditions for rainwater utilization while mitigating anthropogenic
impacts on the environment. Implementing science-based rainwater management
practices not only reduces potential damages but also safeguards drinking water

sources from contamination and promotes the judicious use of water resources.

8Authors: Femiak Volodymyr, Cherniuk Volodymyr, Vovk Lesya
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8.1. Flooding - the state of the problem

Flooding during heavy rainfall isn't limited to specific regions like Europe, Asia,
America, or Australia; it's a global issue affecting both developed and developing
nations alike. It stands out as one of the most prevalent exogenous geological processes
due to its dynamic development and widespread impact. This complex phenomenon
primarily affects economically advanced areas, arising from disruptions in water
regimes and territorial balances.

The consequences of flooding are multifaceted, leading to adverse changes in
geological environments and the intensification of hazardous geological processes. It
results in soil erosion, waterlogged territories, and pollution of surface and
groundwater sources. Two distinct types of flooding are recognized: anthropogenic and
natural.

Anthropogenic flooding stems from disruptions in groundwater balances and
moisture transfers within the aeration zone. This disruption is often caused by increased
water input, alterations in water exchange within geosystems, or the deterioration of
groundwater discharge conditions due to human activities. On the other hand, natural
flooding occurs during periods of intense precipitation, elevated water tables in areas
with shallow groundwater, and heightened moisture levels in the aeration zone.
However, the boundaries between anthropogenic and natural causes are often blurred.

Many local flooding factors have a human-made origin, as highlighted by sources
[3, 4]. These factors include:

elnadequate functioning or absence of stormwater networks and other drainage
systems in urban areas.

e Alterations in soil cover conditions.

eSuboptimal operation of protective drainage systems.

Ukraine has a comprehensive legislative framework aimed at preventing flooding.
However, the development of regional land flooding in the country is primarily
attributed to the imperfect implementation of the basin principle in water resources

management. This includes issues such as departmental fragmentation, spatial and
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temporal inconsistencies in flood protection measures within river basins, and more.

Table illustrates the evolving dynamics of flooded areas in cities and towns across

Ukraine [4].

Table - Dynamics changes in flooded areas of cities and towns in Ukraine

The territory was flooded The terrtory was flooded Ratio of indicators
in 1982 in 1999-2004 1995-2004 to 1982

Admimstrative unit of
Ukraine. Region

ciy o Total City Vil Total Citv Area_olfwtf:lle

nd Village flooding and age flooding ant{-l} d;i% ;atiun

town area, town area, town of land

10° ha 10° ha flooding
Vinnytsia 4 175 (30,2 10 122 (89,5 2,5 2.96
Volynska | HB" | 0,02 1 36 129100 11,0 .
Dnipropetrovska 30 124 (1043 43 226 (7285 1,43 7.00
Donetska 10 |95 |35 42 41 (3035 420 8,67
Zhytomyrska 1 HB |0,2 55 HB |19759" 55,00 .
Zakarpatska HB |HB |HB 27 32 (3024 HB HB
Zaporizka 13 196 |72.9 24 32 |3193 1,84 437
Ivano-Frankivska HB |HB |HB HB HB |HB HB HB
Kyivska 5 18 |21, 23 5 (810,77 4,60 .
Kirovohradska 5 8 1,0 11 HB |142 2,20 14,2
Luhanska 38 113 [48.1 34 60 |16.4 0,89 0,34
Lvivska | 8 15,2 17 119 |21,7 17,00 1,43
Mykolaivska 8 126 | 73,5 10 80 |1282,0 1,25 17.5
Odeska 35 127 1369 40 374 |1352,0 1,14 9,90
Poltavska 13 |292 (814 22 HB |851,3 1,69 10,45
Rivnenska HB |HB (03 19 17 127927 HB HB
Sumska 9 13 (397 20 HB 423 2,22 1,06
Temopilska HB |HB |HB 10 80 |HB HB HB
Kharkivska 17 213 |77 32 158 {3019 1,88 3,92
Khersonska 15 111|622 19 85 |1045.4 1,26 16,85
Khmelnytska 12 HB |17 19 | HB 1,58 HB
Cherkaska 4 47 (354 8 10 |80 2,00 022"
Chemuvetska 14 24 (26 18 HB [416 1,28 16,0
Chemihivska 8 HB |432 11 HB 4426 1,37 "
Republic of Crimes| 11 151 | 1108 12 153 4425 1,09 40
Total 254  |1841[992,7 537 1631 2,11
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8.2. Causes and factors contributing to urban flooding

Causes and factors contributing to urban flooding can be categorized into two
groups: natural and man-made.

Natural factors of flooding include:

Climatic conditions. Precipitation in the form of storms and melting snow plays
a significant role. Climate cycles, such as 11-year cycles, influence groundwater
regimes, which are interconnected with the atmosphere through the aeration zone.
However, the impact of regional climate on urban flooding is not always
straightforward, and flooding processes often exhibit azonal characteristics [5].

Relief characteristics: The topography determines the runoff conditions for
stormwater and meltwater and influences their infiltration into the soil. Areas with
steep slopes and no local depressions facilitate surface runoff. In contrast, low slopes,
depressions, and lowlands retain water, promoting infiltration into the soil [5].

Hydrographic network: The density and structure of rivers, streams, and drainage
systems significantly impact natural groundwater drainage and subsequent flooding. A
sparse, underdeveloped hydrographic network hinders drainage, leading to shallow
groundwater accumulation. Conversely, deep depressions and river valleys aid in
efficient groundwater drainage [6].

The lowering of the surface in coastal cities due to tectonic movements and
earthquakes: This phenomenon can occur gradually over time or suddenly during
seismic events. Tectonic movements: Slow sinking of the surface can result from
ongoing tectonic shifts and movements of the earth's crust. For instance, Venice in Italy
is slowly subsiding into the sea due to geological processes. Similarly, in the
Netherlands, about 40% of the land lies below sea level due to gradual sinking.
Earthquakes: Rapid subsidence can occur during earthquakes, causing sudden changes
in the surface elevation. Daily seismic activity around Lake Baikal, for example, leads
to the sinking of coastal areas and subsequent flooding. In Odesa, Ukraine, the coastal
territory is moving towards the sea at a rate of 5-6 mm/year due to various geological

factors, including tectonic activity.
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Additionally, earthquakes can trigger an increase in the Groundwater ICVGI
raising it by approximately 1-2 meters, exacerbating flood risks in coastal cities.
Understanding these geological processes is crucial for developing resilient urban
infrastructure and flood management strategies in vulnerable areas.

Man-made factors significantly contribute to urban flooding by disrupting the
natural groundwater regime and balance:

Excessive regulation of river flow: Many regions experience a rise in groundwater
levels due to excessive control of river flows and inadequate drainage systems. The
construction of numerous reservoirs and ponds, especially prevalent in Ukraine with
over 1,000 reservoirs and 28,000 ponds built in the latter half of the 20th century, has
led to waterlogging and saturation of soils. This has resulted in widespread flooding in
large areas.

Siltation of riverbeds: Human activities such as ploughing coastal strips and steep
slopes contribute to the siltation of riverbeds. The absence of a well-designed spillway
network in urban areas further exacerbates the problem. Inadequate vertical planning
of built-up areas can also impede the efficient drainage of stormwater and meltwater,
increasing the risk of flooding.

Technical condition of water supply and sewerage facilities: A considerable
portion of water supply and sewerage networks have exceeded their standard
depreciation period, with over 34,370 kilometers (30%) in an emergency state [7]. This
compromised infrastructure poses environmental safety threats to urban areas. High
losses of drinking water (30-35%) and wastewater (10-50%) due to network leaks
exacerbate water management challenges. Ukraine experiences significant technogenic
water losses of 3.6 billion m3/year, whereas the annual domestic water consumption
stands at 4.5 billion m3 [8, 9]. Wastewater leakage not only leads to land flooding but
also contributes to deteriorating sanitary conditions in urban areas.

Discrepancy between storm sewerage and water supply systems: The lack of
synchronization between storm sewerage systems and water supply networks often
results in the failure to discharge wastewater effectively during heavy rainfall events,

leading to inundation issues.
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Damage and clogging of drainage systems: The malfunction, clogging, arH
damage to drainage systems designed to prevent flooding in settlements and
agricultural areas exacerbate flood risks. Additionally, unauthorized obstructions such
as bridges blocking drainage collectors further impede drainage efficiency, as do
damages to power lines connected to these systems.

Impeding natural surface and groundwater flow with various engineering
communications (railways, roads, gas and oil pipelines, building foundations, etc.)
without adequate water-permeable structures, as well as the siltation and pollution of
existing ones;

Unauthorized construction in zones influenced by water bodies (rivers, reservoirs,
canals) etc. [7, 10];

Presence of extensive areas with hard surfaces that reduce transpiration and
evaporation;

Technogenic subsidence of land surfaces;

Flooding of mines, etc.

The wide-ranging and intensive anthropogenic impacts result in significant
transformations of the geological environment. Particularly notable is the
reconstruction of the underground hydrosphere, as human development of any territory
inevitably disrupts the natural conditions of water supply, circulation, and discharge of
groundwater, thus disrupting natural water exchange conditions. In urbanized areas,
the extent of anthropogenic influence on water exchange is so substantial that
practically no territories remain unaffected by disruptions in the natural groundwater
regime. The degree of such disruption depends on various factors, primarily the
structure of the geofiltration environment, the type of water exchange basin, the depth
of underground development, the nature of the construction, and the magnitude of
anthropogenic loads [11]. Urban territories are characterized primarily by
heterogeneous development, diverse land wuse conditions, the presence of
multifunctional zones such as residential, industrial, green, storage areas, etc., as well
as numerous transportation arteries, engineering communications, and agro-industrial

complexes. Within each functional zone, there may be specific variations associated
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with building types (high-rise, low-rise, old, new), engineering network schemes, relig
organization, landscaping, and building density. Considering the diversity of the
geofiltration structure in urban agglomerations, significant variability in water
exchange can be expected. The main anthropogenic factors affecting the state of the
underground hydrosphere within urban territories include infiltration losses of water
from domestic and industrial sources, increased underground drainage due to artificial
dewatering and water intake for domestic and industrial purposes, and the engineering

development of territories and underground spaces. The underground space within

developed areas is part of a natural-technical system.

8.3. Enhancing Resilience: Engineering Solutions for Urban Flood Management

Flood control strategies can be broadly categorized into two key approaches:
preventive measures and remedial actions to address existing flooding. The pivotal
challenge in flood control lies in selecting the most effective measures tailored to
specific circumstances.

Preventive measures aim to avert the onset of flooding in developed areas by
addressing potential factors that may contribute to flooding during construction and
subsequent operations. Anthropogenic conditions often serve as the primary sources of
groundwater influx, contributing significantly to the flood process. Research has
indicated that flooding can begin as early as the initial construction stages [5, 12-15],
such as during land preparation (vertical planning, road construction altering natural
runoff patterns, excavation works like pits and trenches, temporary water supply
installations, etc.).

As construction progresses, including the installation of permanent underground
utilities and stormwater drainage systems, and during ongoing facility operations,
disruptions to the hydrogeological conditions intensify, exacerbating flood risks.

Optimizing Groundwater Levels in Urbanized Regions through Engineering

Techniques:
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- Diversion of Surface Runoff: Implementing strategies to redirect a portion of
surface runoff into stormwater drainage systems, preventing excessive groundwater
accumulation.

- Utilizing Municipal Water Intakes: Operating municipal water intakes to utilize
pumped water for technical purposes, thereby reducing groundwater levels.

- Employing Water-Reduction Devices: Utilizing specialized devices designed to
reduce water levels effectively, contributing to groundwater management.

- Regulating Rainwater Runoff: Employing advanced practices such as rainwater
storage and regulation tanks, filtration systems, green roof installations, permeable
coatings, bio-ponds, and artificial wetlands to manage rainwater runoff. These
techniques help in temporarily retaining rainwater, filtering it into the ground, or
utilizing it for non-potable purposes.

-Mitigating Infiltration: Addressing infiltration issues by minimizing
impermeable surfaces like buildings and asphalt. Urban areas often have high
development density, with up to 90% coverage by pavements in certain zones,
contributing to rapid runoff and groundwater recharge.

- Special Measures for Flood Prevention: Based on predictive assessments,
appropriate measures should be implemented in both developing and developed urban

areas to proactively mitigate potential or ongoing flooding risks.
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Conclusion

The issue of flooding has long been a concern, but its severity is amplified in the
current era of ongoing climate change. This work delves into the complexities of
flooding, highlighting the cause-and-effect dynamics and shedding light on the
growing flood-prone areas in Ukraine. A comprehensive analysis has been conducted,
examining both natural factors like climatic conditions, terrain features, and
hydrographic networks, as well as human-induced factors such as riverbed silting and
the subpar technical condition of water supply and drainage systems.

One of the most promising strategies to combat flooding is the regulation of
rainwater runoff across entire basins, adopting the concept of a "sponge city" where
rainwater is effectively managed where it falls. While this approach is highly effective,
its widespread implementation is hindered by cost constraints, presenting a challenge
for our country at present.

The article thoroughly explores various methods of rainwater regulation,
emphasizing techniques such as accumulation, temporary retention, and soil filtration.
The array of available methods aims to maximize rainwater infiltration into the soil,
promote on-site storage, or facilitate collection in engineered structures. These
approaches represent crucial steps towards mitigating the impact of flooding and

fostering sustainable water management practices.
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KAPITEL 9/ CHAPTER 9°
FORMATION OF A LIGHTING SYSTEM IN ARCHITECTURE

S

DOI: 10.30890/2709-2313.2024-29-00-004

Beryn

Brnepie apxiTekTypHa iHTepIpeTalis iei MacuBHOIO 3aCTOCYBAHHSI COHSYHOI
eHeprii B JKUATIOBOMY OyAiBHUIITBI Oyja 3alpolOHOBAaHA JIaBHbOTPEILKUM
mucnureneM Cokparom (470-399 pp. no H.e.). «CoHsunuii OyaumHOoK CokpaTay
CKJIaJIA€ThCS 3 PO3MIIIEHUX Ha MPOJIOBXKHIN OC1 MPUMIIIEHb TUITY OPTUK a00 Tepaca
KUTIIOBOI KIMHATU. Bick OyAMHKY Opil€HTOBaHA MEPUIUAIBHO (32 HAIIPSIMKOM «ITIBHIY
— miBaeHb»). [liBneHHa cTopoHa OyJMHKY IIWpINA B IJIaHI 1 BHUINE B Po3pisi, IO
301IbIIy€E TerionocTayanHs Bif COHLA 1 MEpeTBOPIOE AIM Yy CBOEPIAHY TEILIOBY
J0BYLIKY. BoiHOYac KOpoTka, HU3bKa 1 TOBCTA MIBHIYHA CTiHA OYMHKY 3MEHIITy€ HOTro
TeruioBTpatu. HaBic Hajl BepaH 1010 CIYTYeE 3aXUCTOM B1Jl CHIEKOTHUX IIPOMEHIB COHIIS,
10 BJIITKY CTOITh BUCOKO, & TEILJIi MPOMEH1 3UMHBOTO COHIIS, SIKE PyXa€ThCS HU3bKOIO
TPaeKTOpi€r0, OE3MEePENIKOHO MPOHUKAIOTh Yy MPUMILIEHHS IS KUTia. ['penbkuit
muciurenb Ta icropuk Kcenodont (430-354 pp. mo H.e.), monepeanuk Cokpara,
TaKOX 3BEPTaB yBary Ha KOPUCHY PI3HHULIIO BUCOTH MIBJEHHOIO 1 MIBHIYHOTO (acaiiB
KUTJIOBUX OYJIMHKIB.

PearyBanHs apxiTekTypHOi (GOpMH, IO BUKOHYE (DYHKIIIIO 3aXUCTY JIFOJUHH BiJ
HECHPUATIUBUX JKaPKO-CYXHX KJIIMAaTUYHUX YMOB, BUSIBUIIOCS B HACTYITHUX MTpUIioMax
(OpMOYTBOPEHHS: THUIIOJOTISL JKUTIA — MEYEpPHI, JITOC(EepHI, MATPOBl 1 HAMETOBI,
OyIWHKHU-0AITH, XaTUHU; KOMIIO3WIlSI — 3aMKHYTa, KOMIIAKTHA, YapyHKa 13
BHYTPIIIHIM IBOPOM, BYy3bK1 KPUTI BYJIUII1, 3a0y/10Ba BUCOKOI HIIIBHOCTI, OJIOKYBaHHSI
OyIiBeb, HATPOMOXKICHHOCTh OyiBEJIb, MiHIMAIbHA TUIOIIA 30BHINIHIX TTOBEPXOHD,
HEBEJIMKI CBITJIONPOMOMHU B CTIHI; TUIOCK1, KyMOJIbHI 1 CKJICTIIHYACTI TOKPIBJIi; MBHIYHA
OpI€HTALlIS; IHTEp €p — BUCOKI 1 TJIMOOKI mpuUMilIeHHs 3 nponopiismu 4:5 1 1:1,5,
aH(imagHe pO3TalTyBaHHS MPUMIIIEHb, MaTepial — MacHUBHI, BEJIMKOBAroOBi; KOJIp
(excrep’ep — OLuid, iHTEP €p — PI3HOKOIBOPOBUIA).

IcTopis ocBiTneHHs 1HTEp’epy, SK Lie OyJio MOKa3aHO Ha MPUKJIaAl MpOCTOPIB

Authors: Vasylenko Oleksandr Borysovych, Stashenko Mychajlo Sergijovych, Chvrova Olha Evgenivna
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€ETUNETCHKOTO Xpamy, € BaXKJIMBUM HAMpPSIMKOM PO3BUTKY TaK 3BAaHOI «CBITJIOBOI»
apxitektypu. IHrep’ep Ilapdenona cTBopeHUN 3 ypaxyBaHHSIM crelUdIKu
ocBiTiieHHs. HamiBnpo3opi MiIMTKH O110r0 MapMmypy 3allOBHIOBANM TinedpanbHUn
OTBIpP Y J1axy 1 CTBOPIOBAJIM B IPUMIILICHH] M’ SIK€ pO3CisSIHE OCBITIIEHHs. PaHKOBE COHIlE
MIPOHUKAJIO Yepe3 BIAKPUTUN OTBIP, OPIEHTOBAHUN HA CXiJl, 1 BUCBITJIIOBAIO CTAaTYIO
Ad¢inu [Tapdenoc. CoHsuHE CBITIIO B OEAHAHHI 3 PO3CISTHUM CBITJIOM, 1[0 TPOXOIUThH
yepes IIMTKU MapMypy, poousu intep'ep [lapdeHoHa B 111 TOJAUHM Ty>KE BUPA3HUM.

Binomuit ¢paniy3pkuii Teopetuk apxitektypu Biome-ne-Jlok Tak mwuiie mpo
poJib cBiTIIa B iHTEP €pi cobopy cB. Codii B CtamOyi: «KpiM BpaskeHHs, BUPOOJIEHOTO
CTPYKTYpPOIO, CBITJIOBI OTBOPH, IPOOUTI Y OCHOBI KYTMOJIB, BIAPI3HSAIOTHCS LIE TIEIO
MepeBaroro, M0 BHUCBITJIIOIOTh LIap TMOBITPS BHYTPIIIHBOI MOBEpXHI Kymosa. Lls
MOBITPSIHA 3aBica, OCBITIIOBaHA TAKUM YMHOM, YTBOPIOE CEPIIaHOK, IO CBITUTHCS MK
OKOM CIlOCTepirada i BepxXHIMH Mo3aikaMu. TakuM YHMHOM, IIi MO3aiku, HaBIaKH,
HaOyBalOTh MPO30POro TOHY, 3aBIASKU SIKOMY BOHM 3[AIOThCS BHUIE 1 jerme». P.
BenbduiH OLIHUB poOJib CBITJIA B apXITEKTypHOMY CTHJII 0apoko: «PaHiiie BChOro
MaJIbOBHUYHUH CTHJIb MIKJIYETHCS PO CBITIIOBI ehexTu. be3noHHICTh TEMHOT TTTMOWHY,
Marisi CBiTJa, IO JUIEThCS 3 HE3MIPHOT BHUCOTH KyIOJa, TepexiJ BiJ TEMHOTO 10
CBITJIOTO 1 11I€ OUIBIII CBITIOTO — OCh Ti 3ac00M, SIKUMH BOHO BoJjioji€. [IpocTip, sikwmii
pEHECaHC OCBITIIOBAaB PIBHOMIPHO 1 SIKOTO BIH HE MIT YSBUTH €001 1HaKIe, sK
TEKTOHIYHO 3aMKHYTHUM, PO3YMHSAETHCA B HECKIHUEHHOCTI. ['0Jl0BHA poib Kymona —
BIIKDUTH TIEPKBI TOTOKH BEPXHBOTO CBITJIA, IO JOJA€ BHYTPINIHBOMY MPOCTOPY
ypounctuii xapaktep. Ha mporuBary mpoMy HE3€eMHOMY CBITIy BeJMKa YacTHHA
JIOBracTOTO KOPIYyCYy B IJIaHI Xpamy 3aJUIIAEThCA MOPIBHSIHO TEMHOIO, TJIMOMHA K
MpuOYI0B YaCOM 30BCIM TOHE B TEMPSIBI.

AHaTI3 TEOPEeTHYHHUX JOCTITKEeHb.

[TpoBeaeHmil MOPIBHIIBHO-ICTOPUYHUHN aHAI3 TEOPETUYHUX JTOCHIKEHD 1010
dbopMyBaHHS CHUCTEMH CBITJIOBHX 3ac00iB B apXiTEKTypl JO3BUJIUB BUSBHUTH TpU
aCTeKTH JOCTIKEHb, 3al0YaTKOBAHUX TMOTIEPEAHUKAMH, SKI OTPUMAIK IOAATBIITHIA
PO3BUTOK B JaHiil poOOTI: 1HTErpamiiHo-(hOpPMOYTBOPIOIOUNH, TEXHOJIOTITYHHMN Ta

€CTETUKO-1HHOBAI[IMHUH.
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[lepuuii acnekT - imezpayitino-¢hopmoymeoprorouuli - 1€ BUBYCHHS BIUIUBY
CBITJIOBHX 3aC001B Ha CEPEOBUIIE KUTTEMISITLHOCTI (1HCOISALIIS).

HayxoBuil 1 mpakTUYHUN CTaH BUBYEHOCTI MpoOiaemMu (pOpMyBaHHS CBITIOBHUX
3aco0iB B apxXiTEKTypl PO3TIISIAEThCA B JaHIM JucepTaliii, MOYMHAIOUM 3 TIpallb
I'inmokpata, ['eponota, BitpyBsis, [lannazgio, 3MiCT SKuX noJaHuil y psiai MOHOTpadii,
HaBYaJIbHUX MOCIOHUKIB Ta 30KpeMa y 0araToToOMHOMY BHAaHHI BeesaranpHoi icTopii
apxiTektypu. [IpoBeieHnit peTpOCIeKTUBHUM aHaII3 00’ €KTIB 3 1ICTOPIl apXITEKTYPHUX
CTHJIIB 1 PErioHaJbHOI apxiTekTypu 3axony Ta Cxoly MiATBEPAXKYeE, IO 3044l
MUHYJIOTO IIMPOKO BUKOPUCTOBYBAJIM MPUPOHE CBITIO B SIKOCTI MPOBIIHOTO 3aC00y
apXITEKTYPHO-XYI0KHBOT KOMITO3HUIIii, @ )E€HOMEH CBITJIa — B IKOCTI TICUXOJIOTTYHOTO
3aco0y BIUTUBY Ha €MOLIWHUN CBIT JIOJUHHU, TNpOTrpaMyBaHHs Horo peakuii Ha
OTOYYIOYMM apXITEKTYPHUMN MPOCTIp.

3oqui CrapogaBHboro €runty, MeconmotraMmii 1 aHTUYHOCTI 3aCTOCOBYBAJIU
MPUHITUIT OpIEHTAIlli TPOMAJCHKHUX, XHUTIOBUX OyIiBelb Ta iX KOMIUICKCIB TIO
BiiHOMIIeHHIO 10 CoHIs. Ile mosicHIOEThCS HEOOX1HICTIO KOHTPOJIFOBAHHS COHSYHOT
pamiartii, OCKUTbKH, 3 OJHOTO OOKY, BOHA CIIPHsiJIa MiIBUIIEHHIO CAaHITAPHO-TIT1IEHIYHUX
YMOB, a 3 THIIOr0 — 3MYIIIyBaJia nepeadadaTy HUIMA KOMIUIEKC 3aXMCHUX 3aX0/11B I[0]10
3amo0iraHHs EPerpiBy.

Hampuknan, miBHIYHI 1 miBACHHI (pacanu apXiTeKTypHuX OyniBenb micta Kaxyn
(Eruner, 2100 p. 1o H.e.), 3anumanucs BiAKpuTUMH 10 COHIl, y TOM Yac SK 3aXiaHi 1
CX1TH1 OOKH KOKHOT OY/IiBJIl HAJIHO OXOPOHSUIMCH BiJ] CHUIBHOI COHSTYHOT pasiarii.

[Ipu OyaiBHULITBI TPOMAJICHKUX 1 KUTJIOBHUX OyJiBENIb FOJIOBHA yBara 3BepTajiacs
Ha OpIEHTAll}0 iX BHYTPIIIHIX JBOPUKIB IOJO CTOPIH TFOPU3OHTY. 3TIHO 3 TAKUM
KOMITO3UIIIHHUM ~ MPUHAOMOM TPOMAJChKI Ta JKUTIOBI apXiTeKTypHi 00’emMu
PO3MIIIYBaJIM 3 MIBACHHOIO OOKY JBOPY, OPIEHTYIOUHM 1 PO3KPUBAIOYM iX HA MIBHIYHY
CTOPOHY, 3aBISKHA 4YOMY 3a0e3ledyBajucs OJAHOYACHO 3aXHUCT Bl MPSIMOi COHSAYHOI
pajiaii i MOXKJIMBICTh YJIOBITIOBAHHS XOJIOHHX IMBHIYHUX BITPIB. AHAJIOTTYHUH TiIX1]T
MaB MICIIE€ MOTIM IPOTATOM BChOT'O MEPIOY CEPEAHBOBIYHOI apXITEKTYpH apaOChKHUX
KpaiH, Jie 3arajibH1 TPUMIIICHHS (aiiBaHN) OpIEHTOBAHI HA TTIBHIY.

Hocnignuk xpamiB JlaBHboro €runty mnpodecop Kazimex MixanoBcbkuit
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HIATBEPKYE AYMKY MNP0 T€, IO «3 apXITEKTYpPOI MPUMILIEHb TICHO IOB’s3aHE
MUTaHHS Mpo coHsyHe CBITIOM [1]. 3oaui CTapoaBHBLOTO €TUINTY BMIJIO ONEPYBaIH
MPUPOIHUM CBITJIIOM B iHTep €pax KapHakchKkoro xpaMmy, BAKOPUCTOBYIOUH CBITIO SIK
3aci0 €MOIIIMHOTO BIUIMBY. €TUIETChKI XpaMU CKJIQJIUCS 3 JEKUTBbKOX aH)1JIaTHUX
30H: 1) BIAKPUTHI ABIp, OTOYCHUN KOJOHAAOK, KW OyB 3aqUTHIl COHIEM; 2)
rifnoCTUIIbHA 3a71a, 0OMekeHa 3 OOKIB TTIyXUMU CTIHAMH, OCBITIIIOBaHA Yy€pe3 OTBOPH,
PO3TalllOBaH1 B IEpenaii BUCOT CepeHbOro 1 00KoBHX HediB; 3) 3aja sl pUTYaJbHOI
TypH, KyJAd MaJH JOCTYH TUIbKH Kepiii. HamiBreMpsiBa rinocTHIbHOT 3a/I1 3ryIajacs
y HampsIMKY 70 M€l 3aau. Y MOJIUTOBHI 31 CTaTy€l OOKECTBa, Ha SKY, SIK Y Xpami B
Kapnaii, MaB nmagaTy NpoMiHb COHSYHOTO CBITJIa Yepe3 OTBIp y Jaxy MpsSMO Haj
CTaTy€lo, MaHyBaB INIMOOKUI MOPOK.

Takum yuHOM, 30441 HoBoro llapcTtBa BHKOpHCTOBYBasiM B Xpamax e(dexTw,
00yMOBJIEH1 NepeHANAITYBaHHAM 30pOBOT0 anapary JIOJMHU Ha CBITJIOBI KOHTPACTH.
[Tpoxoasiam yepe3 nBip, JIOAMHA aanTyBajia CBiil 31p Ha BHCOKI SICKPaBOCTI KOJIOH 1
nigory. [loTpamisitodn moTiM B TEMHY TINOCTHIIbHY 3y, JIIOAWHA IO MOJIUTHCS,
3acyIIUIeHa COHIIEM, BTpayaya 3B’S30K 13 30BHIIIHIM CBITOM 1 ONUHsUIACA B TEMPSBI.
[To6nu3y craTyi 60kecTBa 31p, BXKE HACTPOEHU HA TEMPSIBY, TOCTPO pearye Ha CBITIIO,
1 cTaTysl, OCBITJIEHA COHIIEM, JIMCHO MaJia 31aTucs 00KECTBEHHOO. SICKpaBe COHSIYHE
CBITJIO CIIpUIIMAaOCs CIIMy4YuM 1 He3BuyaitHum. Lleit 3akmounmii eQext, 30008’ 13aHui
ajanTanii 30py, OyB MIATOTOBJIEHUM BCIEI0 KOMIIO3ZMIIIEID XpaMmy, B OCHOBI SKOT
B1J10OpaXkajucs 1OrMaTU4H1 MepeayMOBH BIpH 1 KYJIbTY.

[TanaroBi KOMILUIEKCH, OTOUEHI OTY>KHUMH CTIHAMH, XapakTepHi 111 BaBuiony
(VII-VlIcr. no H.e.), sBasiiu c00010 BEAUKY KIJTbKICTh TEMHUX BHYTPIIITHIX IPOCTOPIB.
Bceepenuni Oyno Kinbka BHYTPIIIHIX CBITJIOBUX JBOPIB, SIKI YaCTKOBO BHPIIIYyBajH
MUTAaHHS OCBITIICHHS.

AHajoramu Cy4yaCHUX COHII€3aXMCHHX 3aC001B CJIiJ1 BBAXKaTH TaK 3BaH1 Mamipaoii,
110 3aCTOCOBYBAJIUCS y €rumneTchkux nanamax me 2500 p. 1o H.e. [le 6yB mommpenmii
CIOCI0 BUIMAPHOTO OXOJIOJDKEHHS: Ha OaJKoHAX, OTrOpPOJKEHUX PI3bOJICHOIO
MEPETOPOJIKOI0, 30epiraju €MHOCTI 3 MUTHOI BOAOK (TIEUYHKH — «Maripaday). Y

CBOEMY NIEPBICHOMY BUTJISA1 Mapadii MpeACTaBIsUIM KaM siH1 KOPOOKU TUITY €pKepiB,
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10 BJIAIITOBYIOTHCS IMEpe]l BIKHAMU >KUTJIIOBUX OYJMHKIB, BUCTYIMaroul 3 CTIHOBOI
noBepxHi Ha3oBHI Big 20 1o 70 cMm. BoHM MawTh TpHU BEpPTHUKAJIbHI CTIHKH 3
HEBEJIMKUMHU HACKPI3HUMHU OTBOpaMH, 4epe3 sIKI BCEpeAUHY HaIXOAWIN MOBITPSHI
notoku. [lepes’sHi Mampabii CKIIaal0ThCs 3 YUCICHHUX CTYJIOK, IO BIIKPUBAIOTHCS,
ab0 3 IUIMX IpaT4yacTUX JAEPEB’STHUX MaHeNel, 1HKOJIM BUKOHAHUX Ha BCIO BHCOTY
KIMHATH, 1110 TapaHTyeE 3aXUCT BiJ MPIMUX COHSIYHUX IPOMEHIB.

Maipa6ii BUKOHYBaJIM HE TIIbKM (DYHKIIIO COHIIE3aXHCTy, ajie ¥, 3aBIsSKH
MOETHAHHIO JPIOHOPO3MIPHUX TOYEHUX EJIEMEHTIB 1 TOPOXKHEY MIK HHUMH,
CTBOPIOBAJIM YHIKQJIBHUN ONTUYHUN eeKkT BiOparllii cBiTia, 10 CIPHUIE CIIOKIHHOMY
MICUXOJIOTIYHOMY HACTpPOIO JIIOJIMHU. SIK TpaaMLiHUI eneMeHT apabo-1CIaMChKOi
apxiTeKTypHu, Maipabis TNpoJIOBXKye 3aliMaTH BaXJIuBe Micue Yy (opMmyBaHHI
CBITJIOBOI'O CEpEJOBHUIA CYYAaCHUX KYJIbTOBUX, AIMIHICTPATUBHUX 1 KUTIOBUX
OyIiBeIb.

Takum 9mMHOM, SKICTH CBITJIOBOTO CEPEIOBHUINA 3aJCKHUTh BiJ 1HCOMAII, 1€
HOPMYBaHHS SIKOi B OyAIBHULITBI BUHUKIIA B KiHLI XIX CTOMITTS, KOJIH 1€ HE OYJIo
VSIBJIEHb TPO 3B’S3KU 1ILOTO HOpMYBaHHsS 3 OiojoriuHoto fgieto Conis. KonkpetHi
MPOTO3HIIiT 3 MICTOOY/IIBEILHOIO HOPMYBAHHS 1HCOJISIIIIT OyJin po3po0JieHI BUCHUMU
CPCP y 40-x pokax XX cromitts. Pocificekuit kimimMarosnor 1 reorpad A.l. Boeiikos
nigKpecaoBaB, 1mo CoHIE — € MePIIONPUINHOIO BCIX MPOIIECIB, 3 SIKUX CKJIATA€ThCS
KJIIMAT, SIKMI HaJae BEIUKUM BIUIMB HAa (POpMyBaHHS KOM(OPTHOro cepenoBulla
MIPOKUBAHHS JIIOAUHH (apXITEKTYPH).

[IpoBenenuii aHami3 MeTOAIB 1 MNpuUAOMIB OyAIBHUIITBA, TOUIMPEHUX B
CTapOJIaBHbOMY 1 C€pPEHbOBIYHOMY Tepioi, 103BoJuB B.M. ®ipcaHOBY BUSABUTH 1
CUCTEMATU3YBATH PSIJl XapaKTEPHUX aPXITEKTYPHO-KOHCTPYKTUBHUX 1 MJIAaHYBATBHUX
pillieHb, MPUPOJIHUX 3aCO0IB 1 3aXO[IB, IO CHPHUSAIOTH CTBOPEHHIO CIPUSATIMBOTO
cepenoBuila B Oy/IiBII 1 HaceaeHoMy Mici (Tabmmis 1).

Cepen CyKyIHOCTI JOCHIDKEHb NTPOOJeMH 1HCOJSAIII Ta COHIE3aXUCTy B
apXITEKTypl BUJILJISIETHCS psn HaIPSMKIB: aHATITUKO-TEOPETUUHHM,

EKCIIEpUMEHTAIILHO-THCTPYMEHTAJIbHUM, 010JI0TO-TIT€HIYHUHN, ICHXOECTETUIHH.
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Taoauus 1- XapakTepHi apXiTeKTYpHBI i IVIAHYBAJIbHI pillIeHHS, 1110

COpUAITH GOPMYBAHHIO NPUHIUIIIB KOM(OPTHOIO CBITJI0BOI0 cepel0BHINa

PaiioHu 3 )KapKO-CyXHUM KJIIMaTOM

PaiioHu 3 )KapKO-BOJIOTUM KJIIMaTOM

ApXITEKTypHa KOHIICTIIiSl 3aMKHYTHX 00’ €MHO-
MIPOCTOPOBUX CTPYKTYP

ApPXITEKTypHa KOHIIETIIS PO3KPUTUX
00’ €eMHO-TTPOCTOPOBUX CTPYKTYP

1

2

Tunu OyniBenb: a) HaraAyTh eYeponoaiOHi
NPUTYJIKH, OyIIBHUIITBO JIITOC(HEPHUX THUIIIB
Oy/liBeJIb, KOMITAKTHUX JKUTIOBUX KOMIIJICKCIB,
MOB'SI3aHUX IT1I3EMHUMH MIEPEXO0/IaMHU, a B
palioHax ImycTeab — HaBiCH, 301pHO-PO30ipHI 10
JIETKO TEPEBO3ATHCS YKPUTTSA, IEPEHOCHI HAMETH 1
HaMETH 3 KICTSIKOM 3 )KEPJIUH 1 IEPEKPUTTSIM 3
noBcTi abo 1IKipH; 0) KPyTIli, OBaJbHI 200
MPSIMOKYTH1 XaTHHH 3 caMaHy (BiJACYTHICTh
MPOpI3iB, TUTBKU JBEP1); B) IITYIHI TIEYEPH,
BUCIYEHI B CXWJIaX Tip; BYJIUIi-YIIEIHHH; T)
OyJIMHKY-0aIlTH 3 MACHBHUMH CTIHAMH,
yCTyIaMu, TepacaMH MIOCKHUX JaxiB;

ByniBaunTBO OyiBEIH HA OMOpaX; MIUPOKE
3aCTOCYBAaHHS KapKaciB 3 IepeBa;

CTBOpEHHS 3aMKHYTO1 00'€MHO-TIPOCTOPOBOI
KOMIIO3HIIIT, 1110 BKJIOYa€ 00’ €MH 1 30BHIIIHI
3aMKHYTI HUMHU TTpocTopH. KoxkeH MicToOyaiBHUN
€JIEMEHT 3aCHOBAHUH Ha KOMIpLi 3 BHYTPIIIHIM
JIBOPOM — ITiJ1i MiCTa 1 Tajaiy, rpoMaChKi
KOMILICKCH 1 KUTIIOBI Oy TUHKHU. PO3KpHUTTS
YKUTJIOBUX MPUMIIIIEHb Ha MiBHIY. By 1iIBHUIITBO
BY3bKHUX BYJIHMIIb 1 HEBEJIMKUX ILJIOMI, KPUTHUX
TOPTrOBUX BYJIMIIb 1 MIIOX1AHUX MUISAXIB,
03€JICHEHUX 1 0OBOJTHEHUX JBOPIB 1 JaXiB-Ca/iB;

CTBOpEHHS pO3KPUTHX 00'€MHO-
POCTOPOBUX CTPYKTYp 3a0e3medye
IIMPOKHIA 1 TICHUH 3B'AI30K OyiBeNb Ta ix
KOMIUJIEKCIB 3 HABKOJIMIIIHIM PUPOTHUM
CEepeIOBHILIEM, BUKOPUCTOBYETHCS PYX
MOTOKY TOBITPSI, IO CIIPHUSIE CTBOPCHHIO
ONTHUMAIILHUX YMOB BEeHTUJISIIIT;
BiacyTHicTh cTiH a00 3aCTOCYBaHHS JIETKHX
OTOPOX 3 HU3bKUMH 1HEPLIHHUMHU
BJIACTUBOCTSIMU. 3aCTOCYBaHHS IPaT4acTUX
€KpaHiB, BAKOHAHMX 3 TUIETEHUX T1JIOK,
MIPYTiB, COJIOMH, OYEPETY, 3eJICHOTO JIUCTS,
KepaMiKH, [ErJH, KAMEHIO;

Po3mimenns 1 opienTanis OyaiBenb (CXia — 3axXim)
1 HaceJIeHUX MICIb BIAMOBIIHO 3a
MPUPOTHOKIIMATUYHUMU YMHHUKaMK; [[iBHIUHI 1
miBJeHHI acaay BiIKPUTI COHIIO, 3aXiAHI 1 CX1aHI
— HaJIHO OXOPOHSIOTHCS BiJl COHSIYHOI pajialiii;

Jlax — MacuBHUH 1 KpyTHUH, TBOCKAaTHUN a00
30HTUYHOTO THITY, 3 CUJIBHO BUCTYTAlOYNMHU
HaBiCaMH;

3acTocyBaHHA Pi3HUX BUJIB OJIOKYBaHHS
OyJiBeNb B €IMHI MacUBHI 00’ €Mu, Oe31aIHE
HarpoMa/KeHHsI Oy/1iBelb, BUCOKA IIIJIbHICTh
3a0y10BHM, MiHIMaJIbHA TUTONIA 30BHIIIHIX
MIOBEPXOHb;

VY MmicTax i CeNnuIax 3acTOCOBYIOTh
po3ocepeKeHy 3a0y10By NaBIIbLHOHHOTO
TUIY 3 HACKPI3HUM HPOBITPIOBAHHIM
JIBOPIB 1 IPUMIIIEHB, IIIMPOKI TIHUCTI
BYJIHIII-Caau 3 JOHTAHAMU;

3BeieHHs Oy1iBeNb 3 MACUBHUX BEITMKOBArOBUX
MatepianiB (3eMJ1i, KaMEHIO, IETJIH-CHPITIO).
[IpucTpiii HEBEIMKUX CBITIOMPOPI3iB B CTIHAX.
[IIupoxe 3acTOCYBaHHS IJIOCKUX, KYNOJIbHHUX Ta
cKiIerniHnyacTux AaxiB. @apOyBaHHs 30BHIMIHIX
MTOBEPXOHb OTOPOJKEHB B O1J11 1 CBITJI TOHH;

B GaraTomoBepxoBoMy OyTiBHUIITBI —
nipaMiganbHa modyaoBa 06’ eMiB 3
TepacamH, JaxXaMH-CaJlaMHt 1 KPUTUMH
ranepessmu. Koxxnuit sipyc takoro 00’emy
BKJIIOYAE B ceO€ €IMHI TPUMILIEHHS,
PO3KPUTI 3 YCIX CTOPIH Yy 30BHIIIIHE
cepenoBuie. [IpucTpiit HerTMOOKMX
IPUMILICHb Ha BCIO HIMPUHY OYAMHKY;
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PaiioHu 3 )KapKO-CyXHUM KJIIMaTOM PaiioHu 3 )KapKO-BOJIOTUM KJIIMaToOM
ApXITEKTypHa KOHIIETIIiSl 3aMKHYTHX 00’ €MHO- ApPXITEKTypHa KOHIIETIIS PO3KPUTUX
POCTOPOBUX CTPYKTYP 00’ €eMHO-IIPOCTOPOBUX CTPYKTYP
1 2

3acTocyBaHHS BUCOKHX (110 4 METpiB) 1 TTTHOOKHUX
MPUMIIIEHb HA BCIO MUPUHY OYIMHKY 3 KOPOTKUM
¢bponTOM 1O acany; aH}IATHE PO3TAITYBAHHS
NPUMIIIECHB; YaCTO YKHUTIIO BKJIFOYAE J[BA POILY
NPUMIIICHb: OJIUH 3 JISTKUMHU OTOPOXKaMHU
(BUKOPHUCTOBYIOTHCS Y BEUIPHIiH 1 HIYHUI Yac),
1HIII — 3 MACUBHUMH (BUKOPHCTOBYIOTHCS B/ICHB);

[Tpu po3MimieHHi Ta opieHTawii OyaiBens i
MICTa B [IJIOMY BPaXOBYETHCS HAIIPSMOK
CTIPUSTIMBUX MAHYIOYHX BITPIB 1
nepeadavaeThCs 3aXUCT BiJl BIUIMBY
COHSIYHOT pafiarii Ta qo1ry;

3acTocyBaHHS Pi3HUX NPUCTPOIB Ta IPUCTPOIB [Iupoke 3acTocyBaHHS TpaHC(HOPMOBAHUX
JUISL 3aXMCTY BiJl COHSYHUX MTPOMEHIB 1 MEKyYUX MPUCTPOIB — 3HIMHUX MaTiB-€KpaHiB,
BITPIB, @ TAKOX JJISI YJIIOBJIFOBAaHHS CIIPUATINBUX | PO3CYBHHX CTIH-IITUPM 3 JiepeBa, 0aMOyKy,
MOTOKIB MOBITPS 1 HOT'O OXOJIOPKEHHS; oyepeTy i creriagbHOro nanepy, eIeMeHTIB
3acTocyBaHHs MPOCTUX TPaHCHOPMOBAHUX CTiH, IO MITHIMAIOTKCS, 1110 YTBOPIOIOTH
COHIIE3aXHUCHUX EKPAaHIB 1 MPUCTPOIB. KO3HUPKH.

Benuke npakTuyHe 3HAUYECHHS B Cy4acHUX OyJIHMHKax MarTh MOp(odyHKIIOHAIBHI
(o3mopoBumii 1 TOHI3yrOUMi e(ekT) Ta OakTepuiuaHl (CaHyrOUHil eeKT) peaxiii
CBITJIOBOTO cepenoBuina. Cepen MpUPOIHO-KIIMATHYHUX (PAKTOpPIB, IO OKAa3yIOTh
BILJIMB HA BC1 OCHOBHI KaTEropii SIKOCT1 apXITEKTypH, TOJIOBHE MiClIe 3aiiMae COHSYHA
pamiamis Ta iHcousisA. Ilin TepMIHOM «IHCOJSALIS PO3YMIIOTh CyMapHE COHSYHE
OTNPOMIHEHHS, a HE TUIbKM TpsiMe. Lle CyKymHICTh CBITIIOBOI, yiabTpadioseToBOiI 1
teruioBoi Aii conus. JIJI. [lamkeBud y cBoiii MoHOrpadii, mpUcBsUeHINd 1HCOALIT B
OyIIBHUIITBI, HABOAUTH PE3yJbTaTH JAOCIIPKEHb [0 PO3CIAHIN paniaimii, ska B
010JI0TIYHOMY 3HAYEHHI MPHUPOJHOTO CBITJIA I'pa€ HE MEHIIY poJib, HDK MpsMa
pamiartis..., Tak K TIIBKH 32 JOTIOMOTOIO 1i IOCATAETHCS OCBITJICHHS BCIX THX MICIIb,
Kyau Oe3rnocepeHhO0 HE MOTPaIuisitoTh MNpsaMi coHsyHI npomeHi. Kpim uporo, B
IPUPOIHUX YMOBAX COHSIUHA pajiallis HIKOJIU He OyBa€e TUIbKH MPSAMOIO.
dyHaaMeHTalbHI  JOCHIPKEHHsS] OaKTepUUMIHOI JIii COHSYHOTO  CBITJIa
npoBoawin BueHi: B.K. benikosa, H.M. [lanuur, P.A. JImutpieBa, A.Il. 3abanyena.
J.H. JlazapeB — aBTop imei «HebecHHX BaHH» (KOM(MOPTHOTO yibTpadioaeToBOTO
ONMPOMIHEHHS JIIOJIMHUA MPUPOJHUM PO3CISIHUM CBITJIIOM sicHOTO HeOa). A.l. Boelikos
MIIKPECTIOBaB BITUBOBY poib CoHilg y dhopmyBaHHI KOM(OPTHOTO CepeoBHUIIA
npoxkuBaHHs moauau (apxitektypu). llIBeacweki Bueni (I'. Ilneibken, X. Ponre, JI.

XonbM) BHUBYQJIM BIUIMB 1HCOJSALII Ha MIKPOKIIMAT MpUMILIEHb. JlocaimkeHHs

MONOGRAPH 139 ISBN 978-3-98924-047-6



At

Prospective global scientific trends ‘ 2024 Part 2 %

i

IPOBOAWIIMCS 332  0aKTEpioJIOro-emiIeMioNoriyHOMYy,  KJIIMaToJOTIYHOMY — Ta
COITIOJIOTIYHOMY acreKkTaMu. [IcuxoJioriyHy poJib 1HCOJAIT, 3aCTOCOBYIOUM METOIN
PO3PaxyHKY 3a JOMOMOTOI0 «COHSYHHX KapTy», gociimumu: M. Kpoxman (Himeuunma)
1 CIiBpOOITHUKM HAYyKOBO-JOCHIIHOTO 1HCTUTYTY y Kimi. 3a iX crocTepexeHHsIM, 3a
paxyHOK HarpiBy CTiH COHIIEeM MoOKHa 3ekoHOMHUTH 10 80 % mnammBa. B Anrmii
ceiTnorexHiku E. Hiiman 1 P. ['onkiHCOH po3poOuiy mikaty MCUXOJOTIYHUX peakiin
Ha YMOBH 1HCOJIAILII1 B IPUMIIICHHSX.

Jpyeuii acnexm dbopmyBanas KC3 (mexnonoeiunuii) Mmoxxke OyTH TIpeICTaBICHUN
MpalsiMu JCKUIbKOX 3apyODKHHUX MPOEKTHUX 1HCTUTYTIB 1 OpraHi3alliil, siki BUBUYAIOTh
npobsieMr €()EKTUBHOTO COHIIE3aXHUCTY JKUTJIOBUX OyJiBEeNIb B 3aJIEKHOCTI BIJl
pEeXKUMIB pajiallii B pi3HUX palioHaX CBITY (CIeIiali30BaHUN KOMITET 3 HOPM 1HCOJISIIIT
MpU MiHICTEPCTBI OyIIBHUIITBA SMOHII, HAYKOBO-AOCHIAHUN 1HCTUTYT y M. Kinb,
iHcTUTYT cBiia y M. Lryrrapti (Himeuunna). Ilpobimemy oOcCBITIeHHS Ta
pPEryIOBaHHS MIKPOKJIIMAaTy B OyAMHKAaxX 3 BUIBHUM BHYTPIIIHIM MPOCTOPOM
(aTplyMH1 THUIHA TPOMAJCHKUX KOMILJIEKCIB, aIMIHICTpAaTUBHUX OYIWHKIB, TOTEIIB,
TOProBux cropyn) Bcebiuno nocminus Puaapa Cakcon (CIIA) [2].

VY XX cT. OypxauBUi PO3BUTOK MICT 1 HEOOXITHICTh MiABUIIEHHS HILIHLHOCTI
3a0y0BY MPUBOJUTH J0 MOCTIHHOT aKTUBI3AIllT apXITEeKTYpHO-MICTOOYAIBEIHHOT poTi
THCOJISAIIMHOTO (haKTOPY NUISTXOM 00’ €THAHHS IMOHATH «PO3PUB» B €MHY CUCTEMY: 1)
Ha moyaTky XX CTOJITTA HIMelbkuil apxitektop B. I'pomiyc nnsi o6ocHyBaHHS
pO3pUBIB MK OyJIMHKAMU Yy JBOX-JECATUIIOBEPXOBIM CTpouHii 3a0y70Bi
BUKOPHUCTOBYE JIUILIE OJUH (PAKTOp — KyT NaJIHHS COHIYHUX MPOMEHIB; 2) B CEpEeAMHI
XX cTomTTA MOJbChKHUM apxiTektop M. TBapoBChKHMII BHKOPUCTOBYE BXKE JBa
(dbakTOpu — KyT MaiHHSI COHSYHUX MTPOMEHIB 1 OPIEHTAIIIO (BIIXUICHHS TPOJOBXKHOT
ocl OyAMHKY B1J] HAPSIMKY «IT1BHIY — MIBJICHBY ), SIK1 JO3BOJISIFOTH BCTAHOBUTH, 110 TIPH
Mepexoi BiJl MEpUIIaIbHUX 10 HMIUPOTHUX OYIWHKIB 3 OJHAKOBOIO TPUTOJUHHOIO
THCOJISIIIIEI0 PO3PUBU M1 MPOAOBKHUMHE (Dacamamu 3MeHInytoTbes Bia 1,7 mo 1,1 ta
1,3 ix Bucoty; 3) y 80-X pokax nepeBard MiHIMaJIbHUX PO3PUBIB MK IIUPOTHUMH 1
JTlarOHaTbHUMU OyJAMHKAMHM CTAalOTh 1€ OILIBII OYEBHIHMMH 3 JIOCIIKCHHS

npodecopa MOCKOBCHKOTO apXiTeKTypHOro iHCTUTYTY M.B. O6osieHChKOTO, KU
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BU3HAYMB HAMOIBII MOBHY KapTHUHY 1HCOJIAIIT )KUTIIOBOI 320y 10BH 3 BUKOPUCTAHHSIM
TpbOX (PaKTOPIB — KyTa NaJIHHS COHIYHUX IIPOMEHIB, Opi€HTAIlli BiKHA 1 TeorpadiuHoi
mupoTu paifony OyaiBHunTBa [3]. Taxoxx M.B. OOoneHncbkum kiacuikoBaHi
apXiTEeKTYpHO-TUIAaHYBaJIbHI ~ METOJM, KOHCTPYKTHBHI ~Ta  TEXHIYHI  3aco0u
COHIIE3aXHUCTY 1 CBITJIOBOTO PETYJIFOBAHHS.

AKTyanbHI TpoOJieMH BHUKOPUCTAHHS COHSYHOI €Heprii B apXiTEeKTypi, HOBa
CHUCTEeMa MPHUHIMIIB 1 METOMIB YJOCKOHAJICHHS TIelioapXITeKTypHUX 00 €KTIB, sKa
3aCHOBaHa Ha IIUPOKOMY BUKOPHCTAaHHI ICTOPUYHOTO JAOCBITY 1 HAPOJIHUX TPaulliil,
OlOHIYHUX aHaJOTiM 1 CyYaCHHMX HAyKOBO-TEXHIYHMX JIOCATHEHb, PO3TJSHYTI B
monorpadii I'.B. Kazakosa.

Tpemiu acnexm (ecmemuko-iHHOBaYitiHUL) TIOB’SI3aHUMN 3 aHATI30M MIPUHOMIB 1
3ac001B yCiX BUIB OCBITJIEHHS Y (DOPMYBaHH1 apXITEKTYPHOTO CEpeI0OBUIIA.

OcHOBHI 1Tl 1 3a7adi  apXiTEKTYpPHOIO IITYYHOIO OCBITJIEHHA (MICBKHX
IPOCTOPIB 1 00’€KTIB) Ta CIIOCOOM iX peajizallii Ha OCHOBI 3aIPOTIOHOBAHOI CBITJIO-
KoMIo3uiiitHoi cucremu cdopmynasoBani M.I. IlenetkoBum. Bin posrisgae
npo0sieMy CBITJIOBOTO Au3ailHy MICTa y BChOMY KOMIUJIEKCI OCHOBHUX CKJIQJIOBUX Y
MakKpo-, Me30- 1 MiKpoMaciTadl OTOUYCHHS JIIOJAUHU, TpaHCHOPMYIOUH 1H0 HAYKOBO-
TBOpUY MpoOJIeMy 13 CyTO 1HXEHEpHOI y apXiTeKTypHO-ypOaHICTMUHY 1 CBITJIO-
AN3alHEPChbKY 1 PO3IJIsAaoud ii K HOBY TUIKY HpoQeciiiHOl AISIbHOCTI 304MX 1

nu3aitHepiB 1Mo (OPMYBaHHIO BEUIPHBOTO Bi3yaJlbHOTO CEpPEIOBHUIIA MICTA.

BucHoBxu

B po3nuni  BCTAaHOBIEHO TPU  ACHEKTH  JIOCHIKEHb, 3al04YaTKOBAHHUX
MonepeHuKaMu, sIKi OTPUMAaJIA TTOJAJIBIIIMKM PO3BUTOK B POOOTI aBTOpa: IHTETpaIliiHO-
(GhOpMOYTBOPIOIOUNH, TEXHOJOTIYHUN Ta €CTeTUKO-1HHOBamiaui. [lepmuii acmekT -
iHmezpayitiHo-gopmoymeopioouuti - 1€ BUBUEHHS BIUIMBY CBITJIOBUX 3ac00iB Ha
CepeOBUIIE KUTTENISUILHOCTI (1HCOJIAs ). Cepe CyKyIHOCTI JOCIIIKEHb MPoOIeMu
THCOJISLIT Ta COHLIE3aXUCTY B apXiTEKTypl BUILISETHCS Psii HAMPSAMKIB: aHAJTITHKO-

TEOPETUYHUH, EKCIIEPUMEHTAIbHO-1HCTPYMEHTALHUM, 010JI0TO-TIT1E€HIYHUH,
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IICUXOECTETUYHUM.

Hpyruii acniekt popmyBanuss KC3 (mexuonociunuti) npencTaBieHui MmpamsMu
JCKIIbKOX 3apyODKHUX TMPOCKTHUX I1HCTUTYTIB W oOpraHizamiif, sKi BHBYAIOTbH
npobsieMr €()EKTUBHOTO COHIIE3aXHUCTY JKUTJIOBUX OyJiBEIb B 3aJIEKHOCTI BIJ
PEXUMIB pafialii B pi3HUX pallOHaX CBITY.

Tperiit actiekT (ecmemuxo-inHO8ayitiHuti) TIOB’SI3aHUN 3 aHATI30M TPHUIOMIB i
3aco01B yCiX BUIB OCBITJICHHS Y (OpMYBaHHI apXITEKTYpPHOT'O CEPEIOBHIIIA.

[IpoBenenuil peTpoCeKTUBHUM aHali3 00’ €KTIB 3 1CTOPIi apXITEKTYPHUX CTUIIIB
1 perioHaIbHO1 apXiTeKTypu 3axoay i CXoay JOBOJUTH, IO 30441 MUHYJIOTO IIUPOKO
BUKOPUCTOBYBAJIM MPUPOJHE CBITJIO B SIKOCTI MPOBIJHOTO €JIEMEHTA apXITEKTYpHO-
XYJ0KHBOI KOMIO3MIII1, @ ()eHOMEH CBITJIa — B SIKOCTI MOTYHOI'O ICUXOJOTTYHOTO
3aco0y BIUIMBY HAa €MOLIMHMI CBIT JIOAWHHM, MPOTpaMyBaHHS MOro peakiii Ha

HABKOJIMILIHINA apXITEKTypHUN TPOCTIp.
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KAPITEL 10/ CHAPTER 10 "
HYGIENE DIAGNOSTICS OF REGULARITIES THE PROCESSES OF
PSYCHOPHYSIOLOGICAL AND MENTAL ADAPTATION OF SCHOOL-
AGE PUPILS: MODERN APPROACHES

DOI: 10.30890/2709-2313.2024-29-00-014

Beryn

[Ipobrnema anamnrariii € OJHIED 3 CTPYXKHBOBUX Y CyYacHIM MeIuYHIN HayIll
BHACJIIJIOK TOTO, 1[0 caM€ aJanTallliiHUi MPOoIeC BU3HAYAE MOKJIUBICTh ONTUMAIBLHOT
KUTTETISTHHOCTI JTIOJMHA B YMOBaxX HABKOJMIIHBOTO CEPEIOBHUINA Ta COIIAIbHUX
YMOBax, Kl MOCTIMHO 3MIHIOIOTHCS, SIBJIIE COOO0 aJeKBaTHY NEPEIyMOBY aKTHUBHOI
TISUTBHOCTI 1 HeOoOX1IHUH 3aci® edeKTUBHOTO i 3a1iicHeHHs Totmo [2, 5, 7]. Y mporieci
MiTpUMaHHS aJICKBaTHUX CITIBBIIHOIIEHB Y CUCTEMI “‘OpraHi3M — CepeIoBHIIE”, B XO/I1
SKOTO MOXYTh BHJIO3MIHIOBATHCS 1 BHYTPIIIHIA CTaH JIOJUHU, 1 TMapaMmeTpu
HABKOJIMIITHBOTO CEPE/IOBUINIA Ta COINAIBHUX YCOB JKUTTS, BHUPIMIAIbHY pPOJIb,
0€3yMOBHO, BIJIrpalOTh Takl pI3HOBWAM ajanTamii, sk ncuxiyHa ([IcA),
ncuxogizionoriuna (I[1hA) 1 comianpHO-Ticuxonoriuna (CnA) apanraris [7, 9, 12].

ToMy BU3HaYeHHSI OKpEMUX acIeKTIB aIaNTalliifHOro Mpolecy B 000BSI3KOBIN Mipi
Mae nependavaTy 3A1MCHEHHS KOMIUIEKCHOTO MIIXOLy JI0 pO3MIIALY yCiX il acleKTIB i,
oTXe, A0 aHamizy ocobmmBocteit ocobuctocti (OcO), mpouecu (opMyBaHHS SKUX
BIJI3HAYAIOTh 3aKOHOMIpPHOCTI mepediry mporueciB [IcA, aHamiz mcuxodizionriayHux
bynkuit (IIpdD), mo BiAOMBAIOTH 0OCOOJMBOCTI (PYHKIIOHYBaHHS IepeOpaTbHUX
CUCTEM 1, OT)Ke, 0OYMOBIIIOIOTh 3aKOHOMIpHOCTI TiepeOiry mporieciB [1PA, a Takox
aHai3 0cOOJMBOCTEN MIKPOCOIIAILHOT B3a€MOIIi YUHIB, 1110 00’ €KTHUBHO 1 JOCTOBIPHO
XapaKTepu3yIoTh 3aKOHOMIPHOCTI mepediry npomecis CnA [1, 3,4, 6, 8, 10, 11, 12].

Taxum YMHOM, JOCHIIKEHHS, METOIO SIKOTO € HAYKOBE OOIPYHTYBaHHSI TPUHLIUIIIB
TIT€EHIYHOI JIarHOCTUKM Ta TMPOTHOCTUYHOI OINIHKM 3aKOHOMIPHOCTEH mepeoiry
mporteciB [1HA 1 TIcA cygacHHX MIKOJSPIB, CTIT BBAKATH HAI3BUYANHO aKTyaJTbHUM,

Cy4acCHHUM, TaKUM, III0 MA€ CYTTEBY HAYKOBY HOBU3HY 1 MPAKTUYHY 3HAUYIIICTb.

Y Quthors: Serheta Thor Volodymyrovych, Mostova Olha Petrivna
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10.1. BusHaueHHS riricHiYHNX, MeIUKO-COLiaJIbHUX Ta NCUX0JI0r0-NeJaroriaHux
nepeaymoB ¢popmyBaHHs NcUX0(i3io0riuHOI i ICUXIYHOI aganTaiil

LIKOJISAPiB

JaHi, onep>kaHi B X0/l TIr€HIYHOI OLIHKK BHYTPIIIHBOIIKUILHOTO CEPEIOBHUIIIA,
KUTIIOBO-MIOOYTOBUX 1 COLIAJIbHUX YMOB JKHUTTS, PEKUMY THS 1 CTaHy 3/0pOB’s
IIKOJISIPiB, BU3HAYAIM YMOBH IepeOyBaHHS YUYHIB B CyYaCHHUX 3akjajax OCBITH Ta B
JOMAIIIHIX YMOBaxX fIK Taki, [0 XapaKTepU3yIOThCS BIICYTHICTIO CYTTEBO BHUPAXKEHUX
BIIXWJICHb BiJ ICHYIOUMX TIT1€HIYHHUX BUMOT, € MPAKTUYHO OJHOTUITHUMH, IIJIKOM
MOPIBHSHHUMHM, JIO3BOJISIFOYM JIOCTATHHO YITKO Ta HAOYHO BHUSBUTH OCHOBHI
3aKOHOMIpHOCTI opmyBaHHs npoBigHUX KopesT [1pA 1 IIcA aiBuart i OHaKiB, K y
HAaTYpHUX YMOBax nepeOyBaHHs, TaK 1 B yMOBaX BUKOPHUCTAHHSA MiAXOAIB 03J0pPOBYO-
KOPEKILIHHOTO 3MICTY.

Pesynbpratu, oTpuMaHi mij 4ac BUBYCHHS COIIAILHUX 1 COIIABHO-TIOOYTOBUX
aCIeKTIB OpraHi3allii HABYaJIbHOI Ta T03aHaBYATILHOT KUTTEAISIBHOCTI J1BYAT 1 FOHAKIB,
0 Tepe0yBarOTh B YMOBAaX CYYacHO! IIKOJH, 3aCBITYYBAJU MEPEBAKHO CIPHUSTIUBI
COLIIAJILHO-TTOOYTOBI Ta MaTepiajibHl YMOBH MOCTIHHOTO Mepe0yBaHHs Cy4yaCHUX YYHIB
cTapmmx KiaciB. Pazom 3 TUM peectpyBasiach BIKOBO-OOYMOBJICHI TEHJEHITIT 1100
3pOCTaHHS CYKYITHOI YaCTKHA BHYTPIIIHbOCIMEHHUX BITHOCUH HAMPY>KEHOTO 3MICTY 1,
OT)K€, TOTIPIIAHHS B3a€EMOBIAHOCHMH B POJAMHI, 30UIbIICHHS 3 BIKOM HaMaraHb
JOCTIKYBaHUX OCIO TIOKPAIIMTH BJIACHE MaTepialibHE CTAHOBHWIIE 1 CEpell AiBYaT, 1
cepell I0HAKIB, LUISIXOM 31HCHEHHS TOJATKOBUX BUAIB pOOIT, SIKI OIIAYyBaJIUCh, Y
I03aHaBYaJIbHUM Yac.

HeoOximno Oyno 3BepHyTM yBary 1 Ha Te, IO OUIBIIICTh IIKOJAPIB
XapaKTepU3yBaIM BJIACHUHA PEXUMY JHS SK TIOMIPHO HAmNpyXCHUW, BH3HAYAIU
HASBHICTh IIUJIOTO PSAAY JOCTaTHBO CYTTEBUX TMPOSIBIB TEPEBUINEHHS TIrl€HIYHO-
OOTPYHTOBaHMX HOPMATUBHHMX IapaMeTPiB MAKCUMAIbHO-IOMYCTUMOI TPHUBAJIOCTI
JIEHHOTO repeOyBaHHs yuHiB. [1oTpiOHO OyJ10 BII3HAYUTH 1 TEHACHIIIIO 1100 3pOCTaHHS
yacy, sSikuii OyB TIOB’Si3aHUI 13 3A1MCHEHHSM HaBUYaJIbHOI MIATOTOBKH B JIOMAIITHIX

yMoBax. YacTka MOKa3HUKIB II0A0 TPUBAIOCTI HIYHOTO CHY, fIK1 CliJl OyJIO BBaXKaTh
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Tiri€EHIYHO-O0TPYHTOBAaHMMH, OyJla HaJ3BHYAHO HE3HAYHOI0 1 HE MepeBHIIyBalia

12,5 % cepen niBuat y Bimi 14 1 15 pokis Ta 18,6 % cepen oHakiB y Bimi 15 1 16 pokis,
30BCIM HE peecTpyrouuch cepen 16-piunux 1 17-piuynux aiBuat. Hamepemomni dacy
3aKIHYEHHS IMIKUTPHOI OCBITH TEpeBakHa OUIBIIICTh YYHIB HE BHUKOPUCTOBYBAIU SIK
3aci0 MiABUILEHHS BJIACHUX aIalTallliHUX MOKJIMBOCTEH BIIPaBU paHKOBOI IMHACTUKH
Ta 3BEpTAJM HEJOCTaTHIO yBary Ha Hpolexypu 3araproByBaHHS. [loka3zHuku
TPUBAJIOCTI JAMHAMIYHOTO KOMIIOHEHTa B JI000BOMY OIOJDKETI Yacy cepen
JOCTIKYBAaHUX IIKOJIAPIB y OLIBIIIOCTI BUMAIKIB HE TOCSITAIN HOPMATUBHUX BEJIMYHH,
SIK1 CTAHOBJIATH BIAIIOBIZHO 3-4,5 TOAWMHM JUIA AiBYAT Ta 3-4 TOJWHH JUIS IOHAKIB.
[lepeBaxkHa TpuBadicTh yacy nepeOyBaHHS Ha CBDXKOMY IMOBITPI Yy HaBUajbHI JAHI
KOJIMBAJIaCh B MeXax MeHIie | roguHu Ta B Mexax Bif 1 g0 2 rogun. He moxHa He
BIJI3HAYUTH 1 TOM (hakT, IO MPOTITOM Yacy rnepeOyBaHHs y CTaplIuX Kjacax Cy4acHOl
IIKOJIM Y BUPAXKEHIM Mipi 3pocTalia MUTOMA Bara MoKa3HUKIB, KOTP1 BIJ3HA4a U PIBEHb
MOIUPEHHS Cepel JOCHIKYBAaHUX JIBUAT 1 IOHAKIB TAaKUX IIKIAJUBUX 3BHUOK, SIK
TIAJTIHHS Ta BXKUBAHHS aJIKOTOJILHUX HAITO1B.

JlaHi 10CiHKEeHb, TPOBEACHUX 3 METOIO OIIHKYA HABYAIbHO-3HAYYIIO1 a/IanTarlii 10
yMOB TiepeOyBaHHSI B Cy4acCHUX 3aKJiaJlaX CEpeAHbOI OCBITH, BiJ3HAYa M IMEPEBAKHO
MOMIPHO HANpPY>KEHUH XapaKkTep HaBUAIBHOTO MPOIIECY Ta MOMIPHHUM piBEHh HEPBOBO-
€MOIIIHOTO HAIMPYKEHHS IMiJ] YaC BUKOHAHHS MOBCSKICHHUX HABYAILHUX OOOB’SI3KIB.
3Bepraia Ha ce0e 1 HasBHICTh CTaT€BO-00YMOBJIEHMX OCOOJIMBOCTEM 110/10 BUSHAUCHHS
MIPUYHH, SIKI CTOCYBAJIMCh BUHUKHEHHS TIPOOJIEMHHUX CHUTYAIlll Y 3aKiajli OCBITH: CEpel
JiBYAT HANOLIBIII MOIUPEHOIO MPUUMHOIO OYJI0 MOYYTTS OCTIHHOI BTOMH, CEPE/l FOHAKIB
— OCOOMCTICHI YMHHHUKH, TMIpOT€, Ha 3aBEpLIATbHOMY €Talll HaBYaHHA Cepel
MIPEJICTABHUKIB 000X CTATEBHX TPYN HA TEPIINHA IJIaH BUXOJWINA MOKA3HUKHU, TAKOX
OB’ sA3aH1 3 OYYTTSM MOCTIMHOT BTOMH.

OriHIOIYM CTYIiHL TONIMPEHHS XPOHIYHMX 3aXBOPIOBAHb PIZHOTO CTYMNEHS
BUPaXCHHS, CJ11/1 OyJI0 3B€pHYTH YBary Ha TO# (hakT, 1110 HasiBHICTh XBOPOO 3 XPOHIYHUM
nepediroM MmaToJIOrigHoro npoiecy Oyna Biaactusa jyuist 43,7 % niBuar 1 34,4 % 1oHaKiB
y Bt 14 pokiB, 59,4 % niBuat 1 56,2 % tonakiB y Bt 15 pokis, 68,7 % niBuat 1 28,1 %

IOHaKIB y Bill 16 pokiB Ta 46,8 % nisuat 1 34,3 % ronakiB y Biui 17 pokis. [Ipuyomy
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HAWOUIBII 3HAYYIIUI 3B’S30K 3 XapaKTePUCTUKAMH PIBHS 3JI0pPOB’S JlIBUAT 1 FOHAKIB
NPOTSIrOM Yacy HaBUaHHS B CTapIINX KJIacaX Majik HACTYMHi 4 TpynH NMOKa3HHKIB, SKi
BiTIOOpakKyBaJl OCOOJMBOCTI JKUTIOBO-TIOOYTOBUX YMOB TiepeOyBaHHS (1 Tpyma),
0CcO0IMBOCTI IepeOyBaHHsI YUHIB Ha CBIXKOMY TOBITPI sIK y poOoui (HaBUajibH1), TaK 1y
BUXiAHI 1HI (2 Tpyna), 0cOONMBOCTI HABYAILHOI amanTariii (3 rpymna) Ta 0coOIMBOCTI
3aXBOPIOBAHOCTI 3 THMYACOBOIO BTPATOIO Mparie31aTHOCTI (4 rpyma). 3BepTaio ysary i
Te, 10 Y BUITyCKHMX KJIacax JI0 YHCia 3a3HAaYeHUX, HEOOX1THO OyII0 ToaTH 11e 3 rpynu
TaKUX I[TOKA3HUKIB, SK OCOOJMBOCTI Mepediry XBOpPOO 3 XPOHIYHHM Tepedirom
MaTOJIOTTYHOTO mporiecy (5 rpyma), ocoOIUBOCTI MOMIUPEHHS IIKIIJIUBUX 3BUYOK 1,
nepeayciM nayiHHs (6 rpyma), 0coOJMBOCTI 3aCTOCYBAaHHSI 03JJ0POBUYMX 3aC001B, TAKUX

SIK BIIPABH PAHKOBOI MIMHACTHKY Ta MPOLIEYpH 3arapToByBaHHs (7 rpyma).

10.2. YpaxyBaHHs BiKOBO-CTATEeBMX 3aKOHOMipHOCTeil mpoueciB popMyBaHHS
ncuxo@izionoriyHux KopeJasaT ncuxodiziosoriyHol aganrauii y4HiB

LIKIJTBHOTO BIKY

B xoxi mpoBeneHMX IOCTIIXKEHb, CIPIMOBAHMX Ha BUBYEHHS OCOOJIMBOCTEN
nepebiry mporieciB [IHpA yuniB 14-17 pokiB Ha TiACTaBl BU3HAYEHHS IPOBIIHUX
MOKa3HUKIB (DYHKIIIOHAJILHOTO CTaHy BHWINOI HepBOBOi mistibHOCTI (BH/I), 30poBoi
CEHCOPHOI CUCTEMHU Ta COMAaTOCEHCOPHOIO aHaJIi3aTopa, BUSBICHUHN LITHI Psil IIIKaBUX
pe3yabTaTiB. Tak, 3A1HCHIOIYH y3aralbHEeHU aHali3 0cOOJMBOCTEH Mepediry MpoIieciB
dbopmyBanns [1pD opranizmy mOCHiKyBaHUX JIBYAT 1 FOHAKIB CHiJ BIA3HAYUTH iX
JOCTaTHbO CTAOLIBHUN XapaKTep BIPOAOBXK 4Yacy HepeOyBaHHS B CTaplIUX Kiacax
CY4YacCHOI IIKOJIM — PIBEHB 3pYIIEHB 3 00KY KPUTEPIATLHUX XapaKTEPUCTHK X PO3BUTKY,
1, mepeaycim, MOKa3HUKIB NpoBiAHUX [IpD opraHismy B OLIBIIOCTI BHIAJKIB HE
nepeBuuryBas 5-10 %

3BepraB Ha ce0Oe yBary LUIMH psAJ CTaT€BO-3yMOBJIEHUX TEHACHIIN 1010
JTUHAMIYHUAX 3MiH IOCIIKYBAHUX MTOKA3HUKIB IIPOTATOM YaCy CIIOCTEPEKEHB, MPUIOMY

CTOCYBaJIOCh 1I€, MEpeaycCiM, IOKa3HUKIB BPIBHOBAaXKEHOCTI HEPBOBUX MPOIIECIB
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(3HaYeHHs MOMWJIKM B XOJI BHU3HAYEHHS peakilii Ha 00’€KT, 10 PYXAEThCs, y JIBUAT

3MEHIIYBAJIUCh, y IOHAKiB, HAaBIaKW, 3pOCTalM), a TaKOX XapaKTEPUCTUK
(GYHKIIOHAJIBHOTO CTaHy 30pOBOi CEHCOPHOI CUCTEMH (ITOKa3HUKU KPUTHUYHOI YaCTOTH
3JIUTTS CBITJIOBUX MUTOTIHB Yy JiBYAT MOCTYIIOBO IMOTIPIIYyBaIUCh, y FOHAKIB, HAIIPOTH,
MOKpAIIyBaJIlCh) Ta COMAaTOCEHCOPHOTO aHalli3aropa (peecTpyBanach MPOTHIICKHA 3a
3MICTOM KapTHHA — IMOKa3HUKH KOOAMHAIli PyXiB y AiBUYaT MaJd TEHACHLIIO0 [0
MOKpaIaHHs, y FOHaKiB, HaBMaKH, J0 MOTIpIIaHH).

He mMoHa He BiJ3HAYNTH, 1110 Cepell JIBYAT HAMKpallll MOKa3HUKH 100 CTYTICHS
BUPAXEHHSI PEECTPYBAJIUCh TepeBaXHO Yy Biml 17 (OUIBIIICTE TTOKa3HUKIB
¢ysnkionansHux MoxmBocred BHJ[) Ta 15 pokiB (BpiBHOBaXKEHICTb HEPBOBUX
MIPOIIECIB 1 KOOPAUHAILIIS PYXiB), HATOMICTB HAUTIpII (Maike 3a BCiMa JOCIIKyBaHUMHU
¢yskuisimu) — y Bii 14 pokiB. Pazom 3 TUM cepejl 10HaKiB HaWKpalll MOKa3HUKH
CHOCTEpIraiuCh MepeBaXHO Yy Bili 17 (OUIBLIICTH MOKA3HUKIB (DYHKIIOHAIBHUX
moxxnuBocTert BHJI) ta 14 pokiB (KUCM 1 koopauHariiiiHi 3410HOCTI), BOJIHOYAC,
Hairipii — y Bil 16 (IBUAIKICTE TPOCTOi 30pOBO-MOTOPHOI Peakiii 1 PyXJIMUBICTb
HEPBOBHX MpoIieciB) 1 17 (BpIBHOBaXKEHICTH HEPBOBHUX MPOIIECIB 1 KOOPAUHAIIIS PYXiB)
POKIB, TOOTO 3aKJIIOYHUN TIepioj] mepeOyBaHHS B IIKOJI BiJ3HAYaBCS HaJI3BUYAITHO
cynepewtuBuM repedbirom mporieciB [IPA 1, omke, hopmyBaHHS ICUXO0(1310JI0TTUHOTO
NOTEHI[laly O0COOUCTOCTI, IO 3a0e3neuye BUCOKHM CTyHiHb (DYyHKI[IOHAIBHOI

TOTOBHOCTI JI0 YCHIIITHOTO HaBYaHHS B 3arajlbHOOCBITHROMY 3aKJIaIi.

10.3. YpaxyBaHHsl BIKOBO-CTaTeBHX 3aKOHOMIPHOCTeil npoueciB popmyBaHHS

0COOHCTICHUX KOPEJAT NCUXIYHOI aanTauil IKOJIAPIB

Posrnsnatoun 0coOIMBOCTI TEMIEPAMEHTY JOCIIPKYBaHUX Y4HIB, CIiJl Oyiio
BIJI3HAYMTH TOH (PaKT, 10 BiAMOBIIHO IO JAHUX IMPOBEACHOTO HAYKOBOT'O JOCIIIIKESHHS
HaMBUIII 32 PIBHEM BUPAXECHHS MOKA3HUKU €KCTPABEPTOBAHOCTI 1y J1BYAT, 1 y IOHAKIB
y Bimi 16-17 pokiB crioctepiranuck mij yac HapuanHs B 10 1 11 kimacax, 3acBiqdyroun,

[0 caM€ B L€ Mepioj y4HI BiJ3HAYaIMCh OUIbII BHUCOKUM pPIBHEM PYXJIHMBOCTI
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HEPBOBUX TIPOIIECIB, TOBAPHUCHKOCTI, IMITYJbCUBHOCTI, THYYKOCTI IIOBEJIHKH Ta

HILIATUBHOCTI, 1, pa30M 3 TUM, HAWHM)XYUM, BHU3HAYAIOUM TEPEBAKHE MOUTUPEHHS
TaKUX PUC, SIK IHEPTHICTh HEPBOBUX MPOIIECIB, 3aMKHYTICTh, COPOM S3JIUBICTh, @ TAKOXK
CXWJIBHICTh JI0 CaMOaHaJIi3y, PiBE€Hb JOCIIHKYBAaHUX IMOKAa3HUKIB OyB y MIKOJISPIB 8§
(nepemycim cepen 14-piunux 1oHakiB) 1 9 (mepemycim cepen 15-piuHuX 1iBYAT) KIIaciB.
[TpruoMy HaNCyTTeEBIIII TEMIM 3MiH JOCTII)KYBaHUX MMOKA3HUKIB, 110 BiJ3HAYAIHCH
MTO3UTUBHUM 3MICTOM, SIK C€pPEJl YUCHHUIIb, TaK 1 CEPEl YUHIB PEECTPYBAIUCH Ha Mexi 15-
16 piyHOrO BIKY.

Pazom 3 TuM HaliBUIll 3a pIBHEM BHPAXKEHHS IIOKa3HUKU HEUPOTUIMY
peecTpyBalIuCh cepen 16-piuHuX AiBYaT, K1 HaB4aMch y 10 kiaci, ta cepen 17-piaHux
IOHaKiB, 110 HaByaymch B 11 kiaci, TOOTO Ha 3aKIIOUHOMY eTami nepeOyBaHHSA Y
cyyacHii mikoii. BogHouac HaWHMKYKMM pPIBEHb JOCHIKYBAaHMX TOKAa3HUKIB OYB
BJIACTUBHM IS TIBYAT-BOCHMUKJIACHHIIH Ta IOHAKIB-/IEB ATUKIACHUKIB. HaiicyTTeBimi
TEMOU 3MIH JOCTDKyBaHUX TIOKa3HUKIB, IO BIJ3HAYAINCh, HA BIAMIHY BIJT
TIOTIEPEAHHOTO BHITAJIKy, HETATUBHUM 3MiCTOM, SIK CepeJl YUCHHIIb, TaK 1 Cepe/ YUHIB
TaKOX PEECTPYBAIMCH HA MeXi 15-16 piuHOTO BIKY.

Pesynbrati pocnipkeHb 3acBiIuyBaiM 1 TOW (pakT, 110 HAMBHUII 3a pIBHEM
BUPaKCHHS MOKA3HUKU CUTYaTHYHOI TPUBOKHOCTI CEPEJT 1IBUAT PEECTPYBAIIMCH ITiJT Yac
HaByaHHs B 10 1 11 kimacax y Biri 16 1 17 pokiB, cepen FOHAKIB — 1] 4ac HaBYaHHS B 9 1
11 xnacax y Biti 15 1 17 pokiB, 3aCBIIUYIOYM TUM CaMHM, 110 caMme B IIeH mepioj yuHi
BIJJ3HAYAJINCh HAWBWIIUM CTYTIEHEM 3aHETIOKOEHHS, CTYpOOBaHOCTI, MEPEKUBAHb Ta
HEPBO3HOCTI Y BIJNOBI/Ib HA JIIF0 CTPECOBUX YMHHUKIB, 1, HATOMICTh, HAMHUXKY1 — CEPEL
14-piuHuX WIKOJIAPIB 1 MIKOJSAPOK, K1 HaB4anucCh y 8 kiaci. HaiicyTTeBimn TemMnu 3MiH
JOCTIKYBaHUX MOKA3HUKIB, 0 BIJ3HAYAIMCh HETATUBHUM 3MICTOM, CTIIOCTEPITraIncCh
Ha Mex1 15-16 piuHOro BiKy cepesa yuyeHuIb Ta Ha Mexl 14-15-piuHoro BiKy cepen
YUHIB.

HaiiBuimi 3a piBHEM BUPaXKEHHS TOKa3HUKH OCOOMCTCICHOT TPUBOXKHOCTI
PEECTPYBAIIMCH cepe AiBUaT y Billi 16 pokis, 1110 HaB4ayuch y 10 kiiaci, Ta cepej] FOHaK1B
y Bim 17 pokiB, mo HaBuaimuch B 11 kimaci, pazoMm 3 TUM, HAaWHUKYUM PIBCHb

JOCTIKYBaHUX TOKa3HUKIB OyB cepen 14-piuHHMX A1BYAT-BOCBMMKIACHUIL Ta 15-
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pIYHUX IOHAKIB-JIeB’ ATUKJIACHUKIB. HalcyTTeBim TeMnu 3MiH JOCHIHKYBaHUX

MOKa3HUKIB, K1 BlJ[3HAYAINCh HETATUBHUM 3MICTOM, Cepell YICHHIlh PEECTPYBAIUCH Ha
Mmexi 15-16 piuHoro BiKy, cepen yuHiB — Ha Mexi 16-17 piunoro Biky. He mosxHa Oyio
HE BIJ3HAUUTH TOM (haKT, IO HaA BIAMIHY BiJ FOHAKIB, SKI BIIPI3HSUIMCH JOBOJII
CTaOUIbHUM  DPIBHEM  PO3BUTKY  JOCIIDKYBAaHMX  IOKAa3HHKIB,  JliBYaTa
XapaKTepU3yBAINCh HASBHICTIO 3HAYHO OUIBII BUPAXKEHUX TEHJACHIINA II0J0
MOTIPIIAHHS MTPOBIAHUX KOPEIAT TPUBOXKHOCTI OCOOMCTICHOTO TeHE3Y.

OpepkaHl JlaHl 3acBIQUYyBaIM IMEPEBAKHO MIJABUILEHUM Ta BHUCOKUN pIBEHBb
IIKUTbHOT TPUBOXKHOCTI YUHIB CTapIIMX KJIACIB CY4aCHOTO 3aKJIaay CEPEIHbOI OCBITH SIK
3arajom, Tax 1 ii OKpeMHUX HaBYaJIbHO- 1 COIllalbHO-3HAYYIIIUX KopessiT. He MokHa Oyio
HE BII3HAYUTH 1 TOM (PaKT, 1110 BOPOAOBXK YChOTO MEPIOAY CIOCTEPEKEHDb CEPe]] 1IBYAT
HaNOUIbII BUpaXXeHUMHU (Y TOPSAJKY CIaJaHHs) Cii OyJ0 BBaXKaTH MOKAa3HUKH, KOTPI
BIJJ3HA4aJIM BUCOKHH PIBEHb PO3BUTKY TAKMX CKJIAJOBUX IIKUIBHOI TPUBOXKHOCTI, SIK
mpo0JieMH 1 CTpaxu y BIIHOCHMHAX 3 BUUTENISIMH, TEPEKUBAHHS COIIAJIBHOTO CTPECY,
dpycTpatisi moTpeOM Yy JOCATHEHHI YCIIXy, HEIOCTaTHIM piBeHb (hi310JI0T1UHOT
OIMPHOCTI CTPeCy 1 CTpax CUTyaIlii MepeBIpKU 3HAHb, cepel IOHAKIB (Y TOPSAKY
criafiaHHs) — MpoOJIeMH y BITHOCHHAX 3 BUMTEIISIMU, HEJIOCTATHIHN piBeHb (h1310JI0TTUHOT
OIMPHOCTI CTPECy, CTpax CHUTyallli MEpeBIpKH 3HaHb 1 TEPEKUBAHHS COIIATHLHOTO
ctpecy. O3Ha4yeH1 KOPEJNSATH MIKUTBHOI TPUBOXKHOCTI 1 € CBOEPITHUMH ““MIIICHIME
BIUIMBY  3aXOJlIB  TICHUXOTITEHIYHOI  KOpEKIii, 10 pPO3pOOJSITUMYThCS — Ta
3aMpOBaKyBATUMYThCSI.

[Tpotsirom dwacy mepeOyBaHHS YYHIB y CTaplIMX KJacaX CydacHOi IIKOJIH, B
CTPYKTYpl aKUEHTYMOBAaHUX PHUC OCOOMCTOCTI Cepejl MiBYaT 3arajioM IepeBakKaiu
MOKA3HUKH aKIeHTyarlii xapakrepy (AX) 3a rineptumauM (1 micrie), eK3aabTOBaHUM
(2 micue), muKIOTUMHUM (3 Micue), eMOTUBHUM (4 Miclle) 1 IeMOHCTPAaTUBHUM (5
MICIIE) TUITaMH, CEPe]l IOHAKIB 3arajioM — nmokazHuku AX 3a rineprumauM (1 miciie),
eK3JIbTOBAaHUM (2 MicCIle), JeMOHCTpaTUBHUM (3 MicIe), ITUKIOTUMHUM (4 MicIie) 1
3actpsrarounM (5 wmicie) Tunamu. Pazom 3 TUM HEOOXIHO BIJ3HAYUTH, 1110 y Biri 14
POKIB cepen MiBUaT TepeBakarounMu (y TOPSAAKY CHaJaHHs) ciaijg Oyino BBaKaTu

nokazHuku AX 3a TINEPTUMHHUM, €K3aJbTOBAaHUM, EMOTHUBHUM, IUKJIOTUMHUM 1
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JEMOHCTPAaTUBHUM THUIIAMU, CEpell IOHAKIB — MOKa3HUKU AX 3a TINepTUMHUM,
€K3aJIbTOBAaHUM, 3aCTPSTralounuM, JEMOHCTPATUBHUM 1 €eMOTMBHUM THUIIAMHM, Y BiIl 15
POKIB cepen MiBUaT NepeBakainu MokasHUKH AX 3a eK3albTOBAaHUM, TINEPTUMHUM,
IUKJIOTUMHUM, €MOTUBHUM 1 IEMOHCTPATUBHUM THUIIAMH, CEPE]] FOHAKIB — MOKA3HUKH
AX 3a TINePTUMHHUM, €K3JIbTOBAaHWUM, IMKJIOTHUMHUM, 3aCTpATAlOYUM 1
JE€MOHCTPAaTUBHUM THUIIAMHU, Y Billl 16 pOKiB cepes AiBUAT MEpeBaKarouuMu ciij OyIio
BBA)KaTH MOKa3HUKU AX 3a eK3aJIbTOBAaHUM, IUKIOTUMHHUM, TIIIEPTUMHUM, EMOTUBHUM
1 JIEMOHCTPAaTUBHUM THUIAMH, CEpej IOHAKIB — MOKa3HUKU AX 3a TINEepTUMHHUM,
€K3aJIbTOBAaHUM, JEMOHCTPATUBHUM, IHUKIOTUMHUM 1 3aCTpAralOyuM THUIIAMH, Ta,
3pelIToro, y Billl 17 pokiB cepel AiBUaT NepeBakain MokasHUKA AX 3a TNepTUBHUM,
€K3aJIbTOBAaHUM, ITUKJIOTHUMHUM, €MOTHBHUM 1 JIEMOHCTPATUBHUM THIIAMH, CEPE
IOHAaKiB — TOKa3HUKH AX 3a €K3aJbTOBAaHHMM, TINEPTUMHUM, 3aCTPSTalOunM,
[IUKJIIOTUMHHM 1 JIEMOHCTPATUBHUM TUTIAMHU.

B xoxmi mocmikeHb BHUABIEHO, IO B CTPYKTYpl NPOBITHUX O3HAK PIBHS
cy6’extuBHOro koHtposio (PCK) ocobuctocti sik cepen JiBuUaT, Tak 1 cepell FOHAKIB
nepeBaxanu nokasHuku PCK y ramysi mixkocoducticHux BigHocuH (1 micne), PCK y
rajry3i 3710poB’si 1 xBopoou (2 mictie) Ta PCK y ranmysi nocsruens (3 micue). Oaeprkani
pE3yJIbTaTH 3aCBIUYBAIM 1 CYTTEBY IMEpPEBaAry cepesl JOCIiHPKyBaHUX OCIO He3aIeKHO
BiJl BIKOBOI HAaJI)KHOCTI EKCTEpHAJbHUX TMPOSBIB B OCOOHMCTICHIM cdepi 1, OoTxke,
HasSBHICTh YMCJICHHHMX O3HaK HexoctaTHhoro PCK Han Oynb-KMMH 3HAYYITUMHU IS
HUX COIlaJIbHO- 1 HABYAJILHO-3HAUYIIIMMH CUTYAI[ISIMU BHACITIJIOK BIIEBHEHOCTI B TOMY,
0 MepeBakHa OUIBIIICTh MOJINA, KOTpl BiAOYBalOThCS, a TAKOX BUMHKIB, K1
3IIMCHIOIOTHCS, € O€3MIOCEPEIHIM PE3yIbTaTOM BIUIUBY 200 OTOUYIOUHUX JIFOJICH, a00 il
BUIIAJIKOBUX SIBUII, & HE € HACIIJKOM iX BJIACHOI AISUIBHOCTI. B mepury depry, Taka
KapTHUHa ctocyBayach nokasHukie PCK B ramy3i HaBuanbHMX BIIHOCHH 1, (B JAE€ILIO
mentii mipi) PCK y ramysi HeBnau ta 3aransHoi iHTepHanbHOCTI PCK.

[Ipotsarom vacy nepeOyBaHHs YYHIB B CTApIIMX KJIACaX CYy4acCHOI KO HE OyII0
BUSIBJICHO SIKUX-HEOY b YITKO BUPAKEHHUX TEHACHIIIN 111010 SIBHOI [IEPEBAr y CTPYKTypi
JOCTDKYBaHUX  TIOKA3HUKIB  OKPEMHX  XapaKTEPUCTUK arpeCUBHUX  TPOSBIB

0COOMCTOCTI — Ha KO’)KHOMY KOHKPETHOMY BIKOBOMY €Tarll IEPEeBakKaiu EBH1 KOPEISTH
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arpecuBHOCTI, SIK1 JIOCHIKYBAJIUCh, PUYOMY CTYIIHb iX BUPAKEHHS MaB SICKpaBO-
OKPECJICHHM CTaTeBO-3yMOBJeHUM 3MicT. Cepenl AiBYaT HAMOUIbIT BUpaKEHUM OYJIH
MOKAa3HUKU TaKUX OCOOMCTICHO-3yMOBIIEHUX arpeCMBHUX TMpPOSIBIB, SK 3HAYCHHS
HEenpsIMOi  arpecii, HeraTuBi3My Ta TOYYTTS MPOBUHM, HAWMEHII BUPAXKEHUMU —
MOKa3HUKHU (PI3UYHOI arpecii Ta po3ApaToOBaHOCTI, Cepe/l FOHAKIB HAHOUIBII BUPAKEHUM
OyJ 1 IOKAa3HUKH TaKUX arpECUBHUX IMPOSBIB, SIK 3HAUECHHS (PI3UUHOI 1 HEMIPSMOI arpecii
Ta TOYYTTS MPOBUHU, HAMMEHI BUPAXEHUMHU — TOKAa3HMKW BepOalibHOI arpecii Ta
PO3APaTOBAHOCTI.

Oneprkani pe3yabTaTH 3aCBIIUYBAIM UMK Psij] MPOSIBIB MPUTHIYEHHS 3arajibHOTO
MICUXOEMOIIITHOTO CTaHy Ta HANpY>KEHHS aJanTallifHUX MeEXaHi3MIB OpraHizmy,
BIJIMOBIAAIbHUX 3a TiepeOir mporieciB [ICA, Bii3HaUanu BUCOKHIA y3araJlbHEHUH PiIBEHb
BUPAXXEHHS aCTEHIYHMX SIBUIL OCOOMCTICHOTO T€HE3y Ta HAasBHICTh JIBOX MEPIOJIB
30UTBIIEHHS PIBHS BUPa)KEHHS MPOSABIB aCTEHIi, 1110 BiJIMOBIIHO MpUIAJaiy Ha BIK 15
pokiB (miBuata) 1 17 pokiB (fOHAKM), BU3HAYAIW HASBHICTH IMOCTYIIOBOTO, MPOTE
JOCTaTHBO CYTTEBOTO, OCOOJIMBO Cepel FOHAKIB, 3pOCTaHHS MUTOMOI Bard TIOKAa3HHUKIB,
K1 XapaKTepu3yBaJld OCOOJIMBOCTI TIOMUPEHHS JEMPECUBHUX OCOOMCTICHUX MPOSBIB.
He wmir He 3BepHyTH Ha ceOe yBary Toil (akT, 1m0 y Biui 17 pokiB, ToOTO y yac, KU
CHIBIAJaB 3 YaCOM 3aKiHYCHHS WIKUTPHOTO HAaBYAHHSA, PEECTPYBAIMCH HAUTIpIIl 3a
CBOIM 3MICTOM TOKa3HUKU CTPYKTYPHOTO PO3MOJILITY PI3HUX PIBHIB BHPAXKECHHS SIBUIII
JETIPECUBHOTO PSY.

BinmoBigHO 10 pe3ynbTaTiB MPOBENEHOTO TOCTIHKEHHS SK Cepell MiBuYaT, Tak 1
cepell IOHAKIB HAlOUIbII CYTTEBUMHU BIAMOBIAHO JO CTYIEHS BUPAXXEHHA CHij OyJo
BBOKATU TaKi MEXaHI3MHM T[ICUXOJIOTIYHOIO 3axXHUCTy, SIK perpecis, MNpPOeKIls Ta
pairioHai3aiis, HakMeHII CyTTEBUMU — TaKl MEXaHI3MH ICUXOJIOTTYHOTO 3aXUCTY, SIK
3aMIIIEHHS, BUTICHEHHS Ta, B /€O MEHIINA Mipl (MEepeBaXHO Y IOHAKIB)
rinepkoMIieHcarlisi. 3BepraB Ha ce0e yBary i Tod (akt, mo y OLTBIIOCTI BUIAJIKIB
HAWCYTTEBIII TEMITH 3MiH JOCTIKYBAaHUX MMOKA3HUKIB, K1 BIJ3HAYAIMCH 3POCTAHHIM
CTYIIECHSI BUPQKEHHS 3aXMCHUX MEXaHi3MiB, Y AIBYAT CHOCTEPIraJuch Ha Mexi 14-15-
piuHOro i 15-16-piyHOrO BiKY, y FOHaKIB — Ha MeXi 15-16-piuroro i 16-17-pigyHOrO0 BIKY,

TOOTO y 4Yac, IKUW B MEPIIOMY BUIAJKY, OyB TIOCUTh YITKO MOB’S3aHUI 3 MpOlIeCaMu
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CTaTEBOTO JI03PIBaHHS iX OpraHi3My, B IpyromMmy — 0yB 00OyMOBJIEHUI 4acOM 3aKiHYCHHS
HaBYaHHs y KO 1, OT’KE, BILTMBOM Ha OCOOUCTICTh MIKOJISPOK IIJIOT0 STy YNHHUKIB
COLllabHO- 1 HaBYaJbHO-3HAUYIIOro 3MicTy. HaTtomicTe HaMOUIBLI BHpaXeHI TEMIIH
3MiH TIOKa3HHKIB, II0 BiJ3HAYAIWCh 3MEHIICHHSAM CTYICHS BUPXCHHS 3aXHCHUX
MEXaHI3MIB, Y JIBYAT PEECTPYBAIMCH Ha MEXi 16-17-piyHOTO BiKY, Y FOHAKIB — HA MEXI

14-15-piuHoro BiKy.

10.4. YpaxyBaHHsl IPOrHOCTUYHUX KPUTEPIiiB yCHIIIHOCTI mepediry mpouecis

ncuxo@iziooriyHo i ncuxivyHoI aganTaiii y4HiB IIKLUIBHOTO BiKY

B xoni BukopHCTaHHS TIpoleayp KIACTEPHOrO aHami3dy BUILICHI MPOBIAHI
KJIaCTepH, 10 XapaKkTepu3yroTh ocobnuBocti nepediry [IA 1 IIcA ydHiB MIKUIBHOTO
BIKy, a caMme: TICuX0(i310J0TTYHANA aIanTaIlifHO-3HAYYIIIUN KJIacTep, 10 CKIATY SIKOTO
CJIIJT BIAHECTH MOKA3HUKHU IIBUIAKOCTI MPOCTOI 1 AudepeHIliHoBaHOT 30POBO-MOTOPHOT
peaxilii, pyXJuBOCTI 1 BPIBHOBKEHOCTI HEPBOBHUX MPOIECIB a TaKOX KOOPIWHAIT
PYXiB, TPUBOXKHICHO-HEBPOTUYHMI aJanTalliifHO-3HAYYIIUM KJ1acTep, M0 CKIaJal0Th
MOKAa3HUKU HEHpPOTHU3MYy, CHUTYaTHBHOI 1 OCOOMCTICHOI TPHMBOXKHOCTI, a TaKOX
XapaKTEPUCTUKH MTPOBITHUX O3HAK MIKUIBHOT TPUBOXKHOCTI, B IEPIILY Yepry MOKa3HUKIB
I10JI0 TIEPEKUBAHHS COLIAJILHOTO CTPECy, CTpaxy CHUTYyallli MEpeBIpKU 3HaHb, PIBHS
(b1310J10T1YHOI OMIPHOCTI CTpecy Ta MpoOJeM y BIAHOCHHAX 3 BUMTENSIMH, HEPBOBO-
MICUXIYHUHN afanTarliiHO-3HAYYIIUN KJIacTep, /10 CKIAay SIKOro HEOOX1JHO BIJIHECTU
MOKA3HUKM 1100 PiBHA (Di3MUHOI, BepOaNbHOI 1 HENpsIMOi arpecii, HEraTuBi3My 1
PO3/IPaTOBAHOCT] y CTPYKTYpPl arpeCUBHUX IMPOSBIB Ta XapaKTEPUCTUKU ACTEHIYHOTIO 1
JICTIPECUBHOTO CTaHIB, a TaKOX XapaKTepOJOT1YHO-MOTHBAIIIMHUIN ajanTariitHo-
3HAUYIIMA KJacTep, M0 CKJIaJaloTh TMOKAa3HUKU WIOJO0 piBHA BuUpakeHHS AX
€MOTHUBHOTO, TPUBOKHOTO, 30y IJTMBOTO 1 JUCTUMHOTO THUIIIB, a TAKOXK XapaKTEPUCTUKH
PCK y rayry3i HaBUaJabHUX 1 MDKOCOMCTICHUX BIJIHOCHH Ta B Tally31 3/T0POB’s 1 XBOPOOH.

3acTtocyBaHHS MPOIEAYP KOPENSIIHHOTO aHATI3y HaIal0 MOXKIIUBICTh BUSHAUYNUTH

HaNOUIBII 3HAYYIII B3a€MO3B’S3KM MPOBIIHUX XapakTepuctuk nepediry [IpA 1 IIcA,
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110 BUUICH], 3 KOMIUIEKCOM KpUTEpialbHUX MOKA3HUKIB PO3BUTKY OKPEMHUX COIIAJIbHO-
1 HapuanmpHO-3HAuymux [IpD 1 OcO. HaromicTe mijg 4yac BUKOPUCTAHHS MPOIEAYP
(dakTOpHOTO aHaII3y BU3HAUEH] TOJIOBHI (PAKTOPH, 110 CIIPABIIAIOTH ICTOTHHUI BILIUB HA
0COOIMBOCTI TIepediry mpoleciB aJanTallifiHUX MepeTBOPEHb Ta BCTAHOBJICHI 3B’ SI3KU
MK IUTEM PSJOM HOMIHAJIbHHMX MOKa3HUKIB po3BUTKY [IPD 1 OcO yuHIB Ta piBHEM
[1pA 1 IIcA. 30kpema, BCTaHOBJIEHO, IO HAMOLIBII 3HAYYIIUI BIUIMB Ha Mepeoir
npoueciB [IpA cnpaBnsaoTe Taki (akrtopu, SK “0COOIMBOCTI MIBUIKOCTI 30POBO-
MOTOPHOI peaxiiii’, 0COOJMBOCTI OCHOBHHX HEpPBOBUX MpOIECIB’ Ta ‘“‘0COOIMBOCTI
KooaMHaIll pyxiB”, Ha mepedir mporeciB [IcA — Taki ¢akropu, sK “0COOTUBOCTI
TPUBOKHOCTI”, “OCOOIMBOCTI XapakTepy”, “OCOOIMBOCTI arpeCUBHOCTI”, “0COOJIMBOCTI
MICUXIYHUX cTaHIB” Ta “ocobmmBocti CmA”.

Taxum unHOM, IOTPIOHO BiI3HAYMTH, IO aJIEKBATHE MPOBEICHHS MPOTHOCTUYIHOT
ouinku piBHA [IPA 1 IIcA yuHIB cTapmmx KiaciB A0 yYMOB 3A1MCHEHHS HamNpy>KEHOi
MOBCSIK/ICHHOT JISUTbHOCTI B CyYacHHX 3aKjIajaX OCBITU Mae€ mnepeadayaTd BUPILICHHS
TPHOX MPOBITHUX 3aB/IaHb: MEPIIIEC — 3yMOBJIIOE€ HEOOX1THICTh 3/IIHCHEHHS 00’ €KTUBHOI
OIIHKU PIBHS PO3BHUTKY Ta BU3HAUEHHS OCOOJMBOCTEH (hOpMyBaHHS 3pyIIEHb 3 OOKY
KpUTEpiaIbHUX COLIAIbHO- 1 HaB4alIbHO-3Hauy KX [1hdD ta OcO B 1rHaMiIll HABYAHHS,
Apyre — BU3Hayae NoTpedy B CTBOPEHHI aIeKBaTHHX JI0 MTOCTABJICHUX I1JIeH Ta MPOCTUX
1 JOCTYMHHUX Yy BHUKOPHCTaHHI METOAIB 3AIMCHEHHS KOMIUIEKCHOI  OIlIHKH
JOCIIIJKYBAaHUX O3HAK Ha IMIJICTaBl HAYKOBOTO OOIPYHTYBaHHS a00 IHTErpaIbHUX
MOKa3HUKIB, a00 mmIkajm OambHOI OINHKU, TpeTe — Tependadae po3poOJIeHHS Ta
3aMpOBa/KEHHST TIIXOJIB JIO CBOEYACHOI KOPEKIi IMOBIPHUX BHUKPHUBIIEHb BIJl
MIPUPOJHOTO TEpediry MPOLECiB COLIAIbHOTO CTAHOBJIEHHS 1 HaBYAJIbHO-3HAYYIIOTO

3pOCTaHHsI LIKOJISIPIB, III0 MOXKYTh MaTH MICIIE.
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BucuoBku

PesynbraTi mpoBeneHUX JOCTIKEHb LILJIKOM IEPEKOHJIMBO 3aCBIIUYIOTH TOU
(akT, 110 SK MPOBITHI MPUHIUIIN TIr1€HIYHOI JIarHOCTUKHM Ta MPOTHOCTUYHOT OIIIHKU
3aKOHOMIpPHOCTEH Tiepebiry mporeciB mcuxodizionoriyHol 1 MCHXIYHOI ajanTarl
CydyaCHUX IIKOJSIPIB CIIJ BIJ3HAYUTH: BU3HAYCHHS Tirl€HIYHUX (0COOIUBOCTI
BHYTPIIIHBOIIKUIBHOTO ~ CEPEJOBMINA, COINaIbHO-TITIEHIYHI  OCOOJMBOCTI  YMOB
nepeOyBaHHS TOIIO), METUKO-COIIaTbHUX (3KUTIOBO-TIOOYTOBI, COIIaTbHI OCOOIUBOCTI
yMOB TiepeOyBaHHS, OCOOJMBOCTI MOIIUPEHHS 1 THIOBA CTPYKTypa 3aXBOPIOBAHOCTI
TOIIO) Ta ICHUXOJIOTO-TEAAroriYHuX (0COOJMBOCTI CTPYKTYpH OCHOBHHMX PEKMUMHHUX
€JIEMEHTIB JA000BOT JisUIbHOCTI Ta HABYAJNbHOI aJanTailii TOIIO) TMEpPEayMOB
dhopmyBaHHs 11cux0¢1310JI0TIUHOT 1 ICUXIYHOT afanTall; ypaxyBaHHS BIKOBO-CTaTEBUX
3aKOHOMIpHOCTE  mpomeciB  (opMyBaHHS  TNCUXO(I3IONOTIYHUX  KOPEJST
ncuX0(i310JI0TIYHOT aanTalll Y4YHIB MIKUIBHOTO BIKY; ypaxyBaHHsS BIKOBO-CTaTE€BUX
3aKOHOMIpHOCTEH TpoI1ieciB (HopMyBaHHS OCOOMCTICHUX KOPEJAT MCUXIYHOI ajarnTalll
YUYHIB IIKIJIBHOTO BIKY; ypaXyBaHHs MPOTHOCTUYHUX KPUTEPIiB YCHIIIHOCTI mepediry
npotieciB ncuxodizionoriyHoi aganTaill (ncuxodizionoriyHui aganTaiiHo-3HaYy N
KJIacTep) MCUXIYHOI ajanTtani (TPUBOXKHICHO-HEBPOTWYHUN, HEPBOBO-ICHXIYHUN Ta

XapaKTepOJIOTITYHO-MOTUBAIIIMHUN alanTalliifHO-3HAYYII KJIaCTepH).
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KAPITEL 11/ CHAPTER 11 "
PHYSICAL EDUCATION AS ONE OF THE BASIS OF FORMING A
CULTURE OF HEALTH IN RURAL SCHOOLCHILDREN.ELEMENTS OF
REHABILITATION

DOI: 10.30890/2709-2313.2024-29-00-009

i

Berym.

3a JaHUMM JEeprKaBHOI CIIY)KOW CTaTUCTUKHU YKpaiHW, HAa CbOTOJHIIIHINA JI€Hb
KOJKHa T'ATa IIKoJa B YKpaiHi € Takolo, B SAKIA 3arajJoM HaB4aroThCs He OinbIie 40-
50 3m00yBadiB cepeIHBOT OCBITH, TOOTO TX HA3MBAIOTh MAJIOKOMITJIEKTHOIO MITKOJIOO
[3,5]. Tomy ciibCbka MaJOKOMIUIEKTHA IIKOJIa Ma€ psiJ MepeBar y MOPIBHSHHI 3
cTrannapTHuMH 1mkojgamu. [lo-nepme 70% CuIbCHKUX MIKUT BOJOIIOTH 3€MIICIO Ha
IpaBax BJIACHOCTI MalOTh CBOi HABYAJIbHO-JOCHIIHI JUISHKH, SKi 0OpOOJISIOTH Ta
OTPUMYIOTh BpOXkai HE HIWKYE, a TO 1 BUIlEe (PepMepChKUX 1 3a0€31euyIoTh cede cami
[2]. [To-mpyre, rnOOKe 3HAHHSA BUMTEISIMU 1HIUBITYyaTbHUX OCOOIMBOCTEH KOXKHOTO
3n100yBaya cepeaHbOi OCBITU Ta yMOB HOTO KUTTA. Ilo-Tpete, MaloOKOMIUIEKTHA
IIKOJIa € BOXXJIMBUM COL1aJJbHUM YHHHUKOM PO3BHUTKY OCOOHCTOCTI, TYT MPOXOJIUTh
poOoTa He JuIle 3 YYHSIMH, a 1 poAMHaMH, y TOMY uucii 1 HeOnaronoayyHumu. [lo-
YETBEPTE, CIITLCHKY IIKOJTY, TUTSYNN caj i OYIMHOK KyJIbTYpH MOKHA PO3TIISIATH SIK
€VMHUN [IEHTP KyJIbTYPHOTO XUTTS cena. [lo-m’siTte, came TyT MOKJIMBE CTBOPECHHS
1HHOBAIIMHUX 3araJiIbHOOCBITHIX YCTaHOB | CTymeHs 3 Majiol0 KUIBKICTIO YYHIB 3
ypaxyBaHHAM cleuu(iku MICHEBOCTI Ta JAeMOrpadpiyHoi cUTyalli B HACEICHOMY
nyHKTI. [1,2,6]. lle ogHi€0 mpuanHOIO 30€peKEeHHS MATOKOMIUIEKTHHUX KT Ha Cel
CIIyIy€ 3aMiHa KJIaCHO-ypOYHOI CHUCTEMH Ha IHAMBIAyallbHy poOOTY, TIpYIOBY,
dakyIbTaTUBHY, AWCTAHIlIHE HaBYaHHS, a oOpraHizamis poO0OTH YYHUTENIB TIO
MPUHITUITY «YYUTENbh y BIIPSHKEHHI» a00 «yYUTENIb-METOAMCT METOAKAOIHETY»
[3,4,7].

VY3aranpHIOIOYM BUINE CKa3aHe, MOXKHA CIIEBHEHO CKa3aTu, M0 Mpobiema
PO3BUTKY (h13UYHOTO BUXOBAHHSI IIKOJISIPIB, IO MTPOKUBAIOTH B CUIbCHKIM MiCII€BOCTI

1 BUaThCA B KJ1acax KOMIIJICKTaxX, CTajia HaILSBI/I‘—IaI‘/JIHo AKTYaJIbHORO.

" Quthors: Dabybida Nataliia, Popovych Dariya, Korin Micha
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3aBJIJaHHSIM PO3BUTKY OCBITH YKpaiHu B XXI CT. € cTBOpeHHs e(PEeKTUBHOT CUCTEMU
HaBYaHHs 1 BUXOBaHHS MoJo/i. CbOroHi mepesa OcBiTO0 B YKpaiHi CTOITh YNUMAJo
po0OJIeM, OJTHIEIO 3 IKUX € 30epeKeHHS Ta peopraHi3allisi MAIOKOMIUICKHUX MK [5].
[ToHATTS «MaJOKOMIUIEKTHA IIKOJa» II€ I1HTEerpamisi, B SKy BXOASTHh Pi3HI
3araJbHOOCBITHI 3aKJIa[ i, U0 3aiMaIOThCS PI3SHUMH BUJAMU JTiSUIBHOCTI, KUTBKICTIO
3100yBaviB OCBITH, SIK1 POXOJATh HABUAHHS Y JJAHUX 3aKjagaxX OCBITH, Ta iIXHbOMY
TEPUTOPIATTLHOMY PO3MIMIECHHIO. 3a PI3HUMH EHIUKIONEANYHUMH J{KEpeiaMu
MaJIOKOMILJICKTHA IIIKOJIa XapaKTEePU3YEThCS SIK IIKOJa 0e3 mapaiebHuX KiaciB abo
3 JIy’K€ MaJIol0 KIJIBKICTIO Y4HIB, Jie, 3100yBaul cepelHbOi OCBITH JBOX, TPhOX ab0
YOTUPHOX KJaciB 00'€THYIOTbCSI B OJMWH KJIAC-KOMIUIEKT. 3 TaKUM KJIacoM
(KOMIUIEKTOM) MPALO€ K MPABUIIO OJUH BUUTENbY [23].

JUis miaTBEpIKEHHS JAOCTOBIPHOCTI HAIOTO JOCHIIKEHHS MH TPOBENIU
YOTUPHUPA30BI TECTOBI BUMPOOYBAaHHS MPOTATOM POKY 3a CUCTEMOIO Jlep:kaBHUX
TeCTIB YKpaiHU. B JaHOMY JOCHDKEHHI MM XOYeMO TIOPIBHATH (hI3UUHY

MiATOTOBJIECHICTh YYHIB, SIKI HaBUAlOTbCA HA YypokKax (PI3MYHOrO BHUXOBAHHS 3a

1HIWBIAYaJIbHUM Ta AU EpPEeHIIHOBAaHUM HaBYaHHSIM.

Taboaununs 1.
Kpurepii ouninioBannsa /lep:xaBHUX TecTiB YKpainu , 1995, 3a
NATHOAJIBHOI0 CHCTEMOI)
5 OaiB ‘ 4 6ana ‘ 3 Oana | 2 Gasa ‘ 1 Gan
PiBHI KOMIIETEHTHOCTI

Bucokuii | JlocratHiit Bue Cepenniii | Hwuspknii

piBEHb piBEHb CEpeIHbOrO |  PIBEHb piBEeHb

KOMIIe- KOMIIe- PIBEHB KOMIIe- KOMIIe-
TEHTHOCTI | TEHTHOCTEH KOMIIE- | TEHTHOCTEMN | TECHTHOCTEU

TEHTHOCTI
HabOpana cyma 0aJjiiB
80-65 | 64-49 | 4833 | 32.17 | 16-1

VY Gepesni 2023 poky Hamu OyJI0 MPOBEACHO TEpIle TeCTOBE BUMIPOOYyBaHHS (1
Typ), TabJ. 2. 3 MTaHWX HAINIOTO JTOCIIKEHHS BUIHO, IO 3arajbHU (13UIHUMA PIBEHD

YYHIB KOHTPOJIBHOI Ta €KCIEPUMEHTAIbHOI IIKOJIM, MAalOTh BUIIE CEPE/IHIM piBEHb
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KOMITETEHTHOCTI. Y TpaBH1 Mmicsaii 2023 poky OyB NMpoBeIeHHI 2-Ml Typ HaIIoro
JTOCIDKEHHS. 3 TAaHOT'O JOCTIKEHHS BUJIHO, 1110 PE3YIbTaTH TECTIB 301IbIITUINCH B
000X Tpymax, aje y €KCIepUMEHTaJIbHINA TPyIi JaHWUN TMOKA3HUK TOKa3aB 3HAYHE
30UIBIICHHS pe3yybTaTiB (AUB. Ta01.2). B MOpIBHSAHHI 3 MEPIIUM TYPOM B JIPyTOMY
Typl eKCIIepUMEHTaJIbHa rpyIia 301IbIIIIIA 3aralibHy CyMy OalliB 32 BCIMa TECTOBUMU
MOKa3HUKAaMH, a caMe CTPUOKH B JOBXKMHY 3 MICIISI 3arajibHa cyMa TaJiB 301IbIIUIIACS
Ha 11 GaJiB, 1110 TOBOPUTH MPO JIOCTATHIM piBEHb KOMIIETEHTHOCTEH. Pe3ynbrar 3 0iry
Ha 30 M ekcriepuMeHTalbHa MAJIOKOMIUIEKTHA IIKoJIa 301blmia Ha 15 OamiB 1o €
TEX JOCTATHIM piBHEM KOMIMETEHTHOCTI. Takox 3011bMBCs Ha 13 OaliB MOKa3HUK
TECTy 3 YOBHUKOBOro Oiry, II0 CBIIYUTh NP0 BUIIE-CEPEHIA pPIBEHb
KoMreTeHTHOCTI. [loka3Huk rayukocti «Haxui Tina 3 moJ0KeHHs CUITIn», TEX 3pic
3a MICSIIIb 3aHATH 3 (DI3MUHOTO BUXOBAHHS, 32 Pe3yJIbTaTaMH 2 TypY, IKE MPOBOIUTHCS
Ha BIJKPUTOMY HOBITpI 3a po3po0sieHOI0 HaMu MeToauKkoio Ha 10 GamiB. 5B cBo1O
Yyepry y LIKOJI, SKy MM B3sJIU 32 KOHTPOJIbHY JI€ JIITH 3aiiMarOThCsl 32 CTaHJAPTHOIO
nporpamoro 3 (i3uyHOI KyJNbTYpH i Yy4HIB 1-4 KiaciB, TOKa3HUKH 3a
EKCIIEPUMEHTAJIbHUMH T€CTaMU TEX 30UIBIIMINCS HE 3HA4YHO, a caM€ CTPUOOK B
JOBXHUHY 3 Miclsl 30UIbIMBes Ha 3 Oanu; Oir Ha 30 M. 301IbIIMIIach Ha 5 OaiiB;
301IBIIMIIACh Ha 8 OaJliB MOKA3HUK TECTIB 3 YOBHUKOBOTO OIrYy; B TECTI HA THYYKICTh
a came «Haxun Tymy0a 3 MOJOXEHHS CHUASUW», 3arajbHa cyMa 30LIbIIMIACH
HE3Ha4YHO BCchOoro Ha 1 Oan. [iTh B eKCHEpUMEHTAJIbHIM MIKOMI MPOJOBKYIOTh
30UTBITYBaTH CBOT TMOKA3HUKU (DI3UYHOTO YTOCKOHAJICHHS 1 B TPETHOMY TYpi, SKUH
MPOXOMB Yy BepecHi Micsili. [{o 3araiibHOi cymu 0aniB 3 TeCTy CTPUOKH B IOBKUHY 3
MICIISl Y4YHI EKCIEePUMEHTAJIbHOI IIKOJW Aojanu Ie 6 OaliB; 3arajbHa cyMma
301IbIIMIack Ha 11 6aniB 3 Tecty «Oir Ha 30 M; TaKOK MOKPAIIUBCS Yac 3 TECTyBaHHS
YOBHUKOBOTO 0iry Ha 14 6aiB 110 CBIAYUTH PO TOCTATHIN piBEHb KOMIIETEHTHOCTI;
a TIOKa3HWK THYYKOCTI 30UIbIIMBCA Ha 4 Oanu, 10 € BHUINE-CEPEIHIM PIBHEM
KOMITIETEHTHOCTI. Maiie He 3MIHWINCS MOKAa3HUKHA B KOHTPOJBHIN MIKOJI MO BCIX
TECTax, 3a BUKJIIOYEHHSM CTpHOKa B JIOBXKHUHY 3 MICIS JIe pe3yJibTaT 301IbIINBCA
TUTBKY Ha 1 a1 11e TOBOPUTH PO BUIIIE-CEPEIHIN PIBEHb KOMIIETEHIII1. TecTyBaHHS

3 0iry Ha 30 M TakoX Iakas3ajao MO3UTHBHI 3pylleHHd Ha 1 Oai, ane 3aranbHUI
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IPUPICT pe3yJIbTaTiB TECTyBaHHS YOBHUKOBOIO OIry Ta HaxXwiy TyjyOa B Tepen

3IMIIIIIIACS HE3MIHHOIO B MOPIBHSIHHI 3 2-M TYpPOM.

Ta6auusa 2. Cyma nHadpanux 0aniB

yunssmu KII (n=40) -it EIII (n=15) 3a cucremoro [ep:xaBHuX TeCTiB

Ykpainu.
1 1yp 2 Typ 3 Typ 4 Typ o N
Jocaigxenns JOCTiIKeHHS JOCJTIIKEeHHS JOCJTIIKEeHHS = '5 £ d E
= =
= 2 | 851
=] 5} = S
Z OEL | &%
= bepe3ennb TpaBenb Bepecenn Civyenb © i
K-1B PK K -1B PK K-1B PK K-1B PK
0aJjiB 0aJjiB 0aJjiB o0ajiB
CTpudoK B 10BKHMHY 3 MicHsi, M
K1 44 BCPK 47 BCPK 48 BCPK 50 JIPK 47,2 | BCPK
EI 42 BCPK 53 JIPK 59 JIPK 68 BPK 55,5 JIPK
Bir na Bigcranb 30 M, ¢
KIII 40 BCPK 45 BCPK 46 BCPK 49 JIPK 45,0 | BCPK
El 42 BCPK 57 JIPK 68 BPK 72 BPK 59,7 JIPK
«YoBHHUKOBHI 0ir» 4Xx9 M, C
KIII 34 BCPK 42 BCPK 42 BCPK 43 BCPK | 40,2 | BCPK
El 31 CPK 44 BCPK 58 JIPK 62 JIPK 48,7 JIPK
«Haxua Tys1y0a i3 mo10KeHHs1 CHASYN?, CM
K1 33 BCPK 34 BCPK 34 BCPK 37 BCPK | 34,5 | BCPK
EI 34 BCPK 44 BCPK 48 BCPK 56 JIPK 45,5 | BCPK

3a pesynbratamMu 4 Typy, KU MU HNPOBOJIWJIM B KIHLI CIYHS, MOXKHA 3pOOUTH

BHMCHOBKH 10 y‘-IHl MaJIOKOMIIJICKTHOI IIKOJIN AC MU IMIPOBOJAWIIN 3aHATTA HA CBi)KOMy

MOBITP1 MTOKA3aJIM IOCUTh T'apHi pe3yJIbTaTH O yCiX TecTaX. Tak y CTpUOKY B TOBXKUHY

3 MICIIsl TOKa3HUK 3pic Ha § OaniB, a y IITEHl KOHTPOJBHOI LIKOJIX BiH 301JIbIIUBCS

BChOTr0 Ha 2 6anu. B KOHTpOJIBHIN MIKOJI1 TOKa3HUK OIT Ha BijicTaHb 30 M 301IbIITUBCS

Ha 4 0GanM 10 TOBOPUTH MPO BUCOKHM pPIBEHb KOMIIETEHIII, Y AITe KOHTPOJIHHOI

IIKOJIM JAHUWA TMOKA3HUK 30UThIIMBCSA Ha 3 Oany 10 TEX TOBOPUTH NPO TapHUIA

pe3yJbTaT 1 MpO T€ PIBEHb KOMIIETEHTHOCTI BHIIE-CEPEIHBbOr0. Pe3ynbrar mo

TECTYBaHHI YOBHUKOBOTO OIr'y B €KCIEPUMEHTAIbHIN KO 301IbIIKBCs Ha 4 Oanu a

y JiTel KOHTPOJIbHOI IIKOJW BIH 30UIBIIMBCA BChOTO Ha 1 Oai 1 3a 3araJilbHUMU

pe3yJibTaTamu 1€ piBEHb KOMIIETEHTHOCTI BHIIE cepeHbOro. OCTaHHIM TECTOM SIKUN
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MU BHU3HAYajJu B €KCIIEPUMEHTAIBHIN IIKOJI CTajla THYYKICTh a00 HaXWI Tyny6a§
MTOJIOKEHHS CUJISIUH, 1 TaK IaHUH MTOKa3HUK 30UIBIIMBCA Ha 8 OalliB 1110 TOBOPUTH PO
piBEHb KOMIIETEHTHOCTI JOCTaTHI. A B KOHTPOJIbHIM IIKOJI A€ IITH 3aiiMaucs Ha
ypokax (hi3UYyHOTO BUXOBAHHS 32 3BUYHOIO MPOrpaMOI0 TaHUI MOKA3HUK 301JIBIIIUBCS
Ha 3 Oanu, 10 TOBOPUTH MPO PIBEHb KOMIETEHTHOCTI BHUIIE CEPEAHBOr0. 3 JAHOTO
PO3/iTy MOKHA 3pOOMTH BHUCHOBOK IO JITH K1 3aliMaliMCs O 1HAMBIAYaJTbHIA Ta
nudepeHIiioBaniii  mporpamMi IMOKpAIIMJIA CBOI PyXOBl 3AI0HOCTI IO BHUAHO 3
pe3yNbTaTiB TECTyBaHHS, B MOPIBHSIHHI 3 TPYMHOIO JITeH $Ki BiIBIAYIOTH YPOKH

(h13UYHOTO BUXOBAHHS Ta BUAThCS B IIKOJI1 32 3BUYANHOIO ITPOTPaMoOI0.
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Maur. 1.1 3aranbHa cyma 6aJjiiB Ha0paHa yYHAMHM KOHTPOJILHOI Ta
eKCIIePUMEHTAJBHOI HIKOJIAMH 32 BUKOHAHHS TECTOBOI0 BUNIPOOYBAHHS
«CTpuOOK B JOBKHMHY 3 MiCLsD), CM
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Maur. 1.2 3aranbHa cyma 0aJjiiB Ha0paHa yYHAMHM KOHTPOJILHOI Ta
eKCIIePUMEHTAJBHOI HIKOJIAMH 32 BUKOHAHHS TECTOBOI0 BUNIPOOYBAHHS 3
«biry Ha BigcTanb 30 m», ¢
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Mau. 1.3 3aranbHa cyma 6aJjiiB Ha0paHa yYHAMHM KOHTPOJILHOI Ta
eKCIePMMEHTAJIbHOI IIKO0JAMH 32 BAKOHAHHS T€CTOBOI'0 BUNPOOYBAHHA 3
«YoBHHKOBOrO 0iry» 4x9 m, ¢
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Mau. 1.4 3aranbHa cyma 0aJjiiB Ha0paHa yYHAIMHM KOHTPOJILHOI Ta
eKCIePMMEHTAJIbHOI HIKO0JAMHM 32 BAKOHAHHS T€CTOBOI0 BUNIPOOYBaHHS 3

«Haxuiy TyJs1y0a i3 M0JI0KEHHSI CHASTYN», CM
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Ctpubok B Bir Ha YoBHUKOBUI Haxun Tynyba
OOBXMHY 3 BigcTaHb 30  6ir4x9 m, ¢ i3
micusa, cm M, C MONOMKEHHSA
cMaauu, c
ELL ™ KLU

Mau. 1.5 3Beaena cepeans cyma 0aJiB 3a BCi TeCTOBi BUIIPOOYBAHHS YYHSAMH
KOHTPOJIbHOI Ta eKCIIEPUMEHTAJIbHOI HIKOJIAMHU
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3a pI3HUIICIO CepeIHbOI CyMH OalliB YCiX TECTOBUX BUIIPOOYBaHBb 3a BC1 MICHII
JOCIIJKEHHS, eKCIIEpUMEHTAIbHA IIKOJIA JOCUTh BUIEPEIKAE KOHTPOJIbHY IIKOJY.
3a pe3yJpTaTaMH HAIIOr0 €KCIEPUMEHTY MOKa3HUKU 3a3HAIU JJOCUTh CYTTEBUX 3MIH
y (13UYHIA MIATOTOBICHOCTI YUHIB €KCIIEPUMEHTAIBHOI MAJIOKOMIUIEKTHOI CUTBCHKOT
IIKOJIM, 1€ JUIs Y4HIB 1-4 KJ1aciB MPOBOJMIM 3aHATTA 3 (PI3MYHOIO BUXOBAHHS HA
Byiuui. lle cBiquuTh MpO HEOOXIAHICTH MPOBENEHHS MOHITOPUHTY (PI3UYHOT
I1IFOTOBJICHOCT] YUHIB MOYaTKOBHX KJIACIB HE JIBa pa3u Ha PIK, a MICJs KOKHOT YBEPTI.
B koHTponbHIM KON € Y4yHI 3aiiMaivcs B CIIOPTUBHOMY 3aJll MO CTaHJAPTHIM
CUCTEMI HABYaHHS ITOKAa3HMKHU 3MIHIOBAINCA HE 3HAYHO, SIK B €KCIIEPUMEHTAJIbHIN
mKoai. MOHITOPUHT, IO NPOBOJUBCA HAMU B EKCHEPUMEHTANbHIN MIKOM 1
BIJICTe)KCHHA HAaMHM MOTrO pe3ysbTaTiB JI03BOJIMJIA B LIUJIOMY IMiJBUIIUTH PIBEHb
HABYAJILHO-BUXOBHOTO TIPOIlECY Ha OCHOBI 3abe3meueHHs AUQEpeHIiiioBaHOTO Ta
IHAMBIAYaIbHOTO MIJXOJIB. 3a HAIIMMU pe3yibTaTaMd IO KOXHOMY TECTy MU
BIITBOPWJIM 00’ €KTHBHI BIJOMOCTI TIPO CTaH (Hi3WYHOI MIATOTOBICHOCTI Ta (PI3UIHUX
SKOCTE B KOXKHOIO Y4YHS Ta Ha OCHOBI 310paHUX HaMHU JaHUX 31HCHIOBAIIU
IHAUBITyaTbHUN 1 AuQeEepeHIiiioBaHui MAxiJ 10 YYHIB B MPOIEC] OpraHizaiii
HABYAJILHO-BUXOBHOTO TMPOIIECy. 3AiHICHEHHS] MOHITOPUHTOBOTO PO3BUTKY OCHOBHUX
PYXOBHX 3A10HOCTEH YUHIB HEOOX1THO BIJTHECTH T€, 1110 KOXKEH YUE€Hb MaB MOKJIUBICTh
CaMOCTIMHO OI[IHIOBAaTH BJIACHI JOCATHEHHS, CHIBCTABJISITH 1X 3 JOCITHEHHSIMU 1HIINUX
YUYHIB 1 KOOPJMHYBATH BiacHY (Pi3WYHY JISIBHICTb.

BucnoBku. Hamie pociaikeHHs TPOBOAMIOCh Ha 0a3l MajJOKOMIUIEKTHOI
3aranbHOOCBITHROI KoM [-II ctynmeniB B ceni binorosnose, 300piBCbKOro paiioHy,
TepHoninbcbkoi 007aCTi, @ BC1 pe3yIbTaTH MOPIBHIOBAIKCS 3 OJHUM BiJ 1 1o 4 kiacu
KOHTPOJIbHOT 3arainbHOOCBITHROI mikoau [-III ctymeniB-mpaBoBoro mimero No2. M.
TepHormoms.

- IIpoTsirom HaBYaIBLHOTO POKY Y4YHI €KCIIEPUMEHTAJIbHOI IIKOJIM BIABIAYBaIU
ypokH 3 (DI3UYHOTO BUXOBAHHS Ha CBDKOMY IOBITPl 3a 3alPOIOHOBAHOK HAMH
Metoaukoro. Ili ypoku ¢i3M4HOro BUXOBaHHS OyJu CHpPsIMOBAaHI Ha MaKCHUMaJbHE
BUKOPUCTAHHA TPHUPOJHUX PECYPCIB CUIBCHKOI  MICIEBOCTI, MiJKPECIIOIYH

BAXKJIUBICTh aKTUBHOT'O CITIOCOOY KHUTTS Ta 3JJ0POBOI0 CTHJIIO B yMOBax BYJIUIII.
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- MoHITOpPUHT, 110 TPOBOJAMBCA HAMH B EKCIEPUMEHTAIbHIA IIKOJI 1
BIICTe)KEHHSI HaMU MOTO pe3yJbTaTiB J03BOJWIA B IIJIOMY IIIJIBUIIUTH PIBEHb
HABYAJIbHO-BUXOBHOTO TPOIIECY Ha OCHOBI 3abe3mneueHHs AU(EpeHLioBaHOrO Ta
1HJIMB1AYaJIbHOTO MiAXO/IB, & CaMe CTPUOOK B JJOBXKHHY 3 MICIIS Ha 301JIbIIMBCS Ha 8,3
%, Oir Ha Bigctanb 30 M Ha 14,7 %; yoBHUKOBMI OIr 4X9M 301IBIIMIM TOKa3HUK Ha
8,5 %, Haxun Tyny0a 3 mosjoxkeHHs cussguu Ha 11,0 %.

- 3a pi3HUIIEIO CepeaHBOT CYMH OaiB yCiX TECTOBUX BUIIPOOYBaHb 3a BC1 MiCAII
JOCTIIKEHHS, eKCIIEPUMEHTaIbHA IIKOJIA JOCUTh BUIIEPEKAE KOHTPOJIbHY LIKOITY.

- 3a pe3ysbTaTamMy HAIIOTO EKCIEPUMEHTY MOKAa3HUKHU 3a3HAJIHN JIOCUTh CYTTEBUX
3MiH y (I3U4YHIM MIATOTOBJIEHOCT! YYHIB E€KCIEPUMEHTAIBbHOI MaJOKOMIUIEKTHOI
CUIbCHKOI INKOJH, A€ sl Y4yHiB 1-4 KJaciB MpPOBOIWIM 3aHATTS 3 (PI3UYHOTO
BUXOBaHHA Ha ByJuul. Lle cBIIUMTH Mpo HEOOXINHICTh MPOBEACHHS MOHITOPUHTY
¢b1314HOI MiITOTOBJICHOCTI YYHIB MOYATKOBHX KJIAciB HE JIBa pa3d Ha piK, a Micls
KOKHO1 YBEPTI.

- B KOHTpONBHIN IIKOI JIe YUHI 3aiiMaiucs B CHOPTUBHOMY 3aJIi IO CTaHJApTHIM
CHUCTEMI HAaBYaHHs, TOKA3HUKU 3MIHWINCS HE 3HAYHO, B TIOPIBHAHHI 3

CKCIICPUMCHTAJIBHOIO IIKOJIOKO.
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KAPITEL 12/ CHAPTER 12 '
CORRECTION OF IRON DEFICIENCY CONDITIONS IN ACTIVE BLOOD
DONORS AND THEIR CLINICAL SIGNIFICANCE IN MEDICAL
PRACTICE

DOI: 10.30890/2709-2313.2024-29-00-026

AKTYyaJbHICTb.

VY perynsipHUX IOHOPIB KPOBIi 3a OAHY MOBHY A0HAIlI0 KpoBi (420 - 450 mi) 13
(YHKIIIOHATBLHOTO IyJy BTpadaeThcsi Onm3bko 250 - 270 mr 3amiza, TeX came
BiJI0OYBAa€ThCS 1 MPHU 3aroTiBIl €PUTPOLUTIB apepe3HHM METOJIOM, KUl 3aBOauye
B3ATTS ofHiei (180 - 200 mi) abo IBOX 703 €PUTPOLMTIB, 3aJICKHO BiJ MOTped
penumienTa. 3BaXkaro4yu, U0 | MJI epUTPOLMTIB MICTUTH | Mr 3aii3a, TO BTpaTH
OCTaHHBOTO MpH adepe3HUX METOJax 3aroTiBJIl EPUTPOIUTIB OyAyTh aHAJIOTIYHUMHU
TaKuM, 1110 1 MPH JOHAIISAX IIJIBHOI KpOBI, a00, HaBITh iX mepeBunryBatu. OTXKe, 3a
YMOBH PEryJIsIpHOI y4acTi y JOHOPCTBI, JOHOP KpoBi Moxe BTpadatu Bix 500 1o 1000
M 3ajli3a MIOPIYHO, a IIe B CBOIO YEpPry MOXE MPHU3BOJUTH 10 (POpMyBaHHS CTaHy
nateHTHOTrO nedimuty 3amsa. [1,2,3 4, 6, 12].

KinpkicHmii aHami3 3amiza B cupoBarmi (serum Fe) mo3Bonsie BHUSBUTH
3ami304e(IUTHUN CTaH B OpraHi3Mi, MPOTE JIIarHOCTUYHOIO I[IHHICTIO HE BOJIOIE [5,
7, 8], amxe HaBITh MPH BIACYTHOCTI AedinuTy 3aiiza serum Fe OyBae 3HMKEHUM Tpu
3amajieHHl, OHKOIATOJIOr1i, TocTpoMy 1HGapKTi Miokapay. JloBeneHo, mo serum Fe €
HOPMaJIbHUM Y YacCTHUHHM XBOPHUX 3aji30/Ie(PIIIUTHOI0 aHEMIi€l0 1 HE BijoOpaxkae
cpaBxHboro Aedinuty. Pasom 3 tum, 30imbmenHs 3aramsHoi (TIBC — total iron
binding capacity) Ta JJaTeHTHOI 3aJ11303B s3y1040i 3/1aTHOCTI cupoBaTku kposi (UIBC
— unsaturated iron binding capacity), Tpanchepuny cupoBatku (serum Tf) Ta iioro
MOJIEKYJISIpHUX 130opM [9], 3HMKEHHS KOE(IIIEHTYy HACHUEHHS TpaHchepuHy
3ami3oM (Tfpe — transferrin saturation) [6, 11] € 7OCUTh YYTIMBUMHU IHAMKATOpPaAMU
nedinuty 3amiza [4, 8, 9, 13].

JlocipKeHHSIMH BCTaHOBJICHO, III0O B CHPOBATIIl KPOBI 370pPOBOi JOPOCIOi

moauan 1 Mkr/n 3am3a (serum Fer) Bignosigae 8 - 10 mMr nenoroBanoro 3aiiza [6, 10].

2 Authors: Kuziv O., Derpak Yuriy Yu., Maikut-Zabrodska Ivanna
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3MeHIIIeHHsI 3aIaciB 3aii3a B MakpodarajbHii CUCTEMI € YU HE €JUHOI0 MPUYUHOIO
HU3bKUX KOHIIEHTpALlli 3aj1i3a B CUPOBATIIL, 1110 I03BOJIsSI€E BUKOPUCTOBYBATH BKAa3aHUM
napameTp B giarHoctuii aedimuty 3amiza [14, 15]. OmHak, KUIBKICTh 3aimi3a SK
roctpo(a3zoBoro peakTaHTy, MOXe 301IbIIyBaTUCh B CHPOBATIl KpOBI MpH
(beOpunIbHUX peakiisX, aHeMIAX XPOHIYHOTO 3aXBOPIOBaHHSA Ha (HOHI 3amaabHUX
MPOIIECIB, 3JIOSKICHUX HOBOYTBOPEHHSX, TIeMO0JIACTO3aX, BPaKEHHSAX IECUYIHKH,
XPOHIYHIN HUPKOBIM maTosorii Toro [16,17,18].

OTtxe, piBeHb serum Fer kopentoe 3 3amacaMu 3aj1i3a B OpraHi3Mi 1 € MapKepoM
nediuuTy nporo enemeHty B TKaHuHax [1, 4, 5]. Ha ceoroani HegocTaTHBO
BUBUYCHUMH 3aJIMINAIOTHCA MUTAHHS KOPEKLIi y PEeryiasipHUX JOHOPIB KpOBI, IO
3aCTaBUJIO HAC MPOBECTU BIAMOBIAHI JOCIIIKEHHS.

MeTa po06O0TH — BU3HAUUTH 3aJICKHICTh TMOKa3HUKIB METa0oJi3My 3ajiza y
PETYJISIPHUX JTOHOPIB KPOB1 T pO3POOUTH CXEMHU KOPEKIIil MOpYILIeHh OOMIHY 3aj1i3a

Marepian i meToau. Hamu o6ctexxeno 62 nonopu BikoM Bin 21 10 55 pokis (34
40JI0BiKIB Ta 28 xkiHOK). Cepea HUX 29 ocobu (17 4osoBikiB Ta 12 XiHOK) 3A1HMCHIOBATIN
JIOHAITIIO BIEpIIE B KUATTI — BOHU ckianu nepiry (1) rpymy cmocrepesxerHs, ta 33
noHopu (18 yonoBikiB Ta 15 >kiHOK) OyjM MOCTIMHUMH JIOHOpaMHU 31 CTa)KeM
JIOHOPCTBA MTOHA/I IBa POKH 1 3J1HCHIOBAIM HE MEHIIIE JIBOX JOHAIIIM MOPIYHO — BOHU
ckianu apyry (II) rpymy. [loka3HMKHM KUTBKOCTI €PUTPOLIUTIB Ta BMICTY T€MOTJI001HY
B nepudepudHii KpoBi B o0cTexxeHuX Oynu B Mexax Hopmu. Jlonopu II rpymu
CIIOCTEPEKEHHS MMOTEHIIIMHO MOTJIM MaTh AediuuT 3ami3a. BuzHaueHHsa BMICTY 3aiiza
B cupoBarmi (C3) KpoBI Ta IMOKa3HHUKA 3arajibHOi 3a11303B’S3YH0Y0i 37aTHOCTI
cupoBatku (333C) 3aificHioBa)IM 32 0aTo(EHAHTPOJIIHOBOK METOAMKOI0. [TokazHHK
HEHAacH4eHOi 3ami303B’sa3ytodoi 3matHocTi cupoBarku (H33C) oOuucnroBanu sk
pizauIto Mix 333C ta C3. KHT3 BuzHavanu sik criBBigHomeHHs Bmicty C3 o 333C.
Bwmict tpanchepuny (TD) Busznauamm 3a mokazaukom 333C, deputuny (OH) -
pagloOMETpUYHUM METOJIOM, piBeHb 3aimi3a B eputpormutax (E3) - Mmeromom aTtomHO-
a0bCcopO1iitHOT CIEKTPOCKOTI1.

Pesynbratu qociikeHs onmpanboByBalld METOIAMH BapialliitHOT CTATUCTUKH.

Pe3yabTaTH TA iX 00rOBOpEeHHH.
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JlocmKyr04H MOKa3HUKUA YE€PBOHOT KpoBl1 y oOcTexeHnux aoHopis I ta 11 rpym,
HaBeJCHUX y TaOnuIll 1, BUIHO, IO KIJIBKICTh EPUTPOILIMTIB Y YOJOBIKIB BIJIIOBITHO
BuUlIe, HIK Yy XKiHOK (p<0,001). BmicT reMor;io0iHy y 40JIOBIKIB BIpOTIAHO BHUIIE, HIXK
y xkiHOK (p<0,02). 3ajeHOCTI BiJ] CTaTl MOKa3HUKA T€MAaTOKPUTY HAaMHU HE BUSBJICHO
(p<0,1). KinpkicTb epuTpoLHTIB y 40sI0BIKIB Il rpynu 06cTexeHNX JOCTOBIPHO HUXKYE,
HIX Yy XKi1HOK (p<0,01), BiAmoBiJHO KOHLIEHTpallist reMorio0iny (p<0,05) y 4osoBikiB-
JIOHOpIB OyJia BUIIA, HDK y KIHOK-IOHOPiB. HamMu He BCTaHOBJIEHO IOCTOBIPHOT
PI3HULII TIPU NMOPIBHAHHI CEPEHIX 3HAUEHb MOKa3HUKA KOHIIEHTpAIlil reMOrjao0iHy y
AKTUBHUX JOHOPIB 1 JOHOPIB KOHTPOJIbHOI rpynH (p>0,05).

JIOCTOBIpHOT pPI3HUII MK TOKa3HUKAMU KUIBKOCTI E€PUTPOIUTIB, BMICTY
reMoryio0iHy 1 MOKa3HUKaMU TeMaTOKPUTY Yy 00cTexeHuX | rpymnu moa0 aHaIoriuHuX
noka3HukiB y ocio Il rpynu namu He Busisneno (p>0,1).

Taoauus 1 - OcHOBHI NOKa3HUKHU Nepu(eprUIHOI KPOBI y 00CTeKeHHX

aoHopiB (M=£m)

I'pynu o6cTexkeHnx Hocro-
[Toxa3HUKH [lepua (n=29) Hpyra (n=33) | BipHICTb
Kinkun Yomosiku | XKiaku YomnoBiku
(n=12) (n=17) (n=15) (n=18)
KinbkicTh 4,19£0,06 |4,52+0,04 |4,231£0,05 |4,44+0,006 | p:1<0,001
€PUTPOLIUTIB p2<0,05
(M£m)x10"n p3>0,1
Bwmicr 143,38+ 157,00+ 140,91+ 148,01+ p1<0,05
reMorno0iny | 4,52 2,34 1,98 2,81 p2<0,05
(M+m) r/n ps>0,1
I'emaroxpur | 0,440,002 | 0,440,003 | 0,44+0,004 | 0,45+0,003 | p:1<0,1
/i p2<0,1
p3>0,1

P1 — AOCTOBIPHICTh PI3HMUII MOKA3HUKIB B 3aJIEKHOCTI BiJ] CTaTi Y 00CTEKEHUX
MEPIIO] TPYyIH;

P2 — AOCTOBIPHICTh MOKA3HUKIB B 3aJIC)KHOCTI BT CTAaTi y OOCTEKEHUX

IPyroi rpyIu;

P3 — IOCTOBIPHICTH PI3HUIII MOKA3HUKIB MEPIIIOL Ta IPYTOi IPYI TOHOPIB KPOBI.
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[Ipu mocnimkeHHI OCHOBHUX MOKAa3HUKIB OOMIHY 3ajli3a y 0OCTEKEHUX JOHOPIB,
HaBeJCHUX y TaOJuII 2, BCTAHOBJIEHO, 1110 BMicT C3 B IpyIli aKTUBHUX JIOHOPIB KPOBI
ckiaaB 16,16+1,08 mxmoinb/n, moka3sHUK conepkaHus C3 y OOCTEXEHHUX JOHOpPIB
KOHTPOJIbHOI TpynH B cepeanbomy ckiaB 18,43+1,80 mxmons/n (p<0,05). [Tokazuuk
333C y akTHMBHHUX JIOHOPIB B cepeaHboMy BiamnoBigaB 92,47+27,97 mxmonb/n, y
obcTtexxeHux JoHOPIB | rpynmu 1ed MOKa3HUK 3HAXOAUBCS B Mexax 67,85+3,22
MKMOJIb/JT Ta OyB JOCTOBIPHO HMIMM aHajoriyHoro y monopiB Il rpymu (p<0,01).
[Tokaznuk H33C y aktuBHUX AOHOPIB ckianas 76,30+28,82 MKMOJIb/JI pU MOKA3HUKY
49,42+6,41 mMxmounb/n 'y noHOpiB KOoHTposibHOI rpynu (p<0,01). KHT3 y rpym
aKTUBHUX JIOHOpPIB ckiaB 19,13+7,70 % npu nocroBipHOMY 3pocTanHi no 27,41+7,37
% y kouTpoibHOI rpymnu (p<0,01). Bmict T® y rpyni akTUBHUX JOHOPIB B CEPETHBOMY
3HaxoJuBCs B Mexkax 12,7140,81 r/n npu nokazuuky 2,54+0,27 r/n 'y nonopis I rpynu
(p<0,05). ¥ aktuBHux noHopis BMicT @H B cepennbomy ckiaB 3,75+1,21 mkr/i 1 6yB
JOCTOBIPHO HHUIIUM TOPIBHAHO 3 MOKazHUKOM @PH A0HOpIB KOHTPOJIBHOI TpymHH
(p<0,05). Ilokaznuk BMicTY E3 y akTUBHMX JOHOpIB B CE€pPEIHBbOMY BIJIOBIJIaB
25,1940,08 Mkr/r. Y noHOpiB KOHTpOJIbHOI rpynu BMicT E3 3HaxonuBcs B Mexkax
27,00%0,78, cepenHe 3HaYCHHsS SKOTO OyJIO BHIIE MOKa3HWKa y JoHOpiB Il rpymu
(p<0,05).

Ta6auus 2 - OCHOBHI NOKa3HUKH MeTA00J1i3MYy 3a71i3a Y 00CTe:KeHUX
aoHopiB (M=£m)

oHopu | rpyru oHopu II rpyrmn .
[Toka3Huku (§=29$ " (§=33$ " JlocToBipHicts
C3, MKMOJIB/T1 18,43+1,80 16,16+1,08 p<0,05
333C, MKMOJIB/II 67,85+£3,22 92,47+27,97 p<0,01
H33C, MKMOIIB/I 49.42+1,42 78,31426,89 p<0,01
KHT3, % 27,16%5,59 17,47+3,86 p<0,01
®H cuBopoTKHU, MKI/1 | 9,339 56 3,75+1,21 p<0,05
T® cuBOpOTKH, I'/11 2,5440,27 12,7140,81 p<0,05
Bwmict 3Ep, MKr/11 27,0040,78 25,1940,08 p<0,05

P — IOCTOBIPHICTh PI3HUII MOKA3HUKIB Y OOCTEKEHUX JOHOPIB MEPIIOi Ta APYTOi rPyIL.

AHaJi3y0un pe3yJbTaTh BUBYCHHS 0a3MCHUX MOKA3HUKIB METa00J113My 3ai1i3a y
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o0cTexXeHuX, 3 scyBaiy, 1o y AoHopiB Il rpynu mopiBHsHO 13 AoHOpamu | rpymw,
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TOCTOBIpHO 3MeHIIyeTbest piBeHb C3 (p<0,05), ®H B cuposarmi (p<0,05) ta E3
(p<0,01). BusBneHi 3MiHM CBiI4aThb OpPO Te€, IO PETYJSAPHE IOHOPCTBO MOXKE
CYIpOBOIKYBAaTUCh (OPMYBaHHSIM JIaTeHTHOro jaedinuty 3amiza. BpaxoByrouu
BHUII€3a3HaYEHE, BBAXKAIIU 32 JOLILJIbHE BUBUMTH y AOHOPIB I rpymnu 3MiHM Opy1IeHuX
MOKa3HUKIB 3aJIeKHO BiJ KITBKOCTI JOHAII Ta TPUBAJIOCTI JOHOPCHKOTO CTaXYy.
BcranoBneHo, 1mo y miArpymi JOHOPIB, sIKI Majld HAWOUIBIIMA JOHOPCHKUM CTax
nocToBipHO 3MeHITyBaBcs piBeHb C3 (p<0,05), ®H B cuposarii (p<0,05), E3 (p<0,05),
Ta migBuiryBanucs mnokazHuku 333C (p<0,01), H33C (p<0,01) ta T® (p<0,05).
BusiBieni 3MiHM CBiuaTh MpO Te€, IO TpUBaJe PEryJsIpHE TOHOPCTBO y pasi
BIJICYTHOCTI ~@/ICKBaTHOTO MEIMYHOTO KOHTPOJK MOXE CYMNpPOBOJKYBAaTHChH
MOPYIICHHSIM BCiX JJAaHOK MeTaboi3my 3amiza: nenonoBadoro (OH), TpancnopTHOTO
(T®) ta pynkuionansuoro (E3).

VY aKTUBHMX [IOHOpIB 3 BHUSBJICHUMHU MOPYIICHHAMHU OOMiHY 3ajii3a Ta
€HEepPreTUYHOro OOMIHY B €pUTPOLMTAX NEPUPEPUUHOI KPOBI Y MPOLEC] JIKYBaHHS
mpenaparoM cyibgaTy 3aiiza BXE Yepe3 TpHW TIKHI Bl TOYATKy JIIKyBaHHS
CIIOCTEepirajoch JOCTOBIpHE 30uIbIIeHHs TmokazHuka 3C (p<0,001), sxe wMaio
BIIHOCHUH XapakKTep, OCKIILKH BiIOYBaIOCh Y MeXaxX HOpMU (Tabmutis 3).

Ta6auusa 3 - OcHOBHI NOKa3HUKH 00MiHY 3aJ1i3a y 00CTeKeHUX AKTHBHUX

JOHOPIB micjsi Kopekuil cyabdarom 3ajiza (n=33) (M+m)

[Toxa3uukn Jlo xopexkirii Yepes 3 micsii ..
: JIOCTOBIpHICTB
HICII KOPEKIIi
C3, MKMOJTB/T 16,16+£1,08 18,8612,11 p<0,05
333C, MKMOJIB/TI 92,47427,97 68,64+4,82 p<0,01
H33C, Mmxmoib/i 78,31+26,88 49,7842,71 p<0,01
KHT3, % 17,4743,86 27,4744,37 p<0,01
®H cuBopoTku, MKr/n | 3,75+1,21 8,1242,41 p<0,05
T® cuBOpOTKH, /1 12,7140,81 3,28+0,91 p<0,05
Bwmict 3Ep, MKr/n 25,1940,08 26,18+0,09 p<0,05

P — JIOCTOBIPHICTh PI3HHUII TOKAa3HUKIB OOMIHY 3ajli3a Y aKTUBHHMX JOHOPIB TICIs
KOpeKIlli cynbhaToM 3aiiza
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Mu cnoctepiranm 3menmieHHs nokasHukis 333C (p<0,001), H33C (p<0,001).i
30utbmeHHs1 mokazuuka KHT3 (p<0,001), sixki HaOyBaau HOpMaJIbHUX 3HA4YEHb BXKE
yepe3 TpU TIKHI BiJl MOYaTKy JiKyBaHHA mnpenaparoMm. [lokasuuk Bmicty TO y
CHUPOBATIII KPOBI TaK0 HaOyBaB HOpMaJIbHUX 3HAUYCHBb YEPE3 TPU THKHI BiJl TOYATKY
aikyBauHs (p<0,001). [Toka3uuk Bmicty @H y cupoBaTiii KpoBi HaOyBaB HOPMAJIbHUX
3Ha4eHb 70 8 a06o 12 tmwxkus (p<0,001), 3anexxno Bix crymnens nedimuty 3amiza (/13).
Takuit )xe xapakTep Majia 3MiHa MOKa3HHKa BMICTY 3E y akTHMBHUX JOHOPIB KpOBI
(p<0,001).

Jlns Kopekilii BUSIBIGHMX 3MIH OOMIHY 3ajii3a Ta MOPYILIEHb €HEPTeTUYHOIO
OoOMiIHY y OOCTE€KEHHUX HaMH JOHOPIB KpPOBI BUKOPUCTOBYBAJIM KOMILJIEKCHHM
npemnapar cyJib(hary 3aji3a, o MICTUTh Y CBOEMY CKJIai 80 MTI IBOBaJICHTHOTIO 3aIi3a,
acKOpOIHOBY KHCJIOTY Ta MyKorpoTeo3y. [Ipenapat 3actocoByBanu no 1 tabmietii 2
pasu Ha a00y mpoTsroMm 2 abo 3 MicsIliB, 3aJ€XHO BiJ CTyNeHs AediruTy, 10
HAaCHMYEHHS Jemo 3ajiza. Y MOAAJbIIOMY MPOBOAMIOCH MIATPUMYIOYE JIIKYBAHHS
MOJIOBUHHUMH JI03aMHU I[bOTO K TpenapaTy. KOHTpoilb HAacHYEHHsA Jemno 3aii3a
3MIACHIOBANM 3a ToKa3HUKOM BMicTy @OH y cupoBartiii KpoBi.

VY nporueci npo@iIaKTUYHOTO JIIKYBaHHS aKTUBHUX JOHOPIB 00CTEXKYBaIM TPUYi:
4yepe3 TP THKHI BiJl MOYATKY MPOQITAKTUIHOTO JTIKyBaHHS CYTh(haToM 3ai1i3a, APyTHid
pa3 — depe3 2 Micslll BXKUBAHHS IIpernapary 1 uepe3 3 Micsili.

[TincymMoByrOUM AaHi pO3JLTy MOKHA 3pOOMTH BHUCHOBOK, IO BUSIBJIEHI HAMHU
3MIHM OOMIHY 3ajli3a y aKTUBHUX JOHOPIB 3aJ€KaTh BiJ TPUBAJIOCTI JOHOPCHKOTO
CTaXy 1 XapakTepusyroTh cTaH JI/3, axuii CynpoBOIKYEThCS po30amaHCyBaHHSIM
oOMiHY 3aJli3a y aKTUBHHMX JOHOPIB KPOBI, MPUYOMY INIMOWHA MOPYUIEHb BiANOBIAA€E
ctyneHto /3.

Buxopucranns npenapaty cyibdary 3aiiza e(peKTUBHO yCyBa€ BUSBIICHI 3MIHU
oOMiHY 3aJli3a Y aKTHBHUX JIOHOPIB KPOBI YMPOJOBXK TPHOX MICSIIIB, 3aJ€KHO BiJ

CTyNeHs ne(iuTy.
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BucHoBkwu.

1.V perynsipHux TOHOPIB CIIOCTEpIratoThess HU3bK1 mokasHuku ®H ta E3 Ha doni
NopyIIeHHs 0a3MCHUX MMOKAa3HUKIB METa0013MYy 3ai3a. BusBICHI 3MIHU € HENPSIMUM
CBITYCHHSM MOPYIIEHb (PYHKIIIOHAJIBHOTO CTaHy €PUTPOIIUTIB B yMOBax (OpMyBaHHS
JATEHTHOTO AediruTy 3am3a.

2. 3acTocyBaHHS KOMIUIEKCHUX 3aJ1130BMICHHUX IIPENapaTiB, 10 MICTATh CyJbdar
3auTi3a, JUIsl KOPeKIii 3a1i30/1e(IUTHUX CTaHIB Y aKTUBHHUX JOHOPIB KPOBI JO3BOJISE
ycyBatu Je(diuuT 3aii3a 1 CYNyTHI HOpYLIEHHS MeTaboii3My B EpUTPOLMTAX
neprudeprudHoi BEHO3HOI KPOB1 YIIPOIOBK 3 MICAIIIB, 3aJICKHO BiJ TTMOUHU 1ePIUTy

3aJ1i3a.

MONOGRAPH 169 ISBN 978-3-98924-047-6



At

Prospective global scientific trends ‘ 2024 Part 2 %

KAPITEL 13/ CHAPTER 13 "*
ASPECTS OF OPTIMIZATION OF FISHERIES EXPLOITATION OF
SMALL RESERVOIRS IN SOUTHERN UKRAINE ON THE EXAMPLE OF
DANILIVSKY RESERVOIR

i

DOI: 10.30890/2709-2313.2024-29-00-011

Berym.

Pubne rocmomapcTBO Ha CBITOBOMY piBHI TpaHCHOPMYETHCS, BIIOYBAETHCS
ONTHMI3AIllsl OKPEMHUX €JIEMEHTIB 3 BpaxyBaHHSAM KIIMaTHYHUX 3MiH, BHUMOT
CIIO’KMBAaYiB, PO3BUTKY 1HHOBAIIMHUX, ITU(YPOBUX TEXHOJOT1. B CyKyImHOCTI Ha BOJIHY
€KOCHCTEMY BIUIMBAIOTh YMHHHKH, K1 B1IOOpa)xaroThCS Ha Mpolecax BiATBOPEHHS
pPUOHUX pecypciB, MOKa3HUKAX PUOOMPOTYKTUBHOCTI, BUJJOBOTO Ta BIKOBOTO CKJIaILy
1XTIOIIEeHO3y Toilo. BpaxoByrouum Taky TEHACHIIO, OJHA 13 3ajJad PHOHOrO
roCrofiapcTBa € HE JIMIIe 3a0e3MeueHHsT SKICHOK MPOAYKIIIEI0 HACEICHHS, aje |
3MIMCHEHHsI TporpaMm 3apuOJeHHs, po3poOKa cTpaTerii po3BUTKY Tally3l Ha
nep>kaBHOMY piBHI [1]. B KOHTEKCTI JaHOTO MUTAHHS aKTyaJbHUM Ta BIIKPUTUM
MUATAHHAM JIMIIAIOTBCA  3aXOAW IMOAO0 ONTUMI3alii 3araJibHOrO MAXOAy Ta
nepe3aBaHTaKEHHI pUOOTroCHoapChkoi rajgy3i B LUJIOMY 3 BEKTOPOM PO3BUTKY
OKpECJIEHUX acIekTiB [2, 3].

[TiBnenp YkpaiHu Mae qoCTaTHIN MOTEHIIIal, 0a30By MPaKTUUHY IIATHOpMY IS
YCHIIIHOTO PO3BUTKY rajy3i, IJIbOBE BUKOPUCTAHHS BOJHUX 00’ €KTIB KOMILIEKCHOTO
MpU3HAYEHHS, AKe nepeadayae ix pudorocmnoaapcbke Bukopructanus. [lotyxauii hoHa
BojoiM IliBgHs YKpaiHu Hajae MOXKIMBOCTI peanizoByBaTH Pi3HI BUIU JISUTBHOCTI:
peKpeartiifiie Ta CHOPTUBHE BUKOPUCTAHHS, TEXHIYHE BOJOMOCTAYaHHS MPOMHUCIOBHUX
MIIIPUEMCTB, OTPUMaHHS TUTHOI Boauw Tomo [4, 5]. BpaxoByrwouu MOCyIUTHBHIA
MIBJACHHUN KJIIMAT aKTyaJlbHUM € JIOCBiJ BUKOPUCTAHHS 3POIIEHHS, IO CIPHUSIIO
CTBOPEHO 3HAYHOI KUIBKOCTI BOJOCXOBHII KOMIUIEKCHOTO MPH3HAYEHHS B JAHOMY
perioHi. beaymMoBHO, 1110 Taka JAisJIbHICTh O10MPOAYKIIIHHUX MPOIIECIB BII0Opa3uIach
Ha HAJMIPHOMY HAKOIMWYEHHl OpraHiyHUX pe4yoBUH. BpaxoByrouw, 10 BOJHA

CKOCHUCTCMA € KOMIIJICKCHUM, CKJIaAHUM (bYHKHiOHaJ'IBHO AKTHBHHUM CCPCAOBHUIICM, TO

B Authors: Honcnarova Olena Viktorivna, Shevchenko Viktor Yriyouvuch, Melnychenko Sofiia Hennadiivna
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Taki 3MIHM OyJHd JOTHYHUMH 1 JO PO3BUTKY (DITOIJIAHKTOHY, MakpoQiTiB Ta
ripo0ioHTIB Ha QoH1 TpaHchopMalliil T1APOXIMIYHOTO, T1APOJIOTIYHOTO PEeXKUMY |6,
7].

OaHuM 13 TUIAXIB  BUPIIMIEHHS OKPECIGHMX IIMTaHb MOKHA BIJAMITUTH
HEOOX1/IHICTh MABUIIEHHS €(pEKTUBHOCTI palliOHaIbHOIO0 BUKOPHUCTaHHS 010pecypciB,
BUJIAJICHHS 3 BOJOWMHM HaAJIUIIKOBOI Oiomacu. biosoriuna wmemiopartis 3
BUKOPHUCTAaHHSIM pHO-0i0MeiopaTopiB MOKE BUPIIIWTU 3adady. BupolyBaHHs Ta
pPO3BENIEHHS Kopoma B TOJIKYJIbTypi 3 Oumum Hypophthalmichthys molitrix Ta
CTPOKAaTUM TOBCTOJIOOMKAMH, OTUM aMypOM € KJIACHYHOIO MOJEIUIIO IS pUOHUYUX
rocrnogapcts. [Ipu npomy ctaBoBa, 6aceiiHoBa, KOMOIHOBaHI (POPMHU BITPOBAIKYIOTHCS
y 3arajibHi TEXHOJOTIYHI CXEMHU 3 €JICMEHTAMH CyYaCHHX IHHOBAI[IWHUX KEHCIB B
akBakynbTypi [8, 9]. Ha mepummii niaH BUCTYNarOTh TEXHOJOTIi 1HTeHcHU]iKalii Ta
Metioparlii, BAKOPUCTaHHS MPUPOJHUX KOMIIOHEHTIB B aIbT€PHATHBI CHHTETUYHUM Ta
TOPMOHAJIBHUM TIpermapaTtaM B akBakylIbTypi. Kpim TOro, 3apubieHHsS BOJIONM
MIIPOIIEHO Ta PE3UCTEHTHOI0 MOJIOAAI0 puO  MiABUINYE €(QEKTUBHICTD
BUKOPHUCTAHHS TaKOT'O PECYPCHOTO MOTEHIlIaNy.

OOroBopeHHsI, aKTyaJIbHUH CTAH NMPOOJIeMH

BpaxoByroun Tpancpopmaiiro OIOTHYHMX Ta aOIOTUYHUX YUHHUKIB, iX
ajanTaIfio 10 yMOB, TEXHOJOTiIH Ha BUPOOHHUIITBI, MPOBIIHUM 3aBJAHHIM IS
puOHOrO rocmojapcTBa 3aBXKIW OyaM Ta JMIIAIOTBCS BHUCOKI TMMOKa3HHUKHU
pUOOTIPOTYKTUBHOCTI, 3a0€3MEeUeHHsI HACEJIICHHS KpaiHW SKICHOIO TMPOAYKIIEK 3
MOXJIUBICTIO €KCIIOPTY — IMIIOPTY, BIAMOBIAHICTS PEKOMEHJIOBAHUM HOpPMaM
CIOKMBaHHS pUOHOI MPOIYKIIii BIPOAOBK poKy. CydacHi BUMOTH TPaHC(HOPMYIOThCH,
aJanTYIOTHCS 1] TPEH/I0BI MO3UIIT HA PUHKY TOMHUTY, BTIM BpaxXyBaHHS 010J0TI4HUX
0CcOOIMBOCTEN 00’ €KTIB KyIbTHUBYBAaHHS, PO3BEICHHS 3aBXK/IM JIUIIAETHCS TOJTOBHHUM.
Konu € xuBuil opratiam, T0O 3aBKIU pe3yJabTaT Oyb-sSKOTO Mpoliecy Oyae 3auexaru
BiJI BMIHHS aJanTyBaTUCS TEXHOJOTIYHOI CTOPOHHU N0 O10JioTii mhoro 00’€kTy. Y
3B’SI3KY 3 IIUM TE€XHOJIOT11 aKBaKyJIbTYPH PO3BUBAIOTHCS, yIOCKOHAIIOKOTHCS i IX0/IH,
MOEHAHHS PI3HUX CKIAJOBUX B Taly3l HaOyBa€ KOMIUIEKCHOTO 3HAYEHHS Ta

MPaKTUYHOT IIIHHOCTI.
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[{inboBEe TpHU3HAYEHHS MAajUX BOJOCXOBHUII TOB’SI3aHE 3 AaAKYMYJLIEH 1
CTBOPEHHSM CTa0lIbHUX 3alaciB BOAM ISl TOTPeO pi3HUX raidy3ed rocro aproBaHHS.
JIoOMiHyI0Ya 4YacTKa CTaBOBHX pPHOOrOCMOJAPCHKUX MIANPUEMCTB TiJ BILTUBOM
CYKYITHOCTI PI13HUX YMHHHUKIB HE BHUKOPHUCTOBYBAJIM HAJIG)KHUM YHMHOM BECh OOCAT
PEKOMEH/IOBAaHUX IHTEHCU(IKAIIHUX 3axo/diB. ABTOpPH BIAMIYalOTh B CBOIX
JOCTIDKEHHSAX, IO SIK HACHIJOK, BIIOYBaJOCh 3HMKEHHS OOCSTIB BHUPOIIYBAaHHS
CTaBOBOi pUOH, SIKICHUX Ta KUIbKICHUX XapaKTEPUCTHUK PUOOIOCAIKOBOTO MaTepiainy
[8, 9, 10]. Ilpu ubomy, HallOIbIIA YACTKA IPUXOIUIACH HA TOBAPHY MPOIYKIIIIO, SIKa
OyJia mpejicTaBlIeHa KOPOIIOM 3 POCIIMHOIAHUMHU pUOaMU JaIEKOCX1THOTO KOMIUICKCY.
bionoriyHo-rocnoiapceKi napaMeTpy SIKUX HaJlaBalld iX MepuIl MO3MIli, OCKUIbKHU 1X
BHPOIIYBaHHs Ta PO3BEACHHS HE Mepedadano MTYYHOI Fo/IIBII Ta Ha/laBajo 3MOTY B
JeKUIbKa pa3iB  MIABUIIUTH TOKa3HUK PHUOONPOAYKTUBHOCTI. TakuM YHHOM,
BiI0yBaach parioHalibHa eKCIUTyaTallisi IPUPOTHOTO O10MPOIYKIIHHOTO MOTEHIIATY
BOJIOMM.

Puborocnomapcbka excrutyaTaliisi Maiux BogocxoBuill [1iBiHs kpaiHu 60a3yeThbest
Ha BIJMOBIAHIN MiATOTOBII BOJOKWM IIOPIYHOTO 3apHOJICHHS IIHOTOITKAMH PAaHHBOIO
OCIHHIO 200 HaBECH1 CTAHJAPTHUMH PIYHSAKAMHU 3 1HAMBIIYATIbHOIO MacO HE MEHIIE
25 r. Y 3B’53Ky 3 TUM, IO BOJOWMa HE CITyCKHA 1 3HAUYHY YaCTUHY pUOHOI MPOAyKLii
HE BWJIOBIIOIOTh 3 HEl, TO € PU3UK, 1110, BJIACHE, 1 BIOYBAETHCS, HAKOMUYEHHS PUO
cTapmioro Biky. BpaxoByrouu 1ieii (pakT B HACTyIHI C€30HM BUHUKAE HEOOXITHICTH
KOPUTYBaHHS mporpam 3apudieHHs [11].

BuiioB pubu crapuioro BiKy, BiANOBIIHO 3 BEJIMKOI Macoro, iCTOTHO BIUIMHE Ha
e(eKTUBHICTb BUPOOHUUTBA pUOHOI MPOAYKUIi 32 PaxyHOK IiIBUIIECHHS
peamizaliifHOi I[iHK Ta 3a paxyHOK pO3IIMPEeHHs TepMiHiB peanizamii. [lpu
MpoMHCIIOBOMY moBepHEeHHI 40 % mnoTeHwliiiHa pUOONPOAYKIIA 3a PaxyHOK
paIioHaATHbHOTO BUKOPUCTAHHS MMPUPOIHOT KOPMOBOI 0a3u cranoButume 280 kxr/ra [8,
11, 12]. CyyacHmii cTaH pUOHHMIITBA Ha MaJIUX BOJOCXOBHUIAX Tependadae
BUKOPDUCTaHHA TPUPOJHUX 3a TIOXODKEHHSIM akKBaToOpii 3 ypaxyBaHHIM iX
TpaHcdopmallii, a BeJeHHsI pUOOTOCIONAPChKOI MISIILHOCTI Ha ix 0a3i Moxke OyTH

€KOHOMIYHO OOIPYHTOBAHOIO.
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OcCHOBHI pe3yJIbTaTH JA0CJIIKeHHSA

JlaHuJIBCbKE BOJOCXOBHINE 3a T1IPOJIOro-MOP(OJIOTIUHOK KJacu(iKaIli€ro
HAJISKUTh O MaJuX BOJOCXOBHUII] KOMIUIEKCHOTO BHKOPHCTAHHS, IO Tepemdayae
OaraTopiuHe BOJOPETYJIFOBaHHS, TOJIOBHE ITHOBE MPU3HAYEHHS IKOTO € 3pOIIEHHS C.-
. KyJIbTyp, puOopo3BeeHHsl Ta pekpeauid. JuHamika temmneparyp JlaHUIiBCHKOTO
BOJIOCXOBHIIA TIMOPSIKOBAaHA IHTEHCUBHOCTI COHSIYHO1 1HCOJISAIIIT, 1110 Ma€ THITOBHMA
XapakTep Il KOHTHHEHTAIbHUX BOJI0MM MukosaiBebkoi o0acTi [11]. OntumansHuM
i (YHKIIOHAJbHO-aKTUBHOI JKUTTENISIBHOCTI TiIAPOOIOHTIB Y BOJOCXOBHIIL €

nepio 3 YEPBHS 10 BEpECeHb, Mpu TemnepaTypi Boau nmonaa 20,0°C.

YyepBeHb-
BEpPECEHb

cepegHe 3Ha4yeHHs t, °C

Y

min 3HayeHHA t, °C rpyAeHb

o
(6]

10 15 20 25 30

Pucynok 1. TemnepatypHuii YNUHHUK BOAHOTO CepeI0BHUILA

[Ipu mepeminryBaHHI MOBEPXHEBUX IIAPIB BOJHUX Mac, MOKA3HUK MPO30POCTI
BOJIA 3MIHIOETKCS, B CEPEHBOMY IIei mapaMeTp TpuMaBcs Ha piBHi 0,55 M., 3anexan
BiJl CE30HHOCTI1, PO3BUTKY IUIAHKTOHY TOIO. BUXxoasuu 3 KOJMBaHHS 3HAYEHb I[LOTO
nokasnuka (miH.0,43 — wmakc.0,85), rimbuna (QoTUYHOrO MmIAPy, B MEXKax SKOTrO
3MIMCHIOETHCS (DOTOCUHTETUYHA JISUIbHICTD (DITOIJIAHKTOHY CTAHOBUTH B CEPETHHOMY
1,1 M. BMiCT KHCHIO y TOBEpXHEBUX IIapax BOJIONMH B OCIHHIN MepioJl KOJIUBAIACh B
mexax 4,4 — 85 wr/mv’. Ilpu TigpoximMiuHOMy aHai3i BOJOCXOBHINA, OYJIO
BCTAHOBJICHO, III0 BOHO IPICHE MPHU MiHEpati3alii MpoTsIroM OCIHHBOTO Mepiogy 526
Mr/mm> Ta Mae KapOOHATHO-XJIOPUAHUM KJIac HaTpieBOro Thy. KoHIEHTpallis BiTbHUX

ioH1B BoaHIO (pH) cnabo-mysxHa 1 nopiBHIOBana 7,15 oxa. KonmenTpairis a3oty Oyia Ha
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piBHi cepennboro 3HaueHHs 0,68 mr/nm’ (konusanns: 0,2 — 1,7 Mr/nm’); KOHLEHTpaLis
dochopy npu cepenapomy 3aauenni 0,11 mr/am?® (xomusanns: Big 0,05 1o 0,2 mr/am?).
OTpuMaHHi pe3yJbTaTh HAJAIOTh I1JICTABU BIAMITUTUA PO HU3BKUM BMICT O10T€HHUX

eNeMeHTIB y JlaHuTiBChKOMY BOJIOCXOBHIIII.

Taoauusa 1. CepenHbo-ce30HHI rigpoxiMiuHi mapamerpu J{aHMJIiBCHKOT0

BOJ0CXOBHIIA
[TapameTrpu On. dakTH4HI
BUMIPIOBAHHS 3HAYCHHS
Kucnotnicts pH OJ. 7,15
[lepmanranaTHa OKMCHIOBAHICTh mr O/nm* 6,18
HCO; - MT/ M 5,75
CI MT/ M 1,54
SO, - MT/ M 2,31
Na™+K~* mr/nm’ 3,73
Ca®* mr/nm’ 3,30
Mg?* Mmr/am> 2,60
P MT/ M 0,11
N MT/ M 0,68
JlyHiCTB MT-€KB/IM" 3,22
KopcTkicTb MMOJIB/ M 4,87
CymMa ionis mr/am? 772,52

[Toka3HUK TIEpMAaHTAaHATHOI OKMCHIOBAHOCTI MaB BiTHOCHO HW3bKi BETUYMHH —
6,18 Mr/gM®, 110 BiANOBiZANO 3arajJbHMM BMMOIaM [0 BOAOMM 3 JOCHTH HH3LKUM
HACHYEHHSM OPTaHIYHUMU CIIOJTyKaMH.

[TincymoByrO4H, BIAMITUMO, MO J{aHMIIBCBKOMY BOJOCXOBHII T1APOXIMIYHHI
peXuM 3 BIANOBIAHMMH Tapamerpamu BignosimaB ['JIK, mo permaMeHTyrOThCs
HOPMATHBHUMHU JOKYMEHTaMH JJIi PUOOTOCIOAapPChKOTO BUKOPUCTAHHS. 3TiTHO
IIPOBEICHUX PO3PAXYHKIB 3 BpaXyBaHHSAM KOPMOBUX KOC(IIIEHTIB, pIBEHb MOXKIIUBOT'O
BUKOPUCTAaHHS OiompoaykmiitHoro mnorteHmany ckiamae 50 % Big chopmoBaHoi
IPOYKIIIi, MUIBHICTh MOCAJAKHA pUOU HA BUPOIIYBaHHs OyJie HACTYITHOIO: IO KOPOIY
— 34,95 exs/ra, O6utoMy TOBCTOJIOOHMKY — 651,66 €Kk3/Ta, CTpOKaTOMy TOBCTOJIOOUKY —

49,79 exs/ra Ta 6imomy amypy 5,56 ek3/ra.
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Taoauus 2. OuiHka puOONPOAYKIUIHHUX MOKJIUBOCTEN MAJIOT O

BOJ0CXOBHIIIA 10 PIBHIO PO3BUTKY NPHUPOJIHOI KOPMOBOI 0a3u

) P/B . [Torenmiiina
Hpupozna INapobGionTn biomaca koedi Hponyxus HOOTIPOTYKITIS
KopMoBa 0a3a P /™ : ,krra | P POy,
IIEHT Kr/ra
DiTOMIAHKTOH b 20,1 | 140 | 30954,0 309,5
TOBCTOJIOOMK
Soommankron | CPOKATHH 1,3* 20 283,8 23,7
TOBCTOJIOOHNK
3000eHTOC Kopon 33 5 166,0 16,6
Maxkpoditu Bimaii amyp | 200,0° 1,2 264,0 2,6
Bcroro 352,4

IMpumirtka: * — Gporuunuii map 1,1 m

DaKTUYHO MOKJIMBA MPUPOJHA pHOONPOAYKIis J[aHUTIBCHKOTO BOJOCXOBHIIA,
32 YMOBHU BIIPOBAPKCHHS MACOBHIIHOI aKBaKyJIbTypH, Oyne cranoButH 140,97 kr/ra,
0 y MepepaxyHKy Ha BCIO Tiomnry Bomoimu (178,8 ra) Oyae mopiBHIOBATH OJM3BKO
11,5 1. Ilpu upomy okpemi Buau pud B MOMIKYJIbTYpl 31aTHI 3a0€3MeYUTH OTPUMaHHS
HACTYIHUX 3HA4Ye€Hb puOONpoAyKIlli: mo kopomy — 6,64 xr/ra, mo OulOMy
TOBCTONOOUKY — 123,82 Kr/ra, Mo CTpoKaToMy TOBCTOJIOOUKY — 9,46 kr/ra Ta GiioMy
amypy — 1,06 xr/ra.

Jlns  pamioHaJbHOTO  BUKOPUCTAHHS  OIOMPOAYKIIIHHOTO  TMOTEHIIATY
JlaHMTIBCHKOTO BOJIOCXOBHINA 3arajibHa KiJIBKICTh HEOOXITHOTO pHOOMOCAIKOBOTO
Marepiany (OJHOPIYOK KOPOIOBHX pUO) CTaHOBUTH 60,3 THC.€K3, 32 PaXyHOK SKUX
O1Jb1I paLioHANBHO OYAYTh BUKOPHUCTOBYBATUCH MPUPOIHI KOPMOBI pecypcH. biibi
MOBHE BHUKOPHUCTAHHS KOPMOBHUX pECypciB OyJe CHpUATH MOKPAIIEHHIO CTaHy
T1POJIOTIYHOTO Ta T1IPOXIMIYHOTO PEKUMIB BOJONMU.

Ha ocHOBI1 OTprMaHUX pe3yIbTaTiB JOLUIEHUM CTA€ POTIISIHY TH TUTAHHS SIKICHOT
XapaKTepUCTHKU PUOOIOCAKOBOTO MaTepialy Mepen 3apuOiieHHsSM Bomoiimu. B
[[bOMY KOHTEKCTI aKTyaJIbHUM € PIBE€Hb PE3UCTEHTHOCTI OpPraHi3My MOJOIl pud 10
OloTmuyHMX Ta ablOTMYHMX YWHHUKIB. B sKkocTi mpomo3uilii  onrumiszartii
puborocnoaapchkoi eKcIuTyaTallii BOJAOWM € MepioJ MiAPOIIeHH MOJIoAl pub mnepen

3aIyCKOM JO BOJAOMM.
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Taoauusa 3. II{U1bHICTH MOCAAKN PHOONIOCAAKOBOI0 MaTepiaay Ta

pe3yJbTaTH BUPOIIYBAHHS

ITocanka oTHOpIYOK HpOMHCHOBa.
Bung pubnu pUOOTIPOAYKITiS

eK3/ra THC.CK3 Kr/Ta
Bimii ToBCTOII00MK 651,66 53,0 130,33
CrpokaTuii TOBCTOJI00UK 49,79 4,0 9,958
Kopon 34,95 2,8 6,99
binuit amyp 5,56 0,5 1,112
Bcroro 741,96 60,3 148,39

[Mpumitka: * npoMuciose nosepHeHHs 40 %

Ha nacTynmHoMy pHUCYHKY MNpEACTaBICHO MOJIETbHY CHUCTEMY KOMILIEKCHOTO

IMPU3HAYCHHA.
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PucyHok 2. AHaJII3 eJileMEeHTiB JIOTiYHOI JIOKAIIl CXeMH 3 iHTerpyBaHHSAM

IHHOBALIHHMUX eJIEMEHTIB NMPH MiAPOIEHHI IiIPoOioOHTIB

VY GaraTouncebHUX HAYKOBUX IpaIsiX aBTOPU POOJISATH aKIEHT Ha HEOOX1THOCTI
pallioHaJTbHOTO BHUKOPHCTAHHA PECYpCiB aKBaTOpid, rapmoHizamii TpodiuHuX
BIJTHOCHH, a TaKOX Ha AKICHUX Ta KIJIbKICHUX IapaMeTpax puod Ha (OHI €KOJIOTTUHUX
yMoB TieBHOi akBaropii [13, 14, 15]. Kmimaruuni TpaHcdopmariii, TEXHOTE€HHE

HABaHTa)XCHHS HA €KOCHCTEMH, CTPIMKHUI PO3BUTOK TEXHOJIOTIN Ta iX BIPOBAKEHHS
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70 TEXHOJIOTIYHOI CXE€MU HalyacTille, CIPUSIIOTh «HEBIAMOBIIHOCTI» (i310JI0T0 —
010XIMIYHUM MEXaHi3MaM, aJanTalliHIM MOKJIMBOCTSIM OpPTaHi3My T'ipoOiOHTIB.

r/ 31 4
g = KoHTposibHa rpyna / Control group

30
v [locnigHa rpyna / Experimental group
29

28

27 A
26 A

25 A
24 -
23 A

22 -
Cyprinus carpio Hypophthalmichthys molitrix, ~ Ctenopharyngodon idella
Hypophthalmichthys nobilis

PucyHnok 3. AHaJj1i3 LIBUIKOCTI PO3BUTKY MO0JIOAi pM0 B OHTOreHe3i 32 yMOB

MiIPOIEeHHS nepea 3apudJIeHHAM

B pe3ynbTaTi BUHUKAE JIAHITIOT TTOCTIOBHUX 3MIH: CTPECOBI peakiiii B OpraHizmi
riipoOiOHTIB,  3MEHIIEHHS  MOKAa3HUKIB  €(QEKTUBHOTO  BEJIEHHS  Taiy3i,
HEepalllOHAJIBHICTh €KCIUTyaTallli pecypciB Touio. B okpecieHnx yMoBax OJHHUM 13
KEHCIB BUPIMICHHS € HEOOXITHICTh PEKOHCTPYKINi 1XTiohayHU akBaTOpii, po3podOKa
MEBHUX KOMIUIGKCHHUX pEKOMEHJalliid. 3a yMOB TIJPOIIECHHS Ta BCEJICHHS
KUTTECTIMKOTO prOOMOCAIKOBOr0 MaTepiaay IPOMHUCIOBUX BUJIIB PUO € MOKJIMBOCTI
YCHIITHOI peaizailii mporpaMu JOCSITHEHHS MO3UTUBHUX PE3YyJIbTATIB Ta BUPIIICHHS

YUMaJIO1 HU3KU MUTaHb PUOOTOCIIONAPCHKOI JISITBHOCTI.
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BucnoBku

HaiiBuni mokasHUKY NOTEHIIHHOT puOOIIPOIYKIliT MOKHA OTPUMATH 3a PAXyHOK
PO3BUTKY (DITOIIAHKTOHY 3 IHTPOAYKIIE€IO 01710T0 TOBCTONI00UKA Hypophthalmichthys
molitrix, pemrTa MOXHa JTOCSATTH 3a PaXyHOK PO3BUTKY 300TUTAHKTOHY 1HTPOIYKIII€O
CTpokaTtoro ToBcTosnoouka Hypophthalmichthys nobilis. BukopuctanHs Kopora
Cyprinus carpio Ta 6inoro amypa Ctenopharyngodon idella 3a06e3meunTth 101aTKOBY
PUOOTIPOAYKINIIO 32 PAaxXyHOK CIOXXKHBA4iB 3000€HTOCY Ta MakpodiTiB. 3arajiom,
CyMapHa TOTEHIIIifHa PUOOMPOIYKIlis, SKy MOXKHA OTPUMATH Y BOJOCXOBHIII
BpPaxoOBYIOUH MOTEHIla] Ta pecypc MPUPOIHOT KOPMOBOi 0a3u Ta O10MPOAYKIIIHHUMA
MOTEHITian MOke Oyt mocsirHyTa 10 352,4 kr/ra. BukopucranHs Ha MEBHIN JIaHII
TEXHOJIOTIYHOT'O TIPOIIECy eTamy MiIPOIIeHHS MOJIoAlI pubd mepesn 3apuOJICHHSIM
BOJIOMM CIIPUSI€ MIJBUIICHHIO iX PE3UCTEHTHOCTI OPraHi3My /10 BIUTUBY a010TUYHHX Ta
010THYHMX YMHHUKIB [16, 17]. 3a paxyHOK MOJIMIIEHHS aJanTalliiiHIX MOXKIUBOCTEN
iX opra”iaMy MO’KHa MiJBUIIUTHA BUX1J PUOHOI MPOIYKIIT HANPHUKIHI BEreTaIiiHol
nepiony. Pe3ynbTaTi KOMITJIEKCHOT HAYKOBO - JOCTIAHOI poOOTH B TaHOMY KOHTEKCTI

OynyTh BijoOpa)keHi B HACTYIMTHUX HAYKOBUX ITpallsX.
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KpadroBe muBo — mo ne? — [EnektponHuit pecypc]. — Pexum noctymy:
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VYxpainceke nmuBo. Kpadrtose nuBo. — [Enextponnuit pecypc]. — Pexxum noctymy:
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