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CHAPTER 13

IHHOBALLIMHA TEXHOJIOT IS NEPEPOBKU
BIAXOAIB CUPOBUHUA
POCJ/IMHHOI'O NOXOO>XEHHA

fony6 J1. C.
DOl https://doi.org/10.30525/978-9934-26-653-9-13

BCTYI

XapuyBaHHS € OJHMM 3 HaWBXKIMBIMINX (DAKTOPIB KHUTTEMISIIBHOCTI
JIIOJINHU, BOHO 0€3I0CEepeHbO BIUIMBAE HA CTAaH 3]J0POB’s, MPale3/IaTHICTb,
¢i3nuHui Ta pPO3yMOBHH PO3BHTOK. 3 TKEIO B OpraHi3M HaJIXOJiATh
OUIKM, JKHPH, BYIJICBOJAHM, MIKpO- Ta MaKpOEJIEeMEHTH, HeoOXimHi s
HOpMasIbHOTO (YHKIiOHYBaHHs. st onTmmanbHOT poOOTHM BCiX OpraHiB
Ta CHCTEM B OpraHi3Mi JIIOAWHHW XapyyBaHHS Ma€ OyTH NMOBHOIIHHUM Ta
30aJaHCOBAaHUM, YOTO HaMararoThCsl JIOCSAITH y KUIbKa CIOCO0IB, OJHUM
3 SIKUX € BIOCKOHAJCHHS PELENTYp Ta TEXHOJIOTiH BUPOOHUIITBA ICHYIOUHX
Xap4yoBUX IPOAYKTIB 3 METOI0 30EpeKeHHS IOKHBHUX BIACTHBOCTEH
KOMITOHEHTIB MPOAYKTYy a00 HaJaHHS NPOMYKIii HOBHX BIIACTUBOCTEH.
Oco0nnBO  BaKJIMBUM € BUKOPHCTAHHS  HAaTypajJbHUX  POCIMHHHUX
KOMITOHEHTIB, @ TaKOXX DPOCIMHHHUX OJIIH 3 BUPAKCHUMH XapuOBUMH Ta
010JOTIYHMMH BJIACTHBOCTSIMH Ta J00aBOK, SIKIi MalOTh KOPHCHI IS
3JI0pOB’sl JTIOAUHH (DYHKIIIOHAJIbHI BIACTHBOCTI.

AKTyaqbHUM HamNpsSMKOM pO3BHTKY Xap4yoBOl TEXHOJIOTiI € po3poOka
KOPUCHMX JUISL 3JI0pOB’S CHOXHMBAa4iB Ta HHU3bKOKAJOPIHHHUX IPOIYKTIB.
Cepen XapyoBUX KOMIIOHEHTIB, IO MalOTh OCOONHMBE 3HAYCHHS JUIS
3I0pOB’Sl JIIOAMHY, HAMBAXJIMBINIA POJNb HAJICKUTh OLIKAM POCIMHHOTO
MTOXOJDKEHHS, OCKUIBKM OCTaHHIM YacoM B palliOHI HaceleHHs YKpaiHu
BiOyaHMCST HEraTMBHI 3MIHHM, MOB’S3aHI 31 CKOPOYCHHSIM IEPEBaXKHOI
Oinpnrocti mpoxykTiB. Lle mpu3Beno A0 pO3BUTKY AeIiUTYy HE3aMIHHHX
HYTpIi€HTIB: OINIKIB, BiTaMiHIB, MiHEPaJbHHX PEYOBUH, ITOJIHEHACHUCHHUX
KUPHUX KUCJIOT. AKTyasbHI PO3pOOKH XapuoBOi MPOMHCIOBOCTI B OCTaHHI
POKH IOJISITAIOTh B HAIPSIMKY 3a0€3MeUeHHs OpraHi3My JIIOANHU KOPUCHUMH
JUTS 3710POB’Sl Ta HU3bKOKAJIOPIHHUMH TIPOTyKTaMH, TOIIBHUM € 301JIbIICHHS
B palioHi KiJbKOCTI O17IKy. 3TiTHO 3 JaHUMH, 110 KOPEIIOIOTH 13 MOMINPEHHSIM



BIJIMOBITHUX 3aXBOPIOBaHb, Ta 3a OLIHKAMHU CKCIEPTIB NC(IIUT XapuoBOTO
6inka B Ykpaini ckiagae 6nuspko 30...40 %, sitaminis —40...60 %'. Bigomo,
o Aedinut OiNKiB y Al€TI MPU3BOJUTH /10 PO3IIAAY BIaCHUX OIJIKIB OpraHizmy.
VY ckmani Xap4oBHX MPOAYKTIB POCIMHHI OUIKM MO3UTHBHO BIUIMBAIOTH Ha
OpraHoJIENTHYHI TOKa3HUKH TKi: BTV, KOJIp, cMak 1 Tekctypy. PocimHHi
OiNKW, HAa BiAMIHY BiJ OUIKIB TBAPUHHOTO IOXO/PKCHHS, HE MiIBUIIYIOTH
PiBEHB XOJIECTEPUHY B OpPraHi3Mi JIIOAMHU. bajaHc aMiHOKHUCIIOTHOTO CKIIay
y POCIMHHUX O1JIKIB MEHIIIE, HIX OaslaHC y OUIKIB TBAPUHHOTO MTOXOJDKCHHS,
ane OIIKOBI IPOAYKTH POCIMHHOTO ITOXOJUKEHHS MAaloTh i IepeBarn —
HU3bKOKAJIOPIHHICTh, BIJCYTHICTh B CKIIQJi Ta B MOJAJIBIIOMY B T'OTOBOMY
XapyoBOMY MPOAYKTIi JIAKTO3U’.

XapuoBi MPOIYKTH, sIKI MICTSATh B CBOEMY CKJIaal PpOCIMHHI OLIKH,
MOKHA BHKOPHCTOBYBATH B PAalliOHI XapuyBaHHS AITEH, a TAKOXK JIIOIAM, SIKi
noTpeOyIOTh JIETH, IPH HEIEPSHOCHUMOCTI J1akTo3u. Ha choromui B YkpaiHi He
3HAMIUIO CYTTEBOTO IMOUIMPEHHsSI BUPOOHHMLTBO XapuOBHUX POCIMHHUX OLIKIB.
3BaXyIOuM, MIO BIJXOMIB CHPOBHHH POCIMHHOTO IIOXO/UKEHHSI BJIOCTallb,
aKTyaJbHUM € TOJAJIbIIE JOCII/DKSHHSI MUTaHHs MepepoOKH BIIXOAIB, B TOMY
YHCITi 3 METOI0 BUPOOHHIITBA POCIMHHHX OLIKIB.

1. Po3po6Ka TexHoorii BU/yYeHHs 6iIkoBoro isonaTty
i3 rap6y3oBoro LIpoTy

Ha renepimmniii uac aysxe 6araro poOiT, IPUCBSIYEHNX OTPUMAHHIO OLTKOBUX
MPOAYKTIB 31 MIPOTY HACIHHS COHSIIHUKY® 1 cOi.

Buxij 6i1ka pOCIMHHOTO IIOXO/PKEHHS 3aJIEKHUTh BiJl TEXHOJIOTIT OJIepyKaHHSI.
BinKoBi POyKTH MOXKHA PO3AUIMTH Ha 4 IpyIu:

1) OopomHO Ta HaTypalbHI IUIACTIBI{, $Ki OHCPKYIOTh BHUKIKOYHO
3 noxpiOHeHNx 000iB COl, Micis MPOUECY PO3AUICHHS 3apOAKY Ta OOOJIOHKH,
a TaKoX BOJIOTO-TEIUIOBOI OOpOOKH, MpH IbOMY HE BHIIy4arouu ojiro. Taxi
MPOAYKTH 3a XIMIYHMM CKJIaJOM HarajyloTh HACiHHS, ajie B CBOEMY CKJIaJi
B HUX MEHIINH BMICT KJIITKOBUHH;

! Kamcynina H.B., Ckypixina JLA., T'y6ans JLM. Jlocnimkenns (yHKIIOHATEHO-TEXHOIOTTYHIX

BJIACTUBOCTEH OLIKIB i3 HACiHHS COHAMIHKMKY. 30ipHUKM HaykoBuX mpanb XJIYXT IIporpecusHi TexHika
Ta TeXHOJIOTs Xap4OBHX BUPOOHUITB, PECTOPAHHOTO rocrofapeTsa i Toprisii — Xapkis: XJAYXT, 2015.
Ne22 C.50-61.

2 Tony6 JI.C., Bononasbka A.B. Ontumizaist TeXHOIOTIT BUITyYEeHHS OIIKOBUX MPOIYKTIB 3 BiIXOMIB
pociuHHOi cupoBurH. HaykoBuii BicHuK [lonTaBchkoro yHiBepcHTETY eKOHOMIKH i Toprismi. 2024. Ne 3.
C.5-9.

3 Ivanova P., Chalova V., Koleva L., Pishtiyski I., Perifanova M. (2012) Optimization of protein
extraction from sunflower meal produced in Bulgaria. Bulgarian Journal of Agricultural Science. 2012.
V2. P.153-160.

4 Maxkapunceka A.B., Yeprera 1.C., Oranecsi A.A. IlepeBarst BAKOPHCTaHHs OiNMKOBHX POCITHHHHX
KOHIICHTPATIB IpU BHPOOHHITBI KOMOIKOPMOBOI HpOAyKIii. 3eprosi npodykmu i komGikopmu. 2018.
Nel8. C.34-39.



2) 6opoIIHO (3HEKHMPCHI TUIACTIBII). MacoBa YacTka OLIKIB B HUX CTAHOBHTH
50-55 %, ByreBomiB craHOBUTH HpuOIu3HO 38 % (15 % 3 HUX CTaHOBIATH
pozunHHI ByreBoan). OTpUMyIOTH X i3 COEBHX IDIACTIBLIB, 3 SIKHX OyIo
BUIAJICHO OJif0, aje Mepel MM 3 IUIACTIBIIB BUIIYYalOTh PO3YHUHHUK IPH
temmeparypi 70-80°C. Jlaii mpoXomuTh MpoIec BICYITYBAHHS TP TEMITEPaTypi
90-120°C, ozmepkaHMii TMPOMYKT OXOJOKYIOTh, Ta 3a HEOOXIIHOCTI MOXeE
BimOyBaTHCS MpOIIEC MOAPiIOHEHHS;

3) OUTKOBI KOHIIEHTpAaTH — II€ KOHIIEHTPOBaHI OLIKOBI TPOXYKTH, SIKi
BHJIYYAOTh 13 )KMHUXY 0€3 BMICTY 0JIii (3HSKUPEHOTO HACIHHS). 31 3HEKHPEHOTO
MOJPiOHCHOTO JKMUXY BHIAIIIOTH HEOITKOBI CIONYKH, 3aJHINAF0YN YHACTHHA
Oinok. YacTka OIIKIB B TaKMX NPOAYKTaX CTaHOBUTH 65-70 %;

4) GiTKOBI 130JIATH BBaXKAIOTHCS HAWOUTBII OaraTMMH Ha BMICT OiKY, apke
MaroTh B cBoeMy ckiai noHax 90 % OuIkiB. [301ATH OIEpKYIOTh 32 PaxyHOK
cTanii eKcTpakiii OUIKIB 13 3HEKUPEHOTO OOPOIIHA 3 MOJANBIINM BUIIICHHIM
caMux OULIKiB i3 cymimii’.

TexHosorist OLIKOBHX 130JITIB MOJISTA€ y BUIYYCHHI OLJIKIB i3 Xap4oBOIO
mpoty®. BilkoBi 1307STH MaroTh HalGiTBIIMI BMICT GINKiB B CBOEMY CKIIaji’.
3a TEXHOJOTIYHOIO CXEMOI OTPHMAaHHS 130JIATIB PO3PI3HSIOTH HACTYITHI
cTanii: BigOyBarOThCA MPOIECH EKCTPAKIIl i3 MIPOTy OINKiB, BHIYYSHHS iX i3
eKCTPAaKTy Ta OCTAaTOYHE BHUCYIIYBaHHS 3 OTPUMAHHSIM T'OTOBOTO IIPOIYKTY.
B sikiii KiIbKOCTI Oyie omepkaHo OIKOBHH 130JIAT 3aJICHKUTh Bl ¢(hESKTHBHOCTI
excTpakiii OuIkiB. [yt excTpakiiii OIKIB 3a3BHYAll 3aCTOCOBYIOTh HEHTpaIbHI
a00 MOJSIPHI PO3YMHHUKH. B sKOCTI HEHTpaIbHUX PO3UMHHUKIB OOUPAIOTh BOIY
a00 PO3YMH XJIOPHUIY HATPilO, a B AKOCTi MOISAPHUX — JIYXKHI po3dnHU. BiTkoBi
130JI5ITH, OTPUMaHi 13 LIPOTY, MOXKYTh OYTH BHKOPHMCTaHI K (PyHKLIOHAJIBHI
XapuoBi J00aBKM, a TOYHINIE SK eMynbrarop, aias ¢ikcamii Xap4oBoi Ta
TEKCTYPHOI MPOIYKIIi®.

Jnst onmepKaHHS XapyoBHUX OUIKIB HEOOXITHO 00paTH 3HEKUPEHHH >KMHUX
a0o 1IpoT, SIKMH Mae HaWOITBIIMIT BMICT HATUBHUX OUIKIB, HU3BKY KUIBKICTh
JMMiAIB Ta HAWMEHIIMA BMICT BYIVIEBOMHUX Ta IHINIMX JOMIIIOK, SKi HE

3 Tony6 JI.C., Biacenko K.M. InHoBamiiini miaxonu 10 CKiajaHHsA PELENTyp MalOHE3HHX COyCiB
3 BHUKOPUCTaHHAM HCTPAMIIIHOI CHPOBHHU. BicHuk JIb8i6CbK020 MOP20BENbHO-eKOHOMIUHO2O
yuigepcumeny. Texniuni nayku. 2023. Ne 33. C.40-46.

¢ Gupta A., Sharma R., Sharma S., Singh B. Oilseed as potential functional food Ingredient. Today
and Tomorrow's Printers and Publishers. New Delhi, India. 2018. P. 25-58.

7 Teh S.S., Bekhit A.E., Carne A., Birch J. Effect of the defatting process, acid and alkali extraction
on the physicochemical and functional properties of hemp, flax and canola seed cake protein isolates. J.
Food Meas. Charact. 2013. Ne§. P.92-104.

8 Teh S.S. Bekhit A.E., Hakeem K.R., Jawaid M., Alothman O.Y. Utilization of Oilseed Cakes
for Human Nutrition and Health Benefits. International Publishing. Cham, Switzerland, 2015.
P. 191-229.
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nputaManHi mpory. Illpor mMae micTutH B cBoeMy ckiaji 75-82 % mporeiny
(po3unHHOTO)’.

B naniii poGOTI BUKOPHCTOBYBAJIHM MIKC KMHXIB 3 rapOy30BOr0, JIbHSHOTO,
KOHOIUISIHOTO HaciHHs, BUpoOHUKOM € DOIl «Kiberp P.B.». Crouarky Oyio
BUPILIEHO BU3HAYUTH BIJICOTOK OJIEp)KaHHS OUIKY 3 KOXKHOTO BHIY JKMHUXY
POCIIMHHOTO HACIHHSI.

B Vkpaini TpaauiifiHO KOXKHOTO POKY BHPOIIYETHCS BEJIHMKA KUIBKICTH
rapOy30BHX Haca/JpkeHb. M’SKOTh IUIOAIB rapOyza nepepoOisioTh Ha
COKOKOHCEPBHOMY BUPOOHMITBI, TIPH I[bOMY B SIKOCTI BiZIXOJIIB YTBOPIOETHCS
BeJIMKa KUIBKICTh HAcCiHHS. 3 rapOy30BOr0 HAaCiHHS BHUTOTOBIISIOTH KOPHCHY
rapOy30By OJlif0, a 3HEKHUPEHHH TapOy30BHil HIPOT HE 3HAWILIOB MIMPOKOTO
BUKOPUCTAHHSI Y XapyoBiii NPOMHCIOBOCTI. AJie y HOpIBHSHHI 31 IIPOTOM
3 IHIMX OJIMHUX KyJIBTYyp, caMe LIPOT 3 HAaciHHs rapOy3a MICTHTb BEIUKY
KibKicTh mpoteiny (tabnm. 1). Tomy axTyajabHUM € mopjajiblia Iepepooka
rapOy30BOT0 MIPOTY 3 METOIO BWIIyYEHHS LIHHHMX 1 KOPHCHUX JUIs OpraHi3mMy
JFOAUHA OIJIKOBUX NPOAYKTIB'.

Tabmuus 1
IlopiBHSIHHA BMicTy NpoTeiHy y IIPOTAX 3 HACIHHA OJIITHUX KYJbLTYP
Ne Ouiiiina KyJbTYpa Bwmict cuporo nporeiny, %
1 IIpot 3 HACIHHS TLOHY 29,96
2 HIpor 3 HaCIHHS KyHXKYTY 39,71
3 [Ipor 3 HACIHHS KOHOILITI 26,35
4 Llpot 3 HaciHHA rapOy3a 50,68
5 IIpoT 3 KOKOCOBOI CTPYKKH 15,60

B po0oTi BUKOpHCTOBYBaIM MIPOT 3 HACIHHS TOJIOHACIHHOTO rapOy3a. ['apOy3
TOJIOHACIHHEBUI — YHIKaJbHUH COPT, SKUH (OpMy€ HACiHHS O3 JIyIITTHHHS.
Came 3 11bOTO COpTYy TapOy3a OTPUMYIOTh OJIi0 eKcTpa-Kiacy. [1moan oBaibHO-
OKpYIIIi, 3 TOHKOIO HIKIPKOIO, M'SIKOTh COJIOZIKA 1 JIETKO po3BaproeThest. HaciHHs
TEMHOTO KOJBOpPY, IO 3YMOBJIEHO BHCOKMM BMicTOM xXjopodiry. Kpim Toro
rapOy30Be HACiHHSI MICTHTh 0araro KOpMCHHX KOMITOHEHTIB: XapuoBi BOJIOKHA,
Kajiii, marHii, ¢ocdop, 3amizo, MapraHenpb, Migb i [HWHK, aHTHOKCHIAHTH
1 HEeHaCHYeHI )KUPHI KHCIOTH. 3aBASKH IIbOMY BOHO KOPHCHE JUIs ceplisi, OOMiHy
PEYOBHH, HEPBOBOI CHCTEMH, KICTOK Ta 3yOiB, Bosoccst Ta HIrTiB. ['apOy3oBuii

? Tony6 JI.C., Jlepuenko €.Il. HoBi QyHKIIOHaIbHI XapyoBi NPOAYKTH 3 BHKOPUCTAHHSIM

HeTpaJuLiiHoI cupoBuHU. International scientific and practical conference «Science, engeneering and
technologe: global trends, problems and solutionsy (Prague, 12—13 March, 2021). Prague, 2021. P.141.

10 Lesia S. Holub, Yevhenii P. Levchenko, Ekaterina N. Vlasenko. Development of technology for
extraction of protein isolate from pumpkin meal with its further use as emulsifier in mayonnaise recipe.
Journal of Chemistry and Technologies. 2022. V.30(2). P.222-228.



LIPOT OJEPXKYIOTh MIiCHs BHJIYYEHHS 3 HACiHHS OJii METOJOM XOJIOAHOTO
MIPECyBaHHSI.

3BakalouM Ha BHUINECKa3aHe, B pOOOTI ONMCaHa TEXHOJOTiS OJCpIKaHHs
i30J1s1Ty OLIKY 3 rapOy30BOI0 IIPOTY TOJIOHACIHHOTO rapOy3a i mpoaHaizoarHo
MOXKJIMBICTb 3aMiHU €MYJIbIaTOpPy TBAPUHHOTO ITOXOKEHHS (SIEYHOTO MOPOILKY)
Ha oJiepKaHUH OIJIKOBHH 130JIAT 3 BIIXO/IB CUPOBUHH POCIMHHOTO TTOXO/PKCHHS
B pELENTYpHOMY CKJIaJli MaioHe3y.

[IpecyBanHss umcroro sapa rapOy30BOr0 HaciHHsS JO3BOJSE OTPHUMATH
Oinuil mpOT i3 BUCOKMM BMICTOM OllKa, HE TijmaHuil AcHaTyparii. Makyxa,
oZiepKaHa BHACIIJIOK BIJUKMMAaHHS OJii 3 YHCTOTO sipa, 100pe NMepeMeItOEThCs
y BHCOKOO1IKOBE OOPOIIHO 3 BMICTOM 0dii, sika 3anuiumiacs (6nm3pko 23 %),
110 JI03BOJISIE BUKOPUCTOBYBATH ii B PI3HUX Xap4OBHUX TEXHOJIOTIsIX.

Hactynmuuii Kpok mHODIMONEHOro mepepoOsiIeHHsT HACIHHS TOJIOHACIHHOTO
rapOy3a — e eKkcTpakiis 017101 MaKyxu. 3He)KUPEHHUH OLIKOBUH KOHIIEHTpAT 13
sIIpa HACIHHSI — HOBA MO3UIISI HA PUHKY OLIKOBHX 130JISITIB.

OcraHHId IYHKT TIMOOKOro NepepoOJeHHs — e EeKCTPaKIis MakyXHu,
pPO3YMHHHMKaMK (HANpHKJaJ, TeKCaHOM) 3 METOK JOo0yBaHHS O, IO
3aJMmImMiIacs i, TOJOBHE, OTPUMAaHHS 3HEKUPEHOTO OLIKOBOIO KOHIIEHTPATy
3 siipa HaCiHHs rapOys3a.

BinkoBwHii 130514T 13 HACIHHS — BUCOKOOUMILIEHUH BiJl HEOUIKOBUX KOMIIOHEHTIB
poAyKT 3 BMicToM Oiika 90 %. BupoOHUITBO OLIKOBOTO i30Ty 31 LIPOTY
HaCiHHS TOJIOHACIHHOTO rapOy3a CKJIQJa€ThCsl 3 TAKUX €TalliB: eKCTparyBaHHs
OinKa 3a JIy’)KHOTO 3Ha4eHHst pH, HacTymHe oca/pkeHHs Ollika B 130€1eKTpUYHIi
TOYI, IEHTPU(YTyBaHHS, HEUTpaIi3alis, CyIIiHHS.

Jdns  excrparyBaHHsi OUIKIB  BHKOPHCTOBYBQJIM MIPOT 13  HACiHHSA
TOJIOHACIHHOTO rap0Oy3a 31 BMICTOM pO3YMHHHX OiIKiB moHa] 50 %.

Ha mnepmomy erami Juisi MakCHMallbHOTO BHXOAY OUIKOBOIO 130Ty
rapOy30BHH IIPOT 3HEKHUPIOBAIM METOJOM EKCTPaKIii, B SKOCTI pO3YMHHHKA
BUKOPUCTOBYBaJM  rekcaH. EkcrparyBanHs — OUIKIB  mpoBopwin — 3a
CHIBBITHOIIEHHSM mIpoT:eKcTpareHT 1:10 Ta mocTiiHOTrO IepeMilryBaHHs,
MATPUMYIOUH TeMIieparypy mpouecy B Mexax 38-40°C mporsirom | roauHH.
Sk exctpareHT BuKOpHcTOBYBasM 12,5 %-Buii po3unn NaCl y rixpoxcuaHomy
oydepi (pH 10,0).

I3 omepkaHMX EKCTPaKTiB OUIKM OCa/PKyBald METOJOM 130€JEKTPUYHOTO
ocajpkeHHs, goBojsiun 3HadeHHs pH 1o 3,9-4,2 1 H pozunnom HCI. Binkosuit
ocajl BUIIUISUIM BiJ cHpOBaTKOBOI BoaM LeHTpudyryBanusam mpu 1500 o6/xB.
nporsirom 15 xB. OnepkaHuil ocaj]y NMPOMHMBAIN JUCTHUILOBAHOIO BOJIOKO JUISI
BWIYYCHHS HAJUIMIIKYy XJIOpUAY HaTpito Ta kucinotu. Ocaj BiIULUIM Bij
MIPOMUBHOI BoAM IeHTpudyryBaHusM rpu 1500 o6/xB. mporsrom 15 XxB Ta
BHCYIIYyBajiH 3a temreparypu 40-45 °C.



[IpuHIMNOBa cXeMa OfepIKaHHS OLIKOBOTO 130JISATY 31 IIPOTY rapOy30BOrO
HACIHHS HaBeJICHA Ha puc 1.

[port 3 HaciHHS TOJIOHACIHHOTO
rap0y3a 3 BUCOKHM BMICTOM
PO3YMHHHX OUIKIB

| 3HEXHUPEHHS WIPOTY |

| Excrpaxmis 6inkiB I——9| Hepo3unHHMI 3aTUIIOK IIPOTY |

| Po3unn Ginka —I——9| CupoBaTKOBi BOI! |

| OcamkeHHs Oinka |

Heiitpanizamnist, npoMHUBaHHS
OLIKOBOT MacTn

| BucynryBanns 6inkoBoi mactu |

| BinkoBuii i30T |

Puc.1. Cxema onep:kaHHsl 0i1K0BOro i30J4TY 3i LIPOTY HACiHHA
roJIoHaciHHOro rapdy3a

HactymanMm etammom po6otu Oymno po3podka TeXHOJOT11 ofep:kaHHs O1TKOMX
MPONYKTIB 3 HACIHHSA JHhOHY. HaciHHA JIbOHY Ta MPOXYKTH HOTO TepepoOKH
BBaXAIOTh TyXKe MEPCIIEKTHBHUMHI (hizionoriyHO-(pyHKITIOHATEHIMHA
iarpemieaTamMu.  LliHHICTP TPOXYKTiB 0OyMOBIEHa BMICTOM B  CKJaji
moniHeHacudeHux kupHUX kuciaoT ([THXK), mirmawiB, Xap4oBHX BOJIOKOH,



OiIKiB, Makpo- Ta MIKpOCIIEMEHTIB, a TakoX BiTamiHiB''. B HaciHHi JIbOHY
MIPUCYTHIH BEJIMKHUH BMICT CJIM3Y, IO JIOBOJI YCKJIQJHIOE POOOTY 3 JIaHOIO
KyJbTypoto. [IpomykTtn mepepoOkn BHXOIATH 3 BENMKOIO B si3kicTio. Cius
MIPUCYTHIH 1 B 3HEKHMPEHOMY >KMUXY, II0 NPHU NPOBEICHHI JOCHTIIB BHECHTh
CBOIO 4acTKy TpyAaHouyB. JUISHWI 1IPOT € JpKepesioM OUIBIIOCTI BiTaMiHIB,
Takux sk B,, B,, B, niauuny (PP), nantorenosoi (B,) Ta ¢omieBoi kucmoru
(B,), 6iotuny (B,), Toxodepony (Biramin E). OcoOmuBe 3Ha4eHHS Ma€ BMicT
tiaminy (B,). Lle#l IponyKT € NPUPOIHUM [KEPEIOM CEJICHY.

B ocraHHI pOKHM [JyXe IOMYJISPHUM CTAJO0 BHUKOPUCTAHHS KOHOIUISHOT
CHPOBMHM (HEHApKOTHUYHOI), a/DKe I0Yajd 3HAXOIUTH IEPCHEKTUBHICTh
BHUKOPUCTaHHS JaHOoT npoayKIii. KoHOneIpHUM HIpOTOM MOYKHA HAa3BaTH XapyoBy
N00aBKy, siIka Mae CTpyKTypy mopouiky. LIpor onepxkyerbcs i3 3HEKHPEHOTO
HaciHHs KoHOIUT. KOHOMIISIHNIT TPOTETH MICTHUTH 3aCBOIOBaHI OUTKH, KOHOIUISTHY
oniro Ta HesaminHi kupHi kucioru (HIXKK), BiactuBi B ocHOBHOMY came
KOHOIUITHOMY HaciHHIO. [lopomok 3 HaciHHsA KoHOIUT Mae mpubiamuzno 50 %
O1sIKiB, Ma€ Bci HeoOXi1HI 20 aMIHOKHUCIIOT, 8 TAKOXK 8 He3aMiHHUX, )KAPH B CKJIJIi
12 %, BiTaMiHH, POCIMHHY KIITKOBHHY B KimbkocTi 21 % Ta MikpoenemeHTH ',
Konoruist Biztoma G6ararbmMa cBOIMH BJIACTHUBOCTSMH, a OT IPOTEiH KOHOILT Mae
HaWKpally 3aCBOIOBAHICTh cepell pOCIHMHHUX OUIKiB. CKIIaaeThCsl BiH 3arajioM
i3 moOyniHy Ta ansOyminy'?.

s BuiydeHHsl OUIKIB 3 BIIXOMIB KOHOIUISIHOI CHPOBHHH OyJiO 0OpaHO
3HEKUPEHUH KMHUX 3 HACiHHS (CIeLiaJbHOTrO, JO3BOJICHOTO 3aKOHOM JUIsl
BUPOIYBAaHHS B NPOMHCIOBUX MAacIITadax) COPTY BOJOKHHCTOI KOHOILII.
Jlanuii BUJ IPOTY HE Ma€ y CBOEMY CKJIaJl KaHHAOIOMY, SIKUH € HAPKOTHYHOIO
MICUXOTPOITHOIO PEYOBUHOIO.

[Ipouec MpoBOAMBCS MPHU THX CaMHX YMOBAX, 3@ JIOTIOMOTOIO THX JK€ JIBOX
eTarniB, siki OyJIu onucaHi JJst TapOy30BOTo )KMUXY. Pesyinbraté  J0CiiKeHb
HaBEeJICHO B Tabnuui 2.

3 oiepKaHUX JaHUX OAYMMO, 1110 3 ITiABUIIEHHSM 3HaueHHs pH ekcTpareHry,
BHXIiJ OiIKa 301IBIIYETHCS.

3HEKHUPEHHH )KMHUX 3 HACIHHS JIbOHY Y CBOEMY CKJIaJli Ma€ BEJIMKY KUIbKICTh
KIIITKOBHHH, SIKa KOPMCHO BIUIMBA€ Ha KHIIKOBO-IITYHKOBHH TPAaKT JFOAMHH.

" Izhevska O. Investigation of lipids of flax seed meal and the prospect of using it in meat dishes.
Scientific Messenger of LNU of Veterinary Medicine and Biotechnologies. Series: Food Technologies.
2019. V.21(91). P.9-13.

12 Cosa H.A., Jlyuenxko M.B., €dpimos B.I, Kypraniu C.M. XapakrepucTuka CHIIKHX KOHOILISHUX
TPORYKTiB. Bicnux Hayionanvnoeo 20 mexuiunoeo yuisepcumemy «XIII». Hogi piwenns ¢ cyuachux
mexnonocisix. Xapkis. 2018. Ne45(1321). C. 207-213.

3 Preethi Ramachandran, Anju K. Dhiman, Surekha Attri. Extraction of Pectin from Ripe Pumpkin
(Cucurbita moschata Duch ex. Poir) Using Eco-Friendly Technique. Indian Journal of Ecology. 2017.
V.44 Special Issue (6). P.685-689.
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KMuX JIbOHY Ma€ CBITJIO-KOPHMYHEBHUH KOJIp Ta TOpiXOBHHM mpucMmak. B ckmani
LIPOTY JIbOHY € 0araro KOPUCHUX KOMIIOHEHTIB, 3aBJISIKM SIKUM IOJIETIIYIOThCS
IIPOLIECH TpaBJCHHs. AJie TaKOXXK B JIbOHI, SIK OyJIO ONUCAHO BHUILE, € TaKUd
KOMITIOHEHT SIK CIIM3, SIKHH B JISSIKMX YMOBaX MOXKE 3aBaKaTW IPOBEICHHIO
Ipolecy BWIYyYeHHS OUIKOBHX MponykTiB. Tak 1 Buiinuto npu pobori 3i
KMHUXOM 3 HAciHHS JIbOHY NpH BHIY4YeHHI OUIKIB. 3aBASKM HPUCYTHOCTI
CJIM30BUX YACTHUHOK, po0OTa 3 JaHOi CHPOBMHHU TPOXM CHOBiLIbHWIAcs. Jlis
TOro, 100 MPOBECTH HOPMAJIHO NPOLEC EKCTparyBaHHS OLIKIB, JOBEJIOCS
30UIBIINTH KUIBKICTh €KCTpareHTy. TakuM YWHOM, 3aMiCTh CITiBBIJHOILCHHS
1:10 Oyno oOpano cmiBBigHomeHHs: 1:20, 1€ TO3BOJMIO Kpaile IPOBECTH
IpoLeC MEepeMilllyBaHHs, TaK SK 4epe3 CIM30BI KOMIOHEHTH 3 IOIEpeIHIM
CIIBBIJHOILICHHSM 1€ OyJI0 HEMOXXJIMBUM. Takoxk uepe3 NMPHUCYTHICTh KICHKOT
pedoBHMHM OyJO CIOBIIBHEHO Ipouec (iIbTpyBaHHs, SKUH Hae micis
eKCTparyBaHHs JJIsl TOTO, 1100 BiIUIMTH TBEPAUN 3aJIHIIOK, KU BUBOIUTHCS
3 poOoTu. Pe3ynbratu MpoBeIeHOr0 JOCIIKCHHS HABEICHO B TaOMHII 3.

Tabmuwsg 2
PesyabTraTn 1ocaifzeHb BUJIy4eHHsl OiIKiB i3 KOHOILUISIHOIO KMHUXY
3nauyenns pH excTpareHTy KinbkicTs 0inka, %
9,0 18,76
10,0 25,23
11,0 27,78
Tabmurs 3
Pe3yabraTu n1ocaigkeHb BUJIydeHHS OiIKIB i3 JJISHOTO KMHXY
3navenns pH excrparenTy KinbkicTs 6iiaka, %
9,0 17,86
10,0 22,23
11,0 25,71

[TopiBHSJIBHI 3HAYECHHS OAEP)KAHUX PE3YJbTATIB WIIyUSHHS! OUIKY 3 PI3HUX

BUJIIB POCIMHHOT CHPOBUHM HaBeJeHI B Tabnuui 4.

HaiiOinpimuii  BimcoTkoBHH  BuXing Oifka, SK [OKa3ajld MPOBEICHI
JOCITIJPKEHHS, BUJIYYA€ThCS 13 )KMHUXY 3 TapOy30BOr0 HACIHHS, HICIsI HBOTO ijie
BIJICOTKOBUI BHXiJl OUIKY 3 KOHOIUISHOTO YXMHXY, @ HAWMCHIIUN BiJCOTKOBHIl
BUXIJ], SIK BUJHO 3 OJIEPXKAHUX PE3YJBTATiB, CIOCTEPIracThCsl NPU BUITyUECHHI
01Ky 31 )KMHXY 3 HaCiHHS JIbOHY.

[Tonanpmum eTanom MpoBeIeHO JOCIHIPKEHHs Oy/I0 BUPIILIEHO JOCHIIUTH
BHXIJl KUIBKOCTI OUIKOBOTO 130JIATY 13 CyMillli 3HEKHPEHOTO MIKCY JKMHXIB



i3 KOHOIUISHOTO, TapOy30BOrO Ta JIBHSHOTO HACIHHS. 3HEKHPCHUH MiKC
CKJIaJaBCsl y BIiJICOTKOBOMY CITIBBIJIHOIICHHI HABEIEHHX BHILE POCIMHHHUX
kyneTyp 40:40:20. Tlpomec onepkaHHs OIIKOBOTO 130JIATYy IPOBOIUBCS
3a HAaBEJCHOIO BHUIIE CXEMOK, 3a THMH CaMUMH IlapamMeTpaMu Ta
3MIHHUMH 3Ha4eHHs MM pH exkcTpareHTy. B Tabmuui 5 HaBeneHo ojepikaHi
pe3ynbTaTti JOCII/DKeHb 13 BUWIIyYeHHs Oifika i3 MIKCY 3HEXHMPEHOI cymirri
KOHOIUISTHUH+TapOy30BUHTIIBHIHUN )KMUXH.

Tabmuusg 4
IopiBHSIBLHI pe3yJbTaTH NOCTiIKEHb

3navyenns pH
€KCTPareHTy

KiabkicTs 0iika, %
i3 rapdy3oBoro

KiabkicTs 0iika, %
i3 KOHOIJISIHOTO

KiabkicTs 0ika, %
i3 JuIsiHOTO WIpOTY

LIPOTY IIPOTY
9,0 23,15 18,76 17,86
10,0 29,46 25,23 22,23
11,0 31,76 27,78 25,71

Tabmmg 5
Pe3yabraTu 1ocaigkeHpb i3 BuIydYeHHs OiIKiB i3 cymimi 3HeKHpeHHX
POCIMHHHUX BigXoxiB

3HavyenHs pH exkcrparenry KinbkicTs 6iiaka, %
9,0 20,96
10,0 27,34
11,0 29,78
12,0 28,13

3 ozep)KaHUX pe3ylbTaTiB MOXKHA 3POOMTH BHCHOBOK, IO ONTHMAaJIbHUM
PEKUMOM BHIIYYECHHS OIKOBOTO 130JIATY € IpoBeAeHHsA mpouecy npu pH 11.
ITpu migBumenHi pH cocrepiraemo, mo Buxija Oinka 3MeHmryerbes. HeoOxiaHo
JIOTPUMYBATHCSI KOHTPOIIIO TEMIIEPATYPHOTO Mapamerpy MPOBEICHHsI MpoIecy,
TeMIeparypa MpOBEICHHS BIJIyYEHHS OIUTKOBOTO 130/14ATy HE TOBHHHA
niepeBuryBatu 43°C.

OpepxaHuil pOCIMHHUN OUIOK TapHO 3aCBOETHCS JIOACHKUM OpPTaHi3MOM,
€ HHU3BKOKAIOPIHHUM, HE MPHU3BOAWUTH A0 MiJABHUIICHHS PIBHSI XOJECTEPHUHY.
Opnepxani OinKOBi 1307ATH € JPIOHONAMCIEPCHUMHU CTPYKTypaMu (CepemHii
niamerp Omu3bko 6,42-10° M), ToMy BiH 3maTHHN 70 BOJOMOTIHHAHHS, IO
JI03BOJIsIE HOMY BHSIBIISITH BJIACTHBOCTI 3TyIIyBaya.

binkoBi mpomgykTH i3 OJIHHOrO HACIHHSA € OJHUM 13 TEpPCHEKTUBHUX
KOMITOHEHTIB U BUKOPUCTAHHS Y BHPOOHHIITBI Xap4OBUX MPOAYKTiB. BimkoBi
MIPOJYKTH MalOTh BUCOKY O10JIOTIUHY IIHHICTh, & TAKOXK €MYJIbI'YIOUY 3/1aTHICTb,
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110 JI03BOJISIE BBOJUTH X B PELENTYPH Xap4OBUX MPOJIYKTIB 3aUIsi OTPHUMaHHs
CTIHKOT eMyJIbCii, MPUITHATHOT KOHCUCTEHIIIT UTst OLIBIIOCTI BIIOMHUX Xap4OBHX
MpOAYyKTIB',

2. [locnipyKeHHs MOXX/IMBOCTi BUKOPUCTAHHSA 6i/IkoBOro isonsaty
3 POCJIMHHOTO LUPOTY B IKOCTi eMyibraTopy

OzHUM 3 HalGINBII BKHBAHKX COYCIB y palioHi MoIMHK € Maiiones. Moro
BUKOPUCTOBYIOTh SIK IIPUIpaBy MJsl TOJINIIEHHS CMaKy 1 3acCBOIOBAHOCTI
MIPOIYKTIB, SIK JI00aBKY JIsi BUTOTOBJICHHS HEPIIUX, JAPYTUX CTPaB 1 3aKyCOK.
TpaguuiiiHo MaifoHe3 — Il NPOAYKT Ha OCHOBI POCIMHHOI OJii, SIEYHOTO
MOPOIIKY Ta JUMOHHOTO COKY, @ TAKOX T1pYHMIL, IYKPY, COJI Ta IHIIMX XapyOBUX
1 CMakoBUX J100aBOK, SIKi CKJIAJIal0Th 0araTOKOMIIOHEHTHY eMYJIbCIHHY CHCTEMY
THITY «OJTisl y BOmi»'>.

MaiioHe3 MOXKHa Ha3BaTH IPOJYKTOM BHCOKOi OlOJNIOri4HOi ILIHHOCTI,
OCKUJIBKH BiH MICTUTh POCIMHHI ouii. PociauHHI 01ii € 1U1st opraHi3my JIFOIMHU
JDKEpENIOM He TUIbKM KaJlopi, ajie i (i3ioJgoriYHo-akTHBHUX (€CCEHIIaIbHIX)
KHCIIOT, SIKI CHIPUSIFOTh 3HW)KEHHIO BMICTY XOJIECTEPHHY B KPOBI Ta PO IaKTHII
aTepoCKIIEpPO3y.

TpamuuiitHo 10 ckialy MaHOHE3HHUX COYCIB Ta MaliOHE31B BXOISATH POCIUHHI
oJii, HalJacTile BUKOPUCTOBYIOTH JI€30/I0pOBaHy padiHOBAHY COHSIIHUKOBY
oniro. Taka oist He IprHECe 6araTo KOPUCTI OPraHi3My, aJiKe ITPOLIeC OUHMIICHHS
Ta padiHanii, IKMi BUKOPUCTOBYETHCS Ul BUPOOHMIITBA COHSIIHUKOBOI OJii,
pYHHY€E aHTHOKCHJIAHTH 1 KOPUCHI POCIIMHHI CIIOJIYKH. AHAaJII3 Cy4acHOTO piBHA
ICHYIOUHMX pPO3POOOK IMOKa3ye HEOOXIIHICTh BUKOPUCTAHHS HETPAJUIIHHOT
POCJIMHHOT CHPOBMHU IpH BUPOOHMITBI KMPOBMICHHX IPOIYKTIB JUIS
30UIbIIeHHS TX CTIHKOCTI mpu 30epiraHHi Ta HajaHHs iM (QYHKIIOHAJBHUX Ta
AQHTUOKCHJAHTHHUX BiacTHBoCcTed. CyyacHa KOHLEIIIs 370POBOTO Xap4yyBaHHS
0azyeTbcsi Ha HAyKOBO OOIPDYHTOBAaHOMY MIJXOIi [0  YAOCKOHAJCHHS
CKJIaJly, BJIIACTMBOCTEH 1 TEXHOJIOTil XapyoBUX NPOIYKTIB, sIKi MOBHUHHI HE
TUIBKW 3aJJOBOJIBHSTH IIOTPEOM OpraHi3My JIIOMMHA B OCHOBHHX XapyOBHX
pedyoBHHAX 1 eHeprii, a W CIpHUATH NMPOQUIAKTUII 3aXBOPIOBaHb, 30epirarodu
3I0POB’s 1 3a0€3CUyFOYH JIOBTOITTS.

OCHOBHOIO 0COONMBICTIO MaiiOHE3y € MOYJIMBICTh KOpPETryBaHHS CKJIany
peuenTypHUX KOMIIOHEHTIB Ta OTPUMaHHS NPOAYKLIi, 10 MaKCHMaJbHO
BiAnoBinaoTe QizionorivHuM norpedam opranizmy. Kpim Toro, BKMBaHHS

4 Tomy6 JI.C., Bogonaspka A.B. Onrumizarist TeXHOIOTTi BUTyYCHHS GLIKOBHX MPOAYKTIB 3 BiAXOAIB
pocnuHHOI cupoBUHH. Haykosuii sichux ITormascvkozo ynieepcumeny exonomixu i mopeigni. 2024. Ne 3.
C.5-9.

5 Cosa H.A., Jlyuenxo M.B., JlobanoBa A.O., I'pexoBa H.B. Buropucranus KOHOIISHOI Ofii y
TexHonorii maionesy. Bichux HTY «XIIly, Cepis: Hosi piwenna 6 cyuachux mexuonoziax. 2019.
Ne5(1330). C.152-159.
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POCIMHHUX pPIAKUX OKUpIB y BUDIAAL JgpiOHOAMCIIEpCHOI  BOJHO-
KUPOBOT eMyNbCii 3MEHIIYye HABAaHTAXCHHS Ha EHJOKPHHHY CHCTEMY,
cupusie  crabimizauii ¢izionoriuHnx (QyHKLOIH IITYHKOBO- KHIIKOBOI'O
Tpakty'S.

Po3pobieno ckiiaj MailoHe3y, B SIKOMY 4aCTHHY padiHOBaHOI 1€3010pOBaHOT
COHSIIHMKOBOI OJIii 3aMiHEHO Ha CyMIIl KOHOIUISTHOI Ta OOJINMXOoBOi oiit
XOJIOZHOTO BIDKMMY, IO 30€piraioTh OUIBINICTH aHTHOKCHIAHTIB 1 BITaMiHiB.
YacTkoBa 3aMiHa COHSIIHMKOBOI OJil Ha KOHOIUISHY MOXE IPHUHECTH
KOPHCTb 3JI0POB’I0 MO3KY, IPH IIbOMY ITOKDPAIIyIOThCS KOTHITHUBHI (yHKIi
y JiTHiX soneil. KoHoruisiHa omis — €IWHa 3 TNPUPOXHHMX OJiH, B SIKId
Owmera-3 i Omera-6 HeHacH4eHI XMPHI KHUCIIOTH 3HAXOISTHCS B 1/1€alIbHOMY
criBBiHOIIEHHI 1:3+5, 1l KUCIIOTH BKpail HeoOXiaHi Jyist 30epeKeHHs i 3aXHUCTY
(GYHKIIH pi3HUX KIITHH OpraHi3My JIIOJMHU, BOHW OYMINAIOTH CYJHHU (apTepii),
TPaHCHOPMYIOTh I CTPUMYIOTh HAaKONHMYEHHS XoyiecTepuHy. OCOOIMBO LIHHUM
y KOHOIUISHIA onii € BmicT Oinst 2-5 % ramMma-JiHOJICHOBOT KHCIIOTH, sKa
€ CKJIQJIOBOIO MaTepUHCHKOIO0 MOJIOKA JIFOJMHU 1 JIOCUTH PIAKO 3yCTPIYa€THCs
B MPUPOII.

OOninuxoBa ois — IMOJIBITAMIHHUM TPUPOAHUM TPOAYKT 3 BHUCOKUM
BMICTOM acKOpOiHOBOT KUCIIOTH. 115 oJ1ist — 116 OTUH 3 HeOAraThoX KUPOBMICHUX
MIPOAYKTIB, B SIKOMY MICTUTBCS BCI YOTHPHM KJacH OMEra >XHPHHX KHCIIOT:
Owmera-3, Omera-6, Omera-7, Omera-9. OcoOIMBO I[IHHUM B OOJIMIXOBIH OJil
€ criiBBiHOLIEHHS Bitaminy E 1 B-kaporuny. B miii omii MicTaTbes duiaBoHOiIH,
MaKpo Ta MIKpOEJIEeMEHTH, JIesIKl BUJIM POCIMHHUX aHTUMIKpOOHUX cnonyk. [lo
00JIinMX0BOT 0J1iT BXO/SATH, OKPIM IpoBiTaMiHy A Ta Bitaminy E, 1e # BiTamiHu
B,, B,, B;, B, C, K Ta xaporunoinu, siki € IpUPOJAHUMH aHTHOKCHIAHTAMH Ta
MiBUITYIOTE iMyHiTET'.

Kpim 3a3HaueHUX BHUIIE KOMIIOHCHTIB, MAHOHE3 MICTUTh MOJIOKO i S€YHUN
TIOPOIIOK, SIKI € JDKEpeaoM OUIKIB 3 HEe3aMIHHUMH aMiHOKHCIIOTAMHM; >KOBTOK
KypsI4oro UL, SIKUH Ma€e 3Ha4YHy KiUIbKICTH OCHOBHOTO PETYISITOPY JKHPOBOTO
oOMiHy B opraHizmi — jeuutuHy. OuroBa a0 JTUMOHHA KHCJIOTH, IO BXOISThH
y pelenTypy MailOHe3iB € He JIMIIE HOCISIMHM CMaKy 1 apomary, ajlie i CpusoTh
TPaBJICHHIO, 3a0e3MeYyour HEOOXiJIHY KHCIOTHICTh CEPEIOBHIIA, SIKA TAKOX
3YMOBIIIO€ OaKTepUIIUAHY Iit0. [Topyd 3 mepeBaramu, CbOrOHI ICHYFOTh CYTT€BI
HeNoJTiKM 1aHoi mpoxykuii. [To’si3aHe e 3 ThM, 1110 Y BAPOOHUKH HaMararoThCst
OTpUMATH BHUTOJly Yepe3 3HWKEHHs co0iBapTOCTI NMPOIYKTY 3a PaXyHOK 3aMiHHU
a00 3MEHIIIEHHS JJOPOrOBAPTICHUX KOMITOHEHTIB Ha OLIbII jiemieBi. Y pe3ynbTari
LBOrO Ha BITYM3HSIHOMY pHUHKY IIiJi Ha3Bol «MaiioHe3» peali3yloThes

1 Baxmau B. O., [Temyx JI. B. YiockoHasieHHs TeXHOIOTI] MailoHe3iB 3 BUKOPUCTAHHAM POCIUHHOT
CHPOBUHH. XapuoBa IIPOMHCIOBicTh. 2015. Nel5. C. 27-31.

17 Ocetiko M. 1. Texuosorist pocmanaux oxiit. K: Bapra. 2006. 280c.
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eMYJIbCIHHI IPOAYKTH, Y CKJIaJl IKUX Hapsy 3 TAKUMH 1HIPEIi€EHTAMH, SIK BOJA,
OJIisl COHSIITHUKOBA MICTATHCS Pi3HI IIKIAJIMBI JJIsl OpraHizMy J100aBKH, Taki sIK
peryioroui, crabii3yrodi Ta CTpyKTYpOyTBOPIOIOUi: CTadiIi3aTopH, 3aryCHUKH,
CMaKOBI I IKMCITIOBaY1, i1conopKyBayi. Li mkiuiBi 100aBKH y penenTypHoMy
CKJIaJli MaliOHE3y MPU3BOASATH JI0 3aXBOPIOBAHB IILTYHKOBO-KUIIKOBOTO TPAKTY,
CIPUSIOTh PYHHYBaHHIO 3YOHOT eMaJi, JesiKi 3 SIKUX € HaWOUTbII IIKIITHBUMHE
iy Garathox KpaiHax 3a0OpOHCHI /sl BAKOPUCTAHHS Y Xap4OBUX MpOAyKTax'®.
BpaxoByroun BHINE 3a3Hauy€HE, aKTyaJbHHM € TIOKPAaIlIEHHS acOPTUMEHTY
ICHYIOUMX HA PUHKY MaiOHE3IB 3 MCTOK OTPUMAHHS SKICHOI 1 KOPUCHOI
MIPOAYKIIT 3 HU3bKOIO COO1BapTICTIO.

OCHOBHMMH TEHACHIISIMH PO3MIMPEHHS AaCOPTHMMEHTY MalOHE3iB
€ 3HW)KEHHS KaJIOPIMHOCTI HIJISXOM 3MEHILIEHHS B PELENTypi BMICTY JKUPIB
Ta IYKpPY, MABUIICHHS 010JOT1YHOT I[IHHOCTI IUISIXOM MOBHOT UM YaCTKOBOT
3aMiHM TPaJMLIHHUX KOMIIOHCHTIB HATypaibHUMH Oiojoriunumu'® Ta
¢bizionoriuHo akTUBHUMH pedoBuHamMu?. OZHHUM 3 TaKUX MEPCHCKTHBHHX
KOMIIOHEHTIB € O1JIKOBi MPOAYKTH 3 HACiHHS ONiMHUX Ky’ibTyp?!. Bimomo,
o O1JIKOBI MPOAYKTH MAIOTh BUCOKY O10JIOTIUHY HIHHICTH Ta EMYJBIYIOUY
3/IaTHICTh, TOMY IX 3aCTOCYBaHHS y CKJaJl XapuyOBUX NPOJYKTIB JJO3BOJISE
OJICPKATH CTIHKI eMy/bCii 3BUYHOI JUIS CIIOKMBa4Ya KOHCUCTEHINI?, 3 1iel
TOYKM 30pY BHHHUKA€ MOXIIMBICTH 3aMiHM TPaJMLIHHOrO emynbratropa —
SIEYHOTO MOPOIIKY Yy peuentypi Maione3y. Binomo, 1o se€4HUil MopoIiok
MictuTh 9 % XonecTepoily, HOro He pPEKOMEHAYETHCS BXKHMBATH JIOASM
JITHBOTO BIKY Ta XBOPHM Ha TinepxosiecTepuHeMito. ToMmy Ha CbOTOIHIIIHIN
JICHb AaKTYyaJhHOK € pO3p0o0Ka pEICHTyp HU3BKOKAJOPIMHUX MaioHEe3iB
3 IMOBHOIO 3aMIHOIO €MYJIbraTopy TBapUHHOTO IOXO/PKEHHS Ha €MYJIbIaTop
Ha OCHOBI OIJKOBMX MPOJYKTIB, OTPUMaHUX 3 BIAXOJIB POCIMHHOI
CUPOBHHU.

Hactymuuii erarom poGotu Oyno po3poOka peuentypu 3 IMOKpallieHHM
KUPHOKHCJIOTHUM  CKJIaJOM, ajie 3  BHKOPHCTaHHSAM  TPaAMLiIHOrO
eMYJIbraTopy — SI€4HOTO TTOPOLIKY.

8 Yymak JI.€., ®apiceeB A.I. VIOCKOHAJEHHS PELENTYPHOrO CKIaly MaiHOHE3iB MPOMHCIOBOTO
BupoOHUITBA. /] Haykoso-npakmuyuna konpepenyis «Cyyaci ceimosi meHOeHYii poO36UMKY HAyKu ma
mexuonoaiuy. Oneca. 2020. C.156.

9 Tanyx B.I., Ilacka M.3., [pauyk Y.P. 30araueHnsi MailoHe3iB i COyCiB KOMILIEKCOM HPHPOAHUX
AHTHOKCHIAHTIB i GioNoriuHo akTuBHUX pedoBuH. Haykosuii ¢icnux JIHYBMBT imeni C. 3. Dicuybkozo.
2015. Nel (61). C. 11-16.

2% Mank B.B., [lemyk JI.B., Pansiescbka I.I. Po3poGieHHst eMylnbCiHEX MPOIYKTIB I1iABUIIEHOT
OionoriuHoi HiHHOCTI. Xapuosa npomuciogicme. 2005. Ne4. C. 42-45.

2 Baxwmau B., Ilpurynsceka H., [{sineuxo O. BukopucTaHHs pocanHHEX OLIKIB Iij yac BUPOOHHIITBA
MaifoHesiB. 30ipank Haykosux npaub KJTEY, Kuis 2000. C.45-47.

2 Rahayu P.P, Purwadi Radiati Manab. Physico Chemical Properties of Whey Protein and Gelatine
Biopolymer Using Tea Leaf. Extract as Crosslink Materials. Curr: Res. Nutri. Food Sci. 2015.V3(3).
P.224-236.
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Po3poOiieno MaiioHe3, B pelentypi SIKOTO B SIKOCTI KHPOBOI OCHOBHU
BUKOPUCTAHO KyIaX OJii 3 3apOAKIB IIICHUII Ta COHSIIHMKOBOI OJNiH, Takui
CKJIaJ Kynaxy 3abesnedye g000By notpeOy opranizmy y Bitamini E, npuaomy
y #oro mpupoanux ¢opmax. TpaauniiHO A0 ckiaxy MalOHE3HUX COYCIB Ta
MalOHe31B BXOJSITh POCIIMHHI OJIi1, HaifuacTilie BUKOPHCTOBYIOTh JIC30/I0POBaHY
padiHOBaHY COHSIIHHKOBY oOjito. Taka oiiss He mpuHECe 0araro KOPHUCTI
Oprasi3my, aJpKe Mpolec OYMIIEeHHS Ta padiHalii, SIKHi BUKOPUCTOBYETHCS IS
BUPOOHHIITBA COHSLIHUKOBOI OJIii, pyHHY€ aHTHOKCUAAHTH 1 KOPHCHI POCIUHHI
CIIOJIyKH. AHaJli3 Cy4yacHOTO PIiBHS ICHYIOYHMX PO3p0oOOK MOKa3zye HEOOXiTHICTh
BUKOPUCTAHHSI HETPAAMLIMHOI PpOCIMHHOI CHPOBUHHM TIPH BHPOOHUIITBI
JKMPOBMICHUX MPOAYKTIB JUIsi 30UIbLICHHS 1X CTiMiKocTi mnpu 30epiraHHi
Ta HajgaHHS M (QYHKIIOHaJbHUX Ta AaHTHOKCHAAHTHUX BIIACTHBOCTEH.
BpaxoByroun, 1110 OJIisl COHSIIIIHUKOBA € OCHOBHHM 1 JOCHTBH JOPOrOBApPTICHUM
IHIPENIEHTOM y pelenTypax MaioHe3iB, JOUUIBHUM € MOIIYK aJlbTepPHATHBHUX
iii KOMITOHEHTIB, sIKi O He ToTripuIyBayii, a00 HaBiTH MMOKpAIyBalIX OlOJOTIYHY
LIHHICTh TOTOBOTO MPOAYKTY.

B nmaniii poGori B peuentypi MaioHe3y B SIKOCTI JXHPOBOI OCHOBHU
BHKOPHCTOBYBAJIM KyNaX OJIM 3 3apOAKIB IIIEHUII Ta COHSLIHMKOBOI OJIii.
Taxwuii ckiaa Kynaxy 3abesnedye J1000By noTpedy opraHizmy y Bitamini E,
nmpudomy y Horo mpupoaHux ¢opmax. Outis 3 3apoOAKiB IIIEHUI MICTHTh
G6araro Owmera-6 Ta Owmera-3 kucior. Oumis NIIEHUYHUX 3apOJKIB Mae
BHCOKY Xap4oBY, a TaKOX O10JIOTIYHY LIHHICTb, OyAy4H CIpaBii yHIKaJIbHUM
3a OIOXIMIYHMM CKJIQJIOM 1 IUIIOIIMMH BJIACTUBOCTSAMHU HATypaJbHUM
MPOAYKTOM. Y CKJIaJi OJiii € He3aMiHHI aMiHOKUCIIOTH, YXUPHI MTOJIIHCHACUYCHI
KHCJIOTH, BOJIO- 1 XMPOPO3YMHHI BITaMiHH, IO BOJIOJIIOTH IPOTH3AINAILHOIO
BJIACTUBICTIO; QJIAHTOTH, SIKUA Ma€ BUCOKY AaHTHOKCHUAAHTHY aKTHUBHICTB,
ckBasieH (2-3 %), okrako3aHoi, 0113bko 20 pi3HUX MaKpo- 1 MiKpPOEJIEMEHTIB.
BiaMiHHOI 0COONMHMBICTIO Ii€l OJIii € BUCOKUI BMICT «BITaMiHY MOJIOJOCTI»
tokodepony (E) — Bcroro B 100 r mictutbes 10 400 Mr JaHOTO MPUPOIHOTO
aHTHOKcHIaHTy. lle pociauHHUI MpOayKT Takok Oararuit BitaminoMm D, mio
rpa€e BKpail Ba)KJIMBY pOJb B 3aCBOEHHI Kajbliio 1 (ocdopy — MiHepalis,
IO «BIJIOBIZAIOTE» 3a 340pOB's 3y0iB, CyrI00iB 1 KicTOK. Y 0Jil 3apoiKiB
TIIICHUII TAKOX MPHUCYTHIN OeTa-KapOTHH, SKHI B OPraHi3Mi I1EPEeTBOPIOETHCS
Ha Bitamin A. KpiM TOro, 1t OJis € JpKepelnoM BiTaMiHiB Tpynu B.
Binpi3Hs€ThCs BOHA 1 JOCUTh BHCOKHM BMICTOM IIMHKY, SKHil Oepe ydacTb
B )KHPOBOMY, OIJIKOBOMY, ByIJIEBOAHOMY OOMiHaX i KDOBOTBOPEHHI, B CHHTE31
TpaBHUX (EPMEHTIB 1 iHCY/IiHY. B naHiit oiii MICTHTBCS CeJICH 1 IUHK. Y CKJIaji
OJ1i1 3apOJIKiB IMIICHUIl TAKOX NMPUCYTHIN IPUPOJHIH aHTHOKCHIAHT CKBaJICH,
SIKMH Ma€ BHpaXeHI PaHO3aroroBalibHI, IMyHOCTHMYIIOIOYi, MPOTUTPHOKOBI
1 GaKTepUIM/IHI BIACTHBOCTI.
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Jns npodinakTHKM 3axXxBOpIOBaHb Ha IYKPOBUH niaber B penenTypi
MaioHe3y IyKOop 3aMiHMJIM Ha (QPYKTO3Y.

3 MeTol0 HalaHHs MalloHe3y (pyHKIIOHAJIbHUX BIACTUBOCTEH 3aITpOIIOHOBAHO
B perenTypi MailoHe3y BUKOPUCTOBYBATH HACIHHS JIbOHY 30JI0TOT0. BiqMiHHICTB
30JI0TOTO JILOHY BiJI KOPHYHEBOTO IOJISITAE Y HASIBHOCTI JEKIJIBKOX aKTHBHHUX
peUOBHUH. 30JIOTHH JIbOH MICTUTH OLUIbIIE AHTHOKCHIAHTIB, TAKOX 30JOTHI
JILOH HDKHIIIE Ha CMaK, Ma€ OMOJIOJDKYIOUY 1 aHTHOaKTepianbHy 1ito. Hacinus
30JI0TOTO JIbOHY HACHYEHE BEJIMKOIO KUIBKICTIO PO3YMHHOI 1 HEPO3YMHHOI
KIITKOBUHU (NEKTHHIB). Bymyun copOeHTOM, KIIITKOBHHA OYHMINAE OpPraHi3M
BiJl HQ/UIMIIKIB XOJIECTEPHHY 1 WIKTIMBHX TOKCHHIB, MiJBHIIYE B'S3KICTh
BMICTY KHMIIKIBHUKA, CIIPUSIOYN KPAIOMY BHIIOPO)KHEHHIO. TakoX 11e HaciHHs
Oarare Ha (DITOCCTPOTCHHU, CXOXKI 3a BIACTUBOCTAMHU 3 ecTporeHamu. Ili
TOPMOHOIIOI0HI PEYOBHHU € CHIILHUMHU aHTHOKCHAaHTaMu. HaciHHs 30510TOrO
JILOHY OCOOJIMBO KOPUCHE ISl KiHOK. KpiMm TOro, BOHO cnpusie Hopmastizauii
apTepiaJibHOrO THCKY, MeTaboni3My Kajblilo, XupiB 1 eHeprii. Hacinus
30JI0TOTO JILOHY CHPUSIE IMOJIMIICHHI0 POOOTH KPOBOHOCHOI CHCTEMH, Mae
MIpOTH3aNalbHI BIACTUBOCTI 1 3aXUIAE OPraHi3M BiJ JIESKUX PI3HOBUJIB PaKy,
CIpUSIE OUYMILEHHIO OpraHi3aMy Ta JeToKcukamii. Takok HaciHHS 30JI0TOrO
JILOHY KOPUCHO IIPH arepoCKIIepo3i, mpodieMaMu 3 cepleM i cyriodamu, Mpu
roratiii poOOTi TPAaBHOTO TPAKTY, pO3Ja/iaX AUXaIbHUX HIISAXiB. 30JI0THH JILOH
e(eKTHBHUI TP 3aTOEHHI paH, sIKi MOXKYTh BHHUKHYTH B TPABHOMY TPAKTi.

Jliist BUTOTOBJICHHST MallOHE3y BUKOPHCTOBYBAJIM HACTYIIHY CUPOBHHY:

— OJlisl 3apoJIKiB MIICHWII HepadiHOBaHA Ta HEJL03010pOBaHA IEPIIOTO
XOJIOZHOTO BIDKMMY, OTpHMMaHa Ha IIHEKOBOMYy mpeci, BupoOoHuk TOB
«ATPOCLITBITPOMY.

— omis consimHukoBa padinoBana 3rimHo JICTY 4492:2017 «Oumis
COHSIIHUKOBA. TeXHIYHI YMOBH»;

—  steqnmii nopomok 3rigHo JACTY 8719:2017 «Ilponyxru sieuni. Texuiuni
YMOBWY;

— ¢pykroza 3rigHo JICTY 2316-93 «llykop 1 KpOXMajemaTokoBi
MPOAYKTH. TeXHIUHI yMOBUY;

—  cinb kyxonHa 3rigHo JACTY 3583:97 «Cinb KyXoHHA. 3arajibHi TEXHIYHI
YMOBWY;

—  ripununHuii noporok 3rigao JJCTY 4842:2007 «Ilopoliok TripuuvHuUii.
TexHiuHi yMOBHY;

— yuMonHu# cik 3rigHo JICTY 7159:2010 «KoHcepBH COKM BiJTHOBIICHID».

— JKMHX 3 HaciHHS roJIOHaciHHeBOTo rap0Oysa, BupooHuk POII «Kibenpb
P.B.

Penentypu jocniiHUX 3pasKiB, FOTOBOTO IMPOIYKTY MaiOHE3y >KHUPHICTIO
65 %, HaBeaeHi B Tabnuiii 6.
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Tabmuus 6
PenenTypHi cniBBiiHOIIEHHS 1OCAiIHUX 3pa3KiB y BilCOTKOBOMY

cHiBBiTHOIIEHHI

o 3pa3ok 3pa3ox 3pa3ok 3pa3ox
3/m Cuposnna I?N'el pr_'Z I?N'QS p.N94
1 ComnstiiHukoBa oiist, % 65,0 - 32,5 45,5
2 Ouist 3 3aponkiB menui, % | - 65,0 32,5 19,5
3 Sleunuii nopomok, % 10,0 10,0 10,0 10,0
4 Cinb KyxoHHa, % 1,7 1,7 1,7 1,7
5 DOpyxroza, % 0,625 0,625 0,625 0,625
6 Tipununnii nopomoxk, % 2,0 2,0 2,0 2,0
7 JIuMoHHWMIA CiK, % 2,1 2,1 2,1 2,1
8 Haciuus nbony, % 0,5 0,5 0,5 0,5
9 Boza ounmena, % pemra pemTa pemra peura

Kynax oiiif roTyBajay HACTYIIHUM YWHOM: COHSIITHUKOBY 1 OJIIIO 3 3apOJKIiB
MIIeHHUI monepenHbo migirpiBamu g0 30°C 1 mepeMillyBaiy IMpOTATOM
10 xBwmH. Sleuynuii mopomok 3anuBanu migirpiroro o 30°C Bomoro Ta
nepeminryBasnu  mporsirom 20 XBwiMH. SleuHy cymimi, oo, TipuMYHHA
MIOPOIIOK, JIMMOHHUH CiK, ciib, (pyKTO3y Ta HAcCiHHS JIbOHY B HEOOXiqHIN
KIUJIBKOCTI TTOMIIIajIM B 4amly OJieHaepa, 3mimryBayu mpotsirom 60 cekyHI 1o
YTBOPEHHS CTiliKol eMyinbcii. besrnocepeHbo Mmiciisi BUTOTOBJICHHSI MaiOHE3y
TIPOBEJH JIOCITIJDKEHHSI Horo sikocTi. BinOip mpo0 1 BU3HAUCHHS BMICTY JKHPY
Ta KUCIOTHOCTI 37iiicHioBanm 3rigHo JICTY 4487:2015 «Maiionesu. [TpaBuna
MIpUAMaHHS Ta BULIPOOYBAHHSD».

OpraHonenTnyHi TTOKa3HUKH SIKOCTI BCTAaHOBJIIOBAJIN Ha
MiJICTaBi KOCQIIIEHTIB BaroMOCTi 3 BHUKOPHCTaHHSIM MPO(IIHBHOTO METOMY,
pe3yibTaTy HaBeleHi B Tabmwi 7.

Tabmuus 7
OpraHoJjienTHYHI MOKA3HMKH SAKOCTI JOCTIIHUX 3pa3kiB MalioHe3y
=
E E| s
Z E-
H =z = £ g g 2 £
omep 3pa3ka == 2 S = = < =
2 3 S = ] S} =3
=4 = oM
o S
=
KoeoiuienT Baromocri | 0,15 0,1 0,15 0,3 0,3 1
3pazox Nel 5 5 5 5 4 4,70
3pazok Ne2 5 5 5 5 3 4,40
3pazok Ne3 5 5 5 5 4 4,70
3pa3zok Ned 5 5 5 5 5 5,00
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30BHINIHIN BUIIAI, KOHCUCTEHIIIS KOJIIP Ta 3amax ycix 3paskiB OyiM OLliHEHi
Ha 5, a OT CMaK 3pa3KiB Pi3HUBCS. 3a MPOBEICHOK OPraHOJCITHYHO OIIHKOKO
MO’KHA 3pOOUTH BHCHOBOK, 110 3pa3ok Ned mae HaliKpallli pe3yJabTary.

PesynbraTy BU3HAUYEHHSI MOKa3HHMKIB SKOCTI JOCITITHHUX 3pa3KiB MaloHe3y
HaBeJleHi B Tabnumi 8.

Tabmuns 8
OpranosienTuyHi Ta ¢izMKo-XiMiyHI MOKA3HMKHU T0CJAIAHUX MaiioHe3iB
Iloxa3zHuku 3pasok Nel 3pasok Ne2 3pasok Ne3 | 3pasok Ne4
30BHIIIHII BUIIIA, OnHOpPiZHUN KPEeMOMOAIOHUN MPOAYKT, 3 MOOAMHOKUMH
KOHCHCTEHIIIS OynbOalKaMu MOBITPs
Komnip OnHOPITHUH, KPEMYBATO-KOBTHI
Cmak ITpuramannnii | Ilpuramannuil | Ilpuramannnii | Ilputamanauit
TpajuLiHOMY | TpaguLiifHOMY |TpaauUiiHOMY |TpaguLiiiHOMYy
MaiioHe3y MailoHe3y MailoHe3y MaifoHe3y

3 SIBHO 3 BIJUYTHUM

BUPAKEHUM MIPUCMAKOM

[IPHCMAKOM ouii 3 3apoKiB

oJ1ii 3 3apOJKIB | MIICHHUIII

TIISHHI
3amax ITpuramannuii TpaguniiinoMy mMaifonesy
Macosa ygactka Bosioru, % | 13,60 13,40 13,50 13,47
MacoBa 4yacTka xkupy, % 65 65 65 65
Kucnorne uucno, % 0,07 0,069 0,071 0,064
CriiikicTh eMyiscii, % 99 99 99 99
pH cepenosuie 4 4 4 4

[IpencrapneHi pe3ybTaTé HOCHIIIKEHb CBIIYaTh PO TE, M0 (Pi3UKO-XiMiUHI
MMOKAa3HUKK SIKOCTI IOCIHIAHWUX 3pa3KiB BIAMOBINAIOTH JaHUM HOPMATHBHUX
JIOKYMEHTIB.

BcranosneHo, 1o Ha#kpaml NOKa3HUKH SKOCTI Ma€ pelentypa MaioHe3y
3pasky Ned, »xupoBa OCHOBa sKOrO ckiamaerbes 31 70 % pacdinoBaHOT
JIC307I0POBAHOI COHSIITHUKOBOI 01ii 1 30 % oii 3 3apO/IKiB IIIICHHUIII.

Kucnornicte  po3poOnieHOro MaiioHe3y BHM3HaYaJlu NpoTaroM 35 1i0
3 METOI0 BCTAHOBJIEHHS ONTHMAJILHOTO CTPOKY 30epiraHHs rOTOBOI HPOAYKIIi.
PesynpraT BH3HAYEHHS KHUCJIOTHOTO 4YHMClia 3pa3Ky MaiioHe3y Ne4 HaBeneHi
B Tabnuui 9.

AHani3yloun oTpuMaHi AaHi, 6a4uMo, 0 MpH 30epiraHHi CrIoCTepiraeTbes
IiIBUIIEHHS KHCJIOTHOCTI MaifoHe3y, aje OTpuMaHi JaHi HE MNEepEeBHIIYIOTh
HopMm JICTY 4487:2015. Buxonsuu 3 OTpUMaHUX JaHHUX, PEKOMEHIOBaHHH
CTpok 30epiraHHs MailoHe3y CTaHOBUTh 35 ni0 mpu  Temmeparypi
1 +6°C.

17



Bu3HayeHHSI KHCJIOTHOCTI J0CJ]I

Tabmuusg 9
iTKyemoro maiionesy.

Ctpoxk 30epiranus Kucnornicts maiionesy, %
1 noGa 0,064
7 ni6 0,09
14 ni6 0,158
21 noba 0,26
28 nib 0,28
35 ni6 0,29

Takox Oyno TPOBEICHO BHU3HAYCHHS CTIHKOCTI JOCTIKYEMOTO 3pa3Ky
MaiioHesy. Pesynprarn mociimKeHHS CTIHKOCTI HaBeneHi B Tabmumi 10.

Tabmuma 10

BuzHaueHHs1 cTilKOCTI J0CTIKYEMOT0 MaiioHe3y.

Ctpok 30epiranns CriiikicTb Maiionesy, %
1 no6a 99
7 ni6 98
14 ni6 97
21 noba 96
28 ni6 95
35 ni6 94

AHaumi3 OTpUMaHHUX JaHWX 3HA4YeHb 3MIHM CTIHKOCTI PO3pPOOICHOTO 3pa3Ky
MalioHe3y CBITYHTH, IO MPH 30epiraHHi 3HAYCHHS CTIHKOCTI 3MEHIITYETHCS, ajle
HE JI0CSATa€ KPUTHYHUX 3HAYEHb.

Pesynbratn  MikpoOioi0TidHOT

OIIHKM MaWloOHE3y 3

BUKOPHUCTAHHAM

eMyJIbraTopy TBapMHHOTO TOXOKECHHS HaBeAeHi y Tabmmmi 11.

Tabmurs 11

Pe3yabTaTu MikpooGiosoriunoi oninku MaiioHne3i

TMoka3unk

3HavyeHHs

baxrepii rpynu kumkoBux nanudok (xomiopmu) B 0,01 T

He BusiBieno

TTarorenHi MikpoopraHizmu, B ToMy 4ucii 6akrepii poxy Salmonella, B 25 T

He BusiBneno

Jpixmki, KYO B 1 cm®

1-10

[nicussi rpudu, KYO B 1 cm?

He BusiBneno

YMOBHO-IIaTOr€HHI MiKpOOpraHi3Mu (CTa(iIokok)

He BusiBieno

Orxe,

MOXKHa 3pOOMTH BHCHOBOK,

o MiKpoOioIorivyHi

TTOKa3HUKH

JIOCITI/PKEHOTO MaloHe3y 3HaXOAAThCs y Mexax Hopmu 1 Bifnosinatiors JCTY
4487:2015 «Maiione3u. 3arajibHi TEXHIYHI YMOBHY.
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Hactymaum etarom poOoTty Oysi0 BU3HAYEHHSI MOMKJIMBOCTI BUKOPHCTaHHS
01JIKOBOTO 130JITY B IKOCTI €MYJIbIaToOpy, TOOTO IPOBEJICHHS 3aMiHH EMYJIbraTopy
TBApPUHHOTO MOXO/DKEHHSI Ha eMYJIbraTop POCIMHHOTO TTOXOJDKEHHSI.

B nomnepeaHboMy JOCHIIKEHHI BCTAHOBJICHO, 10 HAOUTBIIMA BMICT OLIKY
Ma€ MHUX 3 TOJIOHACIHHOTO rap0ys3a, KpiM TOTO i IPOoLec BUIIyYeHHs! O1IKOBOTO
130J151Ty 3 [BOTO BHUJY POCIMHHOI CHPOBMHM OyB JIETIIMM B IOPIBHSHHI
3 IHIIMMHU BHJAMHU POCIMHHUX NMPOAYKTiB. ToMy B mopajibliiid poOOTi B SIKOCTI
eMyJIbraTopy POCIMHHOIO ITOXO/PKEHHSI BHUKOPHUCTOBYBAJIM 130J8T OUIKY 31
JKMHUXY TOJIOHACIHHOTO rap0y3y.

OnepikaHuii 130J14T OLIKY BUKOPHUCTOBYBAJIM B pEENTYpi MalloHe3y B SIKOCTI
3aMiHHU SEYHOTO MOPOMIKY B KUTbKOCTI 8,5 1 10 %. SleyHuii mopoIok MiCTHTh
9 % xonectepoiy, HOro He PEKOMEHJYETHCS BKUBATH JIIOASM JIITHHOTO BIKY
Ta XBOPUM Ha rirnepxojecrepuHeMito. ToMy Ha ChOTOJHILIHIN JE€Hb PO3pOOKa
peuentyp HHU3bKOKAJIOPIHHMX MaHOHE3IB Ha OCHOBI OUJIKOBHX IIPOAYKTIB
3 BIIXOJIB POCIMHHOI CHPOBMHH 0€3 BHKOPHCTaHHSI SIEYHOTO IIOPOLIKY
€ aKTyaJbHUM 3aBJaHHSIM.

Penientypu MaifoHe3iB 3 BUKOPHCTaHHSM OUIKOBOTO 130JISITY HaBEJCHI
B Tabmuui 12. 3a cmakoMm ozjepkaHuii MailoHe3 Bke OyB 30ajlaHCOBaHMU 3a
BMICTOM COJIi, 1€ MOSICHIOEThCS HE JIOCHTh TOBHMM BWJIYYEHHSIM HaJIHIIKY
XJIOPHUJY HATPilO MiJ] 4ac MPOMHBAHHS 0cay OLIKOBOTO i30JISTY.

Tabmuus 12
PenentypHi CriiBBIAHOLICHHS TOCIIIHUX 3pa3KiB MailoHE3y Y BiJICOTKOBOMY
CIIiBBITHOILICHHI

ij:l CupoBuHa 3pasok Nel 3pasok Ne2 3pazok Ne3
1 ComnstiiaukoBa omist, % 45,5 45,5 45,5

2 Ouist 3 3aponkiB murenni, % | 19,5 19,5 19,5

3 Sleunuit mopook, % 8,5 - -

4 I30msT OinKy , % - 8,5 10,0

5 Cinp KyxoHHa, % 1,7 - -

6 Dpyxrosa, % 0,625 0,625 0,625
7 T'ipununuii nopomoxk, % 2,0 2,0 2,0

8 Jlumonnwuii cik, % 2,1 2,1 2,1

9 Haciuns nbony, % 0,5 0,5 0,5

10 | Boma ounmiena, % pemra pewmrTa pewTa

Kymasx o:iif ToTyBaal HACTYITHAM YHMHOM: COHSIITHUKOBY 1 OJIIO 3 3apOJKiB
MIIeHUI TorepenHpo mifirpiBamu go 30°C i mepemimryBaiaw TPOTATOM
10 xBunmH. 3a TMEpPIIAM PEIenToM SEYHUI IMOPOIIOK 3alUBAM IIiIITPITOO
mo 30°C Bomoro Ta mepemimyBanmd TpoTaroM 20 XBWIHH. SledHy cywirm,
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OJ1i0, TIPYMYHUI TTOPOIIOK, JUMOHHHH CIK, ClIb, PPYKTO3y Ta HACIHHS JHOHY
B HEOOXIiJHI KIUIBKOCTI TMOMILIAJIM B Yaury OleHjaepa, 3MillyBallll MPOTSIOM
60 cexyHI O YTBOpEHHs CTiiikoi eMmynbcii. 3a JPYrHM i TpeTiM peuentom
OinkoBHH 130yAT 3anmuBaiM migirpiroro o 30°C BOIOIO Ta HACTOIOBAIU
npotsirom 20 XBuinH. BinkoBy cymimi, oj1iro, TipYMYHUIN MTOPOMIOK, JTUMOHHHUN
CiK, (pYKTO3y Ta HACIHHS JIbOHY B HCOOXIIHIA KiJBKOCTI MOMIIIAJIU B Yalry
Oienzepa, 3MinryBaiu npotsiroM 60 CeKyHI 10 YTBOPEHHS CTIMKOI eMyJbeii.
BesnocepeHbo micis BUIOTOBJICHHS MalOHE3y ITPOBEIH JIOCIIJUKEHHS HOro
sikocTi. BinOip npo0 i BU3HAUSHHSI BMICTY HpPY Ta KHCIOTHOCTI 3/1HCHIOBAIIH
srigno JICTY 4487:2015 «Maiionesu. [1paBuia npuiiMaHHs Ta BUIIPOOYBAHHSD).

OpraHoienTH4Hi  MOKAa3HUKM  SKOCTI BCTAHOBJIIOBAIM Ha  IMiAcTaBi
Koe(iliEHTIB BaroMoCTi 3 BUKOPUCTAHHSM NPO(QIIEHOTO METOMY, pe3ysbTaTu
HaBezeHi B Tabmumi 13.

Tabmuus 13
Opra”oJjienTHYHI MOKA3HMKH SAKOCTI J0CTiIHUX 3pa3kiB MalioHe3y
g
2 - 2
= = B
= 3 = 5 H 2 &
Homep 3paska E = E 5 E S =i
2 3 ) = A S} = =
* z A
=]
=
Koedinient BaromocTi 0,15 0,1 0,15 0,3 0,3 1
3pa3zok Nel 5 5 4 5 5 4,70
3pa3zok Ne2 5 5 5 5 5 5,00
3pazox Ne3 5 5 5 5 4 4,70

30BHIIIHIA BUIJIS, KOHCUCTCHINIS Ta 3amax ycix 3pa3kiB OyJiM OIiHEHI Ha
S5, a OT cMax 1 KoJtip 3paskiB pizHUBCS. OpraHoNENTHYHUH TPODLITb TOCITITHIX
3pa3KiB HaBeACHWH Ha puC. 2. 3a MPOBEACHOI0 OPTraHOJICITUYHOIO OIIHKOIO
MO’KHA 3pOOUTH BHCHOBOK, 10 3pa3ok Ne2 mae HalKpallli pe3yJabTary.

Pesynprary BU3HAUCHHS MOKA3HHKIB SIKOCTI JOCHITHHUX 3Pa3KiB MailOHE3y
HaBeJieHI B Tabmuii 14.

[pencrapneHi pe3ybTaTi NOCIIIPKEHb CBITYaTh PO T¢, 10 (Pi3UKO-XiMiUHI
MMOKA3HUKK SIKOCTI JOCIHIAHUX 3pa3KiB BIAMOBINAIOTh JaHUM HOPMATUBHHUX
JIOKYMEHTIB.

BcranoBneHo, mo Haikpanl NOKa3HHKH SIKOCTI Ma€ pelentypa MaioHe3y
3pasky Ne2, »xupoBa OCHOBa sKOro ckiamaetbess 31 70 % pacdinoBaHol
JIe30/10pOBaHoi COHANIHUKOBOT ouii 1 30 % omii 3 3apoAKIB MIIEHUI, B SIKOCTI
EMYJIbIaTOpPy BUKOPUCTOBYETHCS 130JIAT OLUIKY, SIKUH BHJIYYCHHU 31 HIPOTY
TOJIOHACIHHOTO TapOy3a.
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= ¢= 3pasok Nel

30BHIiWHIN BUrAAL

= {ll= 3pasok No2

el 3pa3ok No3

KOHCUCTEHL,A

Puc. 2. Opranonentuynuii npodiab KocaiiHuX 3pa3kiB MaiioHe3y

Tabmuusa 14

OpranosienTuyHi Ta ¢izMKo-XiMiyHI MOKA3HUKHU JT0CJAITHUX MaiioHe3iB

IToxka3Hukun

3pa3ok Nel

3pa3zok Ne2 |

3pa3zok Ne3

30BHIIIHIN BUIIIAI, KOHCUCTEHIIIS

OnHopinHuil KpeMOIOAIOHHI IPOLYKT, 3 ITOOTUHOKIMH

OyspOanIKaMu MOBITPS

Komnip OpHopiHUH, OpHOpiHUNA, KpeMyBaTo-0ia1i
KpEeMyBaTO-KOBTUH

Cmak IpuTamanHuii TpaauIiiiHOMYy MalfoHE3y

3amax ITpuramanHuMii TpaguniiiHOMy MaifoHe3y

MacoBa yactka Bojoru, % 13,60 16,86 17,31

Macosa yactka xupy, % 65 65,0 65,0

Kucnorne yucno, % 0,07 0,149 0,152

CriiikicTh eMyiscii, % 99 99 99

pH cepenosuie 4 42 42

Jlst mofanbIoro o CiipKeHHs Oy10 00paHo 3pa3ok Maiionesy Ne2 3 MeHITMM
BMICTOM €MYJIbraTopy POCIMHHOTO TTOXOJDKEHHSI.
Kucnornicte  po3poOneHoro MaiioHe3y BH3HadaJiu NpoTaroM 35 1i0
3 METOI0 BCTAHOBJIEHHS ONTHMAJILHOTO CTPOKY 30epiraHHs rOTOBOI HPOAYKIIi.
Pesynbraty BU3HAUYEHHS KHCIIOTHOTO 4YHCIAa 3pa3Ky MaliOHe3y HaBeJeHi

B Tabmumi 15.
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Tabmuns 15
Bu3zHaueHHsI KUCJOTHOCTI A0CIII)KYBAHOI0 MaiioHe3y

Ctpoxk 30epiranus Kucnornicts maiionesy, %
1 noGa 0,149
7 ni6 0,16
14 ni6 0,17
21 noba 0,18
28 nib 0,19
35 ni6 0,21

AHai3yI0uu OTpUMaHi MaHi, 6a4uMo, M0 TPHU 30epiraHHi CIOCTEPIiracThes
TMABUIIEHHS KHCJIOTHOCTI MaifoHe3y, aje OTpuMaHi JaHi HE NEepEeBHIIYIOTh
Hopm JICTVY 4487:2015. Buxoasuu 3 OTpUMAaHHUX AAHUX, PEKOMEHJOBAHUN
CTpOK 30epiraHHs MailoHe3y cTaHOBHTH 35 mib mpu Temmeparypi 1 + 6°C.

Takox Oyno TPOBEICHO BHU3HAYCHHS CTIHKOCTI JOCITIKYEMOTO 3pa3Ky
MaiioHesy. Pe3ynprarn mociimKeHHS CTIHKOCTI HaBeleH] B Tabmumi 16.

Tabmumg 16
BuszHaueHHsl CTiKOCTI 10CIKYBAHOT0 MaliOHe3y
Ctpoxk 30epiranns CriiikicTb Maiionesy, %
1 moba 99
7 ni6 98
14 ni6 97
21 noba 96
28 ni6 94
35 ni6 94

AHami3 OTpUMaHHUX JaHWX 3HA4YCHb 3MIHM CTIHKOCTI PO3pPOOJICHOTO 3pa3Ky
MalioHe3y CBITYHTE, IO MPH 30epiraHHi 3HAYCHHS CTIHKOCTI 3MEHIITYETHCA, ajle
HE JI0CSIra€ KPUTUYHUX 3HAYCHb.

3a MikpoOiOJIOTIYHUMHU TIOKa3HUKaMH MaioOHe3 TOBHUHEH BiMOBIIATH
craamapty JACTY 4487:2015 «MaifoHe3u. 3arambHi TEXHIYHI YMOBH».
BinmosizHi MikpoO6ioIOTiyHI TOKa3HUKK HaBeAeH! y Tabm. 17.

Tabmuus 17
Mikpoo6ioJioriuni mokazHuku MaiioHnesin
Ha3sBa nokasHuka Hopma
baxrepii rpynu kumkoBux nanudok (xoniopmu) B 0,01 T He nossoneno
ITarorenni MikpoopraHi3mu, B ToMy 4ncii 6axrepii poxy Salmonella, 8 25 v | He nozsoneno
Jpixmki, KYO B 1 cm®, He Ginbire Hix 1-10°
[nicussi rpubu, KYO B 1 cM?, He Ginblie Hixk 1-10
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B nawiii po6oTi mpu poBeeHH] MiKpOOI10IOri4HOTO JOCIIKEHHS MalOHe3y
BU3HAYaJM: 3arajbHe MiKpoOHe umciio B 1 r BHpoOy, Xxapakrep MikpoduopH,
BI'KII, KijbKICTh APIKDKIB Ta TPHUOIB.

Crepunizauis nocyny. Yawmku [lerpi, mimerku, mmareni CTepHii3yBajlu
CYXHUM >kKapoM 3aropHeHumH y namip npu 160°C 1 roguny.

[TpuroryBaHHsi >KMBWIBHMX cepefoBHIl. [yl BU3HAYEHHS KIJIBKOCTI
JPDK/DKIB Ta IUTICHSBUX T'pUOIB y MaliOHE31 BHKOPHCTOBYBAJIM CEpPEOBHUIIE
Ca0Oypo. s Buznagennst BI'KIT BuxopucroByBanu cepenosuine Enno.

Cyxi cepenosuiie Cadypo Ta EHJo y 3a3HaueHill Ha eTUKETI KUTbKOCTI PO3UMHILITA
B | AM® IMCTWIBOBAHO! BOMM 1 KUM'SATWIN IO TIOBHOTO PO3YMHEHHS KOMIIOHCHTIB,
noriM ¢insrpyBar. pH cepenoBuia Calypo cranoBwiio 5,6+0,2, cepenosuiia
Enmo — 7,5+0,2. Cepenosuiiia po3mwm y konbu mo 250 cm® i crepumisyBaiu
B aBrokiasi 15 xBwmH npu 1,1 arm (120-122°C). OxonomwkeHi 10 TemIieparypu
45-50°C cepenosuiia posmwi 1o 20-25 mit y creprutbHi yamku [lerpi.

[IpurotyBanHsa po3BeAeHb. 3 HaBaXKM MailoHedy Mmacoro 10 r roryBanu
BUXIJJHE 1 psii JECATHUKPATHUX po30aBieHb. [yt NMPUTOTYBaHHS DPO3BEICHB
BHUKOPUCTOBYBaJIM CTEpWIbHY AMCTHIBOBaHY BONy. BuxigHe abo OCHOBHE
posBenenns mictuao B 1 cm® 0,1 r maiionesy (1-107). Moro orpumamu
nepeHeceHHsM HaBaXku 10 r (cM?) MaiioHe3y B NPUTOTOBJICHUH PO3YMH JUIst
po3BeneHHs (koi0a 3 90 cM® cTepuIIbHOT AUCTHIILOBaHOT BoaM). CTEPUIIEHOKO
IIETKOI0 PETENbHO TepeMillianyd BMICT OCHOBHOTO PO3BEJCHHS 1 MEpeHecn
1 cm? iioro y mpoOipky 3 9 cM® po3uMHHMKA TaK, 100 IiNeTka He TopKajacs
posunHy. Oziepaiau TakuM YHHOM Jpyre po3BeieHHs, | cM? SIKOro MiCTHB
0,01 r (cm®) npomykry — posseneHHst (1-1072). Bwmict npobipku apyroro
PO3BEIEHHS TIepeMilllaii HOBOIO CTEPHJIBHOIO IIIETKOIo, BimiOpamm 1 cm?®
1 mepeHecan y mpoOipky 3 9 cM? cTepuiIbHOI JIMCTHUIILOBAHOI BOJAM Tak, 1100
IIeTka He TOpKaiacsl MOBEpXHI po3unHy. [lepemimiasym HOBOIO CTEPHIILHOIO
nineTkoro. Tpete possenenns mictmwio 0,001 r (cm®) maiionesy B 1 em® (1-1073).

Bu3HaveHHs KiJIbKOCTI APIKIDKIB Ta IUTICHSIBUX IPUOIB Y 3pa3kax MaioHE3y

B xoxny wamky Ilerpi 3i crepuwibHuM cepenoBuinem Calypo Ta
TOTIepeIHbO TIPOMAPKOBAHOIO KPUIIKOIO BHECIH Ipodu 3 po3seneHb 1:10 ta
1:100, piBHOMIpHO PO3NOAUIMIN MPOOU IO TIOBEPXHI CEpeOBHINA IIIATEIeM
Jpuranscekoro. Ha kokHe posBeseHHS pPOOWSIM TpH TapajeibHi BHUCIBU
y vamku [erpi. Yamku 3 nociBamu iHKyOyBaiM y TEpMOCTaTi 3a TeMIeparypu
24+1°C notsrom 5 n1i0 3 MonepenHiM MmipaxyHKoM depe3 3 J00u.

Busnadyenns 6akrepiii rpynu kuinkosux nanuuox (BI'KIT)

ITo 1 cm® po3Benens Maitonesy 1:100 3aciBanu y yariku [leTpi 31 cTepuiibHUM
cepenoBuiieM Enpmo. Yamkn iHKyOyBaJIM y TepMoCTaTi INpH TemIieparypi
37°C 18-24 ron.

BusHayeHHs KUIBKOCTI KOJIOHIH MikpoopraHi3miB y 4amkax [lerpi
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KinpkicTh KOJIOHIN ApiKIKIB, TWticHsIBUX TpubiB Ta BI'KII B 1 r maiioHe3y

(X) B KYO o6uucitoBanu 3a GopMyIior:
X=n-10m,

Jie N — cepelHe apu(METHYHE YUCIIO KOJIOHIH; M — YHUCIIO JECITUKPATHUX
PO3BEIEHb.

IIpn ocratouHOMy mifpaxXyHKy BH3HA4Yalli cepelHe apudMeTHYHEe
pe3yabTrariB, sSiKi OOUMCIHMIIN 3a TTapajeIbHUMH YallKaMu.

MikpocKomniYHe AOCIHIIKEHHS KOJIOHIH MIKpOOpraHi3miB

TumuacoBi Ta QikcoBaHi nmpemnapar 3pa3KiB KOJIOHIHM, SIKI yTBOPHIIMCS Ha
roBepxHi yamok Ilerpi, po3misgany y CBITIOBHI MIKPOCKOI IpH 301IbILCHH]
10x40.

[Tpu ananizi pocty MikpoopraHi3MiB Ha ToBepxHi cepeposuina Cadypo s
3pa3ky MailoHe3y 3 BUKOPHCTAHHSM €MYJbIaTOPy POCIMHHOTO ITOXOJKCHHS
po3BenenHs 1:10 Oynm BusiBIEHI KoOJIOHIT OiyBaTo-)KOBTOTO  KOJbODY,
CJIN3bKOI KOHCHCTEHIIT, 32 MOP(OIOTiYHUMH O3HAKaMH TOMIOHI 10 KOJOHIM
apixmkiB. [IpoBeneHe MIKpOCKOMIYHE JOCIIDKEHHSI KOJIOHIH 3a pO3MipoM
i MOP(OJIOTIE0 KIITHH MiATBEPAUIO IX MPUHAICIKHICT 10 APIXKIKIB.

[MyxHacTUX MaByTHHOIOIIOHUX KOJIOHIM Ha TOBEepXHi cepenonuia Cadypo
y skoxHil vammi Iletpi BusiBIeHO He Oyno, IO TOBOPHUTH IPO BiJCYTHICTH
IUTICHSABHUX I'pUOIB a0 IX CIOp y IOCIHIPKEHUX 3pa3KkaM MailoHe3y.

Ha noBepxHi cepenosuiia EHio pocTy KOJIOHIH, THIOBUX /TSt KOMi(hOPMHUX
Oakrepiii, BUsiBIEHO He OyIIO.

Pesynpratn  MikpoOionoriyHOi OLIHKKM MaioOHe3y 3 BUKOPUCTaHHSIM
€MYJIbraTopiB POCIMHHOIO ITOXO/PKEHHS HaBeneHi y Tadmui 18.

O1xe, MOXHa 3pOOMTHM BHCHOBOK, MIO MIKpOOIOJIOTIYHI ITOKa3HUKH
yCiX BHIIB MaHOHE3IB 3HAXOMSITHCA Y MEXKaxX HOPMH 1 BiJIIOBIJAOTh
JACTY 4487:2015 «MaiioHe3u. 3araibHi TEXHIUYHI YMOBUY.

Tabmuus 18
PesynbraTn Mikpo6iooriunoi oniHky MalioHe3y 3 BUKOPUCTAHHAM
e€MYJIbIaTopy POCIUHHOIO MOXOAKeHHS

Tloxa3Huk 3HayeHHs
Bakrepii rpynu KHIIKOBUX Maandok (komipopmu) B 0,01 r He BusiBieHO
[arorenHi mikpooprauizmu, B Tomy 4ucii 6axrepii pony Salmonella, B 25 r | He BusiBneno
Jpixmki, KYO B 1 cM® 1-10
Inicussi rpubu, KYO B 1 cm? He BusiBneHo
YMOBHO-TIaTOTeHHI MiKpOOpraHizmMu (cTadizokok) He BusiBieHO

Takum 4rHOM, B IIpeICTaBIIeHi it poOOTI ToKa3aHa 3aMiHa eMyJIbraTopa s€4HOTO
MOPOLIKY Ha OUIKOBMH 130JIT 31 WIPOTY ToioHaciHHOro rapOy3y. HeoOxinna
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CTIHKICTh €MYIIbCIT JOCSTAETHCS TP MEHIIIOMY BMICTI €MYJIbIaTopy POCIMHHOIO
TOXOJDKEHHSI Y TOPIBHSHHI 3 TPaJULIMHUM EMyJbIaTOpOM TBapHHHOIO
noxopkeHHs. OziepykaHnii MalloHe3 Mae rapHi OpraHoJenTHyHi 1 (i3UKo-XiMidHI
TOKa3HUKM 1 € TEePCHEKTHMBHUM IIPOIYKTOM JUISl PHHKY XapyOBHX ITPOAYKTIB
B YkpaiHi. Po3poOka mpoMHCIIOBOT TEXHOJOTi BUPOOHUIITBA OLIKOBOTO 130JITY
3 rapOy30BOTO IIPOTY JI03BOJIUTH MPOBECTH MTOBHY 3aMiHy B PELIENITYpl MaiioHe3y
eMyJIbIaTopy TBAPUHHOTO MOXO/PKEHHS Ha EMYJIbraTop POCIMHHOTO TTOXOPKEHHSI.

BUCHOBKHN

Po3poOiiena TexHONOTiSE OJEp)KaHHS OLIKOBOrO  130JIATY 31  KMHUXY
TOJIOHACIHHOTO rapOy3a. B po0oTi moka3zaHa MOMXIIMBICTh 3aMiHH €MYJIbraropa
TBAPMHHOTO TTOXOPKEHHSI Ha eMYJIbIaTop POCIMHHOIO TOXO/pKeHHs. HeoOxinna
CTIHKICTh eMYJbCII IOCATAETHCS TP MEHILOMY BMICTI €MyJIbraropy Ha OCHOBI
BIZIXOJIB POCJIMHHOI CHPOBHMHH Yy TIOPIBHSHHI 3 TpaJULiHHUM E€MYJIbIaTOpOM.
OnepxaHuii MailoHE3 Ma€ TapHi OpPraHoJeNnTHYHI i (Hi3MKO-XIMIUHI OKa3HUKU
1 € HOBITHIM NPOIYKTOM JJIsl PUHKY Xap4oBHX MPOAYKTIB B YkpaiHi. PozpoOka
MIPOMHUCIIOBOI TEXHOJOTii BHPOOHUIITBA OLIKOBOTO 130JIATY 3 TapOy30BOTO
KMUXY € NMEPCIIEKTUBHUM HAIPSIMKOM, SIKUH JJO3BOJIUTH [IPOBECTH MOBHY 3aMiHy
B pelentypi MailoHe3y eMyJbraropy TBAPMHHOIO IOXOJUKEHHS Ha eMYJIbraTop
pocnuHHOTO TIoXo/pKeHHs. [1icyMoByr04UH, MOYKHA CKa3aTH, 110 OUIKOBI 130JI1TH
3arajoM BHKOPHUCTOBYIOTH JUIsl 30aradueHHsi MPOJYKTIB XapuyBaHHS MOKWBHUM
O1IKOM, JUTSI 3HW)KEHHS KUTBKOCTI JKUPY B Xap4OBHX MPOIYKTaX, sl YTBOPEHHS
OinpIIol cTiMKOCTI eMyinbeill (B sikocTi emynbraropa). HeoOximHo BimmuTh
JIOCTYIIHY BapTiCTh Ta OE3MEYHICTh TAKOTO HPOIYKTY.

AHOTALLIA

Jnst ontuManibHOI poOOTH BCIX OpraHiB Ta CUCTEM B JIFOACBKOMY OpraHi3mi
XapuyBaHHS Ma€ OyTH TIIOBHOIIIHHUM Ta 30aJaHCOBaHUM, II€ JOCATAEThCs
B/IOCKOHAJICHHSI PELENTYp Ta TEXHOJOTil BHUPOOHMITBA ICHYIOUMX XapuyOBHX
NPOIYKTIB 3 METOI 30€peKeHHsS II0KUBHUX BJIACTUBOCTEH KOMIIOHEHTIB
NpoykTy ab0 HajaHHS NPOIYKIii HOBUX BiacthBocTed. OcoOnuBe 3HAYECHHS
JUISL 3J0pOB’sl JIIOIMHU MAlOTh OUTKM POCIMHHOIO NOXOJDKeHHs. Jledinut OinkiB
B OpraHi3mi JIFOZIMHU NPU3BOAUTH JI0 PO3Maly BIACHHUX OUIKIB. BijkoBi mpomykTn
MalOTh BHCOKY O10JIOTIUHY I[IHHICTH Ta €MYJIbI'YIOUY 3[aTHICTb, iX BUKOPHCTAHHS
y CKJIaJll Xap4yoBHX IMPOIYKTIB JIO3BOJISIE OTPHMATH CTilKi emynbcil. B poboti
MIPOBE/ICHA ONTHMI3allisl TEXHOJIOTil BHJIYYCHHS OLIKOBHX TPOMYKTIB 3 BiIXOIIB
MEPepOOKH POCIMHHOI CHUPOBHUHH. TEXHOJOTis OUIKOBHX 130JISITIB  TIOJISITA€E
y BWIIy4eHHI OUIKIB i3 XapyoBOro IIpoTy abo XMuXy. J{isi mpoBeneHHs LbOro
Tporecy HeoOXiJIHO BUKOPHCTOBYBAaTH HEHTpaIbHUI a00 JIy)KHUH PO3UMHHHK Ta
eKCTPaKTOp (Oy/Ib-SIKOro THITY). BIIKOBI 130J19TH BBKAIOTHCS HAMOLTBII OaraTumMu
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Ha BMICT OUIKY, aJyke MalOTh B CBOeMy ckianai noHax 90 % Ounkis. [3omstn
OICPXKYIOTh 32 PaxXyHOK CTajil eKCTpakiii OUIKIB i3 3HEKHUPEHOTO OOpOIIHA
a00 MIPOTY 3 MOTATBIINM BHAUICHHAM CaMuX OUIKIB 13 cymimi. B maniit poGoTi
BUKOPUCTOBYBAJIU CYMIlll 3HEKMPEHOTO MIKCY JKMHUXIB 3 rapOy30BOro, KOHOILISIHOTO,
JIHSHOTO HaciHHS. B pesysibrari NpoBeieHMX JIOCHIKEHb ONTHUMI30BaHO
TEXHOJIOTIF0 BIIIyYCHHS OLIKOBOTO 130JIATY 13 3HEKHPCHOTO MIKCY BiIXOIIB
POCIIMHHOI CHPOBHHH, BH3HA4€HI ONTUMAIbHI PEKUMU HPOBEACHHS IIPOLECY.
Onep)kaHO POCIMHHUE OUIOK 3 BIAMIHHAME OPraHOJCHTUYHHUMHU MMOKA3HHUKAMH.
BcraHoBieHo, 110 TpM  MiABUINEHHI 3Ha4eHHs pH KUIBKICTH BHIIy4EHOTO
OLIKOBOTO 130J1TY 30UTBIIYETHCS. 3arPOIIOHOBAHO BUKOPHCTAHHS OJEPKAHOTO
pocnuHHOTO OiffKa 3 HACiHHS TONOHACiHHOTO rapOy3a B SIKOCTI eMyJbraropa
B MadOHe3HHX coycax. JlJis MpoBeIeHHs NOCII/PKEHHS BUKOPHCTOBYBAIN KMHX
TOJIOHACIHHOrO TapOy3a 3 BHMCOKMM BMICTOM CHpOIO IpOTeiHY, OTpHUMaHHi
TTiCIsT BUUTYYCHHS! OJIii 3 HACIHHS METOJOM XOJIOZHOTO IpecyBaHHs. OnepkaHui
130714T OLTKYy BUKOPHCTOBYBAJH B PEIENITYpi MaifoHe3y B SIKOCTI 3aMiHH SE€THOTO
nopomiky B KiutekocTi 8,5 % 1 10 %. 3a oboma perentypamu OmCpKaju
MaiOHE3H 31 CTIMKOK eMyJbciero. [IJis TOmabIIoro JTOCIiHKEHHS Oylio 00paHo
MaifOHe3 3 MCHIIMM BMICTOM eMylbraropy. Po3poOienmii maiioHe3 Mae rapHi
OPraHOJNENITHYHI 1 (Hi3UKO-XIMIUHI TIOKA3HUKH 1 € IEPCIICKTUBHAM TPOTYKTOM IS
PHMHKY Xap4oBHUX MPOAYKTIB B YkpaiHi. B po0oTi HaBe/ieHi pe3yibTaT BU3HAUCHHS
MIKpOOIOJIOTYHMX NOKa3HUKIB. [Ipn aHasi3i pocTy MiKpOOpraHi3MiB Ha MOBEPXHI
cepenouma CaOypo Oy BUSBICHI KONMOHIT ApiKMKiB. HasBHICTH IUTICHSIBHX
rpubiB abo iX cmop, a TaKoX KOJOHIM, THIOBHX Ui KOMi(OPMHHX OakTepil,
y JOCII[DKEHHX 3pa3kax MallOHe3y BUSIBICHO He OyJ10. 3a pe3y/ibraraMi BU3HAYCHHST
3MIHM KHMCJIOTHOTO YHMCJa 1 CTIMKOCTI eMyJibCil Miji 4ac 30epiraHHsl BCTAHOBJICHO
PEKOMEHJIOBaHHI CTPOK 30epiranHs MaiioHesy 35 nmi6 mpu Temmeparypi 1+6°C.
Po3pobka mpoMucioBoi TeXHONIOTI] BUPOOHUITBA OUTKOBOTO i30IITY 3 BIIXOMIB
nepepoOKH POCIMHHOI CHPOBMHHM € MEPCHEKTHBHUM HarpsMkoM. OnepikaHi
OIKJIBI MPOMYKTH MOXKYTh JOJIABaTHCS 10 CKJIay XapuOBUX MPOIYKTIB 3 METOIO
HaJ[aHHs iM 03J0POBYMX BIACTHBOCTEH.
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CHAPTER 14

COMPREHENSIVE STUDY OF THE CHEMICAL
COMPOSITION, AMINO ACID PROFILE

AND HISTOLOGICAL STRUCTURE

OF AFRICAN OSTRICH MEAT

Israelian V. N., Holembovska N. V.
DOl https://doi.org/10.30525/978-9934-26-653-9-14

INTRODUCTION

Ostrich meat (Struthio camelus), the largest of the modern birds, has attracted
increasing attention in recent decades as a promising source of dietary protein in
the food industry. This is due to its unique technological, physicochemical and
nutritional properties that distinguish it from meat from traditional animal species
such as beef, pork or chicken. Ostrich meat is characterized by low fat content,
favorable fatty acid profile, low cholesterol level and high biological value of
protein, which makes it attractive for healthy nutrition, functional products and
specialized diets. However, despite numerous publications on the general chemical
characterization, data on the detailed amino acid composition and histological
structure of ostrich meat remain fragmentary and insufficiently generalized.

Analysis of the chemical composition of meat is a basic stage in assessing
its nutritional quality. In particular, studies of the protein complex and amino
acid profile allow us to determine the degree of satisfaction of the body's needs
for essential and non-essential amino acids, which is a key indicator of the
biological value of proteins. Histological study of muscle tissue, in turn,
provides a deeper understanding of the structural and functional features of
meat, including the distribution of muscle fibers, connective tissue components
and possible relationships between the histological organization and the
physico-chemistry of the product.

A systematic study of the chemical composition, amino acid profile and
histological structure of African ostrich meat is of not only scientific but also
practical significance. It will contribute to expanding the database for assessing
the nutritional value of alternative types of meat, developing recommendations
for the food industry and dietary nutrition, as well as increasing the consumer
appeal of ostrich-based products.
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1. Modern ideas about the chemical composition and properties

of African ostrich meat

There is currently a growing interest in the food industry in non-
traditional types of meat that can serve as an alternative to conventional
sources of animal protein. African ostrich (Struthio camelus) is considered
a promising target for the development of the meat industry due to its high
nutritional value and low fat content ! 2. Ostrich meat is characterized by
a rich amino acid composition, which ensures its high biological value, and
also has unique histological characteristics that affect the texture and quality
of the product 3 4.

In recent years, African ostrich meat (Struthio camelus) has attracted
increasing attention as a promising alternative to traditional red meat,
particularly beef and pork. Its main advantage is its high content of complete
protein — up to 22-24 g per 100 g of product — with a small amount of fat
(1.2-2.0 g), which determines the dietary properties of this meat ° °.

The nutritional value of ostrich meat is explained by its balanced amino
acid profile, in particular, a significant content of essential amino acids —
leucine, isoleucine, valine, lysine and threonine. By these indicators, it is not
inferior to beef and chicken, and in some cases even surpasses them 7. Due
to this composition, ostrich meat is recommended for the diet of people with
increased protein needs — athletes, children, the elderly, as well as patients
with cardiovascular pathologies, since it contains little saturated fat and
cholesterol *.

! Smith J., & Jones A. Nutritional profile of ostrich meat: A review. Journal of Food Science, 2018.
83(5), 1234-1241.

2 Bal-Prylypko L., Nikolaenko M., Volkhova T., Holembovska N., Tyshchenko L., Ivaniuta A.,
Israelian V., Menchynska A., Shynkaruk O., & Melnik V. The study of functional and technological
properties of vegetarian ice cream. Potravinarstvo Slovak Journal of Food Sciences. 2023. 17, 110-121.
https://doi.org/10.5219/1798

3 Kumar R., Singh P., & Sharma S. Histological and biochemical analysis of ostrich muscle tissue.
Meat Science. 2020. p. 165.

4 Israelian V., Palamarchuk 1., Sevin S., Holembovska N., Prokopenko N., Ivaniuta A., Shynkaruk
0., Rudyk Y., Nosevych D., & Tverezovska N. The effect of vibration massage on the salting process
of ostrich meat. Potravinarstvo Slovak Journal of Food Sciences. 2022. 16, pp. 530-544. https://doi.
org/10.5219/1775

°  Sales J. Histological, biophysical and biochemical characteristics of different ostrich muscles. Meat
Science. 1996. 42(2). pp. 119-132. https://doi.org/10.1016/0309-1740(95)00017-8

6 Horbanczuk J. O., Cooper R. G., Jozwik A., & Kawka M. Ostrich meat — an updated review. Part
1: Physico-chemical properties, nutritional value, health aspects and consumption. Animal Science
Papers and Reports. 2007. 25(4), pp. 225-232.

7 Girolami A., Napolitano F., Faraone D., & Braghieri A. Ostrich meat: physicochemical properties
and consumer evaluation. Meat Science. 2003. 64(4), pp. 379-383. https://doi.org/10.1016/S0309-
1740(02)00216-1

8 Cooper R. G., Horbanczuk J. O., & Smith, M. T. Ostrich meat: A review. Food Reviews
International. 1999. 15(2), pp. 191-210. https://doi.org/10.1080/87559129909541186
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In addition, ostrich meat is a source of valuable trace elements, in particular
iron (approximately 3.6 mg/100 g), zinc, as well as B vitamins, especially Bi,
which helps prevent anaemia and maintain proper energy metabolism °.

Due to its sensory properties — rich dark red colour, delicate texture and
pleasant aroma — ostrich meat is in demand among consumers, especially in the
premium product segment '°. Its culinary versatility allows it to be used in the
production of a wide range of meat products, which opens up prospects for the
creation of healthy and functional food products.

Studying the chemical composition and amino acid profile of African ostrich
meat is important for assessing its nutritional value and possible application in
dietary and functional foods ''. In addition, the study of the histological structure of
muscle tissue helps to better understand the physical and mechanical properties of
meat, which is important for the technology of its processing and preservation 2.

Therefore, a comprehensive analysis of the chemical, biochemical, and
morphological characteristics of African ostrich meat is a relevant area of
scientific research that will contribute to expanding the range of high-quality
food products and increasing the efficiency of the meat industry.

2. Methodological foundations of research into the chemical
composition and morphofunctional properties of meat

Experimental studies were conducted using modern standard and generally
accepted methods of chemical, biochemical, physicochemical, functional-
technological, structural-mechanical, histological, microbiological, organoleptic
studies, and statistical data processing through mathematical modelling.

Preparation of samples for organoleptic, functional-technological, structural-
mechanical, physicochemical and microbiological studies was carried out in
accordance with DSTU 7963:2015 3, sampling was carried out in accordance
with DSTU 7992:2015 14", DSTU 8051:2015 3.

o Horbanczuk J. O., & Wierzbicka A. Technological and nutritional properties of ostrich meat —
a review. Journal of Veterinary Research. 2016. 60(3), pp. 273-279. https://doi.org/10.1515/
jvetres-2016-0040

10 Strydom P. E., Frylinck L., & Smith M. F. Quality characteristics of South African beef: Palatability
of muscle from different breeds, sex and age groups. South African Journal of Animal Science. 2000.
30(2), pp. 45-52.

" Lee H., Park S., & Kim Y. Amino acid composition and nutritional value of ostrich meat. Food
Chemistry. 2019. 271, pp. 59-65.

12 Petrov V., & Ivanov M. (2017). Muscle fiber histology and its impact on meat quality. European
Food Research and Technology. 2017. 243, pp. 1781-1790.

13 JACTY 7963:2015. Tlpomyktn xapuoBi. [oryBanHs mnpo0® a1 MIKpoOiONOTIYHMX —aHaMi3iB.
Hayionanenuti cmandapm Yipainu. Kuis: JIT «YkpHIHL», 2015. 15 c.

' JICTY 7992:2015. M'sico Ta M'sicHa cupouHa. Meroau BifOupaHHs npob Ta OpraHoienTHIHOrO
OL[HIOBaHHS CBiXkOCTI. Hayionanenuti cmandapm Yxpainu. Kuis: T «YkpHIHL», 2015. 10 c.

5 JICTY 8051:2015. IIpoxykru xap4osi. MeTtoau BiaOupasHs mpod Is MiKpoOiOJIOTiYHIX aHaTi3iB.
Hayionanvnuti cmandapm Yrpainu. Kuis: 11T «YkpHIHI», 2015. 11 c.
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Potential of hydrogen (pH) — by potentiometric method according to
DSTU ISO 2917 — 2001 'S,

The mass fraction of moisture was determined by drying the product
sample to a constant mass at a temperature of 100-105 °® C according to
DSTU ISO 1442:2005 .

The ability to bind water was determined in three parallel determinations by
pressing the test sample weighing 0.3 g with a load weighing 1 kg, sorption of
water released under pressure by filter paper and determination of the amount of
separated water by the area of a wet spot on filter paper according to the method.

The study of water-holding capacity was carried out by centrifugation.

The plasticity indicator was determined by pressing the sample after
determining its ability to retain moisture. The area of a wet spot left by the test
sample on filter paper (internal spot) was used for calculation.

The mass fraction of ash was determined by the gravimetric method after
mineralization of the product sample in a muffle furnace at a temperature of
500-600 °C according to DSTU ISO 936:2008 '3

The mass fraction of protein was determined according to
DSTU ISO 937:2005 based on the mass fraction of total nitrogen according to
the Kjeldahl method .

The mass fraction of total fat content was determined by the Soxhlet
method, which consists in extracting fat from the sample with a solvent, drying
the sample, weighing and by the difference between the weighing before and
after extraction according to DSTU 8380:2015 .

The amino acid composition of proteins was determined by ion-exchange
chromatography.

Sample preparation was carried out by acid hydrolysis, free amino acids
were extracted with diluted hydrochloric acid, precipitated with sulfosalicylic
acid and separated by filtration.

The content of nitrogenous extractive substances was determined by
chromatographic method on a Kupol 55 chromatograph.

Structural changes in muscle tissue were studied by histological
method. For this purpose, histological sections were prepared, which were

16

JACTY ISO 2917-2001. M’sico ta Mm’sichi npoayktu. Busnauenus pH (KonrponbHuii meron).
Hayionanenuii cmandapm Yipainu. Kuis: JIT «YkpHIHL», 2001. 10 c.

17 JCTY ISO 1442:2005. M'sco Ta M'scHI HpOXyKTH. MeTo BH3HAYEHHS BMICTY BOJIOTH.
Hayionanenuii cmanoapm Yrpainu. Kuis: AT « YkpHIHL», 2005. 9 c.

18 CTV ISO 936:2008. M’sico Ta M’sicHi mpoayKTH. MeTo BU3HAYCHHST MACOBOI YACTKU 3araibHOT
3omu. Hayionanvnuti cmandapm Vipainu. Kuis: IIT « YkpHIHI», 2008. 10 c.

9 ICTY ISO 937:2005. M'sico Ta M'sicHi mpojxykti. BusHadenust Bmicty aszory Hayionanvhuil
cmanoapm Yrpainu. Kuis: 1T «YkpHAHLL», 2005. 11 c.

2 JICTY 8380:2015. M’sico Ta M’sicHI MPOXYKTH. MeTOl BHMIPIOBAHHS MAacOBOi YaCTKH JKHDY.
Hayionanvnuti cmandapm Vipainu. Kuis: 111 « YkpHIHI», 2015. 10 c.
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subsequently stained. The purpose of staining the sections is to differentiate
the tissue structures of cells in them that have the ability to perceive certain
dyes (to be stained in a certain color). For this, the sections are stained with
Ehrlich's hematoxylin — 3 — 4 minutes. Washed in tap water to remove residual
hematoxylin for 2 minutes. Then the sections are immersed in a 1% solution
of hydrochloric acid until the sections acquire a pink colour and transferred
to aqueous ammonia to neutralize hydrochloric acid until they acquire a blue
colour. After that, they are washed in tap water for 2 minutes and stained with
1% aqueous eosin solution for 1 minute, rinsed and dehydrated in 2 portions of
96% ethyl alcohol — each portion for 1 minute. Then the sections are transferred
to carbol-xylene, for clarification and disinfection of the sections for 1 minute,
and then to xylene for another 1 minute, and the sections are embedded in
glycerin-gelatin 2! 22,

Computer modelling, data processing and graphing were performed using
Microsoft Excel for Windows 2010.

The results of the experimental studies were processed using mathematical
statistics. The experimental data was analysed using the Data Analysis in
Microsoft Excel. Each experiment was performed with a minimum of three
to five repetitions. The acquired results were subjected to standard processing
methods and are presented as average values and standard errors of the mean
(xSEM). Statistical results were assessed using the Student’s t-test, with
differences considered significant at p<0,95.

3. Comprehensive assessment of the chemical composition,
biological value, and functional and technological properties
of African ostrich meat
Ostrich meat is characterized by a rich chemical composition and contains
all the necessary substances for the growth, development and maintenance
of normal vital activity of the human body. It is known that the chemical
composition of this meat partly depends on the conditions of keeping birds and
the quality of their feed. Therefore, for clarity, the results we obtained were
compared with the data of other researchers. The chemical composition of
ostrich meat of Ukrainian production is given in comparison with the reference
indicators of traditional types of domestic meat raw materials, which are
characterized by high nutritional value (table 1).

2 JCTY 7353:2013. M'sco. MeTonoinorist TiCTONOTIYHOTO BU3HAYEHHS CBIKOCTI Ta CTYNEHS

ButpuMku. Hanionansnuii cranpapt Yxpainu. Kuis: 11 «YkpHAHLL», 2013. 13 c.

2 Xomnu B.T., Bamp-Ilpumunko JI.B. MikpocTpykTypHuii aHami3 M'sca Ta M'SCONPONYKTIB:
HaBuabHUI nociOHnK. Kuis: Bunasumunit nentp HYBIll Vkpainu. 2018. 114 c.
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Table 1
Comparative analysis of the general chemical composition of ostrich meat
and traditional meat raw materials (n =3, p < 0,95)

Content, % Cholesterol, | Energy
Type of raw
material moisture | protein fat ash mg/100 g of | value,
meat Kcal

Ostrich meat™® 75.442.16 |22.5+1.84 |0.90+0.03 |1.10+0.01 |[43.0+38 98.2
Ostrich meat 76.6 20.7 1.10 1.10 65.0 93.0
Broiler chicken |75.3 20.6 2.60 0.90 60.0 106
meat
Turkey meat 74.1 21.6 2.10 1.10 70.0 110
Veal 77.5 20.4 0.90 1.10 80.0 90
Beef 73.7 21.0 4.20 1.00 70.0 121
Pork bacon 54.2 17.0 27.8 1.00 60.0 318

Note * — own data

From the data in Table 1, it can be seen that African ostrich meat is not
inferior in protein content to traditional types of high-quality meat raw materials,
while it contains the smallest amount of intramuscular fat, which determines
the relatively low energy value of the product.

Particular attention is drawn to the cholesterol content in ostrich meat,
which, as a comparative analysis has shown, can vary significantly. These
results are also confirmed by foreign research data. Some publications report
a low cholesterol level — from 30.4 to 37.8 mg per 100 g of meat. At the same
time, other researchers indicate fluctuations in cholesterol content in the range
from 49.0 to 71.1 mg per 100 g.

It is known that one of the main indicators of the biological value of meat
is the content and ratio of amino acids that are part of it. The results of our
research in comparison with literature data are given in Table 2.

Table 2
Amino acid composition of meat proteins, mg per 100 g of product
(m=3,p<0,95)

Name of amino acids Ostrich meat* Ostrich meat
Essential amino acids: 10080 8770
Valine 1200+363 910
Isoleucine 10004+22.1 970
Leucine 1960+399 1600
Lysine 2000+£423 2200
Methionine+Cystine 950+288 690
Threonine 1150+319 890
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Continuation of table 2
Phenylalanine +Tyrosine 1820+486 1510
Tryptophan Traces -
Non-essential amino acids: 11820 10820
Alanine 1350+41.1 960
Arginine 14004523 1410
Histidine 500£166 800
Proline 1100+404 700
Serin 950+322 740
Glutamic acid 3350+726 3630
Aspartic acid 2200+48.1 1910

Note * — own data

According to our results, the content of essential and non-essential
amino acids in ostrich meat differs from the data given in the literature.
This may be due to differences in feeding rations and the physiological state

of the bird.

The comparative analysis shows that in terms of the content of such amino
acids as leucine, threonine, lysine, methionine, isoleucine, valine, cystine,

alanine and glutamic acid, ostrich meat is not inferior to traditional types of

meat products (Table 3).

Table 3
Comparative analysis of the amino acid composition of ostrich meat and
traditional meat raw materials (n =3, p < 0,95)

Content, g / 100 g of meat

) ) Raw material Broiler
Amino acid Ostrich | Ostrich | . | Turkey Beef Pork
meat* meat
Leucine 1.96+399 | 1.60 1.50 1.82 1.62 1.54
Isoleucine 1.00+22.1 | 0.97 0.76 1.03 0.94 0.97
Valine 1.20+363 | 0.91 0.95 1.02 1.15 1.13
Threonine 1.15+319 | 0.89 0.85 0.96 0.88 0.96
Lysine 2.00+423 |2.20 1.70 1.93 1.74 1.63
Methionine + Cystine 0.95+288 | 0.64 0.72 0.62 0.90 0.76
Phenylalanine + Tyrosine |1.82+486 | 1.51 1.38 1.56 1.70 1.51
Tryptophan traces - 0.32 0.35 0.27 0.27
Histidine 0.50+166 | 0.80 0.57 0.44 0.77 0.77
Arginine 1.40+523 | 1.41 1.28 1.40 1.30 1.22
Alanine 1.35+41.1 |0.96 1.24 1.32 1.36 1.21
Serin 0.95+322 | 0.74 0.86 0.86 0.90 0.73
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Continuation of table 3
Glutamic acid 3.35+726 [3.63 3.12 3.71 3.60 3.39
Aspartic acid 2.20+481 [ 1.91 1.83 2.10 2.3 1.90
Glycine 0.97+264 |0.67 1.35 131 0.88 0.86
Proline 1.10+404 [0.70 0.96 0.91 0.66 0.53

Note * — own data

An important indicator of the biological value of proteins is the
correspondence of the content of essential amino acids to the ideal protein

(Table 4).

Table 4

Assessment of the compliance of the amino acid composition of ostrich
meat with the ideal protein with the FAO/WHO scale, g/100 g of protein

(n =3, p <0,95)

Raw material Ideal protein
Amino acid Ostrich meat* Ostrich meat according to FAO/
WHO
Valine 5.3 4.38 3.90
Isoleucine 4.4 4.67 3.00
Leucine 8.7 7.72 5.90
Methionine+Cystine 4.2 3.69 2.20
Threonine 5.1 4.30 2.30
Phenylalanine+Tyrosine | 8.1 7.30 3.80
Tryptophan Traces - 6.00
Lysine 9.0 10.64 4.50
Total 44.80 42.70 31.6

Note * — own data

As shown in Table 4, the total content of essential amino acids in ostrich
meat protein exceeds their amount in the "ideal" protein. At the same time, the
tryptophan index is lower, which indicates its limiting role. At the same time,
the meat contains an increased content of such important amino acids for the
body as leucine, methionine + cystine, threonine, phenylalanine + tyrosine and

lysine.

Leucine plays a key role in protecting muscle tissue, is a source of energy,
promotes the regeneration of bone, skin, and muscle tissue, and also reduces
blood glucose levels and stimulates the secretion of growth hormone.

Valine is essential for muscle metabolism, repairing damaged tissue, and
maintaining nitrogen balance in the body. It can also serve as a source of energy
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for muscles. However, excessive amounts of valine can cause symptoms such
as paresthesia (a tingling sensation on the skin) .

Lysine is important for proper bone formation, children's growth, calcium
absorption, and for maintaining nitrogen metabolism in adults. It is involved in
the synthesis of antibodies, hormones, enzymes, collagen formation, and tissue
regeneration processes.

Threonine ensures normal protein metabolism, necessary for the synthesis of
collagen and elastin, supports liver function and participates in fat metabolism
2. Thus, the ratio of essential amino acids in ostrich meat indicates its high
biological value.

Additionally, protein components were evaluated according to such
indicators as biological value, coefficient of variation of amino acid score,
utilisation coefficient of amino acid composition, as well as the level of “excess
content” of essential amino acids (Table 5).

Table 5
Indicators of the biological value of ostrich meat proteins
Indicator Ostrich meat* | Ostrich meat

Potential biological value (PBV) of protein, % 94.64 80.16
Coefficient of difference of amino acid score, % 5.36 19.84
The utilisation coefficient of the amino acid composition of | 0.80 0.75
the protein U, fraction one.
Comparative excess coefficient oc, g/100 g of reference 8.87 -
protein

Note * — own data

The calculated coefficient of difference of amino acid score showed that
5.36% of essential amino acids are deficient. This indicates a certain imbalance
of essential amino acids in the muscle tissue of the studied ostrich meat. This is
also indicated by the relatively low value of the the utilisation coefficient of the
amino acid composition of the protein U, which is 0.80. For comparison, the
reference value is 1.0, which indicates a high level of protein balance.

The coefficient of comparative excess of amino acid composition
characterizes the number of essential amino acids that are not absorbed by the
body in the composition of such an amount of protein of the studied product,
which is equivalent to 100 g of reference protein. For ostrich meat, this figure is

» unpisu B.I Tiriena xapuayBaHHs 3 0OCHOBaMH HYTPHLIOJIOLii: migpyynnk 2-re Bunanms. K.: 2007.
Meouyuna. 544 c.

2 Voitsekhovska L. U., Starchevoi O. M., Lyzova V. Yu., Bashkirova A. K. The effect of collagenase
on the quality of beef ham products. Bulletin of Agricultural Science. 2007. No. 12. pp. 64-67
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only 8.87 g/100 g of protein, which indicates a good balance of its amino acid
composition and confirms the high quality of this raw material as a source of
essential amino acids.

Given that the body fully absorbs protein only if the correct ratio of essential
amino acids is present, ostrich meat can be an effective basis for the production
of meat products. It is advisable to combine it with other ingredients to improve
the amino acid balance of the finished product.

It is also worth considering the presence of relatively stable nitrogenous
extractive substances in the meat — carnosine, anserine, carnitine, creatine and
taurine. They not only form the taste and aromatic characteristics of meat products,
but also have important biological significance. Determining their content in
African ostrich meat allows for a deeper assessment of its nutritional value.

The results obtained in comparison with reference data on traditional types
of meat of farm animals are given in Table 6 *.

Analyzing the data in Table 6, it can be concluded that in terms of the content
of nitrogenous extractive substances such as carnosine, carnitine, creatine and
taurine, ostrich meat is not inferior, and in some cases even surpasses the meat
of traditional farm animals, in particular beef, pork and horse meat.

Table 6
Comparative analysis of the content of nitrogenous extractive substances
(n =3, p<0.95)

. Type of raw material
Extractive " . .
Ostrich meat, Traditional farm animal
substances N
2/100 g of meat species, g/100 g of meat
Carnosine 184+3.17 100-300
Anserine 20.8+1.04 90-150
Carnitine 35.242.12 20-50
Creatine 42845.14 200-550
Taurine 1174408 30-150

Considering the above indicators, it can be noted that African ostrich meat,
in terms of nutritional, in particular biological value, is not only a full-fledged
alternative, but also exceeds in a number of parameters the high-quality meat
raw materials traditionally used in nutrition in our country. In terms of its
chemical composition, ostrich meat is closest to white poultry meat, which, as
is known, belongs to dietary products.

% Fedulova 1., & Dragan A. Methodical approaches to the determination of intra productive prices
on enterprises of meat processing industry. Ukrainian Journal of Food Science. 2015. 3(2), pp. 285-
291. https://dspace.nuft.edu.ua/server/api/core/bitstreams/5d9¢06d2-¢789-4743-b6a6-9061d7d2dea2/
content#page=95
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Therefore, based on the conducted research, it can be stated that African
ostrich meat is advisable to use as a raw material for the production of not
only traditional meat products but also functional food products of a preventive
nature — in particular, for the prevention of cardiovascular diseases, iron
deficiency anaemia, and obesity.

Changes occurring in meat in the post-mortem period in different species
of farm animals have a common mechanism but differ in duration. Meat in
which these processes occur with deviations that affect its final properties is
classified as PSE or DFD. The intensity of post-mortem processes is influenced,
in particular, by the storage conditions of the products.

In particular, the solubility index of muscle proteins, especially myofibrillar
proteins, can serve as an indicator of autolytic changes that determine the
quality of meat raw materials. The state of protein components determines
organoleptic properties, physicochemical characteristics, and functional and
technological indicators, in particular, water-binding, water-holding, and fat-
holding capacities .

According to the author ¥, one of the characteristic features of ostrich
meat is the rapid decrease in pH level in muscles after slaughter, as well as its
relatively high final value after 24 hours. The initial pH level is approximately
7.2, and after 24 hours — about 6.0. In this case, in ostrich, the final pH value
is reached already 2—6 hours after bleeding, while in pigs, sheep and cattle this
process lasts 8—12, 24 and 3648 hours, respectively, under similar conditions.

During our own experimental studies, it was found that 2 hours after
slaughter, the pH level of ostrich meat fluctuates within 6.19-6.23, and after 24
hours of storage it decreases to 6.12. Starting from the second day, a gradual
increase in this indicator is observed, which is probably associated with organic
proteolysis of protein structures and an increase in the number of free polar and
charged functional groups that are able to bind hydrogen ions (Figure 1).

Water is a natural component of meat and is present in it in a bound state,
interacting with its structural components and forming stable structured systems.
The forms and strength of the bond of water with the structural elements of
tissues determine the ability of meat to retain a certain amount of moisture.
The amount of bound water, as well as the nature of its distribution by form
and bond strength, significantly affect the properties of meat, in particular its
consistency.

% Israelyan V. M., & Shtonda O. A. Bahatofunktsionalna dobavka dlia vyhotovlennia vyrobiv iz
solenoho miasa (Patent No. 134513, Ukraine). 2019. Ukrainian Institute of Intellectual Property https://
uapatents.com

2 Perederko L. P., & Stefuriak V. P. Perspektyvy rozvedennia afrykanskykh strausiv. Efektyvne
ptakhivnytstvo. 2011. (4), 34-37.
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Fig. 1. Change in pH of ostrich meat depending on storage time

Since the main structural components of meat are muscle and connective
tissue, it is their water-binding capacity that is of greatest practical importance.
The main role in this process is played by proteins, which are the main structural
material of tissues. The properties and state of proteins directly determine the
ability of meat to bind and retain moisture.

During the meat ageing process, there is an increase in the hydration and
solubility of muscle tissue proteins. This is due to the accumulation of free
myosin, one of the most effective proteins in terms of its ability to bind moisture
(Table 7, 8).

Table 7
Functional and technological indicators of changes in tough meat
(Tranche) of ostrich meat in the storage process,
t=4°Cm=3,p=<0,95)

Shelf life, days
. Freshk
Indicator slaughtef‘,ed 12 hours 24 hours 3 days 7 days 10 days
meat
WBC, % 52374214 |38.62+1.74 |36.444203 |37.18+196 |42.63+1.84 |48.5842.11
WHC, % 71.414324 | 60.194248 | 62.734221 | 64.58+3.18 |67.458204 | 68.80+191
Plasticity, 26.64+104 | 16.824098 | 11.67£101 | 13.79£1.04 | 16.154097 | 18.84+1.05
cm 2/ kg

The results of the research showed that under refrigerated storage conditions
(t = 4°C) during 10 days of storage, there is an increase in water-binding
capacity (WBC) and water-retaining capacity (WRC) in two types of meat.
Thus, in tender fillet this indicator varies within 39.11-49.23%, while in tough
meat — 38.62-48.58%.
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Table 8
Functional and technological indicators of the change of tender fillet
(Fan Fillet) of ostrich meat in the storage process,
t=4°C (m=3,p <095

Shelf life, days
Indicator Freshly
slaughtered | 12 hours | 24 hours 3 days 7 days 10 days
meat
WBC, % 52.89+186 [ 39.11+202 | 37.52+1.74 | 40.77+2.10 | 43.56+194 | 49.23+204
WHC, % 71.94+214 | 60.87+1.85 | 63.33+£193 | 65.49+198 | 68.14+204 | 69.17+2.07
Plasticity, cm 2/ kg |27.46+097 | 18.12+102 | 12.34+1.04 | 14.47+0%4 | 17.59+098 | 19.43+096

An important indicator of changes in the functional and technological
properties of meat is its plasticity. The results of studies of freshly slaughtered
meat and chilled ostrich meat samples showed that plasticity increases in both
types of meat. In the freshly slaughtered state, tender fillet has high plasticity —
27.46 cm?/kg, while the WBC is 52.89%. In tough meat, the corresponding
indicators are 26.64 cm?/kg and 52.37%. This is probably due to the absence of
post-mortem stiffening.

On the first day of storage, the plasticity of the tender fillet (Fan Fillet)
decreased by 44.9%, and tough meat (Tranche) by 43.8%.

The results obtained indicate the high water-binding capacity and plasticity
of African ostrich meat, which makes it a promising raw material for the
production of functional meat products.

4. Histological and morphological features of muscle tissue
of ostrich meat

Thanks to histological research methods, it is possible to determine the type
of meat (pork, beef, horse meat, rabbit meat, poultry meat), its freshness, stages
of aging and changes that occur in meat during storage. To obtain reliable
data on these issues, a thorough knowledge of the microstructure of meat
components is necessary %, .

In the microstructural study of ostrich muscle tissue, we found that the
muscle fibres are straight or wavy. Transverse striation is well expressed, the
nuclei of the fibres are rod-shaped, located under the sarcolemma in the form of
chains. A similar arrangement of the nuclei is characteristic of the muscle tissue
of red poultry meat (Figure 2 and 3).

2 Ponomarov S. M. Morphofunctional changes in muscle tissue during storage of ostrich meat.
Bulletin of Agricultural Science. 2015. (2), pp. 45-49.

¥ Kuzmin O. P. Dynamics of pH indicators of ostrich meat during refrigerated storage. Technology of
meat and meat products, 2017. (3), pp. 12-16.
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Fig. 2. Longitudinal histological Fig. 3. Transverse histological
section of ostrich meat at section of ostrich meat at
a magnification of 200um a magnification of 200um

Using low magnification of the microscope, variously shaped and sized
voids can be observed in the endomysium and perimysium, with these areas
appearing expanded. The areas of muscle fibres adjacent to the voids have
noticeable depressions (Figure 4).

Fig. 4. Longitudinal histological section of ostrich meat with developed
connective tissue

On a transverse histological section, muscle fibres are polygonal in shape,
lying loosely relative to each other. Connective tissue layers are loose, lying
freely (Figure 5). The microstructural analysis data allow ostrich meat to be
compared with beef in terms of muscle fibre diameter, and with poultry meat in
terms of the thickness of connective tissue layers.

Tenderness of meat is determined, among other things, by its morphology.
Thus, histological studies of the microstructure have shown that ostrich meat
is comparable to beef in terms of the diameter of muscle fibres and the density
of connective tissue layers, which confirms its nutritional appeal. Poultry
tissue differs from beef, primarily in that it has a significantly lower density of
intramuscular perimysium and endomysium.

The tenderness of meat is largely determined by its morphological structure.
Histological analysis of ostrich muscle tissue revealed that it is similar to beef
in terms of the size of muscle fibres and the density of connective tissue layers
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(endomysium and perimysium), which indicates the high nutritional appeal
of this type of meat *°. At the same time, ostrich muscle tissue has its own
characteristics: compared to beef, the diameter of muscle fibres in ostrich meat
is slightly smaller, and intramuscular connective tissue structures are less dense
and thinner, which contributes to better tenderness of the product.

Fig. 5. Transverse histological section of ostrich meat with developed
connective tissue

Compared to pork, which is characterized by an average size of muscle
fibres and moderate expressiveness of connective tissue, ostrich meat is
characterized by a more homogeneous structure and a smaller number of fat
inclusions. Chicken meat has much thinner muscle fibres and poorly developed
connective tissue layers, which makes it the most tender among the listed types
of meat. However, ostrich meat has a denser texture compared to chicken,
combining the properties of both red and white meat while maintaining high
dietary value '

Thus, ostrich meat represents a morphologically justified alternative to
conventional types of meat, offering not only tenderness but also high biological
value and functional properties, which are essential for the production of meat
products with enhanced nutritional value.

CONCLUSIONS

Studies have shown that African ostrich meat is a high-quality protein
product with a valuable chemical and amino acid composition. Its high protein
content (21.2-22.5%) and low fat content (1.2-2.0%) determine the dietary
properties of this meat, which makes it suitable for diets of people with
cardiovascular diseases, metabolic disorders, and overweight.

Analysis of the amino acid composition showed the presence of a wide

3 Tarapin B. B. Xapakrepucrtuka ()i3uKo-XiMiYHHX BIIACTHBOCTEH CTPayCHMHOro M’sica. XapKkis:
Xapriscvkuil OeporcasHuii yHigepcumem xapuyeanns ma mopeigai. 2019. c. 128.

31 Menpamaenxo C. M. TexHOMOTIUHI BIACTHBOCTI M’ SICHUX OLIKIB Ta iX BIUIMB Ha SIKICTH TPOMYKIIil.
Hayxkosi nparii OHAXT. 2020. 28(1), c. 98-103.
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range of essential amino acids, in particular leucine, threonine, isoleucine,
phenylalanine and valine, which are important for the physiological functioning
of the body. The obtained amino acid score values indicate that ostrich meat
proteins are able to fully meet the body's needs for essential amino acids, not
inferior in this indicator to proteins from traditional types of meat.

The values of the amino acid composition utilisation coefficient, amino acid
composition index, and biological value confirm the high quality of ostrich
meat protein. Comparison with traditional types of meat demonstrated the
advantages of ostrich meat in terms of amino acid balance, ease of digestion,
and lower saturated fat content.

Given the results obtained, African ostrich meat can be recommended as
a promising raw material for the production of functional, children's, sports and
medical and preventive nutrition products. In the future, it is advisable to focus
on studying the impact of technological processes on the preservation of its
nutritional value, as well as the development of innovative food products based
on this raw material.

SUMMARY

The work provides a comprehensive analysis of the chemical, amino acid
composition and histological features of African ostrich meat of Ukrainian
production compared to traditional types of meat raw materials (broiler chickens,
turkey, beef, pork). The content of protein, fat, cholesterol, amino acids, as well
as nitrogenous extractive substances (carnosine, anserine, carnitine, creatine,
taurine) was investigated. Histological studies of ostrich muscle tissue were
conducted, allowing for the assessment of its microscopic characteristics that
influence the texture and quality of the meat. It is established that ostrich meat
has a high biological value of protein, close to or higher than the "perfect”
protein on the FAO/WHO scale, with a good amino acid profile and low fat and
energy value. It is revealed that the amino acid composition and histological
structure may vary depending on the conditions of keeping and feeding the bird.
Ostrich meat is characterized as a dietary, high quality product that exceeds the
traditional types of meat raw materials in a number of indicators. The results
indicate the potential of using African ostrich meat for the production of both
traditional and functional food products for preventive purposes.
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CHAPTER 15

PARAPHARMACEUTICALS
OF PLANT ORIGIN - PAST AND FUTURE

Kichura D. B., Subtelnyi R. O.
DOl https://doi.org/10.30525/978-9934-26-653-9-15

INTRODUCTION

The use of plants for the treatment of numerous human ailments began in
ancient times. Hippocrates was convinced that plants should be used in their
natural state, without any transformations. The ancient Roman physician Galen
advised to grind plants, make extracts and tinctures from them in alcohol,
vinegar, which are widely used in our time. Despite the rapid development of
chemistry and the growth of the number of new, increasingly effective synthetic
drugs, antibiotics, medicinal plants continue to occupy a significant place in the
arsenal of therapeutic agents.

Prevention and treatment of purulent-septic infections continues to be one
of the complex and urgent problems of modern medicine. The widespread use
of antibacterial drugs not only did not justify the hopes placed on them, but
also created a number of new problems that require urgent solutions. This is,
first of all, the high rate of acquisition of antibiotic resistance by pyogenic
microflora. The basis of this process is the uncontrolled and often insufficiently
substantiated use of antibiotics in clinical practice.

Undesirable and at the same time common consequences of antibiotic
therapy include allergic reactions and direct toxic effects of antibacterial drugs
on the macroorganism, which develop in connection with the organotropic
pharmacodynamic action. Therefore, many synthetic antimicrobial agents have
not been introduced into clinical practice, and some of the existing ones have
a rather limited application.

Thus, there is every reason to search for new sources of antimicrobial agents,
one of which may be plant extracts. The peculiarity of extracts from medicinal
plants is that their biologically active substances are in a certain ratio, which
contributes to the optimal effect on the human body. Some components of plant
extracts are similar in chemical structure to physiologically active substances of
the body (hormones, vitamins, enzymes, etc.). Therefore, such natural medicines

48



are more actively included in the biochemical processes of the human body
than synthetic drugs that are foreign to the body. Unlike traditional antibacterial
drugs, most antibiotics of plant origin, in addition to antimicrobial action, have
a pronounced positive effect on the macroorganism ' 2.

Phytoncides were called bactericidal, fungicidal and protistocidal substances
produced by plants, which are one of the factors of their immunity and play
arole in the relationships of organisms in biocenoses. A large number of volatile
phytoncides are released into the atmosphere by deciduous and especially
coniferous trees — several kilograms per day per 1 ha of forest. Even in the
first years of research, it was established that the presence of phytoncides is not
characteristic of any specific group of plants, but of the entire plant world. Any
phytoncide has antibiotic properties, but not every antibiotic is identical to the
phytoncide of a particular plant.

An ecological approach to the emergence of phytoncides and preparations
from them (antibiotics) made it possible to explain a number of questions, for
example, why penicillin is less toxic to the human body than streptomycin.
From a biological point of view, treatment of humans with antibiotics is the
addition of plant properties to the immunological capabilities of the human
body, which determine its immunity. Therefore, phytoncides are not a random
phenomenon, they are an evolutionarily developed property of plants.

The different approach to naming the antimicrobial properties of phytoncides
and plant extracts is due to the fact that during any extraction, various changes
in the composition and structure of substances found in plants are possible,
and therefore the extracts may not always contain natural products of the plant
organism. Nevertheless, extraction is a way to obtain stable antimicrobial
drugs and select antibiotic producers. Therefore, plants are a promising
source for obtaining antimicrobial agents. In this regard, the availability of
a sufficient amount of medicinal plant raw materials for their manufacture is
of great importance. Ukraine, and in particular the Carpathian region and the
Carpathians, due to its natural and climatic conditions, is one of the regions of
Europe rich in environmentally friendly medicinal plants.

The effect of biologically active substances of plant origin on conditionally
pathogenic Gram-positive and Gram-negative microorganisms remains
insufficiently studied to date. Literature data indicate the study of the action
of these substances on a wide range of species of various bacteria, including
opportunistic pathogens. But in the vast majority of these studies, collection

! OcHoBu imMyHoIOTIT: QyHKIIT Ta po3Tajn iIMyHHOT CHCTEMH: MOCIOHHK: Tep. 6-ro aHrL. Bu. / AGy:

K. A66ac, Euapro I'. Jlixrman, [lus [Tinaii: nayk. pen. nep. 3 anr1. Banenruna Yom'ska. Kuis: BMB
«Memununaay. 2020. 328 c.

2 Mawmuyp O. L. JloBinuuk 3 pitorepanii. Knis: 3xopos’s. 1984. 264 c.
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strains of the listed bacteria were used. They have been cultivated for decades
in laboratory conditions, without contact with the human body, and therefore
are characterized by a weakened pathogenic potential.

The study of the influence of biologically active substances of plant origin
on opportunistic microorganisms isolated from clinical material, primarily
their hospital strains, which are characterized by increased virulence, as well
as polyantibiotic resistance, is of both theoretical and practical importance. In
particular, I conducted studies of plant extracts (alcohol: 70% and 90%, acetone),
as well as officinal tinctures against various strains of staphylococcus 3 *.

The purpose of this work is to search for biologically active substances of
plant origin with antibiotic properties against staphylococcus, the infection of
which is characterized by a variety of — from the most severe, generalized
forms to mild: sepsis, pneumonia, meningitis, abscesses of internal organs,
enterocolitis, endocarditis, gynecological diseases, staphylococcal infection
with scarlet fever syndrome, purulent-inflammatory diseases of the skin and
soft tissues, etc. These searches are carried out among plants of the Carpathian
region, promising for the creation of new domestic antimicrobial drugs.

1. Classification of parapharmaceuticals

Parapharmaceuticals (from Latin para — near, pharmaceutics — medicines) are
medicinal plants, algae, mushrooms. These are, as a rule, products containing
minor food components: bioflavonoids, organic acids, glycosides, biogenic
amines, regulatory oligopeptides, polysaccharides, oligosaccharides, etc. The
action of parapharmaceuticals is implemented in the following areas: activation of
systems involved in the development of adaptive compensatory-adaptive reactions
of the body; regulation: within physiological limits of the functional activity of
individual organs and systems; activity of the nervous system, including higher
nervous activity; microbiocenosis of the gastrointestinal tract. These properties
of parapharmaceuticals allow the human body to adapt to changed, extreme
conditions, and provide additional, auxiliary therapy for various diseases, which
qualitatively expands the possibilities of the main treatment methods.

Differentiation of parapharmaceuticals from medicines occurs according
to the following criteria: therapeutic dose, if the dietary supplements present
in the preparation do not exceed the therapeutic dose, then it is classified as
parapharmaceuticals. Expected effectiveness. When using parapharmaceuti-
cals — 8-12 weeks, no side effects °.

[T srxin K., Kpusoruein 10.C. Mikpo6ionoris. Kuis: Buma mkona. 1992. 360 c.
4 Toscryxa €. C. @irorepanis. Kuis: 3nopos’s. 2000. 340 c.

[lamipo A.B. Bu3HaueHHS 4yTIMBOCTI MIKpOOpTaHi3MIiB [0 aHTHOIOTHKIB METOJZAMH CepiitHHX
PO3BE/ICHb Ta &
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Depending on the biotechnological method of their manufacture,
parapharmaceuticals are divided into several groups of dietary supplements
containing products: plant synthesis, animal synthesis, microbiological synthesis
(eubiotics), beekeeping, natural chemical synthesis. In the vast majority of cases,
parapharmaceuticals are safe to use. Although when using parapharmaceuticals,
the phenomena of individual intolerance to their individual components are not
excluded, which, however, is also characteristic of some food products and even
more so for medicines. Thus, parapharmaceuticals, without replacing medicines,
significantly improve the quality of preventive and therapeutic measures.

Relatively recently, a little more than half a century ago, a new problem arose
in science — the problem of antibiotics, the development of which has already
yielded exceptionally valuable results for medical practice. The first producers
of antibiotics were discovered among lower plants, fungi, actinomycetes and
bacteria, and higher plants remained without attention for a long time. Only
after B. P. Tokin raised the question of the antitoxin properties of vapors from
propagated parts of fresh plants, thus creating the problem of phytoncides,
higher plants attracted attention, and among them the search for producers of
antimicrobial substances began.

The presence of antimicrobial substances is characteristic of many plants. In
most families, antimicrobial drugs are obtained only from single species, but there
are families in which there are significantly more species that can be a source of
obtaining these substances. For example, most antimicrobial drugs are obtained
from plants of the Asteraceac family, followed by Rosaceae, Liliaceae, etc.
Plant species belonging to the same family may contain different antimicrobial
substances, and even the same plant may contain several different substances ¢ 7.

The most common antimicrobial substances of higher plants, the most
extensive in this direction are the works of Osborne, who studied 2300 species
of plants and found antibacterial activity in only 160 species belonging to 63
genera. Antimicrobial substances were most often found in buttercups, the
antibacterial activity of which could depend on the presence of protoanemonin
in them. Then came the liliaceae, which include onions and garlic, rich in
allicin or compounds close to it. The most sensitive to antibacterial substances
of plant origin were Gram-positive microorganisms, less sensitive — Gram-
negative. Antimicrobial substances are represented in plants by a wide variety
of compounds. The most common, that is, those that occur most often, will be
presented below.

6 Isanos C. B., Cimaxina I O., Haymenxo H. B. Texuonoris 0370poBYNX XapyOBHX HPOAYKTIB:
nigpyu. Kuis: HYXT, 2015. 402 c.

7 Tiriena xap4ayBaHHs 3 ocHOBaMH HyTpuwioiorii: [Tinpy4suk y 2-x kH. Anictparenko, T.M. Binko,
O.B. bnaronaposa Ta in.; 3a pex. npod. B.I. Iunpisxa. Kuis: Meguuuna. 2017. 578 c.
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Essential oils of different plants are not individual chemical substances.
They include carbohydrates (aliphatic and aromatic), mono- and polycyclic
terpenes and sesquiterpenes, alcohols, their esters, aldehydes, phenols and
phenolic esters, ketones, organic acids, sometimes lactones, etc. Nevertheless,
each essential oil has its own characteristics. Literature data indicate that
almost all essential oils have more or less pronounced bacteriostatic properties.
In particular, the most active essential oils against staphylococci were:
Ol. Acorus calami (dilution 1:5000), Ol. Artemisia absinthii (1:1000), Ol. Carum
carvi (1:2000), Ol. Cinnamonii (1:8000), Ol. Eucalypti (1:4000), Ol. Ferula sp.
(1:1500), Ol Thymus polessicus (1:10000 — 1:25000), Ol. Valerianae nitidae
(1:2500 — 1:5000), Ol. Cannabis sativa (1:50000 — 1:100000) and others.

It is possible that the use of antimicrobial substances also takes place in
the food industry, since many spices contain antibacterially active essential
oils (ginger, nutmeg, cinnamon, marjoram, laurel, allspice, cloves, coriander,
anise...). Balsams and resins are also not individual substances, but mixtures.
Balsams with antibacterial properties include the Peruvian, Copaiba, Toluan
balsams and styrax, known since ancient times. Resins (resin acids) with
antimicrobial properties include resins from Balsamea Myrrha and Styrax
benzoin, which contains benzoic and cinnamic acids ®.

Organic acids are found in large quantities in higher plants. Antimicrobial
properties are possessed by haulmugrovy and hydnokarpov, as well as usnic
and gallic acids. Tannins, in particular tannin and gallic acid, have been
used as antiseptics since ancient times. Many literary sources indicate that
the antimicrobial properties of a number of plants are due to the presence of
tannins in them, in particular, such plants are thick-leaved badan, lingonberry,
common yarrow, snakeroot, erect cinquefoil, scumpia, etc. Thus, tannin exhibits
a bactericidal effect in a dilution of 1:1000 — 1:5000, bacteriostatic — 1:20000 —
1:100000; pyrogallol in 1:2000 and 1:20000; hydroquinone in 1:500 and
1: 1000-2000; pyrocatechin in 1: 3500, respectively.

Of the proteins, only one has been described as an antibiotic — purothionine,
which is isolated from unbleached wheat flour. It is toxic not only to bacteria,
but also to animals, and also inhibits the reproduction of Gram-positive
bacteria. Alkaloids and glucosides exhibit the most pronounced antimicrobial
effect among all plant substances. In particular, piptanin, isoamodendrin,
anabasin, hatinin, glaucine, delphonin, taspin, spherophysin, harmine, etc. have
a pronounced effect on staphylococci °.

8 disionoris xapuysauus: nigpy4annk / [Tasinonska JI.®., Tynenko JI.B., Jlesitin €.5., Iluxanoscbka

1. B., Mockanenko O. B., Annkcanapos O. B, Iimtoxa M. I, Illosronon I'. III. Cymu: YHiBepcuteTchka
kuura. 2017. 473 c.

®  Hyrpuuiosoris: HaBd.nmoci6unk / mix pex. H.B.Jlynenko. Xapkis: Ceit kuur. 2013. 560 c.

52



2. Raw materials for herbal parapharmaceuticals
and methods of its extraction

A fairly large number of extracts from medicinal plants collected in
the Ivano-Frankivsk, Lviv and Zakarpattia regions were studied. Extracts
were prepared from plants and their various parts (leaves, stems, flowers,
roots, bark) using various solvents: alcohol (40%, 70%, 90%), acetone.
In some cases, the extracts were evaporated to a certain density; in
other cases, the plants were processed in the usual way for the isolation
of alkaloids. The active substance was precipitated, separated from the
liquid, dried, and then the dilutions necessary for research were prepared
from it.

2.1.1. Culture media, equipment. To determine the sensitivity of
bacteria to antibiotics, the following media are used:

Nel. 1000 ml of Hottinger broth, containing 120-140 mg of amine
nitrogen, 15 g of agar, 3 g of sodium phosphate dibasic;

Ne2. 1000 ml of meat peptone broth (1:2), 15 g of agar, 3 g of sodium
phosphate dibasic;

Ne3. AGV (dry powder is diluted according to the instructions on the
label).

To conduct screening studies, culture media are prepared according to
a certain principle. A sterile Petri dish is evenly filled with a dense culture
medium with a volume of 30 ml. Then, wells of the same capacity are
cut in it. A suspension of one culture is sown on the dish, and then plant
extracts are added alternately to the wells.

For sowing the cultures under study on a dense nutrient medium with
antibiotics, replicator stamps are used for 25 or 50 cultures.

The volume of bacterial suspension or other liquid left by the replicator
stamp pin on the imprint of the nutrient medium is 0.001 — 0.002 ml.

The replicator stamp ensures standardization of results, reduces the
number of errors and reduces the time spent on sowing and the consumption
of nutrient media compared to other methods of sowing.

A stencil for 25 or 50 zones is used for sowing, labeling cultures and
recording results. This is a piece of paper with a shape and size equal to
the bottom of a Petri dish. This is how the replicator pins moistened with
ink are imprinted. The places are numbered from 1 to 25 or 50. Instead of
a replicator stamp, you can use a Pasteur pipette.

To perform the method, you will need a thermostat at 37 degrees Celsius,
a household refrigerator at +3 ... —5 degrees Celsius, stands that do not
deteriorate during sterilization, bacteriological cups with a diameter of 9.5 cm,
bacteriological test tubes, precipitation test tubes, Pasteur and measuring pipettes,
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analytical scales, anatomical tweezers, a water bath, 0.5% NaCl solution,
10% gelatin solution, distilled water '°.

2.1.2. Preparation of nutrient media with antibiotics. When determining the
clinical resistance index of a bacterium, 1 ml of nutrient media should contain
a concentration equal to % of the working (recommended for practical use)
concentration of the antibiotic. The lower concentration of the antibiotic in
the nutrient media compared to the working one was selected on the basis of
special studies that showed that after the introduction of the antibiotic into the
biotope, its concentration rapidly decreases.

To prepare media with antibiotics, depending on the volume of work,
a certain measured amount of nutrient media (15, 30, 45, 60, 90 ml) is prepared
in test tubes or volumetric flasks. For antibiotics produced by industry in dry
form (powder), aliquots of the drug are added to the medium, for liquid forms
— certain specified volumes of saturated or diluted solutions. If it is necessary to
dilute the original solutions, sterile distilled water is used. The melted nutrient
medium after the introduction of the antibiotic is thoroughly mixed and poured
into 1-2 or more cups. On the bottom of sterile cups prepared for pouring agar,
mark the “top” (draw a straight line at a distance of 1 cm from the edge),
indicate the name and concentration of the antibiotic, and the batch number.
Ready-made cups with antibiotics can be stored in the refrigerator for a week.
Before sowing, the cups must be dried in a thermostat for 30-40 minutes.

When determining the MIC (minimum inhibitory concentration), the method
of serial dilutions of drugs in a dense nutrient medium is used. For this, a series
of nutrient media with different concentrations of antibiotics is prepared. The
interval between concentrations can be double. Depending on the activity of the
antibiotic, a range of concentrations is selected — from the minimum, at which
all strains of a certain species grow, to the maximum, which suppresses the
growth of all strains of this species.

2.1.3. Selection and preparation of cultures for research. In research for the
purpose of selecting drugs, strains from patients with suppuration of wounds
of mucous membranes, skin, subcutaneous tissue are used. Pure cultures of
bacteria are taken for research. In closed processes, 2-3 cultures of each species
that have etiological significance are studied from one pathological material;
from open (associated with cavities or the external environment) pathological
processes, in which the bacterial population is more heterogeneous, the sample
should be larger — 5-10 cultures.

If one culture is studied, the error in determining sensitivity can reach
50%. With a large consumption of antibiotic and nutrient medium, the error

10

bap6am B.A, [letixyn I.M. Ximis pocinauux nonimepis. Kuis: Kapasena. 2018. 440 c.
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does not increase, since the same species and isolated from the same material
can be mixed and tested in one sample (on one plate with nutrient medium,
25-50 cultures can be tested for sensitivity to antibiotics) .

The cultures under study are grown in a thermostat for 18-20 hours on
slanted nutrient media. The growth of the cultures is washed off with warm
sterile NaCl solution with 0.1% gelatin solution and standardized to 850 million.
bacteria per ml (bacterial standard No. 10). Cultures of the same species and
from the same material are studied separately or a mixture is prepared from
them in equal volumes, so that 1 ml of the mixture has the same density (850
million/ml) '

2.1.4. Technique of sowing the cultures under study on a medium with
antibiotics. Before sowing, the cultures under study are assigned stencil
numbers, which are entered in the research protocol. There are 2 options that
give identical results. Sowing with a replicator stamp. The cultures under
study are introduced into the wells of the replicator stamp bases with a Pasteur
pipette. The order of introducing the cultures must correspond to the numbers
assigned to them according to the stencil.

The replicator stamp pins are immersed in the wells and an imprint is made
with them (for this, the pins are slightly pressed to the surface of the medium
and kept for 10 s) on the antibiotic medium: one cup for each antibiotic when
determining clinical and biological resistance indicators, and on a series of cups
with each antibiotic when determining the MIC. For a standard seed dose, the pins
are immersed in the wells with the culture before each replica. In the serial method,
the culture is carried out from a lower concentration to a higher one. At the same
time, a control culture is made on a nutrient medium without an antibiotic.

Culture with a Pasteur pipette. On the background of a stencil for 25 strains,
small depressions are made with the open end of a sterile precipitation tube
into the nutrient medium with an antibiotic — standardizing the culture zones.
For culture with a pipette, the initial culture (850 million/ml) is diluted with
a 0.5% NaCl solution 2 times (to a density of 425 million/ml). One drop of the
suspension of the studied cultures is added to the culture zones with a Pasteur
pipette. The roller made with a test tube prevents the drop from spreading.
A separate pipette is taken for each culture .

' Harkenthal M, Reichling J, Geiss HK, Saller R. Comparative study on the in vitro antibacterial

activity of Australian tea tree oil, cajuput oil, niaouli oil, manuka oil, kanuka oil, and eucalyptus oil.
Pharmazie 1999 Jun;54(6):460 p.

12 Digrak M, Ilcim A, Hakki Alma M.Antimicrobial activities of several parts of Pinus brutia, Juniperus
oxycedrus, Abies cilicia, Cedrus libani and Pinus nigra. Phytother Res 1999 Nov;13(7): P. 584-587.

13 Adeniyi BA, Fong HH, Pezzuto JM, Luyengi L, Odelola HA. Antibacterial activity of diospyrin,
isodiospyrin and bisisodiospyrin from the root of Diospyros piscatoria (Gurke) (Ebenaceae). Phytother
Res 2000 Mar; 14(2): P. 112-117.
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The cultures are kept on the laboratory table until the cultures are absorbed,
after which they are placed in a thermostat at a temperature of 37°C until
the next day. The results are recorded based on the presence or absence of
bacterial growth in the inoculation zones against the background of a stencil
with culture numbers and in accordance with the control culture. A culture that
did not grow on a medium with an antibiotic is evaluated as sensitive to a given
concentration, and a culture that grew on a medium with an antibiotic (even
individual colonies) is evaluated as resistant.

2.1.5. Characteristics of microorganisms of the genus Staphylococcus as
an object of study. Staphylococci, like other bacteria, belong to the kingdom
of Prokaryotes (Prokariotae); Division Firmicutes — Gram-positive organisms,
shaped like cocci, multiply by binary fission; Class Firmibacteria; Group Gram-
positive cocci; Family Micrococcaceae — these are cocci that divide in more
than one plane, non-spore-forming; Genus Staphylococcus (Staphylococcus) —
found on the skin, skin glands, mucous membranes of warm-blooded
animals. Species: Staphylococcus aureus — causes furunculosis, postoperative
complications, sepsis;  Staphylococcus epidermidis;  3.Staphylococcus
haemolyticus; Staphylococcus hominis;

Staphylococcus is a large group of microorganisms that differ in their
characteristics. The division into pathogenic and non-pathogenic strains
is rather conditional. Non-pathogenic staphylococcus, which has weakly
expressed potentially pathogenic properties, under certain conditions can cause
staphylococcal diseases, especially in newborns, premature babies and infants.
With a decrease in the general immunobiological reactivity of the body, against
the background of acute respiratory viral or other diseases, non-pathogenic
staphylococcus can exhibit pathogenic properties and be the cause of the
development of diseases by the autoimmune mechanism 4,

In most cases, diseases are caused by pathogenic strains of Staphylococcus
aureus. In laboratory conditions, blood, milk-salt or bile-salt agar is used to
cultivate staphylococcus. Depending on the characteristics of the pigment
produced, colonies develop: golden, white, cream, lemon-yellow. In the broth,
staphylococcus forms a uniform turbidity, and then a flake-like loose sediment
at the bottom of the test tube.

Staphylococcus is able to ferment lactose, glucose, sucrose, mannose,
xylene, fructose, glycerol without gas formation: to ferment milk. It does not
ferment raffinose, dulcitol, inulin, does not break down starch. Staphylococcus

4 Bortolotti, P., Delpierre, C., Le Guern, R., Kipnis, E., Lebuffe, G., Lenne, X., ... & El Amrani, M.
High incidence of postoperative infections after pancreaticoduodenectomy: A need for perioperative anti-
infectious strategies. Infectious Disease. 2021. AJOC MGM. 51(5): P. 456-463. doi: 10.1016/j.idnow.
2021.01.001. Epub 2021 Jan 9.
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secretes hydrogen sulfide, does not form indole, reduces nitrates and nitrites.
Staphylococcus stains Gram-positive. In smears from pure culture, their cluster-
like arrangement is typical. One of the signs of pathogenicity of staphylococcus
is its ability to be lysed by specific phages.

Due to the widespread invasion of antibiotics, as well as sulfonamide
drugs, antibiotic-resistant strains of staphylococcus have appeared that have
pathogenic properties. Therefore, staphylococcal infection can be considered
as one of the forms of the disease that is the cause of epidemic outbreaks
among newborns. The fight against staphylococcal diseases is complicated by
the widespread distribution of staphylococcus among the population and in the
human environment. Epidemiologically dangerous are especially those carriers
in whom the same phage type of staphylococcus is constantly and for a long
time detected .

Staphylococcus refers to quite unpretentious microorganisms, easily adapts
to environmental conditions, relatively quickly acquires resistance to antibiotics
and other therapeutic agents, while maintaining its virulent properties. It has
been established that under the influence of antibiotic treatment, the vegetative
form of staphylococcus can transition to the L-form, which has the ability to
persist in the body and reverse to the original pathogenic form when the overall
immunobiological reactivity of the body decreases or due to the addition of
other diseases. Staphylococcus multiplies in a wide range of temperatures (from
10 to 43 °C) in aerobic and anaerobic conditions on all simple nutrient media.
Staphylococcus is most resistant to the action of various physical and chemical
factors, tolerates drying, cooling, high temperatures, and is less resistant to
chemical disinfectants.

The source of infection is children and adults with various diseases of
staphylococcal etiology, as well as healthy carriers. Epidemiological danger
is posed by children and adults with acute and chronic diseases of the upper
respiratory tract, oral cavity and lungs (tonsillitis, pharyngitis, rhinitis,
adenoiditis, sinusitis, periodontitis, tracheitis, tracheobronchitis, pneumonia),
purulent diseases of the skin and subcutaneous tissue (pyoderma, furunculosis,
phlegmon, subcutaneous abscesses) and others.

Staphylococcus does not spread independently in nature. Infection of
external environmental objects depends exclusively on contact with the source
of infection. Depending on the localization of the focus, staphylococcus

5 Alemu, B. K., Azeze, G. G., Wu, L., Lau, S. L., Wang, C. C., & Wang, Y. Effects of maternal
probiotic supplementation on breast milk microbiome and infant gut microbiome and health: a
systematic review and meta-analysis of randomized controlled trials. American journal of obstetrics
& gynecology MFM. 2023. 5(11). P. 301-323. AJOC MGM. doi: 10.1016/j.ajogmf.2023.101148.
Epub 2023 Sep 1.
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can be released into the external environment with sputum, mucus from the
upper respiratory tract, breast milk, amniotic fluid, urine, vapors, secretions of
inflammatory elements of the skin, subcutaneous tissue, middle ear, etc.

Staphylococcal diseases in children can occur as a result of exogenous and
endogenous infection. Infection occurs in the following ways: airborne (when
talking, coughing, sneezing); airborne (in a room with insufficient ventilation,
poor cleaning quality); contact (direct contact with a patient or a carrier of
bacteria, through dishes, toys, underwear ...); alimentary (infection of food
products, breast milk with staphylococcus); intrauterine infection (a disease
of pregnant women, then penetration occurs through amniotic fluid entering
through the skin, mucous membranes of the mouth, digestive canal, airways,
in case of violation of the integrity of the placenta — hematogenously);
autoinfection route (transition of staphylococcus carriage into the disease) '°.

Immunity after suffering staphylococcal diseases is unstable. In the
mechanism of development of immunity, both the formation of antimicrobial
antibodies and antitoxic antibodies are important. In the mechanism of
development of diseases caused by staphylococcus, the most important is the
state of reactivity of the child's body and the biological features of the pathogen,
capable of producing toxins, enzymes and other biologically active substances.

The main products of the vital activity of Staphylococcus aureus are
toxins, which, depending on the characteristics of the action on tissues and
systems of the body, have received the following names: necrotoxin (causes
necrosis, suppuration in tissues, as well as vascular thrombosis); fibrinolysin
(contributes to the separation of emboli from blood clots, which are complete
foci of infections); lethal toxin (destructively affects individual tissue elements,
causes deep reflex disorders); dermonecrotoxin (inflammatory seals on the skin,
accompanied by necrosis); staphylolysins or hemolysins (destroy erythrocytes);
enterotoxin (causes gastroenterocolitis). In addition to the toxic effect of
staphylococcus, it causes sensitization of the body due to the presence of an
allergic component in staphylococcal toxin, it also has a denaturing effect on
tissues that acquire autoantigenic properties.

Of the enzymes secreted by staphylococcus in the process of its vital activity,
the following are of greatest importance: fibrinolysin (separates emboli from
blood clots), hyaluronidase (has a destructive effect on mucopolysaccharide —
hyaluronic acid, the basis of connective tissue), coagulase (coagulates blood
plasma, participates in the formation of the primary inflammatory focus),
lecithinase (is important for the reproduction of staphylococcus, as well as the

16 Mingot-Ascencao, J. M. Search and selection of probiotics that improve mucositis symptoms in

oncologic patients. A systematic review. Nutrients. 2021. 11(10). P. 2322. https://doi.org/10.3390/.
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ability to increase the permeability of the cell wall), penicillinase (reduces the
therapeutic effect of penicillin and ampicillin) .

The modern diet is dominated by simple carbohydrates, trans fats, sodium
chloride, and there is insufficient consumption of fiber, omega-3 fatty acids,
etc. An unbalanced diet, together with lifestyle factors such as low physical
activity, smoking, and alcohol abuse, has led to a sharp increase in diseases
called “diseases of civilization.” These include atherosclerosis (which has
recently become much younger and is already quite common in children), type
2 diabetes (which is defined as a threat to the continued existence of humanity),
arterial hypertension, osteoporosis, and other chronic non-communicable
diseases. Staphylococcus is also able to produce other biologically active
substances. Thus, in the mechanism of the disease, an important role belongs
to staphylococcal anticoagulant, which prevents normal blood clotting;
staphylococcal hemagglutinin (affects erythrocyte agglutination). Antiphagin
formed by staphylococcus, which has the ability to delay phagocytosis, plays
a role in the development of the disease'®. The following points are important in
the pathogenesis of various clinical variants of staphylococcal diseases:

1) the mass of infection with Staphylococcus aureus;

2) localization, activity and long course of the primary focus, which
determines the possibility of hematogenous spread of staphylococcus in the
body;

3) the state of immunobiological reactivity, which determines the severity of
the body's reaction to the invasion of staphylococcus.

The main clinical forms, taking into account the role of all the above factors,
as well as clinical data, it is appropriate to distinguish the following types of
staphylococcal infection ':

1) Staphylococcal sepsis: acute, prolonged, chronic. This is a general infectious
process in which microbes and their toxins constantly or periodically enter the
blood (or lymphatic channels) from the local (primary) focus, are carried with the
blood flow and settle in the tissues of various organs and systems.

2) Focal infection, which occurs with persistent staphylococcemia, but
without clinical signs of sepsis. Foci of staphylococcal infection are found in

7 LiJ., Jia H., Cai X., Zhong H., Feng Q., Sunagawa S., et al. An integrated catalog of reference
genes in the human gut microbiome. Nat Biotechnol 2014. 32. P. 834-841. doi: 10.1038/nbt.2942. Epub
2014 Jul 6. PubMed PMID: 24997786.

'8 Igbal S., Quigley E.M. Progress in our understanding of the gut microbiome: implications for the
clinician. Curr Gastroenterol Rep 2016. 18. P. 49. doi: 10.1007/s11894-016-0524-y. PubMed PMID:
27448618.

9 Hill C., Guarner F., Reid G., Gibson G.R., Merenstein D.J., Pot B., et al. Expert consensus
document. The International Scientific Association for Probiotics and Prebiotics consensus statement on
the scope and appropriate use of the term probiotic. Nat Rev Gastroenterol Hepatol 2014. 11. P. 506-514.
doi: 10.1038/nrgastro.2014.66. Epub 2014 Jun 10. PubMed PMID: 24912386.
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the lungs, kidneys, gallbladder, tonsils, lymph nodes, paranasal sinuses, and
middle ear. This group of diseases includes: pneumonia, sinusitis and rhinitis,
mesotympanitis, cholecystoangiocholitis, pyelonephritis, tonsillitis, which are
often accompanied by allergic neurodermatitis, bacterial eczema.

3) Focal infection accompanied by transient staphylococcemia. It is
observed in acute or aggravated diseases of staphylococcal etiology: acute
pneumonia, tonsillogenic intoxication, pyelonephritis, enteritis, enterocolitis,
acute mesotympanitis.

4)Focal staphylococcal infection without staphylococcemia. Itis characterized
by moderately pronounced signs of chronic intoxication. Staphylococcus is
localized in the tonsils, middle ear, nasal passages, larynx and trachea, bronchi,
paranasal sinuses, gallbladder, affected areas of the skin, mucous membranes.
This includes chronic tonsillitis, adenoiditis, recurrent otitis, laryngotracheitis,
bronchitis, rhinitis, sinusitis, minor forms of staphylococcal diseases.

5) Staphylococcus carriage. There are no symptoms of intoxication.
Staphylococcus aureus is often found on the unchanged mucous membrane of
the nasal passages and pharynx. It is observed in 30-50% of cases in healthy
people. The most common antimicrobial substances of higher plants are the
works of Osborne, who studied 2300 species of plants, and found antibacterial
activity in only 160 species belonging to 63 genera.

Antimicrobial substances were most often found in buttercups, the
antibacterial activity of which could depend on the presence of protoanemonin
in them. Then came the liliaceae, which include onions and garlic, rich in
allicin or compounds close to it. The most sensitive to antibacterial substances
of plant origin were Gram-positive microorganisms, less sensitive — Gram-
negative. Antimicrobial substances are represented in plants by a wide variety
of compounds. The most common, that is, those that occur most often, will be
presented below .

Essential oils of different plants are not individual chemical substances.
They include carbohydrates (aliphatic and aromatic), mono- and polycyclic
terpenes and sesquiterpenes, alcohols, their esters, aldehydes, phenols and
phenolic esters, ketones, organic acids, sometimes lactones, etc. Nevertheless,
each essential oil has its own characteristics. Literature data indicate that
almost all essential oils have more or less pronounced bacteriostatic properties.
In particular, the most active essential oils against staphylococci were: Ol.
Acorus calami (dilution 1:5000), Ol. Artemisia absinthii (1:1000), Ol. Carum
carvi (1:2000), Ol. Cinnamonii (1:8000), Ol. Eucalypti (1:4000), Ol. Ferula sp.

20 Floch M.H., Walker W.A., Sanders M.E., Nieuwdorp M., Kim A.S., Brenner D.A., et al.
Recommendations for probiotic use. 2015 update: proceedings and consensus opinion. J Clin
Gastroenterol 2015.49. P. 69-73. doi: 10.1097/MCG.0000000000000420. PubMed PMID: 26447969.
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(1:1500), Ol. Thymus polessicus (1:10000 — 1:25000), Ol. Valerianae nitidae
(1:2500 — 1:5000), Ol. Cannabis sativa (1:50000 — 1:100000) and others 2'.

It is possible that the use of antimicrobial substances also takes place in
the food industry, since many spices contain antibacterially active essential
oils (ginger, nutmeg, cinnamon, marjoram, laurel, allspice, cloves, coriander,
anise...). Balsams and resins are also not individual substances, but mixtures.
Balsams with antibacterial properties include the Peruvian, Copaiba, Toluan
balsams and styrax, known since ancient times. Resins (resin acids) with
antimicrobial properties include resins from Balsamea Myrrha and Styrax
benzoin, which contains benzoic and cinnamic acids.

Organic acids are found in large quantities in higher plants. Antimicrobial
properties are possessed by haulmugrovy and hydnokarpov, as well as usnic
and gallic acids. Tannins, in particular tannin and gallic acid, have been used
as antiseptics since ancient times. Many literary sources indicate that the
antimicrobial properties of a number of plants are due to the presence of tannins
in them, in particular, such plants are thick-leaved badan, lingonberry, common
yarrow, snakeroot, erect cinquefoil, scumpia, etc ».

Thus, tannin exhibits a bactericidal effect in a dilution of 1:1000 — 1:5000,
bacteriostatic — 1:20000 — 1:100000; pyrogallol in 1:2000 and 1:20000;
hydroquinone in 1:500 and 1: 1000-2000; pyrocatechin in 1: 3500, respectively.
Of the proteins, only one has been described as an antibiotic — purothionine,
which is isolated from unbleached wheat flour. It is toxic not only to bacteria,
but also to animals, and also inhibits the reproduction of Gram-positive
bacteria. Alkaloids and glucosides exhibit the most pronounced antimicrobial
effect among all plant substances. In particular, piptanin, isoamodendrin,
anabasin, hatinin, glaucine, delphonin, taspin, spherophysin, harmine, etc. have
a pronounced effect on staphylococci.

3. Antimicrobial substances from plants of certain families

and their effect on bacteria of the genus Staphylococcus
From plants of the conifer family (Coniferales), the following antibiotics
are found: pinosylvin (isolated from Pinus silvestris wood), inhibits the
growth of Staphylococcus aureus at a dilution of 1:10,000-20,000; thujaplicin
(wood of Thuja plicata and Thuja ocidentalis) at a dilution of 1:32,000;
aqueous and alcoholic extracts from juniper berries inhibit the growth of

2 Bickhed F., Fraser C., Ringel Y., Sanders M.E., Sartor R.B., Sherman P.M., et al. Defining a healthy
human gut microbiome: current concepts, future directions, and clinical applications. Cell Host Microbe
2012. 12. P. 611-622.

2 Lau C.S., Chamberlain R.S. Probiotics are effective at preventing Clostridium difficile-associated
diarrhea: a systematic review and meta-analysis. Int J Gen Med. 2016. Feb 22 9. P. 27-37.
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Staphylococcus. From the family of cereals (Gramineae), antibacterial activity
against Staphylococcus was demonstrated by extracts of corn leaves, as well
as substances isolated from wheat, one of which resembles a fatty acid,
acting at a dilution of 1:250,000; another of a protein nature — purothionine,
at 1:20,000.

Puhiin from the Cyperaceae family, as well as an extract of the flowering
plant Tillandsia usneoides from the Bromeliaceae family, inhibit the growth of
Staphylococcus aurcus. Plants of the Liliaceac family are known for such an
antibiotic as allicin, which has a broad spectrum of action, its bacteriostatic
concentration relative to staphylococcus is 1:45,000-125,000. Its derivatives
have a similar effect. From Allium sativum, sativin and defenzoate were
isolated, which at a dilution of 1:1,000-1,600 inhibit the growth of St. aureus
and St. albus, as well as alizarin, which is detrimental at a dilution of 1:50,000.
From Allium odorum, odorin was isolated, which has an antibacterial effect
on Staphylococcus aureus. Methylenebutyrolactone isolated from Erythronium
americanum and essential oil of wild garlic juice (Allium ursinum) act on
staphylococcus at a dilution of 1:2000 .

From oak (Quercus tinctoria) of the beech family (Fagaceae), the flavone
pigment quercetin was isolated, which is active at dilutions of 1:10000-13000.
From hops of the hemp family (Cannabiaceae), humulone and lupulone were
isolated, which are active on staphylococcus at a dilution of 1:30000-50000 and
1:400000-650000, respectively. Cansatin isolated from hemp (Cannabis sativa)
inhibits the growth of St. aureus at a dilution of 1:10000-40000. The alkaloid
substance that affected the growth of St. aureus in a 1:50000 dilution from water
pepper (Polygonum hydropiper) from the buckwheat family (Polygonaceae) .

The effect of a very large number of plant extracts from different families on
bacteria of the genus Staphylococcus has been studied. Thus, the antimicrobial
activity of flavonoids and their mixtures isolated from some species of flowering
plants was reported. They found that some isoflavones (osain, genistein) and
flavones (quercetin, diosmetin) have antibacterial activity against spore cultures
and staphylococci. Later, they conducted studies of decoctions, alcohol extracts
and individual fractions containing various biologically active compounds,
including polyphenolic ones.

The greatest activity against all studied crops was shown by a decoction of
the aerial part of Centaurea orientalis, Vicia truncatula, Alcea angulata, Malva
neglecta, Scutellaria polyodon; inflorescences or flowers of Hibiscus syriacus,

»  Haznedaroglu M.Z., Karabay N.U., Zeybek U. Antibacterial activity of Salvia tomentosa essential

oil. Fitoterapia 2001. Nov 72(7). P. 829-831.

2 Hossain M.M., Paul N., Sohrab M.H., Rahman E., Rashid M.A. Antibacterial activity of Vitex
trifolia. Fitoterapia 2001. Aug 72(6). P. 695-697.
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Forsythia intermedia, Mimosa biuncifera; from the fruits of Feijoa selloviana,
Maclura pomifera; from the bark of the stems and leaves of Forsythia
intermedia .

It turned out that in some cases the antibacterial effect can be enhanced by
the presence of flavonoids and phenolic acids. For example, Ocnothera species
contain hyperoside, which is easily hydrolyzed during the processing of raw
materials with water or alcohol with the release of quercetin. It is active against
staphylococci and spore cultures. It is also known about the high antibacterial
activity of the isoflavone osain, which is contained in the fruits of Maclura
pomifera. It turned out that alcoholic extracts from fruits also inhibit the growth
of staphylococci and some bacilli 2

Regarding Staphylococcus aureus and other microorganisms, it turned
out that all the plants studied contained antibacterial substances. In most
cases, the most active were phenolic and acidic fractions. However, in
marsh marigolds and celandine, the most active were the fractions of basic
and neutral substances. In sage and mountain ash, substances with sodium
bicarbonate were isolated, which inhibited the reproduction of Staphylococcus
aureus in a dilution of 1:200,000-250,000. Extremely high antibacterial
activity (1:2,500,000-5,000,000) was found in acidic substances of St.
John'swort. Yarrow, lingonberry, marsh marigolds showed quite high antimicrobial
activity 27 8,

The antibacterial activity of the vast majority of the studied substances
decreased in the presence of 10% blood serum. The latest data on this issue will
be presented below: Centipeda minima (Asteraceae). Sesquiterpene lactones:
6-0-methylacrylylplenolin,  6-0-isobutyroylplenolin,  6-0-apgeloylplenolin.
Used in Nepalese medicine for sinusitis. Active against Bacillus subtilis and
Staphylococcus aureus. Avena sativa L.s. Cultivated oat (Poaceae). In vitro:
stimulates the release of IL-1, induces the production of IL-2, IFN-4 and
secretion of IL-4 dose-dependently in the culture of splenocytes of mice.
Increases the nonspecific resistance of animals to infection with Staphylococcus
aurcus. Chromolaena moritziana (Asteraceae). Dichloromethane and aqueous
extract of leaves, ethyl acetate extract of flowers. Used in Venezuela as an anti-
inflammatory and cleansing agent for the treatment of skin diseases. Active

2 Lis-Balchin M., Buchbauer G., Ribisch K., Wenger M.T. Comparative antibacterial effects of novel

Pelargonium essential oils and solvent extracts. Lett Appl Microbiol 2008. Sep 27(3). P. 135-141.

% Mandal S.C., Nandy A., Pal M., Saha B.P. Evaluation of antibacterial activity of Asparagus
racemosus willd. root. Phytother Res 2000. Mar 14(2). P. 118.

27 Saeed M.A., Sabir A.W. Antibacterial activity of Caesalpinia bonducella seeds. Fitoterapia 2001.
Nov 72(7). P. 807-809.

3 Shrimali M., Jain D.C., Darokar M.P., Sharma R.P. Antibacterial activity of Ailanthus excelsa
(Roxb). Phytother Res 2001. Mar 15(2). P. 165—169.
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against Staphylococcus aureus. Flavonoids have been identified: kaempferal,
3-0-kaempferal rutinose, rutin, isoquercetin, triterpene L-amyrin *.

Mutisia acuminata (Asteraceae). Methanolic and aqueous extracts. Active
against Staphylococcus aureus, Bacillus subtilis (Catalano S). Ephedra transitoria
(Ephedraceae). Quinoline alkaloid transtorine from the aerial part — 4-quinoline-
2carboxylic acid. Inhibits the growth of Enterobacter cloacae, Escherichia coli,
Pseudomonas aeruginosa, Staphylococcus aureus. Eutrema wasabi , Wasabia
japonica (Cruciferae). The ether extract of the stems — 6-methylsulfinylhexyl
isothiocyanate and its analogues. Active against Escherichia coli, Staphylococcus
aurcus. Entada abyssinica, Terminalia spinosa, Ximenia caffra, Azadirachta
indica, Harrisonia abyssinica, Spilanthes mauritiana (Fabaceae, Combretaceae
Olacaceae, Meliaceae, Asteraceae). Extracts of the bark of the trunk, young
branches, roots, leaves have antibacterial activity against staphylococci.
MIC;, — 0.13-8 mg / ml; MIC,, — 0.5->8 mg / ml; MBC,;, and MBC,, —
0.5-8 mg / ml 3.

Micromeria nervosa, Inula viscose, Ruscus aculeatus, Phagnalon rupestre,
Ziziphus spina-christi (Asteraceae, Rhamnaceae). Alcoholic and aqueous
extracts are active against Staphylococcus aureus, Esherichia coli, Pseudomonas
acruginosa, Klebsiella pneumoniae, Proteus vulgaris, Candida albicans. Allium
sativum (Alliaceae). Turbidimetric method established antimicrobial activity
of garlic against all tested microorganisms that can be transmitted through
food: Staphylococcus aureus, Streptococcus typhi, Esherichia coli and others.
Thus, garlic is recommended for extending the shelf life of semi-finished
products. Piper gibbilimbum. Alkeninphenols, gibbilimbole are cytotoxic
for nasopharyngeal carcinoma cells. All exhibit antibacterial activity against
Staphylococcus epidermidis and Bacillus cereus.

Melaleuca. Essential oil has antimicrobial activity against Staphylococcus
aureus, Escherichia coli (Fasagali Jt). Commiphora tenuis Vollensa (Ethiopia).
The essential oil of the bark exudate contains in the monoterpenoid fraction
a-pinene (60.8%), B-pinene (8.8%), sabinene (6.3%), a-thuene (8.8%), mononene
(5.5%) 3-carene (3.7%), B-myrcene (1.8), B-elemene (1.1%) a, B, y-identified
sesquiterpene components. The main triterpene component is omenolic acid
acetate and 3 more triterpenes (oman-12-ene group). It has antibacterial activity
against Staphylococcus aureus, Protey mirabilis, Escherichia coli (MIC 0.5-1%)
(Asres K).

Viscum capense (Loranthaceae). Inhibits the growth of Staphylococcus aureus.
Pelargonium sp. (Geraniaceae). Essential oil from the leaves is a promising

¥ Tlacanserkuit B.K. Ximist xapuosux npoxykris: HIT. Kuis. Jlepx.topr.-ekon.yH-1, 2000. 196 c.

Jlactyxin }O.O. Ximist mpupoqHuX opraHiuHuX croayk. Hasuampauii nocibnuk: JI: Ham. yH-T
«JIpBiBChKa MONiTEXHIKa»; [HTENneKkT-3axin, 2005. 560 c.
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antibacterial agent for cosmetology. It has a pronounced antibacterial activity
against Staphylococcus aureus, Staphylococcus epidermidis. The activity of
the methanol extract and the extract with petroleum ether is greater than the oil
obtained by steam distillation (Lis-Balchin M). Caffeae Beverage. The acid extract
is highly active against Staphylococcus aureus and Streptococcus mutens 9102.

Anecthum lavlolens, Acorus gramineus (Umbelliferale, Araceac). The
hexane fraction of methanol extracts significantly reduces the manifestation
of antibioticresistance of multi-resistant Staphylococcus aureus (when tested
against ampicillin and chloramphenicol). The active substance is carvone
isolated from Anethum lavlolens. The active substance from Acorus gramineus
is a liquid mixture containing phenylmethyl ester of benzoic acid (benzyl
benzoate). They at a concentration of 20-50 pg/ml reduce antibiotic resistance
when co-incubated with 100 and 50 pg/ml Amk and Lev, respectively.

Alichrysum trilineatum (Asteraceae). Pinocymbrin balcony has antimicrobial
activity against Staphylococcus aureus. Lycoperricon esculentum, Tomato
(Solanaceae). Oil extract of fruit pulp has a wide spectrum of antimicrobial
activity against gram-positive and gram-negative microorganisms and
fungi of the genus Candidis (Enterobacter, Streptococcus, Staphylococcus,
Klebsiella, Esherichia — clinical strains. Antimicrobial activity is associated
with a complex of organic acids (oxalic, citric, tartaric, etc.). Cryptostegia
grandiflora (Asclepiadaceae). Leaf extract has pronounced activity against
St. aureus NCIM-2492, E. coli NCIM-2345, Bac. subtilis NCIM-2349, Bac.
coagulans NCIM-2323. Paulownia tomentosa. Butanol extract of branches has
antibacterial activity against St. aureus (sg 511,285,503), Str. pyogenes (A 308,
A 77), Str. Faecium MD 8v. The most active is campneoside (MIS-150 pg/ml).
It has been established that the methoxy group in its molecule plays an important
role in the manifestation of antibacterial activity.

Wedelia trilobata — ethyl acetate extract is active against Bac. subtilis, Myc.
smegmatis, St aureus, St. epidermidis, Pr. vulgaris, Ps. aeruginosa, Salmonella
grav C, S. paratyphi, Sh. Sonnei. Hypericum perforatum (Hypericaceae).
Hyperforin (triterpene) is active against multidrug-resistant St. aureus and
gram-negative bacteria (Schempg CM). Mitracarpus scaber. The alcohol
extract of the aerial part of benzo-y-soquinoline-5,10-dione is maximally
active, exhibits well-defined antimicrobial activity, including against AIDS-
associated microorganisms (Bac. subtilis, C. albicans, Cript. neoformans,
M. avium, St. aureus). Camellia sinensis. The components of the extract reverse
the methicillin-resistant staphylococci. The morphological changes are based
on selective inhibition of penicillin-binding proteins.

Baccharis dracunculifolia The leaf secret, which serves as a source of bee
glue — propolis, has antibacterial activity against St. aureus, C. albicans. Buddleja
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cordaba Verbascoside. By studying the kinetics of killing and incorporation of
labeled precursors, a lethal effect on St. auricus was established. It is based on
the effect on protein synthesis and a decrease in the incorporation of leydin in.
Byrsonima crassifolia — ethyl acetate extract of the roots is maximally active
against P1. pneum, Ps. aerugin, S. typhi, Sh. flexneri, St. aureus, St. epidermidis,
Str. pneumonica, M. luteus.

Senecio graveolens (Asteraceae). The essential oil contains valeric aldehydes:
a-pinene, o-phellandrene, o-terpinene, P-cymene, sabinene, v-terpinene,
terpinolene,  1-methyl-4-isopropylbenzene, ter-pinen-4-ol,  piperpenone,
a-B-eusemol. It has antimicrobial activity against M. Luteus ATCC 9341, St.
aureus, as well as clinical isolates of C. Albicans.MIC — M. Luteus 8.73*10-2 mg/
ml; MIC — St. aureus 10.91*102 mg/m; MIC — C. Albic. 2.3*10 mg/ml.

Dios pyros mespiformis (Ebenaceae). Crude extracts have a wider spectrum
of activity against gram-positive and gram-negative microorganisms, some
strains of fungi. The maximum activity is in the chloroform extract of the roots,
some of the studied extracts are sensitive to strains of St. aureus and strains
of Ps. aeruginosa. Clove (Alliaceae). The extract has bactericidal activity:
after 1 h. exposure kills 93% of Staph. epidermidis; 93% killing of S. tiphi is
achieved after 3 h; complete killing of Candida is achieved after 5 h. with clove
and after 1 h. with garlic.

Piper betle Leaf extract (ethyl acetate, ethanol) has a pronounced
antimicrobial activity (disk method) against St. aureus, Str. pneumonica, KI.
aerogenes. Combretum erythrothyllum Antimicrobial activity against St. aureus,
Ent. faecalis, E. coli, Ps. acruginosa. Psidium guajava. Aqueous leaf extract
exhibits antimicrobial activity against St. aureus (9 different strains) — in wells,
disk method and turbidimetric. Complete inhibition of growth of all strains —
6.5 mg / ml. Eysenhardtia texana Flavanones from the aerial part are active
against St. Aureus. Hypericum papuanum. Petroleum ether extract of the aerial
part has antibacterial activity against Bac. cereus, St. epiderm, Microc. luteus.
Sophora flavescens. Significant antibacterial activity against gram-positive
bacteria — St. aureus, Bac. Subtilis, St. epidermidis, Propionibacterium acne.
Mikania micrantha 2 sesquiterpenoids — micanolides are used in Jamaican folk
medicine, active against St. aureus and C. albicans. So, as can be seen from
a large number of studies by scientists from different countries of the world,
plants deserve great attention regarding antimicrobial activity. That is why it
is very important to reveal their various properties that are still unknown to us.

The presence of antibiotic properties in 40%, 70%, 90% ecthanolic and
acetone extracts of plants common in the Ciskarpattia and Carpathian regions
was tested on clinical strains of aureus, epidermal, hemolytic and other
coagulase-negative staphylococci. For comparison, a number of tinctures
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and antiseptic preparations that are already widely used in medicine were
studied *' ¥,

Significant inhibition of the growth of St. aureus and St. epidermidis was
observed only under the influence of biologically active substances of Grindelia
raschepirena (n/h), Biota orientalis (leaves and fruits) and Siversia montane. At
the same time, the zones of growth inhibition of St. epidermidis were larger
compared to Staphylococcus aureus. The sensitivity of Staphylococcus aureus
strains to the studied drugs was individual and did not depend on the level
of their antibiotic resistance. The antibiotic-sensitive strain of Staphylococcus
epidermidis was characterized by higher sensitivity to extracts of mugwort,
black dropsy, and comfrey than antibiotic-resistant strains *.

Of the 70% ethanol extracts, the biologically active substances of snake
gourd and white willow showed the greatest activity. The sensitivity of strains
of both types of staphylococci was similar. The strain of Staphylococcus
aureus, sensitive to antibiotics, also showed weak sensitivity to some other
extracts, in particular, hemlock, orange-red, and soft marigold. The antibiotic-
resistant strain of St. epidermidis showed individual sensitivity to hemlock.
Resistant strains did not show special sensitivity to 70% ethanol extracts. In
this case, strains of epidermal Staphylococcus aureus were less sensitive to
antimicrobial substances of plant origin than strains of aureus, which is not
entirely characteristic of it, since in other studies Staphylococcus epidermidis
shows greater sensitivity.

Strains of different types of staphylococci throughout the study period
showed different sensitivity both to plant extracts and to drugs. Among the
pharmaceutical preparations, peppermint tincture showed the greatest activity,
it had the best effect on strains of golden and epidermal staphylococci. Strains
of Staphylococcus hominis and Staphylococcus haemolyticus turned out to be
quite resistant to the action of biologically active substances of plant origin.
Perhaps this is due to the fact that they were mainly clinical, therefore they
acquired high resistance upon contact with the human body 3¢ ** *¢.
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CONCLUSIONS

They have been talked about for 30 years, but the debate has not subsided
yet, and opinions are just as opposite and categorical. Opposing views usually
arise because people cannot figure out this problem themselves. There is a lot of
information, but it depends on who provides it, what goal they are pursuing, and
what opinion they want to impose on the consumer. Many people do not trust
dietary supplements because they doubt the quality of these products. Many
manufacturers today cannot provide this data in full. As a result, the consumer
does not know where he can get objective information. Often it is simply
inaccessible, since it is found in special journals, little-known methodological
developments, and legislative acts. Relatively recently, the situation with
dietary supplements in our country has changed seriously. A clearly developed
legislative framework regulates all aspects of the development, certification,
clinical trials, and distribution of dietary supplements. If you get acquainted
with this information, with data on the clinical effects of the use of dietary
supplements and their distribution in the world, you may change your attitude
towards them. Biologically active additives (BAD) are natural or identical to
natural biologically active substances obtained from plant, animal or mineral
raw materials, as well as, but much less often, by chemical or microbiological
synthesis. They can be included in the composition of food products, beverages,
or used independently in various forms, in order to provide the human
body with the necessary amount of essential nutrients (complete proteins or
individual amino acids and their complexes, polyunsaturated and fatty acids,
phospholipids, vitamins, minerals). Biologically active additives appeared
in Ukraine relatively recently, about 10 years ago. But today, more than
200 companies producing biologically active additives offer their products to
the population of Ukraine. Possessing such an arsenal of dietary supplements,
a doctor can introduce them into a diet or rational nutrition to optimize
metabolic processes and functions of the human body, taking into account
the state of his health. Biologically active additives are divided into 3 main
categories: nutraceuticals, parapharmaceuticals and eubiotics. Nutraceuticals —
dietary supplements are used to correct the chemical composition of food.
Nutraceuticals are indispensable nutrients or their close predecessors. The
use of nutraceuticals in the daily diet of sick and healthy people allows: — to
easily and quickly eliminate the deficiency of essential nutrients, which are
ubiquitously found in the majority of the adult and child population of Ukraine; —
to maximally take into account the individual needs of a particular person in
their nutrition, which differ significantly not only by age, gender, intensity
of physical activity, but also due to genetically determined features of the
metabolism of an individual, his biorhythms, environmental conditions of the
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region of residence, physiological states (pregnancy, psycho-emotional stress,
etc.); — to maximally ensure the changed physiological needs for nutrients of
a sick person, bypass the areas of metabolic pathways damaged by the disease,
and sometimes — to correct them; — by strengthening the protective elements
of cellular enzyme systems, to increase the general, non-specific resistance
of the body to the action of adverse environmental factors in the population
living in both ecologically clean and ecologically disadvantaged regions; —
primarily affect enzyme systems, purposefully change the metabolism of
certain substances, in particular, xenobiotics, as well as enhance and accelerate
the binding and excretion of foreign and toxic substances from the body. The
use of nutraceuticals is an effective means of prevention, as well as additional
(and sometimes primary) treatment of patients with widespread chronic
vascular diseases, malignant neoplasms, immunodeficiency states, diseases of
the gastrointestinal tract, degenerative diseases of the musculoskeletal system.

Parapharmaceuticals — dietary supplements are used for prevention,
adjuvant therapy and support of the functional activity of organs and body
systems. These are, as a rule, products containing minor food components —
bioflavonoids, organic acids, glycosides, biogenic amines, regulatory
oligopeptides, polysaccharides, oligosaccharides, etc. They have a wider range
of doses than drugs, at which they exert their normalizing or correcting effect
on the functions of individual organs and systems of the human body with
a significantly lower probability of manifestation, in comparison with drugs,
of toxic and side effects. Parapharmaceuticals are most often sources of natural
food components, in most cases, do not have nutritional value, however, due to
the fact that they are able to gently regulate the functions of individual organs
and systems, these food components should also be considered as indispensable
nutritional factors. Eubiotics (probiotics) are dietary supplements that contain
living microorganisms and normalize the intestinal microflora.

The widespread use of biologically active additives, not only of the
nutraceutical but also of the parapharmaceutical series, is an attempt at a new
turn in the spiral of human development to once again come into harmony
with nature and significantly expand its adaptive abilities in conditions of the
constantly increasing impact of technogenic and socio-stressor factors. According
to statistics, 70% of the population of developed countries regularly use dietary
supplements. And this is not due to a new fashion, aggressive advertising or
mass deception of gullible consumers. Dietary supplements could not fail to
appear. The main reason for this was the "social order" — the desire of people to
live a healthy life. Quitting smoking and strong alcoholic beverages, mass sports
enthusiasm — all this was actively stimulated and competently regulated until
it became a policy of society. But the main thing is that the population's health
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indicators have really increased. For example, population health is regulated at
the government level. According to very approximate data, in Ukraine, dietary
supplements are still regularly used by no more than 5% of the population.
However, for us, the use of these products is much more relevant than for the
countries of Western Europe and America. The reasons are clear: unfavorable
ecological situation, low standard of living, not always accessible medical
care. For low-income people, dietary supplements can become the main way to
maintain some minimum "level of health". The main principles of using food
BAD: principle of: systematicity and functionality; phasing; adequacy; optimal
doses; combination; syndromic principle; biorhythmological principle.

The above principles are closely intertwined and provide an opportunity to
more deeply understand the place and role of correcting the chemical composition
of diets using dietary supplements in order to optimize the biological action of
the nutritional factor in complex therapy. The principle of systematicity and
functionality must take into account that in the body there is a close relationship
between the state of nutrition and the regulation of tissue catabolism and the
work of regulatory systems, primarily the central nervous system. Research
results indicate hierarchical connections between the hypothalamic-pituitary
system and the endocrine apparatus of the duodenum and the pancreas. It has
also been proven that when using certain agents that suppress the excitability
of the nervous system, suppression of the functions of the immune system is
observed, while stimulants of the nervous system simultaneously contribute to
the increase in the function of the immune system.

Such a close relationship between the body's systems requires deep
knowledge of the mechanism of action of each of the dietary supplements used
in the prevention or treatment of diseases. Thus, the above provides grounds
for a broader understanding of the function of diet therapy and, in particular,
not only as a carrier of energy, but also as a means of high biological action on
various links of metabolic processes. This is especially true of micronutrients of
plant origin, which are a component of many biologically active food additives.
Skillful use of the latter in order to achieve a balanced diet will contribute to
the optimization of preventive and therapeutic measures, and any scientifically
unfounded use of them can contribute not only to disappointment, but also to
negative consequences.

The daily energy expenditure of a modern person is significantly lower than
in the past. Therefore, the structure of nutrition is characterized primarily by
a significant decrease in the energy value of the daily diet. Thus, according to
calculations using computer modeling, the energy expenditure of an ancient
person — a primitive adult hunter — amounted to 5-6 thousand kcal per day. In the
early period of the development of cattle breeding and agriculture, the energy

70



expenditure of an adult person amounted to about 4 thousand kcal. Currently,
the energy expenditure of the adult population is approximately 2 thousand
kcal. In turn, this leads to the consumption of a reduced volume of food. Such
a diet cannot fully satisfy the needs of the human body in micronutrients, which,
according to some sources, is about 600 items. Especially if, when compiling
food rations, you limit yourself to calculating only the "big four": proteins,
fats, carbohydrates and calories. Free access to simplified computer programs,
which have become household names for "calorie calculators", contributes to
the spread of unbalanced diets among the population in terms of micronutrient
composition. Deficiency of nutrients and biologically active components in the
diet reduces the body's resistance to harmful environmental influences, causes
immunodeficiency states, and disrupts the functions of antioxidant defense
systems.

SUMMARY

The characteristic feature of the Ukrainian parapharmaceutical market
is the tendency to increase the already wide range of domestic and foreign-
produced goods. There is a competitive struggle for the sales market between
foreign and domestic manufacturers. The former have significant financial
resources to carry out work on promoting products; the latter, as a rule, lose
in the competition for potential buyers due to the policy of foreign firms that
use aggressive advertising, "non-advertising" means of promotion, various
promotions and bonuses. Therefore, in Ukraine, there was a need for state
intervention in the issue of regulating prices for the main parapharmaceuticals
of foreign and domestic manufacturers. It was found that 60% of specialists
supported the issue of the need to revise regulatory documents to regulate prices
for parapharmaceutical products; 30% of specialists had a pessimistic view:
the development and implementation of regulatory documentation, in their
opinion, will not lead to significant changes in the situation that has developed
on the country's parapharmaceutical market, and 10% of respondents noted that
the documents do not need to be revised at all. Most respondents noted that
the financial crisis for some time slowed down the processes of development
and modernization of distribution companies due to a decrease in consumer
demand and giving preference to medicines. Solving the problem of forming
the assortment of parapharmaceuticals remains one of the priority areas of
work of distributors and pharmacies. The high level of awareness and culture
of the population determines the relevance of the task of further expanding the
pharmacy assortment through the arrival of new parapharmaceuticals.

The parapharmaceutical market in Ukraine began to form in 1990-1997,
actively developed in 1997-2004, and this process continues to this day.
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Currently, its active formation is due to the arrival of new parapharmaceutical
products (for hair care, facial skin care, products for athletes, for infant care, etc.).
According to consumer data, the range of products that are most often purchased
in pharmacies has been established. The main factors in product selection:
safety, effectiveness and price. The lack of complete and truthful information
among 55% of respondents affects the formation of the stereotype about the
medicinal properties of parapharmaceuticals, and only 45% of consumers know
that these products are used only for prevention. Pharmacists record that 40%
of consumers receive their basic information from medical representatives. The
need to divide parapharmaceuticals into two parts (therapeutic and prophylactic
and perfumery and cosmetic products) in a pharmacy was identified by the
majority (58%) of respondents. 60% of the specialists noted that it is necessary
to make adjustments to the regulatory documents regarding the advertising of
parapharmaceuticals by manufacturers and distributors.
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CHAPTER 16
PROBIOTICS IN HEALTH NUTRITION

Kichura D. B.
DOl https://doi.org/10.30525/978-9934-26-653-9-16

INTRODUCTION

In recent years, the concepts of "probiotics", "probiotic products" have
become widespread, this term in the literal translation of the two words "pro"
and "bio" means "for life" in contrast to "antibiotics" — "against life". Probiotics
are living microorganisms that have a positive effect on human health, which is
realized in the gastrointestinal tract. Probiotic products are fermented products
prepared using probiotic cultures, or products enriched with them. Fuller
interprets the concept of "probiotics" as living microorganisms. Over the years,
there have been several interpretations of the term "probiotic". Lilly and Stillwell
first used this term to refer to metabolites produced by some microorganisms to
stimulate the growth of others. The term "probiotics" in translation means "for
life" in relation to a living organism, in contrast to the term "antibiotics" ("against
life"). Disruption of the microbiocenoses of the human and animal body due
to the widespread use of antibiotics has led to the emergence of resistance to
them of pathogenic microflora. Parker proposed the term "probiotics" to refer
to natural adjuvants — living microorganisms, the introduction of which into the
body contributes to the maintenance and restoration of the biological balance
of its normoflora and has a positive effect on it. Fuller interprets the concept
of "probiotics" as living microorganisms, which, when introduced into animal
feed or into human food products (yogurts), have a positive effect on the body
by improving the intestinal microflora. Gibson and Robefroid call probiotics
live microorganisms (for example, strains of live bacteria in yogurt), which
must be present in sufficiently large quantities, remain stable and viable both
during their storage and after introduction into the body, must adapt to the host
organism and have a beneficial effect on its health. These same authors first
proposed to introduce, along with the term "probiotics", the term "prebiotics".
Unlike probiotics, prebiotics are substances or dietary ingredients that selectively
stimulate the growth and biological activity of microorganisms in the intestine,
which in turn positively affect the composition of the microbiocenosis. Most
foreign authors include lactulose, fibrous oligosaccharides, pectin, bran,
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methylcellulose, some microalgae (chlorella, spirulina), vitamins and their
derivatives (pantothenic acid) as prebiotics. All existing probiotics are divided
into two large groups — liquid and dry. Microorganisms in the composition
of dry probiotics are in a state of a kind of "hibernation". The shelf life of
dry preparations is longer than that of liquid ones, they do not require strict
adherence to storage conditions. Therefore, many companies, especially foreign
ones, prefer to use dry probiotics, which are stored longer and are convenient
to transport. The disadvantage of dry probiotics is that when dried, the bacteria
in their composition lose some of their beneficial properties, and after entering
the body, they need at least 8-10 hours for the bacteria to transition from
"hibernation" to an active form and begin to act. The bacteria in the composition
of liquid probiotics are bacteria "with an active vital position", that is, they fully
retain all their valuable properties and begin to act immediately after entering
the body. Liquid probiotics contain bacteria in an active state, therefore they
require strict adherence to storage conditions, and this shelf life is much shorter —
no more than three months. Liquid probiotics contain not only bacteria, but
also their waste products. Getting into the human body, they help restore and
form the internal environment of the intestine, favorable for the growth and
reproduction of beneficial microorganisms and harmful to foreign microflora.
There are also reports of the ability of probiotic fermented milk products to
reduce the risk of malignant neoplasms, in particular colon and breast cancer.
Probiotic products include microorganisms and substances of microbial origin,
which allow a natural way to enhance the beneficial effect on the physiological
and biochemical processes of the human body by optimizing its microbiological
status. Intensive development in recent years of the production of probiotic
products is due to a decrease in the adaptive capacity of people of different age
groups of the population, caused by the action of negative external and internal
factors. The ability of a person to mobilize and manage his own body's forces is
one of the main levers in the evolutionary development of life on Earth.

1. Classification of probiotics and application
In 1965, D. M. Lilly and R. H. Stilwell drew attention to the phenomenon
of enhancing the growth of the protozoan Tetrahymena pyriformis by another
protozoan Colpidium campylum, which modified the environment by producing
certain substances in it. In this work, the term "probiotic" (from the Greek —
"for life") was first proposed . It is believed that the concept of probiotics was
proposed by Nobel laureate Ilya Mechnikov, who in the late 19th and early

! Lilly, D. M., & Stillwell, R. H. Probiotics: growth-promoting factors produced by microorganisms.

Science. 1965. 147(3659). P. 747-748. https://doi.org/10.1126/science.147.3659.747
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20th centuries proposed the first analogues of modern probiotics based on
lactic acid bacteria with high antagonistic activity against putrefactive intestinal
microbiota 2. It is with the ability to suppress the development of pathogenic
microorganisms that the preventive and therapeutic effects of probiotics are
primarily associated. In the modern sense, probiotics are live microorganisms
that confer a health benefit on the host, as evidenced by R. Fuller 3. The official
term and definition of “probiotic” as such were established by a joint expert
consultation of the Food and Agriculture Organization of the United Nations
(FAO) and the WHO in 2001. Thus, these are live microorganisms that, when
administered in adequate amounts, confer a benefit on the person who consumes
them. This widely accepted definition has been used worldwide for over two
decades by regulatory authorities, scientists and industry to provide a common
understanding of the term 4. Current research continues to focus on the specific
benefits and applications of probiotic strains for human and animal health.
Following the ideas of I. Mechnikov, the Bulgarian physician Stamen
Grigorov in 1905 isolated Lactobacillus bulgaricus, now known as Lactobacillus
delbrueckii subsp. bulgaricus *> from homemade yogurt. His discovery served
as the basis for the scientific research of A. Tissier, who first described the
Gram-positive non-spore-forming rods he found in the intestines of newborn
children, calling them bifidobacteria, as well as the proposals of A. Gartier, who
suggested using acidophilic milk fermented with acidophilic rods isolated from
the intestines ¢. Modern realities force many physicians to investigate probiotics
and other alternatives to pharmaceuticals. This is due to the increasing rate
of multidrug resistance among pathogenic bacteria, especially in hospitals,
the increasing demand for natural alternatives to drugs, and the emergence
of scientific and clinical evidence for the effectiveness of probiotic strains 7 %,
However, much remains to be done to standardize the meaning of the term
“probiotic” and to prove which strains actually meet the criteria for true

2 CmiBak, M. fl., Cadponosa, JI. A. IIpobioTHKH SIK aJbTepPHATHBHI AMHTUMIKPOOHI 3acOOH.

Indexuiitui xBopodu. 2025. 1. P. 4-8.

3 Fuller, R. Probiotics in man and animals. The Journal of applied bacteriology/ 1989. 66(5). C. 365-
378. https://doi. org/10.1111/7.1365-2672.1989.tb05105.x

¢ Probiotics: official definition, scientific requirements and vigilance points during product
development. https://www.rni-consulting.com/en/ probiotics-official-definition/

3 Lactobacillus  delbrueckii ~ subsp.  bulgaricus.https://uk.wikipedia.org/wiki/Lactobacillus
delbrueckii_subsp. bulgaricus

6 ®inimonosa, H. 1., Cinaea, JI. @., Jluka, O. M., ta in. Mikpo6ioorisi: miapyYHUK ist CTYICHTIB
BUIINX HABYaJIbHUX 3aKIajiB (2-re BuA.; 3a 3ar. pea. H. I. ®inimonosoi). 2019. Xapkis: HDaV, 3onori
CTOpiHKH. 246c¢.

7 Kummarok, C. L, Bomy, I. P, 3arpuuyk, O. M., Kpaseus, H. 5., Meaging, L. ., & Muxaiinaums, I M.
MikpoOioM opraHi3My JIFOIMHN: HaB4aIbHUI ociOHuK. Tepronine: Ocanna 0. B. 2023. 263 c.

8 Pal, M., & Jadhav, V. J. Significance of probiotics in human health. Beverage and food world. 2013.
P. 65-67.
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probiotic microorganisms. Unfortunately, many so-called probiotic products
have not been properly identified, documented, manufactured according to
the required manufacturing practices, or have not been clinically proven to be
effective, yet various companies claim that consumers and caregivers believe
that they are using reliable products. Thus, defining standards and guidelines is
a necessary first step in ensuring that probiotic products are indeed legitimate
and effective.

Awareness of the possible catastrophic consequences of the further
spread of serious violations of microbial ecology among the population has
become one of the reasons for the intensive introduction of microbiological
therapy methods into the clinic. In recent years, there has been a more active
rethinking of a number of classical concepts and a transition from methods
of total destruction of microflora to the search for ways to restore the natural,
harmonious relationship of the human body with its own microbiomes and the
exogenous world of microorganisms. That is why at the turn of the 20th and
21st centuries, medicine entered the era of probiotics. Various microorganisms
are now used as probiotics (Table 1). Certain requirements are imposed on
microorganisms used as the basis of probiotics: They must:

— be isolated from the organism of those species of animals and humans for
which they will be intended;

— be safe for the host organism;

— not have any pathogenic or toxic effects;

— have a positive effect on the macroorganism, confirmed by laboratory
studies and clinical observations;

Table 1
Microorganisms as probiotics

Microorganism Genus Species

Lactobacillus L. acidophilus, L. brevis, L. bulgaricus,
. casei, L. cellobiosus, L. delbrueckii, L. fermentum,
. johnsonii, L. lactus, L. paracasei, L. plantarum,
. reuteri, L. thamnosum, L. sporogenes

Lactobacillus

Biofidobacterium . animalis, B. bifidum, B. infantis, B. longum,

L

L

L

B

B. thermophilus

bacteria Streptococcus S. alivarius, 'S. cremonis, S. intermedius, S. lactis,

S. thermophilus
Bacillus B. coagulans
Enterobacter E. faccium
Enterococcus E. faecium, E. faecalis
Leuconostoc L. mesenteroides
Pediococcus P. acidilactici
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Continuation of table 1

Aspergillus A. niger, A. oryzae
mushrooms - - -
Gonoderma G. lucidun, G. sinensis, G. tsugae
Saccharomyces S. boulardii, S. cerevisiae, S. carlsbergensis
yeast Monacus M. purpureus, M. anka
Candida C. utilis

— when introduced in large quantities, they must have a minimal ability to
translocate from the lumen of the digestive canal into the internal environment
of the macroorganism;

— have a high colonization potential (be resistant to low pH values, bile
acids, pancreatic secretion, antimicrobial substances);

— have a high growth and reproduction rate in

conditions corresponding to the microclimate in the intestine;

— stimulate the body's immune system;

— have anticarcinogenic activity;

— adhere to intestinal epithelial cells;

— have clear physiological, biochemical and genetic marking both to exclude
falsification and to periodically monitor the identity of the initial probiotic
strains and production cultures;

— preserve viability during storage.

In addition, to restore or maintain the microbial ecological system, other
modern means are used, presented in Table 2 °.

Table 2
Probiotic drugs
Group of drugs Features
Probiotic Pharmaceutical preparations, special products and biologically active

additives, the active component of which is living microorganisms;
when administered naturally, they are capable of causing beneficial
effects on the physiological functions, metabolic and behavioral
reactions of the organism by optimizing its microecological status

A preparation based Inactivated biomass of probiotic microflora
on inactivated
microorganisms

Prebiotics Food ingredients that selectively stimulate the growth and activity
of certain microbial populations, primarily representatives of the
host's intestinal microbiota, thereby causing positive effects in the
body

o Amiri, A., Firoozeh, F., Zibaei, M., & Khaledi, A. Effects of probiotics on human health and
disease: A review. Acta Medica Bulgarica. 2021. 48(1). P. 95-100. doi:10.2478/amb-2021-0015.
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Continuation of table 2

Synbiotic Probiotic and prebiotic complex

Metabiotic Structural components of the cells of probiotic (symbiont)
microorganisms and/or their metabolites and/or signaling molecules
capable of optimizing physiological functions, regulatory, metabolic
and/or behavioral responses through modification of host cells

Metabolite-type Physiologically active metabolites of probiotic microflora
preparation

Functional food Live microorganisms, their metabolites and/or other compounds that
product positively affect the intestinal microflora

Nutriceutical Nutrient substrates that promote intestinal health

It has been proven that probiotics remain the most priority group of
microbiological therapy agents. They include pharmaceuticals, special products
and biologically active additives based on living cells of healing microflora,
which, when administered naturally, cause positive effects on the physiological,
biochemical and immune reactions of the human body through optimization and
stabilization of the function of its normal microflora. In Ukraine, the first bacterial
therapy based on living cells of the intestinal microflora, called eubiotics,
became widespread in the mid-1970s. These are single-strain or two-component
bacterial preparations based on lyophilized biomass of bifidobacteria, E. coli,
and lactobacilli (Bifidumbacterin, Bifikol, Colibacterin, and Lactobacterin,
etc.), which are still quite often used in patients with dysbiosis. More and more
data are emerging that allow us to state that probiotics can be used for various
purposes '° ' in particular: restoration of the balance of the colonic microflora
after antibacterial therapy '* '; reduction of blood cholesterol levels '
improvement of microcirculation '5; inactivation of allergy mediators (histamine,

10 Tijani, K. L, James, M., & Altin, C. Probiotics and their attributes in human health therapy.

International Journal of ResearchGranthaalayah. 2020. 8. P. 158-164. https://doi.org/10.29121/
granthaalayah. v8.i5.2020.66

1 Bodke, H., Jogdand, S., & Jogdand, S. D. Role of probiotics in human health. Cureus. 2022.
14(11).P. 101-119. https://doi.org/10.7759/ cureus.31313

2. Ng, K. M., Aranda-Diaz, A., Tropini, C., Frankel, M. R., Van Treuren, W., O’Loughlin, C. T, ... &
Huang, K. C. Recovery of the gut microbiota after antibiotics depends on host diet, community context,
and environmental reservoirs. Cell host & microbe. 2019. 26(5). P. 650-665. https://doi.org/10.1016/j.
chom.2019.10.011.

3 Rajyalakshmi, K., Oudah, M. A., Babu, M. K., Priya, A. S., Shabana, S., & Satya, A. K.
Benefaction of probiotics in human gastro intestinal tract. International Journal of Physiology, Nutrition
and Physical Education. 2019. 4(2). P. 459-465.

14 Momin, E. S., Khan, A. A., Kashyap, T., Pervaiz, M. A., Akram, A., Mannan, V., ... &
Pervaiz Sr, M. A. The effects of probiotics on cholesterol levels in patients with metabolic syndrome: a
systematic review. Cureus. 2023. 15(4). P. 141-151. https://doi.org/10.7759/cureus.37567.

5 Aboulgheit, A., Karbasiafshar, C., Zhang, Z., Sabra, M., Shi, G., Tucker, A., ... & Sellke, F. W.
Lactobacillus plantarum probiotic induces Nrf2-mediated antioxidant signaling and eNOS expression
resulting in improvement of myocardial diastolic function. American Journal of Physiology-Heart and
Circulatory Physiology. 2021. 321(5). P. H839-H849. https://doi.org/10.1152/ajpheart.00278.2021.
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serotonin) '® '7; anticarcinogenic effect '® %; reduction of immunomodulatory
effect 2°; antibacterial effect 2! 2 2*; ammonia levels in the blood ** %; synthesis
of enzymes (phosphatase, lysozyme) and proteins®®; influence on the genetic
apparatus »’; — synthesis of vitamins (group B, folic acid) *® %.

It is believed that the prospects of probiotic therapy, provided that this
method is used rationally, are very great. The creation of probiotics and
their widespread use are today a strategic direction in the fight against many
infectious and somatic diseases.

The interest in using microbiological therapy methods with an insufficiently
perfect system of their application implies, first of all, that they should be safe

1©° Gao, C., Major, A., Rendon, D., Lugo, M., Jackson, V., Shi, Z., ... & Versalovic, J. Histamine H2
receptor-mediated suppression of intestinal inflammation by probiotic Lactobacillus reuteri. ASM
JournalsMBio/ 2015. 6(6). P. 1110-1128. https://doi.org/10.1128/mBio.01358-15

7 Azad, M. A. K., Sarker, M., & Wan, D. Immunomodulatory Effects of Probiotics on Cytokine
Profiles. Biomed Res. Int. 2018. 1. P. 1-10. https://doi.org/10.1155/2018/8063647

18 Commane, D., Hughes, R., Shortt, C., & Rowland, I. The potential mechanisms involved in the
anti-carcinogenic action of probiotics. Mutation Research/Fundamental and Molecular Mechanisms of
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for the health of all categories of the population, and with prolonged use should
not cause side effects, have high colonization activity, proven clinical efficacy,
multicomponent composition, corresponding to the "local" geographical
physiological microflora. The use of probiotic drugs may pose a certain risk to
some individuals, especially immunocompromised ones, since probiotics are
living organisms. It is very likely that they can cause infection in the host.
Therefore, the safety of probiotics is of particular importance. Their individual
strains may demonstrate different safety profiles. Despite the fact that the safety
of the use of drugs and products of the probiotic series is considered a proven
fact, some complications have been registered in patients who take certain
probiotics for a long time. In particular, there are known cases of acidemia
in infants, autoimmune diseases, allergic manifestations and other conditions
caused by the appointment of large doses of certain probiotics. This indicates
the need for a deeper analysis of the safety of the use of drugs. That is why,
when selecting probiotic strains, the WHO recommended that they be safe in
terms of the following properties *:

— the presence of hemolytic activity;

— the ability to synthesize toxins;

— their metabolic activity;

— the nature of antibiotic resistance;

— infectivity for animals with weakened immunity;

— consequences for consumers;

— the ability to cause side effects in humans.

Today, the following side effects are distinguished that may be associated
with the oral use of probiotics, in particular, the development of infectious
processes caused by strains that are part of the probiotic;

— the development of metabolic disorders; excessive immunostimulation of
the intestinal lymphatic system; formation of new clones of bacterial strains
through the transfer of genes responsible for the expression of pathogenicity
factors. All of the above side effects are microbiological and depend on the
taxonomic nature and biological properties of the strains of microorganisms
used in the preparation. Therefore, the issues of substantiation of the species
and strain composition of probiotics are of exceptional importance.

Probiotics are produced in four main forms:

* monocomponent probiotics contain only one type of microorganisms.

For example, "Bifidumbacterin" — bifidobacteria, "Lactobacterin" —
lactobacteria, "colibacterina" — colibacteria, etc.

30 LeBlanc, J. G., Laifio, J. E., del Valle, M. J., de Giori, G. S., Sesma, F., & Taranto, M. P. B-group
vitamins production by probiotic lactic acid bacteria. Biotechnology of lactic acid bacteria: Novel
applications. 2015. 1. P. 279-296. https://doi.org/10.1002/9781118868386
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» multicomponent probiotics include several types of microorganisms.

For example, "bifilong", "Bifikol", "Okarin", "Acylakt", "Linex", etc.

» combined probiotics (synbiotics) — "two in one" — contain probiotics and
prebiotics.

For example, "Bifidumbacterin forte", "Bifilys", "Bifiform", "Bactistatin",
"Primadofilius", "Polybacterin" and etc.

 recombinant (genetically engineered) probiotics — in the production of
such drugs, useful genes are implanted into bacteria that bring new properties
to the colony.

For example, the drug "Subalin" contains microbes capable of synthesizing
interferon.

Medicinal prebiotics include "Duphalac" ("Lactulose"), "Calcium
pantothenate", "Lysozyme", etc.

As manufacturers claim, probiotics have a wide range of applications for
improving and treating the body.

1. Single-celled "antibiotics". Bacteria-probiotics, getting into the intestines,
immediately start a war with harmful (pathogenic) microbes for free living
space. They densely populate the intestinal wall, leaving no free space for
pathogenic microorganisms. Having settled in the intestines, beneficial bacteria
change the pH of the environment to the acidic side. And the pathogens of
intestinal infections cannot stand the "acidic life" and die in such conditions.
Finally, some bacteria have learned to synthesize real antibiotics. However,
these antibiotics act "according to reason": only on harmful microorganisms.
Due to these properties, pre- and probiotics are used during intestinal infections,
including viral ones.

2. Solve problems with digestion. Pre- and probiotics stop the processes of
fermentation and putrefaction in the intestines, participate in the digestion of
food, absorb gases with their surface, thereby reducing bloating and improving
digestion. Probiotic bacteria secrete a number of substances that strengthen and
heal the intestinal wall during various inflammatory processes. Therefore, they
are used for stool disorders (diarrhea and constipation), bloating, rumbling and
abdominal pain.

3. The second liver. Beneficial probiotic bacteria are able to neutralize many
substances, starting from toxic metabolic products and ending with antibiotics,
heavy metals and carcinogens (substances that provoke the development of
cancer). Pre- and probiotics are able to absorb toxins, "slags" and even viruses
with their surface. Being excreted with intestinal contents, they cleanse the
body of "garbage", showing the properties of sorbents and detoxifiers.

4. Strengthen immunity. Probiotics in the composition of the intestinal
microflora have a powerful immunomodulatory effect. They strengthen our
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defense against a variety of diseases: colds, herpes and even cancer! Probiotics
can neutralize the manifestations of allergies and autoimmune diseases (when
allergies develop to one's own cells and organs). It has been established that in
Caucasian centenarians over 95 years of age, the composition of the intestinal
microflora is very similar to that of children: the main link is lacto- and
bifidobacteria. In them, the number of these bacteria does not decrease with age
and has a clear connection with life expectancy. Perhaps deciphering the nature
of this pattern will help humanity find the secret of eternal youth 3' 32,

2. Antagonistic properties of probiotics

Probiotic bacteria are found throughout the human gastrointestinal tract.
Their physiological significance is multifaceted, but first of all they take an
active part in ensuring the protective function of the intestinal microflora. Among
the lactic acid bacteria most often used in probiotics for human consumption,
G.W.Tannock lists such species as: L.acidophilus, L.delbrueckii ss. bulgaricus,
S.salivarius ss. thermophilus, B. adolescentis, B.bifidum, B.breve, B.longum,
B.infantis. Bacilli and fungi are also used for probiotics, most of which are
traditionally associated with the digestive tract. Lactic acid bacteria, by their
presence, create an antagonistic environment directed against pathogenic
microbes — gram-negative and gas-forming anaerobes. In the intestinal tract,
they block the receptors for the inoculation of pathogenic microorganisms and
create conditions for the development and growth of beneficial bacteria such
as E. coli.

Lactic acid bacteria are immobile microorganisms that do not form spores,
are catalase-negative, gram-positive, do not form pigment, do not reduce nitrates
to nitrites, and are one of the most widespread groups of microorganisms in the
biosphere. It has been established that the natural habitat of lactic acid bacteria
is the soil and the rhizosphere of plants. Studies have shown that the digestive
tract of the studied animals contains quantitatively and qualitatively different
types of lactic acid bacteria, which vary depending on age, nutrition and the
habitat of animals and humans.

Bifidobacteria are strict anaerobes. Being part of the human intestinal
microflora, they play an important role in the vital activity of the macroorganism
by maintaining a certain pH (3.8 — 4.0) in the large intestine, secreting lactic,
acetic and butyric acids, which prevent the growth of many pathogenic and
conditionally pathogenic bacteria. These bacteria ferment glucose to acetic

31 Lau C.S., Chamberlain R.S. Probiotics are effective at preventing Clostridium difficile-associated

diarrhea: a systematic review and meta-analysis. Int ] Gen Med. 2016. Feb 22. 9. P. 27-37.
32 Sanders M.E., Merenstein D.J., Ouwehand A.C., Reid G., Salminen S., Cabana M.D., et al.
Probiotic use in atrisk populations. ] Am Pharm Assoc JAPhA. 2016. Dec. 56(6). P. 680-686.
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and L(+)-lactic acids in a molar ratio of 3:2, with a small amount of formic
and succinic acids. Bifidobacteria and lactobacteria participate in the synthesis
and absorption of vitamins B, K, folic and nicotinic acids, contribute to the
synthesis of essential amino acids, better absorption of vitamin D and Ca salts.
Metabolites of bifidobacteria and lactobacteria also have antiallergic effects. In
addition to the set of acids, these bacteria also produce vitamins, and vitamins
of group B (B,, B,) are produced in larger quantities than in the process of life
of Escherichia coli. Bifidobacteria are included in the composition of more than
70 different food products and a number of therapeutic drugs that are used for
intestinal digestion disorders in children, for enterocolitis, cirrhosis of the liver,
after the use of antibiotics and to improve intestinal peristalsis.

The products of the vital activity of lactic acid bacteria were probably one
of the first antiseptics of microbial origin. In folk medicine, fermented milk
compounds have long been used to treat burns and wounds, and for impaired
gastrointestinal function. Initially, the antagonistic effect of lactic acid bacteria
in relation to other microorganisms was explained by the inhibitory effect of
organic acids (primarily lactic acid) that they produced. Later it was discovered
that the antagonistic properties of bacteria are based not only on the formation
of organic acids, but also on the formation of specific antibiotic substances (they
are called bacteriocins or microcins, colicins). For example, S.lactis secretes
nisin, Str.cremoris — diplococcin, L.acidophilus — acidophilin and lactocidin,
L.brevis — brevin, L.plantanum — lactolin. All these biologically active
substances are unstable and do not have high antibiotic activity. In the study of
the antibiotic properties of lactic acid rod-shaped bacteria, special attention was
paid to the acidophilic bacillus, which is able to take root in the intestinal tract,
has a beneficial effect on the body, suppresses pathogenic intestinal microflora,
and promotes recovery from gastrointestinal diseases. Acidophilic paste is used
in obstetric practice, dermatology, and surgery (treatment of burns, ulcers). It is
believed that the antagonistic properties of acidophilus are due to both the lactic
acid it produces and the antibiotic substances * 3 3.

After it was established that lactic acid bacteria are a necessary component
of the protective intestinal microflora, they became the most widely used
microorganisms for the creation of probiotic preparations. R. Fuller believes

3 Grossi E., Buresta R., Abbiati R., Cerutti R., Pro-DIA study group. Clinical trial on the efficacy of
a new symbiotic formulation, Flortec, in patients with acute diarrhea: a multicenter, randomized study in
primary care. J Clin Gastroenterol. 2010. Sep 44. Suppl 1. P. 35-41.

3 Allen S.J., Martinez E.G., Gregorio G.V., Dans L.F. Probiotics for treating acute infectious
diarrhoea. Cochrane Database Syst Rev. 2010. 11. CD003048. P. 71-77.

3 Hempel S., Newberry S.J., Maher A.R., Wang Z., Miles J.N.-V., Shanman R., et al. Probiotics for
the prevention and treatment of antibiotic-associated diarrhea: a systematic review and meta-analysis.
JAMA. 2012. May 9. 307(18). P. 1959-1969.
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that the probiotic effect of the introduction of lactobacilli is achieved only
under the condition of preserving other components of the protective flora and
a deficiency of lactobacilli. In the absence of these conditions, the effectiveness
of lactobacilli as probiotics is questionable. Also, not all strains of a given
genus or species are equivalent as probiotics, as well as their different effects
on the organoleptic properties of the fermented product.

To date, the way in which probiotics exert their biological effect is not
known for certain, however, certain factors of influence on the intestinal
microbial ecosystem are known. One of the mechanisms of action of probiotics
is direct antagonism through the production of certain chemical components
of different molecular weights. Those that are protein in nature and encoded
by plasmids belong to bacteriocins. A number of bacteriocins produced by
lactic acid bacteria have been described. In addition, the antagonistic effect of
these bacteria is also determined by their secretion of organic acids and low-
molecular metabolites such as peptides. Similarly, fatty acids produced by
anaerobes such as Bacteroides can inhibit enterotoxigenic E. coli and shigella.
The spectrum of their antagonistic action is very wide. From the low-molecular
metabolite L.reuteri, which in purified form is reuterin, inhibits the growth of
all test microorganisms. To the very specific antagonistic activity of certain
strains of lactobacilli against Clostridium ramosus.

To increase the antagonistic activity of lactic acid bacteria, various mutagenic
factors are used — ultraviolet radiation, chemical agents: ethyl ether, urethane,
ethyleneimines. Studies have shown that under the influence of these factors,
the antibiotic properties of lactic acid bacteria are significantly enhanced.
Various types of lactic acid bacteria are able to enter into not only antagonistic,
but also symbiotic relationships with each other *¢.

For example, when excluding some growth factors (vitamins of group
B and amino acids), necessary for two strains, both organisms could grow in
symbiosis, since each of them produced biologically active substances that
each other needed. Thus, L.arabinosus 17-5 (requires phenylalanine) and Str.
faecalis R (requires folic acid, threonine, serine, histidine or glycine) grow in
symbiosis when phenylalanine, threonine and folic acid are not introduced into
the environment.

According to modern ideas, the positive effect is multicomponent and
includes: suppression of potential pathogenic microorganisms due to the
production of antibacterial substances, competition for limiting food compounds;
the effect of probiotics on the enzymatic activity of harmful intestinal

% Szajewska H., Koltodziej M. Systematic review with meta-analysis: Saccharomyces boulardii in the

prevention of antibiotic-associated diarrhoea. Aliment Pharmacol Ther. 2015. Oct 42 (7). P. 793-801.
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microorganisms; stimulation of the immune system of the macroorganism; the
ability of lactobacteria to assimilate cholesterol and thus reduce the content of
this lipid in the peripheral blood serum.

In addition to the significant antagonistic activity of lactobacilli, their high
adhesiveness plays an important role, which is associated with the ability of
lactic acid bacteria to settle on the mucous membranes of various cavities of
the macroorganism. Such properties are present in both normal and pathogenic
microflora of the gastrointestinal tract. Microorganisms with high adhesive
properties gain a selective advantage in competition with less adapted bacteria.
Intestinal lactic acid bacteria are mucosa-associated microorganisms and
this is what largely contributes to the phenomenon of intestinal colonization
resistance. It follows that one of the main criteria for searching for promising
strains of lacto- and bifidobacteria is their high adhesive properties. It should be
noted that most bacteria cannot settle in the patient's intestines for a long time,
so the therapeutic effect of these probiotics will be transient. The interaction of
pathogenic microorganisms with the epithelium of the mucous membrane of the
digestive tract can be limited due to the presence of populations of saprophytic or
lactic acid bacteria on it, the destruction of which may lead to the development
of pathological changes in the body. In most species of lactobacilli, adhesive
properties correlate with high antimicrobial activity and lysozyme activity. It
should be noted that it has not been possible to obtain antibiotics from lactic
acid bacteria in pure form so far, since they lose their activity during secretion.

The intestinal microflora (mainly anaerobic bacteria) is attached to the
epithelium of the mucous membrane with the help of adhesins. Adhesins (ligands)
of bacteria are biopolymers that consist of subunits of protein, glycolipid or
glycoprotein nature unique to each species. They can be lectins, and in this
case they selectively bind to carbohydrate determinants of glycoproteins and
glycolipids, with each lectin corresponding to a certain carbohydrate residue.
This can be roughly compared to the interaction of antigen and antibody.

The biological film that is formed performs a barrier role, it covers
the receptors of the mucous and submucosal membranes from pathogenic
microorganisms. It has a negative charge and serves as a barrier to the
penetration of cations of some antibiotics, pathogenic and conditionally
pathogenic microorganisms. It protects not only the mucous membrane, but
also the autochthonous bacteria themselves from the action of antibiotics and
antibodies. Lactobacteria have greater adhesiveness, due to the presence of
a relatively large number of monosaccharides in the glycocalyx, unlike bacilli.

Thus, the antagonistic properties of lactobacilli and their ability to colonize
the epithelium of the gastrointestinal tract, fixing on its villi, are the basis for
the use of these microorganisms in the treatment of dysbacteriosis, gastritis,
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ulcers of the gastrointestinal tract. This condition can be achieved by artificial
colonization of the intestine with bacteria that can affect the microecological
system of the intestine and the host organism as a whole.

Another of the most important functions of lactic acid bacteria is their
participation in the formation of the immunological status and the functioning
of the body's immune system. Data on the versatile effect of lactic acid bacteria
on the body's immune system are the most recent. It has been established that
lactobacilli can act as adjuvants of the humoral immune response in humans
and experimental animals. Direct activating effect of probiotics on T-killers
and B-lymphocytes. Live, heat-killed and components of the cell walls of
lactobacilli, as well as preparations from bacilli, turned out to be good activators
of hepatic and peritoneal macrophages and mononuclear phagocytes. Probiotics
have the function of inducers of a- and B-interferon, which has been established
in in vitro experiments and in animal experiments.

One of the mechanisms of action of probiotic drugs, which is closely related
to their immunomodulatory effect on the macroorganism, is the phenomenon of
translocation of bacteria from orally administered drugs into the bloodstream.
This phenomenon was established and comprehensively studied by domestic
researchers under the leadership of academician V.V. Smirnov. The authors
found that within two minutes after the administration of probiotic preparations
or cultures of microorganisms from their composition to mice, some of the
bacteria were detected in the blood, lungs and liver, and a little later in other
parenchymal organs with a subsequent gradual decrease in the number of viable
cells. The phenomenon of translocation was observed constantly when the dose
exceeded 1*10° live MC, while only a small amount of chitin entered the blood —
about 0.01% of the administered bacteria *7 3% .

It is known that the chemical composition of the cell wall of many lactic
acid bacteria is quite constant, it is not affected by changes in the composition
of the medium or the conditions in which microorganisms are grown. The most
important cellular agents of bacteria are concentrated in their walls. By the
method of chromatography of hydrolysates of the cell walls of a number of
lactic acid bacteria, it was shown that their amino acid composition is most
characteristic of the genus, and the qualitative composition and quantity of
hexosamine sugars reflect the difference between species within the genus itself.
For example, it was found that the walls of L. plantarum contain aspartic acid,

37 Iganos C. B., Cimaxina I. O., Haymenko H. B. TexHoJorisi 0310pOBYMX Xap4OBHX IPOAYKTIB:
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alanine, glutamic acid, lysine, glucosamines and hexosamines. L. delbrueckii, L.
casei have a more complex than other species of the genus chemical composition
of the cell walls. In an experiment on laboratory animals, it was found that lactic
acid bacteria such as L.delbrueckii, L.casei, L.acidophilus and Str.thermophilus
stimulate the lymphoid apparatus, the synthesis of immunoglobulins and the
activity of interferon, enhance mononuclear and phagocytic activity, the activity
of natural killers, increase lysozyme and antimicrobial action, stimulate T-cell
immunity reactions. Intraperitoneal injections of live bacteria L.delbrueckii,
subsp.bulgaricus into mice stimulated the formation of interferon already 6 hours
after their administration. Along with enhancing anti-infective immunity, lactic
acid bacteria also have antitumor activity. The antitumor activity of probiotics
and their effect on intestinal motility is the result of an indirect action. One
of the directions is the destruction of enzymes, such as nitrogen reductase,
nitroreductase, which convert procarcinogens into carcinogens. Another point
of view is that live or killed by heating lactobacilli induce in the body an
increase in the activity of macrophages, lymphocytes, excluding the synthesis
of endogenous cytotoxins and tumor necrosis factor (TNF). Thus, the effect on
the tumor can be carried out both through direct cytotoxic action and through
stimulation of immune mechanisms. Finally, probiotic strains reduce the level
of mutagens in feces, possibly by binding or sorption of mutagens on bacterial
cells. I.G. Bogdanov was one of the first in vivo mice with sarcoma 180,
Ehrlich carcinoma, melanoma B-16 and adenocarcinoma ASOTOL to establish
the antitumor properties of L. delbrueckii, when the introduction of the culture
filtrate led to the complete disappearance of tumors in almost 50% of laboratory
animals. He proposed several drugs from L. bulgaricus. Three glycopeptides
were isolated from the cellular fraction of lactobacilli: 1,2 and 10kD. One
of the most active drugs was called blastolysin. Antitumor activity was also
established when using other types of lactobacilli, for example, L. casei. The
substance of these bacteria was especially successfully treated in mice after its
subcutaneous injection into the area of the lymph nodes that drained the tumor.
In the treatment of patients with various localizations of malignant tumors with
chemo- or radiation therapy, it is recommended to use lactic acid bacteria,
which significantly improve the general condition of patients and reduce the
side effects of drugs.

Epidemiological studies in many countries of the world have shown that the
occurrence of colon cancer is observed more in the population of people who
consume Western refined diets, compared to those who consume vegetarian and
lactic acid products. It was noted that in patients with colon cancer, on average,
there are an order of magnitude fewer lactic acid bacteria in the feces. In people
with a high risk of colon cancer, Bifidumbacterium, Peptococcus, Clostridium
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prevailed, and in people with a low risk of colon cancer, Bac.pneumoniae,
Lactobacilus dominated.

In most patients, it was found that the risk of breast cancer was positively
correlated with the frequency of consumption of fatty cheeses and cow's milk
and negatively — with the frequency of consumption of yogurts with live
lactobacilli. In recent years, spore-forming bacteria of the genus Bacillus as
the most famous representatives of exogenous microflora have attracted the
attention of researchers. A fairly large arsenal of species of this genus has been
used as therapeutic agents in the treatment of acute and chronic infections:
B.cereus, B.polymyxa, B.brevis, B.megaterium, B.pumilus, B.coagulans,
etc. However, the most widespread and studied species are B.subtilis and
B.licheniformis. These microorganisms, due to their high adaptive properties,
are widely distributed in nature and in particular in those objects with which
a person is in closest contact. Due to this, bacilli constantly and in significant
quantities enter the human body and, since they are resistant to lytic and
digestive enzymes, they maintain their vital activity throughout the entire
gastrointestinal tract. Among various representatives of exogenous microflora,
bacilli are characterized by a number of advantages that allow us to consider
them the most effective as new biological preparations: these bacteria (except
B.anthracis and B.cereus) are usually harmless to the macroorganism even in
concentrations that significantly exceed those recommended for use; when used
oral administration, these microorganisms significantly increase the nonspecific
resistance of macroorganisms; their antagonistic activity is more pronounced
and manifests itself against a wider range of pathogenic and conditionally
pathogenic microorganisms than in other representatives of exogenous and
endogenous microflora.

Bacilli are characterized by high enzymatic activity, which allows them
to regulate and stimulate digestion, exhibit antiallergic and antitoxic effects;
these microorganisms are stable during storage; they are environmentally safe.
The bacilli do not form biofilms, since their adhesive properties are weakly
expressed. Their activity manifests itself in the intestine and is associated
primarily not with competitive relationships for attachment sites to the mucosa,
but with high antagonistic activity against many pathogenic bacteria. At the
same time, bacteria of the genus Bacillus do not exhibit antagonistic action
on representatives of normal microflora, which creates conditions for non-
competitive restoration of microflora.

The antimicrobial activity of aerobic spore-forming bacteria of the genus
Bacillus may be due to the lytic enzymes they synthesize. For example, some
scientists have isolated elastase from B. subtilis, which has a lytic effect on
gram-negative and gram-positive microorganisms. Due to the high and diverse
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enzymatic activity of bacteria of the genus Bacillus, which are part of probiotic
biological preparations, they can play a significant role in stimulating and
enriching the host's digestive system with the necessary enzymes. For example,
bacilli are characterized by pronounced amylolytic activity, and some amylases
are distinguished by the fact that during the hydrolysis of starch, which is
catalyzed by these enzymes, sugars of the a-configuration and oligosaccharides
no larger than maltotetrose are formed. Bacilli are characterized by high
proteolytic activity. A proteolytic enzyme was isolated from the culture fluid
of B.subtilis, which has the property of stimulating regenerative processes.
Another proteolytic enzyme from the bacilli is a thrombolytic drug that shows
its activity even when taken orally. Interestingly, some bacilli enzymes retain
activity even in non-living cells.

A positive role is played by the ability of bacilli to produce significant
amounts of extracellular amino acids, including essential ones (threonine,
alanine, tyrosine, histidine, valine, etc.). The vitamin-synthesizing activity of
bacteria of the genus Bacillus is also important. The presence of bacilli in
a probiotic mixture of microorganisms contributed to a much more effective
reduction in cholesterol in the blood of animals than in their absence. The
experiments also observed a more pronounced ability to bind fatty acids and
reduce the formation of cholesterol micelles in the presence of bacteria of the
genus Bacillus. Thus, aerobic spore-forming bacteria of the genus Bacillus are
a promising group of microorganisms for the creation of new highly effective
biological products. First, they are characterized by the most pronounced
antagonistic activity against pathogenic and conditionally pathogenic
microorganisms. Second, it is known that on the basis of acrobic spore-forming
bacteria it is possible to obtain strains with specified properties, since these
bacteria are a fairly well-studied system for cloning #° #!.

A number of works are devoted to probiotics based on representatives of the
genus Aerococcus, as well as the use of yeast for the production of probiotics.
Thus, treatment with a drug containing Saccharomyces boulardii was found to
be effective in intestinal infections caused by Clostridium difficile. A pronounced
clinical effect was also obtained when using Saccharomyces cerevisiae.

The above indicates that the spectrum of microorganisms that make up
probiotic drugs is quite wide. Of course, the most common among them are
lactic acid bacteria, as one of the groups of microorganisms widely distributed in

4 Ahmad, M. F.,, Ahmad, F. A., Alsayegh, A. A., Zeyaullah, M., Babalghith, A. O., Faidah, H., ... &
Bantun, F. Probiotics and Cancer: Mechanistic Insights and Organ-Specific Impact. Biomolecules. 2025.
15(6). P. 879-897. doi.org/10.3390/biom15060879.

4 Thu, M. S., Ondee, T., Nopsopon, T., Farzana, I. A., Fothergill, J. L., Hirankarn, N., ... & Pongpirul,
K. Effect of probiotics in breast cancer: a systematic review and meta-analysis. Biology. 2023.
(Basel)12(2). 280 p. https://doi.org/10.3390/biology12020280.
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the biosphere. The study of lactic acid bacteria as antagonists of pathogenic and
conditionally pathogenic microflora, fungi and viruses is of great importance
for maintaining homeostasis of the human body, which is largely determined by
the state of the microflora created during the evolutionary process of symbiotic
and natural selection. Studies on the determination of the antimicrobial activity
of lactic acid bacteria allow us to identify the individual characteristics of
each culture, which is crucial for further study of the nature and mechanism
of action of bacteriocins. The knowledge of the antagonistic properties of each
culture, the optimal conditions for their maximum manifestation is necessary
when formulating therapeutic and dietary products with given properties.
The participation of symbionts of biological products in the formation of the
immunological status opens up prospects for their use in diseases of other body
systems, except for the intestinal tract > .

Probiotic therapy and prevention are of great importance in gerontology. In
elderly patients, dysbiosis is registered more often than in young people, severe
violations of the microbiocenosis are often detected, in various biotopes, but
especially in the biotopes of the digestive canal. The development of dysbiosis
can be facilitated by anatomical and physiological features of the digestive
canal in old age, because in the aging process, morphological and functional
changes develop: atrophic islands of the epithelium appear, the amount of
saliva, secretion of the esophageal mucosa, acidity of gastric juice decreases,
gastric and intestinal secretion and motor function of these organs are disturbed.
In addition, long-term medication (antibiotics, cholinolytics, tranquilizers,
etc.), impaired immune status, nutritional disorders (monotonous nutrition,
exclusion of juice-forming foods, consumption of mainly carbohydrates or
proteins), chronic illnesses, mental and physical stress, physical inactivity,
radiation therapy and other adverse environmental factors can undoubtedly
also cause the development and worsening of microecological disorders in the
elderly. With aging, the composition of the indigenous microbiota changes: the
number of opportunistic bacteria, in particular putrefactive bacteria, increases,
and the colonization level of physiological saccharolytic anaerobic bacteria
decreases. The result is profound changes in the functional properties of
microbiocenoses. Therefore, the correction of the intestinal microbiocenosis in
elderly patients is a difficult task and the search for new methods of restoring

4 Kleniewska, P, & Pawliczak, R. Can probiotics be used in the prevention and treatment of

bronchial asthma? Pharmacological Reports. 2024. 76(4)/ P. 740-753. https://doi.org/10.1007/s43440-
024-00618-0.
# Sanchez, P., Letarouilly, J. G., Nguyen, Y., Sigaux, J., Barnetche, T., Czernichow, S., ... & Daien,
C. Efficacy of probiotics in rheumatoid arthritis and spondyloarthritis: a systematic review and meta-
analysis of randomized controlled trials. Nutrients. 2022. 14(2). 354 p. https://doi.org/10.3390/
nul4020354
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microflora does not stop. At the beginning of the last century, I. I. Mechnikov
proposed to consider the fight against premature aging as the most important
task of medicine. He considered old age as a pathological phenomenon, which
should be fought as a disease. I. I. Mechnikov considered the main cause of
premature aging to be chronic poisoning of the body with putrefactive decay
products, which accumulate in the intestines due to the excessive development
of proteolytic microorganisms. To neutralize the body from toxic protein decay
products, the scientist recommended using fermented milk products with a high
concentration of live antagonistically active lactic acid bacteria in food, capable
of suppressing putrefactive processes in the intestines * #*. The microecological
aspect of gerontology, the initial impetus for which was given by 1. Mechnikov,
is continued by modern researchers. Despite the fact that this concept, which
considers the activation of putrefactive processes in the intestine as the main
factor of premature aging, has not been fully confirmed, increasing attention
is being paid to age-related changes in microbial ecology. Analysis of research
results in the field of probiotic therapy allows us to predict a further expansion
of the scope of probiotics in the following areas: — biotherapy using antibiotic-
sensitive bacteria to replace resistant ones; — prevention of translocation of
pathogenic bacteria from the skin and mucous membranes into the internal
environment of the body; — promotion of faster body weight gain; — eradication
of certain types of bacteria from the body, for example, Helicobacter pylori in
patients with gastric ulcers; — restoration of the composition of the microflora
after treatment with antibiotics; — change in the composition of the intestinal
microflora according to the characteristics of the diet; — improving oxalate
metabolism to reduce the incidence of kidney and bladder stone formation;
— destroying potentially dangerous chemicals, especially in cases of constant
exposure to the body; — suppressing pathogenic strains of Staphylococcus
aureus and Clostridium difficile in hospital patients; — preventing bladder
infections * 47, Tt is difficult to overestimate the importance of the prophylactic
use of probiotics for human health. Every year, new and new data are
accumulating on the effectiveness of the prophylactic use of probiotics, based
on the principles of evidence-based medicine.

#  Tsai, Y. C, Cheng, L. H., Liu, Y. W,, Jeng, O. J., & Lee, Y. K. Gerobiotics: probiotics targeting
fundamental aging processes. Bioscience of microbiota, food and health. 2021. 40(1). P. 1-11. https://doi.
org/10.12938/bmth.2020-026

# Pandey K.R., Naik S.R., Vakill B.V. Probiotics, prebiotics and synbiotics- a review. J Food Sci
Technol. 2015. 52(12). P. 577-7587.

% Leel., Seto D., Bielory L. Meta-analysis of clinical trials of probiotics for prevention and treatment
of pediatric atopic dermatitis. J Allergy Clin Immunol. 2008. 121(1). P. 116-121.

47 Rousseaux C., Thuru X., Gelot A. et al. Lactobacillus aci—dophilus modulates intestinal pain and
induces opioid and cannabinoid receptors. Nat Med. 2007. 13. P. 35-37.
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CONCLUSIONS

Recommendations for the use of probiotics, especially in clinical settings,
should link specific strains to claimed effects based on human studies. Some
strains have unique properties that may be responsible for certain neurological,
immunological, and antimicrobial effects. However, the new concept of probiotics
suggests that some mechanisms of probiotic activity are likely to be common
across strains, species, and even types. Many probiotics may act in similar ways,
such as by stimulating resistance to colonization, regulating gastrointestinal
transit, or normalizing microbiota abnormalities. In particular, the ability to
increase short-chain fatty acid production or to lower colonic luminal pH may
be major effects produced by many different strains of certain well-studied
Lactobacillus and Bifidobacterium species. If probiotics are used to support
healthy digestion, it may be sufficient to use a variety of probiotic mixtures that
contain an adequate number of well-studied species. It is now common practice
in the field of probiotics to include multiple strains in systematic reviews and
meta-analyses. This approach is possible if the common mechanisms of action
of the different strains included allow them to be attributed to the effect obtained.

Probiotics are important biotherapeutic drugs that are advisable to use in
many infectious and somatic pathologies. Today, various microorganisms
are considered as probiotics: bacteria, fungi and even yeast. Lactobacilli and
bifidobacteria occupy the dominant place. It is imperative to pay attention to
the requirements that are put forward to candidates for probiotics, noting the
diversity of their action. As biocorrection drugs, drugs based on inactivated
microorganisms, prebiotics, synbiotics, metabiotics, metabolite-type drugs,
nutraceuticals, etc. also deserve careful study and proof of clinical effectiveness.
Further studies are needed on the immunomodulatory activity of probiotics and
the correlation of their action with various drugs used to treat major diseases.
Considering the medical feasibility of new highly effective probiotics, attention
has been drawn to the need to create multiprobiotics.

Probiotics are increasingly being introduced into gastroenterological
practice, as the development of some diseases of the digestive system is
associated with the activation of opportunistic representatives of the intestinal
microflora. The etiological factor of this group of diseases is the utochthonous,
weakly virulent and low-contagious microflora, the proliferation of which, in
case of eubiosis disorders, in some cases leads to inflammation, changes in the
morphofunctional state of organs and other consequences.

SUMMARY
The proven beneficial effects caused by probiotic strains were analyzed,
namely: lowering blood cholesterol levels, improving microcirculation,
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inactivation of inflammatory mediators, anticarcinogenic and immunomodulatory
effects, antibacterial effects, synthesis of enzymes and vitamins, etc. The
requirements for strains that can be used for the manufacture of probiotic
preparations were systematized. The use of probiotics was justified not only
for the correction of digestive disorders and intestinal diseases, but also for
a number of somatic diseases, such as allergic dermatoses, diabetes mellitus,
obesity, oncological diseases, for the prevention of atherosclerosis, liver
diseases. Special attention was paid to the immunomodulatory properties of
microorganisms used as the basis of probiotic preparations, their effect on local
and general immunity, in particular the effect on mucous membranes and the
possibility of using such agents for the prevention of infectious pathologies
of the respiratory and intestinal organs. The use of probiotics in pediatrics,
gynecology, and gerontology has been announced. Data on the positive effect
of these drugs for the prevention of complications during surgical interventions
are presented. The creation of stable multiprobiotic communities should be
preceded by a detailed study of the biological properties of each strain and the
selection of bacterial components that mutually stimulate each other through
the synthesis of certain structural and/or energy metabolites-stimulators.
In conclusion, it should be recalled that probiotic therapy has shown quite
encouraging results in many clinical studies in diarrhea of various etiologies,
irritable bowel syndrome, urogenital infections, allergic diseases, surgical
infections, oral candidiasis, neoplasms, gingivitis, bleeding gums, high blood
pressure, etc. It helps to alleviate anxiety symptoms. However, since probiotics
are living microorganisms, it is possible that they may cause infection in the
host. Therefore, comprehensive and systematic studies should be conducted to
obtain a proper evaluation with confirmed results of the action of these drugs
before introducing them into routine use.
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CHAPTER 17

TECHNOLOGY OF CRAFT BREAD
WITH LIVE SOURDOUGH

Medvedieva A. O., Antonyuk I. Yu.
DOl https://doi.org/10.30525/978-9934-26-653-9-17

INTRODUCTION

Bread is one of the oldest and most important foods in human history. It is an
integral part of the culture of many peoples and continues to play a significant
role in the diets of people around the world.

In the current conditions of development of the food industry and restaurant
industry, there is a growing interest among consumers in high-quality, natural
and authentic food products and dishes. The craft products segment, which is
distinguished by its original recipes, high production standards, use of local raw
materials, and manual labor, has become particularly popular in recent years.
One of the brightest examples of this trend is the production of craft bread,
a natural product without the use of chemical additives, with a deep taste,
traditional cooking technology and a unique recipe'.

Development of new types of bread using non-traditional grains (e.g.
spelt, quinoa, amaranth), starter cultures with probiotic properties, functional
additives (seeds, spices, vegetables, superfoods) and modern technologies
(low-temperature fermentation, gluten-free production) allows you to satisfy
the growing demand for healthy food, expands the range of products and at
the same time is relevant for the development of the restaurant industry, craft
production and the country's food industry?.

1. Analysis of the range of similar products in the craft bread
production market
Ukraine has long been known as the «granary of Europe», and for centuries
bread was not only the basis of the diet, but also a sacred thing, deeply rooted

! Kpacnopyupkuit O.b Bpenpunr ta xpadyToBi TeXHONOTI{ arpapHuUX IiANPHEMCTB: CTPATEridHHIl

acrekT. BicHnk XMenbHUIBKOro HanionansHoro yHiBepeutery. 2023. Ne 3. C. 20. URL: https://surl.li/
zueolj.

2 Hogixosa O.B. TexHonoris BEpoOHHITBA X1i000YTOUHIX 1 OOPOIIHAHEX KOHAUTEPCHKUX BHPOOIB:
HaBu. nocionuk. K.: Bugasuuirso Jlipa-K, 2017. 540 c.
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in the everyday life, rituals, and culture of the people. In villages, it was baked
in clay ovens with its own sourdough, using rye, wheat, buckwheat, or corn
flour. It is these traditional recipes and artisanal approaches, preserved in the
villages, that became the basis for modern craft breadmaking?.

With the impact of Soviet industrialization, breadmaking in Ukraine
underwent massive centralization. Large bakeries provided mass production of
standard yeast bread, which was supposed to be cheap and accessible, but such
bread lost its deep flavor, quality ingredients, and lengthy fermentation process.
During this period, craft recipes were pushed out of the cities, but continued to
live on in rural areas and among individual craftsmen®.

After the declaration of independence in 1991, a process of rethinking the
gastronomic heritage began in Ukraine. In the 1990s-2000s, the first private
small bakeries and home producers appeared, returning to baking sourdough
bread, from natural flour, without artificial additives. At the same time, interest
in healthy eating grew, which contributed to the revival of traditional crafts and
approaches’.

Between 2020 and 2025, craft bread baking in Ukraine experienced a real
boom. People increasingly appreciate the naturalness, quality, and local origin
of products. Mini-bakeries, farm bakeries, and bakeries attached to coffee shops
are developing rapidly. Famous Ukrainian brands have begun to successfully
combine traditional recipes with modern marketing approaches. An additional
impetus to the development of craft production was given by the coronavirus
pandemic and the war, which highlighted the need for conscious consumption
and support for local producers, in particular through the popularization of
homemade bread®.

Craft bread differs significantly from industrial bread in both the
manufacturing method and the quality of ingredients, fermentation duration,
flavor characteristics, and overall production philosophy. It is prepared by hand
or with minimal use of machinery, focusing on the baker's skill and individual
approach. While industrial bread is produced on automated lines on a large
scale, craft bread is baked in small batches, often locally’.

3 XuiGonekapcbka ramysb YkpaiHu B ymoBax BoenHoro yacy. URL: https://www.researchgate.net/

publication/369525425 Hlibopekarska galuz Ukraini_ v_umovah voennogo casu.

4 Xni6 3 micist cund. Ietopist kpadToBOT MeKapHi, MO BiAKPUIACS HAa APYTUH JEHb BEIMKOi BilHH.
URL: https://epravda.com.ua/publications/2023/04/06/698818.

5 Kaninivenko JLJI. TIpoGnemu po3sutky kpadhroBoi aisuibhicti B Ykpaiui. ExoHomika: peaiil yacy :
HaykoBHH KypHai. 2022. Ne 5 (63). C. 26-33. C. 28.

6 Kysso H. €., Kocap H. C., ITaryra M. I locnipkenHs puHKY X71i6a Ta xmi600ynodHuX BHpOOiB
Vkpainu Ta 00rpyHTyBaHHS TOBapHHX iHHOBAILiil BUPOOHHKIB Ha HhOMY. ExoHOMiKa i cycminbeTBo. 2017.
Ne. 12. C. 284-291.

7 PagekoBa B. €. JlociKeHHST pHHKY Ta yIOCKOHAJICHHS CIIOKMBYMX BIACTHBOCTEH X1iba. 30ipHIK
HayKOBHX Ipaub cTyneHTis, JIyrancek, [I3 «JIHY imeni Tapaca lleBuenxa. 2013. T. 2. C. 95-106.
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The basis of craft bread is natural ingredients: flour, water, salt, and live
yeast, without any artificial additives, improvers, or preservatives. Instead,
industrial bread often contains yeast, baking powder, stabilizers, flavorings,
and emulsifiers, which extend shelf life and improve presentation, but harm the
naturalness of the product.

One of the important aspects in bread production is the fermentation
process. In craft baking, the dough ripens slowly — up to 24 hours, which gives
it a deep taste, a distinct aroma and makes it easier to digest. In contrast, in
industrial production, fermentation lasts only 1-2 hours, mostly with pressed
yeast, which affects the taste. Accordingly, craft bread has a crispy crust, elastic
porous crumb and rich flavor, while industrial bread is often characterized by
a soft, homogeneous structure and a neutral or yeasty flavor®.

Due to the lack of preservatives, craft bread does not keep for long, usually
1-3 days, unlike industrial bread, which can last up to a week or longer. But
the main difference lies in the approach: craft baking is about quality, respect
for traditions, naturalness, and supporting the local economy, while industrial
production is focused on volume, standardization, and profitability.

Slow fermentation improves the absorption of nutrients such as calcium,
magnesium and iron and reduces phytates (substances that can interfere with
mineral absorption).

Sourdough contains beneficial bacteria that support intestinal microflora,
improve digestion, and help maintain stomach health.

Many types of craft bread (especially rye or whole grain breads) have
a lower glycemic index (GI) compared to industrial bread. This means that
their consumption contributes to a slower rise in blood sugar levels, which is
beneficial for people with type 2 diabetes or those monitoring their blood sugar
levels.

Craft bread is often made with the addition of various types of flour — rye,
buckwheat, corn, which increases its nutritional value. This bread contains more
fiber, vitamins (especially group B) and minerals (magnesium, potassium, iron),
which helps normalize metabolism, maintain a healthy cardiovascular system
and improve skin condition’.

Craft bread is made without the addition of compressed yeast or chemical
leavening agents, which can reduce the risk of bloating, excessive gas, and other
gastrointestinal problems that often occur after consuming foods containing
artificial additives.

Although most types of Craft bread contain gluten, there are also gluten-free

8 Kpadroa Buniuka sk ocoOnuuii Bua xnioHoro mucrenrsa. URL: https://surl.li/gdabbs.

Kynpanipka A. €., Llapsosa T. O. Crenudika Ta TeHASHII pO3BUTKY PHHKY KpadToBoi MPOmyKIii
B VkpaiHi. AKTyaJIbHi PoOIeMn eKoHOMIKH Ta yrpasiinas. Ne 12. 2018. C. 3-14.
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options on the market. These are beneficial for people with celiac disease or
gluten intolerance because they do not cause negative reactions in the body.

Because Craft bread often does not contain trans fats or artificial fats, it is
less harmful to the cardiovascular system compared to industrial breads, which
use low-quality vegetable fats.

Due to the presence of whole grain flours, vitamins, and minerals present in
Craft bread, this product can have a positive effect on skin health. For example,
vitamin E, magnesium, and omega-3 fatty acids found in some varieties of
Craft bread may help maintain healthy skin and reduce inflammation.

Craft bread can be healthy due to the use of natural ingredients, lack of
artificial additives, long fermentation, and variety of ingredients. However,
it is important to remember that even Craft bread should be consumed in
moderation, as it is a high-calorie product.

Thus, craft bread is a «living» product with a soul, created with care for
people, health, and nature, while industrial bread is a convenient and mass-
produced product devoid of individuality.

The concept of «craft» in baking has its roots, craft means «skill». The term
initially gained popularity in the United States in the 1970s and 1980s, where
it referred to artisanal, hand-made beer (craft beer) as an alternative to mass-
produced industrial products. Over time, the idea of craftsmanship spread to
other areas: cheesemaking, chocolate, coffee, and later bread baking'®.

Today, «craft» bread means:

- bread made by hand or in small batches;

- from natural ingredients, without additives;

- with slow fermentation on sourdough;

- with an emphasis on quality, authenticity and tradition, not on volume.

The term «craft» today is not just about a method of preparation, but about
a philosophy of production, where respect for bread, the baker's skill, conscious
consumption, and a connection with local culture are the main things.

The range of craft bread on the Ukrainian market is expanding significantly
due to the increasing demand for natural, healthy and unique products. The
range includes various types of bread from traditional wheat to innovative
options, such as gluten-free or bread with added spices and olives.

The modern artisanal bread baking market is gradually shifting towards
naturalness, functionality, and uniqueness of each product. One of the key areas
of innovation is the use of non-traditional types of flour — spelt, buckwheat,
corn, whole grain, which makes it possible to create new flavor combinations,

10" Kpadrosi TexHomorii: racTpoHOMIYHI iHHOBAII : 30. Hayk. CT. ctyx. / Bimm. pex. T. . FOxina. Kuis :
Kuis. Hau. topr.-exoH. yu-1, 2021. 114 c.
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improve the nutritional value of bread, and meet the needs of people with
dietary restrictions.

Additional appeal to craft products is given by the use of innovative fillings
and additives: seeds, nuts, dried fruits, herbs, vegetables, which enrich the taste
and aroma of bread.

Modern cooking methods play a significant role in improving the quality of
products: the use of sourdough, prolonged fermentation, and baking in a wood-fired
oven contribute to improving the structure, benefits, and naturalness of the product.

Superfoods are actively integrated into bread production: spirulina,
amaranth, chia seeds, sea buckthorn, and activated charcoal, which form bread
as a functional product with high health-promoting potential. The expansion of
the line of gluten-free products based on pseudocereals (buckwheat, chickpeas,
corn, flax) is a response to the growing demand from people with gluten
intolerance'.

Functional bread deserves special attention — yeast-free, enriched with fiber,
proteins, and vitamins, which is fully consistent with modern principles of
healthy eating.

Table 1 lists innovative products used in the production of craft bread.

Table 1
List of innovative products in the production of craft bread
Category Examples
By type of flour Rye, wheat, whole grain, buckwheat, corn, spelt
For the filling With seeds, nuts, dried fruits, herbs, tomatoes, olives
By baking method | Sourdough, in a wood-fired oven, with long fermentation
With superfoods Chia seeds, flax seeds, amaranth seeds, spirulina, activated charcoal, sea

buckthorn seeds, etc

Gluten-free bread From buckwheat, rice, chickpeas, flax, corn or a mixture of
pseudocereals

Functional bread Enriched with fiber, protein, yeast-free

Developed by the authors based on source 1213 1413

" Bamaii XK. B., I'ymenrok O. JI., Bonkosa P. M., Xpebranp O. b., LuGynst C. [, [Tacos I'. B.
BukopucTaHHs iHHOBAI[ifHOT CHPOBUHH (KiHOQ, YOPHMH KMHH, KYH)KYT) Ta il BIUIMB Ha BJIACTHBOCTI
nmeHnaHoro xuiba. Hayxosi npayi HYXT 2021. Tom 27, No 3, C.103-111.

12 Bacekisebka A. O., Ilepeciuna C. M. Texuosoris 0e3pixIpKoBoro xiiba 3 BHKOPHCTAHHSIM
6e3rmoTeHoBoi cupoBuHHU. TaBpificbkuii HaykoBuit Bicuuk. Cepist: Texuiumi Hayku. 2022. Nod. 44-54.

13 J3roua3s O, 3Baronbebka K. AHaui3 HeTpamuiiiHOi GOpOLIHSHOT CHPOBUHH Ui BUPOOHMIITBA
x11i600ynounnx Bupo6is. TaBpilicskuii HaykoBuit BicHuK. Cepist: Texniuni Hayku, Ne 1. 2021. 22-29.

14 Jlpobor B.IL, Ilpuxompko 10.C., Bepexna I'O. BopomHo copro y TexHouorii 6e3rioTeHOBOro
xiiba. HaykoBi npaui HarionaneHoro yHiBepcutety XxapuoBux TexHomnorii, 2019. Ne 1: C. 208.

'S €Buyk SI.B. 3acrocyBaHHS HETpamuLiiHOI cMpOBHHH B TexHouoril xiiba. Bicauk JXHAEY, 2017,
Ne 1(58), . 1211-221.

105



The analysis of the range of craft bread on the Ukrainian market showed
that this segment is dynamically developing and is characterized by a high
level of diversity both in terms of composition and technological features of the
products. Domestic manufacturers offer a wide range of craft bakery products
that meet the demand of various target audiences, from fans of traditional tastes
to consumers with specific dietary needs.

The dominance of wheat bread with various innovative additives (olives,
rosemary, chocolate, seeds, tomatoes) indicates the active use of original recipes
to create a unique flavor profile of products.

The popularity of sourdough bread as a symbol of naturalness and a return
to traditional fermentation technologies. Sourdough is used not only in rye but
also in wheat breads, which adds beneficial properties and improves taste.

It is also important to note that craft bakeries are actively experimenting with
shape, texture, and ingredients, offering consumers new taste experiences. This
creates a positive image of craft bread as an innovative and useful product. Here
is a list of some of the types of craft bread on the Ukrainian market (Table 2).

Based on the studied assortment of craft bread, it is possible to form
a competitive product line focused on modern consumer demands regarding
the quality, benefits, and uniqueness of bakery products. The analysis of Table
2 confirms the high potential for the development of innovative types of craft
bread in bakeries in Ukraine.

Craft bread is often positioned as a natural product, made without
preservatives and from high-quality raw materials, which meets the growing
demand for healthy food. Trends towards veganism, gluten-free diets, low-
calorie foods, and interest in organic products may contribute to an increase in
demand for these types of bread. In addition, the popularity of gluten-free bread
and options with added superfoods, such as seeds, nuts, and other superfoods,
confirms this positive trend.

The main target audience for craft bread is people aged 26 to 50, who are
focused on a healthy lifestyle. In addition, there is a strong demand for premium
products among the middle class and affluent consumers, to which craft bread
is often attributed.

The growing popularity of craft bakeries and local producers in cities creates
a competitive environment, but also opens up opportunities for the development
of this niche if the product has unique properties. High quality and the use of
exclusive ingredients can be key factors for standing out in the market.

A separate niche (10%) is occupied by consumers with dietary restrictions
who are focused on gluten-free products or bread with a reduced allergen content,
which creates prospects for the development of a specialized assortment. The
tourist segment, although smaller (15%), provides additional impetus for sales
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due to the demand for authentic and unique products, in particular artisanal
sourdough bread, combined with local ingredients.

Table 2
Analysis of the assortment of craft bread on the Ukrainian market
Manufacturer Product Product description Bread type

Bakery «Crafty», Sourdough bread | Traditional sourdough Wheat, sourdough
Khmelnytskyi wheat bread with a crispy

crust
Bakery «Good Traditions», | Rye bread Sourdough bread, delicious | Rye, sourdough
Sniatyn and with a pronounced

taste of rye flour
Bakery «Dobry Hliby, Bread with Wheat bread with Wheat, with seeds
Lviv sunflower seeds | sunflower seeds, fragrant

and healthy
«Wood-fired Bakery», Ukrainian Traditional Ukrainian Wheat, traditional
Pryluky palyanichny bread, baked over wood,

bread with natural ingredients

Bakery "Village Bread", Sourdough bread | Kvass-based bread, rich in | Fermented
Odessa flavor and with a special

texture
Bakery «2 Batonay, Bread with olives | Wheat bread with olives Wheat, with
Kharkov and rosemary and rosemary olives
Bakery «Territoryya Bread with dark | [Tmenmanmit xmi6 Wheat, with
smakuy, Ivano-Frankivsk | chocolate 3 JI0/1aBaHHSM YOPHOTO chocolate

MIOKOJIAly Ta TOPiXiB
Bakery «Homemade Buckwheat bread | Bread with added Wheat, with

Volyn region, Kovel
district, Radovychi village

seeds, good for digestion

delicacies», buckwheat flour buckwheat flour
Zhytomyr
Bakery «Khlibny Kray» Chia bread Wheat bread with chia Wheat, with chia

Bakery-cafe «Zerno», Irpin

Tomato bread

Sourdough bread with
tomatoes and spices

Wheat, sourdough

Developed by the authors based on sources

ITexapus «Kpadt». URL: https:/surl.li/ylponu.

16 ,17,18,19,20 ,21,22,23,24,25

17 Tlekaphs «Jlo6pi Tpamuuii». URL: https://surl.lu/kvqqux.
18 Tlekapus «JloOpuii xmi6». URL: https:/surl.li/oawoip.
19 «llexapus Ha [poax». URL: https://surli.cc/ozdmku.

ITexapns «Cinbepkuit xmi6». URL: https://hleb.com.ua.
ITexapns «lleperer». URL: https:/surl.li/uwhxuc.

2 Tlekapus «Teputopis cmaky». URL: https://surl.lu/aawshe.
3 Texapus «{omanrni cmaxommkm». URL: https:/surl.li/lolnir.

ITexapns «XmiOuuit kpait». URL: https://surl.li/rvsmbec.
ITexapns-kaB’sipast «3epHo». URL: https:/surli.cc/cexrij.

107




Let's consider the activities of successful craft bakeries in Ukraine and
the world. Successful bakeries both in Ukraine and abroad actively integrate
innovations into the production process, while maintaining attention to
traditional methods. They emphasize naturalness and locality, using organic and
local products, which increases appeal among consumers focused on healthy
eating. For example, Bakehouse in Kyiv uses farm products and sourdough,
which creates a unique taste and increases brand trust®.

Sourdough starters have become a key innovation in the production of
craft bread, significantly improving its quality. This has become a trend in
many bakeries, such as Tartine Bakery in the USA and Khlibna Manufaktura
in Kharkiv, which use their own sourdough starters to achieve optimal taste
qualities?.

Another important aspect is the social responsibility of bakeries, such as
100% Life Bakery in Odessa, which helps to employ vulnerable groups, such as
HIV-positive people. This creates additional value for consumers who support
social initiatives.

Sustainability and style are important factors in the popularity of bakeries.
Many brands, such as Bageriet B in Sweden, combine delicious products
with eco-friendly packaging and a design approach. In Ukraine, bakeries, in
particular Khlibna Manufaktura, are actively implementing minimalist design
and using environmentally friendly materials for packaging?®.

Additionally, many bakeries, like E5 Bakehouse in the UK, are creating
educational programs that allow customers to deepen their knowledge of
the bread-making process, which adds additional value and credibility to the
brands®.

Bakeries like Zdobna Pich in Lviv emphasize the importance of regional
traditions, reviving authentic recipes and offering them to consumers®.

Let us give examples of existing craft bakeries in Ukraine and the world
(Table 3).

So, the success of a craft bakery depends on several key factors: using quality
ingredients, such as organic products and sourdough, having a clear concept,
which may include locality, craftsmanship or a social mission, an original
visual style covering design and packaging, as well as active communication
with consumers through social media, tastings or other interaction formats.

% Cropinka B [ucrarpam nekapai Bakehouse y Kuesi. URL: https:/surl.li/drvjkz.
¥ Xunibua manydaxrypa B Ongeci. URL: https://surl.li/nnftdx.

2 TenpeHuii po3suTKy kpadrosoro purky Yxpainu. URL: https:/surl.lu/qtoiih.
¥ Tlekapus E5. URL: https://surl.li/zbbzaq.

3 Bumiuka 3 nekapui JIbBosa. URL: https://mlyn-bakery.choiceqr.com.



Table 3
Successful craft bakeries in Ukraine and the world

The name of

the bakery City / Country | Format / Specialization Characteristics of success
Bakehouse Kyiv, Ukraine Microbakery, cafe, artisan | Sourdough, local farm
bread products, stylish interior
Zdobna Pich | Lviv, Ukraine Bakery, traditional bread | Emphasis on regional recipes,
handmade
Bread Factory | Kharkiv, Artisan bread, signature Own sourdough, minimalist
Ukraine rolls design, collaboration with
coffee shops
100% Life Odesa, Ukraine | Social Bakery Part of a social project for
Bakery HIV-positive people, a quality
product
Tartine San Francisco, | Famous craft bakery Founders of the sourdough
Bakery USA trend in the US, recipe books,
cult status
Poilane Paris, France Historic bakery, artisan Manufactured since 1932,
bread wood-burning stove,

international shipping

ES5 Bakehouse | London, United | Organic bread, educational | Own flour production,

Kingdom programs training courses, sustainable
development
Bageriet B Stockholm, Art bakery, Design, quality, eco-friendly
Sweden a modern interpretation of |packaging

Scandinavian breads

Developed by the authors

Overall, there is a steady trend in the development of craft baking,
which improves product quality, supports social initiatives and
environmental practices, and allows bakeries to create unique offerings for
consumers.

2. Consumer characteristics
of the gastronomic concept of craft bread

Craft bread technology development is a multi-stage process that combines
the traditions of artisanal baking with innovative approaches to recipes,
technologies, and consumer expectations®’.

The main goal is to create a product with high nutritional value, unique taste
and aesthetic appearance that meets modern trends in healthy and responsible
consumption.

3 Kpacosceka T. B. Meroanuni 3acamy (OpMyBaHHS MEXaHi3My TOBAapHOrO acOPTHMEHTY Ha
BUPOOHMYNX TinpHemcTBax / ExoHoMika Ta fepxasa. 2016. Ne2. C. 67-71.
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In order to develop innovative craft bread, you need to identify the target
audience, choose an innovative idea/concept, select raw materials, develop
a recipe, test the product, and create an identity.

This paper examines the issue of developing recipes and technologies
for craft bread for sale in a bakery, focusing on the needs of different
consumers.

The first type is whole grain bread with flax, sunflower, pumpkin seeds,
and tomatoes. This is a healthy choice that includes fiber-rich seeds and whole
grain flour, which provides minerals and omega-3s, as well as vitamin C from
the tomatoes. This bread has a dense texture and a rich nutty flavor, perfect for
breakfast or as an addition to soups and salads.

The second type, a gluten-free bread made with quinoa, chia seeds, and
buckwheat flour, is a great choice for those who are gluten intolerant. The
quinoa provides protein and amino acids, the chia adds omega-3s and calcium,
and the buckwheat flour enriches the bread with iron and magnesium. The soft
crumb with a nutty note will be an excellent base for sandwiches and snacks,
especially for people with an active lifestyle.

The third type — sourdough, with lavender, honey and dried apricots, is
positioned as a premium product due to its exclusive ingredients. Lavender
adds a calming effect, honey has antibacterial properties, and dried apricots add
sweetness and fiber. The fluffy crumb with the color and aroma of lavender and
a hint of honey makes this bread ideal for tea parties or festive occasions.

All three products will be produced in loaf format. These breads will be
clearly positioned in the premium segment due to their high quality, unique
ingredients, and beneficial properties.

We present the main characteristics of the studied craft bread in Table 4.

Table 4
Characteristics of innovative craft bread
Craft bread
Whole grain bread
Ch ‘e with flax seeds, Gluten-free bread with | Sourdough bread with
aracteristic . .
sunflower seeds, quinoa, chia seeds, and | lavender, honey and
pumpkin seeds and buckwheat flour dried apricots
tomatoes
Product Fragrant, dense, with Made without wheat Exquisite bread with
description a crispy crust and a rich | flour, only from natural |lavender, honey and
nutty flavor, made with | gluten-free ingredients | dried apricots, made
sourdough from whole | (quinoa, chia, with live sourdough,
grain flour, seeds, and buckwheat) has a delicate aroma
tomatoes and taste
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Continuation of table 4

Target audience

People who adhere
to a healthy diet are
looking for a healthy
alternative to bread

People with gluten
intolerance, vegans,
fitness enthusiasts,
people following wheat-
free diets

Consumers who
appreciate unique
products, lovers of
gastronomic experiments

Nutritional
value

Flax seeds (omega-3,
antioxidants), sunflower
seeds (vitamins,
magnesium, zinc),
pumpkin seeds (iron,
protein), whole grain
flour (fiber, minerals),
tomatoes (vitamin C)

Quinoa (protein, amino
acids), chia (omega-3,
calcium), buckwheat
flour (iron, magnesium),
low glycemic index

Lavender (calming
effect), honey
(antibacterial properties),
dried apricots (vitamins,
fiber)

Texture and
taste

Dense, with a crispy
crust, rich in nutty flavor

Soft, nutty, moist crumb
with the graininess of
quinoa

Fluffy crumb with the
aroma of lavender and
honey, sweet dried
apricots add softness and
flavor

The shape of
the product

Loaf 500 g / 800

g, sliced in paper
packaging, in a set of
three types of grain
bread, portioned

Loaf 400/600 g,
portioned

Loaf 300/600 g, gift
packaging, portioned

Perfect
accompaniment

For breakfasts with
cheese, avocado, patés,
for bruschetta, cream
soups and salads

As a base for sandwiches
with hummus and
vegetables, in healthy
eating diets and fitness
activities

Suitable for tea or
coffee, for picnics,
festive events, with jam
or butter

Developed by the authors

The presented options for innovative craft bread demonstrate a clear focus
on meeting the needs of different consumer segments, offering not only a tasty
but also a functional product. Each type of bread has its own unique recipe
and technology, target audience, and marketing strategy, which emphasizes
the importance of a personalized approach in the production of craft products.

Production is based on traditional technology — bread is made with live
sourdough with long fermentation (18-24 hours), using organic raw materials
from local suppliers. All products are made by hand, without preservatives and
flavor enhancers, with careful quality control at each stage.

The target audience is people who follow a healthy lifestyle, have dietary
restrictions (celiac disease, veganism, diabetes), as well as gourmets and young
families who value quality and uniqueness in nutrition.

Whole grain bread with flax, sunflower, pumpkin and tomato seeds is made
with organic whole grain wheat flour, which provides a high amount of fiber,
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minerals and healthy fatty acids. Adding flax, sunflower and pumpkin seeds
enriches the bread with omega-3s, antioxidants, protein and minerals, while
sun-dried tomatoes add natural flavour and vitamin C. Extra Virgin olive oil
improves texture and fat benefits, and natural starter enhances flavour and shelf
life.

Gluten-free bread with quinoa, chia seeds and buckwheat flour, thanks to
buckwheat flour and quinoa flour, is an ideal choice for people with gluten
intolerance. Chia seeds, flaxseed meal, and psyllium boost the nutritional value
of the bread, providing omega-3s, protein, calcium, and magnesium. Coconut
or sunflower oil adds a nice flavor and texture, and minimal sweeteners help
preserve the natural flavor.

Lavender, Honey and Dried Apricot Sourdough Bread is made with
a premium wheat flour base for optimal texture. Lavender and honey add
antibacterial and soothing properties, while unsulfurized dried apricots add
natural sweetness and fiber. Grapeseed oil or butter add tenderness, and vanilla

extract enhances the aroma and flavor.
The raw materials used in the production of craft bread are listed in Table 5.

Table 5

List of raw materials for innovative craft bread

Whole grain bread with
flax seeds, sunflower

Gluten-free bread with

Sourdough bread

Ingredient . quinoa, chia seeds, and | with lavender, honey
seeds, pumpkin seeds . .
buckwheat flour and dried apricots
and tomatoes
Flour/base Whole wheat flour Buckwheat flour, Wheat flour, grade
(organic) quinoa flour, tapioca or | 1 or higher
cornstarch
Liquid The water is purified The water is purified The water is purified

Sourdough /

Natural wheat sourdough

Psyllium, baking soda +

Natural wheat

dried tomatoes

baking powder lemon juice or gluten- sourdough
free baking powder

Salt Sea salt Sea salt Sea salt

Sugar/ Honey or molasses Optional: agave/stevia Natural honey (floral,

sweetener (optional, to balance the syrup acacia)

flavor)

Fats/oils Extra Virgin Olive Oil Refined coconut or Grapeseed oil or
sunflower oil butter

Functional Flax seeds, sunflower Chia seeds (soaked), Dried apricots

additives seeds, pumpkin seeds, cooked quinoa, flaxseed | (chopped), dried

meal, psyllium

lavender

Flavorings /
other

Vanilla extract
(optional)

Developed by the authors
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All craft bread recipes have a clearly defined target audience and use natural
and innovative ingredients. The selection of raw materials takes into account
both functional needs (healthy eating, gluten-free, dietary requirements) and
gastronomic benefits (aroma, taste, texture). Each bread has its own unique
properties and offers variety in consumption for different groups of people.

The developed recipes for innovative craft products are presented below.
Recipe 1 «Whole grain bread with flax, sunflower, pumpkin and tomato seeds»
is presented in Table 6.

Table 6
Recipe 1 for «Whole Grain Bread with Flax, Sunflower,
Pumpkin and Tomato Seeds»
Dr Dr
, Weight, | o midity, mattyer Weight, | 11 midity, mattyer
Ingredient g (per o g (per o
500 g) % content, 800 g) % content,
kg kg
Whole wheat flour 250 14 0,215 400 14 0,344
Flax seeds 20 10 0,018 32 10 0,029
Sunflower seeds 20 10 0,018 32 10 0,029
Pumpkin seeds 20 10 0,018 32 10 0,029
Dried tomatoes 30 15 0,026 48 15 0,041
Olive oil 20 0 0,020 32 0 0,032
Natural wheat 50 60 0,020 80 60 0,032
sourdough
Sea salt 5 0 0,005 8 0 0,008
The water is purified |85 100 0,085 136 100 0,136
Total mass 500 - - 800 - -

Developed by the authors

Overall, recipe | is a successful combination of whole grain ingredients,
healthy seeds, and flavorful dried tomatoes, making this bread not only
delicious, but also a valuable source of nutrients. The use of natural sourdough
and olive oil further emphasizes its craft character and high quality.

Recipe 2 «Gluten-free bread with quinoa, chia seeds and buckwheat flour»
was developed (Table 7).

Overall, recipe 2 is a successful combination of gluten-free ingredients
aimed at creating a delicious and healthy bread for people avoiding gluten.

Recipe 3 «Sourdough bread with lavender, honey and dried apricots» has
been developed (Table 8).

Overall, recipe 3 is an original combination of wheat flour, natural
sourdough, fragrant lavender and honey, and sweet dried apricots. This bread
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stands out with its unusual flavor and aroma profile, making it an innovative
product in the craft bread category.

Table 7
Recipe 2 for «Gluten-free bread with quinoa, chia seeds
and buckwheat flour»
. Dr; . Dr
Ingredient g‘z)eelfl:‘téo Hun:idity, mattyer g‘?]])eelfl:st(; 0 Humidity, matt};r
% content, % content,
g) ke g) ke
Buckwheat flour | 150 10 0,135 225 10 0,203
Quinoa flour 100 10 0,090 150 10 0,135
Chia seeds 20 10 0,018 30 10 0,027
Flax flour 10 10 0,009 15 10 0,014
Psyllium 10 10 0,009 15 10 0,014
Coconut oil 15 0 0,015 22 0 0,022
Sea salt 5 0 0,005 8 0 0,008
Purified water 85 100 0,085 130 100 0,130
Total weight 400 - - 600 - -
Developed by the authors
Table 8
Recipe 3 for «Sourdough Bread with Lavender, Honey
and Dried Apricots»
. Dr . Dr
Ingredient g‘?[])eéfl;t(;o Hun:idity, mattyer g‘?l])e‘:fl;t(; 0 Humidity, mattyer
% content, % content,
g) ke g) kg
Premium wheat | 150 14 0,1290 300.00 14 0,2580
flour
Purified water 90 100 0,0000 180.00 100 0,0000
Natural 25 65 0,0088 50.00 65 0,0175
sourdough
Natural honey 10 18 0,0082 20.00 18 0,0164
Dried apricots 15 20 0,0120 30.00 20 0,0240
Dried lavender | 1,7 10 0,0015 3.33 10 0,0030
Grape seed oil |5 0 0,0050 10.00 0 0,0100
Sea salt 2,50 0 0,0025 5.00 0 0,0050
Vanilla extract | 0,83 50 0,0004 1.67 50 0,0008
Total weight 300 - - 600 - -

Developed by the authors
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3. Development of craft bread technology

For the craft production of such innovative breads as «Whole grain bread
with flax, sunflower, pumpkin and tomato seeds», «Gluten-free bread with
quinoa, chia seeds and buckwheat flour», «Sourdough bread with lavender,
honey and dried apricots» an unconventional composition of products will be
required.

Non-traditional products include both basic and additional ingredients that
provide the unique taste, texture, and nutritional value of each type of bread. In
particular, whole grain bread uses whole wheat flour, natural wheat sourdough,
dried tomatoes, flax, sunflower, and pumpkin seeds, which give the product
a rich flavor and additional nutritional value.

Gluten-free bread is made from buckwheat flour, flaxseed flour, quinoa flour,
and chia seeds, which serve as a natural thickener and source of Omega-3.

For sourdough bread, wheat flour, natural sourdough, dried apricots,
lavender, and honey are used, which create an exquisite aroma and a sweet note
in the taste. This combination of ingredients not only ensures a high-quality
result, but also emphasizes the author's approach to craft bread baking.

So, high-grade wheat flour is the most common in the baking industry. It
has a white or cream color, fine grinding, and low ash content (0.45-0.55%).
Its main technological advantage is the high content and quality of gluten (25—
30%), which ensures good dough elasticity, high gas-forming and gas-retaining
capacity. Wheat flour has a dough strength of W = 250-350 units, which allows
for the production of products with a large volume and a good porous structure.
Its moisture absorption capacity is 55-58%, which contributes to the formation
of medium-density dough.

Whole wheat flour is made from the entire grain, including the bran and
germ, and therefore has a higher ash content (1.2-1.8%) and a darker color.
It is medium or coarsely ground. The gluten content is somewhat lower and
its quality is reduced due to the presence of bran. The moisture absorption
capacity is increased by 60-65%, which is due to the presence of fiber. The gas-
forming and gas-retaining capacity is lower than that of higher-grade flour, so it
is usually mixed with high-grade flour to improve technological performance.
Dough based on this flour has average lifting power, takes longer to ferment,
but has high nutritional value.

Buckwheat flour has a grayish-brown color, medium grinding and
a characteristic nutty aroma. It does not contain gluten, so it cannot form
a dough with good structural properties on its own. Its moisture absorption
capacity is 65-70%. Due to the lack of gluten, it has low gas-forming and gas-
retaining properties. It is often used in a mixture with wheat flour. Gives baked
goods a darker color, a pronounced flavor, and high nutritional value.
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Quinoa flour has a light yellow color and a pleasant nutty-earthy taste. Like
buckwheat, it does not contain gluten, so it is not able to form elastic gluten.
Its moisture absorption capacity is quite high — 65-68%. Used in gluten-free
baking or in combination with other types of flour. Gas-forming and gas-
retaining capacity is low, so the dough structure is crumbly. Quinoa flour is rich
in protein, fiber and minerals.

Flaxseed flour has a dark brown color, very fine grinding and a pronounced
nutty aroma. Its feature is an extremely high moisture absorption capacity —
90-110%, due to the content of soluble fibers and mucilages. Flaxseed flour does
not contain gluten, so it does not form the structure of the dough on its own, but
can act as a thickener or egg substitute. It has no gas-forming ability. It is added in
small amounts (up to 10-20%) to other types of flour to increase nutritional value,
enrich with Omega-3 fatty acids, and improve moisture retention in products.

The research process took into account temperature regimes, duration of
technological operations, humidity level (if necessary), and other important
features of dough preparation and baking. Such a comprehensive approach
provides the opportunity to compare technologies, identify critical factors that
affect the quality of the final product, and maintain optimal conditions for the
production of each type of bread.

The analysis of the parameters of technological operations for three types of
bread is presented in Table 9.

Table 9
Analysis of parameters of technological operations of craft bread
Bread name Operation Temp:éature, Time Additional parameters
Whole grain Sifting flour - - Improves dough texture
bread with Seed preparation - - The seeds are crushed
flax, sunflower, |(flax grinding) for better absorption
pumpkin and Grinding dried - - Tomatoes cut into small
tomato seeds tomatoes pieces
Activating the 22-26 30-40 min  |Room temperature water
starter to activate the starter
Dough Kneading - 10-15 min | Soft, elastic dough, does
not stick to hands
Fermentation 22-26 1,5-2 hours |Cover the dough with
a towel, knead 1-2 times
Forming and rising |22-26 30-40 min | At room temperature
Baking 220 35-40 min | Steam oven for crispy
crust
Cooling 20-25 30 min On a wire rack after
baking until completely
cooled
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Continuation of table 9

Gluten-free bread | Mixing dry - - Mix thoroughly for
with quinoa, ingredients even distribution
chia seeds, and | Combining with - - Room temperature
buckwheat flour | liquid ingredients water, melt oil
Proving - 30-40 min | In a warm place, bread
rises slightly
Baking 180 40-50 min | Cover with foil if top
starts to burn
Cooling 20-25 °C 1 hours On a wire rack after
baking until completely
cool
Sourdough bread | Flour sifting - - Determines the texture
with lavender, of the dough
honey and dried | Sourdough 24-26 4-6 hours Water temperature
apricots activation 22-26°C
Autolysis 24-26 30 min 90% water is added
to the flour to form
hydration
Dough kneading 24-26 10-15 min | Moderately elastic
dough, honey and other
ingredients are added
Fermentation 24-26 3-4 hours 2-3 passes with an
interval of 45-60 min
Proving 20-22 2-2,5 hours | or 8-12 hours in the
refrigerator
Baking 230-240 30-35 min | First 10 min with steam,
then 20-25 min at
200-210°C
Cooling 20-25 1-2 hours | On a wire rack after
baking until completely
cooled

Developed by the authors

A comparison of technological operations shows that each type of bread has
its own specifics of preparation. For example, gluten-free bread requires longer
cooling to stabilize the structure, while sourdough bread requires prolonged
fermentation and controlled proofing, which can last up to 12 hours in the
cold. Whole grain bread with seeds requires less fermentation time, but careful
preparation of the ingredients (grinding, soaking, etc.) is important.

Maintaining the appropriate temperatures, times and sequence of operations
are critical to producing quality bread with the desired texture, aroma and taste
characteristics. The final cooling stage at 20-25°C ensures crumb structure
stabilization and crust preservation.
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The technology for making bakery products consists of several
consecutive stages: preparation of sourdough starters and doughs with long
fermentation (12-18 hours), kneading the dough by hand or in a mixer, shaping
the products in accordance with the craft approach, proofing in controlled
conditions, baking in combi steamers or stone ovens depending on the
recipe. After baking, the products are cooled and packed in environmentally
friendly craft packaging with branded labels. All production operations are
accompanied by log keeping, the HACCP system has been implemented
for critical point analysis, and the residue of raw materials and finished
products is monitored.

In order to assess the nutritional value of innovative types of craft bread, an
analysis of their physicochemical composition was conducted. Table 10 shows
data on the content of basic macronutrients (proteins, fats, carbohydrates) and
energy value per 100 grams of product.

Table 10
Physico-chemical composition of innovative craft bread, per 100 g
Indicator
Whole grain bread Gluten-free bread .
Nutrient with flax, sunflower, with quinoa, chia Sourdough bread with
. lavender, honey and
pumpkin and tomato | seeds, and buckwheat . .
dried apricots
seeds flour
Proteins, g 8,03 9,37 4.7
Fats, g 10,53 7,78 2,2
Carbohydrates, g | 33,16 43,68 36,3
Energy value, kcal | 261,25 281,00 180,6

Developed by the authors

Each type of innovative craft bread has clear quality requirements, including
appearance, color, texture, taste, and aroma. Since each bread has its own
unique characteristics, it is important to adhere to technological requirements
and standards to achieve the desired result in each category.

Table 11 describes the main criteria that determine the quality of bread,
in particular for whole grain bread, gluten-free bread and sourdough bread
with lavender and honey. This will help not only to ensure high quality
products, but also to improve product recipes and technology, meeting
consumer needs.

Technological requirements for each type of bread are aimed at ensuring
high quality of the finished product, which will satisfy consumer requirements
in terms of both taste and organoleptic characteristics.
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Table 11

Quality requirements for innovative craft bread

Whole grain bread
with flax, sunflower,

Gluten-free bread with

Sourdough bread with

brown crust without
cracks, with visible flax,
sunflower, pumpkin
seeds and pieces of dried
tomatoes

Indicators . quinoa, chia seeds, and lavender, honey and
pumpkin and tomato . .
buckwheat flour dried apricots
seeds
Appearance | Evenly baked golden Rectangular or round The loaf has the correct

shape, smooth, evenly
browned, golden brown
crust without burnt areas

shape, an even, well-
baked crust without
cracks or carbon deposits

baked bread with olive
oil and a light smell of
fermentation.

Color The crust is golden The crust is golden The crust is golden
brown, the crumb is brown, the crumb is brown, the crumb is
beige or light brown. light brown or grayish, light beige with specks

uniform with seed of dried apricots and
inclusions. The texture lavender.

is dense, moist, elastic

without stickiness, evenly

baked, fine or medium

porosity.

Texture The crumb is porous, The crust is golden The crumb is elastic,
soft, elastic, does not brown, the crumb is evenly porous, not sticky,
crumble when cut, is not | light brown or grayish, tender and springy.
dense or dry. uniform with seed

inclusions. The texture

is dense, moist, elastic
without stickiness, evenly
baked, fine or medium
porosity.

Taste Nutty flavor with The taste is pleasant, Moderately sweet taste
sourdough sourdough and | typical of gluten-free with a slight sourness.
a light hint of tomatoes. | baking with nutty notes

from buckwheat, quinoa,
chia and flax.
Aroma The aroma of freshly The aroma is pleasant, The aroma is distinct

with nutty notes (from
buckwheat, quinoa, chia,
flax).

with notes of sourdough,
lavender and honey.

Developed by the authors

CONCLUSIONS
The developed recipes for three types of bread are based on the principles
of naturalness and innovation, using unique combinations of ingredients (whole
grain wheat flour, quinoa flour, buckwheat flour, chia seeds, lavender, dried
apricots). The production involves the use of natural sourdough and long
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fermentation (18-24 hours), which provides a deep taste and improves the
properties of the bread. Each recipe is detailed, taking into account the mass of
components, their moisture content and dry matter content, which guarantees
stable product quality.

Technological maps and recipes have been drawn up for the three types of
craft bread developed, they have been introduced into production in the bakery
and can be recommended for consumption by all segments of the population to
improve their diets.

SUMMARY

Development of new types of bread using non-traditional grains (e.g.
spelt, quinoa, amaranth), starter cultures with probiotic properties, functional
additives (seeds, spices, vegetables, superfoods) and modern technologies
(low-temperature fermentation, gluten-free production) allows you to satisfy
the growing demand for healthy food, expands the range of products and at
the same time is relevant for the development of the restaurant industry, craft
production and the country's food industry.

Craft bread differs significantly from industrial bread in terms of the method
of production, the quality of ingredients, the duration of fermentation, the taste
characteristics, and the general philosophy of production. It is prepared by hand
or with minimal use of machinery, focusing on the baker's skill and individual
approach.

One of the important aspects of bread production is the fermentation
process. In craft baking, the dough ripens slowly — up to 24 hours, which gives
it a deep taste, a distinct aroma and facilitates digestion. The sourdough contains
beneficial bacteria that support the intestinal microflora, improve digestion and
help maintain a healthy stomach.

Superfoods are actively integrated into bread production: spirulina, amaranth,
chia seeds, sea buckthorn, activated carbon, which form bread as a functional
product with high health potential. Expansion of the line of gluten-free products
based on pseudocereals (buckwheat, chickpeas, corn, flax) is a response to the
growing demand from people with gluten intolerance.

The paper considers the issue of developing recipes and technologies
for craft bread for sale in a bakery, focusing on the needs of different
consumers. The first type of craft bread is whole grain bread with flax
seeds, sunflower, pumpkin and tomatoes; the second — gluten-free bread
with quinoa, chia seeds and buckwheat flour, will be an excellent choice
for those with gluten intolerance; the third — sourdough, with lavender,
honey and dried apricots, is positioned as a premium product due to its
exclusive ingredients.
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In the process of creating craft bread, temperature regimes, duration of
technological operations, humidity level, and other important features of dough
preparation and baking are taken into account. Such a comprehensive approach
provides the opportunity to compare technologies, identify critical factors that
affect the quality of the final product, and maintain optimal conditions for the
production of each type of bread.

The technology for making bakery products consists of several consecutive
stages: preparation of sourdough starters and doughs with long fermentation
(12-18 hours), kneading the dough by hand or in a mixer, shaping the products
in accordance with the craft approach, proofing under controlled conditions,
baking in combi steamers or stone ovens, depending on the recipe.

The studied bread has certain physicochemical indicators, but differs in that
it does not contain flour improvers, preservatives, or flavor enhancers, which
makes its shelf life shorter than industrial types of bread.

For each type of innovative craft bread, clear quality requirements are set,
including appearance, color, texture, taste and aroma, as each bread has its own
unique characteristics.

The target audience for consuming craft bread is people who follow a healthy
lifestyle and have dietary restrictions (celiac disease, veganism, diabetes), as
well as gourmets and young families who value quality and uniqueness in
nutrition.
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CHAPTER 18

IHHOBALIT Y TEXHONOTIAX 3AMOPOXXYBAHHA
| 3BEPITAHHA NN1040BO-ArNAHOI CUPOBUHU
HA OCHOBI METO[LIB KPIOMPOTEKLLII

CimaxiHa I. O.
DOl https://doi.org/10.30525/978-9934-26-653-9-18

BCTYI

IHHOBALIIT, HOBOBBEACHHS, IHHOBAI[iliHA TiSUTHHICTh Ta IHHOBAII i HA ITOTITHKA —
1Ie HOBI Kareropii, siki 3’sIBIJINCS B €KOHOMIYHOMY PO3BHTKY HaIIOi Jep>KaBH
B yMOBax pWHKOBHX BimHocHH. «ll[o0 marm maiibyTHe, Tpeba OyTH TrOTOBHM
3poOHTH IIOCH HOBe», — ckazas mie 1909 poky Ilitep /Ipykep, ameprKaHCHKHUN
creniarmicT i3 MenepkMenty. Lio Temy npomosxkus Mozed Illymmerep, aBcTpo-
aMepHKaHChKHH ekoHoMmicT 1 comionor: «IIpudyTok moxke OyTn oTpumaHmii
JIMIIe B pe3yJbTaTi mepesar, siki 1a€ innoBamisi». CboroyiHi y AiJI0BOMY CBITI
10 Te3y Ha3uBarTh Teopemoro [llymmerepa'.

XapakTepHa NpPUKMETa CY4acHOTO €Tary CKOHOMIYHO pPO3BHHEHHUX
Mepe/IoBUX KpaiH — IHHOBALIHHMH WIISIX PO3BUTKY, B OCHOBI SIKOTO JIGKHTH
LJIECHIPSIMOBAHUI TIpOLIEC TOMIYKY, IMIJTOTOBKH 1 peaiizarii iHHOBaliH, sKi
JIO3BOJISIFOTH TTJIBUIIUTH €(EKTUBHICTH CYCIUILHOTO BUPOOHUIITBA, B HAIIOMY
BUINAJKy — BHPOOHHITBA HOBHX XAPYOBHX MNPOAYKTIB 3 MOJINIIEHUMH
XapaKTepUCTHKAMH.

CrBopeHHss B VYKpaiHi 1HIyCTpil 370pOBOrO XapdyBaHHsS, OCHOBOIO
sIKo1 CTaHyTb HOBI TEXHOJOTIT Ta HOBI XapyoBi TNPOMYKTH, BH3HAYAETHCS
HEOOXIHICTIO 3a0€3MeYNTH HACEeNIEHHS KpaiHU 370pOBHM, (DyHKIIOHAJIBHUM
Xap4yBaHHSIM SIK OCHOBHUM €JIEMEHTOM ITi/IBUICHHS SIKOCTI >KUTTS JIIOANHH Ta
TIOJIIIICHHS CTaHy 1 370pOB's.

Jnst peamizanii mocTaBlIeHUX 3aBJaHb ONTHMAIBHUM MIISIXOM PO3BUTKY
TEXHOJIOTI Ta CKOHOMIKM € iHHOBAHIMHWIl IIJISIX, SIKUI CYIPOBOKYETHCS
MOCTIHHUM OHOBJICHHSM TEXHOJIOTiH, TOBapiB 1 MOCIYr PI3HOMAHITHOTO
MIPU3HAYCHHS, POCTOM IX KOHKYPEHTOCIIPOMOXKHOCTI SIK Ha BHYTPIITHBOMY, TaK
1 30BHIIIHBOMY PHHKaX, CTAOLII3aIli€l0 1 PO3MINPEHHIM PUHKIB 30yTY, a OTXKe,

! Schumpeter, J. Theory of economic development: An inquiry into profits, capital, credit, interest,
and the business cycle. Cambridge, MA: Harvard University Press, 1934. P. 147.
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3pOCTaHHSAM 3alHATOCTI HaceJIeHHs, €()eKTMBHUM BUKOPUCTAHHSIM HayKOBO-
TEXHIYHOT'O MOTEHLIaNy 1 CTUMYJIIOBAaHHIM HOTO pOCTY.

VY 3abe3neueHH] HaceIeHHs KpaiHu MPOIYKLIEIO [JIsl 37I0POBOTO XapuyBaHHs
IUTOJ, SITOAM Ta OBOYI IMOCiNaloTh ocoOnuBe Micie. OJHAK e MPOLYKILis
CE30HHOT0 XapakTepy 1 HU3bKOi CTIMKOCTI mpH 30epiraHHi, ToMy HeO6Xi):[HO
3 BUKOPHUCTAHHSIM LITYYHOT'O XOJOAYy B YCIiX ioro Mozm(bncaumx Ta BapiaHTax
3actocyBaHHs. bararopiuyHuii CBITOBMH HayKOBMH 1 IPakTUYHHUHA JIOCBIJ
1I0Ka3aB, 110 HU3BKOTEMIIEpaTypHE KOHCEPBYBAaHHS € YHIKQJIbHUM CIOCOOOM
30epertd mpu IepepoOseHHl Xap4yoBy Ta OI0JOTiYHY LIHHICTH POCIMHHOI
CHPOBHHHM 1 npoAyKuii Ha ii OCHOBI.

Mertoto naHoi poOOTH € HayKOBO-NIPAKTHYHE OOIPYHTYBaHHS Ta
BJIOCKOHAJICHHSI ~ TEXHOJOrIl  IIBUAKO3aMOPOXKEHUX  IUIOJOBO-STiTHUX
HamniBpaOpuKkaTiB  MmiABUINEGHOT OIOJIOTIYHOT IMIHHOCTI 1  CIIOXKHBYUX
XapakTepUCTHK 3 BHKOPUCTAHHIM METONIB Kpiomporekuii. HaykoBo
00IpyHTOBaHO, eKCIIePUMEHTAIBHO M ATBEPIKEHO e(EeKTUBHICTD
rorepeHporo  00pobneHHst kpionporekropamu (17 BOXHUX PO3UMHIB
OpPraHiyHMX Ta MIHEPAJIBHUX CIIOJNYK) IUIOAIB 1 SITiJ JUIS 3aXHMCTy IXHIX
CTPYKTYpP BiJ YIIKOJUKEHb IIPH IIBUAKOMY 3aMOpPOKYBaHHI, B pe3yJbraTi
YOro BTpaTu HaWOumbLI TepMosabinbHOl crionyky (Bitaminy C) 3MEHIIMINCH
i3 80...95 % 1o 8...15 %

Ha mizncraBi BCTAHOBJICHOTO MO3MTHUBHOTO €(EKTYy MOEIHAHHS IMITYYHOTO
XOJIONYy Ta METOJl KpIiONpOTEKLii NMpu KOHCEPBYBaHHI POCIMHHOI CHPOBHHH,
JIOCJTIJPKEHHS IXHBOTO BIUIMBY Ha (Di3MKO-XIMIYHI, TEXHOJIOTT4H1, MIKpOOioIoTiuHi
MOKa3HUKK IUIOMIB 1 STiZl YJOCKOHAJEHO TEXHOJIOTIIO IIBUJIKO3aMOPOXKEHUX
HaiBhaOpuKaTiB 3 MONEPe/HIM 0OPOOICHHIM CHPOBHHHI BOJIHHMHU PO3UHHAMH
KPIiOMPOTEKTOPiB. IX BMKOPUCTAHHA 3amMoOOirac MEXaHIYHMM  YIIKOKEHHSIM
TKaHWH, 3MEHIIyE BTPAaTH KIITHHHOIO COKy Hpu Jedpocrauii, 3ade3nedye
HaJISKHI SIKICHI Ta OPraHOJICNITUYHI NOKa3HHUKH.

1. Haykosi nigxoau oo Bu6opy HaedeKTUBHILLOro cnocoby
KOHCEpPBYBaHHS POC/IMHHOI CUPOBUHU
Jnst motonanHs BiTaMiHHOTO JIeilUTY y pallioHax Xap4yBaHHs HaCElICHHS
HaOUIBIIOro 3HAYEHHS HaJaeThCs IUIOAOOBOYEBIM Ta STiAHIA CHPOBHHI, sSKa
y Tpoleci CBOro poCTy HAKOIHMYYE 3HAYHI KOHIEHTpalii IHHUX 010J0T1YHO
aKTHBHUX pe4yoBHH. Lle mpoxyKiisi Ce30HHOTO XapakTepy, 1 Juis e(eKTHBHOro
BUKOPHCTAHHS YIPOJOBK POKY ii KOHCEpBYIOTH’. Haibinbin 10CKOHATHM

2 Cimaxina I".O., Kouy6eit-JTurBunenko O.B., Haymenko H.B., Kamincbka C.B. Kpioyikomkenns ta
Kpi03aXHCT Y XOJIOOBUX TeXHONOTiAX: MoHorpadis. Kuis: Bugasaunrso «Cramsy, 2022. C. 10.

3 Cimaxina IO., KouyGeii-JIuteurenko O.B., Haymenko H.B., Kaminceka C.B. 3asnau. Buj. C. 8.
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€ crocid 3amopokyBaHHs. Tomy mHonMT Ha 3aMOpOXeHI HariBhaOpukaTu
y CBITi MOCTIHHO 3pocTae, IXHil TOBApOOOIr MOPIYHO 301IbIIyeThCsS Ha 4-6 %°,
MPHUBAOJIIOIOYN CIIOKUBAYIB BHCOKOI OIOJOTIYHOK I[IHHICTIO, HAJCKHUMHU
OPraHoJICNITUYHUMH TTOKa3HUKAMK® 1 TIPAKTUYHO HE BiIPI3HSIIOYKCH BiJl CBIXKOT
cHpOBHHM®, HaBiTh Mpu TpuBagoMmy 30epiranxi’. Jligepamu y BHPOOHHIITBI,
CIOKMBAaHHI ~Ta  EKCIIOPTI  3aMOPOXKEHOI  IJIONOBO-ATIHOT  MPOIYKIIT
€ Benukobpuranis, Himeyunna, ®panis, [Tombuia®.

OcoOnuBe Micue cepell pOCIMHHOI CHPOBMHH IOCIAalOTh KyJIbTUBOBaHI
1 AMKOPOCII SATOJM — KOHIIEHTPATOpPH BITaMiHIB 1 MiHEpaJbHUX CHONYK, SIKi
HaOyBalOTh JAeAaii OUIBIIOr0 3HA4YECHHS B 03JI0POBUOMY, MPODITAKTUUHOMY,
JI€eTHYHOMY  XapyyBaHHI’,  TepeayciM B  CKCTPEMAalbHHX  yMOBax
KUTTEAIUTBHOCTI . ToMy 3aMOpOXKYBaHHS caMe TaKHX BHIIB CHPOBHHU
noTpedye MepuIoyeproBoro NoIyKy i BIpoBaKeHHs ¢(pEKTHBHIX iHHOBAILi#'!,
aJDKe TUIOAHM 1 ATOJM MaroTh aHTHBIPYCHY, aHTHOAKTepiajbHy, aHTUpadialliiiHy
JiI0 Ta € TOoCTa4ajJbHUKAMH PEYOBHH BTOPUHHOTO CHHTE3y — TMOJi()EHOIIIB,
apOMaTHYHUX CIIONYK, JIETKMX KHCIOT, sIKi (OpMyIOTH apomar, 3amax i cmak
CBixuUX Arin'>.

Pa3om 3 TUM, STOM € HAHOUTBII CKIaJHUM 00’ €KTOM ISl 3aMOPOXKYBaHHS,
3Ba)KalOYM Ha BHCOKHWII BMICT y iXxHbOMY ckiani Bomu (10 90%), Han3BH4YaliHO
HDKHY IOKPMBHY TKaHWHY, HHM3bKYy CTiHKicTh mpu 30epiranni. lle Bumarae
TIOUIYKY IHHOBAIL[IMHUX PIlIEHb NPU PO3POOJICHHI TEXHOJOTIH 3aMOpPOKYBaHHS

4 Frozen fruit (2018). Frozen fruit market in the EU: Germany remains the largest importer. URL:

https://www.freshplaza.com/article/9020192/frozen-fruit-market-in-the-eu-germany-remains-the-
largest-importer (access date 05.01.2026)

3 Goyal, R.K., Verma, L.R., & Joshi, V.K. (2000). Nutritive value of fruits, vegetables, and their
products in postharvest technology of fruits and vegetables. Indus Publishing, New Delhi. P. 356.

6 Rickman, J.C., Barrett, D.M., & Bruhn, C.M. Nutritional comparison of fresh, frozen and canned
fruits and vegetables. Part 1. Vitamins C and B and phenolic compounds. Journal of Sci Food Agric.
2007. Vol. 87. P. 938.

7 Poiana, M., Moigradean, D., Raba, D., Alda, L.-M. & Popa, M. The effect of long-term frozen
storage on the nutraceutical compounds, antioxidant properties and color indices of different kinds of
berries. Journal of Food, Agriculture & Environment. 2010. Vol. 8, issue 1. P. 54.

8 3BiT «AHaii3 CBITOBOrO PUHKY 3aMOPOKEHHX IPOIYKTIB XapuyBaHHS 3a BHJOM IIPOAYKI{i Ta
reorpadiyHEM pPO3TANTyBaHHAM: TeHAeHMIT Ta mporrosu (2010-2018)». URL: http://www.ucca.org,ua/
ua/information/news/21# (gara 3sepuenns 05.01.2026)

?  Kossapin LII. [ietonpodinakruka B yMoBax paiioakTHBHOTO 3a0pyAHEHHs IOBKULIL. Qimomepanis
6 Ykpaini. 2009. Ne3-4. C. 49.

10 Cimaxina IO., Haymenko H.B., Kaminceka C.B. OcoGmuBOCTi XapuyBaHHsS B €KCTPEMAIbHUX
yMOBax )UTTeAisIbHOCTI. Grail of Science. International Scientific Journal. 2021. Vol. 11. P. 142. DOIL:
https://doi.org/10.36074/grail-of-science.24.12.2021.026

1 Cimaxina IO., I'peripuak H.M., Haymenxo H.B., Kaminceka C.B. Bitaminna minnicts Ta
Mikpobionoriuna Oe3meka 3aMOPOKEHHX IUIOAIB BHIIHI mpH 30epirauni. Haykosi npayi HYXT. 2024.
Ne2. C. 156.

12 Sandell, M., Laaksonen, O., & Lunden, S. Flavour properties and chemistry of berries. 2012. URL:
https://www.researchgate.net/publication/286026759 Flavour properties and chemistry of
berries (access date 10.01.2026)
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SArigHEX KyneTyp's. OqHi€r0 3 HAWOLIBII EPCIEKTUBHUX 1IHHOBALIH € MOETHAHHS
LITYYHOTO  XOJOXY 3 BHKOPHUCTAHHSM  CIIOJNYK-KPIONPOTEKTOpiB.  Xoua
(dyHIaMeHTaNbHI 1 MPUKIaAHI JOCITIPKSHHS B JAHOMY HAIpsiMi OyJ0 BUKOHAHO
e y 1970-1i poku y kpio6ionoriunux nenrpax CIIA, Aurnii, @panii, SnoHii,
HarpukiHii 1990-X pokiB y3arajbHeHi 1 pO3BHHYTI Ha HOBOMY PiBHI BITYU3HSIHUMUA
yuenumu A. Binoycom, B. I'pumienkom, M. Ilymkapem, €. Topaienkom', mure
OCTaHHIM YacoM JIaHMH HalpsiM CTaB IPEAMETOM JOCTI/DKeHb 1 B Tally3sixX
XapuoOBHX TEXHOJOTIH. Pe3ymbrath mokazamu's, 10 TEOpeTHYHI 3HAHHS, SKi
CTajM HajO0aHHSIM KpioOioyorii, MOXHa YCIIIIHO aanTyBaTH JO IPOIECIB
3aMOPOXKYBaHHSI SITIIHOT CHPOBHMHM 1 MiHIMI3yBaTH BTPATH HAHOUIBIN J1a01TLHOTO
KOMITOHEHTa — acKopOiHOBOI KUCIOTH 10 5-7 %. Lle BinOyBaeThcsi 3a paxyHOK
TOTO, 110 B 0OpOOJICHUX BOJXHUMH PO3UYMHAMHU KPIOHMPOTEKTOPIB SIrojiax iCTOTHO
rajJbMY€ThCSl PO3BUTOK 1103a- Ta BHYTPILNIHBOKIITUHHOTO KPUCTAJIOyTBOPEHHS,
SIKE € OCHOBHHMM pYHHIBHMM UYHHHHKOM KJIITHH 1 TKaHMH 3aMOPOXKYBaHHX
00’exriB. Takux pe3ynbrariB 100 MiHIMi3alii BTpaT ackopOiHOBOI KHCIOTH
P 3aMOPOKYBaHHI ST1/] 38 TPAJULIHOK TEXHOIOTIE AOCATTH HE BAanocs s,

JlocitipKeHHsT TPOBOJIMIIN 3 JIMKOPOCIMMH STOJaMU apoHii 4OPHOIUTIAHOT,
KaJIMHH, OXXMHU, MAJIMHH, YOPHHMII, IIMPOKO PO3MOBCIOPKCHUMH Ha TEPUTOPIi
Henrpansroi Ta Cxiguoi €Bporu. Bubip MmarepiaiiB Uit JOCITIPKCHHS
IPYHTYBaBCS. Ha BIJIOBIIHOCTI IXHIX MOKA3HHKIB IMOMEPEIHHO BCTAHOBICHUM
KPHUTEPIisM OL[IHKH IUTO/IB 1 SAT1/ JUIsi OTPUMaHHS 3aMOPOXKEHUX HarliBpaOpuKariB
BHCOKOI 0i0J10oriuHOi 1iHHOCTI!, HaBeAeHUMHU y Tabuil 1.

AmHami3 HaBeJEHUX KpUTEpIiB CBIMYMTH NP0 TapaHTOBaHY SIKICTh
3aMOPOXKEHUX ST/l (apOHii YOPHOILIIIHOT, KAJIMHH, OXXMHH, MaJHHU, YOPHHUILL),
IXHI HaJIS)KHI OPraHOJIENTHYHI TOKa3HUKU Ta MiJBUILEHY Ol0JOTiYHy IIHHICTH
HaBITb IIPU TPUBAJIOMY 30epiraHHi.

VYei  pocnmijpkyBaHi  3pa3kM  OOpOOJSUTM  PO3YMHAMHU  KPIOMPOTEKTOPIiB
OpraHiyHol Ta MiHEpaJIbHOI MPUPOJH, EPEKTUBHICTH SIKUX OIMCAHO B pOOOTAx
3 Kpio6iosorii'® i mepeBipeHo B HAIIKMX JOCITIKSHHSIX.

3 Tlasmox PIO., Torapceka B.B. HoBe B TexHONOrii OTpUMaHHS 3aMOPOKEHHX AT Ta IIOPE
3 PEKOPAHHMH XapaKTEPUCTHKAMH. [Ipoepecueni mexwika ma MexHON02ii Xapuoeux eupoOHuyme
pecmopannoeo eocnodapemea. 2013. T. 1, Nel. C. 3.

4 Benoyc A.M., I'puutenxo B.1. KpnoGuosnorus: moxorpadus. Kues: Haykosa nymka, 1994.
Simakhina, G., Naumenko, N., Bazhay-Zhezherun, S., Kaminska, S. Impact of Cryoprotection on
Minimization of Ascorbic Acid Losses in Freezing of Berries. Ukrainian Food Journal. Vol. 8, issue 2. P.
273.

16 Noormets, M., Karp, K., Starast, M., Leis, L., Muru, K. The influence of freezing on the content of
ascorbic acid in Vaccinium species berries. Acta Hort. 2006. Vol. 715. P. 539.

7 Cimaxina I'O. OcHOBHI IOKa3HUKH IPUAATHOCTI IUIOAIB 1 SITij{ 10 3aMOPOIKYBaHHSL. Bueni 3anucku
Taspiticbkoeo Hayionanvroeo yHisepcumenty imeri B.1. Bepnaocvkoeo. 2018. T. 29, Nel. C. 76.

18 Wagner, C.T., Martowicz, M.L., Livesey, S.A., Connor, J. Biochemical stabilization enhances red
blood cell recovery and stability following cryopreservation. Cryobiology. 2012. Vol. 45, issue 2. P. 160.
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Tabmuus 1

OcHoBHi kpuTepii BHOOPY IJI0A0BO-ATITHUX KYJIBTYP,
NPUIATHUX JUIS1 3AMOPOKYBAHHS

Kpurepiit

XapakTepucTHKa KPUTepilo

Komriieke 6i010TI4HO aKTHBHUX
PEYOBHUH ILIONIB Ta STiJ

TToBHOTa Xap4oBOi Ta 0iOIOTiYHOT IIHHOCTI CUPOBUHH
1 TOTOBOI MPORYKILT ISt 33/I0BOJICHHS] HYTPUTHBHUX
1oTped OpraHi3My JIOIWHU BIIPOIOBXK POKY

I'mokoanuaoMeTpuuHUN 1HACKC

CriBBiZIHOIIEHHS I[YKpPIB Ta OPraHIYHUX KUCIOT IPH
ONTUMAJIbHOMY HOTr0 3Ha4YeHHi 6...7:1

Kopersiuist Mixk BMiCTOM
acKkopOiHOBOI KHUCIOTH
i 6ioaBoHOIAIB

Hait6inpumit epekT ackopOiHOBOI KHCIOTH BUSIBIISETHCS
IIPY CIIUIBHIN Aii 3 GloduaBoHOIIAMEU

HasiBHICTH KapOTHHOIIIB

CBiI[‘IeHHSI AHTUOKCUJIAHTHUX, OHKOIIPOTEKTOPHUX,
3aI‘aJ’IBH03MiLIHIOIO‘II/IX BJIACTUBOCTEH

BwmicT npupoaHux
KpIOIIPOTEKTOPIB

Bucokuii BMICT I[yKpiB 3 NepeBaxatouor0
KOHIICHTPAI€I0 [ITIOKO3M Ta (PPYKTO3M K CTabiIi3aTopi
BHYTPILIHBOKJIITHHHUX CTPYKTYP IPU 3aMOPOKYBaHHI

3parHicTh G10KOMIIOHEHTIB 110
XOJI00BOI ajanTamnii

IpoTHais KpiOYIIKOKEHHSIM, 30€pEeKEHHS SIKICHIX
Ta OPraHOJENTHYHUX [OKA3HHUKIB 3aMOPOXKECHUX Ta
nedpocroBanux HamiBhaOpHKaTiB

Tun MOKPHUBHOT TKAaHUHU IUIOIIB
Ta AT

306epexeHHs I[ITiICHOCTI MOBEPXHI MPH 3aMOPOXYBaHHI,
30epiranHi Ta aedpocraii HamiBpadpukaris

OpraHoJenTHYHI TOKa3HUKU —
MiHIMaJIbHa PO30DKHICTE MiXkK
CBIXKHMH, 3aMOPOKCHUMH Ta
e(pOCTOBAaHUMH 00’ €KTaMHU

30BHINIHIM BUIIISA, KOJTIp, apOMaT, CMaK, KOHCUCTEHIIist
IUTOIB Ta ST micis aedpocrarlii, ik BidyalbHa
XapaKTepUCTUKA 1X CHOKUBYMX BIACTUBOCTEH,
MIepPCIICKTHBA peai3alil Ha BHyTPIIIHBOMY 1 30BHIIIHHOMY
PHUHKaX.

Jns  nonepenHboro

00po0neHHs

ST 3aCTOCYBaJIM  KOMOIHOBaHUM

npoTekTop — BogHuil 10%-HUN PO3YMH caxapo3u CHiIBHO 3 1%-HUM PO3YHMHOM
JIUMOHHOT KUCJIOTH, SIKMiA, 32 JaHUMHU'®, BUSABUB HaO1bITy e(heKTUBHICTD. LM
KplONpOTEeKTOPOM 00po0IIsy 3pa3kH sAria npotsirom 40-60 XB. pu Temreparypi
20 °C micst 1X MUATTS Ta OYHMIICHHS BiJl CTOPOHHIX TOMIIIIOK.

[Ticnst 06poOIeHHS KPIOIPOTEKTOPAMH STOIM OCYILYBAJIU BiJl 3aiiBOT BOJIOTH
1 3aMOpPOXKYBaJIM y HIBHIKOMOPO3WIBHIM KamMepl PO3CHIIOM TIpH TemIieparypi
—35...-37 °C, mio BiJmOBiJa€ mMmapaMeTpaM MIBUAKOTO 3aMOPOXYBaHHI.
[Ipouec TpuBae 10 JOCSATHEHHS B LEHTPI sria remneparypu —18 = 1 °C.

3aMopokeHi Arofu mNakyBaiu B maketd o 500 r, JOTpUMYIOYHCh BHUMOT
LUTICHOCTI 1 TePMETHYHOCTI YNaKoBKH, 30epiranmu npotsrom 12 wmicsuiB
(MakcuMasibHUH TepMiH) npu Temmneparypi —18 °C 1 BigHOCHI Bomorocti

19 Simakhina, G., Naumenko, N., Bazhay-Zhezherun, S., Kaminska, S. Op. cit. P. 276.

2 Singh R.P, Mannapperuma J.D. Development in Food Freezing. In: Biotechnology and Food
Process Engineering. H.G. Schwartzberg, M.A. Rao (eds). New York: Marcel Dekker, 1990.
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He Oumbmie HiK 95 %. Ilpum mWiArOTOBII SITif 1O IOCHIIKCHHS Ha BMICT
OCHOBHUX OIOXIMIYHMX KOMIIOHEHTIB, OpIaHOJICNTUYHUX XapaKTEPUCTHUK,
MikpoOiosoriynoi 0Oe3neku MpoBoxwiKM jAedpocTanito TpH  TeMmIeparypi
34...40 °C na BojsHIN OaHi.

Pesynpratn  nociiJukeHb, BMKOHaHMX Ha 23 BHJIAax  IUIOJOBO-
SITITHOT CHPOBHMHHU, OJHO3HAYHO IIOKa3alik, [0 caMe BHUOIp ePEKTHBHUX
KpIONPOTEKTOpiB, 11X KOHLEHTpalii, yMOB MpPOBEACHHS IOIEPEIHHOTO
00pOOJICHHS TUIOIB 1 5IT1]] € OCHOBHOIO IHHOBAIII€I0 Y BIIOCKOHAJICHHI TEXHOJIOTIT
LIBH/IKO3aMOPOKEHHUX HamiBdaOpukatiB 1 HeoOXimuum i enementom. Jlis
MIPOBEICHHS CKCHEPUMEHTAIBHUX JOCHIIKEHh B ONTHMAJIBHHX YMOBax
311CHEHO TPU(AKTOPHUIA EKCIEPUMEHT Ta OTPUMAHO PIBHSHHS perpecii, mo
BUSIBUJIOCH aKTyaJbHUM SIK JUIS Teopii, TaKk 1 MPaKTHYHOTO BJIOCKOHAJICHHS
JIaHOT TEXHOJIOT1I.

BukopucranHss MaremMaTHyHOI MOJIEJi JIO3BOJISIE PO3B'S3aTH  PAKTUYHI
3aja4i: 3HAITH ONTUMAJIbHI ITApAMETPH TEXHOJIOTTYHOTO IPOLECY, 100 10CATTH
BUPOOHMILITBO MPOAYKTY HaiBHIIOl sikocTi. B Hamomy Bunaiaky mnigibparu
OIITUMAJIbHY TPHBAIICTh 0OPOOJICHHS, CTBOPUTH KOMOIHOBaHH KPiOMPOTEKTOD,
SIKMH 3a0€31eYnTh MakCuMajbHe 30epexeHHs Bitaminy C IpH 3aMOpOXKyBaHHI,
a Tako)X MPOTHO3 3MiHM BMicTy Bitaminy C BiJ 30BHIIIHIX YMHHHKIB — 3MiHU
KOHIICHTpAIlii KPiOMPOTEKTOpa Ta TPUBAIOCTI 0OpOOICHHS Aria’'.

Po3pobiieHa HaMH TEXHOJIOT 151 3aMOPOXKYBaHHS CHPOBHHH 3 KPIOITPOTEKTOpaMHU
JIOIyCKa€ IJIECIIPSIMOBaHy 3MiHY BCiX HAHOULIBII CYTTEBUX BXIIHUX (haKTOPIB
(TpuBaicTh 0OPOOKHM CHPOBHMHM KPIONPOTEKTOpaMHU Ta Miadip KOMOIHOBaHOTO
kpionporekropa). Tomy st MoOyJOBM MareMaTHYHOI MOJEJi HaIoro 06’exra
MH 3aCTOCOBYBAJIM IOBHUH TpH(AKTOPHUI EKCIIEPUMEHT, NpH [bOMY MH
MparHyJid J0 MiHiMi3amii Yucia JOCHiIiB, OJHOYACHO BapIiIOIOYM BCI 3MiHHI,
sIKI BU3HAYaIOTh MPOLEC; OOMpalld YiTKy CTparerito, M0 J03BOJISIE NMPUHAMATH
OOTpYHTOBaHI pillICHHs MiCIsI KOXKHOI cepil mocmiai™.

[TapamerpoM omnTuMizanii MU OOMpaEMO IMOKAa3HUK BMICTY ackKopOiHOBOI
KHCJIOTH Y CBIXKIH Ta 3aMOpPOXKEHIH CUPOBHHI, OCKUIBKN caMe BiH CBIIYUTH IPO
JIOCKOHAJIICTh PO3pO0JICHOI TEXHOJIOT'I.

Mu 3xificHuny  TpuQaKTOpHUH EKCIIEPUMEHT JUIsi BHM3HAYCHHS YMOB
ToTiepeIHbOro  OOpOoOJICHHST  ATiJ] CMOPOAMHM  YOpPHOI  KOMOIHOBAaHMM
KPIONPOTEKTOPOM — CYMIIIIIIIO TIIFOKO3H 1 IMMOHHOT KHCJIOTH, 1110 320€311e4yI0Th
MiHIMaibHI BTpaTH ackopOIHOBOi KHCIOTH IpPH 3aMOpOXyBaHHI. Ha ocHoOBI
pe3yabrariB MONEPEHIX JOCTIPKeHb NPUHHSIA BMICT JIMMOHHOI KHCIIOTH

2 Kaminceka C.B., Mictopa T.I', Cimaxina IO, Maremariyna Mojenb NPOTHO3YBaHHS BMICTY

ackopOiHOBOT KMCIIOTH B 3aMOpoXeHUX sroax. Haykosi npayi HVXT. 2019. T. 25, Ne4. C. 213.

2 Bompos B.C., 3as’suoB B.JI., Muctopa T.I. MareMaTnKo-CTATHCTHYHI METOIN JOCITIUKEHb. KHuiB:
HYXT, 2007. C. 157.
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Bin 0,5 no 1,5%, ockinbku 30UTBIICHHS KOHIICHTpAIlli HETaTUBHO BILTHBAJIO
Ha OpraHoJICNTHYHI ITOKa3HUKW 3aMOpokeHuX sria. [lpu tpudakTopHOMY
EKCIIEPUMEHTI B SIKOCTI 3MIHHMX BUCTYIAIOTh TaKi NOKa3HHUKH:

x, (C,) — BMmicT nmoko3u, %o;

x, (C,) — BMIiCT TMMOHHOI KUCJIOTH, %0;

x; (t) — TpuBaJIicTh OOPOOIICHHS, XB.

v (BimC) — Bwmicr Bitaminy C B siroZiax 4OpHOT CMOPOAMHH.

VY 3aranpHOMY BUDIISIAl YHKIIIO MOKHA TIPEJICTABUTH TaK:

Y =[x, x5 X3)

Po3pobnieHa MaTemMaTn4Ha MOJICNb Ma€ TaKUi BUTISI>:

y=3,094*C, +74,547*C, +0,551%¢t-3,659*C, *C, +
+0,007*C, *t-1,568*C, *¢t+0,105*C, *C, *t+ 79,74

2. EpeKTUBHICTb BUKOPUCTAHHSA KPiONpoOTeKTOopiB.
HaykoBi Ta npaKTU4Hi acnekTu

Y pobori A. binoyca ta B. [ pummienka gaHo Take Bu3Hau9eHHs: « KpionmpoTrekropamu
Ha3WBAIOTh CIIONYKH, SIKi 3[aTHI 3arto0iraTi PO3BUTKOBI YIITKOKEHB O10JIOTiTHHX
00'€KTiB TIpH X 3aMOpOXKYBAaHHI i TOMAIBIIIOMY BimirpiBaHHI». 3arambHEMH
BIIACTHBOCTAMH KpPIONPOTEKTOPIB IOCIITHAKA BBAXKAIOTH HASBHICTD Y iXHIN
CTPYKTYpi TOJAPHUX MOJEKYJ, 3/IaTHUX B3a€MOIATH SK 13 MOJEKyJIaMH BOJH,
MeTaJlaMH, COIISIMH, TaK 1 3 KOMITOHGHTaMH MeMOpaH 1 OiormomiMepamu; IXHIO
3[aTHICTh BIUIMBATH Ha TPOIECH KpHCTANi3alii, CHOPIsTour  (pOpPMyBaHHIO
JPiIOHOKPHCTAIIYHOTO JIHOY, KOTPOMY HE BIACTHBI CHIIBHI TIOJIST HATIPYTH.

3MiHa CTPYKTypH IJBOAY IIiJ [i€l0 KPIOMPOTEKTOPIB 3HWXKYE CTYIiHB
MEXaHI9HOTO BIUTUBY Ha IIUTOIIA3MATHIHI CTPYKTYpH MEMOpaHH. Y IPUCYTHOCTI
KpIOTIPOTEKTOpa BUMOPOXKYBAaHHS BiNBbHOI (pakiii BOOM 3 KpiO3aXHUCHOTO
cepefoBHINa repedirae B MUPOKiH TeMIIepaTypHild 30HI W 3aBEpPIIYETHCS MPH
KOHIIEHTpaIlii HeBuMmep3oi Boau 10 20...30%%.

3a  miTepaTypHUMH JaHWMH, HAWOUTBIN  MOCHIIPKEHUMH €  TaKi
KPIOTIPOTEKTOpH®: €TaHoI, TIEPHH, COpOIT, TIIFOK03a, (PyKTO3a, caxaposza’’,

3 Kawmincoka C.B., Mictopa T.I',, Cimaxina IO. 3a3uau. npaus. C. 214.

2 Bemoyc A.IL, I'punienko B.1. Vkas. cod.

Boutron, P. & Kaufmann, A. Stability of the amorphous state in the system water-glycerol ethylene
glycol. Cryobiology. 1990. Vol. 1. P. 86.

% Topsua I.B. Criiikicts apixukis Saccharomyces cerevisiae Ta epUTPOLKTIB 10 XONOIOBUX BIUIMBIB
B YMOBaX OKCHAATUBHOTO CTpecy: aBToped. AuC. ... kKaux. 6ion. Hayk (03.00.09 — kpiobionoris). Xapxis,
2015.C. 3.

2 Topo6uerko O.0., Illepuenko H.O., Jlimina O.B., Hikonos O.T., Mycarosa Lb. [lienekrpuuna
MPOHUKHICTh 3aTHUX 10 BiTpudikaiii KpiozaxucHuX cepenoBuil. biogisuunuii sicnux. 2016.
Bum. 35 (1). C. 33.
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nakro3a, quMetmwicynbpokcun (JJMCO), miiunH, TMMOHHA KUCIOTA, JEKCTPUH,
rizpokcuerninkpoxmais (I'EK), sxenarun, xjopuctuil Martii, cynbsgar Harpito,
mUTpartd Harpito 1 kaiiro. Takok e(peKkTMBHUM € BHKOPHUCTAaHHsS KOMOiHamii
KPIOMPOTEKTOPIB i3 YKCia epepaxoBaHux™.

Tomy BHBUCHHS TEOPETHYHUX 1 NPAKTHMYHUX aCIEKTIB BHUKOPHCTAHHS
KpIONPOTEKTOPIB /ISl MONEPEJHbOro  OOpOOJNIEHHS  MarepianiB  Iepen
3aMOPOXKYBaHHSIM € JJOCUTb aKTyalIbHOI0, 0arato(yHKII0HAIBHOIO Ta BAYKIIUBOIO
npoOsieMoro JUIsl  IHHOBAI[IMHUX Xap4yOBUX TEXHOJOTIH 13 3acTOCYBaHHAM
LITYYHOTO XOJIOZY.

Vxe 3a3Haualiy, 110 BIPOTIIHUM IHIMKATOPOM €(EeKTHBHOCTI 0OpoOIeHHS
TUTOZIB 1 ATIJ Tepes 3aMOPOXKYBAHHIM PO3UMHAMH KPIOIPOTEKTOPIB € CTYIIHb
30epexeHHsT OCHOBHUX O1OKOMIIOHEHTIB y Je(pOCTOBaHMX HariBpaOpHKaTax.
Takum kommoHeHToM € mepemyciM Bitamin C, HaHOUTBII TepMOIAOLTEHUNA
1 HaWOIBII Yy TIIMBUIL 10 Oy/Ib-sIKMX TEXHOJIOTTYHUX IpolieciB. ToMy 3a cTynenem
Hioro 30epekeHHs] MOXKHa 00’ €KTHBHO CYIUTH TPO €(heKTUBHICTH 3aCTOCYBAHHS
TUX YM THX KPIOIPOTEKTOPIB JUIS MONEPEHHOT0 0OPOOICHHSI CHPOBUHHU.

VY Tabnuii 2 HaBeJEHO pe3yJIbTaTh BMICTY aCKOPOIHOBOT KUCIIOTH Y IIOJIOBO-
SICIIHIA CHUPOBUHI 3aJIGKHO BiJ BHIY 11 00pOOICHHS.

Tabmuwsg 2
3minn BMmicTy BiTaminy C y miiogax i siropax,
3aMOPOKEHUX TPATUIIHUM cIIOCO60M
Bwmicr Bitaminy C, mr/100 r
Jocainni 3paskn qopHa HIP,
BHUIITHSA MaJIuHa
CMOPOJAMHA

Caixi 130,4 243,6 1933 0,8
3aMopokeHi (KOHTPOJIb) 104,9 202,0 142,5 0,7
3amoposxkeHi i gedpocroBani (koHTpois) | 48,5 108,1 56,1 0,9

Jocepeno: asmopcoka po3poora®.

AHaui3 maHuX TaOMWIN MOKa3aB, MIO MIOHHO 3aMOPOXEHI 3a TPaAUIIHOIO
TEXHOJIOTIEI0 TUTOAM 1 ATONM YK€ BTPadaloTh MEBHY KITBKICTh acKOpOiHOBOT
kucnoty. | gkmo ii BMicT y cBiXii cupoBuHi npuiiHsaTh 3a 100%, To BTparn
B 3aMOpPOXXCHHMX BHIMHAX ckmamn 19,6 %; dopHiit cmopomuui — 16,8 %);
MamuHi — 26,3 %. lle € pesymsraroM pyHHIBHOTO BIUIMBY I103a- Ta

= Cimaxina I'O. KpioymKOmKeHHS pOCIMHHHX CTPYKTYp IIPH 3aMOPOXKYBAHHI 1 METOIH

Kpionporekii: Teopetnyuni acniektn. Haykosi npayi HYXT. 2022. T. 28, Ne5. C. 93.

2 Cimaxina IO. YIoCKkoHaNeHHs TEXHOJIOTIl 3aMOPOKYBAHHS AT MOEJHAHHIM IMITYYHOTO XOJOLY
i kpionporexuii. Bueni sanucku Taspiticbkozo HayioHanbHoz2o yHigepcumemy imeri B.I. Bepraocvkozo.
Cepisi: mexniuni nayxu. T. 30 (69), Ned. 2019. C. 118.
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BHYTPIUIHBOKIIITUHHUX ~ KPUCTANIB  JIbOJLY, YTBOPEHHX IIPH  HU3BKUX
TeMIepaTypax, Ha MeMOpaHH KIIITHH ATi[ i cyOKmiTHHHI cTpykTypn’. BHacigok
LBOTO YaCTHUHA KJITHH BTPA4yaloTh CBOIO IUIICHICTH, LUTOIIA3MOBa OOOJIOHKA
(xapkac kiiTHHH) pospuBaeThes (binmoyc), mpusBomsun 10 Oe3nocepeHbOro
KOHTaKTy O10JIOTIYHO aKTUBHHMX PEUYOBHH, SIKI MICTATHCS BCEpPEIUHI KIITHHH,
3 OKCHIOpEIyKTa3aMu. BOHU NPHCKOPIOIOTH OIOXIMIUHI peakilii OKHUCIICHHS,
BHAcJi/10K 4oro BiTamiH C pyHHYy€eTbCS.

[i BTpatu icToTHO 3pocTaroTh MpH AedpocTallii Arijl y pe3ynbTaTi BUTIKAHHS
KJIITHHHOTO COKYy pPa3oM 13 pO3YMHEHUMH B HBOMY OlOKOMIIOHEHTaMHU
3 KpPIOYIIKOMKCHUX KIITHH. Tak, BOHM MiABHIIINCE 10 62,8 % Y BHIIHSX;
55,6 % y sromax yopHoi cMoponunu Ta 71 % y sirofgax ManuHu. BHACTIOK 1IbOTO
Xap4oBa Ta OloJIoriyHa IIHHICTh HaniB(haOpHKaTiB pi3KO 3HMKYETHCS, 1 HABITH 13
HaMOUIBII SIKICHOI CHPOBUHN HEMOYKJIMBO OTPHMATH 1ICHTHYHI TPOIYKTH.

HactymauM  ertarom jgociijpkeHb € 3°scyBaHHs Bmicty Bitaminy C
y 1e(pOCTOBAHMX IIJIO/IAX 1 AT0JAX, MOIIEPEHHO 00OPOOJICHUX PO3YNHAMH PiI3HUX
KpionporekropiB. Y Talmuii 3 HaBeAE€HO pe3yJbTaTH BMICTY acKOpOiHOBOI
KHCIOTH (y TMPOLCHTHOMY CITiBBIJIHONICHHI IO IHOTO IMOKAa3HHUKA y CBIKUX
mwionax ta sromax: BuimHi — 130,4 mMr / 100 r; sromu 4opHOI CMOPOIMHU —
243,6 mr / 100 r; sromu mamuan — 193,3 mr / 100 1, npuitastoro 3a 100 %)
y nehpoCTOBAHKX IUIOAX 1 SIrofax micist 12 MicsIiiB 30epiraHHsi, 3aMOPOKECHUX
3a BJJOCKOHAJICHOIO TEXHOJIOTIEI0 3 BUKOPUCTAHHSM KPIOMPOTEKTOPIB.

Tabmuus 3
3anexknicTs KoHUeHTpauii Bitaminy C y nepocToBaHux 3pa3kax
Bil BUy KpionpoTeKkTopa

Bwmict Bitaminy C, % a0 BMmicTy
Bukopucranmii kpionporexkrop y cBixkili cupoBuHI
BHILHI | YOpHA CMOPOAMHA | MaJIMHA

MgCl, (15%) 76,8 |70,7 62,4
Caxaposa (10%) 78,7 76,5 64,0
Dpykrosa (10%) 64,9 63,8 58,8
T'mroko3a (10%) 75,8 64,2 57,7
Caxaposa (10%) + mum. x-Ta (1%) 83,5 81,8 75,5
Dpyxrosa (10%) + nmum. k-ta (1%) 74,2 70,4 64,7
I'moxko3a (10%) + num. k-Ta (1%) 81,6 [69.,8 76,5
Copb6inoBa kuciora (1%) + Oensoitna kuciora (1%) | 62,8 60,5 58,4
Konrpoms (63 kpionpoTeKTopa) 31,0 33,6 22,4

30 Cimaxina [O. KoHcepByBaHHS J100BO-ATiAHOT CHPOBUHHU 3 BUKOPUCTAHHSIM HU3bKUX TEMIIEPATyp

Ta METOJIB KpiompoTekuil. Bichuk JIb6igcokoeo yHieepcumemy mopeieii ma ekonomiku. TexHiuHi HayKu.
2023. Ne35. C. 31.
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3a paHuMu TaOnuii 3, MO3UTHUBHMN BIUIMB KPIOMPOTEKTOPIB BHSBICHO
JUIsL BCIX 00’€KTiB: cTymiHb 30epekeHHs Bitaminy C y miomax i sirojax,
3aMOPOXKEHUX JIAHUM CIIOCO00M 1 iepocToBanuX micist 12 micsuiB 30epiranss,
MCPEBUIIYE y BCIX 03 BHHATKY JOCHIJaX AaHAJIOTIYHHHA ITOKa3HUK IS
CHPOBHHH, 3aMOPOKEHOI 0e3 IHOoIepeJHbOro 0O0pOOJICHHS KpIOIPOTEKTOPaMH.
I xoua MexaHi3MH il KpiOIIPOTEKTOPIB CKJIAJHI i JA0OCI HE MOBHICTIO PO3KPHTI
(a B TEXHOJOTiSIX XapyOBUX INPOAYKTIB iX JIMIIE TOYAIM BHBYATH), MOXKHA
KOHCTaTyBaTH, IO 3 iXHBOIO JIOIOMOIOI0 pEaJbHO 3BECTH JIO MIHIMyMY
Ppe3yabTaTh yIIKO/PKYI0UOT A1 HU3bKUX TEMIIepaTyp IpH 3aMOPOXKYBaHHI TUIO/IB
Ta STiA 1 mojaiblii ix nqedpocranii, mpo 1o cBigyars naHi BMicTy Bitaminy C.

Jnst mpaKkTHYHOTO 3aCTOCYBaHHS OTPUMAaHUX PE3yNbTaTiB MU PO3poOMIn
PEHTHHIOBY INKaIy JOCIDKEHMX KpIOMPOTEKTOpiB 1  Kiacudikysaau
iX Ha Kareropii 3a crymeHeMm 30epeskeHHsi Bitaminy C (y MPOICHTHOMY
CHIBBIJJHOILICHHI /10 HOro BMICTy y CHpOBHHI) 1 3a 30BHILIHIM BHIVISIIOM
nedpocroBaHnx HamiB()aOpPHUKaTIB i3 YMOBHOIO Ha3BOIO «e(EKT KPio3aXUCTy»:

— I kareropis — edekr kpiozaxucry 80% i Buiie;
II kareropist — edekr kpiozaxucry 70...79%;

— III kareropis — edekr kpiozaxucry 60...69%;

— 1V xareropis — edexr kpiozaxucry 40...59%.

Crnomyku, eQekrT Kpio3axucTy SKHX craHoBuTh MeHie 40%, He
PEKOMEH/TyEMO J0 BUKOPUCTAHHS B SIKOCTI KPIOIPOTEKTOPIB.

Po3mozin  moCHiPKeHNX  KpIOMIPOTEKTOpPIB 332  KareropisiMu  edekry
Kpi03aXMCTy, BIJIMOBIAHO 1O PO3pOOJIEHOT PEHTHHIOBOI INKAJIN, Ma€ TaKUd
BuDsiA (Tadmuus 4).

Tabmuusa 4
Pan:kyBaHHS 10C/HiI7KeHUX KPIONPOTEKTOPIB 32 e)eKTOM Kpio3axucTy
AITIA i IUIOAIB NMPH 3aMOPOKYBaHHI

JedpocToBaHi mioau i sirogn
Buxopucranuii kpionporekTop . YOpHa
BHIIHI cMopoHa MaJIHHA

MgCl, (15%) 70-79% 70-79% 60-69%
Caxaposa (10%) 70-79% 70-79% 60-69%
Dpykrosa (10%) 60-69% 60-69% 40-59%
I'mroxo3a (10%) 70-79% 60-69% 40-59%
Caxaposa (10%) + mum. x-Ta (1%) 80% 1 Bume | 80% i Bume | 70-79%
Dpyxrosa (10%) + nmum. k-ta (1%) 70-79% 70-79% 60-69%
I'mroxo3a (10%) + num. k-ta (1%) 80% i Bume | 70-79% 70-79%
Copb6inoBa kuciora (1%) + 6ensoitna kucnora (1%) | 60-69% 60-69% 40-59%
Konrpoms (63 kpionpoTeKTopa) — — —
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Jani tabmuupe 3 1 4 cBiguarh, IO 3aXUCHUH e(EeKT KpiompoTEeKTOpiB
CIpalbOBY€e HE JIMIIE HA €Talli 3aMOPOXXYBaHHS, a W y Ipoleci TPHUBAJIOrO
30epiranHs HaniBdaOpukariB 1 ix npedpocranii. Haibinpm edexTHBHUMHA
BUSIBUJICS KOMOIHOBaHI KpIONPOTEKTOPH caxaposda + JUMOHHA KUCIOMA Ta
2noKo3a + aumonna xucioma, eeKT Kpiozaxucry skux nepeBaxae 80 %.
HactynauM 3a e(eKkTHUBHICTIO iiie KOMOIHOBaHH TIPOTEKTOP @pyKmosa
+ aumonna xucroma 3 epekrom Kpiozaxucty 64...74 %. Takuit ke edekr
BUSIBUJIM MOHOKPIOIIPOTEKTOPHU CAXapo3a Ta XA0PUCHUL MACHIU.

SIkicTh Xap4oBOi MPOIYKINT € OJHIEI 3 HAWCKIAIHIMINAX 1 OararoruiaHOBUX
KaTeropii sk Ju1si KOHKPETHOTO CIIO’KUBAYA, TAK 1 JAJIsI T IIPUEMCTBA-BUPOOHUKA,
1 B IbOMY BHIIQJIKy HIETHCSI TAKOXK IIPO OJIUH 13 HAWBAKIIMBIIINX YNHHUKIB HOTO
KOHKYPEHTOCIIPOMOKHOCTI. ToMy 3a0€3ICUCHHS BIAMOBIIHOT SKOCTI KOHTPOJIIO
OXOIUTIOE KOMIUIEKC 3aBJlaHb, SIKi HEOOXIAHO BHUPIIIyBaTH BIPOJOBK YCHOTO
LUKy CTBOPEHHS XapuoBOI IMPOIYKLil Ha KOXXHOMY eTari 1 BUpOOHHLTBA,
30KpeMa MpU BUKOPHCTAHHI pecypcoeeKTHBHUX TEXHOIOTiH®!,

3rifHO 3  OCHOBHMMH  TOJIOKEHHAMH  Jlepkcranmapry — YkpaiHw,
KOHTPOJIb SIKOCTI MPOAYKIT — I[Ie TMepeBipka BIAMOBIIHOCTI MOKAa3HUKIB
SIKOCTI BCT@HOBJICHMM BHUMOTaM JI0 HMX Yy TEXHIYHIH Ta IHIIH HOpMaTHUBHIN
JOKyMeHTallii. BajykJIMBUM € TakoX TONEpEPKeHHS BUHUKHEHHS Je(EKTHUX
BUPOOIB: ISl TEXHOJIOTIH LIBH/KO3aMOPOKEHHX POCIMHHUX HarliBpaOpuKariB
Taka 3arpo3a CTae ICTOTHOIO Ha 3aBepluiaibHOMY erami npu aedpocranii
nponykuii. LlikoM o4eBWAHO, IO KOHTPOJb SIKOCTI Xap4yoBOi MPOIYKIii
OpIEHTOBAHO TIEPEIYCIM Ha TOCSITHEHHS 11 OC3MEYHOCTI JIIsl CIIOKUBAYIB.

Ha cydacHux XapuoBHX MiIIIPHEMCTBAX 3a3Ha4e€HI YMOBM [JOCSTAIOTHCS
3ne6uibinoro Ha ocHoBi BrpoBaukeHHs cuctemu HACCP, y xoxi peanizanmii
SIKOT BPaxOBY€ThCS aHAJI3 YCIX Kareropii NOTeHIIMHUX PU3UKIB — O10JIOTTYHHX,
XIMIYHUX, (DI3UYHUX — Ta 3AIHCHIOIOTHCS BIAMIOBIIHI KOpEryBasbHi Aii.

AHati3 JiTeparypHuX JIaHUX 1 pe3yJbTaTd BIACHUX JOCII/PKEHb CBIIYaTh PO
Te, WO JUIsl POCIMHHMUX MarepiayiiB pecypcoe(eKTHBHOI TEXHOJIOTIi IIBHAKOIO
3aMOpPOXKYBaHHsI HAMOUIBII HEOC3MCYHUM € OIOJNOTTYHMI CKIIATHUK, 3YMOBIICHUIA
HEBI/INOBIIHICTIO CHPOBHHH BUMOT'aM 1110710 MIKpOO10JIOTiYHOT YMCTOTH 1 1TOB’ I3aHUN
i3 yMoBamMM 1i BHpOIILyBaHHs, 30€piraHHs, TPAHCIIOPTYBaHHS, OCOOIMBOCTSIMH
010XIMIYHOTO CKJIaJly, TEXHOJOTTYHUMHU Tapamerpamu aedpocramii Tomo. Tomy
METOK JaHOi poOOTH € ineHTH(ikalis OiONOriYHUX HEOC3ICUHUX YMHHUKIB Ta
PEe3yIIBTaTH BU3HAYEHHS! MOKJIMBUX PH3HKIB IPH OTPUMAaHHI IIIBU/IKO3aMOPOYKEHHX
TUIOI00BOYEBHUX HariB(haOpHKaTiB Ha yCiX erarax iX BApOOHUIITBA, [TOYNHAIOYH BiJl
BUOOPY CHPOBUHH JI0 T nedpocTariii Ta peaizarii.

3 Cimaxina I.O., KouybGeii-/IutBunenko O.B. KombinoBama pecypcoe(eKTHBHA TEXHOIOTiL

3aMOPOKEHHUX ILIOJ0BO-STiNHUX HaniBdadpukariB. Hayxosi npayi HYXT. 2023. T. 29, Ne5. C. 147.
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VY rtabnuui 5 HaBeJEHO pE3yNbTaTH OLIHKK MIiKpOOiOJOTriYHOI YHMCTOTH
CHPOBUHH ST1HOI (0)KMHH) Ta OBOYEBOI (KamycTa OpOKoJIi) y CBIXKOMY BHIVISIL
Ta 0e31ocepeIHbO MiCiIsl 3aMOPOKYBaHHS.

Tabmuns 5
PiBenb Mikpo06io10riuHOY YMCTOTH AT Mic/IsA 3aMOPOKYBAHHSA
Tirienivamii Slronu o:xunu Bpoxoai
TMoka3zunk

HOpMaTHB Caixki 3amopo:xeni Caixka 3amoposkena
MA®AEM, 5,0 - 10* 2,9 - 102 2,1 102 43 -10° 2,8 - 10°
KYO/r
BI'KII He He BusiBneno | He BusiBneno | He BusiBneno | He BusiBneno
(xomiopMH) | IOMYCKAETHCS
BO,lr
Ilniceni, 5,0 - 107 1,0 - 10! He Busineno | 1,0 - 10! He BusiBeno
KYO/r
Jpix ki, 2,0 - 10% He Bussneno | He Bussieno | 1,0 - 10! He BusiBneno
KYO/r

Iicepeno: asmopcwka po3pooka’.

[lepemycim citijg 3a3HaUUTH, 10 TATOTEHHUX MIKPOOPraHi3MiB, Y TOMY 4HCI
Oakrepiit pomy Salmonella (y 25 1), Hi y cBIXHX 3pa3kax, Hi y 3aMOPOKEHHX
HamiBdaOpukarax He BUSBICHO.

BiamnoBiziHO 10 HAaBEJICHUX PE3yJIbTAaTIB, Y AOCIIXKYBaHUX 00’ €KTax BiICyTHI
TaKo)K Oakrepii Tpynu KUIIKOBHX NaMuok (koiidopmu). phKaKi BHUSBIECHO
JIMIIE y 3pa3Ky CBIKOI OpPOKOJIi, OfHAK IXHS KUIbKICTh y 20 pa3iB MeHIIa Bif
ririeaigroro Hopmaruy. Kinbkicte MADAHM y 6poxkoni (4,3 - 10%) Buina, HiX
B okuHi (2,9 -+ 10%). 3aBasiku 3aMOPOKYBaHHIO KijbkicTh MADAHM uist sirig
OXKHMHH 3MEHIIyeThest Ha 27,6%, a qust Opokoni — Ha 34,9%. IlnicHsiBi rpubu
y HEBEJIMKUX KUIBKOCTSIX BHSIBJICHO JIMIIE Yy CBIKHUX SITOZAX.

3arajioM YHaciliJJOK 3aMOPOXKYBaHHs 3pa3KiB KUIBKICTh MIKpOOPraHi3MiB
3MEHIIY€EThCsT Ha 28...56%, 110 y3rOKYEThCS 3 pe3yibTaraMu JTOCIiIKCHb
inmmx aBropis®’. Ile mpu TOMy, 10 3aMOPOXYBAaHHS MW BEIH METOIOM
LIBH/IKOTO 3HW)KEHHS TeMIIEpaTypH, MPHU sIKid yTBOPEHUH IpiOHOKpUCTATIYHUNA
JIiZi HE3HAYHO PYyHHYy€E IIa3MaTHYHI MEeMOpaHH Ta KIITHHHI OOOJIOHKH SIK
00’€KTIB 3aMOPOXKYBaHHSI, TaK i MIKPOOPTaHi3MiB.

OmnepaTyBHI 3HaHHS 3 Iepe0aYeHHs MOXIIMBOCTI BAHUKHEHHSI HE0E3MeuHHX
MIKpOOIOJIOTiYHMX ~YMHHUKIB Ha eTanax BHUPOOHUIITBA  3aMOPOXKEHUX

32 Cimaxina I'O., Xamancina C.B. Omninka Mikpobiogoriunoi

nedpocroBanux srin. Haykosi npayi HYXT. 2017. T.23, Ne6. C. 123.
3 benincoka, C. B., JleBumpka, C. O., Kamenesa, H. B. Ta in. OcoGmiBOCTI KPHCTAIOyTBOPEHHS il
yac 3aMOPOXKYBaHH KaIycTn Opoxoii. Xapuosa nayka i mexnonoeis. 2018. T. 12, Ne3. C. 25.

YUCTOTH 3aMOPOKEHUX i
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IUIOJOOBOYEBHX HamiB(haOpHUKaTiB JJO3BOJSIFOTH PO3POOMTH KOpEryBasbHi Jii
JUTSL CTBOPCHHSI HAJIGKHUX YMOB OTPUMAHHS OC3MEYHOI MPOIYKINI BiAMOBIIHO
no npunnumnie HACCP.

BpaxyBanHs HaBejeHMX |y JlaHid poOOTi pe3ynbrariB - 3abesnedye
B yMOBAaX IiIIPUEMCTBA. OTPUMAHHS SKICHOT MPOMYKIIT i, BIAMOBIIHO, AOBIpH
CIOKMBA4iB JI0 HEi, NIO MiJBUIIYyBaTUME pPEHTAOEIBbHICTh BHPOOHUIITBA;
JOTPUMAHHsSI ~HAJCKHHUX TIT€HIYHAX Ta CaHITAPHUX yMOB  BCICHHS
TEXHOJIOTIYHOTO MPOIECY 3aMOPOXKYBaHHS BiJIOBITHO IO MIKHAPOIHHUX HOPM;
MiJBUILICHHS BiJIIOBITaIbHOCTI KOJICKTUBY 3a OC3IeKy BHUPOOJICHOI MPOMYKIIii
Ha MIANPUEMCTBI, 110 BEJIC 10 3pOCTAHHS HOTO 1MiJIKY.

3. Mopgenb opraHisauii iHHoBaL,iMHOro NignNpPMeEMCcTBa 3 BUPOBHULTBA
LUBUAKO3aMOPOXKEHUX MIOA0BO-AriaHUX HanisdpabpuKkaTis

IcroTHy poJIb Yy JOCHIPKEHHI 1HHOBAIIHOTO MpoLeCy BHPOOHUIITBA
3aMOPOKEHUX  IUIOAOBO-ATIHMX  HamiB)aOpHKaTiB  BiIrparoTh MHTaHHS
CTBOPEHHS IOCIIIOBHOCTI TEXHOJOTIYHMX, OpraHi3alliiHUX Ta E€KOHOMIUYHHX
eTamiB, sIKi B JICSKUX JITEPATYpHHUX JDKEpesaX HOCSATh Ha3By «MOJEIIOBAHHS
IHHOBAIIHHOTO mporecy». MH Ha3BaM iX «PECypCHHUMH CKIIAOBUMH»*,
i KOKHa 13 HHUX BiIOMBae OCOONMBOCTI Jii OCHOBHHMX YHHHHUKIB BIUIUBY
Ha OpraHizalil0 BHPOOHHUIITBA Ta KOHTPOJb IUIbOBOI mpoxykmii. OrniHka
CKJIAJIHUKIB CIIPSIMOBaHa Ha IiITBEPKEHHS pealibHOT MOXIIMBOCTI OpraHi3yBaTi
IHHOBaLIl{HE MIANPUEMCTBO 3 OTPUMaHHS 3aMOPOKEHUX IUIOIOBO-SAT1IHHX
HariB(aOpHKariB, sIKE 1 3aCTOCOBYE HOBOBBE/ICHHS, 1 OPIEHTOBaHE Ha MOJAJIbIIIE
BIIOCKOHAJICHHSI, TOTOBE NMpHUHMAaTH e€(EKTUBHI PIILICHHS 3 IOJ0NaHHs 0ap’epiB
Ta PUBHKIB.

Takuit miaxin 3Ha4YHOIO MIPOIO 3JAaTHUH JIKBIAYyBaTH pPO3PUB MK
OYiIKyBaHUMHM pE3yJbTaTaMM JisUIbHOCTI ITiIPHEMCTBA Ta (aKTHUHHMHU.

Pesynprar iHHOBaLIHHOTO NPOLECY Y HAYKOBiil JiTeparypi po3IIsHYTO 3a
TpbOMa PiBHSIMHU:

—  TOpTiBIIA 1 00ir 00 €KTIB IHTEJIEKTYaIbHOI BIaCHOCTI;

—  BHPOOHUITBO 1 MPOJIAX 1HHOBALIHHUX TOBAPIB 1 MOCIYT;

—  BUPOOHHIITBO i MPONAX IHHOBALIHUX MiANIPUEMCTB.

Buxoasum i3 3aBaaHb, SKi CTOSTB Mepe]] 1HyCTPIErO 3I0POBOT0 XapuyBaHHs
B YKpaiHi, JOIiYHUM € Opi€HTalis AiSTIBHOCTI IHHOBALIHOTO MiJNpPUEMCTBA
caMe Ha BUPOOHMITBO Ta peai3allilo IIBUIKO3aMOPOXKEHUX IUIOI0BO-SAT1IHIX

34 Cimaxina IO., Kamincska C.B., JIutumens JI.®. XapakTepHCTHKAa PeCypCHHX CKIAJOBUX

IHHOBANIHOTO MiIPHEMCTBA 3 BUPOOHHIITBA 3aMOPOXKEHUX TLIOAIB 1 srin. Haykoei npayi HYXT. 2020.
T. 26, Nel. C. 128.

3 Genynosa 1.B., Kynnmeesa I.O. InHOBauiitnumit moteHmian migmpuemcta. Kwui: MBI]
«Menixpopm». 2010. C. 148.
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HamiBpaOpuKariB, TNPHU3HAYCHUX ISl TOJOJIAaHHSA  JAe(IUTY OCHOBHHUX
O10KOMITOHEHTIB y pallioHaX XapyyBaHHs HACEJCHHS B MIKCE30HHHUIl Iepiof
BIJICYTHOCTI CBI?KOT CHPOBHHH.

Opranizaiis iHHOBAaLlIHHOTO Xap4yoBOTrO MIiANPHEMCTBA 3 BHPOOHHUIITBA
LIBH/IKO3aMOPOKEHHUX  IIIOJIOBO-SITITHAX ~HamiB(haOpHUKaTiB  PO3MOYNHAETHCS
3 JIBOX PECYpPCHHUX CKJIAJOBUX: IHHOBAI[IITHOTO MOTCHINATY Ta IHHOBAI[IITHOTO
KiiMary?S.

Innosauinnuin nomenyian 3a0e31euye CTBOPCHHS 1 PO3BUTOK 1HHOBAIIIITHOT
JISTIBHOCTI  MIJNPUEMCTBA 3 BHPOOHUIITBA 3aMOPOXEHOI  IIJI0/I0BO-SITIHOT
MIPOAYKIIT 3aB/ISKM BHCOKOKBII()IKOBAHMM CITIBPOOITHUKAM, SIKI OJHAKOBOIO
MIpOI0 3HAIOTBCS Ha TEXHOJOTISAX O370pPOBYMX IHPOAYKTIB, PE3EPBHUX
MOXXJIMBOCTSIX ~ CUIBCHKOTOCHONAPCHKOI CHPOBHHM Ta 3HAYCHHI XapyOBUX
MIPOAYKTIB ISl 3]I0pPOB’sl JIIONWHW. BaxkuBe 3HAa4Y€HHS MalOTh EKOHOMIYHI
Ta TEXHOJOTIYHI MOXJIMBOCTI MiANPUEMCTBA, HAsBHICTH IH(pOpMALiHUX Ta
HOPMaTHBHO-TIPABOBHUX 0a3 JUIsl BIPOBA/DKEHHS IHHOBALlIl, B JaHOMY BHIQJIKy —
TEXHOJIOT' i 3aMOPOXKYBaHHSI 3 BUKOPUCTAHHSIM KpIOIPOTEKTOPiB. BripoBakeHHs
i€l TeXHOJIOTIi IIaHy€ThCS Ha CyYaCHUX IIIPHEMCTBAX, 00JIaIHAHNX KaMepaMu
3 TEXHOJOTIYHUMH JIHISIMHU JUIsl IIBHIKOTO 3aMOPOXKYBAaHHS, 3 MiHIMaJbHUMHU
JIOTIOBHEHHAMH. EKOHOMIYHI MOMIJIMBOCTI TIiJIIPMEMCTBA OpPIEHTOBaHI Ha
PO3ILIMPEHHST ACOPTUMEHTY IIBUIKO3aMOPOKEHOT TPOTYKIIi.

CrpusivBUN [HHOGAUINHUI Kaimam HA TIANPUEMCTBI 3a0€3MEUyETHCS
TIOTICPEIDKEHHSAM MOMKIJIMBUX DPU3UKIB (110SBA HOBHX KOHKYPEHTIB, PO3BHUTOK
HOBHUX TEXHOJIOTIH, 3SMEHIIIEHHsI PUHKIB 30yTy, Brpara (hiHaHCOBOT CIPOMOKHOCTI
TOIIO) TPH BHUPOOHUIITBI Ta peaji3amii IUIOHOBO-ATIIHUX 3aMOPOKCHUX
HamiBpaOpukatie. Y TaOmuii 6 HABEICHO MOXJIMBI PU3MKK 1 3aco0m iX
TIOTIePEeIKEHHSI.

Tabmuus 6
Ouninka pu3ukiB iHHOBaniiiHOrO KJIiMAaTy Ha MiANPHEMCTBI
Ta 3ac00H iX MonepeKeHHs

Buja pusuxy 3aco0u nomepeaKeHHs
PuHOK I11010BO-5ITiIHA CHPOBUHA JOCHUTH PO3IOBCIOUKEHA HA TEPUTOPIT
CUPOBHUHU VYKpainu 3 MOXJIMBICTIO BHOOPY COPTIB 1 BUJiB, HAWOIIBII MPUAATHUX

JJI1 3aMOPOKYBaHHS

Punok TexHosorii TexHOJI0Tis OTPUMaHHS MIBUAKO3AMOPOKEHUX TIIOIB 1 A1z
peasti3y€eTbesi Ha ICHYIOUYMX TEXHOJIOTIYHUX JiHIsAX, 00 HAaHUX
KaMepamu JUisl IIBU/IKOTO 3aMOPOXKYBaHHs, 1 TOTpedye uiie
J1000JIaIHAHHS YCTAaHOBKOIO /1715t 0OPOOIEHHSI CHPOBUHHU PO3UMHAMH
KpIOIIPOTEKTOPIB

% Cimaxina IO., Kaminceka C.B., Jlutunens JI.®. 3a3Hau. npamst. C. 127.
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[TponorkeHHs TabIMII 6
PuHok mpari daxiBILi, SKi MPALOIOTh Ha KOHCEPBHUX MiANPUEMCTBAX, MOTPEOyIOTh
MiHIMaJIbHOI HepekBaidikanii o010 IHHOBALIN y TEXHOIOTIT
3aMOPOKYBAHHS TUIOAIB 1 STiJT 3 BUKOPUCTAHHAM KPIOTPOTEKIIii

Punok 30yty OtpuMaHi 3a BJOCKOHAJICHOIO TEXHOJIOTIEI0 3aMOPOXKEeHI TIOAU

1 ITOAN Bi3HAYAIOTHCSI BUCOKUMH CIIOXKUBYMMH Ta SIKICHUMH
NOKa3HUKAMH, HAJIEXKHHMH OPTaHOJIENTHUYHUMH XapaKTePHCTHKAMH,
110 3aJ0BOJIBHSATHME XapuoBi Ta CMAKOBI YIIOJOOAHHS CIOXKHBAYiB.
Takoi npoxykuii Ha pHHKY YKpaiHH IOKH IO Ty’Ke Majo, TOMY
BOHA MaTHMe HAaJICKHHI ITOMUT. BUTbII TOro, TOProBesbHI Mepexi,
ITiIBUIIYIOYN aCOPTHMEHTHUH IOTEHIIall, CTBOPSTH MiXKperioHaIbHi
3ac00M PO3MOBCIOKEHHS JAHOT MPOYKIIii

Punoxk 3arpornoHoBaHe iHHOBAIlITHE MIAPUEMCTBO Nepeadayae pict
(inanciB MpuOYTKOBOCTI 32 PaxyHOK MOCTIHHOTO PO3IIUPEHHSI BUPOOHHIITBA
3aMOPOKEHUX TIJIOIB Ta STiM; 301IbLICHHS PUHKY 30yTy MPOIYKIIii,
OCKUIBKHM TICBHHI Yac BOHA OyJie €IMHOI0 B CETMEHTI 3aMOPOKEHUX
HarmiB(haOpHKaTiB, OTPUMAHUX 3 BUKOPUCTAHHSIM METOMIB
KpionpoTeKxii

Iicepeno: asmopcvra po3pooka’’.

Po3poonenna i eUpPOOHUUMEO  BUCOKOAKICHUX  N100060-AZIOHUX
naniepabpurkamie. 1l pecypcHa CKJIQJIOBa XapakTepH3ye OCOOIMBOCTI
3aMOPOKCHUX TUIOAIB 1 STi, OTPUMAHUX Ml IPUKPUTTAM KPiOMPOTEKTOPiB*®.

Imioscmenkine. CTBOPEHHIO HAJIEXKHOTO IMIDKY MIANPHEMCTBA CIpUSE
nepenyciM  SKICTh 3aMOpO’KeHOI MpomyKmii, 11 abcomorHa Oe3meka Juist
CIIOKMBAdiB, BHCOKI CMakoBI TOKa3HMKM Ta JOBEJCHA E(QEKTUBHICTH
y HopMamizamii (QyHKI[IOHYBaHHS CHCTEM OpraHi3My IIOJMHH. 3HA4YHY pOJIb
BiZirpae mommpenHs 1iei indopmarii uepes Openn, skuii Oyae 3armareHToBaHUN
Ta 3po3ymimumii ans cnokuBadiB. Lleil 3axig Mae 3aiikaBHTH HE JIAIIC
CTIOKMBAdiB TPOAYKIii, a i BUCOKOKBami(ikoBaHNX (haxiBI[iB, MOCTaYaIbHUKIB
Ta peanizaTopiB 3 TOYKH 30py Y4acTi y peanizaiii JaHOTO IPOEKTY.

Opezanizauin cepeicy. lnanyeTbes 3IIHCHIOBATH TPOJAXy 3aMOPOKEHIX
HamiBpaOpukariB y (ipMOBHMX Mara3uHax BEJHMKHX MICT, B pO3JpiOHIN
Mepexi Ha mnepudepii nuIIXoM 3abe3MedeHHs TPAaHCIOPTHOTO ITOCTAdyaHHS
JI0O MAJIOHACENICHWX PpETiOHIB, Ta MOCTIMHOrO MOMMPEHHS iHpopMmaii
O/I0 KOPHUCHOCTI faHoi mnpoxykuii. IlmaHyeTbess po3MIIIEHHS peKIaMu
Ha aBTOTPAHCIIOPTI Ta B TOPTOBEJIFHUX Mepekax. BakIMBHM YHHHHKOM
oprasizaiii cepBicy € JOCTyNHa iHpopMamis po SKICHUH CKIIaj IUIONIB 1 sTij,
BIUTMB iXHIX OCHOBHHMX KOMITOHEHTIB Ha IMOJIIIICHHS CTaHy 370pOB’S JIIOANHH,

37 Cimaxiuna IO., Kamincoka C.B., Jluteuneus JI.®. 3asnau. npaus. C. 129.

3 Cimaxina I'O., Xamancima C.B. EQexkTuBHICTE BHKOPHCTaHHS KpIONPOTEKTOPIB MpHU
3aMOPOXKYBaHHI TMKOPOCIHNX 1 KYJIBTUBOBAHUX AT1. Hayxosi npayi HYXT. 2017. T.23, Ne3. C 183.
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OLIIHKY 3aMOpOXKEHHMX HamiB()aOpHKaTiB SK €IUHOIO JDKEpeia BiTaMiHIB
y MIDDKCE30HHUIT T1epiof] 3a BiZICYyTHOCTI CBI’KOI CHPOBHHH.

Llinoymeopenns. [Mo3umionyroun 3aMOPOXKCHI IIOIOBO-SITiTHI
HamiBpaOpHUKaTH Ha PUHKY, MU 3a3HAYAEMO, IO 3a BAPTICTIO JaHA MPOIYKIIis
HeicTOTHO OyJe BIAPI3HATHCH BiA TPAAMIIHHOI, OCKUIBKHM Ul KPiOMPOTEKIii
B3TO JENIEeBI NPHUPOAHI CIOMYKH (IVIOKO3a, (pyKTO3a, caxaposa, IILEpPHH
TOIIO), SIKI 3a0e3nedyloTh BHUCOKMI edeKT Kpio3axucTy KJIITHH 1 TKaHWH
61000 €KTIB K IIPH 3aMOPOXKYBaHHI, TaK i BIPOJIOBX TPHUBAJIOr0 30epiraHHs Ta
nedpocranii. Bukoprucrana B TEXHOJIOTIi CHPOBHHA LIMPOKO PO3IOBCIOKEHA
Ha TepuTopil YKpaiHH, HEJOpOora, BHCOKOBpO)KaiHA, IO TAaKOX 3yMOBIIOE
HU3BKY BapTiCTh HPOAYKTY, JOCTYITHOTO JJISl HEPECIYHOTO CHOKHBAYA.

Mapkemunzoei docnioxyncennsn. Mae OyTH CTBOPEHO PO3Taly)KEHY MEPEKY
MapKEeTHHIOBOI CIIy)KOM, sIKa 3a0€3IeUnTh JIeTajlbHEe BHBUCHHS KaHAIIB 30yTy
MIPOIYKIIT, OI[IHKY 1 KOHKYPEHTOCIIPOMOXKHOCTI SIK Ha BHYTPIIIIHBOMY, TaK 1 Ha
30BHIIIHBOMY PHHKaX, a TaKOX MICIIe JJAHOTO IHHOBALIITHOTO MHiJNpPUEMCTBA
cepejl aHaJIOT1UHUX.

Mepuenoaiizune. 115 pecypcHa ckiiajioBa mepeadoavyae CTBOPSHHS KOMaHIU
(axiBIiB, 3IaTHUX OPraHi30BYBaTH ONTHMalibHE PO3TAlIyBaHHS MPOIYKIIT
B TOPrOBEJILHUX MEpEeXkax Ta MiBUIIyBaTH 11 30yT. Benke 3Ha4eHHs Ma€e TaKkox
KOMIIaKTHa, SICKpaBa YNAaKoBKa 3 JIETaJbHOIO 1H(OpMALi€0 MPO MO3UTHBHI
SIKOCTI 3aMOPOXKEHMX IUIOAIB 1 ATiJl, OTPUMAHUX 3 BHKOPHUCTAHHSIM METOJIB
KPIOMPOTEKIIii.

Cmumynioeauus 30ymy npoodykuii. [lnanyeTbcsi IpoOBOAUTH THPOPMAITIHHI
3axX0/IM, Mpe3eHTallii, TPEHIHIY 3 000B’SI3KOBUM OOIPYHTYBaHHSM JIOLIIBHOCTI
1 HEOOXiZTHOCTI BXKMBAHHSI 3aMOPOYKEHUX IUIOIIB 1 STiJ 32 BIACYTHOCTI CBIXKOT
CHPOBMHM BCiMa BIKOBUMH KaTeropisiMH, a TaKOX MEpIOANYHO IPOBOIUTH
PI3HOTO POy aKIIl Ta 3HIDKKH Ha MPOAYKIIO JIs 3alliKaBICHUX CIIOKHBadiBY.

Jdyxe BaxJMBUM € J00ip TPONABIIB HOBOI NPOAYKII, TI'PaMOTHUX
1 KoMmnereHTHUX. BoHM 3000B'si3aHi 3HaTH BCi SIKICHI Ta KiIbKiCHI
XapaKTCPUCTUKU TPOAYKTY, TEXHOJOIIK WOro BUPOOHUIITBA, BIiIMIHHICTB
BiJl yCIX BIJIOMHX paHille MPOIYKTIB 1 HOro mepeBaru; HasBHICTh OCHOBHHUX
010KOMITOHEHTIB TUIOAIB 1 Arix (BiTamiHIB, MiHEpPaJbHUX EJIEMEHTIB TOILO);
00O0B'SI3KOBO YMITH JIaTH TOPaJy 3 MPaBUII CIIOKHUBAHHS TAKOT MPOAYKII, YMOB
i 30epiraHHsi, MOXJIMBI IPOTHITOKA3aHHS.

[IponaBui MaroTh OyTH KOMYHIKaOEIBLHUMH, BOJIOAITH TPAMOTHOIO MOBOIO,
HEOOXiJJTHOIO TEPMIHOJIOTIEI0; YMITH IIPEJCTABUTH SIKHAHKpaIle 3aMOpPOXKEHY
IUIOJIOBO-SITIAHY  MPOAYKLi0, MO0 TMOKynenb IMOBipuB y 11 0310poBUi
BJIACTHBOCTI.

¥ Cimaxina IO., Kaminceka C.B., Jlutunens JI.®. 3a3nau. npamst. C. 130.

139



Konmponv cuposunu ma npodyxuyii. be3neka nponykiiii 3a0e3medyeThest
YIpaBJIiHHSM i1 BUpPOOHHIITBA Ha BCIX €Tanax )KUTTEBOTO LIUKITY 3 3aCTOCYBaHHIM
npuniuinie  HACCP, OIliHKOIO MEXaHIYHHX, XIMIYHHX, MiKpOOiOJOriYHUX
PH3HKIB Ta PO3POOICHHSIM CIIOCOOIB X MOMEPEIIKCHHS.

Momnimopune innosayiinoi disnvnocmi. 11 ckitanoBa € 000B’ I3KOBOIO IS
3a0e3MeUeH s MisIbHOCTI 1 PO3BUTKY MiAnpueMcTBa. BoHa moisirae y 300pi
iHpopmariii mpo BUPOOHHUIITBO Ta pealizallilo 3aMOPOKECHOT MPOAYKIIii; 30ip,
00poOJIeHHs, aHalli3 CTaHy IHHOBAIIMHUX IPOIECIB HA JAHOMY ITiIIPUEMCTBI
Ta AHAJIOTIYHHX BHPOOHHIITBAX;, OOPOOJICHHS pe3ynbTariB (hiHAHCOBOI Ta
TEXHOJIOTIYHOI  TISUTBHOCTI IS MPOTHO3YBaHHS IIOAAJIBIIONO  PO3BUTKY
i IPUEMCTBA.

Ouyinka KOHKypenmHo20 nomeHyiany npodykuii. BoHa momsrae
y TOpIBHSHHI OCHOBHHMX BJACTHBOCTEH IUTOAIB 1 Srif, 3aMOPOXKECHUX 3a
PO3pO0IICHOI0 HAMHU BIOCKOHAJICHOIO TEXHOJIOTIE€0, 3 TIPOAYKIIIEI0, OTPUMAHOIO
3a TPAmUIIHUMHU TEXHOJIOTIAIMU. Takok Oyie OIHEHO SIKICTh MPOMYKINI Ta il
YIIaKOBKY 3 YpPaxyBaHHSIM JYMKH CIIO)KHBadYiB.

Ouinka exonomiunoi ma couianvHoi eheKmugHocmi 3amMopodceHuUx 3da
6OOCKOHAIEHOI0 MeXHOoN02iel0 naodie ma s2id. ExoHoMiyHa e(eKTUBHICTH
OLIIHIOETHCS pe3yJibTaTaMu ()iHAHCOBHUX 3BITiB TOPTOBEIbHUX MEPEIK, I IPO3IiITIB
Ta BJIACHE MIJNPHUEMCTBA 3a IEBHI MEPIOAM MISUIBHOCTI, 0 Ja€ MOKIHBICTD
OILIIHUTH PeHTA0CNbHICTh BHPOOHHUNTBA. ComiagbHa e(PEeKTUBHICTh IIOJIATa€E
y MOJIMIICHH] CTaHy 3J0POB’S CIIOKHMBAYIB, TOIOJaHHI BITAMIHHOTO Ae(iluTy,
3armo0iraHHi  MIKpOEJIEMEHTO3aM, 10 3arajioM CIPHATHME O03I0POBICHHIO
YKpaiHCHKOI HAIlil Ta BUPILMICHHIO MPOOJIEM MPOIOBOJIBIOI OC3IEKH.

KinneBum pesyasTatoM yChOTO TIpOIECy JiSUTBHOCTI  1HHOBAaIliHHOTO
Xap4oBOTO MiJIMPUEMCTBA, B TOMY 4YHCII 3 BHPOOHHUIITBA 3aMOPOKEHHUX
IUIOOBO-STIAHUX HamiB(haOPHUKATIB, € TEXHOJIOITYHO HOBHU a00 TEXHOJOTIYHO
BIOCKOHAJICHUI TMPOAYKT, IO XapaKTEePU3YEThCS HEOOXITHOI CYKYITHICTIO
OCHOBHUX ITOKa3HHUKIB SIKOCTI Ta O€3MEKU: CHEPTETHYHOIO Ta XapUOBOIO LIHHICTIO,
10 BU3HAYAETHCS SIKICHUM 1 KUTBKICHUM CITiBBITHOIIICHHSAM HYTPIE€HTIB Y CKJIa/i
IUIOMIB Ta SITiM; X aJeKBaTHUMHU KiJIBKOCTSIMH; XapuOBOIO OE3IMEKOI0 (XIMIYHOIO,
MIiKpOOi0JIOTriYHO0, 30aIaHCOBAHMM CKJIaJI0M HYTpi€HTIB)*,

BUCHOBKHN

Ha mizcTaBi BCTAHOBICHOTO MO3MTHBHOTO €()EKTy MOETHAHHS IITYYHOTO
XOJIOJy Ta METOAlI KPiOMpOTEKIii MPH KOHCEPBYBaHHI POCIMHHOI CHPOBHHH,
JOCITIIDKCHHS IXHBOTO BILTHBY Ha (Di3HKO-XIMIYHI, TEXHOJIOT1YHI, MIKpOOi0IOTi4UHI

4 Cimaxina I"O. O310poBYi Xap4oBi NPOAYKTH — OCHOBHUI 00'ekT iHHOBaWiil. Modern directions of

scientific research development: 14™ International scientific and practical conference, July 13-15, 2022.
Chicago: BoScience Publisher, 2022. P. 158.
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MOKa3HUKK IUIOMIB 1 SITiZ YJOCKOHAJEHO TEXHOJIOTIIO IIBUJIKO3aMOPOXKEHUX
HariBhaOpuKaTiB 3 MONEPe/HIM 0OPOOICHHIM CHPOBHHHI BOJIHHMHU PO3UHHAMH
KPiOMPOTEKTOPiB. IX BMKOPUCTAHHA 3amMoOOIrac MEXaHiYHMM  YIIKOIKEHHSIM
TKaHWH, 3MEHIIY€ BTPAaTH KIITHUHHOIO COKy Hpu Jedpocrauii, 3ade3neuye
HaJISKHI SIKICHI Ta OPraHOJICNITUYHI OKa3HHUKH.

lTonoBHUM  MexaHi3MOM  3axWcHOi  Jii  KpIOHNPOTEKTOpIB €  iXHs
3[aTHICTh BIUIMBATH Ha TNPOLECH KpUCTajii3aulii, CHpUsIoUHM (OpMyBaHHIO
JPiIOHOKPUCTAIIYHOTO JIbOJY, KOTPOMY HE BIIACTUBI CHJIbHI IOJISI HalpyTH;
3MEHIIYBaTH KIUIBKICTh BHUMOPOXKEHOT BOIM, 3HWKYBaTW TeMmIeparypy ii
KpHCcTallizalii, 3MeHIIyBaTd BosoroBimyady. KomOiHOBaHI KpiomnmpoTekTopu
e(eKTUBHIII, HXX MOHOCHIOJYKH. OpraHoJIeNTHYHI BIACTHBOCTI 3aMOPOKEHHX
HarniB(haOpHKaTiB OIIHEHO HAa MaKCHMMaJIbHI 5 OaiB.

CekTOp pHHKY 3aMOPOXKEHOI POCIMHHOI CHPOBHHHU IPEACTaBICHUI
B OCHOBHOMY OBOYEBMMH HaIliBpaOpuKaTamy, a IIOAIB Ta STij — 3pOCTae MEHII
IHTEHCHBHO, 3B2)KAl0YM Ha BiJICYTHICTh HAyKOBO OOTPYHTOBAHUX TEXHOJOTIH TX
KOHCEpBYBaHHs. Po3po0iicHa Mojieb opraHi3allii iHHOBAIIHOTO MiANPHEMCTBA
3 BUPOOHMITBA IIBHKO3aMOPOKEHHX HariBpaOpuKariB 3 BUKOPUCTAHHIM
METOJIB KpIONMPOTEKLil MOXKE CIYXXUTH aJrOPUTMOM OTPHMAaHHS IIMPOKOTO
CIIEKTPY O03/10pPOBYMX IPOJAYKTIB JIIsi HAINOBHEHHS BITYM3HSHOTO PHHKY
1 CTBOPEHHSI EKCIIOPTOOPIEHTOBAHOI MpPOXYKLii, sKa BiJ3HAYaTHUMETHCS
BHCOKOIO SIKICTIO, BiJITIOBIIHICTIO CBITOBOMY TpPEHJIOBI 3710pPOBOT0 XapuyBaHHS,
3a0e3MeueHHsIM OTped PecTOPaHHOIo roCHoiapCcTBa.

AHOTALLIA

[TomrykoBi iHHOBaLIHHKUX PillIEHb NIUISXiB ONTUMI3allii HU3bKOTEMIIEpaTy PHUX
TEXHOJIOTIYHUX IPOLIECIB 3aMOpPOKYyBaHHsI 1 30epiraHHs IUIOAOBO-STiIHOT
CHPOBMHHM TIPUCBSYEHO pOOOTH 0OararhbOX BITYM3HSAHUX Ta 3apyOiKHHX
nocnigaukiB. Ilpore Gararo mutaHb 1ie norpedyroTh BupimeHHs. OcoOmuBo
LIe CTOCY€ThCSl BUKOPUCTAHHS €(EKTUBHHMX KPIONPOTEKTOPIB sl MiHiMizawii
YIIKOJDKYFOUOT /i HU3BKUX TeMIleparyp Ha CTPYKTYpy O10JIOTiYHHMX 00’ €KTIB.

CpOrojiHi CEKTOp PUHKY 3aMOPOKEHOT POCIIMHHOT CHPOBUHH ITPEACTaBICHUI
B OCHOBHOMY OBOYEBMMHM HamiBpaOpukaramu, Xo4ya came IUI0JI0BO-SITiHA
MPOMYKI[iSl Bi3HAYAETHCS BUCOKMMH KOHILICHTpAIlisiMH BiTaMiHiB. Pa3zom
3 TUM, BOHA € OCOOJMBO CKJIaJHUM 00 €KTOM ISl 3aMOPOXKYBaHHS, aKe JUIs
Hel XapakTepHi HalOUIbIII BTpaTH KIITHHHOTO COKY 1 Ol0JIOTIYHO aKTMBHUX
pedoBuH y npoueci aeppocrarii. ToMmy yJocKoHaJIEeHHS! HU3bKOTEMIIEpATyPHUX
TEXHOJIOT1H  KOHCEPBYBaHHS IUIOJOBO-SITIHOI CHPOBHHM €  HarajJbHOIO
Npo6IeMOI0, BUPILIEHHIO SKOT MPHUCBSAYEHO AaHy poboty. i akTyambHicTh
BU3HAYAETHCS TAaKOX IPOTHO30BAHOIO MOXKIIMBICTIO 3HH3UTH 3aJISKHICTh
YKpaiHCBKOIO PHHKY BiJl IMIIOPTHHX 3aMOpPOXXEHHMX HarliBpaOpuKariB Ta
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MOCWJINTH PIBEHb MPOJOBOJIBUOT Oe3rekn y cdepi BUPOOHHITBA 0310POBUUX
MIPOIYKTIB.
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CHAPTER 19

TUNOJIOr4HI OCOBJINBOCTI OMNIAA0BUX
MAUOAHYUKIB AK OCEPEAKIB
COUIOKYJIbTYPHOIO NMPOCTOPY AEPOINOPTIB

Areesa I. M.
DOl https://doi.org/10.30525/978-9934-26-653-9-19

BCTYI

KommiiekcHe miaHyBaHHS —TEpUTOpIH 13  ypaxyBaHHSM  COILIaJIbHUX,
CeKOHOMIYHHUX Ta eKOJOIiYHHMX (aKTOpiB Tpae OAHY 3 KIIOUYOBHX poJeit
y JIOCSITHEHHI CTaJIOr0 PO3BUTKY CYCIIJIbCTBA.

BBeseHHS peXHMy BOEHHOTO CTaHy ISl 3a0e3IeUeHHs HalliOHAIBHOI
0e3IMeKH, YCYHCHHS 3arpo3u HeOe3IeKu JepiKaBHIA He3aJIe:KHOCTI YKpaiHu, ii
TEPUTOPIANIbHIA IUTICHOCTI HE TPHU3YNHHSE NPOLECIB MOAAIBIIOT iHTEerparii
Lini#t Cramoro Po3BUTKy y HalliOHaNBHY HOJITUKY KpaiHu' 2.

Pa3oM 3 TuM, BaXKKH HaCIiIKM BilicbKoBOTO ypOinmmy 2022-2026 pokis:

—  3arOCTPIOKOTH MPOONIEMH MICIBOEHHOT BiIOYIOBU Ta BiTHOBJICHHS KpAiHH’,
3aXMCTy 00 €KTIB KPUTHYHOI iHQPACTPYKTYpH, 30KpeMa aBialliiiHoro TpaHcnopry* *;

—  TOTpeOyIOTh ITOUTYKY Ta 3aCTOCYBaHHS HOBITHIX IMiAXOIB ypOaHiCTHKH
1 apXiTeKTypH Uil peaiizalii KOHIEMIiil cTajoro po3BHTKY, HarioHambHOT
TPAaHCIOPTHOI ~ CcTparerii, JEpKaBHUX MNpOrpaM  pPO3BUTKY  PETIiOHIB,
MPOMHKCIIOBOCTI, MiANPHEMCTB, TOILIO.

! United Nations (UN). Resolution adopted by the General Assembly. 42/187. Report of the World
Commission on Environment and Development. 11 December 1987. UN Documents : website. URL:
http://www.un-documents.net/a42-427.htm. (Accessed : 12 January 2026).

2 Xapuyk O.0. Cranuii po3BHTOK: €KOHOMIYHHMI, EKOJOTIYHMIA 1 couiajbHUi acmekr. Vkpaina y
2nobanvromy ceimi : Monorpadis. Pura, 2020. C. 209-225.

3 Kic H. 10., Tiorronnnxosa I. C., Hecyx M. M., Cy6ora A. B. IIpoGnemn inrerpamii Konnernmii
CTaJoro PO3BUTKY B MPOEKTH MPOCTOPOBOTrO IMiaHyBaHHi B Ykpaini (dactuua 1). [Ipocmoposuii
pozsumok. 2025. Ne 11. C. 383-396. DOI: https://doi.org/10.32347/2786-7269.2025.11.383-396

4 Kysnik A. 3acaau epkaBHOI IIOJITHKH 3aXKCTy 00’ €KTiB KPUTHYHOI iH(PPACTPYKTYpH B aBialliiiHiii
ranysi. Akademiuni 6izii. 2024. Ne 38. URL: https://academy-vision.org/index.php/av/article/view/1760.
DOL: https://doi.org/10.5281/zenodo.15120105

3 [IpoexTyBanHs Ta OyIIBHULTBO AaepOAPOMHHX KOMIUIEKCiB: MoHorpadis / I. M. Areesa,
JL.T. T'yprina, O. M. Jly6uxk Ta in.; 3a 3ar. pex. B. B. Kapnosa. Xepcon: Onpi+, 2022. 336 c.

¢ Tlpo cxBanenns Konueriii po3BuTKy MikHapoaHOro aepornopry «bopucminby Ha nepiox go 2045
poky : Posmopsykennst Kabinery MinictpiB Ykpainu Bin 8 tpaBus 2019 poky Ne 293-p / Kabiner
MiwnicrpiB Ykpainu. Ypsoosuii kyp 'ep. 2019. Ne 90.
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VY 3arajpHOMY BHNAJIKy, HOBUHHI OyTH BU3HAYEHI:

— IUIIXM MIcTOOYMiBHOTO OCBOEHHsS (ypOaHizawii) TepuTopiil, 30kpema
HaOJIM)KEHHX JI0 aepOIIOPTiB;

—  TIPUHLMIIM YyTBOPEHHS OE3MEUHHX MOCENEHb, Y IKUX YCYHEHHI COollialibHi
Oap’epu;

— mpuHOMNM  3a0e3MEYeHHs 3arajbHOr0  JIOCTYNMY JO  JOPOXKHBO-
TPaHCIOPTHOI iHPPACTPYKTYpH; OE3MEUHUX, JTOCTYITHHUX 1 BIJKPUTHX JUIs BCIX
3CJICHUX 30H Ta TPOMAJICBKUX MICIb, OCOOJHMBO JUIsl KIHOK 1 IITCH, JITHIX
nrozieit Ta iHBaniais’.

VYpbanizanist TepuTOpiii Yy 30HI BIUIMBY aepOIOPTIB CIPHIE IX CTAIOMY
po3Butky®. 3 iHmoro 0OKy, HAONMKEHICTh JO OO0 €KTIB KPUTUYIHOL
iHGPACTPYKTYpU MOXe OyTH 3arpo3010 JJIs KHTTS 1 3[0pPOB's JIFOICH, Oe3merri
Ta PO3BUTKY TaKUX TEPUTOPIi’.

Pazom 3 THM, aepomopTH MaroTh 3HA4YHI TEPUTOPialIbHO-pEeKpeariiiti,
apXiTEeKTypHI Ta KyJbTYPOJOTIYHI PECypCH, L0 CTBOPIOE MEPEIyMOBH IS
BKJIFOUCHHS 1X JI0 LAPUHU TyPUCTUYHHUX JSCTHHAIIN Kpainu'® ! 12,

VY KOHTEKCTI CTajloro PO3BHUTKY, aepoIopTH pO3pOOISIOTH BIINOBIAHI
cTparerii, cupsIMOBaHi Ha PO3B’sI3aHHS 3aBJaHb IOJITHYHOTO, EKOHOMIYHOTO,
eKCIUTyaTaliiHoTo, EKOJOTIYHOro Ta coliajgbHoro crpsmyBaHHs. Cepen
OCTaHHIX:

— MakCHMaJIbHMH JOCTYH [0 3arajbHOi aBiallifHOI TpPaHCIOPTHOI
CHCTEMH, OKPEMHUX MICIlb TPU3HAYCHHS;

— YIOOCKOHAJIeHHSI Ta PpO3BHHEHHs I1H(pacTpyKTypu  aBiauifHOTO
TpaHcnopTy';

—  TIOLIMPEHHS CIEKTpPY IOCIyT HEeaBialllifiHOTO CIIPSIMyBaHHS;

—  CTBOPEHHSI HOBHX POOOYMX MiCIIb;

7 United Nations (UN). The Sustainable Development Goals. United Nations (UN): website. URL:
https://www.un.org/sustainabledevelopment (Accessed : 12 January 2026).

8 International Civil Aviation Organization (ICAO). DOC 9562. Airport Economics Manual. 3rd edn.
Montreal, Quebec, Canada, 2013. 152 p.

? Kysnik A. 3acamu nepkaBHOI NOJITHKA 3aXHCTy 00 €KTiB KPHTHYHOT iHYPACTPYKTYpH B aBialliifHii
ranysi. Akademiuni 6izii. 2024. No 38. URL: https://academy-vision.org/index.php/av/article/view/1760.
DOTI: https://doi.org/10.5281/zenodo.15120105

10 Anamoscekuit O. M., Kymaer 5. M. JlocmipkeHHsS CYTHOCTI TYPHCTHYHOI JIECTHHALIT Ta METOMIB
i po3BuTKy. Exonomiunuii npocmip. 2025. Bum. 197. C. 262-269. DOL: https://doi.org/10.30838/
EP.197.262-269

' Jlpyxunina B. B. Bexropn po3ButKy aBiauiiiHoi iHGpacTpyKTypn B KOHTEKCT] aKTHBI3aLil TYpH3MY.
Bueni sanucku Taspiticokoeo nayionanvhoeo ynieepcumemy imeni B. 1. Beprnaocoroeo. Cepist: ExonoMika
i ynpasniaas. 2019. T. 30(69). Ne 1. C. 1-6.

2 Pijet-Migo'n E. Aviation Heritage in the Urban Landscape — Concept and Examples from Berlin.
Heritage. 2025. Vol. 8. P. 225. DOLI: https://doi.org/10.3390/heritage8060225

13 Maksymiuk Yu.V., Chulinda L.I., Korchova H.L., Pochka K.I. Priority directions of international
airport infrastructure development. Strength of Materials and Theory of Structures. Kyiv: KNUBA,
2022. Issue 109. Pp. 301-316. DOL: DOI: 10.32347/2410-2547.2022.109.301-316
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— 3a0e3mne4yeHHs JAOCTYIHOCTI aeporopTy Ta HOro CKIJIaJHHKIB, 30KpeMa
JUTSI Bi3yaJIbHOTO CIIOCTEPEeIKEHHs, Tomo' 13 16 17 18,

Ile moTpebye Ta CyNPOBOPKYETHCS BIPOBAKCHHSIM KOMILICKCY 3aXOMiB i3
MIPUBEJICHHS PIiBHSI HAaJaHHS TOCIYr B aeporoprax y BiJIOBIAHICTH A0 BUMOT
MDKHApOJIHUX cTaHmaptiB'® 2%, cepen sKux:

— peopranizamis  3a0ymoBH  TEpHUTOPIl  acpOINOPTIB,  MEPEIOBCIM
MPUBOK3aIbHUX Iwtol (naui — I111), TpaHCHIOPTHO-ITIIIOXITHUX 3B’ SI3KIB;

— OymiBHMOTBO HOBHX, MOJEpHI3allis Ta PEKOHCTPYKIIs ICHYIOUHX
OyaiBelb Ta CIOPY/;

—  BHUKOPHCTaHHS TYPUCTHYHO-PEKPEALIIIHUX pECypCiB aepoNopTiB Ta 30H
X BIUIMBY?', TOLIO.

[Mpaktuka oHoBienus JlogatkiB o KosBeHuii mnpo  MiKHApomHy
LUUBIIBHY aBiallif0; BIPOBAHKCHHS IHHOBAI[IHUX MIIXOIIB J0 3a0C3MCUCHHS
Oe3nekd MDKHApOAHOI IMBUNBHOT aBialii*’; (GopMyBaHHS Ta peamisaiis
e(ekTUBHUX Oi3HEC MoOJeNiell PO3BHUTKY aeporopTiB Ta ypOaHizauii 30H ix
BIUTHBY > 2

— cBiguarh MpO 3pPOCTaHHS POJIi aBiallifHOrO TPAHCIOPTY B CBITOBOI
€KOHOMIIII;

—  TIOCHWJIIOIOTH BIUIMB HA €KOHOMIYHHUH PO3BUTOK PETiOHIB Ta 3alHSTICTH
HaceJIeHHsI, TOIIO.

14 Jloxauecbka O. M., ITamamapuyk 1O. A. @DopmyBaHHS cTparerii €KOHOMIYHOTO PO3BHUTKY

[IaCaKUPCHKOI0 TepMiHaiTy aeporopty : MoHorpadis. Kuis: Konxop, 2009. 240 c.

15 IMaBenko B. 0. PosButok HeasiamiiiHoi misuibHOCTI aepomopTiB Ykpaiuu. [7o6arvui ma
HayionanvHi npodnemu exonomiku. 2017. Bum. 17. C. 397-399.

'®  Bosma J. E., Nikolaeva A. A. The airport: Prototype of the global city? In: Berkers M., Linders J.,
editors, Megastructure Schiphol. Design in spectacular simplicity. Rotterdam: NAi010 Publishers. 2013.
Pp. 199-217.

7" Guller M., Guller M. Del aceropuerto a la ciudad aeropuerto. Barcelona : Editorial GG, SLU, 2003.
192 p.

18 Stangel M. Airport city — an urban design question. Gliwice, Poland : Helion Publishing House,
2019. 209 p.

! International Civil Aviation Organization (ICAO). DOC 9184-AN/902. Airport planning manual.
Part 1. Master planning. Ed. 5. Montreal, Quebec, Canada, 2009.

2 International Civil Aviation Organization (ICAO). DOC 9562. Airport Economics Manual. 3rd edn.
Montreal, Quebec, Canada, 2013. 152 p.

2 Areea I M. Typucruanuii MOTEHI{iall aepONOPTIB Ta TEPUTOPIii, HAOMMKEHNX 10 HUX. Pois ma
3HAYEHHSL IHOYCMPIT MypusMy 1 20CIMUHHOCHI Y PO3GUMKY MEPUMOopIitl, 2pomaod, oepiicagu : MOHorpadis.
JIpBiB : JITEY, 2022. C. 249-263. DOI: https://doi.org/10.5281/zenodo.6470739

2 Chulinda L., Smirnov O., Shapenko L., Ustynova ., Bohatiuk I., Kelyp S. The role of innovation in
ensuring the safety of international civil aviation. CH&CMIiGIN’25: Fourth International Conference on
Cyber Hygiene & Conflict Management in Global Information Networks, Kyiv, June 20-22, 2025. Kyiv:
KAI 2025. Vol. 4024. Pp. 530-542.

% International Civil Aviation Organization (ICAO). DOC 9562. Airport Economics Manual. 3rd edn.
Montreal, Quebec, Canada, 2013. 152 p.

*  Medvedev A., Lomar 1., Augustyn S. Innovation in airport design. Aviation. 2017. Vol. 21(1).
Pp. 23-28. DOI: https://doi.org/10.3846/16487788.2017.1303542
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3a OLIHKOIO CIIeliajicTiB, Taka TpaHchopMallis Ta MOJCPHI3allisl CKIIaHUKa
KPUTUYHOI 1H(PACTPYyKTypH JO3BOJISIE HE TIIBKH DPO3IIUPUTH  CIEKTP
nonatkoBux mociyr a0 200-250 Buais®, ane it cnipusie po3B’si3aHHIO MPodIeM
rapMOHIHHOTO PO3BHUTKY CYCHUIBCTBA.

[pupinsierbes yBara i po3BUTKY B JKOPCTKHX paMKax 3a0e3MeueHHs Oe31eKn
MOJIBOTIB MOIEBOTO TYPH3MY, SIKii CIIpHse momynspu3arii asiaiii 2 7.

1. OrnapoBi MangaHYMKK SIK CKJIaAHUKU ocepeaKiB COLLIOKY/IbTYPHOro
npocTopy aepornopTiB

Cepen IUISIXIB YCYHEHHS COIIAJIbHUX 0ap’epiB Ta 3a0C3MCUCHHS 3arajlbHOIO
JOCTYIy JI0 TEPUTOPii TpoMajichKoi 3a0ynoBH, BUPOOHHYOI0, KOMYHAIILHOTO,
peKpeamiiHOro Ta  O3J0pOBYOTO  TPH3HAYEHHS; CHCTEM  COLIaJIbHOI,
TPaHCIIOPTHOI, IHXKEeHEepHOT 1HYPACTPYKTYPH; 30H OXOPOHH HEPYXOMHX 00’ EKTIB
KyJIBTYPHOI CIIaJIIMHK, I1aM’STOK IIPUPOJH, apXiTEKTypH, MicTOOYIyBaHHS,
HIHHUX JTaHAmapTiB MOKHA BUAUTHTA BiamTyBanHs OM (mani — OM) Ta
OKPECIUTH OCOOJIMBOCTI 1X eKCILTyarallii B aeporoprax cBiTy?.

Ha nouarkoBomy erarti po3BUTKy aBiawii came OM:

—  Oynu HeBiJ’€MHOIO YaCTHHOIO OIJIBIIOCTI aepoJIpOMIB, Ji€ ITPOBOIMIIUCE
I0Ka30BI MOJILOTH Ta aBia-IIoy;

— CIHpUHMAJHCh SIK  OCEPEIKH  COLIOKYJIBTYPHOTO THPOCTOpY  JUIA
MPUXWIBHUKIB — TPEJICTaBHHUKIB PI3HUX COLIQJIBHUX KJAciB Ta BEPCTB
HaceJIeHHS.

3 yacom OM morm Brpatwiau cBoi (yHKuii, a00 HaOyTH HOBHX — BXKe
y CKJ1aJli IHIIKX 3a IIPU3HAYCHHSIM Oy/IiBEJIb Ta CIIOPYl, 30KpeMa aepOBOK3aIbHUX
xomruiekciB (nani — ABK).

Lle € pe3yabraroM 3MiHHM CTpareriii IUIaHyBaHHS iSUIBHOCTI aeponopTiB
3 METOIO IIEPETBOPEHHS TX YACTHHU Ha COLIIOKYJILTYPHUI POCTIp, MPUBAOIUBUNA
JUTSL IOTEHI[IHHUX KOPUCTYBa4iB®,

» [Tapenko B. }O. Po3Burtok HeaBiamiiiHoi AismbHOCTI aepomoptiB Ykpainu. [7obaneni ma

nayionanvhi npoonemu exonomixu. 2017. Bum. 17. C. 397-399.

% TIlyka I II., KoBanscbka, JI. B., Bespyuenkos 1O. B. Ilomieuit Typusm: yTOuHeHHS Ga30BHX
XapaKTePUCTHK. [HOycmpis mypusmy i eocmunnocmi 6 Llenmpanvriv ma Cxioniti €eponi. 2022. Bum. 7.
C. 70-76. DOL: https://doi.org/10.32782/tourismhospcee-7-8

2 Jlpyxunina B. B. Bexropu po3BuTKy aBialiiiHoi iH(pacTpyKTypH B KOHTEKCTI aKTUBI3aLlii TypH3My.
Bueni 3anucku Taspiticbkoeo HayionaneHozo yuisepcumeny imeni B. 1. Bepnaocvkoeo. Cepis: EkonoMika
i ynpasninns. 2019. T. 30(69). Nel. C. 1-6.

®  Agieieva G. Visitors’ Terraces as Components of the Urban Environment of Airports. In:
Onyshchenko, V., Mammadova, G., Sivitska, S., Gasimov, A. (eds). Proceedings of the 4th International
Conference on Building Innovations. ICBI 2022. Lecture Notes in Civil Engineering Springer, Cham.
2023. Vol. 299. Pp. 393-409. DOI: https://doi. org/10.1007/978-3-031-17385-1_31

¥ Agieieva G., Nickolchuk B. Airports as art-space. AVIA-2019: Proceedings of the XIV International
Scientific Conference, Kyiv, April 23-25, 2019. Kyiv: NAU, 2019. Pp. 21.13-21.17. DOI: https://doi.
org/10.5281/zenodo. 7848199
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3anopyKor0 CTBOPEHHS TAKOTO IPOCTOPY €:

— (QopMmyBaHHS y CTPYKTYpi aeporopTiB OCEpeIKiB, TI'CHEPYIOUnX
MOXIJIMBOCTI iICHTU(IKALIT TX SIK CKJIaHUKIB TYPUCTHYHHUX ICCTHHAIIN;

—  HaJaHHs OCBITHIX, Mi3HABAJIBHUX Ta PO3BAKAIBHHUX IOCIYT;

—  OTpUMaHHS NMO3UTUBHMX BPA)KCHb BiJl BiJBIyBaHHS;

— BHpILICHHS EKOHOMIYHMX IIMTaHb Ha T OCHOBHHMX BHPOOHHYMX
nportecis?!.

BuUKIIIOUEHHSIM € CKJIaHUKU aepOJPOMHOIO KOMILIEKCY, KOHTPOJIbOBaHI
30HH SIKOTO TOB’sI3aHi 3 3a0e3reueHHsIM Oe3rneku noiboriB. Pazom 3 Tum, came
aeposIpOM € HAMOUIBII MPUBAOIMBUMY ISl BI3yaIbHOTO CIIOCTEPEKEHHSI:

—  SIK TOJIOBHA TEXHOJIOT1YHA YaCTHUHA — CIICIiajbHO 00JaJHaHa 3eMellbHa
JUTISTHKA,

— sk 0aratoyHKIIOHAJIBHUH KOMIUIEKC HPOMHCIOBO-TPAHCIOPTHOTO
CHpSIMyBaHHSI, 110 Ma€ 3HAYHUH TEPUTOPIaAIbLHUIN MOTEHIIa] (BEJIMYe3H] IO,
LiKaBl KpaeBW/IM, HECKJIAQJHUHN peibed BHACIIZOK CIEIM(IKM TEXHOIOTIYHUX
npotiecin)®.

Jlo nepeBar aepornopTiB TAKOX CJiJ BIAHECTH MOXIIMBICTB:

— BuamrtyBanHs OM, Bajio po3TaloBaHUX CTOCOBHO LIKaBUX KPAEBH/IIB,
30H OCHOBHHX Ta JIOIOMDKHHMX TEXHOJIOITYHUX ONepaliil, Tomo;

— CIIOCTEPeXXEHHs y AWHAMINl pyXy 3a HazeMHUM (Mia’i3HI NUISIXH,
TpaHcnopTHi po3B’s3kw, [111) Ta aBianiifHUM TpaHCIOPTOM (Ha eTarax BUIILOTY
ta nocajku [1C).

OcoOnuBoi yBarkm nOTpeOye HOBUH BHJ 3aXOINIEHb — IUICHH-CIIOTHHT
(aBialifHUI CHOTHHT), SIKMA Ma€ CBOIX HNPUXWIBHHUKIB — IUICHH-CIIOTEpIB
(mpodeciitnux dororpadis Ta amaropis)*.

AeporopTH 3alliKaBiICHI y BHKJIFOYEHHI CTUXIMHOCTI MPOBEACHHS MOIEBIX
T3aXOJiB Ta NEPETBOPEHHI IUICHH-CIIOTHHTIB HAa O(iLiiHI 3aX0/IH, MEpII 3a BCe:

— 13 3a0e3neyeHHsIM Oe3rekr (PyHKIIOHYBaHHS aepoNOpPTY Ta epedyBaHHs
JoZiel W TEXHIKM Ha KOHTPOJIbOBAaHUX TEPHUTOPISX;

— 13 BU3HAYEHHSM 4Yacy, TPUBAJIOCTI, CKJIaly Ta YHCEIBHOCT]I Y4aCHHKIB;

30 Anamosebkuii O. M., Kynaen SI. M. JlociiuKeHHs: CyTHOCTI TYpUCTHYHOT I€CTHHALLT Ta METOIB
i po3BuTKy. Exonomiynuti npocmip. 2025. Bum. 197. C. 262-269. DOI: https://doi.org/10.30838/
EP.197.262-269

3 Benrep B. B., PomanoBchka H. 1. MozemoBaHHs pHHKY aepoNOPTOBHX MOCIYr Yy CHCTEMi
3a0e3MeyeHHsT 100anbHOI KOHKYPEHTOCHPOMOXKHOCTI. Haykosuii eicnuk Mixcnapoonoi  acoyiayii
Hayrosyis. Cepis: ekoHoMiKa, ynpaeninus, besnexa, mexnonoeii. 2023. Tom 1. Ne 1. URL: https://man.
org.ua/nv/index.php/about/article/view/41/39.  DOI:  https://doi.org/10.56197/2786-5827/2023-2-1-2
(mara 3BeprenHs: 20.01.2026)

32 [IpoexTyBanHs Ta OyIIBHULTBO aepOAPOMHHX KOMIUIEKCiB: MoHorpadis / I. M. Areesa,
JL.T. T'yprina, O. M. Jly6ux Ta in.;3a 3ar. pen. B. B. Kapriosa. Xepcon: Omnpit, 2022. 336 c.
3 CnorepchKuil pyX: 3arpo3u i 3axoruieHHs. Boponbkisceka mepumopiansha zpomada : BeO-CaiiT.

URL: https://voronkivska-sr.gov.ua/news/206907-spoterskii-rux-zagrozi-i-zaxoplennia (gara 3BepHCHHS:
20.01.2026).
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— 13 ¢ikcoBanuM posmimeHHsM OM Ha crenianbHO BiZIBEACHUX AIISTHKAX
— CIIOTMHI-30HaX>*, TOII10.

3a 3HAYYINICTIO Ta B32€MO3B’SI3KOM CKJIQJHUKH CHCTEMHU IOAI€BUX
3ax0/1iB, 00’ €KTIB Ta MPOLECIB I OISy MOXKYTh OyTH CTPYKTYPOBaHI TaKMM
YHHOM:

1 — moka3zosi nonpotu [1C (aBia moy);

2 — oKpeMmi eranu 3JiTHO-ocaakoBux onepauiit I1C;

3 — eranu HazemHoro pyxy [IC Ta ¢yHKIIOHYBaHHS CIIELTEXHIKH;

4 — maHopaMM  IPOCTOPOBO-IIAHYBaJBbHOI  OpraHizamii  aeponopry
3 ypaxyBaHHSIM NPUAEPOIPOMHHX TEPUTOPIH;

5 — maHOpaMu MPOCTOPOBO-IUIAHYBAJIBHOT OpraHi3allii JOKAJIbHUX JUISTHOK
acpoIIopTy 3 ypaxyBaHHsIM / 0€3 ypaxyBaHHs HAOIMKCHUX TEPUTOPIH.

Toukoro BiUTIKy BiamITYyBaHHS MacmiTabHUX 3a po3mipamu OM  ciig
BBa)XKaTW CBOEPIJHY CTalllOHAPHY BIAKPUTY TpUOyHY MicTKicTio n0 80 THC.
MO0CaJKOBHX MiCIlb, sIKa:

—  po3TalloBaHa Ha MOKPHTTI KPHBOJIIHIHHOTO y TUIaHi
6ararodynkuionansHoro ABK nomxunoro 1,23 km (MA Bepain-Temmensrod,
Himeuunna), nobynoBanoro B 1934 pormi 3a mpoektoM apxitekropa Epacta
3areois’s;

— TIIpU3HaueHa Ui PO3MILICHHS Ta OOCIYroBYBaHHS YHCEIbHUX
BiJIBIlyBauiB — CIIOCTEpiraviB 3a NOKA30BUMH Ta PEryIspHUMH 1oiaboTamMu [1C
Ha aepoapomi ¥,

2. ®akTopu BNMBY Ha GOPMOTBOPEHHSA OrNIAA0BUX MaliAaHYUKIB

I[Ipn  ¢dopmyBaHHI NPOEKTHHX MPOMO3MLIA Ta BiamTyBanHi OM
MoTpiOHO BpaxoByBaTH Taki (pakTopw, siKi OOyMOBIIOIOTH CTaIMH PO3BUTOK
yp0OaHi30BaHOTO CEPEIOBUIIA.

3a/10B0JIEHHSI COMATBLHOTO0 3aIMTY IIJISIXOM CTBOPEHHS COLlIaJIbHO 3HAYMMHUX
00’€KTiB, SIKI IHTErpyrOTh ITi3HaBaJIbHI, HaBYaJbHI, €CTETHU4YHI, crenuQiuHi
(GyHKIIT, BIJIIOYMHOK Ta PO3Baru, CIPHUSIOTH IMOKPAIIECHHIO CHOXUBYOI SKOCTI
CepeloBHUINa aepoIopTa Ta ITiIBHIIYE HOT0 KOHKYPEHTOCIPOMOXKHICTB.

[pupoano-kiaiMaTuuni GpakTopH, SKi BIUIMBAIOTh Ha (YHKIIOHAIBHY Ta
IIPOCTOPOBY OpraHizaito, apxitekrypHi pimreHHs OM, xomdopt nepedyBaHHs
BinBinyBauiB. I[loTpeOyroTh BpaxyBaHHS Taki XapaKTEpPUCTUKH KJIIMary:

34

Planespotting site. Vilnius-airport : website. URL: https://www.vilnius-airport.lt/en/planespotting.
(Accessed : 12 January 2026).

3 Flughafen Tempelhof. Vom Flugfeld zum Freiraum. Visitberlin : website. URL: https:/www.
visitberlin.de/en/flughafen-tempelhof-tempelhof-airport (Accessed : 20 January 2026).

% Zadrazilova D. Berlin Tempelhof: From Heritage Site to Creative Industry Hub? EX NOVO Journal
of Archaeology. 2020. Vol. 5. Pp.: 79-91. DOL: https://doi.org/10.32028/exnovo.v5i.413
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BITPOBHH, aepamiiHUi Ta TEMIEepPaTypHO-BOJIIOTICHUI pEXHUMH, HaJMipHa
IHCOJISIIS, KIIbKICTh Ta 1HTEHCUBHICTH omaaiB. CiiiJl OLIHIOBATH M €KOJIOriYHI
(axTopy, 30KkpeMa BIUIMB Ha HABKOJMIIHE CEpENIOBHUINE, SKOJOTTYHHUN OajlaHc
TEpUTOPII, 110 CKIIABCSL.

MicTodyniBHi paxkTopu, 110 BU3HAYAIOTH ONTUMAJIbHI 30HH PO3TallyBaHHs
OM y cucreMi NpPOCTOPOBOI Oprasizamii aepornopry; IOCTYIHICTb IS
MOTEHUIHUX ~ KOPHUCTYBadiB, KOM(QOPTHICTb mepeOyBaHHS, 3axXHCT BiJ
HECTIPUATIMBUX BIUIMBIB aBilallifHOTO IIyMy, MWy, 3ara3oBaHOCTI Ta 1H.;
MOXJIMBICTh BHKOpHCTaHHST OM JuIsi KOMITO3MLIHHHUX pillleHb apXiTeKTYpHOTO
CEepeNoBHUILA aePOIIOPTY.

3a xapakTepoM po3MileHHsI Ha TepuTopii aeporiopry OM MOXKHa BiiHECTH
JI0 00’€KTiB, sIKI MalOTh BIAMOBIAHI OOMEKEHHs, MOB’sI3aH1 3 TEXHOJIOTTYHUMHU
ocoOmBOCTSIMU  (DYHKI[IOHYBaHHSI aeporopry (Oe3leka IOoJibOTIB, PEeXUMHU
JOCTYITHOCTI Ta iH.).

BpaxoBytoun kareropii MOTEHUIHMX KOpUCTyBadiB (TIacayKMpH, BiJBiTyBaui)
Ta moTpedy Yy 3aJOBOJNICHHI YMOB MILIOXIMHOI JOCTYMHOCTI 1 3pyd4HOCTI
BUKOPHCTaHHS", 30HH po3TranryBaHHs OM MpoCTOPOBO JOKATI3YOThCS Ta TKIFOTh
JI0 MiCIlb KOHLICHTPALLii JIFOJICBKMX Ta TPAHCIIOPTHHUX MOTOKIB y cucrtemi ABK:

—  IaCaKUPCHKHUX TEPMiHAIIIB / BOK3aJIiB;

— T

—  TpaHCHOpTHO-TiepecaskoBux By3miB (nani — TIIB);

— o0’ekriB, y ckiami tepmiHamiB / Bok3amiB, TIIB, abo Ttakux, mIo
poawmimeni Ha I1I1 (mapkinru, aeponpoMHo-nucneTyepehbki Bexi (nai — A/IB)
Ta iH.).

KoncrpykTuBHO-TeXHO/MOTiUHI hakTOpH, a cCame MPUIHATI KOHCTPYKTHBHI
pitieHHs Ta iHXkeHepHe oOnamHanHs OM MOBUHHI 3a0e3leuyBaTd BUKOHAHHS
OCHOBHUX (YyHKIIH, pO3paxyHKOBI MapaMeTpH apXiTeKTypHO-IUIaHYBAILHUX
pileHb (MICTKICTh, BHCOTa PO3MILICHHS Ta SKICTh 30pPOBOTO CIPUHHATTA
00’€KTIB CIIOCTEPEIKEHHS), MILHICTb, CTIHKICTh CIIOPYIH, CaHITapHO-TIri€HIuH1
Ta eKOJIOTIUHi SKOCTi, JOCTYIHICTh ISl MaJOMOOUTBHUX TPy BinBimyBadis®,
JIOBI'O TPHBAJICTh, PEMOHTONPHUAATHICTb, EHEProe(eKTUBHICTL Ta OE3MeKy
eKcrutyararii‘.

37 JIBH b.2.2-12:2019. [LnanyBanmus Ta 3abynosa tepuropiit. [Ha 3aminy JIBH B.2.2-12:2018; unnui
Big 2019-10-01]. Bun. odin. Kuis: Minperion Ykpainu, 2019. 185 c.

38 JACTY ISO 21542:2025 Bynuuku Ta crnopymd. JloCTymHIiCTH 1 3py4HICTH BHKOPUCTAHHS
ypOawnizoBanoro cepenosuina (ISO 21542:2021, IDT). [Ha 3aminy ACTY b ISO 21542:2013; unnuuit
Bij 2026-02-01]. Bun. odin. Kuis: AIT « YkpHIHL», 2025.

¥ JIBH B.2.2-40:2018. Tuximo3uBHicTs Gyxisens i cropyx. OcHoBHi nonoxennst. [Ha 3aminy JJBH
B.2.2-17:2006; unnni Big 2019-04-01]. Bua. odiu. Kuis: Minperion Ykpainu, 2018. 68 c.

4 JIBH B.2.2-12:2019. Ilnanysauus Ta 3a0ymosa tepuropiit. [Ha 3aminy JJBH 5.2.2-12:2018; wmmni
Bix 2019-10-01]. Bun. odin. Kuis: Minperion Ykpainu, 2019. 185 c.
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IndopmaniiiHo-ecTeTnuHi GaKTOPH, SIKI BILTMBAIOTH:

—  Ha SKICTh BUKOHAHHS OCHOBHUX (DYHKIIIH;

— Ha BHW3HAYeHHS napaMmeTpiB came cropynu OM st CTBOpeHHS i1
MO3UTHBHOTO 30POBOTO CHPHUMHATTS B CHUCTEMI apXiTEKTYpHOTO CEpelOBHIIA
aeporopTy Ta 30H iX BILIUBY.

ExonomiuHi ¢akTopu, 110 [103BOJSIOTH OOIPYHTYBAaTH IOLIIBHICTH
pramTyBaHHs OM, BimOip e(QeKTHBHHX TPOEKTHHX pIIIEHh Ta 3aXOJiB
3 eKcIutyarariitl.

OO0cayroByBaHHs BiIBixyBadiB Ta ekciuiyaraiiis OM MOXyTh OyTH BiHECEHI
0 KOMEpIiHHUX a00 HEKOMEpIHHMX omepalliii HeaBial[iifHOT IisSIBHOCTI
aeporopTy, sIKa Y KOMIUIEKCI 3 PEKIAMOI0 MOXKE CTaTH JDKEPEJIOM 3HauHHX 3a
obcsiraMu J0JaTKOBUX MPUOYTKIB*.

3. TunonoriyHi 0co6AMBOCTI OrNAL0BUX MaAAHUYUKIB

AHai3 [OCBimy BIaIITyBaHHS Ta ekcruryaramii OM y MiKHapOTHHX
aeporoprax JJO3BOJHMB BH3HAYMTH iX THIIONOTiII0" 3a TaKUMH OCHOBHHUMH
O3HaKaMH.

3a pyHKIiOHAJILHUM MPU3HAYEHHSIM: 3arajibHi; Crieliani3oBaHi (HaaaHHs
OCBITHIX, Ii3HABAJILHUX Ta PO3BaKAJIBHUX IOCIYT); CIEliaNbHi (3a0e3eUeHHS
TEXHOJIOTIYHHUX MPOIECIB (PYHKIIIOHYBAHHS acpOIOPTIR).

3a cmenmdiko MOCHYr, sKi HAJAOTHCSI: MOHO(DYHKIIIOHAJBHI,
Oararo(yHKIIIOHAJIBHI.

3a KamiTajJbHICTIO: TUMYacOBOTO THIY (i1 OOMEXKEHOro 3a YacoM
BUKOPHCTAHHS); CTAI[IOHAPHOTO THITY (151 HECOOMEIKEHOT'O 38 4aCOM BUKOPHCTAHHS).

3a piBHeM JOCTYHNHOCTi: BIZKPUTI (I MacOBOIO KOPHUCTYBAaHHS
nMmacakupaMy Ta BiJBIIyBauaMH aepoOIOPTY); 3aKpUTi (Opi€EHTOBaHI Ha MEBHY
rpymny KOPHCTyBadiB, pOOITHUKIB a€pPOMOPTY TOIIIO).

Jlo ocTaHHIX CJiI BIIHECTH 3aJHM OYIKYBaHHS BHJIOTY, BIKOHHI IPOpI3n
SIKMX OPIEHTOBaHI 10 IIEPOHY, JITOBHII Ta MAIOTh BITPUHHE 3allOBHEHHS IS
3a0e3MeueHH s IKOCTI MaHOPaMHHUX BHJIB. Y JEKIJIBKOX Cy4acHHX aeporoprax
€ MOXIIUBICTh BUXOAY Ha Bigkputi OM, MOB’si3aHi 3 3aJ1aMU OYiKYBaHHSI.

3a MmicTkicTIO: MaTi; cepeaHi; BeTuKi.

3a 30HaMH PpoO3MillleHHSI Yy CTPYKTypi IPOCTOPOBO-ILIAHYBAIbHOI
oprasizaiii aeporopry: B Meax aeporopTy; 1103a MeXaMHu aeporopTy.

4 International Civil Aviation Organization (ICAO). DOC 9562. Airport Economics Manual. 3rd edn.
Montreal, Quebec, Canada, 2013. 152 p.1 1520

#2 Jloxausescbka O. M., Ilamamapuyk 0. A. dopmyBanHs cTparerii €KOHOMIiYHOIO PO3BHTKY
MacakUPCHKOTo TepMiHaly aeporopty : Monorpadis. Kuis: Konmop, 2009. 240 c.

# Kymesnu B. B. ApxiTekTypHa THUIOIOTiS TPOMaaChkux OymuHKiB i crmopyn. CydacHi TeHIEHIT
posButky. Cyuacni npobaemu apximexkmypu ma micmooyoyeanns. 2014. Bum. 35. C. 376-384.
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3a BHCOTO pO3MillleHHsI: HA PiBHI MOBEPXHI 3€MJIi; HaJ MOBEPXHEIO 3€MITI
(BiAMOBIIHI MOBEPXi, EKCILTYaTOBaHI MOKPIBIII OyIiBENIb Ta CIIOPY).

3a 00’eMHO-IUIAHYBAJIbHUMH MapaMeTpaMu: a) 3a JOCTYIHHM KyTOM
oy (360° abo meHie); 0) OAHONMOBEPXOBI; 0AraToOBEPXOBi; B) TOYKOBI;
JIHIAHO-TIPOTSDKHI; KPUBOMIHINAHI y IUTaHI; T) HPOCTi, CKIagHi 3a (OPMOI0;
) BIAKpUTI Ta KPHUTI IUIOMIAAKH, €) 31 CTpUMAHUMH a00 ITiBUIICHUMHU
ApXITEeKTyPHUMH SKOCTSAMH; K) THMYACOBI; CTalllOHAPHI (KammiTajabHi 3 TOBTO
TPUBAJIOI0 E€KCILTYaTaIli€lo).

Ha sikicTh BUKOHaHHS OCHOBHUX (hyHKIiH OM BILIMBalOTH 30HA Ta BHCOTA
PO3MIIICHHS; JIHIAHI pPO3MIPH; MICTKICTh; HOCTYIHI KyTH OIVISILY; 3aXHCT
Bil arMOC(epHHX OCaIKIB, HAAMIPHOI IHCOJSIIT, Oe3meka MepeOyBaHHS
BIZIBIZlyBauiB Ta eKCILTyaTallii 00’ €KTy, TOIIO.

Ha panwii dvac MokHa 100ayuTH Taki OararodyHKIIOHAIBHI 200
MoHO(yHKITIOHATBHI OM:

— SAKi OKpPeMO pO3TalllOBaHI Yy CHCTEMI MPOCTOPOBO-IIAHYBAIbLHOT
opranizaiiii aeporoprtiB (sik-oT, MA Jloc-Amxenec, CIIIA) abo 3a ix mMexamu
(MA imeni BaryaBa I'aBena, IIpara, Uexis);

—  SIKI € CKIIQJIHUKaMU:

a) ABK (MA Kuisnensa imeni Ionkinca, Kmisnenn, Oraito, CIIA; MA
Cayrtenn, Cayren-oH-Cu, Eccekc, BemukoOpuranis; MA Xanema, Tokio,
Snownis; MA Yenny-1llyannro, Yennay, Cuuyanb, Kuraii),

0) aepoapomHO-aucrieTdepchkux Bex (mami — AJIB) (MA Binens-llIBexar,
Ascrpis*);

B) mapkinriB ta iHmmx cuopya (MA Binens-11IBexat, ABcTpis).

He BukimtodeHHSIM € ¥ aeporopTH, e QYHKIIOHYIOTh NEKUTbKa PI3HUX 3a
MPU3HAYCHHM Ta IJIaHYyBaJIbHUMHE pimeHHIMHA OM, moOy10BaHUX Yy Pi3HI YacH.

JorminpHo HaBecTH iH(GOPMAIIi0 PO 30HH posranryBaHHs OM y cuctemi
mpocropoBoi oprauizaimii MA Binens-I1IBexar, ABcTpis®:

— tepminan «Flughafen Wien», y cTpykrypi sikoro Oyiu mepembadeHi
neBa OM (omHOpiBHEBA JIIHIHHO-NIPOTSDKHA MPOTY/ISHKOBA Tepaca BiAKPUTOIO
THIy Ta YOTHPHUIIOBEpXOBa cropyaa OamroBoro tumy, 1959-1960-1 poxu
mooynoBu*’);

4 Areesa I. M. OcobnuBocTi hopmyBaHHs 00’ €MHO-TIPOCTOPOBOI CTPYKTYpH OYIiBENb AePOIPOMHO-
JICTIETYEPChKUX Bexk. Teopis ma npakmuka ouzauny. 2025. Bum. 2 (36). C. 5-17. DOL: https://doi.
org/10.32782/2415-8151.2025.36.1

4 Agieieva G. Visitors’ Terraces as Components of the Urban Environment of Airports. In:
Onyshchenko, V., Mammadova, G., Sivitska, S., Gasimov, A. (eds). Proceedings of the 4th International
Conference on Building Innovations. ICBI 2022. Lecture Notes in Civil Engineering Springer, Cham.
2023. Vol. 299. Pp. 393-409. DOIL: https://doi. org/10.1007/978-3-031-17385-1 31

4 Lenotti W. More than just a place to land. History, function and future of the Vienna Airport.
Vienna: Compress Verlag, 1988. 198 p.
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— 00’ext cneuianbHOrO npu3HadeHHs — OyxiBiust AJIB 3aBBumku 109 wm,
moOymoBana B 2007 pori Ha mpuBok3aibHil wiomi (gami — I1I1) ta HamineHa
HU3KOIO JI0/IaTKOBUX (YHKLIH pEKIIAMHO-KOMEPLIHHOTO Ta COILIajIbHOTO
XapakTepy;

— rtepminan «Skylink», 2012 pik;

—  mokpiBis napkinry, 2010-i poku, Towio.

[Ipakruka ¢popmysanus cucremu OM y MA imeni Bamnasa ['aBena, [Ipara,
Yexis iHmIa:

— nBa OM vy cxuani ABK (ogun — 3arameHoro pocrymy, Tepminan 2;
OJIH — 00MEKEHOT0 JIOCTYITy, pecTopaH Runway, 30Ha BiIUTBOTY);

— 1pu OM no3a mMexamMu aepornopry (1Ba — opyd i3 cenunieM Knexenec
ta mictom [ocTuBHIle; OMUH — y CKIIaai po3BaxanbHOro HeHTpy POP Airport,
paiion Tyxomepxuiie, micto IIpara)?’.

Ie cBiquuTh TIPO TE, IIO:

—  aBialis He BTpayae 3 4aCOM CBOIX NMPUXMIBHHKIB;

—  aeporopTH 3alliKaBjeH] y MOIIMPEHHI CHEKTPY MOCIyr HeaBialifHOTOo
CIPSIMYBaHHSI, CEpel SIKMX TUICHH-CIIOTHHT.

BpaxyBanHst KOMIIIEKCY (akTOpiB BIUIMBY Ha (DOPMOTBOPEHHS J03BOJISIE
OTpUMATH:

— yHiKaJbHI 00’€KTH, SKi CTalOTh aKUEHTaMH 3a0yJOBH, CHMBOJIAMH
aepomopTiB Ta BIJIIOBIAHUX HACENCHWX INYHKTIB (siK-0T, crnopyra Theme
Building, no cknany sikoi Bxonus OM i3 kade-0apom s BiasimxyBadis, MA Jloc-
Amnxenec, Kanigopnis, CILIA. B3ipeus apxiTekTypu MOJIepHi3MYy, TOOY10BaHUN
y 1961 poui crneniamicramu ¢ipm «Pereira & Luckman Associates», «Welton
Becket & Associates» 3a yuactio [Tona P. Binbsimca, Po6epra I'eppik Kaprepa®.
Cnopyna Theme Building y 1993 poui orpumana craTyc iCTOPHKO-KYJIBTYpHOT
nam’siTku micta, oxop. Ne570);

— yHiTapui 3a apXiTEeKTypHO-IUIaHYBAIPHHUMH Ta KOHCTPYKTHBHUMH
pimernHssMu OM y cTpykTypi aeponoprtiB (sik-or, OM BifKpUTOrO THUILy 3a
Mexamu JieroBuina MA Binbaioc, JIuta*’), Torio.

47

Spots for Watching Landings and Take-Offs. The Airport for Spotters. Prague Airport : website.
URL: https://www.prg.aero/en/spots-watching-landings-and-take-offs (Accessed : 12 January 2026)
4 Still standing: The Theme Building, Los Angeles International Airport, 1961. ArchitectureToday:

website. URL: https://architecturetoday.co.uk/still-standing-the-theme-building-los-angeles-
international-airport-1961/ (Accessed : 12 January 2026).
¥ First airplane observation platform in Lithuania opened at Vilnius Airport. Airport-suppliers

website. URL: https://www.airport-suppliers.com/airport_press_release/first-airplane-observation-
platform-opens-at-vilnius-airport/ (Accessed : 20 January 2026)..
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4. OrnsapoBi MalJaHYNKKU Y CTPYKTYPi NPOCTOPOBOI opraHisau,ii
Mi>kHapogHoro aeponopTy «bopucninb»: NnpakTUKa Ta nepcnekTuem

Jns BITYM3HAHOI TPAKTHKM TIOKa30BUM € TPHUKIAA BiamTyBaHHi OM
y ckmaai ABK (cywacHoro tepminany B) MA «bBopucmine», mobymoBaHOTO
BIIPOAOBK 1959-1965 pokiB 3a IHIWBIAyaJbHUM IPOEKTOM «AepOBOK3aII
y Kuesi».

OcranHiii OyB po3pobiecHuil Jlep)kaBHUM IHCTHTYTOM i3 TPOEKTYBaHHS
«KniBnpoekT» (aBTOPCHKMI KOJNEKTWB I KEPIBHUIITBOM apXiTeKTopa
A. B. JIoOpoBOIBCHKOTO) 3a ydYacTi MPOBIAHMX CHEMialiCTiB 30HAJIHHOTO
HaykoBo-7oCHiTHOTO ~ IHCTUTYTY  €KCIICPUMEHTAJIBHOTO  IMPOEKTYBaHHS
«Kuis3HIEIT», xuiBcpkoro IIpoextHoro iHCcTHTYTY «[IpOoMOynmpoexT» Ta iH.

e — mepmmii miust VYipaiHW BeNMKHHA 3a MPOIYCKHOI CIIPOMOXHICTIO
1600 mac/rom ABK, sikuit OyB Opi€HTOBaHHU Ha [EICHTPANi30BAHY CHCTEMY
0OCITyTOBYBaHHSI TMACaXHPIB Ta MaB y CTPYKTypi MIKHApOTHHHA CEKTOp
(200 mac/roy), cekTop OOCITYrOBYBaHHS MacaxupiB kareropii VIP,

BrinenHs 3axyMiB aBTOPIB MPOEKTY:

—  HaOIM3WIO TPAHCHOPTHY Taly3b KPaiHH JI0 CBITOBOTO PiBHS Ha3€MHOTO
3a0e3MeueHHS aBialiiHuX ITepPEeBE3CHb;

—  TepeTBOPWIO 00’€KT iH(PACTPYKTYpH aBialliifHOTO TpPaHCIOPTY Ha
B3ipeIh apXiTeKTYpH MOICPHIZMY — CBOEPITHY BI3HUTIBKY CTONHIN Ta KpalHH
B mizomy °'.

Huszka TEXHOJIOTIUHHUX, apXiTeKTypHO-TUIaHyBaJIbHUX, KOHCTPYKTHBHUX,
IIKeHepHUX Ta nu3aifHepchkux pimenbs ABK Oynu iHHOBaIifHUMU UIS TOTO
gacy. He BukimroueHHsaM Oynu # cramioHapHi OM y ckiazi KOMITIEKCY CIOPYI,
OpIEHTOBAaHUX 3a TEXHOJOTIYHIMH BUMOTaMH B OiK IEPOHY, 30KpeMa:

— BigKpWTa IHIHHO-TIPOTSDKHA CKIIAAHA 32 (OPMOIO Tepaca B3IOBXK
(bacany aepoBok3any 3 pyakmissmu OM, npulynoBaHa 10 OyIiBII aepOBOK3aTY
Y piBHI Apyroro moBepxy, 3 KyroMm orsany 180° (peanizosare piwenns),

— IUTOCKA TIOKPIBIS JIIHIHHO-TIPOTSHKHOI ABOPIBHEBOI MOCAIKOBI ramepei,
mpuOy0BaHOI 10 aepoBOK3aly 3 OOKy MepoHy. BiAmoBimHI IaHyBalbHI,
KOHCTPYKTHBHI Ta iH)KCHEPHI PIlICHHS OKPIBIIi 3a0e31edyBatu ii eKCIUTyaTaIlifo
y sikocTi Bimkpuroro OM 3 kyToMm omtsiay 360° (nepeanizosani piwennsn)™.

VY mpormeci ekcruryararii aeporopra Oy IOCHIJICHI 3aXOAH, TOB’s3aHi i3
3a0e3MeueHHsAM Oe3IeKH TOJBOTIB, IO MPU3BENIO JIO 3MiH y TEXHOJIOTIYHUX

0 Tpouenko A. M. Aeporoptu Yrpaiuu. Kuis: €Bponeiicbkuit yuisepeuret, 2002. 252 c.

st Soloviov D. Ukrainian Modernism: Modernist Architecture of Ukraine. London: Fuel Publishing,
2025. 240 p.

2 Areesa I M. [HHOBaliiiHi IUIaHyBajbHI Ta KOHCTPYKTMBHI pilueHHs Oy/iBIi aepOBOK3aJIbHOIO
komiekey MixkzapogHoro aepornopty «bopucnine». Airport Planning, Construction and Maintenance
Journal. 2024. Bun. 2(4). C. 6-32. DOL: https://doi. org/10.32782/apcm;j.2024.4.1
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mporecax OOCIyroByBaHHSI IAacaKWpiB, y Iepuly uepry OyB oOMeXeHHH
JocTyn 10 Biakpuroi tepacu 3 ¢yHkuissmu OM. Ha nouarky XXI cr. mig gac
niposezieHHs pexoHcTpykuii ABK tepacy Oyio nikBizoBaHo.

Ha nanwmii yac aeporopt He Mae ctanionapHiux OM, BIIKPUTHX U1 MACOBUX
BiJIBiZlyBaHb.

Pa3zom i3 THM, KO)KHHUH 13 Cy4acHUX MacaXUpCchkux TepminaiiB — A, B, C,
D, F — mae 3anu ouikyBaHHs i3 QyHKuissMu OM oOMexeHOro jpocrymy (uis
MACaKUpPiB BUIILOTY Ta TpaHCPepy).

VYnpomox 2011-2012 pokiB Tepminanmu A, C, F mnocrynoBo Oymu
BUBEJICHI 3 eKCILTyarallii, a0 BUKOPHUCTOBYBAJIHCH JUII OOMEXKEHOI0 3a 4acoM
00CIyroByBaHHsI OKpeMHUX KaTeropiii macaxupis. Lle nmpusseno 10 3MiH cxem
PYXY JIFOJICBKHX Ta TPAHCIIOPTHUX MOTOKIB.

OCHOBHI 30HM Ha3eMHOT'O OOCITyrOBYBaHHS aBiallaCakupiB, TPOMaJICbKOTO Ta
MIPUBATHOTO TPAHCIIOPTY 3MICTHIIMCH 10 TepMiHany D, 1BopiBHEBOI TPaHCIIOPTHOT
pO3B’si3kM 1 OararornoBepXxoBoro mnapkinry. CydacHMH KOMIUIEKC NapKiHTy Ta
ecraxaj po3B’si3ku HaOyB QyHKii [1I1 Munyoro nepiomy Oy/iBHUIITBA aepoIIOpPTa.
A iioro posmilieHHS B3IOBXK (POHTY TepMmiHaidy D 3abe3mneumsio mo3uTHBHE
30pOBE CIPUHMAHHSI ITaCAKUPaMHU, SKi IPHOYBAIOTh B a€POIIOPT aBTOTPAHCIIOPTOM,
THIKHOT apXiTeKTypH pO3B'SI3KH, MAPKIHTY Ta BIACHE TepMiHamy™ *,

Cain monmary, 1o 10 Mo4arky y Jitotomy 2022 poky BOEHHHUX MOAIH Ta
3akpuTTs Heba Haj kpaiHoro, MA «bopucninab» I1OPIYHO OpraHi3oByBaB,
MIPOBOJIIB Ta TEXHIUHO 3abe3redyBaB IojieBi 3axonu, 30kpema KPB Spring
Spotting®.

3 00Ky aeponopTy 3aIydaliuch CleNialiCTH HU3KN CTPYKTYPHHX IiJIPO31IIB,
y Tepuly 4epry CciyX0 MapKeTHHTY, Oe3leKu, oOpraHi3auii IepeBe3eHb,
CIELABTOTPAHCIIOPTY, MAJMBHO-MACTHIBHUX MarepialliB, aepoJPOMHOI CIIyKOH,
TOLLO.

CrpareriyHuii TIIaH PO3BUTKY acporopTy nependadae pekoncTpykiiiro 3I1C,
po3iupeHHs TepMinany D, OymaiBHHUIITBO MIEPOHY Ta iH., 8 TAKOXK HHU3II 00’ €KTIB
JUISL HAJTAaHHS HeaBiallitHUX moCayr®,

3 Areesa I. M., Bonkosa A. B. [IprBOK3aJbHi MU0 peopraHi3amis miaHyBaIbHEX PIlCHb T Yac
PEKOHCTPYKIIii aeporioptiB. IIpobnemu poseumky micvkozo cepedosuwya. 2017. Bum. 3(19). C. 36-49.
DOI: DOL: https://doi.org/10.5281/zenodo.6668682

#  Agieieva G., Tymoshenko M., Bzhezovska N. Planing organization of macro environment of the
airports. AVIA-2019: Proceedings of the XIV International Scientific Conference, Kyiv, April 23-25,
2019. Kyiv: NAU, 2019. Pp. 21.1-21.5. DOLI: https://doi. org/10.5281/zenodo.4914474

% Mixnapomuuit acpornopt «bopucminey 3ampoinye Ha cnoTHHL. Boryspil airport: Beb-caiiT. URL:
https://kbp.aero/news/mizhnarodnyj-aeroport-boryspil-zaproshuye-na-spottyng (mata  3BepHEHHS:
20.01.2026)

% Tlpo cxBanenns Konueriii po3BuTKy MiKHApOIHOTO aepornopry «bopucminby Ha mepiox go 2045
poky : Posmopsykennst Kabinery MinictpiB Ykpainu Bin 8 tpaBus 2019 poky Ne 293-p / Kabiner
MinictpiB Ykpainu. Ypsaosuii kyp’ep. 2019. Ne 90.
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VininbHeHHST TepUTOPIi 3a0yN0BH HE BHKIIIOYAE€ MOXKIMBOCTI BIIAIITYBaHHS
crauionapaux OM.

Ha nanmit yac 3onamu BineHOro poctymy € I1I1, oOmexenoro mocrymy —
MOKPUTTS 0AaraToroBepXoBOIO MapPKiHTY.

Y mnanax po3BuTKy JlepikaBHOTO —MiJNPHEMCTBA  OOCITYrOBYBaHHS
MOBITPSIHOTO PyXy «YKpaepopyx» — OymiBHHLTBO HOBOI OymiBiai A/IB y MA
«bopucnine». Came BoHa, Bpaxyroun npaktiky MA Binens-111Bexar, ABcrpis,
MOXXe HaOyTH [O0/IaTKOBUX PEKIaMHO-KOMEpLIHHUX (YHKILIH, 30KpemMa 30H
posrauryBanass OM Ha oHOMY a0 JEKiTBKOX PIBHAX .

I[Mpu BubGopi wmicus pozramyBanHss OM  morpeOyloTh BpaxyBaHHs
ocobmmBocti tuanyBanHs [1I1, Hacammepen 30HM KOHLEHTpalii HAa3eMHOTO
TPaHCIIOPTY, TACAXHPIB, BiJBITyBadiB.

e — cknagHa 3a (GOpMOIO Ta IUIOLICIO TEPUTOPIsl, YacTKa SIKOI MEXye
3 tepMmiHamamu B rta F, iHma — y 30Hi Tepminainy D — mae nBopiBHEBY
oprasizaumito. AJie TpHUHHSATA CXeMa pO3MOJUTYy IIOTOKIB aBTOMOOIIBHOIO
TPaHCIIOPTY, HAsBHICTh BiaJyKy — TEX NpHBAOIMBa AMHAMIYHA CHUTYyallist JUIsi
Bi3yaJIbHOTO CIIOCTEpIraHHsI.

3a pesyabraraMy aHalli3y IpOCTOPOBO-TIIaHyBaJIbHOI OpraHizarlii aeporopry,
CXEM PYXY JIFOJICBKHX Ta TPAHCIOPTHUX IOTOKIB, BU3HAYEHI 30HH IIPOCTOPOBOT
JIOKaJTi3aIlii 00’ €KTIB TSHKIHHS, SIK OCHOBHHX JDKEPEIT MOCTaYaHHS MOTCHIIHUX
KopHcTyBaiB rnociyraMmu OM:

— tepminan D npormycknoi cripomoxknicTio 3000 mac/rox;

—  KIHIIEBA CTAHI[S 3aIi3HUI;

— OararoroBepxoBHi MapKiHT MicTKicTio 2038 MalMH-MicCIb.

Ile nmo3Bosisie 3ampONOHYBAaTH TaKi BapiaHTH, sIKi BiJIOBIJaIOTh BHMOTaM
JOCTYITHOCTI 1 3py4HOCTI BUKOPUCTAHHS®:

1 - BrnamryBanHs OM Ha mNOKpiBiai 0ararornoBepXoBOr0 MapKiHTy —
TiHIAHO-TIPOTSHKHOT Oyaimi 520,6 M 3aBIOBKKH;

2 — OymiBauurBo HoBoro OM mopyu i3 Tepminaiom D Ta KiHIEBOIO
CTaHIII€I0 3aTi3HUII (OKPEMO PO3TAIIIOBAHOTO a00 30JIOKOBAHOTO 3 TEPMiHAJIOM);

3 — micins OymiBHUIITBA Ta BBEICHHS J0 CKCIUTyaranii HoBoi AJIB
nepeadaunT  nepenpodiIFOBaHHS  ICHYHOYOI JICB’SITUIIOBEPXOBOi  OymiBIi

7 Areesa I. M. OcobamnBocti opmyBaHHs 06’ €MHO-IIPOCTOPOBOT CTPYKTYpH Oy/IiBEIb aepOIPOMHO-
JIMCTIETYEPCHKUX BeXK. Teopis ma npakmuka ousaury. 2025. Bun. 2 (36). C. 5-17. DOI: https://doi.
org/10.32782/2415-8151.2025.36.1

8 JCTY ISO 21542:2025 Byamuku Tta cnopymd. JlocTynHicTs 1 3pydHICTE BHKOPHUCTaHHS
yp6awnizoBanoro cepenosuina (ISO 21542:2021, IDT). [Ha 3aminy ACTY b ISO 21542:2013; unnnuit
Bix 2026-02-01]. Bun. odiu. Kuis: AIT « YkpHIHL», 2025.

3 Areesa I. M., Kadies K. II. [IpoGiemu BijiHOBIICHHS Oy1iBHALTBA MACIITAOHKUX IHPPACTPYKTYPHHIX
cropyx  micnsi  IOBrOTpuBAnoi  mepepBu.  Bicuux  [Ipuouinposcvkoi  depowcagnoi  axademii
oyoisnuymea ma apximexmypu. 2020. Ne 3 (264-265). C. 10-21. DOI: https://doi.org/10.30838/J.
BPSACEA.2312.070720.10.636
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KOHTPOJIBHO-/IUCIIETYEPCHKOr0 MyHKTY (y CKJIaJi CydacHOro TepMiHana B)
i3 nomaBaHHSM HOBUX (QyHKuid (OM, 3akiaaM XapuyBaHHS, BHJIOBHUIIHI
3aKjay, pekiama ta iH.). [loniOHa npakruka icHyBaia B MA imeni bemkamina
Cremitona, JleuBep, Komopano, CIIIA; MA Crokronsm-Apnanmga, CirtyHa,
HIBewis.

VYei Tpu BapiaHTH OLIIHEHI 3a JIEKUIbKOMa KPUTEPIIMH, Cepejl IKUX:

—  MOJJIUBICTH HEraTHMBHOTO BIUIMBY Ha OCHOBHI TEXHOJIOTIYHI HPOLECH
JSUTBHOCTI aeporiopry;

— MPUIATHICTH JUIS eKCIUTyaralii mij dYac pi3HMX NOAId Ta Bi3yalbHa
JOCTYIHICTh MAaKCUMAJIbHOT KIJIBKOCTI 00’ €KTIB JUISl CIIOCTEPITaHHs;

—  BIJCYTHICTH BHCOTHHUX Iepemkosa (OyaiBenb, CHOPYH), MOXIHBICTH
oprasizauii BizyansHoro orsiay (koio 360°) Ta #ioro sikocri;

— MIIoXiHa AOCTYIHICTH (10 150 M) Bij| KIHIIEBUX 3yTMHOK aBTOMOOUILHOTO
TPAHCIOPTY Ta 3ami3HuIi®;

— MOJXJIMBICTH oOprasizauii KOMyHIiKaliiHMX 3B’s3kiB Mk OM Ta
olepariiHIMH 3aJaMHi aCaKUPChKUX TEPMIHAIIB;

— 3a0e3ne4YeHHs] MaKCHUMaJIbHOT MICTKOCTI, KOM()OPTHUX YMOB TIepeOyBaHH:.

KoxHuii 13 3apoONOHOBaHMX BapiaHTIB Ma€ CBOI MEpeBard Ta HEIONIKH,
aJie 1Ie He BHUKIIIOYa€ MOMKIJIMBOCTI INOLIYKY IHIIMX pillleHb, 30KpeMa IIijJ 4ac
po3mmpeHHst TepMmiHainy D, TOOTO 3MiH HOro TEXHOJOTIYHHX, apXiTEeKTypHO-
IUIaHYBaJIbHUX, KOHCTPYKTHBHHUX Ta IH)KEHEPHUX PILIICHB.

BUCHOBKHN

1. Aeponoptd € CKIaJHUKAMH KPUTHUYHOI IH(QPACTPYKTypH KpaiHH,
eKCIUTyaTalliss SIKHX Mae CBOI OCOOJMBOCTI Ta pErlaMeHTOBaHI OOMEKEHHSI.
Tomy BnamrtyBanHss OM sk OAMH 13 KPOKIB YCYHEHHS COILiajbHUX Oap’epiB
Ta 3a0e3leueHHs] 3arajibHOro JOCTYIy /O Bi3yaJbHOTO CIHOCTEPEIKECHHS 3a
BUIOBHIIHUMH IIOJISIMA BUMarae:

— n0alNMBOrO BTPYy4YaHHS B ICHYIOMYy CHUCTEMY OOCIYrOBYBaHHS
MOBITPSIHOTO PYXy Ta Ha3eMHOTIO 3a0€3IeUeHHs aBialliiHIX IepeBe3eHb;

—  BIINOBiAHOI periaMeHTalii mpoueciB iX NPOEKTYBaHH, OyAiBHUIITBA Ta
eKCIUTyaTallii, TOIIO.

2. Pasom 3 THM, aepornopTH MalOTh BiJIOBI/IHI SKOCTI Ta MEPETyMOBH JUIs
BKJIFOYEHHSI X JIO IApUHU TYPUCTUYHO-PEKPEALITHNX pecypciB KpaiH, PerioHis,
MICT.

3. PosmmpenHst ~ aepomopTaMu  CIEKTpy  IIOCIYr  HeaBialliiiHOro
CHPSIMYBaHHS CBIUUTH PO (DYHKI[IOHATIBHY TpaHC(HOPMALIiI0 Ta MOAEPHI3aIliio

€ JIBH b.2.2-12:2019. [LnanyBanust Ta 3abymosa tepuropiit. [Ha 3aminy JIBH B.2.2-12:2018; unnmi
Bix 2019-10-01]. Buz. odin. Kuis: Minperion Ykpainu, 2019. 185 c.
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CKJIQJIHUX TPAHCHOPTHHUX MIANIPUEMCTB, SIKI CIIPUSIOTH HE TUIBKH 3POCTaHHIO
J0XONiB, ayne U (OPMYBaHHIO OCEPE/KIB COLIOKYJIBTYPHOTO HPOCTOPY SIK
CKJIQJIHUKa TyPUCTHYHOI AEeCTHHAIIT.

4. o ckiany takux ocepenkiB BxomsaTb OM, pi3Hi 3a (yHKIIOHAJIBHUM
MIPU3HAYCHHSIM, apXiTeKTypO-TUIaHyBaJbHUMH, KOHCTPYKTHBHHMH,
IH)KCHEPHUMH PIIICHHSMH, MICISIMH PO3TalllyBaHHS B CHCTEMi ITPOCTOPOBO-
IUTaHyBaJILHOT OpraHi3aii aeporopris.

5. VYzaraspHeHHS CBITOBOrO JOocBigy oprasizauii OM B aepomoprax
JI03BOJISIE BU3HAYHTH:

— IX THIOJOrilo, KpuTepii BIUIMBY Ha (OPMOTBOPEHHS Ta INPUHOMH
PO3MillleHHs1 y cucTeMi mpocTopoBoi opranizauii ABK aepormoprtis;

—  IHHOBAIHMHICTH NPOEKTHUX pimieHb B MA «bopucminby, siki 4aCTKOBO
Oynu peaiizoBaHi BHOPOAOBK 1959-1965 pokax, Ta OLIHUTH MOXKIIHUBICTBH
BiamtyBaHHs HoBuX OM y cywacHOi cucTeMi NIPOCTOPOBO-IIIAHYBAIBHOI
oprasizaiii aepornopry s 3aJ0OBOJICHHS BiJIIOBIJHOTO COLIQJBHOTO 3aIlUTY
3 OOKy KOpUCTYyBauiB MOCIyraMH aBiallifHOTO TPaHCIIOPTY.

AHOTALLIA

ABiarlist Ta BUJOBHIIHI MOII1, SIKi 3 HEIO MTOB’s13aHi, MAIOTh BEJIUKY KUIBKICTh
MPUXUILHUKIB — PEIACTaBHUKIB PI3HUX COIIAJIbHUX KJIACIB Ta BEPCT HACCIICHHS.

Po3mmpenHst aeporiopraMu CHEKTPY MOCIYT HEaBIaIifHOTO CHpPSIMYBaHHS
crpusie (POPMYBAHHIO OCEPEIKIB COILIOKYIBTYPHOTO MPOCTOPY SIK CKIIAIHUKA
TYPUCTHYHOI JIeCTHHALII.

Cepen HUX ocoOnmuBe Micue 3aiiMalOTh OIVISIOBI MalJJaH4YMKH, pi3HI
32 (yHKUIOHAIBHUM  IPU3HAYCHHSIM, MICTOOYJIBHUMH, apXiTEKTYpHO-
IUTAHYBaJIbHUMH, KOHCTPYKTHBHAMH Ta IH)KCHCPHUMH PIllICHHSIMHU.

IcHyroumnit nOCBiN BIAIITYBaHHS Ta CKCIUIyaTallii ONISIIOBUX MaiJaHYUKIB
Ha TEPUTOPIii acpomoOpTiB i B 30HAX iX BIUIMBY JO3BOJISIE WOTO y3arajbHHTH,
CHUCTEMATU3yBaTH Ta 3alPOIOHOBATHU, MIEPEIAOBCIM:

— ix xiacu@ikaIliro y 3aJeKHOCTI BiJl TOAINA Ta 00’ €KTIB /I Bi3yaJIbHOTO
CIIOCTCPCIKCHHS,

— BH3HAUUTH y CHUCTEMi IPOCTOPOBOI Oprasizaiii acporopTiB 30HU Ta
00’€KTH, 70 SIKUX BOHH TSIKIIOTD,

—  BHUJIUINTHU IX THIIOJOIYHI 0COOIUBOCTI;

—  OKpECJIHMTH KPHUTEpil BIUIUBY Ha 1X (JOPMOTBOPCHHSI.

3anpornoHOBaHa TUIIOJOTIs:

— TIOKJIAJICHA B OCHOBY JOCII/DKCHb IHHOBAIliMHUX [UIS BITYU3HSHOL
MPAKTUKUA TPOEKTHHUX PIIMICHh OMISOBUX MaiIaHUYMKiB B MiKHApOIHOMY
acporiopty «bopucminey, sKi YacTKOBO OyiaM peaji3oBaHi  BIPOIOBK
1959-1965 poxax;
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— 3acTocoBaHa ISl po3polsieHHsT (OpP-IPONO3UIIIHA BIAIITYBaHHS HOBHX
OM vy cy4acHOi crcTeMi POCTOPOBOI OpraHizalii aeponopTy sl 3aI0BOJICHHS
BIJIIIOBITHOTO COLIIJIBHOTO 3aIUTY 3 OOKY KOPHCTYBaviB ITOCIYraMH aBialliifHOro
TPaHCIIOPTY.
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CHAPTER 20

PI3HOMAHITHI KOHUEMLII BAKOPUCTAHHA
MATEMATUYHOIO MOOE/TFOBAHHA

BpoosuyeHko I. H.
DOl https://doi.org/10.30525/978-9934-26-653-9-20

BCTYI

Tepmin MaremaTMyHEe MOJEIIOBAHHS 3°SIBUJIOCS 1 CTallo aKTHBHO
BHUKOPUCTOBYBAaTHCh B OCTaHHI JECSATUPIYYS JBAALATOTO CTOMITTS. BuHHMK
BiH crmouarky y ¢i3umi. YcmiXm MareMaTHyHOrO MOJICNIOBaHHS y (i3uii
CTHMYITIOBAJIM MIPOLIEC TPOHUKHEHHS X METOJIIB B 1HIII rajy3i 3HaHb (TEXHIKY,
010JI0TiF0, EKOHOMIKY, COIIIOJIOTi0, BIHCEKOBY CIIPaBy TOIIIO).

JloTenep ofHO3HAYHO HE BM3HAUCHO: NMpaBWIIbHA MOOYymOBa Mojesi — Iie
3HAHHS, JOCBIJ, YMiHHS, IHTYIIisI Y4 MHCTCHTBO JOCTiIHUKA. MaTeMaTHdHe
MOJIEJTIOBaHHS MOYXKE BITKPUTH BEJIHMKI CBITOBI MOKJIMBOCTI.

MaremarnyHe MOJICTIOBAHHS — 1€ BKJIMBUHM IHCTPYMEHT JUISl PO3YMiHHS
Ta BHUPILICHHS CKJIaJHHUX 3aBlaHb. BOHO BUKOPUCTOBY€, aOCTpaKTHE YSBICHHS
CHCTEeM Yy BHUINIIII MareMaTHYHOI MOBHM, JUIS aHali3y, NPOrHO3YyBaHHS
1 OSICHEHHS 1X TIOBEJIIHKH.

MaremMaTnyHe MOJICNIIOBAaHHS € OCHOBHMM JUIsl  pO3Ii3HaBaHHS Ta
BUPILIEHHSI peajbHUX CBITOBUX NpoOieM. «be3 MareMaTHyHOTrO MOJICIIOBAaHHS
MH TIOKJIQJIAEMOCS Ha BUDVISA 1 3pYydYHICTh, BIYHO KPYTSUM Kojeca B MapHHUX
crpo0ax 3pOOUTH CBIT KPaIIIM.

Sk mosicaroe Jxennidep A. Houep i3 TexachbKoro IepkaBHOTO YHIBEPCUTETY:
«MaremMaTnyHe MOJICITIOBAHHS 03Ha4Ya€ CTBOPEHHSI MaTeMaTHYHOI CHCTEMH IS
OITUCY, MOSICHEHHS Y POTHO3YBaHHS PEAJIHOTO CBIiTY». JliIst IbOr0o HEOOX1THO
3poOHUTH BHOIp MO0 TOTO, IO CJIiJi BUKOPUCTATH, IO CIIJ CIIPOCTHTH 1 SIK
o0TpyHTYyBaTH 1LIei BHOIp.

Hes3Bakaroun Ha po3yMiHHSI KOPHCHOCTI Ta IIHHOCTI y JeMOHCTpalii Toro,
SIK MaTeMaThKa MOXKE JJOMOMOITH aHali3yBaTH Ta CIIPSIMOBYBAaTH NMPUHHATTS
pilleHb /ISl 3aIUTyTaHuX MPOOJIEM CydacHOTO CBITY, y Oararbox CreliasicTiB
oOMeXeHHH JO0CBiZ pOoOOTH 3 MareMaTHMYHUM MOJeNoBaHHAM. [l iHoro
BUKOPUCTAHHSI HEOOXIJTHO 3HATH OCHOBHI IOHSTTS MAaTeMaTHYHOTO aHalizy,
JHIHHOT anreOpu, AMCKPETHOI MareMaTWKH Ta AW(EpeHLIANbHUX PIBHSHb.
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baxxano BMITH pO3B’sI3yBaTH CHUCTEMH JIIHIMHUX anreOpaidyHuX piBHSHB,
BOJIOZITH METO/IaMH YHCENILHOTO JU(epeHIitoBaHHs Ta iHTerpyBanHs. Cxema
MaTreMaTHYHOrO MOJIEIIIOBAHHS ITPEACTaBIeHa Ha puc. |

[Ipn onaHyBaHHI MareMaTHMYHOIO MOJICJIIOBAHHS, NPH BU3HAYCHHI YHUM
BOHO € 1 YMM 3aliMa€ThCs, sIKi Y HbOTO IHCTPYMEHTH Ta siKa MEeTa, i B3arali, ska
KOPHCTbH BiJl 1OTO 3aCTOCYBaHHS, BUSIBIISIIOTBCS PI3HI CHCTEMH TOIIISIB, Pi3HI
MeToau Ta pi3Hi miaxoau. Jnst epekTHBHOro BUKOPUCTAHHS MaTreMaTHYHOTO
MOJICJTIOBaHHS y HAayKOBHUX JOCIIDKCHHSX, Ha BUPOOHMLTBI, JUISI NPUHHATTS
pillleHb, Y HaBYaHHI, CJiJl JOCKOHAJO PO3i0paTHCs, YUM XKe BiJPI3HSIIOTHCS Iii
KOHIICTIIIT O/iHa B/l OJHOT.

1. MaTeMaTU4yHe MOAENIOBaHHS Y Cy4aCHOMY CBITi

Jyxe BaXIUBUHA JUIi MareMaTUYHOTOo MojenoBaHHs, 3BT GAIMME,
JIBOX aMEpUKaHChKMX opraHizauniid, KoHcopriymy 3 wmaremaruku Ta i
nonarkie (COMAP) Ta ToBapucTBa NpoOMHCIIOBOT Ta NPUKIAIHOI MaTeMaTHKN
(SIAM), sikuii peICTaBIsiE «KMATEMATUYHE MOJICIIFOBAHHS — SIK MPOIIEC, SKHI
BUKOPUCTOBY€E MaTe€MaTHKy ISl NPEJICTABICHHS, aHalli3y, IPOTHO3YBaHHS abo
IHIIIOTO HAJIAHHS PO3YMIHHS SIBUIL PEaJbHOTO CBITY»'. V 3BITi MigKpecIeHO, 110
MareMaTH4YHE MOJIEIIOBAaHHs, Ha POOOYOMY MICIl, BUKOPHCTOBYE MaTEMaTHKY
JUTS BITIOBiJII HA BEJIMIKI, 3aIUTyTaHi, 3aCHOBaHI HA PEaJbHOCTI MTUTAHHS.

Binprricte BH3HAYEHBb IMIKPECIIOIOTh [EH HAHBaKIIMBIIIUN  ACIEKT,
a came, 3B'I30K MDK MOJICJIIOBaHHSM Ta HABKOJMIIHIM CBiTOM. MaremarniHe
MOJIEJTIOBaHHS 3a0e31euye:

— BukopuctaHHS MOBHM MareMaTWKW JUIsl KUIBKICHOI OIIHKH SIBUIL
PCANBHOTO CBITY Ta aHAJI3y MMOBCIIHKH;

— BukopucraHHs MareMaTHKH JUIS JOCIHIJDKCHHS Ta PO3BUTKY HAIIOTO
PO3yMiHHS NPOOJIEM PEaNbHOTO CBITY;

— IreparuBHUMiII mporec BuUpILIEHHS MpoOieM, y SKOMY MaTreMaTHKa
BUKOPUCTOBY€ETBCS JUISl JOCIHIPKEHHS Ta PO3BUTKY IIMOIIOTO pPO3yMiHHSL.

«3aranpHa Hajis Ta OaueHHs KoHcopriymy 3 mMaremaTwku Ta i JIOAaTKIB
(COMAP) Ta ToBapucTBa NPOMHUCIOBOI Ta TNPUKIATHOI MATCMATHKH
(SIAM) mnonsrarote y TOMY, IO I[IEd 3BIT CIIOHYKA€ OCBITHIO CIUIBHOTY
BKJIFOYMTH MaTeMaTHYHE MOEIIOBAHHS [0 HaBYaJbHUX MPOrpaM, MOYMHAIOUN
3 JIOWIKUIBHOT OCBITH Ta 3aKiHYYIOYM BHIIOK OCBiTOI0. KpiM TOro, Baskimso,
mo0 OynM BH3HAHI Ta PO3BMHEHI HAaBUYKH, HEOOXimHI aisi e(eKTHBHOrO
3aCTOCYBaHHS MaTEMaTHYHOTO MOJCJIOBAHHS, TaKi SK JIOTIYHE MMCIICHHS,
BUPIILICHHsI MPOOIeM, aHalli3 YyTIIHBOCTI Ta KOMYHIKATUBHI HABUYKN»?,

! GAIMME. URL:https://www.comap.com/images/resources/free_resources/GAIMME_Report.pdf
> GAIMME. URL:https://www.comap.com/images/resources/free_resources/GAIMME_Report.pdf
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BU3HAYEHHS OBCTEXKEHHS OBE€KTA
TIPOBJIEMU ISt MOJIEJTIOBAHHSI TA

3POBUTH

TIPUTTY LLEHHST TA
BHPILEHHA DOPMVYIJTIOBAHHS 3AB- BU3HAUWUTHU
JIAHHSI HA PO3POBKY OCHOBHI 3MIHHI
MOJIEJIT
| 3MICTHA MO/IEJTb
TOSICHIOBAJIbHA
MOJIEJTb
A —
OIICOBA MOJIETTb | TEPEJIBAUYBAJIbHA
MOJIEJIb
KOHLIENTY AJIbHA < y
MOJIEJTb
CTPYKTYPHO-
®YHKITIOHAJIbHA
MOJIEJIb
— T~
JIOTIKO- TPUYIHHO-
CEMAHTHYHA HACJIJIKOBA
MOJIEJIb MOJIEJb
MOLIYK MATEMATUYHIX
3AJIEXXHOCTEM
TOBYIOBA MATEMATHYHOT
MATEMATUYHA MOJIENI
MOCTAHOBKA 3AJIAUI ;
l PEAJIBALLISI MATEMATHYHOT
MOJIEJT
®OPMAJILHA MOJIEJTb ;
& Ny SIKICHUI AHAJII3 TA
MATEMATUUHA IHOOPMALIIITHA NEPEBIPKA KOPEKTHOCTI
MOJIEJIb MOJIEJTb MOJEI

¥

ITEPALII TTPU HEOBXIIHOCTI, 11{0B
VOCKOHAJIMUTU TA PO3LIHMPUTH MOJIEJTb

¥

OBIPYHTYBAHHSI BUBOPY
AHAJII3 TA OLIIHKA METO/IIB PO3B'SI3AHHSI
MOJIEJI TA PIIIEHHSA
A 3AJIAUL

Puc. 1. Jloriko-yHKIioHAIbHA cXeMa NMpollecy MATeMATUYHOI0
MO/JeTIOBAHHSA 3 BUALIEHHSM MPOMIKHUX MojieJieii

170



Y 3Biti GAIMME wMaremaTuuHEe MOJCIIOBAHHS PO3TISAIAETHCSA SIK
IMEHHHUK, SIK JII€CIIOBO, 5K croci® mucienss. 1o x i3 mporo mpaBuibHimIE?
ToBopsiuM PO MOJEITIOBAHHS YaCcTO MPOTOHYIOThH Pi3HI 33 CKIAJIHICTIO THITH
Mozenei.

AJle CHOpUHHSTTS MaTeMaTHYHOI'O MOJCIIOBAaHHsS, SK Ha0opy Mouenei
i mpaBWiI iX 3aCTOCYBaHHS JIyXe OOMEKEHO. 3pO3yMijo, IO € MOHATTS
JTUHAMIYHE, [0 BOHO PO3BHBAETHCS, 1 HE MOXKE OyTH IMCHHUKOM.

Agsropu 3BiTy GAIMME cTBepmkyoTh: «MH TOBOPUMO HE NPO MOJEI.
Mu roBopumMo mpo MojeitoBaHHs». CIHpaBii, MaTeMaTHYHE MOJICITIOBAHHS —
e mporec. CrodaTky BHSBHIM IpoOiieMy, IUis ii BUPIMICHHS C(HOPMYITIOBAIH
3aBIaHHS, Ui WOr0 BHKOHAHHS BH3HAUWIM MAaTEMAaTUYHY 3aJIC)KHICTh
Ta MaTeMaTW4Hi MOJEIl OOYHUCIICHb, BHKOHAJIM PO3PAXYHKH, ICPCBIPUIH
aJICKBAaTHICTh MOJICi, BUKOHAIIU aHAJIi3 PEe3yJbTaTiB, OCMUCIIHIN BUXITHI JaHi,
3pOOWIIM BUCHOBKH 3 MPOOJICMH.

Ha nieBHOMY eTarti MOJICTTIOBaAHHS IIEPETBOPIOETHCS HA 3BUYKY, 3aBISIKU SIKIH
BaIll po3yM 0auuTh Ta (POPMYyE HABKOIUINHIN CBIT. MareMaTn4He MOICIIOBaHHS
PO3BHBAa€E «Iap MUCICHHS, 3aCHOBaHHMI Ha MOJICIIOBAHHI, MOJCITIOBAHHSI
CTaHEe YUMOCH OLIBIIUM, HDK IMPOCTO Tmporpec 4yu mporecy 2. Ha mpomy
eTari JOCITIIHUK TMOYHHAE JyMaTH Ta MPUAMATH PIICHHS. 3BiJCH BUILIMBAE,
[0 MaTeMaTUYHE MOJCIIOBAHHS TpeOa PO3MISIaTH sK [IECIOBO Ta CIIOCIO
MHUCJICHHS.

Po3misinarour TOHSATTST MAaTEMaTUYHOTO MOJCTIOBAHHS BUKOPHCTOBYIOTh
KUIbKa aCMEKTiB, MPEACTABISIOUN HOTO:

1. Sk MeTox po3B'A3aHHS 3aad.

. SIk MeToA AOCTIAHHMIIBKOT TiSIBbHOCTI.
. SIx cnoci® mpuUHHATTS pilICHHS.

. SIk mpUHIUTT HABYAHHSL.

. SIk 3acib HaBUaHHS.

. SIk MeToy HaBYaHHSI.

. SIk MeTox BUKIIAJaHHS.

. Slk MeTa HaBUAHHS.

9. SIk 3aci6 akTHBi3allil Mi3HABAILHOT JiSIHHOCTI.

10. SIx eBpUCTHYHUIT METO/ HABYAIBHOTO ITi3HAHHSI.

Takoro po3maiTTsi HE Ma€ KOJIHE TCXHIYHE HAIPABICHHS.

[{iHHICTh Ta BOXKJIMBICTh HABUYOK, HCOOX1THUX JUIsI €()CKTHBHOTO BUKOHAHHS
MaTeMaTUYHOTO MOJICITFOBAHHS, TAKUX SIK:

JIOTIYHE MHUCJICHHS,

YMIiHHSI BUPIIIyBaTH 3aBJIaHHS,

YMIHHS aHai3yBaTH,

KOMYHIKa0CIbHICTb,

[c BN e NNV, B SNV I )
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BU3HAIOTHCSI BCIMa aBTOPAMHU, aJie TIPH [[bOMY ITPOIIOHYIOTHCS Pi3HI MiAX0qH
J0 1ijzed Ta popMyBaHHS MOHATTS «MaTeMaTHYHE MOJICIIOBAHHSD). AKTYaJIbHUM
CTa€ 3aBJIaHHS: PO3MVISIHYTH Ta MPOAaHANi3yBaTH JIESIKi 3 HUX.

2. AHani3 npuHUMNIB Ta NigxoAiB A0 BUKOPUCTAHHA MaTeEMaTUYHOIO
MoAe/Tt0BaHHA

1) IIponoHyerbcst MiAXiA: BUKOPUCTOBYBATH 1/€OJIOTII0 MaTeMaTHYHOTO
MOJICJTIOBaHHS BUKJIIOYHO JUISI PO3BUTKY OCOOMCTICHHX Ta IHTEJEKTyaJ bHUX
skocTel  moguHU. Takux — SKOCTEH  SIK:  CIIOCTEPEXIIMBICTh, BMiHHSA
aOcTparyBaTucsi, BMiHHS KOHIIGHTPYBaTH CBOIO yBary Ha IEBHOMY HHTaHHI,
30CepeIDKEHICTh, aHAIITHYHE MHUCIICHHS, JIOTIYHE MHUCJICHHS, I[POCTOPOBE
ySBJICHHSI, BMIHHSI pOOMTH BHCHOBKH, BMiHHSI OAQuUTH 32 IPUBAaTHUM 3arajbHe
Ta BUJAUIATH 13 3arajbHOrO NPUBATHE.

MaremarniyHe MOJICIIOBAHHS — 1€ ITOTYXXHUH IHCTPYMEHT, SIKMH JI03BOJISIE
3aCTOCOBYBaTM MareMaTH4HI KOHLEMIii /10 KOHKPETHUX 3aBaHb, CIPHSIIOUN
PO3BUTKY KPEaTHBHOCTI Ta KPUTHYHOTO MHUCIICHHSI.

MaremarrniHe MOJICITIOBaHHS PO3BHBAE BMIHHSI BUKOHYBATH CTPYKTYpOBaHHUN
MiJXiJ 70 BHPIMICHHS CKJIAIHUX 3aBIaHb, BMIHHS BUKJIAIaTh CBOI IYMKH,
3HAXOJUTH PIIIICHHS, KOJIH iH(pOPMAIlisi HETOBHA YU HECTPYKTYPOBaHa, 320X0UYy€
PO3BHUTOK MUCJICHHS, 3[aTHOIO PO3POOJIATH Ta TECTyBAaTH HOBI MiJAXOIU JUIS
BUPILICHHSI CKJIQIHUX 3aBaHb, CIIPUSE PO3BUTKY CAMOCTIHHOCTI, KPEaTUBHOCTI,
IHTEJIEKTYaJIbHOCTI.

2) SIkmo oxHI aBTOpPH IMPOIOHYIOTH 30CEPEAMTHCS JIMIE HAa MaTeMaTHIli,
Ha Tl TOHATTAX, 3aKOHaX, JOKa3aXx Ta il IHTeprperanii peajbHOrO CBITY,
TO IHIIl HPONOHYIOTH HE BHUKOPHCTOBYBAaTH BapiaHTH MOJIENIOBAHHS TiCHO
TOB'sI3aH] 3 MareMaTHKOK. MaeThCsi Ha METi: He 3aBaHTaKyBaTH JOCIIJIHUKIB
MaremaTukor. Ha Hamy aymKy, L€ CIIpHUE MOIVIsJ, aje B HBOTO € CBOI
TIPUXUIIBHHUKH.

Le#l npuHIMI BHKOPUCTaHHS MaTeMaTHYHOIO MOJICNIIOBAHHS IIPOIIOHYE,
HalpuKiag, Npu 1oOyJOBI CHUMBOJIBHUX Ta TpadiyHMX MOJeNed YHHKaTu
MareMaTHYHUX 3ajJeXHOCTeH. B LuX BUMaakax, sK BapiaHT, HPOIOHYETHCS
BUKOpUCTaHHS MOBH MozemoBanHs UML, ska 103BOJIsiE MOJENIOBATH Di3HI
BUJIM CHCTEM: JIMILIE IPOTPAMHI, JIMIIE araparHi, porpaMHo-anaparHi, 3MilnaHi
(110 BKJIFOYAKOTH JTisUIBHICTD JIFOJMHMU) TOIIO.

3) IHoxmi MpOMOHYIOTH BUKOPUCTOBYBAaTH MaTeMaTH4YHE MOJICIIOBAHHS, SIK
MOXJIMBICTh IHTErpamii MareMaTukd B IPAaKTHKO-OPi€HTOBaHY, MpodeciiHy
IiATOTOBKY HAYKOBI(IB Ta POOITHUKIB KOHKPETHOI rairysi.

[Migxin, sSKMid TNpeacTaBisie MaTeMaTWKy SIK I1HCTPYMEHT BHUBYEHHS
CBITY. 3aMiCTh TOTO, 100 MOYMHATH 3 MOXIAHMX Ta IHTErpajiB, SIK B IHIIUX
iIX0/jaX, PEKOMEHAYETHCSI IOYMHATH 3 HAYKOBUX Ta BUPOOHMYUX MHUTaHb,
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SIKI BXKE 3apa3 CTaHOBIATH IHTEPEC, HAMPHUKIIAJ MPOTHO3YBaHHS MOTOTHUX
anomaiiit. Tomi mMaremarWyHa CKJIaJ0Ba, PO3TISIAETHCS K HEOOXITHICTD,
JUISL TIOSICHGHHS CKJIAJHUX MpoOJieM Ta NUTaHb, IO IOCHIIKYHOTHCS.
MatemaTHYHE MOJICTIOBAHHS MOXXE OyTH BUKOPHUCTAHE JUIsl MOTHBALil Ta
MOJKE MIAKPECIUTH BOXIUBICTh Ta aKTyaJbHICTh MAaTEMATUKH IS BiJITOBI
Ha BaXUIMBI MUTaHHS.

Taxuit migxixg 3miH0OE (OKyc yBaru 3 OOUYMCIIEHb Ha KOHLENTyallbHE
pO3yMiHHS mHTaHHsI. Mano 3HAaTH, sK OOYUCITIOETHCS TIOXiJHA, MPHU
MOJICIIOBaHHI HEOOXIJIHO IMOSICHUTH, YMM Iisf TOXiJHA € 1 10 BOHA JacTh
JUTsL BUPIIICHHS i€l mpoOnemu. 3MIHIOETBCS MOPSIIOK, CIIOUaTKy Mpodiema,
moTiM Marematuka. Koiau s MOsICHCHHsI MUTaHHS OMHUX 3HAHb Ta 1HTYILT
HEJO0CTaTHbO, MAaTCMaTUYHE MOJICIIOBAHHS I[OYMHAE BiJIrpaBaTH BaKIUBY
pOJIb, TOMY IO BOHO HEOOXiJHE s BUPINICHHs muTaHHs. [TomiOHMil miaxiz
BIJIKpHBAa€ O4Yi Ha OC3MPEIECACHTHY CHJIYy BHUKOPHCTAHHS MAaTEMATHKH IS
PO3yMiHHS HABKOJIHIITHBOTO CBiTY>.

IHTerpariiss MaTeMaTUYHUX 3HAHB, BUSBIICHHS Ta MPAKTUYHA pealtizamlis 1X
y B3a€MHHX 3B'S3KaX MATEMAaTUYHUX Ta MPODIIBHUX JUCIUILIIH, (POPMYIOTH
MepexiJl 10 HOBHX, BHUIIOTO MOPSAKY 3HAaHb, CIIOCOOIB i, IO BIUIUBAIOTH
Ha IHJMBIIyalbHY PO3YMOBY HisUIbHICTH. Llsi iHTerpaiiisi J03BOJISE MOB'I3aTH
a0CTpaKTHI, MaTEeMaTHYHI TIOHSTTS 3 KOHKPCTHHMH YSBJICHHSMH 00'€KTiB
MATEMaTUYHUX CHCTEM.

JoBeneHo, 10 Tepexiq BiJ aOCTPAKTHOTO MAaTEeMaTHYHOTO IOHSTTS
0 O00'€KTIB pEAJILHOTO CBITYy IIOKpAIlye€ PO3YMIHHS MPOICCIB, MOKpAIIy€e
CIPUHHATTS HOBOTO Marepiaiy, MiJABHUILYE MPOLYKTHBHICTh JOCIIPKCHb,
3anam'siTOBYBaHHS Ta BIJATBOPCHHS.

[IpakTryHe BUPINICHHS MUTaHb IHTETPaLlii MATEMATUYHUX 3HAHB Ta 00'€KTIB
PCANBHOTO BCECBITY, 3aBISKH MATEMAaTUYHOMY MOJICITIOBAHHIO TPYHTYETHCS
Ha TOMY, IIO CydacHa poOoTa iH)KeHepHa Bce OUIbILE CTAE IHTENEKTYalbHOIO,
KPEATUBHOKO, II[0 BUMATrae 3aIy4eHHs Pi3HOMaHITHOIO MaTeMaTHYHOIO arapary
Ta NOCTIHHOMY BJJOCKOHAJICHHIO BiAMOBITHO JI0 BUMOT iHXeHepii. Bupiurysaru
mi nurtaHHS Tpeba Ha OCHOBI MOJCIIOIOYHX IPHCTPOIB, MPOrPAMHOIO
3a0e3neueHHs Ta 3ac00iB 0OUMCITIOBAIILHOT TEXHIKH.

B MaremMarnyHOMY MOJEJIOBaHHI 3aCTOCOBYIOTH HACTYIHI  3B'SI3KH
XapaKTEepUCTUK MPOLECIB Ta PyHKIIOHAIBHUX NOHATH (Tadm. 1).

[Ipu TakoMy miIXofi, aHANI3YyHOUYM AHAIITHYHY JiSUTBHICTH JOCIIIHUKIB
Ta IHKEHEPIB y Taly3l MaTeMaTHYHOTO MOJICIIOBAHHS TEXHIYHUX CHCTEM Ta
iX eJIEMEHTIB, MU MOXXEMO BWJAIIMTH HEOOXiJHI KpHUTepii MposBY 3B'SI3HOCTI

3 CinkoBa O.B., Jlo6au H.B. Ilemaroriyna TexHoioris Bisyaumi3auii HaB4anbHOI iH(opmarii.

Hayxoswuit wacormc HITY im. MLIL. JIparomanosa. 2018. Ne62. C.180-183.
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Tabmuus 1

3B'AI3KHM XapaKTepPUCTHK NpolueciB Ta (PyHKUIOHAJIBHUX NOHATH

XapakTepHCTHKH npolecy

DyHKIiOHAIBHI NOHATTSH

TenpeHmii TIpoLECy, IO BUABJIAIOTHCA 3 YaCOM.

Mesxa ¢yHKIIT Ha HECKIHYEHHOCTI,
ACHMITTOTHYHA TTOBEIHKA.

Besnepebiiiauii nepedir nporecy (nepenasu, 3001).

besnepepsHicTs (QyHKLii (po3puBH).

[IBunkicTh mepediry mpouecy.

TMoxinna QyHKIIH.

3MiHa CTaHIB y MaJli IPOMIXKH 4acy.

Jubepenuian dyHKIi.

3pocTaHHs, naiHHI.

MOHOTOHHICTP (yHKIII.

TTikoBi cranu (arorei, nepurei).

Excrpemymu ¢yHkuii (HaiibinbIme,
HallMeHIIIe 3HAYEHHS).

BinTBOproBaHiCTh CTaHIB NpOLECY.

IepioguunicTh QyHKIII.

IIpomixkHi cTaHH.

IaTepmossis.

IIporno3oBani cranu.

Excrpanonsmist.

BinHOBIEHHS Mpoliecy 3a MIBUIKICTIO HOTO Tedil.

HeBusHaueHe iHTEIpyBaHHS.

3MiHa TpoleCcy Ha YaCOBOMY IPOMIKKY, JTOKaJIbHO

. . s IeBHuit inTErpal.
3aJICKUTh BiJ] 4acy MPOTIKAHHS JTiHIHHUM YHHOM.

MaTeMaTHYHUX Ta IHKCHECPHUX OCHOB NOCIIHUX Ta
BUPOOHNYNX 3aBIaHB!

—  3HATHW 3BSI3KM XapPaKTCPUCTUK MPOIECIB Ta (PyHKIIIOHAIBHUX MTOHSTH;

— BMITH BHKOPHUCTOBYBaTH MaTEMaTHYHHUI amapar JJisi MOJIC/IIOBAaHHS Ta
KOHTPOJIIO poOOTH MOJIeNei;

— 3HATW Ta BMITH 3aCTOCOBYBaTH 0a30Bi 3aCO0H, MPUHOMH, CIIOCOOH il
CHCTEMH MaTEeMaTUYHHMX O0'€KTIB;

— 3aCTOCOBYBaTH paHillle 3aCBOEHI 3HAHHS Ta BMIHHsS y HOBIH cuTyamii
3 eJleMeHTaMu PO(QUILHUX 3HAHB;

—  BMITH MEPEKJIACTH 3aBIAHHS 3 MPAKTHYHUM 3MICTOM Ha MaTeMaTHYHY
MOBY;

— 3HAaTM Ta BMITH 3aCTOCOBYBaTH 3aco0H, MPHUHOMH, crocoOu miit
MaTreMaTH4YHOTO  MOJICJIOBaHHS ~HAa  OCHOBI  NPOTOKOJNY  MPUKIIHOTO
MPOTPaMHOTO 3a0e3MeUCHHS;

— 3HaTW Ta BMITH 3aCTOCOBYBaTHM HOBITHI iH(OpMaIiiiHi TeXHOJOTIT JyIs
MPOCKTYBaHHS Ta MOOYIOBH MaTeMaTHUYHUX MOJICIICH BUPOOHUYHMX CHUCTEM;

— BMITH IHTEpHpETyBaTd Ta KPUTUYHO  OI[IHIOBATH  PE3yJIbTar
MaTeMaTH4YHOTO MOJICJIIOBaHHS 3 YPaXyBaHHSIM IOCTABJICHUX 3aB/IaHb.

Y psai poOIT CHOpaBeAJUMBO 3a3HAYAETHCS, IO BOJOMIHHS METOAAMHU
MaTeMaTH4YHOTO MOJICIIIOBAHHS € HEBIJ'€MHOI0 BHMOIOIO Cy4YyacHOI'O €Talry
OCBITH, MPAKTUYHOI AiSUTBHOCTI Ta HAYKOBUX JIOCIIHKCHb.

Crae O4YCBHIHMUM, IO TOBHOTA MAaTEMAaTHYHUX Ta MPOGUIBHUX 3HAHB,
Cmoco0iB JIiii, HiTICHICT, iX 3acCTOCYBaHHS BIAMOBIIHO 10 mpodeciiiHol

IpU  BHpIIICHHI

174



KOMIIETEHTHOCTI, O0O0'€lHAHHS TBOPYOI MiSJIBHOCTI Ta TEXHIYHOI NPaKTHKU
MIPU3BOJISTH JI0 HAaHKpAIIUX PE3yNbTaTiB y MiIrOTOBI 1HKEHEPHO-TEXHIYHHUX Ta
HayKOBO-TEXHIYHUX KaJpiB.

OueBHJHO, II0 MaTeMaTH4HE MOJICNIOBAaHHs (0COOJMBO Yy  HAIMX,
CHOTOJIHIIIHIX YMOBaxX OypXJIMBOIO PO3BHUTKY LITYYHOTO IHTEJCKTY):

— 3a0e3redye 3B'S130K 13 HAyKOBO-BUPOOHMYMMH MiAPO3JIIAMHU Y ITpoLeci
IiATOTOBKH CTYJCHTIB TEXHIYHUX CIENialbHOCTEH;

—  (opmye HeoOXinHICTh 00'€JHATH TBOPUY Ta IH)KCHEPHY JISUTbHICTD;

—  BiJirpae HalBaXJIUBINIY, JOKOPIHHY pPOJb y (OpMyBaHHI Cy4acHOTO
IH)KeHepa, JOCIITHIKA, MaTeMaTHKa 30KpeMa.

Mu MiAKPECTIOEMO BaXJIMBY POJIb MaTeMaTH4YHOI ITIJrOTOBKH CTYJCHTIB
TEXHIYHHMX CIICIIaIbHOCTEH Ta IH)KEHEPHO-TEXHIYHUX IPAI[iBHUKIB, MOBHOTY
BHUKOPUCTAHHSI MAaTEMaTHYHOTO arapary y MoAajiblioMy HaBYaHHI Ta epeKTUBHIN
nipodeciitHii JisTBHOCTI.

3BiJICM BUIUIMBAE, 10 MOXKHAa Ha3BaTH Oe3nmiy mnpodecidd, y SKUX
MareMaTH4YHE MOJICIIOBAHHS 3aCTOCOBYEThCSI Ha BUPIMICHHS NpodeciiiHuX
3aBnaHb. Po3mIsiHEMO Jeski 3 HHUX, B SIKUX BUKOPHCTAHHS MaTeMaTHYHOTO
MOJIEJTIOBaHHS € HEOOXIHICTIO.

—  ApXITEKTOp — BUKOPUCTOBY€E MaTeMaTHYHI MOJIEJI TOIOJIOTIH Ta (hopMm
JUISl CTBOPEHHS ONITUMaJIBHOTO TIPOEKTY;

— AHamTHK a8 OOIPYHTYBaHHS PEKOMEHJIALIN Ta NPUHHSATTS pillleHb
Oy/lye MaTeMaTHYHI MOJICIIi;

—  Cremnianicr IT 3acTocoBye MaremaTiyHe MOJEIIOBAHHS ISl CTBOPCHHS
CUMYJISLIH, MOLIYKY pillIeHb;

— @axiBenp i3 aHANi3y JaHUX BUKOPHCTOBYE MaTeMAaTH4HI MOJAEI st
MOJIEJTIOBAaHHS JITAaHUX Ta NPUIHATTS ONTUMAaJIbHUX PILCHB;

— ExoHOMmicTH OyayrTh MaTeMaTH4HI MOIENI JUIS  BiJOoOpa)KCHHS
B3a€MO3B'SI3KIB MiXK I[IHAMH, TTOIIMTOM, BHPOOHHIITBOM, 3aiHSATICTIO, TOBAPOM
Ta IHIMMHU (haKTOpaMH;

— Tmwxenep y Oyab-sIKiii rainy3i BUKOPUCTOBYE MaTeMaTHYHI MOJIEII JUist
aHaJi3y NOBEIIHKH (I3UYHUX CHCTEM;

— CuHonTHKM OyIyIOTh IPOTHO3HI MaTeMaTH4YHI MOJENI JUIs CKJIaJaHHs
TaONUIb IMOBIPHOCTEH PU3MKIB, 3aCHOBAHHMX HA Tally3€BHX JIAHHX;

— HayxoBui 3a J/0MOMOror0 MaTeMaTHYHOTO MOJCIIOBAHHS MOXYTh
MATBEPANTH 200 CIPOCTYBAaTH HAYKOBI TiIOTE3H;

— CTaTUCTHK CTBOPIOE MAaTEMAaTHUYHI MOJCIi I aHalizy Ta OOpOOKH
iHpopMaii;

— Eninemionmor 3acrocoBye MareMaTH4yHI MOJeNl IS IPOTHO3Y
MOLIMPEHHS BipyCy, OLIHKM e(EeKTHBHOCTI 3axO/iB OXOPOHH 3/I0pOB's Ta
TUTaHYBaHHS 3aXO/iB Y BiAIOBI/Ib.
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— Ekomor, y #oro po00oTi MareMaTW4Hi MOJEII T'PArOTh KJIKOYOBY pPOJIb
y pO3yMiHHI 3MiHU KJIiMaTy Ta ii HachiakiB. KiiMatudni Mojeni — e CKIIaaHi
CUMYJIALIT, SIKI BPaxoBYIOTh arMoc(epHi, OKeaHi4Hi Ta Ha3eMHI MPOLECH I
MIPOTHO3YBaHHS MalOyTHIX KIIIMaTHYHUX YMOB;

— @iHaHCHCT IIMPOKO BHUKOPHUCTOBYE MOJENIIOBaHHA. bynye wmoneni
YIPaBIiHHS PHU3MKAMH, KPEAMTHUH PHU3UK, PHU3MK JIKBITHOCTI, Mozeli
IHBECTHLIHHUX CTpaTerii.

Cruin  3a3HaYWTH, 10 «HE MareMaTW4Hi CHELiaJbHOCTI»  aKTHBHO
BHUKOPUCTOBYIOTh MaTreMaTH4He MOJICITIOBaHHS.

MaremMaTnyHe  MOJICNIOBAHHS €  B&KIMBOIO  CKJIAJOBOIO  HAyKOBOI
poOOTH TpPaKkTHYHO Yy BCIX HAyKOBHX HalpsMKax. BOHO BHKOPHCTOBYETHCS
B JIOCJI/DKEHHSX Y 0araTbox rajy3six HayKH, aje 10 1IKaBO, B KOJEKTUBAX, L0
3aliMalOThCs IIMM, YaCTO HEMa€ JIFOJICH 3 KIIACMYHOI0 MareMaTHYHOIO OCBITOIO,
3 IMOOKOI0 MaTeMaTHYHOIO i ITOTOBKOIO.

MaremarnyHe MOZAEIIOBAHHS — II€ MMOTY)XXHUH 1HCTPYMEHT, 110 BUXOAMTH 32
paMKM OKpEeMUX JIUCLUILIIH, SIK TOKa3yI0Th HaBeAeHI MpukiIaau. BoHo no3Bosse
HaM CIIPOIIYBaTH Ta JOCIIKYBaTH CKJIAJHI CUCTEMH, IiependayaT MaOyTHI
cueHapii Ta npuiiMaru OOrpyHTOBaHi pimieHHs. Pi3HOMaHITHI 3acTOCYyBaHHS
MareMaTHYHOrO MOJEJIOBAaHHS, BiJl PO3PaxyHKIB BUTpar JO JOCIIKCHHS
KOCMOCY, IEMOHCTPYIOTh HOTO BEJIMKE 3HAUCHHs Yy JKUTTI JitofcTsa. [lonanbiie
BUKOPUCTAHHSI MaTeMaTHYHOTO MOJEIIOBAHHS Y BCIX raly3sX BUPOOHHMIITBA Ta
HaykH OyJie CIIpUsITH BCEOIYHOMY PO3BHUTKY Ta MOJAEpPHi3allii.

4) [IlpomoHyeTbcs Taka TEXHOJIOTIS TIAXOAYy JIO MareMaTHYHOTO
MOJICJTIOBAaHHS, 10 JIO3BOJISIE KOPUTYBaTH IICHXOJIOTIUHI SIKOCTI iH)XKeHepa-
JOCIITHUKA. SIK MU BU3HAYMIIH, 1€ HAHOLIbII pe3yJIbTaTUBHE Y raily3i MOTHBALlii
JOCSITHEHHS YCIIXiB, Y TOMY YHCJl 3aMiHy MOTHBY YHUKHEHHsI HEBIadi Ha
MOTHB JIOCSITHEHHsI YCIiXy Yy MpodeciiiHii Ta HayKOBil IisTIBHOCTI.

[TpoGnema miABUILEHHS SIKOCT1 HAyKH, BUPOOHHIITBA, OCBITH TICHO TIOB'sI3aHa
i3 mpoOieMo0 MOTHBALl IH)XEHEpiB, HAYKOBLIB Ta CTYACHTIB. [ligBUICHHS
MOTHBAII] € CKilajHe 3aBiaHHs. TyT He Tubku (inaHcoBe nuTanHs. CuTyamis
B raiy3i MoOTHBalil crana 3MiHIOBaTHCSI He Ha Kpamle. OCTaHHIM YacoM
BHSIBUJIOCS, IO IIsI TIPOOJIeMa CTOCY€EThCSI TEIEp 1 TUX JOCIITHUKIB Ta CTY/ICHTIB,
SIKi Jocsirany JOOpUX YCIiXiB y HAYKOBIH JisJIBHOCTI Ta HaBYaHHI *.

Komm'torepHe Ta MaremMarMyHe MOJICJIIOBAaHHS  JIO3BOJSIE  HAaBUUTH
BUDILIYBAaTH CKJIagHI 3aBIaHHs, 3HATH CTpax IMepell «HE BHPIIIyBaHUMI»
3aBIaHHSIMH, 30UIBIIUTH MOTHBAILIIIO, 3MIHUTH MOTHBALII0 YHUKHEHHS HeBaaui

¢ N. Karjanto. Teaching Mathematical Modeling In a Sustainability Context. The UMAP Journal
45.2.  2024.  URL:https://www-comap-com.translate.goog/membership/free-student-esources/item/
teaching-mathematical-modeling-in-a-sustainability-context? x tr  sl=en& x tr tl= ru&  x tr hl
=ru& x_tr_pto=rq
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Ha MOTHB JIOCSTHEHHS YCIIiXy Yy pi3HOMaHIiTHi# aisuibHOCTI. [Ipn BUKOpHCTaHHI
CYYacHHMX ITaKeTiB KOMII'TOTEPHOI MaTeMaTHKH, B SIKMX 3HaYHE Miclle 3aliMaloTh
€JIEMEHTH INTYYHOTO IHTEJIEKTY, MOJICIIIOBaHHS, «IPOTOHKa»  MOJE,
OZIep>KaHHs TIOBTOPIOBAHOCTI PE3YIIbTATIB EKCIIEPUMEHTY Ta iHIIE, BUKOHYETHCS
3HAYHO MIBHJIIE Ta HaoyHinie. Komu iHKeHep Y CTYAEHT Ma€ 3MOT'Y IIBHJIKO
oxepkartd (MpH NpaBWIbHIA OyJOBI MoOJeni Ta NMPaBWILHOMY BHKOPHUCTAaHHI
MaKeTa KOMITIOTEPHOT MaTreMaTHKH) 3BOPOTHIM B’SI30K 3 MOJIEILIIO, CHCTEMOIO
Ha ii OCHOBI, Lle 3HAYHO MiABMIILYE MOTHBALIIO /IS 3aHATh MaTeMaTHYHUM
MozeioBaHHAM. lle, B CBOIO yepry, Mae NMpHU3BECTH 10 MiJABHUIIEHHS SKOCTI
HayKH, BUPOOHHIITBA, OCBITH.

5) Konuenuisi, sKa TPEICTABIsIE OCHOBHY METYy MAaTeMaTH4HOTO
MOJICITIOBAHHSI Y PO3BUTKY PO3YMOBHUX 3JI0HOCTEH HAyKOBIIB, IHXCHEPIB
BUPOOHHIITBA, CTYACHTIB.

CkJagHiCTh pEaNbHOTrO CBIiTY, SKMH MM Hamaraemocsi 3pO3yMiTH, Ta
€JIEMEHTaMHU SIKOTO IPAarHeMO KepyBaTH, HEMHHYyYe IPU3BOIAMTH JIO BY3bKOI
criemiaizamii JOCTITHUKIB Ta IX MpParHeHHs BJIOCKOHAIIIOBAaTH CBOI 3HAHHS
y meBHiM ramy3i. lle BuMarae HampyXeHHS pPO3YMOBHMX, MOpAJIbHHX Ta
¢iznyHEx cwi. Y [bOMY IUIAHI MaTeMaTHYHE MOJCITIOBAHHS OJMH 13 JI€BUX
METOJIB opraHizamii po3yMOBOi MisIIBHOCTI. 3pO3yMijio, IO BHPIILCHHS
3aBIaHb 3aMIIICHHS PI3HUX CKJIAJHHUX 00'€KTIB, SIBHII, MPOIICCIB, CUCTEM Ta iX
€JIEMEHTIB, MaTeMaTUYHUMHU MOJEJSIMU, TaK 4YM IHaKIIe repeadadae OCBITHIO
TIOLIYKOBY aKTHBHICTh Ta IHTEJIEKTYaJIbHY POOOTY.

[mKenep-nociHUK a0 MPUKIAJHAN MareMaTHK OBUHEH YMITH KOPOTKO,
YiTKO 1 OJHO3HAYHO BH3HAUYUTH Ta 3adiKcyBaTH BCi XapaKTEPUCTHKU Ta
BUMOTH 00'€KTa, NPOLECY, CUCTEMH, MEPEKOHABIIMCh Y IX HECYIEepeyHOCTI.
A00, 3adiKCyBaBIIM CyNEPEWIMBI BHMOTH, BU3HAUUTH OOJACTh MOXKJIHBOTO
KOMIIpOMiCy B MOjielli Oe3 BTpaTH OCHOBHHX BJIACTUBOCTEH.

BiJ KOpEeKTHOCTI BUPILICHHS IIbOTO €Tally 3HaYHOI0 MIpPOI0 3aJIeKHTh YCIIX
1o0yI0BM MareMaTHYHOI MOJIEJI Ta yCIiX BChOTo JociipkeHHs. Lle HeoOxinHo,
o0 3Ha4yHa Mpalsl, BUTPAYCHUH Yac Ha PIIICHHS MaTeMaTHYHOIO 3aBJIaHHS,
HE BUSIBUBCSI BATPAYEHUM MapHO 4Yepe3 HEeJOCTATHIO YBary JI0 [bOTO IMHUTaHHS.

[Tpu hopmyBaHHI METH B MareMaTHYHOMY MOZEIIOBaHHI MOXXHA BUIIIUTH

nBa xiacH. Li kiracu BUKOPHCTOBYIOTB JUIs IOCIIJDKEHHS IOBEIHKN 00'€KTa,
IIpoLIeCy, CUCTEMH (3aBAaHHs THUILy IPOTHO3Y) Ta OTpUMaHHs iH(opMarii mpo
BHYTPILIHIO CTPYKTYPY Ta BIACTHBOCTI JIOCIIJDKYBaHOTO 00'€KTa.

a) Jlo mepmioro Kiacy 3aBJaHb HAJCKUTh TaK 3BaHI MpsMi 3aBIaHHS.
Tyt nepenbavyaeTbes, O OCHOBHI 3aKOHHM (DYHKI[IOHYBaHHSI CUCTEMH BiZOMI,
ayie JIOCUTh CKJIaJHI, Tak, M0 NepenOadeHHs MOBEIIHKM CHCTEMU BUMarae
BUKOPUCTAHHSI TPYJOMICTKUX MareMaTHYHUX METOJIB Ta 3HAYHOTO YUCEIBHOTO

PO3paxyHKYy.
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0) [o mpyroro kiacy BXOIATh TaK 3BaHi OOCpHEHI 3aBIaHHS, MOB'sI3aHI
31 3HAXO/PKCHHSM XapaKTePUCTHK MOJAENI 3 BIJHOBJIEGHHSIM OKPEMHX
BJIACTUBOCTEH JOCII/DKYBAaHOI cHCTeMHM, I mapameTpiB 1 T.J. 1O 3aiaHii
(BizoMmiii 3 eKCIIEpUMEHTY) NOBEAIHII cUcTeMU. [IpuKiIaoM TyT MOXYTh OyTH
3aBJJaHHS Ha KOHCTPYIOBAHHS TEXHIYHHMX CHCTEM 13 3aJJaHUMU BIACTHBOCTSIMHU
a00 po3mi3HaBaHHS 00'€KTIB 3a pe3ybraTaMu HOTO0 OOCTEIKCHHS.

Sk 6aummo, It TOOYJOBM MOJIEINi Ta BUPINICHHS JIAHUX CKJIAJHUX 3aBJIaHb
HEeOoOXiHI TPYIOMICTKI MareMaTH4Hi METOJM Ta 3HA4HI YMCEIbHI pPO3paxyHKH,
a 16 BUMarae Ta 3000B'SI3y€ JOCITITHHMKIB YIOCKOHAJIOBATHCh, PO3BHUBATH
PO3yMOBI 311i0HOCTI, TiJIBUII[yBaTH 1HTEJIEKT, HAKOITMYYBaTH HOBI 3HAHHSI.

Jnst BUpIIIEHHS BUPOOHMYMX Ta HAYKOBUX 3aBJlaHb HEOOXiJHO MOB'S3aTh
¢izuuHe Ta abcTpakTHe, IHTEPIPETYBaTH pE3yJbTaT, a e TEeX BUMarae
3[0aTHOCTI JI0 HamNpy)XeHOI pPO3yMOBOI [ISUIBHOCTI, PO3BHTKY JIOTIYHOTO Ta
QITOPUTMIYHOTO MUCJICHHS y TpOIEeci TBOpUOi poOOTH HAyKOBIIB, 1HXKEHEPIB
BUPOOHMIITBA, CTYJICHTIB. 3p0O3yMisO, 110 camMa MOJEIb 3aJIC)KUTh BiJl HassBHUX
pecypciB Ta 3HaHb 0COOH, siKa il CTBOPIOE.

[MincymoByroun ckazaHe, MOKHA 3pOOMTH BUCHOBOK, IO UMM JOCBITUCHIIITHI
JOCIITHUK, SIKAA BOJIOZIE IHTENIEKTYaJbHMM MHCJICHHSM, THM CKJIaJHiIIa
Ta TpaBWIBHIIIA MareMaTHyHa MOJENb, TOMY JaHHW WiJXiJ B BHUKOPHCTaHHI
MareMaTHYHOTO MOJISITFOBAHHSI, HAIIPaBJICHHI Ha PO3BUTOK PO3YMOBHX 3110HOCTEH
HAyKOBIIIB, IH)KEHEPIB BUPOOHMIITBA, CTYJCHTIB, JOCUTh BUIIPABIAHUM.

6) AmHanoriyHM{ MONEpesHbOMY MiAXOAY: MaTeMaTHYHE MOJIEIIOBaHHS
HEeoOXiJJHe y HaBUAJIbHHUX LIJISIX, SK 3aci0 HaBUAHHS Ta PO3BHUTKY KPEaTHMBHUX
MOYKIIMBOCTEH 1H)KEHEPIB, JOCIIHUKIB, CTY/ICHTIB.

Sk Oyno Bif3HAUEHO, II0 MareMaTHYHE MOJICNIOBAHHS — 1€ TPHHIUII
HaBYaHHS,

3aci0 HaBYaHHSA, METOJ HaBUaHHsA, 3aci0 aKTHBi3allii Mi3HABAJILHOL
JSUTBHOCTI. €BPUCTUYHUI METOJI HABYaJIbHOTO Mi3HAHHS.

e y npesHiii ['pewii BYCHI Hamarajucsi pPO3pOOMTH METOIH, CIOCOOH,
TEOpil0 BUPIMICHHS TBOPYMX 3aBiaHb. [lil TBOpUMMHM 3aBIAHHSMH MAaroTh
Ha yBa3l pIlIEHHs, OTPUMaHI BHMHAaX|JHUKaMHU. 3pO3yMiNo, IO MNOOynOBa
MaTreMaTHYHUX MOJICJICH € CKJIaJIHe, TBOpUE, IHTEIEKTyalbHE 3aBIaHHSI.

Lls mpobGnema Oepe cBiii mowatok 13 cepenHix cromite. I[IpoOnema
aKTHBI3alil TBOPYOI IiSUTLHOCTI BYEHOTO IOCTaja KOXKEH pa3 KOJIM BHHHUKAJA
rpo0JiemMa BiJIHOBJICHHS BUHAXO/iB. 3BICHO 1€ BUMAarajio HaB4aHHs Ta PO3BUTKY
IH)KEHEPIB, OCIIIHUKIB, CTYICHTIB.

B 1956 poui I'enpix Aunbriirysep 3aifHsBCs IPOOIEMOIO, IO ITOJISITaNa y TOMY,
SIKUM YMHOM MOXKHA 3HAaXOAWTH CUCTEMaTH4HI DILIEHHS, SKI BBaXKalOThCS
MIOBHICTIO TBOPYMMH. BiH pO3poOMB airopuT™ BHPIMICHHS BUHAXITHHLBKUX
3aBnaHb — 85B. ANTOpUTM CKJIQIAETHCS 3 KiJIBKOX YaCTHH.
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OcHOBHa MeTa — I IepexiJ Bijl po3IIMBYACTOI BHHAXIJAHUIIBKOI CHUTYaIlil
JI0 YiTKO MOOY/I0BaHOI Ta TPAHUYHO MPOCTOI CXeMU-Mo/iei 3aBnanHs. [loTpiGHO
BUKOHATH HACTYIIHI Aii:

1. 3amucaru yMoBY 0€3 BUKOPHUCTAHHSI CICLiaJIbHUX TEPMIHIB.

2. 3a3HAaUUTH TEXHIYHI MPOTHUPIYYS.

3. BusiBuTH 00'€KT Ta iHCTPYMEHT, BU3HAYMUTH, 110 HEOOXIHO 3MIHIOBATH.

4 3amucatu  (OpPMYJIIOBAHHS MOJCTI 3aBJaHHS, KOPOTKO, UiTKO 0e3
CHeLiaJIbHUX TEPMIHiB.

5. BusHauuTH i1eabHe KiHIIEBE PillICHHS.

6. 3anmcary pillleHHS 100 BHUKOPHCTaHHS pecypciB. PiiieHHs HeoOXiqHO
IUcaTH KOPOTKO. PillIeHHs TUM ijieabHillle, YUM MEHIIE BUTPAT PECYpCiB.

7. AHamizyBartu pekomMeHzaalii 3 iHdopmariiiHoro ¢poxay Ta BUOpaTH METO.
(crioci0) rmomonaHHs MPOTUPIYYSL.

8. BuzHaunTy MareMaTHYHMI arnapar Jyis MOLIyKY pillleHHS.

9. IToOymyBaTi MaTeMaTU4Hy MOJICIb.

10. BukoHaTu po3paxyHKH 3a MaTeMaTHYHOIO MOJAEIIIO.

Po3B’s13aHHS CKJIQJIHUX 3aB/IaHb YacTO TIOB'sI3aHE 31 3MIHOIO 3MICTY 3aBJIaHb,
IHAaKIIOi MeTH, MOCTaBJIeHOI paHimie. SIKIIO 3aBOaHHS BHpIilIeHE, MOTPIOHO
nepeiTy 1o TexHiuHoi BixnoBimi. TyT mix po3B’si3aHHSAM 3aBIaHHS MaeThCs Ha
yBa3i iJiesl, a TeXHIYHA BIJIIOBIAb — 1€ KOHCTPYKILis.

11. Anani3 mopsaky po3s’si3anHs. L{e 03Ha4ae MOPIBHATH peaybHUIN TOPSIIOK
pPO3B’SI3aHHSI JAaHOTO 3aBJaHHS 3a 30yJOBaHOI MaTeMaTHYHOIO MOJIEILIIO
3 TEOpPEeTHMYHHMM, 3a airoputMoM pimeHHs API3 (anroput™ poss'sizaHHs
BUHAXIIHUIBKUX 3aBJaHb) JUIs CaMOB/IOCKOHAJICHHS.

Hacamnepen, 3po3ymisio, 1110 npobiieMa HaB4aHHS Ta PO3BUTKY KpEaTHBHUX
MOXJIMBOCTEH 1HXKCHEPIB, JOCIIIHUKIB, CTYICHTIB, aKTyalbHa 1 B HAlll Yac,
BUpILIEHHs i, CTBOPEHHS METOAIB, YMOB, IEPCIEKTHB — JOCHTh Ba)KJIHMBE
3aBIaHHS.

Ha mincraBi 3a3HaueHWX JaHWX, MOXKHA BB@KaTH 1110, MareMaTH4YHE
MOJIEJTIOBaHHS — € METO/IOM HaBYaHHS Ta 3aCO00M aKTHBi3allii Mi3HaBaJIbHOI Ta
TBOPYOT AiSIIBHOCTI HAyKOBLIB Ta 1H)KEHEPIB.

7) Konuenuisi, B sKiifi IPONOHYEThCS BUKOPUCTOBYBAaTH MaTeMaTH4HE
MOJIEJTIOBaHHS, SIK METOJI BUMIpY, JJIsl OLIIHKM y3araJbHEHOTO 1HTEJICKTYaIbHOTO
BMIHHS JIIOJIMHA BUKOPHCTOBYBaTH 3HAaHHS 3 MareMaTHKH, iH(QOPMATUKU Ta
iHpOpMaLiHHUX TEXHOJOTIH.

Crnin 3a3HauUTH, IO HACKIJIBKU IMIBUJIKHM, IPABWIGHUM, IHHOBAI[IIHUM,
HE CTaHJapTHUM Oyle CTBOPEHHsS MareMaTH4HOi MOENi 3a JOIIOMOTOI0
MareMaTHKA Ta KiOEpHEeTWYHUX CHCTEM, HACTUIBKM JIOCKOHAIO Ta IIMOOKO
JOCIIJTHAK BOJIOJIE 3HAHHS 3 MareMaTHKH, iH(opMaTHKKM Ta iH(OPMAIHHUX
TEXHOJIOTIH.
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Takuil mifxiz 103BOJSIE, HACAMIICpPEN, BU3HAYMTU MICIIE MATEMATHYHOTO
MOJICITIOBAHHSI Cepell HABYAIBHHUX JUCIHILIIH, TAKOK 3PO3YyMITH, Ha IO CIiJ
3BEPHYTH OUIbILIE YBATHU MIPH ITiABUIIEHHS KBaJIi(iKallii HayKOBIIB Ta iH)KEHEPIB.

8) Ilinxim B sKOMYy TPOIOHYETHCS BHKOPHUCTOBYBATH MAaTEMATHYHC
MOJICITIOBAHHSI, K IHCTPYMCHT MIiJBHIICHHS MOTHBAIii 10 BHBYCHHS Came
MATeMAaTUKH, UUISIXOM PO3BUTKY ii MPHUKIAJAHOI CHIPSIMOBAHOCTI, HAaBUYOK
AKTUBHOTO 3aCTOCYBaHHsS MAaTCMAaTHYHUX METOMIB 1 MOJENeH, pPO3BUTKY
30aTHOCTI JI0 TOCTI THHUIIEKOT pPOOOTH .

Ha BigMmiHy BiJl CHCTEMH MOMVIS/IIB HA MaTeMaTHYHE MOJICTIOBaHHS Ne3, TyT
MOTPIOHO MOYMHATH, TIPU OTTAHYBAaHHI MaTeMAaTHYHUM MOJICITFOBAHHSIM, 3 TOHATTS
MareMaTHYHOrO aHai3dy, JIiHIHHOI aireOpH, JUCKPETHOI MareMaTuku Ta
IuQepeHIiaabHuX piBHSIHb. He0OX1IHO BMITH pO3B’SI3yBaT CUCTEMH JIHIHHUX
anreOpaiyHUX pIBHSHB, BOJOMITH METOJAMH YHCEIBHOTO IU(EPCHIIIFOBAaHHS
Ta IHTErpyBaHHs. A IMOTIM TOB’S3yBaTH IIi MOHSTTS 3 MPOICCAMH PEaTHHOTO
CBITY, ICMOHCTPYFOYH MOXIJIMBOCTI MAaTEMAaTUKK OIKCATH MailKe BCi MPOIECH,
00’€KTH, CUCTEMHU, MiITBEPIKYOYH BUCIIB: «MaTeMaTHKa — IAPHIIT HAYK.

9) Ilimxim, y SKOMY TIPOIOHYETHCS BUKOPUCTOBYBATH MAaTEMAaTHYHE
MOJICITFOBAHHSI JJIs1 KOPEKIIiT ICUXOIOTIYHHUX SKOCTEH 1HKEHEPIB Ta JIOCIIiTHHUKIB.

TyT ¥fiperscs Mpo 3MATHICTH JFOJMHA MHCIHTH OIHOYACHO 1 MOHSTTSIMH,
i oOpazamu 1 cumBonamu. Llg 3partHicTe  QopMyeThCS  OCOOIMBHMH
MICUXOJOTTYHUMH SIKOCTSMHU Ta (DYHKIIISIMA MO3KY.

MopenroBaHHSL J03BOJISIE PO3BHBATH 3[ATHICTh OIHOYACHO OIEPYyBaTH
nmpeaMeTaMu, o0pa3aMu, BHCJIOBJICHHSME, OCBOIOBATH JIOTIYHI Omeparli,
[0 JTO3BOJISIFOTh MUCIIUTH JCAYKTUBHO-TCOpETHUHO. Pa3om 3 TuM, y pi3HHX
BHJAX JisSUTbHOCTI, BU3HAUCHI BUJM MUCJICHHS MOXYTh IIPCBAJIOBaTH. Tak,
y poOOTi KOHCTPYKTOpa — HA0YHO-00pa3He, Y HisUIbHOCTI JiKaps, HayKOBOTO
CHiBpOOITHHKA — aOCTPaKTHO-JIOTi4HE, BepOalibHE.

OnaHyBaHHS MaTEMaTHYHHM MOJICJIFOBAaHHSIM Ma€ Ha YyBa3l OCBOEHHS
HACTYITHHUX TIOHSTh:

1) «MoBM», Ha SIKIll BECTUMETHCSI MOJICITIOBAHHSI,

2) «mepekiany» pealbHOl CHTyallil Ha JaHy MaTeMaTH4YHY MOBY;

3) BuOIp ICTOTHUX 3MIHHUX Ta MOOYIOBA CXEMHU 1X B3a€MO3B'SI3KIB;

4) cKJIaaHHs MaTEMAaTHYHUX BUPA3iB PEaTbHO iICHYIOUHX BIJIHOCHH Ta 3B'S3KiB;

5) BHUpIIICHHS] MAaTEMAaTUYHO BUPAKEHUX BIIIHOCHH Ta 3B'SI3KiB;

6) TIIyMa4yeHHs OTPHMaHOI BiAIMOBIIi;

7) DOCIHIIKEHHS! OTPUMAHOTO PilICHHS;

8) moTpuMyBaTHCS HaWIPOCTININX HABUKIB CAMOKOHTPOIIIO.

3 Crosn B.A Maremaruueckoe MOAEIMPOBAHUE JMHAMMKH HENOJHO HAONIONAEMBIX JIMHEHHbBIX

MPOCTPAHCTBEHHO pacrpeneieHHbix cucteM: Monorpadus. — K.: BIIL “Kuepckuii yHuBepcurer”,
2019.-318c.
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[lincymoByrOuM MOKHA CKa3aTH, IO MAaTEMaTWYHE MOJCIIOBAHHSI —
¢ I1HCTPYMCHT IHTEJCKTYaJIbHOTO HABYaHHS, IHHOBALIWHUX JIOCIIKCHb,
e(eKTUBHOTO BUPOOHUIITBA, PE3YJIBTaTHBHOTO PO3BUTKY OCOOUCTOCTI.

BUCHOBKHN

HaiiBa)xJIMBIlIIOI0 YaCTHHOIO JOCIHIPKEHHS! Oy/b-IKOi MOJETI € BHBUCHHS
KOHIEMIiH 1 Bukopucranus. [IpoGnema, mo po3misiHyTra y naHidi poOoTi —
OarartoyiMka, BOHa aKTyaJlbHa 1 JUIsl HAyKOBIIB, 1 JUIs 1H)KEHEPIB BUPOOHHLITBA,
1 U CTYNEHTIB, 1 JJIs BUKJIAIa4iB.

B poboti po3pobiecHa Ta mpencTaBiicHa JIOTiKO-(YHKIIOHAIbHA CXEMa
MIPOLIECY MareMaTHYHOTO MOJEITIOBAHHS 3 BUJIUICHHSIM MPOMDKHUX MOJEIIEH.

[Tix wac mociipKeHHS MM PO3IISTHYJIM Ta MpOoaHaji3yBalu 9 KoHLENIin
BUKOPUCTAHHSI MaTeMaTUYHOTO MOJICIIOBAHHS.

B pesysbrari aHanizy orpuMaly, IO NMPH BCi€i 30BHIMIHBOI BIJAMIHHOCTI,
BCl 1[I KOHLENNii TOBOPSATH NPO TO3WUTHBHI pE3yJabTaTd 3aCTOCYBaHHS
MareMaTHYHOTO MOJIEITIOBAaHHS.

BaxmiBUM acrieKToM, SIKHH TOBOPUTH HA KOPUCTH IIUPOKOTO BUKOPHCTAHHS
MareMaTHYHOTO MOJIEIIOBAHHS, € HOT0 YHIBEpCaIbHICTB.

Tomy Mu BBa)ka€Mo, 10 MaTeMaTUYHE MOJICIIOBAHHS — L1€ TOI 1HCTPYMEHT,
SIKMH Tpeba IIMPOKO BUKOPUCTOBYBATH JUIS:

1. PO3BUTKY OCOOMCTICHMX Ta IHTEJIEKTyaJbHUX BIACTHBOCTEH JIIOIMHU;

2. inTerpanii MaremMarnku B TpodeciiiHy MiArOTOBKY HayKOBIIB Ta
POOITHHUKIB KOHKPETHOT rairysi;

3. KOpHI'YBaHHS IICHXOJOTIYHUX SIKOCTEH 1H)KeHepa-I0CIliHUKa;

4. PpO3BUTKY PO3yMOBHX 3i0HOCTEH HAYKOBIIIB, IH)KCHEPIB BUPOOHUIITRA,
CTY/ICHTIB;

S. BUKOPUCT@HHS Yy HaBYaJbHUX LUISIX IS PO3BUTKY KPEATHBHHX
MOXJIMBOCTEH 1HXKCHEPIB, TOCIITHHUKIB, CTYICHTIB;

6. i BU3HAYEHHS pIBHA 3HaHb 3 MareMaruku, iH(QOpMaTHKH Ta
iHpOpMaLiHHUX TEXHOJOTIH.

7. BUKOPUCTaHHS SIK IHCTPYMEHT IIiJIBUIIECHHS MOTHBAIi 1O BUBYCHHS
MaTeMaTHKH;

8. po3BHUTKY 31i0HOCTI MHUCIUTH OIHOYACHO 1 MOHATTAMH, 1 OOpazaMu
1 CHMBOJIaMHU.

Aute icHye HU3Ka IPUYHH, 110 Ha MPAKTHUILI HEPELIKO/PKAIOTh BUKOPHCTAHHIO
MareMaTHYHOTO MOJICIIOBAHHSI:

1) Ilpm migroroBui MaiOyTHIX HAyKOBIIB 1 IHXEHepiB, Kypc BHIIOi
MareMaTHK{ HEe BPAaXOBY€ MPHUKJIAJHOI CIIPSIMOBAHOCTI MpeaMeTa.

2) Hwusbkuii piBeHb BOJOJIHHA CyYaCHUMH IH(GOpPMaliiHUMHU Ta
KiOEpHETHYHUMH CHCTEMaMH.
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3) Kypcu migBumieHHs KBaiidikaiii, aisi HAyKOBUX Ta I1HXKEHEPHHX
MIpaliBHUKIB, B OCHOBHOMY CIPSIMOBaHi Ha Mpo(eCiiiHi NUTaHHS, Ta MPUIISIOTH
HE JIOCTaTHbO YBard BHKOPUCTAHHIO MaTeMaTHKH Ta MareMaTHYHOTO
MOJIEJTIOBaHHS 3 3aCTOCYBAaHHSIM HOBITHIX MPOTPaMHUX Ta alapaTHUX 3aco0iB
JUISl BUPIIICHHS aKTyaJIbHUX IPOOJIeM.

AHOTALIA

B marepiasii po3mISIHYTO TaKUid aKTyaJbHHN HAPSIMOK B TCXHIYHHMX HayKax,
SIK MaTeMaTHYHE MOJICIIOBaHHA. B po0OTi mpezcTaBiieHa JOTiKo-(yHKIIIOHATIBHA
cxema IPOoIIeCy MaTeMaTHYHOTO MOJICITFOBAHHS 3 BUIJICHHSIM MIPOMIKHHUX MOJICIICH.

VBara mpuIiicHa PI3HOMaHITHUM KOHLIEILIISIM BUKOPUCTAHHS
MaTeMaTUYHOTO MOJICIIIOBaHHS. B po0OTI NOKJIAIHO BUCBITICHI OCOOJIMBOCTI
Ta TPOTWICKHOCTI PIZHOMAHITHUX CHCTEM TMONISAIB Ha BUKOPUCTAHHS
MaTeMaTUYHOTO MOJCIIOBaHHA. [IpoaHali3oBaHO 9 KOHIICIIIIH, KOXKHA 3 SKUX
€ BOXJIMBOIO 1 Ma€ MPaBO Ha ICHYBaHHS.

IHTepec mpezcraBisie MEpelik TMEPEIIKOi, SKi Ha MPAKTHUIl TabMYIOTh
BHUKOPUCTAHHS MATEMAaTUYHOTO MOJICITFOBAHHSI.
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CHAPTER 21

EHTPONMIMHO-TONOJIONYHUW MIAXIA,
0O MOOENOBAHHA CKJTAAHUNX
BATATOKOMIMOHEHTHUX CUCTEM

BonowwuH B. C., Knenin O. B.
DOl https://doi.org/10.30525/978-9934-26-653-9-21

Beryn

CyyacHi Mofeni CKIaJHHX CHCTEM JIelajl dYacTime MoTpeOyroTh
BUXOAY 3a MEXi KIACHYHHX aJUTHBHHUX Ta OpPIEHTOBHUX YsBIICHb'2’.
baratokoMIoHeHTHI CKJIaJHi CHCTEMH — TEXHOTEHHI, NPUPOAHI, IITYy4YHI Ta
riOpuaHi — XapakTepu3yloThCs HENIHIMHUMU B3a€EMOJISIMH, 1€papXidHICTIO,
a TaKOK KOHKYPCHIIIEIO TIPOIIECiB caMOOpraHi3allii Ta ae3opranizaiii. 3a Takux
YMOB HaBiTh HOBI CHTPOMIHHO-MAaTpUYHI MO’ BHSABISIOTHCS HEJOCTATHIMU
JUISL OTIUCY TIOMIOHUX CHCTEM, 30KpeMa uepe3 Te, L0 NEepexXpecHi B3aeMopii
B TOITOJIOTIYHUX CXEMaX, SK MPaBHIIO, 3BOAATHCS JI0 MHOXKUHHHX 1 HECYMIpHUX
BiJJHOILICHb, BHECKH OKPEMHX (HaIlpUKIaj, TEPMOJMHAMIYHHX) BIACTHBOCTEH
CHCTEeMH MOXKYTh MaTH IPOTWJICKHI 3HAKH, a IX IHTErpajibHI XapaKTCPUCTUKU
3aJieKaTh BiJl 00OpaHOTro crioco0y aHamizy.

Enrtponiiinuii aHaii3, JOMOBHEHHH TOMOJOTTYHUMH METOAAMH, JA€ 3MOTY
BUSIBIISITH  IIPUXOBaHI 3aKOHOMIPHOCTI caMoopradizamii, KomIleHcamii Ta
CTPYKTYpHOI iHBEpCii, sSIKi HE CIOCTEpPIrar0ThCA B TPATUIIMHUX MATPUIHUX
MoJIeJIsIX. 3apONIOHOBAaHA aBTOPOM PaHillIe IapyBaTa MOJIeTb TBOKOMITOHEHTHUX
cucTeM! Ha OCHOBI CHTPOMIHHO-CTPYKTYPOBAaHMX MATpPHUIb CYMiDKHOCTI
B LIl poOOTI reOMETPHU3YETHCS Y BUIIISAI TBOBUMIPHOT TOIOJIOTIYHOT MOJeNi,
30KpeMa IpiHapa. Pobora cipsMoBaHa Ha CTPOTY (OPMATI3aIlii0 MEPEXOIy
BiJl I1i€1 OPi€EHTOBHOI MMOBEPXHIi IO HEOPIEHTOBHOI, CITIBBITHOCHOI, HAIPUKIIA],

! Kiveld M., Arenas A., Barthelemy M. at all. Multilayer Networks. Physics Reports, Vol.544,
Issues 1-2, 2014. pp.1-12

> Jaynes E. T. Information Theory and Statistical Mechanics. Physical Review, Vol. 106, No. 4, 1957,
P. 622.

3 Munkres J.R. Topology. Prentice Hall, Upper Saddle River, 2000, pp. 122-125.

4 Bomommu B. C., Tkanemko I. A. Meroauka OLIiHKH e(QEKTUBHOCTI OMNOCEPEAKOBAHUX
KOMIUTIMEHTapHHX cucTeM. 30. mpamps VII HaykoBo-mpakT. koH(]. «be3meka eHEPreTHKH B EIOXY
mudpooi Tpancdopmauii». IIIME im. ITyxosa, Kuis, 2025. C. 51.
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i3 BJIACTUBOCTSAMHU HCOPIEHTOBHHX PO3IIAPYBaHb BKIIFOYAE JCSKI TOMOJIOTIYHI
TIOBEPXHI, @ TAKOXK Ha BBEJICHHS MaTEMaTHYHOT'O OIIEPaTOpPa, 10 OITUCYE 3HAKOBY
IHBEpCil0 EHTPONIMHUX BHECKIB y PO3BUTKY CKJIJHOI cucteMu. CraHnapTHUI
apceHas npu kiacu(ikailii TakuxX JBOBUMIPHUX MHOTOBHJIIB Iijl 4ac MOOyI0BH
HEOPIEHTOBHUX pO3ILIApyBaHb BKIIIOYAE€ TOIOJOIIYHI TOBEpXHi, 30Kpema
«msky Kositnay (Klein bottle)’, kpoc-kan (cross-cap) — JOKaJdbHY MOJCIH
«BKJIAJIKW» TPOCKTUBHOI IUIOMIMHK®, a TAKOXK CMYTH 3 HEMNApPHOK KUIBKICTIO
MiBOOEPTIB SIK CIMEHCTBO QaHTUIIEPIONUYHHX 32 3HAKOM CMYT.

o poOOTY MNPHCBSIYCHO MOCIIHKCHHIO CKJIAIHUX OaraTOKOMITOHCHTHHX
JUHAMIYHUX CHCTEM 3a JOIIOMOTOI0 y3arajlbHEHOi E€HTPOIiTHO-TONOJIOTIYHOT
Mozieli 6araTOKOMIOHEHTHHMX CKJIQJHUX CHCTEM Ha OCHOBI BXKE OTPUMAaHHUX
3aKOHOMIPHOCTEH 1 MIIXO/IB JI0 aHAJIi3y JBOKOMIIOHCHTHUX CHUCTEM. J[JIsl 1IbOro
3aMpOBAKYETHCS (POPMATI30BAHUN MIIXiJl 13 BHUKOPUCTAHHSM ITOCIIJJOBHUX
0araToOBHMipHHX MaTpPHUIlb CYMIKHOCTI Ta IHIUACHTHOCTI K MOX1THUX MOJCICH
rineprpadiB 1 cuMIuliianbHUX KomIuiekciB. [lokazaHo, mio eHTporiiina
JICKOMIIO3HIIisl 32 OPTOrOHAJILHUMH BJIACTUBOCTSIMU IIPUBOAUTH JIO IIPHPOIHOT
iHTeprperanii TakMX CHUCTEM Yy BHUIIAI OaraTOBUMIPHHMX IMIIHIPUYHHX
posuiapyBaHb. 3a HasBHOCTI aHTHMIIEPIOAWYHUX 3HAKOBHUX YMOB JIOBEICHO
HEOOXiJHICTh IEpexopy [0 HEOPIEHTOBHHMX TOIOJOTIH, SIKI y3arajJbHIOIOTh
Pi3HI MOjeNi 3raJlaHuX BUILE TOMOJOTIYHUX MOBEPXOHb JUIS 0AraTOBHMIPHHUX
BUIAJIKIB. YBEJEHO orepaTop OararoBUMipHOI 3HAKOBOI iHBEpCii, OB’ s3aHUH 13
I00AJIEHOIO TOMOJIOTIEIO TIPOCTOPY CTaHIB CUCTEMH.

1. EHTponiiHO-TONO/I0riYHa MoAae/ib NPOCTUX
[ABOKOMMOHEHTHUX CUCTEM

Marepianan Ta meroau. [lepur HixX repeiiTu 10 po3B’si3aHHS y3arajlbHEHOT
3aja4i I[I0I0 OCHOBHOIO MpEAMETa JOCTI/DKEHHS — 0araTOKOMIIOHEHTHHUX
CKJIQJIHUX CHCTEM, — PO3IISIHEMO TIPOCTIIll, TBOKOMIIOHEHTHI CHCTEMH 3 METOIO
arpobarii Ha HUX 0a30BMX MaTeMaTHYHMX 1 TOMOJOTIYHUX MEXaHi3MIiB OIUCY
Ta aHaJi3y 3 MOJAIBIINM IIEPEHECEHHSIM OTPUMAHUX PE3YJIbTaTiB Ha TOJOBHHUN
00’€KT AOCTIKEHHST .

MeTo/I0I0TYHOI0  OCHOBOIO JIOCIIJDKEHHS € METOJ| aHalli3y CKJIQJHUX
CHCTEM 3a JIONIOMOI'OI0 €HTPOIIIHO CTPYKTYpOBAaHHX MAaTPHIb CYMIKHOCTI SIK
MOX1THOT MOJIEITi OMHUCY iX IMOJIIKOMIIOHCHTHOCTI. ba30BUM OOYHCITFOBAILHIM
SIPOM  MOZeNi €  CHTPOINiHHO-HAacM4YeHa  OaraToBHMIpHAa  MaTpUI
cyMiKHOCTI. KoHIEnTyaapHOIO OCHOBOIO MOl BHCTyIae OararomapoBicTh

> Hatcher A. Algebraic Topology, Cambridge University Press, Cambridge, 2002. pp. 101-114.
¢ Spanier E.H. Algebraic Topology. McGraw-Hill, New York, 1966. pp. 312-318

7 Edelsbrunner H., Harer J. Computational Topology: An Introduction. American Mathematical
Society, Providence, 2010. pp. 124-125.
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0araToKOMIIOHEHTHOI CHUCTEMHM Ta CYIEpIO3HULIHHICTh KiHIIEBOI eHTpoIIii,
o 3abe3reuye BapiaOCNbHICTh CHUCTEMH i 0araroBapiaHTHICTh MOXIIUBUX
pienb. Lle pocsiraeTbest MUIIXOM OKPOKOBOTO BH3HAYEHHS! €HTPOIIIT KOXKHOTO
By3Jla MaTpHIl CyMDKHOCTI 3a 33JJaHUMH BIIACTUBOCTSIMU CHCTEMH, 30KpeMma:
CTPYKTYpOBaHICTIO,  iH(GOPMAIIHHOI  HACHYEHICTIO, (YHKIIOHAIBHICTIO,
(bI3UKO-XIMIYHUMH  XapaKTEPUCTHKAMH, TOBEPXHEBHMH SBUIIAMH (BKIIIOUHO
3 HQJCUCTEMOIO), 3/aTHICTIO JO0 TEPMOAMHAMIYHOI HEPIBHOBAKHOCTI Ta
KIHETHYHOCTI, TOILO — 3aJIE)KHO BiJl PUPOJH KOHKPETHOI CUCTEMH.

Pesynpraty MareMaTHYHOTO MOJEJIIOBAHHS CHTPOIIHHO CTPYKTYPOBaHUX
0araToBUMIpHUX MaTpUIb CYMDKHOCTI Ta  3alpOIIOHOBAHOTO  METOAY
MiHIMakCHUX (yHKIIH Oyiio 3iCTaBJICHO 3 BIIOMUMH CKJIaJaMyd METaTypriiHuX
PELUKITIHIOBUX OpPHKETiB, OnmyOIikoBaHUMHE y (axoBiil HayKoOBiil JiTeparypi®.

BuxigHa mocTaHoBKa 3aayi. Po3nissHeMO MHOXKUHY BUXiTHIX KOMITOHCHTIB
{bp},p =L...P, 3 sxux (OpPMYIOTbCS [IBOKOMIIOHEHTHI CHCTEMH BUILLY
b, P *4 - HaiinpocTima IBOKOMIOHEHTHA cucTeMa b, IHTEPIPETyeThes AK
SIKICHO HOBHI 00’€KT, 1110 BOJIO/I€ BJAaCHUMU BIACTUBOCTSIMH, SIKI HE 3BOASTHCS
JIO TIPOCTOTO MiJICYMOBYBaHHS BJIACTUBOCTEH OKPEMHX KOMITOHEHTIB. Y 3B’SI3KY
3 IIUM MHOXHHA

BUXIJJHUX KOMIIOHEHTIB i MHOYKHHA JBOKOMIIOHEHTHHX CHCTEM BBaKalOThCs
JIOTIYHO Ta OHTOJIOTIYHO PI3HUMHU.

B3aemonii MK KOMIIOHEHTaMH OIHCYIOTbCS KBaJpPAaTHOI CHMETPHUYHOIO
MaTpPHIICIO CYMIXHOCTI, B SIKiii YpaXOBYIOTHCS JIMIIIE HEAiarOHaIbHI €JIeMEHTH
pEq> IlaroHaJIbHI €JIEMEHTH b( ».p) BUKITIOYAIOTBCS SIK Taxl, 110 He BIAOBIIAI0Th
HOHATTIO cucTeMu. [Ipu mpoMy 30epiraeTbcs CHMETpist poieil KOMIOHEHTIB

b,g) = by - Kokna komipka Marpuii y BUIIAM B, XapaKTepusyeThes
IIJTKOM BH3HAUCHOIO SKICTIO — BIIACHOIO IHTETPAJBFHOIO CHTPOITIEI0 S((QZ;“I Ta
BiJIMIOBiTHOO 3MIiHOIO €HTPOTI{
(i) _ gliyworal _ [ (i) (i)
iASpvq _S(p,q) (SP +S‘I )7 (1)

gKa BIANOBITa€ TEPeXoAy BiA CTaHy OKpEeMHX KOMIIOHEHTIB O CTaHy
JTBOKOMITOHEHTHOI CHCTEMH. 3HAK «+» y I[bOMY BHIIAJIKy BiIIOBiZJa€ 3pOCTAaHHIO
IHTETpaJIbHOI EHTPOMii CHCTEMH, TOAi K 3HAK «—» O3HA4a€ 3HIDKCHHA
IHTEeTpaJIbHOI SHTPOIi CHcTeMH. MaTpHuis CyMiDKHOCTI Takoi CHCTEMH MOXKe
OyTH ToJjaHa B HACTYITHOMY BUTIISII

8 Bonommu B. C., Tkanenko 1. A. Mertonuka OLHKK B3a€MOZii METaTypriiHUX BiIXOmiB mpH iX

peumkiinry. Bueni 3amucku Taspiiickkoro yHiBepcutety iM. B. 1. Bepraacwkoro. T.36(75), Ne 4, U.1,
2025. C.193.
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b, /b, b, b, b,
b b bz,l SZ,] p.l Sp.l
‘ ! +AS,, +AS,,
b1,2 sl 2 p.2 Sp,2
b, . . b,, . ,
iASl)2 +ASP’2
b S
bp l,p7 LP’ bpq
+AS, '

[HTerpanbHa eHTPOMist KOKHOT KOMIPKH B, ) JTBOKOMIIOHEHTHOI CHCTEMH
Ma€ CyNEepIIO3UIIHHUI XapakTep 1 00UUCITIOETHCS SIK
St =S80 @
Je 1HIEeKC I MO3Ha4a€ OPTOTOHANIBHI IIAPH BIACTUBOCTEH CHCTEMH, IO
BIJIMOBIAIOTHh PI3HUM acmeKTaM ii opraHizaiii, 30kpeMa (yHKIiOHaJIHHOMY,
KOMITOHEHTHOMY,  KOH(irypamiiHoMy, iHpOpPMaIifHOMY, CTPYKTYPHOMY,
TePMOTUHAMITHOMY (enTpormis 3MIITyBaHHS), (hi3uKO-XiMiTHOMY,
TEOMETPHYHOMY Ta IHIIAM O3HAKaM (SKOCTSM) 3aJIe)KHO BiI MPHUPOAM caMoi
CHCTEMH.
Takuif TiAXiA TOBHICTIO BIATIOBiAAa€e KOHIICMIIi y3aralbHEHOI EHTPOIIii,
y3romKkyeTbess 3 mpuHiumoMm JDxeiinca (MaxEnf) 1 € METONOJOTIYHO
OOTpYHTOBaHUM [UII aHAN3y CKIAJHUX TEXHOTCHHUX 1 TMPHUPOJHHUX CHCTEM.

AHAIOTIYHO BU3HAYAETHCS 3MiHA CHTPOMIi IMJ Yac TEepexXomy Bi OKpPEeMHX
KOMITOHEHTIB O CUCTEMU:

N
total __ Qitotal _ i
AS(p,q) - S(p,q) N (Sp + Sq) - ZIAS(M) . 3)

3HaK KO)KHOI BETMINHU AS("M) IHTePIPETYETHCS TAKUM YHHOM:

AS|, >0 — onocepenKoBana JIe30praHizalis 3a i-10 BIaCTHBICTIO;

AS’M) <0 — omocepenkoBaHa CaMOOpPTaHi3allis 3a i-I0 BIACTUBICTIO.

BaxmiBo mifkpecanTH, o it OAHI€ET i Tiel caMol CHCTeMH JOIyCKa€eThCs
OZIHOYACHE CIIIBICHYBaHHS JO/MATHUX 1 BIJI’€MHUX BHECKIB 3a pI3HUMH
OPTOTOHAJIBHUMH BIACTHBOCTSIMH.
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Takum 4MHOM, CYyTHICTB IpEIMETa AOCIIIIPKEHHS — @ CaMe JBOKOMITOHEHTHUX
CHCTEeM — TIIOB’SI3y€ThCS HE JMIIE 3 1€papXiYHUMHU B3aEMOJIISIMH, IIO
OITUCYIOTHCSI IIAPYBaTUMU MATPUISIMU CYMIKHOCTI, KOJIM KOKEH aHAJIITHYHUI
«Iap» B3a€MOJI€ 3 IapamMeTpaMH IHIIMX IIapiB, a H 13 TOMOJOTTYHUMHU
3aKOHOMIPHOCTSIMH, SIKI IHTErpajibHa EHTpOIs BHOCHUTH y cuctemy. Ciin
BBa)KaTH, IO TakKi 3aKOHOMIPHOCTI (OPMYIOTbCS B CKJIaHIA cucTeMi sK ii
BHYTPIIIHIMHM BJIaCTMBOCTSIMH — 4epe3 YHIKaJbHI JJsl Hel BEJIMYMHU AS("p’q),
TaK 1 30BHIIOHIMH BIUIMBAMH, PISHOMAHITTA SAKUX IPAKTHUYHO HCEMOXKIHWBO
TIOBHICTIO BpaxyBaTH JUIsl Oyb-sIKOT CKJIQJIHOI CUCTEMH.

3anpornoHoBaHa METOAMKA JOCHIDKEHHS Jaja 3MOTy  PO3IIMPHUTH
o0nacTh 3aCTOCYBaHHS BiJl JBOBHUMIPHHUX MaTpHUIlb CYMDKHOCTI JUIss Mojeneit
JBOKOMIIOHCHTHHUX CUCTEM [0 6aFaTOBI/IMipHI/IX Marpulb 1A Moﬂeﬂeﬁ
0araTOKOMIIOHEHTHUX CHUCTEM — 3alIe)KHO BIJ KOMIIOHEHTHOCTI BUXIJHOI
CKJIQJIHOI CUCTEMHU.

AHanu3 3HAYHOTO 00CAry BUXIOHOI iH(pOpMAIlii, 0 CTOCYEThCS
JIOCITIJPKEHHST 0araTOKOMIIOHEHTHUX MaTpHIlb CyMIKHOCTI, a TaKOX OYeBH[IHA
HEOJTHO3HAYHICTh TIOBEMIHKH EHTPOITii S("p,q), SIK CMMCJIOBOTO HAIlOBHIOBaYa
0araTOBUMIPHMX MAaTpPHUIlb CYMDKHOCTI, y TO€IHAHHI 31 CKJIAJIHOIIAMH,
[TOB’SI3aHUMHU 3 BIAMOBIAHUMH PO3paxyHKaMH, 3yMOBIIIOIOTH HEOOXiIHICTH
3aCTOCYBAHHS 10 HUX 3aKOHOMIPHOCTEH HEOPIEHTOBAHUX IIPOCTOPIB. 30KpeMa,
II€ CTOCYETHCS TMOHATTS «HOCIS CHUCTEeMH» SK y3arajlbHEHOTO TOKa3HWKa ii
CKJIJIHOCTI.

Ilin «HOCieEM cucTeMu» OymeM poO3yMiTH Oyab-sIKE OIOCEPEIKOBAaHE
cepemoBuine (MarepiasibHe ab0 aOCTpaKTHE), SKE 3aJa€ MPOCTIP MOMKIHBUX
CTaHIB CUCTEMH, IPUIOMY 11 CKJIAHICTH MOKE OyTH KiJBKICHO OIlIHEHA 4Yepes
BIANOBIIHY (HOPMY CKJIa0BHX IHTErPaTbHOI €HTPOIMIT (2) 3aJIeKHO BiJ CTYICHS
CTPYKTYPHOI BIIOPSAKOBAHOCTI cucTeMu (Tabmuir 1).

Tabmums 1
3icTaBJjieHHsI «HOCisI cucTeMu» 3 i TepMOAUHAMIYHUMH
Ta CTPYKTYPHHMH BJIACTHBOCTSIMH

Tun Hocist Hpe}ll.\/leT 3p'szana Q)gpMa BruiuB Ha CKJIaaHICTh
HOCisI eHTpormii
®isnunmit HOCi# | Marepian, eHepris. TepmoauHamMigHa 3anae Qiznui
disudHe cepeoBHIIE, SHTPOIIis 0OMEXEeHHS Ta CTIHKICTh
CKJIaJIHOI CHCTEMH
Iudopmargiiinuit | ITam'ste, kox, nani JHK, | [ndopmariiina Yum Buie
HOCIH Maml Koj, HeHpOHHI enrpornis llleHHOHa | pi3HOMAaHITHICTH CTaHIB,
MaTTepHU IO KOAYIOThCS, THM
BHIIE NOTEHIIIHHA
CKJIaTHICTh
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[TponorxeHnst Tadmwi 1

CTpyKTypHUi Mepesxa 3B'SI3KiB, CrpykTypHa Busnae cximanHicTh
HOCIH TOIOJIOTis, APXITEKTypa | CHTPOMis (SHTPOMisl | B3a€MOLIi,
(rpadu iepapxiunoi HEOPiCHTOBaHOTO eMepIKEHTHICTh
Mepexi) rpady)
JluHaMigHUIT 3aKkoHU 3MIHHU CTaHiB, Enrtpomist CkiaaHa JuHaMiKa
HOCII JIMHAMIYHI TIpOLeCcH MOBEIIHKH MiABUIILY €
(nuHAMIYHA Herepen0av1yBaHiCTh
EHTpOIIIs) 1 BapiaTHBHICTB
Oynknionansuuil | GyHknii, anropurm, DyHKIiOHATEHA ITiBUIIYIOTH KiJIBKICT
HOCIH MPOTOKOJIM IIpaBUIIa EHTpOIIIS MOMNUIUBHX (QYHKIIH

KinbKicTb cTyneHiB cBOOOIM YMOBHOTO «HOCIs» Oe3MocepeIHbO BILIMBAE Ha
CKJIJIHICTD ITOBEIIHKU CHCTEMU. Y [[bOMY BUIIAJIKY CKJIQJHICTb € IPOIOPLIHHOI0
KUJIBKOCTI MOXJIMBHMX CTaHIB. HeEOJHOPIAHICTH YMOBHOTO «HOCIS» CTBOPIOE
MOXJIMBOCTI Isi (pOpMyBaHHSI CKJIaJHMX IHTEIpaTMBHHMX MexaHi3MmiB. [lpu
LBOMY 3pOCTAa€ CTPYKTypHA CKJIAJHICTh (HASBHICTh 0arathOX pPi3HOPIIHUX
YaCTHH, PI3HUX THIIB 3B’s3KiB, yckiagHeHol (yHKIioHambHOCTI). CKIIaHICTh
«HOCIS» BH3HAUa€ MiHIMaJbHY CKJIQJHICTh MO, 3/aTHOI aJeKBaTHO HOTro
orucyBatd. CKJIaJHICTh CHCTEMH € TPOINOPLIHHOI MIiHIMAJIBHIA JOBXKHUHI 11
Mozedi (3a aHAJIOTIEI0 3 KOJIMOTOPIBCHKOIO aJITOPUTMIYHOIO CKIIaHicTIO). ToOTO
CKJIaJTHUI HOCIH POOMTH MPOCTI MOJEII HEIOCTATHIMHU, a OTXKE, cCaMa CHUCTeMa
TIPE/ICTABISIETHCS, SIK CKJIaHA.

TakuM 4YMHOM, «HOCIH CHCTEMU» MOXKE CIIyTYBaTH IOKa3HUKOM 11 CKJIaHOCTI
4epe3 eHTPOMiiHi mapameTpu, 30kpeMa s S, - (2):

—  BiH MOXE 3a/1aBaTH KUIbKICTh CTYNEHIB cBOOOMM S, ;

—  BHU3HAYATH MHOXKUHY MOXKIIMBHX CTPYKTYPHHX CTaHIB geomp ;

— BuCTynaru inpopmauifinum Hociem S, 4epe3 3B’s30K i3 Gopmyioro
IllenHoHa;

—  BHMAararu CKJIaJIHUX MEXaHi3MiB KepyBaHHS Ta B3a€MO/III;

— HEMHHYyYe YCKIQJHIOBATH MOJEIb CHCTEMH Ta JOIYCKaTH CKJIaJHi
JMHaMiuHi PeXKUMHU (HEJTiHIHHICTh, EMEPIKEHTHICTD) S, .

«Hociii cuctemMn» Bu3HaYa€ OOMEKEHHS Ta MOXIMBOCTI CHCTEMHU:
eHepreTuyHi, iHpoOpMaliliHi, CTPYKTYpHi, (YHKIIOHAIBHI, EBOMIOLIIHI.
VY KO)KHOMY 3 IMX BHITIQJIKIB MOJKHA OL[IHIOBaTH BiINOBiAHY (OpMY eHTporii —
TepMOJIUHAMIUHY, iHpOpMaLiiiHy, CTPYKTypHY, TOBEAIHKOBY, €BOJIIOIIHHY.

Jnst OUIbII TOYHOTO PO3yMiHHS POOOTH MOJENi PO3IISIHEMO ii MOBENIHKY
Ha TPUKIAAl IBOKOMIIOHEHTHUX CHUCTEM Ta iX BiJIOOpa)KeHHS y JBOBHMIiPHHUX
MaTpHUIIX CYMIKHOCTI.

SIkmo ans  KOKHOTO — iHIEKCY | (BiacTUBOCTI-LIapy) OyayeTbes

BJIACHA JBOBHMMIpHAa MaTpHUIl CYMIXHOCTI, 110 MICTUTh 3Hau€HHS AS(ip 0
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, TO KO)KHa 3 TaKUX MaTpulb MaTHME OJIHAKOBY TOIOJOIi0 3B’SI3HOCTI,
TOOTO IJEHTHYHMI HaOip JOmycTHMUX map (p,g), BIAPI3HSIOYHCH JIUILIE
BEJIMYMHAMH CHTPOIIHHUX BHECKIB, Y TOMY YHCII, 3 OOKY «HOCISI CHCTEMMIY.
CyKyInHICTh TaKMX MaTpHllb yTBOPIOE IApyBaTy EHTPOIIIHY CTPYKTYpY,
BOyJIOBaHy B HaJICHCTEMY Ta IPUPOIHO IHTEPIPETOBAHY SIK OaraToBUMIipHHUN
06araTOKOMIIOHEHTHUH 00’ €KT.

Po3riisineMo MHOXHHY JIBOKOMIOHEHTHUX CUCTEM b, \,P # ¢ , Ta MHOKHHY
OPTOTOHAJIBHUX CHTPOIIHHUX BHECKIB S(’M) , IHICKCOBAHMX 1X BIIACTHBOCTSIMHU
(mapamu) i=1,...,N, y BUDIAA1I TOMOJOTIYHOI MOJIEII MIApyBaTOi CHTPOIIHHOT
CTPYKTYypH y (opmi 1iinapa. [lapamerpudne momaHHs IUTIHAPA K «HOCIS
CHCTEMMU» Ma€ BHIVIS]

C={(x,i)|xeX,ie[0,N]}’ 4)

e X — IMCKpeTHa MHOXKHHA JBOKOMIOHEHTHUX cHcTeM b, , a koopauHara
il «HOCISI cHCTeMW» BIAINOBINAE TOPSIKY OPTOTOHAJIBHOTO EHTPOIIIHOTO
BHECKY.

Ha puc. 1 mogano BiAmoBigHy mapyBary eHTPONIHHY MaTPHUIIO CYyMiXXHOCTI,
sIKa TEOMETPUYHO € EKBIBAJICHTHOIO IWIIHJAPUYHIA noBepxHi. [lepiognuHicTs
3HAKOBOi CTPYKTYpH 3a KOOpJMHATOI0 IIapiB 3abe3neuye mioOaibHy
OpIEHTOBAHICTH Ta BIOPSAKOBAHICTH EHTPOIHMX BHeckiB. Ha moBepxHi
LWTTHIpA 3aBKIM BU3HAUYeHA (DYHKILSI 3HAKY 3MIHM €HTPOMil

6:C > {~1+1} =sign(AS|, )€ {+} (5)

Taxwif UIIHAP € OPIEHTOBHOIO ITOBEPXHEIO, OCKIIBKH JUIT HBOTO iCHYE
100aFHO HEeTIepepBHE MoJIe HOpMaJeH, 1 i 9ac 00X0ry 3aMKHEHOI TPa€eKTOPii
Opi€HTAIliST CHCTEMH 30epiraeThCs.

Posroptka Takoi IWITIHAPWYHOI TOBEpXHI (OWB. pUC. 1) HaA TUTOIIUHY

€ eKBIBAJICHTHOIO PO3IVIsIILY IIPSIMOKYTHOT o0acTi R =Xx[0,N] . st e apa

iICHTU(IKAIlS TPAaHUYHUX JIIHIA Ma€e BHIVISI: (X’O)N(X’N ) Takwii BapiaHT
aHaJi3y CHCTEMH € KOPEKTHHM 3a YMOBH IUIABHOI Ta BOBHMIPHOI Opi€HTAIlii
napameTpiB cuctemu (y IbOMY BHIIAIKY — ASi( JUIS. KOXKHOI HACTYITHOI
BJIACTUBOCTI-IIIAPY).

Mu Takoxx MaeEMoO MpaBo poO3IiigAaTu BUIIAJOK, KOJIU Mae€ MiCHe 3MiHa 3HaKy

p.q)

. i .. . s
Slgn(AS(p,q))(i). Ile € 0coOMMBUM BHIAAKOM Y CTaHi IHTErpalbHOI EHTPOIIii

. b - A .
KOHKPETHO1 CUCTEMU (p.q) , 3@ SIKOT'O 11 CKJIaZI0B1 3MIHIOKOTH CBOIO IMOBEAIHKY Ha
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KOPHCTb Pi3KO MPOTHIIKHOIO 3HaKy. Harpukian, sSKIo aJisi 3HaKoBOi (QyHKIii
BHUKOHYETBHCSI yMOBa

G{x,0}=76(x,N), (6)

TO KJIAaCWYHA [WIHIPHYHA IiMCHTU(IKAIS «HOCIS CHCTEMH» CTae
TOTOJIOTIYHO HEKOPEKTHOIO, OCKIJIBKH TOPYUIYETHCS Y3TO/DKEHICTh OpieHTanii
3HAKY MiJ] 9ac 3aMUKaHHS CHCTEMH.

1 1,00
2 075
[ — =]
g ...‘3 >
I 0,50 o3
& 0 -
s g =
z 84 025§
§ g 0,00 &
855 1025 5
=% :
o]
L Q. B=i
é %6 0,503

-
=)
i
o

o]
k=]
S

0 2 4 6 8 10
THeKe IBOKOMIIOHEHTHOT CHCTEMH, b

Puc. 1. Bararomaposa nMJIiHApPUYHA eHTPONiliHA CTPYKTYpa
(opienTOBaHMii BapiaHT)

Po3sroprka noBepxHi HWIiHAPA HA IUIOMIMHY B I[bOMY BUIIAJKY NPHU3BOIUTH
JIO TIOSIBH MATPUIll IHI[UICHTHOCTI, PSAAKH SIKOT BiJIIOBIAI0Th OPTOTOHAIBHUM
SHTPOIMIMHIM BHECKAM (BJIaCTHBOCTSIM-IIApaMm) i, a CTOBIILI — JIBOKOMIIOHEHTHUM
cuctemam b, o).

Imocrtpauiss Tabnuunoi Qopmu  (¢daxronoriyHoi Moxeni) 'y BHIVISII
TOMOJIOTIYHOT HMIIHAPUYHOT CTPYKTYPH HaBeAeHa HIDKYe. SIKIO Takuil UITiHIP
PO3TOPHYTH Ha IJIOMIMHY, OTPUMAEMO MATPHUIIFO IHIIMCHTHOCTI SIK TOXIHY Bif
MOYaTKOBOI MaTpHIli CYMDKHOCTI THITY

b
P.q
b b b b
11 1,2 p.q P.Q

+ total
TASY

total total total _ A Qtotal total s

S} FASEE | HAS ASe +AS
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i i=N
A8, ~ASY

L1 % 1,2 %

+AS)) —ASH +AS])

+AS |

+ASE | +AS —AS +AS Y +AS; o

*

Tyt mo3Hauka (*) Bka3ye Ha OIIHOYHE 3HAYCHHS 3a 3HaKOM *AS .V marpuii
IHIIMICHTHOCTI MOXXHAa HE HABOIWTU YHUCIIOBI 3HAa4eHHS AS, 00MEKYHOUHCH
JIMIIE TOMOJIOTIYHUM 3HAKOM: «+» abo «—». SIKmo /st Takoi MaTpuii
BPaxOBYBaTH BHUKIIIOUHO 1i sSIKICHMU acHeKT, TO BOHA HA0yBa€ TOMOJIOTIYHOI
(hOpMH PO3TOPHYTOrO HUIIH/PA TAKOTO BUIIISLY

b
L b, b, b,q b, q
LN . .
RN
S}O,m ' 3pocrae 3pocrae SHUKYETHCS 3pocrae
i=1 _ _
tAS;, - + . .
TAS!
i=N —
tAS) + . + . +

e 3HAKOM «+» TO3HA4eHI KOMIPKH, y SKHX BiIOyBa€Tbcs 3pOCTAHHS
inrerpanbHoi entpomii S, a 3miHa eHTpomii 1i i-X CKJIamoOBHX iASiM
€ JIOJaTHOI0; HATOMICTh y KOMIpKax 31 3HAKOM «—» CIIOCTEPIra€ThCs 3HMKCHHS
IHTEeTpaJIbHOI EHTPOTIIl, a 3MiHa eHTPOMI] ii i-X CKJIATOBUX € BiJ €MHOIO.

VY momaniii ¢opmMi BHKOPHUCTOBYIOTHCS BHKJIIOYHO 3HAKH 0€3 UYMCIIOBHX
3HAYeHb BH3HAYAIBHAX MAapaMeTpiB, YHM TIIKPECIIOETHCS TOMOIOTITHIHA
XapakTep aHamizy. [HTepnperarist paakiB K iHTeI‘paHLHOFO .6(1)6KTy Bif iAs;‘le
, @ TAKO)X OKPEMHX OPTOTOHANBHMX BHECKIB *AS , TOBHICTIO Y3TOJUKYETHCS
3 paHille MPUITHATOIO METOJHKOI JEKOMIIO3MII eHTpOIIl Ta € KOPEeKTHHM
MIXOMOM Ui BUSBIECHHS oOmacTeidl camoopradizamii # me3oprarizamii
B CHCTEMIi, a TaKOX JJIsl TOMIONIOTIYHOI KiTacu(ikarlii CTaHiB.

Ha puc. 2 moka3zaHo MOBEMiHKY 3HAKOBOi (DYHKIi €HTPOMIHHOTO BHECKY
i yac oOXomy 3aMKHEHOI TpaeKTopii Ha Opi€HTOBHIM moBepxHi. [lodarkose
Ta KiHIIEBe 3HAYEHHS 30iraroThbes, IO BigoOpaXka€ BiACYTHICTH TOIOJIOTIYHOT

igBepcii. 3 ommamy Ha Te, MO KOHQITypallis MaTpHIll iHIUICHTHOCTI MOXeE
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MICTHTH 1111l 00J1aCTi, y SIKMX 3HAYEHHsI 3HAKIB J_rASL, , Y KOMIpKax € JJoflaTHUMH
a0o, HaBNAKM, BIJ€EMHUMH — 3aJ€KHO BiJ BIACTUBOCTEH KOHKPETHOI
JIBOKOMITOHEHTHOI CHCTEMH, — MOXKHA OYIKyBaTd, IO TaKa TOIIOJOTis
TIOE/IHYETHCS 13 3aKOHOMIPHOCTSIMH HEOPIEHTOBAHHMX TOIOJIOTTYHUX CHUCTEM Ta
X BJIACTUBICTIO @HTUIEPIOAMYHOCTI. Y IbOMY BHIQJKY IIiJ{ 4ac PyXy B3JIOBXK
YMOBHOI'O CKPYHYEHOTO LWIIHApa OpieHTawis (y JaHOMY BHIIQJIKY 32 3HAKaMu
KOMIPKH) 3MIHIOETBCSI Ha MPOTWIICXKHY. Taka iHTepIpeTanis Moxe 3a0e3MeunTn
HOBI OIUCH BIIACTMBOCTCH 1 3aKOHOMIPHOCTEH Uil KOXKHOI 3 BHXIJHHUX
JIBOKOMITOHEHTHUX CHCTEM.

1,50

Sign(AS)
i

(¢
s

0,75

0,50
00 025 0,50 075 1,0
Puc. 2. 36epeixenHs 3HaKy eHTPONIIHOI0 BHECKY I Yac 00Xoqy
3aMKHEHOI TPAEKTOPii HA OPiEHTOBHIN HMJIIHAPUYHIN OBepXHi Moaei
(nmicsis1 00xony GyHIAMEHTAJBHOIO0 LMKJLY (0(1) = G(o))

W —
s © =
z2 & 8
ii, AS, y.o.

HMA map, i
&
=
B
I

EnTpomil
[
S
o
5
e

o
S
O
3

3mi

—
s
5
b

JIBOKOMITOHEHTHI CHCTEMH, b,

Puc. 3. Pozroprka inBepcHOro nujainapa (nMpsiMOKyTHA eHTpOMiiiHa
00/1acTh) Ta AHTHIEPIOAMYHICTL 3HAKOBOI (PyHKILIl AK TOmoJIOriYHA
HEKOPEeKTHICTh AJIsl HWIiHApPa
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IHBepcHa po3roprka UMIIHApa Yy MPSIMOKYTHY OOJNacTb JIEMOHCTpPYE
MOPYLICHHS 3HAKOBOI Y3TO/DKEHOCTI 3a aHTUIEPIOAWYHHMH T'PaHHYHUMHU
ymoBamu. Taka KoH]Iryparis € HeCyMiCHOIO 3 IMJIIHIPUYHOIO iAeHTHDIKaIi€0
Ta motpedye 3MiHU TOMONOTII (puc. 3).

Crtporuii mepexia 0 HeOpi€EHTOBAHUX TOMOJIOTIYHUX MOJIEJIeH BiiOyBa€eThCs
y BHIAJKy, KOJIM B MaTpHIi IHIMJICHTHOCTI (OPMYIOTHCS MPOTSDKHI 0OnacTi
31 3MiHEHHMH Ta CTIHKMMH 3HaKOBUMH KOH(pirypamismu. Y Takiid curyamii
BUHHMKAae HEOOXiqHICTH IX IHTeprperamii B TepMiHaX HEOPIEHTOBHUX
MOBEPXOHb. 30KpeMa, 32 YMOBH, LIO ITiJ 4ac pyXy B3JOBXK YMOBHOI TPaeKTOPii
[0 TMOBEpPXHI IWIIHApa BiAOYBa€ThCsl 3MiHA oOpieHTalii, abo iHBepcis
3HaKY sign(AS("p,q))e{i} , abo X MOJeNb TPUPOAHUM UYUHOM Y3TOKYETHCS
3 TOmoJoriero cTpidku Mpobiyca (K OiTbII HAOYHOTO MPHUKIIALY), IO BOJIOIIE
BJIACTHBICTIO aHTHUIIEPIOJUYHOCTI.

VY 1poMy BUIAJKY 3HAK CHTPOIIHHOTO BHECKY CTa€ JIOKAJIBHO 3QJICKHUM Bij
Horo HuIsixXy, a CucTeMa JEMOHCTPYE He KJIaCHUHY aJUTHUBHICTh i TOMOJOTTYHO
3yMOBJICHY CHTPOIIHHY CIHPSDKCHICTh, a IHBEPCHY MOBEIIHKY 3 BHPAKCHOIO
AQHTHUTEPIONUYHICTIO 3a IIapaMu (BIACTHUBOCTAMH cucTemH). l[le Bkasye
Ha imeHTH(]IKANiI0 JCSKUX TOMOJOTIYHUX IMOBCPXHEH 13 BIIACTHBOCTSIMHU
HEOPIEHTOBHUX PO3MIapyBaHb (x,0)~(r(x), N), I€ 1:X¥_sXx — TOTOXHE
abo cuMeTpuuHe BimoOpaxkenHs (y HaiimpocTimomy Bumagky T(x)=x)
3 000B’SI3KOBOIO 1HBEPCI€I0 Opi€HTAIII].

Take TOMOJOTiYHE MPOCTOPOBE YTBOPEHHs, mHo3HaueHe sk M=R/~
€ HEOPIEHTOBHMUM 1 TOMEOMOP(HHM JI0 BIIOMHX MOJIENICH Ha KIUTAJIT CTPIUKH
Mprobiyca. OTke, TOIOJOTIYHA TMOBEPXHS IOCTa€ TYT HE SK T€OMETpHYHA
Meraopa, a SK CTPOro HEOOXiJHMH TOINOJOTIYHUI 00’€KT, M0 3ade3nedye
Y3TOKEHICTh 3HAKOBOI CTPYKTYPH IapaMeTpiB CHCTEMH 3a aHTHIICPIOAWNIHUX
ymoB. Cuctema micisi OHOTO MOBHOTO 00X0y Hamae A— —A ,, a miciis Apyroro
MOBHOTO OOXOMy MOBEPTAEThCst 10 A—> A. Ane MOKyTh OyTH 1 MOBTOpHI
nuisixu. [Ipy boMy mpocTip M peatizyeThesl He SIK JIOKallbHa OIeparis, a sk
I00ATBHUIA TOTIOIOTIYHHN e(DEKT.

[Ipodine eHTpomiitHOro BHECKY B3OBK KOOPIMHATH INApiB 3aJ0BOJHHSIE
YMOBaM aHTHIIEPIOANYHOCTI, 3a SIKOI 3HA4YEeHHs Ha NPOTHISKHHX MeKax
MAaIOTh MPOTHIICKHI 3HAKH (puc. 4). Lle € popmanbHOO YMOBOIO HEOPiEHTOBHOL
TOMOJIOTII.

3 ypaxyBaHHSM TOTO, IO BUXITHI JaHI JUIA TaKOTO aHAII3y Mepemadadan
3HEOCOONICHI MAaTpHIi IHIUAEGHTHOCTI, $AKi HE BKIIOYAIOTH IPOLEAYPHUX
rapamMeTpiB aHalli30BaHOI CHCTEMH, BBEIEMO OIIEpaToOp 3HAKOBOI i1HBEpCii,
BU3HAYEHUH 5K

£:ASE
p.q

Q' ‘Asipm . (7
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AS;

0,5

0,0

0,0 0,5 1,0
Entpomniitauii map
Puc. 4. AHTHNIEPHOAUYHICTH €HTPOMNiHHOTO BHECKY SIK YMOBa
HEOPiEHTOBHOI TOMOJIOTII (K/IH0Y0Ba YMOBA iHBEPCHOCTI CUCTEMHU)

VY 3HaKoBOMY MozaHHi: £:(o)+> —o . Omepatop £ Mae Taki BIaCTHBOCTI:

—  IHBOJIOTHBHICTB, £* =1d ;

—  TOIOJIOTiYHA 3yMOBJICHICTb, OrnepaTop £ peaizyeThCst Mia 9ac 00X0my
(hyHIaMEHTATBbHOTO UKy HEOPIEHTOBHOI TOBEpXHI (HAMpUKIaA, MOJAETh
«BKJIQJIKW» TPOEKTUBHOI IJIOMUHU, CMYTH 3 HEMApHOI KUIBKICTIO MiBOOEPTIB
Ta iH.);

—  HEJOKAJIbHICTh, JIis OTIepaTopa BUSHAYAETHCS TIIO0ATBHOIO TPAEKTOPIETO,
a He JIOKAJIbHIM CTAaHOM OKPEMOT KOMipKH.

3anponoOHOBaHU MIIXiJA Ja€ 3MOTY TOE€THATH EHTPOIIWHWUN aHaui3
1 TOTIOJIOTIYHE MOJIETIOBAHHS, 3a0e31euye CTPOTY MaTeMaTHYHY iHTepIIPETAIii0
JUIsi 0araTOKOMIIOHEHTHHMX CKJIaJHHX CHUCTEM IIHPOKOrO KIacy, J03BOJISIE
MacimiTabyBaTH MOJAETHh BiJ JBOKOMIIOHEHTHHX IO OaraTOKOMIOHEHTHHX
CHCTEM 3a €IUHMMH 3aKOHOMIPHOCTSMH Ta BHSBJIITH INPHXOBaHI MEXaHi3MH
caMOoOpTaHi3aii, HeIOCTYITHI B KIIACHYHUX aJUTHBHUX MOMIEIISX.

1,0

Cd

o¥

o
3

<

W

Inrerpanbua enrpomis, S,
2

OpieHTOBaHUHN HUIAX

0,0

0,0 0.5 .
ITapameTp aHaMiITHYHOTO HULIXY

Puc. S. 3anexnicTs iHTerpanbHoi eHTpomii cucreMn
Bi/I TONMOJIOTIT HIUIAXY aHAJI3y

194



3acTocyBaHHSl 3HAKOBUX MAaTpHIb IHIMJIEHTHOCTI Ta HEOPIEHTOBHUX
TIOBEPXOHB BIJIKPHUBAE MEPCHEKTUBH SKICHO HOBOTO ONMHCY CKJIaJHHX CHCTEM,
30KpeMa TEXHOI€HHOI Ta IpPUPOJHUYO-HAYKOBOI Tpupoau. I[lopiBHSAHHS
TIOBE/IIHKH 1HTETrpalIbHOT €HTPOIIIi JUIsl OPIEHTOBHOTO Ta HEOPIEHTOBHOTO LIJISXIB
aHaJi3y MOKa3ye, 10 B JPYrOMY BHIIQJIKy iHTErpajibHa EHTPOIIs 3aJeKHUTh BiJ
100aJIbHOI TOMOJIOTIYHOI TPAEKTOPIl, a HE JIMIIE BijJ CTaHy cucTeMH (puc. 5).
Takum 4MHOM, 1HBEpCisl 3HAKY SHTPOMIHHOrO BHECKY € HE OOYHMCIIIOBAIBHUM,
a TOTIOJIOTTYHUM €(EKTOM.

OtpuMaHi pe3yibTaTH J03BOJISIIOTH O-HOBOMY IHTEPIIPETYBaTH IPOLIECH
camoopranizanii Ta Je3oprasizaiii B CKJIQJHUX CHCTeMax. 30KpeMma, CHTyallis,
KOJIM IHTETpaJibHa SHTPOIIiS CUCTEMH 3aJISKUTh B/l IUISIXY aHAJIi3y, a HE JIMIIe
BiJ 1 cTaHy, OTpUMY€E IPUPOJHE MOSICHEHHS Yepe3 HEOPIEHTOBAHY OJHOMIpHY
toroJiorito. Takuil MiaXiJ € OCOOJMBO MEPCIEKTUBHUM ISl JTOCIIIKCHHS
0araTOKOMIIOHEHTHUX CKJIQJHUX CHUCTEM, TEXHOTCHHUX I€papXiuyHHX CHCTEM,
CHCTEM 13 KOHKYPYIOUUMH MEXaHi3MaMH BIIOPSIKYBaHHs TOLIO.

Takum yrHOM, y pOOOTI YITKO ITOKa3aHo, 110 EPEX i BiJ CTPOro OPIEHTOBAHUX
JI0 HEOPIEHTOBAHUX EHTPOIMIHHO-TOIOJOTIYHUX MOJIENICH CKIIQAHUX CHCTEM
€ MaTeMaTuyHO OOIPYHTOBAHUM 1 (PI3MYHO OCMHCICHUM, a TAKOX JIOITyCTHMUM
JUISL ONHUCY OUIBII CKJIaJHMX CHCTeM. BBeneHHs omeparopa 3HAaKOBOI iHBepcii
PO3LIMPIOE KIIac JOMYCTUMHX MOJIEJICH 1 I03BOJISIE BpaXOBYBaTH aHTHIIEPIOHYHI
e(eKTH, MPUHIUIIOBO HEJOCTYIIHI B OPIEHTOBAHHUX IPOCTOpAX.

2. EHTponiiiHo-Tono1oriyHa MoAesib 6araTOKOMMNOHEHTHUX
CKNIAJHUX CUCTEM

VY wiit yactuHi poOOTH MM PO3IIISAAEMO MOAEINI, TIOPIBHIHHI 3 ITPaBUIIAMH,
BUKJIAJICHUMH TIPH MOJIEJIIOBaHHI JBOKOMIIOHEHTHHX CHUCTEM, SIK TTOXIJIHUX BiJl
SHTPOMIMHO-TOIOJIOTTYHOT MOJIeJli JBOKOMIIOHEHTHHX CHCTEM, 3aCHOBaHHMX
Ha IIAPOBHUX MATPHUILSX CyMDKHOCTI Ta LMIIHAPUYHIA TOMOJOTIT 3 MOXIIMBUM
[EPEXOJIOM JI0 HEOPIEHTOBAHUX TOMOJIOTiH. MeTa IBOro JTOCITIKCHHS —
CTPOTO y3arajJbHUTH IIeH MijXiJl Ha 0araTOKOMIIOHEHTHI CUCTEMHM Ta IOKa3aTH,
110 BUKOPUCTOBYBaHA JIBOIiCTa, 3a BIACTUBOCTSMH, TOIOJOTIS IPUPOTHO
PO3LIMPIOETHCS 10 OaraTOBUMIPHUX HEOPIEHTOBAHMX MHOTOBHJIIB.

Po3risiHeMO 0araTOKOMIIOHEHTHI CKJIaJHI CHCTEMH Yy IX rimeprpadoBomy
npejcTaBaeHHI’. 3a1a€MO MHOKHUHY BHUXIIHUX KOMIIOHCHTIB B={b,b,,...b, }.
BararoxomIioneHTHa cucrema HOPSIIKY k BU3HAYAETHCS K
b(p“pz”mpk),pi EPjFE D

Take onucaHHS NPUPOAHO BiANOBijae rimeprpady, 1€ BepLUIMHAMU
rpada € KOMIIOHCHTH b, a rineppedpa — BIIaCHE 0araTOKOMITOHCHTHI

> Diestel R. Graph Theory. Springer, Berlin—Heidelberg, 2017. pp.181-190
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CHCTEMH_ b(php%w”m. . Le n103BOIISIE HpI/IHLEI/IHOBO PO3IIMPHUTH  TapHY
MaTpPHULI0 CYMDKHOCTI 10 0ararOBHMIpHOTO 00’€KTa, 31aTHOTO IMPEACTABISATH
0araToBUMipHY MaTPHIIO CYMIKHOCTI Y TEH30PHOMY 3aIliCi.

BBenemo TeH30p CyMIKHOCTI OPSIKY k-

A(Pl-Pz .»»-~Pk)’ (8)

KOXCH HGHyJ'IBOBI/II\/’I CIICMCHT SKOI'O Bi,IlHOBiI[ae iCHyBaHHIO CUCTEMU

B pan) - KoxHiif Takiii CHCTEMi CIIBCTaBIIEThCA IHTETpalbHA CHTPOMIS:
total i 1
= Ta 3MiHa EHTPOII]
(P1s P2 Pi) S(plvan---pk) ? p
k
+ total — total _ .
*As(p.,pz,..“pk) S(m)pz”»--pk) Zsm_ (9)
J

[TpuBenemMo yMoBH 30€peKeHHSI OPTOTOHAIBHOI EHTPOIIHHOT JEKOMITO3HIIIT,
aHAJOTIYHI  JBOBUMIpHMM cuctemaM. Jlmg 1mporo mpuiiMemMo yMOBY,
BIJIMOBITHO JO SKOI iHIEKC IMIapyBaTOCTi i 30epirae MOINEpeaHe 3HAYCHHS
OPTOTOHAJBHUX BKJIAJOK BIACTHBOCTEH CKJIAJHOI CHCTEMH, BKJIOYHO 31
CTPYKTypHUMH, iH(MOPMALIHHUMH, KOHQDITypalifHIMH, TEPMOAWHAMITHUMH,
(i3UKO-XIMIYHIMH, TCOMETPUIHUMHE Ta 1HIIMMH, 3aJIEKHO B 0COOIHBOCTEH
KOHKPETHOT cHcTeMH. TakuM YHHOM, JUIl KOXKHOTO i (hOpMyeThCsl TEH30p
EHTPONiiHUX MpupocTiB TAS, .

SIKIIo TOmONOTiYHI 0OMEXEHHS MPUMYIIYIOTh CHCTEMY IepPEeHTH B MEHIIY
KiJIBKICTh MaKpOCTaHiB (3BYXKCHHs iHBEepCiHHHMX oOnacTell i 3HWXKEHHS S, ),
TO 1Ie moTpeOye BUTpAT eHeprii W, Mo BHIUISETHCS B OTOUCHHS W IIJBUIIYE
EHTPOIiI0 HajcucTeMu (S, ) TaK, mwo AS, , =AS +AS, >0. dopmanbHO
MOKHA OYiKyBaTH, 0 AS, > AS,, -

Takum YWHOM, aHaJi3 TOIMOJOTIYHOI Oprasizamii Mae BpaxoOByBaTH
SHepreTHYHMI OanaHc 1 Jukepena aucumnarii (0OMiH TerIoM, 30BHIIIHS poOoTa)
SIK CKJIQJIOBY MOJIENIi, He3BaXKalouu Ha i1 0e3p03MipHICTb.

Posroprka OararoBUMipHOi TEH30pHOI CTPYKTYpH IPH3BOJUTH  JIO
y3arajJbHEHOI  MaTpUIli  IHIMOCHTHOCTi, Ji¢: CTOBIII  BiIIOBIJalOTh
0araTOKOMIIOHEHTHUM CHUCTEMaM b a PpSOKH — CHTPONIHHUM

(1o p2osopi) 2 . .
BKJIaJJKaM 3a BJACTHUBOCTAMU CHUCTCMH i. 3HaAYCHHSI Y KIIITUHKAaxX MaTpull —

snaxu sign(AS') e {+,—}, Taxum unHOM, MOG MOKETH MOBHICTIO MepexomHa
y TomosoriyHo-3HakoBy (opmy. Haiinpocrimma ¢opma Takoro mnepexony
npescTaBise 0araTOBUMIPHUN E€HTPOMIMHO-CTPYKTYpOBaHMW LWIIiHAP (pHC. 6,
a). Takumil nmninap siBisie co0OI0 OpiEHTOBAaHE EHTPOIIIHE i-IIapyBaHHS, e
HiJICTaBa BIJIIOBIAAE MPOCTOPY OAaraTOKOMIOHEHTHHX CHCTEM, a BEPTHKaJbHI
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apy — OPTOTOHAJIBHUM EHTPONIHHMM BKiIaaKaM. [Ipu 00Xoni 3aMKHYTOro
LIUISIXYy 3HAaKW EHTPOIIMHUX TPHUPOCTIB 30epiraroTbecs, IO  BiAIOBiJae
UWTHIPUYHIN iTeHTUIKAIT.

Panr warpii Panr sarpui

a) b)
Puc. 6. IIpodisb 3HaKy eHTPOMII B3/10B:K 3aMKHEHOI'0 LJISIXY
HA TOIOJIOTiYHO OPi€EHTOBaHil MOBepXHi HMIiHApA (a)
Ta B Horo inBepcHii oduaacri (b)

Posroptka mmmiHApa y TpsSIMOKYTHY OOJIAaCTh BiIOBiTae TEPEXOmy Bif
TEOMETPUYHOTO PO3IIAPYBAHHSA 10 0araroBUMIpHOTO (i =11, N) MaTpu4HO-
TeH30pHOTO TofaHHs (puc. 6, 0). Taka dopma, sIK i y BHMAAKY JBOBHMIPHHUX
MATpHUIlh IHITUICHTHOCTI, € CKBIBAJICHTHOIO Yy3aralbHCHi OaraToBHMIipHIiH
MATPHII HIMICHTHOCTI Ta 3pyYHOO NI aHANITHIHOI OOpOOKH SHTPOIIHHUX

BHECKIB BiJl KOKHOTO 3 i-X mapis. CyKynHicTs Tensopip *AS(, . yTBOpIO€E
PO3IIapyBaHHs, SIKE OTMUCYETHCS BIIOOPAKEHHIM
n:E-H, (10)

ne 0a3za H —Ie mpocTip 6araTOKOMIOHEHTHUX CUCTEM, a Iap — CHTPOIITHAH
mpocTip BKIaAOK i. Take po3mapyBaHHA € TOMOJNOTIYHO EKBiBAJICHTHUM
0araToBIMipHOMY TOIOJIOTIYHO OPI€EHTOBHOMY LWIIHAPY 31 30epekeHHIM
CTPYKTYPH 3B’S3HOCTI Ta 3HAKOBHUX XapaKTEPUCTHK

1™ = Hx[0,1]" - (11)

AHTHIIEpIOANYHICTE Yy cHCTeMi (pUC. 7) TPOSBISAETHCS B TOMY, IO
micius 00XOAy 3aMKHEHOI TpaeKTOpii EHTPOMIWHUI BHECOK 3MiHIOE 3HAK

sign(AS')e{+,~} i cucrema maGyBae O3HAK HEOPIEHTOBAHOI MOBEIHKH.
Taka moBenmiHka CTa€ HECYMICHOIO 3 JBOOIYHOIO, TOIIOJOTIYHO OPi€EHTOBHOIO
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HWTHIPUYIHOK 1IeHTH(]IKAIEI0 Ta BKa3ye€ Ha HEOOXIAHICTH IEPEXOAy 0
HCOPIEHTOBHOI TOIOJIOTIi, a TaKOXX Ha OOMEKCHICTh KIJIBKOCTI HE3aJIC)KHUX
CTaHiB CHUCTEMH. TakuM 4YHHOM, cama TOIIOJIOTIS HAaKIAaJa€e CTPYKTYpHI
0OMEXKEHHS, SIKi MPOSIBISIFOTHCS SIK 3MEHIIEHHSI KiJIbKOCTI CTYIIEHIB CBOOOIM 1,
BIJIMIOBITHO, SIK 3MiHA CTaTHCTUYHUX BIIACTHBOCTCH CHTPOIII.

(Spac-Sne)/Seac
°
a
",

0
0 0.05 0.1 0.15 0.2 0.25 o1 =-
1IN -

a) b)

Puc. 7. Autunepionnynuii npo¢ine eHTpoNiiHOro BHECKY
A5 6araToBUMipHOT 0araTOKOMIIOHEHTHOI CKJIATHOI clcTeMH ()
Ta ii i3uHroBa Moaeab y BUIVIsAI npsiMoKyTHOI maTpui (b)
(32 manumu podotu'’)

Sxmo mis nmeskoro HaOoOpy BKIAMOK TMpH OOXOMI 3aMKHEHOTO ITHKITY
B IPOCTOpi H BHUKOHYETHCS MTEPETBOPCHHS

——AS/

+AS‘ (Pnl’z-w-l)k)’ (12)

(P12 P2oveoPi)

TO IWIIHAPWYHA iACHTU(]IKAIS CTae HEMOXIHBOK. Y IIhOMY BHITAAKY
BUHUKAE HEOPIEHTOBHE pO3MIAPYBAaHHS, SKE y3arajJbHIOE CHCTEMYy Ha
OaraToBHMipHHI BHUIAIOK, 30KpeMa, Ha HEJiHIMHI JIOKaIbHI KpOC-Kamu abo
K CIMEHCTBO aHTHUIIEPIOAWYHHX MTOBEPXHEH 3a 3HAKOM CMYT HaJ| Tineprpagom.
DopMaIbHO 1€ IOAAETHCS Y BHIVIAI

(x.i)~(x.1-i), me iefo,1}". (13)

Jnst oniHIOBaHHSL 00’ €KTUBHOCTI TAKOTO EPEXOAY B MEKaX 3HEOCOOJICHUX
MaTpHlb IHIWAEHTHOCTI BBEIEMO MOHSTTS OIleparopa Mepexomy

E : ASEPMPZH---PK) = 7ASEP|, 2 v---Pk) ’ (14)

1 Enderton H.B. Elements of Set Theory. Academic Press, New York, 1977, pp. 67-69.
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£ : ASZPnP:»u--Pk) = _ASEP“PZMmPk) N (15)

SAKAM BOIOMIE BIACTHBOCTAMM iHBOMIOTUBHOCTI (£ =Id ), HEIOKaaBHOCTI
Ta TOTOJOTIYHOI 3yMOBJICHOCTi. Y 0araTOKOMIOHEHTHHUX CKJIaTHUX CHCTEMax
Takui omeparop [ Jdi€ HE Ha OKpeMy KOMIpKY, a Ha HiJli 00lacTi KOMipok
y TiAIpOoCTOpi TEH30pa CYMIKHOCTI 1, BIAMIOBIIHO, TEH30pa IHIIHMICHTHOCTI.

OtpumaHa B Takhil CHOCiO OAHOOIYHICTH AHTHUIIEPIOMUYHOI TOIIOIOTIYHOT
MOJeNi TPHU3BOAUTH A0 3MIHM XapakTepy TEpMOAMHAMIYHUX TPAEKTOPIH
CICTEMH, IO CBONIOUWIOHYE B3MOBK Takoi moBepxHi. Cucrema 3a3Hae
JIOIaTKOBOTO «CKPY4YyBaHHM» y (pa30BOMY MPOCTOPI, [0 MOXKE SIK TTOCHITIOBATH,
Tak 1 TOCHaONIFOBaTH XaOTH3AIlil0, 3MIHIOBATH CTYIiHb IEPEMIIIyBaHHI Ta
(¢opMyBaTH ambTEpPHATHBHI INUIAXH CaMOOPTaHi3allii CHCTEMH IOPIBHSHO
31 3BHUAiHIMH JABOOIYHMMH TOBepxHAMH (puc. 8, a). ToMmy MIBHAKICTH
3pOCTaHHS TEPMOIMHAMIYHOI HEYTOPSIKOBAaHOCTI 200, HaBIAaKH, CXWIBHICTH J10
(opMyBaHHS BIOPSAAKOBAaHUX CTPYKTYpP BH3HA4YA€THCS HE JIMIIE BHYTPILNIHIMHU
(Y maHoMy BHTIAJIKy — TEPMOINHAMIYHIMH ) B3a€MO/ISIMU CKJIATHOI CHCTEMH, ajIe
1 11 TI0OaTPHUMHU TOIIOJIOTIYHUMHE BIACTHBOCTSAMH. Taka MOAETH € MPUKIIAI0M
TOTO, SIK CyTO TEOMETPHUYHI Ta TOIMOJOTIUHI BJIACTUBOCTI HPOCTOPY MOXKYTh
KepyBaTH EHTPOMIMHUMH 3aKOHOMIPHOCTSIMU CKIIQHUX CHCTEM.

Sign(AS)

6(s)

s
=

0,0

10 |
JIoB3kHHa MIIAXY 10 TOBEPXH, §

a) b)
Puc. 8. Po3ropTka Tomo/10riuHo eHTpomiiiHO-iHIIIeHTHOI 00IacTi
nITiHApPa (a) Ta iIHBOTIOTHBHICTH OmepaTopa 3HAKOBOI iHBepcil
3a MmepuInM nmapaMeTpoM ooxoxay (0)

Hanpukian, 3a 0HOTO MOBHOTO MUIAXY OOXOY TPAa€EKTOPIl arepiomTundHOTO
mumiegpa (puc. 8, 0) 3HAK EHTPOMIMHOTO BHECKY UIA IJIOTO TEH30PHOTO
MiIITPOCTOPY IHBEPTYETHCSA, a BIMHOBICHHS MOYATKOBOTO 3HAKY BinOyBaeThCs
JUIIE Ticas TOABIMHOTO IMKITY, aHAJOTIYHO JO BHIAJAKY HEOPIEHTOBHHUX
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po3lIapyBaHb Ha TOIOJOIIYHUX IOBEPXHSX, 30KpeMa, cTpiukn Mpobiyca
(puc. 9). Takuit rpadik HAOYHO JEMOHCTPYE IO Omeparopa OaraToOBHMipHOT
3HAKOBOI 1HBEPCii, 3yMOBJICHOT INI00AILHOK HEOPIEHTOBHICTEO IPOCTOPY CTaHIB.

OTpuMaHa TaKMM YWHOM MOJIEJIb Ma€ HU3KY IEPEeBar, OCKUIbKH, MOEIHYIOUN
rineprpadgu, TEH30pH, TOMOJOII0 Ta TEPMOAMHAMIKY, BOHa IOSICHIOE
CHiBICHYBaHHs IIPOLECIB camoopraHizamii W Je3opranizauii Ta JEMOHCTpYE,
10 SHTPOIIisl CKJIQJIHOI CHCTEMH € HE JIMIIE CTaHO3aJIeKHOI0, a i TPAEKTOPHO
3aJeKHOI0 BeaMYMHOW0. Cilifi 0COOJIMBO MIAKPECIUTH, IO HEOPIEHTOBHICTH
y IIbOMY BUII3JIKy € HE TIJIbKH CyTO MaTeMaTHYHOIO OIUCOBICTIO, a i BiZjoOpaxae
6araTo(akTOpHICTh BIACTUBOCTEH, (Di3nuHYy Ta iH(pOpMalLiiHy HEOTHO3HAYHICTh
CKJIQJIHUX CHUCTEM. 3arpolioHOBaHa

Puc. 9. LimocTtpaTruBHuUii Npukaan 6araToBUMipHoOi 3HAKOBOI iHBepcii
B HEOPi€HTOBAHOMY NMPOCTOPi 3 AHTHNEPIOAMYHUM CTAHOM
(3a manumu podortu')

MOJIeNIb TPUPOJHO 3aCTOCOBHA JIO0 MIMPOKOTO KJACy CKJIaJHUX
0araToKOMIIOHEHTHHUX CHCTEM 1 OyJia anpoOoBaHa Ha CHCTEMax BUPOOHUIITBA
0araTOKOMIIOHEHTHUX CyYMIlIeil pI3HOrO TNpU3HAYEHHS, y TEXHOJOTIsAX
PEUMKIIHTY METalyprifHUX BIIXOIB, MiJ Yac JOCIIKCHHS TEXHOICHHUX
€KOCHCTEeM UIMPOKOr0 Kjacy, a TaKoX Y JIOJUHO-MAlIMHHUX CHCTEMax
TOIIIO.

3. MpupoaHe NnpuKnagHe 3Ha4YeHHA Mogeni
Monens fae 3MOTry BIAPI3HHTH SIKICHO peajibHy CHUCTEMHY CTIiHKICTh
CKJIaJ{HOI CUCTEMHU BiJ i 1150311, 1110 BUHMKAE BHACIIIOK aJUTHBHOIT KOMITEHCALi1
EHTPOMIMHUX 3HAKIB 1 TOMNOJOTIYHOI HEOJHO3HAYHOCTI CTPYKTYPH.

' Enderton H.B. Elements of Set Theory. Academic Press, New York, 1977, p. 67.

200



[puknaaHe Ta MpaKTHYHE 3aCTOCYBAHHS CHTPOIIHO-TOMOIOTIYHOT MOJICIT
0araTOKOMITOHCHTHHX CKJIQJIHUX CHCTEM TOJISIrae y 1l BAKOPUCTAHHI [Tl aHATII3Y
TaMm, JIe HEMOXKJIMBO KOPCKTHE 3aCTOCYBaHHS METOINIB aJUTHUBHOI CHTPOIIII,
YCEepENHCHHUX IMOKA3HMKIB a00 JIOKAJIBHUX KPHUTEPIiB onTUMaibHOCTI. Momenb
JIO3BOJISIE BUSIBJISITH TPUXOBAaHI aHTArOHICTUYHI C€(EKTU, KOJIH MOJIMIICHHS
3a OJIHI€O BJIACTUBICTIO MPU3BOJUTH JIO TOTIPIICHHS CHCTEMH 3a IHIIOW (IO
JEMOHCTPYEThCS HA OCHOBI CHTPOITIHHO-MaTPUYHOT'0 aHAITI3Y CKJIAJIHUX CHCTEM);
BHU3HAYAE IUISXO3aJICKHICTh IHTCTPATbHUX XapPAKTCPUCTUK (KOJIH pPE3yJIbTar
3aJIeKHUTh BiJ TMOPSIKY Ta CHOCOOY aHaizy, 3MillyBaHHs, HaBaHTaKCHHS);
(dbopMabHO PO3pI3HSIE CTIHKY CaMOOPraHi3alil0 Ta ICEBIOYIOPSAKYBAHHS,
1[0 BUHUKA€E BHACIIJIOK KOMIICHCAIIT 3HAKIB 3MiH €HTpOIil. Moaens 1ae 3Mory

NPALIOBATH 3 CHCTEMaMHM, B SIKMX DPE3YJIBTYIOUMH 3HAK e(eKTy (iAS("p.qw))
€ BXIMBIIIMM 3a BEIMYMHY ioro aGcomrorHoro suadenus (AS, ). Le
pPOOUTH MOJEeNb IHCTPYMEHTOM JIarHOCTHKH, & HE JIUIIE OIUCY.

Jnst Gynb-IKOi HPaKTHYHOI CHCTEMH MOJEIb 3aCTOCOBYETHCS 33 €IUHOIO
YHIBEpCaJIBbHO HPHKIIAIHOI CXEMOIO.

dopmyeTbest rimeprpad CcHUCTEMH, y SKOMY KOMIIOHCHTH BHCTYIAIOTh
BepmuHaMu rpada, a peaabHi oeTHAHHSI KOMIIOHCHTIB — Tinmeppedpamu.

bynyerbcs TEH30p CyMDKHOCTI 3 JOTPUMAHHSM YMOBH: SIKIO €JIEMEHT
€ HEHYIBOBHM, TO BIANOBiTHA CHCTEMa pealbHO iCHye abo Moxke OyTh
peaii3oBaHa.

BUKOHY€TBCSI OpPTOrOHajlbHA EHTPOIMIHA JEKOMIIO3UIis (CTPYKTYpHa,
eHepreTHyHa, iHpopMaIliitHa, XiMiuHa, TCOMETPHUIHA TOIIIO).

AHa3yeThCsl 3HAKOBA CTPYKTYpa (iAS(' Mw))i

—  TepiOJMYHICTh BIJNOBIAAE NWIIHAPUYHIA TOMOJOTI] Ta SIKICHOMY
aHasizy;

—  aHTHUIEPIOAMYHICTh Ja€ 3MOTYy BHKOPHUCTOBYBAaTH 3aKOHOMIPHOCTI
HEOPiIEHTOBAHOI TOMOJIOTII.

DopMyeThCA NMPAKTUUHUM BUCHOBOK IOJI0 CTAaHy CHUCTEMH, a came: i
CTIMKOCTI, YyTJIMBOCTI JO MLUISAXY 3MIHM EHTPOMil, a TakoK HEOOXIiJIHOCTI
Ta MOXIIMBOCTEH KEepyBaHHS HEIO Ha piBHI KOH(Iryparii, a HEe OKpPeMHX
rapameTpiB.

ITo cyTi, 4uM BHUIIOK € PO3MIPHICTh KOMOIHAIII CKJIagHOI CHCTEMH, TUM
LIBHJIIIE 3pOCTA€ 4YacTKa ii 3HAKOBO-CUMETPUUHMX ((pycTpOBaHUX) KIIAciB,
JUISl SIKUX OpIEHTOBaHa TOMOJOTis cTae Hecriiikoro. Tomy mnapHi Marpwii
Maibke 3aBXKIU MaloTh IIJIIHPUYHY TOIOJIOTIIO, TOMI SK TIEPCUCTEMH Maiike
HEMHHYYE OIMCYIOThCS SIK aHTUIepiomuuHi abo sk iX y3arajabHEHHs. 3a
TaKUX YMOB IHTErpajibHa SHTPOIIisl CTa€ MUIIX03aJeKHOI BennunHor. Came
TOMY B NPHKJIAJHOMY aHali3l He MepeOuparThcsi BCI MOXIIMBI KOHQIrypariii,

201



a Bijpa3y BH3HauaeThCs IXHIA Kiac 3HaKoBOi cumeTpii. Ha wiii ocHOBI Bxe
MOYKHa TPOTHO3YBAaTH TOIOJIOTII0, CTIMKICTh 1 JOMYCTHUMICTh 3aCTOCYBaHHS
AJINTHUBHUX KPHUTEPIiB.

Po3niisiHeMO nekinbKa MPUKITAJIB MPUKIAIHOTO aHami3y (Tadi. 2).

Mpukaax 1. bararokoMrnoHeHTHI NPOMHCIOBI cymimn (Metanypris,
BIJIXO/TH).

3apaannsi. OUIHUTH, 4YM TPU3BEJE JOJaBaHHS HOBOIO KOMIIOHEHTAa JI0
peasbHOrO TOKpPAIIEHHs KIiHIEBOTO MPOAYKTY PELHUKIIHTY — MeTalyprifHol
cyMmiii.

Knacnunmii miaxin nependadae TMOPIBHSHHS —CHUCTEM  (METaIypriHUX
CyMilleld JJIsi TOBTOPHOTO BUKOPHCTAHHS B MEXKax PEHMKIIHTY) 3a iXHIMH
MII[HICHIMHU XapaKTepUCTHUKaMH, I'YCTHHOIO, BUXOIOM MPUAATHOI MPOIYKILi.

VY 3amponoHoBaHid MeToauui rineppeOpa po3nILAAOTbCA K peajbHi
KOMIIO3UI1ii, @ BHECOK i-T0 LIapy BilloOpakae XiMidHY CTaOIIbHICTh, CTPYKTYDY,
SHeprifo akTuBalii ToOmO Ta (IKCYEThCS, 30KpeMa, y BHIAJKaX, KON
AS}YY >0 win AS <0 - OtpuMaHuil pe3ysbTar il TPUBUMIPHOI MaTpuIli
CYMIDKHOCTI by.s) TA b, BKasye Ha PIBEHB TOIOJIOTTYHOT HEOPIEHTOBAHOCTI
cuctemn (signAS'{+}), a omxe 103BOJILE 3POGHTH BUCHOBOK TPO 3aJIEKHICTD
BJIACTUBOCTEH CyMilIl BiJ| MOPSIKY 3MIITyBaHHs Ta YMOB 1i OTpUMaHHSI.

IIpakTu4yHMii BHCHOBOK TIOJSTA€ y HEOOXITHOCTI KOPCTKOTO KOHTPOIIIO
TEXHOJIOT11 MATOTOBKU CYMIlIITi, IO B IbOMY BHIIJKy € OB KPUTUYHUM, HIXK
oe3nocepenHiit migdip ckmamy. OnTuMizallis 3a yCepeTHEHUMH MOKa3HUKaMU,
HAaBIIaKH, IPU3BOAUTH 1O OpaKy.

MMpukaan 2. TexHOTeHHI €KOCUCTEMH Ta HOBi MMOTOKU BiJIXOJIB.

3apaanns. Bu3HauuTH, 9u Crpusie MOCUJICHHs iHTErpallii HOBUX IMOTOKIB
BIJXOIB 3arajibHIM CTIMKOCTI BCI€l €EKOCHCTEMHU.

AHaJti3 3a 3aIpOIOHOBAHOI MOJEIUII0 Iependavae moOymoBy rimeprpada,
y SIKOMY BEPIIIMHAMH € CIIbHO (DYHKI[IOHYIOUI TOTOKH, a peOpamMu — CHTPOIIIHI
BKJIQJKH: €HepreTHYHa, eKOJIOoTi4Ha, JIoricTH4Ha Towo. [Ipu oMy, HanpukiIaz,
Yy CHUCTEMi BHUSIBIIIETHCSI aHTUTIEPIOAMYHICTh €KOJIOTIYHOTO BHECKY, TOOTO TIOsIBa
HOBUX IIOTOKIB BiJIXOIOYTBOPEHHS TIPU3BOAWTH JO I1HBEPCHOI TOBEIIHKU
CHCTEMH JUTA OKPEMHUX TIOTOKiB i3 AS;7) >0, ASIY <0,

Pesyabrar. AHami3 3a iHBEpCHHUMH MOJCIISIMH ITOKa3ye, IO iHTerpajbHa
SHTPOIiA TOTOKIB BiIXOIOYTBOPCHHS SK OaraTOKOMIIOHEHTHHX CHCTEM
3aJISKUTH BiJl MApIIPYTy MEPEPO3MOALTY IUX MOTOKIB. [Tomanpmmii mpakTHIHIHA
BHCHOBOK TIOJISITa€ y HEOOXIMHOCTI ONTHMi3amii apXiTeKTypH 3B’S3KiB MiX
MTOTOKAMH BiIXOIOYTBOPEHHS, a HE TOCIIKSHHS OKPEMHUX MOTOKIB 130JIb0BAHO.

Hpuxaax 3. Po3nissHeMO TOAWHO-MANINHHI Ta IHTEIEKTyalbHI CHCTEMH
3amaHoi KoH(piryparrii.
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Tabmuisg 2

Buxinni Ta po3paxyHkoBi 1aHi 11010 aHATI3Y JeSIKUX CKJIATHUX CHCTEM
€HTPOMiiiHO-TOMOJIOTIYHUM METOA0M

T'ineprpadosa TeH3opHa Moaeb

Tloka3HUKHU cHCTEMH

baratokOMIOHEHTHI MeTalypriiHi cymini

Ximiuna B3aemostist
G2(9,15)

CrpyKTypHa B3acMOJIist
Gi(9;72)

Enepreruuna B3aemMostist
Gs(7:7)

KibKicTh KOMITOHEHTIB B CHCTEMI

b, =9
KinbKicTh KOMIIO3MILIN CyMilllel B cuctemi
bp,q,r,z,... =36+84+126=246

(2-, 3-, 4-xMepHOCTH)

KinpKicTh (yHKI[IOHAIBHUX 3B’SI3KIB Y CHCTEMI

(b,b,...)=20

KinbKicTh MOKa3HHUKIB €HTPOMIT i1 KOHTPOJIS

AS(’ )=6

P.q--.

3Ha4YeHHs 3MIHU SHTPOMIi B alepiognIHHX
struct __
mozensx cucremu: ASy 5 =+0,78y.0.

ASYy =-0,54y.0

TexHOreHHO 3aeKHI €KOCUCTEMH Ta ITOTOKU BiIXO/IB

TexHOTeHHUH BILTHB
Gs(13:8

Eneprerndna B3aeMois
Gs(15;16)

Jlorictuna B3aeMonist
Gs(10:8)

KibKiCTh KOMIIOHEHTIB B CHCTEMI bp =15

KinbKicTh KOMIO3MLIN CyMilel B cuctemi

b =105+455+1365=1925 (2-, 3,

DG
4-XMEpHOCTH)

KinbKicTh (GyHKIIOHAIBHUX 3B’A3KIB y CHCTEMI

( bpbq LO=T2

KinbKicTh MOKa3HUKIB €HTPOMIT I KOHTPOJIS

AS(Ip,q,---) =5

3Ha4YCHHs 3MIHU CHTPOMII B alepiOANIHHX
conf __
mozensx cucremu: AS; 5 =+0,96 y.0.

A8 =-0,37y.0
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[TponorkeHHs TaOIMII 2

JTionuuo-mamuHHi cuctemi Ta Al

KinbKicTh KOMIIOHEHTIB B CHCTEMI

b, =12

IHgopMmariiiina B3aeMOLIist KorniTupna B3aemonist
Gs(12;21) Gs(12;20)

KinbKicTh KOMIIO3MILIIN CyMilllel B cucTemi

b =11044

Paqsst ...

KinpkicTh (yHKI[IOHATBHUX 3B SI3KIB Y CHCTEMI

(b,b,-.=17

KinbKicTh MOKAa3HHUKIB €HTPOIIIT [Tl KOHTPOJIS

AS(’ )=4

P

3HaueHHS 3MIHHM €HTPOIIIT

Eneprernuna B3aemMozis Tomnosoriuna B3aeMostist B anepio;mql-mx MOJICJIAX CUCTEMMU:

Gs(8;16) G3(9;20) . .
ASY 1 =+0,54.0, A8 =-0,61y.0

3aBnannga. OuiHuTH €PEeKT yHmpoBaHKEHHS HOBOTO A/-MOIyns B HasBHY
CHCTEMY KepyBaHHS.

[Ipukmagauii aHami3 3a HABEACHOIO BHINE CXEMOIO IPYHTYEThCS Ha
0COOIHMBOCTSX Tineprpada y BUTTISLII BEPIINH-KOMIIOHEHTIB: JIIONHA, aITOPUTM,
iHTepdeiic, cepemoBmiie, Ta pedep-BKIAAOK Y BHDIAAI iH(OpMAMiiHOT,
KOTHITHBHOI, eHEPTEeTHYHO1, TOMOJIOTIYHOI Ta iH. CKJIATOBUX cHCTeMH. Pe3yiasrar
TaKOTO SIKICHOTO aHaJIi3y Ja€ OJHO3HAYHI 3HAKH AS;Z,IOY11 >0,AS/5, <0, 3 KUX
BUILIMBA€E IPUHIUIIOBO HOBUI BUCHOBOK IIPO BHHHKHECHHS aHTHIICPIOAUYHOIO
TOIOJIOTIYHOIO CTaHy B KOTHITUBHOMY IpocTopi cucteMu. Lle o3Havae
3POCTaHHS POJIi JIFOAWHM B CHCTEMI IiJ] 4ac YIPOBaKEHHS HOBOTO A/-MOIYJIs,
a came: Oynmp-sKe MiABUINEHHS iH(MOpPMAamiiHOI e(EeKTUBHOCTI CHCTEMH
CYIIPOBODKYBaTHMETHCSI 3HIDKCHHAM 11 3arajbHOi KEpOBaHOCTI. Y TakoMy
pasi Le BMMaraTuMe He CTPYKTYpPHHX 3MIH y CHCTEMi, a KOMIICHCYBaJbHHX
iHTepeHCHUX pIIeHDb 3 OOKY JIFOIUHH.

3BeJIeHI TaHl TaKUX JTOCIHIIHKEHb 3TPYIIOBAaHO B TAaOMHII 3.

3a HasBHOCTI 15 KommoneHTiB moHax 70 % ycix 3HaKOBHX KOHQirypamiit
Hajexars 10 QpycrpoBanux kiaciB (1—, 1+), (1-, 2+), (2—, 1+), (2—, 2+4),
y SKHX Opi€HTOBHA (IHMJIIHIPHWYHA) TOIIOJIOTIS CTA€ CTPYKTYPHO HECTIHKOIO.
e o3Hawae, mo A CHCTEM Takoi PO3MIPHOCTI MapHiI MaTPHUIl CYMiKHOCTI
OIMCYIOTH JIMILE HE3HAYHYy YACTHHY IIPOCTOPY CTaHIB, TOII SIK JXOMIHYIOUHMH
€ HCOPIEHTOBHI TOMOJOTIYHI pEXMMH. 3a IUX YMOB EHTPOIS HEMHUHYYE
HaOyBae MapmIpyTHOI (IUITX03AJICKHOT) TPUPOIH.
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Tabmuus 3
V3araJjibHeHi JaHi 11010 KJAaciB 3HAKOBOI CUMeTPil s 3a7a4i TEXHOTeHHO
3aJIe;KHUX eKOCUCTEeM Ta MOTOKIB BiIXoaiB, 1110 iX 3yMOBJIIOIOTH

Kuac 3nakoBoi Crpykrypa Yucio 3HaKoBi cTanun Beboro
cuMmeTpii KoMOiHaii Ha KOMOiHaIiI0 CraniB

2D | 3D [ 4D | 2D [ 3D | 4D | 2D | 3D | 4D | 2D | 3D | 4D | 2D | 3D | 4D

0-2+ [0-3+ [0-4+ |++ +++  |[++++ | 105 [455 1365 105|455 1365

1 1 1
1-,1+ [1-2+ [ 1-3+ [+ ++- |- [105 |455 | 1365 (2 3 4 210 [1365 |5460
2-,0+ |2-,1+ |2-2+ [-- +-- ++-- 105 455 [1365 |1 3 6 105 [1365 |8190
- 3-,0+ |3-,1+ --- e 455 1365 [4 1 4 455 | 5460
- 4-,0+ - 1365 1 1365
105 1455 | 1365 8 16 420 13640 (21840

Mu Oaummo, IO 3arpONOHOBAaHA CHTPOIIHHO-TOTONOTIYHA MOJEIh
€ TMPAaKTUYHO 3aCTOCOBHOIO B THX BHIAJKaX, KOJHM CKJIaJHA CHCTEMa BKJIIOYAE
BEJIMKY KUTBKICTP KOMITOHEHTIB Ta iXHIX KOMOiHAIil, BUHUKAE€ KOHKYPCHIIis
MEXaHI3MIB YIOPSIIKYBaHHS, a caMa CHCTeMa XapaKTePHU3y€ThCs BHCOKOIO
YYTIUBICTIO 10 KOMIOHEHTHOI KoH(irypamii. OuUeBHAHUMH Ta THIIOBUMH
chepaMu 3acTOCYBaHHA € OaraTOKOMIIOHGHTHI MaTepiand ¥ cymirm,
TepepoOIeHHS BiIXO/iB, TEXHOTEHHI €KOCHCTEMH, CKIIAHI JIOTICTHYHI MEpexi,
TiOpHIHI TIOMMHO-MAIITIHHI CHCTEMH Ta CHCTEeMH IITYYHOTO iHTeNekTy. [1omioHi
JIOCHIDKEHHS MOYKIINBI TAKOXK 1 JUIS 1HIITUX THITB CKJIAJIHUX CHCTEM.

BUCHOBKU

1. 3anmpomoHOBaHa EHTPOMIHHO-TOIIOJIOTIYHA MOJIENTb OaraTOKOMITOHEHTHHUX
CKJIQTHAX CHCTEM y MEKax IXHbOTO «HOCIsH» 3aCHOBaHA Ha:

— AKICHOMY CKJaji 0araTOBUMIpHHX MAaTpUIb CYMDKHOCTI  Ta
IHITUEHTHOCTI;

—  GHTPOMINHIN OPTOTOHANBHIN JEKOMITO3HIIIT;

—  IMWIIHAPUYHUX 1 HEOPIEHTOBAHMUX PO3IIAPYBAHHIX;

—  oreparopi 3HaKOBOi iHBepCii,

Mopenp BiIKpHBaE MOXIIMBOCTI ITOJANBIIIOTO PO3BUTKY Yy HamIpsAMi
OITHOYACHOI IHBApiaHTHOCTi: TOMOJOTIYHOTO OIHUCY CTPYKTYpH CHCTEMH
Ta KOTOMOJIOTIYHOTO PO3MOMAITY 3B’S3KIB 1 (YHKIIH 3HAKOBUX CTPYKTyp Ta
SHTPOIIHHUX MTOTOKIB.

2. HaBezeHi puKITaIy MOKIHBOCTEH MOMENI IS Pi3HUX CKIATHUX CHCTEM
B TAy35X IHKEHEPHUX, iHPOPMAIIIHIX Ta EKOJIOTIIHUX CHCTEM.

AHOTAUIA
Y poOoTi pO3BUBAETHCSA KOHIEMINSI TOMOJOTIYHOTO aHATi3y Moenei
CKJITaTHUX CHCTEM, TOOYIOBaHMX HA OCHOBI EHTPOIIWHO CTPYKTypOBaHUX
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MarpHib CyMDKHOCTI B IXHIM TONOJIOTIUHIN iHTEprpeTalii, Ta 3aporoHOBaHO
CTpory Qopmaiizaiiro TepexoAy BiJ WIHAPUYHOI MOJEII IIapyBaTHUX
SHTPOMIMHUX MaTPHUIb CYMIPKHOCTI 10 MOJIeJIeil 13 HEOPIEHTOBHOIO ITOBEPXHEIO.
PosropranHsi nmiiHApa Ha IUIONIMHY 3 IOAAJIBLIOK 1JEHTU(IKALIEI MEX
JIEMOHCTPYE CXWJIBHICTh TAKMX MaTPHUIb 3 EHTPOIIHHNM HAIIOBHEHHSM KOMIpOK
JI0 aHTUIICPIOAMYHOI Opi€HTAlii, a 3rofOM — O MAaTPHIll IHIMICHTHOCTI
3HAKOBOTO THUIY, IO JIONYCKA€ IHTEPIpETaIilo B TEpMiHAX HEOPIEHTOBHUX
noBepxoHb. [lokazaHo, HIO0 eHTpOIiiiHa JEKOMIIO3UIlsS 32 OPTOrOHAIBHUMHU
BJIACTMBOCTSIMM TPUBOAUTH JO IPHUPOJHOI IHTEpIpeTanii TaKuX CHCTEM
y BUDIAAI OaraTOBUMIpHMX HWJIIHIPUYHHUX pO3MIApyBaHb Ta OOIPYHTOBAHO
HEOOXiJHICTh MEepexXoay /0 HEOPIEHTOBHUX TOINOJOTiH. 3acTOCyBaHHs
olieparopa 3HaKOBOi 1HBepCii, SKuil opMaltizye 3MiHy Opi€HTalil eHTPOIIHHIX
BHECKIB Y3/IOBK 3aMKHEHUX TPAEKTOPiH, Ja€ 3MOry BHSBISATH IPHXOBaHI
3aKOHOMIPHOCTI camMoOpraHizaiii Ta ae3opraizauii y ckiIaJHUX cHCTeMax, L0
3HAXO/IUTh 3aCTOCYBAaHHS B NPHKIAIHHUX JOCHDKeHHsIX. HaBeneno npuxiaan
BUKOPUCTAHHsI 3allpONOHOBAHOT MOAENI Yy CKIQJHHX CHCTEMax MeTailyprii,
eKosiorii Ta iHpopMaliiHUX CHCTEMaX.
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CHAPTER 22

THE HUMAN FACTOR IN ENSURING
THE VIABILITY AND SUSTAINABILITY
OF COMPLEX TECHNICAL SYSTEMS

Mygal G. V.
DOl https://doi.org/10.30525/978-9934-26-653-9-22

INTRODUCTION

In contemporary engineering practice, the concept of sustainability of
complex technical systems is traditionally associated primarily with technical
characteristics: energy efficiency, resource use, environmental indicators, the
level of automation, and technological sophistication. Within the framework of
this study, sustainability is considered not as a static characteristic of a technical
solution, but as a property of the real use of a system, which is formed through
the interaction of technical architecture, design assumptions, and human
behaviour during operation. Many systems lose their declared characteristics
not due to physical failures or design flaws, but as a result of the specifics of
real use. “Green” and formally safe solutions often do not function as intended
at the design stage and, over time, may demonstrate reduced effectiveness, the
emergence of unsafe operational practices, and gradual degradation of safety.
This indicates the need for a broader view of the sustainability of complex
technical systems. From this perspective, sustainability appears not only as a set
of technical parameters, but as a property of interaction between the technical
system, people, and the conditions of its use. In this context, the human is
no longer viewed exclusively as a source of errors that should be maximally
constrained or replaced by automation, but rather as an active element of the
system that determines its actual behaviour in operation.

Complex technical systems, therefore, most often “fail” not at the point
where technological capabilities are exhausted, but where real operation begins
and the limitations of human capabilities come into play. An energy-efficient
system may prove to be unstable in use, intelligent solutions may require
excessive cognitive workload, and safety degradation occurs gradually through
the adaptations of users and operators to real working conditions. In this
context, a human-centred design approach is considered as a tool for ensuring
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the long-term effectiveness, safety, and sustainability of complex technical
systems, rather than as an auxiliary or secondary element of the engineering
process.

Thus, a scientific and practical problem arises related to the mismatch
between the declared sustainability characteristics of complex technical
systems and their actual behaviour at the operational stage. In contemporary
engineering and scientific research, the human factor is predominantly
considered in a fragmented manner — as an isolated risk element, a source of
errors, or a set of limitations that must be compensated for through technical
solutions, automation, or regulations. Such an approach inherits a linear design
logic, within which it is assumed that a correctly designed system will function
according to its intended purpose regardless of the context of its use.

This work shows that bridging this gap is possible only under the condition
of engineering operationalisation of the human factor — not as a set of individual
human attributes, but as parameters of “human—system” interaction that can be
incorporated into assessment models and design decision-making. Real-world
operation demonstrates that system behaviour is shaped not only by technical
parameters, but also by the ways in which people interact with the system,
their adaptations, compromises, informal practices, and cognitive limitations.
It is precisely these processes that often determine the long-term viability of
a system or, conversely, the gradual degradation of its safety and effectiveness.

In this sense, the human factor acts not as an external source of disturbances,
but as an internal mechanism of the evolution of a complex technical system
during operation. Ignoring this mechanism leads to a gap between design
assumptions about sustainability and the actual behaviour of systems under
real conditions of use. The aim of this work is to substantiate the role of the
human factor as a key engineering element in ensuring the safety, sustainability,
and viability of complex technical systems, as well as to formulate a human-
centred approach to the analysis and design of these systems, within which
sustainability is considered not as a set of technical characteristics, but as
a property of interaction between the technical system, the human, and the
operating conditions.

1. Man as a resource for safety, not a source of errors.
1.1. Traditional engineering concept of a person in a system
Within the classical engineering safety paradigm, the human as part of
a technical system was for a long time considered primarily as a risk factor. Such
an approach emerged in the context of the development of industrial systems,
which were characterised by rigidly defined operating modes, relatively stable
operating conditions, and a clear separation between the technical system
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and the operator. Within this logic, safety was associated primarily with the
reliability of technical components, compliance with regulatory requirements,
and the minimisation of the influence of the human factor.

the
manifestation ~ man as
of the human the

factor as a "weak
. ng;;rég link" It is in operation that
Traditional the real role of the
security Sustainability human factor and
. . ustainabil _
(YIRS B degradation the limits of
ineic security as g operator error technically oriented
g compliance P . -
ith as the main ideas about safety
With norms source of risk led.
and barriers are revealed.
automation
as a way to
eliminate
the human

factor

Fig. 1. Idealization of the classical engineering safety paradigm —
illustration of the degradation of sustainability due to improper work
with the human factor

The central element of this model is the view of the human as the “weak
link” of the system. Operator or user errors are interpreted as the primary source
of danger, while human behaviour is regarded as unstable, unpredictable, and
prone to deviations from prescribed procedures. Accordingly, the task of
engineering design is to reduce the dependence of system functioning on human
actions or to minimise the space for erroneous decisions. Within this approach,
automation is considered the key instrument for improving safety. It is assumed
that transferring control functions to technical means makes it possible to
eliminate subjective factors, reduce the likelihood of errors, and ensure more
stable system operation. The human is thereby gradually shifted to the periphery
of the control process, performing the role of an observer or a backup element
that intervenes only in the event of failure of automated components. Safety
within this paradigm is interpreted as the system’s compliance with established
norms, standards, and protective barriers. The primary attention is given to the
design of technical and organisational protective measures, the development
of instructions, regulations, and procedures, as well as to monitoring their
compliance. It is assumed that, under conditions of correct design and proper
execution of prescribed actions, the system will function safely.

It is important to emphasise that this model is not the result of an
underestimation of the human as a professional. On the contrary, it historically
emerged as a pragmatic response to the limited capabilities of early technical
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systems and the need to ensure controllability and predictability of processes.
However, with the increasing complexity of technical systems, the level of
their integration, and the variability of operating conditions, the limitations of
this paradigm become increasingly evident. Within the traditional engineering
perspective, safety is achieved by minimising human involvement in system
operation. It is precisely this assumption — regarding the desirability of
eliminating or maximally limiting the human factor — that serves as the starting
point for a further rethinking of the role of the human in ensuring the safety of
complex technical systems.

1.2. Limitations of the "human as a source of errors" approach in
complex technical systems

Despite its historical expediency, the approach in which the human is
viewed primarily as a source of errors demonstrates significant limitations
under the conditions of functioning of modern complex technical systems. With
the increasing levels of complexity, integration, and dynamism of such systems,
it becomes evident that their behaviour cannot be fully described by means of
formalised procedures and regulations. One of the key problems is that design
assumptions regarding operating conditions rarely fully correspond to reality.
Complex technical systems operate in changing environments, under conditions
of incomplete information, limited time for decision-making, and conflicting
goals. Under such conditions, operators and users are forced to constantly
adapt, deviate from formally prescribed procedures, and seek compromises
between efficiency, safety, and productivity.

Another significant limitation is the effect of latent safety degradation. An
exclusive focus on regulatory compliance and formal protective mechanisms
creates an illusion of control, while in reality the conditions of system operation
or functioning gradually change. Operators develop informal ways of interacting
with technology that allow them to achieve assigned goals, but at the same time
may accumulate systemic risks. These processes usually remain unnoticed until
the occurrence of an incident.

Within the traditional paradigm, such adaptations are often interpreted as
violations or errors. However, it is noteworthy that in practice it is precisely
these adaptations that allow systems to remain operational under conditions
that were not fully anticipated during design. Thus, a significant proportion of
what is later classified as “human error” is in fact the result of rational decisions
made within the constraints imposed by the system itself. It is fundamentally
important that increasing levels of automation do not eliminate the human
factor. Rather, the role of the human is transformed: the human is not removed
from the system, but shifts from direct control to functions of monitoring,
information interpretation, and intervention in non-standard situations. Under
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such conditions, the demands on the operator’s cognitive resources increase,
while the opportunities for maintaining situation awareness often decrease.
Paradoxically, attempts to “remove” the human from the control process may
lead to a reduction in the overall level of safety.

Thus, an approach that considers the human exclusively as a source of errors
not only fails to account for the real role of the human in complex technical
systems, but also limits the possibilities for analysing the causes of hazardous
situations. This creates prerequisites for the repetition of the same problems
within new technological frameworks.

1.3. Transition to modern safety thinking: man as an adaptive element of
the system

In response to the limitations of the traditional paradigm, an approach
has emerged in engineering science that rethinks the very nature of safety
in complex technical systems. Within this approach, safety is considered not
as a static state or the result of compliance with standards, but as a dynamic
property of the system, formed in the course of its everyday operation.

A key feature of contemporary safety thinking is the shift in focus from the
analysis of failures and accidents to the analysis of normal system functioning.
Contemporary safety thinking views the human not as a threat, but as a necessary
element of the safe operation of the system. For most of the time, complex
technical systems operate without incidents, and it is precisely in this mode that
interaction practices, adaptation mechanisms, and implicit rules are formed,
which determine the actual level of safety. In this perspective, accident events
are considered not as exceptional phenomena, but as extreme manifestations of
the same processes that are present in everyday operation. The table 1 illustrates
the complementary nature of the proposed approach rather than a conceptual
replacement of existing frameworks.

Table 1
Positioning of the proposed approach relative
to established safety frameworks

Aspect

Established safety and resilience
frameworks

Proposed approach

Primary focus

Understanding accidents, failures,
and normal work

Supporting engineering design
decisions

Level of analysis

System behaviour, organisational
processes, safety culture

System architecture, design
assumptions, human—system
interaction

Treatment of the human
factor

Source of adaptation, resilience,
and variability

Engineering parameter of human—
system interaction

Temporal orientation

Predominantly analytical (after
incidents or during operation)

Proactive (early design and
lifecycle decisions)
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Continuation of table 1

. Contextual factor influencin Primary engineering instrument
Role of design . J ary enginecring
behaviour shaping behaviour
fi lysi ident . . .
.Sa ety. analysis, acciden Design evaluation, comparison of
Intended use investigation, conceptual . .
. concepts, early risk embedding
understanding
Contribution to Implicit, through resilience and Explicit, through viability and
sustainability normal work real-use sustainability

The proposed approach builds on the core ideas of existing safety and
resilience theories, providing engineering operationalization focused on
decision-making processes for system design and development. Although
concepts such as Safety-I and Safety-II, resilience engineering, and systems-
theoretic approaches to safety have fundamentally changed the understanding
of accidents, failures, and normal operation, they are primarily focused on
the analysis, interpretation, and ex post facto explanation of system behavior.
However, these approaches need to be complemented by shifting the focus to
the early stages of system design, where assumptions about human behavior,
system use, and adaptation are embedded in technical solutions. In this sense,
the proposed contribution is not to rethink safety theory, but to transform
established safety and resilience principles into practical engineering criteria
that can be incorporated into system architecture, function allocation, interface
design, and validation in conditions close to real-world operation.

1.4. Man as a source of flexibility and resilience

Within this approach, the human appears not as a weak link, but as a source
of flexibility and adaptability of the system!. Operators and users continuously
compensate for the imperfections of technical solutions, the incompleteness of
information, and the variability of operating conditions. It is precisely through
these adaptations that the system is able to maintain an acceptable level of
functioning and safety under conditions of uncertainty. Contemporary safety
thinking also transforms the interpretation of the concept of error. An error is
viewed not as the root cause of an incident, but as a symptom of deeper systemic
problems related to design decisions, organisational constraints, and operating
conditions. This shifts the focus from the search for those at fault to the analysis
of how the system shapes human behaviour and which actions it makes likely
or inevitable. Error ceases to be a property of the human. It becomes a property
of the system, the result of inadequate design and a low level of safety culture.
Within such a paradigm, safety emerges not when human involvement is

! Mygal S.P., Mygal V.P., Mygal G.V. A hybrid approach to learning based on emotional experience
and the development of innovative metathinking in post-war Ukraine. Art & Design. 2024. No. 3(27).
P. 86-97. doi: 10.30857/2617-0272.2024.3
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minimised, but when the system creates conditions for adequate, timely, and
well-grounded operator actions. The human becomes a full-fledged element of
the control loop, and their capacity for adaptation is regarded as one of the key
resources for ensuring the safety of complex technical systems. It is precisely
this philosophical and engineering shift that provides the foundation for the
further analysis of system viability and the role of human-centred design, which
will be addressed in the subsequent sections?.

The described transition reflects a shift in focus from the search for deviations
and errors to the analysis of mechanisms that allow a system to remain safe
under conditions of uncertainty. Indeed, an exclusive concentration on accident
events creates a distorted understanding of the actual behaviour of complex
technical systems. Normal operation is not a static or ideal state. It is constantly
accompanied by variability of conditions, incomplete information, local
deviations, and the need for timely decision-making. Operators and users adapt
their behaviour to these conditions on a daily basis, balancing the requirements
of efficiency, productivity, and safety. It is precisely these adaptations that allow
systems to remain operational and achieve their intended goals in situations that
were not fully formalised at the design stage™.

In this context, safety is a consequence of how people interpret system
signals, make decisions under constraints, and interact with technical elements.
If these processes remain outside analytical attention, a system may retain formal
safety while gradually accumulating latent risks. What in everyday operation
contributed to the achievement of results may, under additional constraints
or a coincidence of unfavourable factors, lead to a hazardous development of
events. Therefore, the analysis of accidents alone does not provide a complete
understanding of the causes of risk emergence’. From this perspective, the
fundamental difference between accident analysis and the analysis of normal
operation lies in the following: accident analysis focuses on exceptional events,
whereas the analysis of normal operation focuses on typical operating conditions;
accidents provide information about the limits of the system, whereas normal
operation reveals the mechanisms of its everyday stability; accident analysis
explains what happened, whereas the analysis of normal operation explains
why the system usually works; safety within accident-centred logic appears as

Mygal G. Problems of the human factor in transport systems. Transport Technology. 2024. V. 5(1).
P. 31-43. doi: 10.23939/tt2024.01.031
3 Hollnagel E, Woods D.D, Leveson N. Resilience engineering: concepts and precepts. Aldershot:
Ashgate; 2006. doi: 10.1201/9781315605685.
*  Hollnagel E. Safety-I and Safety-1I: the past and future of safety management. Farnham: Ashgate;
2014. doi: 10.4324/9781315257396.
5 Dekker S. Drift into failure: from hunting broken components to understanding complex systems.
Farnham: Ashgate; 2011.urdoi: 10.4324/9781315257419.
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the result of protection against failures, whereas within the logic of normal
operation it emerges as the result of coordinated interaction between the human
and the system.

Shifting safety-thinking — from mistakes to adaptation

Traditional safety-thinking Modern safety-thinking
. Safety as compliance with Security as a dynamic
regulations \ property
‘ Accident and failure ‘ ‘ Normal operation analysis ‘
B S Philosophical .
‘ Man as a source of errors ‘ engineering ‘ Man as an adaptive ‘

shift element

‘ Error as the root cause ‘ ‘ Error as a symptom of ‘

system limitations

Goal: eliminate the human Goal: support adequate
factor operator actions
Reactive approach Proactive approach

Fig. 2. Transition from traditional to modern safety thinking
in the interpretation of the role of humans in complex systems

1.5. The human operator and user as an active element of a complex
technical system

In complex technical systems, a significant portion of regulatory functions
cannot be fully automated or formalised. In such cases, it is precisely the human
who performs the role of an adaptive element that interprets information,
assesses context, compensates for the limitations of technical solutions, and
makes decisions under conditions of uncertainty. These functions constitute an
integral part of the control loop, even if they are not formally described in
the system’s algorithms®. The operator and the user provide the link between
the system’s design model and the real conditions of its functioning. Viewing
the human as an active element of the system changes the approach to safety
analysis. Operator actions cease to be perceived as isolated events occurring
“outside the system” and begin to be considered as a regular response to the
structure of interfaces, the logic of automation, organisational constraints, and
the available information. Human behaviour, in this perspective, serves as an
indicator of how the system actually functions, rather than as a deviation from
its “correct” mode.

6

Norman DA. The design of everyday things. Revised and expanded edition. New York: Basic
Books; 2013.
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An important characteristic of the human as an element of a complex
technical system is the capacity for learning and adaptation. In the course of
operation, operators and users accumulate experience, form mental models
of the system, and develop interaction strategies that they consider effective.
These adaptations may either increase system resilience or create new risks,
depending on the extent to which design decisions support — or, conversely,
hinder — adequate human actions. Ignoring this role or attempts to reduce
human involvement to a minimum do not eliminate the human factor, but rather
make its influence less visible and less manageable.

man as a
resource for

adaptation
Human- . safety as the ability R?al
centred logic eI operation of a behavioral
c oo maintain control in complex variability
of viability operation h v
and uman-
) . technical
sustainability system
automation as
support, not
replacement

Fig. 3. Human-centered logic of interpreting the role
of the human factor in ensuring the safety, viability and sustainability
of complex technical systems

1.6. Design as the formation of a space of possible actions

Within traditional engineering logic, the design of technical systems is often
regarded as a stage aimed primarily at improving usability or reducing the
likelihood of errors. The main attention is given to the creation of protective
barriers, constraints, and warnings intended to prevent incorrect actions by the
operator or user. The potential of design as an active instrument for shaping
safe behaviour often remains outside the focus of engineering analysis. At
the same time, in complex technical systems, design determines not only the
external appearance of interfaces, but also the fundamental logic of human—
system interaction. Design does not neutrally reflect the structure of the system,
but actively shapes the way it is used. Design is not limited to the function of
protecting against errors, but forms the space of possible human actions within
the system.

Safety arises not as a result of removing the human from the control process,
but as a consequence of the system allowing and supporting adequate actions
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under conditions of variability, uncertainty, and constraints. If design decisions
do not take into account real operating conditions, human cognitive capabilities,
and the need for adaptation, operators and users are forced to compensate for
these limitations through their own actions. This leads to the accumulation of
latent risks and the degradation of safety. Within this logic, error is viewed
not as an individual user’s fault, but as an indicator of a mismatch between
the system’s design model and its operational practice. Human-centred design
makes it possible to reduce this gap by integrating safe actions into the very
structure of the work process. Thus, design shapes the space of possible human
actions, determining not only what is formally permitted, but also which actions
are likely, natural, or practically inevitable under real operating conditions’.
Through the structure of interfaces, the logic of procedures, the availability
of information, and the distribution of responsibility, design determines which
interaction scenarios are supported by the system and which are marginalised
or made more difficult'.

Human behaviour is a systematic consequence of design decisions. Safe
actions cannot be ensured exclusively through prohibitions, instructions,
or control. Within this logic, safety emerges not when human involvement
is minimised, but when the system structurally supports timely, adequate,
and well-grounded actions under conditions of variability and uncertainty.
In this perspective, system safety and viability are determined not only
by its technical characteristics, but by how design structures real modes
of use.

Conclusions to chapter 1. In summary, it can be argued that design is
one of the key engineering instruments for transforming the human factor
from a potential source of risk into a resource for safety. Design decisions not
only constrain undesirable actions, but also determine which actions become
natural, likely, and supported under real conditions of use. Safety emerges when
a system is designed with consideration of the real role of the human, supports
adequate human actions, and enables effective adaptation to changing operating
conditions.

7

Mygal S., Mygal V., Mygal G. Strategy for the development of design education in post-war
Ukraine: transdisciplinary approach. SA. 2023. V. 5(2). P. 119-129. doi: 10.23939/sa

8 Mygal G., Protasenko O., Kobrina N. The eco-ergonomics issues of the digital workplace. In:
Nechyporuk M., Pavlikov V., Krytskyi D. (eds). Integrated Computer Technologies in Mechanical
Engineering — 2023. Lecture Notes in Networks and Systems, vol. 1008. Springer, Cham, 2024. doi:
10.1007/978-3-031-61415-6_4

? Protasenko O., Mygal G. Eco-ergonomic thinking under human-machine system design. In:
Mleczko K., Plaza G. (eds). Industry Ergonomics: Insights into Industrial Ergonomics. Gliwice:
Silesian University of Technology Publishing House, 2024. P. 37-53.

10 Endsley MR. Toward a theory of situation awareness in dynamic systems. Human Factors. 1995.
V.37(1). P.32-64.doi: 10.1518/001872095779049543.
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Fig. 4. The role of design in shaping the space of possible human actions
and supporting safe behaviour in the operation of complex technical
systems

Contribution of Chapter 1: a methodological shift in the interpretation of the
human factor in complex technical systems is formulated — from viewing the
human as an external source of errors to interpreting the human as an adaptive
element of the system and a safety resource; a shift in focus is proposed
from accident analysis to the analysis of everyday operation as a source of
understanding the mechanisms of system resilience and safety degradation; the
role of design as an engineering instrument for shaping the space of possible
human actions is substantiated.

2. Viability of complex technical systems.

2.1. The concept of viability in the context of complex technical systems

In contemporary engineering science, increasing attention is being given
to the concept of the viability of complex technical systems. Its emergence
is associated with the recognition that traditional characteristics — reliability,
safety, and robustness —although they remain necessary, are insufficient for
describing system behaviour in the long-term perspective and under conditions
of change. Viability, in contrast, focuses on the ability of a complex technical
system to maintain functioning and achieve its goals over time under conditions
of change, uncertainty, and incomplete predictability. It encompasses not
only the system’s response to individual failures or disturbances, but also
the mechanisms of its gradual adaptation to changes in the environment,
organisational conditions, and usage practices. An important feature of viability
is its dynamic nature. After implementation, complex technical systems
inevitably undergo changes: operating conditions are transformed, performance
requirements evolve, levels of automation change, as well as the role of the
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human and the associated workload. A system that is reliable and safe at the
initial stage may gradually lose these properties if it is not capable of adapting
to such changes. In this sense, viability reflects not only the system’s ability to
“survive” individual disruptions, but also its capacity to evolve together with
the environment of use. Another fundamental characteristic of viability is that
it cannot be ensured exclusively by technical means. Adaptation of a system to
real conditions is to a large extent realised through human actions, organisational
processes, and design decisions that define the possibilities for such adaptation.
As a result, a system may formally comply with design parameters and
regulatory requirements, yet remain non-viable if its structure does not support
effective human—technology interaction under changing conditions.

2.2. The life cycle of complex technical systems as a source of sustainability

The viability of complex technical systems is formed at all stages of
the system life cycle — from conceptual design to everyday operation and
subsequent modernisation. At each of these stages, decisions are made that
determine the system’s ability to adapt to change and to maintain effectiveness
over time. At the design stage, a key role is played by assumptions regarding
the conditions of system use, the role of the human, the nature of workloads,
and possible operational scenarios. It is at this stage that the system’s design
model is formed and the potential for viability degradation is embedded.
Formally correct technical solutions may, in such cases, prove poorly suited
to real operating conditions. The implementation stage is usually accompanied
by additional compromises related to organisational, economic, and time
constraints. Initial user and operator experience is formed, which subsequently
determines the character of interaction with the system. All of this affects the
further viability of the system.

The degradation of viability becomes most apparent at the operation stage.
In the course of everyday operation, the system encounters changing conditions
that were not fully accounted for during design: increasing workloads,
transformations of organisational structures, and the emergence of new
requirements and constraints. Operators and users are forced to adapt to these
conditions, forming work practices that ensure the achievement of goals, but do
not always align with the original design logic.

An important characteristic of viability degradation is its gradual and low-
visibility nature. A system may demonstrate satisfactory levels of effectiveness
and safety for a long time, while simultaneously accumulating internal tensions
and latent risks. Problems become evident only when the system’s adaptive
capacities are exhausted. Thus, the points of viability degradation of complex
technical systems are located not only in the domain of technical failures, but
also in design assumptions, organisational decisions, and everyday operational
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practices. In other words, viability is the result of the coherence between the
system’s design model, real conditions of use, and the human capacity to adapt
to change.

2.3. The role of the human factor in shaping the viability of systems

It can be observed that, in complex technical systems, viability is not
exclusively the result of design decisions or technical characteristics. It is
formed in the course of real operation through the actions of people who
interact with the system on a daily basis. It is precisely the human factor that
determines whether the system will be able to adapt to changing conditions,
compensate for the limitations of the design model, and maintain an acceptable
level of functioning over time''. In such systems, the human performs the
role of a carrier of adaptation. In response to non-standard operating modes,
conflicting requirements, and limitations of resources and time, people modify
their modes of interaction with the system, develop local solutions, and establish
informal practices that allow the system to continue functioning. In many cases,
it is precisely these adaptations that constitute the key factor in maintaining
system viability. At the same time, the human factor may become a source of
slow degradation of viability if the system forces people to operate at the limits
of their capabilities or to constantly compensate for shortcomings of design
decisions.

Deviations Unexpected eyent /
from the overload (and the
design 4 Safety Loss Zone system suddenly

i "breaks')
regume Normalization of deviations >
("this is how it always worked") —
-
Acceptable deviations — compromises, / Unexpected event /
adaptations, “temporary solutions” overload (and the
without immediate negative system suddenly
consequences "breaks'")
/ Adaptation to real conditions (bypassing
inconvenient procedures)

environmental pressure (time, Safety margin (fuzzy,
resources, performance) dynamic)

Fig. 5. Scott—-Snook Law — Drift into failure: gradual degradation
of safety during the operation of complex technical systems

" Snook S. A. Friendly Fire: The Accidental Shootdown of U.S. Black Hawks over Northern Iraq.
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In such cases, viability is maintained only at the cost of an increasing
human workload, which is unsustainable in the long-term perspective. In this
context, a key idea is captured by the law of gradual degradation, “Drift into
failure” (the Scott—Snook law): catastrophes do not arise due to sudden rule
violations; they emerge through the gradual normalisation of deviations. Thus,
on the one hand, humans provide flexibility, variability, and learning capabilities
that cannot be achieved by a rigidly formalised system. On the other hand,
these same adaptive mechanisms may mask structural problems of the system,
postponing their manifestation and complicating timely detection. A system may
appear functional and effective until the limits of human adaptation are reached.
Design decisions, the level of automation, interface design, and organisational
rules determine which adaptations are possible, acceptable, or inevitable. In
this sense, human behaviour is not random, but a predictable reaction to the
structure of the system.

2.4. Why formally secure systems turn out to be unviable

In the practice of designing and implementing complex technical systems,
a situation is quite common in which a system formally complies with existing
norms, standards, and safety requirements, yet demonstrates low viability
during operation. Such systems may pass certification, be successfully put
into operation, and function for some time without serious incidents, while
simultaneously gradually losing the ability to operate effectively and safely under
real conditions'?. One of the key reasons for this paradox is the gap between the
normative model of the system and its actual behaviour in operation. A system
may be “safe on paper” but insufficiently adapted to practical conditions of
use. Another contributing factor is the orientation of design towards compliance
with formal requirements rather than the analysis of real use. In such cases,
engineering solutions are optimised for passing inspections and meeting
regulations, while usability, clarity, and support for adequate human actions are
treated as secondary aspects.

Formally safe systems are often characterised by excessive complexity or
a high cognitive workload imposed on the human. In an effort to cover all
possible risks, the system becomes burdened with additional procedures, levels
of control, and signals, which complicate information perception and decision-
making. Under such conditions, people begin to ignore part of the signals,
simplify procedures, or rely on informal rules that allow more efficient work,
but at the same time reduce the actual level of system safety and viability. If
a system does not provide opportunities for adaptation and revision of design
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decisions, it becomes increasingly less viable, even while remaining formally
safe. Thus, the non-viability of formally safe systems is the result not of isolated
design errors, but of a systemic orientation towards regulatory compliance rather
than the support of real work. Without consideration of the human factor, usage
dynamics, and adaptive capacities, safety turns into a declarative property that
does not guarantee the long-term effectiveness of the system (Fig. 6).

(rules, procedures, compliance)

l Formal safety orientation

Grown of system complexity
(control, layers, signals)

Human adaptation
maintains

performance — Increased cognitive workload

but at the same Simplification and informal more rules,

Reactive response:

time masks system adaptations more controls
limitations —
leading to loss of Gap between designed and actual
system viability operation
Loss of system viability
(despite formal safety)

Fig. 6. Mechanism of loss of viability of formally safe systems

2.5. Adaptation, compromises and slow degradation of complex technical
systems

The functioning of complex technical systems under real conditions is
inevitably accompanied by processes of human adaptation. In the short term,
these adaptations allow effectiveness to be maintained and intended goals to
be achieved; however, in the long term they may lead to a slow degradation of
system viability. Operators strive to optimise work processes, reduce excessive
workload, shorten task execution time, or compensate for deficiencies in
interfaces and procedures. Such solutions are often perceived as successful,
since they allow the system to continue functioning without disruptions or
accidents. For this reason, these practices are quickly stabilised and transmitted
as the “normal way of working”.

At the same time, each such adaptation represents a compromise between
different requirements — safety, productivity, convenience, and limited resources.
Slow degradation of viability often remains unnoticed, as it is not accompanied
by obvious failures or accidents. On the contrary, a system may demonstrate
stable operation over a long period while becoming increasingly dependent on
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informal practices, the experience of individual specialists, and tacit knowledge.
Under such conditions, system viability is maintained not because of design
decisions, but in spite of them, which makes the system vulnerable to changes
in personnel, operating conditions, or workload. A particular danger lies in the
fact that successful adaptations mask structural problems of the system. People
compensate for shortcomings of design decisions, and when the possibilities for
adaptation are exhausted, the system encounters a sharp decline in effectiveness
or safety. In such cases, incidents appear sudden, although in reality they are
the result of long-term gradual processes. Thus, adaptation and compromise are
an integral part of the viability of complex technical systems, while at the same
time they may be a source of its slow degradation. Accordingly, a transition is
required from a reactive approach to managing safety and effectiveness towards
the design of systems capable of supporting adaptation without loss of viability.

2.6. Viability as an engineering criterion for evaluating solutions

Considering the viability of complex technical systems as a dynamic
property formed throughout the entire system life cycle necessitates the
inclusion of this concept in engineering criteria for the evaluation of technical
solutions. In classical engineering analysis, primary attention is given to the
compliance of technical solutions with regulatory requirements, reliability
indicators, and efficiency metrics. These criteria are necessary; however, they
do not provide an answer to the question of how a system will behave over time
under conditions of increasing complexity, changes in organisational context,
and the accumulation of user adaptations. As a result, solutions that are optimal
from the standpoint of individual technical parameters may prove to be non-
viable in the long-term perspective.

Within this study, viability is proposed to be considered as a multidimensional
engineering criterion that can be used for the comparative assessment of
technical solutions at the early stages of design. Within this approach, the
evaluation of the viability of technical solutions involves the analysis of at
least four interrelated dimensions: design viability (the extent to which the
assumptions embedded in the system architecture correspond to real conditions
of use; whether the design accounts for variability of scenarios and the role
of the human as an adaptive element); operational viability (the ability of the
system to support effective operation under changing workloads and contexts;
the level of cognitive and operational workload imposed on users over time);
adaptive viability (whether the system allows the detection, compensation,
and correction of gradual shifts in operation; whether adaptation is not shifted
exclusively onto the human); evolutionary viability (the system’s capacity for
modernisation without uncontrolled growth of complexity; the coherence of
changes with accumulated operational experience).
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Table 2

Comparison of engineering perspectives on safety and viability

Criterion

Classical safety
analysis

Resilience-oriented
analysis

Proposed viability
framework

Main question

How to prevent
failures?

How systems cope
with variability?

How design enables
long-term viability

Focus

Components, barriers,
compliance

Normal work,
adaptation

Design assumptions,
interaction

Human role

Source of error

Source of resilience

Engineering parameter

Application stage

Late design /
operation

Operation /
investigation

Early design / concept
selection

Unlike classical safety assessment methods focused on component
reliability or compliance verification, and resilience-oriented approaches
primarily aimed at explaining system behaviour during operation, the proposed
viability framework targets design-time decision-making, enabling the early
identification of structural conditions that support or constrain long-term system
adaptation. Within this study, an original framework model for assessing
the viability of complex technical systems is proposed, in which viability is
interpreted as a multidimensional engineering criterion suitable for the analysis
of technical solutions at the early stages of design.

The proposed framework model can be used as a basis for the comparative
assessment of alternative design concepts at the early stages of design. For this
purpose, the four dimensions of viability may be represented in the form of
a radar diagram, which allows the relative viability profile of different solutions
to be visualised without a claim to quantitative precision. The diagram
highlights that design concepts optimised primarily for formal safety may
exhibit significant weaknesses in adaptive and evolutionary viability, which
become critical over long-term operation.

Ilustrative example of framework application. To illustrate the proposed
viability framework, consider a hypothetical highly automated transport control
system that formally complies with safety regulations and demonstrates high
component reliability. While its design viability may appear strong due to
a well-defined functional architecture, assessment using the framework reveals
limitations at other levels. Operational viability may be reduced by elevated
cognitive workload caused by fragmented information and frequent manual
interventions in non-standard situations. Adaptive viability may be constrained
when the system provides limited feedback on the consequences of operator
adaptations, shifting responsibility for performance adjustments onto the
human. Evolutionary viability may also be affected if system updates increase
interface complexity without revising function allocation.
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Design viability

Design viability 0‘:;:;;"1‘:;”

Adaptive
viability

Operational
viability

Evolutionary
viability

Evolutionary viability

Fig. 7. Multidimensional viability framework and comparative radar
profiles of formally safe and human-centred design concepts

A human-centred alternative, evaluated using the same framework, may
exhibit lower levels of formal automation but higher operational and adaptive
viability due to clearer interaction logic, improved support for situation
awareness, and explicit consideration of human adaptation mechanisms. The
radar-based representation highlights these trade-offs at early design stages,
before implementation decisions become irreversible.

Certain aspects of this approach to viability analysis have been addressed
by the author in previous studies devoted to the influence of the human factor
and operating conditions on the long-term effectiveness of technical systems'*!“.,
The integration of viability as an engineering criterion implies a shift in focus
from the assessment of individual components to the analysis of the system as
a whole, taking into account its interaction with the human and the environment
of use. This entails the need to pose different questions at the design stage:
how the system supports user adaptations; which compromises it makes and
which it transfers to the human; how cognitive and operational workload
change over time; and which mechanisms allow the detection and correction
of slow degradation. Considering viability also changes the approach to
choosing between alternative technical solutions. Viability becomes a criterion
of the long-term quality of engineering solutions, closely linked to economic
feasibility, operational stability, and the level of system acceptability for

13 Mygal G. Transformation of the engineering thinking of complex systems designer.
Municipal Economy. 2024. Vol. 1. No. 182. Series: Engineering Science and Architecture. P. 20-29.
doi: 10.33042/2522-1809-2024-1-182-20-29

4 Mygal G., Protasenko O.Designing human-machine systems: transformation of a designer’s
thinking. Bulletin of the National Technical University “KhPI”. Series: New Solutions in Modern
Technologies. 2023. V. 4(18). P. 27-35. doi: 10.20998/2413-4295.2023.04.04
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users'>. An important feature of viability as an engineering criterion is its
inseparable connection with the human factor. Since it is humans who ensure
system adaptation under real conditions, the assessment of viability without
considering their role is impossible. This requires the inclusion of analyses
of human behaviour, cognitive limitations, and usage practices within the
engineering design cycle, rather than treating them as external or secondary
factors. Thus, viability acts as an integral engineering criterion that combines
technical, organisational, and human aspects of the functioning of complex
technical systems. Its consideration makes it possible to move from reactive
mitigation of the consequences of degradation to the design of systems capable
of supporting safety and effectiveness throughout the entire life cycle.

2.7. Operationalization of the human factor in engineering models

Within this study, the human factor is considered not as an abstract
characteristic or a generalised source of risks, but as an engineering quantity
subject to operationalisation and inclusion in models for assessing the viability
of complex technical systems. The operationalisation of the human factor is
carried out through a set of parameters that have direct engineering significance.
In particular, cognitive workload is considered as an indicator of the complexity
of human-system interaction, defining the limits of stable decision-making
over time'®, Erroneous actions are interpreted not as individual failures, but
as indicators of a mismatch between design assumptions and real operating
conditions. That is, errors are indicators of design and organisational constraints
rather than individual unreliability. Human adaptability is treated as a mechanism
for compensating system limitations, allowing system operability to be maintained
under conditions of variability, while at the same time potentially masking the loss
of long-term viability. The reliability of human—system interaction is considered
as a property of the joint functioning of the human—machine control loop,
dependent on the quality of interfaces, procedures, and the organisational context.
Operationalising the human factor does not mean measuring the human; rather,
it means incorporating parameters of human—system interaction into engineering
decisions. Thus, the human factor acts not as an external constraint or a source
of errors, but as an integrated engineering parameter that directly influences the
viability of technical solutions at different stages of their life cycle.

Conclusions to Chapter 2. Viability is a dynamic life-cycle property
formed through the interaction of technical solutions, operating conditions,
and the human factor. Its degradation is often embedded at the design stage

5 Baxter G, Sommerville I. Socio-technical systems: from design methods to systems engineering.
Interacting with Computers. 2011. V.23(1). P.4-17. doi: 10.1016/j.intcom.2010.07.003.

®  Mygal V.P, Mygal G.V,, Mygal S.P. Al: unique opportunities and global challenges — a hybrid
approach to modeling reality and its perception. Qeios. 2024. doi: 10.32388/GIJ3R1.4
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through simplified assumptions about real system use and the role of the
human, and is subsequently amplified during operation if design logic is not
revised. The human factor plays a key role in maintaining viability by enabling
system adaptation, while simultaneously potentially masking structural design
limitations when excessive responsibility is shifted onto the human.

Contribution of Chapter 2: a multidimensional framework for viability
assessment is proposed (design, operational, adaptive, and evolutionary
dimensions), supported by visual tools for comparing alternative concepts; the
human factor is operationalised as an engineering parameter of human—system
interaction, enabling its integration into assessment models and engineering
decision-support processes.

3. Human-Centered Design as an Engineering Methodology
for Ensuring Sustainability

3.1. The place of human-centered design in the engineering of complex
technical systems

Thus, the key problems of sustainability arise not at the level of individual
technical components, but at the level of system interaction with the human
under real operating conditions. Formal compliance with standards, high
reliability of components, and increasing levels of automation do not in
themselves guarantee long-term effectiveness and safety of systems. Therefore,
it is necessary to integrate real conditions of use, behavioural characteristics, and
human adaptations directly into the design process. Human-centred design, in
this sense, appears not as an auxiliary or humanitarian approach, but as a means
of extending classical engineering logic by taking into account the role of the
human as an active element of a complex technical system'”'s. In contemporary
design practice, the concept of human-centred design is often associated with
ensuring usability, improving interfaces, or enhancing the ergonomic quality of
technical solutions. Such an interpretation, although not incorrect, significantly
narrows the meaning and potential of this approach, reducing it to the level of
styling or interaction optimisation at the final stages of system development.
In the context of complex technical systems, human-centred design should be
considered much more broadly — as an engineering approach to modelling real
system use. Its task is not to adapt the human to an already created technical
structure, but to design the structure itself with consideration of the role of the
human in control loops, decision-making, and adaptation.
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Human-centred design introduces the human factor directly into the
system model. This means that the behaviour of users and operators, their
cognitive capabilities, limitations, and typical adaptations are treated as design
parameters that influence system architecture, function allocation, and the
selection of technical solutions'?®. Such an approach is a logical continuation
of contemporary safety thinking and the concept of viability. If safety is
formed in normal operation, and viability depends on the system’s ability
to adapt to change, then design must also take into account the mechanisms
through which these processes are realised. Ignoring this leads to design
solutions that are formally correct but non-viable in operation. Human-centred
design makes it possible to reduce the gap between the design model and the
system’s real operation, decrease the need for hazardous adaptations, and create
the prerequisites for long-term safety and sustainability of complex technical
systems.

3.2. Man as part of a system model or as a source of unpredictability

Within standard engineering logic, the human factor exists “outside the
system model”, and its influence is compensated for through organisational
measures or automation. Human-centred design proposes a fundamentally
different approach, within which the human is regarded as a full-fledged design
parameter of a complex technical system. This means that characteristics of
human behaviour, cognitive capabilities, limitations, and typical adaptations
must be taken into account at the same level as technical characteristics of
components, control algorithms, or environmental parameters.

Considering the human as a design parameter implies the inclusion in
the system model of such aspects as limited information-processing capacity,
variability of decision-making, context dependence, and learning during
operation. Unlike technical components, the human changes behaviour with
experience, adapts to system constraints, and develops stable usage practices.
These characteristics are neither random nor undesirable — they determine the
actual behaviour of the system under conditions of uncertainty and change.

An important aspect of treating the human as a design parameter is the
presence of cognitive biases that influence information perception, risk
assessment, and decision-making. Such biases are systemic in nature and do not
depend on the level of training or experience of the user. In complex technical
systems, they manifest, in particular, in tendencies toward confirmation of
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expectations, normalisation of deviations, overreliance on automated solutions,
or underestimation of low-probability risks. Ignoring these regularities at the
design stage leads to the creation of systems that formally assume “rational”
human behaviour but, in real operation, stimulate undesirable adaptations. From
an engineering perspective, cognitive biases should be treated not as individual
errors, but as parameters that must be accounted for in system architecture and
interaction design.

Including the human as a design parameter also changes the approach
to the analysis of errors and hazardous situations. User and operator actions
are considered not as individual deviations, but as systematic reactions to
system structure, interfaces, organisational constraints, and function allocation.
An engineering interpretation of the human as a design parameter requires
abandoning simplified models of the “ideal user” or “nominal operator”. Instead,
it is necessary to work with a range of possible behavioural scenarios, typical
adaptations, and acceptable workload limits. In this sense, human behaviour
becomes a source of information about the quality of design decisions and the
correspondence of the system to real conditions of use.

Considering the human as a design parameter is a necessary condition for
ensuring the viability of complex technical systems. It makes it possible to
integrate real conditions of use into the engineering model of the system and to
reduce the gap between design logic and actual operation.

3.3. Integrating a human-centered approach into the classic engineering
design cycle

The integration of human-centred design into engineering practice implies
the expansion and refinement of the classical approach with consideration of
real system use conditions and the role of the human at all stages of the system
life cycle. Within the classical engineering cycle, the human-centred approach
is integrated at the following key stages:

1) Requirements definition. The human-centred approach makes it possible
to move from abstract functional characteristics to the analysis of real system
use scenarios. Requirements are formulated with consideration of typical
models of human—system interaction, possible variations in user and operator
behaviour, as well as the organisational context of operation. Such an approach
reduces the risk that a system will formally meet requirements while proving
complex or unacceptable in real work.

2) Conceptual design and system architecture. The human-centred approach
influences the choice of system architecture and the allocation of functions
between technical components and the human. Errors made at this level embed
fundamental limitations in system viability and cannot be fully compensated
for at later stages.
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3) Detailed design and development. At this stage, the approach is
implemented through the design of interfaces, procedures, and interaction
algorithms that support adequate human actions under conditions of variability
and uncertainty. The focus is not only on reducing the probability of errors, but
on ensuring the ability to respond flexibly to non-standard situations.

4) System validation and verification. It is necessary to analyse system
behaviour under conditions close to real operation, taking into account typical
actions of users and operators. Human behaviour is considered as an indicator
of the quality of design decisions and their correspondence to real conditions
of use.

System Man as a
training carrier of
and adaptation
correction and Changing the
of design practical : -
solutions knowledg~ interpretation of
the human
factor ---
Rejecting the
Safety as the Variability of logic of

actions as a
response to
system
constraints

ability of a system
to maintain control
in operation

\ Automation as

decision support
and cognitive
load reduction

“operator error”

Fig. 8. Breaking the closed loop of safety and sustainability degradation
through a human-centred approach to the design and operation
of complex technical systems

Within this logic, human-centred design acts not as a separate method, but
as a cross-cutting principle of systems engineering. This makes it possible to
reduce the gap between the design model and real operation, decrease the need
for hazardous adaptations, and increase the long-term viability of complex
technical systems.

For the purpose of engineering operationalisation of the human-centred
approach, it is appropriate to represent it in the form of a framework model for
integrating the human factor into the classical engineering design cycle. Within
this framework, the human factor is considered not as an external constraint,
but as a design parameter that influences requirements definition, architectural
decisions, interaction design, and system validation under conditions close to
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real operation (Fig. 9). In the proposed dual-loop framework model, human—
system interaction parameters (cognitive workload, situation awareness,
erroneous actions as indicators, adaptive behaviour, and HMI reliability)
are integrated into each phase of the engineering cycle — from requirements
definition to operation and organisational learning.

The human cycle — the logic
v of real-life systems
Operation — Adaptation —
Organisational learning

Engineering cycle —
planning logic A

Requirements — Design
— Validation

Requirements
&
assumptions

e

Organisational
& regulatory
context

Conceptunal
design /
architecture

Cognitive workload
Situation awareness
Error-prone actions

Human-—machine
interaction reliability
Adaptive behaviour

Operation &

Detailed
design &
interfaces

verification

Fig. 9. Dual-loop framework for integrating the human factor
into the classical engineering design cycle

The figure illustrates that the human factor is not treated as an external
constraint or post-design consideration, but is integrated into key decision points
of the engineering lifecycle via measurable interaction-related parameters. To
capture the full lifecycle dynamics, the framework is extended by an additional
organisational and learning dimension, reflecting how rules, responsibilities,
training and accumulated experience shape the long-term behaviour of the system.
This dimension connects design decisions with real operational practices and
explains why formally correct systems may lose viability over time.

3.4. Human-centered design as a tool for savings, not costs

One of the key differences between human-centred design and the traditional
approach is the shift of the focus of human factor analysis to the early stages
of the engineering cycle. It is precisely at these stages that system architecture,
function allocation, and interaction principles are defined, which subsequently
determine both the safety and the viability of the technical solution. Attempts to
account for the human factor after the completion of the main design phase are

231



usually cosmetic in nature and are not capable of compensating for fundamental
design limitations. This involves analysing what goals people seek to achieve
through the system, under what conditions they operate, and which constraints
shape their behaviour. In this context, needs should be considered as functional
requirements for the system that reflect real usage scenarios rather than only
nominal operating modes®'. Equally important is the early analysis of the
constraints within which the user or operator acts. Such constraints include time
pressure, cognitive workload, incomplete information, organisational rules, and
conflicting goals. If these factors are not incorporated into the design model,
the system inevitably shifts their compensation onto the human, forcing the
development of informal adaptations. In the short term, this allows operability
to be maintained, but in the long term it reduces viability and increases risks.
Analysing user behaviour at the early stages of design makes it possible to
identify typical interaction scenarios with the system, characteristic points of
strain, and potential sources of compromise between safety and effectiveness.
Such analysis does not aim to predict every possible human action, but rather
to understand the range of likely behavioural strategies. This makes it possible
to design the system in such a way that adequate and safe actions are simpler
and more likely than undesirable or risky ones. It is fundamentally important
that early work with the human factor reduces the cost of design changes.
Adjustments to architectural decisions, automation logic, or function allocation
at carly stages require significantly fewer resources than attempts to mitigate
the consequences of design errors after system implementation. In this sense,
human-centred design acts not as a source of additional costs, but as a tool for
reducing technical, organisational, and operational risks.

3.5. Human-centered design as a factor in the sustainability and
acceptability of technical solutions

The resilience and sustainability of complex technical systems are often
considered through the lens of technical and environmental indicators, such
as energy efficiency, resource conservation, or the reduction of negative
environmental impact. However, under real operating conditions, the long-term
sustainability of a system is largely determined by whether it is accepted by users
and operators and whether they are able to interact with it effectively without
excessive effort or risk??. In this sense, sustainability appears as a property of

2 Mygal G. , Protasenko O. Designing human-machine systems: transformation of a designer’s
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use rather than solely of design or technology. In various engineering domains,
it has repeatedly been observed that technical solutions may meet criteria of
energy efficiency, resource conservation, or environmental optimisation at the
design level, while simultaneously proving to be unsustainable in real operation.
The reason for this lies not in physical limitations of the system, but in the ways
it is actually used — simplification of procedures, bypassing of certain functions,
or adaptations that alter the intended operating modes.

A similar logic has long been present in contemporary safety and viability
thinking, where safety is considered not as a property of the design, but as
a result of normal everyday system operation. Transferring this approach to the
issue of sustainability makes it possible to argue that sustainability is realised
not in the design model, but in the daily actions of people who interact with
the system. If safety is “produced” in the course of operation, sustainability is
formed in an analogous way.

The design of a technical system shapes the behaviour of users and
operators, and it is precisely this behaviour that determines actual operating
modes, workload levels, resource use, and patterns of wear. Consequently,
sustainability emerges not when a system is potentially capable of operating
in a sustainable manner, but when it encourages sustainable behaviour under
real operating conditions. Human behaviour determines the actual use of
resources and adherence to the principles embedded in the system. A technical
solution may be energy-efficient or environmentally optimised by design, yet
in real operation these characteristics may fail to materialise due to a mismatch
between design logic and practical conditions of use. Human-centred design
makes it possible to reduce this gap by making actions that are desirable from
a sustainability perspective natural and likely for users. The acceptability of
technical solutions also has a temporal dimension. A system may be positively
perceived at the implementation stage, but over time lose this support as a result
of changing operating conditions, increasing complexity, or the accumulation of
minor inconveniences. The human-centred approach allows potential evolution
of system use to be taken into account, reducing the risk that its sustainability
characteristics will be gradually undermined in the process of adaptation®.

3.6. Limitations and conditions for the effective application of human-
centered design

Despite the significant potential of human-centred design in ensuring the
safety, viability, and sustainability of complex technical systems, its application
has a number of fundamental limitations. Ignoring these limitations or applying

3 Mygal S., Mygal V., Mygal G. Mutual enrichment of education, science and technology in post-
war Ukraine through self-organized integration of creative individuals. 47t & Design. 2024. No. 4(28).
P. 33-50. doi: 10.30857/2617-0272.2024.4.3

233



the approach superficially may lead to opposite effects — an increase in
complexity, dilution of responsibility, and a reduction in system controllability.

One of the key risks is the reduction of human-centred design to a set of
isolated methods or formal procedures. The application of individual tools
without their integration into the overall engineering logic of the project creates
the illusion of addressing the human factor while failing to influence fundamental
design decisions. In such cases, human-centred design becomes a declaration
rather than a real mechanism for improving system quality. Another limitation
lies in the difficulty of formalising human behaviour. Human-centred design
does not aim at full prediction or control of user and operator actions. Attempts
at excessive formalisation may lead to oversimplified behavioural models. This
requires engineers to accept uncertainty as an inherent characteristic of complex
technical systems rather than as a modelling error.

Effective application of the human-centred approach also depends on the
level of interdisciplinary interaction. Designing with consideration of the
human factor requires coordinated work among engineers, safety specialists,
operations personnel, and organisational process experts. In the absence of such
interaction, the human factor remains a “no-man’s land”, with responsibility
diffused among project participants. Organisational readiness for applying the
human-centred approach is no less important. Projects oriented exclusively
toward short-term technical or economic indicators usually do not create
conditions for systematic consideration of the human factor. In such cases,
solutions that enhance long-term viability may be perceived as excessive or
unjustified costs. Thus, human-centred design is not a universal or inherently
effective solution. Its effectiveness is determined by the depth of its integration
into the engineering cycle, readiness to work with uncertainty, and the ability to
treat the human factor as a systemic element rather than an external condition.

3.7. Methodological limitations and scope of application

Despite the demonstrated potential of the human-centred approach for
enhancing safety, viability, and sustainability of complex technical systems,
several methodological limitations should be acknowledged. The proposed
framework does not aim to eliminate uncertainty inherent in socio-technical
systems and does not provide deterministic predictions of human behaviour.
Instead, it offers a structured way to account for variability, adaptation, and
constraints at the design stage. The operationalisation of the human factor is
based on qualitative and semi-quantitative human—system interaction parameters
rather than precise numerical metrics, which limits classical optimisation but
reflects the context-dependent nature of real system use. The effectiveness of
the approach also depends on organisational readiness to integrate human-
centred principles into engineering decision-making; projects driven solely by
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short-term cost, schedule, or compliance goals may not fully realise its benefits.

Finally, the framework is intended primarily for early design stages and
conceptual comparison of alternatives. It complements, rather than replaces,
detailed safety analyses and certification procedures by addressing factors
typically overlooked in early system development.

Conclusions to Chapter 3. For modern complex technical systems
operating under variable conditions and involving active human participation,
ignoring human-centred design leads to the accumulation of systemic design
constraints and the gradual loss of declared system characteristics. User and
operator behaviour serves as an indicator of the adequacy of design decisions
and their correspondence to real conditions of use. Sustainability in such
systems is formed through real operation rather than being an inherent property
of structure or technology. Human-centred design provides an engineering
approach for integrating safety, viability, and sustainability across the entire
system life cycle.

Contribution of the Chapter: an engineering interpretation of human-
centred design as a factor of system viability and sustainability is proposed;
sustainability is substantiated as a property of real system use; a framework
model for integrating the human factor into the engineering design cycle and its
operationalisation through human—system interaction parameters is presented.

CONCLUSIONS

This work examines the role of the human factor in ensuring the safety,
viability, and sustainability of complex technical systems. An engineering
methodology for integrating the human factor into the assessment of safety,
viability, and sustainability of complex technical systems is formulated and
substantiated. The main results and contributions are as follows:

1) Reinterpretation of the human factor as a systemic safety resource.
A methodological transition is proposed from interpreting the human as a “source
of errors” to considering the human as an adaptive element of the control loop.
It is shown that under conditions of increasing complexity, safety is formed
primarily in the course of normal system operation rather than manifested only
in accidents; accordingly, the analysis of everyday operation constitutes a key
source of knowledge about mechanisms of resilience and degradation.

2) Substantiation of viability as an integral engineering criterion of long-
term solution quality. Viability is defined as a dynamic life-cycle property that
emerges through the interaction of technical solutions, operational context, and
the human factor. It is shown that formal safety and regulatory compliance do
not guarantee viability due to the accumulation of adaptations, compromises,
and the “drift” of usage practices.
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3) Proposal of a multidimensional framework model for assessing
the viability of technical solutions. An original model is developed that
includes four interrelated dimensions: design, operational, adaptive, and
evolutionary. The model is suitable for the comparative assessment of
alternative concepts at early design stages, when key architectural decisions
can still be modified.

4) Operationalisation of the human factor as an engineering parameter of
“human-system” interaction. An approach is proposed in which the human
factor is accounted for not through the evaluation of “human qualities”, but
through interaction parameters with clear engineering meaning (in particular,
cognitive workload; erroneous actions as indicators of a mismatch between the
design model and real work; adaptability as a mechanism of compensation and
potential drift; and the reliability of the human—-machine control loop). This
enables the integration of the human factor into engineering decision-making
models without reduction to descriptive judgments.

5) Integration of human-centred design into the classical engineering cycle
as a methodology for ensuring viability and sustainability. It is shown that the
human-centred approach should function not as an “add-on at the end”, but
as a change in the decision-making perspective at critical points of the design
cycle (requirements, architecture/function allocation, interface and procedure
detailing, and validation in scenarios close to real operating conditions). This
reduces the gap between the design model and real operation and decreases the
need for hazardous adaptations.

6) Substantiation of sustainability as a property of real system use. It is
demonstrated that sustainable effects are not realised automatically through
“correct” design or technology, but are formed in actual operating modes created
by the interaction of design, organisational conditions, and human behaviour.
Accordingly, human-centred design is considered an engineering factor of long-
term acceptability and preservation of the system’s declared characteristics over
time.

7) Proposal of visual-analytical tools to support engineering decision-
making. As a practical outcome, framework schemes and a radar-based
representation of the viability profile are proposed, enabling the identification
of imbalances between dimensions (for example, “formally safe, but weakly
adaptive/evolutionary”) prior to system implementation.

Taken together, the obtained results form a coherent engineering framework
that integrates safety, resilience/viability, systems engineering, and human
factors, and enables the assessment and design of complex technical systems
with a focus on long-term viability and sustainability. In summary, it can
be stated that ensuring the safety, viability, and sustainable development of
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complex technical systems is impossible without systematic consideration of
the role of the human at all stages of the life cycle. The transition from reactive
mitigation of consequences to the design of systems capable of supporting
effective and safe operation under real operating conditions represents one of
the key challenges of contemporary engineering.

SUMMARY

This work examines the role of the human factor in ensuring the safety,
viability, and sustainability of complex technical systems under real operating
conditions. The limitations of traditional engineering approaches are
demonstrated, within which sustainability and safety are interpreted primarily
as properties of structure, technology, or regulatory compliance. Based on
the analysis of operational practices, it is substantiated that the long-term
effectiveness and robustness of complex technical systems are formed not
only by design decisions, but through the interaction of technical architecture,
conditions of use, and human behaviour.

Safety is proposed to be considered as a dynamic property of normal system
operation, and the human factor — not as an external source of errors, but as
an adaptive element of the control loop and a resource for maintaining system
functioning under conditions of uncertainty. It is shown that the viability of
complex technical systems is a life-cycle characteristic formed through the
accumulation of adaptations, compromises, and changes in usage practices, and
that it is not guaranteed by formal safety or compliance with standards.

A multidimensional framework model for assessing the viability of
technical solutions is proposed, encompassing design, operational, adaptive,
and evolutionary dimensions. The human factor is operationalised as an
engineering parameter of “human—system” interaction through characteristics
such as cognitive workload, erroneous actions as indicators of design mismatch,
adaptability, and the reliability of the human—machine control loop.

Human-centred design is substantiated as an engineering methodology for
integrating viability and sustainability into the classical development cycle of
complex technical systems. It is shown that sustainability should be considered
as a property of real system use rather than solely of its structural characteristics.
The proposed framework and visual-analytical tools can be used to support
engineering decision-making at early design stages, with a focus on long-term
viability and system acceptability under real operating conditions.
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CHAPTER 23

IHHOBALLIMHI TEXHIYHI PILLEHHA

ANA CTAJIOrO PO3BUTKY YKPAIHU TA KPAIH €C:
OPTAHI3ALIA HAYKOBOI | HAYKOBO-TEXHIYHOI
DIANBHOCTI Y BINCbKOBIN COEPI

XomeHko €. B., CeeTniynui I. B., Bongap B. KO., KopoTtyeHko O. O.
DOl https://doi.org/10.30525/978-9934-26-653-9-23

BCTYI

3 IMOYaTKOM MIMPOKOMACIITAOHOTO BTOPTHEHHS P KapAMHAIBHO 3pociia
norpeba y IHHOBaNiWHMX TEXHIYHUX PIMICHHAX JJISI CTAJOro pPO3BHTKY,
BKJIIOYAlOYM  BIWCHKOBY cdepy. BoaHouac eBpoarmianTudHa iHTErpamis
3aJMIIAETBCSl  KIIOUOBUM  CTpaTeriyHuM mpioputeroM VYkpainu. Lli  naBa
HEepiBHO3HAYHI UYWHHUKU CTBOPIOIOTH YHIKaJbHWH 3alUT HA JOCIIPKCHHS
SIK 1HHOBAI[IMHUX TEXHIYHUX pIlIeHb, TaK 1 icTOpii PO3BUTKY Ta opraHizarii
HayKOBOI 1 HAyKOBO-TEXHIYHOT JIISUTBHOCTI Y BificbKOBiil chepi kpaiH-mapTHEpIB.
3rigno 3akony Ykpainu “IIpo HaykoBy i HayKOBO-TEXHIUHY JSUIBHICTH” BiJl
26.11.2015 No 848-VIII, naykoBa JIisUIbHICTH CHpsIMOBaHa Ha OJCPKaHHS
1 BUKOPHUCTAHHSI HOBUX 3HaHb JUISI PO3B’S3aHHS TEXHOJOTIYHUX, IH)KCHEPHHUX,
CKOHOMIYHHUX, COLIANIbHUX Ta ryMaHiTapHHX mpobnem'. [lepenik npiopuTeTHUX
TEeMaTHYHUX HAINpPsIMIB HAyKOBHX JOCII/DKEHb 1 HAyKOBO-TEXHIYHHUX PO3POOOK
Ha mepiog 10 31 rTpyaHs (pOKy, HACTYIHOTO IICIsS NPHUIMHEHHS abo
CKACYBaHHsS BOEHHOTO CTaHy B YKpaiHi)? MICTHTh HACTYNHHIH TeMaTHYHHI
HanpsiM HayKOBHX JIOCHI/DKCHb: “HalliOHaJbHI 1HTepecH YKpaiHM B KOHTEKCTI
TEOMOJIITHYHUX IMPOOJIEM CydacHOTO INI00ai30BaHOTO CBITY Ta (OPMYBaHHS
HOBOTO MiKHapoaHOTro mnpaponopsaky” (m. 9 posn. 2)°, 10 SKOro JOTHYHE
1 Ipe/ICTaBICHE JTOCIIIKSHHS.

! Ilpo HaykoBy 1 HAyKOBO-TEXHIUHY IisuIbHICTB : 3akoH Ykpainm Bixm 26.11.2015 Ne 848-VIIL

URL: https://zakon.rada.gov.ua/laws/show/848-19#Text

2 Ilpo 3arBep/pkeHHS NEpPENiKy NPIOPUTETHUX TEMATHYHMX HANpPSAMIB HAYKOBUX JOCITIIKEHb 1
HAyKOBO-TEXHIYHHX PO3poOOK Ha mepiox m0 31 rpyaHs poKy, HACTYIHOTO MICHs HPUIHHEHHS abo
CKaCyBaHHsS BOEHHOTO cTaHy B YkpaiHi : IToctanoBa Kab. MinictpiB Ykpainu Bix 30.04.2024 Ne 476.
URL: https://zakon.rada.gov.ua/laws/show/476-2024-n#Text.

3 Jonatox 1o mocranoBu Kabinery MinictpiB Ykpainu Bix 30.04.2024 Ne 476. URL: https://zakon.
rada.gov.ua/laws/show/476-2024-n
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[IpoBenenunii aBropamu 0i10iOMETPUYHUI aHaAII3 HAyKOMETPUYHHX 0a3
Scopus ta Web of Science He BUSBUB KOMIUICKCHUX Yy3arajibHCHb IOJIO
oprasizanii Taxkoi AisIbHOCTI KpaiH-TIapTHEPIB, 110 OOIPYHTOBYE aKTyalIbHICTh
po6oru*. Tlompu Te, MO OKpeMi JOCIIHKEHHS MPUCBSUEH] TaKii JisUIbHOCTI,
KOHLICMIISIM NeBHUX KopmyciB un crangapram HATO, koMIieKCHUH Orisi
BKa3aHOTo NMUTAHHs (3 ypaxyBaHHSIM IpOOJeM €BpOATIaHTUYHOI 1HTerparii
VYkpainu) BIACYTHIH y ScOpus-iHICKCOBAaHUX BHJAHHSAX Ta BUIAHHIX
nepuroro-apyroro keapruicit Q1-Q2. Came Tomy mOTpeOYIOTH OJANBIIOTO
JOCII/DKEHHSI TIHUTaHHS HayKoOBOI IisTIBHOCTI BiMCHKOBHX (DOPMYBaHb IHX
KpaiH, SKy aBTOpH pO3NIAJaTHMYTh 4epe3 Npu3My (Ha NMPHKIIAZIl) HOPSAKY
oprasizanii HayKoBOi Ta HAayKOBO-TeXHI4YHOI AisiibHOCTI Koprycy iHxeHepiB
apmii CIJA Tta Kopmycy KoposiBCcbKHX iH)KeHEpiB bpuraHchkoi apwii.
3 ypaxyBaHHSM BHKIIQJICHOTO, aKTyaJbHUM € BHBYCHHS SIK IHHOBaIl[iHHHX
TEXHIYHUX pIIIEHb JJIS CTAJIOT0 PO3BUTKY YKpaiHu Ta kpain €C, Tak
1 IOpsiIKy oprasizaiii (BUKOHaHHS) Ta BIIPOBA/PKEHHS PEe3yJbTaTiB HAyKOBOT
ISTTBHOCTI KpaiH-TapTHEPIB.

Y xouTtekcti Temu “IHHOBamilHI TEXHIYHI pIlIEHHS [UIsS CTajoro
po3BuUTKYy VYkpainu Ta KkpaiH €C” JOCHIJDKEHHS HE TUIBKH CaMUX
pimenb, a ¥ yci\i cucremMu oprasizanii HayKoBOi i HayKOBO-TEXHIYHOI
JIsSUTbHOCTI y BIWCBKOBIM cdepi KpaiH-mapTHepiB HaOyBae CTpaTeriyHOro
3HayeHHd. lle 3HaueHHS OOYMOBJIGHO THM, IO B YMOBax MOBOEHHOI'O
BIJIHOBJICHHSI Ta CTAaJOr0 PO3BUTKY BIMCHKOBAa HayKa W OCBITa CTHUKAIOTHCS
3 HOBMMHM BUKJIMKaMH, HEBU3HAUYEHICTIO PU3HMKIB, HEOOXIJHICTIO IIBHUIKOIO
BIPOBAJDKCHHS IHHOBAIIMHUX TEXHIYHMX PIlIEHb Ta CyYaCHUX HAyKOBHX
MiIXOMIB JUIsi 3a0e3ICUCHHs] KOHKYPEHTOCIPOMOXKHOCTI YKpaiHU y CBITI.
BuBueHHs Ta ajanTaiis HaWKpaliuX iHHOBAI[IWHUX TEXHIUHUX PILICHb,
MPaKTHK HayKoBOi JisuibHOCTI (y BIiliCbKOBIM cdepi) KpalH-mapTHeEpiB,
30KpeMa IMOpsKY Oprasizamii Ta BIPOBa/PKEHHs pE3yJbTaTiB Ha MPHUKIAIi
Kopmycy imxenepiB apmii CIIA’, Kopmycy KOpOmiBCbKHX iHXKEHEPIiB
Bpurancekoi apmii® migBuinye e(eKTUBHICTh BHKOHAHHS 3aBlaHb 32

*  Boumap B. 0., Koporuerko O. O., Xomenko €. B. Bukimuku Ta mepcreKTHBH HayKOBOI TisSITbHOCTI
B YMOBaxX IIOBOEHHOTO BiHOBJICHHsS YKpaiHM: puU3MKo-opieHTOBaHI mimxomu. Current issues in the
development of Ukrainian legal education and science in the present day and post-war reconstruction
: Scientific monograph. Riga, Latvia : “Baltija Publishing”, 2026. 444 p. C. 112-132. URL: https://doi.
org/10.30525/978-9934-26-629-4-6

s Icropuunmit po3suTok Kopmycy imkeHepis apmii CILIA / €. B. Xomenko Ta in. International
electronic  scientific journal “Science Online”. 2025. Ne 2. C. 6 — 21. DOIL http://dx.doi.
org/10.25313/2524-2695-2025-2-06-21.

6 Xomenko €. B., Cemriunuii 1. B., bonmap B. 0., €men’stHoBa C. M. Kopmyc KoponiBchknx
imkenepiB bpurancekoi apmii: ictopist Ta iHHOBauii B ocBiti. Pedagogical and Psychological Studies,
Innovations in Education as the Basis for Forming the Modern Educational Environment : Scientific
monograph. Pura. Jlarsis. 2026.
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MPU3HAYCHHSIM Ta Ma€ Ha METi MiHIMi3yBaTH (YHEMOXKJIMBUTH) BTPaTH cepell
0c0o00BOro cKiamy cui 060poHu Ykpainu'.

1. OpraHisauisi Ta 34iMCHEHHA HayKOBOI Ta HAYKOBO-TEXHI4YHOT
apisnbHocTi y Kopnyci iHxkeHepie apmii CLUA

Kopmyc imxenepis apmii CLLA (naii — Kopryc) € oHi€ro 3 HAHBILTMBOBIIINX
IHKeHepHUX (OpPMyBaHb CBITY, 110 BHKOHYE SIK BIifICBKOBI, Tak 1 LUBUIBHI
3aBnaHHs. OCHOBHMM HayKOBO-JIOCTITHMM miaposzaisiom Koprycy Buctynae
ImwkeHepuuit meHTp JgociimkeHs Ta po3podok (Engineer Research and
Development Center, ERDC), nmo ckiamy sIKOro BXOISTh CIICIlialli30BaHi
nabopaTopii.

[Minpozninom Koprycy Bucrymnae Ilkona imkenepiB Apmii CIHA (United
States Army Engineer School, USAES), posramosana y ®oprt-Jleonapn-Byn
(mrar Miccypi). Ller 3akman, 3acHoBanuit 1778 p., 3a0e3medye MiITOTOBKY
3 0oiioBoi iHXeHepil, MocToOymyBaHHs, OyIIBHUITBA, TI'€OMPOCTOPOBUX
TEXHOJIOT1H, JaWBIHTY Ta TIOXKEKOTACIHHS i TMOHaX 37 THC. BIHCHKOBHX
1 mmBinbHUX QaxisuiB. Illkona Bukopucrorye npunnunu "build fortifications
and breach their walls" (cumBoun 3amky 3 1840 p.), 3a0e3neuyroun Oe3nepepBHy
ocity Bij 6a3zoBoi no Bumoi (Engineer Credentialing Program).

Iepma nocnigna nadopatopis Kopmycy — The Waterways Experiment
Station (WES) — 3acHoBana 1929 p. st MOIETIOBaHHS 3aXKCTy BiJ IMOBCHEH
Ta iX JIKBiJallii, 0 BiJIOBigaI0 3aKOHY PO KOHTPOJb noBeHew 1928 p. (FCA
1928)8. Mertoro ii 3acHyBaHHs Oy/10 BUPIIICHHS HATaIbHUX MOTPEO Y BUBYCHHI
1 100y/10B1 MOJIeJIeH 3aXHCTY BiJl IPUPOAHUX Ta IITYYHUX OBEHEH, 3 TOAAIBIIO0
PO3pOOKOIO 1 peatizailiero 3axo/IiB MO0 iX JIKBiTaIlii. 3aKOH PO KOHTPOJIb 3a
noseHsimu 1928 poky (FCA 1928) nossonus Koprmycy iHxeHepiB po3pooisiTu
Ta BTUIIOBATH y JKUTTS IPOEKTH 110 KOHTPOJIIO 32 MOBEHSIMH HE TUIBKM Ha piLli
Miccicimi ta ii mpuTokax, a Takox Ha piuni Cakpamenro B KaigopHii.

HismbaicTs Koprycy mijuac ta miciist Jpyroi cBiTOBOI BiliHN 30cepe Ky Baacs
Ha MacoBil MiATOTOBII 1HXXEHEPHHUX KaJpiB st OOWOBHMX 3aBlaHb (IOHTOHHI
MOCTH, 3JIITHO-TIOCaAKOBI cMyrH, (oprudikauii) Ta IUBUIBHOTO BiJHOBICHHS.
OcuoBHuM neHTpom Oyina Illkona imxenepiB Apwmii CIIA (USAES) y ®opt-
benByap (Bipmkunis), sika migrorysana nonan 169 rtuc. daxisuis. Ilig wac

7

Hecrepos /1. 1O., Ilpumauenko B. @., Xomenko €. B., Cperniunnii 1. B., Becapad I1. M. OcBitas
Ta HayKoBa JIsUIBHICTH SIK 3aci0 MojepHisaiii BilicekoBoi iHcTHTYHIT: nocBin Koprycy imkenepis.
Mooepnizayis suwoi oceimu Yxkpainu 6 konmexcmi enobanizayii. Monozpaghisa / 3a 3azanvnoro pedaxyicto
A. M. Isanosecwroi. Kam’sueub-Ilominbcekuii. 3akman Bumoi ocBith «IlominbChkuil aepikaBHUIL
yHiBepcuteT». Pura, Jlatsis : Baltija Publishing, 2025. 344 c. ISBN 978-9934-26-560-0. DOI: https://doi.
org/10.30525/978-9934-26-560-0-35 URL: http://188.190.43.194:7980/jspui/handle/123456789/14226

8 Fatherree, Ben H. (2004). The First 75 Years: History of Hydraulics Engineering at the Waterways
Experiment Station URL: https://usace.contentdm.oclc.org/digital/collection/p16021coll4/id/157
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Hpyroi ceitoBoi BiiiHM Engineer Replacement Training Center (ERTC)
y ®opt-benByap nmpoBoauB 8-THKHEBI KypcH JUlsl IPU30OBHUKIB (3 12 THXKHIB y
1941 p.): po3Biznka, OyiBHHLTBO J0PiI/3aropokeHb, MiHyBaHHs1/PO3MiHyBaHHS,
pobota 3 TexHiKoIo, reosesisi, 3ayunBin yHiBepcutet (Carnegie Tech Toro)
Ui TexHiuHOoro Hap4yanHs 150 Twe. compmariB. Ilicms memoGimizamii (90%
CKOPOYEHHSI) aKIEHT 3MICTHUBCS Ha apKTUYHUH HANpsIMOK, IO ITPHU3BEJIO 0
crBopenHs Jlaboparopii nociiukeHp Ta imkeHepii xonoauux perionis (CRREL)
y 1961 p. y TannoBepi (Hpro-I'emmmmnp) nuisixom o0’enHaHHS J1abopaTopiid
y Binmerrti Ta Bocroni. Y 1962 p. yrBopeno JlaGoparopiro reonpocTopoBUX
nocmipkenb (GRL) y ®opr-bensyap (Bipmkunis), ska eBOJIOLIOHyBasa BiJ
TomorpadiyHOro iHXXEHEpHOro WEHTPY [0 ApPMIHCHKOTO T'€0NpOCTOPOBOrO
uentpy (AGC) y 2009 p., 3a6e3neuunBinu nepexin 10 GPS-rexHomoriii’.

Y 1962 pouni Kopmyc iHKeHEpiB CTBOPUB ATCHTCTBO JOCIHIKCHB
1 PO3BUTKY 1HXKEHEpHOI reojesii, po3BiKKH Ta KaprorpadyBaHHS, SKE 3r0J0M
nepetBopuiioch y Jlaboparopito reompocTopoBux gociimkeHb (Geospatial
Research Laboratory GRL), ska posramoBana y ®opr-bensyap, mrar
Bipmkunist. [Tporsirom 1960-x 1 1970-x pokiB B Hili po3po0Iisuin aBTOMaTH30BaHEe
o0JaiHaHHs JUIsi CTBOPEHHsI TonorpadigyHuX KapT Ha OCHOBI aepo(OTO3HIMKIB
1 BJIOCKOHQJIIOBATIO CHCTEMH /ISl CTBOPEHHS apMiHChKHX IOJILOBUX KapT.
[IpiopureTHnM  HampsiMkoM  JisutbHOCTI  TororpadiuHOro  iH)XEHEpPHOTO
LEHTPY CTaJM JOCITI/DKEHHS B Trajly3l TeOnpOCTOPOBOTO IO3MIIOHYBAaHHS Ha
OCHOBI TNI0OAJILHOT CUCTEMH TO3UIIIOHYBAaHHS, 110 B TOJAJIBIIOMY BTLITHIOCS
y ctBopeHHsi cuctemu GPS-napiramii. I[lomanpiimii pO3BHUTOK TEXHOIOTIT
100AIBHOTO MTPOCTOPOBOTO TMO3MILIOHYBAaHHS HPU3BIB JI0 SKICHOTO HEPEXOITy
Ha HOBHH, OUIbIII BUCOKHH piBeHBb 1HYOPMATHBHOCTI, HE TUIBKH B T1IPOJIOTTYHIN
IISUTBHOCTI, a 1 B IHmMX cdepax 1o BchoMmy cBiTy. Tpancdopmariis chepu
3acTocyBaHHs po3poOok TomorpadiqHOro IHXEHEPHOTO IICHTPY, IO CTaIH
YaCTHHOIO cucTeMHu HarioHaiabHoi Oesnexn CIIA y 2009 poui meperBopuin
Hioro y Apmilicekuii reonpocropoBuii nentp (AGC), sikuii ctaB Oe3nocepeHbo
nignopsakoByBatucs Kopmycy imxeHepis'”.

VY 1968 p. Binkpuro JlaGoparopito OyiBelIbHUX 1HXKEHEPHHUX IOCIHIIKEHb
(CERL) y Wammneiini (ImaiHo¥c) Uit BHBYEHHS MarepialliB, €HEProCHUCTEM
Ta KMTIA; cepell PO3pOO0OK — BOJIOKHMCTHH 3ai300€TOH, MPUIAaAN MEpeBipKU

9

Hectepos /. 1O., [TIpumauenko B. @., Xomenko €. B., Ceerniunuii 1. B., Becapa6 I1. M. OcBitHs
Ta HAyKOBa IiSUIBHICTH sIK 3aci0 MojepHi3auii BilicbkoBoi iHcTHTYWIl: nocBin Kopmycy imkeHepis.
Mooepnizayis euwoi oceimu Ykpainu 6 xonwmexcmi enobanizayii : kon. mouozp. Kam’sHerpb-
Ioninscekuil. [oxinscexuii JlepsxaBuuii YHiBepcuteT. Pura, Jlarsisa: Baltija Publishing, 2025. C. 75-84
DOI: https://doi.org/10.30525/978-9934-26-560-0-35.

10 Defense Media Network. U.S. Army Geospatial Center [Enexrponnuii pecypc] / Defense Media
Network. URL:  https://www.defensemedianetwork.com/stories/u-s-army-geospatial-center/  (xara
3BepHeHHs: 13.02.2026)
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3BaproBaHHA. JIOCITI/DKEHHS  OXOIUIIOIOTH TiAPABIIKY, T'€OTEXHIKY, EKOJIOTIO.
L maGoparopist mpoBoMIIa JOCII/DKEHHS B ray3i OyaiBeJIbHUX MarepiaiiB Ta
TEXHOJIOT1# X BUKOPUCTAHHS, B sKiil OyJI0 pO3pO0IICHO:

—  BOJIOKHHUCTHH 3aJ1i300€TOH, SIKMHi BUKOPUCTOBYETHCS SIK ISl 3JIITHO-
MMOCAJIKOBUX CMYT acpOIPOMIB, TaK 1 JJIs ACSIKUX OyIiBEIBHUX POOIT;

—  TIOPTaTHBHUI NpHJIaJ AJIs TIEPEBIPKH SIKOCTI 3BapIOBAHHS;

—  ILEHTpaJli30BaHy YCTAHOBKY Ul KOHTPOJIIO 3a0pyIHIOIOYMX PEYOBUH
TOIIO.

[icnst pyroi cBiToBOI BiiiHM 3pocTace noTpeda y JAOCIIDKEHHI 1 po3po0ii
HE BIMICHKOBHX MPOEKTIB, 33 y1st 4oro Koprmyc iHKeHEepiB ePEOPIEHTOBYEThCS
Ha JIOCHIAHUIIBKIA JISUTBHOCTI  3[AeOUIBII MO I[HUBUIBHUX  POOOTax.
Hocnijpkenns B naboparopii rigpaBmiku  ExkcrepumeHTanbHOl  craHmii
BOJIHUX MLUISXIB JaJld HOBY iH(OPMALIIO MPO OCaKEHHS, TypOYJIEHTHICTh
1 3BUBHUCTICTh PIYKH. 3aJIHIIAIOYUCD JIIJIEPOM Y TPUBUMIPHOMY MOJCIIOBAHHI
pivoK, Jlaboparopisi 10JaTKOBO po3poOuiia HOBI KOMII IOTEPHI MaTeMaTH4Hi
mogmeni. Ilg pobora cmpusiia BIOCKOHAJIEHHIO 1H)KEHEPHOrO JU3aiHY
TiIPOTEXHIYHUX CIIOPY, BKJIIOYA0YH JamOu Ta nuto3u. Jociigna podora mo
BHMBYCHHIO OCHOBHHUX MaTepiaiiB 3eMHOI KOpH, Ky NPOBOAMTH [eoTexHiuHa
naboparopiss ExcrepumeHTanbHOI CTaHIli BOAHUX IUISXIiB, J03BOJIAJIA
Kopnycy iHXeHepiB, cepell iHIIOTO, 3aXMCTUTH JUKEpesa ITI3eMHUX BOJI,
3MEHIINTH 3a0pyqHEHHS Ta 3a0e3NMeunTH OUIbIIMH 3aXxHuCT JuIs OyaiBelsb
y celicMOHeOe3eYHHX perioHax cBity. JlocmiTHUIBKUH HEeHTp nMprOepexHOi
IH)KeHepii cTaB CKJIaJOBOI0 YacTHHOIO EKcrieprMeHTanbHOI CTaHIil BOTHHUX
HUISAXiB, 1 3poOMB 3HAYHMI BHECOK Yy TIOKpAIEHHS 3axUCTy OeperoBoi
ninii i mpucrani Ta 3amoGiramms eposii mmpkis. Moro Komcrpykropchbka
nabopaTopisi TPOBOAMTH OIIHKY, OOCIYyroBy€ Ta BIJHOBIIOE 3acTapiii
rizporexHiyni cmnopyau, a Exomnoriuna saboparopis ExcnepumenranbHOi
CTaHLil BOAHMX IUIIXIB 3alMa€TbCsl 3aXHUCTOM BOJHO-OOJIOTHUX YTinb,
SIKICTIO BOJIM, OUMIIEHHSIM HaBKOJHIIHBOTO CEPEIOBUINA Ta 3aXMCTOM BHIIB,
110 3HAXOMAATHCS IiJ] 3arp03010 3HUKHEHHSI.

[Ipu monmanbIMX JOCHIPKEHHSX B raiysi rigpoJiorii BUHHMKIIA noTpeda
B IIBUJKIH 00poOIi BeJIMKUX MacuBiB maHuX. Jlyis BUpilmIeHHs 1€l 3amadi
y [eiiBici, mrar Kanmidopwnis, LleHTp rigposnoriunoi TexHIKM po3poOUB
MaKEeTH KOMIT IOTEPHOTO MPOTrPaMHOr0 3a0€3MeUeHHs, SKUMH 3T0JI0M CTaJln
KOPUCTYBaTHCsl Y BCbOMY CBIiTI mnpodecioHamaMu 3 BOJHUX peCypciB He
tinbku y Kopmyci iHxeHepiB, a i 3a ioro mexxamu. Lli mporpamui npogykru
00U CITIOITH TapaMeTPH MaBOJIKOBOIO CTOKY y BCIX THIIAX BOAOWM, podini
BOJIHOT MOBEPXHI SIK JUIsl IPUPOJHUX PIYOK, TAK 1 JJIsl MOOYOBAHUX BOJHHUX
LUISIX1B, IOPIYHI 30UTKH BiJl IIOBCHEH 1 BUTOAM BiJl 3MCHIICHHS 30UTKIB BiJ
MTOBEHEH /ISl MPOEKTIB HA CTalil NPOEKTYBaHHS, a TAKOXK MpoQiji MmoBeHeil.
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Tabmuus 1
TI'eorpadiuni Jiokanii In’keHepHOro HEHTPY A0CTiTxKEeHb Ta PO3poloK

Po3ramyBanus JlaGoparopis

JlaGoparopist 6eperoBux Ta rigpasaiuux gociimkens (CHL)

JlaGoparopist exonoriuanx pocmimkens (EL)

BikcOypr, Miccicimi - - -
JlaGoparopist reoTeXHIYHHUX Ta CTPYKTYpHUX HociipkeHs (GSL)

JlaGoparopist indopmariiianx Texuonoriit (ITL)

JlaGopartopist TOCTiPKEHb Ta IHKEHEepil XOIOAHUX PErioHIB
(CRREL)

lammneitn, ltinoiic JlaGoparopis OyaiBenpHuX imkeHepHux gociimkenb (CERL)

I'annosep, Hero-T'emmup

Anekcannpisi, Bipmxunis | Jlaboparopist reonpocropoBux jpociimxkenb (GRL)

Hoicepeno: cknaoeno asmopamu

O0’enHaBIM J1abopaTopii B OJHY HAYKOBO-IOCIIAHY oprasizamiro, ERDC
3aCTOCOBYE €IMHHMI MiIXiJ 10 BUPINICHHS HaralbHUX I[POOJIeM 1 BTiICHHS
y KHUTTS PI3HOMAHITHUX IHIIiaTUB 1 MoxuBocTel. Kopmyc iHxkeHepiB kepye
HAyKOBO-JOCIITHOK iSUTBHICTIO Yepe3 CBOK MPOrpaMy IOCIIIKCHb Ta
PO3p0o00K, sika (HOPMYE MOITITHKY, 3MIHCHIOE CTPATETIYHE TUTAHYBAHHS Ta HATIIS
3a JOCHI/DKEHHSIMH Ta PO3poOKamMM JUisi BIHCHKOBHX Ta IHUBUILHUX IMPOTrpPaM
Kopmycy iHxeHepis.

I'pynu iHKeHepiB 1 BYEHHMX, 0 BHMBYAIOTH 1 Jociiukyiore y ERDC
PI3HOMaHITHI SIBUIA 1 MPOLIECH, MOXYTh BHUPINIYBaTH MIMPOKHHA CIIEKTp
HAayKOBO-TEXHIYHUX IIMTaHb, BiJl apKTUYHUX TEMIIEPaTyp [0 MOOLIBHOCTI
TPaHCIIOPTHUX 3aCO0IB y MiCKax IMycTel, BiJl 3aXUCTy BOIHO-OOJOTHUX YTijib
no 3axucty Bilicek CIHIA 1o BchOMYy CBITY, Bifl BU3HAYEHHS TOYHOIO MicCLst
apTHIIEPIMCHKOTO CHApsLy JI0 IPOTHO3YBAaHHS PO3IIUPEHOTO apeajy iCHyBaHHS
BHUJLY, 1110 TIepeOyBae i 3arpo30k0 3HUKHEHHS ',

ERDC craButh 3a Mery OyTH IpPOBIJIHOIO y CBITI HayKOBO-JIOCIIJIHOIO
opraHisani€io y ramysi imkeHepii Ta exojoridHux Hayk. Moro micis momsrae
y po3poOIli JOBrocTpoKoBOi iH(OpMAIlii, siKa OXOIUIFOE CHCTEMY OCBITH Bij
JOIIKIIBHOTO PiBHS 10 IPOQECIHHOT qisUTHOCTI, 3 METOIO MPOBEACHHS aHAI3IB,
HaJlaHHS 3MICTOBHUX 3BITIB, CIIBIpalli y JIOCTIDKEHHSX B rajly3i OCBITH Ta
oOMiHy maHumu'%,

Bu3HauuMo 11°5ITh OCHOBHHUX HAINPSMKIB HAyKOBO-TEXHIYHOT MISUIBHOCTI, 110
NPOBOJATH iHkeHepH Ta fociiaauku ERDC.

1 ERDC partners with multiple universities on graphene research. Engineer Research and

Development ~ Center ~ Website. ~ URL:  https://www.erdc.usace.army.mil/Media/News-Stories/
Article/2943336/erdc-partners-with-multiple-universities-on-graphene-research/

12 Civilian Education System. | Army University. Home of The Army University | Army University.
URL: https://armyuniversity.edu/amsc/educationalprograms
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IMepmmii HanmpPsAMOK HAYKOBO-TeXHIYHOI [isyibHOCTI — BilichkOoBa
imkeHepis. Jlocmiguunbka cdepa BIHCHKOBOI IHKEHEpii MPOIOHYe OiifisM
BUKOPHCTOBYBATH IHHOBAIlMHI TEXHOJOIIl Ta CydYacHI TEXHIYHI PO3POOKHU SIK
JUIA 3a0€3MeUeHHST CBOTO 3aXMCTY, TaK 1 /Ui BUKOHAHHA OOHOBOTO 3aBIaHHS.
BoHna no3Bosyisie yTpuMyBaTd JTiAMPYIOUU TO3UINT y po3poOIli HOBUX, JETKUX
CHCTEM 3aXHCTY, 110 HIBUIKO BCTAHOBIIOIOTHCS, Ta SIKi JIOLULIBHO PO3TrOPTaTH
y BigmajgeHux micusx. JocmimkeHHs y cdepi BIHCHKOBOI 1HXKEHEPIl BIAKPUIH
HOBI MOJKJIUBOCTI JJIsl BUKOPUCTAHHS IOTMIOMIKHHX 3aC001B MPUUHATTS PIllICHb
OO JKMBYYOCTI, SIKI HE TUIBKH 3IMCHIOIOTH INBUAKY OIIHKY ICHYIOUHX
3aXMCHHMX TIO3MMIH, ane U 3a0e3NeuyloTh IPOBEICHHS BIOCKOHAIICHHS
O00OpPOHHUX KOHCTPYKIIH TOCHJIIOIOYM 3aXHCT Bin arak Bopora. Takox
MIPOBOJMTHCS JOCIIHKECHHsI 3aX0/IiB 1 TEXHOJOTIH I IPOBEACHHS BiICHKOBHX
orepariii, BKJIIOYAIOYM TI'COMPOCTOPOBY IH(OPMAIliFO, PO3POOKY CHCTEM,
OTIEpaTHBHY MiATPUMKY Ta 3aXUCT BIMCHK.

Jpyruii HanpsiMOK HAYKOBO-TE€XHiYHOI isUILHOCTI — yCTaHOBKH
Ta omeparliiine cepenosuie. JOCTiKEHHS Ta PO3pPOOKH, CIPSMOBaHI Ha
MMOKPAIIICHHST BIWCHKOBUX 0a3 Ta 00’€KTiB, BKIIOYAIOYHM TpaHchOopMaIlio,
orepaiiii Ta ekoJI0riuHi mpoodiemu. [IprukiamgoM ciryrye po3pooka CTIHKUX PilllcHb
JUIsL YIIPaBJIiHHS €Hepricro Ha BilichkoBHX 00’ekrax'’. ERDC Hamae nepenosi
pIlICHHsI TSI apMIACHKUX 00’ €KTIB, MMOJITOHIB IJIsl TPCHYBaHb 1 Oa3yBaHHS Ha
BHITAI0K HAA3BUYAHHUX CUTYaIlii, 0COOIUBO B chepax eKOIOTIUHOT CTIHKOCTI Ta
eHepreTHuHOl Oe3neku. PillieHHs 30cepe/PKeH] Ha BUCOKOCTIMKHUX 1 €KOHOMIUHO
e(eKTHBHHUX MiAX0JaX 10 YIPAaBIiHHS BIHCHKOBUMH 00’€KTaMH, IOJIFOHAMH
Ta 1HQPACTPYKTYPOIO TIPOTATOM IKHTTEBOrO IHHKIY. Po3poOiieHi cydacHi
TEXHOJIOTIT PO3MIMPIOIOTH JOCBIA MiATOTOBKH OINIIIB, 3MCHIIYIOTh OOMEKEHHS
HA TCPUTOPIIO ISl HABYAHHS, IMIIBUIIYIOTH Oe3reKy OIMIliB, 3a0e3rmeuyroTh
e(eKTHBHE BHKOPHCTAHHS OOMEKCHHX pECYpCiB, TaKWX SIK CHEpris Ta
BOIA, 1 CIPHSIOTH IIAHYBAHHIO CTAJIOT0 PO3BHTKY CIIJIBHO 3 MICIIEBUMH Ta
perioHaJIbHUMHU TPOMaJIaMHu.

Tpertiii HANPsIMOK HAYKOBO-TEXHIYHOI MiSUIBHOCTI — JOCIIDKCHHS Ta
pPO3poOKH y cdepi BOTHHX PECypciB, BKIIOYAOUX 1HOPACTPYKTYpY, BOIHI
pecypcH, eKOJIOTYHI MPOOIeMH, HaBiraiito, 00poTbO0Y 3 MOBEHSIMHE Ta 3MCHIIICHHS
30uTKiB Big mropMmiB. Hampukinan, ERDC po3po0sisie iHHOBAIiHI PillICHHS ISt
3aXUCTy MPUOEPEKHUX PAHOHIB Bijl €po3ii Ta MiABUINEHHS PiBHS MOps'.

Po3po0ku Ta TexHooriuni pociimkeras ERDC y cdepi nuBiIsHEX poOiT
B IIEpIIY Yepry BILUTMBAIOTh HA COIiaJIbHUI CTOPOHY CYCIIJIbCTBA, 8/KE CIIPUSIIOTh

13

Fatherree, Ben H. (2004). The First 75 Years: History of Hydraulics Engineering at the Waterways
Experiment Station URL: https://usace.contentdm.oclc.org/digital/collection/p16021coll4/id/157

!4 Civilian Programs — U.S. Army Acquisition Support Center. URL: https://asc.army.mil/web/career-
development/programs/civilian/

247



3MIIHCHHIO HAIlil, HAJar04YH IHHOBAIliliHI Ta CKOJIOTIYHO CTIHKi PIICHHS IS
BUpILIEHHsI TPOOJIEM BOIHUX PECypCiB, SIKi 3a3HAIOTH Jie/lasli OUIBIIOrO THUCKY
4yepe3 3pocTarouy noTpedu ix BukopucTanHs. CydacHi TEXHOJIOTI 1oroMararoth
Kopryc imkeHepiB cTaOLIbHO KepyBaTH iCHYIOYOIO 1H(PACTPYKTYpOI BOAHHUX
pecypciB, BpaxoByIOUH TaKi BUKIMKH IPUPOJIH, SIK: O4iKyBaHI 3MIHU KJIIMATy Ta
3eMJICKOPUCTYBaHHS, BTOPIHEHHsI €K30THYHMUX BHJIIB, AeMorpadiuHi 3MiHM Ta
CTapiHHS CTPYKTYP, 1100 3aI0OBOJILHUTH TOTPEOH MalOyTHIX TOKOJIIHb.

Inctpymentn ta pecypcu ERDC mocrtiiiHO mpaloroTh, MOKpaNlyloun
MOTIK KOMEPLIHHOTO CYIHOIUIAaBHOTO pPyXy Ha BOJHMX MLUIsXaX, ITOCTIHHO
BIJJTHOBJIIOIOYM MIIIO3M M MIATPUMYIOYM KaHAIW, 3MEHIIYIOUM PH3MK IIKOAN
JKUTTIO 1 MaliHy BiJi [TOBCHEH, a TAaKOX 3aXUINAOYM pUOY Ta POCIHHHICTb.
Hocnimkennss Ta po3podku ERDC B muBinmpHHX poOoTax IMpOBOISTHCS
IH)KeHEpaMK 1 BUCHUMH, SIKi CTBOPIOIOTH, IIOCTAYalOTh 1 00CIyrOBYIOTh HAayKOB1
Ta TEXHOJIOTIUHI pecypcH, HEOOXiJHI JJIsl BUPIMICHHS HarajlbHUX CYCIUIBHUX
mpo0iem.

YeTBepTHii HANPSIMOK HAYKOBO-TeXHiYHOI AisSNILHOCTI — T€ONPOCTOPOBI
nocmipkeHHst Ta imkeHepiss. ERDC nmpoBonuth po3poOKy Ta BIPOBaKCHHS
TCONPOCTOPOBUX TEXHOJIOTIA JJIsi MIATPUMKHA BIHCHKOBUX 1 IUBUIBHUX
moTped Takux sK: TEONpPOCTOpOBI 0a3nM JaHMX Ta IHCTPYMEHTH aHali3y
JUISL TOTPUMKH TUIAHYBaHHS MICii Ta pearyBaHHS Ha Haa3BHYaiiHi momii'’.
Buxoasuu 3 TOro, 110 TOYHE MiClI€3HAXOJUKEHHS, 0€3/]pOTOBHH CyITyTHUKOBHI
3B’s130K, reorpadivHi gaHi penbedy MICIIEBOCTI, a TAKOXK CBOEYACHA OTpUMaHA
iHpoOpMallisl € IEHTPAJILHUMHU EJIEMEHTaMM YCIIXy B CepeoBHIli O0HOBOro
npoctopy. Imxernepu ERDC po3poOisitorTe cydacHi 3aco0u, Ui OTpUMaHHS
1 BHUKOPHCTAHHsI OIEpaTUBHMX JaHMX, W00 3a0e3neyuTH OIHI0 Kpamry
0013HaHICTb NPO cuTyalito Ha noui 6oto. Lle 3abesneuye 6iHiB iHpOpMaLIHHOO
TIepeBaroro, 33 1151 TOYHOTO Ta IIBUJIKOTO OL[IHIOBAaHHS BILIMBY CEpeIOBUINA OO0
Ha 0COOOBMH CKIIaJl, TEXHIKY, JaTYUKH Ta cucTeMu. JlocmipkeHHs i po3poOKu
B IIi#f rajy3i JOIOMararoTh BJIOCKOHAIIOBATH TEXHIUHI 3aCO0H, @ TAKOXK TAKTUKY
iX 3aCTOCYBaHHsI, POOMTH YiTKi OLIHKKA OE3MEKU 1 JKUTTE3JATHOCTI OIMIIB Ta
3a0e3reuyBaTy MPOBEJCHHS Olepaliii.

IPsTiii HaNPSIMOK HAYKOBO-TEXHIYHOI AisINIBHOCTI — CTIMKICTh IH)KEHEPHUX
cucrem: JlociiKeHHsI Ta pO3POOKH, CIPSMOBaHI HA CTBOPCHHS CTIHKUX CHCTEM,
SIKI MOXKYTh HPOTHCTOATH HPUPOJHMM Ta TEXHOTCHHHM 3arpo3aMm. 3a LUM
HarpssmMkoM imkeHepn ERDC po3poOnsitoTh HOBI Marepiaiu Ta KOHCTPYKIi
Juist Oy/iBenb Ta iHOPACTPYKTYpH, SKi € CTIHKHMH 10 3eMJICTpYCiB Ta BHOYXi'®.

5 Army Engineer Officer — Army Talent Innovation Directorate. URL: https:/talent.army.mil/job/
engineer-officer/

' Engineer Research and Development Center. ERDC. Engineer Research and Development Center
Website. URL: https://www.erdc.usace.army.mil/
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BucoxkosikicHi Ta 100pe mpojgymaHi pillieHHS y [bOMY HAIpsSMKY JIOCHIDKeHb
BIZIIrparoTh BXJIMBY POJIb B MIATPUMII OOHOBHUX CHCTEMH, SIKi € e()EeKTHBHUMU
y JAejali MHUPIIOMY CIIEKTpi BIHCHKOBUX orepatiid. Bukoprucranus nux 3aco0iB
JI03BOJISIE TEHEpYBaTH (CTBOPIOBATH) I0JI€ BapiaHTIB 3a JIiYeH] rOIUHH, a He 3a
MicCsilli, IPUYOMY BOHM 3HAYHO OUIBII Ta TOYHILI, HIX Ti, IO OTPHUMYIOTHCS
TpaaMLiHHUMU MeToamMu. Po3po0iieHi KOHCTPYKIIii MaroTh BUCOKY CTIHKICTB, 1110
pOOUTH IX 3HAUHO HAIIHHUMU. Binrak ix jgerko MoaudikyBaTé i JOCSITHEHHS
MaiOyTHIX orlepariii, 1 BOHM MaroTh nepe0adyBaHUi KUTTEBUH LUK [cHYIOU1
B ERDC metonu nociiukeHb eheKTHBHO 3aCTOCOBYIOThCS [UISl aHai3y JIITaKiB,
IBUHTOKPHJIIB, Ha3eMHHUX TPAHCIOPTHUX 3aco0iB 1 KopaOumiB, 3abe3rneuyroun
MOXKJIMBICTB OUIBII OOIPYHTOBAHUX OLIHOK CTIHKOCTI TX KOHCTPYKIIiH, 110 3HAYHO
€KOHOMHTH 4Yac Ha BUNPOOYBaHHS 1 JO3BOJISIE 3a0IIA/KYBATH JIepKaBHI KOILTH.
Harmpsimut tocmiJpKeHHsT 30Cepe/pKeHi Ha: cucrteMax 30poi, BHITPOOyBaJbHUX
TIOJIIrOHAX, ONepaLiifHOMy CepelOBHILI, aHAITHLL.

B Tabnumi 2 npencTasieHi TOCATHEHHS, IPOEKTH i po3poOKK iHHOBAIIHHUX
TexHounorii, mo npoBoautb ERDC sk s norped apmii CIIA, Tak i s
1oTped LMBUIBHUX.

Tabmuwsg 2
Mpuknagu inHoBauiiHux TexHiyHux pimens ERDC
3a HANPSIMKAMU J0CJi:KeHb

JocsirneHHst Omnuc

Po3pobka 3D-apyKy 3 JIbOJIOM, TOCHICHHM HATypaaIbHUMH
BOJIOKHAMH, st Oy/IiBHULITBA BICHKOBHX 00'€KTIB y BiJIaJICHUX
XOJIOZIHUX perioHax. L{s TeXHOIIOorisl 103BOIIsIE BUKOPHCTOBYBATH
JIij1 Ta CHIT K Oy/iBebHI MaTepiaiu, 10 € OCOOINBO BaXKIHMBUM
B apKTUYHUX YMOBaX, JI€ IOCTYI J0 TPAJAULIMHUX MarepialiB
00OMEKEeHUIA.

3D-apyk 3 15010M

Buxopucranns 3D-npuHTepiB I IEPETBOPSHHS Ocagy Ha
3D-mpyx moist OyaiBeIbHUI MaTepiai Juls BiIHOBJICHHS eKocucTeM. L TexHoorist
BIJIHOBIICHHSI €KOCHCTEM | JO3BOJISIE CTBOPIOBATH IITYYHI pH(H Ta iHIN CTPYKTYpH, SIKi
CIPHSIOTH BiJHOBJICHHIO MOPCHKOTO CEPEJOBHIIA .

Po3poOka xmMapHOro cepeoBuina udpoBoi iHKeHepil AJIst
MOKPAICHHS TIporpaM Npua0aHHs [Uis BCiX BUAIB 30pOHHHUX
XMapHe cepefoBHlIe cun CIIA. Lle cepenoBuie Hagae JOCTYI A0 CIENiali30BaHOIO
¢ poBoi imKeHepil o0JaJHaHHS, PI3HOMAHITHUX IHCTPYMEHTIB IPOEKTYBAaHHS Ta
BHCOKOIPOAYKTHBHHUX OOYHMCIICHB, 10 CIIPUSE MPUIIBUALICHHIO Ta
ITiBUIIEHHIO e(EeKTHBHOCTI IPOIIeCY PO3POOKN HOBHX TEXHOJIOTIH.

JlocmimKeHHs BIUIMBY BilicCbKOBHX 3a0pyJHIOBaYiB HA BOJHE
JlocmikeHHS BIUTUBY CepeIOBHIIE 32 JOMOMOTOO MPICHOBOAHMUX aKBapiyMHUX PHOOK
3a0py/HIOBaYiB Ha nanio pepio. Lli 1ocmimkeHHs 10OMararoTh 3p03yMiTH BIUIUB
BOJIHE CEpelOBHUIIE 3a0pyAHIOIOUNX PEYOBHH HA BOJIHI €KOCHCTEMH Ta PO3POOHTH HOBI
METOZM MOHITOPHHTY JUISl 3aXUCTY BOJXHHUX PECYypCiB.
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[TponorkeHHs TaOIMII 2

Po3pobka cuctemu 6e3MIOTHUX HA3EMHHUX TPAHCIIOPTHUX 3aCO0iB,
SIKI MOKYTh TPALIIOBaTH 03 BUKOPHCTAHHS [100aIbHOI HaBiraminHol
besninorHi HazemHi cynytuukoBoi cucremu (GNSS). Lli TpancmoprHi 3ac00H MOXYTh
TPaHCIOPTHI 3ac00H BUKOPHCTOBYBATHCS /TSI BUKOHAHHSI PI3HOMAHITHHUX 3aBIaHb,
BKJIIOYAIOYH PO3BIZKY, TPAHCIIOPTYBAHHsI BaHTAXIB Ta JIKBIAALIIO
HACIAKIB CTHXIHHUX JUX, B yMOBaX, A¢ GPS-nasiraris HegocrymHa.

Ile cepenoBuilie BUKOPUCTOBYETHCS U1l MOJIepHi3allii JiTakiB Boeing

Po3pobka xmapHoro B-52 Ta cripusie migBULICHHIO €EKTUBHOCTI MPOTPaM 3aKyIliBelb
cepezioBuIa LUGPOBOro | A Beix BuiB 30poiinux cui CLIA. 3apasku il TeXHOIOTIT MOXKHA
MIPOEKTYBAHHS. JOCATTH 3HAYHOT €KOHOMIT KOIITIB Ta MiJBUIIUTH €()EKTUBHICTH

BIMICHKOBHX 3aKYITiBEIIb.

Bueni ERDC nociiukyroTh MOXIMBOCTI BUKOPUCTAHHS

rpadeny B OyniBHHLTBI J0pir, GinbTpanii BOAM Ta CTBOPEHHI
HOBHX MatepiaiiB. JlocnimkeHHs rpadeHy BiKpUBa€e yHiKalbHI
MOXITHBOCTI JUIS PO3BUTKY HalliOHAIBbHOI 00OPOHH Ta
iH(QPACTPYKTYpH, 30KpeMa, IIUIIXOM CTBOPEHHSI HOBUX MarepialiB
3 MOKPAIICHIMH BIACTHBOCTSIMU.

Jocnimpkenns rpadeny
Ta 10ro 3acToCcyBaHHs
Y PI3HHX ramys3sx.

Loicepeno: cknaoeno asmopamu

Sk 3a3nageno Bumie, ERDC dopmye ennHMH miaxia 10 BUPILMICHHS 3aBIaHb
Kopmycy depe3 m’sTh KIFOUYOBHX HampsMiB: 1) BilichkoBa iHXKEHepis (3aXHUCT,
TEONPOCTOPOBA MIATPUMKA); 2) YCTAaHOBKM Ta OMEpaliiiHe cepeaoBHUIIe
(eHepreTuka, CTIHKICTh 6a3); 3) MMBITBHI pOOOTH (BOIHI pecypcH, MPUOSPEKHIHA
3axucT); 4) TeompocTopoBi gocmimkeHHs (Micuesicth, GNSS-HezanexHa
HaBiramis); 5) CTIHKICTh CHCTeM (MaTepialan MPOTH 3eMIIETPYCiB, BUOYXIB).

Cmisnpaus ERDC 3 yniBepcureramu (Miccicimi, [[)xekcon, Paiic), NASA,
DHS, CISA ta ERDCWERX 3a0e3neuye pO3BHUTOK IiHHOBamiid, 30Kpema
y BUKOPHCTaHHI TpadeHna.

HaykoBo-nociinna nisimeHicTs Koprycy imkeHepiB apmii CILIA Bu3HagaeTbes
3HAYYIIICTIO JJIs1 3a0e3MeUeHHS HalllOHATBHOT OE3MEeKH, EKOHOMIYHOTO PO3BUTKY
Ta EKOJOTIYHOTO 3aXWCTy. SIK TONOBHHM mocmigHWIbKui 1eHTp Kopmycy,
Imxenepumii ieHTp HocaimKkeHb Ta po3podbok (ERDC) Bimirpae kirodoBy ponb
y GopMyBaHHI IHHOBAIIMHUX PIMICHb U PO3B’S3aHHS CKIAJHUX IHKEHEPHUX
3apganb. JlocmimpkeHHs Ta po3pobku Koprmycy crnpsiMoBaHi Ha TOXOJaHHA
aKTyaJIbHUX BHUKIIMKIB, 30KpeMa 3MiHH KJIIMaTy, CTapiHHS 1HPPACTPyKTypH Ta
3arpo3 HaIliOHANLHIN Oe3melri.

2. OpraHisau,is HayKoBOi Ta HAyKOBO-TEeXHIYHOI Aisi/IbHOCTI
y Kopnyci Koponiecbkux iH)xeHepiB BpuTtaHcbkoi apmii
Opranizamiss Ta BHKOHAHHSA 3aXOJiB HAyKOBOI Ta HAayKOBO-TEXHIYHOI
nismpHOCTI Yy Kopryci xopomiBebkux imkeHepiB bpurtancekoi apwmii (maumi
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— Royal Engineers) Ta mnpezacraise co00l0 KOMIUIEKCHY CHCTEMY, IO
€BOJIIOIIOHYBAJIa BIPOJOBXK TPHOX CTOJITH ICHYBaHHSI KOPITyCy 1 BimoOpaxae
Cy4acHi TeHJICHLIi BIHCHKOBOi 1H)KEHEPHOi OCBITH. ICTOPHYHMH KOHTEKCT
(dbopMyBaHHs CHCTEMHU IIJATOTOBKM BIMCHKOBUX I1HXKEHEpiB y Benukiii
Bpuranii peMOHCTpye YHIKajdbHYy pOJb BIHCHKOBUX HaBYAJIIbHUX 3aKJIaJiB
y PO3BUTKY 1HXKEHEPHOI OCBITH 3arajoM. BilmoBigHO 10 qociipkeHHs bieka
(Black), omy6nikoBanoro B International Journal of Mechanical Engineering
Education y 2009 poui'’, came BiiicbkoBi akanemii Oy €THHUMH YCTaHOBAMH
y Benukiii bputaHii [eB'STHAANATOrO CTONITTS, IO 3a0e3medyBau
BUKJIQJIaHHS 1H)KCHEpil Ha OCHOBI TIO€IHAHHS Teopil Ta MPaKTUKU
B aKaJeMiYHO OPIEHTOBAHOMY IHCTHTYLIHHOMY cepeloBHIN. Y TOH Hac sK
LUBUIbHA iHXKeHepHa ocBita y Benwukiit Bpuranii 0asyBanacs mnepeBakHO
Ha TPAJAMLIHHUX CHCTEMax YYHIBCTBA 3 aKIEHTOM Ha KOHLEMII MpaKTHKa,
BIMICBKOBI 1H)KCHEPHI KOJC/KI PO3BUBAJIM CHCTEMATHYHUN MIIXiX [0
TEXHIYHOT OCBITH. AJMIHICTPYBaHHS Ta YIPABIiHHS HAyKOBOIO, TEXHIYHOIO Ta
IH)KeHepHOIo OocBiTOIO sIK y bpuranii, Tak 1 B IHil 3ailicHIOBanocs odinepamu
Royal Engineers Ta iXHIMU 1HIIHCHKUMH KOJIET'aMH, 110 CTBOPWIIO YHIKAJIbHY
TpaJUIiI0 BiHCHKOBO-IMBUILHUX BiJIHOCHH y Traily3i iH)KEHEpHOi OCBITH.

AxkajeMiuHi JocJigkeHHs1 BilicbKOBOI HAYKM Ta OCBiTH, iHIeKcoBaHi
B  SCOPUS, [neMOHCTpYrOTh 3pOCTalouuii iHTEpec 110 IMi€l Tamysi.
Biomiomerpuunwmii anami3, nposercuuii Konapames (Kondrashev), Coxonosa
(Sokolova), Toopoxoris (Dobrokhotov) ta omy6nikoBanuii y Eurasia Journal of
Mathematics Science and Technology Education y 2024 poui'®, BusBuB 11icTh
TUCSIY TPHUCTA TPUALATH BICIM CTaTeil 3 IHXKCHEPHOI OCBITH, 1HJIEKCOBaHUX
y SCOPUS wmix 2014 Ta 2023 pokamu. Pesynbratn mokasamu 301/IbIICHHS
KiJIbKOCTI ImyOrikaniid Ta reorpadiuHe po3maiTTs JOCIiJUKEHb. BilbiiicTs i3
Ton-fecat aBTopis € 3 CIIIA, 3 He3HAYHOIO CIIBIPALICI0 MIXK JIOCII THUIBKUMHA
rpynaMu. ButbIIicTh IHCTUTYIIH 3 HAUBUIMMU TTyOIIKALisIMU Ta IUTYBaHHIMHA
€ 3 CHIA, npoBifHOi KpaiHKM B JOCIHIIKEHHSIX 1HKEHEPHOT OCBITH, 1 JIMIIE TPU
3 iHmwmx kpain: Jawii, [cnanii ta [Bemii.

Opranizaniiina cTpyKTypa HayKoBOI Ta HAYKOBO-TeXHIYHOI JislILHOCTI
Royal Engineers Bkiroyae Kijgbka KJIIOUOBHX I1HCTHTYLIH (Opranizarii,
migpo3aiiiB, iHcTHTYHi). Omna 3 Hux, Institution of Royal Engineers
€ npodeciiiHOI0 HayKOBOIO CHiIbHOTOI Koprycy KOposiiBCBKHX 1HXKEHEpIiB

17 Black, J. (2009). The military influence on engineering education in Britain and India, 1848—
1906. International Journal of Mechanical Engineering Education, 46(2), 211-239. https://doi.org/10.11
77/001946460904600203journals.sagepub

'8 Kondrashev S. V., Sokolova I. M., Dobrokhotov V. S. Mathematics education and technology:
Bibliometric analysis and systematic review (2000-2024) // Eurasia Journal of Mathematics, Science
and Technology Education. 2024. Vol. 20, Ne 10. Article em2453. DOL: 10.29333/ejmste/16072.
URL: https://doi.org/10.29333/ejmste/16072 (nara 3BepuenHs: 13.02.2026).
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Bpurancekoi apwmii, 3acHoBaHOIO 1875 poky 3 MeTor0 J100i1f0BaHHS (I ITPUMKH)
BIHICBKOBOT iHXKEHepii yepe3 0OMiH A0CBiZOM, myOmiKarii Ta 00roBopeHHs .

Icropuune niarpysTs. Institution of Royal Engineers orpumaia KopostiBcbky
xaprito Bix koposst [eopra V y 1923 p. i po3mimiena nopsiz i3 KoposniBcbkum
My3eeM iHkeHepiB Ta KoposiBChbKOIO IIKOJIOMO BIHCHKOBOI iHXKeHepii (mami —
RSME) y micti Yaremi, Kent.

OCHOBHI HarnpsiMU JisTIBHOCTI:

— BunanHs Royal Engineers Journal (tpuui Ha pik 3 1870 p.), mo
3aminuino Professional Papers (1837-1918 pp.), 3 ¢dokycoM Ha iHXCHEpHI
IHHOBALi1, ICTOPIIO Ta Kpalll NPaKTUKH;

— oprani3zauis KoHdepeH1ii, ceminapis Ta goctyn 1o apxisis (Corps History
Vols [-X1I);

— miATpUMKa My3ero, 010yioTeku Ta apXiBy Ul 30€pEKCHHS CIAALIMHHU,
BkitoyHo 3 [lepmoro Ta Jlpyroro cBITOBUMH BiliHaMu (3aii3HHUI, MOCTH,
TYHeJIl, canepHi Mmipo3Iiin).

Institution of Royal Engineers BucTynae sik BueHe TOBAapHCTBO, IO Mae
Ha METi PO3BUTOK HAyKH BIHCBHKOBOI 1HXKEHepil HUIIXOM OOMiHY JOCBiZOM,
HalMKpalMy MpaKTUKaMu Ta HOBITHIM MHCIICHHSM. [HCTHTYLIs (QyHKIIOHY€
sk npodeciiina mepexa, MO 00'elHYe BIHCHKOBHX IH)KEHEpIB, 3abe3mnedye
JOCTYN /10 oOmupHOI 0a3u 3HaHb. Taka CTPYKTypH3allisl 3HaHb BiJoOpaxkae
KOMIUIEKCHICTh 3aBJaHb, SKi BHKOHYIOTH BIHCHKOBI I1H)KCHEpH Yy Cy4YacHHUX
YMOBaX, Ta HEOOX1IHICTh MIKJANCIMIUIIHAPHOTO MIiIXOAY 10 TXHBOT MiATOTOBKH.

Iy6aikamiiina pisuabHicTs Institution of Royal Engineers Bkirouae Buiryck
Royal Engineers Journal, sikuif icHye€ 3 O4aTKy JBaAISTOrO CTONITTS T € OCHOBHUM
TNIepiOIMYHNM BHUJIAaHHSM KOpIIycy, icTopisi Koprycy ckiamaerbesi 3 TPUHAIUATH
ToMiB 1 oxomtoe mepiox 3 1066 mo 2019 pik. Ili BumanHs 3a0e3MeUyOTH
JOKYMEHTYBaHHS JIOCBIIy OIEPAaIliiHOI JisUTHOCTI, PO3BHTOK JOKTPHUHAIBLHUX
MiIXOMIB Ta TMOMIMPCHHS IHHOBAIIMHUX PIlICHh Cepell 0COOOBOIO CKIIALY.
Iacruryis Takox minrpumye Royal Engineers Historical Society, sike opranizoBye
KOH(epeHIlil, ceMiHapy Ta JOCITIAHUIIBKI 3aXOIH, CHPSMOBaHI Ha BHUBYCHHS
ICTOPMYHOTO J0CBIly KOPITYCY Ta HOro 3aCTOCYBaHHS B Cy4aCHOMY KOHTEKCTI.

KopomiBcbka 1mikona BikichkoBoi imkenepii (nanmi — RSME) € ocHoBHOIO
HaBYAJILHOIO OpraHizali€ro, mo 3abe3redye MiJroTOBKY BifICBKOBHX IHXKEHEpIB
OpuTaHchKoi apMii. 3rinHo 3 nociipkenHam [act (Gast) omyOnikoBaHuM y Army
Sustainment y 2017 poui®®, RSME Group 3HaXoouThCs Ha MEPEnoOBid 3MiH

! The Institution of Royal Engineers : [Be6-caiir] / The Institution of Royal Engineers. — URL:

https://www.instre.org/. [[lata noctymy: 06.02.2026].

2 QGast S. U. Training the millennial sapper: Training transformation at the Royal School of Military
Engineering // Army Sustainment. 2017. May-June. P. 30-33. URL: https://alu.army.mil/alog/2017/
MayJunl7/TrainingMillennialSapper.html (nara 3seprenns: 13.02.2026).gale
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y CHCTEMI ITiIr0TOBKY OpUTAHCHKOT apMii Ta BIIPOBAIKY€ MOZEPHI3ALLi0 BIFICHKOBOT
ITiITOTOBKM Yepe3 3alpoBaPKeHHsI METO/IB 3MiltaHoro HadaHHsL. [11kona mopiuHo
3a0e3reyye HaBUAHHS ONM3bKO MISCTH TUCSY CEMHUCOT BiCHKOBOCITY:KOOBIIIB,
pO3po0iIsie Ta MPOBOAUTH CTO TPHILSTH JEB'ATH KypCiB, II0 CTaHOBHUTH IMOHAJ
NBICTI JBAIATh THCSY HABYAJIbHUX JHIB Ha pik. OpradizamiiiHa CTpPyKTypa
RSME Group Bkitouae Tpu ocHOBHI Jiokanii: micto Chatham y Bpomrtoncbkux
Kazapmax, 110 € IITa0-KBapTUPOK Ta MicIieM 0a30BOro HaB4YaHHs, Micto Minley
JIe TIPOBOIIUTRCSI CIICIIialli30BaHa IiIroTOBKa, Ta MicTo Hermitage.

Meroponoriyna ocHosa miarotoBku y RSME 6asyerscst Ha nigxoni Defence
Systems Approach to Training (mami — DSAT), mo € craHmzapTU30BaHUM
migxogom  MinicrepctBa  o0oponu Benwmkoi  Bpuranii 1o po3poOkw,
BIIPOBA/DKEHHSI Ta 3a0e3MeUeHHs] SKOCTI HaBYaHHS B YyCIX MiJpo3finax
30poiinux cuia. DSAT Bu3Hauae TpeHyBaHHS SIK (DYHKIiIO KOMaHIyBaHHsS Ta
OesrepepBHUIA IPOrPECUBHUI MpOIIEC, 10 Mae OyTH pEJICBAHTHNM, CKIIQJHHUM,
LIKaBUM, PEAJIiICTUYHUM, CHPSIMOBAHUM Ha JOCSTHEHHS KOHKPETHHX IIUICH,
BiJJOOpakaTH oOIepaliifiHy JDOKTPUHY, JOITyCKaTH TMOMWIKH, OyTH HaJe)KHUM
YMHOM O€3NeyHHM Ta miaisiraté noctiiHomy ananmizy. [TpuHnmnm DSAT
BKJIIOYAIOTh CHCTEMAaTHYHMH aHaji3 moTped Yy HaBYyaHHI, HPOEKTYBaHHS
HaBYAJBHUX IIPOrpaM, OpraHizalilo iX NpOBEAEHHS Ta 3a0e3Me4eHHs SIKOCTI
Yyepe3 MOHITOPHMHI Ta OliHioBaHHs pesynbrariB. [Ipounec DSAT inentudikye
rnorpedu B HOBOMY a00 3MIHEHOMY HaBYaHHI Ha OCHOBI 3MiH y JOKTPHHI,
oprasisailii, MarepiaJbHO-TEXHIYHOMY 3a0e3IeucHHI a00 MOITHII.

BrpoBajpkennst  3mimanoro HadaHHs |y RSME €  pesymsrarom
Tpanchopmarlii MmiAroToBKH, IO po3modanacs B cepeauHi 2010-x pokiB.
3MillaHe HaBYaHHs BU3HAYAETHCS SIK BHKOPHCTAHHS TPAAMLIMHUX METOIIB
HaBYaHHS, TaKMX SIK OYHE BUKJIAJAHHS B Kiaci, y MOETHAHHI 3 Cy4acHUMH
HaBYAJILHUMH TEXHOJIOTISIMH, SIK LIEHTPaJI30BaHUMHU, TaK 1 po3nofinieHnmu. s
HaBYaJIbHAa MOJICJIb BUKOPUCTOBYE MEPEKEBY KyJIBTYypY IOKOJIHHS MiJeHialiB
Ta 3aCTOCOBYE HABWYKHM KPUTHYHOIO MHCIICHHS, OTpPUMaHi 4epe3 JOCBia Ta
pedrekcito 3 BUKOPUCTAHHSAM iH(GOpPMaliiHUX TEXHOJOTIH, Koiadoparii Ta
BJIACHOCTI CTYJICHTa HaJl POLIECOM HAaBYaHHS.

CTpyKTypa KypCy 3a3BHUail BKJIFOYAE BiCiM JHIB (DYHKI[IOHATBHUX HABUYOK,
CiM JIHIB HaBYaHHsI MOOLIBHOCTI Ha PIBHI CeKii, 'ITh THIB KOHTPMOOLIEHOCTI
Ha piBHI cekuii, n'sITh JHIB MOOUILHOCTI Ha PiBHI B3BOXY, Ta JiBa HEpioau IO
I'SITh JTHIB HABYAHHS BI)KMBAHHIO Ha PiBHI B3BOAY 3 (DiHAILHMM MOJBOBUM
HaByaHHSIM. Kypc CTBOpIOE  cepeloBHILE, MaKCHMaJbHO  HaOJIMDKeHE
JI0 OmepamidiHOro CIeHapilo, 3acHOBaHE Ha BUraJaHOMY KOHTHHEHTI,
posramoBaHomy y CronydeHomy KopomiBeTBi, IO 103BOJISIE CTBOPIOBATH
pealicTU4HI BUKJIMKH, 3arpo3d Ta JAiSUIBHICTb, 3 SKMMH 1HKEHEPU 3ITKHYThCS
ITCIISt IPUETHAHHS 10 apMii.
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[Ipodeciitnuii po3BuTok Ta 6e3nepepsHa ocsita B Corps of Royal Engineers
migTpumyeTbess  depe3d cucremy Continuous Professional Development,
koopauHoBany Institution of Royal Engineers. BiiicbkoBa iHkeHepist OCTIHHO
CBOJIIOI[IOHYE Ta aJanTyeTbCsl JIO BUMOI OIEPAIifHOrO  CEepeloBHIIA,
1 € BUKJIMKOM 3aJIMIIATHCS B KypCi MOAIH, ajie 3a MATPUMKH ITPOMHUCIIOBOCTI Ta
aKaJIeMIYHMX KUT IHCTUTYLIS 37aTHA 3aJIMIIATUCS aKTyaJbHOIO Ta MPONOHYBAaTH
MOYKJIMBOCTI IiABHIICHHS KBanmi(ikamii. [IpuXmibHICTh 10 HABYAHHS MPOTSATOM
XKUTTS, Oe3nepepBHOro ocoducroro po3sutky Ta CPD no3Bonse 3anmumarucs
aKTyaJbHUM Ta JI0AaBaTH LiHHICTb. Bcl moBuHHI mparHyTn OyayBaTd BiacHi
3HAHHSA Ta JOCBIJ 1 BCTAQHOBIIIOBAaTH 3B'S3KM SIK YaCTHHA LIMPIIOI MeEpexi
BIHCHKOBHX 1H)KEHEPIB, SIKI € HIMPOKOIO CIIUILHOTOIO iHTEpeciB. Yci NMOBUHHI
MaTH JOCTYI JIO HaBYAaHHS Ta KBaJi(ikallii, 10 TO3BOJSIIOTH iM JOCSTaTH
yCIIiXy y CBOil BIHCBHKOBIH Kap'epi, a TakoX MIITPUMYIOTh iX y MOJAJIbIIOMY
repexosii 0 HUBIIBHOTO KHUTTH.

Cucrema npodeciiinoi akpeauranii Institution of Royal Engineers y3romkena
3 Engineering Council UK Ta no3Boinsie otpumaru craryc Chartered Engineer,
Incorporated Engineer a6o Engineering Technician. ILle#f npouec Bumarae
JIEMOHCTpalii KoMIleTeHTHOCTI Juis npodeciitnoi akpeantanii. [HcTHTYLIs
Mpamioe pa3oM 3 IHIHMMH OpodeciiHUMHM IHKEHEPHUMH 1HCTHUTYLISIMU
Juist 3a0e3MedYeHHs] y3TO/PKEHOCTI CTaHAapTiB Ta BU3HAHHS KBaJidikarii.
[IpodeciitHa peecTpalliss HE TUIBKH MIJABHILYE CTATyC BIHCHKOBHX 1HXKCHEPIB,
aye ¥ monerirye iXHiM mepexii 0 UUBUIBHHUX Npodeciid micis 3aBeplIeHHS
BilICHKOBOT CITYKOH.

JocnigHuipKa TisUIbHICTh B KOHTEKCTI BIICHKOBOT 1HXKEHEPiT MiATPUMY€EThCS
yepe3 B3aemozito 3 Royal Academy of Engineering, sika mponoHye cTuneHuii
(rpaHTH) IS MIATPUMKM BUAATHUX JOCITIJHHMKIB Ha paHHIX eTamax Kap'epu
y CTaHOBJIEHHI IXHBOI HE3aJIe)KHOCTI Ta MbKHapoaHoi pemyTtauii. IIporpama
3a0e3meyye JOBIOCTPOKOBY MIATPUMKY, IO JO3BOJISIE MPOBEIACHHS aMOiIiiHOT
MporpamMy iH)KCHEPHUX JOCIIJUKEHb Ta BIUIMBY, PO3BUBAaE aM0acajopiB Juis
Axanemii Ta agBokariB aucuumuiin STEM.

JocnimkeHHs BICHKOBOI 1HKEHEPHOT OCBITH J€MOHCTPYIOTH YHIKaJIbHI
xapakrepucTuku wiei ramysi. Crarrs PoxikoBa (Rodikov), omyGnikoBana
B Pedagogy and Education Management Review y 2024 poui®', anamisye
CUCTEMHI XapaKTepUCTHKH NMpodeciifHOT miAroTOBKM MalOyTHIX CIELiallicCTiB
imkeHepHUX Bilicbk. Crenudika HaBYaJbHOTO MPOLECY BiHCHKOBHX
HaBYaJbHHUX 3aKJaJiB, BKIIIOYAIOYM IO€JHAHHS BIHNCHKOBHX Ta LMBUIBHHX
creniaJbHOCTEHd B OJHIN OCBITHIH mporpami Ta HEOOXiAHICTH OTPUMaHHS

2 Rodikov, V. System characteristics of the professional training of future specialists of the

engineering troops. Pedagogy and Education Management Review, 2024. (3(17)), 21-27. URL: https:/
doi.org/10.36690/2733-2039-2024-3-21-27.
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o0csTy 3HaHb, 110 J03BOJISIE BUITYCKHUKY BUPILTYBaTH BiHCbKOBO-NIpOQeciiiHi
3aBIaHHs 0e3 JOCBiJy BHKOHAaHHS CIyXO0OBHX OOOB'SI3KiB, BUMarae 3MiH
y BilficbKOBO-nIpodeciiiHiil MiAroToBIi KypcaHTIB, 30KpeMa MalOyTHIX
creniaygicTiB iHXKEHEepHUX BiHChK. CHCTEMHI XapaKTEpHCTHUKH IiJTrOTOBKH
MaiOyTHIX CHCIIaNICTIB 1HKCHEPHUX BIWCHK BKJIIOYAIOTH BIJIIMOBIIHICT
BIfICBKOBUMH HaBUAJIBHHMH 3aKja/JaMd Ta CHeliaJbHUMH HaBYaJIbHUMU
LIEHTpaMU Ha0bopy BHUMOI OCBITHIX Ta mnpodeciiiaux cranmaprtis. Lli
CTaHJIApPTH BiJOOpa)karoTh OayeHHs JIep)KaBH, CycIiJbcTBa Ta MiHicTepcTBa
00OpOHHM WIOA0 HIJICHOI 0COOHMCTOCTI MalOyTHIX CIELialiCTiB iHXKEHEPHHUX
BIMCBK.

JlocitipKeHHs BIUIMBY BiJIeO-KypCiB Ha HaBYaHHS B yMOBaX BOEHHOTO Hacy,
nposeneHe Ymzom (Chyzh) O. Ta koneramu Tta omyOiikoBaHe B Amazonia
Investiga 'y 2024 poui*, Hajgae aeTanpHy Kiacu(iKalilo XapaKTepHCTHUK,
THUITOBHX JUUISI BIJICOKOHTEHTY Y BIHCBHKOBIH iH)KeHEpHil OcBiTi. Bysio Bu3HaueHO
IHTEpaKTHBHE BiJIcO-OpieHTOBaHE HaByaibHe cepepoBuiie. 1llono GopmyBanHs
npodeciiiHol KoMIeTeHTHOCTI MaiOyTHIX odiuepiB BiificbkoBOi iHXKeHepii,
IHTepaKTHBHE BiJICO-OPIEHTOBAHE HABYAJIBHE CEPEIOBHIIC OyJI0 OMHCAHE Yepe3
NeBHI BUMOTH. Pe3ynmbraT JOCHIKEHHS MOXKYTh OyTH BHKOPHCTaHi JUIst
BIIOCKOHAJIGHHSI HaBYaJbHOI Nporpamu sl MaiOyTHIX odiuepiB BifiCbKOBOI
imKeHepii. BukopucraHHsi Bifeo SK 1HCTPYMEHTY HaBYaHHsS CTae€ OCOOIMBO
AKTyaJIJbHUM B YMOBaX HEOOXIJHOCTI INBUAKOT ajamnTtamii 10 MIHIUBUX
orepaniiHUX YMOB Ta mepezadi JOCBidy.

VYrpaBiiHHS 3HaHHSAMH y BICHKOBOMY KOHTEKCTI € KPUTHYHO BaXKIIMBHM
st 3a0esnedenHst  edexTuBHOCTI omepauiil. Jocmimkenns Makinraiip
(McIntyre) y Canadian Military Journal 'y 2003 poui®, migxpecioe
3pOCTarody BaXK/IMBICTh HAsSBHOCTI IEpeBard y 3HAHHSIX Haj NPOTHBHHKAMH.
Hogi TexHoJ0Tii Npu3Benan 10 Bce OLIBII AUHAMIYHOTO XapaKTepy BiHCHKOBUX
orepaniid. ['Hy4KiCTh CTa€ Ba)XJIMBOIO BUMOTOIO Ul TAKMX CHCTEM, OCKUIBKH
THYYKICTh y BIHCBKOBHX CTPYKTYpax MO)KE NPH3BECTH O 3MCEHIIECHHS BTpar
cepe 0co00BOTO CKIIay, 30epeKEeHHs CUII Ta 3aC00iB.

Ponp  yHIBepCHTETCHKOrO  NHapTHEpCTBA B IH)KEHEpHIH  OCBITI,
IpoaHasli3oBaHa y cucremarnuHomy onsiai jiteparypu lllaxom (Shah) P. ra
KoJieramMH, omyoOiikoBaHOMY B European Journal of Engineering Education y

2 Chyzh, O., Smolinskyi, Y., Vyntu, A., Kiretov, V., & Chmyr, V. (2024). The impact of video on
military engineering learning in wartime. Amazonia Investiga, 13(81), 260-271. https://doi.org/10.34069/
A1/2024.81.09.2 (mara 3Beprenns: 13.02.2026). URL: https://www.amazoniainvestiga.info/index.php/
amazonia/article/view/2867

3 Meclntyre S. G., Gowrin M., Woroszynski B. Knowledge Management in the Military Context
/I Canadian Military Journal. 2003. Vol. 4, Ne 1. P. 15-22. URL: http://www.journal.forces.gc.ca/vo4/
nol/command-ordre-02-eng.asp (nara 3seprenss: 13.02.2026).
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2023 powi*, [OEMOHCTPY€ BA@KJIUBICTh CIIBIOpAlli MK aKaaeMidHUMHU
yCTAHOBAMU Ta IMPOMHUCIIOBICTIO JUTsl 3a0€3IeUeHHsT PEJICBAaHTHOCTI HaBYaIbHUX
Iporpam Ta MiJATOTOBKHM CTYJEHTIB 10 npodeciitnol npaktuku. Onisg BHSIBUB
IM'ATh KIIOYOBHX OCHIAHUIPKAX THMTaHb: Il CHIBOpaIli YHIBEPCUTET-
MIPOMUCIIOBICTh, TEOPii, II0 BUKOPHCTOBYIOTHCS Uil KEPIBHHLTBA TaKOIO
po0OTOI0, TUIIM METOJIB, II0 3aCTOCOBYIOTHCS, HAalKpallli MPAKTHKH, 3aCHOBaHI
Ha JI0Ka3ax, Ta raiy3i MaiOyTHbOI poOoTH i mociimkeHHs. L[i BUCHOBKH
€ peNIeBaHTHUMH IS BIHICHKOBOT 1HKEHEPHOI OCBITH, SIKa TAKOXK BUMarae TicHOT
CHIBIpAIl MK HAaBYAJIbHUMH 3aKJIaJaMH Ta ONCPAI[IHUMU MiIPO3AUIAME IS
3a0e3MeueHHs BiJIOBIIHOCTI MiITOTOBKU PEaNbHUM MOTpedaM.

Pornb mtydHOro iHTENeKTy Ta HMQpPOBUX TEXHOJIOTIH B IH)KEHEPHIH OCBITI cTae
nenaiti Oinbin BaxkiBoro. Jlocmipkennst Enhancing Engineering Education through
Virtual Reality, omyonikoBane y International Journal of Electrical and Computer
Engineering y 2025 pomi, JOCHipKye IHTErpalilo BipTyaJlbHOI peabHOCTI Ta
TOB'I3aHUX TEXHOJIOTIH B IHJKEHEpHIH OCBITI, (DOKYCYIOUMCh Ha MEAAroriyHuX
MiIX0/1aX, MPUAHITHX y Iil iHTerparii. JIoCcmikeHHS OXOIUTIOE OCHOBHI CTATTi,
noB'szani 3 VR, onyOmikoBani 3 2015 mo mortnit 2024 poxy Ta iHIEKCOBaHi
B SCOPUS, Web of Sciences a6o 000X, 10 OOroBOpIOIOTH HPOECKTYBAHHS,
BUKJIMKU PO3POOKHU Ta IHCTPYMEHTH cHiBIpali. EMIipuuHi 10Ka3u JeMOHCTPYIOTh
TOKpallieHe 3aJlyueHHs, MOTHBAL[I0 Ta pe3yIbTaTd HaBYaHHSI. BHCHOBKM
TIPOTIOHYIOTh Cy4acHi YSIBJICHHSI JUIsl OCBITSH Ta JIOCIHIIHUKIB IIPO BUKOPUCTAHHS
VR 1u1st BIUIMBOBHX HABYAJIBHUX JOCBIIB. Y KOHTEKCTiI BIHCHKOBOI 1H)KEHEPHOI
ocBiti VR Moke OyTH 0COOIMBO KOPHCHOIO JUIsl CUMYJISILIIT HEOE3IIEYHUX OTepaltii,
TaKMX SIK PO3MiHyBaHHsI 00 3HEIIKO/PKEHHS! BUOYXOBUX TPUCTPOIB.

Cucrema OILHIOBAaHHS Ta akpeauTalii B IH)KEHEPHIH OCBITI € KPUTHYHO
BaXJIMBOIO iisi 3abe3neueHHst sikocti migrotoBku. UK Research Excellence
Framework, mnpoanamizoBanuii y crarri Cwmita (Smith), onyOnikoBaHiid
y Societies y 2022 poui®, Hagae ypoku INOAO sSKocTi gociimpkenb. REF
€ CHCTEMOIO OIIIHIOBaHHS SIKOCTI JIOCIIJDKEHb y BHILiH ocBiTi CriosrydeHoro
KoponiBcTBa, 10 NPOBOAUTHCS MPUOIM3HO KOXKHI LIICTh-CIM pOKiB. Pesynbrarn
REF BHKOpHCTOBYIOTBCS AJIsl pO3M0A1LTY (DiHAHCYBAHHS TOCIIKEHb Ta HaJlaHHS
MiJ3BITHOCTI JUIsL JICP’KABHUX I1HBECTHUIM y mocmipkeHHs. J[is BifichKOBOT
IH)KEHEpHOI OCBITH TOAIOHI CHCTEMH 3a0C3MCUYCHHS SKOCTI € BaXKIUBUMH
JUIS TIATPUMAHHS CTAaHIAPTIB Ta 3a0E3MEYCHHS BIAMOBIIHOCTI MiJATOTOBKH
orepamiiHiM rnorpedam.

2 Shah R., Gillen A. L. A systematic literature review of university-industry
partnerships in engineering education // European Journal of Engineering Education.
2023. DOLI: 10.1080/03043797.2023.2253741. URL: https://www.tandfonline.com/doi/

full/10.1080/03043797.2023.2253741 (mara 3BepHenns: 13.02.2026).

» Smith P. G. Research Quality—Lessons from the UK Research Excellence Framework // Societies.
2022. Vol. 12, Ne 3. P. 71. DOI: 10.3390/s0c¢12030071 (nara 3Bepuens: 13.02.2026)
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MiKIUCIMIDTIHAPDHE HABYAHHS B 1HXKCHEPHIM OCBITI IOCIHIKCHE y CTaTTi
Social Regulation of Learning, onyonikoBaniii Borrego y European Journal of
Engineering Education y 2023 poi, nMpoBOANTH MOPIBHSUIBHE OCIIKCHHS
TPbOX MUDKAMCIMIUIIHADHUX TPYIMOBHX IPOEKTIB, 10 BUPIMIYIOTH peajbHi
BUKJIMKU. HamiBcTpyKTypoBaHi SIKICHI 1HTEpB't0 OyJIM CHHTE30BaHi B HAPATHBHI
eMi30/, MIO TMPEACTAaBISIOTh KIIOYOBI ACHEKTH PETYISTHBHOI IOBEIIHKU
rpyn. Bynu 3HaiineHi o3HakM CHUTBHOT perymsuii B yCiX rpynax 3 HOMITHUMHA
BIIMIHHOCTSIMU y (ha3ax IPOEKTy, L0 IPU3BEJIO A0 PI3HOTO CTYAEHTCHKOTO
nocBigy. OOroBOPIOIOThCS KIIFOYOBI (DaKTOPH, IO BIUIMHYJIM Ha PEryJIsLiio
32 YOTHpMa TEMaMM: BCTAHOBJCHHS IIiJied Ta IUIAHYyBaHHS, BIIPOBAPKCHHS
MOHITOPUHI Ta OI[HIOBAaHHS, pOJb CylepBai3epiB, BIUIMB JUCLHUILIIH.
VY  BIfiCbKOBOMY KOHTEKCTI MDKAMCIMIUIIHAPHA CIHIBIpAlsl € KPUTHYHO
Ba)XJIMBOIO, OCKUIBKM BIHCBHKOBI 1H)KEHEPH IOBHHHI NpAIOBaTH 3 PI3HUMHU
pOJaMH BIMCHK Ta IIMBUILHIUMHU OPTaHi3alisIMU JUIS TOCSITHCHHS IIUICH.

BukopucranHs  IIPOEKTHO-OPI€EHTOBAHOTO  HABYaHHS B MIATOTOBII
MaiioyTHiX odiuepiB y CHIA nocmijkene y crarri Cantoc (Santos) Tta
konter y Security and Defence Quarterly y 2019 poui®®, aHaimisye iHTErpario
project-based learning y military higher education st po3BUTKY KPUTHYHOTO
MHCJICHHSI Ta NPAKTHYHUX HAaBUYOK, MAa€ Ha MeTi BM3HAYUTH €(EKTHBHICThH
MIPOEKTHUX TEXHOJOTiH y (¢opMyBaHHI MpodeciiHOl KOMIIETEeHTHOCTI
MaiOyTHIX odiuepiB. byno BHKOpHCTaHO TecTyBaHHS Ta (OPMyBaJIbHUN
eKCIIEPUMEHT K METOAM  JIOCHDKEeHHSA. JIOCHIJDKEHHS  TPOBOAMIOCS
3 KypcaHTaMH BiHCHKOBHMX HaBUAJIBHHMX 3aKiajiB. KoxkeH NpoekT ckiajaBcs
3 Oprasi3amiifHOro, MOTHBALIKHOTO, JOCIIJHHUIKOTO Ta 3aKIFOYHOTO CTaIliB,
SIKI BKITIOYaITH peIeKcito OTpUMaHKX 3HaHb. bysii BU3HA4YeHI THIOBI TEHACHIIIT
B TpaHcdopmauii npodeciiiHol KOMNETeHTHOCTI y BiHCBbKOBiH ocBiTi. Byio
BUSIBJICHO, 1110 METOJI TIPOEKTHO-OPIEHTOBAHOTO HABUAHHSI CIIPHsIE (POPMYBaHHIO
KOMYHIKaTHBHOI, yIIPaBIiHChKOT, MOTHBALIIHHOT KOMIIETEHTHOCTEH.

Ponb MeHTOpCTBa Ta MpodeciiiHOro po3BUTKY B IHXKEHEPHIH Kap'epl Takox
€ TIpeMeTOM cydacHuX JociijpkeHb. Research Fellowships mporpama Royal
Academy of Engineering Briitouae MeHTOpChKY miaTpuMKy Bin Fellows
Axanemii asi HaJaHHS TIOpaJl IOAO JIOCHI/PKEHb Ta PO3BUTKY Kap'epH,
3MEHIICHHS BUKJIQAIBKAX Ta aJMIHICTPATUBHUX OOOB'SI3KIB JUIS PUCBSYCHHS
4yacy JIOCHI/DKCHHSIM, HaBYaHHS Ta JOJAaTKOBI MOXJIMBOCTI (hiHAHCYBaHHS,
MOXKJIMBOCTI JUIsSI BCTAHOBJICHHS MEPEXKEBUX 3B's13KiB 3 iHImIMu Research Fellows

% Santos L. A. B. dos, Loureiro N. A. R. S., Lima J. M. M. do V., Silveira J. A. de S., Grilo R. J. da
S. Military higher education teaching and learning methodologies: an approach to the introduction of
technologies in the classroom // Security and Defence Quarterly. 2019. Vol. 24, Ne 2. P. 123-139. DOL:
10.35467/sdq/108668 (mara 3Bepmenms: 13.02.2026). URL: https://securityanddefence.pl/pdf-108668-
404427filename=40442.pdf.securityanddefence
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ta Academy Fellows, MOXIHMBICTh BCTAaHOBUTU CHIJIBHUH JIOCIIIHUIBKHIA
MOCITY)KHUH CIMCOK, IO IOKPALIUTh IIAHCK HAa OTPUMAHHS JOJAaTKOBOTO
(iHaHCYyBaHHS Ta PO3IIMPEHHS BJIACHHUX JOCITIJHUIBKUX KOMaHZ. Y KOHTEKCTI
BIHCHKOBOI 1H)KEHEPil MEHTOPCTBO € KPUTHYHO BAKJIMBHUM IS Tiepe/iadi JOCBI Ty
BiJl crapiux odilepis 10 MOJOMIINX Ta JUIS PO3BUTKY JIIEPCHKUX HAaBUUOK.

B3aemonist 3 MPOMHUCIIOBICTIO Ta aKaJIeMiYHUMH YCTAHOBaMHU € KIIFOYOBOIO
JUIsl 3a0e3MeYeHHs] PeJICBAHTHOCTI BIHCHKOBOT iHXKEHEpHOi ocBiTH. Institution
of Royal Engineers nintpumye 3B's3ku 3 Institution of Civil Engineers,
OpraHi3oBylO4YM CHiIbHI npodeciiini 3ycrpiui Ta koHpepeHuii. Taki 3axomu
JIO3BOJISIFOT  OOMIHIOBATHCSl JOCBIZIOM MIDK IMBIJIBHUMH Ta BIHCHKOBUMH
IH)KeHepaMK, OOroBOPIOBATH CHIUIBHI BHKIMKH Ta PO3POOJSATH i1HHOBAiWHI
piiennsi. Hampukian, cminbHa npodeciiina 3ycrpiu ICE Tta Institution of
Royal Engineers y 2025 poui Hajana muardopMy aist 0OroOBOPEHHS! CydacHUX
IH)KeHEPHUX BUKIIMKIB Ta MOXKJIMBOCTEH JUIs CITiBIIpalli.

Cucrema 300py Ta aHamizy JOCBily € KPUTHYHO BaXKJIMBOKO IS
0e3MmepepBHOrO BIOCKOHAICHHS BIHCHKOBOT 1HXKEHEPHOI MiArotoBku. Institution
of Royal Engineers minrtpumye cekuito Operational Experience y cBoemy
Knowledge Centre, me cucreMaTtusyeThCsl IIOCBIA ONEpamid i aHAJi3y
Ta BIIPOBA/DKCHHS YPOKIB, 110 Oynu 3acBoeHi. MaiOyTHI omeparii 3aBxiau
0a3yroThCs Ha JIOCBil MUHYIHX onepauiil. Royal Engineers Oyiu Ha nepenosiit
BIHCHKOBHX oOImepaliidi moHajx Tpucrta pokis. CucremaruuHuidl 30ip Ta aHaii3
JIOCBiy 703BOJISIE 1ICHTU(IKYBaTH NPOTajiMHU B TIJrOTOBII Ta aJanTyBaTu
HaBYaJbHI TpOrpaMy JUIsl Kpamioi MiJrOTOBKM BIMCHKOBHX IH)XKEHEPIB [0
MaiOyTHIX BHKJIHMKIB.

[HTerparnist cyyacHUX TEXHOJIOTIH Yy BIMICHKOBY 1H)KEHEPHY OCBITY BKIJIIOYAE
BUKOPUCTAaHHS IHM(POBUX IHCTPYMEHTIB Uil IUIaHYBaHHS, HPOEKTYBaHHS
Ta YNpaBliHHS iHKeHepHUMHM omnepauismu. Digital Engineering e omxum
3 HampsMKiB JisutbHOCTI Institution of Royal Engineers, mo BigoOpaxae
BaXJIMBICTh 1U(poBoi TpaHchopmallii B BificbkoBill iHkeHepii. Bukopucranus
Building Information Modelling, Geographic Information Systems, nponiB
JUISL PO3BIIKK Ta KaptorpadyBaHHS, CUMYJSIIIMHUX CHCTEM sl IUIaHYBaHHS
olepariii cTae CTaHIapTHOIO MpakThKoro. [TiaroroBka BIMCHKOBUX iHXKEHEPIB
BKJIIOYa€ HABMYKU POOOTH 3 MMM TEXHOJOTIIMH sl 3a0e3nedeHHs IXHbOi
e(eKTUBHOCTI B Cy4aCHOMY OIEpalifHOMYy CEepeOBHILI.

Po3BHTOK JIiIEPCHKUX  KOMIIETEHTHOCTEH € HEBI'€MHOI0 YacTHHOIO
MiJroToBKM BiiicbkoBux imkeHepiB. Command and Leadership e omaum
3 HanpsiMkiB HaBdaHHs B RSME Group?’. BiiicbkoBi iH)XCHEpH BHKOHYIOTh

2 Royal Engineers Phase 2 & 3 Training [Enexrpounuit pecypc]. URL: https:/bootcampmilitaryfit
nessinstitute.com/military-training/armed-forces-of-the-united-kingdom/british-army-phase-2-specialis...
(mara 3BepHeHHs: 13.02.2026).
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poti, 10 BUMAraroTh HE TIJIbKM TEXHIYHMX HABUYOK, ajie i 3[JaTHOCTI KepyBaTH
KOMaH/aMH, IPUHMATH PillIeHHS B YMOBaX HEBU3HAUYEHOCTI Ta KOOPIAMHYBATH JIii
3 IHIUMH Tigpo3aizamu. [TinroroBka BKiIIO4YaE pO3BUTOK HABUYOK KOMYHIKaIlii,
NPUHHATTA pillleHb, YIPaBIIHHS pecypcaMu Ta JIiAepcTBa B CTPECOBUX
cuTyalisx. BUKopucTaHHS peajicTUYHHMX CIIEHapiiB Ta CHUMYISLIN J03BOJISE
KypcaHTaM pO3BUBATH LI HaBUYKA B KOHTPOJIBOBAHOMY CEPEIOBHILI Iepen
3aCTOCYBAaHHSM IX B peallbHUX OIepalisix.

MixHapoyHa cHiBIpals B rajy3i BiMICBKOBOI 1HXXEHEPHOI OCBITH Binirpae
BOXJIMBY pOJNb Yy OOMiHI JOCBIIOM Ta HaiKpalMMmu IpakThHkamu. Royal
Engineers miaTpuMyIOTh 3B'S3KM 3 BIHCHKOBMMH IH)XKEHEPHUMH KOpIycamu
IHIIMX KpaiH 4epe3 ydacThb y MDKHApPOAHMX HaBYAHHSX, OOMIHHI Iporpamax
Ta CIIBHUX JOCIIIHUIBKUX MpoekTax. Taki iHIiaTHBH J03BOJISIOTH BUBYATH
PI3HI MIAXOMU J0 BUPIIICHHS 1H)XXCHEPHUX BUKJIMKIB Ta aJanTyBaTH HaHKparii
MPAaKTHKH JIO0 BJIACHOTO KOHTEKCTY. MikHapoaHi KOH(epeHLil Ta cemiHapu
HazjaTh IuaTGopMy Uit OOTOBOPEHHS CHUIBHMX BHKIHKIB Ta PO3pOOKH
IHHOBAIIITHUX PILICHB.

ETnuHi acnekTu BiHCHKOBOI IHXKEHEPHOI MISTIBHOCTI TAKOK € BaXKIIMBOIO
CKJIQJIOBOIO OCBITH. BiiiCbKOBI IH)XKEHEpPH IPALIOIOTh Yy CKIAIHUX ETHYHHX
CHUTyallisIX, Jie TEXHI4YHI pINIeHHS MaloTh 3HA4HI TyMaHITapHi HaCIIiJKH.
[lizroroBka BKJIIOYa€e OOTOBOPEHHS CTUYHHMX  JWJIEM, MDKHApOJAHOTO
TYMaHITapHOTO IIpaBa, 3aXHMCTy LUBUIBHOTO HACEJICHHS Ta 1H(pacTpyKTypH,
CKOJIOTIYHHMX HACIHIJKIB BilichkoBUX orepariii. Institution of Royal Engineers
MiATpUMY€e OOTrOBOPEHHS LUX IUTaHb dYepe3 CBOi ImyOsikauii Ta 3axoiH,
3a0e3reuyrouy, 0 BiiiCbKOBI iH)KEHEPH YCBIIOMIIIOIOTH CBOIO BiJIIIOBINAIBHICT
repes CyCIijIbCTBOM.

Cucrema OLIHIOBaHHS KOMIETEHTHOCTEH BIHCHKOBHX 1H)XKEHEPIB 0a3yeThes
Ha YITKO BH3HAUeHMX CTaHjaaprax Ta kpurepiix. Role Performance Statements
BH3HAYAIOTh OUiKYBaHHS 11010 3HAaHb, HABUYOK Ta MMOBEAIHKH ISl KOXKHOTO PiBHS
kBaniikanii. OiHIOBaHHS BKIIOYAa€ K TEOPETHYHI TECTH, TaK 1 MPaKTUYHI
JIEMOHCTpallii KOMITIETEHTHOCTI B pealliCTHYHUX YMOBax. Bukopucranus cucremu
FMVT no3Bossie KypcaHTaM IPOrpecyBaTH y BIACHOMY TEMIIi, 3a0e3Meuyoun
MalcTepHiCTh Hepe]] NepexoIoM JI0 HacTynmHoro piBHs. Lle 3a0e3neuye, mo Bei
BunyckHukn RSME BinoBialoTh BCTAHOBJIEHHM CTaHAApTaM HE3aJIeKHO BiJl
4acy, HeOOXiAHOTO IS JTOCSITHEHHSI MalCTEPHOCTI.

ANanTUBHICTH Ta THYYKICTh HaBYAJILHUX IPOIPaM € KPUTHYHO BaYKIMBUMU
B yMOBax MIBHUKOIO TEXHOJOTIYHOIO PO3BHTKY Ta MIHJIMBOTO OIEpaLiifHOrO
cepenosuina. Cucrema DSAT Brirtouae MexaHi3MH ISl PETYIISIPHOTO MEPErIIsiLy
Ta OHOBJICHHS HaBYAJBbHUX MPOrpaM Ha OCHOBI 3MIH y JIOKTpHHI, opraHizarii,
MarepiaJlbHO-TeXHIYHOMY 3a0e3redeHHi abo momituni. Pobowi rpymm, mio
BKJIIOYAIOTh €KCIIEPTIB TMPEIMETHHX Traily3ed, OrneparifHuX KOMaHIUPIiB
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Ta CHEUiaJiCTIB 3 HABYAJIBHOTO IPOCKTYBAaHHS, PETYISIPHO aHaNi3yIOTh
e(eKTUBHICT, HABUaHHS Ta BHOCATH HEOOXiJHI KOpWUryBaHHS. Takuit
CHCTEeMaTUYHUI MiIXiJ] 3a0e3meuye, 10 MiIr0TOBKA 3aTHIIAETHCS PEIEBAaHTHOIO
Ta e(heKTUBHOIO.

dinancoBa e(eKTHBHICTb BIMCHKOBOI OCBITH € BaXJIMBUM (HAKTOPOM
B yMOBaxX 0OMEXEHHX Oro/pKeTiB. BripoBa/keHHs IHHOBAIIH, TAKKX SIK 3MillIaHEe
HaBYaHHS, KOMIT'TOTEPHE HABYAHHS Ta CHUMYJISLII, J03BOJISIE JAOCSIITH 3HAYHUX
exoHomiii. [Ipoekr COMBAT SAPPER nocsr cepeiHbOro CKOPOYEHHS 4acy
HaBYaHHS Ha TPUHAIUATH BIJICOTKIB, 3a0LIaJUBIIM I'SITACCAT YOTUPU THCSYI
LIICTCOT HaBYaJIbHUX JIHIB BIHCHKOBOCIYKOOBIIIB. Lle He TijbKM 3MEHIIye MpsiMi
BUTpATW Ha HaBYaHHs, aje i J03BOJISIE ILBUJIIEC PO3TOPHYTH IiJATOTOBICHUX
CIICIIAJICTIB JI0 MOJILOBOI apMii. BomHOUac BayKIIMBO 320€3MCUUTH, 110 CKOHOMIT
HE JIOCSITAIOTHCS 38 PaXyHOK SIKOCTI HIITOTOBKH, 1 CUCTEMa 3a0€3MeUeHHs SIKOCTI
YBaXXHO MOHITOPHUTH €()EKTUBHICTh HABYAHHSL.

[cuxomnoriyna miroToBKa Ta CTIHKICTh € BAYKIIMBUMH aCIIEKTaMH BIHCHKOBOT
OcBiTH. BilicbKkOBI 1H)XEHEpH MPALOIOThH y CTPECOBUX Ta HEOE3NeuHHX
YMOBaX, TOMY IXHSI IICHXOJIOTIYHA IiJJrOTOBKA € KPUTHUYHO BAKJIMBOIO JUISI
e(eKTUBHOTO BUKOHAHHS 3aBAaHb. HaB4anbHi MporpamMu BKIIOYAIOTh €JIEMEHTH
CTPEC-MEHE/DKMEHTY, PO3BHTKY CTIHKOCTI Ta KOMaHAHOI 3IypTOBaHOCTI.
BukopucranHs peanicTHYHUX CIEHapiiB 3 CUMYJLIEI0 CTPECOBUX (haKTOpIiB
JIONIOMarae KypcaHTaM pPO3BUBATH IICUXOJOTIYHY CTIHKICTH Ta HaBUUTHCS
e(peKTUBHO (YHKIIOHYBATH ITiJ] THCKOM.

Kynerypa Oe3nepepBHOTO BIOCKOHAJICHHS € (yHIaMEHTAIbHOIO ISt
BilicekoBoi opranizanii. Corps of Royal Engineers miaTpumye Kyiabrypy,
Jle BCl NparHyTh BJIOCKOHAJIIOBAaTH CBOI HAaBUYKH Ta 3HAHHS IIPOTSITOM
kap'epu. lle Brimrouae ¢opmanbhi nporpamu CPD, camonaBuaHHS, yd4acTb
y npodeciiiHux 3axofax Ta oOMiH JocBijoM 3 kosieramH. Institution of Royal
Engineers 3abe3neuye iHQpacTpyKTypy AJsl HMIATPUMKH L€l KYJIBTYpU 4epe3
cBoi myOuikanii, 3axoan Ta Mepexy npodeciiiHnX KoHTakTiB. Taka KyinbTypa
Oe3repepBHOrO  BJIOCKOHAJICHHsS 3ale3rneuye, 10 KOPIYC 3aJHIIA€ThCS
Ha mepenoBiil BIMCHKOBOI iHXKEHepii Ta 3JaTHUI ajanTyBaTHCS JI0O HOBHX
BHKJIUKIB.

[HTerpaiiisi 3 HaIliOHAJBHOK CHUCTEMOKO KBaJi(piKalliii € BaXKJIUBOK st
3a0e3reueHHs] BHM3HAHHS BIMCHKOBOI IIJTOTOBKH Yy IMBIJIBHOMY CEKTOPI.
RSME 3a0e3neuye, 110 HaBYaHHs Y3rO[UKCHE 3 HAIIOHAJIBHO BU3HAHUMH
kBaiikamisiMu, 110 J103BOJISIE BIMCHKOBOCITY>KOOBILISIM OTPUMYBAaTH IMBIIbHI
ceptudikaru pazoMm 3 BilicbkoBUMH KBamidikamismu. lle monermiye mepexina
BilICHKOBOCITY>KOOBIIIB JI0 IMBUILHOTO JKUTTS IICJs 3aBEPIICHHS CIIYy)KOU Ta
3a0e3neuye, M0 TXHI HABUYKH BU3HAIOTHCS IOTEHIIWHUMHU POOOTONABLISIMH.
CniBnpanst 3 Mid Kent College Training Services ta Pearson TQ y pamkax
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my6niuHo-nipuBarHoro naptHepcrBa (Public Private Partnership) 3a0esneuye,
10 HABYAHHS BiJIIOBIIaTUME SIK BIHCHKOBUM, TaK i UBUILHUM CTaHIapTam>,

Bukopucranns nepesar naprHepcts (partnerships) y HaB4aHHI € KIFOYOBOIO
ocobmuBicTio wmozeni RSME, mo 3abesneuye moeqHaHHS —BiHCHKOBOT
eKCIIepTH3H 3 NpodecioHalli3MOM HPUBATHOTO CEKTOPY B Taiy3i HaBYaJIbHOTO
MIPOCKTYBAaHHS Ta NpOBEACHHA. Taka MoOJeNb JI03BOJISIE BUKOPUCTOBYBATH
HalKpall MpakTHK1 000X CEKTOpiB Ta 3a0e3leuye THYUKICTh Yy BIPOBAPKCHHI
iHHOBaLil. BinkpuTHii Ta 4ecHU MapTHEPCHKUH Minxix 3abe3mnedye ycrinmHe
HaByaHHS, o nepeunrye BuMorn RSME Tta nemoHcTpye MOXIHMBOCTI
e(eKTUBHOI CHIBIpaLli MK ITyOIIYHUM Ta IPUBATHUM CEKTOPaMH.

I HppacTpyKTypHHI MEHEDKMEHT € Ba)XKJIHMBOIO CKJIAJIOBOIO 3a0€3MeUeHHs
epexruBHoro HaByaHHs. Holdfast Training Services Ltd, koHcopiiym y pamkax
PPP 3 MoD, BinnoBiznae 3a yrpasiiHHs MaiiHOM Ta 00'€KTaMH Ha TPbOX JIOKAIIsX
RSME Group, BKJII04aIOuH IMOHA JIBICTI M'sTACCAT OyAiBeb (TEXHIYHI CKIAIH,
aBTOMAaWCTEepHi, MOPCbKI MaWCTEepHi, MOTOPHHUII TpaHCIOPT Ta iHII 00'€KTH
miarpumkn)®. EdexTuBHE yrnpaBmiHHS 1HPPACTPYKTYyporo 3abes3reuye, Mo
HaBYaJbHI 00'€KTH MiATPUMYIOTHCS B HAJEKHOMY CTaHi Ta IOCTYIIHI, KOJIU
notpidHo. Po3poOka JOBrocTpokoBoro miany iHGpacTpyKTypH cIipsMOBaHa Ha
KOHCOJIIIAIlIF0 TPOCTOPY 00'EKTIB Ta MAKCUMI3aI[iF0 CHEPreTHUHOT €PEKTUBHOCTI
Ta olepaniiHuX BUTPAT.

Ponp My3eiB Ta icropuyHOI CaAIMHU Yy 30€pexeHHI Tpaguliid Kopmycy
e BaximBolo. Royal Engineers Museum y Yarami 30epirae xomekuii, o
JIOKYMEHTYIOTh ICTOPII0 KOPITyCy 3 4acy Moro 3acHyBaHHs. My3ell HE TiIbKH
30epirae apredakTH Ta JOKYMEHTH, aj¢ W BHUKOHYE OCBITHIO (YHKIIIIO,
HAJAYH PECYpCH Ui IOCIIIHUKIB Ta 3a0€3MeUyroUH 3B'S30K MK MHHYJIHM
Ta cydacHicTio. Po3yMiHHs icTOpIi KOpITyCy JoroMarae BiiCbKOBHM 1H)XKEHEpaM
YCBIJOMHUTH TPajJMIii, SKi BOHU TPOAOBXKYIOTh, Ta HaJUXa€ X Ha JOCSTHEHHS
BHCOKHX CTaHIAPTIB MpodecioHaizmy.

Cucrema miaroroBku kajpiB Royal Engineers nemMoHCTpye KOMIUIEKCHHUIT
MiAXix 10 BiHCHKOBOI iH)KEHEPHOI OCBITH, IIO NMOEJHYE TPAJHMLINHHI IIHHOCTI
3 IHHOBAIIHUMU MeTomoJorisiMu. OpraHizailisi HayKOBOi [isSUIBHOCTI uepes
Institution of Royal Engineers 3a0e3meuye cucremarusaiiito 3HaHb, OOMiH
JIOCBiIOM Ta OesmnepepBHE mpodeciiHe BIOCKOHAJICHHS OCOOOBOTO CKIIAJY.
BrpoBajpkeHHsST 1HHOBAIIMHUX MMIIXOIB, TaKUX SK 3MIlIAHC HABYAHHS Ta
IIPOEKTHO-OpieHTOBaHEe HaB4yaHHs, y Royal School of Military Engineering

2 Babcock International. RSME (Royal School of Military Engineering) [Enexkrponnuii pecypc].
URL: https://www.babcockinternational.com/what-we-do/support/training/rsme-royal-school-of-
military-engineering/ (1ara 3sepHenns: 13.02.2026).

¥  Royal Engineers Phase 2 & 3 Training [Enexrponnuii pecypc]. URL: https:/bootcampmilita
ryfitnessinstitute.com/military-training/armed-forces-of-the-united-kingdom/british-army-phase-2-
specialis (nara 3Beprenns: 13.02.2026).
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JNEMOHCTPYE aNanTaiilo J0 CYYaCHUX OCBITHIX TCHICHLINA NpU 30CpeIKCHHI
BIHCHKOBOTO €TOCY (€THYHUX MpPaBWJI) Ta MPAKTHYHOI CHPSIMOBAHOCTI
miAroToBKH. [lapTHEPCTBO 3 MPUBAaTHUM CEKTOPOM 1 aKaIeMIYHIUMHU yCTaHOBaMHU
3a0e3mneuye TOCTYIN J0 HaWKpalluX MpakTHK, IHHOBalil Ta pecypciB. Cucrema
3a0e3MeueHHs] SIKOCTI OCBITM Ha OCHOBI CHCTEMHOTO MiJXOXy A0 HaBUaHHS
rapaHTye€, 10 OCBITHI Iporpamu 30epiraroThb peJIeBaHTHICTh Ta INPAKTHYHY
crnpsiMoBaHicTh. Kynbrypa 0e3nepepBHOIO BJOCKOHAJICHHS Ta HPUXWIBHICTH
0 TpOoQeCiiiHOr0 PO3BUTKY OCOOOBOrO CKIIAAy 3a0e3medyroTh, mo Kopmyc
KOPOJIIBChbKHX iH)XeHepiB bpurancekoi apmii 30epirae jigepcebki nmosuuii y chepi
BIHCBHKOBOT 1H)KEHEPIi Ta 374aTeH a/IeKBaTHO BiJIIOBIIaTH Ha Cy4YacHi BUKIIMKH.

BUCHOBKUN
30poiiHa arpecis mpoTH YKpaiHM Ta IUHAMiKa PO3BHUTKY JlepkaBHOI
cremiasibHOT  cirykOu  Tpancnopry  (mami  —  JlepkcneurpancciyxOa),

posmmpenHst 11 (yHKIIH Ta HampsiMiB JiSUIBHOCTI TOCTaBMJIM Ha MOPSJIOK
JCHHUH TUTaHHS PpO3BUTKY Ta pedopmyBanHs JlepxcnenrpaHccayxon
3 ypaxyBaHHSIM HaWKpalioro JOCBiLy y BIHCBKOBIH cdepi KpaiH-mapTHeEpiB.
[lizctaBamMy Takux 3MIH € HAaKOIMYCHHMH MpPaKTHYHUH (30Kpema OOHOBHIT)
JOCBI MIJPO3IUIIB, a TaKoX JOCBIJl 3aKOPJOHHHUX BIMCHKOBHX IHCTUTYLIN
BIJMOBiHOTO  (DYHKIIOHAJIBHOTO CHpsIMyBaHHs, Hacammepen — Kopmycy
imkenepis apmii CHIA Tta Kopmycy koposiBCbkHMX iHXeHepiB bpuranchkol
apMmii, gKi € 00’eKTaMM JOCII/PKEHb B paMKax IIbOTO JOCIiPKEHHSI.

OcHOBHUMHM 3aBiaHHSIMHU JlepaBHOI crHeuiaJibHOT CIIy)KOM TpaHCIIOPTY
(B penaxuii 3akony Ne 4631-1X Bix 09.10.2025) e:

— TeXHIYHE TPHUKPHUTTS, BiAOyAOBa, BCTAHOBJIEHHS 3aropojPKeHb Ha
00’€KTax €IMHOI TPAHCIOPTHOI CHUCTEMH YKpaiHH 3 METOK 3a0C3ICUCHHS
nisutbHOCTI  30poiitHnX Cmin YkpaiHu Ta IHIIMX BiHCBKOBHX (OpMYBaHb,
YTBOPEHHUX BIJIMOBIIHO JI0 3aKOHIB YKpaiHH;

— KamiTaibHe  OYHIBHHIITBO, pPCEKOHCTPYKINsE O0’€KTiB 1  Cropyn
3arajJbHOBIMCHKOBOIO Ta CIIEIiaIbHOTO PU3HAYCHHS, Y TOMY YHCIIi BIICHKOBUX
IH)KCHEPHO-TEXHIYHNX Ta (opTUdiKalifHUX CIOpYJ, a TakoK 00 €KTIiB
HepyxoMocTi Ta iHdpacTpykTypu y cdepi ynpasiinas MiHicrepcTBa 000pOHH
VYkpainu;

— BUABJICHHSA Ta/ab0 OYMINCHHS OO0’€KTIB Ta MICICBOCTI (BOIHHUX
aKBaTopiil) BiJ BUOYXOHEOE3NEUYHHX IIPEIMETIB;

— oxopoHa Ta o00OpoHa OO0’€KTIB [EPKABHOTO 3HAYCHHS €JIUHOL
TPAHCIOPTHOI CUCTEMHU YKpaiHU;

— BHMKOHAHHS IHIINX 3aBJaHb, IIOB’SI3aHUX 13 y4acTIO B 00OPOHI AepKaBH
Ta 3a0e3ne4yeHHsM eQEeKTUBHOTO (YHKIIOHYBaHHS €IMHOI TPAHCIOPTHOI
cucTeMHu YKpaiHu.
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Takum uymHOM, 3aBmaHHA JlepkcrenTpaHcCiy)kOM — MarOTh — [EBHHUN
(dyHKIIOHATIBHUI TIepeTHH 3 3aBaaHHsMuU sk Koprycy imkenepiB apmii CLIA
tak 1 Koprycy kopomiBchbkux iHkeHepiB bpuraHchkoi apmii. y HampsMax
IH)KEHEPHOTO 3a0C3ICUCHHS Ta IHIIKX, [0 OOTPYHTOBYE JOIUIBHICTh aanTarii
IXHIX OpraHi3allifHUX MOJeNIei HayKOBOi JTisUIbHOCTI It TIOTped cril 000pOHH
VYkpainu.

OuikyBaHMMHU pe3y/bTaTaMu JOCHI/DKeHHS Ta (GopMoro ix peamizamil
€ BUCHOBKHM Ta PEKOMEHJAIl 100 PO3BHUTKY HAayKOBO-IOCIIIHOI JisUIEHOCTI
Hepxcrienrpanceayk0i (3 METOKO CTBOPCHHsI  1IHOBAI[IfHMX —TCEXHIYHUX
pillleHb), 30KpeMa JIOUUIBHOCTI CTBOPEHHS HAyKOBO-JIOCJIJIHOTO IICHTPY
JepskcrienrpancciiykOn Ta B IOJAJIbIIOMY HaOyTTs IM CHPOMOXKHOCTEH JuIst
BHUKOHAHHS 3aBJIaHb 33 PU3HAYCHHSIM.

AHOTALLIA

JlocitimpKkeHo OKpeMi MUTaHHS CTBOPEHHS 1HHOBAI[IMHUX TEXHIYHHUX PIllICHb
JUISL CTAJIOro PO3BUTKY Ykpainu Ta kpain €C Ta opraHizaliiro HayKoBoO1 i HAyKOBO-
TeXHIYHOI AisUIBHOCTI y BilichKOBiH cdepi Ha npuxiani Kopmycy imxeHepiB
apmii CIIIA ta Koprycy koponiBChKHUX iHXeHepiB bpurancbkoi apmii.

3nitficHeHo OiOiioMeTpUYHMK aHai3 MyOmiKalii B HayKOMETpHYHHUX Oazax
Scopus Ta Web of Science 111010 nHTaHb CTBOPEHHS IHHOBALIWHUX TEXHIYHUX
pillIeHb JUIS CTAJOTo PO3BUTKY YKpaiHu Ta kpaiH €C Ta HayKoBOI Ta HayKOBO-
TEXHIYHOT JISUTbHOCTI Yy HampsiMy BIHCBHKOBIH iHXeHepil KpaiH-napTHepiB.
3a3HaueHi myOmikalii € BKpail MaJOYMCEIbHUMH B YKPaiHCHKOMY HayKOBOMY
JTICKYpCI.

BcranosineHo, 1110 3aBaHHs Ta GyHKIIT BU3HAYEHUX CKJIAIOBUX CHII 000POHU
VYkpainu (30kpema — Jleprkcrienrpancciryk01) MatoTh eBHAN (QyHKIIOHAIBHUN
NepeTHH 3 3aBIaHHsAIMHM Ta QyHKUisMu K Kopmycy imkenepi apmii CIIA
tak 1 Kopmycy kopoiiBcbkux imkeHepiB bpurancekoi apmii y Hampsmax
IH)KeHEepHOTo 3a0e3MeYeHHs Ta IHIINX, 110 OOIPYHTOBYE JOLUIBHICTD afanTaril
IXHIX OpraHi3alifHUX MOJeNIei HayKOBOi JTisUIHOCTI /It TTIOTped cril 000pOHH
VYkpainu.

JlociKeHO CydacHy OpraHi3allild CTBOPCHHS IHHOBAI[IHAX TEXHIYHHMX
piieHp Ta HaykoBoi aisuibHOCTI y Koprryci imxenepi apmii CILA ta Kopmyci
KOPOJIIBCHKHX 1H)KeHepiB bpurancekol apwmii. 3'sicoBaHO, 10 NEHTPAILHUM
€JIEMEHTOM  HAayKOBO-AOCHIAHOI  JISUTBHOCTI ~ aMEPHKAaHCBKOTO  KOPITyCy
BUCTYMa€ [H)XEHEPHUI LIEHTP AOCIIIKEHb Ta PO3pPO0OK, SIKMH 00'€eqHyE CiM
crieniajiizoBaHuX J1abopaTopiii, po3TaIIOBAHUX y PI3HUX TeorpadivyHmX JOKaIisIx
Cnomyuennx IllrariB. BusnadeHno, mo nei neHTp 3AIHCHIOE KOOPAMHALIIO
HayKOBO-TEXHIYHOT TOJIITHKH, TUIAHYBaHHS Ta HamIsL 3@ JOCIIDKSHHSIMH SIK
JUIsl BINCBKOBHUX, TaK 1 JUIsl IMBIJIBHUX ITPOrPaM KOPITYCY iHXKEHEPIB.
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BusiBiieHo MexaHiI3MH CTBOPEHHs 1HHOBAIliMHUX TEXHIYHMX pIlICHb
BITPOBA/DKEHHSI PE3yJIbTaTiB HAYKOBOI AISIIBHOCTI Yepe3 CHCTeMy akceseparii
TEXHOJIOT1H, CIBIpalio 3 yHIBepcUTeTaMH Ta (eaepajbHUMH arceHTCTBAMH,
a TaKkoX YKJIaJaHHS KOHTPAKTiB 3 MiHicTepCTBOM 00OpPOHH.

Jns Koprnycy KoposiBCbKHMX 1HXKeHepiB bpuraHcbkoi apmii BU3Ha4Y€HO
JQyaJIICTHYHY OpraHi3aliiiHy CTPYKTYpy HayKOBOI Ta HayKOBO-TE€XHIYHOI
nisutbHOCTI. Jlocmimkero poinb KopoliBChKOi MIKONK BIHICBKOBOI 1HXKCHEPIT SK
OCHOBHOI HaByalibHOI oprasizamii. [IpoaHani30BaHO METOJOJNOTIYHY OCHOBY
IiATOTOBKH, sika 0a3yeThcsl Ha MiJAX0JAi OOOPOHHOI CHCTEMH 10 HaBYaHHS, L0
€ CTaH/apTH30BaHUM IinxonoM MinictepcrBa oboponu Benmkoi Bpuranii no
PO3pOOKH, BIPOBAKCHHS Ta 3a0€311CUCHHSI SIKOCTI HABYAHHS B YCIX ITiIPO3/LIax.
3'scoBaHO cHCTeMy IpodeciiHOl akpexuTamii I1HCTHTYIII KOPOJIIBCBKUX
IHKEHEpiB, JOCTIKCHO B3aeMoit0 3 KOpoJiBCHKOIO aKaJeMi€r0 i1HXKEHEPii.
[IpoananizoBaHo cucteMy 300py Ta aHalli3y JIOCBIiy, BUSIBICHO IHTErpalio
Cy4acHHMX TEXHOJIOTiH, SIK OJMH 3 HANpsSMKiB, IO BKJIIOYAE BHKOPHUCTAHHS
UU(POBUX IHCTPYMEHTIB ISl TUIAHYBaHHSI, IPOCKTYBAHHS Ta yIPABIiHHSL.

3niiCHEHO  TIOpIBHSUIBHMH — aHali3  Mojesied  opraHizamii — HayKoBOi
JUSTTBHOCTI Ta BIIPOBADKEHHSI PE3yJNIbTaTiB y 000X KopiycaxX. BusHadeHo, mio
aMEpHKAaHChKa MOJICITb AKICHTYE MACIITAOHWN [ICHTPai30BaHMUM MiAXix, TOMI
SIK OpUTaHChKAa MOJEIb 30CepelDkeHa Ha mpodeciitHiil Mepeki. BcraHoBICHO
(yHKLIOHaJIbHY KOHBEPIeHIII0 Y HampsiMKax, 30KkpemMa y cepl 3HEHIKOIDKSHHS
BHOyXOHEOEe3MeUHNX MpeaMeTiB, OymiBHHLTBA (QopTUdIKALIHHUX Cropyx Ta
reolpPOCTOPOBUX TEeXHOJIOTIH. OOIPYHTOBAaHO aKTYaJbHICTh ajarnTamnii JOCBiTy
000X KOpITyCiB JJIsl PO3BUTKY HAyKOBOI JIsIIBHOCTI Y BIHCHKOBIH cpepi B KOHTEKCTI
€BPOATIAHTUYHOI iHTerpanii YkpaiHu Ta HOBOEHHOIO BiTHOBJICHHS JICpPKaBH.
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CHAPTER 24

DEVELOPMENT OF LAND LEGISLATION
AS A CONDITION FOR STRENGTHENING
UKRAINE'S DEFENCE RESILIENCE

Sharyi G. I, Kariuk A. M., Mishchenko R. A.
DOl https://doi.org/10.30525/978-9934-26-653-9-24

INTRODUCTION

Modern institutions and individual institutions of land legislation in Ukraine
create conflicts of law, ambiguous interpretations, often have no direct effect,
and in case of their violation, legal consequences.

Under the current land relations in society, protest sentiments are forming,
attention is being drawn to social injustice and corruption, shadow trading of
land rights and the underground land economy.

In recent years, Ukraine has seen a sharp decline in natural soil fertility,
an increase in land parcelling and long-distance farming, and a reduction in the
area of reclaimed land, perennial crops and forest reclamation plantations.

The research is aimed at overcoming the crisis in the land sector, which
is exacerbated not only by the war, but also by unfair land rents, unfair land
taxes and payments. Changes to the rules of the game in the land sector have
been identified and proposed, and environmentally friendly, socially just and
environmentally oriented land legislation has been developed and adopted.
The unwillingness of citizens to fulfil their constitutional obligations must be
incompatible with land ownership.

PRESENTATION OF THE MAIN MATERIAL

Political populism and extreme liberalisation of land relations in Ukraine
over the past 30 years, for the sake of political dividends for the ruling elite,
have led Ukraine's land relations into institutional traps"

According to the authors and many scholars, the Ukrainian government not
only failed to fulfil its constitutional duty to protect part of Ukraine's land from

! Koponbosa B.B., Kucmsax €.B. Vkpaina Ta ii po3Butox B ymoBax €Bpointerpauii. [Ipasnuyuil

sicnuk ynigepcumemy «Kpoxy. 2020. Ne 38. C. 125—-132. URL: https://dspace.Krok.edu.ua/handle/
Krok/2843 (nara 3Bepuenns 15.01.2025).
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aggression, but also failed to bring the land out of the economic underground,
allowing a consumerist and opportunistic attitude towards the natural fertility
of arable land, where unfairly distributed land rent is consumed by land users
rather than the people of Ukraine, and unfair land taxes and land payments are
in place’.

The parcelling of agricultural land as a result of land distribution and the
redistribution of state-owned land reserves for private farming, fragmentation,
strip farming, smallholdings, and distant fields are the result of ill-conceived
reforms and land transformations over the last 35 years of land reform.

The current land issues are becoming particularly acute, as the redistribution
of land to farmers, a third of whom still do not have the means to cultivate
it but do have income, and corrupt privatisation without compensation are
causing concern among the landless majority of the Ukrainian people, who are
constitutionally entitled to land and who defend the state, while those who have
emigrated abroad do not lose their land rights in Ukraine..

The Land Code of Ukraine has not established a legal framework that
corresponds to contemporary social relations and contemporary geopolitical,
and especially military, challenges. At the time of its adoption, the 2001 Land
Code lagged years behind social needs and current events and drove land
relations into a series of legal traps..

Thus, the 2001 edition of the Land Code regulated land relations on
agricultural land from a socialist perspective, legalising land division and
almost completely ignoring the spatial development needs of industry, urbanised
areas, easement relations, mortgages and the inclusion of land in economic
circulation, the need to capitalise land relations on a market basis, which
would ensure the movement of land as the main means of production to legal
entities that would ensure the most rational, highly productive and efficient use
of land, combining private, public, social and state interests in line with the
development of ecological, food, economic security and defence geopolitical
stability of Ukraine.

It was precisely the ambiguity and injustice of the land issue resolution
in favour of the national bourgeoisie that undermined the stability of
Ukrainian governments and rulers during many political struggles for
Ukraine's independence. Conversely, political forces that acted in favour of
socialisation and land equality, as well as the nationalisation of land, came
to power with the support of empires and conquerors, because for Ukrainian
peasants, land issues were more important than geopolitical and national issues.

2 Kosaneuko T.O. FOpuanusi gedekti 3eMeNbHO-IPABOBUX HOPM: MiX0M 10 Kinacubikauii. Bicuuk
Axaodenmii aosoxamypu Vipainu. 2011. Ne 2. ¢.237-240: URL: http://hbuv.qov.ua/UJRN/vaau 2011_2 44
(mara 3Beprenns 10.01.2025).
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For example, one of the remnants of the past is the continued use of state
and communal land by private enterprises that are the legal successors of
former state-owned enterprises and institutions that had a social, industrial,
recreational, and health-related focus. Currently, commercial structures conduct
commercial and production activities on state-owned land without any socially
significant component, often at odds with public interests. The legislator must
eliminate the category of permanent use, transferring state-owned land to the
ownership of state-owned and municipal enterprises and institutions, or on
lease terms for use by private entities and public organisations.

The issue of establishing a comprehensive state land cadastre requires
legislative regulation. In the absence of strict mandatory rules for registering
land plots, land users and landowners have incomplete land and urban planning
cadastres. The cadastral trap has affected land statistics reporting, which the
state has not collected since 2016, and the system of filling budgets from land
payments.

Rational state regulation of systematic land development requires mandatory
completion of the State Land Cadastre and restoration of State statistical land
reporting and cadastral objective market valuation of land for taxation and land
circulation and turnover purposes.

Inaccurate cadastral maps and the registration of private land plots in the
absence of inventory and registration of state-owned forest, water and nature
reserve lands, transport and defence lands, and lands of historical, cultural and
recreational significance have also created registration and cadastral problems.

Thus, when conducting an inventory of the lands of the State Enterprise
‘Forests of Ukraine,’ it is impossible to complete the specified work due to the
large number of ‘overlaps’ and erroncously or deliberately entered land plots
that overlap existing forest areas, lands of the nature reserve fund, state lands
of the Ministry of Defence, including surface water bodies and roads. Lands
of historical and cultural significance are located under historical and cultural
heritage sites, which include thousands of burial mounds, memorial burials,
and archacological sites, most of which have not been inventoried and are not
marked on cadastral plans and maps.

The current methods of normative monetary valuation (NMV) of agricultural
land do not correspond to the economic essence of land relations. As a result,
NMA is underestimated by 5-6 times and brings rent to a level of 10-20%
or more of NMA (capitalisation terms indicate rent levels of 2-3-5% of land
valuation in EU countries)..

Table 1 shows the results of land auctions for the right to lease municipal
land in the Poltava region, where the lease payment exceeds the NGA of land
plots..
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Table 1
Results of lease rights auctions in Poltava region
September — October 2025

Arable Amount Average
. Date of land ths. UAH. Notes (addresses, rentl
Winner .
trading area, S A land plots) hectares /
hectares tart ctual ths. UAH.
Farm Enterprise | 16.09.25 | 3,29 19,1 100,2 | Poltava Raion ~ 32,0
«Raduga» Skorokhodivska
Hromada
LLC 23.09.25 | 5,12 20,1 189,6 | Reshetylivka ~35,0
«Vera-Tas» Poltava Raion
LLC 10.10.25 | 11,01 46,1 550,0 | V. Bahachka 50,0
‘Demetra-Veles’ Myrhorod Raion
LLC «Agro- 16.10.25 | 11,5 40,2 437,0 | Zavodska City 41,0
Peremoga» Hromada
Myrhorod Raion
LLC «Agro- 17.10.25 | 17,4 60,8 578,0 |-/- 35,0
Peremoga»
Farm Enterprise | 17.10.25 | 18,1 85,6 255,0 | Pishchanska 14,0
«Pishchane- (pasture) Hromada
Agro» Kremenchuk Raion
(Pastivnyk-supisok
(pasture sandy
loam))
LLC «Erder» 22.10.25 | 20,0 97,0 590,0 | Nekhvoroshchanska | 29,5
Hromada
Poltava Raion

The imperative determination of the normative monetary valuation (NMV)
by the Government of Ukraine underestimates land taxes (absolute rent) for the
people of Ukraine and lease payments to private landowners for communal and
state-owned lands. Similarly, the NMV of lands in many towns and villages of
Ukraine has become outdated.

In Poltava, the normative monetary valuation (NMV), conducted over 15
years ago, has also lost its economic relevance in the context of the city’s spatial
development. Indexation, without consideration of valuation zones, sets an
average normative monetary value per square meter of the city at approximately
4,000 UAH. Under the conditions of war, this drives land payments into the
shadow economy, hinders land acquisition, and results in unfairly undervalued
or overvalued land payment levels in many parts of the city. Over the past 15
years, changes have occurred in economic activity zones, centers of economic
gravity, sanitary protection zones, and many other urban planning conditions
and factors influencing restrictions and encumbrances.
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The regulations on free privatization have revealed and continue to reveal
an economically and socially destructive nature in the gratuitous redistribution
of state and communal lands for personal peasant farming (PPF) and communal
lands for construction purposes. The original and intended nature of PPF-as
solely the personal labour of a citizen without leasing or resale-has been lost
and distorted.

Agricultural lands were gratuitously allocated by the State Service of
Ukraine for Geodesy, Cartography and Cadastre (StateGeoCadastre), often
following corrupt schemes, to residents of Odessa, Kyiv, Poltava, and other
cities through village councils in the Poltava region, for the purpose of resale
and speculation. As a result, rural communities partially lost communal
reserve lands and sources of local development. Lands that had belonged to
local peasants for generations were privatized for personal peasant farming
(PPF) by residents of other regions who had long emigrated, and these
lands were often resold two to three times within a single year, mainly in
speculative and shadow-market transactions. Additionally, the redistribution
of lands by the StateGeoCadastre through executive orders to establish
farm enterprises caused particular problems, as it destroyed state-owned
enterprises, deprived rural communities and local peasants of land, and
concentrated thousands of hectares in a single hands across various land
plots..

The absence of regulations on indivisible inheritance, land indivisibility, and
consolidation has led to the parcelling of previously intact land blocks, which
has negatively affected agricultural practices and halted reclamation works on
irrigated and drained lands (Fig. 1).

In Ukraine, there is currently a large-scale occurrence of waterlogging and
spontaneous afforestation of natural fodder lands (hayfields and pastures) as
well as arable lands, while, on the other hand, tens of thousands of hectares of
meadows have been ploughed without authorization. Phenomena of flooding
and desertification have become widespread. The degradation of agricultural
lands requires state monitoring and control, the restoration of the national land
reclamation system, the introduction of economic incentives and sanctions, as
well as the maintenance of state land statistical reporting.

The effect of land management regulations regarding land protection
can be omitted from discussion, as most of them lack effective mechanisms
and legal consequences for influencing land relations. Under the pressure of
artificial interventions, natural soil fertility not only rapidly declines but also
leads to soil degradation, land desiccation, soil fatigue, and soil toxification.
An example of a typical crop structure can be observed in the Poltava region
(Table 2).
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Fig. 1. Land Use Plan of Agricultural Lands of the Rashiv Starostate
of the Lutenka Village Council with Delineation of Land Users

Table 2
Agricultural Land Use in Poltava Region, 2000-2024 (thousand hectares)
2000 year 2013 year 2024 year
Agricultural Lands 2186.5 2166,0 2233.0
Perennial Plantations 12,5 8,8 6,1
Sown Areas 1560 1302 1729
Maize 340 402 528
Sunflower 163 251,2 384
Soybean 80 192,8 285
Rapeseed 2,0 8,1 47,0
Perennial Grasses 109 35,0 26,9
Winter Wheat 403 235 259
Pea 18,0 6,5 9,4
Organic Fertilizers Applied (thousand tons) |2319,0 1566,2 1400

The shadow economy has severely impacted strategically important lands
in Ukraine, such as those of the Ministry of Defense, which have decreased
multiple times compared to 1990, primarily outside the legal framework.
Despite evident violations during the redistribution of defense lands, law
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enforcement agencies have been slow to return strategically important lands
to the state, even under wartime conditions. Consequently, the redistribution of
these lands occurred largely through corrupt schemes.

In the absence of reliable statistical information on the state of lands,
landowners, and land users, it is difficult to implement rational state regulation
of land relations and even more challenging to develop a crisis land management
system in border and frontline territories.

It is also evident that the unlimited ability of individuals to acquire homestead
and dacha plots, personal peasant farming (PPF) plots, and land shares in
a single hand creates a situation—especially in border arecas—where certain
citizens purchase 50 or more homesteads in villages for next to nothing, taking
advantage of extreme rural poverty. As a result, former dacha cooperatives and
rural settlements are replaced either by “manorial” estates or, conversely, by
wastelands, “transboundary corridors,” and plots along the border that remain
uncontrolled by the state.

Tens of thousands of plots, including homesteads, land shares, and
personal peasant farming (PPF) lands, have not been used for their intended
purpose for years. Millions of plots remain outside official registries and
cadastres, and there are no effective legal mechanisms for their reclamation.
Similarly, society demands regulation and the nationalization of land
ownership from citizens who act or have acted against the interests of our
country.

The examples presented represent only a small portion of the land-related
problems that the 2001 Land Code has failed to address, despite numerous
amendments and additions in recent years. Over 24 years, the Verkhovna Rada
of Ukraine has amended the Land Code more than 70 times. Nevertheless, the
current code remains one in which transitional provisions outweigh the codified
norms of the Land Code in terms of volume.

Ukrainian scholars pay particular attention to the branch of law
represented by land legislation, even recognizing a separate scientific
discipline—“Land Law.” Throughout all stages of historical development,
land relations have played a decisive role in Ukrainian society, particularly
during periods of military upheaval, which have exacerbated land-related
issues. For Ukrainians, land policy represents both the alpha and omega of
political life, and the fair resolution of land issues determines the political
and social stability of the authorities, as well as their support from citizens
and civil society.

Ukrainian scholars study and analyse the current state of the Ukrainian
land legislation system and the development of land relations in the context
of European integration. In this regard, V. V. Korolyova emphasizes

276



the fragmentation of the norms regulating land relations, noting the
inadmissibility of numerous legal conflicts and highlighting the need
to revise approaches to the classification of normative legal acts within
Ukrainian land legislation 3.

T. Kovalenko, in studying the legal aspects of adapting Ukrainian land
legislation to EU law, emphasizes the necessity not merely to borrow Western
“legal products,” but to improve the established national legal foundations
while taking into account the development of the legal framework in EU
countries®.

V. Nosik emphasizes the need for a transformation of Ukrainian land law
in connection with the transition to the paradigm of Sustainable Development
Goals (SDGs), proposing that, in place of the Land Code, laws such as “On the
Ownership of Land by the People of Ukraine”, “On Land Use in Ukraine”, and
a number of others should be adopted. This is due to the fact that the norms
enshrined in current land legislation do not ensure the effective functioning of
land law and related legal frameworks>.

Legal, logical-structural, and technical-legal defects of the current land
law have been noted by many scholars. For instance, A. Myroshnychenko
identifies defects particularly in terms of gaps, duplication of norms, the
existence of legal conflicts (deacidification), the declarative nature of norms,
and the excessive detailing of behavioural models®’. The presence of legal
conflicts and the over-detailed behavioural models in the fields of land
management and land surveying expertise have resulted in large-scale land
corruption.

At the same time, as A. M. Tretiak has noted, the necessary standards and
procedures in the field of land management have still not been developed®.

Y.O. Shevchenko highlights the main conflicts and shortcomings in the legal
regulation of land valuation, noting the lack of comprehensive regulation of
land appraisal activities, where substantive law norms prevail over procedural

3 Hocik B.B. 3emenbHe npaBo i 3akoHOaBCTBO YKpaiHM: CHCTEMHA KpH3a UM 3MiHA MapaJurMu B

yMOBax peaiizauii 1ijei crajgoro po3Butky B Ykpaini 10 2030 poky. Ilpaso Vkpainu. 2020. Ne 5.
C. 76-90. URL: http://nbuv.gov.ua/UJRN/prukr 2020 5 8 (nara 3Beprenns 6.01.2025).

4 Mipoumandyenko A.M. Koumisii B 1mpaBoBOMy peryimoBaHHI 3eMeNbHHX BITHOCHH B VYKpaiHi:
moHorpadis/ A.M. Mipomundenko. Anymra: KHTLIYX, 2009. 268 c.

3 Cunop B.JI. Komi3iiiHiCTh 3eMeNBHOTO 3aKOHOJABCTBA YKpAiHH, SIK MEPErnoHa Ha IUIIXY HOro
PO3BUTKY. Bicnux 3anopizvkozo nayionanvnoeo yuieepcumemy.Ne 2. 2011. C. 90-94.

6 [lepuenko $1.0. CywacHuii CTaH MpPaBOBOTO PEryTIOBAHHS OLIHIOBAHHS 3eMelb B YKpaiHi.
Hayxkosuii sicnux Midcnapoonozo eymanimapnozo yrisepcumenty. Cepis IOpucnpynennis. 2015. Nel4.
T.2. C. 64-66.

’ [lapwit I'., Beprynos B., ITucapenko B., Camoponos B. «Kurrs npoxurn He none nepeittn» Jlo
90-piyust I'epost Ykpainu Cemena Aurtonus. Ceimozenao. 2025. Ned (114). C. 31-37.

8 Mlapmit I, Iucapenxo B., Iucapenko II., CamopomoB B. / Arpoekomoriumi Bucotn CeMeHa
Anronns (1935-2025): monorpadis. [Tonrasa, 2025. 84 c.
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law norms. He also emphasizes the dialectical relationship between the norms
of agrarian law and land law’.

Summarizing existing research, the current land legislation requires
a modern legal concept and alignment with constitutional law norms, as well as
adaptation and transformation in accordance with EU standards in the area of:

— the ecological modernization of the Land Code and land legislation
norms concerning land protection based on the principles of sustainable land
development, the formation of an environmental-economic system, and the
introduction of a system of economic sanctions and incentives in the areas of
land development, land reclamation and protection, afforestation, and forest
reclamation'?;

— the predominance of law protecting public interests and the interests of
social necessity;

— termination of gratuitous privatization, limitation of legal capacity of
violators regarding the seizure of land ownership, and the establishment of
a legal framework for a socially just land system;

— land valuation, for any purpose, exclusively on the basis of market
valuation principles;

— introduction of indivisible inheritance, land indivisibility, and land
consolidation norms;

— establishment of mandatory land cadastre and sustainable as well as crisis
land management in border and frontline territories with legal consequences;

— formation of a legal framework for systematic land reclamation, land
revitalization, forest reclamation, and afforestation to preserve Ukraine’s land-
resource potential;

— Definition of a special state policy for the development of organic
farming;

— definition of special regulation of land relations and the expropriation
of lands for purposes of public necessity in cases of crisis land management in
border and frontline areas, with the organization of special land management
for buffer zones and strips of border and frontline communities;

— development of a special administrative-territorial and spatial structure,
including the settlement network of border and frontline communities.

0 lapuit I, CopouyH A., Vraenko €., IlleBuenko A. MozepHi3alis reofe3uuyHUX METOAIB s

BI/THOBJICHHs eHepreTnyHoi iHppacTpykrtypu Ykpainn. Cyuacni mendenyii eeodesii, 3emneycmpoio ma
npupoOoKopucmysants: Tpali MDKHAp. HayK.-pakT. koHd. (Oxmeca, 19-20 wepsus 2025 p.). Oneca,
2025. C. 15-19.

10 Mlapnit I'l, Yruenxo €.b., Copouyn A.l. Komrropuc iHBalipoMeHTAIbHOI EKOHOMIKH, SK
IHCTPYMEHT PeryIiOBaHHA MPUPOJOKOPHCTYBaHHS. Cyuachi mexnonozii semieycmpoio  Kaoacmpy
ma  YnpaeninHa 3eMelbHUMU  pecypcamu: npayi mamepianu MDKHapogHa HayK.-mpakT. Komo.
(Kwuis, 13-14 6epesns 2025 p). Kuis, 2025. C. 140-142.

278



The basis of land management is geomatics, and the foundation of geomatics
is geodesy and the activities of the state service in the field of geodesy and
cartography.

By Resolution Ne 227 of the Cabinet of Ministers of Ukraine dated
September 24, 1991, the enterprises of the Main Administration of Geodesy
and Cartography of the USSR were transferred to the State Property Fund.
On November 1, 1991, by Resolution Ne 306 of the Cabinet of Ministers of
Ukraine, the Main Department of Geodesy, Cartography, and Cadastre under
the Cabinet of Ministers of Ukraine was established, consisting of a central
office with 7 staff members, the State Geodetic Supervision Inspectorate with
13 staff members, and 12 enterprises.

Over time, the modern enterprises “Aerogeodesy” and “Geodesy,
Cartography, and Informatics” were established.

Currently, in accordance with the decision of the United Nations General
Assembly of 1947, independent geodesy and cartography services operate in
175 countries worldwide .

In Ukraine, the sharp reduction of budgetary funding beginning in 1997,
despite the 1998 Law of Ukraine “On Topographic and Geodetic Activities,”
further exacerbated the situation.

A major problem was created by the “secrecy” and the 1993 Agreement of
Ukraine with the CIS countries, when the majority of cartographic materials
were destroyed.

Eight reorganizations ultimately led to the dismantling of the geodesy and
cartography service. In 2012, the State Service of Geodesy, Cartography, and
Cadastre was once again liquidated and reorganized into a department within
the structure of the State Land Agency, effectively bringing the activity in this
area to a near halt.

Currently, in the context of war, the obsolescence of cartographic information
significantly complicates the planning and conduct of military operations, as
modern dual-use technologies constitute a key component of national security
and defense.

The State Service of Ukraine for Geodesy, Cartography and Cadastre does
not oversee a number of areas related to the development of the geodesy
service, and these problems have been significantly exacerbated under wartime
conditions.

Therefore, when carrying out geodetic and land reforms, it is necessary
not only to take systematic steps forward but also to step back when needed—
for example, by restoring an autonomous state service of geodesy and
cartography.
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CONCLUSIONS

The rational adoption and implementation of EU legal norms, the
restoration of historically traditional institutions in the fields of geodesy and
land management, and the formation of an environmental-economic system
of land economy will allow the reform of land legislation in accordance with
the current realities of social land relations. This will ensure the sustainable
development of land-resource potential and the establishment of stable and
equitable social relations in the land sector

This necessitates the development of a modern Land Code that would
capitalize land relations, establish a socially significant mechanism for the fair
redistribution of lands, and ensure their rational use, protection, and safeguarding
in the interests of the people of Ukraine, the state, local communities, citizens,
and society at large. Such a code would preserve land for future generations
under the principles of sustainable land development and regulate land
development in border and frontline territories.

Mobilization efforts of the domestic scientific community are required to
develop a modern, sustainable, and socially oriented Land Code, along with
mandatory norms for land management, cadastre, and geodesy. This should
include special legal norms for the regulation of border and frontline territories,
as well as the restoration of the autonomy of the state service of geodesy and
cartography.

The valuation and integration of lands into the economic circulation
should be accompanied by the creation of effective economic and ecological
mechanisms, incentives for organic farming, rational and sustainable land use
and development, and the enhancement of Ukraine’s investment attractiveness.

SUMMARY

The research examines and analyses the current state of the institutions and
specific entities of land legislation, highlighting existing conflicts, dualities, and
ambiguities in interpretation, the absence of many directly applicable norms,
and the overregulation by subordinate acts, some of which date back to the
1970s.

It has been determined that a large portion of land legal institutions do
not entail legal consequences and are characterized as liberal, allowing legal
entities, landowners, and land users to act in ways that contradict public
interests, undermining Ukraine’s ecological, food, economic security, and
military resilience.

It has been demonstrated that numerous and often contradictory subordinate
acts in the sphere of land relations, cadastre, and geodesy, as well as the absence
of effective mandatory norms for the land cadastre and land management, lead
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to a shadow economic circulation of land and economic underground activities,
misuse of land, depletion of natural soil fertility, undervaluation of land for
taxation purposes, and irrational and inefficient use of Ukraine’s natural-
resource land potential.

These land-related problems require the reformation of land policy in
Ukraine and the development of a modern Land Code, the implementation of
special and crisis land management in border and frontline territories, and the
strengthening of social justice in the land sector.

Bibliography

1. KopomsoBa B.B., Kucnak €.B. Vkpaima Ta ii po3BHTOK B yMOBax
€Bpointerpauii. [lpasnuuuii gicnux ynisepcumemy «Kpoky. 2020. Ne 38.
C. 125—132. URL: https://dspace.Krok.edu.ua/handle/Krok/2843 (mara
3BepHeHHs 15.01.2025).

2. Kosamenko T.O. IOpuanuni pedexTH 3eMeNbHO-TIPABOBUX HOPM:
miaxoau a0 kinacudikaiii. Bicnux Axademii adsokamypu Yrpainu. 2011. Ne 2.
€.237-240: URL: http://hbuv.qov.ua/UJIRN/vaau 2011 2 44 (nara 3BepHEHHS
10.01.2025).

3. Hocik B.B. 3emenbHe npaBo i 3akOHOIABCTBO YKpaiHU: CUCTEMHA KpU3a
YM 3MiHa MapajurMu B yMOBax peaiizauii IiJied CTajJoro po3BUTKYy B YKpaiHi
1o 2030 poky. IIpaso Vrpainu. 2020. Ne 5. C. 76-90. URL: http://nbuv.gov.ua/
UJRN/prukr 2020 5 8 (nmara 3BepHenns 6.01.2025).

4. Mipomnnuenko A.M. Komizii B mpaBoBOMY peryitoBaHHI 3eMeIbHUX
BiJHOCHH B YKkpaini: MmoHorpadis/ A.M. Mipomnunuenko. Anymra: KHTI[VX,
2009. 268 c.

5. Cumop B.JI. Komi3iifHiCTh 3eMEIBHOTO 3aKOHONABCTBA YKpaiHH, SK
NeperoHa Ha LUIIXYy HOro po3BUTKY. Bicnux 3anopizekoco Hayionanbno2o
yuisepcumemy.Ne 2. 2011. C. 90-94.

6. Ilepyenko S1.0. CyyacHui CTaH NMPaBOBOTO PETYIIOBAHHS OLIHIOBAHHS
3eMenb B YKpaiHi. Haykosuui sichux Midxchapoonoeo 2yMaHimapHozo
ynigepcumemy. Cepis FOpucnpynenuis. 2015. Nel14. T.2. C. 64—66.

7. Mapwuit I., BeprynoB B., Ilucapenxko B., CamopomoB B. «Kurrsa
npoxxutu He none nepeittny Jo 90-pivus 'epost Yikpainm CemeHa AHTOHIIS.
Csimoensno. 2025. Ne4 (114). C. 31-37.

8. IHapmii I, [Tucapenxo B., [Tucapenko 1., Camopomnos B. Arpoekonoriuni
Bucotu Cemena Anrtonus (1935-2025): monorpadis. [Tonrara, 2025. 84 c.

9. Illapwmii I, Copouyrn A., Vraenko €., IlleBucHrko A. MouepHizaris
TEOJIC3MYHUX METOJIB JUIsl BITHOBJICHHS €HEPreTUYHOI iH(PacTpyKTypH YKpaiHu.
Cyuachi menOeHyii 2eooesii, 3emaeycmporo ma npupoOOKOPUCMYBAHHS: TIPaLll
MbKHap. HayK.-1ipakT. koH. (Oneca, 19-20 uepsus 2025 p.). Oneca, 2025. C. 15-19.

281



10. IHapwmii I'I., Yraenko €.b., Copouyn A.l. Komrrtopuc inBaiipoMeHTaNbHOT

CKOHOMIKHU, sIK IHCTPYMCHT pErYJIIOBaHHS MPUPOIOKOPUCTYBaHHSA. CyuacHi
MEXHON02I] 3eMeyCmpoI0 Kadacmpy ma YNPAGIiHHI 3eMeTbHUMU PeCyPCaMU:
npayi mamepianu mikHaponHa Hayk.-pakT. Kond. (Kuie, 13-14 Oepesns
2025 p). Kuis, 2025. C. 140-142.

282

Information about the authors:

Sharyi Ggrigoriy Ivanovych,

Doctor of Economic Sciences,

Professor at the Department of Highways,

Geodesy and Land Management,

National University «Yuri Kondratyuk Poltava Polytechnicy,
24, Vitaliia Hrytsaienka ave., Poltava, 36011, Ukraine

Kariuk Alla Mykolaivna,

Candidate of Technical Sciences,

Associate Professor at the Department of Highways,
Geodesy and Land Management,

National University «Yuri Kondratyuk Poltava Polytechnicy,
24, Vitaliia Hrytsaienka ave., Poltava, 36011, Ukraine

Mishchenko Roman Anatoliiovych,

Candidate of Technical Sciences,

Associate Professor at the Department of Highways,
Geodesy and Land Management,

National University «Yuri Kondratyuk Poltava Polytechnicy,
24, Vitaliia Hrytsaienka ave., Poltava, 36011, Ukraine



NOTES

283



NOTES

284



NOTES

285



NOTES

286



Izdevnieciba “Baltija Publishing”
Avotu icla 8 k-1 - 25, Riga, LV-1011
E-mail: office@baltijapublishing.lv

Iespiests tipografija SIA “Izdevnieciba “Baltija Publishing”
Parakstits iespieSanai: 2026. gada 27. marts
Tiraza 300 eks.



