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OCOBJIMBOCTI BUPOIIYBAHHSA BAT'ATOPIYHHUX
TPAB

Kopuyak Mukosa Mukoj1anoBuy
K.T.H., JOLIEHT
3aksaj BUIIOi ocBIiTH “TloAUIBChKUI Aep)KaBHUN YHIBEPCUTET

BaxxnuBe 3HaueHHsS cepell MOJIbOBUX KYyJbTYp, IO BUPOIIYIOTHCS Ha KOPM,
3aiiMaloTh OaratopiuHi TpaBu. TpuBanuii mepioj Bereraiii 0araTOpiYHUX TpaB JAa€
MO>KJTUBICTH 3a0€3MeUyBaTy 3eJIECHUM KOPMOM TBapHHM 3 BECHH /0 TJTMOOKOI OCEHi,
BUKOPUCTOBYBATH iX JJIS BUPOOHHUIITBA CiHA, CIHAXY, CUJIOCY, OpPUKETIB, TpaHyJ, a
TaKOX B SIKOCT1 MAaCOBUIITHUX KYJIbTYD [1, 2].

3esieHa mMaca 1 CIHO 0araTopi4yHUX TPaB XapaKTePU3YETHCS BUCOKUMU KOPMOBUMU
AKOCTSIMHU, MICTSITh OaraTo BITaMmiHIB, (ocopy, KaJbIlilO, 110 MAE€ TAKOXK BaXKIIMBE
3HAYEHHS I FO/IBJII TBapUH. BpuKeTH 1 rpaHyiy 3a MOXUBHICTIO HE MOCTYMAIOTHCS
3epHy BiBca. KpiM Toro, GaraTopiyHi TpaBH 3amoOiraroTh BITPOBIN 1 BOAHIN epo3ii
I'PYHTIB, 3MEHIIYIOTh BUMUBAHHS MTO’KUBHUX PEYOBHH 32 MEX1 KOPEHEBMICHOTO ILIapy
IPYHTY, CHOPUSAIOTh HAKOIMYEHHIO TYMYCy B IPYHTI, SIKUH MHOKpaulye ioro ¢i3uko-
X1MIYH1 BIacTUBOCTI [3].

bararopiuHi TpaBu poarHu 6000BUX 30arauyioTh IPYHT a30TOM, 3aJIUIIAI0YH HOTO
micist ce6e Ha KoskHoMY rektapi 10 150-300 kr, 1110 cripuse miABUIICHHIO YPOKAHHOCTI
HACTYITHUX KYJBTYpP MPOTITOM TPHOX POKIB.

3 OaratopiyHux 0000BUX TpaB B YKpaiHi HalOLIbII MOMIMPEHUMH € KOHIOIIWHA,
JIOLIEpHa, ecrapueT, OypKyH, a 13 3JIaKOBUX — KOCTPHIlI JydHa, TUMO(iiBKa JTy4Ha,
CTOKOJIOC 0€30CTUM, JKUTHSK Ta 1H. BUCOKY NPOIYKTUBHICTh MAIOTh SIK YHCTI MOCIBU
OaraTopiuyHUX TpaB, Tak 1 0000BO-37IAKOB1 CyMIIIKH.

baraTopiuHi TpaBu B CIBO3MiHI pO3MIIIYIOTh HA YHCTHX BiJl Oyp'ssHIB JIIISHKAaX
nicist KyKypyA3u, 03UMOI TIIEHMII], SIKa BUPOIIyBajlacs Mo YopHOMy napy. HaliBumii
BpOXKai HACIHHS JArOTh JIITHI YUCTI OE3MOKPUBHI TMOCIBH, IO BUPOULYIOTHCSA TIO
yopHomy mapy. He OaxanHo po3MilllyBaTH HACIHHUKH TpaB IMICJA IYKPOBUX Ta
KOPMOBHUX OypSIKIB 1 COHSIITHUKY, SIKI BUCYIITYIOTh I'PYHT Ha 3HauHy rauouny [3].

[lin HaciHHI TIISHKH JIOLEPHHU, KOHIOMIMHM Ta €CHapreTy MOKHAa BIJIBOJIUTH
IJIONII SIK B TIOJIbOBHX 1 KOPMOBHUX CIBO3MiHaX, Tak 1 1mo3a ciBo3Minamu. HaciHHUKH
3JIaKOBHUX TPAB CJI1]] 3aKJIaaTH JUIIIEC HA 3alJIbHUX 3eMJISIX, 00 37TaKOB1 TPaBU POCTYTh
Ha OJHOMY MICIII JIO 1’ SITU-BOCBMHU 1 O1JIbIIIE POKIB.

Hacinanku 0000BHUX TpaB HE PEKOMEHAYETHCS PO3MIIYBATU MOPSL 3 MOCIiBaMHU
TpaB MUHYJIMX POKIiB, 00 11€ MPU3BOAUTH A0 YPKECHHS 1X IIKITHUKAMH, SIK1 IEPEXOSITh
13 crapux mnociBiB. [Ipu HemOTpUMaHHI 1€ BUMOTM BpOKail HACIHHS TpPaB 3HAYHO
3HMXKYETBCS, a PU IHTEHCUBHOMY PO3MHOEHHI IIK1THUKIB — IOBHICTIO TMHE. baxkaHo
TaKoX, 11100 N00IM3y HACIHHUKIB O00OBHUX TpaB y JlicocMyrax He OyJio »KOBTOI akarlii,
IIKIJTHUKH SIKOT YPaXKyIOTh 1 HACIHHUKH LIUX TPaB.

Hacinauku  GaratopiuHMX  371aKOBHX TpaB, HaclHHA 3  SKHX Oyne
BUKOPUCTOBYBATUCS [IJISi MOJBOBOTO TPABOCISIHHS, CJIJ PO3MINIYBaTH Ha TOJISIX, a

10
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HAaCIHHHUKH, 3 SKHX IIOCIBHMIA Martepian OyJe BUKOPHUCTOBYBATHUCH IS JTyIHOTO
TPaBOCISIHHA — Ha JIyKax.

OcHosHuti 06pobimox tpynmy. CHUCTEMY OCHOBHOTO OOpOOITKY TIpPYHTY IIiJ
HAaCIHHMKM OaraTopiyHMX TpaB BH3HAYa€ B OCHOBHOMY cHoci0O iX ciBOW. SKIo
HACIHHUKHM 3aKJ1a1at0ThCsI 11T TOKPHUB, TO OCHOBHHM 00p0OOITOK IUIONT MA€ BiTIOBIIaTH
BUMOTaM arpoTeXHIKU IMOKPUBHOT KyJIbTypH [3].

Crni BIAMITHTH, IO TICJS CTEPHBOBUX MOMNEPEIHUKIB JIJII OUWIIECHHS TOJS BIJ
Oyp'stHIB, a TakoXk 30€peXeHHS 1 HAarpoOMa/DKEHHS B TPYHTI BOJOTH TPOBOISATH
JIBOpa30Be JyIIeHHS cTepHi. [lepmie mymeHHs TpOBOASATH CIiAOM 3a 30UpaHHIM
36pHOBUX JUCKOBUMH JIYIIWJIBHUKaMW Ha riauouHy 8-10 cM 3 ogHOYacHUM
O00opoHyBaHHSIM a00 KOTKYBaHHSIM MOBepxHI. Yepe3 nBa-TpH THXKHI, KOJIM HA TUIOMII
3'SIBJISATHCA CXOAM MaJaluIll 1 OJHOPIYHHX Oyp'siHIB, a KOPEHENapOCTKOBI Oyp'aHH
BUKUHYTb PO3ETKH, JIyIIaTh IOBTOPHO JIEMIIIHUMU JIyIIMJIbHUKaMU Ha ruOuny 10-12
CM. A depe3 ABa-TpU THXKHI, KOJW 3HOBY 3’SIBIISITHCS PO3ETKA KOPEHETapOCTKOBHX
Oyp'siHiB, [10JI€ OPIOTH TUTYyTaMu 3 MEePEAILTY KHUKaMu Ha rOuny 28-30 cM.

[Ticnst 30upaHHs KyKypy/A3u MOJI€ TUCKYIOTh Y JIBa-TPHU CIAM HA TTUOUHY S5-7 M,
a MOTIM BiJIpa3y X OpPIOTh Ha 3510 Ha TIUOMHY 70 30 CM, 1O CHpHUi€E Kpanomy
3aropTaHHIO 1 MEPETHUBAHHIO MICISHKHUBHUX PEIITOK.

OOOB'SI3KOBUM arpo3axojioM Ha MOJISIX, BIABEACHUX i HACIHHUKHN OaraTopiaHux
TpaB, € CHITO3aTPUMAaHHSI.

Ilepeonocienuii 06pobimox rpynmy 3aJeXKUTh BiJ HOro cTaHy Ta CTPOKIB 1
cnoco0iB ciBOM Tpas. 11100 3a0e3neunTH IpyKHI Ta CBOEYACHI CXOJIU, IPYHT MOBUHEH
OyTH BOJIOTMM, JA00pe pO3pOoOJICHUM Ta MaTu BUPIBHSAHY MOBepxHIo0. [Ipu BecHsHIN
0€3MOKpUBHIM CIBOI TpaB MOBEPXHIO MOJII PETEbHO BUPIBHIOIOTH 32 JIOMOMOTOIO
nuie@-BosIoKym1 B arperaTi 3 OOpoHaMu 1 BiApasy K MICHAS 3aKPUTTS BOJIOTH
MPUCTYMAIOTh 10 KyJIbTUBALIL 350y Ha rMOuny 4-5 cm [3].

[Ipn BuCIBI TpaB MmiJ MOKPUB MEPEANOCIBHUN OOpOOITOK IPYHTY IOBHUHEH
BIJINOBIJIATH BHUMOTaM arpoOTEXHIKM MOKPUBHOI KynbTypH. [lum BuMoram moBuWHHa
BIJINOBIJIATH 1 TIEPEIMOCIBHA KYJIbTUBAITIS. A 1100 CTBOPUTHU Kpallll YMOBH JJIsI POCTY
TpaB 3aJIEKHO BiJ] CTAHY IPYHTY MPOBOSATH JOMOCIBHE 200 MICISATOCIBHE KOTKYBAHHS
MoCiBiB. SIKIIO 3a MepuIMM MPOX0JIOM CIBAJIKA BUCIBAIOTh IMMOKPHBHY KYJIBTYPY, a 3a
JIPYTUM — TpaBy, TO T0JIe KOTKYIOTh Mepe]] CiIBOOIO TPaBH.

[Ipy 3akiagaHHi YUCTUX OE3MOKPUBHUX HACIHHHMKIB TpaB IO TMapy BIITKY
MEPEANOCIBHY KyJbTHBALIIO MPOBOJAATh Ha ruOuHy 4-5 cMm. Ilpu mpomy OaxkaHo
BHECTH repOinuau Taki, sk entam 6E, 72% k.e. (4-6 n/ra), Tpednan, 24% k.e. (3-4
n/ra), epanukat, 72% x.e. (5-6 n/ra).

SIKIIIO TPYHT HEIOCTATHBO BOJIOTHM, OOOB'I3KOBUM arpo3axoioM, HE3aJekKHO Bl
CTPOKY BHUCIBY TpaB, Ma€ OyTHU JBOPA30BE J0 — 1 MICJSMOCIBHE KOTKYBaHHS TOCIBIB,
SIK€ TIPOBOJISATH KUIbYACTO-IITIOPOBUMHU a00 JIErKUMHU KOTKaMu. Lle 1cTOTHO MiBUIIY€E
EHEPTiI0 MPOPOCTAHHSA Ta MOJIbOBY CXOXKICTh HACIHHS TPaB.

Buecenns 0oopus. Tlnomii mig HACIHHUKY BCiX OaraToOpivyHUX TpaB, 32 BUHITKOM
ecnapiery, yaooprorTs. Opraniydi 7o00puBa HalKpaiie BHOCUTH i/ MONEPEIHUKA
TpaB B KibkocTi 20-30 1/Ta [3].

SAxio mianyoTh cissti 0000B1 TpaBU 0€3 MOKPUBY BECHOIO, TO T 3510 BHOCSATH
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o 150-200 xr/ra cynepdocdary i mo 80-100 kr/ra xamiitHOi comi. [Tix 371aKoBi
TpaBH, KpiM pochopHO-KaTIHHUX TOOPHB, IMiJT OpaHKY BHOCATSH 1mie 1o 150-200 kr/ra
cysibdary aMOHI0.

[Ipu 3aknajgaHH1 HACIHHUKIB TPaB BIIITKY Ha YOPHOMY Mapy MiHEpalibHI J0OpHUBa
CJIiJ] BHECTH ITiJ1 MEPE/INOCIBHY KYJIHTHBAIIIIO.

Skmio OGaraTopiuHi TpaBH CiIOTh I/ TOKPUB, TO IPYHT HE yA00pIOIOTh, 00
MOKPUBHI KyJIbTYpHU OYIyTh MOCUJICHO PO3BUBATHUCS 1 Ty»K€ MPUTHIYYBATH TPABH.

Iliocomoska Hmacinns 0o ciebu. Jlns ciBOM Ha HACIHHEBHX JUISHKAX
BUKOPHUCTOBYIOTh HACIHHS 0araTOpiYHMX TPaB, MOCIBHI SIKOCTI SIKOTO BiJNOBIIAIOThH
BUMOTaM YHHHUX HOPMATHBHUX IOKYMEHTIB.

VY 3B'I3Ky 3 THM, IO HACIHHS CTOKOJIOCY O€30CTOTO IIIiBYACTE, IMOJOBXKEHE,
CIUTIOIIEHE ¥ MaJIOTEeKy4e, BOHO IIOTaHO BHUCIBA€THCA 3BUYAHHUMHU 3E€pPHOBUMU
ciBasikamu. Tomy mepen ciBOOIO Jisi TOJIMIIEHHS CUIIYYOCTI MOro MepenycKaroTh
gyepe3 KOHIOMMHHY YA OBOYEBY TEPTKY.

Opnieto 3 OloNOriYHUX OCOOIMBOCTEH OOOOBUX TpaB, 30KpeMa JIIOIEPHH, €
HAsBHICTh B iX MOCIBHOMY Marepiail 3HA4HOI KUIBKOCTI TaK 3BaHOTO "TBepaoro"
HacinHg (1HoAl 10 30-50%) 3 HeMPOHUKIMBUMH JIJIsl BOAM 1 MOBITPSI 0OOJIOHKAMHU.

[ToTpanuBiM B IpyHT, TaKe HACIHHA HaBITh MPU HAAMIPHOMY 3BOJIOKEHHI BiJipazy
HE MPOPOCTAE 1 MOXKE TAK JICKATH KiJIbKa POKIB, a TOTIM JIaTH CXOH 1 3aCMITUTH TOJIE.
[Ilo6 3amobirtu 1boMy, Oa)kaHO HaciHHS O00OBUX TpaB ckapudikyBaTH, TOOTO
MEXaHIYHUM CIIOCOOOM MOPYIIUTH HA HbOMY OOOJOHKHU. POONATH Lie HIIAXOM JBO-
TPUPA30BOTO MEPEIYCKaHHS HACIHHS Yepe3 KOHIOMWHHY TEPTKY, HE JOITYCKAIOYH HOTO
noApioHeHHs. Haiikpamie npoBoautu ckapu@ikailito Ha chemiaJbHUX MallllHAX —
ckapudikaTopax. Lleit arpo3axig miaBUIILYeE MOILOBY CX0XKICTh HaciHHS 10 90-95% [3].

3a 2-3 TWxHI A0 CiBOM HAcCiHHA OaratopiyHUX TpaB MPOTPYIOIOTH: JIOLEPHY,
ecrapleT Ta KOHIMUHY 6ennatoM, 50% 3.1. (3 Kr/T), a KOCTPULIIO JIYYHY Ta CTOKOJIOC
6e3octuii — pyHIa3010M, 3.101. (3-4 KI/T).

B nenp c¢iBOM HaciHHS OO0OOBMX TpaB 3TIIHO IHCTPYKIIi OOpOOISIOTH
CHeriaJbHUMU ITaMaMu a3oTdikcyrounx Oakrtepiid. HiTpariHizoBaHe HAcCiHHS HE
MOBUHHO MOTPAIUISTH ITiJ1 IPSIME COHSTYHE MPOMIHHS, sIKE 3ryOHO Jii€ Ha OakTepii.

VY 3B'A3Ky 3 THM, III0 HOPMH BHCIBY JIFOIIEPHU Ta KOHIOIIMHU HU3bKI, a HACIHHSA 1X
ny’ke ApiOHe, TO JJisi PIBHOMIPHOTO BHUCIBY HOro mepesa CiBOOIO PEKOMEHAYETHCS
3Mmimaty 3 O6angactoMm. JloOpum OaracToM CIyKUTh ITPOKapeHa IMpOCsSHA JycKa abo
THUpCa Yd NOJAPIOHEHUH TOpd, SIKUX 3a 00CATOM OepyTh y IBa-TPHU paszu OuIbIIE, HIK
HaCiHHS TPaB.

Cnocobu ii cmpoku ciebu. HaclHHUKM 0araTropidyHUX TpaB y rOCIOIapCTBAX MOXKHA
3aKNaaTh SIK CYLIIBHUM TMIAMOKPUBHUM, TaK 1 HIMPOKOPSAHUM O€3MOKPUBHUM
croco0amu.

[IpoTe Bi1OMO, 11O MOCIBY TPaB 3aBKAM BUXOIATH 3-111]] TOKPUBY OCIa0JICHUMU Ta
3 MyXKe 3piDKEHUM TPAaBOCTOEM. [IOKpHUBHI KyJIbTypH, YTBOPIOIOUU 100pE PO3BUHEHY
BETETATUBHY Macy, 3aTIHIOIOTH €1abi MOJIO/II POCIHMHH TPaB, CIOKHBAIOTH OUIBITY
YaCTUHY BOJIOTM Ta TOXXUBHUX PEYOBHH. 1OMYy TpaBU TICHIS 3HATTS TIOKPHUBY
BUTpaAvaroTh 6arato yacy Ha Te, mob "omyxaru". Uepes 11e BOHU 1at0Th HU3bKI BpOKai
HACIHHS HA JIPYTUH Ta HACTYIHI POKH XKUTTSA. TOMY TOJOBHUM CIIOCOOOM CiBOM TpaB
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HA HACIHHA Ma€ CTaTH JITHIM MHUpoOKOpAnHUN (3 MikpangamMu 45 cm) abo
OC3MOKPUBHUM CYHUIbHUH 1O 4opHOMy mapy. IlepeBary cmija BiggaBaTu
IITUPOKOPSITHUM TIOCIBaM, 3 SIKMX IPHU MEHIIIOMY BHCIBI HACIHHS Ha OJMHMIIIO TLJIOIII
OJIepKYIOTh BHIII Bposkai. TiNbKM HACIHHUKMA €cHapleTy Hailkpalie 3akiajaTu
CYIIJILHUM CIIOCOOOM.

ko B rocrnoAapcTBi 3aKiaaloTh HACIHHUKW TpaB MiJ MOKPUB TaKUX SPUX
KYyJbTYp, K sipa MIICHMIS, SYMiHb a00 PaHHBOCTHUIIIUN TOPOX, TO CIBOYy iX Ciij
MIPOBECTH SKOMOTA PaHilIe CynuIbHUM criocoooMm. [1[06 mocnabutu npurHideHHS TpaB,
HOpPMY BHCIBY MOKPUBHUX KYJIbTYp 3MeHIIYIOTh Ha 20-30%, a 30upatoTh ix sKomora
paHiiie.

CiroTh TpaBH 1 MiJ] MOKPUB MpOca Ta KyKypy/I31 Ha J0Ope OUHILeHOMY BijJ Oyp'siHIB
Moji B HaWOLIbII paHHI ONTUMAJIbHI CTPOKH, KOJM CepeaHbOA000Ba TeMIieparypa
I'PYHTY Ha IJIMOMHI 3arOpTaHHs HACIHHSA MOKPUBHUX KyJlbTyp Oyae craHoButH 10-
12°C. Cnig ocobnmMBO MIAKPECTUTH TEepeBary IMOCIBY TpaB IiJi MOKPUB IMpoca Ta
KYKYpYy/J3U TepeJ] paHHIMH KOJOCOBUMH KyJbTypaMmu. [10BIIbHO PO3BHMBAIOYKCH HA
MOYaTKy POCTY, Ha3BaHl Mi3HI KyJbTypU MEHIIE MPUTHIYYIOTh TPaBH, HIK 3€PHOBI
KoJIOCOBI [3].

CiBOy TpaB Ha HACIHHEBHUX JUISTHKAX HaWKpalle MPOBOJIUTH 3€PHO-TPAB'THUMU
ciBankamu C3T-3,6, CYT-4, CYTK-47, sixi BUCIBatOTh HACIHHS TOKPUBHOI KYJIbTYpHU
1 6araTopiyHUX TPaB 3a OJIMH MPOXI1J] CIBAJIKH.

[Ipu BiICYTHOCTI 3€pHOTPAB'SIHUX C1BAJIOK BUKOPUCTOBYIOTh 3€pHOBI ciBaiku C3-
3,6, C3-5.4. [IppyyoMy crioyaTky BHUCIBaIOTh MOKPUBHY KYJIBTYPY, @ MICJIsSI KOTKYBaHHS
IJIONII, BIOMEPEK PANKIB Cil0Th TpaBy. s 3akiafgaHHs IIUPOKOPSAHHUX (45 cwm)
MIJMOKPUBHUX Ta OE3MOKPUBHUX HACIHHUKIB HAaWKpalle BUKOPHUCTOBYBAaTH OBOYEBI
ciBanku CO-4,2, CKOH-4,2.

[Ipu 3aknagaHHI YUCTUX OE3MOKPUBHUX HACIHHUKIB TPaB M0 YOPHOMY Mapy CIrOTh
iX y TpeTiii AeKal JIUIHS — NepIiil 1eKaal CepIHs, Kpaue — Micis JOILIB.

SkIo mpu HacTaHHI ONTHUMAJIBHUX CTPOKIB CTOITh Benumka creka (35-40°C), to
CISITW TPaBU HE CIIiJl, 60 TPOPOCTKU MOKYTh 3aTUHYTH B IPYHTI1, HaBITh HE BUNIIIOBIIIN
Ha MOBEPXHIO.

Panni nitHI nociBu ManoedekTuBHi. Lle 0co0MMBO CTOCYETHCS 371aKOBUX TPaB, SIK1
MIPH IIOMY JTy’K€ MOIIKOKYIOTHCSI CTEOJIOBUMH XJTIOHUMU OJTIIIIKAMU Ta MIBEACHKOIO
MYXOI0.

Crnit BIAMITUTH, IO MiJ Yac ciBOM ApiOHOTO HACiHHA 0000BUX TpaB 3 OagacTom
abo B cyMill 3 MPOCOM HOro Bech 4ac CIiJi MEepeMilllyBaTH, 11100 BOHO BUCIBAIOCA
PIBHOMIPHO ¥ HE OCiaJI0 Ha THO SIIMKA CIBAJIKH.

[Ipu BU3HAYEHHI HOPM BHUCIBY 0araTopiyHUX TpaB CJijl BPaXOBYBaTH, 1110 TIOJbOBA
CXOXICTh HACiHHSA CTaHOBUTH BChoro Jsmiie 40-50% Big maGopatopHoi. Ajie HE BCi
POCIIMHU, IO CXOAATh, 30€piraloThCs 0 KIHIM Bereraiii. B mepmuid pik >KUTTS
omm3pko 35-40% 3 HUX THHE BiJ HECTPUSATIMBUX MOTOJHUX YMOB, 3aXBOPIOBAHb Ta
mIKiTHUKIB. Ha apyruii pik ix 3anmummaerhes Ha 1ot He Oibine 25-35% Bif 3araabHO1
KUIBKOCTI BHCISTHOTO HaciHHA. ToMmy Tpeba poOuUTH CTpaxoBy Ham0aBKy 0
PO3paxyHKOBOT HOPMH BHUCIBY JUIsl 3aTryII€HHS TPABOCTOIO.
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[Tpu mmpoxopsAaHii ciBO1 HAHAOIIIBHIIIOW OPIEHTOBHOIO HOPMOIO BUCIBY € Taka:
cTtokoioc Oe3zoctuit 10-12 kr/ra, tTumodiiBka syuHna 4-5, koctpuis jgydHa 8-10,
rpsctulia 30ipHa 8-9, mroriepHa 6-7, KOHIOIIMHA 5-6 Kr/ra, mpu PSAKOBIM CiBO1 —
cTokojoc 6e3octuit 18-20 kr/ra, TumodiiBka 10-12, kocTpurrs gyuna 16-18, rpscturs
30ipHa 15-16 kr/ra. [l CyHUIBHUX IOCIBIB HACIHHUKIB JIFOIEPHU B MEPIIMM PiK
BMKOPHCTaHHS HAaHKpALIOK T'yCTOTOK TpaBocTol Oyme 60-75 pocnuH Ha 1 M% a
KOHIOIIMHYU — He OubIne 95-115 pocnuH.

HacinHuku ecniapueTy BUIUISIOTh Ha 3BUYaHUX MOCiBaX. BHUcCiBaloTh 3BUYaiiHUM
PSAKOBHUM 1 MIUPOKOPSIHUM criocoboM 3 Mikpsagasmu 45-70 cm. Hopma BuciBy mpu
3BUYAHOMY psikoBoMy crioco0i 100-120 kr/ra, a npu mupokopsgaomy — 60-80 kr/ra.
Ha 3BuvaitHOMy psaKOBOMY ITOCIBI TOTJISIT 32 HACIHHUKAMHU €CTIapIeTy TaKuH, SK 1 Ha
KopMOBOMY. Ha MpoKopsAIHUX MMOCIBAX 3aCTOCOBYIOTh MIKPSAHI po3iylryBaHHs. Ha
HIMPOKOPSIHUX MOCIBAX 3JIAKOBUX TpaB HAWBUII BpOKai HACIHHS OACPKYIOTh, KOJIU
ryCTOTa cXOAiB JopiBHIOE 50-60 pociarHaM Ha MOTOHHOMY METPI.

OnTrManbHOO INIMOMHOO 3arOPTAHHS HACIHHSI JIIOLIEPHU, KOHIOIIMHY Y€PBOHOI Ta
KOCTPHULII Jy4YHOI HAa BaXKHX 1 J00pe 3BOJIOKEHMX IpyHTax € 2-3 cM, a IpH
MOCYIUIMBUX YMOBAX Ta IPH JIITHIH CiBO1 10 mapy — 110 4 CM; CTOKOJIOCY 0€30CTOro Ta
ecrapuery — 3-4 cM, a Ipyu NOCYLUJIMBUX YMOBax — 110 5 cM [3].

Hoenso 3a nacinnuxamu mpas. Jly’xe BaxIJIMBUM MEPIOJOM B POCTI OJTHOBUIOBUX
HACIHHUKIB TpaB, 3aKJIaJICHUX Ha Iapy, € MepioJ] B/l MOSIBU CXOJIIB J0 PO3TalTyKEHHS
cTedes1 0000BUX TpaB Ta 1O KYIIIHHS 31aKOBUX.

[pyHTOBY KipKy 3HHUILYIOTH POTAIIMHUMH MOTHKaMHU ab0 KiJlbYacTO-IIIIOPOBHMHU
KOTKamMH. Byp'ssHM 3HMILYIOTH Ha TOCIBaX TPaB 3a JOMOMOIO OOpOOITKY MIKPSb,
3actocyBaHHA repOinuiB. [lepnry KynapTuBalio MiKpsab (IIapyBaHHS) MPOBOIATH
IpU O3HAYEHHI PANKIB, Apyry — uepe3 15-20 nHiB micis mepinoi, a Hajgaial — B
3aJIEKHOCTI B1J] CTaHy IOJIS.

[TokpuBHI KyJbTYpH CKOLIYIOTh HE HIbkue 18-20 cm. 3i0paHy mMacy HNOKpHBHHUX
KyJbTYp Biipa3y BUBO3SITh 3 TOJISI.

Bunacanns Xynoou Ha TpaBax HEpLIOro pOKYy KUTTS cyBopo 3a0opoHeHo. [licis
BUTONTYBAHHS TBApUHAMU CIa0K1 POCITUHU 1] Yac MePE3UMIBIIl THHYTh.

bo6oBi TpaBu, 3a BUHATKOM e€CMapIETy, MICJs 30UpaHHS MOKPUBHUX KYJIBTYP
MHKUBIIIOIOTH 100puBamu 3 po3paxyHky 100-150 kr/ra cynepdocdary ta 70-100
Kr/ra kamiHoi coni. Ha mociBu 3makoBux TpaB, kpiM (ochopHO-KamiitHUX 100puUB,
BHOCATH 1e ¥ amiauny cemitpy no 90-100 kr/ra. Ilicns mipKUBiICHHS TpaBU Kpare
BiJIPOCTAIOTh Ta MEPE3NMOBYIOTb.

SKI1110 MOCIBY TpaB B NEPIIUNA PIiK )KUTTS YTBOPIOIOTh HAIMIPHY BET€TaTUBHY Macy
(Bucotoro Ounbiie 40 cM), Taki MOCIBU MIAKOUIYIOTh HE MI3HIIIE, HIXK 32 MICALD /10
NpUNMHEHHs BereTanli. Bucora ix 3pi3y He Hibkue 12 cM.

B 3uMoBMil mepioji Ha HAcCIHHMKax OOOB'SI3KOBO MPOBOJATH CHITO3aTPUMAaHHSL.
Hacinauku pyroro i HaCTYIMHHUX POKIB KUTTS paHO HaBECHI Ta OJIpa3y MicIs KOXKHOTO
yKOCY OOpPOHYIOTh BaXKKUMHU OOpOHAMU B OJIMH-/IBA CI1/IH.

Ha mmpokopsaHux mociBax TpaB CIIJIOM 32 PaHHROBECHSHUM OOpPOHYBaHHSIM
MDKpPSIUIS po3MyIlIyoTh Ha raubuny 8-10 cm. Ilporsrom nita Ha Takux MociBax

14



AGRICULTURAL ENGINEERING
VECTORS OF SCIENTIFIC PROGRESS: INTERNATIONAL EXPERIENCE AND
STRATEGIC PRIORITIES

OPOBOASATH HE MEHIIE JBOX-TPbOX MDKPSIHUX OOpoOITKIB. Muikpsans ciin
PO3IYITYBATH 1 MICJISI KOXKHOTO 30UpaHHS BPOXKAro.

Ha cyuinpHuX mociBax Ta B psAKax HIMPOKOPSIHUX MOCIBIB TPAB MPOTATOM TpaBHS
— YEepBHS PETEIbHO BUIOJIOIOTH OYp'sSsHU 1 TPOBOJIATH BUJIOBI Ta COPTOBI MPOTIOJIKH.

Jlo HaciHHUKIB 000OBUX TpaB IS KPaIIOTO iX 3aMMJICHHS MABO3ATH OMKUI 3
po3paxyHkKy 3-6 BynukiB Ha rekrap mnociBy. LIlo0 Omkonu oxouilie BiaBiTyBaiu
HACIHHUKH JIIOLEPHU Ta KOHIOUIMHH, BPAHIll iX MiATOJOBYIOTH I[yKPOBUM CHPOIIOM,
HAaCTOSTHUM Ha KBITaX IUX TPaB.

J1oOpi HACHIIKK A€ TAaKOXK TOAATKOBE IMITYYHE 3aMMJICHHS KOCTPHII Ty4HO1 (110 7-
8 rogmHHM paHKy) Ta CTOKojocy Oe3ocrtoro (3 15 mo 17 romuHu HmHS) TUIIXOM
MIPOTSATYBAaHHS BIphOBOK.

VY mepion Bereraiii HAaCIHHUKM TpPaB CTapaHHO OOCTEXKYIOTh Ha 3acCEJEHICTh
IKiTHUKaMU (0c0011MBO 6000BHX), HA 3a0yp'THEHICTh TOIIO.

3aJie’KHO BiJl CTaHy IOCIBIB HAa HACIHHS MO’KHA BUKOPUCTOBYBATH IMEPUIMI YKIC
0000BUX TpaB, MPOMDKHHM (CKOIIyBaHHS Ha IMOYaTKy OyToHI3alii) 1 JIpyrui
(ckomryBaHHs Ha MOYATKY IBITiHHS). B TOM ke "ac ciij maM'sTaTu, 10 ecrapieT Ta
371aKOB1 TpaBH 30MPalOTh HA HACIHHS TUIHKU B MEPIINI YKIC.

HaiiBumi Bpoxai HaciHHS 0000B1 TpaBH JalOTh HA APYTHH PIK KUTTS, a 37TAKOB1 —
Ha TPETi-uyeTBEPTHUH.

HacinHuku 0000BUX TpaB ypaxye 4UYHMalO MIKIJIHUKIB — OyJIb0OOUYKOBI
JIOBFOHOCUKU-CUTOHHU, TMIIMIAHUN MIJJISK, CIpUA JTIOBTOHOCHK, TYCEHHIll Jy4YHOTO
METEJIMKa, COBKHM-TAMH Ta JIIOIICPHOBOI COBKH, KIIOTH, JIUCTOBUH JIFOIIEPHOBHMA
JIOBFOHOCHUK ((hITOHOMYC), HACIHHEIN-TUX1yC, TOBCTOHIXKKA, Pi13HI BUAM TMOMEJIHIIb,
KOHIOITMHHUM IOBTOHOCUK-AMiOH, €CapleTOBUM 3epHOiN, OPYHHKOBHH aIlioH Ta 1H.

35akoBi TpaBW HaAWYaCTIIIEe MOMIKOIHKYIOTh T€CCEHChbKAa Ta IIBEJAChKA MYIIKH,
TQIAIIS Ta CTOKOJIOCOBUM KOMapHK.

Jnst 60poThOM 3 MIKIAHUKAMU CHiJ 3aCTOCOBYBAaTH NPO(DIIAKTUYHI 3aXOAU Ta
ximiuHi 3acobm (akTemnik SO0EC — 1,0-1,5 n/ra, 6a3yaun, 600 EW —2,0-3,0 n/ra, BbI-
58, noswuii 0,5-1,0 n/ra, mypcban 480, 1,5 n/ra ta iH.).

36upanns Hacinnukie mpae. Ilpu 3ami3HeHH1 13 30UpaHHSIM HACIHHUKIB 0000BUX
TpaB Ha 5-6 THIB BTpaTH BPOXKaw nocsraroTh moHaa 50%, a HaCiHHS 3JTaKOBHUX TpPaB
MO3K€ MTOBHICTIO OcUNaTUCh. OCh YOMY B MEP10]1 JOCTUTAHHS HACIHHUKIB TPaB 32 HUMH
BCTAHOBJIIOIOTH LIOJCHHUHN peTeNbHUI Harjsz [3].

30upatu TpaBU MOKHA NpsiMuUM kKomOaiinyBanHsM CK-5 "Hupa" 3 mpuctposmu
IICT 54-108A a6o CKC-5 Tta [Hou-1500 3 mpuctpoem IIC-10 micis monepeaHboi
JecuKallli, po3AUIBHMUM CIOCOOOM, 1 TakK 3BaHUM CHOCOOOM  JIBOa3HOTO
koMmOaliHyBaHHda. [Ipu Bcix cmoco0ax 30upaHHs HaciHHS OaraTopiyHMX TpasB,
O0COOJIMBO JIIOIEPHU 1 KOHIONIMHU, B)XKMBAIOTh BCIX MOXJIMBHUX 3aXOJIB 00
MPaBUJILHOTO PETYJIIOBaHHS KOMOANHIB Ta iX repMeTu3arii.

Jlecukarlito HACIHHUKIB JIOIEPHU 1 KOHIOMIWHU TP TIPSIMOMY KOMOaitHyBaHH1 Ta
iX CKOIITYBaHHS y BAJIKU MPH PO3IITLHOMY 30MpaHHI MPOBOAATH MPU MOOYpIHHI 75-
80% rosoBok uu 6006iB. [TogaTok po3nUTEHOTO 30UpaHHs €CIapIeTy BUSHAYAETHCS 3a
moOypiHHsAM 0001B HA HI)KHIM TPETUH1 KUTHIIb.
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[TinObupaTy Bajku TpaB MOYMHAIOTH TOMl, KOJM POCIMHHA Maca JOCTaTHbO
MiJICOXHE, a HACIHHSA Ma€ BOJIOTICTh, sIKa JI03BOJISE 30epiraTu oro 6e3 J01aTKOBOTO
npocyiryBanas. Cnig nam'staTv, 1O TpuBajie INepeOyBaHHS BaJIKiB Ha TOJI
NPU3BOAUTH 10 OCUITAHHS JIOCTUTIIOTO HACIHHSA.

3aranpHl O3HAKW JIOCTUTAHHS HACIHHUKIB 3JIaKOBUX TpaB Taki: SKIIO BOJOTH
JIET€HBKO BIapUTHU a00 CTUCHYTH B PYIIl — Ha JIOJIOH1 3aJIMIIIA€THCA HEBEIUKA KITBKICTh
CTUTJIOTO HACIHHSA. Y KOCTpHII JIy4HOi, KpIM TOTrO, BOJOTI >KOBTIIOTh, X04 CTeOJa
MOXYTh IlI€ HE BTPAaTUTU 3eJeHOoro 3adapmieHHs. Crokonoc 0e30cTuil mepen
JIOCTUTAHHSAM BTpadya€ XapakTepHE I HhOro (iojeToBe 3a0apBIICHHS, BOJOTI
TEMHIIOTh, CTAIOTh OJTHOOTYHIMH MTOHUKIUMU i Oypumu. SIpyc moOypiiaux BOJIOTEH 3
MOKOBTUIMMH TI1JT HUMH CTE€0JaMH PI3KO BIAPIZHAETHCA BIJl 3€JIECHOTO SPYCY
BEreTaTUBHOI MacH. HaciHHUKM 37TaKOBHX TpaB 30MParOTh TOJIOBHUM YHHOM CIIOCOOOM
NpSAMOro KOMOaWHyBaHHsS, NPUCTYINAO4M [0 1€l poOOTH Ha IMOYATKY IOBHOI
CTHUTJIOCTI HACIHHA MpsMe KOMOaiHyBaHHS 3JIAKOBHX TPaB MPOBOASITH HA BHCOKOMY
3pi3i.

CrepHIO CKONIYIOTh Ha CiHO HE paHiml, sk depe3 15-20 guiB micist 30upaHHs
HaciHHg. Takult arpo3axij y MoeJHaHHI 3 MKUBJICHHSIM MOCIBIB CITPUSIE T1BUIIICHHIO
iX HaCIHHEBOT IIPOYKTUBHOCTI B HACTYITHOMY POIII.

Hacinns Bcix TpaB 3-mij komOaiiHa, 110 Ma€, K MPaBuiIo, MiABUIIECHY BOJIOTICTD,
B1JIpa3y K MICJS MEPEeBE3E€HHS Ha TIK PO3CHUIIAIOTh TOHKUM IIApOM IIiJl HaBicaMu abo
MIPOTH COHIIS, O€3MEPEPBHO MEPEIOMAUYIOTh 1 JOBOIATH 10 CYXOT0 CTaHy. 3aIHIIATH
Horo y BOpoxax HaBiThb Ha KUIbKa TOJWH HE CJIiJl, 00 BOHO IIBUJIKO 3IrpIBA€ThCA I
BTPAYa€E CXOXKICTb.

BucnoBku. OTxe, A5 MIPaBUILHOTO BUPOIIYBaHHS 0araTOpIYHUX TPaB MOTPIOHO
JTOTPUMYBATHCS arpOTEXHIYHUX BUMOT Ta BPaxOBYBaTH OCOOJIMBOCTI IX BUPOIITYBaHHS
[4-12].

Cnucok Jgireparypu

1. Cucremu Cy4acHMX 1HTEHCHUBHUX TEXHOJIOTIH y pocauHHHUITBI: [ligpyunuk /
C.M. Kanencwka, JI.M. €pmakosa, B.J[. [Tanamapuyx, 1.C. Tomiuyk, M.I. [Tomimryk.
Binnuis: @OIT Poransceka 1.0O., 2015. 448 c.

2. [TIlamicekmit B.M., Haripuui 0.1, Menpuux [I. IlpoexTyBanHus
TEXHOJIOTTYHUX CUCTEM pOoCIMHHUIITBA. TepHomnins: 30pyy4, 2003. 262 c.

3. TexHosoriydi KapTH BHUPOIILYBaHHS CUIbCHKOTOCHOJAPCHKUX  KYJBTYP:
MoHorpadisa /JI.M. Timenko, C.I. Kopnienko, B.A. JIyOpoBin Ta iH.: 3a pea. JI.M.
Timenka. Xapk. Hail. TeXH. yH-T c.-T. M. [lerpa Bacunenka. Xapkis: XHTYCI', 2015.
273 c.

4. Victor Sheichenko, Thor Marynchenko, Thor Dudnikov, and Mykola Korchak.
(2019). Development of technology for the hemp stalks preparation / Independent
Journal of Management and Production // State agrarian and engineering university in
Podilia. V. 10, Ne 7, pp. 687 — 701. (ISSN: 2236-269X).

http://www.ijmp.jor.br/index.php/ijmp/article/view/913

5. M. Korchak, S. Yermakov, V. Maisus, S. Oleksiyko, V. Pukas and I.
Zavadskaya. Problems of field contamination when growing energy corn as

16



AGRICULTURAL ENGINEERING
VECTORS OF SCIENTIFIC PROGRESS: INTERNATIONAL EXPERIENCE AND
STRATEGIC PRIORITIES

monoculture. E3S Web of Conferences. Krynica, Poland. 6th International Conference
— Renewable Energy Sources. Volume 154 (2020). (ISSN: 2267-1242).

https://doi.org/10.1051/e3sconf/202015401009

6. Mykola Korchak, Serhii Yermakov, Taras Hutsol, Lesya Burko, and Weronika
Tulej. Features of weediness of the field by root residues of corn // Environment.
Technology. Resources. Proceedings of the 13th International Scientific and Practical
Conference. Rezekne, Latvia (2021), Volume 1, pp. 122 — 126.
https://doi.org/10.17770/etr2021vol1.6541

7. Korchak, M., Bliznjuk, O., Nekrasov, S., Gavrish, T., Petrova, O., Shevchuk, N.,
Strikha, L., Kostyrkin, O., Semenov, E., and Saveliev, D. (2022). Development of
rational technology for sodium glyceroxide obtaining. Eastern-European Journal of
Enterprise Technologies, Volume 5, Ne 6 (119), pp. 15 —21.

https://doi.org/10.15587/1729-4061.2022.265087

8. Korchak, M., Bragin, O., Petrova, O., Shevchuk, N., Strikha, L., Stankevych,
S., Svishchova, Ya., Khimenko, N., Filenko, O., and Petukhova, O. (2022).
Development of transesterification model for safe technology of chemical modification
of oxidized fats. Eastern-European Journal of Enterprise Technologies, Volume 6, Ne
6 (120), pp. 8 — 13. https://doi.org/10.15587/1729-4061.2022.266931

9. Yermakov S., Korchak M., Duhanets V., Pukas V., and Vusatyi M. (2024).
Rationale for the combined cultivator design for cultivating soil littered with plant
remains of rough-stemmed crops. Environment. Technology. Resources. 15th
International Scientific and Practical Conference. June 27-28, 2024, "Vasil Levski"
National Military University, Veliko Tarnovo, Bulgaria.

https://doi.org/10.17770/etr2024vol1.7959

10. Mykola Korchak, Anatolii Shostia, Svitlana Usenko, Liudmyla Floka, Nadiia
Hnitii, Liubov Morozova, Vita Glavatchuk, Larysa Marushko, Serhii Nekrasov, and
Roman Mylostyvyi. (2024). Determination of rational parameters of chemical
transesterification technology of sunflower oil. Eastern-European Journal of Enterprise
Technologies: Technology organic and inorganic substances, Volume 5, Ne 6(131), pp.
26 — 33. ISSN 1729-3774.

https://doi.org/10.15587/1729-4061.2024.313095

11. C. Lu, S. Shevchenko, V. Geichuk, M. Korchak, and A. Topalov. (2024).
Research on Improving Seals to Suppress Vibration of Rotary Machines”, C. R. Acad.
Bulg. Sci., Vol. 77, no. 6, pp. 881-891, Jun. 2024.

https://doi.org/10.7546/CRABS.2024.06.11

12. W. Hui, S. Shevchenko, M. Korchak, A. Lesko, A. Monakhov, Yu. Halynkin,
and O. Gerasin. (2025). A Study of Mechanical Seal Rings Thermal and Force
Deformations in Energy Rotor Machines. C. R. Acad. Bulg. Sci., vol. 78, no. 1, pp.
109-118, Jan. 2025. https://doi.org/10.7546/CRABS.2025.01.13

17



AGRONOMY
VECTORS OF SCIENTIFIC PROGRESS: INTERNATIONAL EXPERIENCE AND
STRATEGIC PRIORITIES

TPAHCO®OPMALIA ATPAPHOI'O CEKTOPY HA
3ACAJAX AJIBTEPHATUBHOI EHEPTETUKU:
CHUHEPI'IA OCBITHU, HAYKH TA BUPOBHUIITBA

Hupna Bikropisa OnexcanapiBHa,

ACHCTEHT,

kadeapu iHGopMaIIHHUX TEXHOJIOTIH, BUIIOT MATEMATHKH Ta (13UKH
binonepkiBChKOTO HAIIOHAIBHOTO YHIBEPCUTETY, Y KpaiHa

Y Te3ax MOCHIKEHO MPOLECH EKOJOTIYHOI Ta E€HEePreTUYHOi TpaHchopMarlii
arpapHOro CEKTOPY Ha OCHOBI BIIPOBAKCHHS BIJHOBIIOBAHUX JIXKEPEJT EHEPTii.
[IpoananizoBaHO pOJIb CHHEPIETHUYHOI B3a€MOJIi €KOJOTIYHOI OCBITH, MPUKIATHOT
HayKH Ta peaiibHoro BupoOoHuursa AIIK.

KuarwuoBi cisoBa: anerepHatuBHa eHepretuka B AlIK, cramuii po3BUTOK
CUIBCBKOTO TOCIOAApPCTBA, BUPOOHUIITBO Oiorazy 3 0Olomacu, arpoBOJIbTAiKa,
1HTErpallisi OCBITH, HAYKH Ta BUPOOHUIITBA, AeKapOOHI3aIlis arpooizHecy.

Cyuacumii arponpomucioBuii komiuieke (AIIK) VYkpainu nepeOyBae Ha erari
IMOOKOT TEXHOJIOTIYHOI Ta CTPYKTYpHOI TpaHcdopmMarllii. TpaguiiiiHe BeleHHS
CUIBCBKOTO TOCIOJApPCTBA, IO MOBHICTIO 0a3y€eThCS HAa BUKOPUCTAHHI BUKOIHOTO
MaJjivBa, B Cy4acHUX peatisix CTa€ EKOHOMIYHO OOTSKIMBUM, CHEPTETUYHO 3aJICKHUM
Ta €KOJOriyHO HebOe3neyHuM. B yMoBax T1100ajpbHUX KIIMAaTUYHUX 3MIH Ta
MEPMAHEHTHOI HECTaOLIbHOCTI CBITOBMX 1 BHYTPIIIHIX €EHEPreTUYHUX PHUHKIB
ocoOnuBoi Baru HaOyBae nepexiy AIIK Ha BinmHoBmtoBaHI Mxepena eHeprii (BE).
ArpapHuii CEeKTOp BOJOIE KOJOCATbHUM MOTEHLIAIOM JIJIsl PO3BUTKY albT€PHATUBHOL
EHEPreTUKHU: BiJl IEpepOoOKH O10MacH 1O BCTAHOBJICHHS! COHSIUHMX Ta BITPOBUX CTaHIIIM
Ha HEMPUAATHUX I 3eMiiepoOcTBa autsHKax. [Ipore peanizailis 1bOro MOTEHINATY
HEMOXJIMBa 0€3 4YiTKOI B3a€MOJii TPbOX KIIFOUOBUX JIAHOK: €KOJOTIYHOi OCBITH,
MPUKIIAAHOI HAYKU Ta MPOrPeCUBHOTO BUpOOHUIITBA. ChOTOIHI BITYM3HSHI Ta CBITOBI
JIOCJIITHULIBK]1 THCTUTYTH 30CEpEKEH] Ha KIIBKOX TPOPUBHUX HarpsiMkax. [lo-mepiie,
OloeHepreTHYHa yTHII3aIls BiaxoniB. HaykoBi po3poOku OBOIATH, IO COJIOMA,
JYIITAHHAS COHSIIIHUKA, THIM TBAPUHHUIIBKUX KOMILIEKCIB € I[IHHIIIOK CHPOBHUHOIO,
HIXK TpocTo Biaxoau. CTBOPEHHSI BUCOKOE(EKTUBHUX 010ra30BUX YCTAaHOBOK HOBOTO
MOKOJIIHHS JO3BOJISE HE JIMIIIE OTPUMYBATH METaH Ta €JIEKTPOCHEPTIIO0, a 1 BUPOOISITH
BHUCOKOSIKICHI OpTaHiuHi 0OpWBa (qurectar), ikl 3aTHI MOBHICTIO 3aMIHUTH JOPOTI
MiHepasibHi aHanoru. [lo-apyre, arpoBosibraika (Agrivoltaics)[5]. Lle HOBuUi HayKOBO-
MPaKTUYHUI HAMpsIMOK, 110 Mepeadadyae CHilbHE BUKOPUCTAHHS OJHIET 3€MeNIbHOI
OUISHKA ~ JUIsl  PO3MINIEHHS ~ COHSYHMX  TaHeleld  Ta  BUPOIILYBaHHSA
ClIbChKOTOCTIONAPChKUX KyabTyp [3]. HaykoBi mociimkeHHS MTiATBEPIKYIOTh, IO
3aTiHEHHS BiJ MaHeNled 3HMUKY€E BUIApPOBYBAHHS BOJIOTU 3 TPYHTY, 3aXUIIA€ POCIMHU
BiJI TETUIOBOTO CTpPECy Ta MIABHUIINYE BPOXKAMHICTH OKpEMHUX KYIbTyp. I, mo-Tpere,
BHUPOIIIYBaHHS €HEPreTUYHUX KynbTyp. CenexiiiiHa Hayka aKTHBHO TMPAIIO€ Haj
BHUBEJICHHSIM HOBUX COPTIB IIBUIKOPOCTYUYUX POCIIHH (€HEpreTHUHa BepOa, MiCKaHTYC,
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TOTIOJST) JIsl BUPOIIYBAHHS Ha JIETPAIOBAHUX Ta MAJTOPOAIOYUX IPYHTAaX, 110 JO3BOJISIE
PEKYIBTUBYBATH 3€MJII Ta OTPUMYBATH JelleBe TBep/e O10MaInBo.

OCBITHIi BEKTOp PO3BUBAETHCS B HANPSIMKAaX OHOBJIEHHS OCBITHIX MpPOTpaM.
BropoBamkenns cremiam3oBaHux KypciB: «bioeHepretuyHi cuctremu B AIIK»,
«Exonoriyauii  MeHeKMEHT  arpomianpueMctBy, «lIpoekryBaHHs  00'€KTiB
aJbTEPHATUBHOI €HEPTreTUKW». 3allpOBAKYIOTh AyanbHy OCBITY. CTyAeHTH MaroTh
NPOXOIUTH TPHUBANY TMPAKTUYHY IMIArOTOBKY O€3MOCEepelHbO0 Ha Cy4acHHX
HiANPUEMCTBAX, SIK1 BKe BUKOpUCTOBYI0Th BJIE (Hanmpukiian, Ha 6i0ra30BHUX 3aBOAAX
9M COHSYHUX €JICKTpocTaHiisx). Ta, Hacamrepen, Tpeba GpopmMyBaTu €KO-MHUCICHHS.
OcBiTa MOBMHHA BUXOBYBaTH y MaiOyTHIX JIiIepiB arpoOi3Hecy po3yMiHHS TOTO, IO
eKoJIoTi3a1liss — 11e He (hiHaHCOB1 30MTKH, a JOBTOCTPOKOBA IHBECTHIIIS Ta 1BUIIICHHS
KOHKYPEHTOCITPOMOXKHOCT1 Ha MI)KHAPOJHUX pPUHKAaX.

JUIss  OLIHKM €KOHOMIYHOI Ta €KOJOTIYHOI JOLJIBHOCTI  BIPOBAIKEHHS
aNBTEPHATUBHOI EHEPreTUKM Yy BUPOOHHUIITBO JOIIIBHO TPOBECTH PO3PAXYHOK
O010€HEpreTUYHOr0 TMOTEHIIady BIJIXOAIB YMOBHOTO CEPEAHBOTO (HEepMEPCHKOTO
rocroaapctsa 3 noromis'sm 500 roniB Benukoi poratoi xyznoou (BPX):

n000BuUii 00car 6ioMacu Mpu CepeIHbOMY BUXO/II THOIO M = 55 KT Ha 100y 3 O/IHI€T
TBapuHU cTaHoBUTH: 500 % 55 kr = 27500 kr/moby = 27,5 1/700y. Piunuii obcsr
cupoBuHH JopiBHIOE: 27,5 T X 365 nuiB = 10037,5 1/pik. Piunuii Buxin 6iorazy npu
MUTOMOMY BUXOJ1 610ra3y 3 1 TOHHH CBIXKOTO THOIO CTaHOBUTE: 10037,5 T/pik x 45 M3/T
=451687,5 M*/pik.

['eneparrisa eHeprii (KoreHepailisi) 32 YMOB CEpPEIHLOTO BMICTy METaHy y Oiorasi Ha
piBHI 60% 1Or0 TEMJIO0TBOPHA 34aTHICTh CTAHOBUTH Q = 6 kBT-roa/m?. Takum 4nHOM,
3araJlbHUi piuHUM eHepreTUYHUM noTeHIian nopiBHioe: 451687,5 m* x 6 kBt-ron/m> =
2710 125 kBt ron/pik.

Buxopucranus korenepailiitnoi ycranoBkH (enexkrpuunuii KK/ = 38%, remoBuii
KKJ]I = 42%) 3a6e3neuye orpumanus: 1 029 847,5 kBr-ron/pik enekTpuyHoi eHeprii
ta 1 138 252,5 kB1'Ton1/pik TemioBoi eHeprii.

[IpakTuuHUIl TOCBIA MEPEIOBUX arpoOXOJAUHTIB Ta (epMEPCHKUX TOCIOAAPCTB
JEMOHCTpPY€E TaKl YCIIIIHI TPOEKTH, SIK EHEepPreTMYHa AaBTOHOMIs, 3aMIIICHHS
MPUPOAHOIO Ta3y Ta HUPKYJISpHA EKOHOMIKA Ha MPaKTULi[2].

Jly’xe BaXJIMBUM € MEXaHI3M IHTETpyBaHHs OCBITH, HayKW Ta BUpoOHHULTBA. [lo-
nepiie, 1e CTBOPEHHs arpo0iOeHEepPTeTUYHUX KJIACTepiB, SKi 00’ €HYIOTh MPOdUIbHI
YHIBEPCUTETH, HAyKOBO-IOCHIAHI 1HCTUTYTH Ta arpoOi3HeC Hjs  CIUIBHOTO
(diHaHCYBaHHS TPUKIATHUX JociikeHb. [lo-apyre, 1me xomepirianizailis HayKOBUX
CTapTamiB CTYIACHTIB Ta MOJIOIUX BYEHUX dYepe3 Oi3HeC-1HKyOaTropu 3a MiIATPUMKH
IPAaHTOBUX TPOTpaM Ta TMpUBaTHUX iHBecTopiB. [lo-TpeTe, 11e cTBOpeHHs Ha 0asi
VHIBEPCUTETIB  JEMOHCTpAIlIMHMX  MalJaHYMKIB Ta  IEHTPIB  TpaHchepy
TexHounorii[4].HaykoBi 1HHOBAIIIT CTBOPIOIOTH TEXHOJOTIYHY 0a3y, €KOJIOTIYHA OCBITa
3a0e3neuye KBali()IKOBAaHUW JIIOACHKUN KamiTal, a arpoBUPOOHUITBO BHUCTYIIA€
IpaiiBepoM TMpaKTUYHHUX 3MiH. Jlep)kaBHa MOJIITMKA Ma€ aKTUBHO CTUMYJIIOBATH IIeH
TPUKYTHUK B3a€MOJIi 4Yepe3 TNOJATKOBI mpedepeHiii ajig — arpapiiB, TI'pPaHTOBY
MIATPUMKY HayKOBUX pO3p00O0K Ta PiHAHCYBAHHS OCBITHIX e€KO-mporpam. Jluiie Takuii
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KOMITJICKCHHM M1X1/1 JO3BOJIHUTH JOCITTH eHepreTuyHoi HezanexxHocti AIIK, 3uu3utu
aHTPOIIOTEHHE HAaBaHTAXXCHHS Ha JOBKULIA Ta 3a0€3MEYUTH NIPOAOBOJIBYY O€3IEKY.
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ADAPTIVE TECHNOLOGICAL APPROACHES TO
INTENSIFYING CULTIVATED MUSHROOM
PRODUCTION

Sievidov Volodymyr,
Candidate of Agricultural Sciences, Associate Professor
State Biotechnological University, Ukraine,

The intensification of mushroom production involves a transition from the
standardized implementation of individual technological operations to the integrated
management of the biological productivity of cultivated macrofungi. The efficiency of
substrate preparation, inoculation, incubation, and fruiting depends on the
compatibility of the physicochemical properties of the growing medium, the
physiological status of the mycelium, and microclimatic parameters. Even when
recommended cultivation conditions are maintained, variability in raw material
composition, differences in the growth activity of spawn, and fluctuations in cultivation
conditions can cause substantial variations in yield. Therefore, technological
intensification should increase marketable yield per unit of substrate, cultivation area,
and production time while simultaneously reducing biological losses and inefficient
resource consumption [1].

The biological characteristics of the button mushroom (Agaricus bisporus) and
oyster mushroom (Pleurotus ostreatus) necessitate differentiated cultivation
technologies. Agaricus bisporus requires selective compost produced through
controlled microbial transformations of organic matter, whereas Pleurotus ostreatus
can utilize various lignocellulosic materials following appropriate pretreatment.
Nevertheless, the productivity of both species depends on interactions among substrate
properties, biological factors, and microclimatic conditions. Effective coordination of
these components requires consideration of the actual physiological state of the crop
during transitions between successive developmental stages rather than relying
exclusively on the scheduled duration of individual cultivation operations.

Substrate batches should be formulated according to the functional characteristics
of the raw materials. Cereal straw, sunflower husks, sawdust, and other plant residues
differ in chemical composition, water-holding capacity, porosity, and susceptibility to
microbial degradation. Excessive particle size reduction may impair gas exchange
through substrate compaction, whereas insufficient water-holding capacity
complicates the maintenance of uniform moisture distribution. Consequently, identical
substrate formulations do not necessarily provide equivalent conditions for mycelial
development. For Agaricus bisporus, additional considerations include compost
maturity, residual ammonia concentration, pH, and the carbon-to-nitrogen ratio. The
combined influence of these characteristics determines substrate suitability for
inoculation.

Compost preparation involves fermentation, pasteurization, and conditioning, the
effectiveness of which depends on microbial activity, temperature, aeration, and
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moisture content [2]. Completion of each processing stage should be determined by the
actual condition of the compost. Particular attention should be given to reducing
ammonia concentrations to levels that are non-toxic to the mycelium, stabilizing the
physical structure of the substrate, and cooling the compost before spawning.
Documenting raw material composition, processing conditions, and monitoring results
ensures traceability of substrate batches and facilitates the identification of factors
responsible for differences in their productivity.

Spawn quality is characterized by viability, microbiological purity, uniform
colonization of the grain carrier, and stability of strain characteristics [3]. However, the
apparent uniformity of spawn does not necessarily reflect its physiological activity.
Inappropriate storage temperatures, prolonged transportation, or culture aging may
reduce subsequent substrate colonization rates without producing noticeable visual
changes. Therefore, quality control should be performed not only upon receipt of the
spawn but also immediately before inoculation.

Microclimate management should correspond to the physiological requirements of
the fungus at each cultivation stage. During incubation, intensive mycelial respiration
generates metabolic heat, potentially causing substrate temperatures to exceed ambient
air temperatures. Failure to monitor temperatures within the substrate creates
conditions conducive to localized overheating, uneven colonization, and inhibition of
mycelial growth [4].

Following substrate colonization, cultivation management shifts toward
establishing conditions favorable for reproductive development. For Agaricus
bisporus, timely temperature reduction and appropriate ventilation management are
particularly important. During fruiting, the coordination of ventilation, relative
humidity, and temperature becomes critical, as disturbances in water balance can
restrict fruiting body biomass accumulation and reduce the marketable quality of
mushrooms.

The casing layer plays a particularly important role in Agaricus bisporus cultivation
by regulating water and gas exchange and establishing conditions favorable for fruiting
body initiation. Its functionality depends on porosity, water-holding capacity, pH,
microbiological properties, and uniform application. Excessive compaction restricts
aeration, whereas insufficient water retention accelerates surface drying. Irrigation
management is equally important. Moisture deficiency limits fruiting body
development, while excessive water saturation disrupts gas exchange and may promote
the proliferation of undesirable microorganisms. Accordingly, casing management
should maintain stable water and air balance throughout the fruiting period.

Improving cultivation process control requires the early detection of physiological
and technological deviations. Uneven substrate colonization, abnormal temperature
differences between ambient air and the substrate, unusual odors, localized drying of
casing material, and delayed primordium formation may indicate unfavorable
cultivation conditions. However, individual symptoms do not establish the underlying
cause of a deviation, making integrated interpretation of multiple indicators essential.
Temperature, humidity, and carbon dioxide sensors facilitate the collection of time-
series data on environmental conditions and their association with the performance of
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individual cultivation cycles. The subsequent application of these data for yield
prediction requires experimental determination and validation of the relevant
relationships.

Production workflow organization determines the efficiency of cultivation area
utilization and technological equipment. Single-zone cultivation systems reduce the
need for substrate transfer but limit opportunities for independently controlling
environmental conditions during different developmental stages. Multi-zone
cultivation systems provide functional separation of production processes but require
greater capital investment and precise operational coordination. For small-scale
mushroom farms, modular zoning of existing facilities represents a promising
approach, whereas large-scale production facilities require effective synchronization
of substrate preparation with the capacity of fruiting chambers. Reducing downtime
between production batches and optimizing cultivation schedules can increase annual
production output even without substantial improvements in yield per individual batch.

The biological stability of mushroom production depends on preventing substrate
and spawn contamination by competing microorganisms. Sanitation management
should encompass raw material selection, substrate preparation, inoculation,
cultivation, and spent substrate removal. Batch traceability is particularly important
because it enables microbial contamination incidents to be associated with spawn
origin, substrate characteristics, and production conditions. This approach facilitates
targeted elimination of potential contamination sources rather than the unjustified
intensification of sanitation treatments.

The resource-saving potential of mushroom production can be enhanced through
the utilization of spent mushroom substrate in crop production. After completion of the
fruiting cycle, the remaining substrate retains organic matter and residual nutrients,
providing opportunities for its application as an organic soil amendment [5]. However,
its agronomic suitability depends on the degree of organic matter stabilization, pH,
electrical conductivity, soluble salt composition, and sanitary quality. Particular
attention should be paid to the use of spent mushroom substrates in protected
cultivation systems, where excessive soluble salt concentrations or insufficient organic
matter maturity may adversely affect the growth and development of vegetable crops.
Preliminary agrochemical assessment and appropriate substrate treatment can facilitate
the integration of spent mushroom substrate into resource-efficient vegetable
production systems.

Further intensification of mushroom production depends on integrating functional
substrate assessment, monitoring of mycelial physiological activity, growth-stage-
specific adaptive microclimate management, prevention of biological risks, and
efficient organization of production cycles.
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Abstract. The paper systematizes the global challenges facing contemporary urban
planning (rapid urbanization, climate change and ecosystem degradation). Using the
large-scale post-conflict reconstruction, master planning and integrated development
of the liberated territories of Karabakh and East Zangezur in Azerbaijan as an example,
it examines practical aspects of implementing Smart City concepts, the circular
economy and climate adaptation in the formation of new regional centres.
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1. Introduction

Rapid global urbanization, which, according to UN projections, will bring up to
68% of the world population into cities by 2050, is accompanied by a profound
environmental crisis. The construction sector and the operation of buildings generate
approximately 37% of global greenhouse gas emissions in CO: equivalent. Under these
conditions, the traditional linear model of urban development (“resources —
construction — waste”) has exhausted its potential, giving way to the paradigm of
sustainable development, the circular economy and regenerative design (UN DESA,
2018; Global ABC/UNEP, n.d.; Architecture 2030, n.d.; UN-Habitat, 2016).

Modern post-conflict reconstruction requires not only the creation of appropriate
infrastructure but also the introduction of innovative sustainable development models.
One promising direction is the Smart Village concept, which involves digital
technologies, renewable energy sources and environmentally sound practices. The
development of the liberated territories has become one of Azerbaijan’s priorities in its
national reconstruction and modernization strategy. In this context, the Smart Village
concept, based on integrating digital technologies, green energy and environmentally
sustainable solutions into rural environments, is particularly important. For the
Karabakh and East Zangezur economic regions, this model is strategically significant:
a large-scale population return and resettlement programme is under way, and a new
socioeconomic structure is emerging, offering unique opportunities to test new
approaches. Environmental education, which fosters respect for nature and
environmentally responsible behaviour among local residents, is no less important.

The scientific novelty lies in identifying the integrative nature of Azerbaijan’s
Smart Village model and substantiating the transition from individual smart villages to
a regional Smart Rural Areas network. The aim of the study is to analyse the prospects
for the Smart Village model in the Karabakh and East Zangezur economic regions and
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to examine the relationship between the Smart Village concept and environmental
education in these regions as a foundation for their subsequent sustainable
socioeconomic development.

Research methods: comparative analysis, a systems approach, a case study
(Aghali), and analysis of regulatory documents.

2. Theoretical Foundations of Contemporary Urban Planning Models

Contemporary urban planning research is based on an interdisciplinary synthesis
of technical, environmental and social fields. Key concepts include:

[ polycentricity (the “l15-minute city”) — overcoming commuter flows and
transport congestion by creating autonomous residential and business clusters
(Moreno et al., 2021).

) the introduction of developed green networks, vertical greenery and climate-
responsive ventilation;

[ life-cycle assessment (LCA) and reduction of embodied carbon — minimizing
the environmental footprint of materials throughout a facility’s life cycle (IPCC, 2022).

Innovative sustainable development concepts are becoming an important
methodological guide for integrated rural development and sustainable livelihoods. In
particular, improving systemic models for managing economic development involves
applying Smart Village and Smart Rural Areas principles, which provide a foundation
for integrated reconstruction and modernization. The Smart Village concept describes
a sustainable rural community that uses digital technologies and innovations in
everyday life and provides a high level of comfort, quality services and energy-efficient
economic activities (European Parliament, 2017).

3. International Experience

The Smart Village concept first emerged in 2015. It was subsequently used to
support programmes in Africa and Asia. International experience confirms that the
integration of advanced technologies contributes to job creation, improved market
access and a higher quality of life. In April 2017, the European Commission launched
the EU Action for Smart Villages initiative. In pursuing these objectives, the Smart
Villages concept envisages the creation of integrated systems for monitoring and
managing rural settlement infrastructure. The Smart Village platform has a unified
automated management system that collects metrics from all infrastructure facilities
within a territorial unit, followed by the deployment of digital technologies to manage
and monitor its main activities (European Commission, 2017).

Several strands of EU policy address the development of smart villages. These
include the Common Agricultural Policy — Rural Development, which governs the
rural economy of the EU through funding and policy instruments.

Rural Development Programmes support measures aimed at developing rural
businesses, including farm modernization, investment in local infrastructure, village
renewal, and knowledge development and exchange. Horizon 2020, the EU’s eighth
framework programme for research and innovation, includes several elements relevant
to smart village development. Under Societal Challenge 2, a specific call for “rural
renaissance” was issued, closely linked to developing the knowledge base for smart
villages (European Commission, 2017; European Commission, 2017).
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Comparative Characteristics of Traditional and Smart Villages. Table 1
Parameter Traditional Village Smart Village
Energy Dependence on centralized sources; Renewable energy; energy-efficient
low energy efficiency homes
Infrastructure | Limited access to internet and digital | High-speed internet; digital services
services
Agriculture | Traditional practices; high dependence | Precision farming; organic produce;
on natural factors drones
Environment Lack of waste recycling systems Innovative technologies; separate
collection, disposal and recycling
Social services Limited education and healthcare Telemedicine; distance learning;
opportunities ecotourism

Smart Village denotes a model for the development of an individual rural
settlement, whereas Smart Rural Areas refers to a networked, inter-settlement level of
coordination based on the integrated development of rural territories with an emphasis
on digitalization and sustainability. The concept of Smart Rural Areas can also be
viewed as:

Comparative Table of Smart Village Models. Table 2

Country / region | Priority Main instruments | Social dimension Specific features
EU (Smart Rural | Digitalization | Digital platforms; | Improved quality of | Network-based
21/27) and local strategies services; community | development of
integration participation Smart Rural Areas
Poland Energy Renewables; smart | Lower costs; energy | Relevant to green
energy independence energy zones
management
India Infrastructure | Solar panels; Overcoming deficits
telemedicine; water | in basic services
supply
Czech Republic | Digital Education Reducing the digital | Focus on education
(South Moravia) | literacy programmes; social | divide
adaptation
Azerbaijan Integrative Energy-efficient Social equality; Post-conflict
(Aghali) model homes; small improved living reconstruction
hydropower; smart | standards example
infrastructure

Since 2019, China has been implementing a large-scale Digital Villages
programme: more than one hundred pilot projects, development of internet
infrastructure, IoT and digital management of rural territories. The state plays the
dominant role, setting the strategy and implementing centrally coordinated pilots.
Rural e-commerce has acquired particular importance in China’s smart villages. A
“shared” vegetable garden in the rural area of Haikou, Hainan Province, has created a
new model of smart rural tourism in China (Zhang & Zhang, 2020).
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Poland is developing an “energy-centred” model, emphasizing renewable energy,
energy efficiency and local roadmaps. It follows a partnership scheme: the state and
the EU act as partners and regulators, set the framework and allocate funding, while
projects are developed at the gmina (municipality) level (Adamowicz & Zwolinska-
Ligaj, 2020; Adamowicz & Zwolinska-Ligaj, 2020).

In India, the state provides basic infrastructure and institutional support while
actively delegating services to private and community organizations. India
demonstrates a “minimum package” model — basic services (energy, water,
connectivity and e-services) — followed by scaling up from pilot projects
(SmartGram) to village clusters (Singh et al., 2022).

The Czech Republic has emphasized social adaptation and digital literacy and
applies a partnership model focused on human capital (project success is directly linked
to the participation of residents and municipalities (P&lucha, 2019).

In Hungary, the path towards smart village status in Nagypali began with the
installation of solar energy systems, an innovative eco-centre and a power plant; in
Ceglédbercel, it began with wireless local networks and video surveillance. Hungary
develops digital clusters through Okosfalu.hu and Digitéalis Falu, integrating Smart
Villages into the CAP Strategic Plan (Szalai et al., 2021).

Thus, the main priorities are energy in Poland, basic services and scaling up in
India, social participation in the Czech Republic, digital infrastructure in China, and
digital clusters in Hungary. Smart Village models are therefore context-dependent and
adaptable: each village differs in its natural, climatic, socioeconomic and cultural
circumstances. The integrative character of the Smart Village model is evident in
Azerbaijan, where all the identified elements are combined, from green energy and
digital infrastructure to clustering and basic services.

4. Post-Conflict Reconstruction and the Experience of Karabakh

The state programme for post-conflict reconstruction of Azerbaijan’s liberated
territories in the Karabakh and East Zangezur economic regions constitutes a
distinctive practical example of the large-scale application of advanced urban planning
principles. New settlements (including smart village pilot projects in Zangilan,
Aghdam, Fuzuli and elsewhere) are designed on the basis of modern master plans
combining innovative technologies with national settlement traditions.

Table 3
Development Urban planning principle Practical implementation in
dimension Karabakh
Spatial Compact and polycentric Master plans for new agricultural
settlement parks and settlements
Energy Carbon neutrality (green energy) | Solar and wind power plants; smart
grids
Infrastructure Digital management (Smart Application of BIM technologies and
Village) IoT sensors
Cultural Historical and cultural continuity | Revival of traditional urban
morphology and decoration
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The urban development of settlements in Karabakh destroyed as a result of the
occupation is inseparable from seeking a balance between preserving the cultural
environment and creating a new living environment that meets contemporary needs.
Reconstruction of settlements in these territories should rely on modern sustainable
planning models involving digital technologies, renewable energy sources,
environmental education and local community participation in management.

The Azerbaijani Model.

In 2022, implementation of a new development model based on international
standards and responding to contemporary challenges began in the liberated territories
of Azerbaijan. Azerbaijan applies the principles of smart urban and rural development,
introducing innovative approaches to the reconstruction of Karabakh and East
Zangezur.

The first pilot project was Aghali (110 ha, Zangilan District), Azerbaijan’s first
smart village. Energy-efficient residential buildings, modern electronic services,
environmentally sound agriculture and innovative engineering systems have been
introduced here (Presidential Administration of Azerbaijan, 2021). The Aghali smart
village project is based on the UN Sustainable Development Goals strategy. The main
principles of planning residential environments in accordance with the sustainable
development concept applied in Aghali include:

Innovative technologies applied in Aghali:

[ energy-efficient homes, solar panels, smart meters and separate waste collection
— measures actively used in the EU Smart Rural 21/27 programmes;

[1 emphasis on a basic package of services (energy, water, internet and e-services),
without which innovations are not sustainable;

1 the introduction of digital services (e-government, telemedicine and distance
learning); (Embassy of Azerbaijan in Belgium, n.d.)

[J smart agriculture uses drones, innovative irrigation systems and treated
wastewater. Environmental monitoring is carried out;

[J solar vacuum collectors and geothermal wells are used for hot water supply, as
well as electrode boilers for heating;

[ smart lighting with sensors and intelligent video surveillance support security
and energy efficiency (FAO, n.d.).

The Smart Village concept is becoming a strategic direction for the reconstruction
of Karabakh and East Zangezur. It integrates rural areas into national and global
processes and promotes economic diversification and sustainable development. During
reconstruction, Smart Rural Areas can serve as a strategic framework for combining
smart villages into a regional network. This would enable a cluster-based approach
integrating energy, agriculture, education, digital services and ecotourism within a
single economic space. The creation of smart clusters may also increase investment
attractiveness. Prospects for applying the Smart Village model in Azerbaijan include
developing a network of smart settlements and green clusters across economic regions,
including Karabakh and East Zangezur (Aghdam, Jabrayil and Kalbajar).

A smart village project is under way in Bash Garvand, Aghdam District, while a
second smart village, Dovlatyarli, is being built in Fuzuli District; the latter became the
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next project of this type after Aghali. As of September 2026, construction continued in
both villages. (Presidential Administration of Azerbaijan, 2021; APA, 2026)

Azerbaijan is implementing the Smart Village concept in the context of post-
conflict reconstruction (the Aghali project). In Aghali, the government acts as initiator
and coordinator, involving the State Committee on Urban Planning and Architecture
and the Karabakh Revival Fund. Azerbaijan has defined Smart Village as a strategic
objective within its national policy for reconstructing the liberated territories;
accordingly, projects include the necessary social and community infrastructure.
Azerbaijan is developing a green economy and territories targeting zero emissions in
Karabakh and East Zangezur. Karabakh and Zangezur have been designated clean
energy zones. Smart village pilot projects demonstrate that sustainable rural
regeneration requires a combination of technological innovation, cultural continuity
and effective governance. Consequently, the strength of the Smart Village concept lies
in its integrative character: it combines ICT, energy, the economy and society
(President of Azerbaijan, 2020; 2022; President of Azerbaijan, 2022—-2025).

Contemporary Challenges. Despite its favourable natural conditions, Karabakh
faces several major problems: ecosystem damage during the years of occupation; soil
and water pollution resulting from military activities; and the need to restore irrigation
systems and pastures.

5. Prospects for Developing Karabakh as a Green Zone: Conceptual
Foundations

1. Ecological agriculture — developing organic farming without pesticides and
intensive chemical inputs could turn Karabakh into a brand associated with clean
produce (FAO, n.d.)

2. Ecotourism — unique mountain landscapes, rivers, forests and historical
monuments offer opportunities for tourism based on minimal interference with nature.

3. Green infrastructure principle — the city is organized around green spaces that
maintain ecological balance, provide a favourable microclimate and reduce the urban
heat island effect (UN-Habitat, 2016).

4. Energy sustainability — introducing renewable energy sources: solar panels,
small hydropower plants and wind turbines (President of Azerbaijan, 2021).

5. Eco-transport — pedestrian routes, cycle lanes and electric buses form the basis
of the transport system (UN-Habitat, 2016).

6. Environmental priorities — water resource protection through wastewater
treatment technologies and preservation of clean mountain rivers. Waste management:
separate collection and recycling (UN-Habitat, 2016).

7. Smart resource management — a smart city system uses digital technologies to
monitor energy consumption, water resources and waste.

6. Transformation of Professional Competencies.

The implementation of such large-scale projects in the liberated territories
demonstrates that the architectural profession in Azerbaijan has reached a qualitatively
new level. Designers must master geospatial analytics, digital modelling (BIM
standards under ISO 19650) and environmental risk assessment methods. This creates
a state demand for a new generation of specialists capable of combining engineering
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precision, environmental responsibility and a humanistic approach (UIA, 2026; ISO,
2018).

Conclusion.

The experience of spatial planning and reconstruction in Karabakh demonstrates a
successful synergy between advanced international sustainable development practices
and Azerbaijan’s local identity. Post-conflict reconstruction is not merely an act of
physical rebuilding but also a testing ground for smart and climate-resilient settlements
of the future. As the analysis shows, Azerbaijan’s Smart Village model combines
international principles and national priorities, integrating digitalization, green energy,
environmental education and social modernization. Unlike foreign models focused on
individual sectors (energy, basic infrastructure or social adaptation), the Azerbaijani
model 1s comprehensive and adapted to the specific conditions of post-conflict
territories.

Today, reconstruction prioritizes preserving the historical environment, integrating
heritage into the modern urban fabric and creating new infrastructure. Restoring the
social and economic foundations underpins the return of the population. Thus, smart
villages can not only ensure the socioeconomic revival of Karabakh and East Zangezur
but also become an international example of sustainable rural development based on a
combination of innovation and cultural continuity.
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AJAHNTUBHE IIOBTOPHE BUKOPUCTAHHA
BYIIBEJIb IK HAIIPSIM APXITEKTYPHOI'O JTU3AHHY
B YMOBAX BIJIHOBJIEHHA YKPAIHU

Kpacuuiit Exyapa KocraHTHHOBHY

CTapIInii BUKJIaga4d

HarmionaneHuit yHiBepcuteT «YepHIriBcbka MOTITEXHIKA
Kadenpa apxiTeKTypH Ta JU3aiHy

IlocTanoBka npodJjemu. B ymoBax moBHOMacmTabHOI BIHM Ta MailOyTHHOTO
BIIHOBJIEHHSI YKpaiHW OCOOJIMBOi aKTyaJbHOCTI HAOyBa€ MOLIYK apXITEKTYpPHO-
IU3aHEPCHhKUX MIAXOAIB, CIPSMOBAHUX Ha palllOHAJIbHE BUKOPHUCTAHHS HAsSBHOIO
OyniBenbHOro (ouay [1]. 3HauHi MacmiTabu pylHYyBaHb 1 MOTpeda y BIJIHOBJIEHHI
KUTJIOBOI 1HPPACTPYKTYpU 3yMOBIIIOIOTH HEOOXITHICTH PO3IJIA/IATA HE JIUIIE HOBE
OyIIBHULTBO, @ I MOKJIMBOCTI MOBTOPHOTO BHKOPUCTAHHS CHOpPYJ, SIKI BTpaTHIIU
MepBICHE TpU3HAYEHHS a00 HE BIAMOBIIAIOTH Cy4yacHUM (yHKIIOHAJILHUM BUMOTaM.
BoaHoyac BiHOBIIEHHS MICT Iependadyae KOMILIEKCHE IEPEOCMUCITICHHS iXHBOI
MIPOCTOPOBOI OpraHizailii, iIHhPacTPyKTypH Ta CUCTEMH I'POMAJICBKUX MPOCTOPIB [2].

OnHMM 13 TNEPCHEKTUBHUX HAIpPsMIB BUPIMICHHS LUX 3aBJaHb € aJalTHUBHE
MOBTOPHE BUKOPUCTAHHS OyAiBenb (adaptive reuse), 1m0 nependadae NpuCcTOCyBaHHS
HasBHUX CIOPYJ IO HOBUX (PYHKIIN 13 MAaKCUMaJIbHO JOLIUIBHUM BUKOPUCTaHHSIM
iXHIX KOHCTPYKTUBHUX, IPOCTOPOBUX Ta apXITEKTYPHUX XapakTepucTHK. Ha BiaMiHy
B1JI IJIXO/TY, 32 SIKOTO PEKOHCTPYKIII 0OMEXY€ETHCS BITHOBJIECHHSIM NEPBICHOTO CTaHy
00’€KTa, aJanTUBHE BUKOPUCTAHHS OPIEHTYETHCS HA TMOIIYK HOBOTO MpPU3HAUCHHS
OyniBii Ta 11 IHTErpalliio B cydacHe cepeaoBuiie. Takuii miaxil CTBOPIOE MOKIIUBOCTI
IUIsl TIEpETBOPEHHS HE(YHKIIIOHYIOUHMX CHOpPYA Ha JKHUTIOBI, TPOMAJICHKI Ta
6ararodyHnkiionansHi 00’extu [3; c. 150].

Meta poboTu mosiirae y BU3HAUE€HHI OCHOBHHUX apXITEKTYpPHO-IU3alHEPCHKUX
MPUHIUIIIB  aJalITUBHOTO TMOBTOPHOTO BHKOPUCTAHHS OyxaiBedb 1 po3poOJieHHI
KOHIICTITYaJIbHOI CUCTEMHU KPHUTEPIiB OI[IHIOBAHHS IXHBOTO MOTEHINIANy B KOHTEKCTI
BITHOBJICHHSI Y KpaiHH.

Bukiaax ocHOBHOro marepiany. TeopeTHYHOIO OCHOBOIO — aJalTHBHOIO
MOBTOPHOTO BUKOPHUCTAHHS € MOHATTA THYYKOCTI Ta aJallTUBHOCTI B apXiTEKTYpi.
['HyukicThb MOB’s3aHa 3 MOXJIMBICTIO 3MIHM (PYHKIIOHAJIbHOI a00 MPOCTOPOBOI
opraHizailii 00’€kTa BIAMOBIIHO J0 MOTpeOd KOPUCTYBauiB, TOJI SIK aJalTUBHICTH
OXOIUTIOE IIUPIIHUIA CIEKTP NePETBOPEHD, CIIPSIMOBAHUX Ha MPUCTOCYBAHHS Oy 1B O
HOBHUX YyMOB ekciutyatamii [4; c. 185]. BaxJIMBUM YMHHUKOM CTa€ BpaxyBaHHS
MOKJIUBUX 3MiH TIPOTSATOM XKHUTTEBOTO UKy CIOPYAH, IO Mepeadadae ClieHapHE
MOJICTIOBAaHHS 11 IMOJAJIBIIOr0 BHKOPUCTAHHS Ta OIIHIOBAHHS JOIIJIBHOCTI
Tpanchopmarlitnux pimens [5; ¢. 11].

Crnenu¢ika aganTUBHOIO MOBTOPHOTO BHUKOPUCTAHHS IIOJIATAE B TOMY, IO
MPOEKTYBAHHS TTOYUHAETHCS HE 3 (POpMyBaHHS apXiTEKTypHOTO 00’€KTa 3 HyJs, a 3
JOCIIIJKEHHST B)KE HAsBHOI criopyau. BiampaBHOIO TOYKOKO € aHaMI3 ii TEXHIYHOTO
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CTaHy, KOHCTPYKTUBHOI CXE€MH, IUIaHyBaIbHOI CTPYKTYPH, IPUPOJHOTO OCBITJICHHS,
JOCTYIHOCTI, apXiTEKTYpHOI BHPA3HOCTI Ta B3aEMO3B’S3KIB 13 HABKOJHUIIHBOIO
3a0y10B010. Ha 0CHOBI Takoro aHasi3y BU3HAYAKOTHCS MOXKIIMBI CIIEHAPIi MTOAAIBIIIOTO
BUKOPHUCTAHHS, 31CTaBIAIOTHCS MOTEHIIAHI (yHKII Ta oOMpaeThcs BaplaHT, IO
BIJIMIOBIJIA€ XapakTepUCTHKaM OyAiBil W morpedam rpomagu. OTxe, apXiTeKTypHUN
JU3aiiH y 1IbOMY IIpolLieci nepeadavae He MeXaHiuHe MPUCTOCYBAHHS MPUMIIIEHD 0
HOBOI (DYHKIII1, a MONIYK OalaHCy M1k MOXJIMBOCTSIMHU HAsIBHOT CIIOPY/IM T4 BUMOTaMHU
MaiOyTHBOTO CEpEeIOBHUIIIA.

OpHMM 13 KIIIOYOBUX HAIPSMIB aJalTUBHOTO TEPETBOPEHHS € (PYHKIIOHAJIbHA
Tpancopmariisi. Bona mnepenbavae 3MiHy NEpBICHOrO NpU3HAYeHHS OyIiBii abo
po3mupeHHs crekTpa ii ¢yHkiiii. Hanpukman, KOJUIIHI aAMiHICTpaTUBHI CIIOPYAU
MOYTb IIPUCTOCOBYBATHCS JIO OCBITHIX YU KYJIbTYPHUX MOTPEO, MPOMHCIIOBI Oy T1BIIL
— JI0 PO3MIIIEHHS TPOMAJICBKUX LEHTPIB, MaiiCTEpPEHb 1 BUCTABKOBUX MPOCTOPIB, a
00’ €KTH 3 BiIMTOBITHUMH TIJIaHYBAJTBHIUMH T4 KOHCTPYKTUBHUMHU XapaKTEPUCTUKAMU —
710 KUTJIOBOIO0 BUKOpUCTaHHS. [IpakThyHa AOUIIBHICTh TAKUX PIIEHb 3aJIEKUTH BiJl
CYMICHOCTI HOBOI1 (DYHKIIi 3 HasBHOIO CTPYKTYpOw OymiBii, HEOOXiTHOTO 00CsTY
PEKOHCTPYKIIi Ta BIAMOBIAHOCTI HOPMAaTUBHUM BUMoOTaM. JlOCTi»KEHHS alallTUBHO1
apXITeKTYpU 3aCBIAUYIOTh TEPCIEKTUBHICTh BHUKOPUCTAHHA HEPYHKIIOHYHOUYHX
cropya Jiist GOpMyBaHHS KUTIOBUX 1 0araTopyHKIIOHATBHUX 00’ €KTIB.

JlpyruM HampsiMOM € IPOCTOPOBO-KOMIIO3MIIIIHA TpaHchopMallisl, 10 OXOILIIE
MIEPEOCMUCIICHHS IJIaHYBAJIBHOI OpraHi3allii, CHCTEMH KOMYHIKaIliil 1 B3a€MO3B’ SI3KIB
MDK HNPUMIILIEHHSIMH. 3aJIEKHO B1JI XapaKTEepPUCTHUK 00’ €KTa BOHA MOXE MependavyaTu
CTBOPEHHSI BIIKPUTUX OaraTopyHKUIOHAIBHUX MPOCTOPIB, 3MIHY NPHUHIMIIB
30HYBaHHS, OpraHi3alil0 HOBUX Bi3yaJbHUX 3B’A3KIB, MOJIMIIEHHS HTPHPOJAHOIO
OCBITJIEHHS Ta BIIPOBAKEHHsI TPAaHCPOPMOBAHUX Teperopook. [Ipu ibomy BaxImBo
BpPaxoOBYBaTH HE TUIbKK OTOYHI (PYHKI[IOHAJIbHI TOTPEOH, a i MOKIIUBICTh MOIaJIBIION
3MIHM CHOCOOIB BHUKOPHCTaHHS NpHUMIIIEHb. Takud NIAXIA Y3rOKY€EThCA 3
MPUHITUIIAMH apXITEKTYPHOT THYYKOCTI Ta CIIEHAPHOTO MOJICITFOBAHHS 3MiH.

Tpetim HanmpsMOM € apxXiTEKTypHO-00pa3He nepeocMucieHds. Bono nependavae
BU3HAYCHHS TUX XapaKTEPUCTUK HASBHOI CIOPYIH, SKI JOUUIBHO 30€pertu, Ta
croco0iB IXHBOTO MOETHAHHS 3 HOBUMH JIM3aiiHEpChbKUMU eneMeHTamu. [Ipomnopiii,
put™ (acaniB, XapakTep KOHCTPYKIIH, (akTypa wmartepiainiB 1 OCOOJIHMBOCTI
BHYTPILIHBOTO MPOCTOPY MOKYTh CTaTH OCHOBOIO OHOBJIEHOTO apXITEKTYpPHOTO
oOpasy. BukopucrtaHHs CydacHUX 03100/IOBaIBHUX MaTepiaiiB, OCBITJICHHS,
oOnagHaHHs Ta 3aco0lB BI3yaJbHOI OpraHizaiii MpoCcTOpy A€ 3MOTYy MHiAKPECIUTH
CIIBBIHOIIEHHS M’k HasSBHUMU €JICMECHTaMHU Ta HOBUMH BTPYUYaHHSIMH. Y BHIIAIKaX,
KOJU OyJiBIIA Ma€ ICTOpUYHY a00 KyJIbTYpHY IIHHICTh, TaKe MNEPEOCMUCIICHHS
noTpedye 0COOJMBO YBAKHOTO CTaBJICHHS JO 11 aBTEHTHUYHHUX XapaKTEPUCTHK 1
3HAYEHHS I MICIIEBOI CHUILHOTH.

BaxxnuBoro yMOBOIO peatizaliii aJanTUBHOTO M1X0y € KOMIUIEKCHE OIIHIOBAHHS
TEXHIYHOTO CTaHy CIOPYJIW, KOHCTPYKTUBHOI Oe€3Meku, eHeproe(eKTUBHOCTI,
JOCTYITHOCTI Ta OYIKYBaHHMX EKCIUTyaTaIliiHuX BUTpat. [loBTOpHE BUKOPUCTAHHS HE €
VHIBEpCAJIbHUM DIMICHHSAM IS KOXKHOTO 00’€KTa: 1HOAI HeoOXigHuil olcsar
PEKOHCTPYKIIii, TEXHIYHI OOMEXEHHS a00 HEBIIMOBITHICTh HASIBHOI CTPYKTYPH HOBHM
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notpedaM MOXKyTh 3yMOBUTH HEIOIUIbHICTD IEBHOTO clieHapito. Tomy Bubip GyHKIii
Ma€ TPYHTYBATUCS Ha 31CTaBJICHHI apXITEKTYPHUX MOKJIMBOCTEH, TEXHIYHUX BUMOT,
COITIaJIbHOI 3HAYYIIOCTI Ta PECypCHUX BHUTpaT. MIiKHAPOAHI JTOCIIIKEHHS
aJanTUBHOTO BUKOPUCTAHHS apXITEKTYpHOI CHAIIIMHU TaKOX MIIKPECITIOI0Th
HEOOX1IHICTh OaraTOKpPUTEPiaIbHOTO OIIHIOBAHHS TaKUX MPOEKTIB.

ABTOpcbka mnpomo3uuisi. Ha OCHOBI y3aranbHEHHS PO3IJISTHYTHX IT1JIXO/JIIB
NPOIMOHYETHhCSI KOHIIETITyaJbHA CHCTEMa OI[IHIOBAaHHS TIOTEHIIAy aJlallTUBHOIO
MOBTOPHOT'O BHUKOPUCTaHHS OyiBelb, IO OXOIUIIOE YOTHUPU B3AEMOIIOB’sI3aH1
KpHUTEPIi.

[lepmmit — QyHKIIOHATBHO-IUTAHYBAJIBHUM  KpUTEpiH, sKui nependadae
OLIIHIOBAaHHS  BIAMOBIAHOCTI MOTEHIIWHOTO HOBOTO TpPU3HAUEHHS  HASBHIN
IJIAHYBAJIbHIM CTPYKTYpl, MOKJIMUBOCTEH 30HYBaHHS, OpraHi3aiii KOMYHIKamii i
3a0e3ne4eHHs] HEOOX1THUX YMOB BUKOPUCTAHHS TPUMIIIEHb.

Hpyruii — mpoCTOPOBO-KOMITO3UIIMHUI KPUTEPIM, IO OXOIUIIOE MOTEHIlial
TpaHchopmallii BHYTPIIIIHBOTO MPOCTOPY, MOKIMBOCTI 3MIHM Horo KoHQirypaiiii,
oprasizailii Bi3yaJIbHUX 3B’SI3KiB, IPUPOJHOTO OCBITICHHS Ta (GOPMYyBaHHS LLIICHOTO
IIPOCTOPOBOTO CEPENOBUIIIA.

Tperiit — apXiTeKTypHO-00pa3HU KPUTEPIid, CIPSIMOBaHUI HAa BU3HAYEHHS IIIHHUX
XapaKTEPUCTUK CHOPYAH, JOIIIBHOCTI IXHBOIO 30€peKEHHS Ta MOMIMBOCTEH
1HTerpailii HOBUX MaTepiaiiB, KOHCTPYKTUBHUX €JIEMEHTIB 1 IU3aiHEPCHKUX PIllICHb
0e3 BTpaTH apXiTEKTypPHOi BUPAa3HOCTI 00’ €KTa.

YerBepTuii — TEXHIKO-PECYPCHUM KPUTEPid, SKHA Tiepemdavyac BpaxyBaHHS
KOHCTPYKTHBHOTO CTaHy OymiBii, MOJKITUBOCTEN ii MOJIepHi3aIlii,
eHeproe()eKTUBHOCTI, JOCTYIMHOCTI, O€3MeKW Ta CHIBBIAHOMIEHHS OYiKyBaHHX
pe3yibTaTIB 13 HEOOX1THUMH BUTPATaMH Ha TPUCTOCYBAHHS.

3anponoHOBaHl KpUTEpli MarlTh pPO3TISIATUCS Y B3a€EMO3B’SI3KY, OCKUIbKU
MO3UTUBHA OI[IHKA OJHOTO acCMeKTy HE TapaHTye AOILUIBHOCTI ajamTailii 3arajiom.
Hampuknan, 3HayHUE  apXITEKTYpHO-OOpa3HUN  TOTEHIA]  CIOPYId  MOXKE
MOEAHYBATHUCS 31 CKIQJHUMH KOHCTPYKTMBHHMH OOMEXKCHHSIMH, a BIIMOBiIHA
MJIaHyBaJIbHA CTPYKTypa HE 3a0e3reuyBaTuMe MOTped MaOyTHIX KOpUCTYyBadiB 0e3
cyTTeBOi TpaHchopmMarii. ToMy KOHIeNTyallbHa CHUCTEMa Iepeadadae TOCIiIOBHE
OI[IHIOBAHHS XapaKTEPUCTUK OY/IBI, TIOPIBHSIHHS MOMXJIMBUX CIIEHApiiB i
BUKOPUCTAHHA Ta BUOIp HaMOLIBIIT OOIPYHTOBAHOTO BapiaHTa IepeTBOpeHHs. Bona
MO’KE€ 3aCTOCOBYBATHCS Ha TIEPEANPOEKTHOMY €Tami SK OCHOBA I CHCTEMaTh3allii
BUXIJTHUX JTaHUX 1 POPMYBaHHS apXITEKTYPHO-IU3aAMHEPCHKOI KOHIIETIIII1.

BucHOBKH. AanTUBHE IMOBTOPHE BUKOPHCTAHHS OYIiBEIb € TMEPCIICKTUBHUM
HaMpsIMOM apXITEKTYpHOT'O Ju3aiiHy B YMOBaxX BIJHOBJICHHS YKpaiHH, OCKIJIbKH
nepenbayae 3alydeHHs HAsABHOTO OyAIBEIBHOTO (HOHIY A0 BHPIMICHHS Cy4aCHHX
JKATIIOBHX 1 TpOMaichkuX motpe6. Moro peanmizamiss motpebye y3rokKeHHs
¢byHKIIIOHATREHOT TpaHchopmarlii, TPOCTOPOBO-KOMITO3UINIITHOTO MEPEOCMHUCIICHHS Ta
30epeKeHHS apXITEeKTYPHOT BUPA3HOCTI 3 TEXHIYHUMH 1 pECYpPCHUMH MOKITUBOCTSIMU
copyau. ABTOpChbKa  KOHIIETITyajdbHAa CHUCTEMa YOTHUPHOX  KpUTEpIiB  —
(YHKIIIOHATBHO-TUIAHYBAJIBLHOTO,  MPOCTOPOBO-KOMIO3UIIIAHOTO,  apXITEKTYPHO-
00pa3HOTO Ta TEXHIKO-PECYpPCHOTO — MPOTIOHYETHCSA SK THCTPYMEHT IMOMEPEIHBOTO
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OLIIHIOBAaHHS TOTEHIIady Oy/iBiIi Ta TOPIBHAHHA CLEHApiiB ii MOAAIBIIOrO
BUKOpHcTaHHsA. [loganbIm AOCTIKEHHs TOUUIBHO CIPsAMYBaTH Ha ampoOarlito i€l
CUCTEMH Ha TMPHUKIaJaX KOHKPETHHX OY/IBENIb 1 BH3HAYCHHS ITOKA3HUKIB JIIS
HOPIBHSIBHOTO OIIHIOBAHHS aJIbTEPHATHBHUX IMPOEKTHUX PIllICHb.
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MPC-KOHTYPY NAPETO-HEIIA 3A IEPEMUKAHHS
BAI' KPUTEPIIB

Kpecr’saninos 1. O.,

acmipaHT Kadeapyu KOMIT I0TEPHUX HAYK

JlepaBHUM YHIBEpCUTET 1HPOPMAIIITHO-KOMYHIKAI[ITHIX TEXHOJIOT1H,
KwuiB, Ykpaina

Karkos IO. 1.,

J.T.H., OLIEHT, Tpodecop Kadenpu KOMIT IOTEPHUX HAYK
JlepxaBHUi yHIBEepcUTET 1HPOPMAIIHHO-KOMYHIKAIIIMHIX TEXHOJIOT1M,
Kuis, Ykpaina

1. Beryn

1.1. Akmyanvnicmo npoodiemu, mema 00CAI0HCEHHA MA HAYKOBA npoodiema.
CyuacHi OyaiBil Ta MIKpOMEpPEX1 AeAalll JyacTime GyHKIIOHYIOTh SIK MyJIbTHAr€HTHI
CHUCTeMH, y SKUX TMIJICHCTEMH OTAaJIeHHS, OXOJIOJDKEHHS, JIOKAIbHOI TeHeparlii Ta
3apsDKaHHS — €JIEKTPOMOOUTIB  CHIJIBHO BHUKOPHUCTOBYIOTH OOMEXKEH1 pecypcH.
[IpiopuTteTy KX MiJICUCTEM 3aJ1€XKaTh Bl Tapu(iB, MIPUCYTHOCTI MEIIKAHIIIB 1 PEXKUMY
JKUBJICHHS, TOMY y3TOJDKEHHS iXHIX IHTEpECiB Ma€ BpaxoByBaTH JUHAMIKy 00’ €KTa Ta
OoOMeXEeHHsI Ha CTaHU M KepyBaHHs. MOJeIbHO-IIPOTHO3HE KEPYBaHHs a00 KepyBaHHs
3 mporHozyrounmu monensimu (Model Predictive Control, MPC) € npupomnum
IHCTPYMEHTOM IS TaKUX 3a/ad, OCKUIbKHA ONTHUMI3Y€ KepyBaHHS Ha KOB3HOMY
TOPU30HTI 3 ypaxyBaHHsM oOMexeHb [1, 2]. SIkio iHTepecHu areHTIB Y3TOJKYIOTh
yepe3 CHUIbHUM MOTEHIiad, KpUTEepid MOXKHAa 3a/laBaTH 3BaXEHOI CYMOIO
1HAUBITyaJIbHUX BUTPAT. 3@ BIANOBIAHUX YMOB TJIOOAJIbHUIA MIHIMI3aTOP MOTEHIIATY
€ piBHoBaror Hemra, a koiu moTeHIial 301raeThesl 3 JOJATHE 3BAXKEHOKO CYyMOIO
BUTPAT 1 BC1 Baru CTPOro J0/1aTHI, po3B’si30K € [lapeTo-epextuBaum [11, 12].

Mema oocnidowcenHsi — BCTAHOBUTH JTOCTaTHI YMOBHM €KCIIOHEHIIHOI CTIMKOCTI
JUCKPETHOTO KOHTYpY MporHo3Horo kepyBaHHs (MPC) i3 TOYHOIO MOTEHLIATBHOIO
CTPYKTYPOIO 3a 3MIHHHX Y Yaci Bar KpUTEpIiB.

Hayxosa npobnema monsirae y BCTaHOBJICHHI OCTaTHIX yMOB cTiiikocti MPC-
KOHTYPY 3a 3MIHHUX Y 4acl Bar KpUTepiiB, KOJIU MEPEMHUKAHHS Bar CIIPUUHHSIE 3MIHY
GbyHKIIT 3HaYEHHS], 1[0 BUKOPUCTOBYETHCS JJIsl OLIIHIOBAHHS CTiiikocti. HeoOxigHO
KUIBKICHO TIOB’SI3aTH MOKJIMBE 3pOCTaHHs (PYHKITIT 3HAYSHHS 1111 Yac MepEeMUKaHHS 3
il cmamaHHsAM Ha IHTEpBaJIaX CTAJIMX Bar 1 BU3HAYUTH AOCTATHINH MiHIMaJIbHUN dYac
BUTPUMKH MDK TMEpEeMHUKAaHHSMHU, SIKUWA 3a0e3neuye eKCIOHEHLINHY CTIMKICTh
3aMKHEHOT'O KOHTYY.

1.2. Ananiz ocmanHix 00cnioxHcens i HAYKOB8A NPO2AITUHA

Ilpocnoszne kepysanns ma cmitkicme. Knacuuna Tteopis criikocti MPC
CIIUPAEThCSI HA TEPMIHAIBHY BapTICTh, TEPMIHAJIbHY I1HBApIaHTHY MHOXHUHY Ta
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¢byHKIio 3HadYeHHs K QyHKIio JlsmyHoBa [1]. Ormsan [2] moka3ye, mo el miaxin
PO3BUMHEHO Ha HEJIHINHI, €KOHOMIYHI Ta CTOXACTH4YHI 3amadyi. /[ e€KOHOMIYHOro
MPC, ne eramHa BapTiCTh HE OOOB'S3KOBO JOJATHO BHM3HAYE€HA, JOCTaTHI YMOBU
CTIMKOCTI Ta CepeaHbOi MPOAYKTUBHOCTI oTpuMmaHo B [15]. VYci 11 pesynabraru
CIIMPaIOThCSA Ha €IUMHY HE3MIHHY 3a7ady OINTHMIi3allili, a 3MIHHICTh KPUTEPIIO B yaci
BOHU 0€3M0CepeTHHO HE OXOILTIOIOTh.

bacamoxpumepianone MPC. 3anady 3 KiIbKOMa KPUTEPISIMU PO3MIISIHYTO B [3], e
y3arajJbHEHO CXEMYy IPOTHO3HOTO KEePyBaHHS Ha BUMANOK KITbKOX ITiiei. CTIHKICTH
3aMKHEHOTO KOHTYpy st OaratokputepiambHoro MPC mocmimkeHO B MiIXo.i
«BIACTSXKEHHS yTOMIYHOT Toukm» [4]. CucreMy, y sKiii Ha KOXKHOMY KPOIli 0OUparoTh
[Tapero-onTumanbHe KepyBaHHA, mpoaHaiizoBaHo B [5]. Taki poGoTH, sk mpaBuio,
3BOJSATh OaraTOKpUTEpialibHYy 3ajladyy 10 OJHOTO CKaJIspU30BAHOTO KpPUTEpito i
JOBOJISTh CTIMKICTh 4Yepe3 HbOro abo uepe3 anbTepHATUBHY (yHKIIO JIsmyHOBa.
BekTop Bar mpu IpOMYy BBa)KalOTh (PiIKCOBaHMM a00O TakUM, IO 3MIHIOETHCS 3a
anroputMoM BuOOpy Ilapero-po3B's3ky. SBHa 3aleKHICTH YMOBH CTIMKOCTI BiA
Jliana3oHy JOMyCTUMHX Bar, 30KpeMa BiJl iXHbOT HIDKHBOI MEXKI, Y IIUX MiX0JaX He
BUIISIETHCH.

llepemuxannsa gyuxyiti gapmocmi. Haitbnmx4orw 3a METOJIOM € JIiHis poOiIT Mpo
MPC 3 nepemukanHsM KpuTepiiB. Y [6] AOCHIIKEHO MEPEeMHUKAHHS MK PI3HUMU
(G yHKIIIOHATIaMU BapTOCTI JIJIs1 M1 IBUIIIEHHS IKOCT1 KEPYBaHHS 332 CUTHAJIIB 13 CEpeIHIM
gyacoM BUTpUMKH. Y [7] 3ampomnonoBaHo MPC nns nepeMuKadbHUX HETIHIMHUX
CHCTEM 332 YMOBHM CEPEIHBOIO 4Yacy BHUTPUMKH, a B [8] — mepemukanbne MPC
JIHIMHUX CUCTEM 13 MOJIO3AJIC)KHUM 4acoM BUTPUMKH. L{1 pe3yapTaTu noka3yooTh, 1110
yMOBa Ha 4aC BUTPUMKH € TIPUPOTHOIO TOCTATHHOK YMOBOIO CTIHKOCTI. [IpoTe BoHM
HE CIIMPAIOTHCS Ha MOTEHIIAIbHY CTPYKTYpPY T'pH Ta HE MOB'S3YIOTh MEXY CTpHUOKa
(GyHKLII 3HAYEHHS 3 KOHKPETHUM Jianma3oHOM Bar. Y Il poOOTI Mexy cTpuOKa
(GyHKIII 3HaYEHHS OB’ s13aHO 3 JOIYCTUMHUM [I1al1a30HOM Bar.

Posnooinene ma xoonepamusne MPC. Teopito posnoainenoro MPC, y sikomy
JIOKaJIbHI KOHTPOJIEPH MIHIMI3YIOTh CIIUTBHUN a00 Y3TO/HKEHUN KPUTEPiil, pO3BUHEHO

B [9, 10]. ¥V [10] moka3aHo, 10 KOoomepaTUBHA cxema 3abe3neuye eKCIIOHCHIIINHY
CTIMKICTH 1 3a 30DbKHOCTI  iTepamiii  Bignosimae  Ilapero-edekTUBHOMY
[EHTpali30BaHOMY  po3B'si3ky. PiBHoBary Hemia Ta moTeHIianpHl  IrpH
BUKOPUCTOBYIOTH JJIsi omucy Takux cxem [11, 12]. Omgnak y mmx poOoTax Baru
KpUTEPIiB 3a3BUYAM 3a7jaHO Hanepe 1 cTamuMu. OKpeMo po3TiIsiaTH iXHIO 3MIHHICTb
y 4aci K NepeMHUKaIbHUN CUTHAJ Ta OLIHIOBATH BIUIMB MEPEMUKaHb Ha CTIMKICTh y
IIbOMY KOHTEKCTI HE TIPUAHSITO.

Haykosa npozanuna. Y po3risHyTUX poOOTax HE BUSABICHO PE3yJbTaTy, SIKUH
OJIHOYACHO BPaxOBY€ TOYHY TOTCHINIAIILHY CTPYKTYpy KpHUTepiro KoHTypa [lapero—
Hema—-MPC, gBHO mnoB’s3ye Mexy cTpuOka (QyHKLII 3HAYEHHS 3 J11alla30HOM
JIOTMYCTUMUX Bar 1 MOEIHYE IO MEXY 3 TEMIIOM crajaHHs (yHKI 3HAYCHHS MIX
MePEMUKAHHIMU Ta MiHIMaJTLHUM 4acoM BUTPUMKHU. L1 mporanmHa Bu3HAYa€ OCHOBHE
3aBJaHHS ¥ TEOPETUYHUN BHECOK POOOTH.
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2. BukJiaJi 0CHOBHOI0 MaTepiaJy
2.1 Moaeab i moCTAaHOBKA 3aa4i
2.1.1 /Tunamika i1 oomedxcennsn. Po3rianaerbes TUCKpETHA JIIHIMHA cUcTeMa

X1 = Axy + Buy, (1)

ne x; € R" - Bekrop craHy cucTeMH (TeMIleparypa, OCBITJIIEHHS Ta iHIi
MOKa3HUKU KOMGOPTY); Uy = (u}’ ...,uQ’ € R™- cykynuicth kepyBaub K={ki,..., kn)
areHTiB. /N — 3arajbHa KUIbKICTh areHTIB.

[lo3HaYuMO MHOXXHMHY JAOMYCTUMHUX CTaHIB 4epe3 X={Xi,...,Xy}), a CIHUIbHY
JOIyCTUMY MHOXXHMHY KepyBaHb — uepe3 U={uy,...,uz}. Muoxuna U Moxe MICTUTH
IHAUBITyaJIbHI MEXI1 Ta CHUIbHI pecypcHl oOMexeHHs. [lpunyckaerscs, mo X 1 U
OIMYKJII Ta KOMITAKTHI i MICTSITh TOYaTOK KOOPAMHAT Y BHYTPIIIHOCTI.[13]

Hexait D — cnuibHa IS BCIX JOMYCTUMHUX Bar 00JIaCTh MOYATKOBUX CTaHIB, Ha
axii MPC-3agaua nomyctuma. ¥Yci TBEpIKEHHS PO CTIMKICTh HHXKYE OOMEKEHI H1€10
00JIaCTI0O Ta TPAEKTOPIAMH, ISl SIKUX 30€piraerbcs pPEKypcHUBHA JOIMYCTUMICTD
(Recursive Feasibility). PekypcuBHa 101TyCTUMICTB FapaHTYyeE, 0 Ar€HTH HE MOPYIIATh
CHUTbHI OOMEXKEHHS 1 3aBXKJIM MaTUMYTh JOMYCTUMI BapiaHTH Jid Ha KOXHOMY
HacTynmHoMy Kpoii. [13]

2.1.2 Bumpamu ma nomenuyianvna cmpykmypa. J1isi BijoOpakeHHs 3arajbHO1
BapToCTi (200 mTpady) 3a poOOTY CUCTEMHU MPOTATOM IIEBHOTO MaliOyTHHOTO MEPIOTY
yacy Tpeda OLIHMUTH, HACKUIBKH «J00pe» YU «IOTaHO» BHUKOHYETHCS 3aBJAHHA,
3Ba)KalO4YM Ha TPU KIIFOYOB1 KpUTepli: Bioxunenns 6io yini: Hackinbku CHIIBHO cUCTEMa
BIIXWIAETHCS BiJ 17€aJbHOTO CTaHY 4YM MOTPIOHOI TpaekTopii pyxy. Bumpamu Ha
kepyearnts. CKUIBKUA 3yCUJIb YU €HEPTii BUTpAdaeThCcsl HA pyX (1100 KepyBaHHS OYJI0
MIJIABHUM 1 EKOHOMIYHHM, a HE Pi3KuM). Kinyesui pezynomam. Y sIKOMy CTaH1 CUCTEMaA
ONMUHSETHCS HAMPUKIHII 3arjaHoBaHOro nuisaxy. 1100 3HaiiTh Takuii miaH Oid ass
CUCTEMH, KOJIM 3arajibHuil «mrpad» OyB sIKOMOra MEHIIMM, TOOTO 1jsi areHta k
(GyHKILII0 BUTpAT HA TOPU30HTI H BU3HAYMMO KBaJApPaTUYHUM (YHKLIOHATIOM TaKOIrO
BUTIIATY:

H-1
Ji(x,U) = z (xiTQkxi + (u?)TRku?) + x5 Pyxy,
i=0

)

7€ X - CTaHW TOPOJKYIOThbCS Mojeuno; cuMBod T y mi ¢dopmyni o3Hadae
TPaHCTIOHYBaHHS BeKTopa 4u Matpuil (transpose); Qy, Ry, Py - 1ile MaTpuIi Bar y
KBaJpaTUYyHOMY (PYHKIIOHAJII BUTpAT (KpUTepii SKOCTI) arenta k, siki BU3HAYAIOTh
«mrpadm» 3a BIIXWICHHS Ta BUTpaTH Ha KepyBaHHS Qf > 0 (MaTpuIld Bar CTaHiB),
R, = 0 (matpuis Bar kepyBanb), P > 0 (TepminasiibHa MaTpuls Bar).[13]

Jlns  xoxkHOro BekTopa Bar W € W mpuryckaeTbcsi ICHYBaHHS TOYHOTO
noteHuiany ¥,,, T00T0 s Oyab-sikoro areHTa k, (IKCOBAaHMX KEpyBaHb IHIIIHMX
areHTIB 1 IBOX CHIJIBHO JOMYCTUMHX OJHOCTOPOHHIX BIIXHJICHb BUKOHY€EThCS [13]
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Jiwu ' u_y) — Jowug, u_g) = Wy, (uy ', u_y) — Py, (ug, u_y). (3)

Toni rnobanpaM MiHIMIZaTOp W, € piBHOBarow yi3araidbHeHoOi rpu Hema 3a
BIJIMOBIAHUM BH3HAUCHHSIM JOMYCTUMHUX OJHOCTOPOHHIX BiaxwuieHb. [loTenmian ¥,

PIBHSIETHCS:
N
W, = ) wii
k=1
4

ne: N - 3arajibHa KUIBKICTh ar€HTIB Y CUCTEMI; Wy, — HeB1I'€MHI BaroBl Koe(illieHTH
W) = 0, 1m0 BH3HAYaIOTh BIAHOCHHUI MPIOPUTET ab0 BaXKIMBICTh KOXKHOTO areHTa
(4acTo BUKOPHUCTOBYIOTHCS JIJIsl 3BEJICHHS 3a/1aul OaraToKpuTepiasibHOI onTUMIi3alii /
[TapeTo-onTuMmizaiii 10 3BaXeHOi CKalsipHOI 3andadyi); Jj - 1HIUBIIyaJIbHUM
(yHKIIIOHAT BUTpAT areHTa k.

Ji =¥w + hy(u_y) (5)

ne: ¥, - chijibHa MOTeHLiadbHAa (GyHKIliA (TOYHMI moTeHiian rpu); hy(u_y) -
1HUBITyaJIbHA CKJIaZ0Ba BUTPAT areHTa k, 110 3aJIe’KUTh BUKJIIOYHO BiJl KEPYBaHb yCIX
IHIIUX areHTiB U_j = ul, . ukl k1l uN i He 3anexuTh Bin BIacHWX i
areHrTa k.

Axmo nomatkoBo ¥, 1 BCl Bark CTPOTO JOAATHI, OYIb-sIKU TI00AIBHUN
MiHimi3aTop € [lapero-ehekTUBHUM cepel CHIILHO JOMYCTUMUX PIllIeHb: PO3B’S30K,
110 HE TIOTI1PIIIY€ KOIHOT BUTPATH I CTPOTO MOJIIIITY€E MPUHANMHI OJIHY, MaB OU MEHIIIE
3HAYEHHS JIOAATHO 3BaxeHoi cymu. ko ¢yskiig ¥, cTporo omykia 3a BEKTOPOM
MPOTHO3HUX KEPYBAaHb, a JOIyCTUMAa MHOKMHA € HEIMOPOKHBOK Ta OMYKIOK, 11
rI00aTbHUM MiHIMI3aTOp €aUHUN.[13]

[{li BUCHOBKM BHUMAararOTh OKPEMOTO JOBEJCHHS TOYHOI MOTCHIIAIbHOCTI JIJIst
[TapeTo-BacTUBOCTI, TOTOXKHOCTI MOTEHIIIATY 3 JOJATHO 3BAYXKEHOIO CYMOIO BUTpAT.
Camoro 3anucy J; HeTOCTaTHBO ISl MATBEPXKEHHS 000X BIacTUBOCTEH.[13]

2.1.3 MPC-kpumepiii. BexTop Bar HAJIC)KUTh MHOKHUH1

N
1
w = WERNZZszl, WkZWmin>0: Wmingﬁ'
k=1
(6)
Jlnst pikcoBanmx X 1 w Bu3HaunMo (yHkiiro 3Hauenns MPC:
V,(x) = min v,(xU) (7)
U= uo,...,uH_l)
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3a yMOB X;.1 = Ax;+ Bu;, x; €X, u; €U, xy € Xy . Konryp 3actocoBye
JIUIIE MIEPUINH €JIEMEHT ONTUMAIBHOI MOCTIAOBHOCTI KEPYBaHb.

2.1.4 Ymoeu (npunyuwienns) 0emepmino8an020 pe3yibmamy

Al. JlommycTMi MHOKHHU OIMYKJi, KOMIOAKTHI, MICTATh TIOYaTOK y BHYTPIITHOCTI
Ta HE 3aJIekKaTh B W.

A2. IcHye crninbHa 00acTh D, 10 MICTUTH OKOJIHMINIO TOYATKy KoopauHat; Vi,
CKIHYEeHHA A BCIXX €E D, w e W.

A3. EtaniHa 3BaykeHa BapTICTh HEB1 €MHA Ta Ma€ PIBHOMIPHY HHXKHIO MEXKY: ICHY€E
c¢; > 0 taxe, mo L, (x,u) = ¢;|x|? na posrmanysaniit o6macti. 3okpema, a1 ¥, =
YN WiJ) IOCTaTHEOI0 YMOBOIO € JI0/IaTHA BU3HAUYCHICTH Y.) W, Q) 3 PiBHOMipHOIO
HIDKHBOIO MEKEI0. YMOBA Apin Yok @ > 0 pasoM i3 Wy, = Wy, € JOCTaTHBOIO IS
JOIATHOI HMYKHBOT MEXK1 CTAaHOBOTO WiieHa.[ 13 ]

A4. Icnytore marpuuga K 1 tepminanbHi Matpuul P, > 0, mana skux Ha Xr
BUKOHYETHCS YMOBA!

(A+BK)'P,(A+BK)-P, < —(Q,, + K'R,K), (8)

e Qu = YxWiQk, Ry = XxWiRy, P, = Y WiR) . TepminaabHa MHOXHHA
inBapiantHa: (A + BK)X; < Xy, a KXy € U.

AS. MPC-3agaua peKypCHBHO JIOIyCTHMa 4Y€pe3 3CYyB IUIaHY Ta 3aCTOCYBaHHS
TepMiHaJIbHOTO KepyBaHHs. Ha D icHye cTtana a, < oo, He3alleXHa Bl W, Taka 1110

a, | x 12<V,,(x) <a, |l x 1% a;:=cy. 9)

[Ipunyctumo, 110 ICHY€E cTana & > (), He3alexHa Bij BekTopa Bar w € W, taka,
mo ans Bcix X € D ta w € W ¢ynkuis 3nadenHs MPC 3a10BoJIbHSE BEPXHIO
KBagpatHaHy ominky: V,,(x) < a;, || x II?. 1io ouinky HeoOximHO abo JOBecTH Ha
OCHOBI YMOB 3a/1a4i, a00 IPUIHATH K OKpeMe MPUMYILLIEHHS Ha CIIbHINA o0nacTi D.

A6. MoMeHTH TiepeMUKaHHs Lj PO3/IIEH] IHTEpBaNaMu MIOHAWMEHIIE Tgq € Z5q
KpOKiB. /{711 HaBeIeHO1 HMKYE OLIHKU TaKOX BBAXKAETHCS, 110 MOYATKOBUI 1HTEPBAI
710 TIEPILIOTrO MEePEeMHUKAaHHS HE KOPOTIIUMA 3a Tz (a00 110 1eil moYyaTKoOBUN Mepexif
BpPaxOBaHO OKPEMUM CKIHYEHHUM MHOXKHUKOM).[ 1]

2.2 Cmiukicmb 3a nepemuxkanusa eaz. ETanmHy BapTiCTh 3BaXKEHOTO KPHUTEPIO
MO3HAYUMO

£,(x,u) =x"Q,x+u"R,u, (10)

ne Q. R,,, P, BBEJICHO B YMOBY A4.
Jlema 1 (TepminajibHa HepiBHiCTD). 3a A4 uisi BCiX X € X iw €W

£,(x,Kx)+x"(A+ BK)"P,,(A+ BK)x < x"P,x. (11)
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JoBenenns. [ToMHOXXHMO MaTpU4HYy HEpIiBHICTH B yMOBI A4 s areHta k Ha
w; = 0 1 miacymyemo 3a k.

Jlema 2 (Mexxa crpudka yukuii 3Hayenns). Hexaii J;, = 01 W, = Y Wi Jx.
Tomi nns Oyap-skux w,w' € Wix € D

w'
V,(x) <uw,w)V,(x), uw,w') = max wk'
k

(12)

Kpim toro, 1 < u(w,w') < ji:= _1_(Nw_1.)wmin‘

JNoBenenns. Onrumansaui mwad U,, momycTumuii 1 1t W', OCKUTBKH IOy CTUMI
MHOXHHU HE 3aj1eXath Bij Bar (ymona Al). Tomy

- Z WiJix, Us) = RO, WV, (),

(13)

V,(x) < Z w'iJi(x,U;,) < max
k

HepiBHicTh g = 1 BUIUIMBAE 3 )} W', = X Wi, = 1: sikOM BCi BiiHOIICHHS OyJin
MEHIIIMMU 3a OJMHUII0, cyMa Bar w' Oyia O MEHIIIOI0 3a cyMy Bar w. BepxHst mexa
BUIUMBAE 3 W' < 1 — (N — 1)Wpip 1 Wi = Wpin. O

Mesxa i moCsKHA ISl BITHOIIIGHHS Bar: BOHA JOCATAETHCS, KO Wy = Wpin, @
BCS peliTa Baru mnepexoauTth 10 arenta k'y w'. Ilpote sik ominka crpudka QyHKIi
3HAUYCHHS BOHA € HAUTIPIIOIO TJI00ATBHOIO I MOXKe OyTH KOHCEPBATUBHOIO.

Jlema 3 (cmaganHs npu craaux Barax). Hexail Bukonytorbcs ymoBu A1-AS i
Bara w (ikcosana. Toxi njist x € D

V,&x") <Vv,x) —2€,(xuy) <AV, (x), A:=1-— ;—‘; €[0,1), (14

Jie Ug — TIEPIInii eNeEMEHT ONITUMATBHOT MOCIIIOBHOCTI, a XT = Ax + Buy,.
JoBenennsi. Posrisinemo 3cyHyTuit mwiad (U3, ..., Uy_q, Kxp). Bin nonyctumuii
3a ymoBu Al i A4 (iuBapiantHicTe Xy Ta KX © U). Moro BapTicTh H0piBHIOE

Vw(x) - t’w(x, ua) - x;ITPWx;I + ew(x;h Kx;l) + x;IT+1wa;I+1' (15)

3a emoro 1 cyMa oCcTaHHIX TPhOX A0AaHKIB He noaaTHa, tomy V,, (x*) <V, (x) —
£,(x,up). 3a ymoBamu A3 i AS maemo £, (x,uy) = cp |l x 12> (cp/az)V,, (%).
Hepisnicts €,,(x,uy) < V,,(x) nae ¢, < a3, aomxe 4 > 0.

Skmo A = 0, y HaCTyMHHUX OI[iHKaX MOHa B3aTh Oynab-sike A € (0,1). Takum
YMHOM, CIAaJaHHS MDK IEpEMHKAHHSIMH BHBOAMTHCI 3 MPC-yMOB i OKpeMoro
MIPUIYIIIEHHS HE TIOTPeOYeE; 3 yMOBOIO AS moTpiOHa uiie BEpXHs KBaIpaTHIHA MEXKa.
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Teopema 1 (1ocTaTHA yMOBa eKCIIOHEHIIHHOI cTilikocTi). Hexail BUKOHYIOThCS
A1-A6. Hexait A — crana 3 nemu 3, a f — craja 3 jeMHu 2. SIKio

AT <1, (16)

To o0nacTs D nomatHo inBapianTHa, MPC-3aaua peKypCcHUBHO JOMyCTHMA, 1 JJIs
Oyab-Koro Xo € D Ta OyAb-KOrO CHTHaNly MEPEeMUKaHb i3 4acOM BHUTPHMKH HE
MEHIIIE T4 (TepIle MepeMUKaHHsI He paHillle MOMEHTY T )

I xe 1< \/% K72 | x|, K:=pl/T] < 1. (17)
1

JoBeaenusi. /Jlonycmumicmo. JlOMycTUM1 MHOXHHU HE 3aJie’KaTh BiJ Bar, a
3CYHYTUM miaH ponyctumuii (Jiema 3). Tomy sikmio x; € D, 10 X414 € D 3a Oynb-
skoro Buoopy w. OTke, IepeMUKaHHs HE PyHHYE IOy CTUMICTb.

Oyinka @yuxyii suavenns. Ilosnaummo Vi:=Vp(xy) , ne w(t) — Bara,
akTHBHAa B MoMeHT t. Ha xpoui t — t + 1 32 nemoro 3 maemo V) (Xpy1) < AV,
SIkmo w(t + 1) # w(t), To 3a memoro 2 GYyHKIIIS 3HAYCHHS 301IbINY€ETHCS HE OlIbIIe
HiX y ft pa3iB. O1xe, Vg < A%V, ne 0,,1 € {0, 1} — inaukaTop nepeMuKaHHs.
ITepyroun, onepxyemo

V, < 2'0v,, (18)

ne j(t) — KiabKICTh MEepeMHKaHb 10 MOMEHTY t. 3a yMOBY A6 mnepeMHKaHHS
pPO3/UIEHI HE MEHIIE HIX T,y KPOKaMH, a mepiue BiAOYBAa€TbCsS HE paHille Ty, TOMY
j(®) < |t/tg4]. Ockinbku ji > 1, maemo @/ < jgt/%a, i tomy V, < K'V,. YMoBa k <
1 piBHOCWIBHA IAT? < 1 (TigHECEHHS 0 CTETICHS T ).

Oyinka nopmu cmany. 3a ymosu AS i aemoro 3 a4 || x, 1°< V, < k'V, < kla, |
X |I%. 3Bincu BUIIIMBAE HaBeIeHA OIIHKA.

3ayeancennss 1. SIKIO TMOYATKOBMI 1HTEpBAJ JO TMEPIIOTO TEPEMUKAHHS
KOpOTIIHii 32 Tg, TO j(t) < |t/T4] + 1, 1 B OLiHII 3’ SIBJISETHCS JOJATKOBUI MHOXHHUK

[, TOOTO cTana / fla, /ay.

Hacaigok 1 (mopir yacy BUTPUMKH). YMOBA TEOPEMH | BUKOHYETBCS, KO

Inu
> (19)

JlocTaTHBO B34TH HaIMEHIIIE 1[iJie T4, 110 33J0BOJIBHSE CTPOry HEPIBHICTh. SAKIIO
BiJIOMi JIOKaJIbHI BiJHOINEHHs Bar Uj = MaXgWy j,q/Wyj, Ty Camy OLIHKY MOXHa
MIOBTOPUTH 31 CTATMMHU [ 3aMICTh riodansHoro f. Lle 3MeHIye KoHcepBaTU3M st

00MEKEeHOT MHOYKHHHM JIOMyCTUMUX MEPEXO/IIB Bar.
3. PesyabTaTn
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3.1. JlonmomixkHi TBepmkeHHsi. Ilepiie TBep/KeHHS (TepMIiHAJIbHI YMOBH):
CyMyBaHHS TepMIHAJbLHUX YMOB areHTIB 13 HEBIJ'€MHHMMHU BaraM TrapaHTye, 110
TEpMIHAJBLHUN KOHTpOJIEp HE 30UIbIIYE CyMy OCTaHHBOI €TalHOi Ta TEePMIHAIBHOI
BaptToctet. Lle 3abe3neuye cnaganus ¢ynkuii 3Hauennss MPC. Jlpyre TBepmkeHHs
(cxayok npu nepeMukanHi Bar): OCKiJIbKU JOMYCTHMI MHOXXUHU HE 3aJIeXaTh Bl Bar,
CTapuil ONTUMAJBHUM IUTAH 3aJMINAEThCA gomycTuMuM. HoBa (yHKINisS 3HaueHHA
O0OMEKYETHCSI CTapOl0, MOMHOKEHOI Ha MaKCHUMaJIbHE BIJHOLIEHHS HOBUX Bar Ji0
ctapux. Tpere TBepKeHHS (MOBEAIHKA 32 HE3MIHHHMX Bar): 3CyHYTHH ONTHUMAJIbHUN
TPAEKTOPHUM TIJIaH 13 TEPMIHAJBHUM KEPYBaHHSAM 3MEHIIY€ (YHKI[IO 3HAUCHHS 3a
KOXEH KPOK Yy CTally KUIbKICTh pa3iB. PiBHOMIpHa BepXHs KBaJApaTUUHA Mexka (PyHKIIIT
3HAaYEHHS TapaHTye 11 eKCTIOHEHIIHE criaiaHHs 0e3 T10AaTKOBUX MPUITYIICHb.

3.2. YMoBa eKCHOHCHLIHHOI CTIMKOCTI 3a mepeMukaHHs Bar. OCHOBHHM
pe3yabTaT: 3a BHUKOHAHHS MPUIYIIEHb (CTall MHOXXHHHM, TEpPMIHAJIbHI YMOBH,
KBaJ[paTU4YH1 MEX1, MIHIMaJIbHUN YaCc BUTPUMKH) CUCTEMA € €KCIIOHEHIIIITHO CTIHKOIO,
a pEeKypcHBHa JOIMYCTUMICTh 30€epiraerbcs, SKIO0 KOMOIHAIs cTpuOKa (QYyHKINT
3HaYeHHs 1 KoeQilleHTa CHaJlaHHsA 3a Yac BUTPUMKM MEHIIA 3a OJUHUINO. lnes
noBelleHHs: MK nepeMHKaHHSAMU (YHKIIiS 3HAUEHHS CHajae, a MpU HEPEeMUKAHHI
MOe 3pocTath. OCKUIBKM TEPEMHUKAaHHS pPO3JLJICHI 4acoM BUTPUMKH, CyMapHe
CIa/IaHHs MepEeBaXKae MOKIIMBE 3pOCTaHHsI. SIKILO MepInii 1IHTepBal KOPOTIINM 3a Yac
BUTPUMKH, OI[IHKA KOPUTYETHCS JTOJAATKOBUM MHOKHUKOM cTpuOka. OlLliHKa yacy
BUTPUMKH: YMOBY TE€OPEMH MOKHA MOAATH SIK HUXKHIO MEXKY 4epe3 Jiorapupmu
cTpuOKa i criajiaHHsl.

3.3. Mexi Ta iHTepnperauisa pe3yJabrary. Teopema | 3amae noCTaTHIO, ajue HE
HEOOXI1JTHY YMOBY €KCIIOHEHLIMHOI CTIIKOCTI IETEPMIHOBAHOTO KOHTYPY 3a HasBHOCTI
CHUIBHOI Ta PEKYPCUBHOI JOMYCTUMOCTI, MOTEHI1AJIbHOI CTPYKTYPH W KBAJIPATUUHHUX
Mex (yHKIT 3HaueHHs. BoHa rapaHTye eKCIIOHEHITIHE CTIaJlaHHs CTaHy JIJIsl CHTHAIIB
MEPEMUKAHHS 3 BIANOBIIHUM 4YacOM BUTPUMKH, XOua OL[IHKA CTpUOKa MOXke OyTu
KOHCepBaTUBHOW. Kit04oBMiA pe3ynbTaT JdOCHIKEHHS — JIOCTaTHA yMOBa
€KCIIOHEHITIHOI CTIMKOCTI auckpeTHoro kKoHTypy Ilapero—Hema—-MPC 3a 3minHUX
Bar KpUTEpIiiB, M0 JAa€ 3MOTy pO3paxyBaTh HEOOXIAHWI Yac BUTPUMKH. YMOBa
BUpaX€Ha uepe3 KoedillieHT crhagaHHs (yHKIT 3HAYEHHS Ha CTAJUX IHTEepBaJax,
MeXYy 11 cTpuOKa Mpu NepeMUKaHHI Ta MiHIMAJIIbHUM 4aCc BUTPUMKH.

OoroBopenHst

OCHOBHMUI pe3yJIbTaT € JOCTAaTHbOIO YMOBOIO CTIHKOCTi, 3aCTOCOBHOIO 32 TOYHOT
MOTEHIIAIbHOI ~ CTPYKTYpPH, CHUIBHOI  JOMYCTUMOI MHOXKHMHH, PEKYpPCHUBHOI
JOIMYCTUMOCTI Ta PIBHOMIPDHUX KBAJPAaTUYHUX MEX (QYHKIII 3HaA4eHHS. YMOBa
CTIMKOCTI 3ICTaBlisie crajaHHd (yHKIII 3HAYEHHA Ha IHTEpBajlaX CTaluX Bar 13 ii
MO>KJIUBUM 3POCTaHHIM y MOMEHTH NepeMuKkaHHs. [ 1obasibHa oliHKa cTprOKa MOXKe
OyTH KOHCEPBATHBHOIO;, SKIIO JOMYCTHMI IepeXoau Bar OOMEXEHi, ii MO)KHa
YTOYHIOBATH JIOKAJIbHUMU OLIIHKaMH JIJIs BIIOBIAHUX nap Bar. OTpuMaHuii pe3ysbTar
€ TCOPETHYHHMM: YMCJIOBA BaJIijallisl B 1[I peaaKiii He HaBOIUTHCS.

BucHoBxku

VY po0oTi JOCTIAKEHO EKCIIOHEHIIMHY CTIHKICTh JUCKPETHOTO KOHTYpy [lapeTo—
Hema—MPC 3a 3MiHHUX y 4Yaci Bar KpuTepiiB. J[Js IIbOr0 BCTAHOBJIEHO OLIHKY
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MO>KJIMBOTO CTpUOKa (PYHKIIIT 3HAUEHHS M1 Yac MepeMUKaHHs Bar 1 OOTpPyHTOBAHO ii
CIa/IaHHs Ha IHTEpBajlaX CTAJIUX Bar 3a BIANOBIIHUX YMOB IIPOrHO3HOTO KEPYBaHHS.
Ha ocHOBI oTpuMaHUX OLIHOK C()OPMYJIBOBAHO AOCTATHIO YMOBY €KCIIOHEHILIMHOI
CTIMKOCTI, sIKa MOB’s13y€e KoedIIieHT crialanHs QyHKIIT 3HaUCHHS, MEXY i1 cTpuOKa Ta
MIHIMaJbHUN Yac BUTPUMKH MK IepeMuKaHHAMH. [lokazaHo, 110 HaJIeKHUN BUOIp
yacy BUTPUMKH JJa€ 3MOTY KOMIIEHCYBaTH MOKJIMBE 3pOCTaHHS (PYHKIII] 3HAUEHHS B
MOMEHTH NepeMUKaHHs. TeopeTuyHe 3HAYEHHS Pe3yJIbTaTy IOJIAra€ y BHUBEACHHI
JIOCTaTHHOI MEKi Ha YacTOTy MEepPeMMKAHHs Bar. [i NpaKTHYHE BMKOPMCTAHHS s
Smart Home nmotpebye oIiHIOBaHHS MapaMeTpiB Ha KOHKPETHIA MOJIENI Ta YUCIOBOI
a00 eKCreprUMEeHTaIbHOI IEPEBIPKH.

Nexaapanis mono suxkopucranus HII. [Tix yac miAroToBKM pyKoOmucy aBTOPH
BUKOPHCTOBYBAJIHM IHCTPYMEHTH HAa OCHOBI BEJIMKUX MOBHHX MOJIEIEH I MOIIYKY U
MEPBUHHOTO aHa3y Jpkepen. OctatouHuii B1101p, nepeBipKy O10miorpadyHuX JaHUX
1 HAyKOB1 BUCHOBKH 3/1CHUJIM aBTOPH, SIKI HECYTh BIJIIIOBIJATIBHICTh 32 3MICT.
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BUKOPUCTAHHSA I'TPATOPHOI'O YIIIVIBHIOBAYA
JJIs1 OHIHIOBAHHA YIIIJIBHIOBAHOCTI
ACOAJIBTOBETOHHUX CYMIIIEH

Iupir Su,

KaHAUIaT TEXHIYHUX HAYK, CTapIINi HAyKOBUM CIIBPOOITHUK,
CTapIINil HAYKOBUI CIIIBPOOITHUK Kadeapu

TEXHOJIOT11 10pOXKHBO-OYIIBEIBHUX MaTepialis,

XapKiBChKHI HAIIOHAILHUNA aBTOMOOUTBHO-TOPOKHIN YHIBEPCUTET

Oxcak Cepriii,

KaHJIUAaT TEXHIYHUX HayK, TOLEHT,

3aBlAyBay KaeApu TEXHOJIOT1I TOpOKHBO-OYyAIBETbHUX MaTepiaiB,
XapKiBChbKUM HAIllOHATBHUNM aBTOMOOUIBHO-IOPOKHIN YHIBEPCUTET

JlaryTin Anapiu,
crynent rpynu JT-51-26, npyroro (MarictepchbKoro) piBHs,
XapKiBChKUM HAIllOHATBHUN aBTOMOOUIBHO-IOPOKHIN YHIBEPCUTET

VYuiinbHeHHsT €  OJHUM 13  HalBaXJIMBIIIMX  €TaliB  BJIAIITYBaHHS
ac(abTO0ETOHHOTO JOPOKHKOTO NMOKpUBY. Ilia yac yuriasHeHHs acaibToOETOHHOI
cyMminn BiAOYBarOThCS NEPEPO3NOALT 1 MEpPEOpieHTallsl MIHEpalbHUX 3€peH, iX
30JMKEHHS Ta 3MEHIIEHHS 00’ €My MOBITPSIHUX MOPOKHUH. Y pe3ysbTati popMyeThes
HIUTBHIIIA  CTPYKTypa acdaiabToOETOHY, BJIACTUBOCTI SIKOTO 3ajeXaTh BIJ
IPaHyJIOMETPUYHOTO CKJIaJy MIHEpPAIbHUX MaTepiajiB, XapaKTEPUCTUK OITYMHOTO
B’SDKY4OrOo Ta YMOB YIIUIbHEHHS. JIOCATHEHHS 3alpOEKTOBAHOI IIiIILHOCTI
achanbT00ETOHY Ma€ iICTOTHE 3HAYEHHS JJIsi OTPUMAHHS BUCOKHUX 3Ha4eHb (Pi3UKO-
MEXaHIYHUX BJIACTMBOCTEH JIOPOXKHBOI'O TOKPUBY Ta 3abe3leueHHs ioro
eKCIUTyaTaliitHoi JoBrosiudocri [1, 2].

EdexTuBHICTh YIIITPHEHHS BU3HAYAETHCA SIK YIIUTBHIOBAJIHLHUM O0JIaIHAHHSM,
TaK 1 BJACTHBOCTAMM caMoOi ac(aJbTOOETOHHOI cyMilll (MiHEpaJbHUN Ta
rpaHyJIOMETPUYHUNA  CKJIaJ  KaM SHUX  MaTepiaiaiB, BMICT Ta  PEOJIOTI4HI
XapaKTEPUCTUKU OITYMHOTO B’ SKY4Oro, TEMIIepaTypa CyMillli, TOLIO).

TpanuiiiiHe OIiHIOBaHHS Pe3yJIbTATIB YIIUIBHEHHS acPalbTOOETOHHUX CyMIllIen
IPYHTYEThCSl TIEPEBAXHO Ha BHU3HAYEHHI OO0’ €MHUX XapaKTepUCTHK 1 (i3UKO-
MEXaHIYHUX BJIACTUBOCTEM OTPMMAaHMX 3pa3KiB IMICHs 33JaHOi  KUIbKOCTI
YIIUTBHIOBAJIBHUX BIUTUBIB. JI0 TakWX XapaKTEpUCTUK HajlekaTh 00’€MHA I'yCTHHA,
BMICT MOBITPSIHUX MTOPOXHUH, MIITHICTh Ha CTUCK 3a PI3HUX TEMIIEpaTyp, MIIIHICTh Ha
HEMIPSIMUAW PO3TIT Ta 1HIN TMOKAa3HUKUA. Takui MiAXi XapaKTepu3ye MepeBa)KHO
KIHIIEBUWA CTaH YIIUIBHEHOTO Marepiaidy, aje He 3aBXIU Ja€ 3MOTy OIIHHUTH
3aKOHOMIPHOCTI TMepediry caMoro mpoiiecy yuiibHeHHs J[Bl cyMilll MOXYTh MaTu
ONM3bKI 3HaYEHHS KIHIIEBOi T'yCTHHHU, BOJAHOYAC BIAPI3HSIIOYMCH 32 1HTEHCUBHICTIO
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VIIUTBHEHHS, OTIOPOM YIIUTBHIOBAJILHUM BIUTMBAM 1 KUIBKICTIO ITUKIIIB, HEOOX1THUX
JUTSL TOCSITHEHHS 33J]JaHOTO 00’ €MHOTO cTaHy. ToMy JJisi KOMIUIEKCHOTO OIIHIOBAHHS
TEXHOJIOTIYHUX BJIACTUBOCTEH ac(harbTOOETOHHUX CyMIlIel Ba)KIMBE 3HAUYCHHS Mae
aHaJ13 KIHeTUKH YIIUIbHEHHS Ha OCHOBI 3MIHU 00’ €MHHX XapaKTEPHUCTUK 3aJIeKHO BiJT
KUIBKOCTI YIIUTbHIOBATBHUX ITUKITIB.

P0o3BUTOK METOIB OIIHIOBAHHS YIIUIBHIOBAHOCTI ac(aibTOOCTOHHUX CyMilen
OB’ sI3aHUM, 30KpeMa, 3 pO3pOOJIEHHAM CUCTEMHU Superpave y Mexax Crpareriqtoi
nporpaMu Jociipkenb aBTomoOunbHuX fopir CIIIA (Strategic Highway Research
Program — SHRP), mo peanizoByBanacs Hanpukinii 1980-x — Ha moyatky 1990-x
POKIB. Y Mexax Ii€l CHCTeMHU Il JIabopaTOPHOTO YIHIUIbHEHHS ac(haibTOOETOHHUX
cymimieid OyJio 3ampoOTOHOBAHO TipaTOpHHWM yIIUIbHIOBaY Superpave Gyratory
Compactor (SGC). IlepmioyeproBa 3agaya po3poOKH IIOTO YIIUIbHIOBa4Ya Ta MOTO
3aCTOCYBaHHS B CHCTEMI Superpave moJiAraja He JMIIE y BIATBOPEHHI MpOIECy
YIIUTbHEHHST ac(anbTOOETOHHOI CyMilll B JAOOPAaTOPHUX YMOBaxX, a ¥ OTPUMAHHS
iH(opMmarrii, 110 103BoJIsAIIa O OLIHIOBATH 1i YIIIILHIOBAHICTh Ta BUSBIISITH MOTCHITIHHI
po0JeMu, OB’ A3aH1 3 YIIUIbHEHHM [3].

B mnporeci ripatopHOro yuiijabHEHHS 3pa30K MiJAJA€ThCS IUKIIYHOMY BILTUBY
BEPTUKAILHOT'O HABAHTAXKEHHS Ta 00epTaJIbLHOTO PyXY, a 3MiHa HOTO BUCOTH JJO3BOJISIE
pO3paxoByBaTh 3MIHY TYCTHUHH a00 BMICTY TMOBITPSIHUX MOPOKHHUH 3aJI€KHO BIJ
KUIBKOCT1 ripaTopHuX HukimiB. Takum unHOoM, SGC 103BOJISIE OTPUMYBATH KPHUBY
VIIUTbHEHHS, SIKa XapaKTepu3ye 3MIHYy 00’€MHOro cTaHy ac(aabTOOETOHHOI CyMili
BIIPOJIOBXK YCHOT'O MpOLECY ii YIIUJIbHEHHS, Ta OLIHIOBATH HE TIJIbKH KIHIIEBY
UIUTBHICTB, @ i IHTEHCUBHICTh YIIUIBHEHHS HA PI3HUX CTaAlsX npouecy [4].

3a MuHyJIui 4yac OyJ0 3ampONOHOBAHO JEKIIbKAa MOKA3HUKIB JIJIsi OLIHIOBAHHS
VIIUTBHIOBAHOCTI  acaJbTOOETOHHMX CyMilled (Haxuil HAKONMUYEHOi eHeprii
yuiuibHeHHs K, Touka cTpyKTypHOro OJIOKYBaHHS 3€pHOBOrO kapkacy LP, KiIbKicTh
00epTiB 10 AocsrHeHHA 92 % MakcuMalbHOI TYCTUHU Gum, 1HIAEKC 1HTEHCHUBHOCTI
poOit CFI Ta iHm11). 3Ha4HOTO MOMIMPEHHSI OTPUMAIIH JIBA CHEPTreTUYHI MOKa3HUKUA —
ingexc eneprii ymineHeHHsS (CEI — compaction energy index) [5] Ta iHzekc
VIIUTbHEHHS MaTepiany i TpancnoptHuM pyxoM (TDI — Traffic Densification Index).
i moka3HUKH 3amponoHyBaiu amepukaHchki HaykoBIll F. Faheem ta H.U. Bahia [6]
Ha noyatky 2000-x pokis B CIIIA. Ix Bu3HaueHHS OCHOBaHE Ha aHAN3i 3aJIEXKHOCTI
3MIHM MakcuMajabHOI TUTOMOI TYCTUHU (Gmm) acdanbToOeTOHHOI CcyMmimn 3i
30UTBLIEHHSIM KUIBKOCTI OOEpTIB TipaTOPHOTO YIIUIbHIOBaYa MiJ Yac YIIUIbHEHHS
ac(hanbTOOETOHHUX CyMIIIEH.

Inpexc CEI Bu3HaualoTh SK IUIOULY IMiJT KPUBOIO YIIUIBHEHHS acanibTOOETOHHOI
cyMilii, 0OMEKEHO 3HAaUEHHSIMH I'YCTUHU ac(aabTOOCTOHY Micis 8 00epTiB ripatopy
Ta KUIBKICTIO OO€pTIB, SIK1 BIJAIMOBIIAIOTh JAOCITHEHHS T'YCTUHHM Ha PiBHI 92 % Gpm
(puc. 1). Y mexax npuiHATOT METOJIMKH 1I€H MOKa3HUK BUKOPUCTOBYIOTh K HEMPSIMY
OIIIHKY 3yCHJIb, HEOOXITHUX JIJISi JOCSTHEHHS 33J]aHOTO PIBHS YIIUIBHCHHS Ha eTari
oyniBaunTBa. Bomnouac CEI He € 6e3nocepeiHiM BUMIPIOBAaHHSIM MEXaHIYHOT poOOTH
JOPOKHBOTO KOTKA: 1€ PO3PaXyHKOBUM 1HJIEKC, OTPUMaHUH 3a 1TaOOPaTOPHOIO KPUBOIO
VIIUTbHEHHS.
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100

DIl

% Gmm

0 S0 100 150 200 250 00
KinekicTs 00epTiB ripatopy
Pucynok 1. Cxema Buznauenusa CEI ta TDI, [7]

3navenns iHaekcy CEI 3a3Buyail Bu3Ha4yaroTh 3a (hOpMyJioL:

N;=N;DOC=92%
CEI= Y  (DOC-DOCy _g}iN,. (1)
N,=8
ne DOCy; = 8 — cTymiHb YIIUJIbHEHHS TICTs 8 00€epTiB ripaTopa;
N:DOC = 92 % — KiIbKiCTh 00€pTIB ripaTopa, KOJU T'yCTUHA ac(hanbToOeTOHYy
csirae 92 % Big MakCUMaNIbHOL TYCTUHU Gm.

BcranoBneno, mo achanbTo0eToHH1 cymili 3 O11bin HU3bKUMH 3HaueHHs MU CEI
MaroTh Kpallly yIIUIbHIOBaHICTh Ta € OUThIN NpUMHATHUMHU. HaaTo HU3bKE 3HAUYCHHS
iHgekcy CEI moke CBITUUTH MPO 3aHAATO IJIACTUYHY ac(abTOOETOHHY CyMIII, Ta
MOJIMBUIM PO3BUTOK IUIACTUYHUX Jedopmaniidi achanbToOETOHHOTO MOKPUBY Mij
JII€10 aBTOMOOUTIHHOTO PYXY.

Innexc TDI Bu3HauarOTh SK IUIONTY ITiJT KPUBOIO YIIUTBHEHHS ac(anbToOETOHHOI
cywmimri (puc. 1), sika 00OMexeHa MaKCUMaJIBHOIO TUTOMOIO TYCTUHOIO ac(haibTOOETOHY
92 % Gmm Ta 96 % a0 98 % Gum.

Ianexc TDI € xapakTepHCTHKOIO YIIUIBHIOBAHOCTI ac(hambTOOETOHHOTO IIapy
JIOPO’KHBOTO TIOKPUBY B TMPOIECI HOTO €KCIUTyaTarii MiJi pyXOoM aBTOMOOUIBHOTO
TpaHcnopTy. BcTaHoBieHo, 1o achambTOOETOHHI CyMmilmn 3 OUTBII BHUCOKUMH
3HaueHHAMH TDI € O11bll NPUIHHATHUMH, OCKUTBKM TaKUil JOPOKHINA MOKPUB 37aTeH
BUTPUMYBATH OUIbII 1HTEHCUBHHI Ta BAaHTAXKOHAIPY>KEHUUA aBTOMOOUIBHHM pyX
BIPOJIOBXK 3aMPOEKTOBAHOTO TEPMIHY €KCIUTyaTarlii JOpOrH.

3a MHMHYJIMH Yac Ha OCHOBI YHCEJIbHMX EKCIIEPUMEHTAJbHUX JIOCHIIKEHb
PO3IUIIHYTO BIUIMB PI3HOMAHITHUX (aKTOPIB (3€pHOBOrO CKJIaay; BMICTY OITymy;
TEMIIepaTypyu YUIUIbHEHHS, KUIBKOCTI OO€pTIB ripaTopy Ta IHIIE) HA 3HAYEHHS
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1HAeKCIB ymiapHIOBaHOCTI acanbroberonnux cymimeit CEI ta TDI. Beranosneno,
10 HaOUIbII BaroMuM (pakTOpOM BIUIMBY Ha YIIUIHHIOBAHICTH ac(aibTOOETOHHOL
cyMili € 11 3epHOBUH CKiIaa. BUXOAS4M 3 IIbOTO aKTyaJIbHUM € TTUTAHHS OI[IHIOBAHHS
BIUTUBY TPaHYJIOMETPUYHHUX CKJIAJIB acPaibTOOCTOHHUX CyMIIIEH, MOIIUPEHUX Y
BITUM3HSHIN TOPOXKHIN Tally3i, Ha X YIIUIbHIOBAHICTh Ta PO3pOOKa MPOMO3HUIIIH 11010
NPOEKTYBAHHS CKIIaay ac(albTOOETOHHHUX CyMIled 3 BpaxyBaHHSAM MOKa3HHUKA
YIITbHIOBAHOCTI.

BucHoBOK. Pozrnsnyto MPUHIUI OLIIHIOBaHHS YIIUTEHIOBAHOCTI
ac(abTO0CTOHHHX cyMimel 3a eHepreTnaauMu mokaznnkamu CEI ta TDI.
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I. Introduction

The rapid advancement of digital technologies has fundamentally altered the
landscape of information security, necessitating more robust methods for verifying
identity [2]. Historically, authentication has relied on "something you know," such as
passwords or PIN codes [2, 3]. However, these traditional methods are increasingly
vulnerable to sophisticated cyber-attacks, including phishing, social engineering, and
brute-force cracking [1, 3]. The inherent flaws of password-based security - ranging
from user forgetfulness to the ease with which credentials can be stolen - have driven
a global shift toward biometric authentication, or "something you are" [2, 3].

Biometric authentication utilizes wunique physiological and behavioral
characteristics to verify a user's identity [2, 3]. Unlike passwords, biometric identifiers
are intrinsically linked to the individual, offering a higher level of security and
significantly greater user convenience, as they eliminate the need to memorize complex
alphanumeric strings [2]. The transition from knowledge-based to characteristic-based
identification is not merely a technological upgrade but a paradigm shift in how
security is conceptualized [1, 2]. As information systems become more integrated into
critical infrastructure, including finance, healthcare, and national defense, the demand
for reliable biometric models has become a priority for ensuring data integrity and
preventing unauthorized access [1, 2].

I1. Physical Biometrics: Methods, Accuracy, and Reliability

Physical biometrics, often referred to as static methods, rely on stable physiological
traits that remain relatively unchanged over a person's lifetime [2, 3]. The most
prevalent modalities in modern security systems include fingerprinting, facial
recognition, and iris scanning, each possessing distinct technical profiles regarding
speed, cost, and precision [2].

Technical Comparison of Methods

Fingerprint Recognition: This is the most widely adopted method due to its
balance of speed and cost [2, 3]. According to the sources, fingerprint systems
demonstrate a reliability of approximately 98% and are exceptionally fast, with an
average authentication time of 200 milliseconds [2]. However, its effectiveness can be
hindered by physical damage to the skin or the use of 3D-printed spoofs [3].
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Facial Recognition: Utilizing 3D geometry or neural networks to map facial
features, this method offers a reliability of 95% and a speed of 300 milliseconds [2].
While highly convenient for contactless access, it is notably sensitive to environmental
factors, such as changes in lighting or human emotional expressions, which can
degrade accuracy [2, 3].

Iris Scanning: Often cited as the most secure static method, iris recognition
analyzes the complex and unique patterns of the colorful ring surrounding the pupil
[1]. It boasts a high reliability of 99.5%, which can increase to 99.7% when enhanced
by deep learning algorithms [1, 2]. Although it is slightly slower (500 milliseconds)
and more expensive to implement, its resistance to forgery makes it ideal for high-
security environments [1, 2].

Table 1. Comparative analysis of the characteristics of physical biometric

methods
Biometric Method Reliability Speed (ms) Key Vulnerabilities /
(%) Limitations
Fingerprint 98.0% 200 ms 3D spoofs, skin damage [2, 3]
Recognition
Facial Recognition 95.0% 300 ms Sensitivity to lighting, masks
(Facial Scan) [2, 3]
Iris Scanning 99.5% — 500 ms Higher equipment cost [1, 2]
99.7%

Source of the table: compiled by the author based on sources [1, 2, 3]

Evaluating Accuracy: The FAR and FRR Formulas

The effectiveness of these systems is mathematically determined by two critical
probabilistic parameters: the False Acceptance Rate (FAR) and the False Rejection
Rate (FRR) [1].

FAR (False Acceptance Rate) represents the probability that the system incorrectly
identifies an unauthorized intruder as a legitimate user [1]. It is calculated as FAR =
U/C, where U 1s the number of unauthorized access errors and C is the total number of
correct recognitions [1].

FRR (False Rejection Rate) is the probability that a legitimate user is denied access
[1]. The formula is FRR = N/C, where N represents the total number of false rejection
errors [1].

The overall Reliability of a biometric system is defined by the equation: Reliability
=100% - (FAR + FRR) [1, 2].

The Engineering Challenge of Balance

For security engineers, the primary challenge lies in the fact that FAR and FRR are
inversely related [1]. If an engineer adjusts the system's sensitivity threshold to
minimize the FAR (maximizing security), the FRR inevitably rises, causing frequent
false rejections that frustrate users [1]. Conversely, lowering the threshold to improve
user convenience (lowering FRR) increases the risk of a false acceptance, thereby
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compromising security [1, 3]. Finding the "Equal Error Rate" (ERR) - the point where

both error types are minimized and balanced - is essential for creating a system that is
both secure and operationally efficient [1].

FAR vs FRR Threshold Trade-off Curve

100 A

80 A

60 1 — FAR (False Acceptance Rate)

= = FRR (False Rejection Rate)

4
40' /

Error Rate (%)

20' I

0 2 4 6 8 10
Sensitivity Threshold

Figure 1. Dependence of FAR and FRR errors on the sensitivity threshold of a
biometric system
Source of the figure: compiled by the author based on [1]

II1. Modern Vulnerabilities and the Immutability Risk

Despite the high accuracy of modern biometric systems, they face significant
technical and ethical challenges that threaten their long-term viability [3]. A
fundamental vulnerability unique to this field is the "Immutability Risk" [3]. Unlike
traditional passwords or cryptographic tokens, which can be instantly reset or changed
upon a security breach, biometric identifiers are permanent physiological traits [3]. If
a digital biometric template - such as a hash of a fingerprint or an iris scan - is leaked
or compromised, it is considered permanently stolen, as the user cannot "change" their
biological features to regain security [3]. This creates a high-stakes environment where
data breaches can lead to lifelong identity theft and fraud [3].

Furthermore, systems are increasingly susceptible to spoofing attacks, where
attackers use physical or digital artifacts to bypass sensors [3]. Sources highlight that
traditional scanners can be deceived using high-resolution photos, 3D masks, and even
artificial latent fingerprints [3]. For instance, facial recognition systems often struggle
to distinguish between a living human and a high-quality 3D representation, especially
when environmental factors like lighting vary [2, 3]. The threat landscape is further
complicated by the emergence of Al-driven deepfakes [3]. Sophisticated machine
learning algorithms can now generate highly realistic voice modulations and facial
animations that are specifically designed to bypass voice and facial recognition
protocols [3]. Because these deepfakes can mimic the subtle nuances of human biology,
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they represent a significant challenge for unimodal systems that rely on a single point
of verification [1, 3].

IV. The Future: Behavioral Biometrics and Advanced Security Models

To mitigate the weaknesses of static physical biometrics, the industry is shifting
toward behavioral biometrics, which analyze dynamic patterns of human activity [2,
3]. Rather than checking "what you are" (physiological), these systems verify "how
you act" [2]. Key markers in this field include keystroke dynamics (analyzing typing
rhythm and pressure), gait analysis (identifying unique walking patterns), and voice
modulation [2, 3]. Behavioral traits are considered more secure because they are
subconscious and involve a complex interplay of neurological and muscular
movements that are nearly impossible for an attacker to replicate perfectly [2, 3].

The current standard for high-security environments is the implementation of
multimodal systems [1, 2]. By combining multiple biometric traits - such as a facial
scan paired with voice recognition and behavioral analysis - the probability of a false
acceptance (FAR) is dramatically reduced [1, 2]. This synergy allows the strengths of
one modality to compensate for the weaknesses of another; for example, a behavioral
check can serve as a second layer of defense if a physical fingerprint is spoofed [1, 3].

Modern security architectures are also integrating advanced technologies to protect
the integrity of this data [2]. Blockchain technology is being deployed for the
decentralized storage of biometric hashes, ensuring that there is no single point of
failure and that templates cannot be unauthorizedly modified [2]. This approach can
reduce the risk of fraud by 60-80% compared to centralized databases [2].
Simultaneously, Artificial Intelligence is used for advanced "liveness detection" [2].
Using deep learning models like Convolutional Neural Networks (CNN), systems can
now distinguish between a real person and a spoof by analyzing micro-expressions or
skin texture in real-time, reaching identification accuracy levels of up to 99.7% [2].
This combination of behavioral dynamics, decentralized storage, and Al-driven
verification represents the next frontier in robust identity management [1, 2].

V. Conclusion

The evolution of authentication marks a definitive transition from traditional
knowledge-based methods, such as passwords and PIN codes, to complex systems
grounded in unique human characteristics [2, 3]. While physical biometrics - like
fingerprinting and iris scanning - offered a substantial leap in reliability, the emergence
of Al-driven threats has necessitated further innovation [1, 3]. Modern vulnerabilities,
ranging from sophisticated spoofing to the creation of synthetic deepfakes, highlight
the fundamental "immutability risk": once a biometric template is compromised, it
cannot be reset [3].

In the security landscape of 2026, relying on a single biometric identifier is no
longer sufficient [1, 3]. Achieving a high level of information protection requires a
systemic approach that integrates diverse defensive layers [1, 2]. This includes the
deployment of hardware (such as haptic tokens), advanced software (utilizing neural
networks for liveness detection), and behavioral analysis to monitor dynamic
interaction patterns [1, 2, 3]. Technologies such as blockchain and quantum
cryptography provide the necessary decentralized and encrypted infrastructure to
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secure these templates against future computational threats [2]. Ultimately, the shift
toward behavioral biometrics and multimodal authentication ensures that security
systems remain resilient and adaptive [1, 2]. By moving beyond static physiological
checks to analyze how a user interacts with technology in real-time, organizations can
provide a defense-in-depth strategy that effectively stays ahead of the rapidly evolving
Al-driven threat landscape [1, 2, 3].
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Background

The development of modern endodontics is focused not only on improving the
mechanical instrumentation and chemical disinfection of the root canal system but also
on identifying materials capable of providing long-term sealing and favorable
interactions with dental and periapical tissues. Bioceramic materials occupy a
prominent position among these materials, and their introduction has significantly
expanded the possibilities of both nonsurgical and surgical endodontic treatment [1, 2].

Calcium silicate-based bioceramic materials are of particular clinical importance
in modern endodontics. These include mineral trioxide aggregate (MTA), tricalcium
silicate cements, bioceramic sealers, and root repair materials. Their fundamental
distinction from conventional endodontic materials lies in the combination of sealing
properties, biocompatibility, and bioactivity. These characteristics create favorable
conditions not only for sealing the root canal system but also for supporting tissue
repair processes [2, 3].

Aim

To summarize current scientific evidence regarding the physicochemical and
biological properties of bioceramic materials, identify their principal clinical
applications in endodontics, and outline prospects for their further use.

Materials and Methods

A literature-based analytical review was conducted to summarize current scientific
publications addressing the properties and clinical applications of bioceramic materials
in endodontics. The analysis focused on calcium silicate-based cements and sealers,
their biocompatibility, bioactivity, sealing ability, and applications in root canal
treatment, vital pulp therapy, apexification, perforation repair, and endodontic surgical
procedures.

Results and Discussion

An analysis of current scientific evidence indicates that one of the major
advantages of calcium silicate-based bioceramic materials is their ability to interact
with the biological environment. During hydration of calcium silicate components,
calcium silicate hydrate and calcium hydroxide are formed, contributing to the
development of an alkaline environment and the release of calcium ions. Upon contact
with phosphates present in biological fluids, apatite-like mineral structures may form
on the material surface. These processes are considered among the mechanisms
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underlying the bioactivity of these materials and their ability to create favorable
conditions for tissue mineralization and repair [1, 2].

Important properties of modern bioceramic materials include high
biocompatibility, hydrophilicity, stability in moist environments, and sealing ability.
Moisture, which may adversely affect the properties of certain conventional endodontic
materials, is essential for the setting reaction of calcium silicate-based cements. This
characteristic is particularly important in clinical situations where complete moisture
control is difficult to achieve [1, 3].

Historically, MTA remains the most extensively investigated representative of this
group and has long been regarded as a reference bioceramic material for various
endodontic procedures. However, its clinical application has certain limitations related
to handling characteristics, prolonged setting times of some formulations, and the
potential risk of tooth discoloration. These limitations have stimulated the development
of new generations of calcium silicate-based materials with improved physicochemical
and handling properties [1, 3].

One of the most promising applications is the use of bioceramic sealers for root
canal obturation. Their hydrophilicity, minimal dimensional changes after setting,
ability to penetrate anatomical irregularities of the root canal, and potential to form a
mineralized interface with dentin create favorable conditions for effective long-term
sealing. These properties have contributed to the increasing use of single-cone
obturation techniques employing a gutta-percha cone of appropriate taper in
combination with a calcium silicate-based sealer [1, 4].

Nevertheless, currently available clinical evidence does not support the assumption
that bioceramic sealers are unequivocally superior to all conventional materials.
Systematic reviews generally demonstrate comparable clinical outcomes between
calcium silicate-based and epoxy resin-based sealers, emphasizing the need for further
long-term randomized clinical trials [4].

Bioceramic materials also offer considerable potential in vital pulp therapy. Their
high biocompatibility and ability to stimulate the formation of a mineralized barrier
support their application in direct pulp capping and pulpotomy. Contemporary
approaches to preserving pulp vitality emphasize the establishment of biologically
favorable conditions for tissue repair. Therefore, calcium silicate-based cements
represent an important component of minimally invasive endodontics [2, 3].

Another clinically significant application involves the treatment of teeth with
incomplete root development. The creation of an apical barrier using calcium silicate-
based cement provides a reliable apical stop and reduces treatment duration compared
with conventional multivisit apexification using calcium hydroxide. Bioceramic
materials are also employed in regenerative endodontic procedures to establish a
coronal barrier [1, 2].

Their ability to set in moist environments, combined with biocompatibility and
favorable sealing properties, supports the use of calcium silicate-based materials for
repairing iatrogenic and pathological root perforations, including furcation
perforations. In endodontic surgery, these materials are used for retrograde root-end
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filling following apical root resection, where direct contact with periapical tissues
places particularly high demands on their biological properties [1-3].

Thus, the application of bioceramic materials reflects a conceptual shift in modern
endodontics: from the use of predominantly inert materials whose function was
primarily limited to mechanical sealing toward bioactive materials capable of
interacting with surrounding tissues and creating favorable conditions for tissue repair
[1,2].

At the same time, bioceramic materials are not without limitations. Current
challenges include variations in the physicochemical properties of different
formulations, difficulties associated with their removal from root canals during
nonsurgical retreatment, technique-dependent clinical outcomes, and the limited
availability of long-term clinical evidence for certain recently developed materials |3,
5, 6].

Conclusions

Bioceramic materials represent one of the most promising areas in the development
of modern endodontics. Their combination of biocompatibility, bioactivity,
hydrophilicity, and sealing ability provides a broad range of clinical applications,
including root canal obturation, vital pulp therapy, apexification, perforation repair,
regenerative procedures, and endodontic surgery.

Further advances in bioceramic technologies should focus on improving material
handling properties, enhancing the predictability of clinical applications, and obtaining
robust evidence of long-term effectiveness. A promising direction is the transition from
the concept of passive sealing of the root canal system toward the use of biologically
active materials capable of providing optimal conditions for the preservation, repair,
and regeneration of dental and maxillofacial tissues.
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In today’s world, characterized by rapid scientific and technological progress [1—
9], noise is recognized as a form of physical stress on the environment. Noise
encompasses all unpleasant or unwanted sounds—or a combination thereof—that
interfere with productive activity, the perception of important auditory information,
and rest. Adaptation to such an impact is nearly impossible [1-4].

Essentially, noise consists of particle vibrations of varying frequency, intensity,
pitch, and duration, which are perceived by the human ear as unwanted signals. If noise
includes all sound frequencies, it is defined as white noise. When high-frequency sound
vibrations predominate, such noise is called violet noise by analogy with light
vibrations; when low-frequency sound vibrations predominate, it is called pink noise
[1-6].

The main sources are transportation, industry, construction, and household
appliances [1].

In light of the above, the objective of our study was to examine the level of noise
pollution from various sources.

The results of the analytical study show that prolonged exposure to man-made
noise negatively affects the human nervous system, causing fatigue, reducing
concentration, and gradually damaging hearing. Under its influence, plants slow their
growth and excessively release moisture through their leaves, which often leads to their
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death. In animals, noise causes disorientation, interferes with the communication
signals of birds and mammals, and forces them to abandon their usual habitats. Among
domestic animals, there is a decrease in milk production in cows, reduced weight gain
in pigs, and a decline in egg production in chickens [1-4].

Research conducted at the Bila Tserkva National Agrarian University revealed a
significant difference in noise levels between natural recreational areas and urbanized
areas with active economic activity. In particular, in the university’s Recreational Eco-
Garden, background noise did not exceed a safe level of 40 dB, which meets
comfortable health standards for recreational areas. This level promotes human well-
being and the preservation of local biodiversity. In contrast, near roads, noise levels
reached 80 dB, which significantly exceeds the limits recommended by the World
Health Organization for daytime hours. This indicates a significant impact of traffic
noise on suburban and urban ecosystems.

Local sources of high noise levels, as recorded during monitoring, pose a particular
danger to the acoustic environment. Specifically, the noise level of a gasoline-powered
generator reached 100.7 dB, dogs barking reached 103 dB, and the operation of a
chainsaw exceeded the critical threshold of 116 dB. From an ecological and
physiological standpoint, these levels significantly exceed not only the safe threshold
for human hearing but also the pain threshold. According to occupational standards,
the maximum permissible level for prolonged exposure is limited to 85 dB (Fig.1).

-~

Figure 1. Measurement of noise exposure
Source of the figure: photo taken by the author

Such high levels of noise pollution pose serious risks both for occupational hearing
loss and for the development of systemic disorders in the nervous, cardiovascular, and
endocrine systems among people in the affected area. In addition, intense sound
pressure negatively affects urban wildlife by disrupting their communication networks.
This forces birds and animals to leave their usual habitats or causes them chronic stress,
which further complicates their adaptation to the environment.
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Conclusion. To protect against urban noise, it is recommended to use earplugs or
active noise-canceling headphones, take regular “quiet breaks” in parks, and choose
routes away from busy roads. In addition, planting greenery around buildings
effectively helps reduce noise levels.
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EKOJIOT'T3ALISA OJINHO- KUPOBOI 'AJIY3I YKPATHU

I'epacumuyk Ouiena IleTpiBHa
KaHIUAAT CLIIbChKOTOCTIOAPCHKUX HAYK, TOIICHT
YMaHChKUH HalllOHAJIbHUM YHIBEPCUTET

ATpONpOMHCIIOBUN KOMIUIEKC YKpaiHH, 30KpeMa OJIIHHO-KUpPOBAa Traiy3b,
TPaJUIIMHO OIIHIOBABCS TEpPeAyciM 3a IMOKa3HUKaMU EKOHOMIYHO1 €()EeKTHBHOCTI,
o0caraMd BUpPOOHHUIITBA Ta EKCIOPTHUM TOTEHIialoM. BojgHouac axTHUBHE
HapoOLIyBaHHS  BUPOOHUYUX  TOTYXHOCTEH  CYNPOBOUKYETHCA  IMOCHIICHHAM
TEXHOT€HHOTO HAaBAaHTAXXCHHS Ta 3aTrOCTPEHHSM EKOJIOTIYHHX MPOOJIeM JOKAJIBHOTO 1
perioHansHOoro piBHIB [1-3]. JlisSUIbHICTh OJIHHO-EKCTPAKUIMHUX MIATPUEMCTB
MOB’SI3aHA 31 3HAYHUM CIIOKMBAHHSAM BOJIM M €HEPreTUYHUX PECYPCIB, YTBOPEHHSAM
CTIYHUX BOJ, aTMOC()EpHUX BUKHUIIB 1 TBEPAMUX BIJIXO/1B, HEHAJIEKHE MMOBOKEHHS 3
AKUMHU MOKE€ HETaTUBHO BIUIMBATU HA CTaH JOBKIJUIA.

€BpoiHTerpauiiHuii  Kypc  YKpaiHM Ta  HaOJWKEHHS  HAI[lOHAJIBHOIO
IIPUPOJOOXOPOHHOTO 3aKOHOJABCTBA 10 BUMOI CBponenchbKoro Cor3y MOCHIIOIOTH
€KOJIOT14YHI BUMOTH JI0 MPOMUCIIOBUX MiAMPUEMCTB [1]. 3a TakUX yMOB yIpOBaIKEHHS
INPUHLIMIIB CTAJOr0 PO3BUTKY, LUPKYISAPHOI E€KOHOMIKH, pecypcoe(eKTUBHOCTI Ta
JekapOoHi3alli CTae BaXJIMBOIO TEPETyMOBOIO MIJBUIICHHS EKOJOTIYHOI Oe3meKu
BUPOOHUIITBA Ta KOHKYPEHTOCIPOMOXKHOCTI YKPaTHCHKOI MPOAYKIIii HAa MIXKHAPOJHUX
pUHKaX.

MeTor JAOCTIKEHHS € OLIHIOBAaHHS OCHOBHUX HANpPsIMIB TEXHOTEHHOTO BIUIMBY
MIIIPUEMCTB OJIIHHO-)KUPOBOI rajgy3l Ha JOBKUIA Ta OOTPYHTYBaHHS MEPCIEKTUBHUX
3aXO0JlIB iX €KOJIOT1YHOI MOJIepHI3allli, 30KpeMa YIOCKOHAJIEHHS CUCTEM OYHUIIEHHS
CTIYHHMX BOJI, TOBOJKEHHS 3 dKUPOBMICHUMU BIJIXOJAAMH Ta CKOPOUEHHS aTMOC(HEPHUX
BUKU/IIB.

JlocmipkeHHsT TPYHTYETbCS HAa MPUHLMIAX  E€KOJOTIYHOTO  MOHITOPHHIY,
MPOMUCIIOBOI  O10TEXHOJIOT1I, pecypcoeeKTUBHOTO BHUPOOHUIITBA Ta Cy4acCHUX
MiIX0AaxX A0 €KOJOTTYHOTO MEHEKMEHTY. AHalI3 JISTIBHOCTI OJIITHO-EKCTPAKIIMHUX
HIANPUEMCTB Ja€ 3MOTY BUIUIMTH TPU OCHOBHI HampsIMU BIUIMBY HAa HaBKOJIUIIHE
MPUPOIHE CEepeloBHUIlle: aTMOC(EepHI BUKHUAM, BUPOOHWYl CTIUYHI BOAW Ta TBEPIi
MIPOMHUCIIOBI BiJIXOJIH.

OmHuM 13 XapakTepHHUX 3a0pyaHIOBa4YiB arMocEepHOro TOBITPS Ha CTafil
eKCTPAaKIil € JeTKI OpraHiyHi CHONYKH, NEepeayciM Mapu TeKCaHy Ta I1HIIMX
BYIJICBOAHEBUX PO3YMHHUKIB. HaBiTh 3a HAsABHOCTI CHCTEM KOHJICHCAIlli Ta
pekymneparnii MOXIuBI Audy3HI BTpaTH pPO3UYUHHUKA Yepe3 HErepMETUYHICTh
TEXHOJIOTIYHOTO OO0JIaHaHHS, pe3epByapiB Ta MiJ 4Yac BUBAHTAXKEHHS IIPOTY.
JlonaTkoBe HaBaHTAKEHHS Ha arMOC(epHE MOBITPS CTBOPIOIOTH MHUJIOBI BUKUAM HA
CTaAisiX MpUMMaHHS, TPAHCIOPTYBAHHS ¥ MIATOTOBKHU OJIIMHOI CHPOBUHH, a TaKOXK
MPOAYKTH 3rOPsIHHS NaJINBa B KOTEJIbHUX YCTAHOBKAX.

He MeHI1 BaxIJIMBOIO €KOJIOTTYHOIO IPOOJIEMOIO € YTBOPEHHS BUPOOHUYUX CTIYHUX
BOJI. BOHUM XapakTepu3yloThCs 3HAYHUM BMICTOM OpraHIYHUX PEYOBUH, €EMYJIbIOBAaHUX
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KHpiB, (pocdomimiaiB, MiHEpalIbHUX COJEeH Ta HecTaOlIbHUMH 3HaueHHsMU pH.
OCHOBHHMMHU JIKEpeIaMu TaKHUX CTOKIB € MpoliecH padiHallii, Tiaparaiii, Ae3010parlii,
POMHUBAHHS TEXHOJIOTTYHOTO OOJIaIHAHHA, a TAKOK KOHACHCATH, 110 YTBOPIOIOTHCA
Ii]] Yac BUMAPIOBaHHS Ta AUCTUIIALIIL.

Bucoke opraHiuHe HaBaHTa)XEHHS CTIYHMX BOJ 3yMOBIIIOE HEOOXITHICTH iX
MOTIEPETHBOTO OYMIICHHSI O€3MMOCEPEIHhO Ha MIANPUEMCTBI. EdeKkTuBHE yrpaBaiHHS
BOJIHUMH pecypcaMu Mae Tmependadard HE JMINe MeXaHidyHi, (i3UKO-XIMIYHI Ta
010J10T14HI METOIM OYMILEHHS, a i OCTynoBe (GopMyBaHHS 0OOPOTHHUX 1 3aMKHEHHX
CHUCTEM BOJOKOpUCTYBaHHA. Lle crpusie CKOPOYEHHIO CIOXMBAHHS CBIXKOI BOIU Ta
3MEHIICHHIO 00CST1B MPOMHUCIOBHUX CTOKIB.

BaxnuBuM HampsiMOM €KOJIOTIYHOI MOJIEpHI3allii € MepexiJ BiJ HaKOMHUYEHHS
BUPOOHUYUX BIAXOAIB JO iX MOBTOPHOTO BUKOPHUCTAHHS SIK BTOPUHHUX PECYPCIB.
Oco651Boi yBaru notpelye MOBOIKEHHS 13 COANCTOKAMHU, SIKI YTBOPIOIOTHCS 1] Yac
JTy’KHOI HeUTpasizalii pOCIMHHUX OJI1i Ta MICTATbH COJII YKUPHUX KUCJIOT, HEUTpaibHUM
KUP 1 3IMIIKOBUN JIyr. TpaguiiiiHe KHUCIOTHE PO3IICIUICHHS TaKUX BIAXOJIB
CYNPOBOIKYETHCS YTBOPEHHSIM 3HAYHOI KUJIBKOCTI KUCIIHUX CYAb(PaTBMICHUX CTIYHHX
BOJI, [0 MOTPeOYIOTh MOAAIBINOT HelTpanizali [4, 5].

[lepcnieKTUBHOIO aJIBTEPHATUBOIO € 3aCTOCYBAaHHS O1OTEXHOJOTIYHUX METO/IIB,
30KpeMa EH3MMATUYHOTO TIAPONi3y 3 BHUKOPUCTaHHSAM JiilMa3 MiKpoOi0JI0riYHOTO
MOXO/DKeHHsI. Takui Miaxij Ja€ MOXJIUBICTh 3IMCHIOBATU MPOIEC 3a IMOMIpHUX
TeMrieparyp 1 OJM3bKUX 0 HEUTpalbHUX 3HaueHb pH 0e3 BUKOpUCTaHHS 3HAYHUX
KUIBKOCTEW arpeCUBHUX MIHEpaJIbHUX KUCIOT. OTpHMaH1 KUPHI KUCIOTH MOXYTb
BUKOPUCTOBYBaTHCSl SIK BTOPMHHAa CHpPOBHMHA JJid1 BHUpPOOHMIITBA OlomaiuBa,
MaCTUJIBHUX MaTepiaiiB Ta IHIIMX MPOIYKTIB 010€KOHOMIKH [6].

Oxkpemoro mpoOJIEMOI0 € yTWii3allisd BiANpalbOBaHUX BiJAOUIIOBAILHUX IJIMH.
[Ticns ancopOUIHOTO OYMILEHHS OJil BOHM MICTSATh 3HAYHY KUIBKICTh 3aJIMIIKOBOTO
AKUPY, 110 MiJABUILYE PU3UK CaMOHArpiBaHHS Ta 3aliMaHHs MiJ 4dac 30epiranHs [7].
[lepcrieKTUBHUMHU HampsiMaMUd TIOBO/DKCHHSI 3 TAaKUMHU BIIXOJaMU € BUITyYEHHS
3QJIMIIKOBOTO  KUPY 3 HOro TMOJAjdbIIMM  BUKOPUCTAHHSM, 3aCTOCYBaHHS
pEreHepoBaHOl MiHEpaNbHOI CKJIaJ0BOI y BUPOOHHUIITBI OyIiBEIbHUX MarepiajiB, a
TaKO)K BUKOPUCTAHHS J>KUPOBMICHUX BIIXOMIB SK KO-CyOCcTpary B mpoIecax
aHaepoOHOTO 30pO/>KyBaHHS Ta OTPUMAaHHS 010Tasy.

3MeHIIeHHST BUKHJIIB TEKCaHy 3alMIIAEThCS OJHUM 13 BaXKJIMBUX 3aBJaHb
€KOJIOTIYHOT MOZEpHI3alli OJIMHO-eKCTpaKIIMHUX mignprueMcTB. CKOpOUYEHHS BTpar
OpraHiYHUX PO3YMHHUKIB MOXE 3a0e3MeuyBaTUCS KOMIUIEKCHUM 3aCTOCYBaHHSM
KOHIeHCalli1, abcopO11ii Ta aJcOpOIIMHOTO OYUIIIEHHS Ta30BUX MOTOKIB. YJIOBICHUMN
PO3UMHHUK JAOIITHHO MOBEPTATH B TEXHOJOTIYHUM IMKI, IO OJHOYACHO 3HIDKYE
€KOJIOTIYHE HABAHTAXXEHHS Ta BTPATU BUPOOHUUUX PECYPCIB.

BaxxJiBO1O CKJIaJIOBOIO €KOJIOTi3allli rajgy3i € BIPOBAIKEHHS Cy4acHUX CHUCTEM
€KOJIOTIYHOTO MEHEPKMEHTY Ta MIKHAPOAHOI cepTudikarii. 3acToCyBaHHS IPUHITUIIIB
ISO 14001 cnpusie cuctemarusariiii ynpapiaiHHS €KOJOTITYHUMHU PU3HUKAMHU, KOHTPOIIO
BUKOPHUCTaHHS pECypcCiB, 3amo0iraHHIO aBapiiHUM CHUTyaIlisiM Ta MOCTIHHOMY
BJIOCKOHAJIEHHIO MPUPOI00XOPOHHOT AISUTBHOCTI M ATPUEMCTB.
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Jlis BUpOOHHKIB, OpPIEHTOBAaHMX Ha €BPONEHCHKI PUHKHA Ol0€HEPTEeTHYHOI
CUPOBHMHHM, BaXJIMBE 3HAYEHHS Ma€ MIATBEPIKEHHS CTAJIOCTI Ta MPOCTEKYBAHOCTI
BUPOOHUYHUX JIAHIIOTIB BIAMOBITHO 0 BU3HAHMX MDKHAPOJHHUX CXeM cepTudikariii,
3okpema [SCC. Taki migxoau Aar0Th 3MOTY JOKYMEHTYBATH MOXO/KEHHSI CUPOBHHH,
OIL[IHIOBAaTM BHUKUJU MAapHUKOBUX Ta3iB YNPOJOBXK BHUPOOHHWYOrO JIAHIIOTa Ta
M1TBEP/KYBATH BIJMIOBIIHICT MPOIYKIIlT BCTAHOBJICHUM KPUTEPISIM CTaJIOCTI.

Exonoriuyna MoaepHizallis oJifHO-)KUPOBOI raily3i YKpaiHu Mae IpyHTYBAaTHUCS Ha
KOMIIJIEKCHOMY TIO€HaHHI TEXHOJOTIYHHUX, OpTaHi3alliiHUX Ta YIPaBIiHCHKUX
pimens. [IpiopureTHUMH HampsMaMd € CKOPOYCHHS BOJIOCIIOKHMBAHHS Ta
BIIPOBAPKCHHSI 00OPOTHUX CHUCTEM BOJOKOPHUCTYBAHHS, YIOCKOHAJICHHS OYHIIICHHS
BUPOOHMYUX CTIYHUX BOJ, 3HIKCHHS BUKHIIB JICTKUX OPTaHIYHHUX CIIOIYK, TOBTOPHE
BUKOPHUCTaHHS JKUPOBMICHUX BIIXOAIB Ta PO3BUTOK TEXHOJIOTIM iX OI10JOTIYHOI
epepoOKu.

[lepexin Bia TpaguLIMHUX CIOCOOIB YTUIII3allli COANICTOKIB O O10TEXHOJIOTTYHUX
METO/IIB J1a€ MOXKJIUBICTh 3MEHIIUTH YTBOPEHHS BTOPUHHUX 3a0pyIHEHUX CTOKIB Ta
OJTHOYACHO OTPUMYBATU I[IHHY BTOPUHHY CHPOBHUHY. YIOCKOHAJICHHS CHUCTEM
VJOBIIIOBAaHHS 1 peKymepalii OpraHiuyHuX pO3YHHHUKIB CHpPUSE CKOPOUCHHIO
arMocepHUX BUKHUIB Ta IMiJBUILIEHHIO pecypcoePEeKTUBHOCTI BUPOOHUIITRA.

BripoBa/pkeHHSI CHCTEM EKOJIOTTYHOTO MEHEKMEHTY, MPUHIIMITIB ITUPKYISPHOI
€KOHOMIKH, OI[IHIOBAHHS )KUTTEBOTO IUKITY MPOAYKIIIT Ta MI>KHAPOHOT cepTUdIKaIlii €
BOKJIMBUMU CKJIQJIOBUMU aJanTallii iAIpUEMCTB OJTIHHO-KUPOBOI raity3i YKpaiHu J10
CYyYaCHUX €BPONEHCHKUX EKOJOTIYHMX BHUMOT. Peamizailisi 1ux 3axofiiB CHPHUSTUME
3MCHIIICHHIO TEXHOTEHHOTO HABAaHTAXKCGHHS HA  JIOBKLUIA, PAaIiOHAIILHOMY
BUKOPHUCTAHHIO PECYPCIB Ta 3MIIITHEHHIO KOHKYPEHTHHUX MO3HIIIN YKpPaiHCHKOI OJIHHO-
YKUPOBOI MPOAYKIIi HA MI)XHAPOAHOMY PHUHKY.
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EKOJIOI'TYHI 3ACAJIM 3BAJTAHCOBAHOI'O
PO3BUTKY

Koctpy6a Baagucaas IOpiiioBuy,
3100yBay MariCTepChbKOTo PiBHS BUIIOT OCBITU
[Tonichbkuii HallIOHAJIBHUHN YHIBEPCUTET

Kyuyuncokmnii Bikrop ®panunosuy,
3100yBay MaricTepChbKOTo PiBHS BUIIOT OCBITU
[Tonichbkuit HallIOHAJIBHUIN YHIBEPCUTET

Kyuyuxk Bagum FOpiitoBuy,
3100yBay MariCTepChbKOTO PiBHS BUILOT OCBITH
[Tomichkuii HallIOHATBHUN YHIBEPCUTET

Aunapocosuy MukoJa IBaHoBuy,
3100yBay MariCTepChbKOTO PiBHS BUILOT OCBITH
[Tonicbknii HallIOHATIBHUM YHIBEPCUTET

Copoxka Bagum BosoagumupoBuy,
3100yBay MariCTepChbKOTO PiBHS BUILOT OCBITH
[Tonichbknii HallIOHATBHUHN YHIBEPCUTET

PimieHHs 11010 BUKOPUCTAHHS TPHUPOJAHUX PECYpPCIiB 1 PO3BUTKY TOCIOJAPCTBA
3MIHIOIOTh YMOBH, BiJl SKHX 3aJ€KUTh NOJANbIIA [ISJIBHICTh CYCIIbCTBA.
CKopoueHHSI BUTpAaT Yy MEKax OKPEMOro MiJIPUEMCTBA MOXE CYMPOBOKYBaTUCS
BUCHAKECHHSIM PECYPCHOI 0a3u, a po3MUpeHHs IHPPaCTPYKTypH — MOTIPIICHHSIM CTaHy
MPUPOIHUX JUISTHOK. TOMy OIIIHIOBAaHHS PO3BUTKY MOTpPeOye BpaxyBaHHS TOTO, YU
30epiratoTbCcs HWOTO €KOJIOTIYHI TepeyMOBU. Y JOCHIDKEHHSX B3a€EMO3B’SI3KY
€KOHOMIYHOTO pO3BUTKY # pecypcOCNOXHBaHHSI pPO3MEKOBYIOTh 3HHKEHHS
PECYpPCOMICTKOCTI JISNIBHOCTI Ta aOCOJIOTHE CKOPOYEHHS BUKOPUCTAHHS PECYPCIB 1
BIUIMBY Ha JOBKULIA. J[Ji1 eKoJoriyHoi 30alaHCOBAHOCTI BaXKJIMBI MaclITaow,
TPUBAIICTH 1 JOCTATHICTh TAKOTO CKOpOYeHHS [1].

Meta poOoTH — y3araJbHUTH €KOJIOT14HI 3acaiu 30aJaHCOBAHOIO PO3BUTKY Ta
BU3HAUUTH CHUIbHI OPIEHTUPU iX ypaxyBaHHA Yy NPUPOJOKOPUCTYBAaHHI U
(yHKIIIOHYBaHHI TOCIOIAPCHKUX CUCTEM. PO3IIIsl IpyHTY€EThCA Ha aHaNi31 HAYKOBHUX
1 METOJUYHUX JIKEPEI, 10 JT03BOJISE 3ICTABUTH MIAXOAM J0 30€pEeKEeHHS TPUPOTHUX
€KOCHCTEM, BUKOPUCTAHHS PECYPCIB Ta BIOCKOHAICHHS 1HOPACTPYKTYPH.

30anaHCcOBaHICTh PO3BUTKY Mepeadayae y3roKeHHS CYCHUIBHHX NOTped 13
MOYKJIMBOCTSIMH MPHPOJHUX CHUCTEM Ta HACTiKAMH TOCTOAAPCHKOi MismbHOCTI. [i
€KOJIOT1YHUH 3MICT MPOTMIOHYEMO PO3KPUBATH YEPE3 TPU B3aEMOIIOB’ sI3aH1 TTOJIOKCHHS:
30epeKeHHs 3JaTHOCTI €KOCUCTeM (DYHKILIOHYBATH W BiTHOBIIIOBATHCS; 3aN00ITaHHS
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HENPOAYKTUBHUM BUTpaTaM PECYPCIB; ypaXyBaHHS €KOJIOT1YHOI LIIHHOCTI MPUPOIHUX
CUCTEM 1 CYKYMHHMX HACIIJIKIB YIPaBIIHCHKUX pIlIEHb. 3a TaKOro MiIX0y pe3yJbTar
PO3BUTKY XapaKTEPU3Y€EThCSI TAKOK CTAHOM MPHUPOHOI OCHOBH, HA Ky CIHUPAIOTHCS
BUPOOHUIITBO, HAJIAHHSI TIOCIIYT 1 KUTTEAISILHICTD JIFOCH.

[epiioro 3acaoro € 30epexeHHs €KOJIOTTUHO1 CTIMKOCTI. Y MekKaX [IbOTO PO3TIISIY
1] HeIO PO3YyMIEMO 3/IaTHICTh IPUPOJIHUX CUCTEM MIATPUMYBATH OCHOBHI (YHKIIIT 3a
Nii HaBaHTa)K€Hb 1 BiJHOBIIOBATHCS MiCJs MOPYIIEHb. li OIHIOBaHHA NOTpPeOye
BpaxyBaHHS BJIACTHBOCTEH KOHKPETHUX €KOCHCTEM 1 XapaKTepy BILTUBIB Ha HUX. s
JICiB BaXKJIUBUM OPIEHTUPOM € CTPYKTYypHE PI3HOMAHITTS: BIIMIHHOCTI J€pEB 3a BIKOM
1 po3Mipamu, SIPYCHICTh Ta MPOCTOPOBA HEOAHOPIIHICTh HacaIkeHb. JloCTiIKeHHs
MIIIAaHUX HACaJKEHb CB1IYaTh, IO IXHA CTPYKTYpa, PICT 1 B3a€MOJIIA ACPEB MOXKYTh
1ICTOTHO BIJIPI3HATUCA BiJ OJIHOBHJIOBHX JepeBocTaHiB. Lle oOIpyHTOBYe moTpedy
BpaxOBYBAaTH OCOOJMBOCTI MOEAHAHHS MOPiJ 1 IPOCTOPOBOI OYI0BU Mijl Yac BUOOPY
J1COrOCHOIAPCHKUX 3aXOMdIB [2].

Boanouac pi3HOMAHITTS HE CIT1J1 TPAKTYBaTH SIK YHIBEpCAJIbHY FapaHTiI0 CTIAKOCTI.
JIOLUIbHICTh TMEBHOTO CKJIaMy Ta OYyJIOBM HACa/)KeHb BH3HAYAETHCS YMOBAMHU
MICLE€3pOCTaHHs, IPUPOIHUMH OCOOJIIMBOCTSIMHU JIICY M OYIKyBaHUMH MOPYIICHHSMHU.
3BicH BUIUIMBAE MOTpeda Y3roKyBaTH TOCHOJAPChKI 3aXOJUM 3 HAsBHUM
NOTEHLIAJIOM TPUPOAHOIO IIOHOBJIEHHS, CTAHOM IPYHTIB 1 BOJHHUM PEXKUMOM.
HaykoBuii anaini3 ynpaBiiiHHS MIIIaHUMHU HACa/HKCHHSIMHU BKa3y€ Ha HEOOXIJIHICTb
ypaxyBaHHs B3a€MOJIl MOPiJ 1 AUHAMIKK JIEPEBOCTaHY: MEXaHIYHE MEPEHECEHHS
MoOJieJIeld OHOBHIOBUX HACA/HKEHb MOYKE CIIOTBOPIOBATU OYIKYBaHI Pe3ysbTaTH [2].
JIist Habnmm KeHOTro 10 MPUPOAM JIICIBHUITBA 1€ O3HAYa€E MOTpedy AoOMpaTH 3axo0]u
BIJIMOBIJTHO 10 MPUPOJHUX MPOLIECIB KOHKPETHOI AUIAHKU. Ha piBHI Teputopii uen
MPUHIIAIT TPOTIOHYEMO 3aCTOCOBYBATH depe3 30€peKeHHsS MPUPOJHUX AUITHOK Ta
0OMEKEHHS 3MiH, SIK1 MOPYIIYIOTh iXH1 €KOJIOTTYHI 3B’ A3KH.

Jlpyroro 3acamoro € omaIuBe BUKOPUCTaHHs pecypciB. s HOro mpakTUIHOTO
3a0€3MeUeHHs. TMOTPIOHO BCTAHOBJIIOBATH, SKa YacTHHA 3allyde€HOTO pecypcy
3a0e3nedye KOPUCHUMN pe3yJIbTaT, a sIka BTPAva€ThCs i1 4ac TEXHOJIOTIYHUX OTepariini
ab0 4depe3 HEHAIEXKHMI CTaH OOJIaHAHHA. Y CHUCTEMax BOJOMOCTadaHHs (i3U4HI
BUTOKH O3HA4yalOTh BTpaTy MiJATOTOBJICHOI Ta TPAHCIOPTOBAHOI BOAU M MOXKYTh
30uIBpITyBaTH TOTPeOy B ii 3a0opi Ta mepekauyBaHHI. JloCHimKeHHS CIUIBHOI
onTHUMi3allli €HeproCIOKMUBAHHSA 1 BUTOKIB MIATBEPIKYE JTOIUIBHICTh Y3TOMIKEHOTO
aHaJi3y MX CKJIaJOBUX pOOOTH BOAOIPOBIIHOI Mepexi [3]. OTxe, MOIIyK pe3epBiB
e(eKTUBHOCTI BapTO MOYMHATH 3 BUSABIICHHS IPUYUH BTpaT.

Jns koMyHaJIbHOI 1HGPACTPYKTYPH 3 1IOTO BUILIMBAE JIOUUIBHICTh MOETHAHHS
TEXHIYHOTO OHOBJIEHHSI 3 OOJIKOM pECypCiB, KOHTPOJIEM pEXKUMIB pOOOTH Ta
CBOEYACHUM OOCIIyTOBYyBaHHSIM Mepex. OIHaK MOIMIIEHHS OKPEMOTO MMOKa3HHUKA I11e
HE /1a€ TIOBHOI XapaKTEePUCTUKH E€KOJOTIYHOTO pe3ynbTary. Hampukman, 3HUKCHHS
MUTOMHUX BUTPAT BOJIU a00 €HEeprii MOKe CYIPOBOIXKYBATUCS 3POCTAHHIM 3arajJbHOTO
CTHIOKMBAHHS 4epe3 pO3UIMPEHHS 00CATIB MIsIIbHOCTI. TOMY MPOMOHY€EMO 31CTaBIISATH
MATOMI TIOKa3HUKHU 3 A0COJIIOTHUMH O0CSTaMU BUKOPUCTAaHUX PECYPCIB 1 YTBOPEHHUX
BIJIXOJIIB, YPaXOBYIOUM SIKICTh Ta HaAlMHICTh mociyr. Take po3pi3HEHHS BIANOBIAA€E
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MiIXOMy  JO  OIIIHIOBaHHS  BIMHOCHOTO Ta  aOCOJIOTHOTO  CKOPOYCHHS
PEeCypCOCTIOKUBAHHS 1 BIUTMBY Ha JOBKULIA [1].

TpeTboro 3acanol0 € BpaxyBaHHSI €KOJIOT1YHOI I[IHHOCTI MPUPOJHUX CUCTEM Y
BUOOpI TOCMOJMAPCHKUX pilieHb. [lpupoaHi AUISTHKM MalOTh 3HAYCHHS IS
PEryJIIOBaHHS YMOB JOBKULJIS, SIKE HE 3aBXK/IU BITOOPAXKAETHCS Y MPSMUX T0X0/1aX Bl
iX BUKOpHUCTaHHS. J{OCHIIPKEHHS €KOCHCTEMHHMX MOCIYT Y KOHTEKCTI MPUPOIHOTO
KamiTaiay J03BOJIS€ BIOPSAAKYBAaTH BIAMOBIIHI BIJIOMOCTI Ta MIATOTYBaTH iX IS
yOpaBIiHCHKOI iHTeprpeTanii [4]. [ 3aBnanp 30a1aHCOBAaHOTO PO3BUTKY 1€ O3HAYAE
notpedy 3’4COBYBaTH, SKI MPHUPOAHI (PYHKIII MOXYThb OyTH BTpayeHl BHACIHIJIOK
BTpY4YaHHS 1 YW HE CTBOPUTh OTPHMaHa TOCIOJapChKa TMepeBara JOAAaTKOBHX
€KOJIOTTYHHUX MPOOJIEM.

Peanizamiss 3a3HaueHUX 3acaj MOTpeOye Y3TOKEHHsS [ Ha PI3HUX PIBHSX.
PimeHHs 1010 OKpeMOro HacaKeHHs, JUISTHKA MEPEk1 a00 00’ €KTa IHPPACTPYyKTypH
Ma€ OIIHIOBATHCS 3 YpaxyBaHHSAM 3B’SI3KIB 13 HABKOJIMIIHBOIO TEPUTOPIEIO.
[IponoHyemo nepeBipATH, UM HE IEPEHOCUTh OOpaHUi 3aX1/l HABAaHTAKEHHS Ha 1HIINHA
OPUPOJHUN KOMIIOHEHT a0o0 1HIIYy JUISHKY. 30KpeMa, JOKaJbHE MOJIMIIECHHS
BOJIOBIABEICHHS OTPEOYE yBaru 10 TEPUTOPIi, SIKI MPUAMATUMYTh JOJATKOBHIM CTIK.
AHaNOriyHO PO3MIIIEHHS HOBOTO O00’€KTa BapTO 3ICTABIATH 31 30€pe’KEHHAM
I'PYHTOBOT'O IMOKPUBY, POCIMHHOCTI Ta YMOB (DYHKI[IOHYBaHHSI CYMDKHUX TMPUPOTHUX
CHCTEM.

Jns oOrpyHTYBaHHSI MPIOPUTETIB JOIIJILHO BCTAaHOBJIIOBAaTH BUXIAHUN CTaH,
JDKEpesia HaBaHTaXXEHHsI Ta OYiKyBaH1 HACHIJAKKA KOXKHOTo 3axojay. IlokazHuku ciif
noOupaTH BIANOBIIHO 1O OO’€KTa: NJisi MPUPOJHUX CUCTEM — XaAPAKTEPUCTUKH
CTPYKTYpH, IOHOBJEHHS 1 MOpPYUIEHb; Ais 1H(QPACTPYKTYypu — BTpaTH PECYpCIB,
€HEProcroKUBaHHs, aBapiHICTh Ta BILJIMB Ha NOBKULIA. [Ipononyemo nmopiBHIOBAaTH
albTepHATHBH 3a THM, HACKIJIbKM BOHM 3MEHIIYIOTH BHUSIBICHY Mpodiemy,
MIATPUMYIOTh IPUPOIHI MPOLECH Ta 3ar00iratoTh NTOBTOPHOMY BUHUKHEHHIO BTpaT.
Ile nmo3Bomisie OOrpyHTOBYBaTH BHOIp 3aXOIB 4Yepe3 OYIKyBaHI 3MIHU, YHUKAIOUU
(bopMalIbHOTO TEPENIKY MPUPOIOOXOPOHHHUX JTiH.

OxpeMe 3HaYEHHS Ma€ MOKJIUBICTh MEPEBIPUTH PE3YJIbTAT MICIS BIPOBAKEHHS
pimeHHsi. CKOpOYEHHS BUTOKIB, TIOJIMIIEHHS MPUPOJHOTO TMOHOBJICHHS YH
3MEHIICHHS ITUIONII  TMOPYIIEHUX JAUISHOK TOTPeOYIOTh  PI3HUX  CHOCOOIB
CIIOCTEPEKEHHS, NMPOTE CHUIHHOI € BUMOTa 31CTaBHOCTI AaHUX y 4aci. [lepioguune
OI[IHIOBAHHSI JI03BOJISIE YTOUHIOBATH 3aX0/IM, SIKIIO OYIKYyBaHi 3MIHU HE B1J1I0YBaOTHCS
ab0 BHUHMKAIOTh HeOaxaHl Hacmiaku. Taka oprasizamis poOOTH TMOEAHYE
JIOBIOCTPOKOB1  €KOJIOT1YHI OPIEHTUPU 3 MOXKJIMBICTIO KOPUTYBAaTH KOHKPETHI
YIPaBIIHCHKI 1.

OTxe, eKoJIor1yHi 3acagu 30aJaHCOBAHOTO PO3BUTKY OXOIUIIOIOTH MIATPUMAaHHS
CTIMKOCTI MPUPOJHUX CHCTEM, OILAJJIMBE BUKOPHCTAHHS PECYpPCIB Ta BpaxXyBaHHS
CYKYIHMX HACJiIKiB TOCIIOAPIOBAHHS. 1X CIIiNIbHE 3aCTOCYBaHHS CTBOPIOE MiATPYHTS
JUTSL y3TOJIKEHHSI MPUPOIOOXOPOHHUX 1 TOCMOMAPCHKUX 3aBllaHb Yy pi3HUX cdepax
nisibHOCTI.  [IpakTuyHUM  OpieHTHpOM Mae OyTH JOCATHEHHS HEOOX1JTHOTO
CYCIUIBHOTO PE3yIbTaTy 31 3SMEHIIICHHSIM PECYPCHUX BTPAT 1 30€pEKEHHAM 31aTHOCTI
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eKOCHCTeM J0 BiAHOBIEHHS. BuOip BiAMOBIAHMX 3aX0fiB MOTpeOye BpaxyBaHHS
MICIICBUX YMOB, IEPEBIPIOBAHMUX MMOKA3HUKIB Ta TPUBAJIOCTI OYIKYBAaHUX 3MiH.
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METOJAWYHI KPUTEPII KAJIEHJAPHOI IOBHOTH TA
YACOBOI NIITPUMKHN JAHUX SENTINEL-
SP/TROPOMI JIA MIKPIYHOI'O HOPIBHAHHSA
ATMOCOEPHUX THAUKATOPIB

Yepuum Pycian Bogogumuposuy

acmipast

IBaHO-®paHKIBCHKUN HAIIOHAFHUYN TEXHIYHUIA YHIBEPCUTET HAPTH 1 razy
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Anortanisi. KopekTHicTb  0araTOpiyHOr0  CyNMyTHHUKOBOTO  MOHITOPUHTY
aTMOC(hepHOTOo CepeOBUILA 3aTICKUTh HE JIUIIE BiJl TPUBAJIOCTI apXiBY CIIOCTEPEKEHb,
a ¥ BIJ 31CTaBHOCTI (pakTU4YHOI 1HPOPMAIIfHOI OCHOBHM arperoBaHUX IMOKA3HUKIB.
MeTtoro poboTH € cucTeMmaru3aliss METOAUYHUX YMOB BHKOPUCTaHHS KaJ€HAAapHOI
MOBHOTH Ta YacoBOi MIATPUMKH JAHUX CYNyTHUKOBOI Micii Sentinel-5P Ta
cnekrpomerpa TROPOMI mig yac MiKpIiYHUX TOPIBHSIHB. PO3MEKOBaHO HAsIBHICTH
OPOAYKTY B Karajao3i, MPOCTOPOBE MOKPUTTSA BaNIJIHUMU 3HAYEHHSIMH, YacoOBY
MIATPUMKY arperary Ta T[OBHOTY KaJCHIApHUX I1HTEpBaIiB. 3alporOHOBAHO
MOCJIIIOBHICTh MEPEBIPOK, KA OXOIUIIOE KOHTPOJb SAKOCTI BUXIHUX CIIOCTEPEKEHbD,
JOKYMEHTYBaHHSI NPABWJI arperaiii, OMIHIOBAaHHS MIITPUMKHA MICSIYHMX MPOIYKTIB,
MepeBIpKY HAOOpYy AOMYyCTUMHUX MICSLIB 1 BU3HAUYECHHS MOPIBHIOBAHUX PIYHUX a00
Ce30HHUX 1HTepBaJiB. [Toka3aHo, M0 (hopMalibHA HAIBHICTh MICSYHOTO 3HAUYECHHS HE
rapaHTy€e pernpe3eHTaTUBHOCTI KAJIEHJAPHOTO Mepioay, a BIACYTHICTh BaJiJHUX
CIOCTEPE)KEHb HE MOXKHA TPAKTYBAaTH SIK HYJbOBE 3HAUYEHHS aTMOC(EpHOro
iHauKaropa. Kputepiii MOBHOTH HEOOXIJHO BCTAaHOBIIOBATH JI0 aHANI3y 3MIH 1
3aCTOCOBYBATH MOCIOBHO JI0 BCiX MOPIBHIOBAHUX IEP10/1iB. 3apOrOHOBAHUH M1IX1]1
Ma€e METOJUYHHM XapaKTep, He mepeadavae arpulyIlii pkepell BUKUIIB 1 He 3aMiHIOE
OI[IHIOBAHHS aJTOPUTMIYHOI Ta aTMochepHOi HEBU3HAYEHOCTI CYMyTHUKOBHUX
MIPOJTYKTIB.

Karw4oBi ciaoBa: nucranimiiine 3oHayBanHHa 3emuni, Sentinel-5P, TROPOMI,
MOHITOPUHI aTMOC(EPHOro TMOBITPsA, KaJleHJapHa MOBHOTA, YacoBa MiATPUMKA,
MIPOCTOPOBE MOKPUTTS, KOHTPOJIb SKOCTI, MIKpIUHA MOPIBHIOBAHICTb.

Beryn. bararopiuni cnocrepexenHsi criekrpomerpa TROPOMI (Tropospheric
Monitoring Instrument) Ha cynyTHuKy Sentinel-5P cTBOpIOIOTH OCHOBY JUIsl aHAITI3y
MIPOCTOPOBO-YaCOBOi MIHJIMBOCTI aTMOC(HEPHUX KOMIIOHEHTIB. Y MIKHApOIHUX
JTOCIIDKEHHSX 11 TPOJYKTH 3aCTOCOBYIOTH JJIS 31CTaBJICHHS MICBKHX TEPUTOPIH 1
OararopiuHux 3MiH TporochepHoi KomoHkH miokcuay azotry (NOj) [1]. Omnak
OJIHaKOBa KaJeHJAapHa TPUBAJICTh PSAIB HE 03HAYAE OJIHAKOBOI KiJTbKOCTI IPUIATHUX
CIIOCTEPEKEHB, HAa STKUX MOOYA0BAHO MOPIBHIOBAHI arperarwy.

CynyTHUKOBUH MPOIYKT MIPOXOJUTH HU3KY MPOLIETYP B1IOOPY, 30KpeMa KOHTPOJIIb
SKOCT1 aJITOPUTMIYHOTO BiTHOBJICHHS, MACKYBaHHS Ta MPOCTOPOBO-YACOBY arperaiiro.
Ha pe3ynbTar BIIMBaIOTh XMapHICTh, T€OMETPISl CHOCTEPEKEHHS, XapaKTEePUCTUKU
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MOBEPXHI, YyTJIMBICTh IHCTPYMEHTa Ta I1HII YMOBM BHUMIpIOBaHHA. JlocmimKeHHs
HEBU3HAYEHOCTI arperoBanux NpoaykTiB NO; 3aCBIIUyIOTh HEOOX1THICTh PO3PI3HATH
BUIIAJIKOB1 Ta KOpEJIbOBAHI CKJIAJIOBI MOXMOKHU, SIKI HE YCYBAalOThCS aBTOMATUYHO 31
30UIBIIICHHSM YHCIIa CIIOCTEePEkKEHD [2].

Y METOIUYHOMY CEHCI CJIiJl pO3MEKOBYBATH LIOHANMEHIIIE TPU XapaAKTEPUCTUKH.
[IpocTopoBe NOKPUTTS OMKHCY€ YACTUHY TEPUTOPii, A SIKOT JOCTYIHI BaliJIHI
3HAUEHHS;, 4YacoBa MIATPUMKA XapaKTepuzye (HaKTUUHHN BHECOK CIOCTEPEKEHBb Y
YacOBUU arperar; KaJleHJapHa IMOBHOTA BKa3ye, sIKI 3 OUYIKYBaHHUX KaJleHIApHUX
IHTEpBaJliB BIANOBIJAIOTE BHU3HAUYEHUM KpUTEPIsIM TpuaaTHocTi. Bucoka wyacTka
OXOIUICHOT TEPUTOPIi HE TApaHTy€e PIBHOMIPHOTO OXOIUICHHS JTHIB MICSIIs, @ HAsIBHICTh
yCIX MICALIIB POKY HE TapaHTye MOPIBHIOBAHOCTI IXHBOT 4aCOBOT MIATPUMKH.

[IpoGnema HaOyBae OCOOJMBOrO 3HAYEHHS MPHU 3ICTABJICHHI PI3HUX POKIB!
HEOJHAKOBUM CE30HHUM CKJIaJ JOCTYNMHHUX CHOCTEPEKEHb MOKE 3MILNIYBaTH peajibHI
3MiHU aTMOC(hEpHOTO OIS 31 3MiHaMU BUOIpKU. HezanexH1 BamigamiiHi JOCTiKEHHS
TROPOMI miakpecioTh pojib TOPU30HTAIBHOI HEOIHOPITHOCTI, BEPTUKAIBHOI
YYTIMBOCTI Ta PENPE3CHTATUBHOCTI IiJl Yac 3ICTABJIEHHS CYMYTHUKOBHUX 1 Ha3eMHHUX
cnocrepekeHb [3]. OTxe, MOBHOTA JaHUX € HEOOXIAHOI CKJIAJOBOIO KOHTPOJIIO
MOPIBHIOBAHOCTI, aJie HE BUYEPITY€E BCIX JKEPESl HEBU3HAYEHOCTI.

JIJ1st METOAMYHO MPO30POro MIKPIYHOTO aHaATI3y MOTPiOHA 3a3/1aleri/lb BU3HAUYCHA
CUCTEMa KPUTEpIiB, sSIKa BIIOKPEMIIIOE OCTYIHICTh 3alKCY Bij JOIYCTUMOCTI HOTO
BUKOPDUCTaHHA. Taka TIIOCTaHOBKAa Y3TOMKYETbCA 13 3aralbHUMU TMPUHIUIIAMA
MIArOTOBJIEHOCTI AaHuX A0 aHam3y (Analysis Ready Data, ARD), siki HarojoumyoTh
Ha JOKYMEHTYBaHHI TpPOLECIB Ta MNPUIATHOCTI MPOAYKTIB JO IOBTOPHOIO
BUKopucTaHHd [4]. KonkpeTHuil kaneHaapHUid KpuTepiil y il poOOTI € aBTOPCHKUM
METOJAMYHUM BHOOpPOM, a HE HOPMAaTHUBHOKW BHUMOrow KomiTery i3 CymyTHHKIB
cnoctepexenns 3emiii (Committee on Earth Observation Satellites, CEOS).

Merta po6orn. CrucreMaTu3yBaTH METOJIMYHI KPUTEPIl KaJE€HAAPHOI MOBHOTH Ta
4acoBOi  MIATPUMKH  CYNMyTHUKOBHX  TMponaykTiB  Sentinel-5SP/TROPOMI i
OOTpYHTYBAaTH TMOCTIZAOBHICTh 1X 3aCTOCYBaHHS JUIsI KOPEKTHOTO MIXPIYHOTO
MOpIBHSHHA aTMocepHUx 1HAUKATOpiB. st JOCATHEHHS MeETH HeoOXiTHO
PO3MEXKYBaTH XapaKTEPUCTUKHU JOCTYIHOCTI JTaHUX, BU3HAYUTHU JIOTIKY IEPEBIPKU
MICSIYHUX 1 PIYHUX arperariB, BCTAHOBUTHU MpPaBWJIa TOBOJKEHHS 3 MPOIYCKaMHU Ta
OKPECIIUTU MEXI1 IHTEepIpeTallii MOPiBHIHbD.

Meroanunuii migxia. BuxigHOIO yMOBOIO € TOPIBHSIHHSA OJHOTO (DI3UYHOIO
MOKa3HUKa, OTPUMAHOT0 32 y3roI>KeHUMHU ipaBuiiaMu. HeoOxi11Ho 3adikcyBaTH Ha3By
CYNyTHUKOBOTO MPOJYKTY, BEPCIIO KOJEKIIli, OMUHUIII BUMIPIOBaHHS, YaCOBI MEXI,
00JIaCTh JOCIHIJIKEHHS, KpUTepli BiAOOPY CHOCTEpEXEeHb 1 CMociO arperyBaHHs.
3MinTyBaHHS KOJIOHKOBHMX CYIMYTHUKOBHUX BEJWYHH 13 IPU3EMHUMH KOHIICHTpPAIliIMA
0e3 crerniaabHOT MOJIEII MEPEXOY € METOIUYHO HEKOPEKTHUM.

Ha mepmiomy erami BUKOHYIOTH 3a0e3medeHHs Ta KOHTpoJib sikocTi (Quality
Assurance / Quality Control, QA/QC) BuximHux BuMiproBaHb. [loporosi npaswuiia st
CIIy’KOOBMX TIOKa3HMKIB SKOCTI MalOTh BIAMOBIAATH JOKYMEHTAIlli KOHKPETHOTO
MPOIYKTYy Ta 3aCTOCOBYBATHCS OJHAKOBO B Yycix mepiomax. [licis mackyBaHHs
noTpiOHO 30epiratu iH(OpMaIliI0 MPO BIACYTHICTh BATIIHUX 3HAYEHB: MPOITYCK HE

72



ECOLOGY
VECTORS OF SCIENTIFIC PROGRESS: INTERNATIONAL EXPERIENCE AND
STRATEGIC PRIORITIES

MOKE MIIMIHATUCS HyJEM, OCKUIBKM HYJb € TMOTEHLIWHO 3MICTOBHHM YHCJIOBUM
3HauYeHHSM. PO3pi3HEHHS BIJCYTHIX Ta YUCJIOBHX 3HA4Y€Hb € HEOOXIJHOIO YMOBOIO
IpocTeXyBaHOT OOpOOKH; aHAJOTIYyHy yBary 10 JOKYMEHTYBaHHS MpOOJIeM JaHHUX
IPUIICHO Y TIpaIsX 13 3a0e3MeYeHHs IKOCTI MPOTpaMHUX KOHBEEPIB [S].

Ha npyromy erari BH3Ha4arOTh MPOCTOPOBY MIATPUMKY arperary. [ns 3amaHoi
o0nacTi  JOCHIKEHHS  (PIKCYIOTh  KIUIBKICTH IPOCTOPOBHX  €JIEMEHTIB,  SIKI
3aJI0BOJILHSIOTH MPaBUJIaM BaJliJTHOCTI, Ta ii YaCTKy B1J 0OpaHOi OMOPHOI CyKYITHOCTI.
[Ipu 1bOMy OMIOpHA CYKYTIHICTb, IPOEKIIisl, MAacIITad 1 mpaBuiIa 00poOIeHHS KpaioBUX
€JIEMEHTIB MalOTh OyTH HE3MIHHUMHU. 32 HEOTHAKOBOT IJIOII KOMIPOK YaCTKa KOMIPOK
1 9acTKa TUTOII HE € TOTO)KHUMH BEJIMUNHAMMU.

Ha Tperbomy erami OIIIHIOIOTh 4YacOBY MIATPUMKY MicsSUHOrO arperary. s
KOYKHOTO MICSIS JOKYMEHTYIOTh KUIBKICTh MPUAATHUX CIOCTEPEKEHb a00 NHIB 13
BAJIIIHUMU JTAaHUMH, a 3a HEOOXIJHOCTI — iX PO3MOJII ycepeauHi Micsus. Benuka
3arajbHa KUIBKICTh BHUMIPIOBaHb HE BHKIIOYA€E KOHUEHTPALIl CIOCTEPEKEHb Y
KOPOTKOMY YacOBOMY TIPOMDKKY. ToMy MiHIMQJIbHY MIATPUMKY JIOIIJIBHO
BCTAHOBIIIOBATH 3 yPaxXyBaHHAM MPU3HAUYCHHS 1HAMKATOPA, JOCTYIMHOCTI METaJaHUX
Ta CE30HHOI MIHJIUBOCTI. KUIBKICTh AHIB 13 NPUJATHUMHU CIHOCTEPEIKEHHSIMH Ta
KUIBKICTh OKPEMHMX BHUMIPIOBaHb HE € B3a€EMO3aMIHHUMU METPUKaMHU; OOpaHy
OJIMHULII0 TMIATPUMKH TOTPIOHO (ikcyBatu. HaBiTh 3a MOBHOI KaJieHJapHOI
3a0e3Me4YeHoCcTi BUOIpKa MOKe OyTH 3MIIIEHOI0 4Yepe3 HEPIBHOMIPHUN PO3MOILT
MOTO/THUX 1 TEOMETPUYHUX YMOB CTIIOCTEPEIKEHHSI.

KanengapHy MOBHOTY BHM3HayalOTh IICJs MEPEBIPKH MPUIATHOCTI KOKHOTO
MicssyHOro npoaykry. Hexai Iy m) — OlHapHUI 1HAUKATOP, KUK TOPIBHIOE OJWHMIII,
AKIIO MICSIb M POKY y 33J0BOJIbHSAE MOMNEPEIHbO BCTAHOBJIEHI KPUTEPIi SIKOCTI,
MPOCTOPOBOI Ta YaCOBOI MIATPUMKH, 1 HYJIO B IHIIOMY pa3l. YacTka TOmycTUMHX
micauiB Cg) € BIIHOWIEHHSAM IX KIJIBKOCTI A0 ABaHaausATu. Lle xapakrtepucruka
KaJICHJIapHO1 3a0€3MEeUE€HOCT1, 2 HE TOYHOCTI BUMIPIOBaHb.

12
1
Cy =73 ), bom
m=I/

3a cyBOpOro KpUTEPiI0 HOBHOIO KAJIEHAAPHOTO POKY 1HIUKATOP MPUHHITHOCTI A (y)
JIOPIBHIOE OJIMHUII JIMIIE 32 HAsBHOCTI BCIX JBAaHAIUATUA JOMYCTUMHUX MICSIIIB.
Bumora 12/12 € mpo3opum, ane KOHCEPBATUBHUM ONEPAIIMHUM MPaBHIIOM, a HE
YVHIBEpCaJIbHUM CTaHAApTOM. MEHIT CyBOpi KpHTepii MOXYTh OyTH OOIpYHTOBaHI
BIJIMOBIJTHO /0 METU aHATI3y 3a YMOBH IOINEPEIHHLOTO BU3HAYEHHS Ta TMEPEBIPKH

Yy TIMBOCTI BUCHOBKIB.
A, = | |Iy’m

m=]

[Tix yac hopmyBaHHS PIYHOTO CEPETHBOTO MOTPIOHO OKPEMO OOTPYHTYBATH CIIOCIO
3BakKyBaHHs MicsiB. [Ipocte cepenne ABaHAIISATH MICSIUHUX arperatiB, 3BayKyBaHHS
3a TPUBAIICTIO KAJICHIApHUX MICALIB 1 3BaXyBaHHA 3a YHCIOM BaJllJHUX
CIIOCTEPEXKEHD BIJIMOBIJIAIOTH PI3SHUM aHANITUYHUM MocTaHoBKaM. XKojeH cnocid He
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CJIiJT 0OUpaTH MicliA neperisay 0a)kaHOoro HanpsMy 3MiH. J[J1s MIXKXpPIYHOTO OPIBHSHHS
QITOPUTM arperyBaHHs Ma€ OyTH HE3MIHHHUM.

Skimo piuHUE ps HE BIJNOBIIAE BCTAHOBICHOMY KPHUTEPI0, MOXIMBUN TIepexia
70 3ICTaBJICHHS OJIHAKOBMX KaJIeHIApHHUX CE30HIB 3a YMOBHU iXHbOI MOBHOTH Ta
CIIUJIbHUX MpaBui arperarii. HemoBH1 poku He MOKHA MEXaHIYHO IOPIBHIOBATH 3
MOBHUMH, SKIIO PI3HUI B KaJIGHJAPHOMY CKJIaJl 3/1aTHAa BIUIMBATH Ha OLIHKY.
Ce30HHI BIJIMIHHOCTI Yy 3ICTaBJIEHHI CYMyTHUKOBHUX, MOJEIBHMX 1 HA3eMHHX
MMOKa3HUKIB OOTOBOPIOIOTHCS B HE3AJISKHHUX MOCHiKeHHsAX [6]. Cam mepexinm 10
CE30HHOTO MOPIBHIHHS TYT € METOAMYHOIO PEKOMEHAITIET0, 110 MOTpeOye MmepeBipKu
MMOBHOTH OJTHAKOBHX CE30HIB.

Yci  pilieHHS TpO JOMYCTUMICTh arperariB  MOTpPIOHO CYNpPOBOKYBATU
MalTHO3YUTYBAaHUMHU CITY’)KOOBHUMH O3HAaKaMHU: BEPCIEI0 TPOAYKTY, TIPABUIOM
QA/QC, KUIBKICTIO BaJiIHUX CIIOCTEPEKEHD, MPOCTOPOBOIO MIATPUMKOIO, MEPETIKOM
JOIMYCTUMHUX MICSLIB 1 CTATYyCOM PIYHOro ab0 CE30HHOIro Moka3Huka. lle mo3Bosie
BIITBOPUTH aHATITUYHUN JIAHIIOT Ta TIEPEBIPUTH, YU HE 3MIHUJIACS CXeMa JaHUX MIX
nepiogamu [4; 5].

OOroBopeHHsI Ta MeTOAMYHI 00MeKeHHs1. 3aITPOIIOHOBAaHA TMOCIIOBHICTh Ma€
XapakTep METOJUYHOTO MpaBWia MPUUHATTS PIMICHHS, a HE Pe3yJIbTaTy HOBOIO
EMIIIPUYHOr0 eKcrnepuMeHTy. Bona mnepenbauae mepexiy BiJ TEpeBIPKUA SKOCTI
OKpPEMHX CIIOCTEPEKEHb JI0 OLIHIOBAHHS MPOCTOPOBOI 1 YACOBOI MIATPUMKH, MICIs
YOro BCTAHOBJIIOETHCSA JOMYCTUMICTh KaJeHAAPHOTO arperary. Skmo Oyab-ska
000B’s13K0Ba YMOBa HE BHKOHAaHA, PE3yJIbTAT CIIiJl TIO3HAYATH SK HEMPHUIATHUHA IS
BIJIMOBIJIHOTO PIiBHS MOPIBHSHHS 3a MNPUWHATHUM HPOTOKOJIOM, a HE IPUXOBAHO
3aIIOBHIOBATH ITPOITYCK.

Oco0OMMBO BaXJIMBO BIAPIZHATH BIJACYTHICTh CYIYTHUKOBOTO CHUTHAly BIJ
HU3BKOTO 3HAYEHHS 1HAUMKAaTOpa. MackoBaHI €JEMEHTH Ta IMOPOXKHI MICSLl HE €
JIOKa30M YHCTOTO MOBITPsI 200 BIJICYTHOCTI BUKHKIIB. AHAJIOTIYHO BUCOKA KaJeHapHa
IIOBHOTA HE JOBOJMWTH BIJICYTHOCTI CHUCTEMATHYHOI TOXHOKH aJTOPUTMIYHOTO
BIJIHOBJICHHSI CYITyTHUKOBOTO TIOKa3HWKA YM aTMOC(EPHOTO TEPEHECEHHS.
O1iHIOBaHHS HEBU3HAYEHOCTI 3aJMIIAETHCS OKPEMUM OOOB’SI3KOBHUM  PiBHEM
iHTepnperanii [2; 3].

[ToporoBi 3Ha4€HHSI MIHIMAJILHOT'O IIPOCTOPOBOTO MOKPHUTTS, YUCIIA CITOCTEPEIKEHD
1 KUTBKOCTI Oy CTUMMX MICSIIIB HE MOXKYTb IIEPEHOCUTHUCA MK yciMa atMochepHUMU
npoaykrtamMmu 0e3 oOrpyHTyBaHHs. BoHm 3amexarh Big (PI3MUHOI BEJIUYUHH,
MPOCTOPOBOrO0 MaciTaldy, XapakTepy MpOMYyCKiB Ta JOCHIIIHUIILKOTO THUTAaHHS.
JlominpHO 3a3fanerigb 3ajaBaTh OCHOBHUM CIleHapid 1 KUIbKa ajdbTEpHATHBHHUX
CLIEHaPIiB YYTIUBOCTI, HE MiIOMPAIOYU OPOTH il OaXKAHUM pe3ybTarT.

MeTtoauyHa TMOPIBHIOBAHICTh TAKOX BHUMAara€ cTajocTi ab0 JTIOKYMEHTOBAHOIO
Y3rO/KEHHS MEX 00JlacTi JOCHIKEHHS, MPOCTOPOBOI CITKM H KaJeHIapHOTO
BU3HAYCHHS Ce30HIB. [Ipu 3MiHI MpoAyKTy ab0 adrOpUTMIYHOI BEpCii CIiJI OKPEMO
MepEeBIPUTH OMHOPIAHICTE psy. [IpocTe popmanbHe 00’ €JHAHHS TaHUX PI3HUX BEPCiid
HE TapaHTye (i3MIHOT TOPIBHIOBAHOCTI.

TakuMm 4YWHOM, KaJeHJapHAa TOBHOTA € YMOBOI OOTPYHTOBAaHOTO 31CTaBJICHHS
arperariB, aJie¢ He 3aMiHIOE€ CTATHCTUYHOTO OIIHIOBAHHS 3MiH, HE3aJeKHOT BajIigarii
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91 BCTAHOBJICHHS MPUYWH CIIOCTEPEKyBaHOT nuHaMiku. OmnurcaHi MpaBujia IpHUIATHI
JUTsl TOOYIOBH ITPO30POT0O MPOTOKOJY CYIYTHUKOBOTO €KOJIOTTYHOTO MOHITOPUHTY 0€3
nepexo1y A0 NpsAMoi aTpulyIii JKepea BUKHUIIB.

BucHoBkn. MeToanuHO OOTpyHTOBAHE MDKpIUHE IOPIBHSIHHS aTMOC(HEpPHUX
inaukaropiB Sentinel-5SP/ TROPOMI notpedye po3iiibHOT0 KOHTPOJIIIO TPOCTOPOBOTO
MOKPUTTS, YacOBOi MIATPUMKH Ta KajJeHJapHOi MNOBHOTH. Lli xapakTepucTuKu
OTMCYIOTh Pi3H1 BJIACTUBOCTI IHPOPMAIIHHOT OCHOBH 1 HE MOXKYTh B3a€EMHO IT1IMIHATH
OJIHA OJTHY.

KanenmapHy NOBHOTY MAOLIIBHO BHU3HAYaTH 3a TOIMEPEIHBO MEPEeBIPEHUMU
MICSYHUMH TPOAYKTAMH, JIJIsI IKUX SIBHO BCTAHOBJICHO KPUTEPIi IKOCTI Ta MiHIMaJIbHOT
nigTpumkd. CyBopud TIAXiM 13 BHUMOTOIO JBAHAAMNATH JOIMYCTUMUX MICSIIIB
3a0e3nedye OJHO3HAYHE MpaBWiIO (POpPMyBaHHA IOBHOIO pOKYy, MpPOTE HOro
3aCTOCOBHICTb 3QJIEKUTH B1JI METH aHAJI3Yy.

[Ipomycku BamigHUX CYIMYTHUKOBHX CIIOCTEPEKEHb HEOOXIJHO 30epiratu sk
MPOITYCKH, a HE KOJYBaTU HYJHOBMMHU 3HAYCHHSMHU. 32 HETMOBHOTU PIYHOTO PSIY
aNbTEPHATHUBOIO MOXKE OYTH aHAJII3 OJJHAKOBUX KaJIEHJAPHO MOBHUX CE30HIB, SKIIO BIH
BIIMOBI A€ AOCIITHUIIBKOMY TTUTAHHIO.

3anponoHOBaHy METOJAMYHY MOCTIAOBHICTh HOIUIBHO BKItoYaTH 110 QA/QC-
TIPOTOKOJTY CYIyTHUKOBOTO MOHITOPMHTY. [i 3aCTOCYBaHHS CTBOPIOE HEPEIyMOBH IS
MPO30pPOCTI Ta BIATBOPIOBAHOCTI ~MIKPIYHMX TOPIBHSIHb, aje HE YyCyBae
ANTOPUTMIYHUX HEBU3HAYCHOCTEH, HE JOBOJIUTH HOPMATUBHOTO MEPEBUINCHHS Ta HE
BCTAHOBITIOE TPUUMHHUX 3B’ SI3KIB 13 IPKEpPEIaMHU BUKU/IIB.
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THE FUNCTIONING OF ANTHROPONYMS IN
OSCAR WILDE’S «THE CANTERVILLE GHOST»

Moroz Violetta
Student, Faculty of Foreign Philology
H.S. Skovoroda Kharkiv National Pedagogical University

Anthroponyms play a crucial role in literary works, as they not only help identify
characters but also carry profound semantic meaning that influences the interpretation
of the text. As Derik M. asserts in the study "The problem of rendering anthroponyms
‘speaking names’ in literature translation,”" character names often possess hidden
meanings that can be understood only within the context of a specific culture or genre
[Derik, p. 89]. W. Bright notes that English-language literature frequently employs the
practice of selecting so-called "speaking names," which endow characters with
additional traits or hint at their roles within the work [Bright, p. 58]. The allegorical
and satirical method of encoding names is a recognized technique in literary
onomastics. Oscar Wilde employs this device in “The Canterville Ghost” to heighten
the work's artistic and comic impact. Through his use of anthroponyms, the author not
only introduces the novella’s characters but also portrays a clash of cultures: English
aristocrats versus American capitalists. In the story “The Canterville Ghost”, Oscar
Wilde uses anthroponyms to highlight the differences between two cultures. Britain is
a conservative country with a distinct aristocratic hierarchy, whereas America is more
progressive and pragmatic.

At the beginning of the novella, Oscar Wilde introduces the main characters through
their names. The central figure of the work i1s Sir Simon de Canterville. His surname is
associated with the name of the county of Canterbury; phonetically, the two names are
similar. This implies that the ghost serves as a personification of Great Britain’s history
and the Gothic literary tradition: “The old woman smiled, and answered in the same
low, mysterious voice, “It is the blood of Lady Eleanore de Canterville, who was
murdered on that very spot by her own husband, Sir Simon de Canterville, in 1575.
Sir Simon survived her nine years, and disappeared suddenly under very mysterious
circumstances. His body has never been discovered, but his guilty spirit still haunts the
Chase. The blood—stain has been much admired by tourists and others, and cannot be
removed.” [Wilde, p. 7]

Lord Canterville is a descendant of Sir Simon who fears ghosts and therefore sells
the castle. The author uses the name "Canterville" to satirize the English aristocracy,
which yields to American capital without regard for preserving history, culture, and
traditions: “I fear that the ghost exists,” said Lord Canterville, smiling, “though it may
have resisted the overtures of your enterprising impresarios. It has been well known
for three centuries, since 1584 in fact, and always makes its appearance before the death
of any member of our family.” [Wilde, p. 4]

The next character is the housekeeper, Mrs. Amney. Her surname is associated with
a place name in England. She is a classic character of a Gothic work. Mrs. Umney also
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fears ghosts and the natural phenomena associated with them: “This was Mrs. Umney,
the housekeeper, whom Mrs. Otis, at Lady Canterville’s earnest request, had consented
to keep in her former position.” [Wilde, p. 6]

Cecil, the Duke of Cheshire, represents England’s modern young generation. As an
aristocrat, he takes an interest in the progressive society found elsewhere—specifically,
in Virginia’s family. He eventually forms a bond with a kind, brave young woman who
fears neither ghosts nor superstitions; ultimately, he falls in love with her and declares
his feelings: “She was a wonderful Amazon, and had once raced old Lord Bilton on
her pony twice round the park, winning by a length and a half, just in front of the
Achilles statue, to the huge delight of the young Duke of Cheshire, who proposed for
her on the spot, and was sent back to Eton that very night by his guardians, in floods
of tears.” [Wilde, p. 6]

Indeed, the name Virginia signifies purity and sincerity. Her parents named her after
the American state — the first U.S. state to be named in honor of the English Queen
Elizabeth 1. The very name of this girl embodies the connection between England and
America. Her spirituality helps fulfill the prophecy and grant Sir Simon de Canterville
long-awaited peace: “Miss Virginia E. Otis was a little girl of fifteen, lithe and lovely
as a fawn, and with a fine freedom in her large blue eyes. She was a wonderful Amazon,
and had once raced old Lord Bilton on her pony twice round the park, winning by a
length and a half, just in front of the Achilles statue, to the huge delight of the young
Duke of Cheshire, who proposed for her on the spot, and was sent back to Eton that
very night by his guardians, in floods of tears.” [Wilde, p. 6]

Virginia’s brothers were named after the American flag. The anthroponymic
nickname "The Stars and Stripes" symbolizes the new spirit of protest in American
society: “After Virginia came the twins, who were usually called “The Star and
Stripes,” as they were always getting swished. They were delightful boys, and, with
the exception of the worthy Minister, the only true republicans of the family.” [Wilde,
p. 6]

The name of the family's eldest child holds symbolic significance — combining
the surname of the first U.S. president and the name of the nation's capital. He is
characterized by stubbornness and always strives to achieve his goals. In the short story,
Washington attempts to combat superstition — specifically, by trying to remove a stain
from the carpet: “Her eldest son, christened Washington by his parents in a moment
of patriotism, which he never ceased to regret, was a fair haired, rather good—looking
young man, who had qualified himself for American diplomacy by leading the German
at the Newport Casino for three successive seasons, and even in London was well
known as an excellent dancer.” [Wilde, p. 6]

The head of the family is Hiram B. Otis. His first name, "Hiram," is associated with
American industry and business, while his surname, "Otis," is linked to technological
progress. Through this, the author portrays a character defined by pragmatism,
common sense, and a rejection of the mystical: “When Mr. Hiram B. Otis, the
American Minister, bought Canterville Chase, every one told him he was doing a very
foolish thing, as there was no doubt at all that the place was haunted. Indeed, Lord
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Canterville himself, who was a man of the most punctilious honour, had felt it his duty
to mention the fact to Mr. Otis when they came to discuss terms.” [Wilde, p. 4]

His wife, Lucretia R. Otis, shared the views of her husband and her children —
fearless young Americans who embody a nation striving for innovative ideas: “Mrs.
Otis, who, as Miss Lucretia R. Tappan, of West 53d Street, had been a celebrated
New York belle, was now a very handsome, middle—aged woman, with fine eyes, and
a superb profile. Many American ladies on leaving their native land adopt an
appearance of chronic ill-health, under the impression that it is a form of European
refinement, but Mrs. Otis had never fallen into this error. She had a magnificent
constitution, and a really wonderful amount of animal spirits.” [Wilde, p. 5]

Thus, the anthroponymic system of the short story “The Canterville Ghost” is
distinguished by its multifunctionality and symbolic depth. The anthroponyms perform
not only a nominative function but also play an active role in characterizing the figures,
revealing the work's themes, and creating a linguistic worldview. The realism of the
characters' proper names is combined with their symbolic significance, enriching the
artistic structure of the story.
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Introductions. The increasing integration of renewable energy sources (RESs),
particularly photovoltaic (PV) and wind power plants, into electrical networks creates
challenges associated with generation variability, power balance, voltage regulation,
network capacity, and operating costs. Energy storage systems (ESSs) can shift energy
from periods of surplus generation to periods of high demand, improve operational
flexibility, reduce renewable energy curtailment, and support reliable power supply.
Their effectiveness, however, depends on appropriate placement, sizing, and charging
and discharging schedules [1, 2].

Recent research addresses ESS optimization under network constraints, variable
electricity prices, uncertain renewable generation and demand, and battery degradation.
Linear and mixed-integer linear programming are useful for planning and discrete
investment decisions; nonlinear methods represent detailed power-flow relationships;
and stochastic and multi-objective approaches address uncertainty and competing
technical and economic objectives [ 1-4]. The practical challenge is to select a suitable
formulation and solution method for each ESS application rather than assume that one
method is universally applicable.

Aim. The aim of this study is to identify and systematize the principal problems
associated with ESS integration and operation in electrical networks and power supply
systems, including networks with PV and wind power plants, and to establish the
suitability of linear, nonlinear, stochastic, and multi-objective optimization methods
for solving them.

Materials and methods. The study applies a comparative classification of ESS-
related optimization problems. Each problem is characterized by its decision variables,
objective, constraints, network representation, and uncertainty sources. The considered
criteria include discounted investment and operating costs, active power losses, voltage
deviations, renewable energy curtailment, peak demand, and battery degradation.

Linear and mixed-integer linear programming are considered for planning and
scheduling problems whose relationships can be represented by linear or linearized
models. Nonlinear programming is relevant when nonlinear power-flow equations or
voltage-dependent relationships are retained. Stochastic programming represents
uncertainty through scenarios or probability distributions, while multi-objective
methods assess trade-offs between competing performance criteria. The resulting
classification is methodological: no numerical case study or comparative
computational results are claimed in this paper.
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Results and discussion. The analysis identifies seven principal optimization
problems and several additional applications. The appropriate method depends on
whether decisions are continuous or discrete, whether network physics are linearized,
and whether uncertain operating conditions must be represented.

1. Network configuration and development planning

For a new or reconfigured network, the problem is to select lines and ESS
installations that minimize discounted construction and operating costs over the
planning horizon. The model must represent investment alternatives, power balance,
line capacity, and permissible network configurations. Linear programming may be
sufficient for continuous decisions in a simplified model; when line construction or
installation choices are binary, mixed-integer linear programming (MILP) is more
appropriate.

A related problem arises in an existing network with PV plants operating in parallel
with the power system. The development alternatives may include ESS installation,
dispatchable generation such as diesel or gas units, and construction of additional lines.
The objective is to minimize discounted costs while meeting demand and respecting
existing line-capacity limits. MILP can coordinate discrete investment decisions with
continuous generation and power-flow variables. A linearized model is suitable for
screening alternatives, while the selected plan should be checked against an AC power-
flow model.

2. ESS sizing and allocation

For a predefined network, ESS power and energy capacity can be selected to
minimize discounted lifecycle costs, including investment, operation, electricity
purchases, and the cost of losses where these are not already reflected in purchased
energy. The model should include charging and discharging limits, energy capacity,
efficiency, and state-of-charge evolution. Nonlinear programming is appropriate when
the model retains nonlinear network equations. Coordinate descent may be considered
for continuous sizing variables, but its performance depends on the objective function
and constraints and it does not generally guarantee a global optimum.

When the total available ESS power is fixed, a separate problem is to allocate it
among network nodes to minimize active power losses. Lagrange multipliers and
Karush—Kuhn-Tucker conditions can provide necessary optimality conditions for
differentiable continuous formulations. Node-specific bounds and the total capacity
constraint must be included. If the network model is nonconvex, a stationary solution
must be checked for feasibility and global optimality cannot be assumed.

3. ESS location and discrete rating selection

If only one ESS is to be installed, its location can be selected by comparing
candidate substations or nodes according to the resulting active power losses under
specified operating conditions. Binary installation variables lead to a mixed-integer
nonlinear formulation when nonlinear power-flow equations are retained. For a small
set of candidate nodes, enumeration combined with power-flow optimization provides
a transparent alternative.

A related decision is the selection of rated ESS power from a discrete set of
commercially available equipment ratings. Enumeration or MILP can be used when
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costs and operating constraints are linearized; mixed-integer nonlinear programming
may be required for a detailed nonlinear network model. In both cases, the objective
should reflect discounted lifecycle costs rather than investment cost alone.

4. Operation under renewable generation uncertainty

At a load node supplied by a PV plant, ESS sizing and charging—discharging
schedules can be optimized while accounting for uncertainty in solar generation,
demand, and electricity prices. Scenario-based stochastic programming minimizes
expected investment and operating costs while enforcing limits on charging and
discharging power, energy capacity, state of charge, and grid exchange. Decisions
made before uncertainty is observed must be consistent across scenarios; subsequent
decisions may adapt to the realized conditions. Risk measures, such as conditional
value at risk, can be added when exposure to extreme costs is important.

Wind generation can be treated in the same framework. The scenario set should
represent relevant correlations between renewable output, demand, and prices;
otherwise, expected-cost solutions may not adequately reflect operational risk.
Lagrangian relaxation or other decomposition methods may help solve large models,
but they do not replace explicit representation of uncertainty.

5. Additional ESS optimization applications

Several further applications are relevant to networks with distributed renewable
generation:

* Renewable energy curtailment minimization: optimize ESS schedules to increase
the use of available PV and wind generation. Linear programming or MILP is suitable
for linearized models; stochastic formulations can account for forecast errors.

» Voltage profile improvement: select ESS locations and operating powers to
reduce voltage deviations while satisfying voltage limits. Nonlinear programming or
mixed-integer nonlinear programming is appropriate when detailed power-flow
equations are retained.

» Peak demand reduction and load shifting: optimize charging and discharging
schedules to reduce maximum grid demand or peak-demand charges. Linear
programming or MILP can be used with time-discretized energy-balance and state-of-
charge constraints.

 Battery degradation and replacement: include cycling-related degradation and
replacement costs to avoid schedules that deliver short-term savings at the expense of
battery lifetime. The method may be linear, mixed-integer, or nonlinear depending on
the degradation model.

* Multi-objective ESS planning: simultaneously consider lifecycle cost, active
power losses, voltage deviations, renewable energy curtailment, and reliability.
Weighted-sum and epsilon-constraint methods, as well as evolutionary algorithms such
as NSGA-II, can identify trade-offs and Pareto-optimal alternatives.

Comparative discussion. The classification shows that the method should be
selected from the mathematical structure of the problem. Linear programming is
appropriate for continuous variables and linear relationships; MILP incorporates
discrete investment and equipment choices; nonlinear programming represents
nonlinear power-flow and voltage relationships; stochastic programming handles
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uncertain generation, demand, and prices; and multi-objective optimization evaluates
competing technical and economic goals.

These methods are complementary rather than interchangeable. A practical
workflow may use MILP to screen network development alternatives, nonlinear
power-flow analysis to verify the selected configuration, and stochastic scheduling to
assess operation under renewable and demand uncertainty. The model should also
distinguish ESS power from energy capacity and avoid double-counting loss costs
when losses are already reflected in purchased electricity.

Conclusions. The study systematizes seven principal ESS optimization problems:
network configuration; development of networks with existing PV plants; ESS sizing;
allocation of limited ESS power among nodes; location of a single ESS; selection of
rated power from discrete alternatives; and sizing and scheduling under uncertain
renewable generation and demand. Additional applications include renewable energy
curtailment, voltage profile, peak demand, battery degradation, and multi-objective
planning.

The corresponding methods are: (1) linear programming or MILP for network
configuration; (2) MILP for coordinated network development with discrete
investments; (3) nonlinear programming, potentially using coordinate descent for
continuous variables, for ESS sizing; (4) Lagrange multipliers and KKT conditions for
continuous capacity allocation; (5) mixed-integer nonlinear programming or
candidate-node enumeration for location; (6) enumeration or MILP for discrete rating
selection, with mixed-integer nonlinear programming for detailed nonlinear models;
and (7) scenario-based stochastic programming for uncertain operation. These
recommendations are conditional on the model assumptions and do not imply that a
particular method always yields a global optimum.

Further work should implement and compare selected formulations using realistic
network data. Relevant evaluation metrics include discounted lifecycle costs, active
power losses, voltage deviations, renewable energy utilization, battery degradation,
and computational effort under both deterministic and uncertain operating conditions.
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KOH®YIIAHCHKA TPAJTULIS TA
PE®OPMATOPCHKUI PYX Y KUTAT HATTPUKIHIII
XIX CTOJIITTS

Bopon Ouiena IlerpiBHa,

KaHAMJIAT ICTOPUYHUX HAYK, JOLEHT,

JIOLIEHT Kadeapu 60rocioB’st Ta COLIaTbHO-TYMaHITAPHUX HAYK,
HarionanbHuit yHIBEpCUTET BOAHOTO rOCIIOIAPCTBA Ta IPUPOJOKOPUCTYBAHHS

Bopon Oxcana IlerpiBHa,

KaHJUAaT ICTOPUYHHUX HayK, JOLIEHT,

no1eHT kadenpu ¢ginocodii Ta KyabTypoJIorii,
PiBHEHCBHKHIT Iep>KaBHUM TYMaHITAPHUN YHIBEPCUTET

Meabauuyk FOuis IBaniBHA,

KaHauaaT G1ocoPchbKUX HAYK, TOIEHT,

JOLIEHT Kadeapu 00TOCIOB’sI Ta COIlaIbHO-TYMaHITaApHUX HAYK,
HarionansHuil yHIBEpCUTET BOAHOTO TOCMOIAPCTBA Ta IPUPOIOKOPUCTYBAHHS

ETtuko-nonitnyne BueHHs: KoH(y11is Ta npakTHYHUI JOCBI MO0 peati3allii TICHO
OB’ 513aH1 3 ICTOPUYHUM LLISAXOM Ta po3BUTKOM Kuraro. Le ditocodcrke BueHHs, sK
CHUHTE3yI0Ua i ETHYHA OCHOBA KUTAWCHKOT KYJIBTYPH, BIUIMHYJIO HA peOopMaTOPChKUN
pyx ki XIX cTomiTTs.

VY apyriit nmonouHi1 XIX cromiTTs nepxkasHa iaeosoris Kutaio HabyBae BUI03MIH.
Tpanuuiiine KOH(GYIIAHCTBO TPAaHCHOPMYETHCS Mij BILTUBOM COI1aIbHO-TIONITUYHUX
BUKJIMKIB, y TOMY YHCJ 3YMOBJIEHUX MPOHUKHEHHSM €BPOMEHCHKOI KyJIbTYpH Ta
CBITOTJIAMY. Y 1€ dYac BiIOyBaeThcsi OOpoThOAa KOH(QYIaHCTBA 13 3aXiJIHOIO
nuBimizamiero. Ilepen Kutaem mocrama HEOOXIAHICTh MOEIHATH TPAIUIIT 13
3aMO3MYCHUMH 1/1€SIMH, HE BTPATUBIIIU MIPH [IbOMY BJIACHY 1ICHTUYHICTb.

[Tin BriMBOM 3axiJHUX 1/1€H, TpaauIliiHI KOH(YIIaHCHKI 1€ OTPUMYIOTh CBOE
MEPEOCMHUCIICHHS B YTONIYHUX ysBJIeHHAX (utocoda Kan FOBes (1858-1927 pp.) Ta
nonituyHoro aisiya Cynp Atcena (1866-1925 pp.). Kurtaiicbkuii MUCIUTEND, TSP
pedopmaropcekoro pyxy, Kan FOBeit oauH 13 mepuimx HamaraBcsi MOJIEpHI3yBaTu
KpaiHy IUIIXOM aCUMUISINT 3aXiAHUX 11e¥ 3 eTUKO-TTOITHYHUM BueHHs Kondyis. ¥V
Horo iHTepnperauii Boepiie o0pa3 i/1eaJbHOTO CBITY MEPEHOCUTHCA 3 MHUHYJIOTO Y
MaiOyTHE.

[Tpo€ekT «HOBOT nepxkaBU» y MpaIsiX TEOPETUKIB KUTANCHKOTO HAIllOHATI3My OyB
3YMOBJICHUW aKTUBHUM NpPOHUKHEHHsIM y [limneOecHy 3aximHoi muBimizarii. Tuck
IMIIepiaTiCTUYHUX JAepkaB Ha immepito [{uap craBuB Kutaii y HEBHUTiTHI YMOBH.
[Huubcpkuid  ypsn OyB 3MYILIEHHM yKIaJaTH  Y3aJIEXKHIOIOUYl JOrOBOpU 3
MpPEJCTaBHUKAMH €BPOMEUCHKUX JIepKaB, IMOTO/KYBAaTHUCh Ha CTBOpPEHHS «cdep
BIUTUBY» JJIs1 1HO3eMI[iB. OCHOBHUM 3aCO00M 30€pexeHHS TPaIUIlIiHOI €KOHOMIKU
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[{uan Oauniam «IOJITUKY CaMoi30JiAIii», ska Mama O 3axuUCTH BiA aKTUBHOI
KOJIOHIAJIbHO1 €KCIMAaHCii 3axiAHuX Jepkas. [IpoTe, Taka cuTyailisi HEe BIAIITOBYyBaja
3aXiIHUX TOBapOBUPOOHUKIB 1 Bxke HampukiHii XVIII cromitrs BenukoOpurtanis
nouana JOKJIAMaTH 3yCWIUIA JJIsl BIOKPUTTS  KUTAWCBKOTO PHUHKY. 3PEIITOIO
KamTyJsiiHa noiituka nuHactii [{une crnpaBenmmBo Bukimkana B Kurai Haponne
o0ypeHHs, 10 Yy TOAAJBIIOMY IPOSBUIOCHE Yy O0poTHOI mpoTu GdeoaanbHo-
MOHapxiyHOro pexumy. [lepcrnekTuBM BTpaTh EKOHOMIYHOI Ta MOJITHYHOI
HE3aJIeKHOCTI1 TOCUITIOBAJIM 3pOCTaHHs HalllOHAIBbHOT cBimoMocTi B KuTtai Ta 3aknanu
MIATPYHTS TSI 3aIT09aTKyBaHHS PEPOPMATOPCHKOTO PYXY.

Tax, y kxiami XIX cronitts BigOyBaeThcst pOpMyBaHHS ABOX OCHOBHUX HAIPSIMIB —
JepKaBHOTO Ta OMO3UIIIHOrO. [lep>kaBHUI HAIMPsIM yOoCcOOIII0BaId KOHCEPBATOPH Ha
Y0J11 3 MAaHBWKYPCHKOIO apUCTOKPATIEI0 Ta TOMIPKOBaH1 Ha 4ol 3 JIi XyHuxaHoM, sKi
MIATPUMYBAJIM TPOJIOBKEHHSA TMOJITUKA «CaMOMNOCHJIEHH» (pedopmyBaHHS 13
30epeKeHHSAM ICHYIo4oro Jjiany). Onosuiiitne kpuio, chopmoBane 1880—1890 pp.,
npeacTaBisuid peopmaropu Ha yout 3 Kan FOBeeM 1 peBomortionepu Ha 4ot 3 CyHb
SArceHom.

HaiikoHcepBaTuBHIII CUJIM, TIATPUMYBaHI iMmeparpulieio-perenTiow [uci,
BUMaraiau camoizoJsiii Kurtato. BoHu kareropuyHo BUCTyTHaIU MPOTH Oy Ib-SIKUX 3MIH
B €KOHOMIIIl Ta CYCIJILCTBI, MPONAaryBajid MOBEPHEHHS 10 TPAAUIIIHHUX IIHHOCTEH 1
3BEpPHEHHS JI0 TIpallb JaBHIX KuTalchbkux Muciurenis [4, C. 185].

Ono3uiioHepu-peopMaTopd HaMarajuch TMOEJHATA Yy CBOIX KOHIIEHIIISAX
HalKpalil 3axiiHl JOCATHEHHS Ta J1€Bi 17ei cXiaHoi dinocodii, 30kpema CyHpb AtceH
MPOTIOHYBAB 3all03WYUTH €KOHOMIYHI JocsarHeHHs 3axoay. Omanak nmopaska Kutaro y
BiiiH1 3 SImoHi€r0 paaukanizye ioro mnepexkoHaHHs. IlepcrneKTHBY €KOHOMIYHOTO,
MOJITUYHOTO Ta BiCbKOBOTO MocwieHHs: KuTtaro Ha Mi>xkHapo Hii apeHi pedopmarop
MMOYMHAE PO3TJISAAATH K MOXKIIMBICTh YCYHEHHsI BiJ Biamu nuHacTii [{uab. 3romom,
YCBIJIOMHBIIM HEAOCKOHATICTh 3axigHoi Mojeni aemokpartii, Cynb ftcen (opmye
BJIACHY KOHIIEMIIif0 po3BUTKY Kuraro.

Baromuii BHECOK B icTOpir0 00poTHOM 3a oHOBIIeHHS Kurtaro, 1o6u HoBoro vacy,
3poouB Kan [OBeii. ¥V cBoemy TBOpi «KHuUTa BEIMKOTO €IHAHHS KUTANMCHKUN
pedbopmaTop BHUKIAB BJacHy YyTOIIYHY TEOPil0 MaWOYTHBOTO CYyCHUIbCTBA.
BukpuBaroun HETOCKOHANICTh KUTaWChKOro cycnuibHOro Jaxy, Kan HOsei
JTEMOHCTPY€E PYAUMEHTHI €JIEMEHTH CYCIUIBHOTO JIaly 3axiTHUX KaImTaTiCTUIHUX
KpaiH.

Teopiro imei «Bemukoro egHaHHs» Kam FOBewo Bmamoch  CTBOpHUTHU
HalONTUMANBHIITY I TorodacHoro Kuraro Teopito oHOBIIeHHS. BoHa rpyHTYyBasiach
Ha CHHTE3l NPOBIAHMX I1JIed TaMIiHIB, €BPONEUCHKUX YTOMICTIB Ta KJIACUYHOIO
KoH(y1iaHcTBa. Yrpoaorxk 1885-1897 pp. BiH po3poOUB 1 MOJAaB Ha PO3TIIAN
iMIiepaTopy m’STh JONOBiAEH 13 0OrpyHTOBAaHMMU Mporno3ulisiMu 3MiH. Cepen HUX,
30KpeMa, BBEICHHA KOHCTUTYIIMHOI MOHapxii Ha MapJIaMeHTChKIM OCHOBI,
JIEMOKpaTH3allisi CyCIUILCTBA Ta OPTaHIB BIAH, 3aMT0O3UYEHHS 3aXiIHUX CTAHAAPTIB Y
eKOHOMIIII Ta OocBITHS pedopma [4, C. 185].

1898 poky, 3a miaTpuMku immeparopa, igei Kanm IOBes mounHArOTH
peanizoByBaTUCh Ha mpakTuili. [1i meperBopeHHs oTpuMaiu B ictopii Ha3By «100 qHIB
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pedopm» (11 gepBus — 21 Bepecus 1898 p.). 3a meii nepion immepaTop BUAAB OJIU3HKO
60 ykasiB, CIIpSIMOBaHUX Ha peai3aliio Teopii aepskaBHoro oHorieHHa Kan HOges.
HaitycminmHimoro BBaxkaeThes pepopMa y rajry3i OCBITH.

Hemoxpatuuna intenireHiis Kwuraro mnigrpumana Kan IOBes y mnuTaHHsX
OHOBJICHHS OCBITHBOI cucTeMu. KoH(yIiaHCcbka crcTeMa HaBYaHHS Ta BUXOBAHHS Ha
TOM wyac BTpaTwia MIATPUMKY OUIBIIOCTI HaceneHHs. [IporpecuBHa 4acTHHA
1HTeNreHii Oya nepekoHaHa, 110 BUKOPUCTAHHS 1HO3EMHOI HAyKH € BUIIPABIAHUM 1
He cymnepeunTsh iHTepecam kpainm [7, C. 58]. PedopmyBaHHs OCBITH, 3alIPOTIOHOBAHE
Kan IOBeem, posmnodanoch 13 mepiioro ykasy iMmrmepaTopa mpo cTBopeHHs B IlekiHi
YHIBEPCUTETY Ta MEPETIIALy CUCTEMH IIKUIBHOT OCBITH.

Opnak pedopmariiHuii pyX HE BIAJIOCh 3aBEPIIUTH, SK 1 BTUIMTH B KUTTSA
oinbmricTs 1edt Kan FOBes. Pyx 3a OHOBJIGHHS 3a3HaB MOPAa3KH, TOJIOBHUM YHUHOM,
yepe3 MepeBOpoT, odvotoBaHui Iluci 1 3axormsieHHs BIagu KOHCEpBATOpaMH.
ImMnepatpuns BIAMIHKJA TPAKTUYHO YC1 po3MoYaTi MepeTBOPEHHS. BHHATOK
cTtaHoBWIM Jinie po3poosennit Kan HOBeeM mpoekT BilicbKOBOI pedopMu Ta
ctBopeHHs [IekiHChKOro yHiBepcuTeTy. MIIHICTh TpaauIliid y CyCHiIbHIN CBITOMOCTI,
BIJICYTHICTh HaJIMHOI coIlliaabHOi 0a3u He JO3BOJIMIIM 3aBEpIIUTH pedopMyBaHHS
KUTAChbKOT JEp’KaBH, MPOTE CTBOPWIM HAJIWHE MIATPYHTS IS TMOJATIBIIOrO
OHOBJICHHA Ta TpaHcpopMmallii He Jumie jaepxaBHoi ineonorii Kurato, ame #
CYCIUIbCTBA B IIJIOMY.
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APXIBHA CITIPABA B YCPP (1920-1930-X PP.)

Yepusk Cepriii I'ennagiiioBuy

KaHIUJIAT NeJaroriYHuX HayK, JTOIEHT,

CTapIIui HAyKOBHM CIIBpOOITHHUK

Bigainy iHpopmariii Ta BAKOPUCTaHHS TOKYMEHTIB,
JepxaBHuii apxiB M. KueBa

Y 1920 — 1930-x pokax Mepeka apXiBHUX YCTaHOB YKpaiHM 3a3Halla 3HAYHUX
3MiH, BIAOYyJIOCS OJCp)KaBICHHSA apXiBiB, OLIbIIOBU3AIlIS apXIBHUX KaJpiB,
MOCUJTIOBAJIacsl  IEHTpaii3allis ympaBliHHSA apxiBHOIO cmopaBoto. [locTymoBo
B110yBaiacs BIIMOBA BiJ A€MOKPATHYHUX MPUHIUIIB YIIPABIIHHS apX1BaMH, apXiBHI
OpraHu MOBHICTIO IHTETPYBAIKCS 0 TOTANITAPHOI CUCTEMH YIPABIIHHS CYCHUJIBHUM
xUTTSIM [ 1, c. 367].

[IpakTyHl 3axoAau 1IOAO0 pedopMyBaHHS apXiBHOI Taiy3l, LEHTpami3aulli Ta
HallloHaMi3alii apXiBHOI CHpaBU TMOYaJIM 3IIMCHIOBATUCSA IIICJIS OCTATOYHOTO
BCTaHOBJICHHS B YKpaiHi paasHCcbKoi Biaaau. OCHOBU apXiBHOI MOMITUKH PAASTHCHKOTO
ypany Oyno BUKIAAEHO y «TUMYacoBOMYy TMOJOKEHHI IpPO apXiBHY CIpPaBY»,
3arBepkeHomy PHK YCPP 20 xBitHs 1920 poky. Bcei apxiBu, B TOMy 4wHcCIHi 1
MPUBATHI JOKYMEHTAJIbHI 310paHHsI, OTOJIONIYBAJIUCS 3arajJbHOHAPOAHUM Ha0aHHSM.
ApXiBU JKBIJJOBAaHMX YCTAHOB, a TaKOX apXiBHI JOKYMEHTH JIIOUYHUX YCTaHOB 1
Oprasizamiii mnepefgaBaJiCid y TOBHE pO3MOPSKEHHS AapXiBHUX CEKIIH mpu
ryOHapoCBiTaxX, BCTAHOBIIOBAJIACS BIAMOBIIAIBHICTh Y 3aKOHOJAABYOMY TOPSIKY 32
3HUIIEHHS 1 MpoAax apxiBiB. Bukonanus miei nocrtanosu ypsiay Y CPP noknaganocs
Ha ApxiBauii Bignun BYKOIIMUCy, peopranizoBanuii y kBiTHI 1921 poky y ['onoBHe
apxiBHe ympasiinHsa npu HapkomocBiti YCPP (I'onmoBapx). ¥V BepecHi 1921 poky
HapoJIHUK KoMicap ocBiTH 3arBepauB [lonoxkenHs npo ['osmoBapx, Horo mratu i
KOJIET1O. o CKJIay KOJIeT1i I'onmoBapxy YBIALIUIH
M. Ckpunnuk, J[. baraniii, B. Bepetennukon, M. [loBHap-3anonscbkuid. ['onoBapx
3MIICHIOBAB 3arajbHe KEpIBHUIITBO apXIBHOKO CIPAaBOIO B YKpaiHi, a Ha MICISX
CTBOPIOBANIUCS TYOEPHCHKI apXiBH1 ynpaBiiHHs (rybapxu) [2, c. 49].

[enTpamnizaiiis nependadaia KOHIIEHTPAIIIO JOKYMEHTIB, JJOTITYHUM 3aBEPIICHHSIM
K01 OyJa 3araJibHOJIEpKaBHa IIEHTpasi3allis 30epiranHs 1 oprani3ailis BAKOPUCTAHHS
apxiBaoi iHQopmarii. Y 1920 — 1930-x pokax po3ropHyiacsi MpaKTHYHA
IEHTpai3aIlisg JOKyMEHTIB B apXiBOCXOBHWINAX 1 OpraHi3ailis EHTPAJIbHUX apXiBiB
pecnyOmiku: IlenTpanbHOrO apxiBy peBomornii y XapkoBi (ciueHb 1922 pik),
LlenTpanbHOro icropuyHOro apxiBy iM. B. AntonoBuya y Kuesi (TpaBensb 1922 pik),
LentpansHoro apxiBy mpami (1925 pik), BceykpaiHCbKOTO UEHTpaJbHOIO
dborokinoapxiBy (1931 pik). [ToctanoBoro PHK YCPP «IIpo oxopony apxiBiB» Bijg 31
KOBTHSI 1922 poky orojouryBajocss CTBOPEHHS €IMHOro Jlep:kaBHOro apxiBHOIO
bouny (EAAD) [3, c. 67].

3 ciuns 1923 poky Bceykpaincokuii llenTtpanbuuii BukonaBuumii Komiter
(BYLBK) 3arBepauB «Ilonoxenns npo LlenTpanbHe apXiBHE YNPaBIiHHA», 32 SIKUM
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I'omoBapx mpu Hapkomoci YCPP peopranizoBano B YkpaiHChKe IIEHTPAJIbHE apXiBHE
ynpasmiaas (YkpuenrpapxiB) npu BYIBK. VkprentpapxiB 31iCHIOBAaB 3arajibHe
KEpIBHUILITBO  apXiBHOIO  CIpaBol B  pecrnyOmimi. MiclieBUMH — OpraHaMu
VYkpueHntpapxiBy Oyau ryOapXiBu NpH MNpe3uaisiX TIyOBUKOHKOMIB, MpPU SKUX
CTBOPIOBAJIM T'yOCPHCHKI ICTOPUYHI apxiBU Il 30epiraHHs, BIOPSAKYBaHHS 1
HayKOBOT'O pO3pO0JICHHS MICIIEBUX apXiBHUX MartepiaiiB [4, c. 150].

[Teprri miacyMKu po30yA0BU MEpEKi apXiBHUX YCTaHOB YKpaiHu Oyiu miaowuTi |
BceykpaiHchkoio Hapajor0 apxXiBHUX MpamiBHUKIB (XapkiB, rpyneHs 1924 pik).
OCHOBHMM 3aBJIaHHSIM IIEHTPAJIBHUX apXiBIB y el 4Yac 3ajuimaiocs 30MpaHHS,
30epiraHHsi ¥ ymoOpsiAKYBaHHS JOKYMEHTIB, CKJIaJaHHS OMHUCIB, OTJSAIB (OHIIB Ta
MMOKaXYHKIB [5, c. 105].

Haromocumo Ha Tomy, mo nomyisipHi B 1920-x pokax iei aaMiHICTpyBaHHS,
TEXHIKM YIPaBJIiHHSA, pallloHami3alii AUIOBOJACTBA B HACTYNHHUX JAECATHUPIUYSAX HE
TIIPKMA 3HAWIUIM TIPOJOBXKEHHS, SK-OT CTAHOBJCHHS JOKYMEHTO3HAaBCTBAa, alie i
nepeopMaryBasini ociOHE iCHYBaHHS apxiBHOI OCBITH. BoHa nenmam BimguyTHIiIIe
y3aJIeKHIOBaJIacsl BiJ JUIOBOJCTBA Ta JIOKyMEHTO3HaBcTBa. [lompu paiioHanbHICTH
UX 3MIH YKa)K€MO Ha HEOJHO3HAYH1 HACIIAKHU: MOCTYIOBE CTUPAHHS 1CTOPUYHOIO
KOMITIOHEHTa Ta TMOCWJICHHS JOKYMEHTAJIbHO-KOMYHIKAIITHOTO, YNPaBIiHCHKOTO Y
3MicTi ocBiTH. Tpeba Takok 3BakaTH Ha Te, 1110 JIepKaBHA apXiBHA MOJIITUKA TUX YaCiB
0CO0JIMBY yBary MpuaUIsiiia He ICTOPUYHUM apXiBaM, 10 30epiralid «CIIIN» KISITOrO
MUHYJIOTO», a BIIOMYMM 4YHM IOTOYHOMY JinoBojcTBY. Came unel ¢akr crpusis
MOCWJICHHIO BIUIMBY JUCLUUIUIIH JOKYMEHTAIbHO-KOMYHIKAI[IHHOTO LUKy Ha 3MICT
apxiBHOi ocBiTH Y CPCP i cTaB miarpyHTam ais opMyBaHHS B IEPCIEKTUBI CUMO103y
JOKYMEHTO3HAaBCTBO — apX1BO3HABCTBO. 3roJIoM po3nodatuil y 1920-x pokax pyx BiJ
Teopii A0 MPaKTUKH 3aBEPUIMBCS «TEXHOKPATH3AIIEI0» 3MICTy apXiBO3HABCTBA, IO
BUSIBUJIOCH Y BIIMOBI B1J] CaMOIr0 T€pMiHa Ta B MIAMIHI HOTO Ha TEOPIO Ta MPAKTUKY
(TexHiky) apxiBHOi cmpaBu. I[IponaroBaHa BIJOMHM 1CTOPHUKOM-MapkcucToM M.
[TokpoBCHKHM 17iesl TEPIIOYEPrOBOTO OMIKYBaHHS apXiBaMu, IOB’SI3aHUMH 3
PEBOJTIOIIMHAM MUHYJIMM, a HE TUMU, JIe TOTpiOHa mparis najgeorpadis, CBIIYUIA PO
171€0JIOT1YH1 KOH FOHKTYPH1 YCTAHOBKH, a0U HE 3paAUTH «CIIPaBy pOOITHHUOTO KIaCy»
W He miamaBaTHCs BIUIMBY T€PEKOHAHb HOTO  OMOHEHTIB HA  KIITAIT
C. PoXIecTBEHCHKOTO TMPO BAKIUBICTH ISl apXiBicTa OyTH «BYEHUM BUIIOI
kBamidikarii, iICTOPUKOM-JOCIITHUKOM, apxeorpadom». | xoua 3romoM 3’ aBUIIHCS
HII 711491 3 MOJAIOHUMH «IIPOIPECUBHUMU» HaMipaMu, yTiM 1ieid (pakt OyB AOBOJI
CUMIITOMaTUYHUM, a0 TOBOPUTHU MPO 3aMOYATKYBAHHS 1HILOT TEHACHI[T B apXiBHIN
ocBiTi [6, c. 138, 141].

[TapTiiiHO-Iep>kaBHA JAMKTaTypa B apXiBHIA ramysi, sKa onupajgaci Ha
penpecuHuit anapat HKBC, mpuBena 10 noBHOro ojiep>kaBiieHHs apxiBiB. [lapTiiiHo-
YpSIIOBI OpraHd OpPraHi3oBYBaJIM KaMIlaHii MO «4YMCTLID» apxiBiB (Tak 3BaHi
MaKyJiaTypHI Kammanii) 1 apxiBHux kazapiB. Pempecii 1920 — 1930-x pokiB manu
HETaTUBHUN BIUTUB HAa PO3BUTOK YKPAiHCHKOTO apxiBo3HaBcTBa. Hactym mapriitHOi
i71eoJoTii Ha yKpaiHChKE apXiBO3HABCTBO 3HAWIIOB BUSAB y «HHIMIBHIA KPUTHII
HAyKOBIIIB-apXiBICTIB Ha CTOPIHKAX apXiBO3HABYMX BUIaHb «PajsHCHKHUI apXiB» Ta
«ApxiB PagsHchkoi YKpaiHuy, 3BUTbHEHHI 3 pOOOTH TOCBITYEHUX apXiBICTIB 1 3aMiH1
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iX yJleHaMU NapTii, B apenITax apXiBicTiB, MOYMHAIOYHU 3 KEPIBHOTO CKiIaay. Bopoxxumu
MapKCUCTCHKO-JICHIHCBKIHN 171e0JI0rii OyJI0 BH3HAHO MOTJISAAM BIJIOMHX YKPaiHCBKHX
TEOPETUKIB-apXiBICTIB B. BepeTrennukona,
B. PomanoBcekoro, B. bapBuncbkoro. ¥ 1930-ti poku Oynm 3aapemToBaHi 1
nepeOyBajIu i CIiICTBOM COTHI apXiBICTIB, O€3I1/ICTaBHO 3BUHYBAYCHUX Y 3B’ s3KaX
3 01710€MITpaHTCHKUMH, KOHTPPEBOJIOMINHUMH  BIMCBKOBO-O(IIIEPCHKUMHU,
HaIlIOHAJICTUYHUMHU  OpraHizamisiMd, B TomMy 4uciai B. PoMaHOBChKUH,
O. I'pymieBcokuit, [1. ®enopenxo Ta ixmi [5, c. 106].

JloriyHMM 3aBEpIICHHSAM Kypcy OUIBIIOBHKIB HAa TOTaJbHY MOMITH3AIIIO 1
OJIep>KaBIIEHHS apXiBiB cTajo miamopsakyBanHsa apxiBHoi cuctemu HKBC. V 1938
poui ypsa CPCP npuitHsSB MOCTaHOBY MepeiaTd YIpPaBIIHHA apXiBaMU 1 MEpPExy
apxiBauux ycranoB HKBC CPCP. Ilentpanbne apxiBHe ympasiinas CPCP 0Oyno
peopranizoBane B [l'onoBHe apxiBHe ympaeininHa HKBC CPCP, skomy
MIMOPSAAKOBAHO apXiBHI YCTAHOBHM COIO3HMX pecmyOmik. 3 Oepe3nss 1939 poky
BiJlaHHs apxiBHUMHU ycTtaHoBamu repenaBaiocs HKBC YCPP. llentpanbHe apxiBHe
ynpasiiaas YCPP Oyno neperBopene Ha ApxiBauii Byt HKBC YCPP (3 uepBHs
1941 poxy — Apxisae ynpasniaass HKBC YCPP). Llentpanbhi 1 o6acHi icTopuyHi
apXiBU MIAMOPAIKOBYBAINUCA BIAMOBITHO HApPOJHOMY KOMIcapy BHYTPIIIHIX CIIpaB
YCPP ta nauansuukam ynpasiinb HKBC oGnacteit, Micbki 1 palloHHI apXiBU —
HavyaJbHUKaM MicbKuX 1 paitionnux Bipaune HKBC. HacnigkoM BKiIIOUeHHS apXiBiB Yy
cuctemy opraniB HKBC 0Oyina cyBopa meHTpaiizailisi 1 CEKpeTHICTh. 3aCEeKPEUYECHUMHU
BUSIBUIMCS] HE TUTBKH IOKYMEHTH, SIK1 CKJIaJIajiu IepKaBHY a00 BIHCHKOBY TAEMHULIO,
ajie i BIIOMOCTI ITpo poOOTy caMux apxiBiB. CKIagaucs CEKPETHI apXiBHI My TIBHUKU
(g rpudoM « 1 ciy:k00BOT0 KOPUCTYBAHHS»), CEKPETHI 301pHUKU TOKYMEHTIB [4,
c. 152].

Otxe, apxiBHa cnpaBa B YCPP y 1920 — 1930-x pokax mpo#iia HuUisx BiJ
CTBOPEHHSI HAIllOHAJIbHOI CUCTEMH JI€P>KaBHUX apXIBIB Ta HAYKOBOIO IMIJHECEHHS 10
MOBHOT IIEHTpasIi3allii, 171e0IoTi3aIlli Ta nmepexoy Mmij KOHTPOJIb OPTaHiB Jep>KaBHOI
oesnexkn (HKBC). ApxiBu nepectaiu OyTH JInilie HAyKOBO-1CTOPUYHUMHU YCTAHOBAMH.
3ropTaHHs yKpaiHi3ailii Ta MOYaTOK CTAIIHCHKUX PEMpEeciii BIApMId MO0 YKPATHCHKHUX
apxiBiCTax Ta 1CTOpUKax, 6aratbox (axiBIliB YCyHYJU 3 poOOTH, 3aapeiiTyBaiu abo
SHUIIUAIU. YKPIEHTPApXiB MO30aBMIM CaMOCTIHHOCTI B PO3BUTKY. ApXiBHa CrpaBa
Oyna yHiikoBaHa i3 3arajibHOC003HOI0 cuctemoro CPCP.
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The contemporary hotel market operates under conditions of high demand
volatility and fierce competition. Within these realities, yield management has
transitioned from a supportive tool to a strategic cornerstone for hotel survival. The
growing strength of the short-term rental market intensifies competitive threats to the
hotel sector. Such challenges place additional demands on the performance quality of
revenue managers within hospitality enterprises, particularly regarding room yield
management. Furthermore, the hotel market is characterised by the presence of
powerful corporate chains, which further necessitates the implementation of efficient
revenue management systems [1]. As of April 2026, the world’s leading hotel and
resort chain topped the market value rankings at approximately $75.4 billion. Its main
competitor secured second place with a market capitalisation of $63.8 billion, with the
remaining companies lagging significantly behind [2].

Foreign scholars distinguish between the concepts of 'revenue management' and
'vield management'. The former term is broader and is associated with the generation
of revenue from the entire spectrum of services that can be provided in hotels and
similar accommodation facilities. The term 'yield management' is narrower and refers
specifically to revenue generation from the operation of hotel room stock. Yield
management is applied in economic sectors that possess specific characteristics,
namely: fixed capacities, the expansion of which is very costly; the service perishes
over time; volatile demand; the feasibility of dynamic pricing; and a cost structure
dominated by fixed costs. Foreign scientists define yield management as a set of
strategies that enable service industries with limited capacities to generate optimal
revenue from operations. The core concept of yield management lies in providing the
right services to the right customer at the right time for a reasonable price. Accordingly,
specific techniques are employed to manage these fixed capacities [1].

Consequently, hotel yield management involves utilizing a dynamic approach to
pricing in order to optimise revenue. Given that hotels have limited capacities, it is
crucial to maximise the revenue generated from each room sold. This strategy is based
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on variable pricing that accounts for both future demand and historical data. The art of
management lies in determining how best to balance prices and room occupancy,
thereby influencing tourist booking behaviour. Executing the aforementioned actions
requires the application of high-quality analytical tools [1].

In global practice, a number of indicators are used for the analytical evaluation of
hotel yield (Fig. 1).

Analytical Indicators of Hotel Enterprise Yield

! !

Absolute indicators Relative indicators
\ 4 v v v
Total room revenue Revenue by room Share of revenue * ADR - room revenue per occupied
(turnover) type by room type (%) room,
* RevPAR - room revenue per

available room,;
* RevPAC - room revenue per guest.

Figure 1. Analytical Indicators of Hotel Enterprise Yield
Source of the figure: [1].

Average Daily Rate (ADR) is the average revenue earned per occupied room per
day. ADR helps to evaluate the effectiveness of pricing strategies, enhance revenue
management, and serves as a benchmark for comparing a hotel's performance against
its competitors.

Additionally, there is another variation of this metric: the Average Rate Index
(ARI). ARI is utilised by hotel chains to compare the performance indicators of
different properties within the group. ADR averages all active rates, which allows for
the analysis of tariffs in the local market and the adaptation of room prices accordingly.
This metric also indicates how optimal the occupancy level of the room fund is.

The next indicator is RevPAR (Revenue per Available Room), which represents
the room revenue generated in relation to the total number of available rooms per day.
RevPAR can be calculated for an individual hotel or a hotel chain. Analysing this
metric is highly beneficial for identifying trends and evaluating the outcomes of
managerial decisions. The study of this indicator's dynamics is conducted by
comparing it with the value of the previous corresponding period [1].

RevPAR has traditionally been considered the primary metric for evaluating hotel
performance. However, the modern trend in the development of revenue management
systems is aimed towards the concept of Total Revenue Management (TRM).
Contemporary systems strive to optimise revenue not only from room sales but from
all profit-generating sources within the hotel: restaurants and bars, spa complexes,
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conference halls, parking facilities, and ancillary services. The guest's overall lifetime
value during their stay is assessed. The system may recommend lowering the room rate
for a guest who is forecast to spend a significant amount in the restaurant or spa, which
directly influences the corresponding TRevPAR (Total Revenue per Available Room)
and GOPPAR (Gross Operating Profit per Available Room) values. TRevPAR
represents the total revenue generated per available room over a specific period.
GOPPAR denotes the gross operating profit per available room. Furthermore, revenue
growth does not always equate to increased profitability due to the high cost of guest
acquisition. The analytical department must also calculate the net revenue from each
distribution channel (Net ADR), by deducting online booking system commissions,
merchant acquiring fees, levies, and marketing expenses from the base rate.

Analytical metrics are an indispensable tool for contemporary room revenue
management systems. The primary objective of such systems is to automate the data
collection process and enable the agile management of room inventory sales. Utilising
artificial intelligence algorithms and predictive analytics, the system processes data
arrays in real time, including booking pace, lead time, competitors' pricing policies,
and demand elasticity. The culmination of this analytical work is dynamic pricing,
whereby the optimal room rates and tactical restrictions are automatically recalculated
and distributed to sales channels multiple times a day.

The operations of modern revenue management systems are inextricably linked to
both key analytical metrics and international accounting standards. On the one hand,
revenue management systems are directly oriented towards maximising baseline hotel
metrics: occupancy, average daily rate, and, consequently, revenue per available room.
On the other hand, the evolution has led to a transition from managing room inventory
exclusively to the concept of TRM. To evaluate a guest's overall lifetime value and
maximise gross operating profit margins, access to transparent financial information
across all hotel departments is required. It is precisely this need for flawless data
structuring and a unified calculation methodology that connects the technological
algorithms of revenue management systems with the necessity of applying
management accounting standards, among which the USALI (Uniform System of
Accounts for the Lodging Industry) system serves as the primary industry benchmark.

This standard was designed to make the process of analysing a hotel's financial
success indicators as transparent and reliable as possible. The standard enables
hoteliers to automate financial and management accounting, as well as to standardise
accounting reporting and hotel financial metrics. In other words, USALI is a reporting
framework used to account for hotel revenues and expenses, and to calculate key
performance indicators. The implementation of this standard allows for the analysis of
hotel performance outcomes and their comparison with the results of previous periods,
as well as with industry benchmarks. Furthermore, USALI contains, among other
things, a detailed description of which revenue and expense items can be utilised within
the hospitality business [1].

The inaugural edition of USALI was published in 1926 by the Hotel Association
of New York City. It represented the first successful organised effort to establish an
industry standard for financial reporting and analysis within the hospitality sector [3].
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Since then, this standard has undergone numerous revisions. Until 2026, the active
version was the eleventh edition, which had been adopted in 2015. In 2024, the 12th
Revised Edition was developed, and it came into effect on 1 January 2026.

The 12th Edition of the Uniform System of Accounts for the Lodging Industry
(USALI) introduces substantial updates aimed at enhancing analytical transparency
and financial management within the hospitality industry. This edition focuses on the
detailing of revenue types and the classification of expenses, particularly within the
rooms department, to reflect current industry practices and technological
advancements. The main updates in this revised edition concerning the accounting and
analytical framework of yield management are as follows. The 12th Revised Edition
includes a dedicated section for reporting the revenues and expenses of all-inclusive
hotels, which enables objective operational analysis. New expense categories related
to marketing digitalisation have been added to the 12th Edition of the standard. This
has been done in recognition of the fact that marketing methods within the hotel
business have shifted significantly under the influence of technological advancements
and enhanced data analytics. Advancements in hotel operations and data analytics have
created a necessity for new measurements, metrics, and supplementary schedules. In
this regard, the 12th Edition presents: (1) a supplementary schedule for tracking room
revenue by individual segments; (2) a supplementary schedule for tracking room
revenue by booking channels; and (3) additional labour-related metrics for the
calculation and analysis of overtime labour, employee benefits, and hourly wage rates
[4, 1]. Furthermore, given that consumers now also demand transparency regarding
hotel sustainability practices and environmental impacts, the 12th Edition of the
standard includes new metrics to track the performance of sustainability initiatives,
specifically concerning the following expense categories: energy, water and waste,
solid waste, and service fees.

High-quality analytical support is of paramount importance for making well-
founded decisions within the scope of hotel room yield management. To render this
process as transparent and reliable as possible, international practice utilises the
uniform USALI standard (Uniform System of Accounts for the Lodging Industry),
which enables hoteliers to automate financial and management accounting, as well as
to standardise accounting reporting and hotel financial indicators. USALI is used to
calculate key performance indicators for hotels, allowing for the analysis of financial
performance outcomes and their comparison with the results of previous periods, as
well as with industry benchmarks. Given the high level of the informal economy within
the hospitality industry in Ukraine and, consequently, the significant competition in the
temporary accommodation sector, we consider it expedient for domestic hoteliers to
determine key performance indicators for room stock operation and to conduct a factor
analysis of these metrics using traditional methods within their analytical workflows.
Furthermore, it is advisable to employ a marginal approach during the analysis [5]. The
results of such an analysis will enable hotel managers to make informed decisions
aimed at increasing room yield.
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CUHXPOHHUU BATATOIMAPAMETPUUYHUU
KOHTPO.JIb YTOBOTI'O 3BAPIOBAHHSI
METAJIOKOHCTPYKIIN

Bbaraan O. 11.

AcmipadT
YkpalHChbKUH AepKaBHUM YHIBEPCUTET 3aJ13HUYHOTO TPAHCIIOPTY

AKTyaJbHicTh jAociailxenHs. [lig dYac HamiBaBTOMAaTUYHOTO JTyrOBOTO
3BapIOBaHHS METAIOKOHCTPYKIIiH TUIABKUM €JIEKTPOIOM y 3aXHUCHOMY T'a3i iHpopMallis
PO PEKUM YaCTO OOMEKYEThCS 3aJJaHUMHU a00 yCEpeTHECHUMH 3HAUYCHHSIMU CTPYyMY
Ta Hampyru. Taki MOKa3HUKH HE BIATBOPIOIOTh MOBHICTIO KOPOTKOYACHHUX 3MiH
nporiecy. Jas MOHTa)KHOTO 3BapIOBAaHHS BKIIMBO TaKOXK 3HATH (DAKTHUHUHN TETIIIOBHUMA
CTaH MeTaly ¥ yMOBM MOOJM3y MajbHUKA. TOMYy HpPEIMETOM YyIOCKOHAJIECHHS
1H(MOpMAaIIHHO-BUMIPIOBAJILHOI TEXHOJIOTIi € Y3roJKEHE OTPUMAHHSA LUX JaHHUX 1
BCTAHOBJICHHS iXHBOTO 3B’SI3KY 3 PE3YJIbTATOM KOHTPOJIIO KOHKPETHOTO I1IBA.

VY monepenHiii aBTOpPChKiM myOJiKaiii poO3TsHYTO IHTETPOBaHY CHCTEMY, IO
MOEJIHYE CEHCOPHI KaHali, MONEpeIHI0 00pOOKY TaHMX 1 AJITOPUTMIYHE OIIHIOBAHHS
ctany 3BapioBaHHs [1]. MikHapoAH1 JOCHIIKEHHS TaKOXX PO3BUBAIOTH KOHTPOJIb
saxkocTi MIG-3BapioBaHHs Ha OCHOBI BHPOOHMYMX JaHuX [2]. ¥V mmx Te3ax
3alpOTIOHOBAHO METOJWYHE JOMOBHEHHS JO TaKOro MigXOAy: OJHOYaCHO
KOHTPOJIIOBAaTH YacOBY Y3TOJKEHICTh CHUTHAIIB, IXHIO METPOJIOTIYHY SIKICTh Ta
J0JIaTKOBY 1H(OPMATUBHICTH MAPAMETPIB CEPEAOBHILIA.

Mera poOorn. Metoro € OOIpYHTYBaHHS CTPYKTYpU  CHHXPOHHOIO
OararonapamMeTpUuyHOro KOHTpoiat0 MAG-3BaproBaHHS METaJOKOHCTPYKLIN, y SIKIH
CJICKTPUYHI CUTHAJIM, TeMIlepaTypa MeTaly Ta JIOKaJbHI MapaMeTpu CepefoBHINA
00’ €THYIOTBCSI B TIPOCTEKYBAHUN 3aIIMC OJTHOTO 3BapHOTo IiBa. [IpakTuyHuit 00’ €KT
3aCTOCYBaHHS — 3BapIOBAaHHSA KOHCTPYKIIMHKUX cTajeit ToBimHOW 5—10 MMy CO2 'y
IIEXOBUX 1 MOHTAXHUX YMOBaxX. 3arporOHOBAHUHN MiJIX1]] Ma€ 3a0€3MEYUTH KOPEKTHE
MOPIBHSIHHSA 0a30BOTO  €JIICKTPUYHOTO KOHTPOJIIO 3 PO3IIMPEHOI CHCTEMOIO
BUMIPIOBaHHS.

Opraxizanis BumiproBajibHUX KaHadiB. EinekTpuuHa mifcucrema mnepeadoadae
peecTpallio 4acoBHUX peatizalliil CTpyMy Ta HallpyTH 130J1b0BAHUMHU BUMIPIOBATBHUMU
KaHasiaMu. TemmeparypHa MIJCMCTEMa XapaKTepU3y€e TIMOYATKOBUWA 1 TMOTOYHUN
TETUIOBUM CTaH METaJTy 3 YpaxyBaHHSIM MiCIlsl BCTAHOBJICHHSI Ta IHEPIIIHHOCTI 1aTUUKa.
[lincucremMa cepenoBUIA PEECTPYE TEMIIEPATypy TMOBITPS, BIJHOCHY BOJIOTICTb,
aTMOC(epHHUI THUCK 1 JIOKaJIbHY MIBUAKICTh MOBITpsi. Butpary 3axucHoro rasy ta
IIBUJKICTh 3BaplOBaHHS (IKCYIOTh SK TEXHOJOTIYHI BEIMYMHHU, HEOOXIJTH1 MAJis
IHTepHpeTallii CUTHAJIIB.

JIJis KO’)KHOTO KaHaly HEOOXiJTHO BU3HAYMTHU BUMIPIOBaHY BEJIMYUHY, OAUHMIIIO,
poOouwmii iarma3oH, mepiol OMUTYBaHHS Ta crioci0 nepeBipku. YacToty auckpeTusartii
CIEKTPUYHUX KaHaJiB OOWMpaloTh BIAMOBIIHO JO TPUBAIOCTI JOCTIIKYBAHHUX
MepexXoiB AyTH Ta CMYTH BHUMIPIOBAaILHOTO TpakTy. [IOBUIbHI KaHAIM CepeoBUIIA
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MOXYTh ONMUTYBATHUCS DIiJIIE, OJHAK IXHI 3HAYCHHS MOBHMHHI MaTH YacOBi MITKH B
y3ropKeH1d mkaii. [HTeprnonboBaHi 3HaUCHHS MM03HAYAIOTh OKPEMO, 1100 BIAPI3HATH
ix Bij1 Oe3mocepe/IHiX BUMIPIOBAHb.

CuHXpOHI3AIlII0 JOLUIBHO peaji3yBaTH CIUIBHUM TaKTOBUM JDKEPEJIOM IS
CTpyMy ¥ Hampyru Ta MpUB’SA3KOI0 1HIIKX KaHaJiB JI0 TOrO caMoro 4acy. [{o mouaTky
cepii MepeBipsA0Th YaCOBUU 3CYyB 1 HOTro CTaOUIBbHICTh. JlomycTuMe HEY3TOJKEHHS
BCTAHOBJIIOIOTh 32 XapaKTEpHUM YacoM MOli, AKy moTpiOHO po3mizHaBatu. Camoi
HasBHOCTI YaCOBHX MITOK HEJOCTAaTHBO: 3aTPUMKy CeHcopa, Oydepuzamiro Ta
neperaBaHHs JaHUX MOTPIOHO BpaxyBaTH B OMKCI CUCTEMHU.

MetpoJioriune 3a6e3nedyenHsi. KamiOpyBaHHs, TmepeBipKy Ta Baifalliio
oOJafHaHHS JUIsi KOHTPOJIIO 3MIHHUX 3BapIOBaJIbHOTO MPOIECY CHiJ Y3TOJKYBaTH 3
ISO 17662:2025 [3]. V 3anponoHOBaHI CHUCTEMI MEPEBIPAIOTh MOBHUM LUISAX
MEPETBOPEHHS BiJI MEPBUHHOTO ceHcopa A0 1 poBoro 3HadeHHs. OkpeMo GiKCyIOTh
KOE(IlIEHTH TEPETBOPECHHS, HYJbOBE 3MIIICHHS, TMOBTOPIOBAHICTh 1 3MIHH
XapaKTEPUCTHUK 32 poOOYMX YMOB. BUMOTH 10 KOHTPOJIIO CaMOro 3BapHOTO BUPOOY
BHU3HAYAIOTh OKPEMOIO MTPOLIEAYPOIO.

MeTposnoriuny OCHOBY 1HTepIpeTanii pe3yJbTaTiB CTAaHOBUTH OIIHIOBAHHS
HEBU3HAYCHOCTI BIAMOBIIHO 10 miaxoaiB GUM [4]. [l KoKHOTO KaHaIy CKIadaloTh
O10/KeT HEBU3HAYEHOCTI, a JIJIsl TOX1THOT O3HAKH BPAaXOBYIOTh MOJIEIIb il 00UMCIIEHHS
Ta 3aJeXKHICTh BXIIHUX BeAMYUH. OCOOIMBO BaXJMBO BIIOKPEMUTH (I3UUHY
MIHJIUBICTh 3BapIOBaHHS BiJl HECTaOUIBHOCTI BUMIPIOBAILHOTO TpakTy. Hampukian,
3MiHa TEMIIEpaTypy MOXKE BILUTMBATH SIK HA 00’ €KT KOHTPOJIIO, TaK 1 HA XapaKTEPUCTUKY
CEHCOpa; L1 MEXaH13MH MOTPEOYIOTh OKPEMOT'O OI[IHIOBaHHS.

Oo0poOka nanux i nudposuii macmopr mBa. KoXHOMY HIBY NHPHUCBOIOIOTH
VHIKaJIbHUNA 1AeHTH(iKaTop. [0 HBOro MNpUB’SI3yIOTH CHPl CHUTHAIM, NapaMeTpu
MaTepialy Ta 3’€IHaHHS, TEXHOJOTIYHMHA pEeXHM, YMOBH CEpEIOBHIIA,
11eHTU(IKATOPU CEHCOpIB 1 pe3yJibTaTh TMepeBipku KaHamiB. Ilicis 3aBepiueHHs
3BaprOBaHHS J0 3aIlMCy JOJAI0Th PE3yJbTaTH KOHTPONIO AKOCTi. CyKyIHICTH ITHX
B1JIOMOCTEH yTBOpIOE NU(PPOBUN TACHOPT, KWW TO3BOJISIE TOBTOPUTH OOpPOOKY W
MEPEBIPUTH TIOXO/PKEHHS aHAIITHYHOTO BUCHOBKY.

[Tonepenus 06poOKa BKIIIOYAE NMEPEBIPKY MPOITYCKIB, HACHYCHHS] BUMIPIOBAIBHUX
KaHaJIiB, 4aCOBOT MOCIIIOBHOCTI Ta (hi3MUHO MOKJIMBHUX 3Ha4Y€Hb. Pi3Ki 3MiHU CTpyMy
W Hampyru He BUJAISIOTH aBTOMAaTUYHO: BOHH MOXKYTh XapaKTepU3YBaTH peajbHY
HECTAOUIBHICTh MPOIECy. 3alMUC BUKIIOYAIOTh a00 MO3HAYalo0Th SIK HEAOCTOBIPHUIN
JUIIEe 32 BCTAHOBJIEHWMHU O3HaKamu 30010. Cupi JaHl 30epiraloTb HE3MIHHUMH, a
napaMmeTpu (PpiabTparllii, CerMeHTallii Ta BEPCi0 alroputMy (GiKCyIOTh Y MaCIOpPTI.

VY3romkeni 4acoBi BiKHa BUKOPUCTOBYIOThH IUIsl BUZHAYEHHS CEPEAHBOTO PIBHS,
CTAaHJAPTHOTO BIIXWICHHS, TPUBAJIOCTI BIJIXUJEHb 1 B3a€EMO3B’SI3KY EJICKTPUYHHUX
curHaiiB. TemmepaTypy MeTaiay Ta yMOBH CE€pPEIOBHUIIA MPUEAHYIOTH 0 BiAMOBIIHIX
BIKOH SIK OKpeMi o3Haku. ['eorpadiuHi KOOpAMHATH 3aCTOCOBYIOTH /I 1neHTU]IKaIii
MICISl BUKOHAHHA poOiT. Pi3uuHy 1HTEepIpeTanilo OyayloTh Ha BUMIPSHUX YMOBAaX,
OCKIJTbKM KOOpPJIMHATH caMi MO €00l HE OMHWCYIOTh CTaH Ta30BOTO 3axXHCTy abo
TEIUIOBUM CTaH METAILY.
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IlepeBipka noaaTkoBoi iH(opmaTuBHoOcTi. ExcrniepumeHTanbHE OLIHIOBAHHS
NPOIOHYETHhCSI BUKOHYBATHU MUISXOM TMOPIBHSHHS TPhOX KOH(Iryparliii: KOHTPOJIb
JIUIIE 33 CTPYMOM 1 Halpyroro; J0JIaBaHHs TEeMIEpaTypu METaly Ta TE€XHOJIOTIYHUX
BEJIMYMH; BKIIFOUCHHS JIOKAJIbBHUX MapaMeTpiB cepenoBuina. Js Bcix KOH}Iryparii
BUKOPHUCTOBYIOTH Ti caMl IIBH, OJHAKOBUHN CIIOCIO PO3MITKH SIKOCTI Ta y3TOIKCHY
npoLeaypy HaBYaHHS W mepeBipku. Take MOPIBHSHHS J03BOJII€E BU3HAUUTH BHECOK
JOJIATKOBUX KaHaIiB 0e3 3MillyBaHHS e€(EKTy BUMIPIOBaHHS 31 3MIHOKO CKJIaTy
BUOIPKH.

PedepeHTHY OIIHKY SIKOCTI OTPUMYIOTH 3a pe3yJbTaTaMd KOHTPOJIO 3’€THAHb.
PiBenp mpuiiMaHHA HETOCKOHAJIOCTEH OOMPAIOTh BIAMOBIAHO 10 BUMOT BUpoOy; ISO
5817:2023 Buznauae piBHi saxocti B, C 1D nns 3BapHuX 3’ €1HaHb y MeXax CBO€i chepu
3acTocyBaHHA [5]. MeTon KOHTPOJIIO Ma€ BIJNOBIAATH BHUAY HEIOCKOHAJIOCTI:
reOMETPUYHI BUMIPIOBAHHS M OTJISA] MOBEPXHI HE MOXYTh CAMOCTIMHO MIATBEPAUTH
BIJICYTHICTh BHYTPIIIHIX Ae(eKTiB. PimeHHs Ta crnocid oro oTpuMaHHs 3aHOCSTh 10
nacropra Iisa.

HaBuanbHy i TeCTOBY BUOIPKU PO3AUIAIOTH 32 HE3AJICKHUMHU IIIBAMH 200 CEPIsSIMHU.
YacoBi BiKHA OJIHOTO IIBa HE PO3MOJUISIOTh MK ITUMHU BUOIpKaMH, 11100 YHUKHYTH
BUTOKY 1H(opmarrii. JIoniJIbHO Takok MEPEeBIPUTH MOJIENb Ha Cepii 1HIIOTO JHS abo
1HIIIOTO omepaTopa. Pe3ynbTaT MOPIBHSHHS XapaKTePU3YIOTh YACTOTOKO IMPOIYCKY
neekTHUX 3’€dHaHb, XMOHHMX TomepekeHb, F1 Ta 0OBipYMMH I1HTEpBaJIaMHU.
[TinBuIIEHHS MOKa3HUKIB Ma€ BIITBOPIOBATUCS HA HE3AJICKHUX CIIOCTEPEIKECHHSIX.

BucHoBKH. 3amporOHOBAHO METOAUYHY CTPYKTYPYy CHHXPOHHOTO KOHTPOJIIO
MAG-3BaproBaHHsI, sika TOEAHYE OararokaHajbHE BHUMIPIOBaHHS 3 OI[IHIOBAHHSM
HEBU3HAUYECHOCTI U MPOCTEXKYBaHICTIO OaHuX. OCHOBHHUM pe3yibTaT IMOJSATaE Yy
BU3HAUCHHI MOPSAAKY (opMyBaHHS LUGPPOBOTO TMacmopTa IBa Ta MOPIBHSIHHS
1H(opMaIIiitHOT IIIHHOCTI J0IaTKOBUX KaHaliB. KigbKicHE MiBUILIEHHS JOCTOBIPHOCTI
1 3MeHIIEHHS 1e(DEKTHOCTI € MPEAMETOM MOJIAJIbIIO0I HATYpHOI nepeBipku. [IpakTuune
3aCTOCYBaHHA TIAXOMy TMependadae JOKYMEHTYBaHHS YMOB 3BapiOBaHHS Ta
iH(dOopMaIiHy TIATPUMKY KOHTPOJIIO SKOCTI TiJf 4aC BUTOTOBJICHHS W MOHTaXY
METaJOKOHCTPYKIIIi.
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YPAXYBAHHA TEMIIEPATYPHHUX BIVIMBIB I YAC
JABEPHOI'O KOHTPOJIIO I EOMETPII
METAOKOHCTPYKUIU ITPU MOHTAKI

Bbaraan O. 11.

AcmipadT
YkpalHChbKUH AepKaBHUM YHIBEPCUTET 3aJ13HUYHOTO TPAHCIIOPTY

AKTyaJIleCTb AOCJTiKEHHSI. FeOMeTquHHH KOHTPOJIE M 9ac MOHTaXy
METAJIOKOHCTPYKIII Ma€ BCTAHOBJIIOBATH BIJIMOBIIHICTH PO3MIPIB 1 TMOJOKCHHS
€IEMCHTIB TPOEKTHUM BHUMOTaMm. [loBTOpHI BHMIPIOBaHHS Ha BiIKPUTOMY
MalJJaHYMKy MOXYThb BIJIPI3HATHCS 4epe3 3MIHYy TEMIIEpaTypd METaly Ta CTaHy
BUMIPIOBAJILHOTO  cepenoBuia. Taki  BIAMIHHOCTI  NOTpeOYyrOTh  (DI3UYHOI
IHTepIpeTallii: yacThuHa BIIXWICHHS MOXeE BiJoOpakaTH OOOpPOTHE TeMIepaTypHE

PO3IIMPEHHS, a YacTUHa — TNOXUOKy mpwiaxy abo QaktuyHy 3MmiHy GOpMH
KOHCTPYKIli. be3 JoKyMeHTyBaHHS YMOB BHMIPIOBAaHHS III BHECKH CKJIAIHO
PO3IUIUTH.

NIST po3srisigae TemnepaTypHe po3MIHUPEHHS BUMIPIOBAHOTO 00’ €KTa Ta MOKa3HUK
3aJIOMJICHHS TIOBITpS SIK CYTT€Bl JDKepelda HEBU3HAUEHOCTI BHCOKOTOYHHMX
BUMIPIOBaHb JOBXKUHU [1]. JIJis1 MOHTQXXKHOTO KOHTPOJIIO 3HAYYIIICTh KOXKHOTO BHECKY
HEOOXITHO OLIHIOBaTH 3 YpaxyBaHHSAM JOBXHHHM €JIEMEHTa, JOIYyCKy Ta
XapaKTEPUCTUK KOHKPETHOTO Mpiiaxy. Y LHMX Te3aX 3alpONOHOBAHO METOAMYHUN
MIAX14 A0 TPUB’SI3KM TE€OMETPUYHUX BUMIPIOBAaHb JI0 TEMIIEPATypHUX JaHUX 1
MPUBEIEHHS PE3yJIbTATIB 10 BUSHAYEHUX YMOB IMOPIBHSHHS.

Meta podoTu. MeToro € 00rpyHTYBaHHS IPOLIEAYPH BpaxyBaHHS TEMIIEPATYPHUX
BIUTMBIB I1J] Yac JIA3€pPHOTO KOHTPOJIIO JIHIHHUX PO3MIPIB METAJOKOHCTPYKIIN TpH
MoHTax1. Ilpomenypa oOXoIuloe peecTpallito TemIepaTypd MeTaly, OIHC
BUMIPIOBAJILHOTO TPAKTy, PO3PAaXyHOK TEMIEPaTypHOI MOMPaBKHU Ta OI[IHIOBAHHS i
HEBU3HAueHOCTI. Pe3ynbraromMm poOOTH € CTPYKTypa Takoi HOpoueaypu W
PO3paxyHKOBHMM MPUKIAA; KITbKICHE MOMIMIICHHS TOYHOCTI HA MOHTOXKHOMY 00’ €KT1
Ma€ BCTAHOBJIIOBATHCS €KCIIEPUMEHTAIIBHO.

Po3me:xxyBaHHsI TeMIiepaTypHuX BIJIMBIB. HarpiBaHHs BIJILHOTO OJHOPIAHOTO
CTaJIeBOr0 €JIeMEeHTa 3MIHIOE Horo AoBxkuHy. OpHOYacHO Temmeparypa, THCK 1
BOJIOTICTh MOBITPSl BIUIMBAIOTh Ha YMOBHU MOUIMPEHHS JIA3€PHOrO0 BUIIPOMIHIOBAHHS.
OxpeMuii BHECOK MOXKYTh 1aBaTH 3MIILEHHS ONIOPHUX TOYOK, HArPIBAHHS MPUIIAAy Ta
3MiHA TIOJIO)KeHHS MimeHi. ToMy KOMIEHcalilo BIUIMBY CEpEIOBHINA Ha
BUMIPIOBAJIbHUN TPAKT 1 MPUBEACHHS PO3MIPY METaJeBOr0 €JIEeMEHTa 0 OIMNOpPHOi
TEeMIIepaTypy HEOOX1THO BUKOHYBATH SIK Pi3HI orepari.

TemnepaTypy Metany HeE clifi aBTOMAaTUYHO MPHUPIBHIOBATH A0 TEMIEpaTypu
noBiTps. [lim COHSYHMM BHUNPOMIHIOBAHHSM, TMTICHsS 3BapioBaHHsS abo 3a
HEPIBHOMIPHOTO OXOJIOJP)KEHHSI TOBEPXHS €JIEMEHTa MOXE MaTH TeMIlepaTypHUI
rpajiieHT. 3anPOIIOHOBAHA MPOIIeaypa repeadavae KOHTAKTHI BUMIPIOBaHHS Y KiJTbKOX
XapaKTEepPHUX TOYKaX 13 (piKCaIll€r0 4acy Ta MICI KOHTaKTy. SIKIO 3aCTOCOBYIOTH

101



INFORMATION AND MEASUREMENT TECHNOLOGIES
VECTORS OF SCIENTIFIC PROGRESS: INTERNATIONAL EXPERIENCE AND
STRATEGIC PRIORITIES

iHQpauepBOHMI  JAaTYMK, JIOJATKOBO  BPaxoOBYIOTb CTaH  TOBEpXHI  Ta
BUIPOMIHIOBAJIBHY 3/1aTHICTh. BHuOIp MeTOMy 3a7eKuTh BiJl TOCTYITHOCTI €JIeMEHTa i
He00X11HOT HEBU3HAYEHOCTI.

Moaeab TemnepaTypHoi monpaBku. {1 0THOPITHOTO €JIEMEHTa, SIKU BUTHHO
PO3IIUPIOETHCS Ta Mae MPHUOIU3HO PIBHOMIPHY TeMIlepaTypy, BHKOPHUCTOBYIOTH
JHIMHY MoJienb [2]:

AL = aLy(Tyn — Tp) (1)

ne AL — 3miHa JOBXHMHHM; 0 — KOE(IIi€HT HIHHOTO TeMIepaTypHOTro
po3mupeHHs matepiany; Lo — moBxkuHa 3a omopHoi Temmeparypu To; Tm —
Temreparypa Merany. KoedillieHT o yCTaHOBIIOIOTH UIsi Marepiary W poboyoro
TEMIIEPATypHOTO 1HTEpBaldy. BuKopHCcTaHHS OBIJKOBOTO 3HAa4YEHHS TOTpeOye
BpaxyBaHHS HOro HEBU3HAYEHOCTI.

SAxkmo L, € BHUMIPSHOIO JOBXKMHOIO TIICIs BHECEHHS OOIPYHTOBAHHX
IHCTPYMEHTAJIHUX MOIPAaBOK 1 MOMPAaBOK HA CTAaH MOBITPS, 1i MIPUBOJATH 10 OMOPHOT
TEMIIEPATYPHU 32 BUPA30OM:

Ly = 22— (2)

1+ a (T — Ty

ISO 1:2022 Bu3Hauya€e TOHSATTS ONOPHOI TEMIEpaTypu [JIsi TE€OMETPUUYHHX 1
pPO3MIpHUX XapakTepucTUK [3]. YMOBHM TOpIBHSHHA MOHTaXHOI KOHCTPYKIIIi
Y3TOJIKYIOTh 3 IIPOEKTOM 1 IPOIETYPOIO KOHTpOIt0. Y npukiai npuitasato To= 20 °C;
1€ yMOBa pO3paxyHKy, a HE BUMOTa JI0 TEMIEPATypH eKCILTyaTallii.

PospaxynkoBuii npukaan. Jlng umocTpamii OpUMHATO BUIBHMIA CTajeBUN
€JIEMEHT 3aBJIOBXKKH 8 M Ta YMOBHE 3HadeHHs o = 12 x 107¢ K™'. 3a piBHOMipHOTO
HarpiBaHHs 3 20 10 40 °C po3paxyHKOBE MOJOBXKEHHSI CTaHOBUTH 1,92 mm. OTxe,
pe3yJIbTaT MOBTOPHOI'O KOHTPOJIO MOXKE 3MIHMTHCS Ha BEJIMYHUHY MIUIIMETPOBOTO
nopsinky 0e3 3anumikoBoi Aedopmamii. [lpuknag po3paxyHKOBUI; HATYypHI
BUMIPIOBaHHS HE HABEJICHO.

Tadauus 1 — Po3paxyHKoBe TeMnepaTypHe MOJOBKEHHS BIILHOTO €JIeMEeHTa

i AT =10 K AT =20K AT =30 K
’ AL, MM AL, MM AL, MM
6 0,72 1,44 2,16
8 0,96 1,92 2,88
12 1,44 2,88 4,32

Po3paxyHok Ta0GauIll BUKOHAHO aBTOpOM 3a ¢opmysioro (1) 3a mpuitastoro o = 12
x 1076 K™'. 3naueHHs1 XapaKTepu3yIOTh BUIbHE MOJOBXKECHHS i HE € TOTPABKAMM JJIsI
OyIb-KOi 3MOHTOBAHOT paMU. 3aKpITUICHHS, HEOJHOPIAHUI HArpiB 1 TeMIiepaTypHi
HaIPY>KEHHS MOXYTb 3MIHUTH (OpMYy Ta XapakTep MEPeMillleHb. Y IMX BHIaJKaxX
He0oO0X1Ha MO/JIeJIb KOHCTPYKIIii a00 MOBTOPHUN KOHTPOJIb 32 Y3rOKEHOTO TETIOBOTO
CTaHy.

102



INFORMATION AND MEASUREMENT TECHNOLOGIES
VECTORS OF SCIENTIFIC PROGRESS: INTERNATIONAL EXPERIENCE AND
STRATEGIC PRIORITIES

IIpouenypa MoHTa:kHOoro koHtposr. Ilepen cepieto  BH3HA4alOThH
KOHTPOJBOBAHY BEIMYHUHY, CUCTEMY KOOPIAUHAT, OMOPHI TOYKU i YMOBHU MOPIBHSHHS.
JIJisi BUMIpIOBaHHSI BIJICTAaHEM 1 KOOPJAWHAT 3aCTOCOBYIOTh MPUIATHUM JIa3epHUI
JajgeKoMip, €JIEKTPOHHUM TaxeoMeTp abo iHINy IepeBipeHy cuctemy. [1oOyaoBHUK
JIa3epHUX IUIOIIMH caM I10 co01 He 3abe31euye BUMIPIOBAHHS BCIX JIHIMHUX PO3MIPIB.
SIK110 BUKOPUCTOBYIOTh HA3€MHUM JIa3epHUN CKaHep, HOro MoJIb0BY MOBTOPIOBAHICTD
MO>KHA TiepeBipsaTH 3a npouenypamu [SO 17123-9:2018 [4]; chepy uporo cranmapty
HE TIOIHUPIOIOTH aBTOMATUYHO Ha 1HIIT TIPHJIA N,

[Tin yac BumiproBaHHS (IKCYIOTh MMOKa3 MpWIady, TEMIIEpaTypy MeTaily B
KOHTPOJIbHUX TOYKaX, MapamMeTpu MOBITPs, MOJOXKEHHS MimieHl Ta vac. [loBTopHi
CIIOCTEPE)KEHHSI BUKOHYIOTh 32 OJHAKOBOI CXEMH BCTAaHOBJICHHS, KOHTPOJIIOIOYHU
CTaOIIBHICTh OMOPHUX TOYOK. Pe3ynbratu mepeBOAsTh JO BU3HAYCHUX YMOB JIUIIIE
TOJ, KOJM BUKOHYIOTHCSl MPUITYIIEHHS MOJENi. Y MNPOTOKOJ1 30€epiraroTh BUXITHE
3HAYCHHS, KOXKHY BHECEHY TIONMPaBKy, MPUBCICHUN pPE3yJNbTaT Ta IMIACTaBY IS
BUKOPUCTAHHS MOJIEII.

Jlist mpsIMOKYTHOI paMU KOHTPOJIIOIOTH HE TUIBKM PI3HUINIO JlaroHanied, a i
JOBXHHHM CTOPIH, TOJOKEHHS BY3JIB 1 IUIOMMHHICTh. OjHaKoBa 3MiHa 000X
JiaroHajell 3a pPIBHOMIPHOTO HArpiBaHHS MOXeE OyTH CYMICHOIO 31 30€pexeHHSIM
dbopmu. BomHouac piBHICTH JiaroHajedl cama 1o cobi HE JOBOIUTH BIJACYTHOCTI
mpocTopoBoi Aedopmaiiii. TemrepaTypHa TMoIpaBKa sl JIOBXHUHU OKPEMOIO
eJIeMEHTa HE 3aMIHIOE aHaJli3y BCl€l FeOMETpIi paMHu.

OuiHoBaHHS HeBU3HA4YeHOCTi. OIIHIOBaHHA BUKOHYIOTH Ha OCHOBI MOJEII
BuMiproBaHHs BianosigHo 10 JCGM GUM-6:2020 [5]. o OromKeTy BKIIOYAIOTh
HEBHM3HAYEHICTh MMOKa3y NPUIIay, MOJOKEHHS MIIIEH1, BIITBOPEHHS! ONOPHUX TOYOK,
TeMmreparypu MeTaly M KoedilieHTa posmupeHHs. [licias BBeAeHHS MOIMpPaBKU
3QJIMIIAETHCS HEBU3HAYEHICTD 11 3Ha4Y€HHs. J{J11 HEpIBHOMIPHOTO HArpiBaHHsS OKPEMO
OLIHIOIOTh MPUAATHICTh NMPUUHATOI TEMIEpaTypu Ta camoi Mmojeni. PimieHHs mpo
BIJINMOBIJIHICTh YXBAIIOIOTh 32 3a37aJI€T1[b YCTAHOBICHUM TPABWIIOM 3 ypaxyBaHHSIM
JOTYCKY ¥ HEBU3HAUYCHOCTI.

BucHoBKkH. 3anipONIOHOBAHO MPOLIEAYPY, 110 MOB’A3Y€ JIA3€PHUN T€OMETPUYHUN
KOHTPOJIb 13 BUMIPIOBAHHSM TEMIIEpATypH METAITy Ta JOKYMEHTOBAHUM MPUBEICHHAM
PO3MIpIB JI0 ONTOPHHUX YMOB. Po3paxyHKoBUIi PUKIIa/l TOKA3Y€ MOMKIIMBE MOTOBKECHHSI
BUTBHOT'O BOCBMUMETPOBOTO ejemMeHTa Ha 1,92 MM 3a 3miHu Temriepatypu Ha 20 K pu
NpUIUHATOMY KOe(ilieHTI po3mupeHHd. [lpakTuuHuil pe3yiabTaT NOJATaE Yy
BU3HAYEHHI YMOB 3aCTOCYBaHHSl TIONPAaBKM Ta CKIAQy MPOTOKOIY KOHTPOJIIO.
[Topanpina nepeBipka Mae BCTAHOBUTHU MOBTOPIOBAHICTh MPUBEIAEHUX PE3YJIbTATIB 1
ME3K1 3aCTOCOBHOCTI MiIXOAY Ha pealbHUX MOHTOKHUX KOHCTPYKITISX.
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Abstract. Collective object recognition in a UAV swarm can be organized as
distributed DNN inference in which worker nodes transmit quantized intermediate
activations over an IEEE 802.11s mesh and an aggregator forms a decision once a
quorum of g out of n contributions has arrived. We extend a previously published
single-hop link-layer model to the multi-hop case with two disturbance factors: the
fraction p of worker nodes lost (destroyed, out of range or jammed) and the per-frame
success probability ps. The resulting closed-form quorum probability shows that the
number of link-layer frames per tensor is the dominant lever of resilience: at two hops,
20 % node loss and py = 0.9995, the quorum probability for INTS8 activations falls to
0.43 (0.18 with UDP/IP encapsulation), whereas 0.8-bit adaptive quantization keeps it
at 0.96. We formulate a rate-adaptation policy hypothesis and a falsifiable emulation
plan. No experimental results are claimed.

1. Introduction

Distributed inference over a swarm of small UAVs is attractive for tasks such as
surface landmine detection, where onboard compute is scarce and links are unreliable
[1]-[3]. In the split-computing paradigm [4], [5], each worker executes the first layers
of a detector and forwards an intermediate activation tensor; a designated aggregator
completes the network or fuses partial results. Prior work on collaborative UAV
inference focuses mainly on latency and energy [6]-[8]; resilience to the loss of
contributors and to frame-level degradation caused by jamming is treated, if at all, as a
secondary metric. In [9] we proposed SwarmNS-FEP, an overlay format that
encapsulates fragments of quantized activations directly into 802.11s link-layer frames,
and derived analytical expressions for traffic volume, delivery time and the probability
that a tensor arrives intact over a single hop. The present work extends that model in
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three directions: (i) multi-hop delivery, (ii) an explicit fraction of lost workers, and (iii)
a sweep of the frame success probability as a proxy for jamming intensity. The goal is
to quantify how the quorum probability — the probability that at least q of n worker
contributions reach the aggregator — depends on the encoding choices that the swarm
can control at run time.
2. Model

Let a worker produce a tensor of N elements quantized to b bits per element, so
the payload is S(b) = Nb /8 bytes. With a per-frame payload of P bytes and per-frame
header overhead H, the tensor is carried by N¢(b) = [S(b)/P] frames [9]. Assuming
independent frame errors with success probability pr on every hop and no link-layer

retransmission (a conservative lower bound), the probability that the whole tensor

arrives intact after 4 hops is:

Nf(b)h

P(b, i) =p, " (1)
Let p € [0,1) be the fraction of the n workers that do not participate at all

(destroyed, out of range, or jammed at the receiver). A given worker therefore

contributes a usable tensor with probability:

n(b,h,p) = (1= p) Pe(b, ), 2)
and, treating contributions as independent, the quorum probability is binomial:
Py(b,h,p) = =g (1) 7™ (1 — )", (3)

Equations (1)-(3) make the two levers explicit. The encoding lever acts through Ng:
fewer frames per tensor raise P; exponentially. The encapsulation lever acts through P
and H: carrying fragments in L2 frames (SwarmNS-FEP, P = 2280 B, H = 58 B)
instead of UDP/IP datagrams (P = /448 B, H = 94 B) reduces Ny by about 36 % for
the same payload [9]. Node loss p enters linearly in (2) and cannot be compensated by
encoding; it can only be absorbed by the quorum margin n — q.

3. Numerical Results

Parameters follow [9]: N =256 X 80X 80 = 1638400, n=6, pr = 09995
unless stated otherwise. Table 1 reports P, for ¢ = 3 and q = 4 across hops and node-
loss fractions for the two encodings that bracket the practical range: INT8 (N = 719

frames in L2, 1132 in UDP/IP) and 0.8-bit adaptive quantization after Cohen et al. [10],
[11] (Nf = 72 and 114). Fig. 1 shows the full dependence on p at 7 = 2.

Table 1.
Quorum probability P, (n = 6) from (1)-(3), p; = 0.9995
P; p=0, p=02 ,|p=03, |p=0.2

Encoding q=3 q=3 q=3 q=4
INTS, UDP/IP 0.568 0.773 0.567 0.450 0.262
(L2-L7)
INTS, L2 0.698 0.928 0.758 0.635 0.459
(SwarmNS)
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INTS8, UDP/IP 2 0.322 0.298 0.182 0.133 0.042
(L2-L7)

INTS, L2 2 0.487 0.632 0.434 0.335 0.165
(SwarmNS)

0.8 bit, 2 0.892 0.998 0.940 0.853 0.769
UDP/IP

(L2-L7)

0.8 bit, L2 2 0.931 1.000 0.959 0.884 0.822
(SwarmNS)

0.8 bit, L2 3 0.898 0.999 0.943 0.858 0.777
(SwarmNS)
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Quorum probability P_q (q = 3 of n = 6)
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Fraction of lost worker nodes p

h =2 hops, p_f = 0.9995
—— INT8, L2-L7 == 0.8 bit, L2-L7
= |NT8, L2 (SwarmNS) = (.8 bit, L2 (SwarmNS)

Fig. 1. Quorum probability P, (q = 3 of n = 6) versus fraction of lost workers p at
h = 2 hops, pr = 0.9995, for two quantization schemes and two encapsulations

Source of the illustration: created by the author.

Two observations follow. First, the encapsulation gain is real but bounded: at 42 =
2 and p = 0.2 the L2 overlay lifts P, for INT8 from 0.18 to 0.43, which is still below
any operationally acceptable level. Second, the quantization gain is decisive: 0.8-bit
activations keep B, = 0.94 under the same conditions and remain at 0.86 even with 30
% of workers lost and three hops. In other words, under frame-loss conditions the
swarm cannot buy resilience with encapsulation alone; it must reduce the number of
frames per tensor.

Table 2 isolates the jamming dimension by lowering pr ath = 1, p = 0.2. INT8
collapses once ps drops below about 0.999 (a frame error rate of 0.1 %), whereas the
0.8-bit encoding keeps a majority quorum (q = 3) with probability 0.76 even at a 0.5
% frame error rate.
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Table 2.
Effect of frame success probability p; (proxy for jamming),h=1,p=02,n=6
P; INTS P,(q = 3) P; 0.8 bit P, (g =3)

Pr INTS 0.8 bit
0.9995 0.698 0.758 0.965 0.973
0.999 0.487 0.434 0.930 0.959
0.998 0.237 0.087 0.866 0.924
0.995 0.027 0.000 0.697 0.757

4. Policy Hypothesis and Validation Plan

The results motivate a run-time adaptation rule that we state as a hypothesis, not a
result. Let the aggregator estimate py from acknowledged beacons and p from the
neighbour table of the mesh routing protocol. A quorum-preserving rate adaptation
policy selects the largest bit-width b such that F, (b, h,p) = quin for a target such as
qui“ = (.9, and lowers the quorum g only when no admissible b exists. The hypothesis
to be tested is that, under 30 % worker loss, this policy retains at least 75 % of the fault-
free detection accuracy, whereas a fixed INT8 configuration retains less than 40 %.
These figures are hypothesised thresholds, not measurements.

Validation is planned on a reproducible emulation testbed: Mininet-WiFi [12] with
mac80211 hwsim radios, BATMAN-adv routing, tcnetem for loss injection, ONNX-
split YOLO-class detectors and the SULAND v2 landmine dataset [13]. Experiment
E3 removes 10 %, 20 % and 30 % of workers, cuts edges, and injects frame errors at
the levels of Table II; each cell is run with five random seeds, reported with 95 %
confidence intervals and paired tests against a fixed-INT8 baseline. The hypothesis is
rejected if the adaptive policy does not outperform the baseline by a statistically
significant margin at 30 % loss.

5. Limitations

The model assumes independent, identically distributed frame errors and
independent worker failures; correlated jamming that affects all links simultaneously
is not captured by (1)—(3). MAC-layer retransmissions and frame aggregation (A-
MSDU/A-MPDU) are ignored, so (1) is a lower bound. The accuracy of 0.8-bit
activations 1s taken from [10], [11] for other datasets and has not been measured on
landmine imagery. The model does not claim a new MAC protocol; SwarmNS-FEP is
an overlay over standard 802.11s frames [14]. Finally, the quorum criterion counts
contributions, not their spatial diversity, which matters for collaborative perception
[15], [16].

6. Conclusion

We have extended the SwarmNS link-layer model to multi-hop delivery with node
loss and frame errors and derived a closed-form quorum probability. Within the stated
assumptions, the number of frames per tensor governs resilience: under two hops and
20 % node loss, 0.8-bit activations preserve a majority quorum with probability 0.96
whereas INT8 drops to 0.43. This motivates a quorum-preserving rate-adaptation
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policy, formulated here as a testable hypothesis whose emulation-based evaluation is
the next step.
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Research relevance. Increasing shipping traffic density, the integration of
electronic navigation equipment, and the growing complexity of vessel collision-
avoidance situations necessitate the development of intelligent decision support
systems (DSS). Even with ECDIS, Radar/ARPA, AIS and GNSS available, the
navigator remains central to ship control. Decision quality is affected by workload,
time pressure, fatigue, situational awareness, trust in automation, and data ambiguity.
The regulatory framework includes Rules 5, 6, 7, 8 and 19 of COLREGs, which require
proper lookout, assessment of collision risk and timely action [1, 5-8].

Research objective. To substantiate a multi-layer architecture of an information-
based DSS for ship navigators that integrates heterogeneous navigation data, risk
assessment, operator ergonomic characteristics, and explainable recommendations for
safe manoeuvring. The proposed architecture is a conceptual model requiring further
experimental validation.

System architecture. Six functionally interconnected layers are proposed. The
first collects information from GNSS, Radar/ARPA, AIS, gyrocompass, speed log,
echo sounder, ECDIS, and meteorological sources. The second provides data quality
control: time synchronisation, completeness checks, inconsistency detection, error
estimation, and independent position verification. The third develops a situational
model covering relative motion, CPA/TCPA, waterway restrictions, UKC, collision-
avoidance rules, and trajectory prediction. The fourth assesses navigational risk with
consideration of uncertainty and operator condition. The fifth generates, verifies, and
ranks course/speed alteration alternatives. The sixth is the human—machine interface,
which provides explanations, confidence levels, and warnings, and enables
confirmation of decisions by the navigator [7, 8].

Consideration of the human factor. The ergonomic module should be based on
workload W, time constraints T, uncertainty U, situational awareness S, and trust in
automation A. These indicators may be determined using short questionnaires, expert
assessments, interaction logs, and simulator observations. They should be used only as
supplementary estimates with known uncertainty, not as automatic judgements of a
navigator’s professional fitness. Under increased workload, the interface suppresses
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secondary notifications, highlights critical threats, and requires explicit confirmation
of key actions [5-8].

Mathematical justification of the model. For preliminary ranking of manoeuvre
alternatives m, a generalised criterion is proposed:

J(m) = aRpq,(m) + H(mM) + yC(m) + 6D (m) - min,

Where:

Rnav is the normalised navigational risk; H is the ergonomic workload assessment;
C is the manoeuvre cost; D is the forecast uncertainty indicator; a, B, y, 6 > 0 are
weighting coefficients whose sum equals one.

The weights are determined by expert assessment and refined using simulator trial
results. Admissible manoeuvres are constrained by COLREGs, safe water depths, ship
characteristics, and the prevailing navigational situation.

Mamdani-type fuzzy inference is proposed to describe fuzzy linguistic
characteristics (“low”, “moderate”, “high” workload; “sufficient”, “critical” time). The
resulting risk index does not replace the legal and professional assessment of a
manoeuvre’s compliance with COLREGs.

Operational logic of the navigator’s decision support system (DSS).
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Figure 1. Structural and functional diagram of the navigator’s DSS with
integrated assessment of navigational risk and human factor influence.
Source of the figure: developed by the author based on [1-3]

The key feature of the proposed DSS is the transition from conventional
navigational hazard assessment, primarily based on the kinematic characteristics of
vessel encounters, to comprehensive risk assessment that accounts for the ergonomic
characteristics of the navigator’s activities [7, 8].

Practical implementation and validation. The prototype should be integrated with
a ship navigation simulator and tested in crossing, overtaking, restricted visibility, high
traffic density, and GNSS spoofing/jamming scenarios. To compare operation “without
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DSS” and “with DSS”, the proposed measures include threat recognition time,
minimum CPA, proportion of decisions compliant with regulations, false warning
frequency, subjective workload, and stability of situational awareness. Given cyber
risks, data redundancy, integrity monitoring, and safe functional degradation are
required in accordance with IMO approaches [2, 3, 6-8].

Scientific novelty. The novelty lies in the conceptual integration of navigational
situation assessment, a fuzzy ergonomic model of the navigator’s condition, and
explainable multicriteria manoeuvre selection within a single decision support cycle.
Unlike purely technical CPA/TCPA processing, the proposed approach adapts the
presentation of recommendations to cognitive workload without removing the
navigator from the decision-making and responsibility loop [5—8].

Conclusions. An intelligent decision support system considering human factor
influence is proposed. It integrates fuzzy assessments of the navigator’s cognitive and
behavioral characteristics with navigational situation parameters to substantiate safe
collision-avoidance manoeuvres. Expected benefits include greater transparency of
recommendations, detection of inconsistent navigational data, and reduced information
overload. Decision effectiveness, reliability, and safety must be confirmed through
comparative simulator studies.

References

1. International Maritime Organization. Convention on the International
Regulations for Preventing Collisions at Sea, 1972 (COLREGs). IMO.

2. International Maritime Organization. Resolution MSC.428(98). Maritime Cyber
Risk Management in Safety Management Systems. 2017.

3. International Maritime Organization. Maritime cyber risk: Guidelines on
maritime cyber risk management. IMO.

4. International Maritime Organization. ISM Code: International Safety
Management Code with guidelines for its implementation. 2018 Edition. IMO. DOI:
10.62454/KD117E.

5. Reva O., Kamyshyn V., Mamenko P., Kyrychenko K., Saganovska L. Human
Factor and Decision Making: A Concept of Shipping Safety. In: TRANSBALTICA
XVI: Transportation Science and Technology. Springer, 2026. DOI: 10.1007/978-3-
032-18771-0_59.

6. Nosov P. S., Ben A. P., Matejchuk V. N., Safonov M. S. Identification of
“Human Error” Negative Manifestation in Maritime Transport. Radio Electronics,
Computer Science, Control. 2018. No. 4. P. 204-213. DOI: 10.15588/1607-3274-
2018-4-20.

7.Nosov P. S., Ben A. P., Safonova A. F., Palamarchuk 1. V. Approaches Going to
Determination Periods of the Human Factor of Navigators During Supernumerary
Situations. Radio Electronics, Computer Science, Control. 2019. No. 2. P. 140-150.
DOI: 10.15588/1607-3274-2019-2-15.

8. Nosov P. S., Zinchenko S. M., Popovych I. S., Ben A. P., Nahrybelnyi Y. A.,
Mateichuk V. M. Diagnostic System of Perception of Navigation Danger When
Implementation Complicated Maneuvers. Radio FElectronics, Computer Science,
Control. 2020. No. 1. P. 146-161. DOI: 10.15588/1607-3274-2020-1-15.

113



INFORMATION SYSTEMS AND TECHNOLOGIES
VECTORS OF SCIENTIFIC PROGRESS: INTERNATIONAL EXPERIENCE AND
STRATEGIC PRIORITIES

MPOEKT IH®OPMAIIMHOI CUCTEMHU
ABTOMATHU30BAHOTI'O IIBOPY TA ®OPMYBAHHSI
MY3WYHUX IVIEMJIUCTIB 3 IHTETPAIIIEIO
3O0BHIIIHIX MY3UYHUX ILIAT®OPM

3aasipuuii Baagucaas fpociaaBosuy,
MaricTpaHt
Hamionansuuit yniBepcutet “JIbBiBchbka nomitexHika” JIbBiB, Ykpaina

bacwk Tapac Muxaitjiopu4
Kannunar TeXHiYHUX HAyK, TOLUEHT
HanionansHuit yHiBepcuret “JIbBiBchbka nomitexHika” JIbBiB, YKpaina

My3UKy ChOrO/HI CIyXarTh MEPEBAXHO Yepe3 CTPIMIHIOBI CEpPBICH, SIKI JAIOTh
JOCTYI 10 MUJIbHOHIB KOMITO3HIII#. Taka KiIbKICTh 1a€ cBOOOAY BUOOPY, ajie BOJHOYAC
YCKJIQHIOE HOTOo, TOMY CEpBICH [JeJall 4YacTille MPONOHYITh JOOIpKH, IO
dbopmyroThesi aBTomatnuHo. [loTpebu kopucTyBadiB mpu 1pomy pisHi. Cioyxayesi
MOTPiOEH MIBUIKUN TUICHIMCT MiJl HACTPiM, a JHKE0 MoTpiOHO, 00 CYCiIHI TPEKU
30irajucst 3a TEMIIOM 1 TOHAJBHICTIO, 1HAKIIIE Mepexia MiX HUMU Oyne pizkum. Jlis
(dhopMyBaHHS peKOMEHIAIIA OMUCAHO TPHU CIIOCOOM: KOHTEHTHHM, KOJIAOOpaTUBHUH 1
riopuauuit [1]. JJociiIHUKN TaKOX HArOJOMIYIOTh, 1[0 PE3YyJIbTAT 3AJICKUTh BiJ] TUITY
KOpHCTYyBaua Ta KOHTEKCTY MPOCIYXOBYBaHHS [2].

AHani3 n'aTh HasBHUX pillIEHb MOKa3aB, U0 OJHI OPIEHTOBAH1 HA JI1JHKEIB, 1HII Ha
MacoBy ayautopito. JKoaHe He moeaHye ToyHuUM miabip 3a TemmnoMm (BPM) i
TOHAJIBHICTIO 3 POOOTOIO KIJILKOX IJIaTGPOPM OJIHOYACHO. € 1 TeXHIUHA MEePEeIKoaa: 3
muctonana 2024 poxky oHA 3 MPOBIIHUX IIIATPOPM 3aKpuia il HOBUX 3aCTOCYHKIB
JOCTYI 10 TEXHIYHUX XapaKTEPUCTUK TPEKIB [3], a 1HIIA TaKUX JAHUX PO3POOHUKAM
HE HaJaBasia. TOMy TEMII 1 TOHAJIbHICTb CUCTEMA OTPUMYE 31 CTOPOHHBOIO CEPBICY
aHanizy [4] Ta 30epirae y BiacHiil 6a3i, 1o0 He 3aMUTYyBATH iX MIOBTOPHO.

Tun cuctemu oOpaHO METOJOM aHali3y iepapxid [5]. 3 4OTHPHOX MOPIBHSIHHUX
BaplaHTIB HaWBUIIMK pe3ynbTaT, 0,46, oTpuMana 1HTEIEKTyallbHa PEKOMEHaIlliHa
CUCTEMA, TOJI1 SIK CUCTeMa MiATPUMKH IPUIHATTS pinieHb Habpana 0,27. [lIBunkosiero
BOHA TIOCTYIAEThCS, aji€é BUTPAE 3a TOYHICTIO W (YHKIIOHAJIBHICTIO, SKI JUIS
pexkoMenaaniii Baxmsini. ChopmynsoBano 29 Bumor, 18 dyukmionansaux 1 11
He(DYHKITIOHAIbHUX, T4 BU3HAYEHO YOTHUPH MMIJICUCTEMH: KOPUCTYBadiB, (QiIbTpallii,
MJICHIMCTIB Ta IHTErpai.

Cuenapii pobOTH 3 CHCTEMOIO TMOAAHO Y BUIVIAMAI JilarpaMd BapiaHTIB
Bukopuctanus (puc. 1). KopuctyBay, sikuii BXOJUTH Y CUCTEMY, MOKe OyTH clyxadeM
abo mimKeeM, 1 OOUJIBI POl YCHMAJKOBYIOTh HMOTO 3arajibHi MOXJIUBOCTI. [0 HHMX
HaJeXaTh BX1Jl, BUOIp KaHPY ¥ pIBHS NOMYJSIPHOCTI Ta OTPUMAHHS IUIeHIUCTa. SAKIIOo
aBTOpHU3allis HE BAAacs, KOPUCTyBau OauUTh MOBIJOMJIEHHS MPO MOMUJIKY. SIKIIO
TPEKIB 3a KPUTEPISIMU HE 3HAWJIEHO, CUCTEMa TaKOX MOBigomisie mpo 1e. ['otoBuit
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IUICHITUCT MOXKHA 30eperTH. JliKeil Mae 101aTKOBI MOKJIMBOCTI: OOMpa€ TOHAIBHICTD
1 )KaHp JUIs BeUipKH, 3aj1a€ AianazoH BPM 1 oTpuMye pekoMeHalio o0 MOPSaKy
MikcyBaHHs. Lls pexkomenpariis mnepenadadae mepeBipKy TapMOHIYHOI CYMICHOCTI
TPEKIB Ta ekcnopT ceTy. OKpeMo Ha jaiarpami Moka3aHo 30BHIIIHIO TUIaTGopMmy, sKa
HaJla€ aKTyaJibHI JIJaHl PO TPEKH, a IHTETPalliio 3 HEIO HAIAIITOBYIOTh OKPEMOIO JTI€IO.

; : Criyxay
Dimwedt b% < m
BoTanoBUTH piBeHs
Kopucrynay @
BeTanonuti
BPM gianazon

YBiiTH B cHCTeMy

i T extension points
] -
| =<Include>> TMomunka asTopuaayi
] 'I
. <<Include>> E n?dlnsircm poimrs
Excnoprysati | ' BigcyTHicTe Tpekie :
' 1+ <<Extend>> |
CeT : '

' n _ i <<Include>>
TAPMOHIHHY ) '
]

1
1
<< Extend>> \:‘;
ey 36eperth

. ]
apTopuaa i
b NoeigomMaTi npo X
BincyTHICTL
pianoeigHWx Tpe kg
HagaTu axTyanesi i
OaHi Tpekie

Mnatdopma

T
i
} <<Extend>>
i
|

extension points
OaHux NNatopm

Puc. 1. Jliaepama eapianmie 8uKopucmaums
Jl)xepeno pucyHka: po3po0IeHO aBTOPOM.

[Ipo€eKkT BHKOHYETHCA 3a KaCKaJHOI MOJCIUIIO0 1 IJIAHYETHhCS 3a CTaHIAPTOM
PMBoK [6]. CtpykTypy poOIT po30uTo Ha m'aTh (a3: MiAroTOBUY, MPOEKTYBAHHSI,
pO3pOOKy, TeCcTyBaHHsS, BIIPOBA/KEHHS Ta 3aBeplIeHHsA. 3a HEWw B 3aco0l
KaJICHJIApHOTO TJIaHyBaHHs 1mo0yaoBaHo rpadik 3 01.06 mo 29.07.2026 niyist koMaHau
3 mectu ocib. CkIageHO TaKoX IUJIaHW KEpyBaHHS 3MIHAMH, KOMYHIKallisIMH,
3aKyMHIBISIMHU, SIKICTIO, PU3MKaMU Ta pecypcamu. [3 BOCbMHM BUSBICHUX PHU3HKIB
HaWBHIIY OLIHKY, 16, Mae 301ii 1HTErparlii 13 30BHIIIHIMHU CEpBICaMHU.

Xi1 BUKOHAHHS 3alMCyBaBCsl B CUCTEMI BIACTEKEHHS 3aB/anb. [1i1 yac peanizaiii
70 BUMOT BHeCeHO ABI 3MiHM: BPM 1 TOHaJIBHICTh MOYaIM HAJIXOJIUTU 13 CEPBICY
aHaii3y, a OTpUMaHI XapaKTEPUCTHUKU TPEKiB cTanmu 30epiratucs B 0aszi. Uepes 1e
poboTa «Peamizalliss O0cCHOBHUX (DYHKIIIi» TprBasia Ha 2 JTHI JOBIIIE, /10 TJIaHy JOAaHO
TpU pOOOTH, a 3aBepIICHHS NPoekTy mepeHeceHo 3 29.07 na 05.08.2026. Pusuku
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MEPEOIIIHEHO, JI0 PEECTPY JI0IaHO 3aJEKHICTD Bi cepBicy aHamizy. JlaHi 30epiratotbes
B peIALIiHIN 0a31 TaHUX 13 T'ITH TaOJIUIIb.

PesynpTaT mepeBipeHo Ha KiikabenpbHOMY mpototuri «PUTM», cTBopeHOMYy B
rpadiyHoMy penakTopi. I3 29 BUMOr BiH MOBHICTIO MiATBEpkye 13 1 yacTKOBO 2.
Pemta 14 crocytoTbes cepBEepHOi YacTHHHM, 30KpeMa I1HTerpaiii, Oe3meku Ta
MIBUAKOAII, TOMY B MPOTOTHIIl iX MOKa3aTH HEMOXJIUBO. [IpOEKTHY TOKYyMEHTAIliIO
pazoM 13 MPOTOTUIIOM MOXHA BHKOPHUCTATU SIK OCHOBY TEXHIYHOTO 3aBIAHHS IS
MOJIaJIBIIIOT peasizallli CUCTEMH.
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IHOOPMAIIITHA CUCTEMA JUISI HATAHHS
PEKOMEHJIAIIIN TA MIJIBOPY KOCMETOJIOTTYHUX
3ACOBIB

Muxacwok Mapis IBaniBHa
MaricTpaHTKa
Harmionansuuit yniBepcutet «JIbBiBChKa MoJiTeXxHiKay, JIbBIB, YKpaina

bacwk Tapac Muxaijiopu4
KaHJIUIaT TEXHIYHUX HAYK, TOTICHT
HarmionansHuit yniBepcurtet «JIbBiBChbKa moiTexHika», JIbBIB, YKpaina

VY cyyacHOMY CBITI AOTJISIA 3@ MIKIPOKO Ta BOJIOCCSM JIe/iajil YacTille po3risiiatoTh
HE JIMILIE SIK TUTAHHS €CTETUKH, a SIK OCHOBHY CKJIAJ0BY 30epeXeHHs 310poB’s1. PUHOK
KOCMETUYHUX 3acO0IB NMPOMNOHYE AECATKUA TUCAY MPOAYKTIB 13 PI3HUM CKIIAJIOM 1
MPU3HAYCHHSAM, MIPOTE 3HaYHA YaCTHUHA CIOXHUBAYiB MiAXOAUTH O MUTAHHS BUOOPY
3ac001B HE CBI1IOMO, 31MCHIOIOYM BUOIp, OPIEHTYIOUMCh HA PEKJIamy, MOMYJISPHICTh
OpeHly, BIATYKH B COI[IaIbHUX Mepexkax 4u nopaau 3Hanomux. [Ipu mpomy mizg yac
nigoopy 3aco0iB  3a3BUYail HE BPaxOBYIOTHCS 1HAMBIAYalbHI XapaKTEPUCTUKU
JIIOJTMHU: TUI 1 Yy TIUBICTh IIKIPH, HAsIBHI QJIEPT14HI peakilii, CTaH BOJIOCCS Ta CYyIyTHI
npobmemu. OmuH 1 TOM camuii 3acid Moke OyTH €(GEeKTUBHHM JJIi OJIHOTO
KOPHUCTYyBaya, ajge CIPUYMHUTH MOJPa3HEHHs a00 3aroCTpeHHs MpoOieMu B 1HIIOTO.
Hacnigkamu Takoro migxoay CTaloTh Hee(DEKTUBHUI MOTISA, PU3UK HeOakaHUX
peaxiiiif i HeoOIpyHTOBaH1 (DIHAHCOB1 BUTPATH.

HaifHagiiiHimmuM — cmocoOoM  migiOpatvl  JOTJISIA  3aJMINAEThCA  TpaulliifHa
KOHCYJIbTAIlISl IEPMATOJIOra YU TPUXOJIOTA, OJJHAK JOCTYI 10 TaKuX (hpaxiBIiB 4acTO
OyBae yCKJIaJIHEHHI: Y MaJIMX HACEJICHUX IMyHKTAaX iX MOXe He OyTH, Y BEJIMKUX MICTaxX
MOXYTb OyTH JOBI1 Yepru 10 CHEIaNICTIB, a I JIoJeW, Kl nepeOyBaioTh 3a
KOPJOHOM, 3BEPHEHHS 0 JIIKaps yCKJIAJHIOIOTh MOBHUHN Oap’ep 1 BapTiCTh MOCIYT.
Bianoiaaro Ha 111 0OMEXEHHS cTajia TeleAepMaToJIoris — 1€ HaNpsIM TeJIEeMEIUINHHY,
y SKOMY CTaH IIKipW OI[IHIOIOTH AUCTAHIIMHO Ha OCHOBI ¢oTorpadiii Ta omucy
cumnromiB. Ilomut Ha Taki TOCAYTrd MIBUJIKO 3pOCTAE: CBITOBUH PUHOK
TeneaepMarToorii, skuit y 2025 p. aHANITUKY OIIHIOBAIIM MPUOJIM3HO y 18 Mipa mo.
CIIA, 3a nporno3amu, 10 2030 p. nepeBunuts 41 mupa goa. [1].

JlonaTKOBUM YHMHHUKOM PO3BUTKY HAMpsAMY € MPOTPEC y Taly3i MITy4HOTO
iarenexty (ILI). Ile y 2017 p. 6ymo moka3aHo, 0 HEWPOHHA MEpeKa, HaBUEHA Ha
noHaa 129 Tuc. KIIHIYHUX 300paKeHb, PO3Mi3HAE MIKIPHI HOBOYTBOPEHHSI HE TipIIe 3a
rpyny ceptudikoBaHux aepmatoiioriB [2]. Lle poOuTh MOXIMBHM MONEPEaHIH
aBTOMATU30BAHMI aHAJII3 MIKIPU HaBITh 3a (oTo. BomHOUYAaC aBTOMATU30BaHUHN aHaI3
caMm 1o co01 He po3B’s3ye MpoOJIeMy KOPUCTyBaya MOBHICTIO: OKPIM BHCHOBKY IPO
CTaH IIKIpYU, HOMy TOTPIOHI pekoMmeHaalli M0J0 KOHKPETHUX 3aco0iB, SKi
BIIMOBIIAIOTh MOTO OCOOJMBOCTSIM, a TAKOXK MOXJIMBICTH OTPUMATH JyMKY (haxiBIis.
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Kpim Toro, 3acrocyBanns Il y cdhepi 3m0poB’ss moTpedye JTHOACHKOTO HATJISIAY 3a
pe3yabTaTaMu poOOTH aaTrOpUTMIB, 110 3akpiruieHo B PernmamenTti €C 2024/1689 oo
IITYYHOT 0 iHTeNeKTY [3], a 00poOKka doTorpadiii i METUUHUX JaHUX KOPUCTYBAYiB Ma€e
BIJIMTOBIJaTH BUMOT'aM 3aKOHOJABCTBA MPO 3aXUCT MEPCOHAILHUX AaHUX [4].

Bigrak akTyaJbHUM € po3poOsieHHS i1H(OpMAIHOT CUCTEMU I HaJdaHHS
peKOMeH Al Ta Mmadopy KOCMETOJIOTTYHUX 3aco0iB, ska noeanye I1-anani3 crany
IIKIpU ¥ BOJIOCCS, TTIEpCOHATI30BaHUH MiA01p 3ac001B 1 OHJIAWH-KOHCYJIBTAIIi1 JIIKAPIB y
Mexax oaHiel muatdopmu. BaxianBoro 0COONMBICTIO Takoi CHUCTEMH € Te, IO
pexoMmeHalli, chopMoBaHI aNTOPUTMOM, MalOTh KOHCYJBTaTUBHUN XapakTep 1
MOKYTh OYTH MIEpPEBIPEHI Ta CKOPUTOBAHI1 JIIKapeM, 110 B pa3H MiIBUILY€E PIBEHb TOBIPH
KOPHCTYBAYiB 1 3HI)KYE PU3HUK TOMUJIKOBHUX TOPAJ.

Po3pobitoBana cucteMa Ha OCHOBI aHKETHUX JdaHuX, Qortorpadii 1, 3a
pe3yiabTaTaMyd MEAMYHHMX aHali3iB (POpMye MEpCOHANI30BaHUN IUIaH JOIJIALY,
MepeBipsie  CYMICHICTh 3ac00iB 3 1HAUBIAYaJbHUMH OCOOJMBOCTSIMU JIFOJUHU Ta
3a0e3neyye 3amuc Ha OHJIAWH-KOHCYJIbTALIO 3 JEpPMaToIoroM ab0 TPUXOJIOroM 1 ii
omnary. Karanor 3aco0iB MATPUMYETHCS B aKTyaJIbHOMY CTaH1 3aBJISIKA B3a€MOJIIT 3
BUPOOHMKAMU Ta MapKeTIuleiicaMu, a JOCTOBIPHICTH 1HQOpMAIli MPO MPOAYKTH
KOHTPOJIIOE MOZIEPATOP.

Tun 1HbopMaIliitHOT cuCTeMH BU3HAYEHO 3a IOIOMOTOI0 METOJTy aHalli3y 1€papxii
[5]. Sk anpTepHATHBH pO3IIISIAINCS BeO-Opl€EHTOBAaHA, MOOUIbHA, JECKTOMHA Ta
xmapHa IC, a OLIHIOBaHHS BHUKOHYBAJIOCS 32 IIICTbMAa KPUTEPISIMU: 3aXMILEHICTIO,
HAJIMHICTIO, MIBUAKOAIEID, €(PEKTUBHICTIO, 3PYYHICTIO Ta TOYHICTIO. OCKIIbKH
CUCTEMa ONpalboOBYye KOHQIAEHUIHHY MeIuyHy iH(popmallito, HaiBaroMimuMu
BUsBWIMCS 3axuineHicte (Bara 0,318) 1 wnagidinicts (0,225). BigHoieHHs
Y3TOJIPKEHOCTI] JIsl MaTpUL MONAapHUX MOPIBHSAHB KpUTepliB cTaHOBUTH 0,012, 110 He
nepeBuurye gomycrumoro 3HadeHHs 0,1. IlizcyMKoOBI NOpiOpUTETH allbTE€pHATUB

IMOJaHo B TaOI. 1.
Tabnuya 1 Pe3ynomyioui npiopumemu anomepHamug 3a Memooom ananizy iepapxiti

Pe3yabTyrounii npiopurer
Tun ingopmaniiHoi cucremMu
Xwmapna IC 0,419
Be6-opienroBana IC 0,245
Heckromnna IC 0,170
Mo6uipHa IC 0,166

HaiiBumuii mpiopuTeT oTpuMaia xMapHa iHpopMalliifHa cucteMa, sika 3abe3nedye
MacITabOBaHICTh, IICHTPaJi30BaHe 30epiraHHs i 3aXUCT JaHUX Ta JIOCTYM JI0 CEPBICY
3 pi3HUX OpUCTPOiB. I MPOEKTYBAHHS U CYNPOBOAY PO3POOKH 3aCTOCOBAHO HU3KY
nporpamMHux 1HcTpyMeHTiB. UML-momeni cucremu [6] ctBopeHo B Enterprise
Architect; monepeHe MOJIETIOBAHHS JOMOMOIJIO I1I€ J0 HAIUCaHHS KOy MOTOJUTH
BUMOTH Ta apXiTekTypy. [HTepdeiic MOOLTEHOTO 3aCTOCYHKY CIIepIIy ONpanbOBaHO y
BUIISA1 MakeTiB y Figma, 7ie 3py4HO pa3oM pefaryBaTu Iu3aiiH 1 NepeBipsaTH ClieHapli
poOoTH KOpHCTyBaya. 3aBHaHHS KOMaHAM IJIAHYIOThCS W BIACTEXKYIOThCs B Jira,
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JOKyMeHTaIlisl mpoekty 30epiraetscsi B Confluence, kox numerscst y Visual Studio
Code, a ¥ioro Bepcii Ta ciibHa po3poOka miaTpuMytoThes uepes GitHub.

OyHKIIOHAIBHI BUMOTH JI0 CHCTEMH BiJIOOpaXE€HO Ha Jiarpami BapiaHTIB
BUKOpHCTaHHA (puc. 1). I3 cucTeMoro B3aeMOAIIOTH ITICTh aKTOPIiB: KOPUCTYBa, JIiKap,
MoJiepaTop, MEIWYHHWHA 3aKjaja, IUIaTDKHA CHUCTeMa Ta BHPOOHUK/MapKeTILICHC.
KoxeHn, XTo mpariroe i3 cepBicoM HaNpsiMy, CIIEPIITy MPOXOAUTh aBTOPHU3aIlit0, 3aBISTKA
YOMY KOKHa POJIb OTPUMYE JIUIIIC BIACHUH Ha0ip mpas.

System One or Entity One —
// \ v v /’ i\\ /dﬂoem'u ,q%
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{ ] /
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i
(\ L«mc\ude» //Onuaum\ wap
g/ \ Aepemaﬂy’m [
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Puc. 1. [Jiacpama eapianmie euxopucmanus
Licepeno pucynxa: pospobaeno asmopamu

[{enTpanbHOIO (Iryporo AiarpamMu € KOPUCTyBad. 3apeeCTPyBABIINCH, BIH CTBOPIOE
npodisib, 1e 3a3HaYa€E TUTI IIKIPU W BOJIOCCS, aleprii Ta 0axaHuil pe3ysbTat JOTJIsY;
Il BIIOMOCTI MOHa 3MIHIOBaTH Oyab-komH. [licis 1IbOT0 KOpUCTYyBayd 3aBaHTAXKYE
dhoto mKipu uu Bosoccs mis LI-miarHocTHKY, a 3roA0M Meperisaaac BIaCHUH IUIaH
JOTJISIAY Ta TMepeBipse, YU MIIX0IATh oMY oOpaHi 3aco0u. Mixk mepermsiaoM 1iany 1
JI1arHOCTUKOK BCTAHOBJICHO 3B'A30K «includey»: 6e3 pe3ynbTaTiB aHas13y IJIaH MPOCTO
HEe Moxe Oytu chopmoBanuid. Jyis oTpumaHHs NPOQEciiHOl TyMKH KOpPUCTYBad
3aMUCYEThCA JO JIKaps ¥ OIUladye KOHCYJbTAIlll0, a MIATBEPKEHHS OIUIaTH
HAJIXOOUTh B1J IUIATIKHOI CHCTEMHU.

Jlikap npuiiMae 3alIUTH HAa KOHCYJIbTallli, MPOBOAMUTH iX 1 BHOCUTH BIJIOMOCTI IIPO
pe3yJIbTaTH, a TAaKOXK MIATPUMYE aKTyalbHICTh BJIACHOTO Mpoduito. ['oJoBHUINA HOTO
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cuenapiii: «[lepeBiputu mnan gornagy». Uepes 3B'si3ku «include» BiH moenHye Tpu
00O0B'I3KOBI Jii: O3HalloMyIeHHS 3 TipodiieM KiieHTa, a”Ham3 pesyibTariB IIII-
JIarHOCTUKM Ta CKJIAJaHHs TUTaHy AOMIsny. TakuM 4MHOM, OCTaTOYHI peKOMEHallli
JiKap HajJa€ JMIIE MICAsS BUBUEHHS JaHUX TMallieHTa W BUCHOBKIB aJrOpPUTMY, 3a
noTpeOu JTIOMOBHIOIOYM 200 TTOBHICTIO MIEPETIISIAl0uH iX.

MogpepaTop BiANOBIAA€E 3a AKICTh JAaHUX Y CUCTEMI: BiH Mojiepye iH(OopMaliito Ipo
IPOJYKTH Ta Kepye OOJIKOBHMH 3alKrcaMy KOpPHUCTyBaudiB. BUpoOHUK/MapKeTIuienc
HaJa€ i OHOBITIOE BIJOMOCTI PO MPOAYKIIiI0, 110 3a0e3Meuye aKTyanbHICTh KaTalory
3aco0iB. MeanuHuil 3akiaj rnepenae pe3yibTaTy aHaji31B KOpPUCTyBaya; Iei BapiaHT
MOB’SI3aHU 3 OHOBJICHHSIM OCOOHCTOI 1HcpopMau11 3B’sI3KOM  «extend», OCKiIbKH
BUKOHYETHCS JIMIIE 3a HASBHOCTI BIAMOBIAHUX JaHUX 1 JOMOBHIOE TIPOdiIH
KopucTyBada. [ImaTikHa cucTemMa miATBEpKY€E MPOBEACHHS OILIATH.

TakuMm 4YMHOM, JlarpaMa BapiaHTIB BUKOPUCTAaHHS JEMOHCTPY€ MOBHUM LHUKII
pobotu 3 cuctemoro, Bijg peectpamii Ta II-giarHOCTUKM [0 OTpUMAaHHS
MEePCOHANII30BAHOr0 IUJIaHy JOTJISAY, MIATBEpIKEHOTo JiikapeM. Ha ocHOBI
CIIPOEKTOBAHOI Mojieii  po3pobieHo MVP-Bepcito MOOUIBHOTO — 3aCTOCYHKY,
TECTyBaHHA $IKOi MIATBEPAMIO KOPEKTHICTh OCHOBHOTO (yHKIOHamy. [loenHanHs
aBTOMATU30BAHOTO aHAJI3Y 3 (haxOBOIO KOHCYJIBTAIIIEIO A€ 3MOTY IMiJIBUIUTU SIKICTh
1 Oe3MmeuHiCTh pEKOMEHJAIlil, a XMapHa apXiTeKTypa CTBOPIOE OCHOBY ISt
MOJAIBINIOr0 MacIITabyBaHHS CUCTEMHM Ta ii IHTerpallii 3 MeIUYHUMH 3aKjagaMu i
TOPrOBUMH IIATPOPMAMH.
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AEAKI OCOBJIUBOCTI BUPIHNEHHSA IIMTAHHA
CHHPABHOCTI HUJITHAPOBUX MEXAHI3MIB 3AMKIB

Kopust Anapiii BacuiaboBu4

T'OJIOBHHMM CYJIOBHM €KCIIEPT,CEKTOP TPACOJIOTIYHUX JAOCIIKEHb Ta 00Ky, BIIILI
KPUMIHAJTICTUYHUX BUJIIB JOCIII/IKCHb,

Onechkuii HAYKOBO-AOCTITHUN €KCIIEPTHO-KPUMIHATICTUYHUM LIEHTP, MIHICTEPCTBO
BHYTPIIIIHIX CIIpaB

OmHuM 13 HampsMKiB EKCIEPTHO-KPUMIHATICTUYHOI MAiSNIBHOCTI € BceOiuHe
JMOCHIDKEHHS CIIOCOOIB, METOMIB, OCOONMBOCTEHl Ta 0O0CTaBHMH 3JIOYMHHOTO
MIPOHUKHEHHS BCEPEANHY 3aMKHEHOTO CEPEAOBHILA (TEPUTOPIi, IPUMILIEHHS, madH, 1
T.I1.). Miclie MPOHUKHEHHS MOKE MICTUTH BEJIMKHUU IacT 1HQOpMaIli Ipo YMOBU Ta
00CTaBUHU JIN 37I0YHNHIIS.

311e01IbII0T0 3aMKHEH1 CEPEOBUINA, 110 MiIaI0ThCS KPUMIHATLHOMY MOCSTaHHIO,
MaloTh HEBUIRHUN BXiJl Ta OOJNaJHaHI JBepUMa (BOPOTAMH, XBIPTKAMH, CTaBHSIMH,
pojieTaMu, 1 T.I.) 3 PI3HOMaHITHUMH 3aMHUKAIOYMMH MPUCTPOSMHU, Y TOMY YHCII -
3amkaMu [1], siki Ge3mocepeHbo MiAIal0ThCsl MPSIMOMY 3JI0YMHHOMY BILIUBY, Ta Y
IpoLecl BANHEHHS MIPABOMOPYIIECHHS, YCYBalOThCS B SIKOCTI NEPEILIKOH.

3a 3arajJbHONPUIHATUM MOHSTTSIM 3aMOK - 11€ BUPIO, 1110: CIYTY€ JJI 3alUpaHHs 1
BUIMMPAHHS JIBEpEM Ta IHINMX 3aXHCHUX KOHCTPYKIIH; BIJANOBIJa€ BU3HAYCHUM
OXOPOHHUM BJIACTUBOCTSIM; € HEBIJI'€MHUM €JIEMEHTOM 3aXUCHO1 KOHCTPYKIIIi [2].

[cHy!OTh 3aMKH 3 PI3HOMAHITHUMHU MEXaHI3MaMHM 3aMUKAaHHS, Takl fK:
UWTIHAPOBUMA, CyBalbJAHUM, nOpyxkuHHMM 1 T.0.. Cepea mnepenidyeHUX J10BOJI
PO3IMOBCIOKEHI Y TTOOYTI 3aMKH YPI3HOTO, MPUPIZHOTO (HAKIAAHOTO) a00 HABICHOTO
TUIY, 3 ILWIHIPOBUMU MEXaHI3MaMH 3aMHKaHHSA, K1 OOJNaJHaHI eJIeMEeHTaMU
CEeKpPETHOCTI y BHUIJIAMI Map UWIHAPWUYHMX WTUGTIB (TiHIB). BiamosiaHo, yepe3
3HAQUYHY PO3MOBCIO/KEHICTh 3aMKH 3 IWIHAPOBUMHU MeEXaHI3MaMu 3aMUKaHHS,
oOnanHani mrtudramu (MiHAMHU), YacTO MIANAIOTHCS KPUMIHAIBHOMY BIUIMBY Ta
CUCTEMATHYHO HAPABIISAIOTHCS HA €KCIIEPTHU3Y (JOCIIKEHHS).

OanuMm 3 BHUpINTYBaHUX MUTAHb MiJ Yac MPOBEACHHS IOCHIKEHb 3aMKIB 3
MATIHAPOBUM MEXaHI3MOM 3aMukaHHi € - «Yu chnpaBHMii a0o0 pPoOOTO3MATHHIA
(TIparie3maTHU) MEXaHi3M 3aMKa?», 10 € JIOTIYHUM Ta BKJIUBUM JIJII BCTAHOBJICHHS
Tt oco0u, 10 TMocsTae Ha MOPYIICHHS MpaB 1HIIOI 0COOW, B MPOIECi 3/IMCHEHHS
MIPABOIMOPYIICHHS.

[Ipu BupimieHHI UUX MNOUTaHb BaXJIMBUM € PO3YMIHHA CIPAaBHOCTI Ta
po0O0TO31aTHOCTI (MpaIe31aTHOCT1), 1 BIAMIHHOCTEH M1k JaHUMHU MOHATTAMU. OTKe,
MOHATTSAMH, 110 3aCTOCOBYIOTHCS JI0 MEXaHI3MiB 3arajoM, 1 3adiKCOBaHI y JiHOYUX
JCTY, € HacTynHI: Npale3iaTHICTh — 1Ie CTaH 00’ €KTa, SIKUW XapaKTepHU3y€eThCs Oro
3JIaTHICTIO BUKOHYBATH ycCl NOTPIOHI QPyHKIII1; CIPaBHICTh — 1LI€ CTaH 00'€KTa, 3a TKUM
BIH 3/1aTHUI BUKOHYBATH ycCl 3a/1aHi QyHKIIT [4].

VY Oinbi 3By’)K€HOMY CEHC1, TOOTO BITHOCHO (hOpMYJTFOBaHHS TIOHSTH CIPABHOCTI
Ta poOOTO3aTHOCTI (Mpare31aTHOCTI) came 3aMKiB, 3a3HAYEHO HACTYITHE.
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PoGoTo3naTHuM (mpane3 aTHUM) BU3HAETHCS 3aMOK, SIKHA BIIMUKAETHCS 1
3aMHUKA€ETHCS IITATHUM KITIOUEM;

CrnpaBHHUM BU3HAETHCS 3aMOK MPU OJJHOYACHIM HAIBHOCT1 HACTYITHUX YMOB:

- 3aMOK BIJIMUKA€ETHCS 1 3aMUKAETHCS IITATHUM KITIOUYEM;

- MICTUTD YC1 KOHCTPYKTHBHI €JIEMEHTH MEXaHI3MY;

- He Mae O3HaK (nmedexTiB Ta IOIIKOIKEHB), SKi HETaTUBHO BIUIMBAIOTh Ha
(yHKIIII0 BIAMUKAHHS 1 3aMUKaHHS;

-He Ma€ O3HaK (IedeKTiB Ta TMOIIKOMKEHb), SKI 3HIWKYIOTh CTIHKICTh IO
BIIMUKaHHSI CTOPOHHIMHU TIpeaMeTamu [2].

3 ypaxyBaHHSM BKa3aHUX YMOB (JOPMYIOTHCSI BUCHOBKHU, BapiaHTHU SIKUX HABEICHI
HIDKYE:

- SIKIIIO BC1 J€TaJIl 3aMHKaIOU0Tr0 MEXaH13MYy CITpaBHi, ajie B CUJTy JIESIKUX OOCTaBUH
(HampuKIan, CHJIBHO 3a0pydHEHI, 3alp)KaBUIM) BUIBHO HE MEPEMIILYIOThCS, JIS
JIOCTATHOCTI 3aMHUKaHHS 1 BIJIMUKAHHS, TOJll 3aMOK BBa)KA€ThCS HEPOOOTO3IATHUM
(Hempaie3aTHUM) 1 HECTIPABHUM;

- Ko nedexTu (Hampukiiana, HEBEJIMKa BM SITICTh KOPIYCY 3aMKa, MOTHYTICTh
Ty>KKH, HECTIHKICTh CTIMKM JJIsl KJII0Ya) HE BIUIMBAIOTH HAa POOOTY MEXaHi3My, HOro
3aMHUKaHHS Ta BIIMUKAHHS, 3aMOK BBaXKA€ThCS POOOTO3MATHHUM (Ipane3laTHUM) i
CIIPaBHUM;

- MOXXJIUBICTh 3aMHUKaHHS Ta BIIMUKAHHS, NP OJHOYACHIA HASIBHOCTI JC(EKTIB,
SKI HETaTUBHO BIUIMBAIOTh HA HAMIMHICTH POOOTHM MeEXaHI3My, 1 MEBHOIO MIPOIO
MOJICTIIYIOTh BIIMHUKAHHS HOTO CTOPOHHIM IMPEAMETOM, € MIICTABOIO JJIs BU3HAHHS
3aMKa poOoTo31aTHUM (TIpale31aTHUM ), IPOTE - HECTIPpaBHUM [3].

[TopiBHIOIOUM 1Ba MOHATTS (MEXaHI3MY - 3araJIOM Ta MEXaHIYHOTO BUPOOY - 3aMKa)
MOKHA BU3HAYUTH, 1110 BIIMUKAHHS Ta 3aMUKaHHSA 11€ OCHOBHA (''moTpiOHa") QyHKIIsA
3aMKa, a JojaTkoBoro ("3amaHoro") Moro (yHKIE € HampuKIad: CTIMKICTh M0
BIIMMKaHHS CTOPOHHIMH TIPEIMETaMH, CKJIAJIOBOIO SKOT CEpe/ 1HIIIOTO € CEKPETHICTh.

[Ipu 1bOMy, CeKpeTHICThL 3aMKa II¢ BJIACTUBICTh 3aMKa, II0 BU3HAYAETHCS
KUIBKICTIO MOXKJIMBHX BaplaHTIB CEKPETy B KOHKPETHINA MOJIEN 3aMKa, KOKEH 3 SKUX
BI/IMIOBIIA€ JIMIIIE KOHKPETHOMY KITFOUy [2].

Kpim TOrO, 3aMKM MOXYTh MaTH JOJATKOBI XapaKTEPUCTUKU Ta MOXKIHUBOCTI
(HanmpuKJIaa: TACBIYYBaHHS OKPEMHUX JIeTaJIed, JOJaTKOBUM 3aXHCT, ITOCHUJICHA
MIIHICTb, KOIYBaHHS, JeKOpaTHBHA (YHKIIIS, 1 T./1.), K1 B MPOIIeCl BUCBITIICHHS JaHO1
TEMH JI0 yBaru He OepyThCsl.

VY mporiect AOCHIKEHb MIWIIHAPOBUX MEXaHI3MIB 3aMKiB, TPAIUIAIOTHCS BUMAIKU
HIDKYEHABEICHOTO MPUKJIAAY JOCHIIKEHHS, TT1]] Yac sIKOTo aHasli3 00'€KTiB TPOBOIUBCS
3 ypaxyBaHHSM 1H(OpMaIlii, 3a3HAYEHOI BUILIE.

3aMOK HAAIMIIOB Ha AOCHIKEHHS y poOO0TO3AaTHOMY (IMpaune3aaTHOMY) CTaHi,
3aMHUKAETHCS Ta BIIIMUKAETHCS 0€3 3aTPUMOK Ta HEAOMIKIB, MICTUTh YC1 KOHCTPYKTHUBHI
€JIEeMEHTH, SKi 3aJ0BUIBHO B3a€EMOIIOTH Mk co00r0. OmHak, mpu po30MpaHHI Ta
OISl MJTIHIPOBOTO MEXaH13My 3aMKa BCTaHOBJICHO, 1110 Ha BHYTPIIIHIX MOBEPXHSIX
foro kopmycy (marpoHy), Ha OTBOpax KaHamiB g MTHTIB (IO KOy IMOBEPXHI
MaTPOHIB) € KUTBIIEBl MOMIKOMKEHHS 31 CIIIaMH Y BUIJISAJII MMOTEPTOCTEN Ta OOpO3eH
rmuounoro 0.1 - 0.5 mm (Puc. 1, 2, 3).
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JIxepesio pUCYHKIB: po3po0Ka aBTopa

B mpomeci pocnipkeHHsS UWIIHIPOBOTO MEXaHI3My BKa3aHOTO 3aMKa CTajlo
3pO3yMLUIIO0, 10 KOpIyc (MaTpoH) Ta MTU(TH UITHAPOBOTO MEXaHI3MY BUTOTOBJICHI 3
BIJIMIHHMX MeTaliB (CIUIaBiB), SKI B CBOI YEpPry MalOTh Pi3HI 3arajbHl Ta SIKICHI
XApaKTepUCTUKH, Takl, K HaNpUKIaA: Kodip a0o peakuis Ha MarHiTHE [OoJe
noctiiHoro MarHity. [Ipu mpomy, metan (cruiaB) kopmycy (MaTpoHy) M SKIIMA 3a
Metan (criaB) mTUGTIB. ToMy, y pe3yabTaTi JTOBrOTPUBAIOI MEXaHIYHOI B3a€MOIIi
BKa3aHUX JeTajed ITU(PTH MOCTYNOBO CTEPIU METal MaTpPOHY, L0 CBIAYUTH MPO
EKCIUTyaTallliHUN XapaKTep YTBOPEHHS JAHUX MOITKOKCHb.

Ha ocHoOBI 3a3HaueHux JaHuX Oyi0 3p00JIeHO MPUITYIIEHHS, IO HAABHICTh TaKUX
MONIKO/P)KEHb HE BIUIMBAE HA CTYIMIHH TOYHOCTI CYMIIIEHHS KOpIycy (TarpoHy) 3
MUJITHAPOM, alie TPU MPOBEPTAHHI LIIIIHPY B IATPOH1 MOKe (OpMYBaTH 301IbIIICHHIA
3a30p (JI0PT) CYMICHOCTI MK HUKHIMU TOPISIMU pOOOYMX IITU(DTIB 1 BHYTPIIIHBOIO
MOBEPXHEI0 KOPIYCiB (MaTpoHiB) MexaHi3My 3amka. [Ipu 1iboMy, HasiBHICTh (hacku Ha
TOpLSIX WTU(TIB MOXe 3a0e3meuyBaTh KOKHOMY poOodomy IITU(TY BUIBHUNA pyX B
MeXax YTBOPEHOI MOXMOKM MpH YTUKaHHI MTUPTA B MEXI OTBOPY KOPIIYCY,
MPU3HAYEHOTO AJIsI OTIOPHOTO MTU(TA HOTO TapH.

B mporieci moganbeioro BUBYEHHS JaHOTO BUIAKY €KCIIEPTOM OyJI0 BCTaHOBJICHO,
1[0 BUMOTH JI0 3aMKIB CE€peJl 1HIIIOTO MepPeiueHi y cTaHaapTax SKOCTl, IHCTPYKITiSAX 3
eKCIUTyaTallii, macrnoprax BUpOOIB Ta y 1HIIN TEXHIUHIA JTOKyMEHTAIlli BUPOOHHKIB.
O3HalloMITIOIOYHCH 3 1H(POPMALIi€l0, 3a3HAYCHOIO Y JDKEpesiax TEXHIUHOI JOKYMEHTAIl1
PI3HHX BUPOOHUKIB OyJI0 BCTAHOBJIEHO, IO TaKi MOKA3HUKH, K KUTHKICTh KOMOIHAIIIH,
CyMapHi po3Mipu ITHUQTIB LHWIIHAPA 1 KOPIYyCY, IPY>KUHU B CTUCHYTOMY CTaHi 1
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3arMyIIKA, KUIBKICTh KOMIUIEKTIB INTH(TIB, HasBHICTh (Dacku (3aKpyIvieHb TOPIIIB)
MTUQTIB, CTYMIHb TOYHOCTI 3’ €HAHHS KOPIYCY 3 IUIIHIPOM, MAaOTh TIEBHI MEXI1, K1
PETyIIOITHCA BIAHOCHO BIJI KJIaCy 3aMKa, 1 BIUIMBAIOTh Ha PIBEHb HOTO CEKPETHOCTI.

Posrnsimatour  BUIEHABEJACHUM  MPUKIAJ ~ HASBHOCTI  Ta  Xapakrepy
EKCIUTyaTallliHUX MOMIKOXKEHb Ha MEXaH13Ml1 3aMKa y aBTOpa BUHUKJIIO TTPUITYILEHHS
opo Te, IO JIaHUW 3aMOK MOXJIMBO BHM3HATH HECHPAaBHUM, Y 3B'SI3KY 3 THUM, IO
HAsBHICTh KIJBLIEBUX TMOIIKOMKEHB 31 CIIIJIaMH 3HOCY Ha BHYTPIIIHIX IMOBEPXHAX
KOPITyCiB (IaTpOHIB) IITIHAPOBOTO MEXaHI3MY 3aMKa TEOPETUIHO 3MEHIITY€E KiTbKICTh
KOMOIHAI[I}, 1 SIK HACIIIOK - 3HIKYE CTIMKICTh 3aMKa JI0 BIIMUKAHHS CTOPOHHIMU
npenMeramMu (HampuKiIaa miaiOpaHuMy KITFOYaMH, SIKi MalOTh HE3HAYHI BIIMIHHOCTI
B1JI IITaTHOTO).

IIpote, B mipo1ieci mMogaIbIIIOr0 BUBYEHHS JAHOTO MUTAHHS OYJI0 BCTAHOBJICHO, IO
BUMOTH, SKI HaBeIEHI y ITOKYMEHTaX, IO PETYJIIOTh CTaHIAPTH3AIlil0 3aMKiB
nepen0avyaroTh MPOBEACHHS BUIPOOYBaHb, IO HE OXOIUTFOIOTHCS METOIHKOIO
TPACOJIOTIUHOTO JIOCTIPKEHHS 3aMKIB, & MAIOTh 3/[IHCHIOBATUCS HA OCHOBI CIEI1aJIbHO
pO3pO0OJIEHUX MpOLEAYyp 13 3aCTOCYBaHHSAM  BIJMOBIIHMX METOIB, 3aco0iB
BUMIPIOBAJIbHOI ~ TEXHIKM, BUIPOOYBaJbHOTO  OOJAJHAHHS,  BUKOPUCTAHHSIM
JOJATKOBUX 3paskiB, Toimo [2]. ToOTo, B mporeci TOCHIIKEHHS B paMKaxX CyJOBOi
TPACOJIOTIYHOT EKCHEPTH3U Yy eKcliepTa BIACYTHA HEOOXIIHICTh Yy 3aCTOCYBaHHI
BUMIPIOBAJILHUX 3acO0IB Ta OOJagHAHHS IS MIATBEP/KCHHS IPHUIYIICHHS PO
3MEHILIEHHsS KOMOIHAI[li CEKPEeTHOCTI 3aMKa, a IPOBEICHHS TAKUX BUIPOOYBaHb
BUXOJUTH 32 M€Kl HOr0 KOMIIETEHIIII.

VY cBoto uepry, opMyBaHHS BHCHOBKY Ha OCHOBI CYyO'€KTHUBHUX BHYTPIIIHIX
MIePEKOHAHb Ta IPHUIMYIIEHb, HE M ATBEPHKCHUX 00'€KTUBHUMH (paKTOPAMH, CKCTICPTOM
HE JIOMYCKA€EThCA.

Tomy, 3 omisiAy Ha Te, IO €KCIEPUMEHTAIbHO BCTAHOBUTHU (DAKTUYHHUI pPIBEHBb
CEKPETHOCTI JOCIIKYBAaHOTO 3aMKa, Ta MATBEPAUTH MPUITYIICHHS TPO 3HIKEHHS
HOTO CEeKpETHOCTI 32 00CTaBWH, HASIBHUX B HABEICHOMY TIPUKJIIA/Il, Y paMKaX METOIUKU
TPACOJIOTIYHOTO JOCHIPKEHHS HEMOXJIMBO, a TaKOX, MPHUMalo4W J0 yBaru, IO
KOMOIHAIIIsl CEKPETHOCTI MEXaHI3My 3aMKa BIJIMOBIJlajia MPU3HAYECHOMY I JaHOTO
3aMKa KII04y, Pe3yJbTaroM HAasBHHUX JOMYCTUMHX JOCIIKEHb MOXIIWBHM €IMHUAN
MpaBUJILHUN BHCHOBOK NP0 Te€, IO JOCTIIHPKYBaHMM 3aMOK € pOOOTO31aTHUM
(mpaie3aaTHUM) 1 CITPaBHUM.
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BICBKOBA CJYXKBA, K CIIOCIb HABYTTA
I'POMAJSIHCTBA

ITecuos P.T'.

KaHAUAAT IOPUIUYHUX HAYK, JOLIEHT
VYkpaiHncbkull AepKaBHMM yHIBepcuTeT iMeH1 Muxaiina /[paromanoBa

JloCHiIKyI0YH 1HCTUTYT TPOMAJITHCTBA HAYKOBII 3BEPTAIOTh YBary Ha mpooyieMu
3MICTy TPOMAaJISIHCTBA Ta MPHUHIIUMAM 1 TijcTaBaM HaOyTTs TpoMasHcTBa. OAHI€O 13
nifcTaB HAOyTTsI TPOMAJITHCTBA € HAOYTTSI TPOMAJITHCTBA 32 OCOOJIMBI 3aCIIyTH Mepes
JepKaBo0, ab0, IHIIUMU CIIOBaMH, - JapyBaHHS I'POMAJSHCTBA IJIaBOIO JIEpP>KaBH.
Bapro 3a3HaunTH, 10 JapyBaHHS TPOMAJISIHCTBA € CHPOIIEHUM CIIOCOOOM HaOyTTs
IPOMAJSHCTBA, OCKUIBKM HE IMepefdadae BUMOT, sKI IependadeHl B 3arajbHIN
MpoIeAypl HAOYTTS TPOMASTHCTBA (3HAHHS MOBU, IPOKUBAHHS HA TEPUTOPIT AeprKaBU
MPOTSTOM MEBHOTO Yacy, HasBHICTh IOXO/1B JJis pokuBanH:A) [1, c. 133 -134].

[HCTUTYT napyBaHHS IPOMaJITHCTBA BIIOMHUI 111e 3 yaciB Pumchbkoi immnepii. Jlanuit
IHCTUTYT OYB BaXKJIMBUM CIOCOOOM 3a0e3MedeHHs CTaOlILHOTO PO3BUTKY IMIIEpii.
PumnsiHu BUOMpau THX, KOTO XOTUIM BBECTH Y CBOIO OOILMHY, PO3KIAJal0uu KEPIBHY
€JIITY COIO3HMKIB, KOTPUM PUMCBKE I'POMAISHCTBO HAJaBaJOCs K IEBHOTO POAY
KOMITIeH allis 3a HajaHi nocayrd [2, 189]. lapyBaHHs rpoMajisiHCTBA 3/1HCHIOBAIOCS
B OCHOBHOMY 3a BIHCBKOBY CIy>0y. Yos0BiKaM 3 MPOBIHIIMHUX perioHiB PUMChKOi
iMIIepii BiiiCbKOBa ciTy>k0a B pUMCBKHUX JIETIOHAX JIaBajia IiJICTaBU HAOYTTS MOBHHUX
IIpaB pUMCBHKOT0 rpomMaasHcTBa [2, 188].

B nepiog ¢eonanizmy MNOHSATTS T'POMAJSHCTBO TUMYAcoBO OyJi0 3aMIHEHO Ha
BacalibHy BIpHICTh. OpaHak, mounHatouu 13 XVI cr. I3 mouatkoMm QopmyBaHHs
PEryJsipHUX apMiil MpakTUKAa OTPUMAHHSA IPOMAASHCTBA / MiJJIaHCTBAa BIJHOBUJIACS.
Tak, Hanpukiaa BilickkoBa cily>k0a B 1HO3eMHUX noJjikax ®panuii, [cnanii B nepion
XVI - XVIII ct.cT. naBana mpaBo Ha 3eMeJIbHI HA/IUJIM Ta aBTOMATHUYHY HaTypali3aliito
migganoro . Ilig gac BifiHM 3a He3anexHicTh CIIIA KOHTHHEHTaNbHUN KOHTPEC
aKTUBHO 3ajJy4yaB 1HO3EMHHUX JIOOpOBOJIBIIIB, HAJAl0OuYd iM  aMEpPUKAHCHKE
IpOMaJITHCTBO (/11 TIpUKIIaAy MoxHa Bkazatu Tazaeyma Koctiomko, @pinpixa ¢poH
[to6ena). ITix yac rpomansacrkoi BiviHu B CLIA Oyio Boepiie mpuiHATO 3aKOH PO
MPUCKOpEeHY Harypamizarito [3]. 3rimiHO 1OTO 3aKOHY iHO3eMHI cojjatu Corosy
OTPUMYBAJIM TPOMAJSHCTBO 32 CIPOLIEHO MPOLELYPOKO.

B cydacHoMy CBITI BiiicbKOBa cCiy»0a, SIK MifcTaBa HaOyTTs T'pOMAISHCTBA
sanumaeThest y @panuii. BiiicbkoBa cinyxba y ®@paniry3skoMmy [Ho3emHOMYy JlerioHi
chopMyBalia yHIKaJIbHY KOHIIEMIIO “PpaHIly3 o npoiauTiii kposi”. Tak, B crartsx 21-
14-1 1 21-19 HusinsHOTO KOJekcy DpaHIlii 3a3HAUYEHO, IO 1HO3EMEIlb, IKUI CITY>KUTh
y ®paniy3skomy [Ho3eMHOMY JlerioHi 1 OTpuMaB MOPaHEHHs 1]l yac OOMOBUX Aiii, 3a
npono3uliero MiHicTpa 000poHN MOXke OTpUMaTH GpaHIly3bKe IPOMaasTHCTBO. B pasi
HOoro cMepTi MpaBO Ha OTpUMaHHS TpPOMaJsSHCTBA 30epiraerbcs 3a #oro
HETMOBHOJIITHIMH JITHbMH [4].
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3 Metoro 3abe3neueHHs 36poitHnx Cui BHCOKOKBaTi(DiKOBAaHUMH CIIEIiadicTaMu
(MemuuH1 TpariBHUKM Ta mepekiagadi) B CIHIA po3poOiieHO psia mporpam, ski
J03BOJISUIA 3aTy4aTd 1HO3EMI[IB JI0 BIMCHKOBOI CIYy>KOU 3 MOJAJIBIIMM OTPUMAHHS
rpomajsincTea CIIIA 3a cipomienoro npouenyporo (INA/MAVNI (2008 - 2016p.p.) [5;
6].

B Vkpaini BignoBigHo 10 3akoHy 4502-IX 1HO3eMill, SIKi IPOXOJATh BIMCHKOBY
ciryx0y 3a KoHTpakTOoM y 30poitHnx Cuiax YkpaiHM He MEHIIE 3- X POKIB MaloTh
IIpaBO OTPUMATH IPOMAIIHCTBO YKpainu [7]. Bapro 3a3HaunTH, 10 3aKOHOJABCTBO
KpaiH, SIKI pPerjJaMeHTYIOTh HaOYyTTS 1HO3EMIIMH TPOMAJSHCTBAa 4epe3 BIHCHKOBY
cyx0y y 30poitHux Cuiax BiAMOBIAHOI JepXkKaBW, PO3IISIIAE€ JTaHWK TMPABOBUN
THCTHUTYT SIK JapyBaHHS JAEPKABOIO TPOMAJTHCTBA 1HO3EMHOMY T'POMAJITHUHY 3a MOT0
0COOJMBI 3aciayrd mepel JAepxaBoio. ToMmy AOUUIBHO OyJIo Yy BITYU3HSHOMY
3aKOHOJIaBCTB1 JETAJIbHO BU3HAYMTH B 3aKOHI OKPEMHUM PO3JLIOM BUIU OCOOOBHUX
3aciyr Mepel JepKaBolo, 3a SKI 1HO3EMHI TpPOMAJsHU MOXYTh OTPUMATU
IpOMaJISHCTBO YKpaiHU, a TakoK OUIbII JETalbHIIE PErJIaMEeHTyBaTH HpPOLEAYpPY
JapyBaHHS TPOMAJSHCTBAa 1HO3EMHUM TIpOMaJisHaM 3a HECEHHs HUMH BiHCHKOBOI
CITy>KOH, B3SBIIIH 32 B31pellb 3aKOHO1aBCTBO DpaHIii.
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The current stage of economic development is characterized by increasing
uncertainty, accelerating technological change, the transformation of global supply
chains, intensifying competition, and growing demands for greater resource-use
efficiency. Under these conditions, traditional approaches to enterprise management,
which focus primarily on achieving short-term operational targets and maximizing
short-term financial results, need to be reconsidered. The ability of an enterprise to
maintain resilience in times of crisis, respond promptly to changes in the market
environment, adopt new technologies, and create the conditions for long-term
development is becoming increasingly important. Therefore, managing the
components of an enterprise’s development potential should be viewed as a strategic
process aimed not only at ensuring the efficient use of existing resources but also at
creating new opportunities for growth.

For Ukrainian enterprises, the relevance of this issue has been heightened by the
consequences of the full-scale war, damage to production facilities and energy
infrastructure, logistical constraints, labour shortages, limited access to financing, and
economic instability. At the same time, the business sector has demonstrated its
capacity to adapt, revise business models, and explore new areas of activity. According
to the Organisation for Economic Co-operation and Development (OECD), Ukraine’s
economic recovery requires increased private investment, higher productivity, export
development, stronger competition, and improved access to financial resources for
enterprises [ 1]. Consequently, one of the key challenges facing modern management is
to transform existing potential into an effective instrument for adaptation, recovery,
and further development.

Under current conditions, an enterprise’s development potential cannot be equated
solely with the aggregate of its material, financial, and human resources. Rather, it
should be understood as a dynamic system of resources, competencies, organisational
capabilities, and capacities for transformation that enables an enterprise to achieve its
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strategic objectives, overcome crisis-related constraints, and capitalise on promising
market opportunities. This approach is based on the understanding that competitiveness
is determined not only by the volume of available resources but also by how they are
combined, organised, and utilised. J. Barney emphasises the importance of strategically
valuable resources in establishing sustainable competitive advantages [2], while the
dynamic capabilities framework developed by D. Teece, G. Pisano, and A. Shuen
highlights an enterprise’s ability to renew its resources and competencies in response
to changes in the external environment [3].

One of the main characteristics of the contemporary business environment is the
changing relationship between efficiency and resilience. In a stable environment,
managerial decisions often focus on minimising costs, optimising inventory levels, and
maximising the utilisation of production capacity. However, in the context of war-
related risks, supply disruptions, energy constraints, and demand volatility, excessive
optimisation can create additional vulnerabilities. For example, maintaining minimal
stocks of critical materials, relying on a single supplier, or using only one distribution
channel can increase an enterprise’s exposure to disruption. Accordingly, modern
development potential management must combine economic efficiency with the
establishment of reserves, supply diversification, the development of alternative sales
channels, and business continuity planning.

Under these conditions, financial potential becomes particularly important, as
financial resources enable enterprises to sustain their operations, restore damaged
assets, modernise production facilities, and implement innovations. The main priorities
for strengthening financial potential include improving cash flow management,
optimising the capital structure, increasing asset turnover, controlling accounts
receivable, and establishing well-grounded investment priorities. Given limited access
to financing, enterprises need to assess expected investment returns more carefully,
weigh potential outcomes against associated risks, and determine the order in which
projects should be implemented. Another promising direction is the diversification of
funding sources, including the use of banking instruments, leasing, grant programmes,
partnership financing, and available business support schemes.

At the same time, financial resilience should not be achieved solely through cost-
cutting measures. Excessive reductions in investment in personnel, technology,
equipment, and research may undermine productivity and lead to a loss of competitive
position in the future. The management challenge, therefore, lies in determining the
optimal balance between current operational needs, financial security reserves, and
investment in development. Priority should be given to measures that simultaneously
reduce critical risks and generate long-term economic benefits.

Undergoing contemporary transformations, an enterprise’s production and
technical potential needs to be redirected from simply expanding production capacity
towards enhancing production flexibility, technological advancement, and resource
efficiency. Rising energy costs, restricted access to certain resources, and the need to
adapt rapidly to changing demand have increased the importance of implementing
energy-efficient technologies, automating operations, upgrading equipment, and
optimising production processes. At the same time, modernisation should be based on
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a comprehensive assessment of costs, potential productivity gains, reductions in losses,
and the impact on product quality.

One promising direction is the development of flexible manufacturing systems,
which enable enterprises to adjust their product range, output volumes, and
technological parameters more rapidly in response to market demand. It is also
important to assess the extent to which production depends on critical equipment,
energy supplies, and external suppliers. In this context, the development of production
potential should encompass not only technical re-equipment but also improvements in
maintenance practices, repair scheduling, material flow management, and the
development of contingency operating scenarios.

A particular emphasis in modern development potential management should be
placed on human capital. Shortages of skilled workers, population migration, changes
in employment patterns, and the rapid evolution of professional competencies are
intensifying competition for personnel. Consequently, human resource policies must
extend beyond traditional recruitment practices to include systematic competency
development, retraining, the retention of key specialists, and the creation of
opportunities for professional advancement. Developing skills in the use of digital
tools, analytical systems, automated processes, and emerging technologies is becoming
particularly important.

The prospects for developing human resource potential are also associated with the
introduction of flexible work arrangements, improvements in employee motivation
systems, and enhanced internal communication. An effective human resource
management system should align employees’ interests with enterprise objectives,
ensure transparent performance evaluation, and provide opportunities for professional
development. At the same time, it is important to foster an organisational culture that
encourages 1initiative, accountability, knowledge sharing, and employee participation
in the improvement of work processes.

Digitalisation of management is becoming a decisive driver of enterprise
transformation. The use of integrated information systems, business intelligence tools,
cloud technologies, automation, and artificial intelligence creates opportunities for
faster information processing, more accurate forecasting, improved cost control, and
enhanced customer interaction. In its materials on business digitalisation, the European
Commission identifies the adoption of artificial intelligence, the use of cloud services
and data analytics, the development of digital skills, and stronger cybersecurity as
important priorities [4]. This indicates that digital development should be regarded not
as an isolated technical project but as a cross-cutting driver of efficiency improvements
across all components of an enterprise’s potential.

At the same time, digital transformation cannot be reduced to purchasing software
or automating individual operations. It involves redesigning business processes,
improving data management systems, training employees, and fostering a culture of
decision-making based on reliable information. The effectiveness of digital
investments depends on clearly identifying the problems to be addressed, the expected
outcomes, and the criteria for evaluating performance. It is also necessary to take into
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account the risks associated with cyber threats, data loss, technological dependence,
and insufficient compatibility between information systems.

Under current conditions, innovation potential is becoming particularly important,
as it enables enterprises not only to improve their existing operations but also to create
new sources of competitive advantage. Innovation may involve products, technologies,
work organisation, logistics, business models, and methods of interacting with
consumers. One promising direction is the development of partnerships with research
institutions, higher education institutions, technology companies, and other
participants in the innovation ecosystem. Such cooperation facilitates knowledge
exchange, access to new technologies, and a reduction in the costs of developing
innovative solutions independently.

To use innovation potential effectively, enterprises need to adopt a systematic
approach to project management, covering the entire process from problem
identification and idea generation to the assessment of commercial viability, testing,
and scaling up successful solutions. It is advisable to foster a culture of experimentation
in which new products or processes are initially tested on a limited scale, while further
investment depends on the results obtained. This approach helps reduce risks, avoid
unjustified expenditure, and allocate resources to innovations with genuine economic
prospects.

Another important area of development is strengthening enterprises’ environmental
and resource responsibility. Rising energy and material costs, increasingly stringent
environmental requirements, and the growing emphasis on sustainable practices in
European markets create favourable conditions for improving energy efficiency,
reusing materials, reducing waste, and enhancing environmental management. For
enterprises seeking to enter international markets or expand cooperation with European
partners, compliance with quality requirements, product traceability, business process
transparency, and effective risk management are becoming increasingly important.

Integration into the European economic area opens up opportunities to expand sales
markets, attract investment, develop partnerships, and introduce modern management
practices. At the same time, it raises expectations regarding product quality,
productivity, compliance with technical standards, operational transparency, and
competitiveness. Therefore, preparing to operate in international markets should
involve not only marketing and promotion but also systematic improvements in
production, logistics, financial management, employee competencies, and internal
control.

In this context, one promising direction is the transition from a development model
based primarily on the utilisation of existing resources to one focused on increasing
productivity, technological upgrading, and value creation. A World Bank study on the
development of more productive firms in Ukraine emphasises the importance of
competition, the entry of new businesses, innovation, and more efficient resource
allocation in achieving dynamic economic growth. For enterprises, this means
regularly reviewing their product portfolios, technologies, sales channels, and
organisational models, abandoning inefficient practices, and directing resources
towards activities with greater development potential.
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Improving the management of the components of an enterprise’s development
potential requires a comprehensive assessment of its current condition and the
identification of transformation priorities. To this end, it is advisable to use a system
of indicators covering financial stability, liquidity, profitability, labour productivity,
fixed asset utilisation efficiency, asset turnover, innovation activity, the level of
digitalisation, and employee development. At the same time, quantitative indicators
should be complemented by a qualitative analysis of management processes, readiness
for change, organisational culture, and the enterprise’s ability to respond to external
threats.

It is important to ensure that the assessment of development potential does not
become a formal exercise in accumulating indicators. Its primary purpose is to identify
constraints, uncover untapped opportunities, and support well-founded managerial
decisions. On this basis, an enterprise can develop a development programme
specifying objectives, responsible personnel, resource allocation, implementation
deadlines, key performance indicators, and monitoring mechanisms. Regular
evaluation of results makes it possible to adjust measures in response to changes in the
external environment and avoid inefficient resource utilisation.

Thus, the contemporary conditions in which enterprises operate necessitate a
reassessment of existing approaches to managing development potential. The main
priorities should include ensuring resilience and adaptability, strengthening financial
capacity, upgrading technology, developing human capital, advancing digital
transformation, intensifying innovation, improving resource efficiency, and expanding
international cooperation. The effectiveness of management, however, is determined
not by maximising any individual component but by the enterprise’s ability to ensure
their coordinated interaction in accordance with its strategic objectives.

The future development of enterprises is associated with the adoption of flexible
organisational models, increased productivity, entry into new markets, implementation
of digital solutions, and the creation of innovative products and services. For Ukrainian
businesses, additional opportunities arise from participation in economic recovery,
deeper integration with the European market, the development of industrial
cooperation, and attracting investment in modernisation. Realising these opportunities
requires strategic vision, effective resource management, and a willingness to
continuously upgrade competencies.
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JInst TpUKyTHUKA 31 CTOpOHAMH 7, 4, 4 KyT IPOTH CTOPOHH 7 CTAHOBUTH MPUOIU3HO
122,09°. OGepHenuit cunyc aae 57,91°, xoua cuHycH LMX KyTiB 0JiHaKoBi. [loBTOpHE
o0YuCIIeHHs 3 OUIBIIOI TOYHICTIO 30epeke HenpaBuibHUN BUOIp. ToMy mporpaMHa
MepeBIpKa Mae KOHTPOJIOBATH 1 IOYCTUMICTh CTOPIH, 1 CIOC10 BIIHOBJIEHHS KyTa.

Mera Te3: onucaTy aropyuT™M 1 IEPEBIPUTH HOTO HA BCIX IIUIMX TPIMKaX CTOPIH BiJl
1 mo 9. Teopema KOCHMHYCIB BU3HA4Ya€ ONOPHUN KYT, a popMyar MombBeiiie AatoTh
3HAKOBY IMIBPI3HUII0 ABOX 1HmMX [1, 2]. Peamizailii BUKOPHCTOBY€ CTaHIIAPTHY
616mioTexy Python. [Toxubku oO0uncieHs y TakOMy CepeIOBHIII MOSICHIOIOTHCS B [3].

Jlist cTopiH a, b, ¢ cniepiily epeBipsA€ThCS IXHS T0JATHICTD 1 TPU CTPOT1 HEPIBHOCTI
TpUKyTHUKA. JlaHi, SIKI HE MNPOXOASATH €N eTam, BIAXWISIOTHCS 10 OOYMCIICHHS
o0epHEHUX TPUTOHOMETPUYHMX (yHKIIN. Take mpaBuiio 3amodirae cutyarlii, KOJu
MporpamMHa KOPEKIisi apryMEHTy IPUXOBYE€ T'€OMETPUYHO HENPaBUIBLHUN HaAOIp
CTOpIH. BUpoKeH1 BUMaIKU TaKOX HE BKIKOYAIOTHCA B IONYCTUMY 00JIACTh.

[Ticns mepeBipku AaHuX KyT C BU3HAYAETHCS 3a TEOPEMOIO KOCHHYCIB. Jlai cyma
1 pI3HUIA TIEPIIMX JABOX CTOPIH BHUKOPUCTOBYIOTHCS ISl OOYHMCIICHHS KOCHHYCa Ta
cuHyca MiBp13HUII KyTiB. OTpuMaHy mapy MOKHA PO3TISIATH K KOOPJIUHATUA TOYKU
Ha OJMHUYHOMY KOJi. 3HaK BEPTUKAIBHOI KOOPJAMHATH BU3HAYAE, IKUH 13 TBOX KYTIB
OUTBIIHIA.

KyT niBpi3HUII 00UUCITIOETHCS QYHKITIEIO atan?2 13 SBHO 3a3HaYE€HUM TOPSIIKOM
aprymenTiB. Ilicns nporo ABa mIykaHi KyTH BIJHOBIIOIOTBCS 3 BIJJOMOI CyMH Ta
3HAKOBOT PI3HUIN. SIKIIO mepiii ABl CTOPOHU MEPECTABUTH MICISIMU, TOPU30HTAIIbHA
KOOpJIMHATa HE 3MIHUTHCA, BEPTHKaJIbHA 3MIHWTH 3HaK, a BIANOBIAHI KyTH
MTOMIHSIFOTBCSI MicIsIMU. L[S BIaCTUBICTH € OKPEMOIO TIEPEBIPKOIO peajtizariii.

[licns mepecTaHOBKM CTOPIH MOXXHA TIEPEBIPUTH TporpaMmy 0€3 HOBOTO
eTasioHHoro anroputmy. Jns 7-4—4 1 4-7-4 3HaiifeHi mepiii aBa KyTH TMOBUHHI
MIHSTHCS MICIAMH. [[71s OMHAKOBUX TEpIIUX CTOPIH BOHM MaroTh 30iratucs. Lli
BJIACTUBOCTI IEPEBIPEHO B YCIX BIAMNOBIAHUX PAIKAX JaHUX.

VY Ttabmuui 30epiratoThCsi CTOPOHHU, KyT C, €TaJoHHI M BIJHOBJIEHI KyTH Ta
HalOIbIIa pi3HULA MK HUMH. [lose naive wrong mo3Hayae HENpaBUIbLHUN BUOIp
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00epHEHOTO CHHYyCa. 3a KOXHUM pPSIKOM MOKHA IOBTOPUTH OOYHCIICHHS Ta
3’sICyBaTH, Ha IKOMY €Talll BUHUKJIA PO301KHICTD.

[lepebpano Bci 729 BHopsiakoBaHUX TpiMok mimux ctopid Big 1 mo 9. Crpori
HEpIBHOCTI BUKOHYIOThCA i1 369 Tpiiok; pemra 360 BiAXWISETHCS Ha BXOJI.
[lepecTaHOBKH BpaXxOBaHO OKPEMO, TOMY 1110 Ha3Ba KyTa BU3HAYAETHCS MPOTUIICIKHOIO
CTOpPOHO10. /IaHi € TOBHUM NIepeOOpOM 3a/1aHOTO JT1ala30Hy .

Jns Bcix 369 TpUKYTHUKIB BIAHOBJICHI KYTH y3TOJMIIMCS 3 TEOPEMOIO KOCHHYCIB.
Pi3nutsg Oyna MEHIIOIO 3a OJIHY IECATHUMUIBSIpIHY rpamyca. HaitOinpine BiagXuieHHs
OTpUMaHO it 8—9—2. SIKIIO 3aJMITUTH TOJOBHE 3HAUYECHHS OOCPHEHOTO CHHYyca 0e3
BUOOpY KyTa, HEPABUJIBHUM MEPIINN KyT BUHUKAE Y 53 psjIKax.

[Tomis 3a THIIOM TIEPIIIOTO KyTa MOSICHIOE BC1 53 momuiku. Y Tabnuii 314 roctpux,
2 mpsiMuXx 1 53 Tynux nepmux KyTd. BapianT 3 olHUM 0O€pHEHUM CHHYCOM IIPaBUIBHO
00poOUB rocTpi i MpsiMi KyTH Ta IOMUTIUBCA HAa KO)KHOMY Tyrnomy. Lle nmepeBipeHo 3a
LIJTUMU CTOPOHAMU: KBAJpaT MEpUIOi CTOPOHH TMOPIBHIOETHCS 13 CYMOIO KBaJpaTiB
JIBOX 1HIIINX.

Jns moBTopeHHs TmOTpiOHO 3amyctutd check examples.py. Bin cTBOpioe
angle recovery.csv 13 369 JOTTY CTUMHUMH TpiliKamH. Ckpunt
verify angle properties.py J0JIaTKOBO TPYIy€ PSAKH 3a THIOM MEpIIOTO KyTa M
repeBipsie mepecTaHoBKY cTopiH. OOUABI MPOTPaMH YUTAOTHCS SIK 3BUYAHHUM TEKCT 1
MPaIoI0Th 31 CTaHAApTHOIO 010m0TeKo0 Python.

Oxpemo nepeBipeHo 61 paIoK 13 pIBHUMH MEPIIMMHU CTOPOHAMHU: BITHOBJIEHI KyTH
30iraucs. 31CTaBICHHS KOXHOTO psiIKa 3 MEPECTaBICHUMH MEPIIMMU CTOPOHAMU
TaKOX JaJio 301r BIANOBIAHMX KyTiB. Tak mepeBipeHo 3HAK Pi3HULI Ta BIAMNOBIIHICTb
MO3HAYEHb y peaizalii.

VY ¢yskuii Python kytu mepepatorbesi B pagianax, a B CSV 3amucyrorbcsi B
rpagycax. [lepeBeneHHs OTUHUITL BUKOHYETHCS B 33JJaHUX KpoKax anroputmy. [1iqgac
nepeHeceHHs po3paxyHky B Excel i kpoku noTpiOHo 30epertu: popmyJia 3 rpagycamu
B pajiiaHHii (QyHKIT JaCTh 1HIIY BiAMOBiIb.

OTtpumaHO Tporpamy 3 IMEPEBIPKOIO BXOJY Ta TaOJUICI0O BCIX PE3yJIbTATIiB
3aanoro nepedopy. BoHa BusiBiIsie MOpyIIEHHST HEPIBHOCTEH 1 TOMIJIKK BHOOPY KyTa.
HapuanbHi 3aBnaHHs 31 3HAKOBOIO MIBPI3HUIICIO CTAHOBIISATH OKPEMHUI MaTepiall; TyT
PO3IIIAIA€THCSA KOHTPOJIb YUCIIOBOI peati3arfii.

[TepeBipka OXOILTIOE 11Tl CTOPOHU Bif 1 10 9 ¥ ojHY peaizallifo MaTeMaTUYHUX
bynkuik. Jns mMaiike BUPOPKEHUX TPUKYTHUKIB Ta HETOYHO BUMIPSHUX CTOPIH
MOTPIOHO OKPEMO JOCHIAUTH YYTIUBICTh. TeopeMa KOCHMHYCIB 1 cxeMa ModbBeiine
BUKOPHCTOBYIOThH CIIUIbHE MTPOrpaMHE CepeOBUIIE, TOMY IIPU IEPEHECEHH] peani3allii
KOPHUCHO MOBTOPUTH Tepeoip.

VY 3aganomy repedopi alropuT™M NpaBUILHO BIIHOBUB KyTH BCiX 369 TPUKYTHHKIB.
VYci 53 noMuIKu CrpoIleHoro BapiaHTa MoB’s13aH1 3 TyIIUM MepIiuM KyToMm. [lepeBipku
PIBHUX CTOPIH 1 TIEPECTAaHOBOK JaH JOJATKOBUM KOHTPOJH 3HaKka. I[loBHa Tabimis
JT03BOJISIE€ 3HAUTHU 1 TIOBTOPUTH KOKHHM 13 IIUX BHIAIKIB.
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Y dopmynax MombBeiifie MO€AHAHO TOJOBUHH KYTIB, CYMy Ta PI3HHIIIO CTOPIH.
AnrebOpaiuHe TOBEIEHHS Yepe3 TeopeMy CHHYCIB HaBeaeHo y [1, 2]. ['eomerpuuna
moOy10Ba J03BOJISIE MOSCHUTH MOXO/KEHHS KOXKHOI 3 LMX BeTW4YMH. MeTta poboTu:
31CTaBUTU €JIEMEHTU MOoO0YyIoBH 3 (opMyllaMH Ta CKJIACTH IHICTh 3aBAAHb IS
MOCJIIIOBHOTO PO300py MOBeAEHHS. MeTonu MOCIKEHHs: TeOMEeTpuyHa no0yA0Ba,
TPUTOHOMETPHUYHI IEPETBOPEHHS TA MEPEBIPKA YUCIOBUX MPUKIIAIIB.

Hexaii a,b,c — CTOpOHU HEBUPOKCHOTO TPHUKYTHHKA, MPOTUJICKHI KyTam
A,B,C.Ycikytu nonatHita A + B + C = 180°. ®opmynu MonbBeliie MatOTh BUTJIST
(1)1(2). Bimomi criiBBITHOIIIEHHS HABEACHO 3 SBHUMH YMOBaMH, 00 BOHU BU3HAYAIOTh
JOMYCTUMICTh MOJATBIIOTO AideHHs [1, 2].

(arp) _ cos(“52)

=— (1)
c smlggl
(a=b) _ sin(“52)

= 2

c cos(g) (2)

VY reomerpuuHiii modymoBi Shene [3] koo 3 meHTpoM C 1 pagiycom CA = b
neperuHae npsimy CB y D ta E. Touka D nexute Ha mpomeHi CB,E — Ha

npotunexHomy. Otxe, CD = CE =b, a DE — piamerp. Kyr DAE npsmuii.
PiBroOeapeni tpukytauku CAD 1 CAE naroth KyTu mipu A BignosigHo 90° — C/2 ta
C/2. Ha puc. 1 moka3aHo BHIag0K OiIBIIOI CTOPOHH a.

3a a > b maemo mopsaok C,D,B, Binpisku BD =a—b 1 BE=a+b. Kyt
BAD =A—-90°—-C/2)=(A—B)/2=d . Hexai P i @ — ocHOBH
nepneHaAnKyspis i3 B na npsimi AD ta AE. Biactans BP = e M0KHa BUPa3UTH Yepe3
npsaMoKyTHI TpukyTHuku BDP 1 BAP ; Bincranp BQ = f — uepe3 BEQ 1 BAQ .
Otpumyemo (3) 1 (4).
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Puc. 1. JlonmomixkHa moOyoBa Jyis BUITAJAKy @ > b
Jlxepeno pucynka: Shene [3]. [lo3nadenns «, 3, y BianosigawTs 4, B, C.

e = (a — b) cos (g) = csind 3)
f = (a+b)sin (g) = ccosd 4)

[ToginuBimim (3) Ha JOOYTOK OMOPHOI CTOPOHU M KOCHMHYCa IOJOBHHU KYyTa,
oTpuMyemMo (2); nmoaumBIK (4) Ha 10OYTOK OMOPHOI CTOPOHM M CMHYCa MOJIOBUHU
KyTa, oTpumyeMo (1). i1 HeBUPOHKEHOT0 TPUKYTHHKA 11 JUIBHUKK foaaTHi. OTxke,
00Ou/IB1 TOTOKHOCTI OTPUMaHO 0€3 3aCTOCYBaHHS TEOPEMU CUHYCIB.

3a a < b Touka D nexuthb 3a B1BD = b — a. HeBig’emHa BiacTaHb € TOPIBHIOE
(b—a)cos(C/2) = csin((B — A)/2). 3minuBIIH 3HaAK 000X YaCTHH, TOBEPTAEMOCS
10 (2). JInmsg cymMH BHKOPHUCTOBYETHCS MAPHICTh KOCHMHYCA. 3a @ = b MOTOMIKHHMA
Bi/Ipi3ok BD wynboBwmii; piBHICTh (2) o3Hayae () = (), Tomi sk (1) 30epirae 3MicCT.
dopMyJsid TOSICHEHO TEOMETPUYHO, a HE MIATBEPKEHO TOYHICTIO BUMIPIOBAHHS
pUCYHKA.

HapuaubHi 3aBaanHs. YKUCIIOB1 3HAUYCHHS TIEPEBIPEHO 3a TEOPEMOIO CUHYCIB [4].
KoxHe 3aBnaHHsi BUMarae Ha3BaTH T'€OMETPUYHY MIACTaBY NEPEXOAy, a HE JIMILE
OOYHUCIUTH YUCIIO.

1. IlobynoBa. s A = 70°, B = 40°, C = 70°Tac = 10 maemo a = 10,
b = 6,840403. IloTpiOHO mosicHuTH, YoMy Touka D nexuts mixk C ta B, a Touka E
HaJICKUTh MPOTHIICKHOMY MPOMEHIO.

2. Ionoeunu kyTtiB. g Toro camoro TpukyTHuka kytu CAD, CAE i1 BAD
JIOPiBHIOIOTH BiZNOBiIHO 55°, 35°1 15°. Ix cnix oTpumaty 3 piBHOCTI pajiyciB i cymu
KyTIB TPUKYTHHUKA, a MIOTIM 3aIllMCaTH 3arajbHi BUPa3H.

3. 181 Bimcrani. OmycTuBIM neprneHaukysipu 3 B vHa npsmi AD ta AE, notpiono
Ha3BaTH 10 J[Ba MPSIMOKYTHI TPUKYTHUKH JIJIs1 KOKHOI BijicTaHi i otpumaru (3), (4). Y
KOXKHOMY BHpa3l CJIiJl yKa3aTH TIOTeHYy3y Ta BIAMOBIIHUM KYT.
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4. 3nak pizaumi. [licns nmepecraBneras kyTiB 70° 1 40° maemo a =~ 6,840403,
b = 10. IloTpiOHO MOACHUTH BiJI’EMHICTh PI3HUII CTOPIH 1 CHHYCA MiBPI3HUIIl KYTiB.
['eomeTpuyHa BiICTaHb IPU LIBOMY 3aJUIIAE€THCS HEB1 €MHOIO.

5. PiBHi cropon#u. [|yis piBHOCTOPOHHBOTO TPUKYTHHKA 31 CTOpOHOIO /() Touka D
30iraerbes 3 B, a ¢popmyna pizuuii gae 0 = (. [1oTpiOHO pO3pi3HUTH BUPOKCHHS
JOMOMDKHOTO TPUKYTHUKA Ta HEBUPOIXKEHICTh MOYaTKOBOTO.

6. Macmtab. Skmo Bci ctopoHu 30inmbmuTé 3 /0 g0 20, obuasi piBHOCTI
30epexyThes. OgHak ymoBa ¢ = [0 yxe mopymieHa. [IoTpiOHO MOSCHUTH, YOMY
CIIBBIHOILIEHHS CTOPIH HE BU3HAYAIOTH 33JIaHOT OTIOPHOI IOBKUHHU.

Pe3yabrar pocaimkenHs. [locmioBHICTE 3aBAaHb OXOIUTIOE MOOYIOBY KoJja,
oOYHCIIeHHS KYTIB, IBa BUPA3H BiJCTaHEH, 3HAK PI3HUII, PIBHI CTOPOHU Ta MEPEBIPKY
MacmTady. ['eoMeTpuyHe 10BEIEHHS MMOKAa3y€e MOXOKEHHS CYMHU W PI3HMII CTOPIH;
anreOpaiuHe JAae He3aJeKHUH CIoC10 MepeBIpUTH MepeTBOPEHHA. YUCIOB1 PUKIaAH
UTIOCTPYIOTH 3arajbHi PIBHOCTI, aJI€ HE 3aMIHIOIOTh IXHBOTO JTOBEICHHSI.

3anponoHOBaHl 3aBJaHHSA MaTEeMaTUYHO po3i0paHo, ane iXHI0 HaBYAJIbHY
e(eKTUBHICTh IIIEé HE NEPEeBIPEHO Ha YYHIBCHKUX BiAMOBIAsIX. Taka mnepeBipka
noTpedye OKPEMOTo MeJaroriyHoro JTOCHiIKEHHS.
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AHHOTAIIHA: byn Makajiazaa THIBOEPT KEHICTITH/IE aHBIKTaJIFaH
nuddepeHanaplK onepaTopiaapablH Oenriun Oip KIACBIHBIH PE30JbBEHTACHIHBIH
KYPBUIBIMBI 3epTTenell. Pe30iabBeHTa SAPOCHIHBIH KAaCHUETTEpl, OHBIH KOMIIAKTLIII1
KOHE CIIEKTpaibll TajjayJarbl KOJAaHBICTapbl KapacThIpbuliajabl. OnepaTopiabiH
CIIEKTP1 MEH OFaH COMKeC MEHIIIKTI (PyHKIMSIApIbIH KYyHecl TaagaHabl.

L>(a,b) ckamapislKk KeOEHTIHIICI MEH HOpMachl Oap cemapadenbli TUILOEpT
KEHICTIT1 OOJICHIH:

(f.9) = [, fF()g(x)dx, £l = J3F, )
(1.1)

AnbikTama 1.1 L,(a, b) cenapabenbi rub0epT KEHICTITIH KapacThIpalbiK. OChI
KEHICTIKTE€ KeJecl TYypJerl ChI3bIKTBIK JauddepeHian epHeri aHbIKTaaraHn L
ornepaTopbl OEPLUICIH:

L(y) =—-y"+qx)y(x), xe€(ab)
(1.2)

MYHJIaFbl TOTEHIIMAN (GYHKIUACH ¢ (X) YIIiH MBIHAJAl MapT OpbIHAAIa bl
q(x) € L,(a,b) aruu, q(x) meHenreH y3iiicci3 QyHKIusI.

AnbIKTamMa 1.2 L onepaTopbIHBIH aHbIKTalmy o06isbickl D (L) perinae kemeci
IapTTap sl KaHaFaTTaHasIpaThiH y(x) € Ly(a, b) dyHKumsmap >KUBIHTHIFBI AJTBIHATB:
1. y(x) >xoHe oHbIH OipiHIII TyBIHABICH V'(X) apalibIKTa a0COJIIOTTI Y31IiCCi3;

2. Exinmni tysiaaeicel y''(x) € L,(a, b);
3. BipTekTi mekapanblK mapTTapabl KaHAFaTTaHIBIPA b

a;y(@) +py'(@) =0, ay(b)+py'(b) =0
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myHaarel |a;| + |B;| > 0 xone |a,| + |55] > 0.

CrnexTpanp/i Teopusiga pe30JbBEHTa YFBIMBI KeJIeCIIel eHT1311e/1.
AnbikTama 1.3 A € C xommuiekceti napameTpi yiriH (L — Al) onepaTopbIHbIH Kepi
OTIepaTOPBIHBIH PE30JIbBEHTA JCTl aTajia bl )KOHE OJ1 TOMEHAET1AeH OenriaeHenl:

Ry=(L—AD™!
(1.3)

Erep A moni ymin (L — AI)~!, xepi omepartops! 6ap xoue on L,(a, b) keHicTirinae
IICHENTeH CHI3BIKTHIK oreparop Oosica, oHIa A caHbl Pe30JIbBEHTa KUBIHBIHA P (L)
THUICTI OOJIAJIbI.

Teopema 1.1 Erep A € p(L) 6onca, onna ke3 xenreH f (x) € L,(a, b) ymin (L —
Al)y = f(x) TeHaeyiHiH MenIMi HTHTETPAIbIK ONEPaTOp apKbLIbl OPHEKTEEI1:

Rif () = [ GCx5; Df (s)ds
(1.4)

myHaarbl G(x,s;A) — mapametrpre Toyennal ['pun QyHKuscel (pe3ojbBEeHTA
AJIPOCHI).

Erep u(x, A) xxoHe v(x, 1) ColKeCiHIIe COJI )KOHE OH JKaK IIeKapaJIbIK MapTTap bl
KaHaFaTTaHbIPATHIH O1PTEKTI TEHACYAIH ChI3BIKTHIK TOY€JICI3 enimaepi 6osca, oHia
['pyH QYHKOUMACHI TOMEHACTIICH TYPFBI3bLIABI:

oy 1 (u(,Du(s,d), a<x<s<bh
G(x,s;4) = w(a) {u(s, Du(x, 1), a<s<x<bh

(1.5)

myHaarel W (A1) = u(x, H)v'(x, A) — u'(x, ))v(x, ) —memimaepain BpoHckuaHbl
(W (A) # 0, etitkeni A € p(L)).

Jlemma 1.1 Erep mnorenmman ¢ynkumscel q(x) € L, (a,b) xoHe wuHTEpBan
mekreym —o<a<b <o 06onca, oHga ke3 keareH A€ p(L) ymin ['pun
bynkumsicel G(x,s; A1) ekl aliHbIMaiabl OOWBIHINA KBaJpPaThIMEH WHTErpagaHaThIH
GbyHKkuMs 00Maabl, SIFHU:

[ 16 (x, ;)P dxds < oo (1.6)

JleMMaHBIH IoMEICHYI:

Mlemmimaep u(x, A) xone v(x, A) mapameTpiHiH MoHIEpiHIe [a, b] xeciHmiciHae
y3umicci3  (yHKuussiap OOJFaHABIKTaH, oOJap OChl KECIHIIAE IICHENreH, SFHU
lu(x, )| < M;, |v(x,A)| <M, Gonarsiamaii M;, M, > () TypakThuIapbl TaObLIAIbL.
Onpa ['puH QyHKIIMACHIHBIH MOTYJIIHIH KBAJPAThl YIIIIH MbIHA Oarajay OpbIHIaTa Ibl:
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f: f:|G(X, s; ) |Pdxds =

! (f: f:lu(x,ﬁ)lzlv(s,/’l)lzdxds +f; f:lu(s,/’l)|2|v(x,l)|2dxds) (1.7)

w2

byn wunTerpan mekteyni oOdbICTa MHTETpalAaHATHIH Y3Ulicci3 (YHKIUSHBIH
MHTETpaJbl O0JIFaHBIKTaH, OHBIH MOHI aKbIPJIBI CaHFa TeH Oonazbl. JIemMMa nomenaeH .

Omnepatop TEOPHUACHIH/IA UHTETPANJIBIK SAPOCHl KBAJAPATHIMEH MHTErpailaHaThIH
OIepaTop apHaibl KIacKa xKaTaibl.

AnbikTama 1.4 L,(a,b) runs0epT KeHicTiriHaeri K CBI3BIKTBIK HWHTETPAJIIBIK
oTepaTophbl

Kf () = [, K(x,)f (s)ds (1.8)

’KOHE OHBIH, SJIPOCHI f; f;lK (x, S)l2 dxds < oo mIapTTapblH KaHAFaTTaHBIPCA, OJI
['unbOept-1lIMuaT omepatopsl gen aranagbl. benrun (QyHKIMOHAIABIK aHAU3
Teopemachl OolbIHIIA, 9pOip ['MnbOepT-LLIMUAT onepaTophl - KOMITAKTLIL ONEPATOP
OOJIBIIT TaOBLIAEI.

Teopema 1.2 Erep wmuTepBan miekteyni —oo < a < b < o0 K0HE TOTCHIHAI
q(x) € L,(a,b) menenren ¢yHKus Ooica, OHOA KapacTHIPBUIBIT OTHIPFaH
mupdepenuuan onepatopbinbi, R; = (L — AI)~! pesonbeentacsl (kepi omepatopsl)
L,(a, b) xeHICTIriHe KOMIIAKTLII onepaTop O0omaibl.

Teopema gonenaeyi:

1. Kepi oniepatop R, siapocsr G (x, s; A) 60IaThIH HHTETPAIIBIK OTIEPATOP TYPIHIE
OpHEKTEIe/I:

b

Rf () = [ GG DF()ds

a

2. Jlemma 1.1 TyXbIpbIMBbI OOMBIHIIA, OCHl MHTErPAJABIK ONEPATOPIBIH SIIPOCHI
YILIIH TOMEH/JIET] IAPT KaTaH TYPJE€ OPbIHAAIAbI:

b b
ffIG(x,S; N |Pdxds < o
a a

3. M'umpOept-IlIMuaT  omepaTopiapblHBIH —~ aHBIKTaMachlHA  COMKEC,  SIIPOCHI
KBaJpaThIMEH WHTErpaigaHaThiH Oy omeparop ['miasbepr-llIMuar kmaceiHa THICTI
0OoJ1aabl.

4. OYHKIIMOHATIBIK aHAIHU3/IH KJIACCUKAIIBIK TYKBIPBIMBI OOMBIHINA, K€3 KEITCH
['unbOept-1lIMuaT oOmepaTopsl MICHENTEH JKUBIHIAPABl SKHHAKTHI (KOMITAKTL)
JKUBIHFa OCHHEICH 1, SIFHU OJ1 KOMIIAKT1JII ortepaTop OO TaObLIaIbI.
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5.0mait Oonca, L pguddepeHnnan onepaTopbIHBIH PE30JIbBEHTACH  (Kepi
omepaTopbl) R; TONBIK y311icCi3 (KOMIAKTLII) ONepaTop MIbIFaIbl.
Teopema TONBIFBIMEH IQJICIICH .
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At the current stage of the biosphere's development, there is a persistent trend
toward the exponential growth in the frequency and destructive power of natural
disasters. According to data from international monitoring institutions, the European
region exhibits high vulnerability to hydrological and geodynamic risks,
predominantly large-scale floods and earthquakes. Beyond direct material damage and
loss of life, these natural disasters entail serious secondary medical and environmental
consequences, most notably epidemic outbreaks of infectious diseases [1; 2].

The mechanism behind the formation of epidemic foci in natural disaster zones is
complex and determined by a combination of interrelated factors:

1 Climate and globalization vectors: Global warming and changes in atmospheric
circulation patterns are altering the distribution ranges of disease vectors (such as
*Anopheles* or *Culex® mosquitoes), creating conditions for the emergence of
arboviral infections and malaria in Europe. Globalization, in turn, facilitates the rapid
transboundary spread of pathogens.

[l Agricultural factor (Intensive agriculture): The disruption of natural
ecosystems caused by the excessive expansion of agricultural land and the use of
chemicals destroys natural barriers. This leads to increased human contact with
wildlife, thereby fostering the spread of zoonotic infections.

1 Socio-demographic disruptions: Sanitary and hygienic conditions deteriorate
critically in areas affected by flooding or seismic destruction. The destruction of water
supply and sanitation infrastructure, forced population displacement, and
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overcrowding in temporary shelters create ideal conditions for the rapid spread of acute
intestinal infections (cholera, dysentery, hepatitis A) and respiratory diseases.

The modern climate paradigm acts as a powerful modulator of the epidemic
process, directly influencing the dynamics and nosological structure of infectious
disease incidence. The most pronounced correlation is observed within clusters of
foodborne, waterborne, and vector-borne infections. Despite the consolidation of
international efforts, the complete elimination of these macro-ecological triggers
remains unattainable at present [3].

In this context, extreme hydrological events—specifically torrential rains and
floods—exert a destructive impact on the interface between the hydrosphere and
adjacent ecosystems. This leads to large-scale anthropogenic and organic
contamination of open water bodies and groundwater sources used for centralized
water supply. Concurrently, secondary exogenous risk factors associated with
hydrological disasters are primarily socio-environmental in nature. These include a
critical decline in hygiene standards, the malfunction of sewage treatment facilities,
nutritional deprivation (malnutrition), and high population density in evacuation areas.
Unlike global climate changes, these factors are manageable (modifiable), which
justifies the need to develop and implement targeted sanitary-epidemiological and
engineering-technical interventions to fully address them [4].

The escalation of natural disasters inevitably triggers large-scale migration, forcing
affected populations to evacuate to temporary settlement sites. Living conditions in
temporary accommodation centers and transit camps are characterized by critically
high levels of overcrowding and limited access to skilled medical care—factors that
act as powerful drivers for the intensification of epidemic processes. Recent
retrospective studies make it possible to identify key exogenous factors that
synergistically increase the incidence of infectious diseases among displaced persons.
The first group comprises immediate living conditions—specifically, overcrowded
housing units and inadequate ventilation—which lead to the contamination of indoor
air and the rapid spread of pathogens transmitted via aerosols. A second critical factor
is the pre-existing state of the healthcare system, particularly the population's routine
vaccination coverage prior to the disaster, which determines the level of herd
immunity. A third aspect involves nutritional factors—general malnutrition (caloric
and nutrient deficiencies) and poor food hygiene—which compromise the non-specific
immune resistance of the evacuees [5]. The combination of sanitary and utility-related
conditions—including a shortage of safe drinking water and the destruction of
wastewater systems—directly facilitates the fecal-oral transmission of infections.
Furthermore, prolonged exposure to an altered environment acts as a significant
ecological factor; areas of stagnant water and the encroachment of wild animals or
rodents from their natural habitats create conditions for the emergence of new foci of
zoonotic and vector-borne diseases [6].

The epidemiological disruption caused by natural disasters shows a clear inverse
relationship with the macroeconomic indicators of the affected region. In low- and
middle-income countries, baseline rates of infectious disease morbidity and mortality
are inherently higher due to chronic underfunding of healthcare infrastructure and low
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standards of living. Empirical data from international studies clearly confirm this link.
Specifically, an analysis of the aftermath of destructive cyclones and hydrological
disasters in Fiji revealed outbreaks of leptospirosis, with case rates in communities with
high poverty indices being twice as high as those in economically stable areas [7]. A
similar pattern was observed during seasonal floods in the People's Republic of China,
where the incidence curve for infectious diarrhea (of both waterborne and foodborne
origin) rose sharply specifically in administrative regions with poor economic
status[8]. Furthermore, the Zika virus epidemic confirmed following the earthquake in
Ecuador demonstrated a phenomenon of mutual exacerbation (synergism): adverse
social conditions not only compound the consequences of a natural disaster but also
undergo progressive deterioration under its impact[9]. A natural disaster acts as a
destructive economic shock that devalues local resources; however, in areas with
initially low economic potential, the consequences become cumulative. This leads to
severe dysfunction in utility infrastructure and public health systems, doubling the
overall burden of infectious disease and making the rapid containment of epidemic
outbreaks impossible.

Minimizing the risk of large-scale epidemics in temporary accommodation centers
requires the implementation of standardized medical triage algorithms directly at the
point of intake for the evacuated population. In this context, traditional trauma-oriented
triage systems must be adapted to meet infection control objectives. The primary goal
of epidemiological triage is the early detection of individuals exhibiting prodromal or
manifest signs of infectious diseases (fever, diarrheal syndrome, exanthema,
respiratory symptoms) and their immediate isolation from the general flow of displaced
persons. Triage zones must operate on a unidirectional flow principle to prevent cross-
infection.

Concurrently with triage, a comprehensive set of anti-epidemic measures within
temporary accommodation centers should be implemented across three strategic areas:

[1 Targeting the source of infection: Establishing local temporary isolation units
for patients suspected of having acute intestinal infections or respiratory infections
pending their transfer to specialized medical facilities.

[ Interrupting transmission pathways: Implementing rigorous sanitary oversight
of water supply and food service facilities (using exclusively bottled or treated water
and ensuring proper thermal processing of food). It is mandatory to equip the
Temporary Transit Center (TTC) with a sufficient number of mobile sanitary facilities
in accordance with current international standards (Sphere standards) and to set up
hand disinfection stations.

1 Increasing the resilience of the susceptible population: Implementation of
emergency vaccination programs. Depending on the region's epidemiological profile
and the nature of the disaster (e.g., during floods), priority tasks include immunization
against hepatitis A and typhoid fever, as well as catch-up vaccination against measles,
diphtheria, and tetanus for individuals with unknown immune status.

In the modern global security architecture, armed conflicts and military hostilities
act as the most aggressive anthropogenic determinants, radically destabilizing
epidemic stability and destroying existing systems for the biological protection of the
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population. This issue is currently of paramount medical and social importance due to
the changing nature of warfare, the high-intensity use of conventional weaponry, and
the involvement of civilian infrastructure in the impact zone.

The destructive impact of military actions on the epidemic situation is complex and
multi-layered, manifesting through a system of interconnected factors:

1 Collapse of medical and critical infrastructure: The direct destruction or critical
damage to hospital facilities, pharmacy networks, pharmaceutical supply chains, and
energy and water supply systems deprives the population of access to basic medical
care. The dysfunction of sanitary-epidemiological monitoring makes it impossible to
timely verify initial cases of infectious diseases, thereby transforming isolated sporadic
cases into large-scale epidemic outbreaks.

[1 Migration crises and humanitarian pressure: The mass and uncontrolled
movement of internally displaced persons (IDPs) and refugees leads to the formation
of areas with extremely high population density at transit hubs and temporary
accommodation centers. This is accompanied by a severe lack of sanitation and
hygiene, the destruction of decentralized wastewater systems, and nutritional
deprivation.

Military invasion has particularly catastrophic consequences for low- and middle-
income regions, where the infectious disease landscape and population mortality
patterns were already burdened by a high prevalence of endemic diseases prior to the
conflict's escalation. In countries with vulnerable economies, the leading causes of
death remain acute infectious diarrheal diseases, respiratory conditions, malaria, and
chronic infections such as tuberculosis and HIV/AIDS.

Armed conflicts act as a powerful trigger that exponentially increases the burden
of these diseases, leading to dramatic medical and demographic consequences. The
collapse of tuberculosis and antiretroviral treatment services results in the interruption
of specific treatment regimens (such as DOTS and ART); this not only sharply
increases mortality rates but also drives the selection and cross-border spread of
microbial strains exhibiting multidrug and extensively drug-resistant profiles.
Simultaneously, the migration of populations from malaria-endemic zones or areas
with low routine vaccination coverage creates conditions for the spread of pathogens
into regions previously free of them, thereby posing long-term threats to the
international public health system.

In the modern global security architecture, armed conflicts act as the most
aggressive anthropogenic determinants radically destabilizing the epidemiological
well-being of a territory [11]. Full-scale military aggression against Ukraine has
demonstrated that the destruction of critical infrastructure and civilian facilities creates
unprecedented challenges for the healthcare system, transforming internal
environmental and epidemiological interfaces.

The destructive impact of hostilities on the infectious disease landscape in Ukraine
manifests through a system of interconnected, cascading factors:

1 Collapse of hospital and utility infrastructure and monitoring systems:
Hundreds of verified attacks on medical facilities, the disruption of supply chains for
specific pharmaceutical products, and the dysfunction of local Centers for Disease
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Control and Prevention (CDCPs) in frontline and temporarily occupied territories have
significantly restricted the population's access to timely diagnostics and vaccination
[12].

] Migration crises and humanitarian strain: The internal displacement of millions
of people and prolonged stays in conditions of extreme overcrowding (e.g., in bomb
shelters or transit hubs) led to a critical decline in hygiene standards, triggering
outbreaks of infections transmitted via droplet and fecal-oral routes—specifically
measles, pertussis, rotavirus infection, and hepatitis A [13].

1 Disruption of chronic disease control programs: The risk of interrupting anti-
tuberculosis and antiretroviral therapies (due to active hostilities and forced migration)
created threats of surging tuberculosis and HIV/AIDS epidemics. While the situation
was stabilized by scaling up active case-finding programs among key populations and
internally displaced persons (IDPs), the risk of the selection and cross-border spread of
multidrug-resistant microbial strains remains high [12].

A distinct challenge arising during the war has been the rapid rise in the incidence
of zoonotic and vector-borne infections. Hostilities have triggered the chaotic
migration of wild animals—particularly foxes and wolves—and a sharp increase in the
stray animal population in frontline areas, exponentially raising the risk of rabies
transmission. Concurrently, the destruction of ecosystems and the proliferation of
abandoned fields and areas of stagnant water have led to an abnormal surge in rodent
and insect vector populations. Consequently, Ukraine has recorded more than a
threefold increase in leptospirosis cases, alongside outbreaks of vector-borne diseases
such as West Nile fever and Lyme disease [14]. The Ukrainian experience
demonstrates that high-intensity armed conflict fundamentally reshapes the country's
epidemiological landscape, necessitating flexible, proactive, and digitized rapid-
response systems to address biological threats.

Thus, at the current stage of the biosphere's development, a persistent destructive
trend is observed: the exponential growth in the frequency and scale of natural
disasters—primarily major floods and seismic activity—which act as primary catalysts
for epidemic complications in the European macro-region. A cascading pattern in the
formation of epidemic hotspots has been identified: anthropogenically driven climate
change, globalization processes, and the intensification of the agricultural sector
synergistically transform ecological interfaces. These factors prolong the seasonal
activity and expand the geographic ranges of vectors for transmissible infections, while
also stimulating the proliferation of thermophilic pathogens in aquatic ecosystems.

Ukraine’s unique and tragic experience amidst full-scale military aggression has
demonstrated that modern, high-intensity armed conflicts completely reshape the
epidemiological landscape of a territory. The destruction of hospital and utility
infrastructure, the 2023 destruction of the Kakhovka Hydroelectric Power Plant—
resulting in massive ecocide across the Lower Dnieper basin—and the forced, chaotic
migration of human populations and animals have created unprecedented biological
threats. This resulted in a sharp increase in the risk of spreading acute intestinal
infections (particularly cholera), a threefold rise in the incidence of leptospirosis,
outbreaks of arboviral and vector-borne diseases (West Nile fever, Lyme disease), and
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the threat of the emergence of multidrug-resistant microbial strains due to the
interruption of tuberculosis and HIV/AIDS treatment.
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Relevance. Adhesive capsulitis (AC) is characterized by pain and a progressive
reduction in the range of motion (ROM) in the shoulder joint due to excessive
proliferation of scar tissue in the joint region. The pathology occurs in 5% of the
general population. The common practice of performing blind (palpation-guided) intra-
articular injection (IAI) of glucocorticosteroids and lidocaine into the shoulder joint is
frequently associated with low target accuracy and a high risk of damage to adjacent
anatomical structures. This can provoke severe iatrogenic complications and reduce
the overall therapeutic efficacy of the treatment.

Objective. To improve diagnostic efficiency and enhance the safety of intra-
articular injection into the shoulder joint in patients with AC.

Materials and Methods. The research and development of the intra-articular
injection technique into the shoulder joint for AC is being conducted as part of
scientific research at the Department of Traumatology, Orthopedics, and Military Field
Surgery of ONMedU under the supervision of PhD Leonid Gai. The study included 10
patients: 8 females (mean age: 56.5 years) and 2 males (mean age: 58 years). At the
diagnostic stage, all patients underwent ultrasound (US) examination. The diagnosis of
AC was verified based on patient complaints and specific sonographic markers of
shoulder joint capsule fibrosis, taking into account patient age and the stage of disease
progression. Prior to administering the IAI of betamethasone with lidocaine into the
affected joint, two parameters were measured in all patients: shoulder joint range of
motion (using a goniometer) and pain intensity assessed via the Visual Analog Scale
(VAS). The mean abduction angle was 87° + 5°, while the mean pain intensity on the
VAS during movement was 7.5 points.

Results. Patient condition was evaluated following US-guided IAI of the
medications. The mean shoulder abduction angle increased to 105° + 5.7°. The VAS
pain score 5 minutes post-injection was 2.5 points. Patients reported no systemic
adverse complaints (dizziness, weakness, syncope, sensation of warmth) or signs of
axillary nerve injury in the initial minutes following the procedure. Re-evaluation of
the patients' condition was performed at 5 days. The mean shoulder abduction
decreased to 95° + 7°, and the mean VAS score was 4.5 points, which was attributed to
the cessation of the local anesthetic action. No signs of infectious complications were
recorded. Subsequent evaluations were conducted at 2 weeks (120° + 4.2° and 3.5
points) and at 1 month. The control evaluation at 1 month demonstrated an 82%
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increase in range of motion (155 °+ 5.5°). The VAS score was 2.5 points. No signs of
delayed iatrogenic complications of the procedure were observed.

Conclusions. In conclusion, given the relevance of the problem, the application of
ultrasound at the diagnostic stage allowed for precise verification of the AC diagnosis
and ensured accurate target alignment during IAl. The procedure was performed via
the rotator interval directly into the shoulder joint cavity, sparing adjacent anatomical
structures and maximizing the therapeutic efficacy of the administered drugs.
Consequently, no post-procedural complications were recorded in any of the patients,
either immediately following administration or throughout the entire follow-up period.
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Relevance

Dilation of the ascending aorta and narrowing of the aorta are lesions in which the
wall load and the flow structure change simultaneously. In patients with a bicuspid
aortic valve, abnormal helical flow in the ascending aorta accompanied its dilation, and
the authors regard the flow pattern as one of the main contributors to dilation [1]. Wall
shear stress is the main mechanical stimulus of the endothelium: plaques form where
it is low and oscillates in direction [2], and shear stress below 0.4 Pa is characteristic
of atherosclerosis-prone regions [3].

Unresolved issue: wall tone is regulated by flow through the endothelium and nitric
oxide [4]; however, the activity of the human aortic wall is difficult to assess by direct
measurements, so it is unknown how it alters the signs of dilation and narrowing and
whether the degree of the lesion can be determined without knowing it.

Practical value: quantitative benchmarks of the changes in aortic dilation and
narrowing, after validation against clinical data, may serve as a basis for diagnosis,
prevention and treatment planning.

Aim of the Work

The aim of the work is to study the changes in wall load, wall shear, flow regime
and blood rotation in aortic dilation and narrowing, to assess the role of wall activity
in these changes and to determine the conditions for diagnosing the degree of the lesion.

Research Tasks

To achieve the stated aim, the following tasks must be addressed:
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1. Specify the lumen lesion by a continuous factor and describe wall shear by
models of three levels.

2. Investigate how dilation and narrowing change blood rotation relative to
translational motion.

3. Determine the degree of dilation at which wall shear reaches the atherogenic
level.

4. Assess the effect of wall activity on circumferential stress and pressure drop.

5. Determine the degree of narrowing at which the flow reaches the turbulent level,
and the applicability limit of the model.

6. Compare how dilation and narrowing of the aorta change the effect of wall
activity on wall shear stress, and determine the conditions for diagnosing the degree of
dilation and the degree of narrowing.

Scientific Novelty

Dilation of the ascending aorta and narrowing of the isthmus were investigated by
means of biophysical modeling in a model of translational-rotational blood flow
through the whole aorta with an active wall. The lesion is specified by a continuous
factor, which yields the dependence of all quantities on the degree of the lesion and on
wall activity.

It is shown that dilation and narrowing change the same quantities in opposite
directions, and the effect of wall activity on wall shear decreases almost twofold in
dilation of the ascending aorta, whereas in narrowing of the isthmus it remains almost
unchanged.

Methods and Materials Used

The calculations were performed for the aorta from the valve to 409.5 mm with
translational motion of the core, torsion of the core and rolling of the near-wall ring,
and with wall activity a from 0 to 0.30, the fraction of the active contribution of the
smooth muscle apparatus. The lesion changes the lumen diameter d according to the

profile
(x — xo)?
m(x) =1+ (m - 1) exp <— T), (1)

where m is the lesion factor at the center of the focus xy: m > 1 corresponds to
dilation of the ascending aorta (x, = 60 mm, ¢ = 30 mm), and m < 1 to narrowing
of the isthmus (xqg = 90 mm, 0 = 12 mm). We assume that the blood flow rate is
constant, so the velocity changes in inverse proportion to the lumen area, and the

angular velocities change according to conservation of angular momentum:

d, =m(x)d S 0, =2 2
m =m(x)d, Um—mz—(x)» m = (2)

The wall thickness within the focus is constant: no significant correlation between
medial thickness and diameter was found in ascending aortic aneurysms [5]; wall
stretch within the dilated segment is reduced to 0.331 of normal according to
measurements in aneurysms [6]. In narrowing, the pressure downstream of the
narrowest site decreases by the pressure drop calculated from the simplified Bernoulli
equation without pressure recovery:
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Ap(t, x) = maxmax(1/2 p(vZ(t,x) — v2(t,x")), 0); 3)
XI<X
the model limit is the smallest factor at which the pressure in the narrowing and

downstream remains positive: m* = 0.439 for a passive wall and 0.457 at a = 0.30.
The axial wall shear stress t,, consists of the friction of the pulsatile flow 7. and

the rolling stress of the near-wall ring 7,, = V2 7,4, where 7,4 is the torsional stress at
the wall. The time-averaged wall shear stress and the oscillatory shear index are
determined from it [2]:
T
1 (T 1 | fo T, dt|
TAWSS = —f |, | dt, OSI=-|1——F——| 4)
T 2 [, ltwldt
The coarse model (level 1) is quasi-steady, with the parabolic Poiseuille profile and
a viscous torsion scale:
4uQ ulvl
W = — T \/ETS)), r%) =2C — (5)
where Q is the flow rate; R = d/2; u is the viscosity; C = 7.858 is the coefficient
of the near-wall torsion gradient. The refined model (level 2) takes the friction from
the Womersley solution [7]:

T (t) = Rez % () e, a, =R /% (6)
nz0
_ LZFlO _ 2]1(L) _ :3/2
YO AR - T T 7

where Re denotes the real part; Q,, is the complex amplitude of the flow rate

harmonic; R is the mean lumen radius; v = u/p; Jo, J; are Bessel functions; T‘EVZ ) =

T + V2 Tﬁ? with a power-law torsion model. The mathematical model (level 3) is the
cycle mean of the Fourier representation of the full calculation:

3
TAWSS®) (x,a) = Z(Cj +ad;)x’. (8)
j=0

The maximum TAWSS error at the five reference cross-sections is 62.7% at level
1, 16.8% at level 2 and 0.85% at level 3. The quasi-steady model underestimates
TAWSS by a factor of 1.4-2.7 and does not reproduce reverse shear, which in pulsatile
flow arises during flow deceleration. The results of the calculations for dilation of the

ascending aorta and narrowing of the isthmus are shown in Figs. 1 and 2.
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Fig. 1. Dilation of the ascending aorta: time-averaged wall shear stress (a) and
oscillatory shear index (b) in the focus (60 mm) and downstream (150 mm) versus
the factor m at a = 0 and a = 0.30.

Source of the figure: author's development

a) Time-averaged wall b) Oscillatory shear
shear stress index c) Circumferential stress
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Fig. 2. Narrowing of the isthmus: time-averaged wall shear stress (a), oscillatory
shear index (b) and peak circumferential stress (¢) in the narrowing (90 mm) and
downstream (126 mm) versus the factor m at a = 0 and a = 0.30; vertical lines

indicate the model limit
Source of the figure: author's development

Dilation of the ascending aorta. As can be seen from Fig. 1, the time-averaged wall
shear stress in the focus decreases from 1.46 to 0.29 Pa at m = 2 and falls below 0.4 Pa
at m > 1.71, while the oscillatory shear index increases from 7.3 to 23.4%;
downstream of the focus, both quantities remain almost unchanged. This means that
dilation creates a local zone of low and oscillating shear, which is associated with
atherogenesis [2]. The peak circumferential stress in the focus increases almost linearly
with the factor, from 100.2 kPa under normal conditions to 174.3 kPa at m = 2. The
rotational energy fraction increases from 0.102 to 0.380, although the angular velocity
of torsion decreases fourfold.

Narrowing of the isthmus. The maximum pressure drop (3) over the cycle is
11.9 mmHg at m = 0.7 and 56.2 mmHg at m = 0.5. It follows from Fig. 2 that the
time-averaged wall shear stress in the narrowing increases approximately as 1/m3,
from 1.59 to 11.7 Pa at m = 0.5, the oscillatory shear index decreases almost to zero,
and the circumferential stress decreases from 90.2 to 41.3 kPa. The peak Reynolds
number Re = p|v|d/u increases from 6865 to 13,730 and exceeds 10,000, the level at
which turbulent flow was observed in the human ascending aorta [8], at m < 0.69. The
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rotational energy fraction decreases from 0.083 to 0.021, although the angular velocity
of torsion increases fourfold.

Joint effect of the lesion and wall activity. The lesion determines the values of the
quantities, and wall activity modulates them. In twofold dilation, activity changes the
circumferential stress by only 4.3%, whereas in twofold narrowing it raises the pressure
drop from 56.2 to 70.9 mmHg, i.e., by 26%; with an active wall, the peak Reynolds
number exceeds 10,000 already at m < 0.78. The effect of activity (a = 0.30
compared with a passive wall) on the time-averaged wall shear stress under normal
conditions is 8.8% in the ascending aorta and 20.6% in the isthmus; in twofold dilation
it decreases to 4.8%, while in twofold narrowing it amounts to 22.1%.

Conclusions

1. The lumen lesion is specified by a continuous factor, and wall shear is described
at three levels with maximum TAWSS errors of 62.7, 16.8 and 0.85%.

2. It is shown that in twofold dilation of the ascending aorta the rotational energy
fraction increases from 0.102 to 0.380, whereas in twofold narrowing of the isthmus it
decreases from 0.083 to 0.021.

3. It has been established that the time-averaged wall shear stress in the dilated
segment falls below the atherogenic level of 0.4 Pa already at 1.71-fold dilation.

4. Wall activity changes the circumferential stress in twofold dilation by only 4.3%,
whereas in twofold narrowing it raises the pressure drop by 26%.

5. The peak Reynolds number in the narrowing exceeds 10,000 at m < 0.69 for a
passive wall and at m < 0.78 for an active wall; the model limit is 0.439 and 0.457,
respectively.

6. In dilation of the ascending aorta, the effect of wall activity on wall shear stress
decreases almost twofold, whereas in narrowing of the aortic isthmus it remains almost
unchanged. This is of diagnostic significance: the degree of dilation can be determined
from routine non-invasive measurements, whereas the degree of narrowing can be
determined only together with wall activity.
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Background: Open extremity fractures are associated with substantial soft-tissue
damage and an increased risk of infection. Negative pressure wound therapy (NPWT)
i1s used for temporary wound management before definitive closure. However,
evidence regarding its effectiveness remains conflicting: some small studies suggest a
reduction in infection rates, whereas large randomized controlled trials have not
demonstrated a consistent clinical benefit [1-3].

Aim: To evaluate the evidence regarding the clinical effectiveness, safety, and cost-
effectiveness of NPWT in open extremity fractures and to identify potential
explanations for discrepancies between study findings.

Materials and Methods: A comparative literature review was conducted, focusing
on the WOLLF randomized controlled trial [1], the Cochrane systematic review of
NPWT for open traumatic wounds [2], American Academy of Orthopaedic Surgeons
(AAOS) clinical practice guidelines on the prevention of surgical site infections after
major extremity trauma [3], an international expert review on soft-tissue management
in fracture-related infection [4], a review of NPWT for open extremity wounds [5], and
a 2025 systematic review and meta-analysis of NPWT for closed surgical incisions in
orthopedic trauma [6]. The analysis focused on infection rates, functional outcomes,
certainty of evidence, cost-effectiveness, and clinical indications.

Results: In the WOLLF trial, which included 460 patients with severe open
fractures of the lower limb, NPWT did not significantly improve functional outcomes
at 12 months: the mean Disability Rating Index scores were 45.5 in the NPWT group
and 42.4 in the standard dressing group. The rates of deep surgical site infection were
also similar, at 7.1% and 8.1%, respectively [1].

The Cochrane review found no conclusive evidence that NPWT reduces infection
risk in open traumatic wounds. The pooled risk ratio was 0.48 (95% confidence interval
[CI], 0.20-1.13), with very low-certainty evidence for infection outcomes. The
economic evaluation also did not support routine NPWT use for open fractures [2].
Consistently, the AAOS guideline found no established advantage of NPWT over
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sealed dressings in reducing wound complications or amputation rates in open fractures
[3].

In contrast, a 2025 meta-analysis reported lower rates of surgical site infection and
wound dehiscence with NPWT applied to closed surgical incisions in orthopedic
trauma [6]. These findings cannot be directly extrapolated to open fractures because
the wound characteristics and complication risks differ. International expert
recommendations emphasize appropriate soft-tissue management and timely definitive
wound closure, with NPWT serving as a temporary measure when immediate closure
is not feasible [4, 5].

Conclusion: The main issue in the use of NPWT for open fractures is not simply
inconsistency in study findings, but the limits of their clinical applicability. Evidence
from a large randomized trial, the Cochrane review, and AAOS guidance does not
support routine NPWT as a universal method for preventing infection or improving
functional outcomes in open fractures. Its clinical role is better defined as temporary
wound management in selected situations before definitive closure, provided that it
does not delay necessary surgical treatment. Further research should identify wound
characteristics and treatment protocols associated with additional benefit and evaluate
their effects on closure timing, complications, and healthcare costs.
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According to world statistics, stroke is the second leading cause of death and the
third leading cause of death. leading cause of long-term disability worldwide [1-2].
Stroke is also one of the leading causes of disability and mortality in Kazakhstan [3].

At the same time, despite the reduction in mortality, a high incidence of disability
after the stroke continues to be an actual significant main cause of which among the
adult population remain persistent disorders of motor, speech and cognitive functions.
And recent studies indicate a high prevalence of post-stroke depression and anxiety
disorders, which reduces the motivation to recover and prevents patients from returning
to active life [4]. Therefore, the introduction of complex rehabilitation methods that
combine neurodevelopment and support of the psycho-emotional state is an urgent task
[S, 6].

Early initiation of effective stroke rehabilitation plays a key role in reducing
disability and improving the quality of life of patients [7, 8] The introduction of
innovative methods, such as music therapy, as studies have shown can also further
improve the results of rehabilitation [9].

Studies of healthy people have shown that listening to your favorite music activates
the lower frontal gyrus, premotor system and additional motor areas in healthy people,
increasing the neuroplasticity these zones, that founded by based on meta-analysis 23
neuroimaging systems studies that have confirmed that active neural processes in the
perception of familiar music include not only auditory, but also motor and cognitive
activity, which underlines the importance of neuroplasticity and predictability in the
perception of sound stimuli [10].

Thus, given the high morbidity and significant level of disability due to stroke in
Kazakhstan, research and implementation of effective rehabilitation methods,
including music therapy, are extremely relevant.

162



MEDICINE
VECTORS OF SCIENTIFIC PROGRESS: INTERNATIONAL EXPERIENCE AND
STRATEGIC PRIORITIES

The purpose of the study was to: to evaluate the effect of music therapy on the
dynamics of functional, neurological, and psychoemotional status in stroke patients.

Research objectives:

1. Study of the influence of music therapy on the restoration of independence (on
the scale of Barthel) of a patient who has suffered a cerebral stroke.

2. Assessment of the effect of music therapy on neurological deficits (on the
NIHSS scale) and speech status (on the Dysarthria Assessment Scale) at patients who
have had a cerebral stroke.

3. Establishing the influence of music therapy on psycho- emotional state (on the
HADS scale).

4. Objective: To identify the effectiveness of music therapy in the recovery of
patients who have suffered a cerebral stroke, according to the above indicators.

Type of study: prospective experimental research. Patients who had an ischemic
stroke no later than 6 months, both sexes, aged 40-75 years, who were admitted with
the first cerebral stroke to the neuro-stroke center of MH Makazhanov named
(Karaganda) that meet the inclusion criteria. They were examined on the 1st-3rd (date
of clinical diagnosis) and 30th day of the study according to the above scales. All
patients underwent standard rehabilitation according to Clinical protocol N7 "Second
stage" Rehabilitation ITA", profile "Neurology and neurosurgery", appendix to the
clinical protocols of diagnosis and treatment in the field of "Neurology" and
"Neurosurgery", approved by the Joint Commission on the Quality of Medical Services
of the Ministry of Health and the SR of the Republic of Kazakhstan from 15.08.2016
[11].

The Research material. Patients who had suffered a single cerebral stroke not
earlier than 3 months ago were examined at admission (1st-3rd day of hospitalization)
on the basis of neuro-stroke and rehabilitation centers of Hospital named after Kh. D.
Makazhanov, where medical rehabilitation of the 1st, 2nd stage and after discharge was
performed on and on the 30th day of the study in the conditions of outpatient admission
on the basis of the RC "Neuron", both sexes, in theage ranges from 45 to 78 years
(mean age 59.5+5).

Methods researches:

1. Clinical and paraclinical methods (according to the available CPNe7).

2.Scale-based diagnostic methods. Evaluation functional independence by
independence index Bartel, screening for neurological deficits on the NIHSS stroke
scale, diagnosis of psychoemotional state on the HADS anxiety and depression scale,
speech assessment on the Disarthtry scale.

3. Statistical research methods.

Characteristics of the research material:

All patients they were divided into two groups (main and control), had initial results
on the level of speech impairment and psycho- emotional status, were comparable to
days 1-3 of the study.

Criteria for inclusion: clear consciousness, presence of light weight neurological
deficits (on the scale of NIHSS from 1 to 6 points), the first stroke, no history of
repeated cerebral strokes, up to 6 months after the development of stroke in the
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anamnesis, no cognitive impairment on the MMSE scale (below 25 points) that
interfere with the understanding of instructions, the absence, absence of acute and
chronic (in the stage of decompensation) diseases of internal organs, signing an
informed consent consent to participate in the study, age of majority of participants.

Exclusion criteria: lack of clear consciousness, repeated stroke, the presence of a
neurological deficit (on the scale of NIHSS cabove 6 points), more than 6 months after
the development of a cerebral stroke, the presence of cognitive impairments on the
MMSE scale (below 25 points) that interfere with the understanding of instructions
that interfere with the study, the presence of acute and chronic (decompensated)
diseases of internal organs, refusal to participate in the study.

Characteristics of research methods:

1.Clinical and paraclinical methods (according to the clinical protocol diagnosis
and treatment No. 7 "Second stage " Rehabilitation IIA". Profile "Neurology and
neurosurgery". Appendix to the clinical protocols of diagnosis and treatment in the field
of "Neurology" and "Neurosurgery", approved by the Joint Commission on the Quality
of Medical Services of the Ministry of Health and the SR of the Republic of Kazakhstan
dated 15.08.2016.).

2.Scale-based diagnostic methods. Learning functional independence on the
Barthel Index, the level of neurological deficits on the National Institutes of Health
Stroke scale NIHSS, condition psycho- emotional status of patients on the HADS scale
of anxiety and depression, speech status according to the Dysarthria Assessment Scale.

3. Statistical research methods. When processing the received data, the following
programs were used: Microsoft Excel 2010 and Biostatistics (Primer of Biostatistics
by Stanton A. Glantz) using the methods of parametric and nonparametric statistics. To
describe the quantitative variables, the arithmetic mean values (M), standard deviations
(o), and standard errors of the mean (m) are calculated. The results are presented as
M=o+m. The significance of the difference between the mean values was determined
using the t-test (p=0.05). Qualitative variables were described in absolute and relative
(%) values. To determine the presence or absence of data differences between the
groups on days 1 and 30 of the study, the Pearson test (criterion y2) was calculated.
Significantly significant differences in the studied parameters were considered to be
changes at p<0,05.

Characteristics of treatment methods:

All patients received standard rehabilitation according to clinical protocol [11].

1. Standard methods of treatment were carried out according to the Clinical
Protocol N7 Medical Rehabilitation IIA*“ for Neurology and Neurosurgery from
15.08.2016 years.

2. In the main group, in addition to standard rehabilitation, music therapy was
performed. Music therapy was carried out in the form of a passive form by selecting
your favorite songs and listening for a long time. 15 minutes daily under the control of
functional tests and active form in the form of self-singing with intonation for 15
minutes daily for 2 sets within a month.

All treatment methods were performed under the control of functional tests (BP,
HR) at the same time in the morning.
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All treatment measures were performed at the same time in the first half of the day
under the control of functional tests (BP, heart rate), with an assessment of the
functional load (with a change in blood pressure of more than 15 mm rt st classes were
stopped), started at neurostroke They were held in the center (7-10 days), continued in
the rehabilitation department (10-14 days) and ended on an outpatient basis at the RC
"Neuron" in Karaganda.

The research results. Assessment of neurological deficit according to NIHSS scales
in Figurel.

Mark

O = N W & U OO N

1-ST DAY 30-DAY

m the main group  m the control group

Figure 1. Results of the study of the level of neurological deficit on the scale of

NIHSS on 1 Day and 30 of the study (* - p<0,05).
Source of the figure: author's development.

Main group in Figure 1: scores decreased from 6+2.3 on day 3 to 3+1.2 on day 30
— 1,5 times, which is a reliable improvement (p<0.05). Control group in Figurel:
decrease from 6+2.8 to 5+1.8 — 1.4 times, changes did not reach statistical significance
(p=0.05). Intergroup comparison on day 30: the difference is reliable (p<0.05), which
indicates the advantage of therapy in the main group.

Barthel index is an indicator of functional independence in Figure 2.
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Figure 2. Results daily activity on the scale of Bartel on the 1std and 30th day of
the study (* - p<0,05).
Source of the figure: author's development.

The main group in Figure 2: an increase from 75+3.7 to 89+4.8 — an increase of
1.18%, not significant (p<<0.05). The control group in Figure 2: an increase from 77+3.7
to 84+1.3 — an increase of 1.1%, also not significant (p<0.05). Intergroup comparison:
the differences between the groups did not reach statistical significance (p>0.05),
although the dynamics in the main group were higher.

HADS scale — anxiety indicators in Figure 3.

12 11 10,5

1-ST DAY 30-DAY
® the main group ™ the control group

Figure 3. Results state of psycho-emotional status in patients on the HADS anxiety
scale (* - p<0,05)
Source of the figure: author's development.

The main group in Figure 3: a decrease from 11£2.0 to 6£1.8 — by 1.83 times,
which is a significant indicator (p<0.05). The control group: a decrease from 10,5+2.1
to 8+1.9 — by 1.2 times, not significant (p>0.05). Intergroup comparison: on the 30th
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day, the differences are significant (p<<0.05), the improvements are more pronounced
in the main group.
HADS scale — depression indicator in Figure 4.

14
12
10

Mark

o N B OO

1-ST DAY 30-DAY

m the main group  ® the control group

Figure 4. State of psycho-emotional status in patients on the HADS depression scale
(* - p<0,05).
Source of the figure: author's development.

Main group in Figure 4.: decrease from 12+2.3 to 8+1.5 — by 1,5 times, significant
(p<0.05). Control group in Figure 4.: decrease from 124+2.0 to 10+1.5 — by 1.2 times,
insignificant (p>0.05). Intergroup comparison: the differences are statistically
significant (p<0.05), the main group demonstrates a significant decrease in the level of
depression.

Dysarthria rating scale in Figure 5.

50 a5 a4

1-ST DAY 30-DAY

®m main group ™ control group

Figure 5. Speech status according to the Dysarthria Assessment Scale (* - p<0,05).
Source of the figure: author's development.
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Main group in Figure 5: decrease from 4543 to 32+3 — by 1,4 times, significant
(p<0.05). Control group in Figure 5: decrease from 44+3 to 36 — by 4.8%,
insignificant (p>0.05). Intergroup comparison: differences between the groups did not
reach statistical significance (p>0.05).

Discussion of the research results. The results of the study confirm the effectiveness
of music therapy in the rehabilitation of patients after a stroke. In the main group, which
received musical intervention in addition to standard therapy, there was a significant
improvement in the neurological, functional independence and levels of anxiety and
depression in psycho-emotional state of patients compared to the control group. The
most pronounced positive effect was recorded: on the HADS anxiety scale, where the
decrease was 1.83 times (p<0.05); on the Disarthrya was 1.83 times (p<0.05). on the
NIHSS scale, where the level of neurological deficit significantly decreased by 1,5
times (p<0.05); on the HADS depression scale, where the level of depression decreased
by 1,5 times (p<0.05),

Conclusions: 1. As a result of the study conducted in dynamics from the 1st to the
30th day of the study, a reliably significant decrease in the indicators of neurological
deficit according to the NIHSS scale, the level of anxiety and depression according to
the HADS scale and the state of dysarthria was revealed. The indicators of functional
independence according to the scale did not change reliably. 2. The inclusion of music
therapy in the rehabilitation program of patients who have suffered an ischemic stroke
is a promising direction that helps to improve functional independence, reduce the
severity of neurological deficits and stabilize the emotional state. 3. The obtained
preliminary data confirm the effectiveness of music therapy as an adjunct to standard
therapy.

The results of the study are consistent with existing research data [9]. However,
the small sample size necessitates further research involving a larger number of
patients.
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BUKOPHCTAHHS IITYYHOT'O IHTEJIEKTY Y
CYUACHI MPAKTHILI JIKAPS CIMEMHOI
MEJULIAHUA

boposcbkuit bopuc MuxainioBu4
3n00yBaua ocBitu Il MmenuuHoro pakyapTeTy
XapkiBcbkuit Hamionansanii Meanunuii YHiBepcuTeT

boposcbka Kapuna BsiuecsiaBiBHa
3no0yBauka ocBity Il MmeauuHoro dakyabrery
XapkiBcbkuii HartionansHuii Meauaauii Y HIBEpCUTET

HaykoBuii KepiBHUK:

Hinenko Karepuna AnapiiBHa

acUCTEHT KadeIpy 3arajibHOi IPAKTUKU — CIMEMHOI MEIMLIMHU Ta BHYTPIIIHIX
XBOPOO

Xapkicbkuit Harionaneauit Meauanuii Y HiBepCUTET

Beryn. V cyyacHiit MeAMUHIN MPaKTHUIIL JIKAP1 PI3HUX CHEIIaIbHOCTENH, 0COOIMBO
CIMEHHOT MEIUIIMHU, JeJall YacTillle MOXYTh CTHUKATHUCS 13 CHUTYallIIMH, KOJIU
MaIl€EHTH CTaBJIATH MijJ CYMHIB NMPU3HAYEHE JIIKYBaHHS, MOPIBHIOIOUN PEKOMEH Al
Jikaps 3 BianoBiasaMu mtyyHoro iHtenekty (II). JoctymHicTh TakuX 1HCTPYMEHTIB
JIa€ MOKJIUBICTh CAMOCTIWHO IIYKAaTH MOSCHEHHS] CAMIITOMIB, OLIIHIOBATH MPU3HAYCHI
mpenapatd Ta OTPUMYBaTH aidbTEpPHATHBHI BapiaHTU JIiKyBaHHSA. BogHouac
iH(popmanis, otpumana Bif LI, He 3aBkau BpaxoBye 1HAMBIAYyaJbHI OCOOJIMBOCTI
Mallie€HTa, pe3yibTaTH OOCTEXEHb 1 CYNyTHI 3axBOprOBaHHs. Uepe3 1e MOXYTb
BUHHMKATU PO301KHOCTI MK PEKOMEHIAL[ISIMU JIIKapsl Ta YSABJIEHHSMH MHall€eHTa Mpo
HEOOXI1IHE JIIKyBaHHS, 110 YCKIIAIHIOE CIIKYBaHHA i poOOTY JIIKApIB.

AKTyanbHicTb. CiMelHUH JiKap yce YacTile MOKe 3yCTPITH MALllEHTA, SKUU 0
MpUIOMY B)K€ IIyKaB MosiCHeHHs cBoiX cuMnToMiB y ChatGPT, Gemini yu 1HIomy
yaTOoTi. Taka JroauHa MOXE NPUNTH 3 TOTOBUM MPUMNYIICHHSM 00 AlarHo3y,
CIIUCKOM aHami3iB abo iHdopmaliero mpo Te sK Tpeda JiKyBaTH. YKpaiHCBHKI
onutyBaHHs 2026 poKy MOKa3yoTh, 0 BukopucTanHs LI ams meauanux 3anuTiB
yKe € peaIbHOIO MPAKTUKOI0, X04a MaCIITa0M CHIILHO 3aJIeKaTh B/l TOTO, KOTO came i
K onuTyBau [1-4].

Jlnst ciMEWHOTO JIiKapsi BaXKJIMBO PO3YMITH, IO CaMe€ MAIlieHT 3pOOUB 13 IIIE€IO
iHdopMaIli€ro: OJHA CHUTyarliss KOJU dYaTOOT IOMOMIT JIOAWHI CHOPMYITIOBATH
3aMUTaHHs J0 JiKaps ado 3p0o3yMITH MEIWYHUN TEPMIH, 1HIA — KOJM MAaIIE€HT caM
3MIHMB 103y TIpenapary, IPUIUHUB JIIKyBaHHS YU BUPIIIIMB HE TPOXOAUTH MPU3HAYCHE
oOcTexkeHHs. Y JApyroMy BHIIQJIKy BUHUKAE MOTpeda YITKO BIAPIZHATH KIIIHIYHE
pILIEHHS JTiKaps BiJ CAMOCTIMHUX J1{ Nall€HTa.
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Merta nocaimkenns. [IpoananizyBaTu ykpainchki gani npo Bukopuctanus LU ais
MEIMYHUX 3alUTIB Ta BHU3HAYUTH, SK Yy TNPAKTUIl CIMEHHOro JiKaps MOXKHa
PO3MEXKyBaTH MOro KJIIHIYHI peKOMEHaIlli 1 caMOCTIHHI Al TalieHTa, 3po0JIeH] i
BILJTUBOM 4aTOOTA.

Marepianu Ta Metoau: IIpoBeeHO ONMMCOBHM OIS YKPAiHCHKUX MyOJiKaIii
2026 poky, y SIKUX HaBEJEH1 pe3yJIbTaTh ONMUTYBaHb 11010 Bukopuctanus LI y chepi
3n0poB’s, pekoMeHaamiii BOO3 momo reneparuBHoro Il Ta YMHHUX TOJIOKEHb
OcCHOB 3aKOHO/IABCTBA YKpaiHU PO OXOPOHY 370poB’4 [1-6]. BiacHoro onutyBaHHs
naiieHTiB abo JikapiB HE MpoBOAWIM. Yepe3 pi3HUM ckiag BUOIpOK 1 pi3HI
dbopMyTIOBaHHS 3amUTaHb pPe3yJbTAaTH JOCTIDKCHb aHai3yBald OKpEeMO 1 He
00’€THyBaJIM B OJIMH MTOKA3HUK.

Pe3yabTaru gocaigxenns. Y nuiotHoMmy aociimpkeHHi Yika B.M. Oyio onutaHo
133 pecnoH€HTH 3 BUCOKHM pIBHEM LU(POBOI IPaMOTHOCTI, CEPEAHIN BIK SKHX
ctanoBuB 30,5 poky. Yarbotu Ui OTpUMaHHS MEIMYHUX KOHCYJIbTallN
BUKOpHUCTOBYBal 72,9% onmranux, abo 97 ocib, a qis camomiarHocTuku — 42,1%,
a60 56 oci0. Ilicis camoaiarnoctuku 3a gornomororo LI 21,8% yuacHukis, To0TO 29
0ci10, moB1OMUIM TIpo maHiky [1]. Yci 111 yncia BiAMOBiAal0Th OIMyOIiKOBaHINA CTATTI.
Bonnouac e Oyio miJOTHE OHJIAMH-ONMMTYBAHHS CHEIadbHO BiiOpaHoi HUGPOBO
rpaMoOTHOI TpynH, ToMy 72,9% He MOXKHa TMOJaBaTH SIK YaCTKy BCHOTO HACEJICHHS
Ykpainu.

Inme nocmimxenHs nposenu Active Group Ta Hronikers Ha oHnaiiH-nmanenmi
SunFlower Sociology. 31 ciuns 2026 poky Oyno onurano 800 rpomansH YkpaiHu
BiKOM BiJl 18 poKiB; aBTOpH BKa3ylOTh, 1110 BUOIpPKa OyJia penpe3eHTaTUBHOIO 32 BIKOM,
cTaTTiO Ta perioHoMm. Jlocija 3BepuenHs Ao LI nmo indopmaiiito mpo Jikapchki 3acoou
manu 37,7% onuranux. J{ns BU3HaUeHHSI MOXKIMBOTro Aiaruo3y I BukopuctoByBaiu
24,7%. IlomipHuit abo cunpHuii BruB Bianosiaei LI Ha pimeHHs moa0 npuadaHHs
Ta mpuitomy JikiB Bia3Haumim 26,1% ydacuukiB. Bonnouac 68,3% BBaxkanu, mo LI
HE MOYKe 3aMIHUTH JiiKaps [2].

Y cepnui 2026 poxky MO3 VYkpaiHu ONPUITIOJHUIO PE3ylbTaTH OKPEMHUX
ONMHUTYBaHb MEAMYHUX TPAIBHUKIB, MAI[IEHTIB Ta NPEICTaBHUKIB Oi3Hecy. VY
MaIEHTChKIN YacTHHI B3sIM y4yacTh moHan 300 mronei, 3 akux 67,5% marpuMyBain
Bukopuctanns L1 B oxoponi 310poB’s. Cepen HaiiO11b11 OaskaHUX PYHKINN TAIlIEHTH
Ha3WBAJIM MOSCHEHHS JI1arHO3y Ta Pe3yJIbTaTiB 00CTEKEHb MPOCTOI MOBOIO, TOIIYK
Jikaps 1 gornomMory 3 Bubopowm cremianicta [3]. MO3 takox 3a3Haydae, 10 OUIBIIICTh
OMMTAHUX TroTOBa TmpuiMaTu BuUKopucTaHHs LI mikapem $K JONOMIXKHOIO
IHCTPYMEHTY 32 YMOBH, 1110 OCTAaTOYHE PIIICHHS 3aJMIIAEThCS 3a JikapeM. L1 maHi
MOKa3yI0Th CTaBJICHHS JI0 TEXHOJIOT1i, ajie He JOBOJISITh, 110 67,5% MaiieHTIB peaibHO
BUKOpUCTOBYIOTH LI /y1st sliKyBaHHS @00 3MIHIOIOTH Y€pe3 HbOTO MPU3HAYEHHS.

[le onHe onuTyBaHHs OYJIO 1HIIIHOBaHE aHATITUYHUM NOpTaIoM «CJOBO 1 J1710%»
Ta TpoBeeHe OHIaH Ha miatdopmi Lemur 3 25 BepecHs 10 1 xoBTHS 2026 poKy.
3aranpHa BuOipka cranoBmia 1200 mopocnux iHTepHET-KOpucTyBauiB. Cepen ycix
onuTanux 16% MOBIIOMUITH, IO Y pa31 HEEKCTPEHUX MPOOIJIEM 31 30POB’SIM IIPOTATOM
OCTaHHIX TPbOX MICSINB IIyKaau iHpopMalliro B iHTepHETI abo 3Bepramucs mo IIII.
Oxpemo anamnizyBanu 188 pecroHIeHTIB, AKi KOPUCTYBAIHCS ITU(POBUMHU pECypcaMu
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gyepe3 mpobaemu 31 3m0poB’sMm. Cepen HuUX 66% KOHCYJNBTYBATUCSA 31 IMITYYHUM
iHTenekToM [4]. Tomy uucio 66% ctocyeThbes caMe i€l marpymnu, a He 66% ycix 1200
PECIIOH/ICHTIB.

OTtpumani uudpu HE MOXKHA HAMPSMY MOPIBHIOBATU MK c00010. Y AOCHIKEHH1
B. M. Uika Opana y4acTh HEBeJIMKa I'pyIia 3 BUCOKOIO MG POBOIO TPaMOTHICTIO, Active
Group onwutyBasia 800 mopociux, MO3 mnosimomisie npo mnonan 300 ydacHUKIB
NalllEHTCHKOTO0 ONMHUTYBaHHS, a MMOKa3HUK 66% y mocmimkeHHl «CIOBO 1 J1UJIO»
oTpuMmaHuil numie cepen 188 kopuctyBauiB muppoBux pecypciB. ToMmy 3a UMHU
poOoTaMu HEe MOXXHA BH3HAYUTH €IWHY YaCTKY YKpaiHIIIB, ki Kopuctytothes I 3
MEIMYHOIO METOIO.

Pa3zoM 13 TUM 111 AOCHIIKEHHS OKa3y0Th CUTYaIlll, 3 IKUMU CIMEHHUM JIiKap yKe
MO3Ke 3ycTpiyaTucs miJ yac npuitoMy. Ilanient moxe BukopucroByBaru LI nume sk
JOKEPEIIo T0AaTKOBO1 1H(opMallii, ajne Moxe i meperT 10 caMocTiiHux aiil. Came e
MOMEHT Mae€ mnpakThuuHe 3HadeHHs. BOO3 BITHOCUTH O PHU3UKIB IE€HEPATHUBHUX
MoOJIeJiell TIOSIBY HEIpaBIWBOi, HETOYHOI, ymepeakeHoi abo HEemoBHOI iH(opMailii.
Oxkpemo BOO3 omnmcye pu3uk Tak 3BaHOT0 automation bias — cuTyariii, KOJIH JIFOAUHA
HaJIMIpHO JIOBIPsi€ aBTOMATU30BaHI# BIJIMOBiAI Ta HE TOMIYae 1 TOMMIIKH [5].

Hanpuknan, micias BiAmoBiAl 4yaTOoTa MAIIEHT MOKE BHPIIIMTH CaMOCTIMHO
MPUNIMHUTH TIpenapar, 3MIHUTH HOro 103y abo He MpoXoAuTH oOcTekeHHs. Taki
NpUKIAAN HE MOXKHA IOJaBaTHh SK JOBEJCHI HACHIJIKM HABEJACHHX YKPaiHCHKHUX
OMUTYBaHb: Cami ONMUTYBaHHS IILOTO HE BCTAHOBIIIOBAIH. BOHU JHIIIe MOKA3yIOTh, 10
moan BukopuctoBytoTh I nms Menuunoi 1HQOpMalli, MOXKIMBOI JIarHOCTUKHU Ta
MUTaHb PO JIKAPCHKI 3aCO0H.

JInst po3MeskyBaHHsI pILIEHHS JiKaps 1 Jii NalleHTa BaXKJIMBUMU € cTaTTl 34 Ta 43
OCHOB 3aKOHOJABCTBAa YKpaiHMW MOpO OXOpOHY 3A0poB’s. Ctartsi 34 BCTaHOBIIIOE
000B’S130K JIIKaps CBOEYACHO 1 KBaNi(PIKOBAHO OOCTEXKYBaTH Ta JIIKyBaTH IMAIlIEHTA.
Bona Takox nepeabdadae, 1o Jiikap He HECE BIAMOBIIATIBHOCTI 3a 3I0POB’Sl 0COOU Y
BUITAJIKY 1i BIIMOBH BiJl METUYHUX IPUMHKCIB a00 MOPYIIIEHHS BCTAHOBIECHOTO PEXKUMY
[6]. CtarTs 43 Hajmae ai€3MaTHOMY TAIIEHTY, SIKHM yCBIIOMIIIOE 3HAYEHHS CBOIX Aii,
IIPaBO BIAMOBUTHCS BiJI JIIKyBaHHS. SIKIO Taka BiJIMOBA MOXE MaTH TSDKKI HACIIJIKH,
JiKap TOBWHEH II€ TOSCHHUTH; IICIsS IOAAIbINOi BIIMOBH 3aKOH Iependadyae
MOJIUBICTh OTPUMAaHHS MHCHMOBOTO MIATBEPKCHHS, a KOJU II€ HEMOXJIHBO —
o(OpMIICHHS BIIMOBU aKTOM Y MPUCYTHOCTI1 CBIKIB.

[Ipore cam ¢akr TOro, MmO Mall€EHT KOPHUCTYBAaBCS 4YAaTOOTOM, HE O3HAyYae
aBTOMATUYHOI BIAMOBHM BIJl JIKYBaHHS 1 HE€ 3BUIbHSE JiKaps BiAg mpodeciiiHux
000B’s3kiB. IlpakTuHO BaxknuBO (ikcyBaTH He caM (akt Buxkopucranus LI, a
peanbHy PO301XKHICTh MIDK PEKOMEHAAITIELO JIIKAps 1 MOJANbIIUMHU J1IMU NaiieHTa. e
BUILIMBAE 3 MIPEAMETA PErytoBaHHs ctater 34 143; oKpeMoro cremniajbHOro npaBuiia
PO 4aTOOTH B IIUX CTATTSIX HEMAE.

VY MenuyHOMy 3amMci B Takid cHUTyallil JOLJIBHO YITKO 3a3HadaTd, 1o OyJio
PEKOMEHIOBAHO MAIlIEHTY, BiJ] sIKOT pEKOMEH/aIli BiH BIIMOBHUBCS a00 10 3MIHUB
CaMOCTIIHO, sIKI MOJJIMBI HACHIJKH HOMY TMOSCHWIM Ta SIKAUWA TMOJANBIINNA TUIaH
3anponoHyBaB Jikap. Komu mamieHT moBijoMIIsie, 10 piilieHHs 0yJI0 MPUHHATE MICIIs
3BepHeHHs 10 L1, e MmoxkHa 3a3HaunTH caMe siK 1H(opMaIlio 31 cIiB narieHTa. Takuii
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3amuc MOTPIOHUN HacaMmIepe I Il TOYHOTO BioOpakeHHs mepediry KOHCYbTaIlli, a
HE SIK aBTOMAaTUYHHUM cT0Ci0 3BUIBHEHHS JIiKapsl BiJl BIAMOBIAAIBHOCTI1

BucnoBok. YkpaiHnceki nani 2026 poky HiATBEPAKYIOTh, 1110 YaCTUHA OMMTAHUX
yxe BukopuctoBye Il nns orpumanHs iHbopmalii Mpo CUMIOTOMH, MOXKJIUBHMA
JiarHo3 1 Jkapchki 3acobu. Uepes pi3HMM au3aiiH JOCTIKEHb Il TTOKa3HUKH HE
MOHa 00’€qHyBaTH a00 MEPEHOCHUTH Ha BCIX MAIE€HTIB CIMEHHOT MeauiuHu. JIis
CIMEMHOTO JIiKaps HaOUIbII BaXXJIMBUM € HE caMe BUKOPHCTaHHS 4aT0OoTa, a Te, 4u
nmpu3Beia OTpuMaHa iHdopMallis 10 cCaMOCTIHHOT 3MIHU Npu3HadeHb. YnHHI cTaTTi 34
143 OcHOB 3aKOHO/IaBCTBA YKpaiHU BXKE€ JAIOTh MIPABOBY OCHOBY JJII PO3MEKYBaHHS
PEKOMEHIAITIN JTiKaps Ta CBIIOMOI BIJIMOBH TAIli€EHTA BiJ JIIKyBaHHS, OJHAK BOHU HE
MiCTITh OKpemux HOpM mipo III. V Takux Bumagkax AONUIEHO TOYHO JOKYMEHTYBATH
MpU3HAYEHHS JiKaps, (aKTU4HI 1T all€HTa Ta HaJaHe MOSICHEHHS PU3HKIB.
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MNOCTTPABMATHUYHUI OCTEOAPTPO3 IICJIA
MEPEJIOMIB IIJIATO BEJIMKOTOMIJIKOBOI KICTKU:
®AKTOPHU PU3UKY TA CYUACHI CTPATEI'Il
HPODPIJIAKTUKU

Becnin Borogumup BikTopoBu4

K.MEJI.H., TOIEHT Kaeapu eKCTpeHOT Ta HEBIAKIAAHOI MEIUIHOI IOTTIOMOTH,
OpTOIIEii, TPAaBMATOJIOTII Ta MPOTE3yBaHHS

XapKiBCbKHUI HALlIOHAIBHUNA MEAUYHUN YHIBEPCUTET

daneeB Ouier I'ennaaiiioBuu

K.MEJI.H., TOIEHT KadeIpu eKCTPEHOI Ta HEBIJKJIaIHOI MEIMYHOI JOTIOMOTH,
opToneii, TPaBMaToIOr1i Ta IPOTE3yBaHHS

XapKiBChKHM HAIllOHATLHUM MEAUYHUI YHIBEPCUTET

®DicyHn Kcenis OueriBua,

Canamin Kapuna OmapiBHa

3100yBayi BUINOI OCBITH [ MeTUUHOTO (aKyIbTETY
XapKiBChbKHI HAI[IOHAIbHUNA METUYHUN YHIBEPCUTET
M. XapkiB, YKpaina

Beryn. [Tepenomu miaTo BEIMKOTOMUIKOBOT KICTKH CTAaHOBJIATH O0J1M3bKO 1 % ycix
MepPEeIOMIB Y JIOPOCIIUX, MPOTE 3a TAAKKICTIO BIAAJICHUX HACIIIKIB MOCIIAI0Th OJHE 3
MPOBIAHUX MICI[b C€pel BHYTPIIIHbOCYTIO00BUX YIIKOIKEHb HUKHBOI KIHI[IBKH.
['onoBHUM Mi3HIM yCKIAAHEHHSM € mocTTpaBMatuyHuil ocreoaptpo3 (IITOA)
KOJIIHHOTO Cyrjio0a, Ha sikuil mpunaaae 06au3bko 12 % ycix BUIMAAKIB OCTEOAPTPO3y
[1]. Yactora pentrenosnoriydo miarsepaxeHoro ITTOA micns mepenoMu IiaTo
BEJIMKOTOMIJIKOBOT KICTKM KoymBaeTbes Big 13 % mo 83 %, mo BimoOpaxkae
HEOJHOPIAHICT, TEPMIHIB CIOCTEPEKEHHS Ta KpuTepiiB giarHocTuku. KinHiduHa
3HAUYMIICTh MPOOJIEMHU 3yMOBIIEHA MOJIOJIUM MPAII€3aTHIUM BIKOM MOCTPAXKIAIUX Ta
OOMEXEHUMH MOKIIUBOCTSIMU KOpekIlii Bxe chopmoBaHoro IITOA. [ns Ykpainu
nuTaHHs HaOyBae [JOJATKOBOI Baru: 3a JIaHUMH CHUCTEMATHUYHOTO  OIJISLY
OpTOTIEANYHOT OOMOBOI TPaBMHU POCIMCHKO-YKpaiHChKO1 BiiiHM (2026), BHOYyXOBi Ta
BOTHENaJIbHI MeXaHi3MU (GOPMYIOTh CKJIaJIHI 0araroysiaMKoBl BHYTPIIIHbOCYTJI000BI
MepesioOMH 3 MAaCUBHHUM YIIKO/KEHHSM M SKMX TKaHUH, fKi ampiopl HajexaTh 10
KaTeropii HAMBHUIIIOTO PU3UKY JACTeHEpaIlii cyriooa.

Mera. CuctemaTu3yBaTu CydacHI JaHl 100 YaCTOTH Ta MPEAUKTOPIB PO3BUTKY

IITOA micnst mepenoMiB IJIATO BEJIMKOTOMUIKOBOI KICTKHM 1 OILIHUTH JOKa30By 0azy
HasiBHUX CTpaTeriil Horo mpo@iiaKkTUKH.
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Marepiaiau i meroau. IIpoBeneHo aHAMITHYHMNA OTJISIT HAYKOBUX IMYOJIIKAIIi.
3acTtocoBaHo 010I0CEMaHTUYHUN METOJI, CHUCTEMHHUH aHaji3 1 IMOPIBHUIHHO-
CTATUCTUYHUHI MIIXI1I.

PesynbTatn Ta 00roBOpeHHsl. FEnidemionocis. PeTpoCleKTHBHE MIBEICHKO-
MOJIbChKE TOCTIKEHHSI BUSIBUIIO peHTreHosoriyHi o3Haku OA 'y 50 % cyrno0iB micis
NEepesioMiB ITUIATO BEJIIMKOTOMIJIKOBOI KICTKH, mpuyoMmy mnarmieHTH 3 OA manu
JIOCTOBIPHO TipIiIi MOKa3HUKH 3a Bcima miankamamu KOOS (p <0,007) 1 HUxKYy sIKiCTh
xuTTs 32 EQ-5D-5L (p = 0,015) [1]. PeectpoBa koropta 7 950 nepenomis miaTo mpu
cepenHboMy crocTepekeHHl 13,9 poky mokasama 3,5-KpaTHE 3pPOCTaHHS PHU3HUKY
TOTAJIBHOTO CHIOMPOTEe3yBaHHs KoJiHHOTO cyrio0a (TEKC) mopiBHSHO 3 KOHTpOJIEM,
31CTAaBJICHUM 3a BIKOM 1 CTarTio. Y KaHAACHKIM MOMyJsUiiHIA koropTi 8 426
onepoBanux naiieHTiB 10-piuna yactora TEKC cranosuna 7,3 % npotu 1,8 % y
kontpoai (HR 5,29; 95 % JII 4,58-6,11) [2]. BogHodac B OJHOLEHTPOBIM KOTOPTI
konBepcist y TEKC cranoBuina nutie 2 %, a opranosoepiratodi BTpydanss - 9 %, 1o
MIJKPECTIOE HETOTOXHICTh peHTreHosoriyoro IITOA 1 KIIHIYHO 3HAYYHION
HEJ0CTaTHOCTI Cyrioba.

Daxkmopu puzuky, nos’si3ani 3 xapakmepom mpaému. TSHKKICTb TEPBUHHOTO
YIIKO/DKEHHS XpAIlla € HAWMOTYXXHIIIUM 1 BOJHOYAC HEKEPOBAHUM MPEIUKTOPOM.
[lepBuHHa immpecis cyriio6oBoi moBepxHi Ha jgoormepaniiinii KT mocToBipHO
nporHo3yBaina po3BuTok OA (memiana 1,8 mm mpotu 4,5 mm; p = 0,009), Toai sk
3QJIMIIKOBA IMIIPECisl HANpPHKIHII CIIOCTEPEKEHHS TaKoro 3B’s3Ky He Mana [3].
MeniansHl Ta OIKOHAUIAPHI MEpeaoMH acowlitorThes 3 OA CyTTeBO yacTinie 3a
13o5b0BaHi Jarepanbhi (BII 3,4; 95 % JII 1,4-8,6 y ckopuroBaniii mojeni) [1], a Tunu
B3 1 C3 3a AO/OTA wmaroth y 6,8 paza BUIIUNA PU3UK HECIPOMONKHOCTI Cyryioda
npoTsrom 2 pokis [4]. Okpemuii 6JI0K TPEAUKTOPIB POPMYIOTh CYIMyTHI YIIKOIKEHHS
M’SIKOTKAaHUHHUX CTaO1113aTOPIB: MPOCIEKTUBHE JOCHIIKEHHS 3 00OB’A3KOBOIO
JTIarHOCTUYHOIO apTPOCKOIIEI0 BUSBUIIO YIIKOJDKEHHS MEHICKIB y 52,9 %, a
XpecTonoAiOHUX 3B’ 30K - y 22,5 % ornepoBaHUX MEPEIOMIB IJIATO BETMKOTOMUIKOBOT
KiCTKY; MeTaanani3 2026 p. miaTBepAUB, 1110 TIMOMHA AeTpecii JaTepalbHOTO IJIATO €
HANIIOCITIIOBHIIIUM MTPEAUKTOPOM PO3PHUBY JaTEPaTbHOTO MEHICKaA (y CepeTHhOMY Ha
5 mm Ouneina gemnpecisi). OCKUIBKM BTpaTa MEHICKa Ta HECTaOlIbHICTh 3MIHIOIOTH
pPO3MO/T KOHTAKTHOTO THCKY, Il YIIKO/)KEHHS € CaMOCTIHHUM MEXaHIi3MOM
nporpecyBaHHs [ITOA He3anexHO Bi SIKOCTI OCTEOCUHTE3Y.

Daxmopu, nog’szami 3 axicmio peno3uyii ma oci kinyieku. lle enuHa rpyna
MOBHICTIO KEPOBAaHUX UMHHHKIB. Y KOropTi 439 mallieHTiB HeaJeKBaTHA PETO3UIIIS
CyTJI000BO1 MOBEPXHI (CXOJIMHKA > 2 MM) CyNpoBOKyBajacs y 8,4 paza (95 % I 3,6-
20) BUIIMM PU3UKOM HECITPOMOXKHOCTI cyrio0a [4]. 3a nanumu Assink Ta criBasT. [5],
10-piuHe BUKUBaHHS BIACHOTO cyrio0a ctaHoBWIO 93 % 3a qoomnepaiiiitHoi CXOAMHKH
< 6 MM npotu 75 % 3a CXOOUHKH > 6 MM, a 3a aJeKBaTHOI (PpOHTAILHOI oci - 88 %
npotu 72 % npu MampamiMeHTallii. OTxe, BIZHOBICHHS MEXaHIYHOI OC1 KiHIIIBKH 3a
MPOTHOCTHUYHOIO Barol HE TMOCTYMAEThCS KOHTPYEHTHOCTI CYrjo00OBO1 MOBEPXHI.
Cepen dakropiB marienTa He3anexHe 3HaueHHs MaroTh Bik (HR 1,03 Ha xoXxeH pik
moHay 48), komopOiaHicTs (HR 2,17), migBumenuit inaexc macu Tijga (HR 1,4 momo

175



MEDICINE
VECTORS OF SCIENTIFIC PROGRESS: INTERNATIONAL EXPERIENCE AND
STRATEGIC PRIORITIES

noBTOpHOro BTpy4daHHs; p = 0,03) 1 KypiHHS, 110 POpMY€ MiIIeHb A7 MoaupiKaIlii B
nepionepariinoMy nepiomi.

Cyuacni cmpameeii npoghinakmuxu. IlepBunHa npodinakTika 6a3yeThbCsi Ha TPhOX
NPUHIIMIAX: MAaKCUMaJbHO TOYHE BIJHOBJICHHS CYIJI000BOi MOBEpXHI Ta OCI,
30epeKCHHS MEHICKIB 1 paHHE (YyHKIIOHAJIbHE HaBaHTaXEeHHA. JloomeparlliiiHe
TpUBHUMIpHE TUTaHyBaHHs Ha ocHOB1 KT 1o3Bossie KiIIbKICHO OIHUTH 3MitieHHs (3D
gap area) 1 mporHo3yBaTu pusuk KouBepcii y TEKC [5], mo ymoxiuBiioe
audepeHiioBanuii BUOIp JOCTyIMy Ta IMIUIaHTIB. APTPOCKOMIYHO-aCHCTOBaHA
peno3uilis 3 BHyTpimHBKOIO dikcarieto (ARIF) 3abesneuye mpsmy Bizyamizallito
CyrJI000BOi TIOBEpXHI Ta OJHOMOMEHTHE JIKYBaHHS YIIKO/KEHb MEHICKIB 0e3
aptporomii: wmertaanamiz PKJ[ 2026 p. gna nepenomiB  Schatzker [-III
MPOJIEMOHCTPYBAB BUILY YaCTKY BIIMIHHHMX 1 TOOpUX ()yHKLIOHAJBbHUX PE3YJIbTaTIB
(BIL 3,14; 95 % A1 2,02-4,88) Ta HI>K4y 4acTOTy HepionepauiiHux yckiaaHeHs (BLI
0,27; 95 % J11 0,18-0,40) mopiBHSHO 3 KJIACUYHOIO BIIKPUTOIO PEMO3UIIIEI0; BOJHOYAC
cucrematnuHuii orisg 2024 p. ve BusiBuB 3Hauyioi nepearu ARIF 3a mkanamu HSS
1 KSS, ToMy MeToa ¢yl po3TiisiaTi K OIIIii0, €heKTUBHICTD SKO1 3aJICKHUTH BIJ THITY
nepesioMy Ta JIOCBIy Xipypra.

PeaGimiTamiinuii KOMIOHEHT MPOQUIAKTUKH Takoxk neperysiHyTo: PK 2025 p.
(Schatzker I-IV, 45 nmnamieHTiB) mnoka3zano, IO HETailHe HaBaHTAKEHHA 3a
MEPEHOCUMICTIO TIICIII OCTEOCHMHTE3y 3a0e3leuye Kpamll KIiHIYHI pPe3yJIbTaTu
(Rasmussen 26,79 npotu 21,69; p = 0,002) 6e3 moripiieHHs PEHTIEHOJIOTTYHUX
MOKA3HUKIB 1 0€3 3pOCTaHHS 4YacTOTH BTOpUHHOI 1mmpecii [6]. Ile mo3Bosisie
BIJIMOBUTHCS BiJl TpUBAJIOi IMMOO1TI3aIlii, siKa cama 1o co0i cripusie apTpodidposy Ta
nereHepaili xpsma. llepcnekTMBHUM, aje MOKU M0 MEePEeBaXHO JOKIIHIYHUM
HampsiMoM € (¢apmakosoriyHa Moaudikamis MHOCTTPABMATUYHOTO 3amajibHOro
KAacKaJy: BHYTPIIIHbOCYTJI000Ba TpaBMa CIIPUUYMHSE TpUBaje MiABUIIECHHS piBHIB IL-
1B 1 TNF-a, 1m0 3amyckaroTh KaTabOJIYHY Jerpaialiito MaTPUKCY, @ EKCIIEPUMEHTAIIbHI
MOJIeJll JEMOHCTPYIOTh XOHIPOIPOTEKTOpHUN edeKT aHTaroHicta penenrtopa IL-1
(anakinpm) Ta iHr10iTOpiB TNF-0, 30KpeMa B koMOiHAIIIT 3 XOHAPOTEHHUMH areHTaMu
(Valerio ta cmiBagr., 2026). )Kognoro npemnapary, 3aaTHOT0 MoudikyBaTu nepedir
I[ITOA, noci He cxBajneHo. BropuHHa mnpodinakTuka nependadae CBOEYACHE
BUSIBJICHHSI MaJIbIOHIOHY: BHYTPIITHBROCYTJIOOOBAa KOPUTYIOUa OCTEOTOMIsl JO3BOJISIE
3MEHIIUTH cXOAuHKY 3 9 + 3,8 no 0,6 £ 0,8 MM 1 ManpasrimenTaniro 3 7,2 = 4,8 1o 1,5
+ 1,9, BiITEpMIHOBYIOUYHM €HAONPOTE3yBaHHS y MAILIIEHTIB MOJIOAOTO BIKY.

BucnoBok. [ITOA € 3akOHOMIpHMM 1 YacTUM HACJIJIKOM IEPEJIOMIB ILIATO
BEJIMKOTOMIJIKOBOT KICTKH: PEHTTeHOJOr1uHI 03Haku OA BHSBISAIOTH MPUOJU3ZHO Y
MOJIOBUHU MAIlIEHTIB, @ PU3UK TOTAJILHOTO €HAONPOTE3yBaHHs 3pocTae y 3,5-5,3 pa3za
MOPIBHSHO 3 MOMYJSALIMHUM KOHTpoJieM. KIouoBUMHU NPEAUMKTOPAMH € TSAKKICTb
MEPBUHHOTO YIIKOJDKEHHS XpAIla, MEMIabHI Ta OIKOHIUISPHI TUIMH TEPEIOMIB,
CYMyTHI YIIKOJ>)KEHHS MEHICKIB 1 3B’ 30K, 3aJIMIIIKOBA CXOJUHKA > 2 MM, ()pOHTAIbHA
MaJbaJdiMEHTAIlis, BIK, KOMOPOIIHICTh, OXHUPIHHSI ¥ KypiHHsS. OCKUIBKH TIEPBUHHE
VIIKO/DKCHHST XpsAllla € HEKepOBAaHWM, pealbHUN TPO(UIAKTUYHHI  pe3epB
30CEpEeKCHNIA y TIUIONMIMHI XIPYpPriuHOl TEeXHIKM Ta peabumirtaiii: TpUBHUMIpHE
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Joonepariiine miaHyBaHHS, apTPOCKOIMIYHO-aCHCTOBaHA PETIO3HINIS 31 30epeKeHHIM
MEHICKIB, TIPIOPUTETHE BIJIHOBJICHHS MEXaHIYHOI OCl KIHIIIBKH Ta paHHE
(hyHKITIOHATTbHE HaBaHTAKEHHS.
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CYYACHI METO/U JIIKYBAHHS PO3AIIEA

IHaBaoBa Codisa OuiekcanapiBHa
CTYJCHTKA
XapKiBChKHMM HAIllOHATLHUM MEUYHUN YHIBEPCUTET

Jamyk Anapin MuxaunjioBu4

I.Mea.H., podecop
XapKiBChKHI HAIIOHATLHUNA METUYHUHN YHIBEPCUTET

Axmyanwsnicmy: po3aiiea - 1ie XpOHIYHE 3arajibHe 3aXBOPIOBAHHS, SIKE HaluacTilie
MIPOSIBIIAETLCS Y BUIIAJI CTIMKOI €PUTEMH, YEPBOHOI CYIMHHOI CITKH, 3amajibHUX
nanyJ/mycryi, puHopiMu (piAKO), BIIUYTTA JKapy, TIOKOJIIOBaHHS, HaOPIKY.
[lepeBaxxHO Bpa)kaeThCA MIKIpA MEHTPAIBLHOT YACTUHU 00U Ys (AUIIHKY T1I00P1Is,
HiC, IIIOKH, J100) Ta O4i.

Po3anea, sx mpaBuio, Mmanipectye y Bimi 30-50 pokiB, ane B IIJIOMY MOXeE
BUHHUKATH B Oyab-sKMi mnepion >kuTTd. [2] Jlane 3axBoproBaHHs Bpaxae 1-3%
HACEJICHHs TUIAHETH, Cepell SKOT0 HaOUIBIIMN BIJICOTOK CKJIaJAarOTh CBITJIOLIKIPI
KIHKH, a OT cepe]l TEMHOUIKIPUX MOIIMPEHICTh HI)KYA, ajie HacaMIlepe 1€ YaCTKOBO
MOB'SI3aHO 31 CKJIQJHICTIO A1arHOCTYBaHHS. [ 1]

Mema pobomu: 1o0CIiIUTH CydacHI METOAM JIKyBaHHS po3aliea Ta c(popMyinroBaTi
BHCHOBKH.

Mamepianu ma memoou: aHani3 HayKoBOI JIITEPATypH 3a TEMOIO.

Pesynomamu: B 3aJ€XHOCTI Bl BUIY CHMIITOMIB Ta BaXKKOCTI IiX MPOSIBY
JKyBaHHS MiJIPO3AUIAE€THCA Ha MICIIEBE, CHCTEMHE Ta KOMOIHOBAHE:

Micyese nikysanus — nipu aerkux popmax abo y SKOCTI MATPUMYIOUYOTO:

1. Bpumonioun (renw 0,33% Ta ouni kparuti 0,2%) - anbda-2-aApeHOMIMETHK Ta
Oxcumemazonin (1% xpeM) — cenekTuBHHMM anbda-la-aapeHOMIMETHK, SKi
CIPUYUHSIOTH Ba30KOHCTPUKINIO apTepioN MIKIPU 3a paxyHOK YOro 3HUKAE CTIHKa
epuTeMa, a TaKOXK MPOSBISIOTH MPOTU3analbHi BIacTUBOCTI. [IpenapaTi HaHOCATH Ha
HIKIPY OJIMH pa3 Ha A00y.

2. Mempownioazon (kpeM, renb, emyinbcis 0,75%) — aHTUIPOTO30MHMIM Npenapar 3
MPOTU3aNaIbHOI, IMYHOCYNPECHBHOIO Ta aHTHOKCHJIAHTHOIO BIIACTUBOCTSIMH.
Hacammnepen iioro edekTuBHICT 00yMOBJICHA THM, 110 pO3aliea MOXke OyTH BUKJIMKaHA
HIKIpHUMU Tlapazutamu 1o tuny Demodex folliculorum. 1lpenapatr HaHOCSTH ABa pa3u
Ha 700y.

3. Azenainosa xucnoma (renv 15%) — npupomHa aukapOOHOBa KHCIIOTa, IO
3aCTOCOBYETHCS MPH MAIyJI0-IIyCTYJIbO3HIN po3aliea 3a paxyHOK TOTO, 1[0 HOpMaJi3ye
MPOIIECH KepaTHu3allii, a TaKOXK Mae mpoTu3anaibanii eexT. [Ipenapar HaHOCATH /1Ba
pasu Ha 100y.

4. Ieepmexmun (kpem 1%) — HaNMIBCUHTETUYHUN TOXIJHUN aBEPMEKTUHY, SKHIl
3aCTOCOBYIOTh MPH MAMYJIO-IyCTY/IbO3HIN po3aiiea OCKUIBKY YAHUTH MTPOTU3ANATbHHMI
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edeKT 3a pPaxyHOK MAaKpOJIIHOI CTPYKTypHU Ta MPOSIBIAE HEHMPOTOKCHMYHY [0 Ha
mKipHUX Tapa3uTiB (Demodex folliculorum). Ilpenapat HaHOCATH 1 pa3 Ha 100y.

Takok 3aCTOCOBYIOTh NpeMapaTH, SKi HE BKIIOYEHI JI0 MPOTOKOJIB MiCIIEBOTO
JmikyBaHHs ~ posanea: Ilepmerpun, KiminmaminuH,  AgjamajieH,  1HT10ITOpH
KaJblMHEBpUHY, beH30in nepokcu.

Cucmemnoi 0ii’ — IpH TSHKKUX GopMmax ado Mpu PEe3UCTEHTHUX /10 MICLIEBOTO:

1. loxkcuyuknin (40 Mr/neHp) - aHTUOI0THK, TETPAIMKIIIH 2 TTOKOJIIHHS. €auHUN
CXBaJICHUI Tpemnapar Ui CUCTEMHOTO JIIKyBaHHS. 3a paXyHOK rajieHoBoi (GopMu Ta
toro, 1m0 30 Mr BUBUIbHSIOTHCS HeraiHo, a 10 Mr - MOBLIBHO: Mpemapar HE Mae
aHTUMIKPOOHOI 1ii, ajeé YWHUTH NPOTH3AMaJbHy JiI0 TpU HaMylIO-IyCTYIbO3HIN
dbopmi. TpuBamicts mpuiiomy 2-3 MicCsIIIi.

2. Makponiou (epUTpOMILIMH, KIAPUPOMIIMH, a3uTpominuH - 250 wr)
3aCTOCOBYIOTh SIK aHaJOr JIOKCHIIMKIIIHY MOpU KHOro HENEPHUHOCHMOCTI Ta MpHU
BariTHOCTI. [3]

Kombinosani — st omHOYACHOTO BIUTMBY Ha Pi3HI JJAHKW MATOTEHE3Y Ta IS O1IbIIT
IIBUJKOTO €(PEKTY BiJ JIIKyBaHHS:

1. Hoxcurukdin (40 mr) + 1% renb MmetpoHigazony. [1]

2. TI'ens bpumoniauny 0,33% (Bpanii) + 1% kpem IBepmexkTuHy (BBEuepi).

3. Hoxkcurukdin (40 mr) + 1% kpem IBepmekTuny (BBEuepi). [2]

BuCHOBOK: cydacHe JIIKyBaHHS OJTHO3HAUYHO IOKPAIIy€ KUTTS XBOPUX 3 po3alea
Ta COpHsie 3MEHIIEHHIO KUTBKOCT1 peluauBiB. J[ig kpanioro ehekTy MeIMKaMEHTO3HE
JIKyBaHHA CJIIJI MOEAHYBATU 3 AIETOI0 (YHUKATH BKMBAHHS MPSHOLIIB, aJIKOTOJIIO Ta
MaJiHHsA), AEJTIKaTHUM OYMIIEHHSIM IIKIPY BpaHLil Ta BBeUEpl IPH L[bOMY BOA Ma€ OyTH
TEIJIOKD, a TaKoX CJIJI YHUKaTH TepTs oOnu4yysl K NpU BMHUBAaHHI, TaK 1 IpH
BHUCYIIYBaHHI IIKIpU OTHOPa30BMMU pylIHUKaMu. He ciig 3a0yBaru 3a BUKOPUCTAHHS
3BOJIOKYIOUMX €MYJIbCii/KpeMiB Ta coHIle3axucHux 3aco0iB (SPF 50), ockiibku 1
po3alnea, 1 mpenaparH, 10 3aCTOCOBYIOTh IMPH JIIKYBaHHI, MiABUIIYIOTh YyTJIUBICTb
IIKIPH 70 30BHIIIHIX TPUTEPIB.
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AHTEHATAJIBHA MTPO®IJIAKTUKA
PECIHIIPATOPHOI'O AUCTPEC-CUHAPOMY
HOBOHAPOIKEHUX

IyukosB B.A.

KaHIUIaT MEAWYHUX HAyK, JOIEHT 3aKjay BHINOI OCBITH
Kadeapy akymepcTBa 1 TiHEKOJIOT11, 3aropi3bKHUM Iep>KaBHUN MEIUKO-
dbapmalleBTUUHUIN YHIBEPCUTET

Crocroka B. T'.
JIOKTOp MEIUYHUX HayK, Tpodecop, 3aBiiyBay kadenpu akyiepcTsa i
THEKOJIOr1i, 3aMmopi3bKuil AepKaBHUM METMKO-(papMalleBTUYHUIA YHIBEPCUTET

Onpomuenko C. I1.
KaHJIUJAT MEAUYHUX HAYK, aCUCTEHT KadeIpu aKyIiepcTBa i rHEKOJIOr 1,
3anopi3bKuii Jep>KaBHUN MeTUKO-(papMalleBTUYHUN YHIBEPCUTET

Bborycaascbka H. 10.

meanunuil nupekrop, KHII «Tepuropianbne menuuHe 06'eqHaHHS «310pOBa
poauna» 30P,

KaHIUJAT MEMYHUX HAYK, JOLIEHT 3aKjaay BUIOI OCBITH

Kadeapy akynepcTBa 1 riHeKOJIOT11, 3anopi3bKUM Iep>KaBHUN MEIUKO-
(dbapMaleBTUYHUN YHIBEPCUTET

Kosaoxor H. I'.
acCUCTEHT Kadepu aKyIiepcTBa i riHEeKOJIOri,
3anopi3bKuii Aep>KaBHUN MeTUKO-(PapMarleBTUIHUN YHIBEPCUTET

Pecnipatopuuii nuctpec-cunapoM (PJIC) HOBOHAPOIKEHUX 3aJIUIIIAETHCS OJHIEIO
3 OCHOBHHMX ITPUYMH 3aXBOPIOBAHOCTI Ta CMEPTHOCTI Cepe/l HEIOHOIIECHUX ITEeH, IKUM
BUHHKAE IEPEBAKHO Y HETOHOIIEHHX HOBOHAPOIKEHNX. I0ro pO3BUTOK OB’ sI3aHHUIL
Hacammepes 13 (PYHKIIOHATBHOI Ta CTPYKTYPHOIO HE3PUIICTIO JiereHb, aedirurom
cypdakTaHTy, MOPYIICHHSM aJIbBEOJISIpU3allii Ta HE3PLIICTIO MEXaHI3MIB JIETEHEBOI
afganTauii mcas HapoJpKeHHs. Pusuk 1 Tk kicth PIIC oGepHeHo mpomopiriiHi
recTarifHoMy BiKy 1 Maci Tijia ipu HapopkeHHi [1, 2]. EHIOreHH] TIIIOKOKOPTHKOTIH
BIJIIrParOTh KIIIOYOBY POJIb y MIATOTOBIN IUIOJA JI0 MO3ayTPOOHOTO XKUTTSI. BoHu
MPUCKOPIOIOTh  Mudepentiianiro mHeBMOIuUTIB [l Tumy, WiABUIYIOTE CHHTE3
dochommigiB 1 cypdaKTaHT-acoOIIMOBAaHUX OUIKIB, CHOPHUSIIOTH CTPYKTYPHOMY
J03pIBAaHHIO JIETEHEBOi MAPEHXIMU, 3MEHIICHHIO TOBIIMHUA MIKAJIbBEOJISIPHUX
MEepPEeropo;IoK 1  MABUIICHHIO  JIETEHEBOTO  KOMIUIA€HCY.  AHTEHaTaJIbHI
KOPTUKOCTEPOiIM BIUIMBAIOTh HE TUIHKK Ha JiereHi. BoHM chpusiioTh A03piBaHHIO
CEPLIEBO-CYAMHHOI CUCTEMU, KUILIEYHUKA, HUPOK 1 IIEHTPAJTbHOT HEPBOBOI1 CUCTEMHU, 11O
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MOSICHIOE ~ 3MEHIICHHS YacTOTH  BHYTPIIIHBOILUTYHOYKOBHUX KPOBOBWJIMBIB 1
HEKPOTHU3YIOYOTO eHTepokoiity [2]. Tomy HaWOUIbIl €(PEeKTUBHUM METOJ0M
aHTEHATAIbHOI TPOGUIAKTUKH € TMPU3HAYCHHS KOPTUKOCTEPOiMiB BariTHUM 13
BHCOKOIO WUMOBIPHICTIO MepeyacHuX mosioriB. O1HaK CUCTEMHUM XapakTep IXHbOT i1
€ TaKOX I1JICTABOIO JIJIsl 00E€PEXKHOCTI 11010 HEBUIIPABIAHOTO NpU3HaYeHHS [3].

MakcumaibHa KOPUCTh aHTEHATATIbHUX KOPTUKOCTEPOi/IiB CIIOCTEPIraeThes TOI,
KOJIW TI0JIOTH BiJI0YBAIOTHCS BIPOJIOBXK 24 rouH - 7 1110 MicIs MoYaTKy JiKyBaHHA [ 1,
4-6]. HaitOipIl BUBYCHUMH TIpETIapaTaMy € OeTameTa3oH 1 gexcameTa3oH. OCHOBHI
peKoMeHoBaHI cxemHu (Oeramera3oH: 12 Mr BHYTpIIIHHOM S30BO, IBi 103U 3
iHTepBaJioM 24 TOIWHU; AEKCAaMETa30H: 6 MI' BHYTpPIIIHBOM S30BO, YOTUPHU O3 3
iaTepBasioMm 12 rogun. CymapHa /103a B 000X BHUIIaIKax CTAaHOBUTH 24 mr [4].

[Ipu3HaueHHs npenapatiB MOBUHHO IPYHTYBATHCS HE JIUILE HA TECTAI[IIHOMY BILIl,
asie il Ha peanbH1i KMOBIPHOCTI HAPOJKEHHS TUTUHU BIPOJOBK HACTYITHUX CEMH JHIB,
HAsBHOCTI a00 BIJICYTHOCTI BHYTPIIIHbOAMHIOTHYHOI 1H(EKIi, 0COOIMBOCTIX
nepediry BariTHOCTI Ta MOMJIMBOCTSX HEOHATAIBHOI JOMOMOTH [5].

JlikyBaHHs HE MOBMHHO BIJIKJIAJIATU EKCTPEHE PO3PO/KEHHS 3a >KUTTEBUMHU
MOKa3aHHSAMU 3 00Ky MaTepi abo maoja. SKIo 3aBepIInTH MOBHUHN KypC HEMOKIUBO,
JIOIIJIBHO BBECTU XO4a O TepIly 103y, OCKUIbKM TMEBHUM KIIHIYHUN €PEeKT MOKe
dbopmyBaTHCs Bxke BIpooBxkK nepmux 24 roaud. BOO3 pekoMeHay€e 3aCTOCOBYBATH
KOPTUKOCTEPOiI HABITh TO1, KOJM MOBHUN KYypC JO MOJIOTIB, IMOBIpHO, HE Oyne
3aBeplicHun [4].

OnTtumManbHui €(pEeKT aHTeHATaJIbHUX KOPTHUKOCTEPOIIIB CIHOCTEPITAETHCS, SKIIO
JTUTUHA HAPOJKYEThCs yepe3 24 roauuu - 7 Ai0 micis mo4yatky Kypcy. OCHOBHORO
MpOoOJIEMOIO KIIIHIYHOT IPAKTUKH € HE HEJJOCTATHS YacTOTa MPU3HAYEHHS IIpenaparis,
a HETOYHE BHM3HAUEHHS 4acy JIIKyBaHHA. 3HA4YHA YaCTHMHA BariTHUX 13 CUMITOMaMU
3arpo3u NepeayacHUX MOJIOTIB HE HAapOJKY€ BIPOAOBXK CEMH JIHIB, YHACTIAOK YOrO
Tepanis Iioja Moxe He 3a0e31euyBaTu OuiKyBaHoi KOpucTi [1, 4, 5]. Tomy cami juie
MaTKOB1 CKOPOUYEHHS 0€3 CTPYKTYPHHUX 3MIH IMUHAKU MAaTKA HE TIOBUHHI aBTOMaTUYHO
pO3IIIAIaTUCA SIK TOKAa3aHHS JI0 BBEACHHS KOPTHUKOCTEpOiiB. PimeHHS HEOOX1THO
npuiiMaTH 3 ypaxyBaHHSIM JWHAMIKA IMUAKU MaTKW, ii JOBXKUHU 3a JTaHUMU
TpaHCBariHaJdbHOI  IIEPBIKOMETPii, pe3yibTaTIB TECTyBaHHS Ha  (eTaIbHHIMA
¢i0poHekTH abo 1HmMMX OloMapkepiB, (akTy pO3pPUBY IUIOAOBHX OOOJIOHOK,
aKyIIepChKOTO aHaMHE3y Ta HasBHOCTI MOKa3aHb JI0 IUIAHOBOTO JOCTPOKOBOI'O
pospomkenns. Y tepmini 340 - 36" Tinkns noTeHniiina KOPUCTH KOPTUKOCTEPOILIB €
MEHILOI0, HK NpPH PaHHIX NEepeayacHUX I0Jorax, a CIHIBBIJHOIICHHS KOPHUCTI Ta
pusuKy Outbin cynepewiuBe. Society for Maternal-Fetal Medicine pexoMeniye oauH
Kypc OeTaMeTa3oHy NIpH OJHOIUIIIHIA BariTHOCTI, BUCOKIH IMOBIPHOCTI TOJIOTIB
YIOPOJOBXK CEMU IHIB 1 BIACYTHOCTI MONEPEIHBOr0 Kypcy. BoaHouac nmpenapatu He
CHiJ TpU3HA4YaTH, SKIIO WMOBIPHICTH TMoOJoriB a0 37 TWkKHIB € HU3bKoro. Lli
pexkoMeHalii 0ysau moBTOpHO miaATBepKeH1 y 2025 porti [1, 5].

[lepcrieKTUBHUM HampsIMOM € 3aCTOCYBaHHs 0araro(akTOpPHUX MPOTHOCTUYHHUX
Mojelel, Kl 00’ €IHYIOTh KJIIHIYHI JaHi, JOBXUHY IIMAKK MaTKA Ta O10XIMIYHI
MapKepH. IXHf MeTa monsirae y 30iNbIIEHHI 4acTKM JiTel, HAPOKEHUX y MexkKax
TEpaneBTUYHOTO  BIKHA, Ta 3MEHIICHHI HEOOIPYHTOBAHOTO  MPU3HAUYCHHS
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KOPTHUKOCTEPOiiB BariTHUM [6]. [ligxoan Mi>kHapOJHUX OpraHizaliid BiIPI3HAIOTHCS.
BOO3 He pekoMmeHaye pyTHHHE 3aCTOCYBAHHS KOPTHUKOCTEPOiNiB IMepe]] MIIaHOBUM
KecapeBMM PO3THHOM y TepMini 34™0 - 36" Twxua, Toxmi sk okpemi HalioHaNbHI
NPOTOKOJIM JIOMYCKAIOTh CEJIEKTUBHE 3aCTOCYBaHHS O€TaMeTa3oHy 3a YITKHX
KpUTEPIiB BUCOKOTO PU3UKY Mi3HIX MepeIdyacHux mosoris [1, 4-6].

EdekT nepiioro Kkypcy mocTymnoBO 3MEHIITYEThCS, KO BariTHICTh MPOJIOHTYETHCS
nonan 7 a16. BOO3 pexomeHay€e oAMH NOBTOPHUM KypC 32 YMOBH, SIKILIO TTOTIEPETHIN
Kypc OyB IIpOBECHUI IIIOHAHMEHIIIE CiM 110 ToMY 130epiraeTbcsi BUCOKa HMOBIPHICTD
MOJIOTIB  YIPOJOBX HACTymHOTO TWKHA [4]. AMEpPUKAHCHKI PEKOMEHAIlii
nependadaloTb TOBTOPHUM KypcC MEPEeBaKHO 10 34 THXKHIB, SKIIO Bl MOMEPEAHBOTO
BBEJICHHSI MUHYJIO MTOHA 14 110, X0ua B OKpeMUX KITHIYHUX CUTYaIlisIX BiH MOKe OyTH
MIPOBEICHMI uepe3 ciM 110 [4, 6].

BaxnuBum pe3epBOM MOKpAIEHHS PE3yIbTaTIB € HE PO3IIUPEHHS 3aCTOCYBaHHS
KOPTUKOCTEPOIIIB, a MIJABUILEHHS TOYHOCTI B1100pY Mali€HTOK. J{0CB11 MI>KHAPOIHUX
JOCIIKEHb TTOKa3ye, 1110 e(HEeKTUBHICTD Teparii 3aJIeKUTh BiJl TOYHOTO BU3HAYCHHS
recTallifHOro BiKYy, KOPEKTHOI JIarHOCTUKHM HEMHHYYUX IEpeAYacHUX TOJOTIB 1
JOCTYITHOCT1 HaJICKHOI JIOTIOMOT'M HOBOHapoKeHoMmy [1, 3, 6, 8].

€Bponeiickki pexomenaanii 2025 poky HarojouryrTh, 0 MpoduiIakTUKa 1
nikyBanHs PJIC moTpeOytoTh TICHOT B3a€EMO/IIT aKky1iepiB, (haxiBiiB MEAUIIMHY TUIO/A,
aHecTe310J0r1B 1 HeoHarosoriB. CydyacHa koHienilis npodutaktuku PJIC Buxonuts 3a
MeX1 Oe3MocepelHbOi MEIUKAMEHTO3HOI CTHMYJISALII J03piBaHHA JiereHb. Bona
BKJIIOYA€ MPODUIAKTUKY CHIOHTAHHUX 1 MEIMYHO 1HAYKOBAHUX MEPEIYaCHUX IOJIOTIB,
OOTpYHTOBaHE BHKOPWCTAaHHS AaHTEHATAIbHUX KOPTHKOCTEPOiliB, CTBOPEHHS
TEparneBTUYHOTO BiKHA JUIS 3aBEpIICHHS KypCy, TPAHCIOPTYBaHHS BariTHOI 10
MEPUHATAIHLHOTO IIEHTPY, KOHTPOJIb MAaTePUHCHKUX 3aXBOPIOBaHb Ta IJIaHYBAaHHS
ONTUMAJILHOTO Yacy 1 croco0y po3pomxkenHs [1, 3, 5, 7, 9].
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OCOBJIMBOCTI XAPYOBOI MOBEJIIHKHU JITEU
HIKIJIBHOT'O BIKY TA ii 3B’S130K I3 IOKABHUKAMHU
®I3UYHOI'O PO3BUTKY

Yepuenko Jlapuca MukosiaiBHa
KaHJUJaT MEAUYHUX HayK, JOLEHT, aCUCTEHT Kadeapu nexiarpii Ne2
Harmionansuuit Mmenuunuii yHiBepcuret imeHi O.0. boromonblis

PycaBcbka Codist OnekciiBHa
CTYJCHTKA MEIUIHOTO (DaKyIbTETy
Harmionansauit Mmeauunuii yHiBepcuteT iMeH1 O.0. boroMosnbiis

Beryn: akTyanbHICTh MPOOJEMH XapyoOBO1 MOBEAIHKM y AITEH WIKUIBHOTO BIKY
3yMOBJIEHA CTPIMKMM  IJ100ajdbHUM  3POCTAHHAM  MOIIMPEHOCTI  OXKUPIHHS,
METa0OJIIYHOTO CHHJPOMY, a TaKOX XPOHIYHMX HEIH(EKIIHHUX 3aXBOPIOBAHb,
KOpDIHHS SIKMX CSITa€ JUTSYOro Ta MiITKOBOro Biky [l1]. ¥V cyuacHux ymoBax
iH(popmaTH3aLii CycniIbCTBa, 3MIHU CIOCOOY KUTTS, JOMIHYBAHHS MaJOPyXJMBOIO
cnoco0y SKUTTS Ta IIMPOKOrO PO3MOBCIOKEHHS BHUCOKOKAJIOPIMHUX Xap4OBHX
MPOJYKTIB 13 BUCOKUM BMICTOM padiHOBAHMX BYTJIEBOJMIB 1 TPAHCKUPIB, MUTAHHA
dbopMyBaHHS aJeKBaTHUX XapYOBUX 3BHUOK HAOyBa€ CTpPATEri4YHOTO JACPIKABHOTO
3HA4YEHHS [2].

[lepion MmIKUIBHOTO BIKY XapaKTEPU3YEThCA IHTEHCUBHUMH  TMPOIECaMU
COMAaTUYHOI'O pOCTY, HEHPOEHIOKPUHHOI MepedyJoBH Ta ICHUXOCOLIAIbHOIO
cTaHoBJIeHHS ocoOucrocti. CaMe B el 4Yac 3aKiIajaroThCs CTIMKl ITOBEIIHKOBI
CTEpEOTHUIH, $KI 0Oe3MoCcepeHbO BIUIMBAIOTh HA XapakTep XapuyBaHHs [3].
[lopymieHHs: XapyoBOi MOBEMIHKM B JUTAYOMY BIilll HEPIAKO MPHU3BOIATH 10
JeKOMITeHcallli MeTaboIIYHUX MPoLeCiB, (GOPMYyBaHHS AUCTAPMOHINHOTO (PI3UYHOIO
PO3BUTKY Ta BUHUKHEHHS TICHUXOJIOTTYHUX KOMILIEKCIB, MOB'I3aHUX 13 30BHIIIHIM
BUTJISIIOM Ta Macoro Tina [4].

MeTor JaHOro HAyKOBOTO JOCTIIHPKEHHSI € KOMIUIEKCHUIN aHalli3 0COOJIMBOCTEN
XapyoBOi MOBEIHKHU JIT€H MIKIILHOTO BIKY, BUSBJICHHS OCHOBHHMX JETEPMIHAHT il
dbopMyBaHHS Ta BCTAaHOBJICHHS TICHOTH 1 XapakTepy KOPEJSIIHHUX 3B'S3KIB 13
KIIFOYOBUMH aHTPOIIOMETPUYHUMHU MMOKAa3HUKaMH (PI3UYHOTO PO3BUTKY [5].

Orasp giTepaTypu: aHami3 CydyaCHHUX HAyKOBHX JDKEpeNl BITUM3HSIHHMX Ta
3apyODKHHUX JOCIITHUKIB CBIIYUTH MPO T, IO XapuyoBa MOBEIIHKA € CKJIaIHOIO
0araTOKOMITIOHEHTHOIO CHCTEMOI0, sika (OpPMY€EThCS Miag BIUIMBOM O10JOTIYHHX,
TeHETUYHHX, TICUXOJIOTIYHUX, COIIAIbHO-EKOHOMIYHUX Ta KyJIbTYPHUX YMHHUKIB [1].
3riHO 3 KJIACHYHUMH MCUXOJOTTYHUMH Ta MEIUYHUMH KJIacU(IKaIIsIMU, BUAUISIOThH
TPU OCHOBHI  TUIKM TOPYIIEHb  XapyoOBOi  MOBEIIHKH:  OOMEXYBaJIbHHMA
(pECTpUKTHUBHUM), EMOIIIMHUM Ta €KCTEpHATBLHUM [2].

ExcrepHanbHUl TUN XapyoBOi MOBEIIHKH XapaKTEPHU3YEThCS THUM, IO JUTHHA
pearye He Ha BHYTpIIIHI (i31070T14HI CUTHAIM TOJIOJY Ta HACUYEHHS, a Ha 30BHIIIHI
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CTUMYJIH: BU]I 1K1, ii IpUBaOINBY yIakoBKy, pekiamy B 3MI Ta comiaapHUX Mepexax,
3amax, a TaKoX HasBHICTh KOMIIaHII 4 TpaJauIlii mpuiioMy ki B meBHUM 4ac [3].
JlocmiKeHHST TTOKa3yIoTh, 10 JITH 3 BUCOKUM PIBHEM €KCTEPHAIBLHOCTI CXHUJIbHI J0
nepeiaHHs B YMOBaX BUIBHIIIOTO JIOCTYITY J10 iK1 [5].

EMortiiiHuii THIT XapuoBOi MoBeaiHKH (200 3ai1aHHs CTPECy) MPOSIBISETHCS B TOMY,
10 IPUIOM 1K1 BUKOPUCTOBY€ETHCS K IHCTPYMEHT MOJI0JIAaHHS HETaTUBHUX MO —
TPUBOKHOCTI, HYJIbTH, CAMOTHOCTI, BTOMI 4YH pO3/ApaTyBaHHA [2]. Y MIKIIbHOMY Billi
Ha TJI 3pOCTal0YOT0 KOTHITUBHOTO HABAHTAKEHHS Ta COIIAJIBHOI afamTarlii el TuI
CTa€e 0COOJIMBO MOMIMPEHUM CEpEJ M TITKIB [4].

OOMexyBalbHUN TUT MOB'sI3aHUH 13 HAAMIPHUMH CIPOOaMU KOHTPOJIIOBATH Macy
TiJla Yepe3 KOPCTKi AIETH a00 TOJIOAYBaHHS, 110 YacTO MEPEaye PO3BUTKY HEPBOBOI
aHopeKcli M Oyiimii, abo X MPU3BOAUTH 10 €(QEKTY «PUKOILIETY» 3 HACTyIHUM
HabopoM 3aiiBoi Baru [1].

®i3uyHUi ~ PO3BUTOK  JAITE€  OLIHIOETBCS  3a  CTaHJAPTU30BAaHUMU
anTpornomerpuuHnumu kputepisimu BOO3, ne inaexkc macu tuta (IMT) y noenHanHi 3
MOKa3HUKaMU JIOBXKWMHU TiJIa Ta 00XBaTy Tallii J03BOJIAE€ 00'€KTUBHO J1arHOCTYBATU
nediuuT, HOpMAJIbHY Macy, HaJUTUIIKOBY Macy Tijia a00 oxupiHHs [4]. 3B'SI30K MiX
MICUXOJIOTIYHUMU OCOOJIMBOCTSIMU XapuyBaHHS Ta COMAaTUYHUMHU 1HJEKCAMH €
MpPEAMETOM aKTUBHUX JIUCKYCIH y CydacHid nemiaTpii [5].

Marepiajim Ta MeTOAM MAOCTIIAKEHHS: IS JOCSITHEHHS TMOCTaBJICHOI METHU Ta
PO3B'sI3aHHSI HAYKOBHX 3aBJaHb Ha 0a31 3araJbHOOCBITHIX HABYAJIBHUX 3aKJIaaiB OyJIo
MIPOBE/ICHE KOMIUIEKCHE OOCTEXXEHHS TPyNH JITEH HIKUIBHOTO BiKy y KuUIbKocTi 150
oci0 (BikoM Bizx 7 10 16 pokiB, cepeaniit Bik ckias 11,4421 poky) [4]. HocaimxeHHs
MPOBOJMJIOCS 3 JIOTPUMAaHHSIM €TUYHUX HOpM Ol0€TMKH Ta 1H(OPMOBAHOI 3roau
0aTbKiB 200 3aKOHHHX MPEICTaBHUKIB YUHIB [1].

MeTtoau qOCHIIKEHHS BKIIOYAIN:

1. AHTpONIOMETPUYHUN METO/I: BUMIpIOBaHHSA MacH Tina (3 TouHicTio Ao 0,1 kr),
JTOBXHHM Tina (3 TouHicTio A0 0,1 cM) 3a MOMOMOIOI CTaHJAPTHOTO MEIUYHOTO
pPOCTO- Ta BaroBUMIprOBajgbHOrO oOnamHaHHs [4]. Po3paxyHOK 1HIEKCYy MacH Tija
(IMT) 3niiicaroBaBcs 3a popmynoro Ketne: maca Tina (kr) / kBaapar JOBXKHHH Tijia
(M). OuiHka (i3MYHOTO PO3BUTKY MPOBOAMIACH 13 BUKOPHUCTAHHSIM IIEHTHJIBHUX
TaOMUIb Ta CTAaHAAPTHUX BiaXxwieHb (Z-score) IMT 3rimHo 3 aKkTyaJbHUMU
cranaapramu BOO3 [1].

2.  Ilcmxo-miarHOCTMYHHMIA  METOJ:  aHKETyBaHHS 13  3aCTOCYBaHHSIM
CHellagi30BaHUX OMUTYBAJIBHUKIB XapUYOBOi MOBEIIHKH (30KpeMa aJanTOBAaHUX LKA
JUISL  BUSBJICHHS E€KCTEPHAJIBHOTO, €MOIIMHOTO Ta OOMEXYBaJbHOTO CTUJIIB
XapuyBaHHSA y AITEH 1 MIJJITKIB) [2].

3. CratuctuuHuil MeToa: 00poOKa OTpUMaHUX HU(PPOBUX AAHUX 3/1MCHIOBAIACS
13 3aCTOCYBaHHSIM MaKeTIB CTaTUCTUYHMX mporpaM [5]. Po3paxoByBaiucs cepenHi
3HAUCHHS, CTaHJApTHI TMOXMOKM, a TakoX KoedimieHTn kopensmii [lipcona Ta
CmipMeHa njsi OIIIHKM 3B'S3Ky MDK THUIIAMH Xap4YOBOi MOBEMIHKK Ta MOKa3HUKAMH
¢b13udaHOTO PO3BUTKY [3].

Pe3yabTaTu 10C/IiIsKeHHsI Ta iX O0rOBOPEHHsI: Yy XOJ1 MPOBEICHOTO aHAII3y
AHTPOIIOMETPUYHUX JAaHUX OyJIO BCTAHOBJIEHO, 1110 HOPMAaJIbHI MMOKA3HUKH (P13UUIHOTO
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PO3BUTKY criocTepiranucs y 64% obctexenux mkoispiB [4]. BogHouac HammmkoBa
Maca Tija JiarHocToBaHo y 21% aiTeil, a oxupiHHSA pi3HOTO cTyneHs — y 15% yuHiB
[1]. Lle cBIIYUTH MpO BUCOKY aKTyaJIbHICTh MPOOJIEMU JUCTAPMOHIHHOTO PO3BUTKY Ta
MeTa0O0IIYHUX MOPYIIEHb y CyYacHIN MOMyJIALil IIKOIAPIB [2].

AHaJi3 pe3yabTaTiB aHKETYBaHHS 3 OIIHKKA XapyoBOi IMOBEIIHKM IMOKa3aB YiTKI
PO30DKHOCTI MDK TpynaMH JiTeld 13 HOPMaJbHOI Macol Tijda Ta JITbMH 3
HaJJTMIIIKOBOIO MacO0/0KUpiHHAM [3]. 30KpeMa, y IITeH 13 HaAJIUIIIKOBOIO MacOIo Tijia
Ta OXHUPIHHAM CTaTHUCTUYHO 3HAYYHIO JOMIHYBaB E€KCTEPHAJIbHHI THI XapyoBOi
MOBEIIHKH (cepeaHiit Oas BusBUBCS Ha 45% BUIIMM TOPIBHSIHO 3 TPYIIOI KOHTPOJTIO,
p<0,05) [5]. lIxospi i€l kaTeropii yacTimie BKa3yBaJId HA Te€, 110 CIIOKUBAIOTH 1KY
miJ BIUIMBOM 30BHIIIHIX TPHUTEpiB - peKjaMH Ha Tene0aueHHI Ta B COLIAIbHUX
Mepexax, MPUBa0IMBOr0 BUIIISILY MPOAYKTIB Y Mara3uHax, a TaK0X 3a KOMIIAHIIO 3
OJIHOJIITKAMU, HE3aJIeXKHO Bl HASBHOCTI YU BIACYTHOCTI MOYYTTS ToJIony [2].

EMoriifHuii TuUm XapyoBOi TMOBEIIHKM TaKOX MPOJEMOHCTPYBAB BHUCOKY
MOIIMPEHICTh CepeJl MiITITKIB BiIKOBOi Kateropii 13—16 pokis [2]. Byno BusiBieHo, 1o
y JIBYaT LIed MOKa3HUK BHUPAXEHUHN MEnio CHibHIIIe, HDK y xiyoniiB [3]. itk 3
BUCOKHM pIBHEM €MOIIIMHOI XapyoBOi TMOBEIIHKA BUKOPUCTOBYBAIM COJIOJKI
MPOJIYKTH, CHEKHU Ta dacTdy K KOMIICHCATOPHUI MEXaH13M IPHU CTPECl, MePEeBTOMI
M1 4Yac HaBYAJIBHOTO IMPOIIECY, a TAKOXK MPHU MCUXOEMOIIAHIN HAMpy3i B KOJIEKTUBI
[4].

Kopensiiitnuii aHaii3 MK MOKa3HUKaMHU XapyoBOl IMOBEIHKU Ta 1HIAEKCOM Macu
TiJla BUSIBUB CHJIBHUWA MPSAMUHN 3B'SI30K MK BUPAXKEHICTIO €KCTEPHAIBHOIO CTUIIIO Ta
3HaueHHsiMH Z-score IMT (1=0,68, p<0,001) [5]. Lle miarBepKye rinore3y mpo Te, U0
HEKOHTPOJIbOBaHA pEaKIlii Ha 30BHINIHI XapyoBl CTUMYJIM € KIIOYOBHM
MAaTOr€HETUYHUM (PAKTOPOM PO3BUTKY AIMEHTAPHO-KOHCTUTYLIMHOTO OXKUPIHHS B
auTsyomy Bimi [1].

OTpuMaHi pe3ynbTaTh Y3TOKYIOTHCS 3 JaHUMH CyYaCHUX MIKHApPOJHUX Ta
BITUM3HSHUX JOCIDKEHb Yy Taly3l memiarpii 1 MI€TONOTIl, SKI MIAKPECTIOIThH
HEOOXI1THICTh KOMIUIEKCHOTO MiAX0Ay J0 NMPOdiIaKTUKH 3aiBOi Baru y MIKOJISAPIB, IO
BKJIIOYA€ HE JIMINE TITI€EHIYHE BUXOBAHHS IOJO palliOHAJILHOTO XapdyyBaHHS, a M
TICUXOJIOTIUYHY KOPEKI[i10 MOBEIIHKOBUX MAaTTEPHIB [3, 4].

BucHoBKU: npobiieMa MOPYIIEHh XapyOBOi MOBEAIHKU Y JIITEH MIKUIBHOTO BIKY €
HAJ[3BUYANHO aKTyaJIbHOI: y 36% OOCTEXXEHHX IIKOJIAPIB BUABJICHO BIIXUJICHHS Y
(GI13UYHOMY PO3BUTKY Yy BHUIVISZII HAJUIMILIKOBOI Macu Tila ab0 OXHUPIHHS, NMPUYOMY
OCHOBHHMMH JIOMIHYIOUYUMH TUIIAMHU TaKWX MOPYIICHb € EKCTEPHAIBLHUIN Ta €MOIIHHHHA
CTHJII, SIKI 3yMOBJIIOIOTh MEPEIAaHHs Ta CIOXXUBAHHS BUCOKOKAJIOPIMHUX MPOIYKTIB
HE3aJIeKHO B1J (1310JOTIUHUX MOTped OpraHi3Mmy, Mpo U0 CBIAYUTH BCTAHOBIICHUMN
CTATUCTUYHO 3HAUYUIMH TPSIMUN KOPEJSIIHHUN 3B'I30K MIXK BHUPAKEHICTIO
€KCTepHAJIbHOI XapyoOBOI MOBEIIHKM Ta MOKa3HUKaMHu iHAEKCYy Macu Tina (r=0,68,
p<0,001), 1m0 JOBOAWTH BH3HAYAIBHY pPOJb TOBEAIHKOBUX (AKTOPIB y TeHe3i
OXKHUPIHHA Ta OOTPYHTOBY€ HEOOXINHICTh TOTO, OO po3poOka W BIPOBAKEHHS
MPEBEHTUBHUX 3aXOJIB y 3arajJlbHOOCBITHIX 3akjianax OOOB'A3KOBO Oa3yBayucs Ha
paHHIA JIaTHOCTUINl THIIB XapyoBOi TOBEAIHKM Ta BKJIIOYAIM TICUXOJOTIYHY
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OiATPUMKY W (pOpMyBaHHS HaBHUOK 3I0POBOTO CHOCOOY XKHUTTA SIK y AITEH, Tak 1 B
iXHIX poJMHAX.
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Paraffin deposition in oil and gas pipelines reduces pipeline throughput, increases
hydraulic resistance and energy consumption during hydrocarbon transportation. In
severe cases, paraffin accumulation causes pipeline blockages, equipment downtime,
and increased operating costs [1-3].

Chemical methods are associated with high costs and environmental risks, while
thermal techniques require substantial energy resources [4-6]. Mechanical methods,
particularly scraper-based cleaning, have limited effectiveness in removing hardened
deposits and may damage the internal surfaces of pipelines [7-9].

Ultrasonic systems and robotic devices offer promising solutions for pipeline
cleaning [10-12]. However, their widespread application is limited by high
implementation costs, reduced effectiveness over long distances, and operational
complexity under harsh conditions [13-15].

The study aims to develop and experimentally validate a novel mechanical method
for removing paraffin deposits that ensures high cleaning efficiency, reduced energy
consumption, and minimal environmental impact [16-18].

The analyzed samples were characterized by carbon chain lengths ranging from
C20 to C40, hardness values of 0.5-2.5 MPa, and adhesion strength values of
0.1-0.8 MPa. These physicochemical properties influence the selection of appropriate
mechanical cleaning parameters [19-21].

An adaptive scraper incorporating a combined vibrational-rotational mechanism
was developed. Rotating blades mechanically shear paraffin deposits, while the
vibrational mechanism reduces adhesion forces and facilitates deposit
removal [22-24]. The scraper is equipped with a modular cutting head specifically
designed to accommodate a wide range of pipeline diameters, from 50 to 300 mm. This
modular configuration enables the device to be adapted to different pipeline geometries
and operating conditions, thereby increasing its versatility and potential applicability
in industrial pipeline maintenance. The cutting head is integrated with a piezoelectric
actuator operating within a frequency range of 20-50 Hz. The use of piezoelectric
actuation provides a means of generating controlled mechanical vibrations that
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facilitate the disruption and removal of paraffin deposits adhering to the internal
surfaces of pipelines. The combination of mechanical cutting and vibration-assisted
cleaning is intended to improve the efficiency of deposit removal while minimizing the
need for conventional chemical or hydraulic cleaning procedures. The device is
manufactured from corrosion-resistant AISI 316 stainless steel, which provides
suitable resistance to corrosive environments and contributes to its mechanical
durability under demanding operating conditions. The scraper is designed to function
within a temperature range of —10 to +60 °C and withstand operating pressures of up
to 10 MPa, making it potentially suitable for a variety of industrial pipeline
applications.

The effectiveness of the developed device was evaluated using physicochemical
analysis of paraffin deposits, computational modeling, laboratory experiments, and
field trials. Its performance was compared with that of conventional mechanical
pigging and hydraulic jet cleaning systems [25-27].

Laboratory cleaning tests were conducted using a model pipeline with an internal
diameter of 50 mm and a total length of 2 m. The experimental conditions included
paraffin deposits with thicknesses ranging from 2 to 10 mm, allowing the cleaning
performance to be evaluated for different degrees of internal surface obstruction. The
results demonstrated that the paraffin removal efficiency ranged from 92% to 98%,
depending on the initial thickness of the deposits. These findings indicate that the
developed scraper maintained a high level of cleaning effectiveness across the
investigated range of deposit thicknesses. The observed variation in removal efficiency
suggests that the geometric characteristics of the paraffin layer may influence the
interaction between the cutting head and the deposited material, as well as the
effectiveness of vibration-assisted detachment. In particular, the ability to achieve
removal efficiencies approaching 98% under laboratory conditions demonstrates the
potential of the proposed design for reducing the amount of residual paraffin remaining
on the internal pipeline surface after cleaning. Nevertheless, the obtained results should
be interpreted in relation to the specific experimental conditions, including the pipeline
dimensions, deposit thickness, and operating parameters used during the tests.

The practical performance of the developed device was further investigated
through field trials conducted on operational pipelines with diameters ranging from
100 to 300 mm. Unlike laboratory experiments, field testing provides an opportunity
to evaluate the scraper under actual operating conditions, where variations in pipeline
geometry, deposit distribution, and other process-related factors may affect cleaning
performance. The field trial results demonstrated an average paraffin removal
efficiency of 90%, indicating that the device retained a high level of effectiveness when
applied to pipelines of larger diameters and under practical operating conditions.
Although the average efficiency recorded during field trials was lower than the
maximum values obtained in laboratory experiments, this difference is consistent with
the distinction between controlled experimental environments and real-world pipeline
operation. However, additional information on the number of trials, operating
parameters, and variability of the measured results would be required to determine the
statistical significance of this difference.
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A comparative assessment of the obtained results indicates that the developed
scraper achieved a higher average paraffin removal efficiency than the conventional
cleaning methods considered in this study. Specifically, the field trial efficiency of 90%
exceeded the reported performance range of conventional mechanical pigging systems,
which typically achieved removal efficiencies of 75—-85%, as well as that of hydraulic
jet cleaning systems, for which the corresponding efficiency ranged from 80% to 85%.
Relative to these reported ranges, the developed device demonstrated an advantage of
5-15 percentage points over conventional mechanical pigging and 5-10 percentage
points over hydraulic jet cleaning. These differences suggest that the integration of a
modular cutting head with piezoelectric vibration may contribute to improved removal
of paraffin deposits compared with the conventional approaches considered. The
results also indicate that the proposed design may offer a promising alternative for
pipeline cleaning applications in which effective deposit removal is required across
different pipeline diameters.

The laboratory and field results demonstrate the technical potential of the
developed scraper for removing paraffin deposits from pipeline interiors. The
laboratory tests confirmed removal efficiencies of 92—98% for deposit thicknesses of
2—10 mm, while the field trials established an average efficiency of 90% in operational
pipelines with diameters of 100-300 mm. The comparison with conventional
mechanical pigging and hydraulic jet cleaning systems further supports the potential
effectiveness of the proposed technology. Its modular configuration, corrosion-
resistant construction, and specified operating limits represent important design
characteristics for practical application. However, a comprehensive assessment of its
industrial suitability should also consider additional parameters, including energy
consumption, cleaning duration, equipment wear, operational reliability, maintenance
requirements, and performance under different paraffin compositions and deposit
conditions. Further investigations incorporating repeated trials and statistical analysis
would help establish the reproducibility of the results and clarify the operating
conditions under which the developed scraper provides the greatest improvement in
cleaning efficiency.

The specific energy consumption of the developed device was 0.080 kWh per
kilogram of removed paraffin, compared with 0.150 kWh/kg for conventional pigging
and 0.227 kWh/kg for hydraulic jet cleaning. These results correspond to reductions in
specific energy consumption of approximately 46% and 65%, respectively (Fig.1).

The use of mechanical cleaning without chemical reagents reduces chemical waste
generation and energy-related emissions. According to the study, implementation of
the device has the potential to reduce operational downtime by 15-20% and
maintenance costs by 10—15%.
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Figure 1. Comparison of the effectiveness of cleaning methods for various
pipeline operating conditions

The device exhibits reduced effectiveness when removing extremely hard paraffin
deposits with hardness values exceeding 2.5 MPa. Additional challenges arise when
navigating sharp pipeline bends with angles greater than 45°.

Future improvements should focus on incorporating flexible cutting heads, sensors
for real-time monitoring of cleaning parameters, and automated control systems [28-
30]. Further testing under extreme temperature and pressure conditions is also required,
together with an assessment of the long-term effects of repeated device operation on
pipeline integrity [31-33].

The development of an adaptive scraper featuring a vibration-rotation mechanism
represents a promising solution for removing deposits from oil and gas pipelines. Its
combination of high removal efficiency, reduced energy consumption, adaptability to
different pipeline diameters, and elimination of chemical reagents provides a basis for
its potential implementation in the oil and gas industry.
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ABSTRACT

The effectiveness of respiratory protection depends not only on a respirator’s
filtration performance but also on how tightly it fits the face. This study aimed to
substantiate the role of Fit Test and Fit Check in a respiratory protection program for
medical laboratory workers in the Republic of Kazakhstan, based on an analysis of
regulatory, standards-based, and methodological documents and scientific evidence.
Nine groups of documents were functionally compared, and findings from published
studies were synthesized. A successful Fit Check does not guarantee a passing Fit Test:
according to Danyluk et al., quantitative fit testing was failed by 25% of inexperienced
and 30% of experienced users who believed that the seal was adequate; according to
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Cass et al., 30.5% of workers failed formal fit testing after a successful Fit Check. No
single, detailed procedure for conducting Fit Tests was identified in Kazakhstan’s
binding regulatory acts, although both procedures are addressed in national
methodological materials. An organizational model for respiratory protection is
proposed, integrating risk assessment, respirator selection, Fit Test, training, Fit Check,
documentation, and repeat testing.

Keywords: Fit Test, Fit Check, User Seal Check, respiratory protection,
respiratory protective equipment (RPE), N95, FFP2, medical laboratories, biosafety.

INTRODUCTION

Laboratory biosafety is based on systematic risk management: the WHO
Laboratory Biosafety Manual and the CDC/NIH guidance define control measures
according to the characteristics of the agent, the nature of the procedure, routes of
exposure, and risk assessment findings [1, 2]. The aerosol nature of exposure is
particularly important for inhalation risks: infectious aerosols span a continuous range
of particle sizes, and their transport depends on particle size, evaporation, airflow,
ventilation, and exposure duration [3, 4]. This is especially relevant in laboratories
during pipetting, centrifugation, and homogenization.

A respirator’s filtration performance and the tightness of its facial seal are two
distinct conditions for protection: air can bypass the filter through gaps along the
sealing surface. Compliance of a product with N95, FFP2, or FFP3 requirements does
not mean that a particular model and size are suitable for a particular user [9]. A Fit
Test assesses the individual suitability of a tight-fitting facepiece, whereas a User Seal
Check (Fit Check) is performed by the user every time the respirator is donned and,
according to OSHA, does not replace a Fit Test [5—7]. ISO 16975-3:2017 treats fit
testing as a component of a comprehensive respiratory protection program [8].

In Kazakhstan, regulation is distributed across several levels: Law No. 122-VII of
the Republic of Kazakhstan “On Biological Safety” and Order No. KR DSM-125
establish the binding legal framework [15, 16], while Technical Regulation of the
Customs Union TR CU 019/2011 governs the safety of personal protective equipment
as products [17]. The 2022 manual Applied Laboratory Biosafety includes FIT-check
and FIT-test in its training content and requires a fit check each time an
N95/N99/FFP2/FFP3 respirator is donned [18]. It is therefore more accurate to state
that these concepts are not absent from national practice, but that binding regulatory
acts do not provide a detailed fit-specific procedure comparable to OSHA 29 CFR
1910.134 or ISO 16975-3.

The aim of this study was to compare requirements and recommendations for Fit
Test and Fit Check across materials of different status, synthesize scientific evidence
on their roles and limitations, and develop an organizational model for a respiratory
protection program for medical and microbiological laboratories in the Republic of
Kazakhstan. The novelty lies in functionally distinguishing three levels of protection—
product compliance with requirements, individual confirmation of fit, and verification
of correct donning on each occasion—and integrating them into a biological risk
management model.

197



OCCUPATIONAL SAFETY
VECTORS OF SCIENTIFIC PROGRESS: INTERNATIONAL EXPERIENCE AND
STRATEGIC PRIORITIES

MATERIALS AND METHODS

The study was designed as a structured comparative regulatory review, involving
functional comparison of documents of different status and an updated search for
publications; the evidence was current as of 14 October 2026. The regulatory and
standards corpus comprised nine blocks: OSHA 29 CFR 1910.134 and Appendices A
and B-1; ISO 16975-3:2017; the WHO Laboratory Biosafety Manual and its
monograph on personal protective equipment; CDC/NIOSH materials; EN
149:2001+A1:2009; ISO 15190:2020; ISO 35001:2019/Amd 1:2024; Law No. 122-
VII of the Republic of Kazakhstan together with Order No. KR DSM-125; and TR CU
019/2011. Foreign and international documents were not treated as binding regulatory
acts in the Republic of Kazakhstan. GOST 12.4.294-2015 (EN 149, MOD) was used
to explain the technical level of product regulation, while the national methodological
source was the 2022 manual Applied Laboratory Biosafety [18]. For each block,
functional characteristics were recorded—including status and jurisdiction, object of
regulation, Fit Test and Fit Check requirements, training, documentation, and
applicability in Kazakhstan—rather than assigning scores.

Scientific publications were selected in two stages. The baseline corpus (January
2003—April 2022) was identified through the systematic review by Goko et al. [23]. To
update the evidence, PubMed/MEDLINE was searched from 1 May 2022 to 14
October 2026 using the query (“fit test” OR QNFT OR QLFT) AND (“fit check” OR
“user seal check™) AND (respirator OR N95 OR FFP2) AND (healthcare OR
laboratory), together with targeted searches on respirator design, Fit Factor, and
training. Peer-reviewed studies and systematic reviews involving users of tight-fitting
respirators and assessing QLFT/QNFT, Fit Factor, User Seal Check, respirator design,
or training were included. Studies limited to filter-material performance, studies of
masks without a fit outcome, tests conducted without a user, letters, abstracts, and non-
peer-reviewed sources were excluded. Quantitative pooling was not performed because
of study heterogeneity; the synthesis was descriptive.

RESULTS AND DISCUSSION

OSHA 29 CFR 1910.134 provides the most detailed model of employer
responsibilities, but it belongs to the US legal system: a Fit Test is conducted using the
same make, model, style, and size of facepiece that will be used, before initial use,
whenever the facepiece changes, and at least annually [5]. Appendix A regulates
qualitative fit testing (QLFT) and quantitative fit testing (QNFT), while Appendix B-
1 requires a User Seal Check each time a respirator is donned and prohibits using it as
a substitute for a Fit Test [6, 7]. ISO 16975-3:2017 is an international standard for fit-
testing procedures, covering Fit Tester competence, procedures, interpretation, and
records; it remains in force as of 14 October 2026 [8].

WHO and CDC/NIOSH materials are methodological guidance, not binding
regulatory legal acts of the Republic of Kazakhstan. They support risk-based PPE
selection, distinguish qualitative and quantitative methods, and link repeat testing to
changes in the model, make, or size and to changes in facial features or body weight
[1, 9-11]. ISO 15190:2020 and ISO 35001:2019 provide an overarching framework
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for safe laboratory practice and bio risk management [13, 14]. EN 149:2001+A1:2009
and GOST 12.4.294-2015 (MOD) address a different level of regulation—the
requirements applicable to a filtering half mask as a product—in connection with TR
CU 019/2011 [12]. Product technical certification and an individual Fit Test answer
different questions.

Scientific evidence demonstrates the limitations of User Seal Check as a stand-
alone criterion of respirator suitability. A systematic review by Goko et al. (25 sources
selected from 561 identified publications) supported the inclusion of fit testing, fit
checking, and training in a comprehensive program [23]. Subsequent studies have
confirmed low agreement between subjective checks and QNFT [19-23, 25].

The functional comparison showed that the documents address different regulatory
levels. TR CU 019/2011, EN 149, and GOST 12.4.294-2015 concern product safety;
ISO 16975-3 and OSHA Appendix A concern individual fit testing; OSHA 29 CFR
1910.134 integrates medical evaluation, respirator selection, Fit Test, User Seal Check,
training, and documentation; and WHO, CDC/NIOSH, ISO 15190, and ISO 35001
provide methodological and systems-level frameworks for risk management. The
absence of fit-specific provisions in a product standard is not a deficiency; it reflects a
different regulatory scope.

A respirator may meet technical requirements yet fail to provide an adequate seal
for a particular worker. A Fit Test assesses the combination of “user-model-size,” and
under OSHA, changing the size, type, model, or manufacturer requires a new Fit Test
[5, 8]. A Fit Check detects obvious leakage during the current donning process but does
not confirm respirator suitability. It must therefore be performed each time the
respirator is donned, but not in place of QLFT or QNFT [7].

Empirical data support this distinction. In the study by Danyluk et al., among 643
users who believed their seal was adequate, 158 (25%) failed QNFT and 92 (14%)
failed QLFT. Among 137 experienced users, 30% failed QNFT and 22% failed QLFT
[19].

In a study by Cass et al. involving 167 intensive care unit workers, the first N95
respirator subjectively judged to have passed the User Seal Check failed formal fit
testing in 51 individuals (30.5%; 95% CI, 23.7-38.1%) [20]. In a study by Williams et
al. involving 96 anesthesiologists, QNFT success rates were 77% and 65% for two N95
models, while Cohen’s kappa coefficients for agreement between User Seal Check and
QNFT were 0.16 and 0.08 [21]. In a 2025 study by Sawada et al. involving 37
emergency medical service workers, kappa values for three N95 models were —0.072,
0.11, and 0.013 [25]. These findings do not support using a positive Fit Check as a
criterion for authorizing use of a specific respirator model.

Respirator design is a separate factor. According to a synthesis of 29 QNFT studies
[24], fit testing was passed in 80.8% of 4,625 tests involving three-panel foldable
models with head straps, 72.4% of 8,234 tests involving rigid cup-shaped models,
31.6% of 2,120 tests involving duckbill models, 30.9% of 3,392 tests involving coffee-
filter-shaped models, and 3.6% of 222 tests involving models with ear loops. These
figures should not be generalized to every commercial model, but they support the need
to provide several models and sizes for individual selection.
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Training also affects fit. In a study by Li et al. (2026; 42 participants), the median
Fit Factor increased from 28 to 143.5 immediately after training, and was 130 after two
weeks and 126 after three months (p < 0.001). At three months, video-based and in-
person training performed better than written instructions (p = 0.029) [26]. Training is
the development of a practical skill, not merely familiarization with written
instructions.

Kazakhstan already has a binding framework (Law No. 122-VII of the Republic of
Kazakhstan, Order No. KP ICM-125, and TR CU 019/2011) [15-17, 27-28], and the
2022 national manual includes FIT-check and FIT-test [18]. It would therefore be
incorrect to claim that these procedures are entirely absent. At the same time, the
binding regulatory acts reviewed did not contain a single detailed procedure specifying
when the initial Fit Test should be conducted, the frequency of repeat testing,
QLFT/QNFT methods, pass criteria, Fit Tester competence, required record content,
or triggers for reassessment. This conclusion concerns operational fit-specific
regulation, not the general regulation of respiratory protective equipment (RPE) or
biosafety.

The organizational model for a laboratory respiratory protection program is
presented in Table 1. Fit Test is linked to a specific model and size, Fit Check is
performed every time the respirator is donned, and a change in model, size,
manufacturer, or a significant change in facial features requires a new Fit Test.

Table 1.
Organizational Model for a Medical Laboratory Respiratory Protection
Program
Stage Content Verification outcome
1 2 3
Biological risk | Biological agent, procedure, aerosol | Decision on the need for
assessment generation, engineering and and type of RPE

administrative controls
Establishing an | Several acceptable models and sizes | A genuine opportunity for

RPE selection individual selection

pool

Medical Assessment of the ability to use the | Clearance to use the

evaluation selected respirator type safely, relevant type of RPE
where this requirement applies

Fit Test QLFT or QNFT for a specific Pass/Fail; Fit Factor for
model and size QNFT

Practical Donning, doffing, adjustment, Fit Demonstrated practical

training Check, and actions to take if competence

leakage occurs
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Continuation of Table 1.
Stage Content Verification outcome
1 2 3

Fit Check Seal check in accordance with the | Performed every time the

manufacturer’s instructions respirator is donned
Repeat Fit Test | Following a change in model/size Updated individual

and other specified triggers; clearance

frequency determined by the

applicable program
Documentation | Date, method, model, size, result, Traceability and corrective
and audit training, and product availability action

For each tested configuration, the record should include the user, manufacturer,
model, size, method, date, and result (Fit Factor for QNFT). Internal audits should
compare these records with the RPE issued and verify the availability of the models
and sizes for which each worker passed testing.

Study Limitations

This study is a structured comparative regulatory review. For 2003-2022, it relied
on a published systematic review; therefore, a quantitative assessment of risk of bias
and a PRISMA flow diagram were not produced. The documents differ in legal force
and purpose, so the findings do not constitute a legal ranking of those documents. Most
studies were conducted outside Kazakhstan and assessed Fit Factor, QLFT/QNFT, and
agreement with User Seal Check rather than the incidence of laboratory-acquired
infections.

CONCLUSIONS

A tight facial seal is an independent prerequisite for the effective use of a tight-
fitting respirator. Compliance of a product with the N95, FFP2, or FFP3 class
characterizes the product but does not confirm that a specific model and size are
suitable for an individual user.

A Fit Test establishes the individual suitability of a particular model and size
through a standardized procedure; a Fit Check verifies the seal during the current
donning process and must be repeated every time the respirator is used. A successful
User Seal Check may coexist with an unsatisfactory QLFT/QNFT result and therefore
cannot replace formal Fit Test [19-21, 25].

Regulatory and methodological materials (OSHA, ISO, WHO, CDC/NIOSH, EN
149, regulatory acts of the Republic of Kazakhstan, and TR CU 019/2011) are not
interchangeable and should be compared according to their status and function.
Kazakhstan has a legal framework for biosafety and technical regulation of RPE, and
the national manual addresses FIT-check and FIT-test; however, no unified fit-specific
procedure for laboratory workers was identified in the binding acts with respect to
methods, frequency, criteria, Fit Tester competence, and documentation.
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A laboratory respiratory protection program should integrate biological risk
assessment, a pool of models and sizes, medical evaluation where required, Fit Test for
a specific configuration, practical training, Fit Check each time the respirator is
donned, documentation, auditing, and repeat testing. Such a program could serve as a
basis for local standard operating procedures (SOPs) and for improving national
methodological requirements.
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MNIIMETHU-CJIOBOCHOJYUYEHHS B YKPATHCHBKOMY
XYAOKHBOMY JUCKYPCI

Makcum’ok Oxcana BacuiiBHa,

KaHAuAaT (QUIONOTIYHUX HAYK, JOIIECHT

kadeapu CydacHOi YKpaiHCbKOI MOBH

UYepHiBelpkuii HallloHaIbHUN yHIBepcuTeT iMeH1 FOpist denpkoBuya

YneHu peueHHs, BUpaXKEeH1 KOHCTPYKIIISIMH, IO ICHYIOTh Y CHCTEMI MOBH SIK BUJIbHI
CJIOBOCTIOTYYEHHSI, @ HA KOMYHIKaTUBHOMY PiBHI PO3TJISIAIOTHCS SIK OJTMH KOMITIOHEHT,
TOOTO Taka CMHTAKCMYHA KAaTEropis, 10 BHPAXKa€ BIAHOLIEHHS MK CTPYKTYpPHHUMH
€JIEMEHTaMU PEeUYCHHSI, € TIPEIMETOM HAIIOTO JOCITIIKEHHSI.

OcHOBHOIO (hOPMOIO TPaMaTUYHOTO BUPAKEHHS MiJIMETa B YKPAaiHCBKIM MOBI €
Ha3UBHUHM BIJIMIHOK IMEHHUKA, CyOCTAHTHBOBAHI CJIOBA, Kl HA0yBalOTh y PEUYCHHI
CUHTAaKCHUYHUX BJIACTUBOCTEH IMEHHHKA, & TAKOK HEO3HaueHa GopMma niecinoBa. Kpim
LBOT0, MIAMET MOX€E OyTH BUPAXKEHUM 1 CJIOBOCIIOIYUYEHHSIM.

BuxoBaneup I. P. 3a3Hayae, mjo mopsn 13 NpPOCTUM MIJMETOM 3YCTPIHAIOTHCA
CJIOBOCITOJTYYEHHSI, SIK1 CTAJIM HACTUIBKU TICHUMH ¥ CHHTaKCUYHO HEPO3KIATHUMHU, 110
MoYaJii BUKOHYBATH (DYHKIIT CKJIAJIEHUX MiAMETIB. ABTOp 37€OUIBIIOTO 3a3HAYAE Y
rpyIi MigMeTa CIOJyYeHHsS KIJTbKICHOTO YHCIIBHHUKA 3 IMEHHUKOM [1]. YV Bumajkax,
KOJIM CKJIQJIEHUH MiAMET BUPAKEHUN CTIOJyYEHHSIM KUIBKICHOTO YUCTIBHUKA 08a, mpu,
yomupu 3 IMEHHUKOM, OCTaHH1{ CTOITh Y (POPM1 HaA3UBHOTO BIIMIHKAa MHOKWHU, HAIIP.:
Jlani 06a wonoeiku maxk camo mMo8uKu 831U [Imumpura 3a pyKu-Ho2u t po3npasuiu
36epxy Ha oowxax (M. Martioc). Tpemiii Oenv mpu opamu, nepemep3sii i 3My4eHi,
Micunu nicosi cmedxcku it Hempi (M. Martioc). YopHUMM KnyOKamu, 32UHAIOUUCDH, HA
Hbo20 Komunuco uwomupu nocmami (M. CrenpMax). Y CHOJIy4Y€HHI 3 1HIIMMHU
KUIBKICHUMHU YUCJIIBHUKaMH, a TakoX 31 30IpHUMU YHUCIIIBHUKAMH 1MEHHUK
BXKHMBAETHCS B POJOBOMY BIIMIHKY MHOXKHUHU, Hanp.: [lomim uixanu Ha apeny oopasy
uemeepo eepuinukie, cmosiuu Ha cionax (3. Tyny0).

OxpeMy Tpymy MIIMETIB CTaHOBJATH BITYUCIIBHUKOBI IMEHHUKH, 110 MAarOTh
MalOTh KiJIbKICHE 3HAUCHHSI, TUITY COMHS, 0eCAmoK, mpitka: ... [ comusa mucau 6ioom
nomuams Ha Jlucy eopy (0. 3abyxko). Maivinyiu 6 nosimpi Odecamku Kpua — i
2onyouna 3epas 3usnacs 6 oaakumo (O. JIOBXKEHKO)

AHAJIOTIYHO CKJIQJICHUMU TIJAMETaMH BHCTYIAIOTh CIOJYYCHHS IMEHHHKIB 3
HEO3HAYCHO-KUTBKICHUMHU CJIOBAMU THITY 0a@2amo, 4umano, Mdauio, mpoxu, CKilIbKu,
cminvKu, Kinvka Ta iH. Habupanocs yumano kauyenapcokoi podomu, wo 006edemvcs
nocudimu oonizna (Ipuna Binsne). Ckinbku onie npotiwiio 3 mux nip... (B. Cocropa)
[ cnpaeoi, wumano aroeii nio ixano 0o xamu (O. J{oBXKEHKO).

VY poni ckiageHoro miMeTa BUAUIIEMO TAaKOX CIOJYyYEeHHsS iMeHHuKa (abo
CyOCTaHTHBOBAHOIO CJIOBa) y HA3MBHOMY BIAMIHKY 3 1MEHHUKOM (abo
CyOCTaHTHBOBAHUM CJIOBOM) y POJOBOMY BIAMIHKY 3 IpuiiMeHHUKOM 3. OOumBa
IMEHHUKH Y KOHCTPYKIIISIX TAKOTO THUIY € MOBHO3HAYHUMHU. IMEHHHWK Y Ha3UBHOMY
BIJIMIHKY € OIOpPHUM, 3aiiMa€e TrpamMaTUYHO HE3aJEeKHY TMO3MIlI0, a IMEHHUK B
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OpYIHOMY BIAMIHKY — BIAMOBIJHO 3aJI€KHY Ha OCHOBI MiApAIHOTO 3B’s3Ky. [Ipote
3aJie’KHA TO3UIlIA HE MOCHalboe JEKCUYHOTO 3HAYEHHS JPYroro iMEHHUKOBOIO
KoMroHeHTa. Hampuknan: 3a oony mums matioan ocupomis, 3anuiduiucs milvKu
cmapocma 3 noniuiero (I'. Trotonnuk). Ane Ilasno 3 /loubkow Oynu saxice maxi
NOMAtiHI, WO Mami 3aIUanacs auuie 2nuboxka itoms ma 6e3c108ecHull N0OUs, Kou
PaHo-8paHyi CUH i3 HeGICMKOo Opanucs 00 pobomu maxk 20Cmpo, HiOu Xominu
weuoule dokomumu OeHv 0o eewopa (M. Marioc). Ilaeno s 3 Oxcenmiem 00
nonosanus oyau 6atdysxci (M. Martioc).

B okpemuil THI CKJIageHOTO MiJMETa MOBO3HABELb BUALIAE (POPMH, 0 CKIATY
SAKUX HE BXOJUTH )KOJHE CJIOBO B HA3UBHOMY BIAMIHKY. DOpMY CKIIaIEHOTO MiAMETa
TBOPHUTH CITOJIYYCHHS KUIBKICHOTO YHCITIBHUKA (200 1HIIOTO CJIOBa 3 KUIBKICHUM
3HAYEHHSAM) y 3HaxXiIHOMy a00 poAOBOMY BIJIMIHKY 3 NMPUHMEHHHUKAMHU HOHAO, NO,
O1U3bK0, 00 Ta IMEHHUKA B POJOBOMY BiIMIHKY. [IpuiiMEHHUKHN 3aBXKIHM MEPEAYIOThH
CJIOBY 3 KUIbKICHOIO CEMAaHTHKOIO 1 HAJalOTh CIIOJYYEHHIO MEBHOTO J10JaTKOBOTO
3HaUYCHHA (NMPUUMEHHUKU HNOHAO, OAU3bKO, 00 — 3HAUYEHHA TMPUOIU3HOCTI, a
NPUMMEHHUK 10 — PO3NOAUIbHOrO 3HaueHHs). Hanp.: Tym 6yeac no 0gi-mpu nocismi
Kamnauii... Ha pix 6e3 eounoi 36upanvroi (0. JIOBXKEHKO).

[lutanHa mpo pi3HI TpaMaThyHl GOPMU BUPAKEHHS MiAMETa, y TOMY YHUCI U
CJIOBOCHOJIYYEHHSIMH, YacTKOBO 3HAWIUIO B)KE€ BUCBITICHHS B JHHIBICTHYHIN
JiTepaTypl, NPOTE BOHO 1€ MOTPedye NETaNbHIIIOTO BUBYCHHS. 30KpeMa 3arajbHuX
MUTaHb  11€i NOpoOJeMU  TOpKawTheca Yy  cBoix  mpaugx  buroain I K.,
bynaxoscbkuii JI. A., Kynuk B. M., 3arnitko A. I1., I'yitBantok H. B. Ta 1H.

Asip B. B. y crarTi «CkianHi BUNAAKA BU3HAYEHHS YICHIB PEUEHHS, BUPAKEHUX
CJIOBOCTIOJIYYEHHSIM» 3a3Hauae, 110 YKPaiHChbKIM MOB1 BJIACTHBI CEMaHTUYHO MICTKI
CUHKPETHYHI TPOIIECH, 32 JOTMOMOTOI0 SKHUX BHUPAKAIOTHCA CKJIQAHI 3B’SI3KH U
BIIHOIIICHHS MDK SIBUIAMU JiACHOCTI [2]. BogHo4ac AOCHITHUIIS 30CEPEIKYEThCS
MEPEBAXKHO HAa 3arajbHUX CMHTAKCUYHHUX (YHKLISX aHATITUYHUX CIOJYK Y PEUCHHI,
MPOTE HE PO3rsiAac crenudiKy CHHTAKCUYHOI MPUPOIA HEPO3KIIAIHUX KOMIIOHEHTIB
Ta 3aJIUIIAE 11032 YBAroko SBUINE CTIHKOI MO3UIIIHHOI 3B’ I13aHOCTI SIK OCOOJIMBOTO THUITY
CUHTAaKCUYHOTO 3B’513Ky. TOMYy BU3HAUCHHS YJICHIB PEUCHHS, Y SIKUX Pealli3yOThCS i
SBUIIA, CTAHOBUTH TPYAHOIII IMiJl YaC IPaMaTUYHOIO aHalli3y MPOCTOTO PEUCHHS HE
TUTBKH JIJISL YYHIB CEpEIHIX KL, a W CTylIeHTiB-diiooriB. Tomy s mnpobiema €
aKTyaJbHOIO Ta MOTPEOy€ TPYHTOBHIIIIOTO BUBYEHHS.

OTxe, aHami3 (paKTUYHOTO MaTepialy 3acBiAuUye, IO MiAMETaMU MOXYTh OyTH
CJIOBOCTIOJIYYEHHS JIBOX THUIIIB: CHHTaKCUYHO HEMOAUIHHI Ta CEMAHTUYHO HETOILJIbHI.

CnoBoCHONyYEHHS, 10 BUKOHYIOTh (YHKILIIO MIAMETIB, PO3IIIANAIOTh SK 3a
CTPYKTYpOI, TaK 1 3a CEMaHTHUKOIO. | CHMHTaKCMYHO HEMOiIbHI, 1 CEeMaHTHYHO
HEMO/UIbHI CJIIOBOCIOJIYYEHHSI BapTO pO3MVISIAATH SIK OAWUH 4WIEH pedyeHHs, 00
PO3UJIEHYBAaHHS IX 4YacTO MNPU3BOAUTH IO MOPYILICHHS CMUCIOBOI Ta IpaMaTU4YHOI
niticHocTi. CloBOCTIONYYEHHS, sIKI Mepe0yBaloTh y MpoLeci rpaMaTruKaiizamii, Tex
TPAKTYIOThCS SIK OJJUH YJIEH PEUEHHS — IM1IMET.
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Cnmcok Jitepatypu
1. BuxoBaneup I. P. I'pamaTtuka ykpaincekoi MoBu: Cunrakcuc. Kuis : JIu6iap,
1993. 365 c.
2.4Bip B.B. CkmanHi BUNAAKA BHU3HAYCHHS WICHIB PEUYCHHS, BUPAKECHHUX

CIIOBOCHOJIYYEHHAMU. YVKpaincvka mosa ma aimepamypa 6 uikoai. 1986. Ne 8. C. 70—
75.
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POSSIBILITIES FOR APPLYING THE ELHM METHOD
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Kharkiv, Ukraine

The digital transformation of society has substantially expanded the possibilities of
psychological assistance and changed the ways professionals interact with clients.
Online consultations, mobile applications, electronic questionnaires, digital journals,
video communication platforms, and remote monitoring tools make it possible to
maintain psychological support regardless of a person’s location and create new
opportunities for systematic work between consultations.

H. M. Alieksieieva, I. O. Cherezova, O. V. Antonenko, and O. S. Ovsiannikov
consider digital technologies an important component of contemporary psychological
practice and the professional training of future psychologists. The authors analyze the
use of video communication platforms, digital psychodiagnostic tools, online
questionnaires, and interactive services in the provision of psychological assistance [1].
This supports the view that the digital environment is not merely a technical
communication channel, but also a distinct space for organizing psychological support.

Alongside the technological dimension, the content of psychological work carried
out in the digital environment remains critically important. One promising direction is
the development of clients’ emotional awareness. Emotional awareness involves the
ability to notice one’s own experiences, recognize internal states, relate them to life
situations, and understand the connections among feelings, thoughts, and behavioral
responses.

In T. Dunaievska’s study of pedagogical technologies for developing awareness
and emotional resilience, conscious attention to one’s internal state is considered in
relation to the development of psychological resilience [2]. In the context of
psychological support, this approach may also be applied to work with adult clients,
because the ability to observe and interpret one’s own experiences is important for self-
reflection and informed decision-making.

Digital tools can create additional conditions for regular self-observation. M. O.
Zhytynska, analyzing the role of digital technologies in socio-psychological support
for young people, highlights the use of mobile applications, remote communication
formats, and digital psychological support resources [3]. Such tools can help maintain
contact with users, increase the responsiveness of support, and improve access to
psychological assistance.

These possibilities become especially significant when a digital tool is used not
only to transmit information, but also to organize the process of self-reflection. In T.
Dunaievska’s research on emotional—intuitive approaches in coaching and the

208



PSYCHOLOGY
VECTORS OF SCIENTIFIC PROGRESS: INTERNATIONAL EXPERIENCE AND
STRATEGIC PRIORITIES

professional identity of women coaches, attention is focused on the emotional—intuitive
dimension of professional activity and on personal barriers [4]. For digital
psychological support, this is relevant because technological solutions need to be
combined with a person’s conscious engagement with their own inner experience.

Remote psychological assistance is particularly relevant for people experiencing
crisis or traumatic circumstances. A. M. Osmanova and O. O. Drobilenko, examining
the psychological state of people affected by war, consider online counseling as one
possible format of psychological support [5]. Their work emphasizes the importance
of accessible remote forms of interaction for clients whose access to in-person
assistance may be limited by relocation, place of residence, or other circumstances.

At the same time, the digitalization of psychological assistance does not reduce the
importance of interpersonal interaction. Psychological support remains a process in
which communication, trust, and understanding of individual characteristics play a
central role. In the work of V. O. Savchuk, T. O. Dunaievska, and M. V. Polenkova on
leadership psychology and team building, the authors examine psychological aspects
of human interaction, communication processes, and interpersonal relationships [6].
Although the study primarily focuses on leadership and teamwork, some of its
conclusions regarding the importance of effective communication can also be applied
to psychological support.

One of the practical tasks of digital psychological support is the structured
collection of information about a client’s current state and needs. I. V. Yenhalycheva
and D. V. Derevianko systematize digital tools for assessing clients’ needs, including
online questionnaires, information and analytical systems, mobile applications, and
remote interaction platforms [7]. Their use requires attention to professionals’ digital
competence, technical conditions, and the protection of personal data.

In psychological practice, a similar principle can be implemented through a digital
feelings journal completed by the client between consultations. Its purpose is not to
provide automated diagnosis or interpretation of a person’s condition, but to organize
self-observation in a clear and consistent way.

Such a journal may include structured recording of the situation, the internal
experience, accompanying thoughts, behavioral responses, possible sources of the
feeling, and changes that occur after the experience is consciously examined. Regular
entries make it possible to preserve information closer to the moment when an
experience occurs, rather than relying exclusively on retrospective recall during the
next consultation.

A practically oriented approach to structured work with emotional experience is
presented in T. Dunaievska’s study of the implementation of the Emotional-Level
Happiness Management (ELHM) method in a coaching-based program for women
before, during, and after divorce [8]. For digital psychological support, the key point is
the principle of systematic attention to the client’s emotional experience, which may
potentially be adapted to a digital format.

Another important issue is the preservation of professional boundaries and
therapeutic contact in remote interaction. A. M. Osmanova, analyzing online
counseling and psychotherapy within crisis psychological assistance, emphasizes the
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importance of the therapeutic alliance, the adaptation of traditional methods to the
digital environment, and the ethical and technical aspects of remote work [9].
Therefore, a digital tool should be viewed as a supportive component of psychological
assistance rather than a substitute for professional interaction between psychologist and
client.

The potential application of ELHM in a digital format is primarily associated with
the structured development of emotional awareness. In T. Dunaievska’s work on
ELHM in the context of maternal emotional regulation, parent—child interaction, and
the family emotional environment, the method is presented as a methodological
framework for working with emotional processes [10]. This broadens the possibilities
for considering ELHM not only in individual practice, but also in the context of
interpersonal relationships.

The experience of using digital technologies in remote socio-psychological support
is also important. S. Petrenko examines information and digital technologies for
providing remote socio-psychological support to children and young people [11]. This
format demonstrates the potential of digital resources to preserve access to
psychological assistance in situations where the client and specialist cannot be
physically present in the same place.

The effectiveness of a digital tool, however, depends not only on its technical
functionality, but also on a person’s readiness to use it. K. Halkina, studying
psychological factors of trust in self-help programs in the context of digitalized
psychological assistance, draws attention to trust and to users’ psychological and
digital literacy [12]. These factors should be considered when designing a digital
feelings journal: its purpose and limitations should be clear, and it should not create
the impression that it performs automated psychological diagnosis.

Remote psychological counseling has also been studied in relation to psychological
resilience. T. Borozenstseva and co-authors analyze the influence of remote
psychological counseling on the resilience of residents of Ukraine’s frontline regions
[13]. Such research supports the relevance of further developing remote formats of
psychological assistance and tools that can complement counseling work between
direct meetings with a psychologist.

The theoretical basis for the model proposed in this study may be the author’s
method Emotional-Level Happiness Management (ELHM): The 7 Feelings System for
Emotional Regulation and Personal Transformation, systematically presented by T.
Dunaievska in her monograph [14]. The method involves structured work with feelings
and their conscious understanding, which creates opportunities for adapting some of
its principles to a digital format of psychological support.

Based on the analyzed sources, the following conceptual model for the digital
development of emotional awareness is proposed: recording the situation —
identifying the feeling — understanding the context in which it arose — recording
thoughts and reactions — exploring the subjective meaning of the experience —
preserving the results of self-observation — professional discussion with a
psychologist — monitoring changes over time.
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In a digital environment, this model can be implemented as an electronic journal or
as a specialized module within a psychological support platform. The user may be
guided through a sequence of structured questions, for example: “What am I feeling
right now?”, “What situation preceded this state?”, “What is this feeling connected
with for me?”, “What thoughts arose?”, “How did I respond?”, and “What became
clearer after I consciously examined this experience?”.

A separate component of the digital tool may be designed to help users systematize
their feelings in accordance with the logic of the ELHM 7 Feelings System. At the
same time, the digital system should not independently determine a person’s
psychological state or generate clinical conclusions. Its role is to provide a structure
for self-observation and to accumulate material that can later be discussed with a
psychologist.

One advantage of a digital journal is the possibility of observing change over time.
If a client records experiences over a certain period, recurring situations, the frequency
of particular feelings, typical response patterns, and subjective changes in the
understanding of one’s own state can become more visible. This material may help the
psychologist formulate more precise questions during consultations and draw the
client’s attention to patterns that may be difficult to notice from a single retrospective
account.

It may also be useful to include a brief pre-consultation summary in which the client
independently identifies the most important experiences from a given period. This
preserves the client’s active role in the psychological process and reduces the risk that
the digital system will interpret the client’s experience on their behalf.

The implementation of such tools requires several conditions. First, users should
understand the purpose of the digital journal and the limits of what it can do. Second,
confidentiality and personal data protection must be ensured. Third, digital tools should
complement professional psychological support rather than replace it. Fourth, further
empirical testing is needed to determine the extent to which the proposed model
supports the development of emotional awareness in different groups of clients.

A particularly promising direction is the piloting of such a digital tool in
psychological support for adult clients who regularly receive counseling. A study could
assess indicators of emotional awareness before the use of the journal and after a
defined period of use, while also examining users’ subjective perceptions of the
convenience and usefulness of the digital format.

Thus, contemporary digital technologies make it possible to move beyond using
the online environment solely as a communication channel and toward the
development of a more comprehensive system of psychological support. Digital tools
can promote regular self-observation, structured recording of experiences, and the
accumulation of material for further work with a psychologist.

Integrating selected ELHM principles into a digital feelings journal may represent
one direction for the further development of such systems. The proposed model is not
intended to replace professional psychological assistance and requires further empirical
testing. Its potential lies in combining the capabilities of digital technologies with
systematic work aimed at developing the client’s emotional awareness.
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HCUXTYHI MEXAHI3MH PO3BUTKY OCOBUCTOCTI B
YMOBAX ATPECUBHOI BIMHU

IBanoB Banepiii Basiepiiiopuu

PhD / noktop ¢inocodii

Bukitagad ncuxonoro-regarorivHuX JUCIUILIIH

Komynanpauit 3axnaj “bantcbkuii megaroriyHuil axoBUN KOJICIK
Onecpka 00i1., M. banra

Kpu:kanoscoka Anna-Mapis OuiekcanapiBHa
3n00yBauka 3-ro Kypcy

Komynanpauit 3axnaj “bantcbkuii egaroriayiuil haxoBuid KoJIem K’
Oneckbka 00i1., M. banra

AKTyaJIbHICTh JAOCJHiI:KeHHsA. B ymMoBax moBHOMacimTaOHOI BiiiHM mpoOiema
MICUXIYHOTO PO3BUTKY OCOOMCTOCTI Ha0yBae 0co0IMBOro 3HaueHHs. [locTiiina 3arpo3a
KHUTTIO, BTpaTa OJIM3bKUX, BUMYIICHE MIEPEMIIIICHHS, PyWHYBaHHS 3BUYHOTO CIIOCOOY
KUTTS Ta I1HPOpMalLIiHE TNEPEeBAaHTAXKEHHS CTBOPIOIOTh 3HAYHE I[ICHUXOJIOT1YHE
HABaHTA)XCHHSA Ha JIIOAWHY. BomHOouac OCOOHMCTICTH HE JIMINE 3a3HA€ HETaTHBHOTO
BIUIMBY TPaBMAaTUYHUX OOCTaBUH, a i MOOLII3y€e BHYTPIIIHI PECYPCH, IEPEOCMHUCITIOE
KUTTEBI I[IHHOCTI, (JOPMy€ HOBI CTpaTerii MOBEMIHKM Ta CIOCOOM B3aeMOAIl 13
COIIAJIbBHUM CEPEIOBHUIIIEM.

3a nanumu BcecBiTHBROT Opranizaiili 0OXOpoHH 3A0pOB’ s, MpUOIN3HOo 22 % monen,
AK1 TIEPEXIIN BiiHY a00 30poitHUIT KOH(MIIKT MPOTATOM MOIMEPEAHIX ECITH POKIB,
MOKYTb MaTH TICUX14H1 PO3JIaJIv, 30KpeMa ACNPECUBHI, TPUBOKHI Ta TOCTTPABMATHYHI
ctpecoBi po3naau [1]. Ile migkpecnroe HEOOXITHICTh JOCIIKCHHS TCHXOJIOTTIHUX
MEXaH13MiB, sIKi 3a0€3MeUyI0Th aJanTaIliio JIOANHH 10 TPUBATUX KPU30BUX 00CTABHH,
MIATPUMYIOTh 1 TICUXIYHE 3J0pOB’Sl Ta CHPUSAIOTh MOJAIBIIOMY OCOOUCTICHOMY
PO3BUTKY.

Merta noc/iiaKeHHs1 — TEOPETUYHO MPOAHAIII3YBaTH OCHOBHI MICUX1YHI MEXaHI3MHU
PO3BUTKY OCOOMCTOCTI B YMOBAaX arpecUBHOI BIMHM Ta BU3HAYUTU IICHXOJIOTIYHI
pecypcu, W0 CHPUSIOTH ajanTaili, 30epeKeHHI0 BHYTPIIIHbOI pPIBHOBAarud i
(hopMyBaHHIO KUTTECTIUKOCTI.

Buknan ocHoBHOro wmarepianay. Po3BuTOK 0cOOHCTOCTI € CKIAQgHUM 1
Oe3MmepepBHUM IIPOIIECOM, IO OXOIUIIOE 3MIHM CaMOCBIJIOMOCTI, €MOIIIHHOI cdepH,
MOTHBAIII, IITHHICHUX OPi1€HTAIIlH, CTOCO01B MUCJICHHS Ta MMOBEIIHKU. B yMoBax BiliHU
1l MpoIieC BiIOYBAETHCS 1] BIUIMBOM HA/I3BUYAWHO CHIIBHUX 30BHINTHIX YHHHUKIB,
K1 MOXYTb SIK YCKJIQJTHIOBaTH OCOOMCTICHE CTAHOBJIEHHS, TaK 1 CIOHYKATH JIIOJIUHY
710 TIEPEOIIHIOBAHHS BIACHOTO JIOCBITY, MPIOPUTETIB 1 JKUTTEBUX ITIJICH.

OpHuM 13 MPOBIJHUX MEXaHI3MIB pearyBaHHS HAa BOEHHI 3arpo3u € eMolliiiHa
camoperyJisiis. BoHa mnepenbdavae yCBIAOMIJICHHS BJIACHUX €MOILIIM, PO3yMIHHS
OPUYMH 1X BUHUKHEHHS Ta BUKOPHUCTAaHHS KOHCTPYKTHBHHMX CIHOCOOIB KepyBaHHS
€MOIIMHUMHU CTaHaMM. 3JaTHICTh PO3II3HABATU CTPaX, TPUBOLY, THIB, pO3ryOJIEHICTh
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1 Hampy>XeHHS Ja€ 3MOTY JIIOJIMHI Kpallle KOHTPOJIIOBATH TMOBEIIHKY, NMpUAMAaTH
OoOTpyHTOBaH1 pIIIEHHsS Ta 30epiraT B3a€MOJII0 3 I1HIIUMU JIOJbMH. BogHouac
TpuBaje mepeOyBaHHA B YyMOBax HEOE3MEKH MOXKE BHUCHAXYBaTH PECypcH
caMOpETYJIALi, 10 3yMOBJIIOE TOTPeOy B IMICUXOJIOTIYHIN MATPUMII Ta BIIHOBJICHHI.

BaxyuBy ponb y PO3BHUTKY OCOOMCTOCTI BIIIIparOTh KOTHITMBHI MEXaHI3MH,
30KpeMa OLIHIOBAaHHS CHUTYallli, OCMUCIEHHS MOAil, NePEOCMUCIICHHS MTEPEKOHAHb 1
MOIIYK CrOCO0IB MoA0IaHHs TpyAHOUIIB. CIPUNHATTS 3arpo3, OI[IHIOBaHHS BIACHHUX
MOMKJIMBOCTEH 1 MPOTHO3YBAaHHS HACHIJKIB BIUIMBAIOTH HAa EMOINMHI peakilii Ta
MOBEIIHKOBI PIIlIEHHS. 31aTHICTh BIAOKpEeMIIIOBaTH (haKTU BiJl MPUITYIIEHb, KPUTUYHO
OLIIHIOBATH 1HGOpPMAIlII0O Ta 30CEpeMKyBaTHCS Ha JOCTYIHHUX [isIX JOloMarae
3MEHIIYBaTH BITYYyTTS Oe3mopanHocTi. OJHaK KOTHITUBHE MEPEOCMHCICHHS HE
O3Hauae 3arepeyeHHs HEOE3MEeKN UM 3HELIHEHHS MEPEKUTOr0 JOCBITY, a epeadoadae
MOIIYK PEaTiCTUYHHUX CIIOCOOIB pearyBaHHs Ha CKJIaJH1 OOCTaBUHHU.

OcoOnmmBe 3HAYCHHS Ma€ MOTHBAIlIMHO-IIHHICHUM MEXaHI3M, IIOB’S3aHUU 13
(hopMyBaHHSIM JKUTTEBUX CMHCIIB, YCBIIOMJICHHSM OCOOMCTOI BIAMOBITAIBLHOCTI Ta
BU3HAYCHHSM MpIOpUTETIB. B yMoBax BifiHM JII0JMHA MOXE MO-HOBOMY OIlIHIOBATH
3HAYEHHS POAWHH, CBOOOAM, Oe3meku, mpodeciiHol AiSIILHOCTI, B3a€EMOJIOIIOMOTH U
IPOMAISTHCHKOI BIIMOBIAAIBHOCTI. Y CBIJOMJICHHS BJIACHUX IIIHHOCTEH J0roMarae
MIATPUMYBATH BHYTPIIIHIO LUIICHICTh, BU3HAYATU PEATICTUYHI U1 Ta 3HAXOJIUTU
M1JICTaBH TSI TIOJIAJIBIIOT AisSTIEHOCTI HaBITh 32 HEBU3HAYEHOCTI MaliOyTHHOTO.

OnHuM 13 BaXKJIMBUX PECYPCIB OCOOMCTICHOTO PO3BUTKY € PE3WIBEHTHICTH, SKY
pPO3MIIAIAIOTh SIK 3JATHICTh aJamnTyBaTHCS JIO0 CKJIQJHUX JKHUTTEBUX OOCTaBHH,
MOOUTI3yBaTH BHYTpPIIIHI W 30BHIIIHI PECypcM Ta TMOCTYNOBO BIJHOBJIIOBATH
MICUXOJIOTIYHY piBHOBary. JlOC/IPKEHHS TICUXOJOTIYHOI CTIMKOCTI YKpPaiHChKUX
CTYJIEHTIB 3aCBIAUYIOTh 3HAUYLIICTh COLIAJBHOI MIATPUMKH, CaMOPETYJIALII],
MICUXOJIOTIYHOT KOMIIETEHTHOCTI Ta IIHHICHO-CMHUCJIOBUX PECYPCIB Yy IIOJIOJIaHHI
HACJIIJIKIB BIHU [2]. Pe3WIbEHTHICTD HE 03HAYA€ BIJICYTHOCTI CTPaxy, OOJIO YU BTOMH.
Hanaku, BoHa nependadae MOKIMBICTD NMEPEKUBATU CKIIAJIHI €MOITli, 3BEPTATUCS TIO
JOTIOMOTY ¥ BIJTHOBIIFOBATH 37aTHICTh JI0 TOBCIKIECHHOI TISJTBHOCTI.

He MeHI BaXIMBUM MEXaHI3MOM € COIliaJIbHa B3aeMOJis Ta iIeHTUdIKAIsI 3
rpynoto. [linTpuMka poiuHu, Ipy3iB, OJHOJITKIB, IEAAroTiB 1 TPO(eciitHOT CIIILHOTH
CIIpUs€ BIMUYTTIO HAJEXKHOCTI, Oe3reku Ta 3Hauymocti. CrijapbHa HiSIBHICTD,
BOJIOHTEPCTBO, B3a€EMOJIONIOMOTA U y4acTh y KUTTI TPOMaJd MOXKYTh MOCHIIIOBATH
BIIUYTTS OCOOUCTOI Ai€3MaTHOCTI. JIJIsi MOJIOZII OCOOIMBO BAXIMBUMH € MOKJIMBOCTI
HABYaTUCA, CIUIKYBAaTHUCS, peaji30BYBAaTH BJACHI 3[A10HOCTI Ta OpaTh ydacTb Y
JUSITBHOCTI, 110 Ma€ 3p03yMUTY CYCHIJIbHY I[IHHICTb.

Y KOHTEKCTI PO3BUTKY OCOOMCTOCTI HEOOXIJHO BpaxoOBYBaTW W MeEXaHI3MHU
MOCTTPaBMaTUYHOI'O OCOOMCTICHOTO 3pocTaHHs. [lepekuBaHHs KpU30BUX MOJIIN 1HOAI
CYIPOBOJIKYETHCS TOTJIUOJICHHSM CaMOII3HaHHS, 3MIHOKO JKUTTEBUX IPIOPUTETIB,
3MIITHEHHSIM M1>XKOCOOHCTICHUX 3B’ SI3KIB 1 IEPEOCMHUCIICHHSIM BIIACHUX MOKIIMBOCTECH.
[Ipore Taki 3MiHM HE € OOOB’A3KOBMM HACHIJIKOM TPaBMAaTHYHOTO JIOCBITY.
OcobucTticHe 3pOCTaHHS HE 3amepeuye MCUXOJIOTIYHUX BTpaT 1 HE MOBUHHO CTaBaTH
BHUMOTOIO JIO JTFOJMHHU, SIKa TIEPEKUBAE BIHHY.
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Ocob6nuBoi yBarnm moTpedye pO3BHTOK OCOOMCTOCTI 3100yBadiB OCBIiTH. B
OCBITHBOMY CEpEIOBHINI BaXXJIMBO CTBOPIOBATH YMOBHU I €MOIIIHHOI Oe3neKu,
nepea0avyBaHOCTl, MIATPUMYBAJIbHOI KOMYHIKaIlli Ta 30€peKEeHHS COIIaJIbHUX
3B’s3KiB. [lemaroriuni mpamiBHUKKM W (axiBIll ICHXOJIOTTYHOI CIIY)KOH MOXKYTh
CHOPUSTH PO3BUTKY HABUYOK CAMOPEryJsllii, KOHCTPYKTHUBHOTO CHIJIKYBaHHS,
KPUTUYHOTO MHCJICHHS Ta 3BEpHEHHA MO JomnoMory. BaxkmuBo 3a0e3nedyBaru
MO>KJIMBICTh OOTOBOPEHHS MEPEKUBaHb 0€3 MPUMYCY JI0 PO3KPUTTSI TPAaBMATHUYHOTO
JOCBily, a 3a HAsABHOCTI CTIMKHX ab0 BHUPAXEHHUX CHUMITOMIB IICHXOJOTTYHOTO
HEOJIaronoyy4yusi — OpraHi30BYBaTH 3BEpHEHHS [0 KBami(ikoBaHUX (axiBIiB.
BcecBiTHs opranizailiss 0XOpOHH 3/0pOB’S HArOJIOIIy€ HAa 3HAYCHHI MCHUXOJOTTYHOI
NEPIIOi JOTIOMOTH, COIAbHOT MATPUMKH Ta JOCTYIMHOCTI CIIeliai30BaHUX MOCIYT y
HaJ3BUYalHUX cutyauisx [1; 3].

BucnoBku. OTXe, NCUXIYHI MEXaHI3MH PO3BUTKY OCOOMCTOCTI B YMOBax
arpecrBHOI BIMHU OXOIUTIOIOTH €MOILIMHY CaMOpEryJisiliio, KOTHITUBHE OCMUCIIECHHS
MO/I1¥, MOTHBAIIIHHO-I[IHHICHY TIepeOyI0BY, PE3WIBEHTHICTD 1 COIIaJIbHY B3a€EMO/IIIO.
IxHsa B3aeMmonis BIUIMBAE Ha 3JaTHICTH JIOAMHHU aJaNTyBaTUCS 1O HEBH3HAYECHOCTI,
30epiraT Cy0’€KTHICTh 1 TMPOJOBXKYBAaTH OCOOMCTICHHM po3BUTOK. BogHouac
HACJIIIKY BIITHU € 1HUBITyJIbHUMH, TOMY IICUXOJIOT14HA MATPUMKA Ma€ BPaXOBYBAaTH
BIK, JKUTTEBUH JOCBIJI, aKTyaJbHI IIOTpEOM Ta HasBHI PECypcH JIIOJIWHHU.
[lepcieKTUBHUM HANpsIMOM MOJAJIBIIUX JOCIIIKEHb € PO3pOOICHHS U OI[IHIOBAHHS
MICUXOJIOTO-NIEAATOTIYHUX TMPOTpaM, CIPSMOBAaHMX Ha PO3BUTOK PE3WUIHEHTHOCTI,
€MOIIIITHOI caMOperyJiALii Ta COLialbHOI MIATPUMKHU 3100yBadiB OCBITU B yMOBax
BOEHHOTO CTaHy.
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«JIHITPOBCHKMI TyMaHITApHUI YHIBEPCUTET»

M. [uinpo, Ykpaina

HaykoBuii KepiBHUK:

[Tamko AnToHiHa ONekcaHpiBHA

KAaHJIUJAT TICUXOJIOTTYHUX HAYK, JOLEHT KadeapH MCUXO0JIOTil
Buimii HaBYaIbHUM TPUBATHUN 3aKJIA/]1

«JIHIMPOBCHKUI TyMaHITapHUI YHIBEPCUTET»

M. JIninpo, Ykpaina

[Ipodeciitna miaroroBka MaWOyTHIX TIICHXOJIOTIB Iepeadadyae OnaHyBaHHS
croco0iB aHai3y CUTYyallil, Kl JOIyCKarOTh KiJbKa MOSCHEHb 1 HE 3aBXJIU MalOTh
OJIHO3HA4YHE po3B’si3aHHsA. Ilin yac poOOTH 3 HaBYAIBLHUMM KeiicamMH, OOTOBOPEHHS
MICUXOJIOTIYHMX 3alUTIB 1 TPOXO/KEHHS TPAKTUKH CTYACHTH CTHKAIOTHCS 3
HEMOBHOTOI  1H(OpMaIlili, CyNepewIMBICTIO BIJIOMOCTEM Ta  HEOOXITHICTIO
OOTpYHTOBYBATH PIIICHHS 32 BIACYTHOCTI TOTOBOIO aJfOPUTMY. Y IIbOMY KOHTEKCTI
HayKOBOT'O 3Ha4Y€HHs HAa0yBa€ TOJIEPAHTHICTh O HEBU3HAYEHOCTI SIK XapaKTePUCTUKA
CTaBJICHHSI OCOOUCTOCTI /10 OOCTaBUH, 0 OOMEXYIOTh MOXJIMBICTh OJTHO3HAYHOTO
PO3YMIHHS CUTYyaIlli Ta nependayeHHs i1 HaCI1AKIB.

AKTyalbHICTh NPOOJIEMH TOCWIIOETHCS yMOBaMU TPUBAJIOI  CYCHUIBHOI
HECTaOlIbHOCTI, 3a SKUX MpodeciiiHe CTAHOBJICHHS CTYACHTIB TOEIHYETHCS 3
HEOOXITHICTIO TEperyisiiaTh IUIAHW Ta MPUCTOCOBYBATHCS 10 3MIH OCBITHBOTO
cepenoBuilia. BomHodyac HEBHU3HAYEHICTh y MIATOTOBIN TCHXOJOTa Ma€ HE JIUIIE
30BHIIITHE, CATYaTHBHE TTOXO/KEHHS. BOHA OB’ s13aHa TaKOX 31 CKJIAIHICTIO TIpeIMETa
npodeciiHOro  Mi3HAHHSA:  TCUXOJIOTIYHMM  aHaimi3  moTpedye  BpaxyBaHHS
1HJIMB1AYaJIbHOTO JIOCBIAY JIFOJIUHU, KOHTEKCTY ii MMOBEIIHKU Ta 0OMEXKEHb JOCTYITHUX
BioMocTeil. ToMy BaXJIMBUM 3aBAAHHSIM HaBYaHHSA € (OPMYBAHHS 3JaTHOCTI
MIpaIfioBaTH 3 KUTbKOMa OOTPYHTOBAHMMH NPHUITYIIEHHAMHA W YTOYHIOBATH iX y MIpy
OTPUMaHHS HOBOI 1H(OpMaIii.

ToJsiepaHTHICTH 10 HEBU3HAYEHOCTI JAOLIIBHO PO3TISAATH Y 3B’ SI3KY 31 34aTHICTIO
MaiOyTHHOTO (PaxiBIsl BUTPUMYBATH BiICYTHICTh OCTaTOYHOI BIJIMOBIII, 30€pirarouu
KPUTUYHICTh MHUCJIEHHS Ta TOTOBHICTH JI0 MOJANBIIOTO aHamily. BoHa He o3Hadae
0ailmyoCTi 70 Pe3yNbTaTiB MisUIBHOCTI, BIIMOBHU BiJ MEPEBIPKH MPUMYIICHb a00
MPUIHATTS Oy/b-SKOTO TOSICHEHHS SIK MPaBWIIbHOTO. Y mpodeciiHOMY HaBYaHHI ii
3HAYCHHS TMOJSTaE B MOMIIMBOCTI TOENHYBATH BIAKPHUTICTH JI0 aIbTEPHATHUBHUX
TJIyMadeHb 13 BUMOTaMH JIOKa30BOCTI Ta BIJIMOBIIaILHOCTI 3@ BJIaCHI BUCHOBKH.
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Meta poOOTH — TEOPETUYHO TMPOaHANI3yBaTh 3MICT TOJEPAHTHOCTI [0
HEBU3HAYCHOCTI Ta BU3HAUWUTU 11 3HAYEHHS Yy MpoQeciiHii MiAroTOBIll MalOyTHIX
NICUXOJOT1B. ISl TOCSTHEHHS] METH 3aCTOCOBAHO aHalli3, 31ICTAaBJICHHS i y3araJbHEHHS
HAyKOBHX IJXOAIB JO PO3YMIHHS TOJIEPAHTHOCTI JI0 HEOJHO3HAYHOCTI Ta
HEBU3HAYEHOCTI, a TAKOX IX PO3TJSAYy B KOHTEKCTI MPOQECiHHOTO CTAHOBIEHHS
CTY/ACHTIB-TICUXOJIOTIB.

Y xmacuunomy migxoai C. bamHepa 1HTOJEPaHTHICTh /O HEOJHO3HAYHOCTI
PO3IMIIAIAETHCA K CXWIBHICTh CIPUAMATH HEOJHO3HAYHI CHTYyaIlli SK JDHKEepeso
3arpo3u. ABTOp BUOKPEMITIOE TPH JKEpena HEOJHO3HAYHOCTI: HOBU3HY, CKIIQIHICTB 1
HEMOKJIMBICTh OJJHO3HAYHOTO PO3B’s3aHHs cuTyarii [1]. Take po3ymiHHS mae 3Mory
OB’ SI3aTH TICHXOJIOTIYHE pearyBaHHs HE JIUIIE 3 00’ €EKTUBHUMH XapaKTEPUCTUKAMH
oOcTaBHH, a ¥ 31 cmocoOoM iXx iHTeprpeTanii ocoducTticTio. [ns mpodeciiinoro
HaBYaHHSA TICUXOJIOTIB 1€ PO3MEKYBaHHS € CyTTEBUM: BIJICYTHICTh TOTOBOI BIJIIIOBI/I
MOKE CIPUHMATHCS SK Tepentkoga abo sK MiJcTaBa sl TMOMAIBIIOTO TMOIIYKY H
nepeBipku npunyiienb. Wiley Online Library

BogHouac MOHATTS HEOJHO3HAYHOCTI Ta HEBU3HAUEHOCTI MOTPEOYIOTH
po3pizHeHHA. HeomHO3HAUHICTh CTOCYETHCS MOMKIMBOCTI KITBKOX TIyMadeHb
noCcTymHOi i1H(opMallii, Toai SK HEBH3HAYCHICTh MOXKE OXOIUIIOBATH TaKOXK
Herepen0auyBaHICTh MOAANBIINX TMOAIN 1 HACTIAKIB pillleHHS. Y TOCHIIKEeHHI Y.
[Mapankap 1 JI. Harcona 11 XapaKTepUCTHUKHU PO3TISTHYTO OKPEMO B KOHTEKCTI
MO/IOJaHHS aKaJEMIYHOTO CTpecy CTyleHTamu [2]. i TeopeTHYHOro aHamsy
npodeciiiHOi MIATOTOBKHU MCUXOJIOTIB 1€ 03HAYa€ HEOOXIAHICTh YTOUHIOBATH, PO SIKI
TPYIHOII HIETHCS: CYNIePEWINBICTh MOSCHEHh KOHKPETHOTO BUMAAKY, HEIOCTATHICTh
B1JIOMOCTEH Ul HEMOKJIMBICTh TlepeI0aunTH pe3yiabTaT oOopanoi aii. PubMed

VY mpansix C. X1UJIbKO TOJICPAHTHICTh O HEBU3HAYEHOCTI MallOYTHIX MCUXOJIOTIB
PO3KpPUBAETHCS Yepe3 KOTHITUBHMUM, a(DEKTUBHUI 1 KOHATHUBHUI KOMIOHEHTH [3].
KOrHiTUBHHII KOMIIOHEHT CTOCYEThCS PO3YMIHHS W OCMMCIIEHHS HEBH3HAYEHUX
cUTyaIlii; aheKTHBHUN — €MOIIIITHOTO CTaBJICHHS 10 HUX; KOHATUBHHI — rOTOBHOCTI
oOupaTu crocoOu MOBEIIHKH Ta JMISITH 3a BIJICYTHOCTI MOBHOI BU3HAUYEHOCTI. Takuii
X1 JO3BOJISIE PO3TIISIATH JTOCTIHKYBAHY XapaKTEPUCTUKY KOMIUICKCHO: 3HAHHS
PO HEBU3HAYEHICTh HE 00OB’SI3KOBO CYIIPOBOIKYETHCS 11 EMOIIIMHUM NPUUHSTTSIM, a
TOTOBHICTh JIISITM HE 3aBXIW O3HA4Ya€ JOCTATHIO OOIPYHTOBAHICTh PIIICHHS.
ae.fl.kpi.ua

Ha ocHOBI 3a3Ha4€HOT0 pO3MEKyBaHHS MOYKHA OKPECTUTH ITPOSIBU TOJEPAHTHOCTI
0 HEBU3HAUCHOCTI B HaBYaJbHIA MISUTBHOCTI MaMOyTHIX micuxosioriB. Ha
KOTHITUBHOMY PIBHI MIE€ThCS MPO 3AATHICTh PO3TISAATH aIbTE€PHATUBHI MMOSCHEHHS,
MOMIYaTH CYNEpPEeYHOCTI Ta BIJPI3HATH BCTAHOBIEHI (hakTH Bia mpumylieHb. Ha
aeKTUBHOMY PIBHI — MPO MOXJIMBICTH BUTPUMYBATH HAINpPY>KEHHs, MOB’S3aHE 3
BIICYTHICTIO OCTaTO4HOI BiAmoBijai. Ha moBeaiHKOBOMY piBHI — MpPO TOTOBHICTh
NPOJOBKYBAaTH aHaji3, IIYKAaTH JOJATKOBI BIIOMOCTI Ta MEPErjsAaTd MOIMEpeaHe
pimenHs. lle TeopeTrwyHe y3aranbHEHHS KOHKPETH3YE 3HAUYEHHS KOMITOHEHTHOTO
MIIXO0My JIJIsl opraHizailii mpodeciiiHOro HaBYaHHS.

BigmoBigHO, TONEPAHTHICTH A0 HEBU3HAYCHOCTI JOMUIBHO PO3MJISAATH SIK
XapaKTEPUCTHKY, 110 Ha0yBae MpoeciiftHOrO 3HAUYCHHS Y TIOE€HAHHI 3 PedIIeKCI€r0 Ta
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KPUTHUYHUM OIliHIOBaHHSAM 1H(opmanii. Bona Moxxe miaTpuMyBaTH BIAKPUTICTH JO
YTOYHEHHS IICUXOJIOTTYHOTO BUCHOBKY, MPOTE cama 1o co0i He 3acBiauye npodeciitnoi
KOMITETEHTHOCTI. OOIPYHTOBAHICTh /il MaOyTHHOTO TCUXOJIOra MOTPeOy€e TaKOXK
(axoBUX 3HaHb, JOTPUMAHHS €TUYHUX BUMOT 1 PO3YMIHHS MEK BJIACHOT MIATOTOBKHU.

3HaueHHs TOJEPAHTHOCTI JO HEBU3HAYEHOCTI Yy TMpodeciiiHii MiAroToBIl
TICHXOJIOT1B PO3KPUBAETHCS TAKOXK Yepe3 i CIIBBITHOIIEHHS 31 CIIOCOOaMU TI010JIaHHS
TpyaHomiB. Y gocmipkeHHi Y. [Ilapankap 1 JI. Harcona craBiaeHHs 110
HEOJIHO3HAYHOCTI Ta HEBU3HAYEHOCTI PO3IIIAJAETHCS Y 3B A3KY 3 KOMIHIOM B YMOBaxX
akagemiunoro crpecy [2]. Lle mae miacraBu aHami3yBaTH HE JIMIIE TMEPEKWBAaHHS
CTYJICHTOM HEBHM3HAYEHOI CHTYaIllii, a i Te, IK BiH OpPraHi30BYye BiacHi il 3a Opaky
iHpopMmariii. BogHouac TonepaHTHICTh 10 HEBM3HAYEHOCTI Ta KOMIHT € PI3HUMHU
XapaKTEPUCTHKAMU: TIEPILIA CTOCYETHCS CTaBICHHS /10 BIATIOBIIHUX OOCTAaBUH, APYTH
— 3yCHUJIb, CIPSIMOBAHUX Ha MOJIOJIAHHS IXHIX BUMOT 200 PETyIOBaHHS MEPEKUBAHb.
pubmed.ncbi.nlm.nih.gov

st MallOyTHBOTO TICMXOJIOTa MPUMHSTTS HEBU3HAYEHOCTI MOXKE O3HAYaTH
TOTOBHICTh HPOAOBXKYBaTH poOOTy 0€3 TMepeayacHOro 3aBEpILEHHS aHami3y.
Hamnpukinaz, mig yac po3risgy HaBYaJIbHOTO BUITAJIKY CTYJIEHT Ma€ BU3HAYUTH, SIKUX
B1JIOMOCTEM Opakye, 3anporoHyBaTH KijbKa MOSICHEHb 1 BCTAHOBUTH, SIKa JI0JIaTKOBA
iH(dopMaIlis T0oNoMOXkKe iX mepeBipuTH. Taka MOCIITOBHICTh JT03BOJISIE MIEPETBOPUTH
3arajbHe BIIUYTTs HEBU3HAYEHOCTI HA KOHKPETHI Mi3HaBajIbHI 3aBAaHHs. [Ipu ipomy
HEOOXI1JTHO PO3PI3HATU OOCTABUHHU, K1 MOKHA YTOUYHUTH LUIIXOM 30MpaHHs J1aHUX, 1
T1, IO 3AJIMIIAIOTHCS Henepea0auyBaHUMHK HABITh MICHS PETEIBLHOTO aHami3y.

VYpaxoBytoun kommnoHeHTHuM miaxing C. Xigpko [3], MOXHa 3amponoHyBaTH
HanpsMH BKJIOUCHHS 11€1 MPoOJIeMaTUKKU B OCBITHIM mpoliec. PoOoTa 3 KOTHITUBHUM
KOMIIOHEHTOM  Tiepen0ayae  3ICTABJICHHS  aJbTEPHATUBHHUX  IHTEpIpeTarlii,
OOTpYHTYBaHHsI MPUITYIICHh 1 BU3HAYEHHS MEX BHUCHOBKY. YBara /10 a()eKTHBHOTO
KOMITOHEHTA MOTpedy€e OCMUCIIEHHS BIACHUX PEAKI1M Ha CyNepewInBICTh 1HpOpMAIlii,
BIJICYTHICTh TOTOBOTO PIIIEHHS Ta HEOOXITHICTh MEPETIAIATH MOMNEPEIHIO TTO3HUIIIIO.
OmnpattoBaHHsI KOHAaTUBHOTO KOMIIOHEHTa JOLUIBHO TOB’A3yBaTh 3 BUOOpPOM
OoOTpyHTOBAHOI i1 32 HETIOBHUX B1JOMOCTEH 1 TOTOBHICTIO KOPHUT'YBATH ii BiIIMOB1AHO
70 HOBUX JaHUX. 3a3Ha4yeHl HAMPSIMU € MPAKTUYHUM Yy3arajlbHEeHHSIM TEOPETUYHOTO
MIIX0y; IXHSI pe3yJIbTaTUBHICTh MOTpeOye okpemoi nepeBipku. ae.fl.kpi.ua

OaHUM 13 MOXJIMBHUX 3aC001B TaKOi pOOOTH € MOETANHUN aHaji3 KEHCIB, y SKUX
iH(dopmalis HagaeTbesl MOCTynoBo. Croyatky CTYJIEHTH (OPMYJIIOIOTH IMONEpeIHl
MPUITYIIEHHS, Jajdl YTOYHIOIOTH iX TICIs OTPUMaHHS JTOAATKOBUX BIJOMOCTEH 1
MOSICHIOIOTh IPUYMHHU 3MIHU BlIacHO1 no3ullii. [IpenMerom oOroBopeHHs Mae OyTH SIK
3MICT pIIIEHHS, Tak 1 cnoci®d Horo oOrpyHTYBaHHS: siKI (DaKTH BpaxoBaHO, SIKI
IbTEPHATHBHU PO3TISHYTO Ta IO 3aTUIIAE€ThCA HeBimoMuM. OIIHIOBaHHS TaKOTO
3aBAAaHHS AOUIIBHO CIPSAMYBATH HA AKICTh apryMEHTAallli i KOPEKTHICTh BUCHOBKIB.

BaxxnnBoro yMOBOIO € 3po3yMijia OpraHi3ailisi HaBUaHHs. 3MICTOBHA BIAKPHUTICTD
KeWCy Mae€ MOEIHYBATHCS 3 YITKUMHU IHCTPYKIUSIMU, KPUTEPISIMHU OIIHIOBAaHHS Ta
MO>KJIUBICTIO OTPUMATH 3BOPOTHUH 3B’ 130K. HeBU3HAUEHICTh HABUAIBLHOT MPOOIEMU i
HE3PO3YMIJTICTh BHMOT BHKJIaJadya MalTh pI3HE IMOXO/DKEHHS, TOMY iX HE CIia
otoTokHioBatu. lIpodeciitHa mmiAroToBKa TOBHHHA CTBOPIOBATH YMOBHU ISt
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OOTPYHTOBAHOTO TIOIIYKY, Y SIKOMY THEperyii[ MPUIIYLIICHHS PpO3IIIATAEThCS SIK
pe3yJIbTaT YTOUHEHHS 1H(pOopMaIii.

BucHoBku. TonepaHTHICTh 4O HEBU3HAYEHOCTI MA€ 3HAYEHHS AJIs MPOQeCiitHOi
HIATOTOBKM MalOYyTHIX IICHUXOJIOTIB SIK XapaKTEpPUCTHKAa CTaBJIEHHS 10 HENOBHHX,
CyIepeulMBEX 1 HEOJHO3HAYHMX BigoMocTed. Ii po3rysg uyepe3 KOTHITHBHHIA,
aeKTUBHUN 1 KOHATUBHHN KOMIIOHEHTH J03BOJISE€ TOEIHATH aHall3 CHocoO0IB
OCMHUCJICHHS CUTYyallli, eMOL[ITHOTO pearyBaHHs Ta TOTOBHOCTI JiATU. BogHouac s
XapakTepUCTHKa HE 3aMiHIoe (axoBUX 3HAHb 1 HE TapaHTye€ MPAaBUIBHOCTI
npodeciiHOTO pillIeHHS.

[lepcrieKTUBHUM HampsMOM OCBITHBOI POOOTH € BUKOPUCTAaHHS 3aBAaHb, SKI
nependayvaloTh 3ICTaBIICHHS albTEPHATHB, IMOCTYNOBE YTOYHEHHs iH(opmaiii Ta
apTryMEHTOBaHUI Tmeperisa BHCHOBKIB. [lomampimoro mociimkeHHS MTOTPeOyIOTh
YMOBHU pe€3yJbTaTUBHOCTI TaKUX 3aBJaHb 1 KpUTEpPIi OLIIHIOBAHHS 3MiH Yy CTaBJIEHHI
CTYJIEHTIB-TICUXOJIOTIB 1O HEBU3HAYEHOCTI.
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COHIAJIBHO-IICUXOJOI'TYHI YUHHUKH PO3ZBUTKY
MPO®ECIMHOI IIEHTUYHOCTI MOJIOJII B YMOBAX
TPAHCO®OPMAILIMHOI'O CYCHIJIBbCTBA

3aBepyxa Oubra SlpociaaBiBHa

KaHAMJIAT ICUXOJIOTIYHUX HAYK, TOLIEHT,

JOLEHT Kadeapu MeAaroriki Ta CyCIibHUX KOMYHIKaIii
JIbBIBCHKHII HAlLlIOHAIBHUN YHIBEPCUTET BETEPUHAPHOT MEUIIUHU
Ta 6iorexnouoriii imeni C. 3. [)KUIBKOTO

CyuacHi cycrnuibHi TpaHc(opMallii CyTTEBO 3MIHIOIOTH YMOBH MNpo(eciiiHOTO
CTAaHOBJICHHS MOJOJl. JluHaMIuHICTh PUHKY Tnpami, LudpoBizalis, MNOIIMPEHHS
HeCTaHJIAapTHUX (OPM 3aiHATOCTI, MIrpaliiiHl IPOLECH, 3MIHA BUMOT J10 IPOo(deCciitHOi
KOMIIETEHTHOCTI, @ B YKpaiHChKMX yMOBaxX — TpUBaJia BifiHAa Ta ii COLIaJbHO-
€KOHOMIYHI HACHIJKH — YCKJIAJIHIOIOTh MOOYJOBY CTaOUIbHOI U mependadyBaHOi
npodeciitHoi TpaekTopii. Biarak mpodeciiiHa 1AEHTHYHICTH MOJIOAOI JIIOJIMHU
bopMyeTbCa HE JIMIIE SIK Pe3yJIbTaT 1HAUBITYyaIbHOTO MpodeciitHoro BUOOPY, a sK
MPOJIYKT MOCTIHHOI B3a€EMOJI1T OCOOMCTOCTI 13 COILIAIbBHUM, OCBITHIM 1 MpodeciiHuM
CEPEIOBHUILEM.

[IpodeciiiHa 1I€HTUYHICTh € IHTETPATUBHUM IICHXOJIOTIYHHM YTBOPEHHSIM, IO
B1I00pakae YCBIAOMJIEHHS OCOOHMCTICTIO ce0e fIK cy0’ekTa MeBHOI NpodeciiiHOoi
TUSITBHOCT1, IPUUHSATTS BIAMOBIAHUX I[IHHOCTEN 1 CMUCIIB, BIIUYTTS HAJIEKHOCTI JI0
npodeciitHoi CHIIBHOTH, OIIHIOBAHHS BJIACHUX KOMIIETEHTHOCTEH Ta OaueHHs
nepcrekTuB mnpodeciiiHoi camopeanizaiii. Y MONepeaHiX AOCHIKEHHSIX HaMH
BCTAHOBJIEHO, LIO il CTAHOBJIEHHS Y MEP10/1 MEPEXOAY A0 JOPOCIOCTI MAa€ TUHAMIYHHMA
XapakTep 1 TOB’si3aHe 3 IpodeciiHUMU  IHTepecamMu,  OCOOHMCTICHUMHU
XapaKTEepPUCTUKAMHU, 3MICTOM  mpodeciiHOro  BUOOPY Ta  OCOOJUBOCTAMH
npodeciitHoro camoBuszHaueHHs [ 1]. [lunamika mpodeciiHol 11eHTUYHOCTI MaliOyTHIX
(daxiBIIB TaKOX 3aJIEKUTh BIJl JOCBIAY OCBITHBO-TIPO(MECIMHOI ISIBHOCTI Ta
MOCTYIIOBOTO CITIBBITHECEHHS YsIBJICHB MPO cede 3 BuMoramu oopaHoi npodecii [2].

MeTow A0CHiTKEeHHSI € TeOopeTHYHe OOTPYHTYBAaHHS CHCTEMH COIllaJbHO-
MICUXOJIOTIYHUX YUHHUKIB PO3BUTKY MPO(EciiiHOl 1IEHTUYHOCTI MOJIOAI B yMOBax
TpaHcpopMaIifHOTO CYCIUJIBCTBA Ta BU3HAYEHHSI XapaKTepy iX B3aeMOIi.

[Ipodeciiina 11eHTUYHICTh (OPMYETHCS MiJ BIUTMBOM CYKYIHOCTI BHYTPILIHIX 1
30BHIIIHIX YMOB, TOMY TOSICHEHHS 1i PO3BUTKY JIMILIE Yepe3 OCOOHUCTICHI
XapaKTepUCTHKU abo JHIe dYepe3 XapaKTePUCTHKH COILIaJbHOTO CEpelIoBUIINA €
HEJOCTAaTHIM. JlOUITbHUM, Ha Hally AYMKY, € 3acTOCYBaHHs OaraTOpIBHEBOIO
MIIXO0Qy, 3@ SKOIO0 YUHHUKH MpoQeciiHOi 1JEHTUYHOCTI PO3IIIAJAIOTHCS  SIK
B3a€MOIIOB’3aHa CUCTEMA.

[IpomoHyeMO BUOKPEMITIOBATH YOTUPH PIBHI COIIaTbHO-TICHXOJIOTTYHIX YAHHHUKIB
pO3BUTKY TPO(dECiitHOI 1AEHTUYHOCTI MOJIOM1: OCOOMCTICHUN, MIKOCOOMCTICHUH,
OCBITHBO-TIPO(ECIHMI Ta CyCHTBHO-TpaHC(hHOPMAITIITHUT.

OcoOucTticHuii  pIBEHb OXOIUIIOE BHYTPINIHI TICUXOJOTIYHI pecypcu U
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XapaKTEPUCTHKHU, Yepe3 sKI MOJIOJa JIFOJAWHA OCMHUCITIOE TpodeciiHuil AOCBiA 1
CIIBBIJTHOCUTh MOT0 3 YABJICHHSMHU Mpo cebe. [0 KII0YOBUX YHMHHHUKIB IIOTO PIBHS
JOIIILHO BITHECTH TMpodeciiiHl IIHHOCTI Ta MOTHUBAIlIO, CaMOehEKTUBHICTD,
pedyIeKCUBHICTb, 37aTHICTh JO0 CaMOPETYJIslii, PE3WIbEHTHICTh, IICHUXOJOTIUHY
THYYKICTB 1 COPMOBaHICTh MPOdECIiiHUX ITIICH.

OcoOnuBe 3HaueHHsT Mae TmpodeciiiHa caMOe(DEKTUBHICT — MEPEKOHAHHS
0COOMCTOCTI Yy 3/IaTHOCT1 YCIIIITHO BUKOHYBATH 3aBJaHHS, MOB’s3aHl 3 MaliOyTHHOIO
a00 aKTyanpHOIO MPOQECIHOI0 TISUTBHICTIO. BiTuyTTS KOMIETEHTHOCTI CIIPUSIE TOMY,
o npodeciitHa pojb CIPUHRMAETHCA HE JIMIIIE SK 30BHIINIHBO OOpaHa, a TOCTYITOBO
IHTErpyEThCS Y CTPYKTYpy «S». BomHowac HemocTaTHs BIIEBHEHICTh Y BIIACHHX
npodeciiHuX MOXKIUBOCTIX MOXE MOCIA0IIOBaTH MPUUHATTA mpodecii HaBiTh 3a
(dhopmanbHO 311MicCHEHOTO TTpodeciitHOro BUOOPY.

He menm 3Hauymoro € peduiekcuBHICTh. P0o3BUTOK mpodeciiiHol 1IeHTUYHOCTI
noTpedy€e 3/1aTHOCTI OCMUCIIOBATH BJIACHUM JOCBIJ, CHIBBIJHOCUTH OYIKYBaHHS 3
peaTbHUMU BUMOTraMu Mpodecii, yCBITOMIIOBATH CUIIbHI CTOPOHHU 1 OOMEKEHHS Ta
KopuryBartu npodeciiini . Y TpancopmaniiftHoMy cepeoBuiill pediiekcis HabyBae
JI0JTaTKOBOT'O 3HAYEHHSI, OCKUIbKH MpodeciiiHa TpaeKTopis Aenali pijiie Moxe OyTu
1moOy1oBaHa SIK HE3MIHHUH CIIEHAPIH.

Jlo 0COOHUCTICHOTO pIBHS HAJCKHUTh TaKOX 3JaTHICTh 30epiraTd BiJIHOCHY
CTaOUIBHICTH MPOQECIHHUX IIIHHOCTEHN 1 CMUCIIIB 32 HEOOX1THOCTI 3MIHIOBATH CIIOCOOU
ix peamizamii. Taka xapakTepucThka O€3MOCEPETHbO TOB’s3aHA 3 AJANTUBHICTIO
po@eciiiHOl 1IEHTUYHOCTIL: CPOPMOBAHICTb TPOPECIITHOrO «S» HE MOBUHHA O3HAYATH
PUTIIHICTB, a TpoQeciiiHa THYYKICTh — BTPATy 1IEHTUYHOCTI.

Hpyruii piBeHb CTAHOBJIATH M1KOCOOUCTICHI YUHHUKU. [IpodeciitHa 11eHTUYHICTD
(bopMyeThCS HE 130JIb0BAHO, a Y B3aEMO/IIT 3 JTIOJIbMH, SIKI HATAFOTh 3BOPOTHUH 3B’ 130K,
JEMOHCTPYIOTh ITpodeciiiHi MOJIe1, MATPUMYIOTh a00, HABIAKH, CTABJISITH IT1/] CYMHIB
npodeciitauii BUOip Mosonoi aroauHu. o 11i€l rpynu HajaekaTh MIATPUMKA POIMHH,
OJIHOJITKIB, BHUKJIAJa4iB, HACTaBHUKIB, KOJEr 1 TMPEACTAaBHUKIB TMpodeciitHOi
CHUJTBHOTH.

Oco06nuBy poJib Bigirpae coriaibHa miaTpuMka. CydacHe eMImpuyHe JOCIIHKESHHS
Jx.Ban, C.Jl, ta f.Xy mokaszaigo MO3UTUBHHUI 3B’SI30K COLIAIBHOI MIATPUMKH 3
podeCifHOI0 1ICHTUYHICTIO 3700yBauiB BHINOI OCBITH; BAXKIMBUM MEXaHI3MOM
TaKOT0 BIUIMBY BHUCTYIIA€ CAMOOIIIHKA, & XapaKTep B3a€MO3B’SI3KIB 3aJICKUTh TAKOX
B1J1 piBHA camoeeKTuBHOCTI ocobucTocTi [3]. Lle 3acBiguye, 110 coliaibHe OTOUYCHHS
BIUIMBA€ Ha TpoQeciiiHy I1JEHTUYHICTh HE MEXaHIYHO, a uepe3 TpaHchopmallio
BHYTPIIIHIX TICUXOJIOTIYHUX PECYPCIB.

Baromum Mi)KOCOOMCTICHUM YHMHHHMKOM € HACTaBHMIITBO. HacTaBHUK He Juiie
nepeaae npodeciiiHi 3HaHHA, a i BUCTYNA€e HOCIEM NMPOEeCIiHUX HOPM, LIIHHOCTEH 1
Mojieel ToBeaiHKU. Yepes CIocTepeKeHHs, B3aeMOIil0, mpodeciiiHuii aianor i
3BOPOTHHUH 3B’SI30K MOJIOJA JIFOJMHA OTPUMYE MOKJIMBICTH CHIBBIIHOCHUTH BJIACHHUM
oOpa3 npodeciitHoro «S» 3 peanbHUMEU criocobamu (HyHKIIIOHYBAaHHS MPEICTABHUKIB
npodecii. Cucremarnunmii orrsia I.Ha6i Ta ciiBaBTOpIB, 110 OXONUB 73 JOCITIIKCHHS
HACTAaBHMIITBA Yy BHWIIINA OCBITI, MIATBEP/KYE HOTO 3arajioM MO3WTHUBHUN BIUIMB Ha
npodeciitnuii BUOip, Kap’epHE IUIaHyBaHHS, MEPEXOU BiJI OCBITH JI0 3alHITOCTI Ta
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dbopmyBanHs npodeciitHol 1IeHTHUHOCTI [4].

OT1xe, MI>KOCOOMCTICHUH PIBEHB 3a0€31euye CBOEPIIHE COIliabHE IMATBEPKCHHS
npodeciitHoi igeHTHYHOCTI. OCOOMCTICTP HE JMIIe caMa BHU3HAYae cede sK
MaiOyTHbOTO (haxiBIsl, a ¥ OTPUMYE€ BH3HAHHS, OLIHKY Ta MIATPUMKY 3 OOKY
3HAYYIIOrO COIIAILHOTO OTOYEHHS.

Tpetiii — OCBITHBO-IPO(ECIHUN PIBEHb — OXOIUIIOE  XapaKTEPUCTUKU
CepeIoBUINA, y SKOMY BIIOyBaeThcs mpodeciiina comiamizamis. Jlo HbOro HalleKaTh
3MicT TpodeciifiHoi MiArOTOBKH, MPAKTUYHA CHPSIMOBAHICTh HABUAHHS, MOXIIMBICTD
BHUKOHAHHS peaJIbHUX MpoQeCciiHNX 3aBIaHb, SIKICTh IPAKTUKH, Y4aCTh y TpodeciiHuX
MPOEKTAX, B3a€MOJisl 3 MPOGECiiHOI0 CHUIBHOTOIO, JAOCBIJ MpaleBIAITyBaHHS 3a
CHEIIAIbHICTIO Ta XapaKTep 3BOPOTHOTO 3B SA3KY MO0 MPOPECiifHOT AisTBHOCTI.

Came Ha 1IbOMY piBHI aOCTpakTHE YSBJIEHHS MPO MPOQECIIO CIIBBIIHOCHUTHCS 3
peanbHUM JOCBIIOM. [0 moYaTKy NpakTHUYHOI AiSUIBHOCTI MpodeciiiHa 11eHTHYHICTh
MOJIOJIO1 JIFOIMHH 3HAYHOIO MIPOIO0 MOXKE IPYHTYBATHUCS HA OYIKYBAaHHSX 1 COL1aJIbHUX
YSIBICHHSX. 3aJIy4eHHS J0 MPAKTUKUA CTBOPIOE MOKIIUBICTH NIEPEBIPUTH LIl YSABICHHS,
YCBIJOMUTH BJIACHY BIJMOBIIHICTB MPOQeECii, MePeKUTH KOMIIETEHTHICTD 1 HAJIEKHICTh
710 IpoeCiiHOT TPYTIH.

PesynpraTu nocnimkerns K. TanHyc Ta CriiBaBTOPiB CBiA4aTh, 10 BUIII TOKA3HUKH
npodeciiiHoi 1AEHTUYHOCTI 3100yBayiB MOB’53aH1 3 MO3UTUBHUM YHIBEPCUTETCHKUM
JOCB1IOM, CIIPUSITIIMBUMH MTPOQPECIHHUMU BIUTMBAMU Ta (DaKTUYHUM JIOCBIOM pOoOOTH
y BIANOBIAHINA cdepi [5]. Bigrak mpodeciiiHa mpakThKa 1 paHHE BKJIIOYEHHS 10
peanbHOI JIJILHOCTI MOKHA PO3IIIAIATHU SIK OJUH 13 MPOBIIHUX MEXaHI3MIB MEPEXOTY
BIJl 1IGHTUYHOCTI MailOyTHHOTrO (axiBus 10 MpodeciiiHOi 1AEHTHYHOCTI CyO’€eKTa
peanbHOI JisJIBHOCTI.

Boagnoudac 3HaueHHS Mae He yuile caM (aKT MPAKTHKU, a W ii MCHUXOJIOTTYHUN
3micT. [IpakTHuHMid JOCBiA crpUs€e PO3BUTKY MPOdeciitHOi 1I€HTUYHOCTI TOA1, KOJIU
BIH CYNPOBOKYEThCS pedIeKciero, MIATPUMKOK, KOHCTPYKTUBHHUM 3BOPOTHHUM
3B’SI3KOM Ta MOXKJIMBICTIO ITOCTYMOBOT0 HAOyTTA npodeciitHoi aBToHoMii. HeratupHwmit
J0CB1JT 0€3 HaJEeKHOTO CYNpPOBOJY, HAaBIAKH, MOXE IOCHUJIIOBATH HEBIIEBHEHICTH 1
CYMHIBH 1110]10 TipoheciitHOro BHOODY.

UeTtBepTrIM €  CyCHUIBHO-TPAaHC(OPMALIMHUI  piBEHb, SKHH  OXOIUIIOE
MaKpOCOIliaibHI YMOBU MPOQECIHHOTO CTAHOBJICHHS: CTaH 1 TUHAMIKY PUHKY TIpaili,
CYCHUIbHY MPECTHKHICTh Mpodeciif, EKOHOMIYHI MOKJIMBOCTI 1X peasizarlii, nudposi
Ta TEXHOJIOTIYHI 3MIHHU, MITpaliifHi MPOIECH, CYCHUIbHUM MOMUT HA TMEBHI BUAM
TUSITBHOCT1, BOEHH] BUKJIMKU Ta 3MIHU CUCTEMH COIllaJIbHUX TTOTPEO.

Lleit piBeHb Ma€e OCOOIMBE 3HAYEHHS JJIsi Cy4acHOI YKpaiHChkoi Mojojl. Bilina
3MIHIOE CTPYKTYpPY PHHKY Ipall, akTyailidye ofHi mpodeciiiHi poii Ta 3MEHIIye
MOXJIMBOCTI ~ peajizaiii 1HIIMX, CIPUYUHSAE TEpUTOpladbHy U mpodeciiiny
MOOUTBHICTh, TEpPEepPUBAE yCTaJeHl OCBITHI Ta Kap’€pHI Tpaektopli. BoaHodac
CyCHuIbHI TpaHchopMaIlii CTBOPIOIOTH HOB1 MTPOQECiiiHl Hillll, TOCHIIOIOTh 3HAYEHHS
OKpPEeMHUX KOMIIETGHTHOCTEH 1 (OpMyIOTh HOBE OaueHHS COIladbHOI IIHHOCTI
npodeciitHOl MisUTBHOCTI.

BaxxnmuBUM 4MHHUKOM IILOTO PiBHS € TIpodeciitHa 3aTpeOyBaHICTh — MEPEKUBAHHS
MOJIOJIOI0 JIFOJMHOIO TOTO, IO ii 3HAHHS, KOMIETEHTHOCTI W MaWOyTHS TIsIIbHICTD

223



PSYCHOLOGY
VECTORS OF SCIENTIFIC PROGRESS: INTERNATIONAL EXPERIENCE AND
STRATEGIC PRIORITIES

MaloTh CYCIHUIbHY I[IHHICTh Ta pealibHi MOXJIMBOCTI 3actocyBaHHs. [Ipodeciiina
3aTpeOyBaHICTh 37]aTHA IMICHIIIOBATH IIpodeciiiHy caMoe)eKTUBHICTh, MOTHBAIIIO Ta
BIIUYTTS HAJIKHOCTI J10 npodecii. HaroMicTh TpuBasa BiICY THICTb MOXKIIMBOCTEH IS
peamizamiii  mpodecitHOro MOTEHIIAly MOXKE CHPUYMHATA Ieperisg  abo
TpaHcdopmariiro npodeciiHoi 11eHTUIHOCTI.

[Ipu boMy CycCHiJIbHO-TpaHCPOPMalIiifiHI YUHHUKHU HE BapTO PO3TIISAIATH JIUIIIE 5K
30BHIIIHI 3arpo3H. IXHilf IcHXoNoriyHMil BIJIMB 3aJIeXKUTh Bijl crIoco0y iHTepHpeTaltii
Ta HasIBHUX pecypciB ocobuctocTi. OfHa i Ta cama 3MiHA COLIIaJFHOTO CEPEeOBHUINA
MOXEe TpHU3BeCTH 10 mpodeciifHoi me3opieHTarii abo, HaBIAKH, CTUMYJIOBATH
MEPEOCMUCICHHS PO eciHHUX LiTeH, pO3MINPEHHS] KOMIIETEHTHOCTEH 1 popMyBaHHSA
OUIBII aIanTUBHOI MPOQECIHOT 1€ HTUYHOCTI.

3amponoHoBaHi piBHI He (YHKIIOHYIOTh aBTOHOMHO. IX B3a€MOJIIO JOIIIBEHO
PO3IIIAIaTH SIK TMHAMIYHY 0araTropiBHEBY CUCTEMY:

CycnuipHI TpaHcdopmallii — 3MiHa OCBITHBO-POGECIHHUX MOXKIUBOCTEH —
MDKOCOOMCTICHE OINOCEPEKYBaHHS ¥ colllaJibHa MATPUMKA — OCOOMCTICHE
OCMHUCIICHHSI TPo¢eCcIHHOTO JOCBIAY — TpaHchopmallis npodeciiHol 11eHTUYHOCTI.

Boanouac 11 B3aemogisi mae 1 3BopotHHi HarpsiM. ChopmoBana npodeciiina
1ZICHTUYHICTh BU3HAYAE, SIKI MOKIIMBOCTI COIIaJIbHOTO CEPEIOBHUIIIA JIFOIMHA TTOMIYae
Ta BUKOPHUCTOBYE, O SIKUX MPOGECIHHUX CHUIBHOT JOJY4a€ThCs, SIKOi MATPUMKH
mrykae 1 siki npodeciiiHi Tpaektopli oOupae. OTe, 0COOMCTICTh € HE MaCHUBHHUM
00’€KTOM COILIAbHO-TICUXOJIOTIYHOTO BIUIMBY, a AKTUBHUM CYO’€KTOM BJIACHOTO
npodeciifHOro CTaHOBJICHHS.

Y upoMy mnossirae MPUHLUIIOBA BIAMIHHICTD MK YMHHUKOM 1 MEXaHI3MOM
pO3BUTKY TpodeciiiHoi  ieHTHuHOocTi. ColliadbHa MIATPUMKA, HACTABHUIITBO,
MpaKTHKa YU CUTYallisl Ha pUHKY Npalll € YAHHUKAMHM, OJTHAK IXH1i BIUIUB PeaTi3y€e€ThCs
yepe3 IMCUXOJOTIYHI MexaHi3Mu — mpodeciiiHy pedrekcito, camoepeKTUBHICTb,
MEepEeKMBAaHHS KOMIIETEHTHOCTI, COLIadbHYy 1ACHTU(IKALI0, BIAUYTTS HAJIEKHOCTI,
NPUIHATTS podeciitHuX MIHHOCTEN 1 TOOYI0BY MEPCIEKTUBU MailOyTHHOTO.

Ha migcraBi MpoBEIEHOTO0 TEOPETHYHOTO aHalli3y COIIaIbHO-TICMXOJIOT1UHI
YUHHUKA ~ PO3BUTKY  MOpo(deciiHOi  1ACHTUYHOCTI  MOJIOAI  MPOMOHYEMO
CUCTEMATU3YBAaTH TAKUM YHHOM:

1) ocobucticHuit piBeHb: MpodeciifHi MIHHOCTI 1 MOTHBAIIisI, CaMOe()EKTUBHICTb,
pedIeKCUBHICTD, PE3WIIBEHTHICTD, ICUXOJIOT1YHA THYUYKICTh, PO eCiiiHi i1

2) MDKOCOOMCTICHUM pIBEHb: MIATPUMKA 3HAUYIIMX IHIIUX, HACTABHUIITBO,
npodeciiiHi pobOB1 MOJIEINI, B3aEMO/I1S 3 OJTHOITKAMHU Ta MPOQPECIHHOIO CIITBHOTOIO;

3) ocBiTHBO-IpOGECIHHUIA PIBEHb: AKICTh MPO(ECiiHOI MIATOTOBKH, MPAKTUYHUN
TOCBII, TIpodeciiiHe cepeIoBHIIEe, 3BOPOTHUM 3B’ SI30K, pAHHE 3aTyUYCHHS JI0 peaIbHO1
TISITLHOCTI,

4) cycninpHO-TpaHchOpMalliiHUKA piBEHb: CTaH PUHKY Tpaii, npodeciiiHa
3aTpe0yBaHICTh, COIlaJibHA MPECTKHICTh mpodecii, MirpariiiHi ¥ TEeXHOJOTiuHI
3MiHH, BilfHA Ta MOB’sI3aH1 3 HEIO CYCIJIbHI TpaHchopmariii.

Otxe, mnpodeciiiHa IIEHTUYHICTH MOJIOZI B yMOBax TpaHchopMaIitHOTO
CycniIbCcTBa (POPMYETHCA SIK PE3yIbTAT CKIATHOT B3aEMO/IIT OCOOMCTICHUX PEeCypciB 1
COIiaILHOTO CEPEOBUINA. i PO3BUTOK HE MOKe OyTH MOSICHEHHH Mi€l0 OJHOTO
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JOMIHYIOYOTO YMHHUKA. HalO1mpI IpoAyKTUBHUM € OaraTOpiBHEBMHA MIAXif, KU
JI03BOJISIE€ TIOEAHATH 1HIUBIYaTbHO-TICUXOJIOTIYHI XapaKTEPUCTUKNA MOJIOIO1 JTFOMHA
3  MIKOCOOMCTICHUMHM BITHOCHHAMH, OCOOJMBOCTAMH OCBITHBO-IPO(dECiiHOTO
CepeIOBHINA Ta MIUPITUMHU CYCIITFHUMHE TPaHCHOpPMAITiIMHU.

3anponoHoBaHa YOTUPUPIBHEBA MOJIENb MOXKE CIYTyBAaTH TEOPETUYHOIO OCHOBOIO
JUTSL TIOIAJTBIIIOT OTepariioHai3aIlii CoiaabHO-TICUXOJIOTTYHUX YHHHUKIB MPpodeciitHol
IICHTUYHOCTI Ta iX eMIIIPUYHOTO JOCHTIKeHHs. [IlepCrleKTHBHIM € BU3HAYCHHS HE
JIMIIIE TIPSIMOTO BHECKY OKPEMHUX YMHHHKIB, a i OMOCEPEIKOBYBAIbHUX MEXaHI3MIB 1X
BIUTMBY, 30KpeMa poJii mpodeciiinoi camoepeKTUBHOCTI, COMIaNbHOI MMiITPUMKH,
pedIeKCUBHOCTI, PE3UILEHTHOCTI Ta MEPEXKUBaHHS MpodeciiiHoi 3aTpeOyBaHOCTI Y
CTaHOBJICHHI MPOQECiiHOI 1AEHTUYHOCTI MOJIOJII B YMOBax TPHUBAIUX COIUAJbHUX
3MiH.
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E®EKT XUBHOI MAM'SITI BEKCIIEPUMEHTAJIBHUX
JOCJIIKEHHAX: MTAPAIUT'MA AI3A-PBOAITI'EPA-
MAKIAEPMOTT

Kopoabs Anuna OsexkcanapiBHa,

3100yBayka nepiioro (0akaJaBpChKOro) piBHS BUINOI OCBITH,
akajemivyHa rpyna 303mmp

YkpalHChbKui Aep:kaBHUM yHiBepcuTeT iMeH1 Muxaiina [lparomanoBa

Tapacosa Basiepis BasiepiiBua,

HAayKOBUU KEePIBHUK, JOKTOP (imocodii 3 ICUXOIOrIi,

BUKJIaZa4 KaeIpu NpakTUYHOI ICUXOJIOT1]

VYKpaiHCbKul AepKaBHUM yHIBepcuTeT iMeH1 Muxaiina /[paromanoBa

[Ipobyiema JOCTOBIPHOCTI JIFOJICHKOI MaM'siTI ChOTOJIHI € JOCUTh BAXKIIUBOIO, aJIKE
B yMOBaXx BIMHHM B YKpaiHl (DIKCYIOTh BEJIHMKY KUIBKICTH CBITYEHb OYEBHUILIB, 1 Bij
iXHPOI TOYHOCTI 3aJICKUTh PO3CIIIyBaHHA BOEHHHMX 35104MHIB. [lam'sTe wacTo
VSBISIIOTH SIK BiJIEO3AIUC, KM MOXKHA TPOCTO «IEPErNIAHyTH», OJHAK Tif dYac
NpUragyBaHHs JIIOJUHA I0pa3y 3aHOBO BIATBOPIOE IMOJIII0, CIHUPAKOYMCh HA CBOI
3HAHHS, O4IKYBaHHS Ta HOBY 1H(QOpMaIIil0, TOMY Y CIIOTaJl MOXKYTh OTPAILJISTH JIeTali,
SIKUX Hacrpapi He Oyio [1].

XuUOHMMH CTIOTaJlaMH Ha3UBAIOTh MPUTayBaHHS MOA1HM a00 neTane, sKux He 0yJio
9y sKi BiAOYBaJIMCS 1HAKIIE, JO TOTO XK JIFOAMHA MOXE OyTH NEepeKOHaHa B iXHIM
paBaIuBOCTI [2].

OpHuM 13 NEpIIMX Ha PEKOHCTPYKTUBHUU XapaKTep maM'ari 3BepHYB yBary O.
baptaerT, sikuii moka3as, 110 11]] YaC NOBTOPHUX NEPEKa3iB HE3HANOMOI JIETEHAM JIFOAU
3MIHIOBJIM HE3BUYHI JIeTajl Ha OLIbII 3BUYHI, CHUPAIOYHCh HA CBOI CXEMHU, TOOTO Ha
B)K€ HasIBHI 3HAHHS Mo CBIT [3].

3rogom E. Jlodtyc 1 JIxk. [TanMep mokasaiu, 110 HaBITh OJIHE CJIOBO B 3alMTaHHI
MOXE CIIOHYKaTH JIIOJUHY «3rajgaTu» Aetani, skux He oyino [4], a E. Jlobtyc 1 Ix.
[likpenn HaBisylM MPUOJIM3HO YBEPTI YYACHHUKIB CHOTaJ MPO BUTaJaHy MO0 3
JTUTUHCTBA [5].

Jlst maGopaTOpHOTO BMBUCHHSI XMOHHMX CIOTAJ(IB HAWYACTIIIE BUKOPUCTOBYIOTh
napagurmy DRM (Deese—Roediger-McDermott). Ii ocroBy y 1959 pouwi 3aknas JIx.
Hiz [6], a y 1995 pori I'. Promirep 1 K. MakaepMoTT yI0CKOHAIHIN TPOIEAYPY 1
MOoKa3au, 1o 1er eexT ayxe cTiiikuii [7].

VY 1iii nporenypi y4aCHUKH 3alaM'STOBYIOTh MEPETIiK CIIiB, MOB'SI3aHUX 3 OJHUM
CKPUTUYHUMY» CIIOBOM, SIKOTO B CIUCKY HeMae (HAIpUKIAJ, <JIIKKO», «BTOMay,
«KOBJIIpa» 0e3 cioBa «CcoHy»). Y mochikeHHI Ppojmirepa 1 MakaepMoOTT 1€ CJIOBO
«npuragyBain» npubnuszHo y 40 % BunaakiB, nmpuyoMmy OaraTto y4acHUKIB Oyiu
MepeKoHaHi, 1110 uyJu ioro [7].
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Edexr y mapagurmi DRM cTabinpHO MIATBEPKYETHCS, a MaTepiajl JIETKO
koHTpomoBaTu [8]. Haiikpame xuOHe BIiATBOpEeHHS Tmiependayae 3BOPOTHA
acolliaTUBHA CWJIa: HACKIJIBKM YacTO CJIOBa 31 CIUCKY CaMi BUKJIMKAIOTh KPUTHYHE
cioBo [9].

Jl1st mosicHeHHs IbOTO e(eKTy HaiuacTiie OepyTh 32 OCHOBY JIB1 Teopii. 3T1IHO 3
TEOPI€I0 aKTUBAIlll Ta MOHITOPHHTY, CJIOBA 31 CIIMCKY aKTUBYIOTh KPUTHYHE CJIOBO, 1
Mi3HIIIE JIOUHA HE MOXKE 3pO3yMITH, MOYyJia BOHA HOro0 4YM MPOCTO MPO HBOTO
noayMmana [8]. A teopist HeuiTkoro ciiny Y. bpeiinepaa i B. Pelinu mosicHioe 1e tum,
0 TOYHWH CIiJ] TaM'aTi 3racae IIBUINEC 3a 3araJbHUM 3MICT, TOMY JIFOJIMHA
CIIUPAETHCS HA CYyTh CIIUCKY, SIKIH KPUTHYHE CJIOBO MOBHICTIO Bianosiaae [10].

HecnogiBanuMmu BUSBHINCS JaHI IIOAO BIKOBUX BigMiHHOCTEH. JliTel 3a3BUYai
BBAXAIOTh O1IBII CXUJIIBHUMM J0 CYTeCTii, ajie B mapaaurmi DRM Momnoaiii AiTi 1aoTh
MEHIIIe XMOHUX COTajiB, HIX MIITITKU Ta gopocii. Y. bpelinepa, B. Peiina i C. Ceci
Ha3UBAIOTh 1€ BIKOBOIO IHBEPCI€I0 1 TOSICHIOIOTH THUM, IO 3AaTHICTh BUIUISATH
3arajlbHUM 3MICT PO3BUBAETHCS 3 BikoMm [11].

['00BHUM OOMEKEHHSIM MapagurMi BBaXKAIOTh HU3bKY €KOJIOTIYHY BajiAHICTh:
MMOMUJIKOBO «JI0JIaTH» CJIOBO JIO CIHUCKY HE T€ caMe, 110 XMOHO MPUrajgaTH >KUTTEBY
noxaito. Ille omna mpobGremMa B TOMy, IO CIHCKH CJIB CTBOPEHO NEPEBAKHO
aHTJIMCHKOI0 MOBOIO, a CTaHJAPTH30BAHUX YKPAiHCHKUX, HACKIILKM HaM B1JIOMO,
MTOKU HEMAE.

[IpoanamnizyBaBIilu JIITEPATYPy, MU BBAXKAEMO, III0 XMOHI1 CIIOTaU € 3aKOHOMIPHUM
HacIAKOM poOoTH mam'sTi. JIroauHa 3anam'siToBye Hacammepe.l 3MICT 1 3B'SI3KH MIX
MOIsSIMM, a JIeTalll 100y10By€e cama. TakoX MU MIPUITYCKAEMO, IO CUJla IIbOTO ePeKTy
3QJIEKUTh Bl MOBHM, OO acolliaTUBHI 3B'A3KM MIXK CJIIOBaMHU B pI3HUX MOBax
BIIPI3HAIOTHCS. [lepcreKTHBOI0 MOAAIBIINX JOCTIHKEHh MU BBaXKa€EMO CTBOPEHHS
YKpPaiHCbKOMOBHHMX CHMCKIB CJIB 3a NMpuHUUIIOM napagurmMu DRM 1 nepeipky Toro,
Y BILUTUBAIOTH JOBXKMHA CIIUCKY Ta CHJIa ACOI[IaTUBHUX 3B'A3KIB HA YaCTOTYy XHOHOTO
BIITBOPEHHSI Ta XMOHOTO BII3HABAHHS KPUTHUYHHX CJIB y CTYJEHTIB. Taki CHUCKHU
MOTIJIH O CTaTH OCHOBOIO 1 ISl 1HITIMX YKPATHCHKUX JTOCTIIHKEHB TTaM'sITi.

[IpakTiyHe 3HAYEHHS TEMU MH 0ayuMoO TMepeayciM y poOOTi TMCHUxoJiora-
KOHCYJIbTaHTa. 3HAHHS MPO XUOHI CIIOTaJu JOIOMAarae YHUKaTH HaBITHUX 3alTUTaHb 1
HE CIPUUMATH PO3MOBIIb KIIE€HTA SIK TOYHHI 3amuc noaii. [le myxe BaxxiamBo 3apas,
KOJIM TICUXOJIOTH IIPAITIOIOTH 3 JIFOIBMHU, K1 IEPSKIIIH TPaBMATHYIHI ITO11 BiHHU, a TXH1
CIIOTaJ I MOXYTh BUKOPHUCTOBYBATHCS 1 K CBiTUYCeHHS. TOMYy MM BBa)ka€Mo, IO TeMa
XUOHOT maMm'aATi MOTpedye MOJAIbIIOT0 BHUBUCHHS B YKPAiHCHKOMY KOHTEKCTI, a
EKCIIEpUMEHTAJIbHI JJaHi BapTO MOETHYBATH 3 MPAKTUKOIO KOHCYJIHTYBaHHS.
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BIIJIUB MAPAJIIHT BICTUYHUX MAPKEPIB
TEKCTOBUX HOBIJOMJIEHb HA CIIPUHHATTS
EMOLIAHOI'O CTAHY CHIBPO3MOBHUKA
(TEOPETUYHUM AHAJII3)

Muxaitjienko €aun3zaBera OJiekciiBHa,

3m00yBadka nepmoro (0akaxaBpChbKOTO) PIBHS BUIIO1 OCBITH
akagemiunoi rpynu 30 3IIITP

YKpaiHCHKOTO €p>KaBHOTO yHIBEpcUTETYy iMeH1 Muxaiina /[paromanoBa

HaykoBuii KepiBHUK:

Tapacosa Banepis BanepiiBHa,

TOKTOp Gisocodii 3 ICUXOJIOT],

BUKJIaJ1a4 Kaepu MpakTUYHOI ICUXO0JIOT1i

VYKpaiHChKOTO JIepKABHOTO YHIBEpCUTETY iMeH1 Muxaiina J[paromanoBa

3HayHAa YacTHMHA TOBCSKJIEHHOTO CIIJIKYBaHHS CTYJACHTIB BiJIOYyBa€ThCs B
MeCEH/Kepax, e CIBPO3MOBHUKHU HE 0a4aTh MIMIKH i ’KECTIB Ta HE UyIOTh IHTOHAIIII.
B ykpalHCBKHX yMOBax poOjib OHJIAMH-KOMYHIKallli J0AATKOBO MOCWJIMJIACA 4epes
noTpely MIATPUMYBATH 3B’S30K Ha BiAcTaHl [6]. ToMy HaBiTh Kparmka, «JIyKKa» ado
€MOJI31 MOXYTh 3MIHMTH Bpa)XX€HHS BIJ OJHAKOBUX CIIB 1 CTaTd HPHUYUHOIO
HEIPaBUIILHOTO PO3yMiHHS €EMOILIIITHOTO CTaHy aBTOpa.

[lapamiHrBICTHMHMMHM MapKepaMu TEKCTOBOTO TMOBIIOMJIEHHS € TpadiuHi
€JIEMEHTH, IO JIONOBHIOIOTH CJIOBECHHUM 3MICT: €MOJI31, TEKCTOBI CMaiiau, 3HAKU
MyHKTYyaIlii, TOBTOPEHHS JITEP 1 HAMHUCAHHS BEJIUKUMH JiTepamMu. BOHU 4acTKOBO
BUKOHYIOTh (YHKINI 1HTOHAIli, MIMIKM Ta JKE€CTiB, JOMOMararud IepeaaBaTh
CTaBJICHHS, EMOIlIHY BUPa3HICTh 1 HaMip criBpo3MoBHUKA [3; 4]. Omsan 1ociiIKeHb
KOMIT FOTEPHO-O0IIOCEPEAKOBaHOT KOMYyHIKallii MOKa3ye, 1[0 OHJIAWH-CITIIKYBaHHS HE €
Oe3eMoIIiiTHIM, ajie eMOllii B HhOMY KOAYIOTHCS 1HIIMMU 3acobamu [7].

TrnymadeHHsT TaKMX MapKepiB 3aJeKHUTh BiJ] KOHTEKCTY Ta 3BUYHHUX IPABHII
CHUJIKYBaHHS. YKpaiHCbKI aBTOpPHM 3BEpTAlOTh yBary Ha Te, IO €MOA31 MOXYTb
MIJCUIIOBAaTH BUCJIOBIIOBAHHS, YTOYHIOBATM Hamip a00 3aMIHIOBaTH YacTHHY
cioBecHoi BianosiAi [1]. BomHowyac ogHakoBU CUMBOJ Pi3HI JIIOAU M MPEICTaBHUKU
PI3HUX KyJABTYp PO3YMIiIOTh HEOAHAKOBO, TOMY BHUKOPHCTAaHHS €MOJ31 HE YCyBae
PUBHUKY KOMYHIKaTUBHUX 300iB [2].

3HaueHHs Mae U myHkryania. B ekcnepumenti [. I'yHpax Ta criiBaBTOpiB KOPOTKI
BIJITTOBI/II, IO 3aBEPITYBAIKCS KPAMKOI0, YIACHUKH OIIHIOBAJIM K MEHIII IIHPI1, HIXK Ti
caMi BIAMOBIAI O€3 KparKku; JUIsl PYKOMUCHUX 3alMCOK TaKOi BIAMIHHOCTI HE BUSBUIU
[8]. Otxe, y mecenmxkepi rpadiune oHOpMIICHHS MOXE BIUIUBATH HA CHPHUHSATTS
MOBITOMJICHHS HE3aJIEKHO BiJl HOTO OYKBaJIBLHOTO 3MICTY.
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MeTtoro  IOCHIKEHHSI € TEOpeTHYHE OOTPYHTYyBaHHS Ta IJIaHyBaHHS
EKCIIEpUMEHTAJIbHOI TEPEBIPKU BIUIMBY PI3HUX MapaiHTBICTUYHUX MapKepiB Ha
CIIPUHHSATTS €MOIIIHHOTO CTaHy M MI>KOCOOMCTICHOTO CTAaBJICHHS CITIBPO3MOBHHUKA.

OpieHToBHY BUOIpKY CTaHOBUTHUMYTh 40 CTyneHTIB BikoM Bia 18 1o 25 pokis.
JIOLUJIBHO 3acTOCyBaTH BHYTPIIIHbOTPYMOBUHM IIJIaH, 3a SIKOTO KOXKHHMM YYacCHUK
OIIIHIOE 12 KOPOTKHUX JI1aJIOTIB Y YOTHPHOX OKPEMUX YMOBAX: BIAMOBIIb O€3 KIHIIEBOTO
MapKepa, 3 Kpamkoro, 3 TEKCTOBOIO «JIy’KKOI0» Ta 3 MO3UTUBHUM eMoj3l. [ KokHOi
YMOBH BUKOPUCTOBYIOThCS TPpH Jiajoru. Bepcii moTpiOHO YepryBaTi Mixk yYaCHUKaMHU,
1100 KOHKPETHHI TEKCT HEe OyB MOCTIMHO MOB’SI3aHUMN JIUIIE 3 OAHUM O(POPMIICHHSIM
[5].

Marepian moxxHa nogatu orsaiia y Google Forms y BunaakoBomy mopsiaky. [lics
KOXKHOTO J1aJIOTy YYaCHUK OLIHIOE aBTOpa BIJMOBIAI 3a CEMUOAIBHUMHM IIKaJIaMU
«JIPYXKHIA — BOPOXUI», «UUPUA — HEIMPUN», «3alllKaBIECHUU — OalgyKuib» 1
«CHOKIMHUYN — po3ApaToBaHuil». J{01aTkoBO (IKCY€ETHCS BIEBHEHICTh y BJACHIN OLIHIII
Ta 3BMYHA YacTOTa BUKOPUCTAHHS €MOJ31, KpaloK 1 «IyXOK» B OCOOHCTOMY
nmuctyBaHHi. [lepea ocHOBHUM eTanoM (HOpPMYITIOBAaHHS A1aJIOTIB CIIiJl IEPEBIPUTH HA
HEBENUKIH MUIOTHIN TPyTIi.

[IpunyckaeThcs, MO eMOA31 W «Iy>KKa» MIJBUILYBATUMYTh OIIHKH APY>KHOCTI,
TOAl SIK Kpanka 3HWKyBaTHME€ OLIHKY IupocTi. IlepeBipka IpbOro mnpUITyIIEHHS
MO>KJIMBA Micis 300py Ta CTATUCTUYHOTO aHAJI3y JaHUX.

OTxe, TEOpeTUYHUH aHai3 1a€ MiACTaBU MPUITYCTUTH, IO rpadiuHe opopMIIEHHS
KOPOTKOTO TIOBIJIOMJICHHSI BIUIMBA€ HA Te€, SIK aJpecaT CIpuiiMae eMOIIHUI CTaH 1
CTaBJICHHS CITIBpO3MOBHHKA. [[pakTHUHE 3HAYCHHS TOCIIKSHHS MOJIATAE B KPAILIOMY
PO3YMIHHI IPUYMH HEMIOPO3YMiHb Y HaBYAJIbHOMY, OCOOMCTOMY Ta A1JIOBOMY OHJIAiTH-
CHUJIKYBaHHI.
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OCOBJIMBOCTI BUIKJIAJAEHOI'O BIZITBOPEHHS
HABYAJIBHOI IH®OPMAIIIT Y CTYJAEHTIB I3 PI3HUM
PIBHEM CTPECOCTIMKOCTI: TEOPETUYHE
OBIPYHTYBAHHSI EKCIEPUMEHTAJIBHOTO
JOCJIKEHHS

IIpomenko lap’a ImuTpiBHA

3m00yBaydka nepuioro (0akaxaBpChbKOTO) PIBHS BUIO1 OCBITH
akanemiunoi rpynu 30 3I1ITP

VYKpaiHChKOTO JIepKAaBHOTO YHIBEpCUTETY iMeH1 Muxaiina J[paromanoBa

HaykoBuii kepiBHUK:

Tapacosa Banepis BanepiiBna

TOKTOp Gisocodii 3 ICUXOJIOT],

BUKJIaJ1a4 KadeIpu MpakTUYHOI ICUXO0JIOT1i

VYKpaiHChKOTO JIepKaBHOTO YHIBEpCUTETY IMeH1 Muxaiina J[paromanosa

HaBuaHH y 3aKiiajil BUILIOi OCBITH NOTPe0Yy€e MOCTIMHOIO ONpPAIIOBAaHHS 3HAYHHUX
o0criB 1HpopMmallii, i 30epeKeHHs Ta BIATBOPEHHS Yepe3 NEBHUI MPOMIXKOK dacy. B
YMOBaxX TPHUBAJIOIO CYCIHIJIBHOTO HAIpPY>KEHHA, MOBITPSHUX TPHUBOT, 3MIH (hopmaTy
HAaBYAaHHA Ta IOEJHAHHS OCBITH 3 pOOOTOI MHEMIYHI MPOUECH CTYJICHTIB
(YHKITIOHYIOTH IIiJT JI€I0 YHCICHHUX CTPECOICHHUX YMHHHUKIB. BogHOuYac ojaHAKOBI
00CTaBUHM HE CHPUYMHAIOTH OJIHAKOBUX HACIHIJKIB JUIsl BCiX 3700yBayiB OCBITH.
OmHuM 13 pecypciB, 0 MOXKE BU3HAYATH 30€PEKEHHS MPOAYKTHUBHOCTI M13HABAIBHOI
TISTBHOCTI, € CcTpecocTiikicTe. Y mpansgx B. B. TapacoBoi cTtpecocTiiikicTh
PO3IIIAIAETHCA K KOMIUIEKCHE 1HUBITyaIbHO-TICUXOJIOTTYHE YTBOPEHHSI, MOB’ A3aHE
31 3JaTHICTIO aJanTyBaTUCA M0 CKJIAJAHMX CUTYyaIlllid, MIATPUMYBATH BHYTPIIIHIO
pIBHOBary Ta BUKOPUCTOBYBAaTH KOHCTPYKTUBHI CIIOCOOU MOAOJAHHS HANPY>KeHHS [ 1;
2].

BinknaneHe BIATBOPEHHS € aKTyali3alll€l0 3aCBOEHOIO MaTepiay IMicis
IHTEpBalTy, MPOTITOM SIKOTO 1H(QOpMalis Mae OyTH 30epekeHa Yy IOBrOTpUBAIIIN
nam’sati. Ha #ioro pe3ynbTar BIUIMBaIOTH SKICTh IEPBUHHOIO KOJYBaHHS,
OCMUCJIEHICTh MaTepiaiy, yBara IijJ 4ac HaBYaHHS, MOJajibllla KOHCOJIIAIlIs CIIiTy
rmam’siTi Ta yMOBHU BiATBOpeHHs. Ha BiiMiHY BiJl HETaifHOTO BiITBOPEHHS, BiJIKJIaJicHA
mpo0a Ja€ 3MOTY OI[IHUTH HE JIMIIEe KOPOTKOYACHE YTPUMAaHHS, a W CTIMKICTh
c(hOpMOBAaHOTO MHEMIYHOTO CHiAy. Y HaBYaIbHIN iSJIBHOCTI caMe TaKWui BHI
BIITBOPEHHST HAOMMKEHUI 70 peajbHUX BUMOT: CTYJIGHT Ma€ 3rajiaTd 3MICT JIEKIIii,
HAyKOBOTO TEKCTy a00 IHCTPYKIi HE OApaly IMiciIs O3HAMOMJICHHS, a MijJ dYac
HACTYIHOTO 3aHATTS, KOHTPOJIBHOT pOOOTH UM ICTIUTY.

CrpecocTiiiKicTh HEe 03Ha4ya€ BiACYTHOCTI cTpecy. BoHa BUSABIIAETHCS y 3MaTHOCTI
30epiraTy HUIECIPSIMOBAHICTb, PETYJIIOBATH €MOIIIHI PeaKilii, BiIHOBIIOBATHCS MiCIIs
HaIpyXEHHS Ta HE JOMYCKAaTH 3HAYHOTO 3HIKEHHS SKOCTI MIsUIbHOCTI. JlocmimKeHHs
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YKpaiHCBKUX CTYACHTIB CBig4aTh, IO BiiHA TIOCWIIOE CTpPaxX, TPUBOXKHICTH,
PO3ry0JICHICTh, TPYIHOII KOHIIGHTpAIlli Ta PO3yMOBY BTOMY, TOJI K C(HOpPMOBaHI
aJanTaliifHl pecypcu MATPUMYIOTh COIlaJbHO-TICUXOJIOTIYHE IPUCTOCYBaHHS M
HaBYaIbHY aKTUBHICTB [3]. OTxe, piBEHb CTPECOCTIMKOCTI JOUIIBHO PO3IIISIIATH HE
TUTBKM $IK TOKa3HUK €MOIIMHOro Oyaronofydus, a 1 SK MOXJIMBUNA UYWHHUK
€(eKTUBHOCTI Mi3HABAJILHUX MPOLIECIB.

JI71s1 KITbKICHOTO OIIHIOBAHHS 1IbOT'O PECYPCY MPUIATHOIO € YKpaiHOMOBHA BepCis
IKaIn CTpCCOCTlI/IKOCTl KOHHOpa—I[eBII[COHa CD-RISC-10. Bona wictuts 10
TBEp/UKCHh 1 BHW3HAYa€ 3MaTHICTh JIIOAWHU aJanTyBaTHCS 10 TPYAHOIIIB Ta
BIIHOBIIOBATHCS Tichss crtpecoBux moxai. Ilposemena H. B. Ilkominoro Ta
CHIBaBTOpaMH  aJamnTaiis  3acBiquWiia  JIOCTaTHIO  HAJINMHICTh, BHYTPILIHIO
Y3rOJKEHICTh 1 BIATBOPIOBAHICTh YKPaiHOMOBHOI Bepcli, IO Jla€ IiJICTaBH
3aCTOCOBYBATH i1 y HAYKOBUX JOCHIKEHHX [4]. BUkopucTaHHS KOPOTKOI IIKAJK HE
MEePEBAHTAXY€E YYACHUKIB 1 JIO3BOJIAE 3ICTABUTH IHAWBITAyaIbHHH TMOKA3HUK
CTPECOCTIMKOCTI 3 00’ EKTUBHUMH pE3yJIbTaTaMU MHEMIYHOTO 3aBJIaHHS.

3B’S130K TICUXOJIOTIYHUX PECYPCIB 13 MaM ATTIO y CTYACHTCHKOT MOJIO/II TOTpedye
noxanemioi mepeBipku. €. C. KarkoBa Ta B. A. OBepuyk BCTaHOBWJIH, IO
MO3UTHBHIIIA CY0’€KTHBHA OIlIHKA MOXJIMBOCTEH Mam’sITi MOB’S3aHA 3 KpallUMHU
MOKa3HUKAMHU TICUXOJOTIYHOTO OJIaromojiyuusi, a pe3WIbEHTHICTh HEOOXITHO
BpPaxoBYBaTH IiJ] 4ac aHali3y KOTHITUBHHUX CaMOOIIHOK CTynaeHTiB [5]. Bomnouac
Cy0’€KTHUBHE YSBIICHHS MPO BJIACHY NaM’ SThb HE 3aBXJIMU 30IraeTbcsi 3 (PaKTUYHUM
o0csiroM  BiATBOpeHO1 1HQopmariii. Tomy AOLUIBHO TO€IHATH ONUTYBAIbHUK
CTPECOCTIMKOCTI 3 KOHTPOJIbOBAHMM CKCIIEPUMEHTAIBHUM 3aBIAHHSAM, Yy SKOMY
pe3yabTaT BUBHAYAETHCS KUTBKICTIO MPABUIILHO BIATBOPEHUX CMHUCIOBUX OIMHHIID.

JlocnmikeHHsT aKaJeMIqHOTO CTpecy IOKa3yloTh, IO PE3WILEHTHICTH MOXKE
BUKOHYBaTH Oy(epHy (QYHKIIO: BHUIIMA 1i pIBEHb IOB’A3aHUN 13 MEHILIOIO
BUPAXEHICTIO CTPECOBUX CHUMMTOMIB Y CTYAEHTIB 1 MPOAYKTHUBHIIIUMHU CIOCOOaMU
camoperyiii [6]. TeopeTudHo 11e MOXKe CIPUSTH TOUHIIIOMY PO3IMOAUTY YBaru mij
Yyac OMpalllOBaHHs Marepiaily, 3MEHIIYBAaTU KUIbKICTh BIJBOJIKaHb 1 MIATPUMYBATU
MONIyK MOTpiOHOT 1HopMalii mijx yac BixTBopeHHs. [IpoTe Takuil 3B’S30K HE CIijl
BB)XATH JIOBEJICHUM III0JI0 KOKHOTO BUAY TaM’siTi. CTPECOCTIMKICTh € 0COOMCTICHUM
pecypcom, a pe3yiabTaT MHEMIYHOI MPOOH 3aJIeKHTh TaKOXK BiJ MOIMEPEIHIX 3HAHb,
MOTHBAIlli, CHY, IOTOYHOTO CTPECY Ta XapaKTEPUCTUK HABYAILHOTO MaTepiaiy.

ExcrniepuMeHTanbHl JaHi MiATBEPIKYIOTh, IO BIUIMB CTpPECy Ha IaM sTh
BU3HAYAETHCSI MOMCHTOM KMOTO0 BHUHUKHCHHS Ta €TallOM MHEMIYHOTO TIPOIIECY.
Harnpy:xeHHst 100113y MOMEHTY KOJIyBaHHS 1HKOJIM MOCUJIIOE 3aKPIIJIEHHS €MOIIITHO
3HA4yIoi 1HPOopMallii, TOAL SIK CTpeC Mepe]] BIATBOPEHHSM YacCTIlle MOTipIIye A0CTYy
710 BJK€ 3aCBOEHOT0 Matepiaiy [7]. CucTeMaTUuHUM OTJISAT TOCTIKEHB IOBTOTPUBAJIOT
maMm’siTi TaKOXK I[I0Ka3aB, IO IMIJBUIIEHHS KOPTU30JIy IICIA CTaHAApTHU30BAHOTO
CTPECOBOT0 BIUIMBY YacTO CYHPOBOKYETHCS 3HIKCHHSIM PE3yJIbTaTiB BIATBOPEHHS,
X04ua BeIMYMHA €(PEeKTy 3aJeKUTh BiJl 4acy TECTyBaHHS, CTaTi, BUAY CTUMYJBHOTO
Marepiaiay Ta mpoueaypu iHayKiii crpecy [8].

Oco0MMBO BOXIIMBUMH JIJIS OCBITHBOTO KOHTEKCTY € Pe3yJIbTaTu JociipkeHHs K.
Jx. Mepua, b. I'aregopn ta O. T. Boasda. CtynenTu 3anam’siTOByBajlIM cjoBa i
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KOpPOTKi OiorpadiuHi BiZIOMOCTI, a HACTYIHOTO [HS BIATBOPIOBAIM IX MICIIA
3BUYAMHOTO 3aHATTSA a00 OIIHIOBaHOI yCHOI mpe3eHTallli. PeaapHuil HaBYaTbHUIMA
CTpecop MOTIPUIMB BIATBOPEHHS YAaCTUHU €MOLIMHOrO MaTepially, ajie He OJIHaKOBO
BIUIMHYB Ha BCl Moka3Huku nam’ati [9]. Lleit pe3ynbrar 3actepirae BiJl CIpPOIICHOI
dbopmynu, 3a sKOO OyAb-sSKUA CTpec OOOB’SI3KOBO TMOTIPIIYE 3araM’STOBYBaHHS.
Meraananiz E. MakMaHyc Ta CHiBaBTOPIB TaKOX 3aCBIIYMB, IO CEpPeAHIN edeKT
MICUXOCOIIaILHOTO CTPECY Ha €IMI30IMYHY IMaM’SITh € MEHIITUM 1 O1IBII 3aJICKHUM B1JT
YMOB, HIXk niepeadayanocs panimie [10].

Merta Te3 monsrae B TEOPETUYHOMY OOIPYHTYBaHHI EKCIEPHUMEHTAIBHOTO
JOCTIKEHHSI 0COOJIMBOCTEH BIAKIAIEHOTO BIATBOPEHHSI HaBUajibHOI iHQoOpMarii y
CTYICHTIB 13 pI3HUM pPiBHEM cTpecocTiiikocTi. OCHOBHA TinoTe3a nepeadayae, mo 3a
OJTHAKOBMX YMOB OIIpAIfOBaHHS MaTepiady CTYISHTH 3 BUIMUMHU MokazHukamu CD-
RISC-10 BinTBOpsATH Yepe3 24 roauHU OUIbIIE MPABUIBHUX CMHUCIOBUX OJWHUIIB 1
JOMYCTATh MEHILIE 3MICTOBUX BUKPHUBIIEHb. J[0JJATKOBO OYIKYETHCS, 110 BIJIMIHHOCTI
MDK TpynamMu OyayTh TMOMITHIIIMMM 3a TMIJBUIIEHOTO IMOTOYHOTO HAaBYAIBHOIO
Harpy>keHHs. {1 TBep/pKeHHS € JOCTITHUIIBKUMU MIPUITYIIICHHSIMH, & HE OITUCOM YKe
OTPUMAaHUX PE3yJIbTATIB.

JI1s1 mepeBipKH TnoTe3u JOIIBHO 3amydunT 45—60 cTyaeHTiB BikoM Bif 18 g0 24
pokiB. Ha nmepmomy etani ydacHuku 3anoBHIOIOTE CD-RISC-10 Ta KOpOTKY aHKeTy
I[0JI0 TMOTOYHOTO pIBHS HAIPY>KEHHS, TPUBAJIOCTI CHY, BXXHMBaHHS KOQeiHy 1
MONEPETHBOI0 3HAMOMCTBA 3 TEMOIO TeKCTy. OCHOBHMI aHaji3 BapTO MPOBOAMTH 3a
Oe3repepBHUM MOKAa3HUKOM CTPECOCTIMKOCTI, a JJIi HAOYHOI'O MOPIBHSHHS MOKHA
chopMyBaTH Ipyliu HUKHBOTO, CEPEAHBOTO 1 BEPXHBOIO TEPTUIIIB po3noaLTy. Takui
croci0 He MoTpeOye MITYYHOTO CTBOPEHHS CTPECOBOI CUTYAIIll Ta 1a€ 3MOTY JOCTIAUTH
MPUPOH] THAUBITyaJIbHI BIAMIHHOCTI.

CTUMyJIbHUM MaTepiaioM MOKe OyTH HEUTpalbHUI HABYAJIILHUNA TEKCT 00CITOM
450-500 cxiB, sIKUid HE BXOAUTH 10 000B’A3KOBOI MPOrpaMy YYaCHUKIB 1 MICTUTh 24
3a3/1ajeriap BU3HA4YeH1 CMHUCIOB1 oauHUII. Ha 03HaliloMIIEHHS BIIBOAUTHLCS 7 XBUJINH
0e3 koHcnekTyBaHHS Ta ¢otorpadyBanna. Oppa3y TMicis YHTaHHS YYaCHUKU
MPOTSTOM 8 XBUJIMH IMUCHbMOBO BIJITBOPIOIOTH 3MICT, IO JTI03BOJIsIE 3a(DiKCyBaTH SKICTh
MEPBUHHOTO 3acBO€HHA. Uepe3 24 roaunu, 6€3 MOBTOPHOTO MpeJ sIBJICHHS TEKCTY,
MPOBOJIUTHCA BIJIKJIaJICHE MHUCHMOBE BIATBOpEeHHS mpoTsromM 10 xBwiuH. Jlis
3MEHIIICHHSI BIUTUBY 4acy J100M 0OW/B1 cecii OpraHi30BYIOThHCS B OJJHAKOBUI YaCOBUIA
MPOMIXKOK.

Pe3ynbTaT OIIHIOETBCA 3a KIIBKICTIO MPaBUIBHO BIATBOPEHUX CMHUCIOBHX
OJIMHUIlb, KUIbKICTIO 3MICTOBHUX BHUKPHBJIEHb 1 CTOPOHHIX JOTOBHEHb. J0gaTKOBUM
MOKa3HUKOM € KOoe(DIIieHT 30epexeHHs, pO3paxOBaHUM SK BIAHOLIEHHS KUIBKOCTI
OJIMHUIL Y BiAKIAAEHIM TpoOi M0 KIUIBKOCTI OJWHUIBL Yy HeraHid npoOi. [I[Bi
He3aJeXHI OCOOM MAalOTh OIIIHWTH BIJNOBIAI 3a €IWHAM KJIHOYEM, IIICIISI YOro
Y3TOJIKYIOThCS CHIpHI BUTIAKH. Taka mpoiietypa 3MEHITy€ Cy0’ eKTUBHICTH 1 J03BOJISIE
BIJIPI3HUTH cllabKe MEepBUHHE 3aCBOEHHS Bl HIBUALIOTO 3a0yBaHHs MaTepiay.

CratucTryHul aHaii3 nepeadavyae mepeBipKy po3noaiTy MOKa3HUKIB, 00UNCICHHS
OMHCOBHUX cTaTUCTUK 1 kKopewsmii Mix Oamom CD-RISC-10 ta pesynbraramu
BiIKJIa/IeHOT mpoOu. BiIMIHHOCTI MK TpynmaMd MOKHA OIIHHUTH 3a JOMOMOTOIO
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OJTHO(AKTOPHOTO TUCHEPCIMHOTO aHami3y, a 3a MOpPYIIeHHS HOro MeperymMoB —
kputepito Kpackena—Boitica. PerpeciitHa Mozenb 1acTh 3MOry NEPEBIPUTH BHECOK
CTPECOCTIHKOCTI MICJIsl KOHTPOJIIO HETalHOTO BIATBOPEHHS, CHY, KO(PEiHY, TOTOYHOTO
HANpPY>KEHHs 1 MONEpPeAHbOr0 3HAHHS TeMU. [HTeprnpeTyBaTH MOTPIOHO HE JIMIIE
CTATUCTUYHY 3HAYYIIICTh, a i po3Mip ePEeKTy Ta JOBIPYi IHTEPBAJIH.

OTxe, MOeAHAHHS CTaHAAPTU30BAHOI OIIHKH CTPECOCTIMKOCTI 3 00’ €KTHUBHOIO
npo0oI0  BIJIKJIAJICHOTO BIJITBOPEHHS  JO3BOJISIE  JIOCHIIUTH, YH TIOB’SI3aHUU
OCOOMCTICHUMN aJanTaliiHUN pecypc 31 30epekeHHSM HaBYalbHOI 1HOopMaIli.
3anpomnoHOBaHUM TUIaH PO3MEKOBYE HETallHE 3aCBOEHHS 1 Mojajblle 30epeKeHHS
MaTepially, KOHTPOJIOE OCHOBHI CHUTyaTHBHI YMHHUKM Ta HE MIAMIHSE pe3yibTatr
Cy0’€KTHUBHOIO OILIIHKOIO mam’ati. [lpakTuuHe 3HaueHHA MaWOyTHIX pe3yJbTaTIB
MOJISITA€ Y MOKIIMBOCTI OOTPYHTYBATH MCUXOJIOTIYHI pEeKOMEH ALl 010 MiATPUMKH
CTYICHTIB Y TIEpiOM BUCOKOTO HABYAJIILHOTO HABAHTAXKEHHS Ta TOYHIIIE BU3HAYUTU
POJIb CTPECOCTIMKOCTI B €()EKTUBHOCTI HABYAHHS.
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AJAIITUBHE IIVTAHYBAHHA YMOBHOI'O
HIYMO3ATJIYHIEHHSA 306PA’KEHD 3 YPAXYBAHHSAM
IHTEHCUBHOCTI BXITHOI'O IIOTOKY

MemepsikoB OJiekcanap AHApPiHOBUY

acIripaHT

HarionaneHuil TEXHIYHUA YHIBEPCUTET YKpaiHH

«KuiBchkuii moniTexHiuHui i HCTUTYT iMeHi [ropst CikopcbKoro»

AHoTaunif. /{ocnipkeHo afanTuBHE MJIaHYBaHHS YMOBHOTO IIYMO3ariyIIeHHS y
MPOTPpaMHOMY KOHBe€p1 Kitacudikariii. 3arponoHOBaHUNA METO/I TOETHYE PIILICHHS PO
¢upTpalito A0 ii BUKOHaHHS, 30epexeHHs BuOpaHux TeH30piB Ha GPU Ta
MEPEMUKAHHS MK HEraiHOl OOpoOKOI0 U MAaKeTyBaHHSAM 3a [OTOYHHUM
HaBaHTaKEeHHAM. Ha olHakOBHX BX0/ax IJIaHyBaHHS 30€periio pillieHHs i MPOTHO3H.
Jlist mouaTkoBoro 3epHa HaBuaHHs 123 3a 120 kazapis/c cepenHe 3Ha4eHHS 95-r0
MPOLIEHTWIIS Yacy BLANoBiAl (p95) 3menmmmiocs Ha 23,4%, akTUBHI BUTpAaTU — Ha
9,1%. Inma koHdirypalis 3 MajJol YacTKOI BTpyYaHb MOKa3aia 30UIbIICHHS
3aTpuMkd. OIIIHEHO YMOBH, 3a SKUX I[IaKETyBaHHS BUIIPABJOBYE JOJATKOBE
OUIKyBaHHSI.

KiawuoBi cioBa: yMOBHE BHKOHAHHS; ajganTuBHe mnakeTyBaHHs;, GPU;
MOPSIIKOBUI pU3MK; 3aTpUMKa BianoBial; DirectML.

3axaya Ta Mera I0CTiAKECHHA

[ITymo3zarnymieHHs nepen kiacudikaiiero noTpedye 00UnCIeHb 1 MOXKE 3MIHUTU
MpaBUJILHUM MPOTHO3 Ha HenpaBuibHUH. [Ipomyck 0OpoOKH 3a pilIEeHHSIM KOHTpoJjepa
3MEHIIy€ KUIbKICTh (PUIBTPOBAHUX KajpiB, mpoTe nooauHoki GPU-3amycku Ta
nepenayi JaHUX MOXYThb HIBEIIOBaTH €KOHOMIIO. [lakeTyBaHHS 3HUXKYE HaKJIamgH1
BUTpATH 3aIycKy, BogaHouac aojatoun ouikyBauHs. Cuctemu Clipper 1 Clockwork
pO3IIIAIal0OTh ~ MPOAYKTUBHICT,  Ta  TependadyBaHICTh  HEHMPOMEPEKEBOTO
obcnyroByBanHsa [1, 2]. V miil poOOTI MOCHIKYEThCS TUTAHYBAHHS 30BHIIIHBOTO
YMOBHOTO MapuipyTy 0€3 3MiHU apXiTeKTypH KiacudikaTopa.

MeTa — OLIHUTH, YH JT03BOJISE a/1alTallisi MOMEHTY BUKOHAHHS IITyMO3arTyIIeHHS
70 ITHTEHCUBHOCTI MOTOKY 3MEHIIIUTH BUTpPATH Ta 3aTPUMKY, 30epiraiouu BHOpaHy
cuity (inbTpamii ¥ KiHUEBl NporHo3u. OO0’€KTOM € OOYMCIIOBAIBHUI Tpolec
MPOTPAMHOI CUCTEMH; YJIbTPa3BYKOB1 300pakeHHs 3 nopsiakoBumu kiacamu FO-F4
3a/1al10Th €KCIIEpUMEHTAIbHE HAaBAHTAXKECHHS.

Kounrpouep no ¢pinbrpaunii

bazoBuit ResNetl8 [3] dopmye mnporHos misi koxxkHOro Bxoay. KonTpoiiep
BUKOPUCTOBYE IIIYMOBHM MPOKCI, TPAIIEHT BXITHOTO 300pa)K€HHS, WMOBIPHOCTI
KJIaCiB, BIIEBHEHICTb, EHTPOIIIIO Ta OUIKYBaHY MOPSAIKOBY cTa1t0. O3HaKU BUAAJIECHOTO
CUTHAJy He BUKOpUCTOBYIOThCA. g cunm a€{0; 0,5; 1} OLIHIOIOTbCA OYiKyBaHI
3MEHIIICHHS] 1 30UIbIIEHHS a0COJIOTHOI TOPAAKOBOI mMOMWIKK. DinbTparis
JIOTYCKA€EThCSI, KOJIM OlLlIHEHA KOPUCTh MiHYC Tpad 3a KOy MEePEBUIIYE TOPIr T. 3a
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BiJICYTHOCTI IPUIHITHOTO KaHAMUaTa MOBEpTa€ThCs 0a30Buil mporuo3. KamiOpyBanus
BUKOPHUCTOBYE Hamepe 1 3aJjaHy MOCII0BHICTh TecTiB y miaxosai Learn then Test [4].

IlnanyBaHHSA YMOBHOI0 MapHIPYTy

[Ticns pimenas o>0 BxigHuil TeHzop 3amumaerbcs y FIFO-uep3t na GPU.
[Iymo3zarnymieHHs ¥ moBTOpHa Kiacu(ikallisi BAKOHYIOThCS JJIsI BUOpaHMX KaJpiB.
3anponoHOBaHUM TJIAaHYBAJIBHHUK OIIHIOE YAaCTOTY 3a BXKE OTPUMAaHUMHU YaCOBUMU
NMO3HAYKaMU Ta pearye Ha IMOTOYHY MIMOWHY 4Yepru. 3a HU3bKOIO HABAHTAXKEHHS
3aCTOCOBYEThCS HeraiiHa 0OpoOKa, 3a MIABUINCHOTO — YMOBHHUH IMAaKET 10 BOCHMH
kajpiB 13 TaiimayTom 10 mc. Iloporu Bxoay it BUXoay cTaHOBIATH 45 Ta 35 kaupis/c;
MOpir THCKYy Yepru — 4YOTHUpH Kaapu. J[ns sBHO HacuyeHoro odiaitH-mKeperna
BUKOPHUCTOBYETHCS MakeT A0 16 kaapiB. TaiimMayT He € dKOPCTKOIO TapaHTIEIO BiMOBII,
ockibku pobota GPU He nepepuBaeThCs.

JlaHi T2 MPOTOKOJI 3iCTABJICHHS

JlokanbHa 301pka 300paxkeHsb 13 mxepena [S] mictuna 6323 daitnu. ITicns SHA-
256 nenmyrumikariii 3amumuiaocs 1536 yHikanbHHX 300pakeHb: 1226 HaBuanbHHX, 155
Bampamiiaux 1 155 tecroBux. ResNetl8 13 Batch Normalization HaBueHO mIA
moyaTkoBux 3epeH 42, 123 Ta 2026. Yci Mozeni OLIHIOBAIMCSA Ha TUX caMux 155
TECTOBUX KaJpax; MOBTOPU HE 30UTBIITYIOTh KUTBKICTh HE3aJIEKHUX 300paKEHb.

Oo6uucnenns BukoHano Ha AMD Radeon RX 7900 XT wuepe3 DirectML y
Windows 13 ¢uneTpom adaptive proposed vS dml. Bxoau marots 128%128 mikcenis;
npoTokoi (ikcye resize — Rayleigh noise 13 6=0,10 — denoise, 3epHo mymy 42 Ta
CHUIbHE IIYMOBE Mosie KaHaiiB. [lOpiBHIOIOTbCA HerailHe BHKOHAHHS, CTATUYHHMA
YMOBHUH makeT §, 3amporoHoBaHud merof 1 ctana o=0,5 3 takum camum GPU-
MapuipyToM Ta nakeTyBaHHsAM. HaBantaxkeHHsa ctaHoBisaTh 30, 60, 120 xamgpis/c 1
3MiHHUN 1OTIK. KoXXHMI creHapiil mOBTOPEHO ITSITh pasiB sl TPbOX MOPSIKIB
HAJXO/DKEHHS MICHs JBOX MporpiBaHb. llnaHyBaJIbHUK HE 3MiHIOE 3a(iKCOBaHY
MOJTITUKY.

SKiCTh | He3MIHHICTH pillleHb

Y Tphox OcHOBHHX cepisx 3icTaBieHo 83700 mMmokaapoBUX 3alUCIB yMOBHHUX
MapuipyTiB. Po30ikHOCTEH Yy BUOpaHIiif o Ta KIHIIEBUX IMPOTHO3aX HE BUABIICHO. SKiCTh
BU3HAYAETHCS KIACH(DIKATOPOM 1 KOHTPOJIEPOM, & HE CIIOCOOOM HAKOMTMYECHHS KaJIpiB
y uep3i. Tabmuig 1 mokasye pe3yabTaTd Ha YHIKaIbHOMY TecToBoMy Habopi; C—W
O3HAYae mepexij Bij MPaBUJILHOTO MTPOTHO3Y /10 HEMPABUIHHOTO.

Ta6auus 1. SAxicth Ta yacToTa BTpy4aHb

oy Mac.ro-Fl Macro-_F 1 Macro-F1 C-W Bflﬁpano
0e3 pubTpa craga 0=0,5 KoHTpoJiep cTaJa/ MeToa i3 155
42 0,6748 0,6912 0,7165 5/2 53
123 0,6285 0,6679 0,6619 6/0 28
2026 0,6402 0,6421 0,6393 5/0 8

JIxepeno: pe3yJbTaTh BIaCHUX EKCIIEPUMEHTIB aBTOPA.
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Jnsa 3epna 123 nopsankoBa MAE cranosuts 0,5613 6e3 ¢inbtpa, 0,4645 nis cranoi
cuiu 10,4839 nnsa koutponepa. Konrponep mae Hkuy F1, Hix cTana inpTpartis, ane
HYJTb 3a(iKCOBAaHUX MOPSAKOBHX MOTIpPIIeHb MPOTH IecTu. s 3epHa 2026 KOpUCTh
MaJia: JIUIIE OJWH MOMUJIKOBHH MPOTHO3 HAOIU3UBCS JI0 CIIPaBXHBOTO Kiacy. OTxe,
Majia KIJIBKICTh IIKIJJIMBUX MEPEXOIIB caMa Mo co01 He 03HaYa€e HallKpallly 3arajibHy
SKICTb.

3aTpuMKa Ta 004NCIIOBAIbHI BUTPATH

VY tabauii 2 HaBeACHO cepenHe p9S oKpeMux MPOroHiB s 3epHa 123, a He p95
o0’enHaHUX BIANOBLACH. Ap9S5 o03HAYa€ PI3HUIIIO «3aMPOIOHOBAHUNA METOJ| MiHYC
HeraHui pexum». YMOBHI 95% iHTepBanu HeBu3HaueHocTi oTpumano 10000
napHUMH bootstrap-nepeBUOipkaMu MOBTOPIB ycepearHi 3apikCOBaHUX MOPSAIKIB [6].

Tadauus 2. 3aTpuMka BiIMOBIAL 114 3epHa 123

IoTik Heraiinuii SELLDL R Ap9S mc
Kajapis/c P95 mc pl\;(;f?\?c [95% inTepBai]
30 29,27 29,44 0,17 [-0,22; 0,58]
60 31,47 43,27 11,80 [10,47; 13,12]
120 65,47 50,12 —15,35[-19,13; —11,80]
3MiHHUN 44,89 38,41 —6,48 [—8,24; —4,43]

JIxepeno: pe3yJbTaTh BIACHUX EKCIIEPUMEHTIB aBTOpA.

Jns 3epua 123 3a 120 kaapiB/c 3amporoHOBaHUM METOJI 3MEHIIye cepeaHe p9S Ha
23,4%, aktuBHi BuTpatd — 3 7,47 mo 6,79 mc Ha BXia, To6TO Ha 9,1%. Crarnunmit
YMOBHUH MakeT € KOHKypeHTHUM: p95 50,79 mc. Crana dhinbTpaliis Ma€ MEHII aKTUBHI
Butpatu 6,30 mc, ane Ouabuit p95 60,74 mc. Jlnsg 3MiHHOTO TOTOKY cepenHe p95
3aMpPONOHOBAHOTO METOAY HHMK4YE€, OJIHAK MEHINY 3aTpPUMKY 3a(iKCOBAHO JIHIIE Y
m’satd 3 15 mapHux nporoHiB. Okpemi MOBUIbHI TPOTOHM HETAWHOTO PEXUMY
M1 IBUIIYIOTh HOTO cepesiHe p95.

Hns 3epua 2026 Bubpano mumie 8/155 kanpis. 3a 120 kaapis/c Ap95 cTaHOBUTH
+2,44 mc [1,56; 3,40]: odikyBaHHS HE aMOPTU3Y€EThCS MAIMMU MakeTamu. [ 3epHa
42 BuIy4yeHHS peakiiii Ha TUCK Yepru MiJ 4yac Crulecky miaBuiuio p95 3 43,57 no
90,51 mc. I'ictepe3nc CKOpOTHUB MEpeMHUKaHHS 3 12 10 YOTHPHOX, MPOTE 30LIBIINB
3aTPUMKY.

BucnoBku

3anponoHOBaHUI METOJ ONTUMI3y€ BHUKOHAHHA YMOBHOTO MAapHIpyTy 31
30epeKCHHSAM PIlICHb TOJITHKHA. Burpamn 3aneXuTh BiJl HaBaHTa)KCHHS W YaCTKH
BTpydaHb. OIIHKU SIKOCTI € JOCHIJHUIIBKUMHU: TECT BUKOPHUCTOBYBABCS IIiJ dac
pO3pO0JICHHS, HE3aJIeKHICTh TMAIll€EHTIB HE BCTaHOBIeHA. [lomanbima mepeBipka
noTpedye He3aJeKHOr0 TMAaIll€EHTCHKOrOo a00 30BHINIHBOTO TECTY W TMOBTOPHHUX
BUMIPIOBAJILHUX CECii 3a()iKCOBAHOTO METOTY.
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Rural tourism is a promising avenue for the development of Ukraine’s tourism and
recreation sector. Its significance lies not only in providing leisure opportunities but
also in enabling the comprehensive development of rural areas.

Ukrainian villages possess significant natural, cultural, historical, and gastronomic
potential. Landscapes, traditional architecture, folk crafts, local cuisine, farms, and
cultural traditions can serve as the foundation for creating a diverse range of tourism
products.

A key advantage of rural tourism is the opportunity it offers for the development
of small and family-run businesses. Owners of rural homesteads can generate income
by providing accommodation and meals for tourists, organizing excursions, selling
local products, and hosting various tourism-related activities.

For a rural family, this can serve as a means of income diversification. If a
household relies solely on agricultural production, its financial outcomes can fluctuate
significantly depending on weather conditions, crop yields, and market prices. Tourism
provides an additional source of revenue.

The development of tourism also stimulates related sectors. Tourists require
transport services, meals, souvenirs, guided tours, food products, and entertainment.
Consequently, the development of a single tourism facility can generate demand for
the services of other local entrepreneurs.

For example, a rural tourism establishment might purchase milk from a local
farmer, bread from a local bakery, souvenirs from a folk artisan, and transport services
from a local provider. In this way, a local economic chain is formed [1].

Tourism can also contribute to increased revenue for local budgets through the
payment of relevant taxes and fees. The impact of tourism activity depends on the scale
of the business, the number of tourists, the duration of their stay, and their level of
spending.

Rural tourism also holds significant social importance. It creates employment
opportunities, supports youth entrepreneurship, fosters the revitalization of local
communities, and can reduce the rural economy's dependence on a single type of
activity.
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The preservation of cultural heritage is of particular importance. Tourism provides
an economic incentive to support traditional crafts, local cuisine, vernacular
architecture, and historical landmarks. At the same time, the commercialization of
culture must be approached with caution to ensure that its authenticity is not lost.

A rural homestead can serve as more than just a place to stay; it can function as a
cultural hub. Such a space can showcase traditional interiors, household items, antique
tools, folk attire, and other elements of cultural heritage. It is essential that the
promotion of culture remains authentic. The tourism product must be rooted in genuine
local traditions rather than artificially constructed stereotypes.

Combining rural tourism with gastronomic, ecological, cultural, event-based,
educational, and wellness tourism holds great potential. This approach enables the
creation of comprehensive tourism products and helps mitigate seasonality.

Local territorial communities should play a pivotal role in the development of rural
tourism. A community has the capacity to shape its own tourism strategy, identify the
most promising tourism assets, and foster an environment conducive to
entrepreneurship [2].

The community’s responsibilities may include improving road and utility
infrastructure, installing tourist signage, supporting cultural events, enhancing public
spaces, promoting the area, and collaborating with local entrepreneurs.

Developing a tourism brand for the community is of particular importance. This
brand could be built around a specific natural landmark, a historical event, a local craft,
a culinary tradition, or a unique feature of the area.

A community can also unite individual entrepreneurs into tourism clusters. For
instance, owners of rural guesthouses, restaurants, farmers, craftspeople, and tour
guides can collaborate to create a joint tourist route. This approach enables tourists to
access a comprehensive service offering, while allowing local entrepreneurs to support
one another.

Digitalization is also of particular importance. The use of social media, online
maps, booking systems, digital tourism platforms, and other technologies allows small
rural enterprises to reach a broad audience of potential tourists.

At the same time, the development of rural tourism requires addressing challenges
related to infrastructure, safety, seasonality, service quality, the professional training
of entrepreneurs, and marketing promotion.

Ultimately, rural tourism can serve as a vital tool for the socio-economic
development of Ukrainian territorial communities. Its effective implementation makes
it possible to combine entrepreneurial activity with the promotion of natural and
cultural heritage, the creation of new jobs, and the cultivation of a positive image of
Ukraine as a tourist destination. With systematic support from communities,
entrepreneurs, and state institutions, rural tourism has the potential to become a key
component in the recovery and future development of Ukraine’s rural areas.
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Customs control affects the predictability of international deliveries, contract
performance, and the protection of the state’s economic interests. In wartime, digital
technologies must support customs operations amid changing routes, uneven
workloads at border crossing points, and communication disruptions. For carriers, what
matters is not only the duration of individual operations but also the ability to receive
advance notification of the required documents, guarantees, and control measures. The
development of customs control should therefore be viewed as a transition to the
coordinated use of data throughout the transportation process.

The aim of the study is to substantiate directions for the development of customs
control in Ukraine through the digitalization of customs technologies and to identify
indicators for assessing their practical outcomes. The object of the study is customs
control of international freight movements; its subject is the digital mechanisms for
exchanging information, selecting operations for inspection, and documenting
decisions.

An increase in the number of electronic operations indicates the wider adoption of
a technology, but does not in itself demonstrate a reduction in clearance time or a causal
effect of digitalization on violations. The absence of microdata on individual
declarations limits the assessment of such effects. The indicators and economic
example proposed below are methodological and are not presented as established
results of customs operations.

NCTS provides electronic support for the common transit procedure. In 2024, more
than 94 thousand transit declarations were processed: over 73 thousand movements
initiated in Ukraine were completed in other countries, while over 21 thousand
movements initiated abroad were completed in Ukraine [3]. In 2025, the corresponding
volumes were almost 96.5 thousand and over 45.5 thousand, respectively; the total
approached 142 thousand declarations [4] (see Table 1).
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Table 1.
Trends in the international use of NCTS in Ukraine

) Volume, thousand )

Period ) Comparison
declarations

2024 over 94 Annual baseline
2025 almost 142 ~+51.1% vs. 2024
Q1 2026 46.3 +20.5 thousand vs. Q1 2025
Q22026 56.3 ~+21.6% vs. Q1 2026
Q32026 64.5 ~+14.6% vs. Q2 2026

For the first three quarters of 2026, the sum of the published quarterly figures
amounts to 167.1 thousand declarations. This is approximately 17.7% higher than the
rounded volume for the whole of 2025. This comparison describes the scale of system
use, but does not compare identical calendar periods. Calculating the annual growth
rate requires the full results for 2026. Extrapolating the nine-month volume without
accounting for seasonality may overestimate or underestimate the final result.

In the third quarter of 2026, more than 43.4 thousand movements initiated in
Ukraine were completed abroad, while 21.1 thousand movements initiated abroad were
completed in Ukraine [7]. Their approximate shares were 67.3% and 32.7%,
respectively. These shares describe the direction of transit movements; they are not the
shares of exports and imports in total trade turnover. Assessing staff workloads also
requires consideration of the complexity of the goods, the number of goods items, and
the control measures performed.

Financial security is also a component of digital control. In 2025, 87
comprehensive guarantees worth almost EUR 300 million were registered, compared
with 109 guarantees worth over EUR 198 million in 2024 [4]. The increase in the total
amount alongside a smaller number of guarantees shows that document counts and
guarantee capacity change differently. Statistics must distinguish newly registered
guarantees from guarantees valid on a particular date, and their nominal amounts from
actual utilization.

Ukraine transitioned to NCTS Phase 5 on 22 April 2024 and to NCTS Phase 6 in
Opt-In mode on 22 June 2026 [2; 6; 7]. Updating the transit system requires
synchronization of the software used by customs, declarants, and guarantors. Practical
outcomes depend on correct message structures and timely processing. Inconsistent
reference data or integration errors may cause delays even when documents are
submitted entirely electronically.

According to the State Customs Service of Ukraine, businesses’ access to their own
declarations through an API generated 5.4 million requests in 2025; digital processing
covered 100% of postal and express consignments, with 7.7 million export and 74.7
million import consignments cleared. The “My Applications” section of the “Single
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Window for International Trade” portal enabled businesses to submit authorization
documents electronically and track their review. At year-end, 110 businesses held AEO
status, including 33 assessed during 2025 [8]. These figures refer to different units of
measurement and must not be added together.

Electronic declaration should be characterized by the structure of the data and the
ability to validate data fields before registration. Preparing a consignment for control
requires consistency between the commodity code, description, weight, value, and
supporting documents. Automated format checks should detect missing fields and
incompatible values, while content checks should refer substantiated discrepancies for
analysis. A scanned document without machine-processable data fields only partially
eliminates manual work.

The Single Window should be developed as a coordinated exchange channel
between participants in the procedure. The WTO Agreement provides for submitting
documents or data through a single entry point, as well as using risk management and
post-clearance audit [9]. Practical implementation requires assigning responsibility for
each data field, establishing error correction procedures, and defining the legal grounds
for access. This makes it possible to avoid repeated data entry and identify the stage at
which an inconsistency arose.

AEOQO authorization complements digital control by assessing the reliability of a
business. In the proposed model, authorization information is considered alongside the
history of operations and the current risks of a particular shipment. A simplification
should not be interpreted as automatic confirmation that all subsequent declarations are
correct. For businesses, the benefits of digital interaction must be accompanied by
proper record keeping, access protection, and the ability to reconstruct the document
trail.

A separate area is the digital linkage of documentary and technical controls. The
results of weighing, inspection, or scanning should be linked to a specific declaration
and vehicle. Recording the time of the operation, the person performing it, and the
grounds for ordering the check provides an information base for subsequent audit and
assessment of the effectiveness of risk profiles.

The Customs Code establishes the legal framework for customs control and the use
of the risk management system [1]. To support further digitalization, the information
process is proposed to be organized into six sequential levels: data sources; quality
validation; integration; risk assessment; control decision; and feedback. This sequence
is the authors’ proposal. It combines advance cargo information with the results of
procedures actually performed.

The first level uses the declaration, transport and commercial documents, NCTS
messages, guarantee data, and the results of previous checks. The second level checks
the completeness, currency, and consistency of data fields. The third links records
using identifiers for the declaration, business, vehicle, and documents. The provenance
and receipt time of data are recorded for each source.

The fourth level analyzes risks related to goods classification, valuation, origin,
permit documents, and compliance with transit obligations. The proposed algorithm
should first verify mandatory legal requirements and then determine inspection priority
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based on the likelihood of a violation and its potential consequences. A single score
must not obscure the absence of a document expressly required for a specific operation.

For methodological assessment, a matrix R = P x C may be used, where P is the
likelihood score and C is the consequence score; both parameters range from 1 to 5,
while R ranges from 1 to 25. This is a proposed expert scale, rather than an official
algorithm of the automated customs system. Scoring criteria must be described and the
consistency of expert assessments verified. Thresholds for control measures are
established after pilot testing.

At the fifth level, the decision specifies the required actions, the grounds for
applying them, and completion deadlines. Any revision of an automated
recommendation by a customs officer must be justified and recorded. At the sixth level,
the risk signal is compared with the inspection outcome: a detected violation, no
violation, or incomplete information. Control results are used to update profiles.

The use of machine learning should begin with support for analysts: identifying
unusual combinations of data fields and prioritizing cases. The training sample must
account for uneven inspection coverage; otherwise, the model will reproduce
inspectors’ previous selections. An independent validation sample and evaluation of
results by commodity group are required.

Cyber resilience is a prerequisite for uninterrupted control. Proposed measures
include access segregation, multifactor authentication, change logging, backups, and
regular recovery testing. During a failure, a defined temporary operating procedure is
needed, followed by synchronization. This preserves information and prevents
duplicate registration of operations.

The effectiveness of digitalization is proposed to be assessed using comparable
operations: the same customs procedures, commodity groups, clearance locations, and
business types. Queue waiting time, customs clearance duration, and total border
crossing time should be measured separately. This distinction makes it possible to
identify the specific part of the delay affected by a change in customs technology (see
Table 2).

Table 2.
Proposed indicators for assessing digital control

Indicator Measurement method

Procedure duration Median and 90th percentile based on timestamps

Inspections with a confirmed violation / all completed

Selection effectiveness . i
Imspections

) Declarations with corrections / all declarations in the
Correction frequency

sample
Service availability Uptime / scheduled operating time
Business costs Data preparation, waiting, and support for one operation
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The share of inspections detecting confirmed violations characterizes the accuracy
of selection, but does not show the number of undetected violations. Assessing missed
violations requires additional independent checks or post-clearance audit results. A
reduction in the number of inspections should be viewed positively only if an
appropriate level of protection is maintained and substantiated complaints do not
increase. Availability assessment should also cover users’ ability to complete an
operation, rather than server uptime alone.

The economic effect of reduced waiting time can be estimated using the formula E
= N % At x ¢, where N is the number of shipments during the period; At is the time
saved per shipment, in hours; and c is the cost of an hour of vehicle downtime, in
UAH/hour. For a hypothetical business with 1,000 shipments per year, a waiting time
reduction of 0.5 hours, and a downtime cost of UAH 800/hour, gross savings amount
to UAH 400,000/year. If annual expenditure on integration, support, and training is
UAH 150,000, the estimated net effect is UAH 250,000/year. All parameters in this
example are scenario assumptions.

Under the same assumptions, the break-even time reduction is 150,000 / (1,000 %
800) = 0.1875 hours, or 11.25 minutes per shipment. An actual calculation must
account for one-off investment, transport volumes, and the composition of costs
without double counting. Implementation should begin by measuring baseline
indicators, followed by a pilot involving a limited set of operations and scaling up only
after the results have been verified. A successful pilot should demonstrate cost
reductions without a deterioration in control quality.

The development of digital customs control in Ukraine is evidenced by the wider
use of common transit and electronic services. The volume of international NCTS use
increased from over 94 thousand declarations in 2024 to almost 142 thousand in 2025.
For the first three quarters of 2026, the sum of the quarterly figures amounted to 167.1
thousand declarations [3—7]. These data indicate a growing scale of digital interaction,
but must be supplemented with indicators of time, costs, and inspection effectiveness.

Priority areas include harmonizing data across systems, validating data fields in
advance, selecting operations for control on a substantiated basis, and digitally
recording control results. A six-level model is proposed in which feedback supports
the updating of risk assessments. Its practical value lies in the ability to trace the
progression from initial information to a control decision and verify its consequences.

Further implementation should be based on pilot assessment of comparable
operations and the provision of cyber resilience. Economic outcomes should be
substantiated by data from specific participants in the transportation process.
Combining speed, control quality, and service recoverability provides a foundation for
predictable customs procedures and deeper integration of Ukraine into the European
customs area.
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NIABUIIEHHS PUSUKOCTIMKOCTI JIOTICTUYHUX
INPOHECIB 1OCTABKU BYAIBEJIBHUX MATEPIAJIIB
HA OCHOBI IHTET'PALII 3AJII3BHUYHOI'O
TPAHCIIOPTY TA JIOT'ICTUYHHUX XABIB

Cxkpsa0in BiTaaiit Borogumuposuy,

3100yBay BUILOI OCBITU TPETHOTO (OCBITHHO-HAYKOBOTO) PiBHS,

Ka(eapy yIpaBIiHHSI KOMEPIIHHOIO MisUTBHICTIO 3aJTi3HUIIb,
HaBuanbHo-HaykoBOor0 KHiBCHKOTO IHCTUTYTY 3ai3HUYHOTO Tpancnopty HTY

MacmtabHa miciasiBoeHHa BinOyaoBa YKpaiHu, motpeda B sKid 3a OLIIHKaMU
MDKHApOJIHUX OpraHizaiiii csra€e COTeH MUIbSPIIB J0JapiB, CTaBUTh TNEpen
TPaHCIIOPTHO-OY/IBEJIbHUM KOMILJIEKCOM JIEP>KaBU HAI3BUYANHO CKJIa/IHI CTpATErivHi
3aBaaHHA [5, ¢. 12; 20, c. 45].

Cepen HUX KIIOUYOBUM € 3abe3nedyeHHs Oe3nepeOiiHOoro, pUTMIYHOrO Ta
0e3IMeyHOro HaXO0KEHHs OyiBEIbHUX MaTepiaiiB 0e3mocepeH0 0 Oy 1iBEIbHUX
MaiIaH4MKiB. TpaauIliiHil JOTICTUYHI MiAXOJU, SIKI TPUBAJIMM Yac OPIEHTYBAJIMCS
BUKJIIOYHO HA JIOKAJIbHY MIHIMI3alll0 TPAHCIIOPTHUX BUTPAT Ta 3aIyCK 130JbOBAaHUX
MIePEBE3CHb, BHSBJISIOTHCS IIIJIKOM HEIOCTATHIMH B YMOBaX CY4YaCHHUX KPH30BHUX
BUKJIMKIB, JecTabum3anii 1HQPacTpyKTypd Ta CHUCTEMAaTUYHUX IMOIIKO/IKEHb
3aiIi3HUYHUX Mepex [18, ¢. 22; 19, c. 14].

BignoBigHo a0 (pyHIaMeHTaIbHUX MOJIOXKEHb, CPOPMYJbOBAaHUX Y Tmpausgx P.
bannoy, edekTuBHICTh OI3HEC-JIOTICTUKMA Ta YHpPaBIIHHS JaHIIOraMy MOCTa4YaHHS
JIOCSITAE€ThCA JIUIIE 32 YMOBHU Y3TOJKEHOTO YIIPABJIiHHS TPAHCIIOPTOM, 3amacaMu Ta
CKJIQJICBKUMHM TOTY>XHOCTsAMH [ 1, c. 142].

M. Kpicrodep po3risgae JaHIIOT TOCTa4YaHHA SIK IHTETPOBAHY €JIUHY CUCTEMY, Y
AKIW JTIOKaJbHE TTOKPAIICHHS OKPEMOTo eJIeMEeHTa He TapaHTye 3arajbHoi ONMTUMI3allii
nporecy [2, c. 58].

Boanouac JI. bayepcokc, . Kinocc 1 M. Kymnep akiieHTy10Th Iepiio4eproBy yBary
Ha KOOPAMHAIIIT MaTepiabHUX, IHPOPMAIIIHHUX Ta OpPraHi3aIliiHUX TOTOKIB MIXK yCIMa
y4acHMKamu JaHiora [3, c. 89].

[IpoTe cnenudika OyaiBeIbHUX MaTepialliB, sKa MOJArae y iXHiN 3HAYHIA Maci,
BHUCOKII MarepiajJOMICTKOCTI, HEPIBHOMIPHOCTI TEPUTOPIAIBHOIO PO3MIIICHHS,
MKOPCTKIH 3aJIeKHOCTI Bl KaJIeHJApHOTO rpadika OyiBeIbHUX pOOIT Ta OOMEKEHUX
MOXJIMBOCTSIX TPUBAJIOTO HAKOMUYEHHS, BUMarae po3poOKH HOBUX CIIEI1ali30BaHUX
TEXHOJIOT1YHUX pimeHs [4, ¢. 105; 7, c. 210].

3abe3neueHHss 0Oe3mepeOiifHOTO PHUTMY BIIHOBIIOBAIBHHX POOIT HAMpsIMy
3aJIeKUTH BIJ HAAIMHOCTI MariCTpaJbHOTO 3alli3HUYHOTO TPAHCIIOPTY, KU 3/1aTCH
3MIACHIOBAaTH BEIUMKOOO €MHI TEPEBE3CHHS CHUIYyYUMX Ta MTYYHUX OyIiBETbHUX
BaHTaXXiB Ha 3Ha4HI BiacTaHi [11, c. 44; 13, c. 112].

OpHak By3bKI MICHA y CTaHINHINA 1HGPACTPYKTypl Ta 3aTPUMKH MiJ Yac
dbopMyBaHHS MapUIPYTHUX TMOI3dIB HEPIAKO NPHU3BOAATH 10 JIECHHXPOHI3AIll
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MOCTaBOK. TOMy MOCIHITKEHHsI, CIPSMOBaHI Ha MIJBUIICHHS PU3HKOCTIMKOCTI Ta
e(EeKTUBHOCTI 3aJII3HUYHOT JJOCTaBKHM OY/IIBEILHUX MaTepialiiB Ha OCHOBI 1HTETpallii 3
pEriOHaIbLHUMU  JIOTICTUYHUMHU Xa0aMH, € HaJA3BUYalHO aKTyalbHUMU SK Y
HAayKOBOMY, TaK 1 B IpakTUUHOMY BuMipax [12, c. 67; 15, c. 180].

[luTaHHAM yHOpPaBIIHHS TPAHCHOPTHO-JIOTICTUMHUMHM CHUCTEMaMHM, OINTHUMI3alli
PYXOMOTO CKJIaAy Ta PO3BUTKY JIAHIIIOTIB MOCTAYaHHS MPUCBSIYEHO YMMAJIO HAYKOBUX
npailb TPOBIIHUX BITYM3HSHUX 1 3apyO1KHUX yueHUX, 30kpeMa €. B. Kpukascbkoro,
H. B. Yopnonwucswkoi, I. B. Tokmakosoi, B. JI. /lukans Tta inmux (axismis [4; 7; 11;
13].

Y mpausix €. B. Kpukascbkoro Ta H. B. YopHONUCHKOT BUCBITIEHO KOHIIETITYalIbHI
3acaau (popMyBaHHS CTIHKHX JOTICTUYHUX CHCTEM Ta OIIHKU iXHBOI aIallTUBHOCTI 710
MIHJIMBOTO 30BHIITHBOTO cepenoBuia [4, c. 45; 7, c. 312].

I. B. TokmakoBa Ta ii CriBaBTOPU AOCTIAWINA HUIAXU MIABUIIEHHS CTPATEr1YHOIO
MOTEHIIATy 3aJi3HUYHOTO0 TPAHCHOPTY Ta PO3BUTKY 1HOPACTPYKTYpH B YyMOBax
PO3IIMPEHHS TPaHCKOPAOHHOI criBmparii [11, c. 48; 12, c. 70].

[pYHTOBHUMI TEXHIKO-€KOHOMIYHHMN aHali3 (YHKIIOHYBAaHHS 3aJi3HUYHOIO
TpaHCHOPTY npejacTaBieHo y miapyunuky B. JI. Qukans, B. B. Kommnaniiiis ta 1. JI.
Hazapenko [13, c. 150].

BaxnuBuii BHECOK y po3poOKy METOJIB MOJEIIOBAHHS CTAHIIHUX MPOIECIB
3poomwu JI. M. Kozauenko, O. B. Knura ta €. B. Xapuenko, siki oOrpyHTyBaJIu
METOJ0JIoTiI0  (DOPMYBaHHS  COCTaBiB TMOI3[iB JJIsI KOMIUIEKCHOI  TEXHIKO-
eKCIUTyaTallitHO1 OL[IHKY 3aJlI3HUYHUX CTaHIH |8, c. 88].

[IpoGnemu macnoprtusanii, CUCTEMHOTO OOJIIKY Ta MiJBHUILEHHA €(QEKTUBHOCTI
eKcIUTyaTalii mia’i3HUX 3ali3HUYHUX KOJIHA JEeTalbHO AOCIIDKEHO y mpausgx M. L.
Bbepezosoro ta B. B. Manamkina [9, c. 15].

[IuTtaHHA BIOCKOHAJEHHS OpraHizalii MiCLIeBOI poOOTH 3alli3HMIL HA JIISHKAX
IHTEHCUBHOI'O HABAaHTAXKEHHS BAHTAX1B BUCBITJIEHO y AociikeHHsx J[. M. Kozauenka
ta O. B. Mypansna [10, c. 34].

OkpiM TOTO, MIKHApPOJHUN JOCBIA TpaHchoOpMallii TPAHCIIOPTHUX MEPEK,
neranbHO onucanmil y mpaiix J.-P. Rodrigue Ta Y. Sheffi, noBoauts HE0OXiIHICTH
Mepexoy BiJ MPOCTHX CXEM MepeBe3eHHs 10 CTikux (resilience) TpaHcmopTHO-
JIOTICTUYHUX CHUCTEM, 3[IaTHUX MPOTUCTOATH 30BHIIIHIM IMIOKOBUM HABAHTAKEHHSIM
[15,c.210; 16, c. 85].

Hocmimkennss S. Chopra ta P. Meindl miarBepkyrOTh 3HAYEHHSI ONTUMI3allii
PO3MIpiB MapTiil Ta pO3MIIIEHHS CTpaXyBaJIbHUX 3aacCiB y JAHIIOTax moctadanus [17,
c. 140].

[Ipob6iemaTuka mudpoBizallii MyJbTUMOJIAILHUX MEPEBE3CHB Ta IHPOPMAIIHHOTO
OOMIHY M) y4aCHUKaMH PUHKY BHUCBITJIEHA Yy 3BITHHX JAOKYMEHTaX €BpomnenchKoi
ekorHomiuHoi komicii OOH [6, c. 5; 14, c. 18].

Boanoyac, He3BaXkalouu Ha 3HaYHUI MacuMB HAyKOBHX MyOIiKalliii, HeJOCTaTHBO
JOCTIKEHUMHU  3aJIUIIAIOThCS TUTAHHS KOMIUICKCHOTO TIOE€THAHHS 3aJlI3HUYHOI
1H(paCTPYKTYpH, perioHATBHUX OyAiBETbHUX Xa0iB Ta KPUTEPIiB PUBUKOCTIMKOCTI 32
YMOB BOEHHUX BUKIHWKIB, MO0 ¥ 3yYMOBHJIO HEOOXITHICTb MPOBEACHHS JaHOTO
nocmmkerns [18, c. 30; 20, c. 50].

251



TRANSPORT
VECTORS OF SCIENTIFIC PROGRESS: INTERNATIONAL EXPERIENCE AND
STRATEGIC PRIORITIES

[Tonmpu HasBHICTP TIPYHTOBHHX HAyKOBHX 3J00YyTKIB Yy Traiy3i TpPaHCHOPTHOI
JIOTICTUKH, HEBUPIMICHOIO 3aJUIIAEThCS HU3KA KOHIENTYaJbHUX Ta MPaKTUYHUX
3aBAaHb. 30Kpema, MoTpedye TriIMOOKOro BIOCKOHAJIEHHS aJanTailis 3ali3HUYHHUX
TEXHOJIOTIM TIEpPEeBE3CHHS MacOBUX OYIIBEIbHUX MaTepiaiiB JI0 KOPCTKUX BHMOT
3a0e31eUYeHHs BUCOKOI CTIMKOCTI mocTtavadus [15, c. 225].

Jlocl HeToCTaTHRO OMpaIlbOBaHI MUTAHHS MiHIMI3allll HEMPOIYKTUBHUX MPOCTOIB
PYXOMOI'0 CKJIaay IiJi HAaKOIMMYECHHSM IMapTik, y3ToJKeHHS rpadikiB 3ali3HUYHOT
po0OTH 3 TUHAMIKOIO OY/iBEJIHLHOTO BUPOOHHUIITBA, a TAKOXK 1HTErpallii 3ai3HUYHUX
MapIIpyTIB Y €IUHY MEpPEXKY pPEerioHAIbHUX OyIiBEIbHUX XaliB B yMOBaxX JAeQilUTy
MPOIYCKHOT CITPOMOXKHOCTI iHpacTpyktypu [10, c. 38; 12, c. 74].

BinpmricTh icHyr0UMX MOeNiel OpieHTOBaHa Ha CTa01IbHI yMOBH (DyHKITIOHYBaHHS
PUHKY, JI€¢ TEPMIHU JOCTAaBKU Ta IUIICHICTh IHPPACTPYKTYPHUX OO'€KTIB € HaIepen
Bu3HaueHumu [ 1, c. 200; 3, c. 115].

B yMoBax micisIBOEHHOTO BiJIHOBJIEHHS BUCOKHI pIBEHb HEBU3HAYEHOCTI BUMArae
BIIPOBA/DKCHHS THYYKHX MEXaHI3MIB TEpEHANpPaBJICHHS BaHTAXOIMOTOKIB Ta
CTBOPEHHSI pE3epBHUX TEPMIHAIBHUX MOTYKHOCTEH [16, c. 92; 19, ¢. 20].

Metoro AoCHipKEHHST € HayKoBe OOIPYHTYBaHHA Ta IpaKkTU4YHA ampoOarris
OpraHizaliifHO-TEXHOJOTIYHUX  PpIllIEHb IIOJI0  MIABUIICHHS  PU3UKOCTIHKOCTI
JIOTICTUYHUX TMPOIIECIB IOCTABKH Oy IIBEIbHUX MaTepialliB Ha OCHOBI TICHOT 1HTerpaiii
3aJII3HUYHOTO TPAHCIIOPTY Ta PEriOHATIbHUX OY/IBEIbHUX JOTICTUYHUX Xa0iB.

[IpakTryHa peanizalis 3alpONOHOBAHOI TEXHOJIOTI] 0a3yeThCs HA YIPAaBIIHHI
MOBHUM JKUTTEBUM IIMKJIOM TIEPEBE3CHHS BAHTAXy 3a CHCTEMHUM TMPUHIUIIOM
B3a€MO3B’SI3Ky BaHTaXy, BaroHa, CTaHIi, MiJ’i3HOI KOJIii, BaHTaXHOTO (POHTY,
MapuipyTy Ta 6e3nocepeinbo OyiBesbHoro 0o0'exra [8, c. 92; 9, c. 18].

Ha BigMiHy Bia 3actapinux yHI(IKOBaHMX MIAXOMIB, 3alPOINOHOBAHO YITKY
MOCJIIOBHICTh ~ TEXHOJIOTIYHOTO  BHOOpPY  3aleXHO BiA  (PI3UKO-MEXaHIYHUX
XapaKTEpUCTUK MaTrepiajiiB, TaKUX sK IIe0lHb, MICOK, IEMEHT, METaJOoNpOKaT Ta
3aI11300€TOHH1 KOHCTPYKIIii [4, c. 110].

Hampuknan, majis cunmydux HEPYJAHMX MaTepialiiB KPUTUYHO BAXIMBUMHU €
MaKCHMaJIbHE  BHUKOPHMCTaHHS  BAHTAXOMIJHOMHOCTI  BaroHiB Ta  BHCOKa
MPOIYKTUBHICTh (DPOHTIB PO3BAHTAKEHHS, TOJMl SIK JJs ILIEMEHTY BHUpIIIAJIbHE
3HAYCHHS MAa€ TEPMETUYHICTh PyXOMOTO CKJIaay 1 MMOBHA CHHXPOHI3Allis 3 TEMITAMH
BHKOHAHHs OETOHHHUX poOiIT Ha 00'ekT1 [7, ¢. 220].

Jns MacoBux OyAiBeIbHUX MaTepiaiiB OOIPYHTOBAHO KOHUEILIIO KEPOBAHOIO
YKPYIIHEHHS BArOHHUX NapTii. [i cyTHicTh mossArae B ToMy, o (GOpMyBaHHS MapTii
3IMCHIOETHCSA HE JJO MAaKCHMAaJILHO MOJKIJIMBOI KIJIBKOCTI BAaroHiB, a JO €KOHOMIYHO 1
TEXHOJIOTITYHO OOIPYHTOBAHO PIBHSI, SKUH BPAaXOBY€ BUTPATH HA HAKONMYEHHS Ta
30epiranns [17, c. 155].

TpuBanicTh HaKOMMYEHHS MapUIPyTHOI MapTii Oe3MmocepeHbO 3aleKUTh Bij
CIIIBBIJTHOIIICHHS MacH TapTii Ta cepeaHboA000BOi IHTEHCHUBHOCTI HAIXOKEHHS
BaHTaXxy BijJ BupoOHuka [10, c. 40].

3a HeIOCTaTHBOT IHTEHCUBHOCTI HAJAXO/IKEHHSI BarOHU 3MYLIEHI MPOCTOIOBATH Ha
CTaHIlli B OYIKyBaHHI 3aBepiiieHHs ()OpMyBaHHSI MO13/1a, 110 MTPU3BOIUTH JI0 3pOCTAHHS
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MATOMUX BUTpaT Ha YTPUMaHHS BAroHHOTO TMAPKYy Ta 30iIbIIy€e 3arajbHUAN
TpaHCHIOPTHUM LUK [8, c. 94; 13, c. 165].

ToMy KIIOYOBHM pE3€pBOM IMIJIBUIIEHHA €(PEKTUBHOCTI € CKOPOYEHHS
HEMPOAYKTUBHUX TEXHOJIOTIYHUX IHTEPBAIIB IUIIXOM Y3TOJDKEHHS TrpadikiB
ocTayaHHs Ta poOOTH CTAHIINHOI IHPPACTPYKTYPH.

OprasizaiiiHuM SipOM HOBOi CHCTEMH BHU3HAYEHO PEriOHaIbHUI OyaiBeabHUMN
3aTI3HUYHO-JIOTICTHYHMM Xab [12, c. 75].

Takwuif xab sBIIsIE COOOIO CHEIiaNi30BaHN OpraHi3aIliiHO-TEXHOJIOTIYHUN BY30.T
KOHIIEHTpallli, NpUiMaHHSA, TEPEBAHTAKEHHS Ta TMEPepo3Noalry OyaiBeIbHUX
MaTepialiB, SKUI Ma€e HaAiiHE KOJIHHE CIOyYeHHS 13 MariCTpaibHOIO 3aT13HUYHOIO
Mepexero [9, c. 22; 15, c. 215].

OcHOoBHUMHK (QYHKUIAMH Xxaba € MNpuiAMaHHd NOBHOCKJIAJHMX MapIIPyTHHUX
MOT3/1iB, X MPUCKOpPEHE PO3BAHTAKCHHS, THMYACOBE HAKOTHMYCHHS Ta COPTYBaHHS
MarepiaiiB, (OpPMyBaHHS MEHIIUX JPIOHOMAPTIMHUX BIANPABOK, OpraHizamis
MOJAJIBIIIOTO  PO3BE3CHHS ABTOMOOLIRHUM  TPAHCIIOPTOM  O€3IMOCEPEHBO 10
OyIiBEIbHUX MAaM/IaHYMKIB, a TakoX (HOpMyBaHHS HEOOXIIHUX HOPMATHUBHUX Ta
CTpaxyBaJbHUX 3aIlaciB Ha BUIQJOK BUHUKHEHHS KPU30BUX CHUTYallii [2, c. 95; 16, c.
100].

3aBasku  (QYHKIIOHYBAaHHIO Xa0a BJAE€TbCS PO3MEXKYBATH MaricTpalbHUN
3QII3HUYHUM €Tan TMEepeBEe3EHHs, 0 BIAPIZHAETHCS BUCOKOK EKOHOMIYHICTIO Ha
BEIIMKMX BIJICTAHAX, Ta 3aBEPIIAIBHHA PO3MOAUIBYNN €Tam, /¢ KIIYOBHUMH €
THYYKICTb 1 ONIEPAaTUBHICTh aBTOMOOUIBHOTO Tpancnopty [1, c. 160; 15, c. 218].

Ile n103BOJIsIE YHUKATU TPUBAJIOTO YTPUMaHHS BaroH1B Ha MaJIOAISUTbHUX i’ 13HUX
KOJIISIX OyA1BEJIbHUX MIAMPUEMCTB 1 3HAYHO MPUCKOPIOE 00OPOT PyXOMOTo ckiaay [9,
c.25; 10, c. 42].

ExoHOMIYHA OIliHKA 3aPONOHOBAHOT TPAHCIIOPTHO-JIOTICTUYHOT CXEMHU JIOBOJUTH
il CyTTeBY InepeBary HaJ TpaJulIHHUMU MOBArOHHUMH BaplaHTaMH JocTaBkH [13, c.
180].

3aranpHi BUTPATH Ha OOCIYTOBYBaHHSI BAaHTAXXOMOTOKY (POPMYIOTHCSI 3 TUTOMUX
BUTpPAT Ha 3alli3HUYHE TEPEBE3CHHS MAariCTpalbHUMHU JIUISTHKaMHU, BHUTpPAT Ha
HaKOIMWYEHHs Ta 30epiraHHs BaHTaXy y Xali, BUTPAT HA MEPEBAJIKY 3 OJHOTO BHUIY
TPAHCIIOPTY Ha 1HIINM, BUTpAT HAa aBTOMOO1JIbHE IOBE3EHHS JI0 KIHIIEBOTO CTI0KMBAyYa,
a TaKOX JOJIaTKOBUX BUTpPAT, MOB'SA3aHUX 13 TPUBAJIMMH IPOCTOSIMHU BAroHIB IIij] 4ac
dbopmyBaHHS MapuIpyTHUX naptiii [3, c. 105; 17, c. 160].

[TopiBHSIHHA 3arajdbHUX BUTpAT 13 0a30BHUMH BapilaHTAMM 3aCBIIUy€ HASIBHICTbH
3HAYHOTO €KOHOMIYHOTO €(eKTy BiJ ONTUMI3allli BCiX CKJIAJIOBUX TPAHCHOPTHOTO
IUKITY 32 PaXyHOK JIKBiJaIlli HEMPOAYKTUBHUX 3aTPUMOK Ta MiABUILCHHS IIBUIKOCTI
MIPOXO/KEHHS BAHTAKOIIOTOKY.

B yMoOBax BO€EHHOTO CTaHy Ta MICIASBOEHHUX (AKTOPIB PU3MUKY TpPaTUIiNHI
KpuTepii MiHIMI3aIil BUKIIOYHO TPAHCIIOPTHUX BHUTPAT CTAIOTh HEJOCTATHIMHU IS
MPUIHATTS 0OTpyHTOBAaHUX pimieHs [18, ¢. 35].

BiamoBigHO 10 KOHIIEMINi TPaHCHOPTHOI CTiMiKkocTi, po3pooOsneHoi Y. Sheffi,
Cy4YacHi JIOTICTUYHI CHCTEMH IOBHHHI OI[IHIOBAaTHCS 3a TOKa3HUKaMU HaAIHOCTI,
MIPOITYCKHOI CIIPOMOYKHOCTI Ta pe3epBoBaHocTi [16, c. 105].
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Pe3epBoBaHICTh XapakTepu3ye 3JaTHICTh CUCTEMHU 3a0e3MeYyBaT MPOJOBKEHHS
a00 IIBUJIKE BIIHOBJICHHS TTOCTa4aHHs OyI1BEJILHUX MaTepialiiB y pa3i MOIIKOKEHHS
OCHOBHOI'O MAapHIpyTy 4YHM €JIEMEHTIB I1HPPACTPYKTypU 3a paxyHOK HasBHHUX
aTbTEPHATUBHUX 3aJTI3HUYHMX TIJO0K, OOXIJHMX CTaHI[H, JOJATKOBUX ITYHKTIB
NepeBaJIKu Ta aTbTEPHATUBHUX MOCTAavadbHUKIB [12, ¢. 78; 19, c. 25].

3anponoHoBaHa I1HTErpoBaHa MoJieldb XabiB 3a0e3nedye BHCOKHM pPIBEHb
PE3epPBOBAHOCTI  3aBASKM  MOMJIMBOCTI  OINEPATUBHOIO  TEpEHAIPABJICHHS
BaroHOMOTOKIB M1k CyCI1IHIMU Te€pMiHATaMU Ta HAKONMUYEHHS CTpaXyBaJbHUX 3aMaciB
MaTepialiB 0e3MmocepeIHbO y By3JiaX CIOKKUBaHHA [6, c. 10; 14, c. 22].

[le rapanTye Oe3mepepBHICTh OymiBEIHPHO-MOHTaXXHUX POOIT HABITh 32 YMOB
TUMYaCOBHUX JIOKATHHUX 3001B y 3aI3HUYHIN Mepexi.

OkpIM MpSIMOTO €KOHOMIYHOTO €(EeKTy, KOMIUIEKCHE BIPOBAKEHHS CUCTEMU
JI03BOJISIE JOCATTH BaroKpe3UCTEHTHOTO €(EeKTy 3a paxyHOK 3MEHIICHHS MPOCTOIB
OyIiBebHOI TEXHIKM, CKOPOUEHHS BUTPAT HA YTPUMAHHS HATUIIKOBUX CKJIAJCHKHUX
3amaciB, MiHIMI3alii PU3MKIB TOPYIICHHS 3arajlbHOTO KajJeHAapHOTo rpadika
OyIIBHUIITBA Ta IMiABUIIICHHS ITPOTYKTUBHOCTI BCHOTO OY/IIBEILHOTO BUPOOHUIITBA [4,
c. 115; 11, c. 52].

BucHOBKH Ta mepCcHneKTHBH MOJAJNbIIMX JOCIiIKeHb. TeopeTHyHO
OOTPYHTOBAaHO CHCTEMHHMI TJIXiJA JO0 OpraHizamii 3aji3HUYHUX TIEPEeBE3CHb
OyIiBEeIbHUX MaTepiaiiB SIK I[UTICHOTO €KCILTyaTaliifHO-TEXHOJOT1YHOTO MPOoIIeCy, B
AKOMY OO0'€KTOM YIHpAaBIIHHSI € KEPOBAaHWUM BAroHOMNOTIK Yy TICHIA B3aeMOJIi 3
1H(ppacTpyKTyporo Ta norpedamu OyaiBensHOro BupoOHuuTBa [1, c. 145; 8, c. 96].

PO3BMHYTO TEXHOJOTIYHI TOJOXKEHHS 100 (opMyBaHHS Ta YIHpaBIiHHSA
BAarOHONMOTOKAMU Ha OCHOBI KOHIIEMINI KEPOBAaHOIO YKPYNMHEHHS MapTiid Ta
perioHanbHUX OYJIIBEJIbHUX JIOTICTUYHUX Xa0iB, IO JTI03BOJISIE CKOPOTUTH TPUBAIIICTD
JIOCTaBKH Ha MIICTHAALATH HUINUX 1 CIM JAECATUX B1JICOTKA Ta 3HU3UTHU MTUTOMI BUTPATH
Ha M'ITHAAIATH BIACOTKIB [9, ¢. 26; 13, c. 182].

Y nockoHaeHO KpUTepii OIIHKA €(PEKTUBHOCTI TPAHCIIOPTHUX JIAHITIOTIB MIISTXOM
BBEJICHHS KAaTEropil JOTICTUYHOI CTIMKOCTI, pEe3epBOBAHOCTI Ta HAIIWHOCTI, IO €
KPUTHYHO  BaXJIWMBUM 11 3abe3meueHHs  Oe3mepeOiifHOro  BiTHOBIICHHS
iHppacTpykTypu YKpaiHu B yMOBaX BOEHHUX 1 KpU30BUX pu3uKiB [16, c. 110; 18, c.
40; 20, c. 55].

[lepcnexkTuBamMu MOAANBIIUX HAYKOBHX JOCHIDKEHb y JaHOMY Hampsimi €
po3poOka amanTuBHOT IM(PPOBOI MOJEal yHpaBiiHHS BaroHOMOTOKaMH, sKa
00'eqHyBaTUME TMPOTHO3YBAHHS MOTpeO OyAIBEILHOTO BUPOOHUIITBA, MOHITOPHUHT
1H(paCTPYKTYpH Ta ONIEpATUBHE MEperiaHyBaHHS MapIIPyTIiB y peaibHOMY yacl [6, c.
12; 14, c. 25].
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  𝑫


    𝒕  𝒋


    𝝉  𝒅 ∈   𝙕  ≥ 𝟏


    𝝉  𝒅


    𝓵  𝒘  ( 𝒙 , 𝒖 ) =   𝒙 ⊤   𝑸  𝒘 𝒙 +   𝒖 ⊤   𝑹  𝒘 𝒖


    𝑸  𝒘


    𝑹  𝒘


    𝑷  𝒘


  𝒙 ∈   𝑿  𝒇


  𝒘 ∈ 𝓦


    𝓵  𝒘  ( 𝒙 , 𝑲 𝒙 ) +   𝒙 ⊤    ( 𝑨 + 𝑩 𝑲 ) ⊤   𝑷  𝒘  ( 𝑨 + 𝑩 𝑲 ) 𝒙 ≤   𝒙 ⊤   𝑷  𝒘 𝒙 .


  𝒌


    𝒘  𝒌 ≥ 𝟎


  𝒌


    𝑱  𝒌 ≥ 𝟎


    𝜳  𝒘 =   ∑  𝒌 ​    𝒘  𝒌   𝑱  𝒌


  𝒘 , 𝒘 ′ ∈ 𝓦


  𝒙 ∈ 𝑫


    𝑽  𝒘 ′  ( 𝒙 ) ≤ 𝝁  ( 𝒘 , 𝒘 ′ )     𝑽  𝒘  ( 𝒙 ) ,     𝝁  ( 𝒘 , 𝒘 ′ ) =   𝐦 𝐚 𝐱  𝒌   𝒘  ′  𝒌    𝒘  𝒌 .


  𝟏 ≤ 𝝁  ( 𝒘 , 𝒘 ′ ) ≤   𝝁 ‾   : =   𝟏 −  ( 𝑵 − 𝟏 )   𝒘  𝐦 𝐢 𝐧    𝒘  𝐦 𝐢 𝐧


    𝑼  𝒘 ∗


  𝒘 ′


    𝑽  𝒘 ′  ( 𝒙 ) ≤   ∑  𝒌 ​  𝒘  ′  𝒌   𝑱  𝒌  ( 𝒙 ,   𝑼  𝒘 ∗ ) ≤   𝐦 𝐚 𝐱  𝒌   𝒘  ′  𝒌    𝒘  𝒌   ∑  𝒌 ​    𝒘  𝒌   𝑱  𝒌  ( 𝒙 ,   𝑼  𝒘 ∗ ) = 𝝁  ( 𝒘 , 𝒘 ′ )   𝑽  𝒘  ( 𝒙 ) .


  𝝁 ≥ 𝟏


    ∑  𝒌 ​  𝒘  ′  𝒌 =   ∑  𝒌 ​    𝒘  𝒌 = 𝟏


  𝒘 ′


  w


  𝐰  ′  𝐤 ≤ 𝟏 −  ( 𝐍 − 𝟏 )   𝐰  𝐦 𝐢 𝐧


    𝒘  𝒌 ≥   𝒘  𝐦 𝐢 𝐧


    𝝁 ‾


    𝒘  𝒌 =   𝒘  𝐦 𝐢 𝐧


  𝒌


  𝒘 ′


  𝒘


  𝒙 ∈ 𝑫


    𝑽  𝒘  (   𝒙 + ) ≤   𝑽  𝒘  ( 𝒙 ) −   𝓵  𝒘  ( 𝒙 ,   𝒖  𝟎 ∗ ) ≤ 𝝀   𝑽  𝒘  ( 𝒙 ) ,     𝝀   : = 𝟏 −     𝒄  𝓵    𝜶  𝟐 ∈ [ 𝟎 , 𝟏 ) ,


    𝒖  𝟎 ∗


    𝒙 + = 𝑨 𝒙 + 𝑩   𝒖  𝟎 ∗


   (   𝒖  𝟏 ∗ , … ,   𝒖  𝑯 − 𝟏 ∗ , 𝑲   𝒙  𝑯 ∗ )


    𝑿  𝒇


  𝑲   𝑿  𝒇 ⊆ 𝑼


    𝑽  𝒘  ( 𝒙 ) −   𝓵  𝒘  ( 𝒙 ,   𝒖  𝟎 ∗ ) −   𝒙  𝑯  ∗ ⊤   𝑷  𝒘   𝒙  𝑯 ∗ +   𝓵  𝒘  (   𝒙  𝑯 ∗ , 𝑲   𝒙  𝑯 ∗ ) +   𝒙  𝑯 + 𝟏  ∗ ⊤   𝑷  𝒘   𝒙  𝑯 + 𝟏 ∗ .


    𝑽  𝒘  (   𝒙 + ) ≤   𝑽  𝒘  ( 𝒙 ) −   𝓵  𝒘  ( 𝒙 ,   𝒖  𝟎 ∗ )


    𝓵  𝒘  ( 𝒙 ,   𝒖  𝟎 ∗ ) ≥   𝒄  𝓵 ∥ 𝒙  ∥  𝟐 ≥  (   𝒄  𝓵 /   𝜶  𝟐 )   𝑽  𝒘  ( 𝒙 )


    𝓵  𝒘  ( 𝒙 ,   𝒖  𝟎 ∗ ) ≤   𝑽  𝒘  ( 𝒙 )


    𝒄  𝓵 ≤   𝜶  𝟐


  𝝀 ≥ 𝟎


  𝝀 = 𝟎


  𝝀 ∈  ( 𝟎 , 𝟏 )


  𝝀


    𝝁 ‾


    𝝁 ‾     𝝀    𝝉  𝒅 < 𝟏 ,


  𝑫


    𝒙  𝟎 ∈ 𝑫


    𝜏  d


    𝝉  𝒅


  ∥   𝒙  𝒕 ∥ ≤      𝜶  𝟐    𝜶  𝟏     𝜿  𝒕 / 𝟐   ∥   𝒙  𝟎 ∥ ,     𝜿   : =     𝝁 ‾  𝟏 /   𝝉  𝒅 𝝀 < 𝟏 .


    𝒙  𝒕 ∈ 𝑫


    𝒙  𝒕 + 𝟏 ∈ 𝑫


  w


    𝑽  𝒕   : =   𝑽  𝒘  ( 𝒕 )  (   𝒙  𝒕 )


  𝒘  ( 𝒕 )


  𝒕


  𝒕 → 𝒕 + 𝟏


    𝑽  𝒘  ( 𝒕 )  (   𝒙  𝒕 + 𝟏 ) ≤ 𝝀   𝑽  𝒕


  𝒘  ( 𝒕 + 𝟏 ) ≠ 𝒘  ( 𝒕 )


    𝝁 ‾


    𝑽  𝒕 + 𝟏 ≤ 𝝀     𝝁 ‾    𝝈  𝒕 + 𝟏   𝑽  𝒕


    𝝈  𝒕 + 𝟏 ∈ { 𝟎 , 𝟏 }


    𝑽  𝒕 ≤   𝝀  𝒕     𝝁 ‾    𝒋  ( 𝒕 )   𝑽  𝟎 ,


  𝒋  ( 𝒕 )


  𝒕


    𝝉  𝒅


    𝝉  𝒅


  𝒋  ( 𝒕 ) ≤ ⌊ 𝒕 /   𝝉  𝒅 ⌋


    𝝁 ‾ ≥ 𝟏


      𝝁 ‾    𝒋  ( 𝒕 ) ≤     𝝁 ‾  𝒕 /   𝝉  𝒅


    𝑽  𝒕 ≤   𝜿  𝒕   𝑽  𝟎


  𝜿 < 𝟏


    𝝁 ‾   𝝀    𝝉  𝒅 < 𝟏


    𝝉  𝒅


    𝜶  𝟏 ∥   𝒙  𝒕  ∥  𝟐 ≤   𝑽  𝒕 ≤   𝜿  𝒕   𝑽  𝟎 ≤   𝜿  𝒕   𝜶  𝟐 ∥   𝒙  𝟎  ∥  𝟐


    𝝉  𝒅


  𝒋  ( 𝒕 ) ≤ ⌊ 𝒕 /   𝝉  𝒅 ⌋ + 𝟏


    𝝁 ‾


     𝝁 ‾   𝜶  𝟐 /   𝜶  𝟏


    𝝉  𝒅 >   𝐥 𝐧   𝝁 ‾  𝐥 𝐧  ( 𝟏 / 𝝀 ) .


    𝝉  𝒅


    𝝁  𝒋 =   𝐦 𝐚 𝐱  𝒌   𝒘  𝒌 , 𝒋 + 𝟏 /   𝒘  𝒌 , 𝒋


    𝝁  𝒋


    𝝁 ‾


    C  y   =    1 12     ∑  m = 1 12    I  y , m


    A  y   =     ∏  m = 1 12    I  y , m


  𝛥 L   =   𝛼     L 0   (   T  m   −     T 0 )


    L 0   =       L  m  1   +   𝛼   (   T  m   −     T 0 )


  q


  n


  𝜌


    p  f


    p  f = 0 . 9995


  N


  b


  S ( b ) = N b / 8


  P


  H


    N  f ( b ) = ⌈ S ( b ) / P ⌉


    p  f


  h


    P  t ( b , h ) =   p  f      N  f ( b )   h .


  𝜌 ∈ [ 0 , 1 )


  n


  𝜋 ( b , h , 𝜌 ) = ( 1 − 𝜌 )     P  t ( b , h ) ,


    P  q ( b , h , 𝜌 ) =   ∑  m = q  n   (   n  m )     𝜋  m   ( 1 − 𝜋  )  n − m .


    N  f


    P  t


  P


  H


  P = 2280


  H = 58


  P = 1448


  H = 94


    N  f


  𝜌


  n − q


  N = 256 × 80 × 80 = 1   638   400


  n = 6


    p  f = 0 . 9995


    P  q


  q = 3


  q = 4


    N  f = 719


    N  f = 72


  𝜌


  h = 2


    P  q


    p  f = 0 . 9995


  h


    P  t


  𝜌 = 0


  q = 3


  𝜌 = 0 . 2


  q = 3


  𝜌 = 0 . 3


  q = 3


  𝜌 = 0 . 2


  q = 4


    P  q


  q = 3


  n = 6


  𝜌


  h = 2


    p  f = 0 . 9995


  h = 2


  𝜌 = 0 . 2


    P  q


    P  q ≥ 0 . 94


    p  f


  h = 1


  𝜌 = 0 . 2


    p  f


  q = 3


    p  f


  h = 1


  𝜌 = 0 . 2


  n = 6


    p  f


    P  t


    P  q


  q = 3


    P  t


    P  q


  q = 3


      p ^  f


    𝜌 ^


  b


    P  q ( b ,  h ^ ,   𝜌 ^ ) ≥   P  q min


    P  q min = 0 . 9


  q


  b


  J  ( m ) = 𝛼   R  n a v  ( m ) + 𝛽 H  ( m ) + 𝛾 C  ( m ) + 𝛿 D ( m ) → m i n


  a , b , c


  C


    atan 2 ⁡ 


  C


  a , b , c


  A , B , C


  A + B + C = 180 °


     ( a + b )  c =    cos ⁡   (    ( A − B ) 2 )   sin ⁡   (   C 2 )


     ( a − b )  c =    sin ⁡   (    ( A − B ) 2 )   cos ⁡   (   C 2 )


  C


  C A = b


  C B


  D


  E


  D


  C B , E


  C D = C E = b


  D E


  D A E


  C A D


  C A E


  A


  90 ° −   C 2


    C 2


  a > b


  C , D , B


  B D = a − b


  B E = a + b


  B A D = A −  ( 90 ° −   C 2 ) =    ( A − B ) 2 = d


  P


  Q


  B


  A D


  A E


  B P = e


  B D P


  B A P


  B Q = f


  B E Q


  B A Q


  a   >   b


  𝛼 ,   𝛽 ,   𝛾


  A ,   B ,   C


  e =  ( a − b )  cos ⁡   (   C 2 ) = c  sin ⁡  d


  f =  ( a + b )  sin ⁡   (   C 2 ) = c  cos ⁡  d


  a < b


  D


  B


  B D = b − a


  e


   ( b − a )  cos ⁡   (   C 2 ) = c  sin ⁡   (    ( B − A ) 2 )


  a = b


  B D


  0 = 0


  A   =   70 °


  B   =   40 °


  C   =   70 °


  c   =   10


  a   =   10


  b   ≈   6 , 840403


  55 °


  35 °


  15 °


  70 °


  40 °


  a   ≈   6 , 840403


  b   =   10


  10


  0   =   0


  10


  20


  c   =   10


    L 2 ( a , b )


   〈 f , g 〉 =   ∫  a  b  f ( x )   g ( x ) - d x ,                            ‖ f ‖ =   〈 f , f 〉


    L 2 ( a , b )


  L ( y ) = − y ′ ′ + q ( x ) y ( x ) ,           x ∈ ( a , b )


  q ( x )


  q ( x ) ∈   L ∞ ( a , b )


  q ( x )


  L


  D ( L )


  y ( x ) ∈   L 2 ( a , b )


  y ( x )


  y ′ ( x )


  y ′ ′ ( x ) ∈   L 2 ( a , b )


    𝛼 1 y ( a ) +   𝛽 1 y ′ ( a ) = 0 ,       𝛼 2 y ( b ) +   𝛽 2 y ′ ( b ) = 0


   |   𝛼 1 | +  |   𝛽 1 | > 0


   |   𝛼 2 | +  |   𝛽 2 | > 0


  𝜆 ∈ C


  ( L − 𝜆 I )


    R  𝜆 =   ( L − 𝜆 I )  − 1


  𝜆


    ( L − 𝜆 I )  − 1


    L 2 ( a , b )


  𝜆


  𝜌 ( L )


  𝜆 ∈ 𝜌 ( L )


  f ( x ) ∈   L 2 ( a , b )


  ( L − 𝜆 I ) y = f ( x )


    R  𝜆 f ( x ) =   ∫  a  b  G ( x , s ; 𝜆 ) f ( s ) d s


  G ( x , s ; 𝜆 ) −


  u ( x , 𝜆 )


  𝜐 ( x , 𝜆 )


  G ( x , s ; 𝜆 ) =  1  W ( 𝜆 )  {    u ( x , 𝜆 ) 𝜐 ( s , 𝜆 ) ,           a ≤ x ≤ s ≤ b   u ( s , 𝜆 ) 𝜐 ( x , 𝜆 ) ,           a ≤ s ≤ x ≤ b


  W ( 𝜆 ) = u ( x , 𝜆 ) 𝜐 ′ ( x , 𝜆 ) − u ′ ( x , 𝜆 ) 𝜐 ( x , 𝜆 ) −


  W ( 𝜆 ) ≠ 0 ,


  𝜆 ∈ 𝜌 ( L )


  q ( x ) ∈   L ∞ ( a , b )


  − ∞ < a < b < ∞


  𝜆 ∈ 𝜌 ( L )


  G ( x , s ; 𝜆 )


    ∫  a  b    ∫  a  b     | G ( x , s ; 𝜆 ) | 2 d x d s < ∞


  u ( x , 𝜆 )


  𝜐 ( x , 𝜆 )


  [ a , b ]


   | u ( x , 𝜆 ) | ≤   M 1


   | 𝜐 ( x , 𝜆 ) | ≤   M 2


    M 1 ,   M 2 > 0


    ∫  a  b    ∫  a  b     | G ( x , s ; 𝜆 ) | 2 d x d s =  1     | W ( 𝜆 ) | 2  (   ∫  a  b    ∫  a  s     | u ( x , 𝜆 ) | 2    | 𝜐 ( s , 𝜆 ) | 2 d x d s +   ∫  a  b    ∫  a  s     | u ( s , 𝜆 ) | 2    | 𝜐 ( x , 𝜆 ) | 2 d x d s )


    L 2 ( a , b )


  K


  K f ( x ) =   ∫  a  b  K ( x , s ) f ( s ) d s


    ∫  a  b    ∫  a  b     | K ( x , s ) | 2 d x d s < ∞


  − ∞ < a < b < ∞


  q ( x ) ∈   L ∞ ( a , b )


    R  𝜆 =   ( L − 𝜆 I )  − 1


    L 2 ( a , b )


    R  𝜆


  G ( x , s ; 𝜆 )


    R  𝜆 f ( x ) =   ∫  a  b  G ( x , s ; 𝜆 ) f ( s ) d s


    ∫  a  b    ∫  a  b     | G ( x , s ; 𝜆 ) | 2 d x d s < ∞


  L


    R  𝜆


  a


  d


  m  ( x ) = 1 +  ( m − 1 )   exp  ( −      ( x −   x 0 ) 2  2   𝜎 2 ) ,


  m


    x 0


  m > 1


    x 0 = 60


  𝜎 = 30


  m < 1


    x 0 = 90


  𝜎 = 12


    d  m = m  ( x )   d ,       v  m =   v    m 2  ( x ) ,       𝛺  m =   𝛺    m 2  ( x ) .


  𝛥 p  ( t , x ) =  max  x ′ ≤ x max  (  1 2 𝜌  (   v  m 2  ( t , x ′ ) −   v 2  ( t , x ′ ) ) ,   0 ) ;


    m ∗ = 0 . 439


  0 . 457


  a = 0 . 30


    𝜏  w


    𝜏 tr


    𝜏  r z =  2     𝜏  r 𝜃


    𝜏  r 𝜃


  TAWSS =  1  T   ∫ 0  T   |   𝜏  w | d t ,     OSI =  1 2  ( 1 −    |   ∫ 0  T    𝜏  w   d t |    ∫ 0  T   |   𝜏  w | d t ) .


    𝜏  w   ( 1 ) =   4 𝜇 Q  𝜋   R 3 +  2     𝜏  r 𝜃   ( 1 ) ,       𝜏  r 𝜃   ( 1 ) = 2 C     𝜇  | v |  d ,


  Q


  R = d / 2


  𝜇


  C = 7 . 858


    𝜏 tr  ( t ) = Re   ∑  n ≥ 0 ​    𝜇       Q ^  n  𝜋     R - 3   𝛷  (   𝛼  n )     e  i n 𝜔 t ,       𝛼  n =   R -    n 𝜔  𝜈 ,


  𝛷  ( 𝛼 ) =     L 2   F 10  2  (   F 10 − 1 ) ,       F 10 =   2   J 1  ( L )  L     J 0  ( L ) ,     L = 𝛼     i  3 / 2 ,


  Re


      Q ^  n


    R -


  𝜈 = 𝜇 / 𝜌


    J 0


    J 1


    𝜏  w   ( 2 ) =   𝜏 tr +  2     𝜏  r 𝜃   ( 2 )


   TAWSS   ( 3 )  ( x , a ) =   ∑  j = 0 3   (   c  j + a     d  j )   x  j .


  m


  a = 0


  a = 0 . 30


  m


  a = 0


  a = 0 . 30


  m = 2


  m > 1 . 71


  m = 2


  m = 0 . 7


  m = 0 . 5


  1 /   m 3


  m = 0 . 5


  Re = 𝜌  | v | d / 𝜇


  m < 0 . 69


  m < 0 . 78


  a = 0 . 30


  m < 0 . 69


  m < 0 . 78

