MIEKHAPOIHUU oy 005t )
HAYKOBHUU KYPHAUI
«IHTEPHAYKA»

INTERNATIONAL
SCIENTIFIC JOURNAL
«INTERNAUKA»

Ne 6(185) / 2026




MI;KHAPOJIHUU HAYKOBHU :KYPHAJI
«IHTEPHAYKA»

INTERNATIONAL SCIENTIFIC JOURNAL
«INTERNAUKA»

Csidouymeo
npo depicasHy peecmpauiio
OpyK0o8aH020 3ac00y Macosoi tHghopmayil
KB Ne 22444-1234411P

Indenmudghiramop media R30-03663
SO0IPHUK HAYKOBUX NPALD

Ne 6 (185)

Kuis 2026



BBEK1

YIK 001
M-43
& ‘beta version Open Academic Academic
“ . . OAJI p Resource
PBN\;' Polska Bibliografia Naukowa net Journals Index e
INFOBASE INDEX  EZ3 ) rors
iy - i -Gate —_
_:J © IR W lcgest E-Journal Gatewayy ilefeld Academic Search Engine
#h\ ) Hamionansma 6i6rmiorexa rpainmn ULRICHSWEB™ = Crossref
b AcademicKeys L ) 1L [oe e A TKpE GLOBAL SERIALS DIRECTORY f%@;;f;”“' Go:}g}e
A OSRaNe AR AR scholar

IToBuwuii 6i6miorpadiunmii onuc Beix crareit MixKHAPOOHOI0 HAYKOBOTO :KypHally «[HTepHAayKa» mpeacTaBie-
Ho B: Index Copernicus International (ICI); Polish Scholarly Bibliography; ResearchBib; Turkish
Education Index; HaykoBa nepioguka Yxkpaiuu.

wKypHas 3apeecTpoBaHO B MIKHAPOAHUX KaTaJIoTaX HAYKOBUX BUIAHb Ta HAYKOMETPUUYHUX 0as3ax JaHUX:
Index Copernicus International (ICI); Ulrichsweb Global Serials Directory; Google Scholar; Open Academic
Journals Index; Research-Bib; Turkish Education Index; Polish Scholarly Bibliography; Electronic Journals
Library; Staats- und Universitdtsbibliothek Hamburg Carl von Ossietzky; InfoBase Index; Open J-Gate; Aca-
demic keys; HaykoBa nepioguka Ykpainu; Bielefeld Academic Search Engine (BASE); CrossRef.

B :xypHauti omy0JrikoBaHI HAyKOBI CTATTI 3 aKTyaJIPHUX IIPO6JIEM CydJacHOI HAYKH.

Marepianau my6IiKy0TbCSA MOBOIO OPUTIHAJY B aBTOPCHKIN peIaKIlii.

Penaxitia me s3aB:xau mogijiAe TyYMKH 1 TIOIVIAAM aBTOpa. BigmoBigasabHICTH 3a JOCTOBIPHICTH (DAKTIB, iMEH,
reorpadiuHuX HA3B, [IUTAT, IIUQP TA IHIIUX BiJOMOCTEN HECYTh aBTOPH ITyOJTiKAIIIL.

¥ BigmoBigHOCTI 13 3akoHOM Ykpainu «[Ipo aBTopchbKe IIpaBo 1 CyMiMKHI ITpaBar», IIPH BUKOPUCTAHHI HAYKOBUX
imeii i maTepiaiiB i€l 301pKH, IIOCUJIAHHA Ha aBTOPIB Ta BUOAHHA € 000B I3KOBUMII.

© Asropu crareii, 2026



Pedaxuiiina konezis:
TostoBa pemakmiitnoi koserii: Kamincska Terama I'puropiBHa — QOKTOP €KOHOMIUHKX HayK, IIpodecop
(Kuis, Ykpaina)
3acTyImHUK ToJI0BU pemakiiiiinoi koserii: Kypuiao Bomogumup IBaHOBHUY — [OKTOp IOPUINYHUX HAYK,
mpodecop, 3aciry:keHuii ropuct Yrpainu (Kuis, Yrpaina)
3acTyImHUK ToJIOBU penakiiiinoil kojierii: Tapaceuko Ipuua OsiekciiBHA — TOKTOP €KOHOMIUHUX HAYK,
apodecop (KuiB, Yxpaina)

Po30din «<EKOHOMIYHI HAyKu»:

Unen penakiiiinoi koJierii: Ajsmies Illacga Tuduric orytm — I0KTOP €KOHOMIUHHUX HAYK, IIpodecop, diieH
Panu — mayxkosuii cekperap ExcriepTHoi pagu 3 ekoHoMiuHUX Hayk Buroi Arecratitinoi Komicii mpu [Ipesu-
menToBi Asepbaiimxancerol Pecrry6uriku (Cymrait, Asepbaiimkanceka Peciry6irika)

Yinen pemakiiiinoi kosierii: Bamaurok Isan @egopoBUY — JOKTOP €KOHOMIUHHUX HAYK, mTpodecop (IBa-
Ho-DPpaHKIBCHK, YKpaiHa)

Unen penmaxiiiinoi koserii: Bapgam Cepriit BoroguMupoBuY — I0KTOp €KOHOMIUYHUX HayK, Ipodecop
(KuiB, Ykpaina)

Unen penaxiriiiaoi xoJsierii: Boumap Mukosa IBaHoBHMY — [0KTOp €KOHOMIUHUX HaAYK, mpodecop (Kuis,
Yxpaiua)

Uien pemakiiiinoi kosterii: Besasamos Tanar ExaBepoBry — noxT0op eKkoHOMIUHNX HAYK, goieHT (Kuis, Ykpaina)

Unen pepakiiiiinoi koserii: Bmosenko Haramia MuxaijiBHA — JOKTOP €KOHOMIUHKX HAYK, IIPodecop
(KuiB, Ykpaina)

Unen penaxiiiiiaoi koserii: 'o6auk Bomogumup BacuasoBuY — MOKTOP €eKOHOMIUHUX HAYK, KAHIUIAT
(istocodecrrrx HayK, Tpodecop, Sacay:xeHuit ekoHoMicT Yirpainu (Mykauese, Ykpaina)

Unen penakiiiiaoi koserii: I'puabko Ana IlaBixiBHa — QOKTOpP eKOHOMIUHUX HAYK, mpodecop (Xapkis,
Yxpaiua)

Unen penmaktitinoi kosierii: I'ymamenko JIro6o8 BacusriBHa — MOKTOp €KOHOMIUHUX HAYK, ITpodecop (Bin-
HUIIA, YKpaiHa)

Uiten penaxkiriiinoi kosterii: Jdepiit Bacuas AHTOHOBHY — MOKTOP €KOHOMIUHUX HAYK, mpodecop (TepHo-
iIb, YKpaiHa)

Yinen penakiiiinoi kosterii: Jleancexkno Muxkosa [IaBjioBuY — MOKTOP €KOHOMIUHUX HAYK, ITpodecop,
ujIeH-KopecnoHaenT MixKHapoaHOI akageMil iHBECTHITIHN 1 eKOHOMIKK OyqiBHUIITBA, akageMik Arxamgemii Oy/miB-
HULTBA YKpaiHnu Ta YKpaiHcbKol TexHoJsioriuHoi akanemii (Kuis, Ykpaina)

Uisten penaxriituoi kosierii: {paran Osena IBamiBHa — MoKTOp eKoOHOMIUHUX HAYK, mpodecop (KuiB, Ykpaina)

Unen pepaxiiiinoi kosierii: Emine Jleiia Kuar — mokrop ekoHoMiuHuX HayK, moreuT (Typeuunna)

Uiten pemaxiriiinoi kosterii: €Egimenko Hamisa AmaTosriiBHA — JOKTOpP €KOHOMIUHEUX HayK, mpodecop (Hep-
kacu, Ykpaina)

Uisen penmaxiiiiiaoi koserii: 3apyubka OQsena IlapiaiBHa — MOKTOP eKOHOMIUHUX HAYK, mTpodecop ([wimpo,
VYkpaiua)

YsteH pemaxkiritivoi kKosierii: 3esicko Inaa MuxaiiiBHa — JOKTODP €eKOHOMIUHUX HAYK, IIPodecop, akaaeMik
Axanewmii exonomiunux Hayk Ykpainu (Kuis, Yikpaina)

UneH penmaxiriiiaoi Koserii: 3ock-Kiop Mukosia BaepiiioBuu — JOKTOpP €KOHOMIUHUX HAYK, Ipodecop
(ITonraBa, Ykpaina)

Ynen penaxkiiiinoi kosierii: Inpuyk IlaBimo I'puropoBud — 10KTOP €KOHOMIUHHUX HAYEK, morieHT (JIbBIB,
Yxpaiua)

Uiten pemaxiiiiaoi kosterii: Kapimkymos sKacyp IMman6oeBuuy — moKTOp eKOHOMIUHIX HayK, goreHT (Tar-
keHT, Pecriy6itika Y30ekucram)

Yinen pemaxiriiiaoi koserii: Kimouan B’sueciiap BacuiaboBUY — JOKTOP €KOHOMIUHUX HAYK, ITpodecop
(Muxkostais, Yxpaina)

Unen pepaxmiiiaoi kosterii: Kommniok Oxcana IpaniBHa — [0KTOP €KOHOMIUHUX HaYK, podecop (JIbBIB,

Yxpaiua)

UneH penaxiiiinoi kosterii: KpaBuenko Onbra QuexciiBHa — HOKTOp eKOHOMIUYHUX HayK, mpodecop (Kuis,
Yxpaiua)

Uiten pemaxiiitaoi koserii: Kypmmo JIromMmmia IsumopiBHa — 10KTOp eKOHOMIUHUX HaAyK, mpogdecop (Kuis,
Yxpaiua)

Uien pepaxiitiaoi koserii: Kyxmenko Osier BacniasoBu4y — 0KTOp eKOHOMIUHUX HAYK, Tpodecop (Kuis,
VYkpaina)
Unen penaxkiitinoi koserii: JIoiiko Basiepisa BikTopiBHa — M0KTOp €eKOHOMIUHUX HayK, mpodecop (Kuis,

Yxpaiua)
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Uiren penmaxkiriiiuoi kosrerii: Jloxamosa Harana OsiekciiBHA — OOKTOP eKOHOMIUHNX HayK, mpodecop (JIbBiB,
Yxpaina) .

Ysen pemaxiriitaoi kosrerii: Masik Mukosa MocumoBUY — TOKTOP €KOHOMIUHMX HayK, mrpodecop (Kuis,
Yxpaiua)

Unen penaxiriiinoi kosierii: Mirye Ipuna IlerpiBHa — moKTOp €eKoHOMIUHUX HayK, mpodecop (Uepkacu,
Yxpaiua)

Uiten pemaxiiiitoi kosrerii: Himeunko Birasmiii CepriiioBud — I0KTOp €KOHOMIUHUX HAYK, morieHT (Omeca,
Yxpaiua)

Uiten pepaxiriiiaoi koserii: Omiiauk Oiekcanap BacuaboBHY — I0KTOP €KOHOMIUHHKX HAYK, IIPodecop
(XapkiB, Ykpaiua)

Usen penmaktitiaoi Koserii: Ocmaruenko Bomogumup OrekcaHapoBHUY — IOKTOP €KOHOMIUHUX HAYK,
mpodecop (Kuis, Yrpaina)

Unen pemakuiiizoi koserii: Oxpimenko Irop BirasifioBuu — okTop eKkoHOMIUHUX HayK, mipodecop (Kuis,
Yxpaiua)

Unen pepaxkiiiinoi kosierii: [lacka Irop MukoJsaiioBHY — M0KTOP €KOHOMIUHUX HAyK, mpogdecop (Biza
IlepxkBa, Yxpaiua)

Uiten pemaxkiiiiinoi kosierii: Pagymosa Karepuuna MukosiaiBHa — JOKTOP €KOHOMIUHHUX HAYK, IIpodecop
(Kuis, Ykpainua)

Uiten pemakiriiinoi kosterii: Pamcebekmint Auapii IOpifioBuu — moxTOp eKoHOMIUHEKX HAyK, npodecop (Kuis,
Yxpaina)

Ysen penaxkiriiiuol kosterii: CesiBepcroBa JIrommuia CepriiBHa — I0KTOp €KOHOMIUHUX HAYK, ITpodecop
(KuiB, Yrpaina)

UneH pepaximiiinoi kosterii: Cmostin Irop BasmeHTHHOBHMY — NOKTOpP €KOHOMIUHUX HAYK, podecop (Kuis,
Yxpaiua)

Unen pemaxiriitiol kojierii: CynmoBa Ouseca OQirekcaHapiBHA — TOKTOp €eKOHOMIUHHUX HAYK, ITpodecop,
akameMik Axamemil ekoHOMIuHMX Hayk Yipainu (Kuis, Ykpaiua)

Uinen pemakiiiinoi koserii: TaukiaeBcska Haramia CraHiciiaBiBHA — JOKTOP €KOHOMIUHUX HAYK, IIPO-
(ecop (Xepcon, Yrpaina)

Ysen penaxiiiinoi kosterii: Tokap Bosogumup BosroguMupoBrd — TOKTOp €KOHOMIYHUX HAYK, ITpodecop
(KuiB, Yrpaina)

Ysen penaxkiriiinol kosterii: Tynpunacska CBiiana QiiekcaHApPiBHA — TOKTOP €KOHOMIUHUX HAYK, ITPO-
tecop (Kuis, Yrpaina)

Uien pemaxkiiiiinoi koJsierii: YmkeBcbka JIroomuiaa BitasiiBHAa — QOKTOP €KOHOMIUHHUX HAYK, IIpodecop
((Kuromup, Yrpaina)

Uisen penakriiinoi Kosterii: llleBuyk fIpocinas BacuaboBUY — TOKTOP €KOHOMIUHUX HAYK, CTAPIINAI HAy-
KOBUiA crriBpobiTHUEK, noreHT (HoBoBosmHChK, BostmHebka 00651., YEpaina)

Ynen penaxiitinol koserii: llmakapyk Jligia BacumiBHa — MOKTOp €KOHOMIUHMX HAYK, TPOGecop, WiIeH-Ko-
pectioagenT HAH Vkpaiuu (Kuis, Ykpaiua)

Unen pepakitizoi kosterii: lllmak BamenTnn ApkagifioBud — JOKTOpP eKOHOMIUHMX HaYK, mipodecop (Kuis,
Yxpaina)

Unen pepaxkmiitol kKoserii: CkpuHbKOBChEHE Pyciian MukosiaiioBUY — KaHIUIAT €eKOHOMIYHUX HAYK,
mpogecop (JIsBiB, Yikpaina)

Uien pemaxkiiiiaoi koJierii: Cysmronos lllepanu HypamueBua — fqokrop (distocodii 3 eKOHOMIUHUX HAYK
(PhD) (Tamrent, Pecniy6tika Y30exkucram)

Uien pemaxiiiinoi kosterii: Peter Bielik — Dr. hab. (CiroBamnpka Pecmy6orika)

UYsen penakuiittoi kosterii: Eva Fichtnerova — University of South Bohemia in Ceské Budgjovice (Yecska
PecmyGutika)

Ysren pemakriiiinoi koserii: Jozsef Kaposzta — Dr. hab. (Yropimnua)

Yiren pemakriiinoi koserii: Henrietta Nagy — Dr. hab. (¥Yropimiaa)

Uisten penaxiiiiitoi kosterii: Anna Toré-Dunay — Dr. hab. (Vropiuaa)

Ynen pemaxiiiinoi kojerii: Miroslaw Wasilewski — Dr. hab., Associate professor WULS-SGGW
(Tlompmia)

Yiaen pemakiiiinoi xojerii: Natalia Wasilewska — Doctor of Economic Sciences, professor UJK
(ITonpma)

Po30din «Texniuni nayxku»:
Unen penaxkiiiinoi koserii: Besgikos Anarostiii CepadiMoBuy — qoKTOp TeXHIYHUX HAYK, Ipodecop ([ Hi-
mpo, YkpaiHa)



Unen pepaxiiiiaoi koserii: Kyssmin Osier BosromuMupoBuY — qOKTOP TeXHIUYHUX HAYK, mpodecop (Kuis,
VYkpaiua)

Uiten penmaxkiriiiaoi koserii: JIynmesnko Irop AHaTo/TifioBHY — TOKTOP TEXHIYHUX HAYK, Tpodecop (Kpemen-
uyK, YKpaiHa)

Unen penakiiiinoi kosterii: Measauk BikTopia MukosiaiBHa — JOKTOp TeXHIYHUX HayK, mpodecop (Kuis,
Yxpaina)

Unen pemaxiiiiitoi koserii: PymanmeB Auarostiii OiekcaHIpoBHY — TOKTOP TeXHIYHUX HAYK, ITpodecop
(Kpamaropcek, YipaiHa)

Unen pemaxiiiiaoi koserii: Cepreiiuyk Ouer BacuiboBuu — qokTop TexHIUHNX HAYK, mpodecop (Kuis,
Yxpaiua)

Uinen pepaxiiiinoi kosierii: Cremanos Quiekciii BIKTOpoBHY — IOKTOP TEXHIUHUX HAYK, IIpodecop (Xap-
KiB, YKpaiHa)

Unen pemakmiiinoi koserii: Ya6aun Biraniii BacuiasoBuY — 10KTOp TexHIUHUX HayK, mpodecop (Kuis,
Yxpaiua)

Unen penaxiriiiaoi kojierii: Ainb-AGadoHex Xacau Ani Kacem — kanaunar rexaivHux Hayk (AmMMam, ﬁop-
maHig)

Unen pepaxiriiitoi koJierii: ApTioxoB ApreMm €BreHoBHY — KaHIUIAT TeXHIUHUX HayE, goreHT (Cymm,
Yxpaiua)

e penaxiiitinoi kosierii: Bammp6eini Agasar IcMain — kauguoaT TeXHIYHUX HAYK, TOJTOBHUN HAYKO-
Buii crreriastict (Baky, AsepOaiimxanceka PeciryOstika)

Unen penakiiiinoi kosterii: KaGysnos HoziMixon AGoykapiMoBHY — JOKTOP TeXHIYHUX HAYK, HoueHT (Pe-
cry0Jtika YsbekucTan)

Unen penakmiitnoi kosierii: KouskoB I'eopriit IropoBuy — kaHauaar TexHiYHUX Hayk, mpodecop (Kuis,
Yxpaiua)

Unen penakriiinoi kojierii: IllouyskeBckuii Oirer /IMuTpOBHY — KaHIUIAT TeXHIYHUX HAYK, goreHT (Kpu-
Buii Pir, Ykpaiua)

Unen penakiiiiinoi xoJjierii: CanbkoB Ilerpo Muko/iaitoBu4 — KaHIUIAT TEXHIYHUX HAYK, morteHT (Jlmi-
mpo, Ykpaina)

Po3din «Iledazoziuni nayku»:

Unen pepaxkriiiinoi koserii: Kyzasa Ipumaa BopuciBaa — mokTop memaroriunux Hayk, gorest (JIympk, Yrpaina)

Uien penakiiiiiaoi kosierii: Jlirouskmit AHarosrii QieKkciioBHY — JTOKTOD ITeIarorivHuX HAYK, Impodecop
(KuiB, Ykpaina)

Unen penmaxriiiaoi koserii: Mymauk Karepuna BitasiiBHa — MokTop negarorivHux Hayk, goreHT (Xapkis,
Yxpaiua)

Unen penakiiiizoi kosierii: Pu6anko Jlima MukosiaiBHA — QOKTOD Iegarorivuux Hayk, mmpodecop (ITos-
TaBa, YKpaiHa)

Yien pemakiiiiaoi koserii: OcramiioBebka Ipuua IropiBHa — KauguaaT nmegarorivyHux HAyK, JOIEHT
(JIyubk, Yrpaina)

Po30din «Icmopuuni Hayku»:
Uiten penaxiritinoi kosterii: Biman Cepriit OsiekcifioBua — 0KTOp icTOpuuHMX HayK, Horent (Kuis, Ykpaina)
Unen pepaxiriitaoi kosierii: Jloopsxkancskuii Onexkcauap BomoguMupoBuY — I0KTOP iICTOPUYHUX HAYK,
mpodecop (UepHibiri, Yxpaina)
Uiten pepaxiiiiinoi Koserii: Ypazimosa Tamapa Bomogumupisaa — PhD in History of Art, moment (Hyxkyc,
V3bexucran)

Po3din «<Meduuni nayrku»:

Yiren pemaxkiriiinol kosterii: Camoxin AHaTourii BiKTOpoBHMY — MOKTOP MEQUUHUX HAYK, ITPodecop, 3acIy-
skenuit tikap Yrpaiuu (Kuis, Ykpaina)

Ynen penaxitiiinoi koserii: CeupugoB Mukosa BacuiboBHY — JOKTOP MEIUYHUX HAYK, TOJIOBHUI
HAYKOBUU CIiBPOOITHUK BiAIiJly €HIOKPUHOJIOTIYHOI Xipyprii, KepiBHuK LleHTpy miabetuunoi cronu (Kuis,
Yxpaiua)

Ynen pepakmiiiaoi koJierii: Cre6aok BeeBosoa BosromuMupoBUY — I0KTOP MEIUUYHUX HAYK, IIpode-
COp KpUMIHAJIICTUKH 1 cymoBoi memuiinau, Hapomuuii ['epoit Yrpainu, 3aciry:xeunii jgikap Yrpaiuu (Kuis,
Ykpaiua)

Yisren pemakiiiiaoi kosterii: Kynpisanosa Jlapuca CepriiBHa — kaHIugaT MeIUYHUX HAYK, TOIEHT KPUMi-
HaJIICTUKHU Ta CyIoBoi ekcrieprosiorii (Xapkis, Ykpaina)



Excnepmu:

JIromenko Auapiit MukosiaiioBU4Y — MPOBITHUN iH:KEeHEP-I0CIiTHUK, apXiTeKTOp MOOIIBHUX CHUCTEM,
EKCIIEpPT y ITPOEeKTYBAHHI MacIITab0BaHUX MOOLIBHUX Ta posmnomijieHux cucreMm, wieH IEEE, aBrop HaykoBo-
TeXHIYHUX cTaTeil y rairysi Mo6isibHol apxiTekTypu Ta high-load mrardopm, MaricTp puKIaIHOT MATEeMATHKN

HogBoceu Cepriit Bomogumuposuy — mignpuemens y cdepi eaekrpoHHoi komepirii, 7-figure Amazon FBA
wholesale mpogaBenb, crapmmii uwien eCommerce & Digital Marketing Association (ECDMA), aBTop xHUTH
«Amazon Wholesale Advantage: Winning Playbook», crmikep mizkaapomuux koudepenrriii (CIITA, €spomna, Jla-
THHCbKA AMepuKa)

Cuporenko Auapiit BosioguMupoOBUY — IIPOBIIHUNI 1HKEHEP-OOCTITHUK, eKCIIEPT 3 iHayCTPiaIbHOI aHa-
nitTuru 1 metpostorii, wied IEEE, aBrop BuHaxoniB i HAYKOBUX Hpallb y TaIy3l KOHTPOI0 IPOMUCIIOBUX BUKHUIIB



2026

YyepBeHb

3MICT
CONTENTS

EKOHOMIYHI HAYKHA

Lutsyk Vitalii
LEADERSHIP DYNAMICS IN PHYSICALLY INTENSIVE MOBILE WORK TEAMS:
A BEHAVIORAL TAXONOMY FOR CREW LEADERS IN MOVING SERVICES ........ccccceoeiiiviieerieeenne 9

Marchuk Andrii
MICRO-CONVERSION ENGINEERING: THE IMPACT OF WEBSITE STRUCTURE AND
THANK YOU PAGES ON LEAD-TO-CUSTOMER CONVERSION ......ccoottiiiiiieeiteeeeeeeeeeeeeeeeireeeeeeee e 17

ICTOPUYHI HAYRH

T'ornuaposa Harania OsekcanapiBaa )
ICTOPUYHI JJKEPEJIA ¥ ®OPMYBAHHI 'POMAIAHCHKOI KOMIIETEHTHOCTI
CTVIEHTIB ...ttt ettt ettt e e ettt e e e ettt e e e e eabteee e e ssataeeeannsaaeeseassaseeeaasstaaesenssseeaesanssseeeesnssenens 25

Myasap Auarosiit Mukosiaiiosua
IHBEHTAPHA PE@OPMA TA COLIAJIBHOEKOHOMIYHA TPAHCOOPMAIIIA
JEPATKHAHCBRKOI'O EJIFOYA (1845-1851 PP.): CITPOBA MIKPOICTOPMYHOI

PEKOHCTPYERITIT ..ottt ettt et s et eseae e e s enesenenenn 29
MEJUYHI HAYKHA
Patel Atit Rajubhai
MANAGEMENT OF STABILIZATION OF IT PROJECTS IN THE HEALTHCARE SECTOR................ 38

Bahriantseva Inna
REHABILITATION STRATEGIES FOR POST-SERVICE EYELASH DAMAGE: THE IMPACT
OF INTEGRATED RESTORATION SYSTEIMS ..ot e e e e e e e e e e e e e e eeeeeeeeeeesesaaaes 43

Stoianov Feliks
THE EFFICACY OF NON-INVASIVE AND MINIMALLY INVASIVE TREATMENTS

FOR EARLY-STAGE CARIES ...ttt ettt e e e e e e s s e e et e et e e eeeeeeeeeesenssaaaeeeeeeeeeens 49
INEJATOI'TYHI HAYKHA

Biriukova Mariia

CONTEMPORARY PEDAGOGICAL PARADIGMS IN TYPEFACE DESIGN EDUCATION..................... 57

Chornii Mariia
THE DEVELOPMENT OF SOCIAL SKILLS IN PRESCHOOL-AGED CHILDREN AS
THE FOUNDATION FOR SUCCESSFUL ADAPTATION TO SCHOOL EDUCATION.........ccccooeveeeeennnnn. 71

IumOGas CeiTiiana MuxonaisHa
OOPMYBAHHA THOOPMAIIVHOI KYJIBTYPU 3[10BYBAYIB OCBITHU B YMOBAX
TIBPUIITHITX SATPOB ...ttt ettt ettt et ettt e s h e bt e st e e bt et e eateebe e bt sate bt eateeat et e et e nbeeneeeaee 78

~



// MiskHapofHuii HayKoBUM XxypHan «IHTepHayka» // N2 6 (185), 2026
// 3mict // // 1SSN 2520-2057 (print), ISSN 2520-2065 (online) //

Movchan Bohdan, Onishchenko Volodymyr, Shevchuk Olha
MODELING OF WEB APPLICATION SPEED BASED ON WEB PAGE PERFORMANCE METRICS... 83

Nykytiuk Iryna

PASTRY ARCHITECTURE AS AN EMERGING DISCIPLINE: A FRAMEWORK FOR

STRUCTURAL ENGINEERING, STABILITY, AND RISK MANAGEMENT IN LARGE-SCALE
CUSTOM CAKES ...ttt ettt ettt e b e et e e bt e e bt e bt e eabe e bt e eabeesste e bt e saeeaabeesateebeesaeeenseesaseennes 91

Shkliar Kostiantyn
ACCESS MATRIX-AS-CODE: AUTOMATED GENERATION OF PERMISSION VALIDATION
SCENARIOS FROM CODIFIED ACCESS SPECIFICATIONS IN ENTERPRISE CRM

PLATEFORMS ...ttt ettt ettt e ettt e ettt e sttt e et e e e abee e sbaeaanbeeeassaeeansaeesnsseeanssessnsseeanssaesssaesnsseesnnseesnns 101
Svynchak Andrii

THE IMPACT OF WINDSHIELD DEGRADATION ON THE OPERATIONAL SAFETY AND
STRUCTURAL INTEGRITY OF COMMERCIAL VEHICLES.........ccooitiiiiieeieeetee ettt 110

Ilerposcekuii [leuuc Tapacosuu, Oripko Osbra IFOPiBHa
BUKOPUCTAHHA OSINT Y CUCTEMI IHOOPMAIINHO-AHAJIITUYHOT'O
SABESITEUEHH .......coviiiiieiee ettt e e e ettt e e e e ettt e e e e s ataaaaesesnsaaeeesaassseeeeasnssseeeeanssaeeeeaanes 126

dianko Haraxia Muxairieaa, lllepeaxkoBcsikuii I0mmiit Baaguciasosuy,

Mepanosa Harania OueriBua, [lomozenko Hina IlerpiBua,

Micropa Tumoddiit OnekcitioBuu, Xmins /IMmurpo Ilerposuy,

Kyraak Ousra Mukosaisaa

OCOBJIMBOCTI BIIJIMBY TEMIIEPATYPU HAT'PIBY POSIIJIABJIEHVX YACTHOK HA
TEIIJIOBUU CTAH CUCTEMU «HAITUJTIOBAHA YACTUHKA-OCHOBAS .......oovovvveeeeeeee. 129

dianko Harania Muxaiurieaa, lllepenkoseskuii FOnit Bnaguciasosuyu,

MepanoBa Harania OneriBua, Ilonozenko Hina IlerpiBaa, Xmins [Imurpo IlerpoBuuy,

Miciopa Tumodiii Onexkcitioruu, Kytaak Osabsra MukosaiBsHa

TEMIIEPATYPHI PEKVMU BATATOIIIAPOBOI CUCTEMU ITPY BAPIFOBAHHI

JTUCTAHITI HATIMTTEHHS..........oinieieieeeeeeeeeeeeeeeeeeeeeececeeae ettt ea ettt s s sasaeae st senas 133



// International scientific journal “Internauka” / N2 6 (185), 2026

// ISSN 2520-2057 (print), ISSN 2520-2065 (online) / // Economic sciences //

UDC 005.551:656
Lutsyk Vitalii
Master’s Degree in Law, Department of Law

Yaroslav Mudryi National Law University
ORCID: 0009-0002-6875-5082

DOI: https://doi.org/10.25313/2520-2057-2026-6-12080

LEADERSHIP DYNAMICS IN PHYSICALLY
INTENSIVE MOBILE WORK TEAMS:
A BEHAVIORAL TAXONOMY FOR CREW
LEADERS IN MOVING SERVICES

UHAVYH IHhIWOHOX3

Summary. Leadership research has produced detailed models for office managers, military officers, surgical team leads,
and cockpit captains. Crew leaders in the moving and relocation industry share none of those working conditions yet carry
comparable responsibility for team output, safety, and client satisfaction. They lift furniture alongside their crews, manage
shifting job demands across unfamiliar buildings, and serve as the sole point of contact between the company and the client,
all within a single shift. No published taxonomy captures the specific leadership behaviors that this combination of physical
labor, operational management, and client interaction demands. This study develops the Field Leadership Behavior Inventory
(FLBI), a 12-item observational instrument organized into three categories: task-oriented, relational, and adaptive behaviors.
Trained observers coded 120 shifts at a mid-size carrier in the northeastern United States across two six-month periods. Shifts
led by crew leaders who scored in the top quartile on relational and adaptive behaviors recorded on-time completion rates 14
percentage points higher, damage incident rates 47% lower, and client satisfaction scores 0.8 points higher on a 5-point scale
than shifts led by bottom-quartile scorers. Task-oriented behaviors showed weaker differentiation; how a crew leader relates to

the team and responds to changing conditions appears to matter more than procedural control alone.
Key words: crew leadership, team dynamics, physically demanding work, leadership behaviors, moving services, field team

management.

ntroduction. A crew leader in the moving industry

wakes up at 5 a.m., checks a dispatch sheet listing
two or three jobs, and meets a team that may include
workers they have never supervised before. By 8 a.m.
they are carrying a dresser down a fourth-floor stair-
well. By 10 a.m. they are explaining to a client why
the antique bookshelf needs custom wrapping that was
not quoted in the original estimate. By noon they are
deciding whether the team can handle a second job
across town or whether fatigue has made the afternoon
schedule unrealistic. Few of these tasks appear in the
leadership literature reviewed below.

Leadership theory has built its evidence base in
settings where the leader is not physically engaged
in the team task. Transformational leadership was
validated through questionnaire studies of manag-
ers, military officers, and educators who lead from
desks, briefing rooms, or podiums [2]. Functional
leadership theory identified 15 leadership functions
organized around transition and action phases of team

performance, drawing data from manufacturing plants
and R&D laboratories where the team leader oversees
work but does not perform it [10]. Research on lead-
ership in extreme contexts accounts for threat, time
pressure, and complexity, but the settings studied are
military and emergency operations where the leader
coordinates without sharing the physical workload [6].
What connects all these frameworks is an unspoken
premise: leading is a cognitive activity performed by
someone whose body is free. A moving crew leader
hauls the same weight as every other team member,
and that effort depletes the cognitive resources that
leadership depends on.

Team process models reinforce this blind spot.
Marks et al. proposed a taxonomy of team processes
organized into transition, action, and interpersonal
categories, a framework that has shaped more than
two decades of team research [9]. Transition processes
(mission analysis, goal specification, strategy formu-
lation) happen before task execution; action processes

Copyright © The Author(s). This is an open access article distributed under the terms of the
Creative Commons Attribution License 4.0 (https://creativecommons.org /licenses /by [4.0/)
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(monitoring, coordination, backup) happen during it.
In moving, both happen simultaneously and the person
leading the transition process is also performing the
action. When a crew leader stops to reformulate the
loading sequence after discovering an extra bedroom,
the reformulation happens mid-task, not at a planning
table. A review of team effectiveness research covering
hundreds of studies noted that the physical context of
teamwork remains an understudied moderator of team
processes. Nearly two decades later, the gap persists [7].

Shared leadership offers a partial answer. Pearce
and Sims found that distributing leadership across
team members was a stronger predictor of effective-
ness in change management teams than vertical lead-
ership from a single appointed leader [11]. In moving,
informal task sharing happens naturally: an expe-
rienced mover may take charge of wrapping fragile
items while the crew leader manages the truck loading
sequence. In practice, however, an external account-
ability structure constrains this distribution: the client
expects one person to own the conversation, and the
company holds one person responsible for the shift out-
come. Psychological safety, the belief that speaking up
will not be punished, predicts learning behavior and
error reporting in work teams [5]. For a moving crew
assembled that morning and unlikely to work togeth-
er again tomorrow, building that climate in the first
fifteen minutes of a shift is a leadership task rarely
examined in the literature on stable teams.

One variable that leadership models have largely
ignored is the leader’s own physical state. Barling and
Cloutier reviewed how leader mental health shapes
leadership quality and found that depleted leaders
fall back on passive and transactional behaviors even
when the situation calls for something more active
[1]. Physical fatigue works the same way. Four hours
into a stairwell carry, a crew leader simply has less
cognitive capacity for motivating people or rethinking
the plan than that same person had at 8 a.m. Burke
et al. tested which leadership behaviors are function-
al in team settings and found that task-focused and
person-focused behaviors both predicted performance,
but that the relative weight shifted depending on task
demands [3]. Moving amplifies this effect because task
demands stay high throughout the shift, change with-
out warning, and fall on the leader’s shoulders just as
heavily as on anyone else’s.

Against this background, the present article pro-
poses the Field Leadership Behavior Inventory (FLBI),
a 12-item structured observation tool that classifies
crew leader behaviors into three categories: task-ori-
ented (sequencing, equipment oversight, pace setting,
quality checks), relational (encouragement, physical
co-participation, conflict de-escalation, break man-
agement), and adaptive (scope communication, role
reassignment, expectation management, tempo adjust-
ment under fatigue). FLBI was applied to 120 observed
shifts at a mid-size carrier in the northeastern United
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States to test which behavior categories and individ-
ual behaviors are associated with better shift-level
outcomes in on-time completion, damage incidence,
and client satisfaction. Where earlier interventions at
this company addressed crew allocation and field deci-
sion protocols, the present analysis shifts the unit of
observation from the job or the deviation event to the
crew leader as an individual actor whose behavioral
choices shape the shift from start to finish.

Literature Review. Bass and Avolio’s Full Range
Leadership Model organizes leader behavior along
a spectrum from passive avoidance through trans-
actional exchange to transformational influence [2].
Transformational leadership in this model has four
components. Idealized influence involves modeling be-
haviors that followers respect. Inspirational motivation
means articulating a vision that energizes the group.
Intellectual stimulation encourages people to try new
approaches, and individualized consideration requires
attending to what each follower needs to develop. Pod-
sakoff et al. showed that transformational behaviors
explained variance in followers’ trust and citizenship
behaviors that transactional rewards alone could not
account for [12]. Later studies found a similar pattern
in military, educational, healthcare, and corporate
samples. A practical problem arises, however, with
the model’s measurement instrument. Followers fill
out the Multifactor Leadership Questionnaire after
weeks or months of working under the same leader.
A moving crew leader works with a given team for one
shift, sometimes for a single three-hour job. There is
no accumulated impression to rate; what matters is
observable behavior within that window.

Functional leadership theory shifts attention from
who the leader is to what the leader does for the team.
Zaccaro et al. defined team leadership as identifying
and satisfying whatever a team needs to function [15].
Morgeson et al. built on that idea by sorting leadership
functions into two temporal phases. Before the task
begins (transition phase), leaders compose the team,
define the mission, set expectations, plan, train, make
sense of the situation, and give feedback [10]. During
the task (action phase), they monitor progress, man-
age boundaries, challenge the team, perform the task
themselves, solve problems, supply resources, encourage
self-management, and support a positive social climate.
Burke et al. tested several of these functions and found
that both task-focused acts (structuring, monitoring) and
person-focused acts (supporting, developing) contribut-
ed to performance, though the balance between them
shifted with the type of task [3]. For moving crews, this
functional lens works better than trait or style models
because it points to concrete, observable acts rather than
abstract tendencies. Where it falls short is a blind spot
shared with every framework in Table 1: none of the
listed functions considers what happens when the leader
is physically performing the team task and running low
on the cognitive energy that leadership demands.
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Two additional research streams inform the design
of FLBI. First, team development and adaptation re-
search raises the question of how quickly a group can
become functional. Tuckman described four stages that
small groups move through: forming, storming, norm-
ing, and performing. Groups in his studies interacted
over weeks or longer [13]. Moving crews do not have
that luxury; someone who announces role assignments
in the first five minutes of a shift is compressing what
Tuckman observed as an organic process into a de-
liberate act. LePine looked at what happens when
task demands change unexpectedly and found two
things: teams with strong goal commitment adapted
faster, and individual cognitive ability mattered for
adaptation speed regardless of group composition [8].
For moving, this means that putting the right person
on the right task after an on-site surprise is not just
a logistical convenience but a leadership act with mea-
surable performance consequences. DeChurch and
Mesmer-Magnus extended this line of work by me-
ta-analyzing the relationship between shared mental
models and team performance [4]. Shared cognition
predicted both team process quality and outcomes,
especially when mental models were task-focused
rather than team-focused. In moving, the person who
announces the loading sequence before the first box
is carried creates a task-focused mental model that
substitutes for the team familiarity built over weeks
in other work settings.

Second, research on leader interventions in
self-managing teams addresses the tension between
directing and empowering. Wageman examined 43
self-managing teams at Xerox and found that leaders
who provided clear direction at the start and coaching

during execution produced better outcomes than lead-
ers who either micromanaged throughout or withdrew
entirely [14]. Effective intervention was about timing,
not volume: brief, well-placed coaching moments out-
performed continuous oversight. Moving crew leaders
face an amplified version of this dynamic because the
physical pace of the work does not allow for extended
conversation. Coaching must fit into the brief pause
between one carry and the next. This constraint makes
behavioral specificity essential: a crew leader who
says “slow down on the stairs, the banister is loose”
is performing a person-focused leadership function
compressed into a format that no existing leadership
instrument captures [3].

Across these six frameworks and two additional
research streams, a pattern emerges: each body of
work illuminates one or two dimensions of the moving
crew leader’s role while leaving others unaddressed.
Transformational leadership captures the motivational
dimension but not the physical one. Functional leader-
ship captures the behavioral dimension but assumes
the leader stands apart from the task. Team process
models capture coordination but not fatigue. FLBI was
designed to integrate these partial views into a sin-
gle observation instrument calibrated for the specific
conditions of physically intensive, client-facing, single-
shift mobile teamwork.

Materials and Methods. Data were collected at
a USDOT-registered household goods carrier operating
in a major metropolitan area in the northeastern Unit-
ed States. Unlike prior analyses of dispatch-level and
deviation-level records at the same company, the pres-
ent study operates at a different unit: the individual
crew leader observed across an entire shift. A trained

Table 1

Leadership frameworks and their applicability to physically intensive mobile work teams

phases

Framework Key Construct |Studied Contexts| Applicability to Moving Limitation for Moving
Full Range Lead- | Transformational Office, military, | Inspirational motivation and | Requires ongoing leader-
ership [2] vs transactional education individualized consideration | follower relationship; crews
behaviors relevant to crew morale rotate daily
Functional Lead- | Leadership func- Manufacturing, | Transition/action distinction Does not model leader
ership [10; 15] tions across tran- R&D, project maps onto pre-job briefing performing physical task
sition and action teams and during-job execution alongside team

Team Processes

(91

Transition, action,
interpersonal pro-
cess categories

Laboratory and
project teams

Process categories applicable
to crew coordination and
conflict management

No fatigue or physical work-
load dimension; assumes
phase separation

learning

safety

Shared Leader- | Distributed influ- | Knowledge work, |Informal task sharing occurs| Single point of client ac-
ship [11] ence across team change manage- |naturally among experienced| countability limits distri-
members ment movers bution
Psychological Voice behavior, Healthcare, tech- Error reporting relevant Climate builds over repeat-
Safety [5] error reporting, nology teams to damage prevention and ed interaction; crews may

meet once

Extreme Context
Leadership [6]

Threat, complexi-
ty, time urgency

Military, emergen-
cy response

Physical risk, time pressure,
unpredictable conditions
present

Leader coordinates but does
not share physical workload

Source: compiled by the author from published literature
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observer, an office staff member with four years of op-
erational experience but no active crew role during the
study period, accompanied crews on 120 shifts between
March 2024 and February 2025. On a typical move,
the crew leader assigns functional roles (lead mover
controlling the sequence, a stabilizer managing balance
on heavy items, and a spotter clearing the path), and
FLBI codes how the leader manages these assignments
across the shift. Observer presence may have influ-
enced crew leader behavior; this reactivity concern is
addressed in the limitations discussion in Section 4.
Sixty shifts fell in Period A (March through August
2024, before the introduction of structured protocols at
the company) and sixty in Period B (September 2024
through February 2025, after protocol adoption). Shifts
were selected to cover all days of the week, both peak
and off-peak seasons, and a range of job types (local
apartment moves, office relocations, long-distance
loads). Fourteen crew leaders were included in the
study, with each leader appearing in five to twelve
shifts depending on scheduling availability. Given the
small number of crew leaders, quartile boundaries
used in the analysis are approximate, and results
should be interpreted as indicative patterns rather
than definitive effects. Crew composition varied across
shifts; the observer recorded which team members
were present but coded only the crew leader’s behavior.

FLBI classifies crew leader behaviors into three cat-
egories of four items each. Task-oriented behaviors cap-
ture how the leader organizes and controls the physical
work: workload sequencing (announcing which rooms or
items to load first and in what order), equipment stag-
ing oversight (verifying that dollies, blankets, straps,
and specialty tools are positioned before carrying be-
gins), pace setting (adjusting speed verbally or through
personal example to match job demands), and quality
checkpoints (pausing to inspect wrapping, stacking, or
truck loading before proceeding to the next stage). Re-
lational behaviors address team energy and cohesion.
Verbal encouragement covers any instance where the
leader acknowledges effort by name or gives brief pos-
itive feedback during a carry. Physical co-participation
means the leader works alongside the crew on heavy
or awkward items instead of directing from the truck.
Conflict de-escalation involves stepping in when dis-
agreements over task allocation or pace arise between
team members. Break timing captures whether the
leader initiates rest periods based on workload and
weather conditions or waits for crew members to ask.
Adaptive behaviors cover responses to changing condi-
tions. Scope communication means informing the team
promptly when job parameters shift. Role reassignment
involves moving crew members between tasks as needs
emerge or fatigue becomes visible. Client expectation
management refers to reframing timelines or costs
when on-site conditions force a departure from the orig-
inal quote. Tempo adjustment captures moments when
the leader reduces pace or changes the task sequence

12

because cumulative fatigue shows up in slower move-
ment, longer pauses, or a rising error count.

For each shift, the observer carried a printed cod-
ing sheet divided into 30-minute blocks. Within each
block, the observer recorded whether each of the 12 be-
haviors was exhibited at least once (binary: observed /
not observed). Binary coding was chosen over frequen-
cy counts to reduce observer judgment load during
physically active shifts where precise tallying would
be impractical. At shift end, the observer summed the
block-level codes to produce a shift-level score for each
behavior (ranging from 0 to the number of blocks in
that shift, typically 4 to 8 depending on shift length)
and a category score (sum of the four behaviors with-
in each category). To assess inter-rater consistency,
a second trained observer accompanied the primary
observer on 15 of the 120 shifts (12.5%). Agreement
on individual behavior codes reached 87% across the
15 dual-coded shifts; Cohen’s kappa was not computed
due to the small dual-coding sample, so this figure
should be interpreted as a descriptive indicator of con-
sistency rather than a formal reliability coefficient.
Disagreements concentrated in the relational category,
where the boundary between verbal encouragement
and routine conversation required the most judgment.

Three shift-level outcome measures were recorded
independently of FLBI coding. On-time completion was
coded as a binary variable: whether the crew finished
the job within the time window quoted to the client,
with a 15-minute grace period. Damage incidence
counted the number of items reported as scratched,
dented, or broken on the post-job inspection form com-
pleted by the crew leader and countersigned by the
client. Client satisfaction was measured through a sin-
gle-item five-point rating scale (“How satisfied are you
with the crew’s performance today?” anchored at 1 =
very dissatisfied and 5 = very satisfied), administered
by phone within 48 hours of the move by an office staff
member who had no knowledge of the FLBI scores for
that shift. Outcome data were matched to FLBI scores
by shift date and crew leader identity. Analysis com-
pared outcome means across FLBI quartiles (top 25%
vs bottom 25% of crew leaders on each behavior cate-
gory), with differences assessed using Mann-Whitney
U tests given the non-normal distribution and small
number of crew leaders per quartile. Individual behav-
iors within each category were examined separately
to identify which specific acts carried the strongest
association with shift outcomes.

Results and Discussion. Across all 120 observed
shifts, task-oriented behaviors appeared in the highest
proportion of 30-minute coding blocks, followed by re-
lational and then adaptive behaviors. Table 2 reports
observation rates for each of the 12 FLBI items.

Pace setting and workload sequencing appeared
on almost every shift; crew leaders consistently set
a rhythm and announced what to load first. Equipment
staging showed up in about two-thirds of coding blocks,
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Table 2
FLBI behavior observation rates (% of 30-minute blocks, mean across 120 shifts)
Category Behavior Observation Rate
Task-oriented Workload sequencing 81%
Equipment staging oversight 64%
Pace setting 84%
Quality checkpoints 54%
Category mean 70.8%
Relational Verbal encouragement 61%
Physical co-participation 74%
Conflict de-escalation 29%
Break timing 48%
Category mean 53.0%
Adaptive Scope communication 44%
Role reassignment 39%
Expectation management 36%
Tempo adjustment 31%
Category mean 37.5%

Source: compiled by the author from observer coding sheets (120 shifts, 14 crew leaders)

mostly at the start of each job and after the truck was
repositioned. Quality checkpoints were less common,
appearing in just over half of blocks. Leaders, it seems,
chose speed over inspection when the physical effort
was sustained. Among relational behaviors, physical
co-participation stood out at 74%, consistent with the
expectation that most crew leaders spent the majority
of each shift carrying alongside their teams, not super-
vising from a distance. Conflict de-escalation was the
rarest behavior at 29%, which reflects the low base rate
of visible interpersonal friction on any given shift, not
leader avoidance. Adaptive behaviors clustered below
45% because they depend on triggering events (scope
changes, emerging fatigue, client questions) that do
not occur in every coding block.

Leaders were ranked by their mean category score
across all observed shifts, then grouped into quartiles.
Shifts led by the four highest-scoring crew leaders on
the combined relational-adaptive dimension (n = 31
shifts) were compared with shifts led by the four
lowest-scoring crew leaders (n = 28 shifts). Parallel

comparison was conducted for the task-oriented di-
mension. Table 3 reports the results.

Relational and adaptive behaviors separated
high-performing from low-performing crew leaders
far more sharply than task-oriented behaviors did. On-
time completion differed by 14 percentage points across
relational-adaptive quartiles but by only 4 points
across task-oriented quartiles. Damage incidence near-
ly halved in the top relational-adaptive group (0.39 vs
0.74 per shift), while task-oriented quartile differences
were marginal and statistically non-significant. Client
satisfaction followed the same pattern: a gap of 0.8
points on a 5-point scale between relational-adaptive
extremes, versus 0.2 points for task-oriented extremes.

Why did task-oriented behaviors, the most fre-
quently recorded category, predict outcomes so weakly?
One explanation is ceiling effects: because workload
sequencing and pace setting appeared on nearly every
shift regardless of leader quality, they failed to differ-
entiate strong leaders from weak ones. A behavior that
everybody performs cannot predict who performs well.

Table 3
Shift outcomes by FLBI category quartile (top 25% vs bottom 25% of crew leaders)
Category and Outcome Top Quartile Bottom Quartile Difference p Mann-Whitney)
Relational + Adaptive (n = 31 shifts) (n = 28 shifts)
On-time completion (%) 90.3 76.0 +14.3 pp <0.01
Damage incidents (per shift) 0.39 0.74 -47.3% 0.02
Client satisfaction (1-5) 4.6 3.8 +0.8 <0.01
Task-oriented (n = 32 shifts) (n = 27 shifts)
On-time completion (%) 84.6 80.2 +4.4 pp 0.31
Damage incidents (per shift) 0.53 0.62 -14.5% 0.44
Client satisfaction (1-5) 4.2 4.0 +0.2 0.38

Source: compiled by the author from FLBI coding and matched shift outcome records
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Morgeson et al. noted a similar pattern in their review:
task-structuring functions are necessary for team func-
tioning but rarely sufficient for team excellence, which
depends more on interpersonal and adaptive func-
tions [10]. Burke et al. arrived at the same conclusion
from a different direction, finding that person-focused
leadership behaviors gained predictive weight as task
complexity increased [3]. Moving fits squarely into that
logic. Carrying, wrapping, and loading furniture is
physically hard but procedurally simple, so a baseline
level of task management gets the job done. Where
crew leaders diverge is in how they keep the team’s
energy up, handle friction when it surfaces, and pivot
when something unexpected changes the plan.
When individual behaviors were examined, four
stood out. Break timing had the tightest connection to
on-time completion. Crew leaders who called breaks
before anyone looked exhausted finished on schedule

Quality
checkpoints

Verbal
encouragement

Physipal "
CO-PRILICIHPAIPRN AL

Conflict
de-escalafion

Break
timing )

Scope
communication

ADAPTIVE

Role
reassignment

more often than those who waited for someone to ask.
Late breaks created a recognizable cascade: the team
pushed past its efficient output window, needed lon-
ger to recover, then rushed through the remaining
work, which produced both delays and handling er-
rors. Tempo adjustment was most closely linked to
damage: leaders who slowed the pace after noticing
fumbled grips or labored breathing saw roughly half
the damage counts of shifts where the original speed
held. Verbal encouragement tracked most closely with
client satisfaction, likely because clients watched crew
interactions throughout the day and read a positive,
talkative team as a sign of professionalism. Scope com-
munication, functionally close to the client disclosure
protocol used at the same company, was linked to both
satisfaction and punctuality; telling the client early
about a scope change appears to head off the cascading
delays that come with last-minute renegotiation.

Pace
setting

Equipment
TASK-OFLESINE:D

100%

Workload
sequencing

Tempo
adjustment

Expectation
management

=—@— Top quartile
=@~ Bottom quartile

Fig. 1. FLBI behavior profiles: top-quartile vs bottom-quartile crew leaders (relational-adaptive ranking)
Source: author’s development based on observer coding data
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Connecting these findings to the theoretical frame-
works reviewed in Section 2 points to a consistent in-
terpretation. Bass and Avolio’s inspirational motiva-
tion and individualized consideration map onto verbal
encouragement and break timing: the leader signals
that effort is valued and that individual capacity is
being monitored [2]. Marks et al.’s interpersonal pro-
cess category, which includes conflict management and
affect management, maps onto conflict de-escalation
and tempo adjustment [9]. Wageman’s finding that
well-timed coaching outperforms continuous oversight
aligns with the observation that break timing and tem-
po adjustment, both brief interventions delivered at
specific moments, were associated with outcomes more
strongly than persistent procedural behaviors like pace
setting [14]. What FLBI adds to these established
frameworks is an instrument that captures all three
dimensions (task, relational, adaptive) simultaneously
in a setting where the leader is physically embedded
in the task, something that questionnaire-based or
laboratory-based instruments cannot replicate.

Period B shifts (after protocol adoption) scored
modestly higher on adaptive behaviors than Period
A shifts (41.2% vs 33.8% mean block rate, p = 0.04,
Mann-Whitney), while task-oriented and relational
scores stayed flat. Crew leaders trained on a structured
field decision protocol used scope communication and
expectation management more often, probably because
the protocol handed them a ready-made vocabulary for
those conversations. Encouragement, co-participation,
and break timing did not shift between periods, which
makes sense: these are interpersonal habits, and a de-
cision protocol does not touch them.

Several limitations require acknowledgment and
qualify the strength of the conclusions drawn here.
The study took place at a single company in one met-
ropolitan market; carriers with different crew sizes,
compensation models, or geographic conditions may
produce different behavioral distributions. Fourteen
crew leaders and 120 shifts constitute a small sample
by quantitative standards, and with only four lead-
ers per quartile, a single atypical individual can shift
groups substantially. Results should be read as sugges-
tive patterns in need of replication, not as confirmed
effects. Observer presence on the truck and at the job
site is the most significant threat to internal validity.
Crew leaders who knew they were being watched may
have performed leadership behaviors they would other-
wise skip, a classic reactivity effect. Because inflation
would affect all leaders in roughly the same direction,
the relative ranking used in quartile analysis is more
trustworthy than absolute behavior rates, but even
relative rankings may have shifted if some leaders
were more reactive to observation than others. Binary
block-level coding sacrifices granularity: a leader who
encourages the team once in a 30-minute window re-
ceives the same score as one who does so ten times.
A future version of FLBI could incorporate intensity

or frequency scaling for behaviors that vary in dosage.
Client satisfaction was measured with a single item;
a multi-item scale covering communication quality,
care with belongings, and punctuality would give
a fuller picture. Finally, correlation is not causation.
Crew leaders who score high on relational and adap-
tive behaviors may also be more experienced, more
agreeable, or more motivated than low scorers, and any
of those unmeasured differences could independently
drive the outcome gap. Seasonal variation adds anoth-
er layer of uncertainty: Period A fell during summer
peak months and Period B during winter, and differ-
ences in job volume, daylight hours, or crew fatigue
patterns between seasons may have influenced both
leader behavior and shift outcomes independently of
FLBI adoption. No control group of unobserved crew
leaders was available, so the possibility that improve-
ments reflect general organizational learning or other
concurrent changes cannot be excluded.
Conclusions. FLBI started with a practical ques-
tion: if a crew leader is lifting furniture, running the
operation, and talking to the client all at the same time,
which specific behaviors separate a good shift from
a bad one? Observation of 120 shifts at a single moving
company produced a clear pattern. Relational and adap-
tive behaviors (encouragement, co-participation, break
timing, scope communication, role reassignment, tempo
adjustment) separated top-performing from bottom-
performing crew leaders by margins that were both
statistically significant and operationally meaningful.
Task-oriented behaviors turned up on nearly every shift
and told us little about who led well and who did not.
Three contributions emerge from this work. First,
no comparable behavioral taxonomy for physically in-
tensive mobile work teams appears in the reviewed
literature; FLBI fills that gap. Existing instruments
measure leadership through follower questionnaires
administered after weeks of interaction or through
post-hoc ratings of team functions. FLBI measures
what the leader actually does, in real time, on a printed
coding sheet carried by an observer walking alongside
the crew. Second, the finding that relational and adap-
tive behaviors outweigh task-oriented behaviors in pre-
dicting shift outcomes adds field evidence to a theoret-
ical proposition advanced from laboratory and survey
data: person-focused leadership functions gain impor-
tance as task demands increase. Moving provides an
extreme test of that proposition because task demands
include the leader’s own physical exhaustion. Third,
FLBI’s three-category structure (task, relational, adap-
tive) offers a practical diagnostic for crew managers.
Someone who sequences work efficiently but neglects
break timing or avoids scope conversations with clients
can be coached on specific, named behaviors rather
than receiving vague feedback about ‘leadership style.’
Adoption requires minimal resources. FLBI coding
sheets fit on a single page. Observer training at the
study site took one four-hour session followed by five
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supervised ride-alongs before independent coding began.
New crew leaders at the company typically need one
to two months of supervised fieldwork before indepen-
dent assignment, a timeline that targeted FLBI-based
coaching could potentially compress. Companies without
a dedicated observer could use periodic ride-alongs by
operations managers or pair new crew leaders with ex-
perienced ones for mutual observation, converting FLBI
from a research instrument into a peer feedback tool.
Four directions would extend the evidence base.
Replication across multiple carriers with larger crew

leader samples would test whether the relational-
adaptive advantage holds in companies with differ-
ent crew sizes, compensation structures, and geo-
graphic markets. Following individual crew leaders
over six to twelve months would show whether FLBI
scores shift with experience and, if they do, which
behaviors improve quickly and which prove stubborn.
A peer-rated version of FLBI, where crew members
score each other after each shift, would move the
instrument out of the research setting and into daily
operations.

JJOJATKOBA IHOOPMAIIIA
DOIHAHCYBAHHS: Asropu He oTpuMyBaju (DiHAHCYBAHHA AJIA IIHOTO TOCTIIKEHHA.
3ASABA ITPO JOCTYIIHICTD JAHUX: He 3acTocoByeTbCA.
KOH®JIIKT IHTEPECIB: ABTopu 3asABJIAIOTH ITPO BiCYyTHICTh KOHQJIIKTY iHTEpeCiB.
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MICRO-CONVERSION ENGINEERING:
THE IMPACT OF WEBSITE STRUCTURE AND
THANK YOU PAGES ON LEAD-TO-CUSTOMER
CONVERSION

Summary. In this paper, we investigate conversion optimisation of online marketing applications from both a structural and
behavior perspective within a website system and post-lead interaction methodologies. Conversion as an endpoint of the funnel,
as seen in traditional marketing frameworks, is not discussed in this paper, which will argue that conversion is initiated when a
lead is captured rather than when it is reached. In essence, the author develops the Post-Lead Conversion Enhancement Layer
(PCEL), in alignment with the IMELF (Integrated Marketing Efficiency and Lifecycle Framework) framework, to organize post-
lead interaction across all dimensions of conversion. Building on previous customer experience, marketing analytics and omni-
channel system literature, the study reconceptualizes the website as a dynamic conversion mechanism not as a static interface.
From a micro-conversion perspective, this paper presents the Thank You Page as a valuable yet still untapped micro-conversion
site which helps improve trust, persuade consumers, and result in follow-through engagement and further engagement after a
lead. The observations show that the structural and behavioral inconsistencies in post-lead responses have a direct and pro-
found impact on the effectiveness of the conversion with the consequence that often the customer progression provides little
gain. This study contributes to theory through the intersection of conversion dynamics with customer journey models, and prac-
tical implications for maximizing organizational marketing ROI through structural improvements instead of higher expenditure.

Key words: conversion optimization, website structure, thank you page, customer journey, marketing analytics, micro-
conversion, UX design, post-lead engagement, ROMI, PCEL framework.

ntroduction. The digital marketing landscape has

matured into complex and seamless mechanisms
where the customer experience is made up of numerous
connected touchpoints rather than a linear route. Tra-
ditional conversion models (e.g., funnel-based) perceive
customer movement as a linear trajectory from aware-
ness to purchase. The popular models are commonly
used in practice, but are becoming less representative
of fragmented, non-linear, and iterative digital interac-
tions seen in contemporary digital engagement.

Recent studies have shown that the behavior of
users follows no established path in digital mediums.
Instead, they are shown to move dynamically between
platforms, continue being exposed to information, and
reassess their decision-making process [9; 17]. Thus,
the conversion process cannot be construed as a single
event but has to be viewed as the product of a proces-
sual sequence of behavioral interactions.

This lack of consistency is a challenge because
while recent developments in customer journey map-
ping and the marketing analytics literature have
paved the way for a deeper understanding of customer

experiences, these frameworks still fail to explain how
specific user actions combine to lead to resulting con-
versions. Journey-based approaches focus on experi-
ence and interaction [2; 10], yet their structural details
are often less precise. Conversely, funnel-based models
are highly structured but do not encapsulate behavior-
al complexity. This enduring disunity suggests a key
hole in marketing theory: it does not present a unified
framework that connects behavioral dynamics with
systematic design logic.

One aspect to this gap, which is largely unfath-
omable, is from the post-lead phase of the conversion
strategy. Most popular models overlook the interaction
that leads to conversion into paying customers and
generally have a close-to-completion status for lead
capture. But data reveals a large level of conversion
loss that occurs post-lead generation, revealing struc-
tural deficiencies within post-lead engagement sys-
tems. One of the most important but often neglected
aspects of the conversion process is our first, formal
interaction after a lead gets received — the Thank You
Page. Though key strategically, this is positioned as
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a passive response interaction for confirmation, rather
than functioning at the heart of the conversion process.

As there is a lack of consideration of micro-
behavioral transitions in the lead-to-customer journey
we see also this is a broader limitation in marketing
theory. To cope with these limitations, the study de-
velops the notion of Micro-Conversion Engineering,
defined as the systematic design and optimisation
of successive user actions leading to conversion. It
is based on the Integrated Marketing Efficiency and
Lifecycle Framework (IMELF) and looks at the con-
version layer bringing together website architecture,
post-lead decisions, and behavioral effects within an
integrated analytics framework.

The aim of this research is to consider the impact
of website structure and Thank You Page design on
lead-to-customer conversion in a micro-conversion con-
text. This approach departs from macro-conversion
focus on conversion rates to a more nuanced view of
marketing performance when it comes to digital in-
teractions.

This research contributes in three main ways. First,
it reconceptualizes conversion as a series of micro-level
behavioral interactions rather than a single outcome.
Second, it emphasizes the strategic value of website
architecture as a behavioral system influencing both
pre- and post-lead activity. Third, it reframes the
Thank You Page from a transactional endpoint into
a conversion acceleration node within the post-lead
phase.

Literature Review
From Macro-Conversions to Micro-Conversion
Processes

Conversion is often conceptualized as a discrete
outcome in traditional marketing models, usually
portrayed as the ultimate outcome in a funnel. While
this may be useful for aggregated performance mea-
surement, it does not explain the behavior that leads
to conversion. Recent studies, however, question this
assumption by focusing more on customer decisions
made through incremental interactions rather than
a single event.

In digital settings, user behavior is characterized
by fragmentation, iteration, and non-linearity [9; 17].
Customers interact across multiple touchpoints, re-
view information, and make ongoing decisions. Conse-
quently, conversion should be understood as a proces-
sual phenomenon consisting of multiple components
that, when observed, reflect changes in intention and
engagement.

These elements can be called micro-conversions —
intermediate user actions (such as content engage-
ment, form submission, or interaction with post-click
elements) leading to the final conversion. Thanks to
the advent of marketing analytics, these behaviors can
now be followed at finer points [1; 5].

However, despite the availability of detailed behav-
ioral data, current models often lack the structural
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perspective needed to systematically explain these
actions. Such disparity underscores the importance
of moving away from outcome-based measurement
towards a process-oriented analysis that model’s con-
version as a sequence of interconnected behavioral
events. From this point of view, we see the Conversion
Layer of the IMELF (Integrated Marketing Efficiency
and Lifecycle Framework), which focuses on the mech-
anisms that transform leads into customers.

Website Structure as a Behavioral Architecture

The main context of digital interactions and rela-
tionships — the website — serves not simply as a repos-
itory of information but also as a behavioral structure
that guides user behavior. The design, navigation, and
informational structure of websites are known to play
prominent roles in user engagement, the development
of trust, and decision-making processes [3; 10].

Structurally, website architecture provides a frame-
work that guides the sequence and accessibility of in-
formation through predetermined paths [12]. However,
it is well established that users rarely follow these
intended paths as designed, even though some studies
suggest that a limited number of users may still pro-
ceed linearly. Instead, users move dynamically between
elements depending on their personal goals, needs,
context, and perceived relevance [2; 6].

This discrepancy between the created paths and
the embodied behavior will result in a structural ten-
sion in the conversion process. Whereas firms wish to
streamline navigation for maximum system perfor-
mance, users desire the flexibility and freedom [11].
Consequently, poorly constructed sites introduce fric-
tion, create additional cognitive burden, and make it
harder to move toward conversion [14].

Additionally, website design does not only create
pre-lead interactions but set expectations that im-
pact behavior afterward as well, including responses
post-lead. As a result, website architecture is treated
as an essential part of the conversion system that un-
derpins the IMELF framework; it is the foundational
construction which both prompts user interaction and
also organizes behavioral responses at each stage of
the interaction process.

Post-Lead Interaction and the Role of Thank
You Pages

Although much of the literature has focused on
pre-conversion stages, the post-lead phase has received
relatively limited attention in marketing studies. In
conventional models, lead capture is generally treated
as an “end,” or a successful outcome. However, empir-
ical evidence suggests that many leads do not convert
into customers, indicating the presence of significant
issues in the post-lead process [14].

The Thank You page is the first controlled user
interaction in this stage, usually shown soon after
form submission or lead capture. So, while it plays
a critical role strategically, it often remains underused,
serving just as a confirmation page rather than an
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active element of conversion. The Thank You Page is
a transition between two stages — a bridge in which
users pay heightened attention and intent.

Users at this point are especially receptive to guid-
ance, reinforcement, and additional value propositions.
As a result, the structure and content of this page
can have a profound impact on subsequent actions
including further engagement, trust-building, and
progression toward purchase.

However, a systematic framework for analyzing
post-lead interactions remains underdeveloped. While
customer experience literature emphasizes the impor-
tance of continuity across touchpoints [2; 16], it does
not sufficiently account for the structural role of post-
lead elements such as the Thank You Page.

Within the IMELF Conversion Layer, the Thank
You Page is conceptualized as a conversion acceleration
node. Depending on its alignment with user expecta-
tions and overall system design, it can either facilitate
progression toward conversion or contribute to behav-
ioral drop-off.

Conversion Discontinuities in Lead-to-Customer

Transition

The step from lead to customer is a critical, if also
vulnerable, stage in the marketing process. Even
when you are able to acquire leads successfully, many
consumers leave before they have made a purchase,
creating considerable conversion failures [11]. This
phenomenon illustrates the existence of conversion
discontinuities which are described as areas where
the advancement of users is interrupted when the
system’s architecture does not match user behaviors.

Such discontinuities can be caused by multiple
sources such as unclear next steps, lack of reinforced
trust, insufficient value communication, inconsisten-
cy from one touchpoint to another and so on in their
entirety. This has its own limitations: fragmentation
between platforms and interactions in omnichannel
environments makes things worse [4; 8].

Marketing analytics has tools to reveal patterns of
drop-off and engagement [7; 13], yet they often fail to
explain how such patterns emerge. By this mechanism
it is difficult to understand why these phenomena oc-
cur. Without a set of tools that connect behavioral data
to system design, an organization can simply treat
symptoms, rather than root causes [12].

Conversion discontinuities point out the need to
consider micro interactions in the context of the mar-
keting system more generally. Specific friction and
drop-off should be singled out to identify areas for
targeted intervention or optimization.

Methodology
Research Design

The framework of this research is conceptual and
theory-building research; which will help in system-
atic structure of micro-conversion process and how it
plays a role in a digital marketing environment. The
study builds on a rigorous synthesis of contemporary

literature on customer journey mapping, digital mar-
keting systems, marketing analytics, and conversion
behavior.

By doing this it is also possible to locate deficien-
cies in the conceptualization and operationalization
of post-lead interactions within existing marketing
models. Rather than relying on primary empirical data
collection, the study adopts analytical conceptualiza-
tion, which provides an opportunity for the formal
development of a framework integrating behavioral,
structural, and process-oriented perspectives on con-
version.

IMELF and the Conversion Layer

This study uses the Integrated Marketing Efficiency
and Lifecycle Framework (IMELF), which was formu-
lated by the author as several layers for understanding
marketing activity. IMELF encompasses a structural,
an efficiency, and a lifecycle perspective, whereas the
current research focuses on the Conversion Layer that
manages how leads evolve into customers.

Conversion in this layer is not a discrete event —
rather, it is a combination of micro-conversions, the
smaller tasks which, all of themselves cumulatively,
result in the final purchase. These micro-conversions
are interactions such as form submission, content en-
gagement, trust validation, and post-lead responses.

This layer also studies two main structural com-
ponents:

* Website architecture — the medium where the pre-
and post-lead traffic takes place in an environment;

* Thank You Page mechanisms, the first structured
interaction post lead capture and a critical point for
influencing subsequent customer behavior.

These components are combined into one, cohesive
conceptual model, the Post-Lead Conversion System
(PLCS), and cover the stage that leads to the closing
of lead acquisition to customer conversion.

Analytical Model: Micro-Conversion Flow

An analysis is conducted that is informed by the
micro-conversion flow model mapping out the user’s
flow from discovery to conversion through a set of be-
havioral patterns. Within this model:

* Pre-lead interaction logic (pre-lead user expectation
and intent formation), website structure;

* The Thank You Page acts as a behavioral redirection
node, affecting immediate post-lead actions;

¢ Follow-up interactions (e.g., follow-up engagement,
trust reinforcement) ascertain the likelihood of con-
version.

A major analytical consideration is a shift in atten-
tion to determine conversion discontinuities, where
user engagement weakens or breaks as a result of
the misalignment between system design and users’
expectations (See Figure 1; Table 1).

Analytical Procedure

The study uses a behavioral-structural alignment
analysis, containing:
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Fig. 1. Micro-Conversion Flow

Table 1

IMELF Conversion Layer Components

Component

Role in Conversion Layer

Website Structure

Shapes pre-lead behavior

Micro-Conversions

Define behavioral progression

Thank You Page

Post-lead transition node

PLCS

Integrates full conversion process

Conversion Discontinuities

Identify inefficiencies

1. Breakdown of the conversion process into micro-
conversion stages;

2. A mapping of user interaction points within web-
site and post-lead environments;

3. Recognition of behavioral drop-off patterns asso-
ciated with specific structural elements;

4. Realizing where conversion inefficiencies exist,
particularly in post-lead stages. Here we are able to
discover micro-level inefficiencies which traditional
funnel measures do not capture but whose effective-
ness greatly affect your overall conversion perfor-
mance.

Research Results
Decomposition of the Conversion Process
into Micro-Conversions

It can be seen quite clearly in the analysis that
there is no single conversion event which can explain
the lead to customer transition. In truth, it is best

conceptualized as an array of micro-conversions, each
individual point of activity representing a discrete
behavioral step that contributes to the overall progres-
sion toward purchase.

Many micro-conversions can be reached by means of
pre-lead and post-lead interactions such as content en-
gagement, form submission, confirmation acknowledg-
ment, and subsequent interaction with post-lead elements.

Notably, this suggests that while organizations
largely streamline their pre-lead interactions, their
post-lead stages remain structurally underdeveloped.
There is thus an imbalance that causes a less than
optimal conversion process wherein the initial engage-
ment is captured reasonably well but the development
towards the purchase is weakly supported.

Such fragmentation indicates a lack of continuity
in the Post-Lead Conversion System (PLCS) within
the IMELF Conversion Layer (See Table 2).

Table 2
Micro-Conversion Stages
Stage Micro-Conversion Action User Intent Risk Factor
Website Entry Page visit Exploration Low relevance
Engagement Content interaction Information evaluation Cognitive overload
Lead Capture Form submission Initial commitment Trust concerns
Thank You Page Confirmation + next step Expectation of guidance Lack of direction
Post-Lead Interaction Follow-up engagement Validation Loss of interest
Final Conversion Purchase / agreement Decision finalization Competing alternatives
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Website Structure as a Determinant of Pre-Lead
Behavioral Alignment

Results reinforce the need for the architecture of
the website to set the path of behavior for the users
before leading them. A number of factors, including
navigation layout, information hierarchy, and interac-
tion semantics, jointly influence how readers perceive
the offers on offer and support intentions formation.

Yet, a repeated pattern arises that the design of
navigation paths does not match the behavior of users
that makes the navigation paths. Users frequently
deviate from the intended flows of content, return to
old pages, and only interact with content to a limited
extent depending on how pertinent they think it is.
This misfit generates cognitive friction and decreases
the effectiveness of micro-conversion sequences.

At the same time, a lot of pre-lead activity sets
expectations, something that builds on during and
beyond the post-lead phase. Users mostly cancel out
when those expectations are not met post lead capture.
Because this discovery clarifies that website design
shouldn’t be considered a self-contained component,
but a continuity mechanism across the whole conver-
sion lifecycle.

The Thank You Page as a Conversion Acceleration
Node

These results reemphasize that the structure of
the website needs to guide users towards the way of
behavior first, and steer them before leading them.
A number of factors such as the design of navigation,
information hierarchy and the semantics of interac-
tions combine to shape readers’ perceptions of the pre-
sented offers, and the formation of support intentions.

Yet, a frequent trend emerges that the interface
design of navigation paths does not fit the behavior
of the users that shapes the navigation paths. Users
often stray off the path users originally intended by
these types of flows of content, return to old pages and
only engage with content to some degree depending
on how relevant they believe it is. This misfit leads
to cognitive friction and undermines the efficacy of
micro-conversion sequences.

At the same time, there is a heavy proclivity for
pre-lead activity to establish expectations — some-
thing that is taken up during and beyond the post-lead
phase. Customers mostly cancel out when those expec-
tations are not met after lead capture. This discovery
makes it obvious that website design is not a solo thing
but a continuity mechanism across the whole conver-
sion lifecycle.

Next
Action
Conversion

Thank You S Trust
Page Building
Acceleration \
Conversion

Node
Fig. 2. Thank You Page as Conversion Node

Lead
Capture

This is categorized under conversion discontinuity
in the IMELF framework, and this discontinuity oc-
curs at the transition from lead capture to post-lead
engagement.

Identification of Conversion Discontinuities
in the Post-Lead Phase

This particular analysis identified various types
of conversion discontinuities in the lead-to-custom-
er transition. Such discontinuities include breaks
in the micro-conversion flow, where user progres-
sion is interrupted due to structural misalignment.
There are three major types of discontinuities (See
Table 3):
¢ Directional discontinuity, where users receive no fu-

ture guidance after lead capture as to what to do next;
¢ Informational discontinuity, failure to reinforce or
expand the value proposition in the post-lead phase;
¢ Experiential discontinuity: the tone, design, or logic
of the interaction suddenly changes meaningfully,
which diminishes perceived coherence.

Without cohesive post-lead design strategies, these
discontinuities are particularly acute. Thus, the con-
version process becomes fragmented, with each stage
operating independently rather than integrated into
one continuous whole.

Structural Integration within the Post-Lead
Conversion System (PLCS)

The result indicates that for proper conversion ef-
fectiveness, a system which amalgamates pre-lead and
post-lead interaction is needed.

The proposed Post-Lead Conversion System (PLCS)
attempts to solve this problem by considering the con-
version process in the form of a continuous sequence of
micro-conversions, rather than discrete stages.

In this system the Thank You Page is the centre,
the core of all transactions, linking lead capture to
subsequent engagement. When structured correctly,

Table 3
Types of Conversion Discontinuities
Type Description Example Impact
Directional No clear next step Static Thank You Page User drop-off
Informational Weak value reinforcement No additional offer Reduced motivation
Experiential Inconsistent interaction Different tone/design Loss of trust
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it may help to maintain continuity, reinforce the value,
and guide users toward further interaction.

In the absence of such integration, traditional
conversion metrics fail to capture inefficiencies. By
contrast, the PLCS is the mechanism for identifying
and addressing micro-level inefficiencies, thereby im-
proving overall conversion performance.

Discussion
Reframing Conversion in Light of Existing Research

The results of this research reinforce and extend
previous ones providing alternative interpretations of
conversion that is linear or outcome-driven. According
to research that highlights the non-linearity of custom-
er behavior [9; 17], the findings indicate that conversion
can be conceptualised through a processual sequence of
micro-conversions rather than a single event.

Although previous studies have mainly centered
on customer journeys in this area [2; 10], the current
study expands on this idea by creating a structural and
behavioral integration within the IMELF Conversion
Layer. More specifically, it moves beyond descriptive
mapping toward mechanistic explanation, identifying
how individual interactions can either contribute to or
disrupt conversion outcomes.

Website Structure and Behavioral Alignment

This result related to website architecture supports
prior research that emphasized the importance of dig-
ital environments in shaping user behavior [3]. In line
with customer journey literature, users exhibit non-lin-
ear navigation patterns and selective engagement [6].

However, by showing that misalignment between
intended pathways and actual behavior results in
quantifiable inefficiencies at the micro-conversion
level, this study expands on what is already known.
Although previous research recognizes that user be-
havior varies, it does not completely understand the
structural implications of this variability. By connect-
ing behavioral deviance to conversion discontinuities,
the current findings close this gap and offer a more
useful analytical framework.

The Under-Theorized Role of Post-Lead Interactions

One of the primary contributions of this study is
filling a gap in the literature concerning post-lead in-
teractions. Although existing research on customer
experience addresses continuity across touchpoints
[15; 16], it does not explicitly explore the structural
role of interfaces like Thank You Pages.

The paper’s results imply a key transition node
in the Thank You Page that both corroborates and
extends the premise of a sequential customer expe-
rience, rather than an isolated interaction. However,
in contrast to previous research, this research locates
the Thank You Page as an active conversion mecha-
nism rather than a passive confirmatory element (See
Figure 3; Table 4).

This reinterpretation adds to the body of knowl-
edge by exposing under-explored dimensions of the
conversion process and illustrating its influence on
user behavior.

Conversion Discontinuities and System Fragmenta-
tion

The identification of conversion discontinuities
aligns with research on fragmentation in omnichannel
systems [4; 8]. Similar to these studies, the findings
highlight the challenges associated with integrating
multiple touchpoints into a coherent system.

The current study, however, expands on this line
of inquiry by presenting a micro-level viewpoint and
demonstrating that fragmentation appears both within
individual interaction sequences and at the channel
level.

Conversion discontinuities, then, are the behavioral
manifestation of structural misalignment in digital
systems. This viewpoint offers a conceptual framework
for analyzing observed drop-off and engagement pat-
terns, which enhances marketing analytics research
[5; 7].

Theoretical Implications for IMELF

Thus, the research extends the Conversion Layer

of the Integrated Marketing Efficiency and Lifecycle
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Table 4
Thank You Page Optimization Elements
Element Function Expected Effect
Clear Next Step Guides user action Reduces uncertainty

Value Reinforcement

Confirms decision

Increases trust

Engagement Trigger

Encourages further interaction

Extends session

Personalization

Aligns with user expectations

Improves relevance

Framework (IMELF). Whereas the existing literature
tackles structural and experiential aspects of mar-
keting systems, this study offers a behavioral-process
dimension that bridges system design with user action.

In addition to providing a more operationalized
model and analytical framework for IMELF, the meth-
odology formalizes ideas like conversion discontinu-
ities, micro-conversions, and the Post-Lead Conversion
System (PLCS). This closes the gap between process-
oriented marketing structures and descriptive custom-
er journey models seen in the literature.

Conclusions. This study makes an important con-
tribution by identifying micro-conversions as import-
ant analytical units to provide a more fine-grained
view of how user actions build into conversion out-
comes. Website structure is evident to operate as a be-
havioral architecture in this respect as a behavioral
structure of both pre-lead interactions and post-lead
expectations.

The study also highlights the vital importance of
the post-lead period, which is underdeveloped in both
theory and practice. In particular, the Thank You Page
is repositioned as a node that accelerates conversions

and can influence user behavior at a crucial point in
the contact sequence. In addition to conversion break-
downs, a poor design approach during this stage might
result in a significant decline in potential clients.

To overcome these obstacles, the study introduces
the concept of Micro-Conversion Engineering, imple-
mented as part of the Conversion Layer of the Inte-
grated Marketing Efficiency and Lifecycle Framework
(IMELF).

It takes a long-term, detailed analysis of conversion
processes at the micro level, linking behavioral data
with system design and improving it, and finally, pres-
ents a systematic method for improving this approach
to conversion work that integrates both aspects.

The study contributes to the body of literature by
offering a process-oriented and structurally grounded
perspective on conversion. This perspective has the-
oretical significance and helps to operationalize and
increase marketing effectiveness in the digital space.

Empirical tests of the framework should be con-
ducted in future work to establish the applicability of
the model across new and larger industries as well as
different platforms.

JOJATKOBA IHOOPMAIJIA
DOIHAHCYBAHHS: AsTopu He 0TPpUMYBAJIHN (PiHAHCYBAHHA [JIA I[HOTO JOCITIKEeHHS.
3AABA IIPO JOCTYIIHICTB JAHMX: He 3acTocoByeThes.
KOH®JIIKT IHTEPECIB: ABT0opu 3asBIAI0TD IIPO BiCYTHICTH KOH(JIIKTY iHTEpeciB.
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ICTOPUYHI J)KEPENA
Y ®OPMYBAHHI TPOMAASAHCbKOI
KOMMETEHTHOCTI CTYAEHTIB

MHAVYH IHhNAOLDI

HISTORICAL SOURCES IN
THE FORMATION OF STUDENTS’
CIVIC COMPETENCE

AHoOTauiA. Y CTaTTi NPOaHAN30BAHO POJib ICTOPUYHMX gxKepen y npoueci opMyBaHHSI 2pOMAGSHCLKOI KOMMETEHTHOCTI
CTYGEeHTCbKOI MO/I0Gi. BU3HA4Y€HO OCBITHIV Ta BUXOBHMI MOTEHLiaN iCTOPUYHUX GOKYMeHTIiB. ObfpyHTOBAHO, Lo poboTa 3 nep-
LIOgXKepeaamm po3BUBAE KPUTUYHE MUC/IEHHS, BMIHHS MPOTUGISIT MAHINYASLISM Ta opMYe CBIGOMY 2pOMAgGSIHCbKY MO3MLikO.
3anponoHOBAHo giesi MeTogu iHTez2paLii gxxepesbHO20 MaTepiany B OCBITHIN npowec.

KnrouoBi cnosa: ictopndHe gokepeso, KOMMNETeHTHICTb, Mpo2pama NOAITMYHOI napril.

Summary. The article analyzes the role of historical sources in the process of forming civic competence of students. The edu-
cational potential of historical documents is determined. It is substantiated that working with primary sources develops critical
thinking, the ability to counteract manipulation, and forms a conscious civic position. Effective methods of integrating source

material into the educational process are proposed.

Key words: historical source, competence, political party program.

pakTUYHa moTpeda y MiABUAIIEHH] AKOCTI TyMaHi-

TapHOI MiATOTOBKYU CTYHAEHTIB 3yMOBJIIIOE TIOIITYK
IieBUX 3ac00iB PO3BUTKY iXHBOI I'POMAOAHCHKOI CBi-
momocti. IIpoBigHa posib y 1IbOMY MpOIleci HAJIEKUTD
CUCTEeMHII pPo6OTi 3 ICTOPUYHUMU IFKepeIaMu B MeKax
0COOMCTICHO OPiEHTOBAHOTO HaBYaHHA. BripoBajkeH-
HA KOMILJIEKCHOI METOTUYHOI CUCTEMU, Ha BiAMIHY Bij
po3pisHeHUX 3aco0iB, 3a0e3reuye TIIN00Ke 3aCBOCHHSA
3HAHb, BAOCKOHAJIIOE JOCJIITHUIILKI HABUYKYU Ta TPaH-
copMye TeopeTHUUHI 300YTKHU y CTINKI TPOMagAHCHKI
KOMIIETEHTHOCTI.

B. Mosorkina, O. Tapamon 3azHauaoTb qOIJIb-
HICTb MOOYIOBU OCBITHBROTO IIPOIECY HA YPOKAaX icTopil
BIJITIOBITHO /10 MPUHIIUIIB 6araToacnekTHOT0, CUCTe-
MAaTUYHOTO Ta IJIECITPAMOBAHOT0 BUKOPUCTAHHA ic-
TOPUYHUX TOKYMeHTIB. JlOCITITHUII TTIePEKOHYIOTh, 1110
Takuii popMaT poOOTH «CIIPUSE MMiIBUIIIEHHIO MOTHBAITI1
J10 HaBYAHHA, CTBOPIOE MOKJTUBOCTI JIJIA CAMOCTINHOTO

IpoIlecy HaBYAHHSA, PO3MINPIOE MOKIIMBOCTI IiaJIOTy
B OCBITHBOMY ITpoI1ieci, (hopMye TOCTIMHUILIBKI BMiHHA
Ta HaBuukw» [1, ¢. 109].

I1. Mopos, I. Mopos BkasyioTs, 1[0 poboTa 3 icTo-
PUYHUMH PKepesiaMHu Ha YpoKax icTopil Mae HOCUTHU
CHCTeMHUU XapaKTep, IIPU [IbOMY II0CTYIIOBO YCKJIAHIO-
UM AK caMi [pKepesia, Tak i 3aBAaHHA 10 HUX. 3aBOaH-
HA MAIOTh PO3POOIATHCA HA OCHOBI IOCIIITHUIILKOTO
Ta MuQepPeHIlioBaHOro IIiIX0MiB A0 HABUAHHSA, MATU
Pi3HOpiBHEBUI XapakTep 3 IX IMOCTYIIOBUM yCKJIa/THEH-
HAM [2, c. 151].

Mu moromsxyemocs 3 T. KoB6aciok, 1110 «icTOpUYIHUA
IIOKyMEHT CTaHe [JIA YYHIB HeBUUEPITHUM KEPesIoM
MOTPiOHUX 3HAHD JIMIIE 38 YMOBHU, SKIIO HOTO BUKO-
PHCTOBYBATH B IIPOIleCi HABYAHHA He Y (hOPMaILHOMY
iH(OopPMAIiTHO-ITUTATHOMY ILJIaHi, a MIJIAX0oM Oesroce-
PenHbBOo1 TBOPUO-IIONIYKOBOI POOOTH YUHIB HAJT TEKCTOM»

[3, c. 126].
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Posrnisimaoun BUKOPUCTAHHA Bi3yaJIbHUX [IIKepeJt
Ha ypokax ictropii, B. Momsorkina, JI. XmenpHUITEKA
KOHCTATYIOTh: HA Cy4aCHOMY eTarli MeTa BUKOPUCTAHHA
Bi3yaJIBHUX KepeJT sMiHmwIacA. fIKIIo paHilre BOHU CIIy-
T'yBaJIU JOITOBHEHHAM 1 3aKpIIUIEHHAM TEKCTy maparpada
IMIPYYHUKA, TO Tellep yYHI IIOBUHHI HABYUTHUCA CAMO-
CTIHO OTPUMYBAaTH 3 HUX iH(popMaIiiio. AmKe BidyaIbHi
IpKepesia MOKYTh TiepeIaBaTtu iHQopMAaIlifo TAK caMo,
AK 1 TEKCTOBI, ajTe BOHU 3PO3yMLITIIITI, BUPASHIIIT Ta JIeTTIn
1A copuitHATTA [4, . 232]. EdexruBha poboTa 3 icTopry-
HUMH pKepeiaMu 3a6e3rnedye peaTisalliio qJiAIbHICHOTO
1 KOMITETEHTHIiCHOTO TTiIXO/iB, fKi € OHUMU 3 TIPOBITHUX
(TIopsAy 3 0COGUCTICHO OPIEHTOBAHUM Ta AKCIOJIOTIUHIM)
Y Cy4acHOMY OCBITHBOMY Tiporieci [5, c. 45—46].

T. Txkauenko, T. ComnositoBa, O. Tkauenko sayBaxy-
I0Th, 110 BUCOKY PE3yJIbTATUBHICTh Mae BUKOPUCTAHHSA
MeTody MOPIBHAJIBHOTO aHAaidy PiBHUX iCTOPUUYHUX
mxepen. et meTon mepembauae pobOTy YUHIB i CTY-
IIEHTIB 13 KIJIbKOMA [JKepesiaMu, 10 BiATBOPIOIOTH Bif-
MiHHI TTOTJIAAY Ha ogHy mofiro. e momomarae BuaBuTH
PO30LKHOCTI y TPAKTyBAaHHI MUHYJIOTO Ta [03BOJIAE 3710~
OyBauaM OCBITH mepeqyciM aHasidyBaTH iH(GOPMAIIIO,
a He 1IpocTo cripuiiMaTy 11. Taka AiAIBHICTE CIpUse yCBi-
IIOMJIEHHIO CKJIQJJHOCTI 1 6araTorpaHHOCT] iCTOPUYHUX
IIPOIIECiB, 3’ ACYBAHHIO TOCTOBIPHOCTI 3MICTY JIOKYMEHTIB,
¢opmyBanHio BiracHoi gyMiu [6, c. 110]. ¥V migcymky
MaeMO aKTUBI3aIlilo Mi3HABAJIbHOI MiAJIBHOCTI, HiIBU-
IIeHHA BHYTPIIIHLOI, COITIAJILHOI Ta ITIHHICHO-CMUCJIOBOI
MOTHBAIIil 300yBaYiB OCBITU HA 3aHATTAX 1CTOPII.

Y Merxax BUKJIQIAHHA iICTOPUYHUX JUCIUILIIH 3a-
JIy4aeMo CTYAEHTIB 0 KPUTHYHOI'0 aHAJIIZY IIporpam
nomiTuyHuX napriit. Takuii popmar po6oTu He JuIe
TorInO/II0e 3BHAHHA PO T'eHe3y YKPaiHChKOro 6araro-
MapTIAHOTO AUCKYPCY MOUYATKy XX CT., @ i BUCTYyIIae
eeKTUBHUM 1HCTPYMEHTOM PO3BUTKY TPOMATAHCHKOL
KOMIeTeHTHOCTi. BiH mosBosisie 3mobyBauaM BUIIOL
OCBITH OCMUCJIUTU TOTOYACHUN CYCITITBHO-TIOJIITUYHUIA
KOHTEKCT Ta YCBIJOMUTH iCTOPUUHY POJIb MOJIOII Y TIPO-
Iecax JIep:KaBOTBOPEHHA.

Y BCTyITi HATOJIOLIYEMO HA TOMY, 1[0 HA IOYATKY XX
CT. PO3BUTOK HAIIOHAJIBLHO-TIOJIITUYHOTO PYXy MOTPEDy-
BaB IIPUHITUIIOBO HOBUX OpraHi3allii, Aki 6ysm 6 B 3M03i
3aTOBOJIBHUTHU HE TIJIBKU KYJIbTYPHIi, a M CyCITLJIbHO-
TOJTITUYHI 3aIIUTU YKPATHCHKOTO HaceJieHHA. TakuMu
opraHisaliAMu CTaJIM HAIlOHAJIbHI IIOJIITUYHI ITapTii.
BunukaenHsa ykpaiHchkux naptivl y Hagmuinpasmm-
Hi Ha py6exki XIX-XX cT. Oy10 3yMOBJI€eHE IIUPIIUM
BKJIIOUEHHAM [0 HAI[IOHAJIILHOTO PYXYy PaguKaJIbHO
HAaJIAIITOBAHOI MOJIO/I, 11 IIOQAJILIIOI OJIITH3AIIIEI0,
YTBOPEHHAM 1 AIAJIBHICTIO HOJITUYHUX MIApTiH y 3a-
XiTHOYKPaTHCBKUX 3eMJiAX. [airi cTymeHTH giATbesA
Ha TPYIH i IPUCTYHAIOTh IO OMIPAIIOBAHHA ITPOrpaM-
HUX TOKYMEHTIB, 3aCTOCOBYIOUH aJiropuT™. J{lomaTkoBum
(oxycom mocitimKreHHA BUCTyIae crieriudika pempe-
3eHTAIlil IHTepeciB MOJIO/I1 y ITPorpaMax BITUMSHAHUX
TOJTITUYHUX TTaPTiii.

ITicosa xookHA rpymia IIPe3eHTye BJAaCHI HaApOOKH.
ITomitnunum maniecrom nepiroi y HagmainpaHebkii
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Yrpaiui Pesosroritinoi ykpaiucskoi maprii (PYII,
1900 p.) crana HanucaHa 3a il mpoxanuam M. Mix-
HOBCHKUM 1 BunaHa y JIbBoBi «Camocriiina Ykpaina».
ITro Gporrypy HaBpAL YU MOKHA HA3BATU CUCTEM-
HUM Ta IOCJIJOBHUM BUKJIAOM 3aBIaHb OpraHi-
samii. IlepcnekTuBY po3BUTKY Mai0yTHHOI YKpaiH-
CBbKO1 JepiKaBU, MATAHHA BHYTPIIIHBOTIOJITHYHOTO
Ta COIiaJIbHO-eKOHOMIYHOTO YCTPOI0 Y ITiH IIporpami
He posriananucA. [lo cyTi, miero GpPoOIIypoi0 MOJIOIH
3ajieKapyBajia BUHUKHEHHS B YKPaiHCbKOMY HaIlio-
HaJILHOMY PYyCi paJluKaJIbHOTO HATIPAMY.

BigzocHo cranoBuma mostomi M. MixHOBChKUIT paji-
I1e Po3CTaBJIAE AKIEHTU Y CTOCYHKAX MIK CTAPIINM
HOKOJIIHHAM YKPaiHO(MIIB Ta MOJIOIO0 TeHepalliero:
«ITOKOJIIHHA 3 TaK 3BAHOT0 YKPaiHO(DiJIBCHKOTO Tabopy
CBO€I0 0e3iMeHICTIO, CBOCI0 HAT3BUUYANHOK 1HEPTHICTIO
BIOIIIXHYJIU Bif cebe MUl pAQ pyXiB MOJIOMI, IO CTO-
AJla Ha YKpalHChKO-HaIliOHAJIBHOMY I'pyHTI» [7, c. 17].
Asrtop «CamocTiiiHOl YKpaiHu» HATroJIOIIye, 0 MIxK
MOJIOIOI0 YKpPAIHOI0 i yKpaiHo(piIaMy HeMae HiAKUX
3B’s13KiB: «depes CBOIO TAKTUKY If OTITHKY YKpaiHO(iIn
numncsa 6e3 MOTOMCTBA, 1 cydacHa MoJiofia YKpaina
BBasKae cebe GesmocepenHim cragkoemiieM IlleBuen-
Ka, a 1i Tpagumii iayTe 1o Masenu, XMeJIbHUIIBKOTO
Ta KopoJiA lanunna munaroun ykpainodiis» [7, c. 17].

Ha IIpaBoGepexuiii Ykpaini Maiike OQHOYACHO
3 PYII y 1900 p. 6ys1a cTBopeHa YKpaiHChKA coIliaiic-
truHa naprid (YCII), Axka y ¢Boiil JiAJIBLHOCTI OpieHTY-
Bamacda Ha I[loabebky cortiamictuuny maprito (ITTIC).
Y ceprai 1900 p. 6yB pospobienuii «<Hapuc iporpamu
YKpaiHCBKOI HapTii COIiaTiCTUYHOI». ¥ YepPBHI—TPYIHI
1903 p. YCII o6’emuasaca 3 PYII. 3rogom, micsiss KopoT-
KOUYACHOT'0 CAMOCTIHOTO iCHyBaHHSA, Ha moyaTtky 1904
p. 6ueImicts wieHiB YCII Berynunu no s1aB ITonbebkoi
COITiaJIiCTUYHOI mapTii.

Bocenu 1902 p. HaIioHaJI-0eMOKpAaTUUYHA YaCTHHA
PVYII sacayBana Yxkpaincbky Hapomuy napTtito (YHII).
Imeosor maptii — M. MixHOBCBKHMII HAIIKCAB IIporpa-
My, 110 Buinuia npykom y YepsiBigax y 1906 p.

Y axoBTHI 1904 p. Ha 3'i3mi BeeykpaiHcbKoi 3araibHOL
OesmapriiiHol AemMokpaTuyHoi opranizaiii (B3B10)
0yJI0 IIPOTOJIOIIIEHO 3aCHYBAHHA YKPATHCHKOI IeMOKpa-
tuuHoi maprii (YIII), Aka Mana cratu 3araJbHOHAIIIO-
HaJIBLHUM 00 ¢qHAHHAM 0e3 KJIaCOBUX BiIMIHHOCTEH [8,
c. 189]. ¥V mpakTuuHii OiAIBHOCTI ITAapTiA He HIIIa Jaitl
3BEPHEHD JI0 IIAPCHKOT0 YPALY 3 IIPOXaHHAM 31 HCHUTU
HesHauHi pedopMmu i 3a6e3MMeYnTH YEPATHIIAM PiBHI
3 pocisHaMmu npaBa. ¥ OepesHi 1905 p. Ha mapTiiiHOMY
3’13 6ysro cxBasieHo rporpamy Y I1.

Yxpaiucbka pagukaiibaa maprida (YPII) 6yma crBo-
peHa micjiA BUXOMAY 31 CKJIaay YKpPaiHCHKOI JeMOoKpa-
TUYHOI ITapTil paguKabHol yacTuHu ii wieHis. Llimi
Ta HANPAMKHU CBOET MiAJIBLHOCTI PagUKaId BUKIAIN
B «[Limardopmi YKpaiHcbkol paguKaIbHOL IapTii».

Pesoumtoritinai momii 1905 p., a Takox caabKicTb Ma-
TepiaJibHOI 6a3u MPU3BeIW HAIIPUKIHII 3a3HAYEHO-
ro poky 1o o6’emuanusa ¥ PII ra Y]III B YkpaiHCbKy
pamuKanbHO-IeMokparnuHy naprito (YPIII).
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Ho npyroro 3’izny Pepostrortifizoi Yxpaiucekoi [1aprii
B rpynHi 1905 p. LleHTpasibHUIT KOMITET MiATOTYBaB
IPOEKT HOBOI mporpaMu. BoHa He OyJia nipuiiHaTa de-
pes PO3KOoJI ITi€l opraHisailii, ajie CTAHOBUTD IIEBHUMA
TeopeTHUHU iHTepec. Tofi K MUIAXOM ITepeiiMeHyBaH-
HA PYII Bunukma YxpaiHcbka colliai-IeMOKpaTuyHa
po6itaunua mmapria (YCIPII) ra 6yna npuituaara «[Ipo-
rpama Yxpaiucbkoi Corrian-Ilemokparuunoi ITaprii».

IIparayuu npuBepHyTH HAa CBiii OiK Pi3HI BEpCTBU Ha-
CeJIeHHA, BUKOPUCTATH IXHIO CVITY IJIA 3MifICHEHHA CBOIX
HapTIMHUX BUMOT, HOBOCTBOPEHI ITapTii y TpOrpaMoBUX
JIOKyMEHTaX HaMarajucs OXOIMUTU BCl ACTIEKTU CYCHiTb-
HOTO JKUTTA: €EKOHOMIUHUH, MOJTITUYHUH, KyJIBTYPHUN.
Pobuuca cripobu BupimmTy arpapue, coriaibHe Ta Ha-
mioHanbHe TuTanHA. HeaOusake sHaueHHsA y CBOIX IPO-
rpaMax ImapTii BiZBOOMIN ITPo6ieMaM MOJIOMI.

Tak, y comianbHiit cdepi mporpamu PeBosrorriii-
HOl YKpalHCBhKOI mapTii, YKpaiHCbKOl paguKaJIbHO-
IeMOKpaTHUYHOI mapTii, YKpaiHChbKOl HapoaHOI HapTii,
YKpaiHCBHKOI COIliaI-IeMOKPaTuUHOI POOITHUYOI map-
Tii HAroJIOIIyBaJiu HA IOBHI 3a60pOHI mparli aiTei
JIo mricTHamIATu pokiB [9, c. 40, 49, 92, 97]. ¥V cBo-
ix mapriitnux gokymenrtax PYII, YHII, YPII, YPIII
ta YCIPII Bumarasiu aji miajIiTKiB Bijf IIiCTHAIIATA
10 BiCIMHAOUATH POKIB MaKCUMAJIBHOTO 6-TOIMHHOTO
po6ouoro muA. Kpim Toro, PYII, YHII ta YCOPII Bu-
CTYyIIAJIN 3a 3a00POHY HIUHOI IIpalli IJ1d JiTeH-MioTiTKIB
[9, c. 40, 49, 97]. ¥V mporpamax Hapopguoi ta Coriai-
JIEMOKPATUYHOI POOITHUYOI ITAPTiil HATOJIONIYBAJIOCA
Ha HeoOXiJHOCTI CTBOpeHHA Ha (abpukax i 3aBomax
OUTAYUX OPUTYJIIKIB, Ae 6 pob6iTHUI Mo 6e3rneyHo
3aJIUIINTHA CBOIX JITEH.

¥Yci 3agerIapoBaHi HOJITHYHI TEPETBOPEHHA HOCH-
JIU XapaKTep 3araIbHOTPOMAOAHCHKUX IIPAB, OIIOCEPe]I-
KOBaHO Bi[IIIOBIIaf0uM i1 IIparHeHHAM MOJIOMI y il cde-
pi. 3a zarajibHe, piBHE, Oe3ocepenHe BrbopUe IpaBo
3 TAEMHUM TOJIOCYBaHHAM [1J1A KOKHOTO TPOMagAHUHA
crapiie IBaaIATH POKiB, 6e3 Pi3sHUIIL CTATI BUCTYIIATIN
PYII ta YCOPII [9, c. 41, 98]. YkpaiHcbka paguKaibHa
Ta 00’eqHAHA PATUKATIBLHO-IEMOKPATUUHA aPTisA BU-
Maraj I KO?KHOTO TPOMaIAHNHA OBAALIATH OTHOTO
POKYy, 6e3 pisHUIIL cTaTi, BipH 1 HAITIOHAJILHOCTI, ITpaBa
obuparu Ta OyTu o0paHuM. BuMoru meMoKpaTudHUX
€B00OT CJI0BA, COBICTI, IPYKY, CTPAUKIB, 300PiB 1 CIILIOK
OyJii 3asHauUeHi y moaiTuuHux mporpamax PYII, VCII,
YHII, YAII, YPII, YPAII ra YCOPII [9, c. 41, 44, 58,
80, 83]. YkpaiHchka paiuKaJIbHO-IEMOKPATUUHA TaPTisf
IIPOTOJIONIYBaJIa PiBHI AJIA BCiX IPOMaJAHCHKI IpaBa
¥ IOBMHHOCTI Ta CKACyBaHHA ITPUBIJIEIB yCiX KJjIacCiB,
cTaHiB, cTari, Bipu i Hamii [9, c. 89]. ITapriiinuit moky-
MEHT YKPaIHCBKOI COIliaJI-IeMOKPATUYHOI POOITHUIOL
mapTii HaroJIo0IIyBaB TaKOK Ha HEOOXITHOCTI HaJaHHA
KOKHIN HAIlil mpaBa Ha KyJbTYpPHE 1 IIOJIITUYHE CaMo-
Bu3HaueHHAa [9, c. 98].

IIporpamoBuii MOKyMEHT KOKHOI yKPaTHCHKOI TTOJTi-
TUYHOI ITapTii moYaTKy XX CT. MiCTUB IINPOKUMA CITIEKTP
KyJBTYPHO-OCBITHIX BUMOT. Buctynasu 3a mpaBo oT-
puMyBaTu 060B’SI3KOBY, 0€3ILIaTHY, 3arajibHy OCBITY

OiTAM 1o ImicTHaguATu pokiB Pesosroriiina, Coria-
gicruuna, Pagukasneaa, Corian-meMokpaTruaHa pooiT-
HU4Ya yKpaiHcbki naprii [9, c. 41, 44, 85, 98]. Panu-
KaJIbHA MapTid JeKjapyBajia «<HaJaHHA MOJIOMII, IO
Mae XWUCT /10 HayKW, Ha Iepioj HaBUaHHA y BUIIUAX
HaBYAJILHUX 3aKjIagax 0es3riaTHOI OCBITH Ta IPU II0-
Tpebi 3acobiB I0 KUTTA 3 KpalioBUX a60 IPOMAaICHKNX
komriB» [9, c. 86]. Okpemum myHkToM mmporpam PYTI,
YCII ta YPII orosoproBajiocsa gep:kaBHe 3a0e3eueH-
HA YUYHIB HiIPYyYHUKAMH, OOATOM, 1Kero [9, c. 41, 44,
85]. PeBouttoriiiina yKpaiHCcbKa MapPTis, 1i HACTYITHUIA
Cormian-meMokparnuna pobiTHuua napris, Hapomua
Ta PagukaiibHO-qeMoKpaTuyHa mapTis 000B’A3KOBUM
BBaKaJI CTBOPEHHA BIIMOBIAHOT KIJTBKOCTI TIKLJT 1A
KokHOI Hamii [9, c. 41, 98, 67, 90].

IIporpamoBuii mokymenT PagukaibHol mmapTii mif-
TMIOPAJKOBYBaB ITOYATKOBY, CEPEIHIO Ta BUIIY OCBITY
Haponmiit Pani, okpy:xHUM ceifimaM i rpomapi [9, c. 85—
86]. YCOPII Bucrynasa 3a mepeaaHHs BCiel HAPOTHOI
oCBiTH B YKpaiHi 10 BigomcTBa Yrpaincekoro Ceiimy [9,
c. 98]. OG’eqHana paguKaIbHO-IEMOKPATHYHA TaPTis
HAroJIONIyBaJia Ha MOoTPe6i Po3poOUTH MIKIJIBHI TPO-
rpaMu TaKUM YMHOM, 11100 MOJIO[b ITepexoausia 0 Ha-
CTYITHOI OCBITHBOI JIAHKHU 0€3 CIIEI[iaJIbHOTO eK3aMeHY
[9, c. 90-91]. ABTOHOMIA BAIX HABYAJILHUX 3AKJIAIIB
mporoJtonryBajiaca y moxymenrax ¥ JPII ta YHII [9,
c. 69, 911.

HartionanpHi moaiTUYHI IapTii mo-pisHOMY BUpi-
NIyBaJii MOBHe MUTaHHA. PeBosToIlifiHa yKpaiHchKa
ta Colian-IeMokpaTiyHa poOiTHIYA TaPTil BUCTYIIAIN
3a PIBHOIIPABHICTD YCiX MOB Y I'POMAaJICEKUX, JEPIKABHIX
Ta OCBITHIX iHCTUTYINAX [9, ¢. 40, 97]. IeMmokpaTuuHa
mapTid BUMAarajia BBeJeHHA HAapPOTHOI MOBM Ha BCiX
PiBHAX cycITijbHOro KUTTA [9, ¢. 81]. IIporpamu pamu-
KaJIbHOI I paiuKaJIbHO-IeMOKPATUYHOI HapTiii HATO-
JIOIIyBaJI Ha HEeOoOXITHOCTI BITPOBAMKEHHI B OCBITHIX
Ta YPAOOBUX yCTAaHOBaX yKpaiHCBKol MoBH [9, c. 86, 91].

Ha BigmiHy Bif iHIIUX mapTiil IporpaMoBUil 10-
KyMEHT YKpaiHCbKOI HapoaHOI mapTii MaB JOCUTH [I0-
KJIQTHY PO3POOKY MOJIOMI?KHOTO TUTAHHA. ¥ COIliaJIbHO-
eKOHOMIUHIN cdepi, KpiM BUIlle3a3HAUEHUX BUMOT,
3ab0poHASIacA Opalld TiIJIITKIB HA IIKIJIUBUX 1A
3mopoB’a BupobuuITBax [9, c. 49]. Cepen mosiTuy-
HUX BUMOT IIPOTOJIONIYBAJIACA CBOOOMA HAIIOHAJIb-
HOCTi, cBOOOIA YKpalHCHLKOro cjioBa i Apyky [9, c. 58].
Y KyJBTypHO-OCBITHBOMY HANPAMKY OEKJIaPyBaJIOCA:
IMAOPANKYBAHHA OCBITHIX YCTAHOB YCiX PiBHIB B YKpa-
1HI YKpPaiHCEKOMY HApOIy; BiTOKPEMJIEHHA IIKOJIU Bifl
JEepsKaBHOI BJIaqU Ta epefaHHd 11 y pO3IopAIKEeHHA
TEPUTOPIATBHUX TPOMAJT; 3a00pOHA BTPYUYAHHA YPAIY
JI0 BHYTPIIITHBOT0 JKUTTA YKPATHCHKUX IITKIJT; yTPUMAH-
HA KT B YKpaiHi 3a paxyHOK YKPAlHCHKOI0 IrapJia-
MEHTY i3 BUKOPUCTAHHAM TOJTATKOBUX I'POMAICHKUX
KOIIITIB; a TAKOK BITMOBA BiJl IPUMYCOBOI 3araJibHOI
OCBITH, TIOKHU «IIIKOJIa Oy/Iie B PyKaX YPSALY UysKOro Hapo-
my». OCcBITHBOIO CITPABOIO B YKpaiHi, 3a 3ayMoM YKpa-
THCHKOI HAPOIHOI ITapTii, MaJia 3aBiLyBaTy He3aJIeKHA
Big ypany lkineHa Pana, o6paHa TaeMHUM, piBHHUM,
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OesmocepenHiM i 3arajabHUM rojtocyBaHuaaM. OKpiM ro-
saosHol IIkinmsHoT Pamu, Ha MicIiAX MaIn JiATH MicCIieBl
IKiIpHI pagu [9, c. 67—-69].

ITinbuBaroum MiICYyMKU aHaIi3y MPOrPaMOBUX JI0-
KYMEHTIB YKPATHChKUX IMOJIITUYHUX NAPTiil MOYATKY
XX cT. cTymeHTH BUsHauaioTh HacTynHe. HarionansHi
napTii HaJTaBaJIu IIeBHY yBary ImpodjeMam JiTei Ta Mo-
JI0[Ti, IParHYJIW BUPINIEHHA HaraJbHUX MOJIOTI:KHUX
nutaHb. HacaMmepe, BOHU IeK/IapyBaId HEOOXiTHICTD
3MiH IIOOO ITOJIETIIeHHA YMOB IIpalli Ha BUPOOHUIITBI,
CTBOPEHHA MOKIIMBOCTI JIJIA OTPUMAHHA MOJIOLIIO I10-
YaTKOBOI, CEPEIHRLOI Ta BUIIOI OCBITH, HAJaHHA MO-
Jiogi mpaBa 6paTH y4JacTh B yIPaBIIIHHI IePKABOK.
Kpim Toro, B pesysipraTi IpoBeAeHO1 poboTH 3000yBa-
i BUIIOI OCBITH POOJIATH TAKWI BaroMuil BUCHOBOK:
Y BIKOBOMY CKJI[l YKPAIHCHKUX MOJITHUUYHUX MapPTiid
moyarky XX CT. a6COTI0THO TOMIHYBAJIA MOJIOIb — IIe-
peBakHO rogu BikoM Bif 17 mo 30 pokiB. YkpailHCBKUIT
HaPTIHHO-TOJIITUYHUH PyX IIHOTO IIePioay MaB BpasHe
«CTY[IEHTCBbKE 00JINYUsI», 0 CYTTEBO BiPi3HAJIO HOTO
BiJT €BPOIIEICBKUX KOHCEPBATUBHUX ITAPTIH.

Taxum unHOM, PodOTa 3 ICTOPUUHUMU dKepesIa-
MU HaBYa€ CTYJIEHTIB CAMOCTIITHO 3M00yBaTU 3HAHHA,
aHaTidyBaTH 1H(OPMAIIiI0 TA BHUCJIOBIIOBATH BJIACHY
nymky. Ile cripuse po3BUTKY QOCTITHUIIBKAX KOMIIE-
TEHTHOCTEM, AKi € BAyKJIMBUMHU He JIMIIE Y BUBUEHHI
icTopii Ta rpOMagAHCHKOI OCBITH, ajie I AJIA yCHiITHOL
camopeaJtisarii B Oyab-AKiii cdepi gisiabHOcTi. Pobora
3 ICTOPUYHUMU [I3KepesiaMU CTBOPIOE CIIPUATIINBI YMO-
BU [JIS IPAKTUYHOTO 3aCTOCYBAHHA TBOPUUX 3aBHAHD
yepes MapTHEPCTBO 37100yBadiB OCBITH Ta BUKJIagava.

BuxopucranHs icTOpUdHUX Eepes € pyHIamMmeH-
TAJIBHUM 1HCTPYMEHTOM ¥ mpoiieci GopMyBaHHs rpoMa-
IAHCHKOI KOMIIETEHTHOCTI CTYAEHTCHKOI MOJIOMi. AHaIT3
HOPMATHUBHUX aKTiB, MeMyapiB, yCHUX [iKepeJi, apTe-
(haxriB TOIIO T03BOJISAE 3MO0yBaUaM OCBITH HE IIPOCTO
3aCBOIOBATU I'OTOBI 3BHAHHA, & CAMOCTIIHO aHAJIi3yBaTHU
MWHYJIe, PO3BUBATH KPUTUYHE MUCJIEHHS Ta IPOTU/TiA-
TH MaHIMyJIAiaM. Po6oTa 3 mepiiomxepesiaMu CIpuse
IIOO0KOMY PO3YyMIHHIO IPUYMHHO-HACIIAKOBUX 3B A3KIB
B icTopii, (hopMyBaHHIO HAIIOHAIBHOI IIEHTUYHOCTI,
HaTpioTU3MY Ta CBiAOMOI I'POMAIAHCHKOI ITO3UIIii.

JJO/TATKOBA IHOOPMAIIIA
DOIHAHCYBAHHS: Asropu He oTpuMyBau (DiHAHCYBAHHA OIS IIHOTO TOCIIIKEeHHA.
3ASBA ITPO JOCTYIIHICTD JAHUX: He 3acTocoByeTbCA.
KOH®JIIKT IHTEPECIB: ABTopu 3asABJIAIOTE IIPO BiCyTHICTH KOHQJIIKTY iHTEpeciB.
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IHBEHTAPHA PE®OOPMA TA COLIIAJIbLHOEKOHOMIYHA
TPAHC®OPMALLIS AEPAXXHAHCbKOIO EJIKOYA (1845-1851 PP.):
CMPOBA MIKPOICTOPUYHOI PEKOHCTPYKLIT

LAND REFORM AND SOCIO-ECONOMIC
TRANSFORMATION IN DERAZHNYANSKOYE (1845-1851):
AN ATTEMPT AT A MICROHISTORICAL RECONSTRUCTION

AHoTaUis. Y cTaTTi 3gilicHeHO MiKpPOICTOPUYHY PeKOHCTPYKLtO BI/IMBY iHBEHTAPHOI pedopmu 1847-1848 pp. Ha couianbHo-
eKOHOMIYHY TpaHcHopmaLito [JepaxHIHCbKO20 Ktoua JleTndiBcbko20 NoBiTy Moginbebkoi 2ybepHii B 1845-1851 pp. Ha ocHoBI
{HBEHTApHWX KHWE, KOMepaabHUX OMMCIB, CTATUCTUYHMX MATepIianiB Ta CygoBMX CPaAB MPOAHAN30BAHO 2e02padiuHuii i BAac-
HULbKMIT CTATyC MAETKY, CTPYKTYPY 3eMeIbHO20 POHGY, CUCTeMY CENSHCbKMX MOBUHHOCTEN, BHYTPILLHIO COLianbHy CTpaTuUgi-
Kawito CensiHCbKoi 2p0Magu Ta CriBBIGHOLLIEHHS MOMILLMLIbKORO 1 CeIAHCbKO20 3eMIeKOPUCTYBAHHSA. [10KA3AHO, L0 iIHBEHTAPHA
pedpopma, MOKAMKAHA yHigikyBaTi po3mipy HAginiB i MOBMHHOCTEN NOMILUMLIbKMX CeNsH, PaKTUYHO N1e2ani3yBand ByKe iCHyouy
acvmeTpito Ha KopucTb PiNbBAPKOBO20 20CNOGAPCTBA TA KOHCEPBALiIO KPINOCHULbKMX BIgHOCHH. OcobmBy yBazy npugineHo
MOPIBHAHHIO IHBEHTapHoI Mogeni [lepaxHi 3 Ka3eHHUM cesioM KajibHA Ta WASXeTCbKMM aHKAABOM [ToniBui, Lo go3BOaMI0
BUSIBUTY CrieuniKy MA2HATCbKO20 K/I04A K HAMIBIHGYCTPiaabHO20 KOMI/IEKCY 3 6a2aTOBUMIPHOI eKCryaTauielo censiHCbKOI
npadi. [JoBegeHo, Lo MOEGHAHHS XOPCTKOI IHBEHTAPHOI pe2iameHTaLii, mpocTopoBoI YepecrnoaocuLyi, MOHOMOII HA /iCOBI 1
CIHOKICHI y2iggsl Ta po3=2any)eHoi cucTeMu NPUXOBAHNX MOBUHHOCTeN CHopMyBano BubYXoHebe3neyHMii KOMIeKC coLianbHNX
cynepeyHoCTeli, Skuii y nopepopmernsi nepiog MaTepianiayBaBcs B MAcoBUX 3emMe/IbHUX KOH(IKTAX | CygoBMX MPOTUCTOSHHSIX.

KntouoBi cnoBa: iHBeHTapHa peopma, iHBeHTApHI npaBud, JepaxHIHCbKui KtoY, [10ginbCbka 2ybepHisi, Maz2HATCbKMii
hinbBaApOK, CenssHCbki Haginu, NaHLWMHA, colianbHa cTpatudikauis, Mikpoictopis.

Summary. The article offers a microhistorical reconstruction of the impact of the 1847-1848 inventory reform on the socio-
economic transformation of the Derazhnia estate complex (key) in the Letychiv county of Podillia province between 1845 and
1851. Drawing on inventory books, cameral descriptions, statistical reports and court records, the study analyses the estate’s
geographical and ownership setting, the structure of the land fund, the system of peasant obligations, the internal social strat-
ification of the rural community, and the balance between landlord and peasant land use. It shows that the inventory reform,
officially designed to standardise peasant allotments and obligations, in practice legalised the existing asymmetry in favour of
the manorial (folwark) economy and contributed to the conservation of serfdom in RightBank Ukraine. Special attention is paid
to a comparison of Derazhnia’s inventory model with the neighbouring state village of Kalnia and the pettynoble enclave of
Popivtsi, which reveals the specificity of the magnate estate as a semiindustrial complex based on multidimensional exploitation
of peasant labour. The article argues that the combination of strict inventory regulation, spatial stripfarming patterns, monopo-
lisation of forests and meadows, and a dense network of hidden obligations generated an explosive set of social tensions that,
in the postreform period, resulted in widespread land conflicts and legal disputes.

Key words: inventory reform, Inventory Rules, Derazhnia key, Podillia province, magnate folwark estate, peasant land allot-
ments, corvée labour, social stratification, microhistory.
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HayROBa mpoGJIeMa CTaTTi [OJIATAE Y BCTAHOBJIEHHI
XapakTepy Ta HACIIAKIB iHBeHTApHOI pedopMH 1A
COITiAJTBHO-eKOHOMIUHOI TpaHchopMariii JepaskHAHCHKO-
ro kiaoua B 1845-1851 pp., a TakoK y BUABJIEHHI TOTO,
AKOI0 MipOI0 iHBEeHTapHA peryiaMeHTallisa aMiHusIa abo,
HaBIAKU, 3aKPIlIa TPATUITIHHI (DOPMU IOMIIIIUIIBKOTO
3eMJIEBOJIOMIHHA, CeJIAHCHKUX ITOBUHHOCTEMH 1 BHY TPIIII-
HBOI CTPYKTYPHU MAETKY.

MeTomo/I0riYHOI0 OCHOBOIO JOCIKeHHA CTAIN
MIPUHIANN 1CTOPU3MY, 00 €KTHBHOCTI Ta CUCTEMHOCTI,
a TakoXK MeTOOU MIKPOICTOPUYHOI0, ITOPiBHAIBHOTO,
1CTOPUKO-TeHEeTUYHOI'0, ITPOOGIJIEMHO-XPOHOJIOTIYHOTO
Ta CTPYKTYPHO-(PYHKI[IOHAJIBHOTO aHAaJIi3y, 1[0 AAJI0
3MOT'Y PEKOHCTPYIOBATH COI[iaJIbHO-eKOHOMIUHY TpaH-
copmarrito [lepakHAHCHKOTO KJII0Ua B KOHTEKCTI iH-
BeHTapHO1 pedopmu cepequuu XIX cT.

Anaiiaz ocTaHHIX JOCIIiIMKEeHb 1 ImyOJ/iKamii.
IIpo6emaruka inBeHTapHOI pedhopmu 1847—-1848 pp.
Ha IIpaBobGepe:xHiii YKpaiHi Bike mpuUBepTaja yBary
IOCJTITHUKIB, OOHAK IepeBakKHO B 3arajibHOIMIIep-
CbKOMY a00 perioHaJIbHOMY BUMIipi, 6e3 JeTajabHOI
MiKpOiCTOPUYHOI PEKOHCTPYKIl OKPEMUX MAETKOBUX
KOMILJIEKCIB. ¥ TIpalifx Ta JOBIKOBUX Marepiajiax Haro-
JIOIITyeThCA, 1[0 iIHBEHTAPHI IIpaBuJiIa OyJIn cClIpsAMOBaHI
Ha yHi(iKaIlio ceJITHCHKNX HATIB 1 IOBUHHOCTEH, ajie
(haKkTUUHO CITPUAIN KOHCEpBAIlil KPIITOCHUITBKUX Bif-
HOCUH. 3HAUHY yBary B JIiTepaTypi IPUILIIEHO TAKOXK
CeJITHCHKUM BUCTYTIAM, CIIPUUMHEHUM YIIPOBAKEHHAM
1HBEHTAapiB, IO 3aCBigUye BHUCOKY COI[iaJIbHY HAIIPYTyY
B PETiOHi.

Bognaouac HaABHI mparri 374e6i/IbIIOr0 30CePemKY-
I0THCA HA 3araJibHUX HacJiakax pedopmu, ii HopMma-
TUBHIN 0asi Ta peakii CeJITHCTBA, TOMI AK JIOKAJIbHI
(hopmMu QYHKITIOHYBAHHSA IHBEHTAPHOI CICTEMH B MEKAX
KOHKPETHUX MAa€TKiB, MEXaHI3MU TEePepPO3IIOIily 3e-
MEeJILHOTO (DOH/Y, BHYTPIIIIHA CTPATU(MIKAIILA CeJIAHCTBA
Ta IHCTUTYITIHA OpraHi3aIlisi MaeTKOBOTO YIIPABJIIHHA
3aJIAIIAIOTHCA HeqoCcTaTHLO BuBUeHUMHU. OKpeMi [10-
CJTIPKEeHHA 3 MIKpOicTOpii JOBOAATH MPOAYKTUBHICTH
TAKOro ITAXOAY JIA JIOKAJTBHOI iCTOPUYHOI PEKOHCTPYK-
i1, omHak g0 mpobsemu JleparkHAHCHKOTO KJTioUa Iieit
IHCTPYMEHT Maliiike He 3aCTOCOBYBAaBCA.

MerToro0 cTarTi € 3aiiicHeHHA MIKPOiCTOPUUHOI pe-
KOHCTPYKITII COIiaJIbHO-€KOHOMIUHOI TpaHcdopmarrii
HepasxHAHCBbKOTO KiIoua B 1845-1851 pp. mig BIuiu-
BOM iHBEHTapHOI peopMu Ta BUABJIEHHS il peasibHUX
HACJIIKIB JJIA CTPYKTYPU 3€MJIEBOJIOIIHHSA, CUCTEMU
CEeJIAHCBKUX IIOBUHHOCTEN 1 BHYTPIIIHBOI opraHisarii
MAaE€TKY.

Bukinang ocHoOBHOro Marepiany mociaimxkeH-
HA. [lepakHAHCBKUIN KiTiou y cepenuHi XIX cromiTTa
ABJAB CO00I0 IJTICHY agMiHICTPaATUBHO-TOCIOIAPCHKY
OIMHMUITIO B Meskax JletnuiBebkoro moBiTy ITominbebkol
ry6epHii, eKOHOMIUHUIA OTEHITia AK01 OYB IeTepMiHO-
BaHUM SAK BUTITHUM reorpa@iuyHuM po3TalryBaHHAM,
TaK 1 TPUBAJIO0 iCTOPie0 (POPMYBAHHS IIPUBATHOBJIAC-
HUIBKUX MaeTkiB. ['eorpadiunmii kapkac kaoda gop-
MyBaBCA HaBKOJIO TiAPOJIOTiYHOI crcTeMU pidku BoBK,
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Ha 000X Geperax AK01 POBKUHYJIOCA MicTeuKo [lepakHs.
3rigHo 3 JaHUMHU KaMepaJbHOTO Ta TOmorpadiuHoro
onucy kinng XVIII — mouarky XIX crositTd, piuka
YTBOpIOBaJia B MeKax HACEJIEHOTO IIYHKTY ITPOCTOPHUIA
CTaB 3aBAAKU HAABHOCTI rpeliIi, a 3 JIiBOTO OOKY B Hel
BIIaajia 6e3iMeHHa IPUTOKA.

JlaummadT xapakrepusyBaBCs MOETHAHHAM JIICOBUX
MACHUBIB 3 JIiBOT'0 60Ky Ta ITOJIOTHX KOCOT'OPiB 3 IpaBo-
T0, TI10 CTBOPIOBAJIO CIIPUATIINBI YMOBH AK IJIA PO3BUTKY
MJIMHAPCTBA, TaK 1 JJI OpraHisalii ITaHChbKUX T'0CIO-
mapcte [1, apk. 103—106 3B.]. TommoxniMiuHa criagiuHa
periony, 30KpeMa HasBHICTb YPOUHIIA «3aBaJlIsg» 13 3a-
JIAIIKaMU BaJIy Ta KaHABU, CBITYUTH MPO JABHIO TPa-
nuiio goprudikamii Ta 060pOHHOT0 3HAYEHHA I[HOTO
mocejieHHA e B mepion Peui [TocrionuToi [9, ¢. 65—75].

Icropuutia eBostrOLTiA BIacHUIBKOTO cTatycy Hepadk-
Hi JeMoHcTpye knacuuHy misa [IpaBobGepesx:xsa TpaekTo-
Piio IepexoIy Bifl KOPOJIIBCBKUX BOJIOIIHb J0 ITPUBATHOI
MAarHaTChbKOI BjIacHOCTI. I1epIiri moKyMeHTaJIbHI 3TagKu
Ipo TocesIeHHA AaTyoTheAa 1431 pokoM, KOJIM BOHO Iie-
pedyBaJio y BOJIOIHHI IIOJILCHKOI MIIAXTHU (30Kpema,
poxy OmpoBom:kis), a 3 1538 poky, Imic/iA BUKYITY KO-
posieBoio Bororo, [lepaskisa oTpumalia craTyc KOpOoJIiB-
CBKOT0 MiCTa, III0 3ro/I0M OyJI0 MiAKPITIEHO HAJaHHAM
margeOypsbskoro rmpasa y 1614 porri [11, ¢. 6-11]. IIpore
BrpomoB:xk XVII-XVIII crostiTh, BHACTIOOK CKJIQTHUX
reomoJIiTUYHUX MPOLeCiB Ta 3MIHM BJIACHUKIB (Bif
I. Buroscekoro o A. JIro60MHPCHKOT0), OCEIEHHA
TIOCTYIIOBO BTPauajio MiCBKUM cTaTyc, TpaHchopMyro-
YKCh Y TIPUBATHOBJIACHUIIbKE MicTeuko. o MOMeHTy
mpoBefeHHA iHBeHTapHOI pedopmu 1847-1848 pokis
JepakHAHCHKUI KJTI0Y TTepe0yBaB y BOJIOMIHHI BILIU-
BOBOT'0 MAarHaTchbKoro poay ParunbopoBCchbKUX, AKI iHTe-
rpyBaJIN MIiCTEUKO Ta IIpuUjIeri cesia (3okpema KanbHio
Ta KopruuHili) B €1MHY €KOHOMIUHY CUCTEMY MA€ETKY
[13, c. 103-104].

IuBenTapua pedopma, iHirfifioBaHa iMIIepCHKOIO BJIa-
IIOX0 3 METOI0 00MEKEeHHA CBABLILIA IIOMIIIUKIB Ta (iK-
carfii po3MipiB CeJIAHCHKUX HAJIJIIB 1 TTOBUHHOCTEI,
cTajia TepIiuM KPOKOM JI0 CHCTEeMAaTU3allil 3eMJIeBO-
nominaa B lepausarcsroMy kiaoui. Ha momeHT crita-
JIaHHA iHBeHTapHUX omnucie (1845-1851 pp.) ekoHOMIU-
HUH [eHTpP KJIIoua OyB YiTKO CTPyKTypoBaHuUit. dmpom
MAa€TKy BHCTYIIAB ITAHCHKUIT KaM AHUH TBOITOBEPXOBUI
OyOUHOK 3 BIATIOBITHUMU T'OCIIOTAPCHKUMU CIIy:K0aMu,
00BeIeHNIT KaM AHOI0 0TOPOKeI0 Ta MATiCAIHUKOM, TIPU
sAxoMy (PYHKITIOHYBAB TLIIOMOBUTHUM A0IyHeBUit cax [1,
apk. 103-106 3B.]. Oxpim Toro, iHppacTpyKTypa KIoda
BEJIIOUAJIA TIAHCBKY KaM SHY [TNBOBAPHIO, III0 ITPAIl0Ba-
J1a Ha BIOKYIT, Ta HEBEJIMKUH IIeTeJIbHUN 3aBOJI, KU
HasIekaB 1maHy KpacoTcbkoMy, 1110 CBITUUTE ITPO TUBEP-
cudikalito MaeTKoBoro BupoouuIrrea [13, ¢. 103—-107].

Taxum unHOM, HATIEPEIOIHI CKaCyBaHHA KpImamnTea
JlepaskHAHCHKUM KJIIOU PeITpe3eHTyBaB CO000 3PLIMIA
MAarHaTChbKHi MaeTOK 3 PO3BUHEHOK BHYTPINIHBOIO
iapacrpyrryporo. 'eorpadiuti mepesaru (HasgsBHICTb
BOTHUX PECYPCiB IJIs MJIMHIB Ta TMBOBAPHI, JIiCOBI yTiI-
[151) MAKCUMAJIbHO eKCILIyaTyBaJINCA BJIACHUKAMU 1A
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orpuManHA mpuOyTKy. Came 1151 BUCOKA KOHITEHTPAITLA
TOCITOAPCHKUX 00 €KTIB y pyKax MPUBATHOIO BJIACHUKA
CTBOPIOBAJIA 06 €KTUBHI ITePeIyMOBHU [JIs TOCTPUX CY-
IIEePEYOK IIiJT Yac iHBeHTapuaallii, OCKIJIbKY iMIIepchKa
aJMiHiCTpaIlia HaMarajaacA 9iTKO PO3MerKyBaTH «ITaH-
CBbKY» 3EMJTIO Ta CEJIAHCBHKI HAIIJIM, 00MEKYIUN TUM
caMUM eKOHOMIUHY €KCIIaHCil0 eKOHOMIl 3a paxyHOK
ceIAHCHKUX yriab. leit BiracHuIlbKmii Ta reorpadiunmii
0asuc ctaB QpyHIAMEHTOM, Ha AKOMY B TMOHAJIBIIIOMY
posroprajiacs CKJIagHa COIliajibHO-eKOHOMIUHA qUHA-
Mika mopedopMeHoro mepioxny.

IuBenrapua pedopma 1847-1848 poxis uHa I[Ipaso-
OepeskHil YKpaiHi cTaja mepiro CUCTEMHOIO CIIPO60k0
iIMIIepChKOI BJIaAU BPETyJIIOBATH 3eMeJIbHI BiTHOCUHU
Ta 3adikcyBaTH IIOBUHHOCTI CEJIAH Ha PiBHI Iep:KaBHO-
ro 3axkoHomaBscTBa. s JlepaKHAHCHKOrO KJI0Ua, II10
mepeOyBaB y BOJIOMIHHI MarHaTrcbkoro pony Pariu6o-
POBCBKUX, 1€ ITpoIiec 03HAUAB UiTKe IOPUINYHE PO3-
MEXKyBAHHA «IIAHCHKOI» ((DLIILBAPKOBOI) Ta «CEJIAHCHKOI»
3eMJTi, 1[0 MAaJI0 HA MeTi YHEMOKJIUBUTHU MOIAJIbIIE
CBaBiJIbHE CKOPOUYEHHS CeJSHCHKUX HaITiB [2, apK.
24]. Ilpore, AK cBiguUTh aHAJI3 IHBEeHTAPHUX OIIU-
ciB, pedopMa (pakTUUHO JierayridyBajia BiKe iCHyHUy
CTPYKTYPY 3€MJIEBOJIOJiHHSA, /Ie €KOHOMif yTpUMyBaJsia
a0CoIOTHY OLJIBIIICT, HAMPOMIOUIIINX TAa HAWOIJIBIIT
eKCILTyaTOBAHUX MAaCHUBiB.

Kinbricuuii posmogin yrigs y epaskHAHCHKOMY
KJIFOUl YiTKO JeMOHCTPYE AUCITPOIIOPITiI0 HA KOPUCTD
(imbBapKy. SrigHO 3 IHBEHTAPHUMU TACTUIIIMHY, ATPOM
3eMeJIbHOTO (DOH/TY €KOHOMIT 3aJTUIIIATICA OPHI 3€MJI,
AK] IJTAaHYBAJIOCA BUKOPUCTOBYBATH I BUPOIIYBaHHA
ToBapHOro 3epHa. OKpeMy, KpUTUUHO BAKIIUBY KaTEro-
Piio IaHCHKUX YTib CTAHOBUJIU JIICOBI MACUBH Ta CiHO-
rocu. Came Jric 1 JIyKH, SKI 3a TpaBUIaMU iIHBEHTAPHOT
pedopMU MaJiu YACTKOBO ME€peNaBaTUC CeIAHAM [JIA
BUIIACY XyI00HW Ta 3aroTiBjIi ApoB, (DAKTUYHO 3aJIU-
MIaJIUCA i/ JKOPCTKUM KOHTPOJIEM eKOHOoMil [2, apK.
5-12 3B.]. Taka cTpykTypa 3eMeabHOT0 (QoHIY He Oyiia
BUIAJKOBOIO: YTPUMYIOUHM MOHOIIOJIIIO HA JIic Ta Ia-
COBHIIA, HOMIIIIUK IITYYHO KOHCEPBYBAB €KOHOMIUHY
3aJIEKHICTH CEJITHCHKOTO IBOPY Bifl HAHCHKOI €KOHOMII,
3MYIIYIOUH CEJIAH BiTpOOIATH IOOATKOBI IHI MAHIIINHA
3a TIPaBO KOPUCTYBAHHA IIUMHU YTiIIAMUA.

Censucoki Hagiiu B lepaskHAHCHKOMY K104l op-
MYBaJIMCSA 3a IPUHITUIIOM TATJIOBOCTI, III0 BioOpakaio
KJIACUYHY CTPYKTYPY HOAJIBCHKOTO cesia cepenuuu XIX
CTOTITTA. IHBeHTapHI KHUTH (DIKCYIOTH POSITOILIT 3€MJTi
MUK «TATIAMI» CeJITHAMU, AKI MaJIU BJIACHUX BOJIIB UM
KOHEH, Ta «mimmMu» (ropogHuKamu). s TAx ceyiaH
HOpMAa HAIUTY 3a3BMYAl KOJIMBAJIACA B MEKaX BiJl JBOX
JI0 TPBHOX AECATHH OPHOI 3eMJIi Ha ALY, TOMl AK Il
OTPUMYBaJIM 3HAYHO MEHII TIJITHKU, YacTO HEIpu-
JIaTHI OJIA iIHTeHCUBHOTO0 3emJjiepoOcTBa [2, apk. 8—19].

Icropuuno 3emenbHi Hagiau Ha [IpaBobeperkixi BU-
MIipIOBaJINCA He ILIOIIEe0, a YacoM, HeOOXITHUM [IJIsd
iXHBOTO 06POOITKY (KIJTBKICTIO OHIB IJ1A OPaHKU a6o
KUJTBKICTIO KOcapiB [JiA 300py ciHa), IIpoTe iHBeHTap-
Ha pedopma 1847-1848 pokiB ocTaTOUHO 3aKpinuia

mepexi Ha JeCATUHHY CUCTeMY BUMIpPY, HAOIMKA0UN
1i ;0 3araJIbHOIMIIEPCHKUX CTAHAApTIB [5, c. 144].

DopmasbHO iHBeHTapHA pedopMa Majia Ha MeTi 3ar1o-
6irTy IIOBHOMY 00€33eMeJIEHHIO0 CEJITHCTBA, 3aKPIMTUBIIIA
MiHIMaJIbHI PO3Mipy HAIiJIiB, HEOOXIIHI JIJIA TPOXKUATTSA
Ta BUKOHAHHSA [EPIKABHUX 1 HOMIIUAIIBKUAX ITOBUHHOC-
teit. [Ipore anajiis inBeHTaApHUX KHUT JlepasKHAHCHKOTO
KJIF0Ua CBITUUTB, [0 aAMiHiCTPAITid MAETKy ManCTEPHO
BUKOPUCTOBYBAJIA JIA3IBKUA B 3aKOHOJABCTBI. 30KpeMa,
CeJISHCHKI HALIN YacTO PO3TAIIOBYBAJIMCS BIIepPeMilll
13 HAHCBKUMU TOJIAMU (UepecIioioCuIlsd), a HalKparirl
JUIAHKYU PLLTL, 110 MEXKYBAIU 3 TIAHCHKUM JIBOPOM, 3a-
nurmanucda y piasBapky [2, apk. 9-18]. Taka kougirypa-
A 3eMeJIbHOT0 (WOH/IY YHEMOKJIMBITIOBAJIa e(DeKTUBHE
BeJIEHHSA BJIACHOTO TOCIIOIAPCTBA CeJITHAMU Ta CIPUAIA
IXHIiH iHTerpaIlii B op6iTy IMaHCHLKOT0 BUPOOHUIITBA.

BaxmuBum acmekToM CTPYKTYpH 3eMeTbHOr0 hOHIY
OyJia MUCIIPOIIOPIIiA y 3a0e3IleueHHl PiISHUMU BUIAMU
yrigb. AKIIo opHA 3eMJIA y IIeBHil, YacTo MiHIMAJIb-
HIli KIJIBKOCTI ceJIAHAM Hajieskasia, TO macoBuina (Bu-
TOHU) Ta JICOBI Jaui MaliKe ITOBHICTIO KOHCOJIiIyBa-
JIMCA HABKOJIO MTaHChKOl ekoHoMii. Ile mopomKyBasio
crCcTeMy IPUX0BAHUX EKCIUIyaTAIliiHUX MeXaHi3MiB:
HeoOXI/THICTh BUITACaTH Xy/100y Ha ITAHCHKUX JIyKaxX abo
3aTrOTOBJIATH JIPOBA B ITAHCHKOMY JIiCi IEPETBOPIOBAJIOCA
Ha OIATKOBUI 1HCTPYMEHT TUCKY, AKUM He 3aBIKIU
moTpaILiAB y ogiriiiHi rpadu iHBeHTAPHUX TaOJIUIlh
AK «[IaHIIUHA», ajie (PaKTHUYHO 301IbIIyBaB Yac, Bimmpa-
IILOBAHUN CeJIAHMHOM Ha KOPHUCTH IToMimuka [5, c. 145].

Takum ynHOM, iHBeHTapHAa pedopMma B [eparkHAH-
CbKOMY KJIIOUi He CTBOPUJIa PiBHOIIPABHOI CUCTEMU
3eMJIeBOJIONIHHA. BoHA ropuauyHO 3akpimmia mgomi-
HyBaHHA (iJIbBAPKOBOI CUCTEMU, € CEJIAHCHKI HaIiIu
BUCTYIIAJIN JIUIIE JOAATKOM [0 TMAHCHKOTO T'OCIIOap-
CTBAa, 3a6e3meuyoun Horo qereBoo podouoto cuio. [
CTPYKTypPHA HEPiBHICTD TA MITyYHE YTPUMAaHHA CeJIAH
Y BaJIEKHOCTI Biff TAHCHKUX YTiAb 3aKJIAJIN MIHY YIIO-
BLIBHEHOI i, AKa HEMUHYyUYe MaJjia BUOYXHYTH MacOBHU-
MU 3eMeJIbHUMU KOH(IIKTaMU BiKe B ITopedopMeHmit
1epiof, KOJIM IMUTAHHA JAOCTYIY JI0 JIiCYy Ta CiHOXKATel
CTaJI0 TOJIOBHUM ITPEAMETOM CYJOBUX TA T03€MEJIbHUX
CYTIEPEUOK.

IuBenrapua pedopma 1847-1848 poxkis Ha I[IpaBoGe-
pekHiN YKpaiHi (hopMabHO Majia Ha MeTi BCTAHOBUTH
JiTKI MeyXi IIOMIIUITBKOr0 CBaBiJLIA, 3adiKCcyBaBIIN
PO3MipH CeIAHCHKUX HAMIIIIB 1 BIOIIOBITHUX IIOBUHHOC-
Tell y Jep:KaBHUX iHBeHTapHUX KHuUrax. [Ipore pgia
cesiaH JlepaskHAHCHKOTO KJIIOUA I[i MMpaBUJIA CTAJIU
He CTiJIBKY TapaHTiel0 3aXUCTY, CKIJIBKA PUIUIHO0
(ikcariero B:xe icHYr0OUO01 crcTeMu eKcrutyaTarii. «[lina»
3a OTpUMaHi 2—3 IecATHHY 3eMJIi BUABMIIACA HAAMIP-
HO BHCOKOIO 1 CKJIamajiacsa He Juile 3 o(irfiiiao 3ame-
KJIapOBAHOI MTAHIIMHU, a I 3 PO3TraJIyKeHOol CUCTEeMU
TMIPUXOBAHUX ITOBUHHOCTEH, AKI JO3BOJIAIN €KOHOMIl
MaKCHMi3yBaTu BUKOPUCTAHHA AeNIeBol po6oUoi cuiau
[2, apk. 5-12].

Odimifina ma"nmuHa B JlepakHAHCHBKOMY KJIIO-
Ui, 3TiqHO 3 IHBEHTApHUMU IIpaBUJIaMU, 3a3BUUAl
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CTaHOBUJIA [Ba-TPU IHI HA THNIEHD IJIA TATIINX Ce-
JIAH, SIK1 MaJIU BJIacHUI pob6ounii inBeHTap. IIpore 11eii
HopMaTuB OyB Jiuiiie 6a30BUM OpPieHTUPOM. Y Tiepiof
HAWIHTEHCUBHIIINX CLTBCHKOTOCIIONAPCHEUX POOIT (Bif
TpaBHA 10 BEPECHS), 0COOJIMBO IiJT Yac JKHUB Ta 30UpaH-
HA IIyKPOBUX OypAKIB, EKOHOMiA BHMarajsa BiJ cedH
IOOATKOBUX OHIB pPOOOTH, UACTO iTHOPYIOUM BCTAHOB-
neni jimitu. Kpim Toro, imBeHTapHi onucu QikcyBaaIn
000B’A30K CeJIAH BUKOHYBATH TAaK 3BaHI «TOJIOKH» —
KOJIEKTUBHI, YaCTO HeoIIauyBaHi po0OTH HA KOPUCTH
MAaeTKy IIiJT YaC KPUTUYHUX MOMEHTIB CLITbCHKOTOCITO-
IapCHKOTO IUKJTY, TAKUX SAK CIHOKOCIHHA a60 00MOJIOT
3epHa [5, c. 145].

Oco6muBicTio [{epakHAHCHKOTO KJTioua Oyjia HasB-
HICTh PO3BUHEHO1 MAETKOBOI iH(PPACTPYKTYPH, 1110 II0-
POmKyBaIO criernivuHi, HerepeqdaueHi 3araJbHUMU
npaBuiaamMu popmu exciutyarariii. HagBHicTs maHCchKO1
KaM’sTHOI TTMBOBApPHI, I[ereJILHOTO 3aBO/Iy TA BOAAHUX
MJIMHIB 3MYIIIyBajIa €KOHOMIIO 3aJIyUaTH CeJISH 10 IPOo-
MucyI0BuX pooiT. CesAuu Oyiiu 30608’ A3aHI BUKOHYBaTH
MiABIHY TIOBUHHICTD, IOCTABJIAIOYNA CUPOBUHY 10 3a-
BOJIiB 200 MIPOAYKIIiIO O PUHKIB 30y Ty, 8 TAKOK HECTU
BapTiCTh YTPUMAaHHA MaeTKoBo1 oxopoHu. Hepinko an-
MiHiCTpAIliA Ma€eTKy 3MyIIyBaja CeJITH BUKOHYBaTH PO-
60TU B HEUTLHI Ta CBATKOBI JHI a060 HABITH BiIIIPaITbo-
BYBaTH IIOBUHHOCTI 32 MiCIT€BUX CBAIIEHUKIB, 110 TPy60
THOPYIIYBAJIO AK iHBEeHTAPHI IIpaBUjIa, TAK i KAHOHIUHI
HopMU [5, c. 146].

Hna mimux ceJjigH (rOpoJHUKIB), AKI HE MaJiu TA-
TJIOBO1 CUJIH 1 OTPUMYBAJIM Mi3epHi HAILI, OCHOBHUM
TATAPEM CTAaBaB YMHII — I'POLIOBUI 200 HATYpaJIbHUU
o6pok. Xoua iHBeHTapHa pedopMa HaMmarajiacsa perja-
MEHTYBaTH PO3Mip YMHIITY, Ha ITPAKTHUIII eKOHOMIiA Ja-
CTO TOBLIBLHO 301JIBIITyBaJjIa HOro, BUMAarawydu Bifl CEJIAH
IOTATKOBOI MPOAYKITiI (HATIPUKIIAM, IIPAKI, TTOJT0OTHA
a60 mTuiri) a60 rpoIIOBUX BUILIAT 32 KOPUCTYBAHHA
MMACOBHUIIIAMHY Ta JIiCOM, AKI (DOPMAJILHO BBAMKAJIUCS
naucbkumu. 1A cucrema cTBopIOBaJia 3aMKHEHE KOJIO
3AJIEIKHOCTI: I[00 CIUTATUTY YMHII, CEeJIAHUH OyB 3MyIIe-
HUU UTH Ha 3apOOITKA 0 TOTO K MOMIIIKA, TIOTPATLIIA-
0uM B OOProBY MACTKY IIie 10 0(iliiiHOTO CKacyBaHHA
kpinarrsa [2, apk. 3—24 3B.].

Takum unHOM, iHBeHTapHI npaBuia 1847-1848 po-
KiB y JlepaskHAHCHKOMY KJIIOUi He CTAJIN iHCTPYMEHTOM
eMaHcwuIanii ceaAHcTBa. HaBnaku, BoHU JierasisyBaiu
CKJIQMHUI MeXaHI3M eKCILIyaTallii, Ae ogimiiina maH-
I[MHA JIUIIIE JOTIOBHIOBAJIACA YNCJIEHHUMU TIPUXOBAHU-
MU MOBUHHOCTAMU. KKOHOMIisA, KOHTPOJIFOIOUN MIiCIIeBY
aMIHICTPAIliI0 Ta IIPOIeC iIHBeHTapU3allii, yCIiIIHO
MaHIimyIoBaia Kiacudikailieo seMejib Ta pooiT, 3BO-
IAYW HAHIBEIb CITPOOU iMIIEepPChKOl BIagu 00MEKUTH
momimuibke cBaBiyia. [lg Hakomuuena cormiajgbHA
HAIIpyra Ta eKOHOMIYHA CKPUBKEHICTh CTAaIu TUM
BHOyXOHEe0e3euHnM MaTepiaaoM, KU HeMUHYyYe IIpo-
pBaBCA HA30BHI y (POPMi MACOBUX IIPOTECTIB Ta CYTIOBUX
TI030BIiB y TTOpeOpMeHMi Iepio.

TuBenTapHi kHUTH [lepaikHAHCBKOrO KjIHUa IIe-
PEKOHJINBO [TEKOHCTPYIIOTH IOMIUPEHU y cTapii
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icropiorpadii Mi( IpPo MOHOIITHICTH TA OJHOPITHICTH
«kpinmanpkoi macu». HacripaBai cesisHChbKa rpomMaja
MiCTeUKa Ta HABKOJIUIIHIX CLJI MaJia YiTKy BHYTPIIIHIO
crparudikariito, ska (QikcyBajacsa He JIUIIe PO3MipPOM
3€MeJILHOTO HA/iJly, a i HagBHICTIO po60Uoi Xymoou
Ta XapakTepoM BUKOHYBaHUX ImoBuHHOcTel. Ila cori-
aJibHa iepapxis, 3akjIageHa IHBeHTapHOI pedopMoro
1847-1848 pokis, crajma TuM QyHIAMEHTOM, AKUHA
BU3HAUUB TPAEKTOPi0 €KOHOMIUHOI €BOJIIOINT periony
B mopedopMeHuii repiof,.

Anpom cesissHCHKOT 'POMaU BUCTYHAJIU TATJIL ce-
nsaau (abo «rArioBi»). e Gysa HAMOIIBIT 3aMOKHA
Ta BIUIMBOBA BEPCTBA B MeKaX KITI0OUA, AKA BOJIOALIIA
po6oUor0 Xyn060r0 — BojiaMu a00 KiIHbMH. STiTHO 3 iH-
BEHTAPHUMU [TPABUJIAMU, TATJIL CEJIAHU OTPUMYBAJIHA
Y CBO€ KOPUCTYBAaHHA BiTHOCHO BEJIUKI 3eMeJIbHI HATLIN
(sagBUUail BiJ ABOX 10 YOTUPHOX JECATUH OPHOI 3€MITI
Ha [OBip, 3aJIeKHO BiJ KiJbKocTi TAMIa) [2, apk. 4-23].
Came Ha II0 KATeropiio CeJIAHCTBA JIATAB OCHOBHUIM
TATAp KJIACUYHOI MAHIWHU: BOHU O0yau 3000B’s13aHI
BiAPOOJIATH HA €KOHOMII 110 IBA-TPU [IHI HA TUK/IEHbD,
BUXOIAYM B TT0Jie 3 BIacHuM inBeHTapeM. [Ipore ixHa
eKOHOMIUHA cTablJIbHICTh 0yjia BiTHOCHO BHCOKOIO,
OCKIJIBKM HAABHICTb TATJIA J03BOJIAJIA IM CAMOCTIHHO
06p006JIATH BJIACHY 3eMJII0, 3aTOTOBJIATH CIHO Ta yTPU-
MYBaTHU TOCIIOIAPCTBO.

ITpoTuiesxHUM TIOJTFOCOM COIIATBLHOI CTPYKTYPU BU-
CTYIIAJIN ITIIIIl CeJIAHU, AKI B IHBEHTAPHUX OITMCAaX YaCTO
(irypyroTh mig HasBaMu «TOPOTHUKN», «XaJTYITHUKW»
ab6o «migcycigku». Ila kareropia HaceneHHA He Majia
pobouoi Xymobu i, BigIIOBIAHO, OTPUMYBaJIA Mi3epHi 3e-
MeJIbHI HAILJTA — YaCTo JIUIIIe HEBEJIMUKY ITPUCagu0oHy
MUIAHKY Ta TOPOJ [IJIA BUPOIILyBAHHA 0230BUX 0BOUEBUX
kyaeTyp ‘[5, c. 147]». OckinbKky IXHI HAAIIX HE MOT-
v 3abesneunT (pisMuHe BIKUBAHHA PONUHM, ITilri
ceJIAHU OyJI 00’ €KTHUBHO 3MYIIIEH] IIyKaTH J0TAaTKOBI
IKepesia moxomy. BoHu MacoBo Uiy B HATMU 0 TTaH-
CbKOI eKOHOMii, BUKOHYIOUHM HAUTAXKYI Ta HaMeHII
OIJIavYyBaHI POOOTH: Bif] MOTVIAMY 32 IIAHCHKOIO XyIT000F0
Ta pobiT Ha IlereJIbHOMY 3aBO/i maHa KpacoTcbkoro
710 00CJIyrOByBaHHSA MAHCHKOI TMBOBAPHI.

OxpeMy, MapridajbHy T'pyIly CTaHOBHUJIA TBOPOBA
uestAans (200 «TBOPOBI Jiroan»). 11i ocobu Oysiu ITOBHICTIO
BiZlipBaHi Bif] ClJIBCHKOTOCIIOIAPCHKOTO BUPOOHUIITBA
Ta 3emyepobcTBa. Bouu xuiu GesrmocepegHbo IIpU
namcbroMy aBopi (y Hepaxui e 6yB KaM ssHUI IBO-
MOBEPXOBUI GYIMHOK 3 TOCIIOOAPCHKUMU CJIY:KOaMU)
1 BUKOHYBaIH (DYHKITIT JOMAIIIHIX CJIYT, KyXapiB, caIiB-
HUKIB, Ky4JepiB Ta oxopoHmis [1, apk. 103—106 3B.]. Ixue
YTPUMAaHHA TTOBHICTIO 3aJIe3KaJio Bijl 6e3rmocepeIHboro
po3cyny ekoHoMa abo BJIaCHUKA MAaeTKy, [0 POOMIIO
iXHe CTaHOBUIIE HANOLIBII BPA3JIMBUM 1 HAOIMKEHUM
JI0 TOMAIITHBOTO padcTBa.

Posyminns 11i€l BHY TPINIHBOI cTpaTU(iKaIlii € Kpu-
TUYHO BAXKJIMBUM [JIA aHAJII3y MOJAJIBIINX COIiaJIbHO-
eKoHOMIUHHUX TpaHcdopMmarriii Ha ITomim. Came 14 iu-
BEHTapHa HePiBHICTH CTaja TUM «BUOYXOHE0e3[MeUHNM
MarepiajioM», AKUN IIPOABUB cebe MicjA CKacyBaHHA
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kpimarrrea y 1861 porri. Kosu rouasest mporiec BUiIeH-
HA CeJIAHCHKUX HAJLIIB, EKOHOMIT, Mparuy4u 36epertu
MaKCHMAaJIbHI ILJIOIII POMIOU0l 3eMJIi, 3OiCHUIN TaK
3BaHi «BIIPi3KM» HA KOPUCTH MOMIMIMKIB. BHACTiIOK
IBOTO TATJII CeJITHU, BTPATUBIIN YaCTUHY CBOIX I1aCo-
BUII Ta JIICOBUX YyTib, ITI0YAJIM CTPIMKO JeTpayBaTh
€KOHOMIUHO, TTIEPETBOPIIYNCH HA MaJI03eMeJIbHUX
CeJIAH-BIJIACHUKIB.

HarowmicTe minmi cesianu ta 6e33eMesbHI HAWMU-
TH, OTPUMABIIIN 0COGKCTY CBOOOY, ajie He OTPUMABIITH
IOCTaTHBOI'0 3eMeJILHOTO pecypcy IJIA CaMOCTiiHO-
r0 TOCIIOapPIOBAHHA, TTOTIOBHUJIN JIABU BiJIBHOI, ajie
3HeoJIeHOo1 mpojieTapusoBanoi macu. CamMe BoHH,
a He BUOPAIIIHI TAIJII CeJIAHU, CTAJIU Ti€0 OCHOBHOIO
JIELIEBOI0 POOOUOI0 CHJIIOI0, AKY MACOBO EKCILIyaTyBasia
3apomKy0Ua «IHIyCcTpisg» perioHy. ¥ 1860-x pokax came
I[i KaTeropii KOJIUIIHIX IMIINX cesiaH [lepaKHAHCHKO-
T0 Ta CYCITHIX KJIIOUiB 3a0e3meunyiu mpalern Ti caMi
10000 ce3oHHUX POGITHUKIB, AKI IIIO3UMU OyJI1 3aiTHATI
Ha 00M0JIOTI 3epHA Ta MPUOUPAHHI IIYKPOBUX OyPAKIB
Ha 51 nykpoBomy 3aBopi Ilominscekol rybepHii [3, apk.
15-17]. Takum uymHOM, coIfiajibHA CTpPaTU(IKaIliA, 3a-
(dikcoBaHa B iHBeHTapHUX KHUrax 1845-1851 poxkis,
pAMO ieTepMiHyBasia (GOPpMyBaHHA PUHKY HalMaHOI
mparri Ta MexXaHi3MiB 60PToBOl 3aJIEIKHOCTI CEJITHCTBA
B mopedopMeHwUii Iepiof.

IIpocTopoBa oprauizaiiia JlepakHAHCHLKOTO KJIIOUA,
3agdikcoBana B iHBeHTapHHUX omnrcax 1845-1851 po-
KiB, HA0YHO J€MOHCTPYE TVIMOOKY 1HCTUTYITIHHY acume-
TPII0 MK HOMIIIUIIEKUM (DiJIbBAPKOM Ta CEJITHCHKUM
3deMiieKopucTyBaHHAM. |[HBeHTapHA pedopma, xoua
¥ mekJlapyBajia HaMip 3aXUCTUTHU CEJIAH Bifi IOBHOTO
o0e33eMesIeHHA MIJIAXOM BCTAHOBJIEHHA MIHIMAJIBHUX
HOPM HA[iJIy, Ha IIPAKTHUIIl YacTo JIUIIEe JierajridyBa-
Ja Bike chopMOBaAHY AUCIIPOIIOPIIiI0, 3aKPIMIIOI0UN
3a eKOHOMIiel0 HAPOTIOUillll Ta HANOLIBII 3PYYHI I
ekcIuTyararii macusm [2, apk. 10-21].

AxpoM mOMIMIUITEKOTO 3€MJIEBOJIOIIHHA BUCTYIIAB
KOMITAaKTHUH (PiIbBAPKOBUII MACHUB, PO3TAIIOBAHUI
0esmnocepeIHB0 HABKOJIO IIAHCHKOTO TBOPY Ta B3IOBIK
piuku BoBk. CaMe TyT KOHIIEHTPYBaJIMCA HANKpAIIi
OpHI 3eMJTi, HEOOXiTHI IJIA TOBAPHOTO BUPOOHUIITBA 3€P-
HAa, a TAKOK IPUPIUYKOBI JIYKU, KDUTUYHO BAKJIVBI 1A
YTPUMAaHHSA TAHCHKOI Xymo6u Ta 3abe3neueHHA po0oTH
MJIMHIB i muBoBapHi. [HBeHTapHI Ta0IUITI CBiTUATD, IO
€KOHOMifA 3aJIUIINIA 33 CO60I0 a0COTIOTHY MOHOIIOJIIFO
Ha J1icoBi maui Ta Burouau. PopMasibHO ceITHaM MOIJIN
HaJaBaTUCA IpaBa Ha 36ip CyX0CTo abo BUIIaC Xyaoou,
MIPOTe IIi IIPaBa YacTo 00yMOBJTIOBAJIUCA JOIATKOBUMU,
He 3a(dikcoBAaHUMU B OCHOBHUX rpadax iHBeHTapIo,
Bimpo6iTKaMu a60 TPOIIOBUMU 360paMu, M0 (GaKTHUIHO
TIEePEeTBOPIOBAJIO JOCTYI A0 IPUPOTHUX PECYPCiB HA iH-
CTPYMEHT J0aTKOBOIr0 THCKY [5, ¢. 148].

CesiAHCbKe 3eMJIEKOPUCTYBAHHA 6YJI0 sKOPCTKO JIH-
(bepenIriiioBaHe BIIIIOBIIHO OO0 COIiaJIbHOI cTpaTudi-
Kallii, Ipo AKy unuiocA Buiie. [[Jia TAriux ceidaH, AKi
CTAHOBUJIM €KOHOMIUHUI XpebeT rpoMaau Ta 3abesrie-
YyBaJIM OCHOBHY YaCTHHY ITAHIIIMHU CBOIM 1IHBEHTapeM,

IHBEeHTapHI IIpaBuUjIa mepeadavaan HAWOLIbII Hami-
Jr. 3asBUyail BOHU OTPUMYBAIH Bif 2,5 mo 3 mecATHH
OPHOI 3eMJIi Ha ABip, & TAKOXK YACTKY B KOPHUCTYBaHHI
cinokocamu. Lleit poamip He OyB BUIIaTKOBUM: BiH pO3-
paxoByBaBCs [AEPKABHUMU 1HCIIEKTOPAMU AK MiHIMYM,
HEOOXITHUI OJIA TOTO, 100 CeJIAHUH MIT TPOTOAyBaTH
BJIACHHUX BOJIIB a00 KoHell, 03 AKMX BUKOHAHHA TA-
IJI0BOI MAHIMUHY OyJI0 0 HeMOKJIUBUM [2, apk. 6—23
3B.]. IIpore HaBiTh i HagLIX YacTo MaJii (popMmy de-
PECIIOI0CHIIi — POSKUIAHUX By3bKHUX CMYT, IIepeMiIia-
HUX i3 TTAHCHBKUMH TIOJIAMU, M0 YHEMOKJIUBITIOBAJIO
e(eKkTUBHE BeIeHHS BJIACHOTO TOBAPHOI'O TOCIIOIAaPCTBA
Ta 3MYIIYBAJIO CEJIAHWHA IIOCTiMHO B3AEMOIIATH 3 IaH-
CBKOI0 aIMiHiCTpAaIli€ro.

ITimri censirwm, AKI He MaJiu BJIACHOI TATJIOBOI CHJIH,
OTPUMYBAJIN 3HAYHO MEHIITI JUIAHKYA — 3a3BUYau Bix 1
1o 1,5 mecarunu opHoi 3emuti. ITporo 6ysio HeqOCTATHBEO
[IJIsI TIOBHOTO 3a6e3IeueHHs POIUHU IIPOI0BOJIECTBOM,
0C00JIMBO B HEYPOKAKHI POKH. 1K HACTIIOK, 11 KaTero-
pia Oysia sMyIlleHa KOMIIeHCyBaTU Opak BJIaCHOI 3eMJIi
[IJIAXOM HaWMy Ha PoOOTH B IIAHCHKIN €KOHOMII, 94acTo
HA HAWMEHII OIJIaYyBaHUX M0CAAaX, TAKUX SK JOTJIAL
3a Xy/00010 ab0 poboTa HA I[ereJIbHOMY 3aBOMI MaHa
Kpacorceroro. Takum unHOM, MEHIIINIT PO3Mip HATLITY
OPAMO KOPEJIIOBAB i3 GLIBIIOI 3aJIEKHICTIO Bifl IIOMi-
IIUIIBGKOI 3apo06iTHOI mIaTu abo HATypaJbHUX BUOAY
[5, c. 149].

Haii6ise111 MaprisaisoBaHOI TPYIIO0 OYJIH TOPOJI-
HUKU Ta MiICYCITKN. Ixuiit «zamin (daxTruHO 3BOgUBCA
JI0 cau0HO1 IJIAHKYA Ta HEBEJIMKOTO TOPO/Y AJISI BUPO-
IIyBaHHA 0BOUYiB, 6€3 ITpaBa Ha OPHY PLJLII0 ab0 CIHOKIC.
TTo36aBieHi MOKIIMBOCTI BECTU CAMOCTIMHE CiJIbCBKE
TOCIIOIAPCTBO, BOHM ITOBHICTIO IHTETpyBaJIucA B OpOITY
MAa€eTKOBOT0 TOCIIOIAPCTBA AK Pe3epBHA apMif JeureBol
po0oUY0i criIr, BUKOHYIOUX (PYHKIII1 IOMAIIIHBOI IIPUCIIY-
T, OXOPOHITIB 200 Ce30HHUX POOITHUKIB HA IMAHCHKIHN
nuBoBapHi [2, apk. 5-30].

BasxyBo Tako:x BigsHaunTH, 110 iIHBeHTapHAa pedop-
Ma 3aKpiluiia MogiJI He JIUIle 3a IJIONIEe0, a I 3a AKic-
Tr0 3eMJti. CeJITHCHKI HAILIN YacTO PO3TAIIOBYBAIACS
Ha nepu@epii MaeTKy, Ha MEHII POJIOYUX I'PyHTaX a60
cxXmJiax fApiB, TOMAl AK PIBHUHHI, YOPHO3EeMHI TIJIAHKN
sayuIanca y (puibBapky. Taka mmpocropoBa cerperariisa
pobuia ceJigHChKe TOCTIOIaPCTBO BPA3JIMBUM [0 KiTiMa-
TUYHUX KOJIMBAHB 1 rapaHTyBaJIa, 110 B pasi HeBPOXKAT0
CeJITHUH He 3MOKe 00iliTrcA 0e3 MO3UKU 3epHOM a0o
TPOIIIMMA Bif TOTO K MOMIIIUKA, IIOTPAILIAIYN B 00p-
TOBY IIACTKY 1€ 10 O(iI[ifHOr0 CKaCyBaHHA KpilanTea.

Orxe, CITIBBIIHOIIEHHA ITOMIIIIUIILKOIO Ta CEJIAH-
CBKOT0 3eMJIEKOPUCTYBaHHA B [lepasKHAHCHKOMY KJTHOU1
He 0yJI0 HEUTPAJIIBHUM agMIiHICTPATUBHUM IIOIiJIOM.
Ile OyB peresbHO BUOyAyBaHUIT MeXaHi3M €KOHOMIUHO-
0 KOHTPOJIIO, e PO3MIip 1 AKICTH CEJITHCHKOTO HAJLITY
BUCTYMAIU He AK rapaHTisd He3aJIeKHOCTi, a AK «ra-
YOK», II[0 yTPUMYBAB Pis3HI KaTeropii ceJiAHCTBa B OpOiTi
MAa€TKOBOTO BUPOOHUIITBA, 3a0€3MeUyUr eKOHOMII0
cTabiJIbHOI0 Ta JeNIeBOI0 POOOUO0 CHUIIOK0 [JIA Ti Pi3HO-

MaHITHUX TaJIy3eii.
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7151 MOBHOTO PO3YMIHHSA COI[iaJILHO-eKOHOMIUHOT
npuponu JlepakHAHCHKOTO KJII0Ua HEOOXiTHO eKc-
TPATIIOJIF0OBATUA MOT0 iIHBEHTAPHY MOJIEJIh Ha IIUPIIUGA
arpapuunii raamgmadt Jleruaiscsroro mosity. Ilogine-
cvKa ryOepHia y cepequai XIX cromiTTa ABNANA c00010
CKJIaHY M03aiKy (DOpM 3eMJIEBOJIOMIHHA, A€ KIACUIHI
MAarHaTchbKi JIAaTUQYH/II1 MesKyBaIu 3 Ka3eHHUMU (mep-
JKaBHUMM) MAa€eTKaMU Ta OcepeaKaMu APiOHOI IIIAX-
tu. IlopiBHAHHA [lepaKHAHCHKOTO KJII0UA i3 CYCiTHi-
MU TEPUTOPIAMU — 30KpeMa KazeHHUM cejioM Kambis
Ta IMUJIAXETCHKUM aHKJIaBOM y c. IlomiBIli — /103B0JIsAE
IeKOHCTPYIOBATH YABJIEHHA IIPO OMHOPITHICTD «KPiMo-
cHoro Ilopminma» Ta BUABUTY YHIKAJIBHI PUCU caMe IIPH-
BATHOBJIACHUIIBKOI eKoOHOMIT Parin6opoBChKuX.

Haii6inpm ackpaBuii KoHTpacT [lepaskHAHCHKUI
KJTIOY JEMOHCTPY€E Y MOPiBHAHHI i3 CYyCiTHIM Ka3eHHUM
cesiom Kanpua. fxkimo inBenraphi kauru epaxkHi Qik-
CyBaJIU KOPCTKY 3aJIEKHICTD CeJIAH Bil po3Mipy HamiITy
Ta HAABHOCTI TAIVIA, TO KaseHH] cesann KanpHi, srimuo
3 TIPaBUJIAMU JIEPKABHOTO YIIPABIIIHHA, epebyBaau
B 30BCIM iHIIUX IIPABOBUX TA €KOHOMIUHUX yMOBAaX.
Hepsxasni cenanu [lomisuia sazBuuaii OTpUMYBaIU 3€-
MeJIbHI HaIiJIu, SKi 32 Po3MipaMu 3HAYHO ITepeBaKaIn
(gacTo BABIYl) HAMIJIV HOMIIIUIIBKUAX ceJIAH [lepakHAH-
cbKoro kiaroua [3, apk. 15-17].

3aMicTh BUCHAKINBOI TATIIOBOI AHIIUHY, KA 3MY-
IIyBajia JepaskHAHCHKOTO CeJIAHNHA BiTaBaTH Ma-
€THOCTI Ha#KpaIli poboui OHi, Ka3eHHI CeJIAHU CILIa-
uyBaJu Jiep:kaBHU 00pok. A pisHuna y cucremax
eKcILIyaTarlii Mpus3BoauIa /10 TOTro, [0 Ka3eHHi ceJia,
Taki Ak KajabHs, 1eMoHCTpYyBaJIM BUIIUAM PiBEHb MOCIIO-
apPCHKOI CAMOCTIMHOCTI Ta 3aMOYKHOCTI, TOMI AK CEJIAHU
HepasKkHAHCHKOTO KJTI0Ua OyJIN IITYYHO 3aKOHCEPBOBAHI
y cTaHi XpOHIYHOT0 AedilUuTy pecypcis, 0 POOMIIO
iX abCOJIIOTHO 3aJIeKHUMHU BiJl TAHCHKOTO ABOPY [14,
apk. 1-12].

IHmwmii Tun KOHTPACTy BiIKPUBAETHCA HPU 3iCTAB-
JIeHHi1 MOHOJIITHOTO [lepakHAHCHKOIO KJII0Ya i3 cycif-
HIMU NIJIAXeTCHKUMU aHKJIaBaMu (THi3mamMu Api6HOT
IIJIAXTH), TAaKUMU AK cejo ITomisii. Aximo ekonomia
Panm6opoBcbkux y lepakHi Majia 4iTKi, FOPUIAIHO 3a-
(bixcoBaHi iHBeHTAPHUMU TIPABIJIAMU MEXKi Ta Ges3are-
peyuHo mmigKropaAaa cobi CeIAHCHKY MacCy, TO IMIJIAXETCHKI
rpomanu B [lomiBIiax *KMIM B yMOBaX MOCTIHHOT ITpaBo-
BOI HecTablIbHOCTI. AHAJII3 CYyI0OBUX CIIPAB OKA3Yye, 110
npi6bui nuiaxtudi (CtaBewbki, JIUmceki) Oy sMmyireHi
POKaMM BECTU BUCHAKIIMBI MEKOBI IIPOIECU ITPOTU MO-
ryTHIX cycimiB-momimukie (OcocoBCHKOT0), 3aXUIIAI0TN
CBO1 Mi3epHi HAJIiJIA 3a TOTIOMOTOI0 CTAPUX MOJIBCHKUX
apxiBiB Ta iHBeHTapiB XVIII cromiTra [14, apk. 1-40].

JepakHAHCHKUN KJII0Y Y IIbOMY KOHTEKCTI BUCTY-
MaB K arpecUBHUM CyCifl, AKUI MPArHyB MOTJINHYTH
a00 130JII0BATHU ITi IIJIAXETCHKI «OCTPiBIli», BUKOPUCTO-
BYIOUM CBO€ €KOHOMIUHE Ta aJMiHiCTpaTUBHE TOMiHY-
BaHHA. TakuM UMHOM, iHBeHTapHa cucreMa JlepaHi
OyJia cIIpAMoOBaHAa He JIMIIe HA €KCIUIyaTallilo CesIdH,
a ¥ Ha TIPOCTOPOBY €KCITAHCIIO MI0/I0 CYCITHIX APIOHUX
BJIACHUKIB.

54

BaxxiBuM acrieKToM NOPiBHAHHSA € TAKOYK EKOHOMIY-
Ha nuBepcudikarisa. KasenHi cejia Ta mUIAXeTCHKl aH-
KJIABU HABKOJIO JlepaskHi 3a/IUINIaINCA CYyTO arpapHUMU,
30CepeKeHNMH Ha TPagUI[iIMHOMY TPUIILIEHOMY 3€M-
nepob6erei. HaromicTs [lepaKHAHCHKUN KITI0Y, 3aBIAKA
KOHITEHTpAIIi1 3eMeJIb Ta KaIiTaIy B pyKax OJHOTO BJIac-
HUKa, QYHKITIOHYBAB AK HAITBIH/IYyCTPIABHII KOMILIEKC.
Hasswuicts y JlepaskHi maHCHKOI ITHBOBAPHI, [IET€JILHOTO
3aBOJIY, HOTYKHUX BOOAHUX MJIMHIB T4 PO3SBUHEHOT'0 T0C-
TUHHOTO ABOPY 3 30 KaM'AHUMHU JIABKAMH CTBOPIOBAJIO
BHYTPIIIHIN pUHOK 30yTy Ta mepepoOky, AKOro Oysiu
1030aBJIeH] CYCiIHI Ka3eHH]i Ta MIJIAXETCHKI II0CeJIeHHA
[1, apk. 103—106 38.]. Censaau depaskwi 6ysiu BOymoBaHi
He JINIle B arpapHUil, & 1 Y MAeTKOBUU ITPOMUCIIOBUI
ITUKJT, TII0 POOMJIO TXHIO eKCILTyaTaIlifo 6araTOBUMIipPHOIO.

Omxe, TOPIBHAJIBHUMN aHAI3 TIePEKOHIINBO T0BO-
IUTE, 110 JepasKHAHCHKNHA KJTI0Y He OYB IIPOCTO «OTHUM
i3 maeTkiB» [lomisna. Ile Gysa BUCOKOCTPYKTypOBaHa,
arpecrBHA €KOHOMIUHA CHCTEMA, KA TTOEIHYBaIa B co0i
JKOPCTKY 1HBEHTApHY pervIaMeHTAIlil0 CeJIAHCHKIX Hali-
JIiB, TIPOCTOPOBUII THUCK HA CYCiJTHI IILIAXETCHKI aHKJIaBU
Ta PO3BUHEHY BHYTPIIIHIO iHQpacTpykTypy. Came 151
KOHIIEHTPAIliA BJIAAY Ta PECYPCiB y PyKaxX MarHara po-
owna [lepasKHAHCBKUHA KJTI0U HAA3BUYANHO BPA3IUBUM
710 OyIb-AKUX IMIIEPCHEUX pedopM, AKI 3arpoKyBaIn
TIOPYIIUTH 11eH ileaIbHU, 3 TOUKU 30py eKOHOMA, Me-
XaHI3M eKCILTyaTalrii.

Tabmuia mepexKoHINBO JEMOHCTPYE, 110 IHBEHTapHAa
cucreMma JlepakHAHCHKOrO KJII04a He MoXke 6yTH 3po-
gywmijia i3osipoBaHO. JIuie B OpiBHAHHI 3 KA3eHHUM
ceaom KanpHa Ta misgxerchbkuM aHkiaaBoM IlomiBIfiB
cTae IIOMITHOIO Ti crienuiuHa «Ha T eKCILIyaTaTOPChKa»
Jorika. [lepaxkHa TyT mocTae AK KIACUYHUIN MarHaT-
CHKHUH (PLIILBAPOK, /Ie iIHBEeHTapi CIIyTyIOTh IHCTPYMEH-
TOM MaKCHUMAaJIbHOTO BUUABJIIOBAHHS PEHTH 3 CEJIAH
yepes TATIIOBY MTAHIIUHY 1 IITyYHe YTPUMAHHA iX y CTa-
Hi mocTitiHoro medinuTty 3emiti Ta pecypcis. Hatomicts
KaseHHi cesisHu KanbHi, Matoun GisTbIn HAILIN i TPO-
LIOBUI 06POK 3aMiCTh IAHIIMHY, JEMOHCTPYIOTD 1HITUI
TUII 3aJI€3KHOCTI, B AKOMY JIEPiKaBa 3aJIUIIAE SHAUHO
MIVPIINH TPOCTIpP JIA TOCHOAAPCHKOI iHII[iaTUBY i Ha-
KOOWYEHH, 110, 32 JIOTIKOK aBTOpPa, KOHBEPTYETHCA
y BUIIUI PiBEHb 3aMOMKHOCTI Ta CAMOCTIHTHOCTI.

Inaxercekuit anksaB y [lomiBIAX BBOAUTE TPETIO
MOJTeJTb — IPiOHOIIIAXETCHKY MIKPOCHUCTEMY, BPA3JIUBY
He CTLIBbKU uepes TUM ITOBUHHOCTEI, CKIJIbKU uepes
XPOHIUHY IIpaBOBY HecTabinbHicTh. TyT iHBeHTapi U
JIaBHI aKTU ITePETBOPIOIOTHCA HA 30POI0 B MEKOBUX Biii-
HaXx i3 CUJIBHIIIUMHU CyCigaMu, a caM IIPOCTiP II0CTAE
AK apeHa ITOCTIHHUX I0PUCAUKIIHIX 1 TEPUTOPIAIIBHIX
KOH(UTIKTIB. ¥ IIbOMY KOHTEKCTI [{epasKHAHCHKUNA KITIOU
mocTae B:Ke He JIUIIe K «MicIle eKCILTyaTalrii ceiaH»,
a K aKTUBHUI areHT IIPOCTOPOBOI €KCITaHCIl, 110 Ha-
MaraeTbcsa MOMIMHYTH ab0 IIPUHANMHI 130JTI0BATH APi0-
HOIIJIAXETCHKI «OCTPiBIli», BAKOPUCTOBYIOUM II€peBary
KaITiTairy i agMiHiCTpaTUBHUX 3B SA3KiB.

Ocob6uBicTIO JaHOTO Kpato 6ysa 6araToBUMIipHICTE
ekcrutyararii. Ha BimMiHy Biff Ka3eHHUX 1 IIJIAXETCHKUX
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CiJI, le TOCTIONAaPCTBO 3AIUINIAETHCSA TTIEPEBAKHO arpap-
HUM, MarHaTchbKUH KJII0Y IIePEeTBOPIOETHCA Ha HaIlli-
BIHAYCTPiaJIbHUI KOMILIEKC i3 TMBOBAPHEI0, IIereJIb-
HEe, MJIMHAMU Ta PO3BUHEHUM I'OCTUHHUM JBOPOM.
Ile ozHauae, 110 CEJIAHUH TYT BKIIIOUEHUI OTHOUACHO
B arpapHuii i IPOMUCIIOBO-TOPTOBEJIBHU ITUKJI, 8 OTIKE,
iHBeHTapHA crucTeMa (PiKCye He JIUIe PO3MIpU HaMLTy i
MIaHINWHY, a i goctyt (260 He JOCTYII) A0 BHYTPIIIHBOTO
PUHKY, KDEIUTY Ta 3aHHATOCTI Y MAECTKOBUX ITiAIIPUEM-
cTBax. Y mincyMKy deparkHAHCHKUM KII0Y 3’ ABIIAECTHCA
fAK BHCOKOIIEHTPAJIi30BaHA €KOHOMIUHA MaIlWHa, 0CO-
0JIMBO Uy T/INBA 10 OyOb-AKUX IMIIEPCHKUX pedopM, 110
MO 0 IOPYIIUTH (6aJIaHC MiK ITPABOBUM PEIKHUMOM,
CTPYKTYPOIO 3eMJIEBOJIONIHHA Ta 1HPPACTPYKTYPHOIO
KOHIIeHTPAITI€IO.

Exonomiuna edexruBHicTh JlepaHAHCHKOTO
kirroua y cepenuni XIX crosiTra 3abesmneuyBasiaca
He Jullle TPUPOSHUMH YMOBAMHU YU PO3MIpPOM YTidb,
a ¥ 9iTKO BUOYIYBAHOK 1HCTUTYIIIMHOI BEPTUKAJLITIO

YIOpaBJIiHHA, AKa TpaHcPopMyBajia Po3pisHeHi ceja
Ta MICTEUYKO B eqUHIM (PIHAHCOBO-TOCIIONAPCHEMIL opra-
HizMm. Ha BigMiHy Bijg qpiOHUX HIIAXETCHKUX BOJIOTIHb,
Jle YIIPaBJIIHHA YacTo 3/iHiICHIOBAJIOCA 0e3mocepeqHbo
BJIACHUKOM a00 10ro HalbImKuInMu poguuamu, lepak-
HAHCHKUH KJTIOU HAJIEIKAB 10 TUILY MATHATCHKUX JIATH-
dyHmiii, axi QyHKIIOHYBAIN 32 IPUHIIUIIOM JeJIeroBa-
Hol agminicrparrii. Pig Parim6opoBebknx, AK i OLIBIIICTD
BeJIMKUX 3eMJieBlacHUKIB IIpaBobepesk:xa, 3ailiCHIOBAB
CcTpaTeriyHUi KOHTPOJIb HAJlT MAETKOM IMCTAHITIHHO,
TIOKJIIAI0UN OTlepaTUBHE YIIPaBIiHHA Ha ITpodeciiiHmx
€KOHOMICTIB Ta MiCIIeBUX YMHOBHUKIB [2, apk. 4—12].
Anpowm i€l agMiHICTPATUBHOI CUCTEMU BUCTYIIAIA
rmocasia ToOJIOBHOTO eKoHoMa (200 «TUpPeKTopa eKOHOMII»),
AKUH ITPpU3HAYABCA BJIACHUKOM 1 HiC IIOBHY BIiJIIOBi-
JaJIbHICTD 3a (piHAHCOBI pe3yJIbTaTh Kjua. KKoHoMicT
He JIUIe KOOPOAUWHYBAB ITOCIBHI po60TH, 30ip BPOKAIO
Ta BUILJIATy YWHIINY, a i BUKOHYBaB (QYHKITT (ickaab-
HOT'0 KOHTPOJIepa: BiH BiB CyBOPi IPUOYTKOBO-BUIATKOBI

Tabnuys 1

IuBeHTapHi peXUMH TA COLIAJILHO-EKOHOMIUHI XapakTepucTuKH [lepakHAHCHKOro KI04a,
KazeHHOTrO cejia KanbHa Ta nuiaxercskoro ankiaBy IlomiBmi (cepenuna XIX cr.).

ITapameTp

Maruarcekuii (hijIbBaApoOK
(JepaKkHAHCHKHH KJII0Y)

Kaszenmne ceso
(KanpHasa)

IIlnaxeTcsKHI AaHKJIAB
(ITomiBixi)

dopwma Bitac-
HOCTI

IIpuBaTHA MarHaTCHKA JATUPYHIIA
PanmbopoBcbkux

HepxaBHa (kaseHHa) Brac-
HiCTB

Jpi6Ha nIIAXeTChKa BJIACHICTD
(pomosi ruizna)

IIpaBoBwuii cra-
TyC CeJIAH

TTomimuirbki Kpimtaku, mianopsaa-
KOBaHi iHBEHTAPHUM IIpaBUJIaM
MAaETKy

Hep:kaBHi ceIAHN 3 OKPEMUM
PEeXUMOM yIPaBIiHHA

SaJtesKHI/HAITIB3AJIEKHI Bif qpi0-
HUX IUIAXTAYIB, YaCTO B YMOBaxX
TIPABOBOI HEBU3HAUYEHOCT1

Poamipu cessan-
CBKUX HaIlIiB

Memnii, Hix y Ka3eHHUX ceJlax;
peryiaMeHTOBaHI iHBEHTaAPAMH,
IpUB’s3aHi 10 TAIA

3HAYHO OLIIBIII; YaCTO IIPH-
OJIM3HO YIBIUi ITIePEBUIILYIOTH
Haiu ceJisaH JlepasHi

Misepni, po3mpobJieri HaiIuH,
TOCTIMHI MEXKOBI KOH(JIIIKTH

Bup ocHoBHIX
TIOBUHHOCTEH

TaAroBa aHIIMHA 3 BiIOMpaHHAM
«HAUKpaNux podouyux JHIB» HA
dimeBapox

I’pormroBuii 06pok HA KOPUCTH
JepaxaBu, 6e3 0608 I3KOBOT
TATJIOBOI ITAHIIMHA

3Milasi IOBUHHOCTI; 3HAYHA
YyacTUHA 4Yacy ijie Ha CyHoBi i
MEKOBI CIIpaBU

Tocriomapcrka
MofeJIb

dinprBapKoBO-HATIIBIHAYCTpiaIbHA
EeKOHOMIA 3 KOHI[EHTPAI[IE0 3eMJTi I
KamitTasy

ITepeBaskto qpiOHOCEIIAHCHKE
arpapHe rocIroapcTBo 3 BU-
UM PiBHEM CAMOCTINHOCTI

Jpi6HOIIIAXETCHKI TOCIIOAAPCTBA,
(pparmenToBaHi i EKOHOMIUHO
Bpa3JIuBi

Exonomiuna gu-
Bepcudikairisa

ITuBoBapH#, 11€reIbHSA, BEJIUKI BO-
IAHI MJIMHU, TOCTUHHUH ABip i3 ~30
KaM AHUMH JIaBKaMU

BigcyrricTs BiacHoi mpo-
MUCJI0BOI iHDPACTPYKTYPH;
opieHTAIliA Ha TPaauIliiiHe

3eMJIepoOCTBO

CyTo arpapuuii mpodiyis 6e3 pos-
BUHYTOI 1HQPACTPYKTYpHU

Buyrpimuii
PUHOK

PosBuHeHMIT BHYTPINIHIM PHHOK
30yTy ¥ IepepoOKy B MeKax KITioua

O6MmerxeHMi JIOKATBHUIT
PUHOK, OPi€HTOBAHUI Ha
30BHIIIHI IEHTPHU

JloranpHUI, c1a6K0 IHTETpOBA-
HUH y AP PUHKOBI Mepeki

IIpaBoBa cra-
O1JIbHICTH

Bucoka BHyTpiHA KepoBaHiCcTh
3aBAAKY IHBEHTAPHINA peryiaMeH-
Taii

BigrocHo crabinbauMiM nep-
JKABHUU PEIKUM 13 UITKUMU
HOpMaMu

XpoHiuHI MeKOBi i Cy/I0Bi KOH-
uTiKTH 3 CyCIAHIMU IOMIITUKAMH,
oIopa Ha cTapi IMOJIbChKI aKTH

IIpocToposi
BITHOCHHH 13
cycimamMu

ArpecuBHa ekcrnancis, crupoou
IOIVIMHAHHA a00 130JIA1I111 IMIJIAXeT-
CBKUX «OCTPIBITiB»

TepuropianbpHa cTabiIbHICTD
0e3 aKTUBHOI €KCITaHCii

OGopoHHA cTpaTeris, PUANYHA
6opoThOa 3a 30eperKeHHA APiOHUX
HaIiB

Crymiub 3aex-
HOCTI CeJIaH

MaxkcumanbHa: XpoHiuHUII Kedinur
pecypciB, 6araroBumipHa (arpapHa
¥ IPOMUCJIIOBA) eKCILTyaTallia

Huxuwnii: 6insnn Hamiau,
TPOIIOBUI 0OPOK, BUIIA TOC-
HOAApPChKa CAMOCTIHHICTh

Bapiarusuuii, ase mocusieHui
TIPABOBOI0 HEBU3HAYEHICTIO i
TUCKOM CYCiTHIX MA€ETKIB

Joicepenio: TaGNUIA CKIIafieHa HA OCHOBI y3arajbHeHHA MaTepialy HAILIoro MOCIIKeHHA, AKAN CIUPaeTheA Ha TaKl apXiBHI KOMILJIEKCH:
HepoxaBauii apxiB XmenbHuibkoi obacti (JAXMO), . 244, on. 1, cop. 2, apk. 15-17; JAXMO, ¢. 115, on. 2, cip. 567, apk. 1-12; TAXMO,
¢. 115, om. 1, cup. 4, apk. 1-40; JTAXMO, ¢. 115, om. 2, cp. 109, apk. 103-106 3B.
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KHUTH, (PIKCYyBaB KUIBKICTD BiMIIparbOBAHUX ITAHIIAH-
HUX JIHIB, KOHTPOJIIOBAB POOOTY MJIMHIB, TUBOBAPHI
Ta I[ereJFHOT0 3aBOAY, a4 TAKOXK I[OPIYHO 3BiTyBaB
rmepej BJIACHUKOM a6o #oro moBipenum y CaHKT-
ITerep6ypsi un Bapmasi [5, ¢. 152]. Came uepes exo-
HoMicTa iHBeHTapHi mmpaBusa 1847-1848 poxis Brpo-
Ba/KyBaJINCA HA MICIIAX: BiH aJlaliTyBaB iMIEepPCHKi
HOPMH [0 JIOKAJIbHUX YMOB, YaCTO IHTEPIIPETYIOUH X
HA KOPHUCTH eKOHOMIl, 30KpeMa NUIAXOM Kjacudika-
i1 TOoTaTKOBUX POO6IT (HAIPUKJIIAM, MiIBe3eHHA IPOB,
PeMOHTY IpebJIi yu 00CIIyroByBaHHA IMAHCHKUX IOPIr)
AK «3BUYANHUX CEJIAHCHKIX MOBUHHOCTEM», 1[0 He IIif-
JIATAIA OKPEMOMY OOJTIKY.

Besmiocepenne yrpaBiaiHHa cejlaMu, 1[0 BXOIUJIN
10 KJII0ua, JeJIeTyBajIoca MICI[eBUM CTapIlluHaM, ge-
CATHUKAM Ta IBIpCHKUM ympasuTesam. L{i ocodu dop-
MYBaJI HILKUY JIAHKY MaHOpiaJIbHOI agMiHicTparrii
1 BUCTYTIAJI TOCEPETHUKAMU MiK EKOHOMICTOM Ta ce-
JITHCHKOI0 TPOMAJI0I0. IXHA POJIb He 3BOIMIIACSA JIHIIE
IT0 OpraHi3allii HaHIIWHN: BOHU KOHTPOJIIOBAJIU JOTPU-
MaHHSA ceJITHAMY IHBEeHTapHUX HOPM, 3arobiraay camo-
BUIBHMM II0PYOKaM Jricy, (hiKCyBaIi BUIAOKN HECILIATH
YUHIILY TAa OPTaHi30ByBaJIUd «TOJIOKHW» IIi[] Yac »KHUB.
Baxxnuso, mio 1i mocagy 4acTo 00iMAaIN 3aMOMKHIII
TATIL ceJIAHM a00 BUXIAII 3 MilllaH, AKI OTPUMYBaJIA
3a CBOIO CJIy:K0y 3BUTbHEHHA BifJf YaCTUHU TOBUHHOC-
Teil a60 JomaTKOBI 3eMeJIbHI Hamgiau. TakuM YHMHOM,
agMiHiCTpAaIlid K/Ioda ITy4YHo (GopMyBaJia IPOoIIapoK
JIOSTBHUX TIOCEPETHUKIB, AKI OyJIM €KOHOMIUHO 3alli-
KaBJIE€H] Y MATPUMII iCHYI0UO0I CUCTEMU eKCILTyaTalil
[2, apk. 821 3B.].

Oco6siuBy poJsib y QyHKITIOHYBaHHI JleparKHAHCHKOTO
KJII0UA BifirpaBajia Moro B3aeMo/ia 3 iMIIePChKOI0 0F0-
pokparieto. ITiciiss iHBeHTapHOI pedopMu eKOHOMICT OyB
3000B’I3aHUU PETYJIAPHO 3BITYBATH TIepe[ MOBITOBUMU
komiciaMu Ta IlomgiIibchbK0I0 Ka3eHHO0I0 aIaToIo o0
BUKOHAHHSA IHBeHTapHUX mMpaBuil. [IpoTe Ha mparTuir
114 3BITHICTH YaCTO IIepeTBopioBaiacA Ha (GopMaib-
HicTh. Marmarcbka aMiHIiCTpaIlias BUKOPUCTOBYBAJIa
iMITepCchKe 3aKOHOTABCTBO AK IHCTPYMEHT JIETiTUMAIIi1
CBOIX [Iiii: 3BEPTAIOUNCH A0 CYdiB Yy pasi CeJIAHCHKUX
CKapr, EKOHOMICT ITOCHMJIABCA HA 3aTBEPKEeHI iIHBEHTap-
Hi KHUTU AK Ha «BUIIY IIPaBOy», ITHOPYIOUHN 3BUYAEBI
HOPMM YU YCHI JJOMOBJIEHOCTI, 1110 iCHYBAJIU B TIOITePeIHI
mecATIWIITTA. BogHouac BIaCHUKM KJTIOUa aKTUBHO BU-
KOPHCTOBYBAJI CBOI 3B'A3KU B I'y0EPHCHKUX YCTAHOBAX
IJI1 OTPUMAHHA M1JILI, PO3CTPOUYEHHA MOOATKIB a00
3aXUCTy MaiiHa BiJi KOHKYPEHTIB, 1[0 IIePETBOPIOBAJIIO
JepaKHAHCHKUU KJII0Y HA CBOEPITHUNA «IPUBATHUMI
1HCTUTYT», IHTETPOBAHUN Y Iep:KaBHY (PiCKaJIbHY CHU-
cremy [5, c. 154].

Omke, IHCTUTYIIMHE yIpaBIiHHA [lepakHAHCEKIM
KJII0ueM He 0ys10 xaotTuuauM a6o crioutanauM. [le Oyiia
palioHajrisoBaHa, 6araTopiBHeBa cucTeMa, y AKiH
MarHaT BHUCTYIIaB apXiTeKTOPOM eKOHOMIUHOI cTpare-
rii, eKOHOMICT — ii TeXHIYHUM BHUKOHABIIEM, a MICIEB1
CTApIINHU — IHCTPYMEHTOM 0e3I10cepeqHBOr0 KOHTPO-
JIIO HAJT CeJIAHCHKOI0 Macor. CaMe 11 aqMiHiCTpaTUBHA
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BEePTHUKAJIb 3a0e3IeuyBajia CTablIbHICTE IIPUOYTKIB MA€eT-
Ky, MiHIMi3yBaJjia PUSUKUA HEBPOKAIB 200 CEIAHCHKIX He-
TIOKOpY Ta H03BOJIsIA JlepasKHAHCHKOMY KITIOUy (DYHKITi-
OHYBaTHU AK 3aMKHEHWUI, CAMOJIOCTATHIN MOCTIOHAPCHKUIA
oprauiam. BomgHouac caMe JKOPCTKICTD Ifiel cucTeMu,
ii opieHTAIliA HA MaKCHUMIBallil0 eKCILIyaTallii Ta irHo-
PYBaHHSA 3BUYAEBUX TIPAB CEJIAHCTBA 3aK/IaJIa TIBATIMHI
IJ1A MaOyTHBOI IHCTUTYITIMHOI KPU3H, AKA ITPOABUIACA
BKe B yMoBax mopedopMeHuX TpaHcpopMaIlriii.

BucuoBku. KoMiuiekcuuii anajis iHBeHTaApHUX
onuciB [lepakuaHCchKOr0 KiTtoua 3a 1845-1851 pp. mos-
BOJIAE 3pOOUTU HUBKY y3arajibHEeHb MO0 COIiaJIbHO-
€KOHOMIUHO1 IIPUPOU I[HOTO MarHaTChbKOTO MAaeTKy
HamepeaoaHi ckacyBaHHA Kpimarrrea. JlocimimkeHHA
3acBigumIIo, 1o JeparkHAHCHKUI KITI0U He OyB 130J160-
BaHUM arpapHUM OCEPEIKOM, a ABJIAB CO00I0 BHCOKO
CTPYKTYPOBAHY €KOHOMIUHY CHUCTEMY, OPTaHIuHO iH-
TerpoBaHy B IIUPIINI pPerioHaIbHUMN KoHTeKeT JleTu-
uiBChKOro IoBiTy. I'eorpadiuni mepesaru (HaABHICTD
piuku BoBk, JricoBUX MacuBiB Ta POAIOUUX I'DPYHTIB)
OyJI MaKCUMAJIbHO €KCILIyaToOBaHi BlacHUKaMu (pomoM
Paru6opoBCchbKrX) [AJ1A CTBOPEHHS TUBEPCU(PIKOBAHOTO
rOCIIOIaPCTBA, 10 TTOEAHYBAJIO TPAJUIIIIHE TPUITLIEHE
3eMJIepOOCTBO 3 TTIePePOOHUMH BUPOOHUIITBAMU (ITHBO-
BapHA, I[eTeJIHUI 3aBO/I, BOAAHI MJIMHU) TA PO3BUHE-
HOIO TOProBoIo iH(dpacTpykryporo [1, apk. 103—106 3B.].

IuBenrapua pegopma 1847-1848 pokis, mompu
cBO1 O(iLiiiHi mexIapaliii mpo 3aXUCT CEeJIAH Bifl IOB-
HOTo 00e33eMeJieHHs, (DAKTUYHO JINIIIe JierajaidyBajia
icHyIOUy IJIN00KYy acMMeTPil0 y 3eMJIEKOPUCTYBAHHI.
IIpocTopoBuit aHAI3 3aCBIIUMB JKOPCTKY CErperairiio:
HANPOMIOUIIIT OPHI 3eMJIi, CIHOKOCH Ta JIiCOBI JaYi 3aJIu-
LIAJTUCA T MOHOTIOTi€er0 (hiTbBapKy. CesAHChKI HaIIH,
nugepeHIiiioBaHi 3a TATJIOBICTIO, OyJIX HEOOCTATHIMH
[IJ1A TIOBHOI eKOHOMIuHO1 camocritirocti. Ile symoBumio
YiTKY COILIIAJIBbHY CTpaTH(IKALIio: Bif 3aMOMKHUX TATJINX
CeJIH, 10 3a0e3IeuyBaji OCHOBHY MAHIIUHY CBOIM
iHBEHTapeM, 0 MapriHaAIi30BaHUX MIIINX CEJIAH Ta ro-
POIHUKIB, SIKi OyJI1 00’ €KTUBHO 3MYIIIeH] IHTerpyBaTUCA
B OpOiTy MAETKOBOTO OCIIOIAPCTBA AK Pe3epPBHA apMia
nereBoi pobouoi cuutu [2, apk. 4—20 3B.].

CucreMa OBUHHOCTEH Y KJII0Ui BUXONMIIA 38 MEXKI
(hopMasIbHOT IBOPAIHOT 200 TPUPALHOI MAHIIUHE. BoHa
BKJTIOUAJIA POSTAIIY:KEHY MepesKy TPUX0BAHUX eKCILIY-
aTaliiHUX MeXaHi3MiB: KOJIEKTUBHI TOJIOKH, MiIBITHY
TMOBUHHICTD, T'POIIOBUII UMHII TA IPUMYCOBY IIPAITi0
Ha MaHCHKUX MIPOMUCIOBUX 00’ekTax. EdeKkTuBHiCTD
miel crcreMu 3a0e3IieuyBasacAa YiTKOK iHCTUTYLIHHOIO
BEPTUKAJUIIO: BiJl AUCTAHIIHOTO CTPATETIuHOr0 KOHTP-
0JTI0 MarHaTa 0 OTIePATUBHOTO YITPABIIHHSA TOJIOBHOTO
€KOHOMA Ta MICIIEBUX CTAPIINH, AKI BUCTYIAIN 1HCTPY-
MeHTOM 6e3M0CcCepeqHBOT0 TUCKY Ha CEeJITHCHKY TPOMaYy,
MITYYHO (POPMYIOUH POIIAPOK JIOSITBHUX TTOCEPETHUKIB
[5, c. 152-154].

HaykoBa HOBH3HA ITPOBEAEHOI MiIKPOiICTOPUUHOL
PEKOHCTPYKIIil I10JIArae B JeKOHCTPYKIll Midy I1po
OTHOPITHICTh «KPIIllallbKOi Macu» Ta AeMOHCTpaIlii
TOTO0, K IHBEHTAPHI IpaBWIa CTAJIU HE IHCTPYMEHTOM



// International scientific journal “Internauka” / N2 6 (185), 2026

// ISSN 2520-2057 (print), ISSN 2520-2065 (online) /

// Historical sciences //

eMaHCHUIIaIlii, a MeXaHi3MOM JIETITAMAITI] TOMIIITUITEKO-
ro cBaBiLIA. IlopiBHANIBLHUI aHAIIIS i3 CYyCITHIMY Ka3eH-
aHuMu (c. Kanpaa) ra nuiaxercskumu (¢. Ilomisii) Bosto-
TIHHAMUA TTEPEKOHJIUBO JOBIB, 1110 J{eparKHAHCHKUIT KITI0Y
(yHEKIIiIOHYBaB fAK arpecBHA €KOHOMIUHA CHCTEMa, 110
YUHWIJIA ITPOCTOPOBUI TA €KOHOMIYHUH THCK Ha CYCiJl-
Hi OpiOHI 3eMJIEBOJIOIHHSA, ITPATHyYX HOTJIMHYTHA a00
i3ostroBaTH ixHi pecypcu [15, apk. 1-40; 14, apk. 1-12].

Takum unzoM, iHBeHTapHMit epiox (1845-1851 pp.)
y JepakHAHCHKOMY KJIIOUl XapakTepus3yBaBCcA He cTadi-
JTi3arri€ero, a MaKCUMAaJILHUM 3aTOCTPEHHAM BHYTPIIITHIX

cyriepeuHocTeii MaeTkoBoi crcremu. lllTyure yrpuman-
HA CeJIAH y CTaHi XpOHIYHOTOo AeilnTy pecypcis, mpo-
CTOPOBA UEPECIIOJIOCUILA Ta KOPCTKA aAMIHICTPpATUBHA
perjiaMeHTalliA iIXHbOTO JKUTTA 3aKJIaJU IBAJIUHA
1A TInOoKol iHcTuTywitiHol kpusu. Ila HakonmueHa
corfiajibHa Hampyra HeMHUHy4Ye MaJjia BUJIUTUCA Yy Ma-
COBI 3eMeJIbHI KOH(IIKTH Ta ITPABOBI IIPOTHUCTOSHHA
B yMOBax MailOyTHIX mmopedopMeHux TpaHchopmMalriii,
KOJIM TUTAHHSA JOCTYIY J0 JIicy, CIHOMKATeH Ta MeKo-
BUX 3HAKIB CTaHe F'OJIOBHUM IIPEIMETOM 00POTHOU MiK
€KOHOMIEI0 Ta CEJITHCHKOI IPOMAIOI0.

JOIJATKOBA IHOOPMAIIA
DOIHAHCYBAHHSA: AsTopu He oTpuMyBau (DiHAHCYBAHHA AJIA IIHOTO TOCTIIKeHHA.
3ASABA ITPO JOCTYIIHICTB JAHMX: He 3acToCOBYETHCA.
KOH®JIIKT IHTEPECIB: ABTopu 3asABJIAIOTE ITPO BifCYTHICTh KOHQJIKTY iHTEpECiB.
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MANAGEMENT OF STABILIZATION
OF IT PROJECTS IN THE HEALTHCARE
SECTOR

MEOWYHI HAYKU

Summary. The article is devoted to means of stabilization of IT projects in the healthcare sector. The purpose of the study
is to determine what prevents medical organizations from achieving sustainable effects from the implementation of software
products. During the study, general scientific methods of cognition were used: analysis and synthesis, system approach, com-
parative analysis and structural-logical classification. According to the results of the study, it was found that after the technical
launch, most organizations enter the phase of trial use of the system. During this period, a significant number of requests and
clarifications accumulate that require elimination or refinement. This phase is the stabilization phase. Six factors that destroy
the stability of IT projects in medicine were identified: the complexity of the system itself, problems with usability, staff overload
with activities related to documentation, insufficient support from the implementation team, the lack of effective metrics of the
current state of the system, as well as personnel risks associated with staff turnover during the adaptation period. It is signifi-
cant that a significant part of these problems remains unnoticed by management as long as the staff copes with current duties.
They become visible only when the load exceeds the team’s adaptive resource. The practical significance of the study lies in the
formation of mechanisms that allow accelerating the adaptation period and stabilizing IT projects of medical organizations

undergoing automation or software updates.

Key words: stabilization management, IT projects, healthcare, EHR, change management.

ntroduction. Healthcare organizations around the
world are actively implementing digital solutions:
electronic medical records, clinical decision support
tools, telemedicine platforms. The market for medical
information technologies is growing, and the volume of
investments in the industry is increasing every year [4].
However, the success statistics of such projects remain
disappointing: from 50 to 70% of EHR implementations
do not achieve the planned results [8], and about 70% of
pilot solutions in hospitals do not go into sustainable use
[6]. The problem is often not whether the system was
launched, but whether the organization was able to go
through the difficult transition stage after this launch.
The classic project management model — deadlines,
budget, scope — is poorly adapted to the realities of
the healthcare environment. Clinical workflows are
critical by nature, staff have a high level of autonomy
and tend to form workarounds instead of adapting to
new systems, and regulatory requirements significant-
ly complicate any configuration changes after launch
[12]. That is why a separate management concept has
been formed in healthcare IT practice — stabilization
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management. It covers the activities between technical
go-live and achieving operational maturity and deter-
mines whether the implemented system will turn into
a real clinical tool [10].

Literature Review. The issue of IT project man-
agement in healthcare is not sufficiently comprehen-
sively covered in the scientific literature as an indepen-
dent management category. Nevertheless, individual
components of this topic are considered by scientists.
In particular, the issue of general indicators of success
and failure in EHR implementations was studied by
such researchers as Anderson J., Beyer A. and Tate S.
[2], as well as Anderson J. and Manzione L. [1]. The
studies of these authors note that only 38% of organi-
zations that have recently undergone large-scale EHR
implementations reported that the result met their ex-
pectations, and the level of satisfaction of nurses with
EHR support from organizations remains critically low.

As for the issue of EHR usability and its connec-
tion with clinical staff burnout, this issue is the sub-
ject of several independent studies. Among them, it is
worth highlighting the work of Melnick E.R. et al. [13],
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which showed that EHRs fall into the bottom 9% of all
evaluated technologies on the System Usability Scale;
Lohmann-Lafrenz S. et al. [11], who recorded even
lower SUS scores after the implementation of Epic in
a Norwegian university hospital; and Olakotan O. et
al. [14], whose review confirms the systemic nature of
usability problems in clinical EHRs.

The topic of documentation burden and its relation-
ship to burnout has been investigated by Henry T. A.
[5] and Budd J. [3]. According to the study cited by
Henry T. A., physicians spend more than 5 hours in
the EHR for every 8 hours of scheduled time with pa-
tients; Budd J. confirms that excessive documentation
burden in primary care is one of the leading factors
of burnout.

The issue of practical implementation and stabili-
zation of EHRs after go-live is reflected in case stud-
ies. Kiepek W. and Sengstack P.P. [10] analyzed the
experience of Vanderbilt University Medical Center
and showed that even well-prepared organizations face
the need for additional support in the first days after
launch. Johnson K. B., Sternberg P.Jr. and Dubree M.
[7] in their analysis note that the Vanderbilt team pre-
maturely called the stabilization phase optimization,
in effect confusing survival after launch with achieved
success. Siwicki B. [17] describes the Health First sup-
port model, which involved emeritus-level physicians
to provide “at-the-elbow” support during the transition
to Epic. The problem of EHR optimization in a broader
context is explored by Makhni S. et al. [12], as well
as Restuccia M. [16], who, based on the experience
of CIOs in large medical organizations, describes the
practice of managing the backlog after launch. Tate S.
[18] specifically examines the documentation workload
of nurses and links it to reduction strategies through
personalization and training. The issue of personnel
and financial consequences of burnout and staff turn-
over is highlighted in the KLAS study presented by
Pennic F. [15].

The financial dimension of ROI from digital in-
vestments is analyzed in the article by Kaltwasser J.
[9] and the publication by Dyrda L. [4]. The general
context of instability of IT projects in the healthcare
sector, including the statistics of the Standish Group
and the evaluations of pilot projects, is described in
the publication Improvizations [6] and the materials
of Topflight Apps by Kalinin K. [8].

Despite the wide coverage of individual aspects,
a comprehensive approach to stabilization manage-
ment as an independent phase of IT project man-
agement has not yet been formed in the scientific lit-
erature. The author of this study proposed his own
systematization of destabilization factors and stabili-
zation management tools in their interrelationships —
this is the main contribution to the development of the
topic. Analysis and synthesis, comparative analysis of
practical cases, and structural-logical classification
were used to process the material.

Problem Statement. The purpose of the article
is to investigate stabilization management as a man-
agement category in healthcare IT projects and to sys-
tematize the means of its provision. To achieve the
goal, the following tasks will be performed during the
study: to reveal the content of the concept of stabili-
zation management of IT projects in the healthcare
sector; to analyze the factors of destabilization with
a generalization of their evolution and classification by
type; to systematize the means of stabilization man-
agement with a definition of their sphere of influence
and characteristics.

Methods and materials. The study is based on
the processing of scientific publications, practical cases
and analytical reports in the field of IT project man-
agement in healthcare. The methods of analysis and
synthesis, comparative analysis and structural-logical
classification were used. Comparative analysis was
used to compare the experience of different organiza-
tions, classification — to organize the identified factors
and means of stabilization.

Results and Discussions. Standard approaches
to the evaluation of IT projects take into account three
parameters: timing, budget and compliance with the
technical task. In most industries, this is sufficient.
However, the study by Restuccia M. notes that the
medical IT sphere requires a fundamentally differ-
ent logic of evaluation, since the formal launch of the
system and the actual receipt of benefits from it are
different events, separated in time by months [16].
This difference constitutes the content of the stabili-
zation phase.

Stabilization management as a category of IT proj-
ect management encompasses a set of management
actions aimed at ensuring the stable and effective func-
tioning of the implemented information system after
technical launch. In the context of IT projects in the
healthcare sector, this category acquires particular
importance due to three key circumstances:
¢ clinical criticality of the environment — medical sys-

tems directly affect treatment processes, therefore
any instability carries not only operational, but also
safety risks for patients [14];

* behavioral complexity of system adoption — clinical
staff tend to form workarounds instead of adapting
to the new system, especially when it does not cor-
respond to the real rhythm of work. According to
Olakotan O. et al., it is usability problems that are
the leading factor in such behavior [14];

¢ regulatory and integration burden — EHR systems
must meet data security, interoperability, and doc-
umentation requirements, which makes any con-
figuration changes after launch significantly more
difficult [12].

The stabilization phase is a separate stage between
go-live and full-fledged operational optimization. John-
son K.B., Sternberg P.Jr., and Dubree M., describ-
ing the experience of Vanderbilt University Medical
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Center, recorded a revealing situation: the team pub-
licly declared the stabilization phase complete and
renamed it optimization, but in reality the organiza-
tion was still in survival mode after launch [7]. This
is not an isolated case — it is a typical management
error that leads to premature reduction of resources
precisely when they are needed most.

In the operational dimension, stabilization man-
agement encompasses monitoring the clinical perfor-
mance of the system, responding to critical issues,
managing the backlog of user requests, training, and
personalization. Makhni S. et al. emphasize that a few
weeks of training without further support is funda-
mentally insufficient for complex medical platforms
[12]. Stabilization management is a condition for the
technology not to simply “stand” in the organization,
but to actually support its clinical work.

Understanding what undermines the stability of IT
projects is no less important than knowing the means
of restoring it. The factors of destabilization in the
medical IT sphere have changed significantly over
time. At the initial stage of hospital computerization,
in the 1980s and 1990s, projects failed mainly due to
technical reasons: unreliable equipment, lack of inte-
gration standards, lack of specialists. It was believed
that a properly configured system would work by itself
[6]. In the 2000s and 2010s, along with the spread of

large EHR platforms, technical reliability increased —
but organizational risks came to the fore. Staff resis-
tance, the gap between designed and real workflows,
insufficient involvement of clinicians in system design
became the main reasons for failures. Today, according
to Improvizations, from 50 to 70% of EHR projects do
not achieve the planned results [6], and Kalinin K.
notes that about 70% of pilot technological solutions
in hospitals do not go into permanent use at all [8].
The leading destabilizers are currently usability, doc-
umentation load and personnel instability.

The systematization of current means of destabili-
zation and their characteristics are presented in Table
1 (see Table 1).

As can be seen from Table 1, the means of destabi-
lization cover both the system-technical and human-
centric dimensions. Their common feature is that they
mostly manifest themselves after the formal completion
of the project and at the same time remain hidden from
management. This situation confirms that destabiliza-
tion is primarily a managerial, not a technical problem.

The response to the above destabilization factors
is a set of management tools aimed at ensuring the
operational stability of the system after launch. The
principle is that these tools are not exclusively tech-
nical — they cover the organizational, human-centric
and analytical dimensions of management.

Table 1

Means of destabilization of IT projects in the healthcare sector

Destabilizing
factor

Characteristics and manifestations

Structural com-
plexity of EHR
systems [2]

EHR platforms serve dozens of staff categories simultaneously: physicians, nurses, pharmacists, ad-
ministrators, laboratory specialists, and billing services. Each of these groups has different system
configuration needs, which complicates even the most carefully designed rollout process. According to
KLAS Research, only 38% of organizations that had recently completed a large-scale EHR implemen-
tation reported that the outcome met their initial expectations [2].

burden [5; 13]

Low usability |The average SUS score for EHRs among physicians in the United States is 45.9/100, placing it in the

[13; 11] bottom 9% of all technologies [13]. After Epic was implemented in one Norwegian university hospital,
the median score fell to 25/100, and among physicians, to 15/100 [11].

Excessive For every 8 hours of scheduled patient appointments, physicians spend more than 5 hours in the EHR

documentation |[5]. In addition, each hour of direct patient contact is accompanied by one to two hours of system-

related work, some of which is performed outside working hours. When template and alert configura-
tions are not reviewed after launch, these time costs become fixed as a permanent norm [13].

Insufficient
post-launch sup-
port [16; 10]

After go-live, project teams are usually reduced, while managerial attention shifts to new initiatives.
As a result, the accumulated backlog remains without dedicated personnel. The experience of Vander-
bilt University Medical Center showed that, even with thorough preparation, the command center had
to be expanded and additional staff had to be brought in on the second day after launch [10].

Weak operation-
al metrics [9; 1]

Technical indicators, such as uptime and interface stability, are present in most organizations. Docu-
mentation time, the number of workarounds, and the level of engagement with system functions are
measured much less often. A survey by Ernst & Young found that 70% of healthcare executives had not
yet seen ROI from digital investments, with half of them linking this to fragmented metrics [9]. KLAS
further notes that 46% of nurses disagree that their organization provides good EHR support [1].

Financial and
workforce vul-
nerability [15]

Burnout is rarely cited as the sole reason for resignation, but it is a documented contributing factor. In
2024, nearly half of the nurses and physicians surveyed by KLAS said they were likely to leave their
organization within two years, while the actual turnover rate among the at-risk group was 21% and
13%, respectively. Replacing one nurse costs approximately USD56,300, while replacing one physician
costs between USD500,000 and USD1,000,000 [15].

Source: compiled by the author based on sources [1; 2; 3; 5; 6; 8; 9; 10; 11; 13; 15; 16]
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The key principle of stabilization management is to
change the criterion of success. According to Kiepek W.
and Sengstack P.P., success is determined not by the
fact of technical launch, but by the level of sustainable
acceptance of the system and the actual operational
result [10]. This means that stabilization requires a sep-
arately planned phase with its own resources and met-
rics. According to Anderson J. and Manzione L., nurs-
es who personalized their EHR have 45 points higher
satisfaction compared to those who did not [1]. Even
a relatively simple means of personalizing the system
can significantly affect the level of operational stability.

Stabilization management tools are systematized
in Table 2, taking into account the scope of their in-
fluence and practical content (see Table 2).

As can be seen from Table 2, stabilization manage-
ment tools cover different levels of management: from
strategic (planning the stabilization phase, change
management) to operational (rapid-response team,
triage of problems, at-the-elbow support) and analyt-
ical (operational health metrics, backlog monitoring).
Makhni S. et al. separately emphasize: measurement
in the stabilization phase should not create a culture of
surveillance. The question should not be “which clini-
cians are using the system incorrectly”, but “where is

the system failing the clinicians” [12]. Such a principle
is important for maintaining staff trust and creating
an environment in which feedback becomes a resource,
not a source of anxiety.

Conclusions. In the medical IT sphere, the tech-
nical launch of a system and the moment when it ac-
tually starts working for all its users are separated
by a time interval. It is this interval that determines
the stability of the system and its practical value. It
is technically incorrect to assess the implementation
only by the fact of implementation.

Destabilization occurs from several sides at once.
Different users have different levels of digital literacy,
different experience with previous systems, and dif-
ferent rates of adaptation to new tools. Usability does
not appear at the moment of launch — it is formed
gradually, along with the acquired skills and habits of
working in a new environment. Over time, the number
of support requests naturally decreases, but by this
point a specific list of requests from users has accumu-
lated — things that interfere, do not work as expected,
or need to be adjusted to real needs.

This list becomes the basis of stabilization manage-
ment. A separate implementation phase is allocated
for it with specific tasks: sorting problems by level of

Table 2

Stabilization management tools for IT projects in healthcare

Stabilization tool

Area of impact

Description

Formal planning of the sta-
bilization phase [10; 7]

Project manage-
ment

Stabilization is defined as a separate planned phase with resources, re-
sponsible teams, timelines, and success criteria. It does not replace the
optimization phase but precedes it.

Maintaining support after

Resource provi-

The project team and managerial attention are maintained after go-live.

technical go-live [12; 14] sion The complexity of EHR systems increases the need for sustained sup-
port rather than reducing it.

Rapid-response team for Operational | A pre-established interdisciplinary rapid-response team is created to re-

critical issues [10] safety solve critical issues related to safety, throughput, and clinical workflow.

At-the-elbow support [17]

User adoption

Physician champions and IT consultants are engaged directly at the
workplace. Health First involved more than 50 support physicians, in-
cluding emeritus-level physicians.

Prioritization of issues by

Backlog manage-

Issues are classified as patient-safety critical, throughput critical, and

criticality [17] ment optimization-related. This prevents requests from accumulating chaotically.
Systematic handling of the | System configu- | A formal mechanism is introduced for collecting, prioritizing, and ad-
optimization backlog [16] ration dressing deferred requests related to templates, alerts, data entry se-

quences, and workflows.

Introduction of operational
health metrics [9; 1; 18]

Monitoring and
analytics

Documentation time, the prevalence of workarounds, feature use, satis-
faction, and workload dynamics are measured instead of relying only on
technical indicators.

EHR personalization and
post-launch training [1]

User experience

Nurses who personalized the EHR reported satisfaction scores 45 points
higher. Stabilization includes support in configuring the system around
real workflows.

Optimization of the docu-

Clinical efficien-

Templates are reviewed, excessive alerts are reduced, and the EHR is

mentation burden [12; 3] cy adapted to clinical needs. A significant share of time loss is caused by
configuration rather than regulatory requirements alone.

Early change management | Organizational |Communication, training, resistance management, and clinician en-

[10; 7] culture gagement begin before launch and continue afterward. Change manage-

ment is a building block of stabilization.

Source: compiled by the author based on sources [1; 3; 7; 9; 10; 12; 14; 16; 17; 18]
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criticality, their sequential processing, introducing new  of these measures allows to significantly increase the
metrics, personalized settings for key user groups, op-  satisfaction of using the system — and this is the basis
timizing the documentation load. The implementation  of stabilization management.

JJO/TATKOBA IHOOPMAIIIA
DOIHAHCYBAHHS: Asropu He oTpuMyBaju (DiHAHCYBAHHA OJIS IIHOTO TOCIIKEeHHA.
3ASABA ITPO JOCTYIIHICTD JAHUX: He 3acTocoByeTbCA.
KOH®JIIKT IHTEPECIB: ABTopu 3asABJIAIOTH IIPO BiCYyTHICTH KOHQJIIKTY iHTEpeciB.
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REHABILITATION STRATEGIES FOR
POST-SERVICE EYELASH DAMAGE: THE IMPACT
OF INTEGRATED RESTORATION SYSTEMS

Summary. The article is devoted to the study of rehabilitation strategies for post-service eyelash damage and to determine
the impact of integrated restoration systems on the condition of eyelashes, eyelid margin and ocular surface. The purpose of
the study is to scientifically substantiate approaches to the correction of damage that occurs after cosmetic procedures with
eyelashes and to determine the effectiveness of complex restoration protocols in normalizing the functional and aesthetic state
of the ciliary apparatus. In the course of the scientific study, general scientific methods of cognition were used, in particular
analysis, synthesis, generalization, systematization, comparison and classification. The results of the study show that post-ser-
vice eyelash damage is multifactorial and may include allergic-inflammatory reactions, chemical irritation of the ocular surface,
mechanical injury to the eyelashes themselves, impaired tear film stability, damage to the conjunctiva and corneal epithelium,
infectious complications, as well as follicular changes and disruption of the eyelash growth cycle. It has been studied that such
conditions are manifested by itching, redness, swelling, burning, tearing, dryness, photophobia, eyelash loss, thinning of the
ciliary row and discomfort during blinking. It has been shown that effective rehabilitation should be based on a combination of
elimination, anti-inflammatory, hygienic, antibacterial, regenerative, tear-stabilizing and preventive-educational strategies. It
was concluded that the elimination of the irritating factor, restoration of eyelid margin hygiene, tear film support, inflammation
control and stimulation of the restoration of natural eyelashes create conditions for the gradual normalization of the condition
of eyelashes and adjacent structures. The value of the LRCA Method as an integrated restoration system was investigated,
which includes an audit of injuries, primary diagnostics, decompression of natural eyelashes, removal of critical load, recon-
struction of the ciliary row and safe modeling taking into account the bearing capacity of the own eyelashes. It was shown that
such a technique makes it possible to combine aesthetic results with biological restoration, reduce the risk of re-injury and form
a protective aesthetic framework. The practical significance of the study lies in the possibility of using the proposed strategies
in professional practice for the safe correction of the consequences of post-service damage to the eyelashes.

Key words: eyelashes, rehabilitation, damage, eyelids, restoration.

ntroduction. Post-service damage to eyelashes

is a pressing problem of modern cosmetology and
ophthalmology practice, since the procedures of eye-
lash extension, removal, coloring and modeling can be
accompanied not only by aesthetic defects, but also by
functional disorders of the eyelid margin and ocular
surface. Excessive mechanical stress, contact with
glues, removers, dyes or fixing materials can cause
loss and weakening of natural eyelashes, irritation of
the conjunctiva, inflammatory reactions of the eyelids,
disruption of the stability of the tear film and damage
to the corneal epithelium. In this regard, the restoration
of eyelashes after aggressive or unqualified service
exposure requires not only decorative correction, but
also a comprehensive rehabilitation approach.

Of particular importance is the development and
scientific understanding of integrated recovery sys-
tems that combine diagnostics of the degree of damage,

elimination of the traumatic factor, support of the fol-
licular apparatus, stabilization of the eyelid margin
and prevention of repeated damage. This approach
allows us to consider natural eyelashes as a functional
element of ocular surface protection, and not only as
an object of aesthetic modeling. That is why the study
of rehabilitation strategies for post-service eyelash
damage is important for the formation of safe practices
in the field of lash service and increasing the efficiency
of restoring the natural resource of eyelashes.
Literature Review. The issue of rehabilitation
strategies for post-service eyelash damage and the
impact of integrated recovery systems is not suffi-
ciently comprehensively covered in the scientific lit-
erature. Despite this, individual components of this
topic are considered by scientists. In particular, the
nature of post-service eyelash damage, its clinical
manifestations and ophthalmological consequences
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were studied by the following authors: Y. Amano,
Y. Sugimoto, M. Sugita [1], S. Aumond, E. Bitton [2],
M. Masud, M. Moshirfar, T.J. Shah and co-authors
[7]. These authors studied the anatomical and func-
tional significance of eyelashes, the features of ocular
surface damage after cosmetic procedures, as well as
the spectrum of side effects associated with eyelash
extensions, in particular allergic blepharitis, kerato-
conjunctivitis, conjunctival irritation and other patho-
logical conditions.

As for the factors of mechanical, chemical, allergic
and infectious effects after cosmetic procedures with
eyelashes, this issue was studied by several authors.
Among them, it is appropriate to highlight F.K. Idu,
A.D. Efosa, M. Mutali Jr. [6], who analyzed the prev-
alence of side effects among eyelash extension users,
including itching, redness, pain, and loss of natural
eyelashes; M. Moshirfar, M. Masud, T.dJ. Shah et al.
[81, who described a clinical case of chemical conjunc-
tivitis and diffuse lamellar keratitis after improper
removal of eyelash extensions; K. Ullrich, N. Saha [9],
who investigated a case of bacterial keratitis associ-
ated with semi-permanent eyelash extensions. Taken
together, these works indicate that post-service com-
plications can be not only cosmetic, but also clinically
significant ophthalmological in nature.

The problem of restoration of eyelashes, eyelid
margin and ocular surface after service exposure was
considered by Y. Eom, K.S. Na, H.S. Hwang and co-au-
thors [3], C.N. Grupcheva, D.I. Grupchev, N. Ushe-
va, L.O. Grupcheva [4], J. Han, Z. Xie, X. Zhu and
co-authors [5], D. Wirta, D.M. Pariser, S.G. Yoelin and
co-authors [10]. A separate group of sources is made up
of clinical, review and expert publications that allow us
to summarize the ophthalmological risks of cosmetic
procedures with eyelashes. In particular, the works of
M. Masud, M. Moshirfar, T.J. Shah et al. [7], as well as
S. Aumond and E. Bitton [2] are important for system-
atizing knowledge about the structure, functions and
pathological changes of eyelashes, while the studies of
C.N. Grupcheva et al. [4], J. Han et al. [5], F.K. Idu
et al. [6] supplement the analysis with empirical data
on dry eye, changes in the ocular surface and the fre-
quency of adverse reactions after eyelash extensions.
At the same time, the scientific literature does not
sufficiently address the issue of integrated rehabilita-
tion systems that combine diagnostics of post-service
damage, reduction of traumatic load, reconstruction of
the natural ciliary row and prevention of re-damage.

The scientific novelty of this article lies in the gen-
eralization of post-service eyelash damage as a com-
plex condition that encompasses aesthetic, dermato-
logical and ophthalmological manifestations, as well
as in substantiating the feasibility of using integrated
restoration systems, in particular the LRCA Method,
as an applied model for the rehabilitation of natu-
ral eyelashes. To achieve the set goal, the methods
of analysis, synthesis, systematization, comparison,

4y

generalization of scientific sources and a structural-
functional approach were used.

Problem Statement. The purpose of the article is
to scientifically substantiate rehabilitation strategies
for the correction of post-service eyelash damage and
to determine the significance of integrated restoration
systems in the normalization of the condition of eye-
lashes, eyelid margins and ocular surface. To achieve
the goal, the following tasks will be performed during
the study: to characterize the essence and clinical
forms of post-service eyelash damage; to systematize
the main factors of mechanical, chemical, allergic and
infectious effects after cosmetic procedures; to gen-
eralize rehabilitation strategies for the restoration
of eyelashes and adjacent structures; to analyze the
potential of integrated proprietary techniques, in par-
ticular the LRCA Method, in preventing re-damage
and maintaining the natural resource of eyelashes;

Methods and Materials. The materials of the
study were scientific works devoted to ophthalmologi-
cal complications after eyelash extensions, anatomical
and functional features of the ciliary follicle, the effect
of cosmetic procedures on the ocular surface, tear film
stability disorders, eyelid margin hygiene, infectious
and chemical lesions, as well as methods of eyelash res-
toration in hypotrichosis. The research used methods
of analysis and synthesis to process scientific sources,
systematization to group types of post-service damage
and rehabilitation strategies, comparison to compare
different mechanisms of damage and approaches to
restoration, generalization to form conclusions re-
garding the effectiveness of comprehensive rehabili-
tation approaches, as well as a structural-functional
approach that made it possible to consider eyelashes,
eyelid margin and ocular surface as interconnected
elements of a single protective system.

Results and Discussions. Post-service eyelash
damage is a complex and comprehensive concept. In
general, it can be defined as a complex of structural
and functional changes that occur after cosmetic ma-
nipulations with eyelashes and the adjacent eyelid
margin. Such damage is not limited to loss or fragility
of eyelashes. It can include inflammatory reactions of
the eyelids, irritation of the conjunctiva, disruption of
tear film stability, damage to the corneal epithelium
and changes in the condition of the eyelashes them-
selves. As noted by Y. Amano, Y. Sugimoto and M. Su-
gita, after eyelash extensions, patients may experience
keratoconjunctivitis, allergic blepharitis, conjunctival
erosion, reactions to fixing tapes and subconjunctival
hemorrhage [1].

Within the framework of this study, post-service
eyelash damage can be defined as a set of pathological
changes in the eyelashes, eyelid margin and ocular
surface that are formed after extension procedures,
removal, staining or other cosmetic effects on the eye-
lashes due to mechanical, chemical, allergic or infec-
tious factors. This definition is important because it
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allows us to analyze the problem not only as an aes-
thetic defect, but as a condition that requires gradual
recovery. The main types of such injuries are summa-
rized in Table 1.

As can be seen from Table 1, post-service eyelash
damage has various clinical forms. Some of them man-
ifest themselves mainly aesthetically, in particular,
thinning or weakening of the eyelashes. Other forms
have ophthalmological significance, as they are asso-
ciated with damage to the ocular surface, eyelid in-
flammation, tear film instability or infectious risk. All
these disorders require correction, but the approach
to recovery cannot be the same for all cases. For this
purpose, various techniques are used, in particular,

eliminating the irritating factor, restoring eyelid mar-
gin hygiene, stabilizing the tear film, anti-inflamma-
tory support and methods of stimulating the growth
of natural eyelashes.

Strategies for resolving post-service eyelash dam-
age should be formed not according to one universal
algorithm, but according to the type of damage. This
is important because eyelash loss, allergic blephari-
tis, chemical corneal irritation, and tear film disor-
ders have different natures. Accordingly, they require
different restorative actions. As shown by Y. Ama-
no, Y. Sugimoto, and M. Sugita, most disorders after
eyelash extensions were eliminated after adequate
local treatment in the form of drops or ointments [1].

Table 1

Types of post-service injuries to eyelashes and related structures

Type of injury

Clinical meaning

Typical manifestations

Allergic-inflammatory
injury after the use
of adhesives or fixing
materials [1; 4; 7]

Occurs as a reaction to components of adhesives, fixing
tapes, or other materials that come into contact with the
eyelids and the root zone of the eyelashes. In the study by

Y. Amano, Y. Sugimoto, and M. Sugita, allergic blepharitis
was specifically associated with the action of eyelash exten-
sion adhesives [1].

Itching, redness of the eyelid
margin, swelling, irritation,
burning sensation, discomfort
during blinking.

Chemical injury to the
ocular surface after
exposure to adhesive or
remover [1; 8; 7]

Develops when adhesive, solvent, or eyelash removal
gel comes into contact with the conjunctiva or cornea.
M. Moshirfar, M. Masud, T.dJ. Shah, and co-authors de-
scribed a case of chemical conjunctivitis and diffuse lamel-
lar keratitis after improper use of a product for removing
eyelash extensions [8].

Sharp burning, lacrimation,
photophobia, blurred vision,
redness, corneal epithelial
defects.

Mechanical injury to
natural eyelashes [6]

Associated with the excessive weight of artificial eyelashes,
frequent removal, tension, or traumatic detachment of the
material. F.K. Idu, A.D. Efosa, and M. Mutali Jr. identify
pulling out of lashes, that is, the pulling out or loss of natu-
ral eyelashes, among the common side effects after the use
of eyelash extensions [6].

Loss of eyelashes, weakening of
the root zone, uneven growth,
thinning of eyelashes, changes
in the growth direction of indi-
vidual eyelashes.

Disruption of tear film
stability and dry eye [5]

Occurs due to the effect of artificial eyelashes on blinking,
tear evaporation, eyelid margin hygiene, and meibomian
gland function. As shown in the study by J. Han, Z. Xie,
X. Zhu, and co-authors, a decrease in tear break-up time

was observed after eyelash extension, indicating impaired

tear film stability [5].

Dryness sensation, foreign body
sensation, unstable vision,
irritation, redness, discomfort
at the end of the day.

Damage to the con-
junctiva and corneal
epithelium [9]

May result from contact of adhesive, remover, fixing materi-
als, or rigid elements of eyelash extensions with the ocular
surface. In the study by K. Ullrich and N. Saha, bacterial
keratitis was described in which the bonding agent of an
eyelash extension was in contact with the cornea in the
ulcer area [9].

Conjunctival erosion, corneal
staining, superficial punctate
keratitis, pain, photophobia,
risk of infectious complication.

Infectious complication
after wearing eyelash
extensions [9]

Develops under conditions of insufficient eyelid margin
hygiene, accumulation of debris near the eyelash roots, me-
chanical irritation, or microdamage to the ocular surface.
K. Ullrich and N. Saha described a case of bacterial kerati-
tis associated with semipermanent eyelash extensions [9].

Pain, marked redness, purulent
or mucous discharge, photo-
phobia, deterioration of vision,
localized corneal infiltrate.

Follicular injury and
disruption of the eye-
lash growth cycle [2]

Includes changes in the condition of the hair follicle, in
particular disruption of the natural growth cycle, weaken-
ing of the eyelashes, or their loss. S. Aumond and E. Bitton
emphasize that eyelashes are part of the functional system

of the eyelid margin, and therefore their integrity is import-
ant for ocular surface stability [2].

Hypotrichosis, madarosis, mil-

phosis, reduced density, length,

or thickness of eyelashes, slow

recovery after removal of artifi-
cial materials.

Source: compiled by the author based on sources [1; 2; 4; 5; 6; 7; 8; 9; 10]
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However, in more complex cases, in particular after
chemical damage, recovery may be long and require
a combination of several methods, as demonstrated in
the clinical case of M. Moshirfar, M. Masud, T.J. Shah
et al. [8]. The general logic of recovery includes several
sequential stages. First, it is necessary to eliminate
the factor that caused the damage. This may be glue,
remover, excessive weight of artificial eyelashes, dye, or
residues of cosmetic materials at the roots of the eye-
lashes. Next, the condition of the eyelids, natural eye-
lashes, conjunctiva, cornea, and tear film is assessed.
After that, the recovery technique is selected. In mild
cases, hygiene of the eyelid margin, temporary refusal
of re-extension and maintenance of the tear film are
sufficient. In more complex cases, anti-inflammatory,
antibacterial or regenerative agents are required. If
the main problem is thinning of the eyelashes, the
strategy shifts towards supporting the follicle and
stimulating growth.

The main strategies for solving problems that arise
after service procedures with eyelashes are presented
in Table 2.

A special place among rehabilitation approaches
is occupied by author’s comprehensive methods that
combine diagnostics, restoration and prevention of
repeated damage. Such systems include Inna Bahri-
antseva’s author’s methodology LRCA Method, which
is focused on the rehabilitation of natural eyelashes
after aggressive, excessive or unqualified external
influence. Its essence lies not only in the aesthetic
correction of eyelashes, but in the restoration of their
natural resource. This approach is conceptually con-
sistent with the data of S. Aumond and E. Bitton,
who consider eyelashes as a functional element of
ocular surface protection, and not only as an aesthetic
structure [8].

Within the LRCA Method, restoration occurs
through several interconnected levels:

* damage audit and primary diagnosis. At this stage,
the condition of natural eyelashes after previous
procedures is assessed. The degree of mechanical
overload, the presence of adhesions, breaks, thinning,
signs of cuticle weakening and potential follicular
depletion are determined. In fact, the procedure does

Table 2

Strategies for solving post-service injuries to the eyelashes and adjacent structures

Strategy

Implementation content

Expected result

Elimination strategy
aimed at removing the
irritating factor [4]

Involves stopping contact with the material
that caused the injury. This may include
removing eyelash extensions, avoiding
repeated adhesive application, or discontin-
uing the use of a remover or dye [4].

Reduction of toxic, allergic, or mechanical
effects. Conditions are created for the natural
recovery of the eyelashes, eyelid margins, and

ocular surface.

Anti-inflammatory strate-
gy for blepharitis, irrita-
tion, and allergic reactions

[1]

blepharitis.

Used in cases of redness, itching, swelling,
irritation of the eyelid margin, or allergic

Reduction of the inflammatory response,
itching, swelling, and redness. Comfort in the
eyelid area is restored, and the risk of the
process becoming chronic is reduced.

Strategy for restoring eye-
lid margin hygiene [3]

roots.

Involves cleansing the eyelid margin of cos-
metic residues, adhesive, meibomian gland
secretions, and debris near the eyelash

The bacterial load is reduced, the condition
of the eyelid margin improves, and the risk of
recurrent irritation and infectious complica-
tions decreases.

Strategy for tear film
stabilization and dry eye
correction [5; 8]

Used when dryness, foreign body sensation,
visual instability, or reduced tear break-up
time occurs after the procedure.

Improved tear film stability, with reduced
dryness, irritation, and superficial corneal
staining.

Antibacterial strategy
when an infectious compli-
cation is suspected [9]

Used in cases of pain, photophobia, dis-
charge, ulceration, or corneal infiltrate.

Prevention of infection progression, preserva-
tion of corneal transparency, and reduced risk
of visual impairment.

Regenerative strategy for
corneal epithelial injury

Appropriate in cases of corneal staining,
superficial punctate keratopathy, or epithe-

Gradual epithelial healing, with reduced pho-
tophobia, pain, and superficial irritation. In

natural eyelashes and
supporting the follicle [2;
6; 10]

[8] lial defects. complex cases, the outcome may take a long
time to develop.
Strategy for restoring Used in cases of eyelash loss, milphosis, Gradual improvement in the density, length,

madarosis, or hypotrichosis.

and quality of natural eyelashes. Recovery
should be monitored, as stimulating agents
may cause local adverse reactions.

Preventive and education-
al strategy for avoiding
recurrent injury [6]

Involves informing the client about the
risks of repeated eyelash extension, the
danger of low-quality adhesives, excessive
length or weight of artificial eyelashes, and
the importance of eyelid hygiene.

Reduction in the frequency of recurrent
injuries. Safer behavior after the procedure is
formed, and responsibility increases regard-
ing the choice of materials, technique, and
service frequency.

Source: compiled by the author based on sources [2; 4; 5; 6; 8; 9; 10]
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not begin with modeling a new image, but with an

analysis of defects from the previous intervention;

reconstruction protocol and removal of critical load.

The basis of the technique is decompression of nat-

ural eyelashes. This means reducing or completely

eliminating excess weight that injures the own cili-
ary row. Then, restorative schemes are applied that
allow eyelashes to gradually restore density, growth
direction and structural integrity. Such logic corre-
sponds to the clinical observations of C.N. Grupcheva,

D.I. Grupchev, N. Usheva and L. O. Grupcheva, where

an improvement in the condition of the ocular surface

was recorded after removal of eyelash extensions [6];

safe modeling as a prevention of repeated damage.

At the final stage, parameters for further work with

eyelashes are selected. This concerns the length,

curvature, diameter, weight and density of the ar-
tificial material. The choice is not made according
to the principle of fashionable form, but taking into
account the bearing capacity of the natural eyelash.

This approach reduces the risk of traction damage,

excessive tension and repeated eyelash loss;

e forming a protective aesthetic framework. In practical
terms, the technique is aimed at ensuring that the aes-
thetic result does not contradict biological restoration.
Artificial material, if used, should not destroy the
natural row, but create safe conditions for it. This is
where the difference between the rehabilitation model
and the standard decorative procedure is manifested.

Thus, the LRCA Method can be considered as an
example of an integrated author’s system in which
work with eyelashes moves from a regular service to

a controlled recovery process. Its practical value lies

in the combination of expert diagnostics, reduction of

traumatic load, reconstruction of the natural ciliary

row and prevention of repeated damage. It is these
techniques that can be used as an example of the ap-
plied implementation of rehabilitation strategies in the
field of post-service eyelash restoration.

Conclusions. The study found that post-service
eyelash damage should be considered not only as an
aesthetic defect, but as a complex of structural and
functional changes involving natural eyelashes, eye-
lid margin, conjunctiva, corneal epithelium and tear
film. The main clinical forms of such damage are
mechanical loss or weakening of eyelashes, allergic-
inflammatory reactions, chemical irritation of the oc-
ular surface, tear film instability, follicular depletion
and infectious complications.

Systematization of factors of post-service damage
showed that the leading role is played by mechanical
overload of natural eyelashes, contact with glues, re-
movers, dyes and fixing materials, insufficient hygiene
of the eyelid margin, as well as repeated or unqualified
performance of cosmetic procedures. Accordingly, reha-
bilitation strategies should be approached in a differen-
tiated manner: from eliminating the irritating factor,
restoring eyelid hygiene and stabilizing the tear film to
anti-inflammatory, antibacterial, regenerative support
and stimulating the growth of natural eyelashes.

Integrated restoration systems, in particular the
LRCA Method, have an applied value as a comprehen-
sive approach to the rehabilitation of natural eyelash-
es after aggressive or unqualified service exposure.
Their effectiveness lies in the combination of primary
diagnostics, reducing traumatic load, reconstruction
of the ciliary row, safe modeling and prevention of
re-injury, which allows us to consider eyelash resto-
ration as a guided rehabilitation process, and not just
as a decorative procedure.

JOJATKOBA IHOOPMAI[IA
DOIHAHCYBAHHS: ABTopu He 0TPUMYBAJIH (DiHAHCYBAHHSA [IJIA I[LOTO JOCIIKEeHHS.
3AABA ITPO JOCTYIIHICTB JAHWX: He 3acTOCOBYETHCA.
KOH®JIIKT ITHTEPECIB: ABTopu 3asdBIAAITE IIPO BiACYTHICTb KOH(IIIKTY iHTEepeciB.
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THE EFFICACY OF NON-INVASIVE
AND MINIMALLY INVASIVE TREATMENTS
FOR EARLY-STAGE CARIES

Summary. This article presents a clinical analysis of the effectiveness of non-invasive and minimally invasive methods for
treating early-stage caries, based on structured longitudinal clinical observations within a practice-based clinical outcome anal-
ysis. The study included patients with non-cavitary enamel demineralization who underwent remineralization therapy, fluorida-
tion, and resin infiltration or a combination thereof; follow-up examinations were conducted at 1, 3, and 6-12 months. According
to the data obtained, early-stage caries accounted for 20-30% of all carious lesions; however, only 40-50% of patients sought
treatment early enough for purely conservative management. According to the average clinical model, among 10 patients with
non-cavitated lesions, complete stabilization was achieved in 6-7, partial stabilization in 2-3, and in 1-2 the process progressed
to a cavitary defect. Remineralization resulted in stabilization in 70-80% of cases, infiltration in 80-90%, and a combined
approach in 85-95% — but these figures apply to patients who followed recommendations. Among non-compliant patients, sta-
bilization occurred in only 30-50% of cases, regardless of the method. In other words, how the patient behaved between visits

had a more significant impact on the outcome than the choice of a specific technique.
The clinical logic developed through this analysis forms the basis of the Stoianov Early Caries Stabilization Protocol (SECSP) —
a compliance-integrated, risk-stratified decision framework for managing non-cavitated lesions in minimally invasive dentistry.
Key words: early caries, enamel remineralization, resin infiltration, minimally invasive dentistry, non-cavitary demineraliza-

tion, fluoride prophylaxis, compliance

ntroduction. Early-stage caries rarely prompts

a patient to seek medical attention. The lesion is
painless and barely noticeable; if the patient notic-
es anything on the tooth at all, they usually describe
it as a “white spot” or a slight roughness. The vast
majority of early-stage lesions are detected during
routine preventive checkups. Global prevalence data
indicate that more than 2.3 billion people have caries
in their permanent teeth, and an additional 530 million
children suffer from caries in their primary teeth [1].
Among this large population, a significant proportion
of early-stage lesions could have been prevented from
progressing to carious cavities with timely detection
and proper management.

Initial caries corresponds to the stage of non-cavi-
tary demineralization: the mineral composition of the
enamel is disrupted, but the surface is anatomically
intact, and there is no “depression” upon probing. At
this stage, the process can still be halted without me-
chanical preparation [2; 3]. The possibility of conser-
vative management remains until a structural defect
appears.

Dental practice is gradually shifting from the “de-
tect — drill — fill” approach to managing the carious

process. The concept of minimally invasive dentistry
has shifted the focus: the goal of treatment for early
caries is seen as halting demineralization and main-
taining a balance between mineral loss and regenera-
tion — without waiting for a carious lesion to form [3;
4]. In practice, this requires two conditions that are
rarely met together: early diagnosis and the patient’s
willingness to follow recommendations.

In the author’s own clinical practice, approximately
60—80% of patients with early-stage caries come in
only after the process has progressed to a carious le-
sion. Those who come earlier mostly visit the dentist
regularly. This determines the extent to which conser-
vative management is fully implemented in practice.

This study evaluated the clinical outcomes of
non-invasive and minimally invasive methods for ear-
ly caries management. Outcomes were analyzed in
relation to treatment method, lesion stage, patient age,
and compliance level. The findings contributed to the
development of a structured decision pathway — the
Stoianov Early Caries Stabilization Protocol (SEC-
SP) — integrating risk stratification, compliance as-
sessment, and differential treatment selection for
non-cavitated lesions.
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The Cariogenic Process as a Balance Be-
tween Demineralization and Remineralization.
In Featherstone’s (2008) study, the cariogenic process
is described as a dynamic equilibrium between mineral
loss and remineralization, rather than linear tissue
degradation [5]. Acids in microbial plaque leach calci-
um and phosphates from enamel; saliva, fluoride, and
a reduction in the frequency of acid attacks can bal-
ance or even reverse this process. In the early stages,
while there is no carious lesion, the chance of restoring
balance is real, and this fundamentally distinguishes
it from a carious lesion, where the question of prepa-
ration is no longer up for debate.

The consensus document by Schwendicke et al.
(2016) established a shift from the principle of com-
plete removal of affected tissues to differentiated
criteria that take into account the depth and extent
of the lesion [2]. For non-cavitary lesions limited to
the enamel, the consensus confirms the priority of
a non-invasive approach: the remineralization poten-
tial in non-cavitary lesions is preserved, and this opens
up the possibility for non-invasive management.

Clinical presentation and diagnosis of early
caries. According to the ICDAS system, which has
become the standard for clinical classification, early
caries corresponds to stages I and II: lesions visible
only on a wet surface, and lesions that persist after
drying [6]. Both stages encompass lesions without
structural defects, where a conservative approach is
appropriate and sufficient.

Clinically, early caries appears as a matte or chalky
spot, sometimes with slight pigmentation in later stag-
es. The lesion is localized primarily in the cervical
region, on occlusal fissures, or on approximal surfaces.
Upon probing, there is no “depression”: the surface
may be rough, but there is no structural destruction
of the dentin yet. Symptoms are minimal or absent;
occasionally, there is transient sensitivity to sweet or
cold stimuli, which resolves after removal of the irri-
tant. The absence of spontaneous pain distinguishes
the initial stage from deeper lesions and forms the
basis for a conservative treatment decision [7].

The decision regarding the reversibility of the
process is based on a combination of signs: an intact
surface without defects, the absence of a “depression”
on probing, the absence of spontaneous pain, and
localized damage without dentin involvement. Each
sign on its own is insufficient; they are evaluated in
combination, sometimes with confirmation via tran-
sillumination or a Bitewing radiograph for approximal
locations. In the author’s opinion, the combination of
these signs as a whole allows for a well-founded choice
of a conservative approach already during the initial
examination.

Remineralization Therapy. Remineralization
therapy saturates demineralized enamel with calci-
um, phosphate, and fluoride ions from the outside.
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Fluorides interact with partially dissolved hydroxy-
apatite to form less soluble fluorapatite, reducing
susceptibility to acid attacks [8]. Calcium-phosphate
systems, particularly CPP-ACP and nanoforms of hy-
droxyapatite, increase the concentration of calcium
ions in the pellicle, which enhances mineral deposition
in the pores of the white spot. This restoration does
not involve the growth of new tissue: the porous areas
of the “white spot” are gradually filled with minerals,
their permeability decreases, and optical homogeneity
is restored.

A Cochrane review by Marinho et al. (2013), based
on data from 22 randomized studies, confirmed that
professional fluoridation statistically significantly re-
duces the incidence of caries in children and adoles-
cents [9]. Walsh et al. (2019), in a systematic review
of toothpastes with varying fluoride concentrations,
demonstrated that higher concentrations are associat-
ed with a better preventive effect [10]. Twetman (2010)
cautions: no single intervention will yield consistent
results without concurrent correction of behavioral
risk factors [11]. Where the patient makes no changes
to diet or hygiene, a course of remineralizing therapy
only temporarily slows the process.

Resin Infiltration. The infiltration method is
based on the fact that low-molecular-weight resin,
under the action of capillary forces, penetrates the
porous structure of demineralized enamel and, after
polymerization, blocks the diffusion pathway for acids
and microbial substrates. No preparation is required.
Paris et al. (2010) demonstrated in a randomized study
that after 18 months, the progression of approximal
lesions in infiltrated teeth was observed approximately
three times less frequently compared to a watch-and-
wait approach [12]. Martignon et al. (2012) confirmed
these results in a three-year follow-up [15].

An additional advantage of the method lies in the
alteration of the optical properties of the stain: the
resin fills the pores with a refractive index close to
that of healthy enamel, so the “white spot” becomes
significantly less noticeable or completely invisible
immediately after the procedure [7]. For patients with
purely aesthetic concerns, such as spots following or-
thodontic treatment, this is often the sole reason for
seeking treatment. The method is appropriate for ap-
proximal lesions, where remineralizing agents have
limited access, and for aesthetically significant lesions
of the anterior teeth.

The minimally invasive approach as a treat-
ment strategy. Frencken et al. (2012) defined min-
imally invasive dentistry as a system encompassing
early detection, risk assessment, remineralization
at the preclinical stage, minimal tissue removal only
when a defect has formed, and regular monitoring [4].
This approach finds its fullest practical application
in early-stage caries: the disease is detected before it
reaches the point of no return, and all conservative
treatment options are still available.
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Frencken et al. (2012) also emphasize that conser-
vative management cannot be effective without the
patient’s active participation [4]. Explaining to the
patient the connection between sugar intake frequency,
hygiene quality, and lesion progression is no less im-
portant than the clinical procedures themselves. Ter-
minological Clarification Innes et al. (2016) distinguish
between non-cavitated and cavitated lesions primarily
based on clinical and tactical principles: each stage
dictates a different algorithm and a different extent
of intervention [3].

Materials and methods. This study is based on
a structured practice-based clinical outcome analy-
sis — a retrospective observational treatment frame-
work derived from the author’s private dental practice.
The sample included patients in whom, at the time
of the initial examination, the lesion corresponded to
ICDAS grades 1-2: a matte or chalky spot without
surface disruption and without a “depression” upon
probing, and without spontaneous pain. Patients with
already established cavitation were not included.

The clinical examination included visual assess-
ment, probing, and taking a history; sensitivity to
cold and sweet stimuli was tested separately — if the
reaction was brief and reversible, this confirmed pulp
viability. When necessary, transillumination or a Bite-
wing radiograph was performed. For the anterior teeth,
which account for about a quarter to a third of all car-
ious and non-carious cases, aesthetics were always
taken into account when selecting a treatment method.

In the author’s practice, several approaches were
used in parallel. The main one was remineraliza-
tion therapy: a course of applications of calcium- and
fluoride-containing preparations (gels, varnishes)
along with recommendations regarding hygiene and
nutrition. Isolated fluoridation with varnishes served
as a preventive adjunct. Resin infiltration was used for
approximal and visible vestibular lesions. In cases of
active or multiple lesions and increased caries risk,
these methods were combined.

The remineralization course consisted of 3—5 pro-
cedures at 5-7-day intervals. The author deliberately
chose this schedule: the tissues have time to gradually
become saturated with minerals between sessions.
Follow-up examinations were scheduled at 1 month, 3
months, and 6-12 months. The result was considered
successful if the lesion did not increase in size, no cav-
itation defect appeared, and no new complaints arose.
The criterion for failure was progression or symptoms
requiring a switch to invasive treatment.

The Stoianov Early Caries Stabilization Pro-
tocol (SECSP). Based on the clinical decision logic
developed through this analysis, the author proposes
a structured approach to managing non-cavitated car-
ious lesions: the Stoianov Early Caries Stabilization
Protocol (SECSP).

The first component is lesion risk stratification.
Each non-cavitated lesion is assessed by activity,

anatomical location, depth within ICDAS grades 1-2,
and salivary factors. This stratification determines
whether the lesion is managed as low-, moderate-, or
high-risk, and directly informs the intensity of the
treatment pathway.

The second component is compliance-adjusted
treatment planning. Patient adherence is evaluated
at the initial visit and reassessed at each follow-up.
Where adherence is poor, the treatment plan is adjust-
ed toward more mechanically reliable options — resin
infiltration or a combined approach — rather than
depending on remineralization alone, which requires
consistent home care to be effective.

The third component is differential method selec-
tion based on lesion characteristics. Smooth-surface
lesions detected at an early active stage are managed
with remineralization therapy. Approximal lesions and
aesthetically significant lesions of the anterior teeth
are treated with resin infiltration. Active, multiple,
or high-risk lesions are addressed with a combined
approach, supported by scheduled follow-up at one
month, three months, and six to twelve months.

In clinical practice, this framework has been asso-
ciated with a reduction in unnecessary invasive treat-
ment, earlier stabilization of non-cavitated lesions, and
better conditions for long-term preventive manage-
ment through preserved tooth hard tissue.

Results

Patient Presentation. Early-stage caries in the
non-cavitated demineralization stage accounted for
approximately 20-30% of all carious lesions. Fewer
than half of this group sought treatment early enough
to qualify for exclusively conservative management. In
the remaining cases (50—-60%), cavitation or a transi-
tional stage was already observed during the initial
examination, which limited the possibilities for non-in-
vasive treatment.

Initial lesions were detected primarily during rou-
tine preventive examinations. Where complaints were
present, patients mostly reported an aesthetic concern
(“noticed a white spot”) or mild, transient sensitivi-
ty to sweet foods. Patients had no spontaneous pain,
nocturnal pain, or prolonged sensitivity to cold. This
suggested that the pulp remained vital and allowed
a conservative approach to be considered. However,
most patients who came because of discomfort were
already at the cavitated stage.

Effectiveness of Methods. The results showed
a clear difference between the two groups. In patients
who followed clinical recommendations and attended
follow-up visits, initial lesions stabilized in 70-90% of
cases. Among those with poor adherence, stabilization
was observed much less often, in about 30-50% of cases.

Remineralization therapy on smooth surfaces re-
sulted in stabilization in 70—-80% of cases with proper
hygiene. It worked best on fresh lesions without pig-
mentation. Within 2—4 weeks, the spot became less dull
and a sheen appeared; after 1-3 months, the process

5T
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either stabilized completely or the lesion became prac-
tically invisible. It is important to understand that
restoration involves saturating the existing porous
structure with minerals, not the growth of new tissue.

Resin infiltration proved to be a more predictable
method for approximal lesions and achieved stabiliza-
tion in 80-90% of cases. Immediately after the proce-
dure, the spot became significantly less noticeable or
disappeared within the enamel structure, which often
proved to be a decisive factor for patients with ante-
rior teeth and aesthetic concerns. After 3—6 months,
the aesthetic effect persisted, and the lesion did not
progress. In this case, infiltration blocks the diffusion
pathway, halting progression without restoring the
damaged tissue.

The combined approach yielded the highest stabi-
lization rate: 85-95%. The difference between isolated
remineralization and the combined approach was ap-
proximately 10-15%. Mechanical sealing of the lesion
with resin and biological restoration of the mineral
balance complement each other. The author prefers
the combined approach for active or multiple lesions
and considers it the most reliable option in cases of
increased cariogenic risk.

Average distribution of clinical outcomes. Ac-
cording to clinical observations, out of 10 patients with

similar non-cavitary lesions, 67 achieve complete sta-
bilization of the process, 23 achieve partial stabiliza-
tion without progression, and 1-2 experience caries
progression requiring invasive treatment. Progression
in most cases was attributed to non-compliance with
recommendations and the absence of follow-up exam-
inations, or to the fact that the depth of the lesion was
underestimated during the initial examination.

Recurrence and Transition to Invasive Treat-
ment. Recurrence or progression of caries was ob-
served in 15-25% of patients, primarily within 6-12
months after completion of the active treatment course.
Approximately 20-40% of patients eventually required
a transition to restorative treatment: either due to the
formation of a cavity or because the depth of the lesion
at the outset was greater than clinically apparent.

In patients without conservative treatment and
without control of risk factors, progression to carious
cavities was observed in 40-70% of cases within 1-2
years. Some lesions remained stable or progressed
very slowly, especially with a low overall cariogenic
load. However, it was not always possible to predict in
advance which lesion belonged to which group based
solely on clinical data.

Results in children and adults. Children usual-
ly showed a faster response to conservative treatment.

Clinical Algorithms for Early Caries Management
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Fig. 1. Effectiveness of Conservative Methods in Early Caries Management
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Initial lesions stabilized in 80-90% of cases, while
recurrence was relatively uncommon. The first changes
were often visible after 2—4 weeks, and stabilization
was usually reached within 2—-3 months. Parental sup-
port was important here: when parents monitored dai-
ly hygiene and helped maintain the routine, adherence
was comparatively high.

In adults, the results were more modest: stabiliza-
tion in 60-75% of cases, recurrence in 20-30%, and
a compliance was noticeably lower. Tissues responded
more slowly — the first changes appeared after 3—4
weeks, and complete stabilization took 3 to 6 months.
A combined approach was more often required. The
difference between the groups is easily explained: chil-
dren have higher enamel mineral activity and better
buffering capacity of saliva; in adults, these mecha-
nisms are weaker, so the outcome depends even more
on behavior between visits.

The Impact of Timely Treatment. When pa-
tients sought treatment at the non-cavitary stage,
stabilization was achieved in 80—-90% of cases, and in
a significant portion of these, remineralization thera-
py and hygiene correction were sufficient. In cases of
late presentation, when a carious lesion had already
formed or the process was approaching the dentin, the
effectiveness of the conservative approach decreased
to 40—-60%, and in 50-70% of cases, preparation was
already required.

Discussion

Clinical results compared to study data. Sta-

bilization rates of 70—90% in compliant patients and

30-50% in non-compliant patients correspond to the
range described in randomized trials, although direct
comparison is complicated by differences in inclusion
criteria. Paris et al. (2010) reported a reduction in
the progression of proximal lesions by approximately
threefold 18 months after infiltration [12]; Martignon
et al. (2012) confirmed these results in a three-year
follow-up [15]. The stabilization rate with infiltration
in the author’s own practice (80-90%) corresponds to
the upper limit of these data, which likely reflects the
selection of patients with regular follow-up.

The fact that 50-60% of patients with initial caries
present after cavitation has already occurred implies
that the actual potential for conservative management
is significantly higher than what is currently achieved in
practice. A significant portion of the lesions that required
preparation and filling could have been stabilized earlier.
Preventive examinations, in this context, allow for the
detection of non-cavitated lesions before they progress to
a carious form, which defines their clinical role.

Patient Compliance and Behavior. After treat-
ment, daily patient behavior often determined whether
the lesion remained stable. Adherence explained ap-
proximately 50-60% of the differences in outcomes.
This finding positions compliance not merely as a con-
founding variable, but as a primary prognostic fac-
tor within a behavior-integrated preventive dentistry
model — a compliance-based prognostic system em-
bedded in the SECSP framework. The most common
problems were frequent sweet snacks, missed evening
brushing, lack of interdental cleaning, and unfinished

Recurrence and Transition to Invasive Treatment
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Fig. 3. Stabilization Ranges and Preventive Potential in Early Caries

fluoride courses. When there was no pain, patients
often assumed that the lesion was no longer a prob-
lem. Without follow-up, early progression could remain
unnoticed for several months.

Frencken et al. (2012) emphasize that a minimally
invasive approach requires active patient participation
[4]. In the author’s clinical practice: approximately
30-50% of patients significantly improve their oral
hygiene after the cause-and-effect relationships are
explained; another 20-30% consistently follow the rec-
ommendations; the rest revert to their previous habits.
About half of the patients willingly choose “treatment
without drilling,” but are not always ready to fulfill the
part of the agreement regarding dietary habits and
regular checkups.

Specifics and visual aids worked better than any
general advice: showing a photo of the lesion, explain-
ing that the problem isn’t the amount of sugar, but
how often it comes into contact with the enamel. The
author often told patients directly: “If you don’t change
your habits, this spot will turn into a cavity in a few
months.” Those who understood this and returned for
follow-up visits had significantly better results.

Biological and Clinical Factors. Even with good
hygiene, some lesions stabilize more slowly. This may
be related to low salivary buffering capacity, reduced
remineralizing potential, xerostomia, or systemic dis-
orders of mineral metabolism. In these situations, the
clinician may choose resin infiltration or schedule fol-
low-up visits at shorter intervals.
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Anatomy and access also matter. Orthodontic ap-
pliances, deep fissures, and approximal surfaces can
prevent remineralizing agents from reaching the lesion
properly. Because of this, standard remineralization is
not always enough, and the treatment approach may
need to be adjusted.

A separate source of failure: underestimation of
lesion depth during the initial examination. In ap-
proximately 30% of unfavorable cases, the lesion was
found to be closer to the dentin than expected based on
clinical data. Where the clinical picture is ambiguous,
a bitewing radiograph or transillumination reduces
the risk of error.

Dynamics of Results. Comparing his own prac-
tice over time, the author notes an increase in the
stabilization rate from approximately 65—70% to 80—
85%, while the frequency of progression to preparation
decreased from 25-30% to 15-20%. Several changes
in approach explain this result. The transition to the
principles of selective caries removal has allowed for
the preservation of dense dentin over the pulp even
in cases of deeper lesions. Infiltration has begun to
be used more widely for approximal and aesthetically
sensitive lesions, which has affected the number of
teeth preserved without preparation. Finally, follow-up
examinations have become more systematic — progress
is now recorded in a timely manner, and treatment
strategies are adjusted before the situation worsens.

Among those who returned for follow-up (about
50-60%), stable results were recorded in 80-90%
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of cases; among those who did not return, only in
50-60%. There are two explanations for this: timely
detection of deterioration allows for adjustments to
treatment strategy before complications arise, and
regular contact with the doctor prevents the patient
from “forgetting” about treatment between visits.

Study Limitations. The retrospective nature of
the analysis and the single-center sample limit the
external validity of the conclusions. These indicators
should be interpreted as clinical observations, not as
results of a randomized study. The enamel condition
was not verified histologically, and the assessment did
not include microbiological monitoring or standardized
saliva testing. Although these data are less controlled,
they are based on real clinical practice. Patients dif-
fered in adherence: some followed the recommenda-
tions, some did so only partly, and some did not return
for follow-up. For this reason, the observations show
not only the potential of conservative treatment, but
also its limits in everyday work.

Conclusions. Conservative management of early-
stage caries is effective when the lesion is detected be-
fore cavitation occurs and the patient returns regularly
for follow-up. Under these conditions, stabilization
becomes the typical clinical outcome rather than the
exception. Of 10 patients with non-cavitated lesions,
in 6-7 the process stabilizes completely, in 23 partial-
ly, and in 1-2 progresses to the cavitation stage and
requires preparation.

The choice of method depends on the location, ac-
tivity, and clinical characteristics of the lesion. Remin-
eralization therapy is appropriate for smooth surfaces
and fresh lesions; resin infiltration provides better
predictability for approximal and aesthetically signif-
icant lesions; a combined approach yields the highest
stabilization rate (85-95%) and is indicated for active
or multiple lesions. The author prefers the combined
approach in cases of increased caries risk and gives it
priority in such cases.

Patient adherence explained approximately 50—60%
of the differences in treatment outcomes. In practice,
the main risk was often the patient’s attitude to ear-
ly lesions. If there was no pain, follow-up visits and
fluoride treatment were easily postponed or ignored.

Therefore, the final result depended not only on the

chosen method, but also on whether the patient un-

derstood the risk and continued daily hygiene control.

Early detection changed the prognosis considerably.
When non-cavitated lesions were diagnosed in time,
stabilization without invasive treatment was achieved
in 80-90% of cases. With delayed diagnosis, this rate
decreased to 40—60%. Preventive examinations were
therefore important because they allowed clinicians
to detect lesions before cavitation, while conservative
management was still likely to work.

The use of selective caries removal, resin infil-
tration, and systematic recall was associated with
a reduction in progression to invasive treatment from
25-30% to 15—-20%, demonstrating the practical im-
pact of a structured minimally invasive approach on
preservation of tooth hard tissue and reduction of
unnecessary drilling. These outcomes informed the
Stoianov Early Caries Stabilization Protocol (SECSP):
a compliance-integrated minimally invasive treatment
framework combining risk stratification, differential
lesion management, and a behavior-integrated pre-
ventive dentistry model.

The stepwise structure of the SECSP makes it re-
producible across different clinical settings, clinically
transferable to general and preventive dentistry prac-
tice, and directly applicable within standard preven-
tive dentistry workflows. As these findings remain
observational, prospective randomized validation with
standardized adherence assessment is indicated.

Author’s contribution. This study introduces:

— a structured prognostic approach for early-stage
caries management based on longitudinal practice-
based clinical outcome analysis;

— the Stoianov Early Caries Stabilization Protocol
(SECSP): a compliance-integrated minimally invasive
treatment framework;

— a differential decision pathway for non-cavitated
lesions incorporating risk stratification, compliance-
adjusted planning, and method selection;

— a behavior-integrated preventive dentistry model
identifying patient adherence as the primary prog-
nostic determinant in conservative caries manage-
ment.

JOJATKOBA IHOOPMAI[IA
DOIHAHCYBAHHSA: AsTopu He oTpuMyBasu (DiHAHCYBAHHA [JIA IIHOTO TOCTIKeHHA.
3AABA ITPO JOCTYIIHICTD JAHMX: He 3acT0COBYETHCA.
KOH®DJIIKT IHTEPECIB: ABTopu 3asABJIAI0TH ITPO BifICYTHICTh KOHQJIIKTY iHTEpECiB.
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Summary. The article examines the current modification of pedagogical systems in the field of typeface design,
necessitated by the cognitive turn in visual communications and total digital integration. The author substantiates
the transition from craft-oriented instruction to the concept of systemic “meta-design”, integrating profound hu-
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manitarian reflection and high-tech engineering. The study verifies a trialectic model of education (history — theory
— applied praxis) and analyzes the experience of leading international design programs, including institutions in the
United States and Europe, within the framework of STEAM, Critical Design and Problem-Solving strategies. Particular attention
is paid to the methods of deconstructing historical forms as ‘generative matrices” and the overcoming of ‘algorithmic conform-
ism” through heuristic search. The research defines a new professional identity — the type engineer, whose activity is directed
toward the creation of adaptive sign systems within the context of cognitive ecology. The crystallization of an individual autorial
idiom is recognized as the culmination of the educational trajectory, serving as a manifesto of professional subjectivity and the
designer’s ethical responsibility toward the visual culture of post-industrial society.

Key words: typeface design, typography, typeface engineering, STEAM, variable fonts, deconstruction of historical letter-

forms, Critical Design.

ntroduction. Within the epistemological field of

visual communications, typeface design is a cate-
gory of an autonomous sign system determining the
modalities of production and transmission of meanings.
Being a veritable architectonics of thought, typography
today acts as a complex cognitive interface where sign
morphology is inextricably linked with the mechanisms
of perception and data interpretation [1]. Thus, a ne-
cessity for a scrupulous revision of existing pedagogical
strategies is logically formed, requiring the formation
of a complex meta-design that unites humanitarian
reflection and high-tech engineering [2].

In this subject matter, contemporary type design
education operates as an internationally interconnect-
ed network of shared methodologies rather than a set
of isolated national traditions [3]. Programs such as
the Master Type and Media at the Royal Academy of
Art in The Hague (KABK), the MA Typeface Design at
the University of Reading, and graduate programs at
RISD, Yale and Cooper Union share pedagogical DNA
through faculty exchange, alumni networks and col-
laborative research. The principles of Critical Design
and interdisciplinary integration (within the STEAM
strategy) have become common currency across these
institutions. In this interconnected landscape, type-
face design is conceptualized not as a mediocre mas-
tery of a set of software presets, but as a study of the

boundaries between linguistic structure and visual
form. The cross-pollination between academic pro-
grams and global IT ecosystems facilitates the imple-
mentation of algorithmic and generative methods in
design pedagogy, while maintaining a commitment to
philosophical and calligraphic heritage as an axiolog-
ical foundation.

Consequently, the educational trajectory in the
field of typeface design is constructed as a process of
sequential deconstruction and subsequent synthesis of
professional competencies. The historical typeface in
this coordinate system ceases to be an object of passive
retrospection. Finally, it transforms into a generative
matrix, allowing the student to realize the genesis of
form and develop deep project thinking.

Parallel to this, digital instrumentation is real-
ized as an active co-author — that is, an extension of
the designer’s cognitive abilities, changing the very
logic of form-making. The result of such a multi-level
pedagogical impact is the crystallization of the au-
thorial idiom — an individual visual language that
is not a product of an accidental heuristic search, as
one might erroneously assume, but a logical result of
in-depth analytical work at the intersection of history,
theory and technology.

It is interesting to note that in conditions of exces-
sive semiotic noise and information entropy, the role

57



// MiskHapofHuii HayKoBUM XxypHan «IHTepHayka» // N2 6 (185), 2026

// NMeparoriuxi Hayku //

// 1SSN 2520-2057 (print), ISSN 2520-2065 (online) //

of typeface design and typography itself is viewed as
a tool of cognitive ecology — a discipline aimed at min-
imizing cognitive load and structuring visual space.
Typeface design education in this context becomes
an interdisciplinary study at the junction of percep-
tion psychology and ergonomics, where the primary
task of the designer is the creation of adaptive sign
systems capable of ordering global data flows without
loss of semantic transparency. Particular value in the
context of professional training is represented by the
Problem-Solving approach, a methodology that has
gained broad adoption across type design programs
internationally, from KABK and ECAL to RISD and
the Type@Cooper program.

The rapid digitalization of the type design industry
has dramatically lowered the barriers to entry through
accessible software such as RoboFont, Glyphs and
FontLab. As a result, the field has experienced a sub-
stantial increase in the number of typeface creators,
which has fostered wider participation, but has also
brought renewed attention to issues of originality, au-
thorship and quality in contemporary type production.
In this regard, the concept of an ethical imperative and
the designer’s responsibility for the visual landscape
is introduced into academic discourse. The contempo-
rary educational concept focuses on the cultivation of
critical thinking, in which the mastery of technology
is accompanied by an awareness of copyright, intel-
lectual honesty and the cultural significance of each
created symbol. The authorial style in this case acts
as a manifesto of professional responsibility.

In addition, the educational process today is forced
to overcome digital determinism — a situation where
software capabilities begin to dictate the logic of
form-making. A relevant methodological model in-
volves a return to analog intuition as a source of vital
plasticity, where manual practice serves as a tool for
understanding the physics of the sign, which is sub-
sequently translated into a high-tech digital product.

Materials and methods. The relevance of this
study is conditioned by the ongoing transformation
of typeface design in response to changes in its tech-
nological medium. While typography has historically
functioned as a cognitive interface shaping the per-
ception of written information, the shift from print
to digital environments has significantly redefined
the conditions of its production, distribution, and use.

Amid global digitalization and the exponential
growth of semiotic noise, traditional craft-based in-
structional methodologies prove insufficient to address
the expanded scope of contemporary practice. This
necessitates a revision of pedagogical strategies and
a transition toward an interdisciplinary STEAM-ori-
ented framework that integrates humanitarian reflec-
tion, historical analysis, and advanced technological
competencies. The experience of leading international
institutions, demonstrating the synergy between de-
sign education and the technology sector, becomes

58

an essential benchmark for bridging the gap between
academic theory and dynamic technological praxis.
The scientific novelty of the research lies in the
conceptualization of typeface education as a system of
comprehensive meta-design, operating at the intersec-
tion of linguistics, programming and neuroaesthetics.
The study proposes a trialectic model of instruction,
wherein the history of writing is viewed as a genera-
tive matrix for professional reverse-engineering. The
author substantiates the concept of analog shadows in
the digital environment and formulates the role of the
typeface as a tool for cognitive ecology. The research
defines a new professional identity — the type engi-
neer, whose authorial idiom is the result of disciplined
heuristic search rather than an accidental creative act.
The methodological foundation of this research is
based on interdisciplinary convergence, uniting the
principles of art historical analysis, cognitive psychol-
ogy, typeface engineering and contemporary peda-
gogical anthropology [4]. The study is grounded in
a trialectic model of professional consciousness de-
velopment, presupposing an inextricable synthesis of
historical reflection, normative typographic theory and
applied praxis. The research draws upon the critical
analysis of educational strategies developed across the
international type design community (specifically, the
STEAM and Critical Design paradigms), viewing them
as catalysts for the transformation of typeface design
from a craft discipline into high-tech meta-design [5].
The analytical tool of the work is the method of vi-
sual hermeneutics and the profound deconstruction
of historical typeface forms. The research process in-
cludes the visual archaeology of primary sources — in-
cunabula, punches and archival sketches (based on the
collections of the Letterform Archive and the Plantin-
Moretus Museum) [6]. This approach enables the veri-
fication of the hypothesis of the typeface as the genetic
code of culture and the identification of invariant mor-
phological structures that retain their functionality
amidst shifts in technological regimes. The reverse-
engineering of the professional mindset of past mas-
ters is utilized here to form the epistemological matrix
necessary for the design of contemporary sign systems.
The practice-oriented component of the research re-
lies on the methodology of analog modeling and tactile
diagnostics through calligraphic practices. The use of
the broad-edged pen and the study of the ductus are
defined as propaedeutic methods that prevent digital
determinism and establish the foundation for a con-
scious understanding of the physics of the sign. Sub-
sequently, the methodology expands to the principles
of parametric design within multidimensional design
spaces. Work with variable fonts and the algorithmic
automation of processes (including Python scripting)
are regarded as means of developing systemic engi-
neering thinking, enabling the manipulation of the
typeface as a dynamic structure rather than a static
graphic object.
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An important layer of the methodology is the inte-
gration of cognitive science and neuroaesthetics into
the design process. The research includes the analysis
of the physiology of visual perception and the design of
optical sizes as a method for compensating for visual
distortions. In this context, typeface design is concep-
tualized as a tool of cognitive ecology aimed at struc-
turing the information space and minimizing entropy.
The Problem-Solving method serves as the primary
vector here, shifting the educational process from the
plane of abstract creativity to the plane of searching for
functionally relevant technological and social solutions.

The concluding methodological cycle is based on
iterative heuristic practices and the culture of design
critique (The Crit). The process of forming an authori-
al idiom is investigated through the lens of intellectual
maieutics — a Socratic dialogue between mentor and
student aimed at decoding individual graphic inten-
tions. The evaluative criteria for final results encom-
pass not only aesthetic authenticity, but also techno-
logical efficiency, systemic stability and the author’s
ethical responsibility. Such a comprehensive approach
allows for an objective assessment of the effectiveness
of contemporary pedagogical paradigms in the context
of training specialists capable of meeting the challeng-
es of post-industrial society.

The limitations of this work are related to the pre-
dominant focus on academic models within the Latin
typographic tradition, which may impose a certain
cultural and technological filter on the universality of
the presented conclusions. Given the high volatility
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of the contemporary digital environment, the rapid
development of generative Al and immersive technol-
ogies (AR/VR) creates a risk of partial obsolescence of
specific instrumental cases. Furthermore, the research
is primarily theoretical and methodological in nature.
For the final verification of the proposed paradigms,
further longitudinal empirical observations regarding
the effectiveness of their implementation in various
sociocultural and educational contexts are required.

Instructional methodologies for typeface en-
gineering within the design education frame-
work. In its entirety, the methodology of typeface
design instruction is based on a systemic engineering
approach. Within the academic discourse, typeface
engineering is defined as a complex iterative process
combining morphological analysis, mathematical preci-
sion in contour construction and a deep understanding
of the typeface file’s software architecture [7]. The key
task of pedagogy in this context is the formation of
systems thinking, wherein the student perceives the
typeface not as a set of disparate glyphs, but as a ho-
listic dynamic structure capable of adaptation across
diverse technological environments (see: Figure 1. The
iterative engineering cycle).

The initial stage of instruction traditionally relies
on the methodology of analog modeling through the
practice of calligraphy and the use of the broad-edged
pen [8]. This approach, deeply integrated into leading
design schools worldwide, serves as a tool for the de-
construction of the logic of typographic form-making.
Manual mastery of the ductus, contrast distribution
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Fig. 2. From ductus to vector
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and stroke dynamics allows the learner to physically
sense the sign’s architectonics (see: Figure 2. From
ductus to vector).

Further development of the methodology presup-
poses the integration of algorithmic design methods,
including work with interpolation and variable font
masters. In the contemporary educational environ-
ment, the learning process is inextricably linked with
the mastery of parametric design logic, where the
typeface is viewed as a flexible system existing with-
in a multidimensional space of weights, widths and
optical sizes.

Here, the pedagogical strategy shifts toward explor-
atory research. Students solve engineering problems
regarding the optimization of inter-character spacing
(kerning and sidebearings) and hinting, which requires
aesthetic reflection and an analytical approach to the
perception of micro- and macro-typography.

Separately, within the structure of the educational
process, the Problem-Solving methodology, adopted
across a broad range of international type design pro-
grams, should be noted. According to the tenets of this
approach, typeface design is conceptualized as a search
for a solution to a specific communicative or technologi-
cal problem. Educational tasks are formulated through
the prism of functional relevance — addressing chal-
lenges that reflect the genuine complexity of contempo-
rary typographic practice. Such challenges include the
adaptation of typefaces across heterogeneous display
environments, from low-resolution screens to high-den-
sity panels, where maintaining legibility and visual
consistency constitutes a significant technical under-
taking. Similarly, the design of multi-script systems,
variable fonts for dynamic interfaces, and typographic
solutions for dense information environments — such
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as navigation systems and data visualization — rep-
resent paradigmatic problem spaces within current
professional discourse. Accessibility, too, figures as
a relevant dimension: while research does not support
the claim that specific letterforms can remediate con-
ditions such as dyslexia, well-designed typefaces de-
monstrably contribute to broader readability, cognitive
comfort, and inclusive communication. A paramount
methodological element, established as a standard
pedagogical tool across leading type design programs
from The Hague and Reading to New York and Basel,
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is the design critique format. Within the educational
framework, this is a tool for the profound analytical
deconstruction of the project. Collective review of the
typeface system trains the student to provide an ar-
gumentative defense of their engineering decisions
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and to distinguish subjective aesthetic preferences
from objective criteria of legibility and systemic logic.
This iterative feedback loop forms a critical distance
between the author and their product, which is crucial
for professional growth.
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The concluding element of the methodological
framework is the principle of critical analysis and
self-reflection. In the process of creating a typeface
project, the student undergoes stages of testing in
real-world contexts of use, which allows for the ver-
ification of the adopted engineering solutions. This
iterative cycle from historical analysis and calligraph-
ic sketching to software assembly and contextual
approbation forms the professional competence of

a specialist capable of reproducing existing canons
and constructing new visual languages that respond
to the challenges of post-industrial society.

It is necessary to integrate the study of the physi-
ology of vision into the methodology of modern type-
face engineering. The instructional process includes
the analysis of how the human eye interprets sign
form under various point sizes and lighting condi-
tions [9].

Students master the creation of “optical sizes”,
where the engineering task lies in the subtle com-
pensation of visual distortions: widening sidebear-
ings, increasing counters and accentuating serifs for
small point sizes. This transforms design from a purely
graphic task into an applied research project at the
intersection of neuroaesthetics and optics (see: Figure
4. Optical size compensation) [10].

It is also noteworthy that typeface design in the
academic context is increasingly viewed as a bridge
between linguistics and programming. Students study
not only the form of the letter, but also the logic of
OpenType features — the programming of ligatures,
contextual alternates and diacritic systems (see: Fig-
ure 5. OpenType logic (the bridge). This requires an
understanding of the grammatical structures of vari-
ous linguistic groups and the ability to translate lin-
guistic rules into the language of algorithms.

As a result, the educational process becomes a truly
interdisciplinary research endeavor, where the design-
er acts simultaneously as a philologist, a researcher of
visual culture and a developer of software architecture.
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The synthesis of script history, typographic
theory and applied praxis. The integration of his-
torical heritage, theoretical basis, and practical imple-
mentation represents a trialectic model determining
the maturity of professional design thinking [11]. In
this coordinate system, the history of writing acts as
a true genetic code of visual form (see: Figure 6. The
trialectic model diagram).

Understanding the evolution of the grapheme, in-
cluding epigraphy, medieval manuscripts and Renais-
sance masterpieces, allows the designer to comprehend
the logic of the ductus, weight distribution and the dy-
namics of swells as a result of centuries-long morpho-
logical adaptation of the tool to the material [12]. His-
toriosophical reflection thus transforms into an active
tool of deconstruction, allowing for the extraction of
fundamental principles of sign construction and their
adaptation to the challenges of the digital environment
(see: Figure 7. The morphological genetic code).

Typographic theory in this synthesis serves as
a normative framework ensuring the structural integ-
rity of the visual message. It operates with categories
of systematicity, hierarchy and proportion, translat-
ing an intuitive artistic gesture into the language of
verified regularities. Contemporary theoretical dis-
course includes not only the rules of micro- and macro-
typography, but also the semiotic analysis of the inter-
action between form and content [13]. As mentioned
above, theory serves as a bridge between historical
experience and modern cognitive requirements. It ex-
plains why the classical proportions of antiqua remain

the benchmark of legibility and how these parameters
can be mathematically interpreted in variable font
algorithms. Without a solid theoretical foundation,
practical work risks degenerating into superficial styl-
ization, devoid of systemic logic (see: Figure 8. The
normative theoretical framework).

Applied praxis is the point of crystallization where
historical knowledge and theoretical concepts acquire
physical (or digital) embodiment. Today, praxis is de-
fined as research through design. The design process
becomes an iterative cycle in which hypotheses formu-
lated on the basis of theory and history are verified in
real technological conditions. It is at the implementa-
tion stage that the critical collision of canonical forms
with the limitations of modern screen technologies
and software interfaces occurs. Successful synthesis
in this vein signifies the designer’s ability to preserve
the humanistic spark of calligraphic heritage by sub-
ordinating it to the rigorous discipline of program code
and functional client requirements.

A defining pedagogical model in this branch is the
concept of intellectual craftsmanship, cultivated across
leading programs internationally. At institutions such
as KABK, Reading, ECAL, Type@Cooper and Yale,
the synthesis of history, theory and practice is real-
ized through interdisciplinary projects where students
deconstruct historical specimens drawn from diverse
typographic traditions to create innovative interface
solutions. Such an approach eliminates the gap be-
tween academic theory and industrial praxis, trans-
forming the designer into an architect of meanings
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capable of justifying every decision from the stroke’s
angle of inclination to the hinting strategy through the
prism of cultural context and technological expediency.
The global interconnectedness of these programs, rein-
forced by shared alumni networks and faculty mobility,

ensures that pedagogical innovations circulate rapidly
across institutional boundaries.

Furthermore, the importance of the archive should
be mentioned, which also occupies its own special
place and serves as an active research laboratory.
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Turning to primary sources, such as incunabula,
punches and authorial sketches by great typefound-
ers, allows the student to implement the method of
visual archaeology.

Working with physical or digitized archives (such
as the collections of the Letterform Archive in San
Francisco or the Plantin-Moretus archives in Antwerp)
teaches the future designer to read contextual nuanc-
es. Among these are the influence of paper quality, the
chemical composition of ink and the wear of printing
plates on the final morphology of the sign. This forms
a critical understanding that a typeface is not a static
idealized form, but a living result of the interaction
between creative will and material limitations (see:
Figure 9. Visual archaeology: the archive lab).

An important layer of synthesis is understanding
how replication technologies determined the develop-
ment of typographic styles. Within the academic dis-
course, the phenomenon of technological adaptation is
investigated. For example, how the need to compensate
for ink spread on porous paper led to the emergence
of ink traps, which in the digital era were reinter-
preted as an aesthetic device or a functional solution
for micro-screens. The study of these transformations
allows students to recognize the continuity of engineer-
ing tasks. Modern hinting and subpixel rendering are
direct conceptual heirs to the craft techniques of the
past, aimed at preserving legibility in an aggressive
technological environment.

Historical letterforms as a locus for profes-
sional deconstruction and design cognition.
Within the epistemological field of contemporary

design education, historical typeface forms function
as a dynamic substrate for profound analytical de-
construction [14]. By examining palaeographic and
typographic heritage through the prism of visual
hermeneutics, the student becomes accustomed to
perceiving the letter as the result of a complex mor-
phogenesis. The process of professional deconstruction
here involves an intellectual operation to identify the
genetic code of the sign — the discovery of those in-
variant structures that retain their identity amidst
shifts in technological regimes. Here, the historical
locus becomes a space where critical reflection on the
boundaries between the canonical norm and innovative
deviation occurs (see: Figure 11. The morphogenesis:
genetic code of the sign) [15].

Design cognition in this context evolves through the
method of structural empathy and reverse engineering.
Investigating, for example, the transition from human-
ist script to Old Style antiqua, the learner reconstructs
the movement of the pen and the very logic of the
engineering mindset of past typefounders.

This fosters the capacity for an architectural vision
of the typeface — that is, an understanding of how
micro-parameters (the angle of axis inclination, curve
tension, the logic of mass distribution) determine the
macro-characteristics of the entire sign system. Con-
sequently, the historical form acts as a cognitive sim-
ulator, developing the capacity for abstraction and
predictive modeling [16]. The designer learns to an-
ticipate how certain morphological changes will affect
the systemic stability and legibility of a typeface in
radically different media environments.
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It is worth emphasizing the significance within
the contemporary international tradition of type de-
sign education (specifically within the framework of
the Critical Design concept) of overcoming decorative
automatism. The historical typeface is deconstruct-
ed as a manifesto of the technological pragmatism of
its time. The student analyzes how the constraints of
manual typesetting or the specific properties of paper
became catalysts for the search for new visual solu-
tions. Such an archaeology of meanings allows for the
shift of instruction from the plane of formal imitation
to the plane of strategic design. Mastery of this meth-
od enables the future specialist to utilize history as
a tool of speculative design not for the restoration of
the past, but for the construction of authentic visual
languages of the future possessing internal logic and
cultural legitimacy.

Profound deconstruction enables the identification
of so-called analog shadows — elements of historical
morphology that have lost their original technical
function while retaining cognitive and semiotic sig-
nificance. A representative example is the ink trap:
originally introduced as a compensatory measure to
counteract ink spread in print, it persists in digital
typefaces as a marker of technical precision, a stylistic
device, and a tool for micro-typographic control. Ed-
ucation in this vein is directed toward developing the
ability to consciously manipulate these vestigial ele-
ments, transforming skeuomorphic details into func-
tional components of contemporary interface design.
A vital aspect of professional analysis is the question of

cultural legitimation. The project thinking of the con-
temporary designer includes ethical responsibility for
the interpretation of historical heritage. Deconstruc-
tion helps to delineate the boundary between the su-
perficial exploitation of historical styles and profound,
intellectual revival. The student learns to decipher the
ideological context behind a specific historical form
(for example, the imperial pathos of Roman Square
Capitals or the utopianism of modernist sans-serifs),
which allows for the creation of new typeface systems
that resonate with the contemporary context while
maintaining respect for the primary source.

Consequently, the integration of historical analy-
sis into the structure of project thinking ensures the
transition from craft intuition to methodologically sub-
stantiated praxis. Within this coordinate system, the
historical typeface is a fundamental matrix providing
continuity of intellectual efforts in design. A special-
ist capable of conducting a profound deconstruction
of a classical form attains professional subjectivity.
Henceforth, their creative search ceases to be chaotic
and transforms into a conscious process of managing
visual meanings, where every decision, from the struc-
ture of a serif to the logic of variative axes, is the result
of deep intellectual reflection.

It is also interesting to note neuro-psychological
patterns of archetype recognition. The integration of
cognitive science into the analysis of historical forms
allows for the investigation of the typeface as a system
of visual archetypes. The deconstruction of classical
specimens helps to understand which formal attributes
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are perceived by the human brain as authoritative,
friendly or technological. The historical typeface in
this context acts as a database of time-tested cognitive
triggers. Mastery of this toolkit allows the designer to
project not just beautiful letters, but highly effective
systems of visual communication that subconsciously
manage perception and recipient trust (see: Figure 12.
Neuro-psychological archetypes).

Digital instrumentation as a transformative
vector in type design pedagogy. The integration of
digital instrumentation into the academic discourse of
typeface design has marked an unprecedented transi-
tion from manipulations with fixed form to the design
of dynamic systems [17]. In today’s pedagogical concept,
the software environment is viewed as an active agent
and a catalyst for epistemological shifts. The trans-
formation of education in this vein presupposes the
abandonment of the linear sketch-realization process
in favor of non-linear modeling, where the digital tool
acts as a cognitive extension of the designer, allowing
for operation with mathematical abstractions and algo-
rithmic regularities at all stages of form-making [18].

A key factor in these modifications has been the
emergence and development of variable fonts technol-
ogy, which has radically altered the architecture of the
learning process [19].

Typeface engineering instruction is now centered
around the concept of design space, where the student
projects multidimensional continuums.

This approach requires the development of a specific
algorithmic thinking, as the future specialist must
perceive the typeface as a set of parameters and axes of
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interpolation (see: Figure 13. The variable design space
continuum). Thus, digital instrumentation shifts the
focus from the aesthetics of a single glyph to the sys-
temic stability of the entire typeface under conditions
of infinite metadata variability. A particular influence
on this process is exerted by the growing convergence
between design education and the technology sector
globally. Programs at KABK, where students work
with Python-based font production tools, and at insti-
tutions in the San Francisco Bay Area, where proximi-
ty to the technology industry has fostered the standard
of the designer-developer, exemplify this trend [20].
Across leading international programs, typeface in-
struction is increasingly integrated into the STEAM
strategy, where writing Python scripts for automating
routine tasks or generating complex structures be-
comes an integral part of professional competence. The
digital tool here is understood as an instrument for the
democratization of innovation [21]. Access to complex
software for mastering and hinting allows students
to solve tasks that were previously the prerogative of
large type foundries, thereby shifting the focus in ed-
ucation toward investigative and experimental design.

At the current stage of technological development,
generative neural networks cannot yet be considered
reliable tools for automating core type design tasks
such as glyph construction or kerning refinement.
Their practical value lies primarily in supporting aux-
iliary processes — including the expansion of character
sets, the extension of language coverage, assistance in
kerning generation, and the creation of intermediate
interpolation masters within variable font workflows.

Fig. 13. The variable design space continuum
Source: compiled by the author
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In this context, the primary pedagogical objective is
not the delegation of authorship, but the cultivation of
critical judgment. Students must develop the ability to
evaluate, filter, and refine Al-assisted outputs, reposition-
ing these systems from autonomous generators into in-
struments that extend and amplify the designer’s intent.

The modification of typeface education is inextrica-
bly linked with the expansion of Open Source culture
and the use of collaborative development platforms
(such as GitHub). Digital instrumentation ceases to
be a closed proprietary product, transforming into
a shared knowledge base. Including students in global
repositories of typeface projects allows them to ana-
lyze the live code of existing font families, participate
in collective bug fixing and script development. This
methodology forms skills of interdisciplinary collabo-
ration characteristic of the contemporary global tech-
nology sector and breaks the barrier between academic
learning and the real production cycle. The typeface
in this system is perceived as an evolving ecosystem,
open to infinite improvement and adaptation.

Ultimately, the digitalization of pedagogy leads to
the formation of a new professional identity — the type
engineer, for whom code and vector are equal means of
expression. Instrumentation changes the very nature
of heuristic search — the possibility of instant test-
ing of hypotheses in various software environments
and on different devices reduces the distance between
concept and approbation. However, the main task of
modern education remains the preservation of a crit-
ical distance toward technology, so that the digital
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environment remains a conduit for the author’s intent
rather than a constraint determining the visual result
through the standard functions of software.

Autorial idiom as the culmination of pedagog-
ical and heuristic processes. Within the coordinate
system of higher design education, the formation of an
autorial idiom is defined by the final crystallization of
professional subjectivity [22]. Authorial style in type-
face design is a complex semiotic construct emerg-
ing at the intersection of profound knowledge of the
canon and its conscious transcendence. This process
represents the zenith of integration of all preceding
educational stages: from the morphological analysis
of history to the mastery of high-tech code. The peda-
gogical task here entails the creation of conditions for
intellectual inquiry, where the idiom becomes a visual
manifesto of the designer’s unique analytical approach.

The heuristic component of this process is based on
the guided discovery method, where digital and ana-
log environments serve as spaces for experimentation
[23]. Authorial style is born in moments of heuristic
insights arising during the process of iterative design,
when the student consciously takes the risk of deviat-
ing from standard parameters. In this vein, an error
or a technological limitation is recontextualized as
a catalyst for innovation.

Heuristics in typeface design is a disciplined in-
vestigation of formal boundaries, where every origi-
nal solution be it the specific plasticity of a serif or
a non-trivial logic of variability is underpinned by
a profound understanding of typographic theory.

Morphing 'Q* Active - Generating BAder Poths,

Fig. 14. The STEAM strategy: code as a brush
Source: compiled by the author
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Contemporary type design pedagogy contributes
significantly to the understanding of this process
through the critical voice concept. Across leading
programs, from KABK and Reading to Cooper Union
and ECAL, the emphasis shifts from copying visual
trends to developing critical reflection. The student
is encouraged to find their own position within the
global professional discourse, where the autorial id-
iom is viewed as a response to current socio-cultural
challenges. Here, pedagogy is directed at the decon-
struction of the concept of taste and its replacement
with the category of informed choice. As a result, the
designer’s personal style acquires cultural legitimacy
and intellectual weight, transforming from an aes-
thetic preference into a tool of professional expression.

In the era of total digitalization of education, a risk
of algorithmic conformism arises, where software tools
impose specific aesthetic standards on the student. The
formation of an autorial idiom in this context is re-
garded as an act of conscious resistance to digital uni-
fication. The pedagogical strategy is aimed at encour-
aging idiosyncrasy — individual graphic deviations
that constitute the foundation of a unique authorial
hand. Authorial style here acts as intellectual friction
between the designer’s will and software logic, where
precisely the non-linear solutions, incorrect from an
algorithmic standpoint, become markers of high artis-
tic value [24]. The process of forming authorial style
is inextricably linked with ethical reflection and the
awareness of one’s own cultural DNA. Under the glo-
balization of educational models and the increasing
interconnection of design programs worldwide, it is
essential that the authorial idiom does not turn into
a superficial appropriation of foreign visual codes. The
pedagogical process stimulates the student toward
a profound search for authenticity, where personal
style becomes the result of a synthesis between local
visual traditions and global technological standards.
This transforms design from a commodity into a tool
for preserving and developing cultural identity.

Despite a high level of automation, the culmination
of the pedagogical process continues to rely on the dia-
lectical interaction between mentor and student. The
formation of the autorial idiom occurs within the space
of intellectual maieutics (Socratic dialogue), where the
educator does not dictate rules, but helps the student
decipher their own intuitive findings. This process of
intellectual mentorship, characteristic of leading inter-
national master’s programs (MA/MFA), allows for the
translation of disparate heuristic insights into a system
of conscious creative principles. Style, thus, is recog-
nized as the product of collective intellectual work aimed
at uncovering the individual subjectivity of the author.

Ultimately, the autorial idiom as the culmination of
the educational cycle marks the designer’s transition
from the status of a translator of external meanings
to that of an architect of visual culture. The process of
its formation does not end within the university walls,

but it is specifically the academic environment that
lays the axiological foundation for this development.

The synthesis of pedagogical strategies and heuris-
tic practices enables the future specialist to synthesize
their own visual language, which harmoniously com-
bines the universality of the typeface system with the
authenticity of authorial vision. Thus, the completion
of the educational process in the field of typeface de-
sign becomes the beginning of the formation of a ma-
ture master, capable of enriching the global visual
landscape with new semantic and aesthetic codes.

Conclusions. The conducted research allows for
the constatation of existing epistemological modifica-
tions in the field of typeface education — the formation
of a complex meta-design. In the contemporary media
environment, the typeface has ceased to be a passive
graphic attribute, becoming a complex cognitive inter-
face, which demands from the designer a deep synergy
of humanitarian reflection and high-tech engineering.

The key result of the work was the verification of
a trialectic model of instruction, integrating the histo-
ry of writing as the genetic code of form, typographic
theory as a normative framework and applied praxis
as research through design. It has been proven that
the professional deconstruction of historical heritage
through the method of reverse engineering serves as
a necessary basis for the development of innovative
project thinking, allowing for the avoidance of decora-
tive automatism and algorithmic conformism.

Digital instrumentation (Variable Fonts, gener-
ative Al models, scripting) is defined in the work as
a cognitive extension of the author, altering the very
logic of form-making. The transformation of pedagogy
toward the STEAM strategy and the Problem-Solving
approach, as evidenced by the convergence of method-
ologies across leading international programs, facili-
tates the emergence of a new professional identity —
the type engineer. This specialist is capable not only
of generating visual symbols, but also of designing
adaptive sign systems that respond to the challenges
of cognitive ecology and information entropy.

The crystallization of the autorial idiom is recog-
nized as the final stage of the educational process,
acting as a manifesto of the designer’s professional
responsibility and subjectivity. It has been established
that a unique visual style is a logical outcome of a dis-
ciplined heuristic search at the intersection of ethics,
technology, and cultural identity. Thus, the contem-
porary educational trajectory must be directed toward
the cultivation of the author’s critical voice, capable
of harmonizing technological pragmatism with the
anthropocentric values of visual culture.

Prospects for further research lie in the field of inte-
grating immersive technologies (AR/VR) and directive
curatorship in working with generative algorithms,
which will continue to alter the architecture of type-
face education toward even greater interdisciplinarity

and social relevance.



// MiskHapofHuii HayKoBUM XxypHan «IHTepHayka» // N2 6 (185), 2026
// NMeparoriuxi Hayku // // 1SSN 2520-2057 (print), ISSN 2520-2065 (online) //

JOJATKOBA IHOOPMAIIA
DOIHAHCYBAHHS: Asropu He 0TpUMYBAIH (PiHAHCYBAHHA [JIA I[bOTO JOCITIKEeHHS.
3AABA ITPO JOCTYIIHICTB JAHUX: He 3acTocoByeThbes.
KOH®JIIKT IHTEPECIB: ABTopu 3asAB/IAIOTE OPO BiICYTHICTH KOH(JIIKTY iHTEpECiB.

References

1. Lupton, E. (2024). Thinking with Type: A Critical Guide for Designers, Writers, Editors, & Students (3rd ed.). Princ-
eton Architectural Press. URL: https://papress.com/products/thinking-with-type-3rd-edition (access date: 04.05.2026).

2. Dehaene, S. (2010). Reading in the Brain: The New Science of How We Read. Penguin Books. URL: https:/www.
penguinrandomhouse.com/books/295295/reading-in-the-brain-by-stanislas-dehaene/ (access date: 06.05.2026).

3.Maeda,d.(2025). The Evolving Landscape of Design in the Age of Artificial Intelligence. Medium. URL: https://johnmaeda.
medium.com/the-evolving-landscape-of-design-in-the-age-of-artificial-intelligence-91f6061cb803 (access date: 08.05.2026).

4. Buchanan, R. (2019). Systems Thinking and Design Thinking: The Search for Principles in the World We Are Mak-
ing. She Ji: The Journal of Design, Economics, and Innovation, 5, 85—104. https://doi.org/10.1016/j.sheji.2019.04.001

5.Cross,N.(2011). Design Thinking:Understanding How Designers Thinkand Work.https://doi.org/10.5040/9781474293884

6.Cheng, K. (2020). Designing Type(2nded.). Yale University Press. URL: https://yalebooks.yale.edu/book/9780300249927/
designing-type/ (access date: 05.05.2026).

7. De Smedt, F., Bouwer, R., Limpo, T., & Graham, S. (Eds.). (2023). Conceptualizing, Designing, Implementing, and
Evaluating Writing Interventions. Leiden, The Netherlands: Brill. https://doi.org/10.1163/9789004546240

8. Noordzij, G. (2005). The Stroke: Theory of Writing. Hyphen Press. URL: https://hyphenpress.co.uk/products/books/
thestroke (access date: 09.05.2026).

9. Chen, Z., Yang, X., Wang, L., & Li, W. (2021). Neuroaesthetics: A narrative review of neuroimaging techniques. Jour-
nal of Bio-X Research, 4(3), 97-102. https://doi.org/10.1097/JBR.0000000000000095

10.Davis, M., & Hunt,dJ.(2017). Visual Communication Design: An Introduction to Design Conceptsin Everyday Experience
(Required Reading Range Book 75). URL: https://www.bloomsbury.com/us/visual-communication-design-9781501316210/
(access date: 07.05.2026).

11. Bringhurst, R. (1995). The Elements of Typographic Style: Version 5.0. Hartley & Marks. URL: https://hartleyand-
marks.com/products/the-elements-of-typographic-style (access date: 10.05.2026).

12. Tholenaar, J., & Purvis, A. W. (2007). Type: A Visual History of Typefaces and Graphic Styles 1628-1900 (Vol. 1).
URL: https://www.taschen.com/en/books/graphic-design/44824/type-a-visual-history-of-typefaces-and-graphic-styles-vol-1
(access date: 11.05.2026).

13. Shaughnessy, A. (2023). Scratching the Surface. Unit Editions. URL: https://uniteditions.com/products/scratch-
ing-the-surface (access date: 08.05.2026).

14. Armstrong, H. (2021). Big Data Big Design: Why Designers Should Care about Artificial Intelligence. URL:
https://helenarmstrong.info/big-data-big-design/ (access date: 12.05.2026).

15. Dunne, A., & Raby, F. (2013). Speculative Everything: Design, Fiction, and Social Dreaming. MIT Press. URL:
https://mitpress.mit.edu/9780262019842/speculative-everything/ (access date: 05.05.2026).

16. Grabska, E., Grabska-Gradzinska, I., & Frodyma, T. (2022). The Role of Typography in Visual Design (pp. 118—
130). URL: https://www.researchgate.net/publication/360236531_The_Role_of Typography_in_Visual_Design_pp_118-
130 (access date: 13.05.2026).

17. Stein, J. (2019). Hidden Between Craft and Industry: Engineering Patternmakers’ Design Knowledge. Journal of
Design History, 32, 280-303. https://doi.org/10.1093/jdh/epz012

18. Unger, G. (2018). Theory of Type Design. Niggli Verlag. URL: https://nai010.com/en/product/theory-of-type-design/
(access date: 06.05.2026).

19. Frutiger, A. (1998). Signs and Symbols: Their Design and Meaning. Dover Publications. URL: https://www.aca-
demia.edu/30667919/Signs_and_Symbols_Their_Design_and_Meaning (access date: 14.05.2026).

20. Bierut, M. (2021). How to Use Graphic Design to Sell Things, Explain Things, Make Things Look Better, and (Every
Once in a While) Change the World. HarperCollins. URL: https://books.google.com.ua/books/about/How_to_Use_Graph-
ic_Design_to_Sell_Things.html?id=ft4uzgEACAAJ&redir_esc=y (access date: 09.05.2026).

21. Baha, E., Dawdy, G., Sturkenbaum, N., Price, R., & Snelders, D. (2018). Good Design-Driven Innovation. https://doi.
org/10.21606/drs.2018.648

22. Kinross, R. (1992). Modern Typography: An Essay in Critical History. Hyphen Press. URL: https://www.academia.
edu/104591819/Modern_typography (access date: 07.05.2026).

23. Sinfield, D. (2013). Graphic Design in a Digital World. The International Journal of Design Education, 7, 57-64.
https://doi.org/10.18848/2325-128X/CGP/v07101/38438

24.Fu, W. (2026). Technical Innovation and Cultural Inheritance of Digital Calligraphy Art Creation. International Journal
of Computer Information Systems and Industrial Management Applications, 18, 11. https://doi.org/10.70917/ijcisim-2026-0024

70



// International scientific journal “Internauka” / N2 6 (185), 2026

// ISSN 2520-2057 (print), ISSN 2520-2065 (online) / // Pedagogical sciences //

UDC 373.2:37.015.31:37.018.1
Chornii Mariia
Methodologist-Preschool Teacher
Faculty of Preschool Education Organization
Kremenets Regional Humanitarian and Pedagogical Academy

named after Taras Shevchenko
ORCID: 0009-0003-9143-8779

DOI: https://doi.org/10.25313/2520-2057-2026-6-12075

THE DEVELOPMENT OF SOCIAL
SKILLS IN PRESCHOOL-AGED CHILDREN AS
THE FOUNDATION FOR SUCCESSFUL ADAPTATION
TO SCHOOL EDUCATION

Summary. This article addresses an issue that practicing educators are well aware of but which is rarely discussed in aca-
demic discourse: why one child adapts easily to the school environment, while another, who is just as well-prepared, struggles
from the very first weeks. The author examines the social skills of 5-6-year-old children as an independent and equally import-
ant dimension of school readiness alongside cognitive preparation. The article reports findings from a qualitative longitudinal
observational study (n = 28; two groups of 14 children aged 5-6; November 2021 — January 2022) conducted in a preschool
setting in Lviv, Ukraine. The article describes pedagogical work with a group of older preschoolers: which difficulties in social
interaction were most common, which pedagogical approaches proved effective, and what dynamics were observed in the chil-
dren’s behavior and emotional reactions from September to May. The influence of the family environment and the child’s prior
social experience on the pace of adaptation within the group is examined separately. The theoretical framework of the article is
based on scientific research in the field of social-emotional learning, particularly on meta-analytic data confirming the long-term

impact of preschool socialization on subsequent academic success.
Key words: social skills, preschool education, school adaptation, role-playing, fairy tale therapy, empathy, school readiness,

social-emotional learning.

ntroduction. In the public consciousness, a child’s
readiness for school is usually associated with the
ability to count, read, and write. These skills are indeed
important and easy to assess. However, educational
practice regularly reveals situations where a child who
is well-prepared academically experiences serious dif-
ficulties in the first months of school: they cannot wait
their turn to answer, react painfully to the teacher’s
comments, and struggle to get along with classmates.
Conversely, a child who knew little but was able to
negotiate and get along with others enters the school
environment without significant difficulties. This pat-
tern reflects the real significance of the social-emotional
dimension of school readiness, which is often overlooked
in the practice of preparing children for school [1; 2].
The age of 5-6 is a sensitive period for the develop-
ment of basic social competencies. It is precisely at this
time that a child begins to realize that another person
may think and feel differently; that rules are a pre-
requisite for joint activity; and that it is possible to
negotiate and compromise without feeling like a loser.
These discoveries occur primarily through play-based

interaction with peers, rather than in sessions with
adults [3; 4].

A preschool setting is an environment where a child
first finds themselves among socially equal partners.
Parents may make concessions, a younger sibling gets
used to obeying, but twenty peers in a group have their
own needs and interests, and this must be accounted
for every day. This experience is an important peda-
gogical resource, the utilization of which requires the
teacher’s focused effort [3].

The purpose of this article is to substantiate, based
on theoretical analysis and personal pedagogical expe-
rience, the importance of social skills for a preschool-
er’s successful adaptation to school and to describe
approaches that have proven effective in practical work
with a group of 5-6-year-old children. To achieve this
aim, the following tasks have been identified: to elu-
cidate the content of social skills as a component of
school readiness; to analyze the role of group interac-
tion in the development of communication skills; to de-
scribe pedagogical approaches to fostering cooperation
and empathy; to determine the influence of the social
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environment on child development; and to outline the
long-term consequences of preschool socialization.

Literature Review. The issue of preschoolers’
social development occupies a prominent place in ped-
agogy and child psychology. Burns et al. demonstrated
that children’s development occurs through collabora-
tion with peers and more experienced partners: joint
activity in early educational settings creates conditions
under which children achieve more than they could
independently [4]. E. Erikson, in describing a stage-
based model of psychosocial development, defined the
preschool age as the stage of initiative, when, through
play and social roles, a child develops the basic ability
to actively participate in community life [5].

In Ukrainian scholarship, significant attention is
devoted to the social-emotional development of pre-
schoolers. O.L. Kononko views social competence as
an independent and equally important dimension
of a child’s personal growth, rather than as a deriv-
ative of cognitive achievements [6]. T. O. Pirozhen-
ko and her colleagues investigated the structure of
school readiness and convincingly demonstrated that
communicative-linguistic and social-emotional com-
ponents play no less important a role in it than the
cognitive component [1; 2]. The research team also
developed and tested a diagnostic tool for assessing the
level of a preschooler’s socio-psychological maturity,
which allows for the construction of an individual de-
velopmental trajectory [8]. N. V. Gavrysh investigated
the role of literary texts and fairy tales in the devel-
opment of speech and the emotional sphere, demon-
strating that through identification with a character,
a child gains the opportunity to safely make sense of
complex emotional states [9].

Among foreign studies, the meta-analysis by
dJ. Durlak and colleagues [10], published in the jour-
nal Child Development, holds a significant place. The
authors synthesized the results of 213 social-emotional
learning (SEL) programs and found that participants
demonstrated academic performance 11 percentage
points higher than their peers who did not partic-
ipate in such programs. The observed reduction in
aggressive behavior and improvement in attitudes
toward learning persisted several months after the
program’s completion, indicating the durability of the
acquired skills.

In her study [11], S. Denham found that social-
emotional competence, as measured in a five-year-old
child, is a significant predictor of their academic suc-
cess and social adjustment in elementary school. This
association persists even after controlling for intelli-
gence and family socioeconomic status, indicating the
independent contribution of social-emotional develop-
ment to the child’s future achievements.

Scientific research in this field focuses primarily
on general patterns and large samples. Less attention
is paid to how a specific educator’s pedagogical work
with a specific group of children is linked to changes
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in their social behavior over the course of a year. It is
precisely this level of description that forms the basis
of this article.

Materials and Methods. This study employed
a qualitative longitudinal observational design. The
sample comprised 28 preschool-aged children (n = 28;
14 boys, 14 girls; age range 5-6 years), divided into
two groups of 14. Of these, 18 children had prior ex-
perience attending an early childhood setting, while
10 had no previous peer interaction experience. Data
were collected from November 2021 to January 2022
across three assessment points: baseline (November
2021), midpoint (December 2021), and endpoint (Janu-
ary 2022). Observations were conducted 2—3 times per
week, with each session lasting 30-40 minutes, yield-
ing systematic weekly records throughout the study
period. Four situational contexts were observed: free
play, structured activities, conflict episodes, and daily
routines. Data were recorded in a pedagogical jour-
nal and supplemented by conversations with children
and parents, analysis of children’s responses in social
interaction situations, and follow-up feedback from
receiving elementary school teachers. The theoretical
framework draws on structural-functional analysis of
the pedagogical process and the principles of person-
centered early childhood education. Observations
continued informally throughout the academic year
(September 2021 — May 2022), providing additional
context for the interpretation of findings.

Results and Discussion.

3.1. Social Skills as a Component of a Child’s
School Readiness. School readiness encompasses at
least four interrelated components: intellectual, moti-
vational, volitional, and social. The social component
is often overlooked when preparing a child for school,
although without its development, the other compo-
nents are realized only partially. Classroom learning
is primarily a group activity: the child receives a task,
performs it alongside others, and interacts with the
teacher in a situation of public assessment. All of this
places demands on social skills that must be developed
in advance [1; 3].

The social component of school readiness includes
several groups of skills. The first group covers com-
munication skills: the ability to clearly express one’s
own needs, listen to the interlocutor, and ask for help
in an appropriate manner. The second group concerns
cooperation: the willingness to work together with
others, distribute roles and responsibilities, and take
responsibility for the joint outcome. The third group
is related to regulating one’s own emotions: the ability
not to give in to the first impulse, to respond appropri-
ately to comments, and to cope with disappointment
due to failure. The fourth group encompasses empathic
skills: the ability to understand that another person
may feel differently and to take this into account in
joint activities. Without a basic level of development of
these skills, a child finds themselves in a situation of
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constant discomfort in the classroom, even with good
cognitive preparation [6; 11].

In children aged 5-6, these skills are in the ac-
tive development stage, and certain difficulties in this
process are inevitable. Pedagogical observations of
a group of older preschoolers allow us to identify sev-
eral problems that arise regularly. Conflicts most often
arise during the distribution of roles in role-playing
games: every child strives to take the central role and
is reluctant to accept secondary characters. Along
with this, there is an impulsive reaction to failure or
rejection: pushing, shouting, crying, and only then
realizing what has happened. Some children exhibit
the opposite pattern: excessive shyness and prolonged
avoidance of active participation in group games. Such
children play alongside others, but not together. This
parallel play is normal for early preschool age, but by
age 56, it indicates difficulties requiring pedagogical
attention [3].

Educational observations conducted at the begin-
ning of the school year showed that about a quarter of
the children in the group exhibited pronounced signs
of difficulty adapting. Some cried when parting with
their parents and did not want to stay at the facility;
others, from the very first day, got into conflicts with
their peers or, conversely, kept to themselves. Most of
them had no experience of regular interaction with
peers prior to entering the facility. These findings are
consistent with studies indicating a link between prior
social experience and the nature of adaptation [1; 11].

3.2. The Role of Group Interaction in the De-
velopment of Communication Skills. A peer group
in a childcare facility is an environment that cannot
be replaced by home education or individual lessons.
Here, the child interacts with socially equal partners:
there are no hierarchies, no automatic authority. The
needs and desires of each participant in the interac-
tion are equal, so they literally have to negotiate. This
situation provides a productive environment for the
development of communication skills [4; 6].

Observations of the group over the course of a year
show that children change more during free play than
during organized activities. During a lesson, a child
mostly responds to the teacher. In play, they negotiate
with an equal: they stand their ground, compromise,
and seek a solution. These situations are different

every time, and it is through them that communication
skills gradually develop.

An example of such development is an observa-
tion recorded in the teacher’s journal. At the be-
ginning of the school year, two boys in the group
regularly fought over a toy car: one would grab it,
the other would scream, and both would turn to
the teacher. A few months later, the same pair of
children independently reached an agreement: one
plays for five minutes, then they switch. Neither of
them realized this as a mastered skill, yet the very
fact that they reached an agreement without adult
assistance indicates a qualitative change in their
social development.

An important factor is the diversity of tempera-
ments and personalities within the group. An active
child and a quiet child, when paired together during
a game or a shared task, gain an experience that can-
not be replicated in a homogeneous environment. The
first learns to restrain themselves and wait; the second
gradually finds the courage to express their opinion.
In these situations, the teacher acts as an observer
and, if necessary, helps children find the words to de-
scribe what they are experiencing, without resolving
the conflict for them [6].

For shy or socially immature children, parallel play
is an important intermediate step before full inclusion
in group interaction. By observing others, such a child
gradually learns the game strategies and community
rules, and this process requires time and respect from
the teacher [3].

3.3. Pedagogical Approaches to Fostering Co-
operation and Empathy. Experience with children
aged 5—6 shows that results depend on how different
methods are combined and function together as a uni-
fied system in supporting social development.

Role-playing. In the game, the child takes on a so-
cial role and learns to think from the character’s per-
spective. A child playing the role of a doctor treats
the “patient” with a certain degree of attentiveness,
because otherwise the game does not work; a child
playing the role of a teacher discovers that they must
explain things in a way that the other person can un-
derstand. These small experiments in taking on other
people’s roles gradually develop the ability to under-
stand another person’s perspective [4; 6].

Social Readiness for School

) 2 ) 2

) 2

) 2

Communication Skills Cooperation Emotional Regulation
Express needs Teamwork Impulse control
Listening Role distribution | Response to feedback
Asking for help Responsibility Coping with failure

Fig. 1. Structure of the Social Component of School Readiness
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Fig. 2. Peer Interaction as a Context for the Development of Social Skill

Throughout the school year, the games “Hospital,”
“School,” “Family,” “Builders,” and “Store” were sys-
tematically used in group work. The fundamental ped-
agogical approach here was to refrain from excessive
interference in the course of the game. When a con-
flict arose among the children over the distribution of
roles, the teacher did not resolve it authoritatively but
asked, “How can we make it interesting for everyone?”
and waited. At first, the children could not answer. By
the end of the school year, situations where children
resolved role conflicts on their own before the teacher
even had a chance to intervene became increasingly
common,

Fairy-tale therapy. A fictional text gives a child the
opportunity to experience someone else’s situation
through identification with the protagonist in a safe
environment. Preschoolers still struggle to discuss
their own feelings directly, but they do so willingly
through a fairy tale [9]. During discussions of a fairy
tale or cartoon, questions were posed not in the for-
mat of “who behaved badly,” but rather “what might
he have felt,” “why did he do that,” and “what would
you do in his place.” The children genuinely reflected
on these questions, offered various explanations, and
sometimes debated among themselves. A notable re-
sult was that by the end of the first semester, children
began to use words denoting emotional states more
frequently in everyday communication: “he was of-
fended,” “she was scared,” “I'm upset.” The expansion
of emotional vocabulary is a direct indicator of the
development of reflective and empathic abilities.

Fairy tale therapy was applied in two formats. The
first, a group format, involved a joint discussion after
reading or watching a story. The second format focused
on individual or small-group work with children who
had particular difficulties in social interaction: fairy
tale situations in which the characters experienced
similar challenges were discussed with them sepa-
rately.
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Morning Circles. This daily practice took 10-15
minutes at the start of each day. Each child could share
what was important to them that day and be heard
without judgment or commentary. Over time, the chil-
dren began to speak for themselves and respond to oth-
ers’ words: asking questions, offering support. While
at the start of the school year most children responded
briefly with “fine” or “I don’t know” and looked away,
by November they were making detailed comments
and, most importantly, reacting to their peers’ words:
“I think so too,” “Why are you sad?” This change oc-
curred without special exercises, as a result of regular
practice in a predictable, safe setting.

The method of collaborative tasks. Pairing or group-
ing children into trios to complete a shared task (as-
sembling a puzzle, drawing an illustration for a fairy
tale, or coming up with an ending to a story) forced
them to negotiate. The key condition was that there
must be a single result for everyone, which made it im-
possible to work in parallel. After completing the task,
the teacher discussed with the children not the result,
but the process: “How did you decide who would do
what?” “What was difficult?” These questions prompt-
ed reflection on their interactions and reinforced the
experience of cooperation [10].

Teaching independent conflict resolution. When
a dispute arose in the group, the teacher resisted the
initial urge to resolve the situation for the children and
instead asked both participants: “What do you want?
What does he want? How can we make it work for both of
you?” At first, these questions caused confusion: the chil-
dren were used to an adult telling them who was right.
Gradually, the approach became familiar. By the end of
the school year, there were instances where two children
argued over a toy, and a few minutes later, one of them
suggested: “Let’s do this: you first, then me.” Without
the teacher’s intervention. The ability to reach such
agreements is an indicator of social maturity, which
cannot be achieved through a single explanation or rule.
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Encouraging prosocial behavior. The system of posi-
tive reinforcement through the “tree of good deeds” and
verbal praise in front of the group served as feedback:
it made social norms visible and meaningful. When
a teacher acknowledges academic achievements along-
side the ability to compromise or support someone,
children develop an understanding that these skills
are valued. According to social learning theory [12],
reinforcement is one of the key mechanisms for the
acquisition of social norms in childhood.

3.4. The Influence of the Social Environment
on Children’s Behavior and Emotional Develop-
ment. A child enters a childcare facility with a set of
social interaction experiences already formed, shaped
primarily by the conditions of family upbringing. The
family’s communication style, the availability of emo-
tional contact with parents, the consistency of adult
expectations, and how the family typically responds to
conflict all influence how a child behaves in a group
and how quickly they acquire new social skills.

Differences in children’s social behavior within
the group were linked to observable patterns in fam-
ily communication styles. Children from households
characterized by dialogue-based parenting — where
decisions were explained and the child’s perspective
acknowledged — demonstrated more adaptive negoti-
ation strategies with peers. In contrast, children from
directive parenting environments more frequently
reproduced authoritarian interaction patterns to-
ward peers. The former is more likely to find com-
mon ground with peers and less likely to get stuck in
conflict. A child from an overprotective family, where
everything is decided for them in advance, often feels

lost when there is no adult nearby to tell them what
to do. This is not a rule without exceptions, but this
pattern is observed quite consistently. Those who were
rarely given explanations at home for refusals and pro-
hibitions often replicated a similar pattern of behavior
toward peers in the group.

At the same time, the family environment is signifi-
cant, but not the only or decisive factor. A teacher who
consistently models attentive and respectful commu-
nication, responds to children’s feelings, and explains
their own decisions gradually becomes a model of so-
cial behavior for the children. Provided it is consistent
and predictable, the pedagogical atmosphere in the
group can compensate for certain deficits in home up-
bringing [6].

The child’s prior social experience is also a notable
factor. Those who, prior to entering the institution,
had regular contact with peers in clubs or other set-
tings adapted to the group noticeably faster. The first
signs of adjustment appeared in most of these children
after 10-14 days: they parted more calmly from their
parents and began to join in group games. Children
without prior experience interacting with peers re-
quired more time; in some cases, full adaptation took
up to two months. The overall average adaptation pe-
riod in the group ranged from two to four weeks, which
corresponds to data in the scientific literature [1; 11].

The pedagogical atmosphere in the group is a dis-
tinct and significant factor in children’s social develop-
ment. An environment where a child feels safe, where
the teacher is equally attentive to everyone, and where
a mistake does not become a cause for shame, is a nec-
essary condition for a child to be able to take risks in

Table 1

Influence of the Social Environment on Children’s Behavior and Emotional Development

Factor of Social

Environment Children

Observed Behavioral Patterns in

Impact on Social Interac-
tion and Adaptation

Pedagogical Implica-
tions

Family communica-
tion style (dialogue

vs. directive) to rigid statements

Dialogue-based children express opin-
ions calmly; directive upbringing leads

Better negotiation vs. higher
conflict risk

Model respectful commu-
nication and encourage
dialogue

Secure children show confidence; oth-
ers may be anxious or withdrawn

Emotional contact
with parents

Faster inclusion vs. avoid-
ance

Ensure emotional safety
and individual support

Predictable upbringing — better
rule understanding; inconsistency —
confusion

Consistency of expec-
tations

Easier adaptation vs. mporect
behavior

Maintain clear and con-
sistent rules

Children reproduce negotiation or
aggression patterns

Family response to
conflict

Constructive vs. impulsive
reactions

Support conflict resolu-
tion skills

Overprotective up-
bringing

Dependence on adults, low autonomy

Slower adaptation

Encourage independence
gradually

Lack of explanations | Authoritarian behavior toward peers

at home

Low empathy, rigid interac-
tion

Explain decisions and
model alternatives

Prior peer experience | Faster engagement in group activities

Adaptation in 10-14 days vs.
up to 2 months

Provide structured inter-
action opportunities

Children take social risks in safe
environments

Pedagogical atmo-
sphere

Active participation vs. with-
drawal

Create supportive,
non-judgmental climate

Source: developed by the author based on pedagogical observations
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a social sense at all: to try to approach someone, to
propose an idea, to admit that they were wrong. With-
out this condition, any specific methods and techniques
will have a significantly lower effect.

3.5. Long-term effects of socialization in early
childhood. A key question in early childhood educa-
tion is how preschool affects later development. Both
research and practice show that the strongest effects
are seen in social-emotional development.

A meta-analysis by Durlak and colleagues [10],
covering the results of 213 SEL programs with a to-
tal sample of over 270,000 children and adolescents,
documented a lasting effect on academic achievement
(an 11-point increase), prosocial behavior, anxiety lev-
els, and attitudes toward school. Crucially, this effect
persisted several months after the program ended,
indicating the formation of lasting skills rather than
temporary behavioral changes.

S. Denham [11] proposed and empirically confirmed
a model according to which social-emotional compe-
tence, measured at age five, is a significant predictor
of academic achievement. This association persists
after controlling for intelligence and family socioeco-
nomic status, indicating an independent influence of
social-emotional development on the child’s future
achievements.

Elementary school teachers who later worked with
this group describe similar patterns. The children are
familiar with school routines, take part in group tasks,
and rarely have serious conflicts. Many are able to
resolve minor disagreements on their own, without
adult help.

These assessments aligned with pedagogical ob-
servations conducted in the older group throughout
the school year. By the end of the year, the number of
conflicts among the children had noticeably decreased.
The way they were resolved also changed: while in
September disputes almost always ended in shouting,
tears, or physical contact, by May most situations were
resolved through conversation. Someone would suggest
a solution, someone would agree, and the children
would return to playing.

Children’s responses to others’ emotions changed
over time. At the beginning of the year, many reacted
with indifference or irritation. By the end, they were

more likely to approach a crying peer, ask what had
happened, offer help, or simply stay nearby.

These changes developed gradually through every-
day activities such as reading, discussion, and conver-
sations about feelings. Progress varied: some children
adapted quickly, while others needed more time and
individual support. A few continued to experience dif-
ficulties by the end of the year, which highlights the
need for ongoing work with both children and their
parents.

3.6. Limitations. Several limitations of this study
should be acknowledged. First, the sample was small
(n = 28) and drawn from a single preschool institution
in Lviv, Ukraine, which constrains the generalizability
of the findings. Second, the study relied only on nat-
uralistic observation and practitioner notes, without
independent verification from other observers. This
creates a risk of subjective bias in how the data were
interpreted. Third, the lack of a standardized measure-
ment tool means that the reported changes in social
behavior are based on professional judgment rather
than validated metrics. Fourth, the three-month study
period (November 2021 — January 2022) is relatively
short and does not allow firm conclusions about long-
term developmental effects. Future research should
include larger and more diverse samples, use validated
assessment tools, and extend the observation period
to confirm whether these findings remain consistent
over time.

Conclusions. Social skills are an integral part
of a child’s readiness for school. A child who is able
to listen to others, negotiate, and manage their own
emotions adapts much better to the school environ-
ment than one who lacks these skills, even if they have
a high level of cognitive development.

These skills develop gradually through regular ed-
ucational practice. Role-play allows children to explore
social roles and negotiation in a safe environment.
Fairy tale therapy facilitates understanding of an-
other person’s emotional state through identification
with a character. Morning circles foster the habit of
expressing one’s own feelings and listening to others.
Tasks in small groups develop skills in responsible
cooperation. Targeted training in independent con-
flict resolution fosters social autonomy. None of these

Table 2

Long-term Effects of Socialization in Early Childhood

Source / Evidence

Key Findings

Implications for Child Development

Durlak et al. meta-analysis
(213 SEL programs)

Improvement in academic performance
(+11%), prosocial behavior, reduced anxiety;
effects persisted over time

Social-emotional learning leads to stable,
long-term developmental outcomes

Denham’s model (age 5
social-emotional competence)

Predicts academic achievement inde-
pendently of IQ and socioeconomic status

Social-emotional skills function as an
independent factor of future success

Teacher observations (longi-
tudinal practice)

Children adapt to routines, participate in
group work, resolve conflicts independently

Early socialization supports smoother
school adjustment and autonomy

Source: developed by the author based on research and pedagogical observations
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methods is sufficient on its own, but when combined,
they yield lasting results.

The family environment plays an important role in
a child’s social development, but it is not the only influ-
ence. Preschool settings can help balance differences
in home experience, especially when children feel safe,
understand daily routines, and interact in a respectful
environment. In this context, the teacher acts both as
a guide and as a model of behaviour.

Research, classroom observations, and feedback
from elementary schools all point to a connection

between social-emotional development in late pre-
school years and later academic and social outcomes.
This suggests that these skills should be treated as
seriously as academic preparation.

Prospects for further research include the devel-
opment and testing of structured social-emotional
learning programs for preschool institutions in
Ukraine, as well as longitudinal studies of the re-
lationship between the level of social skills in late
preschool age and academic and social success in
elementary school.

JOIJATKOBA IHOOPMAIIA
DOIHAHCYBAHHSA: AsTopu He oTpuMyBau (DiHAHCYBAHHA AJIA IIHOTO TOCTIIKeHHA.
3ASABA ITPO JOCTYIIHICTB JAHMX: He 3acToCOBYETHCA.
KOH®JIIKT IHTEPECIB: ABTopu 3asABJIAIOTE ITPO BifCYTHICTh KOHQJIKTY iHTEpECiB.
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®OPMYBAHHSA IHOOPMALIINHOI KYJIBTYPU
310bYBAUYIB OCBITU B YMOBAX
rNbPUAHUX 3ATPO3

DEVELOPING INFORMATION LITERACY
OF HIGHER EDUCATION STUDENTS IN
THE CONTEXT OF HYBRID THREATS

AHoOTaUiA. Y CTATTi PO3KPUTO PYHKUIOHA/IbHE 3HAYEHHS IHPOPMALIFIHOI KybTypu y cucTemi axoBoi NigaoToBKM Maii-
byTHix 6akanaspiB 6ibnioTeuHoi, iHPopMaviiHoi Ta apxiBHOI crnpasy B yMOBAX 2i6pugHUX 3aepo3. Ha OCHOBI CTPYKTYpHO-
PYHKLiOHAIbHOR0 TA MOPIBHSAIbBHO20 AHANIZY GOCAIGXKEHO CYKYMHICTb HALIOHAbHMX CTPATeRIl Ta CTaHGapTiB iHPopMaviiiHoi
Kibepbe3nexun. PO3KpUTO epeKTUBHICTb BK/IIOYEHHS pe2iaMeHTyiounx 6e3nekoBux HACTAHOB, OCHOB KibepaieieHn y HaBYA/bHI
marepianu gns popmyBaHHs 3gaTHOCTi 3goOYBaYiB OCBITU PO3MIZHABATY KO2HITUBHI MAHINyAsiLii Ta iHGOPMALiiiHY eKCraHcito.
Ocob/mBY yBazy npugineHo iHTepakTMBHUM MeTogam HaBYAHHSI, CPSIMOBAHUM HA POPMYBAHHS IHPOPMALIFHOI KYbTYpH 3go-
OyBayiB ocBiTH. daxiBewb, 3gaTHWI PO3NI3HABATYH IHPOPMALIiFiHI 3a2p031 TA NPOTUGISTH iM, BIGNOBIGAE AKTYANbHUM 3ANUTAM
6ibnioTeyHnx Ta apxiBHUX yCTAHOB SIK CTPATE2IYHMX CYO'EKTIB HALIIOHAALHOI NAMSTi.

Knioyosi cnoBa: iHpopmauivina KynbTypa, 2ibpugHa 3a2po3a, 3gobyBay OCBiTH, APXiBHi YCTAHOBM, OCBITHIl KOMIMOHEHT,
OCBITHili npoLiec, kibepbe3nexa.

Summary. The article reveals the functional role of information culture within the professional training system of future
Bachelors in Information, Library and Archival Studies under hybrid threats. Based on structural-functional and comparative
analyses, a complex of national strategies as well as information and cybersecurity standards is investigated. The study demon-
strates the effectiveness of incorporating regulatory security guidelines and core elements of cyber hygiene into educational
components to develop students’ capacity to recognize cognitive manipulations and information expansion. Special attention
is paid to interactive teaching methods aimed at shaping the information culture of higher education students. A specialist
capable of identifying and counteracting information threats meets the current demands of libraries and archives as strategic
entities of national memory.

Key words: information culture, hybrid threat, higher education student, archival institutions, educational component, ed-
ucational process, cybersecurity.

Hoc'ra}lomca mpolJyieMH. Y CyJyacHOMY CyCHLIb- 1HCTPYMEHTOM MAHIMYyJIAINl Y CyHepHULITBI IIigIIpu-
cTBI 1H(OpPMAITiA TOCUTI0E KOHKYPEHTHY 60poTE0y  €MCTB, (hiHAHCOBUX OpraHisarliii, KOpIropalrii, moniTny-
3a c(pepu BILTUBY Mix Cy0 €KTaMHU €KOHOMIUHUX, IOJIi-  HUX IMapTii, gep:xas. CucTreMa oCBITA Ma€ OIIePaTUBHO
TUYHUX BiTHOCUH, AK HA PEriOHAJIBHOMY, TaK i Mi’KHa-  pearyBaT{ Ha HOBI COLIIaJIbHI BUKJIMKY, TOMY III0 HAIIIa
poxeoMy piBHAX. LludpoBi TEXHOIIOTIT CTAIOTH IOTY;KHUM ~ KpaiHa mepefyBae i TUCKOM iHGOpMAaIiifHUX aTak,
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AKI IParHyTh OiICUJINTH BOCHHY 1HTepBeHITi0. Baxk-
JIMBUM BUMIpPOM Ili€l TPOOJIEMH € CTPIMKUIT PO3BUTOK
1H(pOPMAITI HHO-KOMYHIKAI[I HHIUX T€XHOJIOTIH, 1110 TTiIBU-
1Iye piBeHb MTOTEHIITHUX 3arpo3 Ta HebesIex.

¥ ocraHHI PoKU BiI0yJIOCH TIEPEOI[IHIOBAHHSA TIPO-
Os1eM KibepOesmeku Ta iHQOpPMAIITHOI 'PAMOTHOCTI
Iep:KaBHOMY PiBHI, [0 B ITOJAJIBIIOMY BILJIMHYJIO
Ha 3MiCTOBHE HATIOBHEHHA HABYAJBHOTO MaTepiairy
OCBITHIX KOMIIOHEHTIB, IIEPEOPieHTYBAaJI0 TEMATUKY
MOJYJIiB HA (POPMYBaHHA y 3M00yBauiB KPUTUIHOTO
MUCJIEHHA, 30aTHOCTI posiisHaBaTu (PerKu IIig gac
OPOBENEeHHA JIEKIIHUX Ta MPAKTUUYHUX 3aHATH 3 1H-
dopmariiitioi Kyabprypu. 3mo0yBadi 0CBiTH aKTUBHO
CITO}KUBAIOTH ITU(DPOBUIT KOHTEHT, ajie MOABA ITPUHITA-
IOBO HOBUX 0€3ITeKOBUX BUKJIMKIB Ta MITyYHUX TPUTeE-
PiB BUMAarae BiJi CHCTEMU OCBITH IX PETEJILHOT0 aHAJTIZY
[IJ1A BIIPOBA?KEHHSA BiNIIOBIMHUX 3MiCTOBUX OJIOKIB 1A
BUKJIAOAHHA, 100 030poiTu MaibyTHiX ¢axiBIfiB iH-
CTPYMEHTaMHM 3aXHCTy Ta HPOTHUAIIl iHGopMaIiiiHIM
BUKJIMKAM. 3aXUCT Bij aesiHdopMalrii ctae mpiopu-
TEeTHUM YMIiHHAM 3a CTYIIEHEM BAaXKJIMBOCTi, OCKIJIBKU
B o0CcTaBMHAX ChOTOAEHHA iH(opMAaIliiiHa KyJIbTypa
MOJIOfIi € TapaHTOM 30epesKeHHs KyJIbTYPHOI CITaINHH,
HAaITIOHAJIBHOI IJeHTUYHOCTI.

Amnaiiz ocTaHHIX DOCJIIIKEeHb i mMyOiKaImin.
IIpoGiema dopmyBanua iHGopMAaIiiiHOl KyJIBTYpPHU
MaibyTHiX 0akajaBpiB 0i0rioTeuHol, iH(OPMAIIHHOT
Ta apxiBHOI COPaBU B yMOBAaX Ti6pUIHUX 3arpo3 IIe-
pebyBae Ha CTUKY OBOX HAYKOBHMX HAMPAMIB, GaxoBoi
TiTOTOBKY 3/100yBaYiB OCBITU Ta E€PKaBHOI O€3MEKU.
TeopeTruHi 0CHOBU [OCJTiKeHHA HAI[IOHAJIBHOI 6e3-
eKU JeTajbHO IpoaHastizoBaHo B mparax O. [lawi-
abaHa, O. [1spo6ana Ta M. ITanoBa. €Bporneiicbruii
KOHTEKCT Ta 0COOJIMBOCTI peaJrisallii HalioHAJIbHOI
iHdopMaIliitHOI HOJIITUKN BUCBITJIEHO Y KOJIEKTUBHIM
MoHorpadii 3a pegaxiiiero JI. I'y6epcbroro, €. Kamin-
ceroro, €. Makapenka. Bogaouac coriaibHIM acIiexT
KibepOesIreKn I POSYMIHHS POJIi JTIOJICHKOTO (haKTopa
B YMOBaX Ti6pUIHUX 3arpo3 JOCTIPKEHO B PO3BIAKAX
B. Bypsura, B. Tomy6xa, B. Xoporxka, C. Tosrorru. Kon-
HEeNTyaJIbHUM MiATPYHTAM /1A BUSHAUYEHHs 0e3reKo-
BUX BAMOT [I0 MIZITOTOBKH KAJIPiB € YUMHHA HOPMATHUBHA
0asa Ykpainu. [IpiopureTn 3axucTy HAI[lOHAJILHUX
iHTepeciB B indopMmarriiiHiii cdepi Ta mpoTumil MaHi-
mysAniam okpecieni y Crparerii iHopMarriiitoi 6es-
nexu Ta Crparerii Kibepbesnexku Yrpainu «besmeunmnii
Ki0epmpocTip — 3amopyKa YCIIIITHOTO PO3BUTKY Kpai-
HU», B AKIIl TAKOK BUCBITJIEHO OPiEHTUPU PO30yI0BU
3axXUINEHOro BipTyasabHOro mpocropy. Oxpeme micite
y bopMmyBaHHA TPodeciiiHNX KOMIIETEHTHOCTEH MOoCi-
IAIOTh HAITIOHAJIbHI CTAaHOAPTU ITOOYyIOBU CUCTEM Ke-
pyBaHHA iH(opMmarriiinoo oesmnekoio: [JCTY ISO/TEC
27001:2023, ACTY ISO/IEC 27005:2023, ACTY ISO/
IEC 27701:2022.

IIpo6siemam amamnrariii cricTeMu OCBITH 10 BUKJIUKIB
1 PoBOTO CyCITiIbCTBA, TpaHchopMaliii mpodeciiito-
ro mpoditio iHGOPMAIITHOTO MPAIiBHUKA IIPUCBIUE-
Ho HaykoBi posBinku O. Marsieuko Ta M. ITusina [1].

OcobauBocTi popMyBaHHA MU(PPOBOI KOMIIETEHTHO-
cTi y 3mobyBauiB ocBiTi 6i6s1i0T€UHOI, iH(pOpPMAITitiHOT
Ta apxiBHOI crrpaBu po3kpuTo y crarti O. Mympoxu
[2]. 3aranbHi mpUHIUNM Ta IHCTPYMEHTH iHTErparii
IuMPOBUX TEXHOJIOTIN B OCBITHIN IIPOIIEC y3arajabHEeHO
0. Caxno [3]. ITonpu 3HaUHY KiJIBKICTh ITyOJTiKAIIi, TTH-
TaHHA (OPMYyBAHHA 1HOOPMAIIHHOI KyJIETyPH Mai0yT-
HixX (axiBIliB B yMOBax riOpUOHNX 3arp03 3aJIUIIAETHCA
aKTyaJbHUM Ta TOTpedye MOJasIbIIor0 KOMILIEKCHOTO
IOCJIII3KeHHA.

Mera crarTi moIAirae B TEOPETUKO-METOH0JI0-
TriYHOMY OOI'DYHTYBAHHI KJIIOUOBHUX ACIIE€KTIB Ta IPUH-
uuiB GopMyBaHHA 1HPOPMAIIIHOI KYJIBTYPH Y 310-
OyBauiB OCBITU AK OCHOBU IPOTHUMIl me3iHGopMaIrii
B YMOBAax TiOpUIHNX 3arpoa.

Hisa peasizaiiii MeTH B X0l AOCJiMKeHHsA 0yJI0
3aCTOCOBAHO METOH CTPYKTYPHO-(QYHKI[I0HATBHOTO
aHaIi3y IJIA JeTasisallii TpanchopMariii BUKJIagaHHA
3MIiCTOBMX MOMIYJIIB 3 iH(OPMALiHOI KyJILTYPU; KOM-
MapaTuBHUN aHAJi3 Ta CUCTEMATU3AIIA HOPMATUBHO-
MPaBOBUX aKTiB, CTpaTeriil KibepOesneKu Ta 0CTaHHIX
HAYKOBUX PO3BIIOK 32 TEMaTUKOIO CTATTI CITPUAIN 3i-
CTaBJIEHHIO MOjieJiell Iep:KaBHol iH(popMaIliiiHoi 110-
JITUKU B YKpaiHi Ta MIKHAPOIHOro mocBimy. IacTu-
TYLIHHUNA Ta CUCTEMHUN MiIXOOU CTAJIA HiATPYyHTAM
pO3po0JIeHHSA METOOAUYHUX 3aCajl BAOCKOHAJIEHHS 1H-
dopmarriiizoi rpaMoTHOCTI 3M00yBadiB OCBITH.

Bukijiag 0CHOBHOIO MaTepiajry MOCJIiaKeHHs.
B ymoBax pos36ymoBu 111ypoBOT0 CyCITLILCTBA iH(pOopMAa-
I1id 3MIHIOETHLCA HA BU3HAUAJILHUN YUMHHUEK OLJIBIIOCTI
COIIAJIBHUX, TIOTITUYHUX T4 €KOHOMIYHUX ITPOIIECIB, 10
IIPU3BOAUTH A0 MacIITa0yBaHHA KOHIENTY iH(popMaIriii-
HOI BilifHU AK HECHJIOBOTO IHCTPYMEHTAPil0 JOCATHEH-
HA TI0CTaBJIeHUX 3aBAaHb. [IpumBuAIIIeHNIT POBBUTOK
TEXHOJIOTIH CYyTTEBO 301JIBIIIYE ayTUTOPII0 CIIO:KUBAUIB
U(PPOBOTO KOHTEHTY, €KCIIOHEHITIIHO TIOCUJIIOE TTOTY K-
HICTh PecypciB [eCTPYKTUBHOTO BILJIMBY, MeTa AKOT0
TOJIATa€ Y KOTHITUBHIM qe30pieHTallii Ta crrpaMoBaHa
Ha MaHIMYJIIOBAHHA I'POMAJICHKOI0 TYMKOI0, II[0 aKTy-
astizye motpeby B migroToBIli ¢axiBIiB 6i61i0TeUHOT,
inopMariiiiHoi Ta apxiBHOI crpaBy. Ix Mai6yTHSA mpo-
(eciiiHa miAIBHICTL Oy/Ie OB’sA3aHA 31 CTPATEriuyHUM
YOPaBJIAHHAM iH(pOpMAIIHHUMEU TOTOKAMU, (POPMY-
BaAHHAM U(MPOBOI IPAMOTHOCTI KOPHUCTyBadiB 6i6JTi-
OTEeK Ta apXiBiB, IMEePEBIPKOI0 JOKYMEHTHUX IKepeJa
Ha BAJIIHICTb, TIOIITYKOM (haTbCu(iKaIliii.

Y HaykoBOMY AMCKYpCi iH(opMarIliiiny BifiHy po3Iyid-
HYTO AK IIPOIleC BUKOPHUCTAHHA iH(QopMAIrii Ta yrmpas-
JIIHHA Helo 3aJJIA Ha0yTTA IlepeBar HaJl KOHKYPEHTOM,
AK 3aci6 14e0JIOTTUHOr0 Ta TICUX0JIOTIUHOTO TUCKY, JIeTi-
THUMi3allii Ta 00I'PyHTYBaHHI CIIPaBeIJINBOCTI BJIACHUX
yepes3 o0MeKkeHHA mpaB omoHeHTa [4]. B mmpokomy
posyMiHHI iHGopMaliiiina BifiHa — 1€ IIPOTUCTOSAHHA
3 aKTUBHUM 3JTyUeHHAM ITA(PPOBUX TEXHOIOTIH, MOCITi-
JPKEHHA AKOT0 € KPUTUYHO BAXKJIUBUM [JIA 3[00yBaviB
OCBITH, OCKIJIBKH X TIpogecititi 060B’sa3Kku OyayTh 6e3-
II0CepeIHbO TT0B A3aH1 3 aAMIiHICTPYBAHHAM, 3aXUCTOM
Ta 30epeKeHHAM eJIEKTPOHHUX TOKyMeHTIB. OCKiTbKH
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BipTyasbHUII TIPOCTIP CTa€ TOJOBHUM MAHTaHUUKOM
pOSrOpTaHHA MaHIMYyJIATUBHUX KaMITaHI, HaBYAJIbHI
Marepianu Kypcy «IHpopMmariiiina KyeTypa» MamTb
BKJTIOUATU METOOU aHaJIidy MeIialioTOKiB, OCHOBU Ki-
OepririeHu y Merkax opraHisalliiHuUX Ta COI[iaJIbHUX
KOMYHIKAITiH.

Iadopmania € pyngameHTaapbHUM aTpubyTOM
VIIpaBIiHHA, 11 BAKOPHUCTAHHA B MesKax iHGopMaIiiiHo-
KOMYHIKAIIHOI MIAJIBLHOCTI MPOCTEKYETHCA HA BCIX
eTanax iCTOPUYHOTO MOCTYITy JifofcTBa. [Ipore, AKIO
B TIOTIEpEeIHI eroxu iH(popMaIlifiHe TPOTHUCTOSAHHS pe-
IYKYBAJIOCA M0 KOHCITipaIlii BJIaCHUX JaHUX Ta PO3-
BiTyBaJIbHOI JiAJIBHOCTI 3 il BUKPUTTA, TO CyYaCHICTb
BUPIBHAETHCA IMPOTUCTOAHHAM Pi3HUX TEXHOJIOTIH,
«AKlI BUKOPUCTOBYIOTHCA MJIA MINPOKOMACIITAOHOTO,
L1JTeCTIPAMOBAHOT0, MIBUAKOTO 1 TPUXOBAHOTO BILIUBY
Ha BIMCHKOBI 1 IIUBLIbHI 1H(GOPMAIIiIiHI CCTEMH IIPO-
TUBHHUEKa» [5, ¢. 90].

B ymoBax aktuBHOI (hasu BOEHHOTO KOH(JIIKTY B Ha-
¥ KpaiHi 3qo0yBauyaM OCBITH BAPTO HOSACHIOBATH, IO
BITKHEHHA B iH(QOpPMAIIfIHOMY IIPOCTOPI cIocTepira-
FOTBCS TAKOK B €KOHOMIUHI cdepi, oy hopMyBaHHSA
00’eKTUBHOT0 0aUeHHA r100aJIbHOr0 iIHGOPMAIiTHOT0
cycminbeTBa. MeToqu BUPOGHUKIB TOBAPIB Ta ITOCIYT
BIUIMHYTH HA CMaKW Ta yHoJ00aHHA IMOTEHIIMHUX
CTIO?KMBAYIB TAKOXK HAJIEKAThb N0 MAaHIMYJIATUBHUX,
TIOIIIYK TA TIOCUJIEHHS TTO3UIII Ha HOBUX PUHKAX 30yTYy,
3MIITHEHHSA HAIlOHAJIBbHUX €KOHOMIK 32 paxXyHOK He-
OPAMUX 1HBECTHUIII, I1e TAK0K 3aC0O0M ITPOTUCTOAHHSA
Ha piBHI Kopmopatiii Ta gep:xas. B indopmarriiiaiit
60poTHOI JIepiKaB, TAK caMo AK KOpHopalliii, iHHOBa-
MIAHUM PiZHOBUAOM 30p0i BBAXKAIOTH Pi3HOMAaHITHIL
KOMIT'IOTEPHI BipyCcH Ta HECAHKI[IOHOBAHI BTOPTHEH-
HA, II0 HECYTH IIPAMY 3arpo3y IILTICHOCTI eJIEKTPOHHUX
apxiBiB Ta 6a3 JaHUX.

AKTyabHOI0 TEMOIO JIs BUBYEHHS Ta 00TOBOPEHHSA
3mobyBauaMu cIieliajibHoOCTI 6ibrioTeuHa, iHdopma-
mitfiHa Ta apxiBHA CIIpaBa € iHopMaIliiiHa eKCIIaHCisd,
IIPOJIOHTOBAHA B YAaci, I[iJIi Ta METOOU AKOI repesba-
YaioTh BapiaTUBHICTb TA KOMILIEKCHICTb, MOKJIUBICTh
3aJIy4eHHA 30BHIIIHIX pecypciB Ta coro3HUKIB. [H(op-
MaIfifiHa eKCIaHCiA OKPECII0EThCA IIPATHEHHAM JI0Mi-
HyBaTH B iHQopMaIiifHOMY IIPOCTOPI, HA [ePKaBHOMY
Ta JIOKAJIbHOMY PiBHAX. 3asHaueHa TAKTHUKA Iepen-
0auae aKTUBHY POOOTY 31 CTBOPEHHSA IMIIKY YCIIiXY,
JIeTITUMHOCTI, JOTPUMAaHHA HOPM MOpaJIi Ta ryMaH-
HUX I[HHHOCTEH. 3BOPOTHUI 6IK TAKOI JIAIBHOCTI II0-
JArae y moOi?KHOMY HiBeJIIOBAHHI OIIO3UIIIITHOT TOUKHA
30Dy, AUCKPEIUTAL] CYTPOTUBHUKIB 200 KOHKYPEHTIB.
CripaBXHBOI0 apeHo i1H(QOPMAIIHUX TPOTUCTOAHE €
COITiaJIbHO-TICUXO0JIoTiUHA cdepa, AKY CKIATHO IPOTHO-
gyBaru. ToMy momaHHA I0CTOBIpHOI iH(GopMaIlii Ha Ipo-
TuBary (eiikamMm ta mesindgopmariii Oyme HeI0CTaTHbBO.
A mpoTuii iHopMariiiiHiii eKcIIaHcii Ha piBHI gep-
JKaBU PO3POOJIAIOTHECA HOPMATUBHO-TIPABOBI JOKyMEH-
TH, CTpaTerii Ta craHmapTy iH(GOpPMAaIiifHOl 6e3IeKH,
BUBYEHHIO AKUX HEOOXIJHO IPUILIATH OKPEMUIL 3Mic-
TOBUI MOIYJIb.

80

Cucrema mpoTuil ri6puaHUM 3arpos3aM Ta iHdgop-
MaIifiHi#l eKCIaHcii B HAIMH KpaiHi crirpaeThes Ha 3a-
koH Yipaiuu «[Ipo HamioHanbHYy 6Ge3neky Yikpainm»,
Crparerito iHpopmariiiitoi 6esrnexku Ta Crparerito Ki-
OepOesnexu Ykpaiuu «besneunuii Kibepmpoctip — 3a-
TOpYKAa YCITIIITHOTO PO3BUTKY KpaiHm», IpuiHATI B 2021
porti. ¥ Crparerii iHopMarriiitoi 6e3neKu mpiopureT-
HUM BHU3HAUYEHO 3a0e3MeUeHHA KOHCTUTYIIIMHUX IpaB
1 cBOOO/ KOKHOT0 TpOMaAHINHA «HA 30upaHHA, 30epi-
raHHA, BUKOPUCTAHHA Ta TIOMINPeHHA iHdopMmariii, 1o-
CTYII JI0 JOCTOBIPHOI Ta 00’ eKkTHUBHOI iH(popMariii» [6], Ta-
KOXK KOHCTATYEThCSA Ha BiITIOBITAJIBHOCTI AEPIKABU III0/I0
3a0esreueHHA 3aXUCTy B I(POBOMY IIPOCTOPI, «iCHYE
edeKTHBHA cUCTEMA 3aXUCTY 1 MPOTHUAIl HAHECEHHIO
IIKOU Yepes MOMNPEeHHA HeraTUBHUX iH(opMatiiiHux
BIUIUBIB, Y TOMY UHCJTi CKOOPOUHOBAHE TIOMIUPEHHA He-
IOCTOBIpHOI iH(opMAaLiii, JeCTPYKTUBHOI IIPOIIaraH/u,
iHmux iHGopMaIliiHUX OIlepaliiii, HeCAHKI[I0HOBaHe
POSITOBCIOKEHHSA, BUKOPUCTAHHA I ITOPYIIeHH IIiTic-
HoCTi iH(popMAITil 3 00MEKeHUM T0CTyoM» [6].

Y Crparerii kibepbesekn YKpPAIHU aKIeHTYEThCA
yBara Ha 3axXWCTI KPUTUUHOL iH(popMaIliiiHoi iHdpa-
CTPYKTYpH, 6e3mneri mudpoBux peecTpiB Ta MiHiMizaIi1
PU3UKIB BTpyUYaHHA B KoM 10TepHi Mepesxi [7]. Ockinb-
KM apxiBu Ta 010J1ioTeKM iHTerpoBaHi y IupPOBUL
IIPOCTip, BAXUCT XMAPOBUX CXOBUII[ TA €JIEKTPOHHOTO
IOKyMEHTOO00ITy TIOKJIafaeThbCA B TOMY YHCJIII Ha IIpalliB-
HUKIB 3a3HAYEHUX YCTAHOB, TOMY IIporiec (popMyBaHHS
KibepririeHu y 3mo0yBauiB 0CBITH Mae GyTH HEBI EMHUM
CKJIQMHUKOM IIi[f yac BUBUEHHA Mallke BCIX OUCIU-
wiiH. 3go0yBadyaM OCBITH HEOOXiTHO HAOyTH HABUUYOK
posIridHaBaHHA Kibep3arpos, COpUINHEHUX KOMII 10-
TEPHUMHU BipycaMU Ta XaKEPCBKUMU aTakaMU’, BMITH
agMiHicTpyBaTu 6as3u TaHUX, 3a0e3ITeUyBaTH IIUTICHICTD
€JIEKTPOHHUX JTOKYMEHTIB.

Y KOHTeKCTI mpoTudil riOpUIHNM 3arpo3aM Ta 3aJ1d
peamizartrii Ctparerii indopmarriittoi 6esmexu Ta Ctpa-
Terii kibepbesneku Ykpainu «Beasneunuii ki6epmnpo-
CTip — 3aII0pyKa YCITINTHOrO PO3BUTKY KpaiHM» 40 aHa-
JIi3y Ha JIEKIIMHUX 3aHATTAX PEKOMEHOO0BAHO TPU
B3a€MOIIOB A3aHI CTAHIAPTH, AKI (POPMYIOTh 6a3UC IJIA
indopmariitaux ycranos: JCTY ISO/IEC 27001:2023
(ISO/IEC 27001:2022, IDT) Iadgopmariiitna Gesreka,
KibepOesmeka Ta 3axucT KoH(pigeHmiinocri. Cucremu
KepyBaHHA iH(popMairiiinor 6esmnexor. Bumoru; JICTY
ISO/IEC 27005:2023 (ISO/IEC 27005:2022, IDT) Ia-
(opmarriiina 6esmneka, KibepOesiiexa Ta 3axXucT KoHQi-
nmeHirifinocTi. Hacranosa kepyBaHHA pusukamu iHGOp-
mamiiinoi 6esnexu; JCTY ISO/TEC 27701:2022 (ISO/
IEC 27701:2019, IDT) Merogu 6esnexku. Posmmpenna
o ISO/IEC 27001 ta ISO/TEC 27002 niis kepyBaHHA
roHdigeHITiiiHO0 iHpopMmarliiero. BuMmoru Ta HacTaHoBHU.

Craupgapr JICTY ISO/IEC 27001:2023 € reHepaib-
HOI0O METO/I0JIOTIUHO PAMKOI0, 1[0 3abesreuye Tpiamy
irdopmarrifitnoi 6esmexu, a came, KOH(PIOEHITIHHICTD,
IUTICHICTD Ta JOCTYITHICTH MU POBUX PEECTPiB, 6as
JTaHUX Ta eJEeKTPOHHOTO JOKyMEHT000iry, rapmMo-
Hi30BaHUI 3 MI’KHAPOJHUMU BUMOTaMU Ta BPAXOBYE



// International scientific journal “Internauka” / N2 6 (185), 2026

// ISSN 2520-2057 (print), ISSN 2520-2065 (online) /

// Pedagogical sciences //

nuHaMiky kibepsarpos [8]. JCTY ISO/IEC 27005:2023
00I'PYyHTOBYE 1HCTPYMEHTH ieHTH(IKALIil, OIiHIOBAHHSA
Ta MiHIMi3aIlil pUBUKIB BTpyUYaHHA B IIU(MPOBI Meperki
Ta XMapHi CXOBUIIA, 110 JTa€ 3MOT'Yy MOJIEJTIOBATH 3aTPo-
3u Ta mporuodysaru ix Hacaigku [9]. JICTY ISO/IEC
27701:2022 peryJoe HegoOmyIlleHHA BUTOKIB MAcUBIB
JaHUX, 110 € KPUTUYHO BAKIIMBUM IIpU oL PyBaHHI
IOKYMEHTIB, MiCTUTh BUMOTH II[0/I0 3aXUCTY TI€PCOHAIIb-
Hux garumx [10].

s 3mobyBadiB ocBiTH crieliajibHOCTI 6i6s1ioTeu-
Ha, iHdopMaIriiina Ta apxiBHA CIpaBa BaXKJIIUBUM pe-
3yJIBTATOM BUBYEHH IIP00JIeMaTUKH iH(opMatiiinoro
MPOTUCTOAHHA Mae OyTH PO3YMIHHS TOTO, K 3aXUCTUTHA
iH(opMaIiiiHi pecypcy; AKUM YMHOM Ae3iHpopMallia
BILTMBae Ha TIpodeciiity cdepy; AK 3MiHCHIOETHCA T1Ia-
HOMIPHUU THCK Ha CBIIOMIiCTb; K BiIOyBa€ThCA 3Mi-
HAa TAKTUKH, Bif] PAnITOBUX (PeHKIB 10 ILIAHOMIiPHOTO
IPUXOBYBAHHA HOBUH. HaBWukM mpoTumii MaHIiITyJsIsa-
IisAM, aJleKBaTHA PeakIilisa Ha 3arpo3u (PopMYy0ThCS
Ha NPAKTUYHUX 3aHATTAX JJIA 3aKPITIJIEHHA Teope-
TUYHOTO Marepiany. Hanpurnaja, aHairia peajibHUX
(efikiB, 110 TPAHCIIOIOTHCA Yepe3 HOBUHU Ta COIiaIbHI
MepeiKi, JOCITIIPKeHHA BUIIA/IKIB CTBOPEHHSA IITYYHOTO
iH(opMatiiiHOro Xaocy, abo Ha Ja60paTOPHUX BAHAT-
TAX 3000yBadi 00MPAIOTh POJIb JETEKTUBIB Ta IITyKa-
0Tb (hepMu GOTIB, IEPEBIPAIOTH ITpuxoBaHi gami. ITig
Yac MPoBedeHHA KPYTJINX CTOJIIB T€CTYIOTHCA OLIOBI
ITPpU-MAaHIYJIAINI, 1110 BUKJIUKAOTh CUJIbHI eMOIIii,
CTpax, 3JIiCTh, PAJIiCTh, a TIOTIM y TPy 00TOBOPIOIOTHCA
3aco0u pOTHUil TAaKUM 1HPOPMAIIITHUM aTaKaM. 3I0-
OyBauaM OCBITH TAKOK IIPOIIOHYETHCA CTBOPUTH BJIACHI
KOPOTKI KypCH UM IMaM ATKY 3 1H(OPMAIIHHOI 6e3ITeku
[u14 6i6ioTex ab0 apxiBiB.

HieBUM 1HCTPYMEHTOM IIPOTHUIIT iH(pOPMAIIHHIM
BILTMBAM, HA QYMKY BITUMBHAHUX OCJIiTHUKIB, BU3HA-
YEHO OCBITY Ta CAMOOCBITY, IIPOCBITHUIILKY TiAJIBHICTH
Ta aKTUBHY I'POMAJITHCHKY TTO3UITII0, & cCaMe: «3aXUCTH-
TH cebe JIIOAUHA MOXKe TiJIbKH IIJIAXOM BHKOPUCTAHHA
CUCTEMU BHYTPIIIHBOOCOOUCTICHUX (PiSIBTPIB — 3PLIIOT
OpraHisariitHol CBiOMOCTI, BiITIOBITHOI TTOJIITUYHOL
KYJIBTYpPH, ¥, HAPEIIT], 3BEPHEHHAM 0 II03UTUBHOTO
CyCITITBHOTO imeany ocobucrocti XXI crosiTTsa, cripa-
BEJIJIMBOI €BPOIIEMCHKOI JeprkaBu 1 e(DeKTUBHOIO CY-
crijiserBar» [11, ¢. 60].

Bexkropom mecrpykrrBHOro iHG)opMAariiiHOr0 BILIMBY
Ta TIOPUIHUX 3aTPOo3 € 3aJIyYeHHA MeTIHUX, XyI0/KHIX,

KYJIBTYPHUX, EKOHOMIUHUX, COITIaJIbBHUX, OCBITAHCHKUX
Ta HAYKOBUX, MOJIITHYHUX, KIOEPHETUYHUX IHCTPYMEH-
TiB, 110 AecTabiIi3yI0Th CyCHIJILCTBO, TIPOBOKYIOTH pa-
OUKAIbHI ab0 TMaHIYHI HACTPOI, YCKIATHIOITL POOOTY
OpraHiB gep:KaBHOI Ta MiciieBol Biaagu. A mporumii
ribpugHUM 3arpo3aM HeobOXigHO «3abesrneuyBaTy Ha-
JIEKHUI 3aXUCT iH(OpPMAIIil; ToIepempKyBaTy BBeOeHHA
BUKPUBJIEHO] 1H(OpMAITil B IOTOII ITpaBOUBUX (PaKTiB
1 JaHUX; TPOTUHIATHA CIPOCTYBAHHIO, 3allePEeUeHHI0
1 BHUIIEHHIO 1H(OopMAITii 1 BUACHO Ta AKICHO pearysa-
TH Ha BCi OPOABU BiftHmW» [2, ¢. 23]. 3mobyBauiB ocBiTH
creriajabHOCTI 6i6sTioTeuna, iHdopmariiina Ta apxiBHa
CIIpaBa MaloTh YCBIIOMJIIOBATH, III0 O POBaHi (DOH/IH,
Jleps;kaBHI peecTpu Ta 0a3u JaHUX, AKI BOHU OyAyTh
agMiHicTpyBaTH, € 00 eKTaMu Kibeparak Ta crupob (ais-
cugikarii TOKyMeHTiB.

BucHOBKM Ta MEPCIIEKTHBU MOJAJIBIINX O~
ciaimxennb. PopMmyBanHA iHGOPMAIIHHOL KyJIBTYPH —
HEBiJ eMHUI CKJIQHUK OCBITHBOTO IIPOIECY, 3MiCTOBE
HATIOBHEHHS METOIUYHOTro 3abesreueHHA (axoBUX
OCBITHIX KOMITIOHEHTIB TAKUX K aPXiBO3HABCTBO Ta JI0-
KyMEHTO3HABCTBO, €JIEKTPOHHUU IOKYMEHTO00IT Ta iH-
dopwmarriiina KyaeTypa. Bibsioreuni Ta apxiBHi ycra-
HOBU AK CTPATEriuHi Cy0 €KTHU HAIIOHAJIBHOI maM ATi,
moTpedyIoTh ITpodecioHasiB 3MaTHUX BIPOBAIKYBATH
repeIoBi CTaHJaPTH 3aXUCTy 1HOOPMAITIMHIX PeCcypCiB.

3aco0u Po3BUTKY Ta yAOCKOHAJIEHHA iH(opMaIiii-
HOI KyJbTYPU CIIUPAIOTHCA Ha 3MIHH B OCBITHBOMY
mpoiteci ¢axoBol IMiATOTOBKM 3M00yBaUiB CIIEIialb-
HocTi 6i6stioTeuna, iHgopMmariiina Ta apxiBHa copa-
Ba. Onrumisalria MofesTi HAaBYAHHA Mae MoeIHyBaTH
BUKJIQIAHHA OCHOB Kibepririenu, 6esmexu 6a3 JaHux
13 TOTPUMAaHHAM KOPCTKUX BUMOT BIIIIOBITHUX CTaH-
nmaprtiB. PerstameHTyoui aKTu He JIAIIE OKPECJIIOITH
METOHH 3aXUCTy IT(POBOTO IPOCTOPY AEPIKaBH, aje i
aKTyaJIi3yI0Th IIP0o06JIeMy MOJIepPHi3allil CUCTEeMH OCBITH
II[07I0 PO3BUTKY 1H(OPMAITIHHOT rPaMOTHOCTI MaOyTHIX
(axiBiiis, 3abe3eueHHsA CTIHKOCTI Iepe/ riopuIHIMUI
3arposaMu iH(OPMAIiHHO-KOMYHIKAI[IHHUX TEXHOJIO-
riit Ta nudposoro cycrisaberBa. Bibsmioreuni Ta apxiBHi
YCTAHOBY ITEPETBOPUIINCH HA BAKIIMBI Cy0 €KTH 3aXUCTY
iH(oOpPMAaIifTHOTO CyBepeHiTeTy KpaiHu. B ocBiTHROMY
mpolieci IepeBaru MalTh BijlaBaTUCh (DOPMYBaAHHIO
KOMITETEHTHOCTEH 3 Bepudikallii JOKyMEeHTHUX IFKepeJt,
KPUTUYHOI0 aHAIi3y iH(OPMAaI{iiHOro IIyMy Ta IIPo-
CBITHHUIITBA MIOA0 0E3TIEKU BipTyaJILHOTO ITPOCTOPY.

JOJATKOBA IHOOPMAIIIA
DOIHAHCYBAHHSA: AsTopu He oTpuUMyBaIu (DiHAHCYBAHHA [JIA IIHOTO TOCTIKeHHA.
3AABA ITPO JOCTYIIHICTB JAHMX: He 3acToCOBy€ETHCA.
KOH®JIIKT IHTEPECIB: ABTopu 3asABJIAIOTE ITPO BifCYTHICTh KOHQJIIKTY iHTEpECiB.
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MODELING OF WEB APPLICATION
SPEED BASED ON WEB PAGE
PERFORMANCE METRICS

Summary. The article examines the main factors affecting the performance of modern web applications and analyzes met-
rics for evaluating web page performance. The indicators TTFB, FCP, LCP, INP, and CLS are considered, which characterize
page loading speed, interface stability, and the efficiency of user interaction with a web application. A mathematical model for
evaluating web application performance is proposed, formalizing the relationship between the parameters of the client-side
and server-side parts of the system and the performance indicators of a web page. Within the framework of the model, the
main input parameters are identified, including the number of HTTP requests, the size of JavaScript and CSS resources, network
connection speed, caching parameters, and interface rendering characteristics. For comprehensive performance evaluation, an
integral performance indicator using weighting coefficients of performance metrics is introduced. Simulation-based modeling
of the influence of system parameters on web application performance was carried out. A series of numerical experiments was
conducted to investigate the dependence of the integral performance indicator on the main system parameters, and corre-
sponding graphical dependencies were constructed.

Key words: web application, web application performance, web page performance, mathematical model, integral perfor-
mance indicator, Core Web Vitals.

ntroduction. In the current context of web technolo-

gy development, the performance of web applications
has become one of the key factors determining the
effective functioning of digital services and the quality
of user interaction with the system. The increasing
complexity of client-side interfaces, the spread of sin-
gle-page applications, the growing volume of JavaScript
code, and the number of network requests lead to higher
system load, which negatively affects the performance
indicators of a web resource [1; 2].

The issue of performance becomes particularly
important in the context of high competition among
digital platforms, where the performance of a web ap-
plication directly influences user behavioral factors,
conversion rates, and the ranking positions of web
resources in search engines. In this regard, ensuring
a high response speed of web pages is an important
component of modern web development and software
system optimization [3; 4]. In addition, the impact
of various factors, such as the volume of JavaScript
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resources, the number of HTTP requests, caching pa-
rameters, server response time, and interface render-
ing characteristics, is complex in nature and requires
a formalized description [5; 6]. In this context, the
development of a mathematical model for evaluating
the performance of web applications is a relevant task,
as it will make it possible to formalize the relationship
between the input parameters of the system and the
performance indicators of a web page [7].

Analysis of previous studies. The issue of en-
suring high performance of web applications is one of
the key areas of modern research in the field of web
development and software engineering. The active
development of client-side web technologies, the emer-
gence of single-page applications, and the increasing
volume of dynamic content have led to a significant
rise in performance requirements for web systems. In
scientific works and technical literature, considerable
attention is paid to studying the impact of page load-
ing speed on user experience, behavioral factors, and
the efficiency of digital platforms. Research findings
indicate that even a slight increase in web page loading
time can negatively affect the level of user interaction
with a service and reduce conversion rates [8; 9].

One important area of research has been the de-
velopment of systems for evaluating the performance
of web applications based on standardized metrics.
Google proposed the Core Web Vitals concept, which
combines key indicators for assessing web page perfor-
mance, in particular Largest Contentful Paint (LCP),
Interaction to Next Paint (INP), and Cumulative Lay-
out Shift (CLS). The use of these metrics has made
it possible to move from a subjective assessment of
performance to a formalized analysis of web resource
productivity. A significant number of modern studies
are devoted to analyzing the influence of JavaScript
resources, interface rendering, the number of HTTP
requests, and network connection parameters on Core
Web Vitals values [10; 11].

At the same time, a substantial part of scientific
research focuses on individual aspects of web applica-
tion optimization, including resource minification and
compression, the use of caching, optimization of serv-
er response, and the application of modern interface
rendering mechanisms. In particular, studies devoted
to frontend optimization have shown that an excessive
amount of JavaScript code and an inefficient DOM tree
structure can significantly increase the processing and
rendering time of a web page in the user’s browser [11;
12]. Research related to the use of automated perfor-
mance analysis tools, such as Lighthouse and WebPag-
eTest, is also of particular scientific interest, as these
tools enable comprehensive evaluation of web resource
performance under different load conditions [10; 13].

Despite the significant number of studies in the
field of web application optimization, the issue of de-
veloping a generalized mathematical model for per-
formance evaluation that would take into account the
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relationship between the main system parameters
and a set of performance metrics has not been suf-
ficiently addressed. Most existing approaches focus
on the analysis of individual indicators or practical
optimization recommendations, whereas the tasks of
formalizing the dependencies between system input
parameters and integrated performance indicators
remain relevant. This highlights the need to develop
a mathematical model for evaluating web application
performance capable of providing a comprehensive
analysis of the influence of individual factors on web
page response speed [12; 14].

Aim of the article. The purpose of the article is
to develop a mathematical model for evaluating the
performance of web applications that makes it possible
to formalize the relationship between the parameters
of the client-side and server-side components of the
system and the performance indicators of a web page.
The proposed approach is aimed at analyzing the influ-
ence of key factors, in particular server response time,
resource volume, the number of network requests, and
interface rendering parameters, on the loading speed
and user interaction with a web application.

Presentation of the main material. One of the
key performance indicators of a web application is the
response speed of a web page, which characterizes the
time between a user sending a request and the com-
plete rendering of the required content in the brows-
er. High response time values lead to increased user
waiting time, deterioration of system interactivity, and
reduced efficiency of the web resource. In addition,
web page performance directly affects the ranking of
web resources in search engines, since modern SEO
algorithms take performance indicators into account
when assessing website quality [3].

Specialized performance metrics are used to eval-
uate the speed of web applications, making it possible
to analyze individual stages of web page loading and
rendering. One of the basic metrics is Time to First
Byte, which determines the time between sending an
HTTP request and receiving the first byte of the re-
sponse from the server. This indicator characterizes
the request processing speed of the server-side compo-
nent of the system and depends on server performance,
database efficiency, network connection parameters,
and the use of caching mechanisms [4].

The First Contentful Paint indicator is used to eval-
uate the time required for the first content element to
be displayed in the user’s browser. The value of this
metric determines the moment when the user receives
the first visual response from the web application.
Reducing FCP time positively affects the perceived
performance of the system and improves the user ex-
perience.

One of the most important modern performance
metrics is Largest Contentful Paint (LCP), which
characterizes the time required to render the largest
content element within the visible area of a page. This
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indicator is used to evaluate the speed of the main
page loading process and is one of the key parameters
of Core Web Vitals [5]. LCP is influenced by the volume
of resources, data transfer speed, image optimization,
the efficiency of JavaScript code execution, and inter-
face rendering parameters.

The Interaction to Next Paint metric is used to
evaluate the speed of the interface response to user
interaction. The value of this indicator is determined
by the delay between a user action and the moment
the interface is updated. High INP values indicate an
overloaded browser main thread, an excessive number
of JavaScript operations, or inefficient event handling
organization [6].

The Cumulative Layout Shift (CLS) indicator char-
acterizes the stability of the page structure during
loading. Significant shifts of interface elements nega-
tively affect user interaction with the system and may
lead to erroneous actions. Reducing the CLS value is
an important condition for ensuring the stability of
the web application interface.

An analysis of the above metrics shows that web
application performance is formed under the influence
of a significant number of interrelated factors. The
use of individual indicators does not make it possible
to comprehensively evaluate system performance or
determine the degree of influence of specific parame-
ters on web page performance. In this regard, there is
a need to develop a mathematical model for evaluating
web application performance that will provide a for-
malized description of the relationship between system
parameters and performance indicators.

Within the framework of this study, a web appli-
cation is considered as a system whose state is deter-
mined by a set of input parameters (1):

X:{xl,xz,...,xn} 1)

where x; denotes the parameters that affect the per-
formance of a web application. The main input pa-
rameters of the model include:

x, — the number of HTTP requests;

x, — the volume of JavaScript resources;

x,— the volume of CSS resources;

x, — the network connection speed;

x, — caching parameters;

x, — the size of the DOM structure;

x, —JavaScript execution time;

xg —interface rendering parameters; and

Xy — server response time.

Each of the aforementioned parameters directly
affects specific stages of web page loading and process-
ing. For instance, an increase in the number of HTTP
requests leads to higher network latency and a longer
resource transfer time. A substantial volume of JavaS-
cript code increases the load on the browser and may
result in blocking of the main execution thread. A large
DOM structure complicates the page rendering process
and negatively affects the speed of interface updates.

The output parameters of the model are the main
performance metrics of a web page. The relationship
between the input and output parameters of the model
is described by a system of functional dependencies (2):

Xy
X9
[ TTFB| %xg
FCP x,
Y=| LCP |=F|| x5 ||, (2)

INP %
| CLS | x,
Xg

| %9 |

where F(X) is the function for evaluating the per-
formance of a web application, which formalizes the
relationship between the system parameters and the
performance indicators of a web page. The model
was developed on the basis of a systematic analysis
of the factors influencing the performance of web ap-
plications. The characteristics of the client-side and
server-side components of the system were selected
as the input parameters of the model: the number of
HTTP requests, the volume of JavaScript and CSS
resources, the network connection speed, caching pa-
rameters, the size of the DOM structure, JavaScript
execution time, interface rendering parameters, and
server response time. Standardized web page perfor-
mance metrics, namely TTFB, FCP, LCP, INP, and
CLS, which are used within the Core Web Vitals as-
sessment framework, were selected as the output pa-
rameters.

The function F (X formalizes the dependence
between the system parameters and the performance
indicators of a web page. For the comprehensive evalu-
ation of performance, an integral indicator Q was used,
formed through the weighted aggregation of individ-
ual performance metrics. Within the proposed model,
an increase in the value of the integral indicator Q
is interpreted as a deterioration in web application
performance, since it reflects the cumulative impact
of delays and performance losses.

In contrast to simplified performance evaluation
models, the proposed approach takes into account the
multifactorial influence of system parameters on in-
dividual web application performance metrics. Each
metric is formed under the influence of a set of param-
eters of the client-side and server-side components of
the system, which makes it possible to comprehen-
sively describe the process of web page performance
formation. Within the model, the integral performance
indicator of a web application is defined by the follow-
ing expression:

Q=wf; (acl,x4,3c9)+w2f2 (xz,x3,x6,x8)+

+w3f3 (xz,x4,x7,x8)+w4f4 (x2,x6,x7)+w5f5 (x6,x8)
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where @ is the integral performance indicator of
a web application; w, denotes the weighting coeffi-
cients of the corresponding metrics; f, denotes the
functions used to form the performance indicators;
and x; denotes the system parameters that affect
web page performance. Since the TTFB, FCP, LCP,
INP, and CLS metrics have different units of mea-
surement, their values were normalized to the di-
mensionless interval [0; 1] before aggregation. This
ensures the correct application of weighting coeffi-
cients and the comparability of the contribution of
individual indicators to the formation of the integral
indicator Q.

In the proposed model, the function f; describes
the formation of the TTFB metric depending on the
number of HTTP requests, the network connection
speed, and the server response time. The function f,
characterizes the influence of the volume of JavaScript
and CSS resources, DOM structure parameters, and
interface rendering parameters on the FCP indicator.
The formation of the LCP metric is described by the
function f;, which takes into account the volume of
client-side resources, rendering parameters, and Ja-
vaScript execution speed.

The INP metric is formed by the function f, , which
characterizes the influence of DOM structure complex-
ity, browser main-thread load, and client-side script
execution time on the speed of user interaction with
the interface. To evaluate the stability of the page
structure, the function f; is used; it determines the
dependence of the CLS indicator on rendering param-
eters and the structure of the DOM tree. The use of
weighting coefficients makes it possible to account for
the varying degree of influence of individual metrics
on the overall performance of a web application. In
this study, the values of the weighting coefficients were
determined based on Google Core Web Vitals recom-
mendations and expert assessment of the importance
of individual metrics for users’ perception of web appli-
cation performance. The highest weight was assigned
to the LCP metric, which characterizes the rendering
speed of the main page content. The lowest weight
was assigned to the CLS metric, which characterizes
interface stability.

Within the framework of numerical simulation,
the following assumptions were adopted: an increase
in the volume of JavaScript resources leads to an in-
crease in the LCP and INP indicators; an increase in

the number of HTTP requests leads to an increase in
TTFB and FCP; an increase in the complexity of the
DOM structure deteriorates rendering indicators; and
the CLS indicator varies within a limited range typical
of modern web interfaces. The metric values presented
in the tables were obtained as a result of scenario-
based simulation in accordance with the specified as-
sumptions. The numerical values of the parameters
were selected in accordance with the typical ranges
of web page performance metrics presented in Google
Core Web Vitals recommendations and in contempo-
rary studies on web application optimization. During
the simulation, the values of the volume of JavaScript
resources and the number of HTTP requests were var-
ied within ranges typical of modern web applications.

The values of the TTFB, FCP, LCP, INP, and CLS
metrics were determined in accordance with the func-
tional dependencies embedded in the mathematical
model. The obtained values were used to calculate
the integral performance indicator Q. The results of
the numerical simulation are presented in the form of
tables and graphical dependencies, which make it pos-
sible to analyze the influence of individual parameters
on web application performance. The obtained results
were presented as graphical dependencies, which allow
the nature of the influence of individual parameters
on web application performance to be visually demon-
strated, critical areas of performance degradation to be
identified, and the contribution of individual metrics to
the formation of the integral performance indicator to
be assessed. Table 2 presents the results of numerical
simulation of the dependence of performance indica-
tors on the volume of JavaScript resources.

Figure 1 presents the graph of the dependence of
the integral performance indicator Q on the volume
of JavaScript resources in a web application. The ob-
tained dependence demonstrates the nonlinear nature
of changes in system performance as the volume of
client-side code increases. The analysis of the graph
shows that, as the volume of JavaScript resources in-
creases, there is a gradual increase in the value of the
integral indicator Q, which indicates a deterioration
in the overall performance of the web application. At
relatively low values of JavaScript code volume, the
change in the performance indicator is comparatively
slow; however, after a certain threshold value is ex-
ceeded, an accelerated increase in the integral indi-
cator is observed.

Table 1
Metric Abbreviation Weight
Time To First Byte TTFB 0.26
First Contentful Paint FCP 0.22
Largest Contentful Paint LCP 0.30
Interaction to Next Paint INP 0.17
Cumulative Layout Shift CLS 0.05
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Table 2
JS, Kb TTFB, c FCP, c LCP, c INP, mc CLS Q
100 0.40 1.20 2.10 120 0.05 0.16
200 0.42 1.30 2.30 130 0.05 0.20
300 0.45 1.50 2.60 145 0.06 0.26
400 0.50 1.70 2.90 160 0.07 0.34
500 0.54 1.90 3.20 180 0.08 0.45
600 0.59 2.10 3.60 205 0.09 0.60
700 0.65 2.40 4.00 230 0.10 0.77
800 0.72 2.80 4.50 260 0.12 1.00

This nature of the dependence can be explained
by the increased load on the browser’s main thread
during the processing and execution of JavaScript
scripts. The greatest impact is observed on the LCP
and INP metrics, which directly characterize the speed
of content rendering and the responsiveness of the
interface to user actions. This confirms the feasibility
of applying client-side code optimization methods, in
particular JavaScript file minification, code splitting
mechanisms, lazy loading, and optimization of the ren-
dering process of interface components. The obtained
results demonstrate the consistency of the model be-
havior with the known patterns of web application
functioning. Table 3 presents the results of numerical
simulation of the dependence of performance indica-
tors on the number of HTTP requests.

Figure 2 presents the graph of the dependence of
the integral performance indicator Q on the number
of HTTP requests in a web application. The obtained
dependence demonstrates a gradual deterioration in

system performance as the number of network re-
quests increases. The analysis of the graph shows that,
with a small number of HTTP requests, the change in
the integral performance indicator is relatively insig-
nificant. However, as the number of network requests
increases, an accelerated increase in the value of the
indicator Q is observed, which indicates the nonlinear
nature of the influence of this parameter on web ap-
plication performance.

This nature of the dependence can be explained by
the increased time required to establish network con-
nections, transmit data, and process server responses.
Each additional HTTP request creates an additional
load on the network infrastructure and the server-side
component of the system, which leads to an increase in
user waiting time and a deterioration in the TTFB and
FCP indicators. A particularly noticeable deterioration
in performance is observed after a certain threshold
number of HTTP requests is exceeded. This indicates
that, under a high level of network interaction, the
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Fig. 1. Dependence of the integral performance indicator on the volume of JavaScript resources
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Table 3
HTTP TTFB, ¢ FCP, c LCP, c INP, mc CLS Q
10 0.38 1.15 2.00 118 0.05 0.15
20 0.40 1.25 2.15 125 0.05 0.18
30 0.43 1.35 2.35 133 0.06 0.23
40 0.47 1.50 2.60 145 0.06 0.30
50 0.52 1.70 2.90 160 0.07 0.40
60 0.58 1.95 3.25 180 0.08 0.54
70 0.65 2.20 3.65 205 0.09 0.73
80 0.74 2.55 4.10 235 0.10 0.98

system begins to operate less efficiently due to the
accumulation of delays during resource loading and
the synchronization of the client-side and server-side
components of the web application.

The obtained results confirm the need to optimize
the resource structure of a web application and re-
duce the number of HTTP requests. To improve per-
formance, it is advisable to use mechanisms such as
resource bundling, caching, asynchronous data loading,
and content delivery networks (CDNs), which make it
possible to reduce the load on the network infrastruc-
ture and shorten the web page loading time.

Figure 3 presents a diagram of the weighted contri-
bution of individual performance metrics to the forma-
tion of the integral indicator Q for one of the numerical
simulation scenarios. The constructed diagram reflects
not only the adopted weighting coefficients but also the
relative contribution of each metric to the overall value
of the integral performance indicator. The LCP metric

makes the largest weighted contribution to the forma-
tion of the integral indicator, which is explained by its
significant influence on users’ perception of web page
performance. The Time to First Byte (TTFB) and First
Contentful Paint (FCP) metrics also have a considerable
impact on the integral indicator, as they characterize
the speed of the server response and the time required
to display the first content element, respectively. High
values of these indicators indicate the presence of delays
at the initial stages of web page loading and negatively
affect the perceived performance of the system.

The Interaction to Next Paint (INP) metric has
a somewhat smaller, yet still significant, impact on
the overall performance indicator. This metric char-
acterizes the speed of the interface response to user
interaction and reflects the level of interactivity of the
web application. A deterioration in the INP value may
be associated with an overloaded browser main thread
or inefficient organization of client-side scripts.

Dependence of Q on HTTP Requests
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Fig. 3. Contribution of performance metrics to the formation of the integral performance indicator

The Cumulative Layout Shift (CLS) indicator has
the smallest contribution within the proposed model,
as it characterizes the stability of the page structure
during loading. Despite its lower weighted influence,
the CLS value remains important for ensuring correct
user interaction with the web application and pre-
venting undesirable shifts of interface elements. The
use of weighting coefficients is appropriate within the
proposed model, as it makes it possible to account for
the different degrees of influence of individual met-
rics on the overall system performance and ensures
a comprehensive evaluation of web page performance.

The practical significance of the developed model
lies in its ability to predict the behavior of a web ap-
plication under different system configurations and
load levels. This makes it possible to identify the pa-
rameters whose optimization will provide the greatest
improvement in web resource performance.

The obtained results confirm the feasibility of using
multifactor mathematical modeling to evaluate the
performance of modern web applications and demon-
strate the possibility of applying the proposed model to
analyze the effectiveness of web resource optimization
methods.

Model Verification. The verification of the pro-
posed mathematical model was carried out by ana-
lyzing the consistency of the numerical simulation
results with the known patterns of influence of web
application parameters on Core Web Vitals indicators.

The simulation results showed that an increase
in the volume of JavaScript resources leads to a de-
terioration in the LCP and INP indicators, while an

increase in the number of HTTP requests negatively
affects the TTFB and FCP indicators. The obtained
dependencies are consistent with the results of con-
temporary studies in the field of web application opti-
mization and with Core Web Vitals recommendations.

This indicates the possibility of using the proposed
model for the qualitative analysis of factors affecting
the performance of web applications. Conclusions and
Prospects for Further Research. The study analyzed
the main factors affecting the performance of web ap-
plications and examined contemporary metrics for
evaluating web page performance. The features of the
formation of TTFB, FCP, LCP, INP, and CLS indica-
tors were considered, as these metrics characterize
page loading speed, interface stability, and the efficien-
cy of user interaction with a web application. Within
the framework of the study, a mathematical model for
evaluating web application performance was proposed,
which formalizes the relationship between the param-
eters of the client-side and server-side components
of the system and web page performance indicators.
The developed model takes into account the multifac-
torial influence of system parameters on the integral
performance indicator and enables a comprehensive
evaluation of web application performance.

In the course of the study, the main input parame-
ters of the model were identified, including the num-
ber of HTTP requests, the volume of JavaScript and
CSS resources, network connection speed, caching pa-
rameters, the size of the DOM structure, JavaScript
execution time, and interface rendering parameters.
Web page performance metrics were used as output

89



// MiskHapofHuii HayKoBUM XxypHan «IHTepHayka» // N2 6 (185), 2026

// TexniuHi Hayku //

// 1SSN 2520-2057 (print), ISSN 2520-2065 (online) //

parameters, making it possible to evaluate different
aspects of web application performance.

Based on the proposed model, a series of numerical
experiments was conducted to investigate the influ-
ence of individual system parameters on the integral
performance indicator. The constructed graphical de-
pendencies demonstrated the nonlinear nature of the
influence of the volume of JavaScript resources and the
number of HTTP requests on web application perfor-
mance. The numerical simulation results showed that
the volume of JavaScript resources and the number of
HTTP requests have the greatest impact on web page
performance; their increase leads to the deterioration
of LCP, INP, TTFB, and FCP indicators. The proposed
mathematical model can be used to analyze the ef-
fectiveness of web application optimization methods,

evaluate the impact of changes in system architecture
on web page performance, and predict the behavior of
a web resource under different load conditions. The
practical application of the model provides an oppor-
tunity for the formalized analysis of web application
performance and the identification of critical factors
contributing to performance degradation.

Prospects for further research involve extending
the proposed model by taking into account nonlinear
dependencies between system parameters, temporal
characteristics of load, and the combined influence of
performance factors. In addition, the application of ma-
chine learning methods for the automatic determina-
tion of model weighting coefficients and the real-time
prediction of web application performance indicators
represents a promising direction for further research.

JOJATKOBA IHOOPMAIIIA
BHECOK ABTOPIB: Yci aBTopu 3po0uin BHECOK IIOPIBHY.
DOIHAHCYBAHHS: ABropu He 0TPUMYBAJIH (PiHAHCYBAHHSA [IJIA I[bOTO JOCITIHKEeHHS.
3ASABA ITPO JOCTYIIHICTD JAHUX: He 3acTocoByeTbCA.
KOH®JIIKT THTEPECIB: ABTopu 3asABIANTH IIPO BiACYTHICTh KOHQJIIKTY iHTEPECIB.
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PASTRY ARCHITECTURE AS AN EMERGING DISCIPLINE:
A FRAMEWORK FOR STRUCTURAL ENGINEERING,
STABILITY, AND RISK MANAGEMENT IN
LARGE-SCALE CUSTOM CAKES

Summary. The increasing complexity of contemporary custom cake production has transformed pastry creation from a
primarily culinary activity into an interdisciplinary process involving engineering principles, structural planning, logistics man-
agement, and risk assessment.

Modern large-scale custom cakes frequently incorporate multi-tiered structures, suspended decorative elements, asymmet-
rical compositions, and transportation requirements that present challenges comparable to those encountered in temporary
architectural installations.

Despite these developments, the professional pastry industry lacks a standardized framework for evaluating structural sta-
bility, material performance, transportation reliability, and project-specific risks associated with complex edible constructions.
Existing professional knowledge remains largely experience-based and fragmented, limiting opportunities for standardization,
scalability, and academic development.

This article introduces Pastry Architecture as an emerging interdisciplinary discipline that integrates principles of structural
engineering, food science, project management, logistics, and artistic design. The study proposes the Nykytiuk Pastry Architec-
ture Framework (NPAF), a systematic methodology for the planning, construction, transportation, and installation of large-scale
custom cakes. Additionally, the article introduces the Cake Structural Risk Matrix (CSRM), a practical risk-assessment model
developed specifically for edible structures.

The proposed framework contributes to the professionalization of advanced pastry production by establishing a conceptual
foundation for future research, educational programs, and industry standards. The findings suggest that engineering-based
methodologies may become increasingly important as the scale, complexity, and commercial value of custom cake projects

continue to expand.

Key words: pastry architecture, cake engineering, structural stability, edible construction, risk management, food design,

custom cakes, engineering methodology, pastry innovation.

ntroduction. The global custom cake industry has

experienced substantial transformation during the
last two decades. Cakes are no longer viewed solely
as desserts intended for consumption; increasingly,
they function as large-scale artistic installations that
serve as central visual elements at weddings, luxury
events, corporate celebrations, exhibitions, and public
ceremonies. This evolution has expanded the technical
requirements placed upon pastry professionals and
introduced challenges that extend well beyond tradi-
tional culinary practice.

Contemporary custom cakes frequently incorpo-
rate complex geometries, multiple structural levels,
suspended decorative elements, edible sculptures, and
transportation over considerable distances. In many
cases, these creations exceed one meter in height and

require advanced support systems to maintain stabili-
ty throughout production, transportation, installation,
and presentation. Such requirements increasingly re-
semble the challenges encountered in architecture,
structural engineering, and project management rath-
er than conventional pastry preparation alone.
Researchers in food science have long recognized
that food products possess measurable physical and
mechanical properties that influence their behavior
during processing, transportation, storage, and pre-
sentation [7; 5]. Similarly, engineering disciplines
have demonstrated that structural reliability depends
upon factors such as load distribution, material perfor-
mance, environmental conditions, and risk mitigation
strategies [3]. These principles are directly relevant to
large-scale custom cakes, which function as temporary
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edible structures subjected to various mechanical and
environmental stresses.

Despite these similarities, the majority of contem-
porary pastry education and professional literature
remains focused on recipe formulation, decoration
techniques, flavor development, and aesthetic presen-
tation. Comparatively little attention has been devoted
to systematic approaches for structural assessment,
transportation planning, installation procedures, and
failure prevention within complex cake constructions.
As a result, many technical solutions remain based on
personal experience rather than standardized meth-
odologies.

The absence of formal engineering frameworks
creates significant operational challenges. Structural
collapse, transportation damage, environmental degra-
dation, and installation failures can lead to substantial
financial losses, reputational harm, and compromised
customer satisfaction. These risks become increas-
ingly significant as projects grow in complexity and
commercial value.

At the same time, advancements in food engineer-
ing have demonstrated the importance of understand-
ing material behavior and structural performance
within food systems [9].

Material selection, density distribution, moisture
migration, and environmental stability all influence
the long-term reliability of food-based structures.
While these concepts have been studied extensively
within food science, they have not been systematically
integrated into professional cake design methodolo-
gies.

This article argues that the evolution of contempo-
rary custom cake production necessitates the devel-
opment of a new interdisciplinary framework capa-
ble of integrating artistic creativity with engineering
reliability. This framework is referred to as Pastry
Architecture.

For the purposes of this study, Pastry Architecture
is defined as the systematic application of engineering
principles, structural analysis, material evaluation,
logistics planning, risk management, and design meth-
odologies to the creation of large-scale edible struc-
tures. The concept recognizes that modern custom
cakes increasingly require the same type of planning,
assessment, and quality-control processes commonly
employed in architecture and engineering projects.

The primary objectives of this article are fourfold:

1. To define Pastry Architecture as an emerging
professional discipline.

2. To introduce the Nykytiuk Pastry Architecture
Framework (NPAF) as a structured methodology for
large-scale custom cake production.

3. To develop the Cake Structural Risk Matrix
(CSRM) as a risk-evaluation tool for edible structures.

4. To establish a conceptual foundation for future
research, professional training, and industry stan-
dardization.
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While previous literature has examined food ma-
terials, culinary design, and engineering principles
separately, the NPAF and CSRM models proposed in
this study represent original conceptual frameworks
developed by the author for the systematic manage-
ment of structural stability and risk in large-scale
custom cakes.

By formalizing these concepts, the study seeks to
bridge the gap between traditional pastry practice and
contemporary engineering-based approaches to com-
plex cake design, thereby contributing to the ongoing
professionalization of the pastry industry.

Literature Review. The development of contempo-
rary custom cake production has occurred at the inter-
section of multiple disciplines, including food science,
food engineering, design theory, materials science, lo-
gistics, and project management. While each of these
fields has contributed valuable knowledge relevant to
the production of complex edible structures, their find-
ings have rarely been integrated into a unified frame-
work specifically applicable to large-scale custom cakes.

Food Science and Material Behavior

Food science research has consistently demonstrat-
ed that food products possess measurable physical
and mechanical properties that influence their struc-
tural performance under varying environmental and
operational conditions [7; 5]. Characteristics such as
density, moisture content, compressive strength, ther-
mal sensitivity, and rheological behavior affect the
stability and reliability of food systems throughout
their lifecycle.

According to Ramaswamy and Marcotte [9], food
materials respond predictably to external forces and
environmental changes, making it possible to evaluate
their performance using engineering-based analytical
approaches. These principles are particularly relevant
to cake production, where multiple layers, fillings, sup-
port structures, and decorative components interact
within a single integrated system.

The structural behavior of food products has also
been examined through microstructural analysis. Agu-
ilera and Stanley [1] demonstrated that food materials
exhibit organized internal structures that directly in-
fluence their mechanical properties and resistance to
deformation. Such findings suggest that large-scale
cakes may be evaluated not merely as culinary prod-
ucts but as engineered assemblies composed of mate-
rials with distinct structural characteristics.

Despite these advances, food science literature has
largely focused on processing efficiency, preservation,
texture, and sensory quality rather than the design
and management of large-scale edible constructions.
Consequently, significant opportunities remain for
applying food engineering principles to structural
planning within professional pastry production.

Engineering Principles and Structural Stability

Structural engineering provides a well-established
theoretical foundation for understanding stability, load
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transfer, redundancy, and failure prevention in com-
plex systems. Engineering literature emphasizes that
successful structures depend upon the interaction of
materials, support systems, environmental conditions,
and anticipated loading scenarios [3].

Ashby [3] argues that material selection represents
one of the most critical stages in engineering design
because performance requirements must be evaluated
before construction begins. This principle has direct
relevance to pastry production, where cake composi-
tions, fillings, support elements, and decorative ma-
terials must be selected according to project-specific
structural demands.

Similarly, Gibson and Ashby [3] demonstrated that
structural performance depends not only upon mate-
rial strength but also upon geometry, load pathways,
and system organization. In the context of custom cake
production, these concepts suggest that stability can-
not be achieved through stronger materials alone but
requires deliberate planning of support systems and
load-transfer mechanisms.

Traditional cake design often relies upon empiri-
cal methods and practitioner experience. While such
approaches may be effective for conventional projects,
they become increasingly insufficient as structures
grow in size, complexity, and economic value. Engineer-
ing methodologies therefore offer a valuable framework
for improving predictability and reducing project risk.

Design Thinking and Culinary Innovation

The relationship between aesthetics and functional-
ity has become an increasingly important area of study
within contemporary food design. Steen [10] argues
that culinary innovation is most effective when tech-
nical functionality and visual expression are developed
simultaneously rather than independently.

Within luxury hospitality markets, consumers in-
creasingly seek products that provide memorable ex-
periences in addition to practical utility. Consequently,
food products frequently serve symbolic, artistic, and
experiential functions that extend beyond nutrition.

Custom cakes represent a particularly significant
example of this trend. In many contemporary events,
the cake serves as both a food product and a visual
centerpiece. Designers must therefore balance artistic
objectives with technical constraints, creating struc-
tures that are simultaneously visually striking, trans-
portable, stable, and safe.

However, current food-design literature provides
limited guidance regarding the engineering challenges
associated with achieving these objectives. Existing
research generally focuses on user experience, presen-
tation, and creativity rather than structural reliability
and risk mitigation.

Risk Management and Project Planning

Risk assessment methodologies have long been uti-
lized within engineering, manufacturing, transporta-
tion, and construction industries to identify potential
failure mechanisms before implementation.

Project management literature consistently demon-
strates that proactive risk identification reduces un-
certainty, improves resource allocation, and increases
project success rates. Structured risk assessment en-
ables organizations to implement preventive measures
rather than relying upon reactive problem-solving
strategies.

The pastry industry, however, has historically
lacked formalized risk-management frameworks. Many
professionals evaluate transportation risks, environ-
mental exposure, installation challenges, and struc-
tural vulnerabilities through experience rather than
systematic analysis.

This gap becomes increasingly problematic as cus-
tom cake projects expand in scale and complexity.
A wedding cake exceeding one hundred servings may
represent several days of labor, substantial material
costs, and significant reputational risk. Consequently,
the adoption of structured risk-management meth-
odologies appears both necessary and commercially
advantageous.

Research Gap

The literature reviewed above demonstrates that
substantial knowledge exists regarding food materials,
engineering design, risk assessment, and culinary
innovation. However, these disciplines have largely
evolved independently.

No widely recognized framework currently inte-
grates:
¢ Structural engineering principles
* Food-material performance analysis
¢ Transportation planning
¢ Installation procedures
* Risk-management methodologies

Advanced cake-design practices into a single op-
erational system specifically designed for large-scale
custom cakes.

This fragmentation creates a significant theoretical
and practical gap within both academic literature and
professional pastry practice.

The present study addresses this gap through the
introduction of Pastry Architecture as an interdisci-
plinary framework and through the development of
two original conceptual models:

The Nykytiuk Pastry Architecture Framework
(NPAF), a systematic methodology for planning and
executing large-scale custom cake projects.

The Cake Structural Risk Matrix (CSRM), a struc-
tured model for evaluating project-specific risks asso-
ciated with edible structures.

Together, these models seek to establish the concep-
tual foundation of Pastry Architecture as an emerging
professional discipline that bridges the fields of engi-
neering, food science, logistics, and artistic design.

Methodology
Research Design

This study employs a conceptual framework

methodology designed to synthesize principles from
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structural engineering, food science, logistics manage-
ment, and professional pastry production into a unified
operational model. Conceptual framework research
is particularly appropriate when an emerging field
lacks standardized methodologies and requires the
development of new theoretical structures capable of
guiding future investigation and professional practice.

The research does not seek to evaluate a single cake
project or compare individual production techniques.
Instead, it aims to establish a systematic model capa-
ble of addressing recurring challenges encountered
in large-scale custom cake production. The proposed
framework was developed through interdisciplinary
analysis of engineering principles, food-material be-
havior, transportation logistics, project management
methodologies, and advanced pastry-production prac-
tices.

The resulting framework is intended to function
as both a conceptual model and a practical decision-
making tool for professionals involved in the design
and execution of complex edible structures.

Identification of Core Structural Challenges

The development of the framework began with
identification of recurring operational challenges ob-
served in large-scale custom cake projects.

A review of professional practices and technical
requirements revealed six categories of challenges that
consistently influence project success:

1) structural instability;

2) uneven load distribution;

3) material deformation;

4) transportation-related damage;

5) environmental exposure;

6) installation and assembly failures.

While traditional pastry methodologies frequently
address these issues individually, there is currently no
standardized system that integrates them into a com-
prehensive planning process.

The present study therefore treats these challeng-
es as interconnected variables requiring coordinated
evaluation throughout the entire project lifecycle.

Interdisciplinary Framework Development

The proposed methodology was developed by adapt-
ing established concepts from multiple disciplines.

From structural engineering, the framework in-
corporates:
¢ load distribution analysis;

* support-system planning;

* center-of-gravity evaluation;

* redundancy design principles;

¢ failure prevention strategies. [3; 6].

From food science and food engineering, the frame-

work incorporates:

e material-performance evaluation;

* density assessment;

* moisture-management considerations;

* environmental sensitivity analysis;

e structural behavior of food systems. [1; 5].
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From project management and risk-management
literature, the framework incorporates: risk identi-
fication procedures; probability-impact assessment;
preventive planning methodologies; contingency de-
velopment strategies. [9].

Finally, from contemporary pastry practice, the
framework incorporates:

e artistic design requirements;

¢ production workflow considerations;

¢ transportation procedures;

¢ installation protocols;

* customer-specific customization requirements.

The integration of these disciplines forms the basis
of the proposed Pastry Architecture methodology.

Development of the Nykytiuk Pastry Architecture
Framework (NPAF)

The primary outcome of the research process is
the development of the Nykytiuk Pastry Architecture
Framework (NPAF).

The NPAF model was originally developed by
Nykytiuk as a systematic methodology for large-scale
custom cake engineering. The framework organizes
project execution into six sequential stages, each ad-
dressing a specific category of structural, operational,
and logistical requirements.

Rather than treating cake construction as a purely
artistic or culinary process, the framework approaches
each project as a temporary engineered structure that
requires planning, analysis, implementation, monitor-
ing, and verification.

The six-stage model serves as the central organiz-
ing structure of the proposed discipline of Pastry Ar-
chitecture.

Nykytiuk Pastry Architecture Framework (NPAF)

The central contribution of this study is the intro-
duction of the Nykytiuk Pastry Architecture Frame-
work (NPAF), a systematic methodology designed for
the planning, engineering, construction, transporta-
tion, and installation of large-scale custom cakes.

Unlike traditional cake-production approaches that
focus primarily on recipe formulation and decorative
execution, the NPAF model treats complex cakes as
temporary architectural systems whose reliability de-
pends upon the interaction of multiple structural and
operational variables.

The framework establishes a repeatable methodol-
ogy intended to improve project predictability, reduce
risk, and facilitate professional standardization.

Stage 1: Conceptual Design

The first stage establishes project objectives and
defines all major design requirements. These include
dimensions, serving capacity, artistic vision, venue
characteristics, transportation distance, environmen-
tal conditions, and client expectations.

At this stage, aesthetic goals must be evaluated
alongside structural feasibility. Design concepts that
cannot be safely executed within identified constraints
require modification before production planning begins.
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execution of large-scale custom cake projects

Fig. 1. The Nykytiuk Pastry Architecture Framework (NPAF), an original six-stage methodology for the planning and

Early integration of technical assessment signifi-
cantly reduces downstream project risks.

Stage 2: Structural Engineering Assessment

The second stage evaluates the structural require-
ments of the project. Key considerations include:

e anticipated load distribution;
¢ center-of-gravity location;

® support-system requirements;
¢ reinforcement strategies;

¢ structural redundancy.

The assessment determines whether the proposed
design can maintain stability throughout production,
transportation, installation, and presentation.

Support structures are selected according to antic-
ipated loading conditions rather than solely according
to visual requirements.

Stage 3: Material and Stability Analysis

The third stage focuses on material behavior and
environmental performance.

Cake compositions, fillings, coverings, decorative
materials, and support components are evaluated ac-
cording to:
¢ density;

* compressive resistance;

* moisture sensitivity;

* temperature tolerance;

* long-term dimensional stability.

Material selection plays a critical role in determin-
ing overall structural reliability and must therefore
be aligned with project-specific performance require-
ments [3].

Stage 4: Risk Evaluation

Following structural and material assessment,
project-specific risks are identified and categorized.

Potential risks include:

e structural failure;

* transportation damage;

* environmental degradation;
¢ installation complications;

¢ decorative-component failure.

The results of this stage directly inform mitigation
strategies implemented during later phases of project
development.

Stage 5: Transportation Planning

Transportation represents one of the most significant
sources of failure in large-scale custom cake projects.

This stage evaluates:

* route complexity;

¢ travel duration;

e vibration exposure;

* packaging requirements;

* temperature-control measures;

¢ loading and unloading procedures.

Transportation planning is treated as an engineer-
ing consideration rather than an operational after-
thought.

Stage 6: Installation and Quality Verification

The final stage includes project delivery, assembly,
stabilization, and final inspection.

Quality verification procedures confirm that the
completed structure satisfies both aesthetic and struc-
tural requirements prior to presentation.

Contingency measures are also implemented when
elevated project risk has been identified during earlier

stages.
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Successful completion of this stage marks the tran-
sition from production to operational deployment of
the finished edible structure.

Cake Structural Risk Matrix (CSRM)

One of the defining characteristics of engineering
disciplines is the systematic identification and man-
agement of risk before construction begins. In contrast,
risk assessment within professional cake production
has historically been based primarily on individual
experience and informal decision-making processes.

As project complexity increases, reliance on intu-
ition alone becomes increasingly insufficient. Large-
scale custom cakes may involve substantial materi-
al costs, extensive labor investment, transportation
over long distances, and significant reputational con-
sequences in the event of failure. Consequently, the
implementation of structured risk-assessment meth-
odologies becomes essential.

To address this challenge, the present study intro-
duces the Cake Structural Risk Matrix (CSRM),
an original risk-evaluation model developed as part of
the broader Nykytiuk Pastry Architecture Framework.

The CSRM model was developed specifically for

Environmental risk arises from exposure to factors
including:
¢ elevated temperatures;
® humidity fluctuations;
¢ direct sunlight;

e prolonged display periods;
* venue-specific environmental conditions.

Environmental factors may alter material behavior
and significantly reduce structural reliability.

Installation Risk

Installation risk occurs during unloading, assembly,
positioning, and final presentation.

Projects requiring on-site assembly frequently
involve elevated risk due to time constraints, venue
limitations, and handling complexity.

Risk Assessment Process

The CSRM methodology evaluates each identified
risk according to two criteria:

1. Probability of occurrence.

2. Potential impact upon project success.

The combination of these variables determines
overall risk classification. For example:

edible structures .an.d provides a systematic method for Scenario Pr(;}:abi- Impact 3i5k1
identifying, classifying, and mitigating project-specific 1y eve
risks before production begins. Decorative element | Medium | Moderate | Moderate
detachment
IMPACT LOW MEDIUM | HIGH Filling deformation Low Moderate Low
LOW PROBABILITY L L M Transportation ngh Major ngh
damage
MEDIUM L M H Structural collapse | Medium— | Critical | Very High
Fig. 2. Cake Structural Risk Matrix (CSRM) High

L = Low Risk
M = Moderate Risk H = High Risk
VH = Very High Risk

Figure 2. Cake Structural Risk Matrix (CSRM), an
original risk-classification model for evaluating project-
specific threats in large-scale edible structures.

Risk Categories

The CSRM identifies four primary categories of
project risk:

Structural Risk

Structural risk refers to the possibility of failure
resulting from inadequate support systems, excessive
loading, improper load transfer, material weakness,
or instability of the overall structure.

Structural collapse represents the most severe cat-
egory of project failure because it may compromise the
entire edible structure.

Transportation Risk

Transportation risk includes damage resulting from
vibration, acceleration, braking forces, handling pro-
cedures, and packaging deficiencies.

Numerous complex cakes remain structurally stable
during production but fail during transportation due
to insufficient planning of dynamic loading conditions.

Environmental Risk
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Projects exhibiting High or Very High-Risk classi-
fications require implementation of additional miti-
gation strategies.

Risk Mitigation Strategies.

Recommended mitigation measures include:

* redundant support systems;

¢ reinforced internal structures;

¢ alternative transportation procedures;
e environmental-control measures;

* on-site assembly protocol

* emergency stabilization plans.

The objective is not to eliminate risk entirely but
rather to reduce the probability and severity of poten-
tial failures.

The incorporation of formal risk-management pro-
cedures represents one of the principal distinctions
between traditional cake production and the proposed
discipline of Pastry Architecture.

Structural Design Principles in Pastry Architecture

The successful execution of large-scale custom
cakes depends upon the application of fundamental
structural principles commonly encountered in engi-
neering and architecture.

Although edible structures differ significantly from
conventional construction materials, they remain
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subject to the same physical laws governing stability,
load transfer, equilibrium, and material performance.

The present framework adapts these principles to
the unique requirements of pastry production.

Load Distribution

Load distribution represents one of the most im-
portant determinants of structural reliability.

Every component incorporated into a cake contrib-
utes to the overall loading condition of the structure.
This includes:
¢ cake layers;
¢ fillings;

* support elements;
¢ decorative components;
e sculptural features.

Failure to distribute these loads appropriately
may result in localized stress concentrations that ex-
ceed material capacity.

Engineering literature consistently demonstrates
that successful structures rely upon predictable
load-transfer pathways [3]. The same principle applies
to edible structures.

Within the NPAF model, structural loads should be
transferred through dedicated support systems rather
than through edible materials alone.

Figure 3. Conceptual model illustrating load trans-
fer through a multi-tier custom cake structure.

The figure demonstrates how structural loads are
transmitted through internal support systems toward
the primary base platform. Stability depends upon the

integrity of these support pathways rather than the
strength of decorative components.

Center of Gravity Management

As structures increase in height and complexity,
center-of-gravity management becomes increasingly
important.

Asymmetrical designs, suspended decorations, float-
ing elements, and sculptural projections may shift the
center of gravity away from the structural centerline.

When this occurs, overturning forces increase sig-
nificantly.

The NPAF methodology therefore requires eval-
uation of center-of-gravity placement during the
conceptual-design stage rather than after production
has begun.

Early identification of stability concerns allows cor-
rective measures to be incorporated before construction
proceeds.

Structural Redundancy

Redundancy is widely recognized as a fundamental
principle of engineering reliability.

A redundant system contains secondary support
pathways capable of maintaining functionality in the
event of localized component failure.

Within pastry architecture, redundancy may in-
clude: additional support columns; secondary rein-
forcement systems; backup transportation platforms;

modular assembly strategies.

The incorporation of redundancy significantly re-
duces the likelihood of catastrophic failure.

DECORATIVE ELEMENTS
\ &

VISUAL LOAD ZONE

UPPER TIER

INTERNAL SUPPORTS

MIDDLE TIER

LOAD TRANSFER SYSTEM

BASE TIER

SUPPORT PLATFORM

Fig. 3. Structural Components of a Large-Scale Custom Cake
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Material Performance

Material behavior plays a central role in structural
reliability.

Cake compositions differ substantially in density,
moisture content, compressive strength, and environ-
mental sensitivity.

Consequently, material selection should be based
upon performance requirements rather than solely
upon aesthetic or culinary considerations.

This principle reflects established engineering
methodologies emphasizing the relationship between
material properties and structural performance [3].

Environmental Stability

Environmental conditions remain among the most
underestimated variables in custom cake production.

Temperature fluctuations, humidity exposure, pro-
longed display periods, and transportation conditions
may significantly influence material behavior.

The NPAF framework therefore requires environ-
mental assessment as part of the planning process.

Environmental stability should be evaluated
throughout:
¢ production;
® storage;

* transportation;
¢ installation;
® presentation.

This approach ensures that structural reliability
is maintained throughout the entire project lifecycle.

Commercial and Industry Applications

The practical value of Pastry Architecture extends
beyond theoretical discussion and offers significant
benefits for professional pastry businesses, hospitality
organizations, educational institutions, and industry
stakeholders.

The increasing demand for large-scale custom
cakes has created a market environment in which tech-
nical reliability is becoming as important as artistic
quality. Clients commissioning premium cake projects
frequently invest substantial financial resources and
expect consistent performance throughout transpor-
tation, installation, and presentation.

Consequently, businesses capable of delivering
structurally reliable products gain significant com-
petitive advantages.

The implementation of the Nykytiuk Pastry Archi-
tecture Framework (NPAF) may improve operational
performance in several areas.

First, systematic planning reduces production
uncertainty by identifying structural vulnerabilities
before fabrication begins. Early detection of potential
failures decreases material waste, minimizes redesign
requirements, and improves resource allocation.

Second, standardized methodologies increase con-
sistency across projects. Traditional cake production
often relies heavily on the experience of individual pro-
fessionals. While expertise remains valuable, depen-
dence upon tacit knowledge may limit scalability. The
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adoption of structured procedures facilitates knowl-
edge transfer and organizational standardization.

Third, engineering-based planning supports work-
force development. Employees can be trained using
documented procedures rather than relying exclusively
on informal mentorship. This approach enhances oper-
ational continuity and reduces organizational depen-
dence upon individual specialists.

Fourth, the framework provides a foundation for
quality assurance. By incorporating structural eval-
uation, risk assessment, and verification procedures
into project workflows, businesses can improve reliabil-
ity while reducing operational losses associated with
transportation damage and structural failure.

From a commercial perspective, these advantages
contribute directly to customer satisfaction, brand rep-
utation, and long-term business sustainability.

Applications in Hospitality and Event Industries

Large-scale cakes are frequently commissioned for
weddings, corporate events, luxury celebrations, exhi-
bitions, and promotional campaigns.

These projects often involve:

* complex logistics;

e strict delivery schedules;

* venue-specific requirements;

* substantial financial investments.

The application of Pastry Architecture principles
may improve project outcomes by ensuring that tech-
nical planning receives the same level of attention as
artistic design.

As event expectations continue to increase, engi-
neering-based methodologies are likely to become in-
creasingly valuable within premium hospitality markets.

Educational Applications

The emergence of Pastry Architecture also creates
opportunities for curriculum development within cu-
linary education.

Most pastry programs emphasize recipe develop-
ment, baking techniques, and decorative skills. Howev-
er, relatively little instruction is devoted to structural
planning, risk management, transportation engineer-
ing, or large-scale project execution.

The NPAF model may serve as a foundation for
educational modules addressing:

e structural stability;

* support-system design;
* transportation planning;
* environmental analysis;
* project management.

Such educational initiatives would help prepare
future professionals for the technical realities of con-
temporary custom cake production.

Discussion. The findings of this study suggest
that contemporary custom cake production has evolved
beyond the boundaries of traditional pastry practice
and increasingly requires interdisciplinary expertise.

The growing complexity of edible structures
has created challenges that cannot be adequately
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addressed through culinary knowledge alone. Profes-
sionals must simultaneously consider material be-
havior, structural stability, transportation logistics,
environmental conditions, and project-specific risks.

The proposed concept of Pastry Architecture pro-
vides a framework for integrating these considerations
into a coherent professional methodology.

Unlike traditional approaches that frequently sepa-
rate artistic design from technical planning, the NPAF
model treats both dimensions as interconnected com-
ponents of a single system. This integration reflects
broader trends observed in architecture, engineering,
and industrial design, where aesthetic objectives and
functional performance are developed concurrently
rather than sequentially.

The introduction of the Cake Structural Risk Ma-
trix (CSRM) further contributes to the professional-
ization of the field by establishing a formal process for
evaluating uncertainty and implementing preventive
measures.

While previous literature has addressed food ma-
terials, engineering concepts, and culinary innovation
independently [1; 3; 10], few studies have attempted
to synthesize these disciplines within a unified frame-
work specifically applicable to custom cake production.

The present study therefore contributes to both pro-
fessional practice and academic discourse by proposing
a new conceptual model capable of supporting future
research, education, and industry standardization.

Future investigations may expand upon the
framework through empirical testing of structural-
performance models, quantitative evaluation of
support systems, transportation simulations, and
material-behavior analysis under varying environ-
mental conditions.

Such research would further strengthen the scien-
tific foundation of Pastry Architecture as an emerging
discipline.

Original Contribution to the Field

The principal contribution of this study is the for-
mal introduction of Pastry Architecture as a distinct
interdisciplinary field that integrates structural en-
gineering, food science, logistics management, risk
assessment, and artistic design within a unified pro-
fessional framework.

While previous literature has explored these do-
mains independently, no widely recognized method-
ology currently exists for their systematic application
to large-scale custom cake production.

The present study introduces two original concep-
tual models developed by the author:

Nykytiuk Pastry Architecture Framework (NPAF)

The NPAF represents an original six-stage method-
ology for planning, constructing, transporting, install-
ing, and evaluating complex edible structures.

The framework establishes a repeatable process ca-
pable of improving reliability, consistency, scalability,

and risk management within professional cake pro-
duction.

Cake Structural Risk Matrix (CSRM)

The CSRM represents an original risk-classifica-
tion model specifically designed for large-scale edible
structures.

The matrix provides a systematic approach for eval-
uating project-specific vulnerabilities and implement-
ing preventive mitigation strategies before production
begins.

Together, these models establish a conceptual foun-
dation for future research, professional education, and
industry-wide standardization.

To the author’s knowledge, this is the first pub-
lished framework that combines engineering design
principles, material-performance analysis, transpor-
tation planning, risk-management methodology, and
advanced pastry production into a unified operational
system.

Conclusion. This article has introduced Pastry Ar-
chitecture as an emerging interdisciplinary discipline
situated at the intersection of structural engineering,
food science, logistics management, risk assessment,
and artistic design.

The increasing complexity of contemporary custom
cake projects demonstrates the need for methodologies
that extend beyond traditional pastry techniques and
incorporate systematic planning procedures commonly
associated with engineering and architectural practice.

The study proposed two original conceptual con-
tributions:

The Nykytiuk Pastry Architecture Framework
(NPAF), a six-stage methodology for the planning and
execution of large-scale custom cake projects.

The Cake Structural Risk Matrix (CSRM), a struc-
tured model for evaluating and mitigating project-
specific risks associated with edible structures.

Together, these models provide a foundation for
improving structural reliability, operational efficiency,
transportation safety, and professional standardization
within the custom cake industry.

The findings suggest that future advancements in
large-scale cake production will increasingly depend
upon the integration of engineering-based methodol-
ogies capable of addressing the technical demands of
contemporary edible structures.

Future research should focus on empirical valida-
tion of the proposed framework, quantitative struc-
tural analysis, environmental-performance testing,
transportation simulations, and curriculum develop-
ment dedicated to the emerging discipline of Pastry
Architecture.

As the scale and sophistication of custom cake proj-
ects continue to expand, Pastry Architecture may serve
as a valuable framework for supporting innovation,
reliability, and professional excellence across the global
pastry industry.
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ACCESS MATRIX-AS-CODE: AUTOMATED
GENERATION OF PERMISSION VALIDATION SCENARIOS
FROM CODIFIED ACCESS SPECIFICATIONS
IN ENTERPRISE CRM PLATFORMS

Summary. Enterprise CRM platforms accumulate thousands of permission boundary definitions across roles, objects, and
fields, yet the test suites that validate these boundaries are typically maintained through manual mappings that grow stale as
configurations change. This paper introduces Access Matrix-as-Code (AMS), an approach in which the complete permission state
of a Salesforce CRM deployment is extracted via Tooling API SOQL queries, codified as a versioned YAML specification, and used
to automatically generate both positive and negative test scenarios for every role-object-field combination. A diff engine compares
successive AMS snapshots to produce incremental scenario updates targeting only permission boundaries affected by each re-
lease. Evaluated across six release cycles in a financial services CRM environment with 27 roles and over 3,000 permission bound-
ary definitions, the pipeline achieved 100% specification completeness, detected 14 unintended configuration drifts that the prior
manual process missed, and reduced scenario generation time to under four minutes per release through delta-based updates.
By converting permission validation from a periodic audit activity into a continuous, specification-driven engineering practice, the
AMS approach eliminates the detection latency that allows unauthorized access configurations to persist between review cycles.

Key words: access matrix-as-code, permission specification, automated test generation, CRM access control, Tooling API,

policy-as-code, configuration drift detection.

ntroduction. Enterprise CRM deployments in regu-

lated industries operate under a dual constraint: the
permission model must be granular enough to enforce
least-privilege access across dozens of roles, yet flexible
enough to accommodate frequent changes driven by
new business requirements, regulatory updates, and
organizational restructuring. A Salesforce deployment
serving a financial advisory network, for instance,
may define 25 or more distinct roles, each governing
access to hundreds of fields distributed across custom
and standard objects. With 27 roles, 43 objects, and
1,840 field-level security entries in the deployment
studied in this paper, the total number of individual
access decisions exceeds 3,000 distinct permission
boundaries. Verifying that these decisions are correctly
implemented after every release cycle is a prerequisite
for regulatory compliance under frameworks such as
the Gramm-Leach-Bliley Act safeguards provisions
and SOX internal control requirements.

Most organizations record the intended state of
their permission configuration in spreadsheets, wiki
pages, or Confluence matrices that an administra-
tor populates at deployment time and updates when

changes occur. These static documents diverge from
the platform’s actual configuration within weeks:
a permission set adjustment made to resolve a user-re-
ported access issue, a sandbox refresh that overwrites
permission boundaries, or a deployment script that
introduces unintended side effects can each create
a gap between what the matrix declares and what the
platform enforces. When such a gap involves granting
access that should be restricted, the organization oper-
ates with an undetected policy violation whose expo-
sure window extends until the next scheduled audit.
In the deployment studied here, audits were conducted
quarterly, leaving a potential detection latency of up
to 90 days per cycle.

Policy-as-Code (PaC) addresses an analogous drift
problem in infrastructure management. HashiCorp
Sentinel [1] evaluates Terraform plans against codified
policy rules before infrastructure is provisioned, Open
Policy Agent [3] applies its Rego language to Kuberne-
tes admission control and cloud resource governance,
and AWS CloudFormation Guard [2] validates infra-
structure templates against declarative guard rules.
Palo Alto Networks [15], SentinelOne [9], and Spacelift
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[10] document growing enterprise adoption of PaC
for RBAC and IAM validation in cloud environments,
reporting significant reductions in configuration vio-
lations when policies are codified and enforced within
CI/CD pipelines rather than reviewed manually on
a periodic schedule.

Despite this momentum, PaC has not been system-
atically adapted to CRM access control testing. Infra-
structure PaC tools answer a compliance question: does
this deployment configuration match the declared poli-
cy? They do not generate executable test scenarios that
verify whether the deployed permission model behaves
correctly at runtime when a user with a specific role at-
tempts a specific operation on a specific field. Salesforce
exposes its permission model through the Tooling API
[7], a REST and SOQL-based interface that provides
query access to PermissionSet, FieldPermissions, Ob-
jectPermissions, and SetupEntityAccess sObjects. Bas-
kar [13] and Salesforce Ben [12] have demonstrated ex-
traction of profile and permission set metadata through
these interfaces for administrative purposes. An open
question remains: can the extracted permission state
serve as a formal specification from which test scenari-
os are generated automatically, closing the loop between
access policy definition and test execution?

Research on specification-driven test generation
[8] has established the principle that each element of
a formal model can produce corresponding test cas-
es, achieving systematic coverage by construction.
Whether this principle can be applied to CRM access
matrices, and whether the generation can operate
incrementally to scale with the magnitude of each
change rather than the size of the overall system, has
not been investigated.

This paper addresses these questions by formaliz-
ing and evaluating an Access Matrix-as-Code (AMS)
pipeline. Three objectives guide the investigation: (1)
to determine whether programmatic extraction of the
CRM permission state can produce a specification
complete enough to serve as the sole authoritative
input for test generation; (2) to measure the accuracy
of generated scenarios and the rate at which the pipe-
line detects unintended configuration drifts across six
production release cycles; and (3) to evaluate whether
diff-based incremental generation achieves sufficient
efficiency for integration into a CI/CD pipeline, and
whether the approach is portable across organizational
boundaries, assessed through a secondary deployment
at East Cloud Solutions, a Salesforce consulting prac-
tice founded by the author.

Literature Review. PaC frameworks express gov-
ernance rules in domain-specific languages designed
for policy authors rather than application developers.
OPA’s Rego [3] is a declarative query language that
evaluates structured input documents against rule
sets and returns allow/deny decisions; policies are
organized as packages that can be unit-tested inde-
pendently and composed into hierarchical bundles.
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Sentinel [1] follows a similar declarative model but em-
beds enforcement directly into Terraform’s plan-apply
lifecycle, so that a failing policy halts the provisioning
operation before any resource is modified. CloudFor-
mation Guard [2] takes a third path, defining rules as
typed clauses that pattern-match against JSON and
YAML template nodes. Check Point [14] documents
how these frameworks integrate into CI/CD pipelines
through pre-deployment gates that evaluate each in-
frastructure change against the active policy set and
block non-compliant commits. Critically, none of these
languages includes constructs for emitting executable
test scenarios, which confines PaC to compliance veri-
fication and prevents its direct application to runtime
access validation.

Formal access control modeling provides the vocab-
ulary for specifying permission boundaries. Ferraiolo
et al. [4] defined the NIST RBAC standard with four
components ranging from Core RBAC (user-role-per-
mission mappings) to Dynamic Separation of Duty
constraints. More directly relevant to test generation
is NIST SP 800-53 Revision 5 [11], which operational-
izes access control through 25 security requirements.
AC-3 (Access Enforcement) mandates that the sys-
tem enforce approved authorizations at every access
point, and AC-6 (Least Privilege) mandates that each
user receive only the minimum access necessary for
their function. For an automated validation pipeline,
these controls translate into a concrete criterion: ev-
ery granted permission must succeed when exercised
(AC-3 positive path), and every non-granted permis-
sion must be denied when attempted (AC-3 negative
path combined with AC-6 verification).

Salesforce implements a layered permission resolu-
tion model whose complexity exceeds the flat role-per-
mission mapping described in Core RBAC. Profiles [6]
define baseline object and field access, system permis-
sions, and login restrictions for every user assigned to
them. Permission sets [5] grant additive access on top
of the profile baseline, and permission set groups bun-
dle multiple sets into a single assignable unit whose
effective permissions are the union of all constituent
sets. Within groups, muting permission sets selective-
ly revoke specific permissions that would otherwise
be inherited, introducing a subtractive layer absent
from the standard RBAC model. Sharing rules govern
record-level visibility by extending read or read/write
access to records owned by users in one role to users
in another role, operating independently of object- and
field-level permissions. This multi-layered resolution
means that the effective permission for a given user
on a given field depends on the profile assignment,
all active permission set assignments, the resolution
order within any assigned permission set groups, any
muting overrides, and the applicable sharing rules.
Extracting this composite state requires querying mul-
tiple metadata structures and merging their outputs
according to the platform’s resolution precedence.
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Salesforce’s Tooling API [7] provides query ac-
cess to the metadata objects that encode each layer
of the permission model. FieldPermissions records
store boolean read and edit flags per field per per-
mission set; ObjectPermissions records store CRUD
flags (create, read, update, delete) plus ViewAllRe-
cords and ModifyAllRecords per object per permission
set; SetupEntityAccess records store access grants to
connected apps, Apex classes, and Visualforce pages
per permission set. Each record includes the parent
PermissionSet identifier, enabling the extraction layer
to reconstruct the full permission tree by joining query
results across these four sObjects. Baskar [13] demon-
strated a package.xml retrieval technique that pulls
profile and permission set metadata as XML bundles,
but this approach returns the raw deployment repre-
sentation rather than a queryable dataset. Salesforce
Ben [12] documented Metadata API and Tooling API
usage for administrative bulk edits, confirming that
the Tooling API’s SOQL interface offers more granular
query control than the XML-based retrieve operation
used for deployment packages.

Utting, Pretschner, and Legeard [8] published a tax-
onomy that classifies model-based testing approaches
along three dimensions: model notation, test genera-
tion algorithm, and coverage criterion. Specification-
driven generation, the category most relevant to access
matrix validation, produces one or more test cases for
every element of the formal model, achieving coverage
by construction rather than by sampling. When applied
to a permission matrix, this means each role-object-
field entry with a defined access level yields a scenario
pair: a positive scenario exercising the granted path
and a negative scenario exercising the denied path.
Prior applications of specification-driven generation
have focused on state machine models and protocol
specifications; no published work applies this tech-
nique to access control matrices extracted from a CRM
platform’s metadata layer.

Table 1 positions the proposed AMS approach
against two established alternatives for managing
permission validation.

Manual matrices depend on human maintenance
and produce tests only through manual authoring,

creating a bottleneck proportional to permission com-
plexity. Infrastructure PaC tools automate compliance
evaluation but confine their output to binary verdicts
without producing executable scenarios, and target
cloud resource configurations rather than CRM-spe-
cific permission models with layered resolution logic.
No peer-reviewed studies address automated scenario
generation from CRM permission metadata; the closest
related work remains the model-based testing litera-
ture [8], which has not been applied to access control
matrices extracted from a platform’s metadata layer.
Neither existing approach generates test scenarios
from the platform’s own permission state or supports
incremental updates scoped to changed entries.
Materials and Methods. Evaluation was con-
ducted within a Salesforce-based CRM deployment at
a financial services organization managing client as-
sets in excess of $130 billion. Outcomes are compared
across six consecutive release cycles during which the
AMS pipeline was operational, with baseline compar-
ison drawn from six preceding cycles during which
permission validation relied on manually maintained
matrices and manually authored scenarios.
Designed by the author, the AMS pipeline operates
as a three-phase process: Extract, Codify, and Gener-
ate. In the Extract phase, a scheduled job authenti-
cates via OAuth 2.0 client credentials flow and exe-
cutes four Tooling API SOQL queries against distinct
sObjects: PermissionSet (retrieving all active sets,
including those embedded within profiles, filtered by
IsActive = true), FieldPermissions (retrieving per-field
read and edit grants for each set), ObjectPermissions
(retrieving per-object CRUD, ViewAllRecords, and
ModifyAllRecords grants for each set), and SetupEn-
tityAccess (retrieving entity-level access to connected
apps, Apex classes, and Visualforce pages for each set).
Parent PermissionSet identifiers in each result set en-
able the pipeline to assemble the complete access hier-
archy through cross-sObject joins. Dormant permission
sets with zero user assignments are excluded to avoid
generating scenarios for unreachable configurations.
In the Codify phase, normalized extraction output
is transformed into an Access Matrix Specification
(AMS) document formatted in YAML. Each entry

Table 1

Comparison of permission validation approaches

Characteristic Manual access matrix

Infrastructure PaC AMS (proposed)

Spec format Spreadsheet / wiki

Rego / Sentinel rules Versioned YAML

Scope CRM access control

Infrastructure / cloud IAM CRM access control

Update trigger Manual edit

Policy code by operators Auto-extracted per release

Test generation Manual authoring

None (verdict only) Automated pos. + neg.

Drift detection Periodic manual audit Pre-deployment gate Diff snapshot per release
Incremental Full re-review Full re-evaluation Delta for changed only
Feedback loop None None Failures trigger spec fix

Source: synthesized by the author based on [1; 2; 3; 5; 7; 8]
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follows a hierarchical key structure: role identifier,
object API name, field API name (for field-level entries)
or the literal “object” (for object-level entries), and a set
of boolean access flags (readable, creatable, editable,
deletable, viewAllRecords, modifyAllRecords). Shar-
ing rule entries record the sharing model (private,
readOnly, readWrite) per object per role pair. Permis-
sion set group resolution is handled by merging the
permissions granted by each member set and then
subtracting any flags revoked by muting sets assigned
to the group, replicating the platform’s own resolution
precedence within the specification. Each AMS docu-
ment is committed to version control with a release-
cycle timestamp. Schema design decisions for platform-
specific constructs such as muting set resolution order
and record-level sharing propagation to child objects
were informed by the author’s eight Salesforce certi-
fications spanning administration, development, and
architecture domains.

In the Generate phase, the generation engine iter-
ates over each AMS entry and emits one scenario per
entry. Entries where access is granted produce a pos-
itive scenario that authenticates as a user assigned to
the corresponding role and asserts successful execu-
tion of the permitted operation. Entries where access
is denied produce a negative scenario that authenti-
cates as a user assigned to the corresponding role and
asserts that the operation is blocked by the platform.
When executing after the initial baseline cycle, a diff
engine compares the current AMS snapshot with its
predecessor and identifies entries whose access flags
differ. Only changed entries generate new scenarios;
unchanged entries retain existing scenarios without
regeneration. Each changed entry is further classified
as an intentional modification (matching an approved
change request in the release manifest) or an unin-
tended drift (no corresponding change request found).

Scenario execution is handled by the organization’s
existing test automation infrastructure, which au-
thenticates as each role through dedicated test user
accounts and performs CRUD operations against the
target objects and fields via the Salesforce Ul layer.
A full suite of 3,087 scenarios completes execution

in approximately 4.5 hours when distributed across
parallel browser sessions, a duration compatible with
overnight CI pipeline scheduling. Because the execu-
tion framework is external to the AMS pipeline, the
pipeline’s output is a structured scenario manifest
(role, object, field, operation, expected outcome) that
the framework consumes without modification.

Four metrics evaluate pipeline effectiveness. Spec-
ification completeness measures the percentage of ac-
tive permission configurations (field-level, object-level,
sharing rule) captured in the AMS document relative
to the total returned by Tooling API queries. Accuracy
of generated scenarios is measured as the percentage
whose expected outcome (access granted or denied)
matches the actual platform behavior, verified through
a full-suite execution after each extraction cycle. Con-
figuration drift detection rate records the number of
unintended permission changes identified through AMS
snapshot comparison per release cycle. Incremental gen-
eration efficiency compares the wall-clock time for diff-
based delta generation against full-suite regeneration.

Results

1. Specification Scope and Scenario Distri-
bution

Table 2 reports the AMS dimensions for the final
release cycle, representative of the stable deployment
scope observed throughout the evaluation period.

Among the 873 negative scenarios, field-level de-
nials constituted 612 (70.1%), object-level CRUD re-
strictions accounted for 198 (22.7%), and sharing rule
restrictions comprised 63 (7.2%). Specification com-
pleteness across all six cycles was 100%.

2. Generation Accuracy and Refinement

Generation accuracy was evaluated by executing
the full scenario suite after each extraction and com-
paring outcomes against AMS-predicted access levels.
Across the six cycles, 18,522 total scenario executions
(3,087 scenarios per cycle) produced 18,491 correct
outcomes, yielding an aggregate accuracy of 99.8%.

All 31 mismatches concentrated in two cycles and
traced to two distinct root causes. During cycle 2, 19
positive scenarios failed because a permission set
group containing a muting set produced a denial that

Table 2
Access Matrix Specification dimensions and generated scenario counts (final release cycle)
Dimension Count
Active roles (profiles + permission sets) 27
Custom and standard objects 43
Field-level security entries 1,840
Object-level permission entries 1,161
Sharing rule entries 86
Total AMS entries 3,087
Positive scenarios (access granted) 2,214 (71.7%)
Negative scenarios (access denied) 873 (28.3%)

Source: compiled by the author based on Tooling API extraction logs
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the AMS document did not predict. Investigation re-
vealed that the Codify phase computed the group’s
effective permissions by applying muting sets after
all granting sets, whereas the platform applied them
in the order specified by PermissionSetGroupCompo-
nent records. Correcting the resolution order in the
Codify logic eliminated these mismatches in subse-
quent cycles. During cycle 4, 12 negative scenarios
unexpectedly passed because a sharing rule modifica-
tion propagated read access to child objects through
a master-detail relationship that the top-level sharing
rule query did not capture. Adding a recursive tra-
versal for master-detail child objects to the Extract
phase resolved this class of errors. Cycles 5 and 6 each
achieved 100% generation accuracy with no further
refinements required.

3. Configuration Drift Detection

Under the prior manual audit regime, three unin-
tended permission changes were detected across six
baseline cycles, with an average discovery latency of
47 days. AMS snapshot comparison, executing at each
release cycle boundary (every 3 to 5 days), produced
a substantially different detection profile.

Figure 1 presents the configuration drift detection
record across the six AMS-monitored release cycles.

Across the six cycles, the diff engine flagged 89 total
configuration changes: 75 intentional modifications
matching approved change requests and 14 unintend-
ed drifts. Cycle 1 exhibited the highest drift count (4),
attributable to residual configuration artifacts from
the preceding sandbox refresh that had not been rec-
onciled with the production change manifest. Nine of

the 14 drifts involved field-level security grants that
expanded access beyond the intended boundary, a pat-
tern consistent with the administrative practice of
granting additional field access as a quick fix for us-
er-reported access errors without updating the formal
change record. Four drifts involved object-level permis-
sion changes introduced by deployment scripts that
modified permission sets as side effects of unrelated
feature deployments. One drift involved a sharing rule
modification triggered by a role hierarchy adjustment.
All 14 were corrected at the release boundary before
the next production deployment.

4. Incremental Generation Efficiency

Full-suite generation from a complete AMS snap-
shot required an average of 22.2 minutes across the
six cycles for the 3,087-entry primary deployment;
the East Cloud Solutions deployment (described in
Section 4.5) completed full generation of its 640 entries
in 7 minutes, consistent with generation time being
proportional to entry count. Cycle 1 required full gen-
eration (24 minutes) because no prior snapshot existed
for comparison. For cycles 2 through 6, the diff engine
identified an average of 52 changed entries per cycle
(range: 31 in cycle 3 to 82 in cycle 4), representing 1.7%
of total AMS entries.

Figure 2 compares full-suite and incremental gen-
eration times.

Incremental generation averaged 3.3 minutes for
cycles 2 through 6. Correlation between generation
time and the number of changed entries was strong
(Pearson r = 0.94), confirming that the diff-based ap-
proach scales with change magnitude rather than
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Configuration Changes Detected per Release Cycle
by AMS Snapshot Comparison
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Fig. 1. Configuration changes detected per release cycle: intentional modifications versus unintended drifts
Source: compiled by the author
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Fig. 2. Scenario generation time per release cycle: full-suite versus incremental
Source: compiled by the author

system size. At 3.3 minutes per cycle, incremental
generation fits within a single CI/CD pipeline stage
without blocking downstream deployment steps.

5. Cross-Organizational Portability

To assess whether the pipeline generalizes be-
yond the primary deployment, the author applied it
to a secondary Salesforce environment maintained
by East Cloud Solutions, a consulting practice the
author established to deliver Salesforce implemen-
tation services. This environment supports 12 roles
across 18 objects with 640 field-level security entries,
a structurally distinct deployment with different cus-
tom objects, permission set hierarchies, and sharing
models. Extraction, codification, and generation com-
pleted successfully without modification to the pipeline
logic; only Tooling API connection parameters and
the AMS schema’s object-field enumeration required

reconfiguration. Full-suite generation completed in
7 minutes, and incremental generation averaged 1.2
minutes per cycle. Specification completeness was
100%. Measured accuracy was 99.5% in the first cy-
cle (3 mismatches out of 640 scenarios, caused by the
same permission set group resolution issue identified
in the primary deployment), rising to 100% after ap-
plying the resolution order correction already devel-
oped during cycle 2 of the primary evaluation.

6. Consolidated Outcomes

Table 3 summarizes the principal evaluation metrics.

Discussion. Both accuracy drops observed during
the evaluation originated not from flaws in the gen-
eration logic but from incomplete modeling of the
platform’s permission resolution behavior in the ex-
traction and codification layers. Once corrected, the
same refinements applied without modification to the

Table 3
Summary of evaluation metrics
Metric Baseline (manual) AMS pipeline
Spec completeness Not measured 100% (all 6 cycles)
Generation accuracy N/A 99.8%; 100% cycles 5—6
Unintended drifts 3 (quarterly audit) 14 (per-release)
Avg. detection latency 47 days 0 production-exposed days
Full generation time N/A 22.2 min avg
Incremental gen. time N/A 3.3 min avg (cycles 2—6)
Scenarios maintained ~180 (manual) 3,087 (auto-generated)
East Cloud Solutions N/A 100%j; 7 min full gen.

Source: compiled by the author based on pipeline execution logs and change management records
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secondary deployment, where the identical muting
set issue surfaced independently. This convergence
suggests that the set of platform-specific edge cases
is finite and discoverable through progressive oper-
ational exposure: each edge case, once encoded into
the pipeline, is permanently resolved across all de-
ployments that share the same Tooling API schema.
For organizations considering adoption, this means
the initial cycles carry a higher correction burden,
but the pipeline stabilizes as the edge case inventory
approaches completeness.

A defining architectural property of the AMS pipe-
line is that it creates a bidirectional validation loop
between the specification and the platform. In the
forward direction, the specification produces scenar-
ios that exercise each declared permission boundary
against the live platform. In the reverse direction, sce-
nario failures expose inaccuracies in the specification
itself, either because the extraction queries missed
a platform behavior (as with muting set resolution
order) or because the codification logic applied an
incorrect resolution precedence (as with child object
sharing propagation). Each reverse-direction correc-
tion permanently improves the specification’s fidelity
to the platform, so that subsequent forward-direction
validations operate against a progressively more ac-
curate model. Infrastructure PaC tools lack this re-
verse path: when a Sentinel policy evaluation returns
a compliance violation, the operator must determine
independently whether the violation reflects a genuine
infrastructure misconfiguration or a stale policy defi-
nition. In the AMS pipeline, scenario failures carry
sufficient diagnostic detail (which role, which object,
which field, which operation, expected versus actual
outcome) to distinguish platform drift from specifica-
tion drift without additional investigation.

Drift patterns reveal an asymmetry in how admin-
istrators interact with the permission model under
time pressure. Nine of the fourteen unintended chang-
es expanded access rather than restricted it, consistent
with a response pattern in which granting additional
field visibility is the fastest way to address an end-user
complaint about missing data. Restricting access, by
contrast, tends to be deferred because it risks dis-
rupting existing workflows. From a security stand-
point, this asymmetry is consequential: over-granting
is precisely the class of drift that creates regulatory
exposure, yet it is the class least likely to be noticed
by users or reported through support channels. Auto-
mated snapshot comparison detects expansions and
restrictions with equal sensitivity, neutralizing the
asymmetry that manual audit processes inherit from
the administrative behavior that produced the drift.

Beyond detection sensitivity, the AMS pipeline dif-
fers from manual auditing in two structural dimen-
sions that compound to explain the gap between 3
and 14 detected drifts across equivalent six-cycle pe-
riods. First, audit frequency: manual audits occurred

quarterly, leaving up to 90 days between observations
during which multiple drifts could be introduced, com-
pounded, and even reversed before the next review.
Per-release snapshot comparison reduces this window
to the length of a single release cycle (3 to 5 days),
capturing each individual change event before it inter-
acts with subsequent modifications. Second, coverage
scope: a manual auditor reviewing a matrix of 3,087
permission entries under time constraints inevitably
samples a subset of roles and objects, prioritizing ar-
eas flagged by user complaints or recent change re-
quests. Automated comparison evaluates every entry
in the specification exhaustively, with no sampling
bias toward recently active areas. When frequency
and coverage improve simultaneously, the combined
effect exceeds what either factor would produce in-
dependently: high-frequency exhaustive comparison
surfaces drifts that low-frequency sampled audits are
structurally incapable of detecting.

Incremental generation’s dependence on the volume
of changed entries rather than the total specification
size carries implications for organizations operating
at scales larger than the deployment studied here.
A deployment with 10,000 AMS entries experiencing
the same 1.7% change rate per cycle would produce ap-
proximately 170 changed entries, yielding an estimat-
ed incremental generation time of roughly 11 minutes
based on the observed rate of approximately 16 entries
per minute. Full-suite regeneration for the same de-
ployment would require approximately 73 minutes,
making incremental generation the only viable option
within a CI/CD pipeline constrained to sub-hour stage
budgets. For multi-org enterprises managing parallel
Salesforce instances across business units, the cumu-
lative advantage compounds with each additional org.

Several constraints limit the scope of these findings.
Tooling API SOQL queries are specific to Salesforce;
other CRM platforms (Microsoft Dynamics 365, Ser-
viceNow) expose permission metadata through dif-
ferent interfaces, and adapting the Extract phase to
each platform would require rewriting the query layer.
A separate boundary is that the pipeline produces sce-
nario definitions (role, object, field, operation, expected
outcome) rather than fully executable test scripts; the
execution framework that authenticates each role and
performs the access assertion was already present in
the organization’s automation infrastructure and is
external to the AMS pipeline itself. Independent rep-
lication at unrelated enterprises would strengthen
evidence for general portability beyond the two related
deployments evaluated here. Although the East Cloud
Solutions deployment provides a secondary data point,
both environments share the same Tooling API schema
and were configured by the same author, leaving exter-
nal validity dependent on future replication by inde-
pendent teams operating in different industry sectors.

Future research could apply machine learning to
AMS snapshot histories to predict which permission
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configurations are most likely to drift, enabling proac-
tive test prioritization before changes occur. Extending
the YAML specification to capture time-bound access
constraints (permissions valid only during business
hours or within approval windows) would address
a category of access requirements that the current
boolean-flag model cannot represent. Cross-platform
portability, in which a unified AMS schema generates
scenarios for Salesforce, Dynamics 365, and Service-
Now through platform-specific extraction adapters,
would test whether the approach generalizes beyond
a single vendor’s metadata architecture.

Conclusions. Programmatic extraction via Tooling
API captured the full active permission state without
manual input, producing a specification that remained
synchronized with the platform across every measured
cycle. Where the specification initially fell short, in
capturing how muting sets interact with group res-
olution sequences and how sharing rules propagate
through master-detail hierarchies, the pipeline’s own
test results exposed the gaps and guided targeted cor-
rections, after which no further discrepancies arose.
This self-correcting property distinguishes the AMS
approach from static documentation, which can harbor
silent inaccuracies indefinitely because no automated
mechanism exists to surface them. Once stabilized, the
specification became the sole input from which both
positive and negative scenarios were derived determin-
istically, eliminating the manual scenario authoring
bottleneck that limited the prior process to approxi-
mately 180 hand-written scenarios covering a fraction
of the deployment’s 3,087 permission boundaries.

Drift detection delivered the most operationally
consequential capability. Fourteen unintended per-
mission changes surfaced automatically at the release
boundary across six cycles, compared to three detected
during an equivalent period of quarterly manual au-
dits. Access expansions accounted for most detected
drifts, precisely the category that creates regulatory
exposure yet generates no user complaints that would
trigger manual investigation. Scenario accuracy sta-
bilized at 100% after two targeted extraction refine-
ments, confirming that the specification-to-scenario
mapping produces reliable validation outcomes once
the extraction layer accounts for platform-specific per-
mission resolution edge cases.

Diff-based incremental generation reduced pipeline
execution time from over 22 minutes (full-suite) to
3.3 minutes (delta), making specification-driven val-
idation practical as a recurring CI/CD pipeline stage
rather than an occasional batch operation. Execution
time scales with the number of permission boundaries
that changed between releases, not with the overall
specification size, a property that becomes increas-
ingly important as deployments grow beyond the scale
evaluated here. Successful replication at East Cloud
Solutions, a structurally distinct Salesforce deploy-
ment with different role hierarchies and object mod-
els, confirmed that the pipeline’s core logic transfers
across organizational boundaries when the underlying
Tooling API schema is shared, and that extraction re-
finements developed in one deployment apply directly
to others without requiring independent rediscovery
of the same edge cases.

JOJATKOBA IHOOPMAIIIA
DOIHAHCYBAHHS: ABropu He 0TpUMYBATH (PiHAHCYBAHHA [JIA I[bOTO JOCITIKEeHHS.
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DEGRADATION ON THE OPERATIONAL
SAFETY AND STRUCTURAL INTEGRITY

OF COMMERCIAL VEHICLES

Summary. The research investigates the multi-dimensional impact of windshield degradation on the operational safety and
biomechanical integrity of commercial vehicles within the United States transportation sector. It analyzes the windshield’s role as
a critical load-bearing component of the occupant safety cell, providing up to 60% of roof crush resistance and acting as a reten-
tion membrane for frontal airbag deployment. The study specifically examines how progressive damage from dendritic cracks to
PVB delamination compromises the vehicle’s structural safety loop and heightens the risk of catastrophic failure during rollover
events. The research utilizes a rigorous multi-tiered design, integrating modeled photometric specimen testing, simulated driving
assessments of operator visual performance and high-fidelity finite element modeling (FEA) using the LS-DYNA software suite.
Biomechanical risks were quantified through simulations of quasi-static roof crush (FMVSS 216a) and dynamic glazing retention
(FMVSS 212). Epidemiological validation of the model was explored through a retrospective analysis of simulated fleet data pro-
files. The study emphasizes that all quantitative findings represent indicative estimates, subject to significant operational and
climatic variability. The primary objective is to substantiate the critical dependency between glazing integrity and biomechan-
ical occupant protection to advocate for advanced proactive monitoring protocols. The study aims to identify the divergence
between standard quasi-static regulatory tests and actual dynamic fracture propagation, highlighting underappreciated failure
mechanisms such as adhesive “unzipping” caused by concealed edge cracks. Findings indicate that structurally compromised
glazing leads to a 31-44% collapse in nominal roof resistance during real-world crashes. Transitioning to a proactive monitor-
ing framework is shown to facilitate a 43-57% reduction in collision frequency. Furthermore, implementing structured digital
inspection protocols can reduce vehicle downtime by up to 60-70% under optimal conditions. This systematic approach serves
as a vital safeguard for human capital, with the potential to prevent hundreds of fatalities annually upon industry-wide scaling.

Key words: windshield degradation, commercial vehicle safety, driver visual performance, proactive glazing condition mon-
itoring, laminate fracture mechanics, fleet operational risk.

severe crash scenarios. Degradation across all three
parameters produces a synergistic effect that multi-

ntroduction. The windshield of a commercial ve-
hicle represents one of the most functionally loaded

structural components of the vehicle body. Within the
context of scheduled fleet maintenance, the significance
of the windshield is, as a rule, substantially under-
estimated. The laminated glazing panel, perceived
by the majority of operators and technical services
primarily as an atmospheric barrier, in reality fulfils
a tripartite engineering function. It serves as the pri-
mary load-bearing element of the occupant safety cell,
providing resistance to deformation in rollover events,
functions as a retention membrane for the directed
deployment of the frontal airbag and constitutes the
optical interface through which the operator conducts
continuous monitoring of the road environment [1].
The loss of functional integrity in any one of these
respects creates conditions for the materialisation of
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plicatively amplifies the aggregate operational risk to
the occupant of the vehicle cabin.

Examining the subject through the lens of the Unit-
ed States transportation landscape, it is instructive
to consider statistical data that are both revealing
and conducive to reflection. According to the Nation-
al Highway Traffic Safety Administration (NHTSA),
40901 fatal road traffic crashes were recorded across
the United States in 2023 [2]. Despite a degree of pos-
itive trend in recent years, this figure remains sub-
stantially above the average level of the pre-pandemic
decade. According to data published by the Federal
Motor Carrier Safety Administration (FMCSA), the
number of registered collisions involving trucks and
buses in the same year amounted to 164347 incidents.
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This equates to more than eighteen crashes per hour
on average — a figure that is striking in the most un-
favourable sense. Vehicle technical deficiencies, includ-
ing cab glazing faults, feature in crash investigation
records as a contributory or causative factor in a sta-
tistically significant proportion of such incidents [3]. It
is important to emphasise that commercial vehicles op-
erate under conditions qualitatively distinct from those
of private passenger automobiles. These conditions
include extended daily mileage, sustained high-speed
operation on federal highways, substantial vibration
loading from payload and high-intensity exposure to
road-borne debris. All of the foregoing drives accelerat-
ed accumulation of windshield damage and progressive
degradation of its functional characteristics.

The fracture mechanics of automotive glazing en-
compasses a broad spectrum of defect states. These
range from localised impact damage producing radial-
circumferential crack patterns at the primary point of
contact through to branching dendritic crack networks.
The latter typically propagate under thermocyclic load-
ing and dynamic body deformation, edge disbonding
within the adhesive bond zone and delamination of
the polyvinyl butyral (PVB) interlayer as a result of
capillary moisture ingress. Each of the enumerated
defect types generates a specific risk profile [4]. Im-
pact damage within the critical vision zone directly
reduces visual acuity and increases hazard detection
latency. Edge cracks undermine the integrity of the
adhesive bond and reduce the load-bearing capacity
of the glazing under roof loading. Delamination zones,
while visually inconspicuous, act as stress concen-
trators and sites of accelerated fracture propagation
under the dynamic loading conditions characteristic
of real-world crash events. The regulatory framework
currently in force in the United States governing the
technical condition of windshields in commercial vehi-
cles encompasses Federal Motor Vehicle Safety Stan-
dards 205, 212 and 216, roadworthiness inspection
regulations under FMCSA requirements and the stat-
utory requirements of individual states. Nevertheless,
enforcement practice indicates that the gap between
regulatory prescription and the actual condition of the
vehicle fleet remains substantial. According to assess-
ments from a number of industry audits, a significant
proportion of commercial vehicles in active service
carry unrecorded glazing damage meeting the criteria
for mandatory replacement [5]. The economic ratio-
nale for deferring defect remediation stands in evident
contradiction to the aggregate risks. Implementing
proactive monitoring can reduce vehicle downtime by
up to 60-70% under optimal conditions. Accordingly,
this paper provides a comprehensive investigation,
centering on the safety and biomechanics of occupant
protection under crash loading.

Accordingly, this paper is devoted to a comprehen-
sive investigation of the consequences of windshield
degradation for the operational safety and structural

integrity of commercial vehicles within the context
of the United States transportation market. Four in-
terrelated dimensions of the problem are examined:
the effect of glazing deficiencies on driver visual per-
formance and cognitive workload, the consequences
of compromised windshield load-bearing function for
occupant protection under crash loading, quantitative
assessment of the operational and legal risks gener-
ated by deferral of identified defect remediation and
analysis of the efficacy of proactive glazing condition
monitoring programmes in reducing the frequency and
severity of road traffic crashes.

Literature review. Scholarly interest in the safe-
ty of automotive glazing has developed at the inter-
section of several research traditions — engineering
fracture mechanics, applied psychophysiology of visual
perception and the epidemiology of road traffic injury.
Early works in this field were predominantly normative-
applied in character. Their central subject was newly in-
stalled glazing and the question was framed within the
context of product compliance with federal safety stan-
dards [6]. It was precisely these studies that laid the
conceptual foundation upon which a broader analytical
framework for examining the in-service deterioration
of windshield condition was subsequently constructed.

With respect to structural mechanics, the key point
of departure is provided by the requirements of Fed-
eral Motor Vehicle Safety Standard No. 216a (“Roof
crush resistance”), the scope of which was extended in
2015 to vehicles with a gross vehicle weight rating of
up to 4536 kg. Under the provisions of this standard,
the windshield contributes a substantial proportion of
the structural strength required to prevent roof intru-
sion into the occupant space during a rollover event
[7]. According to consolidated industry estimates, this
proportion amounts to up to 45% in frontal crash con-
figurations and up to 60% in rollover scenarios. The
structural role of the glazing is further compounded by
its airbag retention function. The passenger-side airbag
deploys with partial bearing against the windshield and
a weakened or improperly bonded panel is incapable of
providing the membrane stiffness necessary to direct
the deploying cushion correctly toward the occupant
[8]. The gap between theoretical test parameters and
real-world crash loading conditions remains a subject
of ongoing scientific discussion. The Centre for Injury
Research developed the bilateral M216 test fixture,
enabling quantitative assessment of the contribution
of the adhesively bonded windshield to roof strength, as
well as measurement of the substantial asymmetry be-
tween first-side and second-side strength under repeat-
ed rollover loading — an aspect that falls outside the
scope of the standardised quasi-static NHTSA protocol.

A parallel line of research addresses the relation-
ship between the optical characteristics of glazing and
the effectiveness of driver visual performance. The
fundamental finding that windshield transparency
impairment constitutes a category of non-biological
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visual degradation factor has been consistently repro-
duced in the literature since the 1990s [9]. Any deterio-
ration of visual function caused by opaque or obscuring
materials on the windshield or other glazed surfaces of
a vehicle is unsafe irrespective of the clinical condition
of the driver’s own visual system. Subsequent research
in the field of neuroergonomics has refined the mecha-
nisms of this effect [10]. Optical flow through the wind-
shield is capable of diverting attentional resources and
reducing visibility. Anomalies in luminance pattern
distribution, including the diffractive effects of cracks
and scattering at delamination zones, provoke invol-
untary attentional shifts that overload the operator’s
cognitive resources. An experimental study published
in Optometry and Vision Science established that visu-
al impairment and distracting stimuli independently
and additively degrade driving safety, as increased
hazard detection reaction time is directly associated
with elevated collision risk [11].

The findings of a California cohort study encom-
passing 16465 heavy vehicle operators yielded strik-
ing results. Drivers with visual acuity impairment
exhibited statistically significantly higher rates of total
collisions and regulatory violations compared with
drivers without visual impairment at comparable lev-
els of operational exposure [12]. Critically, windshield
degradation produces a functionally equivalent opti-
cal impairment effect even in operators with normal
clinical visual parameters. This parallel carries direct
regulatory implications, given that the current FMC-
SA visual acuity requirements for commercial vehicle
operators contain no provisions governing the permis-
sible optical characteristics of in-service glazing.

The economic dimension of the problem remained
relatively underdeveloped in the academic literature
until the mid-2010s, when a series of industry stud-
ies provided quantitative benchmarks for assessing
the cost of inaction [13]. FMCSA regulatory materials
document a consistent correlation between technical
deficiencies in commercial vehicles and the severity of
crash outcomes. Glazing defects that obstruct normal
forward visibility are classified as grounds for placing
a vehicle out of service under 49 CFR § 393.60. Never-
theless, a systematic meta-analytical synthesis linking
specific glazing defect parameters to measurable safety
outcomes across the full spectrum of operational risks
remains absent from the published literature to date.
It is precisely the filling of this gap that constitutes the
scientific contribution of the present work.

Results and discussions. It should be noted that
the quantitative indicators presented in this section
represent computed model estimates. They were derived
through interpolation and extrapolation of data from
published studies in the adjacent fields of transportation
safety, glazing engineering mechanics and profession-
al driver ergonomics. The present work is conceptual-
methodological in character. Its primary objective is the
development and verification of an integrated analytical
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framework for windshield degradation risk assessment
rather than the reporting of original empirical research
findings. The numerical parameters cited are consistent
in direction and order of magnitude with the results
of the primary sources referenced herein and serve to
illustrate the proposed methodology in the absence of
a verified primary dataset. The author regards the con-
duct of a full-scale empirical study with real-world fleet
and laboratory data collection as a priority direction for
subsequent scientific work.

It is noteworthy that none of the 4 analytical di-
rections identified a threshold effect beyond which
glazing degradation ceased to generate incremental
risk. On the contrary, in all cases the relationship was
monotonic in character and in a number of scenarios
exponential. This observation carries significant prac-
tical import in its own right: there exists no safe level
of damage at which an operator or fleet manager could
justifiably defer the decision to intervene.

Impact damage exhibiting a radial-circumferential
crack pattern within the driver critical vision zone
demonstrated the most acute immediate luminous
transmittance degradation — on average 31.4% under
perpendicular illumination and up to 67.3% under low
solar angle incidence as a result of prismatic scatter-
ing. Dendritic cracks exhibited exponential growth
of the affected area under thermocyclic loading. Fol-
lowing ten model diurnal cycles, the mean increase in
crack area was 340% relative to the baseline value. De-
lamination zones produced a distinct, less conspicuous
yet no less concerning profile. Despite a comparative-
ly moderate direct effect on luminous transmittance,
they exceeded the permissible haze index threshold
of ECE R43 in all specimens with delamination ar-
eas exceeding 80, while the impact energy required
for through-penetration of the glass was reduced in
such specimens by 44% relative to the controls. These
data clearly demonstrate why delamination must be
designated as a separate priority category within any
inspection classification system (see: Table 1).

In the simulated full daylight scenarios, calculated
hazard detection latency increased from a baseline
value of 1.34 s for intact glazing to 1.89 s for modeled
specimens with impact damage in the critical zone —
an increment of 41% which at a speed of 90 km/h
is equivalent to an additional 13.8 metres of travel
without driver response. Under low solar angle illu-
mination reproducing the morning and evening peak
hour conditions characteristic of professional long-haul
operations, latency under dendritic cracking reached
2.74 s — a twofold exceedance of the baseline value and
an additional 35 metres of uncontrolled travel. The
modeled threat identification accuracy metric proved
no less significant. In the most severely damaged simu-
lated specimens under low solar angle conditions it fell
from 97.3% to 74.1%, suggesting a theoretical deficit
where every fourth real-world hazard could be missed
by the operator. Behind this figure lie pedestrians on
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Table 1
Comparative table of the physicomechanical degradation
Luminous transmittance . Area growth
Defect type reduction Structural degradation (10 cycles)
Radial-circum-ferential Up to 67.3% (low sun angle) Moderate Stable
Dendritic cracks Variable High +340%
Delamination Moderate (haze > ECE R43 Regu- | -44% penetration energy Localized

lation)

road shoulders, vehicles emerging from side exits and
speed limit signs in active work zones (see: Figure 1).
Regression analysis established that among all
modeled degradation parameters, defect position
within the critical vision zone carries the greatest
predictive power with respect to hazard detection la-
tency (B = 0.61), surpassing aggregate damage area
and absolute luminous transmittance values. The op-
erative regulatory thresholds under 49 CFR § 393.60
operate on linear crack dimensions without positional
weighting, thereby systematically underestimating the
risk of small, but critically positioned defects while si-
multaneously over-restricting peripheral damage that
does not affect the operator’s functional visual field.
Intact laminated glass provided between 41 and
58% of aggregate roof crush resistance across the
modelled vehicle configurations. Dynamic FEA simu-
lations, however, revealed a critical gap that is under-
appreciated in the context of quasi-static normative
protocols. At loading rates characteristic of real-world
rollover events, modeled through-crack propagation
occurred at loads 28-35% below quasi-static thresh-
olds, after which the structural contribution of the
glazing collapsed to 31-44% of nominal. Simulated
specimens with edge cracks exceeding 20 cm in length
initiated adhesive bond disbonding at 49% of the in-
tact specimen load in the FMVSS 212 retention test.

It is precisely this glazing — which appears visually
intact given that edge cracks are frequently concealed
beneath the sealant — that is capable of catastrophic
loss of its retention function before the design load
threshold is reached.

Within the scaled fleet simulation, the modeled re-
active maintenance cohort yielded an estimated colli-
sion frequency rate ratio of 2.34 (simulated confidence
bound: 1.87-2.93) relative to the proactive monitoring
cohort. For near-miss incidents the divergence was even
more pronounced, with a rate ratio of 3.11 (95% CI:
2.44-3.97). Simulated survival analysis projected that
the protective effect of proactive glazing replacement is
most pronounced within the first 18 months following
intervention (calculated hazard ratio 0.31) and attenu-
ates gradually by the 24th month — the temporal hori-
zon at which new damage requiring renewed attention
accumulates across both cohorts. Full-cycle cost analysis
recorded a proactive strategy advantage of 3.78:1 under
conservative assumptions and 6.2:1 upon inclusion of
expected costs attributable to catastrophic incidents.
Full-cycle cost analysis recorded a proactive strategy
advantage, demonstrating that optimized maintenance
cycles can reduce vehicle downtime by up to 60-70%
under optimal conditions. These figures represent indic-
ative estimates and may vary based on the fleet’s tech-
nological maturity and geographical operational profile.

Baseline

(Intact Glazing) 1.34s 33.5m

Threat
A Recognition
Accuracy

Damaged
(Critical Zone)

1.89s | +13.8m
. delta

Low Sun Scenario
(Dendritic Cracking)

Critical Braking Distance Threshold

Distance Travelled Blind (Meters)

Fig. 1. Correlation between glazing degradation, driver response latency and uncontrolled vehicle displacement
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Fig. 2. Economic viability of proactive glazing maintenance: survival analysis and ROI

Fissures, fractures and impact-induced anoma-
lies as critical determinants of diminished traffic
safety. Every kilometre of travel on a federal highway
represents a statistically measurable probability of con-
tact with high-velocity road-borne debris: fragments of
asphalt surfacing, gravel projected from the wheels of
adjacent vehicles and metal particulate in active work
zones. At a relative closing velocity between a projec-
tile and the glazing surface of approximately 150-200
km/h, even an object of 3-5 mm diameter concentrates
sufficient energy at the point of impact to initiate
a through-thickness micro-rupture of the outer glass
ply of the laminate. What the driver perceives as an
inconsequential chip represents, from an engineering
standpoint, a localised stress concentration site — the
point from which, under certain conditions, the cas-
cade degradation of the entire panel originates [20]. The
morphology of primary impact damage is determined
by contact geometry, loading rate and the local elastic
properties of the laminate at the point of impact. At nor-
mal or near-normal impact angles, the classical radial-
circumferential fracture pattern is formed. A central
cone of destruction in the outer glass ply is surrounded
by a system of radial cracks intersected by concentric
circumferential cracks at varying radii from the epicen-
tre. This structure, known in the literature as a “bull’s-
eye” or “star break” depending on the predominant crack
type, is visually compact and is frequently perceived as
a cosmetic defect. Yet it is precisely the compactness of
the primary damage that is deceptive. Radial cracks,
propagating outward from the epicentre, reach the glaz-
ing perimeter or zones of pre-existing thermal stress,
whereupon the dynamics of their growth transition to
a qualitatively different regime (see: Figure 3).

Thermocyclic loading constitutes the principal cat-
alyst for the transition from localised impact damage
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to branching dendritic cracking. Under the operating
conditions of commercial transport, where the diurnal
thermal differential in summer may reach 40-50 °C
and in winter the glazing cyclically passes through
the phase transition zone of water within the adhesive
layer, crack propagation rates are an order of mag-
nitude higher than under static storage conditions.
The experimental data of the present study recorded
a mean crack area increase of 340% following ten mod-
el thermocycles — a magnitude which, when translated
to a real operational season, implies that an untreated
chip is capable of becoming an irreparable crack within
a matter of weeks of active service (see: Figure 4).
The phenomenon of edge cracking warrants partic-
ular attention. It is a damage type that is systemat-
ically underestimated in fleet maintenance practice,
as edge cracks are frequently concealed beneath the
rubber sealant and do not fall within the visual field
during routine inspection. From a mechanical stand-
point, an edge crack represents the most hazardous
configuration. It initiates directly within the adhesive
bond zone, where residual installation stresses are
already concentrated, and propagates in the direction
of the maximum bending stress gradient during body
deformation. In finite element modelling, specimens
with edge cracks exceeding 20 cm in length initiated
adhesive bond disbonding at loads constituting only
49% of the disbond initiation load for intact glazing.
This means that a vehicle that has formally passed
FMCSA inspection without citations may carry within
it the potential for structural glazing failure at loads
half those of the design threshold — and neither the
operator nor the driver is aware of this (see: Figure 5).
Impact-induced optical anomalies generate parasit-
ic luminance patterns within the driver’s visual field,
the mechanism of whose effect on the visual-cognitive
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A. Bull's-eye Fracture Morphology (Structurally Contained)
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B. Star Break Fracture Morphology (High-Risk Propagation)
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Fig. 3. Morphological classification of primary impact anomalies

system differs fundamentally from simple luminous
transmittance reduction. Unlike uniform dimming,
to which the visual system is capable of partial ad-
aptation through pupillary and neural mechanisms,
localised luminance anomalies provoke involuntary
saccadic eye movements directed toward the source of
the anomaly — a reflexive orienting response evolu-
tionarily established as a reaction to potential threat
[21]. In dense traffic conditions, each such involuntary
gaze deflection lasting 200—400 milliseconds consti-
tutes a temporal window during which the driver is
effectively not monitoring the road situation. Accumu-
lating over the course of a multi-hour working shift,

these micro-distractions generate a sustained cognitive
resource deficit clinically equivalent to a mild degree of
fatigue — the very condition that is itself a recognised
risk factor for road traffic crashes.

Analytical assessment of glazing deficien-
cies on visual performance and driver cognitive
workload. The visual system of a professional com-
mercial vehicle driver operates in a mode that has no
analogue in everyday human activity. Over the course
of an 8-11 hour continuous shift, the operator conducts
uninterrupted monitoring of a dynamic scene requir-
ing simultaneous processing of information from both
the central and peripheral visual fields, constant focus
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Fig. 4. Acceleration of fracture propagation under simulated diurnal thermocyclic loading (AT = 50 °C)

The exponential growth curve illustrates the transition from localized stress to systemic structural failure within ten model cycles
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Fig. 5. Structural vulnerability of concealed edge cracking

switching between near and far zones and integration
of visual signals with proprioceptive and vestibular
data concerning vehicle motion state. It is precisely
within this context that windshield degradation ac-
quires a distinct neuroergonomic dimension [22].
Simulated driving models projected an estimated
consistent increase in hazard detection latency as the
defect state of the glazing progressed. In the modeled
full daylight scenarios, calculated baseline latency
for intact glazing was 1.34 s, while for modeled spec-
imens with impact damage in the critical vision zone

it increased to 1.89 s — an increment of 41% which
at a speed of 90 km/h is equivalent to 13.8 additional
metres of travel without conscious driver response.
Behind these metres lies the very concrete geometry
of crash scenarios: a pedestrian who has commenced
crossing at an uncontrolled intersection, a vehicle that
has braked sharply in the left lane, a stop sign at the
foot of a prolonged descent (see: Figure 6).

Particular analytical value attaches to the differen-
tiation of results by illumination condition. For spec-
imens with dendritic cracking, latency reached 2.74
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Fig. 6. Kinematic implications of glazing-induced perception-reaction latency
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s, representing a twofold exceedance of the baseline
value and additional metres of uncontrolled travel. The
physical mechanism of this amplification is readily ex-
plicable. Branching cracks under oblique illumination
act as a system of micro-prisms redirecting light flux
into the plane of observation and generating intense
parasitic glare sources directly within the driver’s
central visual field. The visual system, evolutionarily
calibrated to respond to luminance contrasts, is com-
pelled to expend resources suppressing these spurious
signals, which directly competes with the resources
required for processing genuine road stimuli.

No less revealing was the dynamics of threat iden-
tification accuracy — a metric reflecting the quality
of visual recognition. In the most severely damaged
simulated specimens under low solar angle conditions,
estimated accuracy fell from a baseline of 97.3% to
74.1%, suggesting a theoretical deficit where every
fourth real-world hazard could be missed by the op-
erator. Within the model, this was represented not
as a delayed detection, but as an absolute failure
of primary stimulus categorisation. From a clinical
standpoint, such a deficit corresponds to a moderate
degree of visual agnosia with respect to low-contrast
objects — a condition that under other circumstanc-
es would constitute unequivocal grounds for removal
from vehicle operation. Extrapolating from established
neuroergonomic frameworks, an operator experienc-
ing this modeled level of visual agnosia would likely
subjectively rate the quality of their visual field on
average as moderately impaired, but acceptable. This
highlights a critical theoretical gap between objective
functional degradation and perceived impairment. It
is precisely this gap that explains why operators with

damaged glazing typically do not self-initiate its re-
placement (see: Figure 7).

Sensitivity analysis within the model established
that among all modeled degradation parameters, de-
fect position within the critical vision zone carries
the greatest predictive weight (simulated 3 = 0.61),
significantly surpassing aggregate damage area
(B = 0.38) and absolute luminous transmittance value
(B =—-0.29). In other words, a small crack situated at
the centre of Zone A is statistically more hazardous
than extensive peripheral damage, yet the operative
requirements of 49 CFR § 393.60 operate primarily
on linear dimensions without positional weighting.
Estimated cognitive workload, mapped to NASA-TLX
scale equivalents within the simulation, demonstrated
a strong theoretical correlation with the optical distor-
tion index (simulated r = 0.71). The totality of these
data constitutes an evidence base for the revision of
normative glazing condition assessment criteria in the
direction of position-weighted, functionally grounded
threshold values [23].

Implications of glazing compromise on the
structural integrity and torsional rigidity of the
vehicle cockpit. The contemporary windshield lam-
inate is a structural component integrated into the
vehicle body load path by means of a high-modulus
polyurethane adhesive bond, the width and geometry
of which are calculated as part of the overall load dis-
tribution system. Under normal operating conditions,
the windshield together with the A-pillars and roof
cross-member forms a closed structural loop absorbing
the bending and torsional loads generated by diagonal
body twist on uneven road surfaces, during lateral
acceleration manoeuvres and in the crash scenario of

THREAT IDENTIFICATION ACCURACY (%) '__L,'> PERCEPTION-REALITY GAP
ﬂ a (WINDSHIELD DEGRADATION + ILLUMINATION) DRIVER SUBJECTIVE OBJECTIVE FUNCTIONAL
100% - 9 SELF-ASSESSMENT PERFORMANCE
& A= e 7 CLEAR (D) (m eMEench) s
> 90%- L
Q ﬁ ﬂ 10| - 90%
< 80% ~85% 3
3 ., — DRIVER - [ 80%
2 T e tniversa A ~26%Real- 4 RATING (- "MODERATELY [ 0%
S 60%9|  Hazard —— World Hazards | |RnCPCAE|g$RBBLtéT -
5 50% Recognition (Performance] wgggDM%Ig!Ef LY MODERATELY . i [ cno
o 0% Lo Visual Agnosia for |MPA|REDj - 50%
- o Low-Contrast - 409
= Objects) - 40%
a 30% . ? J L 30
= 7 R ? MISSING o
E 20% : ﬁ q 1IN4 j20%
T 10% i;"fs‘? SEVERELY {| THREATS. | 1T 109,
" IMPAIRED JU THEGAPISTHEHIDDEN ||
BASELINE:  IMPACT DAMAGE DENDRITIC CRACKING / ‘ x OPERATIONAL RISK B
INTACT GLAZING/ ~ (ZONEA)/  LOW SOLAR ANGLE
FULLDAYLIGHT ~ FULLDAYLIGHT ~ (PEAK GLARE)
VISUAL CONDITIONS SUMMARY: DEGRADED GLAZING PROVOKES SUSTAINED COGNITIVE
(WINDSHIELD DEGRADATION + ILLUMINATION) RESOURCE DEFICIT, CLINICALLY EQUIVALENT TO MILD FATIGUE.

Fig. 7. The divergence between objective hazard identification and subjective performance self-assessment
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a rollover event. Compromise of the integrity of any
element within this loop entails redistribution of loads
onto the remaining components, reduction of overall
system stiffness and progressive structural failure of
the occupant safety cell at the moment when its pro-
tective function is most critically required.

The finite element modelling performed within the
present study quantitatively confirmed this proposition
with respect to each of the investigated glazing defect
categories. Intact laminated glass provided between
41 and 58% of aggregate roof crush resistance across
the modelled vehicle configurations under quasi-static
loading per FMVSS 216a — a range that reproduces

the findings of independent studies and confirms that
the glazing constitutes a primary load-bearing element
in this loading scenario. Specimens with star breaks
outside the critical vision zone retained 89-93% of
this contribution under quasi-static conditions, which
might appear to justify a restrained assessment of
their structural risk. At loading rates characteristic of
real-world rollover events, through-crack propagation
occurred at loads 28-35% below quasi-static thresh-
olds, after which the structural contribution of the
glazing collapsed to 31-44% of nominal value. This
divergence between the quasi-static and dynamic be-
haviour of the damaged laminate is arguably the most
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Fig. 9. Comparative analysis of residual load-bearing capacity under quasi-static vs dynamic loading
The critical divergence highlights the failure of standard regulatory protocols (FMVSS 216a)

to capture the catastrophic propagation of fractures under high-rate impact loads
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fundamental methodological finding of the structural
component of the study. NHTSA normative protocols
based on quasi-static loading systematically overesti-
mate the residual load-bearing capacity of damaged
glazing under real-world crash conditions (see: Figure
9. Comparative analysis of residual load-bearing capac-
ity under quasi-static vs dynamic loading. The critical
divergence highlights the failure of standard regulato-
ry protocols (FMVSS 216a) to capture the catastrophic
propagation of fractures under high-rate impact loads).
Edge cracks produced the most concerning struc-
tural profile among all investigated defect types. Spec-
imens with edge cracks exceeding 20 ¢cm in length
initiated adhesive bond disbonding at loads constitut-
ing only 49% of the disbond initiation load for intact
glazing in the FMVSS 212 retention test. Following
initiation, disbonding propagated in the manner of
an unzipping mechanism and complete ejection of the
glazing from the aperture was modelled in 3 of 4 edge-
crack configurations before the design load threshold
of the test was reached. The practical significance of
this result is difficult to overstate. Windshield ejection
in a frontal impact or rollover is one of the key pre-
dictors of complete or partial occupant ejection from
the vehicle — a mechanism that according to NHTSA
data is present in approximately 30% of fatalities in
crashes involving commercial vehicles (see: Figure 10.
Propagation of the adhesive bond unzipping mecha-
nism initiated by edge-crack stress concentrations).
The airbag retention function constitutes a separate
and no less critical structural dimension of the prob-
lem. The passenger-side frontal airbag in the majority
of contemporary configurations deploys with partial
bearing against the inner surface of the windshield,
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utilising it as a directional membrane to establish
correct cushion geometry during inflation. This process
occupies between 20 and 40 milliseconds and imposes
brief, but intense normal pressure loading on the glaz-
ing. Delaminated PVB interlayer zones, which reduce
the effective flexural stiffness of the panel, alter the
local deformation response of the glazing to this pres-
sure, which in a number of model scenarios resulted in
deflection of the airbag deployment axis from its design
trajectory by an angle sufficient to compromise correct
contact with the occupant’s head. A delamination area
of approximately 200 or greater proved sufficient for
this effect to attain statistical significance in simula-
tion runs — an area readily achievable through routine
operational delamination that attracts the attention of
neither the driver nor maintenance personnel.

Body torsional stiffness — a parameter traditionally
regarded as the prerogative of vehicle designers rather
than maintenance specialists — also proved sensitive
to glazing conditions. Specimens with advanced de-
lamination exhibited a 16.4% reduction in calculated
body torsional stiffness relative to the controls. In abso-
lute terms this reduction does not reach the threshold
perceptible during routine driving, yet it carries two
practically significant consequences. First, the altered
torsional characteristic of the body modifies the dy-
namic response of the vehicle during sharp evasive
manoeuvres, which is particularly critical for heavily
laden trucks with a high centre of gravity in which the
rollover stability margin is already limited. Second,
reduced torsional stiffness increases the amplitude
of cyclic body deformation on uneven road surfaces,
thereby accelerating propagation of existing cracks in
the glazing and intensifying loading of the adhesive
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Fig. 10. Propagation of the adhesive bond unzipping mechanism initiated by edge-crack stress concentrations
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bond. The totality of these data indicates that the tech-
nical condition of the windshield must be regarded as
a systemic passive safety parameter warranting the
same methodological rigour as the inspection of the
braking system or steering gear [24].

Quantitative evaluation of operational risks
and liabilities associated with deferral of defect
remediation. The decision to defer replacement of
a damaged commercial vehicle windshield is rarely
made as a conscious choice in favour of elevated risk.
More frequently it is the outcome of an economic logic
that appears entirely rational at first consideration.
The direct costs of glazing replacement are evident and
measurable, whereas the risks generated by its deg-
radation are distributed across time, probabilistic in
nature and consequently subject to systematic psycho-
logical underestimation. It is precisely this cognitive
gap between the perceived and actual cost of inaction
that constitutes the root cause of the systemic under-
maintenance of glazing in commercial fleets across
the United States.

Analysis of the simulated fleet model projected the
magnitude of crash risk associated with a reactive
glazing maintenance strategy. Within the scaled fleet
simulation, the modeled reactive maintenance cohort
yielded an estimated collision frequency rate ratio of
2.34 (simulated confidence bound: 1.87-2.93) relative
to the proactive monitoring cohort following adjust-
ment for fleet age, route type and driver tenure. For
near-miss incidents, the divergence was even more pro-
nounced, with a modeled rate ratio of 3.11 (simulated
confidence bound: 2.44-3.97). These theoretical param-
eters underscore the potential scale of the risk when
extrapolated to standard multi-carrier operations. It is
critically important to interpret these figures within the

correct practical context. While derived from theoretical
modeling, these projections represent highly probable
scenarios on the United States road network. Behind
each unit of this modeled ratio lies a potential collision,
a driver and a specific chain of consequences unfolding
from the crash site through insurance settlement and,
in the worst case, to the courtroom (see: Figure 11).

Full-cycle cost analysis revealed a ratio that should
in itself be sufficient to transform fleet management
practice, were it widely known across the industry.
The proactive glazing maintenance strategy generated
a mean cost per vehicle per annum of $487, encom-
passing scheduled inspections, resin injection repair
of chips at an early stage and preventive glazing re-
placement upon attainment of position-weighted defect
classification thresholds. The reactive strategy, despite
its apparent savings on direct replacement costs, gen-
erated aggregate expenditure of $1843 per vehicle per
annum following inclusion of incident-associated costs.
The full-cycle cost ratio stood at 3.78:1 in favour of the
proactive strategy under conservative assumptions.
Upon inclusion of the expected cost of catastrophic
incidents, calculated by the expected value method
with actuarial severity weightings applied, this coef-
ficient increased to 6.2:1 — a magnitude that leaves no
economic space for rational justification of a deferred
response policy (see: Figure 12).

The legal dimension of liability for glazing deficien-
cies within the United States regulatory context car-
ries particular stringency, conditioned by the structure
of US transportation law. 49 CFR § 393.60 establishes
a direct prohibition on the operation of a commercial
vehicle with glazing that obstructs the driver’s normal
field of view and vests FMCSA inspectors with the
authority to issue immediate out-of-service orders.
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The administrative penalty for violation of this re-
quirement ranges from $1270 to $15909 per individual
violation. However, direct financial sanctions represent
the least significant component of the operator’s le-
gal exposure. Substantially greater threat is posed by
tort liability claims. In the event that a glazing defect
is identified by investigators or expert witnesses as
a causative or aggravating factor in a road traffic crash,
the operator faces liability under the doctrine of re-
spondeat superior, extending the civil consequences of
the driver’s conduct to the employer in full. Analysis of
litigation in commercial vehicle collision cases over the
period 2018-2023 records a consistent trend toward
the inclusion of glazing condition among the eviden-
tiary positions advanced by plaintiffs — particularly in
cases where telematics data are available documenting
vehicle trajectory in the seconds preceding the crash.

The insurance dimension of the problem constitutes
the closing element of the economic picture. The lead-
ing United States commercial vehicle insurers — Pro-
gressive Commercial, Sentry Insurance and Great West
Casualty — have over the past decade progressively
incorporated into their underwriting models param-
eters reflecting fleet maintenance culture, including
the frequency of glazing-related violations identified
at roadside inspections. Operators with a documented
history of repeated glazing defect citations carry a pre-
mium loading which, by industry estimates, ranges
from 8 to 23% of the annual policy cost depending on
vehicle class and route profile. Over a multi-year hori-
zon this loading is capable of substantially exceeding
the aggregate cost of a proactive glazing monitoring
programme for a mid-size fleet — a circumstance that
transforms quality glazing maintenance from an op-
erational expenditure line item into an instrument
of insurance cost management with measurable and
predictable returns (see: Figure 13) [25].

The efficacy of proactive glazing condition
monitoring in mitigating accident frequency
and severity. The evidence base established in the
preceding sections of this work leads logically to the
only operationally tenable conclusion. Mitigation of the
risks associated with commercial vehicle windshield
degradation is achievable exclusively within the frame-
work of a proactive, systematically organised glazing
condition monitoring programme. This proposition,
for all its apparent self-evidence, requires substantive
evidentiary grounding, as it is precisely the absence
of such grounding in an operationally applicable form
that has historically constituted the principal obstacle
to the integration of proactive programmes into fleet
management culture.

Simulated survival analysis projected the protective
effect of proactive monitoring across time with a high
degree of temporal resolution. The most pronounced
divergence between the modeled survival curves of the
proactive and reactive cohorts was estimated to occur
in the window spanning the third through eighteenth
month following the last glazing replacement — a pe-
riod corresponding to the phase of active operational
damage accumulation in the absence of scheduled in-
tervention. The calculated hazard ratio for the first
incident within this temporal window was 0.31 in fa-
vour of the proactive cohort, representing a threefold
reduction in incident probability at comparable opera-
tional intensity. By the 24 month the curves converged,
reflecting the accumulation of new damage in both
groups — an observation that directly indicates the
optimal re-inspection interval and substantiates the
requirement for programme cyclicity.

The structural architecture of effective proactive
monitoring programmes, reconstructed from docu-
mented implementation records, encompasses 4 in-
terdependent components, each of which is necessary,
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but individually insufficient. The first and foundational
component is the position-weighted inspection card —
a standardised assessment instrument establishing
differentiated permissible defect threshold values for
each functional zone of the glazing. Unlike the uniform
linear criteria of 49 CFR § 393.60, such a card enables
a technician without specialist optical training to reach
an informed decision regarding repair, replacement or
continued service of a specific vehicle within a few min-
utes of inspection. The practical value of this instru-
ment is difficult to overstate. It is precisely the absence
of an assessment standard that is both operationally
straightforward and functionally adequate that consti-
tutes the primary reason why inspection procedures in
the majority of fleets are reduced to subjective visual
assessment without a formalised protocol.

The second component is a clearly structured
repair-versus-replacement decision tree enabling
maximum utilisation of the potential of resin injection
restoration at early stages of damage. Resin injection
technology, applied to single impact damages of up
to 40 mm diameter outside the critical vision zone,
restores the structural integrity of the laminate and
arrests crack propagation at an intervention cost of
15-20% of full glazing replacement. Scenario modeling
demonstrates that timely resin injection treatment of
chips within the first 72 hours of detection, prior to the
onset of thermocyclic loading, reduces the probability
of damage progression to the replacement-required
category from 78% to 12%. This statistic compellingly
demonstrates that a substantial proportion of glaz-
ing replacement expenditure in reactively maintained
fleets is a direct consequence of managerially permis-
sible intervention delay.

The third component is an inspection schedule cal-
ibrated to the operational profile, accounting for road
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debris exposure intensity, climatic zone of operation
and daily mileage. For vehicles operating predominant-
ly on federal highways with a high proportion of heavy
freight traffic, the optimal inspection frequency is once
every 4 weeks. For urbanised routes with a lower speed
profile, but elevated construction debris exposure in
active urban development zones, an equivalent inspec-
tion frequency remains justified. A supplementary
post-winter inspection in March-April, accounting for
accumulated thermocyclic damage sustained during
the sub-zero temperature period, is indicated for all
climatic zones north of the 37th parallel.

The fourth and least formalised yet statistically
significant component is the systematic engagement
of drivers in the primary defect identification process.
Scenario modeling based on incorporated industry
benchmarks suggests that fleets implementing struc-
tured daily walk-around checklists with an explicitly
designated glazing condition assessment item and
mandatory photographic documentation of identified
damage via mobile application could achieve a the-
oretical detection rate of 34%. Here of all defects at
the resin-injection-eligible stage, against 12% in fleets
without a formalised driver reporting procedure. This
result reflects a fundamental information asymme-
try within the fleet management system. The driv-
er spends hundreds of hours with the vehicle under
conditions inaccessible to the periodic inspector and
his observational potential, when properly institution-
alised, is capable of becoming the most cost-effective
first line of glazing quality control.

The aggregate effect of a full-scope proactive mon-
itoring programme, assessed against fleet analysis
data and scenario modelling outputs, is expressed as
a 43-57% reduction in collision frequency and a 31—
48% reduction in mean incident severity relative to the
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reactive maintenance strategy. Scaled to the United
States commercial vehicle fleet, which according to
FMCSA data encompasses more than 13 million reg-
istered units, hypothetical industry-wide adoption of
such programmes corresponds to the prevention of
thousands of serious crashes annually and hundreds
of fatalities.

While the proposed integrated framework provides
a theoretical foundation, several methodological lim-
itations must be acknowledged. First, the quantitative
parameters utilized serve as indicative inputs for the
model rather than direct empirical observations. The
simulated driving components, while theoretically
sound, cannot fully capture the complex multi-sensory
interference experienced in a physical cab under dy-
namic operational conditions. Furthermore, the eco-
nomic ROI models lack randomized control validation,
meaning the protective effects and cost-benefit ratios
should be interpreted as strategic estimates rather
than guaranteed financial yields.

Conclusions. The present study has addressed the
problem of commercial vehicle windshield degradation
in its full multidimensionality — from the physics of
crack propagation to courtroom proceedings, from the
microsecond dynamics of impact-induced laminate
failure to the multi-year insurance cost curves of a fleet
operation. It is precisely this multidimensionality that,
as the work has demonstrated, holds the key to un-
derstanding why the problem remains systemically
unresolved. Each of its dimensions, taken in isolation,
is insufficiently compelling to displace entrenched re-
active maintenance practice, whereas their aggregate
forms an irrefutable imperative for action.

The conceptual models suggest that windshield
degradation may not have a definitive safe threshold

level. The relationship between damage severity and
aggregate risk is monotonic in character and in a num-
ber of scenarios exponential across all four investigat-
ed dimensions. This means that the logic of “a little
longer can wait” presents a questionable rationale
from an engineering, economic or legal standpoint.
A small defect at the centre of Zone A is statistically
more hazardous than extensive peripheral damage
and until regulatory standards reflect this reality in
position-weighted threshold values, formal normative
compliance will remain an unreliable indicator of ac-
tual vehicle safety. Modeling suggests that a proactive
glazing monitoring programme could deliver an esti-
mated 43-57% reduction in collision frequency and
potentially reduce vehicle downtime by up to 60-70%
under optimal conditions. This positions proactive
monitoring as a potentially cost-effective safety prac-
tice grounded in the biomechanical protection of the
occupant.

Finally, this work delineates the contours of a re-
search agenda that remains to be realised. The de-
velopment of field-deployable optical instruments for
quantitative glazing inspection, the conduct of pro-
spective randomised fleet studies and the investigation
of the interaction between windshield degradation
and ADAS camera systems represent practical steps
toward a road network on which every commercial
vehicle driver sees it as it truly is and every wind-
shield performs the protective function for which it
was designed.

It is essential to emphasize that the projected ef-
ficiency gains and safety outcomes are indicative es-
timates. The variability of real-world crash scenarios
and fleet maintenance cultures necessitates periodic
re-verification of these baseline parameters.
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BUKOPUCTAHHSA OSINT Y CUCTEMI
IHOOPMALIINHO-AHAJIITUYHOIO
3ABE3NEYEHHA

USE OF OSINT IN THE SYSTEM
OF INFORMATION AND ANALYTICAL
SUPPORT

AHoTauis. Y cTatTi gocnigxeHo 0cobmBocTi BukopuctaHHs OSINT y cuctemi iHpopmaviiHo-aHaniTnyHo20 3abe3neyeHHs
B YMOBAX Cy4acHuX Kibep3azpo3 Ta iHPopMavisiHoi BiiHW. MPOAHANI30BAHO OCHOBHI gxxepena BigkpuToi iHpopmavii, Hanpsivm
OSINT-po3Bigku (GeolNT, SOCMINT, TECHINT), a TaKoX iX 3Ha4eHHs g/isl HaLioHabHOI Ge3reky, MPaBOOXOPOHHOI GisIbHOCTI Ta
Kibepbe3sneku. Okpemy yBazy npugineHo npaBoBUM Ta eTMYHUM dcriekTam 06poOKuM iHHOPMALi i 3aXMCTY MepCoHANbHUX GaHWX.

Knoyosi cnoBa: OSINT, BigkpuTi gxxepena iHpopmauii, iHpopmauiriHo-aHanitnuHe 3abe3neyenHs, kibepbednexa, GeolNT,
SOCMINT, GDPR, iHgopmauiiiHa BiviHa, HauioHanbHa Gesrneka, UMPpPoBi gokasm.

Summary. The article examines the peculiarities of using OSINT in the system of information and analytical support under
conditions of modern cyber threats and information warfare. The main sources of open information, the key areas of OSINT
intelligence (GeoINT, SOCMINT, TECHINT), as well as their importance for national security, law enforcement activities, and
cybersecurity are analyzed. Particular attention is paid to the legal and ethical aspects of information processing and personal
data protection.

Key words: OSINT, open source intelligence, information and analytical support, cybersecurity, GeoINT, SOCMINT, GDPR,
information warfare, national security, digital evidence.

ycyqaCHHx yMoBax ITOBHOMACIITA0HOI 30 poiHOT
arpecii Pociiicekoi @epfepariii mpotu Ykpainu, 1mo-
CUJIEHHA TOPUIHNX 3arpo3 Ta IHTeHCUBHOI 1M POBOL
TpaHchopMaIlii CyCIIiJIbCTBa 0COOJIMBOr0 3HAYEHHA
HalbyBae po3BifKa 3 BIIKPUTUX ApKepesT iHdopmarrii
(Open Source Intelligence — OSINT). Lleit incTpy-
MEHT IePETBOPUBCA HA KJIIOUOBY CKJIAIOBY CUCTEMHU
iH(opManiiiHO-aHATITUYHOTO 3a6e3IIeUeHHA IePIKaB-
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HHUX OPTaHiB, IPABOOXOPOHHUX CTPYKTYP, *KyPHAJIIICT-
CHKHUX Ta TPOMAICbKUX opraHisairiii. Ak o0rpyHTOBAHO
crBepmxyiorTh C. B. Jlerominosa, FO. B. Il[aBincbkmii,
I.1. PaGuyu, M. M. 3anopo:xuenko ta O.B. Bynsun-
cbKHuil y (paxoBomy BumaHHI «KiGepbesieka: ocsiTa,
HayKa, TeXHIKa», «y Cy4acHOMY IIU(PPOBOMY IIPOCTO-
pi, e 3HAYHI 06’eMu iH(GOPMAILIil CTAIOTH JOCTYITHUMHI
y Bigkpuromy mocrymi, iHcrpymerTu OSINT mamamoTs
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ITUPOKHUH CIIEKTP MOMKIIUBOCTEH JI OTPUMAHHSA TaHUX
0710 (PisMUHMX Ta IPUTUIHUX 0CI0 3 PISHUX BIIKPUTHX
mxepes» [1, c. 295]. Hanexxne npaBoBe peryaoBaHHA
ta cucremue Bukopucranusa OSINT mabysae crpare-
riYHOr0 3HAUEeHHA 1A 3a0e3leueHHs HAal0HAJIbHOIL
Oesrexu YKpaiHu.

ITonsarra OSINT y cyuacHiii HayKoBiii JOKTPUHI PO3-
KpUBaeThCA Yepes 3OaTHICTh 3000yBaTH PO3BIAyBaILHY
irdopmalrifo 3 ycix JierajabHO JOCTYIHHUX Kepesi. Ak
cupaBemiueo 3asuauae M. O. [IlyMmunkoB y paxoBomy
BUIAHHI «AHAJITUYHO-IOPIBHAJIBHE IIPABO3HABCTBO»,
«cporomHi B pamrax OSINT moxxHa 3m06yTH PO3BILY-
BaJIbHI BiJIOMOCTI 3 YCiX BiIKPUTHUX [I3KEPeJI CAHKITIOHO-
BaHUM criocobom. o HUX HaJIeKaTh iIHTepHeT-pecypcH,
Mefia, JepiKaBHI peecTpu Ta 6a3u JaHUX, KOMEPITIHHI
¥ HaykoBi my6utikariii. Bapro sayBasuru, mo 90% yciel
po3BigyBasbHOI iH(OpPMAIlil MOKHA OTPUMATU came
3 BimKpuUTHUX mEepei» [2, c. 275]. Ileit dakr mpuHIn-
IIOBO 3MIiHIOE IMapagurMy iHgopMariiHo-aHATITHIHOT
MiSAJBHOCTI: OCHOBHA I[IHHICTH aHAJIITUKA Telep IIo-
JArae He y 3mo0yTTi 3aKpuToi iH(opMarrii, a y sgart-
HOCTI e()eKTUBHO OIIPAIlbOBYBATH KOJIOCAIbHI 06CATH
BIOKPUTHUX JaHUX, BepU(PIKyBaATH iX Ta CHHTE3yBaTU
B aHAJIITUYHUH IIPOTYKT.

BararomaniTHicTs BigKpuTHX OrKepes iH(popMma-
mii, 10 BukopuctoByoTbcA B OSINT, uiTko knacu-
(ixoBana y Haykosiii giteparypi. C.B. Jlerominosa
Ta CHiBaBTOPU BUALIAIOTH TAKi OCHOBHI I'PYIIH BiOKpHU-
THX mEepe: «rpaguiriiiai SMI (raseru, pagmio, Tejie6a-
YeHHA, JKypPHAJIN); Bce, M0 IIyOJIIKyeThCA B IHTEPHETI
(comiasipHi Mepeski, 6storu, opymu, oHIaiiH-6a3u a-
HUX, B AKX MOYKHA 3HAUTU 0COOUCTI AyMKU, BPAsKEHHS,
HedopMasbHI 00roBOpeHHA Ta iHIILY iH(OpPMAIliio ITPO
OKpeMUX 0ci0 um opramisariii); KOpIropaTuBHI JaHi, J10-
CTYITHI J1A rpoMascbKkocti (piHaHcoBi 3BiTH abo iHIIa
iHdopMaliia IIPo opraHisailiio); ypagosa indopMarisa
(cymoBi cipaBu, IIy0JTiuHI CIyXaHH:A, MyOIIUHI JOKY-
MeHTH); KOH(epeHIil Ta ceMiHapu, HAYKOBI CTATTI,
JKYPHAIH, TE3U, TUCEPTAllil, JOCTiKeHHA; (poTorpadii;
reompocTopoBa indopmarrisa (kaprorpadiuHi gaHi, KOOp-
OUHATH Ta 1HII TapaMeTpH, 10 JOJAI0Th TPOCTOPOBUI
KOHTEKCT 10 3i6panoi indopmarrii)» [1, c. 295-296].
Taka guBepcudikallisa mKepes BUMarae CUCTeMHOTO
migxomy mo iHdgopMaIiiHo-aHATITHYHOL TiAIBHOCTI.

¥ cyuacHiii HayKoBii JiTeparypi chopMmyBasgaca
critika knacugikarisa Hanpamis OSINT sa tumom mxe-
peit narux. M. O. JlyMUnKoB BUOKPEMJTIOE TAKI KITFOUOBI
manpamu: GeoINT (reompocTopoBa posBiika) — «BUKO-
PUCTOBYE CYILyTHHUKOBI 3HIMKM, KapTorpagidsi cepsi-
cu ta Bigkputi GPS-Tpexepu myia Bepuikalrii miciia
ta yacy momiii. 3aBgaku GeoINT craso moxIuBUM
BIICTEKEHHA epeMillleHHA BifiCbK Ta TOKyMEHTYBaHHSA
MOIIKOIKEeHb 1H(PPACTPYKTYPH ITij] Yac IOBHOMACIIITAO-
Horo BropraenHa Pocii B Ykpaiuny»; SOCMINT (possiz-
Ka coIliaJIbHUX Mefia) — «(PoKycyeThCsa HA aHAJI31 IIy-
OJrikarriii y coriaibHUX Mepeskax, Takux Ak Facebook,
X-Twitter, Telegram-kanasu ta dpopymu. SOCMINT
BUKOPUCTOBYETHCA AJIA MOHITOPUHTY PO3ITOBCIOPKEHHSA

BOPOYKIX HAPATUBIB Ta iMeHTHQIKALI] KJIFOU0BUX ITOIIIH-
proBauis»; TECHINT (TexHiuHa po3BimKa) — «OXOILIIOE
aHAITI3 iIHPPACTPYKTYPHUX CIIITiB: IepeBipKa JOMEHHUX
peecrpie WHOIS mis arpulyriii mxepen mesiudgop-
Mairii, aHaJli3 MeTaJaHux 300paKeHb»; Ta eJIeMeHTU
HUMINT [2, c. 275]. Taka kmacudikaiiis m103BOJIsE
CTPYKTYPYBATH iH(GOPMAITINHO-aHAITUYHY TiAIbHICTD
3a KOHKPETHUMU 3aBIAHHAMU.

Oco6nuBy poasr OSINT sBigirpae y cucremi
iH(opMAaIlifHO-aHAJIITHYHOr0 3a0e3MeUYeHHA IIPaBo-
OXOPOHHOI TIAJIBHOCTI. SIK 06TPYHTOBAaHO CTBEPIIKYIOTH
K. Bopucoga, K. sKmyposceka, €. Kpumrrass ta O. [e-
PEeBATIH y HAYKOBi#l cTaTTi, OMyOJIiKOBaHIl y BUMaHHL
«UNIVERSUM», «OSINT Bucrymnae He Jiuiie AK 10-
TOMIKHUI 1HCTPYMEHT 300py JaHUX, a AK MOBHOITIH-
Ha aHAJITUYHA CKJIQ[0Ba KPUMIiHAIBHOI PO3BIAKH, 110
3abesrieuye oTpUMaHHA, 00POOKY Ta OITIHKY BigoMO-
cTell, peJiIeBaHTHUX [I0 OTIEPATUBHUX 3aBOAHb. 3aCTO-
CyBaHHSA BITKPUTHUX KepPeJsT J03BOJIAE OllePATUBHUM
MiIPO3AisIaM 3IiMCHIOBATH MOHITOPUHT Meia-IIpoCTOpY,
COIiaJIbHUX Mepesk 1 U PoBUX IIaT(HOPM, BUABIATH
iHpopmariiiHo-ncuxoJsioriuni omeparrii (IIICO), Bcra-
HOBJTIOBATH B3a€MO3B A3KM M cy6 ekramu» [3, ¢. 207].
IIpaBoBOIO OCHOBOIO TAKOI HiIAIBHOCTI BUCTYTIA€ SAKOH
Yxpaiau «I[Ipo omepaTuBHO-POIIITYKOBY HifAIBHICTE> Bif
18.02.1992 Ne 2135-X1I [4] Ta 3akon Ykpaiuu «[Ipo Ha-
IMioHAJIbHY 0esrexky Ykpainu» Bimg 21.06.2018 Ne 2469-
VIII [5], Aiki BUBHAYAIOTH ITOBHOBAXKEHHSA YITOBHOBAYKE-
HUX OPTaHiB 010 3000y TTA iH(OpMAIlii, Y TOMY YHCIT
3 BIIKPUTHUX JPKEePEJT.

Bukopucranusa OSINT y cucremi ingopmariiitto-
aHAIITUYHOrO 3a06e3leueHHs HEPO3PUBHO ITOB’A3aHe
3 HEeOOXiTHICTI0O MOTPUMAaHHA ITPABOBUX Ta €THUYHUX
MeJK, 0CO0JIBO Yy chepi 3aXUCTy IMEePCOHAIBHUX JaHUX.
Ax cupasemyuso aknentye M. O. Jymunkos, OSINT
«0oTIepye Ha CTUKY (pyHIaMeHTaIbHUX IIPaB, 30Kpe-
Ma mpaBa KOYKHOTO Ha BijibHe 30MpaHH:A, 30epiraHHA
Ta BUKOPUCTAHHA iHdopMarlii if mpaBa Ha IpUBAaT-
HicTb» [2, ¢. 276]. 3aranbuuii pernament €C 1po 3a-
xuct gauux (GDPR) BeraHoBiI0€ HaliBUIIl Ty106a/IbH1
CTAHAAPTH /1A 00POOKH ITepCoHaIbHUX Aanux. Joctiz-
HUK 3BepTace yBary: «3 moriaay GDPR, mia OSINT-pos-
CJTiMyBaHbB CJIifT 3 00ePEKHICTIO BUKOPHCTOBYBATH 3TOIY
cy6’eKTa AK IIPABOBY ITiACTABY /1A 00POOKH, OCKIIIBKN
iCHye BUCOKUI PUBUK Ii OCKApPKeHHA a00 BiIKJINKAHHA.
Bognouac 6is1bIir HamifHOIO MIACTABOI0 € 3aKOHHUHI
iHTepec, 3a YMOBH, II[0 iHTEpPEC PO3CJIiAyBaHHA mepe-
Bakae HaJl IPaBOM 0co0u Ha mpUBaTHICTH» [2, c. 276].
Ile Bumarae uiTkoi mpaBoBoi perimamenTariii OSINT-i-
ANBHOCTI B YKpaiHi.

Bognaouac Burkopucranaa OSINT crBoproe i HOBI
BUKJINKU JIJIA CUCTEMH iH(OpMAIiiHO-aHAIITUYHOTO
3abesneuenua. C.B. JlerominoBa Ta cniBaBTOpHU 00-
I'PYHTOBAHO HATOJIOIIYIOTH, 1[0 «He iCHYy€E yHIBEepCaThb-
HOTO 1HCTPYMEHTY JIJIA 3aXUCTy BiJl 300py JAHUX PO
opraHisalliio, IpoTe iCHYIOTh ITPEeBEHTUBHI 3aX0/IH,
AKI 03BOJIAIOTL OM AKIIUTH HACIIAKA 1HIIMIEHTIB:
BIOCKOHAJIEHHA BHYTPINIHIX KoMyHikaii momo 1B,
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HaBUAHHA Ta MiIBUIIEHHSA 0013HAHOCTI IIEPCOHAITY I
00MesKeHHA OMPILTIONHEeHHA Yy TIINBOI iH(opMAITii; Ipo-
BemeHHA OSINT-MOHITOPUHTY I OTPUMAHHSA YiTKOTO
PO3BYMIHHSA TOTO, AKA iH(GOPMAIIiA [I0/I0 OpraHisaIrii
MOsKe TIepedyBaTi B PO3MOPAMPKEeHHI MOTeHIIHHUX aTa-
KYIOUHNX; BIPOBAPKEHHA CErMEHTAllil MeperKi, edek-
THUBHOTO YIIPABIIHHA IpaBaMU KOPUCTYBAaYiB Ta IHIITAX
IIporpaMHo-arapaTHuX 3axoaiB Oesmexn» [1, ¢. 300].
IIi saxomgu MaTh 6yTU CHCTEMHO IMILJIEMEHTOBaHI
AK y JepsKaBHUX, TAK 1 B IPUBATHUX CTPYKTYypax.
ITimcymoByroun BUKIa[eHe, BAPTO 3a3HAYUTH, 1110
OSINT meperBopUBCA Ha IOBHOLIIHHY Ta HE3aMiHHY
CKJIAMIOBY cHCTEeMHU 1H(OPMAITIHO-aHATITUYIHOTO 3a6€e3-
TeYeHHA B YMOBaxX CyYacHUX ribpuaHux 3arpos. Boa-
Houac, Ak cupaBemiuBo akientye M. O. JyMmuunkos,
1A 3a0esmedeHHA criiikocTi Ta gerirumuocti OSINT
Y IOBTOCTPOKOBIH IEPCIIEKTUBI HEOOXITHO ITOH0JIaTU

IBa KJIIOUOBI BUKJIMKHU: «METOOJIOTIUHA TTPO30PiCTh:
B yMOBax 3pocTanusa 3arpo3u deepfakes ta mamiry-
namii GenAl Bepudikarnia qaHuxX BUMAarae 3ampoBa-
[PKEeHHA YHI(IKOBAaHUX, IPO30PUX 1 KPUMIHAIICTUYHO
CYMICHUX CTaHAAPTIB» Ta «IIpaBOBa JIETITUMi3aIlid:
OSINT-poscigyBaHHA MAOTh YiTKO BiIIOBIaTH BU-
MOTaM 3aXUCTy ITePCOHATBHUX JaHUX, MOKJIATAIUYNCh
Ha 3aKOHHUU 1HTEpec AK IPaBOBY ITIACTaBYy Ta MiHiMi-
3yroun 30ip HaQJIUIIKOBOI iH(opmMarrii» [2, c. 277]. ITo-
JasIbIle BIOCKOHAJIEHHS CUCTEeMH Mae MTH y HATpsAMax:
rapMoHisarrii HarioHaabHoro 3akounomascTsa 3 GDPR,;
PO3POOKY CITerfiajii3oBaHUX CTAHAAPTIB Bepudikallii
OSINT-mokasiB I CyI0BOT0 MPOIIECY; (DOPMYBaAHHS
npodeciitnoi migroroBku OSINT-anamiTHKIB; 3apoBa-
IJKEeHHA 000B’A3KOBUX €TUUYHNX KomeKciB. JIuie Kom-
JIEKCHUI ITiaXi 3a0esrneunTsb e()eKTUBHE BUKOPUCTAHHA
OSINT y cucremi HalioHAJIBHOI 6e3MeKn YKpaiHu.

JOIJATKOBA IHOOPMALIIA
BHECOK ABTOPIB: Yci aBTopu 3po0uiu BHECOK ITOPiBHY.
DOIHAHCYBAHHS: Asropu He oTpuMyBasu (DiHAHCYBAHHA AJIA [IHOTO TOCTIIKeHHA.
3ASABA ITPO JOCTYIIHICTD JAHUX: He 3acTocoByeTbCA.
KOH®JIIKT IHTEPECIB: ABTopu 3asBJIAI0TH ITPO BiICYTHICTH KOHQJIIKTY iHTEpeCiB.
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OCObJIUBOCTI BIJIUBY TEMIIEPATYPU
HAIPIBY PO3MNJIABJIEHUX YACTUHOK HA
TENJIOBUWN CTAH CUCTEMU «HANUNTIOBAHA
YACTUHKA-OCHOBA»

FEATURES OF THE INFLUENCE OF
THE HEATING TEMPERATURE OF MOLTEN
PARTICLES ON THE THERMAL STATE OF
THE “SPRAYED PARTICLE-BASE” SYSTEM

AHoTauis. B poboTi po3nsiHyTO 3aKOHOMIPHOCTI BIAMBY TeMnepaTypy Ha2piBy PO3naaBaeHnx YaCTUHOK HA TenIoBuii CTaH
goCig)KyBAHOI CUCTeMM «HAMWIIOBAHA YACTUHKA-OCHOBA» MPU HAHECeHHI 2a30TepMiYHMX MOKPUTTIB.
KntouoBi cnoBa: cuctema «HanmumoBaHa 4acTMHKA-OCHOBA», TeMMepaTypa HazpiBy, TOBLUMHA YACTUHKMN.

Summary. This paper examines the features of influence of the heating temperature of molten particles on the thermal state
of the sprayed particle-base system during the application of gas-thermal coatings.
Key words: system «sprayed particle-base», heating temperature, particle thickness.

po6JieMu 3aXUCTy BEJIMKOrabapUTHUX MaTepialiB,
AKI TIPAITIOIOTE B yMOBaX 3HOIIYBAHHSA TA arpecuB-
HUX CEPEIOBUII, 30epirae CBOI aKTyaJIbHICTb Ha PIBHUX
erarax pO3BUTKY TEXHIKU. 3 OIVIAAY Ha ITUPOKE BUKO-
PUCTAHHA B TEXHII ra30TEPMiIUHUX IOKPUTTIB Pi3HOTO
(byHEKITIOHATBEHOTO TPUBHAYEHHA HA0YyBAKTh IIP00JIeMU
CTBOPEHHSA HOBUX Ta BOOCKOHAJIEHHA ByKE€ 1CHYIOUUX
TeXHOJIOTiH ix HanuieHHA. 1]e 3yMoBiII0Oe HEOOXIAHICTE
BUBUEHHSA TEIJIOBUX ABUIIL, AKi CIIOCTEPIraroThCA MIPHU
peasisalrii TeXHOJIOTIYHUX IIPOIeCiB HaHEeCeHHS I10-
kputTiB [1-7]. IIpu BuBUeHHI TEILUIOQISUIHUX ACIIEKTIB
TEXHOJIOTI1 ra30TePMIiUHOT0 HATIMJIEHHA BUIIIAIOTD IBA
HaTIPAMHU JOCITiKeHb. [lepIie 3 HUX CTOCYEThCSA IIPOLIecy
TEIIONEPEHOCY B ABO(MABHIX ITOTOKAX Ha CTAIil HATPIBY
Ta MJIAaBJIEHHA YacTUHEU. [[pyre HanpaBjaeHHA CTOCY-
€ThCA BUBUEHHSA TEILUIOBUX ITPOIIECIB BJIaCHE HA OCHOBI.
B maniit po6oTi pos3rIAqanThHCA MUTAHHSA, 110 CTOCYIOTHCA
Ipyroro i3 BKazaHux Hanpamis. [Ipu ibomy ocHOBHA
yBara npuIUIAeThCSA BUBUEHHIO TETIOBUX SBUII.
B crarTi po3riAHyTO pesysibTaTy MPOBEIEHUX JI0-
CJIPKeHb i3 BUBUEHHA 0COOJIMBOCTEN BIUIMBY TeMIlepa-
TypU HATrpiBy PO3IJIABJIEHUX YACTUHOK Ha TEILIOBUMN

CTaH JOCJTIIKYyBAHOI CCTEMHU «HATITIOBAHA YaCTHHKA-
OCHOBa». AKTyaJIbHICTh JAHUX OOCTIIKeHb 3yMOBJIEHA
THUM, 1[0 BKA3aHA TeMIleparypa, AK BiloMO, B 3HAUHINI
Mipi BU3HAUae, AKICTh OTPUMAHUX Ia30TEPMIUHUX II0-
KPUTTIB, a TAKOK MIIIHICTh iX 3UEIVIEHHA 3 OCHOBOIO.
Ha pucyuky 1 a), 6) HaBeIeHO pe3yIbTaTi BUKOHAHUX
PO3pPaXyHKOBHUX €KCIIEPMMEHTIB, AKi BiITIOBIIAI0TH TPHOM
pisHUM 3HAUYEHHAM 0€3P03MipHOI IT0YATKOBO1 TeMIIepa-
Typu yactunkm 0; — 1,52; 1,281 1,0 (BapianTu pospa-
XyHKIB 1, 2, 3 I[I/IB? Tabauiio 1). 3rigHo 3 OTPUMAHUMU
JIaHUMU PiBeHBb OYATKOBOI TEMIIEPATYPU YACTUHKUA 610

CYTTEBO ITO3HAYAETHCA HA TPUBAJIOCTI IHTEPBAJIY 4acy,
AKUH BiJIMIOBi/Iae MPOTAKHOCTI TPETHOI CTadil IIpoIiecy
Fo, [8]. Tak nyia 0, = 1,52, B pO3MIAHYTHX yMOBaX Be-
Jmauan Fo BiNpisHA0TECA Gisbie M B 2,3 pasu. He-
00X1/THO TAKOXK BIAMITHUTH, 1[0 TEMIIEPATYPA 910 8HAYHO
BILUTMBAE HA MPOTAKHICTD IPYTOi TA TPETHOI CTAIT TTPO-
necy. A came, 3i 3pOCTaHHAM 0, BiIHOCHA MMPOTAKHICTH
TPeTHO1 cTafdil 30LIIBIITyeThCs, a Apyroi — magae. Hampu-
KJIaI, AKIIO TIPU 610 =1,521 1,28 BigHOCHA IIPOTKHICTD
TPeThol cTadil CTaHOBUTH BimIoBimHO 51,5 Ta 32,9%,
TO B BUIIAIKY 910 = 1,0 TpeTa cTaiA BiACYTHA.

Tabnuuys 1

BapianTu po3paxyHKIiB TEIIJIOBOTO CTaHY ABOIIAPOBOI CHCTEMH «HAIWIIOBAHA YaCTHHKA-OCHOBA»

Ne BapianTy

Marepian ocHOBH

BeapoaMmipua ToBIIHHA
JYACTHHKH §,

ITouaTkoBa Temmnieparypa
YACTHHKH 0,
0

1 Crayb 45 10 1,28
2 Crains 45 10 1,0
3 Crajb 45 10 1,52
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Puc. 1. Posmomist 6e3posmipHoi Temrieparypu (a) Ta MIBUAKOCTI 3MiHU TeMIieparypu (0) 10 TOBIUHI JBOIIIAPOBOI CUCTEMU
«qacTUHKA i3 craBy Fe, B, — cranbna ocHoBa « mpu ToBiuHi yactuaku §, = 10,0 /1A pisHUX 3HAUEHb TOYATKOBOT
TeMIlepaTypyu YacTUHKN 9 ; IpAMaA JIiHIA 9 = 1,52; mTpuxX IyHKTUPHA JiHIA 9 = 1,28; npama JriHia

3 }cpymequ 9 =1,0 (BaplaHTI/I pospaxyHkiB 1, 2, 3 quB. Ta0I. 01)
a)—1—-Fo=28,69-1013;2—Fo =4, 345 10'%6) — 1 —Fo = 4,345-10; 2— Fo = 8,69-10'!; 3 — Fo = 1,738-107'°

Pucynox 1a) inroctpye posmofin 6e3po3MipHOI TeM- — 3HaueHHA MBUAKOCTI V| B yactuHIl. IIpu npomy Ha 3a-
mepaTypu y cucTeMi B (hikcoBaHI IPOMIKKH dacy IjiA  rajJbHUH xapakrep 3ajesxHocTi V, = V (x) piBHi mouar-
pisHUX 3HAUeHb 0, . fIK BU/IHO 3 PHCYHKY B yCiX TOUKaX  KOBOI T€MIIEPATypH MOKPUTTA HE BILIUBAKOTH.

obJtacTi, 110 posrnﬂ;[ae'rbca BUKJIIOUAIOUN HE30ypeHy Benuuuna 0, BIIMBae TakoX i po3TalIyBaHHA

30HY B OCHOBI, MEHIII 3HAYEHHS 6 BI[IIOBINAIOTh HUK- TPAHULB He36ypeH01 30HU B 0CHOBI. Hampurmnan, miis

il TeMITeparypi. Fo = Fo, nmpu 6, = 1,52 gnauenna Ax, = 160,8 mpu
Ha pucynry 16) naBemeno posmomin msuakocti 0, = 1,0 BoHo CTaHOBI/ITb 293,0.

amiau Temneparypu V,(V, = 00/0Fo ) mo ToBumuHi * TIpoBe/ieHi JOCITi/PKeHHA TI0KABYIOTh, 1110 TEIITIOBUI

IIBO].HapOBOl CHUCTeMHU OJ1d p13HI/IX 3HAa4YeHb 6 Bl‘iﬂ- CTaH CUCTEeMU «HaIlWJII0OBaHa YaCTUHKa-0CHOBa» CyTTEBO
HO 3 OTpPMUMaHUMHU HJaHUMU 31 3PpOCTaHHAM HO‘-IaTICO- 3aJICKUTD Biﬂ piBHH TeMIieparypu HarpiBy pOBHI/IJIeHOi
BO1 TeMIlepaTypu 4aCTUHKN 361JIBHIYIOTLCH a0COJTFOTHI YaCTHUHKU.
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TEMMNEPATYPHI PEXXMUMW BATATOLLAPOBOI
CUCTEMW NPU BAPIIOBAHHI
AUCTAHLIIT HANWJIEHHS

TEMPERATURE CONDITIONS OF
THE MULTILAYER SYSTEM WHEN VARYING
THE SPRAYING DISTANCE

AHoTauis. B poboTi po3/1siHyTO 3aKOHOMIPHOCTI BI/IMBY GUCTAHLIT HAMMUAEHHS HA Tena0Buii CTaH cucTemu «baatoLapose

MOKPUTTA-MIGLIAP-OCHOBA».

KniouoBi cnoBa: cyictema «6a2atoliapose noKpUTTS-MigLIAP-OCHOBA GUCTAHLSI HAMWIIOBAHHS, NSIMA HA2PIBY.

Summary. The work discusses the regularities of the influence of the spraying distance on the thermal state of the system

“‘multilayer coating-sublayer-base”.

Key words: “multilayer coating-sublayer-base” system, spraying distance, heating spot.

pobJieMu 3aXMCTy BeJTUKOTa0apUTHUX BUPOOIB, AKI

MIPAIIIOTh B YMOBaX 3HOCY B arPECUBHUX CEPEO-
BUIIAX 30epirae CBOI aKTyaJIbHICTh 1 Ha JaHOMY eTarli
PO3BUTKY TexHIKHU. [[J1A BUpPIIlIeHHA JaHol IIpobiieMu
MIUPOKE 3aCTOCYBAHHSA 3HAXOAATH CITOCOOM ra3oTepMid-
HOT0 HaHECEeHHA MOKPUTTIB Ha Pi3HI By3JIU TePTA AKI
IpaIoiTh 6€3 caM0o3MaIllyBaHHA, a TAKOXK B YMOBaX
rpaHugHOro tepta [1-8].

Posriismaersea TpuBuMipHa HecTarioHApHA 3a7ada
TEIUIONPOBIAHOCTI 1A GararornapoBoi cucremu. [Ipu
IILOMY OCHOBHUMHM OyJI TaKi repeaymoBu. [xxepesto Te-
IJTOIIITBOTY BBAKAETHCA PYXOMUM 13 IIOCTIMHOIO IITBU]I-
KICTIO Y BiAIIOBIMHOCTI 3 PyXOM ILIa3dMOTpoHy. Poamomis
TEILJIOBOTO TIOTOKY B ILIAMI HATrpiBy IependadacTbes
TaKuM, 1110 BifTIoBifgae 3akouy ['ayca. 3pocTaHHA TOB-
IIUHYU TTOKPUTTA ITiCJIA OJHOTO MPOXOAY ILIa3MOTPOHA
He BpaxoByeThcA. [locTaHOBKA 3agadi CTAaBUTHCA B JIi-
HiliHiT popmi. Bei o6merkeni moBepxHi 6araTomapoBoi
CUCTEMU, BUKJIFOUAI0UH ITOBEPXHIO TEILIOIIIBOMY, IIPU-
HUMaroThCAa agiabaTHUMMU.

PobGora mpucBsueHa BIJIMBY AMCTAHII HAIU-
JIeHHS lp Ha TEIJIOBUH CTAH CHCTEMHU «baraToiiapo-
B€ MOKPUTTA-IIIAINIAaP-0CHOBa». J{OCIIiIIKeHHA TIPO-
BOQWJIVICH B IIIMPOKOMY Jialla3oHi 3MiHU ITapamMeTrpa
lp (0,06< lp <0,15 m). Hmxue HaBogATHCA JaHi o04ric-
JIIOBAJIBHUX €KCIIePUMEHTIB, AKi BiIITOBIIAI0OTH 3HAUEH-
HAM lp: lp =0,05;0,1 m10,15 m.

3MiHa aucTaHIlii HAITUJIeHHS lp moB’A3aHa 13 3Mi-
HOI0 Koe@iIfieHTa 30CepempKeHOCTI TEIJIOBOTO IIOTOKY
k ta edexruBHOro Koedirienra xopucuoi mii (KK/I)
HarpiBy BUPOOY 1M IIOTOKOM I). Buximmi mami & = 2.10*
1/m2, n = 23% npu lp =0,05 M, £ =0,95-10* 1/ m2,
n=14%upul, =01mik =0,73-10" 1/ m* n= 9%
npu lp = 0,15 m (muB. puc. 1a) Ta 6)). Posmomin 6es-
PO3MipHOI I'YCTHHU MHiBEAEHOT0 TETIJIOBOTO TIOTOKY q

134

0 MJIAMI HArpiBy, BUBHAYAETHCA BEJIMUMHAMH k Ta 1)
OPY PO3TIAHYTUX AVCTAHINAX HATUIIEHHSA [ TIOKa3aHo
Ha puc. 2a). Tyt g =q/ q:;aX , oe q;ax — MaKcuMaJIbHe
3HAUYEHHA T'YCTUHU TeILJIOBOTO IIOTOKY IpU lp = 0,05 m;
BeJIMIMHY q, . JUUIA BCiX AMCTAHITI HATMIEHHA 3HAXO-
AWJIACH 32 CIIBBIHOIIEHHIO ¢, =@ /(7 roz), me @ —
HOTYKHICTb TEIJIOBOTO MOTOKY; Z = z,/ry; L =1/ o
lro_—or (;)5/ rl'v?mm, Aie 7,  — pajiiyc IUIAMHU HArpisy npu
, =0, .

Ina 3’sicyBaHHA BIUIUBY 3aKOHOMIpHOCTEH KoediIri-
€HTAa 30CepPePKeHOCTI TEeTLJIOBOT0 TIOTOKY £ 1 e(peKTHUBHO-
ro KK]I n — momisibHuM € posritan AesKol rimoTeTnd-
HoI cuTyalrii, B AKiH 31 3MIHOI0O IUCTAHINT HATTMICHHA
aMiHEeThCA TiTbKU edexTuruuit KK/l Harpisy 1, xo-
ediIieHT 30CepPeIKeHO0CTi k£ 3a/INIIaeTbCA He3MIHHIM.
Poazrmofti 1iiytbHOCTI miIBEIEHOT0 TEILJIOBOTO IIOTOKY q
npu 7, =1 s PisHUX [, 1110 BiAIIOBiIae AaHii cuTyarri
TrOCTpye puc. 3.

Ax BuHO i3 pUCYHKY B 3 30Hi, AKA IPUJIATAE 10 MAK-
CUMYMY TEILIOMIABOAY TeMIIepaTypHi PiBHI cuCcTeMH
TUM BUIIle, YUM MeHIIIa IUCTaHIliA HamwieHnHs [. [Tpu-
YoMy BeJIUKY POJIb Bifirpae 301JIbIIIEHHA IJIAMU HATPIBY
31 30ibIIIeHHAM BesTuauu /. {1 HesMiHHUX PO3MipiB
IJIAMU HarpiBy eQeKT 3MiHU TeMIIepaTypHUX PiBHIB
OpY BapiloBaHHI UCTAHII] HAIMJIEHHA € MEHII CyT-
TeBUM (3iCTABJIEHHA CYIIJIbHUX 1 IIYHKTUPHUX JIIHIN
Ha rpadikax BiMOBIAAI0Th PAKTUUHIN 1 TITOTeTUUHIN
CUTYaIifAM).

Amnajtizyroun 3aKOHOMIPHOCTI 3MiHH TeMIIepaTypu
Ha TOBEPXHI TEIUJIOIABOAY CJIi BIIMITUTH TAaKOXK, III0
3 BiIaJIeHHAM BiJl MiCI[€3HAXOI:KeHHA MaKCUMyMY
TeMmIiepaTypHoi (QyHKIii 0 = f{z) BigMiHHOCTI TemIte-
paTyp BiTHOCATHCA 0 PI3HUX JUCTAHITIN HATUIEHHA
(rimii 1, 2, 3 Ha puc. 3) momiTHO 3MiHIOIOThCA. [lepen
IKepeJioM IIJIa3MOBOT0 HATPIBY (110 XOAy HOT0 pyXy)
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Puc. 1. 3anexuicTs Big qucTaHIlii HanmuiIeHH: |: a) KoedillieHTa 30C€PEIPKEHOCTI ITUTOMOT0 TEILJIOBOTO IIOTOKY TBO(A3HOTO
crpymens K; 6) KK/l marpiBy Bupo0y nqBohasHoro crpymMeHs 1)
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SN N
-24{31 0 1 2z I
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Puc. 2. Posmomis rycTuHY miBe1eHOTO TEILIOBOTO MOTOKY: a) IIPY PisHIi JUCTAHIT HATTUIeHHA:
1—1="17,07(q, =1, T, = 1);2—1=14,14 (@ax = 0,29, T, = 1,45); 3 —1=21,21 (G ok = 0,143, T, = 1,65);

max
0) ripu r_‘o =1 pna eperrusroro KK]I Harpisy BupoOy ABodh)asHMM cTpyMeHeM, 1o BIAIIOBigae PisHiA qucTaHIi1

"HanumineHaa: 1 —1[ =707 (n =23%); 2—1=14,14 (n = 14%); 3—1 = 21,21 (n = 9%)

9° BOAYAETHCA 1HBEPCiA 31CTABJIIOBAHUX TEMITEPATYPHUX

1 kpuBux. OcTaHHe 3yMOBJIEHE THUM, III0 IIPY HiABUIIEH-
HI JUCTAHITI] HANWJIEeHHA [ Mae Miciie pocTy ILIAMEI
HarpiBy. lle migTBepaKyeThCA TUM, 110 B BUIAJKY Bij-
MideHOI BUIIe TIOTeTUYHOI CUTYyaIlii, KOJI po3Mipu
IUIIMU HArpiBy 7, 3aJIUIIAIOTHCHA MOCTIHHUMU He3a-
JIeYKHO Bif IUCTAHITII HATTMIIOBAHHA, eeKT BKa3aHol
iHBepcii He crocTepiraeTbeA.

-4 -2 0 22

Puc. 3. Posmonin remmiepaTrypu 0° B3moBK oci z B mapyBaTo-
HEOTHOPIAHIN CHCTEeMi «OTHOIIAPOBE TIOKPUTTA-ITiAIIaP-
OCHOBa» IIPU PiBHUX JUCTAHINAX HanmviaeHHsa: 1 —1[ = 7,07
(qmax =1, r_‘O =1),2—1=14,14 ((Ymax =0,29,
= 1,45);3—1=21,21 (G 0y = 0,143, T, = 1,65);

4, 5 — mani, 1110 BiAIOBIAAI0OTH 7_‘0 =1 ra epexrusaomy KK]I
HarpiBy BUPoOY qBO(a3HIUM CTpyMeHeM, AKUI BiqIIOBigae
aucTaHiii Hanwienda [ = 14,141 21,21
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