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ATPOTEXHIYHI BUMOI'M TA OCOBJIMBOCTI
BUPOLIYBAHHA KYKYPY/I3U HA CHJIOC

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

Kykypyo3y mna cunoc BUpOUIYIOTH ISl 3aroTiBIl BUCOKOIIO)KMBHOI'O KOPMY
(cwitocy) mnsa Benmkoi poraroi xyaoou (BPX), mo 3abesmedye TBapuH €HEPri€lo,
KIIITKOBUHOIO Ta KpOXMalieM, a Tpoliec BKIOYae 30ip y ¢azy MOJIOYHO-BOCKOBOI
CTHUTJIOCTI Ta MOAPIOHEHHS BCI€ET POCIUHU JJIs1 OpOIHHSA Ta KoHcepBauii [1].

Cnin BiamiTuTH, 1o y JlicocTeny KykKypy/i3a Ha CHJIOC HalKpalile pocTe Micis
O3MMUHHU, 1] SIKI BHOCUJIM 100pHBa, 36pHOO000BUX, LIYKPOBOTO 1 KOPMOBOI'O OYpSIKY,
rpeuku, kapromm. B 30H1 [lomicess po3MilytoTh Micis JIFONUHY, OaraTopiuHUX Tpas,
JBOHY, 3€pHOO000BUX, 03UMHX, Kapromm. KykKypyaza He HaleXWuTb [0 HyXke
BUMOTJIUBUX JI0 MONEPEIHHUKIB KYIbTYP.

KpiMm Toro, Kykypyna3y MOxHa BUPOLIYBaTH K MOHOKYJIbTYpy. Ha yopHO3emax
0e33MIHHE BHUPOIIYBAaHHSA, 3a YMOBHU IIOPIYHOIO BHECEHHS JOOpPUB, MOXKIINBE
ynpoaoBx 6—10 pokiB, a HA MEHIII POJIFOUUX IpyHTaxX — 3-5 pokiB [2].

VY paiioHax HEAOCTaTHHOTO 3BOJIOKEHHS HE PEKOMEHY€EThCSI BUCIBATU KYKYPYA3Y
Ha CUJIOC MICIs KYJIBTYp, Kl BUCYIIYIOTh IPYHT, 30KpEeMa, MICIs LIyKPOBOIO OYpsIKY,
CYJIaHCBbKOI TpaBH, COHSIIHMKY. He BapTo ciath KyKypyA3y micis mpoca, 1ol
3ano0IrTH MOMIMPEHHIO CIUIBHOIO HIKITHUKA — KyKypyI3stHoro Merenuka. Kykypynza
y CIBO3MiHI € J00pUM TONEPEIHUKOM i SIpUX 3E€PHOBHUX KYJbTYyp, a NpH
CBOEYACHOMY 30MpaHH1 — ISl O3UMUX.

Obpobimoxk tpynmy. OCHOBHUI 0OpOOITOK I'PYHTY HPOBOISATH 3 YpaxyBaHHSIM
MONepeIHNKa, TUITY IPYHTY, pelabedy, CTyIEHs 1 0COOMMBOCTI 3a0yp SSHEHHS MOJs. Y
30HI JOCTaTHHOTO 3BOJIOKEHHS Ha 3a0yp sSTHEHUX MOJsAX €()EeKTUBHUN HaIllBHIapOBUN
o0po0Oitok rpyHTy. [licna paHHIX TomepeaHUKIB (3e€pHOBUX, 3€pHOOOOOBUX) IPYHT
CJI1IOM 32 30MpaHHsIM JAUCKYIOTh Ha IIHOuHy 6-8 cM. BHOCSTH MiHEepasbH1 1 OpraHiuHi
no0puBa 1 mpoBOASTH OpaHKy jemimHi myru [1JIH-3-35, TIJIH-5-35, [TJIH-8-40, 060-
potHi III10-4-40, III1O-6-40, ITHO-4-40 Tta iH. Ha Taubuny 27-30 cm, 1100
3a0e3neunTH J0OpHil pO3BUTOK KOpEHEBOi cucteMu. Yepes ABa-Tpu THKHI IPOBOJASITH
MOBEPXHEBUN OOpOOITOK JUIsi 3HUIIEHHS CXOJMIB Oyp SHIB 3a JOMOMOTOIO
KyJbTUBATOPA, JUCKOBOI OOPOHM UM 1HIIUX 3HApsAb [2, 3].

Ha monsix, 3acMiueHUX KOpPEHEBMIIHUMH Ta KOPEHENAapOCTKOBUMH Oyp’sHaMu,
J0JIaTKOBO 3aCTOCOBYIOTH JIEMIIIHE JyILIEHHS Ha rubuny 12-14 cm muyramu-
nymuneHukamu  TIIIJI-10-25  abo  mMpoko3axBaTHUMH  KYyJIbTUBaTOpaMU-
rockopizamu KITHI-5, KIITH-6, KITII-9 Ta iH.

[Ticns mi3HiX nonepenHukiB (Oypsik, OaraTopiyHi TpaBu, KYKypya3a) MPOBOJATH
nuckyBaHHs Baxkkumu 6oponamu bJIT-7,0, BAT-10, BJIT-3,0, John Deere 630, M®-
248 Ta iH. 1 1006poro noApiOHEeHHS pOCIMHHUX pemToK. [ToTiM BHOCATH 100pHBa 1
MPOBOJIATH OPaHKY sipycHUMU Turyramu [151-3-35; [THA-4-40 na rmubuny 27-30 cwm.
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OCHOBHUM 3aBJaHHSIM BECHSHOTO TIEPEANOCIBHOTO OOpOOITKY TpyHTY €
MaKcUMalibHe 30epeXeHHs BOJIOTM B IPYHTI, OUHMILIEHHS BiJ Oyp sIHIB, CTBOPEHHS
CHOPUSTIIMBUX YMOB I MPOPOCTaHHS HACIHHSA 1 OJIEpXKaHHS CBOEYACHHUX CXO/IIB.
PanHbOBECHSIHE 3aKpUTTA BOJOTM 1 BHUPIBHIOBAHHS 3A1WCHIOIOTH TpPU HACTaHHI
(b13UYHOT CTUTJIOCTI TPYHTY. BHpiBHIOBaHHS TPOBOAMTHCA mia kKyToM 45-50° mo
HaIPSIMKY OCHOBHOTO 0OpOOITKY.

[Ticns mosiBu cXo1iB Oyp sSIHIB MPOBOJIATH MEPITY KyJIbTHBAIIIO0 Ha IIUOuHY 10—12
cM. [lpyry xBuiIto mpopociux Oyp sHIB 3HUIIYIOTh TEPEATIOCIBHUM 00pOOITKOM, SIKAN
HallKpalle MpOBECTH 3a JOMOMOrol KoMOiHoBaHux arperaTiB tumy PBK-3.6,
€ppomnak, JIK-4. IlepenmociBHuii 00poOITOK MPOBOAATH Ha TJIIMOMHY 3aropTaHHs
HACiHHSA. SIKIO CTPOKHM CiBOM Mi3HIMIl, MPOBOJAATH 2—3 KyJIbTHBAIIil, 3HUIYIOUH TIPU
bOMY HOB1 XBHWJII Mpopocaux Oyp sHiB. Po3puB y daci MiX NepeanociBHUM
00pOoOITKOM 1 C1BOOIO MOBHUHEH OyTH MIHIMAJIbHUM.

Buecennsa 0Oobpue. 3 OpraHiyHuX JOOpWMB HaWyacTille BUKOPHCTOBYIOTh
I1JICTUJIKOBUHM THIHN, IKMI BHOCATH i opanky. HopMa BHECEHHs 3a1€KUTh BiJl 30HH 1
poarodocTi rpyHTy. Y 3aximHomy JlicocTemy BoHa craHOoBUTH 30—40 1/ra, Ha [Tomicci —
40-60 T/ra. Pigkuit THi# ciig BHocHTH A0 80 T/ra 1 HeraitHO 3apoOJIsITH B IPYHT. Y
CBITOBOMY POCJIMHHHUIITBI Ta BPaxOBYIOUM BIJICYTHICTh OpraHIYHUX JOOPUB BEIUKE
NOIIMPEHHsST HaOyJ0 BHUKOPUCTAaHHS 3elieHoro noOpuBa. s cuuepauii ciin
BUKOPUCTOBYBATH JIIOIWH, CYPIINHUIIIO, PIMaK, TIPUYUIIO 01Ty, peIbKY OJIMHY Ta 1H., sIK1

MO>KHa npupiBHATH 10 BHeceHHs 20—-30 T/ra rHoto [3].

Cucrema ymoOpeHHS KyKypyI3d Ha CHJIOC BKIIOYAa€ OCHOBHE YIOOPEHHS,
MPUIIOCIBHE 1 MIJHKUBIEHHS. OplEHTOBHA /1032 BHECEHHS MIHEPAIbHUX JOOPUB IiJ1 4ac
OCHOBHOTO ya00peHHs cTaHOBUTH — N60-90P60-90K60. I3 noOpuB AoLLIBHIIIE
BUKOPUCTOBYBAaTU CKJIagHl (HITpodocKy, HiTpoamodocky, HiTpodoc, miamodocy,
amodoc). Y KUBIEHHI POCIWH KYKYpyA3U € JBa KPUTUYHI Mepiogu. Y mepiiui
KPUTUYHUH NMEPI0J] CIIOCTEPIraeThes MiABUIIEHA MOTPeOa MOIOANX POCIUH Y Pocdopi
Ha MOYaTKy Bereranii (Big 3 A0 7 JIUCTKIB), 1110 3yMOBJIIO€ 000B’SI3KOBE 3aCTOCYBaHHS
MPUNIOCIBHOTO BHeceHHs (dochopHux abo CKIAAHUX MIHEpaJbHUX J00pUB
(aiTpoamodocku, HiTpodocy, HiTpodhocku, amodoc, cyiashoamodoc, cynepdocdar) B
no3i mo 10—15 kr/ra a.p. JloOpuBa npu 1bOMy BHOCSITH OJTHOYACHO 3

ciBOOr0 Ha BijcTaHi 3—5 cM 300Ky Bia psaka 1 Ha 4—5 CM HIDKYE TIIMOWHU
3aropTaHHs

HAClHHA. Y Jpyruil KpUTUYHUHN Mepioj, MiJl Yac IHTEHCUBHOTO POCTY 1 PO3BUTKY
(mepiox 9—10 AUCTKIB — BUKHUAAHHS BOJIOTI), CIIOCTEPIra€ThCsl MiABUINEHA MOTpeda
POCTUH KyKYpYA3HU y @30THOMY >KUBIICHHI, III0 3yMOBJIIOE TIPOBEACHHS IPUKOPEHEBOTO
M1OKUBICHHS Y (Da3l 3—5 TUCTKIB a30THUMHU MiHEpAJIbHUMHU 100prBamMu y 1031 20 Kr/ra
1.p. (amiayna cenitpa, a3orocynbdar). [lepcnekTuBHUMU

€ piaki komruiekcHi (PKJI) Ta a3oTH1 nobpuBa (pinkuii amiak, amiauyna Boja, KAC).

Copmu ma 2ibpuou. 3riqao Peectpy coptiB Ykpainu 3apeectpoBano Oiibiie 700
riOpuaiB KyKypy/a3u, 3Ha4UHa KIJIbKICTh SIKHX MOKE€ BUKOPUCTOBYBaTHCS Ha cujioc. [1in
yac BUOOPY riOpuIiB KyKYpY/I3H 1JIsl BUPOILyBaHHS Ha CUJIOC CJIiJ] 3B€pHYTH OCOOTIUBY
yBary Ha Taki XapakTepucTuku [3]:

- KOPMOBI SIKOCT1 Ta BUCOKY BPOXKAHICTh BET€TATHBHOI MacH Ta 3€pHa;

8



AGRICULTURAL ENGINEERING
TRANSFORMATIONAL PROCESSES IN SCIENCE: GLOBAL EXPERIENCE AND LOCAL
SOLUTIONS

- CTIMKICTB 710 XBOPOO Ta IIKiTHWKIB,

- CTIHKICTB J0 MPUMOPO3KIB, IOCYXH, BUJISTAHHS,

- BTpaTa BOJIOTH BErE€TaTUBHOIO MAaCOI0 CUHXPOHHO 13 36pHOM;

- TBEPAICTh 3¢pHA Ma€ OyTH MEHIIIO0, HIXK Y 36PHOBHUX T10PH/IIB.

B yMoBax ojHOTO rocmojapcTBa CiiiJi BUKOPHCTOBYBATH JEKijdbKa TIOPHAIB 13
pizauMH xapaktepuctukamu ®AO, Tuny 3epHa, Uy TJIHUBICTIO 10 T0OPUB, CTIHKICTIO J10
XBOPOO, 1110 1aCTh 3MOT'y ONTUMI3YBaTH CTPOKH IMOCIBY Ta 30UpaHHS.

1Tiocomoexa nacinus 0o cisdou. Ilpu OCiB1 KyKypyA31 Ha CUJIOC, SIKA BiTOYBAETHCS
y paHHI CTPOKH, Iy>K€ BHCOKA BIPOTIAHICTb IUTICHSABIHHSA HACIHHS, YpaKeHHs
dby3apiozomM, TOMYy CIig HACiHHS Tepeln CiBOOI0 OOpoOMTH KOMIUICKCHUM
nporpyiHuKkoMm (BiTaBakc 200 @D B.c.k., makcum XL 035 FS t1.kx.c. abo iHmmi
JI03BOJICHHUM JJIT BUKOPUCTAHHS). TakoX MOCIBU MOXYTh 3HAYHO IMOIIKOKYBATHCS
I'PYHTOBUMH IIKITHUKAMU (IPOTSHKU, TUYUHKHU XPYIIIB, O3MMa COBKa), 3a1100IrTH e

MOKJIMBO OOPOOMBIIM HACIHHS 1HCEKTHIMIHUM HTPOTPYWHHUKOM, SIKHMM MOXKeE
BIUIMHYTH TAKOX 1 Ha IIKITHUKIB CXO1B, TAKUX SIK IIBEJIChKA MyXa, MOTEJIMII Ta 1HIIT
(xpyizep 350 FS t.k.c.,, dopc 3ea 280 FS T1.k.c. ab0 1HIIMH JO3BOJCHUM IS
BUKOpUCTaHHA). [IJ1s1 CTUMYIIIOBAHHS CXOXKOCTI 1 €HEeprii MpOpOCTaHHA, 301IbIIICHHS
CTIHKOCTI POCIIMH MPOTH XBOPOO 1 JI0 HECHPUSITIUBUX IMOTOJHUX YMOB Y MOYATKOBI
($a3u pocTy HEOOXI1THO MPOBECTHU MEPEANOCIBHY 00pOOKY HACIHHS MIKpOJI0OpHUBaMHU,

CJIEMEHTH >KUBJICHHS y CKJIAIl WX JOOPHUB 3HAXOASTHCSA B JIETKOJOCTYITHIN JIJIst
pociuH XenaTHId Qopmi, SK TpaBUIIO Take OOpOOJICHHS HACIHHA pPOOUTHCS Ha
crenlaJbHuX MiANPUEMCTBAX MUIAXOM IHKpYcCTalii HaciHHA [3].

Cigba. CitoTb KyKypyA3y Ha CHJIOC MYHKTUPHUM CIIOCOOOM 3 MiKpsaasamu 70—60
cM 3 goromororo BiTun3HgHuX ciBajgok CYIIH-12, YIIC-12, CY-12, CYIIH-8A, CIT4-
6M abo 3axkopaonaumu John Deere, M®-543-8, M®-543-6 Ta 1H. ly1g KyKypyA3u Ha
3eJIEHUI KOPM HOPMU BUCIBY 301IbIIYIOTh, a IIUPUHY MDKPSAAb MOKHA 3MEHILIUTH 110
45-30 cM, mo 3abesneudye PIBHOMIPHIIIE PO3MIIICHHS POCJIWH Ha TIUIOINI.
PexomenmoBana rycToTa MocCiBy KOJIMBAETHCS JIJISl KYKYpPYyA3U Ha CHIIOC B Mexax 50—
80 TucC., ISt BAKOPUCTAHHS MOCIBIB KYKYpyA3U Ha 3eNieHuit kopM B Mexkax 80—100 tuc.
pociun Ha Tekrtap. [1[o6 3abesneunTu mnepeA3OMpaTbHY TYCTOTY POCIHH,
BCTAHOBIIOIOTh CTPaxoBl HaA0aBKWM HACIHHA, sKi MOXyTh cTaHoBUTH 30 %. Ilpu
BHUPOIIYBaHHI KYKYPY/3U Ha CHUJIOC BaroBa HOpMa BHUCIBY HaclHHS cTaHOBUTH 30—40,
py BUpOINTyBaHHI Ha 3eneHy Macy 40-50 kr/ra. [{ns 3a0e3neueHHs piBHOMIPHOTO
PO3MIIIEHHS HACIHHS B PAAKY MOTPIOHO CisATH 31 BUAKICTIO 4—6 km/roa. Ha onHoMy
MTOTOHHOMY METPI psiJiKa MPH IUPUHI MIKPsiib 70 cM TOBUHHO BUCIBATHCH OPIEHTOBHO
5,6 HaciHMH, 110 3a0e3ne4yuTh ryctoTy 80 THC./Ta, 6,3 HaciHuH (90 Tuc./ra), 7 HACIHUH
(100 tuc./ra).

VY mporieci yxBaJieHHsI PIIIEHHS PO HACTAHHS CTPOKIB CIBOM KYKYpYJI3H CIiJ
BpaxyBaTHU BIPOT1IHICTh MPUMOPO3KIB, SKI 37aTHI BUKJIUKATH 3HAYHI MOUIKOJKEHHS
pociuH. Kykypya3y Ha CHJIOC CitOTh, KOJU TeMIlepaTypa IpyHTy Ha rauousi 10 cm
cranoButh 10-12°C. XomomocTidiki TiOpuau MOKHA BHUCIBaTH paHilie, Mpu
temriepatypi 1pyHTy 8-10°C. [nkpycToBaHe HaciHHS MO>kHa BuciBaTé Ha 10—15 nHiB
paHile 3a ontTuManbHull cTpok. B ymoBax Jlicocteny 1 [omiccst kaneHmapHi CTpoku
CiBOM KyKYypy/3W TPUIIAJIal0Th HA TMEpUIy ACKaAy TpaBHSA, XOJOIOCTIHKI TiOpuau
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MOJKHA CisITU B JIPYTii JeKaJi KBITHs, IPH YMOBI paHHBOI BECHU Ta B TPETIH JeKasl
KBITHS B YMOBaX Mi3HbOI BecHHU [3].

['muOuHa 3aropTaHHs HACIHHS 3aJCKHUTh BiJ (DI3UKO-MEXaHIYHUX BJIACTUBOCTCH
IPYHTY, HOT0 BOJIOTOCTI 1 TeMIiepaTypHoro pexumy. Y Jlicocremy 1 Ha [Tosicci HaciHHS
KYKYpY/I31 3aropTaroTh Ha riauOuHy 4-6 cM, Ha JIETKMX IPYHTax 1 MpH MiJCUXaHHI
MOCIBHOTO I1apy — Ha 5-8 cM. Ha Bosjorux rpyHTax rimOuHy CiBOM 3MEHIIYIOTH J10 3-
4 cM. B ymoBax 3axigHoi YKpainu rmpu ciBO1 paHHbOCTUTIIUX XOJIOJAO0CTIMNKUX T10pUIiB
y MI3HIII CTPOKH PEKOMEHAYETHCS CISTH Ha TMOMHY 2-3 cM. Y CTENOBUX palioHax 3
Ae(pIUTOM BOJOTH Y BEpXHBOMY IIapi IPYHTY HACIHHS 3arOPTalOTh Ha rIuOuny 6-10
CM.

Hoenao 3a nocisamu. 1lig 4yac BUpOIILYBaHHS KyKypyA3H Ha CHJIOC TECTUIUAM
3a3BUYail HE 3aCTOCOBYIOTh, TUIBKM 3a HeoOXimHocTi. Oapa3y micis CiBOM ToJie
HEOOXITHO MPHUKOYYBATH KIIbYATO-IINOPOBUMU KOTKaMHu. lle mokpallye KOHTaKT
HACIHHA 3 IPYHTOM, MIABUIILYE MOJBOBY CXOXKICTb 1 3a0€3Meuye IpyKHE IPOPOCTAHHSA
HACIHHA KyJbTYpH Ta Oyp sHiB. Jlocxo/10Be OOpOHYBaHHS MPOBOASTH Yepe3 S—6 JIHIB
Micysl CIBOM BIOMEPEK PSAIKIB, KOJIW Oyp sTHU MPOPOCHH 1 3HAXOAAThCs y a3l 61101
Hutouku" nerkumu (3bI1-0,6) a6o cepennimu 6oponamu (b3CC-1). [Ipu nmpoBeneHHi
2-3 nmocxonoBux OopoHyBaHb MoOKHa 3HUIIUTH 70-80 % mpopocTkiB Oyp sSHIB.
[TicasicxonoBe OOpOHYBaHHA MPOBOJATH y (a3ax 2—3-X JIUCTKIB y KyKypyaA3H.
[IBuakicTe pyxy arperaty 4-5 km/ron [3].

Byp'ssHu 3HUIIYIOTH TaKOX MDKPSAHHUM  OOpOOITKOM 32  JIOIIOMOTOO
kynetuBaTopiB KPH-4,2, KPH-5,6, KPH-8,4, John Deere. [[ns mepiioro MiskpsiiHOTO

pPO3MYIIYBaHHS BUKOPUCTOBYIOTh Jamu-OpUTBH 1 cTpuibuacty jamy. [nuOuna
MEPIIOr0 MIXPAIHOTO 00pOOITKY CTaHOBUTH 4—5 cM. Jlpyre i TpeTe po3myllyBaHHS
OPOBOAATh Ha THMOMHY 6-8 CM 3 JamamMy MIATOPTATbHUKAMH [JIsl TPUCHIIAHHS
Oyp sHIB y pankax. IIpu oMy MBUAKICTH PyXy arperary mae OyTH He MeHIa 8—9
KM/TOJ JUlsl OUIbII PETeIbHOr0 MpHUCHMIAaHHS Oyp sHIB y psliKax IpyHToM. Takox,
HIArOPTaHHS CTUMYJIFOE YTBOPEHHS JOJaTKOBUX KOPEHIB.

Ha cuiibHO03a0yp SSHEHUX TOJISIX 3aCTOCOBYIOTH TepOinuau. ['epOinuau cymiibHOi
nii (payHpmam Ta WOTO aHajJord) MOXHAa BUKOPUCTOBYBATH JJI OONPHUCKYBaHHS
BETeTYIOUMX Oyp sSHIB BOCEHH ITiC/IsI 30MpaHHS TOIepeaHrnKa, ab0 BECHOIO 3a JiBa
THXKHI 10 CIBOM KyKypyJ3u. ['epOinuan rpyHTOBOI Jii BHOCSTH mepes CiBOOKO 1 10
MOSIBU CXOJIIB, JIJIS IbOT'O MOKHA BUKOPUCTOBYBATH HACTYITHI Ipenapaty (BHECEH] J0
"ITepeniky mecTULMAIB 1 arpoXiMiIKaTiB JO3BOJICHUX 0 BUKOPUCTAHHS B YKpaiHi"):
re3arapJi, Ayaji, €pajuKaH, MpPIMEKCTpa, cTomm, Tpodi, (PpoHThEp, XapHe Ta 1H.
[IpaBunpHE 3acTOCyBaHHA Ha MOCIBaX KYKYpyJA3uW BHCOKOE()EKTUBHUX TepOIluIiB
IPYHTOBOI Jii J]a€ 3MOTy BIIMOBUTHCH BiJl MEXaHIYHUX 3aXOJ1B JIOTJISIY 3a TIOCIBaMH,
TOMY III0 3aXHCHA Jis IIUX MpernapariB 30epiractbes npotsirom 60—70 nuiB. CerMeHT
MICISACXOI0BUX (CTPaXOBUX) TepOILK/IiB MPEICTABICHUH 111€ O1IBIIUM aCOPTUMEHTOM,
IO JIa€ 3MOTY MiI0paTh HEOOX1THUI MPOAYKT 3aJ€KHO BiJ BUIY 3a0yp’sSTHEHOCTI Ta
¢dazu po3BUTKY KyJabTypH. EdhekTHBHI Ha KyKypya31 MICISICXOI0BI

repOinuau: GaszarpaH, miajieH, JIKOIMyp, JOHTpEN, TITyc, XapMoHi, 2,4]] Ta iH.
3acTocyBaHHS CyMIII TICISICXOJOBUX TepOIHIiB 3HAYHO IMiJIBUIYE 3aXHUCHY s
npernapariB, ajie CliiJl 3BepHYTH yBary Ha CyMICHICTb npenapaTis [3].
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[TociBM KyKypya3u MOUIKOMKYIOTBCS HACTYIIHUMU XBOpPOOamH: KOPEHEBl 1
CTeOJIOBl THHII, HITPOCIIOPO3, TEJIBbMIHTOCIOPIO3 JIMCTS, MyXHpyacTa Ta JeTioua
CakKa. 3aXHMCT 3 BHILE MEPETIYCHUMH XBOPOOAMH 3MIIACHIOETHCS 3a JIOMOMOTOIO
YepryBaHHs KyJIbTYp Y CIBO3MiHI, CiBOa B ONTUMAJIbHI CTPOKH SIKICHO MPOTPYEHUM
HACIHHSM, 3aCTOCYBaHHS JOOPUB MPH HAYKOBO-OOTPYHTOBOHOMY CITiBBITHOIIICHHI.

PocnuHmn KyKypyna3u, MOCIBH SIKOi BUKOPUCTOBYIOTHCS Ha CHUJIOC, YPaXyHOThCS
MIKITHUKAMH, TAKUMH SIK KYKYpPYA3SHUN CTEOIOBUN METENUK, JPOTIHUKH (KOBAJIUKH ),
YOPHMIII, 3aXITHUN KyKypyA3SHUN *KyK, IIBEICbKa MyXa Ta 1HII HPU3BOJIUTH O
3HAYHOTO 3MEHIIEHHS BpOKaHOCTI 3eneHoi Macu (15— 20 %). OcHOBHUM 3aXUCTOM
MOCIBIB KYKYpY/I31 Ha CHJIOC BiJ IIKIJHUKIB € MPOTPYIOBAHHS HACIHHA MpenaparaMmu
iHCceKkTHIMAHOI mii. He MeHm BaxiwBe 3HAYCHHS Mae€ sKicHa (KyJabTypHa) IHOOKa
3510J1eBa OpaHKa, CBOEYACHA MEPEANOCIBHA Ta MIKPSAHA KyJIbTHBALI Ta 1H.

36upannsa. Kyxkypy3y Ha 3eJeHUN KOpM 30UparoTh y (pa3y BUKUIAHHS BOJIOTI, a
HAIIPUKIHIII MOJIOYHO-BOCKOBOI CTHUIJIOCTI, KOJIM BOJIOTICTh 3€J€HOI Macu He
nepeBuirye 65-70 %, a BMICT CyXuX pe4OBHH CTaHOBUTH 25-30 %, KyKypyazy
30HMparoTh Ha cwiioc kombaitnamu Sryap-860, Mapain-190, ITanecce-3000, J{on-680,
KCK-100A, KIII-2,4 ta xommiaekc Y3C Ilanecce-250 3 xombOaiinom [IKK-®-90 na
BUCOTI 3pi3y He Outbiie 10 cm. KomOailiHu MokHa 00OJagHyBaTH MPUCTPOEM IS
BHECEHHsI KOHCEPBAHTIB y MoJipioHeHy Macy. [lonpibHeny no 2—-3 MM (He Ouibiie 4
MM), 3aJ€KHO BIJ BOJIOTOCTI, Macy CHJIOCYIOTb 3 HACTylNHHM I1HTEHCHBHUM
TpaMOYBaHHSM y TpaHIIESX Ta BKPUBAIOTH ILJIIBKOIO, COJIOMOIO [3].

BucnoBku. OTxe, Ui TPaBWIBHOTO BHUPOIIYBaHHS KYKYypyA3W Ha CHIIOC
MOTPIOHO TOTPUMYBATHUCS arpOTEXHIYHMX BUMOI Ta BpPAaxOBYBATH ii TE€XHOJOTIYHI
0COOJIMBOCTI.

Cnucoxk Jgireparypu

1. Cucremu Cy4acHMX 1HTEHCUBHHUX TEXHOJIOTIH y pocauHHULTBI: Iligpyunuk /
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2. [TIlanmicekmit B.M., Haripuuéi [O.I1.,, Menpaux [.I. TlpoexTyBanHus
TEXHOJIOTTYHUX CUCTEM pOoCIMHHUIITBA. TepHomnins: 30pyy4, 2003. 262 c.

3. TexHonoriuni KapTH BHUPOIIYBAaHHA CUIBCHKOTOCIIOAAPCHKUX KYJIBTYD:
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ABTOMATHU3ANIIA YITPABJIIHHA NIAPO3AIJTAMUA
BE3SIIJIOTHUX HABEMHUX CUCTEM: IPOBJIEMHI
NMUTAHHS TA HIJISIXHU IX BUPIIIEHHS

Bacuienko Oubra AHaroJiiiBHa,

TOKTOp Giocodii,

MPOBITHUI HAYKOBUM CIIBPOOITHHK,

LlenTpanpHuil HAYKOBO-TOCHITHUHI 1HCTUTYT 30poitnux Cun Ykpainu

Jleonenko Onexcanap BikropoBuy,
HayaJbHUK HAyKOBO-JOCIITHOTO BIJUILTY,
LleHTpanbHUI HAYKOBO-TOCIITHUN THCTUTYT 30poiiHux Cun Ykpainu

Harypsin Ouexkcanap I'eopriioBuy,
CTapIIMi HAYKOBUH CIIBPOOITHHK,
LleHTpanbHUI HAYKOBO-TOCIITHUN THCTUTYT 30poiiHux Cun Ykpainu

AxkryanbHicTb. CydacHWid eTalm  pPO3BUTKY  O€3MUJIOTHHUX  TEXHOJIOT1H
XapaKTepU3y€eThCsl IHTCHCU(IKAIIEI0 BIPOBAKEHHS OC3MUIOTHUX HA3€MHUX CHUCTEM
(bnHC) y BilicbKkOBY cdepy Ta PO3IIMPEHHAM CHEKTpa 3aBJaHb, [0 BUKOHYIOTHCS 32
iIXHBOIO JOTTOMOTO10. JI0CBI pOCICHKO-YKPAiHCHKOI BIiTHU 3aCBIIYY€E 3pOCTaHHS POl
bnHC y BuKOHaHHI pO3BITyBaJlbHUX, JOTICTUYHUX, 1HKEHEPHUX, €BAKYaI[ITHUX Ta
IHIIMX 3aBJaHb. 3aBASKH iX 3aCTOCYBAHHIO CKOpPOUYEThCS Oe€3mocepe/Hs y4yacThb
0co00BOT0 CKJIaay Y BUKOHAHHI 3aBJlaHb, ITOB’SI3aHUX 13 MJABUIIEHUM PU3UKOM IS
KUTTS, & TaKOXK PO3IMIMPIOIOTHECA (DYHKIIIOHATBHI MOKIJIMBOCTI 3arajbHOBIHCHKOBUX
migpo3ainiB 3C Ykpaiau [1-5].

BonHouac 30inblneHHS KimbKOCTI Ta pizHoMmaHiTHOcTi bmHC  3ymoniroe
YCKJIQJHEHHSI MPOIIECiB IJIaHyBaHHS 1X 3aCTOCYBAaHHS, OpraHi3ailii B3aeMo/Iii, 0OMiHy
iH(dOopMaIli€ro Ta KOOpAWHAIT CIUTBHUX Ai. Yepe3 BUKOPUCTaHHS OKPEMHX CHUCTEM
JTUCTAHI[INHOTO KEPYBaHHS, HE IHTETPOBAHUX Y 3arajibHy CHCTEMY YIPaBIIIHHS
M1IPO3/LIIOM, 0OMEKYIOTHCSI MOKJIMBOCTI ONEPATUBHOTO OTPUMaHHs iH(popMarlii mpo
ctad bnHC, pe3ynbTaT BUKOHAHHS 3aBJIaHb Ta 3MIHU OOCTaHOBKHU.

3a TakMX YMOB OCOOJMBOrO 3HA4eHHs HaOyBa€ aBTOMATH3Allisl YIPaBIIHHSA
nigpo3aiiamu bnHC, cnpsmoBana Ha MiABUIIEHHS ONEPATUBHOCTI MPUHHATTA
YIPaBIIHCHKUX PIIIEHb, 3a0e3MeueHHs 1H(hOopMaIiiiHOT B3aEMO/IIT Ta y3roKEHOCTI 11
MDXK yciMa y4YaCHUKaMH MpoLecy yIpaBiaiHHs [6].

MeTow fgochailkeHHSI € BU3HAUYCHHS OCHOBHUX TMPOOJIEMHUX IMHTaHb
aBTOMATHU3AIl]l YNPaBIIHHSA MIAPO3AUIAMUA OE3MUIOTHUX HAa3eMHUX CHCTEM Ta
BU3HAYCHHS NUIAXIB iX BUPIIIICHHS.

Pe3yabTraTi fnociigxeHHs. 3a pe3yibTaTaMd aHajidy CTaHy aBTOMAaTH3aLii
yopaBiiHHsa migpo3aiiamu briHC Bu3HadyeHO OCHOBHI MPOOJIEMHI TUTAaHHS Ta
3aMpONOHOBAHO IUISXH iX BUPILLICHHS.
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1. HemocratHs iHTerparlisi aBTOMaTH30BaHMX cucTeM ympaBiinaa (ACY)
nigpo3aiiamMu bnHC y cuctemy yrpapiiiHHS 3arajlbHOBIHCEKOBOTO TTIPO3ILTY.

[Ipobiiema mossirae B 0OMEKEHUX MOXKJIUBOCTAX 1H(OPMAIIHOT B3a€EMOIIT MK
ACY migpozainie bnHC Ta aBromMarn3oBanumu i iHQOpMaIiitHO-KOMYHIKallIHTHUMUA
CHUCTEMaMH 3arajbHOBIMNCHKOBUX MiApo3aunB. Lle ycknamHioe oOMiH iH(pOpMaIli€ro
PO OINepaTUBHY OOCTAHOBKY, MOJIOKEHHSI CBOTX BIMCHK 1 BINCHK TPOTUBHUKA, a TAKOX
y3TrOKeHHS J1H T1IPO3/I1JIiB M1 YaC BUKOHAHHS CHIJIBLHUX 3aBaHb.

[Insxom po3B’si3aHHs 3a3Ha4eHO01 mpobsiemu € iHTerpaiis ACY miaposzainis bnHC
y CHCTEMYy VIpPaBIIHHS 3arajJbHOBIHCHKOBOTO TIAPO3AUTY HAa OCHOBI €IUHUX
NpUHLNIIB 1H(OpMaliifHOT B3aeMonii, yHipikoBaHMX (opMaTiB OOMIHY TaHUMHU Ta
y3rOoJUKeHUX Tpoueayp ympasimiHHa. Lle mgacte 3mory cdopmyBatu — €IuHE
iH(popMaliiiHe cepenoBUIle, 3a0e3neynTd OOMIH HEOOX1HOK 1H(QOpMali€lo Ta
MIJBUILIUTH y3TOJKEHICTh YIPABIIHCHKUX MPOLECIB.

2. BiacyTHICTh YHI(PIKOBaHHX MiAXO0A1B 10 1HTerpamii pisHotunaux bnHC B enuny
ACY. Yepe3 BUKOpUCTAHHS OE3MIJIOTHUX HA3eMHUX MIIAT(HOPM PI3HUX BUPOOHHUKIB,
AK1 BIAPIZHSIOTHCS apXITEKTYpPOIO CUCTEM YNPAaBIIiHHS, IPOrPAMHUM 3a0€3MEUCHHSIM,
mpoToKoidamMu 1HdopMaIiiHOro OOMIHY Ta (YHKIIIOHAJIBHUMHU MOXJIMBOCTSIMH,
YCKIIATHIOETHCA 1X 00’ etHaHHS B €quny ACY.

OaHuM 31 croco0iB BUPIIICHHS 3a3HAYEHOTO MHUTAHHS € PO3POOJICHHS €IMHHUX
BUMOr 10 1H(dopmamiiiHOi Ta mporpaMHO-TexHi4HOi cymicHocti  bnHC,
cTaHAapTu3alis 1HTepdeiciB B3aeEMOAIl Ta BIPOBAIKEHHS MOJYJIBHOI apXiTEeKTypu
ACY. lle cTBOpUTH NEpeAYMOBH ISl IHTETPALliil PI3HOTUITHUX O€3MIJIOTHUX IIIAT(HOpM
y cliyibHE 1H(pOpMaliiiHe CEpeIOBUIIE HE3AIEKHO B1J] iX BUPOOHUKA Ta OCOOIMBOCTEM
MpOTpaMHO-anapaTHOl peasizaiii.

3. HenmocraTtHs  CTIMKICT, Ta  HaJldHICTh  1HGOpMAIiHOrO  OOMIHY.
OyukuionyBanHs ACY migpo3aunie bnHC 3anexuTs Bi HOCTYMHOCTI KaHajiB
3B’SI3KY, SIKI B yMOBaX paJloeleKTPOHHOI MPOTH/I1i, 0OMEKEHOT MPOIYCKHOT 3AaTHOCTI
Ta HECTaOLITLHOCTI MEPEXKEBOI 1IHHPACTPYKTYPH MOXKYTh HE 3a0e31euyBaTi HEOOX1THOT
oesnepepBHOCTI nepenaBanHs iH(opmarii. [lopymenns indopmariiiinoro oOMiHy
YCKJIQJHIOE CBOEYACHE OTPUMAHHS JIaHUX TPO CTaH Oe3MUIOTHUX IUaTGopm 1
MIATPUMaHHS aKTyaldbHOCTI 1HPOpMAIlii B CHCTEMI1 YIIPaBIiHHS.

Po3p’si3anHsa 111€1 ipoOiemMu moTpedye PO3BUTKY 3aXMINEHOT KOMYHIKAIIMHOT
iHdpacTpykTypu, 3abe3nedeHHs  pe3epByBaHHS  1H(GOpMAIIMHMX  KaHaIB,
YIOCKOHAJIEHHSI MEXaHI3MIB CHHXPOHI3aIlli JaHUX Ta BIOPOBAIKEHHS 3aco0iB
KOHTPOJIO IUTICHOCTI ¥ JocToBipHOCTI iHopmaliii. OkpeMoi yBaru mnoTpedye
3a0e3nedeHHs QyHKIIOHAIBHOI cTiiikocTi ACY B yMOBax TUMYacOBOT'O MOPYILIEHHS
iH(hopMaiiHOTO OOMIHY.

4. HepocratHiid piBeHb aBTOMaTH3allli NpoleciB 1HPOpMaLIHOrO 3a0e3neyeHHs
Ta MIATPUMKHU TPUUHATTA YNPABIIHCHKUX pillleHb. 3HAYHA YacTUHA MPOLECIB
30upanHs1, 00poOIeHHs, y3arabHEHHS Ta BigoOpaxkeHHs iHdopmartii mpo cran bnHC
1 pe3ynbTaTd BUKOHAHHS 3aBllaHb MOTpeOye Oe3rnocepenHbOi ydacTi OmepaTopiB 1
koMaHaupiB. lle 30umbmrye iHMOpMarlliiiHe HaBaHTAXKEHHS HAa TIOCAIOBUX OCi0,
YCKJIQJHIOE CBOEYACHE OHOBJIGHHS JaHUX 1 MOKE HETaTUBHO BIUIMBAaTH Ha
OOTPYHTOBAHICTh YIIPABITHCHKHUX PIIICHb.
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[TepcnieKTUBHUM HAMPSIMOM PO3BUTKY € BIPOBAKECHHS aBTOMATH30BaHUX 3aC001B
MOHITOpUHTY TexHiyHOro ctaHy bnHC, oOpoOnenHst TenemeTpuuHoi 1H(opMarlii,
dbopMyBaHHS y3arajbHEHUX 1H(OpPMAIITHUX TIOBIJIOMJICHh Ta BiAOOpaKeHHs
MOTOYHOT'O CTaHYy IMiAPO3JILTY.

5. HemocraTHs  y3rojKeHICTh OpraHi3allifHUX 1 TEXHIYHUX  AaCIEKTiB
aBromatu3zailii ynpaiinHa. YnpoBamkenHs ACY migposzainie bnHC notpebye ne
JIUIIE PO3BUTKY BIAMOBITHUX MPOrPAMHO-TEXHIYHUX 3ac00iB, a W yJAOCKOHAJICHHS
OpraHizamifHuX MPOIEAYpP, BUSHAYCHHS ()YHKIIIOHATLHUX MMOBHOBAKEHb MOCATOBUX
oci06 Ta ¢popMyBaHHS €TUHUX ITiIXO/IIB 10 BHKOPUCTAHHS aBTOMAaTH30BaHUX POOOUHX
MICIIb.

Bupimenns 3a3HayeHOro NHTAaHHA mepeAdayae po3poOieHHS YHi(piKOBaHHX
nporeAyp 1HQopmarliiiHoi B3aeMOAli, BU3HAYEHHA TMOPSAAKY JOCTYmy J0
1H(OpMaIHHUX PECYPCIB, CTAHIAPTU3ALIIO MPOLECIB JOKYMEHTYBAaHHS pE3yJIbTaTiB
JUSITBHOCTI MIAPO3AUTIB Ta BAOCKOHAJIEHHS MIATOTOBKK 0COOOBOTO CKiIaay 10 poOOTH
3 ACY.

TakuM YMHOM, MOAAIBIINN PO3BUTOK aBTOMATU3AIlli YNPABIIHHA MIIPO3ALUIaAMU
brnHC nominsHO po3risaaT ik KOMIUIEKCHUN MPOIIEC, IO OXOILUTIOE BIOCKOHAICHHS
OpraHizaiiifHoi CTpyKTypH YIpaBiiHHs, 3a0e3nedyeHHs iHQopMaIiiHOT Ta TEXHIYHOI
CYMICHOCTI  PI3HOTHIIHUX  O€3MUIOTHMX  IUIaTdopM, MIABUILCHHS  CTIMKOCTI
iH(popMaIitHOro 0OMiHY 1 PO3BUTOK 3ac001B 1HPOPMAIIIMHO-aHATITUYHOIL M ITPUMKH
YIPaBIIHCHKOI JISTIbHOCTI.

BucHoBku. 3a pesynbTaTaMyd MPOBENCHOTO JOCTIIKEHHS BCTAHOBJICHO, IO
OCHOBHMMH MPOOJIEMHHMMH MHTAHHSIMHU aBTOMAaTH3allli YHpaBIiHHSA MIAPO3AUIaMU
bnHC € wHemocratHs iHrerpamis ixHix ACY B cucreMy  ynpaBJiHHSA
3arajJbHOBIMCHKOBOTO  MIAPO3MLTY, BIACYTHICTh  YHI(IKOBAHMX MIAXOMAIB  JO
1H(hOopMaIiHOT B3aeEMO/IT pI3HOTUITHUX OE3MIJIOTHUX TIATPOPM, OOMEXKEHa CTIHKICTh
iHdopmamiiiHoro oOMiIHYy Ta HEIOCTaTHIM pIBEHb aBTOMAaTHU3alli MPOIECIB
1H(pOpMaIIHOTO 3a0€e3MeUeHHs YIPABIIHCHKOT AISUTHHOCTI.

HasBHicTh 3a3HaueHUX MPOOJIEMHUX MUTaHb 3YMOBIIOE MOTPedy y GopMyBaHHI
KOMILJIEKCHOTO MIXOAY J0 aBToMaTw3allli ympasiiHHs migpo3aiuiamu bnHC, skuii
nepea0dayae y3roKeHe po3poOsieHHs OpraHi3aliiHuX, 1H(QOpMaIliiHUX, TPOTPAMHHIX
1 TEXHIYHUX CKJIQJOBUX CUCTEMH yIPABIIIHHS.

Cnucoxk jireparypu
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Modern aecrodromes represent complex operational environments in which aircraft,
ground support equipment, service vehicles, maintenance vehicles, emergency vehicles
and personnel operate simultaneously within a relatively restricted area. The safe
coordination of these movements is therefore essential prerequisite for maintaining
aviation safety and airport operational efficiency [1].

Aircraft movement on the ground is not limited to taxiing between the runway and
the aircraft stand. It includes pushback, towing, taxiing, holding, runway crossing,
positioning on stands, movement between apron areas and interaction with numerous
categories of ground vehicles.

Ground support equipment performs an equally important role. Aircraft cannot be
efficiently prepared for departure without passenger stairs or bridges, baggage loaders,
catering vehicles, fuel vehicles, ground power units, air-start units, water and lavatory
service vehicles, maintenance equipment, pushback tractors and other specialized
vehicles. Consequently, airport surface movement should be regarded as an integrated
system in which aircraft and ground vehicles are interdependent participants.

The International Civil Aviation Organization (ICAO) describes Surface
Movement Guidance and Control Systems (SMGCS) as a system supporting the
movement of aircraft and, where applicable, vehicles on the aerodrome surface. ICAO
material emphasizes that traditional surface movement procedures rely substantially on
the principle of "see and be seen", while increasing traffic, complex aerodrome layouts
and low-visibility conditions require more advanced capabilities.

The development of Advanced Surface Movement Guidance and Control Systems
(A-SMGCS) represents an important step toward such advanced management. A-
SMGCS as a system supporting surveillance, routing, guidance and safety-related
functions for aircraft and vehicles operating on the airport surface.

It is important to formulate conceptual criteria that can be used to assess the quality
effectiveness and safety of ground support equipment (GSE) [2] and aircraft surface
movement management.

Conceptual basis of surface movement management should be an integrated
approach to all mobile objects operating within the aerodrome movement area [3].

The principal participants include: aircraft; ground support equipment; airport
maintenance vehicles; emergency and rescue vehicles; air traffic control; apron

16



AVIATION AND SPACE TECHNOLOGY
TRANSFORMATIONAL PROCESSES IN SCIENCE: GLOBAL EXPERIENCE AND LOCAL
SOLUTIONS

management; airport operations personnel; nvehicle drivers; aircraft flight crews;
maintenance personnel; automated surveillance and safety systems.

The fundamental principle can be formulated as follows: every authorized mobile
object operating on the aerodrome surface should have an identifiable operational
status, a predictable movement trajectory and an appropriate level of protection against
conflicts [4]. This principle requires the integration of three dimensions:

1. Operational dimension - organization of aircraft and vehicle movements.

2. Technological dimension - surveillance, communication, navigation, routing,
guidance and alerting.

3. Human dimension - decision-making, situational awareness, competence,
communication and workload management.

Modern A-SMGCS architectures support this integrated approach through
surveillance, airport safety support, routing and guidance services.

Therefore, surface movement management should not be reduced to the task of
issuing taxi instructions. It should be understood as a continuous process of planning,
monitoring, controlling, predicting and, where necessary, correcting the movement of
aircraft and vehicles.

Conceptual Criteria for Surface Movement Management. The following criteria are
proposed as the principal conceptual criteria for assessing aircraft and ground GSE
movement management.

Safety is the primary criterion of surface movement management [5]. The system
must minimize the probability of: aircraft-vehicle collisions; aircraft-aircraft conflicts;
vehicle-vehicle collisions; runway incursions; unauthorized entry into protected areas;
deviations from assigned routes; collisions with infrastructure and obstacles; hazardous
interactions between GSE and aircraft during ground servicing.

Safety management of GSE [6] should be based on the principle of preventing an
unsafe situation rather than merely responding to an already developed conflict.

This requires several safety barriers: first barrier - operational procedures; second
barrier - visual aids and markings; third barrier - communication; fourth barrier -
surveillance; fifth barrier - automated conflict detection and alerting; sixth barrier -
human intervention and emergency procedures.

The greater the operational complexity of an airport, the more important it becomes
to combine several independent safety barriers.

Situational awareness is the ability of operational personnel to understand the
current position, identity, movement direction and operational status of aircraft and
vehicles.

An effective system should provide controllers and other authorized users with
reliable information concerning: where an aircraft or vehicle is located; what object it
1s; where it 1s moving; what route has been assigned; whether the object is following
the assigned route; whether another object may create a conflict; what operational
restrictions currently exist. Situational awareness becomes especially important during:
fog; heavy rain; snow; night operations; reduced runway visual range; complex
taxiway intersections; high traffic density; contact; construction works; temporary
changes to airport infrastructure.
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Thus, a modern surface management system should compensate, as far as possible,
for limitations of human visual perception. Reliable identification of mobile objects is
essential for safe movement management. The system should enable operational
personnel to distinguish between: aircraft of different operators; aircraft with similar
call signs; authorized and unauthorized vehicles; GSE operating on a particular stand;
emergency vehicles; maintenance vehicles; vehicles with special operational priority.
Identification may be supported by transponder technologies, multilateration, surface
movement radar, vehicle tracking systems and integrated airport databases.

However, technological identification should not completely replace established
operational procedures. The system should provide multiple sources of information and
appropriate protection against incorrect identification.

A major objective is to establish a consistent relationship between: object -
identification - operational task - authorized route - current position. Predictability is
particularly important for high-density airport operations. A surface movement system
should not only show the current location of an aircraft or vehicle but should also
support understanding of its expected future movement. Predictability depends on:
assigned routes; taxi times; stand allocation; runway configuration; traffic sequence;
aircraft type; vehicle mission; operational restrictions; weather conditions;
infrastructure availability. A-SMGCS routing concept includes the generation of
individual routes for aircraft and vehicles and updating information in real time to
improve predictability of surface operations. Predictability reduces uncertainty and
facilitates better coordination between air traffic control, apron management, aircraft
operators and ground handling organizations. Adequate separation between aircraft,
aircraft and vehicles, and vehicles themselves is a fundamental safety requirement.
Separation should consider: longitudinal distance; lateral distance; protected areas;
runway holding positions; taxiway intersections; aircraft wingtip clearance; vehicle
operating zones; stand safety envelopes. The required level of separation should
depend on operational circumstances rather than being treated as a single fixed value
for every situation.

Particular attention is required when large aircraft operate near smaller aircraft or
GSE because the physical dimensions, turning radius, jet blast and engine ingestion
zones may create additional hazards. The management system should therefore
combine geometric separation with operational restrictions and dynamic safety zones.
Routing is the process of determining and assigning a safe and operationally efficient
path for an aircraft or vehicle. A routing system should consider: aircraft dimensions;
vehicle dimensions; taxiway restrictions; pavement limitations; runway configuration;
temporary closures; construction areas; traffic congestion; low-visibility procedures;
emergency conditions.

For aircraft, routing should connect the runway, taxiway network and assigned
stand. For GSE, routing should connect the vehicle base, service area, aircraft stand
and return point. An advanced routing concept should therefore distinguish between:
aircraft routes and ground vehicle routes, while maintaining their integration within
one surface traffic environment.
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Routing determines where an object should move; guidance supports how it should
safely follow the assigned route. Guidance may be provided through: taxiway
centreline markings; signs; runway guard lights; stop bars; taxiway centreline lights;
advanced visual docking guidance systems; electronic moving maps; vehicle
navigation systems; digital instructions.

A-SMGCS guidance services can include automated control of taxiway centreline
lights, stop bars and advanced visual docking guidance systems. The future
development of guidance should increasingly combine infrastructure-based systems
with digital information available directly to pilots and vehicle operators. Conflict
Detection and Prevention Criterion/ One of the most important conceptual criteria for
modern surface management is the ability to identify potentially dangerous situations
before they become actual incidents.

Potential conflicts include: aircraft entering an occupied runway; two aircraft
approaching the same intersection; vehicle entering a protected runway area; aircraft
and vehicle approaching the same stand area; vehicle deviating from an authorized
route; aircraft moving toward a closed taxiway; conflicting clearances; conflicting
clearances; unauthorized movement of a mobile object. ICAQO's modern A-SMGCS
development framework includes enhanced alerting capabilities for runway conflicts,
runway incursions and other hazardous surface situations.

The conceptual transition should therefore be: from detection of events to
prediction of conflicts to prevention of conflicts. This represents one of the most
important differences between traditional and advanced surface movement
management. Communication Criteria.

Reliable communication is an essential element of surface movement management.
Communication should provide: unambiguous instructions; standardized phraseology;
timely transmission of information; confirmation of critical instructions; coordination
between operational units. The main communication participants are: pilots; ground
controllers; tower controllers; apron management; vehicle drivers; airport operations;
emergency services.

Communication failures can result from radio congestion, misunderstood
instructions, similar call signs, language difficulties, distractions and excessive
workload.

Therefore, technological development should be accompanied by procedural and
human-factor improvements.

Aircraft and ground support equipment surface movement [ 7] represents a complex
socio-technical system in which safety depends on the coordinated interaction of
human factor, procedures, infrastructure and technology.

The principal objective is not simply to increase the amount of technology used at
an airport. The objective is to create an integrated operational safely environment in
which every relevant aircraft and GSE [8] can be identified, monitored, guided and
managed according to its operational status and potential interaction with other traftic.

The future of airport surface management is therefore likely to develop from
conventional SMGCS toward increasingly integrated, predictive and automated
systems. A-SMGCS already provides the foundation for surveillance, safety support,
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routing and guidance, while newer surface-awareness concepts further strengthen
surveillance and alerting capabilities.

Thus, the effectiveness of a surface movement management system should be
measured not by the number of technological functions implemented, but by its ability
to maintain a high level of safety while providing predictable, efficient and resilient
movement of aircraft and ground equipment under both normal and abnormal operating
conditions.
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Introduction.

Heterocyclic compounds occupy a significant place among physiologically active
substances. A special place among them is occupied by compounds having an
adamantyl radical as a substituent. The specific physiological activity of such
heterocycles i1s known from many examples. However, their availability varies quite
significantly, which is determined by the method of synthesis. The development of new
methods for the synthesis of adamantyl-containing heterocycles is an urgent problem
of organic synthesis and, therefore, is the subject of this study.

Condensation of adamantoilizotiocyanate with 2-aminotiazol.

Thiazole derivatives show pharmacological activity: antimicrobial antiviral and
antithistamines, diuretics and mitodepressants.

We have found that the interaction of adamantoylisothiocyanates with 2-
aminothiazole in anhydrous acetone causes spontaneous condensation of intermediate
N-acylthioureas into the corresponding alkyl-5-thioxo-3-thia-4,6,7a-triazaindene (I-
V).

The yields of the reaction products ranged from 65 to 78%. Their structure was
established by IR, NMR and mass spectrometry.
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Example of synthesis of condensed 1,3,5-hexahydrotriazine system using
adamantylcontaining iminoalkylating reagent. Heterocyclic compounds of various
natures serve as the basis for many natural and synthetic biologically active substances,
and also have a number of other useful properties. Many of them are used, for example,
as organic semiconductors, photoactive materials, antioxidants, additives for fuels and
oils, materials for active media of liquid lasers, technical and food dyes, preservatives.
Along with great practical significance, heterocyclic compounds are of undoubted
theoretical interest as models for studying the relationship between the chemical
properties of compounds and their structure, as well as for developing methods of
organic synthesis, which is directly related to the structure of the compound. The most
important, in this case, are the size of the cycle, the degree of saturation, the nature and
number of heteroatoms.

1,3,5-Triazines are usually most readily prepared by reactions of 2,4,6-trichloro-
1,3,5-triazine. However, the ring system can also be synthesized by condensation
reactions.

The aim of this work is to test the possibility of using an adamantyl-containing
imidoalkylating reagent in the condensation reaction.

Reagents from Lancaster were used as starting compounds. The structure of
intermediate and final compounds was proved by IR and NMR spectrometry and mass
spectroscopy.

The starting compound for the synthesis of the imidoalkylating reagent (2) was
Schiff's base (1), which was obtained from benzaldehyde and aniline by a standard
procedure. After isolation, imine (1) was treated with 1-adamantylacetic acid
chloranhydride in dichloroethane. Equimolar amounts of 2-amino-imidazole as a
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condensation component, triethylamine and dicyclohexylcarbodiimide (DCC) were
added to product (2) without isolation. The reaction took place at reflux for 2 hours.
The yield of the condensation product (3) was 43%.

Ad-CH,-COCI Cl OH
PhCHO + H,NPh PhCH=NPh e L
N~ CH-Ad
i L
(2)

H,N

» )
H\N/J . HN)|\N
Et;N, DCC PhJ\ /LCH-Ad

N

|
Ph (3)

The method developed by us for the synthesis of compound (3) is a separate
example of the synthesis of such systems. Wide possibilities for obtaining a family of
similar compounds are opened by varying the substituents in the starting imide,
adamantyl radical, and amine condensation component.

Cyclization of [-adamantylglycine derivatives. The intramolecular cycles
discussed in this section necessarily involve a functional substituent in the a-position
to the adamantium nucleus and proceed, in most cases, with the participation of the
amide group.

As can be seen from the scheme, treatment of acylated 1-adamantylglycine (1) with
dicyclohexylcarbodiimide (DCC) in dry chloroform leads to oxazolone (2). Cleavage
of the latter with various nucleophiles: ammonia, primary and secondary amines,
hydroxylamine, hydrazine and its organic derivatives gives derivatives of a-
acylaminocarboxylic acid (3). Upon dehydration of synthons (3), depending on their
structure and condensation conditions, derivatives of 2-imidazolin-5-one (5) and 1,2,4-
triazine (4) are obtained. The yields of compounds (2), (4), (5) were 85%, 73%, 77%.,
respectively.

Identification was carried out by IR, NMR spectroscopy and MS spectrometry.
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Another important synthon derived from 1-adamantylglycine is the Schiff base (6).
The amidoalkylatin reagent (7) was obtained from it by treatment with
monochloroacetic acid chloride in toluene. Without isolation, it was converted to an
oxy derivative (8). Oxazolone (9) was obtained by azeotropic distillation of methanol
in 84% yield. The addition of triethylamine to a solution of compound (9) in benzene,
followed by reflux for 3 hours, resulted in heterocycle closure (10) in 69% yield.
Identification was carried out by IR, NMR spectroscopy and MS spectrometry.
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Client-side artificial intelligence is becoming a common feature of modern web
applications. Language models, speech recognition and computer vision networks are
increasingly compiled to WebAssembly (Wasm) and executed directly in the browser,
which reduces latency and keeps user data on the device. At the same time, large web
products are built as micro-frontends - autonomous interface fragments developed and
released by independent teams [1, 2]. When several such fragments host their own Al
models, they have to exchange large tensors continuously, and the only practical way
to do this at interactive frame rates is to share a SharedArrayBuffer between modules
instead of copying data through messages. Shared memory, however, binds the
reliability of every module to the reliability of all the others, so fault tolerance becomes
as important as raw throughput.

In our previous work [3], a watchdog-based coordination layer was proposed for
this setting: locks on the shared buffer are acquired with a bounded wait, a module that
does not release a lock in time is treated as failed, the lock is reset, the affected memory
segment is cleared and the module is restarted. This removes permanent deadlocks but
leaves two open problems that are the subject of the present study. The first concerns
the recovery time, which for a cold restart can be expressed as

Tr(égld =T+ Trst + Tinst' (1)

where 7 is the watchdog timeout that bounds the lock wait, T, is the time required

to reset the lock and clear the memory segment, and T, is the time required to create

and initialise a new Wasm instance. For the test module studied in [3], T = 2 ms, T, <

0.5 ms and T, = 2.5 ms, so instantiation accounts for about half of the total recovery

time. For a real Al module, whose restart also involves allocating tensors and loading

model weights, T;,i; can be orders of magnitude larger. The second problem is that the

boundaries of memory partitions exist only as a runtime convention: modules exchange

raw integer offsets and lengths, and an incompatible layout produced by one team is
detected only when a check fails in production.

To shorten recovery, we propose replacing cold restart with fail-over to a warm
standby instance (Fig. 1). For each critical micro-frontend, the orchestrator keeps a
small pool of instances that are already compiled, linked to the shared memory and
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initialised. Modules address each other through a routing table stored in the shared
buffer, so switching to a standby instance requires only a single atomic update of the

corresponding table entry, after which the pool is replenished asynchronously in a
background worker, outside the rendering path.

layout
WIT layout declarations Orchestrator / Watchdog worker
(build-time check in CI) lifecycle manager (bounded wait, timeout 1)

(1) timeout (2) lock reset
(3) atomic slot switch

____________

allocates partitions

______________________________________________________________
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Figure 1. Warm standby fail-over and typed memory contracts in shared-
memory WebAssembly micro-frontends
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Source of the figure: author's development.

With this approach, the instantiation term in (1) is replaced by the time of the
routing switch:
Tr‘g;arm =T+ Trst + Tsw' Tsw < Tinst' (2)
Since T, i1s determined by a single atomic write and an event notification,
substituting the values from [3] gives an analytical estimate of Tie™" =~ 2.5 ms,
1.e. below 3 ms and well within one 16.6 ms frame at 60 FPS; more importantly, this
estimate no longer depends on the size of the AI model. The price of the approach is
memory. If k critical modules are protected and module i has model weights of size
W;, a working state of size S; and N; standby instances, naive duplication requires ),;
(I + N;) (W; + S;) bytes. We therefore separate immutable weights, placed once in a
read-only region of the shared buffer, from the mutable working state of each instance
(activations, caches, intermediate buffers), which reduces the requirement to
Myt = Xz, (Wi + (I + N)) S)), (3)
so the saving equals );; N; W, and is largest precisely for AI modules, in which
model weights usually dominate the memory footprint. The pool size N; is chosen per

module according to its criticality, while non-critical modules continue to use cold
restart.
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The second direction concerns the formalisation of memory contracts using the
WebAssembly Component Model and its interface definition language WIT, stabilised
with the release of WASI 0.2 [4]. The Component Model follows a shared-nothing
principle: values passed between components are copied by the canonical ABI, so it
cannot by itself provide zero-copy exchange. We therefore propose to use WIT not as
a transport but as a declarative description of the shared buffer layout. Each module
declares the partitions it produces and consumes as resources with an element type, a
capacity and access rights, and the generated bindings give module code typed
accessors instead of raw pointer arithmetic. At build time, the orchestrator collects the
declarations of all modules, computes the offset o; and length [; of every partition P;,
checks that each consumed partition is produced by another module with the same
element type, and verifies the layout correctness condition

(Oi+liSOj)V(Oj+ljS0i) Vi:/:j, ml_ax(0i+ll-)SB, (4)

where B is the size of the shared buffer in bytes. Combinations of modules that
violate these conditions are rejected in the continuous integration pipeline before
deployment. Runtime bounds checking is retained as a second line of defence, but
layout errors move from the category of production failures to that of build errors.
Since components can already be executed in browsers through transpilation to
JavaScript and core Wasm modules, this layer can be implemented with existing
tooling.

The planned experimental evaluation will reuse the fault-injection methodology of
[3] and extend it with a realistic Al workload, a compact computer vision model
compiled to Wasm. For the standby pool, the metrics are the distribution of recovery
times, the number of dropped frames and the additional memory consumed by the pool.
Particular attention will be paid to the choice of the watchdog timeout, which must
satisfy

te <t <T;—T, (5)
where £33 1s the longest legitimate duration of a critical section, T} is the frame
period and T is the time reserved for rendering and script execution. Too small a value
of T causes false fault detections, while too large a value increases the recovery time,
so the rate of false detections will be measured as a function of 7. For typed contracts,
the evaluation will measure the share of deliberately injected layout errors detected at
build time rather than at runtime, as well as the runtime overhead of the generated
accessors, which is expected to be negligible because checks are performed once per
partition rather than once per access.

Thus, the proposed extensions shift fault tolerance in shared-memory
WebAssembly micro-frontends from reactive recovery towards prepared fail-over and
from implicit conventions towards verifiable contracts. For multi-agent Al applications
running in the browser, where the failure of an individual model is an expected
operating condition rather than an exception, this makes it possible to combine near-
native performance with predictable recovery that remains imperceptible to the user.
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Beryn

1.1. Axkmyanvnicme npoodiemu, mema O0CNHIONHCEHHA Ma HAYKoea npoodiema.
P03BUTOK I1HTENEKTyalbHUX CUCTEM KepyBaHHsS OYIIBISIMU 3YMOBIIOE HEpeXid IO
PO3MOIUICHUX apXITEKTYp, /1€ aBTOHOMHI areHTH KePYIOTh OKPEMUMHU IT1ICUCTEMAMHU
(HVAC, ocsitnenns, HakonuyyBaui). OCKUIBKM areHTH BUKOPUCTOBYIOTH CIIUIbHI
pecypcH, BIUIMBAIOTh Ha 3arajibHy JUHAMIKy 00'€KTa Ta ONTHUMI3YIOTh CyINEpeUJIUBI
kputepii (koMpopT, BapTICTh, CHEPTIS), IXHI JTOKATBHI PIIIICHHS € B3aEMO3AJIC)KHUMH.
HekopauHoBaHi [1i areHTIB COPUYMHSIOTH MEPEBAHTAXKEHHS MEPEX 1 MOPYILIEHHS
0oOMEX€eHb, TOMY JIOKaJIbHa ONTUMAJbHICTh HE TapaHTy€ CYMICHOCTI pIlIEHb 13
3araJilbHUMU BUMOTaMH Oy/TiBJIi.

Mema pob6omu — po3poOUTH Ta HA OCHOBI MOJETIOBAHHS OLIHUTH METOJ]
CYNEepBi30pHOI 11eHTU(DIKALi i MPOTHO3yBaHHA KOH(IIIKTIB MK areHTaMu CUCTEMU
posyMHoro OyauHky B KOHTypi Pareto—Nash—-MPC 3 ypaxyBaHHSIM CHOUIBHHUX
00MeXeHb 1 HEBU3HAUCHOCTI.

Hayxoea npobrema nonsrae y BiICYTHOCTI METOJIy KOOpJWHAIl, IKUH Yy MEXax
iTepatuBHOro KOHTYpy Pareto—Nash—-MPC (Model Predictive Control) 3aBuacHO
imeHTudikye, Kiacudikye Ta KUIBKICHO OIlIHIOE KOH(IIKTH MIK areHTaMu 3
ypaxyBaHHSM MPOTHO3HOI JUHAMIKH, B3aEMHUX OOMEKEHbB 1 CTPATETIYHOT B3aEMO/II1.

1.2. Ananiz ocmannix 00cidiicens i HAYKO8A NPO2ATUHA

CydacHi mpaiii OXOILTIOITh OKPEMI1 €JIEeMEHTH MTPOOTIeMHU:

bacamoxpumepianvnui Distributed Constraint Optimization Problem (DCOP):
Hocnimxkennss multi-objective DCOP  BigoKpemitol0Th TEPEBIPKY 1OMYCTHUMOCTI
pilIeHb BiJ OLIIHKKA KOMIIPOMICIB MI’K KOHKYPYIOUUMU usiMu [1].

Paune sussnenns xongnikmis: 3aniponoHOBAHO JETalbHI MOJIEN1 BUSBJICHHS
pecypcHuX KOH(QIIKTIB 3a JIOKAIbHUMU TIEPEKOHAHHSMU areHTiB [2] Ta aHam3
CyMICHOCTI 3000B’si3aHb I MPOTHO3YyBaHHS mnopyuieHsb [3]. IIpoTre BoHu He
BpPaxoBYIOTh Oe3nepepBHyY AUHaMIKy 00'ekTa it oomesxxeHHs MPC.
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1 Pareto—Nash pienosaca: Konnenuis noeananns Nash-crifikocti Ta Pareto-
ONTUMAJIBHOCTI JioBelieHa it popmariii areHrtiB [4], ane He aganToBaHa 10 MPC
OyiBeJIb.

leposuii MPC 6 enepeemuyi: Ilpaui posrisaarots game-theoretic MPC st
HaKoMu4yBayiB [5], irpoBy koopauHailito JokaibHux MPC 13 cynepsizopoMm [6] Ta
nomyk piBHoBaru s HVAC [7]. HeuentpanizoBanuit MPC Takox BUKOPUCTOBYE
KOOpAMHATOPA JIJIsl IePEBIPKHU 3M1IMCHEHHOCTI J1H [8].

Hayxosa npoecanuna. Tlonpu HasBHICTH okpemux ckiaagaukiB (DCOP, irpoBwuit
MPC, nporHocTuuHu#l aHami3), BiACyTHIN IUTICHUN MIX1J, SIKAH MOEAHYE KUTbKICHY
OLIIHKY 3aJIMIIKIB CHUIBHUX OOMeXeHb, aHami3 Pareto-BrpaT 1 Nash-po3OixkHocTel y
€IMHY METPHUKY PHU3UKY KOHQIIKTY ansi OaratokpurepianibHoro MPC OyxiBenb B
YMOBaX HEBU3HAUEHOCTI.

1.3 Ilocmanoeéka 3a60anns

ABTOHOMHI areHTH miacucreM po3yMHoro OyauHky (HVAC, ocBiTienHs,
HAKOIMUYyBayi) ONTUMI3YIOTh BJIACHI LU, JI€ B3aEMOJIIIOTh Y CHIJILHOMY CEPEIO0BHIIII
Ta PECypcHOMY KOHTYpi. IXHi aBTOHOMHO «ONTUMAbHI» pilIEHHS 4YacTo €
HECYMICHUMH, IO € BIJOMHM BHUKJIUKOM JJis PO3MOJAUICHOr0 IiaHyBaHHa [9], a
BUSIBJICHHSI KOH(MJIIIKTIB YCKIAAHIOETHCA (PparMeHTapHICTIO ysBieHb areHTiB [10]. ¥V
mozeni Pareto—Nash—MPC BusBiieHHsI KOH(IIIKTY JHIIE HA eTarl HEe3A1HMCHEHHOCTI
(infeasibility) onTumizanii € 3ami3HIIAM — 1€ MNPU3BOAUTH JO BTPATH SIKOCTI
KEepyBaHHS Ta MapHyBaHHS 0OUYMCIIOBAIbHUX PECYPCIB ITEpaIliil.

3BIJICU HAyKo6e 3a80aHHA TIOJSATaE y po3poOlll MPOIEAypHU, SKa OJHOYACHO: a)
BpPaxoOBY€ BIIMIHHI LLJIbOBI (PYHKI[1i aBTOHOMHUX areHTIB; 0) I1IeHTU(DIKY€E CTpATETIUHY
HECYMICHICTb iXHIX pIIlI€Hb; B) MPOTHO3Y€ MAaHOYTHIN CTaH CUCTEMH Ta MOPYIUEHHS
oOMexxeHb Ha ropu3oHTi MPC; r) jmokamizye areHTiB 1 IpUYMHUA KOH(QIIIKTY; Ta T)
dbopmye pe3ynbTaT, IpUIATHUN ISl KOpUryBaHHA pimieHb Ha Pareto, Nash- 1 MPC-
piBHsx. lle dopmymoBaHHsS € TomepeaHIM BHCHOBKOM 3a MPOaHaIi30BAHUMHU
poOoTamu, a HE TBEP/KEHHSM MPO a0COJIOTHY BiJICYTHICTH BIJIMOBITHUX METOJIB Y
BCiii CBITOBIH JiTEpaTypI.

2. BukJiai 0OCHOBHOI0 MaTtepiaJy

2.1 Takconomia ma cneyugpika KoH@aikmie y MmyabmuazeHmuiu cucmemi
Ppo3ymnozo 6younky. Y mynberuarentHi cuctemi (MAC) po3yMHOTO OyAMHKY areHTH
MOkyTb Bianosinatu 3a HVAC, ocBitineHHs, ToOOyTOBI HAaBaHTaXEHHS, aKyMYJISITOPH,
NIOKaNlbHY TeHepalilo Ta KoMQOpT. IXHi pillleHHs B3a€MOJIIOTh 4Yepe3 TEIIoBY
JUHAMIKY 30H, OOMEXEHHs TMOTY>KHOCTI, CHUIbHE 30epiraHHs eHeprii, Tapudu Ta
BUMOTH MENIKaHIIB. Yke B po3noaiieHoMy MPC OyIUHKIB OMUCAaHO KOOPAMHAIIIIO
areHTiB 3apaju KOMQPOPTY NpHU CIIILHOMY JIMITI €HEprii; pIIIEHHsI KOXKHOIO areHTa
MOB'sI3aHE 3 PIlIEHHSIMU 1HIIUX Yepe3 coupling constraints.[9] [lis 6aratoBeKTOpHUX
EHEePreTUYHUX MEPEeX HEKOPAMHOBAHI il JCLEHTPai30BaHUX KOHTPOJIEPIB 3/1aTHI
CIOPUYUHATH TEPEBAHTAXKEHHS, II0 MOTUBYE OKpEMY IMEpeBipKy TIJ100aIbHOI
3niiicHeHHOCTI.[10]

Otxe, KOH(DIIKT y i TTOCTAHOBII HE 3BOJUTHLCS 10 aBapiHOTO MOPYIICHHS
oOMesxkeHHs. JlomiIbHO pO3pi3HATH: 1) BiICYTHICTh KOH(MIIIKTY — MPOTHO3HM areHTIB
CYMICHI; 2) MOTEHUINHUN — ICHY€ CTPYKTypHa HECYMICHICTh I[IeH/pecypciB, aie
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BOHA Ill¢ HE MposiBWiIacs; 3) mporHo3oBaHuii — Ha ropu3oHTi MPC odikyeTbes
HECYMICHICTb IUIaHiB;, 4) Takui, MO (HOPMYEThCS — 3aJHUIIOK PECYpPCy UM 3arac
KOM(OPTY CKOPOUYETHCS; 5) aKTyaJdbHUW — CIUIbBHE OOMEKEHHs MOPYIIeHO abo
npodiab JIOKATBHO ONTUMAIBHUX KEPYBaHb € HECYMICHMM 31 CHUJIbHUMH
OOMEXEHHSIMH CHCTEMH; HECYMICHICTb BHU3HAYAETHCS MEPEBIPKOIO JIOMYCTHUMOCTI
o0'eqnanoro npoduno kepyBaHb Ha ropu3zoHTI MPC; 6) KpUTUYHUN — TOPYIICHHS
Om3bke a00 Mae 3HaYHUM BIUIMB Ha Oe3neKy/KoMGopT/BapTiCTh; 7) HACTIAKOBUM —
nopyIiieHHs Bxke BigoOynocs. Lle poboda TakcoHOMIS [IsI 3aIPONIOHOBAHOTO METO/Y, a
HE yCTaJIeHa yHIBepCcalbHA Kiacudikais.

[Totpeba y crmemiasibHOMY MOJYJI BUIUIMBAE 3 PO3PHUBY MK TpbOMa Pi3HUMU
nuTaHHsAMH: Pareto-piBeHb BH3Hauae KOMIIPOMICH MK Kputepisimu; Nash-piBeHb
nepeBIpsie CTpATEriuHy CyMICHICTD il areHTiB; MPC-piBeHb nependayae TuHAMIKY Ta
O0OMEKEHHS Ha 4YaCOBOMY T'OpPU30HTI. ICHyBaHHA OKpeMHX poOIT, IO MOE€IHYIOTh il
pPIBHI 4YacTKOBO, HE JOBOJMWTH HASBHOCTI TOTOBOTO METOMY JJIsi KOHKPETHOI
apxitektypu smart home Pareto—Nash—-MPC. Tomy KOpekTHE TBEp/KEHHS — HE
«METOJIIB HE ICHY€», a «y PO3TISHYTIH BHUOIpPII HE MIATBEPIXKEHO METOJM, SIKUN
OJIHOYACHO peali3ye MOBHUU Tepenik (QYHKIIA HUXK4Ye, e MOTpedye MUpIIoi
CUCTEMATUYHOI MEPEBIPKI.

Cneyugpika xoughnikmie y MAC pozymnoeo 6younxy. IIpakTHUHO 3HAYYII KJIACH
KOH(JIIKTIB TaKi: pecypcHi: CyMapHE CIIO)KMBaHHSI arcHTIB IEPEBUINYE JOCTYITHY
MOTY>KHICTB/€HEprito, abdo0 KiJIbKa areHTIB MPETEeHAYIOTh Ha OJHE CXOBHILE;
0OMmediceHb: OOMEXKEHHS MEPEX1, TEMIIEPATYPH, IIBUAKOCTI 3MIHU KEPYIOUUX Alil a0o
CTaHy HaKOIMMYyBaua HECYMICHI; Yi1b08i: EKOHOMISl BAPTOCTI KOHKYPYE 3 KOM(pOpTOM,
MIKOBUM HAaBaHTAXEHHSM, €MICISIMUA UM CTAPIHHAM OaTapei; kepyrouux Oiti: il areHTIB
B32€EMHO 3MIHIOIOTh CTaH - HaIPUKJIaJ, TEIUIOBUN MEPETIK MK 30HAMHU UM OJJHOYACHA
peakiiis Ha Tapud; 4YacoBI/MPOTHO3HI: IUJIAaHM CYMICHI 3apas, ajie MPU3BOIATH JI0
HECTayl €eHeprii 4M MOpYLIEHHs KOMQOpTYy MI3HIIIE; CTPATEriyHi: KOXKEH areHT
MOJIIMIIIYE BJIACHY KOPHUCHICTH, ajie mpodiiab i He € r100aibHO 31HCHEHHUM abo
MPUVHSATHUM.

Bzaemonist poznosineHoro MPC 3 oOMexeHUM CHUTBHUM PECYPCOM 1 TOPraMu 3a
EHEPrir0 BXE IMPOJIEMOHCTPOBaHA B OYJIBEJIbHIM TIOCTAHOBIN; aBTOPU TAKOXK
3a3HAYMIIN TIEPETOBOPHI 1Tepallii K HanmpsM MakOyTHHOTO po3BUTKY.[9] [Hia poboTta
koopaunaiii HVAC, Garapei Ta BimHOBIIOBaHOI TeHepailii Bukopuctopye MPC 13
TETUIOBOIO TMHAMIKOIO, CTAHOM 3apsily Ta eKCIuTyaTaiiiaumMu oomesxxenusamu.[13] 11
MPUKIAAN TIATBEPIKYIOTh KOHKPETHICTh B3aEMO3AJICKHOCTEH, ajie cami 1o co0l He €
J0Ka30M, 10 KOH(MIIIKTH KIaCU(pIKYIOThCS a00 MPOTHO3YIOTHCS K OKPEMUil 00'€KT.

2.2 Ananiz memoodie ceocuacnoi ioenmuikauii

IHopisnanvnuii ananiz nioxooie 00 KOOpOUHayii ma 6uA6/1eHHA KOHPAIKmMIe

Jo xnacuyHux (opmani3MiB IITYYHOTO I1HTENEKTY IJsl MOJAAHHS OOMEXKEHb 1
po3noauienoi ontumizarii Hanexarp CSP, DCSP i DCOP. DCSP (Distributed
Constraint Satisfaction Problem) - po3noaisniena 3amaua Bukonanus oomesxxeab. DCOP
(Distributed Constraint Optimization Problem) - po3nosainena 3amaya ontumizarii 3
oomexxennsamu. CSP (Constraint Satisfaction Problem) - 3amaua 3a10BosIeHHS cUCTEMH
O0OMEXEHb.
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1 CSP / DCOP (llepegipka oonycmumocmi ma NOUUPEHHS OOMENCEHD):
3a0e3neuyloTh BUCOKY 1HTEPIIPETOBAHICTh BUSBICHHS KOHQIIKTIB. [IpoTe kimacuuHi
DCOP onTtumisytoTh €IuHYy CKaJsipHY BapTICTh, IO CYNEPEUUTh MPUPOJI areHTiB 13
KoHKypyrounmu vy [1]. ®dikcamis crany 3aiiicienHocTi (feasible/infeasible) He
OIIIHIOE BTPATY SIKOCTI KOMIPOMICIB Ta IMOCTYIIKH arcHTIB.

bacamoxpumepianona onmumizayia (Pareto-ananiz): ITlobynoBa Pareto-
MHOXHHHU JIa€ 3MOTy €(EKTHBHO 3ICTaBJIATH KOMIIPOMICH (HAINpUKIaa, €HEprilo Ta
koMpopT 11t HVAC [14]). OcHOBHI HEZI0IIKM — BUCOKA 00YUCITIOBATIbHA CKIQHICTh
Ta BIJCYTHICTh aHaMi3y CTPATETiYHOI CYMICHOCTI YM OI[IHKM PHU3UKY MaiOyTHBOI
HE3TIMCHEHHOCTI 0OMEKCHD.

1 Teopis icop (Haw-pisnosaea): TlosicHIOE cTpaTeriune HKEpEno KOHQIIIKTY Ta
rapaHTy€ BIJICYTHICTh OJHOCTOPOHHIX BIJXWJIE€Hb. Y OYIIBISX 3aCTOCOBYIOTH
cynepBizopHy Nash-koopaunaiito gist MPC [6], a konneniisa Pareto—Nash noennye
CTIAKICTh Ta ONTUMANBbHICTH [4]. AnroputMu Ha kitait FENOCOP Bubuparots Nash-
pIBHOBAry 3 NmoJIajbIor0 omiHKow Pareto-cnpaBeanmBocti [16]. TIpoTe 11 migxoau He
MEPEHOCITHCS ABTOMATHUYHO HA Oe€3MepepBHY IUHAMIKY OY/IBEIbHUX CHCTEM Ta
xkopcTki MPC-00MexeHHs.

Model Predictive Control (MPC) ma 2iopuou: MPC BpaxoBye MailOyTHIH cTaH
o0'ekta Ta oOMexenHs [13, 15], a neneHTpaiizoBaHi CXEMH BHUKOPHUCTOBYIOTH
KOOpPAMHATOPIB Ta IIHOBI curHaiau [8]. ¥ pobOoroTexHimi eheKTUBHO 1€ 3B'A3Ka
«momyk koHpikTiB + MPCy» [16], ajie BoHa po3B'si3ye 3a/1auy 31TKHEHb, & HE OaTaHCy
eHeprii Ta komdpopty. HasBni game-theoretic MPC mns Oyaisens [14] He HagaoTh
MOBHOT TAKCOHOMIi KOH(JTIKTIB, OLIIHKHU «4acy JO KOH(IIIKTY» Ta CHCTEMHUX CUTHAJIB
JUTsl KOpUryBaHHs Ha piBHsX Pareto/Nash/MPC.

2.3 IHopienanvna ouinka ma npozanunu. Ha OCHOBI aHami3zy jpkepen, Oynu
BH3HAUYCHI BIACTUBOCTI METO/IIB, 1110 HAJaHO y Tabuii 1.

3ayeasrcenns. BUCHOBKM 1I0A0 MPOTaJINH € aHATITUYHUMU 00 PO3IIISIHYTOT
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Ta6auus 1 - [lopiBHsUIBHA OLIIHKA METO/IIB BUSIBIIEHHA Ta onpaifoBaHHa KOHPIKTIB Yy MAC «p0o3yMHOT0 OyJIUHKY»

Crpareriuna c c Jlokanizanis
Meropn / . IIporno3 na YpaxyBanus P . ChnisbHi !
A II{o anauizye . A N B3a€EMOJist NPUYUHA
miaxin ropu3onti MPC KIJILKOX LijIel . o0MeKeHHs c
areHTiB KOHIIKTY
CSP /DCSP | 3aiiicHEHHICTh He € BnacTusicTIO 3a3Buyaii He OLIIHIOE He 0060B’s13x0B0O Tak, Ko MoxMBa, 3aJ1€KHO
HaOopy OOMeXeHp | METOIy CaMOlo o KOMITPOMICH MK MOJICITIOETHCSI 00MeKeHHS 3a/1aHi BiJI aNTOpUTMY M
cobi; 3aNCKUTB BIL | kpyuTepisiMu SIBHO MOJJaHHS 0OMEKEHb
JUHAMIYHO1 MOJCII1
DCOP/ Posnonineny He aBromatnuno; | Tak —y YacTkoBo; MoskiiBe gepes 3aJIeKUTh BiJl
0araTokpu- | OmTHUMI3alio 3a notpibHe 0araTokpuTepialbHOM | 3aJI€KHUTD Bij ¢byHKLi MeToxay; Tpeba
TepiabHUN | 3alaHUMH MTOETHAHHS 3 y BapiaHTi (dhopmaizarii 00MeXeHb/Bap-TOCTI | YTOUHHUTH B
DCOP hyHKIIIMI 4acOBOIO areHTiB 1 el KOHKPETHIH poOOTi
BapTOCTI MOJIEIITIO
Pareto- Kommpomicu mix Hi, sxmo e Tax Hi, cam o co6i He € ocHOBHOMO He 060B’s13x0B0O
aHai3 KiTbKOMa o€ IHaHHH 13 HE 33/1a€ (GYyHKII€rO
KPUTEPIIMHU MOZICLIIAIDORHOSY] CTpATEeriuHol rpH
Teopis irop | Haiikpamri He aBromatnuno; | He 000B’a3K0BO; Tak Moxe BpaxoByBatucs | 3ajIe>KUTh BiJ

/ Nash- BIiJITIOBI/Ii ar€HTIB MOXe OyTH OaraTokpuTepianb- depes jonycTumi MOJIEJIi TPH
piBHOBara Ta CTIHKICTh YaCTUHOIO game- | HUM BapiaHT moTpedye CTpaTerii i cribHi
npodimo crpateriii | theoretic MPC OKPEMOT'O O3HAYEHHS obMexxeH A
MPC / IIporuos aunamiku | Tak MoO3KIJIMBO, SKILO He o6on’s3xk0B0; | Tak, sIKiio BHECEH] MoxmBa 3a
po3noine- Ta ONTUMI3ALIIO HA iTh0Ba QYHKITIS noTpioeH 10 3a1a4i HAsIBHOCTI
Huit MPC CKiHYEHHOMY OaraTtokpuTepiaibHa IrpOBHI/KOOPIUH | onTUMIi3amii JIIarHOCTUYHUX
TOPH30HTI a0o0 Mae sIBHE IpaBWJIO | aIiifHWH map CUTHAIIiB
3TOPTKH
3anpomno- 3aaMmKy cnijib- Tak, 32 yM0oBH Tak; 0e3 Tak, Ko Tak; JiokaabHi i 3asiByieHa
HOBaHUH HHMX 00MeKeHb, 3aJlaHol cTOXAaC- NPUXOBAHOIO ¢popmanabHO Mi’K areHTHI ¢yHkuisi; Tpeda
cynepBsi- HEeCYMICHICTb THYHOI/CIIEHAPH | 3BeIeHHS 10 BH3HA4Y€HO IPy o0MeKeHHsI MiATBEePANTH
30pHMii ninei i oi moaei ckajsipa a6o 3 ABHO Ta KpUTeEpii nepeBipsOTHCSA AJITOPUTMOM |
miaxin cTpareriuHi 3aJJaHUMH BaraMmu Nash- CHiJILHO NMPHUKJIAI0M
BiAXuiaeHHA BigXujeHHd
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2.3 Ilpouedypu nokanizayii kougnaikmie i xopuzyeanus Pareto-, Nash- ma
MPC-pignie. Tpeba BUKOHYBaTH BUMOTH: 1) Ilpoeno3 0o nopyuienHs: OLIHIOBATH
PU3UK Ha KOXHOMY Kpolli ropu3onty MPC, a He nuiie ¢ikcyBaTH BKe MOpYIICHE
oOMexeHHs. 2) €0une npedcmasieHHs 0OMedceHsb: 3BOJIUTU JIOKaIbHI i MIXKareHTHI
00OMEKEHHS JI0 CIIBHOT MePEeBIPKHU, 30epirarouu JKepesio KoxKHOi yMoBH. 3) [[invosuti
npoinw: (GHIKCyBaTH BEKTOp IIJIEH KOXKHOI'O areHTa Ta IJI00aJbHUX KPHUTEPIiB, HE
3BOJISTYM iX JIO OJIHIET BArOBOi CyMH 0€3 SIBHOTO TIpaBuiia. 4) leposutl ananiz: 31CTaBIsATH
MOTOYHI CTparTerii 3 KpalluMH BIAMOBIISMH arcHTIB/O3HAKAMU BIIXWJICHHS BiJ
piBHOBaru; pe3yJdbTaTH TPaKTyBaTH YMOBHO WIOAO 3amaHoi Tpu. S5) Yac i
Kpumuynicms: HaJaBaTH dYac JO TMEpIIOro MPOTHO30BAHOTO KOHQIIKTY, MOro
HMOBIpHICTB/3amac 10 MEXi ¥ HacHimok. 6) Jlokanizayis ma nosichenHs: BUBOJIUTH
areHTIiB, YaCOBI 1HJIEKCH, OOMEXEHHS ¥ 11111, 110 pOOJISATh MPOTHO3 KOH(MIIKTHUM. 7)
Po3zoineni inmepgheticu: Pareto-piBHIO epe1aBaT akTUBHI KOMIIPOMICH Ta JJOMYyCTUMI
Habopu; Nash-piBHIO — KOH(IIKTHI cTpareriyHi B3aemoaii; MPC — wyacosi
oOMexxeHHsa, risk margin 1 gomyctume KopuryBaHHsA. &) Obuucnrosanvha
nputiHamuicms i fail-safe: BCTaHOBUTH OIOJDKET yacy; 9) mpu HpOCTpPOUYEHHI HE
onokyBatu MPC, a 30epertu 6e3neyHuii nomnepeaHii/poOaCTHU JIaH 1 MO3HAYUTH
HEBHU3HAYCHICTb.

2.4 Konuyenmyanvna cmpykmypa ma mamemamuuna ochoséa. Ckinanaetbcs: 1)
301p CHHXPOHI30BaHOT'O CTaHY/MPOTrHO31B; 2) aHaTI3 JIOKAJIbHUX 1 coupling constraints;
3) aHami3 BEKTOPIB IIJIeH; MPOTHO3YBaHHS HA TOPU30OHTI; 4) kiacudikaiis Ta
JOKaJi3alis pusmky; 5) popmyBanHus iHTepdeiicHoro curnany. Nash-anani3 notrpioeH,
AKIIO areHTH CIpaBil yXBaJIOIOTh CTpaTeriyHi pimeHHs; 6) Pareto-0iok motpidew,
AKIIO  3QJMIIAIOTBCS  KUIbKa  KpUTEpiiB  0€3 MOroJKEHOro  cKaiudpa; 7)
baileciBCcbKke/HEUITKE OLIIHIOBAHHS HEBU3HAYEHOCTI, HABYEHMM Kiacu(pikatop uu
MPUYUHHMN rpad - albTepHATUBHI, IEPEBIPIOBAHI MOTYJII.

Mamemamuuna ocnosa. Hexail MyJIbTHar€HTHA CUCTEMA CKIAJAETHCS 3 MHOKUHU
areHTIB:

A= {Al,Az,...,AN} (1)

ne N — KUIbKICTh areHTiB cuUcTeMu. [[ns kokHOro areHTa A; y JUCKPETHHMA
MOMEHT 4acy f (3a KpOK) BU3HAYAIOTHCS BEKTOP CTaHY Xi(?), BEKTOp KepyBaHHSA ui(l),
MHOHMHA IONyCTUMHUX Kepyrounx BIUIMBIB U; Ta ninboBa GyHKuis Ji.

CyKynHUM CTaH MYJbTHAT€HTHOI CUCTEMH Ta CYKYIHUWA KEpPYKOUYUN BIUIMB
BU3HAYAIOTHCS SK:

x(t) = {x1(8), x2(0), ..., xn ()} 2)
u(t) = {uy (), u (1), ..., uy(t)} €)

3arajibHa MOJIEb JUHAMIKHM BiJIoOpaka€ €BOJIOIII0 CTaHy CUCTeMH B 4aci t mif
BIUTMBOM KepyBaHHA u;(f) Ta BumankoBux (axropiB &(). Cran cucremu X(2)
OMHCYETHCA CTOXAaCTUYHUM PIBHSIHHSIM:

X+ D =Ff(X@®,U@®),ED), (4)

35



COMPUTER SCIENCE
TRANSFORMATIONAL PROCESSES IN SCIENCE: GLOBAL EXPERIENCE AND LOCAL
SOLUTIONS

ne: f() - dyuwkuis auHamiku cuctemu; X(t) € R™ - BekTop craHy cucTeMH
(Temmeparypa, OCBITJICHHs, 3apsia Oarapei Ta 1HII MOKa3HUKU komdopty); Ut) =
(ui(1), ..., un(t))" - BEKTOp KepyIOUHUX JiH areHTaMu; ui(t) € W; - kepyBaHHS i-T0 arcHTY;
Wix.--x Wi - MHOKWHA JIOTTyCTUMUX KepyBaHb; &(1) ~P(+) - BUIIaIKOBI.

Junamika cucteMu «Po3yMHOT0 OYJIUHKY» PO3IIISAAETHCA K T1OpHIHA, OCKIIBKH
il ¢QyHKIIOHYBaHHS BHM3HAYA€ThCS OJHOYACHO O€3MEPEPBHUMHU TapaMeTpaMu
(GI3WYHUX TIPOIIECIB Ta JUCKPETHUMHU PEKHUMaMH POOOTH OKPEMHX MIiJCUCTEM Ha
ropu3oHTI IporHo3yBanHsa h €H. JluHaMmika Ma€e BUTJISI;

Xt+h+1 = f(xt+h’ Ut t+hr - UNt+h wt+h): h=0,..,H-1 (%)

JI71s1 KO)KHOTO areHTa BU3HAYA€ThCS MPOTHO3 TPAEKTOPIl CTaHy Ta KEpyBaHHS Ha
TOPU30HTI IPOTHO3YBAHHS

#(t+hlt), d@t+h|D (6)

ne h=1, ..., H, — XpoK MPOTHO3 BUKOPUCTOBYETHCS ISl BU3HAYCHHS MOMJITHBUX
3MIH CTaHy CHUCTEMH Ta CBOE€YACHOT'O BUSBJICHHS CHUTYAIlill, Y SKUX B3a€EMOJIISI MiX
areHTaMU MOJKE MPU3BECTH JI0 KOHPIIKTY.

AreHT (i) MIHIMI3y€ BEKTOp KpHUTEPIiB J; = (]l?"mf‘"‘t, Jeost, jeneray, ]}vear’m)’ -
JNIOKaJbHUX 00MexeHb g; (X, u) < 0. CrinbHi 0OMEKeHHs 3a1a0Thes g5 (X, W, W) <

0 abo 3arampHUM gg (X, U4, ..., Uy) < 0. Koxxen kpok A MpOTHO3Y Ja€ 3aHIIOK
Sm(h) = —g;(X;(t + h|t), u;(t + h|t)), ne 3HaUCHHS BiAMOBIIAE 3amacy 10 MEXi.
Konguikraa B3aemonis Mk areHramu A; <> Aj BU3HAYAE€ThCS AK CHUTYallis, 32

SIKO1 peatizallis Kepyrdoro pillieHHs OJJHOTO areHTa BIUIMBAE HA JOCITHEHHS I1JIbOBO1
(GyHKIIIT 1HIIIOTO areHTa Ta MPU3BOIUTH 0 ii MOTIPIIEHHS, TOPYIICHHS 00MeXeHb a00
3MIHU JIOMyCcTHMOi 00siacTi Horo kepyBaHHs. HasiBHICTH KOH(IIKTHOI B3aemMomil
MMO3HAYUMO Yepe3:

C;;(t) € {0,1} (7)

ne C i]-(t) = 1 - BIANOBIJAa€ HASBHOCTI MOTEHIIMHOTO KOH(IIKTY MIXX areHTamu
A; o Aj, aCy(t) = 0 — foro BiICyTHOCTI KOH(IIKTY Mixk arentamu 4; < A;

ABTOpchbKa npono3uuis 1 - ingukarop 3anacy koHQuIKTY C;j MizK areHTaMu
Ai A4 A] .

Cij = aR;j + BP;; + vQy;, (®)

ne R;j - HOpMOBaHa HecTaua 3amacy CHUIBHUX OOMEXeHb, Pjj - HECYMICHICTH
1uien (Hanpukiaa, HopMoBaHa BTpata [lapeto-epekTUBHOCTI Bijl CIIJILHOT peaizarii
JIOKAJbHO OakaHWx Jiii), @ - CTpareriyHa HECTIMKICT/PO3OIKHICTh HAWKpAIIMX

BimoBinel. Baru a, B,y - kamiOpoBaHi mapaMeTpu; iXx HE MOXKHA IIOJABaTH SK
yHIBepcabHI. AJIbTepHATUBA BarOBOMY MIJCYMKY - BEKTOP MOKa3HHUKIB 13 TOPOTOBOIO
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JIOTIKOIO, 1110 HE MPUXOBY€E KOMITEHCAIIIO MK PI3HUMU TUIIAMH PU3HKY.
ABTOpPCHKA NPONO3ULIsA 2 — 4ac 10 KOHPJIIKTY:

T. = min{hAt|3m, s,,(h) < 0}, Q)

k1o Mexxa MporHo3y nepeTuHaeTbes - iHakie 7Te¢>HAt abo «He TpOrHO30BaHO
Ha TOPHU30HTI». 32 HEBU3HAYCHUX IMPOTHO3IB ciin obuucmoBatu P(= s,,(h) < 0},
a00 poOacTHUI MIHIMAJIBHUHN 3arac Ha MHOXHHI CIIEHapliB; MOPOTHM KPUTHYHOCTI
BCTAHOBJIIOIOTHCS 32 KOHKPETHUMHU HOpMamMu KoMopTy/0e3neKku Ta BajdiayloThCsl Ha
Moe OyJUHKY.

CraHn MOJyJis BU3HAYAETHCS MOEAHAHHSAM yMOB: 1) 3amac JOJATHUN 1 PU3HK
HU3BKUN - HEMa€ KOH(IIIKTY; 2) JOKaIbHI IJITAHU KOHPIIKTYIOTh, aJIe TOPU30HTAIbHHIMA
MIPOTHO3 HE MEPETMHAE MEXKY - MOTEHUIWHMI; 3) NMPOrHO3 IMEPETUHAE MEKY —
MIPOTHO30BaHU; 4) 3amac craaae MIBUJIIIE MOpOra — TaKUi, 1m0 GOPMYETHCS; MexKa
MopyluieHa — aKkTyaJlbHUH; 5) MEePEeBUILEHO KPUTUYHUHN MOPIT HACTIAKY/IIMOBIPHOCTI
— KPUTUYHMIL; 6) MOPYLIEHHS BXX€ BUMIpsiHE — HacHiAKoBUH. [Toporosi 3HaueHHs
MalTh OyTH 3aJaHi JUIsl KOKHOI (DI3MYHOI BEJIMYMHHM Ta MEPEBIPEHI TECTaMU 3
MMOXMOKOIO JIATYMKIB 1 MPOTHO3Y.

2.5 Micue modynsa ¢ Pareto—Nash—MPC. Haii6isb1 moBHA TO3UIIT — OKPEMHUIA
supervisory layer i3 aBoma mpoxojamMu Ha KoxHIM iteparii MPC: mnonepenniii
ckpuHiHr 10 Pareto/Nash 3a ctaHOM 1 IPOTrHO30M, MOTIM MOBTOPHA IMEPEBIPKA MiCIs
dhopMyBaHHS KaHAUJATHUX pilieHb. Po3mimeHHs Tuibku A0 Pareto mae paHHINM vac
peaxiiii, ajie He 3Ha€ KOMIIPOMICHUX KaHJIMJATIB; PO3MIIIECHHS Jiniie Mix Pareto ta
Nash 6auuts trade-off, onHak He OLIHIOE CTpaTeriuHy B3aeMoito; julie micis Nash
abo Bcepeauni MPC mae noctynm 10 y3roJK€HOTO NpPOTHO3Y, aje PU3MKye OyTu
3ami3HUTUM 200 30UIBIIMTH CKIIAJHICTh ONTHUMI3aTopa. Supervisory layer mosxe
30epiraT HE3aJIeKHICTh ONTUMIZALIMHUX OJIOKIB 1 MepeAaBaTd iM CTPYKTYpOBaHI
CUTHAJIU, ajie MoTpeOdye y3roKeHHs (opMaTiB AaHUX 1 OI0JKETY Yacy.

[IpakTryHa MOCIIIOBHICTD: 1) CHHXpOHI3aIlisl CTaHy Ta MPOTHO3HUX CLIEHAPIiB; 2)
IIBUJKHUNA TECT JIOKAJIbHUX/CIIIBHUX OOMEKEHb; 3) 00UMCIEHHS JTIOKaJbHUX BEKTOPIB
IIJIEH Ta KOMIPOMICHUX KaHJWJATiB; 4) OIliHKA HaWKpammx Bijamosiaeit ado Nash-
BIIXWJICHB; 5) CUMYyJISIS KaHIUJAATHUX KepyBaHb Ha ropuszonti MPC; 6) orminka
C;j(h|t) , 3amacis i T¢; 7) knacudikamis/nokanizamis; 8) nepemadya peKOMEHMIALLi:
noBepHyTucs 10 Pareto mnsa inmoro trade-off, mepepaxyBatu Nash-ctparerii abo
oOmexutu/neperianyBaty MPC; 9) mepeBipka BUKOHAHOTO KPOKY Ta OHOBJICHHS
MIPOTHO3Y.

3. Pe3yabTaTn

3.1 Takconomia ma knacugirayis: ChopMoBaHO poOOUy 7-piBHEBY TAKCOHOMIIO
KOH(ITIKTIB (BiA BIACYTHOCTI JO KPUTHYHOTO W HACIIJKOBOTO) Ta BHUIJIEHO 6
MPaKTUYHUX KJIACIB (pecypcHi, 0OMEKeHb, IIIbOBI, Jii, 9aCOBI1, CTpaTET14uH1).

3.2  Mempuxu xongrixkmrocmi: 3anpOIIOHOBAHO 1HIUKATOP 3amacy KOHOIIKTY
Cij = aR;; + BP;j + yQ;;, (3anac obmexens, Brpara [lapero-ontumansrocti, Hami-
PO301KHICTH) Ta MOKA3HUK «4ac 10 KOHQIIKTY» T, Ha TOPU30HTI NPOrHO3Y H.

37



COMPUTER SCIENCE
TRANSFORMATIONAL PROCESSES IN SCIENCE: GLOBAL EXPERIENCE AND LOCAL
SOLUTIONS

3.3  Apximexmypa ma npoyedypa: Po3poOieHO TBOMPOXiTHUN CYIEepBI30pHUN
piBeHb (supervisory layer) Ta 9-KpokoBy mpolieaypy KOOpIWHaIlli, siKa JOKai3ye
NPUYMHUA KOH(IIIKTY Ta Mepeaae Kopuryroui curiaiu Ha Pareto-, Nash- 1 MPC-piBHi.

4. O0roBOpeHHs pe3yJbTaTiB

3anpornoHoBaHa KOHLIETIIIS JOTIOBHIOE PO3TIISIHYTI B 1[I CTATTI CXEMH MEPEBIPKU
JOITYCTUMOCTI TMPOTHO3HOI KJIacudIKaIll€l0 PU3UKY KOHQIIKTYy; IiepeBary Haj
0a30BMUMU METOJIaMU Ma€ OyTH BCTAHOBJIEHO EKCIIEpUMEHTaIbHO. BekTopHi
noka3Huku Ta 7T, AAal0Th BUCOKY MOSICHIOBAHICTh WIOJ0 KOHKPETHHUX areHTIB 1
oOMmexeHb. OCHOBHI OOMEKEHHs - MoTpeda B KamOpyBaHHI Bar a,f,y, JOTPUMaHHS
OO0YHCITIOBAILHOTO OIO/KETY dYacy Ta BuKopuctanHs fail-safe pexumy npu
MPOCTPOUYCHHSX.

5. BucHOBKH

1. 3anponioHoBaHO MeTon iAeHTHdIKalli Ta Kiacudikamii kKoHPmkTIB y MAC
po3yMHOro OyauHKy 11st KoHTypy Pareto—Nash—MPC.

2. 3anpoIroHOBAHO CTPYKTYpPY MaTeMaTUYHOIO ONHUCY 1HAUKATOpa KOH(PIIKTHOCTI
Ta 4yacy JI0 IPOTHO30BAaHOTO MOPYIICHHS; 1XH1 (opMalibHI O3HAUYEHHSI 1 BJIACTHUBOCTI
noTpeOyIOTh MOBHOTO BUKJIAy Ta €KCIIEPUMEHTAIbHOI IEPEBIPKH.

3. OOrpyHTOBaHO apXITEKTypy JBOMNPOXITHOTO CyHepBi3opa sl 3aBYACHOTO
KOPUTYBaHHsI PIIIICHb areHTIB Ta C(OOPMOBAHO BUMOTH JI0 OOYHMCITFOBAIBHOI CTIHKOCTI
(fail-safe) cucremu.

Jexmapaunis LI

[1ix yac mMATOTOBKHA PYKONUCY aBTOPU BUKOPHUCTOBYBAJIM IHCTPYMEHTH Ha OCHOBI
BEJIMKMX MOBHHMX MOJEJICH JIJIsl OIIYKY M MEPBUHHOIO aHami3y Jukepes. OctaTouHui
B12101p, epeBIpKy O10miorpadiyHUX JaHUX 1 HAYKOBI BUCHOBKH 3/I1MICHIIIA aBTOPH, SIK1
HECYTb BIAMOBIIAIBHICTH 3 3MICT.
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PO3III3BHABAHHSA 3SMUBHOCTI CMITTA
HPUBUPAJTBHUMHU POBOTAMM 3 Y3AT'AJIBHEHHAM
HA HOBI POBOTHU

Parymnsk /leaunc CBsATOCIaBOBHY,
3100yBay MaricTepChbKOTO PiBHS BUIIOT OCBITH
Harmionansuuit yHiBepcuteT «JIbBIBChKa MO TEXHIKAY

HayxoBwuii KepiBHHK:

[Mmennunuit Onexkcanap KOpiiioBuy,

KaHIUJAT TEXHIYHUX HAYK, aCUCTEHT Ka(eIpu CUCTEM IITYYHOIO IHTEIEKTY
HanionansHuil yHiBepcuteT «JIbBIBCbKa MOJITEXHIKA»

AKTyalbHICTb Ppo00TH. MOOUTbHUI pPOOOT, 10 NpUOUpAE TPOMAJICHKY
BOMpANIbHIO, MIHIMAE MPEIMETH CMITTS 3 T1JUIOTH THCTPYMEHTOM IO OJTHOMY U MiCIs
KOXKHOI'O 3aXOIJICHHS Ma€ o0paTd, KyAu JOCTaBUTH MPEAMET: A0 YHITa3a YU J0
CMITTEBOIO KOHTEWHepa. JlocTaBIeHHsI BCbOTO CMITTA J0 KOHTelHepa Oe3leuHe, ane
MOJIOBXKY€ NPUOUPAHHS 1 IPUCKOPIOE HAIOBHEHHSI KOHTEHHEPa. 3MUBaHHS PEAMETA,
HE NPHU3HAYEHOTO JJIs KaHauizallli, 3arpoxye ii 3acMIYEHHSM: Yy JIOCHIIKEHHI
rairyzeBoi acomjanii Water UK 6mmspko 93 % Marepiany B 0OCTEXEHUX 3aTOpax
CTAaHOBWJIM BoJori cepBeTku [l1], a komyHanbH1 ciyx6u CHIA, 3a HasgBHUMHU
OLIIHKaMH, WIOPOKY BHUTpayaroTh 10 | MipJ [onapiB Ha JIKBIJALIKO 3aTOPIB,
COPUYMHEHHUX cepBeTkaMu [2]. BogHouac Tun martepiany caMm mo coOi pillleHHsS He
BHU3HAYA€E: HABITh TyaJIeTHUM mamip Oe3MeuHHui [Uisl KaHai3alli JIMiie B HEBEIUKIM
KUIBKOCTI, TOJII SIK IIIJIbHO 310raHui BEIMKUH KMYT CTBOPIOE JUIsl TPYO Takuil caMuid
PU3HK, SIK MMarepOBHA PYLTHUK.

[TpakTHuHe 3aCTOCYBaHHS TaKOTO PO3Mi3HaBaya yCKJIATHIOE 1€ 0JIHAa 0OCTaBHUHA:
31 30UIBIIEHHSM KUIBKOCTI POOOTIB pydHE PO3MIUYBaHHS JaHWX KOXKHOTO HOBOTO
poboTta moTpebye nenmani Outbliie yacy ¥ moraHo macmraOyerbcsi. ToMy Mojenb,
HaBUYCHA HA JAaHUX KUJILKOX PoOOTIB, MOBHUHHA 30€piraTH 3alaHuii piBeHb O€3MeKHu Ha
HOBUX poOoTax 0e3 po3MiuyBaHHS iXHIX JaHUX. BUpimanbHy pojb TYT BiAIrpae mopir
3MHBY: CaMe€ BiH MIEPETBOPIOE OIIIHKY MEPEK1 Ha PIIIICHHS, 1 BiJ] HOTO BUOOPY 3aJI€KUTh
(akTMYHA YacTKa HEOE3MEUHUX TOMUIIOK.

MeTta po06OTH — JOCTIAUTH MOXJIUBICTH MEPEHECEHHS MOJENi po3Ii3HABaHHS
3MHUBHOCTI MPEAMETIB CMITTS pa3oM 13 IOPOTOM 3MUBY 3 KIJIbKOX HaBYaJIbHUX POOOTIB
Ha HOB1 poOOTH 0€3 po3MiuyBaHHS IXHIX JaHHUX 1 BU3HAYUTH CIIOCIO BUOOPY mopora,
o 3abesneuye HAMOUIBITY TOBHOTY 3MHUBAaHHS 3a OOMEXEHOT YacTKH XHUOHUX
3MHBaHb.

IMocranoBka 3agayi. Po3mizHaBau CcTaBUTH y BIAMOBIAHICTH MPEAMETY OIIIHKY
3MuBHOCTI s € [0; 1], 1 mpeaMeT cpsIMOBYETHCS A0 YHITa3a, SIKIIO § > 7, Ie T — MOpIr
3MHUBY. SKICTh PIIIIEHHS OMKCYIOTh JIBl BEJIMYMHU: TTOBHOTA 3MUBaHHS R(T) — 4acTka
3MUBHUX TMpPEAMETIB, fKi Oyjae 3MHTO, 1 YacTKa XMOHMX 3MuBaHb F(7) — YacTka
HE3MUBHUX NPEIMETIB, sKI OyJie CHpsSMOBAaHO 0 yHiTaza. BapTicTh nux NOMHIIOK
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pi3Ha: TMpOMyIIeHe 3MUBaHHS 3abupae KibKa CEKyHJ, TOIl fAK XHOHE MOXe
CIIPUYMHUTHU 3acMideHHs. Tomy, BianmoBiaHOo 10 KpuTepito Heitmana—Ilipcona [3, 4],
Opir 0OUPaETHCS 3 YMOBHU
T = arg max R(z) 3a ymoBu F(7) <b, (1)
ne b = 5% — Owomker XUOHMX 3MHMBaHb. 3a TaKOi IMOCTAHOBKHU IOPIBHSHHS
Mojleiell 3a TOYHICTIO 4M 3a moporoM 0,5 BTpadae 3MICT, TOMY BCl Mojemi
31CTaBISIOTBCA 32 ojHakoBoro Oropkery. LIlo0 OromkeT BUKOHYBaBCsS HE JUIIE B
CepPEeIHbOMY, TIOPIT CEPTHPIKYETHCSA: 0OMPAETHCS HAMMEHIIE 3HAYEHHS 7, JIS SKOTO
BEpPXHS Meka OJHOCTOPOHHBKOTO 95 % mosipuoro iHTepBany Kmonmepa—Ilipcona [5]
s F(t) He nepeBuye b.

Jani Ta nporokoJ ouiHwBanHsA. Habip nanux cpopmosano 3 RGB-D kanpis,
3anucaHux Ha 16 BUpOOHUYKX poOOTax mpoTsIroM 259 poOoTo-aHIB; BiH MICTUTH 1983
npeaAMeTH. bilblIicTh KaJapiB OTPMMAHO Mij Yac IJIAHOBOTO MPUOUpPaHHS, a YaCTHUHY
KaJpiB 3 BOJOTMMH CEpPBETKAaMH, IO TPAIUIAIOTHCS PIJKO, 3allMCAaHO B OKPEMHUX
ceaHcax 30MpaHHS JaHWX, TOMY CIIIBBIJHOIICHHS KJIACiB BIAPI3HIAETHCSA BiJ
BUpoOHMUYOTO. Kasipu 3HATO KaMepo1o, 3aKPITIICHOI0 01715 IHCTPYMEHTA MaHIITyJIsSITOpa,
3 MaiiKe 0JIHAKOBOI BUCOTH (MefiaHa — 62,6 cM HaJ IiuIoror0). BusBiieHHs mpeIMeTiB
BUKOHY€ OKPEMHIl MOJyJib, TOMY pPO3Ii3HAaBay MpPAIlO€ 3 OJHUM YK€ BUIALUICHUM
MPEAMETOM 1 3aJ1auy JIeTeKIIii He po3B’a3ye. L{iboBy 1it0 (3MUBaHHS YU KOHTEHHED) 1
Marepiai KOKHOTO IpeIMETa pO3Miu€HO aBTOPOM BPYUHY; 111 MITKH OMUCYIOTh OaXkaHe
piuieHHs, a He il poOOoTiB, sIKI Hapa3l CIPSMOBYIOTh yCI NMPEAMETH A0 KOHTEWHEpa.
3MUBHUMU BU3HAHO JIUIIE MPEIMETH TyaJIe€THOTO Nanepy HEBEJIUKOTO po3mipy: 3 1383
MpEeAMETIB TyajleTHOro nanepy 115 no3HaueHo ik HE3MUBHI Yepe3 3aBENUKUN 00’ €M.

Jan1 po3aiieHo 3a podotamu, a He 3a KaapaMu. [T HaBuanbHUX poOoTiB (1811
MPEMETIB) BUKOPUCTAHO JJIsI pO3POOJICHHST MOJIEII 3 Kpoc-Balifalliero 3a podboTaMu
(LORO — Leave One Robot Out): mo yep3i 0JuH 13 II’ITU POOOTIB BUKIIOYAETHCS 3
HaBYaHHS ¥ ciyTye ais nepeBipku. Pemra 11 tectoBux po0oTiB (172 npenmeTH, 3 HUX
90 3MuBHHMX 1 82 HE3MHBHI) HE BUKOPHUCTOBYBAJHMCS 10 3aBEPIIAIHLHOTO €TaIly;
KoH(irypairito Moeni A 3adiKCOBaHO JI0 IMEPIIOro 3BEPHEHHS J10 KX JaHuX. JloBipdi
1HTEpBAJIM OI[IHEHO OYTCTPETNOM 3a pOOOTO-THIMHU.

3anpononoBaHa MojaeJsib. Mojenb A BUKOPUCTOBY€E BUTATyBad o3Hak ConvNeXt-
T [6], monepenHbo HaBueHuii Ha ImageNet 1 MOBHICTIO OHABYEHUW Ha 310paHMX
naHux. BxigHuM 300pakeHHsIM € PparMeHT kaapy po3mipom 420 x 420 mikceniB 13
IIEHTPOM Y IIEHTP1 paMKH MpeameTa, 3MeHIeHu 10 288 x 288 mikceniB. OCKUIbKU
o3a KaMepu Ha BCIX poOOTax Mailke OJIHaKoBa, ()parMeHT (PIKCOBAHOIO PO3MIPY
30epirae pizuuHMi MaciiTad nmpeaMera — 03HaKy, Bij SKOI 3aJeXuTh pimeHHs. Han
BUTSTYBaye€M O3HAK PO3MILIEHO /Bl TOJOBHU: OIIHKY 3MHUBHOCTI Ta JOMOMIXKHY
KJacudikalio mMartepiany Ha TpHU KjiacH (TyaJleTHUW Namip, IHIIKMKA Damnip, He marmip).
HaBuanHns BUKOHY€eThCA 3 (pokanbHOIO (PyHKITi€eto BTpaT (focal loss, y =2) [7] 1 panHiM
3YMUHEHHSM, a OCTAaTOYHA OI[IHKA € CepeHIM BHUXOJIB TPhOX MEPEK, HABUCHUX 3
pi3HEX BUNaAKoBUX iHimiamizamii [8]. [Topir 3muBy 0,785 Bu3HaueHO HA 00’ €THAHUX
OITIHKaX Kpoc-Bajijalii, ToOTO Ha OIiHKaX, SKI MOJACIb BHJA€E I POOOTIB, HE
3allydeHHUX J0 ii HaBYaHHA, 1 cepTudikoBaHo mya OroxeTy S %. s mopiBHSIHHS
po3risiHyTo Moaenb b — Halikparity 3a Kpoc-Baiifalliero KOHGITYpaIliio: OJHY MEPEXY
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0e3 paHHBOTO 3ynmuHEHHs 3 moporom 3MuBY 0,806. OriHeHa 3aTprMKa Ha OOPTOBOMY
rpadiunomy nporecopi NVIDIA RTX A2000 ctaHoBuTh 6,5 MC JIJ1s1 OJTHIET MEPEXKI Ta
om3bko 20 Mc Ha npeaMeT 11 Mojeni A, 1110 B COTHI pa3iB MEHIIIE 3a K1JIbKa CEKYH]I,
AK1 32011a/KY€ OJTHE 3MUBAHHS.

Pe3yabtaru. EkCiepuMeHTH Ha HABYAJIbHUX POOOTaX MiJATBEPAMIN, IO PIIICHHS
BU3HAYA€ KUIbKICTh MaTepially, a He JIMIie WOro THUIl: HaBIiTh 3a OE3MOMMIIKOBO
BIJIOMOT0 MaTepially MpaBWJIO «3MUBATH BECh TyaJeTHUN Mamip» MPU3BOJIUTH 0
16,0 % xubHux 3muBaHp (101 3aBenukuil xMyT mamepy cepen 633 HE3MHBHHUX
MIPEMETIB), IO BTpUdi TiepeBuIye OromkeT. Cepen pekKuMiB HaBUaHHS HAHOTBIIINNA
IpUpICT MOBHOTH 3abe3neumna QokanpbHa Qyskmis Brpat: +0,21 (95 % I [0,12;
0,30]). Ha kpoc-amigamii Mogenr A 3a OZHAKOBOTO OIO/DKETY JOCSATae PiBHSA
JBOETANTHOI CHUCTEMHU «KJIacU(IKaTOp Mamepy Ta MPaBWIO PO3MIPY»; CTaTUCTUYHO
3HAUYIIOI IepeBaryu HaJl HEIO He BUSBIICHO. BIIMB mkepena mopora 3MHUBY Ha MTOBHOTY
3MUBaHHS Ta YaCTKY XMOHUX 3MHBaHb IMOKa3aHO Ha puc. 1.

a) Kpoc-anifaris 3a poboramu (LORO), 6) 11 tectorux poboTie, Mogens A
5 HaBuanbHux poborie, ConvNeXt-T Ge3 focal loss (aHcamosb i3 3 Mepesx)
(4,9 %)
= 0,6 (6,8 %) 0,546 .
T 0,478 (4,9 %)
g 0,433
= (4,9 %)
= - - t
5 0.4 (2,4 %) 0,322
= 0,244
T | (0,6 %) i
g 02 0,126 /
0,0 — === , - — : .
iHi aui pobory, MITKH 5 HaBUa/ILHUX iHmi 10 MITKH Bcix
HaBYa/TbHHX He 3a/1yueHi camaoro poborie TeCTOBUX TECTOBUX
poboriB J10 HaBYaHHs pobora (nopir 0,785) poborie poboris (nopir 0,708)
J>Keperno rnopora 3MHBY J>xepesio ropora 3MHBY
HaJl CTOBIMLAMM: MOBHOTA 3MUBAHHS; y JAYXKKaX — yacTKa XHOHKUX 3MHBaHb (6r0KeT 5 %)
B 1nopir 6e3 miTok LinboBoro poGota Te caMe, JoJaTKOBMIT aHani3 micist ecty 24 mopir 3a mMiTKaMu (BepXHS MexKa)

Puc. 1. [ToBHOTa 3MUBaHHS 3a PI3HUX JHKEPEII TOPOra 3MUBY: a — KpOC-BaJliJlallisl Ha
5 HaBuanbHUX poboTax; 6 — Monens A Ha 11 TecToBux pobdoTax

Jlxepeno pucyHka: po3poOka aBTopa.

KitouoBuMm 17151 MacitabyBaHHS € BUOIp JKepesia mopora 3MuBy (puc. 1, a); moo
BIJIOKPEMUTH IIed YMHHUK BIJl PEKUMY HaBYaHHS, IOPIBHSIHHS BHKOHAHO IS
ConvNeXt-T 6e3 poxanpHOi PyHKIi BTpaT. [lopir, Bu3HaUYe€HUN BHYTPIIIHHOIO KPOC-
BaJIiaIi€l0 3a poOOTO-IHAMHM HaBYAIBHUX POOOTIB, BUSBHUBCS HAITO CYyBOPUM:
IMOBHOTA 3MUBaHHS CTaHOBUTH juie 0,126 3a yacTku XxuOHMX 3MuBaHb 0,6 %. Y Takii
MepeBIPI KOXKEH MPEAMET OLIHIOE MEpexa, sika Bke Oauuiia 1HIIl JIHI TOTO CaMOro
po0oTa; ii OLIIHKK 3HAYHO BIIEBHEHIIIIl, HI’K HA HE3HAHOMOMY pOo0OOTI, TOMY OTpUMaHUIN
13 HUX TOpIT OMUHSETHCA HAATO BHCOKO. Ilopir, oTpuMaHuil 3 OIIHOK MOJENl Ha
poboTax, IKMX BOHA HE Oavuia IiJ1 Yac HaBYaHHs, Ja€ moBHOTY 0,478 1 HabMMKaeThCs
10 BepxHbOI Mexi 0,546, Ky MOXKHa OTpUMATH JIMILE 3 MITKAMHU CaMoro poOoTa.
[Ipote Oe3 cepTudikarlii Takuii nopir nepesuurye Ormxer (6,8 %). CeprudikoBanuii
nopir Mogeni A Ha Kpoc-Bamigarii 3abe3neuye moBHoTy 0,635 3a 4,9 % xubHUX
3MHUBaHb, X04a OFOKET BUKOHYETHCS JUIIE 715 4 3 5 HaBYaIbHUX POOOTIB.
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PesynbraTti Ha TecToBuX podorax HaBeaeHo B Tabn. 1, ne AUPRC — mroma mia
KPUBOIO «TOYHICTh — MOBHOTa», 110 XapaKTEPU3YE SIKICTh YHOPSIKYBAHHS OI[IHOK
He3aJe)HO BiJl mopora. Mojenb A 3 mepeHeceHuM 0e3 3miH moporom 0,785
crpsiMmyBasia 0 Ha 3MuBaHHA 22 3 90 3MUBHUX TIpeAMETIB 1 juiie 2 3 82 He3MUBHUX:
3aBEJIMKUN KMYT TyaJeTHOTO Namepy Ta OOropTKy; >KOJHOI BOJIOTOi CEPBETKH,
NanepoBOro PyUIHUKA YM TUJIACTUKOBOTO IMpeaMEeTa Ha 3MHUBAHHS HE CIPSIMOBAHO.
Boanouac koxeH HE3MUBHUM TpeAMET BaXXuTh 1,2 BiJICOTKOBOIO MYHKTY YacTKU
XMOHMX 3MUBaHb, a BEpXHA Mexa 95 % momipuoro inTepBasry Kmommepa—Ilipcona
CTaHOBUTH 7,5 %, TOMY TOTpUMaHHS OIOJKETY € TOUKOBOIO OIIIHKOIO, a HE TapPAHTIEIO.

Taoauus 1.
Pe3ynpraTtu Mozesnel Ha 11 TectoBux poboTax
Moaean Iopir | AUPRC IToBHOTA YacTKa Bepxust
3MHMBY 3MHBAHHA XHOHMX mexa 95 %
[95 % JI] 3MHBAaHb J1
Mopnens A | 0,785 0,843 0,244 2,4 % 7,5 %
[0,152; 0,356] (2382)
Mopnens b | 0,806 0,759 0,456 14,6 % 22,6 %
[0,330; 0,605] (12382)

Mopens b cipsimyBana 0 Ha 3MuUBaHHs OUIbIIIe 3MUBHUX TIpeameTiB (0,456), oqHak
il yactka xuOHUX 3MuBaHb (14,6 %) Mmaibke BTpuui Oulbina 3a Oromxer. Moaeni
BIJIPI3HSIOTHCS TAKOXK KUIBKICTIO MEPEXK, TOK IXHE OPIBHAHHS HE € KOHTPOJIbOBAHHM,
MpoTe BOHO TIOKa3ye, IO HaWKpaila 3a Kpoc-Balijaiiclo KoHpiryparis He
000B’s13k0BO HaiOesneyHima Ha HOBUX poborax. 3HmxkeHHs AUPRC Moaem A 3
0,966 na xpoc-Bamimaiii gm0 0,843 Ha TecTOoBHMX POOOTAaX YACTKOBO ITOSICHIOETHCS
THIITMM CKJIaJIOM CMITTS: CEpeJl HE3MUBHHX MPEMETIB HAaBYAIBHOTO0 HAOOPY OOTOPTKH,
MJJACTUKOBI Ta 1HIII MPEIMETH CKIanaTh 5,5 %, a recroBoro — 41,5 %.

[IIo6 oImiHWTH, HACKIIBKM KaliOpyBaHHsS IOpora 3MHUBY 37aTHE IiJBUIIUATH
MOBHOTY, TICJS TECTYBaHHS BUKOHAHO JIOJATKOBUM aHami3, SIKUA HE BXOJHUTH IO
nonepeaHbo 3adikcoBaHOi nepeBipku (puc. 1, 0); y HbOMYy BUKOPHUCTAHO €MIIIPUYHI
noporu 6e3 ceprudikaiii. Ko Dopir Ajig KO)KHOIO TECTOBOTO poOOTa BU3HAUYATH 3a
MiTkamu pemtu 10 TectoBux pobotiB, Moaens A nocsrae nmoBaotu 0,322 3a 4,9 %
xuOHMX 3MuBaHb. [Topir 0,708, migiOpanuii 3a MITKaMH BCIX TECTOBHX POOOTIB, Aa€
0,433 32 4,9 %; 11€ ONITUMICTUYHA BEPXHS ME¥Ka, OCKUILKU MOPIir 00paHo 1 OI[IHEHO Ha
tux camux nanux. {ns Mogeni b 11 cami npouenypu narots e 0,16 (6,1 %) 10,18
(4,9 %), 10 y3romxKyeThes 3 il HIPKYOIO SKICTIO YIIOPSIIKYBaHHS Ha TECTOBUX pOOOTaX.
KaniOpyBaHHsl 3a HEBEJIMKOIO KUIBKICTIO JaHUX HECTiWKe: sKkmo mopir Momem A
BU3HAYATH 32 TOJIOBUHOIO POOOTO-IHIB TECTOBUX POOOTIB 1 MEPEBIpSATH HA PEIITI,
oromker mepeuinyeThes y 49 % 3 2000 BUNaakoBUX po3OUTTIB. Y TOMY camoOMy
nonatkoBoMy aHami3i 3amopokeHuit ConvNeXt-T 3 JOTICTUYHOIO perpeciero Ta
MOPOTOM, TIEPEHECEHUM 3 HABYAJIbHUX POOOTIB, OCAT HA TECTOBUX pOOOTAaX TOBHOTH
0,444 3a 3,7 % xuOHuUX 3MHUBaHb, TOMY I€peBary MOBHOTO JOHABUYAHHS Ha HOBHX
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poOoTax He MATBEPKEHO; 11e MUTaHHA OTpeOye OKPeMoi, 3a3aIeriab 3adikcoBaHOl
NepEBIPKHU.

BucHoBKku. 3a pe3yabTaTaMu AOCTIPKEHHS] MOKHA 3pOOUTH TaKl BUCHOBKH.

1. Jlnga posmi3HaBaHHS 3MUBHOCTI HEIOCTATHRO BH3HAYUTH THUIl MaTepiaiy:
pIIIEHHS] 3aJIeUTh BiJ KUIBKOCTI Iafnepy, TOMY JOIUIBHO BHUKOPHCTOBYBATH
dbparMeHT Kajpy CTajJoro po3Mipy, y SKOMY BHAUMHN poO3Mip TIpeaMeTra
IPONOPLIHHUHN (HI3UIHOMY.

2. Tlopir 3MuBYy Ui HOBOTO po0OOTa CIiJl BU3HAYATH 3a OI[IHKAMU MOJEJl Ha
poOoTax, He 3aJydyeHHX [0 1i HaBYaHHsS, a HE BHYTPIIIHBOIO KPOC-BaiJalli€l0 Ha
HABYAJIbHUX poOOTax: 1€ MiBUIIy€e MOBHOTY 3MuBaHHs 3 0,126 no 0,478 1 HaOmmkae
il mo BepxHBOi Mexi 0,546, TOCSIKHOT JTUIIIe 3 MiTKaMu poOoTa.

3. Mogaenb A, HaB4YeHa Ha 5 poboTax, 6€3 k0AHOT MITKH 3 11 TecToBUX POOOTIB 1
0e3 3MiHU Mopora crapsimyBana 6 Ha 3MuUBaHHS 24 % 3MHBHUX MPEAMETIB 32 YACTKH
xubHux 3muBaHb 2,4 % 1 3arpumku O01u3bko 20 mMc Ha mpeamer. OTxke, MOJEb
MpUAaTHA JJI1 3aCTOCYBaHHS Ha HOBHX poOOoTax 0e3 po3MiuyBaHHS iXHIX JaHUX SIK
KOHCEpBaTHBHA MTOYAaTKOBAa KOHPITypallis, Xoua JOTPUMaHHs OIO/KETY IMiATBEPIKEHO
JIUIIIE TOYKOBOIO OIIHKOIO (BepxHs Mexa — 7,5 %).

4. Kani6pyBaHHs opora 3a MiTKaMU 1HIIIUX HOBUX POOOTIB y J0JJaTKOBOMY aHa131
miaBUIIIIIO ToBHOTY Moaem A 1o 0,322 3a 4,9 % xuOHUX 3MHUBaHb, TOMY ITOCTYIIOBE
HaKOIMUYEHHS MITOK 3 HOBUX POOOTIB, 32 YMOBH iX JOCTaTHBOT'O O0OCATY, € MPUPOTHUM
HUISIXOM MiABUILIEHHS KOPUCHOCTI CUCTEMH.

5. bromxker 5 % 3anumaeTscsd BUCOKHM JUIA MPAKTUYHOTO 3aCTOCYBAHHS, TOMY
MOAAJIbII JAOCTIXKEHHS TOLIBHO CHPSMYBaTH Ha MOro 3HMKeHHsS 10 1-2 %. [ns
CTaTUCTUYHOTO MIATBEPKEHHSI TaKOro OIOJKETYy HaBITh 3a IOBHOI BIJCYTHOCTI
XUOHUX 3MHUBaHb MOTPIOHO IIOHaMMeHIe 299 He3amuBHUX TipeaMeTiB s 1 % 1 149 —
st 2 %, TOOTO 3HAYHO OUTBIIMI TECTOBUM HAaOIp, HIXK HasiBHI 82 HE3MUBHI ITPEAMETH.
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EHEPITOE®EKTUBHA MOJIEPHI3AIIIA
TEIIVIOEHEPI'ETHYHUX OB’EKTIB: TEXHIYHI TA
EKOHOMIYHI ACIIEKTH

Kanneesa Bipa BasepiiBna
K.€.H., TOIICHT
Hartionansauit yaiBepcuteT «OechKa MOMITEXHIKA

Anomauisn

Y po6oTi MpoBeACHO KOMIUIEKCHUM aHalli3 TEXHIYHUX Ta €KOHOMIYHUX aCIICKTIiB
eHeproe(peKTUBHOI MOJEpHi3allii 00’€KTIB IIEHTPATI30BAHOTO TEIUIONOCTAYaHHs Ta
MIPOMHMCIIOBO1 TEIJIOCHEPTETUKU. PO3TIIIHYTO CydacHW CTaH HOPMAaTHBHO-IIPaBOBOT
0a3u YKpaiHu, CUCTEMATU30BAHO MEPEOB] 1HKEHEPH1 PILIECHHS HA PIBHAX T'e€Hepallii,
TPaHCIIOPTYBAHHS Ta CIIOKUBAHHS TEIUIOBOI eHeprii. [IpoBeieHO OlIHKY eKOHOMIYHOT
€(EeKTUBHOCTI 1HBECTULIIMHUX MPOEKTIB Ta HA/NAHO TMOPIBHSIIBHY XapaKTEPUCTUKY
3aXO0/1B 3 TOUYKHU 30pU KaliTaIbHUX BUTPAT 1 CTPOKIB OKYITHOCTI.

Knwuoei cnoea: eHeproeeKTUBHICTb, TEIIONOCTAaYaHHSA, MOJCPHI3aIlisg
KoTelleHb, koreHeparis, ITII, monepenHro 130160BaH1 TPYOH.

TennoeHepreTHUHUN CEKTOp YKpaiHM € OJHUM 13 HAaHOUIbII €HEPrOEMHUX Ta
TEXHOJIOTIYHO Bpa3JMBUX CETMEHTIB HaIlOHAJIbHOI €KOHOMIKH. lLleHTpanizoBaHe
TEIJIONOCTayaHHsl 3a0e3leuye TemIoM 3HayHy YacTKy MICBKOTO HAacelIeHHs Ta
00’€KTIB collaiabHOI IHPpACTPYKTYpHU. bumblIicTe cuctemM OynyBanucs B OyAyBaJIUCh
y Apyriid nonoBuHi XX CTONITTA Ta pO3paxOBYBAJIMCA Ha JOCTYIHICTH JEHIEBUX
BUKOMHUX eHepropecypcis [1,8]. Ha cborogni piBeHb (pi3MUHOTO Ta MOPAIbHOTO 3HOCY
OCHOBHHMX (DOHIB TEIIONOCTAYAIbHUX MIANPUEMCTB CTaHOBUTH Bia 60% 10 75%, 1o
NPU3BOJUTH JJO HAJIBUCOKUX NMUTOMHUX BUTPAT MaJMBa, YaCTUX aBaplHHUX 3yNHHOK Ta
3HaYHUX (HIHAHCOBUX 30UTKIB.

B ymoBax cyyacHMX T€ONOJITUYHUX BHUKIUKIB, BOEHHUX pyHHYBaHb Ta
TpaHchopmarlii CBITOBOTO €HEPIeTUYHOTO PHUHKY eHeproedeKTHBHI MOJEpHI3allis
TEIJIOCHEPTEeTUYHNX 00’ €KTIB TepecTac OyTH CyTO €KOHOMIYHUM MNUTaHHAM. Bona
MIEPETBOPIOETHCS HA CTPATETTYHUIA MPIOPUTET HAIIOHATIBHOI OE3IMeKH, CHEPreTUYHOL
He3allexKHOCT1 Ykpainu [1,6]. BinOynoBa Ta peKOHCTPYKIIisl MAIOTh 3J1HCHIOBATHUCS 32
npunuunoMm «Build Back Better» («BinOynoByBatu kpaie, Hik Oyjio»), M0
nepeadayae  BIPOBAKEHHS BHUCOKOTEXHOJIOTTYHOTO, JELEHTPAII30BaHOTO
oOJ1aTHaHHS.

Metoto poOOTH € CHUCTEeMHUH TEXHIKO-€KOHOMIYHUW aHalll3 HampsMiB
MOJIEpHI3allli CHUCTeM TEIUIONOCTaYaHHs Ta BU3HAYCHHS HaWOUIbII e(PEeKTUBHUX
TEXHOJIOTIYHUX PIUICHb JIJISl MaJUBHO-EHEPTeTUYHOTO KOMIUIEKCY YKpaiHH.

BnpoBamxeHHs: eHeproepeKTUBHUX pillleHb B YKpaiHi CIUPAEThCS HA TPABUIIA,
aK1 BiAnoBigaoTh BuMoraM €C. OCHOBHUMH PETYJIOIYUMH aKTaMU, 1110 BUSHAYAIOTh
TEXHIYHI BUMOTHY Ta €KOHOMIYH1 CTUMYJIH, €:
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- 3akon VYkpainu «IIpo eHepreTuuHy e(QeKTHUBHICTH» - BHU3Ha4yae IMPaBOBI,
€KOHOMIYHI Ta OpraHi3alliifHi 3acajiy BITHOCHH, 1110 BUHUKAIOTh Y cepi 3abe3meueHHs
eHepreTUYHOi e(EeKTUBHOCTI IMiJ Yac BHPOOHUIITBA, TPAHCIIOPTYBaHHA, Mepeaadl,
PO3IOILTY, OCTAaYaHHs Ta CIIOKMBaHHs eHeprii [1].

- 3akoH Ykpainu «IIpo eHepreTnyHy e€QeKTUBHICTh OY/IBENb» — PErJaMEHTY€
IpoIeAYpPy OIIIHKK EHEPreTMYHOi e(PEeKTUBHOCTI OyjaiBelb, OOOB’SI3KOBICTH
BCTAHOBJICHHS! MIHIMQJIbHUX BUMOT /IO €HEProe(eKTUBHOCTI 1HKEHEPHUX CHUCTEM Ta
BIIPOBAKEHHS cepTudikailii eHepreTuyHoi e(eKTUBHOCTI [2].

- 3akoH Ykpainu «IIpo gepxaBHe peryatoBaHHA y cdepi KOMyHAIBHUX MOCTYD -
BHU3HAUA€ 3acajil JACpPKABHOTO PETyJIOBaHHS [ISAJIBHOCTI Cy0’ €KTIB MPUPOTHUX
MOHOIIOJIIN y cepl TermmonocTayaHHs, MexaHi3M ¢GopMyBaHHS Tapu(iB Ha OCHOBI
CTUMYJIIOI0YOTO Tapu(OyTBOPEHHS Ta BUMOI JI0 3aTBEPHKEHHS 1HBECTUIIINHUX
nporpam mianpueMcTs [3].

- ABH B.2.5-77:2014 «KoTtenbH1» - BCTAHOBJIIOE€ BHMOI'M MNPOEKTYBAaHHS IpHU
HOBOMY OY/IIBHMIITBI, PEKOHCTPYKIIii, KamiTAJIbHOMY PEMOHTI Ta TEXHIYHOMY
MEPEOCHAIIICHHI ICHYIOUUX KOTEJIeHb (KOTEIbHUX YCTAaHOBOK) HE3aJeHO BiA iX
MPOJTyKTUBHOCTI [4].

- JIBH B.2.5-67:2013 «OmnaneHHs, BEHTWIALIS Ta KOHIMUIIIOHYBaHHSI» -
BCTAQHOBJIIOIOTh BHUMOTM THPOEKTYBaHHS JO CHUCTEM ONAIEHHS 1 BHYTPIUIHHOIO
TEIJIONOCTaYaHHs, 3araJlbHOOOMIHHOT Ta aBapiiHOI BEHTWJIAIIi, TOBITPSHOTO
omajieHHs, KOHJIUIIIOHYBaHHs i 0XOJIOMKEHHS MOBITPs OyAiBEIb 1 criopy [S].

- HupextuBa €Bponeiicekoro Ilapmamenty ta Pagu npo eHeproepekTuBHICTD -
CIpHsI€ IMIUIEMEHTALII] HEPIIOTro NPUHIIUIY eHeproeeKTUBHOCTI [6].

- 3akoH Ykpainu «IIpo 3anmpoBaKeHHS HOBHX IHBECTULIIMHUX MOXXJIMBOCTEH
rapaHTyBaHHS MPaB Ta 3aKOHHHUX IHTEPECIB CyO’€KTIB MiANMPUEMHHULIBKOI AiSIBHOCTI
JUIsl TIPOBEJEHHS MAaCIITa0HOI €HEeproMoJIepHi3allii» - BCTAHOBIIOE MPAaBOBI Ta
€KOHOMIYHI 3acaau 3A1MCHEHHS E€HEpProcepBiCy Jis IMIJBUILEHHS EHEePreTU4HOI
e(heKTUBHOCTI 00’ €KTIB JePKaBHOI Ta KOMYHAJIBHOI BIacHOCTI [7].

Cucrema MopepHi3alii TEIUVIOEHEPTreTUYHOTO KOMIUIEKCY OXOIUIIOE  TpHU
B3a€EMOIIOB ’s13aH1 JIaHKU: TeHepaiito (kotenbHi Ta TELL), TpancnopTyBaHHs (TETUIOBI
Mepexki) Ta CrokuBaHHS (IHXKEHEpHI cucTteMu OypaiBenb). MakcuManbHUN €(eKT
JOCATAETHCS JIMILE 32 YMOB OJIHOYACHOTO BIPOBA/KEHHS 3aXO[IB Ha BCIX TPbOX
PIBHSIX.

["enepaliist TEMIOBOI €HEPrii € HANKPYIHIIINM CIIOKMBAHHSAM IEPBUHHOTO MAJUBA.
[Tinguimenns KKJ[ reHepyrounx ycTaHOBOK Oe€3MOCEepeAHbO 3HUIKYE OIepaliiHi
Butpatu. Jlo MojepHizaiii reHepyrodoro oo6sanHanHs (korenbHi Ta  TEILD)
BIIHOCATBHCS: 3aMiHa KOTJIOArperaTiB, BCTAHOBJIEHHS KOHACHCAI[IMHUX yTHII13aTOPIB
TeIla,  MOJEpHi3allisl  MaJbHUKOBUX  CHCTEM,  YacTOTHE  PETYJIOBAHHSA
€JIEKTPOIPUBO/IB, aBTOMATH3allisl Ta KOHTPOJIEPH.

Pozninsue BupoOHUIITBO enekrpoeHeprii Ha koHaeHcamiianx TEC (KK = 35-
40%) ta teroBoi eHeprii B paiioHHuX kotenbHax (KKJI =~ 85%) e TexHomoridHo
3actapinuM migxogom. Korenepariisi — koMOiIHOBaHE BHUPOOHHIITBO €JIEKTPUYHOI Ta
TEIUIOBOT €HEprii Ha €IMHIA yCTaHOBLI — 3ale3neuye Koe(]ilieHT BUKOPUCTAHHS
nmajyBa Ha piBHI 85-92% [8].
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Ha 6a3i koMyHanbHUX KOTEJIEHb ONTUMAIBHUM € BCTAHOBJICHHS Ta30MOPIITHEBUX
eJEKTPOCTaHII ab0 Tra3oTypOIHHHUX YyCTaHOBOK. BupoOieHa eleKTpoeHepris
BUKOPUCTOBYETHCS JJIi BJIACHUX MOTPeO KOTeNbHI Ta OO’€KTIB KPUTHUYHOI
1H(MpaCTPYKTYpH, a HAJJIUIIOK BIAMYCKAETHCS B 3arajbHy Mepexy. Buaiiene Tersio
YTUII3YETHCSI 3 CUCTEMH OXOJIOJKCHHS JIBUTYHA Ta BUXJIOIHHUX Ta3iB JJIs MiIIrpiBy
MepexeBoi Boau cucremu LIT.

Haii0inpmmmM JkepesioM HENpPOAYKTUBHUX BTpaT €HEPrii € TEeIIOBI Mepexi.
BtpaTtu TemnoTtu yepes 3actapily MiH BaTHY 130JI11iI0 Ta BUTOK TEIUIOHOCIS 4epes
KOpo3ito crajeBux TpyO mocsraroth 25-30%. Ha cboromHi OCHOBHHUMH HampsMaMH
MOJICpHI3aIlli TpPaHCIOPTYBaHHS Ta pO3MOAUTY (TEIUIOBI MEpexki) €: 3amiHa
TpyOOINPOBOIIB Ha TMOMNEPETHHO 130JIbOBAHI, BCTAHOBIIEHHS CHUCTEM CHUTHAaJi3allii
MPOTIKAHHS, EPEX1] BIJl YOTUPUTPYIHUX CUCTEM JI0 IBOTPYOHUX.

[Ipn onTuMizamii CHOKMBAHHS TEIUIOBOI EHEPrii KJIOYOBUM  €JIIEMEHTOM
MOJIEpHI3alli € BCTAHOBJICHHA 1HAMBIAYanbHUX TernoBUX MyHKTIB (ITII). Cyuachi ITII
BKJIIOYA€ TJIACTMHYACTHM TEIUIOOOMIHHUK, JBOXOJOBHH pETyJIOUMNA KiamaH 3
€JIEKTPONPUBOAOM, TOTOJHUI KOHTpPOJEp, YaCTOTHO-PETYJbOBaHI LUPKYJIALIHHI
Hacocu Ta By30i1 OOJiKy TerioBoi eHeprii. IlorogHe peryiatoBaHHS KOpUTYe
TEMIIEpATypy TEIUIOHOCIS, IO MOJAEThCS B OYIBIIO, 3aJI€KHO B TEMIEpaTypu
30BHIIIHBOTO MOBITPS, 1110 3a0e3neuye 15-25% ekoHomii TersoBoi eneprii [9].

[TpuiiHATTA pillieHb IIOJO0 BIPOBAKEHHS €HEProe(eKTUBHUX 3aXOIB BUMAarae
MIPOBE/ICHHS  TEXHIKO-€KOHOMIYHOrO oOrpyHTyBaHHs. OiliHka 0a3yeTbcsi Ha
MOPIBHSAHHI KaliTAJIBHUX BUTPAT 13 JOCSITHYTUM €KOHOMIYHUM €(EKTOM.

KamitasibHi BUTpaTH BKJIIOYAIOTh BAPTICTh MEPEANPOEKTHUX PO3PAXYHKIB,
PO3pOOKHM  MPOEKTHO-KOIITOPUCHOT ~ JIOKYMEHTAIlli, 3aKymiBii  0O0JIaJHaHHS,
OyIlIBEIbHO-MOHTXHUX POOIT aT MYyCKOHAIAro[KyBaJbHUX POOIT. 3a0laKEeHHS
(bOpMyIOTECSl 32 paXyHOK HACTYITHUX UYMHHHUKIB: CKOPOUEHHS BHTpAT Ha MaJIWBHO-
EHEePreTUYHl PECypcH, €KOHOMIisl eJEeKTpOCHEeprii Ha BJIACHI MOTpeOU, 3HUKEHHS
BUTpAT Ha MKUBIIIOBAJILHY BOJTY, CKOPOUCHHS €KCILTyaTalllifHIX BUTpPAT.

B tabnuii 1 HaBeaeHO 3BeIeH] TOPIBHSJIbHI TOKA3HUKH JIJIT OCHOBHHX TEXHIYHHUX
3aX0AiB 3  eHeproedeKTUBHOI MOJCpHI3aIlli TEIUIOCHEPTreTUYHUX OO0 €KTIB
(po3paxoBaHO Ha OCHOBI CEpEIHHO PUHKOBUX I[IH Ta HOPMATHBHUX TEPMIiHIB
OKYTHOCT1).

Taoauusa 1

[TopiBHSIBHI TEXHIKO-€KOHOMIYHI MOKa3HUKH 3 €HEproeeKTUBHOI MOJEepHI3allii

00’ €KTIB TEIIOEHEPTETUYHOTO KOMILIEKCY

TexHIuHUX 3axi] [Turomi OuikyBaHa Tepmin NPV (3
MOJepHi3alii BUTPATH €KOHOMIs OKYIHOCTI, | pO3paxyHKy
$/xBt pecypciB, % POKH Ha 10 pokiB)
BcranoBieHHs 18-28 7-11 (ra3) 1,5-25 BHCOKHI
KOHJICHCAIIITHOTO $/kBt
€KOHOMali3epa
Bcranosnennst YPII na 12-22 30-45 (en. 1-2 TyKe
BEHTWJIATOP / HACOC $/xBt SHepris) BHCOKHUH
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Mopepnizars IIIT 3 35-55 15-25 (Termo) 2-35 BHUCOKHUH
[IOTOTHUM $/xBt
PETYJIATOPOM
3amiHa Mepex Ha 180-320 | 80-85 (BTparu 6-9 MOMIPHUH
[TV -tpy6n M MEpEeKH)
(6e3kaHaIbHA)
ByniBaAIITBO 650-1100 3pocCTae 110 3,5-5,5 | Haa3BU4aiH
razonopmHeBoi KI'Y $/xBt e 88% 0 BHCOKHU
(xorenepaitis)
ABTOMaTH3AIliS 8-15 3-6 (ra3) 1,5-3 BHUCOKHUH
KOTEJICHD $/xBt

TemnoenepreTuuHuid cekTop YKpaiHu mnepeOyBae y KPUTUYHOMY CTaHI 4yepes
3HAYHUN piBEHBb (PI3UYHOTO Ta MOPAJILHOTO 3HOCY OCHOBHMX (POH/IIB, IO CIIPUYUHSE
HAJIBUCOKI MUTOMI BUTPATH TaJuBa Ta CyTTeB1 (hiHAHCOBI 30UTKU. B yMOBax BOEHHHX
pyiiHyBaHb Ta TpaHc(hOopMallii eHEPreTUYHOTO PUHKY MOJIEPHI3aIlis TeIIONOCTaYaHHs
MIEPETBOPIOETHCS HA CTPATETTYHUNA MPIOPUTET HAI[IOHAIBHOI O€3MEKN i €eHEePreTUYHO1
HE3QJIEKHOCTI  JiepkaBu. BinOynoBa Ta  peKOHCTPYKIs OO €KTIB  IMOBHUHHI
3miiicHioBatrcs 3a npuHiunoM «Build Back Better» Ha 0OCHOBI BIpOBaJKEHHS
BUCOKOTEXHOJIOTIYHUX pIIIEHb, SIKI OpIEHTOBAaHI Ha €BPOMEHCHKI CTaHAAPTU
€HEepProe(PeKTUBHOCTI.

€ HeoOXITHICT y CHCTEMHOMY TIIXOJl SKUM BUMara€e OJHOYACHOTO
BIIPOBA/KEHHS 3aXO0JIIB HA BCIX TPHOX HANpsSMKaX: T€Hepallis, TPAHCIOPTYBaHHS Ta
CIIO’KUBaHHS.

TexHIKO-eKOHOMIYHHI aHaJll3 MATBEPKY€E BUCOKY 1HBECTHIIIITHY MPUBAOINBICTD
O1IBIIIOCTI TIPOTIOHOBAHUX 3axojiB. Peamizaris 1ux pileHb J03BOJUTHL HE JIMIIE
ONTUMI3yBaTH BHUTpPATH TMIANPUEMCTBA, a ¥ CTBOPUTH THYUYKY, CTIAKY Ta
eHeproe()eKTUBHY TEIUIOEHEPTETUYHY CTPYKTYPY.
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GROUNDWATER OF AZERBAIJAN

Imamova Tarana Ali kizi,
Candidate of geological and mineralogical sciences
Baku State University

This article is dedicated to the northeastern part of the Greater Caucasus, i.e., the
Samur-Atachay interfluve of the Caspian Lowland. The resort industry in Azerbaijan
is relatively new, and it is undoubtedly worth intensively developing in our republic,
where all the necessary data on natural conditions are available.

The Samur-Atachay interfluve region, the subject of our study, has favorable
climatic and landscape features and compares favorably with other regions of our
republic.

Therefore, the search for new sources and deposits of mineral and thermal waters
and the rational development of previously discovered mineral and thermal water
deposits in our republic is becoming increasingly important.

Keywords: groundwater, mineral and thermal waters, trace elements, ion-salt
composition, formation conditions.

Azerbaijan places great emphasis on developing sectors of the national economy
related to the exploitation of mineral and thermal groundwater. In this regard, the
country's resort network and health and sanitary facilities are expanding and improving
every year. This groundwater exploitation process is undoubtedly interrelated with the
study of the geology and hydrogeological features of the country's drinking and
medicinal mineral and thermal water deposits. In this regard, the Samur-Atachay
interfluve region of the Caspian Lowland, with its favorable climate and landscape
features and the subject of our study, stands out from other regions of the country.

The Samur-Atachay interfluve is located in northern Azerbaijan, between the
northeastern foothills of the Greater Caucasus and the Caspian Sea. Administratively,
the study area encompasses the Khachmaz, Qusar, Yalama, Quba, Divichi, and Siyazan
districts of the Republic of Azerbaijan. Major settlements within the study area include
the district centers of Quba, Qusar, Khachmaz, Khudat, Divichi, and Siyazan.

The orography of the study area was first described in the works of G.V. Abih and
K.I. Bogdanovich [1].

Later, at various times, numerous geologists and geographers studied the geology
and geography of the southeastern Caucasus (A.A. Alizade — [2]; V.E. Khain, A.N.
Shardanov, F.S. Akhmedbeyli — [3] and others).

Within the Samur-Atachay interfluve, mineral and thermal waters have been
discovered by numerous wells. They are confined to deposits of the Jurassic,
Cretaceous, Neogene, productive strata, and the Akchagyl stage. All of these are
thermal and contain iodine-bromine.

In subsequent years, K.M. Aliyev and T.D. Muradov, employees of the Republic's
Geology Department [4], conducted hydrogeological work by drilling deep wells, and
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a project was developed for preliminary exploration of thermal waters in the Qusar
sloping plain. Encouraging results were obtained as a result of drilling deep wells.

The author [5] of this scientific work conducted observations: measured flow rates,
determined the piezometric level in wells, and collected samples from wells and
thermal water sources to determine the ion-salt, gas, bacteriological, and
microcomponent composition of water in the Yalama, Khudat, Khachmaz, and other
areas of the Samur-Atachay interfluve. The results were analyzed in the chemical
laboratory of the Committee of Geology and Mineral Resources of Azerbaijan. During
this period, data was collected from fifty deep wells in the Samur-Atachay interfluve.

The study region between the Samur and Atachay rivers is rich in various types of
underground mineral and thermal waters, differing in ion-salt and gas composition,
temperature, degree of mineralization, and other physicochemical properties.

The thermal waters in the study region are primarily located in five deposits:
Yalama-Nabran, Khudat, Khachmaz, Qusar, and Divichi. Therefore, approximately 50
deep exploratory wells were drilled in the study region to study the numerous thermal
waters, varying in salt and gas composition, flow rate, and temperature, and to develop
the deposits.

Below are the geological and structural features of the deposits' locations and a
brief geological and geochemical description of the thermal waters based on data from
the most promising wells.

Well No. 6 is located on the northeastern flank of the Yalama fold. The well's depth
1s 1,530 m. During drilling, sediments (the productive strata and the Akchagyl and
Apsheron stages) were exposed.

The water-bearing rocks consist of sands and sandstones of the productive strata
(N Pr). Water temperature is 43°C; flow rate is 112.8 m?*/day; mineralization is 44.5
g/l; the statistical water level is +50 m; conductivity is 0.96 m?/day.

Trace elements present in the water include: bromine - 108.1 mg/l; and iodine -
25.91 mg/l.

Well No 7 (Nabran site) is located 5 km south of Well #6 (Yalama). The well's
depth is 1,245 m. The water temperature is 48°C; the flow rate is 304.4 m?®/day; the
conductivity is 3.52 m?/day.

In terms of salt composition, the water from Well #7 is of the sulfate-chloride-
sodium-calcium type.

Trace amounts of iodine (0.65 mg/L) and bromine (8.78 mg/L) were detected in
the water.

The water-bearing rocks are composed of Neogene siltstones.

Well No. 9 (Nabran site) - Well depth: 1,852 m. The water-bearing rocks consist
of clays, sands, and sandstones of the productive strata (N Pr). Water temperature is
45°C; flow rate is 261 m?/day; mineralization is 5.1 g/L.

The water in this well is of the chloride-sulfate-sodium-calcium type.

Trace amounts of iodine (1.4 mg/L) and bromine (7.5 mg/L) were detected in the
water. Conductivity is 3 m?/day.
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Well No. 1/80 (Nabran site) - depth 1205 m. Water-bearing rocks are clays with
inclusions of sand from the Balakhany Formation of the Pliocene. Water temperature
1s 40°C; water flow rate is 216 m3/day; mineralization is 24.5 g/L.

In terms of chemical composition, the thermal water from this well is of the
chloride-sulfate-sodium type.

The water from this well contains dissolved nitrogen-oxygen gas, where nitrogen
makes up 55.47%, oxygen - 42.52%, and methane - 2.01%. Gas saturation i1s 12.44
mg/L.

In addition, trace elements include iodine - 16 mg/L; bromine - 64.5 mg/L. The
well water is clear, colorless, and odorless, with a salty taste.

Well No. 12 is 1925 m deep. The well's water-bearing rocks consist of gravel, sand,
and sandstone of the productive strata (N Pr2). The water temperature is 50°C; the flow
rate 1s 549 m3/day; the mineralization level 1s 6.1 g/L.

As can be seen from this formula, the thermal water of Well No. 12 is of the
chloride-sulfate-sodium-calcium type based on its chemical composition.

Iodine levels in the well water were 4.6 mg/L; bromine levels were 11.7 mg/L.

Well No. 110 is located on the northwestern wing of the Yalama area. Its depth is
3,005 m. The water-bearing rocks consist of sandstones, siltstones, and limestones of
the Middle Jurassic (J2).

Water temperature is 82°C; water flow rate is 456 m?*/day. Mineralization is 15.1
g/L.

The chemical composition of this well's thermal water is chloride-sodium-calcium.
Significant amounts of bromine (38.5 mg/L) and iodine (5.25 mg/L) are found in the
water.

Igneous rocks are not typically found in this area (Yalama - Nabran), and water
formation is closely related to sedimentary deposits of the Middle Pliocene Productive
Formation. At the same time, the hydrogeological conditions of the occurrence and
placement of hydrothermal springs of the Yalama deposit are closely related to the
history of the geological development of the region.

It's possible that the formation of these unique acrotherms in the province occurs
in the same facies environment at depths of 2,500-3,500 m.

Local residents, tourists, and visitors from other regions of the republic or the city
of Baku used the water from these wells for medicinal purposes.

Well No. 20 (Khudat) depth: 2,740 m. The water-bearing rocks consist mainly of
clays and limestones. Water temperature: 64°C; flow rate: 432 m?/day; mineralization:
15.1 g/L.

Iodine levels: 8.6 mg/L; bromine levels: 40.7 mg/L. Chemical composition of the
water from this well is sodium-calcium chloride. According to organoleptic properties,
this water 1s colorless, transparent, free of foreign inclusions and odor, and has a salty
taste.

The dissolved gas composition is nitrogen-methane: methane (CH4) is 75.89%;
nitrogen (N) is 20.56%. The gas saturation is 16.88 mg/L.

Well No. 112 - well depth - 2877 m. The water-bearing rocks of this well are
composed of Middle Jurassic sandstones and siltstones alternating with limestones.
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The water temperature of this well is 82°C; the water flow rate is 2,160 m?/day; the
conductivity 1s 3.55 m?/day.

Based on the ion-salt composition, the water of this well belongs to the chloride-
sodium-calcium type. Significant amounts of iodine were found in the water of well
No 112 - 7.6 mg/l; bromine - 276.6 mg/I1.

Well Nol16 - (Khudat) Well depth is 3,125 m. The water-bearing rocks of this well
are confined to limestone, sandstone, and siltstone, alternating with mudstone and marl
of the Upper Cretaceous (K2).

Water temperature is 85°C; Water flow rate is 6,000 m3/day; the degree of
mineralization is 66.7 g/l; Conductivity is 20.3 m?/day.

As can be seen from the formula, the chemical composition of this well's water is
sodium chloride. Significant trace elements in the water include bromine (137.1 mg/L)
and iodine (16.96 mg/L).

Well No. 4 (Khachmaz) The depth of this well is 3,671 m. It is located 1.3 km
southwest of Nabran station.

Water temperature is 82°C; flow rate is 5.0 m3/day; mineralization is 65.5 g/L.

Based on its ion-salt composition, the water from this well is of the sodium chloride
type. Significant amounts of bromine (203.3 mg/L) and iodine (15.8 mg/L) were
detected in the well water.

The water from this well contains dissolved gas. Based on its gas composition, the
water is classified as nitrogen-methane. Nitrogen (N2) 1s 73.8%; methane (CH4) is
5.4%.

Based on the conducted exploration work, a feasibility study (Ch.M. Khalifazade
— 1989) was compiled for the temporary conditions of the Khudat-Khachmaz thermal
water deposit, which we used, and a national economic assessment of the industrial use
of the thermal resources of these deposits was provided. The end result of using thermal
waters for heating purposes is the replacement of scarce types of organic fuel, which is
determined by the volume of heat obtained during the development of deposits.
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PO3BUTOK IHOPACTPYKTYPHU JOIJIAAY SAK
MNEPEJJYMOBA PO3IIUPEHHS IMPOIO3UIIII POBOYOI
CHJIN

Yepuiuenko Bikrop BacuiboBuy,

K.€.H., C.H.C.,

YUYEHUU CEeKpeTap,

[HCcTHTYT Hemorpadii Ta JOCTIHKEHB SKOCTI KUTTS IMEH1
Muxaiina [Ityxu HAH VYkpainu,

M. KuiB, Ykpaina

[Ipono3uiiisi poO0YOi CUIM HA CyYaCHOMY PHMHKY Ipalll BU3HAYAETHCS HE JIMILE
YUCENBHICTIO HACEJICHHSI Mpalle3/JaTHOrO BiKY, PIBHEM OIUIATH Mpalll ad0 HasBHICTIO
BUIBHUX pOOOYMX MicCIlb. BakiiMBe 3Hau€HHS Ma€ PO3MOJILI Yacy Mik IpodeciiHO0
TISUTBHICTIO W 00OB’A3KaMM, $SKI BHUKOHYIOTHCS MpAIlliBHUKAMH Yy MeEXKax CBOIX
nomorocroaapcTs. Jlorisa 3a AITbMHU, 0CO0aMU IMOXUJIOTO BIKY Ta WICHAMH CIM’1, sKi
HE MOXYTh CaMOCTIMHO 3aJIOBOJIbHSTH TOBCSKIEHHI MOTpeOH, MoTpeOye 3HAYHHUX
4acOBUX BHUTpAT. SIKIIO BIJAMOBIJIHI MOCIYTM HEAOCTYMHI, TO YacTHHA HACEJICHHS
CKOpOYY€ TPUBAJIICTh OIIaYyBaHOT poOOTH 200 B3aralii He BUXOJUTh Ha PUHOK TIpalli.
Tomy ctan iHGpacTpykTypu y cdepi Aorisay Oe3mocepeHbO BIUIMBAE Ha OOCST
po0OUOTo Yacy, KUl JOMOTOCIOIapCTBA 3/1aTHI 3alIPOTIOHYBATH POOOTOAABIISIM.

Jlo 1HppacTpyKTypu IOTJsAy HajexaTh MOLIKUIbHI 3aKjiaau, JEHHI LEHTpPH,
YCTaHOBH JIOBTOTPUBAJIOTO MepeOyBaHHS, COIlialbHI CIIyKOM Ta HajaBadi JOMOMOTH
BIoMa. EKOHOMIYHA (YHKIiSI Takoi CHUCTEMHU BHMXOAUTH 32 MEXI COLIAJIBHOIO
obOciyroByBaHHs. BoHa 3a0e3neduye mnepepo3noia 0TI I0BOr0 HAaBaHTAXKEHHS MiX
ciM’et0 1 npodeciiHUMH HaJaBadyaMH, 3aBISKHM YOMY BHUBUIBHSETHCS dYac s
OIIayyBaHOi 3alHATOCTI. BiJCyTHICTH HEOOX1IHOI TOCIYTH, HABIAKHU, MEPETBOPIOE
MOTEHIIHHO TIpale37aTHy JIIOJAUHY Ha €KOHOMIYHO HEAaKTHUBHY HE3aJIeKHO BIJ ii
kBamidikallii Ta rOTOBHOCTI mparroBaTu[1].

OcoOnuBO BIAYYTHOIO € 3aJIekKHICTh TPYJOBOi ydacTi TMpAIiBHUKIB BiJ
JOCTYITHOCTI JIOTJISY B TOMOTOCIIOIAPCTBAX 13 HEBUCOKUMH JJOXOAaMH. PirieHHs mmpo
MpareBIalTyBaHHs IPUMUMAETHCS 3 YpaXyBaHHSIM HE TUIbKH OYIKyBaHOTO 3apOOITKY,
ajie ¥ BapTOCTI MOCJIYT, TPAHCTIOPTHUX BUTpAT Ta Yacy Ha ix oTpuMmaHHs. BianoBiaHo,
SKIIO CYKYIHI BHUTpaTH HAOMMKAIOTHCS 0 MOMKIMBOTO TPYAOBOTO JJOXOIY, TO
oIJlayyBaHa 3alHATICTh Y TaKUX BUIAJKaX BTPAuya€e CBOIO €KOHOMIUHY JOLLIBHICTb.
TakuM YMHOM BHHHMKA€ CBOEPIHA «IACTKa HEAKTUBHOCTI», KOJIM CIM’S HE MOXKE
npuadaTH TOCIAYry dYepe3 HEAOCTATHIN J0Xid, OJHaK 30UIBIIUTH IeHd J10XiA
HEMOKJIMBO 4epe3 HeOOXIJIHICTh CAMOCTIMHO BUKOHYBaTH (PyHKIIT o gorsay. [lpu
IIbOMY BIUIUB OKPEMHX CKJIAIOBUX 1HOPACTPYKTYpH Ha TPYAOBY MPOMO3UILIO
BIJIPI3HIETHCS 3a iX XapaKTepoOM 1 4acCOBOI TPUBAMICTIO. Tak, MOMIKUIBbHI 3aKjaau
3a0e3MeyyloTh peryJsipHe BUBUIbHEHHS 4acy OaTbKiB, a CIIy>kOM JOMOMOTH BIOMa
Jal0Th 3MOTY 30epiratv 3alHATICTh 32 HASBHOCTI B CIM’'1 JIFOAMHH, SKa MOTpelye
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TPUBAJIOTO CynpoBoay. KOpOoTKOCTpOKOBI MOCIYrH OCOOJHMBO BaXIUBI Yy pasi
TUMYAaCOBOTO 3pOCTaHHS CiIMEHHOI0 HaBaHTa)KeHHs( Tab. 1).
Taoaunsa 1
DYHKIIOHAJIBHI CKJIA0BI iIHPPACTPYKTYPH JOTIJISIAY B CHCTEMI
¢dopmyBaHHs npono3uuii pod040i CHIIH

CxJiamoBa ®dopma Brume Ha nmpono3uttiro po6o4oi crim
1HPPACTPYKTYpH 00CITyrOBYBaHHS
JlomkinsHui Scna, nuTsa4i caukw, 3abe3neuye peryisspHe BUBLILHEHHS] poO0Y0T0
JIOTJIsI]T IpyIH MPOIOBKEHOTO yacy 0aTbKiB, 3MEHIIIY€ TPUBATICTD MEPEPB MICIsA
nepeOyBaHHS HAPO/KCHHS JUTHHH Ta CTBOPIOE MOXIIUBICTh
MOBEPHEHHS 10 TIOBHOI 3alHATOCTI.
Jlennui Ientpu neHHoro Jae 3Mory uieHaMm cimM’i mpamoBaTu NpoTAroM
coLlaJIbHUN nepeOyBaHHS Ta YCTaHOBJICHOT'O POO0YOro JHs 6e3 He0OXiTHOCTI
JIOTJISIT COILIIaJTLHOTO MOCTIMHOT IPUCYTHOCTI OIS 3aJIe)KHOT OCOOH.
CYNPOBOY
JoBrorpuBanuii Cramionapue abo Cxopouye TpuBaje HaBaHTAXEHHS Ha
JIOTJISI]T nepioudHe JIOMOTOCIIOJIAPCTBO Ta 3a100irae MOBHOMY
00CITyrOBYBaHHS BHUOYTTIO IOTJISIATIbHUKA 31 CKIIQAy POO0YOi CHITH.
Jomomora CorianbHUM MpaliBHUK Jlo3BoJisie moeaHATH CIMEHHY y4acTh 13
BJIOMaA abo npodeciitamii npodeciifHOI0 3aiHATICTIO, HE BAAIOYHUChH JI0
IOTJIAAAJIBHUK MOCTIMHOTO THCTUTYIIHHOTO PO3MIIIEHHS
OTpUMYBaYa MOCIYT.
TumyacoBuit KopotkocTtpokosa i [TinTpuMye HemepepBHICTh 3aWHATOCTI Y BUMAAKaX
JIOTJISI 3aMicHa JOIoMora XBOpPOOH, HAJIMIPHOTO HABAHTAXKCHHSI 200
TUMYacOBO1 BIJICYTHOCTI OCHOBHOT'O
JIOTJISITaTbHUKA.

Jlxepeno: chopMOBaHO aBTOPOM

Opnak, BapTO 3a3HAYUTH, IO HASBHICTH YCTAHOBH y cepl NOTIIATY IIe HEe O3HAYa€
(aKTUYHOI JOCTYMHOCTI TakKUX TOCHyr. Pe3ynbTaTuBHICTH 1H(PpPACTPYKTypH
BU3HAYAETHCS 1i TEPUTOPIATLHUM PO3MIIIEHHAM, PEKUMOM pPOOOTH, BapTICTIO Ta
CIIPOMOKHICTIO OOCITYyrOBYBaTH HACEJICHHS BIAMOBITHOI rpoMagu. Tomy IUTSUMiA
CaJI0K 13 0OMEXEHOI0 KUIBKICTIO MiCIlb 200 rpadikoM, He Y3rOJKEHUM 13 TPUBAIICTIO
poOoyoro aHsi OATHKIB, JHILIE YACTKOBO BHUKOHYE (DYHKIIIO MIATPUMKH 3aHHSATOCTI.
[ToniOHa cwuTyarliss BUHUKAE W TOJMI, KOJAM Mociayra ¢GopMmalbHO HaJIaeTbes 0e3
MOJKIIUBOCTI PETYJISIPHOTO TPAHCHOPTHOTO croiydeHHs. Came TOMYy OIliHIOBAaTH
PO3BUTOK 1H(PPACTPYKTYPH JIMIIIE 32 KUTBKICTIO 3aKJIaJliB, KOTP1 HAJAlOTh MOCIYTH Y
cdepi g0rIsIAy, HEAOCTATHBO.

Posmpenns mepexi nornsany GopMmye MOABIMHUEN edekT st puHKy mpariii. [lo-
nepIe, 3pocTae MPOMo3ulliss pobouoi cuimm 3 00Ky 0ci0, AKi paHille BUKOHYBAJIA
HeoIutauyBaHi ciMeliHi 000B’s3ku. [lo-mpyre, CTBOpIOIOTBCS poOodl  MicIs
6e3mocepeHbo y cdepi coriaabHOro 00CIyroByBaHHs. JlogaTKOBUI MOMUT BUHUKAE
TaKOX y TPAHCIOPTI, XapdyBaHHI Ta BUPOOHHUIITBI CHeIiadizoBaHux ToBapiB. OTxe,
OIO/KETHI BUJIATKU Ha JIOIJISIIOBY 1HQPACTPYKTYPYy HE OOMEXYIOThCS YTPUMaHHSIM
COLIIAIbHUX YCTAaHOB, a MIATPUMYIOTH 3aWHATICTb Yy B3a€EMOIOB’SI3aHUX BHUAAX
€KOHOMIYHOI AisuIbHOCTI. BomHowac kaapoBa CIPOMOXHICTh BIAMOBIAHOI MEpPExi
3QJICKUTh BiJl YMOB Tpamli ii mepcoHany. Husbka orata, 3HayHE €MOIIIMHE
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HABAHTAKCHHA Ta OOMEXEHI MOXJIMBOCTI TMPOQECIHHOTO PO3BHUTKY MOCHIIIOIOTH
nedIUT comialbHUX MPAI[iBHUKIB 1 TOTISAATBHUKIB. 32 TAaKUX 00CTaBHH MO0y 10BaHa
yCTaHOBa MO’KE€ HE HaJlaBaTH TIOCIYyTd B 3allJlaHOBAaHOMY 00cs3i. [HBecTHIii B
MarepiaibHy 0a3y TOBHHHI JIOTIOBHIOBATHCS  BIAMOBIIHUM  (hiHAHCYBaHHSIM
MiTOTOBKM KaJpiB Ta 3arajbHUM MIABUIICHHSIM CYCIUIBHOTO CTaTyCy AOTJISIJIOBHX
npodeciii[2,3].

Jns Ykpainu po3BUTOK Takoi 1H(GPacTpyKTypu HaOyBae OCOOJIMBOTO 3HAYEHHS
gyepe3 neMorpadiuae cTapiHHS 1 CKOPOUCHHS YMCETBLHOCTI Mparie31aTHOr0 HACeICHHS,
0 TIOCUJIIOIOTBCA TEPUTOPIAIFHOIO HEPIBHOMIPHICTIO CHUCTEMH  COIIATbHOTO
00CITyroByBaHHs. Y HEBEJIMKHX IPpOMajiaX yTPUMaHHSI OKPEMOTO 3aKJIay HE 3aBXK/IHU €
€KOHOMIYHO BUITPABJAAHNUM. 32 TAKMX YMOB JIOIIIBHUM CTa€ TMO€HAHHS CTAI[lOHAPHUX
YCTAHOB 13 MOOUIBHMMH  COLIQJIBHHUMH CIY’KOaMHU Ta MDKMYHIIUNAIbHUM
00CITyTOBYBaHHSIM, 110 TO3BOJISIE OXOMUTH MOCTyTaMH HaceJeHHS KUIbKOX TepUTOPIH
0e3 HaIMIPHOTO TyOJIIOBaHHS BUTPAT.

Ha namry nymKy 3a TakuX yMOB OCHOBHUMH NPIOPUTETAMHU JIEPKaBHOTO Ta
MICLIEBOTO PErYJIIOBaHHS MAlOTh CTaTH:

1) Bu3HaueHHsA peaabHOI MOTpPeOM B TMOCIyrax Ha OCHOBI JemMorpadiuHoi
CTPYKTYpH TpOMaJl 1 JaHUX MPO €KOHOMIYHY HEaKTUBHICTH;

2) pPO3LIMPEHHS MeEpel AOUIKIIBHOTO, JACHHOIO Ta JOMAIIHBOTO JOTJISIAY 3
ypaxyBaHHSIM TEPUTOPIaTbHOI TIOCTYITHOCTI;

3) yacTkoBa KOMIIEHCAIlisl BAPTOCTI MOCIYT JTOMOIOCIOIapCTBaM, JJI SIKMX BOHA
MEPEBUIIYE MOKIMBUAN IPUPICT TPYIOBOTO TIOXOAY;

4) y3rogxeHHs rpadikiB poOOTH 3aKIaiB cpepu AOIIISIAY 13 TUTIOBUMH PEKUMAMHU
3aMHATOCTI HACCJICHHS,

5) miAroToBka W yTpuMaHHs KBadi(iKOBAaHOTO MepcoHasly. Taka MmociaiOBHICTh
OXOIUTIOE OCHOBHI 0ap’€pu TPy10BO1 y4acTl — BiA (P13UYHOI BIACYTHOCTI MOCIYTH A0 ii
(1HaHCOBOI HEAOCTYITHOCTI 00 HE3PYUHOI'O PEXKUMY HaJaHHS.

Takum uymHOM, iHpacTpykTypa cdepu IOTISAAYy € CKIAQIO0BOK HE TUIBKU
COIIJIBbHOI TMOMITHKHU, A€ 1 CaMOro MEXaHi3My PEeryJIIOBaHHS MPOMO3UIli poOoUoi
cunu. [i po3BUTOK 103BOJAE BMBUILHUTH YacOBHMil pecypc JOMOTOCHOIApCTB Ta
CTBOPIOE JOMATKOBY 3aMHSATICTh Yy CEKTOpi cCoIliaibHUX Tmociyr. BogHouac
E€KOHOMIYHHUI pe3yJIbTaT 3aJIeKUTh Bl (pakTu4HOi, a HE (PopmManbHOI HOCTYMHOCTI
MOCIIYT 3 JOrsALy. ToMy JUIe TepUTOpialibHE PO3IIMPEHHS MEpexXi, MPUHHATHA
BapTICTh MOCIYT 1 HaJeXHE KaJpoBe 3a0e3nedyeHHs naHoi chepu CIpUsSTUMYThH
MOBHINIOMY BHKOPHUCTAaHHIO TPYIOBOTO TOTEHIlIady Ta 3MEHIICHHIO BUMYIIEHOT
€KOHOMIYHO1 HEaKTUBHOCTI HACEJICHHSI.
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PO3BUTOK KOMYHIKATUBHUX 31IBHOCTEHA
MOJIOAIINX HIKOJISIPIB 3ACOBAMM ITPOBHUX
TEXHOJIOI'IA

3nixoBcbka Tersina BikTopiBHa,
JOIEHT,
Bonuncbkuil HanioHanbHUN yHIBepcUuTeT iMeHi Jleci Ykpainku

IHoaunwk Jlroamuiia BacuiaiBHa,
MaricTp,
Bonuncekuitl HarioHansHUM yHIBepcuTeT iMeHi Jleci Ykpainku

P03BUTOK crcTeMH OCBITH BUMArae BiJl e1aroTiyHol HAYKH W MPAKTHUKWA BUBYEHHS
Ta BIPOBAPKCHHS HOBMX METO/IIB HaBYaHHS i BUXOBaHHA HiTeid. Ha cydacHoMy erarri
BCE€ OYEBUJHIIIUM CTa€ T€, IO TpaauliiiHa IIKOJa, OPIEHTOBAaHA Ha IepelaBaHHs
3HaHb, yMiHb 1 HABUYOK, HE BCTUTAE 32 TEMIIAMH X HapOIIyBaHHS. A 3HAYHA YaCTHHA
3HaHb, SIKI OCBOIOIOTH AiTH, OyJa 3100yTa moactBoM 200-400 pokiB Tomy. CydacHa
IIKOJIa HEIOCTaTHhO PO3BUBAE 3A10HOCTI, HEOOXIJHI ISl TOTO, 1100 CaMOCTIIHO
CaMOBU3HAUUTUCA Yy CBITI, MNpuAMatu OOIPYHTOBAHI PIIIEHHS 100 CBOTO
MaiOyTHHOTO, OyTH AaKTUBHUMH I MOOUIBHUMH CYyO’€KTaMU Ha PHUHKY TIpaili.
['onoBHUMU HENOMIKaMU TPAUIIHHOI CUCTEMH OCBITU € TTOPOXKEH1 HEI0 HEBMIHHS 1
HeOakaHHS JIITed BUUTHCS, HE CPOPMOBAHICTH I[IHHICHOTO CTaBJIEHHS JO BJIACHOTO
PO3BUTKY Ta OCBITH.

B nporieci TpuBasioro po3BUTKY TEOpii Ta MPAKTUKH HABYAHHS YKPaiHCHKOT MOBU
CHUCTEMY BIpaB 1 3aB/laHb, CIPSIMOBAHMX HA 3aCBOEHHS TEOPETHUHOTO MaTepiany,
(bopMyBaHHSI MOBHUX Ta MOBJICHHEBHX YMIHb 1 HABHUOK YYHIB Ta MEPEBIPKY SKOCTI
3aCBOEHOTO, PO3pOo0JIsId MPOBIIHI YKpaiHChKi BUeHI B.MenpHunuaiiko, M.IIeHTHIIOK,
JI.Poxwuno, O.CaBu€HKO Ta 1H. JOCTIIHPKEHHIO TUTSYOT0 MOBJIEHHS IPUALISIETHCS yBara
B mpauax 3. borycnascbkoi, [l.I'omoBukosoi, I. Konaparosuu, T.IlyTuinoBcekoi,
M.JIucunoi Tomo. OaHak mnpobiemMa PO3BUTKY Ta BIPOBAIKEHHSA MEJAroriyHUX
IHHOBallld fK mnepeaymMoBa  (OpMyBaHHS KOMYHIKATUBHUX BMIHb MOJIOAIIMX
IITKOJISIPIB 3aJIMIIAETHCS AKTYJTBHOIO.

3a XapakTepHOIO JJII HAYKOBOI CBIJJOMOCTI METOOJIOTIYHOIO 1HEPIIEID MUTAHHS
MICUXIYHOI TIPUPOJHU, JDKEPENT 1 MEXaHI3MIB JIIOJACHKOT KOMYHIKAIli TpaguIliiiHO
3apaxoBYIOTh J0 OJHOTO 3 BUIIB MIsTbHOCTI. [Ipu 1IbOMy KOMYHIKAITiS 1 SIK CBOEPITHE
IICUXIYHE SBHINE, 1 K CKIAJHUHA COIadbHO-TICUXIYHUN Mpolec, 1 IK ocoOHCTICHA
AKICTh (KOMYHIKaO€NbHICTD), SK TPABWIIO, AaCOIUIOETHCS JISUIBHICTIO CYO'€KTIB
cotioHoMiyHuX npodeciit (Tepmin €. O. Knumosa), y sikux npodeciiiHo 3Hauy1uM €
crinkyBaHHA. TyT IroJcbka KOMYHIKaIlisi 3BOAWTHCS 1O TMOSICHIOBATHHHUX CXEM
CHUJIKYBaHHA. 3pO3yMiIO, 110 OCTaHHI HEIOCTaTHI JJIsl 1IHCTPYMEHTAJIBHOIO aHaji3zy
MICUXOJIOTIT AISIILHOCTI HABITh JJIs1 TaKWX (DaxiBIIIB, SIK YUUTENb, JIIKAp, MEHEIKED, HE
Ka)Xydd Bxe Mpo npodecii O1bI MacITabHl i HAYKOMICTKI, MOPOIKEH1 Cy4YaCHUMHU
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TeHACHIISIMH Tio0ami3alii, KapAuHAILHIUMH 3MiHaMU B 0aratbox cdepax B3aeMoii
JII0JIe MOCTIHAYCTPIaJIbHOTO CBITY .

InuBinyanpHa KOMyHIKaOenbHICTh (1 Me;aroriyHa TakoX) (OpPMYEThCS
MIOCTYTIOBO, Y TIPOIIECI PO3BUTKY OCOOMCTOCTI, 30KpeMa 3aBIsSKH BHUOIPKOBOMY
3aM03UYECHHIO JOCBIAY HABKOJMIIHIX, HACIIAYBaHHIO BJIalUX 3pa3KiB IXHbOI
KOMYHIKQTUBHOI MOBEIIHKH, BIJMOBIIHUX BUMHKIB, CTHIIFO B3a€EMOJII, 1100 y TaKuit
CIoci0 3HAWTH MPUUHATHI sl cebe popMu ydacTi B KOMyHIKaTUBHUX akTax. [Ipu
IIbOMY HaWBKJIUBIIIUM JDKEPEIOM € BIACHHWH JOCBiJ CIHIJKyBaHHS, HAJIATrOJKCHHS
KOMYHIKaTHBHUX 3B'sI3KIB Ta aHAJI3y IMPOIECIB X cTaHOBIeHHA. OHIEI0 3 TTPOBIIHUX
(GyHKIH TIOCHKOI KOMYHIKaIIi, SKa HE TITLKH BIJMIOBIA€ HABEICHNUM ii prcaM, aje
i Mae cBoIO crienudiky, € KOMyHIKaIlis meaaroriyya.

€ miJicTaBu MEeAaroriyHy KOMYyHIKaIilo po3rIsgaTi 1 3 TMOTISALY 30CEPEIKEHUX Y
HIM QYHKIIH yOpaBaiHHS, PEryJsili MOBEAIHKH (HAIpHUKIAJ, BUXOBAHI, Y4YHS,
nigoniunoro). Iif mpuTaMaHHi MeJaroriuHi cnoco6M MOCATHEHHS METH: He CTiIbKM
3aBJSKU MCUXIYHOMY (aJMIHICTPaTUBHO-HAKA30BOMY) THUCKY, CKUIBKH 32 JOTIOMOT'OIO
MPWIyYEHHS BUXOBAHI JO TMEBHHUX 1JeH, CHUIBHOrO TIyMadeHHs iHdopMailii,
y3rOJDKEHHSI TO3MIIH, a TakoX TEPeKOHYBaHHS, CIPUSHHSA HACJiyBaHHIO,
HABIIOBAHHS, BUKOPUCTAHHA TaK 3BaHUX IICUXOJOTIYHUX JOKa3iB Tomo. Take
yOpPaBIiHHS, K 0aunMo, OJU3bKE JI0 MeJaroriyHoi KOMYyHIKallii: BOHO BJA€THCS 0
CXOXHUX ICUXIYHUX MEXaHI3MIB 1 Ha0yBae€ nesikux ¢popM octaHHboi. [IpuHaliMHi Tpu 3
Takux (popM BHUPaA3HO TAKIIOTH 10 COLIOKYJIBTYPHUX MOTHUBIB MEAArOriyHOTO BILJIUBY
1 MaroTh BIANOBIAHUH 3MICT. Lle meBH1 »aHpU XyJI0kKHIX TBOPIB, a TAKOXK TaK 3BaHa
HapojHa i 0aThbKIBChKa IMEarorika.

[ToHATTS «KOMYHIKalIs» AOUUIBHO TIYMAYUTH B IICHXOJIOrO-IEIaroriyHOMY
LMKJII 3HaHb MEPEAYCIM SIK BJIACHE TMICUXOJOTIYHE, IO PO3KPUBAE CMUCIOBHUMA aCHEKT
OyIb-KOi COIIabHOI B3a€MOJII Ta CIUIKYBaHHS. [JoCUTh BUpPa3HO KOMYHIKATUBHUN
3MICT MICUXIYHUX MPOSBIB BUCTYIAE TOJ1, KOJIU BIAMOBIIHI JIFOJCHKI /i1 YCB1IOMJICHO
30pIEHTOBAHO HAa CMHCJIOBE iX CIIpUHMAaHHS, X04a I SKICTh JIOJICHKOT TTOBEIIHKH, 1l
colliaJibHa CIIPSIMOBAHICT T1€10 200 1HIIIOO MIPOIO MPOHU3YE MalKe KOKHY COIIaTbHY
POJIb OCOOUCTOCTI, CIIPUSIOYH CTAHOBJIEHHIO OCTAaHHBOT.

JiT! IpUXOASITH 10 IIKOJIU 3 IrPOBUM MOTHUBOM, C(HOPMOBAHUM y HUX JO MOYATKY
HaBUaHHA B Imkoii. Jlopocm 3acBiluyiOTh, IO MEPIIOKIACHUKKA HaMararThCs
CYMIIIHHO TPaTH pPOJb Y4YHS, PETEIbHO BUKOHYBAaTH 3aBIaHHS CBOTO HAaCTaBHUKA.
[lcuxosorisi peKOMEHIye CIHUpaTUCA Ha 1€l HasBHMM MOTUB. TOMy NO4YaTKOBOIO
(hopMOI0 HaBUaHHS MOBH LIKOJISIpIB 6-7 POKIB MOBMHHA CTATHU I'pa 3 BUBYEHHS MOBH,
rpa 3 MOBHHMM 1 MOBJICHHEBUMHM OJMHHUIAMH. [ pekomeHpalisi ICHXOJOTIB
3arajJbHOBU3HAHA W IIHPOKO BIPOBADKYETHCS B TPAKTUKY HABYaHHSA JIiTCH
MOJIOJIIONO MIKIIBHOTO BiKYy. Tak, y HaBYaHHI IIECTWJIITOK MPAKTUKYIOTHCS PI3HI
Mearorivyni cutyarlli: HapuaHHsl bapBinka, He3Haiika, BUTIpaBiIeHHsI BUMTENA, KU
“nmomMmisieThest”’, TOMIO. [IcMX0IOTH MAKPECTIOIOTH, 110 B TP AITH YCBIAOMITIOIOTH CBOT
HaBYaJIbHI 300YTKH Ta 1X CyCHUIbHY BapTiCTh, aJl’Ke, TPAIOYNCh, BOHU X MepelaloTh
1HIMM. A BiATaK 3’SBISE€THbCS MOTpeda B 3HAHHSAX 1 BMIHHAX. lle — mepmmii eramn
PO3BUTKY MOTHBY HaBYaHHS B MIPOIIECI TPH.
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Cnig nmemami Ouibliie 3amydaTd JAITed O OIIHKA KOMYHIKaTUBHOTO BMIHHS:
CTBOPIOBATH CUTYallli, y SIKMX BOHU HE PENPOAYKYIOTh PO3Ka3aHE YW MPOUYUTAHE
BuuTesneM. HoBum y 1iit pob0TI Mae cTatu Te, 1110 BUYUTEINb 3aKIMKA€E AITEH BUCIOBUTU
CBOE CY/IK€HHSI, HAIIPUKJIa/1, 3 MPUBOJY TOTO, YU 3pO3YMILIIO pO3Ka3aB Ka3Ky MuKoJika.
[Ipu 11bOMy 0COOJIMBO BaKJIMBO JIOMOITHCS BiJl YUHIB OOIPYHTYBAHHSI CBO€I OITIHKH.
Tak y MOJOANIMX MIKOJISPIB BUHUKAE OLIIHOYHE CTABJEHHS 1O CBOIO MOBJICHHS, a
3HAUUTD, 3’ ABIAETHCS MOTAT JO HOTO BAOCKOHAJIEHHS. A 11€ — HaBYaJbHUU MOTHUB. Tak
TICUXOJIOTH JOBOJATH MOXJIMBICTH YCIIIHOTO HABYaHHS YYHIB TEPIIOTO KJacy,
BHPOOJICHHS CBOEPIIHOTO IEJArOTIYHOIO MiaX0ay 10 BHOOPY HpPHiOMIB poOOTH 3
HUMU.

IrpoBi MOMEHTH — OJIMH 13 3ac00IB MPHUIIEIJICHHS 1HTEpecy M0 mpeameTa. Irpu
JOIIOMAararTh YIHSIM Kpallle 3p03yMITH, 3aCBOITH pO3ALIH nmporpaMu. I'pa cTumyroe
mi3HaBajbHUN 1HTepec. llegaroriude CTUMYJIIOBaHHS W MOTHBAIllS HaBYaIbHOI
TISUTBHOCTI YYHIB BKJIIOHYAKOTh y ce0e (opMyBaHHS MI3HABAIBLHOIO IHTEPECY, IIO
CTaHOBUTH BUOIPKOBY CIIPSIMOBaHICTh OCOOMCTOCTI, sika oO0epHeHa y cdepy Mi3HaAHHS,
MPEJAMETHOTO OBOJIOJIIHHS 3HaHHAMH. lle iHTepec 10 rHMOOKOro, YCBIIOMJIEHOTO
ni3HaHHsA. OCKUIbKY T13HaBaJIbHUMN 1IHTEpEC OaraTorpaHHuid, BiH MOXKE BUCTYMATH: K
30BHIIIIHIM CTUMYJI IPOIIECY 3aCBOEHHS, SIK 3aC10 aKTHBI3AIll1 I[HOTO MPOIIECY; SIK MOTUB
MI3HaHHS, CTUKAIOYKCh Ta B3aEMO/IIIOYH MIPH I[bOMY 3 IHIIUMHA MOTUBaMHu[4, c. 57].

Axmo iHTEpec o mpenMera He chopMoBaHUM, 3aCBOEHHA Oyjae BiaOyBaTucs
HIDKYE NpUpoAHUX cuia y4uHs. [loTpiOHO TMOCTIHHO CTUMYJIIOBATH T13HABAJIbHI
iHTepecd. OCHOBHI HampsMKHU BIUIMBY: 3a JOIOMOIOI0 3MICTYy Marepialy, IIo
BUBYAETHCS, Ta BHACHIJOK OpraHi3ailii Mi3HaBaJbHOI JISUIBHOCTI (BBEACHHS Irop y
HaBYAJIbHO-BUXOBHUH MPOIIEC).

OnHuM 13 MPUHIMIIB HAaBYaHHS € MO3UTUBHE €MoOIliiiHe HaBuaHHs. EmorliitHa
CTOpOHA IPOLIECY HaBYaHHS I1I€ HEJIOCTATHBO PO3pO0JIeHa B METOIUYHIN JITepaTypi,
HE 3aBXIM BUKOPHUCTOBYIOTHCS MOXIJIMBOCTI, SIKI IPOTIOHYE IeJaroraM cCydacHa
munakTrka. Cepesr MOTHBIB, SIK1 CIIPUSIFOTH aKTUBI3allii M13HABAIBHOT AisSJIbHOCTI YUHIB
1 TIJBUIICHHIO €MOIIIHHOTO PIBHS 3aCBOEHHS 3HAHb, IMIUPOKO BHUKOPHCTOBYIOTHCS
TUIAKTHYHI ITPH.

baxxanHst rpaTu, mparHeHHs 10 AISUTbHOCTI BIACTHBI KOKHOMY Y4YHEBI. Y T'pl yuHI
BUAThCS JIOTIYHO BHUCJIOBJIIOBATH CBOi  JAYMKH, TIOCHIJIOBHO JisTH, OyTH
CIIOCTEPEKITMBUMH, 3HAXOJUTH CBOIM CIIOCTEPEKEHHSIM OOpa3Huil BUCTIB. YuMm
JisUTbHIIIA TTOBEAIHKA IPABI, TUM JOBIIIA Ipa, TUM O1JIbllIe TPUHOCUTH BOHA PaJIOCTI,
TUM IJIHOIIE yYeHb PO3yMI€ COLIAIbHY CYTHICTh JISUIBHOCTI Ta CTOCYHKIB JIFOACH.
3acTocyBaHHsI irop 3a0e3medye €AHICTb (OpMyBaHHS TIOHSTH, MOEAHYE 1€ 3
IHTEJICKTyaIbHIM PO3BUTKOM Ta BHXOBaHHSM YYHIB, CHpPHUSE TABUIICHHIO
e(heKTUBHOCTI HAaBUaHHS.

['pa He nMIIe CTBOPIOE MO3UTHBHI €MOIlli, a ¥ cama MOTpedye MomepeaHbOro
eMOLIHHOTO HACTPOIO YuHIB. MIOro MOKHA CTBOPHTH IITYYHO, HAIIPHKIAJ, KAPTOM.
SIKIO y4HI CTOMMWJIMCSI, MPOTMO3MILIISI B3SITU Y4acTh Y I'pl MOXK€ BHUKJIMKATH B HUX
HETaTHUBHY PEaKIIiIo.

JInst ycmimHoTO 3A1WCHEHHS MOYaTKOBOTO €Tamy CIUIKYBaHHS B TPOIEC TpU
neaarory HeoOX1IHO BOJIOJITH KOMILJIEKCOM KOMYHIKATUBHHX yMiHb, SIKI CIIPUSIIOTH
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HAJIaro KEHHIO e(peKTUBHOI B3aeMoii 3 yuHsIMU. OJHUM 13 HABaXKJTMBILIUX € BMIHHS
BCTAHOBJIIOBATH Ta TMOCTIHHO MIATPUMYBATU 3BOPOTHUN 3B’SI30K Y CHIJIKYBaHHI,
CBOEYACHO pearyroyu Ha Jii, BUCJIOBIIOBaHHS Ta €MOIIHI MPOSBU YYaCHHUKIB T'PH.
Taka B3aeMoisl 1a€ 3MOT'Y CTBOPUTH aTMoc(epy HEBUMYIIICHOCTI, 3all1KaBJICHOCTI Ta
MOCTIMHOT TBOPYOi AKTUBHOCTI. YUYUTEIb MOBUHEH YMITU CIIPSIMOBYBATH CIIJIKYBaHHS
TaK, M00 KOXKEH y4Y€Hb MaB MOXKJIUBICTh MPOSIBUTH 1HIIIATUBY, BUCIOBUTU BJIACHY
IYMKY Ta aKTUBHO JOJIYYHUTHUCS JI0 ITPOBOTO Mpoliecy. BaxkianuBe 3HaUEHHS Ma€e TaKOXK
OBOJIOIIHHS TIE€JarOTOM METOJUKOIO MPOBEACHHS PI3HUX BHJIIB HABUAJIBHUX irOp Ta
npuiioMaM# iX JOIUIBHOTO BUKOPUCTaHHS Ha ypori. ToMy BUMTeNnt0 HEOOXi1THO
MOCTIHO BIOCKOHAIIOBATH HABHYKH OpraHi3amii irpoBOi MIsIILHOCTI, BPaXOBYIOUU
METY 3aHATTS, BIKOBI OCOOJIMBOCTI YUHIB 1 KOHKPETHI IeIaroTiyHi 3aBIaHHS.

He MoxHa po3paxoByBaTu Ha CTUXiiHUMN 1HTepec A0 rpu. [lepiie 3aBaaHHs, 110
CTOITh TIEpPE] YUYUTENIEeM, — BUKIUKATH 1HTEpeC 10 Ipw, OakaHHs Tpatu. [pyre —
CIPSIMYyBaTH TPy B IOTPIOHUN HAIPSIMOK, HAOJIM3UTH 11 0 KOHKPETHOT METH HAaBUAHHS.
JloOupaTu 1 po3po0IsSTH TUAAKTAYHI ITPH, CJIiJT BpaXOBYBATH, 10 TeMI 1 €(EKTUBHICTD
3aCBOEHHSI 3MICTY HAaBUaHHS MPOIOPIIHE 1HTEpecaM y4HIB 1 JiSTIbHOCTI, SIKY BOHU
BUKOHYIOTh. 3HAHHS MTOYUHAIOTHCS 3 UYTTEBOTO CHPUUHSATTS, 3 IONIOMOTOI0 YSIBJICHb
MepexosiTh y Mam'siTh, a TMOTIM Yepe3 y3araJibHEHHS OJIMHUYHOTO (HOPMYETHCS
PO3yMIHHS 3arajJbHOTO.

Jis7IbHICTS YUHIB Oyje YCIIITHOO, SIKIIO MOJIEb JiH, SKy HEOOX1THO BUKOHATH,
BUIIEPEKY€E caMy JisuibHICTb. Ha CTIWKICTh yBaru BIUIMBAE CIPSIMOBA-HICTh
ocobucrtocti, ii iHTepecu. HeoOxiHO MakCUMaabHO AaKTHUBIZYBaTH AacoIlaTUBHY
naMm'sitb 1 TBOPYUM PO3BUTOK ocobuctocti. Opranizailis Ta MNPOBEICH-HS 1rop
noTpeOyIoTh BeIMKO1 MaiicTtepHocTi. [lenarory moTpiOHO BUPOOUTH YITKY CTPATETIIO
KEpIBHUITBA IPYNOBUM CIIJIKYBaHHSM.

Jobuparouu irpu, HEOOX1THO TTOETHYBATH JIBA ACTICKTHU: NI3HABANbHULL TA [2POGUII.
CrtBOpIOIOUM ITPOBY CHUTYAIlII0 BIAMOBIIHO J0O 3MICTY MpOrpamu, Neaaror NOBUHEH
YITKO CIJIaHYBaTH JISUIbHICTh YUHIB, CIIPSIMYBATH 11 HA TOCSITHEHHSI TOCTABJICHOT METH.
Konu Bu3HaueHO 3aBIaHHS, YYUTEIbh HaJa€ HOMYy ITpOBOTO 3MICTY, OKPECIIOIUU
irpoBi aii. IrpoBuii 3MiICT CHOHYKa€ y4YHIB /10 TpU. A KOJIM BHUHHMKAE OcoOucTa
3aIliKaBJCHICTh, TO 3 SBJISIIOTHCS W aKTUBHICTD, 1 TBOPY1 JyMKH, 1 11, XBHITFOBaHHS 3a
cebe, KOMaH]Ty, YBECh KOJICKTHUB.

[IpaBunbHO OpraHi3oBaHa HaBYaJIbHA JISIIBHICTH MI3HABAIBHO-MIOIIYKOBOTO THITY
3 BUKOPHCTAHHSIM IrOp Ha 3aHATTAX, MPOJyMaHe KEPIBHUIITBO HEIO 3 OOKY Temarora
BUKJIMKA€ B YYHIB IHTEPEC [0 HaBYAJIBHOIO IMPOIIECY, PO3BUBAE AKTUBHICTH 1
CaMOCTINHICTb, CLIPHSIE PO3BUTKOBI KOMYHIKATUBHUX YMIHb.

[TouaTkoBa OCBITa K CKJIa0BA YaCTHHA 3araJIbHOI CEPEIHBOI OCBITH CIIPSIMOBaHA
Ha BCEOIYHUM PO3BUTOK MOJIOAIINUX IIKOJISIPIB Ta MOBHOLIIHHE OBOJIOIIHHS HUMHU BCiMa
KOMIIOHEHTAaMU HaBYaJIbHOI MisuTbHOCTI. OCBiTHS Taiy3b «MoBa 1 JiTeparypay
nepeadavae ONMaHyBaHHS MOJIOJAIIMMHU IIKOJIIPAMU YKPAaiHCHKOT MOBH SIK 3aCO0Y
CIUJIKYBaHHs Ta mi3HaHHSA. OCHOBHOIO 3MICTOBOIO JIIHIEID MOBHOI OCBITH ITOYATKOBIM
JAHI[l 3arajbHOi IIKOJIM € MOBJICHHEBA (KOMYHIKAaTHBHA), sKa Tiependadae
(dhopMyBaHHS Ta PO3BUTOK YMiHb CITyXaTH W PO3YMITH, TOBOPUTH, YUTATH Ta MTUCATH.
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OcHOBHA MeTa KypCcy VyKpaiHCbKOI MOBHM — 3a0€3MEeUnuTH PO3BUTOK,
yIOCKOHAJICHHSI YMIHb Ta HABUYOK YCHOT'O MOBJICHHS. BUBUEHHS p1IHOT MOBU BXKE B
MOYaTKOBUX KJIacaX CTBOPIOE 3HAUHI MOKJIMBOCTI JIJIsl PO3BUTKY COIIaIbHUX HABUUYOK
y4HIB, HacCaMIepe]l — YMIHHS CIUIbHO MPAIIOBATH B MapaxX, B HEBEJIMUYKHUX Ipymax.
Heo0xigH0 BUXOBYBATH B JITEH caMOIOBary i 1mosary Jio iHIITUX, YMIHHS IaTH OIIHKY
poOOTI IHIIKUX a00 BUCIIOBUTH 3 IIbOT'O MPUBOIY KPUTUYHI 3ayBaXK€HHSI, SMIHUTH CBOIO
JTYMKY y pa3il IepeKOHJIMBUX apTyMEHTIB 1HIITUX YYaCHHUKIB CH1JIbHOT POOOTH.

KomyHikaTHBHA 3MiCTOBA JIiHIis, SIKA € OCHOBOIO, IIepedavyae Po3BUTOK YCHOIO 1
MMICEMHOTO MOBJICHHSI Y4YHIB, IXHE BMIHHS KOPHCTYBATHCS MOBOIO SK 3acO00M
CHIJIKyBaHHS, TMi3HAHHS, BIUIMBY. 3 I[I€I0 METOIO PO3BUBAIOTHCS, YIOCKOHATIOIOTHCS
YCHI BHJIM MOBJICHHEBOI MiSUTBHOCTI, SKUMHU Y4YHI TICBHOIO MIpPOIO OBOJIOAUTA B
JOMIKITBHOMY BiIll (CIyXaHHS-PO3YMIHHS, M1aJIOTIYHE, MOHOJIOTIYHE MOBJICHHS).
Ypoku yKpaiHChKOT MOBHM HaJalOTh BEJIMKI MOKJIMBOCTI JIJI1 O3HAMOMJICHHS YUHIB 13
HaWBKJIMBIIIMMHA TIPaBUJIAMH YCHOTO Ta IHCEMHOTO MOBJICHHS W CITIJIKYBaHHSI,
MPAKTUYHOTO 3aCBOEHHS (hOpMyJ BBIUWIMBOCTI, SIKI BUXOBYIOTH MOBHY KYJBTYpY,
IHTeNreHTHICTh [2, ¢. 11].

Koxna auTHHA 3 pPaHHBOTO JUTHUHCTBA, HACHTIAYIOUM JOPOCIUX, CAMOCTIMHO
OBOJIO/IIBAE PIAHOIO MOBOIO M yXKe JI0 HaBYaHHS B IIKOJII I0Ope po3yMi€ OTOUYIOUHX,
MOK€E BIJMOBIJATH HAa MOCHJIbHI 3allUTAHHSA, YMI€ BUCIOBIIOBATH HECKJIAJHI TYMKH.
Ha ypokax MoBH yuH1 30aradyioTh CBili CIIOBHUKOBHUH 3amac, HaOyBalOTh YMiHb
noboupaTd HaWOUIBIN BIIYYHI CJIOBa, BHKOPHMCTOBYBAaTH CHHOHIMH, aHTOHIMH,
(dhpazeonoriaMu, MPAKTHKYIOTHCS B MOOYJOBI 3HAYHO CKIAAHIMIMX CHHTAKCHYHUX
KOHCTPYKIIH, HIXK Ti, O TPAIUISIOTHCS B IOOYTOBOMY MOBJICHHI.

HeBia'eMHOIO CKJ1aIOBOI0 KOMYHIKATUBHOI KOMIIETEHTHOCTI MOJIOIINUX IIKOJSIPIB
€ PO3BMHEHE [laJoTiuHEe MOBJICHHA, sIKe Tmepeadadyae He TUIBKM 30aradyeHHs
CJIOBHHUKOBOTO 3aracy y4HiB (¢jopMaMyd MOBHOTO €TUKETY, CAHOHIMaMH, aHTOHIMaMH,
o0pa3HUMHU CJIOBaMU TOIIO, aje€ W yMIHHS BapirOBaTH 1HTOHAIIE€IO BIAMOBITHO [0
MOBJICHHEBOT CUTYaITii.

3 METOI0 PO3BUTKY JIAIOTTYHOTO MOBJICHHSI IIUPOKO BUKOPUCTOBYIOTH POOOTY B
napax 1 HEBETUYKUX Tpymnax, sika J1a€ MOXJIMBICTh BHCIOBUTUCH OUIBIIOCTI YYHIB
kiacy. [Ipu iboMy HE0OX1THO TPHUIIETUTIOBATH MIKOJISIpaM KyJIbTYpY CIIJIKYBaHHS, KA
BUSIBJISIETHCS] HE TUIHKU B IOPEUHOMY BUKOPUCTaHH1 (HOPMYJT MOBJICHHEBOTO E€THKETY,
ayie i B yMIHH1 YBa)KHO CIIyXaTH CITIBPO3MOBHHKA, MPU3YTIUHITH CBOE MOBJICHHSI, IT00
JIaTH MOYKJIMBICTH BUCIIOBUTHCS 1HIIIOMY, TTOTO/KYBATH CBOT PEILTIKY 3 THM, IIIO CKa3aB
CHIBPO3MOBHUK, B YMIHHI CKa3aTh HoMy J00pe CJIOBO, BHUCIOBUTH KPUTHUYHE
3ayBa)K€HHS B Takiil popmi, 11100 HIKOTO HE 0Opa3UTH.

B octaHHi pOoKM B MOYATKOBIM IIKOJII BCE YACTILIE MPAKTUKY€ETHCSI BUKOPUCTAHHS
IHTEPaKTUBHMUX TEXHOJIOT1M HaBuaHHs. [lepi HiXk nepeiTu 10 IPyHTOBHOIO iX aHaJi3y
3'ICyeMO 3arajibHy CyTh IHTEPAKTUBHOI'O HAaBYAHHS.

CyTh IHTEpAaKTHBHOTO HABUaHHS TOJSTAaE B TOMY, II0 HABYAIBHUNA TIPOIEC
B1I0yBA€THCS 3a YMOBH TMOCTINHOT aKTUBHOI B3a€MO/Iii BCiX yuHiB. lle criiBHaB4aHHS,
B3a€EMOHABYAHHS, JI€¢ W Yy4YeHb, 1 BUMUTEIb € PIBHONPABHUMH, PIBHOZHAYHUMH
cyO'ektamu HaBuanHa. Opranizaiiss IHTEpaKTHBHOTO HaBUYaHHS Tiependadae
MOJICITIOBAHHSI KUTTEBUX CHUTyallid, BUKOPUCTAaHHS POJILOBUX IrOp, CITUIbHE
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BUpIIICHHS MPOOJEeMH Ha OCHOBI aHami3y oOCTaBMH Ta BIIMOBIAHOI cuTyarii. BoHO
eekTuBHO crpuse (GopMyBaHHIO HABHYOK 1 BMiHb, BHUPOOJICHHIO I[IHHOCTEH,
CTBOPEHHIO aTMocdepu CHiBpOOITHUIITBA, B3a€MOJIli, Ja€ 3MOTY IEJAarory CTaTu
CIPaBXHIM JIJEPOM JIUTSAYOTO KOJIEKTHBY. |HTEpaKTHMBHA B3a€MOJisl BUKIIOYAE SIK
JOMIHYBaHHS OJHOTO yYaCHHUKA HaBYAJILHOTO MPOIIECY HaJI IHIITUM, TaK 1 OJHIET TyMKA
HaJ 1HII010. [1i1 yac iHTepakKTUBHOT'O HAaBYaHHS YUHI BUAaThCs OyTH JEMOKpPATUUYHUMH,
CHUIKYBaTUCA 3 IHIIMMHU JIIOJbMH, KPUTUYHO MHMCIUTH, MNPUAMATH MPOJAYyMaHi
piIICHHS.

JIyst 3MIITHEHHSI KOHTPOJTIO 32 XOJIOM IPOIIECY HaBUAaHHS 32 YMOB BHUKOPHCTaHHS
IHTEPaKTUBHOI MOJICJIi HABUYAHHS BUUTEJIEBI HEOOXITHO TIOTIEPEIHBO:

- rMOOKO BUBUMTH U TIPOIyMaTH MaTepiall, y TOMY YUCHI TOJaTKOBU;

- CTapaHHO CIUIAaHYyBAaTH H PO3POOMTH 3aHATTS: BU3HAYMTH POJII YUYACHHUKIB,
MIITOTYBaTH TMHUTaHHA W MOKJIUBI BIANOBIAI, BUPOOUTH KPHUTEPIli OI[IHIOBAHHS
e(hEeKTUBHOCTI 3aBIaHHS;

- MOTHBYBAaTH MiSJIbHICTh YYHIB HIJISAXOM J000pYy HaAWIIKaBIIMX JJII HHUX
3aBJaHb, HAJAIITYBaTH iX Ha poOOTy, MIATPUMYBATH NUCIMIUIIHY, HEOOXITHY I
MIPOTyKTUBHOI pOOOTH ayIUTOPI.

VY mikosisipa HasiBHI JIB1 BOXKJIMBI MOTpeOU — MOTpeda /10 MOCTIHHOTO 3pOCTaHHS i
notpeda 6ytu B O6e3merni. OauH 13 HAWBAXIIMBIIINX CIIOCOOIB TIOCATHEHHS OC3IEKH —
1€ TOEIHAHHS 3 I1HIIUMHU JIOAbMH, 3alydeHHd 10 Tpynu. I[louyTrss rpymnoBoi
HAJISKHOCTI Ja€ YIHIM 3MOTY TOJIOJIATH TPYIHOII, SIKi TIOCTAI0Th HAa IXHHOMY IUISIXY.
Konu nitu HaB4aroThCcs pa3oM 3 1HIIMMH, BOHU BiJ4yBalOTh ICTOTHY €MOIIHY Ta
IHTENEKTyaJIbHY MiATPUMKY, SIKa Ja€ MOKJIUBICTb BUWTH AAJIEKO 32 PaMKH iXHBOTO
HUHIIIHBOTO PiBHS 3HaHb 1 BMiHb. HeBuMyIlleHa 00CTaHOBKA B MaJliil TPyIll CHPUsIE
PO3BUTKOBI B COpPOM'SI3NIMBHX YYHIB HaBHUYOK MIXKOCOOUCTICHOTO CILIKYBAaHHS.
TexHomnoris oco6muBO e(eKTHBHA HA TOYATKOBMX €TarmaX HABYAHHA. 1i MO)KHA
BUKOPHUCTOBYBAaTH JUIS JIOCATHEHHS OYIb-IKOI NHIAKTHYHOI METH: 3aCBOEHHSI,
3aKpITUICHHS], IEPEBIPKHU 3HAHB TOIIIO.

AHani3 BOpaB 1 3aBJaHb 3 YKPAiHCHKOI MOBM Ja€ MiJCTaBY CTBEPIDKYBATH, IO
Maii’ke BCl BOHM MOXYTh BUKOHYBAaTHUCS B IMMapax 3MIHHOTO CKJaiy, IO € , Ha HaIl
MOTJIS, HAUOLIBIT €(PEKTUBHUM. 3 KOKHOTO HaBUAIILHOTO MpeMeTa MOTPIOHO 3HAUTH
PO3YMHE CIIBBIJHOIICHHS KOJCKTHBHOI Ta IHIMBIAyaJIbHOI POOOTH SIK Tij dYac
BHUBYCHHS TE€OPii, TaK 1 B MPOIIECI MPAKTUYHOI AisUTbHOCTL.  Bigomo, 1mo po3BUTOK
MOBJICHHSI YYHIB BiJIOYBa€TbCSI B MPOILIECI aKTUBHOI MOBJIEHHEBOI AISTILHOCTI. SK
HEMOXKJIMBO HABUMUTHCS IIABATH, CUIIYM Ha Oepesi, Tak caMo HEe MO)KHA OBOJIOJIITH
MOBJICHHEBUMH HaBHYKaMH O€3 BIJIMOBIIHOI TPAaKTUKA. AKTHBHa MOBJICHHEBA
TUSTBHICTH O€3IMocepeIHbO MOB's3aHa 3 MOTPe00I0 PO3MOBICTH MPO CBOI BPAKECHHS,
CIIOCTEPEIKEHHS, TOYYTTS, IEPEKUBAHHSA, TyMKH. A Taka MOTpeOa BHHHKAE 1
CKJIaJIA€ThCSl TOJI1, KOJU JKUTTS JUTHHU CIIOBHEHE PI3HOMAHITHUX BpakeHb, Oarare
TyXOBHO i eMoIriiiHo. [Ipu nmpoMy HEOOX1THOIO YMOBOIO peaizallii Takoi moTpedu B
KJ1aci € atMocepa MMporo, APY>KHBOTO CIJIKYBaHHS, 3aI[iKaBICHOTO CTABICHHS 0
KOKHOTO. OTXKEe, BUNTH JUTHHY TOBOPUTH — II€ BUUTH i1 Oa4WTH ¥ CHoCTepiraTw,
AyMaTu il mo4yBaTu, TOOTO PO3LIUPIOBATH KUTTEBUM 10CBif [3, ¢. 97 ].
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KoonepatuBHa (rpymoBa) HaB4ajdbHa MAiSUIbHICTE — 116 ¢dopMa (MOJEib)
opraHizailii HaBYaHHs B MaJMX Ipynax Yy4HiB, 00'€IHAaHUX CHIJbHOI HABYAJIHHOIO
MeTOI0. 3a Takoi oprasizailii HaBYaHHS BYUTENIb Kepye pPOOOTOI0 KOXHOTO YUHS
OMOCEPEAKOBAHO, Yepe3 3aBIaHHS, SKUMH BIH CIPSIMOBYE ISUIBHICTH TPYIH.
KoomnepatuBHe HaBuUaHHS BIJKPHMBA€E JJISI YYHIB MOJKJIMBOCTI CITIBIIpalll 31 CBOIMH
POBECHUKAMHM, Ja€ 3MOTY peajli3yBaTH MPUPOJHE MpPArHEHHS KOXHOI JIIOJUHU J0
CHUJIKYBaHHS, CIPUSIE JOCITHEHHIO YYHSIMU BUIIUX PE3YJbTaTIB 3aCBOEHHS 3HAHb 1
dbopmyBaHHS BMiHb. Taka MOJEb JIETKO i €(pEKTUBHO MOETHYETHCS 3 TPATUIIHHUMUA
dbopMaMu Ta METOJaMU HaBUaHHS 1 MOXKE 3aCTOCOBYBAaTHCS Ha PI3HUX eTamax
HaBYaHHS .

Jlo TpynoBoro (KOONEpaTHBHOTO) HABYAHHS MOKHA BiTHECTH: poOOTY B Mapax,
poTtaiiini Tpiiiku, "/[Ba — 4dotupu — Bci paszom", "Kapycens", po6oTy B Maiux
rpymnax, "AkBapiym".

[1ix yac poOOTH B mapax MOKHA BUKOHYBATH TaKl BIIPaBU: OOTOBOPHUTH 3aBJaHHS,
KOPOTKUM TEKCT; B35ITH IHTEPB'I0, BU3HAYUTH CTABJICHHS (yMKY) TapTHEPa 10 TOrO Yu
IHIIIOTO TUTAHHS, TBEPUKEHHS 1 T.J.; 3pOOMTH KPUTUYHUN aHali3 poOOTH OJIUH
OJTHOT0; C(HOPMYITFOBATH MiJICYMOK TEMH, 1110 BUBYAETHCS , TOIIO [1, ¢. 190 ].

Jlo ¢GpoHTaTbHUX TEXHOJOTIH IHTEPAaKTUBHOTO HABYaHHS BIAHOCATH TaKi, IIO
nepeadavyaroTh OJHOYACHY CHIIBHY po0OOTy Bchboro kiacy. lle — oOroBopeHHs
po0JIeMU B CIIIBHOMY KOJIi (11 3aCTOCOBYIOTH 3 IHIIUMU TEXHOJIOT1sIMU); "Mikpodon"
(Hama€eThCs 3MOra KOXKHOMY CKa3aTH IIOCh IIBHJIKO, 110 Y€P31, BUCIOBUTH CBOIO TYMKY
Yy TIO3WIlII0), HE3aKiHYeHI peueHHs (MOo€nHyeTbesi 3 BhpaBolo "MikpodoHn");
"Mo3koBuil mTypM" (BlJOMa IHTEPAKTUBHA TEXHOJIOT1 KOJIEKTUBHOIO OOTOBOPEHHS,
IIMPOKO BHUKOPUCTOBYETHCS MJIi NPUUHATTS KUIBKOX pIMIEHb 13 KOHKPETHOI
npobiemn); "HaBuaroun — Buycs", "JlepeBo pimieHs" Ta iH.

Jlo TeXHOJIOTIM IHTEPAaKTUBHOIO HABYAHHS B I'pl BIIHOCATHCSA IMITallli, POJIbOBI
1Irpy, ApaMaTu3anis.

YyacHUKM HABYAJILHOTO TPOIIECY, 32 IFPOBOI0 MOJIEIUIIO, IEpeOyBalOTh B 1HIITUX
YyMOBaxX, HIK y TpaJuIlIHHOMY HaBUYaHHI. YYHSM HaJal0Th MaKCUMaJlbHy CBOOOIY
IHTEJIEKTYaJIbHOI ISUTBHOCTI, 110 0OMEXKYETHCS JIUIIE KOHKPETHUMH TTPaBUJIaMU TPH.
VY4Hi cami 00HUparOTh CBOIO POJIb Y Tpi: BUCYBAIOUU MPUMYIICHHS MPO HMOBIPHHIA
PO3BUTOK TOJIii, CTBOPIOIOTH IPOOJIEMHY CUTYAIIII0, IIyKAIOTh NUISIXH 1i BUPIIICHHS,
MOKJIaJat04yu Ha ce0e BiIMOBIIaIbHICTh 32 00paHe pieHHs. Buntens B irpoBiit Mojeni
— 1HCTpYKTOp (O3HAMlOMJIEHHS 3 MpaBWIaMH TpH, KOHCYJbTalli Mmig dYac il
MpOBEICHHs), cyaasa-pedepl (KOpUryBaHHS W MOpayd CTOCOBHO PO3MOJUTY poJiei),
TpeHep (MAKa3KW YYHSM 3 METOI0 MPUCKOPEHHS MPOBEIEHHS T'PH), TOJOBYHOUHIA,
BeJly4Mii (OpraHizaTop 0OrOBOPEHHS).

BaxynBo, KOJMM CKJIIQJOBOIO POJILOBOI TpU € Oduckycis. TexHosorii HaBYaHHS B
JTUCKYCli — Ba)JIMBUH 3aci0 Mi3HABAJILHOI JISTIBHOCTI YUHIB Y MpoIleci HaBYaHHs, 00
JTUCKYCiE — IIUpOKe MyOjidyHe OOroBOpEHHsS CIIpHOrO mNUTaHHSA. BoHa cropwusie
PO3BUTKY KPUTUYHOTO MHCIICHHS, JAa€ 3MOTY BU3HAYHUTH BJIACHY MO3HUIIIIO, (opMye
HaBUYKH BIJCTOIOBAHHS CBOEl OCOOHMCTOI JYMKH, IIOIJIMOJIIOE 3HAHHSA 3 JaHOI
npoOsemu. Taki TEXHOJIOTIT TOCUTH IiKaBl JUIsl Cy4acHOi 1mKou. J[o HUX BiTHOCSITS:
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"Meton [TPEC", "O6epu no3unir", "3minu no3umir", "be3nepepsHa mikana 1ymMok",
"uckycis", "JIuckycis B cTWiIl TeneBi3iiHoro Tok-moy", "Jledbaru".

TakuM 4MHOM, 3’SICYBaBIIIM TCOPETHUYHUN CTaH MPOOJIEMH HAIIOTO JOCIiIKESHHS
Ta y3arajbHUBIIM OCHOBHI HAyKOBI MIAXOAM 10 i1 pO3yMiHHS, MU CchOpMyBaIu
HEOOX1IHEe MIATPYHTS JUIs Mojaibiinoi poooTu. [IpoBeneHnii TeopeTHIHUHN aHalli3 J1aB
3MOTY BU3HAUUTH KJIFOUOB1 MOHATTS, OCHOBHI HaIlpsSMH JOCIIIPKCHHS Ta 0COOJIMBOCT1
nopymieHoi npo6iematuku. Ha OCHOBI OTpUMaHHX TEOPETHUHUX PE3yJIbTATiB MU
OJIepKaJIM MOJKJIMBICTh TIEPEHTH O MPAKTUYHOTO AaCIEKTYy AMIUIOMHOI poOOTH Ta
0e3mocepeTHbOTO JAOCIIKEHHS BU3HAYEHOT IPOOIeMHU.
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BITPOBA/’KEHHSA CUCTEMU KEPYBAHHS
NPOD®ECIMHUMU PUSUKAMHU HA
JICOIOCIIOJAPCHKUX NIANPUEMCTBAX YKPATHU

KoBTyH Tersina IropiBua
K. C.-T. H., JOIEHT Kadepu JIiCOBOTO Ta CaJ0BO-IIAPKOBOT0O TOCIIOAAPCTBA
[Tonichkuii HAIIOHATEHUHN YHIBEPCUTET

baouu Hartauaisa OuaekciiBHa
3100yBayka BUIOT OCBITH
[Tomichkuii HallIOHATBHUN YHIBEPCUTET

AKTyanbHicTb. Jlicorocnogapcbka Taily3b YKpaiHM HaJEXHUTh JI0 CEKTOpIB
€KOHOMIKH 3 BUCOKHM PIBHEM BUPOOHUYOIO TPABMATU3MY, OOYMOBIIEHUM CKJIaJHUMU
BUPOOHMYMMH YMOBaMH, POOOTaMHU 3 BAKKOIO TEXHIKOIO Ta PYYHUMHU Pi3aJbHUMU
iHCTpyMeHTaMH. Kpim Toro, 3 mo4yarkom BIMHU MPALIBHUKW Taly3l NIJAAIOThCS i
J0JIATKOBUX PU3UKIB, IOB’I3aHUX 13 HEOOXI1IHICTIO MPOBEEHHS POOIT HA TEPUTOPISX,
SK1 3a3HaJIM BIUIMBY BeAeHHs OoioBux mii [1]. Tlepexim mo eBpomneilchbkoi MoJeml
Oe3IeKku Ta TITIEHW Mpaill BUMarae 3MiHU MIIXOJIB BijJ MACHUBHOTO pearyBaHHS Ha
BUPOOHUYI TPaBMH JI0 CTBOPEHHS CUCTEMU ITPEBEHTUBHOI'O KEPYBaHHS NMpoQecitHuMU
pU3UKaMHU Ha KO)KHOMY POOOYOMY MICII.

Mertow aocaimkeHHss OyB aHaldi3 OCHOBHUX e€TamiB (OPMYBaHHS CHUCTEMHU
yopaBiaiHHS NpodeciiHUMH PU3MKAMU Ha JICOTOCMOMAPCHKUX MIAIMPUEMCTBAX
VYkpainu npotsirom 2023-2026 pokiB. B skocTi BUXITHUX JaHUX BUKOPHUCTOBYBAIH
Marepiajid, po3MilieHl Ha OQIMIHHUX IHTEPHET calTax JiCOroCcnoIapChbKux
M1IMPUEMCTB.

Pesyabtarn pgocaimkenHs. @DopMmyBaHHS Cy4acHOI CHUCTEMH YIpPaBJIiHHSA
pU3MKAaMH Ha JIICOTOCMOJAPChKUX MIANMPUEMCTBAX IPYHTYEThbCSI Ha 0Oa30BOMY
3aKOHOJIABCTBl YKpaiHU 3 MUTaHb OXOPOHM Mpalll, a TAKOXX Ha MIXHApPOJHUX Ta
HamioHabHUX cTangaprax (JCTY ISO 31000:2018 «MeHemIKMEHT pPHU3HUKIB.
[Ipunuunu ta "HacranoBw» [2] Ta JACTY ISO 45001:2019 «Cucremu ynpaBiiHHS
OXOPOHOIO 370pOB’s Ta Oe3nekoro mpail» [3]). Bapro BiAMITUTH, 110 HEOOXI1THICTH
3aMpOBAKEHHST CUCTEMH YIIPaBIiHHS MPO(ECItHUMU pU3MKaMu 00yMOBIIEHA TaKOX
HEOOXITHICTIO OTPUMAaHHS JICOTOCTIONAPCHKUMH ITANPUEMCTBAMH CEepPTU(DIKATIB
MDKHApOJHUX OpraHizariii, siKi 3acBIIYYIOTh COIIaJIbHO BIAMOBiaIbHE BEICHHS
JicoBoro rocmogapctBa. CTBOpeHHS MOAIOHOI CHCTEMH € OO0OB’SI3KOBOIO YMOBOIO
yCHITHOT cepTudikarti.

dopMyBaHHS CUCTEMHU YIPaBIiHHS BUPOOHWYMMH PU3MKAMU Ha MIIIPHUEMCTBI
PO3MOYMHAETHCS 13 pO3pOOKH Ta 3aTBEPIKEHHS BJIACHUX HOPMATUBHUX aKTiB, LIO
IPYHTYIOTbCSI HAa OCHOBHUX TIIOJIO)KEHHSX HAIIOHAJIBHOTO Ta MIXKHAPOJHOTO
3aKOHOJIAaBCTBA 3 LMX NUTaHb. Tak, y 2026 poml Ha MiANPUEMCTBAX JICOBOI ramysi
BBejieHO B Jit0 [lopsgok opranizaiiii poOOTH KOOpAUHATOpPA 3 MUTaHb OE3MEKH Mpalli,
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KU BU3HAYa€, IO OJHUM 13 HampsMiB poOOTH KOOPAMHATOpA € 3I1NCHEHHS
MOCTITHOTO MOHITOPUHTY TTPO(ECciiHUX PU3UKIB, AKI BUHUKAIOTH 1]l 4aC BUKOHAHHS
po0it. Kpim toro, po3pobraena I[lpouenypa 3 O6e3neku mij 4yac BUKOHAHHS POOIT Ta
HaJlaHHSI  TOCIyr  MAPAJHUMH  Ta  CYMAPSAHUMH  OpraHizalisiMd  Ha
JCOTOCMOIAPCHKUX MIANPUEMCTBAX. 3rajiaHl HOPMATHBHI JIOKYMEHTH BU3HAYaAIOTh
MOBHOBAXXEHHSI BCIX CTOPIH, 3aIlKABJICHUX Yy 3HIKEHHI PHU3MKIB Ta 3amoOiraHHi
BUPOOHMYUM TpPaBMaM I1iJl YaC BUKOHAHHS OCHOBHUX JIICOTOCIIOAAPCHKUX POOIT.
OcHOBHI ~ eTanmu  OWIHKK  NpOoQeciiHMX  pU3HKIB,  3alpOBaKEHI  Ha
JCOTOCTIOIAPCHKUX MIAMPUEMCTBaX (pHC.1), MatOTh CBOi OCOOIUBOCTI.

iaeHTUdiKauia Hebesnek

— OL,iHIOBaHHA PU3MKiB 33 MmaTpuLeto 5x5

BM3HaAY€HHs NOYaTKOBOIO Ta 3a/IMLLKOBOTO PiBHIB PU3UKY

— BMbip 3axo/iB 3a iepapxi€lo KOHTPOIO

0hOPMEHHSA KapT KepyBaHHA PU3MKaMu

Pucynok 1. OcHOBHI eTanu OIiHKY TPodecitHuX PU3HKIB Ha
JICOTOCTIOIAPCHKUX MIAMPUEMCTBAX YKpaiHU
Jl>xepeno pucyHka: po3po0IeHO aBTOpaMu

Tak, cmemmdika ineHTHdIKAmMI HEOE3NMeK ToyArae y MOOUIBHOCTI Ta
TEPUTOpPIATBHIA PO3CIAHOCTI MEepcoHaly (MalCTpiB JIICY, BaJbHUKIB Jicy Tomo). Lle
YCKJIQJHIOE MOCTIMHUIA HATJIA]] 1 BUMarae BUCOKO1 caMOOpraHizailii npauiBHUKIB. Kpim
TOTO, BUKOHaHHS OCHOBHHUX JICOTOCHOJAPCHKUX POOIT MOB’S3aHO 3 BUHUKHEHHAM
crenu(iYHUX BUPOOHWYHMX PU3MKIB: MATIHHAM 3aBUCIUX Ta THUIUX JEPEB, POOOTOIO
3 OEH30MUJIAMU B YMOBaxX KPYTOCXUJIIB, EKCILTyaTaIl€l0 JICO3aroTiBEIbHOI TEXHIKU B
yMOBax 0€310p1Ks, BIVINBOM IOTOJIHUX Ta 010J0TTYHUX (haKTOPIB.

VYcnimHe BOPOBAaIKEHHS CHCTEMU YNPABIIHHSA NPOQPECIiHUMH PUBMKAMH Y
MNPaKTUYHY [JISJIBHICTH JICOTOCHOAAPCHKUX MIANPUEMCTB MOXHA MOJAUTUTH Ha
HACTYTHI OpraHi3aliifHO-MeTOANYHI €TaIlu:

] iHTerparlisi OIIHKK PU3HKIB y TEXHOJOTIYHI KapTH Ha PO3POOKY JICOCIK 0
MOYaTKy pooiT;

] MpoBeICHHS IIJTLOBUX 1HCTPYKTAXKIB O€3MOCEPETHBO HA MICIISIX PYOOK;

[J MOLIMPEHHSI BUMOT CUCTEMH YITpaBJIiHHS NMPO(EeCITHUMU PU3UKAMU Ha TIPS IH]
oprasizailii, sKi BAKOHYIOTb JIICO3aroTiBeIbH1 pOOOTH.
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BaxnuBo BiAMITUTH, 110 AJs1 €()EKTUBHOTO 3alPOBAIKEHHS CUCTEMH YIIPABIIIHHS
npodeCIfHIMHU PU3UKAMH CJIJI BpaXOBYBaTH Jesiki (DiHAHCOBO-€KOHOMIYHI acIeKTH.
Tak, MiIbOBI KOIITH, SKI IIOPIYHO BUAUISIOTHCS HA 3aXOAM 3 OXOPOHM Tiparli [4],
HEOOX1/THO CIPSMOBYBATH Ha MPEBEHTUBHI 3aX0/H, HA NIPIOPUTETHE 1HBECTYBAHHS B
TEXHIYHY MOJICpHi3allifo, Ha 3a0e3MeUeHHs TMPAIiBHUKIB Cy4aCHHUMH 3aco0amu
1HJIMB1AYaJIbHOTO 3aXHUCTY.

OTxe, ycHilIHe BIPOBAIKEHHS CUCTEMU KepyBaHHs MpodeciiHUMH PU3UKaMU Ha
MiANPUEMCTBAX JICOBOI raiy3i YKpaiHW JO3BOJUTH CYTTEBO 3HHU3UTH pPIBEHb
BUPOOHUYOT0 TPAaBMATHU3MY Ta MiABUIIUTH COIATbHY 3aXHILEHICTh MPaIliBHUKIB.
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SUSTAINABLE TOURISM AS A FACTOR OF SOCIO-
ECONOMIC DEVELOPMENT OF REGIONS IN
UZBEKISTAN

Yarashev Jakhongir
Teacher at 11-School with in-depth study of certain subjects,
Navoi, Uzbekistan

Abstract. The development of sustainable tourism is becoming increasingly
important for regions seeking to diversify their economies while preserving natural and
cultural resources. Uzbekistan possesses substantial cultural, historical, natural and
recreational tourism potential, but the intensity and structure of tourism development
differ significantly among regions. This study examines tourism as a factor of socio-
economic development from the perspective of socio-economic geography. Particular
attention is given to the territorial distribution of tourism resources, transport
accessibility, accommodation infrastructure, employment opportunities and the
capacity of tourism to stimulate local economic activity. A territorial-differentiation
framework is proposed for identifying regions with different levels of tourism
development and potential. The study argues that sustainable tourism planning should
integrate economic, social, environmental and spatial dimensions rather than
concentrating tourism activity exclusively in established destinations. Such an
approach can contribute to more balanced regional development and strengthen the
role of tourism in the diversification of local economies.

Keywords: sustainable tourism, socio-economic geography, regional
development, territorial differentiation, tourism infrastructure, Uzbekistan, spatial
planning.

Introduction. Tourism is an important component of the modern service economy
and increasingly influences regional employment, investment, infrastructure
development and the diversification of local economic structures. Uzbekistan has
favourable conditions for tourism because of its historical cities, cultural heritage,
natural landscapes and geographical position within Central Asia.

Nevertheless, tourism development is spatially uneven. Some territories have
highly concentrated cultural heritage resources and well-developed tourism
infrastructure, while other regions possess considerable natural or cultural potential but
receive comparatively fewer visitors. This territorial differentiation represents an
important research problem for socio-economic geography. The objective of this study
is to examine the geographical role of tourism in regional socio-economic development
and identify the principal factors determining differences in tourism development
among territories.

Materials and Methods. The research is based on a territorial approach to tourism
development. The following groups of indicators can be used for comparative regional
analysis:
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Figure 1. Sustainable Tourism Development indicators
Source: Gemini AI Plus with author’s concept

n
ITDI =) w;X;
i=1
where, ITDI;— Integrated Tourism Development Index for territorial unit (j);
Zi; — normalized value of the (1)-th tourism-development indicator for territorial
unit (j);
wi — weight assigned to the (i)-th indicator;
n — total number of indicators.

Results and Discussion. The geographical analysis indicates that tourism
development is influenced by the interaction of several spatial factors rather than by
tourism resources alone. The first factor is the concentration of tourism attractions.
Historical cities with a large number of cultural heritage sites can generate strong
tourism demand and develop specialized service economies.

The second factor is transport accessibility. Regions connected to major national
and international transport corridors have greater opportunities to attract visitors and
integrate into multi-destination tourist routes.

The third factor is tourism infrastructure. Accommodation capacity, catering
facilities, information services and recreational infrastructure determine the ability of
a territory to transform tourism potential into actual tourist activity.

The fourth factor is local socio-economic integration. Tourism has a greater
regional-development effect when local communities participate in accommodation,
transport, food services, handicrafts, cultural activities and other tourism-related
economic activities.

The fifth factor is environmental carrying capacity. Rapid tourism growth may
increase pressure on water resources, waste-management systems, landscapes and
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cultural heritage. Consequently, the geographical planning of tourism must consider
not only economic potential but also the environmental limits of individual
destinations.
From a regional-development perspective, territories can be differentiated
according to their tourism characteristics:
Table 1
Territorial Tourism Characteristics

Territorial type Main characteristics Development direction
Major cultural centres High concentration of heritage | Cultural and international
resources and tourist services | tourism
Emerging tourism centres Significant resources but | Infrastructure and destination
developing infrastructure development

Natural-recreational
territories

High landscape and ecological
potential

Ecotourism and nature-based
tourism

Transit territories Advantageous geographical | Tourist corridors and stopover

and transport position tourism
Peripheral territories Lower  accessibility  but | Community-based and
potentially distinctive | specialized tourism

resources

Such differentiation is important because a single tourism-development strategy
cannot be equally effective in all territories. Regional tourism policy should reflect the
resource structure, accessibility, infrastructure capacity and environmental sensitivity
of individual regions.

Conclusion. Tourism can serve as an important mechanism for socio-economic
diversification and territorial development in Uzbekistan. However, the geographical
distribution of tourism resources, infrastructure and accessibility produces significant
spatial differentiation among regions. The sustainable development of tourism requires
an integrated territorial approach combining economic, social, infrastructural and
environmental dimensions. GIS and composite-index methods can be used to identify
tourism-development disparities and support evidence-based regional planning.

A geographically differentiated tourism strategy should focus on strengthening
established cultural centres while simultaneously developing emerging, natural-
recreational, transit and peripheral tourism territories. This can contribute to a more
balanced distribution of tourism-related economic activity and increase the role of
tourism in sustainable regional development.

Future research should incorporate official tourism-flow statistics, accommodation
capacity, tourist expenditure, employment, accessibility indicators and environmental
carrying-capacity measures to develop a more comprehensive spatial model of
sustainable tourism development in Uzbekistan.
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SPATIAL ACCESSIBILITY AND TERRITORIAL
DIFFERENTIATION OF CULTURAL HERITAGE
TOURISM IN CENTRAL UZBEKISTAN

Yarashev Jakhongir
Teacher at 11-School with in-depth study of certain subjects,
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Abstract. Cultural heritage tourism represents an important component of the
socio-economic development of Uzbekistan and contributes to the diversification of
regional economies, employment generation, and strengthening of interregional
linkages. However, the spatial distribution of cultural heritage resources and tourist
flows is characterized by considerable territorial differentiation. This study examines
the spatial accessibility of major cultural heritage tourism destinations in Central
Uzbekistan, with particular attention to the Bukhara—Navoi—Samarkand corridor. A
geographical approach is applied to identify differences in tourism potential,
accessibility, population concentration, and the location of cultural heritage sites. The
analysis demonstrates that geographical proximity, population size, transport
connectivity, and the concentration of attractions jointly influence the formation of
tourism flows. The results provide a geographical basis for improving interregional
tourism routes and strengthening the integration of cultural heritage destinations within
Central Uzbekistan.

Keywords: tourism geography, cultural heritage, spatial accessibility, territorial
differentiation, tourism flows, GIS, Central Uzbekistan.

Introduction. Tourism is increasingly recognized as an important factor in
regional socio-economic development. In Uzbekistan, the concentration of historically
significant cities and cultural heritage sites creates substantial opportunities for the
development of domestic and international tourism. Bukhara, Samarkand and other
destinations form a major cultural-tourism axis, while Navoi Region has an important
geographical position between these established tourism centres.

From the perspective of socio-economic geography, tourism development cannot
be considered only through the number of attractions. The spatial relationship between
population centres, tourism resources, transport networks and distances between
destinations is also important. Therefore, the assessment of accessibility and territorial
differentiation can provide useful information for tourism planning and regional
development.

Materials and Methods. The research applies a geographical and spatial-
analytical approach. Three major urban tourism centres of Central Uzbekistan—
Bukhara, Navoi and Samarkand—are considered as interconnected nodes of a regional
tourism system.

The analysis incorporates:

a) population size of major urban centres;
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b) number and concentration of cultural heritage sites;

¢) intercity road distances;

d) geographical accessibility;

e) potential tourism attraction;

f) spatial relationships between tourism centres.

A gravity-based approach can be used to estimate potential interaction between
tourism centres:
Pit+A;

Ti' =
] B
Dij

(1)

where T;; — potential tourism interaction or attractiveness flow from origin (i) to
destination (j);

P; — population or potential tourist-generating capacity of the origin location (1);

A; — tourism attractiveness of destination (j), expressed through the number,
quality, or weighted value of tourism attractions;

D;; — geographical or transport distance between (i) and (j);

B— distance-decay parameter, reflecting the sensitivity of tourism interaction to
increasing distance.

For the comparative analysis, population, tourism-resource concentration and road-
distance indicators are integrated into a spatial framework. GIS can subsequently be
used to visualize accessibility zones and identify potential tourism corridors.

Results and Discussion. The Bukhara—Navoi—Samarkand corridor demonstrates a
differentiated spatial structure of tourism resources and accessibility. Bukhara and
Samarkand function as major cultural heritage centres, whereas Navoi occupies an
intermediate geographical position and can perform an important connecting function
between the two established destinations.

The geographical structure of the three centres can be summarized as follows:

Table 1
Some statistics about the region
Indicator Bukhara Navoi Samarkand
Population, million 1.98 1.07 4.00
Cultural 39 6 31
heritage/tourism sites
Tourism 8.7 53 9.7
attractiveness index
Bukhara—Navoi 95 95 —
distance, km
Navoi—Samarkand — 185 185
distance, km

The relatively short distance between Bukhara and Navoi creates favourable
conditions for combined tourism itineraries. Navoi's intermediate position may allow
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it to function as a transit and complementary tourism destination rather than remaining
isolated from the main cultural-tourism flows.

The gravity model also indicates differences in potential interaction among the
three centres. Estimated interaction values demonstrate that geographical distance
substantially affects potential tourism exchange. Consequently, the development of
integrated routes connecting Bukhara, Navoi and Samarkand may increase the
functional cohesion of the regional tourism system.

An important geographical implication is that tourism development should not be
based exclusively on individual destination promotion. Instead, neighbouring tourism
centres can be organized into interconnected territorial systems. Such an approach
allows tourists to combine several destinations during a single trip and can distribute
tourism-related economic benefits across a larger territory.

Conclusion. The study demonstrates that the tourism potential of Central
Uzbekistan is characterized by pronounced territorial differentiation. Bukhara and
Samarkand possess high concentrations of cultural heritage resources, while Navoi has
an advantageous intermediate geographical position.

Spatial accessibility, transport distance, population concentration and tourism-
resource availability jointly determine the potential interaction between tourism
centres. From the perspective of socio-economic geography, the Bukhara—Navoi—
Samarkand corridor can therefore be considered as an integrated regional tourism
system.

The application of GIS and gravity modelling provides an appropriate
methodological basis for identifying tourism corridors, assessing accessibility and
supporting territorial tourism planning. Further research should incorporate actual
tourist-flow statistics, travel time, transport costs, accommodation capacity and
seasonal fluctuations to improve the accuracy of tourism-flow modelling.
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Recent scholarship shows that artificial intelligence is increasingly used as a
supporting instrument for working with large collections of historical texts. Jacob et al.
(2025) discuss the use of OCR and natural language processing in historical text
analysis and emphasize both the opportunities for large-scale processing and the risks
created by recognition errors, historical language variation, bias, and loss of context.
A major international example is Ithaca, developed by Assael et al. (2022) for ancient
Greek inscriptions. The model combines textual restoration with geographical and
chronological attribution; importantly, the study demonstrated that the strongest results
emerged from cooperation between the computational model and historians rather than
from automated prediction alone. More recently, Assael et al. (2025) introduced
Aeneas for contextualizing Latin inscriptions through the retrieval of textual and
contextual parallels, restoration, and attribution. These studies show that Al-assisted
historical research is developing beyond basic text recognition toward contextual
comparison and decision support. For the Kazakhstan context, Zhappsov et al. (2016)
demonstrate the importance of classifying written historical sources according to their
form, content, social function, language, region, and type. Taken together, these
approaches suggest that automated analysis should be integrated with traditional source
criticism rather than treated as an independent substitute for historical interpretation.

This work 1is a literature-based analytical review; the author did not conduct an
experiment on a private archival corpus. The main comparative study is Jacob et al.’s
(2025) work on applying Al to historical texts. For the Kazakhstani archival context,
the study by Zhappsov et al. (2016) was considered. As a supplement, the official
descriptions of digital tools and journalistic materials about historical archives were
used to explain the context of technology application. The analysis was conducted
according to four dimensions: data preparation, automatic analysis, results reliability,
and researcher responsibility.

Manuscripts, periodicals, and official documents must first be captured as high-
quality images and provided with metadata. Optical Character Recognition (OCR) is
generally used for printed text, while HTR methods are used for handwritten and other
challenging historical scripts. Jacob et al. (2025) note that old fonts, damaged pages,
and non-standard spelling in historical documents can reduce recognition quality. This
issue is particularly relevant to Kazakhstan’s historical press. Momynova (2022), for
example, examines the orthographic and punctuation features of the Qazaq newspaper

79



HISTORY AND ARCHEOLOGY
TRANSFORMATIONAL PROCESSES IN SCIENCE: GLOBAL EXPERIENCE AND LOCAL
SOLUTIONS

(1913-1918), which used the early twentieth-century Kazakh Arabic-based writing
system. Such script and orthographic variation may create additional difficulties for
automated recognition. The recognized text must therefore be compared with the
original image before being sent for automatic analysis. The shift across Arabic-based,
Latin, and Cyrillic scripts in Kazakhstan’s written heritage makes the creation of
separately validated test corpora especially important.

Natural Language Processing (NLP) enables the identification of proper names,
geographical names, and time markers in historical texts, as well as the clustering of
topics. Such methods help provide an initial overview of a large text corpus, but an
automatically identified name does not always represent an actual historical figure
(Jacob et al., 2025). For example, different transcriptions of the same person may be
recognized as several separate entities. Therefore, the results of automated analysis
must be verified against the historical source and interpreted within its context.

The first limitation is the quality of the input data. OCR errors propagate to
subsequent name recognition and thematic analysis results. The second limitation is
historical language and context: a model trained on modern language may misinterpret
archaic word usage, administrative titles, or connotations. The third issue is corpus
imbalance: the digitized material itself is not the complete set of preserved records. The
fourth issue is the risk of a generative model constructing unverified citations, dates,
or bibliographic entries. Jacob and colleagues (2025) argue that automated analysis
should complement, rather than replace, historical interpretation. Therefore, every
conclusion must be linked to a specific archival unit, page, and original source.

Domestic approaches to classifying the written heritage of Kazakhstan by
language, region, and data type can serve as a methodological guide for building a
digital corpus (Zhappsov et al., 2016). Early twentieth-century Kazakh periodicals
provide concrete material for future Al-assisted analysis. One example is the article
“Qazaqgsha oqu jaiynan” published in the Qazaq newspaper, No. 14, on 16 May 1913
(p- 139). Another example is the introductory text of the first issue of Aigap journal,
No. 1, dated 10 January 1911 (p. 9). These sources contain historical vocabulary,
names, geographical references, dates, and period-specific linguistic features. In future
experimental work, digitized pages of these publications could be processed using
OCR/HTR and compared with manually verified transcriptions. NLP methods could
then be tested for identifying personal names, geographical locations, dates, and
recurring concepts. Such an experiment would make it possible to evaluate not only
recognition accuracy but also errors caused by historical orthography, vocabulary, and
context. This remains a proposed direction for future research rather than a result of
the present literature-based study.

The value of digital methods lies not in replacing every stage of historical research,
but in streamlining repetitive operations. Automated search can suggest new research
questions; however, frequency does not directly measure the historical significance of
a social phenomenon. The availability of tools, access to the source, the archive’s
digitization policy, and the explicability of the algorithm affect the reproducibility of
the research results.
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A literature review has shown that Al can support the tasks of digitizing historical
data, initial structuring, name identification, and surveying large text collections. The
main limitations are related to data quality, the peculiarities of the historical language,
algorithmic errors, and loss of context. For multilingual data in Kazakh history, it is
important to preserve the original document, verify the recognized text, and have the
researcher themselves provide the historical explanation. In the future, these findings
need to be experimentally tested on a small archival corpus.
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AHoTanif. Po3rissHyTO 3a7a4y KOJEKTMBHOTO pPO3MI3HABAHHSA OO’€KTIB POEM
BILIA, y sikoMy By3;i1 OOMIHIOIOTHCS] HE 300payKEHHAMH YH (DIHAIIbHUMHU JETEKIIISIMHU,
a KBAaHTOBAaHMMH NPOMDKHUMH aKTHUBAIisSIMU TIIMOOKO1 HelipoHHOI Mepexi (DNN)
yepe3 mesh-mepexy IEEE 802.11s. 3anponoHoBaHO aHAIITHYHY MOJEIIb, IO TIOB’ I3y €
PO3PSAHICTh KBAaHTYBaHHS aKTHBALIN 3 HUKHBOIO Mexero BiKy iHpopmanii (Age of
Information, Aol) nmpu 6arato-xomnoBii 10CTaBIll Ta BBOAUTH KOPUCHICTh pe3yIbTaTy
AK JOOYTOK TOYHOCTI CTUCHEHOTO MoAaHHs 1 (yHKIii cTapiHHs. [loka3aHo iCHyBaHHS
MOPOTOBOT0 3HAUEHHS Aol, 3a SIKOTO CBIXKIIIIE CTUCHEHE MOJIaHHSI CTA€ BUT1HIIINUM 32
TOYHIIIE, ajie 3acTapiyie; ans KoHgirypauli Tenzopa 256x80x80 mpu 12 MOit/c
HAaBEJICHO YMCJIOBI OLIIHKU MOpory. Mojienb € aHaIiTHYHO; cHOopMYJIbOBAHO IJIaH ii
EMYJISLIIHOI NePeBIPKU 3 YITKUMU KPUTEPIIMHU MiATBEPAKEHHA ab0 CIPOCTYBAHHS.
KurouoBi caoBa: piii BITJIA, mesh-mepexa, po3noinenuit iHdepeHc, KBaHTYBaHHS
aktuBalii, Age of Information, KoJIeKTHBHA TIEPIICTIITiS.

1. IlocTranoBka 3agaui

BusiBnennss HazeMHHX 00’€KTIB Majoro po3mipy (30KkpeMa, MOBEPXHEBUX MiH 1
BUOyXoHeOe3meunux npeameTiB) poeMm manux BIIJIA oOMexxeHe nBOMa pecypcamu:
OOYHUCITIOBAJILHOIO TOTYXHICTIO OOpPTOBUX MATGOPM 1 MPOMYCKHOK 3aTHICTIO
oe3nporoBoro kanainy FANET [1]. Po3noainenuii (split) indepenc, konu nepiii mapu
DNN BUKOHYIOTBCS Ha OOpTYy, a NPOMIDKHI aKTHBAllli MepeNarThCa Jaal s
1000po0OKHU abo arperailii, € BA3HaHUM CIIOCOOOM 3MEHIITUTH HaBaHTXKEHHS [2, 3], ajne
PO3MIp «CUPOT0» TEH30pa aKTHUBAIIA HA TMOPSIKH TEPEBUIILYE PO3MIP pe3yJbTary
nerekii. Jyst ren3opa 256x80%80 y popmari FP32 e 6,55 MBb, Toai sik KBaHTyBaHHS
no INT8 mae 1,64 Mb, a apgantuBHe kBaHTyBaHHs 10 0,8 OiT/enemeHT,
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npoaemoHcTpoBane Cohen 31 ciiBaBT. 13 BTpaToio TouHOCTI MeHII HiX 1 % [4, 5], nae
0,16 Mb. V nonepeaniit po6oTi aBTOpiB [6] 3anmponOHOBAHO OBEpJICHHUM Qopmar
SwarmNS-FEP nns inkancynsimii ¢pparMeHTiB akTUBaIliid 6e3rnocepenbo B kajapu L2
mesh-Mepexi Ta aHaTITUYHO OI[IHEHO BUTpall y Tpadiky Ta 4aci 10CTaBKU JJ1sl OJHOTO
xomna. [lo3a yBarorwo 3ajMIIAIOCH MUTAHHS, SKE JJII PYyXOMOIO POIO € KIIFOUOBUM:
aKTHBAIllsl OMHKCYE CIICHY B MOMEHT i1 3aXOIUICHHS, 1 3 POCTOM 4Yacy JOCTaBKH ii
IIHHICTh JJig arperatopa maaae. lle mutanHs mpupogHO (opMami3yeThcs udepes
MeTpHUKY Biky iHpopMmarii (Aol), yBeaeny Kaul, Yates i Gruteser [7] Ta y3araipHeHy B
orisai [8]; 3acTocyBanHs Aol 10 KoomepaTuBHOI nepientiii po3rsganocs y [9, 10],
mpoTe 0e3 3B’S3Ky 3 PO3PSAIHICTIO KBaHTyBaHHs akTHBaiii DNN. Mera po6otn —
moOyIyBaTH MOJIEIIb, YV AKii CBIXICTB (Aol) 1 cTUCHEHHS (PO3PSAIHICTh KBAHTYBAHHS)
PO3TIIAIAIOTECS SK IMOB’S3aH1 BEJIMYMHHU, 1 MOKA3aTH, 3a AKUX YMOB «CBDXKIIIE, aye
rpy0iiie» MoJgaHHs NepeBaKae «TOYHILIE, aJie 3aCTapLIIe).

2. Mogean

Posrnsaemo pit sk guHamiuauil rpad G(t) = (V,E(t)), ne By30a i Ha mmapi
po3pizy | dhopmye curHan s() Qp (Fm(hl@)): hl@ — TEH30p aKTWBauiu, F, —
Macka KaHajiB, (0, — KBaHTYBaHHs 3 pO3psaHiCTIO b Oit/enement. [y tenzopa 3 N

€JIEeMEHTIB 00CAT KOPHCHHMX JaHUX, KUIbKICTh ()parMeHTiB y KaJpax 3 KOPHUCHUM
HAaBAHTAKEHHAM P OaiiT 1 yac nepeaBaHHs Ha OJHOMY XOIll CTaHOBJIATS [6]:

sy =% NB) =22 Ta®) = NG [ER AT,

ne H — 3aronoBkoBi BUTpaTu Ha Kajap, R — ¢dizuuna mBuAKICTh, T,;, —
ycepeHEeHI BUTpATU JOCTYIy N0 cepenoBuina. Aol curHany Ha arperaTopi michs A
XOIiB BUBHAYUMO SIK A = trecyy — Lgen; 38 TIPUILYIIEHHS MOCTIIOBHOI PETPAHCIIALIT O€3
Yyepr 1 HOBTOPIB MA€ MICIIE HUXKHS MEXKa:

A(b» h) = Tloc + h Ttx(b)r (2)

ne Ty — dYac JIOKaJIbHOTO 1H(epeHcy a0 Touku po3pizy. Peanpuuit Aol Oyne
OUIBIIMM Yepe3 4YepryBaHHsS, MOBTOPH 1 KOHKYPEHLIIO 3a KaHal; ToMy (2) ciix
TIYMAUUTHU K ONTUMICTHYHY OLIHKY, & HE TPOTHO3.

KopucHiCTh curHaily najisgs arperaropa 3agamMo K JIOOYTOK JIBOX MHOKHUKIB:
U(b,A) =q(b)u(A), ne q(b) € (0,1] — BigHOCHAa TOYHICTH PO3IMi3HABAHHSI 3a
KBaHTOBAaHOTO MojaHHs (yactka Bix TouHOCTI FP32), a u(A) — dyHkuia crapinus.
Jlist pyxomoi miatopmu, 10 CHOoCTepirae CMyry JOBXHHOIO L y3[0BXK HAMPAMKY

pyXy 31 MBUAKICTIO V, HAaWMPOCTIIIAa FeOMETPUYHA MOJEIb CTapiHHS — YacTKa
JUISTHKY, sIKa 111e iepeOyBae B Mol 30py uepes yac A:
VA
u(4) = max (0, 1 - 22). 3)

Hexail nmopiBHIOIOTBCS TOuHa KOH(irypaiis b, (Hanpukmuan, INT8) 1 crucHena
b, < by, npuaomy k = Tt (by) /Tt (by) 1 q; > q,. CTUCHEHE TIOTAaHHSI € BUT1THIIIINAM,
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Ko @, u(4,) > qu(4;) 3 Ay = kA, . TlpupiBHABIIN KOPUCHOCTI ¥ pPO3B’S3aBIIU
BITHOCHO A, OTpUMy€eMO MOporoBuii Aol TOYHOTO MOAAHHS:
x (@1-q2) L
A= ———, 4
v(q1—K q2) )

1 TpaBujI0 BUOOpPY: SKIIO O4YiKyBaHMM Aol TOYHOro mojaHHs mepeBuirye A*,
arperaTopy BHTITHIIIE OTPUMATH CTUCHEeHUH curHall. @opmyia (4) mokasye, mo mopir
3pOCTa€ MPOIOPIIIIHO BTPATI TOYHOCTI q; — @, 1 00€pHEHO MPOIOPIIIIHO IIBUAKOCTI
w1aTpopMu ¥ — TOOTO UMM IIBHUJIIIE PYXAETHCS Pl 1 UMM MEHIIIE CTUCHEHHS TICY€
TOYHICTh, TUM PaHIIIE «CBIKICTBY MEPEMara€e « TOUHICThY.

3. YUncoBUH NPUKJIAL

Bukopucrano mapametrpu [6]: N = 1638400, P = 2280 Gaiit, H = 58 Oailt
(iakancymnsmiss SwarmNS-FEP y L2), R = 12 M6it/c, T,;, = 150 mxc. Hmwxni Mexi
Aol (6e3 T),) 118t pi3HOI pO3PSATHOCTI Ta KIJIBKOCTI XOMB HABEJAEHO Ha puc. 1 1 B TabII.
1.

KinekicTe xonis L
1014 — h=1 il
- h=2 ‘.." -

.- h=3 .“‘..-‘ -

10°

HrxHs mexa Aol, c

10—1 4

0.8 1.0 2.0 4.0 6.0 8.0 16.0 32.0
Po3psapHicTb KBaHTYBaHHSA b, 6iT/enemeHT

Puc 1. Huwxns mexa Aol (6e3 ypaxyBanus T loc) mist terzopa 256x80%80 mpu
R =12 M6it/c 3a1eXHO0 BiJl pO3PAIHOCTI KBAHTYBAHHS 1 KIJTLKOCTI XOITiB

Jlxepeno utocTpallii: BlIacHa po3po0Ka aBTopa.

Ta6a 1.
Hwxnast mexxa Aol & Ty, (b), ¢, 3a dopmymnamu (1)-(2)
N h=1 h =2 h=3
Pospsinnicts b
FP32 (32 6ir) 2875 4,912 9,825 14,737
INTS (8 6it) 719 1,229 2,457 3,686
INT4 (4 6it) 360 0,615 1,230 1,845
ADT 0,8 6iT [4] 72 0,123 0,246 0,369

Jlnst omiaku nopory (4) mopiBasiHo INT8 (b; = 8) 10,8 61t (b, = 0,8), k = 0,100.
Ockinbku 3aexHICTh q(b) U MITBOBUX NaHUX IlI€é HE BUMIpsHA, BTPATy TOYHOCTI
é = q; — q, BapitoBaim nmapaMmeTpudHo (Tabmn. 2) mpu L = 34,6 m (YMOBHA JOBXKWHA
CHy KaMepH 3 BEpTUKAIBHUM KyToM orisiay 60° Ha Bucoti 30 M) 1 q; = 1.
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Ta0u 2.
[Toporoswuit Aol A%, ¢, 3a hopmytoro (4) 11t pI3HUX BTPAT TOYHOCTI & 1 MIBUIAKOCTEH
%
v =3wM/c v=>5wm/c v=10wm/c
Btpata TounocTi §
0,5 . . (piBens [4, 5]) 0,06 0,04 0,02
3m . 0,38 0,23 0,11
10 . m. 1,27 0,76 0,38

3icTaBieHHs Ta0J1. 112 1a€ SKICHUI BUCHOBOK: YK€ Ha OJTHOMY XOITl HUKHS MeXa
Aol nys INT8 (1,23 ¢) nepeuiirye A* i BCix po3risiHyTuX § < /0. . ipu v = 5
M/c, 1 JIHIIIe 3a MOBUILHOTO PyXy (v = 3 m/c) Ta 3Ha4HOi BTpaTu TouHOCTi (10 m. 11.)
BUOIp cTae rpaHu4YHUM. Lle o3Havae, 0 B MeXaxX MPUUHATUX NPUITYLIEHb CBIXKICTh
JIOMIHY€ HaJl TOUYHICTIO JJI1 TUTIOBUX IIBUJKOCTEH MOJIbOTY, 1 CaMe PO3PAIHICTD, & HE
THKAICYyJIsIis, € TOJOBHUM BaxeseMm kepyBaHHs Aol.

4. Illo po6oTa cTBEPIKYE i HOTO He CTBEPAKYE

Po6Gota ctBepmkye: (a) icHyBaHHS TIOpory A* 1 HOro aHaJITUYHY 3aJIEKHICTD (4)
Bin 6, v, L, k; (0) uncroBi HmwkHI Mexi Aol 3a (1)~(2) ana 3amanux mapameTpis.
Po6ota He cTBepmKye: 1m0 dyHKIisA crapinug (3) BianoBigae GakTUUHIN qerpagarii
mAP (11e mpurymieHHs reoOMeTpUYHOI0 Xapaktepy); mo 3HaueHHs q(b) 3 [4, 5],
OTpUMaH1 Ha 1HIIUX 3aJlayax, MEePEeHOCATHCS Ha TeIIoBi3iiHI a00 RGB-3HIMKU MiH;
110 (2) € ToUHUM ITPOrHO30M Aol 32 HasIBHOCTI KOHKYPEHIIii 32 KaHall. MoJenb TaKkoX
irHopye arperauito kaapis A-MSDU/A-MPDU 1 notopu Ha piBHi MAC.

5. Ilsian emyasiiliHOI EepeBipKHU

[lepeBipka 3aruiaHoBaHa Ha BiaTBOptoBaHoMy cteHnal (Mininet-WiF1 [11] 3
mac80211 hwsim, wmapmpytuzaiiss BATMAN-adv, kepyBaHHS 3aTpUMKOIO 1
BTpatamu uepe3 tc netem), moneni YOLO-kmacy 3 ONNX-po3pizoMm Ha 2—3 cerMeHTH
1 mani SULAND v2 [12]. Excniepument E2 Bapitoe 3atpumky kanany {50, 100, 200,
400} mc 1 Brpatu {1, 5, 15} % 3a Tprox momTHK arperaropa: II-TouHicTh (dyekaTtu
TouHe noAaHHs), [I-cBiXICTh (BUKOPUCTOBYBATH Tiepiie goctasiene) 1 [1-agantuBHa
(mepemukanHs 3a omiHkor0 A*). KoxkHa Touka — 5 3amyckiB 3 pi3HUMU 3epHamu, 95 %
JOBIpul 1HTepBaiv, mNapHi Tectu. Kpurepil migTBepI:KeHHSA: ICHYE [iama3oH
3aTpUMOK, Yy sikomy Il-cBixkicTe abo [I-amantuBHa nae mAP Bumuit 3a [1-TodyHiCTh
NpUHANMHI Ha 3 M. M. 31 CTATUCTUYHO 3HAYYIIOK PI3HUIIECIO; 1HAKILE TIMoTe3a Mpo
MOPIT 1715 1i€1 3a71a41 CIPOCTOBYETHCSI.

BucnoBku

3ampONIOHOBAHO MOJIEh, IO TOB’S3Y€ PO3PSAHICTH KBAaHTYBAHHS MPOMIKHHUX
axktuBar(ii DNN 13 HIKHBOIO Mexero Aol Ta KOPUCHICTIO CUTHATY 1 1a€ 3aMKHEHUH
Bupa3 noporooro Aol (4). Ins xoudiryparii 256x80x80 mpu 12 M6iT/c mokaszaHo,
1o 3a TunoBux mBuaKoctei BITJIA mopir nmepeBuIyeThCst Bk Ha OJTHOMY XOTTl JJIs
INTS, Tox CBIXKICTb CTUCHEHOTO MOJAHHS € BU3HAYAIbHOW. OTpUMaH1 BEJIUYUHH €
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aHAJIITHYHUMH OL[IHKAMH, a HEe EKCIIEPUMEHTAIbHUMU Pe3yJIbTaTaMU; IXHS MepeBipKa
Ha eMYJISILIIHOMY CTE€H/I € HaCTYIIHUM €TaroM poOOTH.
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AK I SMIHIOE JIOTICTUYHI MEPEXI: CBITOBI
TEHIAEHIII TA IPAKTUYHI EOEKTH

Heneabko Anacracis FOpiiBHa

CrynenTka 5 xKypcy,

CrnemiansHocti 073 MenemxmenT (JIOricTUHUHUN MEHETKMEHT)
OpechKoro HallioHAIBHOTO MOPCHKOTO YHIBEpCUTETY, YKpaiHa

JloricThka CHOTOMHI MEPEKUBAE OJHY 3 HaWMMACIITaOHIIMX TpaHchopmarlii 3a
OCTaHH1 ACCSATWIITTS. 3pOCTaHHS €IEKTPOHHOT KOMepIlii, HeCTaOIIbHICTh II00aTbHUX
PUHKIB, 1e(ILMT EPCOHAITY, TEOMOIITUYHI PU3HKH Ta MOTpeda y MIBUIAKUX MOCTaBKaX
3MYILIYIOTh KOMIaHIi IyKaTh HOBI1 pimeHHs. Came ToMy mTyunuid inTenexT (L) cras
KJIFOUOBUM 1HCTPYMEHTOM MOJEPHIi3allli JOTICTHYHUX MEPEK.

Cyuacauii Il Bxke HEe 0OMEXY€ThCS aBTOMATHU3AIlIED OKpeMUX mpoueci. Bin
nepedyI0By€e LIl JAHIIOTH MOCTAYaHHSA: BiJl MPOTHO3YBAHHS MOMUTY ¥ YNpPaBIIHHSA
CKJa/JlaM{ [0 MaplIpyTu3alii TpaHCHOPTY Ta YIpaBIIHHA PU3MKAMU. 3a OLIHKaMU
MDKHAPOJHUX JOCIITHUKIB, efai O1JIbIlIe KOMIIaHIi MepexXoasaTh BiJl EKCIIEPUMEHTIB
13 LI no #oro MacitaGHOTO BIPOBAKEHHS Y IIOACHHY ONEepalliitHy MisibHICTD [1].

OpHi€0 3 TOJOBHUX MPOOJIEM JIOTICTHKU 3aBXAM Oyja HETOYHICTh MPOTHO3IB.
SIKIIO KOMIIaHIsg MEpEOLHIOE TOMUT — BUHUKAIOTh HAJUIMILIKOBI 3amacu. Ko
HEJOOIIHIOE — BTPAYAIOTHCS MPOJIaXKI.

[T anani3dye BeIMKI MAaCUBU JAHHUX: CE30HHICTh, ICTOPIIO MPOAAXKIB, MOBEIIHKY
KJIIEHTIB, IOT0JIHI YMOBH, MAKPOCKOHOMIYHI CUTHAJIM. 3aB/SIKU LIbOMY ITPOTHO3YBaHHS
CTa€ 3HAYHO TOYHIIINM, & KOMIIaHii MOXYTbh IIBHU/IIIE pearyBaTu Ha 3MIHU PUHKY.

Cyy4acHi aJITOPUTMU IITYYHOTO IHTENEKTY 3JaTHI 3MIHIOBATH MapLIPyTH JOCTABKU
B PEXHUMI PEaJbHOr0 4acy, ONEPATUBHO pPearyryy Ha 3MiHY 30BHILIHIX 1 BHYTPIIIHIX
yMoB. Ha BiiMiHYy BiJl TpaJUIITHUX CUCTEM HaBITallli, SIK1 MPalO0Th 3a 3a3/1ajeriab
3aJlaHUMH CLIEHApIAMH, Al-pillIeHHs MOCTIMHO aHaTI3yIOTh BEJIMKI MAaCUBU JAHUX Ta
aBTOMATUYHO KOPUTYIOTh JIOTICTMYHI MapHIpyTH AJsl JTOCSTHEHHS MaKCUMAaJbHOI
e(hEeKTUBHOCTI.

[Ting yac miaHyBaHHS Ta KOPUTYBAaHHS JOCTaBKU IUTYYHUH IHTEJIEKT BPaxoBY€
HU3KY BaXJIUBUX (DAKTOPIB:

[} 3aTopiB Ha TOporax — CUCTEMa OTPUMYE 1HPOPMAIIIIO PO JOPOKHIO CUTYAIIIFO
Ta TIePEHaIpaBIIsA€ TPAHCIIOPT ANbTEPHATUBHUMHU LUISIXaMU;

[] aBapiii 1 mepekputTiB pyxy — y pasi HTII, peMOHTHMUX pOOIT YW I1HIIMX
IHIUJEHTIB MapUIPyT OMEPATUBHO 3MIHIOETHCS;

[ MOrOIHUX YMOB — JIOI, CHIT, OXKEeJIeAulls, CUJIbHUM BITEp a00 CleKa MOXYTh
BIUTMBATH HA WIBUJKICTh PyXy i O€3MEUHICTh 1OCTABKHU;

[} BapTOCTI MaIbHOTO — aAJITOPUTMHU 3/aTHI OOMpaTH MapUIPyTH 3 MEHUIUMU
BUTpPATaMU NaJIbHOTO Ta ONTUMAJIBHUM MPOOITOM;
[ 3aBaHTa)XEHOCT1 CKJAJIB 1 PO3MOJIIBYUX IIEHTPIB — CHUCTEMa MOXKeE

MepeHanpaBUTH  3aMOBJIEHHS  JO  IHIIOTO  CKJIAMy, SIKIIO  HAWOIMKYWid
[IEPEBAHTAKEHU;
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[l 4acoBUX BIKOH JIOCTaBKM — BPaxXxOBYEThCS TOYHUHN 4Yac, KOJU KIIEHT TOTOBUMN
NPUIHATH 3aMOBJIEHHS, 1[0 0COOJIMBO BaxKJIMBO Juisi B2B-cermMenTta ta Kyp’€pchbKux
ciyx0 [2].

3aBIsSKM TaKOMY IMiJIXOJIy KOMIIaHIi MOXYTh CYTT€BO 3MEHIIYBAaTH BUTPATHU Ha
TPaHCIOPT, CKOPOUYBATH Yac JOCTABKU Ta MJABUIILYBaTH piBeHb cepicy. Hampukian,
OJIMH aBTOMOO1J1b MO>K€ BUKOHATHU OLIbIIE 3aMOBJICHb 32 JIEHb 3aBISKH TOYHIIIOMY
MapiipyTyBaHHi0. KpimM TOro, 3HHKY€EThCS KUIBKICTh 3alli3HEHb 1 HEBJAIUX JI0CTABOK.

Oco0nMMBO BaXJWMBE 3HAYEHHA 1€ Mae€ i eTamy “OCTaHHbOI MM’ —
3aBepIIAIbHOT YAaCTMHU JIOTICTUYHOTO TPOIECY, KOJH TOBAap JOCTABISIETHCA
Oe3mocepeIHbO KIHIIEBOMY crioxkuBaudy. CaMe el eTan BBaXKAEThCsl HAWAOPOKIUM 1
HAWCKJIAJHIIIUM, OCKIJIbKU MOTpeOye BEIMKOI KUIBKOCTI IPIOHMX JOCTaBOK y pi3HI
TOYKHM MICTA UM PETIOHY. Y AESIKUX BUMAJKaX BUTPATH Ha “OCTAHHIO MU0~ MOXYTb
CTAHOBUTH 3HAYHY YACTKY BCIX JIOTICTUYHHX BUTPAT KOMIIaHII.

Buxopucranns Il Ha npoMy eTami J103BOJIsi€ €(QEKTHUBHIIIE PO3MNOAUIATH
3aMOBJICHHSI M1 Kyp’€paMu, OOUpaTH ONTUMAJILHUM MOPSIOK BiABITYBaHHS ajpec,
BpaxoBYBaTH 3MIHY JOPOXKHBOI CUTYyalli MPOTATOM JHS Ta 3a0e3neuyBaTH TOYHIIIE
MIPOTHO3YBaHHA 4acy MPUOYTTA. Y pe3yJsbTaTl KJIIEHT OTPUMYE IIBUAIIY Ta OLIBII
nependauyyBaHy  JOCTaBKy, a OI3HEC —  HWKYlI BHUTpAaTd Ta  BUILY
KOHKYPEHTOCTIPOMOKHICTH [3].

Ha cxnanax LI noegnyerbest 3 poOOTOTEXHIKOIO. ABTOHOMHI MOOUTBbHI pOOOTH
COPTYIOTh TOBapH, MEPEMINIyIOTh TMaleTH, KOMIUICKTYIOTh 3aMOBJICHHA Ta
JOTIOMararoTh MnpamiBHUKaM. [IpoBigHI JOTICTUYHI ONEpaTOpu BUKOPHCTOBYIOTH
poOOTH30BaHI LIEHTpU OOPOOKMU 3aMOBJIEHB, 10 MIABUILYE MIBUAKICTh, TOYHICTbH 1
MPOJyKTUBHICTb.

HoBuM eranom po3BUTKY LHHU(PPOBOT JOTICTUKH CTa€ BUKOpUCTAHHS Al-areHTiB —
IHTEJIEKTyaIbHUX MPOTrPaMHUX CHUCTEM, SKI BHUKOHYIOTh (YHKLII LHUPPOBHUX
CHIBpOOITHHMKIB 1 3/aTHI CaMOCTIMHO MNpUKWMATH PIMIEHHS B MeXaX BHU3HAYECHHX
3aBAaHb. SIKIIO TpaguIliiHI aBTOMATH30BaH1 CUCTEMH TPAIIOIOThH JIUIIE 32 Harepes
3aJlaHUMHM TIpaBWiIaMu, TO Al-areHTn MOXXYThb aHaJli3yBaTH CHUTYallll0, HABYATHUCS HA
OCHOB1 HAKOMHWYEHUX JaHWX, aJanTyBaTHCS N0 3MIH Ta B3aEMOJIATH 3 1HIITUMHU
1upoBUMH TIIIATHOPMAMH.

®aktuyHO Al-areHTu cTaroTh HOBUM TUIIOM IPAIliBHUKIB Yy JIOTICTUYHIN cdepi, sKi
MPaI0Th IUJIOJ000BO, HE AOMYCKAlOTh THUIOBUX JIFOJACHKMX ITOMUJIOK 1 3/1aTHI
00pOOIATH BeMKi 00cATH iHOopMallii 3a JliueHi ceKyHu. [X BUKOpUCTaHHS 0COBIMBO
aKTyallbHe i1 MDKHApPOIHHWX TEpeBe3eHb, /€ IIOJHS BHHUKAE 3HAYHA KUTBKICTh
JTOKYMEHTAJIBHUX, ONEPaIlIfHUX Ta KOMYHIKAI[IHHUX 3aBAaHb [4].

BaxumBoro mepeBaroto Al-areHTiB € iX 37aTHICTh MPAIlOBATH OJIHOYACHO 3
OaratbMa mkepenamu gaHux: ERP-cucremamu, CRM-mnardopmaMu, MUTHUMH
6azamu, GPS-MOHITOPUHIOM, CHCTEMaMM YMPABIIHHS CKIAJOM Ta EJIEKTPOHHOIO
nomroto. lle mo3Bomsie  CTBOPUTHM  €IWHWM [HQPPOBUM ILEHTP YMNPaBIIHHS
JIOTICTUYHUMU Tponiecamu. Hampukian, Ko BaHTax 3aTPUMYEThCS B MOPTY 4epe3
MOTo/IHI YMOBH, Al-areHT Mo)ke aBTOMAaTUYHO BHUSIBUTH MpPOOJIeMy, 3allpONOHYBAaTH
ATbTEPHATUBHUM MapIIPYT, MOBIJOMUTH KJII€EHTa TIPO HOBHM TEpPMiH JTOCTAaBKH Ta
OHOBUTH BHYTPIIIIHI [IJIaHU KOMIIaHii 6€3 y4acTi JIIOJUHH.
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Knientn odikyroTh JgocTaBKy ‘“‘chorofHi” abo “3aBrpa”. Il momomarae
BUKOHYBAaTH 1IIl OYIKYBaHHS 3aBASKU IIBUAKOMY IE€pPEPaXyHKy MapUIPYTIB,
aBTOMAaTUYHOMY PO3MOJLTYy 3aMOBJIEHb MIXK CKiIagamMu Ta TouHimomy ETA
(ouikyBaHOMY Yacy NpHOyTTS).

[ITyuynuii 1HTENEKT aenaidi TJIMOIIe IHTETPYEThCA 3 CYYaCHUMH LH(PPOBUMHU
TeXHOJIOT1sIMU, 30kpema loT-cencopamu, GPS-cucremamu Ta ERP-mnardopmamu, mio
JI03BOJISIE KOMITAHISIM OTPUMYBATHU MOBHY MPO30PIiCTh JOTICTUYHUX MPOIECIB Y PEKUMI
peaJibHOTO dYacy. JSIKIIO paHilie KOHTPOJb 3a TMEpeMillleHHsSM ToBapiB OyB
(dbparMeHTapHUM 1 4aCTO 3aJieKaB B/l PyYHOTO BBeJAeHHS iH(opMarlii, To cboroani LI
dbopMye enuHy UMGPOBY KapTUHY BCHOTO JIAHIIOTa MOCTaYaHHS — Bil MOMEHTY
BiJIBAHTAXKCHHS IO TIOCTABKH KIHI[EBOMY CIIOKHBaYy.

3aBASKM Takid 1HTErpauii KOMIaHii MOXYTh Y OyAb-SKHMI MOMEHT OauMTH BEChH
[IJIIX TOBApY Ta ONEPATUBHO pearyBaTH Ha BIAXWICHHA. 30KpeMa, CUCTEMa JT03BOJISIE
BU3HAUUTH:

[l ne BaHTaXX 3HAXOAMUTHCA 3apa3 — TOYHE MICLE3HAXO/KEHHS TPaHCIOPTY,
KOHTEIHepa abo OkpeMoi mapTii ToBapy;

[ xonu BiH npuOye — MPOTHO30BAHUMN Yac JOCTABKU 3 ypaxXyBaHHSIM JI0POKHbOI
CHUTYallli, IOTOJJHUX YMOB, 3aTPUMOK Ha MUTHUIl YX NIEPEBAHTAKEHOCTI MOPTIB;

[} 4M iICHy€ pU3HK 3aTPUMKH — QJITOPUTMHU IPOTHO3YIOTh MOKJIUBI 3001 11€ 110 iX
(aKTUYHOTO BUHUKHEHHS,

[l an Oynu TMOPYIUICHHS TEMIIEPATypPHOTO PEKUMY — OCOOIHMBO BaXKJIIMBO JIS
(apMaleBTUKHM, XapyoBOI MPOAYKIi, XIMIYHMX PEUYOBHH Ta IHIIUX YYTIMBHX
BAHTAXIB;

[] K1 IUISTHKA MEpPEeXl MNpalioloTh HEe(PEeKTHUBHO — IMEPEBAHTAXEH1 CKIAJIH,
ca0Kl TPaHCMOPTHI BY3JM, 3aTPUMKM Ha OKPEMUX MapuipyTax ad0 HepalioHalbHUN
PO3MOLT pecypceiB [5].

Hanpuknazn, sxmo loT-gatuuk y pedpukepaTopHOMy KOHTEHHeEpi 3adikcyBaB
NiJBUIICHHS TEMIEpaTypu, CUCTEMa MOKE€ aBTOMATUYHO IOINEPEAUTH OIepaTopa,
3aMpONOHYBATH 3MIHY MapHIpyTy a00 MEepeHanpaBlIeHHS BaHTAXY 0 HAOIHUKYIOTO
ckiany. Lle nae 3Mory yHUKHYTH NICYBaHHsI TOBapy Ta (piHAHCOBMX BTpAT.

Oco0nuBO IIIHHOIO Taka MPO30PICTh CTaja MICHS TJIOOATbHUX KpPU3 OCTAaHHIX
pokiB. [Tannemiss COVID-19, 610KyBaHHS MOPCHKHMX TOPTIB, BIHCHKOBI KOH(IIKTH,
EHEpPreTUYHl KpU3W Ta 3MIHM MHUTHHX Tapu]iB MPOJEMOHCTPYBAIA Bpa3IUBICTb
TpaAMIIHUX TJI00adbHUX JIOTICTUYHUX Mepex. baraTto KoMmmadiil 3I1TKHYJUCSA 3
ne(dIiIUTOM TOBaApiB, 3aTPUMKAMHU IMOCTaBOK 1 PI3KUM 3POCTAHHAM TPAHCIOPTHUX
BUTpAT.

VY mux ymosax Il ctaB iIHCTpyMEHTOM MIABUIIIEHHS CTIHKOCT1 JIOTICTUKU. 3aBISKU
aHATITUYHUM MOJIEJSIM KOMIaH1i MOXYTh:

[l mpOorHO3yBaTH BIUIMB KPU30BHX TOJIiH Ha MMOCTABKH;

[} MoenoBaTH aNbTePHATHUBHI CIICHAPIi PO3BUTKY CUTYAITli;

[} OIiHIOBATH PU3HKH JJII OKPEMUX MapPIIPYTIB 1 MOCTaYaIbHUKIB,;

[} mBuaKO IepeOyA0BYBAaTH TPAHCIIOPTHI MTOTOKH;

[} 3HAXOAWTH HOBI JKEpEIia MOCTa4aHHsI Ta Pe3epBHI MapipyTH [7].
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Hanpukinan, sSKmo oIuH MOPT MPUIIMHSAE pOOOTYy yepe3 cTpailk abo BiliCHKOBY
3arpo3y, CUCTeMa MOXE 3allpONOHYBaTH albTEPHATUBHUI BapiaHT JIOCTAaBKU 4epes
IHINMI ~ perioH, BpaxyBaBUIM CTPOKH, BUTpaTH Ta TMPOIMYCKHY 3JaTHICTb
1H(ppacTpyKTypH.

VY pesyabrarti LI 3MiHIOE caMy apXITEKTYpy JOTICTHYHHX MEpex. SKIo paHiiie
OCHOBHHUM TIPUHIIMIIOM OyJjia MiHIMaJlbHa COO1BapTICTh, TOOTO KOHIIEHTpAIlis
BUPOOHHUIITBA B HAWACIICBIIMX KpaiHax 1 BUKOPUCTAHHS HaWJEHIEBIINX MapIIPYTIB,
TO CbOTOZHI O13HEC OPIEHTYETHCS HA HOB1 KPUTEPIl €PEKTUBHOCTI:

[ THYYKICTh — 3JaTHICTh IMIBHAKO aIalTyBaTUCA JO 3MIH PUHKY YU KPU30BUX
CUTYaIIii;

[ MBUAKICTH — CKOPOYEHHS Yacy JTOCTaBKHU Ta ONEPATUBHICTH PearyBaHHS,

[l pe3epByBaHHS MapUIPYTiB — HASIBHICTh aJIbTEPHATUBHUX LUISAX1B NOCTAYaHHS;

[} nokami3anis 3anaciB — pO3MILIEHHS TOBapiB OJIMKYE /10 CIIOKUBAYIB;

[ nudpoBa KepOBaHICTh — MOXJIMBICTh HEHTPAII30BAHO KOHTPOJIIOBATH MEPEKY
yepe3 aHaMiTh4HI aTdopmu [6].

Ile o3Havae mepexia BiJ TPATUIIMHUX IIEHTPATI30BaHUX MOJENICH /10 T1IOpUIHUX
JIOTICTUYHUX MEPEXK, Y SKUX (PYHKIIIOHY€ KUIbKA PErioHaJbHUX IIEHTPIB BUKOHAHHS
3aMoBJIeHb. Hampukman, 3amiCTh OJHOIO BEJIMKOrO CKIAAy A Bclel €Bpomnu
KOMITIaHisl MOXK€ BHMKOPUCTOBYBAaTH OKpemi IeHTpu Yy CxinmHiid, LleHTpanbHiil Ta
3axigHiit €BpoII, 10 3HWKYE PU3UKHU TTepeOOiB 1 MPHUCKOPIOE TOCTABKY.

TakuM YMHOM, IITYYHHH 1HTEJIEKT HE MPOCTO ONTHMI3Y€E OKPEMI JIOTICTHYHI
omepailii, a (GopMye HOBYy MOJieJib I100AJbHOIO TMOCTaYaHHS — OUIBII CTINKY,
aJanTuBHY, UM(POBY Ta OpIEHTOBaHYy Ha MIBUAKE pearyBaHHI B yMOBax
HECTaO1ILHOTO CBITY.

[ITyyHuil 1HTENEKT paAMKaIbHO 3MIHIOE JIOTICTUKY Yy CBITI. BiH momomarae
KOMIIaHisIM CKOpOYYyBaTH BUTPATH, IPUCKOPIOBATH JOCTaBKY, 3MEHIITYBAaTH PU3HKH Ta
CTBOpPIOBATH OLIbII THYYKI Mepeki mnocrtayaHHs. CBITOBa TEHIEHIISA OYEBHUJHA!
JIOTICTHKA MEePEXOUTH BIJ] PyYHOTO YIPABIIHHS JI0 IHTEJIEKTYaIbHUX CAMOKEPOBAaHUX
CHCTEM.

Jlnst Gi3Hecy 1€ O3Hadae MPOCTYy ICTUHY: y HAMOMMXK4l POKM KOHKYPEHTHOIO
NepeBaror0 CTaHe He JIMILE TPAHCHOPT YM CKJIAM, a 3AaTHICTh YIPABIISITH MEPEKEIO
3a noromoroto III.
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KEPI OIIEPATOPJAbIH BAP bOJIYbI

MoJbLIBIKOBa ApaljibiM OpicOeKKbI3bI

M.X . Jlynatu ateiagarsl Tapa3 YauBepcutetinin 7M01501 “MaremaTuka
neJlarorTapbid Aaspiay’” OutiM Oepy OaraapiaaMachbiHbIH MaruCTPaHThI,
Kazakcran Pecniybnukacel, Tapa3 k.

basnaues Epik Hypaanyisl
M.X.dynatu ateigaarsl Tapa3 YHuBepcuTeTiHiH “MaremaTuka” kadeapacbiHbIH

KaybIMJIacTBIpBUIFaH mpodeccop M.a., PhD nokrop, Kazakcran PecryOnmkachi,
Tapa3s K.

L,(a,b)—na
Ly =y"+g(x)y (1.1.1)
ONEPATOPBIH KAPACTHIPANBIK.
D(L)—MbIHa TaJlanTapAbl KaHaraTTaHAbIPATHIH
y(x)eC’la,b], y(a)=y(b)=0 (1.1.2)
¥(x) byHKUMsUTApBIHAH KYpaJFaH OOJICHIH.

(1.1.2) mexapaJibIK MIApThIH KaHAFATTAHABIPATHIH C°[a,b] -IaFbl QYHKIUIAPIBIH
D(L) *UBIHBI |[a,h] cerMeHTiHIE (GUHHTTI L,(a,h) — I THIFBI3 (QyHKIHIAPIBIH
KUBIHBIH 03 06ir1 peTinae KamTtuabl. COHAbIKTaH, D(L) KUBIHBIHBIH 031 A€ L,(a,b) —
Jla TBIFBI3 OOJIadEbl.

L omneparopsl TyHbIKTanbIHAAbl. COHFBI TYKbIpbIMAAY bl Tekceperik. Con yuiiH
013re MbIHA TOMEHJET1 KEHO1p TYCIHIKTEp KoHE JIeMMaiap Kepek 00Jabl.

Kes kenren y,veCy(a,b) yuiin

<Ly,v>=<y,L'v>

TEHJIri OpbIH ajaTelH Oojca, oHma L onmepatopeln L auddepeHmmanis
oreparopbiHa (opMalib/il TYHIHAEC orepaTop JEM aTaibl.

L* onepaTopbIn GacTankel orneparop Kanaai hopmaza xKasbljica, OHbl Typa COHIal
TYpJie *a3zyFa OONaTBIHIBIFbI, SFHU

L' =—"+q(x)v,

TYCIHIKTI.

AHBIKTaMa: L? ormepaTrop  TYWBIKTAJIBIHATBIH OOyl  YIIiH

LZ LZ . . . . .
u, € D(L),u,—>0, Lu,—>v MapTbIHAH v =0 KEJII IbIFybl KAXKCTTI ’KOHE KCTKUIIKTI.

Oceinbl kepceTeitik. O yiuiH 613re MbIHA JIeMMasap Kepek 00Jaabl.

1.1.1 nemmacsl. Erep ye L, (a,b) xoHe Ke3 Kenred ¢ e C, (a,b) QYHKIUACH YIIIH
<y, >=0 KaTbIHACBI OPBIHAAIATHIH 00JIca, OHJIa OapIbIK kepae y(x) =0, xe[a,b].

Honeaneyi. C;(a,b) JKUBIHBIHBIH, L,(a,b) -la TBIFBI3ABIFbIHAH n—oo -1a

¢, -, >0 -nait {p,} Tiz0eri 6ap OonateH 6o0sICca, OHAA

lim < ., >=< .,y >=|p; same |y =0
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ConppikTaH O0apIibIK Kepae Iepiik y(x) = 0.

Enai L omepaTOpbIHBIH TYWBIKTAIBIHATBIHIBIFBIH JTONCIACHMI3, SFHH MbIHA
JIEMMa OPBIH aJIaJIbl.

1.1.2 aemmacel. D(L) — 1€ KapacTBIPBUIATHIH L OMEPATOPHl TYHBIKTAIBIHATHIH

orepatop 00JIasbI.

Jaaenpeyi. u, e D(L) XOHE u, ﬁ>0, Lu, iv oonceiH. Erep L omepaTopbiHa
dopmanbai Tyitinmec L omeparopblH maiiganmaHaTelH OONCAaK, OHAA Ke3 KEIreH
we CJ (a,b) YUIH

<Lu,,w>=<u,Lw>

OoJanel. by skep/e mekke Kellle OThIPHI,

<v,w>=<0,L'w>=0.
€KEHIIT1H aJlJaMbI3.
CoHOBIKTaH, K€3 KEJIreH w e Cy (a,b) YmiH <y,w>=0 meMeKk v=0 eKEeH/Irl
KEJIN MIBIFabI.
1.1.2 mremMMacs! I2JI€IaeH l.
L onepaTopbIHbIH TYWBIKTAJIBIHYBIH 1a L apKblUIbl OENTUIeiMi3.
1.1.3. aemmachl. ¢(x) QyHKuusCH [a,b] Kecinpicinme y3imiccis GosnceiH. Onma

0apibIK y € D(A) YIiiH
1231, =], (1.1.3)
OaranaHybl OpbIH aJIajibl.
Haaeaneyi. yeC;(a,b) Oo0JICBIH. bemikren wuHTEerpanmail >xoHe (QYHKIHSHBIH

(OUMHUTTITIHEH UHTETPaIaH ThIC TYPFaH MYLIENEpiHIH HoJ (5KOK) OOJIbIN KETETIHAECPIH
€CKepe OTBIPHII, TOMEHAET1 MHTErPAJbl aJaMbl3:

b _ b _ b _
(Ly,y) = [ (=" + g(x)y)ydx = =[ - y"ydx + [ g(x)yydx = -

—)")_’ ? +q(x)|y|2]dx.

b b ) b
L+ y v+ [ g0y dx = fﬁy

Conrbl  TeHikTeH, Kommu-byHAKoBCKUI TEHCI3MINH NaijasaHa OTBIPHII,

TOMEHAET1 TEHCI3AIKTI aJaMBbI3:
b

b
Il = 1< 2y 5| [ + gl o> min gGo |y dv >
xe€la,b]

a

b
> [|yf dbx = ..

bynan GapawiKk y € C; (a,b) YIILIH

|22, [, (1.1.4)
y e D(L) OONCBIH. L OmepaTtopbl TYWbIKTAIFaH OOJFaHIBIKTAH 7 —> o0-/1a
v, = v =y=0, |y, -1y >0

0
n=

GonateiHmail {y,}” < C; (a,b)Tiz0€ri 6ap Gomampl. by n— o — na
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, =, (1.1.5)

e C; (a,b) yuIiH OpbIH ananasl. EHAl n— 00—

yn 2 - ||y Ly”
(1.1.4) Tencizairi 6Gapibik {y, |

n=1

2,

na 1ekke kere >xoHe (1.1.5.) KaThIHACKIH Maiganada oTeIphi, (1.1.4) TeHCI3AITIHIH
OPBIH/IBI €KCHJIITTHE KO3 KETKI3eMi3.

Conbpimen, 1.1.3. meMMachl goJI€NACHI].

1.1.1 Teopemachl. g(x)—[a,b]-na y3imicci3 dynkuus 6osicbiH. OHna L,(a,d) -1a
aHBIKTAJIFaH y3UIicci3 Kepl L' omepaTopsl Oap 601abl.

HMonenpeyi. 1.1.3 nemmacbiHan OapielK yeD(L) ymin |Ly||, > |y, TeHci3airinin
OPBIHIAIATHIHBI KCJIIIT IIBIFAIbI.

bynan, erep Ly=0 Oomnca, oHma y=0 Kkemn IIbIFagsl. Jlemek,
KerL={yeD(L): Ly =0}=1{0}. Byman, R(L) -mi D(L) -re e3apa O6ip MOHIi eTim
OciinenedTin L' O6ap 6omaael. 1.1.1 TeopeMachl TOJBIFBIHAH JTOJICIICHETIH OO0JIaIbI,
erep Kejeci Macelesep/l melle ajicak:

1) R(L)=L,(a,b);

2) L'— [iH MEeKTeYIIir.

bipinm, R(L)=L,(a,b) €KEHIIrH nonennaeiMi3. byn nonenneyai KepiciHiie
XKyprizemi3. R(L) KUBIHBI L,(a,b)-1a THIFBI3 OonMackiH nenik. OHnma ve L,(a,b) 0ap
OOJICBIH )KoHE v | R(L), stFHU OapibIK y € D(L) YUIiH

<Ly,u>:0 (1.1.6)
bynaH, Pucc Teopemacsina colikec v e D(L*) skoHe OapiblK y e D(L) YIIiH
<Ly,u>:<y,L*v> (1.1.7)

TEHJIIT1 OPBIH aJIaJIbI.
COHFBI TEHIIKTI aIlIbII Ka3albIK:

(=" +g(x)y.vy=(y,L*v)

HEeMece

=y vy =(n.L*v)=(y.g(x)

OapibIK y € C;° (a,b) YIIiH.

Conrbl TennikTeH Co0OoseB OOWBIHINA >KaIbUIaHFAH TYBIHJBI aHBIKTAMAaChlHA
CoOMKEeC MBIHAHBI TA0AMBI3:

V'=Lv—q(x)velL,(ab),L'v=0,q(x)veL,(a,b).

CoHbIMeH, v" eKIHII PEeTTI TYBIHIBICHI L,(a,b)-Aa KaTajbl.

ConpiHma ocbiHBIH Oapibirel koHe (1.1.5), (1.1.6) TeHmikTepi MbIHA
TYKBIpBIMIAyFa  OKeNilm  OThIp: V' eL,(a,h) KoHe veD(L),yv — ys3imicei3
muddepennmangananpl, OUTkeH1 V" € L,(a,b) )KOHE

Lv=v"+q(x)v=0.
Enpl , keneci xe3ene
y(a)=y(b)=0
EKCHJIITTHE KO3 JKETKI3YyiMi3 KepeK 00aIpl.
< y,L'v> GomraHIBIKTaH, OOJIIKTEI HHTETPpalaay MbIHAIAPI6I Oepei:
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b b b
0=<y,~v"+g(x)v>= Iy(—v" +q(x)v)dx = —I w"dx + Iq(x)yvdx =

= —jf yav' + j)-q(x)yvdx =’ +j.v’y'dx + jiq(x)yvdx = j‘y'a’v +

b b b

b= [vay' + [ qGo)yvax = vy|) ~ [ vy"dx + iq(x) yvdx =

a

b
+ jq(x)yvdx =w'

a

b
=w' 2+J. (=" +q(x)y)vdx ="+ < Ly,v >.
bynan, (1.1.6) TeHaIriH eckepe OTBIPBIN, MbIHAHBI aJaMbI3:
w,=0
HEMece

v(b)y'(b) =v(a)y'(a).
(1.1.8)
ye D(L) aJIBIHATBIH OOJIFAHIBIKTAH, v(a) = v(b) = 0 KeJIII MIbIFabI.
[eHBIHAA 13, y(x) = (x—b)(x—a)’ € D(L) nen anaibik. OHga
Y'(a)=0, y'(b)=(b—a)*,b—a>0. (1.1.9)

Bbynsri (1.1.8) — re Kost OTBIpHIT,

w(b)-(b—a)’* =v(a)-0=0,HeMece v(b) =0
E€KEHIITH Ta0aMBbI3.
Typa ocbutaiima v(a)=0 eKeHIITiH KepceTeMis.
CoHbIMeH, 013 TOMEHAET eIl JSJEACIIK:
v - y3uicci3 nuddepenunanganansl, v' e L, (a,b),

L'v=="+g(x)v=0,y(a) = y(b)=0. (1.1.10)
Enai (1.1.10) — g1 eckepe sxoHe OeMiKTEN HHTErpaiaail OThIPHII,
e

E€KEH/IITH aJlaMbI3.

bynan, L*v=0 OonfaHmblKTaH v=0 IIbIFaabl. JleMek, Kapama-KaWIIbUIbIKKA
KeJeM13, sfrHu R(L) = L,(a,b).

1.1.1 TeopemachIHBIH AQNENICYIH asKTay YIIiH, €HAl L' -aiH MIeKTEyJIUITriH
kepcery kepek Oomazawl. (1.1.3) —Te Ly=f, y=L"f &nen ajia OTHIPHIN, OApIIBIK
feL,(a,b) YUIH

A=A

CKCH/IIT1H aJlaMbI3, SFHU L' Kepi onepatopbl R(A)=L,(a,b) — 1a MEKTEyl O0IaIbI.
Teopema gonenaeH/l.

1.1.2 Teopemachl. g(x)—[a,b] KeciHmiciHAE Y3umicci3 QyHkius OosickiH. OHaa
OapnbIK y e D(L) yuIiH
y"2+||y||£c]||Ly||2 (1.1.11)

OaraJiaybl OpbIH aiajbl )KOHE
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y(a)=y(b)=0 (1.1.12)
Jaaenneyi. (1.1.3) TeHCI3ITIH eCKepe OTHIPHIN, MBIHA HOPMaHbI OaranaiiMbI3;
4Gy, < max ()], < max gLy, < colia], (1.1.13)

MYHJAFEI ¢, = fg;a’,fﬂ(x)’

ConbIMeH, YIIOYphII TeHC13AITH koHe (1.1.13)—H1 naliganana oThIpbII, MbIHAHBI
aJIaMbI3;

=21, ="+ ax)y—qx)y|, <|-»"+a(x)y|, +]a(x)y], <
<y, + eo Ly, = (U e )],

(1.1.11) Tenci3airi goyenaeH/I.
Enml y(a)=y(b)=0 exeHnairin kepcereiiik. Erep yeCy(a,b), onma (1.1.12)

TEHJIIT1HIH OpPbIH aTybl aKbIH.
yeD(L) ©OonceiH. OHma n—>owo — ga i v, Ly, i>Ly OoJaTeIH Al
{v,}7, = Cy(a,b) T130€T1 Oap OOJIABI.
W, KeHICTITiHiH Cla,b] — Fa MIEKTEYJi eKSHIIT1 OCNTii, COHABIKTaH 1 —> o0 -1a
(@) =y, @)=y, =My, SCly -,
MYHJAFbl ¢ — €HI131U1y TEOPEMAChIHbIH TYPaKThICHI (const).
bynan y(a)=0. Typa ocbunaiima y(b)=0 €KeHJIr1 JoICIICHEI].
1.1.3 Teopemachl TOJIBIK JOIEIICHII.

™ 0,
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IHPOTU3AITAJIBHA TEPAIIISA ITICJIA IHDAPKTY
MIOKAPJIA: 3BHAYEHHSA YACY ITOYATKY
JIKYBAHHS TA BUBOPY TEPAIIEBTUYHOI MIIIEHI

boposcbkuit bopuc MuxainioBu4
3n00yBaua ocBitu Il MmenuuHoro pakyapTeTy
XapKiBChKHM HAIIOHATLHUNA METUIHUHN YHIBEPCUTET

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

Mapuna OuiekcanapiBsia Bisip
K.MEJI.H., IOIIeHT KadeIpu BHYTPIIIHbOI MeauIHU Nel
XapkiBcbkuii HartionansHuii Meauaauii Y HIBEpCUTET

AKkTyanbHicTb. He3Baxkatoun Ha CydacHI MOXKIHMBOCTI penepdy3iiHOi Ta
AHTUTPOMOOTUYHOI Teparii, Micis NepeHeceHoro 1HpapKTy Miokapaa 30epiraeTbes
PHU3UK TOBTOPHUX CEPLIEBO-CYIMHHMX NoiH [1]. OHUM 13 MEXaHI3MIB TAKOT'O PU3UKY
BBAXKAIOTh 3alaJibHy BIAMOBib, SIKA BUHUKAE BXKE B MEPIIl TOJUHU MICISI HEKPO3Y
Miokapaa. AktuBailiss NLRP3-indiamacomu ta noganeine yrBopenns IL-1B 1 IL-6 €
BAKJIMBOIO YAaCTUMHOMO L€l peakiii. BogHouac rocrpe 3amajieHHs HEOOXiAHE s
OUMIIEHHS 30HM HEKPO3y Ta TMOMAJBINOI permaparlii mMiokapaa, TOMy TOBHE HOTO
MIPUTHIYCHHS B PaHHIN MEP10/1 HE 3aBKIU MOXKe OyTH KOpUCHUM [2].

Meta po0oTH - OLIHUTH Cy4YacHI MIIXOJIX JO MPOTU3AMAIbHOI Teparnii Micis
1H(papKTy MiOKapja Ta BU3HAYUTH, YA Ma€ 3HAYEHHS Yac MOYaTKy JIKyBaHHS.

Marepiaau ta Meroau. IIpoBeneno anamiz cydacHux pekomennamniit ESC Tta
ACC/AHA [3,4], ykpaiHCBKMX KIIHIYHHUX TMPOTOKOMIB [5, 6] 1 OCHOBHHX
PaHIOMI30BaHUX JTOCIIKEHb, MPUCBIYCHUX 3aCTOCYBAHHIO KOJXIIMHY Ta TapreTHIM
omokani nuisaxiB IL-1 Ta IL-6 micns iHdapkTy miokapaa. OCHOBHY yBary MpuIiIISUIH
yacy Mo4aTKy Teparli Ta ii BILIMBY Ha OBTOPHI CEPLIEBO-CYIUHHI MOIi.

Kuarwuosi cioBa. Iugapxm miokapoa, 3ananenus, xoiaxiyuu, IL-1B, IL-6, hsCRP,
pe3udyanvbHull 3anaibHuLl pUsUK, 6MOPUHHA NPODINAKMUKA.

PesyabraTu. HaiiOuibie JaHUX HAKOMUYEHO MO0 HU3BKUX /103 KOJXIIUHY, Y
nocmimkerHi COLCOT 4745 mnarientiB 13 HemonaBHIM IM  panmomizyBaid Ha
KoJxituH y A031 0,5 mr Ha A00y abo mianebo, Npu 1bOMY JIKYBaHHS PO3MOYHHAIIN
npotsirom nepmux 30 gHiB michas iH(apkTy Miokapaa. [lepBurHHa komOiHOBaHa
KIHIIEBa TOYKA BUHUKIIA y 5,5% maliieHTiB rpynu Koixinuny 1ay 7,1% rpynu placebo,
HR 0,77 [7]. Y nonansiioMy aHamizi HAOUTbIT BUpaxeHu# e(heKT CocTepirany npu
MOYATKY JIIKyBaHHS MPOTATOM mepimux Tphox aHIB micis IM — HR 0,52, Toxi sik ipu
noyatky Ha 4-7-i neab HR cranoBus 0,96, a 3 8-ro nust abo mizuime — 0,82, mpote et
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aHaii3 OyB BTOPUHHUM 1 HE JJO3BOJISIE BU3HAYUTH ONTUMAJILHUN Yac MOYaTKy Teparmii
[8].

[Ipore y 3nauno Ounbmiomy npociimkeHHi CLEAR-SYNERGY, ske Bkirouasno
7062 naiieHTH Ta Jie JIKyBaHHA MOYMHAIM TpoTsaroMm 72 rox micas PCI y xBopux i3
roctpuM STEMI a6o NSTEMI, nepeBaru KoaxiluHy HE MIATBEPAUIUCA. 32 ME/1aHU
CIIOCTEpEXEHHsI OJIM3bKO TPHOX POKIB MEpPBHHHA KIiHIEBAa TOYka BHUHUKIA Yy 9,1%
NaIieHTIB rPynu KoJxinuuy Ta 'y 9,3% rpynu miamne6o, HR 0,99 (95% 1 0,85-1,16).
[Tpu ubomy piBenb CRP Ha 11 nikyBanHs OyB HUKYUM [9].

BaxxnuBi pesynbratu Oyiau OTpUMaHi TakoX MpU TapreTHoMy BiuBi Ha IL-1. Y
CANTOS kanakinyma0 pocmimxyBamu y 10 061 mamienta 3 mepeHecenum IM Ta
hsCRP >2 mr/n, T006TO 32 HassBHOCTI pe3uyalbHOTO 3anansHoro pu3uky. biokaga IL-
1By no3i 150 Mr 3MeHImMIa BIIHOCHUN pU3UK IEPBUHHOT CEPLIEBO-CYIMHHOI KIHIIEBO1
TOYKH TpUOIM3HO Ha 15%, 0JTHaK CyNIPOBOIKYBaiacs OUIbIIIO YaCTOTOIO (paTaTbHUX
iH(peknii. BaxmuBo, MmO y LbOMY JOCHIJUKEHHI MALI€HTIB BIOOMpanu caMe 3a
HasBHICTIO nigBuiieHoro hsCRP [10].

Ha Biaminy Bix tapretHoi 6mokaau IL-1B, Hu3ski go3u Mmerotpekcaty B CIRT He
3MEHIIIWIN YaCTOTY CEpPLIEBO-CYIMHHUX MOJIN 1 HE JJaldu CyTTeBOro 3HmKeHHs [L-1,
IL-6 Ta CRP [11].

[Topanpmmm HanpsiMKOM cTaja 6yokana IL-6, oguak pesynbratu gociimkerHs 11
dasu ZEUS, ompumoaneni y 2026 porii, HEe MIATBEPAWIA 3HIKCHHS CEPUO3HHX
HECIIPUATINBUX CEPLEBO-CYIMHHUX HACTIAKIB HA TJ1 3aCTOCYBAHHS 3UITHBEKIMAOY.
HR st MACE ctanoBus 0,99 (95% 110,88-1,11), He3Baxaroun Ha BUpaXKCHUH BIUIMB
npemnapary Ha 3anajibHy BianoBiae [12]. Ha momeHT aHamizy me Oyiau momepeHi
pe3yJIbTaTH, ONPUJIIOIHEHI CIIOHCOPOM JOCHipKeHHA. J[ochimkeHHsT 311TUBEKIMa0y
0e3mocepelHb0 y TAalleHTIB micas roctporo IM TpuBaroTh, 30KpemMa B MeXax
nociimkernHss ARTEMIS [13].

BucHoBKH. 3ananbHa BIANOBIb MIics 1HQAPKTy MIOKap/1a BUHUKAE BXKE B paHHIN
mepioj] YIIKOJDKEHHS 1 Mae TojBifiHe 3HavyeHHs. HamMipHa akTuBarlis 3amaabHUX
MEXaHI3MIB MOXE MIATPUMYBATH TIOJAJbIIEe YIIKO/DKEHHS Ta HECIPUATINBE
peMoJIeNIIOBaHHST MiOKap/a, OJHAK PaHHS IMyHHA peakilisi 0JJHOYacHO Oepe yJacTh B
OUMIIIEHH] 30HM HEKPO3y Ta MOAablii pemapailii. ToMy MakCUMajgbHO paHHE 1
Hecrenr(iuHe TMPUTHIYCHHS 3amajeHHs HE MOJKE PO3TIIANATUCS SK YHIBepcallbHa
ctpateris micis [IM.

KimiHaiugl IoCmiuKEeHHST TaKOXK HE HO3BOJISIIOTH BU3HAUUTHU €AWHE ONTHMAIbHE
tepaneBTuyHe BikHO. Y COLCOT 3acTocyBaHHS HU3bKUX J103 KOJXILHMHY MPOTATOM
nepmux 30 gHiB micas IM cynmpoBOMKyBanocs 3MEHIIEHHSM YacTOTH CEPIEBO-
CYIMHHUX TOJI1i, a BTOPUHHUI aHai3 MpUIyCKaB HAMOLIbIINI eeKT Mpu NMoYaTKy
JiKyBaHHsS B mepiil Tpu 106u. BogHouac y 3Hauno Oubiiomy CLEAR-SYNERGY
paHHE 3aCTOCYBAaHHS KOJXILIMHY MPHU rocTpoMy IM He 3MEHIINIO YacTOTy CEpIEBO-
CYJIMHHOI cMepTi, moBTOpHOTO IM, 1HCYIBTY 200 He3aIrIaHOBaHOI PeBACKYJIISIpHU3aIlii,
He3Baxkarouu Ha 3HWKeHHS CRP. O1xe, pi3HUIIO MK pe3yIbTaTaMy IIUX JTOCIIKESHb
HE MOXXHA TOSICHUTY JIMIIIE YACOM IMOYaTKy Tepartii.

JlaH1 TapreTHOi IMyHHOI Tepamii JOAaTKOBO MIATBEPIKYIOTh, 110 BAXKJIMBUM € HE
TUTBKY TIPUTHIYCHHS 3alaJIeHHs, a ¥ mpaBuiabHui BinOip marieHtiB. Y CANTOS
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omokazna IL-1P mana xiiHiuHUN eekT y XBopHX 13 nepeneceHuM IM Ta migBuIeHUM
hsCRP, T100TO 3 O3HakaMu pe3uAyalbHOIO 3amajbHOro pu3uky. Hatomicte y
nocmimpkerHi ZEUS 2026 poky 61okana IL-6 3iiTBekiMaboM HE 3MEHIIIIIA 9YacTOTY
MACE, He3Baxarouu Ha BUPa)KEHUH BIUIMB HA 3allajibHy MILIEHb.

TakuMm ymHOM, cTaHOM Ha BepeceHb 2026 poKy HeMmae MiJCTaB BCTaHOBIIOBATU
(hiKCOBaHMI TEPMIH MOYATKY MPOTU3aNnaibHOI Tepamnii micis IM aHi B mepii roiuHH,
aHl 000B'sI3k0BO uepe3 2-3 Micsii. KonxinuH 3anumaeTbcss HalOUIbII BUBYEHUM
MpOTHU3aNaIBLHUM MPEnapaToM y BTOPUHHIN ceplieBO-CyIUHHIN MpodiIaKkTUIl, OJHAK
HOro paHHe pyTHMHHE 3aCTOCYBaHHS NMpHU KOKHOMY roctpomy IM He miaTBepkeHe
cydyacHUMH JaHuMu. TapretHa Omokana IL-1 ta [L-6 noku 3anuiaeTses nepeBaxxHo
JAOCTITHULIBKUM HanpssMKkoM. HalO11b111 epCrieKTUBHUM M1IX0/I0M € HE YHIBEpCaIbHE
NPUTHIYEHHS MOCTIH()APKTHOIO  3alajJieHHs, a BH3HAYEHHS ONTHMAaJbHOIO
TE€pPaneBTUYHOrO BiKHA Ta BIAOIp MALIEHTIB 13 pe3UAyaJbHUM 3allaJIbHUM PU3HKOM, Y
SAKUX KOPUCTh MPOTU3AIAIBHOI Teparii MO>Ke MepeBUIYBaTH MOTEHIIIHHII PU3HK.
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E®EKTUBHI TEXHIKU PEABLJIITALIT TA NIJIXOAU
IHPU CUHAPOMI 3AMOPOXEHOI'O IIVIEHA

I'punuax Bikropisa IBaniBHa
BUKJIaa4 Kadeapu pizudHoi Teparii, eproreparii 1 Hi3MYHOTO BUXOBAHHS
IBano-®pankiBcbkuii Harionansuuit Menuunuii Y HiBepCcUTET

IOxumyk Bipa IleTpiBHa
JOIIEHT, BUKIaaa4d kadenpu izudHoi Teparii, eproreparrii i ()i3WYHOTO BUXOBaHHS
IBano-®pankiBcbkuii Harionansuuii Menuuauii Y HIBEpCUTET.

CuHJIpOM 3aMOPOKEHOTO Tuieya (aIre3UBHUI KarcCyiiT) — cydacHa rpoobiema ocid
Mpare3aTHOrO BIKY 1 CHOPTCMEHIB, SKa CYIPOBOKYETHCS TOCTYTIOBUM OOMEKEHHSIM
aKTUBHMX 1 MACHUBHUX PYXIB Yy IJICYOBOMY CyIIOO1 Yepe3 PO3BUTOK 3alaibHUX 1
¢10po3HUX 3MIH Yy Karcyidl cymioba Ta HaBKOJMMIIHIX TkaHuHax [1, 2]. CydacHuid
peaduTiTaliiHUA MiAX1J BUMara€ MYJIbTUIUCHUIUIIHAPHOTO Oa4yeHHs, 10 MOEIHYE
TOUHY JAUQEpEeHIiiiHy [IarHOCTUKY CTadiil 3axBOPIOBaHHS (3aMOPOKYBaHHS,
«3aMOpPOXKyBaHHsI/aAre3ii», BiATaBaHHS) Ta 3aCTOCYBAHHS JIOKA30BHX (DI3UYHUX 1
MaHyaJbHUX TEXHIK [2, 4].

[lepmmii eTan (cTajisg rocTporo 000 ad0 «3aMOPOXKYBaHHSD) ) MOTPEOy€E METOUK,
AK1 CIIPSIMOBaH1 Ha 3MEHIICHHS OOJILOBOTO CUHAPOMY Ta KOHTPOJIhOBAHE 30€pEKEHHSI
amruriTynu pyxiB [3]. IlneqoBuii cyro0 TICHO MOB'SI3aHUMN 13 IJICYOBUM CILICTEHHSIM
Ta HEpBaMH : TMaxXBOBHUM, CEPEAMHHHUM, MPOMEHEBUM Ta JIKTHOBUM HepBamu) [3].
Yepes TpuBase BUMYIICHE MOJIOKEHHS KIHIIBKU Ta (10pO3HI 3MIHM B TKAHUHAX HEPB
4acTO 3a3Ha€ HarAry abo Kommpecii (TyHHEJIbHMM CHUHAPOM 1 HEWpOIMHAMIUYHUN
nedimut cynpoBomkye ) [3, 5]. ArpecuBHa MaHyalbHa Tepamis Ha Il cTamii
MPOTHUIIOKA3aHa, OCKUTHKY MOXKE TTOCUJIUTH 3aNajbHUM MpoIiec 1 00IbOBUN CHHIPOM.

EdexkTuBHUMU TEXHIKAMU, SIK1 3MEHIIYIOTh OLJb €:

1.M’sxi mMaHyasibHI TEXHIKM Ta HEWpoAMHAMIuHI MoOuUTi3alii i 3HUKCHHS
rinepToHycy HaBkosiocyroOoBux M'siziB [1, 5]. IlacuBHe mepeBeneHHsI KIHIIBKU B
MOJIOKEHHSI KOPOTKOTO M'si3a (3MEHIIEHHS HATIry y Oosrodiit Toulli) Ha 90 cekyHn 3
MONAJIBIITMM  TIOBITBHUM  TIOBEPHCHHSAM Y BUXIAHE TIOJOXKEHHS,IIIO JTO3BOJISIE
«Tepe3anycTuT» pediuekTopHy ayry M'sS30BOrO BepeTeHa 1 3HATH cmasMm [1].
3BITbHEHHS HEPBOBHUX KOPIHINB 1 epuepuIHNX HEPBIB Bl KOMIIPECii aBTOMAaTUIHO
3HIDKYE pedIeKTOpHE HAMPY>KEHHS HAaBKOJIOCYTIIOOOBHUX M'S131B, OCKUIBKH CITa3M 4acTo
€ 3aXMCHOIO PEAKITIE€I0 OPTraHi3My Ha MOIPa3HEHHs] HEPBOBOI TKaHUHU [3, 5].

2.®di3ioTepaneBTUYHI METOIHU (30Kpema, yibTpa3BykoBa Teparmis 3 HII3-renem ta
MarHiToreparnis) ajst 3He0oneHHs 1 TpodiuHoi cTumyIsIii [1, 7].

3.MasTHUKOTIOAIOHI BIpPaBH, SKI BUKOHYIOTHCSI TALIEHTOM 3a PAaXyHOK CHIIU
rpagiTailii 6e3 akTUBHOTO BKJIFOUEHHS M'sI31B IIJICYOBOTO Mosica [2, 4].

Hpyruii Ta TpeTiil eran - OOJbOBUH CHHIPOM 3MEHIIYETHCS, aje IepeBaxkae
BUpaXXeHUH (ikCcOoBaHUM AedIUUT aMIUNITYOu PyXiB 1 KOHTpakrypa [2, 4]. AKileHT
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3MINIYETHCA HA AKTUBHY MEXaHIYHy MOOUTI3aIlif0 Ta BIJHOBJICHHS OlOMEXaHIKH
cyriooa:

1. Texniku pyuHoi macuBHO1 MOO1LTI3aIlii cyriob6a 3a Matiranom ta MeiTiieHioM
(Tpaxiiisi, KOB3aHHS TOJOBKH IUIEYOBOT KICTKH B PI3HMX HAIPsMKaXx), CIPSIMOBaHI Ha
PO3TATHEHHS MOTOBIIEHOT CyrI000BO1 Kancymnu [2, 5].

2.IIponpionentuBHa HelipoM'sizoBa ¢acumitaiis (PNF) nns aktusaiiii poraropHoi
MaHKeTH IjIeda Ta cTadimizaropiB jomnarku [6]. Miodacmiansuuii peniz (MFR): M'ski
MO3/I0BKHI Ta OTEPEUH1 pO3TATHEHHS (pacuianbHuX Gy TIpiB miedoBoro nosica [1, 5].
TepaneBr 311HCHIOE TOBUIBHHUI THCK HAa TPUTEPHI TOUYKH ab0 30HU HAMPYXKEHHS 3
ypaxyBaHHSIM (PYHKIIIOHAIEHOTO OJIOKY M’5I31B, IO JO3BOJISIE€ 3MEHIIIUTH MATOJIOTIYHE
3nmuTiaHHs (pactiii 1 3HU3UTH TOHYC M's131B 0€3 moApa3sHeHHs Karcyiu cyrioba [1].

3.IloctizoMerpuuna penakcaiiisi (I1IP) m'si31B-aroHICTIB 1 aHTaroHICTIB 3 METOIO
yCyHEHHs M'si30BHX 3arthckiB [1]. M'aka maHyanbHa TexHiKa, 10 Oa3yeThcs Ha
Helpo@izionoriyHiid pedieKTOpHIN penakcallli micis 130MeTPUIHOro CkopoueHHs [1].
[lamieHT BUKOHYE MiHIMagbHUUM omip pyxy (6mu3bko 10-20% Bil MaKCHMMAaJIbHOTO)
npotsiroM 7—10 ceKyH/I, Miclisg 4oro ciiaye ga3a po3cnabieHHs 1 TACUBHE PO3TATHEHHS
M's3a pizuynuM TepaneBToM [1]. ITIP Han3BuvaitHO edekTuBHA ISl M'31B-pOTATOPIB
mieya [1, 6].

4 .BKIIIOYeHHsI CIeliaIbHUX BIpPaB Ha KiHE310TeWMyBaHHS Ta MiodaciiadbHUN
pei3 J03BOJISAE 3a 3aKPUTUM KIHEMATUUHUM JIAHI[IOTOM MOKPAIIUTH (PYHKI[IOHAIBHHIMI
CTaH KiHIIIBKH [4, 6].

Oxpemy poJib Bigirpae po0ora (i3MYHOTO TepareBTa 3 Mall€eHTOM Yy (opmari
HaBYaHHS JOMAILIHIA MporpaMi BIIpas, 10 TapaHTye Oe3nepepBHICTh peadlliTaliitHOro
npouecy [4, 7]. lHauBinyanbHUM MiAX1J 10 HABaHTAXEHb 3 ypaxyBaHHSAM OOJbOBOTO
MOPOTy Ta MCUXOEMOIIMHOTO CTaHy XBOPOTO € 3aMOPYKOK YCHIITHOTO BiJHOBJICHHS
Mpane3JaTHOCTI Ta MOBEPHEHHS 0 MOOYyTOBOI aKTUBHOCTI [2, 4, 7].
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AT'OHICTHU PEIHENITOPIB GLP-1 TA PU3UK PAKY
IMUTONOAIBHOI 3AJ103U

Hinenko Karepuna AnapiiBaa

AcucTeHT Kadeapu 3araibHOi MPAKTUKHA — CIMEHHOT MEMITMHA
Ta BHYTPIIIHIX XBOPOO

XapKiBChKHMM HAIllOHATLHUM MEUYHUN YHIBEPCUTET

AkcboHOBa AHacracis CepriiBHa
3100yBay OCBITH
XapKiBChbKHI HAI[IOHAIbHUN METUYHUIN YHIBEPCUTET

Kapnaymenko AHHa AHApiiBHA
3100yBay OCBITH
XapKiBChbKHI HAI[IOHAIbHUNA METUYHUN YHIBEPCUTET

Beryn. [lIupoke BripoBamkenns aronictis perentopiB GLP-1 (AI'TI-1) y kniHiuHy
NPAKTUKY JIKyBaHHs IyKPOBOI'O J1a0eTy 2 TUIy Ta OKUPIHHS CIPOBOKYBAJIO XBUIIIO
3aHEMOKOEHHS LIOJ0 PU3UKY PO3BUTKY paky wuTononaioHoi 3ano3u. IlogibHo mo
JOKJITIHIYHMX JOCHIDKEHb Ha rpusyHax, y skux Al'TI-1 BuknuMkamu m0303ajIeKHY
rinepmiasito C-KJIITHH Ta po3BUTOK MenytisipHoro paky (MPII3), ynpasninas FDA
BBEJIO 3aCTEPEKEHHS IIOJ0 MPOTUIOKa3aHb npu cimeriHomy MPII3 Ta cungpomi
MEN 2 [9,10]. Ognak nroaceki C-KIITUHU MalOTh MIHIMAJIbHY €KCIIPECIIO PELENTOPIB
GLP-1, a meraaHanizu Ta BEIUKI MDKHApOAHI BHOIPKH 13 3a1y4Y€HHSM aKTUBHOIO
KoMmmaparopa i 1HrioiTopiB gunentuawi nentugazu-4 (iDPP-4) - He BusBumu
MiBUIICHHS TPUYUHHOTO PHU3UKY. BomHOYac HETpuBaNWil CIJIECK 1arHOCTUKU
KapUUHOM, SKUW BHSBUIM Yy TEPIIMA PIK Teparii, MOACHIOITh YaCTIIINM
MPU3HAYEHHSM YJIBTPA3BYKOBOTO Aociimkenss (Y3/1) mia BIUTMBOM 3aCTEepeXeHb [2].

Mera. [IpoBecTu KpUTUYHUIN aHAJI3 Ta CHCTEMAaTU3AIlil0 HAYKOBUX JOKa31B 1100
HAsBHOCTI MPUYMHHO-HACTIAKOBOTO 3B 3Ky MK TEpami€lo aroHiCTaMHu PEIenTopiB
GLP-1 ta po3BUTKOM paKy HIUTOIOAIOHOI 3aJI03H.

Marepiaiau Ta MeToau. [IpoBeeHO cCTEeMaTUYHUM OIS Ta aHAJ13 MyOJiKaIii
(2011-2026 pp.) y ©Oazax manux PubMed, Scopus Tta Cochrane Library.
[IpoanainizoBaHo JaHi JOKJIIHIYHUX BUIIPOOYBaHb, PAHIOMI30BaHUX KOHTPOJIbOBAHUX
JOCJIIPKEHb, METaaHaJl131B Ta MOMYJISALINHUX hapMaKoeniIeMiOIOTIYHUX TOCTIKEHb
3 MPUBOJIY OIIHKU PU3UKY PO3BUTKY paKy IIUTOIMOI0HOT 3a51031 Ha Tu1i Tepanii AI'TI-
1 [1-10].

Pe3yabTarn Ta 00roBopeHHsi. biosoriuHa BipOT1JHICTH OHKOTE€HHOTO BIUIMBY
AITI-1 cyTTeBO 0OMEXY€ETHCS MIKBUAOBUMHU BiIMIHOCTSMHU. Skio y rpusyHiB AI'TI-
1 BUKIHMKAIOTH Tinepruiasito 10 C-KIITHH Ta MEAYISIPHUHN paK 4epe3 BUCOKY IIUIbHICTh
GLP-1R, To y mroguHu eKCIpecis MuX pernenTopiB € MiHiManbHOM [1, 2]. BomHnouac
MeTaaHaJi3u Ta paHjoMiHizoBaHi kiiHiuH1 gociimkenss (PKI), 3okpema mparti Cao et
al., Silverii et al., Ta Duchemin et al. (2025), miaTBep/uKYIOTh HU3bKY aOCOIIOTHY
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4acTOTy paKy MIMTOMOAIOHOI 3a/mo3u 6€3 JTOCTOBIPHOTO ITiIBUINCHHS MPUYHHHOTO
pusuky [2, 4, 5, 9]. Onnak oOMexeHa TpuBanictb PK/] 3MeHIIye iX TOUHICTH 1100
BUSIBJICHHS PIJKICHUX a00 BIJICTpOYEHUX Heoriasziii. TuM He MeHI, BIJICYTHICTb
3pOCTaHHS  CHPOBATKOBOTO  KaJbLIUTOHIHY B  JIIOJCBKUX  BHUIPOOYBaHHSX
YHEMOKJIUBIIIOE CJINE EKCTParoJIIOBaHHS pEe3yJIbTaTiB 3 MOJIeJel TPU3YHIB Ha
KJIIHIYHY TIpakTuky [1, 2, 4, 8, 9].

Janl peanbHOT KIIHIYHOI MPaKTUKH JEMOHCTPYIOTh CYHEPEUIUBI PE3yJIbTaTd
Yyepe3 BIIMIHHOCTI B IM3aiiHi JocimkeHb. Tak, GppaHiry3pke JOCTIKEHHS “BUTMIAA0K-
koHTposb” (Bezin et al.,, 2023) BuUABWIO 3pOCTaHHS PHU3UKY PaKy IIMTOMOIIOHOT
3amo3u (HR = 1,58; mst MPIL3 — 1,78) [2, 6]. Ha BigMiHy BiJ IbOTO, CKaHAMHABCHKI
Ta MibKHapoaHi koroptHi gochimkenHas (Pasternak et al., 2024; Baxter et al., 2025;
oHasj 2,5 MIIH. 0¢i0) 13 3aIy4eHHSIM aKTUBHOTO KoMiapaTopa ajst iDPP-4 ne BusiBuiu
niaBuIeHHs pusuky (00’eqnanuii HR = 0,81) [1, 9]. 1l po301>KHICTh MOSICHIOETHCS
3QJIMIIKOBUM 3MIIIYBAaHHSIM Y JOCHIDKEHHSAX ‘BUIAJOK-KOHTPOJb , TOMAl SIK
BukopuctanHsa iDPP-4 HiBentoe cucteMaTH4H1 BIIMIHHOCTI MK TpYIIaMH.

Cruieck J1arHOCTUKM paKy MUTONOAI0HOT 3ay03u Ha novatrky Tepamii AITI-1 €
HACJI1JIKOM MEJMYHOTO CIIOCTEPEKEHHS], a HE OHKOoreHe3y de novo. Tak, y JOCIIIKeH1
Brito et al. pusuk 3poctaB numie B nepmuii pik (HR = 1,85) 3a ymoBu yacTimoro
npusHaueHus Y31 (2,1% npotu 1,5%), Toni sik Hajgani BiH noBHicTio 3HUKaB (HR =
0,78) [3]. 3 orisamy Ha MOBUIBHUKA pPICT MyXJIMHU, 1€ MIATBEPIKYE HASBHICThH
CUCTEMATUYHOI MOMMJIKM BHUSBIICHHS 1 TIMEPIIarHOCTUKY B)KE€ HASBHUX JIATCHTHHUX
BY3JIIB.

OcTatoyHuUM MiATBEPKEHHSAIM OHKOJIoT1uHOi Oe3neku AI'TI-1 € BiacyTHICTH iX
BIUIMBY Ha B)Xe HasBHI Heorwasii. Tak, mocmimxenHst Patrizo et al. (2026), sike
OLIIHIOBAJIO KIHETUKY MYyXJIMH y MAaLI€HTIB 13 NaOUISIPHUMHU MIKpPOKApLIUHOMAaMH Ii]T
Yyac aKTUBHOT'O CIIOCTEPEKEHHS, TOKa3ano, mo npuiiom AI'TI-1 mpotsrom 5,5 pokiB He
3MIHIOBAaB 00’ €M 4YM J[IaMETP MyXJHUH MOPIBHSHO 3 KOHTPOJIBHOIO Tpymnoro (p = 0,53)
[8]. binbie Toro, TpuBaJICTh Teparii 3BOPOTHRO KOpenroBaja 3 iX 00’eMoM udepes
MOKPAIIeHHS METa00IIYHOr0 MPOQ1TIO Ta 3MEHIIIEHHS XPOHIYHOI T1NepIHCYIiHEMI].

BucnoBku. Pe3ynbpratu ananizy cBII4aTh, 0 HASABHI JOKA3U HE MIATBEPIKYIOTh
onkorenHoro BBy AITI-1 Ha mmTomomiOHy 3ai03y y JIIOAWHH, a MiJBUIIECHHS
YaCTOTH HOBHUX JIIarHO31B Yy MEPIIHN PiK Teparii 3yMOBJICHE MEIUYHOIO MUJIBHICTIO Ta
CUCTEMAaTUYHOIO TOMUJIKOIO BUSIBICHHA. JloBenmeHi kapaioMeTalOoiuHi TepeBaru
MpenapariB 3Ha4YHO MEPEeBAXKAIOTh MOTEHIIIHI PU3UKHU, TOMY PYTUHHUN TUPEOiTHUN
CKPUHIHI HE PEKOMEHJIOBaHWUW TMalieHTaM 0e3 ciMmeiiHoro anamuesy MPUI3 um
CUHAPOMY MHOKMHHO1 €HAOKpUHHOI Heorutasii 2-ro tuny (MEN 2).
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THHITYC: BYOMY HNOJISAATAE MOI'O CKJIAJHICTD?

IHaBaoBa Codisa OuiekcanapiBHa
CTYJCHTKA
XapKiBChKHMM HAIllOHATLHUM MEUYHUN YHIBEPCUTET

/I3mu3a Ainiia BacuiiiBHa
ACUCTEHT
XapKiBChKHI HAIIOHATLHUNA METUYHUHN YHIBEPCUTET

AKmyanobuicmp: TUHITYC - 1€ aHOMaJIbHE CIPHUIHATTS 3BYKY, SIk€ BUHUKAE 3a
BIJICYTHOCTI 30BHIIIHBOIO AaKyCTUYHOTO mojapa3Huka. Cepen ychbOro HaCEJIECHHs
MJIAaHETH JIaHa MaToJIoT1s MPUCYTHS Y 6mu3bko 15% mrozaeit, ane nuie 2,4% 3a3HaloTh
BIIUYTHUI JUCKOM(OPT, 110 IPUHOCUTD cTpaxkaaHHs. [2] Cepen ycKiaHEHb TUHITYCA
BUJUISIIOTh: TPUBOTY, O€3COHHSI, IENPECIiI0, CTPEC, BTpATy KOHIEHTpallli yBaru.

[Tpupoauuii nmepedir TUHITYCY MOKa3ye, MO MICIs WOro MOSIBU BiH, MMOBIPHO,
3anumaeTbes y 80% mnamienTiB, npudaomMy y 20% mDamieHTIB CHOCTEPIra€ThCs MMOBHE
CIIOHTAHHE OAY>KaHHS MPOTAroM 4 pokiB [3]. 3 4acoM IIyM y ByXax CTa€ YaCTUHOIO
CaMO1AEHTUYHOCTI JIIOAMHM, 0 Y CBOIO YEPTY YCKIIAIHIOE IIarHOCTHKY.

Mema podomu: NOCIIIUTH €TIONOTII0 BUHUKHEHHS TUHITYCY Ta C(HOPMYIIOBATH
BHCHOBKH, 11010 MOKJIMBUX METOJIIB JIIKyBaHHSI.

Mamepianu ma memoou: aHani3 HayKOBOi JIITEpaTypH 3a TEMOIO.

Pe3ynomamu: TUHITYC - 11e TETEPOTEHHE 3aXBOPIOBAHHS, TOOTO BAXKKO BHUIILTUTH
3arajJbHUN MEXaH13M/TIPUYMHY BUHUKHEHHS. TaKoX CIIiJ 3a3HaYUTH, 110 Y BAHUKHEHHI
THUHITyCa MOXKE€ OpaTH y4acTh SIK BUKIIOYHO OJIMH 3 MEXaHI3MIB, TaK 1 iX KOMOTHAITisI.

Cepen OCHOBHUX HANpsAMKIB, SIKI NMPOBOKYIOTh BHHHKHEHHS IIyMYy Y ByXax
BUIUISIOTE:

1. Brpara ciyxy. JlenpuBaiiist CiyXOBOro CUTHaJIy 3 HABKOJIMILIHBOTO CEpEeI0BUIIIA
BIJIHOCUTHCS /0 HAWMOUIUPEHINIOI MPUUYUHA BUHUKHEHHS IIYMYy Yy ByXax, ajie CIij
BIIMITHTH, 1O LI€ HE € KOHCTaHTO10. ToOTO BTpara ciryxy Moxe OyTh 0€3 BAHMKHEHHS
IIyMY 1 BIITIOBIJIHO HaBMaKU, CKOPINI 32 BCE 1I€ MOXHA MOSICHUTH YaCOBOIO 3aTPUMKOIO
y BHUHMKHEHHI MaroJioTii. Asie y OUIBIIOCTI BUMNAJAKIB JIATEPAIbHICTh Ta 4YaCTOTA
TUHITYCY 3a3BHYai 301ral0ThCsl 3 BTPATOIO CIYXY (MPU BTPATI CIYXY 3 MPABOi CTOPOHU
— IIyM BUHUKAE BIJIMOBIAHO CTOPOHI BTPATH).

2. ComaroceHcopuka. JlaHuif MexaHi3M MOSCHIOETHCS TUM, 110 3MIHCHUH BX1THUN
CUTHAJ B1JI COMaTOCEHCOPHOI CUCTEMH MOXKE BIUIMBATH Ha aKTUBHICThH IIEHTPAJIbHUX
CIIyXOBHUX INUIAXIB 4Yepe3 APYrHil MMAHUKA CIIMHHOMO3KOBHI HEpB Ta adepeHTHI
BOJIOKHA TPIi4acTOro HepBa, SIKI B3a€MOJIIOTH 31 CIYXOBUM BXIJTHUM CHUTHAJIOM Y
JIOpCaTLHOMY SJIp1 3aBUTKA (KOXJIeapHE SAPO). Y JKUTTI 1€ MPOSBISIETHCS Y BUIIISAI
TOTO, 1110 XBOP1 3/1aTHI 3MIHIOBaTHU T'Y4HICTh Ta XapaKTep THUHITYCY 3a paxyHOK 3MiHU
MOJIOKEHHSI TOJIOBM, IIHi abo miesnenu. | HaBMpOTH, TPaBMU IIHi, OCOOIMBO MO TUITY
«XJIUCTOBI», Ta 3aXBOPIOBAHHS, TIOB’513aHI1 31 CKPOHEBO-HIKHBOIIICICTTHUM CyTII000M
371aTHI MPOBOKYBAaTH BUHUKHEHHS [ITyMY.
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3. Jlenipecis Ta TpuBora. [{ikaBicTh JaHOT IPUYHHHM MTOJIATAE B TOMY, ITI0 BOHA MOXKE
OyTH K (PaKTOPOM THUHITYCY, TaK 1 BAHHMKATH B HACIIOK HBOTO. SICKpaBUM IPUKJIIAIOM
ILOTO € XBOopoOa MeHbepa, Jie OMUPEHICTh Aenpecii cepen xBopux carae 50%. [1]
BBaxkatoTh, 110 Bi10yBAa€ThCS MEPEKPUTTSI MEPEK MO3KY, /1€ KOKHA 3 HUX BIIOBIAA€E
3a SIKMWACH MEBHUM MPOSB, a caM€ TiMOKaMIalbHO-KOPTUKadbHA (CUCTEMa Tam’siTi)
MOPIBHIOE MOTOYHUH MPOSIB IIyMY 3 MUHYIMMH THUM CaMUM BU3HA4Ya€ WOTO T'y4YHICTb,
J00HO-TIM’sTHA (CUCTeMa KOHTPOITI0) (IKCy€ yBary Ha IryMi, TOOTO CIipuiiMae MOTo sSIK
«TONIpa3HUK, Ha SIKAW CHiA 3BEpHYTH yBary» Ta JIMOIYHOI (CHCTEMa KOHTPOJIIO
eMOIIii1) — y pe3ynbTaTi ii MOCTIHHOTO MOAPa3HEHHS BHHUKAIOTh JCPECUBHI CTaHHA Ha
TJII HEraTUBHUX EMOIlil BiA IIyMy Ta BIAMOBIIHO HaBmaku. CHif BIAMITHUTH, IIO
B3a€MO/Iii BCEpPEIUHI MEPEX — MIHIIUBA, TOMY 1 TUHITYC XapaKTepU3y€e€ThCsS YaCOBUMHU
3MiHAMH.

4. KomopOigHicTh. 3adiKcoBaHI BUNAAKU, KOJIW y JIOAEH 3 J1arHOCTOBAHOIO
KaTapakToro ado 3 MOPYILIEHHAM OallaHCy TaKoXK (PIKCYyBaJd PO3BUTOK IIYMY y ByXax.
Ile Bka3zye Ha Te, IO Yy MEXaHI3Max PO3BUTKY MOXYThb JIEKAaTH MYJIbTUMOAAJIbHI
B3a€MOIII.

OKpIM 1IMX OCHOBHHUX HAMNPSMKIB PO3BUTKY THHITYCY TaKOX MO>KHA BIJIMITHUTH 1
iHII:  (Gi3UYHI TpaBMH, aJlkO- Ta HAPKO3AJIEKHOCTI, JIKU (MPOTUITYXJIMHHI,
antu6iotuku, HI133, anTunenpecanTu) Ta TOKCUHU (KaJMiil, MapraHelb, XpoMm).

BucHoOBOK: npoaHami3yBaBiIM 1H(POpMaIlit0, AIHCHO MOXKHA 3pOOUTH BHCHOBOK,
110 y PO3BUTKY THHITYCY 3aKJIaJleHO Oararo pi3HUX (DakToOpiB, IO Y CBOIO Yepry 1
YCKJIATHIOE JTIKYBaHHSA, OCKIJIBKU JOCI HEMAE €JUHOTO KOHCEHCYCY 3 I[bOTO MIPHUBOY.

SAx mpaBWIIO JIIKYBaHHS € CUMITOMaTUYHHUM, ajie B OLIBIIOCTI BUIAJKIB 1€ HE
NPU3BOAMTH 10 BWIIKOBYBaHHA  TMalll€HTa Bl  THHITyca. 3acTOCOBYIOTb
antugenpecantd (Amitpuntuiid, Hoprtpuntwiin, IlapokceTwH), TpOTUCYAOMHI
(Kap6amazenin, I'abanentun, Jlamorpumxun), Oen3zomiazeninn (Kionaszenawm,
Hiazenam), nirytamarepriudi (Akamnpocar, Eckeramin, MemMaHTHH), M1OpeakCaHTH
(uknobenszanpun, Enepuzon, Opdenanpun), micueBuii anectetuk (Jlimokain) Ta
i (AropBacrarun, Menaronin, MizonpocTon, 3,4-MeTuieHaiokcuMeTamperamin
(MIIMA), Hanokcon, OmnpancerpoH, Oxcuronun, Ilipubemun, IIpaminekcorn,
Bapnenadin, Bitamin B12, Ilunk). Takox y pa3i BTpaTtd CiIyXy BCTaHOBIIOIOTH
KOXJICapHi IMIJIJAHTH Ta CJIYXOBl amapard. 3 HEMEIMKaMEHTO3HOTO JIIKyBaHHS
3aCTOCOBYIOTh  TimepOapuyHy  OKCHTEHalliio,  (Qi3zioTepamito, ICUXOTeparlio,
HU3BKOIHTEHCHUBHY JIa3epHY Teparnito. [HKOIM HaBITh BAAIOTHCS J0 HETPATUIIMHOL
MEIUIMHY 110 TUITY aKyITyHKTYpPH Ta i1 Teopii MepUAIaHHUX aKyITyHKTYPHUX TOYOK. [2]

KpiMm Toro BiJicyTHI TakoX 1 00’€KTHBHI NMOKa3HHMKH, 33 SIKUMU MOXHa Oyno O
JOCIIIATA CTYIMIHb TPOSABY THHITyCa, ajieé Ha JAHUW MOMEHT pPO3poOJIeH1
CTaHJApTU30BaAHI AaHKETH JJIA OLIHKHU IIyMYy, IO 3BICHO TMOJETIIY€E JIIarHOCTUKY, aJie
BCE € 3IUIIAETHCA Cy0’ EKTHBHIUM METOIOM.
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CYYACHI NI AXO0IU 10 ATATHOCTUKHU TA
MEHE/KMEHTY I'EHITOYPUHAPHOI'O
MEHOHIAY3AJBHOI'O CHHAPOMY

Crocroka B. T
JTIOKTOP MEIUYHUX HaYK, ITpodecop, 3aBiayBad kadeapy akymepcTBa i TTHEKOJIOr 1,
3anopi3pKuii AepKaBHUN MeIUKO-(hapMalleBTUUHUN YHIBEPCUTET

Ceprienko M. 1O.

KaHIUIaT MEAUYHUX HAYK, JOLICHT Kadeapu aKyIepcTBa 1 THEKOJIOTi,
3anopi3bKuii Jep>kaBHUM MeIUKO-(hapMalleBTUHIHUN YHIBEPCUTET

Onpomuenko C. I1.
KaHJIUJAT MEAUYHUX HAYK, aCUCTEHT KadeIpu aKyliepcTBa i rHEKOJIOr i,
3anopi3bKuii Jep>KaBHUN MeTUKO-(PapMarleBTUYHUN YHIBEPCUTET

Kupuiawok O. .
KaHIUIaT MEAUYHUX HAYK, JOLICHT Kadeapu aKyIepcTBa 1 THEKOJIOT11,
3anopi3bKuii Jep>KaBHUM MeIUKO-(hapMalleBTUIHUN YHIBEPCUTET

Pocaik O.A.

acCUCTEHT Kadenpu aKyIiepcTBa i riHEKOJIOr1,
3anopi3bKuii Aep>KaBHUN MeTUKO-(PapMarleBTUIHUN YHIBEPCUTET

ATpodiuHMil KOJBIIT (BariHiT) Mae 0e3J114 CHHOHIMIB, SIKI BiIOOpakarOTh MOTO
CYTHICTh. Y MEAMYHIN JIiTepaTypi MOXKHA 3YCTPITH TaKl BU3HAYCHHsI, SIK BIKOBHIA,
MMOCTMEHOTIAY3HU I, CEHIJILbHUHN KOJIBIIIT (BariHiT) Ta ByJibBoBariHaibHa atpodis (BBA)
[1, 2]. ¥V 2014 pomi mixg yac koH(pEpeHIli 3a y4acTio eKCIepTiB MiXHapOoIHOTO
TOBApUCTBa 3 BHUBUYEHHSA JKIHOWOro cekcyaiapHoro 31opos’s (ISSWSH) i
[TiBHIYHOAMepUKaHCHKOTO ToBapuctBa MeHomay3u (NAMS) Oyna 3ampornoHoBaHa
HOBa HOMEHKJaTypa [3, 4]. 3 [bOro MOMEHTY TE€PMiHU ByJbBOBariHaibHa aTpodis 1
aTpodiuHMi BariHIiT OyJM 3aMiHEHI Ha CEYOCTAaTEeBUU CHUHAPOM MeHomay3u abdo
re”HiToypuHapauii meHonay3anbhuii cunapom (I'YMC). Bin onucye HHU3KY
HEMIPUEMHUX CTaTEBUX, CEKCYaJlbHUX 1 CEYOBUX CHUMITOMIB, fKI MOXYTb OYyTU
130J1bOBaHUMU 200 ICHYBaTH OJHOYACHO Ta HE MOB’s3aHi 3 IHIIMMH 3aXBOPIOBAHHAMU
[4]. B ocHOBI 3aXBOpIOBaHHSA JICKUTh KIIMaKTEpUUYHUN TOPMOHAIBHUI aucOanaHc 3
MOCTYIOBO HApOCTAIOUUM Je(DIIUTOM €CTPOTEeHIB, MO MPU3BOIUTH J0 aTpo(iyHMX
3MIH TKaHWH >KIHOYMX CTaTeBUX OpPraHiB, BUTOHYCHHS CMITENit0 MiXBU. Taki 3MIHU
BYJIbBH, TIXBU Ta HIDKHIX CEYOBUX NUISXIB MOXXYTh MaTH BIUIMB Ha SIKICTh JKUTTS
KIHKH B MEHOTay31, 0COOJMBO CEKCyallbHO akTUBHUX [5-11]. 'imoectporennuii cTan
MPU3BOJUTH IO TOPMOHAIILHUX Ta AaHATOMIYHHUX 3MiH, OCHOBHHUMH CUMIITOMAaMH SIKHX
€ CyXiCTb, TIEUIHHS Ta MOAPA3HEHHS CTaTeBUX OPraHiB, MO3UBU 10 CEUYOBHUITYCKAHHS,
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TU3Ypis, a TAKOXK peIUAUBYIOUl iHGEKIIT cedoBuBIAHUX NUIXiB [12]. JlerenepaTuBHi
3MIHU CYNPOBO/KYIOTHCS 3alajdbHUMHU SIBUIIAMH 1 MOPYUIEHHSMU MiKpodiopu
CepelloBHUIIA MIXBU. Y JKIHOK 3'IBIISIETHCA O€37114 CKapr: XBOopoOa npuiiMae XpoHIYHUN
nepedir, MOCTYIOBO IPOrPECYE, 3arpokye cepilo3HuMH yckinaaneHusmu [13]. TYMC
CUHIPOM MOKE MPOSIBISATUCS BariHaJbHOI CYXOCTIO, MEYIHHSIM 1 MOJpa3HEHHSM,
CEYOBHMH CUMIITOMHM Ta JU3YPIEI0, TOCTPUMHU, a TAKOXK PEIUANUBYIOYMMU 1HHEKIISIMU
CEYOBUBIIHUX IUIAXIB, JUCKOM(POPTHUMH BIIUYTTAMHU OO0 M CYXOCTIO MiJ dac
IHTUMHHUX CTOCYHKIB. BiH, SIK ipaBui1o, mporpecye 6e3 epekTuBHOI Teparii [14].

JlikyBaHHS AaHOI IATOJIOTI{ 3aJICKUTH BiJI TSHKKOCTI Ta THUITY CHMIITOMIB, a TaKOX
BiJi ymomo0aHb Ta O4YIKyBaHb JKIHKH. OCHOBHOIO TEPalleBTUYHOI METOI0 €
MOJICTIIICHHS! CUMIITOMIB, 1 TOPMOHAJIbHA TEpamis 3aJIUIIAETHCA Hale)EeKTUBHIIINAM
BHOOPOM J1JIsl JIIKYBaHHSI KJIIHIYHUX MPOSIBIB, HE3BAXAIOUM Ha MOOIYHI eekTu Bif il
3acTtocyBaHHsA. OCKUIBKM ICHY€ Oarato BapiaHTIB Teparito, TOMY ii Cij migOoupatu
iHauBiAyansHo [12, 15, 16].

VY BianosigHocti 3 Hakazom Ne 1039 «Menonay3anbHi TOpPYIICHHS Ta 1HIII
po3iaau B epuMeHonay3aibHoMy Tepiofai» Big 17.16.2022 poky, Tepari€ro nepuioi
JHIT 11 MEHII BUPAXKEHUX CHUMIITOMIB € HErOPMOHAJIbHI BYJIbBApHI Ta BariHaJIbHI
3Ma3KH, BariHaJdbHI 3BOJIOKYIOUl 3aC00H, SIK1 3aCTOCOBYIOTh PEryJIApHO (KUJIbKa pa3iB
Ha TWXJEHb). [HAMBIAyanbHI JTyOpUKAaHTH Ta 3BOJIOXKYIOUl KpeMu eheKTHBHI IJis
MOJIETHICHHST AUCKOM(DOPTY Ta OOJIIO IMiJT YaC CTATEBOIO aKTY JJIS KIHOK 13 JIETKOIO Ta
MIOMIPHOIO CYXICTIO TiXBU, OCOOJIMBO IJii THUX, y KOr0 € MPOTUIIOKa3aHHS [0
MIPU3HAYEHHS €CTPOTEHY a00 sIKi BUPIIIWIM MOT0 HE BUKOPUCTOBYBaTH. BpaxoByrouu,
[0 ICHY€ PI3HULS MDK 3BOJIOXKYyBadaMH, >KIHKaMm CJiJi PEKOMEHJyBaTH OOupaTu
MPOJYKT, SIKUM € ONTUMAJIbHO 30aJIaHCOBAHMM SIK 32 OCMOJISUIBHICTIO, Tak 1 3a pH, a
TaKoX (P1310JIOTTYHO HAHOUIBII CXOKUI HAa MPUPOHI BariHaiabH1 BUAUIEHHS [17].

[HTpaBariHajibHI €CTPOT€HOBI IPOAYKTH, KPEM 3 KOH IOTOBAaHUM €CTPOTr€HOM, KpEM
3  €CTpajiojioM, TaOJIETKW eCTpajioNy, BariHaJbHE KUIbIIE 3 €CTPaJioioM 1
TpaHCACPMAJIbHUN TUTACTUP 3 €CTPAII0NIOM JEMOHCTPYIOTh OJTHO3HAYHE TOJICTIIICHHSI
CUMIITOMIB 1 TIOKpAIICHHS IIJKUCICHHS BariHadbHMX TkKanuH [18, 19].
PexomMeH/10BaHO BUKOPUCTOBYBAaTH HAWHIKYY €(QEKTUBHY 103y, 100 3MEHIIUTU
CHUCTEMHMI BIUIUB ecTporeny [20].

Y CHIA ta Kanaai npu3HauarOTh BariHaJbHI CyMO3UTOPIi 3 HU3BKUMH J03aMU
JIET1IpOeTiaHAPOCTEPOHY, IO 3aCTOCOBYETHCS IIOAHS JJIsl JIKYBaHHS AUCHApeyHIi
CEpPEeIHbOI0 Ta BAXKOIO CTYMHEHS Yy KIHOK y MEHomay3i (TakoX BIJOMHH SIK
MPacTepoH), 1€ CTEPOiTHUNA TOPMOH, KU € MPOMIKHUM MPOAYKTOM y O10CHMHTE3I
aHJPOTEHIB Ta €CTPOreHiB [14].

['opMoHaibHa  Tepamiss MICIEBUMH ©CTPOTEHAMH BBAXKAETHCS  «30JI0TUM
CTaHAApTOMY, ajJIc BOHA HE 3aBXKIU Oe3rneuHa abo npuitHATHA. OIHAK € BUTIAIKH, KOJIHA
ICHYIOTh KJIHIYHI TOOOIOBaHHS WIOJAO 1i BUKOPHUCTAHHS ab0 >KIHKM BHOWPAIOTh
HETOPMOHAJIbHI BapiaHTU. TakuM YHHOM, JJIs JIIKYBaHHS CHUMIITOMIB Yy TMOTpPiOHI
Oe3reyHi Ta epeKTUBHI HETOPMOHAJBHI 3acobu [5, 10].

PannomizoBaHe KOHTPOJIBLOBAHE JMOCTIKEHHS MOKa3aa0 e(PEeKTUBHICTD 1 Oe3meKy
OJTHOPA30BUX aIUTIKATOPIB, MOMEPEIHHFO0 HATTOBHEHUX BariHAJIBHUM TEJIEM Ha OCHOBI
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rialypoHOBOI KHUCJIOTH JJISl JIIKYBaHHS CUMIITOMIB, MOB’si3aHuX 3 BBA, y xiHOK y
nocTMeHornay3i [21].

BucHoBok

OTxe, TEpPMIHU CEUOCTAaTeBUN CHHAPOM MEHOMAay3u abo TeHITOypUHAPHUHN
MEHOTIay3aJIbHII CHHIPOM, SIKi BAKOPUCTOBYIOTHCS B JAHUH Yac, BBAXKAIOTHCS OLIBII
TOYHHUM 1 BCEOCSKHUM Y TIOPIBHSIHHI 3 BYJIbBOBariHaJbHOIO aTpodiero Ta aTpopiyHuM
Bari”iToM. [laHWii CHHAPOM € JOBOJII MOMMPEHUM 3aXBOPIOBAHHSAM, OCOOJIMBO Cepe/y
KIHOK Yy TIEpioJ] MOCTMEHOMAYy3H, MO0 OOYMOBJIEHO 3HIDKCHHSIM PIBHSI €CTPOTEHIB.
BpaxoByroun cepito3Hi HACIIIKH I 340POB S Ta SKOCTI KUTTS JAHOT'O KOHTUHICHTY
MaIi€HTOK, 3 METOIO0 YCIIIIHOTO JIIKYBaHHS, IMEPIIOYEPTrOBOI0 € CaMe€ CBOEYACHA
JIarHOCTHKA 3aXBOPIOBAHHS.
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The linguistic realization of apologies has attracted considerable attention in
contemporary pragmatics. Previous research has examined indirect linguistic means of
expressing apologies, emphasizing the relationship between the grammatical structure
of an utterance and its illocutionary force. Indirect apologies may be realized through
statements, questions, explanations, or expressions of regret rather than conventional
apologetic formulas. Their interpretation depends on the communicative context and
the hearer's ability to recognize the speaker's intention [1].

Another direction concerns the conditions necessary for the successful realization
of apology speech acts. Three major types of apologies can be distinguished: emphatic,
phatic, and official. Emphatic apologies foreground the sincerity of the speaker and the
recognition of responsibility for an offence. Phatic apologies primarily serve to
maintain social conventions and regulate everyday interaction, whereas official
apologies occur in institutional or socially asymmetrical communicative situations.
The effectiveness of these speech acts depends on the relationship between the
participants, their communicative status, the circumstances of the offence, and the
speaker's attitude towards the situation [2].

The differentiation between apologies, regret, and sympathy constitutes another
significant problem in linguistic pragmatics. These speech acts may share identical
linguistic forms while performing different communicative functions. For example, the
expression I am sorry may indicate an apology when the speaker acknowledges
responsibility for an offence, express regret concerning an unfortunate situation, or
communicate sympathy when the hearer has experienced difficulties caused by
circumstances beyond the speaker's control. Consequently, the pragmatic interpretation
of such utterances requires consideration of the speaker's intentions, responsibility, and
the circumstances of communication [3].

The theoretical analysis of these approaches demonstrates that apologies should be
investigated as context-dependent communicative actions rather than isolated
linguistic formulas. Their pragmatic characteristics are determined by the interaction
between linguistic expression, communicative intention, social relationships, and the
anticipated response of the hearer.

One of the central characteristics of apology speech acts is the distinction between
direct and indirect strategies. Direct apologies explicitly communicate the speaker's
intention through conventional expressions such as [ apologize, I am sorry, Please
forgive me, and I beg your pardon. These expressions contain recognizable linguistic
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markers that facilitate the identification of their illocutionary force. However, the
presence of an apologetic formula does not necessarily guarantee that the utterance
functions as an apology. Its communicative meaning is established through the
relationship between the linguistic form and the specific situation in which it occurs.

Indirect apologies, by contrast, communicate the speaker's apologetic intention
without necessarily employing conventional expressions. They may involve
acknowledging responsibility, explaining the circumstances of an offence, offering
compensation, or promising that the situation will not recur. For instance, the utterance
1 should have informed you earlier communicates recognition of responsibility, while
1t will never happen again expresses a commitment to changing future behaviour. In
an appropriate communicative context, such statements may function as components
of an apology despite the absence of explicit apologetic vocabulary.

The pragmatic effectiveness of indirect apologies is closely associated with the
listener's interpretation of the speaker's communicative intention. The same utterance
may perform different functions depending on contextual circumstances. For example,
1 did not realize you were waiting may constitute an explanation, an implicit apology,
or an attempt to avoid responsibility. Its interpretation depends on the preceding
interaction, the relationship between the participants, and the communicative
expectations of the hearer. Thus, indirect apologies illustrate the importance of
contextual information in identifying the illocutionary force of an utterance.

Another aspect of apology speech acts concerns their communicative success. The
production of a grammatically correct apologetic expression does not automatically
result in the restoration of interpersonal relationships. A successful apology generally
requires the hearer to recognize the speaker's apologetic intention and regard the
communicative action as appropriate to the circumstances. Sincerity,
acknowledgement of responsibility, the seriousness of the offence, and the relationship
between the participants may influence this process. However, an apology may be
pragmatically appropriate even when the hearer chooses not to forgive the speaker.

The social context also determines the selection of apologetic strategies. In
informal interpersonal communication, speakers frequently employ brief conventional
formulas, particularly when the offence is relatively insignificant. Expressions such as
Sorry I'm late or Sorry to interrupt may function as routine politeness markers. More
serious offences, however, often require elaborate apologetic strategies involving
explicit acknowledgement of responsibility, explanations, and offers of corrective
action. In professional and institutional communication, apologies may additionally
reflect organizational responsibilities, established conventions, and differences in
communicative status.

The distinction between apology, regret, and sympathy is particularly important
when analysing the pragmatic functions of conventional expressions. Although these
speech acts frequently share similar linguistic forms, they differ in their underlying
communicative intentions. An apology generally involves the speaker's
acknowledgement of responsibility for an actual or perceived offence. Regret expresses
a negative emotional attitude towards an undesirable situation but does not necessarily
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imply responsibility. Sympathy, in turn, communicates emotional support or concern
for another person's difficulties.

Consider the following examples: I'm sorry I forgot about our meeting (an apology
involving acknowledgement of responsibility). I'm sorry we didn't have more time
together. (an expression of regret concerning an undesirable situation). /'m sorry to
hear about your loss (an expression of sympathy directed towards a person
experiencing difficulties). These examples demonstrate that identical lexical elements
may realize different speech acts. Their differentiation requires an examination of
contextual circumstances, the speaker's relationship to the event, and the
communicative purpose of the utterance. The expression I am sorry should therefore
not be interpreted as an apology in every communicative situation.

An additional dimension of apology speech acts concerns their role in maintaining
interpersonal relationships. Apologies contribute to the regulation of social interaction
by acknowledging violations of communicative expectations and providing
opportunities to restore mutual understanding. Their effectiveness is influenced by the
participants' social distance, relative status, cultural background, and expectations
regarding appropriate communicative behaviour. In contemporary English discourse,
apologetic strategies may range from conventional politeness formulas to elaborate
expressions of responsibility and reconciliation.

The pragmatic analysis of apologies also demonstrates the relationship between
linguistic choices and the management of interpersonal relationships. Speakers may
select direct or indirect strategies according to the seriousness of an offence, the
emotional state of the hearer, and the potential consequences of the communicative
situation. A direct apology may emphasize responsibility and sincerity, whereas an
indirect strategy may provide an explanation or introduce an apologetic intention in a
less explicit manner. The combination of several strategies is particularly relevant
when speakers attempt to repair relationships following serious communicative
conflicts.

In conclusion, the speech act of apology represents a complex pragmatic
phenomenon whose realization depends on the interaction of linguistic,
communicative, and sociocultural factors. Direct and indirect apologetic strategies
differ in their linguistic forms and degrees of explicitness, while their communicative
effectiveness is determined by contextual circumstances and the expectations of the
participants. The differentiation between apology, regret, and sympathy further
demonstrates that identical linguistic expressions may perform distinct pragmatic
functions. The investigation of these characteristics contributes to a more
comprehensive understanding of interpersonal pragmatics and the mechanisms through
which English speakers negotiate responsibility, express emotional attitudes, and
maintain social relationships.
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The rapid development of artificial intelligence (Al) has significantly transformed
contemporary philological research, introducing new approaches to linguistic analysis,
text interpretation, and lexicographic practice. Al-based technologies offer
opportunities to process large volumes of linguistic data, identify recurring language
patterns, and examine the stylistic characteristics of human- and machine-generated
texts. At the same time, integrating Al into philological research raises important
questions about linguistic accuracy, authorship, contextual interpretation,
methodological transparency, and the role of human expertise. The growing use of
intelligent technologies therefore requires not only an assessment of their practical
advantages but also a reconsideration of traditional approaches to linguistic
investigation.

The aim of this study is to examine the potential of artificial intelligence in modern
philology, with particular attention to its application in discourse analysis and digital
lexicography. The study focuses on the possibilities of Al-assisted linguistic analysis,
the relationship between computational processing and human interpretation, and the
methodological challenges associated with the integration of intelligent technologies
into philological research.

One of the most prominent areas of Al application in linguistics is the analysis of
literary and non-literary discourse. Al-generated texts increasingly demonstrate
linguistic features traditionally associated with human authorship, making the
distinction between human and machine writing a relevant research problem. Khedr
and Abbas [1] investigate human and machine authorship, stylistic characteristics, and
the perception of Al-generated texts in different discourse types. Their research
provides a theoretical basis for examining how artificial intelligence influences textual
production and challenges conventional approaches to authorship and stylistic analysis.
The increasing sophistication of generative models has complicated the identification
of machine-produced texts, particularly when such texts demonstrate grammatical
accuracy, lexical diversity, and coherent textual organization. Consequently, linguistic
research must consider not only the formal characteristics of generated discourse but
also the mechanisms through which artificial intelligence reproduces established
communicative conventions.

From a linguistic perspective, Al-assisted discourse analysis involves examining
lexical choices, syntactic structures, semantic relationships, pragmatic features, and
patterns of textual cohesion. Automated tools can facilitate the identification of
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recurring linguistic structures across extensive text collections, allowing researchers to
investigate similarities and differences between texts belonging to various genres and
communicative contexts. For example, comparative analysis of human- and Al-
generated academic texts may focus on the frequency of lexical bundles, the
distribution of discourse markers, the complexity of syntactic constructions, and the
use of evaluative vocabulary. In literary discourse, attention may be directed towards
figurative language, narrative organization, stylistic variation, and the representation
of individual authorial style. Such investigations can contribute to a more detailed
understanding of the linguistic mechanisms underlying both human and machine text
production.

An important aspect of Al-assisted discourse analysis concerns the relationship
between linguistic form and communicative function. Although artificial intelligence
can identify formal similarities between texts and generate discourse that conforms to
particular genre conventions, the interpretation of communicative intentions remains a
complex methodological issue. Human communication is influenced by social
relationships, cultural expectations, individual experience, and specific situational
contexts. These factors determine not only the selection of linguistic units but also their
pragmatic interpretation. Irony, implicit evaluation, intertextual references, and
culturally specific meanings may present particular difficulties for automated analysis.
Therefore, computational findings should be interpreted in relation to the broader
communicative environment in which linguistic phenomena occur.

The distinction between human and machine authorship also introduces new
perspectives into contemporary stylistics. Traditional stylistic analysis frequently relies
on identifying individual linguistic preferences, recurrent syntactic constructions,
lexical patterns, and distinctive rhetorical strategies. However, generative Al systems
are capable of reproducing stylistic features associated with different genres,
communicative situations, and writing conventions. This creates additional challenges
for authorship attribution, particularly when texts have undergone several stages of
human and machine editing. In this context, the investigation of Al-generated discourse
requires an integrated approach combining quantitative linguistic analysis with
qualitative interpretation. Rather than relying exclusively on automated detection,
researchers should examine the interaction between lexical, grammatical, semantic,
and pragmatic characteristics within individual texts.

Another important direction is the integration of intelligent technologies into digital
lexicography. Markus and Kirner-Ludwig [2] examine the capabilities and limitations
of artificial intelligence through the example of English Dialect Dictionary Online 4.0.
Their study provides a philological perspective on the relationship between emerging
computational technologies and the development of digital lexicographic resources. It
also draws attention to the importance of linguistic expertise in evaluating the
possibilities of artificial intelligence and determining the extent to which automated
technologies can contribute to lexicographic research. This perspective is particularly
significant because dictionary compilation involves not only the collection and
classification of lexical material but also the interpretation of semantic distinctions,
historical developments, regional variation, and contextual usage.
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Digital lexicographic resources provide researchers with opportunities to
investigate lexical variation, semantic relationships, geographical distribution, and
historical changes in language. Unlike traditional printed dictionaries, digital platforms
allow users to combine several search criteria and retrieve linguistic information
according to specific research objectives. Such functionality is particularly valuable in
dialectology, historical linguistics, and corpus-based studies. The integration of
computational technologies into lexicographic practice may facilitate the identification
of lexical correspondences, the classification of semantic variants, and the examination
of relationships between lexical units across different historical periods and
geographical areas. Furthermore, digital dictionaries can incorporate information from
linguistic corpora, historical documents, and other electronic resources, thereby
creating a more comprehensive representation of lexical development.

The potential application of Al in digital lexicography extends beyond the
automation of individual research procedures. Intelligent technologies may assist
lexicographers in identifying potential dictionary entries, detecting semantic
relationships, grouping contextual examples, and examining changes in word usage.
For instance, corpus-based analysis supported by computational methods can reveal
emerging lexical meanings, shifts in collocational preferences, and differences between
regional varieties of English. Such information is particularly relevant to the
development and updating of contemporary electronic dictionaries. Nevertheless, the
reliability of automated lexicographic procedures depends on the representativeness of
linguistic data and the accuracy of the analytical methods employed. Lexical meanings
are frequently context-dependent, while regional and historical varieties may contain
forms that are insufficiently represented in contemporary digital corpora.

The relationship between discourse analysis and digital lexicography reveals two
complementary dimensions of Al-assisted philological research. While discourse
analysis focuses on language use, textual organization, and communicative functions,
digital lexicography concentrates on the systematic representation and retrieval of
lexical information. Both areas benefit from computational methods that facilitate the
processing and organization of extensive linguistic datasets. Moreover, the interaction
between these fields creates opportunities for investigating how lexical meanings are
established, reproduced, and transformed through actual language use. Corpus-based
discourse analysis can provide lexicographers with contextual evidence of lexical
variation, while digital dictionaries offer researchers structured information about
semantic relationships, etymology, and historical development.

The integration of these approaches is particularly relevant to the investigation of
contemporary English, which demonstrates considerable lexical and stylistic diversity
across different communicative environments. The development of digital
communication, social media, and Al-generated content has accelerated the circulation
of new lexical units and contributed to changes in established patterns of language use.
Computational methods can assist researchers in identifying such developments, while
lexicographic resources provide a basis for their systematic description. Combining
discourse analysis with digital lexicography may therefore contribute to a more
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comprehensive understanding of the relationship between lexical innovation,
communicative practices, and linguistic variation.

However, the application of Al in philology also involves methodological
limitations. Generated texts may reproduce stereotypical expressions, overlook
culturally specific meanings, or create seemingly plausible but inaccurate linguistic
information. Similarly, automated lexicographic systems depend on the quality of their
underlying data, search algorithms, and classification principles. Another important
concern is the limited transparency of certain Al models, which may make it difficult
to explain how particular analytical results or linguistic interpretations have been
produced. These limitations are especially significant in academic research, where
methodological reproducibility, the reliability of evidence, and the possibility of
independent verification are fundamental requirements.

Consequently, the effective integration of artificial intelligence into philological
research requires a balanced methodological approach. Automated procedures can be
employed during the preliminary stages of data collection, classification, and pattern
identification, while human researchers remain responsible for evaluating the linguistic
relevance and contextual validity of the results. The combination of quantitative and
qualitative methods is particularly important because statistical regularities do not
necessarily explain the communicative functions or cultural significance of linguistic
phenomena. In addition, researchers should clearly distinguish between authentic
linguistic data and Al-generated examples, document the computational tools used, and
verify automatically produced interpretations against reliable linguistic sources.
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The rapid development of digital communication has created new opportunities for
lexical innovation and the formation of specialized terminology. Fanfiction represents
a particularly productive environment for these processes, as online fan communities
continuously develop, modify, and adapt lexical units to describe literary genres,
narrative techniques, character relationships, and creative practices. The vocabulary of
fanfiction combines established literary terms with neologisms, abbreviations,
compounds, semantic innovations, and expressions specific to fan communities.
Unlike traditional literary terminology, which is generally characterized by relatively
stable definitions, fanfiction terminology develops through continuous interaction
among users of digital platforms. Its dynamic character makes it a relevant subject for
contemporary linguistic and terminological research.

The aim of this study is to examine the principal mechanisms of lexical innovation
and terminological development in English fanfiction, with particular attention to word
formation, semantic change, the emergence of specialized lexical units, and their
communicative functions within online fan communities.

The theoretical framework of the study draws on contemporary approaches to
terminology and terminological systems. Contemporary approaches to terminology
and terminological systems provide the theoretical foundation for this study. Particular
attention has been paid to the semantic characteristics of terminological units and their
standardization, especially the relationship between terminological meaning and the
conceptual organization of specialized knowledge [1]. The distinction between
terminology and terminological systems provides a basis for understanding the
systematic organization of specialized lexical units [2]. Terminology has also been
examined from descriptive, prescriptive, and explanatory perspectives, highlighting the
relationship between specialized vocabulary and its communicative environment [3].
These approaches are particularly relevant to fanfiction, where terminology develops
primarily through community interaction rather than institutional standardization.

The linguistic development of fanfiction is closely associated with the
communicative practices and cultural conventions of online fan communities. The
evolution of fandom and its transition from individual fan communities to broader fan
worlds provides an important perspective on the social environments in which
specialized vocabulary emerges [4]. Within these communities, terminology performs
several interconnected functions: it facilitates communication, expresses shared
cultural knowledge, identifies particular creative practices, and contributes to the
construction of collective identity. Familiarity with specialized lexical units also allows
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participants to recognize specific genres, narrative conventions, and relationships
between fictional characters.

The FanFiction.net platform [5] provides a relevant digital environment for
examining lexical innovation in fanfiction. Its system of genre classifications, story
descriptions, character categories, and community-specific vocabulary illustrates how
linguistic creativity contributes to the formation and development of specialized
terminology. The platform also demonstrates the importance of concise linguistic
expressions that allow authors to communicate essential information about their works
and help readers identify texts corresponding to their interests.

One of the most productive mechanisms of lexical innovation in English fanfiction
is abbreviation, which reflects the need for concise and efficient communication in
digital environments. For example, AU (alternative universe) refers to a fictional
setting in which characters, events, or circumstances differ from those established in
the original narrative. The abbreviation OC (original character) denotes a character
created by a fanfiction author rather than introduced in the original fictional universe.
Similarly, OOC (out of character) describes a representation of a character whose
behaviour, personality, or decisions differ from their established characterization.
Another example is OTP (one true pairing), which refers to a fan's preferred romantic
relationship between fictional characters. These abbreviations demonstrate how
relatively complex concepts can be represented by compact lexical forms that are easily
recognized within fan communities.

Another mechanism is compounding, which involves combining existing lexical
elements to designate new concepts and creative practices. Terms such as fanfiction,
fanwork, songfic, and reader-insert illustrate the productivity of this word-formation
process. The term fanwork functions as a general designation for creative products
developed by fans, including fictional narratives, illustrations, and other forms of
artistic expression. Songfic refers to fanfiction inspired by or incorporating elements of
a particular song, while reader-insert describes a narrative in which the reader is
positioned as a character within the fictional universe. Such formations demonstrate
how familiar linguistic resources acquire specialized meanings and become integrated
into the vocabulary of digital fan communities.

Semantic innovation also plays a significant role in the development of fanfiction
terminology. The term canon, traditionally associated with an established body of
authoritative works, refers in fanfiction to the officially recognized events, characters,
and relationships of an original fictional universe. By contrast, fanon denotes
interpretations, assumptions, or characterizations widely accepted within a fan
community but not explicitly confirmed by the original work. The emergence of this
term illustrates the ability of fan communities to create new lexical units that express
distinctions relevant to their communicative needs.

Another example of semantic development is ship, derived from relationship.
Within fanfiction discourse, this lexical unit functions both as a noun referring to a
romantic pairing and as a verb expressing support for a particular relationship between
fictional characters. The related term shipping designates the practice of imagining,
supporting, or discussing such relationships. These examples demonstrate how
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semantic specialization and morphological derivation contribute to the expansion of
fanfiction vocabulary.

The vocabulary of fanfiction includes numerous genre-specific terms that perform
important classificatory and communicative functions. For instance, fluff typically
refers to narratives characterized by positive emotions, affection, and relatively
uncomplicated relationships, whereas angst describes works focusing on emotional
suffering, psychological conflict, or difficult personal experiences. The term
hurt/comfort identifies narratives in which physical or emotional suffering is followed
by care, support, or consolation. Crossover, in turn, refers to fictional works that
combine characters, settings, or narrative elements from two or more fictional
universes. These lexical units allow authors to identify the emotional tone, thematic
orientation, and narrative structure of their works while helping readers navigate
extensive collections of fan-created texts.

A further characteristic of fanfiction terminology is its dependence on the
communicative context. The meanings of certain lexical units may vary across
fandoms, digital platforms, and individual communities. Terms that initially emerge
within a particular fan group can gradually spread to other communities and become
part of the broader vocabulary of digital culture. This process contributes to the
continuous expansion of fanfiction terminology and illustrates the relationship between
lexical innovation and social interaction.

Although many fanfiction terms possess recognizable meanings and are widely
used across digital platforms, their definitions are not always fixed. New lexical units
may appear spontaneously, while existing terms can undergo semantic extension,
specialization, or reinterpretation. Consequently, the vocabulary of fanfiction
demonstrates the coexistence of relatively stable terminological units and emerging
expressions whose meanings continue to develop through communicative practice.

The analysis of these linguistic phenomena suggests that fanfiction terminology
can be regarded as a dynamic system of interconnected lexical units reflecting the
creative and communicative needs of online communities. Its development is
influenced by both general linguistic mechanisms and the specific characteristics of
participatory digital culture. Abbreviation and compounding contribute to the
formation of new lexical units, while semantic extension and specialization allow
existing words to acquire meanings relevant to fanfiction discourse. At the same time,
genre-specific terminology provides an effective means of organizing fictional content
and facilitating communication between authors and readers.

Thus, lexical innovation in English fanfiction involves several interconnected
processes, including abbreviation, compounding, semantic extension, morphological
derivation, and the development of specialized genre vocabulary. These mechanisms
contribute to the formation of a dynamic terminological system that reflects the
linguistic creativity, communicative practices, and cultural conventions of online fan
communities. Further research may focus on the comparative analysis of fanfiction
terminology across different digital platforms, the quantitative investigation of word-
formation patterns, and the semantic adaptation of English fanfiction terms in other
linguistic and cultural environments.
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JIESIKI ACIEKTH OPTAHI3ALIIT ®I3UYHOI'O
BUXOBAHHA 3I06YBAYA BUIIIOI OCBITH B
YMOBAX BOEHHOI'O CTAHY

AneeBa Oubra BikropiBHa
KaH/1. TeJI. HayK, IOIEHT Kadeapu Hi3uUHOTO BUXOBAHHS 1 CIIOPTY
Opecbkuil HalioHANBHUN yHIBepcuTeT iMeHi [.I. MeunukoBa

Yeoan Birauiii ®exopoBuy
cTapiuii Bukiaaad kadenpu GpizuuHOro BUXOBAHHS 1 CIIOPTY
Onecwkuii HallioHaNbHUHM yHIBepcuTeT iMeHi [.I. MeunnkoBa

Cokos10B Bosrogumup IBanoBu4
BUKJIa/1a4y Kadenpu (Gi3MIHOT0 BUXOBAHHSA 1 CIIOPTY
Onecwkuii HallioHaNbHUM yHIBepcuTeT iMeHi [.I. MeunnkoBa

€dimos I'puropiin OsiekcanapoBuy4
cTapiuii BUKiIanay kadeapu Gisug4HOro BUXOBAHHS 1 CIIOPTY
Onecwkuii HallioHaNbHUHM yHIBepcuTeT iMeHi [.I. MeunnkoBa

AKTyaJIbHICTh JOCTIJPKEHHS 3yMOBJEHa THM, IO I[OBHOMAacIUTaOHa BiilHa
CYTTE€BO 3MIHWJIA yMOBHM HaBYaHHS, TMOBCSAKICHHY AaKTHUBHICTh 1 ICHUXOEMOIIIHHE
caMoONoYyTTs 3100yBadiB BUIIOI OCBITHM B YKpaiHi. [IOBITpsiHI TPUBOTH, BUMYILIEHI
nepeMIlIeHHs, JUCTaHl1iHe a0 3MilIaHe HaBYaHHS, MOPYLIEHHS CHY, HEBU3HAYEHICTb
Ta TpHUBaJE MCUXOEMOLIHHE HaNpy>KeHHS CTBOPIOIOTH JOAATKOBE HABaHTAXEHHS HA
OpraHi3M MOJIOJO1 JIFOIUHH.

Cain 3a3Ha4uMTH, U10 B JOCIIIIKEHHAX HAYKOBI(IB Ta MIEIaroriB-MpakTHKIB B OCTAHHI
POKM aKIEHTY€TbCS  yBara Ha IOIIMPEHHI CHUMITOMIB TPHUBOTH, JEMpecii,
MOCTTPAaBMATHYHOIO CTPECY Ta OE3COHHS Yy CTYAEHTCHKOI MOJIOJI, IO MiJKPECIIIOE
noTpely y MoIIyKax JOCTYMHUX 3aC001B MATPUMKH (13UYHOTO 1 ICUXIYHOTO 3[10POB S
THX XTO 37100yBa€ BUIILYy OCBITY B Cy4acCHHUX yMOBax [2, 3].

OOIpyHTOBYIOUM IUISIXH BUPIIIEHHS O3HAUYCHOI MPOOJIEMH, MU BUXOJUJIHU 3 TOTO,
I10 TOJIOBHOIO METOIO 1 3aBIaHHSM HAaBYAJIBHOTO MpeaMeTy «Di3HYHOro BUXOBAaHHS,
HaJISKUTh JI0 TIEpeIliKy 000B’SA3KOBHX OCBITHIX KOMIIOHEHTIB Maike yCiX OCBITHIX
mporpam 6aKaaaBpChbKOTO PiBHS BUIIOI OCBITH € 30€pEKEHHS Ta 3MIITHEHHS 3I0POB S
MaiOyTHIX (paxiBI[iB; MIATPUMAHHS B HHUX BHCOKOIO pIBHS (DI3WYHOI AKTUBHOCTI
MPOTATOM BChOTO NEPIOAY HaBYaHHS; (POPMYBaHHS OCOOMCTOCTI, 3[aTHOI CAMOCTIHHO
OpraHi3oByBaTH 1 JOTPUMYBATHCS 3I0POBOIO CIOCOOY KHUTTS, BUKOPHUCTOBYBAaTU
(G13U4HY KyJbTYpY Ta CIIOPT B yMOBaxX MailOyTHbOI PO(eciiHOT IsIBHOCTI [2].

®di3uyHa aKTUBHICTH 300yBaya BUIIOI OCBITH MOB’A3aHa SIK 3 TUIECHUM TaK 1 3
EMOIIMHUM CTaHOM 3JI0yBa4iB BHUIOI OCBITU. Meta-aHaniz 2024 poky, 10 SIKOTO
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yBIANIIO 59 AOCHiIKEeHb, MOKAa3aB CTATHCTHUYHO 3HAYYIIE 3MEHIICHHS CHMIITOMIB
TPUBOTH, JIENIPECii Ta CTPeCy Micis mporpaM (Ppi3MuHOT aKTUBHOCTI Yy CTYZIEHTIB [5].

BoaHoyac aBTOpM HarojiomyrOTh Ha HEOIHOPIAHOCTI NOCHIIHKEHb 1 HHU3BKIN
BHU3HAYEHOCT] YAaCTUHU JI0Ka3iB. ToOMy KOpEKTHIllle TOBOPUTH HE MPO rapaHTOBAHUU
TepareBTUYHUM €(EeKT BIpaB, a MPO HAYKOBO OOIPYHTOBAHMM MOTEHINAN (Hi3UYHOT
AKTUBHOCTI SIK CKJIQJI0BOI MIITPUMKH TICUXIYHOTO 3710POB’S.

JloBeneHo, 1m0 peryispHa ¢i3udHa aKTUBHICTh CIIPUS€E BUIIJICHHIO €HI0P(QIHIB,
AK1 TOKpAIyIOTh HACTPid, 3HWXKYIOTh BIAUYTTA TPUBOTU Ta aemnpecii. Perymsphi
¢b13u4H1 BIpaBU 3MEHIIYIOTh Cy0’ €KTUBHE HANpy>KEHH, MOKPAIIYIOTh KOHIIEHTPAIIiI0
Ta COH 1 3arajJoM CHOPUSIOTH BIMYYTTIO Onaromoiyyus. BoHM mMOKpamyoTh
KOPOTKOCTPOKOBY 1 JOBTOCTPOKOBY IaM’siTh, B MPOIIECi BUKOHAHHS (PI3UYHUX BIPAB
(bopMyeTbCcsd BMIHHSA KOHLIEHTPYBaTHM yBary Ha  3aBJaHHI Ta  ITHOPYBaTU
Bi/IBOJIKato4l Qakropu. PeryndpHa ¢i3MuHa aKTHBHICTh MO3UTUBHO BIUIMBAE Ta
3MIIHIOE YC1 CHCTEMH OPTaHi3My — BiJl CEpLEBO-CYIMHHOI JO HEPBOBOI Ta IUXAJIbHOI.

Cnin 3a3HaunTH, MO (I3UYHE BUXOBAHHA € HE JHIIEC €PEKTUBHUM 3aCO000M
(G13UYHOTO PO3BUTKY, 3MIIIHEHHS M 3axXuCTy 370poB’s 3m00yBauiB. Lle mie 1 chepa
CHUJIKYBaHHS, 1 BUSIB COIlialbHOI aKTUBHOCTI, po3yMHa (popma oprasizaiii 103BULIA,
3aci0 PO3BUTKY MOPaIbHO-BOJILOBUX SIKOCTEH.

JI1s CTyAGHTIB ITi/T Yac BITHU BaXKJIMBUM € IICUXOJIOTIYHUN MEXaH13M ITOBEPHEHHS
1o nii. @i3uyHa BIipaBa € KOHKPETHO0, KEPOBAHOO aKTUBHICTIO: JIFOIMHA MOXKE 00paTu
il TpPUBAJICTh, IHTEHCHUBHICTh 1 BHJ. 3a YMOB 30BHIIIHbOI HEBU3HAYEHOCTI TaKa
KEpOBaHICTh 3/1aTHA MIATPUMYBATH BIUYTTS OPraHI30BaHOCTI.

Orxe, cucreMatuyHa (i3MYHA AKTUBHICTh HE 3aMIHIOE MCHXOJOTIYHOI abo
MEIMYHOI OTIOMOTH, KOJIM Taka JOMOMOora HeoOXiHa, MPOTe BUCTYIAE BaKITUBUM
KOMIIOHEHTOM  NpO(UIAKTUKM  TINOAWHAMIi, MIATPUMAHHSA  Mpaue3JaTHOCTI,
HOpMaJli3allii CHy Ta EeMOLIMHOT caMOpEeTyJIsLIi.

AHaJi3 HayKOBO-METOJUYHOI JITEpaTypu Ta JAOCBIAY BHUKIAJAHHSA MPEIMETY
¢i3uune BuxoBaHHs y 3BO cBiguuTh, 110 Mpu opraxizamii (pi3MYHOTO BUXOBAHHS
CTY/ICHTIB B yMOBaX BICHKOBOTO CTaHy, BBEJICHOTO Ha TepUTOpPIi YKpaiHU BHUKIaaadi
kadenp Gi3uyHOr0 BUXOBAHHS 3aKJIAJIB BUIIOI OCBITH HaMarajiuch BUKOPUCTOBYBATH
PI3HOMaHITHI METOJIU 1 3aCO0MU.

JloBeneHo, 10 BOEHHHWM CcTaH mOTpeOye THY4YKoi opraxizaiii (izugHoro
BUXOBAaHHS. 3aHATTS MOXYTh MEPEPUBATUCS YEPE3 MOBITPSIHI TPUBOTH, BIJIKIIIOUEHHS
€JIEKTpOEHEeprii, 3MIHYy MiClld TpOXXKMBaHHS a00 MAHMCTaHIIMHE HaBYaHHI. Tomy
e(eKTUBHA MTporpamMa NOBMHHA MaTH JIEK1JIbKa BapI1aHTIB: MOBHOI[IHHE TPEHYBaHHS 32
HasBHOCTI O€3MEYHMX YMOB, KOPOTKMW JOMAIHIA KOMIUIEKC, XO0AbOy abo iHIIy
JIOCTYTHY aKTUBHICTB YIIPOJOBXK JTHS.

VYKpaiHChKi JOCTITHUKN HAroJOIIyIOTh, III0 B YMOBaX BOEHHOTO CTaHy MporpaMma
HABYAIBHOI TUCHUIUTUHN «(Di3WdHEe BUXOBaHHS» MOBHHHA BPaXOBYyBaTU HE TiTbKU
PO3BUTOK (DI3UYHUX SAKOCTEH, a i MATPUMKY MEHTAJIBHOTO 37I0POB’ S CTY/ICHTIB.

JlocmimkeHHss MOTHBaIlli 3100yBadiB BUIOT OCBITH A0 PI3HUX BUIIB (HI3UIHOI
aKTUBHOCTI CBI4aTh PO HEOOXIIHICTh BPAXOBYBATH 1HAMBITyaJIbHI yIOJ00aHHS Ta
Oap’epu, K1 BUHUKIIU T1i]T 9ac BIHHU.
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Buxonsuu 3 Bulie 3a3Ha4€HHOTO, MOYKHA CTBEP/IXKYBATH, 110 ONITUMI3allisl IPOIECY
(13MYHOTO BUXOBAaHHS B yMOBaX BOEHHOTO CTaHy, SK CIEIlali30BaHoO1,
[IJIECIPSAMOBAHOI, KEpPYyIUuOi MeNaroriyHoi IisJbHOCTI, BUMAara€ IMOIIyKy HOBHX
MIIXO0MIB A0 opraxizamii (i3MYHOI aKTMBHOCTI CTYJACHTIB Ta (POpMyBaHHS IXHBOT
MOTHBAIIll O CAMOCTIMHUX 3aHATHh (DI3UYHUM BHUXOBAHHSM Ta CIIOPTOM, I[IHHICHOTO
CTaBJICHHS JI0 BJIACHOTO 370pOB’s. YHIBepcaibHa Mporpama s BCiX 3700yBayiB
BUILIOI OCBITU € MEHII JIONIJIBHOIW, HIK MOXJIMBICTH BHOOpPY O€3MEYHOTO Ta
MPUWHSATHOTO BUIY PYXY.

besnexka mae Ge3ymoBHuUI mpioputeT. [lix Wac curHamy MOBITPSHOI TPUBOTHU
TPEHYBaHHS HEOOXIHO MPHUNMHUTHA Ta AISITH BIAMOBIAHO A0 O(MIMIMHUX MpaBHII
6e3neku. He cimij BUKOHYBaTH IHTEHCUBHI BIIPaBM B yMOBax roCTPOTO HE3Iy>KaHHS,
TpaBMHU, BUCOKOI Temreparypu ad0 3a HasBHOCTI MEIUYHHUX MPOTUIOKa3zaHb. Ilicis
TPHUBAJIOI TIEPEPBU HABAHTAKEHHS BapTO BiTHOBIIIOBATH TIOCTYIIOBO.

Ha namry gyMmKy, TOLIBHO MOENHYBAaTH a€pOOHY aKTUBHICTh, BIPABH 3 BJIACHOIO
Macolo Tijia, MOO1TI3a1liifH] BIPABU Ta BIPABU 3 €JIEMEHTAMU CTPEHUMHTY.

JUis 3HWOKEHHS MOPOTY BXOPKEHHS MOXKHAa BHUKOPHCTOBYBaTH Kopotki (10-15
XBUJIMH) KOMILJIEKCH, IIOCTYNOBO 30UIblytoun TpuBadicTb. CTyneHTam, sKi
HABYAIOTHCS JUCTAHILIMHO, KOPUCHO IJIAHYBAaTH aKTUBHI IEPEPBU MK 3aHATTIAMHU.

BaxnuBo, mo0 ¢i3uuHa aKTUBHICTH OyJia PETrypsHOI MPOTATOM YCiX POKIB
HABYaHHS Ta PEATMCTUYHOIO JIs1 KO)KHOTO KOHKPETHOIO 37400yBaya OCBITH.

BucHoBku.Takum unHOM, (pi3WYHE BUXOBAHHA B YMOBaX BOEHHOTO CTaHY MOXeE
BUKOHYBAaTH JEKIJIbKa B3a€MONOB’SI3aHUX (PYHKIII: MPOQPUIAKTUYHY, O340pPOBUY,
ajlanTaliiiHy Ta IcuXoeMoliiHy. Moro MiHHICTh IIONIATaE He Y BUKOHAHHI (hJOpMaTbHIX
HOpPMATHUBIB, a Y OpMYyBaHH1 CTIMKOI 3BUYKH JO PyXy Ta HABUYOK CAMOIIIITPUMKH, SIK1
3aITUIIAIOTHCS KOPUCHUMHU 11032 MEKaMHU HaBYAIBHOTO MPOIIECY.
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O®JIANH-3YCTPIUI AK IPOCTIP BIJHOBJIEHHS
INCUXOJIOT'TYHUX PECYPCIB BHYTPILIHBO
IHEPEMIHNIEHUX OCIb: IPAKTUYHA IHTET'PAIIA
METOAY ELHM

IHaBawuyenko Mapuna BikropiBHa
MaricTp MCUXOJIOT1{, MPAKTUKYIOUHIA ICUXOJIO0T
PiBHEHCHKHIT Iep>KaBHUN TYMaHITapHUN YHIBEPCUTET

AHoTamifa. Po3risHyTO oOpraHizamilo OYHUX PECYpCHUX 3yCTpiued Juis
BHYTPIIIHBO  MEPEMINIEHUX 0cCi0 K  JOCTYNHOro rpymnoBoro ¢dopmary
MICUXOCOIIATBHOT MIATPUMKHU. Y HEHTPl yBaru — MpaKTUYHE MOETHAHHS Oe3MeyHol
IpyNoBOi B3a€MOJIIT 3 eleMEeHTaMHu aBTOpPChbKoro metory Emotional-Level Happiness
Management (ELHM) T. [lyHa€eBCBhKOi, CIPSIMOBAHOTO Ha €MOIIIIHY YCBIOMIICHICTD
1 pO3yMiHHS BJIACHHUX MOYYTTIB. 3aPONOHOBAHO CTPYKTYpPY OYHOI 3yCTpiul, MpaBuUiia
dacwmrarii, npukiIaau pedISKCUBHUX 3aBAaHb 1 IAXOAM JO OI[IHIOBAHHS
pesynbTaTiB. [limkpecieHo Mexi 3acCTOCYBaHHS TPYMNOBOI MIATPUMKH Ta TMOTPeOy
MEepEeHANPABJICHHS YYaCHUKIB 13 BUPAKEHUMU CUMIITOMaMH /10 NpOo(pUIbHUX (axXiBIIB.

KitouoBi  cnoBa: BHYTPIIIHBO MEpPEMIlIEHI OCOOW, pPECypcHI 3ycTpidl,
MICUXOJIOTIYHA MIATPUMKA, TPYNOBA B3a€MOJis, eMoLiiiHa ycBigomieHicth, ELHM,
BHUMYIIICHE TIEPECETICHHS.

AKTYQJIBHICTD I IOCTAHOBKA NPOo0JIeMH

Bumyniene mepeceneHHs 3MIHIOE HE JIMIIE Miclle MPOXUBAHHS JIIOIWHHU, a U
CUCTEMY IIOJCHHUX OPIEHTUPIB: 3BUYHE KOJIO CIIJIKYBaHHS, CIMEHHI PO, BITIYTTS
HAJISKHOCTI JI0 CIUIBHOTH Ta YSBICHHA MpO MaiOyTHE. BHYTpIIHBO mepemilieHi
0CcO0M YacTO 3MYIIEHI OJIHOYACHO PO3B’SA3YBATH MUTAHHS JKHUTIIA, IPAICBIAIITYBAHHS
W OCBITU [ITEH, MIATPUMYIOYM KOHTAKTU 3 OJM3BKUMH, SIKI 3aJIUIIMIMCA B 1HIIUX
perioHax. Binrak ncuxoJoriyHu CynpoBiJl Ma€ BpaxoOBYBaTH MOETHAHHS €MOIIHHUX
MepeKMBaHb 13 KOHKPETHHUMH COLIAIBHUMU ToTpedamMu. MDKBiZOMYl peKOMEHarii
IASC mnepenbayatorh OaraTOpiBHEBY TICMXOCOIIabHY MIATPUMKY, BaKIUBUMHU
CKJIQJHUKAMH $IKOi € 3MIIHEHHS CIMEHHHUX 1 TPOMAJCBKUX PECypcCiB, JOCTYIHICTh
JOTIOMOT'H Ta MoBara /10 BUOopy JroauHH [1].

Od¢mnaitH-popmat pecypcHUX 3yCTpideit € 0COOTUBO 3HAUYIITUM TSI IEPECEIICHITIB,
SK1 BIJYYBaIOTh COILIaJbHY 130JIS11F0 200 MarwTh OOMEXEHUW TOCTYH A0 CTaIUX
nupoBUX KaHaAIB CHUIKYBaHHS. besnocepenHiii KOHTAKT JI0MIOMara€ CTBOPUTH
nepeadavyyBaHUM MPOCTIp, MOOAUUTH MIATPUMYBAJIBHY PEAKIII0 1HIIMX YYaCHHKIB,
NOTPEHYBAaTH HABUUYKHU CIIUJIKYBaHHS Ta BIIHOBUTH BIAUYTTS BIACHOI MPUYETHOCTI A0
MiciieBoi rpomaan. BogHouac ¢i3nyHa MpUCYTHICTH cama Mo coOi Ie He rapaHTye
MICUXOJIOT1YHOT Oe3MeKn: MOTP10H1 3p03yMiJli TpaBmiIa, JOOPOBUIBHICTh Y4aCTi, TOBara
JI0 OCOOMCTHX MEX 1 KOMIIETEHTHA (pacumiTaIris.

[Tonepenus npans M. IlaBmtoueHko Oyia MpUCBSYEHA TEOPETUKO-TIPAKTUYHOMY
oOrpynryBansio Bukopuctanis ELHM y pecypcanx ncuxonoriyaux 3ycrpivax [2]. Y
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[[UX T€3aX yBary MEpeHeceHO 3 3arajbHoro OMHCY MiAXO0Iy Ha CIIeHapiid came O4HOI
IpynoBoi poOOTH: SIK OpraHi3yBaTH peCypCHy 3YyCTpid, MIATPUMATH EMOIHY
YCB1JIOMJICHICTh YYaCHHUKIB 1 3a0€3MEYUTH 3B’ 30K MK YCBIIOMJICHUMHM MTOYYTTSIMU Ta
KOHKPETHHUMH JIISIMU B TMOBCSIKJIEHHOMY >KUTTI.

MeTa Ta MeTOX0JIOTIYHI OPIEHTHPH

Meta poOOTH — OKpECIUTH MPaKTUYHY MOJENIb OYHOI PEeCypCHOI 3yCTpiul AJis
BHYTPIIIHBO TMEPEMIIIEHUX OCi0 13 BUKOpUCTaHHsIM eineMeHTiB ELHM, BuzHauuTn
Oprasizaifiiiii yMoBH ii MPOBEIEHHS Ta 3aNpPONOHYBATH IHCTPYMEHTH 3BOPOTHOTO
3B’s3Ky. PoOoTa Mae omMcoBO-METOAMYHUN XapakTep: Il OCHOBY CTaHOBJIATH aHAII3
myOJTiKalii 13 ICUXOJIOTIi CTpecy U TPYNOBOI MiATPUMKH, OTIEPEAHBOI Mpalli aBTOPKU
Ta KOHIIENITyaJbHUX MoyiokeHb Metoay ELHM. KinbkicHI BUCHOBKM MpPO KIIIHIYHY
€()EeKTUBHICTh OYHHX 3YCTPIUEH y IIUX T€3aX HE 3asBISIOTHCS.

Astopcbkuit metog ELHM, onucanuii T. JlyHaeBchkor0 B MOHOTpadii, MpONoOHYy€e
CUCTEMHY poOOTYy 3 TOYYTTSMH Ha OCHOBI Mojeni «7 mouyrriBy [3]. VY
3aMpoNOHOBAaHOMY (opmaTi HOTo €JIEMEHTH 3aCTOCOBYIOTHCS SK CTPYKTYpPOBAHMM
IHCTPYMEHT CAaMOCHOCTEPEKEHHS: YYACHUKHM HA3UBAIOTh MEPEKUBAHHSA, OB’ SI3yIOTh
iX 13 aKTyaJIbHUMH IOTpeOamMu, IOMIYalOTh OCOOMCTI pecypcu ¥ (GOpMYIIIOIOThH
JOCTYNHI KpPOKH. MeTon po3risiiaeTbess sSK JOMOBHEHHS [0 IICHMXOCOLIAJIbHOI
MIITPUMKH, a HE 3aMiHa J1arHOCTUKH, IICUXO0TEepallii YM CreIiaai3oBaHOTO JIKyBaHHS.

TeopernuHi 3acagu OYHMX PeCYPCHHUX 3yCTpiueit

['pynoBa 3ycTpidy MNO€JHYE I1HAUBIIYAIbHUI Ta MIKOCOOMCTICHUNA BHUMIpHU
BiIHOBNIeHHs. Ha 1HAuBITyalbHOMY pIBHI YYaCHUK OTPUMY€ 4ac JJIsi BU3HAYEHHS
BJIACHOTO CTaHy; Ha MI)KOCOOUCTICHOMY — JIOCBiJ] YBaXXHOTO CIIyXaHHS, B3aEMHOTO
BU3HAHHS W OOMIHY crmocoOamu MOJIOJIaHHS TPYAHOILIB. Teopis camoaeTepMiHalii
HaroJIOUIye Ha BaXKJIMBOCTI aBTOHOMI1, KOMIETEHTHOCTI Ta MOB’ A3aHOCTI 3 IHIIIUMHU JIJIs
ncuxosioriyHoro Onaromnonyuusi [4]. BiamoBigHo, (acumitaTop MiATPUMYE MPaBO
JIOJJMHYA MOBYATH, MPOMOHYBATH BJIACHUI CIOCIO ydacTi Ta oOMpaTH MOCUIbHI JUIs
cebe mii.

3 orysaay Ha JOCHIKEHHS KUTTECTIMKOCTI MICHS TSHKKUX MO peakIlii JIroaei Ha
BTpaTy ¥ 3arpo3y € pi3SHOMaHITHUMH; €JUHOTO «IIPABUIHLHOTO)» TEMITY BITHOBJICHHS HE
icuye [5]. Tomy B rpyIii BaXKJIMBO YHUKATH TTOPIBHIHHS MEPEKUBAHD 1 BAMOTH IIIBUJIKO
nepelTn 10 NO3UTUBHOIO MHcIeHHs. [IpormoHoBaHi BopaBu (OKYCYIOThCS Ha
MPUIHATTI aKTYaJbHOTO CTaHy Ta YCBIIOMJIEHHI MOMJIMBOCTEH, TOCTYIMHHUX JIFOJIMHI
CHOT'OJIHI.

Jlns Bemy4oi CyTTEBUMHU € €MOLIMHA YYTJIUBICTb, 3/IaTHICTh 30epiraT paMKH
Ipynu Ta THYYKICTh Yy pearyBaHHi Ha pi3Hi notpebu. Ilpans B. CaBuyka, T.
HynaeBcbkoi Ta M. [loneHkOBOI MpO NCUXOJOTi0 Jifepa ¥ KOMaHJIOYyTBOPEHHS
BHCBITJIIOE POJIb JIIJIEPCHKOT B3aEMO/IIT y (popMyBaHHI KOMaHAM [6]. Y KOHTEKCTI rpyn
MEPECENICHIIIB 11 TOJOKEHHS MOKHAa BHUKOPHUCTATH JJIi OCMHUCJIEHHS pPOJIl
dacumitatopa: BiH OpPraHi3oBY€ CHUIbHY [ISUIBHICTb, PO3MOAUISE yBary MIXK
YYaCHUKAMH Ta MIIATPUMYE TOPU30OHTAJIbHI 3B A3KH, HE CTAaBJISIYM BJIACHUM JOCBIT Y
IIEHTP 0OTOBOPEHHSI.

Oxpeme wMicle MOCIa€ YYTIUBICTh 1O HEBEpOAJbHUX peakiii YYaCHHUKIB 1
3MaTHICTh TPO(ECITHO TOEIHYBATH CIIOCTEPEKEHHS 3 TEPEBIPKOIO  BJIACHUX
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npunymenb. Y pociimkerdi T. JIyHaeBChbKOI €MOIIMHO-IHTYITUBHUX ITiJIXOJIB Y
KOYYMHTY PO3TJISSHYTO MOETHAHHS €MOIIHHOT 0013HAHOCTI, €MITaTii Ta IHTYITHBHOIO
CIpUUHATTS y mpodeciiiuux koHTekcTtax [7]. s odHOi pecypcHOi 3ycTpidi Iie
O3Hayae, 110 Beaydya MOKE MOMIYAaTH 3MIHM TEMITy MOBJICHHS YU TMOBEIIHKH, aje
YTOYHIOE MOTPEOM 3alUTaHHSIMH W 3aJIMINA€ 32 YYaCHUKOM IIPaBO CaMOCTIHHO
BH3HAYATH CBil CTaH.

IIpakTH4YHA MOJ€JIb OYHOI PeCypPCHOI 3ycTpivi

[TpononyeThcst MOAYIbHUN (hOpPMAT TPUBATICTIO OPIEHTOBHO 75—90 XBWIHMH IS
HEBEJIMKOI TPYNU JOpOCiuX. TpUBANICTh 1 KIJIBKICTh YYaCHUKIB CIiJl BU3HAUaTH 3
ypaxyBaHHSIM 3alHUTy KOHKPETHOI TpOMagd, MOXIUBOCTEH NPHUMIIICHHS Ta
kBaui(ikarii Beay4oi. Jlo mouaTky 3ycTpidl y4aCHUKIB O3HAHOMIIIOIOTH 3 1i METOIO,
TOOpPOBUIBHUM XapaKTepoM poOOTH, MpaBHiIaMu KOHQIIECHIIIHHOCTI Ta MEXKaMH iX
3a0e3nedeHHs y rpymi. [lyOniune po3noBilaHHA TPAaBMATHYHUX ICTOPIA HE € YMOBOIO
y4acTi.

[lepmmii eranm — 3HaOMCTBO 1 CTBOpeHHs Oe3neyHux pamok (10—15 xB). Benyua
IPOIOHYE KOPOTKE MPEICTaBICHHS Ta HEUTpajbHE 3aUTAHHS PO TE, 110 ChOTOJHI
MO’K€ MIATPUMATH JIIOAUHY. Jlani rpyna norojkye mnpaBuiia: TOBOPUTH BiJl MEPIIOT
ocobu, ciayxatu 0e3 OIIHIOBAaHHS, YTPUMYBATHUCS BiJl HEPOXAHUX MOpPai, 10aTH PO
BJIaCHUM KOoM(OpT 1 3aumaT 3a co00ro npaBo Ha nay3y. Ha nupomy erami KOpHUCHO
MOKa3aTH JOCTYIIHI CMOCOOM CaMOMIATPUMKH Ta MICHEBI KOHTakTH (HhaxoBoi
JOTIOMOTH.

Hpyruii eran — opieHTanis Ha TenepimHiii MoMeHT (10 xB). YyacHukam
MPOIMOHYIOTH 3BEPHYTH YBary Ha BiT4yTTsl OTIOPH, HABKOJUIIIHI IPEAMETH Ta TIOTOYHI
TIJIECHI cUrHaiM. Takl KOpPOTKI BIPaBU MEPEryKyrThcs 3 pekomeHaamisimu BOO3
II0JI0 MPAKTHUK 3a3€MJICHHS I TOMIYaHHs MEePEeXUBaHb y CTPECOBUX OOCTaBUHAX [8].
Koxxna BmpaBa 3aiMIIaeTbCs JOOPOBUIBHOIO: JIIOJIMHA MOXE CIOCTEpIraTH,
BUKOHYBAaTH ii 13 3aIUTIOIIEHUMU a00 PO3IUIIOIMIEHMMH O4YMMa YW OOpaTd 1HIIWN
KoM(pOPTHUH CITOCIO ydJacTi.

Tperiit etan — nociikeHHs nouyTTiB 3a MoTuBamMu ELHM (20-25 xB). Benyua
NPOIMOHYE Yy4YyaCHUKaM Ha3BaTH MOYYTTS, sIKI HalOuibllle MpHCYTHI 3apa3, 1, 3a
OaxaHHsI, TIO3HAYUTH 1X CJIOBaMH a00 KOJIbOpaMU Ha 1HAMBIAYaJbHOMY AapKyIIIi.
3aMiCTh OIIIHIOBAHHS MMOYYTTIB SIK «JI0OPUX» YK «IIOTAHUX» aKI[EHT POOUTHCS HA TOMY,
Ky 1HGOpMAII0 KOXHE TEepeKUBaHHS ga€ mpo mnorpedu moauHu. CiM piBHIB
aBTOPCHKOT MOJIEJ1 MOXKYTh CIIYTYBATH OPIEHTUPOM ISl peIieKcii; TOBHUHN aJIrOpUTM
MeToAY MOoTpedy€e TOTPUMAHHS aBTOPCHKOTO onucy [3].

YerBepTHii eTan — MONIYK pecypciB y KOHTakTi 3 rpymnoto (15-20 xB). ¥ mapax
abo TpiiiKkax y4acHMKH MOXYTh oOroBoputH 3anutaHHs: «lLlo miaTpumyBano mene
panime?», «Ha xoro s MOXy cnepTucs ChOTOJHI?», «SIKy BiacHy Hit0 s XOTiB OU
MOBEPHYTH Y IIOJCHHE XUTTA?». Ha 3aBepiieHHst KoxkeH 3a OakaHHSM Ha3UBa€ OJUH
JIOCTYMHUM pecypc: KOPOTKY TMPOTYJISHKY, CIUJIKYBaHHS, TBOpYE 3aHSITTS,
KOHCYJIBTAIIII0 YU THIIHMK 0OpaHuii cocid TypOoTH mpo cebe. 3aBaaHHS BEIy40i —
MIIKPECTIOBAaTH PI3HOMAHITHICTh pecypciB, a He (QopMyBaTH €IUHUN TeEpemiK
«TPABUIBLHUX» BIITOBIICH.
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[T’siTHit etan — nepeHeceHHs A0CBiny y noBcskaeHHe KuTTs (10—-15 xB). Koxen
y4acHUK (POpPMYJITIIO€ HEBEIMKUNA KOHKPETHUHM KPOK Ha HAOJIM KU1 JH1 Ta BU3HAYAE, KA
OiATpUMKa TOTpiIOHA [ #Moro peanmizamii. 3aBepiieHHS mepeadadae KOpPOTKE
n00poBUIbHE KOJIO pediiekcii Ta iHGopMaliio Mpo HACTymHI 3ycTpidi. Dacumitatop
TaKOXX Mae IepeadadyuTH MOKIIMBICTh 1HAWBIAYaJbHOTO 3BEPHEHHS MICIS TPYHOBOI
po0OTH, SKIIO NMEBHA TeMa BUKIIMKAJIa CUJIbHI TIEPEKUBAHHS.

PoauHHMA KOHTEKCT | MIXKIIOKOJIIHHA MiATPUMKA

[lepeceneHHst BiAOMBAETHCA HA CTOCYHKax JAOPOCIMX 13 JITbMHU: 3MIHIOIOTHCS
MpaBujia IIOJCHHOTO >KUTTS, OCBITHE CEpeIOBUINE M Koo Apy3iB. Tomy pecypcHi
3yCTpidi Il TOPOCIUX MOXYTh BKJIIOYATH OOTOBOPEHHS E€MOIIHOI MPUCYTHOCTI
0aThKiB, yMIHHS Ha3UBaTH BIIACHI MTEPEKUBAHHS 0€3 MepeKiIaaHHs BiITOBIIaILHOCTI
Ha JUTHHY Ta CTBOPEHHSI IPOCTUX CIMEMHUX PUTYaATIB HIATPUMKHU. Y METOAOJOTTUHIN
cratrti T. [lyHaeBcbkoi mocmimkeHo amantaniro ELHM no poGotu 3 emomiiHuM
CTAHOM Matepl Ta OKPECICHO MOXJIMBI HACIIJIKU JJI1 B3a€MOJIIi MaTepl # IUTHUHU Ta
eMoIfiiiHoro cepenoBuiia poauHu [9]. Llsg mpausg mpomoHye  CTPYKTYpY
1HUBITyaJIbHOTO KOYYHMHTOBOI'O CYIPOBOJY; il pe3yJibTaTh BapTO BIAPI3HATU BiJl
nepeBipeHoi emmipuyuHoi epektuBHOCTI. Okpemo FO. Manuk po3risigae 3acToOCyBaHHS
ELHM nns popmyBaHHS eMOIIHHOT KOMIETEHTHOCTI JITeH JomKiuIbHOrO Biky [10].
O6uaB1 poOOTU JOMOBHIOIOTH POJUHHUN BUMIpP MIATPUMKH, OJHAK caMi cOOOI0 He
JOBOJIATH PE3YIBTATUBHOCTI OYHUX PECYPCHUX 3YCTPIUei JJIsl MepeCeeHIB.

Axkmo B OYHIA TIpymi MOOPYWIYIOTbCS TEMU OaThKIBCTBA, Beayda MOXeE
3ampornoHyBaTu peduiekcito: «Ske mouyTTs s XOuy JOMOMOITH JUTHHI Ha3BaTU?»,
«SIKo10 KOPOTKOIO (hpa3or0 MOXKY MOKA3aTH, 110 Y0 117». BomHouac 3aHATTS 3 AITbMU
MOTPEOYIOTh OKPEMOT MpOorpamMu, BIKOBOI aianTarlii, 3rofu 3aKOHHUX MPECTaBHUKIB
Ta BIAMOBIHOT MIATOTOBKU (PaxiBIiB.

YMoBH 0€e311e4HOr0 BIIPOBA/KEHHS Ta OLiHIOBAHHS

[lepen moyatkoM poOOOTH CIiJl OLIHUTH AOCTYIHICTh MPUMIILEHHS, MOXJIUBICTD
KOH(D11eHII1ITHOT pO3MOBH, MOBHI IOTPEOU Ta pealibHi 6ap’epu A yuyacti. J{s monei
13 BUPOKEHUM JIMCTPECOM, CYIIUIATBHUMHU JAyMKaMu a00 O3HAKaMU TSKKHUX
MCUXIYHUX PO3JIaJiB TOTPIOHI OKpeMi MapHIpyTH 3BEPHEHHS JO0 BIIMOBIIHUX
¢axiBuiB. acwmiTaTop Ma€e 3HaATH MICIIEBY MEPEXKY TICUXOCOIIAIbHOI, COIIaIbHOT Ta
MeIUYHOI JoToMOTH. Takuii TiaXi1 BiAMOBIIAE MPUHIIUITY 0araTOPiBHEBOI MIATPUMKU
B Ha/I3BUYAMHUX cHTyarisax [1].

s omiHroBaHHs hopMaTy AOLUIBHO BIJOKPEMITIOBATH 3aJ0BOJICHICTh 3yCTPIUYIO
B1JI peaJIbHUX 3MiH IICUXOJOTTYHOTO cTany. [1iciist 3aHATTS MOYKHA aHOHIMHO 3aIUTaTH,
4y OyB (hopmaT Oe3MeUHUM 1 3p03YMIJIUM, SIKI BIIPABH YYACHUK BBa)KA€ KOPUCHUMHU Ta
Yy XOTiB OU BIJBIIATH HACTYIHY 3yCTpid. SKIIO METOIO MOAAIBIIOTO JOCHIIKEHHS
cTtaHe mepeBipka pesyiabTatuBHOCTI ELHM, coiin 3a3nmanerip BUSHAYMTH KpUTEPii
BKJIFOUCHHS, CTaHJAPTHU30BaHI TOKA3HWKU OO 1 MICIA MUKy 3YCTpidueH, TepMiH
MMOBTOPHOTO BHUMIPIOBAHHSA, TOPSIOK OTpUMaHHS 1H(OOPMOBAHOI 3roju W 3aXHUCTY
nepcoHanbHux Aanux. Jlocnimxenas T. JlyHaeBChKOI 11010 1HAUBITyaIbHOI pOOOTH 3
KIHKAMH TIiJT 9ac PO3JIyYCHHS MOXKHA BPAaXyBaTH SIK MPUKIAJ 1HIIOTO KOHTEKCTY
Bukopuctanas ELHM, He oToTOXHIOIOYH Oro pe3yisTaTu 3 podoroto cepen BITO

[11].
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OxpemMUM HampsMOM MiJTPUMKH CIMEH IEpEeCceNeHIlIB € B3a€MOJIig 3 OCBITHIM
cepenoBuiieM. Y cratti T. JlyHaeBCbKOI MpO MeJaroriyHi TeXHOJIOrii GopMyBaHHS
YCBIJIOMJIGHOCTI Ta €MOIIMHOI CTIMKOCTI PO3IJISHYTO 3HAYEHHS EMOIIHHOT
rpaMOTHOCTI, emrmarii ¥ camopeduiekcii memarora s arMochepu JIOBIpU B
ocBiTHhOMY Tporiect [12]. Lli momokeHHsT MOXYTh JAOMOBHIOBATH PECYPCHI 3yCTpiui,
KOJIM 0aThbKH OOTOBOPIOIOTH aIanTalliio JITeH O HOBOT MIKOJW Ta CIIOCOOH CITiBITpalli
3 YUUTEISAMH.

BucHoBku

OuHi pecypcHi 3yCTpidi Ui BHYTPILIHBO MEPEMIIIEHUX 0CI0 MOXKYTh MO€IHYBATH
JOCTYIHY €MOIIIHHY MIATPUMKY, 3MII[HEHHS COIIaJIbHUX 3B’SI3KIB 1 PO3BHUTOK
YBXHOCTI J0 BIAacHUX MouyTTiB. Ha BiaMiHy Bing cyTo iH(pOpMAIiiiHOTO 3aHSTTS,
3ampoINOHOBaHa MOJIENb Mepeadavyae MmocaiJOBHUM EpeXil BiJl CTBOPEHHS 0€3MEYHOTO
IPYNOBOrO MPOCTOPY JO0 IHAMUBIAyabHOI peduiekcii, B3a€MHOI MIATPUMKH i
KOHKPETHHUX KPOKIB Y TOBCSAKICHHOMY >KHTTI.

Enementn ELHM cTBOPIOIOTH 3MICTOBY OCHOBY JUISl JOCIIIKEHHS MEPEKUBAHD
0e3 HaB’sA3yBaHHS YydYacCHUKaM OaXaHOTO eMOIIHHOro crany. llepcrnekTUBHUM
HaIPsIMOM € anpooOarlisi OKPecIeHOi MPOrpaMu B TPOMaiax 13 MOJANbIIUM €TUYHUM 1
METO/IOJIOTIYHO KOPEKTHUM OI[IHIOBaHHSM 1i TNPUUHATHOCTI Ta Pe3yJIbTATiB.
Oco065uBOi yBaru notpeOyroTh JOCTYIHICTh 3yCTpIUeH JIs JTI0JIeH 13 pI3HUM J0CB1IOM
MIepPECENICHHs, MATOTOBKA (PaciliTaTopiB 1 Opraxizallis MapuipyTiB CIeliaii30BaHOl
JOTIOMOTH.
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MOAEJIb OHIHIOBAHHA A1OBIPHU 10 PE3YJIBTATY
ABTOMATHU30OBAHOI'O TECTYBAHHA 3A
HAABHOCTI HECTABIVIBHUX TECTIB

Yuxenu Baaguciaas OJgiekcilioBuy,
acIripaHT
Jlyubkuil HalllOHAJIBHUN TEXHIYHUM YHIBEPCHUTET, YKpaiHa

ITocranoBka mpo6Jemu. HectabimbHUM Ha3MBaIOTh TECT, SKHM HAa OAHOMY WU
TOMY CaMOMY KOJIi MOK€ MMPOXOAUTH SIK YCHIITHO, TakK 1 HeycmintHo [1, 2]. ¥V Bemukux
MPOEKTAaX TaKl TECTU MOXKYTh 3yCTPIUaTUCA JOCUTh YAcCTO 1 3aBaKaTH PO3POOHUKAM,
OCKIJIbKH HE3PO3YMUIO, YA HEYCHIIIHUI TECT BKa3y€ Ha pealbHy MOMUWIKY, YU L€
BUITAIKOBHII 301ii [3, 4]. [lommpeHoro peakiiero KoOMaH/ € epe3anycK TeCTy, A0KH BiH
He Tpoiie ycmimHo [3]. Ase Takuil miaxiJ He yCyBae NpUUUHY HecTabipHoCTi. Kpim
TOTO, YCHIX MICHS ACKIIBKOX CIHPOO BBAXKAETHCS PIBHOIIHHUM YCIIXYy 3 MEPIIOi
cnpoOu, Xouya Hacmpapll I CHUTyallili JawTh pi3Hy iHpopMmamio. [Iporte
3araJbHOMPUMHATOI MOJIET, fKa O JT03BOJIsUIa KUIBKICHO BpaxyBaTH II0 PI3HUIIIO,
Hemae. Tomy meroro poOoTH € onuc (GopMaabHOI MOJIENI, sIKa J03BOJISE OIIHUTH
pe3yibTaTH TECTyBaHHS 3a JBoMa Kkpurepismu. I[lo-mepiie, HACKUIBKM MOXHa
JOBIPSITH YCIIIIHOMY PE3yJibTaTy TECTyBaHHS, SIKIIO YACTUHA TECTIB HeCTaOUIbHA?
[lo-npyre, CKUIBKM YCHIIIHUX 3alyCKIB MOTPIOHO, MO0 MOCATTH 3aJaHOTO PIBHSA
JOBIpU?

IMo0ynoBa mopeni. byneMo BBakatu, M0 cucremMa MoKe NepedyBaTH JIMIIE B
OJIHOMY 3 JIBOX CTaHIB: a00 BOHa KOpeKTHa (rmo3HauyuMmo e cran C), abo MICTUTh
nedexkr. Ille 10 3amycky TecTiB MU MaeMO MOYATKOBY OLIHKY 7T — HMOBIPHICTb TOTO,
1110 CHCTEMA KOPEKTHA. [i MOKHA OTPUMATH 3 XapaKTEPUCTUK 3MiHH KOy, HAPUKIIAJ,
3 i1 po3Mmipy Ta ictopii nedexTiB y 3miHeHux ¢ainax. CaMm TeCT OMHCYeEMO JIBOMa
napameTtpamu. [lepmmii — WMOBIpHICTH XMOHOT HEBAAYl 0, TOOTO WMOBIPHICTH TOTO,
mo TecT OyJe HEYCIIIIHUM, XO0Ya CHUCTeMa KOopekTHa. Jlpyruit — WMOBIPHICTH
nponycky aedekry [, ToOTo HMOBIpHICTh TOro, IO TECT IPOMJE, Xoda CHCTeMa
MicTuTh nedekt. [Ipomyck mMoxiuBuii, 60 nedeKkT Mae He JuiIe OyTH BHUSBICHHUM
TECTOM, a ¥ BIUIMHYTHU Ha Pe3yJIbTaT, sIKUi TeCT nepesipse [5]. s ominku mapamerpa
0. BI3bMEMO HEYCIIIIHI BUKOHAHHS TECTYy Ha KO, KWW HE 3MiHIOBaBcs. s
napameTpa 3 BUKOPUCTAEMO YaCTKY A€(PEKTIB, IKI TECT MPOITYCTHUB 1 iK1 OyJIU 3Hai1eH1
mizHime. O0uaBa 111 MapaMeTpu MOKHA OIIIHUTH 3a 1ICTOPIEIO 3aIMyCKiB 1 3MiH KOJY.

Jlnst 3py4dHOCTI 3aMiCTh MMOBIPHOCTI OyleMO BHUKOPHUCTOBYBAaTH IIAHCH SIK
B1IHOIIICHHS] UMOBIPHOCTI TOTO, 1110 CHCTEMa KOPEKTHA, 10 KUMOBIPHOCTI TOT0, 1110 BOHA
Mmictuthb fgedekt: O =P /(1 — P). [lepeBara BUKOpUCTaHHS IIAHCIB Y TOMY, IO 3 HUMH
teopema baiteca Mae yxe mpocty ¢popMy: IIAHCH TICIS CIIOCTEPEKESHHS TOPIBHIOIOTh
[aHcaM JI0 CTIIOCTEPEKEHHS, TOMHOKEHUM Ha BiJIHOMICHHS TpaBiomnoaioHocTi L(r).
JUJis OTHOTO 3aMyCKy 3 PE3yJIbTaTOM I MAa€EMO:

OC|r)=[rn/(1—m)] " L(1). (1)
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Tyt n / (1 — m) — MOYATKOBI MIAHCH TOTO, IO cucTema KopektHa, a O(C | r) —
IIAHCH TIICIIA TOTO, SK MM MOOAauuiad pe3ysbTaT 3amycky r (ycmix abo HeBaaya).
Bignomennss mnpasmomnomioHocTi L(r) mokasye, y CKUIBKM pa3iB pe3yabTaT T
UMOBIpHIIIHNI 1711 KOPEKTHOT CUCTEMH, HIXK Uit cuctemH 3 tedpexrom: L(r) =P(r | C) /
P(r | nedexr). st TecTy 3 mapamerpaMu o 1 § OTpUMY€EMO:

L(ycnix) =(1 —a)/B; L(neBmaua) =a/ (1 — P). (2)

®opmyna (2) mokazye, MO SKIIO CHUCTEMAa KOPEKTHA, TECT MPOXOAUThH 3
HMOBIpHICTIO | — 0, @ IKITO0 BOHA MICTUTH A€(PEKT, TO 3 UMOBIpHICTIO 3. BinHomenHs
X NBOX uucen i € L(ycmix). AHamoriyHo, HeBIaya Ha KOPEKTHIM CHCTeMi Mae
HMMOBIPHICTG 0, a Ha AedekTHid BianoBiaHo 1 — B. Axuio L > 1, pe3ynpraT 3011b10Yy€E
IIAHCU KOPEKTHOCTI, sikiio L < 1, Toxi 3MeHIlye, a sikiio L = 1, To He 3MIHIO€E HIYOTO.

Tenep po3rasiHeEMO cepiro 3 n 3aIycKiB, 3 SKUX k 3aBepuivncs ycnimHo, a n — k
Oynu HeBnamuMmu. [IpunycTrmo, 110 3armycky YMOBHO HE3aJI€XKHI 1 pe3ysIbTaT OJTHOTO
3alyCcKy HE€ BIUIMBA€ HA PE3yJbTAaT IHIIOTO. TOAl BIAHOLIEHHS MPaBAONOAIOHOCTI
OKpEMHX 3aITyCKIB IPOCTO NMEPEMHOKYIOThCS, 1 UMOBIPHICTh KOPEKTHOCTI MICIIsI BCI€i
cepii JOPIBHIOE:

P(C |k, n) =n(1 —a)o™*/ [rn(1 — a)o*+ (1 — o)1 — B)"X]. (3)

YucenbHuk Gopmynu (3) — 1€ WMOBIPHICTb OTPUMATH CaM€ TaKl pe3yJIbTaTH,
Ko cucrema KopekTHa (k ycmixiB 3 iMOBIpHICTIO 1 — o KoXeH 1 n — k HeBlay 3
HMMOBIPHICTIO 0. KOYKHA), TOMHOKE€HA Ha MOYaTKOBY UMOBIPHICTh . pyruil 1o1aHok
y 3HAMEHHUKY — T€ came sl cucTeMu 3 AedekToM: k ycmixiB 3 HMOBIPHICTIO 3, n —
k HeBmau 3 iiMoBipHicTIO 1 — [, momHOkeHe Ha 1 — . OTxe, HpopMyra MOPIBHIOE,
HACKIJIbKH J100pe KOXKEH 13 BOX CTaHIB MOSCHIOE TE, III0 MU criocTepirayiu. Pesyiaprar
3aJIeKUTH JIMIIIE BiJl KUTBKOCTI YCIIXiB 1 HEBAY, a HE Bijl IXHbOTO MOPsAKY. Benunuuny
P(C | k, n) mporonyemMo BHUKOPUCTOBYBATH SIK TMOKA3HUK JIOBIPU 10 KOPEKTHOCTI
CUCTEMM 3a pe3yJibTaTaMH TeCTyBaHHA. BoHa ommucye, HAacKUIbKM MU BIIEBHEHI B
KOPEKTHOCTI CUCTEMHU Ha OCHOB1 HAasIBHUX JIaHUX.

3 dopmynu (2) BUIUIMBAE BaXKJIWMBHI BHCHOBOK. YCIIIIHUN 3aMyCK MiABHUIIYE
JIOBIPY JIMIIE TOMl, KOJM TECT MPOXOJUTh HAa KOPEKTHIM CHCTEMI YacTilie, HDK Ha
nedektHiil. ko x B 6nu3bke 10 1 — o, TO TeCT MaiikKe HE PO3pPi3HAE KOPEKTHY 1
ne(eKTHY CUCTEMY, 1 KOXKEH HACTYIMHUM YCHIIIHUNA 3aITyCK Maiye HIYOrO HE 3MIHIOE.
3BificK BUILTMBAE, M0 TMEPE3almyCKH HE MOXXYTh KOMIIGHCYBaTH TECT, SIKHH TOTaHO
BUSBIISIE e(DEKTH.

[Ile ogHMM BaXJIMBUM IMUTAHHAM € KUIBKICTh MOCHUIb YCHIIIHUX 3alyCKiB,
HEOOX1IHA J1JIs1 JOCATHEHHS 33JIaHOTO PIBHS JOBIpH T. SIKIIIO BC1 3aMTyCKU yCHIilIHI (h =
k), To 3a popmymamu (1) 1 (2) mancu KopekTHOCTI micst k 3amyckiB TOpiBHIOIOTH [7T /
(1 -m)] - [(1 — «) / P]*. MiMOBipHiCTH KOPeKTHOCTI Gy/Ie HE MEHIIIOKO 3 T TOJ, KOJH 1
mancu He meHtr 3a T/ (1 — ). [IponorapudmyBasim 110 HEPIBHICTh, OTPUMYEMO:

k>In[t(l1 —=n)/((1 —tv)n)] / In[(1 —a) / B]. 4)
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3 bopmynu (4) ButIHMBAE, IO 31 3pOCTAHHSAM 33JIaHOTO PIBHS JIOBIPH T BITHOCHO
MIOYATKOBOT'O PIBHS T KIJIBKICTh HEOOX1THUX YCIIIIHUX 3alyCKIB 301IbITyEThCS. Tak
caMo KUTBKICTh 3aIyCKIB 3aJIeXKUTh Bij BigHOIIEHHS (1 — o) / B, yuM OJrKYe BOHO 10
OJIMHUIII, TUM OLIIbIIIe 3POCTAE KUIbKICTh HEOOXITHUX 3amycKiB. Skmo x 1 — a < f3,
32/1aHOTO PIBHS JIOBIPU HE BAACTHCS JIOCATTH 3a JKOJHO1 KUIBKOCTI 3aITyCKIB.

AHaJi3 NPAKTHKH Mepe3anycKiB. 3aMporoHOBaHA MOJIENb JO3BOJISIE OLIIHUTH
NOIIKUPEHY TPAKTUKY «Iepe3alycKaTh TeCT, JAOKM BiH He mpoiiae». PosrimsHemo
CUTYAIIi10, KOJH TECT CIIOYaTKy 3aBEPIITUBCS HEBAAIIO, a MICIIS IMePE3amyCcKy MPOMUIIIoB
yemimHo (n = 2, k = 1). BigHomenHs npaBaonoaiOHOCTI IS TaKoi Mapy pe3yibTaTiB
JOPIBHIOE JOOYTKY ABOX MHOXHHKIB 13 popmynu (2):

L(uweBnmaua, ycnix) =[a/ (1 —=B)] - [(1 =)/ B]=a(1 —a) / [B(1 — B)]. ®))

Axmo a <P <0,5, To Ay Takoi napu pe3ynbrariB L < 1, ToOTO 10BIpa 10 cCUCTEMH
CTa€ HUXKYOIO, HDK OyJia 70 3aIllyCKy TECTIiB. SIKILIO K BpaXxOBYBaTH JIMIIE OCTaHHIM,
YCHIIIHUN pe3yJbTaT, TO J0Bipa Oyae 3poctatu. TakuMm 4MHOM, BpaxyBaHHS TUIBKU
OCTaHHBOT'O 3aITyCKy 3aBHUIIY€E JIOBIPY IO CUCTEMH. AJie MPUUYMHU HECTaOUIBHOCTI
4acTo TMOB’S3aHlI 13 CEPEOBUINEM BUKOHAHHS, HANpPHUKIAJ, 13 30BHIMIHIMU
3aJIeKHOCTAMU 200 mapajienbHICTIO mpoueciB [4]. ToMy MOBTOpHI 3allyCKHd B TOMY
caMOMYy CEpEIOBUII MOXYTh OyTH 3aJIeXKHUMU OJUH BijJ oHOro. Yepes 1e peanbHa
KUIBKICTh HE3aJEKHHUX CIIOCTEPEKEHb MEHINA 3a N, 1 3Ha4eHHs k 3 hopmynu (4) ciin
PO3IIIAJIaTU SIK HHJKHIO MEXY.

BucHoBku. byno 3anmpornoHOBaHO MOJENb, SKa JO03BOJISIE OLIHUTU AOBIPY JO
KOPEKTHOCTI CHCTEMH Ha OCHOBI 1CTOPI1i aBTOMaTU30BaHOTO TECTYBAaHHS Ta IOYAaTKOBOI
OLIIHKM PU3UKY 3MIHU. BaXTMBUM BUCHOBKOM € HEOOX1JHICTh BpaXyBaHHS BCI€i cepii
pe3yabTaTIB TECTYBAHHS, 100 OTpUMATH O1JIbIII TOYHY OI[IHKY. Y MOJaIbIINX poOOTax
MJIaHY€TbCSl OLIHUTH TmapameTpu o 1 B 3a xypHanamu Cl peanbHUX MPOEKTIB 1
BKJIIOUYNTH TIOKA3HUK JIOBIPM JO0 KOMILJIEKCHOI OIIIHKM SKOCTI IPOTPaMHOTO
3a0e31eUeHHs.
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The tourism industry is one of the most dynamic components of the global
economy, yet it is also highly sensitive to external shocks, crises, and geopolitical
shifts. For Ukraine, the current stage of tourism development is marked by
unprecedented challenges stemming from the full-scale war, infrastructure destruction,
a decline in international tourist flows, and changing consumer behavior. At the same
time, these crisis conditions highlight the need for new operational models for the
industry—models grounded in adaptability, innovation, digitalization, and social
responsibility. Consequently, examining strategic directions for tourism development
in Ukraine holds both theoretical and practical significance for the formulation of state
and regional recovery programs [1].

In the current environment, the national market for tourism services has undergone
a structural transformation. Traditional segments of mass outbound and inbound
tourism have contracted significantly, while domestic tourism has emerged as a priority
[2]. As noted in academic studies, the domestic market has become a key driver for the
survival and support of hospitality industry enterprises, stimulating the development of
regional economies as well as small and medium-sized businesses.

An analysis of the current market situation makes it possible to identify several key
directions for tourism development in Ukraine:

1. Diversification of tourism products and development of niche sectors. Modern
consumer preferences have shifted towards safety, local experiences, and emotional
engagement. Gaining particular popularity are:

- recreational and wellness tourism in relatively safe regions (Zakarpattia, [vano-
Frankivsk, and Chernivtsi regions);

- gastronomic and craft tourism, bringing together local producers, winemakers,
and regional culinary traditions;

- ethnographic and cultural tourism focused on exploring intangible cultural
heritage;

- industrial and urban tourism (sustainable urban exploration formats and updated
tour routes in cities located in the rear).
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2. Digitalization and technological modernization. Today, information
technologies serve not merely as a promotional tool but as a fundamental prerequisite
for the operation of the tourism business. Digitalization initiatives encompass the
creation of national and regional tourism portals, the implementation of electronic
booking systems, the development of virtual 3D tours of museums and historical sites,
and the use of interactive mobile applications for travelers. Digital solutions enable
increased market transparency, cost optimization, and improved service quality.

3. Implementation of the sustainable development concept (Sustainable Tourism).
The restoration of Ukraine’s tourism infrastructure must be carried out in compliance
with European Union environmental standards. This entails reducing the human impact
on natural ecosystems, developing green rural tourism, ensuring the energy efficiency
of accommodation facilities, and preserving biodiversity in national nature parks and
biosphere reserves.

4. Creating an inclusive environment. The war and its consequences have brought
the issue of tourism infrastructure accessibility for veterans, persons with disabilities,
and people with limited mobility to the forefront. Barrier-free accessibility is becoming
a mandatory standard for hotels, restaurants, museums, and transport networks.

5. Human resource potential and education in the tourism sector. Changing market
conditions necessitate a transformation in approaches to professional training. A
modern tourism and recreation specialist must possess skills in crisis management,
digital marketing, and project management, as well as a deep understanding of
European integration processes.

In summary, the strategy for tourism development in Ukraine at the current stage
must be based on the synergy of government institutions, business, and the civil sector.
The key vectors for recovery include ensuring tourist safety, the digitalization of
services, the development of domestic and regional potential, adherence to
environmental sustainability standards, and the integration of the Ukrainian tourism
product into the European space. Achieving these objectives will make it possible not
only to overcome the consequences of the crisis but also to create a competitive,
innovative, and human-centric tourism industry of a European standard.
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MOAEJIOBAHHSA EJIEKTPOTEIIVIOBOI'O CTAHY
PO3IrAJIY’KEHOI'O HIMHHOI'O BY3JIA 3
JJATYHHUMU KOHTAKTHUMHU BCTABKAMHU

Kupuuenko Oaexcanap CepriiioBuy,

KaHAUIAT TEXHIYHUX HAyK, JOIICHT,

JOLEHT Kadeapu CyTHOBOJIIHHS Ta eKCILTyaTalii

TEeXHIYHUX CHUCTEM Ha BOJHOMY TPaHCIOPTI

BinokpemiieHuit CTpyKTypHUH miapo3ain «/lyHalcbKuil iIHCTUTYT
BOJIHOTO TpaHCIopTy HallioHaIbHOTO TPaHCIIOPTHOTO YHIBEPCUTETY»

Puxjik MukurTa QJiekcaHapoBHY,

3100yBay nepuioro (0akaaaBpChbKOTO) PiBHS BUIIOI OCBITH
cneniaiabHocTi J5 (271) Mopcekuii Ta BHYTPIIIHIN BOJAHUNA TPAaHCIOPT
Binokpeminenuii CTpyKTypHUH TiApo3ai «/{yHallcbkuii IHCTUTYT
BOJHOIr0 TpaHcnopTy HaiioHanbHOro TpaHCIIOPTHOTO YHIBEPCUTETY»

OgHUMHU 3 OCHOBHHIX €JIEMEHTIB PO3MOJIIBLHOT YaCTHHHU EJICKTPOCHEPTETUIHHX
CUCTEM Ha TPAHCIIOPTI € CTPYMOIPOBIIHI MHUHU. J[1ITHKaM CTPYMOIPOBITHUX IIMH 3
BI/ITATY)KEHHSIMU Ta KOHTAKTHUMH 3'€THAHHSAMH CJIJI TPUILISATH OCOOJMBY yBary.
BoHu xapakTepu3yroTbCs HEpPIBHOMIPHICTIO B PO3MOJAUIl OCHOBHUX pPOOOYHX
CJEKTPUYHUX 1 TEIUIOBUX TMapaMeTpiB. Tomy 3amjis 3amoOiraHHs MOXJIMBUM
MONIKO/PKEHHAM 1 BIJIMOBaM JaHOTO OOJIAJHAHHS TPAHCIOPTHUX CHUCTEM CIIiJI
MPOBOJIUTH  €JIEKTPOTEIUIOBE  MOJICTIOBAHHS 3  YypaxyBaHHSM  BJIACTUBOCTEU
BUKOPUCTAHUX MaTepialliB Ta iX €JIEKTPOXIMIYHOI CyMicHOCTI [ 1-4].

Jns  jpocmigkeHHs  C(pOPMOBAHO  TPUBUMIPDHY  TIE€OMETPUYHY  MOJEIIb
pO3rajgyKeHoro By3Jia CTPyMONpoBiTHUX I1uH (puc. l,a, 6) 3 ypaxyBaHHSIM
BUMOT [5]. OCHOBHY MaricTpajibHy IIMHY MPAMOKYTHOTO riepepi3zy S0X5 MM BUKOHAHO
3 TexHIyHO uyucToro amomiHito EN AW-1050A y naraproBanomy crani H19, mo
XapaKTepU3y€eThCsl MIABUILCHUM CTYNIEHEM 3MIIIHEHHS BHACIHIJIOK  XOJIOJHOT
maacTuyHoi Aedopmarii. JJo OCHOBHOT IMIMHU NPUEAHAHO JIBl IIMHU 3 OE3KUCHEBOI
Brucokoouninenoi miai Cu-OFE (UNS C10100) npsimokyTHOTO miepepizy S0x5 MM Ta
30x5 mM. MK amOMiHIEBOIO Ta MIJHUMH IIHHAMH BCTAHOBJICHO IMIIHAPHYHI
KOHTaKTHI BcTaBKU VP50 1 P30 MM BiANMOBIIHO, TOBIIMHOI 4 MM, 3 IIEHTPaJbHUM
oTBOpoM P12 mm mig 60aTOBE KpirsieHHs. KOHTakTHI BCTaBKM BUTOTOBJICHI 3 JaTyH1
CuZn30 (UNS C26000), mo mictuts mpudauszao 70 % miai ta 30 % muaky. Tpumaui
IIIMH BUKOHAHO 3 E€JIEKTPOI30JIAIIIHOTO Marepiady Ha OCHOBI €MOKCHUIHOI CMOJIH.
3’eIHaHHS IIMH 1 JaTYHHUX BCTaBOK MK HUMH BHKOHAHO 3a JIOITIOMOTOI0 00JITOBOTO
KpiruieHHs 3 001ToM M 12 noBxuHOoI0 40 MM.
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8 2
Pucynoxk 1. 'eomerpuuna (a, 6) Ta po3paxyHKoBa (8, 2) MOJIEI PO3Taly>KeHOTO
By3Jla CTPYMOIIPOBIIHUX IIWH 13 TATYHHUMH KOHTAKTHUMHU BCTaBKaMU MIXK
OCHOBHOIO AJIIOMIHIEBOIO Ta JIBOMA MIJHUMH ITHHAMU:
a, 6 — PpOHTATBHUYN BUTIISA, 0, 2 — TUIILHAN BUTJIS
JIxepeno pucyHka: po3po0IeHO aBTOpaMu

Ha ocHOBi reoMeTpraHOi MOACITI TOOY0BAaHO PO3PAXyHKOBY MOJENb (pHcC. 1, 8, 2)
Ta BUKOHAHO CTAal[lOHApHUN 3B’S3aHUM EJEKTPOTEIIOBUNM PO3PaXyHOK METOJIOM
CKIHYeHHHX eneMmeHTiB [1-3]. Ha BxigHOMy TOpui OCHOBHOi MaricTpajibHOI
anmoMiHieBoi muHU 3aaaBanu ctpyM 300 A. Ha oqHOMy BUX1THOMY TOpIIi aJTFOMIHI€BOT
Ta KIHLIEBUX TOPISX JBOX MITHUX LIMH 33/1aBajld HYJbOBUM €NEKTPUUYHUN MOTEHLIIA.
Taka mocraHoBka 3abe3nedye pPO3NOAUT CTPYMy MDK TpbOMa MLUISIXaMH HOro
INPOXO/UKEHHS BIANOBIAHO 10 1X EJNEeKTPUYHMX OmnopiB. TemgoBUILICHHS B
CTPYMOIIPOBIIHUX €JIEMEHTaX BU3HAYAJIOCS 3 ypaxyBaHHSM HKOYJIEBUX BTpaT.

TennoBiABeACHHS BiJl MIOBEPXOHBb MOJIENI BPaXOBAaHO HUIIXOM 3aJIaHHS IPUPOTHOT
KOHBEKIlli 3 KoedimieHToM TemioBigaadi A=10 Bt/(M*>-°C) 3a Temmneparypu
HaBKOJIMIITHLOTO cepeioBUINA /=20 °C. logaTkoB1 TeMIiepaTypHi FpaHUYH1 YMOBH HE
3ajaBany. [ Bizyanizalii pe3yibTaTiB BUKOPUCTAHO KOJIbOPOBY IIKAJY, B IKiM CUHIHN
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KOJIp BIAMOBiJIa€ MiHIMAJIbHUM, 3€JICHUN — CEepeaHIM, a UePBOHUNA — MaKCUMaJIbHUM
3HAYEHHSM JIOCHIIKYBAaHUX BEJIUYUH (pHC. 2).

a—1[20,1;22.8] 6—1[20,1;22,8]

6—j[0;1,6:10°] 2—j[0;1,6:10°]

Pucynoxk 2. PesynsTatu monentoBanus temmneparypu ¢ [°C] (a, 6) 1 TycTuHA
ctpymy j [A/M?] (8, 2) po3ray’KeHOro By3ja CTPYMOIIPOBiIHMX ILHH i3
JATYHHUMH KOHTAKTHUMU BCTABKaMU MI>)K OCHOBHOIO aJIFOMIHIEBOIO Ta

JBOMa MITHUMU MHaMU 1pu ctpymi 300 A 3a yMOB NPUPOJHOT KOHBEKIIII:

a, 6 — PpOHTATBHUYN BUTIISA, 0, 2 — TUILHUN BUTJIS
Jlxepeno pucyHka: po3po0eHO aBTOpamMu

3a pesynpTaTaMH MOJICTIOBAHHS BCTAHOBJICHO HEPIBHOMIPDHMI XapakTep
PO3MOIIY T'YCTUHU CTPYMY B pO3raiay>kKeHoMy By3ui. HailOuibin BUpakeH1 JTOKaIbHI
3MIHU CIIOCTEPITaloThCs B 00JACTSAX BIATATYKEHb 1 KOHTAKTHOTO 3’ €HAHHS MiTHUX
IIMH Yepe3 JIaTyHHI BCTaBKM 3 OCHOBHOIO MAariCTpajbHOIO AJTIOMIHIEBOIO IIUHOIO.
MaxkcruMasbHe 3HaUeHHs TYCTUHU CTPYMY CTaHOBUTH Oin3bko 1,60-10° A/M?, Toxi sk
B €JIEKTPOI30SLINHUX €JIeMEHTaxX KPIIJICHHS TYCTHHA CTPYMY IMPAKTHYHO JOPIBHIOE
HyIo (puc. 2, 8, 2).

TemmnepaTypHe 1moje TakoK Ma€ HEPIBHOMIPHUH XapakTep. 3a 3a1aHOT0 CTPyMY Ta
YMOB TIPUPOJIHOI KOHBEKIIlI TeMmIlepaTypa €JIeMEHTIB By3ja IepedyBae B MexKax
npubnuzno 20,1-22,8 °C (puc. 2, a, 6). HalGiapn Harpiti AUISHKA BiATOBIIAIOTH
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00JIacTsIM 3 MIJBHUINECHUM €JICKTPOTEIJIOBUM HABAHTAKCHHSIM, TOJIl SIK TeMIIepaTypa
BiTAJICHUX JUISHOK IIWH HAaOMKAEThCSI JO TEMIepaTypud HAaBKOJIHUIIIHBOTO
CepeIOBHIIIA.

OTxe, 3acTOCYBaHHS YHCEIBHOTO MOJIENIOBAaHHS [Ja€ 3MOTYy BHU3HAUUTHU
0COOJIMBOCTI PO3MOJIITY TYCTHHU CTPYMy U TeMIepaTypu B PO3TATYyKCHHX BY3J1ax
CTPYMOIIPOBITHUX IIUH Ta JIOKATI3yBaTH JAUISHKH MiJBUIICHOTO €JIEKTPOTEIIIOBOTO
HaBaHTaxeHHsA. OTpUMaHi Pe3yJIbTaTh MOXKYTh OyTH BUKOPHUCTAHI JIsl OI[IHIOBaHHS Ta
BJIOCKOHAJICHHS KOHCTPYKIli KOHTAaKTHHX 3’€IHaHb CTPYMOIIPOBITHUX IIHWH
EJIEKTPOCHEPTETHYHUX CUCTEM TPAHCIIOPTHUX 3aCO0IB.
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