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METOA ®OPMYBAHHA BIBJIIOTEKH TA ITIOIIYKY
CTAHY HITPOLEJIIOJO3HOI'O IOPOXY 3A CEPI€IO
BUMIPIOBAHD

CigenbaukoB Ouiekcanap BoiaroguMupoBu4
AcmipaHt
Hanionansuuit yniBepcutet «Ojechka MoMiTEXHIKay, YKpaiHa

AHOTALIA

PoGoTa mnpucBsYeHa aIrOpUTMIYHIA oOpradizamii 010JI0TE€YHOTO  MOIIYKY
MOTOYHOTO CTaHy HITPOIIEIIOJIO3HOTO MOPOXY 3a cepiero BUMIipioBaHb. [lomepenHii
KOHTYp (¢opMye MacuB (pi3UYHO JONMYCTUMHUX PO3pPaXyHKOBUX CTaHIB, a ONEPaTUBHUNA
KOHTYp 3ICTaBJIsI€ €KCIIEPUMEHTAJIbHI MTAPU «PEKUMHUHN MapaMeTp — TEMIEpATypay» 3
eJIeMEHTaMH1 MacHuBY.

bibmiorexka mae TtpuBumipHy cTpykrypy (7, y, I;). HopmoBani napamerpu
€JIEMEHTHOTO CKJIaly I eHepreTUYHOI XapaKTePUCTUKN KOTYIOThCS YOTHPHUOIOKOBUM
YHCIOM-3TOpTKOI0 E). KoxkeH ekcriepumeHT GopMye MHOKUHY AOMYyCTUMHX KOJIIB;
MEePEeTUH MHOXKHH JJIsl cepli HaBaKOK BU3HAYA€ COUIBHUN cTaH mapTii. ExeMeHTHHI
OasilaHC, HEBIJI'EMHICTh KUIBKOCTEH PEYOBHHM Ta (ha30Ba Y3TrOJKEHICTh BHIIYYalOTh
(G13UYHO Hepeani30BaH1 KaHIUIaTH.

1. Beryn

OmnepatuBHa inenTudikaiis HIIT motpedye CTpykTypu HaHUX, siKa IOB’S3Yy€
BUMIPIOBAHI IapaMeTpu 3 TMONEPEeJHbO pO3paxoBaHUMM cTaHaMu. lloBTopHe
PO3B’sI3aHHST HENIHIMHOI CHCTeMM Il KOXKHOI MpoOu 301IbIIye 0OUYMCITIOBANIbHI
BUTpATU Ta 30epirae 4YyTIUBICTh OOEPHEHOI IMOCTAHOBKMU JO MOXUOOK 1 MOraHoi
oOyMmoBieHocTi [1-3]. bibaioTeunuid METO1 MEPEHOCUTh PIBHOBAXXKHI PO3PaXyHKH 10
MOMNEPETHBOI0 KOHTYPY Ta 3aMIHIOE ONEPATUBHY IHBEPCIIO IHAEKCHUM MOIIYKOM
cepen (pi3MYHO JOMYCTUMHUX CTaHIB [4].

KoHTponibHa cepisi OXOIUIIOE HABaXKKW OJHIET mapTii. 3MIHM CKIagy Ta
eHepretnynux mapamerpis HIII, cnpuunHeHi cTapiHHSIM 1 yMOBaMH 30epiraHHs,
BIUIMBAIOTh Ha HOro €HEProOajiCTUYHI XapakTepUCTUKU [5—7]. Y KOHTPOJbHOMY
€KCIIEpPUMEHTI 111 3MIHU B1IOOPaKAIOThCSA y BUMIPSHIA TEMIEpATypl Ta30BOi CyMIilll
[4]. OnuH pexuM BUAUISE JIUIIE TIMHOXHHY TOMYyCTUMHX cTaHiB. CHiJIbHUIA CTaH
BU3HAYAE TIEPETHH IMIJIMHOXKHUH, copmoBanux jisi Bciei cepii. lleHTpamsauMu
3aJjladyaMM € CTpyKTypa 010J10TeKH, KOJyBaHHS MMapaMeTpiB 1 aIrOPUTM y3rOKEHHS
KaH/IUJIaTIB.

Meta pobGotu — poO3poOUTH aNTOPUTMIUHY cxeMmy (GopMyBaHHS O010110TEKH
pO3B’s3KiB TIpsAMoOi 3amaui Ta igeHtudikamii crany HIIT 3a cepiero ekcriepuMeHTIB.
Cxema OXOIUTIOE€ JUCKPETHU3allll0 BUMIPIOBAHUX BEJIWYMH, MO3UIIIMHE KOIyBaHHS
napameTpiB, MOILIYK 33 MEPETUHOM MHOKUH 1 (13U4HY (PLIbTpaIlil0 pe3yIbTaTIB.

2. ITocTtanoBKa 3a1a4i ifeHTHQiKaLil

KontponbsHa cepis ckiamaerbcsi 3 M EKCIEPUMEHTIB 13 HaBa)KKaMHU OJIHI€l
onHopianoi maptii HUII. s i-ro eKcnepuMeHTy 3a4a€ThCsl PEXKUMHUN TapameTp i,
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SAKUW BU3HAYAETHCSI MACOI0 HABAXKU Ta MapaMeTpaMH ra3oBOro 3alIOBHEHHS €MHOCTI,
1 BUMIPIOETHCS TemrepaTypa 7; ra30BOi CyMillli y €eMHOCTI ¢ikcoBaHoro o0’emy. JlaHi
i-TO EKCIIEPUMEHTY MOIAI0ThCSI BEKTOPOM:

Z;, = (XiJTi)' [ = 1, ,M (1)

Jie Z; — BEKTOpP BUMIPIOBaHb i-T0 €KCIEPUMEHTY; y; — PeKUMHUN napamertp; T; —
BUMIpsHA TeMIieparypa; M — KiIbKICTh €KCIICPUMEHTIB.

[lykaHuil cTaH OXOIUIIOE EHEPTETUYHY XapPAKTEPUCTUKY Ta HOPMOBAH1 KUIBKOCTI
aTOMIB BOJIHIO, KHCHIO 1 a30Ty y OpyTTo-popmyii HIII. KinbkicTh aTOMIB BYTJIEITIO
NpUMaEThCs 3a OJMHHUIII0 HOPMYBaHHS, TOMY oOkpemoro mapamerpa miasi C He
BBOJIATH. J{J14 k-ro BapiaHTa 610110TEKU BEKTOP CTaHy Ma€ BUTJIS:

0, = (It,kJ by ks bo k. bN,k) 2)
ne @r — BeKTOp k-ro pO3paxyHKOBOTO CTaHy; I, — HOpMOBaHa EHTAJbIISA k-TO
PO3PaxyHKOBOTO CTaHy, SIKy BUKOPHCTOBYIOTH SIK HOTO EHEPTETHUHY XapaKTEPUCTUKY;
bk, bo bni — KUIBKOCTI aTOMIB BOJIHIO, KMCHIO M a30Ty, HOPMOBaHI 3a KUIBKICTIO
aTOMIB BYTJICLIIO.

[IpsiMa 3aaya BCTAHOBIIOE BIATOBIAHICTh MUK 6, PEXKUMHUM MapaMeTpoM y 1
BUXIJTHOIO TeMmiiepaTyporo 7. PiBHOBaXXHMI pO3paxyHOK TaKOXK BHU3HAYa€ CKIaM
ra3oBoi Ta KOHJeHcoBaHOi (a3. TepmMoIMHaMIuHI BIACTUBOCTI MPOAYKTIB 3a4aI0THCS
Y3TOJIP)KEHUM JTOBIIKOBUM HabopoM [8]. OGepHeHa 3a/1aua 3HaXOAUTh BEKTOP Oy, AKUM
OJIHOYACHO y3TOJIKY€EThCs 3 ycima napamu (y;, 15).

3. ®opmyBaHHs 0i0/I0TeKN PO3PAXyHKOBHX CTAHIB

dopmyBaHHs O1010TEKH TMOYMHAETHCS 3 BU3HAYCHHS JOMYCTUMHUX JIialla30HIB
EHTaJIbIII1 Ta HOpMOBaHUX KuibkocTel atoMiB H, O 1 N. AITopuTM™ MOCIiI0BHO 3MiHIOE
HE3aJIe’KHI NapaMeTpu, PO3B’sI3ye MpsAMY 3ajady JJId 3aJlaHUX PEKUMIB 1 BIIKUAAE
BapiaHTH, 1[0 TOPYUIYIOTh €JIEMEHTHUM OanaHC abo AaroTh BIJI’€MHI KUIBKOCTI
KOMITOHEHTIB. Ko’keH npuilHATUN po3B’SI30K MICTUTh BHUXIJHI mapamerpu 6y,
teMriepatypy 7, peXKUMHUN MapaMeTp y, PIBHOBAXXHUMN CKJIaJ MPOAYKTIB Ta MOXITHY
€HEPreTUYHY XapaKTepucTuky [1—4].

JIns  KOMIAKTHOro 30epiraHHs 4YOTUPM  HE3QJIEKHI apamMeTpu  CTaHy
MEePETBOPIOIOTHCS Ha IIJIOUUCIIOB] KO ¢, & KOXKeH mapameTp 3aiiMae ikcoBaHy mnapy
JIECSATKOBUX PO3PAiB. UHCIIO-3ropTKa 0OUHUCITIOETHCS 32 TTO3UIIIHHUM MTPaBUIIOM:

3
Fi =) qry 100677 G)
r=0

ne Ej — 4uciio-3roptka k-ro CTaHy; ¢, — ABO3HAYHUU KOJ #-TO HOPMOBAHOTO
napametpa; » = 0 BIANOBIZA€ €HEPreTH4HId Xapakrtepuctuui, a » = 1, 2, 3 —
HOpMOBaHUM KuibKocTsIM aTomiB H, O 1 N BianmosigHo. JlekoayBanHs Ej; 0JJHO3HAYHO
BIJIHOBITIO€ YOTUPH HE3AJICKHI TapaMeTpy MpsiMOi 3aaui.

Pesynprat mpsMoi  3adadi  CTPYKTYpPYHIOThCS 3a TpPhOMa KOOPIAMHATAMHU:
TEMIIEpaTyporo 7, peXKMMHUM NApAMETPOM y Ta EHEPrETUYHOIO XapaKTEPUCTHKOIO /.

Kpoxu AT'1 Ay y3romxyroTh 13 TOUYHICTIO TEMIIEPATYPHOTO Ta PEXKUMHOIO KaHAIIB,
a Al, 3amae eHepreTHUHy pPO3AUIbHICTh 010710TeKH. 3arajibHy KUIBKICTh KOMIPOK
MacCHBY BU3HAYAIOTh 32 CITIBBITHOIICHHSIM:
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Ng = N;N, N, (4)
ne Np — 3aranbHa KUIbKICTH KOMIpOK O6ibmioreku; Ny, N, 1 N — KUIbKICTb
IHTEpBAJIIB 3a TEMIEPATypOl0, PEXKUMHUM IapaMeTPOM Ta CHEPreTHYHOIO
XapaKTEPUCTUKOIO BIAMOBITHO.
Taoaunga 1.
CtpykTypa TpUBUMIPHOTO MacuBy 6i6ioTexu craniB HIIIT
Komrionext 3MicT JuckpeTuzarris DYHKIIIS y HOIIYK
MacHBY p y y YKy
Kpok AT BignoBingae
Temmneparypa T(E{HOCTi ANOBVIAC | B snavae
Bice T MPOIYKTiB 200 cymirri TEeMIEpaTypPHU 11ap
: TEMIIEpaTypPHOTO .
rasis 010;110TeKH
KaHaIly
. . . [To’sa3y€
Pexxumunii mapamerp | Kpok Ay BinmoBigae :
: : BUMIPIOBaHHS 3
Bics y KOHTPOJBHOTO TOYHOCTI 33JlaBaHHS
yMOBaMH
EKCIIEPUMEHTY peXKUMY
EKCIIEpUMEHTY
Eneprernuna Kpok Al 3anae .
. Po3ninse cranu 3
Bics [ XapaKTEPUCTUKA E€HEPreTUYHY :
o om3bkumu 11y
PO3pPaxyHKOBOTO CTaHy | PO3AUIBHICTh
JloB>KrHa 3a1€XUTh | 30epirae
Bekrop MHoxunHa yucen- L. : :
: BiJT KUTBKOCTI aTbTEPHATUBHI
KOMIPKH 3TOPTOK £y . :
JOMYCTUMHUX CTaHIB |BapiaHTH CKIAAy
Jlxepeno: po3po0sieHO aBTOpOM Ha OocHOBI [ 1—4; 8].

OnHa KOMIpKAa MOKE€ MICTUTH KIJIbKAa YHCEN-3TOPTOK, OCKUIBKH Pi3HI CKJIaau
1HKOJIM (OpMYIOTh OJIM3bK1 3HAYEHHS TEMIIEpATypy Ta PEKUMHOI0 rnapamerpa. Tpers
KOOpJIMHATA 3a [, 3MEHIIIY€ KUIbKICTh TaKuX 30IriB, aje HE YCyBa€ HEOJIHO3HAYHICTh
noBHICTI0. OcTaToOYHMM BiI0Ip BUKOHYE CEpisi HE3aJISKHUX BUMIPIOBAHb.

4. ITomyk y3roa;KeHoro CTaHy 3a cepi€0 BUMipIOBaAHb

st KOKHOI eKCIepUMEHTANIbHOI Tapu (y;, ;) aaropuT™M BU3HAYA€ 1HIEKCH

BIIMOBIIHOT KOMIpKU. [loXxnOKkM BHUMIpIOBAaHHS PO3MIMPIOIOTH TOIIYK Ha CYCIJIHI
iHTepBaIM. 3 yciX BiIIOpaHHX KOMIpOK (OpMyeThCcsi MHOXKHHA £2; YMCEI-3TOPTOK,
CyMiCHUX 3 i-M ekcrepuMeHToM. CHuIbHMI BHYTpPIIIHIA CTaH NapTii MOBUHEH
HAJIC)KATH TIEPETUHY MHOKHUH:

)

MHOXHWHA KOJIIB,

M
0= n 'Qi
i=1

ne £ — MHOXHMHA KOJIB, Y3TO/)KEHUX 3 YyCI€l cepiero; ; —
B1/110paHuX 3a i-M BUMIPIOBaHHIM; M — KIJIbKICTh €KCIIEPUMEHTIB.

€nunuii eneMeHT y (2 BHU3HA4Ya€ OJHO3HAYHWUN poO3B’sa30K. Kilbka eremMeHTIB
YTBOPIOIOTh MHOXXHHY QJIbTEPHATHBHHUX PO3B’SI3KIB, SKY JT0JAaTKOBO PAHXKYIOTH 3a
BIIXWJICHHSIM PO3PAaXyHKOBUX TeMIlepaTyp Bil BuUMIpSHHX. [lopokHiil mepeTuH
03HAYa€ HEY3TODKEHICTh JaHWX 3 00JacTi0 01010TeKH. AJNTOPUTM y TaKOMy pasi
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dbopmye BiIMOBY BiJ Kiacudikailii, a He IPUMYCOBO oOupae HaAOMKINNA (13UIHO
CYMHIBHHH CTaH.

Taoauusa 2.
[TocnigoBHicTh 010a10TeuHOTO MoTyKy ctany HIIIT
Eran Onepartis Pesynprar
1 3amanHs y; Ta peectpaiis 7; nius | MacuB eKcriepuMeHTaIbHUX Map
cepil HaBaXOK (i» T7)
) BusnaueHHs iHAeKCIB KOMIPOK 3 | O0acTI MONIYKY IS KOKHOTO
ypaxyBaHHSM JIOITYCKiB EKCTIICPUMEHTY
34nTyBaHHS BEKTOPIB YHCEII- :
3 M p MHOXUHA KaHIUIATIB §2;
3TOPTOK £y
4 [lepeTH MHOXXHMH KaHJIUJIaTiB CrninbH1 KoJiu cTaHy
eKoIyBaHHs Ej 1 mepeBipka . : .
5 I[. Y k1 TICPEBIp BizaciB HepeamizoBaHUX CKIIAIiB
b13ngHIX 0OMEKEHD
Cknan, eHepreTuyHa
dopmyBaHHS PE3yIbTATY :
6 . o XapaKTEpUCTHKA Ta PIBEHb
1menTudikarii )
BH3HAYCHOCTI

Jxepeno: po3po0JIeHO aBTOPOM Ha OCHOBI [ 1—4].

di3uyHa MepeBipKa OXOIUIIOE HEBIJ €MHICTh KIJIBKOCTEH PEUOBUHH, BUKOHAHHS
oamancie C, H, O 1 N, pgomyctumicts (ha30BOro po3noauly Ta HaJIEKHICTh
EHepreTHYHOI XapaKTePUCTUKH 3aJaHOMY Jiana3oHy. KaHmuaar BiKuIaeTbes, SKIIO
xoua 0 ogHe ¢i3nuHe 0OMEKEHHSI HE BAKOHYEThCS.

5. BuOip KpokiB quckperu3amii Ta CTIKICTh MOLIYKY

PozninpHicTh 010110TEKM BH3HAYAa€ KOMIIPOMIC MDK TOYHICTIO 1 00CsSTOM
oOuucnens. Hammiprno Benukuii kpok AT abo Ay 06’eaHye ¢Gi3MYHO pi3HI CTaHHU B
OJIHII KOMIpII Ta 3011bIIye MHOXKUHY 2. Hanmipy Manuii KpoK CTBOPIOE PO3PIIKEHUM
MacuB, MIJBULIY€ BUMOTH 10 MaMm’ATi Ta pOOUTH MOLIYK YYTIMBUM JO BUIAAKOBOI
noxuOku. ToMy KpoK JUCKpeTH3aIlii y3roKy€eThCs 3 pealbHOK TOYHICTIO JaTUUKIB 1
MPOLIETYPOIO MiITOTOBKU HABAXKKHU.

Cepiss BUMIpIOBaHb MIJBHUILYE CTIAKICTh 0€3 IITY4YHOIO 3BY>KEHHS JOMYCKIB.
OxkpeMuii €KCIEpUMEHT YacTO 3ajuIIa€e KulbKa JOMYCTUMHUX KogiB. llepetnn €,
MOCJIIIOBHO BWJIYYa€ CTAHM, AKI BIATBOPIOIOTH JIMIIE YACTUHY pexkuMiB. KinbKicTh
aTOMIB BYTJICIIO MPUIHSITA 32 OJAMHUIIIO HOPMYBAHHS, TOMY BEKTOP CTaHy MiCTHUTh
YOTUPH HE3aJeXH1 napameTpu: Iy, by, bo 1 bn. OCKUTBKY BEKTOP CTaHy MICTUTh YOTUPH
HEe3aJeKHI MapamMeTpu, Yy ©0a30Biil MNOCTAHOBII JOLIJIBHO BUKOPHUCTOBYBATU
IMIOHAUMEHIIIE YOTHUPU PEXUMHU, 5K (OPMYIOTh He3alexHl Ta 1H(QOpMaTHUBHI
oOMesxeHHs. Taka KiTbKiCTh € HEOOX1THOIO, alie HE JOCTATHHOIO YMOBOO OJHO3HAYHOT
imenTudikamii. bnus3pki abo 3anexkHI peXUMHU HE 3a0€3MeUYyrTh MOTPIOHOTO
3MEHILIEHHS MHOKUHU KaHIHUJIaTiB.
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[ToxnOka TeMrmepaTypHOro KaHally BpaxXxOBYeThCcs uepe3 iHTepBan 1; + OT.
AHaJOTIYHUN JOMYCK 3aa€Thes A ;. KoMipku Ha MeXi IHTEpBaliB BKIIOYAIOTHCS
70 MHOXXWHU KaHIWJATIB, TOMY HEBEIUKE 3MIIICHHS BHUMIPIOBAHHS HE 3MIHIOE
pe3yabTaT CTPUOKOMOI0HO. Pe3ymbTaT MomyKy BBaKArOTh CTIMKWM, SIKIIO 3MiHA 7; Ta
Xi Y MEXax BIAMOBITHUX AOMYCKiB 07 1 +Jy He 3MiHIOE 3HalIeHUH Ko E}, abo ckian
BY3bKO1 MHOKHWHHU JIOITYCTUMHUX KOJIB.

[TopoxHst MHOXKHHA £ MOKE BUHMKATH 3 TPhOX OCHOBHUX MTPUYMH: YEPE3 MOXHOKY
EKCIIEPUMEHTY, BUX1]l (PAaKTUYHOTO CTaHy 3a MEXKI1 3a/IaHUX Jl1ara30HIB a00 HEMTOBHUM
nepeik NpoAyKTiB y mpsmiil mojeni. [Iporpamauit Moaynib Gikcye NPUUUHY BiIMOBH
3a pe3yJbTaTaMu OKpeMHX NepeBipoK. Takuil miaxia BiIIISE BIACYTHICTh PO3B’A3KY
BiJl HU3BKO1 TOYHOCTI 1AeHTH(IKAITII.

6. IIporpamua peaJiizanisa B aBTOMaTH30BaHiil cucTeMi

[Iporpamua peanizaiiisi NOAUIAETbCA HA MONEPENHI Ta ONEPATUBHUN KOHTYpH.
[lonepenHiii KOHTYp mepeOupae JOMyCTUMI HapameTpu, pO3B’A3ye€ IpsMy 3ajady,
KOJIy€ CTaHU i 3alI0OBHIOE MacuB. BiH BUKOHYEThCS MiJ] YaC CTBOPEHHS a00 OHOBJICHHS
010mioTexkn. OnepaTUBHUM KOHTYp NpUIIMAaEe pe3yJbTaTd BHUMIPIOBaHb, BH3HAYae
KOMIpKH, POpPMy€E MHOKUHU £2; Ta BUKOHYE 1X IEPETUH.

[Tonin 3MeHIye yac 00poOIEeHHS HOBOTO eKcriepuMeHTy. OnepaTuBHUN KOHTYp HE
pPO3B’sI3y€ HENIHIMHY CHUCTEMY XIMIYHOi pIBHOBAaru MJisi KOKHOTO HaOOpy JaHUX.
OcHoBHI omepaiiii 3BOASATHCSA A0 1HJIEKCHOTO JOCTYIy, pOOOTH 3 MHOXXHHAMHU Ta
JIEKOYBaHHSI OOMEXEHOI KITBKOCTI KaHAuAaTiB. CTpyKTypa MacuBY JOIMYCKae
napayenbHe GopMyBaHHs 010J10TEKH Ta MIBUJIKE PO3IIUPEHHS J11al1a30HIB ISl HOBUX
tunis HIII.

Pe3ynbTaT nomryky oopMITIOEThCS SIK J1arHOCTUYHUM 3amnuc: Koj Ej, BITHOBIIEHI
HOpMoOBaHi kinbkocTi atoMiB H, O 1 N, eHepreTuyHa XapakTepUCTHKA, pe3yJIbTaTH
nepeBipkd (PI3UYHUX OOMEKEHb 1 piB€Hb BU3HA4Y€HOCTI. ONHO3HAYHMUA pe3ynbTar
BiJIMOBia€ oqHOMY Koy. HeoqHO3HAUHUH pe3ynbTaT MiCTUTh TPYITY albTepHATHBHUX
Onu3pkuX cTaHiB. BigmoBa Big kiacu@ikaili CympOBOKYETHCS MEPETIKOM
HEY3TOKEHUX BUMIPIOBaHb a00 OOMEKEHb.

Monyns miepenae €HEpreTUYHy XapaKTepUCTUKY JI0 HACTyIMHOTO KOHTYpPY
KOHTpPOJIIO MeTajibHOro 3apsiny. Cuia mopoxy abo MOB’Si3aHUN 3 HEHO MOKa3HUK
BUKOPUCTOBYETHCS SIK JIAaTHOCTUYHA O3HaKa MPUIAATHOCTI 3apsay. AJTOPUTM HE
MIMIHSIE PIIICHHS MTPO 3aCTOCYBaHHs Ooenpumnacy, a GopMye CTpyKTypOBaH1 TaHi JIst
aBTOMATU30BAHOI MIATPUMKH PIIICHHS.

7. HaykoBa HOBM3HA TAa NPAKTUYHE 3HAYCHHSH

PoGoTta dopmanizye 6i6mioreunuit meron s ineHtudikamii crany HIIIT sx
MOCJIIIOBHICTH OTepalliii HaJl TpUBUMIpHUM MacuBoM (7, y, I;). HoTupubiokoBe 4ucio-
3ropTka £ 0lHO3HAYHO KOAY€E HOpMOBaHi1 KiJibkocTi aTromiB H, O 1 N Ta eHepreTuuny
XapaKTePUCTUKY k-ro cTaHy. llepeTMH MHOXHMH KaHIUIATIB 3a CEPIEI0 PEKUMIB
pealtizye yMOBY CIIJIBHOTO CTaHy MapTii Ta 3MEHIIYE HEOJHO3HAYHICTh OJMHUYHOTO
BUMIPIOBaHHS.

[TpakTiuHuii pe3yapTaT — CTPYKTypa TMPOTPAMHOTO MOAYIS, Y SKOMY
PECYPCOEMHUIN PIBHOBAKHUI PO3PAXYHOK BHKOHYETHCS JI0 TOYATKY OMEPATUBHOTO
KoHTpomo. [lin Yac ekcrnepuMeHTy MOJyJib BUKOPHUCTOBYE 1HIACKCHUN MOIIYK 1
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¢bi3uuny ¢inpTpanito. Taka opraHizaiis ckopodye yac ifaeHTudikamii Ta 30epirae
3B 30K pe3ybTaTy 3 TEPMOJAUHAMIYHOIO MOJIEILIIO.

Meton Mae oOMexeHy 00JIacTh 3aCTOCYBaHHS, 3a/IaHy Jiana3oHamMu 010J110TEKH,
CKJIaJIOM JOMYCTUMHX MPOAYKTIB 1 TOUHICTIO BUMIPIOBAJIbHUX KaHaMIB. Po3mmpenus
610mi0TekH MOTpedy€e MOBTOPHOTO TMOMEPEIHHOTO PO3PAXYHKY, aje He 3MIHIOE
omepaTuBHUM anroput™M. lLle cmpolrye cympoBiag mporpaMHOro 3a0e3meueHHs Ta
HAKONMYEHHS HOBUX THUIIIB PO3paXyHKOBUX CTaHIB.

8. BucHoBKH

CdopmoBano meron modynoBu 6i6miorexku ctaHiB HIIII Ha ocHOBI MHOXUHU
PO3B’S3KIB MPSAMOI 3aj1a4i. Pe3ynbTaTl CTpYyKTYypyIOThCSl Y TPUBUMIPHOMY MacHUBi 3a
TEMIIEPaTypoI0, PEKUMHUM TapaMeTpOM Ta EHEPreTUYHOI XapaKTePUCTHUKOIO, a
YOTHUPH HE3aJIeKHI1 TapaMEeTPU CTaHy KOAYIOThCSI UHCIOM-3TOPTKOIO.

Po3po06iieHo MocimiIoBHICT MOIIYKY 3a Cepi€r0 BUMipIoBaHb. KO)KeH eKCiepUMEHT
(bopMye MHOXKHUHY JTOIYCTUMHUX KOJIIB, a X MEPETUH BU3HAYAE€ CIIIbHUI CTaH MapTii.
®di3uyHa (QUIBTpaIlis BIACIIOE BapIaHTH, IO MOPYLIYIOTh YCTAHOBIIEHI OOMEKEHHS.

[Toxin Ha monepenHii Ta ONepaTUBHUNA KOHTYPH POOUTH METOJ MPUAATHUM IS
ABTOMATU30BAHOIO KOHTPOJK METAJIBHOIO 3apsay. Pe3ynbrar MICTUTh OLIHKY
CKJIaJly, €HEpPreTUYHY XapaKTePUCTUKy Ta PIBEHb BU3HAUYEHOCTI, HEOOXIJIHI MJIs
noganbinoi kiaacudikamii HIIL.
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The rapid growth of modern motorization and the scaling up of industrial
production are accompanied by a continuous increase in the volume of waste oil
generation, which belongs to highly toxic and difficult-to-recycle waste [1,2].
Traditional industrial methods for their purification are energy-intensive, require high
pressure, or lead to the formation of new environmentally hazardous products [3,4]. In
this context, the development of resource-saving and environmentally safe adsorption
technologies using domestic clay minerals is of crucial importance. Ensuring high
efficiency of waste oil adsorption regeneration directly depends on the structural and
sorption characteristics of the clay minerals used. Natural bentonite requires targeted
chemical modification to form a developed mesoporous structure and active acid sites.
The development and implementation of an efficient process flow diagram for the acid
activation of bentonite allows for obtaining a highly efficient domestic sorbent.
Justifying the sequence of process operations — from dosing and vapor-phase heating
to multiple washing, drying, and fractionating — is a critical stage for designing modular
oil regeneration units directly at industrial facilities.

The proposed process flow diagram for the production of the activated sorbent
involves the sequential execution of a comprehensive process of clay raw material acid
modification and subsequent commercial processing. In the initial stage, lump clay is
loaded directly into activator reactors, where calculated volumes of acid and water are
also fed to form a working reaction slurry with a target acid mass concentration of 20%.
Heating the resulting mixture to a operating temperature of 98-99 °C is achieved by
direct injection of live steam, accompanied by intensive homogenization using a
mechanical stirrer. The acid activation process itself lasts from 4 to 6 hours, depending
on the mineralogical composition and initial quality of the raw material, after which
the formed slurry is pumped to the filtration equipment.

Subsequently, the finished adsorbent undergoes multiple washings directly on the
filter using water condensate to remove residual acid and soluble salts, while the
mother liquor is continuously pumped to the neutralizers. After conducting 5-7
washing cycles and reaching a pH value of the wash water of no less than 5.0, the final
portion of the wash water is also directed to the neutralizer. The purified adsorbent is
subjected to deep filtration to remove excess process moisture, after which the wet cake
is transferred to the drying stage. In the final stage, the dried material is sent for
grinding and sieving to achieve the required particle size distribution, and the finished
fine-grained adsorbent is packaged into sealed polyethylene bags for subsequent
transportation and storage.
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The practical significance of the developed process flow diagram for obtaining
modified bentonite lies in the development of an efficient, equipment-accessible, and
safe manufacturing protocol for a domestic highly active adsorbent. The technology
allows utilizing accessible natural bentonite (specifically from the Cherkasy deposit)
and, through targeted acid modification, converting it into a high-tech productive
sorbent with a developed specific surface area (252 m?/g) and a specified type of active
sites.

Organizing the activation stage at moderate temperatures (98—99 °C) under
atmospheric pressure, utilizing live steam and mechanical stirring, ensures slurry
treatment uniformity, a high degree of ion exchange, and consistent quality indicators
of the finished material from batch to batch. The absence of a need for high-temperature
calcination or high-pressure equipment allows for easy scaling of the process flow
diagram and its implementation in compact, small- to medium-capacity modular units
located directly near raw material sources.

The designed scheme of 5-7 countercurrent washing cycles using water
condensate, accompanied by the pumping of the mother liquor into a neutralizer,
ensures the effective removal of residual sulfate ions (until reaching a wash water pH
> 5,0) and minimizes the volume of liquid waste. The resulting acid-activated
montmorillonite is a non-toxic, non-flammable, and explosion-proof product.
Compliance with the requirements of the Ministry of Health of Ukraine opens up
prospects for its application not only for technical needs but also in the food,
pharmaceutical, and animal feed industries as a universal bleaching and separation
agent.
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It is known that many heterocyclic compounds, even relatively simple ones, are
difficult to obtain, significantly limiting their scope of application. Therefore, the
search for new regioselective heterocyclizations based on readily available reagents is
highly relevant. Various amidoalkylating agents, in particular those obtained from
Schiff bases according to the general scheme, are among such promising reagents:

\ R'COCI N
_C=N-R - C-N-COR!
R = Ar, Het 4
cl R

The preparation of reagents according to this scheme is only briefly mentioned in
the literature [1-3].

The use of such amidoalkylating reagents obtained from cage ketones would allow
the preparation of nitrogen heterocycles by a new method, often yielding uniquely high

yields [4].
The aim of this study is to attempt the synthesis of N-(3-(adamantan-1-yl)-4-oxo-
1,2,3,4-tetrahydroisoquinolin-1-yl)-N-cyclohexylacetamide using 1-

adamantylglycine as a synthon to prepare the amidoalkylating reagent.

The physiological activity of cage hydrocarbon derivatives, primarily adamantane
derivatives, has been extensively studied. Some of them are already used as
pharmaceuticals. The activity of these compounds is due to the pronounced lipophilic
nature of the compact hydrocarbon fragment, as well as, probably, the abiogenic origin
of most of these compounds [5, 6].

Below is the diagram according to which the synthesis was carried out:
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Ad CICH,COCI (|31 Ad H,0
cH-N— CH-N
COOCH, _1__ “coocn, -HA
O~ CH,ClI
(14) (15)
0
o Ad t Adﬁ Et;N
— CH-N Y
COOCH -CH,0OH O_ N
oé\\CHzm ’ \/
CH,CI pp
(16) (17)

(18)

General synthesis procedure.

1) 2-(Adamantan-1-yl)-2-(benzylideneamino)methyl acetate (14). Mix equimolar
amounts of methyl 1-adamantylglycine ether and benzaldehyde in dry toluene. Remove
water using a Dean-Stark trap.

2) 2-(Adamantan-1-yl)-2-(2-chloro-N-(chloro(phenyl)methyl)acetamido)methyl
acetate (15). Add an equimolar amount of chloroacetic acid chloride to the residue in
the toluene solution. Leave at room temperature for 24 hours. Remove the solvent in
vacuo. Add an aqueous alcoholic solution of KOH to the residue and stir at room
temperature for 15 hours. 3) 2-(Adamantan-1-yl)-2-(2-chloro-N-
(hydroxy(phenyl)methyl)acetamido)methyl acetate (16). The reaction mixture is
refluxed under a condenser for 4 hours.

4) 4-(Adamantan-1-yl)-3-(2-chloroacetyl)-2-phenyloxazolidin-5-one (17). The
solvents are removed under vacuum. The residue is crystallized from ethanol-hexane.
Yield 83%. 5) 3-(Adamantan-1-yl)-6,10b-dihydro-2H-oxazolo[2,3-a]isoquinoline-
2,5(3H)-dione (18). Oxazolidine (17) is dissolved in dry benzene and an equimolar
amount of Et3N is added. The mixture is refluxed for 2 hours. After cooling,
triethylamine hydrochloride is filtered off. The solvent is removed under vacuum. The
residue is crystallized from ethanol. Yield 78%.
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Abstract

Objective. To provide a contemporary rationale for viewing the final position of
the mandibular incisors not as an isolated cephalometric parameter but as the result of
interactions among occlusal, soft-tissue, growth-related, and osseous factors. Materials
and methods. A theoretical analysis was performed of the provided Czech-language
section on mandibular incisor stability, relevant literature, and the author's dissertation
findings concerning skeletal growth patterns, densitometric characteristics of the
alveolar bone, and complications during retention. Results. The concept of a stable
position cannot be reduced to one universal value of IMPA, FMIA, the interincisal
angle, or the distance to the A—Pog line. The prognosis depends on the relationship
between incisor position and soft-tissue equilibrium, the limits of the alveolar osseous
envelope, the growth direction, and the nature of occlusal contacts. In a vertical,
hyperdivergent growth pattern, the combination of a high alveolar process, reduced
width, and lower optical density creates less reserve for uncontrolled tooth movement
and increases retention requirements. Conclusions. The final position of the mandibular
incisors should be defined as an individual biological range rather than as the
mechanical achievement of an average norm. Treatment planning should integrate
cephalometry, periodontal phenotype assessment, occlusal findings, and, when
indicated, three-dimensional evaluation of the osseous envelope.

Keywords: mandibular incisors; stability; orthodontic relapse; osseous envelope;
growth pattern; densitometry; retention

Introduction

The final position of the mandibular incisors has traditionally been regarded as one
of the central reference points in orthodontic diagnosis, treatment planning, and
outcome assessment. In the mandibular anterior segment, the requirements of
functional occlusion, profile aesthetics, periodontal safety, and long-term stability
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intersect most clearly. At the same time, clinical experience shows that an incisor
position described by the same cephalometric values may have different biological
meaning in patients with different craniofacial morphology. The relevant question is
therefore not only at what angle the mandibular incisor is positioned, but also whether
its root remains within the available osseous envelope, how the lip and tongue act on
it, what direction subsequent growth will take, and whether stable occlusal contacts
have been established [1-4].

Different theories underlying this analysis consistently considers the mandibular
incisors as teeth located within a zone of functional equilibrium. It emphasizes the risk
of relapse after substantial proclination, retroclination, intrusion, or extrusion, as well
as the importance of crown form and multiple contacts. The author's dissertation
findings make it possible to extend this model: the stability of incisor position cannot
be fully understood without considering the vertical or horizontal skeletal growth
pattern and the associated differences in the structure and optical density of the alveolar
bone.

1. Functional equilibrium and limits of cephalometric norms

The concept of a neutral or stable zone is based on the premise that the mandibular
incisors are continuously exposed to mutually directed forces from the lips, cheeks,
tongue, periodontium, and occlusal contacts. According to Weinstein and Mills,
displacement of teeth from their initial equilibrium is accompanied by a change in force
that tends to return them to a functionally acceptable position. Importantly, this is not
a single geometrically fixed point: an individual patient may have a range of positions
within which soft-tissue forces remain compensated. Recommendations concerning a
maximum acceptable change in mandibular incisor position of 2-3 mm or several
degrees should therefore be regarded as clinical guides rather than universal laws [1,5].

After active treatment has ended, the system loses the external orthodontic force
but does not lose its biological dynamics. Periodontal and supracrestal fibers remodel
at different rates, soft tissues continue to act, and craniofacial growth may change the
relationship between the incisors and the skeletal bases. In this context, relapse should
be distinguished from all age-related dentoalveolar changes: some changes represent a
response to orthodontic movement, whereas others are manifestations of normal
ontogenesis [2—4,7].

The significance of the final mandibular incisor position is also expressed in the
vertical dimension. Insufficient intrusion or an inappropriate interincisal angle may
contribute to renewed deepening of the overbite and reduction of space in the
mandibular anterior segment. Conversely, excessive extrusion may disturb occlusal
contacts and increase dependence of the outcome on muscular balance. Thus, the final
position should include not only the sagittal coordinate, but also inclination, torque,
vertical position, and the quality of contact with the antagonists.

2. The mandibular incisor within the alveolar osseous envelope

A cephalometric projection does not demonstrate the complete three-dimensional
anatomy of the anterior mandibular region. The labial cortical plate in front of the
mandibular incisors is often thin, locally interrupted, or already affected by areas of
dehiscence and fenestration. When the root is moved toward the limit of the bony
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housing, risk is determined not only by the distance between the crown and the A—Pog
line, but also by bone thickness, the direction of movement, torque, symphysis
morphology, gingival condition, and oral hygiene [5,6,8,12,14].

This leads to a central principle: the acceptable change in mandibular incisor
position is a function not of one number but of the available osseous space. The same
2-mm proclination may be acceptable in a patient with a broad symphysis and a denser
cortical plate, but unsafe in a patient with a high and narrow alveolar process. In the
latter situation, even moderate root movement or uncontrolled torque may result in loss
of bony support, fenestration, and subsequent gingival recession.

Cone-beam computed tomography is valuable when the clinical question cannot be
answered by examination, study models, and two-dimensional cephalometry: in cases
of substantial decompensation, suspected thin cortical bone, asymmetry, pronounced
proclination, or periodontal risk. It should not become an unconditional screening test
for every orthodontic patient. Its role is to define the biological limits of planned
movement rather than to replace clinical judgment.

3. Skeletal growth pattern as a modifier of stability

The rotational pattern of mandibular growth changes not only facial profile and
vertical proportions, but also the conditions in which the mandibular incisors erupt and
function. Classic studies by Bjork and Skieller demonstrated that the direction of
condylar growth and the rotational pattern of the mandible influence compensatory
changes in the dentoalveolar complex [2—4]. An anterior rotation associated with a
hypodivergent pattern usually produces a broader and more substantial alveolar base;
a posterior rotation associated with a hyperdivergent pattern produces a higher and
potentially thinner alveolar process.

This difference has direct implications for the mandibular incisors. A vertical
growth pattern is often accompanied by extrusive compensation of the anterior
segment, retroclination of the incisors, increased alveolar height, and reduced alveolar
width. A horizontal growth pattern, in contrast, provides conditions for greater alveolar
support and higher optical-density values. In the author's dissertation material, the
mean optical density of the anterior alveolar region was approximately 379 HU in
individuals with a vertical growth pattern and approximately 749.5 HU in patients with
a horizontal pattern. These values should be interpreted as within-device comparative
measurements rather than universal thresholds applicable to all tomographic systems.

Bone density is not an independent cause of relapse. It reflects a combination of
morphological and functional conditions: cortical-plate thickness, the volume of
cancellous bone, the direction of loading, the level of remodeling, and the growth
pattern. Nevertheless, low density combined with a thin osseous envelope reduces the
reserve of biological safety and makes the tissues more sensitive to uncontrolled force
moments. The growth pattern should therefore be viewed not merely as a descriptive
characteristic, but as a prognostic modifier.

4. Three-component model of the final position

Key proposition. A stable final position of the mandibular incisors is not a point
on a cephalometric diagram, but an individual range in which soft-tissue equilibrium,
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bony support, and functional occlusion are maintained simultaneously during
subsequent growth.

The first component of the model is soft-tissue related. The mandibular incisors
should remain in a zone where pressure from the tongue, lower lip, and perioral
muscles does not create a persistent moment directed toward their return. The second
component is osseous: the root and periodontium should remain within the available
alveolar housing, taking into account its thickness, asymmetry, and potential defects.
The third component is temporal and functional: the position should be compatible
with the direction of subsequent growth, tooth eruption, occlusal contacts, and the
selected retention appliance.

This model explains why an attempt to achieve identical cephalometric parameters
in all patients may be misleading. For one patient, an ideal IMPA value may indicate a
stable outcome; for another, it may require unsafe compensation. Similarly, identical
crown positions may conceal different root torques and different distances to the labial
cortical plate. Assessment of the final outcome should therefore be multidimensional:
profile and soft tissues, cephalometry, clinical contacts, periodontal phenotype, and
CBCT when indicated.

5. Contact form, occlusion, and retention strategy

Stability of the anterior segment depends not only on where the teeth are positioned,
but also on how they contact one another. Triangular crown form, point contacts,
residual enamel ledges, and premature contacts create conditions for contact opening
and recurrent crowding. In selected cases, interproximal reduction may not only create
space, but also establish a broader contact area, reducing the risk of rotation and black-
triangle formation. It should, however, be part of the treatment plan rather than a
mechanical procedure performed at the end of treatment [1,7,9].

Retention is a continuation of treatment planning, not a separate stage that follows
it. A fixed retainer can be effective only if the wire is passively adapted, correctly
bonded, and hygiene is controlled. If the appliance retains residual activity or interacts
with a thin osseous envelope, it may become a source of an X-effect, twist effect, space
opening, or uncontrolled torque change. In a vertical growth pattern, prolonged fixed
retention should be prescribed more cautiously, and removable or combined solutions
should be considered more often. In a horizontal growth pattern, the anatomical reserve
is usually greater, but the requirement for appliance passivity remains unchanged
[13,15].

6. Practical implications for treatment planning

At the diagnostic stage, it is necessary to establish not only the skeletal class, but
also the vertical growth pattern, the direction of rotation, alveolar-process height and
width, the initial position of the mandibular incisors, and the condition of the soft
tissues. It 1s useful to combine ML/NSL, Jarabak FHR, ODI, IMPA, FMIA, the
interincisal angle, and clinical profile assessment. The A—Pog line or another sagittal
reference should be used as part of a diagnostic system rather than as a self-sufficient
criterion.

During active treatment, crown and root control should be considered separately.
Planned proclination of the mandibular incisors should be assessed against the
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thickness of the labial bone, particularly in patients with a hyperdivergent pattern, a
thin periodontal phenotype, or initial dentoalveolar decompensation. Finishing should
include verification of the interincisal angle, torque, vertical overlap, multiple contacts,
and the absence of premature occlusal interferences.

Retention control should be differentiated. Patients with a vertical growth pattern
require stricter control of wire passivity, early detection of rotations, and assessment
of bony support; fixed appliances should not be prescribed automatically. Patients with
a horizontal growth pattern may be treated more broadly with fixed, removable, or
combined retention, but this does not eliminate the need to control hygiene, wire
integrity, and root position.

Limitations and future directions

The proposed model is a theoretical synthesis and does not replace prospective
research. CBCT HU values depend on the device, exposure protocol, reconstruction,
and calibration, and therefore cannot be transferred mechanically between systems.
Studies with a unified protocol, longer follow-up, direct measurement of cortical-plate
thickness, standardized periodontal-phenotype assessment, and a multifactorial
statistical model separating the effects of growth pattern, retention, torque, and initial
crowding are needed.

Conclusions

The final position of the mandibular incisors is a biologically determined range in
which soft-tissue equilibrium, occlusal contacts, bony support, and the direction of
subsequent growth must be coordinated simultaneously.

Average cephalometric values of IMPA, FMIA, the interincisal angle, or the
distance to A—Pog cannot serve as the sole criteria of a stable outcome. They must be
interpreted together with symphysis morphology, periodontal phenotype, and the
skeletal growth pattern.

A vertical, hyperdivergent growth pattern, a high and narrow alveolar process, and
lower optical bone density provide less safety reserve for uncontrolled mandibular
incisor movement and require a more cautious retention strategy.

Stability should be planned from the beginning of treatment: final incisor position,
contact form, root control, assessment of the osseous envelope, and retainer selection
should constitute a single diagnostic and therapeutic system.
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FROM ORGANISMS TO ECOSYSTEMS: A KEY
PERSPECTIVE IN INTRODUCTORY BIOLOGY
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Introductory Biology provides students with the fundamental concepts required to
understand living systems and their interactions with the environment. Traditionally,
biology education begins with the study of cells and individual organisms before
progressing to higher levels of biological organization [1, 2]. However, modern
environmental challenges, particularly climate change and biodiversity loss, highlight
the necessity of integrating ecological concepts from the earliest stages of biology
education [3, 4]. Understanding how organisms interact with one another and with their
physical environment enables students to recognize the interconnected nature of life on
Earth and develop ecological literacy essential for future scientific and societal
decision-making [5, 6].

The organism represents the basic unit of biological organization [7]. Each
organism possesses structural, physiological, and behavioral adaptations that enable
survival under specific environmental conditions. These adaptations reflect
evolutionary responses to abiotic factors such as temperature, water availability, solar
radiation, and soil composition, as well as biotic interactions including competition,
predation, parasitism, and mutualism [8].

Although organisms can be studied individually, their ecological significance
becomes apparent only when they are considered within populations [9]. A population
consists of individuals of the same species occupying a particular area and sharing
genetic material through reproduction. Population dynamics - including growth,
mortality, migration, and genetic diversity - are influenced by environmental
conditions and determine species persistence under changing climates.

Multiple interacting populations form biological communities [10]. Within
communities, species establish complex ecological relationships that regulate energy
flow, nutrient cycling, and ecosystem stability [12]. Food chains, food webs, trophic
interactions, and ecological niches illustrate how the survival of one species frequently
depends on the presence of many others (photo 1).
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Photo 1. Coral Reef Ecosyéfe;h: Wﬁere”O‘rgamsﬁ.ls Connect and Interact \Ethe author’s
personal development).

An ecosystem consists of living organisms together with their physical
environment functioning as a single integrated system. Unlike communities,
ecosystems include both biotic components (plants, animals, fungi, microorganisms)
and abiotic components (air, water, soil, sunlight, minerals, temperature, and climate)
[13].

Energy enters ecosystems primarily through photosynthesis performed by
producers. This energy is transferred through consumers and ultimately decomposers,
while nutrients continuously cycle between living organisms and the environment [14].
These ecological processes maintain ecosystem productivity, resilience, and long-term
sustainability [15].

Teaching ecosystem concepts helps students appreciate that no organism exists in
isolation. Changes affecting one component often produce cascading effects
throughout the entire ecological network [16]. Consequently, ecosystem thinking
encourages systems-based reasoning rather than memorization of isolated biological
facts (photo 2).
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Photo 2. Life in a Subtropical Ecosyste: nractions Across Land aﬁd Water
(original work by the author).

Climate is one of the principal factors determining ecosystem structure and
function. Global climate patterns create distinct climatic zones, each supporting
characteristic ecosystems and biodiversity.

Tropical climates sustain highly productive rainforests with exceptional species
richness. Temperate regions support deciduous forests and grasslands characterized by
pronounced seasonal changes. Boreal forests dominate high northern latitudes, while
tundra ecosystems are adapted to low temperatures and short growing seasons. Arid
and semi-arid climates give rise to deserts where organisms possess specialized
physiological adaptations for water conservation.

These broad ecological regions, known as biomes, illustrate the close relationship
between climate, vegetation, animal communities, and ecosystem processes.
Introducing students to climate zones allows them to understand why biodiversity is
unevenly distributed across the planet and how environmental conditions shape
evolutionary adaptation [16].

Anthropogenic climate change has become one of the most significant drivers of
ecosystem transformation. Rising global temperatures, altered precipitation patterns,
increasing frequency of extreme weather events, ocean warming, and ocean
acidification affect ecosystems at every level of biological organization [17].
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Species are shifting their geographic ranges toward higher latitudes and elevations
in response to changing temperatures. Seasonal biological events such as flowering,
migration, and reproduction are occurring earlier in many regions, disrupting
ecological synchrony between interacting species. Coral reef degradation, forest
dieback, wetland loss, and declining Arctic ecosystems demonstrate how climate
change alters ecosystem structure and function.

Climate-induced changes also influence ecosystem services that directly support
human societies, including food production, freshwater availability, carbon
sequestration, soil fertility, and pollination [18]. Understanding these relationships
enables students to recognize that ecosystem health is closely linked to human well-
being.

Developing ecological competence should be considered a central objective of
introductory biology education. Ecological competence extends beyond factual
knowledge of ecosystems. It includes systems thinking, the ability to interpret
ecological data, understanding of environmental sustainability, critical evaluation of
human impacts, and evidence-based decision-making.

Students with ecological competence can explain interactions among organisms,
predict ecological responses to environmental disturbances, analyze biodiversity
patterns across climatic zones, and evaluate strategies for ecosystem conservation and
climate adaptation [19]. Such competencies prepare graduates not only for advanced
biological studies but also for addressing complex environmental challenges in
professional and civic contexts [20].

Teaching introductory biology through the progression from organisms to
ecosystems provides students with a coherent understanding of biological organization
and environmental interdependence. Integrating ecosystem ecology with climate
science allows learners to connect biological principles with contemporary global
challenges [21]. As climate change continues to reshape ecosystems worldwide,
ecological competence has become an essential learning outcome for biology
education. Developing this competence empowers students to understand the
complexity of living systems, appreciate biodiversity, and contribute to sustainable
environmental management in the future.
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EKOJIOI'TYHUHA MEHEKMEHT NIANPUEMCTB

JInuxo Axnina OQJieriBHa

JOKTOp TEXHIYHHUX HAYK,

npodecop kadenpu exomnorii

Ta TEXHOJIOT1H 3aXHMCTy HABKOJIUIITHHOTO CEPEIOBHINA
HarionaneHuit TpaHCIOPTHHM YHIBEPCUTET

AmrkoBuii Ounexcanap OJiekcaHAPOBUY
HarionansHuii TpaHCIOPTHHM YHIBEPCUTET

Exonoriunuii ~ MEHEI)KMEHT  sIBIsi€  COOOK0  HAWBAXIMBINIY  CKJIQJIOBY
CUCTEMATUYHOTO0 MIAXOAY [0 YNPABIIHHSA BIUIMBOM JAISUIBHOCTI MIJANPUEMCTBA Ha
noBkiIs. CrcTreMa BKITIOYA€E TUIAHYBAaHHSI, BIPOBAXKEHHS, KOHTPOJIb Ta TOJIMIICHHS
€KOJIOTTYHOI JISIBHOCTI.

OCHOBHOIO METOIO €KOJIOTTYHOTO MEHEKMEHTY € OXOIUIEHHS IIUPOKOTO CIIEKTPY
poOOTH, BIJI MOHITOPMHTY Ta 3MEHIIEHHS BHUKHIIB IIKIJIMBUX PEYOBUH JI0
paIlOHAIBHOTO BUKOPUCTAHHS MPUPOJHUX PECYpCiB 1 3a0e3MeueHHs 30epeKeHHs
OlopizHOMaHITTA [2].

OnHi€0 3 KIIOUOBUX IEpeBar €KOJIONIYHOTO MEHEIKMEHTY € HOro 3/JaTHICTh
CHOpPUATU TMEPEXO/y CYCIUIbCTBA Ha MUISX CTAjJOro pPO3BUTKY, JI€ EKOHOMIUHE
3pOCTaHHs BiI0YBa€eThCs O€3 IIKOAM Ul HAaBKOJIMIIHBOTO cepeaoBuia. e Bumarae
1HTEerpalii eKOJIOTTYHUX IPUHIIUIIB y BCIX aCHEKTaX BEeJEHHs O13HECY Ta Aep:KaBHOIO
YIOpPaBIIHHS, a TAKOXK PO3YMIHHS TOr0, II0 €KOJIOTIYHA BIJMOBIJAIBHICTh € HE JIUIIE
MOpaJIbHUM OOOB'SI3KOM, a i EKOHOMIYHOIO HEeoOXiaHIcTIO [1,4].

OnTuMizallisi BAKOPUCTaHHS PECYPCIB € HAMBaXIIMBIIIOI METOIO, sIKa repeadoadae
e(eKTUBHE BUKOPHUCTAHHS MPUPOJHUX PECYPCIB 3 BIPOBAIKEHHSIM 3aXOIB OO
3HM)KEHHSI BUTPAT Ha BUPOOHMIITBO OJMHMII MPOAYKIII, YTHII3alll0 BIIXOIIB Ta
nepexii Ha ajJbTEepHATUBHI JKEpena eHeprii 3 MIJBUILEHHAM 3arajbHoi
eHeproe()eKTUBHOCTI TporeciB. Takui MiAXia HE JHIIC COpHsIe 30epeKEHHIO
MPUPOJHUX PECYpPCiB, alie ¥ 3abe3medye JTOBrOCTPOKOBY €KOHOMIUHY BHUTOAY IS
nignpueMcTBa. [liBuiieHHs piBHA EKOJIOTIYHOTO ~ MEHEDKMEHTY  CIPHSE
MIJBUILEHHIO PIBHA 3arajbHOi €KOJIOTIYHOI KYJbTYPH B CYCHIJIBCTBI Ta (opmye
MO3UTHUBHY €KOJIOTIYHY peIyTaIlilo MiJNPUEMCTBA. Y JIOCKOHAJIEHHS CHUCTEMU
€KOJIOTTYHOTO MEHEKMEHTY Tiepedadae BOpOBaHPKEHHS 1HHOBAIlIN Ta 3aCTOCYBaHHS
HalKpanux JAOCTYIMHUX TEXHOJIOTIH Ha MiANpUEMCTBI. Takui Miaxid J03BOJISE HE
TiIJIbKY 3MEHIIUTH HETaTUBHUN BUPOOHWYMIA BIUIMB Ha JOBKIJUIA, aje ¥ MOKpaIIUTH
3arajbHy MPOAYKTHUBHICTh T4 KOHKYPEHTOCIIPOMOKHICTh MiANPUEMCTBA [3].

[TinBUILIEHHS €KOJOTIYHOI e()EeKTUBHOCTI BUPOOHUIITBA Niependayae popMyBaHHs
MPHUHIINAIIB €KOJOTTYHOTO MEHEKMEHTY, 10 y MOAAIBIIOMYy MOXYTh copmyBaTu
(dbyHaaMEeHTaIbHY OCHOBY, Ha SIKiil MOOyJOBaHa BCS CHCTEMa CTajoro PO3BUTKY
opraHi3ariin.

[TpyHLIMIT CTaNOro po3BUTKY HAaJa€ MOXKIUBICTH PAlllOHATBHOIO BUKOPHCTAHHS
MPUPOJHUX PECYPCiB, BPAXOBYIOUM HE TUIBKA TIOTPEOM CHOTOJIEHHS, alie W

30



ECOLOGY
FRONTIERS OF MODERN KNOWLEDGE: INTEGRATION OF THEORY AND PRACTICE

3a0€3Meuyoud MOXJIMBOCTI /i1 MallOyTHIX MokoJiiHb. [l yac manyBaHHS Oy/ib-
SAKUX MPOEKTIB UM BUPOOHUYHUX MPOIECIB HEOOX1THO BPaXOBYBATH 1X JOBTOCTPOKOBHIA
BIUTUB Ha €KOJIOTiI0, EKOHOMIKY Ta CyCHUIBCTBO. Takui MiAXiJ HAaJa€ MOXKIMBICTDH
1HBECTHIIIH Y PO3BUTOK €KOJOTIYHO YUCTHX TEXHOJIOT1i, €()eKTUBHOTO BUKOPUCTAHHS
pecypciB Ta MiHIMI3aIlii BiXOIB.

[Tpunuumn 3amo6iranHs 3a0pyAHEHHIO B CBOTH OCHOBI BUXOJUTH 3 BUZHAYEHHS, 110
3HAYHO €(EKTUBHINIE Ta EKOHOMIYHO BWTIJHINIE 3amo0iraTyi BUHUKHEHHIO
3a0pyIHEHHs, HXK YCyBaTU MOTO HacHiAKu. BrpoBagkeHHS bOTO MPUHIUITY MOXKE
BKJIFOYATH PO3POOKY Ta 3aCTOCYBaHHS HOBHUX, MEHII 3a0pyAHIOIOUMX TEXHOJIOTIH,
BUKOPHUCTaHHS €KOJIOTTYHO O€3MEeYHMX MarepialliB Ta IiJIBHUIICHHS €()EKTHBHOCTI
IpOLIECIB 3 MIHIMQJIbHUM BIUIMBOM Ha JOBKULISA. JI0 IIbOTO MPUHIUITY B1IHECEHO
pETENbHUI MOHITOPUHT BHUKHUIIB 1 BIIXOJIB, a TakK0oX pO3poOKM cTparerii ix
6ioTpanchopmariii.

[TpyHLIMI 1HTETPOBAHOTO MIAXOAY HAJA€ MOKJIMBICTh BpaXyBaHHS €KOJOTIYHHMX
aCIEeKTIB y BCIX JIAHKAX YTMPABIIHHS HiANPUEMCTBOM - BlJ BUILIOTO KEPIBHUIITBA O
KOKHOT'O OKpeMoro cmiBpoOiTHUKA. [le o3Hauae, 110 €KOJOTIYHI Il MaloTh OYTH
IHTErpoOBaHl B 3arajbHy CTPATEril0 PO3BUTKY KOMIIAHIi, a PIIIEHHS NpUUMAaTHCS 3
ypaxyBaHHSAM iX MOTEHIIMHOrO BIUIMBY Ha AOBKULIA. Takui 1HTErpOBAHUM MIIX1T
JorioMarae  oprasizaiisiM OyTd OUIbII THYYKMMH JI0 3MIH €KOJIOTTYHOIO
3aKOHOJIAaBCTBA Ta CBOEYACHOT'O MPUUHSTTS YIPABIIHCHKHUX PIIICHb.

[TpuHIMIT y4yacTi IpoOMaJChKOCTI HAJla€ MOXIIMBICTb aKTUBHOTO 3aJlyuY€HHS HE
TIJIBKU CIIBPOOITHUKIB, aJie i KIII€HTIB, TAPTHEPIB, Ta MICLIEBUX IPOMaJ 10 BUPIIICHHS
€KOJIOTIYHUX MUTaHb. BinkpuTuil niajgor 1 cmiBmpamns 3 yciMa 3aliKaBICHUMU
CTOPOHAMU MOXYTh 3HAYHO MOKPALIUTH €(PEKTUBHICTH E€KOJOTIYHUX IHIIIaTUB Ta
3a0€3MeYnTH  MIATPUMKY  BIPOBAPKCHHS  €KOJOTIYHOTO  MEHEIKMEHTY  Ha
MiaAnpueMcTBax. Takui miaxXia Crpyse MiIBUIICHHIO 0013HAHOCTI Ta BiIMOBITAIBHOCTI
IPOMAJICHKOCTI Y MUTAHHIX 30€pexKEHHSI HABKOJIMIIHBOTO CEPEIOBHUIIA.

3acTocyBaHHS BHINEO3HAYCHUX MPHUHIIMUIIB Ha BUPOOHMIITBI J03BOJISIE CTBOPUTH
[IUIIX CTAJIOTO PO3BUTKY, 3a0€3MeUyI0UH 3HIKEHHS! HETaTHBHOTO BIUTMBY Ha JTOBKLJII,
MIJBUILIEHHS €()EKTUBHOCTI BUPOOHUIITBA 33 PAXYHOK BUKOPUCTAHHS HOBITHIX CUCTEM
yTui3alii Biaxomais [2,5].

OCHOBHI €JIEMEHTU Ta CUCTEMHU €KOJIOTTYHOT'O MEHEIXKMEHTY MiANPUEMCTB OY/Ib-
SAKOTO THUITYy B CBOIH OCHOBI MalOTh NMPUHLMIT B3aEMO/IIi 13 30BHIIIHIM CEPEJOBUIIIEM.
Ils B3aemoJlisl TOJIOBHUM YHHOM CTOCY€THCS CIIOKMBAHHS €HEprii, CUPOBHHU Ta
YTBOPEHHSI BiIX0JiB. TOMy, CHCTEMH EKOJIOTIYHOTO MEHEIKMEHTY € KPUTHYHO
BOKJIMBUMHU 1THCTPYMEHTAMH JIJI OPTaHi3allii, M0 MParHyTh ONTHMI3yBaTH CBiil BILTUB
Ha JIOBKIJUIS Ta MIABUIIUTH CBOIO €KOJIOT1YHY BIAMOBIAAIbHICT. CKIaIOBUMH € PSJT
€JIEMEHTIB Ta MPOIeyp, CIPIMOBAHUX HAa BCTAHOBJICHHS, BIPOBA>KEHHS1, BAKOHAHHS,
OIIHKY Ta MATPUMKY e(EeKTUBHOI TOJITUKH y cdepli OXOpoHU MOBKLLI [3].
ETanonHanMu ctangapTaMu AJsl CHCTEM yIPaBIiHHS HABKOJIMIITHIM CEPEOBHILEM €:

¢ [SO 14001:2015 (Mi>xHapoIHUN CTaHIAPT);

e Pernament (€C) Ne 1221/2009 — EMAS (€Bpomneiichkuii cTaHaapr).

Cranpapt ISO 14001 Bu3Haya€e OCHOBHI BHMOTHM [0 CHCTEMH YIIPaBIIHHS
HABKOJIMIIHIM CEPEJOBUILEM, $KI MIJIPUEMCTBO MOXE BHUKOPUCTOBYBATH IS
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PO3BUTKY CBO€l €KOJIOT14HOi edeKTuBHOCTI. CTaHmapT MNpU3HAYECHUH  JUIs
CHUCTEeMAaTUYHOTO KepyBaHHS €KOJOTTYHUMH CTpPATET1sIMU Ha MANPUEMCTBI [2,3].

ISO 14001 BpaxoBye HaCTyMHI NPUHIMIA CUCTEMH €KOJIOTTYHOT'O MEHEIKMEHTY:

e SKOJIOT1YHA MOJIITUKA: BIJIMOBIAA€ ACKIapallii Mpo HaMipH, 3 METOIO MMPOPAXYHKY
3arajibHOi €KOJIOT1YHOI €(PEeKTHMBHOCTI Ta 3abe3leuye OpIEHTUP IS JISUIBHOCTI 3
METOI0 BU3HAUEHHS 11JIeH y cepl HABKOJIMIIIHBOTO CEPEAOBUINA;

® [UTaHYBaHHS: Mepeadayae eTanu BU3HAYCHHS €KOJIOTIYHUX ACTEKTIB (€JIEMEHTIB
TISUTBHOCTI MIATNPUEMCTB, BUPOOHHUIITBA IPOAYKTIB a00 HaJaHHS MOCTYT, sIKI MalOTh
ab0 MOXYThb MaTH BIUIMB Ha HABKOJUIIHE CEPEIOBUIIEC), BU3HAYCHHS 3HAUYIINX
€KOJIOTTYHUX aCTEKTIB (K1 MalOTh a00 MOXKYTh MaTH 3HAYHUI BILJIMB HA HABKOJIUIITHE
CEpellOBHUIIIE) Ta EKOJOTIYHI HOPMHM, IO 3aCTOCOBYIOTHCA [0 IIUX EKOJIOTTYHHX
ACIIEKTIB;

® BIPOBA/DKEHHS Ta (PYHKIIOHYBaHHS: Mependayae BU3HAYCHHS OpraHi3alliiHol
CTPYKTYpH MIJANPUEMCTBA, BIAMOBIJATBHOCTI Ta 3aBIaHb y c(epl HABKOJUIIHBOTO
CEpellOBHUILA, MIJTOTOBKY IMEpPCOHANy, BU3HAYEHHSA BHYTPIMIHIX a00 30BHINIHIX
KaHaJIIB 3B 53Ky, pO3pOOKY Ta KOHTPOJb JOKYMEHTAIlll, OlepaTUBHUNA KOHTPOJIb.

Bci BHILIEO3HAUEHI NPHUHIMIM EKOJOTIYHOTO MEHEIKMEHTY Ha MiJNPUEMCTBI
(hopMyI0Th 3HAUYIIl MPUHITUIN MMABUIIEHHS €(DEKTUBHOCTI JisSJIbHOCTI BUPOOHUIITBA
TOBapiB a0 IMOCAyr Ta yTWIi3amii BIAXOMIB 3 BHUKOPHCTaHHSM 1HHOBAIlIMHHUX
010TEXHOJIOT1H.
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Abstract.

Using one fixed mutual-history LightGBM architecture with separate P and Q
estimators and synchronized recursion, this study compares two allocations of tuning
computation. Search depth uses nested best-so-far checkpoints after 10, 30, and 60
distinct Optuna trials on 24 chronological midnight origins; validation breadth uses 24-
, 36-, and 48-origin designs at 60 trials. Seed-42 specifications are refitted daily across
59 leakage-safe midnight origins in 2022; 54 form the primary comparison and five
late-February origins are descriptive. Performance is summarized by a fixed-scale
paired root mean squared error (RMSE) score and paired normalized continuous
ranked probability score (CRPS). S36-T60 has the lowest observed values for both.
Within the nested seed-42 depth trajectory, T60 has lower paired normalized CRPS
than T10 and T30 after Holm adjustment, while no point-loss depth or breadth contrast
survives adjustment. Three sampler seeds show small common-sample breadth
differences and are treated descriptively. The evidence supports a broad near-optimal
region, not a universal trial or fold optimum.

Keywords: active power, reactive power, LightGBM, Optuna, hyperparameter
optimization, rolling-origin evaluation, time-series validation

1. INTRODUCTION

Day-ahead active-power (P) and reactive-power (Q) forecasts support distribution-
system scheduling, monitoring, voltage management, and state estimation. Their errors
are related but distinct because Q also reflects power factor and local reactive behavior.
Accuracy therefore depends on both the learner and the representation of target history
[1]-3].

Gradient-boosted trees suit heterogeneous weather, calendar, and lagged predictors
[4]. In a recursive 24-h forecast, later target-dependent features contain earlier
predictions, so candidate settings must be assessed over complete paired trajectories
[5]. Hyperparameter tuning then creates a resource trade-off: more Optuna trials
explore more vectors, while more chronological validation origins test each vector
more broadly [6], [7]. Both choices add cost without guaranteeing better later forecasts.

The experiment holds the forecasting architecture fixed and asks how tuning
computation should be divided between deeper Optuna exploration and broader
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chronological validation. Depth is studied at nested 10-, 30-, and 60-trial milestones
from one trajectory; breadth uses 24, 36, and 48 nested tuning origins, with three
sampler seeds describing development sensitivity. Each configuration is a fixed
hyperparameter and feature specification; fresh P and Q estimators are refitted at every
evaluation origin under one leakage-safe rolling-origin protocol.

2. DATA AND FIXED FORECASTING ARCHITECTURE

The data contain hourly measurements from a 110/10-kV distribution substation in
Kyiv Oblast, Ukraine. Active power is recorded in kW and reactive power in kVAr.
The retained prepared record extends from 1 January 2021 to 30 June 2022. Candidate
development uses chronological origins in 2021; the present forecast comparison uses
1 January—28 February 2022. Weather variables include temperature, humidity,
precipitation, pressure, wind, and irradiance, together with calendar, weekend,
seasonal, and Ukrainian holiday indicators.

Every learned configuration uses the same mutual-history design. Each target
model receives the exogenous predictors, explicit 1- and 24-h lags of both P and Q,
and trailing means and sample standard deviations over 24 and 168 h. One LightGBM
hyperparameter vector is shared between the P and Q specifications, while the two
estimators are fitted separately. At each forecast hour, both feature rows are built from
the same pre-update history, both predictions are generated, and only then is the pair
appended. Thus no model can use the other target's actual or predicted value at the
same future timestamp.

The target series were prepared globally before this experiment, and future weather
rows are treated as known. These choices keep every configuration on the same
numerical sample but mean that the results are conditional on the prepared targets and
perfect exogenous information. They are revisited as limitations rather than hidden
within the accuracy comparison.

3. SEARCH AND EVALUATION DESIGN

3.1 Configuration names and experiment map

Each label Sx-Ty describes how a LightGBM specification was selected, not a
permanently fitted model. Sx means that x chronological 2021 midnight origins were
used to score candidate hyperparameters; Ty means that the best eligible vector
available after y nonduplicate terminal Optuna trials was retained. For example, S24-
T10 is selected on 24 tuning origins at the 10-trial milestone, whereas S36-T60 is
selected on 36 origins at the 60-trial milestone. A terminal trial is a unique proposal
that ends as complete or pruned. Only completed trials can supply the best-so-far
vector, while pruned trials still consume computation. In the 2022 comparison, every
retained specification is used to refit separate P and Q estimators at each midnight
origin.

The five retained labels form two controlled comparisons. Search depth holds the
24-origin schedule fixed and compares S24-T10, S24-T30, and S24-T60. These are
nested checkpoints of one continuous seed-42 tree-structured Parzen estimator (TPE)
study, not independently restarted searches. Validation breadth holds 60 trials fixed
and compares S24-T60, S36-T60, and S48-T60; the 36- and 48-origin schedules
contain every origin from the smaller schedules. A target-fold fit is one LightGBM fit
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for one target at one tuning origin, so it records work more faithfully than trial count
when pruning stops a trial early. Seeds 17 and 73 supply additional development-only
T60 search replications for the nested 24-, 36-, and 48-origin designs. Their selected
vectors are rescored on the common 48-origin schedule, but seed 42 supplies all five
frozen specifications used for 2022 forecasts.

3.2 Split creation and validation breadth

The base 24-origin schedule contains midnight origins distributed across February—
September 2021: 12 regular days, six calendar days, and six stress days. Regular origins
represent ordinary weekdays or weekends; calendar origins cover holidays, month or
season boundaries, and return transitions; stress origins capture marked weather or P—
Q conditions, including temperature, wind, precipitation, irradiance, and load
variability. This 2:1:1 composition prevents the tuning score from being determined
only by ordinary operating days. Origins are selected from calendar and descriptive
operating conditions rather than from later forecast errors.

Every fold starts training on 2 January 2021 and expands through 23:00
immediately before its forecast origin. The next calendar day is hidden and forecast
recursively for 24 h. Consequently, later folds contain all earlier available observations,
there is no withheld interval between fitting and scoring (fit gap = 0), and only the
scored day is recursive. The 168-h quantity used elsewhere in the model is a trailing-
feature window, not a validation gap. The 36-origin schedule retains all 24 base origins
and adds six regular, three calendar, and three stress origins; the 48-origin schedule
retains those 36 and adds the same 6/3/3 composition. Thus the three designs contain
12/6/6, 18/9/9, and 24/12/12 origins, respectively, and are exact nested extensions.

S24-T60, S36-T60, and S48-T60 use the same 60-terminal-trial budget. Because
their own-design objectives are calculated on different origin sets, those values are not
directly comparable. For each seed and breadth, the selected vector is therefore held
fixed and rescored, without further tuning, on the common 48-origin schedule. The
resulting seed-42, seed-17, and seed-73 breadth sequences form three matched
development trajectories. At each breadth, their median common-schedule score is
used only as a descriptive center; the individual seed trajectories remain visible, and
only seed 42 supplies the 2022 forecasting specification. The three seed trajectories are
not treated as independent samples for statistical inference.

3.3 Tuning objective

For origin o, the recursive 24-h errors of P and Q are first converted to one

dimensionless paired score:
05 RMSEp , N RMSE, ,
]O - ' [ Bp BQ ]

The fixed normalizers, 192.005583 kW for P and 229.797998 kV Ar for Q, are the
aggregate SNaive-24 RMSE values calculated once over all 24 base tuning origins.
The Optuna objective preserves the intended origin composition:

]dev = 0.50 meanregular(jo) + 0.25 meancalendar(jo) + 0.25 meangress (jo)-

RMSE was fixed before tuning because squared-error regression was used and the
primary external point criterion was intended to give larger 24-h misses more
influence. Mean absolute error (MAE) was calculated and retained in the archived
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results as a secondary diagnostic; the conference text reports RMSE and CRPS to keep
the comparison compact. Replacing RMSE with MAE would define a different
optimization experiment and require every configuration to be retuned; it cannot be
substituted after model selection.

3.4 Rolling-origin evaluation and inference

At each midnight origin, each frozen specification is used to refit separate P and Q
estimators on prepared rows available through 23:00 of the preceding day; those
estimators then forecast the next 24 h recursively. Earlier 2022 observations enter later
refits only after they have become available. Future P and Q are unavailable. A
dedicated audit verified 59 origins, 24 horizons, and 1,416 forecasts per target and
configuration. Replacing all future targets with sentinel values and reversing the P—Q
estimator order produced maximum forecast differences of zero at nine configuration-
origin checks.

The primary interval contains 54 origins from 1 January through 23 February 2022.
The five origins from 2428 February are retained as a descriptive stress interval and
excluded from ordinary inference. RMSE describes point accuracy in the conference
text, while MAE remains available in the archive. The fixed-scale paired RMSE score
equally averages P RMSE divided by 192.005583 kW and Q RMSE divided by
229.797998 kV Ar. For each configuration, every 2022 point forecast is combined with
92 complete paired P—Q residual trajectories obtained from leakage-safe daily rolling-
origin forecasts over 1 October—31 December 2021 under the same refitting protocol.
The resulting fixed empirical ensemble uses neither bootstrap resampling nor adaptive
recalibration. It preserves temporal and cross-target dependence, does not alter point
forecasts, and is evaluated by the continuous ranked probability score (CRPS) [8].

For configuration m and day d, MSE and CRPS are calculated over the complete
24-h trajectory. The daily paired losses used in the statistical comparisons are

L d) = 05 [MSEP(m, D MSEQ(m,d)]_

B 2 B 2
P Q
CRPSp(m,d)  CRPS,(m,d)
Legps(m,d) = 0.5 [ ];’ + B‘f 1.
P Q

Daily loss differences are tested over the 54 complete primary trajectories using a
Bartlett-Newey—West  heteroskedasticity-and-autocorrelation-consistent ~ (HAC)
variance estimate with a fixed bandwidth of three daily lags; for n = 54, this equals the
conventional Newey—West automatic bandwidth rule. The Harvey—Leybourne—
Newbold finite-sample correction uses trajectory-level horizon h = 1 because each
observation is one complete day. Tests are two-sided, and separate three-comparison
Holm step-down families control family-wise error at 5% [9]-[12].

Table 1. Search configurations and measured computational cost

Configuration Tuning Terminal Target-fold fits Recorded time
orlglns trials (h)

S24-T10 0.16
S24-T30 24 30 1,296 0.47
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Configuration Tuning Terminal Target-fold fits Recorded time
orlgms trials (h)

S24-T60 2,598 1.25
S36-T60 36 60 3,480 1.29
S48-T60 48 60 4,056 2.26

Only seed-42 specifications enter the 2022 forecast comparison. Seeds 17 and 73
provide development-only 60-terminal-trial searches and common SEARCH-48
rescoring for the breadth analysis. Fits and times refer to seed 42. Searches ran
sequentially on a Windows 11 CPU workstation with four LightGBM threads, times
are environment-specific.

4. RESULTS

Using the labels defined in Section 3.1, search depth compares S24-T10, S24-T30,
and S24-T60 at a fixed 24-origin schedule. Validation breadth compares S24-T60, S36-
T60, and S48-T60 at a fixed 60-trial budget. These two questions and their statistical
families are kept separate below.

4.1 Search depth

Within the nested seed-42 trajectory, the external fixed-scale paired RMSE score
decreases from 0.6026 for S24-T10 to 0.5953 for S24-T30 and 0.5659 for S24-T60.
The intermediate milestone is not uniformly better: T30 reduces Q RMSE relative to
T10 but increases P RMSE. T60 has lower point and probabilistic scores than both
shallower milestones. Under daily paired squared error, neither T60 contrast survives
Holm adjustment (adjusted p = 0.1189). In the separate paired normalized CRPS
family, T60 is lower than T10 and T30 after adjustment (adjusted p = 0.0277 for each).
Within this nested seed-42 trajectory, the T60 specification therefore has lower paired
normalized CRPS than T10 and T30. The point-loss contrasts remain unresolved, and
the result does not establish that a 60-trial budget is generally superior.
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(a) Nested search depth (b) Chronological validation breadth
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Figure 1. Search depth and chronological tuning-origin breadth. (a) Best-so-far 24-
origin tuning objective against cumulative target-fold fitting cost; markers identify
nested 10-, 30-, and 60-trial seed-42 milestones. The printed 2022 fixed-scale paired
RMSE scores are external-score annotations only and are not values on the tuning-
objective axis. (b) Vectors selected on 24, 36, and 48 origins and rescored on the
common 48-origin design for three sampler seeds. Thin lines connect matched seeds;
the thick line is the median at each breadth, a descriptive center rather than an
inferential estimate.

Source of the figure: authors' calculations based on archived Optuna and fold-
rescoring outputs.

4.2 Tuning breadth

Figure 1(b) compares all selected vectors on the same 48 origins. Each point
remains the RMSE-based development objective; the thick line takes the median of the
three seed-specific points at each breadth only to describe their typical level without
allowing one unusually high or low seed to dominate. It is neither a new tuning
objective nor MAE. The individual trajectories remain visible, and no confidence
interval or seed-level test is used because three seeds are too few for formal inference.

On that common sample, the median changes from 0.50047 for vectors selected on
24 origins to 0.49802 on 36 and 0.49620 on 48. The 24-to-36 transition improves two
seed trajectories and ties one; 36-to-48 improves all three numerically, but every latter
change is below 1%. Selected parameter vectors differ across breadths except for the
identical seed-73 24- and 36-origin best-so-far vectors. These small descriptive
differences are consistent with a broad near-optimal region.

4.3 External 54-day performance

Among the five frozen seed-42 specifications, S36-T60 is the numerical paired
leader, with fixed-scale paired RMSE score 0.5581 and paired normalized CRPS
0.2942. S48-T60 has the smallest Q RMSE, 115.13 kVAr, but its P RMSE is higher
than S36-T60 and its paired criteria are slightly worse. S24-T60 is less expensive and
remains close. Neither squared-error nor CRPS breadth contrast survives its Holm
adjustment; the smallest adjusted breadth p-value is 0.1544. S36-T60 is therefore a
practical numerical compromise in this case study, not a statistically established
optimum.
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Table 2(a). Point-forecast performance over 54 primary origins

Configuration P RMSE Q RMSE Fixed-scale paired
c (kW) (KVAr) RMSE score

S24-T10 125.70 126.50 0.6026
S24-T30 127.31 121.24 0.5953
S24-T60 120.10 116.34 0.5659
S36-T60 118.04 115.24 0.5581
S48-T60 119.15 115.13 0.5608
SNaive-24 185.80 172.04 0.8582
SNaive-168 265.00 149.90 1.0162

Table 2(b). Probabilistic performance over 54 primary origins

Confisuration P CRPS Q CRPS Paired normalized
8 (kW) (kVAr) CRPS

S24-T10 67.11 66.73 0.3200
S24-T30 67.03 64.38 0.3146
S24-T60 63.97 60.34 0.2979
S36-T60 62.69 60.18 0.2942
S48-T60 63.33 60.69 0.2970
SNaive-24 96.84 86.37 0.4401
SNaive-168 163.57 77.40 0.5944

Lower values are better. Paired scores use fixed development scales of 192.005583
kW and 229.797998 kVAr with equal target weights. The 54-day primary interval is 1
January—23 February 2022; 24-28 February is excluded.

Table 3(a). Daily paired-loss comparisons for search depth

Contrast Mean difference [95% CI] | Raw p H(;)lm

SE: S24-T10 - S24-T30 0.00679 [-0.03735, 0.05094] 0.7588 0.7588
SE: S24-T10 - S24-T60 0.04199 [0.00207, 0.08191] 1 0.0396 0.1189
SE: S24-T30 - S24-T60 0.03519 [-0.00086, 0.07125] 0.0555 0.1189
CRPS: S24-T10 - S24-T30 0.00534 [-0.01270, 0.02339] 0.5552 0.5552
CRPS: S24-T10 - S24-T60 0.02210 [0.00569, 0.03851]  0.0092  0.0277
CRPS: S24-T30 - S24-T60 0.01676 [0.00389, 0.02963] 0.0117 0.0277
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Table 3(b). Daily paired-loss comparisons for validation breadth

SE: S24-T60 - S36-T60 0.00907 [-0.00006, 0.01820] 0.0515 0.1544
SE: S24-T60 - S48-T60 0.00576 [-0.00720, 0.01872] 0.3767 0.7534
) -0.00331 [-0.01882,
SE: S36-T60 - S48-T60 0.01220] 0.6703  0.7534
CRPS: S24-T60 - S36-T60 0.00367 [-0.00109, 0.00844] 0.1279 0.3837
CRPS: S24-T60 - S48-T60 0.00089 [-0.00533, 0.00710]  0.7764 0.7764
_ -0.00279 [-0.00778,
CRPS: S36-T60 - S48-T60 0.00220] 0.2671 0.5343

SE and CRPS denote the daily paired normalized squared-error and CRPS losses
defined in Section 3.4. Difference = first configuration minus second, negative values
favor the first. Each design—loss block is a separate three-comparison Holm family,
HAC lag = 3.

4.4 Complete forecast trajectories

Across the 54 primary origins, the learned forecasts track the dominant daily P
cycle and the more irregular Q pattern; differences among configurations are small
relative to this shared temporal movement. During 24-28 February, the fixed-scale
paired RMSE score rises to 0.7202—0.7652 from 0.5581-0.6026 in the primary period.
This descriptive interval discloses changed behavior and is not used for selection or

inference.
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Figure 2(a-b). Leakage-safe P and Q forecasts for the nested search-depth
comparison (S24-T10, S24-T30, and S24-T60) over all 59 midnight origins. Continued
on the next page.
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(¢) Active power P: tuning breadth
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Figure 2(c—d), continued. P and Q forecasts for validation breadth (S24-T60, S36-
T60, and S48-T60). Each origin refits through the prior 23:00 and uses synchronized
24-h recursion with future P and Q unavailable. The shaded 2428 February interval is
descriptive; inference uses 1 January—23 February.

Source of the figure: authors' calculations based on archived leakage-safe rolling-
origin forecasts.

5. DISCUSSION AND LIMITATIONS

Within the nested seed-42 depth trajectory, T60 has lower paired normalized CRPS
than T10 and T30 after Holm adjustment, while point-loss contrasts remain unresolved.
Increasing breadth changed the selected vector and raised seed-42 trial time by 81%
(1.25 to 2.26 h) from S24-T60 to S48-T60, yet external paired scores differed by less
than 1.4% without monotonic improvement; added computation should therefore not
be assumed to improve forecasts.

Several limits constrain interpretation. The study uses one substation, one
forecasting architecture, and three descriptive sampler seeds. The primary/stress
boundary is set at 24 February 2022 to separate the five origins following the onset of
the full-scale invasion; this descriptive partition is not a prospective independent test.
Target preparation was performed globally, and realized future weather rather than
archived day-ahead forecasts supplies exogenous inputs. Q4 residual calibration
changes uncertainty distributions but not LightGBM point forecasts. Finally,
nonsignificance does not establish equivalence, and the numerical S36 result should
not be generalized as an optimal number of tuning origins.

6. CONCLUSION

For a fixed mutual-history LightGBM architecture, deeper TPE exploration and
broader chronological validation select different parameter vectors but produce
comparatively modest external differences. Within the nested seed-42 search-depth
trajectory, the T60 specification has the lowest observed fixed-scale paired RMSE
score and lower paired normalized CRPS than T10 and T30 after Holm adjustment,
while point-loss differences remain unresolved. At 60 trials, S36-T60 has the lowest
observed fixed-scale paired RMSE score and paired normalized CRPS, but no breadth
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contrast is statistically resolved. Three development seeds likewise show small
common-sample breadth changes. The evidence supports a broad near-optimal region
and argues against a universal trial or fold prescription; future stopping rules should be
fixed using development-only criteria.
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METOJINYHUN NIIXII 10 MIHIMI3ALIIT ®A30BOI
MNOMMJIKA B IMIIYJIBCHUX CUCTEMAX
CUHXPOHIBALII TEJEKOMYHIKAIIA ITPU
AJIMTUBHIA NEPEIIKO/I HA BXO/I

BoJgomun Bacuiab Osnekcanaposuy
acIipaHT
Jlep>kaBHMM yHIBEpCUTET 1HPOPMAIIHHO-KOMYHIKALIMHUX TEXHOJIOT1i

AHoTamisi. Y Te3ax pO3TJIIHYTO METOIWYHUN IMAXia 10 MiHimizali ¢a3zoBoi
MOMHJIKM B IMITyJIbCHMX CHCTEMax CHHXPOHI3allii TEeIEKOMYHIKAIliil 3a HasBHOCTI
aAUTUBHOI TepemKkoau Ha BxoAl. OcHOBHa i1es TMoJsirae y BUKOPUCTaHHI
KOMOIHOBaHO1 CTPYKTYpH CHHXpOHI3alii 3 JOJAaTKOBUM PO3IMKHEHHUM KAaHAJIOM,
rapamMeTpH SIKOTO BHU3HAYAIOTHCSA 32 KPUTEPIEM MIHIMI3allli cepeIHbOKBAIPATUYHOI
(azoBoi nomuiiku. Takuid MAXIJT 103BOJISE MIIBUILIUTHA TOYHICTh IMITYJIbCHO-()a30BO1
CHUHXPOHI3alli1 0€3 ICTOTHOTO YCKJIaJIHEHHS] 3aMKHEHOTO KOHTYPY PEeryJItOBaHHS.

Kuro4oBi cnoBa: imnynvcrna cucmema cunxpouisayii, pazoea nomunxa, aOumuena
nepewikooa, KOMOIHO8AHA CUCMeMd CUHXPOHI3ayii, Z-nepemeopenHs, Oucnepcis
@azo60i nomuaku, merekoOMyHiKayiuHa cucmema.

Beryn

CuctemMu cuHXpoOHI3aIli € ©0a30BUMH e€JIeMEHTaMU TEJICKOMYHIKaIllHHUX
npuitMadviB, 1EMOAYJISTOPIB, CHHTE3aTOPIB YaCTOT, IPUCTPOIB TAKTOBOT CHHXPOHI3aIlii
Ta MUGPOBUX CUCTEM TMeEpeAaBaHHs JaHUX. Y CYYaCHHUX CHCTEMax 3B’s3Ky HAenai
HIUPILE 3aCTOCOBYIOTHCS CTPYKTYPH 3 TUCKPETHOIO 00pOOKOI0 1HPOpMAIlii, 30KpeMa y
CHUHTE3aTOpax dYacToT, IEMOMAYIATOpPax IMIYJbCHUX CHUTHAJIIB 3 YacTOTHOIO Ta
($ha30BOI0 MOYJISIIIIEIO, TPUCTPOSIX TAKTOBOT CUHXPOHI3allli, a TAKOK Y KOTE€PEHTHUX
ur(ppoBUX NpUiMayax.

[Ipobnema pa3zoBOT MOMUIKK € MPUHLIMIIOBOIO JJIS TEJIEKOMYHIKALIMHUX CUCTEM,
OCKUIbKH MOXUOKa (ha30BOro abo TaKTOBOT'O y3ro/KEHHSI 0€3M0CepeIHhO BILJIMBAE HA
TOYHICTh JEMOYJIALIi, IMOBIPHICTh OITOBOT MOMMIIKH, PIBEHb KUTEPY Ta CTIHKICTbH
npuitMaHHs B yMoBax mryMmy. Oco0iuBO1 akTyabHOCTI 11e HaOyBa€ JJis IMITYIbCHUX
CUCTEM CHHXpOHI3alii, A¢ BXiaHa 1H(MOpMAIls HAJAXOAWTh y BUTISIlI JUCKPETHHX
BIJITIKIB, a Ha BXO/Il CHCTEMH i€ aJJUTUBHA ITEPEIIKO/Ia.

MeTtoro pob0OTH € y3araJiIbHeHHS METOAMYHOTO MiAXOAY J0 MiHIMI3aIlil ¢a3oBoi
NOMMJIKM B IMITyJIbCHUX CHCTEMax CHUHXpOHI3alli TEeNeKOMYyHIKalld IUIIXOM
BUKOPUCTAHHA KOMOIHOBAHOi CTPYKTYpH 3 JIOAATKOBUM PO3IMKHEHUM KaHaJIOM Ta
BUOOPOM HOTO MapameTpiB 3a KPUTEPIEM MIHIMYMY CEpeIHbOKBAIPATUUHOI (Pa3zoBoi
TTOMHIJTKH.

IHocranoBka 3agaui

Y 3aranpHOMy BUMAAKy ¢a3a BXIJIHOTO CHUTHAJIY IMIYJbCHOI CHCTEMH
CUHXPOHI3al1lii MO>ke OyTH MojaHa ik CymMa KOPUCHOI (pa30BOi CKJIaI0OBOI Ta ITyMOBOI
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CKJIJIOBOI1, sIKa BioOparka€e BIUIMB aJUTUBHOT NIEPEIIKOIM Ha BX0 1. JIJIsl TUCKpPETHHX
BIIJTIKIB (ha3u 1€ MOXKHA 3aIMUCATH Y BUTJISII:

Qe (NT) = M(nT) + N(nT)

ne M(t) — kopucHa mMonyisiis ¢asu BXigHoro curHamy; N(t) — ImIymoBa
MoayJIAIIs (Da3u, 3yMOBIIEHA aJUTUBHOIO MEPEIK0/1010; T — mepioj AuCKpeTH3allii.

Take momaHHs 103BOJSE PO3AUIMTH BIUIMB KOPUCHOTO 1H(GOPMALIIMHOTO MPOIIECy
Ta MmyMy Ha @(a3oBy NOMWIKY CHCTeMH. Y mojaiblioMy ¢a3oBa MOMMIIKA
PO3IIIAIA€THCSA SIK BUTIAAKOBUHM MPOIIEC, CTATUCTUYHI XapaKTEPUCTUKH SKOTO 3aJI€XKaTh
Bl TMepenaTouyHux (YHKIIH 3aMKHEHOTO KOHTypy, MapamerpiB (a3oBoro
IUCKPUMIHATOPA, (QIIBTPIB CUCTEMH Ta JJOJJATKOBOTO PO3IMKHEHOTO 3B SI3KY.

Jnst O1IpIIOCTI  IMIYJILCHO-(PA30BUX CHCTEM aBTOMIACTPOIOBAHHS YacCTOTH
MPUITYIICHHS PO CTANICTh MEPIOAY PETyTIOBaHHS € MPUUHATHUM, SIKIIO BiTHOCHE
BIIXWJICHHSI YaCTOTH JUCKpeTHu3allii € ManuM. Lle mae 3Mory 3acTocoByBaTH amapar
JUCKPETHOTO Z-TIepETBOPEHHS AJI aHAJII3y Ta CUHTE3Y CUCTEMHU.

CtpykTypa iMIyJIbCHOI CHCTEeMH CHHXPOHI3amil

MeTtonnuHuii miaxijg nependavyae MOpiBHIHHS ABOX CTPYKTYp: 0a30BOi 3aMKHEHOI
CUCTeMHM CHHXpOHI3aIlli Ta KOMOIHOBaHOI CHCTEMHM CHHXpOHI3aIli. Y 0a30Biii
CTPYKTypl (pa3zoBa mnommika (OpPMYETbCSI B 3aMKHEHOMY KOHTYpl 3a Y4acTiO
IMITYJIbCHO-()a30BOTO JUCKPUMIHATOPA, (PUIHTPA CUCTEMHU Ta KEPOBAHOI'O T€HEpATOpa
a00 IHTErpyBaJIbHOT JIAHKHU.

Y KkoMmOiHOBaHIM CTPYKTypi JO OCHOBHOTO 3aMKHEHOTO KOHTYPY BBOJMTHCS
JOJIaTKOBHI PpPO3IMKHEHUW KaHai. BiH MICTUTH IMIYJIbCHMI €JIEMEHT, (ikcaTop
HYJIbOBOT'O TMOPSJIKY Ta HEMEpEepBHY KOpHUryBajbHy JaHKy W4(s). Takuil kaHan He
3aMIHIO€ OCHOBHUM KOHTYP CUHXPOHI3allii, @ JOMOBHIOE HOT0, (POPMYIOUYM JOJATKOBHIA
BILJIUB Ha BUXITHY KOOPJIMHATY CUCTEMH.

Heniniiina xapakrepuctuka (pa3oBOro AUCKpUMiHATOpPa B MeXkax Majux (a30BHX
BIIXWJIEHb MOKE OyTH 3aMiHEHa MpPOMOpILiitHOI JaHKolo 3 KoedimientoM K1. Take
JiHEeapu30BaHE TIOJIaHHS € OOIPYHTOBAHUM JUISi PEXUMIB  BHCOKOTOYHOI
CUHXpOHi3alii, Koiu ¢a3oBa MOMHUIIKA 3AJTUIIAETHCS B Mexax poO0Yoi IUISTHKA
JTUCKPUMIHALIMHOT XapaKTEPUCTHUKH.

Metoauka minimizanii ¢pa3oBoi MOMUIKHU

CuHTe3 KOMOIHOBAHOT IMITYJIbCHOI CUCTEMH CHHXPOHI3allii IOI[IIbHO BUKOHYBATH
y JEKIJIbKa MOCTIIOBHUX €TaIllB.

1. ®opmamizariist BxigHoro mnpoiecy. Ha nmpomy erami 3aaeTbesi MOJI€Nb BX1THO1
(a3u sik cymu kopucHoi ckiianoBoi M(nT) ta mrymoBoi ckiagoBoi N(nT). Jiis Bunmaaxky
aUTUBHOI HOPMAJIbHOT MEPEIIKOIM HEOOXIIHO BpaxyBaTH il CHEKTPalIbHy T'yCTHHY,
nepepaxoBaHy /10 BXOIy (a30BOTro JUCKPUMIHATOPA.

2. IloOynoBa JniHIMHOT JUCKpeTHOT Moaeni. IMnynbcHO-(ha30BUil AUCKPUMIHATOP
MOJAETHCA SIK TTOCTIAOBHICTh HENIIHINHOT JJaHKH, IMITYJILCHOTO €JIeMeHTa Ta (pikcatopa
HYJIBOBOTO MOPSAKY. 32 YMOB MaJioi (pa30BOi MOMUJIKH HEJIIHINHA JaHKa 3aMIHIOEThCS
€KBIBaJICHTHUM TPOTOpIiHNUM KoedimienTom K1.
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3. BusHauenHs Z-300paxkeHb curHaiiB. st mepexony A0 JTUCKPETHOTO aHajizy
BUKOPUCTOBYIOTBCS Z-TIEPETBOPEHHS KOPUCHOI CKJIAIOBOI, IIYMOBOI CKJIQJIOBOI Ta
CUTHAJIB y By3lax cuctemu. Lle 103Bosisie oTpuMaTH IMITyJIbCHI TIepeaTouH1 QyHKITT
1St pa30BOT TOMIJIKH Ta BUX1THOT KOOPIMHATH.

4. OtpumanHsa nepenatodnnx ¢GyHKIin ¢a3zoBoi momMmiku. [[ns xkomOiHOBaHOT
cuctemu (pazoBa momMmiKa (HOpPMy€EThCS T A€ ABOX CKJIAIOBUX: KOPUCHOT (ha30BOi
Moxaystii M(Z) ta mrymoBoi ckiiafoBoi N(Z). Y 3aralbHOMY BHTJISII 1T MOYKHA ITOAATH
SK:

¢(Z) = WoK(Z)M(Z) — WK(Z)N(Z),

e WoeK(Z) — mnepematouna ¢yHKIST CHCTEMH 3a KOPHUCHOKO (Da3oBorO
ckianoBoro; WK(Z) — nepenarouna GpyHKIlis 3a IMIyMOBOIO CKJIJJOBOIO.

5. ®opmyBaHHS KpUTEpi0 onTuMizalii. Sk KpUTepii SIKOCTI BUKOPUCTOBYETHCS
aucnepciss abo cepelHbOKBaApaThuyHa (pa3oBa MNOMMIIKA. Takuil KpUTepid €
JOLIUIBHUM, OCKUIBKM BiH O€3M0CEpeAHbO BPAXOBY€ CTAaTHCTHYHHUUA XapakTep
aJINTUBHOI MEPEIIKOAN Ta J03BOJSIE OLIHWUTU IHTETPATBHUN BIUIMB IIyMYy Ha SIKICTh
CUHXpOHI13allii.

o, = F(W,K(2), WK(Z), GM(Z), GN(2)),

ne GM(Z) — eHepreTHYHUIl CIEKTP KOPUCHOI TUCKPETHOI (a30BOi CKIAO0BOT,
GN(Z) — eHepreTMuHUil CHEKTp IIYMOBOI ckianoBoi; F(-) — dyHkiionan, o
BHU3HAYAE IUCTIEPCiIO (Pa30BOT MOMUIIKK YEPe3 CIEKTPaIbHI XapaKTEPUCTUKHU BX1THUX
MIPOIIECIB 1 IepeIaTouHi (PYHKIIIT CHCTEMHU.

6. Bubip mapamerpa m0AaTKoBOrO 3B’s3Ky. [lapameTpu KOpPUTYBAJIBbHOI JIAaHKU
W4(s) abo 1i QUCKpPETHOTO E€KBiBaJieHTa BUOUPAIOTHCS 3 YMOBH MiHIMI3aIii GQ.
OCKUTBbKM €JIEMEHTU BUpasy sl JUCIepCii 3ajearh BiJ MmapaMerpa J10AaTKOBOTO
3B’SI3KYy, 3MIHA IIbOT'O MapaMeTpa J03BOJIsI€ O€3MOCcepeHbO BIUIMBATH HAa BEJIUYUHY
($ha30BOT TOMUJIKH.

HaykoBo-npakTu4iHe 3HAYEHHS

3anponoHOBaHUN METOMUYHUHN MIIX1A Ma€ MPAKTUYHE 3HAYCHHS TSI IMITYJIbCHIX
JIEeMOYJISITOPIB  (pa30MaHINyIbOBAHUX CHUTHAJIB, LHUPPOBUX CHUCTEM TaKTOBOI
CUHXpOHI3allll, KOT€pEeHTHUX TMpUHAMayiB 1 MPUCTPOIB YUIUIbHEHHS KaHAIIB ¥y
TeJIeKOMYHIKAIHAX CHCTeMaX. Moro 3acTocyBaHHs J03BOJS€ MepeiiTH Bix
EMITIPUYHOTO HAJIAIITYBaHHS MapaMeTPiB CHHXPOHI3aTOpa 0 KUTbKICHOTO CHHTE3Y 32
KpUTEPIEM MIHIMyMY CepeITHBOKBAAPATUIHOT (PAa30BOT TOMHUIIKH.

JlonaTkoBuil PO3IMKHEHUW KaHajl CTBOPIOE OKPEMHUH CTYIiHb CBOOOAU IS
3MEHIIICHHS] NIyMOBOI Ta MepexigHoi ckiaanoBux (a3oBoi momuiku. [lpu 1mpomy
OCHOBHHMM 3aMKHEHUW KOHTYp 30epirae (QyHKIi CcTeXeHHs Ta cTabumizarii, a
KOpUTYBaJIbHAa JlaHKa 3a0e3mnedye IiIeCIpsSIMOBaHE IMOKPANIEHHS CTaTHCTUIHUX
XapaKTEPUCTHK TTOMHIIKH.

[TepeBaroro Takoro Mmiaxoay € MOXJIMBICT HOTO BUKOPHCTAHHS K Y CHCTEMaXx,
JUISL SIKUX JIOIyCTHME HAOJIMKEHHS 10 HEMEpepBHOI MOJEINI, TaK 1 B CHUCTEMax, Jie
HeOoOX1AHUM Oe3nocepeHiil TUCKPETHUN CUHTE3 Ha OCHOBI Z-300pakeHsb. Lle poOuth
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METOJi MPUJATHUM JUIsl CyYaCHUX UU(PPOBUX TEIEKOMYHIKAIIMHUX MPUCTPOIB 3
IMITyJTECHOIO OOPOOKOIO CUTHATIB.

BucHoBku

1. IMOynbCHI cMCTeMH CHHXPOHI3AIll TeIeKOMYHIKAI[IM OIIIBHO aHalli3yBaTu B
JAUCKPETHIN 00J1acTi, po3riisiiaouu a3y BXiTHOTO CUTHAIY K CyMy KOPHUCHOI (pa30Boi
MOJIYJISAIT Ta IIyMOBO1 CKJIaJIOBOi, 3yMOBJICHOT aJUTHBHOIO MEPEIIKOIO0I0.

2. lns miHiMizalii ¢pa30Boi MOMMIKH €()EeKTUBHUM € BUKOPUCTAaHHSI KOMOIHOBAHO1
CUCTEMHU CHHXpOHI3allii 3 JOJAaTKOBUM PO3IMKHEHHUM KaHAJIOM, SIKMM BIUIMBAE Ha
(dbopMyBaHHS BUXIAHOI KOOPAUHATH Ta (HA30BOT MOMUIIKH.

3. MeTtoauuHo OOTpyHTOBAaHMM KPUTEPIEM CHHTE3y € MiHIMi3allis gucrepcii adbo
CEpEeIHbOKBAAPATUYHOTO 3HAYEHHS (Pa30BOi TOMMIIKH, LIO0 BPAXOBY€E BIUIUB SK
KOPHUCHOTO (pa30BOT0 MPOILIECY, TaK 1 AAUTUBHOT MEPEIIKOIH.

4. BuxkopucraHHs Z-TI€pETBOPEHHS JO3BOJISIE OTPUMATH JIMCKPETHI MEpelaTOuH1
GyHKII CUCTEMH, OI[IHUTU CIEKTpPaJbHI XapaKTePUCTUKUA (Pa30BOi MOMUIKUA Ta
BHU3HAUUTH MapaMeTpy JOJATKOBOTO 3B’ SI3KY.

5. 3anpornoHoBaHUM MIAX11 MOXe OyTH BUKOPUCTAHUW JJIsl MIABUIIEHHS TOYHOCTI
IMITyJIbCHUX CHUCTEM (pa30BOi Ta TAaKTOBOI CHUHXPOHI3allli B TEIEKOMYHIKaLIMHUX
npuitmavax, aeMmopnyisitopax ®OM-curnaniB 1 HUPOBUX CUCTEMAX KOTEPEHTHOIO
MIPUAMAaHHS.
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OCOBJIMBOCTI OIITHKH BIIJIUBY IMITYJIbCHOI
HE®JYKTYAIIMHOI 3ABAJIU HA CUTHAJIA 3
BATATONO3UIINHOIO IMITYJIbCHOIO ®A30BOIO
MAHINIYJISALIEIO

Typoscbknit Onexkcanap JleoninoBuu
3aBigyBau kadeapu TeXHIYHUX CUCTEM Kibep3axucry
Jlep>kaBHMM yHIBEpCUTET 1HPOPMAIIHHO-KOMYHIKALIMHUX TEXHOJIOT1i

bonpapenko €Bren BikTopoBuu
AcmipadT kadeapu TexHIYHUX CUCTEM KiOep3aXHCTy
Jlep>xaBHUI yHIBEepCcUTET 1HPOPMAIIHHO-KOMYHIKAIIITHIX TEXHOJIOT1i

Beryn

Curnanu 3 OaratomnosuiliiiHoro (azoBoro Maninyssieto (bOM, abo M-PSK)
IIUPOKO 3aCTOCOBYIOThCS B HHUGPOBUX TEJIEKOMYHIKAIIHHUX 1 PadlOTeXHIYHUX
CUCTEMaX, OCKUIbKM 3a0e3MeuyroTh MIABUIIECHHS 1H(OpMaIiiiHOi €pEeKTUBHOCTI 3a
pPaxyHOK TepefaBaHHs JEKUIbKOX OITIB OJHHUM CHUTHAJIIBHUM CHMBOJIOM. Y TaKHUX
cucrtemax iHpopmMallis 3aKko0BaHa y (pa30BOMY MOJIOKEHH] €JIEMEHTapHOTO CUTHAIY,
TOMY SIKICTh NMPUKWMAHHS ICTOTHO 3aJIEXUTh BiJ TOYHOCTI ()a30BOi CHHXPOHI3aLli,
CTaOUIBHOCTI ONOPHOTO KOJMBaHHA, PIBHA IIyMy Ta HAasSBHOCTI CHEIladbHO
chopMoBaHMX abO0 TPUPOJHO BUHUKIMX HeuykTyariiHux 3aBaa. OcoOnuBoO
HeOe3MevHoIo € IMITyJIbcHA He(yKTyaIliiiHa 3aBajia, gKa Ji€ He TOCTIMHO, a B OKpeMi
IHTEepBaIM Yacy, Ma€e JeTEpPMIHOBaHY a00 KBa3iJIETEPMIHOBAHY CTPYKTYpPY Ta MOXKE
CIIBIAJaTH 3 MOMEHTaMU MPUHMaHHS CHMBOJTIB.

AKTyabHICTh OIIHKY BIUIMBY TaKOi 3aBaJy 3yMOBJICHA THM, 1110 KJIACHYHI MOJIEI
3aBaJIOCTIMKOCTI YaCTO Oy MyIOThCS JUIsl PIIyKTYallliHO1, IIEPEBa’KHO TayCOBO1, 3aBaIH.
[Ipore B peanpbHUX KaHajlaxX 3B’SI3Ky, OCOOJIMBO Yy pajioKaHalIaxX CHeiabHOTO
MpU3HAYEHHS, TOpsiA 13 (QIyKTyaliiHUM IIyMOM MOXYTh [iSITH TapMOHIYHI,
(hazomaHINMyIb0BaHI, pETPAHCIIBOBAaH1, CKAHYBaJIbHI, IMITYJILCHI Ta MYJIbTUIUIIKATUBHI
HeduykTyariiini 3aBaau. Po6ora TypoBcekoro, Menemiko 1 J[poObuka mpucBsiueHa
caM€ METOJOJIOTIi OIIHIOBaHHS iX BIUIMBY Ha 3aBaJOCTIMKICTh MpUIMaHHS
nuckpeTHux curdaiis 3 BOM, a pobota IlIBenst 1 Meneniko po3BuBae e miaxij 1ist
KOTE€PEHTHOTO MPUIOMY CHUTHANIB 3 0araTono3uiiiHow (a30BO0 MaHIMYJSLIE0 32
HasBHOCTI He(piykTyamiiuux 3asan [1, 2].

MeTor0 10mNOBilI € y3araJbHEHHS OCOOJMBOCTEH OLIHKH BIUIMBY I1MITYJbCHOI
He(IyKTyaliiiHOi 3aBaJii HAa CUTHAJIM 3 0araTOMO3MIIIHOI IMITYJIbCHOIO (ha30BOIO
MaHIMyJISAIIE€I0 Ta BU3HAYCHHS TIOCIITOBHOCTI METOMAWYHUX i, HEOOXITHUX st
KUTbKICHOTO OITIHIOBAHHSI MOTIPIIIEHHS 3aBaIOCTIMKOCTI MPUHMaHHS.

1. CyTHicTb 0araTono3uniiHoi iMnyabcHOI Ga30Boi MaHImyas il

VY cucremax 3 6araTono3uuiiHo0 (Ga30BO0 MAHIMYJISLIEI0 MHOXHUHA CUTHAIBHUX
Mo3uIlii  popMyeThcsi K HaOIp (a30BUX CTaHIB, PIBHOMIPHO PO3MIIICHUX Ha
curHasibHoMy KoJi. [lnst M-no3uniiinoi pa3zoBoi MaHImyJsili CyCi/IHI CUTHAJIbHI TOYKU
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BIIJIUICHI KyTOBOK BijacTaHHIO 2m/M. Uum Ouibine 3HaueHHs M, TuM Oijblina
CHeKTpajgbHa €(QEKTUBHICTH, ajleé TUM MEHINA €BKJII0Ba BIACTaHb MK CYCITHIMHU
CUTHAJILHUMH TO3UITisIMHE. 1{e 03Hadae, 110 31 30UIBIICHHSIM MO3UIIMHOCTI CUTHAJI CTaE
OUTBII YyTIUBUM 110 (Pa30BUX 3MIlIEHb, CHHXPOHI3AIIIHHOT TOMIJIKH Ta JOJIaTKOBUX
3aBaIOBUX BIUIMBIB.

IMIyTbCHMIA XapaKTep CUTHATY O3HAYaE, M0 NIepeaBaHHs BiTOyBa€ThCS Y BUTIISI
9acoOBO1 MOCTIIOBHOCTI €IEMEHTAPHUX IMITYJIbCIB a00 CUMBOJIB. Y MeXaX KOXKHOTO
CUMBOJTY (ha3a CUTHATY BIAMOBIa€ OJTHOMY 3 JJ03BOJICHUX 1H(QopMalliitnux ctanis. Ha
BXOJll KOTEPEHTHOr0 TNpHilMaya BHKOHYETbCS KOpessiiiHe a0o MpoeKIliiiHe
MOPIBHSHHS MPUUHATOTO CUTHAY 3 €TAJIOHHUMHU OMOPHUMH KOJIMBAaHHAMHU. PilieHHs
PO MepeIaHuii CUMBOJI TPUHMAETHCS 32 HAUOIMKUOI0 CUTHAIBHOIO Mo3uIli€er0. Tomy
Oyzib-sIKa IMITyJIbCHA 3aBajia, sika 3MIHIOE MUTTEBY aMILTITYTy, (ha3y a0 KOMIUICKCHY
OTHMHAIOYy CUTHAIY B IHTEPBaJIl CIIOCTEPEKEHHS, MOKE MEPEBECTH TOUKY MPUHMaHHS
4yepe3 MEXKY pIIIeHHS.

Jns BPSK a6o QPSK wmixnosuiiiiiHa BiJCTaHb € BIJJHOCHO BEJIMKOIO, TOMY
OJTHAKOBA 3a CHEPTi€I0 IMITYIbCHA 3aBajia MOXKE HE TIPU3BECTH JI0 CYTTEBOTO 3pOCTAHHS
nomMunku. [ns 8-PSK, 16-PSK 1 Bumux mnopsaakiB (a3oBi CEKTOpH 3HAYHO
3BY)KYIOThCSI, & OT)KE HaBITh KOpOTKO4YacHe (ha3oBe a00 BEKTOpPHE 3MIIICHHS MOXKE
COPUYMHUTHA TMOMWIKOBE pimieHHs. Came TOMy MpU OI[HII BIUIMBY IMIYJIbCHOI
He(IyKTyaiiHo1 3aBal He0OX1JHO BpaXOBYBATH HE JIMILIEC €HEPTE€TUYHE BITHOILICHHS
CUTHAJI/3aBajia, a W mo3uiiitHicTe M, a3y 3aBaau BIJTHOCHO KOPHUCHOTO CHUTHAIY,
MOMEHT 11 i1 Ta TPUBAIIICTD IMITYJIbCY.

2. ImnyJbcHa HeuIyKTyaliiiHa 3aBaja AK (AKTOP NMOTipIIeHHS NPUHMAHHA

Hednykryariiina 3aBana BiApi3HAEThCS Bl (GIYKTYalIHOTO MIyMy THM, MIO ii
CTPYKTypa HE€ 3BOJUTHCS JIO BHIIQJIKOBOTO TayCOBOTO TIPOILECY 3 HYJIbOBUM
MaTeMaTUYHUM CIo/iBaHHSAIM. BoHa Mo)ke MaTu BU3HaYeHy OpMy, TIOBTOPIOBAHICT,
($a3oBy ab0 4aCTOTHY CTPYKTYPY, a TaKOXK OyTH CIIBMIPHOIO 3 KOPUCHUM CHUTHAJIOM
3a aMIUITyJ010. IMmynbcHa HeduiykTyarliiiHa 3aBajia € OKPEMHM KJIAaCOM TaKoro
BIUIMBY: BOHA JI€ MPOTIrOM OOMEKEHHX YaCOBHUX IHTEPBANIB, ajleé Yepe3 BEIIHUKY
MUTTEBY OTYXHICTh 3/1aTHA PI3KO 3MIHIOBATH PE3yJbTaT AEMOTYJISIIII.

Jns curnamB 3 bBOM Ttaka 3aBaja NpOSBISETHCA SIK JOAATKOBUN BEKTOpP Y
KOMIUICKCHIN TJIOMMHI TpuiMaHHs. SKIlo KopucHHI curHain Mae ¢gasy ¢m, a 3aBaja
Ji€ B MeXaxX CUMBOIY 3 (a30ro , TO PE3yNbTYIOUNil BEKTOP HA BXO/1 MpUiiMada BKe
He 30iraeThCsl 3 i7€aTbHOI0 CHTHAJIBHOIO TOYKOI. MOT0 MOJOKEHHS BH3HAYAETHCS
BEKTOPHOIO CYMOIO KOPHCHOIO CHTHaly, (UIYKTyaliifHOrO IIyMy Ta IMITyJIbCHOI
He(ITyKTyariiiHoOT CKJIaloBOi. Y BHMAAKYy KOPOTKOI, ajié €HEPreTUYHO 3HAUyIIOi
3aBaJMl IHTETPAIBHUMA PE3yIbTAT KOPEIAIIHHOTO MPUMOMY 3QJICKUTh BiJl TOTO, SKY
YaCTUHY CHMBOJIy TEpPEKpUBAE IMITYJIbC 1 HACKIIBKM HOTO ¢dopma y3roKeHa 3
0a3ucHMHU (DYHKITISIMU TIpUiiMaya.

Oco0iMBICTh IMITYJIBCHOI 3aBajy TMOJIATa€ B TOMY, IO ii BIUIUB HE 3aBXKIU
KOPEKTHO OIIIHIOBATH TIIbKU Y€pe3 CEPEIHIO MOTYKHICTh. [[Ba iMITyJIbcH 3 OJJHAKOBOIO
EHEPri€l0 MOXYTh MaTHU PI3HUN e(eKT, SKIIO OAWH 13 HUX 30IracThCs 3 HANMOUIBII
1H(QOPMATHBHOIO YACTHHOI CHUMBOJY, a IHIIMN NpUMAZae Ha Kpall iMIyJbCy ado
YacTKOBO BIA(MUIBTPOBY€EThCA NpuitMayeM. ToMy B METOAMII OLIIHIOBAHHS MOTPIOHO
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BBOJUTH TMapaMeTpU TPUBAIOCTI IMITYJbCy, YacOBOi 3aTPUMKH, IHTEHCHUBHOCTI,
MOBTOPIOBAHOCTI, (ha3u Ta YaCTOTHOTO PO3CTPOIOBAHHS 3aBaIH.

3. KpuTrepii oniHKH BIVIMBY HA 3aBaJI0CTIHKICTh

OCHOBHMM  TIOKa3HMKOM  3aBaJOCTIHKOCTI ~ NpUIMaHHA  CHUTHAJIB 3
0aratono3uIiiHo0 (Ha30BOI0 MAHIMYJIAIIEI0 € HMOBIPHICTH CHMBOJIBHOI 200 61TOBOT
nommwiku. Came el KpuTepiil HaOLIbI 0e3MocepeIHhO0 XapaKTepU3y€e MPAKTUIHY
SAKICTh MPUAOMY, OCKIJIBKH BimoOpaxkae HACIIAOK Jii 3aBaJi HAa MPOIEC MPUHHITTS
pIIIEHHS B IEMOyJIsTOPi. J{J1 KOTepeHTHOro IpuiiMaya pimeHHs GOpMYEThCS MIiCs
MOPIBHSHHS KOPEJSLIMHUX BIATYKIB a00 MICIS BH3HAYEHHSI CEKTOPY, JO SIKOTO
HaJICKUTh MIPUHHATHI (Ha30BUN BEKTOP.

[Tix giero iMmyJIbCHOI HeIIyKTyaIliiHOT 3aBay KMOBIPHICTh MOMMJIKH JOLIBHO
OILIIHIOBATH YMOBHO: CIOYATKy JUIsl 3aJaHUX IMapaMeTpiB 3aBajy, a MOTIM MUISIXOM
yCepeTHEHHS 32 MOMKIIMBUMHU TOJIOKEHHSIMHU IMITYJIBCY, (ha30BUMHU CITiBBIIHOLIEHHSIMU
Ta iHGOpMAIIMHUMU CUMBOJIAaMU. Takuil MiXiJ O3BOJISIE MEPEHUTH B OKPEMOTO
CIICHApII0 BIUIMBY JI0 IHTETPAJIbHOI OLIIHKUA 3aBaJ03aXUIIECHOCTI. Y HAWUMPOCTIIIOMY
BUIAJIKy IapaMeTpamMu MOJEJ1 € BIJHOIICHHS €HEeprii CUrHaldy [0 CHEKTPalbHOI
I'YCTUHH IIIYMY, BIIHOIIEHHS aMILTITY AN 3aBaJH JO aMIUIITYIM CUTHAITY, TO3ULIAHICTh
M, TpuBamicTh 3aBaJJOBOr0 IMITYJIbCY Ta MOro (pa3oBe MOJIOKEHHS.

KpiM iMOBIpHOCTI HOMMIIKHM, JAOJATKOBHUMH KpPUTEPISIMU MOXYTh OyTH 3amac
3aBaI03aXMILEHOCT], 3CYyB MEX MPUUHATTSA PIIICHHS, €KBIBAJICHTHE 3MEHILECHHA
BIJIHOIICHHSI CUTHAJI/IIYM, KUJIBKICTh YPaKEHUX CHMBOJIIB y TAKETI Ta IMOBIPHICTbH
MaKeTHOI TOMWIKHK. JI7s IMIOyJIbCHMX 3aBajl OCTaHHIA KpUTEpil € 0CcoOJIMBO
BXKJIMBUM, OCKIJIbKM KOPOTKA 3aBajia MOKE HE3HAYHO 3MIHUTH CEPEIHIO UMOBIPHICTD
MOMWJIKM Ha JIOBriH TMOCTIAOBHOCTI, aJji¢ TIOBHICTIO 3pyHHYBaTH OKpEeMHUU
iH(dopMaIiiHui TakeT a0 CUHXPOHI3aIIHHUN (PparMeHT.

4. MeTOoANYHA MOCTIAOBHICTH OL[IHIOBAHHS

MetoauuHuii miaxiAg A0 OIIHKK BIUIMBY IMITYJIbCHOI He(IyKTyaliiHOI 3aBaau
JOLIIBHO OyayBaTH y Kiibka ertamiB. Ha mepmomy ertami 3a1ai0Thesl HapameTpu
TEJEKOMYHIKALIIIHOI CUCTEMU: TUIT MOLYJISILIT, MO3ULIIHICT M, TPUBAJIICTh CUMBOJTY,
dbopma iMITyIbCy, cMyTa MpuiiMayda, Croci0 KOrepeHTHOIro MpUWMAaHHS Ta MPaBUIIO
npuitHATTA pimieHHd. L1 nani ¢opmyroTs 0a30By Mozenb npuiloMy curHaiiB 3 bOM
0e3 HeuIyKTyaIliiHOI 3aBajIu.

Ha npyromy erami QopMyeTbCsi MOJAENb IMIYJIbCHOT HE(DIYKTyalliiiHOI 3aBajiu.
Bona mnoBuHHa ommcyBatu 4acoBy (opmy iMmMmynbcy, HOro amrityay, ¢asy,
TPUBAJICTh, TEPIOUYHICTh a00 BUITAKOBICTh MOSBH, a TaKOXX MOXJIMBE YACTOTHE
po3ctporoBanHs. /g 3amadi OMIHKM 3aBajOCTIMKOCTI BaXKJIMBO HE JIMINE 3aJaTH
MaTeMaTUYHUHN BUPaA3 3aBajH, a i BA3HAYUTH, SIKI ii mapaMeTpu € HaitHeOe3NeUHI MU
TSt anoi mo3uttiiaocti M. Hanpuknan, mis 16-PSK HaBiTh moMipHa 3a aMIITI Ty 010
3aBaja 3 $azoro, CIPSIMOBAHOIO JI0 CYCITHBOTO CEKTOPY PIIICHHS, MOXKE OYTH 1CTOTHO
HeOe3MeYHIIOo, HK OLTbIIa 32 aMIUTITYI0k0 3aBaja 3 1HIIUM (Ja30BUM HAMPSIMOM.

Ha TpetboMy eTari BUKOHYETBCS IEPEX1]] 10 BEKTOPHOI a00 KOPEIALIMHOT MO
npuiiManHs. KopucHuii curaa i 3aBajia mogaroThCs B OTHOMY CUTHATBHOMY TPOCTOPI.
Ile nae 3Mory OIIHUTH 3MIIIEHHS TPUIHATOT TOUYKH BIIHOCHO 17€abHOT CUTHAJIBHOT
MO3UIIIT Ta MEX pileHHs. SIKIo 3aBajia Ji€ TUIbKKA Ha YaCTUHI CUMBOJY, ii BHECOK Y
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KOPEJAIMHUN 1HTerpayl MacITady€eTbesl KOS(pIIEHTOM MEPEKPUTTS, SIKUN 3aJICKUTh
BiJl TPUBAJIOCTI IMITYJIbCY 1 YACOBOI MO3UIIiT 3aBajIH.

Ha derBepTOoMy eTami BM3HA4YalOTHCS YMOBHI MMOBIPHOCTI MOMIJIKH JUJISI PI3HUX
iHpopMariiHuX cuMBOJIB. OCKiNbKM curHanpHE cy3ip’s M-PSK cumerpuune, y
0araThOX BHIIAJKax JOCTATHHO PO3IVIAHYTH OJWH OMOPHHUM CHUMBOJ 1 MEpPEHTH A0
1HIIMX Yepe3 moBopoT (azoBoi miomuHu. [IpoTte 3a HecumeTpuyHOi 00 CKaHyBaJIbHOT
IMITyJIBCHOT 3aBa/id TaKa CUMETPisl MOKE MOPYIIyBaTHCs, TOMY HEOOX1THO TIEPEBIPATH
BC1 MOKJIMB1 CUMBOJIM 200 TPYIIH CHMBOJIIB.

Ha mn’daromy eTam BHUKOHYETbCS YCEPEAHEHHS OTPUMAHUX OILIHOK 32
CTaTUCTUYHUMHM a00 CIIEHAPHUMU MapaMeTpaMu. SIKII0 MOMEHTH MOSIBH IMITYJIbCHOT
3aBaJid HEBIJIOMI, MOKHA PO3TJISIATH PIBHOMIPHUM PO3MOALT 1i 3aTPUMKH B MeEXkax
CUMBOJIy a00 makera. SIKIio 3aBaja Mae LIIECIPSIMOBAHUN XapakTep, JOLIIBHO
aHaJlI3yBaTW TPaHUYHUM, HaWTIpIIMN BUNAAOK, KOJIM IMIYJIbC MaKCHUMAaJIbHO
30iraeThcs 3 iIHPOPMATUBHOIO YACTUHOIO CUTHAITY.

5. Oco01MBOCTI BIVIMBY MO3UUINHOCTI CHTHAJLY

[103ULIHICTh CUTHAY € OJJHUM 13 TOJIOBHUX (DAKTOPIB YYTIMBOCTI A0 IMITYJIbCHOI
HedurykTyariiiHoi 3aBaau. 3a 30UIblIeHHS M KyToBa BIJCTaHb MDK CYCIJTHIMH
CUTHAJbHUMH TO3UIISIMU 3MEHIIYETHCSA, TOMY JJIS TMIEPEXOAY Uepe3 MEXy pIllIeHHS
noTpioHe MeHlIe (ga3oBe 3MIllleHH. 3B1ICK BUILIMBAE, 10 OJHA M Ta caMa 3aBaja
Moxe Matu pizHuiM Hachinok s BPSK, QPSK, 8-PSK i 16-PSK. Jlna manmux M
OCHOBHUH BILJIUB YacTO MPOSBIIAETHCS JIUILIE PU BETUKUX aMIUTITYyAaX 3aBaju a0o0 pu
HeCHpUATIuBOMYy (aszoBomy Hampsimi. [l Bemukux M HeOe3neuyHHM CTae HaBITh
YaCTKOBE MEPEKPUTTS CUMBOILY 3aBaJJOBUM IMITYJIbCOM.

Y poborax, MOKJIAaJEHUX B OCHOBY JOMOBiMi, MIAKPECICHO HEOOXITHICTh
OI[IHIOBATH BECh CIIEKTP HE(DIYKTYyaIlifHUX 3aBaJ] 1 TOB’SI3yBAaTU CTYIIHb MOTIPIIECHHS
SAKOCT1 PUMMAaHHS 31 CTPYKTYPOIO KOPUCHOTO CUTHAJY Ta CTPYKTYpoto 3aBaau [1, 2].
JI1s IMITyIBCHOT 3aBajiv 1€ 03HAYaE, 110 1i He MOYKHA PO3IJISAATH JIUIIIE SIK JOAATKOBY
eHepriro B KaHaji. Bona mae OyTu BpaxoBaHa sik 4acoBO-(a30BHii BIJIUB HA CUTHAJIbHE
Cy31p’sl, IKUM MOKE 3MIHIOBATH SIK aMILTITyAy, Tak 1 (pa3y NpUHHATOTO BEKTOPA.

3 MpaKkTUYHOrO TOTJISIAY JJIE CUCTEM 3 BHCOKOI TMO3UIINHICTIO HEOOX1JIHO
BBOJIUTU OOMEXKEHHS Ha JONMYCTHMI pIBHI IMIYJbCHUX 3aBaJl, BUKOPHCTOBYBATU
aJanTUBHI MOPOTH BUSBJIECHHS IMIYJbCHUX CIOTBOPEHb, NependayaTH 1HTEPJIIBIHT,
KOJYyBaHHSl 3 BHIPABICHHSIM TMOMUIIOK, (UIBTPALII0 IMIYJIbCHUX KOMIIOHEHTIB 1
KOHTPOJIb TapaMmeTpiB cUHXpoHizamii. [lpu 1pOMy OIliHKa BIUIUBY 3aBagud Mae
BHUKOHYBATHUCS HE TUIBKHU JJIs1 CEPETHBOTO BUIAJIKY, a U JJI TPAHUYHUX CLICHAPIiB.

6. IlIpakTu4yHe 3HAYEHHS Pe3Y/IbTATIB OI[IHIOBAHHS

Pe3ynbpratv OLIHKM BIUIMBY IMITyJIbCHOI HE(IyKTyaliiHOT 3aBaid MOXYTb
BUKOPHUCTOBYBATHUCS TMiJ Yac MPOEKTYBAHHS KOTEPEHTHHUX JEMOJYJIATOPIB, BUOOPY
MO3UIINHOCTI (a30BOi MaHIMyJALli, BU3HAUEHHS EHEPreTMYHOrO 3amacy KaHaly,
OLIIHIOBAHHS 3aBaJ[03aXMILEHOCT] TEJIEKOMYHIKAI[IHHOT Mepexi Ta pPOo3pOoOJICeHHS
3aco0iB MPOTH/III HABMUCHUM 3aBajiaM. MeTojuka Mae TMPUKIAJHE 3HAYCHHS IS
CHUCTEM Paio3B’sI3Ky, MEpPEXK MepeaaBaHHs JaHUX, CIIEHIAIbHUX TEICKOMYHIKAIlIMHIX
KOMILJIEKCIB 1 KaHaJIiB, e MOXKJIMBI IMITyJIbCHI 00 KBa31J1I€TEPMIHOBAH1 BILJIUBHU.
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BaxxnuBoro TmepeBarord0 METOJUYHOTO MiAXOAY € MOXJIMBICTh TO€THAHHS
AHAIITUYHOI MOJEJl Ta IMITAllIHHOTO MOJIEIIOBAHHSA. AHAJITAYHI CITIBBIIHOIIIEHHS
JAI0Th 3MOTY BUBHAYUTH OCHOBHI 3aKOHOMIPHOCTI Ta HeOe3MeuH1 001acTi mapaMeTpiB,
a iMiTaliiHa MOJIENb J03BOJISIE IEPEBIPUTH CKJIa/IHI CIIEHapli, BKIIOYAI0YH BUTIAKOBY
MosIBY IMIYJIbCIB, TAKETHY Tmepedady, JAil0 GUIBTpIB NpuiiMava, MOXUOKU
CHUHXPOHI3aIli1 Ta 00MeXEeHHS peajbHOi anapaTHOI peani3ali.

BucHoBku

ImnynbcHa HedmykTyaliiiHa 3aBajia € HEOE3MEYHUM YUHHUKOM JUISI CUTHANIB 3
0araTomno3uIiiHOI IMIYJbCHOK (Pa30BOI0 MAaHIMYJIAIIE, OCKIIBKM i1 BILUIWB
BU3HAYAETHCS HE TUIBKKM E€HEPri€lo, a i MOMEHTOM IOSIBH, TPUBAIICTIO, (Pa30BUM
HAIPSIMOM 1 CTYTIEHEM MEPEKPUTTS 3 KOPUCHUM CUMBOJIOM. J1Jis OLIIHIOBAHHS TAaKOT'O
BIUIUBY JOLLJIBHO 3aCTOCOBYBaTHM METOJUKY, LIO BKJIOYae (OpMyBaHHS MOJEII
CUTHAIly, MOJIEIl 3aBajy, KOPEJALIMHOI MOJeNl MpuiiMadya, BU3HAYCHHS YMOBHHX
IMOBIPHOCTEH MOMMWIKH Ta yCEPEAHEHHS 3a MOXJIMBUMHU CLEHAPISIMU 1T 3aBaIu.

['0JIOBHUM KpUTEPIEM OLIIHIOBaHHS € WMOBIPHICTH O1TOBOI a00 CUMBOJBHOI
MOMIJIKH, & JOJATKOBUMH KPUTEPISIMA MOKYTh BUCTYTIATH 3aI1ac 3aBaI03aXHUIIEHOCTI,
€KBIBAJIEHTHE 3MEHUICHHS BIJHOIICHHS CUTHAI/IIYM 1 WMOBIPHICTh IAKETHOI
NOMWIKK. 31 30UIbIIEHHSAM MO3MIIMHOCTI M  4YyTIMBICTH [0  IMITYJIbCHOI
He(UIyKTyaIiiiHOi 3aBajii 3pOCTA€, OCKUIBKA 3MEHIIYEThCS KyTOBa BIJACTaHb MiX
CYyCIHIMM CUTHaJbHUMHM TOYkamu. OTxe, Ajisi BUCOKoNo3uiiitHux BDOM-curnanis
HEOOX1HE OUTBIN JIeTajJbHE MOJEIIOBAHHS 3aBaJOBUX CIICHAPIiB Ta BUKOPUCTAHHS
3ac001B BUSBJICHHS i1 KOMIIEHCAIli IMITYJIbCHUX BIUIMBIB.
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THHOBAIIHHI TA IT'BPUJAHI METOAU ®OPMYBAHHSI
HAHOCTPYKTYPOBAHOI'O ITOPUCTOI'O HIAPY HA
IHOBEPXHI MOHOKPUCTAJIIYHOI'O KPEMHIIO

Xoaa Poman MuxaijoBuu

Inxenep-Texnosor
BAT «Craryc»

1. Beryn

[Topuctmit kpemuiii (Por-Si) HamexuTh 10 MarepiadiB, M0 aKTUBHO
TOCIIKYIOTBCSL TSI 3aCTOCYBAaHHSI y MIKpO- Ta HAHOEJICKTPOHIIl, CEHCOPHIN Ta
doToBonbTaili. [HTEpEeC 10 HHOTO 3yMOBICHHI PO3BUHEHOIO MUTOMOIO MOBEPXHEIO,
MOJKJIUBICTIO PETYJIIOBaHHA MOP(OJIOrii MOpUCTOI CTPYKTYpH Ta €(PEKTHUBHOIO
MOKa3HUKa 3anoMjieHHs. L{i BIacTHBOCTI 103BOJISIOTH BUKOPUCTOBYBATH Por-Si sk
MIPOCBITIIIOBAJIbHI MOKPUTTA ISl KPEMHIEBUX COHSIYHHMX €JIEMEHTIB, YyTJIMBI LIApH
ra3oBux 1 OIOCEHCOpIB, a TaKOXX (YHKI[IOHAJIbHI €JIEMEHTH ONTOEIEKTPOHHUX
npuctpois [1, 3].

HaiinmommwupeHimmuM cnocoO0M OTPUMaHHS MOPUCTOTO KPEMHIIO 3aJIUIIAETHCS
aHOJIHE CJICKTPOXIMIYHE TPaBJICHHS Y PTOPUCTOBOIHEBUX elIeKTpoiTax. Pazom 13 Tum
I METOJ] Ma€ HU3KY TEXHOJOTIYHHUX OCOOJMBOCTEH, IMOB'S3aHUX 13 HEOOX1THICTIO
BUKOPUCTAHHA 30BHINIHBOTO JDKepelia CTpyMy, 3a0€3Me4YeHHSIM PIBHOMIPHOTO
pPO3MOJAUTY TYCTHHH CTPyMy Ha HIAKIaJAKaX BEJIMKOI IUIONII Ta (OPMYBaHHSIM
MOPUCTUX CTPYKTYp Ha KpeMHIi N-TUMy, MO TOTpedye MTOAaTKOBOI TeHeparlii
HEOCHOBHHUX HOCIIB 3apsay [1]. ¥V 3B'I3ky 3 MM OCTaHHIMU pOKaMH 3HA4YHYy yBary
NPUAUIAIOTE KOMOIHOBaHMM MeTojaM (opMyBaHHa Por-Si, sKI MNOEAHYIOTH
€JIEKTPOXIMIYHI1, (POTOXIMIUHI Ta XIMIYHI MEXaHI13MU TpaBJeHHs. BUkoprcTaHHs Takux
MIJIXO/IB JJa€ 3MOTY PO3UIUPUTH Jlana3oH KepyBaHHS MOPQOJIOTIEI0 MOPUCTOTO MIAPYy
Ta MABUIIUTH BIITBOPIOBAHICTh TEXHOJIOTTYHOTO MPOIIECY .

2. MeTa 10ocCJ1iIzKeHHA

Metoto poOOoTHM € aHami3 1 TOPIBHSHHSA CY4YacHHMX METOIIB (opMyBaHHs
HaHOCTPYKTYPOBAHOT'O TIOPUCTOTO KPEMHII0, 30KpeMa METAI-aCHCTOBAHOT'O XIMIYHOTO
tpaBieHHs (MACE), ¢oTtocTuMynbOBaHOTO Ta IMITyJILCHOTO aHOJIYBaHHS, a TaKOX
OIlIHKA iXHBOTO BITUBY Ha MOP()OJIOTIYHI Ta ONTUYHI XapaKTEPUCTUKU CHOPMOBAHUX
CTPYKTYP 3 OTJISiAy Ha MOXKJIMBICTH iX BUKOPUCTAHHS Y CEHCOPHUX 1 (POTOETEKTPUIHHUX
MIPUCTPOSIX.

3. Orasja Ta TeXHOJIOTIYHI 0c00JIMBOCTI TOPUIHUX METOAIB

VY po0OTI pO3IIIIHYTO TPH Cy4YacH1 MiAX0au 10 (hOpMyBaHHS MOPUCTOTO KPEMHIIO
Ha MOHOKpUCTaIuYHKX actTuHax p-Si(100) ta n-Si(100).

Ximiune mpaenenns 3a yuacmio memaiesux kamanizamopie (MACE — Metal-
Assisted Chemical Etching).

MeTo TpyHTY€ThCSI Ha MONEPETHROMY OCAKEHHI HAHOYACTHHOK OJIaropoaHmX
MmetaniB (Au, Ag abo Pt) Ha mOBepxHIO KPEMHIIO 3 MOJANBIIIUM TPABICHHSIM Y PO3UMHI
HF/H20: [2]. MeTaneBi HAHOYACTUHKH KaTalI3yIOTh JIOKaJbHE OKMCHEHHS KPEMHIIO,
BHACIIIJIOK YOTO MPOIEC PO3ZUYMHEHHS BiIOYBAETHCS MTEPEBAXKHO 1T KaTaiizaropoM. Lle
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3abe3rneuye (OpMyBaHHS BEPTUKAIBLHO OPIEHTOBAHUX TOP 1 KPEMHIEBUX HAHOHUTOK
0e3 3acTOCyBaHHS 30BHIIIHBOTO JHKEpeia CTPyMy.

Domoenekmpoximiune ma omocmumyibo6arne mpaeieHH:.

[Tig yac popmyBaHHA MOPUCTOTO KPEMHIIO Ha MIJKIAAKAX N-TUIYy HEOOXiTHA
KOHIICHTPAITiS TIPOK CTBOPIOBAJIACS IIITXOM OIIPOMIHEHHSI IIOBEPXHI CBITJIOAI0THUMH
JDKepenaMy Y BUANMOMY Ta yIbTpadioieTOBOMY CIIEKTPaIbHUX JlanazoHax (A = 365—
405 mm) [1]. 3MiHa IHTEHCHMBHOCTI OCBITJICHHS J03BOJIS€ BIUIMBATH HA IIBUIKICTH
CJIEKTPOXIMIYHOTO PO3YMHEHHS KPEMHIIO, a TaKOXX HAa TEOMETPUYHI IapameTpu
MOPUCTOT CTPYKTYPH.

Imnynbcne anodyeannsa 3 yiompazeyKkoeor acucmeHyicio.

MeTton noeaHye IMITyJIbCHUN PEKHUM MOJja4l CTPYMY 13 BIUIMBOM YJIbTPa3BYKOBHUX
konuBaHb yactoToro 40 kIt [1, 3]. Ilig yac may3 MK IMITyJbCaMU BIJOYBA€ThCS
BHUPIBHIOBAHHS KOHIIEHTpAIIll peareHTIB y Mopax, TOJl SK YJIbTpa3ByKoBa 00OpoOka
CIpus€ BHUJAJICHHIO OyJbOAIIOK BOAHIO Ta IMOKpAIly€e TPAHCHOPT EJIEKTPONITY B
MOPUCTIA CTPYKTypl. Lle MO3UTHBHO BIJIMBA€ HA PIBHOMIPHICTH POCTY MOPHCTOIrO
mapy.

Pe3ynbrati = €IEKTPOHHO-MIKPOCKOIMIYHUX  JOCHIDKEHb — MOKa3ad, IO
3actocyBanHsa Metogy MACE 3a0e3neuye (poopMyBaHHS BHOPAJKOBAHUX MAaCHUBIB MTOP
1 KpEMHIEBUX HAHOHUTOK niamerpoM 15-50 um Ta rmbunoro go 10 Mxwm. g
JOCIIDKEHUX PEXUMIB TPABJICHHA XapaKTepHa JOCTaTHbO BHUCOKAa OJIHOPIIHICTH
CTPYKTYpPH MO BCiii mutoni 3pa3kis [2].

[Tig yac BUKOpUCTAHHS IMIYJIBCHOTO @HOJIYBaHHS 3 YJIbTPa3BYKOBOIO 0OpPOOKOIO
croctepiranocs OUTbII PiBHOMIpHE (OpMYyBaHHS MOPUCTOTO IIApPy MOPIBHSHO 31
CTaIllOHAPHUM PEKUMOM TPaBJICHHS. 3a OJIM3bKUX 3HAYEHBb MOPYBATOCTI (651136K0 60
%) cepemHsi MIOPCTKICTh TMOBEPXHI 3MeHIIyBasiacs mnpubmuzno y 1,8 pasza [1].
OtpuManuii epeKkT MOKHA MOSICHUTH MOKPAILIEHHSIM MacCOIEPEHECEHHS EJIEKTPOIITY
Ta €PEeKTUBHIIIMUM BUAAJICHHSIM ra30BuX OyIn0aIloK 13 mop.

CrnekTpodoToMeTpUyH1 AOCTIIHKEHHS MOKa3aiu, 0 MOPHUCTI WapH, chopmoBaHi
MerogoM MACE 3 rpaiieHTHOIO 3MIHOIO MTOPYBATOCTI, XapaKTEPU3YIOThCS HU3BKUM
Koe(ilieHTOM B1IOUTTS y ciekTpalibHoMYy Aianazoni 400—1000 am. [l qociiiKeHnx
CTPYKTYp 1HTErpajbHe BIAOUTTS cTaHOBWIO 1,5-2,0 %, 1110 miATBEpIKY€E AOLUUIBHICTD
BUKOPUCTAHHA TaKOTO MiAXOAYy /JIsi CTBOPEHHsS MPOCBITIIOBAIbHUX TMOKPUTTIB
KpEMHI€BUX (DOTOENEKTPUUHUX NEPETBOPIOBaYiB [2, 3].

[TopiBHSAIBHUY aHATI3 AOCIIHKEHUX TEXHOJIOT1 HaBeAeHO B Tabumili 1.

Taou 1. [TopiBHsJIBHA XapakTepUCTUKA METOIIB (popmyBaHHs Por-Si

IHapameTrp Kiuacnune Merog MACE | ImnyJabcHe + Y3
aHoayBaHu1 [1, 3] [2] aHoayBaHHs [1]
Jlxepeno ctpymy HeoOxigne He notpi6bHo IMmyibCcHE
OmHOPIAHICT HA Cepenus Bucoka [yxe BUCOKa
BEJIMKHX TJIOMIAX
AcneKkTHe ITomipre (<50) Bucoke (>100) | Bucoke (>80)
CII1BBITHOIIICHHS TTOP
CknamHICTh Cepenns Hwu3bka Cepenns
oOyagHaHHs
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4. BUCHOBKH

[IpoBeieHO Ha OCHOBI JITEPATypPHUX JHKEpeNl MOPIBHSUIBHUM aHaji3 Cy4acHHX
MeTO/1B (OPMYBaHHS HAHOCTPYKTYPOBAHOro MOpHCTOro KpemHito. [lokazano, mio
BBA)KAETHCS 1110 BUKOPUCTAHHSI METal-acUCTOBaHOro xiMiyHOro TpaBiieHHs (MACE)
Ta IMITyJICHOTO AHOJYBaHHS 3 YJIbTPa3ByKOBOIO OOPOOKOIO J03BOJISIE OTPUMYBATH
O1IBII OJTHOPIHI MMOPUCTI CTPYKTYPH 3 BUCOKUM aCHEKTHUM CITIBBIIHOIIEHHSIM IIOD
MOPIBHSAHO 3 TPAJUIIINHUM €IEKTPOXIMIYHUM aHoayBaHHsAM. s chopMoBaHHMX
IPaJlEeHTHUX CTPYKTYp OTPUMAHO HU3bKI 3HaYeHHs KoedilieHTa BigoutTs ceitia (1,5—
2,0 %), mo CBITYUTH MPO JOIUIBHICTh iX BHUKOPUCTAHHA SIK MPOCBITIIOBAJIBHHUX
MOKPUTTIB Y KpPEMHI€BUX (OTOCIEKTPUUHHUX TepeTBoproBadax [2]. Pesynbratu
JAOCTIDKEHHSI TaKOXX MIATBEP/UKYIOTh TMEPCIEKTUBHICTh 3aCTOCYBAHHS TiOpUIHHUX
MeToiB ¢opmyBaHHs Por-Si mig yac CTBOpEHHS YYTIMBUX €JIEMEHTIB Ta30BHUX
CEHCOPIB Ta IHIIKX (PYHKIIOHATILHUX HAIMIBIPOBITHUKOBUX CTPYKTYP.
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AKTYAJIBHI IUTAHHS OO0 KJIACUDIKALIL
CTPLIISAIOUYNX ITPUCTPOIB HEBOMOBOTI'O
IMPU3HAYEHHS SIK 3 BHECEHUMH
KOHCTPYKTUBHUMMU 3MIHAMM, TAK I BE3 HUX

I'ynaxa Bikrop,
TOJIOBHHMM CYJIOBHM €KCIIEPT CEKTOPY JOCIIKEHB 30p0i BIILTY KPUMIHATICTUYHHUX
BB nociimkeras Onecrkoro HJIEKI] MBC

PosrnsanaroTecs muTaHHA 100 Kiacudikaiii JASSIKUMX BHIIB CTPUISIOUHUX
MIPUCTPOIB 13 BOTHEMAJLHUM MPUHIIUIIOM METAaHHS CHAPSTY, a TaKOK BCTAHOBJICHHS
HaJIE)KHOCTI IMX OO0'€KTIB JI0 BOTHEMAJbHOI 30p0Oi Ta MPUAATHOCTI iX JO CTpLILOU
(mpoBeaeHHsT TOCTPLIiB). Bu3HaueHi OCHOBHI MiAXOAU JO BUPIMICHHS 3a3HAYCHUX
MUTaHb B rpolrieci JocaixeHHs. [lopyieHo nuTanHs o0 «IIPU3HAYEHOCTI» 00’ €KTa
JUISL YPaXXEHHsI 1JIEM Ta YiTKOI BU3HAYEHOCTI MOHSTIHHOTO amapaTry IIOJ0 LbOTro
TepMiHy. [IpoaHanizoBaHo cynepewnBi MOTJISAM Ha KPUTEPil HAJIEKHOCTI 3a3HaYCHUX
00'eKTIB 10 KaTeropii BOrHemajdbHOi 30poi 3 ypaxyBaHHSAM THUX YHM I1HIIUX
BJIACTUBOCTEH Ta BUBYEHO MPUYMHM BUHUKHEHHS IMX MPOTUPIY. 3amporOHOBAHO
pPEKOMEH/IAIli Cy/TOBUM €KCIIepTaM I10J0 OCOOIMBOCTEH JOCTIHKEHHS BUIIIEBKA3aHUX
CTPUIAIOYHMX MPHUCTPOIB 32 HASIBHOCTI ab0 BIJCYTHOCTI Y HUX KOHCTPYKTUBHHUX 3MiH,
BHECEHUX caMOpOoOHMM criocoOoM. HaBeaeHo nmpukiagu 11i€i 30poi.

KirodoBi cmoBa: ekcmeptu3a 30poi, OalicTHYHE MOCIIKEHHS, CUTHAJIbHUUN
MPUCTPii, Ta3oBa 30posi, MPUCTPIA TpPaBMATUYHOI ii, Tra30-IIyMOBHM IICTOJIET,
JIpoOOB1 MICTOJIETH 1 PEBOJIBBEPH.

[lim 4ac mOCYIOBHUX Ta CYIOBHUX PO3CIIAyBaHb KPHUMIHAJIBHUX IIPOBAKEHb,
MOB’SI3aHUX 3 HE3aKOHHUM O0IrOM BOTHEMAJIbHOI 30p0i BCE YacCTile BUHUKAIOTH
MUTaHHS [[0JI0 BITHECEHHS TUX YH 1HIIHUX 00’ €KTIB 0 KaTeropii BOrHeNmaibHO1 30poi,
croco0y iX BHUTOTOBJICHHS Ta HAasSBHOCTI KOHCTPYKTHUBHUX 3MiH, BHECEHUX
caMopoOHUM criocoOom. Bce wacTimie i mUTaHHS CTOCYIOTHCS TaKUX CTPUISIOUHMX
MIPUCTPOIB, IO 3asBJICHI BUPOOHUKOM SIK: CUTHAJIbHO-CTAPTOBI, Ta30B1, T'a30-1ITyMOBI 1
Ipo0oBi. Sk mpaBuiio, y BCIX BUIMAJIKaX PO3CIiAyBaHb, MOB’sI3aHUX 3 I1€10 30pOEI0, B
00OB’SI3KOBOMY  TIOPSIAKY ~MPU3HAYAIOTHCS  CYJOBO-OQTICTUYHI EKCIEPTU3U 34
BIIMOBIJTHOIO EKCIEPTHOIO CIeliaibHICTIO. BipHa KpuUMiHaJIBHO-TIpaBOBA OIlIHKA
BUMHEHUX JIISIHb, MTOB’A3aHUX 13 3a3HAaYEHUMH 00’ €KTaMH, Hacammepe 3a1eKUTh Bl
MPaBUJILHOI €KCIIEPTHOI OLIIHKU TakuX 00’ €kTiB. CynepeyHoCTi Mo10 iX Kiacudikarii
Ta HemocTaTHsA 1HQopwmarlliss mpo Taky 30por0 OOYMOBIIIOIOTH MPOOJIEMHICTH Ta
aKTyaJIbHICTh 1aHOT MyOuiKarii.

OcHOBHI TepMiHHM, BU3HA4YeHHs, cdepa 3acTOCYBaHHS, 3arajibHO-TEXHIYHI 1
KPUMIHAJIICTUYHI BUMOTH II0JI0 TAKUX IPUCTPOIB HABEJEH] Y BIMOBITHUX METOIHKAX
nociimxeHs [1-3] Ta gepkaBHEX 1 raimy3eBux crangaptax [9, 10]. YV mampairoBaHHsIX
IrnatpeBa 1.B. 1 Mensuuka P.B. [6, 8] po3misiHyTI KOHCTPYKTHBHI OCOOJHBOCTI
OKpPEMHX 3pa3KiB MICTOJETIB 1 PEBOJIbBEPIB 1HO3EMHOTO BUPOOHUIITBA, SIKI 3asBIICHI
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BUpOOHUKaMU sk ctapToBi. [lonmut Ha MOMIOHI CTPUIAIOYI MPUCTPOI cepesl PI3HUX
BEPCTB HACEJICHHS KpaiHU JOCUTh BUCOKHH. KiTbKiCTh X BUPOOIB, 110 MOTPAILISE 10
EKCIIEPTHUX YCTAHOB, 3 KOKHUM POKOM 30UTbIITY€ThCA. 3POCTAE M JOCBI JOCIIKEHHS
TakuX 00’ €KTIB, OJTHAK 1 IO TEMEPILIHIN Yac HEe BTUXAIOTh CIIOPH 11010 TPABHIIBHOCTI
EKCIIEPTHUX BUCHOBKIB MO HUM. [IpoOremMaTtuky NpOTUIICKHOCTI MOTJISIIB IOA0
knacudikamii 3a3HaueHUX OO0’ €KTIB CHIA PO3MISIAATH Y KOMIUIEKCI 3 TaKUMHU
dakTopaMu, SIK HEIOCTATHS BUBYCHICTh MPUYMH 1X BUHUKHEHHS, TaK 1 BiJICTaBaHHS
METO0JIOTIYHUX IIOJIOKEeHb BiJ peajiii Yacy Ta MOBUILHOCTI BHECEHHS Y HHX
BIJIMOBIAHUX 3MiH 1 CTBOPEHHS ITIEBHUX METOJMYHUX PEKOMEHAAITIN.

HesakonHe HOCiHHS, 30epiranHs, npuaOaHHs, BUTOTOBIEHHS, PEMOHT, Mepeaayda
gy 30yT BOTHEMaJIbHOI 30poi (KpiM I1aJKOCTBOJIBHOI MUCIIUBCHKOT) € KPpUMIHATBHUM
IIPaBOIOPYILICHHSIM 31 BCTAHOBJIEHOIO MIPOIO BIAMOBIAAIBLHOCTI 3rigHO 4.1 ¢1.263 KK
Vkpainu. Jlo npeaMeTiB HpOro CKJIaay 3JI0YMHY BITHOCUTHCA 1 BOTHENajbHa 30pos
JEsIKUX MOJIeJed MPUCTPOiB, 10 3asBJI€HI BUPOOHUKAMHU SIK: CUTHAJIbHO-CTapTOBI,
ra3oBl 1 IpoOOBI.

[lin 30po€r0 HecMepTENnbHOI il PO3YMIIOTH MPHUCTPOi, IO MPU3HAYECHI MJIs
ypakeHHs Iijied cHapsgamMud (y TOMY YHCII PEYOBUHU (CyMIllll PEYOBUH)
CILO30TOYMBOI Ta JIPATIBHOI Jii), 110 OAEPKYIOTh HAIMpaBJICHUN pyX y CTBOJI (3a
JIOTIOMOTOI0 CHJIM THUCKY Ta31B, sIKI YTBOPIOIOTHCSI B PE3YJIbTATI 3rOPSIHHS METATBLHOTO
3apsAy) Ta HE MalOTh JOCTATHbOI KIHETUYHOI €HEprii sl CIPUUMHEHHS TSKKHX Ta
CMEPTEIbHUX YIIKOIKEHD JIIOAMHI, 10 3HaXOJUThCS HA BU3HAUEH1! BiACTaHi [9].

["a3oBa 30post — BUJ 30poi HECMEPTENBHOI i1, SIKa MpU3HAYEHa Il TUMYaCOBOTO
BUBOJLY 3 JIaly (Ypa’K€HHsSI) *HUBO1 CWJIM HUISIXOM BUKHJIAHHS Ta30JJMMHOI XMapu 3
CyMIiIIIl PEYOBHUH CIHO30TOYMBOI UM JIPATIBHOI il 32 paXyHOK BUOYXOBOTO 3rOPSHHS
MOpoXy, a00 PEUOBHMHH, sIKa HOTO 3aMIHIOE [2].

Jlo TpaBMaTH4HOi 30p0i 3 BOrHEMAIBHUM MIPUHITUIIOM METAHHS CHAPSTy HAJIEXKAaTh
MICTOJIETH, PEBOJILBEPU Ta 1HII CTBOJBHI 1 O€3CTBOJIbHI MPUCTPOi, MPU3HAYEHI JI0
CTpITEOM TATpPOHAMH, CHOPSDKCHUMHU €JIAaCTUYHMMH CHapsAgaMu TpPaBMaTHYHOT
(mecMeprenbHOi) il [3].

[Ticronern, peBoJibBEpPH Ta 1HIII CTBOJIbHI 1 0€3CTBOJIbHI TPUCTPOI, IO MPU3HAYEH1
70 CTpinbOM MaTpoOHaMH, CHOPSHKCHUMU €IACTHYHHMHU CHapsiiaMd TPAaBMAaTHYHOI
(HecmepTenbHO1) All, Ta30B1 MICTOJIETH 1 PEBOJIBBEPH, & TAKOXK 1HII KOPOTKOCTBOJIbHI
MPUCTPOI, 110 MAIOTh JOJATKOBY MOJIMBICTh CTPLIHOU MAaTPOHAMHU, CIIOPSIKEHUMHU
€JIACTUYHUMHU CHApSAIAMU HECMEPTENBhHOI [Iii, 3aCTOCOBYIOThCS JIJIsi HeUTpaiizaiiii, a
HE TOpa3Ku KHUBOI CWJIM NPOTUBHMKA. BKazaHl MpHCTPOi BUKOPUCTOBYIOTHCS SIK
MIPaBOOXOPOHHUMHU OpraHaMH B SIKOCTI cren3aco0iB, Tak 1 MUBUTBHUMH OCOOaMU B
AKOCT1 30poi camo3axucty. BukopucTtanss i 3acToCyBaHHS I1i€1 30p0i Mae MicIie 1 IpH
BUMHEHHI 3JI0YMHIB PI3HOTO CTYMEHIO THKKOCTI. Takok a0 maHoi karteropii 30poi
HaOJIMKEHI 1 CTapTOBI MTICTOJIETH Ta PEBOJILBEPH, IO OOYMOBJICHO IIUPOKUM CTIEKTPOM
ix 3acTocyBaHHs. BOHU BUKOPHCTOBYIOTHCA SIK 32 CBOIM MPSMUM MPU3HAYEHHIM — i
Jac MPOBEACHHS CIIOPTUBHHUX 3MaraHb 1 JUIsl CAMO3aXMCTY BijJ Hamamgy JIIOJWHU a0o
TBApUHU, TaK 1 IPU BYNHEHH] IPABOMIOPYILIEHb.

KoHCcTpyKIlis cTapTOBUX MPHUCTPOIB MOBUHHA YHEMOXKJIMBIIOBATH BUKOPHUCTAHHS
MaTpPOHIB 3 OyAb-SIKUM MeETalbHUM CcHapsAnoM. CTBOJIbHI CTapTOBI MPHUCTPOI
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000B’SI3KOBO TTOBUHHI MaTH HEB1J €EMHUN 3aXUCHUM €JIEMEHT (YU 1X CYKYITHICTB), 110
PO3MIIIYEThCS OE3MOCEPEIHRO Y CTBOJI Ta 3a0e3medye HEMOXKIMBICTh 3aJIMIICHHS
OyIb-KMM KIHETHYHUM CHApSIOM KaHAJTy CTBOJIA IMiJI Yac MOCTPUTy. 3a YMOBaMH
BIJICYTHOCTI 3aXHCHUX €JIEMEHTIB Y KOHCTPYKIIi CTBOJIa, OCTAaHHIA TMOBHHEH OYyTH
BUTOTOBJICHUM TaKUM CTIOCOOOM, TIpH SIKOMY KaHaJl CTBOJIA BIACYTHIN (JIUTTS, KOBKa,
MITaMITyBaHHS, TOKapHa 00poOka Tomio). KpirieHHs 3aXMCHUX €JIEMEHTIB CTBOJA
MIPUCTPOIB, TOBUHHO 3IHCHIOBATHUCS CTIOCOOOM, 1110 YHEMOJXKIIUBITIOE X BUIYYCHHS 3
KaHaJdy CTBOJIa 3a JIOTIOMOTOIO YHIBEPCAIBHOTO 1HCTPYMEHTY 3arajlbHOTO BXKHUTKY
(MOJIOTOK, TIJIOCKOTYOIll, BUKPYTKH TOIIO) Oe3 pyHHYBaHHS CTBOJIa a00 BHECEHHS
BUIMMHUX HEO030pPOEHUM OKOM HE3BOPOTHHX 3MiH y Horo koHcTpykmiro [10]. Hmkue
HaBEJICHI TMPHUKIAJU KOHCTPYKIIM CTBOJIB CTapTOBUX (IIIYMOBHX) MPHUCTPOIB, IO
IpPU3HAYCH] BUKJIFOYHO JJIS ITOJIaHHS 3BYKOBUX cuTHaiiB (Mair. 1).

o S —

3arnymka yrBHHYeHa, 10321y Hei BCTAHOBJICHO IITHPT |

'# 777 -
——— .
IIpecoBa mocajaka 3arymiku I_EL\ \_J
<4 | | ! _[j
Kpinuienns 3ariymku cuoc:ﬁom JHTTS I_q_\ N X

Mauonoxk 1. [Ipuknaau OyJ0BU CTBOJIIB CTAPTOBUX (IITyMOBHUX) MIPUCTPOIB, 110
pU3HAYCHI BUKIIIOYHO JJIsI TOJAAHHS 3BYKOBHX CHUTHAJIIB.
Po3poOka aBTopa.

OT1xe, CTapTOB1 MPUCTPOT, 110 HAAXOATH HA TOCTIIKEHHS B €KCIIEPTHI YCTaHOBH,
AK1 3@ CBOEID KOHCTPYKIIEIO BIAMOBIIAIOTH 3a3HAYEHUM BUMOTAM, HE MOXYTh OyTH
BIIHECEH1 JI0 KaTeropii BOrHenaabHO1 30poi.

CrapToBi TPHUCTPOI 13 BHECEHUMH KOHCTPYKTHMBHUMH 3MIHAMH, TOB’SI3aHUMHU 3
BUJIAJICHHSIM 3aXHCHOTO €JIEMEHTY (€JIeMEHTIB), 3aMiHOIO CTBOJIa TOIIO, IO HAJa€
MOXJIUBICTh TPOBEACHHS TMOCTPUTIB MATPOHAMH 3 KIHETUYHUMHU METAIbHUMH
CHapslaMHM, y T.4. CIHOCOOOM PO3AUIBHOTO 3apsDKaHHS, JOCHIKYIOThCS 32
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MeToauKO BCTAHOBJICHHS HAJEKHOCTI 00’€KTa J10 BOTHENajabHOI 30poi Ta HOro
MPUIATHOCTI JI0 CTPUTEOM (IIpoBeeHHs nocTpimis) [1].

XapakTepHUMHU O3HaKaMHU CTBOJBHHX CTAPTOBHX MICTOJETIB 1 PEBOJBBEPIB, LIO
MpU3HAYEHI BUKJIIOYHO IO TMOJadl 3BYKOBUX CHUTHANIB, SIK MPABUJIO € HAasBHICTb
ra3oBiJBIIHOTO OTBOPY B OiYHIA CTIHII CTBOJa (piAlIe APOCEIBHHUA OTBIP) AJIA
BUBEJICHHS MOPOXOBUX ra3is (Mail. 2), a KpirieHHs] HacaJo0K Ui 3allyCKy CUTHATbHUX
pakeT He Tepea0avacThCsl.

=]

Mauionok 2. Bapiantu po3ranryBaHHs Ta30BiABITHUX OTBOPIB Ha CTBOJIAX
CTapTOBUX IICTOJIETIB 1 pEBOJILBEPIB.
Po3po6ka aBTopa.

CraHgapT 100 CTapTOBUX IMICTOJETIB 1 PEBOJBBEPIB, HE TMOIIUPIOETHCA Ha
MPUCTPOI, 110 AJIsI T0J1a4l CBITJIOBUX CUTHAJIIB Ta BUXoJomieHy 30poto [10]. Hapsiay 31
CTapTOBUMH (IIIyMOBHMHM) MPUCTPOSIMU HAUOLIBII PO3MOBCIOJKEHUMHU 00’ €KTaMU
JOCIIKEHHS, MO SIKUM HaiyacTillle BUHUKAIOTh CYNEPEeYyHOCTI OO 1X Kiacudikaiii,
€ CUTHAJBHO-CTapTOB1 ([U1s1 TOoAavl 3BYKOBUX 1 CBITJIOBUX CHUTHAJIB) M ra30-ITyMOBI
(1 Moavi 3BYKOBUX 1 CBITJIOBUX CUTHAJIIB Ta BUKUAAHHS Ta30BO1 CyMIIIli) MCTOJIETH
1 pEeBOJILBEpPH, a TaKOX Tra3oBa 30p0os 3 MOXIIMBICTIO CTPUILOM MAaTpOHAMH,
CHOPSKEHUMH €JTaCTUHYHUMH CHAPSIaMU HECMEPTENbHOI 1.

CynepedHocTi 1mo/10 Kiaacugikalii mux 00’ €KTiB BUHUKAIOTh Yepe3 pi3Hi MOTIISIU
Ha OCHOBOIIOJIOKHI KPHUTEpIi — «IPU3HAYEHOCTI» 1 «IPUIAATHOCTI», 3a SKUMH
MPOBOJIUTHCA €KCIepTHa oIliHKa. [Ipu gocnipkeHH1 3a3HauyeHUX 00 €KTIB EKCHepT
KEPYETHhCS BIAMOBIAHUMU METOIUKAMH JTOCIHIKEHHS, JCPKABHUMH 1 Taly3eBHUMHU
CTaHJapTaMH Ta IHITUMHU PETIAMEHTYIOUYUMU JOKYMEHTAMH.

Tak, HajeXHICTh 00'€KTa O BOTHEMAJIBbHOI 30p0i BU3HAYAETHCS 32 HASBHICTIO B
HBOT'O CYKYITHOCT1 HACTYITHUX 3araJIbHUX KPUMIHAJIICTUYHUX O3HAK [1]:

- MpU3HAYCHHS JUIs YPaXKEHHSI 11JIeH Ha BIJICTaHI CHAPSIaMH, 1110 OJICPKYIOTh
HaIpaBJICHUH pyX 3a paXyHOK €Heprii 3ropsitHHS METaIbHUX 3apsliB, IPU BIICYTHOCTI
MPSIMOTO TOCIIOAAPCHKO-TT00YTOBOTO, BUPOOHUYOT0, CTIEIIaIbHOIO MPU3HAYEHHS,

- MPUJATHICTH JJIS1 HEOJTHOPA30BOI'0 YpaXKEHHsI IIijIeH.

HanexxHicth 10 ra30BoOi 30poi BU3HAYAETHCS 3a HASIBHICTIO Y JIOCIIIKYBaHOTO
EK3eMIUISIPY 30p0i CYKYITHOCTI ABOX KPUMIHAIICTUYHUX KPUTEPIiB [2]:

- MpPU3HAYEHHSI JJI1 BUKHUJIAHHA CYMIII PEYOBUHU CIIHO30TOYMBOI UM
JpaTiBHOI 1ii 13 3aCTOCYBaHHSIM T'a30BOTO MATPOHY;
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- NPUAATHICTD JJI BUKUJIAHHS CYMIIlll PEYOBUHU CIO30TOYUBOI UM JPATIBHOI
Aii 13 3aCTOCYBaHHSM Ta30BOTO MATPOHY, siKa 3a0e3MeuyeTbcs KOHCTPYKINEID Ta
BIIACTUBOCTSIMU 30pO1i.

BupoOu, ski KOHCTPYKTHBHO CXO0>K1 3 Ta30BOIO 30pO€10, aje He BIAMOBIIAIOTH
MOBHICTIO 200 YaCTKOBO BKA3aHUM KPHUTEPISIM, HE € Ta30BOIO 30POEI0.

OTxe, TOHATTA «IPU3HAYEHICTHY € JOMIHYIOUHM KPUMIHAJTICTUYHUM KPUTEPIEM
BU3HAYCHOCTI Ta Kiacudikamii mocmimpKkyBaHoro o00’ekta (00’ektiB). OpHak,
NOHATIMHUYN anapar 1o10 OO TEPMIHY € CIa00PO3BUHEHUM Ta OTPEOy€e 3HAYHOTO
PO3LIMPEHHS] 3 JIOKJIAQJHUM pO3’SICHEHHSAM THUX YW IHIIUX BJIACTUBOCTEH
JOCIIKYBaHUX 00’ €KTIB. SIK MoKasajia Cya0Ba MpaKTUKa, Yepe3 OMaHy, a 1HKOJIU U
BIJIBEPTY CHEKYJSIII0 HABKOJO IILOTO TEPMIHY, HEPIJIKO HAJIalThCAd HEBIpHI
KPUMIHAJIbHO-TIPABOB1  OILIIHKM BYMHEHUX JisiHb, TOB’S3aHUX 13 3a3HAYECHUMU
00’€KTaMU, a IOHATTS «IIPUAATHOCTI» 30pOi JAJIT HEOTHOPA30BOTO YPAKEHHS II1JIeH B
TaKMX BUITQJIKaX HE BPAXOBY€EThCA B3arali.

3a knacu@ikaii€r CTpuIellbKa BOTHEMalbHA 30p0si MOAUISIETHCS Ha: OOMOBY,
MHUCIIUBCHKY, CHOPTUBHY, 0aratolijibOBy Ta BOrHENaIbHY 30pOI0 CaMO3aXUCTY. 3T1HO
n. 2.4.1.1. Meroauku pocuikeHHst [1], A0 BorHemaJibHOi 30pOi CaMO3axXUCTy
BIIHOCUTHCS TpaBMaTW4yHA 30pOsi 3 BOTHEMAJBHUM IMPUHIIAIIOM METAaHHS CHapSIy
(mpucTpoi 1yt CTPUILOM MaTPOHAMM, CIOPSAKEHUMH €JIACTUYHUMU CHapsIaMU
TpaBMaTUYHOI (HECMEPTEINIbHO1) 1), sSiKa BIAMOBIJA€ 3arajlbHUM KPUMIHATICTUYHUM
O03HaKaM BOTHenasbHOI 30poi. Cepen BUpOOIB BITUYM3HSIHOTO BUPOOHHUIITBA 10 TaKOi
30poi HaiexaTh MICTOJIETH 1 peBoibBepu moaeneit: ®OPT-12P, ®OPT-14P, [IMP,
BIN, CKAT-1P, KomGpur Ta inmi. Takox, icHye GaraTa KiIbKiCTh MPHUCTPOIB JUIs
BIJICTPUTYy MATPOHIB, CHOPSKEHUX METATbHUMU CHapsAlaMu "HecMepTenbHOi ii"
1HO3eMHOTO BUPOOHUIITBA.

3rinno mosnoxxkeHHs Ne 4 TlocranoBu Ilnenymy BepxoBuoro Cyny Ykpainu Bin
26.04.2002 Ne 3 nHeBmaTHM4Ha 30pOsi, CUTHAJbHI, CTApTOBi, OY/IBEJIbHI, Tra30Bi
nicToieTH (PeBOJIbBEPU), MPUCTPOI BITYM3HAHOIO BUPOOHMUTBA IS BIACTPUIY
MaTPOHIB, CHOPSAHKCHUX TYMOBHUMH YHM AHAJIOTIYHUMH 3a CBOIMH BIIACTHBOCTSIMHU
METaJbHUMHU CHApAJIaMU HECMEPTEIIbHOI [I1i, pAKETHHII], & TAKOK BUOYXOBI MAKETH U
1HOI IMITalIMHO-TIIPOTEXHIYHI Ta OCBITIIOBAJbHI 3aco0M, IIO0 HE MICTATh y coOl1
BUOYXOBHUX PEYOBHUH 1 CyMilllei, HE MOXYTh OyTH BIJHECEHI 10 MpeIMeTa 3JI0YMHIB,
BIIMOBIAIBHICTD 3a sIK1 HacTae 3a ctaTTsimMu 262, 263 KK Vkpainu [11].

TakuMm YMHOM, TIPUCTPOI IS BIACTPIIY MATPOHIB, CHOPSKEHUX METaTbHUMU
CHapsgaMH '"HecMepTellbHOI Jii", M0 BUTOTOBJICHI 3a MEXaMM HaIloi KpaiHwu,
BITHOCSITHCS JI0 TIPEIMETIB 3JI09YHMHY, 3a SIKUMH HACTA€ BiIMMOBITAIBHICTD 32 BKA3aHUMH
CTaTTSIMU KPUMIHAIILHOTO KOJCKCY .

Bigomo, mo misi mpoBeASHHS IOCTPLIIB BKa3aHUMH TPHUCTPOSMH MOKIIHBO
BUKOPHCTAHHS SIK IITYMOBHX 1 TA30BUX MAaTPOHIB BIATIOBIIHOTO KaIiOpy, TaK 1 MaTPOHIB
3 KIHETMYHUMHU CHapsjaamMu: 9-mm JpoOOB1 MICTONETHI (PEBOJBBEpHI) MATPOHH,
MaTPOHU HECMEPTEINIbHOI [lii, CIOPSAHKEHI T'YMOBUMH, a00 aHAJOTIYHUMH 32 CBOIMH
BJIACTUBOCTSIMA METAJbHUMH CHApSAJAMHU; IMaTPOHW PO3IIILHOTO CIHOPSKESHHS
(urymoBwuit, a00 ra30BUi BIAMOBIIHOIO KaIiOpy Ta cepudHa KyJjs, y T.4. CTAaHAapTHA
MeTajeBa IpPOoTUHA ad0 KapTeyuHa JiaMeTpoM He Oulbllie 3a MIHIMAJIbHHUM JlaMeTp
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KaHaJly CTBoJIa 30poi) uM mepepoOseHl YHITapHI TaTPOHM aHAJOTIYHOIO
KOMILJICKTYBaHHSI.

Y n. 7.3.11. Meroauku nocuimkeHHs [1] 3a3Ha4€HO: «AKIIO B JOCIIKYBAaHOMY
BUPOO1 MPOMUCIIOBOTO BUPOOHMIITBA, MPU3HAUCHOMY JIJISl YPAKCHHS IIUICH, aje He
BiTHECEHOMY BHUPOOHHMKOM O BOTHEMaNbHOi 30p0i, BCTAHOBIIEHI KOHCTPYKTHBHI
O3HAaKW, IO JO3BOJIIIOTh BHUKOPHUCTOBYBAaTHM MOTr0 SK BOTHEMaJbHYy 30poio0 0e3
BHECEHHS J0 KOHCTPYKIi SKUX-HEOyJb HE3BOPOTHUX 3MiH, Ha JaHOMY eTarll
JTOCIIDKEHHSI pOOMTHCS BUCHOBOK MPO HASBHICTH Y JOCIIIKYBAHOTO 00'€KTa ITUX
O3HaK 1 BU3HAYAETHCS HANMOMIMKUMM aHaJOT BOTHEMaJbHOI 30pOi MEBHOIO THUITY M
BUIY». TakuMu BUpOOaAMU MOXYTh OYTH Ti, 110 TMO3UIIIOHYIOTECS BUPOOHUKAMHU a00
peanizaTopaM (MMOCTavYaJIbHUKAMH ) SIK:

- CUTHAJIBHO-CTApPTORBI, Ta30B1 1 Ta30-IIyMOBI MPHUCTPOI, y SKUX 3aXHUCHI
eJIeMEHTH (METaJeBl 3ariyIliKu, APOCEIbHI BTYJIKH) YIBUHUYIOThCS y KaHaJl CTBOJIA
300Ky TyJILHOTO 3pPi3y Ta BUIYYalOThCS 3a JOIMOMOTOI0 YHIBEPCAIIBHOTO 1HCTPYMEHTY
3arajibHOr0 BXKUTKY (IJIOCKOTYOI11, BUKPYTKA TOIO) YU 0€3 HbOT0, 1[0 KOHCTPYKTUBHO
nependaueHo BUpoOHNKOM. IIpHKIanoM TakuX MpHCTpoiB € 9-mm micTorern: ROHM
RG 88 pannix Bunyckis, ZORAKI moz. 911, 914, 914-S, 906-B, 914-B ta 1. (Mau.
3). HasBHICTh Ta30BIABIIHOTO OTBOPY Yy CTBOJIAX IICTOJIETIB HE 3aBXKIY BIJIMBAE Ha
3HAQYHE 3MEHIIEHHS KIHETUYHOI €HEeprii BUCTPUISHOTO METAJIBHOTO CHApsAy. 3TiAHO
. 2.2 mo/10 (yHKIIOHATBHOTO MPU3HAYEHHS BUPOOY «IPHU HASIBHOCTI CYyKYIHOCTI
KOHCTPYKTHUBHHUX €JIEMEHTIB, SIKI JJO3BOJISIIOTh BUKOPUCTAHHS MAaTPOHIB HE OJIHOTO, a
JEKUTBKOX BHUJIIB, 32 BU3HAYAJIILHUM BU3HAETHCS MATPOH 3 HAUOLIBIIOK YPaKylOuoko
niero. Hanpukman, (KMo KOHCTPYKINS JOCHIKYBAHOTO €K3EMIUISIPY J03BOJISE
BUKOPHCTAHHS SIK Ta30BUX (IITyMOBHUX), TaK 1 MIPOTOBUX (KYJIEBUX) MaTPOHIB, TO MOTO
OCHOBHE TIPU3HAYCHHS HEOOX1JHO BH3HAYATH BHXOISYH 3 MOXKJIMBOCTI 3MIMCHEHHS
MOCTPUIIB IIPOTOBUM (KYJIEBUM) TATPOHOMY [2];

Manronok 3. 3axucHi eneMeHTH Ta Mmoptupka micronera ZORAKI mon. 914-S.
Po3poOka aBTopa.

- CUTHAJIbHO-CTAPTOBI IPUCTPOI, Y SIKUX 3aXMCHUHN €JIEMEHT Yy KaHalli CTBOJIa
3aKpIMJICHU He HAIIHO Ta BUIYYAEThCS CIIOCOOOM BUITPECOBYBAHHS 3a JOMOMOTOIO
YHIBEPCAJIBHOTO 1HCTPYMEHTY 3arajlbHOro BXKHMTKY (MOJIOTOK, BHUKpPYTKa TOIIO).
[IpuknagoM Takux MPUCTPOIB € OKpeMi BUPOOHWUI TapTii AesKuX Moaudikariini
microsietiB EKOL, RETAY Ta iH., y KaHajaxX CTBOJIB SKUX 3aXHCHUM €JIEMEHTOM €
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rapTOBaHUW CTAJICBUH CTPWIKEHb, SKHM 3aKpIIJIEHUA TPECOBOIO IOCAJIKOK 3
He3HayHuM HatsroMm (Mai. 4, 5);

Mauronok 4. JlyneHuii 3pi3 cTBosia MaJiloHOK 5. 3axuCHUN €JIEMEHT, IKuil OyB
nicrosniera EKOL Gediz. BUJIyUYEHUN 3 KaHaIly CTBOJIA MicToyeTa 6e3
3HAYHOTO 3YCHILIA.
Po3pobka aBTopa.

- CUTHAJIBHO-CTApTOBI (711 MO/a4l IIYMOBUX 1 CBITJIOBUX CUTHAJIIB) 1 Ta30-
ITYMOBI1 IPUCTPOT (JIJIs1 TT0/1a4il ITYMOBHX 1 CBITJIOBUX CUTHAJIIB Ta BUKUJIAHHS Ta30BOi
CyMilIl TICTOJIETHUMHU NaTpoHamu kaniopy 9 mm P.A.K. /P.A./), 110 3 HEBI eMHUMU
JPOCEJIbHUMU BTYJIKaMH 3 BIJHOCHO MaJMM BHYTPIIIHIM AlaMeTpoM (Iiadgparmamu),
110 JI03BOJISIE MPOXOAY IWIPOTHHU (KApTEUMHU) TAKOTO X PO3MIPY, SKY MOXKIJIMBO
BUKOPHUCTATH B SKOCTI METaJbHOTO CHapsay IpH MOpoBeAeHHI mocTtpiry (Mam. 6).
Hanpukman, 8-mm mictoner MOLGORA Starter Automatic Pistol, 9-mMm micToneru
EKOL P29 Classic, UMAREX Grizzly Light To1o;

MaurwHok 6. [leski BapiaHTH OyJJ0BH CTBOJIIB MICTOJIETIB, IO MO3UI[IOHYIOTHCS K
CUTHAJIbHO-CTapTOBI Ta ra30-IIyMOBI.
Po3pobka aBTopa.

- ra3oBi 1 ra3o-IIyMOBI MPUCTPOI 3 HEBIJ'EMHUM 3aXHCHUM EJIEMEHTOM Y
BUTJISIAI po3cikada (mTudTa), a0 KOPOTKOI MEPETUHKH (Jieepa), pO3TAlIOBAHUX Y
KaHaJll CTBOJIa Ha 3HAYHIM BIJACTaH1 BiJl AYJbHOTO 3pi3y, IO JO3BOJISIE MPOBOAUTH
CTP1ILOY CITIOCOOOM PO3ALTHLHOTO 3aPSKAHHS 3 BAKOPUCTAHHSIM METAJICBUX KapTCUUH
BIIMOBIHOTO JiaMmeTpy. [IpukiiagoM Takux KOHCTPYKIIIM CTBOJIB € 9-MM MiCTOJIETH
iHo3emHoTrO BUpoOHUIITBA: KIMAR mod. 92 Auto, UMAREX Walther P88 Compact,
Sport & Voltran mod. 99 ta in. (Maun. 7).
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MaJonok 7. Cxema OynoBu ctBosia 9-mm mictonera KIMAR mod. 92 Auto ta pyxy
KapTeUYUHH B HOMY MPH CTPUIBO1 CIIOCOOOM PO3ALIBHOTO 3apsI>KaHHS.
Po3po6ka aBTopa.

3rigHo m. 4.3.5.2.5 100 KpUMIHAJICTUYHUX BUMOI JO Ta30BUX IPUCTPOIB,
BIJICTaHb BiJl JYJIbHOTO 3pi3y CTBOJIa JO IMOYATKy MICIEpO3TAllyBaHHA 3aXMCHHX
€JICMEHTIB He TTOBUHHA MEpeBUIIyBaTH 1,5 niameTpa KaHairy cTtBojaa [2];

- npoOoBi (ra3opoOOBi) MPUCTPOi 13 3aXMCHUMHU €JIEMEHTaMU B KaHall
CTBOJIA Y BUIJISAI 2-X BUCTYIIB (HAIUIMBIB) M€Taja, pO3TAIOBAHUX OJWH HABIPOTHU
OJIHOTO, HaINpUKIaa, MmicToneT itamiickkoro BupoOHUNTBA VALTRO mod. AP 92
Army xkami6opy .35 GR (Man. 8). KoHCTpykilis paHOTO MiCToJIETa J03BOJISIE
3/11ICHIOBATU MOCTPLIM CIOPTUBHUMH IMICTOJIETHUMH NaTPOHAMU Kaimiopy 7,62 mm [7],
[0 CYNEpPEeYUTh KPUMIHAIICTUUHUM BUMOraM METOJIUKH JOCIHIIKEHHS IIPOTOBUX
MICTOJIETIB Ta PEBOJBBEPIB, A€ Yy M. 2.2. 3a3HAUEHO: «JIOCHIPKYBaHUNA €K3EMILISp HE
MOke OyTH BH3HAHUM KOPOTKOCTBOJIBHOIO LIPOTOBOIO 30POE€I0, SIKILO BIH JI03BOJISIE
3IIMCHEHHS TIOCTPLIIB KYJIEBUMHU MMaTPOHAMH, NP [IbOMY CHAPALY HATAE€THCS MTUTOMA
xineTnuna enepris noHax 0,5 Jhx/Mm? (MiHIMAJIbHMN EHEPreTHYHUM KPUTEPii
ypaskeHHs)» [4].

Masmonok 8. [{ynsHuit 3pi3 CTBOJIA MICTOJIETA
VALTRO mod. AP 92 Army cal. 35 GR.

Po3poOka aBTopa.

3a3HayeHl y HaBEJACHOMY TIEpeNliKy BHUpPOOM TPOMHCIOBOTO BUPOOHHUIITBA
KOHCTPYKTHUBHUX 3MiH He MatoTh. OJIHAK, Y 3B’S3KYy 3 BIJICYTHICTIO KOMIUIEKCY O3HAK
BHKJIFOUHO JIJIS ITO1a4l IITYMOBHX 1 CBITJIOBUX CUTHAIIB, BUKUAAHHS Ia30BOi CyMIIII UM
METaHHS MHOKMHHOTO IITPOTOBOTO CHAPSITy, BOHH JI0 KATETOPii CUTHAJILHUX, TA30BUX,
CUTHAJIBHO-TA30BUX, IPOOOBUX YU ra30pOOOBUX MPUCTPOIB HE BITHOCATHLCS Ta MAIOTh
KOHCTPYKTUBHI 03HaKH KOPOTKOCTBOJIBHOI I1aIKOCTBOJILHOT BOTHENAJIbHOI 30pOi.

Sk npaBuiio, BKa3zaHl BUPOOM MOTPAIUISIOTh HA TEPUTOPII0 YKpaiHM HE3aKOHHO,
0e3 MpoXoJKeHHsI O00O0B’sA3KOBOI cepTu(ikailii Ta HE BIJANOBIAAIOTH TEXHIYHUM
perjiaMeHTaM 1 BUMOTam, 1110 BCTaHOBJIIOKOTHCS BIAMOBITHUMH CTaHAapTaMHU.

Mo niepeniky CTpUISIIOUMX MPUCTPOIB HE O0HOBOTO MPU3HAYCHHS, 1[0 MOXKYTh MaTH
KOHCTPYKTHUBHI ~ O3HaKd BOTHEMajgbHOI 30poi 0e3 BHECEHHS  Oylb-sIKUX
KOHCTPYKTUBHHUX 3MiH, MOHA TaKO BIJHECTH:
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- yCKOB1 MpUCTPOi TUTTY « CUTHAT MUCIIUBLIS), SK1 MPU3HAYEH1 J0 MOCTPiIiB
pi3p00BUMH 15-MM CHUTHAJIBHUMH MMaTPOHAMU, 3 YTBUHUYCHUMH B HUX CaMOPOOHUMH
CTBOJIAaMU i1 MasiokaniOepHi Ha0o0i, a00 Kamncyms 4 Oy1iBeTbHO-MOHTAXXHI MATPOHU
TUTsI BAKOPUCTaHHS HA00IB PO3IILHOTO CIIOPSIKEHHS;

- CTaHAAPTHI 3pa3Ku 26-MM CHUTHAJIBHUX IMCTOJETIB 3 BKIATHUMHU CTBOJIAMH
i Haboi 70 TJIaAKOCTBOIBHUX MHUCIMBCHKHX PYIIHUIb MEHIIOTO KamiOpy uu Haboi
710 Hapi3HOi BOTHENAIBHOT 30poi [5].

Y OuIbIIOCTI X BHUMOAJKIB JO EKCIEPTHUX YCTAHOB MOTPAIUIAIOTH 00’ €KTH
BUIIEBKA3aHUX KATEropiH, M0 3 BHECEHUMU KOHCTPYKTUBHUMHU 3MIHAMU: BHUIAJICHHS
3aXHMCHUX €JIEMEHTIB 3 KaHally CTBOJIA, IEPEKPUTTS Ta30BIJBIIHOIO OTBOPY, 3aMiHa
CTBOJIA UM MOT0 YaCTUHHM, PO3CBEP TIOBaHHS kKamop OapabaHa, 3aMiHa OapabaHa TOIIIO.

[IpunaTHICTh BHIIEBKa3aHUX OO'€KTIB JUIA YPaKCHHS ILUICH TPH MOXKJIUBOCTI
HEOJHOPA30BOTO iX BUKOPUCTAHHS BU3HAYAETHCA 3a pe3yJibTaTaMU TMPOBEJICHHS
eKCIIEPUMEHTAJIbHOI CTPpLIb0K. Bimbip Ta miAroTroBKa HEOOXIAHUX JJIsS MPOBEICHHS
€KCIIEPUMEHTAJIbHOT CTPLILOM IMATPOHIB 1 €JIEMEHTIB 3apsAKaHHs, IMIJTOTOBKAa W
3aps/KAHHS JTOCTIDKYBAaHUX O0'€KTIB MPOBOIATHCS, BUXOASYN 3 KOHCTPYKTHBHHUX
0CcO0IMBOCTEN IUX O0'€KTIB.

[IpoBenenmii aHai3 TEBHOI TPYMU CTPULIIOYUX TMPUCTPOIB 3 BOTHEMATHLHUM
MIPUHITUTIOM METaHHS CHapsAy, CIIOHYKA€ IO OLIBIN PETEIBHOTO MPHUIUICHHS YBaru
1010 KJacu@ikaiii Hux 00’ €KTIB Ta pearyBaHHs Ha TOCTPOTY L€l MpoOIeMaTHKH, SKa
€ IMTaHHAM He oJHOro poky. HaBeaeHi npukiiaau BkazaHoi 30poi TaK0X € CBITYEHHAM
B1JICYTHOCTI €IMHOTO TIOHSTIHOTO anapaTy CTOCOBHO TEPMIHOJIOT1i BArOMOi KUJTBKOCTI
00’€KTIB OaTICTUYHOIO JOCHIKEHHS Ta SBHI 1 IPOLECIB, MOB’S3aHUX 3 HUMU
(mounHaOuUM 3 MOHSATH, IO y MiJPYYHUKAX BIAMOBIIHMX HABYAIBHUX 3aKJIAJIB Ta
3aKIHYYIOYM TIYMAau€HHSMH W TPAKTyBaHHSIMH JESKUX TOJOXKEHb y HOPMATHBHO-
MPaBOBUX aKTaX, 30KpeMa MOHSTh, HaBe/leHnX y KpuminaabHOMY KOAEKCl YKpaiHu i
KOMEHTapl 10 HbOro). Marepiaau [aHOi CTaTTi JOMOMOXYTh 3 BHU3HAUYCHHSIM
(baKTUYHOTO MPU3HAYEHHS 3a3HAYEHUX 00’ €KTIB CYJOBO-0aTICTUYHOI €KCIEPTU3H Ta
ix kyacugikauli Juisi HalaHHA BIPHOI €KCIIEPTHOI OLIIHKU.
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SABE3INIEYEHHA AOCTYIIY 10 IPABOCY A4 OCIb 3
IHBAJIIIHICTIO Y KPUMIHAJIBHOMY
MMPOBAI’KEHHI: IIPABOBI TAPAHTII TA TIPAKTUYHI
HNPOBJEMH

Haoinbcbka Kipa I'ennagiiBaa
KypcaHT HaB4anbHOI rpynu HHI 1-24-201
XapKiBCHbKUM HAITIOHATBHUN YHIBEPCUTET BHYTPIIIHIX CIPaB

Muenina Okcana BacuiiBHa

JOKTOpP IOPUIUIHHUX HAYK, TIpodecop,

npodecop kadenpu KpuMiHAILHOTO MPOIECY Ta OPTaHi3allli JOCYJOBOTO CIIiICTBA
XapKiBChKHI HAIIOHATLHUN YHIBEPCUTET BHYTPIIIHIX CIPaB

[IpoGnemaTuka 3abe3neueHHs JOCTYIy J0 MPaBOCyAls oci0 3 1HBAIIAHICTIO €
OJIHIEI0 3 aKTyaJlbHUX y TPABOBIM JepiKaBi, OCKUIbKH 0€3 peaibHOi MO>KJIMBOCTI
3BEPHEHHSI JI0 CY/y, y4acTl B CyJJOBOMY MPOIEC] Ta OTPUMAHHS HEOOX1THOT MPABHUYOT
JIOTIOMOTY KOHCTUTYI1HHI TIpaBa 1 CBOOOAM JIFOAUHU 3aIUIIAI0ThCs JuIie (hopMaIbHO
nporojomeHumMu. OcoONMBOTO 3HAYEHHS 1€ NUTaHHS HaOyBae Mm0g0 ocid 3
MOPYUIEHHSIMUA 30py, CIyXy Ta MOBJICHHS, SKI 4epe3 (I3MuHi, 1HPOpPMAIIliiHi,
KOMYHIKAIliliHl 1 oprasi3auiiHi Oap’epu HEPIIKO CTUKAIOThCA 3 YCKIIAJHEHUM
JOCTYIIOM JI0 CYJOBOIO 3aXUCTY. Y 3B’SI3KY 3 LIUM JOCIIPKEHHS MPABOBUX TapaHTii,
MPaKTUYHUX TPOOJIeM Ta HaNpsMIB YyIOCKOHAJEHHS MeEXaHI3My 3a0e3MeueHHs
JIOCTYITy TaKHX 0C10 710 TPaBOCY/I/Isl Ma€ BAKIIMBE TEOPETUYHE 1 TPUKIIATHE 3HAUCHHSI.

Crarreto 13 Konsennii OOH mpo mpaBa oci® 3 1HBAIIIHICTIO 3aKpPITUIEHO
000B’s130K Jiep>KaB-y4acHUIb 3a0e3rneuyBaTd 0co0aM 3 1HBAIIIHICTIO €()EeKTUBHUN
JIOCTYTI JI0 MPABOCYAJIA Ha PIBHI 3 IHIIUMHU 0COOaMH, 30KpeMa IUIIXOM CTBOPEHHS
HaJISKHUX TMPOIIECyaTbHUX YMOB, a TaKOX CIPUATH BIAMOBIAHIN mpodeciiHiii
IITOTOBIIl TIPaIlIBHUKIB OpraHiB MOJIIii Ta MeHiTeHIiapHoi cuctemu [1]. BogHouac
BIJINOBIJIHI TapaHTii KOPECHOHAYIOTh 13 NoJioKeHHs MU cTtaTTi 55 Koncrurymii
VYkpainu, KO KOKHOMY TapaHTY€EThCS IMPaBO HAa CyJAOBHHM 3aXHCT CBOIX MpaB i
cB00O/1, 1110 Ma€e 0COOJMBE 3HAUYCHHS JIJIs1 0C10 3 IHBATIAHICTIO, SIK1 HEPIJKO 3a3HAIOTh
MTOPYILIECHHS CBOIX IIPaB, 30KpeEMa B YMOBAX BOEHHOI'O CTaHy [2].

3 METOI CTBOPEHHS HAJICKHUX YMOB JUIsl peatizaili ocodamMu 3 1HBaJIIIHICTIO
mpaBa Ha JOCTYIl JO TMPAaBOCYIJs HAI[IOHAJIHLHUM 3aKOHOJABCTBOM Y KpaiHU
nepenbaueHo HajgaHHsA O€30MUIaTHOT MPAaBHUYOI JIOTIOMOTH, CIPSMOBAaHOI Ha
3a0e3nedeHHs] peaizallii, 3aXUCTy Ta BITHOBJICHHS TpaB 1 CBOOOJ JIOAWHH Ta
rpoMajsiHiHA y pa3l ix nmopymeHas [3]. KpiM Toro, 3aKkOHOJaBCTBOM BCTaHOBJICHO
3BUIBHEHHS BiJl CIUIATH CYJOBOTO 300py MiJ Yac po3IJIsAy CIpaB B YCIX CYJIOBHX
THCTAHIIIAX JUII OKPEeMHUX KaTeropiil ocid, 30kpema oci0 3 1HBaJiJHICTIO BHACIIIOK
Hpyroi cBiToBOi BifiHK, 0ci0 3 iHBamigHICTIO | Ta Il rpym, 3aKOHHUX TpPECTaBHUKIB
JUTEN 3 1HBaJIIIHICTIO Ta HEAIE€3JaTHUX OCI0 3 1HBAJIIHICTIO, 0C10, IK1 MAaIOTh IICUXI1YHI
po3iaaM, a TaKOX IX MPEICTaBHHUKIB y CIpaBax IIOAO 3aXUCTy MpaB 1 3aKOHHUX
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1HTEpeCIB MiJ] Yac HaJaHHS TMCHUXIaTPUYHOI JOIMOMOTH, 1 TTO3UBAYIB y CIpaBax Ipo
BIJIITKOIyBaHHS IIIKOJIA, 3aMOISTHOT KATIITBOM a00 1HIIUM YIIKOJKEHHSIM 3JI0POB’ S
[4].

OpHak BH3HAUEHUX TapaHTI HEAOCTaTHHO [JIsl IMOAOJAHHA oOcobaMu 3
1HBaJiAHICTIO Oap’epiB Ha MNUIIXY JOCTYIy JO TPaBOCYAIs, CEped  1HIIOTO
KpuMiHaibHOTO. CyTTEBUMHU HEIOJIKAMHU CHUCTEMH MPaBOCYIS € T, IO 3a3Ha4eHl
0co0M HE BOJOIIOTH AOCTATHIMHU MPaBOBUMU 3HaHHAMU. [Ipuunnamu €: 1) 6ap’epu B
JOCTYMI1 JI0 OCBITH; 2) HU3bKUU piBeHb (DIHAHCOBOI 3a0€3MEUYEHOCTI, Yyepe3 1o Taki
oco0U HE MarOTh JIOCTYIy A0 1HTEPHETY, HE B 3MO31 MPpUI0aTH COO01 KOMIT IOTEP UM
ceHcopHU TenedoH; 3) HU3BKUNM PIBEHb BUKOPUCTAHHS KECTOBOI MOBH TOMIO;
4) BIACYTHSI JOBIpa 10 CYIOBOI CHCTEMH; 5) poO3TalllyBaHHS CYJOBHUX OpraHiB y
0aratboX BHIIQJIKaX B OPEHIOBAHUX MPUMIMICHHSIX YU y>KE CTapHX, sIKI HEMOXKIIMBO
3pobutn 0e30ap’epHUMH; 6) HEMOKIUBICTh 3a0€3MEUCHHS MOBHOIO MIPOIO MOTPEOH
0ci0 3 MOPYIIEHHSMU CIyXy, MOBJIEHHSA, 30pY B JOCTYMi 110 iHpOpMAIlii B paMKax
CYJIOBHX TPOIIECIB, a TAKOXK Ha IMOYATKOBOMY €Tarll 3BEpHEHHS JI0 Cyly 3a 3aXHCTOM
npas; 7) MpaliBHUKU CUCTEMHU MPAaBOCYAJs U IMEHITEHILIIapHOI CUCTEMH HEe 0013HaHI
HaJICKHUM YMHOM Y NMHUTAHHIX NpaB 1 HOTped oci0 3 1HBaNIIHICTIO. Tak, HanpuKiIa,
Takl 0cOOM HE MOXKYTh HAJIEKHUM YHMHOM Yy CyAl OTPUMYBATH HEOOXIIHY IJisi HUX
1H(OpMaIi}0 CTOCOBHO PYXY iXHBOI CIIPaBU, HE MOXYTh BUIBHO O3HAHOMIIIOBATUCS 3
MarepiagamMy CHpaBH, CAMOCTIHO TMPEACTaBIATH CBOi IHTEPECH B CYJOBHUX
3acifaHHAX. OcoOu 3 TaKMMM MOPYIIEHHSMHU JOCUTh YacTO BHACHIIOK BIJCYTHOCTI
aKpeIUTOBAaHUX MEPEKIIAIadiB )KECTOBOT MOBH CTAIOTh KEPTBAMHU 3JI0BKMBAaHb 1HIINX
YYaCHHUKIB IpPOLECYy, 110 CYTTEBO BIUIMBAE Ha iX JOBIPY 00 €KTUBHOCTI PO3IJISAIY
CyIOBHX crpaB [5].

3a3HayeH1 BUIIE MPOOJEMHU CBIAYATh MPO HASBHICTH CUCTEMHHUX Oap’epiB, sKi
ICTOTHO YCKJIQIHIOIOTH JiJ1s1 0C10 3 1HBAJITHICTIO pealti3allito IpaBa Ha CyA0BHM 3aXUCT
MOPYIICHUX TMpaB, a iX TOJOJAaHHA € HEOOXiJHOK NEepPeAyMOBOIO 3a0e3IMeUeHHs
PIBHOCTI YYaCHHUKIB KPUMIHAJIBLHOTO MTPOBAIKEHHS, OCKIJIbKU (POpMaJIbHE 3aKPITIIICHHS
MPaBOBUX TapaHTiii HE MOXKe BBaXKATUCS JOCTAaTHIM 0€3 CTBOPEHHS pealbHUX
opratizamiiHux, iHGopMaliiHUX, KOMYHIKalIMHUX Ta apXITEKTypHHUX YMOB JUIS iX
MPAKTUYHOTO 3[1MCHEHHS. Y LbOMY KOHTEKCTI MIHICTEpCTBOM IOCTULIT YKpaiHu
3apONOHOBAHO OKpPEMi1 HANpsIMU BUPILIEHHS MNpOOJIEeMH BiJICYTHOCTI B JepraBi
3aKOHOJIaBYO BU3HAUEHOTO MEXaHI3My, SIKHi1 OM 3a0e3neuyBaB peajbHUi J0CTyN 0ci0
3 IHBAJIIIHICTIO JI0 TIPABOCY/S Ha PIBHI 3 1HIIUMHU YIEHAMU CYCHIJIbCTBA. 30KpeMa,
I0JI0 APXITEKTYPHOI JOCTYITHOCTI HEOOXITHUM € BXKUTTSA 3aXOMdiB 13 3a0e3MeUCHHs
¢13uuHOi JOCTYHmHOCTI OyZiBeNb Ta MPUMILIEHb, Y SIKUX PO3MIIIYIOTHCA CYJIOBI
OpraHu, 3 ypaxyBaHHSM JEp>KaBHHX OYJIBEJIbHMX HOPM 1 cTaHmapTiB. Jlo Takux
3aXO/IB HajexaTh 3a0€3Me4eHHs MICIh IS MapKyBaHHS aBTOMOOUTIB 0Ci0O 3
IHBAJIIHICTIO MOONM3Yy OyaiBenb CyJiB, TMOHIKEHHS OOpAIOpiB Ha TpOTyapax,
oOnamTyBaHHs OyiBeslb MaHIyCaMH, HAHECEHHSI MapKyBaHHs MepernajiB MiyIory Ta
CXO/I1B, TOKPAIIIEHHS OCBITJICHHS Yy MPUMIILIEHHSX 1 HA MPUJIETIII TepUTOPIi, HATEeKHE
oOJalITYBaHHS CAHITAPHUX KIMHAT, PO3TAllyBaHHSA KaHILENIApIA CyJIB Ta 3ajiB
CyJIOBHMX 3aCiJlaHb Ha NIEPIIOMY MTOBEPCI, a TAKOX BCTAHOBJICHHS 3BYKOBUX OPIEHTUPIB
1 KHOIIOK BUKJIMKY IEPCOHAIY YH OXOPOHH [5].
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Oxkpemoi yBaru notpelye 3abe3nedeHHs 1HGOPMAIIHHOI JOCTYIMHOCTI CYJ0BOTO
mpolecy, MpolecyanbHoi JoKyMeHTalii, opiiiHuX BeO-CalTiB CyJOBUX OpTaHiB Ta
BIIMOBITHUX 1HGOPMAIITHUX CHCTEM, OCKIJIBKH TaKa JOCTYMHICTh € HEOOX1IHOIO
YMOBOIO pealtizailii ocodamu 3 IHBaJIIHICTIO MpaBa Ha e(PEeKTUBHY YUacTh Y CYJ0OBOMY
MPOBA/UKCHHI, CBOE€YACHE OTPUMAHHS BIIOMOCTEH TIPO pyX CHOPaBH, 3MICT
MpOLECyaTbHUX JOKYMEHTIB 1 HOPSAOK 3ICHEHHSI CyIOBOTO 3aXHUCTy. 3 OTJISIY Ha 11e
odiriitHi BeO-caliT Cy0BUX opraHiB MaioTh BianoBigatu Bumoram JICTY EN 301
549:2022 «Indopmariiini TexHosorii. BUMoru 1mojao J0CTymHOCTI MPOAYKTIB Ta
nocayr IKT», mo Bu3HaUae KpUTEpil AOCTYIHOCTI 1H(POPMAIIHHO-KOMYHIKAIIIHHUX
TEXHOJOTIH Juisi oci® 3 1HBamiAHICTIO [6]. BojaHOoYac BaXJIMBHM HamNpsIMOM
3a0€3IMeUeHHs JIOCTYIMHOCTI MPAaBOCY//Is € HaBYaHHSA Ta MiABUIICHHS KBasidikarii
IpaIliBHUKIB CYJIOBUX OPTaHiB, MOJIIIi Ta MEHITESHI[IApHOT CUCTEMU 3 MUTaHb IPaB 0ci0
3 IHBAJIITHICTIO, Y TOMY YMCIII BIAMOBIIHO A0 nosiokeHb Konsenii OOH npo npasa
oci0 3 iHBaiAHICTIO. Peanizailito Takux 3axo/1iB nepeadayeHo HarioHansHUM m1aHoOM
nii 3 peam3auii KonBeHuii mpo npasa ocid 3 1HBaNIAHICTIO Ha niepion 10 2025 poky,
3aTBepKEHUM po3nopskeHHsM Kabinery MinicTpiB Ykpainu Big 7 kBiTHA 2021 p.
No 285-p., sxkuM, 30KpeMa, BU3HAUEHO OOOB’s130K MiHICTEpCTBAa BHYTPIIIHIX CIPAB
VYkpaiHu Ta IHIIMX OpraHiB Jep)KaBHOI BIaAW IIOJO0 MPOBEACHHS HaBYaHHS
MpaIiBHUKIB MPABOOXOPOHHUX OPTaHiB, CYAJIB 1 MPOKYPOPIB 3 MUTaHb 3aCTOCYBAaHHS
3aKOHOJIaBCTBA ISl 3aXUCTy IpaB OCIO0 3 1HBAJIIAHICTIO 3 ypaxXyBaHHAM IPAKTUKH
€Bporneiicbkkoro cyay 3 npaB JoauHd [7]. BomHowac mnpakTH4HA peanizalis
3a3HAUYEHUX 3aXOAiB MOTpeOye MOAANBIIONO BIOCKOHAJIEHHS, 30KpeMa MI0J0
CUCTEMHOCTI, PEryJIIPHOCTI Ta AKOCT1 BIAMOBITHOTO HABYAHHSI.

BaxxnuBumu ymoBamMu 3a0e3MeUeHHs TOCTYITHOCTI TPABOCY//S € HAJIE)KHA €THUKA
npodeciitHoi KoMyHIKaIlli 3 oco0aMu 3 1HBAJIIIHICTIO Ta IMABUIIICHHS IXHBOI MPaBOBOT
o0i3HaHoCTi. [IpaliBHUKHN CyI0BHX 1 TPABOOXOPOHHUX OPraHiB MAalOTh CHIJIKYBaTUCS
0e3mocepeIHb0 3 0CO00K0, BUKOPUCTOBYBATH 3pO3YMUTy MOBY Ta 3a0e3ledyBaTu
TOYHE JOBEACHHS 1H(GOpMaIlil 3 ypaxyBaHHIM 11 IHAUBIAYaTbHUX NoTped. BogHouac
HEOOXIJTHUM € CUCTEMHE MOIIHUPEHHS AOCTYTHOI MPaBOBO1 1H(GOpMAIIiT 11010 MpaBa Ha
CYJIOBUM 3aXHCT, NOPAJKY MOro peasnisailii Ta MEXaHi3MIB ITOHOBJICHHS MOPYLIEHUX
pasB.

Otxe, epexkTUBHUN OOCTYN 0CI0 3 IHBAIIAHICTIO JO MpaBOCYAlsl MOTpeOye
MOETHAHHS HAJIEKHOTO TPABOBOTO PETyJIIOBaHHS 3 pEAIbHUM YCYHEHHSM
apXITeKTYpHUX, 1H(QOpMAIIHHNUX, KOMYHIKAI[IWHUX Ta opraizamiiaux 6ap’epis. Lle
CIpHusTUME 3a0€3MEeUeHHI0 PIBHOCTI, HEAMCKPHUMIHAINI Ta HAJIC)KHOMY CYIOBOMY
3aXMCTY BIAMOBIAHO IO MIXKHAPOJHHUX CTAHAAPTIB MPaB JIFOIUHU.
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3ABE3INIEYEHHS TPABA HA 3AXUCT
MNIJ03PIOBAHOI'O/OBBUHYBAYEHOI'O 3
MCUXIYHUMMU PO3JIAJAMU Y KPUMIHAJIBHOMY
MPOLIECI YKPAIHU

Haoinbcbka Kipa I'ennagiiBaa
KypcanT HaB4ainbHOI rpynu HHI 1-24-201
XapKiBCHbKUM HAITIOHATBHUN YHIBEPCUTET BHYTPIIIHIX CIPaB

Muenina Okcana BacuiiBHa

JOKTOpP IOPUIUIHHUX HAYK, TIpodecop,

npodecop kadenpu KpuMiHAILHOTO MPOIECY Ta OPTaHi3allli JOCYJOBOTO CIIiICTBA
XapKiBChKHI HAIIOHATLHUN YHIBEPCUTET BHYTPIIIHIX CIPaB

AKTyanbHICTh JIOCHIUKEHHSI TMHMTAaHHA 3a0e3leueHHs IpaBa Ha 3axXUCT
1703pIOBAaHOr0 Ta 0OBMHYBAYEHOTO 3 ICUX1YHUMU PO3J1aJJaMHi 3yMOBIIEHA OCOOJIMBOIO
BpA3JIMBICTIO 1MI1€1 KaTeropii YYaCHUKIB KPHUMIHAJIBHOIO MPOBAKEHHS, a TaKOX
HEOOXIJTHICTIO TO€JHAHHS 3aBJaHb KPHMIHAJIBHOTO CYJOYMHCTBA 13 HAJECKHUM
JOTPUMAHHAM MDKHApOAHUX 1 HAIIOHAJBHUX CTaHAApPTIB MpaB JIIOAUHH. Y
KpUMIHAJIBHOMY  TpoOlLleCi caMe€ 3JaTHICTh OCOOM  YCBIJIOMJIIOBATH  3MICT
IpoleCyanbHUX i, KOPUCTYBAaTUCA HaJaHUMHU T[paBaMu, OpaTd yd4acTb Yy
dbopMyBaHHI TO3MIIT 3aXUCTy " €(PEKTUBHO B3aEMOJISITH 13 3aXUCHUKOM Mae
NPUHLIMIIOBE 3HAYEHHS JUIsl CTIPaBEJIMBOCTI MPOBaKeHHS. HasiBHICTh MCUXIYHOTO
po37aay MOXeE ICTOTHO OOMEXKYBaTH TakKy 3JaTHICTh, IO 00 €KTHUBHO MOTpelye
MOCWJICHHX TMPOIECYallbHUX TapaHTi, OCOOJMBOrO TMOPSJAKY KPUMIHAJIBHOTO
MPOBA/KCHHS Ta MIJBUIIEHOI yBaru 3 OOKYy OpraHiB JOCYJOBOTO PO3CIiAyBaHHS,
MPOKYpaTypH U Cyay.

bineiie 3a Bce, BkazaHa npoOiaeMaTrika HaOyBa€e T0JaTKOBOTO 3HAYCHHS 3 OTJISTY
Ha Te, M0 KPUMIHAJIbHE IPOBAKEHHS IOJ0 OCI0 13 IMCHXIYHMMH PO3JIaJlaMU
nepelyBae Ha NMEPETHHI KPUMIHATBHUX MPOIECyaTbHUX, MEIUYHUX 1 TPABO3aAXUCHUX
acrnekTiB. 3 OAHOro OOKY, AepxaBa 3000B’s13aHa 3a0€3MEYNTH HAJIEKHE pearyBaHHs Ha
CyCHUIbHO HEOE3MeyHl AISHHSA Ta 3aXUCT 1HTEPECIB MOTEPHIIMX 1 CyCHUIbCTBA. 3
1HIIOTO0 OOKY, 3aCTOCYBaHHS KPUMIHAJIIBHUX MPOLECYyaJbHUX MEXaHI3MIB JI0 0COOH,
AKa yepe3 NCUXIYHUIA CTaH HE 3aBX/IM 3/1aTHA TIOBHOIO MIpOIO pealli3yBaTH CBOi IpaBa,
CTBOPIOE pU3UK (POPMATIBLHOTO, a HE pealibHOTO 3a0e3neueHHs npasa Ha 3axucT. Came
TOMY y4YacThb 3aXHUCHHMKA, 3aKOHHOTO TMpEACTaBHMKA, TPOBEACHHS CYyI0BO-
MCUXIaTPUYHOT EKCHEPTH3W, a TaKoX OCOONHMBUN TMOPSAOK KPUMIHAIBHOTO
MPOBA/KEHHS 11010 3aCTOCYBAHHSA TPUMYCOBHUX 3aXOJlIB MEIUYHOTO XapakTepy
MaloTh pO3IIIAaTHCS HE K (aKyIbTaTHBHI MPOIECyalbHl €JIEMEHTH, a K HeoOX1/IH1
rapaHTii ClIpaBeyIMBOIO CYI0BOTO PO3IIISIY.

[TpaBo Ha 3axUCT, 3aKpiIJIEHE Y MIAMYHKTI «C» MYyHKTY 3 cTarTi 6 €Bpornenchkoi
KOHBEHIII1 PO 3aXHUCT MPaB JIFOJAWHHA 1 OCHOBOMOJOXKHUX cB00OA (mani — KoHBeHitis)
[1], HaNEeXUTH 10 PyHAAMEHTAIBHUX TapaHTIN CIIPaBEJIUBOrO CYJJ0OBOTO PO3MIISIAY. Y
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HaI[lOHAJIbHIN MPaBOBINA CUCTEMI 3a3HaY€HE NMPABO HOPMATUBHO BU3HAYEHE CTATTAMU
7 1 20 KpuminansHOTO TIporiecyanbHOro kojaekcy Ykpainu (nami — KIIK) [2], a Takox
crarrero 59 Koncrurynii Yxpainu [3]. Moro 3MicT oXoInmoe, 30kpeMa, MOXKITHBICTb
0Cco0M CaMOCTIMHO 3aXMIATH CBOI IMpaBa Ta 3aKOHHI 1HTEpECH, a TAaKOX IMpaBO Ha
npodeciiiHy MpaBHUYY JOMOMOTY 3aXHCHHMKA, y TOMY YHCIHI O€30IJIaTHy MpaBHUUY
JOTIOMOTY y BUMaJAKaxX, MepeadauyeHnX 3aKOHOM.

Oco01MBOr0 3HAYEHHS MPABO HA 3aXUCT HA0YBA€ y KpUMIHAJIBHUX MPOBAKEHHSX,
y MexXax SKAX BHUPINIYETbCS MUTAHHS MPO 3aCTOCYBaHHS MPUMYCOBHUX 3aXO/I1B
meauuHoro xapakrepy (nam — [I3MX). Bignosigno no crarri 507 KIIK Ykpainu y
TaKUX MPOBAIKEHHSIX y4acTh 3aXMCHUKA € 000B’A3KOBOIO 3 MOMEHTY BCTAaHOBJICHHSI
(haKkTy NCUXIYHOTO po3jaay ocoOM a00 BUHMKHEHHS CYMHIBIB IIOJO ii OCYJAHOCTI.
3a3HayeHe MOJI0KEHHSI KOPECTOHAY€EThCsl 3 MyHKTOM 3 yacTuHu 2 cratti 52 KIIK
VYkpainu, sikuM nependadyeHo OOOB’SI3KOBY Y4YacTh 3aXHCHUKAa Y KPUMIHAJILHOMY
MPOBA/KEHHI IIOJI0 OC10, SIKI BHACHIJIOK TCUXIYHOTO pPO3JIaay HE 37aTHI MOBHOIO
MIpOIO pealli3yBaTy CBOi MpolieCyalibHI MpaBa. BcTaHOBIEHHS BiAMOBIIHUX OOCTAaBUH
3a0e3neuyeThCs, 30KpeMa, IUIAXOM  OOOB’SI3KOBOIO  IMPOBEACHHS  CYIOBO-
MICUX1aTPUYHOI €KCHEPTHU3H, 0 Nepe0adyeHo MYyHKTOM 3 4acTUHU 2 cTarTi 242 Ta
crarrero 509 KIIK Ykpainu. [logaTkoBoOO MpolecyalibHO rapaHTIer0 3a0e3MeueHHs
paB Ta 3aKOHHHUX IHTEPECIB OCOOM Yy 3a3HayeHId KaTeropii KpHMiHAJIbHHX
MPOBAKEHb € 3aTy4eHHs ii 3aKOHHOIO MpeacTaBHUKa. BiamoBinHo g0 crareit 44 ta
506 KIIK VYkpainu y4acTh 3aKOHHOTO NpPEJICTaBHHKA CIpPsIMOBaHA Ha IMOCUJICHHS
3aXHUCTy OCOOHM, SKa BHACHIIJIOK TICHUXIYHOTO pO3Jagy Moke OyTu oOMexeHa y
3JIaTHOCTI CAMOCTIITHO peaji30ByBaTH CBOI MPOIIECYalibHI MpaBa Ta HAJCKHUM YHHOM
B1JICTOIOBATH BJIACHY IIPABOBY IMO3HIIIIO [2].

I'maBa 39 KIIK VYkpainun Bu3Hayae oOCOOJMBHUN TMOPSIJAOK KPUMIHAIBHOTO
npoBakeHHd 1mo0 3actocyBanHs [I3MX. Binnosigno ao crarri 503 KIIK Ykpainu
BIH 3aCTOCOBY€ThCA J10 OCIO, SIKI BUMHHWIIM CYCHIJIbHO HeOe3Ne4yHe AISSHHS y CTaHl
HEOCYJIHOCTI, a TAKOX J10 0C10, K1 MICJIsi BANHEHHS] KPUMIHAIBHOTO MTPABONOPYILICHHS
3aXBOPUIM Ha MCHUXIYHUU po3naa a0 noctaHoBieHHs BUpoky. Crarrs 504 KIIK
VYkpainu nependauae, 110 32 HasIBHOCTI BIANOBIAHUX MIJICTAB CIIAYUM YU MTPOKYPOP
3MIHIOE MOPSAOK AOCYAOBOIO pO3CIIyBaHHS Ta MPOJAOBKYE HOro 3a MpaBUJIaMHU TJ1aBU
39 KIIK Vkpainu, mo 3a0e3nedye CBO€YACHE 3aCTOCYBaHHS CIELIAJIbHUX
MpolecyalbHUX rapanTiil [2].

Bognouac crarra 505 KIIK VYkpainu Bu3Hauae 0COOIMBOCTI TIpenMeTa
JI0OKa3yBaHHs y KPUMiHAJILHOMY MPOBAHKeHHI 111010 3actocyBaHHs [I3MX. 3okpema,
KpIM OOCTaBMH BUMHEHHS CYCHUIbHO HEOE3NeYHOro MisiHHS a0o KPUMIHAIBHOTO
MPaBOMOPYIICHHSI, MIJIATAl0OTh BCTAHOBJICHHIO JaHI MPO TCUXIYHHUM CTaH ocoOw,
CTYMiHb 1 XapakTep po3Jaay TMCUXIYHOI IISUTBHOCTI YW TICUXIYHOI XBOpOOH, ii
MOBEIHKY /IO Ta TICJs BUMHEHHS JISTHHS, HEOE3MEeUHICTh IJis ce0e Yu IHIUX O0cCi0,
MOXJIMBICTh 3aIOMISTHHS 1CTOTHOI IIIKOAW, PO3MIp 3aBAaHOl IIKOAM, a TaKOXK
00CTaBMHH 1100 MaiHa, IKe MOKE MIJJISTaTH creliaibHii KoHdickaii [2].

[IpornecyanpHuii cTatyc 0cobu, 100 SIKOi nepeadadaeThes 3actocyBanus [13MX
ab0 BUpIUIYBaJIOCS MUTAHHS MPO iX 3aCTOCYBaHHs, BU3HavyaeThes crarrero 506 KIIK
VYkpainu. 3a3HaueHa HOpMa TapaHTye€ Takiii 0co01 MOKJIMBICTh KOPHUCTYBATHCS
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paBaMU Mi103PIOBAHOTO Ta 0OBHUHYBA4YE€HOI'O B 00Cs31, IO BU3HAYAETHCS XapaKTEPOM
po37amy TICHUXIYHOI MisUTBHOCTI YW TICUXI4HOi XBOpPOOW BIATIOBITHO /10 BHUCHOBKY
CYJIOBO-TICUXIaTPUYHOT EKCIEPTH3H, a TaKoX mepeadayae OOOB’A3KOBY y4acThb il
3aKOHHOTO Tpe/IcTaBHUKA. BogHouac crienndika mcuxigHOTro CTaHy 0COOH 3yMOBITIOE
0COONMMBUN MiAXiA A0 3acCTOCYyBaHHS 3axOiB 3a0e3MeyYeHHs KPUMIHAIBHOTO
npoBapkeHHs. Tak, BignoBiaHo a0 ctarti 508 KIIK Ykpainu no ocobu, momao skoi
3MIIACHIOETHCS. KpUMIHAIbHE TIPOBAPKEHHS Mpo 3acTtocyBaHHs [I3MX, MoxyTh OyTH
3aCTOCOBaH1 CIeIiajdbHl 3amoO0KHI 3aXO0MW y BUIJISAI TMEpPEJaHHS Ha MIKIyBaHHS
OmiKyHaMm, OJIM3BKMM pOJMYaM YU YjeHaM ciM’i 3 O0O0OB’A3KOBUM JKAPCHKUM
HarJI10M a00 MOMIIIEHHS J0 3aKJIay 3 HaJJaHHs TICUX1aTpUYHOI JOIOMOTH B YMOBaX,
110 BUKJIFOYAIOTH i1 HEOE3MeuHy MOBEIIHKY [2].

Oco0nuBHii TpoliecyaibHUM NOPSI0K 30epirae CBOE 3HAUCHHSI 1 Ha 3aBEepIIaAIbHUX
CTaisIX KPUMIHAJIBLHOTO MPOBAKEHHS 110710 3actocyBaHHs [I[3MX. BignosigHo 10
ctatTi 511 KIIK Ykpainu nocyoBe po3ciiyBaHHs y Takiid KaTeropii KpuMiHAJIbHUX
MPOBAHKCHh MOXKE 3aBEpPIIYBATHCS CKIAIEHHSIM TMPOKypopoM abo CclaiguuM 3a
MOTOHKCHHSM 13 TIPOKYPOPOM KJIOTIOTAHHS MPO 3aCTOCYBaHHS MPUMYCOBHX 3aXOJIiB
MEIUIHOTO XapakTepy ad0 KIOMOTaHHS MPO 3aKPUTTS KPUMIHAIBHOTO MTPOBAKCHHSI.
CynoBuii po3riis]l 3a3HAYEHOTO KJIOMOTAHHS 3A1MCHIOETHCA 3a MpaBUiaMu cTaTTi 512
KIIK Vkpainu y BIAKpUTOMY CYJOBOMY 3aCiJlaHHI, a y BHIMAaJKaX, NepeadaueHux
3aKOHOM, — y 3aKpUTOMY CyJOBOMY 3acifjaHHi, 32 000B’A3KOBOi y4acTl MPOKypopa,
3aXMCHHUKA Ta 3aKOHHOTO MPEICTaBHHUKA. YYacTh OCOOM, IIOJO0 SKOi BUPINIYETHCA
nuTaHHsa npo 3actocyBaHHs [I3MX, 3abe3nedyeTbcs 3 ypaxyBaHHSIM XapakTepy ii
MCUXIYHOTO CTaHy Ta HAsABHOCTI MEIUYHUX IMPOTHUIOKAa3aHb. 3a pe3yJbTaTaMu
CyJ0BOT0 po3risay cya BiamosigHo Ao ctarti 513 KIIK Ykpainu mocraHoBsie yxBany
PO 3aCTOCYBaHHS MPUMYCOBHUX 3aXO0/[IB MEIMYHOTO XapaKTepy abo Mpo BIAMOBY B iX
3aCTOCYBaHHI Ta 3aKPUTTS KPUMIHAIBHOTO MPOBAHKEHHS [2].

[Toganpmmii cyoBUK KOHTPOJIb 3a 3acTocyBaHHAM [I3MX Takox Mae BaxiuBe
rapantiiine 3HaueHHs. Crarts 514 KIIK VYkpainu mnepenbayae MOMKIMBICTD
MPOJIOBXKEHHS, 3MIHM a00 NPUINMHEHHS 3aCTOCYBaHHS TaKUX 3aXOJIB Y MOPSIKY,
BU3HAYEHOMY 3aKOHOM, 3 YypaxyBaHHSM BHCHOBKY KOMICIi JIKapiB-IICUX1aTpiB.
BonHouac npaBo Ha cy10BUif 3aXUCT 3a0e3neuyeThes nojgoxxkeHHssMu ctatti 516 KITK
VYkpainu, siki nepeadayaroTb MOXKIUBICTh OCKap>KEHHS YXBaJIM CYJly, IOCTAHOBJICHOI
3a pe3yJibTaTaMu PO3TJIAAYy NUTaHHsS Mmpo 3actocyBaHHs [I3MX, B amensiiitHomy
nopsiiky. HasiBHICTh Takux MpoIecyalibHUX MEXaHI3MIB CIIPSMOBaHA Ha MEPEBIPKY
3aKOHHOCTI, OOTPYHTOBAHOCTI Ta MPOMOPIIIHHOCTI 3aCTOCOBAHOTO 3aX0]y, a TAKOXK Ha
HEJIOMYIIEHHSI HeOOTPYHTOBAHOTO OOMEKEHHS TIpaB 1 cB00O ocodu [2].

OTxe, 3a0e3medeHHs] MpaBa Ha 3aXHCT IM1I03PIOBAHOTO Ta OOBHHYBAYEHOTO 3
MICUXIYHUMH pO3TaJaMu € HEOOXIJHOI YMOBOIO CIPaBEJIMBOTO KPUMIHAIBHOTO
MPOBA/DKCHHS Ta HAJGKHOI peanizarii TrapaHTiid, mnepenbauennx KoHBeHIi€,
Koncruryniero Ykpainu i KIIK Vkpainu. CneuianbHuid mOpAI0K KPUMIHAIBHOTO
mpoBa/KeHHs 1moA0 3actocyBaHHs [I3MX, o00o0B’s3kOBa y4yacTh 3aXHCHHUKA 1
3aKOHHOTO TMPEACTaBHHKA, TPOBEICHHS  CYyAOBO-TICHXIaTPUYHOI  EKCIIEePTH3H,
O0COOJIMBOCTI TpeAMEeTa JIOKa3yBaHHS, 3aCTOCYBaHHS CIEHIAIbHUX 3amo01KHUX
3aX0J[IB, @ TaKOX CYJOBHUUA KOHTPOJb 1 MOMJIMBICTH ameSIIIHHOIO OCKap>KEHHS
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YTBOPIOIOTh KOMILUIEKC TPOIECYaTbHUX TapaHTiid, CIPSIMOBAaHUX Ha pealbHUM, a HE
dbopMaIbHHI 3aXHWCT TMpaB Ta 3aKOHHUX IHTEpeciB Takux oci6. EdexTuBHICTH
3a3HaUYEHUX TrapaHTid 3aJ1€KUTh BiJ] IX CBOEYACHOTO 1 MOCHIIOBHOTO 3aCTOCYBaHHS Ha
BCIX CTaJIiX KPUMIHAJIBLHOTO MPOBAIKEHHS.
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KPUMIHOJIOT'TYHE MPO®ILJIIOBAHHSA CEPIHHUX
BBUBIIb:IHTEI'PALIA TEOPII I IPAKTUKH

HecrepoBa Ipuna AnaroJtiiBHa,
KaHIUAAT IOPUANYHUX HAYyK, TOICHT,
JIBH3 «Y>kropoacekuii HalliOHaILHUN YHIBEPCUTET

Y KOHTEKCTI Cy4YaCHHX CYCHUIbHHX TEpPETBOPEHb Ta CTPIMKOTO DPO3BHUTKY
KPUMIHOJIOTTYHOT HAyKHU 0COOJIMBOI aKTyaJbHOCTI Ha0yBa€ MOCTIKEHHS OCOOMCTOCTI
IPaBOMOPYIIHUKA SK OJHOTO 3 KJIIOYOBUX E€JIEMEHTIB MexaHi3My (OpMyBaHHS Ta
peamizamii 3704MHHOI TOBeAiHKH. Cepes pI3HUX KaTeropiil MpaBONOpPYUTHUKIB
HaWOIBII CKIAQJHUMU JIJII HAYKOBOT'O aHANI3y 3aJIUINAIOTHCS OCOOH, K1 BUMHSIOTH
cepiitHi BOMBCTBa. X04a 4acTKa TAaKUX KPUMIHAIBHUX MPABOMOPYIIEHb Y CTPYKTYpl
HACWJIBHULIBKOI 3JIOUMHHOCTI € BIHOCHO HE3HAYHOI0, BOHHM XapaKTEpU3YIOTHCS
BUHATKOBO BHUCOKHM CTYIIEHEM CYCHUIbHOI HeOe3neku. Lle 3ymMoBiIeHO 0co0sMBOIO
’KOPCTOKICTIO JIIHb, 3HAYHUM CYCIUIBHUM PE30HAHCOM, TPYAHOILAMH X CBOEYACHOTO
BUSIBIICHHSI Ta PO3KPHUTTA, a TaKOX HEOOXIMHICTIO 3aIy4YCHHS 3HAYHHMX JIFOACHKHUX,
TEXHIYHUMX 1 TMPOLECYaIbHUX pPECypciB TiJ Yac TMPOBEAEHHS JOCYJI0BOIrO
PO3CIIiTyBaHHS.

HaykoBi HampamroBaHHA BITYM3HSHUX 1 3apyODLKHHMX JIOCHIJIHHMKIB CHPHSIIA
(GopMyBaHHIO HOBOI'O HampsiIMy I[ICHXOJOTIYHOIO 3a0e3Me4YeHHsl JISUIbHOCTI
TIPAaBOOXOPOHHHX Ta iHIIMX INPABO3aCTOCOBHUX OpraHiB. MOro OCHOBY CTAaHOBHTB
KOMILJIEKC TCHXOJOTIYHUX METOJIB 1 METOJIMK, CIPSIMOBAHMX Ha OIIHIOBAHHS Ta
MPOTHO3YBAaHHS TMOBEIHKK OCOOM INUISIXOM aHali3y HaWOUIbIl 1H(POPMATUBHUX
IHIWBIAYaJIbHUX O3HAK, OCOOJMBOCTEH 30BHIIIHOCTI, a TaKOX BepOaIbHUX 1
HeBepOaTbHUX MPOsIBIB. Takuii miIxiJ OTpuMaB Ha3By npodiaoBaHHs (Mpodaiinr) 1
CHOTOJH1 PO3TIISAAETHCS SIK OAMH 13 Cy4aCHUX THCTPYMEHTIB 3ar00iraHHs Ta MPOTHIIT
3JIOYMHHOCTI.

VY kpuMiHOJIOTII TpodallJIiHT — 1€ IHTeTpajibHa METOAMKA 3aM00IraHHsl 3JI0YMHAM
yepe3 BUOKPEMJICHHSI XapaKTEPHUX PUC OCI0, sIKI BUMHIJIM 3JI0YUH a00 TOTYHOTHCS
HOTr0 BUMHUTH, HA OCHOBI INCHUXOJIOTIYHUX, KPUMIHOJOTTYHUX, KPUMIHATICTUYHUX 1
comiojoriyiux 3HaHb [l, c. 154]. CyuacHi KpUMIHOJOTM Ta MpaliBHUKA
MPaBOOXOPOHHUX OpPraHiB BUKOPUCTOBYIOTh KPUMIHAJIbHE MPOQIIIOBAHHS K OJIMH 13
CHIIYMX METOJIB, KMl BUKOPHUCTOBYE MOBEAIHKY Ta MCHXOJIOTIYHHMM aHami3, 1mob
TeHEpyBaTU MPOTHO3M MI0JI0 OCOOIMBOCTEH HAMOLIBIIT WMOBIPHUX IMiI0O3PIOBAHUX Y
smounHi [2, ¢. 365]. Kpuminonoriune mnpodigtoBaHHS Tependadae OmpairoBaHHS
MarepiaiaiB KpUMIHAJILHOTO TTPOBAKEHHS Ta IHTEPIPETYBaHHS T0Ka3iB. Pe3yabTaTom
poboTu mpodaiinepa € CkIagaHHSI KPUMIHATILHOTO MPOQUITIO — IOPUIUIHO 3HATYIIIOTO
JTOKYMEHTY, y SIKOMY OINHCAaHO OCOOWCTICTh 1 TMOBEMIHKY 3JIOYMHII Ta JKEPTBU B
KOHTEKCTI BUMHEHOTO 3JIOYMHY a00 cepii 37104YMHIB. 3pO3yMITH, YOMY 3JI0YMHELb
BOMBAE, — O3HAYAE 3HAUTH MIJIAX A0 PO3KPUTTS 37104MHY [3, c.184].

OcoOnuBOro 3HAaY€HHA KpPUMIHOJOTIYHE mpodiuIoBaHHsS HaOyBae miJ yac
pPO3CIiTyBaHHS CEPIHHUX YOWBCTB, OCKUIBKHM JIO3BOJISIE BUSBUTH 3aKOHOMIPHOCTI
3JIOYMHHOI TIOBEAIHKM, BU3HAYUTH XapakTE€pHI PUCHU OCOOM MpaBOMOPYIIHHUKA Ta
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IIPOTHO3YBATH MOT0 MOAAIBIN Ali. Y KPUMIHOJOTTYHOMY acHeKTl CepiiHUN yOUBLIS
PO3TISAAETHCSA HE K OKpeMUid BUJ Cy0'€KTa KPUMIHAIBHOTO MPABOMOPYIICHHS, a 5K
ocoba, ska BUMHsE J1Ba a00 OLIbIIe YMUCHUX YOMBCTB, MK SIKUMH ICHYIOTh 4acOBI
MIPOMDKKH Ta CIIbHI MOBEIHKOBI 3aKOHOMIpHOCTI. Came aHami3 crnoco0y BUMHEHHS
smounHy (modus operandi), IHAWBIyaIEHUX MTOBEIIHKOBHX O0COOIMBOCTEH (Signature
behavior), cnoco0y BUOOpY >KepTBU, BCTAHOBJICHHS] KOHTAKTY 3 HEIO Ta IPUXOBYBAHHSI
CIiJIIB 3JIOYMNHY CTAHOBUTH OCHOBY TMOOYJOBH KPHUMIHOJOTIYHOTO Mpodisito
HEBCTAHOBJICHOTO MpaBonopyiHuka [4, c. 31-42; 5, c. §1-95].

AJle PO3BUTOK CYYaCHMX IIJIXOMIB JO KPHUMIHAJIBLHOTO aHajizy, HHU(POBOi
KPUMIHATICTUKH, TeorpadiyHoro mnpoduIrOBaHHS, METOIIB OIPaIllOBAaHHS BEIHUKHX
00CsTIB JaHUX 1 CUCTEM IITYYHOI'O IHTEJIEKTY CYTTEBO 3MIHUB TPAIUIIIMHI H1IX0IU 10
KpUMIHOJIOTIYHOTO mpodimoBaHHsA. Skmio paxime, HanpukiHimi XX CTOMITTS,
CTBOPEHHSI MTPOQLITIO 3IIOYUHIIS IPYHTYBAJIOCS MEPEBAXKHO HA TICUXOJIOTITYHOMY aHai31
MICIISI BUMHEHHS KPUMIHAJIBHOTO TIPABOMOPYIIIEHHS Ta 0COOJIMBOCTEN OT0 BUMHEHHS,
TO HUHI Takuil npoduib GOPMYETHCA Ha OCHOBI KOMILJIEKCHOT OILIIHKU MOBEIIHKOBUX,
colliaIbHO-AeMOorpaIyHuX, KPUMIHAIBHO-NIPABOBUX, HPOCTOPOBUX 1 LU(POBUX
XapaKTepUCTUK OCOOM TMpaBonopymHuka. [loeqHaHHS JTOCATHEHb KPUMIHOJIOTII,
KPUMIHAJIICTUKH, CYJOBOi IICHUXOJOTli Ta Cy4acHMX 1H(OpMALIHUX TEXHOJOTIN
CTBOPIOE HOBI MOXJIMBOCTI JJisi OLIbII TOYHOTO BCTAHOBJIEHHS 3aKOHOMIPHOCTEM
3JIOYMHHOI MOBEIIHKU Ta MIJBUILEHHSA PE3yJbTaTUBHOCTI PO3CIIJTYBAHHS CEPIMHHUX
KpUMIHAJIBHUX TTPABOMOPYIIICHb.

OgHuM 13 IEHTPAJbHUX 3aBJaHb KPUMIHOJOTIYHOTO MPOMUIIOBAHHS €
BCTAHOBJICHHSI 3aKOHOMIpPHOCTEH (hopMyBaHHS OCOOMCTOCTI cepiiiHoro BOuBII. Ha
BIIMIHY BiJI KpUMIHAJIBHO-TIPABOBOI XapaKTEPUCTUKH, M0 BiAOOpakae HOPUIAIHO
3HAUYIIl O3HAKM KPUMIHAJIBLHOTO MPABOMOPYIICHHS, KPUMIHOJIOTIYHUA TOPTPET
OXOILIIOE COITlaJIbHO-AeMOorpadiuHi, TICUXOJIOT1YHI, MTOBEAIHKOBI, BIKTUMOJIOTIYHI Ta
KPUMIHOJIOTIYHI XapaKTEepUCTUKH ocoOu. KoMIuiekCHUM aHam3 [UX €JIEMEHTIB
J03BOJISIE MPOTHO3YBATH NMOAANIBUTY 3JIOYMHHY MOBEAIHKY, BU3BHAYATH HMOBIPHI IpyNu
PHU3HKY Ta PO3POOJISITH 3aX0M 3amo0iraHHs cepiiHii 3M04nHHOCTI [5, ¢. 3-21; 8§, c.
30-51].

VY cydacHIi KpUMIHOJOTI MPOQIIIOBAHHS PO3IIISAAETHCS SIK MPOLEC MO0YyI0BU
WMOBIPHOT MOJIeJI OCOOMCTOCTI HEBCTAHOBJIEHOTO MPABOMOPYIIHWKA Ha OCHOBI
aHaii3y MOro MOBEAIHKM MiJ Yac MIATOTOBKHU, BUMHEHHS Ta MPUXOBYBAHHS 3JI0YUHY.
[Ipu 1bOMY JOCHIKYIOTBCS HE JIMIIE XapaKTePUCTUKH CaMOTro 3JIOYMHI, a
B3a€EMO3B'SI30K MK  CIOCOOOM  yYMHEHHS  3704uHy  (modus  operandi),
1HUBITyIbHUMH €JICMEHTaMH TIOBEMIHKU (signature behavior), 0COOIMBOCTIMH
MOTEPIIIIOTO Ta MPOCTOPOBUMHU XapaKTEPUCTUKAMHU Mictis mofii [4, c. 41-67; 5, ¢. 17—
42].

Boanoudac kpuMiHosorigyHe npodiaroBaHHs 0Ci0, sIKI BYUNHSAIOTH CepiiiHi BOUBCTBA,
Ma€e HU3KY XapakTepHUX ocobmmBocTel. Ha 0CHOBI aHali3y pi3HUX HAYKOBUX MIIXO1B
CJiJ BUJIUTUTH TaKl O3HAKHU CEPIMHUX YOUBCTB: TOBTOPIOBAHICTD 3JI0UYMHIB, HAABHICTh
«Tepio/1y OXOJOKEHH (TOOTO MOBEPHEHHS 3JIOUMHIIS J0 «3BUYANHOTO» KUTTS MiXkK
€M130/1aMi BOUBCTB), BIZICYTHICTb paIliOHAJILHOIO MOTHBY, TUIIOBA METOJIUKA CKOEHHS
3JI0YMHY, TICUXOJOriYyHa TpaHcdopmarlliss Mmicias BUMHEHHS 3704YMHY (TOOTO 3HATTA
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MEBHOI MCHUXOJIOTIYHOI HAMPYTU Ta OTPUMAHHS 3aJ0BOJICHHS MijJ 4Yac yOMBCTBa, IO
CTa€ MOAPA3HUKOM JIJI BAMHEHHS HACTYIHOTO 3JI04YHHY) [6, €.76].

[TonsiTra «cepiiiHMii yOUMBISD» HE HAJICKUTh OO0 KPUMIHAIBHO-TIPABOBOL
knacudikamii cy0'ekTiB KpUMIHAJIBLHOTO MPABOMOPYIICHHS, @ BUKOPUCTOBYETHCS SIK
KPUMIHOJIOTIYHA KaTeropis AJis MO3HAa4YeHHs] 0coOM, sKa 3aiiCHIIA Ba abo Oiblie
YMHUCHHX YOUBCTB, MOB'sI3aHUX M1 COOOIO CIIJTbHUMU 3aKOHOMIPHOCTSIMH 3JI0UNHHOT
MOBEIHKH Ta PO3IICHUX MTEBHIUM YaCOBUM MPOMIKKOM. Bu3HavambHe 3HAUCHHS IS
oOy/I0BU KPHUMIHOJIOTTYHOTO MPO(D1UIF0 HEBCTAHOBJICHOTO MPaBOMOPYIIHUKA MAlOTh
XapaKTepHI IOBTOPIOBaHI €JIEMEHTH MHOro MisSIbHOCTI, 30KpeMa CTaJiCTh MOJENI
MOBEJIIHKH, OCOOJIMBOCTI BUOOPY KE€PTBU, CIIOCOOY BCTAHOBJICHHSI KOHTAKTYy 3 HEIO,
METOJIIB MIJKOPEHHS TMOTEpIUIOr0, a TaKOoX XapakTep [iid, CHpsIMOBaHUX Ha
NPUXOBYBAaHHS CIiJ[IB KPUMIHAJIILHOTO MTPaBONIOPYIICHHS.

@DyHIaMEHT Cy4acHOTO IOBEIHKOBOTO aHajizy OyB 3aKJaJleHud y pe3yJbTaTi
nocnimxeHs Behavioral Science Unit ®bP. Ha mizcraBi iHTEpB'IO 13 3aCyIXKEHUMU
cepiinumu BOuBLsAMH k. [lyrnac, P. Pecciep, E. bepmxecc ta ixH1 Koneru AiANIUIH
BHCHOBKY, 110 TOBTOPIOBAHICTh OKPEMUX MOBEIIHKOBUX €JIEMEHTIB JO3BOJISIE POOUTH
OOTpYHTOBaH1 MNPUMYIICHHS IIOAO TMCUXOJOTIYHUX 1 COIlaJbHUX XapaKTEPUCTHUK
HEBCTAHOBJIEHOTO 3704yWHI. LI HampamroBaHHS CTadd OCHOBOIO CY4YacCHOTO
KPUMIHAJIBHOTO PO UTIOBaHHS, AK€ BUKOPUCTOBYETHCS SIK TONOMIKHHUM aHATITUYHHIA
IHCTPYMEHT II1]] 4aC PO3CJIiIyBaHHS HACUIbHULIBKUX 3J1049MHIB [7, ¢. 351-389; 9, c. 18
- 25].

TpuBanuii yac y HayKOBIi JliTepaTypi AOMiHyBaJa Kjaacudikallisi CepiiHUX yOUBIIb
Ha OpraHi30oBaHWM 1 Je30praHi3oBaHUM THUMH, 3ampornoHoBaHa (axiBismu DBP.
OpranizoBaHu#l MPaBOMOPYIITHUK, K MPABUIIO, PETEIIHHO TUIAHYE 3JI0YUH, 3a3/1aJ1eT1/lb
oOupae XepTBY, KOHTPOJIFOE PO3BUTOK TMOJI Ta BKMBAE 3aXOJIB JJIsi IPUXOBYBAHHS
cmmiB. HaTomicTh [e30praHi3oBaHMI THIT XapaKTEPU3IYETHCS IMITYJIbCUBHICTIO,
BIICYTHICTIO YITKOI'O IUJIAaHYBaHHS Ta 3aJMIICHHSM 3HAYHOI KIJIBKOCTI JOKa30BO1
iHpopMartii Ha micti moxii [9, c. 18 - 25; 7, ¢. 351 - 389].

Pa3om 13 TUM CcydacH1 eMIipuU4Hi JOCIIKEHHS 3aCBIIUMIN OOMEXKEHICTh TaKoi
JTUXOTOMIYHOI MoJienl. AHali3 3HAYHOI KUIBKOCTI KPUMIHAJIBHUX MPOBAJKEHb
MOKa3aB, 10 OUIBIIICTh CEPIMHUX YOUBIL MOENHYIOTh O3HAKM OpPraHI30BAaHOI Ta
JI€30praHi30BaHOl MOBEIIHKHU 3aJI€KHO BiJl KOHKPETHOI CUTYyallii, TOCBIY 3J0YMHHOL
JUSITBHOCT1, OCOOJIMBOCTEM >KEPTBU Ta IHIIMX UYMHHMKIB. Y 3B'S3KYy 3 UM JAedai
OUTBIIOTO TONIMPEHHS Ha0yBaloTh OaraTo(akTOpHI MOJAEN KPUMIHOJIOTTYHOTO
npo(dUTIOBaHHA, SIKi TPYHTYIOTBCS  HA  KOMITEKCHOMY aHaJi3l TOBEJIHKOBUX,
TICUXOJIOTIYHUX Ta KPUMIHOJIOTTYHHUX XapaKTEPUCTUK NPaBoONOPYIIHHUKA [8,c.30-51].

OTxe, IHTETpalis TEOPETUYHUX TIOJNOXKEHb KPUMIHOJOTIT 13 Cy4aCHUMU
MPAKTUYHUMHU TEXHOJOTISIMM KPUMIHAJIBHOTO aHali3y € HEOO0X1THOK YMOBOIO
PO3BUTKY KPUMIHOJIOTIYHOT HAYKH Ta MIABUIICHHS €()EKTHBHOCTI MPOTHUIII CepiiHii
HAaCWJIBHUIIBKIN 3JIOY4MHHOCTI B YMOBax TJI00anbHOI U@ poBizallii. Y3araabHIOIOUN
BUKIIQJICHE, CJIiJl 3a3HAYMUTH, 10 KPUMIHOJOTIYHE MPODITIOBaHHS CepiiHUX yOWBIIb
HAJCKUTh O HAWOLIBII [MHAMIYHUX 1 IEPCIECKTUBHUX HANpSMIB Cy4aCHHX
KPUMIHOJOTIYHUX JOCHiIKeHb. Joro CyTHicTh HoJsirae y BceGiYHOMY BHBYCHHI
OCOOMCTOCTI 3JIOYMHIII HAa OCHOBI KOMIUIEKCHOTO BHUKOPUCTAHHSA JOCATHEHb
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KPUMIHOJIOT1i, KPUMIHAJICTUKH, IICHXOJOTii, BIKTUMOJOTIi Ta Cy4aCHHUX METO/IIB
iH(bopMaIiiHO-aHATITHYHOT 00poOKK manux. Ha BimMiHY BiJ TpaauIiMHUX TiIXOiB
70 XapakTEePUCTHUKHA OCOOW MPaBOMOPYIIHHUKA, CydacHAa MOJENTb MpodiTroBaHHS
OpIEHTOBaHA HE JIMINE HAa BU3HAYEHHS 1HAWBITYaTBHO-TICUXOJOTIYHUX 1 COIlaTbHUX
pHUC 3JI0YMHIIS, @ ¥ Ha MOJCIIOBAaHHS MOro WMOBIPHOT MOBEIIHKH, MPOTHO3YBaHHS
MOJajbIIOl 3J0YMHHOI AaKTUBHOCTI Ta po3poOieHHS e(EeKTHUBHHX 3aXOiB i
MOTIEPEKEHHS.

B ymoBax cTpIMKOTO pO3BUTKY HMUGPOBUX TEXHOJOTIM OCOOJIMBOI aKTyadbHOCTI
Ha0yBa€ 3aCTOCYBaHHS 1HHOBAIIMHUX I1HCTPYMEHTIB KPHUMIHOJIOTIYHOIO aHali3y.
Bukopucranns reorpadiudoro mnpoduroBaHHS, LHUQPPOBOI  KPUMIHATICTHUKH,
aHAJIITUYHUX IUIaTGOpM, aJITOPUTMIB IITYYHOTO 1HTEJEKTY Ta TexHosorii Big Data
1CTOTHO MIABUIILY€ MOKJIMBOCTI BUSIBIICHHS TPUXOBAHUX 3aKOHOMIPHOCTEH 3I0UMHHOT
MOBE/IIHKH, BCTAHOBJICHHS B3a€EMO3B'S13K1B M1’K OKPEMHUMH KPUMIHAIBHUMH €11130/1aMU
Ta MPOTHO3YBAHHS MOJAJIBIINX 11 HEBCTAHOBIIEHUX CEPIMHUX MPaBOMOPYIIIHUKIB.

[TepcieKTUBHUM HANpPsIMOM TOJAJIBIIIOTO PO3BUTKY KPHMIHOJOTIYHOI HAyKH
BUJIA€THCA CTBOPEHHS KOMILJIEKCHOI MOJENI KPHUMIHOJOTIYHOTO MpO(]IIOBaHHS
cepiiHUX yOMBIIb, SIKa IHTErPyBaTUME KJIACHYHI KPUMIHOJIOTIUHI KOHIEIIII1, METOIU
MOBEAIHKOBOI'O  aHANI3y, KPUMIHAIICTHYHI  MHIAXOAW, 3acodu  1udpoBoi
KPUMIHAJIICTUKHU Ta Cy4dacHI 1H(pOopMaliiiHO-aHAIITHYHI TEXHOJOr1i. Peanizais Takoi
MOJIEJIl CIPUATUME OLIbII PE3yJbTaTUBHOMY BHUSBICHHIO M PO3KPUTTIO CEPIMHUX
HACWJIBHUIBKUX  3JIOYMHIB, YJOCKOHAJICHHIO MEXaHI3MIB  KPUMIHOJIOTTYHOIO
MPOTHO3YBaHHA, 3aMo0iraHHs  3J0YMHHOCTI Ta ONTHMI3aIlii  CTpPaTErivHOro
MJIaHYBaHHS A1SUTbHOCTI MPABOOXOPOHHUX OPIaHiB.

TakuM YHWHOM, TIONANBIINN PO3BUTOK KPUMIHOJOTIYHOTO MPODUIIOBAHHS
HEMOXJIMBUM  0e3 TO€IHAaHHS  (PYHIAMEHTaJbHUX TEOPETHUYHUX  IOJIOKEHb
KPUMIHOJIOTIi 13 CydYacHUMH UM(PPOBUMU TEXHOJOTIIMA KPUMIHAJIBHOTO aHai3y.
Cawme iHTETpAllisl HAYKOBUX M1JX0/11B Ta IHHOBAILIITHUX METO/I1B JOCIIIIKEHHS] CTBOPIOE
HEOOXIHI TMEepeAyMOBH I MiJABUILNEHHS €QEKTHUBHOCTI MPOTUAIl cepiiHIi
HAaCWJIBHUIBKIN 3JIOYMHHOCTI, YJAOCKOHAJEHHS MEXaHI3MIB 1i MOMEpPEeIKeHHS Ta
3MII[HEHHSI HAyKOBOT'O MOTEHI1ay KPUMIHOJIOTIT B yMOBax u(poBoi TpaHchopmarlii
CyCHJIbCTBA.
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One of the main technological devices of a machine-building enterprise are lifting
machines, the safe operation of which is crucial. One of the most common types of
lifting machines is a tower crane.

Tower cranes work while lifting and moving the weight on the outer perimeter of
the crane’s base, which is why they must have sufficient margin of stability against the
loads caused by weight, inertion and wind.

Stability of such cranes is reached by their own weight and is increased by using a
counterweight. The sum of the moments of forces that hold the crane from tipping over,
should exceed the moment of forces that try to tip over the crane by a certain mangin.

For further research we set the goal of determining the total moment of the crane’s
overturning resistance force and the moment created by the nominal lifting load
towards the overturning side;

Figure 1 shows the calculation scheme of the tower crane.

__T_ 1 T :
T g,
_ ==t

= | a
B (R
-}.h‘_‘ a-b N
Figure 1. Calculation scheme of the tower crane.
1. Crane tower; 2. Lifting weight; 3. Creame boom; 4.

Counterweight; 5. Crane head; 6. Crane supporting surface; 7. Lifting rope.
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To assume the sustainability of the tower crane it is necessary to determine the total
moment of the crane’s overturning resistance force, which is calculated by the formula
M; = Mg+ XM, + M; (1),
where M, is the moment created by the gravity forces of the crane parts relative
to the overturning side, kg.m;
). M, - the total moment caused by the inertial force and load exerted
while brating the crane and rotating the crane by centripetal force and load, kg.m;
M; - the moment created by the wind load on the crane in its working position and
the load performing in parallel with the surface on which the crane is standing, kgf;

M; = G[(b + c)cos x —hysin «] (),

where G 1is the crane weight, kg;

b - the distance from the crane’s rotation axis to the overturning point, m;

c - the distance from the crane’s rotation axis to its center of gravity, m;

o= 2" _the angle of inclination of the crane runway;

h, — the distance from the crane’s center of gravity to the surface passing through
the point of the supporting contour.

XMy, =M, ;+M,_;+ M,_; 3),

where M,_; is the moment caused by the inertial force of the load exerted while
braking the crane, kg.m;

M,_, — the moment caused by the centripetal force while rotating the crane with
load, kg.m.

M,_; =F,_;(a—b) 4),

where F,_; is the inertion force while braking with the permitted load, kg;
a - the distance from the food gravity center to the crane's rotation axis, m;
b - the distance from the crane’s rotation axis to the overturning point, m,

F,_; =QV,(gt)) (%),

where Q 1is the load weight, kg;

V; - the speed of moving the load m/sc;
g - acceleration of freefall, m/sc?;
t; - braking time of the load, sc.

_ GVoh; |, QVH
M,_, = v + 7t (6),

where V, isthe moving speed, m/sc;
t, - braking time of the crane, sc;
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h - the distance from the boom head to the load center of gravity, m;
H- the distance from the boom head to the surface passing through the point of
the supporting contour.

M,_; = FH (7,
where F; is the horizontally directed centripetal force, kg.
F; = Qu’r (8),

where w is the angular speed of the crane

mn
w=—
30
where n is the rotation speed of the crane, turn/min;
r=a+ Htgf — the deflection of the load considering its vertical
deviation, m.
As a result of insertions and simplifications we get:

o Qn’n’a
7900 — n’H
__Qn’n’aH
M- = 900-n2H ©)
M; =P, p;+P,p; (10),

where P; is the wind pressure force acting on the surface area of the crane, kgf;
P, — is the wind pressure force acting on the surface area of the load, kgf;
p;- the distance from the surface passing through the point of the supporting
contour to the point of the application of wind load on the crane, m;
p> - the distance from the surface passing through the point of the supporting
contour to the point of the application of wind load on the crane load, m.

Pp=w,F
P,=w,F

where w; isthe wind pressure acting on the crane tower;
> - the wind pressure acting on the load;
F, - the wind action area on the crane tower, m?;
F, - the wind action area on the lifting load, m?.
The total moment of the tower crane’s overturning resistance force can be
calculated by summing up the formulas (2), (3) and (10).
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CONCLUSION
The paper deals with the sustainability of high-risk lifting machines, tower cranes,
in particular. A calculation scheme has been developed and mathematical methods
have been used in order to determine the formulas for calculating the total moment of
the tower crane overturning resistance force. This will allow us to assess the
sustainability of the tower cranes during their exploitation.
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AYAJBHA OCBITA AK IHCTPYMEHT IIOJOJIAHHAA
KAAPOBOT'O JE®IIUTY B MAHIMHOBYIIBHIN TA
ABTOTPAHCHOPTHIN I'AJTY 34X

Bacuwivmmun B.S.

KaHJI.TeXH.HAYK, TOTICHT

IBaHO-®paHKiBCHKUI HAIIIOHATBHUN TEXHIYHUN YHIBEPCUTET HA(TH 1 Ta3y
VYkpaina, [Bano-®paHKiBCbK

Bacuaumun 1O.B.
IBaHO-®paHKIBCHKUN HAI[IOHATFHUIN TEXHIYHUN YHIBEPCUTET HAPTH 1 ra3zy
VYkpaina, [Bano-®paHKIBCbK

AHOTALIA

Y poboti 3miiicHEHO BCEOIYHMN CHCTEMHHMM aHaii3 MpoOJeM KaJpoBOIO
3a0e3nedyeHHss Ta TpaHchopmalli CcuUcTeMU MpodeciiHO-TeXHIUHO1, (axoBoi
MEepPEABUIIIOI Ta BUIIIOT OCBITH B MAIIMHOOYIIBHOMY Ta aBTOTPAHCIIOPTHOMY CEKTOpax
VYkpainu. OOrpyHTOBaHO, IO B YyMOBax IICISBOEHHOI BiAOYJI0OBH, peJIOKarlii
MIAIPUEMCTB, MITPAliIiHUX BHUKJIMKIB Ta €BPOIHTErpalii TPajAMIIiHI MAXOAH A0
MIATOTOBKKU (PaxiBIIB BUSIBIJIMCS HEBIJMOBIAHUMHU JAUHAMIILI TEXHOJOTIYHUX 3MiH.
Po3risitHyTo Mopenb yanbHOI OCBITH SIK CTpPaTeriyHUM IHCTPYMEHT JIIKBIJALli
CTpYKTypHOro kBamidikamiitHoro po3puBy (Skill Gap). [IpoananizoBaHo eBporenchbKi
npaktuku (Himeuumna, Asctpis, [lIBeiinapisi), BHSBIEHO KpuUTUYHI Oap'epu
(1HCTUTYIIMHI, €KOHOMIYHI, METOJWYHI, TMCUXOJOTIYHI) Ha NUIAXY aJanTarfii uX
MpakTUK B YKpaiHi. 3amporoHOBAHO JETali30BaHy OpraHizariifHO-eKOHOMIUHY
mozenb B3aemoii «3BO / xonemx — IlinnpuemctBo — CTyIeHT», HOPMaTUBHO-
MpolleCyaIbHUN aarOpUTM BIPOBAHKEHHS T4 METOJUKY OIlIHIOBaHHS €(EKTUBHOCTI
JyallbHOTO HAaBYAHHS.

KarouoBi ciaoBa: oyarbra ocsima, MawuHoOyOy8aHHsa, aA8MOMODIIbHULL
mpauncnopm, Kaoposuii Ode@iyum, pPUHOK npayi, CmMeuxKxoioepu, npaxKmuko-
OpieHmMoOBaHe HABYAHHA, JHOOCHKUL Kanimai, HACMABHUYMBO, MEXHON02IUHA
mpaHncpopmayis.

BCTYVYII TA IIOCTAHOBKA IMPOBJIEMH

MaiHoOy AiBHUM KOMIUIEKC Ta Trady3b aBTOMOOIJILHOTO TPAHCIIOPTY YTBOPIOKOTH
0a30BUii KapKac HalllOHAJIBHOI €EKOHOMIKH Y KpaiHu. BoHu 3a0e3ne4yoTh JIOTICTUYHY
3B'SI3HICTh PETIOHIB, €KCIIOPTHUI MOTEHLIaJ, MOOUTbHICTh HACENEHHS Ta KPUTUUYHY
CIIPOMOXKHICTH 000poHHO-TIpoMuciioBoro komiuiekey (OIIK). IIpore cydachumii ctan
000X CEKTOpIB XapaKTEpHU3YeThCS TJIMOOKOIO KAJApPOBOIO KPH30I0, sIKA 3arpoxkye
3YMIUHUTHU TIPOIIECH BiIOYA0BH 1HGPACTPYKTYPH Ta IPOMUCIOBOTO 3pOCTaHHS.

CkimagHiCTh  CUTyalli  3yMOBJIEHA  CHHEPIeTUYHHM  €(EeKTOM  KUIbKOX
JECTPYKTUBHUX YNHHUKIB: JleMorpadiuHuii TUCK Ta 30BHIlIHS Mirpamisi: MacoBHii
BUi3]] TMpale3aTHOrO HACEJICHHS Ta MOJIOJI 3a KOPJAOH, BIATIK KBamighiKOBaHHX
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1H)KeHEepHUX Ta poOITHMYMX KaapiB. Moobinizaniiini npouecu ta nedinut 4osaoBivoi
CIJIM: CYTTE€BE 3MEHIICHHS KUIBKOCTI (haxiBI[iB HA TPATUIIIITHO «UOJIOBIYMX» MOCaAax
(BEepCTaTHHUKY, 3BapIOBAILHUKH, aBTOMEXaHIKH, BOJIi BAHTAXHOTO TPAHCIIOPTY), IO
BUMara€e 3ajJy4yeHHs HOBHX KaTeropid 3100yBauiB OCBITM Ta iXHBOI IIBHJIKOI
nepeniaroroBkd. Kpamigikauiiinuii po3pus (Skill Gap): crpimMkuii pO3BHTOK
TexHojorii (BopoBamkenns BepcrariB 3 UYIIK, po6ororexuiku, CAD/CAM/CAE
CHUCTEM, CHCTEM JIarHOCTHKH €JEeKTPOMOOUIIB Ta AaBTOHOMHOIO TPAHCIOPTY)
BuriepeanB ocBiTHI mporpamu 3BO Ta konemkiB Ha 5—10 poki..

MarepiajibHo-TexHiYHA Jerpajaamiss ocCBiTHIX JaOoparopiii: OUIBIIICTh
HaBYAJIbHUX 3aKJIAJ[IB HE MalOTh (PIHAHCOBOI CIIPOMO>KHOCTI 3aKyHOBYBAaTH CydacHe
IPOMHUCIIOBE 00JIaIHAHHS, BAPTICTh SIKOTO BUMIPIOETHCSI COTHSIMU THUCAY €BPO.

VY nux ymoBax akajeMiyHa CHUCTEeMa IMJrOTOBKH, IO 0a3yeThCs Ha MPIOPUTETI
TEOPETUYHUX JICKI[IHHUX KYypCIB 1 KOPOTKOCTPOKOBUX (2—3 THXKHI) O3HAHOMYHX
MpaKkTUKaX, TOBHICTIO BTpaTwia e(eKTUBHICTb. BHIyCKHUK TOTparuisie Ha
BUPOOHUIITBO O€3 MPAaKTUYHUX HABUYOK 1 TOTpeOye BiJ1 6 10 18 MicCsIIIB JOMIATOTOBKU
3a paxXyHOK MHIANPUEMCTBA. [HCTpYMEHTOM pO3B's3aHHA Ii€l MPoOJieMH € JAyajibHa
ocBita, 5e 3700yTTA 3HaHb poO3JAUIeHE MK 3akiagomM ocBith (30—40% wyacy) Ta
peanbHUM pobounm mictieM Ha mignpuemctsi (60—70% yacy).[1]

AHAJII3 OCTAHHIX JOCJIIIXKEHBb TA CBITOBOI'O JOCBIAY

JlocnmiKeHHsIM 1yajlbHOI CMCTEMHU MPUCBSYEHI Mpami 0araThbOX BITYM3HSHHUX Ta
3apyoikaux HaykoBuiB (/. Einep, B. Kosryneus, JI. I'puneBuu, B. PankeBuu).
€Bporeiicbka IpaKTUKa J0BOAMUTH, U0 KPaiHU 3 PO3BUHEHOIO AYyajIbHOIO CHCTEMOIO
MalOTh  HAWHWK4Yl  MOKA3HUKU  MOJIOADKHOTO  0e3poO0iTTs Ta  HaWBHIILY
KOHKYPEHTOCTIPOMOYKHICTh IPOMHMCIIOBOCTI.[1,2]

KomnaparuBHuii aHa i3 CBITOBMX Mo/ieJIeil 1yaJibHOI OCBITH:

. . . JKepeJia .
Kpaina Kuarouosi pucu moaeni II. P Poan 0i3Hecy
(pinancyBaHHA
’KopcTka HopMaTHBHA . Buznauae
CFJI;aMeHTaIi}I qacTh 75% — Gisgec CTaHAapPTH
: P Y (BuIUIaTa PTH,
Himeyunna TOPTOBO-TIPOMHUCIIOBUX " bopmye
3apIuIaT/CTUNICH N,
(Duale nanat (IHK), o 3aMOBJICHHSI,
) \ obnagHaHH:), 25%
Ausbildung) | o6os's3koBa feprKaa eK3aMEeHYe€
cepTudikals a3oM 13
prud A (ko). P
HACTaBHHKIB. rmajlaTaMu.
TicHuit 3B'130K 13 Jlep>xaBHO- Hanae po6oui
pPOOITHUYMMU TaJlaTaMH, || TPUBATHE Miciis, 6epe
ABCTpis BHCOKAa YacTKa apTHEPCTBO, y4acTh y
CEpPEIHHOTO Ta MAJIOro I10JIATKOBI MIJIBI'M po3pooIIi
O13HecCy. JUISL TIpale/IaBIliB. KBasiikariil.
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. . . M:xepena .
Kpaina KurouoBi pucu moaeni . Poan 0i3Hecy
(pinancyBaHHsA
['Hy4KiCTh, MOXKIIUBICTh IToBHa
Nepexo1y Mix [lepeBaxkHO KOLITH 1HTerparis
. : aKageMIgYHUM Ta M IIIPUEMCTB Ta Oi3HeCy B
[IIBenmapis o P y
npodeciiHuM TpeKamu rajy3eBuX pO3pOOKy
(«Oe3muATUKOBHIN acorriarfi. HaBYAIbHUX
PO3BUTOK). CTaHJIapTIB.
ToukoBa
. : [IepeBaxHO . .
. [TinoTHI Npo€KTH, N 3aI11KaBJICHICTh
VYkpaina . nep KaBHUM/periona
. 3mimaHa opma, . OKpEMUX
(motouHMit ) : JHHUM OIODKET +
BIJICYTHICTh CHCTEMHUX ) BEITUKHX
CTaH) ) . BJIACH1 KOIITH )
NUIBT 711 O13HECy. TITDHEMCTE 1 IIPUEMCTB/
P ' mepesk CTO.

CIHEHU®IKA AYAJIBHOI'O HABYAHHSA B MAUHIMHOBY/JYBAHHI
TA ABTOTPAHCIIOPTI

MammuHoOyAyBaHHs Ta aBTOTPAHCIIOPT HAJIEXKATh IO KATETOpii BUCOKOPUZUKOBUX,
TEXHOJIOT1YHO CKJIAJHUX 1 KamiTaloeMHUX rainysei. Lle Haknagae cnenudiuyHi BUMOTH
Ha OpraHi3alliio JyaJibHOTO HaBYaHHS.

Cneundika MalimHOOYAiBHOIO CEKTOPY

CyuacHe MammHOOyAyBaHHS OazyeThcsi Ha koHueniii Iugycrpii 4.0. Ctynent-
nyamict noBuHeH omnanyBatu: Iudposi aBiiinuxu (Digital Twins): cumyssiis
(GyHKILIOHYBaHHA JAeTaned 10 ix BUrotosiieHHs. OOpoOky Ha Bepcratrax 3 YUIIK
(CNC): Bononinag MoBaMu mporpamyBanHs G-code, poOOTy 3 cydacHUM pi3aJIbHUM
IHCTPYMEHTOM. AJUIMTUBHI TexHoJsorii: 3D-apyk wmeTaneBux Ta MOJIMEPHUX
aBTOKOMITOHEHTIB. P00OOTH30BaHi KOMILJIEKCH: HAHAJIATOJKEHHS Ta MMPOTpaMyBaHHS
npomuciioBux maHinynsaropis (KUKA, ABB, Fanuc).

OcsimHiil 3ak1a0 He 30amHUll MOOeN08amu ye cepedosuuie y cebe 8 ayoumopisx.
JIumie Ge3nocepeHst poOoTa Ha MAIIMHOOYIIBHOMY 3aBO/I1 JO3BOJISIE CTYACHTY CTAaTU
MOBHOI[IHHUM ONEpPaTopoM abo 1HKEHEPOM-TEXHOJIOTOM J0 MOMEHTY OTPUMAHHS
JUTIIIOMA.

Cneundika aBTOTPaHCIIOPTHOI raJry3i

ABTOMOOUIHHUHN TPAHCTIOPT MEPEKUBAE TII00ATBHY TpaHC(hOpMallito, MOB'sI3aHy 3
nekapOoHizaliero Ta nudporizaiieo: Egekrpudikanis Ta riopuausanisi: podota 3
BHCOKOBOJIbTHUMH CHCTEMaMu, OaTtapesiMu, iHBepTopaMu. [HTe/IeKTyaIbHi cuCcTeMHU
(ADAS): kaniOpyBaHHs pajiapis, JigapiB, Kamep yTpuMaHHs B cmy3i. TejlemaTnka Ta
Smart-joricruka: CymyTHHUKOBI CHUCTEMH MOHITOpuHry tpancrnopty (FMS),
eIEKTPOHHUM TOKyMeHTo0OIT (e-TTN).

OOcCiyroByBaHHSI Cy4aCHOTO BAaHTA)KHOTO YH JIETKOBOTO aBTOIMAPKY BHMAarae BiJl
MeXaHlKa 3HaHHA eJNeKTpoHHUX cucteM Ha piBHI [T-¢paxiBug. CTO Tta ATII
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3aIlikaBJeHl B TOMY, 10O CTyAEHT IpalfoBaB 13 peaatbHuMu ckanepamu (Bosch KTS,
Texa) Ta cTeHAaMH PO3BATY-CXOHKEHHS O€3MocepeTHhO Ha pOOOYOMY MICIIi.

BAP’EPU TA BUKJMKH BIPOBA/I)KEHHSI IYAJBHOI OCBITH B
YKPAIHI

JeTaJjizanisi KJ11090BUX (PaKTOpPIB CTPUMYBAHHSA:

1. Exonomiuni pu3uxkm aias 6isHecy: IlimnpueMcTBO BHILIauye CTYJIEHTY
3apo0ITHY TUIATY, BUJAUISE MEHTOpA (SIKUH BIJBOIKAETHCSA BiJl OCHOBHOI po0OOTH),
BUJIUIAE BUTpaTHI Marepiand. [Ipu 11boMy ICHYe€ pHM3UK, IO TICHA 3aKiHYCHHS
HaBYaHHS BUITYCKHHK TIEpeiiie 10 KOHKYpeHTa abo BUize 3a KOPJIOH.

2. Incruryniiino-npaBoBuii  BakyyM: HenocraTtHicTh mUIBI 32 HaJaHHS
pobOUYnX MiCllb CTyJIeHTaM (HalpuKiaja, 3BUIbHEHHS BiJ yactuHu €CB abo mogaTky
Ha MPUOYTOK y pO3Mipi BUTpAT HA HABUAHHS).

3. bpak kBajigikoBaHOT0 iHCTUTYTY HACTABHUITBA: J[OCBITUEHUN 1HXKEHED
a00 aBTOMEXaHIK HE 3aBXKIU BOJIOJIE MENAaroriyHMMU HaBUYKaMU i €PEeKTUBHOI
nepeaayi 3HaHb 1 KOHTPOJIO O€3IMEKH Mpalll.

4. Konduikr HaByanabHux ImiadiB: JKopctkicts crangaptiB MOH VYkpainu
4acTO HE JI03BOJIIE THYYKO MEPEHOCUTH TEOPETHYHI OJIOKM Ha BeUipHId 4Yac abo
Neplo/id BUXIJTHUX JIHIB, 1[0 CTBOPIOE HAKIIAJKH 3 Irpa)ikoM 3MIHY BUPOOHULITBA[2].

JIOPOXKHS KAPTA TA OPTAHIBAIIMHO-METOJIUYHA MOJEJb
BITPOBAJI’KEHHSI

Jl1st 3a0e3nedeHHs cTanoro PyHKIIOHYBaHHS TyalbHOTO HABYAHHS MIPOMIOHYEThCS
I'STUETAITHA JIOPOKHS KapTa B3a€MO/I1i MK OCBITHIMH 3aKJIaIaMH Ta MiAIPUEMCTBAMHU
MaluHOOY Iy BaHHS/aBTOTPAHCIIOPTY.

Eran 1. Anani3 norped Ta ayauT mignpueMcraa

3akiaa OCBITM Ta MIANPUEMCTBO TPOBOJSATH CIIJIBHE OIIHIOBaHHS: AHami3
BaKaHCIM Ta KaJpoBOi MOTpeOu MiAnpueMcTBa Ha 2—4 poku Briepea. TeXHIYHHUM ayuT
poOounx Miclb (YM BIAMNOBIIAIOTE BOHM BUMOTaM O€3MEKU Ta Cy4aCHOMY pIBHIO
TexHoJIoT1i). Bubip ocBiTHRO-ipodeciiinoi mporpamu (OIIIT) qist Tpanchopmariii mig
OyalbHy GopMy.

Eran 2. Po3po0ka agantuBHOro po6o4oro HapyajabHoro miany (PHII)

PoOounii HaByanbHHUI IJIAH TEPECTPYKTYPOBYETHCS 3a OJIOYHO-MOIYJIBHUM
npuHuunoMm: Teoperuunuii 0J10k (30—40%): pyHmameHTanbH1I AUCIHUIIIIHUA (BUIIA
MareMaTuKa, ONip MarepiaiiB, Teopis MEXaHI3MIB 1 MalluH, EJIEKTPOTEXHIKA)
BukianaoTecss B 3BO/konemxki. Ilpakrtuunumii 6ok (60-70%): cnermianmizoBaHi
JTUCITUTUTIHU (T€XHOJIOTisI MamMUHOOYTyBaHHS, J1arHOCTUKA aBTO, PEMOHT CHCTEM)
BHUBYAIOTHCS OE3MOCEPETHBO HA MIANPUEMCTBI Y (POpMi BUKOHAHHSI peajbHUX pOOIT.

I'padik yepryBaHHs HABYAHHSA Ta po00TH (MOK/IMBI BapianTh): JleHb yepe3
nenb: 2 aui B 3BO, 3 qH1 Ha miANPUEMCTBI (ONTUMAIBHO AJ1 aBTOCEPBICiB). THKIEHb
yepe3 THKIEHb: | TKIeHb Teopis, | TWKICHb MNpakTUKa (ONTHUMAIBHO IS
MamHOOYAIBHUX 3aBojiB). CeMecTpoBHMii 0JIOK: 2 Micslll 1HTEHCUBHOI Teopii, 3
MicsIl poOOTH Ha BUPOOHHUIITBI.

Eran 3. /lorosipHa ¢ikcauisi Ta OpUAUYHUHA CyNIPOBIJ

Vkinanaetscs Tpucroponnsi yroga (3BO — IlinnpuemctBo — CryzaeHT), sika
Bu3Hauae: Crtaryc CTyJeHTa sk o(iliifHOro mpaiiBHUKA (YKJIaJaHHS CTPOKOBOTO

85



MECHANICAL ENGINEERING
FRONTIERS OF MODERN KNOWLEDGE: INTEGRATION OF THEORY AND PRACTICE

TPYAOBOTO JOTOBOPY). PiBeHb oriaTy npaiii (He HU»K4Ye MIHIMAJIbHOT 3ap001THOT IJ1aTH
3a (aKTUYHO BIAMPAIbOBaHUM Yac). 3aKpiruieHHs MepcoH1PiKOBAHOTO HACTABHHUKA BiJl
HiANPUEMCTBA Ta KypaTtopa Bif Kadeapu/mukiaoBoi koMicii. 3000B's13aHHS CTy/A€HTa
BIJIMTPAIIOBATH Ha MIAMPUEMCTBI BU3HAYCHUN TepMIH (Hampukiaa, 1-2 poku) micis
3aBepIICHHs] HaBUYaHHS (32 YMOBH 3a0€3MEUYCHHS HAJICKHUX YMOB IIpaIli).

Eran 4. HapuajibHuii nponec Ta KOHTPOJIbHI TOYKH

HacTtaBHuk po3po0sisie moeHHui miaH poOiT CTyaeHTa BIAMOBIIHO A0 OCBITHIX
pesynbTaTiB. CtyneHt Bene LlndpoBuii mogeHHUK NPpakTUKH, /e PiKCye BUKOHAHI
texHosjoriuHi onepaiiii. Kyparop Big 3BO 3aiiicHIOE ITOTHKHEBUM TUCTAHIIIHHUMN a00
OYHUU MOHITOPHUHT.

Eran 5. OuiHoBaHHs pe3yJbTaTiB Ta KBajdidikauniiiHa aTecranist

OniHIOBaHHS 3/1IMCHIOETHCS 32 TBOKOMIIOHEHTHOIO CUCTEMOIO:

[TincymroBa ominka = 0.4 \tOminka 3BO (Teopis) + 0.6 Ouinka Ilignpuemcrsa
(ITpakTuyHMil TeMOHCTpaIlIiHUN eK3aMeH )

JleMoHCTpawiiiHuil exk3ameH rnepeadayae BUKOHAHHS KOHKPETHOIO BUPOOHUYOIO
3aBJaHHs (HAMPUKIIAJl, BUTOTOBJICHHS aetaii Ha Bepctati 3 UIIK 3a kpecineHHsam abo
MPOBEJCHHS MOBHOI J1arHOCTUKU CHUCTEMH YNPUCKYBAaHHS IBUTYHA) y MPHUCYTHOCTI
CIIUJIBHOT eK3aMeHarliiHoi komicii[1].

EKOHOMIYHUMA TA COUIAJBHUN E®EKT BIIPOBAJKEHHS
TIYAJIBHOI OCBITH

BripoBajiykeHHsT AyanbHOI CHCTEMHU CTBOPIOE CHHEPreTHUYHHMHA e(eKT A Beix
ydacHukiB rporecy (Win-Win-Win mozens).

ExoHoMiyHMii PO3paxXyHOK JJIsl MiINMPHUEMCTBA:

Tpagumiiauii miaxia no Haiimy BumnyckHuka 3BO mepenbauae BUTpaTH Ha HOTO
aJlarTarlo:

Butpatu_Tpanuiiiini = 3aprmiata HepocBimueHoro ¢axisig (12 mic) + Brpartu Bin
Opaxy + BapTicTh yacy HacTaBHHKA

[Ipn nyasbHOMY HaBYaHHI MIJMPUEMCTBO BUTpPAYAE KOILUTH 1]l 4aC HABYAHHS
CTYJIEHTa, ajie OTPUMY€E TOTOBOro (haxiBls, SKMM 3 MEPIIOro AHS MICHs BUITYCKY
npamroe 3 100% mnpomyktuBHicTIO. JlOCHDKEHHS CBig4arh, 10 KoxHi $18,
1HBECTOBaHI MiANPUEMCTBOM Y JyallbHE HaBYaHHs, moBepTaroTh $1.25-1.40$ uepes
MIJBUILEHHS MPOJIYKTUBHOCTI Mpall Ta BIACYTHICTh BUTPAT HA PEKPYTHHT.

PEKOMEHJIAII TA HIJIAXW ONTUMIBAILIL HA JIEPJKABHOMY TA
PEI'MTOHAJIBHOMY PIBHSAX

Jy1st mepexo/ty BiJi TOUKOBHUX MIJIOTHUX MPOEKTIB IO CUCTEMHOTO (DyHKIIIOHYBaHHS
AyajabHOI OCBITH B MAIIMHOOY/TyBaHHI Ta aBTOTPAHCIIOPTI HEOOX1IHO peastizyBaTH Taki
KPOKHU:

1. 3akoHoIaBYe Ta TMOJAATKOBE CTHUMYJIOBAHHSI: 3amnpoBaJUTH IMOJATKOBI
3HIDKKHU JIUIS THAMPUEMCTB, SIKI OpTraHi30BYIOTh JIyaibHI poOoul Miclg (Hampukia,
3MEHIIIEHHS 0a3y OMOJAaTKyBaHHs MOJATKOM Ha MPUOYTOK Ha CyMy, BUTpadeHy Ha
OIJIaTy Mpami CTYAEHTIB-AyaJliCTiB). 3BUIBHUTH MignpueMmcTBa Bia cruiath €CB 3
BUILIAT CTYyJIEHTaM-yajlicTaM ab0 3MEHIIUTH oro cTaBky 10 50%.

2. CrBopennss T'aay3seBux kiacrepiB Ta  LleHTpiB  KOJEKTHBHOIO
kopuctyBaHHs: OO0'€eqHATH 3yCHJUIS MaJIUX 1 CEpelHIX MIAIPUEMCTB (0COOJIMBO B
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chepi aBTOCEPBICY) U CHUIBHOrO (hiHAHCYBaHHSI MaTepiajbHOI 0a3u HaBYAIBHHUX
IIEHTPIB.

3. Ceprudikania Ta MoTHBallis HAacTaBHUKIB: Po3poOUTH KOPOTKOCTPOKOBI
KYPCH TICHXOJIOTO-TIeIarOT19HOl MiATOTOBKY VISl 1IHKEHEPHO-TEXHIYHUX MPaIliBHUKIB
MIIIPUEMCTB. 3alpoBaJANTH JEPKaBHI Ta Taly3eBl BII3HAKK IS HaWKpaIIux
HACTaBHHKIB MOJIO/II.

4. I'myuyka axkpeaurTanis ocBiTHix mnporpam: CHOpocTHUTH MpOLENYypPH
akpequtaiii HA3SBO s ocBITHIX Tporpam, siKl peani3yloTbCs 3a IyalbHOIO
dopmoro, Hanasmm 3BO Ounblie aBTOHOMII y 3MiHI HaBY&JIbHHUX IUJIAHIB IiJ1
oreparliiiii moTpedu puHKy mpari[2].

8. BUCHOBKU

JyanbHa ocBiTa € Hale(EeKTUBHIIIUM ITHCTPYMEHTOM IOJOJIAHHSA KaJpOBOIrO
nedinuTy B MaIlIMHOOYIIBHIM Ta aBTOTPAHCHOPTHINA ramy3sx YKpaiHM B yMoBax
ChOTOJICHHSI Ta IICIABOEHHOI BiOyA0BU. BoOHa [03BOJISIE BUPINIUTH KIIOUOBE
CYNEpPEYHICTh MK aKaJIEMIYHOIO TEOPIEI0 Ta BUPOOHUUOIO MPAKTUKOIO, 3a0€311eUy 04U
MIArOTOBKY (paxiBIiB, K1 BIAMOBIIaI0Th BUMOI'aM Cy4aCHOI'O BUCOKOTEXHOJIOTTYHOTO
PHUHKY.

[lepexim Ha AyallbHYy CHCTEMY BUMarae TJIMOMHHOI  TpaHcgopmarlii
B3a€EMOBIIHOCMH MDK 3aKjajaMud OCBITH, Oi3HecoM Ta jepkaBoto. CTBOpEHHs
CIPHUSATIIMBOTO HOPMATUBHO-TIPABOBOTO Ta EKOHOMIYHOTO KJIIMaTy JJIO3BOJIUTH
30epertT Ta NPUMHOXKUTHU JIIOJACHKUNA KamiTanm YKpaiHu, 3a0e3MeUYuBIIN CTIAKHIMA
PO3BUTOK ii MPOMUCIIOBOCTI Ta TPAHCIIOPTHOI IHPPACTPYKTYPH.
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Introduction and relevance of the problem

Colorectal cancer (CRC) is one of the most common malignancies worldwide.
According to estimates by the International Agency for Research on Cancer (IARC),
approximately 1.9 million new CRC cases and more than 900,000 deaths occur
worldwide each year, ranking it third in incidence and second in cancer-related
mortality globally [1].

A major challenge in many healthcare systems is the high rate of advanced-stage
disease at presentation. A significant percentage of patients seek specialized medical
care for the first time only when the tumor process is locally advanced (stage III) or in
the presence of clinically manifested distant metastasis (stage V). The traditional
diagnostic algorithm, based on routine non-invasive imaging methods (CT, MRI, PET-
CT), has objective physical and spatial limitations. A major limitation of current
imaging modalities is their inability to reliably detect lesions smaller than 10 mm.
Computed tomography demonstrates low sensitivity (7-28%) for such lesions, leading
to the underdiagnosis of occult peritoneal carcinomatosis. Positron emission
tomography (PET-CT) has a high rate of false-negative results in mucinous tumor
subtypes due to their low metabolic activity [2].

Conversely, radiological assessment may overestimate thoracic metastatic disease
because reactive lymphadenopathy and benign pulmonary granulomas can be
misinterpreted as M1 disease. This dictates the necessity of utilizing minimally
invasive surgical techniques for the definitive in vivo verification of the extent of the
malignant process. Staging laparoscopy, combined with modern imaging methods,
improves the accuracy of disease staging, allows for the timely detection of occult
peritoneal metastases, and optimizes the choice of treatment strategy [3].

Objective of the study

To improve the diagnostic accuracy of locally advanced and metastatic colorectal
cancer by developing a staging algorithm that integrates conventional non-invasive
imaging with minimally invasive techniques, including diagnostic laparoscopy, video-
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assisted thoracoscopic surgery (VATS), and mediastinoscopy, to enable precise disease
staging and individualized treatment planning.

Materials and Methods

This study was based on a combined retrospective and prospective analysis of 140
patients with morphologically confirmed colorectal cancer (CRC) (n = 140; mean age,
64.5 = 10.4 years) who were classified as having clinical stage T3—T4 disease.
Histopathological examination identified conventional adenocarcinoma in 75.0% of
patients (105/140), whereas the remaining 25.0% (35/140) had prognostically
unfavorable histological subtypes, including mucinous adenocarcinoma and signet-
ring cell carcinoma.

Patients were stratified into three groups according to the staging strategy
employed.

Group I (n = 45): the reference group, in which disease staging was performed
exclusively using conventional non-invasive imaging modalities, including computed
tomography (CT), magnetic resonance imaging (MRI), and positron emission
tomography-computed tomography (PET-CT). Radiological findings alone
determined the presence or absence of metastatic disease.

Group II (n = 67) comprised patients with suspected peritoneal carcinomatosis or
distant metastatic disease who underwent one targeted minimally invasive staging
procedure-diagnostic laparoscopy, video-assisted thoracoscopic surgery (VATS), or
mediastinoscopy-following conventional imaging.

Group III (n = 28): patients with multiple indeterminate lesions who underwent a
multimodal staging approach combining two or more minimally invasive procedures,
such as diagnostic laparoscopy together with VATS.

The male-to-female ratio was 1.4:1, which is consistent with the global
epidemiological distribution of colorectal cancer (Table 1).

Table 1. Gender structure of CRC patients

Men (Abs. | Men Women (Abs. | Women

Study group value) (%) value) (%)
Overall cohort | 81 579 59 42.1
(N=140)

Group I (n=45) 26 57.8 19 42.2
Group II (n=67) 39 58.2 28 41.8
Group III (n=28) 16 57.1 12 42.9

Results

Comparison of radiological staging with subsequent histopathological verification
showed that conventional imaging substantially underestimated disease burden.
Conventional imaging modalities failed to detect 51.4% of liver micrometastases: non-
invasive imaging identified 34 cases, whereas the combined use of minimally invasive
procedures increased the number of confirmed cases to 70. Similarly, CT and MRI
failed to identify 47.0% of cases of occult peritoneal carcinomatosis, detecting only 9
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cases compared with 17 morphologically confirmed cases identified following
minimally invasive assessment.

The radiological Peritoneal Cancer Index (rPCI) consistently underestimated the
true extent of peritoneal disease. During direct intraoperative assessment, the median
surgical PCI (sPCI) was 11, which was significantly higher than the preoperative
radiological estimate (median rPCI =4; p < 0.001).

Diagnostic laparoscopy. The incorporation of diagnostic laparoscopy, including
intraoperative PCI assessment and peritoneal lavage, detected 76.7% of clinically
occult cases of peritoneal carcinomatosis. This staging strategy reduced the absolute
risk of unnecessary exploratory laparotomy by 40%. Diagnostic laparoscopy
demonstrated a sensitivity of 92-98% and a specificity of approximately 99% for the
detection of peritoneal metastases. Histological subtype independently predicted
peritoneal dissemination, with mucinous adenocarcinoma being associated with a 2.5-
fold higher likelihood of detecting peritoneal implants (odds ratio [OR] = 2.472).
Identification of extensive occult peritoneal carcinomatosis (PCI > 20) enabled timely
referral of patients for systemic palliative chemotherapy, thereby avoiding non-
therapeutic laparotomy.

Video-assisted thoracoscopic surgery (VATS) and mediastinoscopy. Radiological
assessment alone resulted in false-positive findings in up to 18.2% of patients,
primarily because reactive lymphadenopathy and benign fibrotic pulmonary nodules
were misclassified as metastatic disease.For differential diagnosis, VATS
demonstrated a sensitivity of 96-99% and a specificity of 99%, while cervical
mediastinoscopy achieved a sensitivity of 75% and a specificity of 98% for the
assessment of mediastinal lymphadenopathy. Histopathological confirmation of
benign mediastinal lesions resulted in downstaging, allowing these patients to remain
eligible for radical surgical treatment, including extended D3 lymph node dissection.
Immunohistochemical analysis using the CK20(+)/CDX2(+)/CK7(—) marker profile
accurately confirmed the colorectal origin of metastatic lesions in all examined cases.

Clinical Effectiveness of the Diagnostic Algorithm

The combined diagnostic algorithm (Group III) achieved an overall diagnostic
accuracy of 96.4%, with a specificity of 98.2%. Integrating conventional imaging with
minimally invasive staging techniques resulted in disease stage reclassification and
changed the initial treatment strategy in 42.1% of patients (odds ratio [OR] =3.85,p <
0.01). Accurate verification of metastatic (M) status enabled individualized treatment
planning and was associated with improved overall survival (OS) and prolonged
disease-free survival (DFS) (hazard ratio [HR] = 0.64, 95% confidence interval (CI):
0.48-0.85; p =0.032).

Conclusions

Conventional non-invasive imaging modalities demonstrate limited sensitivity for
detecting small peritoneal implants, failing to identify up to 47.0% of cases of occult
peritoneal carcinomatosis. In addition, they overestimate mediastinal metastatic
involvement by misclassifying reactive lymphadenopathy as metastatic disease in up
to 18.2% of cases.
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Incorporating diagnostic laparoscopy into the staging algorithm for locally
advanced colorectal cancer enables detection of 76.7% of clinically occult peritoneal
carcinomatosis and reduces the incidence of unnecessary exploratory laparotomy by
40%.

Video-assisted thoracoscopic surgery (VATS) and mediastinoscopy provide
reliable histopathological verification of indeterminate thoracic lesions, preventing
false-positive diagnoses of metastatic disease (downstaging) and allowing eligible
patients to undergo radical surgical treatment.

A multimodal staging algorithm integrating conventional imaging with minimally
invasive techniques changed the initial treatment strategy in 42.1% of patients.
Accurate disease staging and individualized treatment planning were associated with
improved overall survival (HR = 0.64).
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®OPMYBAHHS ITOPUCTOI'O KPEMHIIO 3
KEPOBAHOIO [TIOPYBATICTIO JJISI CEHCOPUKHU TA
®OTOBOJBTAIKHA

IHputunn Cepriui EmiiboBuy,
JIOKTOp TeXHIYHUX HAyK, Ipodecop
Kpemenuynpkuii HalioHaIbHUH YHiBepcHuTeT iMeHi Muxaiiina OcTporpaichKoro

Anuyk Irop BanepiiioBuu
acmipast
Kpemenuynpkuii HarlioHaIbHUHN yHIBEpCUTET iMeH1 Muxaiina OcTporpaacbkoro

Beamias Imutpo CepriiioBuy
acrmipaHT
KpemeHnuy1pknii HallloHaIbHUN yHIBEpCUTET iMeH1 Muxaitina Octporpaacbkoro

Perena Bauepiii OnekcanapoBuy
acrmipaHT
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[Topuctuii kpemHii (Por-S1) € HAHOCTPYKTYpOBAaHUM MaTEPIaIOM, IO CKIAAA€ThCA
3 KPEMHIEBOI'O KapKaca Ta CHUCTEMH B3a€MONOB'S3aHMX MOp. 3aJIEKHO BiJ YMOB
(dbopMyBaHHS PO3MIPHM KPEMHIEBUX HAHOKPUCTAIITIB MOXXYTh CTAaHOBUTH KiJIbKa
HAaHOMETPIB, 110 MPU3BOJUTH O MPOSIBY KBAHTOBO-po3MipHHX edekTiB [1, 3]. Axkuo
XapaKTEpHUM PO3MIP KPHUCTAIITIB CTAa€ CIIBPO3MIPHUM 13 OOPIBCHKUM pajiycoM
€KCUTOHA B KPEMHIi, EHEPTeTUYHUHN CIIEKTP MaTepialy 3MIHIOETbCS: CIIOCTEPIrae€ThCs
30UTBIIIEHHS ITUPUHHA 3a00POHEHOT 30HU Ta 3MiHA MOTO0 ONTUYHKUX BIACTUBOCTEH [3].

[ToeqHaHHS PO3BUHEHOI TUTOMOI IOBEPXHI 3 HAHOPO3MIPHOK CTPYKTYPOIO
BU3HAYae crenudiky (Pi3UyHUX MPOIECiB Yy MOPUCTOMY KpeMHii. 3 OAHOro OOKY,
Marepian XapakTepU3yEThCS BUPAKCHUMHU ONTHUYHUMHU e(deKkTamu, a 3 1HIIOro —
BHCOKOIO YYTJIUBICTIO IO CTaHy MOBEPXH1 Ta npoiieciB aacopOiii. Came Tomy Por-Si
pPO3TISAAAIOTh SK TEPCIEKTUBHUN MaTepiald s CTBOPEHHS MPOCBITIIOBAIBLHUX
MOKPUTTIB, (POTOUYTIMBUX CTPYKTYp 1 CEHCOpHHMX enemeHTIiB [1, 2]. JdocmimkeHnus
B3a€MO3B'SI3KYy MK ONTHYHHUMH, €JICKTPOHHUMHU Ta TMOBEPXHEBUMHU MPOIECAMU €
BAKJIMBUM Il pO3poOJieHHs  OaraTOQyHKIIOHAIbHUX  HaIiBIPOBIIHUKOBUX
IIPUCTPOIB.

Metoro pobOTH € aHami3 B3a€EMO3B'SI3KY MK ONTUYHUMH, €JIEKTPOHHUMHU Ta
a7copOLIHHUMU TPOLECAaMH Y HAaHOCTPYKTYPOBAHOMY MOPUCTOMY KpEMHIi, a TaKOXK
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OLlIHKAa iXHBOTO BIUIMBY Ha XapaKTEPUCTHUKU Marepially MpH BHUKOPHCTAHHI Y
(bOoTOENEeKTPUYHUX TIEPETBOPIOBAaYaX 1 MyJbTUCEHCOPHUX CUCTEMAX.

OnTuuHl BJIACTUBOCTI TMOPHCTOTO KPEMHIIO BHM3HAYAIOThCA SK PO3MipaMu
KPEMHI€BUX HaHOKPHUCTAJITIB, TaK 1 MOP(OJIOTIEI0 TOPUCTOTO IIAPY.

BigOuTTs cBiT/Ia HAa MEX1 IBOX CEPEIOBUII BU3HAYAETHCS PIBHSIHHAM DpeHEeNs

n; —ny\?
R= )
n; + n,

JIe N Ta Ny — MOKA3HUKHU 3aJIOMJICHHSI CYMDKHUX CEPEIOBUIII.

3MEeHIIeHHsS XapaKTepHUX PO3MIpIB KPEMHIEBOTO KapKaca MPUBOJIUTH /10 MPOSBY
KBaHTOBO-PO3MIpHUX €(EKTIB, IO CYNPOBOIKYETHCS 3MIHOIO CIIEKTPa MOTJIMHAHHS Ta
doTomominecteHIli [3]. OqHOYACHO CTPYKTYpa HOPUCTOTO MIAPY ICTOTHO BIUIMBAE HA
e(eKTUBHUI TOKA3HUK 3aJIOMJICHHS MaTepialy.

@dopMyBaHHs MIApy 3 TPaJIEHTHOI MMOPYBATICTIO 3a0e3ledye IUIaBHY 3MIHY
MOKAa3HUKA 3aJIOMJICHHS BiJl KPEMHI€BOI MIJIKIAIKK JI0 MOBEPXHi. YHACHIIOK LBOTO
3MEHIIYETHCS MEPEXi] MK MOBITPSIM 1 KPEMHIEM, 110 CIpPUSA€ 3HUKEHHIO BTpaT Ha
BIIOUTTA. 3a TaHUMHU JITepaTypH, BAKOPUCTAHHS TAaKUX CTPYKTYP JA03BOJISIE OTPUMATH
IHTerpadbHuil Koe(IilieHT BIAOMTTS MeHie 2 % y crnekTpaibHOMYy Alana3zoHi 400—
1000 uM 6€3 3acTOCYBaHHS 10JaTKOBUX JI1CIEKTPUYHUX HOKPUTTIB [1, 2].

[lepeHeceHHss (POTOreHEpOBaHMX HOCIIB 3apsily B IOPUCTOMY  KpEMHIi
BU3HAYAETHCS MOP(]OIIOTI€I0 KPEMHIEBOTO KapKaca, HasiBHICTIO MIOBEPXHEBUX CTaHIB
Ta rpoiiecamu pekoMOiHailii. 3HaYHUM BILUTUB MA€ CTaH MOBEPXHI MOP, OCKIIIBKUA caMe
MOBEPXHEBI1 Ie(hEKTH € IIEHTpaMu OE3BUIIPOMIHIOBANIbHOT pekoMOiHailii. Tepmiune abo
XIMIYHE NTaCMBYBAaHHSI TOBEPXHI CIIPUSE 3MEHIIIEHHIO KOHIICHTPAIlii TAaKUX IEHTPIB, 110
NPUBOAUTH 7O 3OUIBIIIEHHS Yacy JKUTTS HOCIIB 3apsiay Ta MOKpaIleHHS
(OTOENEKTPUYHUX XapaKTepUCTUK MaTepiamy [1].

3aBAsSKU BEUKIN MUTOMIN TUIOLI MOBEPXHI MOPUCTUIN KPEMHIN XapaKTepU3y€eThCsS
BHCOKOIO YYTJIMBICTIO JO IMpOILECiB aacopOLii rasiB 1 mapiB pi3HUX PEUYOBHH.
B3aemonis ancopOoBaHMX MOJIEKYJ 13 MOBEPXHEBUMH CTAHAMM 3MIHIOE 3apsiIOBHIA
CTaH MOBEPXHI Ta eJIEKTPOHHI XapaKTEPUCTUKH TOPUCTOTO Iapy, IO JIEKUTh B OCHOBI
poboTu cercopiB Ha ocHOBI Por-Si [1, 2].

AJcopOris ra30BUX MOJIEKYJ Ha noBepxHi Por-Si moke OyTu onucaHa 130T€pMOL0
Jlenrmropa

KP
0 =——
1+ KP
ne
7 0 — crymiHp 3amoBHEHHS ToBepxHi; K — koHcranTa amcopOmii; P —

napiiajbHUI TUCK razy.

OpmHuM 13 TIPOSIBIB 111€1 B3a€MOJIT € 3MiHA (POTOMOMIHECIICHTHUX BJIACTUBOCTEH
Marepiainy. Ilicns 30y/KeHHS CBITJIOM 13 €HEpPri€ro, JAOCTaTHHOIO ISl TEeHeparlii
€JIEKTPOHHO-AIPKOBUX Map, y HAHOKpPUCTaNITax BiAOYBAa€TbCA BHUIIPOMIHIOBAJIbHA
pexkoMOiHalig. AcopOIis MOJIEKYJT MOKE BIUIUBATH Ha €(DEKTUBHICTD IbOTO IPOLIECY
BHACIIIJIOK 3MIHM TOBEPXHEBHUX EJEKTPOHHUX CTaHIB, LIO0 MPOSABISIETbCS Y 3MIHI
IHTEHCUBHOCTI a00 TOJIOXKEHHS MakcuMyMmy crektpa dotomominectenii [1, 3].
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Takuii epext Moxke OyTH BUKOPUCTAHUH AJI ONTUYHOTO KOHTPOJIIO CKJIaay ra30BOro
CEpeIOBHUIIA.

[Topsim 13 (HOTONFOMIHECIIEHTHUMH BJIACTUBOCTSIMH 3MIHIOIOTBCS CJICKTPHYHI
napameTpH MOPHUCTOTo Mapy. AncopOirisi MOJIEKYJ BIUIMBA€E HA €JIEKTPONPOBIIHICTD,
iMITeIaHe 1 poOOTy BHXOAY €JIEKTPOHIB. [ CTpyKTyp 13 PO3BHHEHHM pelibeom
MTOBEPXHI MOXJIMBE TaKOXK CIOCTEPEKEHHS MOJIbOBOI €MicCii 3a BITHOCHO HEBEJIMKHUX
HarnpyxeHocTel enekTpuyHoro mnoss [1]. IloeqHaHnHs ONTUYHOrO Ta €IEKTPUYHOTO
CIOCO0IB  peecTpallii CHUTHAIYy Ja€ MOXJIMBICTh CTBOPIOBATH MYJIBTHCEHCOPHI
CUCTEMH, Yy SKUX 1H(QOpMallis MPO CTaH cepefoBHUIa (POPMYETHCS OJHOYACHO 32
KUTbKOMA HE3aJICKHUMHU ITapaMeTpamu.

PosrnsanyTto ¢i3uyHI mporiecH, IO BH3HAYAIOTh OINTHYHI, EJIEKTPOHHI Ta
a7IcopOI1iifH1 BJACTHBOCTI HAHOCTPYKTYPOBAHOT'O MOPUCTOro kpemHito. [TokazaHo, 110
KBaHTOBO-PO3MIPHI €PEKTH pa3oM 13 MOMKIMBICTIO (POPMYBAHHS I1AP1B 13 TPAAIEHTHOIO
MOPYBATICTIO 3a0€3MEUyIOTh CIPUATINBI YMOBHU JIJISi 3MEHIIICHHSI ONITUYHUX BTpaT y
KPEMHIEBUX (DOTOENEKTPUUHUX CTPYKTypax [2]. AHami3 JTEepaTypHUX JAHUX TAKOXK
CBITYUTh, II0 MPOLECH aacopOuli ICTOTHO BIUIMBAIOTh Ha (POTOJFOMIHECHEHTHI Ta
eNeKTpo(I3MYHl XAPAKTEPUCTUKU MaTepialy, II0 BIJKPUBAE MOMXKJIMBOCTI IS
BUKOPUCTAHHA TIOPUCTOTO KPEMHIIO SK  (YHKIIOHAIBHOIO  MaTepially B
MYJIbTUCEHCOPHHX cucTemax [1, 3].
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