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KAPITEL 1/ CHAPTER 1
FEATURES OF CALCULATION OF RESISTANCE TO TRAFFIC OF
CONVEYOR TRAINS

S

DOI: 10.30890/2709-2313.2023-20-02-008

Beryn.

AKTyanbHICTh TUTAHHS.

KonBeepni moi3au sBISAOTH COOOI0 CYKYIHICTh OJHOBICHUX BaroHETOK,
BCTAHOBJICHUX Ha PEHKOBIN KOJIHHINA CTPYKTYPI, MOB'SI3aHUX MK COOOI0 IIAPHIPHUMHU
3uinkamu. J[s Toro mo6 KOHBEEpHUM 1MO13]1 Ha KOJIMHIN CTPYKTYpi OyB CHCTEMOIO,
10 KIHEMAaTUYHO HE 3MIHIOETHCS, 3a3BUYal TIEpeTHS BarOHETKA CKJIaly BUKOHYEThCS
JIBOBICHOIO. PyX Takux pyxXoMux CKJIaaiB 37€O1IBIIOr0 3A1MCHIOETHCS 3a JTOTIOMOT0I0
MPUBO/IIB, CTAI[IOHAPHO BCTAHOBJICHUX Ha KOJIWHIA CTpyKTypi. Taka TpaHCHOpTHA
CHUCTEMA 3pyYHA Y BUKOPUCTAHHI, TOMY III0 BUKIIIOYA€ HASBHICTh KOHTAKTHOI MEPEXKI.
IIpy BcTaHOBJIEHHI MPUBOJHOTO JIBUTYHA Yy CHEIlaJbHOMY a00 BHOYX00€3MeUHOMY
BUKOHAHHI KOHBEEPHI MOI3l1 MOXXYTh OyTH 3aCTOCOBaHI Ha TOPU3OHTAIBHUX a00
MOXWJIMX Tpacax SK BYTUIBHHX, TaK 1 PyJHUX IIaXT, a TAaKOXK SIK CIeIiadbHUHA

TPAHCIOPT INIMOOKUX Kap'epiB.

1.1. 3araabHi MoJI0KEeHHSA

Ax Bimomo [1], [2], [3], [4] ocHOBHUII omip MEPEMIIICHHS PYXOMOTO CKJIAIy

PEHKOBOTO TPAHCIIOPTY MOXKE OYTH MIPEACTABICHHUHA Y hopMmi
WO = W6 + WI‘.KO‘{. + WI‘.KOB. + VV,& + VVI'IC + VVCT + VVB’ (1)
ne Wy — omip Big TepTs MMUHOK Ocell y OYKCOBUX MIAIIMITHUKAX;

W, «oq. — OTIIP BIJ TEPTS KOUEHHS KOJIIC MO peHKax;

W, «op. — OITIP BiJ TEPTS KOB3aHHSA KOJIIC MO perKax;

W, — onip aucunanii (po3ciroBaHHs) €HEPTii PEUKOBOIO ILIAXY, IO 3AJIEKHUTh Bl
OCbOBOTO HABAHTAXKEHHS, KOHCTPYKIII Ta (I3MKO-MEXaHIYHUX BIIACTUBOCTEU
PEUKOBOTO LUIIXY;

W, — omip Bia aucunariiii (po3CcitoBaHHS ) EHEPTrii pyXOMHUM CKJIaJ0M, 1[0 BUHUKAE

B pe3yJbTaTl KOJMBAaHHS HaApEeCOpHOI OyJ0BU BiJl HEPIBHOCTEN NUISAXY Ta yIapiB Ha

!Authors: Malinovskiy Y.A., Tkachenko A.S., Bondarets A.A., Vlasenkov D.P., Oliinyk S.Y., Rybak D.P.
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CTHKaX;

W, — omip BiJ po3CitoBaHHs eHeprii OyA0BOIO NUIAXY BHACIHIJOK BTPaTH €HEPrii
BiJl yJIapiB KOJIIC PyXOMOTO CKJIaJly Ha CTHKaX;

W, — omip MOBITPSHOTO CEpeOBHUIIIA.

Benmuuunu onopis W, 1 W, mpomopiiitHi KBagpaTy MIBUIKOCTI PyXy PyXOMOTO
cKiany, 3HaueHHs W, Takoxk € QyHKIIE MBUIKOCTI pyxy, a onopu Wy, Wy, Wi 1
W, 3anexarp BiJi KOHCTPYKTHBHUX IIApAMETPIB BI3KIB PyXOMOTIO CKJIaay, KOHCTPYKIIIi
XOJIOBUX KOJIIC, iX pO3TallyBaHHS IMIOJO0 Bi3Ka, a TAKOX BiJ] KOHCTPYKIIi Ta CTaHy
perKoBOT KOJIii.

OcHOBHUI TUTOMMUII OTIIp PyXy, TOOTO OMip PYXy BIAHECEHHH O MAaCH PyXOMOTO
CKJIaJly MaTUM€ BUTJISAL;

wy = W+ Wi + Wy + wy + Wy + W + Wy, (2)

Jle iHaekcalis MMTOMHUX OIOPiB BiAnoBiaae inaekcari popmymu (1).

[Ipu omiHIi Ta o3Il CKIAJ0BUX OMOPIB PYXYy PYXOMOIO CKJIaly KOHBEEPHUX
NOi3/IB 3 ypaxyBaHHAM iX KOHCTPYKTHUBHUX OCOOJMBOCTEH Ta XapakTepy pyxy
snadeHusMu W, (wy,) i W, (w,) MOKHA 3HEXTYBaTH.

OpHak Ha TPaKTHUIl YacTO HEMAa€ MOXJIMBOCTI TEOPETUYHO PO3pPaxOBYBaTH
BEJIMYUHY KOXHOI CKJIaI0BOI OCHOBHOTO MMUTOMOTI'O OMOPY PYXY, HAWOUIbII TOYHOIO Ta
JOCTOBIPHOIO BEJIMYMHOIO ONOPY PYXy MOXKHA BBaXKAaTU OIOPH, BHU3HAYEHI
eKCIIepUMEHTAIbHUM NUIsIXoM. OHAK 1 BOHU BIIPI3HAIOTHCS OJWH BiJ OJTHOTO, Yepe3
OJIep’KaHHs 1X 3a PI3HMX YMOB €KCIUTyaTallii 1 MalOTh YaCKOBUU XapakTep, OCKUIbKU
BITHOCSATBHCS /10 KOHKPETHOI KOHCTPYKIIi KOHBEEPHOTO TMO13/1a.

Sk BUIIIMBAE 3 aHANI3Y BUPA3iB W4, Wy oy » Wirkop.s Wy Wer [1, 4, 5] muTomuit
omip pyXy KOHBEEPHOTO T013/1a MOXKHA HAJIaTH (32 aHAJIOTIEI0 3 ICHYIOUYOIO 3arajibHOI0
(GbopMyII010 BU3HAYEHHS MUTOMOIO OMOPY PyXy CKIAAy 3ajJi3HUYHOTO TPAaHCIOPTY)
a00 KBaApaTUIHOIO (HOPMOIO MBHUAKOCTI PyXy KOHBEEPHOTO TOi3/a:

wy= a+ bU+ cU2. (3)

A00 cponieHUM BUPa3oM

wy= a+ bU. 4)

Benuuesnuil 40CBi eKCIuTyaTallii SIK BarOHIB PyXOMOTO CKJIaAy 3aTi3HUYHOTO
tpancnopty MIIC, Tak 1 BaroHeTOK MIAXTHOTO PEHKOBOTO TPAHCIOPTY JO3BOJIMB
OTpUMATH eMIIPUYHI POpPMYJIM BU3HAYEHHS MUTOMOIO OMOPY PYXY KOXKHOTO THILY
BaroHa abo BaroHeTok [2, 5, 6], 1m0 J03BOJISE€ 3AIMCHIOBATH TATOBI PO3PAXyHKH

PO3TATHYTHX PYXOMHX CKJIAJ[IB PEHKOBOTO TPAHCIIOPTA.

MONOGRAPH 8 ISBN 978-3-949059-91-9
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1.2. MeToauka BU3HAYEHHSI OCHOBHUX MUTOMMX ONOPiB MIAXTHUX MOI31IB

2.1. KonBeepHi moi3au 31 CTAI[lOHAPHUMH JBUTYHAMH, L0 BITHOCATHCA MO
PEMKOBOTO TPAaHCHOPTY, XapaKTEPU3YIOThCS HASBHICTIO CTAI[ilOHAPHO BCTAaHOBJIECHUX
IPUBOIIB HAa KOJIIHHIN CTPYKTYpI, SIKI B MPOIIECT PyXy PYXOMOTO CKJIaay BIJHOCHO
MPUBOY AUIATH NOTAT Ha Bl 30HU — PO3TATHYTY Ta CTUCIY, CIIBBITHOIIEHHS TOBXHUH
SIKUX TIOCTIMHO 3MIHIOETHCS y Yaci.

[Tpu uboMy pyXxoMuii cKiiaJy KOHBEEPHOTO MOi3/1a CKIAJACHNUN 3 BEIUKOI KUTBKOCTI
Bi3KiB, 3 €JJHAHUX MK COOOI0 MIAPHIPHUMH 3B’SI3KaMH (3UilKaMH), TPEACTaBIISE
O0araToMacoBy MEXaHIYHY CHUCTEMY IPH PycCl SKOi XapakTepHl CKJaIHI JWHAMIYHI
npoiiecr, 00yMOBJIeHI O€3MepepBHOI0 3MIHOKO KUIBKOCTI BI3KiB, 10 3HAXOMIATHCS B
PO3TATHYTIH 1 CTUCHYTIN yacTuHaX. [Ipruomy 3a yac MpoXoKEHHS PyXOMOTO MOTSTY
3 NPUBOAY CHJIM OMOPY PYyXY 3MIHIOIOTbCS B IIMPOKUX MEXKax, M0 BHUKIMKAHO
OesmepepBHOI0  3MiHOIO  Oymkumii  m, = f(t), L, =f(t), m,=f(t),
lc = f(t), ne my, [, —Maca Ta NOBKXHMHA PO3TATHYTOI YACTUHM CKJIAIy, a M., [, —Maca
Ta JIOBXKMHA CTUCHYTOI YaCTUHU MOTATY.

Opnak, He 3Ba)KalOul Ha HASBHICTh MEPEXITHUX PEKHUMIB, 3aBXKIU MOKHA YITKO
BUAUTUTH PO3TATHYTY 1 CTHCIY 30HM PYXOMOIO CKJIady, MPH IBOMY CyMapHHM
OCHOBHUM OIIP PYXY JOPIBHIOE:

Wo=Gr- w, K+ fkn Gr - w.(x)dx, (5)
i€ Wy, — OCHOBHMM NHMTOMHUH OHIIp PyXy PO3TATHYTOI YaCTHHU CKJIaay, IO
nepedyBae B pexumi Tsru, H/xH;

W, — OCHOBHUHM MUTOMUMN OMIp PyXy CTHCHYTOI YaCTHHH CKJIaJy, 10 mepedyBae
y pexxumi mroBxanss, H/kH;

k — KINBKICTH BI3KiB pO3TATHYTOI YaCTUHH CKIIAJTY;

N — KUIBKICTh Bi3KIB Y CKJIA]I;

G — maca BI3Ka, KT.

OcCHOBHMII THUTOMUN OIIp PyXy PO3TATHYTOI YACTUHU PYyXOMHUX CKJIa/iB
PEIKOBOTO TPAHCIOPTY PO3MIIAIAETHCS K PyX B PEXKHUMI TATH, 1[0 BCTAHOBHUBCS, Ma€
TIOCTIAHY BENMYMHY (W}, = CONSt) 1 BASHAYAEThCA BiIOMUMU criocobamu [1, 2, 4, 6].

OcHOBHMIT TUTOMUH OIIP PYXYy CTUCHYTOI YaCTUHU CKJIaTy XapaKTEPHU3y€E PEKUM
INTOBXAHHs Ta HOTO BENMYUHA W, # W,

2.2. Po3rnsHeMO pEXUM INTOBXaHHS $K XapaKTepHUA pexXUM pPoOOTH

KOHBEEpHUX TMOi3/iB. CTalioHapHO BCTAHOBJICHUN MPHUBIJ OOYMOBIIIOE€ HAasBHICTDH

MONOGRAPH 9 ISBN 978-3-949059-91-9
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pPeKUMY IITOBXaHHS, KOJU KUIBKICTh BI3KIB PYyXOMOTO CKJaay, IO IITOBXArOThCS,
3MIHIOETBCSI BI OJUHHIN 10 Myyqy. 3 MOYATKOBOIO MOMEHTY PEXKHUMY IITOBXAHHS
B1JI0YBA€ThCS BTpaTa MO3/10BXKHBOI CTIMKOCTI Bi3Ka 3 HACTYITHOIO BUOIPKOIO TPOMIXKKIB
MIX XOJOBHUMH KOJIECAMU HACTYIMHMX Bi3KIB 1 OIYHUMH MOBEPXHIMH PEUKOBHX abo
IHIIMX HAMPSMHUX.

[Toganpimuii pyx Bi3KIB Y PEKHUMI IITOBXAHHS CYNPOBOIKYETHCS HASABHICTIO iX
MEePEeKOCiB MO0 OJIMH OJIHOTO Ta MPSAMOJIHINHOI oci nuisixy. Po3BopoT Bi3KiB
PYXOMOT'O CKJIaJy MPU3BOJIUTH A0 MiABHUILEHHS OCHOBHOTO MUTOMOTO OMOPY PyXy B
pPEeXHUMI IITOBXaHHS 1 HOro BeJIMYMHA JIOCSTa€ MAKCUMYMY, TOJl SIK BECh PYyXOMHIA
CKJIaJ] 3HAXOJUTHCS B CTUCIOMY cTaHi. (L, = [. ) npu pomy Y, w*** = Yt w,.

Tomy BUKOHaHHS TSITOBUX PO3pPaxyHKIB (BU3HAUEHHS MOTYXKHOCTI PUBOAY a0o0
MPUBOJHUX CTaHIlINA) HEOOXITHO HABOJMWUTH ISl PEKUMY INTOBXAHHS, OCKIILKH B
IIbOMY BUTIAJKY CTIOCTEPITAETHCS MAKCUMAIILHUN OTIP PyXY.

2.3. Po3rasitHeMO 0OCOOJIMBOCTI BU3HAYEHHSI OCHOBHOT'O MUTOMOTO OIMOPY PyXY
Bi3KIB KOHBEEPHOTO 101312 JIJI1 000X PEKUMIB pyXYy (TSTU Ta IITOBXAHHS).

Tak six hopmyia (3) € 3araJibHOTO 7151 BCIX BUIMAQ/IKIB PYXY PEHKOBOTO TPAHCIIOPTY
1 HaOLITBITT TTOBHO B1JI00pa)kae CyTh OCHOBHOTO IMMUTOMOTO OIMOPY PyXY, TO JJISI [-OTO
BI3Ky PYXOMOIO CKJIaJly KOHBEEPHOTO MOi3[a Ta OYIb-SKOTO pPEXUMY HOTo pyxy
MO>KHA BU3HAYUTH B HACTYITHOMY BUTJISIII:

/LU’izClij+ bU+CU2, (6)
ne a;; — 0e3po3MipHMM NOCTIHHMM KOE(IUIEHT, IO y 3aralbHOMY BHUIAIKY
3aJIeKUTh BiJl PO3TAIYBaHHS Bi3Ka y CKJIaJl Ta peXKUMY HOTO PyXYy;

[ — nopsiakoBuii Homep Bizka (1 < i < n);

J — HOMep, 1110 BIAMNOBiIa€ pexuMy pyxy Biska (1, 3 — ara; 2, 4 — ITOBXaHHSA);

b, ¢ — mocrtiitHi KoediieHTH, BIAMOBIAHO MPOMOPIIIHI MEPIIOMY 1 IPYyromy
CTYINEHSIM IIBHJKOCTI PyXy PpyXOMOro CKJIaay, IO 3ajieXaTh BiJA KOHCTPYKLIi
PYXOMOTO CKJIay Ta HUIAXY, ¢/M, ¢*/M?;

U — WBUAKICTh pyXy PyXOMOTO CKJIaTy, M/C.

Y HaBeneHomy Bupasi (6) MOCTIMHMI KOeQilleHT a;; HaOyBa€ PI3HUX 3HAYEHb
3aJIe)KHO B1J] KOHCTPYKIIIT pyXOMOTO CKIIafy.

VY cBOO yepry pyxoMmuii ckiaa Moxe OyTH CKJIaJIeHUM SIK 13 IBOBICHUX BI3KIB, TaK
1 OTHOBICHUX. 3aCTOCYBaHHS OCTAHHIX CIPOIIYE XOAO0BY YaCTUHY Bi3Ka Ta MOKPAIIy€e
MaHEBPEHICTh BCHOTO PYXOMOTO CKIIaTy.

Y mpaktumi Bigomo [7, 8], 1m0 3acTOCYBaHHA KOHBEEPHUX TMOI3IIB 3
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BIIXWJISTFOUUMH POJIMKaMH, BCTAHOBJICHHMMH Ha PYXOMOMY CKJIaJi Ta IICHTPYIOUOIO
pErKOI0, 3MOHTOBaHIM Ha KOMIWHINA CTpykTypi. Taka cuctema, mo CcTabuTI3YE,
TI03BOJIsIE BUKOPUCTOBYBATH 0e3pe0Oop/IHI X0A0B1 Kojieca a0 BUKITFOYUTH B3aEMO/IIO
pedop/l XOJOBUX KOJIC 3 pelKaMu TPH ICHYIOUIA KOJIHHIM CTPYKTYypl pEMKOBOIO
TPAHCIIOPTY.

2.4. Posramanoun pyX pyXxOMOTO CKJIaay B PEKHMI TATH, 3HAYEHHS d;j MOXKE
OyTH BU3HAYEHO

a) I PyXoMoro ckiamgy Oe3 crabumizyrodoi cucremu 3rimHo 3 [1, 4] 3a
dbopmyIoro:

ailzu%+ %+fsin8, (7)

Jie L — HaBeJACHUM /10 laMeTpy oci KoedilieHT Onopy B MiAMIUITHUKAX XOJ0BUX
KOJIIC;

d — piamMeTp OCi XOJJOBOTO KOJIeca, M;

D — ngiameTp X0I0BOTO KoJieca, M;

K — xoedimieHT TepTsi KOUEHHsI KoJjieca Mo peulIli, M;

f — koedirmienT TepTsa 00012 Koeca 1Mo PeuIi;

0 — KyT mepeKocy ocCi Bi3ka IPH BWISHHI PyXOMOTO CKJIaay (3a3BUYaid
8 = Smax), TPAL.

OmxKe, UL PEKUMY TATW 3HAYEHHS @Q; TMPOIOPLIHHO TEPTIO WIMKMOK KOJIC y
MiIIATHAKAX, TEPTIO KOYSHHSI KOJIIC TI0 HAMIPSIMHUX Ta MOTIEPEYHOMY KOB3aHHIO TIPH
BHJISTHHI Bi3Ka.

0) 111 pyXOMOTO CKJIaTy 31 CTab1II3yI0Y0I0 CHCTEMOIO 3a (hOPMYJIOF0:

, ,
S () ®
ne W, d, D, K — no3nauenns 3a popmyoro (7);
W' — koedilieHT Omopy TepTs MIMHKKH OCi B MiJIIMIHHKAX POJIMKIB, IO
BIJIXHJISIOTH;

d' — miameTp ocCi BIAXUISIOUUX POJIHKIB, M;
D' — miamMeTp BiIXHJISIOYOIO POJIUKA, M;
K' — xoe(ilieHT TEPTSI KOYEHHS BiIXMIISIOYOTO POJIHKA [0 HEHTPYIOUii peiii, M;

R — OiuHe 3ycuyuIs, 110 BUHUKAE TIPU BIJISTHHI PyXOMOT'O CKJIQy B PEKUMI THATH,
H. 3rigno [1, 2]

MONOGRAPH 11 ISBN 978-3-949059-91-9
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S

G — maca Bi3Ka, KT.
2.5. Po3rasitHEMO pyX PyXOMOTO CKJIaay y PEKHMi MITOBXaHHS. Y IIbOMY PEKUMIi

pyXy 3HaueHHs KoedillieHTa a;; BU3HAYaTUMEThCS TaK:

a) It KOHBEEPHUX TMOi3/11B 06€3 CTabiIi3yr40i cucTeMu 3a (OpMYIIOH0:
Rsi

ai2=U_+_+_ fp?+f5ln6maxa (9)
0) /U1 KOHBEEPHUX TOi3/11B 31 CTA01II3yI0Y0I0 CUCTEMOIO
= 24 K E(fd_' ZK')
al3_'uD+D+GTuD’+D’ , (10)

ne W, d, D, K, f — no3Hauenns 3a ¢popmyioro (7);

w,d, D', K', Gy — no3nayenns 3a Gpopmysioro (8);

Omax — MaKCUMaJbHHHA KyT PO3BOPOTY Bi3Ka PYXOMOTO CKJIAay B PEXKHMI
IIITOBXaHHSI, TPAT;

fp — KoedilienT TepTa pedopaM XOI0BOI0O KOJIECa 110 PEMII;

h — nnede cunu TepTsA B TOULI TOPKaHHS peOOpAM XOJIOBOTO Kojieca 1 PerKoro
I0JI0 MUTTEBOTO LIEHTY OOEpTaHHS, M.

3rigHo [4], BenmuuuHy h MOkHA 00UHCIIUTH 32 HOPMYJIOHO:

[n2C + R(21, + R)cos?8] cos?0 - (sin?8) ¢  nr2C?

h =
(sin2%0 — sin26) cos?8 c0s?%8

(11)

A0GO BH3HAUMTH 3a 3alPOMOHOBAHOIO 3anexHicTIO h = f(§) ans miameTpiB
xomoBux koiic 300, 350, 400 mm (puc. 1).
Y popmyi (11):
T, — pajiyc 3aKpyrJIeHHs KPOMKH HanpsiMHOT a00 peiku, M;
C — reoMeTpUYHUN ITAPAMETP
C = cos?8 — Vcos28 — cos26; (12)

R — paaiyc kaTaHHs X0JI0BOTO KoJieca (IUB. puc. 1), m;

0 — kyT Haxwity pebopau (quB. puc. 1), rpaxn;

0 — MaKCHMaJIbHO MOYKJIUBUH Ky T HepeKocy OCl1 Bi3Ka MMpHU IITOBXaHHI, rpaj

8_

lo
2S5 — MakCUMaJIbHUM 3a30p MIXK pe0Op 1010 KoJieca Ta HAPSIMHOIO (PEeUKOI0), M;
l, — »xopcTka 6a3a Bi3Ka, M.
3naueHHs h 175 XxogoBux koiic aiamerpom 0,3 M, 0,45 M, 0,4 M Ta pi3HUX KyTIB
NepeKocy HaBeAeHi B TaoI. 1.

JIisi BUKOHAHHS TOMEPEIHIX PO3paxyHKIB Il MaluX KyTIB MEpPeKocy
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(6 < 3°) MokHa TPUAMATH ITiJT Yac pyXy I0i3/1a M0 NPSIMUX IIIAXax A = 7;;, a IpH pyci

0 KPUBOJIHIMHUX MIJISXaX

2_ _ 2
= (13)

- s
ne Dy, — 30BHIIIHIA giaMeTp pedopam KoJeca, M;

D = 2R — ngiameTp X0A0BOTO KOjeca, M.

NN

f

AT\
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10 12 14 1s 18 20 21 22 24 26 28 30 32 34 36 38 40 42 44 46 43 50 51 52 54 G586 58 60 62 B4 66 6B O T2 T4 76

Pucynok 1 — I'padix BuzHaueHHsI my1e4a CHJI TepTsi A B 3aJ1€5KHOCTI Bij

KyTa nepekocy § Ta 1iaMeTpy X0/J10BOro KoJjeca

®dopwmyna (10) xapakrepu3ye KOUYEHHS XOJ0BUX Ta BIAXUJISIOYMX KOJIC TIPH pPyci
Bi3Ka, TOMYy Yy BHpa3l HE QIrypyloThb JOJIaHKH, 3yMOBJIEHI TEPTAM peOOp KOIiC Mpo
peiiKy Ta MOIMEepeuyHuM PYXOM IpH mepekoci (9), Tak sK JUIsl pyXoMOoro CKjiany, 1o
CKJIaJIA€ThCS 3 BI3KIB 3 BIAXWISIOUUMH POJIMKAMU Ta TEPEMIITYBaHHUX 1O HANPSIMHUX,
[0 MICTSITh LICHTPYIOUY PEHKY, 3230D B IIITOBXAIOUOMY PEKUMI pyXy BUOMPAETHCS MK
HIEHTPYIOUOI0 PEUKOIO 1 BIAXWISIOUUMHU POTMKAMH.

3aznaunmo, 1o y Bupazax (9) ta (10) Rs; — HEBimOME pEaKTUBHE 3YCHUIUIS, IO
BHUHUKAE MPU MIEPEKOCaX y MPOLEC] PYXY, 10 MPU3BOIUTH JO BUHUKHEHHS PEAaKTUBHUX
3yCWJIb Y IIapHipax 34inok R Ta peakuiii R;.

VY TexHI4HIH IiTepaTypi 3 MEXaHIKM KOHBEEPHUX IMO13/(1B HE B1TOOPA’KEHO 3B'I30K

MK 3YCHJUISIM LITOBXaHHS F, O1YHUMH 3yCWUISIMU R; Ta peakuisMu y 3uinkax R{”.
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BceraHoBneHHS Takoi 3ajeXHOCTI BaXKJIMBO NMPH OOYUCIIEHHI OMOPY PyXy KOKHOTO
Bi3Ka pyXOMOTO CKJIaJy B IITOBXaHHI, OCKIJIBKY 11l 3HAUYEHHS, SIK 3a3HAYaI0Cs paHillIe,

HE PIBHI MI>K COOOI0 1 3aJIe’KaTh Bijl MiCIIE3HAXO[KEHHS Bi3Ka Y CKJIA Il MO0 TPUBOY.

Taoauus 1 — Iede cunu Tpersi h (M) aJist pi3HUX AiaMeTPiB X010BUX KOJIiC

0,30 m 0,35 m 0,40 m
0,50° 1,037-107 1,054-10° 1,072:10°
1,00° 1,178:107 1,233-10° 1,294-10°
1,50° 1,381-107 1,487-107 1,599:10°
2,00° 1,625:107 1,784-10° 1,950-10°
2,50° 1,896:107 2,110:10° 2,329:10°
3,00° 2,186:107 2,454-10° 2,728:10°
3,50° 2,491-10° 2,813-10° 3,141-10°
4,00° 2,809:10° 3,185:10° 3,567-107
4,50° 3,138:10° 3,569-10° 4,005-10°
5,00° 3,478:107 3,965:10° 4,457-107
5,50° 3,829:10° 4,373-107 4,921-10°
6,00° 4,192:107 4,794-107 5,400-10°
6,50° 4,567-107 5,229-10° 5,895-10°
7,00° 4,957-107 5,681:107 6,407-10°

®opmymna (10) xapakTepu3ye KOUSHHS XOJAOBUX Ta BIAXUJISIOUUX KOJIC MPHU PyCi
Bi3Ka, TOMy Yy BUpa3l HE QIrypyloThb JOJAaHKH, 3yMOBIIEHI TEPTAM pebOp KOIiC Mpo
peiiKy Ta MOIMEepeyHuM PYXOM Ipu mepekoci (9), Tak sK sl pyXoMOro CKjiany, 1o
CKJIQJIAETHCS 3 BI3KIB 3 BIAXWISIIOUMMHU POJIMKAMH Ta NEPEMIILyBAHHUX [0 HAMPSMHUX,
10 MICTSITh IIEHTPYIOUY PEUKY 3a30p B PEXKHUMI PyXy, IO IITOBXAE, BUOMPAETHCI MIXK
[EHTPYIOYOI0 PEHKOIO0 1 BIAXUIISTIOUNMH POJIUKAMHU.

3a3zHaunmo, mo y Bupasax (9) ta (10) Rs; — HEBimOMEe PEaKTUBHE 3YCHUIUIS, IO
BHUHUKAE MPU MIEPEKOCAX y MPOLEC] PYXY, 10 MPU3BOIUTH JO BUHUKHEHHS PEaKTUBHUX
3yCWJIb Y IIapHipax 34inok R Ta peakuiii R;.

VY TexHI4HIH IiTepaTypi 3 MEXaHIKM KOHBEEPHUX IMO13/(1B HE BITOOPA’KEHO 3B'I30K
MK 3yCHJUISIM LITOBXaHHS F, O1YHMMH 3yCHUISIMU R; Ta peakuisiMu y 3dinkax R{”.
BcranoBiieHHsST Takoi 3a7€KHOCTI BXKIMBO MPH OOYHUCIICHHI OMOPY PyXy KOXKHOTO

Bi3Ka PyXOMOT'0 CKJIaJy B IIITOBXaHHI, OCKIJIbKH I1l 3HAUCHHS, SIK 3a3HAaYaJIOCs paHillle,
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HE Pi1BHI M1 CO0O0I0 1 3aJ1€KaTh B/l MiCII€3HAXOPKCHHS BI3Ka Y CKJIa1 010 MPHUBOTY.

3 METOI0 BCTAaHOBJICHHS TAKOT'O B3a€MO3B'A3KYy HAMU BUKOPUCTAHO PO3PAXyHKOBY
CXeMy KOHBEEPHOTO T013/1a y BUTJISAII N — OMOPHOTO CTPMXHS 3 (N — 1) IpOMIXKHUMH
HIapHIpaMH, 110 3HAXOJUTHCS B PIBHOBA31 i1 1110 3y CHIUIS IITOBXAHHS F' Ta CHII OLIOPY
pyxy Wi (puc. 2).

2.6. HeBigomi peakTUBH1 3yCHILIS JJIsl 1 — orop Ta (n — 1) mpoOMIXKHUX IIapHIPiB
BHU3HAYAEMO IIISIXOM MOCITITOBHOTO PO3IIISATY PIBHOBArd KOKHOTO €JIE€MEHTA CTPYIKHS
(Bi3ka) [8, 10].

OTpumaBIIM PEKKYPEHTHI CIIBBIAHOIIEHHS, IO JO3BOJSIOTH OOUYMCIIOBATH
peaKIliio B MIApHIPI 34INKH OyIb-IKoro (i-0r0) OJHOBICHOTO Bi3Ka, SKIIO BiloMa
peaxuis B mapHipi (i — 1) Bi3ku micins psay nepetBopens [10] oTpumyeMo HeBiome
pEeaKTUBHE 3yCHILIS, BiIHECEHE 10 MacH Bi3Ka %

T
Rgi

o = i~ Biw —D;, (14)

ne A; = F;(Fg, 6,1y,1, ) — byHkuist Tsaru (IITOBXaHHS) IPUBOIY, BiJHECEHA 0
Bard Bi3KiB, 1[0 ITOBXAIOTHCSA, KyTa PO3BOPOTY Ta TEOMETPUYHUX MapaMeTpPiB Bi3Ka:
o , 1 l Lol l LIZ | (1\* | LB
A = 2FG5[1_0+1_2+ (—0) o (0) +20 4 () + 24t
2 2

1) ) )

lZ lZ

W\ L 1 11,11 (15)
Y 20 4 - (0 —20 |.

T (12) T -1 * (lz) t3 17 ]’

B; = F,;(8,1,,1, ) — dyHKIlis KyTra po3BOpPOTY Ta I€OMETPUYHHX IIapaMeTpiB

BI3Ka!
lo Lo lo) >
Bi=68[@n-3)2+@2n—-1)2+@n-5)(2) +
lolz lo 3 l()lz lO 4
(2n — 3) 2 ++(2n—7)(l—) +(2n - 5)22 +(2n—9)(l—) + (16)
2 2
By O SRR ) [ YON EL]
@n=N3F+ 4+ 1(2) 31g—1+2(lz) 3
D; =F3i(MW, Gr,ly,l,) — QyHKIIST MOMEHTYy TepTsS B INApHIpi, Bark Ta
reOMETPUYHUX MapaMeTpiB Bi3Ka:
oy () 4 () g (o)
by = Grly [1+ +(lz) +(12) ot 1(12) +
3 (1, I\ 1
AR A

A;, B;, D; nns 6yap-sSKOTro Bi3Ka PyXOMOTO CKJIaqy KOHBEEPHOTO MOi37a MOXKHA

(17)

BM3HAUUTH 3a Qopmynamu (15, 16, 17) 3 miacTaHOBKOIO KOE(DIIIEHTIB TIpH

BIJIMOBIIHAX BIIXWICHHSIX JOBXWH. JIJIs 3pyYyHOCTI BHUKOHAHHS PO3PaxyHKIiB IIi
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Koe(ilieHTH 3Be/IeHo y Tab. 2, 3, 4.

. O ® ® ,

= Ay Y i i SR = /\n+l/\n+20—‘
o O

792 CHC 0 o’ ) o’ [¢) o/_ (w1 +W2+W3+Wn)

§
Jo

AW |

Bigxunsaroui

T ) )

ly LeHTpyrouunii /
s POJIMK

PucyHnok 2 — Po3paxyHkoBa cxeMa KOHBEEPHOTO MOTSITY, CKJIA€HOr0 i3

OJHOBICHHX Bi3KiB 0€3 ypaxyBaHHH cTa0iIi3yl040i CHCTEMH Ta 3 HEKO

. . . . . . (1o
Taoauus 2 — YucaoBi 3HaYeHHS KoeillieHTIB MPH BiAHOLIEHHI (z_) il ¢
2

BH3HA4YeHHA A4;

2 3 2 4 3 n—1 n-2 n n-1
a= st eite (i) o () + 50 () + e r () 4543 () 434
2 2 2 2

I, I, 3 I, I, -1 2 \l, 2 1
A RS
L\l L, L, L, L, LG |5 |5 | 5t 3
1 1

A | = 0 0 0 0 0 — 0 0 0 0 0
2 2
1 1
A, 1 E 0 0 0 0 1 E 0 0 0 0
1 1
As 1 1 E 0 0 0 1 1 E 0 0 0
4A, | 1 1 1 % 0 0 1 1 1 — 0 0
A, 1 1 1 1 1 % 1 1 1 1 % -
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Al

BHU3HA4YeHHH B;

N
etz £

. . . . . . (lo
Tadoanusa 3 — YucJioBi 3HaYeHHS KoeillieHTIB IpH BiHOIIEHHI (1_) hif) ¢ |
2

! ! 1o\ 2 Il 1o\3 121
B, = 8[(2n—3)—°+(2n—1)—2+(2n—5)(—°) +@n -3+ @n-7)(2) +(@2n-5)8+
I L 1 12 L 13

L\* 131, 1\ 1 LIT2 1 (1\* | 11,1071
+(2Tl—9) (E) +(2Tl—7)(;—‘2,,+"'+ 1(2) -3 l;lo_l +E (Z) +E#]
lo (lo>2 (lo>3 (lo>4 <lo>"‘1 (lo>” Lo| bl | LI | LE| LE?| L™
L |\l L L L l L | G| 5| gt I
B, 0 0 0 0 0 0 1 0 0 0 0 0
B, 1 0 0 0 0 0 3 1 0 0 0 0
B; | 3 1 0 0 0 0 5 3 1 0 0 0
B, | 5 3 1 0 0 0 7 5 3 1 0 0
) n ~ o~ N T S
B, | | | | | 1 1 | | | | 3
e e e S e e IS IS
g g g S A A L A

. . . . . . (lo
Tadoanus 4 — YucJioBi 3HaYeHHS KoeillieHTIB IpH BiHOIEHHI (1_) hif) ¢ |
2

BU3HA4YeHHH D;

4Mw ! IR 1\3 W\Y3 3710\ 2 1/1,\" L
| e U R O R = 1 A
I I O I R C R N R G
lz lZ lz lz lz lz lz
1
D, — 0 0 0 0 0 0
4
3 1
D, z — 0 0 0 0 0
4 4
3 1
D, 1 — — 0 0 0 0
4 4
3 1
D, 1 1 — — 0 0 0
4 4
3 1
D, _ 1 1 1 1 — — 0
n-1 4 2
3 1
D, 1 1 1 1 1 Z _
4 4

Jlis BUKOHAHHS MPAKTUYHOTO PO3pPaxXyHKy BEJIMUYMHU PEAKTUBHOTO 3YCHILIS
3yMUHUMOCS Ha BU3HAYEHHI KyTa PO3BOPOTY, I'€OMETPHUUHUX MapaMeTpiB Bi3KiB,

XapaKTEPUCTUKU TPUBOIY Ta MOMEHTY TEPTS Y IIApHIPI.
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YMOBUMOCSI BECTH HyMepallilo BI3KiB PyXOMOI'O CKJaay BiJ NMPUBOAY Yy OIK
IIITOBXAHHSI, TPUYOMY TIEPIIHIA Bi30K HE 3HAXOAUTHCS HA MPHUBO/I, @ € HANOIMKINM,
MOTIM JPYTUH, TPETi 1 Tak Jali 0 OCTAHHBOTO «N» HAWOIIBII BIJJAJICHOTO Bij
MIPUBOJY, TOOTO FOJIOBHOTO Bi3Ka (AUB. pHC. 2).

2.7. KOHCTPYKTMBHO pPYXOMHI CKJIaJi KOHBEEPHOTO II0i3/]a BUKOHAHUU 3
OJHOBICHUX Bi3KiB. OJHAK, JIJI TOTO, 1100 BIH HE OYB CHCTEMOIO, [0 KIHEMATUYHO
3MIHIOETHCS, TOJIOBHUH BI30K HEOOXIJIHO BUKOHYBAaTH JABOBICHMM. P0O3BOpOT 1HOTO

Bi3Ka BU3HAYAETHCS KYTOM Y LIbOTO Bi3Ka 1 HE MOKe OyTH OUIbIIE, HIK

28
tgY = Ymax = (18)

e S — 3a30p MK pedopIor0 1 peKor (IEHTPYIOUOI0 PEUKOI0 1 KOJIECOM, IO
BIJIXUJISIE);

2§ — cymapHui 3a30p;

l4 — xopcTka 6a3a IBOBICHOTO Bi3Ka.

3 iHmoro 60Ky [9] KyT po3BOpPOTY Bi3KiB & OOMEKEHHI B3aEMHHUM PO3BOPOTOM

JIBOBICHOTO Ta OJHOBICHOTO BI3KIB
28

tgd = 6 = —, (19)
JIe M — TOBXKHWHA IPSIMOT JUTSTHKA peOopiu KoJeca, 10 IPUMHKAE JI0 peHKH (IHB.

puc. 1).

4S

OnHak MakCUMaJIbHUN KyT PO3BOPOTY BCIX HACTYHmHUX Bi3KiB [9] §; = o

: 25 _ 48 .
OCKIJIbKH — > ~= PEKOMEH/IY€ThCSl BU3HAYATH MAKCUMAJIbHUH KYT PO3BOPOTY Omax 32
0

dbopmymoro (19).

[Tpu usomy ly, 14, I, = |; — |y — reomeTpuuHi mapamMeTpu OJHOBICHOTO Bi3Ka
(nuB. puc. 2).

2.8. MomeHT omopy B IIapHipax Mixk Bi3kamMu M, 3aJI€KHUTh Bl 3aCTOCOBYBaHO1
KOHCTPYKLIT 3UITHUX MPUCTPOIB PyXOMOTO CKIIAJTy.

B nanomy BUNajaKy 34iNKHU € 30CEPEIKEHUMH BKIIIOUEHHSIMU JPYTrOro THITY, 10
BXOASTH JIO 3TUHAIBHOI KOPCTKOCTI CTPIKHA. Jl0 HHMX BiZHOCATBCA ifealbHI Ta
npy>xHi mapHipu 1 1 2 poay [2], siki po3riasga0Thes K aepopMoBaHi 3B'sI3KH, 1110
HiATBEPKY€ NMPUIHATY IUCKPETHY pO3paxyHKOBY cxeMy. JlaHa cxema J103BOJIsIE MaTH
JesIKy JKOPCTKICTh Y MIKTeNeUHOMY 3B's13Ky E1(X), sike HE MepelKopKae Mo I0JIaHHIO
pazaiycy moBOPOTY.

VY mpakThill KOHBEEPHHUX MOI3/IB HalyacTille peani3alii MOMEHTY OIOpy B
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3YIMTHUX MPUCTPOSIX 3MIHCHIOETHCS TAKUMU CIIOCO0aMHU:

a) TPUMYCOBO CTBOPEHHMH NpPYXHH MOMEHT MpH peamsalii 3a30piB MK
KOJIICHOIO TIapOI0 Ta HAaMpsSIMHUMH (pHC. 3, a)

TIpy oMy M), BU3HAUAETHCS 32 (OPMYIIOO:

M) = c8§, (20)
7€ ¢ — EKBIBAJIGHTHAa KPYTWUJbHA >KOPCTKICTh MTPYKHOTO €JeMEHTa 3YilKH
BU3HAYAETHCS BIJIOMUMHU CIIOCOOAMU SIK KOPCTKICTh OAJIKU MPH 1i 3aKpyUuyBaHHI Ha Ky T
B OJIMH pajiaH, Hm/pan;

0, — KyT 3aKpydyBaHHS TMPYXHOTO eJeMEHTa TIpH peainizaiii 3a30piB (O, =
Smax)a paﬂ'

TakuM YMHOM, NPUMYCOBO CTBOPEHUM IPYKHUHA MOMEHT M‘% Ma€ TOCTIHHY
BEJIMUMHY Ta HE 3aJICKUTH BiJl BEJIMYMHU PEaKIIii,

0) IPUMYCOBO CTBOPEHUI MOMEHT CHJI TePTS (pHUC. 3, 6) MEPELIKOKAE PO3ZBOPOTY
Bi3Ka, OCKUIbKM MICTUTh HPUCTPIH y 34iMlli, KUl CTBOPIOE JOJATKOBUII MOMEHT 3a
PaxyHOK CUJTU TePTH

TOI1

d
My,=f-Q =3 21)
2

ne f — KoediIIieHT TEPTS MiXK MOBEPXHAMHU MIPUTHCKAHHS;

Q — cuna MPUTUCKAHHS JOAATKOBOTO MPHUCTPoro, H;

d — niameTp 00epTaIbHOT TapH, M.

OCKUIbKM CHIa IPUTHCKAHHSA () — BeIMYMHA TTOCTIMHA 1 3aJI€KUTh B1Jl 30BHIIIHIX
CWJI, T€ 1 MOMEHT OIOpPY 3YIITHOTO MPHUCTPOIO, MO0 PO3TIATAETHCS, K 1 B MEPIIOMY
BUMNAAKY OyJie MOCTIMHUMN 1151 Bcboro ckiany (M, = const).

OpHak 3acTOCYBaHHSI 3UINMHUX MPUCTPOIB KOHCTPYKII @) Ta 6) BUMAarae ix
PETENLHOTO PETYIIOBaHHS, 00 YHUKHYTH 3aKJIMHIOBAHHS CKJIaqy Ha CKJIaIHUX
KPUBOJIIHIMHUX JUISHKaX Tpack Tpu PoOOTI KOHBEEPHOTO II0i3a B PEKUMI
IIITOBXaHHSI.

ToMy BI3KHM PyXOMOTO CKJaay 3'€JHYIOTbCS MK COOOIO0 3a JOMOMOIOI0 Oceit
(IIKBOPHIB), 10 JO3BOJSIOTH 31HCHIOBATH BUTLHUN MOBOPOT BI3KiB BIAHOCHO OJHH
OJTHOTO.

B) IPUPOJIHUI MOMEHT TepTs (puc. 3, 8)

B JaHOMY BUManKy M, € (QpyHKIi€l0 BiJl CHJIM IITOBXaHHS BEJIMYMHA SIKOI Ha

34IMHOMY MPUCTPOI KOKHOTO Bi3Ka MA€ CBOE 3HAUYEHHS. Y 3arajJbHOMY BUMAJKY
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My =f"F-3, (22)
ne f' — 3Benenuii koedimient teprs [12]
4
= 23
fre—-f (23)

f — xoediieHT TepTs 06epTanbHOI Iapu;

D — niametp oci (ILIKBOPHS), M;

F; — 3ycumis ToBXaHHs (-0To Bi3ku, H.

(F> F»> F3>...> F,). Heobxiguo BigMituta, 0 M ax = f * Fnax * % y OyIb-
AKOMY BHTIAIKy 6yae Menme M, ta M.

Y dopmyi (15) BenuunHa Taru (IITOBXaHHS) F IPUBOJY, BIIHECEHOTO /10 Baru
Bi3ka (F; = g) € THATOMUM TSITOBHM 3YCHJUISIM 1 MOXKE BHKOPHUCTOBYBAaTHCS B

IIPAKTUYHUX PO3PAXYHKAX K XapPAKTEPUCTUKA IPUBOLY.

OpUKIMOHHBIA

JIIUCK

[TpuxnMHBIC
\ 0ONTHI

_ | -
i 0

o

Yupyruii ssieMesT | §

T 0

L

1

1
T

1
)
s T

N
Q) +§
6)

Pucynok 3 — 34inHi mpucTpoi 115 3'€IHAHHS BI3KIB PyXOMOI'0 CKJIATy

KOHBEEPHOIO MOI3/1a
@) 34i1Ka 3 MPY>KHUM €JIEMEHTOM;
0) 34iNKa 3 IPUMYCOBO CTBOPEHUM MOMEHTOM TEPTH;

g) 3UillKa 3 MPUPOAHUM MOMEHTOM TEPTH.

PosrnsnyBmm Bei ckinamgoBi Gopmyn (15, 16, 17) BuzHaueHHs O6€3p03MipHOTO
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KoepilieHTa a;, ¥ @;, Ui PEKUMY INTOBXaHHS MOXHA BUKOHYBATH 3a TAKUMH

bopmynamu:
a) U1 KOHBEEPHOTO M0i37a 6e3 CTa6iJ113y10110'1' CHUCTEMH:
G = W5+ o+ (A~ By — D)fy o+ f - sin 8 24)
0) J1J11 KOHBEEPHOTO 11013712 31 CTa01T13yI0YOI0 CUCTEMOIO:
ai, = W5+ 2+ (4 = Biwo = D) (W5 +57), (25)

1€ W — MTUTOMUH omip pyXy Bi3ka B pexumi Tsru, H/Kh.

Moro 3HaueHHs MoXe OYTH OTPUMAHO EKCIEPUMEHTAJILHHM IUIAXOM, 460
OPUMHATO 32 JaHUMH [2, 6] AJI1 aHATOTIYHUX KOHCTPYKI[N XOJOBUX YaCTUH Bi3KiB 3
ypaxyBaHHSIM iX eKCIUTyaTallliHUX PEeXUMIB (BAHTAXKOIIIMOMHOCTI Ta IIBUIKOCTI
pyxy).

OcTaToyHo GOpMyIH BU3HAUEHHS MUTOMOIO ONOPY PYXY Y PEXKHUMI IITOBXaHHS
MaTUMYTb BU/I:

a) 711 KOHBEEPHOTO Moi3a 0e3 cTabui3yt0u0i CHCTEMHU:

d 2K 2h
HD+7+(A Biwo—Di)fpj+f-sin5+bU+cU2 (26)
6) JUIS KOHBEEPHOTO MOi3/1a 31 CTab1II3yI0U00 CUCTEMOIO:
d 2K d: 2K’ _
wl4=u5+7+(A B;wy, — D) | W'D” + o + f-sind + 07

+bU + cU?

Omnip pyxy KOHBEEPHOTO MOi3/a AOILUIbHO obuncioBatd Ha EOM 3 GaxaHum
CTYIIEHEM TOYHOCTI.

[Iporpamy obuncieHs HaBeleHO Ha puc. 4. JlaHa mporpama J103BOJIsiE BUSHAUNUTH
BEJIMUMHY OIYHUX CHJI, PEaKIlii B 34iMKax, MUTOMI OMOPH PYXy KOXKHOTO Bi3Ka Ta ix
CyMy TiJI 4ac pyXy KOHBEEPHOTO I013/1a B PEKUMI IITOBXAaHHS.

Takum ynHOM, PO3pOOIEHA METOIMKA T03BOJISIE BUSHAYUTH OITip PYXY KOXKHOTO
Bi3Ka KOHBEEPHOTO TOi3/[a SIK 31 CTAOLII3YIOUOI0 CHCTEMOIO, Tak 1 0e3 Hei, 1o
PYXalOThCS B PEXKUMI IITOBXAHHS 3 ypaxXyBaHHSIM BIUIMBY KYTOBHX 3CYyBiB BI3KIB I[0]10
OJIMH OJTHOTO Ta OCi PYXY, a TaKOX 3 ypaxyBaHHSM MOMEHTIB OTOpY, 1[0 BUHUKAIOThH

y 34IMHUX. IPUCTPOSIX.
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1 | !BXDﬂHbIe OaHHEIe

2 |Lo OMNWHA pelyara TenemKn 40 cm

3 L2 OMWHA TENEXKKU 100 cm

4 |Fg XapakTepucTWKa Npueoaa 017

50 yron pasBopoTa 2 rpag 0,034889

6 |n KONMWYECTBO TElNEweK B COCTaBe 20

7 Mw MOMEHT TPEHWUA B cuenke, Hm 20 Hm

8 |GT BEC TEMEHXKN 1000 ®r

9 wo BEMNWYKMHA OCHOBHOIO YAENLHOIo CONPOTUBINEHWUA B PEXUME TAMW 0,013

10 |p NPUBEOEHHBIN K ANaMeTpy 0cH KO3(MULWEHT CONPOTUBINEHWA B T 0,003

1 |y KO3(hUUWEHT CONPOTUBINEHWA TPEHWA LLSHKWM oCH B NOALUMMHKUKEA 0,003

12 |d OWameTp 0CK XOA0BOro Komneca, M 0,055 m

13 |d' OWameTp oCH OTKNOHAKLWEro Koneca, M 0,04 m

14 |DF OWaMeTp OTKNOHAKLLEro Koneca cTabUnnanpylolei cucTemMbl, M 02 m

15 D OuameTp XOO0BOro Koneca, M 03 m

16 K KO3(hMUMEHT TPEHUA KavyeHWA Koneca no penbcam 0,005

17 |K KO3(hUUWEHT TPEHNA KavyeHWA OTKMOHAKLLErD PONKMKA NO LEHTpY 0,005

18 |U CKOPOCThL [BUMEHWA NOABWKHOIMD cocTaea 5 mic

19 | KoahumeHT TpeHnA oboda Koneca o pensc 0,17
20 |fp KO3(hhUMEHT TpeHnA pebopabl Koneca o penkc 0,15
21 ¢ KDYTUIBHAA XeCcTKOCTh YNPYroro enemedTa cuenkn, Hwpag 0,015 Hw/pan
22 | BeMNWYMHa paauyca 3akpyrneHua KpOMKW penbea, M 0,0015 m
23 |b KO3(h(MUUKMEHT CONPOTUBNEHNA CKOPOCTK OBWKEHWA NOOBWMHOID | 0,12 ¢c/m
24
25 BbIXOHbIH [aHHbIE
26 pacueT Ai (DyHKUMA TAMM (TONKaHWA) npusoaa Bi chyHkuma y Di (DYHKLMA MOMEHTa TPeHUA yAenbHoe CoNpOTHBINEHWE [BIKEHWIO NOABWKHOM cocTaBa
27 i PYHKUWA TOMKaHUA I-il TENEKKM ChHKUMA YTNa pa3eopoTa i-i Tene: (hHKUMA MOMEHTa TPE BOKOBaA peakLUMA Tenex 6e3 cTabunuanpyk co cTabunuanpyowwen cneTemon
28 1 14 3 1 14 0.4 0,9818 1,164936596 1,163538415
29 2 0,56 5 3 0,56 0,186 0,39272 1,164052976 1,163493703

30 3 0,224 7 5 0,224 0,064 0,157088 1,163699528 1,163475819

3 4 0,0896 9 7 0,0896 0,0256 0,0628352 1,163558149 1,163468665

32 9 0,03584 11 9 0,03584 0,01024 0,02513408 1,163501597 1,163465804

33 6 0,014336 13 11 0,014336 0,004096 0,01005363 1,163478976 1,163464659

34 7 0,0057344 15 13 0,0057344 0,001638 0,00402145 1,163469928 1,163464201

35 8 0,00229376 17 15 0,00229376 0,000655 0,00160858 1,163466309 1,163464018

36 9 0,000917504 19 17 0,000917504 0,000262 0,00064343 1,163464861 1,163463945

37 10 0,000367002 21 19 0,000367002 0,000105 0,00025737 1,163464282 1,163463915

38 11 0,000146801 23 21 0,000146801 4,19E-05 0,00010295 1,16346405 1,163463904

39 12 5,87203E-05 25 23 5,87203E-05 1,68E-05 4,118E-05 1,163463958 1,163463899
40 13 2,34881E-05 27 25 2,34881E-05 6,71E-06 1,6472E-05 1,163463921 1,163463897
41 14 9,39524E-06 29 27 9,39524E-06 2,68E-06 6,5887E-06 1,163463906 1,163463896
42 15 3,7581E-06 31 29 3,7581E-06 1,07E-06 2,6355E-06 1,1634639 1,163463896
43 16 1,50324E-06 33 31 1,50324E-06 4,29e-07 1,0542E-06 1,163463897 1,163463896
44 17 6,01295E-07 35 33 6,01295E-07 1,72E-07 4,2168E-07 1,163463897 1,163463896
45 18 2,40518E-07 37 35 2,40518E-07 6,87E-08 1,6867E-07 1,163463896 1,163463896
46 19 9,62073E-08 39 37 9,62073E-08 2,75E-08 6,7469E-08 1,163463896 1,163463896
47 20 3,84829E-08 41 39 3,84829E-08 1,1E-08 2,6988E-08 1,163463896 1,163463896
48 2,333333308 2,333333308 1,666667 23,27173242 23,26940212

49 A= 0,027678518 B= 0,081407407 D= 13,33333
25 BLIXOMHbIH JaHHbIE
26 |pacueT Ai  chyHKUMA TAMM (TOMKaHUA) NpuBoAa Bi cy!Di by YAenbHOe CONPOTUBEHUE ABIKEHNIC
27 |i YHKUNA TONKAHUA i-7l Tenexkn CPHKUMA YrNa passopoTa i-il Tenexkn (DHKLMA MOMEHTa TPEHWA i-il Tel  BOKOBaA PeakUWA Terexkn, 6es cTabunMampyrolell cucTeMs! '
28 |1 =CTENEHb($F $2/$F$3;A28)+($F$3*CTENEHb($F$2;A28-1) 3 1 =(2"A28-C28+2)"CTEMEHb($F$2/$F $3;A28)+ =CTENEHb($F$2/$F$3;A28) =B28-E28"$F$9-G28 =$F$10*($F$12/$F$15)+2*$F$16/$F$
29 2 =CTENEHb($F $2/$F$3;A29)+($F$3*CTENEHb($F$2;A29-1 =D28+2 =(2*A29-C29+2)*CTEMEHb($F$2/$F $3;A29)+ =CTENEHb($F$2/$F$3;A29) =B29-E29*$F$9-G29 =$F$10*($F$12/$F$15)+2*$F$16/$F$
30 3 =CTENEHb($F $2/$F$3;A30)+($F$3*CTENEHb($F$2;A30-1 =D29+2 =(2*A30-C30+2)*CTEMNEHb($F$2/$F $3;A30)+ =CTENEHb($F$2/$F$3;A30) =B30-E30"$F$9-G30 =$F$10*($F$12/$F$15)+2*$F$16/$F$
31 4 =CTENEHb($F $2/$F$3;A31)+($F$3*CTENEHb($F$2;A31-1 =D30+2 =(2*A31-C31+2)*CTEMNEHb($F$2/$F $3;A31)+ =CTENEHb($F$2/$F$3;A31) =B31-E31*$F$9-G31 =$F$10*($F$12/$F$15)+2*$F$16/$F$
32 5 =CTENEHb($F $2/$F$3;A32)+($F$3*CTENEHb($F$2;A32-1 =D31+2 =(2*A32-C32+2)*"CTEMNEHb($F$2/$F $3;A32)+ =CTENEHb($F$2/$F$3;A32) =B32-E32*$F$9-G32 =$F$10*($F$12/$F$15)+2*$F$16/$F$
33 6 =CTENEHb($F $2/$F$3;A33)+($F$3*CTENEHb($F$2;A33-1 =D32+2 =(2*A33-C33+2)*CTEMNEHb($F$2/$F $3;A33)+ =CTENEHb($F$2/$F$3;A33) =B33-E33*$F$9-G33 =$F$10*($F$12/$F$15)+2*$F$16/$F$
347 =CTENEHb($F $2/$F$3;A34)+($F$3*CTENEHb($F$2;A34-1 =D33+2 =(2"A34-C34+2)*"CTEMNEHb($F$2/$F $3;A34)+ =CTENEHb($F$2/$F$3;A34) =B34-E34*$F$9-G34 =$F$10*($F$12/$F$15)+2*$F$16/$F$
35 8 =CTENEHb($F $2/$F$3;A35)+($F$3*CTENEHb($F$2;A35-1 =D34+2 =(2*A35-C35+2)*"CTEMNEHb($F$2/$F $3;A35)+ =CTENEHb($F$2/$F$3;A35) =B35-E35"$F$9-G35 =$F$10*($F$12/$F$15)+2*$F$16/$F$
36 9 =CTENEHb($F $2/$F$3;A36)+($F$3*CTENEHb($F$2;A36-1 =D35+2 =(2*A36-C36+2)"CTEMNEHb($F$2/$F $3;A36)+ =CTENEHb($F$2/$F$3;A36) =B36-E36"$F$9-G36 =$F$10*($F$12/$F$15)+2*$F$16/$F$
37 10 =CTENEHb($F $2/$F$3;A37)+($F$3*CTENEHb($F$2;A37-1 =D36+2 =(2*A37-C37+2)*CTEMNEHb($F$2/$F $3;A37)+ =CTENEHb($F$2/$F$3;A37) =B37-E37*$F$9-G37 =$F$10*($F$12/$F$15)+2*$F$16/$F$
38 11 =CTEMNEHb($F $2/$F$3;A38)+($F$3*CTENEHD($F$2,A38-1 =D37+2 =(2*A38-C38+2)*CTEMEHb($F$2/$F$3;,A38)*  =CTEMEHb($F$2/$F$3;,A38) =B38-E38"$F$9-G38 =$F$10*($F$12/$F$15)+2°$F$16/$F$
39 12 =CTENEHb($F $2/$F$3;A39)+($F$3*CTENEHb($F$2;A39-1 =D38+2 =(2*A39-C39+2)*"CTEMNEHb($F$2/$F $3;A39)+ =CTENEHb($F$2/$F$3;A39) =B39-E39*$F$9-G39 =$F$10*($F$12/$F$15)+2*$F$16/$F$
40 |13 =CTEMNEHb($F $2/$F$3;A40)+($F$3*CTENEHD($F$2,A40-1 =D39+2  =(2"A40-C40+2)*CTEMEHb($F$2/$F$3,A40)*  =CTEMEHb($F$2/$F$3;,A40) =B40-E40*$F$9-G40 =$F$10*($F$12/$F$15)+2°$F$16/$F$
41 14 =CTENEHb($F $2/$F$3;A41)+($F$3*CTENEHb($F$2;,A41-1 =D40+2  =(2"A41-C41+2)*CTEMNEHb($F$2/$F $3;A41)+ =CTENEHb($F$2/$F$3;A41) =B41-E41*$F$9-G41 =$F$10*($F$12/$F$15)+2*$F$16/$F$
42 |15 =CTENEHb($F $2/$F$3;A42)+($F$3*CTENEHDb($F$2;A42-1 =D41+2 =(2*A42-C42+2)*CTEMNEHb($F$2/$F $3;A42)+ =CTENEHb($F$2/$F$3;A42) =B42-E42*$F$9-G42 =$F$10*($F$12/$F$15)+2*$F$16/$F$
43 |16 =CTEMNEHb($F$2/$F$3;A43)+($F$3*CTENEHD($F$2,A43-1 =D42+2  =(2*A43-C43+2)*CTEMEHb($F$2/$F$3;A43)*  =CTEMEHb($F$2/$F$3,A43) =B43-E43°$F$9-G43 =$F$10*($F$12/$F$15)+2°$F$16/$F$
44 |17 =CTEMNEHb($F$2/$F$3;A44)+($F$3*CTENEHD($F$2,A44-1 =D43+2  =(2"A44-C44+2)*CTEMEHb($F$2/$F$3;A44)+  =CTEMEHb($F$2/$F$3,A44) =B44-E44*$F$9-G44 =$F$10*($F$12/$F$15)+2°$F$16/$F$
45 18 =CTEMNEHb($F $2/$F $3;A45)+($F$3*CTENEHD($F$2,A45-1 =D44+2  =(2*A45-C45+2)*CTEMEHb($F$2/$F$3;A45)*  =CTEMEHb($F$2/$F$3,A45) =B45-E45"$F$9-G45 =$F$10*($F$12/$F$15)+2°$F$16/$F$
46 |19 =CTEMNEHb($F $2/$F $3;A46)+($F$3*CTENEHD($F$2,A46-1 =D45+2  =(2"A46-C46+2)*CTEMEHb($F$2/$F$3;A46)*  =CTEMEHbL($F$2/$F$3;,A46) =B46-E46°$F$9-G46 =$F$10*($F$12/$F$15)+2°$F$16/$F$
47 |20 =CTEMNEHb($F$2/$F$3;A47)+($F$3*CTENEHD(SF$2;A47-1),=C46+2 =D46+2 =(2*A47-CAT+2)*CTEMEHb($F$2/$F$3:A47)+  =CTEMEHb($F$2/$F$3:A47) =B47-EAT*$F$9-G47 =$F$10*($F$12/$F$15)+2°$F$16/$F$
48 =CYMM(B28:B47) =CYMM(E28:E4T7) =1+CYMM(G28:G47) =CYMM(K28:K4T7)

Pucynok 4 — IIporpama 004uc/IeHb NUTOMUX ONOPIiB PyXy KOHBEEPHUX MOI3AIB

Pi3HOI KOHCTPYKIIi

Crijt 3a3HAYMTH, 1110 BIUIMB MEPEKOCIB OCOOIUBO BEIUKHM JJISI pyXOMUX CKJIAJIB

KOHBCEPHHX HO.I'BI[iB HC  YKOMIIJICKTOBAHUX

CTaOUTI3yI0YOI0  CHCTEMOI0, a

3aCTOCYBAaHHS POJIHKIB, MO BIAXUJISIOTH, 1 LEHTPYIOUOI pEHKH MOMITHO 3HUXKYIOTbH

OIip PyXy KOHBEEPHOIO MOi3/a.
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BcraHoBIEHO B3a€MO3B'SI30K MK 3yCWJUISIM IITOBXaHHS PyXOMOro ckiany Fr,
OiYHMMU 3yCHIUISIMH R; Ta peakuisimu y 3uinkax R}". Lle 103BOJHMIO BU3SHAYHUTH OIIIp
PYXy KO>KHOTO Bi3Ka Ta BCbOTO pyXOMOT0 CKJIaay 3HauHOi JOBKUHU (n > 100) mig yac
poOoTH B pexxuMi IITOBXaHH:. BenmuunHa 619HUX 3yCHIIb 3aJI€KUTH Bl PO3TALyBaHHS
Bi3Ka y CKJIaJi MIOAO MPHUBOJY Ta KyTa pO3BOPOTY Bi3ka. Bu3HaueHHs iX HEOOXiIHO
npu OOMEXEeHH1 JOBXKMHHU CKIaJy BHUXOASYM 3 YMOBH BUIIMPAHHS HaHOUIBII
HABaHTAXKEHOTO Bi3Ka B IITOBXaHHI, & TAKOX JIJI1 BAKOHAHHS pO3PaXyHKIB MIITHOCTI.

3anpornoHoBaHa METOJIMKA J03BOJISIE PO3PAaXyBaTH OMIpP PyXy KOKHOIO Bi3Ka Ta
PYXOMOTO CKJIaAy MpH IITOBXaHHI WOTO Ha KpHUBOMiIHIAHINA autsHui. [Ipu mpomy
MaKCUMaJbHUI KyT PO3BOPOTY BI3KIB, IO 3HAXOASAThCA Ha KPUBIH, BUPAXKAETHCS

KyTOM BIMCYBaHHA O} Bi3KM PyXOMOTO CKJaay y KpHBY. Bemuuuna mutomoro

OTIOPY PYXY BI3KIB, IO 3HAXOATHCS HAa KPUBIiH, 301TIBIIATHCS HA BEIMYNHY TTUTOMOTO
OIIOpY PYyXY, L0 3aJEKUTh BIJ] KPUBU3HHU LULIXY (W) Ta HASBHOCTI BIALIEHTPOBO]
cunu [1, 2].

Hapenenwnii anami3 Gopmys om0 BU3HAYEHHSI MUTOMUX OMOPIB pyxy (26, 27)
JI03BOJIUB BCTAHOBUTH 3aJICKHICTh BEJIUYMHHM IMX OINOPIB BiJl T'€OMETPUYHHUX Ta
KOHCTPYKTHUBHUX IIapaMETpIB BI3KIB PYXOMOTO CKJIaay, iX Bard, KOHCTPYKIIii
3aCTOCOBYBAaHUX 3YIMHUX IMPHUCTPOIB, PEXKUMY poOOTH (TsAra abo INTOBXaHHS),
HIBUAKOCTI HOTO pyXy, @ TAKOX BiJl XapaKTEPUCTUKH 3aCTOCOBYBAHOTO IIPUBO/LY.

30UTBIIIEHHST T1aMETPIB XOJIOBUX KOJIIC, MIABUIICHHS TOYHOCTI BUTOTOBJICHHS
BI3KIB Ta KOJIMHOI CTPYKTYpH, 3aCTOCYBaHHSI CTaOUII3ylOUOi CUCTEMH € OJHUMU 3
e(eKTUBHUX CIOCO0IB 3HMUKEHHS 3arajbHOr0 ONOpPY pPyXy, IO JO03BOJUTH 3HUZUTH
BCTAHOBJICHY TIOTY)XHICTh NPUBOJHUX CTAHIINA Ta TMOKpAIIUTH EKCIUTyaTaIlliHi
MOKa3HWKH KOHBEEpHUX moi3aiB. Anami3z ¢dopmyn (15, 16, 17) mnokaszas, mio
PO3MIIICHHA OC1 XOJIOBUX KOJIC Bi3Ka SIKOMOTa OJIMXK4Ye 10 OCl MOBOPOTY BI3KIB Y
ropu3oHTanbHIA IomMHI (lj = 0) 3MEHIIUTH BIUIMB TMEPEKOCIB BI3KIB y PEXKHUMI
IIITOBXAHHSI HA OIIpP PyXY.

Jlana meTo/MKa J03BOJIIE€ PO3paxyBaTy 3arajbHUN OMIp PyXy MOI3/IB Ta MOXKE
OyTH BUKOpHCTaHa JUIsi BUKOHAHHS TATOBUX PO3PAXYHKIB 3 BUIAYEI0 PEKOMEHJAIlli
00 BHOOPY ONTHMAaJbHOI BCTAHOBJIEHOI MOTY>XKHOCTI TPHUBOJHOI CTaHLIi Ta
KOHCTPYKLUII By3JIIB KOJIIHHOI CTPYKTYPH Ta pPyXOMOTO CKJaly He TIIbKH KOHBEEPHUX

MOi3/1B, ajie il 1HIINX BHU/IIB TPAHCIIOPTY, 110 MPAIOIOTh Y PEXKUMI IITOBXAHHS. .
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S

1.3. BusHayeHHsI OCHOBHUX OINOPIB PyXy Ta NPAKTHU4YHI peKoOMeHalil 11010

BHOOPY mapamMeTpiB KOHBEEPHUX MOI3AIB Pi3HOI KOHCTPYKUIIl

Jlnist po3paxyHKy OCHOBHHX OIOpPIB pyXy KOHBEEPHHX IOI3/[IB BUKOPHCTOBYEMO
po3pobiieHy nporpamy (puc. 4) 1 3po6umMo oo6uKciIeHHs 3a gornomoror EOM.

Buxinxi nani:

R; — peakTuBHE 3yCHILIS, 1110 BUHUKAE MPU MEPEKOC] BI3KIB;

YW,, ¥W, — cyma omopiB pyxy BCbOI'O pyXOMOTO CKJIaJy KOHBEEPHOTO MOi3/a
0e3 cTabim3y040i CHCTEMH Ta 3 HETO.

3HaueHHs BXIIHUX BEJIWYUH MPUIAMAIOTHCS BIAMOBIIHO [0 PO3IJSHYTOl
KOHCTPYKLIi KOHBEEPHOTO MOi3/1a 1 JaHUMH JTOBIAKOBOI JiTepatypu [1, 2, 4, 6, 12].

Po3rnsiHeMO pyxomuii CKJiaJ KOHBEEPHOTO MOi3[a, CKJIQJACHOTO 3 OJHOBICHUX

B13KiB 13 HACTYITHUMH T'€OMETPUUYHUMH po3MipaMu (TuB. Ta0I. 5).

Tabauus S — 'eomeTpu4Hi NapaMeTpH X010BOI YACTHHH Bi3Ka KOHBEEPHOI0

noisaa

HalimeHnyBaHHs BETMUUHU [To3HaueHHs | 3Ha4yeHHS
JliameTp X0/10BOTO KOJeca, M D 0,30
JiameTp BIAXWUJIAIOYOrO KoJjieca CTaOUII3yr4ol ,

D 0,20
CUCTEMU, M
JliameTp oci X0JI0BOTO KOJieca, M d 0,055
JliameTp oci KoJjieca, 10 BiAXHIISLE, M d’ 0,04
Koedoiuient tapu K. 0,4

Cnin 3a3HaYUTH, 10 B OCHOBHOMY JI1IaMETP XOJOBHX KOJIIC KOHBEEPHUX MOI3/1IB
3HaxouThcs B Mexkax 300-450 Mm, 3 KyToM Haxuiy pedopau Q = 20°.

BukopuctoBytoun sk KOJIIHHY CTPYKTYpY PEHKOBI HaIpsSiIMHI BH3HAYaEMO 3a
BIIMOBIAHUMHU CTaHJapTaMU BEIWYUHY pajiyca 3aKpyIJICHHS KPOMKU peuiku (B
cepenHbOMy BemuuHa T, = 1,3 1073 ).

BenuunHa OCHOBHOrOo mHMTOMOTO oOropy y pexumi Taru W, = 0,013
BU3HAYA€THCS a00 E€KCHEePUMEHTATIbHUM IIJISXOM, 32 HAsBHOCTI OJHOTO Bi3Ka, abo
MPUUMAETHCS 32 JJAaHUMHU aHAJIOTIYHUX KOHCTPYKIIIN perKoBOro TpaHcmopty. Jms
Hamoro Bunaaky BeianunHa Wy = 0,013 oTpumaHa ekcnepuMEHTATIbHO 1 He

BIJIPI3HAETHCS BiJ 3HAUEHb, IPUNUHATUX Y JiTEeparypi [2, 3].
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3HaYEHHS TUTOMOI CUJIU TSTY NPUUMAETHCS 3 TATOBO-CHEPTETUYHUX ITapaMeTpiB
ABUTyHAa. B maHoMy BHMOanKy BHUKOPHCTOBYETHCS JBOCTOPOHHINA  JIIHIMHHIMA
acuHxpoHHui ABUryH (JIA/]) 3 JOBruM CTaTOpPOM 3 HACTYMHOK XAPAKTEPUCTUKOIO
F;, = 0,17.

Buxiani gaHi 1151 po3paxyHKy NPUAHSTI Taki:

ITo3na- . Yucnose | OmuHULIi
HaiimeHyBaHHS BETMYNHN _
YEeHHS 3HAUCHHS | BUMIpY
ly TOBKMHA Ba)KEIIS Bi3Ka 40 cM
I, JOB)KMHA Bi3Ka 100 cM
F¢ XapaKTEPHUCTHUKA TIPUBOTY 0,17
KyT pO3BOPOTY 2 rpaja
n KUTBKICTB Bi3KiB Yy CKJIai 20
M, MOMEHT TepTs y 3uinui, Hm 20 Hwm
G, Bara Bi3Ka 1000 KT
Wo BEJIMYMHA OCHOBHOTO TUTOMOTO OTIOPY B PEKUMI TATH 0,013
HABEJCHMH JI0 AiaMeTpy Ocl KOehiI[iEHT OMOPY B MiAMIMITHUKAX
1l . 0,003
XOZOBHUX KOJIiC
, KOeilieHT OMopy TEPTS MINHKH OCi B MiJMIUITHUKAX POJHKIB, 10
H . 0,003
BIAXHJISIOTS.
d JiaMeTp BiCi XOIOBOTO Kojeca, M 0,055 M
d JiaMeTp BiCl BIAXWIAIOUOTO Kojeca, M 0,04 M
D' JiaMeTp BIAXWISIFOYOTO Kojieca CTabUTi3yI040i CUCTEMH, M 0,2 M
D JiaMeTp XOJ0BOTO KOJieca, M 0,3 M
K KOeilieHT TepTs KOYSHHS Kojeca 1o perkax 0,005
, KOeQILIEHT TePTS KOYCHHS BIIXUISIOYOr0 POJIMKA IO LICHTPYOUii
K o 0,005
peini
U HIBUIKICTD PYXY PYXOMOT'O CKJIAAy 5 m/c
f KoeilieHT TepTs 0001a Kojieca mpo PerKy 0,17
fo KoeilieHT TepTs pebopau Kojieca mpo perKy 0,15
c KpPYTWJIbHA KOPCTKICTh MPYKHOTO eleMeHTa 34inku, Hm/pan 0,015 Hwm/pan
T BEJIMYHMHA pajliyca 3aKpYTJICHHS KPOMKHU PEUKH, M 0,0015 M
b KOeillieHT OMOpy LIBUIKOCTI PyXy PyXOMOTO CKIaay 0,12 c/M

3HaueHHs 3MIHHUX BEJIMYUH MPUIHATO B IHTEpBAJIaX

8min = 0,5% Smax = 3%

Nopr = 50; Nax = 200;

min i—‘z’ = 0; maxll—‘; =0,9;

Gmin = 1000 kr; Gmax = 3000 kT
Myymin = 10 Hwm; Mymax = 10000 Hw;
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BuxonaHi po3paxyHKH MMOKa3aJlu HACTYITHY 3aKOHOMIPHICTh: 3HAYEHHS MTUTOMHX
nonepeyHux cui R Ta omopiB pyxy W, Ta W, Bi3KiB 3MIHIOIOTBCS 31 3pOCTaHHSIM
NOpSAIKY HOMEpa Bi3Ka (HyMmepallisl BI3KIB y CKJIaJAl MpUNHATA BiJ MPHUBOAY Yy OIK
IITOBXaHHS, MEPIIUM BI3KOM € HaWOIMKUYMA 10 MPUBOAY, & OCTAHHIM — TOJIOBHUM Y
CKJIaJl1, HAMOUIBIII BiTAJICHUH BT IPUBOLY ).

MaxkcruMaipHe 3Ha4YeHHs — rmonepeyHa cuna R ta omip pyxy W, u W, nocsraiots
IpU TOBHIM BUOIPII 3a30piB, 3yMOBJICHHMX KyTOM PO3BOPOTY BI3KIB y ckiaii. [Tpu
IIbOMY Ha el BI130K 3 OJHOTO OOKY Ji€ CHJIa IITOBXaHHS MPHUBOAY, a 3 1HIIOTO CUJja

omopy pyXy, IO 3HAXOIAThCS Tomepeny Bi3KiB. Homep maHoro Bi3ka mpH

l
0,5> l—° > (0 MOXHa BU3HAYUTHU 32 TAKOIO (hOPMYJIOF0:
2

né = 10§—;’ +2, (28)

Skmo né ., > 2, To cnin npuitmatu né,,, = 3.

3nauenns R, w,, w, BIL Ny 10 Ny, 3MIHIOIOTBCS 32 KBaJIPATUIHOIO
3anexHicTio, a 3 nY%,, 10 n; (Opu i = n) — BUpakaeTbcad NpaMolo. IIpu LBOMY
MoTIEpeYHa CHJIA TOJIOBHOTO Bi3ka R, Habmmwkaetbes 10 0 (R, — 0), a 3HaUeHHS W,
Ta Wy A0 BEIUUUHU W (Wy — Wy, Wy — Wy).

3HaueHHs MOMEPEeYHOI CUJIM, IO /i€ Ha KOXKEH BI30K PYXOMOIO CKJaAdy, IO

3HAXOAUThLCA B PekUMi mMTOBXaHHA R; npu nY,, =i > n BUpakKaeThCs HACTYIHOKO

3aJIeKHICTIO:
Ri=K(n—1)a-10"*m, (29)
ne K — xoedirieHT, 110 3a1eXUTh Bl FeOMETPUYHUX po3MipiB Bi3ka ([, [,)
_ b b
K = 19,98 (lz) + 8,68 (lz) + 4,53 (30)

s 0<2<05
2

N — KIJIBKICTh BI3KIB y CKJIa1, 110 O€pyTh y4acTh Y IITOBXaHHI,

[ — IOPSIAKOBUI HOMEp BI3Ka;

m — Maca BI3Ka, K.

BusHauuBIIM HOMEP MAKCUMaJIbHO HABaHTa)XKEHOT'O Bi3Ka 1 MiJACTaBUBIIUA HOTO
3HaueHHs Qopmyny (29) oTpuMyeMO MakCUMajbHE 3HAUEHHS MOMEPEUHOTO 3yCHILIS
Rypax. Bemmuuny R,,,, HEOOXITHO BpaxOBYBaTH NMPU BUKOHAHHI PO3PAxXyHKIB Ha
MIITHICTh 1 BUBHAYECHHI MAaKCUMAJIBHOTO 3HAYEHHS MTUTOMOTO OTIOPY PYXY Wy Ta Wy
Sk 3a3HauEHO paHillle, PEeKUM IITOBXAHHS XAPAKTEPHU3YETbCS 301IBILIEHHSM OINOPY

PYXY 3aJIe’KHO BiJ] KIJTbKOCTI Bi3KiB, 1110 IIITOBXAKOTHCS, TPUUOMY KOXKEH BI30K y CKJIaJll
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Mae CBIM omip pyXy, L0 3aJIEKHUTh BiJl HOr0 pO3TALlyBaHHs 1010 IPUBOY. 3MiHA W,
Ta W, BIAOYBAIOThCS aHAJOTIYHO J10 3MiHU R; (muB. Gpopmynu 26, 27) 1 HalOLIbIIe
3HAYEHHS W, Ta U, NPUXOAUTHCS Ha BI30K, HOMED SIKOT0 BU3HAYEHUH 32 (POPMYJIOI0
(28).

OpHak, B MPaKTUYHUX PO3PAXyHKAX HEMAE€ HEOOXITHOCTI BU3HAYaTH MUTOMUUI
OIip KOXKHOTO Bi3Ka, a MOTPIOHE CyMapHE 3HAUYEHHS I[bOTO OIOPY, Y BHUIIAJIKy KOJIU
YBECh PYXOMHUH CKJIAJ] 3HAXOJUTHCS TONEepeay IpUBOLYy (HAaHOUIbII BaXKKUN PEXKUM —

IITOBXaHHS JUISI IKOTO TIOTPiOHO BU3HAYATH 3yCHUJLIS IIITOBXAHHS).
JIisi KOHBeepHHX MOi3miB 0e3 crabimizyrouoi cuctemu (0 < l—o < 0,5 cymy
2

MUTOMHX ONOPIB ), W, MOXHA BHU3HAYUTH 32 HOMOrpaMor puc. 5. Cyma mMUTOMHUX

OIOPIB PYXy KOHBEEPHOTO IMOT3/a 31 CTA0LTI3yI0UOI0 CHCTEMOIO Y, U, I Oy Ib-SIKUX

l
3Ha4Y€Hb 1_0 MO>KHA BU3HAYaTH 32 HOMOTPaMoIo puc. 6.
2

VY cBOO yepry, BU3HaYEHHS HEOOXITHOTO TATOBOTO 3YCHILIS (CyMH OCHOBHHX
MUTOMHUX OIMOPIB PYXY BI3KIB KOHBEEPHOTO MOi3/1a), 3 JOCTATHHOI TOYHICTIO MOXKHA
IPOBOJUTH 32 (POPMYJIOIO:

a) U1 KOHBEEPHUX TO13/11B 0€3 CTa0LI13yI0401 CUCTEMH:

S, = 2uwron (1+22); G1)

wo

0) 1151 KOHBEEPHUX TO13/1IB 31 CTAO1II3yI0YOI0 CUCTEMOTO:

Sy = won (1+22), (32)

Wo
7ie N — KUIBKICTh Bi3KIB pyXOMOTO CKIIaAdY;
Wy — OCHOBHHUI MMUTOMUI OMIP PYXY B PEKUMI TATH;
W, Ta W, — MaKCUMaJbHe 3HaYEHHsI OCHOBHOTO IMTUTOMOTO OMOPY PYXY B PEKUMI
IITOBXaHHS JUIsi KOHBEEPHUX IMOI3AIB Oe3 cTabuli3yrouoi CUCTEMH Ta 3 HEw. Y
MPAKTUYHUX PO3PAaXyHKaX 3pYyYHO KOPHUCTYBAaTUCS BIJHOCHHAMH, IO BXOJIATH Y

w2 Wy
bopmyiy . T
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PucyHnok 5 — Homorpama Bu3HaYeHHsI CyMH IIUTOMUX onopiB pyxy (O w;)
KOHBEEPHOTIO MOoi3/1a 0e3 cTadlIi3ylo40i CMCTeMH 32JI1€KHO BiJl KIJIBKOCTI Bi3KiB
(n) Ta kyTa po3Bopoty (6°)

@) KBaJIpaTU4YHA 3aJIEXKHICTD; 0) TIpsiMa 3aJICKHICTh

S s

r Y

2.0
5= 3.0
1.8 07{,3
1.6 /
//3’: 2.0

B Y/

11.0 // OZ/JJ

0.8 // o 0

| 2
/

0.6 o= 05
—
o / /
0.2
0 50 100 150 200 N

Pucynok 6 — Homorpama Bu3HaYeHHsI CyMH IIUTOMUX ONOpiB pyxy (O wry)
KOHBEEPHOIO MOI3/1a 3i CTa0LIi3yI04010 CHCTEMOIO

3aJIe5KHO Bil KIJILKOCTI Bi3KiB (11) Ta KyTa po3Bopoty (8°)

MONOGRAPH 28 ISBN 978-3-949059-91-9



At
7 e
Innovation in modern science 2023 Part 2 %

[HTEHCUBHICTh 3pOCTaHHS MAaKCMMaJIbHOTO MUTOMOIO OMOPY PyXy B PEXHUMI

INTOBXaHHA JJIsI KOHBCEPHOI'O 11013714 0e3 CTa61J'113yIO‘-101 CUCTECMU (—2) 3aJICKHO Bl
wWo

l
JOBXHHHM PyXOMOI'O CKJIaly Ta MaKCHUMaJIbHOTO KyTa po3BopoTy mnpu 0 < l—o <05
2

w, . .
MOXKE 6YTI/I BHM3HA4YCHA 3a HOMOI'paMOIO Ha pHUC. 7, a, — AJIs1 KOHBEEPHOIO 1mo13aa 13
wo

.. l
cTabUTI3yI040r0 cucTeMor0 Ha puc. 8. Jlng Oyab-sIKHX 3HAYCHb z_o MOXHA
2

KOPHUCTYBATHUCS (hOPMYJIIOIO
Wy

—2 =1+0,16-10"3n, (33)

wWo
Jie N — KUTBKICTh BI3KIB Y PyXOMOMY CKJIa/Il.

3Har04YM BEJIMUMHY MOKJIMBOIO KyTa pO3BOPOTY Ta JIOBXKHUHY PYXOMOI'O CKJIATy

. w .
J0JaTKOBO HpOHOHYIOTBCH HOMOFpaMI/I JJIs1 BUBHAQYCHHA B1IHOIIICHHS -2 JJIA p13HI/IX
wWo

]
3HAYEHb l—o (puc. 9).
2

3HauUM CyMy BEJIMYMH OCHOBHUX MHUTOMHX OIIOPIB Bi3KIB PyXOMOTO CKJIaIy
Yw, Qw,) =w, + wy, + wy+ -+ wy, M0 3HAXOIUTHCS B CTHCIOMY CTaHi
MO>KHA BU3HAYUTH CHITY OIIOPY PYXy KOHBEEPHOTO I013/1a, a 3HAYUTH 1 HEOOX1THY CHITY
TATH MPUBOJY B HaWBaXXYOMY PEKHMMI MOro poOOTH - IITOBXaHHI (HEOOXITHY CHITY
LITOBXaHHSI IPUBOLY ).

3aranom cwiia TATH (IITOBXaHHS) MPUBOAY JUISI KOHBEEPHOTO MOi3/a OYIb-sIKO1
KOHCTPYKIIIi pyXOMOTO CKJIaJly BU3HAYAETHCA 3a (POPMYIIOH0:

a) 1Sl Iepioly BCTAaHOBJICHOT mBUIKOCTI (a = 0)

FT = (GT + Grp)(z wH | Z’LU’4| + w}(p i l), (34)
0) s niepioy ynoBuUIbHEHHS (MpU BUIbHOMY BHOITY) (a < 0)
. &
Fr = (GT+GFp) (Zw2|2w4| + wip ti— Za)’ (35)

B) [T miepioay npuckopeHHs (a > 0)
., Say
Fr = (Gr + Gyp) (Zawry | Saw] + wrgy 21+ =2, (36)

1€ ), U, ), U, — OCHOBHUN NMUTOMHUH OIMIp PyXy B PEKHMI IITOBXAHHS IS
KOHBEEPHOTO MO13/1a 31 CTa01T1I3yI0U0I0 CUCTEMOIO Ta 0€3 Hel;

Wyp — NONATKOBUH NUTOMHMH OMIP MiJ Yac PyXy KOHBEEPHOIO MOi3aa 1O
KPUBOJIHINHINA JTUISHII;

[ — cepellHIi yXWJl JUISTHKA Kodii, %o;

Gr, Grp —Maca Bi3Ka Ta BAaHTaXKY, KT,
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0 — koedimieHT iHepIii Mac, 1O oO0epTarThes (3a3BUYAM MPUUMAIOTh
6 =1,06—-1,12);

@ — NpUCKOpeHHs (YIIOBIIBHEHHS ) 11013/]a TP BUMKHEHOMY IIPUBOJII, M/C2;

a,, — MPUCKOPEHHS PYXOMOT'O CKJIaJy TIPU PO3TOHi, IO 3aJEKHUTh BiJl peabHOI
MEXaHIYHOT XapaKTEPUCTHKU IPUBOLY, M/C°.

3HaYeHHS BEIMYUH Wiy, Ta [ BU3HAYAIOTECA BIIOMHMMH CIOCOOAMH ILOJIO
KOHKPETHOTO TIaH-MIPOMUTIO JUISTHKH TPacH.

[ToTyXHiCTh MPUBOAHOI CTaHIIi (MPUBOAY) JUIS I1I1€1 MUISHKA 3HAXOJUTHCA 3a

dhopmyIioro:
= oo (37)
ne Nj, —3arajbHa BCTAaHOBJIIOBaHA MOTY>KHICTh MPUBOIHOT CTAHIII1T (TPUBOLY ) ISt
k-oi ninstHKY, 110 3HAXOAUTHCA MTOTIEpEAy IPUBOTY, KBT;
F; — HeoOxigHa cuia mroBxaHHs, H;
U — WBUAKICTH PyXY, 1110 BCTAHOBUBCSA, M/C;

n — KKJI, mpuBoaHOi craniii (mpuBoay).

Uy

Uy

ury /

w, 1,02
A

5=3.0 1.015

=

2,0

ﬁl

1.5

0 50 100 150 200

=1 0=0.5

6=1.0 1,005

NN

/
—

n 0 50 100 150 200

Pucynok 7 — Homorpama BusHayeHHss PucyHok 8 — Homorpama Bu3HaueHHs

o w o e . w. o e
Bi/lHOIIIEHHSI w—z B 3QJI€KHOCTI BiJl BiJIHOIIIEHHSI w—" B 3QJI€KHOCTI Bif
0 0
KiJIBKOCTI Bi3KiB (1) Ta KiJIBKOCTI Bi3KiB (1) Ta
KyTa po3Bopoty (8°) KyTa po3Bopoty (8°)
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PﬂcyHOK 9 — H0M0rpaMa BU3HAYCHHSA BITHOIIICHHA fuTZ B 3AJI€2KHOCT1 B1J
0

. ¢ e . . l
KiIbKOCTI Bi3KiB (11) Ta KyTa po3BopoTy (6°) 1J1s pi3HUX 3HAUEHb 1_0
2

Hagami  3HaYeHHS  OJEep)KaHUX  MOTY)KHOCTEH MO  JUISIHKAX  Tpacu
BUKOPHUCTOBYIOTBCSL JUISI BUKOHAHHS TSITOBO-€HEPTeTUYHHMX PO3PAXyHKIB yCi€l
TpaHcnopTHOi cuctemu. [loOyzoBa KpuUBHX pPyXy MPOBOAMTHCS 3a 3BUYAIHOIO
METOJIMKOIO, fIKa BUKOPHCTOBYETHCS HJIsl AHAIOTIYHUX LUIEH Y 3ali3HUYHOMY
TPAHCIOPTI, a KIJIBKICTh IHAYKTOPIB, HEOOX1IHA JJIs1 3a0€3MeUeHHS 3aJJaHOT0 PEKUMY
3aJIe)KHUTh K BiJl Bard PyXOMOTO CKJIady, TaK 1 BiJi BETUYMHU OTIOPY PYXY Ta YXHITY

TISTHKA TPacH.

MONOGRAPH 31 ISBN 978-3-949059-91-9



M\

Innovation in modern science 2023 Part 2 %

S

BucHoBKM Ta pekoMeHaaIlil

Jlana MeToAMKa JO3BOJISIE HAa CTafii MPOEKTyBAaHHS EKOHOMIYHO OLIIHUTH
e(EeKTUBHICTh 3aCTOCYBaHHS PI3HUX KOHCTPYKIIH KOHBEEPHUX TIOI3MIB  SK
TPAaHCHIOPTHY CUCTEMY.

3a 1i€l0 METOAMKOIO 3aJIeKHO BiJl KOHCTPYKTHMBHHX BHUKOHAaHb KOHBEEPHOTO
noi3aa, rabapuTHUX PO3MIPIB Bi3Ka Ta BIAXWIECHb KOJIMHOI CTPYKTYPHU BU3HAYAIOTHCS
Taki MeXaHIYHl mapaMeTpu, HEOOXIAHI JAJisi BHUKOHAHHS TATOBO-CHEPreTHUHUX
PO3paxyHKIB:

- O1YH1 peaKTUBHI CHJIM KOXKHOTO BI3Ka, 1110 BUHUKAIOTH MPHU 1X MEPEKOCI Mij yac
PYXy B pEXKHUMI IITOBXaHHS,

- MaKCHUMaJIbHE 3HaYeHHsI O19YHOI PEaKTUBHOI CHUJIM Ta MICIIE 11 3aCTOCYBaHHS,

- Omip PyXy B pEXKHUMI IITOBXaHHS KOKHOTO Bi3Ka Ta BCHOI'O PYXOMOTO CKJIany,

- HEOoOXigHe TATOBE 3yCHJUIS MPHU IITOBXaHHI JUIS PI3HUX TMEPIOAIB PyXy
KOHBEEPHOT'O TOTATA.

BukonaH1 TeopeTHuH1 JOCTIIKEHHS JO3BOIHIIN:

1. BcTaHOBHUTH KIJBKICHY 3aJI€KHICTh MK 3YCHJUISIM ILITOBXaHHSA, OIYHUMHU
CHJIaMU, PEaKIisIMH B 34ilKax Ta iX BIUIMBOM Ha BECh IIPOLEC PYXY.

2. BuzHauuTH BenMUMHY O1YHOT CHJIM JAJISi KOKHOTO Bi3Ka PyXOMOTO CKIaay, a
TaKOX BHUSIBUTHU MicClle pO3TalllyBaHHS HAWOUIbII HaBaHTAXXEHOTO Bi3Ka CTUCHEHOTO
CKIIaJy.

3. BuzHauuTH 3HaYEHHS ONOPY PyXY B PEKUMI IITOBXaHHS JJI1 KO)KHOTO Bi3Ka Ta
3aKOH HOTO 3MIHHU.

4. Bu3zHauuTu CyMy ONOPIiB PyXy BCiX Bi3KiB PYXOMOTO CKJaay AJsl CTHUCIOTO
CTaHy Pi3HUX KOHCTPYKIIiii KOHBEEPHOTO MOi3/a.

5. BctaHOBHUTH B3a€MO3B'SI30K MIXK 3HAUEHHSIMH OTOPIB PyXy B PEKUMI TSITH Ta
IITOBXaHHS JIJIs1 PI3HUX KOHCTPYKIINA KOHBEEPHUX MOi3/IIB.

Benmnunna makcuManbHOT O1YHOT CHMJIM 3pOCTa€ i3 30UIBIIEHHSM BiTHOIICHHS

1_0 1 3aJIEKUTH BiJ] UMCIIA Bi3KiB Y pyXOMOMY CKJIaJi (1) Ta KyTa po3BOpOTY Bi3KiB (8°).
2

3HaveHHs 019HOT CHJIM HaBEICHO y Ta0. 6.

) ) l )
Harosomeno, 1mo 301JIbIIIEHHS BIJIHOIIICHHS 1_0 MPU3BOJNTHL J0 BUIAJICHHS Bij
2

o : l s
IPUBOY HAWOLIBII HABAHTAXKEHOTO Bi3Ka. Tak My 3HAUYECHHSX l—° = 0 -+ 0,1 Hai6inb
2

. ! . . ! .
HAaBaHTAXXEHUM € 3-i Bi30K, IpH l—°= 0,2 — 4-ii Bi3OK, l—°= 0,5 — 7-ii Bisok. Ile
2 2
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JAHOTO Bi3Ka Ha PEWKY 3a YMOBH CTHUCHEHHSI B PEKHMMI IITOBXaHHS.

Taoaunsa 6 — 3HaYeHHda OIYHOI CHIIN

A

N
etz £

JO3BOJISI€ BU3HAUYUTH HCO6XiI[Hy HOBKUHY KOHTppCﬁKH JJIs1 BUKJIIFOYCHHSA BIIOB3aHHA

5° 0,5° 1° 2°

I 50 50 50

I, 200 200 200
0,0 0,011 0,045 0,022 0,09 0,044 0,18
0,07 0,012 0,051 0,025 0,10 0,0496 0,21
0,1 0,013 0,055 0,026 0,11 0,053 0,22
0,5 0,03 0,13 0,061 0,26 0,12 0,53

BukonaHi po3paxyHKH MOKa3aid, MO MHTOMHNA OMIp PyXy KOXKHOTO Bi3Ka
PYXOMOTO CKJIaay, IO 3HAXOIUTHCS B CTUCIOMY CTaHI MO-PI3HOMY 1 3MEHIITYETHCS 3
BUJIAJICHHSM ii Bix mpuBoay. CyMapHUI MUTOMHIA OMIp PyXy CKIAAy JUIsl PEeKUMY
IITOBXaHHS 301JILIITYETHCS BIJT YUCJIA BI3KIB, 110 IITOBXAIOTHCS, 1 ICTOTHO 3aJI€KHUTh B1JT
KyTa PO3BOPOTY Bi3KiB. 30LIbIICHHS KyTa po3BOpoTy Bi3kiB (8°) 3 1° mo 2,5°
MPU3BOJIUTH JIO 3pOCTAHHS OIOPY PYXY B 2,5 pa3u i CKIIaay 3 KiIbKICTIO Bi3KiB — 200
IIT.

3HIKCHHS OMOPY PYyXY MOXJIMBE 32 YMOBH BUKOPUCTAHHS B KOHBEEPHUX IMO13/1aX
CTaOUII3yl040i CHCTEeMH. 3a pIBHUX YMOB €KCIUTyaTalii Ta KOHCTPYKTHUBHHUX
napaMeTpiB CKJIaly OMip PyXy KOHBEEPHOTO I0i3/1a 31 CTaO1I113yI0U00 CUCTEMOIO ISt
PI3HUX KYTiB pO3BOPOTY Ta pyxomoro ckiaay 3 200 BizkiB y 1,3 — 1,5 pa3u meH1e, Hix
1oi3au 6e3 cTabiI13yr040i CUCTEMH.

BigxuieHHs po3MipiB Kol Ta KOJICHUX Iap PyXOMOTO CKJIaJy B KOHBEEPHUX
noizax 6e3 cTabuTi3yrv0i CUCTEMH 3HAYHO ITiIBUIIYIOTH OMIp PyXYy, a 3MiHA 3a30py
MDK eJIeMEHTaMU CTaOUTI3yI0u0i CUCTEMHU KOHBEEPHOTO TOi37a — BIIXHISIOYHNMHU
POJIMKaMHM Ta [IECHTPYBAJIBHOIO PEUKOI0 (HAIPSIMHOIO) y MeKax 7 — 25 MM npu3BOIUTH
710 HE3HAYHOT'O 30UJIBIICHHS OTMIOPY PyXY B PEeKUMI IITOBXaHHS (MpUOIU3HO Ha 15 —
20%). Lle mo3Bosisie pO3MUPUTH JOMYCKH BUTOTOBJICHHA Ta MOHTaX CTa0LI13yr04ol
cucTeMu 0€3 ICTOTHOTO 301IBIICHHS eKCIUTyaTallliHUX BUTPAT, TaK K KYT MEPEKOCY
BI3KIB KOHBEEPHOTO 1013/1a 31 cTab1113y104010 cucteMoro B Mexax 0,5 — 2,5° He Hajae
0COOJIMBOTO BIUIMBY HA BEJIMUYUHY OIOPY PYXY.

[IpoBeneHi TeOpeTHYHI Ta EKCIEPUMEHTAIbHI JIOCTIKEHHS J03BOJISIOThH

3pOOMTH HACTYITHI PEKOMEH/IAIII1 11010 3aCTOCYBaHHS Ta BUKOPHUCTAHHS KOHBEEPHUX
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S

IIOI3/11B:

1. 3acTocyBaHHS OJJHOBICHHMX Bi3KIB Y PyXOMOMY CKJa/li KOHBEEPHHX MOI3/1B HE
MOCTYNAETHCS 32 KPUTEPIEM CTIHKOCTI PyXy JBOBICHUM 13-3a PIBHOCTI JKOPCTKOI 06a3u
Ta MalOTh TIEpeBaru Mpy BIUCYBaHHI B KPUBI MaJlOTO Pajiycy.

2. 30uIblIeHHST KOPCTKOiI 0a3u Bi3Ka MIABUILYE CTIAKICTh 1 3MEHIIYE KYyT
PO3BOPOTY Bi3Ka, ajie¢ y CBOIO Yepry MOTIPIITy€e BIUCYBAHHS CKJIATy B KPUBI, a TAKOK
BUMarae 30UTBIICHHS METAIOEMHOCTI 4Yepe3 HEOOXITHICTh MIABUIICHHS MIITHOCTI
Bi3Ka.

3. 3acToCcyBaHHS OJTHOBICHUX Bi3KiB € JOIIJIbHUM IIPH BUKOPUCTAHHI KOHBEEPHUX
MO13/11B y KUIBIIEBIM TPaHCTIOPTHIM cuctemi. [Ipu 11boMy HanpsM CUJIM IITOBXaHHS HE
3MIHIOETBHCS.

4. BuxopucTtaHHs OJJHOBICHHMX BI3KiB ITPH YOBHUKOBIN CXeMi PyXy BHUMarae, moo
. l l o
BiIHOCHHU 1_0 =1 (ly — 1) abo l—o = 0 (I # 0). [Ipu UBOMY JOTPUMYETHCS PiBHICTH
2 2

OIYHHMX CHJI Ta OTIOPIB PYXY.

5. Ilpu hopmyBaHHI pyXOMOTO CKJIay 3 OJTHOBICHHUX Bi3KiB HEOOX1THO TOJIOBHHIMA
Ta OCTaHHI# BI3KM BUKOHYBATH JIBOBICHUMH.

6. Jlna 3MeHIIeHHS BIUIMBY KyTa MEPEKOCY Bi3Ka Ha OIMIp PyXy HEOOX1THO
PO3MIIITyBaTH BICh XOJIOBUX KOJIC sIKOMOTa Oyrk4e A0 oci 34inku (Tooto [ — 0).

7. OTpuMaHHS 3HAYEHHS MAaKCHMAaJIbHOI O14HOI CHUJIM HEOOXiJIHI BUKOHAHHS
MILHICHUX PO3paxyHKIB 3 ypaxyBaHHSIM BIUIMBY KyTOBHUX 3MillleHb BI3KiB II0J0
PEUKOBOTO LUISXY.

8. Jlns 3HWIKEHHsS BEIWYMHU OIYHMX CHJI 1 OINOPIB PyXy PEKOMEHIYEThCS
3aCTOCYBaHHS CTaOUII3yI0U0i CUCTEMHU, 0 CKIAAETHCS 3 POJIUKIB, 110 BIAXUIIAIOTH, 1
IEHTPYIOUOi pelku. Biaxumasioodi poauKM Yy KUIBKOCTI JBOX INTYK Ha BI3KY
BCTAHOBITIOIOTHCS HA OC1 XOI0BHX KOJIIC TAHOTO Bi3Ka.

9. PekoMeHIyeThCS 3aCTOCYBAaHHS 3YIMOK 3 MAKCUMAIHHO MOKIIUBUM CTYTICHEM
KOPCTKOCTI a00 BEIMKUM MOMEHTOM TepTs. [IpoTe mpuiiHsATa )KOPCTKICTh 3YINKH HE
MOBHHHA TIEPEIITKOKATH PYXY Ha KPUBOJIHIHHUX AiITHKax TpacH. (He BukimogaeTbes
3aCTOCYBAHHS 3UIMOK 3 aBTOMATHYHO PETYJIHOBAHOIO YKOPCTKICTIO).

10. 3HmKeHHsT ONOpy pyXy KOHBEEPHOIO MOi3/1a 31 CTabUII3yI0u0I0 CHCTEMOIO
J03BOJIUTh 3MEHIIUTH BCTAHOBJICHY TIOTYXXHICTh TPHBOJIHUX CTAHIIIN, 3HU3UTH
BUTPATy €HEPrii, IO CIOXKUBAETHCA, 1 TUM CaMUM TMOJIMIIUTA EKCILUTyaTalliiHi

ITOKa3HHUKH TpaHCHOPTHOI CUCTCMHU 3 KOHBCECPHUMU HOTBZI&MI/I.
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KAPITEL 2/ CHAPTER 2*
WASTEWATER TREATMENT USING CAVITATION EFFECTS

S

DOI: 10.30890/2709-2313.2023-20-02-014

Beryn

CyuacHi BUMOTH /IO CKUIB CTIYHMX BOJI BCTAHOBJIIOIOTH KOPCTKI 0OMEXKEHHS Ha
3aJUIIKOBUM BMICT PEareHTiB, II0 BUKOPUCTOBYIOTHCS JIA 3HE3apa)KCHHsS PIIUH,
BMICT IIKIJIMBUX Ta HEOE3MEUHUX PEUOBHH. Y 3B’SI3KY 3 IIUM 3pPOCTAE IHTEPEC 0
Oe3peareHTHUX METOAIB OOpOOKM PIAKKUX CcepenoBuIll. be3peareHTHI MeTOAH
OUMINICHHSI Ta JAe31H(eKIli He 3a0pyAHIOITh MPUPOJHE CEPEIOBUILE XIMIYHUMHU
peYOBMHAMH, HE HANAlOTh WIKiJIMBOTO YW TOJPA3HIOIOYOTO BIUIMBY Ha OpraHi3M
JIOJMHY TIPU KOHTAKTI 3 OYHWIICHOIO BOJOI0 Ta IHIMMH piaumHamu. B manwii gac
NEPCIIEKTUBHI HOB1 €KOJIOT1YHI METOIU 3HE3apaKEHHS PIAMH 32 PaxXyHOK 1X (13UYHOI
OOpOOKM Ta 3MEHIIEHHS KUIHKOCTI XIMIYHHUX PEareHTiB, IO 3aCTOCOBYIOTHCS IS
nesindexiii. Jlo Takux METOAIB BIAHOCATHCS YJbTpadiosieToBE ONMPOMIHEHHS,
eJIEKTPOpO3psAHa, KaBiTaliiiHa 00poOka Ta iHII crocoOu (i3WYHOTO BIUIMBY Ha
piauny. Ilpu moOpiBHSHHI PI3HUX METOIIB 3HE3apaXEHHS KaBITallll € HEJIOPOTHM
criocoboM 00poOku piauHu. SKIIo (piHAHCOBI BUTPATH HA KaBITaLlMHY IE31H(EKIII0
ONUHUII O00’€My THUTHOI BOAM TPUWHITH 3a OJUHUINIO, TO BHUTpPATH HAa
yibTpadionaeToBy 00poOKy OibIi nmpubau3Ho B 1,6 pa3, Ha XJIOpyBaHHs — y 3 pasu,
030HyBaHHs — Yy 10 pa3iB y NOPIBHSAHHI 3 BUTpaTaMy Ha KaBiTallliHy 0OpPOOKY piIMHU
[1]. KaBirauiiiHi TeXHOJOT1] MOKa3ylOTh BUCOKY €(EKTUBHICTb Ui 1HTEHCH(IKAIii
XIMIKO-TEXHOJIOTIYHUX MPOLECIB y piAUHAX, y TOMY YHCIHl W JUIs IX OYMIIECHHS,
nacrepusallii Ta 3He3apaxeHHs [2-5].

Metorw poOOTH € MOPOBEACHHS OIIIAY JJIs aHajlizy IepeBar Ta HEOJIIKIB

KaBiTal1iHOT 0OPOOKHM CTIYHOT BOJIM PI3HOTO TOXOKEHHS.

2.1. 3He3apakeHHA CTIYHHUX BOJ KaBiTaliiiHOIO 00p0O0OKOI0

Kagirariss € 3aco00M JIOKaJabHOT KOHIIEHTpAIlll €HEeprii HU3bKOI HIIJIBHOCTI Yy

BHCOKY IIIJIBHICTh €HEPrii, OB’ sA3aHy 3 MyJIbCAIIIMU 1 3aXJI0MyBaHHIM KaBITalllHHUX

OynpOamok. Y (a3l po3pimKeHHs aKyCTHYHOI XBHWJI ab0 3a paxyHOK MiCIIEBOTO

2Authors: Obodovych O.M., Sydorenko V.V., Tselen B.Y., Stepanova O.E.
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3HUKEHHS TUCKY, HAIIPUKJIAJ MPpU OOTIKaHHI TBEPJOTO TJA, Y PIAMHI YTBOPIOIOTHCS
KaBepHH. Y (a3i CTUCKYBaHHS IT1]] BIUITMBOM 30BHINTHLOTO THUCKY 1 CHJI TIOBEPXHEBOTO
HATATY KaBEepHa 3aXJIOMYEThCSA, a Mapa KOHACHCYEThCS Ha MExXi po3ainy ¢asz. Yepes
CTIHKH KaBepHU B Hel Mu(yHIye pO3UMHEHUM Yy PIIWHI ra3, SKUM MOTIM IMiIIa€ThCs
CIUIBHOMY afiabaTHYHOMY CTHUCHEHHIO. Y MOMEHT 3XJIONMyBaHHS KaBiTaIliitHOI
KaBepHU THUCK 1 TeMIIepaTypa raszy JOKaJIbHO MOXYTh JOCSATTH 3HAYHHX BEJIUYUH (32
po3paxynkoBumu ganumu 10 100 Mlla ta no 10 000 °C) [6].

Eneprii, mo BUAUISETHCS B MPOIEC] 3XJIOMYBaHHS OyibOaIlKu, JOCTaTHBO TS
30yKEeHHsI, 10HI3aIlii Ta JUcOIiallii MOJEKYJ BOJH, ra3iB Ta PEUYOBHH 3 BHUCOKOIO
MPYKHICTIO TIapy BCEPEIMHI KaBiTaliiiHOT nmopoxkHuHU. Ha 1t ctaaii Oyab-sakuil 13
NPUCYTHIX Ta3iB € aKTMBHUM KOMIIOHEHTOM, Oepydd ydacTh y mepeaadi eHeprii
30yIKeHHS, Mepe3apsAKu Ta 1HmuX mnpouecax. [lpu 3xyomyBaHHsS KaBiTaI[liHOT
OynpOamku B po3unH nepexoasth paaukanu H, OH, i0Hu Ta enekTpoHu Masoi eHeprii,
0 yTBOPWJIKCS B Ta30Bik (a3i mpu posmeruieHH monekynn H,O Ta pedoBuH 3
BHUCOKOIO MPYKHICTIO MapH, NPOAYKTH iX B3a€MOJIi Ta YaCTKOBUX pEKOMOIHAIIIM, a
TaK0oX MeTacTabuIbH1 30y xeH1 monekynu H,O. HezanexxHo Big mpupoan po3uMHEHUX
pEYOBUH, [i KaBiTalii Ha BOAY NPU3BOAUTH A0 3MIHM 11 (I3UKO-XIMIYHUX
BJIACTUBOCTEH: 30UTbIIeHHS pH, €IeKTpOonmpoBiIHOCTI BOJAM, 30UIBIICHHA KIJIBKOCTI
BUIbHUX 10HIB Ta aKTUBHUX PAJUKAJIB, CTPYKTypH3allii Ta akTUBallli MoJiekys [7-8].
OcHOBHY OakTEepULIMJIHY Jit0 Ha MIKpodJopy y BOJ1 HAJalOTh MEPOKCHUI BOJIHIO Ta
pagukamu OH, sKi yTBOPIOIOTHCS MPH AUCOITIAII MOJIEKYJ BOJAM B KaBITAIlIWHUX
YTBOPEHHSIX [2].

ExcniepuMenTanbHi JOCTIKEHHS 3 KaBIiTAIliiHOT 0OpOOKH BOJIU B POTOPHOMY
iMmynscHoMy anapati (PIA) nmokazanu, 1mo Bi0yBa€eTbesl 301IbIIeHHS 3HaYeHHs pH.
[Ticnst mpunuHEHHS KaBiTallliHOI OOpPOOKM BOJM IE€pEeBaXKarOTh 3BOPOTHI XiIMIYHI
peaxkii 1 pH 3a 48...72 roa. 3HWKYETHCS 10 BUX1THOI BETMUNHHU.

[Ipu kaBiTalmiiHOMYy BIUIMBI Ha BOJY PYHWHYIOTHCS KOJOiIM Ta YaCTUHKHU,
BCEPEINHI SKHX MOXYTh YTpUMyBaTHCs OakTepii, MIKpOOpraHi3Mu MO30aBIISIOTHCS
3aXHUCTY MEepeI IHIUMHU XIMIYHUMH Ta (13WYHUMHM BIUTMBaAMU KaBiTallli. baktepurmana
TSl KaBiTalii mpsIMOIIPONIOpIIiiiHa J10 11 IHTEHCUBHOCTI, KpaTHOCTI ab0 4acy oOpoOKH.
[Ipu 3actocyBaHHI KaBiTallii MOXJIUBO APOOUTH BEIMKI MOJEKYJIU OPTaHiKH, IO €
[EHTPaMU YTBOPEHHS KaBITalllHHUX OyJbOAIIOK Tak camo, SK 1 MIKpOOU € LIEHTpamu
TSOKIHHS KaBITalIMHUX YTBOPEHb. 3a pO3MIPOM MIKpOOM MOKHA TMOPIBHATH 3

BEJIMKUMH MOJIEKYJIAMH OPTaHIYHUX CHOJYK, 3 MOJIEKYJIaMU BaXKKUX HA(TOIIPOYKTIB

[1].
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BniuB KyMyJsSTUBHUX CTPYMEHIB PIAMHH, JIOKQJIbHI MyJbcallii THUCKY Ta
TeMIIepaTypu TPHW 3XJIOMyBaHHI KaBITAllIMHUX Oyip0amoK 37aTHI BUKIAKATH
3HUIIEHHS OaKTepiid, 1[0 BUKOPUCTOBYETHCS MPHU 3HE3aPAKEHH] PIAKUX MPOIYKTIB Ta
po3unHiB [2-4]. [IpoBeneHi qoCHKEHHS 3 KaBiTalliiHOT 00poOKH CTIYHOI TOOYTOBOI
BOJM TIOKa3ajM, IO KUIbKICTh 3araibHuX Komidopmuux Oakrtepii (3KB) Bifg
KaBITallIfHOTO BIUIMBY 3MeHIIyeThes Y 100 TuC. pasiB, TEPMOTOJIEPAHTHUX OaKTepiit
(TKB) — y 60 Tuc. pasis, komidaris (6aktepianpHUX BipyciB) — y 80 pa3is.

[IpakTH4HO MOBHE 3HUILEHHS OaKTepiil y CTIYHIM BOI MPH KaBiTaliiHii 00poOIi
B PIA nocsranocs 3a 10 nukiiB, B mpoTo4HOMY TrigpoanHamivaomy kaeitaTtopi (I1T'K)
3 nopaBaHHsM 0,1 % po3uuny rinoxnopury Hatpist (I'’XH) —3a 5 nukiis.

3icTaBieHHS TaHUX 3 0OPOOKM CTIYHOI BOJM Ta BEIWYWH uncen KasiTailii B PIA
ta [II'K no3Bossie 3poObuTH BUCHOBOK, 110 KaBiTaIlis IPSIMOTPOTIOPIIIHO BIUTMBAE HA
e(eKTUBHICTh OaKTEepUIMIHOI OOPOOKH B TiIpOAMHAMIYHOMY ycTaTKyBaHHI. [lpu
00po6111 cTiuHOT BoaM y MpoMuciioBoMy PIA-250 MokuBe MOBHE 3HUILICHHS OaKkTepiit
3a 10 umkmaiB 6e3 XiMiYHUX peareHTiB. [Ipu o6poOiii cTiYHOT BOAU B J1aOOPATOPHOMY
[II'K MoxnuBe MOBHE 3HUILEHHS OakTepiil 3a 5 mukiIiB oOpoOKH 3 0JaBaHHAM HE
menmie Hix 0,1 % pozuuny ['XH. IIpu Bmicti y Boai 0,1-0,2 % I'XH Bona BianoBigae
HopMatuBHUM Bumoram monao pH ta Bmicty 3Kb ta TKbB. Kasitamiitna o6poOka
CTIYHOT BOJM 3 BBEJACHHSM HEBEJIMKOI KIJIBKOCTI OKHCIIIOBayYa (TIMOXJIOPUTY HATPIIO)
Jla€ CUHEPTeTUYHUN e(peKT 1 J03BOJISIE€ 3HU3UTH B KiIbKa pa3iB KUIbKICTh XIMIYHHUX

PEareHTiB, 10 3aCTOCOBYIOTHCS JUTsI 3HE3apAXKEHHS CTIYHOT Bou [9].

2.2. AnaparypHe 0pOpMJIeHHSI TEXHOJIOTIYHMX CXeM i3 BIIPOBAIKEHHSM BY3J1a

KaBiTauiiiHoi 00poOKM BOIH

[IpomoHoBaHI cy4yacHi TEXHIYHI PINICHHS MO OYUIIEHHIO CTIYHHUX BOJ| 00’ €KTIB
TEIUIOGHEPTreTUKM  TOBHHHI  BIAMOBIZATH  HHU3II BUMOI, a came OyTH
eHepropecypco30epiratouiMu, €KOJOTIYHO O€3MeYHUMH, €KOHOMIYHO JOLUIBHUMU 1
BOJIHOYAC BUCOKOC(PEKTUBHUMH.

TexHoOTIs OUUIIIEHHS CTIYHUX BOJI, SIKI YTBOPIOIOTHCS HA TEIUIOCHEPTETUYHUX
HiAIPUEMCTBAX, 10 MICTATh HAPTOMPOIYKTH Ta 6100praHi3MH, B OCHOBI SIKOT JIC)KHUTD
KaBITAI[IHHUAN BIUIMB, BIAMOBIIa€ 3a3Ha4eHUM BUMoraMm. Kpim Toro, ouniiieHa 3a Imi€ero
TEXHOJIOTI€El0 Boja 3a  (I3UKOXIMIYHUM  CKJIQJ0M  BIJNOBIAA€E  CTaHIapTaM

€BPOIENCHLKOr0 CO3Y 10 TEXHIYHOI BOJIH.
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Kagiramiiinuii peakTop Moxe OyTH BKJIFOUEHHUH 10 Oy ab-SKOTO0 3 €TaIliB TUIIOBUX
TEXHOJIOTTYHUX cxeM ouuntieHHs. Ha puc. 1, 2 npeacrasieni anpoOoBaHi MPUHITUIOBI
CXeMH OYMIICHHS HAa(PTOBMICHUX CTIYHHMX BOJI 3 BHUKOPHUCTAHHSM KaBITAIIMHOI
ycTtaHOBKH. C(Cxema oO4MIeHHS HaQTOBMICHMX CTIYHUX BOJ (QIIbTpaIli€lo 3
JTOOYHIIIEHHSIM B KaBiTalliiHOMY POTOPHOMY PEaKTOpi MpecTaBlieHa Ha puc. 1.

Peazenmu

A\

Hisuokui Kasimayitinuii , N
Veepeonweay — . —> —  BidcmitiHux
ghitemp peaxkmop
L - I\ s
N LV N/
Y X f

Pucynok 1 — Cxema ouniieHHss HAQTOBMICHMX CTIYHUX BOJI 3 I00YHUIIIEHHAM y

KaBiTaliiHOMY poTopHOMY peakTopi [10]

TexHomoriuHa cxema BKIIIOYA€: KOATyJSIiiHE OCa/DKEHHS Ta (iIbTpyBaHHS
JIOMIIIOK Ha MEPIIOMY CTyIIEH1; KaBiTalliiHy 0OpOOKY OCBITIIEHOTO CTOKY Ha IPyTOMY
CTYTICHI; OCa/PKCHHS MPOAYKTIB PO3KJIAaJaHHS Ta aJcOpOOBaHMX IHTEpPMEmiaTiB Ha
TPETHOMY CTYTICHI OUNIIECHHS.

Cryneni oOpoOKHM CTOKIB, IO BKJIIOYAKOTh (DI3UKO-XIMIYHE OYMIICHHS,
M1IMINTYBaHHS, BiJICTOIOBAHHS, PEali3yIOThCA TPATULIMHUMU CIIOCOOAMHM, 3aJI€KHO
BiJI CKJIa[ly 1 BUTPATH BOJH, 1[0 OYHIIAETHCS.

OCHOBHMM CTYNEHEM OYMIIEHHS Yy I CXeMi € BHUKOPHCTAHHS TEXHOJOTI
OUMIIEHHS 3 ypaxXyBaHHAM €(dEeKTiB KaBiTaIlli 1JIs pO3KJIaaHHs BaXKKO OKHUCITIOBAHUX
PEYOBHH.

[IponnoHoBaHM CIOCIO OYHMIIIEHHS MOHA ICTOTHO 1HTEHCU(]IKYBATH MIIAXOM
J0JIaBaHHsI HEBEJIMKO1 KIJTLKOCTI OKHCIIIOBaYa B KaBITAIIWHY 30HY JJIs 1HILIFOBAHHS
paJMKaIbHO-JIAHIIOTOBUX PEAKI[il OKUCIIEHHS CyOCTpaTiB 1 aKTHBYBAaHHS MOJICKYI
BOAM. SIK OKHCITIOBAY MOYKE 3aCTOCOBYBATHCSI TIEPOKCHU BOJIHIO, 030H, TBOBAJICHTHE
3aJ1130 Ta 1H.

3T1IHO 3 IPOBEJEHUMH JOCIIPKCHHIMH, ITOBHE BUJIAJICHHS BCIX 3a0pyIHIOBAY1B
noTpedye 3HAYHUX BUTPAT EHEPTii, a TAKOXK BeJIe 10 IHTEHCUBHOTO a0pa3uBHOTO 3HOCY
oONagHaHHS BiJl 3aBUCIUX PEUYOBUH. TOMYy MPOMOHYETHCS MPOBECTH TMOYATKOBE
OCBITJICHHS CTOKY (I3UKO-XIMIYHMMH METOAAMHU i BIJOKPEMJICHHS  BiJ

HCCMYJIbI'OBAHUX H&(i)TOHpOI[YKTiB Ta BCJIMKUX 3aBUCJINX PCYOBHH.
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TexHoyoriyHa cxema OYHIIEHHS HAa(PTOBMICHMX CTIYHMX BOJ 3 JIOMIIIKaAMH
noBepxHeBo-akTUBHUX peuoBuH (I[TAP) ta nHeionorennux I[IAP mpeacraBinena Ha
puc. 2. Jlana cxema mpaifioe HaCTyITHUM YMHOM: CTIYHA BOJa CIIOYATKYy MOTPAIUIsE y
BIJICTITHUK 3 BOYI0BaHOIO IECKOJIOBKOIO 1, /1€ BIIOKPEMITFOETHCS B1JT BEJTMKUX 3aBUCEH
1 HeeMyJIbIOBaHUX HAPTOMPOIYKTIB, MOTIM MPOXOIUTH Yepe3 MBUIAKUN PinbTp 2, e
OYUIIAETHCS BiJ APIOHOAUCTIEPCHUX 3aBHCEH, MOMEPEAHBO OUUIIEHA BOJIa TOTPAILISIE
B pe3epByap 3 KaBITyIOUOI YCTAHOBKOIO 5, /i€ OUYMINAETHCS BIJ €MYJbMOBAaHUX
Ha(TOMPOAYKTIB, a IiHA, IO YTBOPIOETbCA MpPHU TEPEMILTyBaHHI CEpPEAOBHUIIA,
3HIMA€ETHCS MHO3HIMAUEM 1 aKyMYJIIOETBCS B EMHOCTI JIJII MHUIOUOT'O KOHIIEHTpaTy 3 1
3HOBY HAJIXOJMTh HA MUIKY, BOJa TPAHCIIOPTYETHCS B PE3€pByap YUCTOI BOAM 6 IS
MOTAJTBIIIOTO BUKOPUCTAHHS.

Criuna BoJga .
|  Murounii

5 KOHIIEHTpaT
HIL— % v

- Muroanii
Busix po3unH

Tex. Bona

pH 4 A
peryiL. TTino3HiMaHHS v 6
e
2

V KaHaizamio Ha Muiixy

-
ocany
j/ \

Pucynok 2 — Cxema ounieHHs1 HAQTOBMICHMX CTiYHMX BOJ 3 JoMimkamu [TAP
Ta HITAP 3 noo4uineHHsIM y KaBiTaTopi JjonacTHoro tumy: 1 — BiACTiHHUK 3
BOYA0BaHOIO NECKOJI0BKOI; 2 — IIBUAKUIA QUIBTP; 3 — EMHICTH MHIOYOT0
KOHIEHTPATYy; 4 — HACOC; S — pe3epByap 3 KaBITYI0O40I0 YCTAHOBKOIK; 6 —

pe3epByap 4HMCTOI BOIH.

['miOoke oOuuIeHHs CTIYHMX BOJI HEOOX1JHE IMepell BUKOPUCTAHHAM iX Yy
CHUCTEMax TOBTOPHOTO Ta OOOPOTHOTO BOJOIMOCTAYaHHS TEIUNIOCHEPTETUIHUX
MIPOMHUCIIOBUX TIANPUEMCTB, TEPEBAXHE BUKOPUCTAHHS IUX BOJ 3HAXOMSTH Y
CHUCTEMaX OXOJOKYIYOro OOOpPOTHOTO BOJOIOCTAYaHHS, a TaKoX Y psi
TEXHOJIOTIYHUX OMepallii, &6 BUMOTH 0 BOJM MPUOJIU3HO BIAMOBIIAIOTH MMOKa3HUKAM
SIKOCT1 BOJT BIIKDHTHX BOJOJDKEpPENI, Y JESIKHUX BHIMAJKaX IIi BAMOTH MOXYTh OyTH

MEHIII )KOPCTKUMHU, HIK JI0 AKOCTI BOAU MEpe]l CKUAaHHIM y Bojomuia [10].

MONOGRAPH 39 ISBN 978-3-949059-91-9



At

Innovation in modern science 2023 Part 2 %

i

2.3. KaBirauist ik oHe i3 IBHII AUCKPETHO-IMITYyJIbCHOTO BBE/ICHHS eHeprii

Cknagai npoOjemMH TiAPOAWHAMIYHOTO BIUIMBY Ha OaraTOKOMIIOHEHTHI PiJIKi
CEpellOBUILA YCHIITHO BHUPINIYIOTHCS TMPU 3aCTOCYBaHHI METONY JUCKPETHO-
IMITYJIbCHOTO BBEJICHHS €HEprii — MPUHIIMIIOBO HOBOTO CIIOCOOY i1HTeHCH(iKaIii
TiApPOAMHAMIYHUX Ta TEIJIOMAacOOOMIHHUX TporeciB. [IpuHIMI IHUCKpETHO-
IMITyJIbCHOTO BBeACHHS Ta TpaHcopmarii eneprii (JJIBE) OyB 3ampononoBanuii y
po6oTi [11] gx y3aranpbHIOIOUHA METOJT CIPSMOBAHOTO, JIOKAJTLHOTO Ta IHTCHCHBHOTO
BUKOPUCTAaHHSI KOHIIETPOBAHOI €HEprii B PIAMHHUX JUCIEPCHUX cucTteMax. Di3uuHi
SIBUIIA TUHAMIKK OCHOBHUX esieMeHTiB JIIBE Hanmani Oyiau TeopeTHdHO AOCIIKEHI B
mitepatrypit [12], a TexHOJNOTiYHI Ta I1HXKEHEPHI MNPOrpaMu LbOTO MPUHIIHUITY
npeactasieHi B gitepatypi [13]. Haitbinem noBHO 1 mochigoBro mpuniun JIBE mo
TENepIIHbOT0 Yacy po3risiHyTo B MoHorpadii [14], a mpouecu TernaomMacooOMiHy Ta
ripoaepoauHaMiKH, 10 CYIIPOBOKYIOTh Ha MakpopiBHi sBuia JIIBE, BuknaaeHi B
HayKoBHUX myOJikarsx [15-16].

Ines JIIBE monsirae B ToMy, mo0 mMOMepeaHbO CTaIliOHAPHO BBEACHY Ta
JTOBUTHHUM YHWHOM PO3MOAUICHY B pPo0O0OYOMYy 00CS31 E€HEpriro  aKyMyJIOBaTH
(CKOHIIEHTPYBATH) y JIOKAJILHUX JUCKPETHUX TOYKAX CHCTEMH Ta HaJajl IMITyJIbCHO
peanizyBaTu IS JOCSATHEHHS HeoOXigHux Temiodiznunux edektiB. Mera JIIBE
nojsirae B 1HTeHcU(IKaIlll TEMIOMacOOOMIHHMX Ta TIAPOJMHAMIYHHMX TMPOLECIB Y
TEXHOJIOTIYHUX CEPENOBUIIAX, a TaKOXX CTBOPEHHI METOAMKH iX OmTuMmizauii Ta
CHO0CO01B YIIpaBIiHHA HUMHU.

Peanizanis merony JIBE nepen6auae cTBOpeHHs BEIMKOI KIJIbKOCTI PIBHOMIPHO
PO3IOITIEHUX Y TUCTIEPCHOMY CEPEIOBHII poOOYUX OpraHiB a00 poOOUNX €JIEMEHTIB,
K1 TpaHC(OPMYIOTh CTalllOHApHY TEIJIOBY, MEXaHI4Hy a0o 1HII BUIM €Heprii B
€HepreTUYHO MOTY>KHI IMITYJIbCH, TUCKPETHI B yaci Ta mpoctopi. CynmpoBOIKYIOTH 111
SBHILA YJapHI XBWIl, MiX(]a3zHa TypOyJIeHTHICTb, MIKpOKaBiTallisl, MPOHUKAIOYI
KyMYJIITUBHI MIKPOCTPYMEHI, BHUXOpPH BHKJIMKAIOTh Ha MDK(a3HUX MOBEPXHSIX
HecTiikocTi Ty Penes-Teinopa abo KenbBina-I'eapMrosnbiia, 1mo mpu3BOAUTE J10
IHTEHCUBHOT'O JApOOJeHHs aucnepcHux (a3 ta TersonepeHeceHHs. [loaioH1 edextu
4acTO HEJIOCSHKHI TPU BUKOPUCTAHHI TPAIUIIIHHUX METOIIB ITPH 00poO1Ii JUCTIEPCHUX
CEpEeIOBHII HaBITh 32 3HAYHO OLIBIIOTO PiBHSA MUTOMHUX €HEPTOBUTPAT.

Peanizyerscsa meton /{IBE y GaraTthox Buaax temioMacoOMiHHOTO 0OJagHAHHS,
ajie HalvacTile y pOTOPHO-NyJIbCAIlIMHUX amapaTax pi3HUX KOHCTpykKiin [17]. Hns

iHTeHcudIKaIlii mporecy aepailii Ta MacolepeHoCy y TEXHOJOT1l OUUIICHHS CTIYHUX
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Boa B ITT® HAHY 6yno ctBopeHo aeparop-okuciatoBad poropHoro tuiy (AOPT),

cXema SIKOTO IIPe/ICTaBlIeHa Ha pucC. 3.

AgpoBana cyMinm
CTIMHOT BOIH Ta
AKTHBHOTO MYITY

CTiuHa BOJA Ta 7
AKTHBHHH My i

Pucynok 3 — Cxema aepaTopa-oKucCJIH0Ba4Ya poTOHOro Tumy: 1 —

€JIEKTPOABUIYH; 2 — POTOPHO-NIYJIbCALIMHMI BY30J1; 3 — MaHOMeETP IS
BHMIPIOBAHHS THCKY HA BUXO/li 3 POTOPHO-IYJIbCALIHHOTO BY3J1a; 4 —
BAKYYMMeETP /IVisi BAMIPIOBAHHSA PO3PIsKeHHS Y BXIITHOMY NaTpyoOKy; S —
JABOXOJA0BUI KpaH; 6 — npuilMajJbHUH TPYOONPOBiA; 7 — BUIIYCKHM A
TPYOONPOBi; 8 — KOPILYC pOTOPHO-NYJIbCANllIiiHOTO anapary; 9 — poramerp; 10 —

€KEKTOPHHUI BY30.1.

Poropno-nynbcariiiinuii By30:1 (PIIB) aeparopa-okucitoBaya CKIaga€eThCs 3 IBOX
pOTOpIB, 3’€IHAHUX TBHUHTAMH, 1 € €IWHUM poTopHHM BYy3o0sioM (PB) craropa i1
poO0UOTO KOJIeca BIAIIEHTPOBOTO Hacoca (KpUJIbYATKH ).

Po6ora AOPT 3naiiicHioeThes B Takuii crioci0. Yepes npuitmanbHuii TpyOOnpoBig
6 cymim CTI4HOT BOAM Ta akTHUBHOro Myiay npsmye B PIIA. PoGoue komeco
BIJIIEHTPOBOT'0 HAcoca, 00epTalunCh, CTBOPIOE Y BXITHOMY MaTpyOKy pO3psIKeHHS,
3a paxyHOK SIKOro arMocepHe MOBITPsS MOJA€ThCA B cucTeMy. /IBoxoqoBuit kpaH 5
JI03BOJISIE PETYJIIOBATH MOJlayy MOBITpsA. TakuM 4UHOM, (POPMYETHCS BOJOMOBITPSIHA
cymill, sika, mpoxoasuu uepe3 PIIB, migmaeTscs BIUIMBY yAapHUX XBHIIb, MixK(a3HOT
TypOyJE€HTHOCTI, MIKpPOKaBITallli Ta BUXOPIB, IO NPU3BOJAUTH IO IHTEHCHUBHOTO
npoOJieHHsT OyJbOalIoK MOBITPS, JUCIEPCHUX BKIIOYEHb Ta 301IBIICHHS TUIONI
MOBEpXHI KOHTAKTy (a3. 3aBAsiku IIbOMY 30UIBIIYETHCS IIBUIAKICTH MAaCOIEPEHOCY

KHCHIO 3 Ta30BOi a3y B PIAKY, TPAHCHOPTYBaHHS Moro mo o0’eMy pijakoi ¢asu Ta
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azicopOllisi Ha IOBEPXHI IUIACTIBILIB AKTUBHOTO MYy, SIKI BBa)KalOThCSI YMOBHO
TBepAoto (a3zoro. Jlami BinOyBaeThcsa 010I0T1UHE OKUCHEHHS OpraHIYHUX 3a0pyIHEHb
MIKpOOpTaHi3MaMH aKTUBHOTO MyJTy. AepoBaHa Ta YaCTKOBO OKHCJIEHA CYMIII CTIYHOT
BOJM, OyibOAIIKA TOBITPS Ta aKTUBHOTO MYJY 4Yepe3 BUITYCKHUN TpyOompoBia 7
CIPSIMOBY€ETBbCS 200 Ha penupKyJiito (MOBTOpHY 0O0poOKy), a0 y BTOPUHHHI

BIJICTIHUK.

BucnoBku

AHaJi3 HassBHUX JOCIIKEHb 3 KaBITallIHOTO OYMILIEHHS 1 3HE3apaXKEeHHSI P1AKIX
CEpelOBHIIl TOKa3aB, IO BHUKOPUCTAHHS PI3HOTO BHUIY TEIIOMAaCOOOMIHHOTO
oOJafiHaHHS, B IKOMY peai3yloThCsl KaBiTalliifHI e(eKTH, € HOBOIO MEPCIEKTUBHOIO,
€HEPreTMYHO MAaJIOBUTPATHOIO, OE3BIIXOHOI0 1 Oe3pearecHTHOK TEXHOJOTIE0
OUYMINICHHS CTIYHUX BOJ MIANPUEMCTB PI3HUX Taly3edl MPOMUCIOBOCTI 1 CLIBCHKOTO
rOCIO/IapCTBa.

[lepeBarn KaBITAIITHOTO METOAY TMEpel 3arajlbHOMPUUHITUMU CIIOCOOAMU
3HE3apaXXeHHs BOJ (XJIOPYBAaHHS, O30HYBaHHA 1 T.I.) MOJIATA€ B €KOHOMIYHOMY Ta
eKOJIOTIYHOMY acCHeKTax, TaK SK MpPHU KaBITAI[IHHOMY 3HE3apa’keHHI BUKIIOYAETHCA
3aCTOCYBaHHS JIOJJATKOBHX TOKCHYHHMX EJIEMEHTIB, SIKI HEraTMBHO BIUIMBAIOTH HA
OpraHi3M JIIOJIMHU 1 BUMAraloTh 3HAUHUX BUTPAT HA iX MpUI0aHHS.

KapiTamiifHi yCTaHOBKM BIAPI3HSIOTBCA CBO€I0 KOMIIAKTHICTIO. BoHu He
BUMAaramTh BEIUKUX IUTON]. MOXYTh 3aMIHIOBAaTH KUTbKa CTajidi B TEXHOJIOTii

OUYMIIICHHS CTIYHUX BOJ (MEXaHIYHY, O10JIOT1YHY Ta 3HE3apaKCHHS ).
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KAPITEL 3/ CHAPTER 3°
DIGITALISATION OF THE AGRICULTURAL SECTOR AS A PROMISING
MODEL FOR THE SCIENTIFIC AND TECHNOLOGICAL DEVELOPMENT
OF UKRAINE'S AGRICULTURAL SECTOR

DOI: 10.30890/2709-2313.2023-20-02-011

Introduction

In today's environment, digitalisation and informatisation have a significant
impact on the economic policy of certain business entities and states. In Ukraine, the
process of digitalisation of the economy and its sectors has already begun. The goal of
this process is to create a single information space with up-to-date databases on
numerous issues related to information and telecommunications networks and
connections. The inefficient existing information environment in the agro-industrial
complex leads to an increase in transaction costs of production, which affects the level
of value of the products produced and has a negative trend towards the competitiveness
of Ukrainian agricultural products compared to similar foreign products.

Agriculture and IT are two of the most promising (at least in the public mind
today) sectors of the domestic economy. They are business opposites that are at
different poles of technological progress: the existing online industry and the most
down-to-earth, location- and time-bound work.

Over the past few years, Ukraine has seen exceptional growth in agriculture,
which has attracted serious investor interest.

It should be noted that the rather large volume of relatively cheap imported food
and the uncompetitiveness of domestic products in recent years are the main reason for
the decline in domestic production, posing a serious threat to the food security of the
country as a whole.

We believe that it is the digitalisation of agriculture that will give an impetus to
the innovative development of the sector and contribute to reducing our country's
dependence on food imports. [4; 5] (Altukhov, Dudin, Anishchenko, 2019; Dudin,
2018).

3Authors: Dobrovolska O.V.
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3.1. Special features of the development of the digital economy

A specific feature of the digital economy is conducting business activities with
data storage in electronic form and continuous processing of large volumes of
information. This makes it possible to obtain accurate and objective analytical
summaries, which form the basis for optimizing business processes. The Internet of
Things, blockchain and artificial intelligence have become components of a digitally
enabled economy [7].

Ways of informatisation of the agricultural industry can be as follows:

- spontaneous self-organisation, characterised by a change in the social
component to adapt the population to modern business conditions;

- centralized management - all the stages of digitalization are regulated by legal
acts, the execution of the norms approved at the legislative level is controlled by
government agencies;

- guided digitalization.

A well-developed information and communication infrastructure is essential for
the development of digital technologies. In order to meet the challenges of the digital
economy, appropriate knowledge bases, information resources and interactive
communities, a wide network of integration business platforms, a digital environment
and human resources that can work in the new environment are needed. This integrated
approach will create a digital ecosystem in which each participant has the dual role of
client and data server. This will form the basis for subject-oriented clusters within
which agrarian digital ecosystems function. [1]

The application of digital technologies has a positive impact on the rate of
productivity growth and profitability in agribusiness. A striking example is Israel,
which has only 20% of its land resources suitable for agricultural activities, yet has a
food supply of 95%. In this case, the lack of favourable natural and climatic conditions
is compensated by the possibilities of innovative technologies.

Another example of the effectiveness of digital technology in agriculture is the
creation of smart farms. This technology makes it possible to increase milk yields by
an average of 30-40%, the use of modern methods of transport control makes it possible
to reduce fuel costs by 20%. The experience of using digital technologies in agricultural
enterprises of Kyiv region has shown that the vector of automation and digitalization
can help reduce costs even in the short term - when implementing the system of

operational production management at the meat processing plant in the first month,
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labor costs decreased by 30%, and general production costs decreased by 10%. [2]

The agricultural sector of today is developing under pressure due to a number of
negative factors:

- food markets in developed countries are characterised by overproduction;

- there is a constant shortage of food in developing countries;

- environmentally friendly agricultural production is combined with mass
cultivation of products using GMO technologies;

- growth in the number of healthy eating habits, which increases the demand for
organic products;

- the focus of large retail chains on maximising the benefits of all transactions,
which leads to the concealment of the composition and origin of the food sold;

- uneven transition to information management of agricultural development in
different countries causes unfair competition in global markets and discrimination of
small producers. [2]

Factors that have a significant impact on the digitalization of agriculture are as
follows:

- characteristics of rural entities (size of the territory, population size and
structure, economic potential, production capabilities of the region, state of engineering
infrastructure, level of social development);

- labour organisation;

- management technologies used;

- degree of automation of the management system;

- professional personal qualities of agricultural workers;

- the level of personnel's interest in the results of the farm's activity. [3]

Ukraine at the present stage is characterized by "insular" informatization, i.e.
digital technologies are not applied everywhere, but only by individual economic
entities. This is explained by the fact that software developers do not have complete
databases for the needs of agriculture, required for the creation and operation of
specific technologies. The strategy of public policy and private investment in
innovative agriculture should focus on the development of precision farming, remote
sensing, the introduction of integration databases and cloud services, the popularisation
of mobile solutions and control and metering sensors.

As 0of 2019, Ukraine has launched the Digital Agriculture project, overseen by the
Ministry of Agriculture. The programme consists of several areas of agricultural

intensification:
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1. "Effective hectare". This is a unified database of land with characteristics of the
current state of the plot and the nature of its exploitation.

2. "Smart contracts". A network of personal offices on electronic resources, where
business entities will be able to apply for state subsidies, is envisaged, the project is
aimed at automating the process of subsidising the agro-industrial complex.

3. "From field to port". The programme is designed to build efficient export
models of domestic products, based on yield forecasts and planned load of transport
and transport interchanges.

4. "Agro Solutions for Business". This direction is created to enhance the process
of implementation of innovative developments in the agro-industrial complex.

5. "Land of Knowledge". The project stipulates creation of the common base with
of educational materials and building of the training system for highly specialized agro-
specialists in accordance to the actual requests of the agroindustrial complex. [5]

The efficiency of digitalization of the agricultural industry can be improved by
creating an electronic platform for the sale of agricultural commodities, where
transactions will be concluded not only with intermediaries, but also with the end
buyers. This will reduce the margins of intermediaries and will give incentives to
producers.

Elements of the digital economy can be used to monitor land, crops, optimise
settlements between producer and buyer, rationalise the investment and credit system,
and social insurance.

Digitalization provides for the active use of marketing techniques, opposition to
monopoly, creation of conditions for electronic interaction between all participants in
the economy. [7]

AIC digital platforms. Technological digital platforms are elements of the
innovation infrastructure. Their purpose is to ensure prompt and effective
communication, stimulate direct interaction of farmers with other stakeholders
(scientific and educational institutions, public structures, authorities). [6] The
following platforms have great potential:

1. Food and processing technology in agriculture.

2. Eurasian agricultural technology platform.

The effectiveness of the digitalisation policy is impossible without the use of
space and geo-information products, environmental development technologies, and the
development of computer technology platforms. Platforms allow virtual analysis and

combination of innovative projects, implementation of the latest developments, such
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platforms increase the coordination of activities and create conditions for productivity
growth. [1]

A digital marketplace is a marketplace in which transactions for the buying and
selling of goods are conducted using computer networks and specialized software. The
functioning of such a marketplace is ensured by a digital platform, i.e. a set of software
and technical products, a set of rules for the operation of the market infrastructure.
Well-known examples of Uber and Airbnb are well-known examples of digital
platforms in operation.

For agribusiness, it is advisable to create a separate platform for each area of
activity with the introduction of a network of sub-platforms. For example, for crop
production, one of the sub-platforms could be grain production, and the grain sub-
platform could be divided into several more platforms - wheat, barley, maize, etc. The
participants of the sub-platforms are agricultural producers, i.e. sellers, and buyers -
processors, livestock farms, feed mills. [6] A similar approach can be successfully
applied to the livestock industry, consulting, education and research, robotics,
engineering, and trade.

Thus, digitalisation in the agro-industrial sector is at an early stage.

Legislatively approved programmes for the informatisation of the sector and the
economy as a whole are currently insufficiently developed and are largely aimed at
automating already established processes, but do not offer measures for a radical
transformation of the economy. Digitalisation of agriculture contributes to significant
reductions in production costs, increases the affordability of food, and ensures the
sustainable use of natural resources. Creating an optimal digital ecosystem, i.e.
marketplace, is impossible without developing a large-scale network of digital
platforms and sub-platforms across all areas of the agricultural sector.

The trend of Industry 4.0 is transforming the production capabilities of all
industries, including agriculture. As the analysis of many years of foreign practice
shows, a knowledge-intensive market for innovative products and the widespread use
of innovation play an enormous role in improving the competitiveness and
performance of agricultural production.

The domestic agro-industrial complex is a cross-section of scientific and
technological and socio-economic processes that cover all sectors of the Russian
economy.

The agro-industrial complex combines technologies invented in different years.

The gap between the dates of inventions reaches hundreds of years. Transnational
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holdings modernised with the latest technology coexist with farms, of which there are
quite a few in the country. The human resource hunger and decades-long backlog of
competence profiles is being filled by related fields and sectors of knowledge. As a
rule, low-value-added products are exported. The costs of operating and logistics costs
are also quite high.

It is the agricultural sector that has all the prospects of becoming the main
demonstration ground for the results of the technological revolution. Through the use
of 'Agricilture 4.0' robotic technology, all agricultural machinery can be switched to
autonomous mode without human intervention. "The Internet of Everything and the
Internet of Things are helping to integrate the entire production chain into one
integrated ecosystem - from the creation of from creating new fertilizers and new plant
and animal species to producing functional products that dramatically improve human
properties.

The implementation of the smart city concept contributes to increasing
opportunities for vertical urbanised farms. At the same time, new research in
biotechnology and cosmology allows us to speak confidently about space exploration
[5].

Some strengths and weaknesses of agriculture, as well as opportunities and threats
to the further development of the industry are presented in table 1.

Reform of production relations in the food sphere, technical and technological re-
equipment of public production, application of modern resource-saving technologies
in production activities are hampered by limited use of scientific and technological
progress, slow pace of research work, low level of solvency.

In 2015, the UN 2030 Agenda for Sustainable Development and the international
community pledged to overcome hunger. Global demand for food will increase by 70%
by 2050, with agriculture's share of global GDP declining to 3%. Four major factors -
demographics, natural resource scarcity, climate change and food waste - contribute to
hunger and food insecurity and at the same time increasing pressure on the outdated
agricultural model of meeting human needs.

These global technologies will enable farms to be more profitable, efficient, safe
and environmentally friendly and aim to:

- improve management and implementation of agricultural processes along the
entire value chain, reducing risks and limiting vulnerability due to various influences

(breakdown of machinery, drought, disease, etc.);
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Table 1 - Strengths and weaknesses of agriculture, as well as opportunities and

threats to further development

Strengths Weaknesses
Unique natural resources; Low competitiveness of agricultural
sufficiently large area of agricultural products; deterioration and lack of
land; research potential that can equipment; lack of funding;
agriculture to a new level of underdevelopment of certain
development agricultural sub-sectors, e.g. the cattle
sub-sector
Opportunities Threats
Reduction of the industry's import Reduced import duties and import
dependence; development and quotas caused by our country's
widespread introduction of accession to the WTO; natural and
biotechnology in agriculture; man-made disasters;
Intensification of production through | volatility of the global environment,
mechanisation of manual labour and in particular prices for agricultural
use of modern machinery products
(grain crops)

- Building agricultural ecosystems that include integrated networks that integrate
digital data, obtained in real time from both internal sources (farmer sensors' readings)
and external ones (provided by other participants in the ecosystem), in order to make
efficient management decisions, and integrate ecosystem actors in order to ensure the
effectiveness of the value chain;

- Digitalisation of agricultural machinery using modern technical tools - sensors,
sensing devices, which are the largest generators of data.

Experts and scientists predict that the next stage in the evolution of 'Agriculture
5.0" will be based on the comprehensive robotisation of agri-food production using
various forms of artificial intelligence.

Digitalisation will change every part of the agrifood chain.

Resource management throughout the system could become highly optimised,
individualised, intelligent and proactive. Value chains will become traceable and
coordinated at the most detailed level, while different fields, crops and animals can be

precisely managed according to their own optimal recipes. Digital agriculture is a more
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highly productive, predictable and adaptable system (e.g. caused by climate change).
This, in turn, can lead to increased food security, profitability and sustainability. In the
context of the Sustainable Development Goals, digital agriculture has potential to
generate economic benefits through higher agricultural productivity, cost-efficiency
and market opportunities, social and cultural benefits through increased
communication and inclusiveness, and environmental benefits through optimization of

resource use as well as adaptation to climate change.
Conclusions.

As a result of the analysis, it has been established that modern global agriculture
is at stage 4.0 ("Agriculture 4.0") as a result of the evolutionary development of
technology and is focused on the use of environmentally friendly natural resources
(sun, sea water), advanced innovative technologies for smart, precision agriculture, in
particular genetic modification, nanobiotechnology, extra-soil plant cultivation and
vertical farming, as well as sophisticated technological systems for satellite navigation,
robots, drones/drones, 3D food printing, internet of things, blockchain technology, etc.

The main opportunities for the development of the agricultural sector have also
been identified, which include: reducing the dependence of the industry on imports;
development and widespread introduction of biotechnology in agriculture;
intensification of production through the mechanisation of manual labour and the use
of modern technology.

It should be noted that the effective development of the agricultural sector in
Ukraine requires changes in the use of its resource base, the introduction of resource-
saving innovative high-performance technologies in agricultural production to ensure
production of high quality and competitive in domestic and foreign markets
agricultural products and food.

The potential benefits of digitalization of the agrifood sector are compelling, but
it will require a major transformation of agricultural systems, rural economies,
communities and natural resource management. This will be a complex task and will

require a systematic and holistic approach to achieve all the potential benefits.
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Beryn

S

300paxkeHHs Ta Biji€o, 110 OTPUMYIOTHCSI PI3HOMAHITHUMU TUIAMHU JATYHUKIB Ta
CUCTEM, IMUPOKO BUKOPUCTOBYIOTHCS B JIAHWUW Yac I BUPIIICHHS PI3HUX BAKJIMBUX
npobsieM y 0aratboX [I0AaTKax: y MPOMHUCIOBOCTI, KapTorpadyBaHHI 3eMelbHUX
MOKPHBIB, CUIbCHKOMY Ta JIICOBOMY I'OCIOJAPCTBI, KOHTPOJI1 SKOCTi, pOOOTOTEXHIII],
€KOJIOTTYHOMY MOHITOpUHry Tomo [1-3]. OpHi€o 13 cy4acHUX TEHJICHIIIN €
BUKOPHCTAHHS OararokaHalbHUX CHUCTEM, a caMe KOJbOPOBHX, MYJbTH- Ta
rinepCcheKTpabHUX, OaraTonorisaoBuX (Hampukiaaa, crepeo) Tomo [4, 5]. Bimeo
TAKOXX MOXXHA PpO3MJsIaTh sk OaratokaHaibHi (OaraTokaaposi) nai. Ille oxHa
TEHJICHIIIS TIOJISITa€ B OLIHII Ta BpaxyBaHHI Bi3yaJbHOI SKOCTI 300pakeHb, IO
PUHUMAETHCS JI0 yBaru Ha eTanax oTpuMaHHs Ta 00pooku 300paxeHsp. [1i1 00poOkoro
OymeMo Hajam pO3yMITH IUPOKWN HAOIp oOmepaiiii, BKIIOYAOYHA  OIIHKY
XapaKTepUCTHK IIyMy ab0 BHUKPHUBICHb, OQuUIbTpalito (MpUIYLIEHHS IIyMY),
CTHCHEHHS, IHTEPIIPETAIIIIO Ta OLIHKY MapaMeTpiB 00'eKTa, MPUUHSITTS PIIICHHS.

Ile moTpeOye po3B’si3aHHS MIUPOKOTO HAOOPY MpaKTUYHUX 3aBAaHb. OMHIEO 3
HUX € po3poOKa Ta TECTyBaHHS BI3yaJlbHUX IIOKa3HHUKIB (METPUK) SIKOCTI, SKi
0a3yloTbcs Ha BpaxyBaHHI ocoOmmBoctei cuctemu 3opy momuaum (C3JI) [6-8].
HesBaxaroun Ha 3HA4HI 3ycwuisi 0araThOX IOCIHITHUKIB, BUTPAUYCHI HAa PO3POOKY
MOKa3HUKIB SKOCTI Ha ocHOBI C3JI, HaBITH HaWKpaI 3 HUX BCE 1€ CTPAXKIAIOTh Bij
ICTOTHUX HEAOJIKIB. 30KpeMa, NIesIKi 3 HUX HEAOCTaTHhO yHIBepcayibHi. KpiMm TOTO,
9acTO HE3PO3yMiNo, AKi MOKa3HUKU Ha ocHOBI C3JI € HalikpamuMu aJisi KOHKPETHUX
3acTocyBaHb. OJHIEIO 3 MPUUUH I[HOTO € TE, L0 BAIIJAIS METPUK € TPYJOMICTKHM
3aBIaHHSAM 1 MOTPIOHI HANEKHUM YMHOM po3poOiieHl 0a3u JaHMX CIIOTBOPEHUX
300paxeHb abo BigeomnociuigoBHocTell. KomOiHOBaHI METpUKH € MPUHHITHUM
pIIIEHHsIM, ajie iX po3poOKa IIe Jajieka BiJ 3aBeplieHHs. Bixke cTBopeH1 0a3u JTaHuX
MOXYTh OyTH BUKOPHCTaHI B JICSKUX BHUIMAJKaX, ajié CTBOPEHHS HOBUX 0a3 JaHUX i3

KOHKPCTHUMH THUIIAMHU Ta piBHHMI/I CIIOTBOPCHb TAaKOXK € OaxaHUM AL JCAKHUX

*Authors: Lukin V.V., leremeiev O.1., Abramova V.V., Abramov S.K., Rubel O.S., Krzysztof O., Piotr L., Yaroslaw F.
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JOJATKIB, TaKUX, SIK KOHTPOJb SKOCTI B IMPOMHUCIOBOCTI, aHali3 TEKCTYpPOBaHUX
MaTepialiB, AWCTAHIIHE 30HIYBaHHs, 300paXCHHS 3 aBTOMATHU30BAaHUX PYXOMHUX
TPAHCIIOPTHUX 3acO0IB K aBTOHOMHI aBTOMOOLT, OE3MIJIOTHI JITadbHI amapaTH
(BITJIA) Ta nponm.

[Ile onHe 3aBmaHHs - IIe BKJIOUYECHHS MeTpuk sikocti (MS) Ha ocHoBi C3JI B
00poOKy 300pakeHb/Bific0. 30kpeMa, OakaHO B MMOBHIM Mipi BUKOpUCTOBYBaTH M S Ha
ocHoBi C3JI B po3pobui ¢inbTpiB, aHaNi3l XapaKTEPUCTHK PO3TISHYTUX (IIBTPIB,
nigbopi ¢uIbTpa Ta HAJAITYBaHHI WOTO MapaMeTpiB, MPUUHATTI PIMIEHHS MO0
JOLITFHOCTI BHUKOPUCTAaHHS eTamy mnpuaymeHas mymy [9]. Lle x crocyerbes
CTUCHEHHSI 300pakeHb 13 BTpartamu [10-15]. 3a3Buuail miKOBE CITiBBIAHOIICHHS
curHai-myM (IICCIII) BUKOPUCTOBYETHCS SIK €IMHHUM MapameTp, 10 XapaKTepHU3ye
e(eKTUBHICTh Kojaepa Uil PI3HUX KOEQIII€HTIB CTUCHEHHSA. TUM uacoMm, SIKICTb
BI3yaJIbHOTO 300pakeHHs He BinmoOpaxeHa HajexkHuM ynHoM B IICCIHI. Orxe, cuia
BUKOPMCTOBYBAaTH iHIII MOKA3HMKM. IX 3HAYeHHS CHiJ IependauuTd Iepes
CTUCHEHHSM Ta/a00 3a0e3neunTy Ha etami ctucHeHHs [ 14-18]. Kpim Toro, 6akaHoro €
pO3poOKa BUCOKOLIBUAKICHUX aBTOMATH30BaHMX METOJIB OOpOOKH 300pa’keHb Ta
BiJIc0. 3BUYAIHO, MOXKHA 3ayYUTH E€KCIEPTIB Ha JEAKHX eTamax oOpoOKH, ane Taki
MO>KJIMBOCTI OOMEKEHI.

MeTtorw cOilbHOTO TPOEKTy Oyjia po3poOka METOAIB Ta aJIrOPUTMIB
IHTEJIeKTyaJIbHOI 00pOOKH 300pa)KeHb Ta B1JICO HA OCHOBI METPHUK Bi3yaJbHOI SKOCTI
JUI HOBHX 3aCTOCYBaHb. B 1IbOMy poO3AiJii TOJOBHY yBary HpHIIJICHO po3poOIll Ta
Bepu(ikallii Tak 3BaHUX KOMOIHOBAaHHUX MOKA3HUKIB (METPUK Bi3yalabHOI SKOCTI), SIKi
BUKOPHUCTOBYIOTh MO3UTUBHI PUCH ACKUIbKOX "pizHOpiAHUX" eneMeHTapHux MS Ha
ocaoBi C3JI. B Takomy BUMaaky mBHIKa 00poOka 300pakeHHS OCSTAETHCS 3a
paxyHOK Tmapainenizamii oO4uciIeHHs eJeMeHTapHuX MS Ta JOCHUTh MPOCTOTO
«arperyBaHHs» eJIeMEHTapHUX pe3ynbTaTiB [19-21]. ArperyBaHHS BHKOHYBajOCh
OJTHUM 3 TPHOX METOIB: 1) 3a JOMMOMOTOI0 HaBYCHWX HEUPOHHUX Mepex [19]; 2) 3
BUKOPHUCTAHHAM MOMEPEAHBOI TIHeapHu3allii Ta CTiKOT 00poOKH 3HaUeHb MeTpuK [20];
3) Ha OCHOBI EPEMHOKEHHSI METPUK 3 ONITUMI3AIlIEI0 BaroBuX KoedimieHTiB [21].

Y mepmux ABOX BWITAIKaX PO3TISAAETHCSA 3a7ada PO3pOOKH KOMOIHOBaHHX
METpPUK JJs 1X 3acTocyBaHb Yy 0OpoOui JaHuX OaraTokaHaJIbHOTO (30Kpema
TPUKAHAJIBHOTO) NUCTAHIIHHOTO 30HIyBaHHS. ¥ OCTAaHHHOMY BUMAAKY WIETHCS MPO

MIPOMUCIIOBE 3aCTOCYBAaHHS — BUTOTOBJIEHHS 00’ €KTIB 3a gonomoroo 3D npunTepa.
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4.1. MeToa cTiiikoro KOMOiHyBaHHSI METPHUK JJIs cucteMm /I3

Haiimommpenimuvu cuctemMamMu AUCTaHIliiHOTO 30HayBaHHsA (/13) € Taki:
ONTUYHI Ta pPalOJOKalliHI CEHCOPH; MYJbTUCHEKTPAIbHI Ta TiNEpPCHEeKTPaIbHI
natuuku Ta iHm [22]. Koxen tun cucremu /I3 mae meBHI mepeBaru Ta HETOJIKH.
Panapu, nanpukian, H03BOJSIOTE OTPUMYBATH YHIKANbHI JaHi MPO MiANOBEPXHEBI
00’€KTH 1 MOXKYTb 3[IHCHIOBATH MOHITOPHUHT Y TOTAaHUX MOTOJAHUX YMOBax [23].

[{i cucteMu BHKOPUCTOBYIOTH pi3HI NpUHLOUNK (OpMYBaHHS (OTPUMAHHS)
300pakeHHsI, ajie BC1 BOHM, MO CyTi, 00’€qHaHI MPOOJIEMOI HASBHOCTI IIyMy Ta
crioTBOpeHb. [lomanbiiie 3acTOCyBaHHS TEBHUX METOMAIB IU(PPOBOT 0OPOOKH, TAKHX 5K
dbinpTparis [24, 25] abo ctucHeHHs 3 BTpatamu [12, 26, 27], MOXe SIK 3MEHIIUTH
piBEHb CHOTBOPEHHS JAaHUX, TaK 1 MPHU3BECTH A0 OUIBLIOI Jerpagaiii Ta BTpaTH
BaxMBOi 1H(GopMarii. ToMy AOLITFHO 3aCTOCOBYBAaTH OLIIHKY SIKOCTI 300pa)Ke€HHS,
100 BHM3HAYWUTU CTYIIHb MOTIPIICHHS 300pakKeHHS ISl BUXIAHUX JaHUX Ta, SK
pe3ysbTar 00poOKK 300pakKeHHsI, 3armo0IirTd HeOa)kKaHOMY PIBHIO BTpaTH KOPHCHOI
1HpOopMaIlii.

BpaxoBytoun Benukuii 00’em ganux /I3 Ta aBToMaTH3aIi0 00pOOKH, TOPEUHUM
€ BUKOPUCTaHHS OO0’ €KTUBHUX METOJIB OLIHKM SKOCTI 300paxkeHHs (image quality
assessment - [QA) 1711 KOHTPOJIIO SKOCTI MEPBUHHUX 300pakeHb [6] Ta 3MIH SKOCTI,
10 BHOCSTHCS B pe3yJbTaTi 00poOKHM 300pakeHb [28]. € muUTaHHS 100 TOTO, SK1
metoau [QA HeoOXiTHO BUKOPHUCTOBYBATH MPHU AUCTAHIIHHOMY 30HIyBaHHI [6, 28-
30]. ¥V mpomy po3gimi MH PO3TISTAEMO KpuTepli (METPHKH), SKi CTOCYIOTHCS
Bi3yanpHOI siKocTi 300pakeHp /(3. Lle BaxkinBO, AK MiHIMyM, 3 ABOX mpuuuH. [lo-
nepiie, 300paxeHHs J[3 4acTo BI3yali3ylOThCS Ta aHATI3YIOThCSA JIIOABMU. TO/l,
BpPaxoBYIOUH OCOOJIMBOCTI cucTteMu 30py droauHu (human vision system - HVS),
BAXXJIMBO 3a0e3neuynTu 30epekeHHs iHpopMalii Ha Bcix eTamax oOpooku. [lo-nmpyre,
MOKA3HUKHU BI3yalbHOI SKOCTI CTOCYIOTbCA €(EKTHBHOCTI TaKHX OMeparlii, Sk
BUSBIICHHSI MAJIOPO3MIPHUX 00’ €KTiB, Kiacudikallis TeKCTYpHUX AUISHOK To1o [31].
Ile o3Havae, M0 BapTO BUKOPHCTOBYBATH Bi3yajbHI NMOKA3HUKH SIKOCTI /ISl aHATI3y
BUXIJIHOI SIKOCTI 300pakeHHs /I3 Ta edekTuBHOCTI 00poOKku nanux /3 (Hampukian,
IIYMOTPUIYIIIEHHS, CTUCHEHHS 3 BTpaTaMu, peKOHCTPYKIIIT).

Tum yacom BUKOPUCTAaHHA Bi3yallbHUX MOKA3HUKIB AKOCTI y 300paxeHHsx /I3 Bce
e oomexene. Jleski nmpukiaaan - ue HoBi HVS-MeTpuku 11t mocusieHHsT pi3KOCTI
300paxkeHHs [32] Ta ix cymimenHs [33, 34], a Takox po3mizHaBaHHA 00’€kTiB [35].

Onnak crapa HVS-metpuka SSIM Bce 1mie € MOMyISPHOI JJis OMHUCY SIKOCTI
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300paxxeHHs [36, 37], xoua Bigomo, 1o SSIM He € ofHI€l0 3 HAWKpaIIUX METPUK
BI3yaJIbHOI SKOCTI.

[IpoTsiromM OCTaHHIX NECATUIITH OyJI0O PO3pOOJIEHO Ta 3aMpPOMOHOBAHO BEIUKY
KUIBKICTh METPHUK Bi3yaJbHOI sIKOCTI 3 eTasionoM [38, 39]. Metoau IQA Ha iX OCHOBI
CYTTEBO BIJIPI3HSAIOTHCA CBOEIO TOYHICTIO (aJ€KBaTHICTIO). ToMy 3arajjbHOBH3HAHUM
MIIX0IOM € TIepeBipKa (Bepudikarlisi) METPHUK Ha CIEiaIbHUX 0a3ax JaHWX TECTOBUX
300pakenp, Takux sk TID2013 [40], KADID10k [41], MDID [42] Ta iammx. Y Takux
0azax AaHuUX JUISI KOXKHOTO 300pakeHHsA CyO’€KTHBHA OIIHKA BI3yaJIbHOT SKOCTI
(ocepenHeHa JyMKa 49M OllIHKa, mean opinion score - MOS) oTpuMy€eThCs B pe3yJIbTari
EKCIIEpMMEHTIB 3 Oararbma croctepirauaMud. TOYHICTh 4M aJ€KBATHICTH METPHUK
OLIHIOETHCS LUISIXOM MOPIBHSAHHS 3HaU€Hb MeTpUK Ta MOS 3a A0MOMOr0I0 KpUTEPiiB
Kopessii. J{7s miei MeTn mmupoko BUKOPUCTOBYIOThCS KoedimienT kopemsii [lipcona
(Pearson correlation coefficient - PCC) ta panrosuii koedimieHT kopesiuii CripmeHna
(Spearman rank order correlation coefficient - SROCC). 3BepHiTh yBary, mo s
nepeniyeHux 0a3 JaHux 300pakeHb TOYHICTh OUTBIIOCTI MOKa3HUKIB 3rigHo 13 SROCC
He nepesuurye 0,9.

[I{omo 300paxkens /13, To HA JaHWI MOMEHT HE iICHY€ CIEIIaIbHO MiATOTOBIEHUX
06a3 manux 13 ouinkamu MOS. Opnak, Ha Haml MOIJIAM, ICHYIOUl 0a3u JaHUX
KOJIBOPOBHX 300pakK€Hbh MOXYTh OyTH BHKOPHCTaHI JJIA TMOYATKOBOTO aHAi3y Ta
npoekTyBaHHs. TyT ciliJl MaTh Ha yBas3i, 110 111 6231 JaHUX MICTATh TUIU CIOTBOPEHD,
0 CHOCTepIraloThes 1 Ha 300pakeHHsx J[3. TuM dacoM iCHYIOTh TaKOX THITH
CIIOTBOPEHb, SIKI HE 3yCTPIHaroThcsi B 300paxeHHsx J[3. Takum uyumHOM, nmaHi 3
iCHyIOYMX 0a3 TaHWX CJIiJT BUOUPATH PETEIHHO.

SIk yke 3a3Havasiocs, iICHyIOUl METPHUKH MarOTh CBOi OOMEXKEHHS Ta HEJOJIKH.
CrinpHE BUKOPHUCTAHHS JACKITHBKOX METPHK JI03BOJISIE KOMIIEHCYBATH HEIOTIKH OJTHUX
METPUK 33 PaxXyHOK I1HMMX. TakuM YMHOM, pi3HI KOMOIHAIIWHI TIIXOIU MOXKYTh
MIIBUIIMTHA TOYHICTH OIIHKK Bi3yalbHOI SIKOCTI. Jlesiki aBTOpH, 30KpeMa IMOJIbChKI
CHIBaBTOpPM LBOTO  PO3AUTy  3alpOINOHYBaJM  3aCTOCOBYBAaTH  KOMOIHAIIIO
nepeMHOKeHNX (QyHKIIH 13 BaroBumu koedimieHtamu [43]. [Hmmd maxinu,
3aMpONOHOBAHMM YKpAaiHCHKMMH BUCHUMU paHilie B [44], mepenbayae BUKOPUCTAHHS
CTIMKMX METOMIB JIJIsl OTPUMAaHHS KIHIIEBOTO 3HAUY€HHs KOMOIHOBAaHOT MeTpuku. Jlis
BUPIIICHHA I1i€] MPOOJIeMHU MOXYTh TaKOX BHUKOPHUCTOBYBATHUCA INTYYHI HEHPOHHI
Mepexi, K1 IIMPOKO BUKOPUCTOBYIOTHCS B pI3HUX oOnactax [45].

CtBOpeHHS KOMOIHOBaHOI METPHKH TMepeadadae BU3HAYCHHS  JESKHUX

ONTUMAJILHUX 3HA4YeHb IapaMeTpiB Ta KOMOIHAIIF0O METPHUK, 00 3a0e3meduTH
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MaKCHUMaJIbHO MOXKJIUBUH KOE(DIIIEHT KOpeNLii A aaHoi 6a3u 300pakeHb. Uepes
3HAYHI BIIMIHHOCTI y 3MICTI Ta METOOJOTIi Cy0 €KTHBHOI OITIHKM 0a3W JaHUX
300pakeHh MOXYTh CYTTEBO BIIPI3HATHCS OJHA BiJ oxaHOi. ToMmy 3aHanTo TOYHA
ONTUMI3AIlISI 11 KOHKPETHOI 0a3W JaHuX 300paKeHb MOXKE MPU3BECTH 10 e(eKTy
"mepeHaB4YaHHsA", 1110 3HU3UTh €PEKTUBHICTh POOOTH 3 IHIIMMHU HAOOpaMH 300paKEHb.

Mera poboTH, pe3yiabTaTH SKOI BHKIANCHI y JAHOMY PO3[LTi, € MOTPIHHOIO.
CriouaTtky MU XOTUTH O TIpOaHaNi3yBaTH MOBEIIHKY METPUK I HA0OpY CIOTBOPEHb,
TUTIOBUX JJIS IUCTaHIITHOTO 30HAYyBaHHsA. [lo-Apyre, MU aHaANI3yeEMO BUKOPUCTAHHS
METOAy CTiKkoro KoMOiHyBaHHs [44], sAKkul 3apeKOMEHAyBaB cele SK IayKe
CTaOlIbHUM, [IJI1 CTBOPEHHS BJOCKOHAJEHOI KOMOIHOBAHOI METPUKH SIKOCTI
300pa)ke€HHsI, ONTHUMI30BAaHOI JIi CHCTEM ITUCTAHIIMHOTrO 30HAyBaHHs. [lo-Tpere,
Oa)kaHO MePEeBIPUTH, HACKITIBKU €()EeKTUBHA 1 METPUKA JIJIs pI3HUX 0a3 TaHuX.

3aranoMm, CIIOTBOPEHHS Ha 300pa)KEHHSAX NUCTAHI[IITHOTO 30HAYBAHHS MOXYTh
OyTH pI3HOTO THUNY Ta IHTEHCUBHOCTI. KpiM TOro, BOHM MOXYTh MaTH PIi3HY
IHTEHCHBHICTh Y KOMIIOHEHTHUX 300pa)K€HHSIX OaraTokaHalbHUX nanux [3 [22, 24,
25]. BuHukae nuTaHHS, SK arperyBatd pe3yiabrath [QA s OGaraTokaHajJbHUX
300pakens /13, axmio IQA Oyio 3pobieHo OKpeMo I KOMITOHEHTHUX 300pakeHb a00
ix rpyn. JlaBaiiTe BiAMOBIMO Ha 11€ MUTAHHS Mi3HIIIE 1 CIIOYATKY PO3IITHEMO MPOCTIIII
BUIMAJIKK CHOTBOPEHUX KOMIIOHEHTHMX 300pakeHb ab0 TPUKOMIIOHEHTHUX
300pak€Hb 13 BUKPUBJICHHIMU.

Tyt Tpeba KOpOTKO PO3TISTHYTH THIIOBI CIOTBOPEHHSI, IK1 MOXYTh BUHUKATHU M1
yac OTpUMaHHs Ta 00poOKH 300pakeHb MPH AUCTAHLIHHOMY 30HIyBaHHI. OCHOBHUMHU
iX BUJaMU € HACTYIIHI:

— aJIMTUBHUN O1MUU TraycCiB IIyM, SKUH MOXHa po3rsiaaTH sK (iJ1eai30BaHy)
MOJIeNIb IIyMy JJisg OaraThoX THUIIB 300pakeHb J[3, Takux sK, HampuKIa,
MYJIBTUCIICKTpaIbHI [22, 24]; 3ayBaKUMO, IO IITyM MOXe OyTH Pi3HOi IHTEHCUBHOCTI
B PI3HUX KOMITIOHEHTaX OaraToKaHaJbHUX 300pakeHb [24];

— IPOCTOPOBO KOPEIBOBAaHUM ILIyM, KM MOXe OyTH MPHUCYTHIM Yy BHUXITHHX
JaHuX ab0 BHUHUKATH B peE3yJbTaTl IHTEPNONALII JaHUX Ha eTami peecTparii
300pakenHs [22, 25];

— pi3HI 3aMacKOBaHi @00 BUCOKOYACTOTHI UTYMH, sIKI MOXYTb OyTH MPUCYTHIMU
Ha TEKCTYPHHUX 300pakKeHHIX a00 3’ SIBIISTUCS TTICIS YCYHEHHSI pO3MUTOCTI [22];

— 3aJIeKHUN BIJl CUTHAIY (30KpemMa, MYJbTUIUIIKATUBHUI) IIyM, XapaKTepHUI

JUIA TINepCIeKTPAIbHUX Ta Pa/ilooKaliiHuX 300pakensp [28];

MONOGRAPH 55 ISBN 978-3-949059-91-9



M\

Innovation in modern science 2023 Part 2 %

S

— IMITYJIbCHUM IIIYM, SIKMM MOKe 3’ SIBUTHUCS TTICIIA IIepeaadl 300pakeHHs MO JITHISAX
3B'SI3Ky a00 BHACIIIOK 1HIIKMX (pakTopiB [22];

— LIyM KBaHTYBaHHS, KUl MOK€ BUHUKHYTH Ha eTari ouu@pyBaHHs 1aHUX a0o
3’SIBUTHUCS BHACTIIOK JICSIKUX OTepaliii HopMaizaiii abo nepeTBopeHHs [22];

— PO3MHUTTS 300pa)KeHHs, fAKE MOXe OyTH pe3yJbTaTOM pYyXy CHUCTEMHU
JTUCTAHIIIHHOTO 30HIyBaHHS a00 HEOIHOPIAHOCTI CEPEAOBHINA IMONTUPEHHS CUTHAITY
[22];

— CIIOTBOPEHHSI BHACIIJIOK CTHUCHEHHsI 3 BTparamu (Hampukiana, JPEG a6o
JPEG2000), mo Moke CyTT€BO 3MEHIIUTH po3Mip (ailily, ajie BHOCUTh MOTIpIICHHS,
SIK1 MOXKYTh OyTH MOMITHUMHM a00 HaBiTh ApaTtyBaTu [26, 48];

— CIIOTBOPEHHS, CIPUYUHEHI METO/IOM, SIKHU YCyBa€ IIyM, ajie OJHOYACHO Ta
HEMHHYY€ NMPU3BOIUTH J0 MOTIpIIeHHs 1HGOpMaIlIiHOT CKIagoBoi1 [28];

— CKJIaJIHI CTIOTBOPEHHS, HAMIPUKJIA/, Y pa3i CTUCHEHHS 3 BTpaTaMu 300pakeHb,
10 CLIOTBOPEHI IITyMOM [26].

3a3HauMMo, 10 BCl Il THMH CIOTBOPEHb MOXHA MOJEIIOBATH, a 300pa’KeHHS
JTUCTAHIIIHHOTO 30HAYBAaHHS PI3HOTO MOXOHKCHHS MOXYTh (HAa MOYATKOBOMY €Tarri
JIOCHPKEHb) OyTHM 3aMiHeHI Ha OUIbII MOIIMPEHI ONTUYHI 300pa)KeHHS 3
BIJIMOBIAHUMHU CIIOTBOPEHHSAMU. TyT MU UM A0 HEOOXITHOCTI MpoaHaIi3yBaTH
iCHyto4l 0a3u JaHUX CIOTBOPEHUX KOMIIOHEHTHHUX Ta KOJIbOPOBUX 300paKEeHb.
3ayBaxumo, 10 B OaraTbox 0azax JaHUX PO3TISAAE€TbCS OOMEXKeHa KUIbKICTh THUIIIB
IIyMy Ta CHOTBOPEHb. BUIbILIICTh 13 HUX 30CE€pEIKEH1 Ha BpaxyBaHHI TAKUX TUIIOBUX
IPOCTUX CHOTBOPEHb, SIK AJAMTHBHI IIYMH, PO3MHUTICTb, CIHOTBOPEHHSI BHACIIIOK
ctucHeHHs1 JPEG ta JPEG2000. {5151 po3riissHyTOr0 3aBaHHsI MOTPi0H1 O1IBIN CKIIAIHI
Ta BEJMKI 0a3u JaHuX 300pakeHb. HalOUIbII MiAXOASAII 3 HHMX MPEJCTaBJICHI B
Tabymmi 1.

baza 306paxens TID2013 wmictute 25 etamonnux Ta 3000 croTBOpeHHX
300paxeHb 3 24 Tunamu crnoTBopeHb. Omyo6iikoBaHa y 2019 pomi 6a3a naHuX
KADID10k mictuts nonan 10000 300paxens 13 25 TUnaMu CioTBOpeHb. [HIma 6a3a -
MDID [24] - ckimanaetbest 3 1600 300pakeHb 13 KOMOIHOBaHMMHU (MHOKHUHHUMHU)
crnoTBOpeHHsMH. Yuciaa y croBmusx Tabmumi 1 g po3rasiHyTux 0a3 JaHux
MPEICTaBISIOTh MOKa3HUKU CIIOTBOPEHb. 3HAK «-» MOKA3y€ BIICYTHICTb, @ 3HAK «+»

BKa3ye Ha HasBHICTh JIAHOTO THUITY COTBOPEHb y 0a3i nanux MDID.
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Taoauus 1 — AnaJi3 TuniB 300pakeHb y 0a3ax

#HH Tun cnoTBopeHsb Haoip Inpexcy | Ingekcy 6a3i | HasiBHicTh
CIIOTBOPEHb 0asi KADID10k y MDID
TID2013
1 AJIUTUBHHI TayCiB IIyM “N01se . 1 1 n
Actual
AJMTUBHHN 1ITyM “Noise”
2 |rOJIOBHUM YHHOM B 2 12 -
KOJbOPOBHX KOMIIOHEHTaX
ITpocropoBo- “Noise”,
3 9] 13 ) 3 - -
KOpEJIhOBaHUH IITYM Actual
MackoBaHuii mym “Noise”,
4 13 ED) 4 - -
Actual
BucokouyactoTHu mIym “Noise”,
5 13 ED) 5 - -
Actual
6 IMmnynbcHUE 1IyM “N01se » 6 13 i
Actual
7 |Ilym KBaHTYBaHHS “Noise” 7 6 -
3 I'aycoBe po3murrs “N01se » ] ) n
Actual
dinpTpoBaHe 300pasKeHHS “Noise”,
9 y ; 9 15 -
Actual
10 |JPEG cTucHeHHs “Actual” 10 10 +
11 JPEG2000 cTucHeHHs “Actual” 11 9 +
12 My.H.BTI/IHJIlKaTI/IBHI/II/I “N01se : 19 14 i
rayciB IIyM Actual
CTuCHEHHS 3 BTpaTaMH “Noise”,
13 13 ED) 2 1 - -
300pakeHb 3 ITYMOM Actual

Sk 6aunmo, 6a3a TID2013 nHanae HaHIIMPIIT MOMXKIUBOCTI /IS POSKTYBAHHS Ta
NEePEeBIPKU METPUK JJIS LiJe IucTaHIiiiHOrO 30HayBaHHSI. Tomy mMu obpanu ii 1is
cBoix mociimkenb. Bukpusnenus B TID2013 OGynu 3rpynoBani B miaAMHOXKUHU [40]
BIAMOBIOHO M0 IX TUmmB. MiX HuMmH maMHOxuHU "Noise" Ta "Actual" moxHa
PO3TIIIATH K TakKi, 110 MOB'sI3aH1 3 TUCTAHIIIMHUM 30HyBaHHsIM. Koab0opoBi Ta 1HIII
CIIOTBOPEHHS, 10 € XapaKTePHUMH JJIsi KOJIBOPOBHUX 300pakeHb, HE € TUTIOBUMHU AJIs
00JacTi, 10 HAC LIKaBUTh, 1 TOMY BOHU HE OyIyTh HAMHU PO3TJISIATUC.

[IpoTsirom ocTaHHIX POKiB OyJ0 PO3pOOJIEHO BEIUKY KUIBKICTh HOBUX METPHK.
Hamu BUBUEHO I'ATAECAT 3 HUX, @ PE3yJIbTAaTH Ul OOpaHUX MIAMHOXHUH CIIOTBOPEHb
HaBeneHl B Tabnui 2. JletanpHy 1HQOpMaIito Ipo MOKa3HUKU B TAOIMIN 2 MOXKHA
OTpUMaTH 3a TakuM mnocuiaHHsAM [46]. EdexkTuBHICTD METpPHK XapaKTepU3yeTbCA
SROCC, ockinbKy 1IeH KpUTEPii HE 3aI€KUTh BiJ a0COTIOTHUX 3HAYEHB PO3TISTHYTUX

METpUK, a JIMILE BIJ IX PaHTiB.
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S

Tadoauus 2 — 3navennss SROCC q1s1 eieMeHTAPHUX METPUK

s Metpuxu 3 Bcei Tunn Noise Actual Noise & s Metpuku 3 | Bci Tunmn Noise Actual Noise &
€TAJJ0HOM  |CIIOTBOPEHb Actual €TAJI0HOM | CIOTBOPEHb Actual

1 MDSI 0,8897 0,9275 | 0,9387 | 09374 |26 | IWSSIM 0,7775 0,8783 | 0,8934 | 0,8937
2 CVSSI 0,8090 0,9248 | 0,9350 | 0,9341 |27 SSIM4 0,7657 0,8743 | 0,8887 | 0,8902
3 MCSD 0,8045 0,9224 | 0,9326 | 0,9323 |28 CSSIM 0,8417 0,8728 | 0,8878 | 0,8892
4 PSNRHA 0,8198 0,9230 | 0,9388 | 0,9322 |29 MSSIM 0,7872 0,8733 | 0,8872 | 0,8881
5 GMSD 0,8004 0,9211 | 0,9314 | 09318 |30 RFSIM 0,7721 0,8731 | 0,8793 | 0,8847
6 | PSNRHMAm 0,8541 0,9221 | 0,9387 | 0,9315 |31 VSNR 0,6809 0,8691 | 0,8817 | 0,8815
7 PSIM 0,8926 0,9189 | 0,9309 | 0,9303 |32 ESSIM 0,8121 0,8411 | 0,8866 | 0,8619
8 PSNRHAy 0,7794 09184 | 0,9272 | 0,9275 |33 CSSIM4 0,7394 0,8432 | 0,8668 | 0,8604
9 PSNRHVS 0,6536 0,9172 | 0,9257 | 0,9263 |34 GSM 0,8028 0,8408 | 0,8841 | 0,8583
10| PSNRHMA 0,8137 0,9151 | 0,9343 | 0,9250 |35 VIF 0,6816 0,8422 | 0,8585 | 0.,8532
11 IGM 0,8023 0,9099 | 0,9220 | 0,9227 |36 NQM 0,6349 0,8362 | 0,8572 | 0,8527
12| PSNRHMAy 0,7570 0,9107 | 0,9209 | 0,9226 |37 RVSIM 0,6748 0,8192 | 0,8449 | 0,8423
13 VSI 0,8967 0,9101 | 0,9258 | 0,9218 |38 MSE 0,6396 0,8217 | 0,8246 | 0,8335
14 SRSIM 0,8076 0,9070 | 0,9211 0,9206 | 39 PSNR 0,6396 0,8217 | 0,8246 | 0,8335
15 HaarPSI 0,8730 0,9063 | 0,9168 | 0,9190 |40 | MSUNIQUE 0,7521 0,7981 | 0,8276 | 0,8247
16 ADM 0,7861 0,9113 | 0,9201 0,9189 [41| UNIQUE 0,7466 0,7829 | 0,8157 | 0,8117
17| PSNRHVSM 0,6246 0,9061 | 09175 | 0,9188 |42 VIFP 0,6084 0,7835 | 0,8151 | 0,8056
18 FSIMc 0,8510 0,9022 | 0,9150 | 09164 |43 | CWSSIM 0,5551 0,7943 | 0,8160 | 0,8051
19| ADD GSIM 0,8310 0,9023 | 0,9151 0,9159 |44 DSI 0,7114 0,7493 | 0,7801 | 0,7838
20 1QM2 0,7955 0,8995 | 0,9103 | 0,9122 |45 SSIM 0,6371 0,7574 | 0,7877 | 0,7812
21| ADD SSIM 0,8023 0,9008 | 09119 | 0,9120 |46 IFC 0,5229 0,7201 | 0,7598 | 0,7468
22 FSIM 0,8011 0,8969 | 0,9108 | 09117 |47 QILV 0,5975 0,6604 | 0,6948 | 0,7049
23 WSNR 0,5796 0,8804 | 0,8966 | 0,8952 |48 UQI 0,5444 0,6482 | 0,6904 | 0,6824
24 SFF 0,8518 0,8787 | 0,9059 | 0,8946 |49 WASH 0,2903 0,3290 | 0,4173 | 0,3139
25 DSS 0,7915 0,8766 | 0,8904 | 0,8945 |50 MSVD 0,1261 0,1123 | 0,1309 | 0,1424

PesynbTatu B TaGnuii 2 npeAcTasiieHl B OpsAKy 3MeHIeHHs 3HaueHHs: SROCC
y croBrii "Noise&Actual". CtoBneus "Yci cnoTBopeHHS" CTOCY€eThCs BCiX 24 THUIIIB
criotBopenb y TID2013. IH1i cToBIIII MICTATH AaH1 IJIs MAMHOXMH ,,Noise”, ,,Actual”
Ta 000X.

Sk BUIUIMBAE 3 aHANI3Y JAaHUX Y KOJIOHII "YCl CIIOTBOPEHHS", HEMAaE METPUKH,
ska 0 3abe3neuyBana SROCC, mo nepesutrye 0,9. Tum gyacom jyist miAMHOXUH, 110
HAC IIKaBJIATh, ICHy€e ©0araTo METPUK SIKOCTI BI3yaJbHOTO 300pa)KeHHS, SKi
xapaktepu3ytotbess SROCC>0,9. Haiikpami pe3yiabTaTd MarTh TEHISHIIO 10
SROCC=0,94. lle onTuMICTHYHHI pe3ynbTaT, SKUH IOKa3ye, IO ICHYe Oararto
yHIBEpCAIbHUX METPUK, 3AaTHUX aJEKBAaTHO XapaKTEepU3yBaTU CIOTBOPEHHS Ha
300paxenHsx /3.

MeTpuku Ha BEpXHIX MO3MIISAX MO3HAYEH1 PI3HUMH BiATiHKaMu ciporo. Cepen
HUX MOKHA BUOpATH METPUKH, 110 3a0€3MeUyI0Th OaKaHUi KOMITPOMIC BJIACTUBOCTEM,
30KpeMa, OOYMCITIOBAIbHO €(eKTUBHI METPUKH. Y TOM Ke Yac MpeJCTaBlICHI AaHl
MOXYTb CIIy’KUTH OCHOBOIO Il BUOOPY €lIeMEHTapHUX METPUK (Jaidi MU HA3UBAEMO
€JIEeMEHTApHUMH METPHUKH, MPEACTaBIeHI B Ta0J. 2), IKI MOXYTh OyTH BUKOPHCTaHI

MpU IPOEKTYBaHHI KOMOIHOBAHUX METPHK.
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Po3poOka HOBHX METPUK € HEJICTKOIO CIIPaBOI0 ¥ BOHA HE rapaHTY€ BUCOKY
e(deKTUBHICTh pe3yJbTaTy. [HIe pileHHs — CKOMOIHYBaTH 1CHYIOUYl METPUKU TaKUM
YUHOM, 100 BOHU JOTIOBHIOBAJIM OJIHA IHINY Ta JaBaju OUTBII HafAiiHI a00 TO4YHI
pe3ysibTati. BiiMmoBigHO A0 MOMEPEaHiX JOCHIIKEHb II0JI0 CUHTE3y KOMOIHOBAaHUX
METpuK [44], MOXHAa BHUKOPHCTOBYBaTH MefiaHy Tpeox (1) abo maru (2)

JiHEeapi30BaHUX METPUK a00 0-ypi3aHe CepeHE I ATH JiiHeapi30BaHUX MeTpHK (3):

M (3) = median(M" ,M" , M) (D
M (5) = median(M[" ,MJ" , M M , M2 (2)
1 :
At(S) = _ZM;ZI’!
3 q=2 (3)
lin
e M= g eJIeMEHTapHA METPHUKA 3 €TaJIOHOM i) PITHHTY Ta JIiHeapu3arlii;

lin

(9) - g-a IOPSIAKOBA CTATHCTHUKA.

Jl;1s1 Hamoro mijaxoy, JiHeapu3aliro MeTpuk 10 MOS Oyio poBeaeHo a1t 0a3u
TID2013. T'osioBHA MeTa OTO — HE OMITUMI3allisl JUTsl KOHKPETHO1 0a3u, 8 MOKITUBICTh
MPEJICTAaBUTH yCl1 eIEMEHTapHI METPUKU B €IMHOMY Macuitali, 00 B MEPBUHHOMY
BUTJISIZII BOHW MAarOTh CYTTEBO PI3HUN MacmTad (JlorapupMiyHUM, eKCITOHEHIIMHUN

TOIIO) Ta Jllara30HU 3HAYECHb.

Ta6auusa 3 — PesyabraT 1y HAUKPAIMX po0aCHUX KOMOIHOBAHMX METPHK,

10 Oy, po3po0.ieHi paHimie

Meron EnemenTapHni Bci tunmm Noise Actual Noise &

METPUKH CIIOTBOPEHB Actual

a-ypizaHe IFC, DCTUNE, 0,8871 0,9219 0,9347 0,9326
cepenHe SFF, FSIMc,
PSNRHMAmMmM

Meniana VIFP,DCTUNE, 0,8863 0,9203 0,9336 0,9314
SFF, FSIMc,
PSNRHMAmMmM

MDSI 0,8897 0,9275 0,9387 0,9374

Haragaemo, mo miaxin [44] mo3BonuB 30iabmmTen SROCC mpubnusso 3 0,85 mis
eneMeHTapHux MeTpuk a0 0,887 mis anbha-ypizaHOro cepeHROTO 3HAYCHHSI METPUK
IFC, DCTUNE, FSIMc, SFF ta PSNRHMAm (ta6i. 3), yci ciorBopenHsi). Paniie
po3pobsieH1 HaAliHI KOMOIHOBaHI METPUKHU JAI0Th XOPOIIl pe3yibTaTu sl HaOOpiB

Noise Ta Actual, siki nuie TpOXH TipiI, HDK s HaWKpaIIMX CY4aCHUX METPHK 3
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€TaJOHOM (JIMB. Pe3yJbTAaTU B HWXKHHOMY DPSAKY B Ta0muil 3 s metpukua MDSI).
Kpim Toro, 1me o3Hauae, M0 MOXHA OYIKYBAaTH KpalluX PEe3yibTaTiB I HAIIHHUX
KOMOIHOBAaHUX METPHUK, SKIIO HOBI METPUKH OYIyTb BHUKOPHUCTOBYBATHUCS SIK
€JIEMEHTAapHI.

JIJist 3acTOCYBaHHS TaKUX CTIMKHMX METOIB MO€JHAHHS €JIEMEHTApHUX METPUK
HeoOXi/IHa JliHeapu3allisl eJIeMEHTapHUX METPHK Bi3yanbHOI sikocTi. [loTpiOHO MaTH
OPSIMHI 1 OTHO3HAYHUH 3B’ 30K MK METPUKAMU Ta Cy0’ €KTUBHUMHU OIL[IHKAMHU SIKOCTI.
OTxe, HAEXKHUN TIEpEepaxyHOK 3HaueHb MeTpUK 10 MOS moBuHEH 3A1iICHIOBATHCS 3
BUKOPHUCTAaHHSAM MOHOTOHHHUX KpPHUBHX. AHaji3 KPUBUX TaKOX MPOBOJUBCS B [44],
M1ITBEPKYIOUH, 10 (PYHKIIS BUTY

y(x):a-xb+c (4)
3a0e3neyye JOCTaTHbO BHUCOKY TOYHICTH JIiHeapu3alii Ta, 3arajioM, HalMEHIIy
CEepPEeNHBbOKBAAPATUUHY TOXUOKY (root mean square error - RMSE). ®itunr
BUKOHYBaBcsi 3a jomnomoroio iHCTpyMeHTy Curve Fitting Toolbox y mnporpami
MATLAB 3 yBiMKkHeHOM0 ormiero “Criiika”. CkaTeporpaMu JesKuX JiHeapu30BaHUX
TIOKA3HHUKIB MpEJICTABNICHI Ha pUcyHKY 1. 3BepHiTh yBary, mo MOS >6 y TID2013
BIJIMOBIAA€ Ay>K€ BUCOKIH Bi3yallbHIN SKOCTI CHOTBOPEHUX 300pakeHb.

BpaxoByioun BelMKy 3arajibHy KiJIbKICTh METPHUK, MapaMmeTp JiiHeapHu3alii
HaBeJICH1 B TaOuIIll 4 JuIe sl I SITH eJIEMEHTapHUX METPUK HalKpamioi KoMO1HaIlii
(muB. geTan HUXKYE).

Ines crifikux KOMOIHOBaHMX METPUK TMIOJSTAaE B MIiHIMI3aIil OYEBUIHUX
MTOMUJIKOBUX (aHOMAaJILHUX) OIIHOK Bi3yalbHOI SIKOCTI 300pa’KeHHS, 10 (POPMYIOTHCS
CUCTEMaMHU JIMCTaHIIMHOTO 30HAYyBaHHA. AuJib(a-ypi3aHe cepelHE BHUKIIOYAE
HaMeEHIEe Ta HanOuiblle 3HadeHHA omHOK MOS. Memiana KUIbKOX OiiHOK MOS
TaKOX JI03BOJIIE YHUKHYTH aHOMAJIbHUX OIIHOK, IO HAIXOISATh 3 €JIEMEHTAPHUX
MeTpuk. Sk Oyno mokazaHo B [44], cepen pi3HUX HaIIWHUX METOIB KOMOIHYBaHHS
€JIEMEHTAapHUX METPHUK HalKpalll pe3yibTratd aibga-ypizane cepenne. KinbkicTb
PO3TIISTHYTUX METPUK ITi/1 4ac KOMOIHYBaHHS CHUJIHO BIUIMBA€E Ha 00’€M OOYHUCIICHB.
Tomy Oyi0 HakIaeHO OOMEKEHHS HA BUKOPUCTaHHS HE OUIbILE 11’ SITH eJIEMEHTapHUX
MeTpuk. s Oyap-skux maTu 3 po3nIsiHyTHX 50 METpPUK BIAOCs CTBOPUTH 2,2

M1JIbIIOHA YHIKAIbHUX KOMOIHAILIIMN.
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Fitting ADM to MOS of TID2013

Fitting CVSSI to MOS of TID2013

)
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57 57
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=3t |Z 31
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0 : 0
0 2 4 0 2 6
ADM fitted values CVSSI fitted values
a) 0)
Fitting MDSI to MOS of TID2013 , Fitting PSNRHA to MOS of TID2013
6 6
57 57
(V)] 4 10 4t
o o
= 3 {= 3¢ :
20 2t acd
1 ..-. : 1 ¢ kK
0 : 0
0 2 4 0 2 6
MDSI fitted values PSNRHA fitted values
B) r)
a) metpuka ADM; 6) meTpuka CVSSI;
B) MmeTpuka MDSI; r) merpuka PSNR-HA.
Pucynok 1 — Ckareporpamu JJisl KiJIbKOX MeTPHK micJist QiTUHTY
Taoauus 4 — Ilapamerpu QiTHHTY 11 HAWKPAIIOI KOMOiHANIT
Metpuku a b c RMSE
ADM 5,208 1,058 1,191 0,5133
CVSSI -10,9 0,5469 6,385 0,4137
MDSI -17,94 1,679 6,721 0,3945
PSNRHA -271,3 -1,147 9,81 0,4057
PSIM 3,922 583.8 1,981 0,4144

Sk kputepiit onTumizanii KOMOIHOBAaHOI METPUKU 3a3BUYail BUKOPHCTOBYIOTH

KoedilieHTH Kopessiii. Taki MOKa3HUKH KIJIBKICHO XapaKTEPU3YIOTh 3B'SI30K MIXK

3HayeHHssMH MeTpuk Ta MOS. Kopemnsis ITipcona Ta SROCC € HaitOu1bII MIUPOKO
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BUKOPUCTOBYBAaHUMH KoedirieHTamMu Kopessiiii. [cToTHOIO mepeBaror kKoedirieHTiB
paHTOBOI KOpemsIii € iX HE3aJIeXHICTh BiJ 3Ha4YeHb MeTpuk Ta MOS, OCKUIbKH
OIIHIOKOTHCS iX paHru. J{ms miHiiiHOTO KoedimienTa kopemsiii ([lipcona) HeoOxinHa
MiJroHKa. 3apoONOHOBAHUM METO/ MOEJHAHHS METPUK TaKOX BUMarae JiHeapu3allii,
ToMy po3paxoByroThes sik PCC, Tak 1 SROCC.

Pesynmbrarom Hamoro MOCTIKEHHS CTaJI0 3HAYHE 4YHCIO KOMOiHArii, i
HeoOx11HO Oyno BuOpaTu Haiikpairy 3 HuX. OJHUM 13 KIIOYOBUX MHUTaHb OyB BUOID
KpuTepiiB edekTuBHOCTI. MOXKHa OTpuUMaTH Haiikpamii KomOiHawii BIJIOBIAHO 10
SROCC, PCC a6o cepeanim 3HaueHHsIM SROCC ta PCC. Bonu Oynu pizHMMH, X0Ua
OUIBIIICTh €IEMEHTAPHUX MOKA3HUKIB OYyJIM OJHAKOBUMHU. JIJIs1 MOJQNIBIIOTO aHATI3Y
3aJUIIMIIOCH JIUIIE 1’ SITh TIOKa3HUKIB, HaBeneHuX y Tabmuii 4. Sk BUIUIMBAE 3 TaHUX
Tabnumi 2, yci BOHM € OJHUMH 3 HaWKpallux, 1, y3arajibHIOIOYH, BOHH J00pe
JOTIOBHIOIOTH OJIHE O/IHOTO.

[To-niepmie, xoporir pe3yabTaTH OyJd OTpPUMaHI I CTIMKOT KOMOIHOBaHO1
MeTpuku a1t 6a3u ganux TID2013. Ak 6aunmo, Hatikpami 3HadeHHs SROCC ta PCC
JUTSL PO3TIISTHY TUX T IMHOXWH CTaHOBIIATH MpuOm3HO 0,95, ToOTO 10CTaTHRO OLITBIIIE,
HIK JUJIs1 OyZb-IKOi €JIEeMEHTapHOI METPUKHU, 110 BUKOPUCTOBYETHCS B Habopi. Tum
yacoM Oa)kaHO MaTH METPUKH, SIKI J0Ope MpaIioTh A pI3HUX 0a3 JaHHUX; TOMY
PEKOMEHIY€E€ThCs MepEBIPKA AJI pi3HUX 0a3 JaHuX. Sk 3a3Ha4aIOCs HA TOYATKY, JIUIIE
JeKiIbKa 0a3 TaHuxX 300pa)kKeHb MOXYTh OyTH YacCTKOBO BMKOPHCTaHI JUIS aHATI3Y
300pakeHb AUCTAHLIHHOTO 30HAyBaHHA. OHIEO 3 TaKNX 0a3 TaHUX, 3aIIPONOHOBAHUX
HemogasHo, € KADID10k. Bona MicTUTh MEHIITy KUTBKICTh 300pakeHb, 1110 MICTSTh
CIOTBOpPEHHS, nepeniueni B Tabnuii 2, ki BUKOPUCTOBYBAJIKMCH IS aHAMI3y, TAKOXK
posniieHi Ha 1Bl rpynu (auB. Ta6m. 5).

Amnani3 manux s 6a3u ganux KADID10k nokasye, 1o ereMeHTapHi METPUKH
ADM Tta CVSSI mnpamomoTe Jocuth n00pe. TuM Yacom pe3yabTaTd IS
3aIMpONOHOBAHOI KOMOIHOBAHOT METPUKH € abo HallKpammmu, ado ONM3BKUMHU [0
HaWKpaIux i1 eIEMEHTApHUX METPHK (AWB. AaHl, TO3HAYCHI KUPHUM IIPUDTOM).
[{ikaBo TakOX, 110 3aIIPOINIOHOBAaHA KOMOIHOBaHA METPUKA J]A€ XOPOIILIl pE3yIbTaTH JIsl
BCiX THUMIB crioTBOpeHb y 06a3i nannx KADID10k.

3anpornoHOoBaHa METpPHKAa TaKOXX IMOBHHHA MaTH MOXJIMBICTH MpaIloBaTH B
peaIbHUX MPaKTUYHUX YMOBaX, KOJM Ha 300pa)K€HHI OJHOYACHO MOXYTh OyTH
OPUCYTHIMH JEKUIbKa THUIMIB CHOTBOPEHb. [IIsi MOZentoBaHHS TaKuUX CHUTYaIlli
BUKOPHUCTOBYIOThCSl 0a3u gaHux 3o00paxenb MDID ta LIVE 3 MHOXUHHHMEH

cnotBopeHusmu (LIVE MD) [47]. MDID Bxkitouae 300pakeHHS 3 4YOTHUpMa
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CIIOTBOPEHHAMHM (PO3MMTTSI, aANTUBHUH 1IyM, 3MiHa KOHTpacTy, ctucHeHHs1 JPEG Ta
JPEG2000), BumamkoBo HakjajeHEe Ha 300paXeHHS BIAMOBITHO IO 3aJaHOTO
anroput™my [42]. LIVE MD cknagaeTbcsi 3 J[BOX Hap CHOTBOPEHb (PO3MHTTS 3
noaanbiuM JPEG Ta po3mMuTTs 3 mogaibmumM mrymom). OouaBi 6a3u JaHUX BaXKKO
PO3IUIMTU HA TPYINH CIIOTBOPEHbB. 3 111€1 IPUYMHU BOHM TIpeAcTaBieHi B Tabmuii 5 i3

sarasibHuME oriakamu SROCC ta PCC.

Tabauus S — PesyabraTl 119 eJIeMEHTAPHUX METPUK

Ta HAllKpamoi KOMOIHOBAHOL

Bt | poNRHA | ADM DSI PSIM VSSI | o-trim

CIIOTBOPEHb
TID2013 Pesyaprat ayisi SROCC
Bci 0.8198 0,7861 0.8897 0,8926 0.8285 | 0,8825
Noise 0,9230 09113 0,9275 0,9189 09248 | 0,9393
Actual 0,9388 0,9201 0,9387 0,9309 0,9350 | 0,9484
Noise & 0,9322 0,9189 0,9374 0,9303 09341 | 0,9473
Actual
TID2013 PesyapraTtu aisi PCC
Bci 0,8339 0,8021 0,9051 0,9039 0,7243 | 0,9055
Noise 09127 0.8916 0,9285 0,9202 0,9205 | 0,9410
Actual 0,9298 0,9012 0,9434 0.9336 0,9381 | 0,9540
Noise & 0,9266 0,8998 0,9418 0,9326 09367 | 09528
Actual
KADID10k Pesynpratu mjist SROCC
Bci 0,8252 0,8033 0,8852 0,8698 0,6939 | 0,8922
Noise 0.8565 0,9060 0,8988 0,8845 0,9130 | 09093
Actual 0.8673 0,9380 0,9190 0,9095 09335 | 0,9302
Noise & 0,8681 0,9356 0,9202 0,9066 09324 | 09294
Actual
KADID10k PesyasTatu qyist PCC
Bci 0,7687 0,7907 0,8436 0,8629 05261 | 0,8790
Noise 0,8463 0.8893 0.8962 0.8791 0,9082 | 0,9097
Actual 0,8458 09177 0,9098 0,9044 0,9270 | 0,9268
Noise & 0,8524 0,9126 0,9132 0,9060 0.9266 | 0,9278
Actual
Pesynbratn s 6azu MDID
Bci
(SROCC) 0,7240 0,8283 0,8360 0,8733 0,8615 | 08576
Bci (PCC) 0,7164 0,8255 0,8121 0,8593 0,8613 | 0,8566
Pesynpratn s LIVE MD

Bei
(SROCC) 07111 0,8821 0,7764 0,8508 0.8760 | 0,8326
Bci (PCC) 0,7456 0,8923 0.8106 0.8836 08923 | 0,8652
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[Ilo crocyerbcst 6a3u nanux MDID, To metpuka CVSSI npaitoe Halikpamum
YUHOM, XO4Ya 3alpOTOHOBaHA KOMOIHOBaHa METpHKa Takok mpamroe aoodpe. 1o
crocyerbes 0azu ganux LIVE MD, To naiikpanmm unHOM mpartoe Merpuka ADM.
Pesynpratn 118 KOMOIHOBaHOI METPHUKHM HE Taki XOpOIIi, aje MOXYTb OyTH
3aJI0BUTbHUMH JJ1s1 PAKTUKU. 3T1IHO 13 3arajJbHUMU pe3yJIbTaTaMU, CTIMKE MOETHAHHS
MDSI, PSNRHA, ADM, PSIM Ta CVSSI micns miHeapu3zamii MOXHa BBa)XaTH
HaWKpalmuM HabOpOM €JIeMEHTapHUX METPUK.

Takum unHOM, mpoBeneHO aHami3 edeKTUBHOCTI ansi 50 METpUK Bi3yalbHOI
SAKOCT1 3 €TaJIOHOM JJIsl TUIMIB CIIOTBOPEHb, TUMOBUX JJIs1 300paKeHb AUCTAHIIITHOTO
30HAyBaHHSA. 3 X BHKOPUCTAaHHSIM OYJIO 3alpONOHOBAHO CTIWKI JiHEapU30BaH1
KOMOIHOBaHI METPHKH, 3aCHOBaHI Ha anb(a-ypizaHOMYy CepeAHbOMY 3HAUYEHHI I’ SITH
omiHoK. Takox Oynu poO3IIIAHYTI acmekTh MAroHKH ((GITUHTY) Ta JiHeapu3arlii.
OnTuMizaliis MUIIXOM TOITYKYy HaWKpanmx HaOOpiB eeMEHTApHUX METPHK Cepe
JIOCTYNHUX MpoBeaeHa mig 6a3u ganux TID2013 3 BUKOpPUCTaHHSIM KpUTEPIiB SIK
SROCC, tak 1 PCC. byno nokasaHo, 1110 BUKOpPUCTaHHS aib(ha-ypizaHoro cepeHboro,
3acTocoBaHoro A0 ouiHok MOS, no3soisie gocsartu 3HaueHb SROCC ta PCC 01u3bK0
0,95 mna migmuoxkun TID2013 "Noise" ta "Actual". [IpononoBaHe pimeHHs 0yJo
nepeBipeHo Ay iHmuX icHyrounx 6a3 ganux (KADID10k, MDID ta LIVE MD), mo
npuBouTh 10 SROCC Ta PCC npubnuzuo 0,86.

4.2. Kom0iHOBaHiI MeTPUKH 3 BUKOPUCTAHHAM HeliPOHHHUX MepeikK

B npakTuiii 1ucTaHIiifHOro 30HyBaHHS MOKJIUBI Pi3H1 CUTYAIIi:

— 300paXeHHS 37A€ThCA ieaTbHUM, TOOTO Bi3yaJIbHO HE MOXHAa BHUSBUTH
MOTIPIICHHS SKOCTI (YITKICTh 3aJI0BUIbHA, IITyMYy HE BHJHO, IHIIUX MOTIPIIEHb HE
CIIOCTEPITaETHCA);

— 300paxkeHHs] OaraTOKaHaJbHE, 1 € KOMIOHEHTHI 300pa)XX€HHs IyX€ BHCOKOI
SIKOCT1 Ta KOMIIOHEHTHI 300pa)XeHHS JJOCUTh HU3bKOI KOCTi [24, 25]; nis marux [13 3
BEJIMKOIO KUTBKICTIO KOMIIOHEHTIB, TOOTO T1iMepCHEKTPaIbHUX 300paxeHb, 1Ie MOKHA
BUSBUTH LUIIXOM KOMIIOHEHTHOI Bi3yaii3allli Ta aHajizy 300pakeHb;

— OTpuMaHe 300paXKCHHS 3 CaMOro IMOYaTKy € TMEBHUM YHUHOM CIIOTBOPECHUM,
HalpuKiaa, 3aBlISKA TMPUHIMUIY poOOOTH CUCTEeMH (OpMYBaHHS 300paKCHHS;

XOpOIIMMH TPUKIAJAMUA € 300paKEHHS PaioJIOKAIMHIX CUCTEM 13 CHHTETUYHOIO
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anepTyporo (SAR), mst sKux 3aBXau MPUCYTHIHN crieki-1iyM [49].

Ile o3Hauae, MmO SKICTh OPUTIHAIBHHUX (TIEPBUHHUX) 300paKeHb MOBHHHA
XapaKTEepU3yBaTUCS KUIBKICHO 3a JIONMOMOTOI0 TEBHHMX MMOKa3HUKIB. Crij Takox
OoXapakTepu3yBaTH e(PeKTUBHICTh TONIEPEAHBOT 00pOOKH 300paxkeHHs 13 (Hanmpukias,
YCYHEHHs IyMy ab0 CTHUCHEHHsS 3 BTpaTramH). Y IIbOMY CEHCI ICHY€ KiJIbKa TpyIl
METpUK (KpUTepliB), SAKI MOXYyTb OyTH BUKOpHCTaHi ans wie€i metu. [lo-mepiue,
OyBarOTh MPAKTUYHI CUTYyaIlii, KOJU MO>KHA 3aCTOCOBYBAaTH METPHUKH 3 €TaJIOHOM (JIMB.
nigposain 1). Le Tpamniserscs, HampUKIaa, TpU CTUCHEHHI IaHUX 13 BTpaTaMu, KOJIH
METPUKY MOYKHA OOUHUCIIUTH, BAKOPUCTOBYIOUM OPUTIHAIBHI Ta CTUCHEH1 300paKEeHHSI
[50-52]. Io-npyre, MmeTpuku 6€3 €TajJoHy MOXXKHa BUKOPUCTOBYBATH, KOJIU AaHl1 0e3
CIIOTBOPEHb BIACYTHI. 3a3BUYail AesiKl mapamMeTpu 300pakeHHsI PO3PAXOBYIOThCS AJIs
OOYHCIIEHHS! METPUKH 3 BIJICYTHICTIO €TaJlOHy. 3ayBaXTe, IO € JOCHUTH YCHiIIHI
CpoOM MPOTHO3YBaTH METPUKH 3 E€TAJIOHOM, HE MAIOUM IMPU LBOMY ETaJTOHHUX
300paxkeHb [53, 54]. Hapemri, icHye GaraTo METpHUK, SIKi XapaKTepHU3yIOTh SIKICTh
300paxkeHHs (a00 e(heKTUBHICTH 00POOKHU 300paXKe€Hb) 3 TOUKH 30PY SKOCT1 BUPIIICHHS
KiHIeBUX 3aBaaHb [55-57]. lle moxxe Oytu, Hanmpukan, mioma mig kpuow (AUC —
area under the curve) [58] a6o WMOBiIpHOCTI MpaBIIIBHOI Kitacudikarii [59].

OueBuaHO, 10 0araTo METPUK € KOpEeIbOBaHMMHU MK co0Ooro. Hampuxman,
kputepii kiacudikaiii 300paxens J[3 3anexaTh BIJ SIKOCTI BXIJHUX JaHUX, X04Ya
e(eKTUBHICTh KiacuiKallii TaKOXK 3aJI€KUTh BiJ BUKOPHUCTOBYBAHOT'O HAOOPY O3HAK,
3aCTOCOBAHOTO Kiacu(ikaTopa Ta BUKOPHUCTOBYBAHOIO METOAY HaB4YaHHI. B npomy
OiAPO3AUTT 30CepeANMOCh Ha METPHKaX, L0 XapaKTepU3yIOTh SKICTh NEPBUHHUX
300pakeHh a00 300pakeHb TMICIS TOoMepeaHboi O00poOKH sK-TO (imbTpartis abo
CTHUCHEHHS 3 BTpaTraMu, (OKYCyIOYHCh HAa METPHUKax 3 €TaJOHOM, i, 30KpeMa, Ha
MEeTpHKaXxX Bi3yaJIbHOI SIKOCTI.

3BHUaiiHl MOKAa3HUKHW, TaKl K cepenHboKBagpatnyHa moxubka (MSE mean
square error) abo mikoBe BimHomeHHs curHan/mym (PSNR), Bce mie mmpoko
BUKOPHCTOBYIOTHCS JUIsl aHAMI3y 300paxensb /13 a0o oIiHKK epeKTUBHOCTI iX 00pOOKU
[57, 60—62]. Tum dYacom IiCHye O4YEBHJHA TEHJEHIIS 3aCTOCOBYBAaTH Bi3yasbHI
NoKa3HUKHU skocTi [36, 37, 61, 63—66]. € kinbka poOiT, 10 BUKOPUCTOBRYIOTH SSIM
[67], sixuit €, MaOyTh, HaiinaBHimuM - kpiMm UQI [68], Oyayuu #ioro GesmocepenHim
MOTIEPETHUKOM - METPHUKOIO Bi3yanbHOI sSIKOCTI [61, 63, 64]; meski 1HII MOKa3HUKH
BI3yaJIbHOI SAKOCTI OyJiM pPO3pOOJICHI Ta MPOTECTOBAHI HEMOJaBHO [65—68] s
KOHKPETHHX JOAATKiB, TaKUX SIK TMOCHJICHHS Pi3KOCTI 300paK€HHS Ta BHSIBJICHHS

00’ekTiB. OMHAaK KUIBKICTh POOIT, 7€ BUKOPUCTOBYIOTHCS IMOKA3HWKU Bi3yalabHOT
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SIKOCTI, BCE Ie oOMexxeHa [61-66, 69—71].

Tum He MeHIIe, ICHye KiJbKa MPUYMH 3aCTOCOBYBATH MOKA3HUKHU Bi3yalbHOI
aKocTi. Bimomo, mo cuctema IOACHKOTO 30py NPHUIUISLE TMEPIIOYEProBy yBary
YiTKOCT1 300paxkeHHs [ 72—75], Oy 1y4u BUCOKO KOPEIHOBAHOIO SIK 3 METPUKAMHM SIKOCT1
30py, 3acHoBaHUMHM Ha HVS, tak 1 3 OaraTbma 3aBIaHHAMH OOpOOKH 300pakeHb,
TaKUMU K (QUIbTpAIlisi, CTUCHEHHSI 3 BTpaTaMH, BHUSIBJICHHS KpaiB, CErMEHTAIlls Ta
knacudikamis. OTxe, LIIKOM pPO3YMHO 3HATH, $AKI BiIOMI METPHUKHM MOKHA
3aCTOCYBaTH, SIKI HaWKpaIi cepel HUX, 1 Y MOKHA TMOKPAIIUTH TMOKAa3HUKH ITUX
MeTpuk. [TogiOH1 pobiieMu B)Ke YaCTKOBO BUPIIICHI B MYJbTUMEAINHUX JOJAaTKaX,
ne: a) 3ampornoHoBaHo 6arato HVS-merpuk [72—-75]; 0) 3anponoHoBaHI METO0JIOTi
ix TectyBaHHs (Bepudikarii) [72—75] B) cTtBopeHi 6a3u maHux 115 Bepudikaiiii MeTpuK
[40-42, 72-76]; r) 3pobieHi monepeaHi BUCHOBKH [72—76], ki J03BOJSIOTH 3HANTH
XOpOIIl TOKAa3HUKUA JJISI TIEBHOTO BHUIY (THUIIIB) CIIOTBOPEHbB; 1) BUCYHYTO MUISXH
NiABUINCHHS €(EeKTUBHOCTI METPHUK, BKJIIOUAIOYM MPOEKTYBaHHS KOMOIHOBaHUX
MeTpuk [77-80] abo mMeTpuk Ha OCHOBI HeWpoHHOI Mepexi (neural network - NN)
(mesixi mpukaan HaBeaeHi B [77-80]).

B po3aini 4.1 nosicHeHO royIoBHI po6JIeMu pO3pOOKH METPHK Bi3yaldbHOI SKOCTI
JUTS TAKOTO 3aCTOCYBaHHS, SIK IUCTAHIIiHE 30HyBaHHs. Tak0oX HaBeJIEHO apTyMEHTH
Ha KOpuCcTh BUKopuctanHs 6a3u TID2013 ta HabopiB 300pakeHb 13 IEBHUMHU TUIIAMH
CIIOTBOPEHb. BTiM, MeTO 00’ € THAHHSI KITBKOX €IEMEHTapHUX METPHK 3a JIOTIOMOT OO
MOTepeAHbOI JIIHeapHu3allii Ta CTINKUX OIIHOK MOke OyTH He HalOUIbII e(heKTUBHUM
13 MoxuMBUX. ToMy Hamu OyJio TakoX AOCTKEHO 1HIIUN (AyXe MOMyJIapHHUH Y
JaHUH Yac) MiaXia Ha OCHOBI HEHPOMEPEK.

B ocranni poku HeiponHi Mepexi (NN) mpoaeMOHCTPYBaIM ykKe BHUCOKHI
TMOTEHIia] y BUpIillleHHI 6arathboX 3aBjaHb, TOB'S3aHUX 3 0OPOOKOI0 300paskeHb. IX
BUKOPHUCTAHHS YaCTO TPAKTYEThCA SIK 3aci0 JUIsi OTpUMAaHHS MepeBar y MOKpalleHHI
po3po0ku Ta epeKTUBHOCTI. OTKE, KOPOTKO PO3TITHEMO OCOOIUBOCTI Ta MOKIIHBOCTI
BukopucTtanHs NN IS HaIIoro 3acTOCYBaHHS, TOOTO MPU PoO3pOOIi HOBUX, OLIBII
NOTY)KHMX METPUK 3 €TaJOHOM /Ui 300paXeHb 13 BHUIIE3TaJaHUMHU THIIAMU
CIIOTBOPEHb. BUMOTH 10 TaKMX METPUK HABOISATHCS HIDKYE.

Xopoma metpuka Ha ocHOBI NN moBuHHA 3a0e3meuyBaTH MEBHY IepeBary B
poOOTI MOPIBHSHO 3 eleMeHTapHUMHU MeTpukaMu. Ockiiabku My posrisigaeMo SROCC
SIK TOJIOBHUM KIJTBKICHHM KpUTEPId, HOTO CIIiJl 3HAYHO MOKPAITUTH TIOPIBHIHO 3 YXKe
nocsrayTuMu 3HadeHHaMHu 0,93 ... 0,94. Ockinbku MakcumaiabHe 3HaueHHs SROCC

JOPIBHIOE OAMHUII, Horo nokpamends Ha 0,02... 0,03 Mo)Ha BBaKaTH JOCTATHIM.
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[HmMMKM BaXKJIMBUMM aclieKTaMHu € BXIIHI mapameTrpu Ta cTpykTypa NN. OcCKUIbKH
TUTIOBOI0O BHUMOTOIO 70 METPUKM 3 €TAJIOHOM € JOCHTh IHIBUAKA poOOTa, BXIiAHI
napamMeTpy CJifi OOYMCITIOBATH JIETKO 1 MIBUAKO. 3BUYAWHO, iX OOYHCIICHHS MOXHA
3poOUTH TapalieTbHO a00 SIKOCh MPUCKOPUTH, aje B Oyb-SKOMY BHIIAJIKYy >KOJEH 3
BXIJHUX TapaMeTpiB He TMOBUHEH OyTu 3aHaaro ckinagHuM. Crpykrypa
BUKOpUCTOBYBaHOI NN moBuHHa OyTH, HACKIIbKA MOJKJIHMBO, TaKOX MPOCTOIO.
[ToTpiGHa MeHIIa KITbKICTh MPUXOBAHUX IIAPIB 1 MEHIIIA KUTbKICTh HEMPOHIB y HUX 0€3
BTpaTu €(eKTUBHOCTI. MeHIIa KUIbKICTh BXIIHHUX MapaMmeTpiB TakoX Moxe OyTH
BUT1JTHOIO Y TIJIaH1 CIIPOIIEHHS Ta MIBUAKO/II.

AHaJli3 ICHYIOUHX PIIlIeHb MOKA3y€ HACTYITHE:

— HEHWpPOHHI MepeXi BXKe BUKOPUCTOBYBAIUCH MPH MPOEKTYBAaHHI METPUK SKOCTI
3 ertajoHoMm (AuB., Hampukian, [81-84]); merpuka [81] BUKOPHUCTOBYE O3HAKH 3
CTAIOHHUX Ta CHOTBOPEHHX 300paXeHb Ta BHUKOPUCTOBYE TIIMOOKE HABYAHHA Y
po3pobiti Metpuk, 3abesneuyroun SROCC = 0,94 nns Bcix THMIB CIIOTBOPEHH Y
TID2013; E. Ilpamuani Tta iH. [82] TpOXW MOKpAIMIA pe3yJbTaTH poOoTu [81]
3aBJIKM BUKOPHUCTAHHIO HOBOI CHCTeMHM IMapHoro HaBuaHHs; Ceo Ta iH. [83] mocsr
SROCC = 0,961 3a 1ooMOror riimooKoro HaB4aHHS,

— MOXYTh ICHyBaTu pi3HI cTpykrypu NN (He3Bakalouud Ha MOIMYJSIPHICTh
3rOPTKOBUX MEPEX, CTaHJapTHI OaraTomapoBl MEpexi BCE II€ MOXYTh OyTH JTOCHUTH
e(eKTUBHUMH) 1 Pi3HI HAOOPH BXIAHHUX MapameTpiB (MOXKYTh BUKOPHUCTOBYBATUCSA SIK
Aesiki (QyHKIIIT, TaK 1 eIeMEHTapH1 METPUKH).

Matrouu 11¢ Ha yBa3i, Hallla i7esl MoJIsrae y BUKOPUCTaHHI HA0OPY €JIeMEHTApHUX
METPHK SIKOCTI SIK BXIJTHUX JJAHUX Ta 3acTocyBaHHI NN 3 TOCUTB IPOCTOIO CTPYKTYPOIO
JUTSI BUPIMICHHS HAIOTO 3aBJIaHHS - OTPUMATH KOMOIHOBaHYy METpUKY (abo KiibKa
KOMOIHOBaHHUX METPHUK) 3 €(EeKTHBHICTIO, CYTTEBO KpAaIlOKo, HIUK IJIs HaMKpamoi
€JIEMEHTapHOI METpUKU. ToJli BUHUKA€E HaOlp KOHKPETHUX 3aBJaHb, SIKI MOTPIOHO
BUPIIIIUTH, & CaAME:

— CKUIbKH €JIeMEHTapHUX MOKA3HUKIB CII1J] BAKOPUCTOBYBATH?

— sIK1 €JIEMEHTapHI MOKa3HUKH CII1]] BUKOPUCTOBYBATH?

— SIKy CTPYKTYpY HeillpoMepeski ciiiji o0paTH Ta sIK ONTUMI3yBaTH ii mapaMmeTpu?

— Yy TIOTPIOHI1 AesKi onepallii monepeaHb0i 00poOKH BX1THUX JTaHUX ?

— sikuM noBuHeH OyTH Buxig NN Ta fioro BmacTuBOCTI?

[lono ocCTaHHBOTO MHUTAHHS, TO OCKUIBKM MU IUIAHYEMO BHUKOPHCTOBYBAaTH

TID2013, cnig HaragaTH, 10 SKIiCTh 300pa)KeHb y 11k 0a3l JaHUX XapaKTePU3Yy€EThCs
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MOS. OcuoBHil BiactuBocti MOS B TID2013 Bu3HA4arOTHCI METOIOJIOTIEI
€KCIIEPUMEHTIB, MpoBeAeHUX crocrepirayamu. [loTenmiitno morno 6yTtu, mo MOS
Mosxe OyTH Big 0 10 9, ane, sik pe3ynbTat ekcrepuMenTiB, MOS KOTUBA€EThCS B MEXKaxX
Bix 0,24 no 7,21 [85]. binbiie Toro, ananiz MOS Tta sikocti 300paxxeHHs [85] mokasas,
10 moA0 MOS MOXIMBI YOTHUPH Tpajiallii IKOCTI 300paKeHHS:

a) BigMiaHA sSKicTh (MOS> 6,05);

0) rapua sxictb (5,25 <MOS < 6,05);

B) cepenHs sKkicTh (3,94 <MOS < 5,25);

r) norana skictb (MOS < 3,94).

s "kmacudikamiga" Tpoxu cyO0'€eKTHBHA, TOMY TOTpPiOHI JEsIKI TOSCHEHHS.
300pakeHHS BBAXXAIOTHCS TAKUMHU, 110 MAIOTh BiIMIHHY SIKICTb, SIKIITO CIIOTBOPEHHS Ha
HUX HEMOXJIMBO Bi3yaJIbHO MOMITHTH. {151 300paxeHp 3 TapHOIO SKICTIO 3HAYCHHS
MOS wmatots panru Big 201 mo 1000, a cHOTBOpEHHS MOXHa MOMITUTH MpPH
perenbHOMY BizyaiabHOMY orjisifl. ko 3HaueHHs MOS matots pevitunr Big 1001 1o
2000, sxicTh 300paxkeHHsI KIIacu(IKy€EThCS sIK cepeaHe (CIIOTBOPEHHS BUJIHO, aJie BOHU
HE JpaTyioTh). SKICTh 1HIMIMX 300pa’keHb YMOBHO KIacH(IKyeTbCA SIK MOraHa -
CIIOTBOPEHHS 3/1€01IBILIOTO IPATYIOTh.

PucyHOK 2 1110CTpy€ MPUKIAIN CIIOTBOPEHUX 300pa)KeHb I OJHOTO M TOTO XK
etajoHHoro 300paxkeHHs (Nel9 y TID2013), sike mMae HEWTpadbHUM BMICT 1 Mae
CEepelHI0 CKIaAHICTh. [ HUX Takoxk mnpenacrarieHi 3HadeHHs MOS Ta Tpu
€JIEMEHTapH1 MOKa3HUKU. 300pa)KeHHS Ha PHUCYHKY 2,a) BIAMOBIAA€ MEPIIii Tpyri
(BiAMIHHA SIKICTh), 1 BUSIBUTH CITIOTBOPEHHS CIPaB/ii BaXKKO. 300pa’KEHHS HA PUCYHKY
2,0) HaJEXKUTHh A0 APYroi IpynH, 1 CIOTBOPEHHSA BHUIHO, OCOOJMBO B OJHOPITHUX
oOnacTsix 300paxeHHs. 300paKeHHS Ha PUCYHKY 2,B) € XOPOIIMM MPEJCTaBHUKOM
TPETHOI Ipynu 300paxeHb, A SIKUX CIOTBOPEHHS OYEBU/IHI, aJle BOHU HE JIPATYyIOTh.
Hapemti, 300pakeHHsI Ha PHCYHKY 2,I) € TPHUKIAJAOM HESKICHOTO 300pakKeHHS.
[IpenacraBneni 3Ha4YeHHS METPUK TMOKa3yIOTh, HACKIIBKM BOHH BIJMOBIIAIOTh
MOTIPIICHHIO AKOCTI Ta MOXYTh XapaKTepU3yBaTH PIBEHb CIIOTBOPEHbD.

[lepenoctanHe 3amuTaHHS CTOCYETHCS MOMEPEAHBOI OOPOOKM BXIAHUX JIaHUX.
Bigomo, mo B Teopii HellpoMepek YacTO PEKOMEHAYETbCS 3IIMCHUTU JIESIKY
MOTIEPETHIO HOpPMAJTi3aIlilo BXIMHUX JaHWUX (O3HAK), SKIIO BOHUW MAlOTh Pi3HI
Aiana3oHu BapitoBaHHs. L{e cipaBeymuBoO AJIs €1eMEHTapHUX METPUK, SIK, HAIPUKIIA],
PSNR 1, nanpuknag, PSNR-HVS-M, o6uaBa Bupaxkeni B 1b, MoxxyTh BapitoBaTucs B
mupokux Mexax (Big 10 nb mo 60 n1b), ane nis cmotBopeHux 300paxkens y TID2013

BOHU BapiIOIOThCS Y BYKUMX MEXKaX.
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PSNR, sikuif BUKOPUCTOBYETHCS JJIi BCTAHOBJIEHHSI I’SITU PIBHIB CHOTBOPEHD,
Ma€ I’STh 3HAYEHb, M0 MPpUONM3HO AopiBHIOWTH 21, 24, 27, 30 ta 33 b, xoua
HACIpaBll 3HAueHHS 1€l MeTpuku s 300paxkenp y TID2013 konuBaroThes
npubau3Ho Bia 13 1b 10 ~41 n1b . PSNR-HVS-M Bapiroerbes Big 14 nb 1o 59 nb, mo
B OCHOBHOMY BIJIOBIJIa€ “poO0OYMM MexaM™, TIOUMHAIOUW BIJl JYXK€ JAPATIBIMBUX
CIIOTBOPEHB 1 3aKIHUYIOUH MPAKTUYHO 1/1€aJTbHOIO SKICTIO (HEBHIUMI CTIOTBOPEHHS).
MDSI Bapiretbes Big 0,1 mo 0,55 mst 300paxens y TID2013, ne 6inbiii 3HaYCHHS

BIJIMTOBIIAI0THh HIDKYIN SKOCTI 30DYy.

a) BiAMiHHE (TUN cIOTBOPEHHS Ne2 - aAMTUBHUY IIIyM y KOJIbOPOBUX KOMIIOHEHTAX) -
MOS =6,0811, PSNR = 43,6260 nb, PSNRHA = 39,8060 n1b, MDSI = 0,1556;
0) rapue (Tun cnotBopeHHs Ne5 - BucokoyacTtotHmit mym) - MOS = 5,9737, PSNR =
37,7730 nb, PSNRHA = 42,4980 nb, MDSI = 0,1512;
B) cepenHe (Tun cnotBopeHHs Ne3 - mpocTopoBO KOpesnboBaHuii mrym) - MOS =
4,6667, PSNR = 37,8280 nb, PSNRHA = 33,4380 nb, MDSI = 0,2683;
r) noraHa (Tur crnoTBopeHHst Ne6 - immynscHui mrym) - MOS = 3,8844, PSNR =
31,2660 nb, PSNRHA = 31,2890 nb, MDSI = 0,2920

Pucynok 2 — Ilpukiiaau TecTOBOro 300pakeHHs 3 Pi3HOIO AKICTIO
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Jeski ia111 moka3HukH, Taki sk SSIM, MS-SSIM Ta FSIM, BapitotoThcsi B MexKax
Bix 0 10 1, me oguHUIA BiANOBIAAE ieanbHIi skocTi. HacmpaBi OibIIICTh 3HAYCHD
X TMOKAa3HUKIB 30CEPEIKEHO y BEPXHIA TPETUHI LIbOTO 1HTEpBady (IUB. rpadik
PO3CitOBaHHS Ha PUCYHKY 3 JJis KOJbOpoBOi Bepcii meTpuku FSIM, 110 HazuBaeThes
FSIMc). CnocrepiraeTbesi oueBuHa 3arajibHa TeHeHIis 30uibmenas FSIMc, komu
MOS crae OimpImuM. TUM YacoM MO’KHA TaKOK IMOMITHUTH JIBa BaXKJIMBI siBumia. l1o-
mepIe, iICHye MeBHE BapilOBaHHS (AMCTIEPCHICTh) 3HAYEHb METPHUKHU JJIA Ti€l camoi
MOS. Ilo-apyre, 3anexuicte FSIMc Big MOS (a6o MOS Bix FSIMc) neniniiina.

0.951
0.9
0.85
0.8F
0.75 .

FSIMc

T

0.65 .

T

MOS
Pucynok 3 — Ckareporpama FSIMc Bix MOS (cuHi no3Ha4yku BiANOBiIaI0TH

300pa’KeHHAM, CHOTBOPEHHS SIKHX CIIOCTEepPira4aMy He BUSABJICHO)

VY upomy ceHci jiHeapu3zarlis (piTHHT) 4acTO BUKOPUCTOBYETHCS JJII OTPUMAHHS
He TUIbKM BHCOKMX 3HadeHb SROCC, ane i 3BHYAMHOTO KOe(ilieHTa KOpEesmii
[Tipcona. Toai MmoxknuBi 1 rinotesu. [lepima 3 HUX MoJsirae B TOMy, 110 HEMpOMepexi,
OyIy4u HEeTHIWHUM 1 3JaTHAM aJIallTyBaTUCS IO OCOOJIMBOCTEH BXITHUX JIaHUX, OyIe
«KepyBaTW» III€I0 HETIHIMHICTIO 3aJIEKHOCT1 BX1JI-BUX1JI «CaMOCTIHHO» (ITO3HAYMMO
o rinote3y sik H1). JIpyra rinote3a (H2) mossirae B Tomy, 1110 nonepeiHs o0poodka y
BUTJIAI GITUHTY MOKE OYTH KOPUCHOIO JUISI ITOIAJIbIIOrO MOMIMIIEHHS! KOMOIHOBAaHUX
MeTpuK (ix onTumizaiii).

Mlogo  ¢itmaTy, HeEOOXimHOTO 1  peamzamii  H2, icHye Kkiibka
3araJIbHOMPUMHATUX BapiaHTiB. OJTHUM 3 HUX € 3aCTOCYBaHHs QyHKIIT BUAY ¥ (X) = a
- xb + ¢, ne a, b Ta ¢ - peryiaboBaHi napameTpu. Pe3ynabTaT MIATOHKA MOKHA
OXapakTepU3yBaTH CepenHbOKBaApaTndyHuUM BigxwieHHsIM (RMSE) Todok miarpamu

po3citoBaHHs (CKareporpamu) micis (PITHHTY BiTHOCHO BCTAHOBJICHOI KPWBOiI (UMM
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menmie RMSE, tum kpamie). Pesynbratu, oTpuMani sl €J1€MEHTApHUX METPUK,
po3rsiHyTUX BHmie (y Tabm. 1), HaBegeHi B Tabmuii 6. Sk Gaummo, HaWKpamuit
pesynbTaT oTpuMmanuii as metpuku MDSI (Bin mopisatoe 0,3945). Pesynbpratu mist
METPHK, K1 € OHUMHM 3 Halikpamux 3a JanuMu SROCC (manpukian, CVSSI, MCSD,
PSNRHA, GMSD, nuB. naxi B Tabsuii 1), Maii>ke 0JJTHaKOBO XOPOIIIi.

[Hmo0 mpuAaTHOIO MOJEUII0, SKy MOXHa 3acTOCYBaTH, €, HaIlpHUKJIal,
noniHomianbHa Poly2: y(x) =pl - x2 + p2 - x + p3, ne pl, p2 ta p3 - e napameTpu,
AK1 CJIJI KOPUTYBaTH (BapiroBaTH) AJsl OTPMMAaHHS HaWkpamioi miaroHku. Otpumaxi
pesyiabrat ayxe cxoxi. Hampukman, mist MDSI cnoctepiraerbcsi MiHIMaIbHUN
RMSE, mo nopisuwoe 0,3951. JIns PSNR-HA nocsraerbcst RMSE = 0,4013, To6TO
JIETIO Kpanui, Hixk y Tabmuiti 6. ToMy mokimagHi 1aHi, OTpUMaHi s miaronku Poly?2,
HE TIPEJICTABJICHI /ISl €KOHOMII MICIIs, X04a Pe3yJIbTaTH, Kpalli JJis IePIIoi MO,
MO3HAYEHI )KUPHUM 1ipudrom y Tabnui 6. Toai mpu po3poOiii KoMOIHOBAaHUX METPHUK
Ha OCHOBI HEMPOMEPEK MOKJIMBI TPU BapiaHTH: 1) BUKOPUCTOBYBATH MEPIILY MOJAECIb
(mo3nauumo 1i PFF) nns Bcix enemeHTapHUX METpPUK, 2) 3acTocyBaTu Poly2 nis Bcix
€JIEMEHTapHUX METPHK; 3) BUOpaTH HaWKpaIlInii BapiaHT ISl KO)KHOTO €JIEMEHTapHOTO
MOKAa3HUKAa Ta 3aCTOCYBaTH HMOrO.

HactymHuM po3rissHyTUM TUTaHHAM € Te, SKI CTPYKTypH Ta MapaMeTpu
HelpoMepek MOXKYTh OyTH oOpaHi Ta onTUMI3oBaHI1. Sk Oyj0 3a3HAaYEHO BHUIIE, MU
pO3IIIsiIaeEMO 3BUYalHI CTPYKTYpH Heilpomepesxk. [Ipuunna, 1o sikiif He po3riasaaeTbes
MiIX1 Ha OCHOBI TIMOOKOTO HABUYaHHS, MOJIATAE B TOMY, IO MOTPIOCH BEITUKHIMA
HaBUYATHHUN HAOIP TAaHWX, 1 MH HE MAEMO 1X Y CBOEMY PO3IIOPSIIKCHHI.

Toxai mpoctrM BUOOPOM € 3aCTOCYBaHHS 0araTomapoBUX HEMPOHHUX MEPEX, TS
AKUX 3pO3yMUII Oarato acreKkTH MPOeKTyBaHHs Ta HaBYaHHs. Lle 3MeHIIye CKIaaHICTh
HEWPOHHOT MOJIEJIi, T03BOJISIIOYH JOOpE y3araJIbHUTH JlaHi Ta 3aro0iraroyu mpodiemMam
MEePETPEHOBAHOCTI. 30KpeMa, KUIbKICTh HEMPOHIB y BXITHOMY IIapi Ma€ OyTH PiBHOIO
KUTBKOCT1 BUKOPHCTOBYBAaHHX eleMeHTapHux meTpuk. [1lomo mporo umcma, MOXIMBI
pI3HI BapiaHTH, BKJIIOYAIOYM BUKOPUCTAHHS BCIX 50 PO3IISHYTHUX eeMEHTapHUX
MeTpuK. TakoX MOxHA OOMEXUTHCS HaWKpaluMMu MeTpukamu 3 Tabmumi 1 Ta
3aCTOCYBaTU €JEMEHTapHI METPUKH, SKI MaloTh IEBHI BJIACTHBOCTI, HANpPHUKIA],
MeTpukH, ki MaoTb SROCC>0,9 anst po3riasiHyTUX THIIIB CIIOTBOPEHb (Takux 22
Metpukn), SROCC> 0,92 (14 metpuku), abo SROCC> 0,93 (7 meTpuk).
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Tadauus 6 — XapakrepucTuk QITUHTY U1l €JIeMEHTAPHUX METPUK

MeTpHKa RMSE a b c
PSNR 0,6830 -126,636 -0,0554 109,1416
MSE 0,6811 -2,4997 0,1690 9,3328
WSNR [89] 0,5216 103,726 0,0372 -113,987
NQM [96] 0,6037 0,8643 0,5904 -1,3442
UQI [40] 0,8393 6,5341 0,4358 -0,8949
SSIM [39] 0,7645 3,2558 4,5929 2,8783
MS-SSIM [64] 0,5536 3,5705 12,6686 2,2151
IFC [77] 0,7404 30,6531 0,0374 -27,7813
VIF [71] 0,5600 4,9142 0,6852 1,1082
VIFP [71] 0,6514 11,1695 0,2507 -4,6922
MSVD [74] 1,2091 463,362 -1,7245 4,0580
QILV [101] 0,8924 2,1258 12,8721 3,2304
VSNR [93] 0,5505 -40,9961 -0,1030 33,6452
PSNRHVS [82] 0,4176 -54,0574 -0,4961 14,4993
PSNRHVSM [63] 0,4472 -78,8179 -0,7655 9,8824
CWSSIM [99] 0,7294 2,4648 1858,3573 3,0546
RFSIM [76] 0,5086 4,9998 0,8521 1,0324
PSNRHAYy [69] 0,4114 -79,7808 -0,7054 11,7318
PSNRHMAYy [69] 0,4332 -120,791 -0,9339 9,0571
PSNRHA [69] 0,4057 -271,292 -1,1468 9,8101
PSNRHMA [69] 0,4296 -437,562 -1,3364 8,5281
FSIM [75] 0,4813 3,6227 13,3796 2,1510
FSIMc [75] 0,4699 3,7012 11,1900 2,1265
IWSSIM [91] 0,5336 3,4602 11,7455 2,2851
ADM [86] 0,5133 5,2079 1,0584 1,1913
GSM [95] 0,6085 3,8941 62,8385 2,0375
IGM [83] 0,4154 4,8469 4,6108 0,3577
SR-SIM [84] 0,4485 3,6224 26,1269 2,1720
SFF [78] 0,5037 4,3154 17,0200 1,4609
GMSD [81] 0,4201 -10,7552 0,5948 6,2403
ESSIM [94] 0,5862 4,1907 794,155 1,7213
WASH [102] 1,1077 -3,9034 -0,8187 9,1013
VSI [68] 0,4577 3,5501 37,8918 2,3297
IQM2 [88] 0,4716 3,6621 1,2572 2,1072
DSS [90] 0,5109 3,3472 3,2571 2,2928
ADD_GSIM [87] 0,4544 3,7670 155,109 1,9912
ADD_SSIM [87] 0,4705 3,9271 142,763 1,8464
MCSD [80] 0,4123 -10,6097 0,5096 6,4149
MDSI [66] 0,3945 -17,9432 1,6790 6,7208
UNIQUE [98] 0,6600 4,3775 0,4905 1,3221
MSUNIQUE [98] 0,6478 4,3483 0,6346 1,4211
PSIM [67] 0,4144 3,9219 583,789 1,9809
CVSSI [79] 0,4137 -10,9029 0,5469 6,3852
PSNRHMAm [70] 0,4086 -258,9957 -1,1396 9,7006
DSI [100] 0,7916 -2,4387 0,1568 7,6098
CSSIM [92] 0,5238 3,3778 19,8756 2,2658
CSSIM4 [92] 0,6121 2,8845 72,9625 2,6397
SSIM4 [92] 0,5315 3,2548 9,2413 2,3957
HaarPSI [85] 0,4347 4,5283 2,1854 1,4475
RVSIM [97] 0,5678 5,5441 1,1196 -0,0078
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B Toii 5xe uac Teopis HepoMepeK CTBEPKYE, 110 TOLIILHO 3aCTOCOBYBATH TaKi
BXIJTHI TapaMeTpH, AKi MOXKYTh "nmogaBatu'" abo "monoBHIoBaTH" 1HGOPMAIIIIO OJTUH JI0
OJTHOTO, TOOTO HE MalOTh BUCOKOT Kopessiiii. OqHNM 13 MOXKJIMBUX MIAXOIIB € OI[IHKA
GyHKINT mepexpecHoi Kopessiii, mo0 BU3HAYWUTH MOJIOHICT MK ycCiMa Mapamu
METPHUK, a MICJISI [ILOTO BUKIFOUYMUTH HAUTIPIL1 Y BUCOKOKOPEJIbOBAHUX Mapax.

3amicTh LIOTO B LI POOOTI 3aCTOCOBYETHCS AYXKE KOPUCHUN MIAXIJ, SKUN
Ha3MBa€eThCs perysipusanieto Jlacco [86], mist BuOopy HaMOLIbII YHIKATBHUX METPUK
g NN. Ilpu MammHHOMY HaB4aHHI peryispusaiii JIacco BUKOPUCTOBYIOTHCS IS
BBEJICHHS JI0ATKOBUX OOMEXEHb Yy MOJIEIb Ta 3MEHIIEHHS TPOOIeMU NIEpeHABUYAHHS.
KitouoBoro ocobnuBicTio Jlacco € Te, 1m0 11eil MeTo] MOKe BBOAUTH HYJIbOB1 Baru Jist
“myMHUX” Ta HAaWMEHII BaXJIMBUX JaHuX. J(ns 3aBHaHHsS KOMOIHAIl METpHK 1€
o3HAYae, MmO peryispusamis Jlacco Moke BH3HAYUTH €JIEMEHTApHI METPUKH, SIKi €
HAaMEHIII KOPWCHUMH IS KOMOIHYBaHHS, 1 3aJUIMUTH 1HIIN («HAHOLIBII
iHpopmatuBHiI»). llle ogHiero nmepeBaroro € HasgBHICTh (yHKINT Jlacco B MATLAB, sika
3 pI3HUMH TTOPOTOBUMHU 3HAYEHHSIMU OIIIHIOE HYJIbOB1 KOC(IIIEHTH IJI1 METPHUK, 5Kl
MOKHa BHKJIIOUATH. BiImoBiAHO 10 1BOro OyJl0 BU3HAYEHO KUIBKICTh TaKUX
HeHyJbOBUX 3HaueHb (NNZ) s KOXXKHOI METpUKH, MPHUMaoud Taki YMOBH: )
NNZ>20 (i3 100 3nauenp); 6) NNZ>30; B) NNZ>40; ) NNZ> 50; 1) NNZ>60.

OCK1UIBbKM BUX1JI0M HEHpPOMEpPEKi € KOMOIHOBaHA METPUKA, TO Y BUXITHOMY II1api
NPUCYTHIA OJIMH HEHPOH, ajie MPHU LbOMY KUIbKICTh MIPUXOBAHUX IIAPiB 1 KIIBKICTh
HEHPOHIB y KOXHOMY MPHUXOBAaHOMY IIapi MOXyTh OyTu pisHumHu. [IpoanamizoBaHo
7IBa BapiaHTH - J[Ba Ta YOTHUPH MpuxoBaHuX mapu. Kpim toro, Oynu po3risHyTi 1Ba
BapiaHTH KUIBKOCTI HEMpPOHIB y MPUXOBAHMX IIApax, a caMe€ OJHAKOBA KUIBKICTb
HEWPOHIB Yy KOKHOMY IPHUXOBAHOMY IIapi Ta BBIYI MEHIA KUIbKICTh HEHPOHIB y
KOXXHOMY HACTYITHOMY NpUXOBaHOMY miapi. Sk ¢GyHKIis akTHBaIlii B MPUXOBAHUX
mrapax BUKOPHCTOBYETHCA TinepOoiiuHa JOTUYHA CUTMOigHA (YHKIISA, KA TaKOX
3abe3neduye Hopmamizamito B miamasoni (-1,1), Tomi sk JiHIMHA QYHKIIS
BUKOPHUCTOBYETHCS ISl BUX1THOTO IIapy.

[Tpuknan crpyktypu NN npenctaBieHui Ha pUCyHKY 4. Y 1IboMy BHUOAJKY € 9

BXOJI1B, 1 KUTBKICTh HEHPOHIB Y IPUXOBAHUX IIapax MOCTYIIOBO 3MEHIITY€EThCS.

Hidden 1 Hidden 2 Hidden 3 Output

vai D i T i |

1

Pucynok 4 — IIpukiaa CTpyKTYpU HelPOHHOI Mepe:xi
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Ha nonatok o ctpykrypu NN, Ha 11 €e)eKTUBHICTh MOXKYTh BIUIMBATH JACSAKI 1HIII
dakTopu, Taki SK METOAOJOTiS HaB4YaHHS Ta TecTyBaHHA NN, cTaOUIBHICTH
pe3yNnbTaTiB HaBYaHHs, KUIBKICTh emox Tomo. Yepe3 oOmexenuit Habip 1625
300pakeHb Uit HaB4aHHsS NN Ta TeCTyBaHHS, Hallle 3aBJaHHS YCKIIQTHIOETHCS.
BianoBigHo 10 TpaauIiiHOI METOAOJIOTII, HASBHUN HAOIp Mae OyTH PO3JUICHUM Ha
HAaBYAJIbHUN Ta MEPEBIPOYHHUM y MEBHIM mpomnopiiii. Y MpoBeneHUuX eKCIepUMEHTax
70% 300pakeHb OyJI0O BHKOPHCTAHO JUIsl TPEHYBaHb, a pemITa 300paKeHb IS
nepeBipku. OCKUIBKH pO3MOJLT 300pakeHb HAa HAOOpU € BHUMAIKOBHUM, PE3YJIbTaTH
HABYaHHS Ta TMEPEBIPKU TaKOX MOXYTh OyTu BumnagkoBuMmu. I1lo0 yactkoBo 001iiTH
I[}0 HeBU3HAUCHICTh, HAMKpaIIll 1aH1 PEICTaBICH] HIKYE JIJI KOXKHOT BEpCii HaBYEHOT
NN (1o 3a6e3neuye HatObmmii SROCC Ha eTamni HaBUaHHS) 1aHOI CTPYKTYPH.

[Ilogo ertamy HaBYaHHS - KOKHA HEHpoMepeka MpOoWIIa HaBYaHHA, 100
3a0e3neuntn skomora ouremre 3HadeHHs SROCC. O4ueBHIHO, MOXKIIMBI TaKOXK JESIKI
1HIIIl HABYaJIbHI CcTpaTerii. 30KkpeMa, MOXKHa BUKOPHUCTOBYBATH KOE(DIIIEHT KOPEIISILIii
ITipcona (Perason correlation coefficient - PCC) qns makcumizaiiii. Tum He MeHIie,
pe3ynbTatu noaatkoBoro BukopuctanHs PCC nns HaB4aHHSA B JAaHOMY PO3ALUIL HE
PO3TISAAIOTHCS.

Jng  raumbmoro po3yMiHHS —TOrO, fAKI CTPYKTypH Hilpomepex Oynu
mpoaHali30BaHl Ta fAKI TapaMeTpd BUKOPHUCTaHI, OCHOBHI XapaKTEPUCTHUKHU
npeAcTaBiieHl B TaOMMIN 7, 1€ B KOKHOMY BHUIAJKy HAJa€ThCS KUIBKICTh BX1JTHUX
eIeMEeHTapHUX MeTpuk. Sk 0aummo, ICHye JOCHUTH 0arato MOXKJIUBUX CTPYKTYp
HEUPOHHUX MEPEK.

OCHOBHMMH KpUTEpIIMM HaBYaHHS Ta BepuQikaiii HeHpOMepexk € 3HAYCHHS
SROCC. bynu npoananizoBani yotupu SROCC: SROCCtrain (Max), SROCCtrain
(Lasso), SROCCtest (Max) 1 SROCCtest (Lasso), siki BIJIIOB1IalOTh HABUAJIBHHUM 1
TeCTOBUM (Bepu(IKaIIHHAM) JaHUM 13 BUKOPUCTAHHSIM MaKCUMAaJIbHO1 Ta BUBHAYCHO1
Jlacco kinbkocTi BxofiB. [lounmHaroum Biag Heillpomepexi 3 ABOMAa NPUXOBAHHUMHU
miapaMu, Je TomnepeAHii (ITUHT HE BHUKOPUCTOBYETHCS, OTPHUMaHI pPe3yJbTaTH
npeAcTaBieHl Ha pUCYHKY 5. Uuncna 6111 KOJKHOI TOUKHM Ha MPeACTaBIeHUX rpadikax
MOKa3yl0Th KUIBKICTh HEMPOHIB Yy NpUXOBaHUX Iapax. JlaHi Ha pUCYHKY 5,a)
CTOCYIOTBCSI BUIIAJIKY, KOJIM KIJIbKICTh HEMPOHIB Y MPUXOBAHUX IIapax OJHAKOBA, TOJ1
K Tpadikd Ha PUCYHKY 5,0) BIAMOBIJAIOTH CUTyallll, KOJIM KIJIbKICTh HEWPOHIB

IMOCTYIIOBO 3MCHITY€ETBCA.
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Tadoauus 7 — KUIbKiCTh eJIeMEHTAPHUX METPHK, 110 BUKOPHUCTOBYIOTHCS SIK
BXIi/IHi 1aHi I Pi3HUX KOH(irypauiil HelipoMepe:k B YMOBaXxX Pi3HOro
3aCTOCYBaHHS TA 00MEKeHb, HAKJIAJIEHUX HA HA0Ip eJleMeHTaAPHUX MEeTPUK

[IpaBuiio nonepeaHpoOi Kpara 3
00pobku bes | ppp PPF 1a
Buxopucrani GbiTuHry
: Poly2
€JIEMEHTapH1 METPUKH
Bci 50 50 50 50
3 SROCC > 0.8 43 43 43
3 SROCC>0.9 22 22 22
3 SROCC > 0.92 14 14 14
3 SROCC > 0.93 7 7 7
3 Lasso (NNZ > 20) 43 39 41
3 Lasso (NNZ > 30) 38 25 29
3 Lasso (NNZ > 40) 24 20 21
3 Lasso (NNZ > 50) 16 12 11
3 Lasso (NNZ > 60) 11 9 6
3 Lasso (NNZ > 70) 7 6 6
2 hidden layers (w/o fit)
0.975
o o __gms ’1)4323]
0.97 - :;I;Bﬁ,};nﬂ&@‘tﬁl— - %%ﬁ};" S 3 - 20 :g}
0.965 Jaiin) vz ml
O 096 7 /
S -:L?_,-‘?J
& 0.955 #2171 ,
@7~ 7, —*— Train(max)
0.95 - *#14 14] —&— Train(lasso)
— =% — Test(max)
0.945 - — -G — Test(lasso)
0 1IO 2I0 3I0 4I0 !;0
Number of metrics
a)
0.975 2 hidden layers (w/o fit) .
43 21 50 251
0.97 T a3 21
_ - — #432H - —[50 25]
0.965 L @115)
Q i
3 0.96 a7 3
o /
@ 0.955 - : —#— Train(max)
—&—Train(lasso)
0.95 — = — Test(max)
— - — Test(lasso)
0.945 : ' : !
0 10 20 30 40
Number of metrics
0)

a) OJIHAKOBA KUIBbKICTh HEUPOHIB Y MPUXOBAHUX IlIapax;

0) BIBIYl MEHIIA KIJIbKICTh HEHPOHIB y MPUXOBAHUX LIApaXx.

Pucynok 5 — SROCC guist NN 3 ABoMa NPpUXOBAHMMHU IAPaAMU 3 Pi3HOIO

KIJIBKICTIO BXOIIB
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AHani3 aHuX MOKa3ye HACTYIIHE:

— sikmio JIacco He BUKOPUCTOBYETHCS, 30UTBIIIEHHS KITBKOCTI BXO/1B IPU3BOIUTH

SROCC,,, , TaK 1 SROCCesr; THM YACOM, JUUIS

710 3araJibHOI TeHJICHITIT 301IbIIICHHAS K
Oibmr, Hix 40 BXO/IIB, MOKPAIIEHHS HE CIIOCTEPITAETHCS;

— SIKIIIO 3aCTOCOBYETHCS peryiisipu3anis Jlacco, pe3yapTaTi He HACTUTBKH XOPOIIIi,
SKIIO KIUIBKICT BXOHIB (N;,) Menme 20; ane sxumo N;, nepesuurye 20, TO
e(EKTUBHICTh MPAKTUYHO HE 3aJICKUTh B N,p; 1€ 03Hadae, mo Metoj Jlacco
JI03BOJISIE CIIPOCTUTH CTPYKTYpPY HEHWpoOMepexi, MiHIMI3YIOUHM KIJIbKICTh BXOMIB Ta
HEWPOHIB B 1HIIUX II1apax;

— Havkpai (Haio11b11) 3HaueHHss SROCC niepeButyoTh 0,97, 1110 1EMOHCTpYE,
JIOCTAaTHE TTOKPAIeHHS (MIOPIBHSIHO 3 HAWKPAIIOIO €JIEMEHTAPHOIO METPUKOIO);

— 3HaueHHI SROCCun Ta SROCC)s TpPakKTUYHO OJHAKOBI JUISI KOXHOI
KOH(Irypamii aHajgi30BaHOI HeHpomepexi, TOMY pe3yJbTaTd HaBYaHHS MOXKHA
BBa)KAaTH CTAOLIBHUMH;

— HE BMSBIICHO CYTTEBOI PI3HMIN B pe3yjbTarax Jisl OJIHAKOBOI a00 HEPIBHOI
KUIBKOCTI HEHMPOHIB Yy MPUXOBAaHUX IIapax.

[Ilomo iHIIOI KITBKOCTI MPUXOBAHMX IIApiB, a caM€ YOTHUPHOX, TO OTPUMAaHI
rpadiku HaBeACHI Ha PUCYHKY 6. AHaji3 OTpUMaHUX JaHUX JO3BOJIIE 3pOOUTH JBa
OCHOBHMX BUCHOBKH. [lo-Tiepiiie, HeMae OUeBHIHHX MEPEBAr y MOPIBHSAHHI 3 BUTIAIKOM
BUKOPHUCTaHHA HEMpoMepex 3 JABOMa MpuUXoBaHMMHU mapamu. [lo-gpyre, Bci iHII
BUCHOBKH, HaBezieH] Bulle, 0A0 SROCC iy Ta SROCC ey, BIIUBY perynspu3atii N,
ta Jlacco opHaKoBi, TOOTO B SKOCTI BXIJHHUX JaHMX JMAOIUIBHO 3aCTOCOBYBAaTH
0oOMeXeHYy KUIbKICTh, HalpuKiIad, 24 eleMeHTapHl MeTPUKH, BU3HaueH1 Jlacco.

HactynHe 3anutanHs, Ha sSike MOTPiOHO BIAMOBICTU: UM JOTIOMArae nonepeaHii
¢ituar?" BignoBiger Ha HHOTO TMpEACTaBICHA HA PUCYHKY 7 13 JBOMa Habopamu
rpadikiB. O6uaBa HaOOpPW OTpUMaHI JJIsI HEUpOMEpexki 3 JBOMA MPUXOBAHUMU
mapaMyd Ta OJHAKOBOIO KUIBKICTIO HEWpoOHIB y HuX. I'padiku Ha pUCYHKY 7,a)
orpumani s PPF, a Ha mamonky 7,0) - mna Haiikpamoro ¢itunry. I[lopiBHAHHS
rpadikiB, IO BIAMOBIIAIOT, OAWMH OJHOMY Ha PUCYHKax 7, TOKa3zye, IO HEMa€
J0CTaTHROI PI3HUII y BUOOp1 (iTuUHTY. Binbiie Toro, MOpiBHSAHHS 3 BiJNOBIAHUMHU
rpadikaMyd Ha PUCYHKY 5,a) BKazye Ha Te, IO MOIMEpenHii (ITUHT He 3a0e3nedye
JOCTaTHHOT'O MOJIMIIEHHS! XapaKTEPUCTUK Y MOPIBHSAHHI 3 BUIAJIKaMH, KOJIU BIH HE

BUKOpPUCTOBY€eThCs. lle o3Hauae, mo HaB4YeHI HelpoMepexki 3a0e3NeuyroTh If0
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nonepeaHo 00poOKy CaMOCTIMHO.
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Number of metrics

0)

a) OJIHAKOBA K1JIbKICTh HEHPOHIB Y IPUXOBAHUX IIapaXx;

0) BABIYl MEHIIIA KIJIbKICTh HEUPOHIB Y MIPUXOBAHUX IIIapax.

Pucynok 6 — 3nauyennss SROCC s HeiipomMepe:x 3 YOTHPMA NIPUXOBAHUMHM

HIAPAMHU 3 Pi3HOI0 KIIBKICTIO BXO/IB

[HmIi BUCHOBKHM, $IKI BWIUIMBAIOTH 3 aHAJI3y 3aJEKHOCTEH Ha PUCYHKY 7,

MPaKTUYHO TaKi X, SK 1 panime. Metoa Jlacco rapanTye, mo epeKTUBHICTh, OJM3bKY

710 ONTUMAJIbHOI, MOKe OyTH 3abe3nedeHa ans N, Tpoxu ouipie 20. MakcuMmanbHO

nocsirayTi 3HaueHHs SROCC mnepeBumytote 0,97 1 menme 0,975. Takox Oynm

MpOaHaNi30BaHl pe3yabTaTH AJS YOTUPHOX MPUXOBAHMX IIAPIB Ta HEPIBHOIO YHMCIIA

HEHPOHIB y MPHUXOBAaHUX ILIapax, 1 HaWKpalll pe3yibTaTd BUSBWIMCH MPAKTUYHO HA

OJIHOMY PIBHI.
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a) anpokcumariiisi PPF;

0) maiikpamuii (GITUHT (3 TBOX BapiaHTIB).

Pucynok 7 — 3nauennss SROCC ni151 HeilipoMepe:x 3 1BOMA NIPUXOBAHUMM

IAPAMHU 3 Pi3HOI0 KiIbKICTIO BXO/IB Ta PiBHOI KIIbKICTIO HEHPOHIB y

NMPUXOBAHMX IAPaXx 3 ABOMA cniocodamu GiTuHIY

o0 moBectH, IO KUIBKICTh MPUXOBAHUX IIAPIB HE MAE CYTTEBOTO BIUIMBY Ha

XapaKTEPUCTHKH KOMOIHOBAaHMX METPUK HA OCHOBI HEUPOMEPEXK, HAa PHUCYHKY 8

HABEJCHI XapaKTePUCTUKU AJisi HeMpomepex 3 TphOMa Ta I’ ATbMa MPUXOBAHUMHU

mapamu, siki BukopuctoByBaiau PPF qis ¢ituHTy Ta piBHY KIJIBKICTh HEMPOHIB Y BCIX

mapax. AHaji3 mokasye, 10 MakcuMaiabHO nocsarHyTi 3HadeHHs SROCC HaBiTh

MEHIII, HIX 711 HepoMepex 3 IBOMa MPUXOBAHUMH [IapaMHU.

3aBepryroun aHani3 Ha ocHoBI SROCC, MOxHa KOHCTaTyBaTH HACTYTIHE:

— icHye Oarato KoH(QIrypaliii HelpoMmepex, skl 3a0e3MeuyroTh MNPUOIHU3HO

oxHakoBuii SROCC;

— IpuiiMaioyu 10 yBaru 0axkaHy MpoCTOTY, pEKOMEHIYEThCS BUKOPUCTOBYBATH
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HelpoMepexKy 3 IBoOMa IPUXOBAHUMH I1apamMu 0e3 GITUHTY Ta YUCIIOM BXO/IIB OJTM3BKO
20.

3 hidden layers (power2)
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Number of metrics

6)

a) 3 TpbOMa MPUXOBAHUMH IIaPaAMHU;

0) 3 m'sIThbMa NPUXOBAHUMH LIAPAMH.
Pucynok 8 — 3nauennss SROCC niis1 HeiipoMepe:x 3 0IHAKOBOI KIIbKICTIO

HelpoHiB y npuxoBaHux mapax ajias ¢pirunry PPF

€ KiTbKa MO3UTHUBHUX PE3yJIbTaTiB po3poOKu 3 BUKOpucTaHHSAM Jlacco. Bonu
CTArOTh OUYEBHIHUMHU 3 aHAITI3Y JJAHUX, MPEACTABICHUX Y Ta0uIli 8. Mo)KHA TOMITUTH,
10 ICHY€ KIJbKa XOpoIuxX KoHbIrypariii HeiipoMmepex, ski 3adesneuyorh SROCC
npubsmszHo 0,97 miis KumbKocTi BXoiB Oymsbko 20. Pasom 3 mum, 111 HeMpomepexi
3a0e3neuytoTh 3HaueHHs RMSE, ski 3Ha4HO MeHIT, HIX Uil HaWKpamoi
€JIEMEHTApHOI METPHMKHU IICHs JiHeapu3alli (IuB. AaHl B TaOmuIl 2, Ae HaWKpaii
3HadyeHHs1 Outbmm 3a 0,39). Kpim Toro, 3HaueHHs koediiienta xopensmii I[lipcona
(PCC) Takox Benuki 1 nepeBuIyoTh 0,97, 1110 CBITYUTH MPO AY>KE XOPOIITY JIHIHHICTD

po3po0IeHNX KOMOIHOBAaHUX METPHK.
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Tadauus 8 — XapakrepucTUKH PO3po0JIeHNX KOMOIHOBAHUX METPUK SIKOCTI

Ha OCHOBI Heillpomepe:k

5 HaMKpammx
pe3yJIbTaTiB
SROCC | RMSE | PCC | SROCC | RMSE | PCC

. Haiikpaia mepexa
# NN configuration Pallla Mep

(NNZ60) 11Bx0miB, 2 MpUXOBaHUX
1 [Iapy, OJJHAKOBA KiTbKiCTh 0,9683 | 0,2873 | 0,9706 | 0,9658 | 0,2919 | 0,9697
HEWpoHiB, 6e3 ditunry (11/11)
(NNZ50) 16 Bxonmis, 2
NPUXOBaHUX IIAPH, OJTHAKOBA

2 o . . 0,9702 | 0,2699 | 0,9741 | 0,9666 | 0,2863 | 0,9708
KUTBKICTh HEHPOHiB, 0e3 (iTHHTY
(16/16)
(NNZ40) 24 Bxona, 2 npux0oBaHUX
3 IIapH, OJTHAKOBA KUIbKICTh 0,9712 |0,2603 | 0,9760 | 0,9694 | 0,2698 | 0,9742

HEeHpoHiB, 6e3 itunry (24/24)

12 BX0niB, 2 MPUXOBAaHUX IIAPH,

4 OJIHAKOBA KUJIbKICTh HEHPOHIB, 0,9652 10,2933 | 0,9694 | 0,9649 | 0,2961 | 0,9688
¢itunr power2 (12/12)

11 BxoxiB, 2 MPUXOBAHUX IIAPH,
5 OJIHAKOBa KUTbKICTh HEHPOHIB, 0,9656 | 0,2927 | 0,9695 | 0,9648 | 0,2992 | 0,9681
‘Havikpamuii’ dituar (11/11)
16 BX0niB, 2 MPUXOBAaHUX IIAPH,
6 | omHaKoOBa KUIBKICTh HEHpoHiB, 6e3 | 0,9672 | 0,2840 | 0,9713 | 0,9664 | 0,2890 | 0,9703
¢itunry (16/8)

16 BxoaiB, 3 MPUXOBAHUX IIAPH,
7 | omHaKoBa KUIbKICTh HEWPOHIiB, 0e3 | 0,9665 | 0,2912 | 0,9698 | 0,9654 | 0,2950 | 0,9691
ditunry (16/16/16)

16 BXoniB, 4 NIPUXOBAaHUX IIAPH,
8 | omHakoBa KIIBKICTh HEMpOHIB, 0e3 | 0,9664 | 0,2923 | 0,9696 | 0,9654 | 0,2982 | 0,9684
¢itunry (16/16/16/16)

16 BxomiB, 4 MPUXOBAHUX IIAPH,
9 | omHakoBa KiJbKicTh HEHpoHiB, 6e3 | 0,9674 | 0,2775 | 0,9726 | 0,9673 | 0,2841 | 0,9713
dbitunry (16/8/4/2)

Pospaxysasimu 3HaueHHss SROCC, RMSE Tta PCC, moxHa mpoBecTH OUIBII
perenbHui aHami3. [lepie criocrepexxenns nojsrae B Tomy, 1mo SROCC, RMSE Ta
PCC y namomy Bumaaxy MaroTb Bucoky kopemsidito. bimemi SROCC Tta PCC
BinmoBinaoTh MeHmmM RMSE. Haiikpamii pesynbTate, 3rilHO 3 yciMa Tphoma
KpUTEPISIMH, J1a€ Heilpomepexka 3 KoHPiryparuiero 3, Xxo4a, BpaxOBYIOUH CKIIAJHICTb
i€l HelipoMepexi, KoHpirypaiiis Ne2 Takoxk € xopoiior. KiabkicTs BXo1iB MeHIe 16
(mampukian, 11 abo 12 y xondirypamisx Nel, Ned, No5) nmpuszBoauTh 10 TIpHIUX
3HaYeHb PO3TISHYTUX KpuTepiiB. Buxopucranus koH@irypamiii HeWpoMmepex 13
nomnepeaHiM (ITUHIOM, 3MEHIICHHSM KUIBKOCTI HEWPOHIB Yy MPHUXOBAaHUX IIapax,
OUIBIIOI0 KIJTBKICTIO TMPUXOBAHUX ImIapiB (kKoH(irypamii ## 4-9) He cmpuse

MTOKPAILIEHHIO MOPIBHIHO 3 BiAmoBiAHUMH KoHpirypamissmu Nel ta Ne2. V 3B’s3ky 3
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IIMM MPpOaHaji3yeMO JO0AaTKOBO 3aCTOCYBaHHs KOHbIryparlii Heipomepexi Ne2.

TaGnuis 8§ MicTUTH TpU CTOBIIII, TO3HAUEH1 3arojoBkoM «Haiikpaiia mepexay, i
TPH CTOBIIII, TO3HAUEH] «5 HaMKpalux pe3yJbTaTiBy. PaHiiie Bxke 3raayBanocs, 1o
pe3ysibTaTH HaBUaHHS HEWpOMepexi 3alexaTh Bil BUMAJAKOBOIO PO3MOALTY
CIIOTBOPEHUX 300pakeHb HAa HaBYAJIbHI Ta TecTOBI Habopu. YUepes me aisg aHamizy
cTabUTBHOCTI HaBYaHHS MU po3paxyBanu cepeani 3HaueHHss SROCC, RMSE ta PCC
IUIA T ITH HalKpaIyux pe3yJIbTaTiB HaBYaHHs HelpoMepexi Ui KO>KHOT KOHGIrypartii.
[MopiBastaast SROCC, RMSE Ta PCC a1 nepiiux mn’ sty pe3ybTaTiB 13 BIAMOBIAHUMHU
3HAYEHHSIMU JJIsl HalKpaIoi Mepexi moka3ye, 10 Pi3HUIlM HeBeJIHMKa. binble Toro,
BUCHOBKHM, Kl MOKHA 3pOOMTH B PE3ysbTaTl aHAJI3y LUX «CEPEAHIX» Pe3ysIbTaTiB
mo10 pe3yapTatiB podotrn HC, moBHICTIO 301Tat0ThCS 3 BUCHOBKaMU, 3pOOJICHIMH B
pe3yibTaTi aHal3y HAWKPAIIoi MEPexi.

AHai3 eeKTUBHOCTI METPHUK Ta 1X MepeBipKa /i OaraTokaHaIbHUX 300pakeHb
I3 € ckmagHOor0 TpoOsieMoro. OUueBHIHO, IO HAaWKpaIIUM PIlICHHSIM MOXe OyTH
HasBHICTh 0a3W JaHWX ETAJIOHHMX Ta CHOTBOpeHHX 300paxkenp /3 ta MOS misa
KOXHOT'O CLIOTBOPEHOT0 300pakeHHs. Lleil nuisix MaitlOyTHROTO AOCTIIXKEHHS 3arajioM
MOXJIMBHM 1 JNOIITBHUN, ajJie BUMAara€ 3HAYHOTO 4acy Ta 3ycuib. [lo-meprme, 1o
EKCIIEpUMEHTIB MOBUHHA OYyTH 3allyueHa BeJIMKa KUIbKICTh criocTepiravis. [lo-nmpyre,
Il criocTepiradyi MOBMHHI BOJIOJIITA NMEBHUMHM HaBUYKaMU B aHali3l gaHux /I3, 1 11e €
OCHOBHOIO mpobiemoro. [To-Tpete, HAGIp 300pakeHb, 10 MiJIATAIOTh MEPETIsay Ta
OIIiHITi, MTOBUHEH OYyTH SKUMOCHh YHHOM Y3TODKCHHH Y CIIJIBLHOTI, 10 3aiiMaeThes [13.

Yepes 11e Mu 3apa3 MOKEMO MPOBOJUTH JIUILE JESKI MOMEPEIHI BUTPOOYBAHHSL.
Mertoro mepiioro TeCTy € IMoKa3aTu, 10 po3pobiieHa meTpuka (Hacrpasai, MOS,
nependaueHe HABYCHOIO HEHPOMEPEIKEI0) Ta€ PO3yMHI pe3yIbTaTH JIsl KOHKPETHUX
300paxens. [1{o cTocyeTbes 300pakeHb Ha PUCYHKY 2, TO BCI BOHM MAlOTh 3HAYCHHS
MOS, Bu3HauEeH1 B €KCIIEPUMEHTAX, ajie Ternep MOXKyTh OyTu HagaHi 3HadeHHs: MOS,
pO3paxoBaHi JIHEApU3ali€l0 JJIsi €IEeMEHTApHUX METPUK Ta HOBOIO METPUKOIO Ha
ocHoBl NN. OtpumaHni aaHi mpecTaBieHi B Taduuii 9.

Tadoauus 9 — IctuHHI Ta ciporHo3oBaxi 3HayeHHss MOS

Ominene MOS 3 BUKOpUCTaHHSIM MOS, 110 OLiHEHO 3a
IcTunne .
300pakeHHs MOS €JIEMEHTAPHUX METPHUK JIOTIOMOTOF0 PO3pOOIIEHOT
PSNR PSNRHA MDSI HeHpoMepexi
Pucynok 2.1a) 6,08 6,4176 5,8410 5,9314 5,8329
Pucynok 2.10) 5,97 5,5941 6,1279 5,9685 5,8697
Pucynoxk 2.18) 4,67 5,6024 4,9626 4,7508 4,7202
Pucynok 2.1r) 3,87 4,5033 4,5790 4,4500 4,2479
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Linearized metrics
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-4 L L L L L L
MOS
Pucynok 9 — Ckareporpamm, 1o ijilOCTPyIOTh KOPeJsIil0 YOTUPbOX METO/IiB

nporuosyBannsa MOS, npeacraBiieHux y Tadauii 8, i3 icTHHHUMY 3HAYEHHAMU
MOS (niana3on 0-7) nist Hadopy Noise & Actual 6a3u TID2013

[likaBy ckateporpamy, sSIKy OTPUMAHO JIJIsl BCIX PO3TJISIHYTUX THUITIB CIIOTBOPEHb,
MI0OKa3aHO Ha pUCYHKY 9. Tpoxu IHMBHUM acmekToM € Te, mo 3HadeHHs MOS,
CIPOTHO30BaH1 3a JESKUMU €JIEeMEHTapHUMH MOKAa3HUKaMHU, MOXYTh OyTH HaBiTh
HEeraTUBHUMH. TakoX BUIHO, IO METPHKAa HA OCHOBI HEUpPOMEpEki 3ade3mnedye
BUCOKY JIIHIMHICTh CIIBBIAHOIICHHS MDK ICTUHHUMH Ta crnporHozoBanumMu MOS.
Takox criocrepirarotbes mpodsemu MDSI n1s manux 3Hadenr MOS.

[lomanpmn  AOCHIKEHHS CTOCYIOTBCS YOTHPHOX TECTOBHX 300pa’KEHb,
npencraBieHux Ha pucyHky 10. Lle TpukaHaigbHI ICEBIOKOIBLOPOBI 300paKEHHS, 110
Ha3MBarOThCs BinmoBiAHO Frisco, Diego2, Diego3 ta Diego4, yci po3mipom 512x512
nikceniB, 24 61Ty Ha mikcesb. [IpuunHu X BUOOPY HACTYIHI - 111 300paK€HHS MalOTh
Pi3HY CKJIaTHICTh 1 BOHH BXKE€ BHKOPHUCTOBYBAJUChH B NIEAKHX EKCIepuMeHTax [87].
3o0paxenns Frisco Ta Diego4 mocuTh mpoCTi, OCKUTBKH MICTATHh BEJIUKI OJHOPIIHI
o0racti, Tozi Ak 300pakeHHs Diego2 mae myxe ckiagHy CTpyKTypy (Oarato apiOHUX
JIeTaNel Ta TEKCTyp), a 300pakeHHst Diego3 mae cepeHIo CKIIaTHICTb.

CraHgapTHOI BUMOTOIO JI0 METPUK Bi3yallbHi SIKOCTI € MOHOTOHHICTB, TOOTO
MOHOTOHHE 30UIbIIEHHS a00 3MEHIICHHS, SKIIO ‘“1HTEHCHUBHICTH  CIOTBOPECHHS
JaHOTO TUMY 3pocTae. L{10 BIacTUBICTh MOXHA JIETKO MEPEBIPUTH HA i HAABHICTD JISI
0araThOX pi3HUX THUIIIB CIOTBOPEHb. 300paKeHHSI OYJM CTHCHEHI 3 BUKOPHUCTAHHSAM
koaepy AGU 3 Brpatamu [88], mio 3a0e3neuye pi3Hy SKICTh Ta CTYHiHb CTUCHEHHS
(compression ratio - CR). Ile Oyno 3miiiCHEHO HIJISIXOM 3MIHU KPOKY KBaHTYBaHHSI
(quantization step - QS), me Outbmmii QS BIANOBIAHO MOB'SI3aHUN 13 OUIBIIMMHU

BBEJICHUMU CTIIOTBOPEHHSAMH Ta T1PIIOIO Bi3yaJbHOIO SKICTIO.
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SlkicTh (BiIMIHHA, XOpOIIa TOIIO) BU3HAYAETHCS BIAMOBIIHO 10 PE3YJbTATIB Y

[85]. 3i06pani mani npeacrasieHi B Tabmuili 10. O4eBUAHOO TEHACHIIIEIO € TE, MO BCl
MOKA3HUKH, BKJIIOYAIOUM PO3pOOJIeHy METpuKy, moripmryroThes, skmo QS (i CR
BIJIMOBIJIHO)  30UIBIIYEThCSA. 3HAUYEHHS METPUKM Ha OCHOBI  HeWpomepexi

nepeBulyoTh 3HaueHHss MOS, nepen0ayeHi 3 eJ1eMEeHTapHUX METPHUK JIJIsi TECTOBOTO

300paxxeHHs Frisco, ane MeH 7151 TecToBOro 300paskeHHs Diego2.

r)
a) Frisco; 6) Diego2; B) Diego3; r) Diego4.

Pucynok 10 — TpukananabHi TecToBi 300paxenns /(3

MoXIMBO, I BJIACTHBICTh YAaCTKOBO ITIOB'sI3aHa 31 CKJIQAHICTIO 300pa’KeHHS.
OmHak € JMoKa3W TOTO, MO0 Po3po0ieHa MeTpuka "MOBOAUTHCA" mpaBmwibHO. Ha

pucynky 11 mpencraBieHi cTUCHYTI 300pakeHHs 13 BukopuctanusMm QS = 40, mis
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SIKUX CIIOTBOPEHHS 3aBXXIM BUIAHO. BizyanbHuii oriisi (MOPIBHAHHS) [UX 300paKeHb
13 eTaJJOHHUMHU 300pakeHHsIMU Ha pucyHKax 10,a) Ta 10,0) moka3ye, 1110 CIIOTBOPEHHSI
€ OLIBII MOMITHUMH JIJIsl TECTOBOTO 300pakeHHs Diego2. lle uiTko miATBEpKYIOTh
sHayeHHss PSNR-HA (36,32 nb ta 32,63 ab BiamosimHo - auB. Tabia. 10). PSNR
JIEMOHCTpYE Ty camy TeHaeHlio, xoua MDSI He Bkazye Ha me. OTXe, MOXYTh
3yCTpiuaTHUCS AESIKl BUMAIKU, KOJIM BUCHOBKH, 3pO0JICHI B pe3yJIbTaTl aHAJI3y PI3HUX

MOKA3HUKIB SIKOCT1, MOXKYTh OyTH P13HUMHU.

Taoauus 10 — IIporno3osBani 3HaveHHss MOS 1uist pi3HUX MeTPHUK Mic/Is (PITUHTY

JJISI IBOX TECTOBHUX 300paxkensb /13

300p. | QS | Sxicte | 3nauenns | IIpornozo- | 3nauenns | IIporHozo- | 3nadenus | IIpornoszo- | 3Hauen-
113 PSNR pane MOS | PSNRHA | Bane MOS MDSI Bane MOS Hs
po3pobi.
METPHKH
Frisco | 10 | excellent | 43,0815 6,3461 44,8013 6,3442 0,1442 6,0263 6,5005
20 | excellent | 38,7741 5,7441 40,2754 5,8940 0,1920 5,5972 6,3730
30 good 36,5231 5,4008 37,9569 5,6184 0,2183 5,3271 6,2117
40 good 34,9522 5,1477 36,3188 5,4009 0,2371 5,1194 6,0510
Diego2 | 10 | excellent | 42,3026 6,2421 43,8623 6,2590 0,1250 6,1743 5,6921
20 good 36,4450 5,3885 38,0930 5,6356 0,1734 5,7735 5,4895
30 good 32,8438 4,7884 34,8640 5,1893 0,2082 5,4338 5,2050
40 | middle 30,3845 4,3373 32,6321 4,8251 0,2347 5,1473 4,8780

Takox OyB mpoBeneHMI aHAJI3 BUNAAKY aJUTUBHOTO OLIOTO TayCOBOTO IIyMY,
AKui OyB T0AaHUI 10 PO3TIIIHYTUX YOTUPHOX TPUKAHATBHUX 300pakeHb. PO3rsiHy TO
YOTUPHU 3HAYEHHS JUCHepcii IIyMy, Kl BIANOBIIOTH YOTUPHOM BEPXHIM PIBHIM
CIIOTBOPEHb, 1110 BUKOpUCTOBYIOThCc B TID2013. Takoxx Oynu oTpumani cepenHi
3HayeHHss MOS (ycepemneHi msi 25 TtectoBux 300paxkens y TID2013), sxi
BIIMOBIAAIOTh ITUM 3HAYCHHSAM Jucrepcii mymy. JIisi KOKHOTo 300pakeHHsT OyJu
pospaxoBani PSNR, PSNR-HA Tta MDSI Ta BHM3HaueHi BIAMOBIJIHI MPOTHO30BaHI
3HaueHHs: MOS. Takox po3paxoBaHO METPUKY Ha OCHOBI Heiipomepexki. OTpumani
pe3yabTaTH MpeacTaBieHi B Tadbmmmi 11.

AHaJ1i3 MoKa3ye, 110 3HauyeHHs BCiX MeTpuk noripmytoTees (PSNR, PSNR-HA Ta
po3paxoBaHa METPHUKa 3MEHIYIOThCA, a MDSI 3011b111y€ThCS ), AKIIO AUCTIEPCIS ITyMY
30UIBIIY€ETHCS, TOOTO 30€piraeTbCcsi BIACTUBICTH MOHOTOHHOCTI. IIporHo3oBani
3HaueHHs MOS nocuth 6:1m3bKi 10 cepeanix MOS, Tofi Sk U1t XOpOUIoi Ta CepeIHbO1
skocti PSNR-HA, MDSI Ta meTpuka Ha OCHOBI HeWpoMmepexi 3a0e3rnedyroTh
nporuosyBanHs MOS kpamie, Hibxk PSNR. Onnak nns 300pakeHb HU3BKOI SIKOCTI

CUTYyaIlisl TPOTUJIEKHA.
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a) Frisco; 0) Diego2.
Pucynok 11 — TecToBi 300pa:xxeHHs, o crucHeHi 3 QS=40

Taoauus 11 — IIporno3zosani 3HaveHHss MOS 1151 pi3HUX MeTPHK micas GpiTuHry

JJIS1 TeCTOBHMX 300paxens /[3, o cnoTBOpeHi aIMTHBHUM OLIMM rayccOBHM

HIyMOM
306p. | Jucm. . 3uasen- IporHos. 3uaten- IporHos. 3uaten- [pornos. | Pospobnena | Cepenn
B | mymy | TECT e MOS M MOS 1 MOS Metprka | € MOS
PSNR PSNRHA MDSI
Frisco 32,5 T'apHa 32,99 5,40 34,33 5,62 0,21 5,38 5,86 5,67
65 Cepenns 30,01 4,90 31,45 5,20 0,25 4,96 5,28 5,23
130 Cepenns 27,03 4,36 28,46 4,40 0,29 4,48 4,86 4,85
260 [Torana 24,06 3,77 25,56 4,11 0,33 3,96 4,24 3,77
Diego2 32,5 T'apHa 32,95 5,39 3442 5,61 0,18 5,75 5,45 5,67
65 Cepenns 29,95 4,89 31,40 5,20 0,21 5,44 5,18 5,23
130 Cepenns 26,96 4,35 28,41 4,70 0,24 5,04 4,81 4,85
260 ITorana 23,98 3,75 25,63 4,13 0,29 4,54 4,32 3,77
Diego3 32,5 T'apna 32,94 5,39 34,49 5,61 0,19 5,67 5,71 5,67
65 Cepenns 29,96 4,90 31,41 5,20 0,22 5,33 5,36 5,23
130 Cepenns 26,97 4,35 28,42 4,70 0,25 4,92 4,93 4,85
260 [Torana 23,99 3,75 25,50 4,10 0,30 4,41 4,26 3,77
Diego4 32,5 T'apna 32,94 5,39 34,40 5,62 0,16 5,91 6,18 5,67
65 Cepenns 29,97 4,90 31,40 5,25 0,19 5,62 5,84 5,23
130 Cepenns 26,98 4,35 28,42 4,70 0,23 5,25 5,52 4,85
260 ITorana 23,98 3,75 25,77 4,16 0,26 4,81 5,01 3,77

Kpim Ttoro, cmig KOpOTKO OOrOBOPUTH OOYHMCIIOBAIBHY e(PeKTuBHICTH. s
METPUKH Ha OCHOB1 HeMpoMepexki 3 16 BXojgaMu po3paxyHOK €JIeMEHTapHUX METPUK
PSNR, MDSI, PSNRHVS, ADM, GMSD, WASH, IQM2 ta HaarPSI € nyxe
mBUAKUM, 11 po3paxyHKy IFC ta RFSIM notpi6GHO B Kinbka pa3iB Oisiblie yacy, TOAl
aK po3paxyHok MeTpuk MSVD, CWSSIM, PSNRHA, IGM, DSI ta CVSSI 3aiimae e
OinbIe yacy (mpubJIM3HO Ha TMOPSAJOK). TakuM YWHOM, HaBITh NMPU TapajeIbHUX

OOUYHCIICHHSIX €JIEMEHTAPHUX METPUK, OOUHMCIICHHSI METPUKHA Ha OCHOBI HEHpPOMEpPEKi
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notpedye 3HaUHO OiNblle Yacy, HiXK JUIS TAKUX XOPOIIUX €JIEMEHTAPHUX METPUK, 5K
MDSI, GMSD a6o HaarPSI. Omxe, noganpliii HanpsiMKA AOCTIIKEHb MMOBUHHI OyTH
CHpSMOBaH1 Ha MMO€THAHHS MIBUAKUX €IEMEHTAPHUX METPUK, 3a0€3Meuy04H XOPOIINn
OayaHCc MI>K MOHOTOHHICTIO porHo3yBaHHs MOS (a Tako>X TOUHICTIO IPOTHO3YBAHHST )
Ta 00YMCITIOBAIBHOIO €(hDEKTUBHICTIO.

Taxum ynHOM, HAMH PO3TIISIHYTO 3aBJIaHHS OL[IHKU BI3yaJbHOI SIKOCT1 300paxeHb
AUCTAHLIMHOTO 30HAYBAaHHA 3 PI3HUMHU TUIIAMHU CIIOTBOpeHb. [lokazaHo, 110 He iCHYy€
3araJbHOBM3HAHUX METPHUK Bi3yalbHOI SIKOCTI, 1, OTKe, OaKaHOIO € iX po3poOKa.
3a3HaveHo MpobIeMH, 3 SKUMHU MOKHA 3ITKHYTHUCS, Ta 3alPOTIOHOBAHO X BUPIIICHHS.
Jlns 1i€i MeTH BHKOpHCTaHa BXKe iCHyroua 0a3za JaHMX CIIOTBOPEHUX KOJILOPOBUX
300pakeHb, VI AKX MOKHA BUOpATH 300paskeHHS 13 TAIIOBUMHU CIIOTBOPEHHSIIMH, SIK1
YacTO CIOCTEPIraloThcs HpHM  AUCTAHIIMHOMY 30HAYBaHHI. i BHKOPHCTAaHHS
J03BOJIMJIO BU3HAYUTHU ICHYIOU1 METPUKHU Bi3yalbHOI SIKOCTI, SIK1 JOOpE MPaIio0Th IS
BUJIIB CIIOTBOPEHbD, 110 HAC IIKaBJIATh. Halikpall 3 Takux MOKa3HHUKIB 3a0€3MeUyI0Th
SROCC 3 MOS 6au3bko 0,93, 1110 BBaXKAETHCS Ty>Ke XOPOIIUM Pe3yabTaToM. binbiie
Toro, 6aza manux TID2013 no3Bosisie po3poOOIATH METPHUKH Bi3yaldbHOI SIKOCTI Ha
OCHOBI BHMKOPHCTAHHS €JIEMEHTapHUX METPUK SKOCTI SK BXITHUX JaHuX. bymo
BHMBUYEHO JIeKUIbKa KOH(]Iirypauid HeHpoMepe:k Ta METOIU MOMepeaHbOi 0OpOOKH
BXIJTHUX JaHUX. ByJo moka3aHo, 1110 HaBITh MPOCTI HEHpoMepexki 6e3 monepeaHbol
00poOKM BXITHUX JaHUX (JIiHeapu3allii), 10 MaloTh JBa MPUXOBaHI IIapH, 3/aTHI
Hagatu 3HadeHHss SROCC 6mm3wko 0,97. 3nauenns PCC mMaroTh TOM ke MOPSIIOK, M0
O3Hauae, 110 3B'SI30K MK BUXIIHUM CHTHAJIOM Helpomepexi Ta 3HaueHHaMu MOS e
npakTUYHO JiHIWHUM. [loTiM ngeski enemMeHTapHl Ta Po3pOoO0eHI METpUKH Oyiu
nepeBipeHi s TpUKaHAIbHUX 300pakeHb AMCTAHIIIMHOTO 30HIYBAaHHS 3 JBOMA
TUTIAMU CTIOTBOpPeHb. llepeBipka MpoaeMOHCTpyBajla MOHOTOHHICTh TIOBEIIHKH
3amponoHoBaHoi MeTpuku. Kpim Toro, Oyio mokaszaHo, IO po3po0ieHa MeTpuka
3a0e3neuye TouHy oOIiHKY MOS, 1mo no3Bomsie kinacudikyBaTH 300pa)KeHHs
JTUCTAHIIIHHOTO 30HAYBaHHS BIMOBIIHO /IO X SKOCTI.

Hanani mianyeThcst MpOBECTH aHaII3 CIIOCOOIB MPUCKOPEHHS METPUK HA OCHOBI
HEHpOMEpPEXK 3a JOMOMOTOK OOMEXKEHHsS HaOOpy MOXKIMBUX METPHUK Ha BXO,
BpPaxoBYIOUH OOUYMCIIOBaIbHY €(EKTUBHICTh BXIJHHUX METpUK. MuH Takox
CIIO/IIBAEMOCH, IO OYIyTh MPOBEICHI NESIKI EKCIEPUMEHTH MIOA0 CIPUNHATTS 32
JOTIOMOTO0 (haxiBIliB 3 aHAII3Y 300pakeHb J[3 It OIIHKY SIKOCTI 300payKeHHHI.

[HmMK HampsAMOK HAIIMX TMONAIBIINX JOCTDKEHb Oyae TMOoB’s3aHUN 3

OHTI/IMiBaHiEIO MCTOI[iB MMEPCTBOPCHHA KOJIBOpiB, 10 BUKOPHUCTOBYIOTHCS OJISI OKPEMHUX
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€JIEMEHTAapPHUX METPHK. Y JIeAKHX BUMAJKaX BiAMOBIIHE 3aCTOCYBaHHS €JIeMEHTapHUX
METPHK ISl OaraToKaHAIBHUX 300pa’KeHb MOKE TaKOK BUMAraTé 3MiH THUIIIB JAHUX
Ta JUHAMIYHUX Jianma3oHiB. Pe3ynbTaT OKpeMux eIeMEeHTapHUX METPUK, OTPUMAaHI 3
BUKOPHCTAHHSAM DIi3HUX KOJIIPHUX IMPOCTOPIB Ta METOJIB MEPETBOPEHHS, MOXYTh

MPU3BECTH JI0 MOIABIIOTO MiABUIIEHHS €(PEeKTUBHOCTI KOMOIHOBAHUX METPHK.

4.3. Ouinka AKOCTi TPMBUMIPHHUX IPYKOBAHHMX MOBEPXOHb 3 BUKOPUCTAHHAM

KOMOIHOBAHUX METPHUK

TpuBumipnuii (3D) ApyK € OJHIEIO 3 KIIFOUOBUX TEXHOJIOTH, 1110 PEBOJIIOLIIOHIZYE
HEBEJIMKE cepiliHe BUPOOHUIITBO B enoxy mpomucioBocti 4.0. Bukopucranusa 3D-
OPUHTEPIB [03BOJIIE HE JIMIIE CTBOPUTH JAesiKi opuriHaibHi 3D-00’extu s
pO3BaXAJIbHUX LJIEH, ajle ¥ 3allyCTUTHU I1HAUBIAYaJbHE BUIOTOBJICHHS MESKUX
YHIKaJIbHMX JI€TaJel MallliH Ta 1HIIUX IPUCTPOIB, IO BUKOPUCTOBYIOTHCS ISl 3aMIHU
JESIKUX TOIIKO/KEHUX CTapuX €JIeMEeHTIiB. € il 1HIII Taly31 3aCTOCYBaHHS TEXHOJIOTI]
aJIUTHBHOTO BUPOOHHUIITBA 13 BUKOPUCTAHHIM IUIACTUKOBUX HHUTOK, SIK MPaBUIIO, HA
ocHOBI nomakToBoi kucinoT (PLA) abo akpunoniTpunbyTtanienctupory (ABS). Bouun
MOXYTh OyTH TIOB’s3aHI 3 01OMEIUYHOI0 TEXHIKOIO (HANpHUKIIAJ, 1HIWBIAYAIBHUM
MPOTE3yBaHHAM), a€POKOCMIYHOI Ta aBTOMOOUIBHOI MPOMMCIIOBICTIO, ITUBUIBHUM
OyZIBHUIITBOM Ta apXiTEKTYpOIO, 3BOPOTHIM MPOEKTYBAHHAM Y MPOMHCIOBOCTI a0
HaBITb OXOPOHOIO KyJbTypHOI cmamummuu. [HTerpamis 3 3D-ckanepamu 103BOJISIE
JOCUTH JIeTKO cTBoproBatu BiacHi 3D-300paxkenHss CAD-momeni Ta komii pi3HUX
esieMeHTIB. He3Baxaroun Ha 3pocTarouy HOMyJSpHICTh 3D-IpyKy sl JOMAalIHbOTO
BUKOPUCTAHHS CJiJI BpaxoOBYBAaTH JEsKi BaXKJIMBI OOMEXKEHHS, TakKli SK BUKUAU
gacTUHOK [89, 90], ocobmuBo 3 BukopructanHsIM ABS-HUTOK.

Tum He menmie, Ha mpouec 3D-ApyKy MOXyTb BILUTUBATH Pi3HI (PaKkTOpH, IO
BIJTMBAIOTh HA OCTaTOUYHUHN PE3yJbTaT Ta AKICTh BUTOTOBIICHUX MPEAMETIB, OCOOINBO
JUI HEIOPOTMX IPUCTPOiB, NPU3HAUYEHUX AJI JOMAIIHbOTO BHUKOPHUCTAaHHA. Taki
OPUHTEPU HAJEKaTh 0 HAWMOMYJSPHIMIOl TpyIH, 3aCHOBAHOI HAa MOJEIIOBAHHI
miaBiaeHoro ocamkeHHss (FDM), me Harpity HUTKY HAaHOCSTh 3HHM3Y BrOpy IHap 3a
IapoOM PYXOMHUM E€KCTPYIEpOM, O yTBOproe 3D npykoBaHuii 00'ekT. OJHUM 3 TaKUX
JDKEpeI MOBEPXHEBHX CIIOTBOPEHb MOXKe OyTH HEMpPaBUIIbHA TEMIIEPATYpa IJIaBJICHHS,
110 3aJIE€KUTh BIJ TUIy HUTKH, a TAKOXK JESIKHUX 3MIH TEeMIEpaTypyu HaBKOJIULIHBOTO

cepenoBumia. Jleski iHII MpoOieMd MOXYTh OYTH IMOB’si3aHI 3 HHU3bKOIO SKICTIO
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€JIEMEHTIB, 10 BUKOPUCTOBYIOTHCS ISl KOHCTPYKI[lT MPUHTEPA, Ta HU3BKOIO SKICTIO
HUTOK. JledKki CHOTBOpPEHHS MOXYTh TaKOXX OyTH CHPUYMHEHI HEMpPaBUIHHOIO
KoH(iryparri€ro crenepa, a TakoX 3MIHOIO MBUAKICTI mojavi HUTKA. OOUBa 111 THITH
CIIOTBOPEHb MOXKYTh 3 SIBUTUCH II1J] 4ac MIATOTOBKHU BHUIIPOOYBAJIBHUX 3pa3KiB, SKi
OyJIM BUKOPUCTAHI1 JIJIsl pO3pOOKH 0a3u JaHUX, IO BUKOPUCTOBYETHCS JJI TIEPEBIPKU
3amponoOHOBaHUX MeTOAIB [91, 92].

3pocTaHHs TOMYJSPHOCTI Ta JOCTYNMHOCTI TPUBHUMIPHUX MPHUHTEPIB, a TAKOXK
BIJIHOCHO BHMCOKAa PO3MIUJIbHA 3/IaTHICTH JEHICBUX KaMmep O3BOJSIOTH 1HTETPYBaTH
JesKl  alrOPUTMH KOMITIOTEPHOTO 30pYy, SAKI MOXYTh OYTH KOPUCHUMH JUIsI
MOHITOPUHTY TIpOIeCy APYKYy B peaibHOMY dYaci (To0TO, 0€3 MOMITHMX 3aTPUMOK
BIJIHOCHO NIBUJKOCTI BUTOTOBJICHHS) Ta cTaHy NpuUCTporo [93, 94]. Tum He MmeHIe,
OUTBIIIICTh BIIOMHUX PIIIEHh OOMEKYETHCS CIIOCTEPEKECHHSIM 32 CTAaHOM TPHUCTPOIO 1
3aCTOCOBYETHCS TIEPEBAXKHO JUIsl NIaTHOCTUKUA HecrpaBHOCTeN [95-97]. [eski iHmm
pilIeHHs nepe0ayaroTh BUKOPUCTAHHS JOBIAKOBUX JTAHUX, 1O MPEJCTABISAIOTh JEsKI
0COOJIMBOCTI a00 JECKPUNTOPH, Takl sK mianucu mporecy [98, 99]. Jleski 13
3aMpONOHOBAHUX CUCTEM BUKOPUCTOBYIOTH ONITUYHY KorepeHTHY ToMorpadito (OCT)
[100], tepmorpadiuni BumiproBanHs [101] abo TepareproBy TexHomoriro [102].
BaxxnuBi acrekTH BUABIEHHS NEAKHX MPOOJeM SKOCTI MOXYTh OyTH MOB'Si3aHI 3
kibepOe3nekoro BupooHnuux cucteM [ 103, 104], ocobMBO BpaxoBYIOUH, 1110 B ISSIKUX
BUMAJIKaX JIeK1 1e(eKTH B 3pa3kax, HaJApykoBaHi y ¢popmati 3D, MOXYTh 3aJIUIIUTUCS
HEBU3HAUYCHUMU, HAMPUKIIAJ, 3a JOMIOMOIOI0 yJIbTPa3ByKOBOTO KOHTpoJto [105].

OCKiTbKM BHUKOPUCTaHHS CKIAQIHHUX alapaTHUX pPIIMIeHb JJIs MOHITOPHHTY
Hegoporux 3D-mpuHTEpiB € TPOOJIEMHUM Uepe3 3HA4YHE 30UTbIIEHHS 3arajbHUX
BUTpPAT CHUCTEMH, TO HaWOUIbII PO3YMHUM PIIMICHHSIM MJi  JHOOUTEIHCHKOIO
BUKOPUCTAHHSI TPEJCTABISEThCA aHalli3 300pake€Hb, OTPUMAHMX JOCTYIHHUMHU
kamepamu. OfHa 3 TAKMX CUCTEMU JJIsI MOHITOPUHTY BUPOOHUYOTO MPOLIeCy Ha OCHOBI
MOPIBHSIHHS ~ HAJIPYKOBAaHOI TMOBEpXHI 3 KoM oTepHoo 3D-moxmemmo Oyna
3anmponoHoBana XoibsiMoraoM Ta JIi [105]. Ille ogna cipoba BusiBIeHHS aHOMATTIH Ta
kiacudikaiii metoay JjazepHoro mopomikoBoro TaBieHHs (LPBF) Ha ocHoBI
HEKEPOBAHOTO aJrOPUTMY MAIIMHHOTO HaBUaHHS OyJia 3pobseHa y po6oTi [106]. Ane
TaKUil aBTOMATH30BAaHWN aHAI3 BUMArae MiArTOTOBKU ajJrOpPUTMY, OOMEXYI0Ur HOTro
NpaKTUYHY NOPUIATHICTH Yy Hemoporux mnpuctposx. llomidHa mnpobiema Takox
XapaKTepHa Il BUKOPUCTAHHS HEHPOHHUX MEPEX, BUKOPUCTAHUX, HATIPUKIA, IS
MOHITOPHUHTY Tpoiiecy 3D-CTpyMeHEBOIo JPYKy eleKTpOHHUX BUpoOiB [107].

[{ixaBe 3aCTOCYBaHHS MAIIMHHOTO 30Dy 7S BUsIBIEHHS JedeKTiB y 3D-o0ekTax
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OyJo Hemo1aBHo 3ampononoBaHo [lItpayoom [108]. Lle pimeHHs, 3acCHOBaHE HA IT'ITH
kamepax Ta Omokax Raspberry Pi, mpusHadueHo it 3MeHIIEHHS ab0 yCYHEHHS
HEOOXITHOCTI TECTyBaHHS JPYKOBAHMX OO'€KTIB Uepe3 MOXKIUBICTH aBTOMAaTUYHOTO
BUIIPABJICHHS HE3HAUYHUX JAE(PEKTIB, IOMIYEHUX B MIPOLIECT IPYKY, & TAKOK BUSBIICHHS
npobsieM “cyXxoro ApyKy’, CHPUYMHEHUX BIJCYTHICTIO HUTKM Marepialy. Aje
3aMpONOHOBAHA CUCTEMA MOXKE BUSIBUTHUCS y>K€ UYTIUBOIO 10 YMOB HABKOJIUIIHBOTO
CepeIOBHINA, a TAKOXK HABITH JI0 HE3HAYHUX PYXIB KaMepHu. 3aCTOCYBaHHS BUIUMOTO
30HAYBaHHA JUid BUABIEHHS MikponedekriB y 3D-apykoBanux o00'ekTax, 10
BUKOPUCTOBYIOTh MPOrpaMH, MIO0 MalOTh HAWBAXKIUBIIIE 3HAYEHHS Ji1 Oe€3MeKH,
npejcTaBiieHi B po6oTi [109].

OCKITbKM TPaKTHYHA MPUIATHICTh CyO'€KTUBHUX METOMIB OIIIHIOBAHHSA SIKOCTI
APYKY CUIBHO OOMEXKEeHa 4acoM, HEOOXIAHMM JUIsl TOTO, 100 HabupaTu Oamu JJIst
6araTbox 300pakeHb, K 1€ POOUTHCS It (HiIbTpaLii 300paxeHb Ta IX CTUCHEHHS 3
BTpaTaMHu, TO €IUHOI0 MOXJIMBICTIO € BUKOPUCTaHHS OO €KTUBHMX METPHK, SKI
MOXYTh OOYHCITIOBATUCA aBTOMATHMYHO O€3 ydacTi Jrojae-croctepiradiB. Taki
METpPUKH (TOKa3HUKN) MOXKHA PO3JIIIIUTH Ha TPU CIMENCTBA: METPHUKH O€3 eTaony, sKi
TaKOXX HA3MBAIOTHCS "CIMUMHU" METPUKAMH, SKI HE BUMAararoTh 3HAHHS BUXITHOTO
300paXeHHs,, METPUKH 3 BHUKOPUCTAHHSIM YacTKOBOi JOBIAKOBOi iH(popMarii Ta
HalnomyssipHimi MeTpukud 3 etadoHoM (FR 1QA), mo peanizyroTh MOPIBHSIHHS
CIIOTBOPEHHUX 300paXk€Hb 3 “TIEPBUHHUMU E€TAJOHHUMH 300pakeHHSIMU 0e3 Oyab-
SAKUX CHOTBOPEHb. Taki eTasoHH1 300paXkKeHHS 1/1eaabHOI SKOCTI 3a3BUYail BKIIOYEHI
10 0a3, U0 € KOPUCHUMH TOJIOBHUM YHMHOM IIPH PO3pOOII JESIKUX HOBHX METPHK 3
eTasioHoM. He3Bakarounm Ha TOTEHINIHO MMPOKI cepru 3aCTOCYBaHHS METPUK 0e3
€TaJIOHYy, 1X YHIBEpCAJbHICTh BCE III€ 3HAYHO HIDKYA IMOPIBHAHO 3 METPUKAMHU 3
€TaJI0OHOM, 1110 CIIPUYMHSIE O1IBITY MOMYJISPHICTh OCTAHHIX M1AXO/IIB.

binbmiicTe 3araJibHEX METOJIB OIIHKK SKOCTI 3 €TaJIOHOM 3aCHOBaHI Ha
MPUIYIIEHHI, 0 00uaBa 300paKeHHS MPEJCTABISAIOTh OJIHY 1 Ty XK CIICHY, ajie OJHE
13 300pa’keHb TMOMIKO)KEHE OJHMM ab0 KUIbKOMa THUIIAMU CIOTBOPEHb (JUB.
migpo3ain 4.1). Ilpu npomy mijg 4yac MOPIBHAHHS 300pakKeHb MPHUITYCKAETHCS, IO
300pa’keHHsI HE MAalOTh B3aEMHOTO 3CyBY UM 00€pTaHHS.

AHani3 BIaCTUBOCTEM €JEMEHTApHHX METPUK MOKHA 3HAlTH y OaraTthbox
pobotax [40-42, 110] ta y migpo3aim 4.1. YV monepeaHix miapo3aiiax MoKa3aHo, K ix
MOHa 00’ €THATH, 1110 TPU3BOUTH 10 0araTooOIIsIOYNX pe3yabTaTiB. TruM HE MEHIIIE,
MpsiME 3aCTOCYBaHHS TAKOTO MiXOAY AJIS OLIHKH SIKOCTI TPUBUMIPHUX JIPYKOBAHUX

00’€KTIB BIIOUTKIB MOKe OyTH CKJIaAHUM uepe3 4yac, HEOOXITHUN T OOUMUCIICHHS
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KUIBKOX METPHK, a TaKOX BHACJIJOK HEOOXIJIHOCTI HAaBUaHHS HEUPOHHOI Mepexi.
BpaxoByroun pi3HOMAHITHICTh 3allPOIMIOHOBAHMUX TMIAXOIB HAa OCHOBI MOJIOHOCTI
OLIIHKH SIKOCTI 300paXeHHsI, HIKYE NIEpeBipeHa KOPUCHICTh METPHUK /ISl aBTOMATUYHOT
OITIHKHM SIKOCTI MOBEPXOHb 3 3D-ApyKOoM, a TaKOX MOKJIMBOCTI iX KOMOIHYBaHHS 13
MNOTEHIIITHUM 3aCTOCYBaHHSM B CHCTEMAaX PEaJIbHOTO Yacy.

[TepeBipka KOPUCHOCTI Pi3HMX OO0’ €KTUBHMX METPHK JJISi OIIHKH SIKOCTI 3D-
ApyKy TOBEPXOHb BHMarae po3poOKH cHerianbHoi 0a3u JaHHUX, IO MICTHTH
300paX€HHsI PI3HUX CIIOTBOPEHUX 1 BUCOKOSIKICHO BUTOTOBJICHUX TOBEPXOHB PAa30M 13
cy0’exkTuBHUMU 3HaUeHHSAMU MOS. 3 111€10 METOI0 OYJIM BUTOTOBJICHI TIJIOCK] 3pa3Ku 3
O TuUMIB TEPMOIUIACTUYHUX HHUTOK PI3HUX KOJBOPIB 13 BUKOPUCTAHHSAM TPHOX
noctynaux npuctpoiB FDM, a came RepRap Ormerod 3, Prusa i3 ta XYZprinting da
Vinci 1.0 Pro 3-B-1. Bu6ip ABS Hutok 6yB MOTHBOBaHUI 1X XOPOIIMMH MEXaHIYHUMH
BJIACTHBOCTSIMU 1 JIETKICTIO, @ TAKOXX BUIIOKO0 CTIMKICTIO 10 CTUPAHHA B MOPIBHIHHI 3
nonimepamu PLA. Tum He MeH11Ie, BIIHOCHO BUCOKI TEMIIEPATYPH IJIABJICHHS - TOHA/
220°C - pa3oM i3 MOTEHIINHO TOKCUMYHUMHU BHUMApaMu TPOXU OOMEXKHIM PO3BUTOK
IIOTO HA0OPY JTaHUX.

Xoua ©6aza manux wmictuth 107 ¢otorpadiit (pasom 13 kapramu TIUOUH,
oTpuMaHuMu 3D-ckaHepoM, KUl HE BUKOPHUCTOBYETHCS B JaHIN poOOTI) MIOCKHUX
MOBEPXOHb, METPUKH, IO JOCIIKYIOThCS B 1M poOOTI, MOXYTh OyTH YCHIIITHO
3aCTOCOBaHI HE3aJeXKHO BIJ IJIOCKOCTI TMOBEPXHI; OTXKE, B IbOMY CEHCI
3aMpONOHOBAHUM MIAX1J MOXKE pO3IIISIIATUCS SIK YHIBEpCAIbHUUA 1 Moke OyTH
J0JJaTKOBO MEPEBIPEHUN TAKOX ISl IEAKUX 1HIIUX TTOBEPXOHb.

300paxeHHs Oy OTpUMaHi B KOHTPOJIHOBAHOMY OCBITJICHHI1
(BUKOPHUCTOBYBAJIOCH PO3IOJIJIEHE OCBITJACHHS BiJ TPHOX JIaMIW IS 3amoOiraHHs
CHUJIbHUX BIJIOIMCKIB) 3a gornomoroto kamepu Sony DSC-HX 100V 13 vacoM BUTPUMKH
1/125 ¢, ¢oxycHa BifCTaHb JOpPIBHIOBAJIA 5 MM, BUKOPHUCTOBYBABCS aBTOMATHYHHIMA
6ananc Oinoro 6e3 cnanaxy, 3a0e3neuyouu (pikcoBaHy BiJICTaHb /10 MOBEpXHi. Po3mip
300paxens ctaHOBUTH 1600 x 1600 mikcemiB, U0 €KBIBAJIEHTHO (I3MUHOMY PO3MIPY
3paskiB 35 MM X 35 MMm. IX TOBIIMHA CTaHOBUTH OIM3bKO 4 MM, a BHCOTA ILIapiB
BapiroeThes Big 0,3 1o 0,35 MM B 3aJI€KHOCTI BiJI IPUHTEpaA Ta po3Mipy coria. Kaptu
rubuHu Oynu oTpuMai 3a nonomoroto 3D-ckanepa ATOS xommanii GOM.

He3zane)xHo Bij BIUIMBY AEAKUX HE3aNEKHUX (DAKTOPIB, TAKUX 5K SKICTb HUTKH Ta
MaTepially, HasBHICTb CHOTBOPEHb Y MACSIKUX 3pa3kax OyJio 3yMOBIJIEHO 3MIHOIO
TEeMIIepaTypH, mapameTpaMu KoHQIrypailii KpOKOBUX JABUTYHIB, IIBUJKICTIO MOJayl

HUTKH. I[e}IKi 3pa3Ku MICTHIIN TleII/IHI/I, a TaKOX pE3yJIbTAaTH HCAO0- Ta IICPCIIOBHCHH.
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VYeci dotorpadii Oynu He3aleKHO OIIHEHI 92 crmocTepirayamu, BUKOPUCTOBYHOUYHU
n’sTHOanbHy MIKamy sSKocTi Bix 1 (myke morano) ao 5 (myxe noOpe). Otpumani
pesyapTaT OynM ycepemHeHl yisi oTpuMaHHs 3HadeHb MOS, 1o IT07aTKOBO
NEePEBIPSIETHCS MUITXOM TMOPIBHAHHS 3 MOMEPEAHIMU TyMKaMHu BijJ €KCHepTiB (Taki
TyMKH (OILIIHKM) BUKOPUCTOBYBAIMCH Il Kiacu@ikaiii B JESIKUX IOMEPeTHIX
pobotax). OauH 3pa3ok 300pakeHHs pa3oM 31 3HaueHHsMH MOS mpencTaBieHi Ha
pucysaky 12, ne 3nauenns MOS, mo HaGMMKAIOTHCA 10 S, BIAMOBIAAOTH 1eanbHIN
SIKOCTI.

Ines moemHaHHS pI3HUX O3HAK YAaCTKOBO BHUKOPHUCTOBYETHCS B 0OaraThbox
OOroBOpIOBaHMX MeTpUKax, mouynmHarouu 3 SSIM, mo QakTudHO sBIsE COOOKO
KOMOIHAI[II0 TPhOX KOMIIOHEHTIB, IO MPEACTABIAIOTH SICKPaBiCTh, KOHTPACTHICTH 1
CTpYKTypy. TUM He MeHIe, Taka KOMOIHaIlisl TaKOX MOXke OyTH 3acTOCOBaHa AJis
OKpeMHUX (eNeMEHTapHUX) METPHUK, M0 3a3BU4Yail MPU3BOAUTH JO 3HAYHOTO
30UIBIICHHST KOpEJALii 3 Cy0 €KTUBHUMH OLIIHKaMH sikocTi. Halkparil pesysiabTaTu
MOXYTh OyTH OTpUMaHi Il KOMOiHAIli METPUK, III0 BUKOPUCTOBYIOThH Pi3HI THUITH
O3HaK, JIOTIOBHIOIOYM OAHa OAHY. Pi3HiI mpukiaam 00’ €qHaHHS HaBeACHI B poOOTax
[111-117].

BtiMm, po3rasgaroud 3acTOCYBaHHS METPUK JUIS OIUHKUA sKOCTi 3D-mpyky
MOBEPXOHb TiJ Yac BHUPOOHUYOTO TPOIECY, MOMIIBHUM 37a€ThCs BUKOPHCTAHHS
00MeKeHOT KUTBKOCTI METPUK Yy TIOEHAHHI 3 BUKOPUCTAHHSIM BaroBUX KOe(iIli€HTIB

3TiJTHO 3a 3arajbHOI0 (OPMYJIOFO:

weight,

S )

ae N - KUTbKICTh 3BaKEHUX €JIEMEHTapHUX METPHK.

N
Qcombined = ’{:71 Metric

Ockinbku metpuky, nounHarouu 3 UIQI ta SSIM, Hanexars 10 rpynu METOIB
OLIIHIOBAHHS SIKOCTI 3 €TaJOHOM, IX Oe3N0ocCepeHE 3aCTOCYBAaHHS JUIsl PO3IJIIHYTOIO
3aCTOCYBAaHHS BHMMarajgo O 3HaHHS E€TaJOHHOIO 300paXEeHHA. Y NPAKTUYHOMY
3aCTOCYBaHHI 1€, SIK MPaBUJIO, HEMOXJIMBE 1 HABITh BUKOPUCTAHHS Bi3yalai30BaHOI
MOJIeTIl TPUBHUMIPHO HAAPYKOBAHOTO 00'€eKTa BHUMaraTUMe TOYHOI peecTparii
300paxensb. JlogaTkoBa mpoOriemMa Moke OyTH TMOB's3aHa 3 PI3HUMHU KOJBOPaMHU Ta
ACKpaBICTIO OTPUMAaHUX 300paxeHb Ta 300paxkeHb 3 3D-moneneit. Ortxe,
MPOTIOHYEThCS 171e1 OOYMCIICHHS CepeHbOI B3a€MHOI TMOIIOHOCTI 300pa)KeHb
noBepxoHb 3 3D apykom, mo nependavae OiyHe po3rairyBaHHs Kamep. Croyatky
TaKWil BapiaHT JOociipKyBaBcst y crarrsax [118, 119] Bukmiouno mus 1iiei

knacudikamii. Take KpimieHHS KaMmepu 300Ky J103BOJISIE OTPUMATH 300pa>KeHHS 13
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BUJIMMUMH OKPEMHUMH 1IapaMU HUTKH, K MIOKa3aHO Ha pUCYHKY 12.

T) ) e)
€) ) 3)
a) BUCOKOSIKICHHH 3pa30K KOBTO-poxkeBoro koinsopy (MOS =4,7253);
0) 3pa30K BUCOKOI SKOCTI pokeBOro Kojibopy (MOS = 4,6923);
B) BUCOKOSIKICHUH 3pa30K KOpUUHEBOTo Koabopy (MOS = 4,1333);

T') 3pa30K MOMIPHO BHCOKOI IKOCT1 uepBOHOTO KOJIbOpY (MOS = 2,4130);
1) 3pa30K MOMIPHO HU3BKO1 SKOCTI %KOBTOTO KOJIbopy (MOS = 1,4130);
€) 3pa30K HU3BKOI SKOCTI TEMHO-3eJIeHOro Koiabopy (MOS = 1,1868);
€) HU3bKOsIKICHUM yopHUH 3pa3ok (MOS = 1,0978);

’K) HU3BKOSKICHHUM 3pa3ok poxeBoro koiasopy (MOS =1,0110);

3) HU3BKOSKICHUH 3pa3ok 0jakuTHOTO Kosopy (MOS = 1,0000).
Pucynok 12 — 3pa3ku 300paxeHnb 3 po3po0JieHol 0a3u TaHUX i3 cepeqHiMuU

Cy0'€KTUBHMMU MOKA3HUKAMU SIKOCTI i3 COPTYBAHHSAM BiJl HAliBUILIOTO 10

HATHUKYOTO
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Iness obOuucieHHs B3aeMHOT TOAIOHOCTI BUMAarae MOAUTY 300pakKeHHS, IO
Mpe/CTaBIsie BUTOTOBJICHUN 3pa30K, HA PETiOHM Ta 3acToCyBaHHS (opmymu
OLIIHIOBAHHS SIKOCT1 JUIsl KOXKHOI MapH TaKUX OTPUMAHUX OJOKIB. Y MIpPOBEIECHHUX
eKCIIEpUMEHTax Bce 300paxkeHHs Oyso po3zaiiaeHo Ha 4, 9 ta 16 kBagpaTHUX OJIOKIB.
IIporro3yBasnocs, 10 HalKkpali pe3yabTaTd OyayTh oTpuMani jisi 16 OnokiB (4x4
oOnacreii), mo Bumarae 120 B3aeMHUX MOPiBHSAHB. OCKIIBKU PO3IMOALT OBEPXHI Ha
oOracTi (pIKCOBaHUN, MU MOXKEMO OUIKYBaTH Takl ) a0 AyX e CXOXl OpleHTamii
JUISTHOK Y KOKHOMY perioHi. OTxe, 3aBAsIKd BUKOPUCTAHHIO B3a€MHOI 1MOA10HOCTI Ha
OCHOBI TIOPIBHSHHS PET10HIB, TOTEHIIIMHUI BIUIMB MO3UIII1 Ta OpieEHTAIllT pET10HY OYJI0
3HAYHO 3MEHIIEHO. 3aB/ISIKU 3aCTOCYBaHHIO OOPOOKH y KOB3HOMY BiKHI JIJISI METPHUK
aKocTi Ha ocHOB1 SSIM, CTpyKTypHI 3MiHU, BHECEHI TAKUMHU MOPIBHIHO HEBEIUKHUMHU
o0epramu a00 3CyBaMHu BIUIMBAIOTh Ha KIHIIEBI PE3yJbTaTH PO3PAXYHKY OKPEMHX
(emeMeHTapHUX) METPUK HE TaK CHUJIBHO, SK HAsSBHICTh (PI3UYHUX CIOTBOPEHD
noBepxHi 3D-apyKy.

Kpim Toro, moxke OyTu 3actocoBaHO (Pa3oBUil 3CyB Ha KiUJIbKa IIKCEIB IS
KOpUTyBaHHS (a3u TOPIBHAHMUX Mojenei. BmimuB Kombopy Ha OKpeMi 3pa3Ku
3MEHIIUBCS 3a PaxyHOK BHKOPUCTaHHS TIEPETBOPEHHS KOJIBOPOBUX JAaHUX Y
300paskeHHsI B Tpajaiisax ciporo Bianosigao m0 pekomernaamnii MCE ITU-R BT.601-7
(3 BukopuctanusaMm ¢ynkiii rgb2gray B8 MATLAB R). Imroctpamis iaei B3aemMHO1
noAI0HOCTI TIpeACTaBlieHa Ha PUCYHKY 13, e mpeacTaBieH! iBa TPUKIIAIU MOy Ha
4 ta 9 perionu 3 He0OXiTHUMU 6 Ta 36 OOUHMCIEHHSIMHU B3a€MHOT MOAI0HOCTI.

OTxe, cepenHl 3HaYEHHS B3a€MHOI MOAIOHOCTI, OTPUMAaHI ISl €IEMEHTapHUX
METPUK, MOXKYTb PO3TJISAAIOTHCS SIK BIAMOBIAHI €KBIBaJICHTH METPHUK 3 €TAJTOHOM, IO
3aCTOCOBYIOTBHCS JIJIs OIIIHKY sikocTi 3D moBepXxoHb. OCKIIbKH MU HE BHKOPHUCTOBY€EMO
“nepBHHHI" KOHTPOJIbHI 300paXeHHsI, TO HEMAE MOKIIMBOCTI 3aCTOCOBYBAaTH METO/U
OIIHKU SIKOCTI 3 €TaJOHOM Oe3mocepenHbo. ToX 300pakeHHs OyJu pO3/iIeHI Ha
YACTUHU 1 TPOBEACHO MOPIBHIHHS IIUX PEriOHIB, 100 YCYHYTH BIICYTHICTh €TaJOHHUX
300pakenb. OTxe, GpopMambHO MOXHA KiIacU(pIKyBaTH HAIl MAXiA SK MAXiA 110
OIlIHKK 0e3 eTalioHy (,,Cminuii’”), Xoua HAcHpaBi BCi METPUKH (TOKA3HUKH), IO
BUKOPHCTOBYIOTBCS «B CEPEIMHI» HAJIEKATh IO TPYITH METOIB 3 ETATIOHOM.

Taxi oTpuMaHi MOKa3HUKHU SIKOCTI BAKOPUCTOBYBAJIUCH SIK BX1HI MMOKA3HUKH JIJIS
KoMOiHOBaHOT MeTpuku (5). OnrtumizoBaHi Bard OyiaM OTpUMaHI HUIIXOM
MakcuMizallii koediieHTy JiHiiHOI kopensauii [Tipcona (PLCC) mixk 06'ekTHBHOIO Ta
Cy0'eKTUBHOIO OIIHKOIO (BUpaKaeThes K 3HaueHHI MOS y po3po06JeHiii 6a3i JaHuXx).

Ockiabku OyJ10 MPUIYIIEHO, 0 HeNTiHIHA KOMOIHAIlIS eIeMEHTapHUX METPUK
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Average of 6 mutual Average of 36 mutual
similarities for 4 regions similarities for 9 regions

Pucynok 13 — LiurocTpauist izei po3paxyHKy B3a€EMHOI OAIOHOCTI 3 moAijioM Ha 4
Ta 9 perioHiB 3 HEOOXiTHMMHU BiANOBIAHMMH 6 Ta 36 00UMCICHHAMH METPUKH 3

CTAJIOHOM

MOBUHHA KOMIICHCYBATH TMOTEHIIMHO HEIHINHICTh CIPUUHATTS CIIOTBOPEHb, TO HE
3aCTOCOBYBaIUCh XOAHI (yHKIT nas pituHry. KpiMm Toro, O6yso po3paxoBaHO JBI
paHroBi KopeJsiii, a came paHroBuil koedimieHT kopessuii Crnipmena (SROCC),
NMO3HAUYCHUU sIK p, Ta paHroBuil koegiuieHT kopemaunii Kengamna (KROCCO),
II03HAYEHUH SIK 7.

ITepi excriepuMeHTH OyJid MPOBEICHI, IepeadavYarouu BUKOPUCTAHHS OKPEMUX
€JIEMEHTApHUX METPHUK JJIsl BCiX 107 300pakeHb, MepeTBOPEHMUX Y BIATIHKH CIporo Ta
po3ainenux Ha 4, 9 ta 16 obnacreit. s xoxxHOTO 3 HUX OyJIM PO3paxoBaHi TPH
Koe(IIieHTH KOPEIAILii A BUSBICHHS MOTEHIIHHO HAWO1IhIII KOPUCHHUX MTOKA3HUKIB
JUTS1 TIOTAJTBIIIOTO0 BUKOPHUCTAHHS T11]T 4ac ONTUMI3aIlli KOMOIHOBAaHUX METPUK.

OtpuMani pe3ynbTaTH TpeAcTaBiieHl B Tabmnuii 12. Ik MoXHa TOMITUTH, B
O1IBIIIOCT] BUMAAKIB JJIsI OKPEMUX METPUK Oyiu oTpumani noaioH1 3HaueHHst PLCC 1
SROCC, otmxke, B MOAANbIIMX EKCIEPHUMEHTAaX B SKOCTI KPUTEPIIO ONTHMI3allii
BUKOpHUCTaHO Jniie kopensnito Ilipcona. s G6aratboX MeTpuK BHOIp KIIBKOCTI
pErioHIB ICTOTHO HE 3MIHIOE 3HAYEHHsI KOPENAIi, OTXe, MOAAIbII €KCIEPUMEHTH

OyJIi MPOBEJICHI 32 YMOBH MOy Ha 16 perioHis.
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Pucynok 14 — LnrocTpanisi ekCriepuMeHTAJIbHOI IPOLEeYPH

Haiikpamn pesynbratn PLCC, oTpumani 1 pi3HUX KOMOIHAIIM JBOX METPUK
npeacTaBieHi B Tadumi 13 (11 eKkoHOMIT MICII HaBeACH] JINIIIE JIaH1 13 3HAYCHHSIMH
Butie 0,67). Sk BugHO, y OIbIIOCTI KOMOIiHaILI BUKOPUCTOBYBanach MeTpuka FSIM,
OTXX€, IIF0 METPUKY HaMH OyJI0 BUKOPUCTAHO fK "(ikcoBaHy" 11 KOMOIHAIIIN 3 TPhOX
METPUK (3MIHIOBAJIMCH JIMIIIE JIB1 1HIII 11]1 9ac onTumizarlii Bar, Bary juis FSIM Takox
OyJio onrtumizoBaHo). Haiikpaii pe3ynbrata PLCC, nocarayTi A1 TaKux KOMO1HaIIii

TPHOX METPUK, IPECTaBieHI B Tabnuii 14.

Taoauus 12 — KoedinienTn kopessiuii, orpumani ajs 107 300paxens B 0a3i, 3
BHKOPHCTAHHAM 3alIPONIOHOBAHOI B3a€EMHOI MOAIOHOCTI Ta

eJIeMeHTAPHUX METPUK

Metric Division into 16 Regions Division into 9 Regions Division into 4 Regions
PLCC | SROCC | KROCC | PLCC SROCC KROCC | PLCC | SROCC | KROCC
FSIM[34] 0,6756 0,6865 0,5195 0,6820 0,6845 0,5185 0,6780 0,6826 0,5114
CW- 0,5929 0,5823 0,4028 0,6323 0,6098 0,4232 0,5807 0,5633 0,3981
SSIM[32]
AD- 0,4081 0,3515 0,2453 0,4020 0,3470 0,2414 0,3873 0,3324 0,2354
GSIM[40]
DSS [38] 0,4066 0,3523 0,2411 0,3842 0,3220 0,2210 0,3921 0,3176 0,2142
AD-SSIM[40] | 0,4017 0,3574 0,2562 0,3834 0,3209 0,2270 0,3492 0,2932 0,2065
SSIM [29] 0,3996 0,4012 0,2746 0,3905 0,4039 0,2661 0,3048 0,3017 0,1938
CSSIM4[41] 0,3596 0,3296 0,2354 0,3329 0,2818 0,1977 0,3233 0,2851 0,1991
IW-SSIM[33] | 0,3549 0,3669 0,2619 0,3230 0,2997 0,2044 0,3169 0,2473 0,1627
SR-SIM[36] | 0,3173 0,2441 0,1588 0,3174 0,2497 0,1652 0,3878 0,3160 0,2150
MCSD [39] 0,3106 0,2958 0,2164 0,3008 0,2889 0,2090 0,2952 0,2825 0,2051
QILV [31] 0,3092 0,1330 0,0868 0,3478 0,2662 0,1832 0,4316 0,3555 0,2534
CVSSI [42] 0,2558 0,2083 0,1370 0,2097 0/1492 0,0935 0,1667 0,1068 0,0593
ESSIM [37] | 0,1865 0,2340 0,1631 0,1754 0,2354 0,1648 0,3160 0,2868 0,2026
CSSIM [41] | 0,1523 0,1078 0,0724 0,1251 0,0755 0,0519 0,1293 0,0862 0,0632
SSIM4 [41] | 0,1283 0,0852 0,0565 0,1031 0,0447 0,0304 0,1085 0,0673 0,0462
GSM [35] 0,1103 0,1689 0,1182 0,0991 0,1631 0,1133 0,2102 0,2253 0,1585
RVSIM [43] 0,0267 0,0198 0,0219 0,0546 0,0433 0,0395 0,0114 0,0247 0,0304
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Taoauus 13 — 3navenns PLCC, orpumani quist 107 300paskens, 3
BUKOPUCTAHHSAM 25 HAMKPAIUX KOMOiHAIIN 1BOX eJIeMEHTAPHUX METPHUK

(momiszt Ha 16 perioHiB)

Metric PLCC Metric PLCC Metric PLCC Metric PLCC

FSIM+MCSD | 0,8192 | FSIM+SR-SIM | 0,7862 | FSIM+SSIM4 | 0,7581 FSIM+RVSIM 0,6875

FSIM+DSS | 0,8029 | FSIM+AS-SSIM | 0,7861 | FSIM+ESSIM | 0,7377 | CSSIM+CSSIM4 | 0,6852

FSIM+CVSSI | 0,8008 | FSIM+CW-SSIM | 0,7766 | FSIM+GSM | 0,7312 FSIM+SSIM 0,6809

-lesMHW 0,7981 | FSIM+CSSIM4 | 0,7719 | SSIM+AD-GSIM | 0,7081 | FSIM+RVSIM 0,6762
M

FSIM+AD-GSIM | (,7921 | FSIM+CSSIM | 0,7593 | FSIM+QILV | 0,6952 | SSIM+CW-SSIM | 0,6731

Taoauus 14 — 3navyenns PLCC, orpumani nist 107 300paskensn, niis 24

HallKpamux KOMOiHaNii 3 TPHOX eJIeMEHTAPHUX MeTPUK (Moaij Ha 16 perioHiB)

Metric PLCC Metric PLCC Metric PLCC
FSIM+CW- 0,8472 FSIM+MCSD+GSM 0,8270 FSIM+MCSD+AD- 0,8221
SSIM+MCSD SSIM
FSIM+CW- 0,8379 | FSIM+ESSIM+MCSD | 0,8256 | FSIM+MCSD+CSSIM | 0,8221
SSIM+DSS
FSIM++CW-SSIM+HIW- | (,8356 FSIM+CW- 0,8250 FSIM+CVSSI+GSM 0,8219
SSIM SSIM+CSSIM4
FSIM+CW- 0,8348 FSIM+CW-SSIM+SR- 0,8246 FSIM+MCSD+RVSIM 0,8217
SSIM+CVSSI SIM
FSIM++AD-SSIM+SR- | 0,8341 | FSIM+CW-SSIM+AD-SSIM | (,8239 | FSIM+DSS+AD-SSIM | 0,8213
SIM
FSIMICWSSIVIFAD- [ 0,8301 | FSIMMCSD+SR-SIM | 0,8238 | FSIM/ESSIMFAD-GSIM | 0,8213
IM
FSIM+DSS+ESSIM | 0,8284 | FSIM+MCSD+SSIM4 | 0,8225 FSIM+MCDS+QILV 0,8201
FSIM+DSS+GSM 0,8274 FSIM+MCSD+SSIM 0,8224 FSIM+AD- 0,8199
GSIM+GSM

PesynbTaTu, npencrarieHi B Tabnuii 14, cBiguaTh, 0 HAWKpaml pe3ysibTaTH
MokHa orpumatu st komOinamii FSIM ta CW-SSIM 3 tpethoro MmeTpukoro (0axkaHo
MCSD), ognak xoporIiri pe3yJbTaTh TaKOX MOXYTh OyTH JOCSTHYTO 32 JOTIOMOTOIO
FSIM ta MCSD sik 1BOX OCHOBHUX METPUK, 1110 BUKOPHUCTOBYIOTHCS Y KOMOIHAITISX.
BpaxoByroun 111 pe3ynbraT, Oyju pO3TJSHYTO IIie OUIbIlIa KiJbKICTh €I€MEHTapHUX
meTpuK. Lle nmpu3Besno 110 11e Kpamioi Kopessilii KoMOIHOBaHUX METPHK 31 3HAYEHHSIMU
MOS, ane mokpalieHHs BXK€ MaJli y MOPIBHSIHHI 3 KOMOIHOBAaHMMH METPHKaMH Ha
OCHOBI TpbOX eneMeHTapHux MeTpuk. Haiikpami 3nauenns PLCC ne 3aBxau
ekBiBajieHTH1 HawBuiuM 3HaueHHIM SROCC ta KROCC. BtiM, Takl BIIMIHHOCTI
MO>KHA BBaKaTH HE3HAYHUMHU.

JlonaTkoBa 1IOCTpallisi OTPUMAHOTO 30UIBIICHHS KOPEJSIii 3 Cy0'€KTUBHUMH

OamamMu MpeCTaBlIeHa HA CKaTeporpamax Ha pUCyHKY 15.
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Pucynok 15 — CkaTeporpamMu, o WVIloCTPyHOTh JiHIHHICTH CIBBiTHOIIIEHb

MK J0CTII)KYBAHUMHU 00'€KTUBHUMM MeTpUKamMu (moaij1 Ha 16 perioHiB)

Ta 3HAYeHHAIM MOS

Xoua repeBipka KOpeslii st KOMOIHAIIi JBOX Ta TPhOX METPUK PO3PaXOBaHa,

MIPUITYCKAI0UX MOALT Ha 4 2060 9 GJIOKIB, TOCTIKEHHSI MATBEPIUIN OOTPYHTOBAHICTh

BUOOPY 16 perioHiB, 1110 MPU3BOAUTH 10 Kpaiioi epekTuBHOCTI. [loe1HaHHS YOTUPHOX

Ta I’ATH METPUK ISl MEHIIOI KUJIBKOCTI OJIOKIB Ja€ MOMKIIUBICTh OTPUMATH TPOXHU

Kpali pe3yibTaTH, BPaXOBYIOUYM MOHOTOHHICTH BIATMOBIAHO 10 000X KOEQIIi€HTIB

paHroBoi kopesimii. BukopucTtaHHsS MEHIIOT KIJIBKOCTI PErioHIB 3MEHIIY€E dYac

oOYHCIIeHHS, alie 00U CIeHHS OUTBIIOT KUTBKOCTI METPHUK 301JIbIIIY€E HOTO, TOXK MOYKHA

MOIIYKATH PO3YMHUN KOMITPOMIC.

IIpencrapiieHi pe3yJbTaTi MiIATBEPKYIOTh KOPUCHICTh KOMOIHOBAHMX METPHK
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IS OLIHKY AKOCTi 3D npyKOBaHUX MOBEPXOHB, 1110 MPU3BOIUTH 10 BUCOKOT KOPEJIsILii
3 Cy0’€KTUBHUMH IyMKaMH IIMOJO €CTETHKH IMOBEPXHi. 3ampOnoOHOBAHO MIAXIM 10
aBTOMATUYHOTO OILIIHIOBAHHS SIKOCT1 00’ €KTiB MOBEpXOHb 3D-apyKa 3 BUKOPUCTAHHSAM
JIMIIE METPUK 3 €TAIOHOM, SIKi MMOKJIaJaloThcs Ha B3a€MHY MoJiOHICTh. Lle mo3Bose
MOPIBHSHO JIETKO PO3paxyBaTH 3HAUEHHS €JIEMEHTApPHUX METPHK, HEOOX1IHUX Is
koMOiHamii. KpiMm TOro, BoHM MOXYTb OOUMCIIIOBATUCH MapajesibHO, IO JT03BOJISIE

J0JTATKOBO MTPUCKOPUTH 0OPOOKY.

BucHoBku

[lim wac BHWKOHAHHS JOCHIDKEHb TOJIOBHY YyBary NPHIUJIEHO PO3pOOII
KOMOIHOBAaHHUX METPHK SKOCTI 3 €TaJOHOM, iX ONTHMI3allli Ta aHai3y MOXKIUBOCTEH
HOBHUX 3aCTOCYBaHb — MPU aHaJI31 SKOCTI OaraToKaHaJIbHUX JAHUX JMCTAHLIMHOTO
30HAYBaHHS Ta SKOCTI TOBEPXOHb IiJ] Yac TPHUBHMIPHOTO JApyKy. Ha ocHOBI
MIPOBEICHOTO aHAJII3y Ta pO3pOOOK MOXKHA 3pOOUTH HACTYITHI BUCHOBKH:

a) ICHy€ MOKJIMBICTh CYTT€BO MIABUIIUTH KOPEIALII0 METPUK Bi3yaJbHOT SKOCTI
ta MOS 3a paxyHOK SIK MIHIMyM TPBHOX MiXOIB 10 PO3POOKH KOMOIHOBAaHUX METPUK:
Ha OCHOBI CTIMKMX OIIIHOK ¥ TMOMEpeaHbOi JiHeapu3allii, Ha OCHOBI HaBYaHHS
HelpoMepeK Ta BUKOPUCTOBYIOUH onTUMI3alli Bar ajist popmyiu (5);

0) HeWpoMepexi MalTh HAWKpalll pe3yJbTaTH, aje BUMAraloTh HaBYaHHS
(onaitH) Ta BUKOPUCTAHHS €IEMEHTAPHUX METPHUK, YACTHHA 3 SIKMX MOXE MaTu
HU3bKY HIBUAKOJIIIO, IIO TalbMy€ PO3paxyBaHHA KOMOIHOBAHOI METPUKH; B LbOMY
CEHCl € HAmpsSIMKH TOJANBIIOT poOOTH, IO MOXKE MPHU3BECTH 0 MPUCKOPEHHS 0e3
BTpaTu €(PEeKTUBHOCTI 0OPOOKH JTaHNX HEUPOHHOIO MEPEXKEIO;

B) pPO3pOOJICHI MAXOAM [0 CHHTE3y KOMOIHOBAaHMX METPUK € JOCHTH
yHIBEpCAIbHUMU; MU IPOTHO3Y€EMO, 1110 € 6araTo 1HIIUX 3aCTOCYBaHb, € TaKi METPUKH
OynyTh €(EKTUBHUMU;

I') 3Ha4YCHHS Kopesiii abo nepeunyoTh 0,9 (cararouun 0,97 nis HelipoMepexk),
a060 HaOMKyrOThCS 10 0,9, MO CBITYUTH MPO BUCOKY aJCKBATHICTh PO3POOIECHUX
METpHK.

OTpuMaHi pe3ynbTaTd OLIbII JETaTbHO B1IOOpaXEHO y MyOJiKalisX aBTOPIB

posainy [19-21].
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KAPITEL 5/ CHAPTER 5°
FEATURES OF THE RRC RADIO RESOURCE MANAGEMENT
PROTOCOL IN THE 5G NETWORK

DOI: 10.30890/2709-2313.2023-20-02-012

Beryn

[IpoTokon piBHS ynpaBmiHHa L3 — 11e mpoTOKOJI ympaBiiHHS pajiopecypcamu
RRC (Radio Resource Control). O6'ekt mpotokosry RRC sk Ha Oori TepMiHaTy
kopuctyBaua UE, Tak 1 Ha Oomi 0a30BOi Mepexi omneparopa Mae iHTepdeiicu
yOpaBIiHHA 3 yciMa IHIIUMHU 00'ekTamu mpoTokoiy. Illopa3y, Konu mpoTOKOJIbHUIMA
o0'ext, sikuM Mae kepyBaTu RRC, mepeOyBae y iHIIOMY eneMeHTI 0a30BOT Mepexi,
HEOOXIJHO  MIATpUMYBAaTH 1€  MeXaHi3M  yIOpaBIIHHI 3  JIOTIOMOT'OIO
CTaHJaPTU30BaHUX MPOTOKOJIIB. Y BCIX 1HIIUX BUIAJAKax 1HTep(deiicu ympaBiiHHS €
BHYTPIIIHIMH TI0 BIIHOIIIEHHIO 710 ojJHOro ejaeMenTa UE abo 6a30Boi Mepexi 1, 0TxKe,
HE € CTaH/IapTU30BaHUMH, aJie X HasBHICTb Ma€ BUpiIIaibHe 3HaueHHs 71 piBHSA RRC

JUUTsl BAKOHAHHS CBOTO 3aB/IaHHS SIK BUKOHABIIS PIllICHB 3 YIIPABIIHHS palopecypcamu.

5.1. Ctek npoTokoJiB miomuHu ynpasiainas (5G control plane)

[Tporoxon ympasninus paaiopecypcamu RRC (Radio Resource Control) €
MPOTOKOJIOM TUIONIMHU yripaBiiHHA (control plane) 1 sBisie cobow cucremy
QITOPUTMIB 1 KOMaH/I, [0 BUKOPUCTOBYIOTHCA JJIA HAJaHHS TePMIHATy KOpPUCTyBayda
UE nocrtyny 1o pagioinTepdeiicy 1 peanizallii cTpaTerii ynpaBiIiHHS pajiopecypcaMu
mepexki SG-NR. Posramysanns RRC y creky mpoTokoJiiB mokazaHo Ha puc. 1.

Huxue HaBeaeHo ocHOBHI (yHKIIIT, pearizalito akux 3adesneuye RRC:

- TpaHcysLis cucteMHol iHpopmarliii AS (Access Stratum - piBeHb CUTHaJTI3AIII],
110 BIJTHOCUTBCS 10 CEpeAOBUIIA JOCTYITy Ta iIcHyrounil Ha austHIl Mixk UE ta gNB) /
NAS (Non Access Stratum - piBeHb CUTHaTI3aIli1, III0 HE BIIHOCUTHCS J0 CEPEIOBUIIA
ToCTyIy Ta icHyrounii Ha autsHIl Mk UE Ta AMF);

—epeaaya MOBIIOMIIEHb MOLIYKY TepMiHaliB (meimkuHr), iHinioBanux 5SGC 1
NG- RAN;

— BCTAHOBJICHHS, TIJITPUMKa Ta po3puB 3'eqHaHHs 3a npoTokoiaoM RRC mixk UE Ta
NG-RAN;

SAuthors: Vetoshko 1., Kravchuk S.
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PucyHnok 1 - PosramyBannsa RRC y creky nporokoJis

— YOpaBIIIHHS ~arperamiel0 Hecyduux dacTtoT (y MeKax KOHLEMIIi —carrier
aggregation);

— YIpaBIiHHSA peXuMoM mojasiiHoro miakiaoueHHs (Dual Connectivity) -
omunovacHoro miakiaoueHas UE mo nBox 6a3oBux craniii (1Box gNB, abo gNb ta
ng- eNB);

— BUKOHAHHS 3aBJIaHb 0€3MeKH, y TOMY YKCI1 YIPaBIIHHS KIOYaMH MUQpyBaHHS
Ta KOHTPOJIIO LIUJIICHOCT1 TaHUX Ha pajiioinTepdeiici;

— YIpaBIiHHA BIpTyadbHUMH pajiokaHanmamu curHamizaiii SRB (Signaling Radio
Bearers) ta nmepemaui nqanux DRB (Data Radio Bearer);

— ynpaBiiHHA MOOUIbHICTIO (mepemada obcmyroByBaHHs (I100), mapamerpamu
BUOOPY CTIJIbHUKA Ta TEXHOJIOTIT Pai0I0CTYILY);

— YIpaBIiHHS MTapaMeTpaMu sKocTi QoS;

— ynpapniaHsa UE y yacTuH1 pajioBUMiproBaHb Ta 3BITHOCTI;

— BUSIBJICHHS BTPATH Ta BiTHOBJICHHSI paJllOKaHAIy;

—TpaH3uTHa mepenada noBigomieHb NAS curnamizamii mbk UE Ta momynem
yHOpaBIiHHS AOCTYNOM Ta MOOiIbHICTIO AMF;

- MATPUMKA caMO-KOH(Iryparii Ta caMmo-onTruMi3aliii Mepexi.

5.2. Ctauu RRC-3'¢nHann

RRC-3'ennanns, cTBOproBaHe MDK Mepexeo 5G 1 KOpUCTYyBaJbHUIBKUM

TCpMiHaJ'IOM UE saBise co6010 KiHHCBI/Iﬁ aBTOMAT 3 TPbOMa MOKJIIMBUMH CTaHAMU:
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O
B

Innovation in modern science 2023 Part 2 @%
- RRC _IDLE (ne miakiro4eHo),
- RRC_CONNECTED (miakiro4eHo Ta aKTUBHO),
- RRC_INACTIVE (niakmato4eHo Ta HEaKTUBHO).

Takum unHoM, y mepexax 5SG-NR BusznaueHo HoBuii craH RRC INACTIVE,

SKUW BIICYTHIM y Mepexkax mnomnepeanboro mnokomiHHsa (4G-LTE), 1 mo mo3Boise
3MEHIIIUTH 3aTPUMKH akTuBarlii mpotokoixy RRC.

Pi3ni cranu RRC 3 onHOTrO 00Ky XapakTepu3ylOThCsl PI3SHUMH Paiopecypcamu,
JOCTYITHUMH TE€PMiHAIY AJii BUKOPUCTAHHS, 3 1HIIOTO - PI3HUM piBHEM iH(opMalii
npo UE, goctynny mepexy 3B's3ky. [Ipu BKIIIOUEHHI €JIEKTPOKUBJICHHS TEpMiHAI
kopuctyBaua UE BusBnserscsa B pexkumi RRC IDLE. TlinknroueHHs 10 Mepexi Ta
nepexig y cran RRC_CONNECTED 3niiicHIOETBCS B paMKax MpoLeypy MOYaTKOBOT
peectparii (Initial Attach). 3a BincyTHocCTi akTuBHOCTI 3 60Ky UE mpoTsirom neBHOTro
yacy (BU3HAUEHOTO 3HAYEHHSIM USer-inactivity-timer) 3'eqHaHHS NEPEXOIUTh y CTaH
RRC _INACTIVE. IloepHenns y ctan RRC_CONNECTED BukoHYy€eThCSI B paMKax
nporeaypu BigHoBiaeHHS RRC-3'eqnanns. Ilepexin y cran RRC IDLE moxiuBuii s
RRC _CONNECTED, Ttak 1 RRC_INACTIVE npu po3pusi 3'eqHaHHS 3 MEPEKEI0

(Detach), abo Brpatu 3B's13ky (Connection failure).

RRC Suspend

RRC_CONNECTED

RRC Resume

Attach,
RRC Connect

Detach,
RRC Rer’ease

Connecr:on Failure

Connection Failure

De-registered Registered, Connected

Pucynok 2 - Mamuna craniB RRC-3'eqnanb

[Ipu mepexoni B cran RRC INACTIVE 1 UE, i NG-RAN 306epiraiotsh
HaJTAINTYBaHHS Palio3B's3ky Ta Oesmeku. Lleit 30epekeHnii KOHTEKCT HEaKTHBHOTO
piBHs noctyny (AS) UE mMoxe mBUAKO BIAHOBUTHCS 3 MIHIMAJIBHOK CUTHATI3AIIIEID
npu niepexoi B crad nigkmodeHHs. [lo cyti, RRC INACTIVE - nie cioci6 RRC UE

peanizyBaTy "3aBXKIU aKTUBHE" pamio3'eTHaHHS 3 MEPEKEIO.
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Mamuna cradiB RRC 3'ennanb HaBeneHa Ha puc. 2.

Ta6auus 1 - Tepminan kopucryBaua UE B pi3HMX cTaHax

UE Buxmouenns | Attaching [Migxiroueno/ [Tigxiroueno/
(ITpuennanus) HeaktuBHO AKTHUBHO

VYrpaBniHHS RM-DEREGISTERED RM-DEREGISTERED

pericTpari€eio

VYrpaBniHHS CM-IDLE CM-CONNECTED

3’€IHaHHSIM

Cran RRC RRC-IDLE RRC- RRC-INACTIVE | RRC-
CONNECTED CONNECTED

YrpaBniHHS - Ha 6a3i UE Ha 0a3i UE / 3| nHa6a3i NW

MOOLITBHICTIO nornomororo NW

Y cmani RRC _IDLE tepminan kopuctyBaua UE (tabm. 1):

- 3111iicHIOE BUOIp Mepexi MOO1IbHOTO 3B's13Ky PLMN;

- 371ICHIOE BUOIp/TIEpEeBUOIP CTIILHUKA,;

- 3JIIUCHIOE MMPUMOM IIMPOKOMOBHOI cucTeMHO1 iH(popmariii rpo ctiapHuk (MIB,
SIB);

- 31ACHIOE IPUIIOM TIOB1IOMJIEHb IEWJKUHTY, 1HILIHOBAHUX OIMIOPHOIO MEPEKEIO
5GC;

- 3MIMCHIOE TIATPUMKY pexumy ypuBdactoro mpuitomy DRX (Discontinuous
Reception) moBigoMIIeHb IEHKUHTY;

- 3miiicHioe oHOBJIeHHS peecTpainii RAU (Registration Area Update) 3a Taiimepom
abo mepemiiieHHs B iHITY 30HY peectparlii RA (Registration Area). PozramryBanus UE
B1JIOME 3 TOYHICTIO 70 30HU peecTpaiii (RA).

Y emani RRC INACTIVE tepminan kopuctybada UE:

- 37111icCHIOE BUOIp Mepeki MOO1IbHOTO 3B's13ky PLMN;;

- 3111iiCHIOE BUO1p/mepeBuOip CTIILHUKA;

- 3/11CHIOE MTPUIIOM IIMPOKOMOBHOT CUCTEMHO] 1H(OopMaIlii PO CTUIbHUK;

- 31ACHIOE IPUIIOM TIOB1IOMJIEHb IEWJKUHTY, 1HILIHOBAHUX OMOPHOIO MEPEKEIO
5GC;

- 3MMCHIOE MIATPUMKY pexumy ypuBdactoro mpuitomy DRX (Discontinuous
Reception) moBitomiieHb NEHIKUHTY;

- 3xiiicHIOE omoBileHHA Mepexi paaiogoctyny NG-RAN mnpo mnoTtoune
MICII€3HAaXO/KeHHsI 3a TaitMepoM abo mpu Buxoi 13 3oHu Hotu(ikamii RNA (RAN-
based Notification Area);

- Mae BCTaHOBJEHE 3'eHaHHA 3 omopHow Mepexer SGC 1 Mmepexero
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pamiogoctyny NG-RAN s nepenayi JaHuX IIONMHY yipasiaiHHs (control plane) Ta
TUTOLIMHM JJAHUX KopHcTyBaya (user plane);

- Mae 30epexeHi maHi acormiamii (KOHTEKCTH) TMPOTOKOJIB piBHA AS
(RRC/PDCP/RLC/MAC).

PosramyBanus UE Bigome 3 TouHICTIO 10 30HM HOTU(iKaiii RNA, sika 3Ha4HO
MeHIIe 30HU peectparlii RA 1 Bkitouae omHy ab0 KiJIbKa CTUTHHHKIB.

Y ecmani RRC_CONNECTED xopuctyBanbaubkuii Tepminan UE:

- Ma€ BCTaHOBJIICHE 3'€MHAHHS 3 omopHOI0 Mepexeio SGC 1 mepexero
pagionoctyny NG-RAN s nepenayi JaHUX IUIOIIMHU YIIPaBIIHHS Ta TUIOUIMHU
JaHUX KOPUCTYBaya;

- mepeOyBae B aKTUBHOMY CTaHi Ta 3[IACHIOE IpUiioM/Tiepeavy JaHHX;

- TP TIEpEMIIIICHH] B IHIINI CTUTFHUK BUKOHYE [1006;

- Mmae 30epexeHi maHi acormiamii (KOHTEKCTH) TMPOTOKONIB piBHA AS
(RRC/PDCP/RLC/MAC);

- BUKOHY€ BHUMIPIOBaHHS TapaMeTpiB MEpexi pajaiofdoCTYIy BIAMOBIAHO [0
OTpUMaHMUX BKa31BOK.

PoszramryBanns UE Binome 3 TOUHICTIO 10 CTUIbHHUKA. YTIPABIIHHSI MOOLIBHICTIO
UE (Bxirovaroum 3MiHY TEXHOJIOTIl JOCTYITY) 31HCHIOETBCS MEPEKEI0, 30KpeMa, Ha
MIJICTaB1 OJiep>KaHUX BiJI TEPMIHAJy 3BITIB 3 pe3yjbTaTaMHU BUMIprOBaHb. BiamoBiHO
710 MOXKJIMBOCTEH TEPMIHAITy Ta MEPEXK1 3B'SI3KY MOKYTh OYTH BUKOPUCTaHI TEXHOJIOT1i
arperartii 9acTOT Ta MOJIBIHOTO ITi IKTFOYCHHS.

[ToBimomiieHHsSI MPOTOKOJTY yIipaBiiHHs pamiopecypcamu RRC mepenatorbes 1mo
BIpTyaJNbHUX pajiokaHaiax curnamizamii SRB:

- SRBO - nnsa nmepenaui mosimomiieHb RRC 3a 3arajgbHuUM JIOTTYHUM KaHAJIOM
CCCH;

- SRB1 — nmns mepemaui RRC, a Ttakox NAS moBigomIIeHb O BCTaHOBIJICHHS
SRB2; BukopuctoByeTbes BuaIeHH Joriuanii kanan DCCH;

- SRB2 (BCTaHOBIIOETHCS MICIIA aKTUBAIIT MEXaHI3MIB O€3MEeKH) — IS mepeaadi
NAS noBiioMIJIeHb; BUKOPUCTOBYEThCS BUALICHUH ioriunuii kaHain DCCH;

- SRB3 - ns nepenadi RRC noBiiomiieHb y pexuMi MOABIMHOTO TT1IKIOYEHHS
1o mepexi SG-RAN ta E-UTRA.
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5.3. OcHoBHI npoueaypu, mo peatizyrotbcsi RRC

JlocTaBka KOPHCTYBAUBLKHUM TepMiHaiam cucrtemHol iHgopmanii (NR-MIB,
NR-SIB). Cucremna indopmaiiis, mo nepeaaeTbes 06azoBumu cranmisiMu 5G-NR,
MICTUTh  pi3HI  KOHQirypamiiHi  mapamerpu  pagioinTepdeicy, HeoOXimaH1
KOpHCTyBalbHUIILKUM TepMiHasiaM UE nis 3aiiicCHeHHS TOCTYITy 0 MEepexi, Ipuiiomy
Ta nepenayi nannx. Cucrtemua iHdopmariis nepenaerscs B MIB (Master Information
Block) ta SIB (System Information Block) 6;10kax. MIB-610k nepenaerscst pizndaum
kanajiom PBCH, SIB-610ku — PDSCH. ¥V mepexax 4G-LTE Bci 6510ku cucteMHO1
iHpopMarlii mepenaroThesl 3 IMEBHUM IEPIOJIOM Yy IITUPOKOMOBHOMY PEXHUMI 1
npuiiMaroThest Bcima UE, 110 3Haxonatbes B 30H1 [ii BIIMOBIAHUX CTUIBHUKIB MEPEXKI.
5G-NR 65oxu MIB 1 SIB1 nepenarotbcest B LInpoKOMOBHOMY pexkumi; 1HII SIB-0moku
(3aJ1Ie’KHO B1J TOJITHUKU oOIepaTopa 3B'SI3Ky) MOXYTh IepenaBaTtucs abo TakoX Y
IIMPOKOMOBHOMY PEXUMi, a00 y BUIIJIEHUX KaHajax Ha 3anuT koHkpeTHuX UE (puc.
3). Indopmariis npo Te, siki OJIOKU TEepealoThCsl HA 3aMUT, a AKI B ITUPOKOMOBHOMY

peXHMI Ta TapaMeTpH ix nepegadi MicTuthes B SIBI1.

- ()
D UE é oNB

Master Information Block (MIB) (®)
@
System Information Block 1 (SIB#1) _(§ D UE gNB
4]
o .
[Hwi SIB, wWo nepepaloTbCcs NepioguyHo s Paging
- |
3anpoc cucTemHoi iHdopmaLyi - Pucynok 4 - IIpouexypa
c : 1 SIB. Wo 6 NeNIKMHTY
¢ CVcTeMHa iHtbopmavia SIB, wo 6yna Unicast
3aTpebyBaHa

Pucynok 3 - Ilepenaya cucreMmHoOl

iHgopmanii

Meiimxunr (Paging). [Ipouenypa nelKMHTY BUKOPUCTOBYETHCS AJIs MOUIYKY
TepMiHaITy KOpUCTyBaya, 110 3HaxoauThes B cranax RRC-IDLE / RRC _INACTIVE, 3
METOI0 BCTAHOBJICHHSI 3 HUM BX1HOTO 3'€IHaHHS (pucC. 4).

Ynpagsainusa 3'eqnannsam (Connection control). Bxitouae B cebe:
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- ctBopenHsi RRC-3'ennanns, 30kpemMa, opratizaiito BipTyaJbHOTO pajlioKaHaly
curHamizanii SRB1 (SRBI1-noBigomnenHs mnepenaioTecsi 0e3 mudpyBaHHS Ta

KOHTPOJTIO IUTICHOCTI) (puc. 5, a);

() )
UE gNBé UE oNB é

RRCSetupRequest i
> SecurityModeCommand
RRCSetup _
-t SecurityModeComplete
RRCSetupComplete
-
a o
Pucynok S - Creopennst RRC-3'ennanns (4) Ta akTuBalisa MexaHi3MiB 0e3neKku

- aKTUBAIII0 MeXaHi3MiB Oe3meku Ha pajiointepdeiict (mmdpyBaHHS Ta
KOHTPOJIb ITIJTICHOCTI TOBIJIOMJICHb CUTHAJIBHOTO Ta KOPHUCTYBAIbKOTO Tpadiky) -
micas orpumanHs Bix SGC koHTekcTy TepMmiHainy kopuctyBada (UE-context); mpu
nmpoMy 1 3amuT (SecurityModeCommand) Ta Biaryk (SecurityModeComplete)
nepearoThCs 3 KOHTPOJIEM LIUTICHOCTI, ajie y BIAKPUTOMY (HeIuGpoOBaHOMY ) BUTJISII;
BC1 HACTYIIHI MOBiJOMJICHHS B paMKax oprafizoBaHoro RRC-3'ennanHs nepenarmoTbes
y 3aKpUTOMY BUTIISIAL (puUC. 5, 0);

- pexondirypaniro RRC 3'emnannss Ta opranizaiiio BipTyaJbHOTO KaHAIly
cur"amzanii SRB2 (SRB3) i BipryansHOTo Kanaimy Tpadiky kopuctyBadya DRB (puc.
6, a);

()
UE gNB A UE gNB

| RRCReconfiguration CounterCheck

()

RCReconfigurationComplete CounterCheckResponse

| !
a o
Pucynok 6 - Pexongirypaunis RRC 3'eqnanns (a) Ta 3BipsiHHS 00cATIB

nepeaaHoro Ta NpuHATOro Tpagiky (0)

- 3BIpSTHHS 00CSTIB TIEPEIAHOTO Ta MPUUHSITOTO TpadiKy, IO J03BOJISIE, 30KpEMa,
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BUSIBUTH "BCTaBKY' XMOHHMX TaKeTiB 3 OOKYy 3JIOBMHCHUKIB (aTaku THUMY '"JIOAMHA
nocepenuHi") (puc. 6, 0);

- noBTopHe BcTaHoBieHHS RRC-3'eqnannsa (Hampukian, y pasl BTpaTu Mepexi
KOPUCTYBAIlbKUM TEPMIHAJIOM); Yy pa3l BIICYTHOCTI Ha Mepexi aiicHoro UE-

KOHTEKCTY, 1151 MPOIeAypa 1HIIiF0€ BUKOHAHHS MporieaypHu crBopeHHs RRC-3'enHanHs
(puc. 7);

() (o))

UE gNB UE gNB

RRCReestainshmentRequest> <RRCReestablishmentRequest
' RRCSet
< RRCReestablishment ewp >
RRCReestablishmentComplete RRCSetupComplete
- L
a 4]

Pucynok 7 - IloBropHe BcranoBieHHss RRC-3'eqHanHs: a — Ha Mepexi Ma€
micue aificauii UE-koHTeKCT; 6 — Ha Mepe:ki BiacyTHil niiicauii (Banignuii) UE-

KOHTEKCT — MOBEPHEHHs 10 npoueaypu crBopeHHsi RRC-3'enHanus

- iHimioBaHui Mepexero po3puB RRC-3'ennanns; us mpoieaypa Moxe OyTH
BUKOPWCTAHA B T.4. IJIs TIEPEKIaay TEPMIHAy KOPHUCTyBada B IHIIY MEPEKY
pamionoctymy (E-UTRAN) (puc. 8);

(¥ Pucymox 8 - IuimiiioBanwmii
UE gNB MepeiKero po3puB RRC-
|
‘ RRCRelease 3 €IHAHHA
|

- iHimioBana mepexeto npunuHeHHss RRC 3'ennanns ta nepeBeaenns RRC y
ctan RRC INACTIVE;

- po3puB RRC 3'etHaHHS 3 1HIIIATUBY BEPXHBOT'O PIBHS TEPMiHAITY KOpPUCTyBava
(upper-layer UE) (puc. 9);

- BUSIBJICHHSA Ta BiJHOBIEHHS BTpatu 3B'13Ky (Radio link failure).
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(@) (@)
UE gNB A UE gNB

RRCResumeRequest RRCResumeRequest

- -t
RRCResume RRCSetup >

RRCResumeComplete RRCSetupComplete

> >
a o

Pucynok 9 - Po3puB RRC 3'e1HaHHs 3 iHiiaTMBY BEPXHHOI0 PiBHA TEPMiHATY:
a — Ha mepexi mae micue aiicinii UE-KOHTEKCT; 6 — Ha MepexKi BiACYTHIl
aificHui (Basdigauii) UE-KOHTEKCT — OBEpHEHHS /10 MPOLeYPH CTBOPEHHS

RRC-3'eqnnanns

3mina mepexi pagionocrymy (BxigHa/BuxigHa [106 mix NR ta E-UTRA) (puc.

10).
(( )) (( )) (( ))
RRQReconfiguration . MobilityFromNRCommand MobilityFromNRCommand |
(4yepes iHWY Mepexy padio-
. docmyny) ToemopHe ecmaHosneHHa RRC
N ] ] 3'€0HaHHS
RRCReconfigurationComplete [
a O 8

Pucynok 10 - IIpouenypu I1O6: a — I106 B mepexy SG-NR; 6 -Baana I1OO i3
Mmepeki SG-NR; ¢ — nepnaua I1O0 i3 mepexi SG-NR

3anuT Mo:kiIuBOCTel TepMminaay kopuctyBada (UE capability) (puc. 11).

()

UE gNB Pucynok 11 - 3anut

UECapabiliiesEngiry | MOKJIMBOCTEH TepMiHay

KOpHCTyBaya
UECapabilitiesIinformation

@) ()

UE oNB UE g\NB

}4 DLInformationTransfer | | ULInformationTransfer »‘

Pucynok 12 - HaagcnjianHsi moOBiIOMJIEHHSI CUTHAJIBHOTO Tpagiky NAS
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Hancunanns noBizomiennsi curnaabHoro tpagiky NAS (DL information
transfer, UL information transfer) (puc. 12).

Kondirypauia pagioBuMmipoBanb (BKIIOYal0YM BUMIpIOBaHHS Ha mMepexi NR
ta E-UTRA).

BucHoBkn

[IpencraBiieHi MOKJIUBOCTI PO3MIMPEHHS (QYHKIIIOHATY Mepeki MOOUIBHOTO
orepaTopa 5-ro MOKOJIHHS IIISTXOM 3aCTOCYBaHHS HOBHUX (DYHKIIIH MPOTOKOIY PiBHSA
RRC. PosrisiHyTO cTek MpoTOKOiB muiomuH yrpasmiaas (5G control plane), cranu

RRC-3'ennans Ta 0OCHOBHI TIpotieypH, 1o peanizyiorbes RRC.
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KAPITEL 6/ CHAPTER 6 °
FEATURES OF THE FORMATION OF A COMFORTABLE
ARCHITECTURAL LIVING SPACE

DOI: 10.30890/2709-2313.2023-20-02-007

AxmyanvHicms.! y HaIll 9aC MICTa MAaOTh 0arato €eKOHOMIYHUX, €KOJIOTTYHHUX Ta

i

colianpHUX MpoOJeM, ceped SKUX: mpobiieMu 1H(PACTPYyKTypH, BIACYTHICTH abo
HEecTaua 3eJeHUX HacaJKEHb, HE3aJOBUIbHUIM CTaH MEIIKaHIB, Too. Ll mpobiemu
noTpeOYIOTh AOCIIPKEHHSI METO/I1B BUPIIICHHS 3 IO MOKPAIICHHS CTaHy 3/I0POB’ s
mrofieil. 3apa3 € IyXe akTyalbHOIO Mpo0sieMa caMOIMoYyTTsI B OTOYEHHI MiHJIUBOTO
MICTa, 1[0 HE MOK€ HE BIUIMBATH HA €MOIIMHNN Ta (Di3U9HIN CTaH 0COOUCTOCTI.

JIJ1st TFOTUHY TTICTISE TOYATKY MaHeMIl )KUTIIO CTaI0 MICIIEM COIlaabHOT 130111,
II0 MPHU3BEJIO JI0 «COLIABHOTO cTpecy». KompopTHICTh cepenoBuina, BHyTPIIITHBOTO
Yy 30BHIINIHBOTO, MAalTh HEOMOCEPEIKOBAHE 3HAYCHHS I CTaHy MEIIKAHIIIB.
[TpaBMIIBHO BUKOPHCTOBYIOUHM JOCHTIKEHHSI KOM(DOPTY OTOUEHHSI MOXKHA JOCSTHYTH
MiHIMi3allil HETaTUBHOTO BILIUBY Cy4acHOro micra [1].

[IpoGnemu cepemoBuIia Ta BIUIMB 1H(MOPMAIIHHOTO MTPOCTOPY MPHU3BENIO [0
MOTIPIIEHHS CAaMOIIOYyTTsI JTIOAUHU, TUCKOM(DOPTY y MOCTITHOMY Miclli IepeOyBaHHS.
HeratupHi 3MiHU y €KOJIOTIi Ta KOMYHIKaIll1 BUKJIMKAIOTh TICUXO0JIOT1YH1 po3iaau. J{is
BUPIIICHHS Ta MOJIIMIIEHHS CUTYyallii He0OX1THO JOCIIIUTH HacaMIiepe]] CUTYyaIlio y

apXiTEKTypHOMY MIPOCTOP1 Ha PI3HUX PIBHSIX.
Beryn

ApxiTekTypa 1 MEIMIIMHA 3aBXJIW Majdd TICHUH 3B’A30K. AHAJIOTIE€0
BUKOPHCTAHHIO MEIVMYHUMH IIIKOJIAMH 3JIIMKIB TiJIa € BUKOPUCTAHHS apXITEKTOPAMH
3JIMKIB ICTOPUYHUX Oy/iBeNb Ui HaBYaHHs. YacToro MpakTUKOIO Oyiia JEMOHCTpALlis
OynmoBu 4yepe3 moachkuii opraHizm. Hagite B eTtomax Jleonapmo na Binui Bumu B
PO3pi3i apXITEKTYPHUX CIIOPY/ 3’ ABIISITUCS MOPYY 3 aHATOMIYHUMHE MallOHKaM# [2].

Tepmin «misiloma apxirtekrypa» Brepie Oyino Bxuto y 1980-x pokax i1 €
YaCTUHOI) HAYKOBOTO HAMPSMKY <JTIKyBaJbHOTO OTOYEHHS», IO 3alMa€ThCs
JIOCITIKEHHSIM BILIMBY CEpEJOBHINA Ha mpoliec 3uineHHs. Moro 6yno 3acHOBaHO Ha

IPYHTI JOCHIKEHHsS, omyOsiikoBaHoro B 1984 pomi mpodecopom apXiTeKTypu

S Authors: Kharchenko K., Losieva Y.
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Pomxepom Yinbpixom y IlIBemii. Bin q0BiB, 1110 nepeOyBaHHS y MajaTax 3 BUJIOM Ha
MapK MO3UTHUBHO TUIMBAE HA MAalI€HTIB, Y HACIIIOK YOTO IM MOTPiOHO MEHIIE Yacy s
omyxaHHs [1].

[Ticns canaxy xonepu B €Bporti, y apyriit uBepti XIX CTOMITTS, 3aKJIONOTaHICTh
Tiri€HOI0 MICTSH OyJia 30cepe/KeHa Ha 3aXBOPIOBAHHX 13 BOJHUM IUISIXOM Iepe/iayl.
VY 1878 poui Eminbe Tpenar, ¢paniy3pkuil apXiTeKTOp, MPEICTaBUB Ha IMEPIIOMY
MixHapOAHOMY TITI€EHIYHOMY KOHTpPECl JOKYMEHT MpO JKUTIO Al pOOITHUYOTO
kiacy. byno HaromomeHo Ha HEOOXiTHOCTI 3a0€3MEUYEHHS MOKPAIICHOIO CTaHAAPTY
XUTIa. JleMOHCTpAIlis )KUTIA Y IKOCTI aCMIEKTY OXOPOHHM 370POB’ s BILTMHYJIN HA MTOSIBY
apxiTekTypu MojepHizmy. Ctuib OyB 3aCHOBaHMI Ha MPAKTUYHUX BUMOTaxX [0
TU3aliHy, MATPUMYBAHUN EKCIUTyaTaIll€l0 HOBUX MaTepiaiiB 1 TEXHOJIOTIH, TaKUX K
3a1300€TOH, HaNOIbIIEe BIYyYHO MiAXOAMUB JIA BIPOBA/HKEHHS OUIBLI Tiri€HIYHOTO
CIOCO0Y KHUTTH.

VY nepmriit monoBuH1 XX cTomiTTsA B €Bpomni Ta [TiBHIuHIA AMepuIli 3’ SBUBCS BUT
apXITEKTYypH, XapaKTepU30BaHUM OUTMMU CTIHAMU, IIMPOKUMH BIKHAMU Ta TIACKUMH
naxamu. Taxi pimeHHs: Oy HaTXHEHHI MOTITOM JO TIri€HIYHOCTI Ta €EKOHOMIYHOCTI.
3aKJI0MOTaHICTh CBIKUM TOBITPSIM 1 COHIIEM CTajia OCHOBOIIOJIOKHOIO ISl PO3POOKH
HOBHUX AapXITEKTYpHUX Ta W3alMHEPChKUX MNpakTHK. CamMe TOMY OCHOBHI O3HAaKH
JiKapHi He3a0apoM MPUUIILIN J0/10MY. [2]

BynuHky crtanm HarajayBaTH JIIKapHi: BCSA apXiTeKTypa TMepeuHsa Oury
CTEPUJIBHICTD 1 YUCTOTY MEIUYHOTO qu3aiiHy. CBITJIO, MOBITPS 1 Tiri€Ha CTAJIN HE JIUIIIE
AN3alHEPCHKUM PILICHHSIM, a 1 METOJOM OOpPOTHOU 3 TYyOEpKYyIb030M (A0 BIIKPUTTS
3enpManoM Bakcmanom crpentominuHy 'y 1940-x  pp.) BmnuB  menuuHoi
npo0JIeMaTUKH CTaB MPUYMHOK TOMY, IO PYX CTaJId acoIlifOBaTH 3 XOJIOAHOIO
CTEPHJIBHICTIO 1 TOMUJIKOBO BBa)KaTH, IO BiH Oaly:kui 10 moaeil. HoBa apxiTektypa

MpU3HAvaIacs AJs JIIKYBaHHS Ty 1 TUIa y )KUTENIB 0araToMoAHUX MICT [2].

6.1. JocaigkeHHsI BIUIMBY Cepel0OBUILA HA MEIIKAHIIB MicTa.

VY Hamri yacH, KOJIM MUTAaHHS arJoMepallii € OTHUM 3 HaWBaXJIUBIIINX HA MOPSIKY
JIEHHOMY, apXiTEeKTOpU MOYAIA 3aMUCTIOBATHCS HE Juile Han (i3udHUM, a ¥ Haj
NICUXOJIOTIYHUM CTaHOM MEMIKAHI[IB MicTa. OJHUM 3 MPUKIALIB apXITEKTypHUX
MOXMOOK € >kuTiaoBui kKomruieke "I[lpyiTT-Aliroy", mo ckiagaBcs 3 33 OJHAKOBHUX

OynuHkiB. PailoH mBuaKo HaOyB CYMHOI CJIaBH SIK MiCIle KOHIIEHTpaIlli 3JI0YHHIB 1
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coliaabHuX MpodsieM. KpuTuku cTBEpIKyBaju, 0 BEIUKUN BIIKPUTHI TPOCTIP Mk
OCTOHHMMHM BHCOTKaMH CTBOpPHB aTmocdepy 130Js1ii, B fAKif moyana 3pocTaTu
3JIOYMHHICTH. 3PEIITOI0 KUTIOBUI KOMIUIEKC 3HeCTu. [1]

JXKXuTinoBi mpoekTH TOro Yacy HE BpPaxOBYBalM IICHXOJIOTIIO JIOJCH. 3apas,
3aBJISKM JTOCIIKCHHSM TICUXOJIOTiB, MM MOXXEMO HabaraTo Kparie YsSBUTH Te€, KM
MOBUHHO OYTH CHpUATINBE MicChbKe cepenoBuie. JlOCHiKeHHS NpPOBOAATH 3
JI0TIOMOTOI0 MTOPTATUBHUX MPUCTPOIB, K1 BUMIPSIOTH (P1310JI0TTUHY PEAKIIIO JIIOIEH, a
TaKOXX PO3MUTYIOTH BHUMPOOOBYBAaHMX MPO IXHI CAMOIMOYYTTS, CHOCTEpIrarouu 3a
aKTUBHICTIO MO3KY [4].

Komnin Ennapp 3 yaiBepcurety Barepioo B Kanasi mpoBiB 10C/IiKEHHS 1 BUSIBUB,
10 Ha eMolli JroAei HalOuIblle BIUIMBAIOTH (acaau OyaiBedb: CKIATHI 1 IIKaBi
dacaau MiABHILYIOTh HACTPii; OJHOMAHITHI (acaaud MNPUTHIYYIOTh. BaxiuBicTh
MICBKOTO JM3aiiHy BHUXOJIWUTH JAJIEKO 32 PAMKH MPOCTOi €CTETHKHU. JlociimKeHHs
CBiYaTh, IO 3pPOCTaHHSI B MICHKOMY CEpPEIOBHINI IOABOIE PHU3UK PO3BHUTKY
mu30(peHii Ta IHIKMX NCUXIYHUX PO3JIaiB, K JAerpecis a0 XpoHIYHA TPUBOXKHICTb.
["onoBHOIO MpUUKMHOIO (PaxiBili BBAXAIOTh TaK 3BaHUH "colllaIbHUM cTpec" , IPUIHHOIO
AKOTO € 130Jili Ta CaMOTHICTb. Y MicTax Opakye 3Ha4dyl[oro JIyIIEBHOTO
CHIJIKYBaHHS, SIKE Ma€ BEJIMKE 3HAYCHHS JIJISl TICUXIYHOTO 370pOoB's roaeit. ChoromHi
COIIaJIbHY 130JIAIIII0 BBaXKalOTh OJHUM 3 OCHOBHHMX (DaKTOpIB PHU3UKY Oaratbox
3aXBOPIOBaHb.

Opna 3 mepmux cupod CMOHYKATH JIOJEH N0 SKICHOTO CIUIKYBaHHS HAJICKHUTh
couionory Binbsimy BaiiTy, sikuil paauB po3TamoBYyBaTH OO €KTH y TPOMAaJCHKHX
MICIISIX TAKUM YWHOM, 100 MiAMMTOBXHYTH JIFOJIEH 10 CIIUIKYBaHHS. Taki mpoeKkTH He
BUJIIKOBYIOTH BiJI CAMOTHOCTI MUTTEBO, aJie AOMOMAaraloTh MICTSHAM BiIuyBaTu cebe
YaCTHHOIO COIIYMY 1 BiT4yBaTH MiKITyBaHHS [3].

[HIIOI0O HETaTUBHOIO PHUCOI0 KHUTTS y BEIUKOMY MICTI € J€30pi€HTallis.
TIpsMOKyTHA crcTeMa ByiHib y Helo-HMOpKy 103BOJIsE Terko 3HANTH JOPOTy, MpoTe
JIOHJOH, SIKU CKIIAA€THCSA 3 PI3HOPITHUX PaiioHiB, 30MBa€ 3 MaHTENUKY (puc. 1).

Heiipoo6ionor Keit JIxxedpi 3 YHIBepcuTeTchkoro kojemxy JIonmoHa 3a3Haunia,
IO JJISL BITIYTTS 3B'SI3KY 3 SKMMOCH MICIIEM JIFOIMHA TTOBUHHA YCBITOMITIOBATH, SIK 11€
MICII€ BJIAIITOBAaHO. MEIIKaHIII MiICTa 3roJIOM MPUCTOCOBYIOTHCS 1 MPOKIAIAIOThH
"OGaxkaHl JOPLKKHU" MO ra30HaxX Ta B MapKaxX y 3pyYHUX MICLAX, TPOTECTYIOUN TaKUM
YHHOM IPOTH 3alpPONOHOBAHUX IMPOEKTyBaJbHUKaMU MapupyTiB. Jlocmiguuns Pyt
Hanton 3 YHiBepcuteTy HopTyMOpii HazuBae Taki TOPIkKKH "CHIJILHOI CB1IOMICTIO"

MICTa, aJ[’)K€ BOHH MOKA3YIOTh HaM, K PYXalOThCs MICTOM HOTO 1HII MemKaHIIi. [3]
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Pucynok 1. IlnanyBaabna cxema M. Helo-Hopk, M. JIonom.

6.2. Aciekt popmMyBaHHA KOMGOPTHOIO KUTJIOBOI0 CEPeIOBHIIA.

6.2.1. 3abe3neuumu iepapxiuny meopiro nompeo. Ilipamioa nompedo Macnoy

AGparam Macinoy — aMepuKaHCbKHi BUeHHIl, Bijomuii y BchoMy cBiti. Moro
BB)KAIOTh 3aCHOBHMKOM TyMaHICTUYHOI TICHXOJIOTIi, HOT0 HAayKOBY CHAAIIUHY
BUBYAIOTh B YHIBEPCUTETAX, JOCHIIKYIOTh 1 BHKOPUCTOBYIOTH Yy CBOid pPoOOTI
MICUXOJIOTH, €KOHOMICTH, MapKETOJOTH, couionoru, ¢inocodu, ictopuku. I sk y
0araThbOX BUAATHUX aMEpUKaHLIIB, KOpiHHSI AOparama Macnoy — 3 Ykpainu.

VY 1954 poui nobauunna rojoBHa npamst Macioy — “MoTuBaiiisi 1 0COOUCTICTE .
Came Tam BiH c(hOpMYIIOBaB 1€papxiyHy TEOpit0 MOTped, Mi3HIMIE BIAOMY, SK
“mipamima Macnoy” (puc. 2). Y 3aBeplieHOMY Ta CIPOIICHOMY BUIJISI Mipamina

3’SIBUJTACS BKE B TPAIISIX MOCIIIOBHUKIB Macioy micis ioro cMepTi. [5]

CamoBUpaxeHHA MopaneHicTb

BupiwyBaHHA npobnem

Camonogara,

n r 5
oaru BMNEBHEHICTb, AOCATHEHHA

CoujianbHi Opyx6a, ciM'a, IHTUMHICTb

Besnekn Besneka: 340p0B'A, MaitHa, ManbyTHLord

HCYHOK 2. CxeMa iepapxiuHoi Teopil moTpe nipamiga MacJjo
Pucy 2.C 0, * M y”
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Otmxe, Ha mepmioMy, 0a30BOMYy piBHI po3TamioBaHi (i310J0TIYHI TOTpeOU
MOauHU, 0€3 3aJ0BOJICHHS SIKUX HEMOXJIMBE came kuTTs. lle xapdyBaHHs, COH,
HAsIBHICTD KUTJIA U BiAMOYMHKY. Jpyruii piBeHb — notpebu B G6esmeri. Lle ocobucra
Oesneka, MIATPUMKA 3J0pPOB’s, HASABHICTh CTaOlIbHOI pPOOOTHM W TPUOYTKY,
BIIEBHEHOCTI Y CBOeMY MailOyTHhomy. TpeTiii piBeHb — MoTpeOu B MpUHAIEKHOCTI
abo comianbHi motpedbu. Jlo Hux Macnoy 3apaxoByBaB CHUIKYBaHHS 3 1HIIMMU
JIOObMH, 0€3 SIKUX a0CONIOTHA OUIBLIICTD JIIOAEH K COLIAJILHUX ICTOT MOBHOLIIHHO
KUTH HE MOXYTh. UeTBepTHii piBeHb — MoTpeOH y BU3HAHHI a00 B MoBa3i 110 ceoe.
Jlronun1 npuTamMaHHe Oa)kaHHs TOTO, IOO BJIACHY Mpallio, JOCBI, TaJaHT 1HII JHOIU
BU3HABAJIM Ta IIHyBad. HaiiBunuii, m’siTuii piBeHb — 1oTpeda B camoakTyasizarli,
T0OTO peanizamii 3710HOCTEH, pO3BUTKY Ta BIOCKOHAJIEHHI BIACHOI OCOOHMCTOCTI. Y
MIpy TOTO, SIK JIIOJAMHA 3aJ0BOJIBHSE HWX4Yl PiBHI moTpeO, s Hel HaOyBarOTh
aKTyaJIbHOCT1 MOoTpeOu Bumioro piBHsA. OnHak Macnoy HIKOIM HE CTBEPIXKYBAaB, IO
noTpebu mnepedyBaloTh y caMe TaKii HEpO3pUBHIM MOCHIAOBHOCTI. Yci JIHOAU
BIJIPI3HSIOTHCS OJHE BiJl OJTHOTO, 1 B KOKHOTO € BJIACHA 1€papxis MoTped, xoua came

TaKa € HalCTIMKIMIOXO. [6]

6.2.2. Exonociunicms npocmopy ma 03ej1eHeHH .

Exoaoriuni NPUHIIAIHU: eHeproe(eKTUBHICTS; BUKOPHUCTAHHS
BIJTHOBJIIOBAJIbHUX JIPKEpEN €Heprii; e(peKTHBHE BUKOPUCTAHHA BOAHHUX PECYPCIB;
CTBOpPEHHSI KOM(OPTHOTO Ta OE3MEUYHOTO CEPEOBUINA; CTBOPEHHS KOM(POPTHOTO Ta
0€3MevHOro CepeI0OBUINA; MiHIMI3allls BIAXO/IB Ta 3a0pyAHEHHS.

EneproedgextuBHicTh: OynaiBii MarTh OyTH MOOYJOBaHI 3 BUKOPHUCTAHHSIM
MarepialiB, Kl 3a0e3MeYyr0Th MaKCUMaJIbHY €()EeKTHUBHICTh €HEProClOKUBaHHS, Ta
MarTh OYTH CHpPOEKTOBaHI 3 YpaxyBaHHSM ONTHUMAJbHOI 130JIAIi1 Ta BEHTHJIALII.
BukopuctaHHsi BiIHOBJIIOBAJBHUX [JKepeJl eHeprii: apXiTeKTypHE CepelIOBHUIIE
MOBUHHO CHPUATH BUKOPUCTAHHIO BIJHOBIIOBAJIBHUX JDKEpPEN €HEprii, Takux SK
COHSAYHI MaHesni Ta BITpsHI TypOiHU. EdexTuBHE BUKOpUCTAaHHS BOJAHUX PecypciB:
OyniBil MarTh OYTH CIPOEKTOBaHI 3 ypaxyBaHHSM €()EKTHUBHOTO BUKOPHUCTAHHS
BOJHUX PECypCiB Ta BIJBEJACHHS BIJIXO/dIB, TaKUM YHMHOM, 100 MIiHIMI3yBaTH
HEraTWBHUI BIUIMB Ha JNOBKULISA. BUKOPHCTaHHS €KOJOTiYHO YMCTHX MaTepiajiB:
apXITEKTypHE CEpPEAOBUIIE MOBUHHO CIPHUITH BUKOPUCTAHHIO €KOJOTIYHO YUCTHX
MaTepialiB, fKi HE MalOTh HETaTUBHOTO BIUIMBY Ha 3/I0POB'A JIOJACH Ta TOBKULIA.
CtBopeHHs1 KOM(pOPTHOro Ta 0e3MeYHOro cepeaoBHINA: OYIiBIII MarOTh OYyTH

CIIPOEKTOBAHI 3 YpaxyBaHHSIM BUMOT JI0 3/I0pOB'st Ta O6e3neku. Minimizauis Bigxoais
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Ta 3a0pyAHeHHs: Oy/iBJIl MalOTh OYyTH CIPOEKTOBaHI 3 ypaxXyBaHHSM MiHIMIi3allii
BIIXO/IB Ta 3a0pyAHEHHA, 3 ypaxXyBaHHSIM ONTHUMAJIbHOTO yTHJIi3alii BIAXOIIB Ta
BUKOPHUCTAHHA €KOJIOTTYHO YHCTUX TEXHOJOT1H.

OzeneHeHHs BiJIIrpae Jy’Ke BaXJIMBY POJib Yy 0JIaroycTporo, cepel] YUCICHHUX
nepeBar: 3MEHIIYIOTh KUIBKICTh MUJY, BIUIMBAlOTh Ha (hOPMYBaHHS MIKPOKJIIMATY,
MalTh JekopatuBHy ¢yHKmifo. Cepen HAWOUIBIT  PO3MOBCIOKEHUX BHIIB
o3eJIeHeHHs: 3axucHe (YKpITUICHHS OeperiB BOJIOWM), TOPU3OHTAIbHE (3arajabHOTO
KOPUCTYBaHHS, MAapKiB, JIBOPIB TOINO), BEPTUKAIbHE (OMOPH UM CTIHU, BKPHUTH
B’IOHKMMU pociuHaMu). JlOCHiIKeHHs CB1I4aTh, 10 3€JIeH1 30HU HE JIUIIE 3HIKYIOTh
HACJIJIKU CTpecy, ajie 1 MOKpallyrTh (i3uyHui cTaH. JlochmimKeHHs aHTTiHChKUX
BueHuX y 2008 poiri mpoaeMOHCTPYBAH, IO PU3UK CEPIICBO-CYyIMHHUX 3aXBOPIOBAHb
CYTTEBO 3HIDKYETHCS B palloHax 3 o3esneHeHHsM. [lapk abo mic jonoMaraioTh 3HU3UTH
CTpec, MpUTaMaHHUI MICBKOMY XHUTTIO. Maiike BCl )KUTIIOBI KOMIUIEKCcH BaHkyBepa
4yJI0BO BPaXxOBYIOTH 110 BUMOTY Bi3yalibHa CKJIaJIHICTh IPUPOTHOTO CEPENOBHUIIIA i€
3aCMOKIMINBO Ha TICUXIKY JIIOAWHM, 110 MIATBEPAWIIO AOCHIHKEHHS, IPOBEICHE 3a
JOTIOMOTOI0 BipTyanbHOI peanbHOCTI B [cmanmii. JlocmiqHuky moka3yBail y4acHUKaM
€KCIIEPUMEHTY >KUTIIOB1 pallOHH, 1 HAHOUIBII MPUBAOIMBUMH BUSIBUIIMCS CaMe BYJIHUIII

3 pPI3HOMAaHITHOIO apXiTEeKTyporo [3].

6.2.3. Buou ma cknaoosi epzonomiku.

Epronomika — 1e Hayka, fika KOMIUIEKCHO BHBYA€ OCOOJIMBOCTI BHPOOHHYOT
TISTTBHOCT1 JIOJWHUA B CHCTEMI B3a€MOJIi 3 JOBKUUISIM 3/ YMOXJIUBJICHHS 1l
edekTuBHOCTI, Oe3nekn Ta komdopTy. HaBkomumine ypOaHiCTUYHE CEpPEOBHINIE €
OPSIMUM CTBOPEHHSIM OINTHUMAJIbHOI JKUTTEBOI PEATbHOCTI, ICHYIOHOi HE «Ouis», a
pazoM 3 KopuctyBaueMm. J(u3aiiH Y apxiTeKTypi MPOCTIp € MPEeIMETOM XYJI0KHBOTO
NepeKMBaHHsA, 11 3aci0 po3MOBiAl MPO CHOCIO KUTTS, MOBa 300paskeHHs (PyHKIIIT
JIOJICKKOTO ICHYBaHHSA. Buam Ta ckiagoBi eproHoMiku: (i3udHa, KOTHITHBHA,
opraHizamiiiHa. ®i3uyHa eproHomika. Ile HalnommpeHnima ¢opMa €proHOMIKH.
Bona ctocyerbcsi (Di3MYHOTO HaBAaHTAKECHHS HA OPTaHi3M JIFOAWHU MPU BUKOHAHHI
nispHOCTI. 1l ckiamoBa 3acHOBaHA Ha JIOCTIDKCHHSIX JIFOJMHH: aHATOMIYHHX —
OymoBa Tija;, aHTPONMOMETPUYHUX — BUBUCHHS PO3MIpIB Tisna; (Pi3i0NOTIYHUX —
(GyHKIIOHYBaHHSI TiIa JKUBHX 1CTOT; OlOXIMIYHHUX, SIKI TOB’s3aHI 3 XIMIYHUMU
pEYOBHHAMH Ta PEUOBHMHAMHU, SIKI MICTATHCS B KUBUX opraHizmax. KorniTuBHa
eprotomika. [lepmi Hi>k po3po0IATH IKUICH TPpeIMET MeOJIiB, EprOHOMICT BUBUATHME

KOTHITUBHI 3A10HOCTI KOpHUCTyBaua MiJ 4Yac BHUKOPUCTAHHS I[bOTO MPOIYKTY.
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Opranizaniiina eproHoMika 3aiiMa€eTbCs ONMTUMIZAIIEIO COIIOTEXHIYHUX CHUCTEM, a
came yIpaBJIiHHS pecypcamu, TU3ailH poO0Y0ro MicIisl Ta ITaHyBaHHS pOOOYOTO Yacy.
VYci i Tpu acneKkTH CIpsIMOBaH1 Ha JOCSITHEHHS KIHIIEBOI METH — 3MEHIIICHHS TPaBM

1 onTuMizallis €epeKTUBHOCTI. [7, 9]

6.2.4. Innoesauinina apximexkmypa.

OaHuM 3 MPUKIAAIB 1HHOBAIINHOI apXITEKTypu € OydIBHHUITBO 3€JICHUX
OyxiBenb. 3eneHi OyAiBiIl, y AKUX BUKOPUCTOBYIOTh €HEProe()eKTUBHI TEXHOJIOTI Ta
MaTepiaiu, iKi MOKYTh 3MEHILIUTH BUTPATH HA €HEPrito, CIPSIMOBAH1 Ha 3MEHILICHHS
BIUIMBY OY/IIBHUIITBA Ha HABKOJIUIIIHE CEPEIOBUIIIE Ta 3a0€3MeUeHHS OLIbIII 3JJOPOBOTO
Ta KOM(GOPTHOTO CEpPeIOBUIIA ISl )KUTTS Ta POOOTH.

InHOBamiliHA apXiTEKTypa TaKOXX MOXKE BKIIOYATH y cebe BHUKOPUCTAHHS
Cy4YaCHHUX TEXHOJIOT1H y OyMiBHMIITBI, TakuX siK 3D-ApyK, SKHii 103BOJISIE MIBUAKO Ta
edexTuBHO OyayBaTH CKJIaJH1 (OPMU Ta CTPYKTYPH.

[HIIUM TIpUKIIaZIOM € BHKOPUCTAHHS TEXHOJOTii "po3yMHuX'" OyiBenlb, SKi
BUKOPUCTOBYIOTh ~ Cy4acHi  i1H(pOpMallidHI  TEXHOJOTii A ONTUMIi3awii
€HEeprocroXUBaHHs Ta 3a0e3neueHHs: KoM(pOpTy KUTTS Ta podoTu. TexHomorii cMapT-
CHUCTEM MOXYTbh CHPUATH 3MEHIICHHIO CIOXXMUBAaHHS EJIEKTPOEHEeprii B OyIiBIsX,
3a0e3neuyoud e(QEeKTUBHINIEC YIPaBIiHHSI CUCTEMaMH OIMAJICHHS, BEHTWISAIT Ta
KOHJIMIIIFOBaHHSI  MOBITPs. BukopucrtaHHs cMapT-TeXHOJIOTIA B TepepoOiri
OyIiBEIbHOTO CMITTS MOKE€ OyTH KOPUCHO Il BUPOOHUIITBA HOBHX OYIiBEIHHHUX
MaTtepiaiiB MIITXOM MEpPepoOKr BiAXoAiB. MOXyTh JOMOMOTTH 3MEHIIUTA BUTPATH
BoAM B OymiBisAX, 3a0e3Meuyroun e(QEeKTUBHILIE YMPaBIiHHS BOJOMOCTAaYaHHSIM Ta
KaHam3aiiero. CMapT-TeXHOJIO0T1i BUKOPUCTOBYIOThCS JJis 3a0e3MeueHHs] 0e3MeKu B
OyIIBJISIX: 32 IOTIOMOT'OO BiJICO-HATJIAY Ta CUCTEMHU KOHTPOJIO Aoctyiy. [11]. CmapT-
TEXHOJIOT1l MOKYTh CIPHITH PO3BUTKY AU3alH-1eH Ta PYHKIIOHATBHOCTI IPOCTOPY
B OyniBiax. Takok cMapT-TEXHOJOTIT 3/1aTHI BIACTIAKOBYBATH Ta aHaJi3yBaTH JaHi
IpO BHUKOPUCTaHHS OyJiBeNb Ta MPOCTOPY B peaJbHOMY Yaci. TakuM YHHOM,
BUKOPUCTAHHS CMapT-TEXHOJIOTIH y (opMyBaHHI €KOCHUCTEMH aApPXITEKTYpPHOIO
cepenoBuIla cupusie eheKTUBHOMY HOT0 PO3BUTKY Ta CTabUIbHIN pOOOTI HOTO KOXKHOT

JJaHKH.

6.2.5. bezoap’epnicmo
Vuisepcanvnuii ousaiin- 11e TM3aifiH MpeaIMETIB, CepeI0BUIIA, TPOrpaM Ta MOCIyT,

MMOKJIMKAHU I 3p06I/ITH 1X MaKCHMMaJIbHO MOKJIMBOO MlpOIO NpuaAaTHUMU  JJIA
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BUKOPUCTAHHS Il BCIX JIIoJed Oe3 HEeoOXIJHOCTI ajamnTailii 4Yd CIeliabHOTO
au3aiiHy. YHiBepcanbHMi JlM3aiiH HE BUKIIOYA€ JOMOMDKHUX MPHUCTPOIB is
KOHKPETHHUX TpyH JIOAeH 3 1HBaNmiAHICTIO, e e HeooxiaHo. (Konsenuis OOH mpo

npaBa Jirojie# 3 iHBamiAHICcTIO. JlaTta patudikarii Ykpainor:16.12.2009)

GIM NPHHUMNIB BESDAP'EPROTO HMIAMNY .

OwsafH IafazanNavwye pIEHI YMOBM KODUCTYBAHHA ONA BCIX | 3BEXOM. KOMNM
i . R ug moMnyveo. Axwlo seamo=niec, To TpetSa nogfaTtu npo cTEopasHHA
PigHicTe Ta AOoOCTYNHICTE aMeTeEpHaTYVEHCra BopmHTY. Quant- yHukoe ByOe-REOro BUOKERMADHHSA
EMKGPV‘IBTEHHﬁ i fHERILUYESHHA aphveia:, Ouaafs nepegfauwas Seanesy, nagqifinicTe Ta
HEOQOTOPKAHICTE OCODWCTOro RUTTA. [OWMasaifin & apy-Hrim T NpWME e nysHm

OMA BClx xopucTyaadqis

: OwaafAn ypaxoBye nNoTpadk TA8 MOMIWMBOCTI PISHWX KOpUCTYBaYiB
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poamipy, MiCUA, NpocTopy

BucHoBkn

dopMyBaHHS TAPMOHINHOTO JKUTIOBOTO MPOCTOPY CKJIAIHUN MPOIEC Ha KU
BIUTMBaIOTh Oarato dakTopiB. EdexTuBHa B3aeMomdis AU3aiiHEPIB 1 MICTOOYAIBHUKIB 3
MICUXOJIOTaMH 1 HepoOioIoraMu, €eKOJIOraMH J03BOJUTH C(HOPMYBaTH ONTHUMANbHI
pimienHs. 3abe3neueHHs: MoTped 0cOOMCTOCTI Ha PI3HUX PIBHSAX, sIK 6A30BOr0 pPiBHS
¢i3ionoriyai moTpedu JTIOAUMHHM, TakK 1 mOTped ocobucToi Oe3nmeku, MiATPUMKH
310POB’ s, HASIBHOCTI CTa01IbHOTO MPUOYTKY, BIEBHEHOCT1 y MalOyTHbOMY, Ta OTPEO1
y Ti3HaHHI CBITy, BTUICHHI CBOiX IIUJIeH, peamizamii 3110HOCTEH, PO3BUTKY Ta
BJIOCKOHAJICHHI BJIaCHOI OCOOMCTOCTI.

3eneH1 30HU HE JIMIIE 3HUKYIOTh HACHIJIKH CTPECY, ajie 1 MOKPaIIyoTh (i3UuHuN
CTaH HACEJICHHS., Cepe]l HalO1IbII pO3MOBCIOPKEHUX BU/IIB: 3aXUCHE, TOPU3OHTAJIBHE,
BEPTHKAJIbHE.

BB cydacHOi Hayku Ta CMapT-TEXHOJIOTII 3a0e3MedyroTh €KOJIOT1UHICTD,

MONOGRAPH 116 ISBN 978-3-949059-91-9



Wy
Innovation in modern science ‘2023 Part 2 %

€KOHOMIYHICTh Ta 3PYYHICTh YHPaBIiHHS Ta BUKOPHUCTAHHS SK J>KUTJIOBOTO TakK 1
CYCIUIBHOTO MPOCTOPY.

3acobu yHIBEpCalIbHOTO JU3aiiHy MOKJIWKAHUNA 3pOOUTH MPOCTIP MaKCUMAIbHO
MOYJIMBOIO MIpOIO MPUJATHUMH JIJIs1 BAKOPHUCTAHHS JIJIs BCIX JIojiel 6€3 HeoOX1THOCTI

ajJlanTallii 4u CreriaJbHOro Ju3aiHy.
APHNHUMAN GEIGAP'EPHOrO AN3IANHY MICLEOID INTEP'EPY

BIZYANGHA HOMYHIHAUIA -OPIEHTYBANHA MEPE3 KORNIP
FPOIMIP KEAPTANY AD T00MW -3PYYRICTD REPECYBARNA

BIACYTHIECT
Th - APH OPOD
TPATH®IKD

c I
YEATH HOTPEGHN BC
ENENNA - HE SAGECHEYYE FHYYRICTD

XN AVERWBAHHN
TYBAHHI ROTPIGHD
HOrO CYCNINGLECTEBA

H
T

APOERTYBATH RPOCTIP «B PAMEAX EOHRTPONIG: - Y RNAEN ICHYE
POSYMIHHA CBOR-YVHA TEPHTOPIA, NPN NPOERTYBAHNI NOTPIGHO
HITEOD PO3YMITN ANA !Tl[: APOERTYETHCA KOMENR METP RFOCTOPY-
HE TAPARTYE BIACYTHICTD WOTD GAHEAGAHHOCTI B MANGYTHLROMY

HOHUERNIA M!IJIEPHI[ Hlll':'ll'hr - VYANKHEHHA 3AMRRYTOIrO NPOCTOPY/

NEPETIEANHA RPOCTOPI

BEPEA NPOEETVEAHHAM AOCRHRIAKYBATN

TEPNTOPIN HA MPEAMET TPAEKTOPII

PYKY NIWMOXOAIBE TA COUNIANBH]I DAKTOPH -RAONONMATAE

JHANTN EPAIL] 3B'A3EN MIKR IlllTl.r mp HAYEHHSA
BIACYTHICTDL IX AVENWBAHNKA
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KAPITEL 7/ CHAPTER 77
CULTURE OF CHICKPEA: ELEMENTS OF CULTIVATION UNDER
IRRIGATION CONDITIONS OF THE SOUTHERN STEPPE OF UKRAINE

DOI: 10.30890/2709-2313.2023-20-02-016

Introduction.

In modern world agriculture it is difficult to overestimate the role of legumes.
Their nitrogen-fixing capacity makes it possible to replenish soil reserves with free
symbiotic nitrogen, which allows farmers to reduce the use of mineral fertilizers.
Vegetable protein from pulses is the cheapest. The lack of adequate vegetable protein
leads to a deterioration in the food supply of the population, excessive feed
consumption and higher costs of livestock products. The main source of vegetable
protein is legumes, which provide 2-3 times more protein per unit area than cereals and
help preserve soil fertility, reduce the use of nitrogen fertilizers, and produce
environmentally friendly products. In order to produce the planned volumes of high-
protein grain in each region, it is necessary to select a group of legumes that best utilizes
their biological potential. In the Southern Steppe of Ukraine, the trend toward climate
aridization makes such a crop as chickpea promising [1-3]. Possessing high drought
resistance, heat tolerance, and harvesting technology, chickpea can stabilize the
production of high-protein grain and increase the sustainability of the entire
agroecosystem. In this regard, improving the methods of growing it on irrigated land
1s important.

To increase the productivity of chickpea, methods aimed at improving the supply
of moisture to plants and optimizing the phytosanitary condition of crops are of great
importance. First of all, it is the selection of rational methods of sowing plants, as well
as the regulation of weeds through the use of modern herbicides. Optimization of these
processes will allow the most efficient use of agrobiological resources in the process
of realizing the potential productivity of modern chickpea varieties. All of the above
became the basis for choosing the direction of our research.

Chickpea plays an important role in solving the problem of vegetable protein, as
this crop is characterized by high yields and the grain is rich in nutrients. It contains

18-30% protein, 48% fat, 48-56% nitrogen-free extractives (starch, sugar, etc.), 3.5-

"Authors: Kovalenko O.A.
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5% fiber, 2.8-3.7% ash, and vitamins [4-10]. Although chickpea lags behind soybeans
or beans in terms of protein content, it is the leader among all legumes in terms of
nutrition. In terms of fat content, chickpea grain is second only to soybeans [11-14].

Chickpea protein is rich in essential amino acids - methionine and tryptophan. The
trace element composition of the grain is rich in phosphorus, magnesium and
potassium. It is also a good source of lecithin, vitamin B2, vitamin B1, nicotinic and
pantothenic acids, and choline. The amount of vitamin C in chickpea seeds is not very
high, but it increases significantly when the seeds germinate. Chickpea greens contain
oxalic, citric and malic acids [11-13].

According to academician O. Babych, with a chickpea grain yield of 25 c/ha, the
protein yield is 675 kg/ha and fat 112.5 kg/ha, which is 12 and 53.5 kg/ha more than
peas with a yield of 30 c/ha, respectively [4].

By the end of the XX century, chickpea became the world's third most important
legume crop after soybeans and peas. According to the FAO, chickpea crops account
for 15% of the world's pulses, producing about 13% of the world's pulses. The leaders
in its consumption are the peoples of India, Pakistan and Bangladesh. In recent years,
the world's chickpea crops have occupied about 7 million hectares, with an annual
increase in its area of about 1% [10, 11, 13].

About 95% of all chickpea production for food purposes is concentrated in
developing countries. Of these, about 75% of the total volume grown is in South Asia.
The main chickpea producers in the Southwest region are India, Pakistan, and Turkey.
In India, chickpeas account for more than 40% of total pulse production. In India,
chickpeas are the main source of protein in vegetarian cooking. The plant is used in
medical practice in Asia and Europe. Products made from chickpeas are included in
the mandatory assortment of European supermarkets, given their compliance with the
requirements for a balanced diet [15]. It has been established that chickpeas have a
positive effect on the human brain due to the content of tryptophan, which forms one
of the most important hormones and neurotransmitters of the human central nervous
system - serotonin [1, 2].

Turkey is a major exporter of chickpeas in Asia, accounting for 30% of global
chickpea exports at the end of the 20th century. Latin American countries grow about
3% of chickpeas. Among African countries, chickpeas are grown in Ethiopia, Morocco
and Tanzania. More recently, Australia has started commercial production of
chickpeas. Since there is practically no domestic demand in this country, the products

are grown for export to the markets of Asian countries - India, Pakistan and
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Bangladesh. Mexico is another major exporter of chickpeas, accounting for 17% of
total exports, mainly to the United States [4].

In Ukraine, demand is growing and the area under chickpeas is expanding. In
recent years, chickpea crops have begun to spread rapidly, first in the South and then
in the Forest-Steppe region. In 2016, the largest planted areas were in Donetsk (29.6%),
Odesa (28.2%) and Kharkiv (19.7%) regions. In Ukraine, its production area is growing
every year and already in 2005 amounted to 33 thousand hectares [16]. Over the past
10 years, the area under chickpea has increased and amounts to about 60-70 thousand
hectares. It is also important that the demand (and hence the price) for chickpeas is
higher than for soybeans or peas, for example [17]. In 2014-2015, chickpea grain
exports reached 20 thousand tons.

Chickpea is the most drought-resistant crop, with a transpiration coefficient of
350, but it decreases to 290 when fertilized, while chickpea has a 400, and pea has a
500. In addition, plants have a high osmotic pressure of cell sap - 17 atmospheres, while
peas have 7 atmospheres less, which contributes to the development of the root system
and the transportation of water from great depths [3, 15]. Also, chickpea cells contain
less free and more bound water, which results in lower evaporation than other legumes
[3, 14, 15, 16].

Using this feature is the basis for increasing the yield of chickpea grain in areas
with a moisture deficit of up to 20%, so it is sown mainly on non-irrigated lands, and
rarely on irrigation [17-21]. However, the efficiency and payback of irrigation water
for chickpea cultivation is very high, and yields can increase dramatically up to 45%,
especially when irrigated during the phase from flowering to bean formation [22-27].

Experimentally, it was found that under irrigation conditions in southern Ukraine,
chickpea grain yield increased by 0.84-0.96 t/ha compared to non-irrigated areas [22,
23, 28, 29, 30]. However, with excessive moisture, the number of ovaries sharply
decreases, the beans grow, but seeds are not formed in them [2, 22].

Therefore, it is important for the crop to have a scientific basis for the irrigation
regime. Chickpea requires a lot of water during swelling, as seeds absorb about 121%
of water relative to their weight [3, 23, 28, 29, 31, 32].

According to other data, on average, chickpea requires 106% of moisture by
weight of seeds. During the branching phase, the optimal moisture content is 70-80%
of HB, but its greatest need for water is noted during budding. Excessive precipitation
in any phase can contribute to ascochitosis [3].

Chickpea plants are characterized by high water retention capacity. Thus,
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according to experimental data, plants lost only 9% of moisture in 4 hours, compared
to 26-33% in peas during the flowering phase, where the moisture content is 40.4% [9,
22]. Chickpea is under severe stress from a lack of moisture in the period from
flowering to the beginning of grain filling [23]. The lack of moisture at this time leads
to a 67% yield loss (from 2766 kg/ha with irrigation to 909 kg/ha without it). Even
under conditions of limited (economical) irrigation, the yield of chickpea in semi-desert
climatic conditions is higher than under conditions without irrigation. The economical
irrigation regime provides for 1 watering at the beginning of grain filling or
additionally during the flowering phase. Water-saving irrigation allows to obtain a
chickpea yield only at the level of 60-90% of the value of full irrigation, but at the same
time increases the efficiency of water use by 28-52% [22, 28, 29].

A similar opinion is expressed by other scientists, who note that a lack of moisture
during the filling phase of chickpea grain leads to a significant decrease in yield. But a
high level of moisture availability during the ripeness phase restores the secondary
growth of the crop, which greatly delays and complicates harvesting [11, 12, 32].

In the semi-desert climate of Jordan, chickpea plants under natural moisture
conditions reached their maximum dry weight earlier and 33 acquired optimal
harvesting moisture faster than under irrigation (weekly irrigation at a rate of 7 mm/ha).
This is due to a shorter growing season due to the reproductive phase of growth and
accelerated ripening under non-irrigated conditions. Reduction of chickpea yield by
varieties: Flip 93-255, Jubeiha 3 and genotypes: DZ 10-11, DZ 10-92 without irrigation
was 49-54% compared to irrigation [26].

According to the studies conducted in the fields in Policoro (Southern Italy),
irrigation had a positive effect on the productivity of chickpea plants of only three
varieties (Pal, Pa3 and Kairo). They increased dry matter content from 17 to 24%,
grain yield from 13 to 24%, number of beans from 15 to 32%, and number of seeds per
bean from 14 to 27%. On all other varieties, irrigation led to a decrease in productivity
from 10 to 21% or did not give any positive results [27].

Despite its drought tolerance, when forming highly productive agrocenoses in the
rice checks of Kalmykia, chickpea culture consumes up to 3010-4060 m3/ha of water
during the growing season. The main source of moisture, up to 47% of total water
consumption, is soil moisture reserves. Soil moisture is the main prerequisite for high
and sustainable grain yields. It is necessary for the start of growth processes, is the

main solvent of nutrients and determines the conditions of growth and development
during ontogeny [14, 22, 23, 30, 32].
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Studies with different conditions of irrigation cessation (no irrigation; irrigation
before flowering (85 days after sowing); irrigation after the beginning of grain
formation (129 days after sowing); irrigation for the entire period) show that non-
irrigated plants had low leaf water potential, evapotranspiration, photosynthetic
activity, low dry matter and yield. Cessation of irrigation before flowering led to a
decrease in photosynthetic activity and yield by 33% due to a decrease in the number
of beans. Irrigation after the beginning of grain formation caused a slight increase in
yield due to the formation of additional beans with small grains. Water stress had the
greatest effect on the number of beans formed on the plant and almost no effect on the
number of grains per bean [22, 23].

When placing chickpea on irrigation, irrigation should be carried out at a rate of
250-300 m3/ha in the flowering and flowering phases - the beginning of bean
formation. This will almost double the yield. However, in wet years or at high irrigation
rates, there is a risk of fungal diseases [5, 21, 22, 23].

The size of chickpea grain is quite an attractive feature for agricultural producers,
because the price of commercial grain largely depends on the weight of 1000 seeds. In
this regard, a new variety was created that was not inferior to the best varieties in terms
of productivity and, based on the results of state variety testing, was included in the
Register of Plant Varieties of Ukraine in 2003 under the name Antei [18].
Unfortunately, its disadvantage is its susceptibility to disease, which leads to
significant annual losses in quality and yield in general. In addition, the sprawling
shape of the bush, even with a slight thinning of the crop, leads to the breakage of 2nd
order branches and direct yield losses. Nevertheless, Antaeus did its job and gave
impetus to further breeding work towards the creation of varieties with large grains. In
2005 and 2008, Triumph and Budzhak, which form larger grains than the previous
variety, were included in the Register of Plant Varieties of Ukraine [7, 8, 19].

Triumph, Budzhak, Odyssey and Skarb produce large light seeds that are in high
demand on the Ukrainian and international markets. The yield of these varieties
averages 22-26 c/ha and depends largely on the cultivation technology and weather
conditions of the year [8, 22, 23].

An analysis of the achievements of breeders in most crops has shown that
following a certain model improves breeding work and leads to accelerated
development of new varieties. According to the leading breeders V. I. Sichkar and O.
V. Bushulian [6, 18], chickpea varieties with a weight of 1000 seeds of 320-350 and
400-420 g and a growing season of 90-120 days should be developed for the South of
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Ukraine. The germination-flowering period should last 20-25 days, and the flowering
and flowering-ripening periods should last 35-45 days. The optimum plant height for
this region is 50-60 cm, the height of the lower bean attachment is 15-17 cm, and the
best bush shape is compressed upright with 2-3 branches of the 1st order and 4-6 - of
the 2nd. To increase the number of beans per plant, a two-legume gene should be
introduced, and plants should be resistant to major diseases, as epiphytoties will be
observed with the expansion of chickpea acreage in the South of Ukraine. Collection
varieties accumulate from 18 to 32% of complete protein in their seeds. But experience
shows that targeted breeding to increase protein content is a very complex and
expensive process. Therefore, it is more expedient to create more productive varieties
while maintaining the protein content at an average level.

In modern conditions, varieties and hybrids are independent factors of agricultural
intensification. The varietal composition of chickpea has expanded in recent years,
which provides a wide range of choices for their introduction into production. For the
rainfed conditions of the Southern Steppe of Ukraine, it is necessary to study chickpea
varieties with high adaptive properties to local conditions.

The peculiarity of the development of modern crop cultivation technologies is that
they are increasingly focused on specific varieties, and this is the logical conclusion of
the breeding process. This requires the development and improvement of cultivation
techniques for each variety in order to use soil and climatic resources more efficiently.
For example, in order to obtain high sustainable yields of chickpea grain, it is essential
to determine the optimal sowing method for its cultivation, taking into account the

biological characteristics of individual varieties.

7.1. Research conditions and methodology.

The research was conducted under drip irrigation conditions on the experimental
field of the Mykolaiv State Agricultural Research Station of the Institute of Irrigated
Agriculture of the National Agrarian Academy of Sciences of Ukraine.

The soil of the experimental field is southern chernozem, residually slightly
saline, heavy loamy with a humus content of 2.9%. Nutrient availability of the topsoil
(mg/100 g of absolutely dry soil): nitrate nitrogen - 2.8; mobile phosphorus - 5.3;
exchangeable potassium - 13.7. The acidity of the soil is close to neutral (pH 7.1). The
lowest moisture capacity of the soil layer is 0-30 cm - 24.8%; 0-100 cm - 24.7%, wilting
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moisture - 11.7% of the soil mass in dry state, bulk density - 1.35-1.38 g/cm’.

Field experiments and laboratory studies were conducted according to the
following methods:

1. Methodical recommendations for conducting field experiments under irrigation
conditions of the Ukrainian SSR. Dnipropetrovs'k; UkrNIOSH, 1985. part 1. 114 c.

2. Methodical recommendations on evaluation of field experiments, production
testing of new varieties, agrotechnological methods and technologies under irrigation
conditions of the Ukrainian SSR. Dnipropetrovs'k; UkrNIOSH, 1985. part 2. 127 c.

3. Ushkarenko V.O. Analysis of variance and correlation in agriculture and crop
production: a textbook / [Ushkarenko V.O., Nikishenko V.L., Holoborodko S.P.,
Kokovikhin S.V.]. Kherson: Ailant, 2008. 272 c.

Chickpea cultivation is generally accepted, except for the technological methods
that were taken for study. Sowing of chickpea was carried out in a wide-row method
with a row spacing of 45 cm, and in a conventional row method with a row spacing of
15 cm, in the fields of irrigated crop rotation of the experimental base of the Mykolaiv
State Research Institute of Plant Industry of NAAS. Predecessors - black fallow. The
standard in the experiment was the Triumph chickpea variety. The seeding rate was 0.6
million germinating seeds per 1 ha for continuous crops, and 0.4 million germinating
seeds per 1 ha for wide-row crops. Mineral fertilizers were applied for pre-sowing
cultivation with harrowing, at the rate of Ni3,P3,K3,. The form of fertilizer was
nitroammophoska (16:16:16). Soil moisture was maintained within 80-70-70 % HB,
soil moisture control was determined by the instrumental (thermostat-weight) method
or by a tensiometer. The area of the accounting plot was 25 m2. Replication was three
times. The following factors were included in the experimental design:

- Chickpea varieties (factor A): Triumph (control), Budzhak, Memory;

- sowing methods (factor B): row - with a row spacing of 15 cm (control); wide-
row - with a row spacing of 45 cm

- herbicide background (factor C) - Pulsar® 40, CP (1 1/ha); Bazagran®, BP (2
1/ha); Pivot® 10, v.r.k. (0.8 1/ha).

Herbicides were applied using a Stihl SG 20 hand sprayer. The working fluid
consumption was 250-260 1/ha. Spraying was always carried out in dry, sunny weather
at an air temperature of 19-23°C and relative humidity of 57-78%.

The research was accompanied by the analysis of soil and plant samples,
observations of the dynamics of plant growth and development. All observations were

made in two non-contiguous replications.
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Soil samples were taken in layers, every 10 cm in quadruplicate.

Soil moisture was determined by the thermostat-weight method, when dried at a
temperature of 1050 C for 8 hours to a constant weight.

The total water consumption during the growing season and for individual
interphase periods was determined by the water balance method according to the
formula:

E=M+0O-+(w_ —WK),

where E is the total water consumption for the calculation period, m*/ha;

M - irrigation rate for the period, m>/ha;

O - precipitation for the period, m*/ha;

Wh is the moisture reserve in the active soil layer at the beginning of the growing
season (calculation period), m3/ha;

Wk - moisture reserve in the active soil layer at the end of the growing season,

m?>/ha.

The water consumption coefficient was determined by the formula:

where KE is the coefficient for the growing season, m3/ha;

Y is the yield of rapeseed seeds, m3/t;

E - total water consumption, t/ha.

The weediness of chickpea crops was determined by the number of weeds, which
were counted on 1 m? diagonally at ten points at the beginning of the growing season
and before harvesting with the determination of the species composition and weight of
weeds.

Phenological observations were carried out on fixed plots in two non-contiguous
replications. During the phenological observations, 50 typical plants were selected on
the plots, on which the onset of the stages of chickpea development was noted:
germination, branching, budding, flowering, and full grain ripeness. The beginning of
the phase was taken as the time of its onset in 10% of plants, and the full phase was
taken as its onset in 75% of plants.

The density of chickpea plants was determined during the period of full
germination and before harvesting by continuously counting plants along fixed plots
(trial plots method).

The structure of the crop was studied in sheaf samples, which were taken at full
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maturity, on 0.25 m? plots, in four replications. The sheaf weight, number of plants,
branches, beans on the main and lateral branches, seeds per bean, number and weight
of seeds per plant, and weight of 1000 seeds were determined. Harvesting and
accounting of the crop was performed at the stage of full grain ripeness, by weighing.
The yield data were adjusted to a standard seed moisture content of 14%. The results
of crop accounting were subjected to analysis of variance.

The statistical and mathematical processing of digital data was performed by

analysis of variance.

7.2. Results of the research with chickpea crop.

In general, the weather conditions in 2022 were not favorable enough for the
growth and development of chickpea. During the growing season, 80 mm of
precipitation fell, which is 43% of the norm, but thanks to irrigation, chickpea formed
a fairly good seed yield. The main climatic indicators for the study year in comparison

with the average long-term indicators are shown in Tables 1-2.

Table 1 - Total precipitation in 2022 for the growing season of chickpea

compared to the average long-term data, mm

Month monthly average long—?erilr?lugerage : t(l)cgllg—grirlage
April 18 32 -14
May 29 44 -15
June 30 >4 -24
July 3 58 -55

Snow accumulation during the winter of 2021-2022 was inactive, with alternating
periods of snow cover formation and thaws. All decades of the winter period were
characterized by higher temperatures and lower precipitation compared to long-term
data. The spring of 2022 was characterized as dry. According to the first determination
of soil moisture reserves, which was carried out on March 28, 2022, the reserves of
productive moisture in both the tilth and meter layers of soil were satisfactory. Namely,
they amounted to 18-29 mm in the tilth layer and 74-115 mm in the meter layer,
depending on the predecessor. At the beginning of the first decade of April, chickpeas
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were sown (5-6.04). During April, dry and cool weather was observed (no effective
precipitation). Subsequently, insufficient moisture of the upper soil layers, lack of
precipitation and dry winds did not contribute to the good growth and rooting of
chickpea plants. Herbicides Pulsar® 40, CP (1 1/ha); Bazagran®, BP (2 1/ha); Pivot®
10, v.r.k. (0.8 1/ha) were applied in the phase of 2-5 true leaves of the crop with a hand
sprayer at a rate of 200 1/ha.

Due to the precipitation deficit in May (29 mm or 66% of the norm), the soil
moisture supply was poor, and dry conditions negatively affected the further growth of

plants, which were already in budding at that time, so the crops were irrigated.

Table 2 - Average monthly wind temperature during the growing season of

sunflower compared to the long-term average, °C

Month monthly average average + to the average
long-term long-term
April 9.4 10,5 L1
May 16,3 15,5 +0,8
June 22,3 20,5 +1,8
July 24,5 21,2 133

In early June, mass flowering was observed in chickpea crops, but weather
conditions remained difficult due to the lack of effective precipitation. Even for
drought-tolerant chickpea, the rains that occurred during the second and third decade
(33 mm) were not enough for grain formation, filling and ripening, but irrigation offset
the negative effects of the drought.

As of July 08, the plant density was 31-46 pcs/m?. Plant height: Triumph variety
- 49-58 cm, Budzhak - 55-59 cm, Pamyat - 45-53 cm, depending on the sowing method
and herbicide background. Differentiation of chickpea development was observed
depending on varietal characteristics, sowing methods and herbicide background.

Plant care included loosening row spacing and weed control. Weed infestation
was low. In general, the overall growth and development of chickpea was satisfactory
for the current period. Chickpeas were in the ripening phase, harvested in the second
decade of July.

The peculiarities of the phenological phases and the duration of the main periods
of chickpea development from full germination to maturation in all variants of the

experiment were subject to the scheme generally accepted for almost all field crops -
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with an increase in plant density in crops, the phases came earlier and the duration of
the periods decreased (Table 3). Thus, with the row seeding method, where the plants
were denser, the duration of the period full germination-budding ranged from 11 to 12
days; budding-flowering - from 13 to 15 days; bean formation-ripening - from 30 to 32
days. Increasing the row spacing improved the conditions for plant development and

the duration of all major periods of chickpea development increased by 3-7 days.

Table 3 - Phenology of chickpea crop development (average for 2021-2022)

Sowing | Chickpea Phases of growth and development
method | variety |seedlings |budding |flowering | bean formation |full maturity
Triumph | 22.04. 2.05. 15.05. 10.06. 8.07.
In-line ooy | 22.04. | 3.05. | 17.05. 12.06. 10.07.
Budzhak | 22.04. 2.05. 15.05. 10.06. 8.07.
Triumph | 22.04. 5.05. 21.05. 14.06. 10.07.
VZifi&if;W Memory | 22.04. | 7.05. | 24.05. 16.06. 15.07.
Budzhak | 22.04. 5.05. 21.05. 14.06. 10.07.

The studied chickpea varieties proved to be mid-season (95-100 days) in the
Southern Steppe, the difference between varieties in terms of the length of the growing
season was insignificant, except for the Pamyat variety [28, 30]. Thus, the shortest
duration of the growing season in the experiment was observed in Triumph and
Budzhak varieties - 93-95 days on average in all variants of the experiment. The
Pamyat variety had a longer growing season, which ripened 2-5 days later.

Table 4 shows that the lowest total water consumption of chickpea crops was in
the variant of row sowing - 3217 m%/ha, which is lower than this figure in comparison
with wide-row crops by 104-125 m3/ha (depending on the variety).

The coefficient of total water consumption of chickpea ranged from 1289 to 1474
m’/t. Sowing with a seeding rate of 0.4 million units/ha with a row spacing of 45 cm
was one of the conditions for more rational water use in the chickpea field. For the
implementation of this agrotechnological technique under drip irrigation, the water
consumption coefficient on average for varieties was 1357, while for row sowing with
a sowing rate of 0.6 million units/ha - increased to 1406 m?/t. In our opinion, this can
be explained by the fact that in this variant the placement of plants on the area was

more uniform, and in continuous crops less moisture was retained mainly due to the
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increase in plant density.

Table 4 - Water use efficiency of chickpea varieties under different sowing
methods (average for 2021-2022)

Sowing Chickpea Total water Yield. t/ha Water consumption

method variety | consumption, m*/ha ’ coefficient, m*/ha
In-l; Memory 3196 2,17 1474
n-ine Triumph 3217 2,28 1410
Budzhak 3238 2,43 1333
: Memory 3321 2,35 1415
\Zﬁig’w Triumph 3342 2,45 1367
| Budzhak 3342 2,59 1289

It was also interesting to track the efficiency of moisture consumption by chickpea
varieties. Our research has shown that this indicator, depending on the chickpea
variety, ranged from 1311-1444 m’/t (on average by sowing method). Plants of the
Pamyat variety consumed 56-133 m?/t more water per unit yield compared to Triumph
and Budzhak varieties, respectively.

Chickpea is a highly cultivated plant, and the presence of weeds in crops leads to
severe suppression, especially in the early stages of the growing season. The presence
of a large number of vegetative weeds during harvesting can also lead to a deterioration
in the quality of chickpea grain. No herbicide approved for use in chickpea crops is
currently officially registered in Ukraine. Many farms use agronomic weed control
measures. However, many years of experience have been gained in the use of a number
of herbicides both in Ukraine and other countries. So, mainly in chickpea crops, such
soil preparations as Stomp, 33% e.e., Harness, 90% e.e., Frontier Optima, 72% e.e., as
well as post-emergence preparations - Pivot, 10% e.e., Bazagran, 48% e.e., Pulsar, 40%
e.e., Aramo, 45% e.e., Harmony, 75% e.e. are used.

When conducting research under drip irrigation conditions, the task was set: to
develop a technology for protecting chickpea crops with herbicides without the use of
mechanical inter-row cultivation. In this regard, in chickpea crops we studied the
effectiveness of such post-emergence preparations as Bazagran, 48% a.i., Pulsar, 40%
a.i. and Pivot® 10, a.i. Our observations of weed infestation of chickpea crops showed
that the number of weeds varied significantly depending on the technology of crop
protection (Table 5).
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Table S - Influence of sowing methods and herbicide background on weed

infestation of chickpea crops (average for 2021-2022), pcs/m?

Annuals
Sowing Protection technology Perennial Total
method | (herbicide background) | cereals broad- | oot sprouts
leaved
Before processing - phase 2-5 chickpea leaves

Pulsar (1.0 1/ha) 108 22 4 135
In-line Bazagran (2.0 I/ha) 102 18 8 129

Pivot (0.8 1/ha) 105 24 3 132

Pulsar (1.0 1/ha) 118 37 8 163
Wide-row Bazagran (2.0 I/ha) 105 36 11 152

Pivot (0.8 I/ha) 107 39 12 158

2 weeks after treatment

Pulsar (1.0 1/ha) 18 3 1 22
In-line Bazagran (2.0 I/ha) 24 5 1 30

Pivot (0.8 1/ha) 22 4 2 28

Pulsar (1.0 1/ha) 19 9 3 30
Wide-row Bazagran (2.0 I/ha) 26 8 2 36

Pivot (0.8 I/ha) 23 8 2 33

Before harvesting

Pulsar (1.0 1/ha) 20 1 2 23
In-line Bazagran (2.0 I/ha) 28 2 3 33

Pivot (0.8 1/ha) 24 2 3 29

Pulsar (1.0 1/ha) 14 3 5 22
Wide-row Bazagran (2.0 I/ha) 21 3 6 30

Pivot (0.8 I/ha) 18 2 6 26

The number of weeds before the treatment of chickpea crops with herbicides was

in the range of 129-163 units/m?. In the period of 14 days after the application of

herbicides, the number of weeds per 1 m? decreased by 100-128 units/m? and reached

28-36 units/m?* depending on the herbicide background. Different preparations showed

unequal technical efficiency, which in turn caused different degrees of competition for

life factors between them and chickpea plants.

Thus, when Pulsar herbicide was applied, weed infestation was reduced by 83%,

this herbicide almost completely destroyed bindweed, common ragweed, field

bindweed and partially gray mouse and chicken millet. The use of Pivot was highly

effective, as weed infestation was reduced by 79%. Some species of chamomile, white
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quinoa and wild violet showed relative resistance to Pivot herbicide. When applying
the herbicide Bazagran, it was 77%. It should be noted that the herbicides studied did
not inhibit chickpea plants, and no density reduction was observed.

Before harvesting, a slight increase in the number of weeds was observed, but
these weeds (mainly field bindweed, ragweed), which sprouted again after irrigation in
the second half of the chickpea growing season, did not have a significant impact on
the growth and development of the crop. At that time, there was no pronounced effect
of sowing methods on weed infestation of chickpea crops.

The objective of our research was to study the formation of yield and quality of
chickpea grain depending on the variety, sowing method, and the use of herbicides
under drip irrigation. Thus, the studies showed a fairly high efficiency of the above
factors in the cultivation of chickpea (Table 6).

Our studies have shown that the methods of sowing chickpea plants significantly
affect the level of yield of its seeds. Thus, on average, for all varieties, the maximum
grain yield (2.46 t/ha) was obtained in wide-row crops (average for the herbicide
background). In this case, the yield increase was 0.17 t/ha or 8% compared to
conventional row sowing. The high yield of chickpea in this variant is characterized,
first of all, by the optimal spatial and quantitative placement of plants per unit area.
The feeding area affects the rate of plant growth and development, as it determines the
amount of incoming solar energy, moisture and nutrients. Therefore, by optimizing the

sowing method, the yield of chickpea seeds can be regulated.

Table 6 - Influence of sowing methods and herbicide background on the yield of
of chickpea varieties (average for 2021-2022), t/ha

. Herbicide background (factor C)
Variety (factor A) Pulsar Bazagran Pivot
Row sowing method (factor B)
Memory 2,33 1,98 2,21
Triumph 2,42 2,18 2,25
Budzhak 2,53 2,34 2,43
Wide-row sowing method (factor B)
Memory 2,42 2,26 2,37
Triumph 2,59 2,28 2,48
Budzhak 2,68 2,43 2,65
A—-0,08 B—0,06, C— 0,08 AB— 0,13,
S5Dos, tha AC— 0,16, BC— 0,11, ABC— 0,24,
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It 1s well known that the level of weed infestation of chickpea crops is one of the
factors that reduce its productivity. In this regard, research on the effectiveness of
herbicides on the formation of chickpea grain yield is quite relevant. Data on the
amount of yield reduction are of great importance in the development of an integrated
weed control system in chickpea crops, in which the main place is occupied by the
definition of such an indicator as the economic threshold for the feasibility of using
herbicides.

The data obtained in our studies show that the most effective in irrigated
conditions of the South of Ukraine is the use of Pulsar or Pivot herbicides in chickpea
crops in the phase of 2-5 true leaves of the crop. In particular, in the variant with the
use of Pulsar, the highest crop yield was obtained - 2.49 t/ha, which is 0.09-0.25 t/ha
higher than its level when using Bazagran and Pivot, respectively (average for varieties
and sowing methods).

Thus, the highest yield of chickpea seeds was formed in wide-row crops, with a
yield increase of 0.11 t/ha or 7.8% compared to conventional row sowing. The use of
Pulsar herbicide in chickpea crops in the phase of 2-5 true leaves increases seed yield
by 0.09-0.25 t/ha or 5-9% compared to the use of other chemicals.

Comparative evaluation of chickpea varieties showed that the variety of the
Mediterranean subspecies Bujak proved to be the most adapted to the irrigated
conditions of the steppe zone of Ukraine, which on average formed the maximum seed
yield of 2.51 t/ha, which is 0.14 t/ha higher than the control variety Triumph. Variety
Budzhak at wide-row sowing on the background of the use of herbicide Pulsar, 40%
a.i., 1 I/ha in the phase of 2-5 true leaves provided the maximum seed yield (2.68 t/ha).

The food and fodder advantages of chickpea are due to the high protein content
in the grain (20-32%). Chickpea ranks fourth among pulses in terms of protein after
soybeans, beans and peas. Our studies have shown that the protein content of chickpea
grain was significantly influenced by the genetic characteristics of the studied varieties
(Table 7). Thus, on average, according to the sowing method and herbicide
background, the Bujak variety formed the highest amount of crude protein in seeds -
28.9%, which is 2.9% and 1.6% higher than in the Pamyat and Triumph varieties,
respectively [22, 23].

The experiment showed a positive effect on the protein content of chickpea seeds
caused by herbicide application. Thus, if when spraying crops in the phase of 2-5 true
leaves of the culture with Bazagran, the protein content in the grain of varieties ranged

from 25.8%, in the variant of Pivot application the protein content increased to 27.6%
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(an increase of 1.8% compared to Bazagran), and when using Pulsar - to 28.7% (an
increase of 2.9% compared to Bazagran). Thus, in the context of herbicide
backgrounds, the amount of protein in the seeds had a small difference, but it was

recorded.

Table 7 - Protein content in chickpea seeds depending on the experimental
variants (average for 2021-2022)

. Herbicide background (factor C)
Variety (factor A) Pulsar Bazagran Pivot
Row sowing method (factor B)
Memory 26,8 22.8 254
Triumph 27,8 25,1 259
Budzhak 29,1 26,9 27,9
Wide-row sowing method (factor B)
Memory 27,8 26,0 27,3
Triumph 29,8 26,2 28.5
Budzhak 30,8 27,9 30,5
Standard deviation S 1,48 1,78 1,85
Standard error Sx 0,60 0,72 0,75

In the context of sowing methods, this indicator had the following values: for
continuous sowing in the Pamyat variety - 25.0%, Triumph - 26.3% g, Budzhak -
28.0%; for wide-row sowing, protein in the seeds of the Pamyat variety was
accumulated at the level of 27.0%, Triumph - 28.2% g, Budzhak - 29.7%. That is, the
difference between the sowing methods was also low and amounted to 1.8-2.0% in
favor of the wide-row sowing method with 45 cm row spacing.

Chickpea 1s a valuable food and fodder crop with significant agrotechnical
importance. Its production use is especially important in the extremely arid Steppe of
Ukraine. The shortage of high-quality commercial chickpeas on the world market
creates a unique opportunity for Ukrainian farmers to improve the financial condition
of their farms when growing chickpeas. This should be facilitated by the use of new
high-tech varieties, which is the cheapest and most effective way to reduce losses from
the negative impact of extreme environmental factors and massive epiphytoties of
diseases. These current conditions are the basis for the formation of the program and
the practical management of chickpea breeding.

Therefore, one of our objectives was to determine the economic efficiency of the

studied agrotechnical methods in chickpea cultivation, such as the use of varieties with
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different sowing methods and the use of herbicides under drip irrigation [33]. The

economic efficiency of the studied elements of chickpea cultivation technology was

determined by the calculation method based on actual prices in 2022 according to the

generally accepted methodology - by costs per 1 ha, profit per 1 ha, cost price and

profitability.

The analysis of the data showed that when growing chickpeas with different

sowing methods, the best results were obtained in wide-row crops at a seeding rate of

0.4 million germinating seeds/ha (Table 8).

Table 8 - Economic indicators of chickpea varieties production depending on

sowing methods and herbicide background (average for 2021-2022)

Pro forma
Variety Herbicide Harvest Protein |Production| net profit Profita-
(factor A) | PAckeround |1 /pg| DATVest, | costs, per Iy ility, %.
(factor C) kg/ha UAH/ha | hectare,
UAH
Sowing method - row (15 cm)

Pulsar 2,33 624 22940 9680 42

Memory |Bazagran 1,98 451 22546 5174 23

Pivot 2,21 561 22743 8197 36

Pulsar 2,42 673 24940 8940 36

Triumph |Bazagran 2,18 547 24546 5974 24

Pivot 2,25 583 24743 6757 27

Pulsar 2,53 736 24940 10480 42

Budzhak |(Bazagran 2,34 629 24546 8214 33

Pivot 2,43 678 24743 9277 37

Sowing method - wide-row (45 cm)

Pulsar 2,42 673 20940 12940 62

[Tam’sstp  |Bazagran 2,26 588 20546 11094 54

Pivot 2,37 647 20743 12437 60

Pulsar 2,59 772 22780 13480 59

Tpiym¢p |Bazagran 2,28 597 22386 9534 43

Pivot 2,48 707 22583 12137 54

Pulsar 2,68 825 22780 14740 65

bymxak |Bazagran 2,43 678 22386 11634 52

Pivot 2,65 808 22583 14517 64

With the highest yield for all studied varieties, the cheapest seeds were obtained
here (8500-9818 UAH/t). In the case of line sowing, the seeding rate of 0.6 million

germinating seeds/ha is considered optimal for the formation of a higher seed yield and
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economically feasible. However, as a result of lower yields and cost overruns for
sowing seeds, this variant results in an increase in cost by 1193-1891 UAH/t and a
decrease in profitability by 18-31%.

Among the studied varieties, the highest economic efficiency of grain production
was provided by the variety Budzhak. When Pulsar 40 (1 1/ha) was applied, the
cultivation of Bujak was the cheapest (the cost of 1 ton was 9858 UAH). Sowing in a
wide-row method made it possible to obtain an additional 0.35 tons of grain from 1
hectare, the cost of 1 ton of which, compared to the control (continuous sowing),
decreased to 8500 UAH/t, and the profitability was 65%.

In general, for all chickpea varieties, the best results were obtained by applying
the herbicide Pulsar and wide-row sowing.

Thus, chickpea cultivation in the irrigated conditions of the Southern Steppe is
highly profitable. Depending on the varieties, sowing methods and use of herbicides,
production costs per 1 ha are 20546-24940 UAH, the cost of seeds is 8500-
11387 UAH/t, and the net profit reaches 5174-14740 UAH/ha at a profitability level of
23 to 65 %.

It was found that the cultivation of the large-grain variety Budzhak provides an
advantage in protein collection, in wide-row crops of which, in the best variant of the

herbicide Pulsar, the protein collection with the yield reached 825 kg/ha.

Conclusions.

1. The duration of the interphase and vegetation periods of chickpea depended on
the variety and sowing methods. The longest vegetation period - 100-105 days - was
with the wide-row method of sowing chickpea, and the shortest - with the continuous
method of sowing, 93-95 days. The studied chickpea varieties are medium-ripening,
the Pamyat variety ripened 2-5 days later, and the difference in the duration of the
growing season was insignificant between the other varieties.

2. On average, the total water consumption of chickpea crops from the soil layer
of 0-100 cm was 3196-3342 m>/ha. The lowest coefficient of water consumption was
formed at a distance between chickpea rows of 45 cm with a seeding rate of 0.4 million
seeds/ha. In the context of varieties, the lowest water consumption for the formation of
1 ton of seeds was in the crops of the large-grain variety Budzhak - 1311 m? of water

(average for sowing methods).
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3. Due to the slow development in the initial phases, chickpea is largely affected
by the negative impact of fast-growing weeds. Therefore, the most effective method of
protection is the use of broad-spectrum herbicides on vegetative plants. Thus, against
the background of Pulsar 40 (1.0 1/ha) and Pivot (0.8 1/ha), the level of weed infestation
of crops was the lowest, and the effectiveness of chemicals reached 79-83%.

4. The highest yield of chickpea seeds was formed in wide-row crops, with a yield
increase of 0.11 t/ha or 7.8% compared to conventional row sowing. The use of Pulsar
herbicide in chickpea crops increases the seed yield by 0.09-0.25 t/ha or 5-9%
compared to the use of other chemicals. Variety Budzhak with wide-row sowing on the
background of the use of herbicide Pulsar, 40% a.i., 1 1/ha in the phase of 2-5 true
leaves provided the maximum seed yield (2.68 t/ha).

5. Sowing chickpea with a row spacing of 45 cm created the best conditions for
the formation of better quality seeds. The protein content under these conditions was
the highest and ranged from 27.8 to 30.8% against the background of spraying with
Pulsar herbicide. Protein yield by variant varied from 451 to 825 kg/ha.

6. The most economically efficient is the use of a wide-row sowing method, which
produces the highest yield for all studied varieties and, accordingly, the cheapest seeds.
Wide-row sowing of Budzhak variety for spraying crops with Pulsar herbicide provides
a conditional net profit of 14740 UAH/ha and a profitability level of 65%.

For obtaining in the conditions of the South of Ukraine under drip irrigation the
yield of chickpea seeds at the level of 2.68 t/ha, conditional protein yield of 825 kg/ha,
the lowest water consumption coefficient - 1289 m?/t, with the highest net profit and
profitability level of 65 %, it is recommended to sow the large-seeded variety Budzhak
with a row spacing of 45 cm, to control weeds, spray crops in the phase of 2-5 leaves
of the crop with the herbicide Pulsar, 40% a.i. (Imazamox, 40 g/l) at 1 liter/ha.
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