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DETERMINATION OF THE MAXIMUM NUMBER OF BRAKED

ROLLER SUPPORTS OF THE CONVEYOR, AT WHICH THERE

IS A RISK OF LOSING THE DRIVE TRACTION CAPACITY
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Anomayia. Y cmammi po3enianymo numauHs wooo empamu msa2o80i 30amHOCmi npusooa
CMPIUKOBUX KOHBEEPi6. BusnaueHi OCHOBHI NpUYUHU 6Mpamu ms2080i 30amMHOCMI NPUBoOad
KOHBEEPI8 Ma pO32IAHYMO 8UNAOOK 6Mpamu ma2080i 30amHOCmi NpuBooa yepe3 30i1bUeHHsI ONopy
PYXYy cmpiuKku, nog'si3aHo20 3 8UX000M 3 1A0Y POIUKIE POIUKOONOP, | HACIIOOK Yb0O2O 3HUNCEHHS]
Koeghiyichma 34enyienHs CMmpiuku 3 NPUBOOHUMU OaApabanamu cmpiukosux KoHeeepis. Busznaueno
2PAHUYHY KIMbKICMb 3a2a1bMOBAHUX POIUKOONOP KOHBEEPA Mo, NPU AKIU BUHUKAE PUSUK 8MPAMU
ms2060i 30amHocmi npueooa, O0Jisi 0OHONPUBIOH020 MaA 080NPUBIOHO20 KOHeeepis. [lob6ydosaro
epagixu 3anexcHocmi no 6i0 KoeghiyicHma 34enyienHs | 015 0OHONPUBIOHO20 1 080NPUBIOHO20
CMPIYKOBUX KOHBEEPI8. 3anponoHOBaAHO WINAX GUIHAYEHHS GeNUYUHU DUSUKY 6Mpamu mse080i
30amMHOCMI  CMPIYKOB020 KOHBEEPA. 3pOONEHO  BUCHOBKU U000 OMPUMAHUX — Pe3YTbmamis
00CNiOHCEHD.

Knrwowuogi cnoea: xoneecp, npusoo, poiuKoonopu, msa2o06a 30amHicmby, pusux.

Beryn.

KonBeepHuii TpaHcnopT — JQy’ke Ba)JIMBa CKJIaJ0Ba FPHUYOTO MIAMPUEMCTBA,
B1/1 €(DeKTUBHOI POOOTH SIKOI 3aJEKUTh pOOOTa YChOTO TEXHOJOTTYHOTO KOMILIEKCY
npu BUIOOYTKY, 00poO1i Ta 30araueHHI KOPHUCHHUX KomajiuH. OJHUM 3 ICTOTHHUX
¢dakTopiB pUBUKY BIAMOBH CTPIYKOBUX KOHBEEPIB 3arajlbHOTO TMPU3HAYCHHS 1
TpyOUacTuX € BTparTa TATOBO1 3JaTHOCTI MPUBOJA KOHBEEPIB.

OcCHOBHMMHU TIPUYMHAMH BTPATH TITOBOI 3JaTHOCTI TPHUBOJA CTPIYKOBUX
KOHBEEPIB, TOOTO  TOBHOTO KOB3aHHA CTPIYKA 10 TPUBOJAHOMY OapabaHy
(TpoOYKCOBKHM), € TIEPEBAHTAXKEHHS KOHBEEpA, 30UIBIIEHHS OIMOPY PYXy CTPIUKH,
MOB'SI3aHE 3 BUXOJIOM 3 JIay POJHUKIB POJUKOOINOpP, 1 3HUIKEHHs KoedilieHTa
3UYEIJIEHHS CTPIYKHU 3 TPUBOJAHUMH OapabaHaMu CTPIUKOBHX KOHBEEPIB.

JlomycTMe  TepeBaHTaXEHHS ~ CTPIYKOBOTO  KOHBEEPA  KOHTPOIIOETHCS
JaTYNKaMH BHUMIPIOBAaHHS [IOTOHHOTO HABaHTAXEHHS, TMOTYXHOCTI TMpPUBOA
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KOHBE€Epa, a TaKOX JaTYMKaMu MPOOYKCOBKM MpuBoAa. KpiM TOro, miJBHUILEHHS
HABaHTa)XCHHS Ha CTPIYKOBHI KOHBEEP KOMIEHCYETHCS 3aacoM 3YETICHHS CTPIUKH
3 MIPUBOJIHUMU OapabaHaMu.

OTxe, OCHOBHUMH TMEPBHHHHMHU TPUUYMHAMH BTpPATH TATOBOI 3/aTHOCTI
CTPIYKOBUX KOHBE€pPIB, LI0 MPHU3BOJATH IO aBapiiiHOi CHUTyallli, MOB'SI3aHOI 3
MPOOYKCOBKOIO CTPIUKM Ha TPHUBOAHUX OapabaHax, € 3HIWKEHHS KoedimienTta
34YEIUICHHSI CTPIYKHU 3 PUBOJHUME OapabaHaMu 1 BIIMOBA POJIMKIB POJIMKOOTIOP CTaBa
CTPIYKOBUX KOHBEEPIB.

OcHOBHA yacTHHA.

3rigHo [1, 2] yMOBH MOBHOTO KOB3aHHSI CTPIUYKH IO MPUBOJHUX OapabaHax
CTPIYKOBOTO KOHBEEPA MAIOTh BUTIISL;

— U1 OAHOIIPUBIJIHOTO CTPIYKOBOIO KOHBEEPA

W 2%(6““ ~1), (1)

T
c

ne W. — tarose 3ycwiIs Ha puBogHOMY Oapabani, H; oo — KyT o0xBaTy npuBOIHOTO
OapabaHna, pax; S,, — HaTAr CTPIYKM B TOYLl 30IraHHsA CTPIYKU 3 IPUBOJHOTO

Oapabana, H; 1 — xoediieHT 34YeruieHHsl CTPIYKU 3 MPUBOIHUM OapabanHom; K. —

C
Koe(iIieHT 3amacy TATOBOI 3/JaTHOCTI MPHUBOJIa KOHBEEPA,;
— JUIS TBOIPHBIJHOTO CTPIYKOBOTO KOHBEEpA 3 HE3aJCKHUMH 3B'SI3KAMH MiXK
MIPUBOIAMH

W, > Slz—iz(e“% ~1), @)

ne W, — TArose 3ycuiuld Ha JApyromy npuBogHoMy OapabaHi, H; o, — kyT oOxBaty
ApYyroro NpuBoJHOro OapadaHa, pan; S,;, — HaTAr CTPIYKK B TOYIIl 301raHHs CTPIYKH

3 Ipyroro mpuBOIHOTO Oapabana, H.
[Tpu ubomy 3rigHo 3 [1] Maemo

ne W. =W ,+W,.
Tyt W, — 3aranbHe TAroBe 3yCWlIs ABOIPUBIIHOrO KoHBeepa, H; W, — Tsarose
3yCWIUIA Ha TMepmoMy npusonHomy Oapabami, H; K, =W, /W, — xoedinient

PO3IOLTY TATOBOTO 3yCHJUIS MK IPUBOJTHUMH OapabaHamu.

3 HepiBHocTel (1) 1 (2) 3 ypaxyBaHHSIM OCTaHHBOI PIBHOCTI BH3HauuMo L. B
pe3yNbTaTi OTPUMAEMO 3HAYCHHSI KOE(IIIEHTIB 3UCTJICHHS CTPIYKU 3 MPUBOIHUMHU
Oapabanamu, MpH SKUX BiIOYBA€TbCA MOBHE KOB3aHHS CTPIYKHU IO MPHUBOIHOMY
OapabaHy CTpIYKOBOTO KOHBE€EpA:

— TSl OJTHOTIPUBITHOTO KOHBEEPA

uﬁlln %+
o S.;

1; (3)

— JUTSL TBOTIPUBITHOTO KOHBEEPA

ISSN 2567-5273 4 www.moderntechno.de
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K
p< : In M 1]. 4)
o, |(1+K,)S.x
HepiBuocrti (3) 1 (4) MO>kHA 3amUCaTH Y BUTIISII
1 < Lo, (5)
Jie JUTsl OJTHOIIPUBITHOTO KOHBE€EPA
o =i 2 ] ()
o S,
JUISL ABOTIPUBITHOTO KOHBEEPa
1 KW,
Ho=—1 =11 (7)

n
2% (1+Kp)S362

TyT Ho — rpaHuvHe 3HA4YEHHS Koedilli€eHTa 34YEeIJIEHHS CTPIYKW 3 MPUBOIHUM
O6apabaHoM, Mpu TKOMY B1/1I0yBa€ThCSA MOBHE KOB3aHHS CTPIYKU 1O GapadaHy.
Busnaunmo Temep TATrOBI 3yCWJUIA Ha NPUBOJHUX OapabaHax 3rilHO 3
dbopmyoro [1, 2]
W =W, +W,, (8)
ne W, — onip pyxy CTpIUYKHM 3aBaHTaKE€HOI BITKM IIO POJMKOONOpax KoHBeepa, H;
W_ — omip pyXy CTpIUYKH OPOKHBOI BITKU 10 POJIMKOOINOpax KoHBeepa, H.

Omnopu W, 1 W, Bu3HauyaroThes 3a (hOpMyJIaMu:
W, =klg, +4q.+4,)Lo,cosp+(qg, +q.)Lsinp; )
/8 :kl(qc +q;)L(on cosP—q Lsinf, (10)
ne L — MoBXMHA KOHBEEpa, M; 3 — KyT HaXWily KOHBeepa, Ipaj; ¢, — MOTOHHA Bara
BaHTaxy, H/M; ¢, — moronna Bara crpiuku, H/m; ¢, q’f', — IOTOHHI Baru 00epTOBUX

YaCTUH POJIMKIB 3aBaHTAXXEHOI 1 MOPOXHBOI BITOK, H/M; ®,, ®, — xoediuieHTH

n
OTIOPY PYXY CTPIYKH 3aBaHTAKEHOI 1 MOPOKHBOI BITOK KOHBEEPA; ki — KOe]IIieHT,
IO BpPaxOBY€ [OJIATKOBI OIMOpPU PyXy CTPIUKM B MICIll TEPEBAHTAXEHHS 1 Ha
MOBOPOTAX KOHBEEPA (3AJICKUTH Bl TOBKUHUA KOHBEEPA).

[Tincraastoun (9) 1 (10) B (8), miciis MepeTBOPEHHST OTPUMAEMO

— ! " .

W= kl(qg +q,. + qp)Lco3 cosfP + kl(qc + qp)Loon cosP+¢g,Lsinf3. (11)

Baxatoun B (11), mo o, = ®, = «', micis IEPETBOPEHHS OTPUMAEMO

_ ' " ' ;
WT—kl(q6+2qc+qp+qp)Lw cosB+gq,Lsinf. (12)
[Tincraumo (12) B HepiBHOcTi (3) 1 (4), oTpUMaeMoO IHTEpBal 3HAYCHb
koedimienta 34yerieHHs U (0 < p < W), IpU SIKUX BUHUKAE aBapiiiHa CUTYyallis B
MIPUBO/II KOHBEEPA, MOB's13aHa 3 TPOOYKCOBKOKO CTPIUKH IO IPUBOTHOMY OapabaHy.

VY pasi, konu Koe(ilieHT 3YEIUIeHHS CTPIUKH 3 MPUBOJHUM OapabaHOM W > L,
MO>K€ BUHUKHYTH TOBHE KOB3aHHS CTPIUKH IO MPUBOJAHOMY OapabaHy, MOB'sI3aHe 3i

301TBIICHHSAM OTIOPY PYXY CTPIUKH IO POJIMKOOMOPaX CTPIYKOBOTO KOHBEEPA.
SIk TpaBUIIO, TiABUINEHHS OMOPY PYyXy CTPIYKH MO POJHMKOONOpaxX CTPIYKOBOTO

KOHBeepa OOYMOBIJIEHO BHXOJOM 3 JIaJy POJHKIB poJjMKoomnop. B mpomy Bumaaxy
BU3HAUMMO MIHIMaJbHY KIJIbKICTh IOJAaMaHUX POJIMKOONOP Ho, TPHU  AKIH

ISSN 2567-5273 5 www.moderntechno.de
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B110yBa€ThCS TOBHE KOB3aHHS CTPIYKHU 1O NTPUBOIHOMY OapabaHy KOHBeepa.
[TozHaunMo 1110 MiHIMaJIbHY KUIBKICTH MOJAMAaHUX POJIMKOOMIOp uepes3 ng. Toml
TATOBE 3yCUJUIA HA MPUBOAHOMY OapabaHi MOKHA BU3HAYUTH 32 POPMYJIOO
W =w/+Ww!, (13)
ne W, — omip pyxy CTpiYuKd 3aBaHTaKEHOI BITKU MO POJHMKOOMOpAxX KOHBEEpa B pasi
HEMPAIIOIYnX 1y poiukoonopax, H; W/ — omip pyxy cTpiuke MOpOXHBOI BITKH TI0
poJHMKOONOpax KoHseepa, H.

Onopu W, i W. BuzHaunmo 3a hopmyamu:

W, =k (qg +q.+4, )(L — ol )o'cosP + k&, (qe t4. 14, )"Olpfl cosp+ (14)
+(q, +4q.)Lsinp;
Wn':kl( C+q;)Lco'cosB—qCLsin[3, (15)
e fi — Koe(ilieHT TepTs KOB3aHHS CTPIUKH M0 BIAMOBHHUM POJIMKAM POIHKOOIOP.
[TincraBnsroun (14) 1 (15) B (13), micast nepeTBOPEHHS OTPUMAEMO

W, =kg, +2q. +q), +4q), )Lo'cosB + k (g, + ¢, nel,, (f; = ) cosp -
—k,q,,nyl ,0'cosP + g, LsinP.

(16)

HexTyrouu B npaBiii 4aCTHHI OCTAaHHBOT PIBHOCTI WICHOM 3 MiHYCOM 4epe3 Horo
MaJIiCTh Y IOPIBHSHHI 3 1HIIMMHU WICHAMHU, OTPUMAEMO

W! =k (qe +2q,.+q,+q, )Lo)’cosB +k(q, +q, )nolp(f1 —o')cosP+q,Lsinf. (17)
[TopisHtoroun Bupasu (12) 1 (17), orpumaemo
Wi =W, + kg, +q.)nl, (f; —@)cosp. (18)
3 Bupa3y (18) BuxoauTh: B pasi BUXOAY 3 Jaay /1y POIUKOOIOP 3aBAHTAKEHOI
BITKM CTPIYKOBOTO KOHBEEpA TATOBE 3YyCWJUIL Ha MNPUBOAHUX OapabaHax
301IBIIYETHCS] HA BETMUUHY, IPOTIOPLIHHY KIJIBKOCTI POJIMKOOIIOP, IO BIIMOBHIIH.
Jlsis BU3HAUYEHHSI MiHIMAJIBHOI KIJIBKOCTI MOJaMaHUX POJIUKOOIOP 7o, TIPH SIKIH
BiJI0YBA€THCS MMOBHE KOB3aHHSI CTPIYKHU IO MPUBOAHOMY OapabaHy, 3TiIHO PIBHOCTAM
(1) 1 (2) 3anuiiemMo yMOBH:
— J17151 OJTHOTIPUBIHOTO KOHBEEPA

S
= e ) (19)
— TS TBOIIPUBITHOTO KOHBEEPA
S
W) =202 (e ), (20)
(1+K,)K,

[Tincrasnsiroun 3Havenns W, 3 (17) B pisHocri (19) i (20), oTpuMaeMo piBHSHHS

o010 7o [1icist po3B’ 3Ky 1IUX PIBHIHB OTPUMAEMO:
— TSI OJTHOTIPUBITHOTO KOHBEEPA

536(6““ — 1)— K [k (qB +2q.+q,+ cjl’?)L(o'cosB +q,Lsinf] o)
chl(qg—‘_qc)]p(fl‘_w,)cosﬁ ,

— JUIs1 ABOIIPUBIIHOTO KOHBEEPA

1, =

ISSN 2567-5273 6 www.moderntechno.de
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B 536(5-”0‘ — 1)(1 + Kp) - K [k (qB +2q.+ 4[, + q’[;)Loo'cosB + g,Lsinp] (22)

’ K.k (g, +q.)1,(f—')cosp |
Ha pucynkax 1 Ta 2 mnokazaHo rpadiku 3aJIeXXHOCTI 7y Bi KoedilieHTa
3YCIUICHHS | JJI1 OJHOMPUBITHOTO 1 JBOMPHUBIIHOIO CTPIYKOBUX KOHBeepiB. [lpu
bOMY MapaMeTpU OJHONPHUBITHOTO CTPIYKOBOTO KOHBEEpa 1 MapamMeTpu MPUBOJAA
npuiimanu 3HaueHHs: Q = 2000 t/rog; L =300 m; B=0°% /[, =1 Mm; g,= 2000 H/m;
q.= 1000 H/m; ¢, =80 H/m; ¢, =40 H/m; ki = 1,15 o' = 0,03; f1 = 0,7; S;5 = 20000 H;

o =200° (3,49 pan); K. = 1,3. A mapaMmeTpu IBONPUBITHOTO KOHBEEpA 1 mapameTpu
npuBoja npuimanu 3HadeHHs: O = 3000 t/rog; L =500 m; B =0°% [,=1 m;
qs=3000 H/m; g. = 1000 H/™; ¢, = 80 H m; ¢, = 40H /m; ki = 1,15 o' = 0,03;

f1=0,7; S;62 =40000 H; o =200° (3,49 pan); K. = 1,3; K,=2.

Hy
80
754
60
55
50
40
35
304
25
204----
15
10-

0- : = e : : !
01 01 02 028 03 03 04 045 05 058 08 065 07 075

Pucynok 1 — 3ajexkHicTh no Bia koedinieHTa 34enyieHHs |

JJISL OTHONMPUBITHOTO CTPiYKOBOI0 KOHBEEpa
Asmopcobka po3pobka

I'padiku moOy10BaHO 32 YMOBH, 1110 7o MA€ (PI3UIHUIN CEHC JIUIIE TIpH 719 > 0.

3 rpadikiB BUIHO, IO MiBUILCHHS /) TIOYMHAETHCS TIIBKU 3 TIEBHUX 3HAYCHb |l
[le xoedimieHTH 34YEMJEHHS CTPIYKKM 3 MPUBOJHUMH OapabaHaMu |, TPH SIKUX
MIOYMHAETHCS TTOBHE KOB3aHHS CTPIYKH MO MPUBOAHMM Oapabanam. [lpu mpomy mei
KOe(III€HT 3YETUICHHS | IOPIBHIOE TPAHUYHOMY 3HAYEHHIO KOe(DIIieHTa 3UeTICHHS
Lo, OTPIMAHOMY BiAMOBIIHO A0 hopmyd (6) 1 (7).

Orxe, skmo 7y > 0, To TOBHE KOB3aHHS CTPIYKU MO MPUBOAHOMY OapabaHy
B1IOYBa€ThCS B pe3yJibTaTi BIAMOBH poJiukoomnop. Skmo x ny = 0, TO MOBHE
KOB3aHHsI CTPIYKU 1O MPHUBOJHOMY OapabaHy BiOYyBa€eThCs depe3 MepeBaHTAKECHHS

CTPIYKOBOTO KOHBEEpa ab0 Majoro 3Ha4€HHA Koe(]illieHTa 3YeIVICHHS CTPIYKH 3
MPUBOJHUM OapabaHOM.

ISSN 2567-5273 7 www.moderntechno.de
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Pucynok 2 — 3ajexHicTh no BiJg koedilicHTa 34YenIeHHs |

JJIs1 IBONIPHUBIIHOTO CTPIYKOBOI0 KOHBE€Epa
Aemopcovka po3poboxa

Busnaunmo y 3araJibHOMY BUTJISII BETTMUWMHY PU3UKY BTPATH TATOBOI 3aTHOCTI
CTPIYKOBOT'O KOHBEEPA.

VY Bumaaxky, KOJM BTpaTa TATOBOi 34aTHOCTI NPUBOJHOTO OapabaHa, TOOTO
MOBHE KOB3aHHA CTpiuku 1o OapabaHy, BiAOyBaeTbCsl dYepe3 BHUXIT 3 Jagy
POJIMKOOTIOp, MAEMO 719 > 0 1 L > L.

BenuunHy pu3uKy B IbOMY BHITaIKy BU3HAYUMO 3a popmyroro [4, 5]

K= FoW,, (23)
ne P,, — AIMOBIPHICTb TOTO, IO B CTaBl CTPIYKOBOTO KOHBEEPA BIIMOBUIIM POJIUKHU 7o
ponukoonop; W, — BenuunHa BTpaT B pe3yibTaTl BIIMOBH POJIUKIB /g POIMKOOIOD 1

MMOBHOTO KOB3aHHS CTPIUKH MO MPUBOAHOMY Oapabany.

BusnaueHHst 111€1 BETWYMHHM MJIs PI3HUX KOHBEEPHUX CHCTEM Ta YMOB €
HaANpPsIMKOM MOAAJIBIIOI pOOOTH aBTOPIB.

BucHoBkm.

Buxonsuu 3 mpoBeAeHUX TOCTIPKEHD 100 BH3HAYCHHS TPAHUYHOI KUTBKOCTI
3araJbMOBaHUX POJIMKOOIIOP KOHBEEpA, MPHU SKiM BHHUKAE PU3UK BTPATH TATOBOI
31aTHOCTI IPUBO/1a, MO>KHA 3pPOOUTH HACTYTIHI BUCHOBKH:

1. Po3paxyHku mokazanv, IO JJIg OJHOMPHUBIIHOTO 1 JABOIPHUBIAHOTO
CTPIYKOBUX KOHBEEPIB TMPH 3HIKEHHI PECYpPCy POJIUKIB POJIMKOOIOP KPIM PHU3UKY
BTpaTH TATOBOI 3/MaTHOCTI TMPHUBOJA BiJ TNEPEeBaHTAXKEHHS KOHBeepa ado
HEJIOCTAaTHHOT'O KOE(III€HTA 3YETUICHHSI CTPIUKH 3 MPUBOJHUM OapaOaHOM BHUHUKAE
PU3HMK BTpPATH TATOBOI 34aTHOCTI BHACTIAOK BIJIMOB POJHUKIB POJIMKOOIOpP CTaBa
KoHBeepa. [lpum mpomy 31 30UIBIICHHSAM Koedili€eHTa 3YEIUICHHS CTPIYKH 3
MPUBOJIHUM O0apabaHOM BEJIMUMHA PU3UKY 3MEHIITYEThCS.

2. 3 pucynkiB 1 1 2 BHUJIHO, IO MiHIMaJbHA KUIBKICTh 3arajlbMOBaHUX
POJIMKOOTIOp KOHBEEPA 719 3pOCTAE MO €KCIOHEHITIABbHIN 3aJIeKHOCTI 31 3pPOCTaHHSIM

ISSN 2567-5273 8 www.moderntechno.de
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KoedilieHTa 34YerUieHHsS CTPIYKM 3 TPUBOJHUMH OapabaHamMu |, MPUUOMY
MIIBUIIEHHS 7) TOYMHAETHCS TUIBKKM 3 TEBHHX 3HadYeHb . lle koedimienTn
3YCIJICHHSI CTPIYKU 3 NPUBOJHUMM OapabaHaMu [, TPU SIKUX MOYUHAETHCS TOBHE
KOB3aHHS CTpIYKM N0 MpuUBOAHUM Oapabanam. Ilpum 1pomy 1ell KoedilieHT
3YEIUIGHHA |l JOpIBHIOE TPAHUYHOMY 3HAUEHHIO Koe(ilieHTa 34YeryieHHsS Lo,
OTpUMaAHOMY BiJIMOBIAHO 10 Gopmyd (6) 1 (7). s BUOpaHuX yMOB 1 TapaMeTpiB ISl
OJIHOTIPUBITHOTO KOHBeepa Lo = 0,35, mist aponpuBigHoro Lo = 0,2.

3. OTxe, Akio 7y > 0, TO MOBHE KOB3aHHS CTPIUKH MO MPUBOAHOMY OapabaHy
BIIOYBa€ThCS B pe3yJibTaTli BIAMOBH poJiukoornop. Skmo x ny = 0, To MOBHE
KOB3aHHS CTPIYKH IO MPUBOJHOMY OapabaHy BiOYBA€ThCA Yepe3 MePEeBAHTAKECHHSI
CTPIYKOBOIO KOHBeepa ab0 Majoro 3HadeHHsS Koe(illieHTa 3YeryieHHS CTPIYKd 3
NpuBOJHUM OapabanoM. [lpu 1boMy JIsI OJHOMPHUBIIHOTO CTPIYKOBOrO KOHBEEpa
BTpaTa TATOBOi 3JaTHOCTI MPUBOJia BiOyBaeThes npu W < 0,35, a 17151 JBONIPUBIAHOTO
cTpiukoBoro koueeepa — mpu U< 0,2. Tomy sl OTHONPHUBIIHOTO KOHBEEpA IS
3MEHIIIEHHSI PU3UKY BTPATH TATOBOi 3JaTHOCTI MPUBOJIOM HEOOX1THO 3aCTOCOBYBATH
dbyTepoBaHUl TyMOIO NpPUBOAHUN OapabaH. A JJIs JBOINPHUBIAHOTO CTPIYKOBOTO
KOHBeepa HEOOOB'SI3KOBO 3aCTOCYBaHHS (DyTEpOBKHU MPUBOJHUX OapabaHiB.
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Abstract. The article deals with the issue of the loss of traction capacity of the drive of belt
conveyors. The main reasons for the loss of traction capacity of the conveyor drive are determined,
and the case of the loss of traction capacity of the drive due to the increase in the resistance of the
belt movement associated with the failure of the rollers of the roller supports and, as a result, the
reduction of the adhesion coefficient of the belt with the belt conveyors drive drums is considered.
The limit number of braked conveyor roller supports no, at which there is a risk of loss of traction
capacity of the drive, is determined for one-drive and two-drive conveyors. Graphs of the
dependence of no on the adhesion coefficient u for single-drive and two-drive belt conveyors are
plotted. A method of determining the risk of loss of traction capacity of a belt conveyor is proposed.
Conclusions are made regarding the research results obtained.

Key words: conveyor, drive, roller supports, traction capacity, risk.
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Anomauyia. YV yiii cmammi 00CRiOHCYEMbCA BNAUE eNeKMPUUHUX PO3PAOI8 HA AKICMb mda
xapakmepucmuxu — xmenro. Bukopucmoeyiouu  cneyianvHy — MemooOuxy, asmopu  nposenu
eKcnepumenmu, nio 4ac AKuX nidoasaiu Xmilb eleKmpudHuM po3psaoam pi3HOI IHMEHCUBHOCMII.
Hani 6ynu 3iopani 0ami w000 3MiH G1ACMUBOCTMEU XMeN0 NICIsA 8NIUBY PO3PA0IE, 30KpemMd U000
tlo2o apomamy, 2IipKOmu, KOIbOPY MaA IHWUX SAKICHUX NOKA3Hukie. Pezynemamu 0ocniodicenns
cgiouams npo me, WO e1eKMPUYHi pO3PAOU MOXCYMb GNIUBAMU HA AKICMb XMENI0, 3MIHIOIYU 1020
xapaxmepucmuxu. L ingpopmayia moorce 6ymu KopucHoio Ons 8UpOOHUKIE Nued, sKi ULyKaromo
CNOCcoOU NOKpaAwjeHHs1 AKOCMi ma 0coonu8ocmeti Xmeir y c80ix npooyKmax.

Kniouosi cnoga: xmine, cpanynu, 2ipki pedosuHuU, eKcmpazy8ants, eKCmpazenm, eKCmpaxm.

Beryn. BrumiB enekTpuyHHMX pO3pAIIB HA SKICTh Ta XapaKTEPUCTUKH XMEJIO €
BAXJIMBUM aCIEKTOM JIOCIIIKEHb y cepl MUBOBAPIHHSA Ta XMesipcTBa. Enekrpuyni
pO3psAIM MOXYTh MaTh 3HAUHMN BIUIMB Ha OaraToakTopHy MPHUPOLY XMEIIo,
BKJIIOYAIOUM HOT0 apoMaTH4Hl BJIACTUBOCTI, TIPKOTY, CTPYKTypy Ta IHIII SIKICHI
MTOKa3HUKHU.

Po3rnsiHyTO pi3HI acmeKkTH AOCHIIKEHb, 30KpEeMa METOIHUKY EKCIEPUMEHTY,
BUKOPUCTAHI TEXHIKM Ta OOJIaJlHAHHS, a TaKOXX OCHOBHI pE3yJbTaTH, sKi Oyiu
OTpUMaH1 y TOMNEpPeaHIX HOCTiKeHHAX. J[omaTkoBo, MpoaHaIi30BaHO MOKJIMBI
MEXaH13MHU, 110 MOSICHIOIOTh BIUJIUB €JIEKTPUYHUX PO3PSJIIB HA XM1JIb.

Pesynprati 1pOTO JOCHITKEHHS MOXYTh OyTH KOPHUCHUMH JJisl TTHBOBApIB,
BUPOOHUKIB XMEJIO, a TAaKOK HAyKOBO-JIOCIITHUX YCTAHOB, IIO MPAIIOIOTh y Tady3l
MMBOBAPIHHS Ta XMEJSPCTBA.

MeTtor0 pod0TH [TOCHIIUTH TA OIL[IHUTHU BIUIUB E€JIEKTPUUHHUX PO3PSIIIB HA SKICTh
Ta XapaKTEPUCTUKU XMemo. J(oCmiKeHHs] CIpsIMOBaHE HAa BCTAHOBJICHHS 3B'SI3KIB
MDK 3aCTOCYBAHHSIM EJEKTPUYHUX PO3PSAAIB 1 3MiHAMU Y  (PI3UKO-XIMIYHUX
BJIACTHBOCTSAX XMEII0, a TAaKOXX Ha BUSBJICHHA NOTEHUIWHUX TIO3UTUBHUX abo
HETaTUBHUX BIUIMBIB I[OTO MPOIECY Ha SKICTh Ta XapaKTEPUCTUKU KIHIIEBOTO
IIPOJIYKTY.

Marepiaaum i Merogu. Matepianu s orjsay — myOsikarii BITYM3HSIHUX 1
3apyODKHMX aBTOpIB, MATEHTH Ta PE3yJbTaTH BJIACHUX EKCIEPUMEHTAIbHUX
JOCIIKEHb 13 PO3pOOJIEHHS €e(EKTUBHUX CHOCOOIB €KCTparyBaHHsS pPOCIMHHOL
CUPOBHHH.

PesyabTatn i oOroBopennsi. Y XXI cTOmTTI NpPOBEAEHI MOCIIIKEHHS,
MOB'A3aH1 3 E€JEKTPOTLAPABIIYHUM €(EKTOM, IO MOXKE 3MIHIOBATU XAPAKTEPUCTUKH
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XapuyoBUX MPOAYKTIB, HaOyJau BEJIMKOTO PO3BUTKY B HallloHaJbHOMY YHIBEPCUTETI
xapuoBux TexHonorii. [lig kepiBHUITBOM npodecopa Ykpainis A.l. Oyna cTBopeHa
HAyKOBa IIIKOJIA, SIKA 30CEPEKYETHCSI Ha BUKOPUCTAHHI IMITYJbCHUX €HEPTEeTHUYHUX
NOJIiB /11 0OpOOJIEHHS XapuoOBUX MPOYKTIB Ta HamiB(haOpUKaris.

Enexrporigpasniuynnii epexkr (EI'E) — ne cknmamuuit komriekc (i3sM4HUX Ta
XIMIYHHX SIBHIL, SIKI BAHUKAIOTh IPU BUCOKOBOJIBTHUX €JIEKTPOIMIYIbCHUX PO3psaax
B piauHI (BUCOKUH THCK, TIOTYKHI yAapHI XBWJII, KaBITAI[iiHI TPOIIECH, YTBOPECHHS
Mapora3oBOro MyxXWpls Ta HOro IMyJbcallis, CBITJIOBE BUIIPOMIHIOBAHHS KaHAITY
pO3psALy, 10HI3AIISA Ta PO3KJIAJAaHHS MOJICKYJ PEYOBHMHHU B IUIa3Mi KaHaIy Ta OuIs
HbOT'0, IHTEHCUBHE YJIBTPa3ByKOBE Ta yJIbTpadioaeTOBe BUIIPOMIHIOBAHHS, IMITYJIbCHE
marHiTHe mosne). EI'E no3Bonsie iHTEeHCH(]iKyBaTH €KCTparyBaHHS 3 CHUPOBHUHH 3
KJIITUHHOIO CTPYKTYpOr0. B mpolieci enekTpoiMITyIbCHOI 0OpOOKHM OCHOBHA YacTHHA
€JIEKTPUYHOI €HEeprii, 0 BUIUIETHCA B KaHAl PO3PsIAY, IEPETBOPIOETHCS B MIPYKHY
EHEPTil0 3 HAJBHUCOKOI aMIUTITYAOK IMITYJbCHUX MPYKHUX XBUIb («BUOYX»), s
SAKUX PI3KO CKOPOYYyE TPUBAIICTh EKCTparyBaHHS 1 MIJBUILYE BHUXIJ O10JOTIYHO
aKTUBHUX PEUYOBHUH.

[Ipouiec eHeproBUAUIEHHS MPHU EIEKTPOPO3psSAax y BOII CYHpPOBOIKYETHCS
TaKUMH K TIIPOMEXaHIYHMMH SIBUIAMH, SKI BUHUKAIOTH 1] 4ac BHUOYXY 3apsiiiB
xiMiyHOTO a60 Tpu (HOKYCYBaHHI MOTYKHOTO MOHOIMITYJILCHOTO BUIIPOMIHIOBaHHS
ONTUYHOTO KBAHTOBOI'O T'€HEpaTopa.

XapakTepHuUM i1 BCiX BHOYXIB € YTBOPEHHS 1 PO3LIMPEHHS KaBITALlITHOL
MOPOXXHUHM, JOCSITHEHHS HEK MaKCHUMAaJbHOTO pPO3MIPY, CXJIOMYBaHHSA 1 MOJAJbIII
nmyJbcalii mapora3oBoro myxupus. [Ipyu npomMy BiJ TOBEpXHI MOPOXKHUHU BIIXOASTh
yIapH1 XBHJII, TUCK SKUX MOOINU3Y BUOYXY JOCSTAa€E JEKIIBKOX TUCAY aTMOoc(ep.

[NgpaBniyHl iMOYyJIbCH, IO BHHHMKAIOTh B pE3yibTari po3psAay B piAuHI,
CKJIQIal0ThCA 3 JIBOX BAXKJIMBUX (PAKTOPiB: OCHOBHOTO — TiAPaBIIYHOTO yaapy 1
JOTIOMDDKHOTO — KaBiTalIiHOTO. YMM KOPOTIIMM IMITyJIbC, YUM KPYTIIIHK HOTO
(GpPOHT 1 BUIIIE aMILTITY/1a, TAM KOPOTIINMA 1 CUJIBHIIIUHN T1APaBIIYHUN yaap.

JluHamika pajialibHOTO PO3IIMPEHHS KaHaly BHU3HAYAETHCS 3 OAHOTO OOKY
CTPYMOM DPO3psIAY, a 3 1HIIOTO OOKy 3aJeKHTh BIJ PO3BUTKY TiIPOJIUHAMIYHOTO
yIapHO-XBUJIHOBOIO MPOIIECY B PIAKOMY CEPEIOBUIII, 110 OTOUYE PO3PSIL.

OnuH IMIyAbCHUI pO3psii BUKIIOYAE, NMPUHAWMHI, JBa TIAPaBIIYHUX YAApU:
NepIuii — B MOMEHT yYTBOPEHHS MOPOXKHUHU, APYTHMMl — TpH 1i 3akpuBaHHI. [Ipu
BHU3HAYAIOUMX YMOBaxX (BHCOTa CTOBMA PIJIMHU, TUCKY, PO3Mip MOPOXKHUHHU Ta 1H.)
ra3oBa TOpPOXHUHA 3/IHCHIOE JEKIJbKa IMyJabCallif, IO SBISETHCS JIOTIYHUM
HACJIIIKOM PO3PUBY CYIUIBHOCTI PIAMHM 1 a/1iabaTUIHOTO i1 CTUCHEHHS.

dopmMa TOPOXKHUHH HA CTaJlli JOCATHEHHS HEIO0 KIHIIEBOTO PO3Mipy Onm3bKa 110
chepuunoi. OpHaK TMMOYAaTKOBA CTalid PO3BUTKY KaBEPHH HE XapaKTePU3YeEThCA
chepuuno cumerpuuyHuM pyxoMm [37]. KaBepHa BUTATHYTa B3IOBXK OCI PO3PALY.
Takuit xapakrep TMOYAaTKOBOI CTalli PO3BUTKY KaBEpHU BIANOBIAAE BHUOYXY
HUTIHAPUYHOTO 3apsily KiHIIEBOT TOBXKUHHU.

BumMiproBaHnHsi, TpoBeleHI TMpH BUKOHAHHI cepii EKCIEPUMEHTIB, J1al0Th
HACTYIIHI XapaKTEPUCTUKHU MyIbCalllii KaBEpHHU: MAaKCUMAJIbHUHN AlaMeTp KaBEpHU IpH
nepii, Apyrid Ta TpeTid mnynbcamiax ckiaagae 6,3; 2,9; 1,6 mm. Ilepioau
HOCIIIOBHUX Iynbcanii € piBHUMH 1 = 590mKc, 7> = 240mkc, T3=130MmKc.
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Haitbinpira e(hEeKTHUBHICTh NepEeTBOPEHHS CJIEKTPUYHOT eHeprii
€JIEKTPOICKPOBOTO pO3psily B MEXaHIYHY MOXKe OyTH JOCSATHyTa 3a pPaxyHOK
MaKCHUMaJIbHOTO 3HIDKEHHS NEepeanpoOiHUX BTpaT eHeprii 1 BUOOPY palioHaIbHOT
JOBXUHHU MIKEJIEKTPOTHOTO TPOMIXKKY.

ParionanbHy TOBXHHY MIKEJIEKTPOAHOTO MPOMIKKY BU3HA4au 3a GOPMYJIOI0:

=028 YT,

onm A%
ne A - ickposa mocriiiHa pospsany (s HeiHiniroeMux pospsanis A=10° Be/m); 7 -
IPOCTOPOBA KOOPJMHATA, 1110 BU3HAYA€E BIICTaHb BIJl OCI pO3psiAy A0 00'€KTa BILIUBY
(y HamoMy BHUMOAQAKy BHYTPIIIHS TOBEPXHS pPO3PSAIHOI KaMepud By3jda) B
eKBaTOpiaNbHIM TUIOMIMHI po3psiay, M; Up - ToYaTkoBa HAmpyra Ha pPO3PSAHOMY
IPOMIKKY O MOMEHTY 3aMHUKaHHs KaHally 1CKpd, B; L - IHIYKTUBHICTh PO3PSIHOTO
KOHTYpY, ['H; C - éeMHICTh HAKOIIMYYBaHOTO KOHAEHcaTopa, D.

Pesynpratu po3paxyHKiB HaBe€HI B madauyi 1.

Taonuus 1 - Bigctanb Mizk eJIeKTPOIaMU e€JIEKTPOAHOI CHCTEMU
€JIEKTPOPO3PSIIHOI KAMEPH B 32JI€:KHOCTI BiJl HANIPYTW PO3psiAy

Hampyra na Bincranp mix Hamnpyra Ha Bincranp mixk
eJIeKTPOJax, eIIEKTPOJIaMH, eJIeKTPOIax, €JIEKTPOJIaMH,
U,B L, m U,B L, m
1 2 3 4
20000 0,027562 36000 0,036978
21000 0,028242 37000 0,037488
22000 0,028907 38000 0,037991
23000 0,029557 39000 0,038488
24000 0,030192 40000 0,038978
25000 0,030815 41000 0,039462
26000 0,031425 42000 0,039941
27000 0,032024 43000 0,040413
28000 0,032611 44000 0,040881
29000 0,033189 45000 0,041343
30000 0,033756 46000 0,041799
31000 0,034314 47000 0,042251
32000 0,034863 48000 0,042698
33000 0,035404 49000 0,043141
34000 0,035936 50000 0,043579

35000 0,036461

Jlani, HaBefeHl B mabauyi [, BUKOPUCTOBYBAJIMCh B MOJAJBIIOMY IIPH
MIPOBEJICHHI €KCIIEPUMEHTIB.

[Ipy BUHUKHEHHI IMITyJIbCHOTO €JEKTPUYHOTO pO3PSIAYy CHOKUBAETHCS
IMITyJIbCHA MOTY>KHICTb, SIKY BU3HAUAH 32 (HOPMYJIOIO:
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2
Pmm :U%:U/i.]/ﬁ

ne U, — ammiitynHa Hampyra, B; R — enextpuuHuii omip 00poOIHOBaHOTO
npoaykTy, OM; ¥ - eIeKTpUYHA MPOBIIHICTH 00POOITIOBAHOTO TPOAYKTY, CM.

Butpatu enekrpoeneprii st oOpoOnieHHs 3aAaHoro 00’eMy cycneHsii B
pallioHaIbHOMY pexuMi 00poOIeHHS BU3HAUAJH 32 (POPMYIIOIO:

W= VK,N, kBT rox,

hi(s W,— 3amacesa 1 10 BUAUISETHCA B OJHIM IMITYyJIbC1 eHepris, Jk; N — KUIbKICTh
pO3psIiB, HEOOX1THA JyIsl 0OpOOJICHHS OIHIET TTOPIIIT IPOJIYKTY, Ke.
W Uuc
3 2 ’ IbKa
ne U — mampyra, HeoOXiJiHa sl TMPOOMUTTS MIXTOpoBOro mpomixkky, B; C —
€MHICTh KOHJIeHCaTOPiB, .

BucHoBkm.

B pesymbraTi mpoBeACHHMX JOCTIKEHb MOXKHAa 3pOOMTH BHUCHOBOK, IIIO
nonepeaHss OOpoOKa CHPOBHHM EJIEKTPOICKPOBUMH PO3pSAaMH 3  MOAAJIBIINM
EKCTparyBaHHSM BOJIOI0 y O€3MepepBHOIII0YOMY BIOPOEKCTPAKTOPI 1A€ MOKIUBICTh
CKOpPOTUTH 4ac ekcTparyBaHHs BiJl 40 10 20 XB MpU HE3MIHHUX SKICHUX MOKa3HUKaX
EKCTPaKTYy.
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Abstract. This article investigates the effect of electrical discharges on the quality and
characteristics of hops. Using a special technique, the authors conducted experiments during which
hops were subjected to electrical discharges of various intensities. Next, data were collected on
changes in the properties of hops after exposure to discharges, in particular on its aroma,
bitterness, color and other quality indicators. The results of the study indicate that electric
discharges can affect the quality of hops, changing its characteristics. This information can be
useful for brewers looking for ways to improve the quality and characteristics of hops in their
products.

Key words: hops, granules, bitter substances, extraction, extractant, extract.
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Anomauin. [[s cmamms npucesayena 00CIiONCeHHIO 6NIUBY PIZHUX (DAKMOPI6 HA OYIHIOBAHHS
iHmeHcusHocmi 2ipkomu excmpaxkmy xmento. lipkoma € 8axdciugor Xapakmepucmukor Xmenro i
BNIUBAE HA CMAKOBI 81ACMUBOCTI NUBA.

Jlocnionuxu nposenu cepito excnepumenmis, woO 6CMAaHO8UMU, AK PI3HI hakmopu
enausaromev Ha cnpuuinamms cipkomu xmenro. Ooun 3 haxmopis, wo 0ocniodicysaecs, 6y mun
xmenro. Buseunocs, wo pizui copmu xmeno maoms pizHy iHMEeHCUBHICMb 2ipKomu, i ye mModice bymu
no8'13ano 3 ix XiMIYHUM CKIAOOM.

Tnwuti paxmop, saxuil 6y8 posenaHymutl, - ye cnocid GUKOPUCMAHHA Xmenro. []ocnionuxu
NOPIGHANU Pe3YTbMAamu Npu BUKOPUCMAHHI CBINHCO20 XMEN0 3 Pe3VIbmamamy npu 6UKOPUCMAHHI
cyxoeo xmento. Bussunocs, wo cnocib euxopucmanHs Xmeno maxoxic Modice 6NAUGAMU HA U020
2IPKONY, NPUHOMY CBINCULL XMIlb HAOAE OLNbULY 2IPKOMY, HINC CYXULL.

Jlooamkoeum gaxkmopom, wo 0y8 Odocnioxcenul, OY10 BUKOPUCMAHHA 000ABOK abO
Mooughikamopie cmaky pasom 3 xmerem. Busseunocs, wo maki 0obasku moocymv 3MiHIO8AmMuU
CNPULIHAMMSL 2IPKOMU, THOOT 3MEHULYIOUU 11020 IHMEHCUBHICMb, d THOOI NIOCUTIOIOYL.

YV pesynomami ananizy 6yno écmanosieno, w0 iHMeHCUBHICMb 2IPKOMU eKCMPAKny XMento
3anexHcumsb 8i0 KiIbKOX paxkmopis, 6Ka0UarOuy mun Xmeinro, Cnocio 1020 UKOPUCIAHHS [ HASL8HICb
000a80K abo MoOughixamopie cmMaxy.

Knrwuoei cnoea: xminv, epanynu, 2ipki peyosunu, ekcmpazy8aHHs, eKCmpazenm, eKCmpaxkm.

Beryn. BrnuB iHTEHCHMBHOCTI TIPKOTH €KCTPAKTy XMENI0 Ha SIKICTh Ta CMakK
NuBa BXXE JAaBHO INPUBEPTAE€ yBary BHUPOOHUKIB 1 CHOXHBa4iB. ['ipkoTa XMmelto
BlI[leaC KIIFOHOBY POTIb B dbopmyBaHHI npoq)uno CMaKy INHBa, BHOCAYHM OalaHC M1k
COJ'IOI[KICTIO 1 FlpKOTOIO OT)KC TOYHC OI_IIHIOBaHHSI IHTEHCUBHOCTI FlpKOTI/I €
KPUTUYHO BYKJIMBUM 3aBJIaHHSM JUTsl TMBOBAPHUX IMIAMPUEMCTB Ta 1HAYCTpIi MUBa B
IIJIOMY.

VY 1iif cTarTi MU 30CEPEAMMOCH Ha aHalli3l BIUIMBY Pi3HUX (DAKTOPIB HA MPOIIEC
OLIIHIOBAHHSI 1HTEHCHUBHOCTI TIPKOTH €KCTPaKTy Xmelno. Po3ymiHHs 1ux QakTopis
JIOTIOMOYKE TOKPAIIUTH SIKICTh OILIIHKHA TIPKOTH Ta 3a0e3MeYuTH il MOCIIIOBHICTH 1
00'€KTHBHICTb.

Metow po0oTHM € TPOBENCHHS aHami3y BIUIMBY pi3HUX (HaKTOpIB Ha
OI[IHIOBAHHSI IHTEHCUBHOCTI T1PKOTH €KCTPAKTY XMEIO.

['ipkoTa € OfHI€I0 3 BaXKJIMBUX XAPAKTEPUCTUK XMEIII0, sIKa BIUIMBAE HA SIKICTh
Ta CMaK mIuBa. EKCTpakT XMeai0 BHUKOPHUCTOBYETHCS Yy IHUBOBApIHHI IS HAJAaHHS
ripkoro cmaky Hamnor. OJHaK, 1HTEHCHUBHICTh TIPKOTH MOXK€ OYTH pI3HOIO B
3aJIEKHOCTI BiJl pI3HUX (PAKTOPIB, TAKUX SIK COPT XMEII0, METOJT MOTO BUKOPUCTAHHS,
TeMIlepaTypa HarpiBaHHs, TPUBANICTh €KCTPAKIIT Ta 1HIII.
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VY nmaniil cTaTTi IPOBOJMUTHCS JOKJIAIHUM aHami3 1uX (DAKTOPIB 1 X BIUIMBY Ha
IHTEHCUBHICTb TPKOTH €KCTPAKTy XMEIIO.

Marepianun i mMeroau. Marepianu s oy — MyOmiKaiii BITYM3HSHUX 1
3apyODKHUX aBTOPIB, MAaTEHTH Ta pe3yJbTaTH BJIACHUX EKCIIEPUMEHTAIbHUX
JIOCTKEHb 13 pO3pOO0JICHHS €(QEKTUBHUX CIOCOOIB €KCTparyBaHHS POCIUHHOI
CUPOBHUHHU.

PesyabTarn i 00roBopeHHsi. XMulb — € HE3aMIHHOIO 1 HaWJOPOKYOIO
CUPOBHMHOIO JJisi BUpOOHMIITBA nuBa. [lig yac nmepepoOiieHHs XMeNo y BUPOOHHUIITBI
nuBa 17 3a0e3MeyeHHs] MaKCHMajJbHOTO BUKOPHUCTAHHS HOTO I[IHHUX PEYOBHH
CYTTEBE 3HAUEHHS Mae Oy/10Ba 1 CKJIaJ XMETbOBUX IIUIIOK.

B y3aranbHeHOMy BUIVISAL MIMIIKa XMeto (puc.l) ckinagaerses 3 40-70 KBITOK
1, po3TalllOBaHUX Ha 3ITHYTOMY CTPHXH1 2, BKPUTOMY BOJIOCIHHSIM, 3 KBITKOHI?KKOIO
3. KBiTku € Tyro 310paHMMHU 3€JICHUMHU TETIOCTKAMU-TyCKaMH 4, B OCHOBI SKHX
pO3TaIIoBaHi 30J0TUCTO-KOBTI 3€pHA JTYMYNiHY 5, IO MICTATh HAHOUIBII I[IHHI T1pKi
CMOJIUCTI PEYOBMHH. 3a YCEpPEIHCHHMH JaHUMH Yy CKJIaAl IIMIIKKA Ha JYIyJiH
npumnanae 19,81%, nemoctkn — 66,85%, crepkenb — 7,36%, KBITKOHDKKY —

5,98%.
2 4

y
1 5

Puc.1. BynoBa muMmku xmear: [ — xkgimka, 2— cmepoicensb, 3— KIMOHINCKA,
4— nentocmok-nycka, 5— 3epHa Jynyiiny

['0710BHMM TOKAa3HUKOM BHM3HAUEHHS THUITy XMEJO, € CIIBBIJIHOIIEHHS T1pPKHUX
0eTa-KucJIoT 10 anbda-KucioT. s apoMaTHYHOTO XMeJ BOHO € Ouibml Hik 0,9 |
Ju1sl Tipkoro — MeHie HiK 0,7. BpaxoByeTbcs TakoXX CKJiajJ KOMIOHEHTIB e€dipHO1
oii.

VY ripkoMy XMen BHCOKHI BMICT TIpKHX CMOJI 1 BITHOCHO (Ha OJUHUITIO TIPKUX
pEUOBUH) HU3BKUH —— modipeHoniB Ta edipHoi omii. 3a3BUuyail TIpKUA XMUIb
BHOCSITh HAa paHHIA CTaAll KUITSTIHHS cycia s 3a0e3NedyeHHs MaKCHMaJbHOi
13omMepu3aiii 1 nepexony anb(a-KuciaoT y cycio. Came BiH (OpMy€e OCHOBY TIpKOTH
nuBa, ane 0e3 1HIIMX PEYOBUH XMEJI0 BOHA MOXKe OyTH rpy0Ooro 1 MUBO He Oyae Maru
HAJIE’)KHOTO PIBHS MOBHOTH KOMIUIEKCY MMOKAa3HHUKIB BUCOKOI SIKOCTI.

[Npki pedyoBUHM XMEJNIO € IIHOYTBOPIOIOYUMHU SK HalOUIblml creur@ivni 1
XapaKTepHI IS SIKOCTI NMMBa KOMIIOHEHTH XMento. [IpuuoMy BU3HAYEHHS BapTOCTI
XMEJI0 1, 10 HAaBITh OUIBII Ba)XJIMBO, JO3yBaHHS MOTr0O 3AIHCHIOIOTH 33 €IMHUM
MOKa3HUKOM — BMICTOM alib(a-KUCIOT. B ToM e uac ayig iHTeHcudikaiii, OIbIl
ITIMOOKOTO BUKOPHUCTAHHS XMEJI0 Y MUBOBAPIHHI HEOOXITHO BPaxoByBaTH 1 BCl 1HIII
CKJIaJIOB1 YACTMHU MOTO T1PKOTH.
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['ipki pe4yoBHHM MarOTh, MOPSIA 31 CMAKOBUMHU BJIACTHUBOCTSIMH, YK€ BUCOKY
MOBEPXHEBY AaKTHUBHICTh 1 3aBASKH LBOMY pa3oM 3 MojdideHoJaMH MiJIBUIIYIOTh
CYTTEBUH TOKA3HUK SIKOCTI MHUBA — CTIHKICTh MiHU. [IpKi PEYOBHHH TaKOX
raJibMylOTh PO3BUTOK B MHBI MIKPOOPTaHi3MIiB 1 UM CIPHUSIIOTh BUPIIICHHIO
aKTyaJbHOI MPOOJIeMH MiABUILEHHS CTIMKOCTI MMBa B MPOLEC peasti3alii.

[ipkora 0OyMOBII€Ha B OCHOBHOMY 3arajbHHUMH CMOJIAaMH 1 CKJIQJIa€ThCS 3
IIHHUX M SIKHAX Ta MAJIOIIHHUX 1 HaBiTh HEOKAHUX TBEPAUX CMOJI. M’SKi cMOJIH —
1e o-kuciaotu Ta P-paxiis. Jlo a-KucIoT, a00 TYMYJIOHY, BITHOCSTHCS KOTYMYJIOH,
aJryMyJIOH, TIPEATYMYJIOH, TOCTTYMYJOH. [0 B-KuUcCOT, a00 JIynmyloHy — BiAMOBIIHO
KOJYTIYJIOH, aJUTyMyJIOH, MPENymyJIOH, MOCTIYMyJIOH. [-KHUCIOTH MAalTh MEHII
IHTEHCUBHY TIpKOTYy =< 1/3 Big TIpKOTH O-KUCIOT. BOHM MICTATbCA TakoX B
JYyOyJIiHOBUX 3ajl0o3aX, aje INpu JO3piBaHHI XMEJII0 4YacTHMHA [UX [-KUCIOT
MIEPETBOPIOETHCS] HA 3HAUHO OUIBII TIpKI O-KUCIOTU. BiAMmoBiHO YacTKa -KUCIIOT B
3araJpHUX TIPKUX pedoBHMHAX Oyzme 1Hmor. Taki yMOBH BpaxoBYHOTh B
XapaKTePUCTHUIIl XMETI0, OCOOIMBO, TI1J] Yac TO3yBaHHS y MMBOBAPIHHI.

3a OTpMMaHUMM JOCTIJHUMHU JaHUMU Ha CHIEKTpooTOoMeTpi 3riHO 3
METOAMKOIO PpPO3pPaxOBaHO 3HAYECHHS BEJIMYMHU TIPKOTH XMEJIbOBOIO EKCTPAKTY
(mabn.1).

Taonuus 1 - BeiInunHa ripKkoTH €KCTPAKTY B 32JI€2KHOCTI Bi yacy
eKCTparyBaHHsl

Tpusanicts ekcrparysanns, xs. | 10 20 30 40 50 60
Benunuuna ripkots, ox. EBC 21 249 | 32,7 | 39,5 33 28,7

Po301kHICTh MK pe3yiapTaTaMy JIBOX BH3HAY€Hb, OTPUMAHUX MJS Ti€l camoi
poOu 1pu HoBipuiii iiMoBipHOCTi P = 0,95, He nmepesumtysana 1,2 mr/om’. Metoguka
pO3paxoBaHa JJIsl BUBHAUYEHHS T1PKOTU MIPHU JOCUTH MOMIPHINA BEJIHYHHI.

ExcTpaktu % MOXyTh OyTH KOHIEHTpoBaHi, T00T0 Matu BI' 70...100 1 Ginbiie
OJIMHUIIH B 3aJICKHOCTI BiJ CIIBBIAHOIIEHHS XMIJb : €KCTPareHt. ToMy iX IOIiIBHO
PO30aBIATH JIJI1 BUBHAYEHHS BUCOKUX 3HaueHb BI.

Br. 45
on. EBC
40
” / \‘\
30 —e
25
15
10
5
T, XB
0
10 20 30 40 50 60

Puc.2. Innamika Hakonn4yeHHs ripkoru (BI') B excrpakropi npu o0pod/ieHHi
XMeJII0 IPOTArOM T, XB
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[IpoBeneHi eKCHEPUMEHTH 1 PO3paxyHKH TIOKa3ylTh, [0 HaWTOYHIIII
pe3ysbTaTH J1a€ aHalli3, SKIIO BMICT 130-aib(a-KUCIOT B JOCHIHINA MpoO1 TOPIBHIOE
25...40 oguHulb.

OTpumMaHa B €KCIEPUMEHTAaX TPHUBAIICTh OOpOOJNIEHHS B  EKCTpPakTopi
HIATBEP/DKYE PE3YyNbTaTH paHille MPOBEACHUX OCHIIKEHb MPO 3aKOHOMIPHICTb
EKCTPEMaJIbHOTO HAKOMMYEHHS 130TYMYJIOHY IIiJl 4Yac OOpOOJeHHS XMeNo Npu
KHI SITIHHI UBHOTO cycha: 10 60-90 xB 3pocTaHHs, MOTIM 3HMKEHHS Yepe3 3aHaJITO
IMOOKY 130MepH3aIlio 1 MepeTBOPEHHS alb()a-KUCIOT Y MaJIOLIHHI PEYOBUHHU, SIKI HE
BU3HAYAIOTHCS METOJIUKOIO SIK 130TYMYJIOH.

BucnoBku. OTprMaHi pe3yabTaTH eKCIIEPUMEHTIB MOKa3yl0Th, 10 BU3HAYEHHS
BEJIMYMHU TIPKOTH XMEITOBOTO €KCTPAKTY 332 METOJIUKOIO, IKy MU BHKOPHCTOBYBAJIH,
7A€ JIOCUTh TOYHI PE3yJIbTaTH MpPU MOMIPHIA BeIUYMHI eKcTpakTy. OnHak, s
EKCTPAKTIB 3 BHCOKHMM BMICTOM 130-alib(pa-KUCJIOT PEKOMEHAYEThCS iX TMepes
BU3HAUCHHAM po30aBisaTu. KpiMm TOro, mpoBeneHI MOCTIKEHHS MiATBEPIKYIOThH
3aKOHOMIPHICTh EKCTPEMAJIbHOTO HAKOMMYEHHS 130TyMYJIOHY B XOA1 OOpOOJICHHS
XMEJTIO TPU KUIT'ATIHHI IMBHOTO CyCJia, 1[0 MOKE BIUITMBATH HA TOYHICTh PE3YyJIbTATIB
BU3HAUCHHS T1PKOTH.
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2018.-Ne 4. - C. 61-67.

Abstract. This article is devoted to the study of the influence of various factors on the
evaluation of the intensity of hop extract bitterness. Bitterness is an important characteristic of hops
and affects the taste properties of beer.

The researchers conducted a series of experiments to determine how various factors affect the
perception of hop bitterness. One of the factors investigated was the type of hops. It turned out that
different varieties of hops have different intensity of bitterness, and this may be related to their
chemical composition.

Another factor that was considered was the way the hops were used. The researchers
compared the results when using fresh hops with the results when using dry hops. It turns out that
the way hops are used can also affect their bitterness, with fresh hops imparting more bitterness
than dry hops.

An additional factor that was investigated was the use of additives or flavor modifiers along
with hops. It turned out that such additives can change the perception of bitterness, sometimes
reducing its intensity, and sometimes increasing it.

As a result of the analysis, it was found that the intensity of bitterness of hop extract depends
on several factors, including the type of hop, the way it is used and the presence of additives or
flavor modifiers.

Key words: hops, granules, bitter substances, extraction, extractant, extract.
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Anomauyia. B cmammi po3ensinymo 0esKi acnekmu MOoOento8aHHsa NiHill eleKmponepeoai.
Oxpecneno emanu po3paxyuwky Hasedenoi Hanpyeu. Po3pobneno mooeni nogimpsnux niniu 3
VPAxXyB8aHHAM NPOCMOPOBO2O DPO3ZMAULYBAHHSA, (DA3YBAHHS, PO3UjenieHHs (a3 i 2po303aXUCHUX
mpocie npu Ppi3HUX CHOCOOAX, WO 3ACMOCOBYIOMbCA HA NPAKMUYI, 3A3eMAeHHS MpOCis.
Bcmanoeneno, wo 3azemnenns 2po303axucHo2o mpoca Ha KONXCHIU ONOPI CYMMEBO 3HUMNCYE DIBEHb
HaBeoeHOi Hanpyau.

Knrwowuosi cnosa: mooeniosanns niHii enexmponepeoaui, HageoeHa HaAnpyed,; pPO3PAXYHOK
HABe0eHOi Hanpyu, 3a3eMIeHHS.

Beryn. HaBenena Hampyra BUHHMKae Ha BUBEJIEHI Y PEMOHT Ta 3HECTPYMIICHI
MOBITPSIHIN JIIHIT €JeKTporepeaadi, BHACHIOK BIUIMBY Ha HEl €JIEKTPOMAarHiTHOTO
MOJIsl PO3TalloBaHOi B Oe3mocepeAHid OIM3bKOCTI MPAIOI0Y0i €JIeKTPOYCTaHOBKHU
a00 1HIIIO1 MOBITPSAHOT JIiHI11, III0 3HAXOAUTKCS 111 HAMPYTOIO.

OdimiitHa  TepMiHOJIOTIST  HABEACHOIO  HANMPYrol  Ha3MBa€  IOTEHIIal,
HEOEe3MEeYHUN JUIsl SKUTTS, 110 BUHHUKAE B PE3YJbTATl E€JIEKTPOMArHiTHUX BIUJIMBIB
napajiesbHOl TOBITPAHOI JIiHII a00 eJIeKTPUKU, IO I[HUPKYIIOE€ B KOHTAKTHUX
MepexKax.

He BTpadae akTyanbHOCTI po3poOKa 3aX0/(iB, CHPSIMOBAHMX HA 3HUKEHHS PIBHS
HABEJICHOI HAIIPYTU.

OcHoBHUI TeKcT. 3HAUEHHS HABEIECHUX HAMpyr Ha ¢azax 1 Tpo303aXHCHUX
Tpocax BigkitodeHoi [1J] 3anexats Bin Oaratbox ¢akropis. Haitbinpin 3Hauymmmu 3
HUX €: BennumHa cTpymy Ha I[IJI, mo BmIMBarOTh, reOMETpPUYHI BIJCTaHI MiX
BIIKJTIOUCHOIO 1 BIUTMBAKOYUMHU JIIHISIMH, BIACYTHICTh a00 HasBHICTh 3a3emieHHs [1J]
Mo KIHIAX y po3noAutbHUX mpuctposix IIC, kiumbkicTh 3azemiieHux a3 1
IPO303aXUCHUX TPOCIB 1 OIMIP KOHTYPY 3a3€MJICHHS OIOPH B MICIIi TTPOBEJICHHS POOIT,
cnoci0 3a3eMJIEHHS IPO303aXKUCHOTO TPOCA MO JIOBXKUHI JIiHIi.
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IIpy po3paxyHKy HaBEIEHOI Hampyru HEOOXIIHUM TOYHMH OOJIK BCIX
nepepaxoBanux ¢akrtopiB. DakTopu, noB's3ani 3 mapamerpamu [1JI, mO3BOIAIOTH
BpaxyBaTH ONMUCAHWUW BUIIE METOJ MOJCITIOBAHHS JiHii. 3a0e3meueHHs HeOOXITHUX
3HaY€Hb CTPYMIB Ha BCIX BIUIMBAIOYMX JIHIAX, 3MIACHIOETHCS LUIIXOM PO3PAXYHKY
BCTAHOBJICHOTO HECUMETPUYHOTO PEXUMY JIJI CXEMH, IO BKJIIOYAE BCl aHAJI30BaHi
[JI.

Meroarka po3paxyHKy HaBeJACHOI HAPyTH BKJIIOYAE HACTYITHI €TaIlu:

1. Ins mOBITPAHOI JiHIT BHU3HAYAETHCS MEPEIK CYCIIHIX BIUIMBAIOYUX JIIHIN 1
CKJIQIAE€THCSl CXeMa MEPEXi, IO PO3TISLAAETHCS, IO K01 BKIFOYAIOTHCS TTOYATKOBI Ta
KiHIeB1 miacTaHiii Beix po3msiHyTux [ [1, 2, 3, 4].

2. Bumkaena Tta cycigni I1JI po3OuBaroThCcsi Ha OJHOPIAHI TUISHKU JJISL SIKUX
3aJIMIIATUCS HE3MIHHOIO KUIBKICTh (a3 1 TpociB I1JI, reomeTpruHe po3rairyBaHHs Ta
napameTpu (a3 Ta TPOCIB, a TAKOXK XapakTep 3a3eMJEHHsSI TpociB. Mexamu Mix
JUISTHKaMHA MOXYTh OyTH miepei0adyBaHi MICIl BUMIPIOBAHHS HABEJICHO1 HAIIPYTH.

3. JMiAsSHKM MOJENIOETHCS 3aJIeKHO BiJl CIOCOOY 3a3eMIJICHHS TPO303aXUCHUX
TPOCIB Ha 11 IPOTSKHOCTI:

* KOO € Xo4a O OJMH TPO303aXUCHUU TpPOC, 3a3eMJICHUH Ha KOXKHIM
MPOMIXHI oropi,

* SIKILO BCl 'PO303aXUCHI TPOCH 3a3€MIIIOIOTHCS JIUIIE Ha aHKEPHUX OIOopax,

* SKIIO BCl IPO303aXUCHI TPOCH BUKOPUCTOBYIOTHCS Ui BUCOKOYACTOTHOI'O
(BY) 3B'13Ky Ta 3a3eMIIIOIOTHCS TUIBKM MO KIHIAX JUISHKH. 3 OTPUMAaHUX Y
. 3 MaTpullb, [0 MOJIETIOITh OJHOPIIHI JISHKHM, CKIaJAa€ThCsl 3arajbHa
MaTpuLs BY3JIOBUX MpoBiAHOCTEN cxeMu. Bigkmtouena [1J1 3azemusieTses mo
KIHIIIX 1 B MICIIl BHUMIPIOBAaHHS IIISXOM TpPHETHAHHSA (a3 10 BY3JiB, IO
3aMiarTh KOHTYp 3azemieHHs [1C 1 onopu [5].

4. Y MaTpulio By3JIOBUX HNPOBIAHOCTEN BBOASITHCS €KBIBAJIEHTH, 10 3aMINIAIOTh
npumukaroyi 10 I1C eneprocucremu.

5. OauH 3 BY3JIIB CXE€MU NpUMMaEThCcs 3a OajaHCyro4Wil (3a3BUuail sk
OaslaHCyrO0uni By30J1 pUMMaEeThcsl HaOUTbI noTykHa [1C, mo Bugae moTy>KHICTh
CXeMy 1 Ma€ 3acO00M PEryJIIOBaHHS HAIIPYTH), IS PEIITH BY3JIiB 3a/1al0ThCSl aKTUBHA 1
peaKkTUBHA MOTY>KHOCTI.

6. IlpoBoauThCS PO3PaXyHOK YCTAJICHOTO PEXKUMY Ta IEpEeBIPAETHCA
BI/IMOBIHICTh 3HAMJICHUX 3HAYE€Hb CTPYMIB Yy JiHIAX. SIKIIO JaHI BUMIPIOBAHHS Ta
PO3paxyHKY BIAPIZHIIOTHCS, TO KOPHUTYIOTHCS 3HAYEHHS MOTY>XKHOCTEH y By3lax i
IPOBOAUTHCS MMOBTOPHUI PO3PAXyHOK PEXUMY, 1110 BCTAHOBUBCH.

7. Illpn nocsirHeHH1 HEOOX1JHOT TOYHOCTI TOTOKOPO3MOALTY Y CXeMi po3paxyHOK
3akiHayeThcst. DikcyroThest po3paxoBaHi (pa3Hi Hampyru Ha BuMkHeHi [1JI y micui
IPOBEJICHHS BUMIpIOBaHHS [6].

AmpoOariisi onucanoi BuIlne MeTonuku MozenmoBanHa [1JI ta pospaxyHky
HaBeJeHUX Hanpyr mnpoBojauiiacs Ha npukimaal [1JI IBano-®pankisebk 330 kB
(pucynok 1). Ha miit ninii Oy BUKOHAH1 HATYpHI BUMIPIOBAHHS HaBEACHUX HAMNPYT
npu BiakmroueHH1 [1J1 Ta 3azemiienHi ii mo KiHIHAX (Y po3noauibHuX npuctposx [1C
«IBano-®pankiBcbk-330» Ta [1C «boropomuanu-330»). BumiproBaHHs IpOBOAUIUCS
y 4OTHPBOX TouKax JiHii. [Ipu BuMipi Bci (a3u JiHIT NpUegHYBaNKCS O Tijda OMOpH.
[Tepen 3azemmneHHsM (Da3 BEUMIiprOBaBCS OMip KOHTYpY 3a3eMiieHHs omopu. [lig gac
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BUMIpIOBaHb MO KiHIX BBy [1JI (ikcyBanucs 3HaueHHS] aKTUBHOI Ta PEaKTUBHOI

MOTYKHOCTI.

[lepen mpoBeneHHSM TMOPIBHSUIBHUX PO3PAaxyHKIB HABEACHUX HANpyr Oyiu
310pani BUX1gHI AaH1 moa0 gociimkyBanoi [1JI, a Takoxk mo BCix JiHISAX, SKI MAIOTh
JUISTHKH 3 B3a€MOBILIMBOM.
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Pucynok 1. Cxema enexkTpuuHoi mepe:xi IBano-®pankiBebk-330 qus anpodauii

METOAUKHN MOJACJIIOBAHHA
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Pucynoxk 2. Po3noain norenuiany Haseaenoi Hanpyru Ha ILJI 330 (R3 =10 Om)
NPU MAaKCUMAJIbHIN HANpPYy3i CycCiAHIX JIiHii, 10 BILIMBAIOTH
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Pucynok 3. Po3noaiia norenuiany Haseaenoi Hanpyru Ha ILJI 330 (R3 =2 Owm)
MPHU MAKCUMAJIbHIN HANIPY3i CYCiAHIX JiHIi, 10 BILINBAKOTH

Jnia Bu3HaueHHs auisiHok [1J1 3 HenmpumycTuMuM piBHEM HaBEJIEHOI HANPYTH Ha
pUCYHKax 2 1 3 HaBelleHl €MIOpH HANpPYTU MPU HAKIAJACHHI TpU(a3HUX 3a3€MIICHb Y
MicCIli BAKOHAHHS POOIT.

[TpuitusTo, mo omip 3a3eMieHHS Ha KoxHiN omopi 10 Om (pucyHok 2) ta 2 Om
(pucynok 3). Touka 3a3eMJIeHHS MTEPECYBAETHCS B3JOBXK YCI€l TOBKUHU BIIKITIOYSHOT
THIi.

[Ipu upomy HaBanTaxkeHHd Ha [I1JI, m0 BIIMBaIOTh, MakcMMalbHI. Emtopu
HalpyXeHb pPa3oM 3 TOPU3OHTAJIBLHOK JIIHIEID, IO BiAMOBigae Hampysi 25 B,
MOKa3yTh Mexi JAiasHOK [1JI, 1e MOXIuBI peMOHTHI pOOOTH Ha BIAKJIIOUEHIN JiHIT
3BUYAHUMU METOJAaMM MpHU 3a3emiieHH1 JiHli nmo KiHugx (PIT) 1 B Miciil BUKOHAHHS
pOOIT.

Ha rpadikax 4iTko IpoCTEeXKYIOThCA JIBA MAKCUMYMH, 1110 BiJAMIOBIAIOTH OMIOpam
Ne39 ta Ne46. Ha I1JT Bix IIC «IBano-®pankiBcbk-330» mo omopu Ne39 (minstaka 1)
MiJBIIEHO 3BHUYAWHUNM Tpo303axucHUM Tpoc, a Big omopu Ne39 no IIC
«boropoguanun-330» (minsaka Il) y rpo3o3axucHUIl TpoOC, 3a3eMJICHMI Ha KOXKHIN
omnopi, BOynoBanuit BOK. Ha omopi Ne46 3aiiicHIO€ThCS TpaHCo3ullist ¢as.

[Ipu mopiBHAHHI PUCYHKIB 2 Ta 3 MO>KHA 3pOOUTH BHUCHOBOK, III0 3MEHIICHHS
ONOpYy KOHTYPY 3a3€MJICHHS OIOp NPU3BOJUTH [0 3HAUYHOTO 3HW)KEHHS PIBHSA
HABEJICHUX HAIPYT.
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[Ile OinpmIoro 3HMKEHHsI PiBHS HaBeIEHOI HANPYTW MOXKHA JIOCATTH LUIIXOM
3a3eMJICHHSI Ha OUISHIN | cTaneBoro rpo303axucHOro Tpoca Ha KOXKHIA MPOMIKHIM
OTIOp1i, IO MIATBEP/KYETHCS HA PUCYHKax 4 Ta 5.
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Pucynoxk 4. Po3noain norenuiany Hasenenoi Hanpyru Ha I1JI 330 (R3 =10 Om)
NPU MAKCMMAJbHOMY HABAHTAKEHHI CYCIIHIX JIiHii, 1110 BIVINBAIOTH (HA
aisiHi Big IIC «IBano-®pankiBebK-330» 10 onopu 39 craneBuii
rPoO303aXMCHUI TPOC 3a3eMJICHUH HA KOKHIH 0OTOpi)
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Pucynoxk 5. Po3noain norenniany Hasenenoi Hanpyru Ha I1JI 330 (R3 =2 Om)
NPU MAKCMMAJIbHOMY HABAHTAKEHHI HA CYCi/IHIX JIHIfIX, 10 BIVINBAIOTH (HA
aisiHi Big IIC «IBano-®pankiBebKk-330» 10 onopu 39 craneBmii
rPO303aXMCHUM TPOC 3a3eMJICHU HA KOKHIH OTIOpi)

3a3eMIIeHHS TPO303aXMCHOTO TpOoca Ha KOKHIN Ormopi HeOOX1IHE JIsl 3HUKECHHS
pIBHS HaBEAECHOI HANpYyru, NPUBOAUTH [0 MOSBU JOJATKOBUX BTPAT aKTUBHOI
MOTY>KHOCTI.

Haiibinpmni BTpaTH BUHHMKAIOTh 32 YMOB MiABICKM TPO303aXHCHOTO TpoOCa,
HallMEHIIl BTPAaTH BUHUKAIOTH MPHU PO3PI3aHOMY TI'PO303aXUCHOMY TPOCI MO BCiif
JOBXKHHI JTiHIT [6].

BcraHoBieHo, 0 Omopu 3a3eMIJIEHHS ONOp Majo BIUIMBAIOTh Ha BTpaTH B
Ip0303aXMCHOMY TPOCI, 3a3eMJICHOMY Ha KOKHIH 0mopi. 3a3eMJICHHS TPO303aXHUCHOTO
Tpoca Ha KOoxHi onopi He Tibku Ha auHIi [ TJT 330 (BOK), ane # na minsaii |
MPU3BOJUTH J0 JOJATKOBUX BTPAT MOTY>KHOCTI Ha il jiHil O6au3bko 10 kBT npu
MakCUMaJIbHIN TiepenaHii mnortyxkHocti 500 MBTt, mo cranoButh 0,34% Bix
3arajibHUX BTpat 3,2 MBT.
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BucnoBku.

1. Po3pobneno mogeni I[IJI 3 ypaxyBaHHSIM HpPOCTOPOBOrO pO3TAIlyBaHHS,
dazyBaHHs, po3merieHHs ¢da3 1 TPO303aXUCHUX TPOCIB MPHU PI3HUX CHOCO0aX, IO
3aCTOCOBYIOTbCS Ha TMPAKTHUIll, 3a3€MJIEHHSI TPOCIB: 3a3€MJICHHS Ha KOXHIiil oropi;
3a3eMJICHHSI Ha aHKEpHUX OmIopax 3 OJHOro OOKy Ta pO3pHB 3 IHIIOIO OOKY;
3a3eMJIEHHS TUIBKH 1o KiHIx [1J1.

2. BcraHoBieHO, IO 3a3eMJICHHSI T'PO303aXMCHOTO Tpoca Ha KOXHIM omopi
CYTT€BO 3HWKYE PIBEHb HABEJCHOI HAMIPYTH.
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Abstract. The article considers some aspects of modeling power transmission lines. The
stages of calculating the applied voltage are outlined. Models of overhead lines have been
developed taking into account the spatial location, phasing, splitting of phases and lightning
protection cables with various methods of cable grounding used in practice. It has been established
that the grounding of the lightning protection cable on each support significantly reduces the level
of applied voltage.

Keywords: power transmission line modeling; applied voltage; calculation of the applied
voltage, grounding.
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Abstract. The work is devoted to the formulation of the main quality indicators of stabilizers.
Key words: stabilizer, quality indicators, moving object, accuracy, quality, stability.

Introduction. Analytical review of the literature on stabilizers [1-3, etc.] does
not contain information on determining quality indicators of stabilizers, which are
absolutely necessary when solving problems of increasing the efficiency of
stabilizers.

The task of this work is to formulate the main quality indicators of stabilizers.

Presentation of the main research material. The development of modern
military equipment is marked by a significant increase in the speed and
maneuverability of moving objects.

It 1s difficult to imagine the modern military sphere without the use of
stabilizers. The relevance of stabilizers and the need for their improvement becomes
special in a world where military conflicts and security threats are taking on
increasingly complex forms.

Stabilizers are mainly used to keep the object in a stable position even during
movement or external influences. These can be tanks, military helicopters,
submarines, artillery systems and many other military weapons. Thanks to stabilizers,
you can improve the accuracy of fire, increase the range of hitting targets and reduce
the risk of a miss.

In a war zone where movement and danger are always present, the speed and
reliability of stabilizers are vital. Without their help, it is difficult to imagine the
successful execution of military tasks. Enemy actions can be unpredictable, so quick
response and accurate weapon positioning become critical to mission success and the
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protection of one's own troops.

The need for constant improvement of stabilizers in the military sphere is an
integral component of strategic security and effectiveness of military operations.
Only thanks to the constant improvement of technologies and the introduction of
advanced developments will we be able to ensure the safety of our military and
defend our interests in the complex geopolitical conditions of the modern world.

The main tasks of stabilization and control of moving objects are solved with the
help of gyroscopic stabilizers, the accuracy of work and other main indicators of
which determine the efficiency of the functioning of the corresponding objects.

Three-axis gyroscopic stabilizers are designed to stabilize and control a platform
with various devices installed on it relative to three stabilization axes.

Stabilization consists in determining the parameters of the angular position of
the platform and creating the corresponding control signals.

Control of moving objects requires maintaining a given angular position of
movement acceleration meters (newton meters) in space while meeting strict
requirements for orientation errors. Three-axis gyrostabilizers are used to stabilize
newton meters in space.

The main part of the three-axis gyro stabilizer is a stabilized platform, which has
landing surfaces for mounting gyro blocks, newton meters.

In order to isolate the gyro-stabilized platform from the angular movement of
the object, a system of semi-axes and frames is used, creating a three-stage gimbal
suspension. The cardan suspension can provide two unlimited angles of rotation of
the platform around the outer and inner axes, while the rotation around the middle
axis of the suspension leads to a significant deterioration of the dynamic
characteristics of the gyro stabilizer. Therefore, when choosing the location of the
object, it is necessary to ensure that the angle of rotation around the middle axis is
minimal and does not exceed 45-60°. At angles greater than 85°, a three-frame
suspension is used.

The design of a three-axis gyro stabilizer is largely based on the method of
designing a single-axis stabilizer, since from the point of view of the applied theory
of gyroscopes, a spatial (three-axis) stabilizer can be divided into three one-
dimensional channels of single-axis gyro stabilizers.

In connection with the development of computer technology, the capabilities of
gyroscopic systems are expanding. This leads, as a rule, to the emergence of new
structural solutions, at the same time increasing requirements for reliability, increased
service life and reduced weight and dimensional characteristics.

Today, small-sized inertial navigation systems of the order of 10-15 kg are being
developed, the testing of which on appropriate stands is impractical, since most of the
stands for semi-scale testing of gyrostabilizers and elements of control systems of
moving objects have very large dimensions and a weight of about 100 kg.

The problem of increasing the accuracy and other main indicators of such
systems while simultaneously reducing the mass and geometric dimensions is one of
the most urgent problems today.

The technical perfection of the stabilizers (C) is assessed by indicators
characterizing the quality of its functioning both in the stabilization mode and in the
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guidance mode. The most important of them are the following [2-3, etc.]:

- stability;

- accuracy of stabilization;

- stabilization quality;

- pointing speed and nature of the distribution by the angle of rotation of the
control panel;

- stabilizer readiness time;

- the time of continuous operation of the stabilizer, during which the technical
characteristics correspond to the required values;

- reliability of functioning;

- the nature and time of transient processes when working out large angles of
misalignment;

- energy efficiency;

- range of operating conditions.

Stability provides the main purpose of C, as an automatic control system, which
consists in maintaining a given constant value of the regulated parameter or its
change according to a defined law [3].

When the regulated parameter deviates from the set value (for example, under
the influence of a disturbance or a change in the target), the regulator affects the
system in such a way as to eliminate this deviation.

If, as a result of this influence, the system returns to its initial state or moves to
another equilibrium state, then such a system is called stable.

If there are oscillations with increasing amplitude or there is a monotonous
increase in error, then the system is called unstable [3].

Stabilization accuracy is the main indicator that characterizes the operation of
the system in the stabilization mode.

External disturbances caused by continuous random oscillations of the body of a
moving object cause the stabilizer to deviate from the specified pointing direction [2-
3].

To quantify the accuracy of stabilization, the average values of the absolute
angular deviations of the weapon stabilizer are determined - the average values of the
stabilization errors.

The following are used as measures of accuracy of weapon stabilization systems
[3]: - mean squared error; - average amplitude error.

The stabilization error is determined experimentally using special equipment
and is measured in parts per thousand. The higher the accuracy of stabilization, that
is, the smaller the deviation from the given pointing direction, the higher the quality
of the stabilizer [3].

Modern Cs allow obtaining fairly high stabilization accuracy values (o = 0.6-0.8
thousand), which determines the high efficiency of target identification [2-3, etc.].

The aiming speed of a stabilized object when aiming or tracking a target
characterizes the quality of the system in the aiming mode.

To accurately aim the weapon at the target, the actuators of the stabilizer must
ensure the rotation of the object of regulation with angular velocities that smoothly
change from values of 0.05-0.07 deg/s to 5-6 deg/s [2-3, etc. ].
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The dependence on the angle of rotation of the control panel in this range of
pointing speeds should be linear (or close to it) with a gradient of change in angular
speed of no more than 0.002 rad/s/degree [2-3, etc.]. This is necessary to ensure the
possibility of continuous and accurate tracking of moving targets.

In order to quickly move a moving object when transferring from one target to
another, it is necessary that the actuators ensure their rotation with angular velocities
Qmax > 30-35 deg/s [3].

Stabilizer readiness time - the time interval from the moment the stabilizer is
turned on to the start of its operation - is determined by the duration of the gyromotor
acceleration process. For modern C, the readiness time is no more than 2 minutes.
(includes switch-on time - up to 20 s) [3].

The time of continuous operation of the stabilizer is determined by the technical
conditions during the execution of the task [1, 2].

The energy efficiency indicator reflects the electricity consumption of the
stabilizer when performing its functions. More energy-efficient stabilizers ensure
long-term operation from a single battery charge or reduce fuel consumption, which
is especially important for portable or mobile devices.

The range of operating conditions indicates the range of external conditions in
which the stabilizer can function effectively. It can include parameters such as
temperature range, humidity, vibration, aerodynamic loads, etc. The wider the range
of operating conditions, the more adaptable and reliable the stabilizer is.

Conclusions. Based on the analysis of the instrument composition, structure and
dynamic parameters of blocks of well-known digital stabilizers, the main quality
indicators of the stabilizer were formulated.
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Abstract. The work is devoted to the description of experimental studies of engines used in
stabilizers.
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Introduction. The speed of the stabilizer is an important aspect, as it is its
ability to quickly adapt to changing external conditions, which is relevant when
considering this issue from the point of view of application in military equipment.
The stabilizer of moving objects must be able to quickly respond to movements and
oscillations, ensuring constant stability and elimination of deviations. Performance
indicators of stabilizers of moving objects, in particular their speed, largely depend
on the parameters of the electric motors used in them. However, in the known
literature [1-3, etc. ] these issues are not considered.

The properties of electric motors play an important role in the operation of the
stabilizer, as they provide movement and respond to changes in the requirements for
stabilizing the object. Some of the main properties of electric motors that affect the
operation of the stabilizer include the following:

* Torque: Determines the motor's ability to transmit force to move an object or
control its position. The greater the torque of the electric motor, the more effectively
the stabilizer will be able to keep the object in a stable position, especially during
load changes or external influences.

* Reaction Speed: Determines how quickly he can change his strength and
rotation speed. To effectively stabilize an object, it is necessary for the stabilizer to be
able to respond quickly to changes in motion and deflection, and an electric motor
with a high response speed can help achieve this goal.

* Positioning accuracy: An electric motor can have various control systems, such
as encoders or position sensors, that allow the exact position of an object to be
determined. This is important for the stabilizer, as it must accurately determine and
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control the position of the object to avoid its unwanted movement.

» Energy efficiency: The level of energy efficiency affects the consumption of
electricity and the duration of operation of the stabilizer. More efficient electric
motors allow you to reduce energy losses and provide longer autonomous operation
of the stabilizer, which is especially important for portable or mobile devices.

* Control and programming: Some models of electric motors support different
operating modes, parameter settings and other functions that allow the stabilizer to be
flexible and adapt to different conditions and requirements.

In general, the properties of electric motors, such as torque, response speed,
positioning accuracy, energy efficiency and control capabilities, directly affect the
performance of the stabilizer. High-quality and optimally selected electric motors
help to achieve more accurate, stable and effective stabilization of a moving object.

The task of this work is to consider the main parameters of electric motors of
stabilizers and to provide appropriate recommendations for improving these
parameters.

Presentation of the main research material. To evaluate the time constants of
electric motors used in stabilizers, experimental studies of EDM20M, EDMO02, and
EDM20 engines were carried out [3].

It was found that in order to increase the speed, it is necessary to use electric
motors with smaller electromagnetic and electromechanical constants and increased
starting and nominal torques compared to the previously used motors.

It is advisable to increase the nominal torque to (2.6-3) Nm, and the power to
(800-1000) W [2.3]. Technical characteristics of electric motors are given in Table 1
[3].

Table 1 - Comparative characteristics of electric motors [3]

Engine

parameters EAMO03 | EAM20 | EAM20M | EJIM14 | EAM600 | BIIIT
Supply voltage 23 B 23 B 23 B 23 B 23 B -
Bias voltage in 2,0 - - - 0,7 -
idle mode, V

Permanent 0,052 0,053 - 0,056 0,069 -
E.M.F., Vs/rad

Winding 0,22 0,125 0,125 0,45 0,07 0,067
resistance, Ohm

Anchor time 0,32-103 | 0,26-1073 - - 0,49-103 | 0,6-10°3
constant, p

Moment of 3,15-10° | 3,2-10° | 3,2-10° | 4,7-107 . .
inertia of the

anchor, kgms?

Moment of 1,3 1,3 1,3 0,57 1.9 2,0
resistance, Nm

Constant load 0,052 0,054 - 0,056 0,069 -
moment on the

shaft, Nm/A
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Continuation of Table 1

Engine EAMO03 | EJAM20 | EAM20M | EJIM14 | EAM600 | BAIIT

parameters

Starting moment, 9,33 7,5 7,48 - 13,6 -

Nm

Power, W 470 400 432 180 650 800

Rotational 3500 3000 3000 3000 3700 4000

frequency,

rev/min

Starting current, 130 180 131 60 240 270

A

Nominal current, 31 - 25,7 - 23,7 -

A

Electromechanica | 9,31:107 | 26-10° 20-10° - - -

1 time constant, p

Electromagnetic | 0,32:107 - 0,26-107 - - -

time constant, p

Overheating in 113 - 133 - 104 -

nominal mode °C

Experimental studies have revealed the possibility of reducing the inductance of
chokes in LC filters of power amplifiers while maintaining an acceptable level of
pulsations created by power bridge commutators working on the active-inductive
load of the armature windings of electric motors [3].

As a result of these studies, the time constant of the power amplifiers was
reduced to 0.3 ms compared to 8 ms.

These refinements were introduced in the corresponding stabilizer blocks
produced in series, as well as in the block working with the EDM600 engine of
increased power [2, 3].

The use of collectorless DC motors [1-3] has a number of advantages over
conventional collector motors:

- more validity period than collector ones;

- high speed and dynamics, positioning accuracy;

- higher efficiency;

- fast dialing of the maximum rotation speed;

- greater power;,

- does not require additional cooling;

- there is no spark;

- awide range of rotation frequency changes;

- non-contact and lack of nodes requiring maintenance;

- increased service life, high reliability and increased service life due to the

absence of sliding electrical contacts;

- low overheating of the electric motor when working in modes with possible

overloads;

- lower level of electromagnetic noise.
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At the same time, some disadvantages of brushless DC motors should be noted:

- high cost;

- it is not possible to use them without a driver;

- problematic repair, especially when rewinding the engine.

Conclusions. Experimental studies of electric motors used in stabilizers to
estimate the time constants of electric motors have been carried out.

It was established that to increase the speed, it is necessary to use electric motors
with smaller electromagnetic and electromechanical constants and increased starting
and nominal torques compared to the previously used motors.

It i1s advisable to increase the nominal torque to (2.6-3) Nm, and the power to
(800-1000) W.

Experimental studies have revealed the possibility of reducing the inductance
of chokes in LC filters of power amplifiers while maintaining an acceptable level of
pulsations created by power bridge commutators.

As a result of these studies, the time constant of the power amplifiers was
reduced to 0.3 ms compared to 8 ms. These improvements are introduced in the
corresponding blocks.

It is proposed to use direct current collectorless motors, which have significant
advantages over conventional collector motors.
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Abstract. The article provides an analytical overview of automated stabilization complexes,
which systematizes the following principles of construction of modern stabilizers: by stabilization
object, by the number of stabilization planes, by the type of measured coordinate, by the function of
the gyroscope, by the type of executive drive, by the type of regulation, by the type of schematic
technical performance.

The principle of operation of the digital stabilization complex is explained using the
functional and structural diagrams of the channel of the automated stabilization complex.

Key words: stabilizer, stabilization complex.

Introduction.

Precision automated stabilization complexes can be used in modern moving
objects (MO), performing the functions of speeding up the search, determining the
coordinates of moving objects in extreme conditions; surveillance of ground, air and
surface targets. It is also promising to use automated stabilization complexes in
aviation gravimetry for the exhibition of sensitivity axes of navigation sensitive
elements (gravimeters).

The analysis of the instrument composition, structure and dynamic parameters
of blocks of well-known automated digital stabilization complexes [1-5] showed that
there are no reserves for increasing stabilization accuracy and speed. Therefore, the
requirements for the accuracy of the means and methods of measuring the mechanical
values of the stabilizers defined above have become much higher.

Achieving high accuracy of such complexes became possible thanks to the high
quality of modern elements of gyroscopic technology and significant development of
the theory of gyroscopic devices developed by A.N. Krylov, B.A. Bulgakov,
0O.Y. Ishlinskyi, Y.M. Roitenberg, S.S. Rivkin, Pavlov V.A., E.H. Popov, A.L. Lurie,
V.V. Solodovnikov and etc. The theory of linear and nonlinear guidance systems was
developed by V.V. Solodovnikov, B.K. Chemodanov, N.A. Lakota. The theory of
digital tracking drives was developed by V.A. Besekersky, S.M. Fedorov. The theory
of gyroscopic stabilization complexes was developed by M.A. Pavlovsky,
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D.Z. Pelpor, A.O. Odintsov, B.B. Samotokin, G.F. Bublyk, O.M. Bezvesilna,
O.V. Zbrutsky, L.M. Ryzhkov, P.M. Bondar, S.S. Ryvkin, Y.N. Roitenberg,
E.A. Fabrikant, P.I. Saidov. The theory of optimal control systems - by R. Bellman,
V.G. Polyansky, R. Grammer, V.I. Gostiov, D.I. Yeskov and etc. [1-4].

However, there are not enough works in the literature devoted to the analytical
review of modern automated stabilization complexes (SC), which would solve the
problems of increasing their accuracy and speed.

Therefore, the purpose of this article is to conduct an analytical review of
modern automated stabilization complexes, which have significantly greater accuracy
and speed than the known ones.

A characteristic feature of the development of modern technology is the
improvement of the technical characteristics of all instrument complexes that are part
of the control system of the moving objects, including the SC.

This process is due to the transition to a digital element base, the use of new
information sensors, new optical and electronic devices for surveying the terrain and
the development of new schematic and technical solutions for the construction of
equipment, which, in turn, increases the level of speed of the equipment and its
maneuverability due to a higher level of control automation.

On the other hand, the requirements for accuracy and speed of stabilization
complexes are constantly increasing, which requires their improvement.

At the same time, it is necessary to take into account that modern moving
objects have significantly higher speeds, they are subject to significantly higher
overloads and uncontrolled mechanical disturbances: shocks, vibrations (table 1 [1]).

Table 1 - Average parameters of oscillations of the moving objects body during
movement at a speed of up to 20 km/h
Angular oscillations

Types of oscillations Amplitude, degrees | Speed, °/s | Frequency, Hz
Longitudinal 2,5 8,25 1,1
Horizontal 1,2 1,6 0,6
Transverse 1,8 6.3 0,8

Therefore, the requirements for the accuracy of the means and methods of
measuring the above-defined mechanical values of SC have become stricter.

Scientific and technical progress in the field of automated SC requires the
improvement of the components of the elemental base of SC, the use of modern
digital devices for measuring angular velocities to improve the tactical and technical
characteristics of SC, which should replace analog modifications.

In many scientific publications [1-3], separate directions of the principles of
construction of SC are given. To understand the principles of construction, we
present the main principles of their classification (Figure 1):

1) by object of stabilization:

— stabilizers of the main devices,
— stabilizers of additional devices,
— stabilizers of special devices;
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2) by the number of stabilization planes:

— single-plane (stabilizers only in one, as a rule, vertical plane),

— two-plane (stabilizers in two vertical and horizontal planes),

— three-plane (stabilizers in the vertical, horizontal and roll angles);

3) by type of measured coordinate:

— positional (stabilizers of this type remember the given position (position)
and measure the angular deviation of the horizontal and vertical channels
from the given position with gyroscopic angle sensors);

4) by gyroscope function:

— force (with a stabilizing moment necessary to stabilize the object),

— indicator (with a gyroscopic device that performs the function of a
deviation indicator),

— high-speed (stabilizers of this type measure only the absolute angular
velocity of the moving objects being stabilized using a gyroscopic absolute
angular velocity sensor — a gyrotachometer);

Principles of building stabilization complexes

According to the principle of regulation On the object of stabilization | By the number of stabilization planes

i |
with deviation ] I
adjustment single plane
with disturbance stabilizer of stabilizer of |
regulation the main additional two-plane

devices devices
ﬁree-plane

with combined

regulation
stabilizer of
By type of measured coordinate special devices By gyroscope function
| [ |
positional high-speed forceful indicator
According to the type of schematic and technical implementation By type of executive drive
Jicital xed electro- electro-
analog 1gita uxe mechanical hydraulic

Figure 1 - Classification of automated SC

5) by type of executive drive:
— electric machines (with a stabilizing moment created by an electric motor),
— hydraulic (use a stabilizing moment that creates a hydraulic drive);
6) by type of regulation:
— by deviation,
— by perturbation,
— combined;
7) according to the type of scheme — technical execution:
— analog (made on transistors, resistors, diodes),
— digital (built on digital microprocessors with the possibility of
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reprogramming without hardware modification of the equipment),
— combined (in which there are digital and analog circuit elements).
In addition, there is a separate type — field of vision stabilizers, which are
divided into stabilizers with:
» joint stabilization (or “dependent”), in which the unit being stabilized is
connected (rigidly or through kinematics) to the terrain observation device,
» autonomous stabilization (or "independent"). In them, a device with a
stabilized field of view (SFV) or a stabilized line of sight (SLS) is
introduced into the product management system (PMS).
Stabilizers, as objects of automatic regulation [3,4], are built according to the
classical scheme, which includes the object of regulation and the regulator (Figure 2).

Contli()l Uteedback | Object of | Zoutput| Mechanical
signa regulation drive
SENSors :
MTT signal —
Usign. mechanical
torque
Computing and | Ucontrol Power Zoutput Executive
converting — amplifiers ——=> engine
device

Figure 2 - Schematic diagram of the channel of the automated stabilization
complex

Based on the scheme in Figure 2, let's consider how the main elements of this
scheme are reflected in the schematic diagram of the digital SC (Figure 3).

Signal Usgn — signal from information sensors for the automated stabilization
complex. This is the signal from the angular velocity sensors on the vertical guidance
channel AVS-VG (GT46) and from the AVS-HG (GT46-01) on the horizontal
guidance channel.

Signal Ucontrol — control signal from the stabilizer computer. This is a signal from
the BU1022-04 control unit (Figure 3), which is sent to the BKD14-02 GN (VN)
engine control units.

Signal Zoupu — signal at the engine input. This is the signal coming from the
BKD14-02 to the EDM20M GN(VN) engines.

MTT signal — mechanical torque transmitted from the engine shaft to the
mechanical drive — turning mechanism (elevating mechanism) to eliminate the angle
between the set position and the current position of the stabilization object.

The Utgedvack Signal 1s a current or voltage feedback signal. Both current and
voltage signals are used simultaneously in the stabilizer (Figure 3).

It follows from the above that the regulator is a complex of devices, sensors and
mechanisms that works according to a given program and automatically compensates
for mechanical effects on the moving objects. Moving objects regulation is a
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mechanism (unit of guidance on the vertical guidance channel and unit of guidance
on the hortzontal guidance channel) in which the initial characteristics of the outputs
are constantly adjusted.

——— —— — — —

| Control panel L ‘ to management
|  PU03-05 - ‘|_)'(_ t
_ Gommanden _ || i
_______ | Angular speed
—
| Control panel L | sensor GT46-01
| ?UO?’ '?5 ) | > — hortzontal guidance
operator
|- === — - X B1
BT B3 X
o | Control unit BU1022-04 BZ:
product L — — B X
manage X Bl
ment 1l Angular speed
system X X 4 sensor GT46
B1 B2 Bl vertical guidance
BKD14-02 BKD14-02 | EDM20M
hortzontal SP 10-01 vertical < (vertical)
guidance guidance
) B2 Bl B2 to the product
X 8 X X —=>(C4-BUM-X6
EDM20M ' Turnin
horizontal) ——=>1 8 ifti
(horizontal) mechanism Lifting i
DU04 mechanism
hor%ontal
guidance DU04
Note: \l/ < Verélcal
idance
to the product =t

| | Dagital block and communication lines

—— Analog unit and communication lines

Figure 3 - Schematic diagram of a digital SC

Conclusions: on the basis of the above, we can say that a detailed analysis and
classification of automated stabilization complexes has been carried out and the
principles of modern stabilizer construction have been systematized. The principle of
operation of the digital stabilization complex is explained using the basic functional
and structural diagrams of the channel of the automated stabilization complex.
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CMPYKMYPHOT cXem KaHALy asmomamu308ano20 KOMNIeKcy cmaobinizayii.
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Anomayia. Cmammsa  npucéauena  npobremi  eKCNepuUMeHmaibHO20  BUHAYEHHS
Menionpo8ioHoCmi piOuH ma pevosut 3 (azo8um nepexoo0om. 3anponoHO8aAHO ULIAX NOOAILULO2O
PO36UMKY Memo0dy 6UHAYEHHSI MENJIONPOBIOHOCMI Y NIACKOMY Wapi 8 npucmpoi 3 08oma
meniomipamu, OJisi 4020 3aNPONOHOBAHO ) GUMIDIOBANIbHIU KOMIDYI pOZMICMUMU 20PU3OHMANbHE
opeOpiHHA Ha 6OKO08IU CMIHYI N03a YEeHMPATbHOIO 301010, nepedbauumu pesepsyap 0is piOuHU, sKa
PO3UWUPIOEMbCL NPU  HACPi6aHHI, ma 3abe3nequumu NiO8UWeHHs MUCKY piounu vy komipyi. ILle
00360/1€ NO30YMUCA 6NIUBY KOHBEKMUBHO20 MENI00OMIHY 830084 OOK0B0I CMIHKU KOMIDKU,
po3uwupumy  memnepamypruti  0ianazoH 6UMIPIO8AHb 34 PAXYHOK NIOBUWEHHS MeMNnepamypu
KUNIHHS, a MAKONC NPOBOOUMU OOCTIONCeHHs K PIOKUX, maK i meepoux mamepianis. Po3pobneno
BUMIPIOBANbHULL NPUNAO ONI5 peanizayii 3a3HaA4eH020 Memooy.

Kniouogi cnosa: menionposionicme, piouHu, pe4o8uHu 3 hazosum nepexooom, menioooMiH.

Beryn. B pi3HOMaHITHMX TEXHIYHHUX YCTAHOBKAX Ta TEXHOJOTIYHUX MpoLecax
3aCTOCOBYIOTH TEIJIOOOMIHHI MPUCTPOI Ta TEIJIOHOCIT. AHaI3 TOKa3ye, 1110 BarOMUM
(hakTOpOM YJOCKOHAJIEHHSI TEIUIOOOMIHHMX MPOIECIB € TMOIIYK 1 3aJy4YeHHs HOBUX
MartepiayliB sl TEIUIOHOCIIB, sSKI MarOTh BIAMOBIIHI TEIIO(MI3UYHI BJIACTHUBOCTI.
Bu3HaueHHS JOCTOBIpHHMX 3HaueHb IIMX BJIACTHMBOCTEH, 30KpemMa, poO0Yoro
Jiana3oHy TeMIlepaTypH, TEIUIONPOBIAHOCTI, TEMIEPATYPONPOBIIHOCTI 1 MUTOMOI
TEMJIOEMHOCTI, € BaXJIUBUM (DAKTOPOM MiABUIICHHS €()EKTUBHOCTI TETUIOOOMIHY B
PI3HHX TEXHIYHUX MPHUCTPOSX 1 mporecax. Tak, 3HAIOUM JlaHl MPO TEIJIOEMHICTH Ta
TETJIOMPOBITHICT PIJIKOTO TETUIOHOCIST MOXHA MPOBOJUTU 1HXXEHEPHI PO3PaXyHKHU
HOBHX TEINTOOOMIHHUX CHCTEM, a TAKOXK 3a0€3MeYNTH HAIHHICT Ta Oe31mepeOiiHICTh
POOOTH TaKHUX CHUCTEM.

CrtaHOM Ha CHOTOJHI HE 3HAWUJICHO YHIBEPCAIbHUX TEOPETUYHHUX MOJIENCH, K1 O
JO3BOJISUIM  PO3PAXOBYBAaTH TEIUIO(QI3UYHI BJIACTUBOCTI PI3HUX MaTepiaiB B
peaJbHUX YMOBax iX eKCIUTyaTalli, TOMYy HaWOUIbIl paliOHAIBHUM ILIIXOM
OTPUMAaHHS JaHUX MPO BJIACTUBOCTI PIIKMX MaTepialiB Ta marepiaiiB 3 (a30BUM
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NEPETBOPEHHSM € EKCIEPUMEHTAIIbHI METOIH.

Skuo s BU3HAYEHHS TEIUIOEMHOCTI IIMPOKOTO KOJIa JOCHIIKyBaHUX
MaTepialiiB ICHYyIOTh TOTOBI TEXHIYHI pIIICHHS, [0 peali3yloTh pIi3HI METOAU
JOOCTDKEHHSI, TO BHU3HAYCHHsS TEIUIOMPOBITHOCTI MaTepialiB PErIaMEeHTOBAHO
CTaHJapTaMH JIMILIE JJIs TBEpAUX 3pa3kis [1, 2].

HeoOximHO  3a3HayuTH, MO0 EKCHEPUMEHTalIbHI METOAM  BHU3HAYCHHS
TETJIOMPOBITHOCTI piAuH icHYI0Th. Cepen HUX HAWOUIBIT YacTO 3aCTOCOBYHOTHCS
METOJIY JIIHIHHOTO JpKepelia TeIIoTH (rapsidoro apoty abo Harpitoi HUTKH) [3...5],
MeToJ 3® [6], MEeTO KoaKCiaIbHUX HUJIHJPIB [7, 8], TOIIO, MPOTE KOKEH 3 HUX Ma€
CBO1 OOMEXXEHHSI Ta HEJOJIKHU. Pa3oM 13 MM, BIICYTHICTh IOCTYITHUX YHIBEpCAJIbHUX
3aco0iB, skl O JO3BOJISIM JOCHIPKYBAaTH TEIJIOMPOBIAHICTh PIAWH Ta PEUYOBUH 3
($a30BUM MEpEexXo/IoM B IIMPOKOMY TEMIEPATYpPHOMY Jlana3oHl BKa3ylOTh Ha
HEOOX1AHICTh PO3POOKU Ta CTBOPEHHS CIHEI1aji30BaHOTO 3acO0y BUMIPIOBAHHS IS
BHU3HAUEHHS TEIJIONPOBIAHOCTI TEIJIOHOCIIB, SIKI 3aCTOCOBYIOTHCS Y PI3HOMaHITHUX
amaparax 1 IpuCTpOsiX.

Cepen BuUMOT JO Takoro 3aco0y BHUMIPIOBaHHS MOXHA  BHUIUIUTH
YHIBEPCAIBHICTh Y JOCHIKEHHI 3pa3KiB PI3HOI B’S3KOCTI Ta 3 MOXKJIMBICTIO
KOMITeHcallii mepenaaiB 00’emMy 3paszka npu (a3oBUX MEPexo/iax, HU3bKUM BIUIUB
KOHBEKTHUBHO1 CKJIQJIOBOi TEIJIOOOMIHY TIpH JOCHIJDKEHHI, IIMPOKUMA Jl1ara3oH
BU3HAYECHHS  TEIUIONPOBITHOCTI Ta TEMIIEpaTypu  eKCIUTyartarii. 3Ha4YeHHS
KOE(IIIEHTY TEIJIONPOBITHOCTI JJIsI PIIUH 3alMarOTh MPOMIDKHE MICIE MiXK
3HAQYEHHSM IS TBEPJUMX TUI Ta Tas3iB, 1 3HaxoaAuThcsi B Mexax A = 0,09
0,7 Bt/(m*K), mo imtoctpye pI/IcyHOK 1 [8 9].

m Dpramt:m TasHi napn

j—‘LMDpE]JH:t mnnmmam MATEPIATH
hactHna

|
TR Henpraﬂitziu:i rasH i mapu

DpraHitlmi PUTHEE
LA A A A /) Heoprasdsl pigueg
| |

Oprafye BoJH {0sYHHE
! |

HE:III]PEIHi‘-IHi EOZH POSYHHEN
[Toponmm
I"'/:'////////:'///////x’l’/,l BorsecTid MaTepiam
KpucTam: V/x‘l’///f/////f//fi
F‘i,m-:i METAH Vf///////fl

TexHmMH CILIAEH METAE Vf///////ﬂ

T-{HC‘I;l METANH V//f//f////fl"//fi

0.0015 0.015 0.15 1.5 15 150 1500
h, Br/(mK)
Pucynok 1 - /liana3ox 3Ha4eHb TeNJIONPOBIIHOCTI pi3HMX MaTepiaiB [8, 9].
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JloBoJII MIMPOKI MEX1 TEIUIOMPOBIIHOCTI MarepiajiiB 00yMOBJIEHI BIUIUBOM
PIZBHOMAHITTS X CTPYKTYpH, XIMIYHOIO CKJaay, HAasBHOCTI JOMIIIOK (30Kpema
BOJIOTOCT1), TEPMOJUHAMIYHUX MapaMeTpiB Ta 1HIIMX (HAKTOPIB.

Tax, 3 miABUILIEHHSAM TeMIEpaTypH, Ui OUTBIIOCTI PIAMH (32 BUHSATKOM PIJIUH 3
BOJTHEBUMH 3B’S3KaMH) KOC(IIIEHT TETIOMPOBITHOCTI 3MEHIIYEThCSA. Y PITUH Ke 3
BOJHEBUMH 3B’SI3KAMH, CIIOCTEpPITA€TbCS JIOJAATKOBE IEPEHECEHHS TEeIUIOTH 32
paxyHOK YTBOPEHHS ILHMX 3B’S3KIB, IO CYNPOBOJKYETHCS  BUIUICHHAM YU
MOTJIMHAHHSAM TEIJIOTH. ToMy piAMHM 3 BOJHEBUMH 3B’SI3KAMH MAlOTh OUIBIIY
IYCTUHY, TMHUTOMY TEIUIOEMHICTh, Ta OUIbLIy TEMIEpPaTypONpPOBIAHICTh 1
TETUIONPOBITHICTH [&].

OCHOBHM TEKCT.

3a pesyiabTaTaMHM aHaldidy METOJIB JOCIIJPKEHHS TEIJIONPOBIAHOCTI PiAUH
3p00JIEHO BHCHOBOK MpPO TE, IO OJHMM 3 HaWOUIbII MEPCHEKTUBHUX METOJIB
BU3HAYCHHS TEIUIOMPOBIAHOCTI PIAKUX MarepiaidiB Ta MarepiaidiB 3 ¢a3oBUM
NEpPEeX0/IoOM € BIAOMHUN CTaIllOHapHUI METOJ IUIACTUHM 3 BUKOPUCTAHHSAM JIBOX
TeIIoMipiB [2], kUi moTpedye amanTaiiii Ijis JTOCTiHKEHHS pinkux 3paskiB. Cepen
HOro KIIOYOBMX TMepeBar — MOXJIMBICTh OTPUMYBaTH JUCKPETHI 3HAYECHHS
TEIJIOMPOBITHOCTI 3 TUIMHOM 4Yacy, IO JO3BOJSE BIJICTIKOBYBAaTH 3MIHY
TETJIONPOBITHOCTI 3pa3ka Mpu (pazoBoMy Mepexojii, MOKIUBICTh CYTTEBO 3HU3UTH
BIUTUB KOHBEKTHBHOI CKJIaJJOBOI TEIJIOOOMIHY Ha pe3yjbTaT BHUMIPIOBAHHSA Ta
MO>KJIUBICTh MPOBEACHHS KallOpyBaHHS MpUiIaay 3a CTaHAAPTHUMH (ETaJIOHHUMHU)
3pa3kamMu TBEPJUX MaTepiaiB.

Merorw poOOTH € PO3BUTOK CTAlIOHAPHOTO METOAY BHUMIPIOBAHHS
TEIJIONPOBITHOCTI 3 JBOMa TEILNIOMIpaMH Ta po3poOJieHHS 3ac00y BUMIPIOBaHHS
TEIJIONPOBITHOCTI PIJIMH.

B oOCHOBI cTalioHapHOr0 METOAY BHUMIPIOBAHHS TEIJIONPOBIIHOCTI 3 JABOMA
TEIUIOMIpaMH JIEKUTh 3a0€3MeUeHHs MPOXOKEHHS Yepe3 JOCHIKYBaHUM 3pa3oK 3
IUIOCKUMHU TapajieIbHUMHU TOBEPXHSMHU CTAI[lOHApHOIO TEIUIOBOTO TMOTOKY, IO
HaIpaBJIeHUN NEPIEHAUKYJISIPHO 10 TUIOCKMX MOBEPXOHb 3pa3ka. SKIIo BiIOMO
IYCTHHY TEIJIOBOTO IIOTOKY, SIKMM TPOXOJUTHh Yepe3 3pa3oK, TeMIepaTypy
MOBEPXOHb 3pa3Ka Ta MOro TOBIIMHY, TEIUIOMPOBIAHICTh 3pa3Ka MOXKHA BHU3HAYUTH
3a (OpMYJIOIO:

h3
A=_P (1)
AT
Y4
ne: hzp - TOBIIMHA IOCIIDKYBaHOTO 3paska; AT - pi3HHLS TeMmepaTyp Ha HOBEPXHAX

3paska; ¢ - IyCTHHY TEIJIOBOIO MOTOKY, IO IPOXOJHUTh Y€PE3 MOBEPXHI 3pasKa.

['ycTuHY TEmIOBOTO MOTOKY BHM3HAYalOTh 3a JIOMIOMOTOI0 MEPETBOPIOBAYIB
TEIUIOBOTO MOTOKY (TEIUIOMIpiB), sIKI BCTAHOBJICHI 3 IBOX CTOPIH 3pa3Ka, MPUIOMY iX
MOBEPXHI MEPICHAUKYJISAPHI TEIJIOBOMY MOTOKY. ['YCTHHY TEMJIOBOTO TOTOKY JIst
KOKHOT'O 3 TEIJIOMIpiB BU3HAYAIOTh 32 (hOPMYJIOLO:

q=k-E )
ne: k- xoedilieHT TIEpeTBOPEHHS TerioMipa (BH3HAYAETHCS INIISIXOM TPaJyIOBaHHS);
E — curnan reriomipa.
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He3Bakatoun Ha METOIUYHY MPOCTOTY EKCIEPUMEHTY, Ha MPAKTULI METOJ
CTHKAETHCS 3 IEBHUMU TPYAHOIIIAMH CTBOPEHHSI OJHOMIPHOTO TEMIIEPATypPHOTO MOJIs
B JIOCJIITHOMY 3pa3Ky 1 BU3HAYEHHI 130TE€pPMIYHHUX IEPEPi3iB, B SIKUX 3 JOCTATHHOIO
TOYHICTIO, MOJKJIMBO BH3HAUUTH TEMIEPATypHUH TPAJIEHT Ta MPOHUKAIOYHIL
MUTOMUN TEIJIOBUMA MOTIK. [[yst cipoiieHHs 1i€i mpo0ieMu BUMIPIOBaHHS MTPOBOISTH
B CTaI[lOHAPHOMY TEIUIOBOMY pexumi. KpiMm TOro, He10miKoM CTalioHapHOTO METOTY
€ TPUBAJIICTh BCTAHOBJICHHS B 30HI BUMIPIOBAHHS CTAI[IOHAPHOTO TEIIOBOTO PEKUMY.

Bynosa mnpuiaany. [Ins ctBopeHHs 3acoOy JOCHIIKEHHS TEIMJIOMPOBITHOCTI
piauH Ta MarepiaidiB 3 (a30BUM TMEPEXOJ0M, SKU OM peasi3oByBaB METOJ
BUMIPIOBAHHA TEIJIOMPOBIIHOCTI 3 IBOMA TEIJIOMIpaMH Ta 3aJ10BOJILHSB BCTAHOBJICHI
BUILIE BUMOTH, OyJO PO3pOOJICHO y3araJlbHEHW KOHIENT Mpuiagy, CXemy SKOro
HABEJICHO HA PUCYHKY 2.

Y X , Tennosut 6rok

v T =
A

N

N s
bGarnoH 3 bygbepHa

pedyKmopoMm  EMHICMb

—

5 a OO @&
—T ' I T ]
lNepcoHarnbHul EnekmpoHHul 6510k

komnm'tomep MK

PucyHok 2 - Y3arajgbHeHa cxeMa NPHJIALY JJIS J0CJTiIKeHHS TeNI0NnpPOBiAHOCTI
PiauH Ta pe4oBHH 3 (pa30BUM NepexoaoM.

PoGoua kamepa TemaoBoro OJOKy NpWiIaay YTBOpPEHA TPbOMa OCHOBHUMH
ejleMeHTaMH: HarpiBHUKOM (1), XOonoawJIbHUKOM (2) Ta OOKOBOKO CTIHKOIO, IIIO
YTBOPIOIOTH ~ MOPOKHHUHY,  fIKa  3alOBHIOETHCS  JOCHIKYBAaHUM  3pa3KOM.
JlonaTkOBUMH €JIeMEHTaMU Ha CXEMI1 IMOKa3aHOo 3alOBHEHMUM ra3oM (a30ToM) OaJioH 3
PEIYKTOPOM Ta MaHOMETpaMu 1 OypepHy €MHICTh, 5Kl 3a0€3Me4UyI0Th BCTAHOBJICHHS
HEOOX1THOTO THUCKY Y poOoyiil KaMepi HUIIXOM nojaul B OydepHy €MHICTh IHEPTHOTO
ra3y, 10 Ja€ MOXJIMBICTh BUMIPIOBATH TEIUIOMPOBIIHICTh MPU TEMIIEpATypi BUIIIIH,
HDK TeMIeparypa KUIIHHS TPU aTMOC(PEpHOMY THCKY, KOMIIEHCYE 3MiHY 00’ €My
3pa3ka B poOouiil Kamepi 3a 3MIHU TeMIEpPaTypu MOCITKEeHHS. SIKIo 3MiHA 00’ €My
He3HauHa, abo BIJCYTHS — MPUCTPIM MOXKe MpaioBaT 0e3 OydepHoi eMHOCTI TIpH
atMocdepHoMy TUCKy. Kpim Toro, mpuiiaj OCHAIIEHO TaKOX €JIEKTPOHHUM OJIOKOM
Ta TIEPCOHAIBHUM KOMIT'IOTEpOM. EnekTpoHHu OJI0K 3a0e3nedye peryitoBaHH:
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(maTpuMaHHS) 3aJJaHUX 3HAYEHb TEMIIEpATypH YCIX eJIeMEHTaX TEIJIOBOro OJIOKY Ta
MEPETBOPEHHSI TOKa3iB TMEPBUHHUX NEPETBOPIOBAYIB TEMIEPATYypPH Ta TEIJIOBOTO
MOTOKY Y TOCJIZIOBHUN KOJ, SIKUW TEpeaeTbcs Ha MEPCOHATBLHUN KOMIT IOTEp IS
oOpobnenHs iHdopmarrii.

bynoBy po6o4oi kamepu npuiiagy moka3aHo Ha pUCyHKY 3 (a).

a 0
Pucynok 3 - Po6oua kamepa npuiiaay (a) ta ii 00koBa cTiHKa (0).

Haepisnux po3TaiiioBaHo y BEpXHIM 4acTHHI poO0Y0i KaMepu Ta BUTOTOBJICHO 3
BHUCOKOTEILIONPOBIAHOTO Marepiany. Jlo #oro ckiagy BXOASThb, BIACHE, CaM
CJICKTPOHArPIBHUK 3 HE3AJICKHUM PETYJIOBAHHIM TEMIIEPATYPH, TEPMOMETP OTOPY
JUTSL peryJIFOBaHHSI TEMIEpaTypu HarpiBHHKA, Ta MEPETBOPIOBAY TEIJIOBOTO MOTOKY
Tury aonomixHoi cTinku [10] 3 oxoponHoro 30HO0t0 (nami [1TII) B moBepxHIO AKOTO
BMOHTOBAaHO Te€pMOMapy /i KOHTPOJIO TeMIIepaTypu BEPXHBOI MOBEPXHI 3pasKa.
HarpiBHuK BHKOHAaHO JOCTaTHHO MACHUBHHUM, 100 3a0e3MeUnuTH PIBHOMIPHE
TeMIiepaTypHe 1mosie B 30H1 po3ramryBanus [TTII.

Xonoounvrux (2) 3HaXOIUTHCS B HUXKHINA 30HI poO040i Kamepu. XOJIOAUIbLHUK
ocHarnieHo I1TII 3 BMOHTOBaHOIO TEPMOIMAPOIO, MPU YOMY I'€OMETPUYHI, TEIJIOBI Ta
MetposoriuHi xapakrepuctuku I[ITII HarpiBHuUKa Ta XOJIOJUIBHHUKA MaKCUMaJbHO
cxoxi. [IpoTunexHa moBepXHs XOJOAWJIbHUKA Ma€ NUIi(poBaHYy MOBEPXHIO, SIKa B
poO0OYOMy TIONIO)KCHHI KOHTAKTyE 3 HArpiBHUKOM CHCTEMH PEryJIOBaHHS
TEeMITepaTypH XOJIOAWILHUKA, sIKa Oy 1e omrcaHa HIDKYe.

biuna cminka pucynok 3 (6) BUKOHaHA SIK OKPEMHUH €JIeMEHT po00Y0i KaMepu Ta
CITyTY€ ISl 3a0€3MEeUYCHHsT MapaJieIbHOCTI MOBEPXOHb HArpiBHUKA Ta XOJIOJWIbHHUKA, a
TaKOX 3aJIa€ BUCOTY PoOouoi kamepu. BukopucranHs OIYHMX CTIHOK Pi3HOI BHCOTH
JI03BOJISIE  3MIHIOBAaTH KOHQITypariro pobodoi KamMepu Ta PO3IMIMPUTH  KOJIO
JOCHIPKYBaHUX ~MaTepiamiB. biuHa CTiHKa BHKOHAHA 3 HHU3BKOTEIUIONPOBIIHOTO
Martepiay sl 3a0€3MeUeHHsT OJJHOMIPHOTO BEPTUKAJIBHOTO TEIJIOBOTO MTOTOKY, Ma€ OTBIP
JUISL TIOZ[ayl JTOCTIIKYBAHOTO 3pa3ka, a y BHYTPILIHIN ii 4acTHHI nepeadadyeHo JeKUTbKa
MOPOXKHUH, SIKI KOMIIEHCYIOTh 3MIHY 00’€My 3pa3ka IpHu BUMiproBaHHI. Ha BHyTpimHii
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MOBEpXHI OIYHOI CTIHKM B 30HI O€3MOCEPETHHOIO0 KOHTAKTy 31 3pa3KoM BHUKOHAaHI
MPOTOYKH B SKUX MOXKHA PO3MICTUTH TOHKI KUIBI 3 MOJIIMIAHOI TUTIBKH, SIKI CyTTEBO
3HIKYIOTh KOHBEKI[IIO B KOMIPII Ta COPUSIOTh 3HUKEHHIO BIUIMBY KpalloBHX €(EKTIB Ha
pe3ysbTaT BUMIproBaHHs. KUTbIsi BUKOHAHI TaKMM YWHOM, 1100 iX BHYTPIIIHIM JiaMeTp
OyB 3a mexxamu 9yTiuBoi 30HU [ITII, a KUTBKICTh KiJellh BU3HAYAETHCS BUCOTOIO O1YHOT
CTIHKH Ta B’S3KICTIO 3pa3Ka.

HarpiBHuk, X07n0AUIbHUK Ta Ol4HA CTIHKA 30MparOThesi TakuM 9uHOM, 1mo0 [TTII
HarpiBHUKA Ta XOJIOWIbHUKA 0€3M0CepeIHbO KOHTAKTYBAIU 3 JIOCHIHKYBAaHUM 3pPa3KoM,
Ta YTBOPIOBAIM OKPEMYy TE€PMETHYHY pPOOOYYy KaMmepy, siKa YTPUMYEThCS 310paHOIO
3aTUCKHUM MPUCTPOEM (puc.3 a), MO0 CKIATAEThCS 3 TPbOX CTIMOK Ta IEHTPATLHOIO
3aTUCKHOTO TBUHTA. Pa3oM 13 3aTUCKHUM TIPUCTPOEM pobOoda Kamepa Moke OyTu
BUJIyY€HA 3 TEIJIOBOTO OJIOKY J1Jisi 0OCTyrOBYyBaHHS a00 3aMiHM 3pa3Ka 0e3 BIKIFOUYCHHS
THIIIUX €JIEMEHTIB TEIJIOBOTO OJIOKY MPUIIATY.

binbin neransHO Oy10BY TEIIOBOTO OJIOKY MOKa3aHO HA PUCYHKY 4.

Kpim, BriacHe, po6o4oi Kamepu, TEIUIOBUI OJIOK CKIIQHA€ThCS 3 HIDKHBOI Oaszu Ta
Kkpuiiki. Ha HIWKHIO 643y OJIOKY BCTaHOBIIIOETHCS XOJIOMWJIBHMK POOOYOi Kamepu
npwiany. baza Mae BUTTISIT MAacHMBHOI BHUCOKOTEIUIONPOBITHOT KOJIOHW ITMIHAPHUYHOL
(dbopmH, B MPOTOYKAX SIKOI BMOHTOBAHO €JIEKTPOHATPIBHUK 3 HE3AJICKHUM PETYITFOBAHHIM
TEMIIEpaTypy Ta KOHTPOJIbHI TIEPETBOPIOBAY1 TEMITIEPATYPH.

Pucynok 4 - TensioBuii 0J10K npujianxy.
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JIist 3MEHIIEHHS KOHTPAKTHOrO TEIJIOBOIO OMNOpPY XOJIOAMJIBHHK PpoO0Y0i
KaMepu BCTAaHOBIIIOETHCSA Ha 0a3zy 3 BUKOPUCTAHHSM JOAATKOBHX TEIUIOMPOBITHUX
MacTHII (TepMomnacTa, KpeMHii-opraniyie MacTUIIO, TOIIO).

MexaniuHo 0a3a 3B’si3aHa 3 MAaCHBHUM pajiaTOpoM, pedpa sIKOTO BUXOISATH 3a
Mex1 Koprmycy 0a3u, mo 3abesnedye epeKTUBHE OXOJIOJKEHHS BChOrO OJIOKY Ta
nifgBuilye eheKTUBHICTh TepMocTadiizanii pododoi kamepu. B okpeMux Bumagkax
JUTSI TIIBUJIKOTO 3HWYKEHHS TeMITepaTypu 0a3u repeadadyeHo OKpeMuil 6JI0K aKTUBHOTO
OXOJIO/KEHHS Y BUIJISIII HABICHOI OaTapei BEHTUIISTOPIB, SIKI MPOTATYIOTh MOBITPSA
yepes pedpa pajiatopa.

[lin pagiaTopoM 3HAXOIUTHCS MIANPYKUHEHA BICh 3 TPbOMa HANPABISIOYUMHU.
3a 10moMOror Hei poboya KaMepa BCTAHOBIIIOEThCS Ha 0a3y Ta yTPUMY€ETbCS Ha Hii
1] HOpPMOBAaHUM THCKOM, I1I0 TapaHTy€ HaAIMHUI TEMJIOBUN KOHTAKT 3 0a3oro. Taka
KOHCTPYKIisl JO3BOJISIE BUBUJIBHUTH poO0OYy Kamepy AJig 00CIIyrOBYBAaHHS YW 3aMIHU
3pa3ka BpyuHy 0€3 3aCTOCYBaHHS 1HCTPYMEHTIB.

[TopoxarHM MK 623010 Ta 30BHIINIHIM KOPITYCOM 3alIOBHEH1 TEIUIO130JIITOPOM.

Kpuwixa  TtemmoBoro  OJOKy  BHKOHaHa Yy  BUIVIAI  MAacHBHOIO
BHCOKOTEIUJIONPOBITHOTO IWJIIHAPA 3 TMOPOXKHUHOIO, B SIKIM 3HAXOAUTHCS poOoUa
Kamepa. 30BHINIHS TOBEPXHS IIWIIHApPA OCHAIEHA EJEKTPOHATrPIBHUKOM 3
HE3AJICKHUM PETyJIOBAaHHSAM, KU BUKOHYE POJIb aKTMBHOI TEIUIOBOI 130JAIli Ta
3abe3reuye OMHOMIPHUN TEIIoBUM mOTIK. I[lopokHWHA MDK IWIHAPOM Ta
30BHIIIHIM KOPITYCOM KpPHIIKKA 3allOBHEHO TEIJIOI30JSTOPOM, a KpIIUICHHS
30BHIIIHBOIO KOPIYCY KPUILKK BUKOHAHO 3 BUKOPUCTAHHSM TEIJIOBUX Oap’epiB.

MeToauka miArOTOBKY Ta BUMiPIOBaHb.

3a J0MOMOTOI0 3aTUCKHOTO MPUCTPOIO PoOOYOT KaMepu 3aKpIILIIOITHCA
XOJIONWJIBHUK Ta Ol4yHa CTIHKA, YTBOPIOIOYM KOMIPKY JUIsl  3allOBHEHHS
JOCTIKyBaHUM 3pa3koM. Bucora mocmiKyBaHOTO 3pa3Ky BHU3HAYAETHCS BHCOTOIO
oOpanoi 614HO1 cTiHKH. Ha 014Hy CTIHKY BCTAaHOBIIOIOTHCS MOJIIMIAHI KUTbLIA, a caMa
KOMIpKa 3alOBHIOETHCS 3pa3KOM 3 BpaxyBaHHAM 3MIHM 00’€My MpPOTATOM
BUMIPIOBAHHSA. TICIS YOTO 3BEPXY KOMIPKHM BCTAHOBIIIOETHCS HArpIBHUK Ta BCA
KaMmepa 3aTHUCKAEThCS IEHTPAIIbHUM I'BUHTOM 3aTHCKaya JI0 TePMETUYHOTO CTaHY.

PoGoua kamepa 31 3pa3koM BCTaHOBJIOETHCS Ha 0a3y TEIJIOBOro OJIOKY Ta
(biIKCyeThCA HA HIM MPY>KMHHUM MEXaHI13MOM, Iic/sl 94oro 6a3a 3 poOo4or0 KaMeporo
3aKPUBAETHCS BEPXHBOIO KPUIIIKOIO 3 aKTUBHOIO TEIUIO130JIALIIEI0.

Ha perynstopax TemmnepaTypy HarpiBHMKa Ta XOJIOJAMJIBHUKA 33a€ThCsl 0OpaHi
3HAaYEHHS TEMIEpPaTypH, a Ha 3aXMCHOMY HarpiBHUKY BCTaHOBIIOETHCS TEMIIEpaTypa,
fKa € CepelHIM 3HAYCHHSIM MK TEMIEpaTypoOl0 HAarpiBHHUKa Ta XOJOAWJIBHUKA, IO
MIHIMI3Y€ BTPATH TEIUIOTH Yepe3 OOKOBI CTIHKM poO0OYOi KaMepH Ta 3MEHIIY€ BILIKB
30BHIIIHIX (DakTOpiB Ha pe3ynbTrar BuMipioBanHs [11]. Pi3Huns temmepaTypu Mix
HArpiBHUKOM Ta XOJIOAWJILHUKOM, 3a3BHuai, ckianae 5...10 K.

Yac BCTaHOBJICGHHsS CTaIllOHAPHOTO TEIUIOBOIO CTaHy B poOodiil Kamepi
KOHTpOJitoeTbest 3a mnokazamu  [ITII, sxi  maroTh 3anuiiatuca HE3MIHHUMHU
moHaiMeHe 30 XBUWINH.

[Ticyist BCTaHOBJIEHHSI CTAIllOHAPHOTO PEXUMY peecTpyroThesi mokazu IITII Ta
TepMoInap, sfKi BH3HAYAIOTh TEMIIEpaTypy MOBEPXOHb 3pa3ka Ta TEIUIOBUU TOTIK,
SKUU TIPOXOJIUTh KPi3b 3pa3oK. TeraonpoBIIHICTh BU3HAYAETHCS 32 (HOPMYJIOHO:
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h3
A= - 3)
21 -7 |
“Ve nl_p
96+,
pne  hsp - BHCOTA 3paska, SK BHU3HAYAETHCS OOKOBOIO  CTIHKOM, [M];

T, 1 T, - TeMIEpaTypyd BEPXHBOI 1 HIKHBOI MOBEPXOHb 3paska BianosiaHo [KI;

dg 1 ¢,, - NOBEPXHEBA IyCTHHA TEIUIOBOTO MOTOKY, IKUH IIPOXOIUTH Y€PE3 BEPXHIO 1
HWKHIO TTOBEPXHI 3pa3ka, BiamnosinHo, [B1/M?]; R, - KOHTaKTHHI TEIUIOBHIA OMp MiX

CliaeM TEpMOIIapH Ta MOBEpXHEKO 3paska [K-M*/Br], 3HaYeHHs SIKOTO BU3HAYAETHCS
IpU rpayroBaHHI IpUjamy.

Bumipsni nani OyayTh akTyaqbHUMHU JUIS TEMIIEpaTypH BIJHECEHHs, sKa
BU3HAUYAETHCS SIK CEPEIHE 3HAUYECHHS MDK TEMIIepaTypor0 BEPXHBOI Ta HUKHBOI
MOBEPXOHb 3pa3Ka.

[licns mpoBeleHHS BUMIPIOBaHb Ha HarpiBHMKax TEIUIOBOrO  OJIOKY
BCTaHOBITIOIOTHCS MMapaMeTpU TEMIepaTypy s HACTYMHOI TOYKH JOCIHIKCHHS.
Pesynbrarom BuMiproBaHHsI Oyae rpadik 3ajeXHOCTI TEMJIONMPOBITHOCTI MaTepiary
B1Jl TEMITEpaTypH.

BuzHaueHHsT METPOJIOTIYHHMX XapaKTEPUCTUK MpUiIaay MOXKe BiI0yBaTHUCh
[UIIXOM JTOCII/DKEHHS €TaJOHHOI PEYOBHHU 3 MOMNEPETHBO BIIOMUMHU MapaMeTpamu
TEIUIONPOBIAHOCTI. ETaloOHHOIO pPEYOBMHOIO MOXKE BUCTYNATH KpPYIJIMH 3pa3ok
KBapLoBoro ckjia Mapku KB 3 nmapanensHUMH IIIOCKUMHU TPaHSIMH Ta A1aMETPOM, 1O
BI/IMOBI A€ JTiaMeTPy KOMIPKH.

Taxkum yuHOM, PO3BUHYTO TEOPETUUHI 3acau MOOYA0BH 3aC00IB BUMIPIOBAHHS
TETJIONPOBITHOCTI PIIKMX TEIJIOHOCITB Ta PEYOBUH, SIKI 3MIHIOIOTH (Da30BUM CTaH, a
caMme 3arnporoHOBAHO Y BUMIPIOBAJIbHIN KOMIPII IPHIIATY, SIKUHA MPAIIOE 32 METOI0OM
MJIACKOTO Iapy 3 JBOMa TEIJIOMipaMH, PO3MICTUTH TOPU30HTAJIbHE OpPEOpIHHS Ha
OOKOBIH CTIHIII 1032 LUEHTPAIBHOIO 30HOI0, epeAdauYnTH pe3epByap Uil PIAUHM, SKa
PO3LIMPIOETHCS MPU HArpiBaHHi, Ta 3a0€3MNEYUTH MIABUUIEHHS TUCKY pIOIUHU Yy
komipii. Ile mo3Bosisie mo30yTUCS BIUIMBY KOHBEKTHUBHOIO TEIJIOOOMIHY B3J0BXK
OOKOBOi CTIHKM KOMIPKH, PO3MIMPUTH TEMIEpaTypHUH [1ala3oH BHUMIPIOBaHb 32
paxyHOK MiJABHUINCHHS TEMIIEPATypH KUIIHHS, a TAaKOXX MPOBOIUTH JOCITIIKEHHS SIK
piAKUX, TaKk 1 TBEpAMX MaTepiaiiB, IO 3abe3meuye MOXIMBICTh KadiOpyBaHHS
Npuaay 3a TBEPAUMHU €TAIOHHUMHU 3pa3KaMu TETIONPOBIAHOCTI.

CraHoM Ha CBOrOJHI THPOBOAATHCA BHUIPOOYBAaHHS Ta  JAOCHIIKEHHS
XapaKTePUCTHUK NPy JIJI1 BUMIPIOBAHHS TETUIONPOBIIHOCTI PIAKUX MaTepiajiB Ta
pevyOoBHH 3 ()a30BUM MEPEXOJIOM.

Bucnoskn.

3anpornoHOBaHO MOJANBIINN PO3BUTOK CTAI[lOHAPHOIO METOJy BHMIPIOBaHHS
TEIIOMPOBITHOCTI Yy IJIACKOMY Imapi 3 JBOMa TEIIOMIpaMHl JUIsl JOCIIIKEHHS
TEIUIONMPOBITHOCTI PiMH Ta pedoBUH 3 (a3oBuM mepexonoM. Po3pobiieHo
peKoMeHpalli /0  CTBOPEHHsS  CHEI[ialli30BaHOTO  3aco0y  BHUMIpPIOBAHHS
TEIUIOMPOBITHOCTI PIAMH Ta 3aMIPOIIOHOBAHO KOHCTPYKTHUBHE PIIICHHS JIJIs1 CTBOPSHHS
npuiagy, L0 peaiidye aJanTOBaHWM METOJ Ta MOKe OyTH 3acTOCOBaHUN B
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TETUIOCHEPTETHUIIl I TOCIIKEHHS TTapaMeTPiB TEIJIOHOCIIB 1 TEIJI0aKKyMYJTFOI0OUHUX
MaTepiaib.
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Abstract. The article is devoted to the problem of experimental determination of thermal
conductivity of liquids and substances with a phase transition. A way of further development of the
method of determining thermal conductivity in a flat layer in a device with two thermometers is
proposed, for which it is proposed to place horizontal ribs on the side wall outside the central zone
in the measuring cell; to provide a reservoir for the fluid that expands when heated and to provide
an increase in fluid pressure in the cell. This allows you to get rid of the influence of convective
heat exchange along the side wall of the cell, to expand the temperature range of measurements due
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to the increase in the boiling point, and also to conduct research on both liquid and solid materials.
A measuring device has been developed for the implementation of the specified method.
Key words: thermal conductivity, liquids, substances with a phase transition, heat exchange.
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AHnomauin. VY cmammi HagedeHO npoyec MOOEN0B8AHHS COHAYHOI eleKmpoOCmanyii y
npoepamuomy cepedosuwyi Simulink, moodenv Oazyemvcsi Ha Macugi OeKiIbKOX HOCAI008HO
3’eOnanux ¢pomonaneneu. Oonum 3 cnocobie niosuweHHs egeKmugHocmi  GomoeneKmpuyHux
cmanyii € 3a0e3nedentsi ONMUMATbHUX 6XIOHUX NAPAMEMPIE, A MAKONC OOMENCEHHS 3AMIHEeHH S §
3a0pyoHeHHs: homomooynie. /s nposedents OYiHKU SHUNCEHHS GUXIOHUX 3HAYEHb MACUBY 8 YMOBAX
4aCcmMK08020 3AMIHEHHs 3A0AOMbCs PI3HI 3HAYEHHS napamempy COHAYHOI iHconayii pomonaneni.
Ha ocnosi euxionux 3nauwenv moodeni 0yoyomvcs xapakmepucmuku 3anedxchocmetl -V ma P-V
8PAX08YIOUU NACNOPMHI 0aHi homonarnenei 3a0ani 8 MoOenb. 3 OMPUMAHUX KPUBUX BUSHAIOMbCSL
MOYKU MAKCUMATLHOT 8UXIOHOI NOMYICHOCII MA PO3PAX0BYEMbC 6MPAMA ePeKmueHocni uepes
3amiHeHHs..

Kniouosi cnosa: comsuna enexmpocmanyis, MOOeNOSAHHA, 3amiHenHs ¢homonanenel,
SHUIICEHHS eqheKMUBHOCII Yepe3 3aMIHeHH s, KOMN TOmepHe MOOeN0B8AHHS.

Beryn. EdekT 4YacTKOBOro 3aTiHEHHS € TIOIIMPEHOI0 MPOOJIeMolo, sKa
0e3mocepeIHbO BIUTMBAE HA 3HMW)KEHHS €(EKTUBHOCTI Ta MPOIYKTUBHOCTI COHSAYHOI
€JIEKTPOCTaHLIi. Y BHMAJIKy 3aTIHEHHS OJHIE] YU JEKUIPKOX IIaHeJe MOoxe
3HIKYBATHCh 3arajbHa BUXIJHA MOTYXHICTh, II€ MOB'A3aHO 3 TUM MO TaHeNl Ha
€JIEKTPOCTAHLIAX 3 €AHYIOTbCA MK COOOIO MOCHIIOBHO Ta MapajieibHo, GopMyroun
IpU LIbOMY HEOOX1HY BCTAHOBJICHY MOTYXHICTb.

[IpuurHamMu 3aTIHEHHS MOXYTh OyTH pi3HI (aKTOpH, 30KpeMa: 3aTIHCHHsS Bi
00’€KTIB SIKI 3HAXOAATHCS MOPYY; 3aTIHEHHS BiJI IHIIMX MAacHBIB (poTomaHenei;
3aTiHEHHS Yepe3 TUMUYACOBE 3a0pyTHCHHS TOIIIO.

OcHoBHM TeKcT. BaXInBOIO TIepeBaror0 KOMIT FOTEPHOTO MOJICTIOBAHHS € Te,
III0 BOHO JI03BOJISIE TIEPEBIPSITH TIMOTE3W Ta JIOCTIIKYBaTHU i7ei B Oe3nmeyHOMy Ta
KOHTPOJIbOBaHOMY cepenoBuini. Y Ilpoiieci MojenroBaHHS MOXXHA MaHIIMyJTIOBaTH
3MIHHMUMH Ta CIIOCTEpiraTd 3a pe3yJbTaTaMHU, HE PUUKYIOUU TOIIKOIUTH
(bakTnuHy((13U4HY) CUCTEMY.
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B poGoTti BukopucTaHo mporpaMHuii mpoaykT Matlab, sikuit MicTUTh BOy10BaHe
cepenoBuiie s MozemoBaHHa Simulink. OnHi€l0 3 KITIOYOBUX OCOOIHBOCTEH
Simulink € #ioro 6i6;moTexa HasBHUX OJOKIB, SIKI MOKHAa BHUKOPHCTOBYBATH JJIisi
nmoOyJIOBM MOJENIed IUPOKOTO Jiama3oHy CHUCTEM, BKJIIOYAIOYM MEXaHIvHi,
CJICKTPUYHI Ta T1IpaBIiuHI CUCTEMH.

Enextpudna exBiBaJIeHTHA MOJIETh (DOTOCIEKTPUYHOTO €JIEMEHTA CKIIATAEThCS 3
JpKepenia CTpyMy Ta AioJia, 3’ €qHaHuX mapanenbHo. [[xepeno ctpymy I sBise co6oro
reHepyBaHHs HOCIiB 3apsly B HaIIBIPOBIAHUKOBOMY Iapi ¢OTOENIEMEHTa I J1€0
najarodoro BunipominoBanHs. [llyHTyrounii niof Ip siBiisie cO0010 peKoMOIHAITIIO ITUX
HOCIiB 3apsay npu Harpysi npsmoro 3cyBy. llyHtyrounii pesuctop Rg BimoOpaxkae
INUISIXKM CTPYMY 4Ye€pe3 HAMIBIPOBIIHUK Y3JI0BXK MEXaHIYHUX Je(eKTIB MaTepiaiy.
[TocnimoBHuit pe3uctop Rs BpaxoBye ormip y 30BHINIHIX 00JIACTSIX HAIMIBIPOBIIHHUKA,

TOJIOBHUM YMHOM Ha MEX1 HaITiBIIPOBIIHUKA Ta METAJICBUX KOHTAKTIB.
R;

Ip Ish +
I

CD Rsh Vv

0

Pucynok 1 — ExBiBasieHTHa cxema ¢goToesieMeHTa

PiBHSIHHSA 110 ONTUCY€E MOJIENb MA€ BUTJIISL;
Vpr+lpoRs Vpp+RsIpy
[= Ly~ (eCmr )—1)— (i ()

OpaHak, OCHOBHOIO MPOOJIEMOIO MPU BUKOPUCTAHHI (POTOCTEKTPUUHHUX JIKEPET €
iXHI HeNIHIAHI XapaKTePUCTHUKH, $KI 3MIHIOIOTBCA 3aJie)KHO BiJ] BEJIWYUHU
TEMIIEpaTypd Ta COHSAYHOTO BUIIPOMiHIOBaHHSA. BuXiiHI  XapaKTepUCTUKH
YCKJIQJIHIOIOTBCS, SKIIO YBECh (POTOCICKTPUYHUN MAcCHUB HE OTPUMYE PIBHOMIPHOIO
OTNPOMIHEHHS, SK HANpHKJIaJ, B YMOBaX 4aCTKOBOi XMapHOCTI (3aTiHeHOCTi). [yxe
BaXXJIMBO MPOTHO3YBaTH (HPOTOENEKTPUYHI BUXIJTHI XapaKTEPUCTHKU ISl TOTO, 1100
e(EeKTUBHO BUKOPUCTOBYBATH (POTOEIEKTPUUHUIA MACUB 32 OY/Ib-SIKHMX YMOB.

3ampomoHOBaHa MOJETh CKIATAEThCA 3 UYOTHPHOX TOCTIOBHO 3’ €IHAHHUX
dboTomanenen, mapajgeabHO KOXKHIM TaHemnl Tij’e€nHaHi OainacHi(0OXigH1) MiOH.
OOximHMIA 10 — 1€ THUM 1072, SKUH BUKOPUCTOBYETHCS B COHSYHUX MAHENSIX IS
3aXMCTy TMaHeNl BIJ TOIIKOKEHb, CIPUYMHEHUX YACTKOBHUM 3aTIHEHHSM a0o
BUXOJIOM 13 J1aay ejemeHTa. Konu COHsYHa MaHelb YaCTKOBO 3aTiHEHa, OOXiTHUMA
J10]1 CTa€ 3MIIIEHUM B 1HIILY CTOPOHY, JI03BOJISIIOUU CTPYMY IMPOTIKATH Yepe3 HbOTO
Ta 0OXOAWTH 3aTiHEHI maHeni. Lle momomarae 3amo0iraTu BTpaTi MOTYKHOCTI 4epes
HECIIPaBHICTh OKPEMOi (hOTOMAHEII.

Buxopucrani Onoku “‘current measurement” Ta ‘“‘voltage measurement” 3
010;m0Texku enemeHTiB Sensors and Measurements JO3BOJISIIOTh BUMIPIOBAaTH BUXI1/IHI
3HAYEHHS CTPYMY Ta HalpyTy NOCIITOBHO 3’ €IHAHUX (DOTOMAHEIIEH.
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Taoauus 1 — [lapamerpu ¢oTonanes i 10 BUKOPUCTOBYETHCSI B MOJIEJi

Haiimenysanns napamempa 3Hauenna napamempa
Tun hotomomymst SunPower SPR-X20-250-BLK
[ToTy>kHiCTh 250 Bt
Hanpyra xosocroro xony 51 B
CTpyM KOpPOTKOI'O 3aMUKAHHSI 6,2 A
TemneparypHuii koedirieHT(0 Hanpy3i) -0,291 %/°C
TemnepaTypHuii KoedilieHT(II0 CTPyMy) 0,013 %/°C

00 oTprMaTé MOKJIMBICTH 3MIHIOBATH MapaMeTPHU COHSYHOI 1HCOJIALIT KOKHOT
OKpeMO1 MaHeJi BUKOPUCTOBYeThCsl Onok “Constant” B SKOMY 3a/1a€ThCsl MapaMeTp
MOCTIMHUX 3HAY€Hb BUXIJHOTO CUTHAIY AJISi KOXHOI OKpEeMOi KOMIPKH HOCIIAOBHO.
3 JO0MOMOror IbhOTO OJOKYy MOJICIIOEMO IapaMeTpu COHSYHOI 1HCOJALII Ta
Temreparypu (QoTtoMoayns, sKi 0Oe3MocepeHbO BIUIMBAIOTH Ha TEHEpYyBaHHS
€JIEKTPOCHEPTii KOXKHUM (OTOMOYJIEM.

Pucynok 2 — Simulink Mmoxesib 1Jist 10C/IiZKEeHHS MTapaMeTpiB

B mporeci MoaenroBaHHS MPOBEAECMO CKCIEPHUMEHTAIBHI JTOCHIKEHHS IIPH
PI3HHX 3HAYEHHSAX COHSIYHOI I1HCOJSIII M0 mamae Ha mnaHenb. Jlms moyaTky
MOJIETIIOEMO HaWKpalll yMOBH Jisi pobotu hotomoayss npu temreparypi 25°C, Ta
iHcomsuii 1000 B1/m?

Tadanus 2 — Pe3yabTaT MO/IeII0BAHHS IIPY PIBHOMiIPHOMY OCBITJ/ICHHI NaHeJIeil

Jocaig 1
Ne manem PV1 PV 2 PV 3 PV 4
3HaveHHs iHconsAil B1/m? 1000 1000 1000 1000
3HaueHHsA MaKCHMAILHOT 1000 Bt
MOTY)KHOCTI

E) 0 150 20
aaaaaaa

Pucynok 3 — I'pagiku BUXiTHUX 3HaYeHb GoTONAHETI
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[Ipu yacTKOBOMY 3aTiHEHHI YacTWHA (OTOMAHENeH OTPUMYE MEHIIE COHSIHOTO
cBiTia, HIX iHmI. Koin COHsYHA MaHelb YacTKOBO 3aTiHEHA, OKPeMi KOMIPKH HE
BUPOOJISIIOTh  €NIEKTPUYHUNA CTPYyM, 1€ MNPHU3BOAUTH JO 3MEHUICHHS 3arajbHoi
BUXIZHOI TOTY>KHOCTI TaHeNi, a TaKoX 3MiHM Xapakrepuctuk [-V Ta P-V
doTomaneni.

Taoauus 3 — JlocsaiiHi pe3yJabTaTH MOAEJTIOBAHHSA MPH Pi3HUX CTYNEHAX 3aTiHEHHS
Ne nameni PV 1 PV2 | PV3 | PV4 3Haq§§f;m“f;“c‘f;‘j“§f"ﬂ°i
Hocain 1 1000 1000 1000 1000 1000
Hocuix 2 1000 1000 500 500 536
Mocnin3 | 3uovermg | 1000 500 1000 500 536
Hocain 4 IHCOJIAIIT 800 600 600 600 799
Tocaix 5 Br/m2 800 500 500 500 647
Hocain 6 800 800 600 700 613
HMocain 7 750 750 520 480 518

Ha ocHoBi nmochigaux panux Oyayemo cywmimieni rpadiku P-V ta [-V
XapaKTEPUCTHK

Photovoltaic Module Characteristics Curve
T

1000 — .

Power (W)

| | 1 1 |
50 100

150
Voltage (V)

Pucynok 4 — Cymimeni rpagiku P-V xapakrepucruk s 1-3 nociiny

(= L | \ |

150

Voltage (V)

Pucynok 5 — Cymimeni rpagiku I-V xapakrepucruxk aias 1-3 gociiny
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Power (W)

1 il 1
2

150
Voltage (V)

Pucynoxk 6 — Cymimeni rpagixu P-V xapakrepucruk ais 4-7 nociny

6
T

1 1 | 1
0 50 100 150 200
Vottage (V)

K

Pucynok 7 — Cymimeni rpagiku I-V xapakrepuctuk nias 4-7 gociiay

OTtpuMaHi KpuBi CBi4aTh NPO CYTTEBE 3HUKEHHS BHUXIAHOI IMOTYXXHOCTI Yy
BUTIAJKy TUMYACOBOTO 3aTIHEHHSI OKPEMHUX MMaHeTeH.

BucHoBkwm.

B mpomeci gocmimkenHs Simulink mopeni, mo CKJIaga€eTbcs 3 YOTHPHOX
MOCHIAOBHO 3’€HaHMX (oTomaHeael, MPOBEICHO aHaji3 BIUIMBY YacCTKOBOTO
3aTIHEHHsSI Ha BUXIAHY MOTYKHICTh IIJIOTO MacHuBY (POTOIMAHENEH; AOCIIKEHO, 1110
OpU OJHAKOBIM BETMYMHI 3aTIHEHHS HE3aJeKHO BiJl (poToMomyns, e€(peKTHBHICTb
3QIIMINAETBCS HA TOMY K PiBHI, 10 UnocTpye aociuia 2,3. [lpu 1HIMX 3HAYEHHSIX
YaCTKOBOTO 3aTIHEHHS CIOCTEPITAEThCS 3HAYHA BTpaTa BUXITHOI MOTYXKHOCTI, SKa
HETaTUBHO BIUIMBAE Ha €(PEKTUBHICTH COHSIYHOI €JIEKTPOCTAHIII].
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Abstract. The article describes the process of modeling a solar power plant in the Simulink
software environment,; the model is based on array of several series-connected photovoltaic panels.
One of the ways to increase the efficiency of photovoltaic power plants is to provide optimal input
parameters, as well as to limit shading and contamination of PV modules. For modeling the
reduction in the output values of the array under partial shading conditions, different values of the
solar insolation parameter of the PV panel are set. Based on the initial values of the model, the
characteristics of the I-V and P-V dependencies are built, taking into account the passport data of
the PV panels specified in the model. From the obtained curves, the points of maximum output
power are recognized and the efficiency loss due to shading is calculated.

Key words: solar power plant, modeling, shading PV, reduction efficiency, computer
simulation.
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Abstract. Purpose. Substantiation of the use of surface plastic and dynamic surface
deformation (SPD, DSD) combined with anticorrosion inhibitory treatment of general-purpose
carbon steel pipes to increase wear resistance of pipelines.

Methodology. Samples of hot-formed steel taken from test pipe fragments were subjected to
various modes of surface plastic and dynamic surface deformation using corrosion inhibitors.
Plastic deformation was carried out with a brush tool with different values of brush pressing
against the pipe and processing time. Studies of the protective ability of inhibitors were carried out
by an accelerated method with periodic moisture condensation according to DSTU ISO 6270-
2:2015. A comparative metallographic study of the metal structure of pipes subjected to PPD and
DPD with inhibitors was carried out.

Results. The results of experimental studies of the surface corrosion resistance and
metallographic structure of 139x5 mm pipes made of steel grade 20 using three types of inhibitors
and various modes of dynamic plastic deformation are presented.

Scientific novelty. The dynamic surface deformation of metal, which refines its grain
Structure, creates conditions for formation of "penetration channels" for the inhibitor into the metal
structure. The use of DPD makes it possible to reduce the grain size in the surface layer, which
suggests possibility of controlling the depth of the inhibitor penetration and, as a result, the
corrosion resistance of pipes, depending on the operational requirements.
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Practical value. It has been established that the use of dynamic surface deformation in
combination with a certain inhibitor makes it possible to increase the corrosion resistance by 11—
19 times.

Key words: hot-rolled pipe, general corrosion, inhibitor, plastic deformation, penetration
channel, microstructure.

Introduction.

Existing technologies for the production of hot-rolled pipes result in the
formation of scale and coarse-grained decarburized layers on their surfaces. This
contributes to the corrosion process of the pipe metal and leads to a decrease in its
load-bearing strength, thereby increasing the likelihood of accidents during pipeline
operation.

Metal failure due to corrosion is a significant problem in most industrial sectors,
and its control and prevention must strike a balance between effectiveness and cost-
effectiveness. Growing concern about environmental damage has greatly influenced
this field, as corrosion protection must comply with waste management regulations in
different regions [1]. The problem is exacerbated by the placement of pipeline routes
in soil. On one hand, this hinders the monitoring of the pipeline's condition, while on
the other hand, it causes environmental damage [1, 2].

Formulation of the problem.

Corrosion processes occur both on the surfaces and inside the walls of the pipe.
Surface corrosion often occurs locally, but its progression can lead to premature
failure of the entire structure. Internal corrosion poses an equally significant danger.
Spreading across the pipe's cross-section, it can cause failure even though the pipe's
surface remains visually undamaged [3].

The chemical composition of the steel significantly influences the corrosion rate.
This influence is noticeable even in the case of closely related carbon steels [6].

Samples of hot-rolled pipes and Grade 20 steel were selected as the research
materials. Although Grade 20 steel 1s widely used in pipeline construction, it does not
possess high corrosion resistance. For this reason, galvanic coatings such as chrome,
zinc, etc., are typically applied to it for operation in aggressive environments.

Depending on the chemical composition and production processes, a different
structural state and its determining parameters are formed in steel products. The type
of structure, its morphology (for example, the texture of hot-rolled and cold-rolled
products), defects, grain size, dislocation density, which affect the limits of
application of the selected material [5, 7].

The authors [5] conducted a detailed review of the influence of various
structural states on corrosion resistance. However, there is no clear consensus on this
matter. Nevertheless, it has been demonstrated that a coarse-grained structure
contributes to increased corrosion resistance. Formation of a fine-grained structure is
a very ambiguous factor affecting the degree of corrosion resistance. It has been
shown in [8] that the small size of crystallites and the high density of dislocations
accelerate dissolution of Fe in CO, medium.

It has been shown [5] that the size and spatial distribution of the cementite phase
are an important aspect of corrosion, since the more noble cementite acts as cathodic
centers, thereby affecting the corrosion resistance of the material.
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One aspect of corrosion research is the study of texture in relation to the
corrosion resistance of materials. It has been established that the activation energy of
the dissolution of a close-packed surface is higher than that of a loose-packed one.
When evaluating the texture and its role in corrosion, dislocation effects must be
considered. Dislocations are understood as one-dimensional defects in materials and
are closely related to development of the texture, since the high density of
dislocations caused by tensile deformation causes weakening of the crystallographic
orientation. This phenomenon is closely related to corrosion, as high corrosion rates
have been obtained at locations where dislocations cross the surface.

The lower corrosion resistance of cold-rolled steel compared to that of hot-rolled
steel is due to the high surface energy in the direction {100} since the plane with low
surface energy provides a slow dissolution rate of atoms due to its closed atomic
packing and results in high corrosion resistance.

As soon as the use of inhibitors to prevent corrosion of carbon steels is often the
most economical option, it is of considerable interest to the industry to determine the
limits of application of film-forming corrosion inhibitors. Commercial formulations
of inhibitors almost never use a single molecule due to observed synergistic effects
that increase their effectiveness.

It follows from the previous discussion that both external corrosion and internal
corrosion are hazardous to pipeline systems. While in relation to external corrosion
certain measures have been developed to combat it, this cannot be said in relation to
corrosion occurring inside the pipe wall. The task is to increase the corrosion
resistance of pipes.

One of the directions of the search is to find ways of anticorrosion inhibitory
treatment of structural crystalline surfaces along the thickness of the pipe wall, which
can be achieved by introducing the inhibitor to the crystalline structures.

A prerequisite for the possibility of the inhibitor introduction into crystalline
structures is the very fact of the occurrence of corrosion, developing according to the
type of electrochemical corrosion, that is, with participation of an electrolyte — an
aqueous medium. Electrochemical corrosion refers to the type of heterogeneous
corrosion, with participation of two phases — liquid (water) and solid; the surfaces of
the elements of crystalline structures inside the bulk of the material act as a solid
phase. Only one molecular layer of moisture can act as an aqueous medium [9].
Therefore, there are mechanisms for ingress of moisture into the monolith of the
material, and, so, inhibitors can also enter it in a similar way to provide anti-corrosion
inhibitory treatment.

Main part.

From practice, examples of penetration and movement of atoms and molecules
inside monolithic bulks of materials are known. The phenomenon of segregation is
also known, which consists in "instantaneous" movement of atoms of some elements
in the bulk of metal to the surfaces [10]. In the practice of a number of processes,
cutting fluids (coolants) are successfully used in the areas with extreme conditions.
So, for example, during cutting, the pressure in the cutting center develops up to 50
MPa, and the temperature can locally rise to several tens of thousands of degrees. The
positive effect is associated with the ability of the active principle of the coolant —
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polarized dipole molecules of surface-active substances (surfactants) to penetrate into
foci with extreme conditions. To ensure penetration into a zone with extreme
conditions, "penetration channels" and driving forces are needed to ensure movement
of surfactant molecules. Creation of "penetration channels" is provided by surface
plastic deformation, its implementation options — roller, roller deformation with
adjustable slip, dynamic deformation with brushes. In addition, the penetrating ability
is affected by surface microroughness, its mechanical and chemical properties [11].
The driving forces are electric forces, the presence of electric dipoles in surfactant
molecules, the presence of electric charges on the walls of microcracks. In [10], the
fact of detecting charges on the walls of microcracks inside the material mass is
noted. It can be assumed that this is due to formation of double electrical layers,
which is typical for breaking any contacts. Some identified features of the use of
coolant — the mechanisms of movement along the "penetration channels" can be taken
as a basis for developing the task.

Previous studies conducted by the authors on the surface treatment process using
a hydro-abrasive jet under pressure with the introduction of an inhibitor into the
hydro-abrasive suspension have allowed the establishment that the anti-corrosion
effect was absent when the surface was solely treated with the inhibitor outside of the
hydro-abrasive treatment. This led to the conclusion that the anti-corrosion effect is
associated with the surface deformation-induced strengthening effect of the hydro-
abrasive jet on the surface. Simultaneously, the appearance of intense luminescence
during the treatment was noted, which was attributed to the occurrence of
electrostatic discharges from double electric layers upon contact breaking between
abrasive particles and the material [12].The use of high-frequency deformation
treatment and its effect on the corrosion properties of materials are most often
considered [13] in terms of the impact of vibration on the weld pool, which
contributes to development of a fine-grained structure, suppression of the formation
of fine dispersed particles, especially at the grain boundaries of the final
microstructure. Improvement of the corrosion characteristics of welded joints is
probably associated with suppression of the formation of intermetallic compounds,
due to mechanical vibration during solidification of the weld [14].

The relationship between vibration of the solid metal material is shown in [15].
The positive effect of the use of vibration during hardening of steel 35CrMoV on its
properties, including corrosion resistance, is shown.

It has been suggested that the increased anti-corrosion effect is associated with
the external deformation effect of the surface layer, which leads to refinement of the
grain structure.

It is advisable to use inhibitors having a relatively simple chemical formula and
minimal molecular sizes. For example, the inhibitor NaNO2 has a molecular weight
of 68 g/mol, which is comparable to the molecular weight of water of 18 g/mol.
Comparable dimensions create the same conditions for penetrating power. At the
same time, it has been found that the same corrosion inhibitor can exhibit a different
protective effect for different steel grades of pipes, which may be due to high
sensitivity of the reagent to the nature of metal [16].

Identification of "penetration channels" can be carried out on the basis of
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modern ideas about the structures of nanomaterials and nanotechnologies. It has been
established that during crystallization there is a mismatch in orientation of the
crystallographic planes of neighboring crystal lattices, which reaches 5° in
conventional materials [17]. In nanomaterials, the mismatch can reach several tens of
degrees [9]. Significant disorientation also takes place during grain grinding by
traditional deformation methods (PPD, DPD, etc.).

If there are mismatches in the placement of the crystallographic planes of the
neighboring crystals being formed, appearance of free volumes at the junctions of the
surfaces of neighboring crystalline formations is inevitable. This causes appearance
of some residual porosity, free volumes, and in conventional materials with a small
degree of mismatch up to 5° it significantly increases for nanostructures due to
significant increase in mismatch up to several tens of degrees In nanomaterials, the
amount of free volume significantly increases due to the increase in lattice mismatch
by several tens of degrees. Under these conditions, there is no dense contact between
the surfaces of contacting crystal elements, and the formation of free volumes is
inevitable. As a result, grain boundary pores are located along the grain boundaries
(GBs) and their clusters, and the majority of excess (free) volume is concentrated
there [18]. In coarse-grained polycrystals, the free volume manifests as point defects,
dislocation nuclei, and with grain size reduction, additional free volume in the form
of imperfect GBs is added to them [12].

They are almost always group [18], which also predisposes possibility of
movement of inhibitors in ionic form in the bulk of the material.

But, in addition to the free volumes in the structures, the near-border arca
directly adjacent to the GBs, which have a special structure and properties, deserves
special attention. Grain boundaries "are the sources of dislocations and sinks for
them". It is also noted that nanomaterials are distinguished by exceptionally high
diffusion mobility of atoms, which is 5-6 orders of magnitude higher than that of
conventional materials. In [18], the phenomenon of segregation is described, which
consists in "instantaneous" movement of atoms of some elements in the bulk of metal
to the surfaces. The "instantaneity" of movements should be linked to the extremely
high rapidity of microlevel processes, which is 10°°-10-'! s [17], and to the presence
of "free volumes" in the structures that came into view only in connection with
development of nanomaterials.

The noted features are key in the issue related to deformational refinement of
grains and the behavior of inhibitor ions — the possibility of their penetration into the
bulk of material. It can be seen from the foregoing that during plastic deformation of
the surface layer with crushing of grains, conditions are created for the formation of
"penetration channels" in the material from the complex of free volumes present in
the bulk in combination with free volumes of movable deformable layers. From the
practice of surface hardening treatment by deformation, examples are known when
the deformation effect extends to the depth of up to 35—40 mm [19]. This corresponds
to the wall thicknesses of hot-rolled pipes, therefore, the existing experience can be
used for anti-corrosion treatment of pipes in the bulk of material throughout the entire
thickness of the walls. Equipment for similar processing of external and internal
surfaces of pipes has been developed. As a result, the pipe wall can be processed
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from two sides.

Considering the high brevity of micro-level processes (10°-10'! s), the time of
crushing-grinding of grains, corresponding to the direct crushing effect, is
incommensurably large (it can be taken, in the first approximation, within 0.01-1 s).
This exceeds the duration of microlevel processes by several orders of magnitude and
means that during the time of deformation impact on the material, a large number of
acts can occur for penetration of inhibitor ions into the bulk of material, their
transportation through the "penetration channels", and formation of protective
passivating films on the elements of the crystal structure. In addition to transportation
of inhibitor ions along the "penetration channels", the previously noted diffusion
conduction along grain boundaries can be carried out, where, due to misorientation of
crystal lattices, interlayers of 1-5 nm with the high content of dislocations are formed
along the grain boundaries (see above). These interlayers, in conditions of mobility
and vibrational phenomena of a wide range of vibrations, can also contribute to
solving the problem. The noted ultra-high diffusion permeability of nanomaterials
should be associated with grain refinement, which can be compared with the common
practice of hardening treatment with grain crushing [20].

Experimental studies of corrosion resistance of pipes.

The purpose of the experiment was to establish, on the basis of a previously
conducted theoretical analysis, effectiveness of the use of inhibitors in combination
with dynamic surface deformation by brush treatment to increase the corrosion
resistance of pipes, as well as structural changes in the thickness of the pipe wall.

The specific feature of the work of brush tools is the high-speed impact of an
elementary tool — a wire, followed by a deformation-cutting effect and the same high-
speed separation from the surface to be treated. It should be noted that the type of
action of the wire has common features with the type of action during hydroabrasive
processing, where intense electrical phenomena are observed.

Hot-rolled pipes 139x5 mm in size made of steel grade 20 were subjected to
dynamic brushing. Three types of inhibitors and their modifications were studied.
Dynamic surface plastic deformation was carried out at the rate of movement of the
brushes relative to the pipe surface of 9 m/s.

The speed mode and processing time were chosen in accordance with the results
of studies [10, 21]. The brush feed in relation to the pipe surface was regulated in the
range from 1.5 mm to 6 mm. The time for processing the pipe section, corresponding
to the width of the brush tool, did not change — 15 sec.

Accelerated tests of the protective ability of conservation compositions in
combination with surface dynamic deformation were carried out with periodic
moisture condensation according to DSTU ISO 6270-2:2015.

The results of tests with periodic moisture condensation for 24 hours are
presented in Figures 1-4.

Analysis of the results of the corrosion resistance of pipes presented in the
figures allows us to draw the following conclusions:

- the type of inhibitor used (up to 2 times), affects the degree of corrosion
damage. It is possible that other types of inhibitors, in contrast to those used, can
improve this indicator;
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- the degree of corrosion damage (up to 3 times) depends on the intensity of
DPD, carried out by changing the brushes feed and has pronounced minimum;

- dilution of the inhibitor leads to decrease in its protective properties by several
times. The best result is achieved when using the inhibitor at 100% concentration;

- the depth of surface defects increases the degree of corrosion damage. The
initial surface preparation during descaling and the optimal value of DPD should be
carried out almost simultaneously;

- the result shown in Fig. 4 indicates a certain optimum degree of brush feed, i.e.
pressed against the surface of the pipe. Increase in feed leads to increase in the depth
of surface defects and, as a result, deterioration in the corrosion properties of the
surface;

- the presented dispersion field of the average size of ferrite grains on the surface
indicates the absence of relationship with the degree of corrosion. At the same time,

the trend line suggests possible decrease in corrosion damage with decrease in grain
size.
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Study of the structure of pipes subjected to surface plastic deformation with
inhibitors. Based on the results of corrosion tests, 6 samples of hot-rolled pipes were
selected according to the results for each type of inhibitor.

The structure of all presented samples is identical and is characterized by an
elongated ferrite-pearlite structure. In this case, the ferrite grains are equiaxed, and
the pearlite grains are elongated (banding score on the inside of pipes is 4, according
to GOST 5640). Herewith, decrease in banding of the structure is observed with
approaching the outer surface of the pipe. Closer to the outer surface, the degree of
pearlite grains deformation decreases, and at 2 of the wall thickness an equiaxed
ferrite-pearlite structure is observed.

The outer surface of the pipe is somewhat decarburized and consists of
extremely fine grains of ferrite.

It can be assumed that after cooling immediately after hot deformation, the pipes
or pipe fragments were subjected to thermal action from the outside, which led to
development of primary and collective recrystallization processes.

A typical cross-sectional structure of samples is shown in Figure 5.
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Figure 5 - Structure of hot-rolled pipes: a — outer surface; b — cross-section

structure close to the inside surface
Author's development

The depth of defects on the outer surface of the pipe reaches 65-75 um. The
average grain size on the surface (decarburized layer) is 5.4 um (Figure 6).

Figure 6 - Structure of the outer surface of hot-rolled pipes:
a — sample 4; b — sample 5

Author's development

The results of corrosion resistance tests and studies of the metallographic
structure of pipe samples are presented in Table 1.

Table 1 - Corrosion resistance and average grain size depending on the type of
inhibitor and processing mode

Sample | Inhibitor type | Feed, mm/ |Depth of surface| Average | Corrosion
No. Processing defects, grain size, damage
time, sec um um degree, %
1 Without 2/30 54 95
inhibitor
2 Purotech 400 3/15 65 =75 7.2 30
3 Purotech 600 3/15 7.8 18
4 Ml 3/15 4.3 5
5 MI 6/15 3.8 8
6 M1 (30%) 6/15 52 50
Author's development

Steel 20 is not a corrosion resistant material, therefore the effect of using a
corrosion inhibitor can be seen most clearly.
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The use of brush deformation in the specified ranges will obviously not affect
the microstructure of the material. This treatment creates residual compressive
stresses on the surface that improve the fracture potential. As shown by the results
given in the table, the use of brushes contributed to deeper penetration of the
inhibitory reagent to the juvenile steel surface. Intensive brushing may have a reverse
defect — the corrosion rate, as well as the depth of damage to the material, may
increase. Presumably, this is due to the fact that having a sufficiently low strength,
steel 1s deformed, with formation of the smallest surface defects. It is these small
areas that turned out to be with a high level of stress and structural defects. As is
known, the high density of dislocations and the level of stress contribute to
development of oxidation processes in oxidizing and corrosive environments.

However, the use of brush surface treatment in some power and time intervals
contributes to increase in corrosion resistance. The effect of brushing will be
especially noticeable when processing hot-rolled material. Since hot-rolled steel is
always covered with a small layer of scale (the thickness and composition of the scale
varies depending on the deformation temperature, the initial material, the rate and
degree of deformation, and subsequent processing). Application of an inhibitory layer
to areas with scale without the use of additional treatment or the effect increasing the
inhibitor penetration into the metal surface, in fact, leaves the so-called "white spots",
1.e. such scale microsites, which, when the material enters the corrosive medium, are
primarily the channels for penetration of the destructive medium deep into the
material to the juvenile surface, which is direct consequence of pitting corrosion
appearance.

The use of brush processing of the material does not completely remove the
scale microlayer, it is like a kind of "stuffing" of the inhibitor on the surface of the
material. It allows to fill all voids in the scale layer with an inhibitor, since scale is a
fairly loose product by its nature.

Attention should be paid to the negative result of brushing. Decrease in the
positive impact of the effect can also be considered in terms of reducing the surface
roughness. Decrease in surface roughness not only improves mechanical properties,
such as fatigue characteristics, but also, according to [22], increases corrosion
resistance.

And at the same time, later studies [23] showed that the quality of the surface in
relation to its corrosion resistance is not stable. Roughness removal does improve
corrosion resistance, however, polished specimens tend to show lower resistance
results compared to the original condition. Therefore, in the future, it is necessary to
conduct additional studies on the dependence of duration, frequency and intensity of
brushing, taking into account the nature of the material, mechanical properties,
surface quality and other factors, the degree of steel aging.

Based on the study, it can be assumed that the use of brush-packed application
of an inhibitor on a clean, cold-rolled metal surface may not have such pronounced
results, since there is no scale.

The study showed that there are prospects for further research in this area.

The use of brushing allows the surface treatment to be carried out
simultaneously with application of the inhibitor.
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Brush processing allows increasing the level of compressive stresses, which, to a
certain level, contribute to increase in corrosion resistance. In addition, in the process
of vibration processing, particles of Fe;O4, Fe,03, FeO, formed on the surface under
the influence of high temperatures during production of rolled products, are removed.

1. The low corrosion resistance of transport lines made of hot-rolled pipes is
associated with the technological features of their production — the presence of scale
on the surfaces and coarse-grained decarburized layers on the surfaces. Improvement
in performance can be achieved by careful removal of scale, surface plastic
deformation combined with inhibitor treatment of the pipe surface, the penetration
depth of the inhibitor can be significantly increased if the preparation reaches a
juvenile (scale-free) metal surface.

2. Surface-plastic deformation, which refines the grain structure, creates
conditions for formation of "penetration channels" of the inhibitor in solution to the
elements of the crystal structure of the material

3. The use of surface dynamic deformation in combination with an inhibitor
makes it possible to increase the corrosion resistance of pipes by 11...19 times.

4. The type of inhibitor used significantly affects the corrosion resistance (up to
8 times with these types).
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Abstract. Iline. O6rpynmysanns 3acmocy8anHs NOBEPXHEBOI NAACMUYHOI MA OUHAMIYHOL
nosepxuesoi oepopmayiv (1117, JI1/]) cyminenux 3 aHmukopo3itiHow iHeIOimopHol0 00pobKOoI0
cmarnesux gyzneyesux mpyo 3a2anbHO20 NPUSHAYEHHs O] NIOSUWEHHS 3HOCOCMIUKOCMI MpyOHUX
mazicmpaneu.

Memoouka. 3pazku eapsue Oeghopmosarnoi cmani, 6i0ibpani 6i0 mecmosux Gpacmenmie
mpy06, Oyau CXUNbHI 00 DI3HUX DEeXCUMI8 NOBEPXHEOI NAACMUYHOI Mma OUHAMIYHOI NOBepXHesol
Odepopmayiti 3 BUKOPUCMAHHAM [H2IOImopie Koposii. [lnacmuuny OJeghopmayiro 30ilicHIO8aAIU
WIMKOBUM THCIMPYMEHMOM 3 DI3HOI0 8EIUUUHOI0 NPUMUCKAHHA WiIMOK 00 mpyou ma dacy oopooKu.
Jocnioscenns 3axucnoi 30amuocmi iH2IOIMOPI6 NPOBOOUNU NPUCKOPEHUM MemoodoM nid uac
nepioouunoi  kondencayii - eoroeu JICTY ISO  6270-2:2015. Ilposedeno  nopiensibHe
Memanozpaghiune 00CHiOdNCeHHs cmpykmypu memany mpyo, niooawux IIII]] ma JII 3
iHeibimopamu.

Pezynomamu. [Ipedcmasneni pezynomamu excnepumeHmanroHux O00CHi0NHCeHb NOBEPXHEBOT
KOpO3itiHOI cmitikocmi ma memanoepagiunoi cmpykmypu mpyo 139x5 mm i3 cmani mapxu 20 npu
BUKOPUCMAHHI MPbOX MUNIE IH2I0IMOPIE Ma PIZHUX PEeHCUMIE OUHAMIYHOT NIACMUYHOL Oedhopmayii.

Haykoea noeusna. /Junamiuna nosepxnesa oegpopmayis memany, wo NOOPIOHIOE 3ePeHHy
CMpPYKmypy, CMBOpIOE YyMo8u OJisl ymeopeHHs "kaumanie nponuxkuenusa' incidimopa 6 cmpykmypy
memany. 3acmocysanna J[II/] 003601a€ 3menwiumu po3mip 3epeH y NOGEPXHEBOMY Wiapi, wjo
003680JI51€ NPUNYCIMUMU  MONCIUBICIb VIPABIIHHA 2NUOUHHUM NPOHUKHEHHAM IH2iOimopa i, sK
HACAI00K, KOPO3IUHOI cmilKocmi mpy6 3a71ex#CHO 810 eKCHILYaAMAayitiHux 6UMO2.

Ilpakmuune 3nauennsa. Bcmanoseneno, wo 3acmocy8aHHs OUHAMIYHOI NOBEPXHEBOT
Odepopmayii' y Komniekci 3 neHuUM iH2iOimopom 00360J15€ 30inbuumu KOpositiHy cmitkicms y 11 —
19 pasis.

Kniouogi cnoea: capsuexamana mpyoa, MidCKpucmaiimua Koposis, NimmuHe08a Kopo3is,
ineibimop, naacmuyna oepopmayis, KaHan NPOHUKHEHHS, MIKDOCMPYKMypa
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Anomauin. Xni6oOynouni eupobu i mexmonoeis ix npueomyeanus 011 0a2amvox HApoois
C8iMYy € CUHOHIMOM HAYIOHANLHO20 Oazamcmea i 000pobymy, cnpadasHa ix CcnpasedIuso
HA3UBAIOMb CEAMUHEIO | CUMBONIOM dcumms. Bbinvw moezo, xni6 i 6a306i nonamms npo Hb020 — ye
00UH 3 NYHKMI8 HAYIOHANbHOI i0enmugixayii, He6id'emMHa uacmuna emHiyHOCMI | Mmpaouyii, wo
BIOpI3HAE KYIbMYPU PI3HUX HAPOOIE.

Xnibobynouni eupobu 3a c80imu 0coOIUBOCMAMU MEXHON02I], XIMIUHO20 CKAAdY, OIOXIMIYHUX
Xapakmepucmux CUpoGUHU € NPOOYKMAMU 3 BUCOKUM NPUPOOHUM NOMEHYIANOM )Y KOPEKMYBaAHHI
xapuogoeo cmamycy ykpainyie. Tomy 3ycunns 6iMYUBHAHUX HAYKOBYIE mMa GUPOOHUKIE
CHPAMOBYIOMbCA HA  YOOCKOHANEHHSI ACOPMUMEHMY, PO3POOKY | 6NPOBAONCEHHS MEXHON02IU
NOKpAWeHoi Xxap1uo8oi YiHHOCMI, 31 CKOPULOBAHUMU (DI3I0N0IUHUMU BIACMUBOCMAMU. 3POCMAOMb
sumozau 1 00 beneuHocmi NPoOYKYii, eMicmy CuHmemuyHuUx 000A80K Ma anepeeHis, npiopumemu
CHOXMCUBAYIB 3MIWYYIOMbCS 00 CMAYHUX U APOMAMHUX BUpPOOIs, OMPUMAHUX 3a KIACUYHUMU

MeXHON02IAMU Oe3 3aCMOCYB8AHHA NONINULY8AYIE.
Kniouoegi cnosa: innosayii, xnio, kpaghmogi mexnonozii, OOpoutHo, ceuHsaYe Cano, iMamiHu.

Beryn

XapuoBa IIHHICTh XJ10a 3aJieKUTh BiJ BUAY 1 cOpTy OOpoOIlHa, TEXHOJOTI
BUTOTOBJIEHHsI 1 BosiorocTi BUpoOy. Ha BiaMiHy Bij Oaratbox I1HIIUX IHPOIYKTIB,
XJIIOH1 BUPOOM 37aTHI 3a0e3MeuyBaTy OpraHi3M JIFOJJMHUA 3HAYHOIO KIJIBKICTh €HEeprii
Ta Maike yciMa JKUTTEBO HEOOXIAHUMHU pEYOBMHAMU: OlIKaMHU, BYTJIEBOJAMH,
BiTaMiHaAMH, MiHEpaJIbHUMHU PEYOBUHAMHM, a OyJ04YHI BUpOOM 1ie il xupamu. Tak, y
XJ11000yTOUHUX BHUPOOAX 13 MIICHWII BHINOTO TaTYHKY MICTUThCA Onu3bko 50%
BYTJIeBOMIB, 5 -8% OunkiB Ta Onm3bko 1% xupiB. Enepretnuna minHicth: 100 T
npoaykty Mictuth 220...250 kkan. Kpim Toro, xm60o0ynodni BUpoOU 3 MIIECHUIl —
BXXJIMBUN MOCTAYaIbHUK JO OpPraHi3My JIFOJIMHU JCSIKUX BiTaMiHIB rpynu B (TiamiH,
puboduiaBiH, HiallMH) Ta MIHEPATbHUX PEYOBHH (Kajiil, Kablliid, 3a Ji30, MarHiu,
dochop). OCHOBHUM KOMIIOHEHTOM XJ1i0a € ByIJIeBOAH, Ki ckiamaroTh 30—40% Bina
Macu xJjiba. Xm0 MICTUTh 3HAyHy KUIBKICTh HE 3aCBOIOBAHUX OPraHI3MOM
BYIUICBOJIIB, TaKUX SIK KJIITKOBMHA 1 reMilentoio3u. Tak, y MIIeHUYHOMY XJiibi 3
IIJIOTO 3€pHa BMICT KIITKOBUHU Jlocsirae 2%, a B MIIEHUYHOMY XJ1100B1 3 OopoiiHa 1
ratynky — Jjume 0,4%. BomHodac y XUTHbOMY XJI100BI KUIBKICTh KIIITKOBHHH
nocsirae 1,1%. Bwmict reminentono3 y xmibi KojquBaeTbes y mexax 2-—4%. Xiid
MICTUTh TIEBHY KUIbKICTh BiacHUX kupiB (1,0- 1,3%), sixi 6araTi Ha moJiIHEHACUYEHI1
KUpP1 KUCIIOTH, IO CKIaaarTh nmpuomm3Ho 50% Bijx 3araibHOi KUIBKOCTI JKHUPHHX
KUCJIOT. X0 € BaXIMBUM JDKEPEIOM JIeSIKUX MiHEpaJIbHUX pedyoBuH [3].
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X1600ys1049H1 BUpOOU € JKepesioM BiTaMiHiB rpynu B — Tiaminy (B1), puboduasiny
(B2), mianmuny (PP), anme Bitamin B2 mictuthest B HemocTaTHI#M KimbkocTi (0,08-0,11
mr/100r), a y Bupobax 13 coproBoro OopomHa wmano Bitaminy Bl (0,15-0,23
Mmr/100r). B cepenabomMy mozeHHO JioauHa croxuBae 250-350 r xmi6a ta 6isg 100 T
OynmouHux BUPOOIB, MO CKIamae 1/3 eHepreTUYHOi IIHHOCTI JOOOBOTO paIllOHY
Xap4yBaHHS JOPOCIOi JIFOJWHU. 3aCBOIOBAHICTh XIMIYHMX PEYOBHUH XJI1000YJIOUHUX
BUPOOIB OpraHi3MOM JIIOJWHU BUCOKA: OinkiB — Ha 70-90%, ByrieBomiB — Ha 94—
98%, >xupiB — Ha 92-95%.

OCHOBHHUI1 TEKCT.

Cepen cTpareriyHuX HampsMiB 1HHOBALIMHOTO PO3BUTKY HAMH BUIUISIOTHCS
HACTYIIHI: BBEJICHHS HOBOTO METOJY BHPOOHHWIITBA; BBEJACHHS HOBOTO MPOAYKTY Y
BUPOOHMIITBO, CTBOPEHHS HOBOIO PHUHKY MOCAYyr abo ToBapiB ab0 MONIyK
npuBaOIMBOTO CETMEHTY PHHKY; BHUKOPHUCTaHHS HOBOTO BHJy CHPOBHHH a0o
HamiBpaOpUKaTiB; MOJEpHi3allig 1 Moaudikallis ICHYIOUOTO MTPOAYKTY; dopmu i
TEXHOJIOT1i CIIBpOOITHUIITBA 31 CIOXKHMBA4YaMH;, peopraHizaiis cucremMu 30yTy 1
MOCTaYaHHs; peopraHizallisi CTPYKTYpPU YIPaBIiHHSA, HAIIJICHOI HA IIiJIBUIICHHS
SKOCTI.

OCHOBHI HamnpsiMU TPOAYKTOBUX IHHOBAIIM MIAMPUEMCTB XJ1OOMEKaAPHOI
IPOMUCIIOBOCTI MPEACTaBIEHO Ha puc.l.

[HHOBawUiiTHAUIT X7T1I000YTOYHUI MTPOAYKT (MOAM(IKALLisI, MOAEPHI3aLLis)

v
\ 2 v L v v v v vy v

ol
e

AKOCTI
3amoporKeHa NpoayKLis
YnakoBaHa npoayKLis
[OietnyHa npoaykuis
(diTHEC-NPOAYKLIA)
Mpoaykuis, 36arayeHa BiTamiHamu,
Mpoaykuis ans giten
MpoayKuis ana nogel NoXmMnoro Biky

MpoayKuis CNOPTUBHOIO CNPAMYBaHHSA
Hu3bKoOKanopitHa NpoayKLis 0340pOBYOI Aji

eniTHi copTu xNiba i3 cMpoBMHU BiNbL BUCOKOI
MiHepanamm i iHLUIMMM KOPUCHUMM f06aBKamM
MpoaykKuin i3 gomilKkamm (cyxoppyKTamu,
ropixamu, 3eIeHH0, CUPOM TOLLLO)

MpoaykKuis i3 TpMBanum TepmiHom 36epiraHHA

Pucynok 1 — OcHOBHi HANIPSIMHM IPOAYKTOBHX iHHOBallii B XJ1i00NeKapHi
MPOMMCJIOBOCTI

B Vkpaini BUpOOIATH MIHUPOKUM aCOPTUMEHT XJ11000YJIOYHUX BUPOOIB, IO
BIJIPI3HAIOTHCS 32 CKJIAJIOM CHPOBHHHU, (HOPMOIO, MacCO, CIOCOOOM BHITIKaHHS.
BianoBigHO 10 HOMEHKJIATypH TPYMHOBOTO ACOPTUMEHTY BUPOOIB XI1iOOMeKapHOi
MIPOMMCIIOBOCTI TaTYHKH BUPOOIB 00’ €iHaH1 B 14 rpym.

YkpynHeHa HOMEHKJIatypa xjiiba Ta xJ1000yJIOYHUX BUPOOIB Ma€ KiJibKa
MAacCOBUX, TPAAMIINHO TOMYyJSPHUX Yy HACEJNEHHS TIpPYyI: XJi0 13 MIIEHUYHOTO
OopourHa; xJi0 13 XKUTHHOrO OOpOLIHA; XJIO 13 CyMIIll >KMTHBOTO 1 HMIIEHUYHOTO
oopomiHa; OynouHi, 3100HI, OapaHOYHI Ta CyXapHi BHUPOOM. Ajie Ha KOXHOMY
XJ11I00TIEKapHOMY ITiIMPUEMCTBI € BJJaCHA aCOPTUMEHTHA ITporpama.
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BBeaeHHs HOBOTO MPOAYKTY Y BUPOOHUIITBO O3HAYAE MIPOBEACHHS JOCIIKEHb,
p03p061<y, BIPOBA/LKEHHS 1 BUXig Ha PHUHOK  PajIMKabHO HOBOI1 1HHOBAIIIITHOT
npoaykiii. 3a piBHEM HOBU3HHM MPOAYKINi 3TiIHO CTATUCTUYHHUX CIOCTEPEKEHb 3a
IHHOBAIIMHOIO ISUTBHICTIO TPOMHKCIIOBUX TMIANPUEMCTB YKpaiHU, 1HHOBAIINMHY
MPOAYKIIIO PO3NOAUIAIOTh HAa HOBY AJIS MIANPUEMCTBA 1 HOBY AJist puHKYy. [Ipomyxkiis,
10 € HOBOIO IS IaHOTO MIANPUEMCTBA B3arajii Moxke OyTH He 1HHOBalIHOI0, TOOTO
HE 33JI0BOJILHSITH KPUTEPISIM 1HHOBAIIHHOCTI.

3riJIHO 31 3aKOHOJABCTBOM, XJiO Ta XJ11000yJ0UHI BUPOOH, 1110 BUPOOIISIIOTH B
VYkpaiHi, MalTh BIJNOBIIATH BCTAHOBJICHUM TMOKa3HUKAM SKOCTI Ta OE3MEeKH, SKl
PO3p0o0JIsIE 1 3aTBEPIKYE IIEHTPATBHUNA OpPraH BUKOHABYOI BJIaJ 3 MUTAHb arpapHOi
MOJIITUKK Pa30M 13 LEHTPAIbHUM OPraHOM BUKOHABUOiI BIaJM y cepi TEXHIYHOrO
pEeryJloBaHHsl Ta CIOXUBYOI MOMITHUKU. Bumorum 1o sikocti Ta Oesneku xiiba 1
x11000yJIOUHUX  BHPOOIB  MICHAsA  3aTBEPIKEHHS MIAJIATAlOTh  000B’SI3KOBOMY
oImyOJTIKyBaHHIO y 3aco0ax mMacoBoi 1H(opMaIlli 1eHTPaTIbHOTO OpraHy BUKOHABYOi
BJIAJ 3 TUTAHb TEXHIYHOTO PETYJIIOBAHHS Ta CIIOKUBYOT MOTITHKHU.

OmHuM 13 TEpCHEeKTUBHUX HAMpPsMIB MMIABUIICHHS SKOCTI, O€3MEeYHOCTI,
Xap4oBOi IMHHOCTI Ta 3aCBOIOBAHHS, PO3IIMPEHHS aCOPTHMEHTY, 30aradcHHs
HyTpi€HTaMH XJ1i0a € BUKOPUCTAHHS HOBUX HETPAJAMININHUX BHUIIB TBApUHHOI
CUPOBHHH, KA MICTUTh 30QTAHCOBAHUI KOMILUIEKC MiHEpaJTbHUX PEYOBUH, BITAMIHIB
Ta IHIIAX I[IHHUX CIOJIYK, a TaKOXX XapaKTePU3YEThCS BHUCOKHUMHU TOXKHUBHUMH,
CMaKOBMMH Ta IHIIMMHU BJIACTUBOCTSAMU. BoaHouac Ba)MBE 3HAYEHHS MAalOTh
OpraHoJIENITUYHI BJIACTUBOCTI KpadTOBHX BHUPOOIB, M0 OTpUMaHl 3a HOBUMH
peuenTypamu.

CporogHi Haml CHOXUBA4 4ye€ MPO MIKOAY XJ10a, OCKUIBKH AJIi BUTOTOBJICHHS
BUKOPHUCTOBYIOTH OOpOIIHO 3 BMICTOM IJIIOTeHY (KJIEHKOBUHU), IS OpOMIHHS —
JOPDKIDKI, ajle HAMU B CTATTi TMOIIArOBO OMHWCAaHI JETalli BUTOTOBIICHHSA Xi0a, Ha
npukiaai kpagrosoro xjida «Kozarpkuii 3 camomy.

Jlns 30aradyeHHs XJ11000yJI0YHUX BUPOOIB Ta MIJBUIIECHHS 1X Xap4oBOi I[IHHOCTI
MPOMOHYETHCS  BUKOPUCTOBYBATM  BIHHUIbKE CBUHAYE cajo. Sk  aHaior
BUKOPHUCTOBYBAJIM XJIIO 3 MIIEHUYHOrO OOpoOIHA. 30BHINIHIA BHUIJISA BIHHHUI[LKOTO
CBUHSUOTO cajia MpeACTaBiIeHO (PUCYHOK 2).

Pucynok 2 3OBH1111H1H BHUTJISY BlHHI/IlII)KOFO CBHHSIYOIO CAaJIa.
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Cano € cMayHMM Ta BUCOKOKAJIOPIMHUM MPOIYKTOM XapyyBaHHS. Y HBOMY
MICTAThCS 0arato >XUTTEBO-HeoOXimHMX BiTaMiHiB: A, B1, B2, B3, B6, B12, D, E i
MIHEpaJM: KaJbIli, Mardii, IUHK, 3a1130, hocdop, celieH Ta iHmm. 3 yciX MiHepaiB
0co0/IMBE 3HAUEHHS I JIIOJUHU Ma€ CeIeH — MIKPOECJIEMEHT, SKUW CIIpHs€E
3MIITHEHHIO IMYHHOI CHCTEMH Ta TEUYiHKH, TOKpaIly€e penpoayKTUBHI Ta
AHTUKAHIIEPOTCHHI (PYHKITI].

CyuacHi HayKOB1 JOCJIDKCHHS, JIOBEJIM, 110 BXXMBAaHHS cajla HE TUIbKH HE
IIKOJIUTh, @ HABMAKU KOPUCHE, HABITh XBOPUM IILTYHKOBO-IIEYIHKOBUMH XBOPOOaMH.
ApaxiJIOHOBa KUCJIOTA, 1110 MICTUTBHCS y CUPOMY Calll, 3HHXKY€E PIBE€Hb XOJIECTEPUHY B
kpoBi. Penientypa xni6a «Kozaupkoro 3 canom» npeacrasiena ( Tadmauus 1).

Taoauua 1 — Peunentypa xji6a Ko3zanbkoro 3 cajiom

Ne n/mt Hassa cupoBuna bpyrro, r Herro, r

1. BopoiHo mieHnyHe B/T 500 500
2. Cinp 5 5

3. Boga 260 260
4. Hpixmxi 10 10
3. Cano 25 25
6. Buxin HamiBhabpukary 800 800
7. Buxizx rotoBoro BupoOy 733

Asmopcvka pospobka

YV iy TICTOMICMIBHOI MAamMHM  A0AaroTh piguHy t=8°C, npixmki, mpocisHe
OOpoIIIHO, pO3UrH coui 1 3amimryioTh TicTo T=600-900c. ['oToBe TICTO pO3POOISIIOTH,
J0JAI0Th TEpecMa)kKeHl MIMATOYKKM CBHUHAYOro cana, (OpMyloTh BHpOOH, SKi
BUKJIAJalOTh y QopmMu 1 cTaBmath y Terie wmicie Ha Tt=1200c...1800c s
BHUCTOIOBaHHS.

3oBHIMHIN BUrIsAA HamiBhabpukaty xiiba «Kozambkoro 3 caiom» 300paxeHO
(pucyHOK 3).

Pucynok 3 — 3oBHimHii Buriasia HaniBpadpukary xaida «Ko3zaubkoro 3 cajgom»

Bunikarots Bupobu npu t=220°C, npotsirom 1=2400c...3000c. T'otoBi BupoOu
OXOJIOJKYIOTh. 3O0BHIIIHIN Bumsi  kpadroBoro xmiba Kozaupkuii 3 camom
300paxxeHo (PUCYHOK 4,5).
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Pucynok 4 — KpadroBuii xJ1i6 roroBuii 10 BUNiKaHHA

Pucynok 5 — 3oBHimHii Burasg kpagprosoro xJaida «Kozaubkuii 3 cajiom»

3aK/Il04YeHHs | BHUCHOBKH.

Bynu po3risHyTi NMpoBeeHI MOCIKEHHS MO BHECEHHIO CBHUHAYOIO cajia y
peuentypy xii6o0yimounux BupoOiB. OTpumMaHi pe3yJabTaTH  MiATBEPIUIH
NEPCIEeKTUBHICTh 30aradyeHHs  XxJi0a XapyoBHUMH BOJIOKHAMH, BiTaMiHaMu Ta
MmiHepanamu. Taxi xy1600ysouHi BHpOOM MaroTh MiJBUIIEHY XapyoBY I[IHHICTb,
n006pi cMakoBi sikocTi. B xoai poOoTu omucana penentypa kpadroBoro xmida «
Kozaupkuit 3 canom», sSKAd JONOMOXE  KpadTOBUM BHUPOOHHMKAM PO3IMIUPUTH
IHHOBAI[IMHUN  aCOPTHUMEHT  XJIIOOOyJIOYHHMX  BHUPOOIB  (PYHKIIIOHAJIBHOTO
NPU3HAYEHHS.

Jliteparypa :

1. KpadproBa mnpoxykuis, mo me. URL://istalcogolya.com/other/kraftovaya-
produktsiya-chto-eto.html (mara 3Bepuenns: 12.05.2023).
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Abstract. Bakery products and the technology of their preparation for many peoples of the
world are synonymous with national wealth and well-being, since ancient times they are rightly
called a shrine and a symbol of life. Moreover, bread and basic concepts about it are one of the
points of national identification, an integral part of ethnicity and traditions that distinguish the
cultures of different peoples.

Bakery products, due to their technological features, chemical composition, and biochemical
characteristics of raw materials, are products with a high natural potential in correcting the
nutritional status of Ukrainians. Therefore, the efforts of domestic scientists and manufacturers are
directed to the improvement of the assortment, the development and implementation of technologies
of improved nutritional value, with adjusted physiological properties. Demands for the safety of
products, the content of synthetic additives and allergens are increasing, the priorities of consumers
are shifting to tasty and aromatic products obtained by classical technologies without the use of
improvers.

Key words: innovations, bread, craft technologies, flour, lard, vitamins
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Abstract. In the production of dairy products in the modern food industry, various food
additives are used, the purpose of which is primarily to extend the shelf life of the product, to
improve organoleptic and physicochemical indicators.

At this stage, there are already about 45 technological classes of food additives, which
requires an additional level of classification. Food additives, like any chemical compound added to
a food product, can have a toxic effect, so special attention is paid to food safety. All nutritional
supplements are under constant supervision. When using any food supplement, it is necessary to
withstand their exact dosage and conditions of introduction. When the conditions of use change and
new scientific information is available, the status of the food supplement may be changed.

Key words: food additives, antioxidants, moisturizing agents, thickeners, preservatives, dyes,
acidifiers (acids), acidity regulators, emulsifiers, fillers.

The purpose of research.

The development of the food industry, the modern level of scientific research,
the growth of food production volumes and the expansion of their assortment
contribute to the dynamic development of the country's food market and determine
the increasingly widespread use of food additives in food technology. In the
production of dairy products in the modern food industry, various food additives are
used, the purpose of which is primarily to extend the shelf life of the product, to
improve organoleptic and physicochemical indicators.

The research was carried out in the problem laboratory for monitoring the
quality of food products of the Department of Food Technologies and Microbiology
of the Vinnytsia National Agrarian University. The work used methods of
organoleptic research, food legislation "On the safety and quality of food products".

Research results. The modern attitude to nutrition is the result of centuries-old
observations and research, which collectively created a considered scientific theory of
nutrition. In recent years, mankind has paid considerable attention to the problems of
the usefulness of everyday food products for health.

Food additives are a voluminous list of materials with different characteristics
that are added to food products to solve certain technological tasks. With their help,
food safety increases, shelf life is extended, taste, aromatic qualities, consistency,
appearance, etc. are preserved and improved.

In Europe, food additives are indicated by a numerical code preceded by the
letter E. It notifies that the additive, after passing a specially developed procedure for
evaluating the harmfulness/harmlessness, has been approved and allowed for use in
the food industry in the European Union. This designation allows you to avoid long
and unclear names that do not fit on the label. The labeling system using the letter E
has increased the convenience of informing the consumer many times over. As for
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the numbers, they indicate that the additive is included in a specific group of
substances.

All food additives are divided into substances of natural and synthetic origin.
The first are made from products that can serve as a source of food. These are, in
particular, agar-agar (E406) and carrageenan (E407), extracted from seaweed. It is
also pectin (E440), the source of which is fruit, gelatin, which is obtained from
animal raw materials present at meat processing plants (E441), etc.

Synthetic additives, in turn, belong to one of two groups:

1) synthesized. Chemicals are produced. by way, but is also part of natural
sources. For example, ascorbic acid (E300), which is an antioxidant, sorbic
acid (E200) and benzoic acid (E210) are preservative additives;

2) artificial Substances that do not have natural analogues, for example, the
antioxidant butylhydroxyanisole (E320), food azo dyes and others.

Classification of food additives by application

The indicated chemical name. compounds scares many, due to the
incompleteness of the picture regarding this product category. It has been used in the
food segment for thousands of years. Of course, we are not talking about the most
complex chemicals. complex materials that appeared relatively recently. They mean
elementary substances familiar to everyone: table salt, or sodium chloride, acetic acid
(E260), lactic acid (E270), citric acid (E330), all kinds of spices, seasonings, etc.
(yes, they similarly belong to this category of products). Carmine (E120), a natural
dye obtained from insects, has been used in the kitchen since ancient times. With its
help, food acquires an interesting purple color.

Until the beginning of the last century, products whose characteristics were
determined by naturalness were widely used. But with new discoveries in food
chemistry, the majority of natural materials have been replaced by artificial ones.
Various quality and taste improvers of food were put into mass production. Today,
since food additives are both natural and artificial, both options are in demand.

Food additives (their classification by application) are:

— dyes (E100-E199);

— preservatives (E200-E299);

— antioxidants, or antioxidants (E300-E399);

— stabilizers that preserve the density of food (E400-E499);

— emulsifiers, leavening agents, anti-caking agents, pH regulators (E500-E599);

— flavorings and flavor enhancers (E600-E699);

— antibiotics (E700-E799);

— reserve substances (E800-E899);

— waxes, glazing agents, defoamers and foaming agents, sweeteners, gases for
packaging and ingredients for improving flour culinary products (E900-E999);

— additional substances, such as biocatalysts, enzymes, modified starches, solvents

(E1000-E1999) (Table 1).

Food additives are used frequently and everywhere in Ukraine. Before buying
nutritional supplements in bulk, we advise you to thoroughly understand what each
group of them is, why this or that item may be needed, and what the specifics of its
use are.
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Table 1 - Classification of food additives according to the E index

Index E | Hazvaofthe | Index E | Hazvaofthe | Index E | Hazva of the
class of food class of food class of food
supplements supplements supplements

There are Dyes There are | Flavorand | There are Enzymes

100 and 600 and aroma 1100 and

more more enhancers more
There are | Preservatives | There are | Spare indexes | There are | Spare indexes
200 and 700 and 1200 and

more more more
There are | Antioxidants | There are | Spare indices | There are | Spare indices
300 and 800 and 1300 and

more more more
There are | Stabilizers | There are | Anti-caking | There are Modified
400 and 900 and substances 1400 and starch

more more more
There are | Emulsifiers | There are Glazing There are Alcohols
500 and 1000 and agents 1500 and

more more more

Dyes

A group of food additives, the main purpose of which is to color food products.
They restore the color that was lost during technological processing, intensify it, give
food products the desired color, thereby making them more attractive and tastier.
They are powdery and liquid. In practice, both natural and synthetic materials are
used. One of the most popular is calcium carbonate (E170).

Various vegetable (root crops, berries, fruits, leaves, flowers) and animal raw
materials serve as sources of dyes of natural origin. They are obtained by physical
means. impact on the specified materials. In the composition of natural additives
(carotenoids, lycopene, flavonoids, carmine, sugar color, etc.) - bioactive and taste-
aromatic components that positively affect the appearance of food.

Synthetic dyes are used even more often, due to their main advantages:
increased concentration, brightness of color, increased stability, as well as an
extended storage period. These organic substances do not occur in the natural
environment, they are obtained in laboratories by various chemical methods.
reactions The most common of them are sodium salts, which dissolve well in water,
and therefore facilitate production processes. Among the insoluble ones, aluminum
varnishes and pigments are popular.

The huge demand for artificial dyes was influenced by their low price. But here
it is worth understanding that mostly a natural supplement is better than a synthetic
one, because some of the latter can have a lot of negative effects that provoke a
deterioration in health. These are, in particular, additives that are prohibited for use in
the food industry: amaranth (E123), red 2G (E128), erythrosine (E127), aluminum
(E173), green S (E142), etc.

Preservatives
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Designed to suppress the functioning and reproduction of microorganisms,
thereby extending the shelf life of food products. They also prevent the appearance of
mold, taste and aroma characteristics that are unpleasant for humans, and prevent the
formation of harmful toxic compounds characteristic of the vital activity of microbes.

Preservatives have been used in the food industry for thousands of years. From
the very first: salt, alcohol, vinegar, etc. Among the most popular today: ethanol,
acids (ethanoic, benzoic, sorbic and sulfuric), as well as formic acid (E236),
potassium sorbate (E202), sodium benzoate (E211), sodium pyrosulfite
(metabisulfite) (E223), urotropin (E239), sodium nitrite (E250), sodium acetate
(E262). In addition, antibiotics can be used for this purpose: nisin, biomycin, nystatin.

Nowadays, both natural and synthetic preservatives are used. The popularity of
the latter is higher for obvious reasons (maximization of efficiency, reduction of
production costs). But it should be taken into account that it is not allowed to
introduce them into some mass-produced culinary products. These include, in
particular, flour, bread, milk, fresh meat and baby food.

Antioxidants

The purpose of the additives belonging to it is easily determined by the name of
this group. Antioxidants, or antioxidants, are designed to fight unwanted oxidation
processes in food. They prevent fats from spoiling prematurely, becoming bitter and,
accordingly, protect the products containing them from becoming bitter. In addition,
they inhibit the souring of wine, beer and non-alcoholic beverages, prevent fruits,
vegetables and fruit and vegetable products from darkening prematurely.

Among the antioxidants popular in the food industry: vitamin C (E300), a-, -,
v- and d-tocopherols (E306-E309), succinic acid (E363). They are not only not
dangerous, but also useful. If we talk about synthetic substances that can harm health,
then these are E310-E312 and E320-E321.

The following antioxidants are also introduced into culinary products: sodium
isoascorbate (E316), sodium citrate (E331), tartaric acid (E334), orthophosphoric
acid (E338). Most often, not one supplement is used, but several types at the same
time in order to maximize the result of use.

Thickeners

The purpose of involvement is to preserve and improve the structure of food
products. With their help, it is easy to achieve the desired consistency. The functional
duties of emulsifiers include ensuring plasticity and viscosity. Thanks to them, bakery
products do not go stale any longer.

Almost all thickeners, which are allowed for use, have a natural etymology.
These are the agar, pectin and gelatin already mentioned above. These are also
starches obtained from potato, pea and corn raw materials. This includes lecithin - an
additive made from vegetable fats, which, in addition, acts as an antioxidant. Another
natural emulsion former is egg white. Here it is worth mentioning such thickeners as
guar gum (E412) and xanthan gum (E415).

By the way, over time, synthetic emulsifiers are used more often in the food
industry. An example of such an additive with a zero level of danger can be sodium
tripolyphosphate (E451), which additionally regulates acidity, fixes color, acts as an
antioxidant and complexing agent.
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Flavor enhancers

To make the finished product as tasty as possible, special additives are added to
it, which enhance the taste parameters. How do flavor enhancers work? Take at least
fresh vegetables, meat, fish. They have intense taste-aromatic characteristics, due to
the fact that they contain a lot of nucleoside phosphates - components that intensify
the perception of taste and stimulate the termination of the corresponding receptors.
During storage and processing, the volume of nucleoside phosphates declines,
because of this, it is advisable to introduce them, synthesized artificially. Examples of
such additives are maltol and ethyl maltol. They increase the perception of creamy,
fruity and some other smells. Thanks to them, mayonnaise, yogurt, ice cream with a
low calorie content seem fatter than they actually are. Potassium acesulfame (E950),
sodium cyclamate (E952), saccharin (E954), glucose, fructose are used for
sweetening.

Almost everyone has heard of such an additive that enhances taste
characteristics, such as monosodium glutamate (E621). Today it can often be seen in
sauces, stock cubes, semi-finished products, potato chips, croutons, etc. Ribotide
flavor enhancer is also in great demand, the components of which are Na inosinate
(E631) + Na guanylate (E627). It is widely used in chips, fast food, and seasonings.

Flavorings

Additives that are added to food to improve taste and aroma properties. They are
natural, identical to them, and artificial. The former contain only natural aromatics of
plant origin (components of volatile materials separated during distillation, water-
alcohol extracts, dry aggregates and essences). Others are isolated both from natural
raw material sources and by chemical means. synthesizing They contain compounds
that are characteristic of plant and animal raw materials. The third category includes
additives that contain at least one artificial element, as well as possible inclusion of
natural and identical aromatic substances.

Flavoring food additives can be produced in the form of powder, liquid or paste.
Flavoring components, as a rule, make up to 20%. The rest falls on the carrier
(solvent), which determines the form of the material (powder or liquid).

Allowed in Ukraine

Every manufacturer of the specified industry should know which food additives
are allowed for use in the food industry of Ukraine. And not just to know, but to use
this information in practice. The Cabinet of Ministers of Ukraine, by Resolution No.
12 dated 01/04/1999, established an exhaustive list of food additives that can be used.
Everything that is not on this list is prohibited to be used on the territory of our
country at the legislative level. Otherwise, the violator faces punishment for illegal
actions, namely a fine, the amount of which is determined by the Law of Ukraine
«On the Protection of Consumer Rights» (Article 23).

There is one more document that must be followed. These are the Sanitary Rules
and Regulations for the Use of Food Additives, approved by Order of the Ministry of
Health No. 222 of July 23, 1996. It describes in detail the procedure for using food
additives permitted by Ukrainian legislation. According to it, it is permissible to
introduce new additives into food (or change the conditions of introduction) only
when it is not possible to solve the task by other technological methods, with the aim
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of achieving the following goals:

- preservation of natural properties and nutritional value. It is permissible to
reduce the last parameter only if it is provided for by the production technology, and
for special dietary food;

— extension of the shelf life, maximization of quality parameters and stability, as
well as improvement of organoleptic properties. It is important to observe the
following conditions: the essence of the product must not change, the consumer
cannot be misled, and the health risks must not increase compared to the exposure of
the previous components;

— improving processes such as preparation, processing, packaging and other
production steps, plus packaging, transportation and storage. At the same time,
innovations cannot be aimed at hiding the defects of raw materials or negative
changes in food, which are manifested due to non-compliance with technical
regulations and sanitary standards at any of the specified stages.

It is forbidden to use food additives in order to hide from the consumer the
deterioration of the product, its improper use or the use of low-quality raw materials.

In addition, sanitary rules and regulations describe which additives and in what
amounts can be introduced into various foods. They also provide a procedure for
obtaining permission for the use of certain types of additives at food enterprises.

The use of food additives, namely the legislative side of the issue, is far from
ideal. Contradiction is mass. Of course, there are substances whose safety cannot be
doubted among those allowed. This is, for example, citric acid or beeswax. But there
are also those (in particular, tartrazine) that can have a negative effect on health and
provoke various diseases. Therefore, it is extremely important to adhere to dosages
and all technological points in order to reduce any risks as much as possible.

Will the manufacturer be penalized if a food additive included in his product
harms the consumer? This is a specific question that cannot be answered immediately
with «yes» or «noy». First, the plaintiff will need to establish a cause-and-effect
relationship that the health has worsened precisely as a result of the use of the
supplement, and to confirm this med. conclusion It is also necessary to provide a
receipt that confirms the purchase of products.

If there are suspicions that the purchased and/or used product contains additives
prohibited for use, it is also possible to review the case with further punishment of the
unscrupulous manufacturer. But in this case, the prohibited additive as an ingredient
of the finished product is unlikely to be indicated on the label. Then the consumer
will need to conduct an examination on his own.

Useful food supplements

Many people have a very negative attitude to the phrase «food supplementsy,
and it does not matter what substances we are talking about. E-shki is bad, period. In
fact, there are not only those supplements that have certain risks for human health,
but also those that are considered harmless. There are also useful nutritional
supplements. Yes, yes, those that can have a positive effect on the body are also
involved in cooking and are marked with codes with the letter E.

If you store food correctly, if you follow basic requirements for packaging, do
not exceed the permissible amounts of additives, the latter do not cause any harm in
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most cases. It is another thing if the rules of use are neglected, if incompatible
ingredients are combined. In this case, even harmless additives can lead to a toxic
effect.

Useful

So, the list of food additives that are considered useful is small, but it is there.

You need to know about these substances (and they are present in different groups)
so that when you see their designation on the package, you can be completely calm.
Here they are:

v’ curcumin (E100). Bright yellow dyes of natural origin, extracted from
turmeric. Effective against inflammations, tumors, have an antioxidant effect;

v’ riboflavin, or vitamin B2 (E101). Improves the condition of the skin, hair, nail
plates and thyroid gland, promotes the formation of antibodies, erythrocytes
and regulates reproductive function. Since it cannot be accumulated in the
body, products containing this additive-dye must be present in the diet. It is
noteworthy that even when consuming large amounts of food with riboflavin,
no toxic effect 1s observed;

v sodium salt of vitamin B2 (E106). Another dye used to give food a yellow
color. The benefit is the same as the previous supplement;

v carotenes (E160a). Orange pigment, vital element, low-toxic antioxidant;

v lutein (E161b). Additive-dye that improves vision. It is also recommended for
stroke and rheumatoid arthritis. Excellent preventive material for people who
are at the computer for a long time;

v  ascorbic acid/vitamin C (E300). Antioxidant food supplement. It has a
positive effect on the functioning of connective and bone tissues, serves as a
regenerator and coenzyme in some metabolic processes, significantly
increases immunity;

v’ tocopherols/vitamins E (E306-E309). Antioxidants are important for the
human body;

v pectins (E440). Food additive from the category of thickeners. Lowers the
level of cholesterol in the blood, helps in cleansing the intestines and
facilitates the removal of slag formations;

v L-leucine and 2,6-diaminohexanoic acid (E641, E642). Useful
aminocarboxylic acids;

v calcium and potassium iodates (E916, E917). Among the functional
possibilities is the saturation of culinary products with iodine.

Harmless or neutral

The list of harmless additives is even longer when compared with the previous

ones. These are all acidifiers and substances that regulate acidity, as well as some
emulsifying components and positions from other functional groups. Important:
although they are considered neutral in terms of impact on the human body, it is
necessary to use them in food products and consume such food carefully. Remember:
dosage and combination with other compounds are important.

The harmlessness of such additives is a relative concept. Adults and children

react differently to them. If for adults the risks of using, say, salt, vanilla, etc., are
minimal, then the children's body may react negatively. In addition, an indirect and
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side effect of supplements is possible. Some of them are able to bind vitamins or
valuable protein components, as a result of which they are removed from the body. If
this happens on a regular basis, the child may feel the lack of certain elements.
Allergic manifestations are also no exception.

Harmless additives include the following:

e dyes (chlorophyll and its copper complexes with chlorophyllin, sugar colors,

coal, beet red, anthocyanins, chalk, tannins);

e preservatives (potassium sorbic acid, carbon dioxide, acetic, lemon and milk
types);
acidity regulators (hydroxybutanedioic acid, fumaric acid);
antioxidants (synthetic alpha- and gamma-tocopherols, lecithin);
stabilizers (agar-agar, hydrochloric acid);
sweeteners (sorbitol);
leavening agents (baking soda);
other additives (wax, in particular wool wax, petrolatum, paraffin, benzoic
acid, ortho-sulfobenzoic acid imide + its sodium/potassium/calcium salts, as
well as sucralose).

Harmful food additives

Of course, there are also unhealthy food additives, and there are a lot of them.
Most of them have permission to use, so caution should be in the first place.
Substances harmful to the body carry the risk of allergies (they act differently on
different people), can aggravate chronic diseases. What else are harmful food
additives? Able to provoke diseases of the gastrointestinal tract, cause skin diseases,
pressure disorders, have a carcinogenic effect. It is forbidden to use the most harmful
food additives in the food industry. About this - a little below.

The main thing is to understand that you can minimize risks by avoiding
excessive use of harmful substances. Almost each of them has a daily rate of
consumption, which cannot be exceeded. After all, this is the main reason for the
appearance of negative consequences.

Food additives are harmful. Here is the list:

- very dangerous (amaranth E123, ammonium chloride E510, sulfuric acid
E513, ammonium hydroxide E527);

- dangerous (acid yellow E102, «sunset» E110, carmine E120, bright red 4R
E124, erythrosine E127, Allura Red E129, Brown HT E155, ruby lithol BK E180,
sodium salt of sorbic acid E201, sulfuric anhydride E220, sodium bisulfite E222,
sodium metabisulfite E223, potassium pyrosulfite E224, potassium hydrosulfite
E228, thiabendazole E233, dimethyl dicarbonate E242, alginate E400, alginates Na,
K, NH4+, Ca and propylene glycol E401, E402, E403, E404, E405, potassium
carbonate E501, E502, ammonium carbonate E503, glutamate E620, maltol E636 and
ethyl maltol E637);

- carcinogenic (Patent Blue V E131, Food Green S E142, charcoal E153,
benzoic acid E210, benzoates K and Ca E212, E213, ethyl ether of para-
hydroxybenzoic acid E214 and its sodium salt E215, propyl-4-hydroxybenzoate
E216);
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- those that lead to stomach problems (orthophosphoric acid E338, Na, K, Ca
phosphates E339, E340, E341, magnesium phosphate E343, sodium pyrophosphates
E450, methyl, ethyl, hydroxypropyl and methylethyl cellulose ethers E461, E462,
E463 , E465, KMC E466);

- those that provoke skin diseases (Brilliant Black BN E151, carotenes E160,
orthohydroxydiphenyl E231, sodium orthophenylphenol E232, urotropin E239, octyl
gallate E311, dodecyl gallate E312, BHA E320, poly-1-decene hydrogenated E907,
L-aspartame-L-phenylalanine E951, lysozyme E1105);

- which are the cause of intestinal diseases (Chocolate Brown FK E154,
guanylate E626, disodium guanylate E627, 5'-guanylates K and Ca E628, E629,
inosine monophosphate E630, sodium salt of inosine E631, disubstituted potassium
inosiate E632, Calcium 5'-inosinate E633, 5'-ribonucleotides Ca and Na E634, E635);

- additives that have a bad effect on pressure (Brown FK E154, sodium nitrite
E250, potassium nitrate E252);

- those that pose a danger to children (lactate E270);

- prohibited (alkanet E103, yellow acidic G E105, alpha-naphthol orange E111,
Citrus Red 2 E121, amaranth E123, ponso SX EI125, ponso 6R E126, blue
solanthrene FF E130, black 7984 E152);

- suspicious (Acid Yellow 3 E104, azorubin E122, chlorophyll copper
complexes E141, titanium dioxide E171, aluminum E173, bakout resin E241, ethers
of PG and fatty k-lots E477).

Dangerous food additives

Everyone decides for himself whether to use nutritional supplements that are
dangerous for health or to refuse them. The manufacturer is obliged to put
information about them on the packaging, in case of use in the manufacture of his
products. A consumer who cares about his health should carefully study the
composition before buying a particular product.

Preservatives, sugar substitutes, flavor enhancers... All this is not uncommon
among the ingredients of modern food, which is present on store shelves. The most
dangerous food additives are also allowed for use. Therefore, you need to know about
them, and whether or not to use products with their content is everyone's business.

Another point is prohibited food additives. We listed them above. They mainly
provoke malignant tumors, contribute to the appearance and development of
allergies. Their manufacturers do not have the right to introduce them into food
products.

There is also a list of additives that have not received official permission for use,
because the mechanism of their action on humans has not been fully studied. There is
enough information on such substances (which belong here and how they can be
dangerous) on the Internet. Get to know her. It is important.

Natural food supplements

We have already said above that food additives can be natural and synthetic.
Now we want to focus a little on the first group.

Additives of natural origin are substances that are created by nature. Their use in
the food segment has been going on for thousands of years. Although, for the sake of
fairness, it is worth noting that progress and current technologies have greatly
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increased the list of these materials.

All natural supplements that can be eaten are divided into three groups:

1. Additives of plant origin. Produced from plants and algae. There are many
such products. What can be counted here? Usually, natural dyes, flavoring additives,
etc. Materials contained in plant organisms, their fruits in their pure form. Lemon
juice (E330) is present in citrus fruits, carotene (E160) and lactoflavin (E101) in
tomatoes, and sodium alginate (E400) in seaweed.

They can enter the body naturally - together with plant food. Their
overwhelming number has a positive effect on people: it reduces the risk of a number
of diseases, strengthens the immune system, etc. But some herbal supplements can
lead to allergies and other ailments, especially if we are talking about entering the
body in large quantities.

2. Supplements of animal origin. The raw materials of this category are living
organisms and their components (various animal fats or pigment cells). Emulsifiers
are made from fats, and dyes are made from pigments. An example can be cochineal
(E120), which is obtained from insects that produce a persistent pigment of a bright
red color. Animal supplements, as a rule, do not pose a danger to humans. But their
designation on the package is of great importance, first of all, for vegetarians.

3. Additives-minerals. Substances obtained from various earth minerals. This
includes, first of all, salts, metal oxides and alkalis: chalk (calcium carbonate),
sodium bicarbonate (sodium hydrogen carbonate), etc. With the development of
chemical science, many additives that were previously produced only from minerals
began to be created synthetically. In this way, it was possible to reduce the cost of
finished products, since the extraction of minerals i1s quite expensive.

Is it possible to use only natural materials? In some cases it is possible, in other
situations - not. Modern production aspects are so different that a wide variety of
additives may be needed to improve the properties of food products. And some food
could not exist at all without the use of auxiliary ingredients.

If there is an opportunity to use a natural substance instead of a synthetic one, is
it better to do so? Maybe. But one should not forget that natural additives (a priori
perceived as safe, harmless) can sometimes be more dangerous than chemically
synthesized ones. by. The key here is the dosage. If increased volumes are used, then
almost any substance can be toxic. If compliance with dosages is implemented, then
it can be said with almost 100% certainty that such natural, permitted food additives
are not harmful.

How do food additives affect the body?

Everything is individual. There is no unequivocal answer to this question. Food
additives, their impact on the human body, cannot be described briefly and precisely.
Each person reacts differently to different supplements and their different amounts. It
is clear that all supplements affect health to one degree or another. Allergic reactions,
aggravation of ailments, deterioration of condition are observed somewhere. In other
cases, the functioning of individual organs and systems improves, as well as the
human condition in general. The pros and cons of nutritional supplements are like
two sides of a coin. If we talk about health benefits, then we should, first of all,
consider the useful supplements that were discussed above. Anti-inflammatory, anti-
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tumor, antioxidant and other positive effects on the body of some supplements have
been proven. Some of them improve the skin, hair, and nails, others have a good
effect on reproduction, and others have a good effect on vision. Some improve the
work of the immune system, others saturate the body with iodine, others remove
waste products from it, etc.

As for the disadvantages, the entire list of food additives gives a considerable
list of negative points. These are, in particular:

» allergies;

» inflammation;

» respiratory tract problems;

» increase in cholesterol level;

» hepatic colic;

» fatigue;

» headaches;

> nausea;

» numbness of fingers and toes;

» redness of the face;

» influence on the psycho-emotional state of a person;

» carcinogenic effect.

To balance the positive and negative sides, we do not get tired of repeating it,
allows compliance with the rules and regulations for the use of food additives.
Substances that are allowed and in the quantities specified in regulatory documents
are the only correct way to use additives together with culinary products.

Another important aspect that cannot be ignored when considering food
additives is storage conditions.

Additives, as well as food products of which they are a part, must be packaged
and packaged in such a way that safety is achieved and the consumer properties
specified by the manufacturer are ensured throughout the shelf life, subject to
compliance with the necessary conditions.

Prescriptions in the storage plan concern, first of all, temperature, contact with
sunlight, moisture. The best place for most supplements is a dark, dry room that is
relatively cool. The container must always be tightly closed. Also, children, animals
and outsiders should have limited access.

The materials used for packaging dyes and flavorings must meet the
requirements of technical. regulation in the area of safety of packaging that comes
into contact with food. When packing dyes, it should be taken into account that most
of them react with metals, in particular with aluminum and galvanized iron.
Accordingly, such packaging is not suitable for them. But food plastic is what is
needed.

According to the regulations, labeling must also be carried out. Correct storage
conditions declared by the manufacturing company on the basis of technical
documentation. requirements must also be followed during transportation.

Expiry date of dye, flavoring or other. additives depends on various factors and
is specified by the manufacturer. It must be taken into account in food production.

Natural dyes do not last long. They are affected by the environment, which leads
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to gradual destruction. As a rule, their storage period is no more than one year.
Artificial ones, thanks to preservatives, are able to keep their properties for three
years. In order for the natural dye not to spoil as long as possible, it should not be
frozen, and it is impossible to exceed the storage temperature more than 16 °C. It is
also important to maintain optimal humidity, it should not be high. In the case of
artificial dye, it is worth taking care of the lack of contact with sunlight and also
monitor the storage.

Conclusions.

It has been established that the main types of food additives used in the dairy
industry do not have a beneficial effect on the human body, but without them,
unfortunately, modern production cannot compete in the food market. A complete
rejection of the use of food additives would also lead to the disappearance from store
shelves of a number of popular products, the production of which is impossible
without the use of a mixture of preservatives (usually a combination of sodium
benzoate (E211) and potassium sorbate (E202), sulfur dioxide (E220), which prevent
food from spoiling. Also, they have a big role in the technology of traditional food
products of the future. Therefore, when you see the letter «E» on the product label,
you should treat food additives wisely.
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Abstract. Heifers of the black-spotted breed with a prolonged duration of embryonic
development at the age of 20 and 90 days had the lowest live weight, the highest indicator was with
an average, intermediate - with a short duration of embryogenesis. Animals with prolonged
intrauterine development probably lagged behind representatives of other groups in terms of mass.
The same sequence was preserved in their 6-month-old age. The low level of nutrition of females
had the greatest impact on parts of the body of the fetus that develop late - the lumbar region,
pelvis, chest, and least of all on the parts of the body that develop early - the head, legs. The
greatest yield (4111 = 127 kg) was obtained from Simmentals with an average duration of
intrauterine development (286-296 days). At the same time, animals in which this indicator
exceeded 295 days, transferred for 6 days - (the average became 289.7 + 0.95), the weight was
2997 + 231 kg. On animals of the Dutch breed, it was established that their productivity was
directly dependent on the degree of use of feed nutrients at an early age, and the latter was
inversely proportional to the duration of embryonic development. The weight of cows with an
average duration of embryogenesis (266 days) was 5060 kg with a fat content in milk of 4.1%, and
with its duration of 277 days - 4705 kg and 4.16%, respectively. The importance of the duration of
fetal development is estimated by scientists in different ways.

Key words: productivity, animals, hope, nutrients, embryonic development

The size of newborn calves is related to the length of their embryonic period
and, thus, to the amount of nutrients received from the mother during the embryonic
period. The author [2,4] established that in Simmental and Lebedin cattle, the
embryonic period lasted 281-292 days in calves with a relative weight of 5.5% to the
mother's weight, with a weight of 5.6-4% - 285-295 days, and with a weight of more
than 6.5% - 289-299 days.

To find out the role of mother's nutrition on the size of calves born, a special
experiment was conducted in which three groups of similar cows of the black-and-
spotted breed were fed at different levels during the calving period. It was established
that larger calves were born to cows that were fed ad libitum.

Heifers of the black-spotted breed with a prolonged duration of embryonic
development at the age of 20 and 90 days had the lowest live weight, the highest
indicator was with an average, intermediate - with a short duration of embryogenesis.
Animals with prolonged intrauterine development probably lagged behind
representatives of other groups in terms of mass. The same sequence was preserved
in their 6-month-old age.
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Table 1 - The influence of the level of feeding of mother cows on the size of
calves at birth
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Level feeding cows | Gender of calves | Number calves | Mass at births, kg
Full feeding bulls 10 47,2
heifers 5 43,6
Average feeding bulls 4 43,2
heifers 11 374
Underfeeding bulls 7 39,7
heifers 7 37,1

The author [3] reports that there is a rather complex relationship between the
duration of fruiting of mothers and the live weight of calves at birth. Up to a certain
limit, it is direct, and after that it even goes in reverse.

However, researchers [7,8] come to the conclusion that indicators of fetal
development do not provide a basis for predicting the growth rate of an animal in
subsequent periods of life.

Studies in riding and trotting horses have shown that poor nutrition increases the
time to fruiting and that old mares carry a fetus longer than young mares and have
more premature and stillborn foals. In mares with a strong constitutional type,
fertility is increased (10-11 foals in a lifetime) and a longer foal-carrying period. It is
this type of mares that gives the strongest and fastest offspring. Record-breaking
horses, as a rule, had a relatively long (more than 340 days) period of fetal
development, that is, they were all born normally [4].

The low level of nutrition of females had the greatest impact on parts of the
body of the fetus that develop late - the lumbar region, pelvis, chest, and least of all
on the parts of the body that develop early - the head, legs. This conclusion once
again confirmed the law of Chirvinsky-Manigonov that insufficient nutrition at one or
another stage of development delays the growth and development of those organs and
tissues that grow most intensively at this stage.

When evaluating an animal at birth, it is necessary to take into account its
relative size to the mother's weight and the duration of embryonic development. The
heredity of the features of growth energy is manifested in the fact that transferred
animals, small from birth, grow slowly, while relatively large ones at birth, with a
short period of embryonic development, are often fast-growing. Thus, the maturity of
a newborn animal depends both on the features of the fetal period of nutrition and on
the prematurity that follows.

According to other authors [2], the greatest yield (4111 £ 127 kg) was obtained
from Simmentals with an average duration of intrauterine development (286-296
days). At the same time, animals in which this indicator exceeded 295 days,
transferred for 6 days - (the average became 289.7 + 0.95), the weight was 2997 +
231 kg. The authors note the curvilinear nature of the relationship between milk yield
and the duration of fetal development.

Researchers [9] report a negative improbable relationship (r = 0.190 = 0.2430)
between milk yield and length of gestation period. Cows with a short duration of
embryogenesis (270-280 days) turned out to be the most milky.
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In the experiments [6] it was shown that for the duration of the intrauterine
development of animals up to 280 days, 3538 kg of milk was obtained from them for
the first lactation, at 281-290 days - 3169 kg, at 291-300 days - 3058 kg. On animals
of the Dutch breed, it was established that their productivity was directly dependent
on the degree of use of feed nutrients at an early age, and the latter was inversely
proportional to the duration of embryonic development. The weight of cows with an
average duration of embryogenesis (266 days) was 5060 kg with a fat content in milk
of 4.1%, and with its duration of 277 days - 4705 kg and 4.16%, respectively.

To consider the relationship between the duration of embryonic development

and live weight, it is proposed [1,7] to determine the index of embryonic
precociousness (the ratio of the duration of embryogenesis to live weight at birth).
When comparing the index with milk yield, the author observed a negative
correlation between them. Similar data were obtained in other experiments. A number
of authors [8] believe that the determination of its speed, i.e., the ratio of live weight
at birth to the duration of intrauterine development, can give a certain idea about the
peculiarities of the growth of an organism in the embryonic period. It was established
that Simmental animals with an average daily embryonic growth rate of more than
0.17 kg/day had the highest yield (4750 kg), and the productivity of those whose
growth rate was less than 0.10 kg/day was 2880 kg. Growth rate in the embryonic
period was directly correlated with future milk productivity (r = 0.530).
The question of the influence of the duration of embryonic development of heifers on
their reproductive capacity is of considerable interest. According to the authors, the
physiological maturity of heifers of the black and spotted breed with a shortened
period of embryonic development reached 15.4 months, in heifers with an average
duration of embryonic development - in 16.7 months, and in animals with an
extended duration - 17.8 months.

Conclusion. Thus, scientists evaluate the value of the duration of fetal
development in different ways.
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Anomayia. Tenuuku wopno —psaooi nopoou 3 NOO0BIHCEHOW MPUBALICIIO eMOPIOHATLHOZO
possumky vy 20 i 90-006060My 8iyi Manu HAUHUICYY IHCUBY MACY, HAUBUWUL NOKAZHUK OY8 3
CepeonboIo, NPOMINCHULL — 3 KOPOMKOW mpusanicmioo emopiozenesy. Teapunu 3 nO00BHCEHUM
VMPOOHUM PO3BUMKOM 30 MACOI0 8IPOLIOHO 8IOCMABAIU 8i0 NpedCmasHUuKie iHwux epyn. Taxa o
nocuioosricms 30epeanacs i 6 ix 6-micaunomy eiyi. Huzvkuil pieens dicuenenns camuysb Oitvuie 3a
6ce GNIUBAB HA HacmKu mynyba niody, AKI Ni3HO PO36UBAIOMbCS — NONEPeKo8y 00.1acms, mas,
2pyou i MeHule 6cbo20 GNAU6A8 HA YACMKU MIAd, WO PAHO PO36UBAIOMbCS — 207108), HO2U.
Haubinowuii naoiv (4111 £ 127 ke) odeporcano 6i0 cumeHmanié 3 cepeoHbol0 MpUBanicmio
ympo6Ho20 po3sumky (286-296 0i6). ¥ moii sice uac meapuru, y AKUX yeu NOKA3HUK Nepesuily8as
295 0i6, nepenowenux na 6 0io — (cepeousn cmana 289,7 £+ 0,95), naoiu cknaoas 2997 + 231 ke. Ha
MBAPUHAX 20JIAHOCLKOI NOPOOU 6CHMAHOBNIEHO, WO NPOOYKMUBHICMb iX 3HAXOOUNACA 6 NpAMIU
3aneHCHOCmi 8i0 CMyNneHs GUKOPUCMAHHS NONCUBHUX PEUOBUH KOPMY 8 PAHHLOMY 8iyi, a OCMAaHHIl
360POMHO NPONOPYILIHULL MPUBATIOCMI eMOPIOHATbHO20 po3sumky. Haodill kopie 3 cepedHborw
mpusanicmio emopiozene3y (266 0i6) cknadas 5060 ke 3 ymicmom swcupy 6 monoyi 4,1%, a npu
toeo mpuganocmi 277 0i6 — 6ionogiono 4705 ke i 4,16%. 3nauenns mpusanocmi ympooHo2o
PO3BUMKY 8UEHUMU OYIHIOEMbCS NO-PISHOMY.

Kniouogi cnoea: npodyxmuenicms, meapuHu, HAOill, NONHCUBHI PEHOBUHU, eMOPIOHATbHULL
PO3BUMOK
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Abstract. Currently, for European countries, the issue of organization, implementation and
control of integrated multi-year monitoring plans developed in accordance with the requirements of
Regulation of the Parliament and the Council of the EU No. 882/2004 is extremely relevant. The
principles of tracking (tracking) products as a tool in the system of control and certification of food
products are regulated by the requirements of CAC/GL 60-2006. The key elements of the
traceability system are: an exclusive list of suppliers; accepting information at the entrance and
keeping records (supplier, supplier batch code, operator batch code); separation of batches during
processing and storage when batches of incoming raw materials change (batch coding of the final
product); sending accompanying records (consignee, supplier batch code; storage of records and
return (minimum period). It was established that the mass fraction of lead in the investigated
samples of fish products that entered the market of Chernivtsi from the Dnistrovsky district was
0.131 mglkg (norm - 1 .0 mg/kg), cadmium — 0.030 mg/kg (0.2 mg/kg), arsenic — 0.97 mg/kg (5.0
mg/kg), mercury — 0.011 mg/kg (0.5 mg /kg).The content of HCCG a-isomers - < 0.001 mg/kg (0.2
mg/kg), HCCG p-isomers - < 0.001 mg/kg (0.2 mg/kg), HCCG y-isomers - 0.001 mg/kg (0 .2
mg/kg); 4,4-DDT — 0.001 mg/kg (0.2 mg/kg) 4,4-DDE — 0.001 mg/kg (0.2 mg/kg),; 4,4-DDD — 0.001
mg/kg (0.2 mg/kg). The indicated indicators were somewhat lower in fish products that came from
the Vyzhnytsky district of the Chernivtsi region. The number of mesophilic aerobic and facultatively
anaerobic microorganisms (KMAFAnM) was 30x103 CFU/g (norm - 1x105 CFU/g), BGCP (coli-
forms) in 0.001 g, pathogenic microorganisms (including salmonella), Listeria monocytogenes in
25 g and Staphylococcus aureus in 0.01 g - not isolated. The content of radionuclides Cs137 was <
6.7 Bq/kg for the norm of no more than 130 Bq/kg, Sr90 — < 4.2 Bq/kg (the norm is no more than
100 Bq/kg).

Key words: monitoring, tracing, fish products, food products, xenobiotics.

Introduction.

Control and supervision of products of animal origin ensures the safety of all
food products during their production, transportation, storage, processing and
circulation, suitability for consumption, compliance with the requirements for their
safety and quality indicators [1], guarantees compliance with labeling rules in
accordance with DSTU 4518—- 2008 «Food products. Labeling for consumersy», which
entered into force in Ukraine on November 1. 2008 and regulates clear requirements

for product packaging and labeling [2].
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Food safety is a priority at all stages of the food chain — «from farm to tabley.
According to the Law of Ukraine «On the Safety and Quality of Food Productsy,
producers and companies of the food chain are responsible for the safety of products
of animal origin [1; 3; 4]. Food safety risk assessment has the following steps: hazard
identification; hazard characteristics; expectation assessment; risk characteristics. The
level of development of society and the awareness of nutrition problems have turned
food safety into an international problem. WHO and other international structures
have been intensively dealing with these issues for more than 40 years.

Today, our country also monitors the content of various toxicants in food
products. The state monitoring program defines groups of pollutants that are subject
to control. Dangerous toxicants that can accumulate in food products include
pesticides, radionuclides, heavy metals, etc. Control bodies must fully fulfill the tasks
assigned to them to ensure safety and reduce risks associated with the consumption of
food products [5].

Research methodology.

The purpose of the work was to determine the content of some pollutants of
chemical (heavy metals, pesticides, radionuclides) and biological (microbiological
indicators) origin in live commercial fish and compare the obtained indicators with
the requirements of current domestic documents. The material for the study was live
commercial fish (crucian carp, carp, crucian carp), grown in various private fish
farms. The results of studies of the content of toxic elements showed that the studied
fish samples contained more arsenic, less lead, cadmium and mercury.

Research results.

It is known that there are about 6 mln. chemical compounds, 90% of which are
of synthetic origin. The vast majority of them are xenobiotics [6]. The introduction of
xenobiotics into the environment is primarily related to the anthropogenic burden on
ecosystems - the increase in the volume of industrial production, the use of
environmentally dangerous technologies in production, the accumulation of
dangerous toxic waste, the chemicalization of agriculture, etc. In the environment,
xenobiotics undergo transformation processes, as a result of which their
physicochemical properties, migration ability, and toxicity to living organisms
change. In most cases, the mechanisms of self-regulation of ecosystems are
insufficient for the complete transformation of toxic substances into non-toxic
compounds, which has negative environmental consequences [4].

The transformation of xenobiotics in the environment greatly complicates the
environmental regulation of various pollutants. The negative impact of xenobiotics on
living organisms is due to both their direct toxic effect and their accumulation on
various links of the trophic chain, resulting in a sharp increase in the concentration of
dangerous substances in living organisms [13]. Xenobiotics can affect almost all
body systems: cardiovascular, nervous, excretory, respiratory, reproductive,
gastrointestinal tract and hematopoietic organs. Among xenobiotics there are
substances capable of inhibiting the synthesis of DNA and RNA, and those with
mutagenic, teratogenic and carcinogenic properties [3].

Traceability provides information on the suitability, history and source of food
products and does not make them safe, but is a management tool that allows for
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safety and enables action to be taken if raw materials or products are found to be
unsafe (e.g. recall or recall) [9;14] .

The standards of traceability of fishery and aquaculture products are: three
standards developed by the Norwegian Institute of Fisheries and Aquaculture on the
basis of consensus for registration and exchange of information about traceability in
the seafood network (standard of farmed fish in aquaculture, standard of caught fish
and technical standard); CEN(EKC) TraceFood (TraceCore XML - electronic
traceability data exchange) [7; 8].

The purpose of traceability is to identify the responsible organizations in the
food chain, to maintain the safety and/or quality objectives of fishery and aquaculture
products, to meet the technical conditions of the customer, to establish their origin or
source, to facilitate the verification of specific information about the products, to
provide information to relevant interested participants and customers, to comply any
local, regional, national or international legislative or regulatory documents, when
appropriate - improving the efficiency, productivity and profitability of the
organization, facilitating the removal or recall of products [10; 11; 12].

According to Directive 96/23 dated 29.04. 1996 regarding measures to control
certain substances and their residual amounts in live animals and products of animal
origin, an important part of food quality and safety control for the vast majority of
EU countries is the monitoring of the residual amount of xenobiotics in objects of the
external environment (soil, water, agricultural product). According to its results,
allowable levels and frequency of detection of contaminant residues are established.
Such an analysis makes it possible to make changes in the policy of export and
import of food products. Monitoring programs are based on the principles of such
European documents as EU Regulation No. 178/2002 and No. 882/2004, Council
Directive 86/363/EEC, provisions of the EC Commission Recommendation No.
2006/26, which provide for the coordination of its programs aimed at establishing
compliance with the maximum - acceptable levels (MDR) of agricultural products.
Currently, for European countries, the issue of organization, implementation and
control of integrated multi-year monitoring plans developed in accordance with the
requirements of EU Parliament and Council Regulation No. 882/2004 [7] is
extremely relevant.

The implementation of the traceability system provides for the possibility at any
specified stage of the food chain from production to sale to identify the origin of raw
materials and the place of its processing, in accordance with the objectives of
inspection and certification of fishery and aquaculture products. The responsibility of
a certain market operator is foreseen at each stage of the food chain [13; 15; 16].

The need for traceability involves: fulfilling the requirements of the specific
conditions of EU food safety, in accordance with Art. 18 of Council Regulation
178/2002 dated 18.01.2002 «On the establishment of general principles and
requirements of legislation on food products ...», namely, the traceability of «food,
feed, animal feed and any other substance that must be or may be included in food or
feed must be established at all stages of production, processing and distributiony;
other EU conditions regarding traceability requirements in accordance with Annex
III, Chapter VII of Regulation (EC) No. 853/2004 «On establishing special hygiene
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rules for foodstuffs of animal origin» (requirements applicable to operators who
catch, distribute bivalve molluscs, gastropods, etc.) and Article 12 of Regulation
1005/2008 «Establishment of an EU system for the prevention, deterrence and
elimination of illegal, unaccountable and unregulated fishing» (requirement for
fishing certification for EU trade in fishery products from January 1, 2010); voluntary
certification schemes related to production conditions, creation of a «chain of
responsibility» (global GAP - Good Aquaculture Practice; Marine Stewardship
Council; Aquaculture Stewardship Council; Earth Islands Institute); application of the
most important tools to determine the source of food safety problems (incident
management - traceability, withdrawal and product recall; control of the
implementation of the pollutant residue monitoring program; risk management
through the application of control «from the farm to the table») [4].

The principles of tracking (tracking) products as a tool in the system of control
and certification of food products are regulated by the requirements of CAC/GL 60—
2006. The key elements of the traceability system are: an exclusive list of suppliers;
accepting information at the entrance and keeping records (supplier, supplier batch
code, operator batch code); separation of batches during processing and storage when
batches of incoming raw materials change (batch coding of the final product);
dispatch of supporting records (consignee, supplier lot code; record retention and
return (minimum period). In relation to any fishery and aquaculture consignment, the
operator must ensure a management and record-keeping process to maintain, as far as
is practicable, the integrity of the information provided to the operator by the supplier
of fish products; transfer of shipment information to the consignee, which
subsequently allows the operator to identify the supplier and any traceability
information provided to the operator by the supplier.

Conclusions.

It was established [8] that the mass fraction of lead in the studied samples of
fresh-frozen fish products was 0.132mg/kg (norm — 1.0mg/kg), cadmium -
0.031mg/kg (0.2mg/kg), arsenic — 0.98mg/kg kg (5.0mg/kg), mercury — 0.012mg/kg
(0.5mg/kg). The content of HCCG a-isomers - <0.001mg/kg (0.2mg/kg), HCCG B-
isomers - <0.001mg/kg (0.2mg/kg), HCCG y-isomers - 0.001mg/kg (0.2mg /kg); 4,4-
DDT - 0.001mg/kg (0.2mg/kg) 4,4-DDE — 0.001mg/kg (0.2mg/kg); 4,4-DDD —
0.001mg/kg (0.2mg/kg).

The number of mesophilic aerobic and facultatively anaerobic microorganisms
(KMAFAnM) was 30x103CFU/g (norm - 1x105CFU/g), BGCP (coli-forms) in
0.001g, pathogenic microorganisms (including salmonella), Listeria monocytogenes
in 25g and Staphylococcus aureus in 0 ,01 g - not highlighted. The content of
radionuclides Cs137 was <6.7Bq/kg for the norm of no more than 130Bg/kg, Sr90 —
<4.2Bg/kg (the norm is no more than 100Bqg/kg) [10].
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2023.416 ¢

Anomauin. Huni ons e8poneiicoKux Kpain HA0mMo akmyaibHUM € NUMAaHHs Wooo Opeanizayii,
BNPOBAOICEHHSA MA KOHMPOTIO [HMe2po8aHux 0a2amopiuHux HNIAHI8 MOHIMOPUH2Y, PO3DOOIEeHUX
8i0nogiono 0o eumoz Peeymwosanns Ilapnamenmy ma Paou €C Ne 882/2004. I[lpunyunu
8IOCIOKOBYBAHHSA (BIOCMENCEHHS) NPOOYKMIB, AK IHCMPYMEHmM) Y CUCMeMi KOHMPOIIOBAHHSI MA
cepmugbikayii xapyosux npooykmie, pezramenmosari sumocamu CAC/GL 60-2006. Knrouosumu
eleMeHmamu cCucmemu nPOCMeHCy8aHOCMi €: eKCKAO3UBHUL CNUCOK NOCMAYAIbHUKIB, NPULHAMMS
iHhopmayii Ha 6x00i ma edenHs 0ONIKY (NOCMAYATLHUK, KOO RAPpmMii NOCMAYalbHUKA, KOO napmii
onepamopa);, po30ileHHs napmiil ni0 uac o06pobKu ma 30epicants, KOIU 3MIHIIOMbCSA NApmii
HAOX0OJICEHHs. CUPOBUHU (NaKemHe KOOYBAHHS KiHYe8020 NPOOYKMY), 6IiONpasKa CynpoBiOHUX
3anucie (6aHmaicoooepaicysay, Koo napmii NOCMavalbHuKa, 30epieanHs 3anucie ma nOGepHeHHs
(MiHiManvHUl nepiod). Bcmawnosneno, wo macosa uacmka NaOMOYMY 8 OOCHIONCYBAHUX 3PAZKAX
PUOHOT nPoOdyKYii, KA NOCMYNana Ha puHok m. Yepuisyie 3 [Hicmpo8cbK0o20 palioHy CMAaHO8UNA
0,131 me/ke (mopma — 1,0 me/xe), kaomiro — 0,030 me/xe (0,2 me/ke), apceny — 0,97 me/ke (5,0 me/ke),
mepxypito — 0,011 me/ke (0,5 me/xe). Ymicm I'XUT a-izomepie — < 0,001 me/xe (0,2 me/ke), XU -
izomepie — < 0,001 me/ke (0,2 me/xe), XU y-izomepie — 0,001 me/xe (0,2 me/xe); 4,4-[IT — 0,001
me/xe (0,2 me/ke) 4,4-JJAE — 0,001 me/xe (0,2 me/xe); 4,4-110 — 0,001 me/ke (0,2 me/xe). Hewo
HUMNCYUMU 6KA3AHI NOKA3HUKU OyIu 6 pubHiti npooykyii axa nocmynana 3 Buoicnuybkozo pationy
Yepniseyvkoi obnacmi. Kinvkicme me30¢QinoHux aepoOHUx ma @axkyibmamueHo aHaepoOHUX
mixkpoopeanizmie (KMADAuM) ckrana 30x103 KYO/e (nopma — Ix105 KYO/e), BI'KII (xoni-
dopmu) 6 0,001 2, namocennux Mmikpoopeanizmie (y momy uuciai carbmonen), Listeria
monocytogenes y 25 e ma Staphylococcus aureus y 0,01 & — ne sudineno. Ymicm paoionyknioie
Cs137 cmanosue < 6,7 Br/ke 3a nopmu ne Oinvwe 130 br/xe, Sr90 — < 4,2 Br/ke (nopma — He
oinvue 100 Bbr/ke).

Kniouosi cnoea: monimopune, npocmedcysamts, pudOHaA HPOOYKYIs, XAP4o8i NPOOYKMU,
KCEeHOOIOmMuUKU.

Crartts Bignpasiena: 14.06.2023 p.
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Anomauia. Ocmanniv 4acom oceimus cghepa 3a3Hac NOCMynosux 3miH y nioxooax 0o Hei ma
cmaeienti 6cix ii yuacnukie 0o npoyecy Hasuyanws. [llsuoka yugpposizayis pazom iz 2nodoarbHuMu
aHcummesumu suknukamu, maxkumu sk nanoemisi Covid-19, 0o3gonse suxopucmogysamu mexHono2ii
Pazom i3 mpaouyiiHumu 3acobamu oceimu, woob 3a00601bHUMU NOMPEOU CYUACHUX YUHIE He uue
besbonicno, ane U cnpuamaueo. Y cmammi po3enioaemvcs  HeoOXIOHICMb  MOOepHI3ayii
MpAOUYitiHO20 HABUAILHO2O NpOYecy ma ONMuMizayii 1oeo O Mmux, Xmo 3auUMacmvcsi 3d
iHOUBiOyanvHumM niawom abo y Gopmami BUMYULEHO20 OUCMAHYIUHO20 HABYAHHS, MAKOIC
cnpuyuneHum nawoemieio. Peanizayisi cyyacuux 3min mooice Oymu 30ilicCHeHa 3a O00NOMO2010
cneyianizoeanHux 000amkie ma eeb-cucmem, 30Kpema niaamgopmu ounauH-kypcié «Kansacy
(Canvas), sxa 3maxooumscsi 8 yewmpi ysazu Hawioi cmammi. Y cmammi po3Kpumo mexHiuHi
Mmodcausocmi ma ocoonusocmi cucmemu «Kansacy, npedcmaesneno 0ocuiodicents it 8i0nogioHocmi
CYUACHUM NOMpedbam CmyOeHmis WLIAXoOM aHanizy ii nepesaz ma HeOONIKi8, A MAKONIC ONUCAHO ii
NIOCU MA MIHYCU He Juue 3 MOYKU 30py CIYOeHmis, AKi 86AxHCAI0MbCsl NPEOCMAGHUKAMU OCHOBHOT
Kame2opii Kopucmysauie niam@opmu, aie MaxKoxic 8paxosyryu 00C8i0 GUKIAOAYi6 Ma IXHi
8padiCeHHs 8I0 naam@opmu K OCHOBHOI YU OONOMIJICHOI OCBIMHBLOI cucmemu OHAAUH-KVPCISB.
Yumaui yici cmammi MOX*CYMb 03HAUOMUIMUCS 3 OCHOBHUMU eNeMEeHMAMU CIMPYKMYpu niamgopmu
«Kamnsacy, oisnamucsa npo ixui Xxapakmepucmuku ma GUPIUUMU, YU CXBATIO8AMU MAKY
anrbmepHamuegy 3acmapiiomy 6iosioysannio Kypcis. Iliocymosyouu, mu nadaemo yumavam cmammi
3a2aNbHULL BUCHOBOK Npo naamgopmy, ii 8i0nosioHicmb 8UMO2aM OCBIMHbLOI cucmemu, 30Kpema
nompebam yyHie.

Knrouosi cnosa:. WEB-po3podxa, pacmposa epaghixa, bpayszep.

Berym.

VY cydacHOMY CBITI Be0-101aTKH BUKOPHCTOBYIOTHCSI B PI3HUX Taly3siX, TaKUX
gk Tpadika, Bizyamsallis JaHUX, aHIMAIligd Ta 1HTEPaKTUBHICTh. OHUM 3 KIFOUOBUX
THCTPYMEHTIB AJis1 po3poOku Takux noaatkiB € texHojoris HTML-CANVAS, ska
JI03BOJISIE CTBOPIOBATH TpadiyHl €JIeMEeHTH Ha BeO-CTOpPIHKAaX 3a JOMOMOIOI0
ckpunTiB JavaScript.

Meta. locmiautu texnosnorii SVG ta HTMLS5-Canvas. [Ipu mopiBHSIHHI 1TUX
JIBOX TE€XHOJIOT1i, 00epeThcst OUTbII MPOAYKTUBHA Ta MIBUAKOAIMHA.

Amnaui3 texnoJgiorii HTMLS-Canvas.

Canvas (xoisict) — enemeHT HTMLS nnst cTBOpeHHs pacTpoBOrO ABOMIPHOTO
300paxeHHss [1-4]. 3a3Buuaili BUKOPUCTOBYEThCS  CHUIbHO 3 Javascript.
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BukopucroByeTbcsi B OCHOBHOMY JUJIsl BIIOOpakeHHs TpaikiB Ta iIrpOBUX €JIEMEHTIB
B Opay3epHHX irpax, BCTaBOK BiJI€O, CTBOPEHHsS MOBHOLIHHOTO mieepa. Canvas
TaKOXX BUKOpHUCTOBYeThcs B WebGL mst amapatHoro mpuckopenHst 3D-rpadiku. B
pe3ysbTaTi MOKHA CTBOPIOBATH HaBiTh 3D-irpu, Kl MpaiiooTh y BikHI Opaysepa.
Komnanis Google Bumyctuna JavaScript 016mioTeky explorercanvas, sika J03BOJIsUIA
npairroBat 3 Canvas B Opaysepax IE7 Ta IE§. Canvas Moke yCKIQJHUTH 3aBJIaHHS
pobotam mo posmizHaBanHio Kamui. [lpum BukopucranHi canvas 3 cepBepa
3aBaHTAXY€ThCS HE KapTUHKA, a HAOlp TOYOK (200 aaropuTM MpoMaibOBYBaHHS), 3a
AKUMHU Opay3ep NpoMajboBye€ KapTUHKY (kamuy). Canvas JO3BOJISIE PO3MICTUTH Ha
MOJIOTHI: 300paKeHHS, BIJ€0, TEKCT. 3alIUTU BCE 1€ CYIIJIBHUM KOJHOPOM, abo
0oOBeCTH KOHTYpHM UM HaBITH J0AaTH TpajieHT. JlogaBaHHS TiHEM CXOXUX Ha
BiacTUBOCTI css3 box-shadow 1 text-shadow. I, wmapemri, moOymoBa ¢iryp 3a
JOTIOMOTOX0 BKa3iBKM KOHTPOJIBHUX TOUYOK. [IpruomMy MoO’KHa 3MIHIOBATH IIHPUHY
JHIN, TaK 1 KUCTh MAJIFOBAHHS JIHIN, CTHIIb 3'€THAHB JIHIH [5].

IHopiBusinaga Canvas 3 iHuMu rpagivHUMHU TEXHOJIOTIAMMU.

OcHoBna nepesara BukopuctanHsi HTML-CANVAS nosnsirae y Tomy, 1110 BoHa
JI03BOJISIE pO3POOHMKAM CTBOPIOBATH CKJIaaHI TpadiuHi 00'€KTH, SKI MOXYTh OyTH
aHIMOBaHI, NMEPETBOPIOBATUCS Ta IHTepaKkTUBHI. Ha BigMiHy BiJl 1HIIMX TEXHOJIOTIH,
takux sk SVG ab6o CSS, HTML-CANVAS 3abe3nedye MOBHHII KOHTPOJIb Haj
KOXKHUM TIiKcesleM 00'eKTa Ta HOro MOBEIIHKO, IO JO3BOJSIE CTBOPIOBATH O1JIbII
CKJIQJH1 Ta TUHAMIi4HI rpadiyHi e(eKTH.

3actocyBanHst HTML-CANVAS Binkpuae 6€31114 MOXKIMBOCTEN ISl pO3pOOKHU
Be0-710/1aTKIB. 30KpeMa, BOHA J03BOJIIE CTBOPIOBATH ITPH, Jlarpamu, rpadiky Ta iHIi
ckianai BizyanbHl enemeHTH. HTML-CANVAS € nyxe nomyJspHUM cepen
po3poOHUKIB TpadiuHux aojatkiB, Takux sk Photoshop abo Illustrator, ockiibku
BOHA HAJa€ MOXKJIMBICTh CTBOPIOBATH TPpadiKy B PEKHUMI pealbHOTO Jacy [6].

3actocyBanngs HTML-CANVAS no3Bossie CTBOPIOBATH 1IHTEPAKTUBHI €JIEMEHTH
Ha BeO-cTopinkax. Hanpuknan, po3poOHUKHA MOXKYTh CTBOPIOBATU Pi3HI epekTu mpu
HaBEJICHHI Kypcopy MHUII Ha 00'€KTH, aHIMyBaTH PYXH MHUIII, CTBOPIOBATH PyXOMi
¢ounu Ta Oararo iHmoro. Ile m03BoJiA € 30UIBIIMTH PIBEHb 1HTEPAKTUBHOCTI Ta
3ally4eHHs] KOpPHUCTyBauya 70 BeO-10/aTKy, 1[0 € BAKIMBUM YWHHUKOM YCIIIIHOCTI
IIPOEKTY.

Onniero 3 xmodoux nepesar BukopuctanHss HTML-CANVAS e Te, 1m0 BoHa
JI03BOJISIE CTBOPIOBATH Bi3yasizaiii JaHWX B PeXUMI pealbHOro 4acy. Hampukian,
MOKHa CTBOpPIOBaTH Tpadiku, MO0 JEMOHCTPYIOTh 3MIHM B TMOKAa3HUKaxX JaHUX Y
peaJlbHOMY 4Yaci, II0 JI03BOJIsIE KOPHUCTyBayaM OTPHUMYBAaTH aKTyalbHYy Ta
orepaTHBHY 1H(OpPMALIIO.

Hespakatoun Ha Bci mepeBaru, BukopucranHa HTML-CANVAS wmae neski
oOMexeHHs. OJHUM 3 HUX € HEOOXITHICTh B PYYHOMY IPOTpaMyBaHHI rpadivyHUX
€JIEMEHTIB, 110 MOKe 3a0upaTu O6araro Jacy Ta 3ycuib po3pooHuka. Takox, HTML-
CANVAS moxe OyTu He HaWKpalluM BapiaHTOM IS pO3pOOKH BeO-I0JaTKIB, SIK1
MalTh BEJIMKY KUIBKICTh TEKCTOBOrO KOHTEHTY, ockiibku HTML-CANVAS
BUKOPUCTOBYETHCS TOJIOBHUM YMHOM JJIsI CTBOPEHHS Ipadiku.

3aranom, 3actocyBaHHsi TexHoJorii HTML-CANVAS y BeG-momatkax €
BRXJIMBHM €JIEMEHTOM pPO3pOOKM CcydacHHUX BeO-momatkiB. Bona mo3Bossie
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CTBOPIOBATH CKJIQJIHI Ta JUHAMIUHI rpadidyHi eJeMEeHTH, MOKpaIlye 1HTePaKTUBHICTh
Ta 3pYYHICTh BUKOPUCTAHHS JIOJATKY, I03BOJISIE CTBOPIOBATH Bi3yalizalii JaHUX Y
peXuMi peaabHOro 4acy ta Oar ato iHme. OgHak, po3poOKa rpadiuHUX €JIEeMEHTIB
BukopuctoBytoun HTML-CANVAS moxe 3aiimatu 6arato dacy Ta 3yCuiib, 1 He
3aBX/IM € ONTHUMAJIBHUM BapiaHTOM JIJIs1 BCIX THIIB BeO-10IaTKIB.

OcnoBHumu niepeBaramu HTML-CANVAS e:

e MOXXJIUBICTh CTBOPIOBATH CKJIQJIHI Ta IMHAMI4YHI rpadiuHi eIeMEHTH.
o [lokpalieHHs IHTEPaKTUBHOCTI Ta 3pYYHOCTI BUKOPUCTAHHS J0JIaTKY.
e MOXJIMBICTh CTBOPIOBATH Bi3yai3allil JaHUX Y PEKUMI PEaIbHOTO Yacy.

Opnak, Bukopuctanass HTML-CANVAS mae niestki 0OMeKeHHS:

e HeoOXigHICTh B pyYHOMY NpPOrpaMyBaHHI I'padiuHUX €IEMEHTIB, 1110 MOXE
3a0uparu 6arato yacy Ta 3yCHJIb pO3pOOHHUKA.

e He € HailkpammM BapiaHTOM IS PO3POOKH BEO-TOMATKIB 3 BEIHUKOIO
KUTBKICTIO TEKCTOBOTO KOHTEHTY.

3actocyBanHs TtexHosorii HTML-CANVAS y BeG-jgomatkax J103BOJISIE
CTBOpIOBAaTH OUIbII JWHAMIYHUA Ta IHTEPAKTUBHUU [JOCBIJ KOpHUCTyBaua,
3a0e3neuyoud OUIbIly 3pYYHICTh Ta MNPUBAOIMBICTH J0OJATKy. Bukopuctanus
HTML-CANVAS Takox 103BOJIsi€E pO3pOOHUKAaM CTBOPIOBATH Bi3yasi3allii JaHUX B
peXUMI pealbHOrO 4Yacy, II0 MOXe OyTH KOpPHCHHM nJisi 0aratbox BHUAIB BeO-
nonatkiB. Onnak, BukopuctanHss HTML-CANVAS wmae nesiki oOMexeHHs, Taki sIK
HEOOXITHICTh B PYYHOMY MPOrpaMyBaHHI TpadiuHUX €JIEMEHTIB Ta HEONITUMAJIbHICTh
JUISL IOJIATKIB 3 BEJTMKOIO KUTBKICTIO TEKCTOBOTO KOHTCHTY.

HesBaxatoun Ha oOmexenHns, Bukopuctanus HTML-CANVAS € kopucHum Ta
BOKJIMBUM €JIEMEHTOM pPO3pOOKHA BeO-IOJATKIB y CydacHOMY CBITi. Po3poOHuKH
MOXyTh BuKopructoByBaTh HTML-CANVAS nns cTBOpeHHS NpuBaOIMBHX Ta
IHTEPaKTUBHUX T padiuHMX eJEeMEHTIB, TaKuX fK aHiMaIli, rpadiku, rpadiku
3aJeKHOCTI, JlarpaMu Ta 1HIN Bi3yajbHI €JIEMEHTH, $IKI MOXYTh JOMOMOITH
KOpPHUCTYBauaM Kpaille po3yMiTH Ta CIpUHAMATH JaHi.

Onuum 3 pukitaaiB Bukopuctanus HTML-CANVAS e cTBopeHHs Bizyasti3alliii
JaHUX B pEXUMI peajbHOro uvacy. Hampuknaa, e Moxe OyTH KOPUCHUM JUIs
(hiHAaHCOBUX JOJATKIB, SIK1 JIO3BOJISIIOTh KOPHUCTYyBadaM IEperjsgaTd 3MiHU B IIHAX
akiii y peanbHoMmy uyaci. Bukopucranas HTML-CANVAS n03BoJisie CTBOPUTH
rpadik, SKUN OHOBIIOETbCS ABTOMAaTUYHO 3 HOBUMHU JaHUMH, WO J03BOJISIE
KOpPHUCTyBa4yaMm OyTH B KypcCl OCTaHHIX 3MiH.

[Ile omuum npuknaaoMm BukopuctanHss HTML-CANVAS € cTBOpeHH
IHTEPaKTUBHHX EJIEMEHTIB, TAKUX SIK MAJIFOHKH, SIK1 pearyoTh Ha KJIIKA KOPUCTyBayva.
Hanpuknan, nme mMoxe OyTH KOPHUCHHM IS ITPOBHX JOAATKIB, A€ KOPHUCTyBadl
MOXXYTh B3a€EMOISTH 3 TpadiuHAMH €JIeMEHTAaMU 3a JOTIOMOTOK0 KJIIKIB MHII a0o
HAaTHCKaHHS Ha €KpaH MOOLILHOTO MPUCTPOIO [7].

HTML-CANVAS Takox mMoxke OyTH BUKOPUCTaHHM AJIsi CTBOPEHHS aHIMAIIli,
Kl MOXYTbh JOMOMOITH 3aJly4UTH yBary KOPUCTYBadiB Ta MOKPAIIUTH iX JOCBIJ
B3aeMO/I1 3 gojgatkoMm. Hanpukian, a”HimMaliii MOKyTh OyTH BUKOPHUCTaHI JJIsI TOKa3y
MPOIIECYy 3aBaHTAKEHHS CTOPIHKHU a00 JIJIsl JEMOHCTpaIlii poOOTH T0JaTKY.

Onnak, pO3pOOHMKM TIOBMHHI TakoX BpaxoByBath oOmexeHHs HTML-
CANVAS mpu po3po01ii BeO-101aTKiB. OJIHE 3 TOJOBHUX OOMEKEHD IOJISTAE Y TOMY,

ISSN 2567-5273 98 www.moderntechno.de



Modern engineering and innovative technologies Issue 27 / Part 1

mo HTML-CANVAS He niaTpuMye TEKCT, 110 00p13a€ThCs, 110 03HAYAE, 110 PO3MIP
rpadiyHOrO enemMeHTa Moxe OyTh 00 MeXeHHM, 00 MOXKE MPHUBECTH 0
HEKOPEKTHOIO BiIOOpakKeHHS Ha Pi3HUX MPHUCTPOSIX.

KpiM ToOro, po3poOHMKM TOBHHHI Tako>K BpaxOByBaTH HaBaHTA)KEHHS Ha
nporecop npu BukopuctanHi HTML-CANVAS, ockinbku BenuKa KUTBKICTh
rpadiyHUX €JIEMEHTIB MOKE CIPUUYMHHUTU 30UIbIIEHHS Yacy 3aBaHTAKEHHS CTOPIHKH
Ta 3HIKEHHS MPOTYKTHBHOCTI.

HesBaxatoun Ha 11 oOmexenns, BukopuctanHsi HTML-CANVAS Be6-
J0aTKaX MOXKE JOMOMOITH TMOKPAIIUTH iX BI3yaJbHUN AW3aiiH Ta 3a0€3MeunTH
OUNbII 1HTEPaKTUBHMM JOCBIJ [Jisi KopucTyBauiB. Jlns po3poOKu [0AaTKIB 3
BukopuctanusiM HTML-CANVAS po3poOHuUKM TOBUHHI MaTh pPO3YMIHHS SIK
MpAIIO€ 1Sl TEXHOJOrIA Ta SK 1i MOXXHAa BUKOPHCTOBYBATHU MJIi CTBOPEHHS PI3HUX
e(eKTIB Ta Bi3yasizaiiil.

KpiMm TOr0, BaXJTMBO BpaxOBYBaTH CYMICHICTh 3 PI3HUMH Opay3epaMu Ta
NPUCTPOSIMU  TIpU  po3podii  gonatkiB 3 BukopuctanHsm HTML-CANVAS.
Po3poOHMKY MOBHMHHI TECTyBaTH JOJIaTKH HA PI3HUX MPUCTPOSIX Ta Opaysepax, moo
NEPEeKOHATUCS B TOMY, II[0O BOHH TIPAIOIOTh KOPEKTHO Ta BiJOOpa)aroThCs
IPaBUIIHHO.

Bucnosku.

PesynpraTom maHoi pobotm € aHami3 ocoOauMBOCTEM Ta e(pEeKTHUBHOCTI
Bukopuctanids HTMLS Canvas st BupiiieHHs 3aa4l BiTOOpaK€HHsI PI3HUX THUIIIB
MyJbTUMeNia. Bylu AOCHIPKEHI OCHOBHI aHAJOTH, $IKIi Ha ChOTOAHINIHIA JEHBb
MpEJCTaBlICHI HAa PUHKY, BUJUICHI iX OCHOBHI mepeBaru Ta Hemponiku. HTMLS-ter
Canvas rpae nueHTpaJIbHy pOJib IPH CTBOPEHHI J0JIaTKIB Ha 0a31 Opay3epiB. Bin Hagae
MPaKTUYHY CEpely MaJIFOBaHHs, 110 0a3yeThCs Ha TEXHOJOrII JavaScript 1 oOMexeHny
nuie ysBoro pospoOHuka. Lle cepenoBuie He myxe CkiaaHe ais ocBoeHHA. Kpim
TOTO, B [HTEpHETI € 6e3714 1HCTPYMEHTIB MiATPUMKH, 10 MOJETIIYIOTh HaBYaHHS 1
MITOTOBKY, BKJIIOYAIOYW 1HCTPYKII IIOJ0 BUKOPUCTAHHS, OJOTH, OHJAMH CTaTTI,
BiJIEO-Ta TEKCTOBI MOCIOHUKH, TUIIOBI TpOrpamMu. 3MICT 1 TOJIOBHA (PYHKIIis canvas
MOJIATAI0Th B TOMY, 1[0 MOr0 BMICT MOKHA JMHAMIYHO OHOBIIIOBATH, BIIPHUCOBYIOUH
HOBI €JIEMEHTH Y BIJIMOBIAL HA il KOpUCTyBaya. MOXXIJIMBICTh 3MIHIOBAaTH TEKCTH Ta
300paXeHHs] B BI3yaJlbHOMY pEXHUMI 1 IMITYBaTH pyX poOuth Canvas BHUKIIOYHO
I[IHHUM 1HCTpyMeHTOM. B Oynb-sxomy Bumanky Canvas € HalBaJIUBIIIMM
KOMITOHEHTOM MO>KJIMBOCTEH, 110 HaaroThes crienudikariero HTMLS.
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Abstract. Recently, the educational sphere has undergone gradual changes in the approaches
to it and the attitude of all its participants to the learning process. Rapid digitization along with
global life challenges such as the Covid-19 pandemic allows technology to be used alongside
traditional means of education to meet the needs of today's learners not only painlessly but also
favorably. The article examines the need to modernize the traditional educational process and
optimize it for those who work according to an individual plan or in the format of forced distance
learning, also caused by the pandemic. The implementation of modern changes can be carried out
with the help of specialized applications and web systems, in particular, the online course platform
"Canvas", which is the focus of our article. The work also briefly mentions previous research by
colleagues who worked with similar platforms and/or with Canvas itself. The article also reveals
the technical capabilities and features of the "Canvas" system, presents a study of its compliance
with the modern needs of students by analyzing its advantages and disadvantages, and also
describes its pros and cons not only from the point of view of students, who are considered
representatives of the main category of users of the platform, but also taking into account the
experience of teachers and their impressions of the platform as a main or auxiliary educational
system of online courses. Readers of this article can also familiarize themselves with the main
elements of the Canvas platform structure, learn about their characteristics and decide whether or
not to approve this alternative to the old-fashioned course attendance. In addition, the study
includes a survey conducted among 50 students who have already used the platform according to
the requirements of the curriculum, so share their impressions, starting with joining the system and
ending with a general overview of this online course cell. In summary, we provide readers of the
article with a general conclusion about the platform, its compliance with the requirements of the
educational system, in particular, the needs of students.
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Annotation. The gas extracted from the well contains impurities - oxygen, nitrogen, hydrogen
sulfide, as well as condensate, heavy hydrocarbons, butane, propane and their derivatives. Before
the gas is sent to consumers, it is cleaned. The gas purification process proceeds in two stages; at
the first of them, mechanical impurities are removed, and at the second stage, water, heavy
carbohydrates and condensate are removed from the gas.

In the case when gas under high pressure (not less than 14 MPa) comes out of the well, an
effective method of its purification is low-temperature separation.

A condition for the effectiveness of the low-temperature separation process is compliance
with the technological regulations, which are provided by means of local automation, which
performs the functions of stabilizing the parameters of the technological process. Existing
automatic stabilization systems are single-circuit and do not take into account the presence of
cross- connections between technological parameters, which significantly reduces the efficiency of
the low-temperature separation process.

Therefore, the goal of the work was to create a mathematical model of the low-temperature
separation process, which made it possible to identify objectively existing relationships between
technological parameters, which is the methodological basis for the synthesis of an effective control
system for the separation process.

of the low-temperature separation process in terms of "input-output” were obtained on the
basis of the law of conservation of the amount of matter and the laws of exchange of substances
between the liquid and gas phases. The linearization of the mathematical model of the dynamics of
the low-temperature separation process was performed, and on its basis, the matrix transfer
function of the object was obtained, which made it possible to formalize the channels of internal
interactions between input and output values.

Key words: low-temperature separation, mathematical model, linearization, transfer
functions, structural diagram.

Introduction

The gas extracted from the borehole, contains mechanical particles, water, as
well as accompanying substances - oxygen, nitrogen, hydrogen sulfide, as well as
condensate, heavy hydrocarbons, butane, propane and their derivatives. Therefore,
the gas 1s pre-cleaned before it is sent to consumers. Gas purification takes place in
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two stages. In the first stage, the gas is cleaned of mechanical impurities, and in the
second stage, water, condensate and heavy carbohydrates are removed from the gas.
In the case when the extracted gas comes under high pressure (at least 14 MPa), low-
temperature separation (LTS) is used for gas purification.

The effectiveness of the NTS process depends on the proper support of the
technological regulation, which is defined for the low-temperature separator. As a
result of the change in the conditions of the NTS process, there is a deviation of the
mode parameters from those defined by the technological regulations. Therefore, to
maintain the technological parameters at the set values, automatic stabilization
systems are used, which are mostly single-circuit and do not take into account the
presence of internal connections between the technological parameters, which
impairs the efficiency of the separation process, and also leads to the loss of such
valuable components as condensate and heavy hydrocarbons.

Analysis of literary sources

A feature of the NTS process is the change in the state of the gas flow as it
passes through technological devices, which complicates its mathematical
description.

The gas entering the NTS installation is throttled, which causes a turbulent flow
of gas, and after entering the separator, the flow changes to a uniform state [1].
Depending on the nature of the flow - subcritical or supercritical, flowing through the
throttle device, the gas consumption is calculated according to various formulas [2].
When passing gas under high pressure through the throttle, the Joule-Thomson effect
occurs, which causes a decrease in temperature and pressure. When the pressure
decreases by 1 MPa, the gas temperature decreases [3] by 5.5 °C.

Mathematical modeling of the low-temperature separation process itself is based
on the use of regularities that occur in the vapor-liquid system. If the vapor-liquid
system is in an equilibrium state, then there is a process of mass exchange between
the liquid and gas phases. The driving force of such a process is the chemical
potential. For the first time, the concept of chemical potential was introduced by
Gibbs during the study of equilibrium conditions between the liquid and gas phases
[4]. The equilibrium state of the "liquid-gas" system is characterized by a certain
temperature 7 and pressure P . Let's assume that the "liquid-gas" system, which is in
equilibrium, consists of icomponents. Then the condition of thermodynamic
equilibrium is given by the following equality [5]:

fi(V) — f;(L) ,
where r - fugitiveness (volatility); ¥ —liquid; L —steam

When modeling the process of low-temperature separation, one of the main
tasks 1s to identify the relationship between the composition of the mixture and the
fugitives f"'and .

Fugacity is a measure of the deviation of the real liquid-gas system from the
ideal (ideal gas, ideal solution) and determines the pressure of the real system that
exerts the same effect on the environment as the ideal system. As the real state of the
gas (real liquid) approaches the ideal 7 — p. It follows from the last condition that
fugacity is measured in units of pressure. The degree of deviation of the properties of
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the real "liquid-gas" system from the ideal is characterized by the fugacity coefficient
y/p. If the composition of the mixture is expressed in mole fractions

Y (dimensionless units), then y :%. For a mixture of ideal gases 7,f,/P =1.

The fugacity i-of the component depends on the temperature, pressure and
composition of the mixture. It should be noted that there is no analytical dependence
for determining the fugacity as a function of the listed parameters. Therefore, the
determination of fugacity is a rather difficult task, which is based on experimental
studies.

For a gas system, the following relationship [ 5] holds:

PY=X,f (T,

where Y;, X;- mole fractions of gas and liquid i- of the component in the mixture.

The value PY,is called partial pressure.

The vast majority of mathematical models of the NTS process are oriented
towards solving technological problems. Mathematical models in terms of "input-
output" are necessary for the synthesis of automatic control systems. Models of this
type partially obtained in works [1] and [6] .

Single-circuit systems of automatic regulation of pressure, liquid level and
temperature are used to stabilize the technological parameters of the NTS [7].

Thus, the mathematical description of the low-temperature separation process is
mostly focused on the synthesis of single-loop control systems [8] . As the analysis of
literary sources shows, there are internal connections between the input values in the
separators of both the first and second stages of separation of the gas mixture
extracted from gas boreholes. Failure to take into account internal connections
deteriorates the quality of the management process.

The purpose of the work. The purpose of the work is to increase the efficiency of
the low-temperature separation process by creating mathematical models and
synthesizing automatic control systems, taking into account the internal cross-
connections that exist between the technological parameters of the process.

The set goal required solving the following tasks in the work:

 on the basis of physical regularities inherent in the process of low-temperature
separation, create its static model,

 identify the input and output values of the control object, form basic
assumptions and create a mathematical model of the low-temperature
separation process in "input-output" terms;

* linearize the mathematical model of the dynamics of the low-temperature
separation process and determine the matrix transfer functions and their
properties;

» synthesize a system of automatic control of the low-temperature separation
process taking into account the internal relationships between technological
parameters and choose a method of calculating the parameters of the regulator
setting, as well as evaluate the quality of the control process.

Mathematical model of the low-temperature separation process

The schematic functional scheme of the NTS installation is shown [6] in Fig. 1.
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The gas extracted from the borehole goes to the complex gas preparation unit
(UCPG). After UKGP, natural gas is pre-throttled (or without throttling) and fed to
the inlet of separator C-1 (Fig. 1). In the C-1 separator, the droplet liquid is separated.
Further, the gas through the T1 heat exchanger enters the C-2 separator through a
fitting or an ejector. In the T1 heat exchanger, the gas is cooled with the help of a
coolant (gas), which is fed into the intertube space of the T1 heat exchanger. From
the outlet of the C-2 separator, the dried gas enters the heat exchanger, where it is
heated and, after measurement, is fed to the gas collector. To prevent water formation
diethylene glycol (DEQG) is added to the gas inlet in front of the C-2 separator. Due to
the difference in the densities of the condensate and DEG, the liquid phases are
gravitationally separated and the separated DEG falls into containers P 1 and P-2
(Fig. 1).

B main gas pipeline

Faw gas from
the well

DEG solution

Unstable condensate

L

-

Figure. 1. Simplified functional diagram of the NTS installation

The mathematical model of the NTS process was developed under the following
assumptions [5]:

* the temperature regime in the C-2 separator (Fig. 1) is maintained unchanged;

* the density of the liquid phase in the separator is constant;

* the known chemical composition of the gas entering the separation and mole

fraction of |, its components;

* the mole fraction of gas in the mixture at the entrance to the C-2 separator is
known and remains unchanged during the observation period;
» gas and condensate obey the laws of ideal solutions.
Based on the analysis of the low-temperature separation process as an object of
automatic control, we will adopt the following variable models:
* initial values — gas pressure P and liquid phase level H in the separator;

e input values — degree of opening U,and U, executive bodies 1 and 2, which
are installed at the outlet and inlet of separator C-2 (Fig. 1);
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* disturbances — pressures in the pipelines B (at the inlet to the C-2 separator),

P, (at the outlet from the C-2 separator) and B (at the liquid drain from the C-2
separator, Fig. 1).

In the conditions of the equilibrium state, the low-temperature separation
proceeds as an exchange between the liquid and gas phases. The driving force of such
a process is the chemical potential. Quantification of chemical potential is called
volatility. This estimate was introduced by Gypsum to characterize general
equilibrium conditions.

Volatility is some function of pressure and shows that a real system exerts the
same effect on the environment as an ideal system (ideal gas, ideal solution).
Volatility is a measure of the deviation of an ideal system from a real one under
constant external conditions and is measured in units of pressure.

Size
Jis
y =L (1)
“i,sﬁ)i,s
is called the activity coefficient, a
/i
¢, =——4— 2)
“’i,gf()i,g

called the volatility coefficient.
In formulas (1), the following designations are adopted: L, - mole fraction i-of

the th component in the solution; f, - volatility i-of the pure component;
fi,volatility i-of the component in the liquid mixture at constant atmospheric

pressure. The physical quantities in formula (2), which are assigned the index " g ",
have the same meaning as in formula (1).
In the case when the vapor-gas system is in equilibrium, there is equality

fis= 1. If the values and are f;,determined from formulas (1) and (2) f,, then the
last equality will be as follows:
Xi“i,sfoi,s = (Pi“i,gfoi,g . (3)
It is assumed that the pure component is in ideal gas conditions. In this case
Jfoiy =P . Taking into account the last assumption, the relation (3.4) will be as follows:
Xi“i,sﬁ)i,s = (Piui,gp'
From the last equation we find

= X“(pf . )
The value W, ,Pis called partial pressure.

and f;, =Plfp°) an ideal solution is used to describe the equilibrium state of a vapor-

liquid system, then the following f,, =Prelations P,f,?) hold P: pairs over this

component.
Under such conditions, Dalton's law for the gas phase holds
B = ui,gP
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and Raoult's law for the liquid phase
P=u PO

i is" pp ?

where P is the partial pressure;P:ZP,. n—the number of components that make up
i=l

the vapor gas system.
When the steam-gas system is in an equilibrium state, then the following
relationship holds:

“i,gP = ui,sP[S;)) * (5)
f;)i,s

If we introduce a function f(T)=-"=that determines the relationship between

i
i

the pressure and the boiling temperature of the pure i-component, then formula (4)
will be as follows:
Hi,gp = Xi“i,sfi (T) . (6)

It follows from the comparison of formulas (5) and (6) that for the equilibrium
state of the vapor-gas mixture, the following relationship holds: f,(T)=P!".

For non-ideal systems, relation (6) is not fulfilled due to the influence of the
mixture components on the activity coefficient of each component. This means that

=% (Bl -y, ) -

Thus, in the case of an ideal vapor-gas system, its state is described by formula
(5), and for a non-ideal vapor-gas system, it is necessary to take into account that the
activity coefficient Y, is not a constant value, but a function of the mole fraction i-of
those components in the system.

Let's assume that the inlet of the C-2 separator (Fig. 1) receives a gas mixture

consisting of M moles. Denote by M andM . the number of moles of condensate

and gas in the total flow of the gas mixture. Relation

M
Ja= ﬁ (7)
determines the mole fraction of condensate, and
M
I-fi=—= (&)

the total part of the gas in the mixture that entered the C-2 separator.
Knowing mole fractions Y, andy,, condensate and liquid phase 7 —of those

components in the gas mixture, we will formulate the material balance equation for
i —the component
MHOi,s = Mcon“i,s + Mg“i,g'
If we now take into account (3.8) and (3.9), the last equation will be as follows:
Moy = fabbis + (1 —Ja )“i,g : ©)
For an ideal vapor-liquid system between , andp,, there is the following

relationship [4]:
Pl’li,g = Mi,sfz" (T) :
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We determine from the last formula

_ Mi,sﬁ (T)
Mg == —
and substitute the obtained value y, ,in (3.10). Then
l“l’Oi,s

M T (= 1) (TP

Since the assumption is made that the temperature regime in the C-2 separator
(Fig. 1) is maintained constant, then f, (T ) = f, =const. Ago

Hoi s
fd +(1_fd)fip_l .

The known value W, allows you to determine the number of moles i—th

Mi,s = (10)

component of the condensate in the liquid phase
Mcon,i = Mcon,'li,s .
In accordance with formula (3.8) M, =Mf,. Therefore M, =Mf, 1, . In the

last expression, we L,  substitute its value from (10). As a result, we get

Hois
R

If the condensate contains N, components, then at the exit from the C-2

(1)

separator (Fig. 1), we will have the following total number of moles of condensate
N,,

ME =3 M
con Z con,i *

i=1

After taking into account the value M __ . determined by formula (11), we obtain

con,i

out HOi S
: : 12
con f;i; . (1_ﬂ)ﬁp_1 ( )
It is obvious that the number of moles of gas at the outlet of separator C-2 is the
difference between the total number of moles of the gas mixture and the number of
moles of condensate, i.e.

M(out) M — M(out) .

con

Since the valueM'*") is calculated by formula (12), then

M((goul) (1 fd; — (lio;p:)fquJ'

Denote by the m,weight concentration of each component of the mixture

entering the C-2 separator. Let the W, molar mass of 7 —the th component of the

mixture. Then the mass of i —the th component in the mixture will be as follows:
G =nG (13)

i~co

where G, -the total mass of the mixture entering the C-2 separator (Fig. 1), and the
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total number of moles i —of the component in the mixture can be calculated as
follows:

M, = (14)

If N the number of components in the mixture entering the C-2 separator, then
the total number of moles will be as follows:

N,
M=>M,.
i=1

Taking into account what is M. calculated by formula (14), we will have

The value M, can be found using formula (14). Then the last ratio will be:

L G,
M=) —.
;g; }le

Since G, can be found by formula (3.14), then
M=G> . (15)

i=l Myi
By analogy with formula (12), we can claim that

Ncnn
M(m) =M M’Oi,s
con fd;ﬂ-F(l—f;j)f;P

be calculated according to (3.16). So,

N, N,

MEZQ =G.f 2l v Ho; s '
d; My j ; Ja+ (1= 1) fiP

Now we will find the amount of condensate entering separator 4 (Fig. 3.1)
NL‘ NL‘(J

G]E)m) _ th T]j ! MOi,s“’w,i ) (16)
d_;zl: My Z:ll Ja+ (1= 1) fiP

Let's move from the total amount of condensate to mass consumption. For this
purpose, we introduce the following designations: m,, - the mass of condensate

—, but in this case the total number of moles should

entering the C-2 separator per unit of time; m,, - mass flow rate of the mixture at the

inlet of the C-2 separator. Then, based on formula (16), we can write
NL‘ NL‘(m

_ nj “Oi,s}’lw,i 1 7
M.y, =My -1 °
R e AV (47

the following relationship exists m,, =m,, +m between the mass flow rates of the

con

mixture m,, and gas: m,, then m,=m,, —m,, , or, taking into account (3.18), we have

NL‘ NL‘(JII

n; Hoi sk
_ . _ J 2 . . 18
mg M (1 fd)/zl: uw’j;fd-i-(l—fd)fgpl ( )

There is a certain amount of water in the gas mixture that enters the C-2 unit for
separation (Fig. 1). Its maximum amount is characterized by moisture content. This
indicator depends on the dew point of the mixture. The dew point is determined by
the temperature at which the gas becomes saturated at a given pressure. If the system
(gas mixture) is in an equilibrium state, then the moisture content of the gas is
calculated according to the Bukachek’s formula
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b,.=a,,P+a,,,
where a, ,and a, ,are empirical coefficients.

mass of water that entered the separator can be determined by the known value of the

moisture contentd,
(v)

mix ?

m,=b m

where m"is the volume flow of water in the initial mixture. Since it is massive

mix

m,. and voluminousm") costs are related by the ratio m'") = m,. /p,., where p,. 1s

mix mix

the density of the initial gas mixture, then
mw = bmc,lmmix / pmix . ( 19)

The density p, . is calculated according to the following formula:

mix

1 N,
pmix - N_A;MOi,suw,i ’

where N ,is Avogadro's number.
To prevent water formation, glycol (Fig. 1) is supplied to separator 4 in quantity

- (20)

gl
)

where z;, are Z,the relative units of the amount of glycol at the inlet of the heat

exchanger T1 and at the outlet of the separator C-2 (Fig. 1).
Under the influence of glycol in the gas flow at the exit from separator 4, the
amount of moisture changes by the following amount:
Am, =m, — m&z) ,
(2

w

where m”is the amount of moisture in the gas at the exit from the separator, per unit

of gas.
value m” using a formula similar to (19), i.e

m(Z) = bmc,meix / pmix . (21)

w

After taking into account formulas (19) and (21), we get
A’71w = (bmc,l - bmc,2 )mmix / Pimix 2

or
Amw = Abmcn/lmix / pm[x ’ ( 22)
Where Abmc - me,l _bmc,z_
Knowing Am_, we can calculate
m, :%, (23)

zZ
where z=—=2
2174

The obtained values m,, ,m, and m,, make it possible to calculate the mass

mix >

flow rate of the mixture entering the inlet of the C-2 separator
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m=m,, +m, +m,.

After taking into account the components”,, and m_, included in the last

gl>
formula, we get

m=m__ (1 + L(bm1 + Abmcz)j :

pm[x
From here
-1
m,. = m(l + L(bmc1 + Abmcz)J .
pmix ’
Taking into account that b, , == afj?l / B+ af,i,)z and b, ,= afﬁ / P+ afﬁ, we

introduce the following notation: 6(P, )= (1 + L( b

pmix el
m,,. =mB(P,P). (24)
Formula (24) determines the material balance for the gas mixture entering the C-

2 separator.
In fig. 2 shows the scheme of material flows of the installation of the second

stage of separation, from which it follows that méz) =m, + m'®

m\f,’."}
P

Gas accumulation

-1
+Ab Z)j . Then

J‘H‘H

Gas mixiure Gas to the heat
on NTS exchanger
m=m, ¥tm_*+m, 0,
= Fluid accumulation |—|i]—» &
Liquid
,?4 M“T discharge

Figure. 2. Scheme of material flows of the NTS installation

The gas obtained as a result of separation in quantity m, per unit of time should

be calculated according to formula (18). By analogy with formula (19), we find
(6) _ MisD

mix— mc,2
m e,
w

p mix
Since it m, is calculated according to formula (18), then

N, N,
(2) — A l'J’Ol S“’wz bmc,2
m m,. | (1-f, — + .
g { ¢ ZI: w,j i=1 f +(1 .fld)fP pmix J

Considering formula (22), we have
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Let's enter the following notation:
A HOI’ s“wi bmc 2
e, (P,R)=0(P,R) (1-f. Sl
(Pr)=o [( D AT aaa
Then (25) will take the following form:
m(z) =g, (P,B)m. (26)

The value ¢, (P,E)is called the gas separation coefficient [5].

The amount of liquid phase formed as a result of separation is determined by
analogy to formula (26). Therefore, (Fig. 2),
m,(q) =m,, +m,+Am,.

The components placed on the right side of the last equation are determined by
formulas (17), (22) and (23). Ago

N, N,
(2) _ n A MOZ s“wz Abmc (Z + 1)
K mlxif‘dl 1 W] i=1 ﬂ+(1 de)fp ! pmix

After taking formula (24) into account, we get

N,

n «l “’Ois}"l’wi Ab (Z+1)
—o(P, P, e
i =0 )(ff’; 0 2 (7 —

We write the last formula in the followmg form:

m,q) _Slq(P )m, (27)
where is the coefficient of separation of water from gas [5].

Equations (26) and (27) describe the equilibrium state of the low-temperature
separation process, provided that the temperature regime in the separator is
unchanged.

The mathematical model of the low-temperature separation process is based on
the material balance equation.

IfM, the mass of the substance that is in the container, am_ mass flow fed into

ci

the container or leaving it, then

aM , _ Zma . (28)

In formula (28), the value m_ must be taken with a "plus" sign when the flow is

directed into the container and with a "minus" sign if the flow leaves the container.
Let's write equation (28) for the liquid in separator C-2 (Fig. 2). We will

calculate the value according to the following formula: M
M, =V,p,,
where p,, is the average density of the liquid phase.
The liquid volume 7, is a function of the liquid level H in the container and its

appearance depends on the spatial location of the C-2 separator (Fig. 1). Let Vjthe
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full volume of the separator. Denote by the V degree of separator filling [9]

H
AL)
Vo
Then
M, =Vv(H)p,- (29)

The flow of raw materials at the entrance to the C-2 separator (Fig. 1) contains
gas, condensate, and moisture, which, as a result of separation, pass into the liquid
phase. Formula (3.3) provides a quantitative estimate of the liquid phase.

The consumption of raw materials at the entrance to the C-2 separator (Fig. 1),
which is in a gaseous state, will be calculated according to the following formula:

m=a./K,(B-P)R, (3 0)

where O is the flow rate.
The coefficient K, can be calculated using the following expression:

2P
K,=(514C) 7g
where Cis a constant value; p - gas density at ! =20°C ;p, =0,7xe/ m 5 T—gas

temperature " K.
Therefore, the arrival of the flow to the separator will be as follows:
m., =¢g, (P,Pl)m )
We will calculate the total mass flow rate according to formula (30). Then
m,, =oazg, (P.R)\K,(B-P)R. (31

The flow leaving the separator is characterized by mass flow m_,, which can be

cl»

m,=a,(U,)\gp,H+P (32)

where ocz(Uz)is the cost factor, which is a function of the position of the regulatory

body.
Taking into account formulas (29) — (32), expression (28) will be as follows:
dv(H 1
(H) _ (ag,q (P.R)JK,(R~P)R —0,(U,)\Jgp,H+P=P). (33)
dt I/Oplp
Let's find the mass of gas in separator C-2. For a real gas that occupies a volume
of Vg, the ratio 1s valid

calculated using the formula

PV,=z, M RT, (34)
where V, is the gas volume in the separator; z,.- compressibility coefficient; R, - gas

table; 7" - gas temperature.
The calculation of the compressibility coefficients of natural gas z . was carried

out using the Benedict-Webb-Ravin equation [10] at the gas density under normal

conditions [11] p,, = O,7K—23.
M
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PV

g

z RT

From equation (34) we find M, =

The gas in the C-2 separator occupies only a part of the total volume Vj, i.e
V, =V, =V, . Taking into account the value of ¥, =V,v(H ), we getV, =V, (1-v(H))
Taking into account the value of V,, we find the mass of gas in the C-2 separator

v :PVO(I—V(H))'

35
¢ z, R, T 3)
The gas flow into the C-2 separator can be calculated using formula (26), i.e
My :Sg(P’P1>m’
where m is calculated by formula (30).
So,
my, =ae, (P.R)\K,(R~P)F. (36)
Gas consumption from the C-2 separator to the pipeline will be as follows:
mg, =o, (U)K, (P-PB)P, (37)
where o, (Ul)is the cost factor, which is a function of the position of the regulatory
body.

Formulas (36) — (37) make it possible to obtain a mathematical model for the
gas fraction, i.e

i[PVo(l—V(H))

dt z RT

g g

|5, (I B - 0, (7= 2

We assume thatz,, R and 7 -constant quantities. Then

ge?
d(P(1-v(#)))
dt
z, R,T
V-
The degree of filling of the separator depends on the shape of the separator and
its position in space.

=7, (0e, (P.R) K, (R=P)R -0, (U)K, (P=P)P). (8)

where v, =

dv(H) ov(H) dH

In equation (33), we calculate . . Given the formula

dH 1
= P,P K P—P P— U H P), 39
dt Vvoplpqp<H)((x8]q< 1)\/ g( 1 ) 1 (X‘Z( Z)W ( )
ov(H
whereqp(H):a(_H),
dP(1-v(H
Now let's caleulate ( ( dl«V( ))):(I_V(H))cjl—lj—f’%. On the other

d(P(1-v(H))) . , .
hand, y this is the right-hand side of equation (38). Ago
t
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dP dv(H
(1-v(H)) =P cgt )+yg((xs R)JK, (B-P)B —o,( 1)\/Kg(P—PZ)P).
Instead #, let's substitute its value from equation (33), i.e
P P
(1-v(m)=- 7 ——(ae,, (P.R)|K, (R~ P)R -0, (U,)|/gp, H + P+
o~ip

+1,(az, (P.R) K, (R—P)R ~o,(U)JK, (P~ B)P).

We write the obtained differential equation in the following form:

i e (PRI o) K, (P R)P)

+L(ou~:lq ,P])\/Kg(P] -P)R, —“z(Uz)\/gPlpHJ’P)}' (40)

VoPy,

Differential equations (39) and (40) form a mathematical model of the low-
temperature separation process.

Mathematical models (39) and (40) are nonlinear with respect to input and
output values. We assume that the means of automation provide small deviations of
the regulated values from the given (established) values. In such a case, the nonlinear
functions included in models (39) and (40) can be expanded into a Taylor series,
keeping only the linear terms of the expansion.

We will mark fixed values of input and output values with superscripts "0". Let

H=H"+aH, P=P"+AP, U =U"+AU, U,=U"+AU,, P=P"+AP.

_B=P"+AP,
system of differential equations (39) and (40) in vector form
dX = ==
X,U 41
—=0(X.0.0), (41)

_ | H _ U
where X = {P}is the vector of initial values; U :{Ul} vector of control actions;
2

¢,(X.0.2)
¢,(X.U.C)
right parts of the system of differential equations (39) and (40).

If the nonlinear function 5( X,U E) is expanded into a Taylor series, limiting

P Y 17 - .
6= { p1 } - disturbance vector; @(X U, C) = [ } - the vector function of the
2

itself only to the linear terms of the expansion, then

?ZA}T+BL_I+FE, (42)
t

(43)
_J (FO GO 70 _J (O FGOFO). pog (FO GO FO
where  4=J, (X0,0,2%)_ B=J,(X°,0"%); r=J (X*.0,0")-
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matrices of partial derivatives (Jacobi matrices) ; ¥ =AX ; X, =AH ; x,=AP; u =AU ;

u,=AU,; u,=AU,; C=Al; (,=AP; {,=AP; Y:{xl}— vector of state variables;

X

u . — : _
u :{ 1}— vector of control actions; { = {Cl } - disturbance vector; y = {yl } - vector of
u, 2 e

initial values; C - unit matrix.

Equations (42) and (43) are a linearized mathematical model of the low-
temperature separation process, in which the elements of the matrices 4, Band
T are calculated at fixed values X =X\, T7=0" and £=C""

Since the differential equations are written in increments of relatively constant
values, the 1nitial conditions are zero.

The calculation of the parameters of the linearized mathematical model was
carried out with the following input data: the total flow of gas entering the separation
- m=2.3576 kg/s; the amount of condensate released m,, =1.1574 kg/s; gas pressure

con

before the C-2 separator (Fig. 1) B, =13.6MPa; pressure in separator C-2 P=53MPa;
pressure at the entrance to the third stage of separation P, =1,2 MPa; gas temperature
at the inlet to the separator C-2 7, =17°C; temperature in separator C-2
T =-21°C; the dew point of the gas in terms of humidity at a pressure of 4 MPano
more than 4°C; the diameter of the low-temperature separator d =1.0m;

condensate level in the separator H ©=0.6m.
following relationship exists between the diameter of the separator and its length

d [12]: %:3 Since the pressure in separator 4 is 5.3MPa, the gas behavior in the

N

separator will be determined by formula (34). Using the software created in the
MatLab environment, the gas compressibility coefficient was calculated: Z= 0.8150.
The moisture content of the gas will be determined by the Byukachek formula.

The coefficients @,, and @,,, according to [13] are as follows:

— 0’4527 -exp(0,0735¢-0,27-107¢ ),

ml
9

a,, =0,0418-exp(0,054:-0,2-10°")
where 1s {-the temperature°c
will a,,, determine by known coefficients a,,,

b

-1
0(P,R)= [1 + L(bm,1 + Abmcz)j ,

pmix
dl 0,0
— _ml
where Dy = D Ty Ab,, = % - % +ay),—al.
1

1
We accept [5]: z=0,2;
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The chemical composition of the gas entering the low-temperature separation is
borrowed from the work [14] , using these data, the molar mass of the gas was

. 1 & . .
determined by the formula: ¢,, :ﬁz“mﬂ" where W, ;1s the molar mass of the i-th
i=l1

component of the gas, kg/kmol; v,;- volume fractions of gas components, %. After

calculations, we got: ¢, =20.0221kkgl. The density of natural gas under normal
mo

physical conditions will be as follows [11] : p Taking into account the

_ _4u
2.4
obtained value ¢,, we find that p, =0.8325 k—‘%The gas density for separation

m

~ 273P
e = Po 0,1013-(273+7T)"
Pis the gas pressure in the separator, MPa ; T - the temperature of the gas in the

conditions can be calculated using the formula [15] : p where

separator, ° C. Taking into account the values of P and 7', we get:p_ =47.1871 k—%
m

The consumption of gas leaving the separator is defined as the difference

between the total consumption mand the condensate consumption m,,, i.e.

Taking into account the values mand m,,obtained: m, =1.2202 k& we
N

mg =m-m

con

determine the number of moles (per second) that went to separationM = 2

Ay
After substituting numerical values into m the ¢, last formula, we obtained:
M =0.1177 7° Number of moles of gas formed as a result of separation: M, e

S 9u

Since the numerical values of m,and are known ¢, then: M, =0.0609 kmol  From
S

M
formula (3.9) we find: f, :I—Vg.

According to the known values M,, Mthe following result was
obtained: £, = 0.4824.
Formula (39) can also be written for the mass flow rate of the mgas
NL‘
mixture:M=m)_ N
i=1 lvlw,,-
where M - is the number of moles per second. From the last equation we determine

NL‘
ZL:M.After substituting the corresponding values in the last formula, we get

i=1 }’Lw,i m
NL‘
g, =3 —0.0499 2oL
. i=1 uw,i kg

Gas condensate 1s a liquid that is separated from natural gas in the process of
low-temperature separation, and is a mixture of hydrocarbons that contain more than
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4 carbon atoms.
It was assumed that the mixture of gases and condensate obey the laws of ideal
solutions. Ago
foy
P
Taking into account the assumption made, the formula for determining ®u | will
take the following form:

Y Ab,.(z+1
Sl (P’P]) - e(P’Pl )(fd%‘ Z Hoi sl T M} .
= mix
Let's introduce the following notation:
N(‘()n
Slvl - ZMOi,sMw,i .
i=1

Taking into account the accepted notation, we will have

107 -Ab, (z+1
S,q(P,Pl)ze(P,Pl)(qufSu+ pmc( )j. (44)
After the calculations, we got the following value:
S =78862 5_.
. kmol

Since the moisture content, which is calculated according to Bukachek's
formula, has a dimension of g / m * , then in order to reconcile the dimension of the

moisture content b with the dimension of the density p,, in formula (44) the

multiplier is entered 10~ . Then the moisture content will have the dimension %

m
We will obtain a similar formula for determining the gas separation coefficient

107°-h
s ()= 00 (1= g5, 01 22| @s)
Now let's move on to the determination of the numerical values of the values of

the models of the dynamics of the separation process.
Let's write equation (30) for the steady state (superscripts "0" denote values of

values in the steady state). We have ot\/K . (Pl(o) —~ P(O)) Pl(o) =m:

12 _ m
\/( PO _ P(O)) R

Taking into account the numerical values of the corresponding quantities, we
will have: a, =0.1906 —8
s-MPa
Static characteristics of regulatory bodies a, (U,.),izl, 2 approximate by linear

dependences o, (U,)=o0,,U,, i=1,2. Formula (32) and (37) will be written for the

1

From the last equation we find: o, =ak,
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steady state

m,=a, (U]m)) K \/( po _ P}")) PO (46)
me =, (U )gp, O+ P, (47)
From equation (46) we find
mg,

We assume that Ul(o) =0,06MPa .
Taking into account the linear dependence of the static characteristic of the

regulatory body, we obtain the following equation: a; =a,,,U;”. From here we find
(04
%y U((é)

Taking into account the corresponding numerical values, we will have:
o, = 43626 — &
’ s-(MPa)

ch

\/ gp, H® + PO

Let's solve equation (3.24) with respect to o =, (U§°>) _

Sj . (0) — A o 70 _gr(0) _
ince a,, =o,,U, , then 0, Ok We accept:U,;’ =U, "’ =0.06 MPa
2

The density of condensate is as follows [14] : p,, =743,6 k—%
m

After taking into account the corresponding numerical values, the following

. k;
result was obtained: o, , =8.2005 —g2
’ S-(MPa)
Now let's find the numerical value vy,, which is calculated according to the
z, R,T

following formula: v, = . Since the container has a cylindrical shape,

0
thenV, = mr’L..
So, y, =33,0448 1/(m-5*)

After the assumptions made and the notations entered, the mathematical model
of the dynamics of the low-temperature separation process will be as follows:

. Vo ql (H>(aKszq<P,B>\/(e—P>R ~o,Us g0y, H+P ) (48)
0Fip1p

dP 1 / /

dr 1—\/(H)(Yg(0°8 (P.R) PR -0, Un(P-P) )
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P
+V—(angq (P,R)(R-P)PR, —ocU’2U21/gp1pH+P)J , (49)

oFip
107 -Abmc(z+1)j
pmix B

where ¢, (P,R)= e(P;E)[f;iquu +

10_3 ) bmc 2
Sg(P’Pl):e(P’Pl) (l_fd)quu +T )
Mathematical models (48) and (49) were linearized relative to the established

(0) P(O)

values of H , Pl(o), PZ(O) ,UI(O) and U§°>_ For this, we used a program created in

the MatLab environment. After calculations, we got the following result:

PARAMETERS OF THE LINEARIZED MATHEMATICAL MODEL
Elements of matrix A

al1=-1.8075e-02 al2=5.5433e-05

a21=1.1670e+03 a22=-4.9400e+01

Elements of matrix B
b11=0.0000e+00 b12=2.4836¢-01
b21=1.9944e+03 b22=4.3962¢e+00

Elements of the Gama matrix
gm11=6.4585e-05 gm12=0.0000e+00
gm21=3.8864e+01 gm22=1.4593e+011

Let's find the matrix transfer functions of the low-temperature separation
process. To do this, let's transform the linearized mathematical model (42) and (43)
according to Laplace with zero initial conditions. So,

Y(p)=C(ip-4)" (BU(p)+T5(p)). (50)
Analysis of expression (50) shows that the dynamic properties of the separator,

as an object of automatic control, is characterized by two matrix transfer functions:
relative to the vector of control actions

W, (p)=C(Ip-4)" B (51)

yu
and relative to the perturbation vector
-1
W, (p)=C(lp-4) T.

If the matrix transfer function is known W, (p), then

Y(p)=W,(r)U(p)-
Since C'is a unit matrix, then

W, (p)=(lp-A)" B. (52)
From the matrix equation (52), we find
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() = BT () < P e
Wai (p) - bub aAzl(b;)_ e ) 22( ) = byp + ch(b;)_ a,,by, .

Based on the found transfer functions w,(p), we will i, j=1,2determine the
value of the output values of the separator relative to the control actions

Y (p)=w,(P)U,(P)+w,(P)U,(P), (53)

Y,(p)=wy (P)U,(p)+wyn(P)U,(p). (54)

Taking into account the numerical data, the following transfer functions of the
low-temperature separator were obtained:

()= 0.1106 ()= 021227
T a9 4ap 08282 ° p’+49.42p+0.8282°
v (p)o o 19MP¥605 4396942899

2P 404 p+08282° 2N T 4942108282

Based on equations (53) and (54), a structural diagram of the separator as an
object of automatic control was created (Fig. 3), from which it can be seen that there
are cross-connections between inputs and outputs, which negatively affect the quality
of the control process.

Ui(p)1+— wu(p) %(p)

Uz(p) & wlz(p)

Y

w21(P) Y;(p)

® ¥Wa (P)

Figure. 3. Structural diagram of a low-temperature separator

Thus, the separator, as an object of automatic control, belongs to the class of
multidimensional objects with internal cross connections, which complicates the task
of automatic control of such an object. Therefore, the task of further research is the
synthesis of an autonomous control system, which will make it possible to
compensate for cross-connections and thereby significantly improve the quality of the
control process.
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Conclusions

I. On the basis of the law of conservation of the amount of matter, a
mathematical model of the low-temperature separation process in terms of "input-
output" was created, which is suitable for control purposes.

2. The linearization of the mathematical model of the low-temperature
separation process was carried out under the condition that the deviations of the
output values from the established values are insignificant, which made it possible to
obtain the transfer functions of the controlled object and, based on their analysis, the
presence of cross-connections between the input and output values was revealed ,
which is the basis for the synthesis of an automatic control system for the low-
temperature separation process.
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Abstract. A method of creating a UX pyramid for the unification of mobile app development
in the context of user experience is proposed. The UX pyramid includes 5 levels - app mission,
business goals, capabilities, capacity, users. This provides a basis for development strategies a
user-friendly interface. The process of developing a user interface includes the stages of creating a
persona, user stories, and scenarios. Such a user interface will clearly reflect the main functions of
the mobile app and will meet the basic requirements for the design of interactive systems.
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Introduction

Mobile devices surround us everywhere: at work, at home, in public
transportation, educational, medical and sports institutions. This is a rapidly
developing industry, and software development for mobile platforms is becoming
more popular and accordingly, in demand every year. Today it is difficult to imagine
life without a smartphone with applications for watching news on the Internet, editing
documents, games and multimedia applications. Mobile devices with applications
running on them make us mobile. Mobile platform is an operating system running on
a mobile device such as a tablet or smartphone. The basic idea of a mobile operating
system is the same as that of a conventional operating system. The main developers
of mobile platforms and mobile devices are Google, Apple, Samsung, Xiaomi,
Huawei.

Mobile apps

Today mobile apps are used not only for entertainment, but also for educational,
medical, sports and corporative purposes. Mobile apps development is a process by
which software is developed for portable devices. The software can be installed
during development, downloaded by the user using various platforms for software
distribution or be a Web application processed on the client or server side.

App store is a mobile application distribution platform often provided as a
component of the operating system on a computer, smartphone or tablet. The app
store usually takes the form of an online store where users can view different
categories and genres, download and install them on their devices. Most app stores
are controlled by their owners where app verification is required for compliance with
certain requirements (for example, for quality and content), as well as a sales
commission if the application is a paid one.

The key differences and problems that arise in the development of software for
mobile platforms:

edesigning user-friendly interface;

ecreating tools and techniques that can:
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a) accelerate time of software product launch;
b) provide application support in a rapidly changing environment.

The development of software products for mobile platforms today has a broad
applicability of user experience combining elements of user psychology, business
modeling, advertisement and design with the method of iterative prototyping of the
user interface [1] with a gradual clarification of the requirements for the program
product as a whole [2]. It is very important to identify the main criteria for
combining technology, business goals and human values. With such an ‘overlap’, a
product that harmoniously combines all the aspects, will be innovative.

Human-centered design

According to Human-centered design [2] methodology, the process of
developing any interactive product, including software consists of the following
gradual processes: Planning, Usage Context Definition, Requirements Definition,
Prototyping, Evaluation. Figures 1 and 2 show diagrams of these processes according
to ISO 9241-210:2010 “Human-centered design for interactive systems”.

Plan the human-
centred process

Understand and specify

F—r( the context of use
Evaluate design Spe;crlf;;::zea;.:cs)i;?nd
against requirements 9
requirements

Produce design
solutions

System meets
requirements?

Figure 1 — Interactive program development diagram according to
ISO 9241-210

The process of developing a digital product is carried out in the following sequence:
e market research,;
e product design;
o UX design;
e visual design.

At the stage of market research, a study of analogues, markets, reviews,
generation of ideas, discussion with the target audience, search for problems arising
in the industry is carried out. At the stage of product design, a description is made -
which functions will potentially be included in the product, which will not be
included, which should be noted down. At the UX design stage, a UX pyramid
(described below), scenarios, personas, use cases, user stories, interface solutions,
wireframes, animation options, quick animated prototypes for testing, and visual
design tasks are created. The last stage is visual design. It provides a visual
presentation of the entire product; in the case of a successful design - the transition to
the development phase.

ISSN 2567-5273 124 www.moderntechno.de



Modern engineering and innovative technologies Issue 27 / Part 1

Identify the need of
Human-Centered Design.

System must encompass the

Understand and specif
specified: functional, organisa- Observe & pecily

the context of use.

tional and user requirements. Analyse
User Design
Feedback
Specify the user and
Evaluate designs organizational
against requirements. requirements.

Protot Produce minimum viable
rototype design solutions.

Figure 2 — Stages of developing an interactive product

Definition of the need to develop a new software product can be formulated
according to the goals of a particular organization (commercial or non-commercial)
based on its business goals, so called developed innovative ‘intentions’ [3] etc.
Defining the context of use involves a detailed study of the behavior of the main
target audience. Based on the studies, the initial requirements for the system are
formulated and a minimum working (‘viable’) prototype is created. The next
important stage is presenting it to the target audience or further improvement. The
process continues iteratively until the product is launched on the market — the context
of use may be specified, requirements may change.

An important characteristic of the user interface is convenience. Usability is the
degree of efficiency, productivity and satisfaction, with which the product can be
used by certain users to complete certain tasks in a certain context [2]. In turn, user
experience is feelings and reaction of a person as a result of a particular product,
system or service. When determining UX-requirements for a digital product, the rule
of ‘People-Tasks-Context-Product’ is applied.

The concept of the user interface is closely related to the concept of design. The
main conditions for a good mobile app design are:
clarity and certainty of the goals;
constant feedback when performing tasks;
complexity of the tasks must correspond to the skills and abilities;
full concentration on the goal and involvement in the tasks performed.

As tasks are completed in the mobile app, the user must constantly feel his
approach to the goal. The interface must at each moment of time give an
understanding that the user is on the right track and pursues the goal, and if it’s not
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like that, how to return to that track. The content of the system screens should be such
as to concentrate the user’s attention rather than scatter it. For the user to get quality
experience, the product should tell a story that is in harmony with the history of his
life and will become something really important for him.

Iterative prototyping

According to the method of iterative prototyping of the user interface [1], the
process is divided into three parts — 1) prototype development; 2) research on
potential users; 3) analysis of results and evaluation of the current version.
Prototyping is done to test interface ideas, save time and money on software
development and get new ideas (make the user experience of the application better).
The process is iterative — at the end of stage 3, stage 1 begins and this continues until
the final version of the user interface is developed. At the stage of prototype
development, it makes sense to ask the question — what should be real in the
prototype? What could be artificial? In what context will users use it? The prototype
has to have real ideas that will look real on the screen in your hands. Photos, texts,
icons may be artificial. Users will use the app on the street on their iPhone. At the
research stage of potential users, it is a good idea to ask the question — do you know
how to perform such an action? Is it easy to perform such an action? How can we
improve this? At the stage of analyzing the results, it is reasonable to ask the question
— what works? What does not work? What new ideas does this give us? The
prototype 1s shown exclusively to users for whom this product is intended. When
communicating with potential users, it is not recommended to argue, defend ideas or
reject them. Figure 3 shows the process of iterative prototyping.

1 Develop a
prototype

3 Analyze the results 2 Show it to users

Figure 3 — Iterative prototyping
For the prototype, images, animations, interactive elements can be used.
Efficient iterative prototyping allows you to minimize coding and reduce the total
cost of developing a mobile application.
Proposed method
According to the methodology of user experience, the process of developing a

prototype of mobile app includes:
¢ developing the mission, goals, capabilities, capacity of the product;
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research of potential users;

creating a persona;

writing scripts and contextual situations for a persona;
designing interface solutions.

One of the effective approaches is to create a UX-pyramid (Fig. 4).

MISSION

BUSINESS GOALS

CAPABILITIES

CAPACITY

USERS

Figure 4 — UX-pyramid

Mission — For what bigger reason does this product exist?

Business goals — Why does it exist?

Capabilities — What will human being gain due to the functions of the product?

Capacity — What basic functions is it able to essentially perform?

Users — Who is our user?

It is very important at the stage of creating a mobile application to know well the
characteristics of the target audience (TA). If we study it in detail, we can come to the
conclusion that typical roles can be distinguished among the main segments of TA.
The description of the roles so far does not say much about what the product should
be. As a result, we understand that we should know more about real people and thus
fix this knowledge. To that end, the persona technique is used. Personas are
imaginary people who are the archetypes of our users for every important segment of
the target audience and include all necessary behavioral characteristics.

Advantages of using persons:

a good way to understand the target audience;

constant focus on the main user;

characteristics of several people are much simpler than applying the results of
studies during product development;

empathy. By focusing on specific people, we can feel their needs, fears and
emotions better, and this increases our level of responsibility for the final
result.
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Recommended template of a persona:
e name, education, age, occupation;
character features;
place of residence, family, income;
global goals;
goals in using the product;
basic use cases (briefly);
fears and stimuli;
how will they find out about the product;
expectations from the product;
context of the use;
social life;
hobbies;
social media;
e how do they use their mobile phone.
Characteristics directly related to the product:
e fears and stimuli;
expectations and demands;
how will they find out about the product;
motivation in using the product;
experience with the product and analogues;
how do they currently manage the tasks that the product will manage later.
These characteristics indicate first of all what we should beware of when
designing and vice versa, what to strive to meet expectations. The basic rule of
‘good’ user experience — ‘Expected’ = ‘Received’.
Conclusions
The UX pyramid method is proposed, which includes the following levels —
mission, business goals, capabilities, capacity, users. Based on this method, mobile
app design can be done. Further work will be the study of a specific mobile app
according to the proposed methodology.
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Abstract. In the article the usage of neural networks for increasing image rendering efficiency
was analyzed. The main characteristics of the most popular neural networks architectures are
described. The common application areas of neural rendering are analyzed. The example of neural
network for triangular mesh generation is examined. The neural implementation of the rendering
system in overall is described. The neural networks usage for generating textures from photo and
textures style transfer is described. The main features of reflectance models representation in the
neural network form are given. The possibility of reflectance model formula learning by the neural
network is analyzed. The information about neural networks usage for improving the image quality
by anti-aliasing and determining the optimal surface polygon number is provided. The application
of reverse neural rendering is examined using the example of object’s polygonal reconstruction
from the image. The characteristic feature of conducted neural rendering overview is its
concentration on separate stages of three-dimensional scenes visualization.

Key words: neural rendering, neural network, BRDF, surface shading, rendering.

Introduction. Neural networks [1] are the models that are used for learning the
multi-layer representations of data. The three main neural networks architectures are
densely-connected, convolutional and recurrent networks. Densely-connected
networks [1] are characterized by the fact that each neuron of the layer is connected
with each neuron of previous layer. This architecture is usually used for vector data.
Convolutional neural networks (CNN) [1] consist of the series of convolution and

pooling layers. They are usually used for the tasks with images and volumes.
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Recurrent neural networks (RNN) [1] are based on the usage of hidden state and
processing the input data by time steps. RNN are used for the processing of language
and time-dependent data. One of the neural networks usage spheres is a computer
graphics. The popular directions of neural networks application in computer graphics
are direct generation of images and the improvement of three-dimensional rendering
stages. For the direct image generation GAN (generative adversarial networks) are
often used. GANs include two agents for image synthesis and determining if the
image was generated. If the rendering stages include the usage of neural networks,
such rendering is called neural [2].

The purpose of the work — to analyze the peculiarities of neural rendering usage
for the tasks of computer graphics.

State-of-the-art of Neural Rendering The stage of geometrical transformations
[3], that includes the triangulation process, is a preliminary stage before rendering.
The triangulation lies in dividing the surface of three-dimensional object into set of
triangles. PointTriNet [4] is among the triangulation neural networks. PointTriNet is
composed of two neural networks. Both networks are multi-layer perceptrons. The
first neural network for the proposed triangle predicts the probability of its belonging
to the final mesh of primitives. The input of neural network contains the information
about the 64 closest triangles and 64 closest points. One point near triangle is
described by six parameters: three coordinates relative to the triangle’s normal and
edge, three barycentric coordinates of projected point into triangle. The triangle is
presented by twelve parameters: the maximal and minimal values are selected from
three triangle vertexes representations. The second neural network is used for
neighboring figures proposing for each triangle’s edge. The probability of triangle
formation with the edge is calculated for the closest points. For each edge the
determined number of most possible triangles is selected. At the first step of
triangulation method the initial set of triangles is formed. The first neural network
classifies if these triangles belong to final solution. For the selected triangles the
second neural network proposes neighboring triangles. Then the first neural network
filters the proposed triangles. After the few iterations the final triangle mesh is
created. The training of this neural network belongs to unsupervised learning. The
expected Chamfer distance (the distance between the predicted surface and the
simplified object’s surface (in the form of points set)), overlap kernel loss (used for
eliminating the overlaps between triangles), watertight loss (used for eliminating gaps
in the triangle mesh) are applied. The another approach to neural triangle mesh
creation can lie in using supervised learning. In the training set the points can be used
as input data, the target values in this case are created triangle meshes in respect to
existing triangulation algorithms.

The rendering of scene is based on the created at the geometrical
transformations stage mesh of primitives. The list of main rendering operations [3]
includes rasterization, eliminating the hidden surfaces, texture mapping, surface
shading [5,6], final image processing.

The neural network RenderNet [7] presents the full sequence of three-
dimensional rendering stages. At the input of network the voxel grid and the
information about the lighting, camera position are given. The transformation from
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world to camera coordinates is used. The block of three-dimensional convolution is
applied to the three-dimensional data. The next in the architecture is the projection
block that is used for the transition to two-dimensional tensor and calculating the
visibility of scene components. The block of two-dimensional convolution provides
the calculation of object’s points colors. During the calculation of error function at
the training stage the created and target images were compared. The neural network
is capable of learning different shading methods, for example, the Phong shading.

Textures are the images used for mapping at the surfaces of objects. The
convolutional neural network VGG-19 is used for texture generation [8] using the
input photo. VGG-19 includes 16 convolution layers and 5 sampling layers. The
input image is fed to convolution neural network. For each network layer the Gram
matrix is formed, it shows the correlation between features maps. The image with
white noise 1s also fed to convolution neural network. Similarly for each layer the
Gram matrixes are formed. The error function is calculated using the weighted
difference between two sets of Gram matrixes. During the gradient descent the
second image is transformed until the Gram matrixes of both images will be similar.
In the result, the texture is generated. Another direction of neural network usage is
textures style transfer. For example, the painting of artist in particular style is given.
The network transform the style of texture to the given one. The textures styles
transfer can be implemented using VGG-19 [9]. Then the combined error function
combines the error functions between input image, style image and output image.

The shading of geometrical surfaces includes the color intensity calculation for
every pixel. One of the color intensity components is a specular component [10]. For
its representation the bidirectional reflectance distribution function (BRDF) [11]
value is calculated. BRDF can be represented in the form of neural network. For
example, NBRDF [12] network is used for replacing the standard BRDF calculation
during the rendering. The speed of network is comparable with theoretical reflectance
models. NBRDF includes the input layer with six nodes, two hidden layers with 21
node and the output layer with three nodes. The network is fully-connected. The half-
vector H (between incident and reflected light vector) and difference vector D
(incident light vector in the coordinate system, where H points to northern pole) are
fed into neural network input. At the output of neural network we have three values
of color channels. In overall, NBRDF includes 675 parameters. The autoencoder was
developed by the NBRDF authors in order to compress the information about neural
network weights. The logarithm function was used as error function during the
network training. The predicted NBRDF values and measured material data from
MERL database are compared. The model can be applied to isotropic and anisotropic
materials. The neural networks usage also allows to synthesize the BRDF calculation
formula. One of the standard approaches to formula synthesis is combining the
symbolic regression and genetic algorithms. The disadvantage of approach is a
tendency to algorithm overfitting [13]. Therefore, the alternative approach includes
neural network usage. The example of approach is general-purpose network EQL
[13]. The distinctive feature of EQL is that instead of ordinary usage of one activation
function for neuron layer the different mathematical functions and operations are
applied. Based on the learned by neural network weight values the formula is
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synthesized using the special algorithm.

Anti-aliasing lies in “jaggies” removal from images. One of the applications of
M-Net [14] neural network is the images anti-aliasing. M-Net is the variant of MR-
Net neural network that is based on dividing the frequencies of input signal into
stages depending on the level of detail. The network architecture is divided
horizontally depending on the number of stages. The four blocks of layers are used:
the first layer, hidden layers, linear layer (these three blocks are sinusoidal multi-
layer perceptron), control layer (used for controlling the stages output values). The
output of neural network combines the stages values. M-Net is characterized by the
fact that the output of hidden layers block is connected with input of the same block
at the next stage. Through combining the information about different levels of details
the image anti-aliasing is provided. For each pixel (x,y) the level of detail parameter

A(x,y) is calculated using the partial derivatives of texture mapping function. The
output value of neural network is calculated using the formula [14]

N
fz = Z/’l’igia
i=1

where N - number of network stages, g, - the output value of the i-th stage, A - the
weight of the i-1h stage value (depends on the value of 4 —1,0 or 4 — LAJ ).

The visualized image of scene corresponds to the particular camera and light
source positions. After changing these parameters the image should be formed again.
The alternative is the generation of image by neural network. The method, developed
by B. Mildenhall et al. [15], lies in using neural radiance fields. The three-
dimensional set of points is formed using the ray marching through the scene. The
color intensity and volume density values are calculated using the neural network
relative to points coordinates and their orientation to the viewer. These values form
the neural radiance fields, on the basis of which the two-dimensional image is created
by volume rendering methods. The neural network training is based on scene images
under different views.

Neural networks allow to evaluate the quality of the formed image depending on
the used rendering methods. K. T. Lwin et al. [16] have used the neural network for
image quality evaluation depending on different resolutions, methods of shading and
texture anti-aliasing. For example, the usage of flat shading method, Phong method,
Gouraud method with different numbers of surface polygons were compared. For
each pair of shading method and triangles number the percent of images for which
the neural network correctly predicted the lighting direction was calculated. The best
results were got for the Phong shading. Using the calculated percentages for different
shading methods the maximum triangles numbers, at which the image quality
improves, were determined.

For getting the information about scene lighting, surface geometry the inverse
rendering is used. The method SoftRas [17] is used for polygonal mesh generation
from the input image. At the first method step the displacement vectors are generated
by the neural network, at the basis of which the polygon mesh is reconstructed. At the
second method step the developed by authors rasterization method is applied, this
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method provides the calculation differentiability. For every triangle in mesh the
probability map, that shows the probability of its coverage of particular image pixel,
is created. After combining every probability map the mesh silhouette is formed. The
silhouette of generated mesh is compared with the reference silhouette. In the result,
gradually the mesh reconstruction becomes more accurate.

Summary and conclusions. Besides the direct image generation, neural
networks are used at different rendering stages. At the tessellation stage (before
rendering) the geometrical primitives mesh creation and the learning of existing
tessellation algorithms are possible. The whole rendering process can be represented
by neural network. For this at the neural network input the information about surface
geometry, camera and the viewer are used, at the output the pixel color intensities are
calculated. At the texture mapping stage the texture generation and texture
modification to a given style are used. If the lighting directions and material data are
set as neural network input values, the learning of BRDF values can be provided. The
alternative to BRDF formula learning using symbolic regression is a neural network
approach. The simplicity of execution of the reverse rendering and image quality
evaluation processes can be increased using neural networks. Also, neural networks
make it more easy to synthesize images under different lighting conditions and
different camera views. In overall, the intellectual modification of rendering process
is provided.
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Anomayia. Y cmammi npoananizogano UKOPUCMAHH HEUPOHHUX Mepedxc 0N NiOBUUeHHs
epexmusrnocmi penoepunzy 300padicenv. OnUCAHO OCHOBHI XAPAKMEPUCMUKU HAUNONYAAPHIUUX
apximexmyp HeupoHHux mepedc. Ilpoananizogano 3azanvhi obaacmi 3acmocy8aHHs HEUPOHHO2O0
peHoepunzy. Posenanymo npukiao neiponHoi mepedici 0ns 2enepayii cimku mpukymuuxie. Onucano
HelpoHHy peanizayilo cucmemu peHoepuney 6 yinomy. Onucano UKOPUCMAHHI HEUPOHHUX MEPEXHC
ons eenepayii mexcmyp iz pomo ma mpancgepy cmunro mekcmyp. Hasedeno ocnosni ocoorusocmi
npeocmasieHus mooenel 8iooumms y gopmi HetipoHnoi mepedici. IIpoananizosano mociugicmo
BUBYEHHA (hopmyau Mmoodeni 6iobumms HeupouHolo Mepedxcero. Hasedeno inghopmayio npo
BUKOPUCAHHS HEUPOHHUX Mepedc OJisl NOKPAWEHHSL IKOCMI 300PaANCeHHs WLIAXOM AHMUANIAUZUHRY
ma BU3HAYEHH ONMUMAILHOI KIIbKOCMI NONICOHI8 NOBEPXHI. 3AcCmOCY8AHHA 380POMHOCO
HEUPOHHO20 DEeHOepUH2Y PO3210AEMbCA HA NPUKIAOL NONICOHANbHOI peKOHCMPYKYii 06 ’ekma i3
300padcents. Xapakxmepnoio 0cobIusicmio nposedeHo2o 02150) HeUPOHHO20 DEeHOEepUH2y € U020
KOHYeHmpayisi Ha OKpemMux emanax 8i3yanizayii mpusumMipHux cyeH.

Knrwowuosi cnosa: netiponnuii penoepume, Heupouna mepedica, JDPB3, 3agapbosysanhs
NOBEPXHI, peHOePUHS.
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