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SECTION 1. AGRONOMY

DOI: 10.46299/1SG.2024.MONO.TECH.3.1.1

1.1 EkoJsioriuHe CcOPTOBMIIPOOYBAaHHSI COPTIB MNINEHHIi O3MMOI Pi3HHUX
CeJICKIIMHMX YCTAHOB B YMOBaX MiBIeHHO-cXiAHOro Crenmy YKpainu

BupimansauM (akTopoM MpHu CTBOPEHHI HOBHX COPTIB € MPAaBHIIbHUN MiA01p
0aThKIBCHKOTO MaTepialy TpHu TiOpumausamii. baraTtopiyHa oOIliHKa CEJIEKIIHHOTO
MaTepially NpHU PI3HUX MOTOJHUX YMOBAX JO3BOJIAE BUJIIUTH BUCOKOBPOXKAMHI,
3UMOCTIHKI, MOCYXOCTIMKI, CTIMKI 10 XBOPOO 1 BUJISITAHHS, HaOLIbIIIE MPUCTOCOBAHI
COPTO3pa3Ku Ui BUPOIIYBaHHS B YMOBax MiBJIeHHO-cxigHoro Creny Ykpainu [1-3].
[ToTpeOyroTh MOJaNbIII TOCHIKEHHS 3 BUKOPUCTAHHAM CYyYacCHOT'O CKJIaJy T€HOTHUIIIB
Yy KOHKPETHUX arpoKJIIMaTUYHUX YMOBAX y 3B’ 513Ky 3 IJ100aJbHUMU 3MIHAMU KJIIMATY.

MeTtoto pochiipkeHb Oy0 BUBUYECHHS COPTIB MIIEHUII 03UMOI B €KOJIOTTYHOMY
COpTOBUNPOOYBAHHI JIJIsi TOAAIBIIIOTO iX BUKOPUCTAHHS SIK BUX1THOTO CEJICKI[IAHOTO
Marepialy B yMOBax MIBAEHHO-cXIHOI 4YacTuHM Cteny VYkpaiHu 3a pIBHEM
IPOAYKTHUBHOCTI.

Exonoriune coproBUnpoOyBaHHS MILEHUL O3UMO] CISJIM HA IUIHKaX MJIOIICHO
10 M?> y TPHKpaTHOMY IOBTOPEHHI B IOPIBHAHHI 3 YMOBHUM CTaHAapToM depes 10
COPTIB.

@DeHONIOTIYHI ~ CIOCTEpPEkKEHHS, OOJIKM  BUKOHAHI  3TiJHO  METOAUKHU
HepxcoproBuripoOyBanHs [4]. CraTUCTHYHA OIlIHKA BHUKOHAHA 3TiJHO METOIUKH
nosnboBoro pociiny b. A. Jlocniexosa 13 3actocyBanHsiM TITTIT «OCI'E» [5].

Hocmimkenns BukonyBamch B ciBo3mini JJJICAC HAAH, sxa po3ramoBaHa y
BonnosackkoMy paiioni JloHenbkoi oOmacTi. IpyHT — 4YOpHO3eM 3BMYANHHMIN
MaJIOTYMyCHMM Baxkko cyrmuHkoBui. Ilomepegnuk — map. OOpoOITOK TIpPyHTY
3BuyaiiHuii. BHeceHi omnrmmanbHi 703U MiHepalbHHX H00puB  Nj3oPsoKso 1mia
nepeanociBHy KyapruBaiito. [lociB, 3axonu mo 00poTsO1 3 Oyp'ssHaMu 1 XBopoOamu
MIPOBOJIMIIUCH B HEOOX1THI TEPMIHH.

B exomoriunomy coproBumnpoOyBanni 2020 poxy Oyino BucissHo 29 copriB

MIIEHUII M K0T 03UMO1  CEJICKIIMHUX ycTaHOB Ykpainu: CeNleKIiiHO-TeHeTUYHOTO
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IHCTUTYTY HAI[IOHAJILHOTO IIEHTPY HaciHHe3HaBcTBa Ta coproBuBueHHs HAAH,
Incruryty dizionmorii pociua 1 renetuku HAAH, JloHenpkoi jaepikaBHOT
cimpchKorOCcogapchkoi  mociigHoi cranmii HAAH, JIHIIpoOBCHKOTO Jep:KaBHOTO
arpapHO-€KOHOMIYHOTO YHIBEPCHUTETY.

MeteoymoBH 3a mepion Bererauii mmeHui o3umoi 2019-2020 pp. HaBeneHi B
Tabn.1. Iloka3HUKM BereTamiiHOrO MEpiony 1 CTPYKTYPH YPOXKAMHOCTI COPTIB B
ekoJIoriyHOMY copTtoBHuIpoOyBaHH1 2020 poKy mpeacTaBieHo B Tabm. 2 1 3.

CiBOy 3miiicaeno 19.09.2019 poky, mouatok cxoxaiB BimmiueHo 3.10.2019 p.
noBH1 cxoau 6.10. 2019 p. Kymtinasa copTiB cnioctepiranoch: moyarok 22.10 2019 p.,
noBHe KymriHHSA 27.10.2019 p. 3a 3aranpHOIO OIIHKOIO MICIIS MEPE3UMIBIIl BCl COPTHU
Maju OILIHKY J00pe, ane 3aJ0BUIbHIA cTaH BiaMiueHe y copriB: CideciiaBHa 1
logyBanbHuilsl. 3aradbHUN CTaH POCHMH TMICHS Tepe3uMiBii OyBa BIIMIHHHM Y
oinbmocTi copTiB. Y coptiB [onyBanshuils, HoBocmyrisuka, bormana. KO30BcbKa 1
KuiBcbka 17 BiH OyB no0Opuii, 1 nume y coptiB CidyecnaBHa 1 Ilepemora Oys
3a10BUIbHUNA. KyIIIHHS Ta PO3BUTOK POCIMH COPTHU MPOXOIUIIH JPY>KHO, BIIPOCTAHHS
BTOPUHHO1 KOPEHEBOI CUCTEMU OyI110 10OpUM. 3a JaTOkO KOJIOCIHHS: OYATOK BIAMIYEHE
11.05. 2020 p. mo 24.05.2020 p. Panniii cTpok KoJoCiHHS OyB y copTiB CMyIJIsSHKA,
Copian, nizuiii crpok (3 19.05.20 p. mo 21.05.20 p.) y copriB HoBocmyrisHka 1
bornana.

BockoBa crurmicts Bimmiuena 29.06.2020 p. y copriB Kopucna, CiyecnaBHa i
ITeitzax, 30.06.2020 p. — y coptiB Komepuiiina, Copian, Amina, go 10. 07. 2020 p. y
copty €IIHICTb.

3a KITBKICTIO 3€peH B KOJOCI HaiOuibiia y copriB ManuniBka 35 mrT. Ta
lTogyBanbaunst 34 wr., nmo 32 3epeH B kojoci y coptiB [lomonsuka, CMmyrisiHKa,
Komepmiitaa Bci iH111 copt hopmyBanu Bif 25 mt. y coptiB [leiizax, [lecran ta JluBo

noHenpke 10 31 y copriB CniBaHka, 3opsiHa, [oponnuils Ta MyapicTh ofechKa.
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Ta0mwmis 1.

MeteoyMoOBH 3a Tepioj Bererarlii mieHuii ozumoi, 2019-2020 pp.

Cyma C T B .
Micsup Hexana AKTUBHUX yma I'TK eMl?epaTlea ofrorieTh
omnajaiB, MM noBiTps, °C | mositps, %
TEMIIEPATYP
I nexanma 2119 0,0 0,0 21,2 51,6
BepeceHs II nexana 156,2 21,6 1,4 15,6 57,0
11l nexanma 108,6 0,1 0,0 10,3 64,7
3a BECh MICALb 476,7 21,7 0,5 15,7 57,8
I nexanma 117,2 23,4 2,0 11,7 75,6
KOBTOLL Il nexana 158,2* 11,8* 0,7* 12,4 80,4
111 nexana 0,7 8,0 85,7
3a BECh MICALb 275,4 35,2 1,3 10,7 80,6
I nexana 9,9 79 77,4
HCTONAN II nexana 0,5 53 85,9
IIT nexana 21,3 -0,4 74,6
3a BECh MICALb 31,7 4.2 79,3
I nexana 4.4 -0,0 85,6
— II nexana 5,7 3,1 92,4
IIT nexana 7,2 2,6 88,7
3a BECh MICALb 17,3 1,9 88,9
I nexanma 59 -0,5 87,1
- II nexana 1,7 -0,7 89,1
III nexama 11,5 0,5 84,5
3a BECh MICALb 19,1 -0,3 86,9
I nexanma 43,8 -3,4 86,7
— 11 nexana 8,5 0,5 83,0
111 nexana 16,0 3,3 84,0
3a BECH MICALb 68,3 0,1 84,6
I nexanma 0,9 10,0 63,8
Gepeserp II nexana 51 5,0 63,2
111 nexana 9,3 5,9 57,5
3a BECH MICHILb 15,3 7,0 61,5
I nexana 0,0 6,7 45,8
CBITeHE II nexana 4.6 8,1 51,5
11T nexana 79,3 1,2 0,15 10,0 51,5
3a BECH MICHILb 79,3 5,8 0,15 8,2 49,6
I nexana 142,5 26,2 1,8 14,3 72,9
— II nexana 133,7 17,8 1,3 13,4 65,3
111 nexana 149,5 51,0 3,4 13,6 71,7
3a BECh MICAILb 4257 95,0 2,2 13,7 70,0
I nexana 199,6 1,7 0,1 20,0 63,4
— II mexana 242.4 1,1 0,0 24,2 55,4
III nexana 232,7 9,0 0,4 23,3 58,3
3a BECh MICALb 674,7 11,8 0,2 225 59,0
3a OCIHHIO BEreTalliio 384,0 35,3 0,92
3a BeCHsHO-NITHIO 14334 151,4 1,06
BETETALIIIO
3a Bech Mepioj BereTaiii 1817,4 186,7 1,03
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Ta0muis 2.

[Toka3HUKHU BereTaliitHOTo Mepioy COPTIB B €KOJOTTYHOMY COPTOBUIPOOYBaHHI,

2020 p.
No Hazsa copty [ocie Hatu
3/m 2019 Cxonun Kymriaas 3arain. 6an Konocinus Crur
p- [oYyaT | MOBHI | modya | moBHe | MEPE3MMIBII | rouar | moBue | JICTh
OK TOK OK
1 2 3 4 5 6 7 8 9 10 11
1 | TlomonsHka 19.09. | 03.10 | 06.10 | 22.10 | 27.10 5- 15.05 | 17.05 | 01.07
2 | CmyrusHka 19.09 | 03.10 | 06.10 | 22.10 | 27.10 5 11.05 | 13.05 | 02.07
3 | Bomnorokoioca 19.09 | 03.10 | 06.10 | 22.10 | 27.10 5- 18.05 | 20.05 | 02.07
4 | Mynapicts of1. 19.09 | 03.10 | 06.10 | 22.10 | 27.10 5 16.05 | 20.05 | 02.07
5 | Manuniska 19.09 | 03.10 | 06.10 | 22.10 | 27.10 5 15.05 | 17.05 | 03.07
6 | l'ogyBanpHUIS 19.09 | 03.10 | 06.10 | 22.10 | 27.10 4 17.05 | 19.05 | 01.07
7 | Topogaurs 19.09 | 03.10 | 06.10 | 22.10 | 27.10 5- 15.05 | 17.05 | 01.07
8 | HoBocmyrnsnka | 19.09 | 03.10 | 06.10 | 22.10 | 27.10 4 19.05 | 21.05 | 03.07
9 | bormana 19.09 | 03.10 | 06.10 | 22.10 | 27.10 4 20.05 | 24.05 | 03.07
10 | FO30BCcBKaA 19.09 | 03.10 | 06.10 | 22.10 | 27.10 4 14.05 | 16.05 | 01.07
11 | Ilepemora 19.09 | 03.10 | 06.10 | 22.10 | 27.10 3 13.05 | 15.05 | 30.06
12 | Irpucra 19.09 | 03.10 | 06.10 | 22.10 | 27.10 5- 14.05 | 16.05 | 01.07
13 | JIuBo moHeLbKe 19.09 | 03.10 | 06.10 | 22.10 | 27.10 5 14.05 | 16.05 | 01.07
14 | Ilectan 19.09 | 03.10 | 06.10 | 22.10 | 27.10 5 15.05 | 17.05 | 01.07
15 | IInesnma 19.09 | 03.10 | 06.10 | 22.10 | 27.10 5 15.05 | 17.05 | 01.07
16 | Kuisceka 17 19.09 | 03.10 | 06.10 | 22.10 | 27.10 4 16.05 | 18.05 | 02.07
17 | IlokpoBchKa 19.09 | 03.10 | 06.10 | 22.10 | 27.10 5 15.05 | 17.05 | 01.07
18 | Ileidizax 19.09 | 03.10 | 06.10 | 22.10 | 27.10 5 15.05 | 17.05 | 29.06
19 | CiuecnaBua 19.09 | 03.10 | 06.10 | 22.10 | 27.10 3 14.05 | 16.05 | 29.06
20 | Amina 19.09 | 03.10 | 06.10 | 22.10 | 27.10 5 12.05 | 14.05 | 30.06
21 | Copian 19.09 | 03.10 | 06.10 | 22.10 | 27.10 5 11.05 14.05 | 30.06
22 | 3opsiHa 19.09 | 03.10 | 06.10 | 22.10 | 27.10 5 18.05 | 20.05 | 01.07
23 | JlaBamb 19.09 | 03.10 | 06.10 | 22.10 | 27.10 5 17.05 19.05 | 01.07
24 | boruss 19.09 | 03.10 | 06.10 | 22.10 | 27.10 5 16.05 19.05 | 02.07
25 | OmeciiBka 19.09 | 03.10 | 06.10 | 22.10 | 27.10 5 16.05 19.05 | 01.07
26 | CniBanka 19.09 | 03.10 | 06.10 | 22.10 | 27.10 5- 13.05 15.05 | 01.07
27 | KopuchHa 19.09 | 03.10 | 06.10 | 22.10 | 27.10 5 13.05 15.05 | 29.06
28 | Komepuiiina 19.09 | 03.10 | 06.10 | 22.10 | 27.10 5- 13.05 15.05 | 30.06
29 | €anicTh 19.09 | 03.10 | 06.10 | 22.10 | 27.10 5- 15.05 16.05 | 10.07

3a Macoro 3epeH 3 KOJOoCy BIIMIYEHE HACTYIHE: MaKCUMallbHa y COpTy AMiHa

1,40 1, naitmenma y copty Civecnana 0,90 r. HaitOuibury BpoxkaliHICTh Majl COPTU

3opsHa, 3o010ToKoNI0ca Ta Amina — 9,9 1/ra, 9,8 T/ra Ta 9,7 T/ra BiAmoBigHO.

TakuM YMHOM B KOHKPETHHX YMOBAaxX BCTAHOBJIEHI 3Ha4Hi BIJIMIHHOCTI 3a

MMOKA3HUKAMHU KIJIbKICHUX O3HAK.
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Ta0mwmis 3.

[Toka3HUKHU CTPYKTYPU YPOKAUHOCTI COPTIB B €KOJIOTTYHOMY COPTOBHIIPOOYBaHHI,

2020 p.
No HasBa coprty KinbkicT Maca Maca | VYpoxaii | BigxuneHus
3/m b3€pPEH B | 3€pHa 3 1000 HICTb, BiJ
KOJIOCi, | Koyioca,T | 3epeH, T T/Ta CTaHIIAPTY,
IIT. +/-
1 2 3 4 5 6 7
1 | IlomoinstHka 32 1.21 40.1 9.0 +0.2
2 | CmyrisHKa 32 1.30 41.2 9.2 +0.4
3 | 3omoTOKOI0CA 30 1.27 42.9 9.8 +1.0
4 | MynapicTs oJ1. 31 1.04 43.1 9.3 +0.5
5 | ManuHiBka 35 1.11 41.0 9.2 +0.4
6 | l'omyBanpHuULA 34 1.01 41.2 9.2 +0.4
7 | T'opogHuIs 31 1.10 40.7 8.9 +0.1
8 | HoBocMmyrisiHka 28 1.03 40.5 8.4 -0.4
9 | bormana 27 1.05 41.0 8.4 -0.4
10 | FO30BchKa 29 1.10 41.7 8.1 -0.7
11 | Ilepemora 28 1.10 38.1 8.4 -0.4
12 | Irpucra 27 1.10 39.1 8.5 -0.3
13 | luBo noHembKe 25 1.20 37.2 8.1 -0.7
14 | Illectan 25 1.10 39.4 8.5 -0.3
15 | ITimesna 27 1.10 39.7 8.5 -0.3
16 | KuiBceka 17 26 1.20 40.1 8.6 -0.2
17 | TlokpoBchKa 27 1.07 40.5 8,3 -0.5
18 | Ieiizax 25 1.00 40.2 7.9 -0.9
19 | CiuecnaBHa 26 0.90 40.1 5.9 -2.9
20 | Amina 29 1.40 41.1 9.7 +0.9
21 | Copian 27 1.30 40.2 9.2 +0.4
22 | 3opsiHa 31 1.10 41.1 9.9 +1.0
23 | JlaBann 29 1.05 36.2 8.9 +1.0
24 | boruus 26 1.10 41.8 9.1 +0.3
25 | OmeciiBka 30 1.00 41.9 9.2 +0.4
26 | CrmiBaHKa 31 1.06 40.3 9.3 +0.5
27 | KopucHa 30 1.10 39.8 9.1 +0.3
28 | Komepmiitna 32 1.20 39.6 9.3 +0.5
29 | €aHicTh 27 1.20 39.0 9.1 -0.3
Cepenniii st 8.5
HIP 0,05 0.40

[TorogHi yMOBH MEPEANIOCIBHOTO Ta MICJSITOCIBHOTO MEP10Ay MIIIEHUII 03UMO] B
2020 pori BiI3HAYAIHCh Ty>K€ CHIBHOIO Mocyxoro (Tabdm. 4). Y BepecHi 2020 poky
cepenHs Temmeparypa mnoBiTps craHoBuia 19,0 °C, cyma omafaiB ckiana, 7,2 MM,

BOJIOTICTH MOBITPs Oymna 46,4%. B »oBTHI cepenns Temmneparypa nositps Oyna 13,8 °C,
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KUIBKICTh OMaiB — 27,3 MM, a BOJIOTICTb MOBITPsI cTaHOBUJIA 67,1%.
Ta0muis 4.

MeTeoyMOBH TIEPEANIOCIBHOTO Ta MICISAMOCIBHOTO Mepioay mieHuIl o3umoi, 2020 p.

Cyma
Cepenust Cyma .
. AKTUBHUX . BonoricTs Bomnoroza6es
Micsub TeMmmneparypa OnasiB, . I'TK
) o TEeMIEparyp, MOBITPS MEYEHHS
noBiTps, °C oC MM
Bepecenn 19,0 571,2 7,2 46,4 0,1 |/WKecHIbHa
nocyxa

’KoBTeHn 13,8 426,9 27,3 67,1 0,6 cnabka mocyxa
Jlucronan 2,8 - 14,6 85,4 - -
Becs e CUITbHA
Bereraniiiuuii 16,8 998,1 34,5 57,0 03 |

s nocyxa
nepion

B ninomy 3a micnganociBHUM nepiof nimeHu o3umoi Bocenu 2020 poky cepeans
TeMIieparypa nositps Oyna B mexax 16,8°C, KUIBKICT OMaJIB 3a 1Ieil Mmepioj cKiana
34,5 mm. Ilepexin cepennbo000BO1 TemMmepaTypu noBiTps depes +5 °C BinMiueHUN
11 nucronana, came TOMy MPUIIMHEHHS BereTalli poCIMH BiaMidueHe 12 nucronana.

B rpymni 2020 poky cepemHs Temiieparypa MoBiTpst craHoBwia -2,3°C,
temmneparypa rpyHry Oyna -0,5°C, cyma onajis ctranoBmia 28,1 Mmm. B ciuni 2021 poky
cepeaHs TeMIlepaTypa MoBiTps 3HMKYBaiack 10 -1,7°C, cyma onaziB ckiana 44,9 mwm.
B moromy 2021 poxy Bunano 29,6 MM onajiB, cepelHbOI000Ba TeMIIepaTypa cKiaia
-3,4°C.

[Tepexin cepenHbomo000BOI Temrieparypu uepe3 +5 °C cmocrepiraioch 28
OepesHsi, BITHOBJICHHS BeTeTallii MieHuIl 03uMoi — 3 16epe3Hsi.

MeTteoposioriudi  yMOBH  POCTY 1 PpO3BUTKY POCIHMH NIIEHUIl O3UMOi
npeacTaBiieHi B Tabmui 5. [licas BiTHOBICHHS BECHSHOI BereTallii poCIMH IMIICHMIT
03UMOT B IIJIOMY CKJIAJIUCh CIIPUSTIIMBI MOTOAHI YMOBH JJI1 POCTY 1 pO3BUTKY POCIIHH.
Cepennst Temmeparypa MmoBiTps B KBiTHI ckjiaia 9,3°C, a B TpaBHi — 16,4°C. Cyma
omajiB 3a el nepion Oymna 66,3 M.

B depBHI Ta JMMHI TOTroJHI YMOBHU XapaKT€pPU3YyBaJIUCh BEIIMKOIO KIIBKICTIO
OTaJiiB, 110 HETATMBHO BIUTMHYJIO Ha PICT Ta PO3BUTOK POCIHH. 3arajbHa KUIbKICTh

omajiB 3a 1eu nepioxa craHoBwia 272,8 mm. CepenHst TeMiieparypa noBITpsl B UEPBHI
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cranosmia 20,2 °C, a B aunHi — 22,9 °C.
Ta0mus 5.

MeTeonaHi nepiogy pocTy 1 pO3BUTKY POCIUH MIIeHUI o3umoi, 2021p.

Cyma BignocHa
Cepenust Cyma .
) AKTHBHHUX . BOJIOTICTh Boiorozates

Micsub TeMmneparypa OnasiB, . I'TK

. o~ | TeMmeparyp, HOBITPS, TICYCHHS
noBitpsa, °C °C MM o,

. ) HaJMIpHO
Kpirenn (11 9.3 186,5 32 70,5 1,72 | sBonoseni
30 guco)

YMOBH
TpaseHb 16,4 508,3 34,3 66,6 07 | Ccradxa

ocyxa

HAJMIPHO
UepBeHb 20,2 604,8 168.,9 75,9 2,8 3BOJIOYKEH]

YMOBH

i HaJMIpHO

sner (1-10 22,9 229,1 103,9 72,3 4,5 | 3Bonoeni
YHCJIO)

YMOBH
Bech HaJMIPHO
BereTaliiiHui 16,8 1528,7 339,1 71,2 2,2 3BOJIOYKEH]
nepion YMOBHU

B exonoriunomy coproBumnpoOyBanHi 2021 poky BuBdanock 30 COPTIB MIIEHMUIII
M’SIKOT 03MMOi CeJNeKUIHHUX ycTaHOB YKpaiHu (CeneKuiiHO-TeHEeTUYHUIM 1HCTUTYT
HaIllOHAJBLHUN IIEHTp HaciHHe3HaBcTBa Ta coproBuBueHHsS HAAH, Iuctutyt
¢131070T1i POCAUH 1 TE€HETUKH, MUPOHIBCHKUNA I1HCTUTYT MIUEHULb, JloHenpka
Jiep’)kaBHa CcUTbChbKoTOCTOnapchka gociigHa craniis HAAH), Arpodipmu «Canu
VYkpainn», JIHIMPOBCHKOTO JEP’KaBHOTO arpapHO-€KOHOMIYHOTO YHIBEPCUTETY 1
(hpaHIly3bKO1 CeIeKIIii.

[Toka3HWKM BereTamiifHOrO Mepiofy 1 CTPYKTYPH YpPOXKAMHOCTI COPTIB B
€KOJIOTITYHOMY copToBUIpoOyBanHi 2021 poky npeacraBieHo B Tadn. 61 7.

[TociB 3aiticaeno 24.09.2020 poky, mouatok cxomiB Bigmiuascs 4.10.2020 p.,
noBH1 cxoau oxepxkano 10.10. 2020 p. Kymiinas coptiB BigmideHe: modatok 18.10
2020 p., moBue kymriHHg 20.10.2020 p. 3a 3araapHOI0 OIIHKOK MICJIS MEPE3UMIBIII
BIIMiHHY OIIIHKY Majiu copTH: Irpucta, 3omorokonoca, Myapicts onecbka, KO30BchKa,
HoBocmyrsiaka, bormana, Ileiizax, Amina, Copian, 3opsinka, boruns, Kopucha,

CniBanka, KomepiiitHa. [HII11 cOpTH Maiv OIIHKY J100pe.

KymrinHg Ta pO3BUTOK POCHHH COPTH MPOXOJWIH JPYXKHO, BIAPOCTAHHS
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BTOPUHHOI KOPEHEBOT CUCTEMU Oyi10 100puM. 3a 1aTOr0 KOJIOCIHHS: ITOYAaTOK BIIMIUCHE

18.05.2021 p. mo 28.05.2021 p. PanHniii ctpok kojocinus 18.05.2021 p. OyB y copTiB

Kopucna, llecran, mi3uiit ctpok (3 28.05.21 p. mo 30.05.21 p.) y copty 3opsiHKa.

Ta0muis 6.

[Toxa3zHuKM BEreTaliifHOTO MEPIOy COPTIB B €KOJOTTYHOMY COPTOBHUIPOOYBaHHI,

2021 p.
No Hasga copry [Tocis Hatu

3/ 2020 Cxomn Kymiinas 3aran. Komnocinnus Crurmai

p- moyar | IIOBHI | modya | IIOBHE Oan no4ar | HOBHE CThb

OK TOK Hepesnm OK
1BJI1

1 2 3 4 5 6 7 8 9 10 11
1 | INogonsaka 24.09 04.10 | 10.10 | 18.10 | 20.10 4+ 24,05 | 25.05 | 01.06
2 | CmyrnsgHKa 24.09 04.10 | 10.10 | 18.10 | 20.10 4 22.05 | 24.05 | 30.06
3 | 3omoTokonoca 24.09 04.10 | 10.10 | 18.10 | 20.10 5 21.05 | 24.05 | 30.06
4 | MyapicThb of. 24.09 04.10 | 10.10 | 18.10 | 20.10 5- 22.05 | 23.05 | 28.06
5 | Maruitka 24.09 04.10 | 10.10 | 18.10 | 20.10 4 20.05 | 21.05 | 30.06
6 | l'ogyBampHUI 24.09 04.10 | 10.10 | 18.10 | 20.10 4 23.05 | 25.05 | 29.06
7 | Hlectn3epHa 24.09 04.10 | 10.10 | 18.10 | 20.10 4 21.05 | 23.05 | 28.06
8 | HoBocmyrmsaka | 24.09 04.10 | 10.10 | 18.10 | 20.10 5- 2205 | 24.05 | 30.06
9 | Bormana 24.09 04.10 | 10.10 | 18.10| 20.10 5- 24,05 | 25.05 | 30.06
10 | FO30BCcBKA 24.09 04.10 | 10.10 | 18.10 | 20.10 5- 24,05 | 26.05 | 30.06
11 | Ilepemora 24.09 04.10 | 10.10 | 18.10 | 20.10 4- 23.05 | 25.05 | 30.06
12 | Irpucra 24.09 04.10 | 10.10 | 18.10 | 20.10 5 23.05 | 24.05 | 29.06
13 | JuBo gonenpke | 24.09 04.10 | 10.10 | 18.10| 20.10 4 21.05 | 25.05 | 01.07
14 | Iecran 24.09 04.10 | 10.10 | 18.10 | 20.10 4 19.05 | 20.05 | 29.06
15 | Inesana 24.09 04.10 | 10.10 | 18.10 | 20.10 4 24,05 | 26.05 | 27.06
16 | KuiBcoka 17 24.09 04.10 | 10.10 | 18.10 | 20.10 4+ 2205 | 24.05 | 28.07
17 | IlokpoBchka 24.09 04.10 | 10.10 | 18.10 | 20.10 4 2202 | 2405 | 27.06
18 | Ileizax 24.09 04.10 | 10.10 | 18.10| 20.10 5 23.05 | 25.05 10.07
19 | CigyecnaBua 24.09 04.10 | 10.10 | 18.10 | 20.10 4 24,05 | 26.05 | 03.07
20 | AmiHa 24.09 04.10 | 10.10 | 18.10 | 20.10 5 2205 | 24.05 | 03.07
21 | Copian 24.09 04.10 | 10.10 | 18.10 | 20.10 5 24,05 | 28.05 | 30.06
22 | 3opsHa 24.09 04.10 | 10.10 | 18.10 | 20.10 5 28.05 | 30.05 | 25.06
23 | JlaBanb 24.09 04.10 | 10.10 | 18.10 | 20.10 4+ 21.05 | 23.05 | 30.06
24 | boruns 24.09 04.10 | 10.10 | 18.10 | 20.10 5 24,05 | 26.05 | 29.06
25 | KopucHa 24.09 04.10 | 10.10 | 18.10 | 20.10 5 18.05 | 20.05 | 30.06
26 | CnoiBaHka 24.09 04.10 | 10.10 | 18.10 | 20.10 5 21.05 | 25.05 | 01.06
27 | Komepiiina 24.09 04.10 | 10.10 | 18.10| 20.10 5 20.05 | 22.05 | 30.06
28 | €xmicts 24.09 04.10 | 10.10 | 18.10 | 20.10 4- 23.05 | 25.05 | 30.06
29 | KCB-44 24.09 04.10 | 10.10 | 18.10 | 20.10 4 24,05 | 25.05 | 28.06
30 | ManuniBka 24.09 04.10 | 10.10 | 18.10 | 20.10 4 23.05 | 26.05 | 30.06

3a KUTBKICTIO 3epeH B KOJIOCI BUALTMINCS HAacTymHI coptu: [llecran, ManuniBka

31 mt., KCB 44, I1eiizax, {uBo gonenpke — 30 mt., [TokpoBcbka, CriiBaHka, €IHICTS,

CiuecnaBna, HoBomymisiaka — 29 mit., [Togonsiaka — 25.
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3a Macor 3epeH 3 kojocy Buuummiucs coptu bormana, KuiBcbka 17 i
CiuecnaBHa — 1,4 1, HaliMeHIIa Maca 3€peH 3 Kojiocy Oyna y copTiB AMiHa 1
3onotokonoca (1 r). Haitbineury macu 1000 3epen (monax 40 rpamiB) chopmyBasiu
HacTymnHi copt: Kopucha, CiuecnaBna, [TokpoBchka, Cmyrisiaka, CriiBanka, KuiBcbka
17, llecrain, boruns, JlaBans Ta Komepiiitaa.

Tabmurs 7.

[Toka3HUKHU CTPYKTYPU YPOKAUHOCTI COPTIB B €KOJIOTTYHOMY COPTOBHIIPOOYBaHHI,

2021 p.
No Hazsa copry Maca 3epra | Maca 1000 | Ypoxaiinic | BigxuieHHS Bix
3/m 3 KoJI0Ca, T 3epeH, T Th, T/Ta CTaHapTY,
+/-
1 2 4 5 6 7
1 | IlomoisiHka 1.12 40.0 6.3 -0.1
2 | CmyrisHKa 1.10 40.1 6.6 0,2
3 | 3omoTokoioca 1.00 37.8 5.8 -0.6
4 | MyapicTts ox. 1.05 36.6 5.5 -0.9
5 | Marnitka 1.10 37.1 6.5 0.1
6 | FogyBanpHUIS 1.02 35.6 5.6 -0.9
7 | llectusepna 1.06 39.9 5.5 -0.9
8 | HoBocMyrisiHKka 1.20 39.4 7.0 +0.6
9 | bormana 1.40 38.6 5.6 -0.8
10 | FO30BchKa 1.30 39.1 5.6 -0.8
11 | Ilepemora 1.10 37.1 6.6 0.2
12 | Irpucta 1.30 38,1 6.0 -0.4
13 | luBo moHEIbKE 1.20 37.0 6.0 -0.4
14 | llecran 1.10 41.0 6.8 +0.4
15 | Inesna 1.20 39.4 6.6. +0.2
16 | KuiBchka 17 1.40 40.5 7.3 +0.9
17 | ITokpoBchka 1.20 41.2 7.1 +0.7
18 | Ileiizax 1.30 40.0 7.1 +0.7
19 | CivecnaBHa 1.40 41.5 7.6 +1.2
20 | Amina 1.00 39,6 6.2 -0.2
21 | Copian 1.10 38.9 6.3 -0.1
22 | 3opsiHa 1.10 39.1 6.4 0.0
23 | JlaBann 1.20 40.2 6.6 +0.2
24 | boruns 1.10 40.3 6.2 -0.2
25 | KopuchHa 1.00 41.5 6.0 -04
26 | CniBaHKa 1.30 40.8 6.9 +0.5
27 | Komepriitina 1.20 40.1 6.3 -0.1
28 | €xHiCcTh 1.20 39.0 6.4 0.0
29 | KCB-44 1.20 40.0 6.3 -0.1
30 | ManuHiBKa 1.20 39.8 6.1 -0.3
Cepenniii st 6.4
HIP ¢,05 0.78
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Haiibinpma ypoxkaitHicte Oyna y copriB y CiuecnaBHa, KwuiBcbka 17,
ITokpoBcrka, Ileiizaxx Ta HoBocmyrsiuka: 7,6 1/ra, 7,3 1/ra, 7,1 1/ra, 7,1 1/ra Ta 7,0
T/Ta BIAMIOBITHO.

TakuM YMHOM B KOHKPETHHX YMOBaX BCTAHOBJIEHI 3HAuHI BIJIMIHHOCTI 3a
MOKa3HUKAaMH KUTbKICHUX O3HaK.

MeTeoposioriuHi yMOBH JIITHROTO 30MPaIbHOTO Ta TMEPEANOCIBHOTO TEPioTy
2021 poky XxapakTepu3yBaJIHMCs TaKUMH O3HAaKaMH: B JIMIHI CEpPEIHbOMICSYHA
Temreparypa moBiTps craHoBwia 24,1 °C, mo Ha 2,9 °C mnepeBuilye
cepenHboOararopiuHui MoKa3HUK, cyma aktuBHUX temmeparyp (CAT) — 748,5 °C,
cyma omaniB — 43,7 MM, mo Ha 4,3 MM MEHIIE 3a CepelHboOaraTopiyHi JaHi,
rigporepmiunuii koediuient (I'TK) — 0,6, BigHOCHa BojoricTh nositpa — 66,0 %. B
CepIHi cepeAHbOMICSIUHA Temmeparypa nosiTps — 23,6 °C, mo Ha 2,9 °C nepeBulrye
cepelHbo0araropiuHi J1aHi, cyma akTuBHuUX temneparyp — 731,8 °C, cyma onaniB —
45,4 MM, mo Ha 1,6 MM MeHIIe 3a cepenHbobaratopiunnii mokasnHuk, I'TK — 0,6,
B1THOCHA BOJIOTICTB MOBITPS — 64,9 %.

OcCiHHI YMOBHU MOCIBHOTO MepioAy Oyiau MPOXOJIOAHUMH 1 MOCYUITUBUMH. Y
BEpECHI cepeHbOMICSUHA TemIiieparypa nositps — 13,7 °C, mo Ha 0,8 °C menmie 3a
cepelHbo0araTopiyHuii MOKa3HUK, cyma akTUBHUX Temmneparyp — 410,3 °C, cyma
onafdiB — 26,4 MM, 1110 Ha 6,6 MM MEHIIIE 3a cepeiHboOaraTopiunuii nokazuuk, ['TK —
0,6, BimHOCHA BOJIOTICTh MOBITPs — 68,0 %. B %OBTHI cepeqHbOMICSIYHA TEMIIEpaTypa
nopitpst — 7,9 °C, cyma omaaiB — 3,8 MM, mo Ha 37,2 MM MeHIIE 3a
cepenHbOOararopiyHui MOKa3HUK, BITHOCHA BOJIOTICTh MOBITPs — 65,0 %.

3UMOBHI TEpio 3BITHOTO CUIBCHKOTOCIIONAPCHKOTO POKY XapaKTepU3yBaBCs
M’SIKMMH YMOBaMH JUTSI TIEPE3UMIBJIi O3UMHUX KYJIBTYD.

B nmucromani cepennpomicsiuHa Temmeparypa moBitps — 4,0 °C, mo Ha 2,2 °C
OinbIIe 3a OaraTopiuHM MOKa3HUK, cyMa omnajiB — 44,3 mm, mo Ha 0,3 MM OibIie
cepeaHbL00araropiyHOro IMoOKa3HWKa, BIAHOCHA BOJIOTICTH TOBITpI — 79,3 %.
[lpunuuenHs Bereramii pOCAWH O3WMHUX KyJIbTyp Biamiuene 10 mucTomana.
MakcumalibHe poMep3aHHs IPYHTY CIIOCTEPIrajoch B APYTid JieKaal Ha piBHI 14 cMm.

MiHiMalibHa TeMIiepaTypa Ha PiBHI By3Jia KyIICHHS MIICHUIN O03WMOI B JIUCTOIIA]
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cra"HoBuia -2,7 °C.

B rpyaHi cepeaHboMicsiuHa Temmeparypa noBiTps cranoBuina -1,0 °C, mo Ha
1,4 °C Oinbmie 3a OaraTopiyHUHN MOKa3HUK, cymMa omaaiB — 61,6 MM, mo Ha 2,6 MM
Olnbllie 3a cepelHbOOAraTopIyHui MOKA3HUK, BITHOCHA BOJIOTICTh NOBITPS — 90,4 %.
YTBOpEHHS CTAIOTO CHITOBOTO MOKPUBY BiAMIUEHE 5 TpyaHs mpoTsaroM 2 ai0. 3araiom
3a BeChb MICALb CTaJIWW CHITOBUH TOKPUB cHocTepiraBcst mpotsrom 15 mio.
MakcuManbHe TpoMep3aHHs IPYHTY 3adikcoBaHe B TPETiM Jekaal Ha piBHI 9 cwm.
MiniManbpHa TeMIiepaTrypa Ha piBHI By3ja KyLICHHS MIIEHUII O3UMOi B CTaHOBMJIA -
4,4 °C.

B ciuni cepenHboMmicsyHa TeMIiieparypa MOBITps craHoBuia -2,9 °C, mo Ha
2,7 °C Ounbliie 3a OararopiyHui MOKa3HUK, cyMa omnajiB — 34,4 MM, 1o Ha 13,6 MM
MEHIIIE 3a CepelHbOOaraTopiyHuil MOKa3HUK, BIIHOCHA BOJIOTICTh MOBITpst — 87,0 %.
Cramuii CHIrOBUH MOKpHB crocrtepiraBca mnpotrsarom 19 ai6. MakcumainbHe
MIPOMEp3aHHs IPYHTY BIAMIYEHE B TPETId Jekaal Ha piBHI 25 cMm. MiHiMalibHA
TeMIlepaTypa Ha piBHI By3Jia KyIIEHHS MIISHUII 03uMoi B ctaHoBmIIA -4,1 °C.

B motomy cepenHboMicsiuHa TemMmneparypa nositpsa craHoswia 1,5 °C, mo Ha
6,8 °C Ounple 3a OaraTOpiyHUM MOKa3HUK, cyMa omamiB — 47,9 mm, 1o Ha 7,9 MM
OlnbllIe 32 cepeIHbOOAraToOpIyHUI MOKA3HUK, BITHOCHA BOJIOTICTh NOBITPS — 84,0 %.
Cranmuii cHIroBuid TOKpHB crocrtepiraBcs mporsaroM 11 gi6. Makcumainbhe
MpOMEp3aHHs TPYHTY BiAMIU€HE B TepiIiid jaekaal Ha piBHI 24 cM. MiHimMalibHA
TeMIlepaTypa Ha piBHI By3Jia KyLIEHHS NIIEHUI] 03uMoi B ctaHoBMIIA -1,3°C.

3arsKHa MPOXO0JIO/IHA BECHA HETATUBHO BIUIMHYJIA HA PO3BUTOK MOCIBIB O3UMHUX
KyJIbTyp. B 6epesni cepenqabomicsiuHa Temreparypa nosiTps cranosuia 0,6 °C, o Ha
1,1 °C Ounbire 3a 6araropiuyHuil MOKa3HUK, cyMa onaaiB — 21,7 mm, mo Ha 11,3 MM
MEHIIIE 3a CepeHbOOAraTopiyHNi MOKA3HUK, BITHOCHA BOJIOTICTh MOBITPS — 67,8 %.
MakcumanibHe TpOMEp3aHHs IPYHTY 3adikcoBaHe B JPYriil Jekali Ha piBHI 22 cM.
MiHimalibHa TeMrepaTypa Ha piBHI By3ja KYIIEHHs MIIEHUIl 03MMOi B CTaHOBHWJIA -
3,9 °C. BignoBnensns Bereraiiii BiamiueHe 24 6epesHs.

B kBiTHI cepenHbOMICSYHA Temmeparypa noitps craHoBwia 8,4 °C, mo Ha

0,7 °C wmenme 3a cepeanboOaratopiyHuii moka3zHuk. Jlume mnpotsrom 12 ni6
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BiIMIYajacsi akTUBHA CEpeHbO/I000Ba TeMIeparypa MOBITPs, CyMa SIKOI CTaHOBUTH
mume 162,5 °C. Cyma omamiB — 65,2 mMm, mo Ha 24,2 MM Ouiblne 3a
CepenHbOOaraTopiyHuil MOKA3HMK, BITHOCHA BOJIOTICTh MOBITPs — 90,6 %.

[lepmia monoBMHA  TEIJIOTO  MEpioAy  Bereramii  3epHOBUX  KYJBTYD
XapaKTepu3yBajiacs ONTHMAILHUMH yYMOBaMH JJIA iX POCTY 1 po3BUTKY. B TpaBHI
CepemHbOMICAYHA TeMIiepaTypa moBitps craHomwia 14,9 °C, mo Ha 0,4 °C menIe 3a
cepelHbo0araropiyHuil MOKa3HUK, cymMa aKTUBHUX Temmeparyp — 464,6 °C, cyma
omamiB — 66,7 MM, mo Ha 9,7 MM OuTblie 3a cepeaHbOOAraTopivyHi aHi,
riagporepmiunuii koediuient (I'TK) — 1,4, BignocHa BosoricTs noBitpst — 71,7 %.

B depBHI cepennboMicsiuHa Temmeparypa nopitps craHosmia 21,8 °C, mo Ha
2,4 °C Ounblle 3a cepeqHb00araTopiyHuil MOKa3HUK, CymMa aKTUBHUX TEMIEparyp —
654,2 °C, cyma omaziB — 10,5 mm, 1o Ha 40,5 MM MeHIIIe 3a cepelHboOaraTopivuHi 1aHi,
I'TK — 0,2, BiiHOCHA BOJIOTICTh MOBITPs — 62,1%.

B ekonoriunomy coproBunpoOyBanHi 2022 poky Oylno BHUCISHO 25 COpTIB
MIIEHUIIl M SKOT O3MMOI  BEIy4YHMX CEJEKI[IMHUX YCTaHOB 3 Kpalux HOMEpiB
pe3yabTaTy €KOJOrYHOro copToBUnpoOyBaHHs 2021 poky.

ITociB mpoBeneno 16.09.2021 poky, moyatok cxofiiB crocrepiraBes 25.09.2021
p. moBHI cxoau 26.09. 2021 p. KyuiinHa coptiB BigmiueHe: nouarok 8.10.2021 p.,
noBHe KymriHHS 11.10.2021 p. Bci copTu €KoJI0T14HOTO COPTOBUIIPOOYBAaHHS J100pe
Mepe3nuMyBalIv 3 OIIIHKOIO 4 Oamu, mie copT borjgana maB OIiHKY 5 OaiB.

da3za KyIiHHS TPOXOAWIA IPYKHO B KPOTKUM MPOMIKOK yacy. 3arajbHa OIliHKa
Takok Oyfla BHCOKOIO, HaMKpally OIIHKY OJiep>KaB copT cenekili JloHerpkoi
JIEp>KaBHOI CUTHCHKOTOCIIOIAPCHKOT cTaHIli1 boruns.

3a 1aToro KOJIOCIHHS BiiMiueHe HacTymnHe: moyaTok 17.05.2022 p., 3aKiHUCHHS -
28.05.2022 p. Panniit cTpok konociHHs OyB y coptiB Kopucha, Illectan, Amina i
JlaBans, Illectuszepna, HoBocmyrsaka (3 17.05.2022 p. mo 23.05.2022 p.), mi3Hii
cTpok 3 28.05.20 p. mo 30.05.20 p. y copty 30psiHKa.

[Toka3HWKM BeTeTaliifHOTO TMepiofy 1 CTPYKTYPH YpPOXKAMHOCTI COPTIB B

€KOJIOTTYHOMY copToBUIIPOOyBaHHI 2022 poKy mpencTaBiieHo B Tabi. 81 9.
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Ta0muis 8.

[Toka3HUKHU BereTaliitHOTo Mepioy COPTIB B €KOJOTTYHOMY COPTOBUIPOOYBaHHI,

2022 p.
No Hazga copty IMocir Hatu
3/m 2021 Cxomu Kyminas 3arair. Komnocinaa Crurmi
p: ImoyaT | IOBHI | Mo4a | ITOBHI an ImoyaT | ITOBHE CTb
OK TOK Hepe3}/IM OK
IBITi
1 2 3 4 5 6 7 8 9 10 11
1 | IlomonsHKka 16.09 25.09 | 26.09 | 08.10 | 11.10 4 25.05 | 27.05 05.07
2 | CmyrnsiHKa 16.09 25.09 | 26.09 | 08.10 | 11.10 4 21.05 | 22.05 05.07
3 | Bexa 16.09 25.09 | 26.09 | 08.10] 11.10 4+ 22.05 | 23.05 05.07
4 | Marnitka 16.09 25.09 | 26.09 | 08.10 | 11.10 4 20.05 | 21.05 04.07
5 | lllectuzepHa 16.09 25.09 | 26.09 | 08.10 | 11.10 4 21.05 | 23.05 05.07
6 | HoBocmyrmsaka | 16.09 25.09 | 26.09 | 08.10 | 11.10 4 21.05 | 23.05 04.07
7 | bormana 16.09 25.09 | 26.09 | 08.10 | 11.10 4 24.05 | 26.05 04.07
8 | KO30BCchKa 16.09 25.09 | 26.09 | 08.10 ] 11.10 4+ 24.05 | 26.05 05.07
9 | Ilepemora 16.09 25.09 | 26.09 | 08.10 | 11.10 4 23.05 | 26.05 05.07
10 | Irpucra 16.09 25.09 | 26.09 | 08.10 | 11.10 4 22.04 | 24.05 05.07
11 | JuBo monenpke | 16.09 25.09 | 26.09 | 08.10 | 11.10 4 22.05 | 23.05 05.07
12 | Illectan 16.09 25.09 | 26.09 | 08.10 | 11.10 4- 19.05 | 20.05 04.07
13 | Ilnesana 16.09 25.09 | 26.09 | 08.10 | 11.10 4 24.05 | 27.05 05.07
14 | KuiBcbka 17 16.09 25.09 | 26.09 | 08.10 | 11.10 4 23.05 | 25.05 05.07
15 | Ileit3ax 16.09 25.09 | 26.09 | 08.10 | 11.10 4 20.05 | 22.05 02.07
16 | CigecimaBHa 16.09 25.09 | 26.09 | 08.10 | 11.10 4 25.05 | 27.05 05.07
17 | Ami"a 16.09 25.09 | 26.09 | 08.10 | 11.10 4 21.05 | 22.05 02.07
18 | Copian 16.09 25.09 | 26.09 | 08.10 | 11.10 4 23.05 | 25.05 06.07
19 | 3opsHKa 16.09 25.09 | 26.09 | 08.10 | 11.10 4 28.05 | 30.05 06.07
20 | JlaBayp 16.09 25.09 | 26.09 | 08.10 | 11.10 4+ 21.05 | 23.05 06.07.
21 | Boruns 16.09 25.09 | 26.09 | 08.10 | 11.10 5 23.05 | 24.05 05.07
22 | KopucHa 16.09 25.09 | 26.09 | 08.10 | 11.10 4+ 17.05 | 18.05 07.07
23 | CriBaHka 16.09 25.09 | 26.09 | 08.10 | 11.10 4 20.04 | 24.05 05.07
24 | KomepmiiiHa 16.09 25.09 | 26.09 | 08.10 | 11.10 4+ 20.05 | 21.05 04.07
25 | €nHicTh 16.09 25.09 | 26.09 | 08.10 | 11.10 4 22.05 | 24.05 05.07

3a KUIBKICTIO 3€pe€H B KOJIOCI BHUIIJIEHO HacTymHi coptu: KomepiriiiHa,
HoBocmyrmsiaka — 29 mir., [llectusepna, CniBanka, €anicts — 28 mt., KopucHa,
Marnitka, Cmymisiaka, FO30Bcbka — 27 WIT., 1HII COPTH chOpMYBaIM B KOJIOCI Bija 26
wt. 70 21 wt. y copry Copiadn.

3a Macoro 3epeH 3 Kojocy Buaiienuch coptd HoBocmyrmisHka, IlectusepHa,
Copian, Marnitka 1 3opsiaka — 1,5 r — 1,3 1, HaliMeHIIHII TTOKa3HUK OyB y COPTIB
ITnesima, KuiBcwka 17, FO30Bchka 1 borgana.

Haiibinemry macy 1000 3epen cdhopmyBanu coptu: Illomonsuaka, Illecran,
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CniBanka, Kopucna, Kuisceka 17, Cmymiisiaka, boruns, JlaBans, Ileitzax, CiueciaBHa,

Komepiiina — 40 1 611b111e rpaMis.

Tao0mus 9.

[Toka3HUKHU CTPYKTYpPU YPOKAUHOCTI COPTIB B €KOJIOTTYHOMY COPTOBUITPOOYBaHHI,

2022 p.
No Hazga copry KinbkicTh Maca Maca | VYpoxaii | BigxuneHus
3/m 3€pCH B 3epHa 3 1000 HICTb, BiJ
KOJIOCI, KOJIOCa, | 3€peH, T T/Ta CTaHIIAPTY,
IIT. r +/-
1 2 3 4 5 6 7
1 | [Nomoisiaka 26 1.1 40.0 6.6 +0,1
2 | CmyrisHKa 27 1.2 40.1 7.0 +0,5
3 | Bexa 28 1.1 38.9 7.3 +0,8
4 | MaruiTka 27 1.3 37.1 7.3 +0,8
5 | Hlectusepna 28 14 39.9 7.3 +0,8
6 | HoBocmyriisiHKa 29 1.5 394 1.7 +1,2
7 | borgana 25 0.9 38.6 55 -1,0
8 | FO30BcBKa 27 1.0 39.1 7.0 +0,5
9 | Ilepemora 24 1.05 39.6 6.3 -0,2
10 | Irpucra 25 1.2 38,9 6.4 -0,1
11 | JIuBo mOHEIBKE 26 1.05 38.0 6.7 +0,2
12 | lecran 24 1.03 41.0 6.3 -0,2
13 | IInesna 23 1.0 39.4 5.9 -0,6
14 | KuiBceka 17 25 1.0 40.5 6.9 +0,4
15 | Teiizax 22 1.2 40.0 6.5 0,0
16 | CiyecinaBHa 22 1.1 41.5 6.8 +0,3
17 | Amina 23 1.2 39,6 6.3 -0,2
18 | Copian 21 1.3 38.9 5.9 -0,6
19 | 3opsiHKa 22 1.4 39.1 6.0 -0,5
20 | JIaBann 20 1.2 40.2 4.8 -1,7
21 | bBoruus 26 1.3 40.3 6.9 +0,4
22 | KopucHa 27 1.2 41.5 6.5 0,0
23 | CmoiBaHka 28 1.1 40.8 6.9 +0,4
24 | KomepriiiiHa 29 1.1 40.1 6.6 +0,1
25 | €aHicTh 28 1.1 39.0 6.4 -0,1
Cepenniii St 6.5
HIP o,05 0.81

3a ypoxaiiHicTio B ymoBax 2022 poky kpauumu Oynu coptu: Bexa, MarniTka,

[lectuzepna, HoBocmyrsinka — 7,3 1/ra, 7,3 1/ra, 7,3 T/rai 7,7 T/ra BiANOBITHO.

JI71st BU3HAUE€HHSI TEHETUYHOTO TOTEHIIIATY, PEakililo Ha 3MiHY MOTOJHUX YMOB

CydacHUX copTiB IHcTUTYTYy (i3ionorii 1 reHeTUKH pociauH, JloHenbKoi Jaep>kaBHOI

ClIbCHKOTOCTIONAPCHKOT

CTaHIII,

18

JIHITPOTIETPOBCHKOTO

JIEPKABHOTO

arpapHo-



APPLIED, TECHNICAL AND AGRICULTURAL SCIENCES: INTRODUCTION OF THE

LATEST TECHNOLOGIES INTO USE

€KOHOMIYHOTO YHIBepcUTeTYy Ta CeNneKIiiHO-TeHETUYHOTO THCTUTYTY OYyJI0 BU3HAYEHO

€KOJIOT1YHY TIJIACTUYHICTD 1 CEJICKIIMHY IIIHHICTh 3a ypoxkaiHicTio (Tadn. 10, Tabm. 11).

JlocnmipkeHHsT TPOBEAEHO B CiBO3MiHI Kadeapu cenekimii 1 HaciHunTBa JJAEY

BrpoaoBxk 2020-2022 pp. Exonoriydy miacTUYHICTh BU3HAUYECHO 32 METOMKOIO [P im.

B.A. IOpiea HAAHRY [5].

Taomumg 10

YpokaiHICTh KpallluX COPTIB MIIEHUII M’ SKOT 03UMOi €KOJIOTIYHOTO

coproBunpoOyBanHs 3a 2020-2022 pp.

° Copr Opurisatop YpoxkalHICTb T/Ta
TIII. 2020 p. 2021 p. | 2022 p. | cepeans
1 TTonmonsguka [OPI HAAHY 9,00 6,26 6,60 7,30
2 CMmyTIISIHKA I®PT" HAAHY 9,20 6,60 7,00 7,60
3 HoBocmyrisinka I®PI' HAAHY 8,40 7,00 7,70 7,70
4 ["onyBasibHULIS I®PT" HAAHY 9,20 5,50 7,70 7,35
5 bornmana I®PT" HAAHY 8,30 6,20 5,50 6,46
6 IO30BcEKa JJACAC 8,00 5,60 7,00 6,87
7 Ilepemora JACHC 8,40 6,60 6,30 7,10
8 Irpucra JJACAC 8,50 6,00 6,40 6,97
9 JlnBO JOHEIbKE JACHC 8,10 6,00 6,70 6,93
10 Boruns JJACAC 9,00 6,2 6,90 7,37
11 CmiBaHka JJAEY 9,20 6,90 6,90 7,66
12 Komepmiiina JIAEY 9,00 6,30 6,60 7,30
13 Kopucna JJAEY 9,30 6,00 6,50 7,66
14 COHICTh CI'T-HIIHC 9,10 6,40 6,40 7,30
15 Ileitzax CTI-HITHC 7,80 7,10 6,50 7,22
HIP ¢,05 0,51 0,78 0,81
Cepenne, X 8,80 6,40 6,50 7,22
IH1eKCc yMOB 15 -0,8 -0,7

Hopmy peaxiiii copTiB Ha 3MiHY yYMOB HaBKOJIMIIHBOTO CEPEIOBUINA Ta iX

I[IHHICTh BU3HAYAJIM 32 PAHTOM T€HOTUTIOBOTO (DOHY, PAHTOM CTYIIEHS TUIACTUYHOCTI Ta

3a ix cymoro [6, 7].

19




APPLIED, TECHNICAL AND AGRICULTURAL SCIENCES: INTRODUCTION OF THE
LATEST TECHNOLOGIES INTO USE
Tabmus 11

Exonoriuna miacTUYHICTh COPTIB PI3HOTO MOXOMKEHHS 32 YPOXKANHICTIO
(20202022 pp.)

Ne YpoxaiiHicTp, | ['enoTnnoBuii Cryninp Cyma
. Copr Opurinarop T/Ta edekr IUIACTUYHOCTI | PaHIiB
E; paHr Ri paHr

1 | Ilogomsuka 1OPT 7,30 7,12 1 1,11 2 3
HAAHY

2 | CmyrisiHKa 1OPT 7,60 6,77 1 0,48 1 2
HAAHY

3 | HoBocmyrisiHka 1®PT 7,70 6,89 1 0,51 1 2
HAAHY

4 | T'ogyBanbHULS I®PT 7,35 6,59 1 1,10 2 3
HAAHY

5 | bormana 1®PI 6,46 5,32 1 1,13 2 3
HAAHY

6 | FO30BchKa JACHC 6,87 5,43 1 1,15 1 2

7 | Ilepemora JJACAC 7,10 6,14 1 0,98 2 3

8 | Irpucra JACHC 6,97 6,01 1 1,17 1 2

9 | /IuBO JOHENBKE JJACAC 6,93 6,96 1 1,21 1 2

10 | boruns JJIACAC 7,37 6,91 1 1,14 2 3

11 | CuiBaHka JJAEY 7,66 7,89 1 0,89 1 2

12 | Komepitilina JJAEY 7,30 6,98 1 0,77 1 2

13 | Kopucha JJAEY 7,66 7,84 1 0,86 1 2

14 | €nHicTh CT'I-HITHC 7,30 7,14 1 0,74 1 2

15 | Ilemzax CT'I-HIIHC 7,22 6,12 1 1,12 2 3

Cepenniit st 7,22 1 1 2

HIPg05 2,25 0,23

B nocaimkeHHsX 3’5COBaHO PIBE€Hb CTAO1ILHOCTI, TUIACTUYHOCTI 1 CEJICKIIIMHOL
LIHHOCTI COPTIB B PI3HMX YMOBaX BereTauiiHux nepiois. [Ipencrasieni coptu MaroTh
CyMy paHriB aBa, a coptu [logonsuka, ['ogyBansauns, bornana, Ilepemora, boruns —
paHr TpH, IO CBIAYUTH MPO iX BHUCOKY IJIACTUYHICTh, OOYMOBJIEHY CTaOlIbHICTIO
peamizaiii TE€HETUYHOrO TMOTEHIlanxy 1 iX OUIblly MPUCTOCOBAHICTh 1O YMOB
BUPOIIYBaHHA B MiBHIYHIN mia30H1 Cremy YkpaiHu.

JlocniipkeHHsT COPTIB MILIEHUIIl 03UMOI M K01 PI3HUX CENEeKUIHHUX YCTAHOB B
MIHJIMBUX YMOBAaX CEpEIOBUINA BHUSIBWIM MOXIHUBICTH iX T€HETUYHOTO MOTEHIIATy
YPOXKAINHOCTI Ta €KOJIOTIYHO1 IJIACTUYHOCTI 32 POKaMH, 10 OOYMOBJIEHO MPOSBOM
BHCOKOI CTab1JIbHOCTI TEHETUYHOTO €(DEKTY O3HAKH.

[TinTBEpMKEHO CENEeKIIITHY IIHHICTh COPTIB B ONTUMI3AIIil TPOIECY CENEKIiT Ha
aJanTUBHICTh CYYaCHUX COPTIB Ta iX BUKOPUCTAHHS SIK BUXIJHOTO Marepiaixy Ta

BIIPOBAPKCHHS B BUPOOHUIITBO.
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SECTION 2. ARCHITECTURE, CONSTRUCTION

DOI: 10.46299/1SG.2024.MONO.TECH.3.2.1

2.1 Improving the performance of non-autoclaved foam concrete for use in road
construction

The process of producing non-autoclaved cellular concrete has come a long way
in the course of experimental research, which has helped to achieve the desired
parameters of the material's physical and mechanical characteristics. Modern foam
concrete can be used both for the manufacture of concrete structures directly at the
construction site and for the production of prefabricated elements at landfills and
moulding shops, and reinforced concrete product plants [8-13].

The physical and mechanical properties of cellular concrete have clear
interrelationships [14-15]. For example, the thermal conductivity coefficient in the dry
state depends mainly on the value of the average density, the type of binder, curing
conditions, and other factors. The porosity of a material with a cellular structure
consists of microporosity and macroporosity. The nature of the porosity of cellular
concrete is determined by the spatial arrangement of pores, the distribution of pores by
size, the maximum and average pore size, their shape, and the thickness of the
interporous partitions [16-17]. Unlike autoclaved foam concrete, non-autoclaved foam
concrete has a closed-porous structure, so it is characterised by lower water absorption
[18-19].

The quality of foam concrete largely depends not only on the type and
consumption of the starting materials, but also on the method of mixing them. To
accelerate the hardening of foam concrete, electric heating, fast-setting cements or
chemical accelerators can be used [20-21].

It has been established that among the various factors influencing the properties
of foamed concrete, the chemical nature of the foaming agents plays a pivotal role [22].
The extensive range of synthetic foaming agents permits their application in foamed
concrete technology alongside traditional agents such as resin and others. They are

characterized by relatively low cost, storage capability at temperatures ranging from -
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5°C to +40°C, and other favorable attributes. Classification based on chemical
composition, surface tension, and hydrogen ion concentration has facilitated the
scientific substantiation of the relationship between SAS and their stability in foam-
mineral systems, contingent upon the chemical composition of the components [23-
24].

In order to improve the technology of non-autoclaved building materials, a type
of foam concrete "non-autoclaved cellular concrete” was developed, which was
obtained by introducing modifying additives into the mixture, allowing to obtain a
material structure with evenly distributed air pores by one-stage mixing. This results
in a reduction in process moisture content not exceeding 10% and a 1.5-2.0-fold
reduction in shrinkage deformations [25-26].

The structure of the inter-pore partitions has a significant impact on frost
resistance. The strength of foam concrete of the design class is determined by the
strength of the inter-pore walls. The ratio of voids to interstitial walls determines the
average density and strength of the finished material. The greater the number of voids
and the thinner the pore walls, the lower the density and, consequently, the strength of
the material. However, the size, shape, and uniformity of the voids also have a
significant impact on the strength of the finished material [27-28].

In the production of non-autoclaved foam concrete in turbulent plants, as well as
in plants for the separate preparation of components equipped with a foam generator,
three types of pores are observed. The first type is represented by spherical voids of
regular shape with dimensions from 0.1 to 2 mm, the so-called "useful voids", which
should be the majority. It is these pores that determine the average density, thermal
conductivity and strength of the finished material.

The second type includes chaotically located capillary pores of different
diameters and lengths, the so-called "harmful voids of the first kind", which
significantly increase the water permeability of cement stone, reduce its frost resistance
and the strength of the bearing inter-pore partitions. In addition, a significant number
of capillary pores move water to neighbouring blocks located above due to the capillary

effect.
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The third type includes very small pores, the so-called "harmful voids of the
second kind", which are characterized mainly by an irregular shape and are located in
the interpore walls of the main "useful” voids. They do not play a significant role in
reducing the thermal conductivity of the material and reducing its density, but
significantly reduce the strength of the material.

Thus, the strength of foam concrete is primarily determined by the strength of
the inter-pore partitions. There are several ways to increase the concrete's grade
strength. An increase in the proportion of cement results in foam concrete with
increased strength. However, this increases its cost, which is economically unprofitable
[29-30].

Increased strength is also achieved by reducing the water-cement ratio (W/C).
At a W/C of 0.5-0.6, the strength of the finished foam concrete decreases sharply. The
dependence of the physical and mechanical properties of the material on the W/C is
explained by a significant increase in the volume of capillary pores ("harmful pores of
the first type™). Capillary pores significantly weaken the interstitial walls of foam
concrete. The higher the water content in the foam concrete solution, the greater the
number of capillary pores formed, and the lower the strength and frost resistance of the
resulting foam concrete.

Another effective way to increase the strength of the finished foam concrete is
to use coarse sand with a reduced modulus. To create a strong inter-pore frame, it is
necessary to use sand and its sieving (or other aggregate), the main size of which does
not exceed 0.35-0.8 mm. Otherwise, the inert aggregate in the material of the inter-
pore walls will turn into an inclusion surrounded by pores, playing no role in increasing
the strength of the finished foam concrete material.

The development of technological methods for improving the properties of
cellular concrete mixtures based on an in-depth study of the strength properties of
qualitative and quantitative parameters of traditional raw materials was covered by the
authors in [31, 32]. The results of studies conducted in this area show that optimizing

the following factors, such as the chemical and mineralogical composition of
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aggregates and binders, their dispersion, temperature of the concrete mixture and the
environment, create opportunities to increase the compressive strength to 30%.

Research in Ukraine and abroad has shown that non-autoclaved cellular concrete
with a density of 400-800 kg/m? is characterized by slightly lower compressive strength
than autoclaved concrete. Modified non-autoclaved foam concrete, consisting of 5-7%
microsilica, is characterized by a strength class equal to that of autoclaved cellular foam
concrete. However, its cost due to the high cost of ultrafine microsilica makes it
impossible to widely use such foam concrete [33-34].

Thus, the authors of [35-36] proposed to increase the resistance of cellular
concrete in humid and slightly aggressive environments by volumetric
hydrophobization using bitumen and synthetic resins. At the same time, the effect of
additives does not affect the strength properties of cellular concrete, but leads to a
significant reduction in shrinkage deformations, thermal conductivity and increased
frost resistance, i.e., improved material performance. Chemical additives make it
possible to produce non-autoclaved quick-setting fly ash concrete of reduced density.

However, all of the above areas do not solve the main problem of qualitatively
improving the properties of cellular concrete: increasing the crack resistance and
dramatically increasing the tensile strength, which are the main qualities that make it
possible to use this material in road structures.

According to [37-38], a significant increase in tensile strength can be obtained
by dispersed reinforcement of cellular concrete with various types of fibers. Dispersed
reinforcement of foam concrete allows [39-40] to improve the viscosity and ease of
laying mixtures; control the rate of plastic strength gain; improve the capillary-porous
structure; reduce their density and thermal conductivity.

A number of experimental and theoretical studies have been devoted to
establishing the feasibility of using synthetic fibers as dispersed reinforcement for
concrete. In works [41-42], it was found that with dispersed reinforcement of cellular
concrete with glass fiber that is resistant to alkaline environments, the compressive
strength increases by 30-60%, the tensile strength in flexion increases by two times,

and the impact strength increases by 1.5-2 times. Dispersed reinforcement of cellular
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concrete with asbestos fibers [43] in the amount of 3-5 % by weight increases the
tensile strength by 30-50 %, the compressive strength by 20-40 %.

In research related to the strengthening of materials based on mineral binders,
two main areas can be distinguished. First, to solve this problem, it is proposed to use
special additives that organize the cement stone hardening processes and improve its
physical and mechanical properties. According to [44], the use of fibrous crystals of
calcium hydrosilicate provides a 2-4-fold increase in flexural strength in concrete. The
directed crystallization of neoplasms leads to dispersed self-reinforcement of cement
stone due to the formation of oriented crystal hydrates in its volume, which can
significantly improve the quality of concrete.

The second direction recommends the use of reinforcing fibers that differ in
composition from the matrix material and can perceive higher stresses in the foam
concrete body compared to the matrix during the operation of the material [45-46].

The methods of using dispersed reinforcement in cellular concrete provide for
the possibility of obtaining a directed and chaotic orientation of fibers in the volume of
foam concrete. Dispersed reinforcement can be created by one of the types of fibers -
chrysotile asbestos, cellulose, glass, steel, polyethylene, polypropylene, polyamide, or
a mixture of different fibers (of different lengths or nature of material).

Studies have established [47-48] that the effectiveness of dispersed concrete
reinforcement depends primarily on the ratio of the strength and deformation
characteristics of the reinforcing fibers (fiber) and the concrete matrix. If the elastic
modulus of the fiber is significantly (3-10 times) higher than the elastic modulus of
concrete, then an increase in mechanical strength, crack resistance, and other
performance properties of dispersed-reinforced concrete should be expected. If the
elastic modulus of the fiber is close to the elastic modulus of concrete or slightly lower,
then there will be an increase in the tensile strength of the material while reducing the
structural qualities.

Another factor affecting the efficiency of fiber use in concrete materials is the
ultimate tensile strength. In [49-50], it is recommended to use fiber, the maximum

deformability of which is greater than the maximum deformability of concrete, for
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dispersed concrete reinforcement. At the same time, with a sufficient amount of
volumetric reinforcement with dispersed reinforcement, concrete cracking under the
action of maximum loads will show that the moment of failure is approaching.
Structures made of such materials become operationally safe, since even with a
complete loss of the bearing capacity of the matrix, the fracture does not occur
instantaneously, as is the case with brittle materials, but slowly, viscously [51-52].

According to the authors of [53], the propagation rate and size of cracks in
concrete are determined by its structural characteristics, which are formed by the
properties and structure of the source materials, as well as by technological methods
that ensure their interaction and continuity. In concrete, along with a strong brittle base,
there must be elastic-viscous inclusions that can dampen the crack growth energy,
which leads to material failure. Synthetic dispersed reinforcement is an elastic-viscous
component with a margin of plasticity that delays the moment of material fracture [54],
and also positively affects the features of structure formation in the process of
manufacturing dispersed reinforced foam mixtures using a one-stage technology and
their structure formation during the curing period [55-56].

Assessment of the effect of dispersed reinforcement with synthetic fibers on the
deformational properties of concrete in [57-58] found that the introduction of
polyamide fibers randomly placed in concrete forms a structure whose bending
behavior becomes formally similar to that of reinforced concrete. When loading
concrete specimens dispersed-reinforced with polyamide fibers, unlike traditional
foam concrete, which collapse brittle, three main characteristic stages of change in the
stress-strain state were observed.

The first stage is the elastic behavior of the material until cracks form in the
stretched zone of the concrete, when the tension is less than the tensile strength of the
concrete matrix and the tensile forces are perceived by the dispersed reinforcement and
the matrix together. The second stage includes the work of gradual crack accumulation
in the stretched zone of fiber foam concrete. The consolidation of primary cracks into
a main crack begins at a load 1.6-2.0 times greater than the load for the first crack. The

third stage is characterized by intensive opening of the main crack due to the stresses
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in the dispersed reinforcement reaching its yield strength, and ends with the loss of the
bearing capacity of the specimen, but does not lead to fragmentation of the compressed
zone of the specimens and their separation into separate parts. The value of the
destructive load is 2.5-3.0 times higher than the load corresponding to the first crack.

With dispersed fiber reinforcement of concrete, their maximum tensile strength
increases by 9-15% [59], and the increase in flexural strength, depending on
technological and formulation features, can reach 550%.

The introduction of dispersed reinforcement contributes to the formation of
optimal porosity in concrete, increases the strength and stability of the cellular concrete
structure during the initial period of hardening. A significant part of the tensile stresses
that occur during the curing process is also absorbed by synthetic reinforcement. In
addition, dispersed reinforcement blocks the initial cracks in the deformed material
[60], reducing the likelihood of their development into a destructive effect and shifting
the realization of this possibility to the region of higher deformations.

Since both the strength and deformation qualities of cellular concrete (ceteris
paribus) are determined by the value of their average density, it becomes necessary to
determine the rational areas of reinforcement of structural foam concrete. A number of
experimental studies have been devoted to determining the optimal degree of saturation
of cellular foam concrete with dispersed reinforcement [61-62]. However, these works
are mainly devoted to heat-insulating cellular concrete.

The authors in their research [63] found that the use of synthetic fibers is most
appropriate in cellular concrete with a density of at least 900 kg/m?3. In this case,
qualitative changes in the pore structure of the matrix and a significant increase in frost
resistance are observed.

The effectiveness of dispersed polyamide fiber reinforcement in compression of
concrete with an average density of 500 to 800 kg/m? tends to increase, since the
concrete matrix has low strength characteristics. As the strength characteristics of the
concrete matrix increase and the strength characteristics of the concrete matrix increase
and the grafting strength between the components increases, the effectiveness of

dispersed reinforcement also increases.
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Despite the fact that the use of fibers in structural foam concrete with an average
density of 900 to 1200 kg/m? does not significantly increase the strength characteristics
of the material, the efficiency of dispersed tensile reinforcement, as established in [64],
reaches 2.5-3.5 times.

Taking into account the numerous advantages of non-autoclaved foam concrete,
as well as the prospects for its use for building elements designed to withstand bending
loads, large-scale construction using this material is currently not observed. The limited
use of non-autoclaved foam concrete is due to the lack of a complete set of regulatory
and technical documentation and the lack of research that would ensure the design and
construction of buildings and structures, including roads, that meet modern

requirements.
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2.2 BIM technology in Ukraine and its SWOT analysis

This paper undertakes an in-depth SWOT analysis aimed at assessing the
strategic implementation of Building Information Modeling (BIM) technology in
Ukraine's construction industry. The objective of this analysis is to systematically
evaluate the internal and external factors influencing the adoption of BIM, providing a
clear framework for understanding its potential impact and areas for improvement.

To achieve this, the authors have developed a comprehensive SWOT matrix that
identifies and examines the strengths, weaknesses, opportunities, and threats associated
with BIM technology in the Ukrainian construction context. The strengths highlight
the inherent advantages and positive attributes of BIM, such as enhanced collaboration,
improved project visualization, and increased efficiency. Conversely, the weaknesses
focus on the internal challenges and limitations, including high initial costs, a steep
learning curve, and resistance to change within the industry [65].

The opportunities section explores the external possibilities that could be
leveraged to enhance BIM adoption, such as government incentives, advancements in
technology, and growing market demand for sustainable construction practices. The
threats address the external risks that could hinder BIM implementation, like market
competition, regulatory barriers, and technological obsolescence.

The analysis is grounded in a robust methodology that includes an extensive
review of existing literature, the authors' professional experiences, and up-to-date
market reports. This triangulated approach ensures a thorough and balanced assessment
of all factors within the SWOT matrix.

Furthermore, the paper calculates fundamental indicators that characterize the
strategic position of BIM within the Ukraine construction market. These indicators
provide quantitative insights that complement the qualitative analysis, offering a more
nuanced understanding of BIM's current status and future potential.

Based on these findings, the authors have defined a matrix of strategic tasks and

actions. This strategic framework outlines practical recommendations aimed at
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promoting and developing BIM technology in Ukraine. These actions include training
and education initiatives, policy advocacy for supportive regulations, investment in
technological infrastructure, and fostering industry-wide collaboration [66].

Overall, this paper not only highlights the current landscape of BIM
implementation in Ukraine but also serves as a strategic guide for stakeholders looking
to enhance the adoption and integration of BIM in the construction industry. By
addressing both the opportunities and challenges, the proposed strategies aim to drive
the growth and innovation of the construction sector through the effective use of BIM

technology (fig.1).

Technological

Management

BIM
limitation
categories

Personnel

Figure 1. BIM limitation categories.

Currently, Building Information Modeling (BIM) is recognized globally and in
Ukraine as the fastest-evolving concept in construction management. In numerous
countries, BIM is progressively becoming the standard for construction projects.
However, in Ukraine, BIM technology is still under discussion and considered an
alternative to traditional methods of planning and executing construction projects.

Significant concerns persist regarding the mandatory implementation of BIM
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technology in public works contracts. The construction market reveals considerable
misunderstanding about BIM, a lack of experience among most participants in the
construction process, and notable caution regarding its adoption [67].

Despite these challenges, global literature highlights the substantial advantages
of BIM. Techniques for acquiring 3D building information involve using digital
building information models and simplifying them both geometrically and
semantically. BIM models are object-oriented, semantically rich, and continuously
updated, enabling detailed queries of building components from various perspectives.
The essence of BIM is not just in obtaining information but in simplifying,
systematizing, and effectively utilizing the information contained within the model.
Unlike traditional CAD models, BIM models encompass both geometric and semantic
data, evolving throughout all stages of a building's life cycle.

This distinction marks a significant advancement, as BIM allows for more
comprehensive and dynamic project management. The integration of semantic
information means that BIM can support more informed decision-making, enhance
collaboration among stakeholders, and improve the overall efficiency and accuracy of
construction projects. Consequently, while Ukraine faces challenges in widespread
BIM adoption, the potential benefits underscore the importance of overcoming these
barriers and embracing this innovative technology.

Due to the global advantages and growing popularity of Building Information
Modeling (BIM), the authors of this paper decided to analyze the current situation in
Ukraine. Their objective is to examine the strengths and weaknesses associated with
the introduction of BIM technology in the country, as well as to identify the
opportunities and risks it presents. To conduct this analysis, the authors utilized a
SWOT analysis, a tool primarily used in strategic planning and various management
areas [68].

The paper highlights the challenges faced by both the Ukraine public
administration and participants in construction projects concerning BIM
implementation. Additionally, the authors explore potential future trends in the

development of BIM technology in Ukraine, aiming to provide insights into its
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evolving landscape and the strategic actions needed to foster its growth and integration
within the industry.

The SWOT analysis is a widely utilized tool in strategic management,
particularly in the initial stages of crafting an organization's strategy. As a diagnostic
instrument, it is employed to assess an organization's resource capabilities and
deficiencies, its market opportunities, and the external threats it faces. The acronym
SWOT stands for Strengths, Weaknesses, Opportunities, and Threats, reflecting the
analysis's focus on both internal and external factors (fig. 2).

What you Where you

excel at | can improve Emerging trends [1 New competitors
0O Competitive 0O Competitive Competitor O Low customer
advantages disadvantages weaknesses satisfaction
. Negative
O rpégggét:;y ] Weak brand Market growth [ industry or
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property or constraints or capabilities coverage
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Exclusive g ;
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[ relationships U challenges | Cash infusion [ Legal constraints

or partnerships

Figure 2. SWOT analysis approach.

The SWOT analysis has two main dimensions: internal and external. The
internal dimension encompasses organizational factors, including strengths and
weaknesses. Strengths refer to the positive attributes and resources within the
organization, while weaknesses denote the internal limitations and challenges. The
external dimension involves environmental factors, identifying opportunities (positive

external factors) and threats (negative external factors).
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By using SWOT analysis, organizations can gain insights into how to leverage
their strengths and address their weaknesses to capitalize on external opportunities and
mitigate potential threats. This dual focus helps in creating a balanced and
comprehensive strategic plan. The four categories of factors generated by the two
dimensions are:

1. External positive (Opportunities) — Development opportunities in the
environment.

2. Internal positive (Strengths) — Strengths of the organization.

3. External negative (Threats) — Environmental hazards.

4. Internal negative (Weaknesses) — Weaknesses of the organization.

In this paper, the research performed by author aims to assess the opportunities
offered by the introduction of the BIM technology to evaluate the opportunities and
risks associated with the introduction of BIM technology in Ukraine. They assess the
strengths and weaknesses of support for the construction and investment processes
using BIM. By combining the analysis of internal and external factors, the aim is to
determine the best ways to utilize the potential of BIM technology in the Ukrainian
context [69].

Furthermore, the authors seek to measure the internal strength of BIM
technology, its strategic attractiveness, and the probability of achieving strategic
success. This comprehensive analysis provides valuable insights into how BIM can be
effectively implemented and supported in Ukraine, taking into account the specific
conditions and challenges of the local construction industry [70].

The analysis will present the advantages and disadvantages of BIM technology
as strengths and weaknesses, respectively, while also identifying the opportunities and
risks associated with its implementation. This comprehensive evaluation will be
conducted in three stages:

e Stage I: Identification and Assessment of Factors
Task: Identify factors related to the implementation of BIM, categorizing them

as either positive or negative for the construction project and its environment.
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Assessment: Evaluate these factors on a numerical scale from 1 to 5, where 1

represents a very weak influence and 5 represents a very strong influence.
e Stage Il: Assessment of the Strategic Situation of BIM

- Task: Analyze the strategic position of BIM technology in the construction
industry, considering the previously identified factors.

e Stage Il1: Identification of Strategic Tasks and Actions

- Task: Combine and analyze the strengths and weaknesses of BIM technology
with the opportunities and threats from the environment.

- Objectives:

e Leverage the strengths of BIM to maximize the benefits from external
opportunities.

e Overcome the weaknesses of BIM by utilizing existing opportunities in
the environment.

e Use the strengths of BIM to avoid external threats.

e Minimize the impact of BIM's weaknesses to mitigate environmental
risks.

This structured approach ensures a thorough evaluation of BIM technology,
providing actionable insights and strategies for its effective implementation in the
construction industry.

According to the United States National Institute of Building Sciences (NIBS),
"A BIM is a digital representation of physical and functional characteristics of a
facility. As such, it serves as a shared knowledge resource for information about a
facility, forming a reliable basis for decisions during its lifecycle from inception
onward». The primary function of BIM technology is to support activities throughout
the entire lifecycle of a building by providing detailed information on both the
building's geometry and descriptive data about the structure and its individual
components [71].

The advancement of BIM and other digital technologies in the construction
industry has significantly improved construction processes and accelerated project

implementation. Technologies such as Building Information Modeling (BIM),
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Augmented Reality (AR), Virtual Reality (VR), and the Internet of Things (1oT) (e.g.,
near-field communication (NFC) and radio-frequency identification (RFID) sensors)
have introduced new hardware and software tools into the construction industry. These
technologies facilitate the automation of construction processes, enhance monitoring
of construction activities, and improve information flow and quality inspections [72].

One of the main advantages of BIM is its ability to consolidate data in a single
location, the BIM model, which includes a three-dimensional geometric representation
of the building. Centralized data collection throughout the design, construction, and
operational phases allows for further analysis, generating new insights and simulations
to identify clashes and interdependencies. Additionally, new methods of data
visualization using visual and mixed reality enhance communication and provide on-
site information.

A key distinction between BIM and traditional construction processes lies not
only in the 3D geometric presentation and centralized data collection but also in the
mindset and approach of the participants involved. For instance, cost analysis benefits
from the BIM model by enabling quick extraction of necessary information and data
for predictive models. All project participants have access to the data throughout the
entire construction cycle, allowing for real-time adjustments and up-to-date
information on cost analysis and its changes [73, 74].

Moreover, BIM allows for easy and quick verification of the geometry and
information included in the model. This capability significantly aids in detecting
potential clashes early in the pre-execution stage, enabling discussions on alternative
solutions or error correction before construction begins. BIM stands at the forefront of
digital transformation in the Architecture, Engineering, and Construction (AEC)
industry, streamlining operations such as collaboration and design review while
addressing challenges related to speed, cybersecurity, and data exchange integrity.

The United States is the global leader in BIM adoption, making the dominance
of North America unsurprising. However, Europe holds the second position, leveraging
American models while also developing its own dynamic advancements in BIM

technology. Australia and Oceania follow, excelling particularly in design modeling.
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Asia features strong leaders such as Korea, Hong Kong, China, and Japan in the BIM
landscape [75].

In contrast, South and Central America exhibit slower BIM adoption despite
close influence from the USA and Canada. Only a few countries in this region,
excluding large nations like Argentina and Brazil, have introduced BIM in public
procurement over recent years. BIM adoption in the Middle East and Africa is also
relatively low. Private investors in these regions are keen on using BIM for projects,
but public investors limit its use to infrastructure investments, such as the construction
of airports or passenger service terminals (e.g., Istanbul Grand Airport, Bahrain
International Airport, and Abu Dhabi Midfield Terminal).

In Europe, Western and Northern countries have been early adopters of BIM,
with the United Kingdom and Scandinavian countries emerging as market leaders.
Southern and Eastern European countries are adopting BIM at a slower pace. This
pattern is also evident in government initiatives, with countries like Finland, Norway,
Great Britain, France, and Italy leading in the implementation of BIM solutions in
public procurement [76, 77].

Ukraine falls into the group of countries that are still planning to introduce BIM
standards or mandates in public procurement, resulting in a slower adoption rate.
Currently, Ukraine lacks widely used BIM standards and substantial government
support or mandatory requirements in public procurement. Nonetheless, market
awareness is growing, especially among designers, and several public procurement
projects, mainly focused on BIM model design, have already been announced and
executed [78].

The SWOT analysis reveals that the current market conditions in Ukraine are
favorable for the implementation of Building Information Modeling (BIM). This
favorable position arises from the presence of more strengths than weaknesses and
more opportunities than threats. However, despite this positive outlook, rapid
advancements in BIM adoption within the Ukrainian construction industry are
unlikely.
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The most effective strategic approach for implementing BIM technology in
Ukraine appears to be an aggressive development strategy, suitable for "maxi-maxi"
situations. This strategy focuses on maximizing the utilization of both strengths and
opportunities to facilitate the widespread and dynamic adoption of BIM in everyday
construction practices. It is essential to leverage the strengths of BIM whenever the
external environment offers suitable opportunities.

To promote BIM, it is crucial to engage leading companies in the construction
market by highlighting the potential for reducing investment costs, thereby
encouraging the adoption of BIM. Additionally, the introduction of specialized BIM
programs in universities can address the current skills gap. By offering dedicated
courses, these programs will help produce a workforce proficient in various BIM
applications over the next few years.

Furthermore, strategic initiatives should include:

e Industry Partnerships: Collaborating with leading construction firms to
showcase successful BIM projects and their cost-saving benefits.

e  Government Support: Advocating for government policies and incentives
that promote BIM adoption in public and private projects.

e  Awareness Campaigns: Conducting workshops, seminars, and conferences
to raise awareness about the advantages of BIM among industry
stakeholders.

e Continuous Learning: Establishing continuous professional development
programs to keep practitioners updated on the latest BIM technologies and
practices.

By implementing these strategies, Ukraine can create a robust foundation for the
successful integration of BIM technology, ultimately leading to more efficient, cost-

effective, and innovative construction practices.
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SECTION 3. FOOD AND LIGHT INDUSTRY TECHNOLOGY

DOI: 10.46299/1SG.2024.MONO.TECH.3.3.1

3.1 Optimisation of drying of Sorbus aucuparia fruit processing derivatives using
the response surface methodology

Abstract. In any food production process, it is important not only to produce a
high quality product, but also to minimise production waste and reduce energy
consumption. In recent years, customers have also been paying particular attention to
biological value, which has led to an increase in the popularity of natural products.
Finding new types of unconventional raw materials and choosing a rational way to
process them is an important task for scientists. The object of study in this case was
the fruit of Sorbus aucuparia. The purpose of the study was to determine the influence
of the interdependence of technological parameters and to establish the optimal
parameters for rowan drying using the method of mathematical modelling, namely the
response surface methodology. The process of processing Sorbus aucuparia fruit
included preliminary freezing, defrosting, osmotic dehydration, drying and grinding.
Research methods. The modelling and processing of experimental data was performed
using the Statistica 10 package, namely, the construction of the experiment planning
matrix in the form of a table, the finding of response functions, regression and analysis
of variance models. The method specified in DSTU 8004:2015 was used to determine
the mass fraction of moisture. The content of vitamin C in the experimental powder
samples was studied using the HPLC method (high-performance liquid
chromatography). Results. According to the solved model for all the presented rowan
fruits, the optimal value is the drying temperature (50...55)°C, at which the maximum
desirable value of moisture content, vitamin C content in products and attractive
appearance are observed. A factor that affects the drying of wild berry derivatives is
the duration of the process. The optimal value is a drying time of 110...120 minutes.

Conclusion. Using the method of mathematical modelling, namely, the

methodology of response surfaces, the influence of the interdependence of
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technological parameters and the establishment of optimal parameters for rowan drying
were determined.
Keywords: Sorbus aucuparia; food additive; drying; osmotic dehydration;

mathematical model

3.1.1 Introduction

One of the priorities of the food industry is to extend the shelf life of plant-based
products and preserve their biological value.

Traditional methods of processing plant materials include heat treatment at high
or low temperatures, dehydration and enzymatic preservation.

In the process of high-temperature heat treatment, changes occur in the structural-
mechanical, physicochemical, biochemical, chemical, microbiological, organoleptic
properties, nutritional and biological value of raw materials [79].

Fresh berries, which contain biologically active compounds, are perishable under
natural conditions. Drying is one of the most effective processing methods that can
extend the shelf life of berries, while retaining nutrients and active ingredients to a
large extent. However, the taste and texture of the final product largely depend on the
drying method [80].

Berry crops have a high water content (80-90 %). In addition to water, berries
contain cell sap, which consists of undissolved nutrients and biologically active
substances, nitrogenous substances, carbohydrates, vitamins, mineral salts and
aromatic compounds. About 10...15 % of the total water is retained by plant colloids
and requires significant energy consumption for its removal [81].

An experimental study [82] of drying viburnum berries at different temperatures
of the drying agent (55, 70, and 85 °C) and air circulation rate (0.5 m/s) showed that
the samples obtained almost did not differ in most physical properties, except for skin
hardness and elasticity. However, a significant difference was found in the drying time
of the berries. At a hot air velocity of 0.5 m/s, the drying time for viburnum fruit was

more than 44 hours at 55 °C and approximately 7 hours at 85 °C.
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In modern practice, infrared dryers are increasingly being used to dry food
products, which have several advantages. These include shorter process times due to
high drying speeds, energy savings, greater control over temperature conditions,
improved product quality, lower environmental impact, and the ability to combine with
other dehydration methods. The combination of infrared radiation with other drying
methods is a very promising area, as it not only speeds up the process but also preserves
the quality of products [83].

The infrared drying method is based on the use of infrared radiation properties.
Its safety for the environment and humans is a primary advantage. Infrared rays of a
certain wavelength are absorbed not by the tissues of the fruit, but by the water
contained in them, which allows moisture to be removed at low temperatures (up to 50
°C). This approach prevents cell destruction, which makes it possible to preserve
almost all the content of vitamins and other biologically active substances up to 90 %
of the original raw material. In addition, this method ensures that the natural aroma and
colour of the product is preserved [84].

There are already studies on the impact of different drying conditions on
strawberry quality. The drying time decreased with increasing infrared power,
temperature and air speed. Increasing the power from 100 W to 300 W, the temperature
from 60 to 80 °C and the speed from 1.0 m/s! to 2.0 m/s! reduced the fruit colour quality
index. In terms of total phenol and anthocyanin content, 300 W, 60 °C and 1.0 m/s’
were superior to the other experimental conditions. Drying processes increased the
content of N, P and K and decreased the content of Ca, Mg, Fe, Mn, Zn and Cu. The
optimal conditions for nutrient retention during infrared drying of strawberries were
200 W, 100 °C and 1.5 m.s' [85].

Osmotic dehydration is an effective method of preliminary preparation of raw
materials before drying, which allows improving the quality of dried products and
preserving their sensory properties and biological value [86].

During osmotic dehydration, plant materials are immersed in a hypertonic
solution, where they absorb exogenous fluid. This process partially removes water

from the cells, which facilitates the subsequent removal of moisture during drying [87].
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As a result of osmotic dehydration, the concentration of valuable substances in the raw
material increases and the drying time decreases, which helps to maintain product
quality [88].

Known methods of drying wild berries require the use of high temperatures, which
can cause significant losses of nutrients, which can range from 20 % to 80 % [89].

In [90], infrared drying tests were carried out at temperatures of 60, 70, 80 and 90
°C to assess the drying rate, as well as the colour and texture of the finished product.

There is also a study of Ugni molinae Turcz berries to determine the drying
characteristics and compare the quality of the dried product under convective and
combined convective-infrared conditions at temperatures of 40, 50 and 60 °C and
power of 400-800 W [91].

There are also results of a study where the optimal conditions for drying grapes
and goji berries were infrared heating at a temperature of 65 °C, with a drying time of
about 720 minutes for grapes and 450 minutes for goji berries [92].

Pointing et al. [93] were the first to develop osmotic dehydration of food products.

Vial [94] and Heng et al. [95] studied the kinetics of osmotic dehydration of
papaya and kiwi in sucrose and glucose solutions.

Torregianni [96] investigated the quality of osmotically treated cherries and
analysed sugar content, colour, acidity, vitamin C content, pH and organoleptic
characteristics.

Mass transfer during osmotic dehydration of pineapple was studied by Beristain
et al. [97].

Pragati et al. [98] investigated the effect of drying methods on the nutritional
composition of dehydrated amla fruit (Emblica officinalis Garten) during storage. The
fruits were dried using different methods, namely air drying, direct sun drying, indirect
sun drying and oven drying. It was observed that the air drying method resulted in
better preservation of nutrients such as ascorbic acid and sugar. Tannin levels were
found to be lower in air-dried amla compared to other drying methods.

El-Aouar et al. [99] studied the effects of two different osmotic agents (sucrose

and corn syrup) on the osmotic dehydration of papaya (Carica papaya L.) slices. The
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dehydration in sucrose solutions was higher than in corn syrup solutions, which is
explained by their higher viscosity and polysaccharide content.

Haj Najafi et al. [100] studied the effect of the osmotic dehydration process on the
mass transfer and quality characteristics of red pitaya (Hylocereus polyrhizusis) using
a sucrose solution at 35°C. The sucrose solution was used at concentrations of 40, 50
and 60 per cent. It was observed that increasing the sucrose concentration and
dehydration time resulted in softer tissue of the dehydrated product and a
discolouration compared to fresh red pitaya.

Ibitwar et al. [101] studied the effect of different osmotic agents (sugar and sugar
glycerol) on the increase in dry matter and water loss during osmotic dehydration of
plums. Drying was carried out at 45, 55 and 65°C. It was found that osmotic
dehydration followed by air drying resulted in a shorter drying period and a reduction
in total convective dehydration time by 240 min and 120 min in sugar and sugar-
glycerol solutions, respectively, compared to convective air drying. The drying rate
curves did not have a constant period and showed a linear decrease in rate throughout
the drying process.

Taking this into account, the aim of the work was to the purpose of the study is to
determine the influence of the interdependence of technological parameters and to
establish the optimal parameters of rowan drying using the method of mathematical

modelling, namely, the response surface methodology.

3.1.2. Experimental part

3.1.2.1. Procurement of Raw Materials. The raw material for the production of
food powdered additives from berry processing derivatives is the fruit of the common
rowan (Sorbus aucuparia), which is harvested in Sumy region. Vegetable powders
made from berry derivatives are produced from high-quality fruit and berry raw
materials that are not damaged by diseases and pests. Processing of fruits and berries
with signs of decay is not allowed. Fruits were harvested at the state of consumer
ripeness, when they are fully formed, have acquired the colour, taste, aroma and dense

flesh characteristic of the variety.
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3.1.2.2. Pretreatment of Raw Materials — osmotic dehydration. We have
developed a technology [102] that involves the processing of wild berries into
functional powders. It differs from other methods of powder production by using
osmotic dehydration before drying. Preliminary dehydration of berries takes place in a
concentrated (70 %) sugar solution. After separation from the osmotic solution, the
berries are dried in infrared dryers at 50 °C to a moisture content of 7-10 %. This
method reduces energy consumption by shortening the drying time.

3.1.2.3. Development of dry wild berries and their powders. The dried berries are
crushed to a powdered structure and then sorted into fractions of different degrees of
dispersion. The dried material is ground to a powdered structure using a laboratory disc
mill LZM-1 and sieved using a set of brass sieves Ne 045, Ne 035 and Ne 016.

3.1.2.4. Experimental design for optimization of drying Sorbus aucuparia L.

The optimisation of the parameters of drying rowan fruit derivatives consisted in
choosing the most effective variant of technological processes.

The optimal parameters for drying rowan fruit derivatives were determined by
analysis of variance and regression. The method of mathematical modelling, in
particular, the methodology of response surface on the data of a full-factorial
experiment, was used.

Temperature (t, °C) and duration (1, min) were chosen as controlling factors
(independent variables). The control parameters (dependent variables) are humidity (o,
%), vitamin C content (C, mg/100 g), and appearance (A, point).

To create an experiment planning matrix, we plan to change the control factors at
three levels: X,, -X; +X, with a variation step of £A . The levels of variation of the

control factors of the full-factor experiment are presented in Table 1.
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Table 1.
Levels of variation of controlling factors in the system of drying rowan fruit

processing derivatives

Operation Designation Control parameters
t, °C T, min
Variation interval +A 5 30
Levels:
zero 0 55 90
lower -1 40 30
upper +1 70 150

The modelling and processing of experimental data was performed using the
Statistica 10 software (Statsoft Inc., USA), namely, the construction of the experiment
planning matrix in the form of a table, the finding of response functions, regression and
variance analysis of models.

The adequacy of the developed models was checked by the method of analysis of
variance. For the adequacy of the models, the level of significance of the loss of
consistency for the models should be p < 0.05 and the value of the determination
coefficients (R?, R?%q;) should be close to one, the calculated Fisher's criterion (Fcaiculated)
should be greater than the tabulated one (Fiabie).

3.1.2.5. Physicochemical analysis of wild berries powders.

To determine the mass fraction of moisture, the method defined in DSTU
8004:2015 was used. A pre-dried and weighed burette with a glass rod, lid, and sand
was used to weigh a crushed PPR sample weighing 5 grams. The burette with the
sample was placed in a drying oven heated to a temperature of (105 + 2) °C. The drying
time was started when the thermometer read 105 °C. After 40 minutes of drying, the
bays with the sample were loosely covered with lids, placed in an evaporator for 20
minutes, and then tightly closed with lids and weighed.

The mass fraction of moisture (x) in percent was calculated by the formula:

ml—-ma2

W =

xk, (1)

ml—m3
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where m; is the mass of the burette with lid, stick, sand and suspension before
drying, g;

m; is the mass of the flask with lid, stick, sand and suspension after drying, g;

my; is the mass of the flask with lid, stick and sand, g;

K - correction factor.

The content of vitamin C in the experimental powders samples was studied using
the HPLC method (high-performance liquid chromatography). For this purpose, an
Agilent Technologies 1200 apparatus with a UV-Vis Abs detector was used, which
operated at A = 240 and 300 nm. The column used for the analysis was a C18 (Zorbax
SB-C18) with dimensions of 4.6 x 150 mm and a 5 um mesh. The mobile phase
consisted of methanol and 0.02M KH2PO4 solution in a ratio of 20:80. The analysis
was performed using isocratic processing with an elution rate of 1 mL/min and an
analytical column temperature of 40 °C. The injection volume was 20 pl.

Samples were extracted by adding 20 ml of mobile phase to powdered samples
weighing 1 gram and liquid samples in a volume of 5 ml. After extraction, the samples
were centrifuged three times for 10 minutes at 10,000 rpm using an OPN-12 centrifuge.
The extracts were filtered using an Agilent PTFE filter with a mesh size of 0.45 um.2.6.

Statistical Analysis.

In order to avoid systematic errors, the study was conducted in a randomised
manner — the experiments were conducted not sequentially as specified in the plan, but
in a random order. Each series of experiments (N = 9) was repeated 3 times.

The mathematical and statistical processing of the obtained results was carried out
on a computer using Statistica 10 software (Statsoft Inc., USA). The determined value
of the reliability of the deviation (p) does not exceed 0.05, which indicates that the

value of the accuracy indicator (P) of the results is more than 0.95.

3.1.3. Research results and their discussion
Since the design of a full-factorial experiment creates a matrix of two control
factors (t, 1) at three levels of change (X,, -X; +X), the experiment will be carried out

according to the number of sufficient experiments, which is calculated by Eq:
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N=3"=33=9, Thus, 9 experiments are sufficient to implement all possible combinations

of changes in the control factors. The matrix-plan of the full-factorial experiment and

the averaged results of moisture content (¢, %), vitamin C content (C, mg/100 g) and
appearance (A, point) under the determined control factors are shown in Table 2.

Table 2.

Matrix-plan of a full-factor experiment of the influence of controlling factors

on control parameters and averaged research results in the system of drying rowan

fruit processing derivatives

Indication of
the level of Controlling
No. of Control parameters
_ change of factors
experiment
factors

t,°C t,min t,°C t,min ¢,% C,mg/100g A, point
1 -1 -1 40 30 33,5 12,1 2,1
2 -1 0 40 90 27,2 8,5 2,3
3 -1 +1 40 150 16,7 4,1 3,2
4 0 -1 55 30 23,5 7,5 2,5
5 0 0 55 90 7,5 1,7 4,5
6 0 +1 55 150 6,0 1,4 4,0
7 +1 -1 70 30 18,5 6,5 2,8
8 +1 0 70 90 7,5 1,4 4,0
9 +1 +1 70 150 4.5 1,0 3,9

At the first stage of mathematical processing of the experimental results, the
significance of individual components of the mathematical model — regressors — was
assessed, and the adequacy of the obtained mathematical model for obtaining powders
of rowan fruit derivatives was evaluated.

The analysis of variance of the influence of controlling factors on the control
parameters of obtaining powders derived from the processing of rowan fruit is

presented in Table 3.
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Table 3
Dispersion analysis of mathematical models for drying rowan fruit processing

derivatives

Fisher's criterion

Controlling factors SS df MS
I:calculated I:table

Temperature, °C 430,447 2 215,223 25,719 5,99
o\i Duration, min. 407,420 2 203,710 24,343 5,99
(D)
§ Net error 33,473 4 8,368
wn
g SS 871,340 8

R? 0,962
= Temperature, °C 50,149 2 25,074 17,832 5,99
‘% = Duration, min. 68,936 2 34,468 24513 5,99
S S Neterror 5,624 4 1,406
c D
£ E SS 124,709 8
©
- R? 0,955
= Temperature, °C 2,362 2 1,181 5111 5,99
8  Duration,min. 2816 2 1408 6091 599
% Net error 0,924 4 0,231
g;_ SS 6,102 8
< R? 0,849

The variance analysis confirmed the significance of the selected control factors
according to the Fisher's criterion: Feaculated > Frable, Where Feacuiates 1S the calculated
Fisher's criterion, Fupie IS the critical Fisher's criterion. Accordingly, according to the
analysis of variance, the control factors for which the value of the calculated Fisher's
criterion is greater than the critical value (Fcarculated > Franie (5.99)) are considered
significant, that is, capable of influencing and effectively moving the drying process
towards the goal — the maximum of the control parameters. Thus, the duration and
temperature of drying are significant factors for the presented mathematical models of

drying rowan fruit derivatives.
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The adequacy of the mathematical models was checked by the determination
coefficient R2, which numerically expresses the proportion of variations in the
dependent variables — the higher the R? value, the greater the proportion of variations
explained by the variables included in the mathematical model.

The coefficient of determination (R?) in the mathematical models (Table 3) is as
close as possible to one, so the studied mathematical models are adequate and suitable
for calculating the optimal values of the control factors.

The regression analysis performed in Statistica software in the mathematical
models of drying rowan fruit processing derivatives was used to calculate the
coefficients for the variables of the regression equation and to determine their

significance. The results are summarised in Table 4.

Table 4.
Regression analysis of mathematical models for drying rowan fruit processing
derivatives
Control parameters
Controlling factors Mean / ’ 2
t T T
Interc.

Coefficient on
variables (b)
Standard errors
of estimates (Sp)
Student's
criterion (t — 5,001 -3,273 2,762 -2,752 1,491
criterion)
Significance
level (p)
Coefficient on
variables (b)
Standard errors
of estimates (Sp)

133,859 -3,283 0,025 -0,287 0,001

26,767 1,003 0,009 0,104 0,001

Moisture, %

0,007 0,031 0,005 0,006 0,021

48,355  -1,186 0,009 -0,133 0,001

10,972 0,411 0,004 0,043 0,001

Vitamin C content,
mg/100 g

Student's
criterion (t— 4407  -2.884 2465 -3110 1,868
criterion)
Significance 0012 0045 0006 0036 0,014
level (p)

Coefficienton  g,05 5335 0003 0036 -0,001
variables (b)

Standard errors 4,448 0,167 0,002 0,017 0,001

Appea
rance,
point
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Control parameters

Controlling factors Mean / ) 2
Interc. t t * *
of estimates (Sp)
Student's
criterion (t — -1,857 2,015 -1,814 2,086 -1,519
criterion)
Significance 0013 0011 0014 0011 0,020
level (p)

The mathematical equations of the mathematical models and a visual
representation of the response functions, which depicts the nature of the influence of

control factors on the drying of wild berry processing derivatives, are shown in Fig. 1.
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Appearance =-8.261 + 0,336:t - 0,003-t> + 0.036T - 0.001-7°
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<24
<19
<14
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Figure 1 - Changes in control parameters from controlling factors during drying of
rowan fruit derivatives:

a) moisture content, %; b) vitamin C content, mg/100g; c) appearance, point

Determining the optimal rational drying parameters means selecting such modes
that will ensure the minimum duration and energy consumption of the process, and
the output will be a product with the highest possible technological properties,
nutritional and biological value.

The constructed response surfaces (Fig. 1 a) show that the minimum moisture
content in the powders of rowan fruit derivatives is observed in the temperature range
(60...70)°C. The optimum drying temperature was chosen taking into account energy
consumption and product quality indicators. From the point of view of energy
consumption, the shorter the drying time, the higher the degree of heat utilisation, but
product quality is also strongly influenced by the temperature. Therefore, the drying

temperature was selected to ensure that the drying time was kept to a minimum and
the resulting powder was of the highest quality. The analysis of the response surfaces
in Fig. 1b shows that high temperature values contribute to a decrease in the vitamin

C content. At low temperatures and at high temperatures, the appearance of the
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resulting dry products is not satisfactory, characterised by low scores. According to
the solved model for all the presented rowan fruits, the optimal value is the drying
temperature (50...55)°C, at which the maximum desired value of moisture content,
vitamin C content in products and attractive appearance are observed.

A factor that affects the drying of wild berry derivatives is the duration of the
process. If the time is not rationally chosen, energy consumption increases, and vice
versa, if the process is not carried out sufficiently, the quality of the finished product
decreases. The analysis of the response surfaces in Fig. 1b show that with an increase
in drying time, the moisture and vitamin C content decrease, the latter being
undesirable. The optimal value for solving this model is the drying time (110...120)
min.

Rowan berries (Sorbus aucuparia) are known for their high vitamin C content,
making them a valuable addition to the diet for boosting immunity and overall health.
Rowan is reported to contain three times more ascorbic acid than oranges [103].

The results of the study of the vitamin C content in powdered food supplements

and raw materials are shown in Figure 2.
3,5
3
2,5
2
1,5
1
0,5

fresh fruit ~ powder
m Vitamin C content, mg/100 g 3,01 1,72

Figure 2 - Vitamin C content in fresh rowan fruit and powders
The proposed method of processing rowan fruit, using osmotic dehydration,

allows preserving the content of vitamin C in their processed products by 72%.
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According to some scientists [104], the content of ascorbic acid in rowan fruits
and their processed products is about 0.10-0.42 mg/g. The recommended intake of
ascorbic acid is 60 mg per day. When freshly frozen rowan berries are stored in a starch-
sugar mixture, the vitamin C content decreases by 33-40% [105], and the shelf life of
such berries is only 6 days. Using our proposed processing method, the shelf life of the
powders is 12 months.

3.1.4. Conclusion

Osmotic dehydration is an important stage in the production of dried food
products, which allows improving the quality and preserving the valuable properties of
raw materials.

Using the method of mathematical modelling, namely, the methodology of
response surfaces, the influence of the interdependence of technological parameters
and the establishment of optimal parameters for rowan drying were determined.

Summarising the results of the experimental data, planning the experiment with
the establishment of an adequate mathematical model and its solution, the optimal
technological parameters for drying rowan fruit derivatives and obtaining powders
were determined in the final version: temperature — (50...55) °C; duration — (110...120)

min.
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3.2 TexHouioris "'x0/101HO01 nacTepizamii' Mos0ka

ITocTanoBKka mpo0JieMn y 3arajibHOMY BUIJISII.

KonkypeHTo31aTHICTh MPOAYKINT 3aJI€KUTh BiJl OaraThb0X YMHHUKIB, 30KpEMa,
Bl BapTOCTI CHPOBUHH, COOIBApTOCTI BUPOOHHUIITBA, SIKOCTI TOTOBHUX TOBApIB,
BOXJIMBOCT1 JIJISL JKUTTS, i1 MOIIMPEHHS Ta HACMYCHHS HA PUHKY TOIIO. TpaauiiiiHi
METO/IH, III0 3aCTOCOBYIOTHCS Y BUPOOHUIITBI TPAKTUIHO BUYEPTIAIA CBOT MOXKJTHBOCTI
o0 €(PEeKTUBHOCTI Ta KapAMHAIBHOIO TMOKPAIICHHS SKICHHX, TEXHOJOTIYHUX,
€KOHOMIYHMX Ta CIOKUBUMX MOKJIMBOCTEN. JIFOCTBO yBIMIILIO B €py HAHOTEXHOJIOT1H
Ta MIKpPOCBITY J€ € IIHMPOKE TMOJie JJs YJAOCKOHAJICHHS BCiX BUPOOHHUUYHX Ta
TEXHOJIOTTYHHUX MPOLIECIB, ypI13HOMaHITHEHHS POTYKITIT, T1JIBUILICHHS
eHeproe(PeKTUBHOCTI Ta 3HUKEHHS COO1BApTOCTI.

MoJioko Ta MOJOYHI MPOAYKTH € OOOB’S3KOBUMHU CKJIQJIOBUMH PAIIOHY
XapuyBaHHS JIIOJIMHUA 1 BiJ TEXHOJOTIi BHUPOOHUIITBA, 3arOTOBKM Ta MEPEpOOKU
3aJIEKUTh OE3MEYHICTh, CMAK Ta BAPTICTh KIHIIEBOTO MPOAYKTY. MOJIOKO — LIIHHMIA
O10JIOTIYHUN TIPOAYKT JO CKJIaAy SIKOTO BXOJATH JKHPH, OUIKH, JaKTO3a, BITaMiHH,
MIKPOEJIEMEHTH TOLO. SIKICTh MOJIOKA, SIK MPOAYKTY CHOKMBAHHS, 3aJ€XKHUTh BiJ
HAsBHOCTI B HHOMY PI3HUX MIKPOOPTaHi3MiB, B TOMY YHCII 1 matoreHHUX. [Ipu yomy,
YuM OUIbIIa KUTBKICTh OakTepi, TMM HIDKYa SKICTh MOJOKa. MikpoopraHizmMu
ICHYIOTh Y MOJIOLII Ha Oyab-IKOMY eTari Horo 3arotiBii Ta nepepooku [106, C. 180-
182].

[lepBuHHE MOJOKO 3a CBOIMH BJIACTUBOCTSMH MICTUTh TakKi HEIOMYCTHMI
KOMIIOHEHTH, SIK YaCTUHKH 3a0PYIHCHHS 1 KPOBi, KJIITUHU 3 BUMEHI1, 0CaJI, TOMIIIKH 1,
3BHYaiiHO, OakTepiayibHy (JIopy, TOMY MOJOKO MiJJIsirae MNEpBUHHIMA 00poO1i:
OUYHIIEHHIO Bijl TBEPAUX JOMIIIOK, CIU3Y, iHIIOro 6pyay Ta oXonokeHHo 10 4-8°C.

[cHyIOTh Taki crmocoOW MPUTHIYEHHS, PO3BUTKY Ta 3HUIIEHHS MIKPOOPTaHI3MIB
y Mosoni. IX MOHa MOIIINTH Ha TpH TPyNu: 6GioIoridHi, XiMivHi i pisuuHi,

bionoziuni.

Jlo 6iomoriyHuX croco0iB, BIIHOCATH 3ac00u OOPOTHOU, IO MPUTHIYYIOTh PICT

KOJIOHIM MIKpPOOpPraHi3MiB, HampuKIaa NpH aKTUBI3alil (PEepMEHTIB, aHTUTII Ta
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JEUKOUUTIB HacTtynae OaktepunmaHa (aza 37aTHA NOPUSYNHHUTH — MPOIIEC
PO3MHOXKEHHS MIKpodJopu B MOJOI, a 3aCTOCYBaHHS aHTHOIOTHKIB MOXKE
3HE3apakKyBaTH CUPE MOJIOKO.

[Tepmuii croci6 B)Ke 3aCTOCOBYETHCS IIiJT Yac MEPBUHHOI OOPOOKH MPOIAYKTY
iHGpauepBOHUM HHU3BKOIHTEHCUBHUM JIa3€pPHUM BUIPOMIHIOBAHHSM, 30KpeMa Ha
nignpuemcTBax Kazaxcrany [107], a qpyruii Mae CyTTEBI HEIOTIKH, 30KpeMa TOMY, 10
aQHTUOIOTUKHM 3aJIUINAIOTHECS B MOJIOIIl HAaBITH MICIAS TEPMIUYHOI OOpPOOKHM Ta HOro
30epiranHi 1 YUHATH HETAaTUBHY JII0 HA OPTaHI3M CHOXKMBaya, a TAKOX YCKIIaTHIOIOTh
TEXHOJIOT1I0 TPU BHUPOOHUIITBI MOJIOYHMX MpoayKTiB. B VYkpaini meit cmocid y
MOJIOYHIHM MPOMHCIIOBOCTI He 3acTocoByeThes [108].

Ximiuni.

[{s rpyna crioco6iB BIUIMBY Ha MOJIOKO KOHCEpBaHTaMHU, JAe31HPEKTaHTAMU 1 X
KoMmOiHamiaMu. Halikpamum 3 HHUX BBaXKAa€ThCA CMOCIO KOHCEPBYBAaHHS MEPEKUCOM
Boauio (H,O,) [108, 109].

B Ykpaini nieii coci6 3adoponenuti [110]. KorncepByBatu Oy1b-1K010 XIMIYHOIO
PEYOBHHOIO MOJIOKO, MPU3HAYCHE I XapUOBUX ITiJICH, KaTETOpUIHO 3a00POHEHO, TaK
K B PE3yabTaTl peakilii 3 MOJOKOM MOKJIMBA 3aJUIIKOBA TOKCHYHICTh XIMIYHUX
PEYOBHH.

Di3uyHi.

Haiinmommpenimn criocobu - ¢izuuni. BoHn Ait0Th SK Ha 3HUINCHHS, TaK 1 Ha
BUJIAJICHHSI MIKpOOPTaHi3MiB 13 MoJIoKa. JlaHHI criocoOu MOXKYTh 3/A1HCHIOBAaTUCS 0€3
3MIHU TEMIEPATYPH MOJIOKA 1 3 11 3M1HOIO ( 3 TIABUIIEHHSM 200 3HUKEHHSIM).

Jlo 1uux MeToAiB Hauexarb: (UIBTpallis, BIAIECHTPOBE OUHUIIEHHS,
OXOJIOJDKCHHS,  3aMOPOKYBaHHS,  KHUIT'STIHHSA, TacTepu3allis, CTepuIi3alis,
yJIbTparacTepu3ailis, MOBEPXHEBE  TEpTs,  TOHKOIIApOBa  MacTepu3allis,
eJeKTponacrepusaitis, 0o0pooka crpymamu HBY, yiabTpazBykoMm, €JIEKTPOMAarHiTHUMHU
konuBaHHsMM Touto [107, 109, 110, 111].

3a 3BUYAM 3HIWKEHHS TIOKa3HWUKIB 3a0pyJHEHHS TMPOAYKTY JIOCATAETHCS
TPaIULIMHUMU CIIOCOOAMU: MEXaHIYHUM OYMIICHHSM - (QLIbTpaIie€ro abo cenaparliero

B IIEHTpHU( Y31, 00POOKOIO TEMIOM ab0 XOJIOJOM.
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3araJiIbHUM  HEAOJIKOM TPaauIlIMHUX CHOCOOIB OOpPOOKM MOJIOKa IS
1HaKTUBAIl1 MIKpOQJIOpH €:

- HU3bKa eHepreTuvHa e(eKTUBHICTb NMPU 1HAKTUBALIL (A 3HUIICHHS M13epHOI
MacH MiKpOOpTraHi3MiB JOBOJUTHCS HATPIBaTH /10 BUCOKHX TEMIIEpaTyp YBECh
00’€M TPOIYKTYy 3 BUTPUMYBAHHSIM MOr0 3a MaKCHMAaJbHOI TeMIIepaTypH
MeBHUH Yac);

- 3MiHa NPUPOHOTO CMAKY Ta pyHHYBaHHS IIHHUX BITaMiHIB ITpU 00pOOIIL;

- TEXHOJIOT1YHI BTPaTH MPOIAYKTY (BUXIJ Ha PEXUM Ta 3aBEPIICHHS IMPOLECY

00poOKN).

AHaJI3 OCTAHHIX JOCTITKEHb Ta My0JIiKaLii.

3acTocyBaHHS aJIbTEPHATHUBHUX CHOCOOIB OOpOOKM MOJOKA ITiABUIILYE
eHEeproe(PeKTUBHICTh MPOIECY, 3MEHIIY€ HETATUBHUM BIUIMB Ha 010JI0TIYHY IIHHICTh
MPOJYKTYy, ajie, MEPEBAKHO, BUMAra€ CKJIAJHOTO JIOPOroro OOJIaJlHaHHS YU Mae
OOMEXKEeHHS.

«XoJno1Ha nacTepu3allis» BKe TPUBAIMI YacC IIKABUTh BUPOOHUKIB MOJIOYHHUX
MPOJIYKTIB Y€pe3 BUCOKY €HEProeeKTUBHICTh Ta MIHIMAJILHUN BIUIUB Ha TIPUPOIHY
AKICTh MOJIOKa. OcOOJMBO 1€ CTOCYEThCS BHUPOOHUKIB TBepaux cupiB. CydacHa
TEXHOJIOTisl BUPOOHULTBA TBEPAOrOo CHUPYy IepeAdadae OakTepiaJibHE OYMILECHHS
CHUpOro MoJjioka B 6akTodysi (3a HeobximHocTi) npu TemnepaTypi Buie 60°C, ane ne
HE TapaHTy€ 3HEMIKOJDKEHHs maToreHHoi mikpoduopu. Tomy IHTepec 10 BHBYEHHS
BIUTUBY yibTpadioneToBoro BuripominioBaHHs (Y PB) Ha KOMIOHEHTH 1 MIKpOdIOpy
XapuoBUX TMPOAYKTIB OOYMOBJICHMNM TEPCHEKTUBOIO iX  IIECTIPSIMOBAHOTO
BUKOPUCTaHHA Ui TOTJIHOJCHOTO pETyJIIOBaHHS BIIACTUBOCTEH OJIEPIKyBaHUX
OpOAyKTiB. 3MiHM, 11O BinOyBaroThCcs Mmifg aieto Y®OB y OakTepiix 1 HIKYMX
opraHi3max, IpOXoJiTh HACTYITHI TPH CTali: 30yJKEHHS 1 MOCUJICHHS pyXY, IOYaTOK
JNECTPYKTUBHUX 3MiH, CMEPTh KJIITHHU B pe3ynbTaTi (poTroxiMiuHux npoueci. Kpusa
OaxTepunuaHoi epextuBHOoCTI Y DB BianoBifae crnekTpy NOTIMHAHHS HYKJIETHOBHX
KHCIIOT, TOOTO wMimeHHI0 Y®B € wmonexkynu JIHK. Haituytnusimoro po mii

ybTpadioeTOBUX MPOMEHIB (PYHKIlIA KITUHU - moaul. OnpoMiHEHHS TIPU TIEBHIN
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7031 BHUKJIMKAaEe 3yNUHKY moauty Onu3zbko 90%  OakTepialibHUX — KJITHH.
VYabTpadiosieToBl IPOMEHI BUKIMKAIOTh B HYKJICTHOBUX KUCJIOTaX 3MiHH, sIKI 3TyOHUM
YUHOM BIUTUBAIOTH HA PICT, MO, CIIAJAKOBICTh KIIITHH, TOOTO Ha iX OCHOBHI MPOSBU
KUTTEMIAIBHOCTI [112].

Takox, iCHYIOTh JaHi, SKi JOBOJATH, IO OKpiM mpsmoi mii Ha JIHK,
ynbTpadioieToBl MPOMEHI 1HAYKYIOTh HEMPSIMHUM ILUISIXOM MyTallil, BUKIUKAIOYH B
KJIITUHAX YyTBOPEHHS BUIBHUX paJuKaliB 1 TMEPEKUCIB, 10 MalTh MYTarcHHI
BJIACTHBOCTI. Taki >k MyTareHH1 peuOBMHU BUHUKAIOTH Mif Ai€t0 Y D-cBiTia B piaKux
KUBUJILHUX CEPEIOBUILAX JUISI KYJIbTUBYBAaHHS OAKTEPIii, 1110 TOMITHO 301JIBIITY€E Y HUX
yacToTy myTaiiii [113].

JleranbHa nis Y®B Ha XBOpOOOTBOPHI MIKPOOPTaHi3MHU 1 HOro 0e3CyMHIBHA
e(eKTUBHICTh JaBHO J00pe BIIOMI 1 MIATBEpPHKEHI OaraThMa BHUIIPOOYBAHHSIMH.
HaiiOinpm1 mO3UTUBHI pe3yibTaTH 1 yCHilIHA €QEKTUBHICTh JOCATHYTI 32 PaXyHOK
BUKopucTanHd Y®B npu nesiHdekuii Boau uepe3 ii BHCOKY HIPO30PICTh MpH
3HEIIKO/DKEHH1 BIpYCiB, OakTepid, APDKHKIB, HAUIPOCTIIIUX OPraHi3MiIB 1 1HIIMX
naToreHiB moaunu [114].

Benuke K010 1OCHIIKEHb MPUCBSIYEHE XapYOBUM PIAMHAM, 1110 Ma€ OOMEKEHY
po30picThb (MenaHxk, Mosioko o) [115, 116, 117, 118, 119, 120].

Hanpuxknaz, npu BBl Y®B 03010 ~ 2,860 m/[>x/Mi1, Ta cepeHiil MBUIKOCTI
noToky 168 Mi/xB, gocaraeThest 3HMAKEHHST Mycobacterium avium subsp. [lanuii tumn
OakTepiil BKpail CTIMKUKA 10 yJIbTpadloJeTOBOIO OMPOMIHEHHS, IO MiITBEPKYE
TOCHIDKeHHS 1HImMX aBTopiB [121, 122, 123], sxi AOoCHiKyBalyd 1HAKTHBAIIIIO
Mycobacterium avium subsp. Paratuberculosis npu Y ®-BruiuBi B oBITpi 1 BOI.

Y 2002 pomi, rpyna pochigHukiB [124] mpoBena JI0CUTh cepilio3HE
BUIIPOOYBaHH, METOIO SIKOTO OyJI0 BUBYEHHSI BIUIMBY ITyJibcaliiHoro Y® nazepHoro
BUNPOMIHIOBaHHS (248 HM) Ha 3HE3apa)xKeHHs KOpoB'syoro Mosioka. O0'eM MOJOKa, B
KBaplLIOBiil KI0OBeTI, cTaHOBUB 1 MJ1. PicT Mikpoopranizmis - Me30¢iabHuX acpobiB (E.
coli O157: H7, L. monocytogenes, Salmonella choleraesuis, Yersinia enterocolitica,
Staphylococcus aureus, Aeromonas hydrophila, Serratia marcescens) OyB Biji3HaUeHUN

y 3pas3Kax, ONpOMiHeHuX mo3amu Bix 0,3 10 6,66 Jx/cM?2, oHaK IpH 301IbIIEHH] JO3H
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10 12,6 JIx/cM? Ta TpUBaOCTi BIIUBY 710 56 ¢, He OyJ10 BUSABIEHO POCTY 5KOJHOTIO i3
3a3HAYEHUX MIKpOOpraHi3miB npotsirom 21 nus. TakuMm 4MHOM, aBTOpU BCTAHOBUIIH,
10, B MPUHIIAII, PiBEHb OaKTEPiaIbHOTO OOCIMEHIHHS MOYKJIMBO KOHTPOJIIOBATH 3a
JIOTIOMOTOI0  JIA3€PHOTO MYJIbCAIIHHOTO  YIbTPadioeTOBOI0 BUIIPOMIHIOBAYa, 1
JOCATTH MPUHANMHI CKOPOUEHHS KIJTbKOCT1 OaKTepiil Ha 2 MOPSIAKH.

OcHOBHOIO TIepeBaroro yiabTpadioneToBoi 0OpOOKM MOJOKa KpiM HOTO
OakTepuIIMAHOrO e(EeKTy € MOXIUBICTh 3a0€3MeUYeHHs] MPU TEBHUX pPEKUMAax
MiHIMQJIBHOTO BIUTMBY Ha Oiunkm [125, 126, 127]. Tomy nutanss 3actocyBanas Y ©B
JUTSI 3HE3apaXKEHHS MOJIOKA, SIK 116 pOOUTHCS JIsi BOAM IOCUTDH aKTyajbHE.

Meta crarTi. Po3poOka i1HHOBaIiiHOI TEXHOJIOTIT Ta oOOJagHAHHSA IS
1HaKTUBAIll1 MIKPOQIJIOpU MOJIOKA.

BukJiax 0CHOBHOro MaTepiajy J0CaiIKeHHS.

MOoJ0KO € CKJIaJHOK CHUCTEMOI0, OCHOBHI KOMIIOHEHTH $IKOi - KHUp, OLJIOK,
JIAKTO3a, BITAMIHH, MIHEpaJIbHI PEYOBHHH TOILIO - MOKYTh ICHYBaTH y KOJIOITHOMY a00
PO3YMHEHOMY y BO/JIl CTaHi. TUIIOBE MOJIOKO KOPiB €BPONEUCHKUX MOPi MICTUTEH 87%
Boqu, 3,8% xupy, 3,4% OuikiB, 4,5% uykpiB (nakrto3u touio) ta 1,3% TBepaux
pedoBHH. BCcboro y HboMy MICTATHCS 0u3bk0 80 MiHEpATbHUX €EMEHTIB, TPUUOMY
B 1JICUIbHIN 151 3aCBOEHHS HAITUM OpraHizmMoM ¢opmi [106].

3Bakarou  Ha OOMEXeHy mpo3opicTh Mosioka g Y@ npomeHiB
3apONOHOBAHO MPUCTPIA — 3HE3apaKyBay-MOJOKOOUYUCHUK, SIKUM 3a0e3neuye
BIJIIJIEHHS. MIKpO(JIOpH BIJ OCHOBHOI YAaCTHMHM MOJIOKA 1 MOEAHYE TEXHOJOTIIO
MEXaHIYHOTO OYMIICHHS MPOAYKTY B LEHTpUQY31 13 3HE3apaKyBaHHSM OakTepiii B
TOHKOMY TIPOIIApKy B CEKIlli YyJbTpadiosieTOBOr0 IBOCTOPOHHBOTO OMPOMIHCHHS
[128].

3aBsSKM BUCOKIN MIBUAKOCTI 00epTaHHs OapabaHy 2 OUMCHHUKA 3aKPITUICHOTO Ha
BEPTUKAJILHOMY BaJly IPUCTPOIO OYUIIEHE BiJI MEXAHIYHUX Ta O10JOTTYHUX JOMIIIOK
MOJIOKO HaJXOJUTh 10 ceKilii Y@ onpoMiHIOBaHHS, YTBOPEHY JIBOMa KOAKCIaIbHUMU
KBapIOBUMH TpyOKamMu pi3HOTO miameTpy 5 Ta 6. Ilim miero BIAIEHTPOBHX CHIT
MiIKpo(dJI0pa MOJIOKa 3 OLIBIIO MMTOMOIO Barolo OCIJIa€ B MPOLIAPKY TOBIIMHOO 10

100MKM Ha BHYTPIIIHIH CTIHII 30BHIIIHKOI KBAPIIOBOI TPYOKH 5 Ta 00pobsisieTbest Y D
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MPOMEHSIMH 3 HEOOX1THOK €HEPreTUYHOIO JI03010 3a JIOMIOMOI'OK CBITJIOAIONIB 7, 8
(puc.1) [128].

[Ipu pospaxyHKy mapameTpiB CeKIlil yIbTpadioleTOBOr0 JIBOCTOPOHHBOTO
OIPOMIHIOBAHHS CIIOYATKY CKOPHCTAEMOCS PIBHSHHSM HEPO3PHUBHOCTI TOTOKY PiIMHA

I BU3HAUEHHS pyXy MoJIoKa B IeHTpudy3i [129].

PO "S =p,0,S, (1)

ne Uy, U, - MIBUAKOCTI PIAMHU B TOHKUX mepepizax 1 ta 2, m/c;

P1, P, - pimann B 1 Ta 2 nepepiszax, kr/m>;

S.,S, - momta nepepisis 1 Ta 2 piguan, M2,

) Jns  pimuHM, 1[I0 HE  CTHCKYEThCA
\ 14
‘. . .
o T (o, =p,=p ) PIBHAHHA HEPO3PUBHOCTI MOTOKY
1 8 N 11 1
g 2 N = . $ 0
ofF CITPOLIYEThCS
IR ] 7
i ~ ol
\ Rl
| I 1o . — . . —
72 ERYII AN S,-v,=S,-v,, adbo S;-y, =const (2)
b/ / ‘ﬁ; 7 LD p s 3
< s N NSO\ '“;.;:fi:t; - I3 bi 3 eni 5i . :
A '\ - 3 piBHAHHA 2 CITiAye, MI0 9AM OiIbIIni nepepis
s TpyOKM Teuii, TMM MEHIIA IBHMAKICTh Tedii i
N
) Mexaniuni 3abpy Henss HaBHaKI/I.

VY BuUmaakax KOJIM piuHA PYXAETHCS MO PYCIY
3MIHHOTO Tepepidy 1 pI3HOi BUCOTH, TO JUIS
NeAKoro i 00’eMy 3MIHIOETHCS 1 KiHETHYHA 1
NOTEHIIa]bHa €Heprisl 00’eMy piIUHU. A TOMY

MOXEMO, TICJIS NNEpETBOPCHDL, 3alIMCATH

Pucynok 1. BynoBa 3ne3apakyBaua-MOJIOKOOYMCHUKA
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1- yenmpanvna monouna mpyoxa, 2 — bapaban ouucrhuxa, 3 — NPUUMATbHUK
ouuweHo2co Monoka;, 4 — kauwan pomopy, 5,6 — keapyosi mpyoku cexyii Y@
ONPOMIHIOBAHHSA, 7,8 — 308HIWHA Ma 6HYMPIWHS C8IMI00I00HI mampuyi; 9 — KaHan

07151 Monloka cexyii Y® onpominenns; 10 — mionuii kodxcyx ycmanogxku, 12 — eusioHutl

KaHaJl.

2 2
) )
pzl +p-g-h+PR=F

+p-9-h+F, 3)

a0o0 17151 TOBLIILHOTO MEepepizy

p-v°

2

+p-0g-h +P =const (4)

2
RV . o . o o
e 'OT - quHaMi4Hui TUCK, O-0-N - rigpocraruunmit THCck, P — craTHYHMI

THUCK.
B3aoBx BepTukaii Ha 6akTepito, 10 ICHY€E B MOJIOII Jii€ criia ApXiMea Ta cujia

TSOKIHHS. Pe3ybpTyrouy cuily, O Jii€ Ha 0akTepito B3J0BX oci OY MOkeMO BU3HAUUTH

3 BUpasy

Fo=m-g-F.=p;'V-9-p,V-9=(p; —p,)V-0, ()
ae Py - ryctuHa 6akrepii, Kr/m>;

P, - TYyCTUHA MOJIOKa, KI/M°;

m — maca OakTepii, KT
Fa — cua Apximena, H;
V — 06’emM Gakrepii, M3

Sxmo B ueHTpudy3i 3aM0BHEHIA piauHOI0 OakTepis 00’eMoM Vp pyxaeThcs
HABKOJIO BEPTHKAIBHOI OC1 Ha BIACTaHI I' BIJ] HE1 TO MPU MOYATKY PYXy HEHTPUDYTH

BUHHUKAIOTh CUJIM 1HEPIIIT B TOPU30HTAIBLHOMY HampsaMKy 1o oci OX
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|

FiH =_m5 -d y (6)

ae d - IpUCKOPEHHS HelHEepLiaTbHOI CUCTEMH BIJUTIKY BITHOCHO 1HEPIIAJIbHUX,

M/c”;
Mmp — Maca OakTepii, KT;

F., — cuna imepii, H .

Jns obepTanbHUX CHUCTEM II€ TMPUCKOPEHHS MOXKe OyTH JOUEHTPOBHM (
a =w"-r), a cwin iHepIii, HampaBJyieHi BiJ oci oOepTaHHs, € BiAICHTpOBUMU. B

LHEeHTpUPYy31, 10 PYyXa€ThCs BIILIEHTPOBI CUJIU J1IOTh K HA 3aBUCJI TBEPl YACTUHKH,
TaK 1 Ha YaCTUHKY P1AMHHU, TAM CAMHM CTBOPIOIOYM YMOBH JIJIs cenapauii (po3ijeHHs)
YaCTUHOK 3a (hpaKiisiMu.

VY nentpudysi 3 pIIMHOIO IO PYXAETHCS, BIALEHTPOBI €PEKTU CIIPUUUHSIOTH

BUHHUKHEHHS B PIJMHI 3T1JTHO PIBHSIHHIO (4) 10JJaTKOBOT'O JUHAMIYHOTO THCKY

[
| il
2 1 :
P _ p’l/l : UM I H—
- ’ F F >
2 P — = dfpmm—
|
[
. . I
ne P - nunamiuyHuil TUucK, I1a; U
),

p,, - TyCTHHA MOJIOKa, KI/M>;
2 .
v, - BUJIKICTh PyXy MOJIOKA, M/C

Pucynok 2. O6epranus 6akrepii B

OCKIIbKH U= Wpy - I, TO HeHTpUPy3i

.a)z .r2
P:pm 2PT . (7)

2 .
ne @pr - KyTOBa IIBUIKICTh pOTOpA, pa/c;

I' — BiicTaHb (pajiyc) BiJ oci o0epTaHHs 10 OakTepii B HEHTPpUPY31, M
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Posrnsaemo 3aBucity B piauHi OakTepii 3 MiKpopo3mipaMu. st cripoleHHs
OyJieMO BBaXHUTH 11 MIIHAPUYHOI (hOpMHU 3 TToNepeyHuM nepepizoM AS (puc. 2). Ha
rpani 1 i 2 GakTepii OyAyTh IifTH CHJIM, BUKIMKAHI JMHAMIYHMM THCKOM. IX

piBHO/IHA Oye HanpasieHa 1o oci OX Ta BU3HAYaTUCS BUPA3OM

2 2 2 .2
pu.a) : (r + Ar) pM.a) r
FPJZ:FZ_F1:£ J PT 2 _ J 2PT jAS

@5, - AS (®)
PuGor 29 ;T (r2+2-r-Ar+Ar2—r2)
SIkio Ar << r, To MOKHA 3HEXTYBaTH J0JaHKOM AI? Ta OTpuMAarTu
FPﬂl:p,w'a)gT'r'Ar.AS:pM'V'a)ST'rl (9)
ToMy, 0 Ar-AS =V — 06’em 6akrepii, M>,
3riziHo 3 (6) BiILIEHTPOBA CHJIA 1HEPILIi, IO Ji€ Ha OaKTEePito TOPIBHIOE
Fow =p5 V05T (10)

OTxe, B pyxomiil 1neHTpudy3i piBHOAINHA CWJI, IO MiFOTh Ha OakTepilo B

TOPU30HTAJILHOMY HaIlpsIMKY BU3HavyaeThes Bupa3zamu (9) ta (10)
Foy = FiH_FPm:(IDE_pM)'V Jou (11)

Axmo pz > p,, To 6akTepis OyAay pyxaTHUCh B MOJIOII BiJl oci oOepTaHHs, ae

SIKImo Py < p,,, TO 10 OCl.

VY niiicHOCTI, OCKIIBKM Ha OakTepiio AIIOTh JABl pe3yJIbTyIOUl CHJIM — OJIHA

B3710BX oci OX — Fp;, ssKy Mu posrisgany, a iHma B310BxkK oci OY - Fp, To OakTepis
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PYXaTHUMETLCA 34 IICBHOKO 'BUHTOBOIO Tpa€KTOpi€IO, 10 CXOOUTHCs abo PO3XOOAUTHCA

B1J] OCI 3aJICJKHO B1J CITIBBIJTHOIICHHS BEJIUYUH P51 PO, .

OnHi€l0 3 OCHOBHMX O3HAK 3a SKOIO OINHIOITh €(PEeKTUBHICTH pPoOOTU
OUHIITyBaTBHOI IECHTPUPYTH € hakmop nodiny. BiH mokasye, y CKUIBKH pa3iB 3HAYCHHS
BIJILICHTPOBOT'O IMTPUCKOPEHHS, 110 I0CATAETHCS B IICHTPU(DY31, O1IBIIE 32 TPUCKOPEHHS

BIJIBHOTO MajiHHA, TOOTO:

D, =— (12)

ne @ — dhaxkTop MojaiIy, B.O.;
Fo, - cuna, mo nie Ha G6akTepito B TOPU30HTANBHOMY HAanpsIMKY, H;
F> — cuna, mo gie va 6axrepiro B310Bk oci OY, M;

I3 piBusnb (5) Ta (11) orpuMyemo

(s —p.)V @ -1 :ng'r

D=
(pE_pM).V.g g

(13)

JInst TeXHIYHUX PO3paxyHKIB 3aMICTh KYyTOBOI IIBUJIKOCTI (V) 3aCTOCOBYIOTH

2r-n  m-n
gacToTy oOepraHHs poropa N , 00/xB. YpaxoByiouu, MO o= 0 — 30 0 T@

3BAKAIOUM HA T€, WO 72 = ¢ (32 YMCIOBUM 3HAYECHHAM), OJEPAKYEMO JOCUTh HPOCTY
PO3PaxXyHKOBY 3aJICKHICTh ISl BUSHAUYCHHs (DakTopa moAuUTy HEeHTpUdYTH, sKa Mae

pOTOp paaiycom I :

n>-r

n= W' (14)

Hampuknan, mis nentpudyru 3 potopom miamerpom 0,1 M Ta 4acTOTOO
o6epranns 10000 06/x8, paxrop noxiny @ = (10)2-0,1/900 =111111. Takum uuHOM,

TS BIAIIEHTPOBUX CHJI OUIBII HDK HA YOTHPU IOPSJAKHA € BaroMiIIOr, HIXK s CHJI

TsokiHHA. [{e o3Havae, mo v, >> U, T00TO, OaKkTepii MPAKTUYHO MHUTTEBO JIOCATAIOTH
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npomapky ae epekTuBHO MiI0Th Y@ MpoMeHi, a TOMy po3MilleHHs Jkepena Y OB
Tpeba MOYMHATH OJIpa3y 3 HUKHBOTO Kparo CEKIIi1 OMPOMiIHIOBaHHSI.

EdextuBHicTh  3HE3apakeHHs  OakTepii  BU3HA4aeThes 103010 YO
omnpoMiHioBaHHA. Haluytnupima g0 aii yapTpadiofeTOBUX MPOMEHIB (DYHKITIS
KITHHK — o1, Onpominenns B 1031 10 [Ix/M? BUKIMKAE 3yNMHKY MOALTY GIM35KO0
90 % OakTepiaJIbHUX KJIITHH, a 1100 BUKJIUKATH 3arubenb 90 % KIiTHH, IPUTHIYECHHS
CHUHTE3Yy HYKJIETHOBHX KHUCJIOT 1 OUJIKIB, yTBOPEHHS MyTalliid, HEOOX1HO IOBECTH J03Y
ompominerHs g0 =~ 20 JIx/mM? a6o = 20 Br/c'M®. Bimbmr uyTimBi 10 BIUIMBY
yIbTpadioeTOBOr0 BUIPOMIHIOBaHHS — Bipycu 1 OakTepii (NMadW4Ku, KOKH) Yy
BEreTaTUBHIN (Gopmi. MeHI 4yyTiuMBI — TrpubM Ta HANUIPOCTIIIT MIKPOOPTaHI3MHU.
Haii6151p111010 CTIHKICTIO BOJIOAIIOTH criopu OakTepiit. [129].

He3Baxatouu Ha MiKpopo3Mipu ePeKTUBHOI TOBIIMHU Mporiapky (10 100 Mkm)
st i Y@ mpoMeHiB, IO YTBOPIOETBCS B PE3YJIbTATI BIALEHTPOBUX CHII, ICHYE
IMOBIPHICTb 3aTIHEHHsI OaKTEPISIMU OJTHA OJTHY UMM 3MEHIIY€EThCS JeTalibHa 11 Y OB.
J11st kKommieHcatii 11boro (akTopy, 0COOJIUBO B IMITYJILCHOMY PEXKUMI OITPOMIHIOBAHHS,
HEO0OX1HO 301IBIIUTH Yac /il BUIPOMIHIOBAHHS.

Kopucryrounice  merogukoro  [JI. 114]  cmoyaTky  BH3Ha4yaeMo
OakTepuAHY €(eKTUBHICT Y D-0MpOMIHIOBAaHHS MIKPOOPTaHI3MiB, IO OMUCY€EThCS

€KCIIOHEH1aJIbHUM PIBHSIHHIM

J. = % 100 = (1-exp(- o, D, ))-100%, @)

K
0

ne Jg - OakTepunnaHa epeKTUBHICTE Y D-0onpoMiHIOBaHHS OaKTepii, B.O.;
Np — KUIBKICTh OaKTepiid, [0 BUXKWJIA, IIIT.;

No — moyaTkoBa KUJIbKICTh OaKTepii, IMIT.;
O - (orouyTusicTs Oakrepii, M2 ¢/Br;

Ds — netanbHa 103a i 6akTepii nmpu Y ®-onpominiosanHi, Br/c M2,
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B3sBmm  10BigKOBI  3HaueHHS (OTO  UYTIMBOCTI BU3HAYAEMO 03y
ONMPOMIHIOBAHHS 3 MOTPIOHOIO0 OaKTepULIUIHOIO eheKTUBHICTIO 99% un 99,9%
-2 2
D, =—In(l-J,,-102)/c,,Bmic-u?. (8)
JIo pO3MIPHOCTI BEIMYMHM J03M omnpoMiHioBanHa (Btr/c'M?) BXOOMTH
NOTY)KHICTh, IUIOIIA Ta TPUBAJICTh BHUMpOMiHIOBaHHA. lle o3Hadae, mo 3HaMOYH
MPOAYKTHBHICTh YCTAHOBKHU, TEOMETPHUYH1 PO3MIPH CEKI[iT ONPOMIHIOBAHHS 1 JIETATIbHY

7103y JJI 1HAKTUBAIIi1 OaKTepii, MOXKHA BU3HAYUTH BCTAHOBJIEHY MOTYKHICTD JIXKEpeia

VY@ BUNPOMIHIOBaHHS Y BU3HAYEHOMY Jlana3oH1 JOBXUHHU XBUIIb (puC. 3).

EcdbexTmaHicTs

0.0
210,00 220,00 250,00 270,00 290,00 310,00

Pucynok 3. KpuBa epextuBHoCTI 6akTepunnanoi aii Y ®-onpomMiHOBaHHS

[114].

JIJ1si IpakTUYHOTO BUKOPHUCTAHHS 3HE3apa’kyBaua-MOJIOKOOYMCHHKA BaXKIIUBE
3aCTOCYBaHHS €HEProePEeKTUBHOIO, €KOJIOTTYHO-YUCTOrO Jkepena YDB. JlonenaBHa
1e OyJI0 MPaKTUYHO HEMOXKJIMBO, ajle OCTaHHI JOCSATHEHHS BUCHHMX Ta 1H)KCHEPIB
STMOHCHKOI AOCiIHUIIBKOT JabopaTopii Nippon Telegraph and Telephone Corporation,
M1JT KEPIBHUIITBOM JIOKTOpa Hommraka TaHHSICY CTBOPEHO J10/IM Ha OCHOBI HITPUITY
AIIOMIHIIO, K1 MOXYTh BUMpOMiHIOBaTH Y D-npomeHi 3 moBxkuHOO XBuii 210 HM.
[130]. TIponyxuiss kommanii Prolight Opto Technology Corp. Takox 3abesneuye
CBITJIO/IIOJTHE BUTIPOMIHIOBAaHHS B yibTpadioneroBomy C mianmazoni 265-280 HM jyist
3He3apakeHHs Oakrtepiit [131]. BupoOHUKM TIPOMOHYIOTH OAWMHUYHI CBITIOMIONU 3
MOTY>XHICTIO BUMpoMmiHtoBaHHs 10 20 MBT, cBitnomioani 36ipku mgo 100 mMBT Ta

CBITJIONIOAHI MaTpuIli 01u3bpKko 1 BT.
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3Bakar0u Ha 0COOIMBOCTI Oy0BH ceKIlii Y D-0nmpoMiHIOBaHHS Ta BIJICYTHOCTI
MIMPOKOi HOMEHKJIATYpPH MPOMMCIOBUX CBITIOAIOJHUX MATPHIlh, 3aCTOCOBYEMO
cBiTnomionHi 30ipku PB2D — 4KLA-KC 3 HoMiHansHUM cTpyMOM x)uBJeHHS 500 MA
Ta MOTYXHICTIO BunpomiHioBanHs 90 MBT [131]. BcTtaHoBmaoeMo iX psaKoBUM
criocoOoM (TOCIIIOBHO OJIMH 33 OJTHUM) Ha HEPYXOMOMY MITHOMY KOXKYCl YCTaHOBKH
10 B AKOCTI 30BHINIHLOI MaTpPUIll BUIPOMIHIOBAHHS Ta Ha MITHIA HUATIHAPUYHINA
MOBEepXHI 8 B SKOCTI BHYTPIIIHLOI Marpuili. BuOpaHa oJWHHMYHA NOTYXKHICTh
CBITIIOMIOAHOI 30ipKM 37MaTHA 3a0€3MEYUTH MIIIBHICTh BHUIIPOMIHIOBAHHS TIOHA]
180 MBT/cM?, a KilIbKiCTh BCTAHOBIICHHMX 301POK 3aJI€)KUTh Bijl 3arajgbHOI HOTYKHOCTI
YOB, mo BHU3HAYAETHCS JI030I0 ONPOMIHEHHS OakTepid Ta MPOAYKTHUBHICTIO
YCTaHOBKH.

VY cxemax MiJKJIIOUYEHHS CBITJIOAIOHUX MaTpUIlb BU3HAYAIBHUMU (aKTOpaMu
iX HaJIMHOCTI BUCTYNAIOTh JiBA OCHOBHI (PAaKTOpU — JOCTATHS IUIOIIA pajiaTopa s
BIJIBOJly TeIuia 1 crabumi3auis cTpymiB *uBjeHHsA. Lle Oe3nocepenHbo MOB’SI3aHO 3
MOCWJICHOIO JIETPAJAIli€l0 HAIMIBIPOBIIHUKOBUX KPHUCTAJIiB MPU TMEPEBUINECHHI 1X
TEMIIEpaTyp BHILE MaKCUMalbHO JonycTtumoi. HeoOxigHa tuiomia paniaropa
3a0e3neuyeThcss MITHUM KOXyXoM 10 yCTaHOBKM Ta BHYTPIIIHBOIO MIJTHOIO
HUJTHAPUYHOIO TPYOKOIO 7, a CTpYM >KUBJICHHS — IBOMA Apaiiepamu /[P1, /[P2.

Jlo migBHIEHHS TeMIIepaTypy KpHUCTaia MPU3BOIUTH, SIK HEAOCTATHS IUIONIA
paaiaTopa OXOJOJKEHHS, TaK 1 3aHAATO BUCOKUU CTPyM, IO MPOXOJUTH IO HUX.
Po6oui BeTMYMHU NOCTIMHOTO CTPYMY BKa3yIOThCSl B TapaMeTpax CBITIOMIOAIB, a JJis
OpPIEHTOBHOTO BUOOpPY TUIOINI pajiaTopa B MPAKTHUIIl BUKOPUCTOBYIOTh 3HaueHHs 20-
25 cm? Ha 1 Bt motysxHocT1. [Ipu iboMy ci1ii BpaXxoBYBaTH, 110 Taka IUIoIa HeoOX1qHa
npy Temreparypax HaBKOJIUIIHbOro moBitps Ao 35 °C. Ilpu Oinbll BHCOKHX
TeMIiepaTypax pobody IUIOILy paaiaTopa ciij 30UIbIUTHA a00 TOMOBHUTH aKTUBHUM
OXOJIO/DKEHHSAM. Y HaIIOMYy BapiaHTl pajiaTOpoOM CIyrye HepyXoMma MiJHa KpHUIIKa
KaMepH ONIPOMIHIOBAHHS MTPUCTPOIO.

Jlnst yHUKHEHHS MpoOJieMH KOJMM B pa3l BUXOIy 3 JIady OJHOTO Jiojia B
MOCTIJOBHOMY  JIQHI[I031, TIEPECTa€ BUIPOMIHIOBATH CBITJIO BECh JIAHIIOXKOK,

3’€THyEMO BCI CBITJIOMIOAHI 301pKM BCEPEAMHI MATPHUIll OJHOYACHO MOCIHITOBHO 1

65



APPLIED, TECHNICAL AND AGRICULTURAL SCIENCES: INTRODUCTION OF THE
LATEST TECHNOLOGIES INTO USE

napanenbHo (puc. 4). Taka 0cOOIMBICTh 3HAYHO 3MEHIITYE€ MOXJIUBICTh BUXOIY 3 JIaTy

LED-maTpuIli BHACIiIOK IEPETOPSHHS OJTHOTO €JIEMEHTY.

T I e I (e
N R R R
I T o e B B =
N R R R
R < e B e =
N I I
o I R

+

Pucynok 4. Cxema nociiiioBHO-MIapaJIeIbHOTO 3’ € JHAHHS CBITJIOI10JHUX 301pOK

Jlnst BUpINIEHHS TUTaHb EJICKTPOXKUBJIEHHS Ta YIpaBIiHHSA OOJaJHAHHIM
MPOIMOHYETHCSI BUKOPHUCTAHHS CXEMH, IO CKJIAQJA€TbCcsl 3 JIAHKH KEpyBaHHS
€JICKTPOIPUBOOM Ta JAaHKU KEPYBaHHS BUIIPOMIHIOBAHHSM.

[lepmia mpu3HayeHa Jyisi MyCKy, MOBLIBHOTO pO3roHy OapabaHa pa3oMm 3
KaMEpPOI0 OIMPOMIHIOBAHHS J0 MaKCUMaJIbHUX pOOOYMX OO0EpTIB Ta I 3yHNUHKU
npuctporo. Jlo ii ckitamy BXOaUTh: - enekTpoaBuryH M1, nea sumukaui SA/...SA2 ta
mHyp xkuBiaeHHs XP1.

EnexTpoaBuryH na€ MOXKIMBICTb, MICJIS BKIIFOUEHHS MPUCTPOIO B EICKTPUIHY
MEpexKy, MOBUIFHO HabupaTh poboui obeptr. bapabaH 13 CeKIli€r0 OMPOMIHIOBAHHS
o0epTaeThes 32 TOAMHHUKOBOIO CTPLIKOIO, SIKIIO TUBUTHCS HA HUX 3BEPXY.

Bumukaui KJ1aBilllHOTO TUITY MAlOTh JABa pPOOOU1 MOJIOKEHHS:

a) «YBIMKHYTO» - Ha KJIaBilll HaHeceHUil cumBoI | ;

0) «BUMKHYTO» - Ha KJ1aBill HaHeceHui cumBo 0.

Jpyra naHka npu3HadeHa 11 KepyBaHHS Y D-CBITIOMIOAHIMHI MATPULISIMH 13
30BHIIIHBOI ~Ta BHYTPIIIHBOI  CTOPOHM  ceklii Y®-onpoMiHIOBaHHS IS
3He3apakKyBaHHs OakTepiil y Mmool (puc. 5). [lo ckiiamy maHku BXOISTH: cekilis Y O-

OTIPOMIHIOBAHHS 3 MATPHUIISIMHU JIIOA1B, IpaiBepH ISl )KUBIICHHS MAaTPHUIlh, BUMUKAY.
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YcraHoBka IMpanroe Tax.

CBDKOBHUJIOEHE MOJIOKO 13 €MHOCTI
~2208

|

|
gty

|

I

Yyepes3 HEeHTPaIbHy MOJIOYHY TPyOKy 1

~2208

3C3apaxKyBada-MOJIOKOOYHCHUKA

; HAJXOJUTh 70 OapabaHy OYMCHHKA 2.

}

et & =/
I 1| APt S . . .

<T\H: e <] [licnsg ouwnmieHHS BiJ MEXaHIYHUX

| |
I :
xSt X5t - JOMIIIIOK Ta CIH3y, qepes
| | | | # OpUIMaIbHUK OYUIIEHOTO MOJIOKA 3
E : : AP2 e
[ ¢ Ta KaHaT 4 POTOpPY BOHO IMOTPAIUISIE
| BN
ot 0 CEKIIi JBOCTOPOHHBOTO Y-

ONPOMIHEHHS MOJIOKa 3 JBOMa
KOaKClaJbHUMHU KBapLOBUMHU
TpyOKamu p13HOTO J1aMeTpy S Ta 6 1e

ONPOMIHIOEThCST Y D CBITIIOM

Pucynok 5. EnekTprduHa cxema KepyBaHHsI 3HE3apaKyBauyeM-MOJIOKOOYHCHUKOM
Al- wnyp scuenennsn; M1- osueyn; [[P1, JIP2 — opatieepu; SAI, SA2, SA3 - sumuxaul;
XP1- mepesrcna sunxa, XS1- enizoo na 6ueodi osucyna; XS2, XS3 - enizoa na 6ugooi

Opatisepis; PE - 3a3emnenns.

30BHIIIHIX 7 Ta BHYTPIIIHIX § MaTpHIlb CBITJIOMIOAIB B Aiama3zoHi 215-290 uMm B
TOHKOMY Tipomapky (< 0,1 MM), 110 yTBOPIOETHCS B KaHaJ1 9 MK ONTHYHO MPO30PUMHU
TpyOKamMH TMija Ji€l0 BIALEHTPOBOI cuivd. Y@ MaTpulll CBITIOAIONIB: 30BHIIIHI
BCTAHOBJIEHI 10 Niepudepii potopa Ha Koxyci 10, a BHyTpillIHI — Ha MiJHIA TpyOu1 11
KOHIICHTPUYHO TPUKPITUICHIM HAa HEPYXOMIHA IEHTPaIbHIA METaJeBI MOJOYHIN
TpyO1i 1. bakTepii, 1110 3HAXOAATHCS B IUCTIEPCHOMY CEPEAOBUIIl Ta MAIOTh IIUIBHICTh
OUTBIITY 3a HMIITBHICTh MPOAYKTY, IpU 00epTaHHI pOTOpa Mia €0 BIAIEHTPOBUX CHI
3MINIYIOThCS B TEHTPY A0 nepudepii Ta YTBOPIOIOTh TOHKHA MPOIMIAPOK Ha
BHYTPIIIHII MOBEPXHI 30BHINIHBOI KBAPLUOBOT TpyOkH 5. JlpiOHimni Ta nerur Oakrepii

PO3MIIIYIOTECA OUISI 30BHINIHBOI MOBEPXHI BHYTPINMIHBOI KBapioBoi TpyOku 6. Lli
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mapy OMNpOMiHIOITECA Y@ cBiTiogiogaMu 3 000X CTOpiH. MOJOKO, IPUMYCOBO
pPYXalo4Kch MO 3a30py MK KBapIOBUMH TPyOKaMH, MPOJOBXKYE OOpPOOIATHCH IO
HEOOX1THOT 1031 ONIPOMIHIOBAHHS, TTICIIS YOTO MOCTYIIA€ Yepe3 BUBIMHUN KaHAT 12 10
BUBIJHOTO NMpuiiManbHuKa 13, a 1ani — 10 NpuiMallbHO-BUBIIHOTO IPUCTPorO 14 1 Ha
OXOJIO/DKEHHS 4YM TMOJAANBIIY TEXHOJNOTuHy mepepoOky. [lns 3abe3nedeHHs
IMITyJTbCHOTO ~ PEXUMY  ONPOMIHIOBaHHS  €JCKTPHUYHA  CXeMa  yCTaHOBKHU
KOMIUICKTYETHCSI TEHEPATOPOM IMITYJILCIB.

[Ticist oOpoOKK MosOKa OOJIaHAHHS MPOMHUBAIOTH Ta JE31H(PIKYIOTh, a TMOTIM

30UparoTh 3T1JIHO THCTPYKIIII.

BucHoBok.

Takum ywmHOM, pO3pOoOJIeHA YCTaHOBKA BHUKOHY€E Bl (YHKIII MEPBUHHOI
0OpOOKM MOJIOKa — MEXAHIYHE OYMILEHHS Ta 1HAKTUBALIIO YIbTPa(ioIeTOBUM
ONPOMIHIOBAHHSIM MIKPO(JIOpH B TOHKOMY MpOLIApKy, LI0 MOKpAUly€ MOKa3HUKU
SIKOCT1 MPOAYKTy. KpiM Toro, Taka KOHCTPYKIliS 3a0e3nedye 3MEHIICHHS KOIITIB Ha
npua0aHHs ABOX TEXHOJOTIYHUX MPUCTPOIB — cemapaTopa Ui OYHUIIECHHS MOJIOKa Ta
nactepusaropa. KpiM TOro, 3aBaskyd BHKOPHUCTAHHIO OJHOrO JBUTYHAa Ha BCIO
YCTAHOBKY Ta BHCOKOE(EKTUBHOIO €KOJOTTYHO-YHCTOro cBiTIoaionHoro Y®B

3HAYHO 3MCHITYIOTLCSA CHCProOBUTPATH.
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SECTION 4. RADIO ENGINEERING AND TELECOMMUNICATIONS

DOI: 10.46299/1SG.2024.MONO.TECH.3.4.1

4.1 Komno3uTHi koau 6apkepa

AHoOTAIIIA.

B crarti HamaHo aHAMITUYHUI BUpa3 s aBTOKopemsniiHol ¢pyHkiii (AKD)
KOMITO3UTHUX KOJiB bapkepa. [Tokazano, mo AK® nux komis, sk 1 AK® kaHOHIYHUX
MOCITIIOBHOCTEN bapkepa, 3 SKUX BOHHM CKJIAJCHI, MAlOTh BJIACTUBOCTI CKaJsPHOTO
T00YTKY Ta aBTOKOPEISALINHOT (PYHKIIIT, 1110 JO3BOIHIIO 30UTBIINTH KUTBKICTh BITOMHUX
KOMIO3UTHUX MOCTiA0BHOCTEH 3 12 10 48. 3Hal1IeHO 3aKOHOMIPHICTh y MOOYI0B1 TIap
MO€HAHb, SIKI Mal0Th 0JHAaKOBY AK®, 1110 103BOJINIIO 3HANTH 4 Tapy HOBUX MOETHAHD,
o MaroTh Ty K AK®. Po3paxyHku moka3yioTh, 10 JIJIs PO3TIISTHYTUX KOMIIO3UTHUX
nociiioBHocTed npupicT koedimienta nocuwieHHa IIC mpu oO6poOii mopiBHSAHO 3
KaHOHIYHOIO IMOCIIIOBHICTIO MOKe cTaHOBUTH B 3,01 nb 10 10,41 nb npu mBuakocTi
nepenadi iHbopmariii 1 MI'n. HaBegeHo MeTONMKY TOIIYKY HOBUX KOMIIO3UTHHUX
KOJ1B 3 01HaKoBOI0 AK®, sxa Moe OyTH BUKOPHCTaHA ISl TOIIYKY HOBUX MO€ITHAHb
KOJIOBUX KOHCTPYKIIIH JIJIST THIIMX KOMIIO3UTHUX TIOCIIIOBHOCTEH bapkepa.

Beryn

VY mupokocmyroBux cuctemax 3B's3ky (LLIC3) 3acTocoBYyrOThCS MIyMOMOAIOH1
curdanu (LLITIC). Bonu 3a6e3neuyroTs BUCOKY 3aBago3axuineHicts [1IC3, m1o3BomsoTh
OpraHi3yBaTU OJHOYACHY poOOTYy OaraTh0X aOOHEHTIB y CHIIBHIA CMY31 4acTOT MpH
ACUHXPOHHO-3JIPECHOMY TIPUHIIUII pOOOTH CUCTEM 3B'sI3KY, 3aCHOBAHUX HA KOJJOBOMY
o111 abDOHEHTIB.

3aBagocrtiiikicte LIIC3 Bu3HauaeThcsi (yHAAMEHTAIBHUM CIiBBIIHOIICHHSM,
AK€ TIOB'SI3y€ BIJHOIICHHS CUTHA/3aBajla Ha BHUXOAl TMpuiiMadya (Ha BHXOI
y3romkeHoro (Ginprpa a0 Kopenaropa) (2 i3 BiJHOMIEHHAM CHIHAJ/ IIEPEHIKOAA Ha
BXoai npuiimaua p? [132]: ¢? = 2B p?, (1)
ne g = P./P, (P., P, — noryxnocri IIIIC Ta nepemxomu), p?> = 2E/Nu (enepris 1LIIC
E = P.T, T — tpuBainicts IIIIC, N, = P,/F — cnekTpaipHa MiIBHICTH MOTYXHOCTI

nepewkoau y cmysi LLTIC, F — mmpuna pianazony HIIIC, B = FT — ocuosa LUIIC).
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3 (1) cmia, mo npuitom IIIIC y3romkenum ¢iasTpoM abo KOpeIsTopoM
CYNPOBOKYETHCS MMOCUJICHHSIM CUTHATY (200 MpUIylIIeHHSIM nepemkoan) B 2B pa3 1
110 BeTMYMHY Ha3uBaroTh KoedimiearoM nocuiieHHs [IITC mpu o6pobiti abo mpocTo
nocuseHHsM o0poOku [132]:

Kume = 0%/p? = 2B. (2)

3 (1, 2) BUgHO, O mapaMeTp g2, 10 BU3HAYAE POOOUi XapaKTEPUCTHKHU IIPUHOMY
IIIC, Moxe OyTH OTpMMAaHHMi1 HAaBiTh IPH €HEPreTHIll CUTHANTY 1 mepermkoau p? << 1
nusixom Budopy LLTIC 3 HeoOxinHoto 6a3o0t0 B. Inmmumu cinoBamu, 3 asox LIC3, o
MaloTh OJHAKOBI mapameTpu q°, ane BukopucToByroTh IIIIC 3 pisHMME Gazamu,
Harnpukiaa, Bl < B2, apyra cucrema 3B's13ky npuitMaTuMe O1IbII CTA0KU KOPUCHUN
curHas, HuK nepma. [ITIC 3HaXxoaaTh 3aCTOCYBaHHS B CyYaCHUX OaraToKaHaJIbHHX
cUcTeMax 3B'A3Ky 3 KojoBuM nojauioM kanaiaiB (CDMA, WCDMA) [133], B cucteMax
0e3apoToBoro 3B's3ky ciMmeiictBa 802.11 3 TEXHONOrIE PO3MIMPEHHS CIEKTpa
MeTosoM mpsimoi nochigoBHocTi (Direct Sequence Spread Spectrum, DSSS) [134], y
Cy4YacHHUX pajiofioKaiiiHux cucremax [135]. ¥V poui cnemianbHUX pO3MIMPIOBAIIBHUX
nociiioBHocTell B Mepexkax WCDMA moxyTh OyTH BUKOpUCTaH1 M-TIOCITIIOBHOCTI,
nocaigoBHocTi ['oynna, mocmimoBHOCTI bapkepa, B cuctemax 0e3IpOTOBOTO 3B'SI3KY
cimerictea 802.11 A pO3IMIMPEHHSA CHEKTPY BUKOPHCTOBYETHCS MOCIIIOBHICTh
bapkepa nosxuHu 11, B cydacHHUX paioJIOKALIMHUX CHUCTEMaX BUKOPUCTOBYIOTHCS
konu bapkepa gosxunu 11 ta 13.

3 ycix IHIC HalikpamiuMy KOPENSILIMHUMU XapaKTEpUCTUKAMHU MAarOTh,
Binkputi 1953 poky, mocmimoBHocTi bapkepa [132, 136]. Bennunna makcuMaibHOTO
O19HOTO BUKHUY iXHBOT aBTOKOpesiiiHoi pyHkiii (AK®) e nepeBuiye 1/N, ne N -
JIOBKHWHA KOJIOBOI MOCHiAOBHOCTI. Bimomux mocnigoBHOocTel bapkepa Bchoro 8,
MaKCUMaJbHa JTOBXHHA TMOCTIIOBHOCTI nocsirae 13-tu pospsamiB. Ilomyk komoBux
MOCIiJOBHOCTEH NOBKUHU N > 13, y AKMX BEIMYNHA MAKCUMAIILHOTO O1YHOTO BUKUTY
AK® ne nepesumiypana 6 1/N, € akTyalbHUM 3aBJAHHSAM. [i PilIEHHS J03BOIMTH
30uThuTH 0a3y rux [IITC Ta BUKOPHUCTOBYBATH B CUCTEMAX 3 PO3ITUPEHHSIM CIIEKTpa
JUISl TIPUAOMY CUTHAJIIB 13 CJAOKINIO €HEPreTHKO. Y I poOOTI aHali3yHThCS

BIJIOMI KOMIIO3UTHI Koau bapkepa momxkuHOIO Oinbine 13, orpuMaHi Ha OCHOBI
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KaHOHIYHUX TOCJIIIOBHOCTEM bapkepa, iX aBTOKOpensiiiiHi QyHKII Ta MOMXKJIUBICTh
OTPUMAaHHS HOBUX KOMITO3UTHUX KOIB 3 THMU CaMUMH BiiacTUBOCTAMH AK®.

Mera crarti. MeToro poOOTH € 3HAXOKEHHS AHAIITUYHUX BUpPA3iB s
aBToKopensamiitHoi ¢yHkiii (AK®) kommo3utHux koaiB bapkepa Ta mnepeBipka
BinmoBimHOCTI AK® HOBHX KOIOBHUX KOHCTPYKIIIM KOMITO3UTHUX KOIiB bapkepa
aBTOKOPEISIIIMHUM (YHKIISIM BUXIIHUX KOMIIO3UTHUX KOJIB 3a JOIOMOTOIO
MO/ICJTIOBAHHSI.

BukJiazx o0cCHOBHOTO MaTepiaJry.

Komno3urtni kogu bapkepa

ABTrokoppernsmiiHa (yHkiis mocaigoBHoctel bapkepa [136, 137] wmae
BJIACTUBOCTI CKaJIIPHOTO JOOYTKY Ta aBTOKOPEJALINHOT QyHKII, 1 ToMY Taky )k AKD

MaTHMYTh 1HBEPCHI, A3€pKajibHI Ta IHBEPCHI A3€pKalibHI MOCI1I0BHOCTI bapkepa:

m m m
1 1 1
R(k) = BZ C(i)C(i + k) = Bz Cuup (i)CI/IHB(i +k) = BZ C3epK(i)C3epK(i + k)
i=0 i=0 i=0
1 m
= az CHHB.3epK(i)CI/IHB.3epK(i + k)r (3)
i=0

ne ¢(i) — kaHOHWYHA TOCIIeI0BHICTh bapkepa, 110 3HaX0IUThCS SK:
c(i) = c1(i)ca(i). . .cn(i), a cn(i) npuitmators 3HaueHHS +1; Cius(i) = (-1)c(i); Caepx(i) =
cn(@)ena(i). . .c1(d); Cummaepe()= (=) Csep(i)-

3 ypaxyBaHHsAM (3) MO)XHa JOIMOBHUTH KaHOHIYHI TociigoBHOCTI [132,137]
IHBEpCHUMH, [3€PKATBHUMU Ta IHBEPCHUMH J3€PKAIILHUMH TOCIHIIOBHOCTSMU
Bapkepa (tabis.1). Ha puc. 1, sk npuknan, nokazaHi AK® kaHOHIYHOi, IHBEPCHOT,
J3epKaNIbHOT Ta IHBEPCHOI 3epKaiibHOI 13 mociigoBHOCcTI bapkepa.

Ta6numa Nel. ITocnenoBarensHoctu bapkepa

N KaHOHIYHA 1HBEpCHA N J3epKajibHa IHBEpCHa
J3epKaIbHa

2 | +1-1 -1+1

3 | +1+1-1 -1-1+1 3 |-1+1+1 +1-1-1

4 | +1+1+1-1 -1-1-1+1 4 |-1+1+1+1 +1-1-1-1

4 | +1+1-1+1 -1-1+1-1 4 | +1-1+1+1 -1+1-1-1

5 | +1+1+1-1+1 -1-1-1+1-1 |5 | +1-1+1+1+1 -1+1-1-1-1
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[Iponorxenus Tad. 1

7 | +1+1+1-1-1+1-1 -1-1-1+1+1- |7 | -1+41-1-1+41+41+1 | +1-1+1+1-1-
1+1 1-1
+1+1+1-1-1-1+1-1-1+1 -1- 11 -1-1-1+1+41+1-1+1+1-1+1 —

11 KaHOHIYHA 1HBEpCHA
-1+1-1-1+1-1-1-1+1+1+1— 11 | +1-1+1+1-1+1+1+1-1-1-1 — iuB.
J3epKajibHa iHBEpCHA
+1+1+1+1+1-1-1+1+1-1+1-1+1 — | 13| -1-1-1-1-1+1+1-1-1+1-1+1-1 —

13 KaHOHIYHA iHBEpCHA
+1-1+1-1+1+1-1-1+1+1+1+1+1 — | 13| -1+1-1+1-1-1+1+1-1-1-1-1-1 —
J3epKajbHa 1HB. 1HBEpCHA

R13(k) R13iuB(k) R13a3epk(k) R13iuB.13epk(k)

2 2 2

0 o 0

2 2 F
20 = a 5 10 15 P % a 5 10 18 2 ] 2y 5 0 15 0 2

Puc. 1. AK® i KaHOHIYHOI, I1HBEPCHOi, MA3€pKajJbHOI Ta I1HBEPCHOL

n3epkanbHOi 13-1 mocinioBHOCTI bapkepa

VY [138] 3ampomnonoBano MeTo 1 popMyBaHHSI KOMITO3UTHHUX KOJiB bapkepa, 110
MaroTh KOpEJSLIHI BIACTUBOCTI, MOMIOHI JO THUX, SIKUMHU Bojojie kona bapkepa, a
caMme: KoJi (opMyeThbCs IUISIXOM NEPEMHOKEHHS ABOX KaHOHIYHHMX TIOCIIIIOBHOCTEH
Bapkepa. Onna 3 HuxX (KOpOTKa) Ha3WBAE€ThCA TBIPHOIO, a Jpyra, JOBIIA —
€JIEMEHTapHOI0. B pe3ynbTari nepeMHOKEHHSI KOPOTKOI MOCIITOBHOCTI OUIBI JIOBTY
MOCJIIIOBHICTh BUXOJIATH MOCI1IOBHOCTI ToHaA 13 po3psaiB. OcHoBuuii Bukug AKD
Yy HUX JOPIBHIOE YHUCITY PO3PSAAIB PE3YJbTYIOUOI MOCHITOBHOCTI N, a MaKCUMaJIbHHM
O1YHMI BUKH]I Y TIO3UTUBHY 00J1acTh Ma€ 3Ha4eHHs Onm3bki 10 1. B [139] nuisixom
dbopMyBaHHS  CKJIAJIOBUX  KOJOBUX TIOCIIJOBHOCTEW  aHAJOTIYHO  CHOCOOY,
3anpornoHoBaHomy B [138], orpumani 12 nocnigoBHOCTEN 3 JOBXUHOIO N, piBHOIO 14
(14a, 146), 21 (21a, 2106), 22 (22a, 226), 33 (33a, 3306), 49, 77 (77a, 776), 121, i
nepeBUIeHHIM rojioBHOTO MKy AK® Hag no3utuBHuMu 6oxkoBuMu N. B [140] Oynu
3aMpONOHOBAaHI 3BOPOTHI KOMIIO3UTHI Koau bapkepa, oTpuMaHi MEpeMHOXKEHHSIM
JIOBTOI TIOCIIIOBHOCTI Ha KOPOTKY, MOCHIPKEHO iX 3aBaJIOCTIHKICTh, 1 TOKa3aHa

MO>KJIUBICTh iX BUKOPUCTAHHS SIK CHHXPOHI3yIoul ciioBa B Mepexkax WCDMA. [141]
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ONHMCaHl Ti X CKJIAJOBl KOJOBI MOCIIAOBHOCTI, mo 1 B [139], ame Bxke miJ HOBOIO
Ha3BOIO «cUrHAIM bapkepa-BonuHChKO1», 1 BKa3aHO Ha MOXKITUBICTB 1X 3aCTOCYBAaHHS,
K JJIs Tepeiayi KOMaH/, Tak 1 1711 CHHXpOoHi3alii. BpaxoByroun, 1110 KOMIO3UTHI KOJU
Bbapkepa GopMyroThCcsl K CKaaspHI JOOYTKHM KaHOHIYHUX IOCHIJOBHOCTEH, MOXHA

3aMycaTy aHAJIOTIYHY YMOBY JJIs IXHBOI aBTOKOPESIIIHOT QyHKITIT:

m m

1 1
RKOMII (k) = Ez CKOMH(i)CKOMH (i + k) = EE Cxomm.uug (i)CKOMH.I/IHB(i + k) =

i= i=0

=0
m
1 : :
= Ez CKOMH.BepK(l)CKOMH.BepK(l + k)
i=0
m

1 . .
= E CKOMH.I/IHB.BepK(l)CKOMH.I/IHBBepK(l‘ + k), (4)

i=0
1€ Cxonn(f) ~KOMITO3UTHA TIOCTIIOBHICTH bapkepa.

Ha mizcrasi (4) komno3uTHi nocninoBHOcTI bapkepa, orpumani B [139], moxxHa
JIOTIOBHUTH  IHBEPCHUMH,  J3€PKAIIbHUMH Ta  1HBEPCHUMHU  J3€PKAIbHUMHU
KOMITO3UTHUMH TIOCIIIJIOBHOCTSIMHU, sKI OyayTh maTu Ti )k AK®, mo 1 ocHOBHa
KOMITIO3UTHA IMOCIIJIOBHICTh, THM CAMHM 30IJIBIITABIIH 1X KIJIBKICTE 3 12 10 48. Y TadI.
2, SK TPHKIA], HaBEJICHI KOMITO3MTHI mocaigoBHOcTi 3 N = 77a, 776 (HOMEp
MOCIIIIOBHOCTI B3sITHH 3rigHo [139]).

Ta6mus Ne2. KommnosutHi nociigoBHocTi bapkepa 77a, 776

N Kommnosutna nocnenoBHicth bapkepa 77a (11x7)

77a +1+1+1-1-1+1-1+1+1+1-1-1+1-1+1+1+1-1-1+1-1-1-1-1+1+1-
1+1-1-1-1+1+1-1+1-1-1-1+1+1-1+1+1+1+1-1-1+1-1-1-1-1+1+1-
1+1-1-1-1+1+1-1+1+1+141-1-1+1-1-1-1-1+1+1-1+1
77a iHB. -1-1-1+1+1-1+1-1-1-1+1+1-1+1-1-1-1+1+1-1+1+1+1+1-1-1+1-
1+1+1+1-1-1+1-1+1+1+1-1-1+1-1-1-1-1+1+1-1+1+1+1+1-1-1+1-
1+1+1+1-1-1+1-1-1-1-1+1+1-1+1+1+1+1-1-1+1-1
77a m3epx. | +1-1+1+1-1-1-1-1+1-1-1+1+1+1+1-1+1+1-1-1-1+1-1+1+1-1-1-1-
1+1-1-1+1+1+1+1-1+1+1-1-1-1+1-1+1+1-1-1-1+1-1+1+1-1-1-1-
1+1-1-1+1+1+1-1+1-1-1+1+1+1-1+1-1-1+1+1+1

77a -1+1-1-1+1+1+1+1-1+1+1-1-1-1-1+1-1-1+1+1+1-1+1-1-
*PK.1HB. 1+1+1+1+1-1+1+1-1-1-1-1+1-1-1+1+1+1-1+1-1-1+1+1+1-1+1-1-
1+1+1+1+1-1+1+1-1-1-1+1-1+1+1-1-1-1+1-1+1+1-1-1-1
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[IponorxenHs Tad. 2

N KomnosuthHa nocnenoBHicTh bapkepa 776 (7x11)
776 +1+1+1-1-1-1+1-1-1+1 -1+1+1+1-1-1-1+1-1-1+41 -1+1+1+1-1-1-
1+1-1-1+1 -1-1-1-1+1+1+1-1+1+1-1+1-1-1-1+1+1+1-1+1+1-
1+1+1+1+1-1-1-1+1-1-1+1 -1-1-1-1+1+1+1-1+1+1-1+1
776 1HB. -1-1-1+1+1+1-1+1+1-1+1-1-1-1+1+1+1-1+1+1-1+1-1-1-
1+1+1+1-1+1+1-1+1+1+1+1-1-1-1+41-1-1+1 -1+1+1+1-1-1-1+1-1-
1+1 -1-1-1-1+1+1+1-1+1+1-1+1+1+1+41-1-1-1+1-1-1+1 -1
776 m3epk. | +1-1+1+1-1+1+1+1-1-1-1-1+1-1-1+1-1-1-1+1+1+1+1-1+1+1-
1+1+1+1-1-1-1+1-1+1+1-1+1+1+1-1-1-1-1+1-1-1+1-1-1-
1+1+1+1-141-1-1+1-1-1-1+1+1+1-1+1-1-141-1-1-1+1+1+1
776 -1+1-1-1+1-1-1-1+1+1+1+1-1+1+1-1+1+1+1-1-1-1-1+1-1-1+1-1-
’PK.1HB. 1-1+1+1+1-1+1-1-1+1-1-1-1+1+1+1+1-1+1+1-1+1+1+1-1-1-1+1-
1+1+1-1+1+1+1-1-1-1+1-1+1+1-1+1+1+1-1-1-1
Ha puc. 2 nokazani AK® koMno3utHux nociigoBHocteit bapkepa 77a, 776

77a (11x7) 776 (7x11)

B 8 5§ 8 8 3 8
2 8B 8 3 8 8 3 B8

2 20
[ 20 40 60 80 100 120 140 160 o 2 40 60 80 100 120 140 160

Puc. 2. AK® xomno3utHux nociigoBHocteld bapkepa 77a, 770, iX 1HBEpCHUX,
J3epKATbHUX Ta IHBEPCHUX J3€PKATBHUX MOCIITOBHOCTEH

JI71s1 KO’)KHOT OCHOBHO1 KOMIIO3UTHOI nocnioBHOCTI bapkepa [139] orpumani
TPHU JA0JIaTKOBI KOMIO3UTHI MOCIiJOBHOCTI, [0 MatOoTh oAHY i Ty )k AK®. KoxHa 3
JOJATKOBUX KOMIIO3UTHUX TIOCTIOBHOCTEM CKJIAAA€TbCsd 3 CYKYIHOCTI JBOX
KaHOHIYHUX MOCIITIOBHOCTEN bapkepa, Ko’KHa 3 IKUX Y CBOIO YEPTy Ma€ TPH JOJATKOBI
MOCJIIIOBHOCTI, 10 MalTh Ty K AK®D, mo 1 kaHOHIYHA. 3 ypaxyBaHHSAM TOTO, IO
OTpUMaH1 KOMIIO3UTHI MOCJIIJOBHOCTI MatoTh 0JHY 1 Ty % AK®, MOXHa NpUITyCTUTH,
1110, KOMOIHYIOYM KaHOHIYHI MOCIIAOBHOCTI, IO 1X yTBOPIOIOTH, 3 iX J0JIaTKOBUMHU
MOCJIIIOBHOCTSIMA, MU OTPUMAaEMO HE TIJIbKM OCHOBHI BapiaHTU KOMIIO3UTHHUX
MOCTIJOBHOCTEH, ane 1 HOBl BapiaHTH 3 Ti€i K AK®. Uucno MoXIMBUX BapiaHTIB

KOMITO3UTHHX TTOCJIIIOBHOCTEH MpeCTaBiIeHO B Ta0. 3.
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Ta6mui 3. KimbkicTh BapiaHTIB KOMIIO3UTHUX MOCIITOBHOCTEH

Noyoenin, | 14a | 146 | 21a | 216 | 22a | 226 | 33a | 3306 | 49 | 77a | 776 | 121
Kinbk.

. 8 8 |16 | 16 | 8 8 | 16 | 16 | 16 | 16 | 16 | 16
BapIaHTIB

Jlyis ciporieHHs: poOOTH 3 TIOCITOBHOCTSIMH BBEJEMO TaKi IMO3HAYEHHS: A -
KaHOHIYHA TOCIi0BHICTh bapkepa; B — iHBepcHa MOCHiIOBHICTE; 3 — JA3epKajibHa
MOCIIIOBHICTh; D — iHBepCcHa J3epKajibHa MOCIIOBHICTh. 3 ypaxyBaHHSIM BBEICHUX
NO3Ha4YeHb, HAPUKIIA, JUIS 7-1 KAHOHIYHOI MOCIiTIOBHOCTI bapkepa MoxHa 3anucaru
TaKi IMOCJIIIOBHOCTI, 110 MalOTh OJHY 1 Ty )k AK®D: A7 -[111-1-11-1];B7-[-1-1
-111-11;C7-[-11-1-1111];D7-[1-111-1-1-1]. Cknaneni Ha X OCHOBI
KOMITO3UTHI TOCTIZIOBHOCTI JIETKO MEPEBOASTHCA B TPAAUIINHY (QOopMy MIISTXOM
3aMIHM [O3HA4YeHb HAa KOJOBI HOCIIAOBHOCTI 3 TaOiu. 1. V tabmmig 4 3BemeH1 Bcl
MOKJIMBI TIO€THAHHA KAHOHIYHMX IOCIIJIOBHOCTEH JUIsi OTPUMAHHS aHAJII30BaHUX
BapIaHTIB KOMIIO3UTHUX MOCIIOBHOCTEN.

Taomuus 4. KomO1HaIIT ToefHAaHL KAHOHIYHUX ITOCIIIJOBHOCTEN

No 14a | 146 | 21a | 216 22a | 226 | 33a | 330 49 77a | 776 | 121
e | 57 | 790 | 753 | 37 2x1 | 11x | 11x | 3x1 T 11x | 7x1 | 11x1
O e e et T N O O T T A (O 2N A R
A2
A AT7x | A7x | A3x | A2x | A11 | A1l | A3x | A7x | A1l | A7x | Allx
X7 A2 | A3 | A7 | All | xA2 | xA3 | All| A7 | xA7 | All| All
A2
B B7x | B7x | B3x | A2x | B11 | B11 | B3x | B7x | B11 | B7x | Bllx
X7 A2 | A3 | A7 | B11 | xA2 | xA3 | A1l | A7 | xA7 | All| All
= | A2
= «C C7x |C7x |C3x | A2x |C11 | C11 | C3x | C7x | ClI1 | C7x | Cllx
'g A2 | A3 | A7 | Cl11 | xA2 | xA3 | A1l | A7 | xA7 | All| All
m| 7
Aé D7x | D7x | D3x | A2x | D11 | D11 | D3x | D7x | D11 | D7x | D11x
X7 A2 | A3 | A7 | D11 | xA2 | xA3 | Al11| A7 | xA7 | All| All
B2
A AT7x | A7x | A3x | B2x | A11 | A1l | A3x | A7x | A1l | A7x | Allx
X7 B2 | B3 | B7 |Al1|xB2 | xB3 |B11| B7 | xB7 | Bl1 | Bll
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[Iponorxenus Tad. 4

f}i B7x | B7x | B3x | B2x | B11 | B11 | B3x | B7x | B11 | B7x | Bl1x

7 B2 | B3 | B7 |B11 | xB2 | xB3 | B11| B7 | xB7 | B11 | Bl1

B2

«C C7x |C7x | C3x | B2x | C11 |CI1 |C3x |C7x | C11 | C7x | Cllx

2 B2 | B3 | B7 |C11 | xB2|xB3|B11| B7 |xB7 | B11 | Bl11

B2

<D D7x | D7x | D3x | B2x | D11 | D11 | D3x | D7x | D11 | D7x | D11x

7 B2 | B3 | B7 |C11 | xB2 | xB3|B11| B7 | xB7 | B11 | Bl1
A7x | A3x All | A3x | A7x | A11 | A7x | Allx
C3 | C7 xC3 |Cl1| C7 [xC7|Cl11| Cl11
B7x | B3x B11 | B3x | B7x | B11 | B7x | Bl1x
C3 | C7 xC3 | Cl1| C7 | xC7|Cl11| C11
C7x | C3x Cll1 | C3x | C7x | CI1 | C7x | Cl1Ix
C3 | C7 xC3 |Cl1| C7 [xC7|Cl11| Cl11
D7x | D3x D11 | D3x | D7x | D11 | D7x | D11x
C3 | C7 xC3 |Cl1| C7 [xC7|Cl11| Cl11
A7x | A3x All | A3x | A7x | A1l | A7x | Allx
D3 | D7 xD3 | D11 | D7 | xD7 | D11 | D11
B7x | B3x B11 | B3x | B7x | B11 | B7x | Bl1x
D3 | D7 xD3 | D11 | D7 | xD7 | D11 | D11
C7x | C3x Cll1 | C3x |C7x | CI1 | C7x | Cl1x
D3 | D7 xD3 | D11 | D7 | xD7 | D11 | D11
D7x | D3x D11 | D3x | D7x | D11 | D7x | D11x
D3 | D7 xD3 | D11 | D7 | xD7 | D11 | D11

AHaJti3 BapiaHTiB KOMIIO3UTHHUX NOCJaiT0oBHOCcTel bapkepa
CkrnageMo KOMIO3UTHI TMOCHIOBHOCTI KOAIB bapkepa, 3rimHo 3 Tabn.4,

HaINpUKIaI, 15 BapianTy 770 (Tabm. 5).
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Ta6mui 5. KommnosutHi nociigoBHocTi 776 (7x11)

Ne . Pe3ynbTyroua koMHo3uTHA
Bapiant . :
n/n HOCJIOBHICTh

1.| A7x |All All A11 B11BI1 All
All | BIllI

2.| B7x |B11B11B11All1Al1Bl11
All |All

3.| C7/x |B1l1 Al1B11B11Al11A1l1
All |All

4.\ D7x |All1B11A1l1 Al11B11B11
All B11l

5.| A7x |B11B11B11All1Al1B11
Bl1l |All

6.| B7x |All All Al1B11B11A11
Bl1l Bl1l

7.| Crx |All1B11A11Al11B11B11
Bl1l Bl1l

8.| D7x |Bl11 Al1B11B11Al11Al1
Bl1l |All

9.| A7x |[Cl1Cli1Ci11D11D11C11
Cl1 D11

10.| B7x |D11D11D11C11C11D11
Cl1 Cl1

11.| C7x |D11C11Di11Di11C11C11
Cl1 Cl1

12.| D7x |C11D11C11C11D11D11
Cl1 D11

13.| A7x |D11D11D11C11C11D11
D11 |Cl1

14.| B7x |Cl11Cl11Ci11D11D11C11
D11 D11

15.| C7x |Cl11D11C11C11D11D11
D11 D11

16.| D7x |D11C11D11D11C11C11
D11 |Cl1

MopentoBanHss B cepenopuii MatlLab mokazamo, mo Bci 16 BapiaHTIB
KOMIIO3UTHHX MOCJIIOBHOCTEHN Tab1. 5 MatoTh oAHY 1 Ty )k AK®, 1110 1 OCHOBHI HOTHpHU
MOCHIAOBHOCTI 770 3 Tabn. 2. 3 Taba. 5 TakoX BHJIHO, IO IEBHI KOMIIO3WUTHI
MOCIIJOBHOCTI 30iratoThCsi. 3BEEMO pPa3oM TMOCIIJOBHOCTI, IO CIIBMNAJA0Th, 1

BIIMITHMO OCHOBHI YOTHPH NOCTITOBHOCTI 770 (Tab.6).
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Tadomuig 6. AHani3 KOMIIO3UTHUX OCJI1JOBHOCTEH 770

Ne Bapian Pesynbryroua [Noennanns YTBOPIOIOYMX
n/ KOMITO3UTHA : .
T : : MIOCJTI IOBHOCTEH
i MOCJIIJIOBHICTh
ATX All A1l Al1 B11 B11 | kanoniuna 1x kanoniuna 2 (7706)
1 | Al1B7 A1l B11 : Ixi )
% B11 iHBepcHa | X 1HBepCcHa
B7X B11l B11 B11 A11 A1l | iuBepcHa 1 x kaHoHi14Ha 2 (776 1HB.)
2. | All1 A7 : :
B11l All KaHOHI4YHA | X 1HBEpcHa 2
x B11
CrX B1l A1l B11 B11 All | m3epkanbHa 1 X KaHOHIYHA 2
3. | All1 D7 : :
¥ B11 All All 1HBEpCHA JI3epKayibHa | X 1HBEpCHA 2
D7 x All B11 A1l A1l B11 | imBepcHa n3epkaiibHa 1 X KaHOHIYHA 2
4, | A11 C7 B11 B11 L xi )
¥ B 11 n3epkaiibHa 1 X 1HBepcHa
AT X
5 B11 | B11 B11 B11 A1l All | kanoHiuHa | X 1HBepcHa 2
| B7x |B1l1A1ll iHBepcHa | X KaHOHIYHA 2
All
B7 X . :
Al1l A1l A1l B11 B11 | iBepcHa 1 X iHBepcHa 2
6. | B11 A7 : .
All B11 KaHOHIYHA | X KaHOHIYHA 2
x All
C7x All B11 A1l A1l B11 | n3epkanbha 1 X iHBepcHa 2
7. | B11 D7 . :
B11l B11 1HBEpCHA J3€pKajibHa 1 X KaHOHIYHA 2
x All
D7 x B11l A1l B11 B11 All | inBepcHa m3epkanbHa 1 X iHBEpCcHa 2
8. | BLLCY All A1l 1 igHa 2
% All n3epKaibHa | X KaHOHIYHA
ATX C11 C11 C11 D11 D11 | xanoniuHa 1 x m3epkanbHa 2
9. | Cl1 BY . )
C11 D11 1HBEpCHA | X 1THBEpCHA J3epKaIbHA 2
x D11
B7X D11 D11 D11 C11 C11 | imBepcHa 1 X m3epkanbHa 2
10. | C11 A7 : :
« D11 D11 C11 KaHOHI4YHA | X 1HBEpCcHa A3epKalibHa 2
C7 x n3epkanbHa 1 x n3epkansHa 2 (770
D11 C11 D11 D11 C11 | m3epk.)
11. | C11 D7 : :
Cl1C11 1HBEpCHA JI3epKayibHa | X 1HBEpCHA
x D11
J3EpKAIbHA 2
D7 x C11 D11 C11 C11 D11 | IHBEPCHA A3epKaibHa 1 x n3epkanbHa 2
12. | C11 C7 (776 iuB.13€pK)
D11 D11 :
x D11 J3epKkayibHa | X 1HBEpCHA J3epKaJibHA 2
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[IponorxeHHs Tad. 6

ATX D11 D11 D11 C11 C11 | kanoniuHa 1 X iHBepCcHA q3epKajibHA 2
13 | Dit By D11 C11 iHBepcHa | x a3epkanbHa 2
x C11 P P
B7 x .
C11 C11 C11 D11 D11 | mBepcHa 1 X iHBepcHa a3epKajibHa 2
14. | D11 A7 )
C11 D11 KaHOHIYHA | X a3epKayibHA 2
x Cl11
C7x .
C11 D11 C11 C11 D11 | n3epkanibHa 1 X iHBepCHa A3epKajibHa 2
15. | D11 D7 .
 C11 D11 D11 1HBEpCHA 3€pKalibHa | X A3epKaiibHa 2
D7 x D11 C11 D11 D11 C11 | 'HBePCcHa A3epKabHa 1 — iuBepcHa
16. | D11 C7 J3epKayibHA 2 A3epKajbHa 1 X J3epKajibHa
w C11 CliCi11 5

AmHaniz tabn. 6 nokasye, mo € 16 map moeJaHaHb OCHOBHHUX IOCIHIJIOBHOCTEH
bapkepa. KoxHa napa yTBOpIO€ 0OIHAKOBY PE3YJIbTYIOUY KOMIIO3UTHY MOCIII0BHICTb.
BigmiHHOIO 0COOIMBICTIO KOJKHOI ITApH MOE€IHAHL OCHOBHHX TTOCITIJIOBHOCTEH € Ta, 110
SIKIITO B OJIHIA € OyIb-SKI MO€THAHHS OCHOBHMX ITOCIIOBHOCTEH, TO B 1HIIIH MarOTh
OyTH 1HBEPCHI MOEIHAHHS IMX MOCJ1I0BHOCTEH. Hanpukiaz, Ko nepiie noegHaHHs
A7 x All (xaHoniuHa 1 X KaHOHIYHA 2), TO JApPYyre MOETHAHHSA, L0 JA€ Ty X
KOMITO3UTHY MOCHiI0BHICTB, Oyzie B7 x B11 (inBepcHa 1 x iHBepcHa 2). Bukiatounmo
napu noegHanb A7 x A11 — B7 x B11, B7 x A11 — A7 x B11, C7 x C11 — D7 x D11,
D7xC11-C7xD11,C7xCl11-D7xD11,D7xC11-C7xD11,C7 x D11 - D7
x C11, D7 x D11 - C7 x C11, sK1 1aroTh OCHOBHI KOMIIO3UTHI ITOCI1IOBHOCT1 770, 770
1HB., 770 n3epk., 776 iHB.A3epK. 3 8 map, 110 3aTUTIIIIACS, BUKITFOUMBIIY ITOBTOPIOBAHI,

OTpUMA€EMO 4 Mapu MO€HAHbB, SIKI € HOBUMH (Ta0I1. 7).
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Ta6nus 7. HoBi koMno3uTHI nociigoBHocTi bapkepa 770

Ne :

Bapian . : .
n/ T Ko10B1 KOHCTPYKI1T HOBUX KOMIIO3UTHUX ITOCIIAOBHOCTEN
I

C7x |-1-1-1+1+1+1-1+1+1-1+1+1+1+1-1-1-1+1-1-1+1-1-1-1-

1. | A11 D7 | 1+1+1+1-1+1+1-1+1-1-1-1+1+1+1-1+1+21-1+1+1+1+1-1-1-
xB11 | 1+1-1-1+1-1+1+1+1-1-1-1+1-1-1+1-1+1+1+1-1-1-1+1-1-1+1-1
C7x |+1+1+1-1-1-1+1-1-1+1-1-1-1-1+1+1+1-1+1+1-1+1+1+1+1-1-
2. | B11 D7 | 1-1+1-1-1+1-1+1+1+1-1-1-1+1-1-1+1-1-1-1-1+1+1+1-1+1+1-
xAll | 1+1-1-1-1+1+1+1-1+1+1-1+1-1-1-1+1+1+1-1+1+1-1+1

A7x |-1+1-1-1+1-1-1-1+1+1+1-1+1-1-1+1-1-1-1+1+1+1-1+1-1-1+1-
3. |C11B7 | 1-1-1+1+1+1+1-1+1+1-1+1+1+1-1-1-1+1-1+1+1-1+1+1+1-1-1-
xD11 |1-1+1-1-1+1-1-1-1+1+1+1 +1-1+1+1-1+1+1+1-1-1-1

A7x | +1-1+1+1-1+1+1+1-1-1-1+1-1+1+1-1+1+1+1-1-1-1+1-1+1+1-
4. | D11 B7 | 1+1+1+1-1-1-1-1+1-1-1+1-1-1-1+1+1+1-1+1-1-1+1-1-1-
xCl11 | 1+1+1+1+1-1+1+1-1+1+1+1-1-1-1 -1+1-1-1+1-1-1-1+1+1+1

Burpam y koedinienti nocuinenns HITIC

Po3risiHyTi KOMIO3UTHI TOCIIIIOBHOCTI 720 MalOTh BEJIUKY JIOBXKHUHY a, OTXKE, 1
ounpmry 06azy IHIIC curnamy, Hik 6asu IIIC curnanis, 1o BHUKOPUCTOBYIOTH
KaHOHIYH1 TocmigoBHOCTI 7 1 11, 3 skux BoHU oTpuMaHi. Tak, SKIIIO SK MPHUKJIa B3SITH
HIBUIKICTh MepeAadl 1H(opmaniiiHoi nociaigoBHocTi 1 MOIiT/c, TO WBUIKICTD
MpoXokeHHsT okpemux uimiB 11 mocmimoBHOocTi bapkepa ckiane 11x10°% win/c,
IIUPUHA CIIEKTPa TaKoro curHainy ckiane 22 MI'm, 6a3a nopisutoBatume B =22 (13,42
nb), a koediuieHT nocunenus LITIC mpu o6poodui cknane 44 (16,43 nb). ko x 3a
MOCJIIIOBHICTh IO PO3IIUPIOE, B3SATU PO3MIISIHYTY MOCHIIOBHICTD 720, TO MIBUAKICT
CcligyBaHHs ii okpeMux uimiB cknazge 77x10° gin/c, mmpuna crexrpa - 154 MI'n, 6asa
B =154 (21,87 nb), a xoediuient nocunenns ITIC npu o6po- 6ui cknazae 308 (24,89
nb). Takum 4YWHOM, BUTpAIll BiJA 3acTOCyBaHHs dimiB 770 3amicTe uyimiB 11
craHoButume 24,89-16,43 = 8,45 nb. YV 1abn. 8 HaBeneHo BUTpall y KOe]illieHT
nocuneHas IIIC mnpu oOpoOii KOMIO3MTHHUX KoOMiB bapkepa mOpiBHAHO 3
MaKCUMaJIbHIUM KaHOHIYHUM KO7IoM bapkepa, 1110 BUKOPUCTOBYETHCS Y BiIIOBITHOMY

KOMITO3UTHOMY KOJ1 MPY OJHAKOBIN MIBUAKOCTI nepenayi indopmariii 1 MI'n.
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Ta6muis 8. Burpam y koediuienti nocwieHHs LUTIC mig yac 06poOku

Kanoniuni Ta | Kimmc Kume Burpam BIJI

KOMIIO3UTHI KaHOHIYHOTO | KOMITO3UTHOTO | 3aCTOCYBaHHSI

koau bapkepa | koxy Koy bapkepa | KOMITO3UTHUX
bapkepa (nb) KoJiiB (1b)
(zb)

7 14,47 14,47 -

11 16,43 16,43 -

14 (2x7; 7x2) 14,47 17,48 3,01

21 (3x7; 7x3) 14,47 19,24 4,77

22 (2x11;

11x2) 16,43 19,44 3,01

33 (3x11;

11x3) 16,43 21,21 4,77

49 (7x7) 14,47 22,92 8,45

77 (7x11;

11x7) 16,43 24,89 8,45

121 (11x11) 16,43 26,85 10,41

BucnoBku

1. ABtokopensmidHi  (QyHKIIT KOMIO3UTHUX KoAiB bapkepa, sk 1
aBTOKOpeJsiiitHa GyHKIlisA mocaiAoBHOCTEN bapkepa, 3 sSIKMX BOHU CKJIaJICH1, MalOTh
BJIACTUBOCTI CKAJISIPHOTO JOOYTKY Ta aBTOKOPENAMINHOI (YHKIII, [0 JT03BOJIUIIO
301IBIINTH KIJIBKICTh BIJOMHUX KOMIIO3UTHHUX HOCHIAOBHOCTEH 3 12 110 48.

2. JIns KO’KHOI 3 PO3TIISIHYTUX 12 KOMIO3UTHUX MOCTIIOBHOCTEN € Bl 8 10 16
BaplaHTIB MOOY/I0BY, SIK1 BKJIFOUAIOTh HE TUTBKH OCHOBHI, ajI€ 1 HOB1 MOCJiJOBHOCTI.

3. AHami3 16-Tu BapiaHTIB JJisl KOMIIO3UTHOI MOCIJOBHOCTI 720 H03BOJIUB
3HANTH 3aKOHOMIPHICTh y MOOYI0B1 Map MO€eAHaHb KOJOBUX KOHCTPYKIIIH, 1110 MAIOTh
onHakoBy AK®, a Takox 4 nmapu noeiHaHb, K1 € HOBUMH.

4. 3actocyBaHHS KOMIO3UTHUX KOMAIB bapkepa nae Burpam y Koe@ili€eHTI
nocwiennss IIIC mnpu o06poOiri, SKU 3anekuTh Bi IIBUIKOCTI Tepemadl
1H(popMarliitHo1 mocaiAOBHOCTI. [[J1s1 pO3MIISIHYTUX KOMITO3UTHUX MOCJIIOBHOCTEH BiH
Moxke cranoBuTH Bif 3,01 a1b mo 10,41 nb 3a mBuakocTi nepegaui 1 MIm.

5. Meroauka TOMIyKy HOBUX KOJOBUX KOHCTPYKIIH 3  OJHAKOBOIO
ABTOKOPEJALINHO (YHKIE JJIsI KOMIIO3UTHOI TMOCIIIOBHOCTI 720 MoOXe OyTH

BUKOPWCTaHA [JIsl TIOIIYKY HOBUX TO€IHAHb KOJOBUX KOHCTPYKINN JUIsl 1HIIMX
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KOMIO3UTHHUX mociimoBHOcTel bapkepa. Ile, y cBor depry, m103BOJIUTH 3HAXOAUTU
ONTUMAJIbHI B3a€EMOKOpPEIIAIIMHI  (yHKIIT 3 aHcaMmOJl0 Tap HOBUX KOJIOBHX
MOCJTIIOBHOCTEH, C(HOPMOBAHUX 3a OMHCAHOIO BWINE METOJIUKOIO ISl 301IbIICHHS

KUTBKOCT1 a0OHEHTIB Ta 1X KOJAOBOTO MOAUTY IIPH POOOTI B 3arajibHIi cMy31 4acTOT.
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SECTION 5. TRANSPORT

DOI: 10.46299/1SG.2024.MONO.TECH.3.5.1

5.1 JlocaigeHHsi 3aKOHOMIpHOCTeH 3MiH mapaMeTpiB ekcmJjyaramii 3aco0iB
TPAHCHOPTY B CHCTEMIi Mi’KMICHbKHUX MACAKUPCHKHUX NepeBe3eHb

5.1.1 Bu3HaueHHsl eTamiB PO3PaxXyHKy HapaMeTpiB ekcmiyaranii 3aco0iB

TPAHCIOPTY CHCTEM MIKMICHKHMX NMACAXKUPCHLKHUX MepeBe3eHb

BukopucTtoByroun 3amponoHOBaHI MIAXOAM JI0 PO3PAXyHKYy 0a30BUX
MOKa3HUKIB €(DEKTUBHOCTI (PYHKIIIOHYBaHHS MIKMICHKHUX MMACAKUPCHKUX TMEPEBE3CHb
J03BOJISIFOTH C(HOPMYBAaTH OCHOBHI €Taly MOPOBEICHHS PO3PAXyHKIB i1 BU3HAUCHHS
napameTpiB:

I eran — po3nonury OOCATIB NMEPEBE3EHb MACAKHUPIB MIXK aBTOMOOUIBHOIO Ta
3QJIIHUYHOIO0 MapIIPyTHUMHU CUCTEMAMHU;

IT eram — maTpullh HAMKOPOTIIMX BiJICTAHEH Y MEPEkKaX;

III eran — maTpulb NACAXUPCHKUX TPAHCIOPTHUX KOPECTIOHAEHIINA MIXK
BY3JIaMU MEPEK;

IV eram — 0a30BUX TOKa3HMKIB (YHKIIOHYBaHHS MAapIIPyTHUX MEPEK,
a caMe: KIJTbKOCTI mepecyBaHb B Mepexi — P, (ox); oOcsriB mepeBe3eHb — Q,(mac.);
koedimieHTy — mepecamKyBaHOCTI —  Kyep;  TpaHcmoptHoi — pobotry — W,
(mac./kM.);cepemHboi  JambHOCTI  MapmpyTHOi  3akd  —  leepm, — (KM.);
CEepEIHIO JATbHICTh MEPEKHOT 13KH — lcep ep., (KM.); KOCDIIIIEHTY CEPEHBOCUCTEMOTO
BUKOPUCTAHHS MMaCaKUPOMICKOCTI; TOTP1OHOT KITLKOCTI aBTOOYCIB/BaroHiB — A, (011.).

Y BuUKOHaHIi poOOTI BBEACHO MOHATTS KOEPIIICHTY CEepeIHbOCUCTEMOTO
BUKOPHUCTAHHS MACAKUPOMICKOCTI (Kegyuep ), BBAIKAETHCS, IO 116 — CEPEAHE 3HAUCHHSI
BUKOPHUCTaHHS Naca)XMPOMICKOCTI TPHACIIOPTHUX 3ac001B Ha BCIX
MapuIpyTax aBTOMOO1IbHOT 200 3aJ1I3HUYHOT Mepexki. 3aporOHOBAHO PO3PaXOBYBATH

BU3HAYCHUI KOEQIIICHT 32 HACTYITHOIO 3aJIexHICTIO (1).
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1
kCLUl.M@p. = Zn:%’ (1)

ne

V. CTATUIHUN KOE(]IIlICHT 3alI0OBHEHHS CaJIOHY;

N — KUIBKICTh MApIIPYTiB B MapUIPYTHIN Mepexi.

B po6oTi Bu3HAUYECHO HEOOXIMHICTH KEPYBAHHS IMPOIIECOM IEPEBE3HBb 3a IS
TOJIEP>KEHHS MEX €(PEKTUBHOCTI MPOLIECY, JIs IPOBEJACHHS PO3PaXyHKIB BIAMOBITHUX

napameTpiB po3po0JIEHO MPOrpaMHHA MPOAYKT B cepenosuii Borald C++.
5.1.2 ®opmyBaHHS MaCHBY BXiITHMX JAHHUX

Jlig mpoBeAeHHs BIANOBIIHUX PO3PaXyHKIB y PO3pOOJIEHHOMY IPOrpPaMHOMY
MPOJYKTI 0yJI0 CPOPMOBAHO HACTYIIHI MACHBY 3HAYEHb BXIJHUX JIAHUX, & CAME:

— Mepexi aBTOMOOUTBLHOT/3aJ113HUYHOT (By3:1H, IyTH),
[ lonatok BJ;

— ICHYIOUMX MapIIPyTiB aBBTOMOOUIbHUX/3aM13HUYHUX (BY3J1H, AYTH, HOMED,
IIBUJIKICTH CTIOJTYUYEHHS);

— aBTOOYyCy/Barony (3arajibHa maca>KupoOMICKICTh);

— KUIBKOCTI ~ MacaXwpiB, sKI  NpuOyBalOTb  Ta  BHDKIKAIOTH
3 By3JIa.

3a pe3yapTaTaMd 3aCTOCYBaHHA pPO3POOJEHOr0 MPOrPAMHOIO MPOIYKTY
OTPUMAaHO MOKJIUBICTH B OJIEp>KaHHI HACTYITHUX PO3PaxyHKIiB, a came:

— PO3MOALTY MACAXUPOIOTOKY MIX By3JIaMU aBTOMOOLIBHOT MapHIpyTHOL
MepexXi Mo ICHYIOUUX Y MepexXi MapiipyTax (Tuc. nac. 100.);

— PO3MOUTY TACAXHUPOMOTOKY MDK BY3JIaMH 3alli3HUYHOI MapIIpyTHOI
MepexXi Mo ICHYIOUUX Y MepexXi MapiipyTax (Tuc. nac. 100.);

— MaTpHIll KOPECTIOHIEHITIT MI>K By3JlaMH aBTOMOOLTEHOT Mepesxi (TUC. mac.

100.);
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- MaTpHlll KOPECIOHJICHIIIT M) By3JIaMH 3aJII3HMYHOI Mepexi (THC. mac.

7100.);

- 0a30BUX XapaKTEPUCTHUK (PYHKIIIOHYBAaHHS MaplIPyTiB aBTOMOOLIBHOT
Mepexi;

- 0a30BUX XapakTEpUCTUK (YHKIIOHYBAHHS MAapIIPYTiB 3aJTi3HUYHOI
MEpexi.

Ha puc. 5.2 HaBeneHo 300pakeHHS BIATOBITHOTO MPOTPAMHOTO MPOIYKTY ISt
pPO3paxyHKy KUIBKICHUX XapakTEPUCTHK O0a30BUX IMOKA3HUKIB e()EeKTUBHOCTI
eKCIUTyaTarlii 3aco01B TPAHCIOPTY MPU MACAKUPCHKUX MEPEBE3CHHAX 13 HACTYITHUM
PO3MOIIOM MacaKUPONOTOKIB: 15% — aBTOMOOUIBHA MapIIpyTHa Mepexka Ta 85% —

3QJI13HUYHA.

5.1.3 BuzHaveHHs1 3aKOHOMipHOCTel 3MiH QyHKIIT nepepo3noainy odcsriB

NepeBe3eHb MACaKUPIB Bil XapaAKTEPUCTUK 3aC00iB TPAHCIIOPTY

BianoBiiHO 10 PO3IASHYTOro B poOOTI, MK NACaXUPCHbKUMU MapLIPyTHUMH
MepekamMHu BiZIOYBa€TbCS MPOIEC MEPEPO3MOALTY MACAKUPCHKUX KOPECIOHJICHIIIN.
BusnadeHo, 110 Ha KUIbKICHI TTOKa3HUKH JaHOTO TMepepo3noAury (BHOip macaxupom
MepeXi) BIUTMBAE KOMILIEKC XapaKTEPUCTHUK albTEPHATUBHUX MAPIIPYTHUX MEPEK.
MokHa TPUIMYCTUTH, IO 13 TEPEPO3NOIITIOM MACAKUPCHKUX TPAHCIOPTHUX
KOPECIOH/ICHIIIN  BIAOYBAlOThCS KOJMBAHHS (PAKTUUYHMX 3HAYEHb KIUIBKICHUX
MOKa3HUKIB 0a30BHX MOKA3HUKIB (DYHKIIIOHYBAHHS CaMHUX MapIIpyTHUX Mepex. Jlis
BU3HAYCHHS 3aKOHOMIPHOCTEM 3MIH BU3HAUCHHUX MapaMeTpiB BiJ MEPEPO3MOILITY
MAaCaXUPCHKUX TPAHCMOPTHUX KOPECTIOHACHINM MK MeEpeKaMu TPOBEIACHO
BIJIMOBIJIHI PO3paxyHKW Juisi HAOOpy BapiaHTIB BHU3HAYEHOTO MEPEPO3MOILITY
MaCaXXUPOIOTOKIB M’k aBTOMOOUIBHOIO Ta 3aJ1I3HUYHOI0 MEPEIKAMH.

3a pe3yibTaTaMu TPOBEJACHHS PO3PaXyHKIB OTPUMAHO 0a30Bl MOKa3HUKH
GyHKIIOHYBaHHS Mepex [Uisi HaOopy pO3MOAUTy NacakhpoIoTOKiB. Pesynbratu

PO3paxyHKiB 3BeicHO y Tab. 1 Ta 2.
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Tabnuys 1

ba3oBi nokasHukM QYHKI[IOHYBAHHS AaBTOMOOJIbHOI MAPIIPYTHOI MepesKi npu

o0cayrosyBanHi 15% — 40% 3arajbHOro nacaxkmponoroxky — P

3HaveHHs QYHKIIIT Mepepo3noairy o0CATiB mepeBe3eHb MacaKupiB

ba3oBuii moka3Huk ] )
Ha aBTOMOOiIsHOMY BHI TpaHcmopty (FP)

bymoyBatA 15 20 25 30 35 40
1 2 3 4 S) 6 7
Kinexlets nepecysas — 6084 8098 10102 13045 14002 16098
Pagr, THC.O.
OOcsr nepeBe3eHb — 7011 9395 11854 14256 16357 18745
Qasr., THC. Hac.
Koedimient 1,17 1,17 1,17 1,17 1,17 1,17
nepecapKyBaHOCTI —
knep.
Tp-na po6ora — Wasr., 2770 3692 4616 5538 6462 7385
THUC.TIAC./KM.

CepenHs JaTbHICTh MapIIL. 415,06 415,03 415,05 415,02 415,05 415,03

i31Ku — lcep.M.aBT., KM.

Cep. nanpHICTh MEPEKHOT
i3nku; — lcep.mep.aBT., KM. 458,08 458,06 458,07 | 458,02 | 458,05 | 458,05

[TorpiOHa KiNbKICTH
183 220 256 294 327 364
aBTOOYCIB — Aagr.,q=40
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Tabnuys 2
ba3oBi nokasHukM QyHKIIOHYBAHHS 3aJi3HUYHOI MAPIIPYTHOI Mepexi nNpu
oo0cayrosyBanHi 85%, 80%, 75%, 70%, 65% ta 60% 3arainbHoro

nacaxkmponoroky — FP.

3HaveHHs QYHKIIIT Mepepo3noairy o0CATiB epeBe3eHb
ba3oBuii moka3Huk
MacaKupiB Ha 3ai3HUYHOMY Bui Tpancmopty (FP)
(GyHKIIIOHYBaHHS
85 80 75 70 65 60
1 2 3 4 5 6 7
KinbkicTh nepecyBanb — Psqa,
34548 | 33145 | 30426 | 28642 | 25984 | 25478
THUC.OJ.
OO6csr nepeBe3eHb — Qsqs, THC.
41803 | 40105 | 36815 | 34657 | 31441 | 30828
nac.
KoeinienTt nepecamxyBaHOCTI —
) 1,21 1,21 1,21 1,21 1,21 1,21
nep.
T p-na podota — Wsas.,
19526 | 18378 | 17230 | 16082 | 14931 | 13783
THUC.TIAC./KM.
CepenHi TanbHICTh MapII. T31KH
526,72 | 526,75 | 526,74 | 526,77 | 526,75 | 526,75
- Icep.M.3aﬂ., KM.
CepenHs TanbHICTh MEPEKHOT 569 569 569 569 569 569
3KH — leep.vep. san., KM.
CepennbocucteMHu Koed.
BUKOPHUCTAHHS 0,38 0,38 0,37 0,37 0,37 0,37
NacaKUPOMICTKOCTI — Kear vep.san.
[TorpiOHa KiNbKICTh BaroHiB —
900 845 801 747 702 653
ABar.aq:40
[IpoBeneHi po3paxyHKH JUIsi BU3HAYEHHS BIUIMBY 3HA4YeHHA (PYyHKIIIT

MepPEepO3NO LTy 00CSTIB MepeBe3eHb MACAKUPIB HA ABTOMOOUTHHOMY Ta 3aTI3HUYHOMY
BHUJIaX TPAHCIOPTY Ha 0a30BI TNOKa3HMKK (YHKIIOHYBaHHS, a caMe: KUIbKOCTI

MepecyBaHb TMacaXupiB, o00CATY TepeBe3eHb;, KOedIlieHTy MepecaaKyBaHOCTI;

TPAHCTIOPTHOT pOOOTH; CEPETHBOI TaTLHOCTI MAPIIPYTHOT 137IKH, CEPETHBOT JaTBbHOCTI

MEpEKHOI 131KH; CEpPEaHbOCUCTEMHOTO Koe(illieHTy BUKOPHUCTaHHS
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MAaCaKUPOMICTKOCTI Ta MOTPIOHOI KUIBKOCTI TpaHCIOPTHUX 3aco0iB. BuzHaueHi
3B’SI3KM MIK 3raJIaHMMHM MMOKa3HUKaMU 3BEJICHO y Tab. 3.
Tabnuys 3
CTaTHCTHYHI NOKA3HUKH BILVIMBY 3HA4YeHHs QyHKUII nepepo3noairy o0csris
nepeBe3eHb MACAKUPIB HA ABTOMOOLIBLHOMY TA 3aJi3HUYHOMY BHIaX

TPAHCIOPTY HA 0a30Bi MOKa3HUKH e(PeKTUBHOCTI eKCIIyaTanii 3aco0iB

TPAHCHOPTY.

Mean t-value df df p
FPAVS. Pag: 11238,17 -7,224 10 5,000061 0,000792
FPAVS. Pag: 11238,17 -7,224 10 5,000061 0,000792
FPAVS. Qasr. 12936,33 -7,216 10 5,000046 0,000797
FPAVS. Kuep. 1,17 6,895 10 5,000000 0,000983
FPAVS. Wag:. 5090,33 -7,029 10 5,000281 0,000899
FPAVS. leep.asr 415,04 -101,482 10 5,000027 0,000000
FPAVS. lcep.vep.ast. 458,06 -112,745 10 5,000049 0,000000
FPAVS. Keanvep.asr. 0,29 7,126 10 5,000098 0,000845
FPAVS. Aagr. 273,50 -9,363 10 5,215699 0,000186
FP ;a1 VS. Psa, 72,50000 -19,588 10 5,000064 0,000006
FP ;4.Vs. Q san 72,50000 -19,596 10 5,000044 0,000006
FP 5a.VS. Ksan 72,50000 18,668 10 5,000000 0,000008
FP sanVS. W 50, 72,50000 -19,902 10 5,000213 0,000006
FP 501 VS. leepwsan. 72,50000 -118,950 10 5,000030 0,000000
FP1a1VS. leep.vep.sar 72,50000 -130,255 10 5,000025 0,000000
FP 501.VS. Keanep.san. 72,50000 18,887 10 5,000003 0,000008
FP ;1.VS. Agar. 72,50000 -17,580 10 5,090333 0,000009
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3riJIHO 13 OTPUMAHUMH Pe3yJIbTaTaMU PO3PAXYHKIB Yy MPOTPAMHOMY MPOAYKTI
Statistica Bu3HaueHO 3HaueHHs t-kpurepiro Creiogenta (t-value), mo mo3Bosse
CTBEpP/DKYBAaTH TMPO HAABHICTh CTAaTUCTUYHOTO 3B’SI3KY MIK ~ HaBEJICHUMU
napamMeTpaMu.

3a OoTpUMaHUMHU pe3yJbTaTaMH MPOBEACHUX PO3PaxXyHKIB 13 BUKOPHUCTAHHSIM
KUTBKICHUX 3HAa4€Hb 0a30BUX MOKA3HUKIB (DYHKITIOHYBaHHS MEPEX I po3noairy FP
M1 aBTOMOOUIBHOIO Ta 3aJII3HUYHOIO MEpeXaMu OTPUMAHO MOXJIHMBICTH MOOYI0BU
rpadikiB 3MiH BU3SHAUCHUX MapaMeTpiB.

Jnst moOynoBu BIAMOBIAHMX TpadikiB pO3MOALTY PO3PAXOBAHUX 3HAYCHB
napameTpiB (QyHKIIIOHYBaHHS MapIIPyTHUX MEPEX BiJl 3MiHI (PYHKIIT Iepepo3no iy
00CsTiB IepeBe3eHb MacaKUPiB BUKOPUCTAHO BIAMOBIIHE TPOTpaMHE 3a0€3MEUCHHS, a
came — Statistica. 3a pe3yJibTaTaMu MPOBEJAEHOI poOOTH OyJIO OTPUMAHO BiJATOBIJIHI
rpaikd po3MOAUTY HACTYNHUX TOKa3HHUKIB (DYHKI[IOHYBAaHHS MaCa>KMPChKUX
MapIIpyTHHUX MEPEX, a caMme: KUTBKOCTI TIepecyBaHb MacaKupiB, 00CATY TIEPEBE3CHb,
Koe(illieHTy TMepecapKyBaHOCTI, TPAHCIOPTHOI POOOTH, CEPEIHBOI MAIBHOCTI
MapuIpyTHOi i3/1KH, CEpeAHBOI IAIbHOCTI MEPEXKHOI I13/IKH, CEPEAHbOCHUCTEMHOIO
Koe(illieHTY  BUKOPHUCTAHHS  IMaCaAXUPOMICTKOCTI Ta  MOTPIOHOI  KIJIBKOCTI
TPAHCIOPTHUX 3aCO01B.

[ToOynyemo (yHKIIO BIATYKY IS Pasr — KITBKOCTI MEpECYyBaHb MaplHipyTaMu
aBTOMOOUTBHOT MEpeXi BiJA 3MiHM 3HaueHHA (QYHKIIT Nepepo3noaily oOCATIB

MepeBe3eHb MacakKUpiB Ha aBTOMOOUIBHOMY BH/I1 TPAHCTIOPTY:

P =124,2381+404,1429-FP,, 1)

1€ Pagr— KITBKICTB MEpECyBaHb aBTOMOO1IBHUMHU MapIlpyTaMu, Tac.;

FP, — 3nauenns QyHKIi1 nepepo3noainy oOcAriB mepeBe3eHb MacakupiB Ha
aBTOMOO1JTLHOMY BHU/II TPAHCIIOPTY.

Ha puc. 1 300paxkeHo rpadik 3MiHM KiJTBKOCTI MMEepecyBaHb Y aBTOMOOUIbHIM
MapIIpyTHIH MEpexKi IpH 3MiH1 po3noainy FP4 Mixk MapmipyTHUMHU MepexXaMu Pi3HUX

BH/JIIB TPAHCIIOPTY.
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Puc. 1. I'padik 3MiHM KUTBKOCTI NEpECyBaHb y aBTOMOOUIBHIN MaplIpyTHIN Mepexi
pu 3MiHi po3noaury FP 4 Mixk aBTOMOOLTEHOIO Ta 3a1I3HUYHOI0 MAPIIPYTHUMU

MepeKaMH.

[IpoBenemo po3paxyHKd 3a 3anexHicTio (1) ¥ TOpIBHSIEMO OTpUMaHi
pe3yNbTaTu 13 3HAYCHHSIMH P,y OTPUMAaHUMHU 32 PE3yJIbTaTOM KOMIT FOTEPHOTO
MOJIETIIOBAaHHS, MPOBEIEHOTO Y 3alpONOHOBAHOMY MJI BIANOBITHUX PO3PAXYHKIB

MpOrpaMHOMY MPOYKTi. Pe3ynbTaTtu po3paxyHKiB 3B€JIEHO Yy TaoI. 4.
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Tabnuys 4
Pe3yabraTtu po3paxyHKy Puem — KIIBKOCTI IepecyBaHb aBTOMOOLIbHUMH

MapupyTaMu 3a 3ajie:kHictio (5.1).

3HayeHHs Pagr. 32 pe3ypTaToM
3HaueHHA Paer 32 pe3yspTaToM .
PO3paxyHKy 3a 3aJeXHICTIO 5.1, |AP 46m Y0|
KOMIT FOTEPHOTO MOJICTIOBaHHS, THC.O/I.
THUC.0J

6084 6186 1,68%

8098 8207 1,35%

10102 10228 1,25%

13045 12249 6,11%

14002 14269 1,91%

16098 16290 1,19%

Paszowm: 2,25%

3a pe3yiapTaTaMM MPOBEACHHS CTATUCTHUYHOTO aHajiily W MOPIBHSHHS
OTPUMAHHUX PE3YJIbTATIB 3HAYEHD Py 32 pE3ybTATOM KOMII FOTEPHOIO MOJEIIOBAHHS
1 pO3paxyHKy 3a BU3HAUEHOIO 3aJIEXKHICTIO (1) MOYXHA CTBEpAKYBaTH PO HAsBHICTb
3B’SI3Ky MIX LHMMHM 3HAUYE€HHAMH Ta JIOCTOBIPHOCTI BUKOPUCTAHOI 3aJIEKHOCTI.
BiAnoBigHO 10 OTPUMAaHUX PE3yJIbTATIB MOKHA CTBEPAXKYBATHU, 110 PO3PAXYHOK Pypr—
KUIBKOCT1 IEpECYBaHb aBTOMOOUTHHUMH MapIIpyTaMH BiJIIOBITHO /10 3alPOMOHOBAHOT
3aJIeKHOCTI (1) MOXIIMBE 13 BUBHAYEHUM BIIXUJICHHSIM, SIKE€ TOPiBHIOE 2,25%.

BiamosinHo 10 pe3yibTaTiB po3paxyHKiB 0a30BHX MOKA3HUKIB (DYHKIIIOHYBaHHSI
3JII3HUYHOT MapIIPyTHOI Mepexi pu oociyroByBanHi 85%, 80%, 75%, 70%, 65% Ta
60%3araibHOr0 TMacaXupornoToky — FP (Tabmn. 2) Ta CTaTUCTUYHHMX MOKA3HHKIB
BIUTMBY 3HA4YCeHHS (YHKINI TEpepo3Nnojily OOCSTIB MepeBe3eHb MMacaKUpiB Ha
aBTOMOOUTbHOMY Ta 3aJi3HUYHOMY BHJAX TpaHCHOOPTy Ha 0a30Bl MOKa3HUKHU
(YHKIIIOHYBaHHS CUCTEM MIKMICHKMX MapIIPyTHUX NEpeBe3eHb (Tabil. 3) oTpuMaHO
MOJIUBICTh Y TTOOY10B1 Tpadiky 3MiHU P;,; — KUTBKOCTI MEPECyBaHb 3aJI3HUYHUMH
MapuipyTaMu Mpu 3MiHI po3noginy FP,,, MK aBTOMOOUIBHOIO Ta 3alli3HUYHOIO
MapIIpyTHUMHU MEPEKaMH Ta BCTAaHOBJIEHH] QyHKIT BIATYKY Ps,, Bia FP ., Ha puc. 2

300pakeHO BiAMOBITHUHN Tpadik.
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Puc. 2 I'padik 3miHU P4, — KUTBKOCTI MEPECYBaHb 3aTI3HUYHOIO MEPEKEIO MPHU 3MiHI

posmnoainy FP,,, Mi>k aBTOMOOUTEHOIO Ta 3aJII3HUYHOIO MApUIPYTHUMU MEPEKaAMHU.

3ai.

P, =1276,7905+392,0971-FP_, (2)

[IpoBeneMo po3paxyHKHM 3a 3aJIeKHICTIO (2) ¥ TOpIBHAEMO OTpUMaHi
pe3yibTaTH 13 3HAYCHHSIMU P, OTpUMaHUMH 3a PE3yJbTaTOM KOMII IOTEPHOTO

MOJIeNIIOBaHHs. Pe3ynpTaTi po3paxyHKiB 3BE€JIeHO y Ta0I. 5.
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Tabnuys 5.
Pe3yabTaTn po3paxyHKy KUIBKOCTI epecyBaHb aBTOMOOIJILHUMHA

MapHIPpYTAMH 32 3aJIeXKHICTIO (2)

3HayeHHS Psqi. 32 pE3yJbTaTOM
3HaueHHs Psiqy 33 pe3yJIbTaTOM .
PO3paxyHKy 3a 3aJeXKHICTIO 5.2, |AP;qn Y|
KOMIT'FOTEPHOTO MOJICTIOBaHHS, THC.0JT

THUC.0J
34548 34605 0,17%
33145 32645 1,51%
30426 30684 0,85%
28642 28724 0,28%
25984 26763 3,00%
25478 24803 2,65%

Paszowm: 1,41%

BiamnoBigHOo 10 OTpUMaHUX Pe3yJIbTaTIB PO3PAXyHKIB 3HAYCHHS P4, — KITBKOCTI
MepecyBaHb 3aII3HUYHOI0O MEPEXKEI0 3a 3aJeKHICTIO (2) BCTAHOBJICHO, IO Takl
PO3paxyHKHU MAlOTh CEPE/IHE BIIXWICHHS Bl 0a30BHX MOKa3HUKIB 1,41%.

[To6ynoBaHo rpadik 3MiH KITBKOCTI NTEPEBE3CHUX MACAKUPIB HA aBTOMOOLIBbHIH
MapmpyTHid Mepexi (Quem) BT 3MIHM YacTKH MAcaXHpiB, sKa TEPECyBAETHCA

Mepexero aBToMobuTbHuX MapmpyTiB (FP..), puc. 5.
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Puc. 5. I'padik 3MiHN KUTBKOCTI MEPEBE3EHUX MACAKUPIB HA aBTOMOOITBbHIM

MapuIpyTHIH Mepexi Bij 3MiH1 po3noauty FP4 mix mapuipyTHuMHu MepexaMu.
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Busnauena ¢yskiis 3anexxHocti Qg Bin FP4, mae Burnmsan HaBeneHuit y

piBHsHHI (3):

Q.. =57,219+468,3314-FP, | (3)

[IpoBenemMo po3paxyHKH 3a 3aleKHICTIO (4) ¥ TOPIBHIEMO OTPUMAaHI
pe3yabTaTH PO3PaXyHKIB Quen 13 3HAYCHHSAMU Qe OTPUMAHUMH 32 PE3YyJbTATOM
KOMIT'FOTEPHOTO MOJICTIOBAHHS [UIsl BWU3HAYCHHS BIJMOBIAHOTO BIAXWICHHA Y
KUTBKICHUX 3HAYCHHSX JTAHOTO MOKa3HWKA. Pe3yapTaTh po3paxyHKiB 3BECHO Yy Ta0.

6.
Tabnuys 6

Pe3yabTaTH po3paxyHKy KUIBKOCTI IepecyBaHb aBTOMOOIIbHUMHA

MapLIPyTaMHU 32 3ajekHicTIO (3)

3uaueHHs Quqm 32 pe3ynbTaToM | 3HaueHHS Quqm 32 PE3YNIBTATOM

KOMIT’ FOTEPHOTO MOJICTIOBAHHS, PO3paxyHKy 3a 3aJIEKHICTIO |AQ z6m 0|
rac. 5.3, nac.
7011 7082 1,02%
9395 9424 0,31%
11854 11766 0,75%
14256 14107 1,04%
16357 16449 0,56%
18745 18790 0,24%

Pazom: 0,65%

BiamoBinHO 10 HaBEACHHUX PE3yIbTaTIiB BU3HAYCHO MOKIIMBICTh CTBEPIKYBATH

PO BHUKOPUCTAHHS 3aleXHOCTI (3) g po3paxyHKIB KUIBKOCTI IEpPEBE3EHUX
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0,65%.

NacaKUpiB Ha aBTOMOOUIbHIN MapIpyTHiIK Mepexi Qe pU 3MiHU FP4. 13 TOUHICTIO

3a pesyibTaTaMu MPOBEIACHHS CTATUCTUYHOTO aHANI3y ¥ TOPIBHSIHHS
OTPUMAaHMX PE3YJIbTATIB 3HAYCHD Q44 32 PE3YITHTATOM KOMIT FOTEPHOTO MOJICITIOBAHHS
1 po3paxyHKy 3a BU3HAUCHOIO 3aJICKHICTIO (3) MOKHA CTBEPKYBAaTH PO HASIBHICTH
3B 3Ky MK IMMHU 3HAYEHHSIMH Ta JOCTOBIPHICTh BU3HAUEHOI 3aJIEKHOCTI.
AHasioriyHo 110 rpadiky HaBeIEHOro Ha puc. 3. moodyayemo rpadik 3MiH

KUTBKOCTI TMEPEeBE3EHUX MACAKUPIB HA 3AIII3HUYHIN MapIIpyTHIA Mepexi, puc. 4.
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280001

Chyp. TIALC.

32000}

30000

28000 F

2B000
L

B 38 40 42 44 46 48 A0 A2 54 56 58 B0 2
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Puc. 4. I'padik 3MiHU KUTBKOCTI MEPEBE3CHUX MACAKUPIB HA 3aTI3HUYHIN
MapuipyTHii Mepexi — Q,4; B 3MIHI PO3NOALUTY MOTOKY M1k MapIIpyTHUMHU

MepexaMu — FPg,.
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BusnaueHo (QyHKIIIO pO3paxyHKY KIJTBKOCTI TEPEBE3EHUX IMacaXUpiB Ha

3II3HUYHIN MapIIpyTHIA MEPExi, SKa Ma€ HACTYITHUIN BUTIIA (4):

Q,, =1544,9165 + 474,4375- FP_, (4)

3ai.

[IpoBemeMo po3paxyHKH 3a 3alIeKHICTIO (4) ¥ TOpIBHAEMO OTpUMaHi
pE3yIbTaTH 13 Pe3yJIbTATOM KOMIT I0TEPHOTO MOJICTIOBaHHs. Pe3ynbratu po3paxyHKiB

3BeICHO y Tabi. 7.

Tabnuys .7
Pe3yabTaTH po3paxyHKy KUIBKOCTI IepecyBaHb aBTOMOOIJIbHUMH

MapLIPYTAMHU 32 3aJeKHICcTIO (4)

3naueHHs Q32 peny IbTaTOM
3naueHHs (ar( 32 pE3yNbTaTOM
PO3paxyHKy 3a 3aJIeXKHICTIO 5.4, |AQsaz. %0|
KOMIT FOTEPHOT'O MOJICITFOBAHHSI, T1ac.
mnac.
41803 41872 0,17%
40105 39500 1,51%
36815 37128 0,85%
34657 34756 0,28%
31441 32383 3,00%
30828 30011 2,65%
Pazom: 1,41%

BianoBiiHO 1O OTpUMaHUX pe3yJIbTaTIB BUZHAYEHO MOXIMUBICTh PO3PAXYHKIB
KUIBKOCT1 TEPEeBE3EHUX MACAKUPIB HA 3aJI3HUYHIN MapIIpyTHIA Mepexi BIIMOBITHO
710 3aIPOITOHOBAHOT 3aJIEKHOCTI (4) 13 BUBHAYEHUM CepeIHIM BiaxuieHHaM y 1,41%.

BianosiiHO 10 pe3yJbTaTiB po3paxyHKiB 0a30BUX MOKa3HUKIB (DYHKIIIOHYBAHHS
3aJII3HUYHOI MapIIPyTHOI Mepexi pu oociyroByBanHi 85%, 80%, 75%, 70%, 65% Tta
60%3arajibHOT0 MacaXxuponoToky — FP(Tab1. 2) Ta cTaTUCTUYHUX NOKA3HUKIB BIUIUBY
3Ha4YeHHS (PYHKIII Tepepo3noailly OO0CAriB MEepeBe3eHb MacCaKUPIB MK BUIAMU
TpaHCTIOPTY Ha 0a30B1 MOKA3HUKU (DYHKITIOHYBAHHS CUCTEM MIKMICHKUX MapIIPyTHUX

nepeBe3eHb (Tabi. 5.3) OTpUMaHO MOXJIMBICTH Yy TOOyAOBI Trpadiky 3MIHH
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Koe(illieHTy TIepecaKyBaHOCTI Ha MaplIpyTax aBTOMOOIIBHOTO TPAHCTIOPTY Krep asr.
IIpH 3MiH1 PO3MOALTY IMTOTOKY MK MapIIpyTHUMHU Mepekamu FP 4.
[ToOynyemo rtpadik 3MiHH KOe(Ili€HTY NepecapKyBaHOCTI Ha MapuipyTax

aBTOMOOUTBHOTO TPAHCTIOPTY Kpep asr. iU FP 4, (puc. 7).

2,':' T T T T T T T T T T T T T
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1.4 b
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Puc. 5. I'padik 3miHu KoedilieHTy epecaaKyBaHOCTI Ha MapIIpyTax
aBTOMOOLUITBHOTO TPAHCTIOPTY Kpep apr. TP 3MiHI PO3IOLITY TIOTOKY MiX

MapHIpyTHEMHU Mepexamu FP4 i3 dyHKIi€ero 11 po3paxyHKY Kuep asr.

BusHaueHO (QYHKIIIO pO3paxyHKY KIJIBKOCTI MEPEBE3EHUX NacakUpiB Ha
3JII3HUYHIN MapIIpyTHIA Mepexi, sika Ma€ HacCTynHUM BUrIn (5):

kK =117+0-FP,, (5)

nep.agem

OTpuMaHUMU pe3yibTaTaMu TpadiuHOro W MaTeMaTUYHOIO MOJEIIOBAHHS
BCTAHOBIICHO, IO TPH 3MiHi PO3IMO/ILIY MMOTOKY MiXK MapIIPYTHUMHU MEPEKAMHU Kpep asr.
KUIbKICHO HE 3MIHIOETHCS, 3 YOTO MOKHA 3pOOMTH BUCHOBOK IPO BIACYTHICTH BIUIMBY

FPA Ha knep.aBT.(S)-

97



APPLIED, TECHNICAL AND AGRICULTURAL SCIENCES: INTRODUCTION OF THE
LATEST TECHNOLOGIES INTO USE

Busnauena QyHKIS po3paxyHKy KIJTBKOCTI TEPEBE3CHUX TMacCaXUpiB Ha
3JII3HUYHIN MapImIpyTHIA MEepeKi, Ma€ HACTYIMHUHN BUTJIIA (6):

k =121+0.

sar. nep.ojwco 3ar. FPD,‘-@! (6)
OTpuMaHNMU pe3yJbTaTAMU BCTAHOBJICHO, IO Kpepsan, MPH 3MIHI PO3MOALTY
MOTOKY MIXK MapIIpyTHUMHU MepexxkaMu FP 347 KITbKiICHO HE 3MIHIOETHCS, 3 YOT'O MOXKHA
3pOOHTH BHCHOBOK TIPO BiICYTHICTH BIUTUBY FP;,; Ha Kiep san.
BusznayeHo ¢QyHKIIIO pO3paxyHKy TPAHCHOPTHOI poOOTH Ha aBTOMOOUIEHOMY
TPaHCHOPTI:
o =—94,1238 +188,5257 - FP,, (7)

[IpoBeneMo po3paxyHKH 3a 3ajexHIcTIO (5.7) W MOPIBHSIEMO OTpPUMAaHI

pe3yabTaTH 13 GaKTUYHUMU TaHUMH. Pe3ynbTatu po3paxyHKiB 3BE€JIEHO Y Ta0I.8.

Tabnuys .8
Pe3yabTaTi po3paxyHKy TPAaHCIOPTHOI pPOOOTH HA AaBTOMOOLILHOMY TPAHCHOPTi

3a 3aJs1eskHicTIo (7)

3HauyeHHS Wagr 32

3naueHHs Wagr, 32 pe3yJIbTaTOM pe3yapTaToM
’ AWagr. %
KOMII FOTEPHOT'O MOJIEIOBaHHS, PO3paxyHKy 3a aer. 0
THC.TTIaC./KM. 3aJI€KHICTIO 5.7,

THC.TIAC./KM.

2770 2733,7617 1,31%
3692,89 3676,3902 0,45%
4616,47 4619,0187 0,06%
5538,89 5561,6472 0,41%
6462,13 6504,2757 0,65%
7385,65 7446,9042 0,83%

Pasom: 0,62%
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OTpuManuMu pe3yJibTaTaMu  po3paxyHKIB PIBHUIT MK Waprimenackn TQ
W ssrmme.macxvs  JOBEAEHO, IO 3MiHA KIIBKICHOIO 3HAYEHHS PO3IMOIIIY ITOTOKY MiX
MapIIpyTHUMHU MEpEeKaMU BIUIMBA€ Ha KUIbKICHE 3HAYEHHS TPAHCIOPTHOI poOOTH
aBTOMOO1JILHOT MApIIPYTHOI MEPEXKi, SIKE MOXKHA OITUCATH 3a 3aJIeXKHICTIO (5.7).
AHAJIOTIYHO 10 MOTEPEIHRO BU3HAYCHOTO HA MiACTaBl pO3PAaXyHKOBUX JAHUX B Tall.
5.3 ta Tab. 5.1 MOXKHa CTBEp/KYBAaTH PO CTATUCTUYHUIA 3B'SI30K MK MapamMeTpaMu
GyHKIT  mepepo3noally  macakupornoroky FP4 Ta  TpaHcmopTtHOi  poGoTH
aBTOMOOUIBHOT MapUIPyTHOI MEPEXKI.

Ha puc. 5.8 HaBeneHo rpadik 3MiHHM TPaHCIOPTHOI POOOTH aBTOMOOIIBHOI
MapHIpyTHOI MEpPEeXK1 MPH 3MiHI PO3MOALTY TOTOKY MI>K MapIIpyTHUMHU Mepexxamu FP

13 pynkuiero s po3paxyHKy Wasr ruc.nac.xw.
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Puc. 6. I'padik 3miHu TpaHCTOPTHOT pOOOTH aBTOMOOLTEHOT MapIIPyTHOT MEPExi —

W g e mac.son. TIPH 3M1HI PO3IOLTY MOTOKY MK MapIIpyTHUMU Mepexkamu — FP4.

BusnaueHo (QyHKIIIO pO3paxyHKY KITBKOCTI TEPEBE3CHUX IMACAKUPIB Ha

3aJII3HUYHIN MapIIpyTHIA Mepexi, ika Ma€ HACTYTHUIN BUTJISL:
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=6284,2095+ 215,9886 - FR (8)

Jar. 0.muc.nac.km 3a1.9

[IpoBemeMo po3paxyHKH 3a 3alIekKHICTIO (8) W TOpIBHAEMO OTpUMaHi

pe3yNbTaTH 13 (aKTUIYHUMH JaHUMU. Pe3ynpTaTi po3paxyHKiB 3Be/IeHO y Ta0. 9.

Tabnuys 9
Pe3yabTaTH po3paxyHKy KiJbKOCTi mepecyBaHb aBTOMOOIILHIMH MapIIpyTaMu

3a 3aJj1e;kHicTIO (8)

3naueHHs W, 32 pe3ynbTaTom 3nadyeHHs W, 32 pe3yIbTaToM
KOMIT IOTEPHOT'0 MOJICJIFOBAHHS, PO3PaXyHKY 3a 3aJIeKHICTIO 5.8, |AW;.. %0
THC.TIAC./KM. THUC.TIaC./KM.
19526,5 20323,4685 4,08%
18378,5 19243,5255 4,71%
17230,6 17083,6395 0,85%
16082,1 16003,6965 0,49%
14933,1 14923,7535 0,06%
13783,9 13843,8105 0,43%
Pazom: 1,77%

OTpumaHUMU pe3yJibTaTaMyd BU3HA4YeHHS pi3HULI MiK W, OoTpuMaHOro 3a
pe3yJbTaTaMy KOMIT FOTEPHOTO MOJICIIOBAHHS Ta PO3PaxXyHKOBOTO 3HaueHHS W .y,
JIOBEJICHO MOJIMBICTh BUKOPUCTAHHSI 3aJI€KHOCTI (8) /sl MpOBEACHHS BiAMOBIIHUX

PO3paxyHKIB.
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SECTION 6. WORLD ECONOMY AND INTERNATIONAL ECONOMIC RELATIONS

DOI: 10.46299/1SG.2024.MONO.TECH.3.6.1

6.1 3anyyeHHsI TPOMAICHKOCTI 10 pO3pOOKH MicIeBHX IPOrpaM 3 eKOHOMIiYHOI0
BiITHOBJICHHSI TEPUTOPIH MOCTPAKIAATIUX TPOMAJ]

OpHi€ro 3 OCHOBHUX MPOOJIEM BiTHOBIICHHS! HOPMaJIbHOTO KUTTS Ta YIPaBIIHHS
B XapKiBCbKIH 00JacTi 3aJdMINA€ThCS MPOJOBKEHHS OOCTPUTB POCIHCHKUMU
BiliCbKaMU MIPUKOPIOHHUX TPOMA/I, IO HE JIMIIE YCKIAIHIOE HAIArOXKEHHSI MUPHOTO
KUTTA Ta BIAOYNOBY OaraTbOX HACEJIEHUX MYHKTIB PErioHy, ajie¢ MPU3BOAUTH 0
MOIAJIBIIIOTO 3HEIOAHEHHS! YaCTUHU 00JacTi Ta YHUCENbHOI eBaKyallli TpOMajsH 10
Oe3MeYHNX IPoOMaJl.

Crnin BiA3HAYMTH, 110 HA PIBHI MICHEBUX Ipomaj, O0COOJMBO MICIA OKYyIIallli,
HaraJibHOIO TPOOJIEMOI0 3aJMINAETHCS MIHHA Oe€3MeKka, BIAHOBIICHHS EKOHOMIYHOI
aKTUBHOCTI, COI[laJIbHA 3rYPTOBAHICTh Ta MCUXOJIOTTYHA peadlIiTalis JIAeH.

[lepeOyBanHs B oKymalii, peryJispHi OOCTpuIM 3 OOKy arpecopa, 3pylHOBaHa
1H(ppacTpyKTypa Ta HEMOXKIIMBICTh HACEJICHHS 33JJ0BOJILHATHU MEPIIOYEPTOBi MOTPeOU
MIPU3BOJATH /IO IMiABUINCHHS MCUXOCEMOIIMHOI, COIIaJIbHOT HAMPYTH Ta MOASKYIN U
arpecii 3 OOKy JtoJied, SIKI HE TMOKUAAIU LUX TEPUTOPIN 1 THUX, XTO MOBEPTAETHCS
JI0JIOMY.

Sk HACHIAOK, CKOPOUYETHCS BUPOOHHUIITBO Ta poOOUi MicCIs, 3pocTae 0€3po0ITTs
Ta CTPIMKO 3HIDKYETHCS PIBEHb KUTTE3AATHOCTI. Po3B’s3aHHS 1i€i mpobiemu
YCKJIQIHIOE T€, 10 HA MOYaTKy BIHU B PErIOHI MIPUITMHUIIO IPALFOBATH, 3HUILEHO 200
pelokoBaHO Ha 3axigHi TeputTopii Ykpainu mnonan 80% OizHecy. Hacminku
COIIAIBHOTO XapaKTePy MOXKYTh MPOSBISTUCH PO3JIaJIaMU B CYCHIBCTBI, MOTIPIIICHHI
B3a€MOBITHOCHH MK TPyTIaMy HacEJIEHHS TpPOMaJ] Ta CIPHUMHATH TYMaHITapHY KpU3y
B MallOyTHHOMY.

Han6nu3pke po3ranryBaHHS HACEIEHUX MYyHKTIB MPUPPOHTOBUX rpomas (Iesiki
HACEJICHI MYHKTH TPOMaJl 3HAXOIAThCS Ha BIICTaHI MEHIIE 6 KM J0 KOPJOHY)
XapkiBChKOi 00J1acTi OOYyMOBIIIOE 0araToacleKTHICTh HETaTUBHMX HACHIJIKIB SK

COLIIAJIbBHOTO, EKOHOMIYHOT'0, IICUXOJIOTTYHOT0, TaK 1 (PI3UYHOTO XapakTepy B LIJIOMY.
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Crnij BiI3HAYUTH, 1110 BUPIIIEHHS MPOOJIEMH BIACYTHOCTI MalyBaHHS 1CHYHOYHX
IPOEKTIB, OeHediriapiB Ta JAiFOUMX OpraHi3alliii Ha piBHI rpomaj Ta 00JacTi MOXe
CTaTH BOXKJIMBUM KPOKOM JIJIsl MOKpAIEeHHs €¢()eKTUBHOCTI Ta YHUKHEHHS TyOIFOBaHHS
3yCHUJIb.

Jlyist TorO, 11106 Opraxizaiii rpomMaasHehKoro cycniibeTBa (OI'C) Oynu He TUTBKU
pagHUKaMH Ta KOHTpPOJEpaMH B TIPOIIECI BIJHOBJIICHHS, a MOTJIM Opath Ha cebe
BIJIMOBIANBHICTh, BJaJa Ma€ MPOJEMOHCTPYBATH TOTOBHICTH JEJIETYBaTH IO
BIJIMOBIAANBHICTE. 1le BUMarae cTBOpeHHs MEBHUX HOPMATHUBHO 3aKPIMJICHUX MPaBUI
B3aeMoii Mixk Biagorw Ta OI'C y mporecax BiaOyaoBu/peanizaiiii ctpaTeriii. 3 mum
noro/pkyroThest 1 npeactaBHukn OI'C: BOHM BBaXKaroTh, IO CJiJ 3aKOHOJABYO
3a0€3Me4YUTH BKIIFOYEHHS] TPOMAJICBKOIO0 CEKTOPY B IPOILEC PO3POOKH Ta peanizalii
MICIIEBUX 1HII{IATUB 3 B1IHOBJICHHS.

VY perioHi 0coOIMBO akTyaldbHOIO € MOTpeda BIAOYJOBU 3pYyHHOBAHOTO Ta
3a0e3nedeHHs Oe3neku rpomajasiH (OyIIBHULTBO YKPUTTIB). Takox mpoOiemMoro
00JIacTi 3aJMIIAETHCS BUCOKHM pIBEHb HEOE3MEKH, CIPUYMHEHUN POCIMCHKUMU
apTUWIEPINCLKUMU OOCTpUIAMHM HACEJICHUX IYHKTIB, 3aMIHYBaHHSIM Ta BIMCHKOBUM

3a0pyaHCHHSIM TepuTopii B mporeci aktuBHHX OowmoBux min (http://surl.li/pmlgq)
[142].

Hapasi Ha piBHI JepkaBu Ta XapKiBChbKOi o0iacTi posmnoyata poOoTa IO
dbopmyBannto [lnany BimHOBIEHHS Teputopii XapKiBImIMHU. B OCHOBI po3movaToi
pOOOTH JIeKATh:

Crpateriss po3BUTKY XapkiBcbkoi obmacti Ha 2021-2027 poxku, ska
JIOTIOBHIOETHCSL 3aX0JlaMHM BIAMOBIAHO A0 moTouHoi cutyamii (http://surl.li/aadyz)
[143]. [IpioputeToM perioHaJIbHOI BUKOHABUOI BJIAaJX B MEPIIY YEPry € PEMOHT Ta
MOJICpHI3aIlisl €HepreTuyHoi 1HPpacTpyKTypu, OymiBHUIITBO >kutina mius BIIO,
B1JIHOBJICHHS TPUBATHOTO JKUTJIA Ta COLIAJIbHOI 1HDPACTPYKTYpHU

BianoBigHo 10 pe3yabTatiB npoBeaeHUX KUiBCbKUM MIXKHAPOIHUM IHCTUTYTOM
cotriofiorii B KBiTHI-TpaBHi 2023 poKy IOCHII>KEHb 1HII[IATUB BITHOBJICHHS B YKpaiHi
OyJI0 BUSIBJICHO, 1110 TOJIOBHUMH JIKepenaMu (piHAaHCYBaHHS MPOEKTIB BIIHOBJICHHS Y

rpoMagax € MicneBuid Orwomker rpomamu (71%) Ta rpaHTH Bim MIXKHAPOIHUX
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opranizamiit (54%), npore MOTOYHMI piBeHb (DIHAHCYBAHHS Ta 3aIyYEHHS KOIUTIB

3QJIMIIAETBCS  HENIOCTaTHIM 1 TIOKpUBae moTpedu rpomaa swume Ha 26,7 %

(http://surl.li/pmmas) [144].

[IpoTe, xou Ou Ha sSKOMY PiBHI HE 3IMCHIOBAJIM KEPIBHUIITBO BiJ0YJOBOIO 1
HE3aJIeKHO Bif ii MacmTaliB, MOTPIOHO BPaXxOBYBaTH AYMKY I'POMAJSIH Y MUTAHHIX
MOBOEHHOTO OOJIAIITYBAaHHS BIJHOBICHUX TPOMaJ, a TaKOX IIyKaTH HOBI (hopmu
3aIly4eHHs] TPOMAJICHKOCTI 10 IPUMHSTTS YIIPABIIHCHKUX PIIICHb.

PerionanpHi T1aHu BiJHOBJICHHS HA JaHWA MOMEHT YacCTIIIE 3a BCE iICHYIOTH y
BUTJISIAI TJIaHIB BiIOyn0BU Tpomaja. ONMUTyBaHHSA KEPIBHHUKIB TpOMaJ, MPOBEACHE B
XOJIl JTOCJIJIPKEHHS, MPOJIEMOHCTPYBAJIO, 110 TIIBKM TPETHHA I'POMaJl 3apa3 MaroThb
TIEBHUM JIOKYMEHT-CTPATET110 00 B1IHOBJICHHS
(https://ednannia.ua/images/Master_version_UKR_Rebuilding.pdf ) [145].

I'pomanu, siki po3poOMIM Takli JOKYMEHTH, BKa3ylOTh, IO BOHU JalieKl Bij
¢dinamizaiii, a 10 po3poOKH IUIaHIB BIAHOBJICHHS TpOMaJl HalyacTille 3adydeHi
MPEJACTABHUKU MICIIEBUX paJl, TPUOIU3HO B MOJOBHHI BUIAJIKIB B IPOLIECT CTBOPEHHS
IJIaHy BiTHOBJICHHS OEpPyTh ydYacTh NPEICTaBHUKA TPOMAISHCHKOTO CYCIJIBCTBA
(mam. 1).

Hapasi rpoMajsiHCbKe CyCHUIBCTBO JEMOHCTPY€E TOTOBHICTh OYTH IHILIIATOPOM
MPOEKTIB BIAHOBJIEHHS, OCOOJIMBO Ha MICIIEBOMY PiBHI, @ TOMYy Ma€ OyTH BCEOIYHO
3Iy4eHUM J0 TpOIeciB BiaOynoBH YkpaiHu. BiamoBigHo 10 BHIE3a3HAYCHUX
JOCIIKEHb, HA TyMKY NpPEICTaBHHUKIB MICIIEBOIO CaMOBPSAYBaHHS, KJIIOYOBI poi
OI'C y nporieci BITHOBIIEHHS TPOMaJIaX MOKYTh OYTH TaKUMU: TONIYK (pIHAHCYBAHHS
POEKTIB - 37,6%, po3poOKa coriaibHUX MPOEKTIB - 36,6%, KOHTPOJIb 3a ISIMU BJIaIu
- 32,7% Ta HaJmaro/DKEHHs MeEXaHI3MIB Jiajory MK Oi3HeCOM, BJIaJ0K0 Ta

rpoMakicTio - 31,7% (mai. 2).
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MpencTaBHWKKM MicLueBUX pag,

CinbCbKKWiA, CeNULLHWIK, MiCbKWIA ronosa/
cTapocTa

Or'C, rpomaackki akTUBIcTH
Micuesuii BizHec

MewkaHui rpomann

MocanoBi 0co6M palnoHHWUX AepXaBHUX
(BilicbKOBMX) aaMiHICTpaLliid

Mocapnosi ocofn o6nacHWx aep>xaBHNX
(BilicbKOBMX) agMiHIiCTpaLlii

MpencTaBHUKKM MXHAPOAHWX OpraHisadiin

HaykoBUi, npeacTaBHUKN HAYKOBUX
yCTaHOB ab0o BULWKMX HABYANbHUX 3aKnaaie
MpencTaBHUKK NOMITUYHWX NaPTIl, AKi He €
nenyTtaTtamu MicLuesoi pagv

IHWi y4acHUKK

MocapoBui UeHTpanbHUX OpraHie Bnagm

Baxko ckazaTtu

0% 20% 40% 60% 80%

Ma. 1. HasiBHICTB 1 pO3pOOHUKH CTPATETTYHOTO TOKYMEHTY 3 BITHOBJICHHS [ 145]

Mowyk cpiHaHCyBaHHA NPOEKTIB 37,6%
Poapobka coLianbH1x NpoexTiB 36,6%
KoHTponb 3a giAMu Bnagn, 3okpema 3a

3abeanevyeHHAM NPO30pOoCTi poanoainy 32,7%

KOLWTiB

Hanarooy<eHHA MexaHiamie aianory Mi>k
BNnanoto, 6iaHecoMm, rpomManoto
3abesne4yeHHA rpoManchbkoi NiATPUMKIK
iHiuiaTne micueBoi Bnaan

Y4yacTb y BU3Ha4YeHHi cTpaTerin
BiAHOB/EHHA 3 ypaxyBaHHAM NoTpeb ycix 23,8%
3auikasfeHnx CTopiH
BnposagxXeHHA MexaHi3MiB MicLeBoi
nemokpartii

31,7%

24,8%

10,9%

EkcnepTHO-KOHCYNbTaLjiAHa ponb 10,9%

Angokadina iHTepecis rpomagn/rpyn/
nogei, AKi NoTpebyoTe A0NOMOru
CTBOpEHHA Npoueayp NPUAHATTA pilleHb
CTOCOBHO BiIHOBITEHHA

HapaHHA BignoBigHWX couianbHWUX NOCYT,
heneroBaHux rpoMancbkomMy cekTopy Big, 5,9%
hepxxasu

9,9%

6,9%

IHWe 3,0%
Hiakoi 0,0%

Barkko ckazaTtm 2,0%

Maut. 2. Posib rpoMaJICbKHMX OpraHizailii y mpoueci BigHOBIeHHS rpoMaiu [145]
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BaxxinBuM acmekToM Takoi CHIBIpall € 3a0e3MeueHHs] BIAKPUTOTO Ta
MPO30poro  Jiajory MDK  JIepKaBOI, TPOMAJCBKMMHM  OpraHizaiisMu  Ta
npecTaBHUKaMU Oi3Hec-cIbHOTU. lle J03BOJMUTH JOCSIraTé B3a€MOPO3YMIHHS,
CIIPUSATH HIBUJKOMY OOMIHY aKTyaJlbHOIO 1H(GOpMAIIEI0 Ta KOOPAWHYBATH il y
BUPIIIEHH] TaKUX BAXJIMBUX MUTaHb K JOTPUMAHHS COIAIEHO-EKOHOMIYHUX TIPaB
JIOAVHYU Ta BiTHOBIIEHHS KpaiHu. OcoOimBe Miclle Hapasi B Ll CHiBIpall 3aiimae
OylarojiiiHa Ta rpaHTOBa JOMOMOTa SIK OJIMH 13 OCHOBHHUX 1HCTPYMEHTIB B3a€MOJIIi
BJIa/IM, TPOMAJICBKUX OpTaHi3alliii Ta CeKTOpYy MiANPUEMHUITBA, SAKUH €(PEKTUBHO
BUKOPUCTOBYETHCS NIl (DIHAHCYBAHHS IMPOEKTIB Ta IHIIIATHB, IO PEaTi3yIOThCs
CHUTbHUMHU 3ycWUISMUOCHOBHUMH JIOHOpaMma YKpaiHM Hapas3l € HU3Ka JepxkaB

(man.3).

[ dinaHcoBa ponomora r'ymaxitapHa nonomora [ Bificekosa nonomora Bci Bnan gonomoru B
CyMi

. . - Bci Bnau
diHaHcoBa MymaHiTapHa BilicbkoBa
Jonomoru B

nonomora ponomora ponomora cymi
Cnonyuyeni WUtatn AMeprKn - 24.46 3.63 43.19 71.28
IncTuTyLii €C B 032 16 | 36 35.53
UneHu EC | 526 5.58 B 1556 26.4
CnonyueHe Koponiecteo I 294 0.25 I 6.63 9.83
lpyna CeiToBoro 6aHKy I 6.91 0 0 6.91
AnoHiA l 566 0.57 0 6.23
Kanana | 2.06 0.35 | 138 3.79
MB® | 319 0 0 3.19
€BpONENCLKNN GaHK PEKOHCTPYKLIT Ta
oy | 278 0 0 278
Hopseria | 0.96 0.13 1.26 2.35

Source: Christoph Trebesch, Arianna Antezza, Katelyn Bushnell, Andre Frank, Pascal Frank, Lukas Franz, lvan Kharitonov,
Bharath Kumar, Ekaterina Rebinskaya & Stefan Schramm (2023). "The Ukraine Support Tracker: Which countries help
Ukraine and how?" Kiel Working Paper, No. 2218, 1-75. * Created with Datawrapper

Mai. 3. Jonomora YkpaiHi BiJ Mi»KHApOJHUX JIOHOPIB, MJIPJI. €BPO 3a TEPIO
24.01.22-24.02.2023 pp. [145]
['paHTOBI 1HCTPYMEHTH BIAPI3HAIOTHCS Bl IHIIUX 1HCTPYMEHTIB (PiHAHCOBOL

JOTIOMOT'M TUM, L0 PECYPCH HAJAI0ThCs Ha Oe3011aTHIN Ta 0€3M0BOPOTHIN OCHOBI JIs
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JOCSITHEHHSI 11J1€H, CIPSIMOBaHUX 3arajioM Ha 0Jiaro BCbOTO CYCIHUIbCTBA 200 MEBHUX
CyCIiIbHUX Ipyil. ['panTOBHUMH iHCTpYMeHTamu € [146]:

- Mixnaponana Texaiuna gomomora (MT/l) € HabopoM pecypciB Ta MOCTYT, 110
HAJAIOThCA JOHOPAMM 3TITHO 3 MDKHApOJHUMHU JOTOBOpaMHM Ha Oe3oIUiaTHIN Ta
0e3yMOBHI/ OCHOBI 3 METOIO CITPUSIHHS PO3BUTKY Kpainu. Llei Bux 1omoMoru BKIro4ae
B ceOe HaJlaHHA MaifHa, TEePEeTiK SIKOTO BU3HAYAETHCS B IMporpamax Ta npoektax MT/I,
IpaBa IHTEJIEKTYaJIbHOI BIACHOCTI, (PiHAHCOB1 peCcypcH B 1HO3eMHiM a00 HaIllOHAIbHIM
BaJIIOTI, a TAKOX I1HIN pecypcH, 1Mo He 3a00poHEHI 3akoHOAaBCTBOM. Lli pecypcu
MOKYTb BKJIFOUATH BaXKKOJIOCTYITHI a00 HaJA3BUUYalHO 1iHHI (YHIKaJIbH1) pECYpCH, TaKi
AK CreliaiaizoBane 00J1aJHaHHsI, KOHCYJIbTallll MPOBITHUX (axXiBIlIB Ta 1H;

- I'panTOBI Mporpamu NpeacTaBiIsIOTE cO00I0 HaOIp (PIHAHCOBUX PECYPCIB, SKI
HAJAl0ThCsl OTPUMYyBayaM O€3MOBOPOTHO ISl 3AIMCHEHHS COLIaIbHUX IPOEKTIB,
OyarofiiHUX Mporpam, MPOBEICHHS HAYKOBUX OCHIIKEHb, OCBITHHOI ISUIBOCTI,
MIJBUILIEHHS KBadi(ikalli Ta 1HIMX CYCHUIBHO KOPHUCHHUX LI€l 3 00OB'SI3KOBHM
€TaroM 3BITYBAaHHS I10JI0 1X BUKOPUCTAHHS JIs1 BU3HAYEHUX 1iyiel. ['pantu, momaioHo
710 MIP)KHApPOJIHOT TEXHIYHOT IONOMOTH, MOXYTh OyTH HajaH1 y ¢opmi MaitHa, poOIT 4u
MOCJIYT, & TAKOK (PIHAHCOBUX PECYPCIB, X0Ua MEPEBAKAIOTh MAITHOBI Ta TPOIIOBI BUAH
JOTIOMOTH;

- Ilpoextn kopnopatuBHOi comianbHOi BignosigaibHOocTl (KCB) — 1e
B1JINMOBIIAJILHICTH KOPIIOPAIIii 32 MPSMHI Ta OTIOCEPEAKOBAHU BIUIUB HA EKOHOMIYHY,
€KOJIOTIYHY i couianbHy CUCTEMH, y siKki BoHHM BOynoBaHl. Haituactime KCB mae
TOCUTH 0OMexkeHu (HOKyC (HampuKiIad, JTuie cepa 0CBITH, 3JOPOBHI CIIOCIO KHUTTS
Yl OXOpOHA MPHUPOJIM) BIAMOBIIHO JO BHYTPINIHBOT TMOJITHKH Ta PO3MOPSIKEHb
KopIiopartii.

['panTOBI pecypcu MiKHAPOJHUX JOHOPCHKUX OpraHi3alliii BIAIrpaIn BaKIUBY
poiib y TpaHcopmarlii ekoHoMiku kpaiH LlentpansHoi Ta CximHoi €Bpomnu, amxe
BUSIBUWINCS €(DEKTUBHUM 1HCTPYMEHTOM Yy MIATPUMII MIKPOMIAMPUEMHHUIITBA Ha
TEPUTOPIAX, JIe MPOBOAUIN MACIITa0HI CTPYKTYypHI pedopmu, 30kpema B [lombiii,
CnoBauuuHi, bonrapii, Cxiguii Himeuuuni tomo. JlisIbHICT JTOHOPCHKHUX

oprasizaiiil y mux kpaiHax OyJsia cnpsiMoBaHa 37€0UTBIIIOTO HA CTBOPEHHS YMOB JJIS
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porpecruBHOi TpaHcdopMallii eKOHOMIKM W CYCHIIbCTBA, pePOpPMYBaHHS CHUCTEMH
BPSIyBaHHs, CIIPUSHHS €BPOIHTErpaIiiiHum mporiecam [146]:

BiTun3HAHI HAYKOBII JOCTIKYIOYM TMUTaHHS TMEPCHEKTUBHOCTI TPAHTOBHUX
pecypciB MATBEPIKYIOTh HASBHICTh YPSJOBHX Mporpam (iHAHCOBOI MIIATPUMKHU
Oi3Hecy Ta TPOIMOHYIOTh TOJATKOBI IHIIIATUBU 33Tl MIACHICHHS €(PEKTUBHOCTI
peatizariii rpaHTOBUX MOXIJIMBOCTEH JuIst Oi3Hecy [147,148].

BinHOBNEHHS TpOMaJChKOi AKTUBHOCTI Ha JCOKYMOBAHUX TEPUTOPIAX €
CKJIQJIHUM 3aBJaHHSAM, MPOTE BHUBAXKEHI MIAXOAM MOXYTh CIPHSATH aKTHUBIi3allil
IpPOMAJIsiH, 3aJTyY€HHIO MICIIEBHX MEIIKAHIIB 1 BHYTPIIIHHO MEPEMIIIEHUX 0Ci0 10
J€MOKPAaTUYHOTO BPsIIyBaHHS 30Kpema:

- HaJIaHHS MOXJIMBOCTEH TSI BITBHOTO BHUPAKEHHS CBOIX MOTJSAIB Ta TyMOK,
CTBOPEHHsI 0€3MEYHOr0 CepeIOBUIIA /iJii 0OrOBOPEHHs MpoliieM 1 moTped rpomau,
BIIKPUTOI'O J1aJI0Ty Ta OOMIHY 1/I€IMH;

- 320X0YEHHS Ta (PIHAHCOBA MIJITPUMKA I'POMAJICBKUX OpraHi3aliid, MPOEKTIB Ta
1HII1aTUB, CIPSIMOBAHUX HA PO3BUTOK I'POMAJIChKOT aKTUBHOCTI1, OCBITHO-KYJIBTYPHUX
MIPOILIECIB Ta PO3BUTOK 'POMAJIH B LILIOMY;

- POBEJICHHS OCBITHIX 3aXO0/I1B, TPEHIHTIB Ta pOOOYHX TPYI IJIsi TPOMAJISH 1100
npaB Ta 00OB'A3KIB, CIIPUSHHSA PO3BUTKY HABUYOK Y4acTl Y TPOMaJICbKOMY >KHTTI;

- popmyBaHH4 IaTHOPM JIsi TPOMAJCEKOTO OOTOBOPEHHS Ta OOMIHY TyMKaMu 3
METOIO CIIJILHOTO BUPIIICHHS MPOOJIeM, IO CTOCYIOTHCS TPOMAIH;

- CTBOPEHHS 1HII[IaTUB Ta MpOrpaM, CIPSMOBAHUX Ha 3aJIyYEHHS MOJIOAlL 0
IPOMAJICHKOI AISUTHHOCT1, CTBOPEHHSI MOMIJIMBOCTEH JJIA iX y4acTl y MPUAHATTI PIIICHb
Ta PO3BUTKY I'POMA/IH;

- CIiBOpalsl MK JepKaBHUMHM OpraHaMy, T'POMAJChKUMH OpraHi3alisiMH Ta
MDKHApPOJHUMH YCTAaHOBAaMHU JUIsl CIUIBHOTO PO3B'sI3aHHA MPOOJeM 1 MiATPUMKHU
IpPOMaJICbKOI aKTUBHOCTI;

- B3a€EMO/IisI 3 MDKHApPOJHUMH OpraHizamisiMU Ta 1HIIIATUBAMU ISl CTIIPUSTHHS
PO3BUTKY I'POMAJITHCHKOTO CYCIIJIBCTBA Ta TPOMAaICbKOi aKTUBHOCTI.

Came TOMy 3 METOIO €(pEKTUBHOTO BITHOBJICHHS 1HYPACTPYKTYPH Ta CBOEYACHOI

JIOTIOMOTH TIOTEPIIUIUM BiJ] BIMCHKOBOI arpecii € morpeda B po3poOili MICIEBUX
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mporpaM 3 BIJIHOBJICHHS TE€pUTOpiM rpomMaj XapKiBChbKOi 001acTi, SKI MarOTh Ha
TEPUTOPIi KOJEKTHUBHI LIEHTPU Ta MPUHHSIM Benuky KinbkicTe BIIO. Ilporpamu
BKJIFOYATHMYTh HE JIMIIE 3aJ0BOJICHHS MEPHIOYEproBuUX (GI3MYHMX MOTped, a U
COPUSATUMYTh  TCUXOEMOLIIMHOMY  BIJIHOBJIEHHIO, COI[laJIbHOMY 3TypTyBaHHIO
HACEJICHHS, PO3BUTOK  MICIIEBUX  TIPOMAACHKUX  OpraHizamii, MiATPUMKY
JE€MOKpPAaTUYHHX TPOIIECIB.

Po3pobxka nporpamu 3 BiTHOBJICHHS TEPUTOPI rpoMajl Mae OyTH CIipsiMOBaHa Ha
MO/I0JIaHHST HACIIKIB MMOBHOMACIITAOHOI arpecii mpoTu YKpaiHu Ta CTaTH OCHOBOIO
JUTSI TJTAaHYBaHHS TPOCTOPOBOTO po3BUTKY. Hapasi icHye nmonan 20 cdep BiIHOBICHHS
10 SIKMX 3a]Ty4€He TPOMASTHChKE CYCIUIBCTBO.

Crniz BI3HAUUTH, 1110 CaM€ MICIIEB1 TPOTrpaMu 3 BIAHOBJICHHSI TEPUTOPIN rpomMal
€ HaleQEeKTUBHIIIMMH JJIsI BUIPABJICHHS TMOCTKOH(IIKTHUX CHUTyallil 4w
MOCTKPU30BUX HACHIJIKIB, OCKUIBKA BHUKOPUCTOBYIOTh KOMIUIEKCHUWA MIAX1A 1
CIPUSIOTH:

- 3aJTy4eHHIO MICIIEBOTO HaceJIeHHs (MICIIEB1 1HIIIaTUBU Ta MPOTrPaMu MOXKYTh
3a]ly4aTd MICUEBHUX JKUTEIIB J10 BIJIHOBJIEHHS, HAJAalO4d IM MOXJIMBICTH OpaTH
aKTUBHY y4acTh Y BUPIIIEHH] MPOOJIEM Ta PO3BUTKY CBOET TPOMAJIN);

- PO3BUTKY MiCIEBOT 1H(PACTPYKTYpH (IpOrpaMu MOXKYTh OyTH CHPSIMOBaH1 Ha
BIJIHOBJICHHSI Ta MIATPUMKY 1H(PACTPYKTYpH, TaKOi SIK JOPOTH, LIKOJIH, JIIKApHI,
BOJIOTIOCTAYaHHs, KaHai3alis Ta 1HII BaXJIWBI 00'€KTH JJIs MOKPAIICHHS SKOCTI
JKUTTSI MEIIKAHIIIB);

- CTBOPEHHIO pOOOYHUX MICIIb Ta MIATPUMII MIANMPUEMHHUIITBA (TTIATPUMKA MATTUX
MIIPUEMCTB, CHPHUSHHS MOMJIMBOCTI OTPUMAaHHS MIKPOKPEIUTIB, MIATPUMKA
PO3BUTKY CUIbCHKOTO TOCIIOAAPCTRA);

- COLaJbHIM MATPUMIN AJS ypa3IUBUX TPYI HACEJCHHs, LUISIXOM HaJaHHS
MICUXOJIOTIYHO1 JOTIOMOTH, 3aBASKH OCBITHIM IHII[IaTUBaM JUIsl JITEH/TOpOCIuX Ta
TPEHIHTaM 3 PO3BUTKY HAaBUYOK TOIIIO;

- KyJbTYpHil peaOutitaiiii (BiTHOBIEHHS KyJbTYPHHX IIHHOCTEH Ta TPaJUIIIMA

yepe3 NiATPUMKY MUCTELTBA, My3€iB, ()ECTUBAJIIB Ta IHIIUX KYJbTYPHHX 1HILIATHUB);

108



APPLIED, TECHNICAL AND AGRICULTURAL SCIENCES: INTRODUCTION OF THE
LATEST TECHNOLOGIES INTO USE

- TapMOHIMHOMY CITiBICHYBaHHIO Ta B3a€EMOPO3YMIHHIO MK PI3HUMH TpyHamMu
HAaCEeJICHHsI, CTBOPIOIOYH TUIATGOPMH IS 1aJIOTy, 0OMIHY JYMKaMHM Ta CITIBIIpalll.

Po3pobnena i 3aTBepmkeHa MiciieBa mporpaMa J03BOJIMTh BU3HAYATH TOJIOBHI
BEKTOPHU PO3BUTKY M BIIHOBJICHHS FPOMa/l, TOKPAIIUTh IHBECTUIIMHUN KJIIMAT, CTaHE
KOHKYPEHTHOIO TIEPEBaror0 M OTPUMAaHHS JIeP’KaBHOI Ta MI>KHAPOJIHO1 JOTTIOMOTH.

[Ipote, peanii XUTTS BHUCBITIIOIOTH 1 HOBI 3aBAaHHS IS TPOMAJCHKUX
opraHizailiif, siki oOyMOBJieHI Oa)KaHHSAM T'pPOMaJSH NPUHUMATH TPSIMY Yy4acTh Y
BUPIIICHI HarajibHUX MpoOJeM 1 3aJ0BOJIEHHI crenudiyHux mnoTped, 0coOIMBO
MEIIKAHIIIB Ha HEMIOJAaBHO 3BUIBHEHUX TEPUTOPIAX, CHPHUATH  MOOLTi3amii
COJIITAPHOCTI Ta B3a€EMHOI MIATPUMKH.

Po3poOka micueBux IIporpam BiTHOBIEHHS TEPUTOPINA XapKiBCbKOI 00JaCTI 3
3aly4eHHSIM MICIEBOTO HACEJICHHS I MPUUHATTS PINICHb 3aJ11 BpaxyBaHHS iX
noTped Ta CIPUATHME BUPIIICHHIO HACTYITHUX 3aB/IaHb:

- po3pobka Metomomorii 300py, cucTeMarusallli Ta 30epiraHHs aHATITUYHUX
JAHUX I0/I0 3aMUTIB 1 MOTPEO MEMIKAHIIB MOCTPAXKIAINX TPOMAI;

- po3poOka npoekty [Iporpamu 3 BiIHOBJICHHSI TEPUTOPIN;

- peamizallis OCBITHIX 3aXOiB, HalpaBJICHUX Ha IIJIBHUINCHHS OpraHi3alliifHOl
cnpoMoxHOCTI MiciieBuX 'O Ta colialibHy 3rypTOBaHICTh HaCEJIEHHS;

- Tepedada JOCBIAy 3 BUKOPHCTaHHS METOJMOJIOTIT W alropuTMy 3aiTydeHHS
MICIICBUX MEIIKAHIIIB 0 po3poOsieHHsT MicmeBoi IIporpamu B iHII rpomaau
XapKiBChKOiI 00J1aCTi, SIK1 3a3HAJIM MOIIKOXKEHb 1] 4ac BIMHM.
3arutaHoBaHi 3aX0/U, TEPMIHM 1 PO3KJIAJ X peaizaiii:

1. [linroToBunii eTam MNPOEKTY (3aKJIIOUYECHHS JIOTOBOPIB 3 EKCIEPTaMH,
pO3po0JIeHHs TUIaHIB MPOBEACHHS 3aXO0AIB 1 rpadikiB OMUTYBaHb, poOOYl 3ycTpil 3
KOMaH/IOI0 Ta TIPEICTABHUKAMU TPOMaJ);

2. Po3pobka meTomosorii 300py, cucTemaTu3allii Ta 30epiraHHs
aHATITHYHUX JTAHUX;

3. [IpoBenenns 30opy iHdopmarlii, onuTtyBaHHS OeHedimiapiB 1070
HasiBHUX MOTPeO B YOTHPHOX TPOMAJIAX;

4, [TpoBenenHst (GOKyC-TpymoOBHX AOCTIIHKEHb 32 Y4YacTIO MPEICTaBHUKIB
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BJIa]1, O13HECY IPOMAJICHKOCTI;

5. AHaJli3 Ta cucTeMaTH3allisl pe3ysIbTaTiB OMMUTYBaHb Ta JOCHIKCHb;

6. CrtBopenHs pobOounx rpyn 13 po3poOku Ilporpam BigHOBIEHHS,
IIPOBEJICHHS MEPIINX 3aClJaHb pOOOYUX IPYIl Ta IPE3EHTAllisS PE3YJIbTATIB OMUTYBaHb;

7. Po3po6nenns mpoextiB [lporpam  BiHOBJIEHHS TEpPUTOPIH Tpomas,
rpoMaJIcbKi OOTOBOPEHHS Ta BpaxXyBaHHSI MPOTO3ULIINA HACEICHHS;

8. [IpesenTartiss 3arBepkeHux IIporpamM Ha piBHI paliOHHOI BJIAJU Ta
nepeavya JOCBiAY 3 BUKOPUCTAHHS METO0JI0T1i 300py iH(pOpMaIii.

[ToTpiOHO BpaxoByBaTH, IO OKyHAaIlisd TIEI0 YU 1HIIOK MIPOI0 TOPKHYJIACS
Oaratbox paiioHiB XapKiBChbKOi 00JIACTI, 1110 BILUTMHYJIO HA YMOBU POOOTH 00JIaCHOI Ta
OUIBIIOCTI PAOHHUX PaJl, @ TOMY BOYEBU/b TaKl TEPUTOPIL, OyAyUH I€OKYIIOBAHUMH,
MOXKYTh CTUKAIOThCSl 3 CEpPHO3HUMH HACIIKAMHU IOAO JOCTYIy N0 1H(opmarii Ta
BIJIKDUTOCTI BJIaJH Y€pe3 HACTYIHI IPUYMHU:

- KOH(JIIKTHI OOCTaBMHM Ta HECTaOlLIbHA MOJIITUYHA CUTyalllsi MOXYTb
MIPU3BOJAUTH 10 OOMEXKEHb y OCTyIi 10 iHdopMarlii (1ieH3ypa, 0OMeKEHHS CBOOOIH
CJIOBA Ta OOMEXEHHSIM JIOCTYIY 10 HE3aIEKHUX JpKepen 1Hpopmaltii);

- KOH(MJIKTHA  CHUTYyalllss Ha  JICOKYNIOBAaHHUX  TEPUTOPISIX  MOXKE
YCKJIQJHIOBaTH JIEMOKpAaTH4YHI TMpOLeCH Ta poOOTy CaMOBpAIyBaHHS depes
HECTaOUIBHICTh Ta BIACYTHICTh MUPHOT'O CEPEIOBUIIA SISl PO3BUTKY IEMOKPATUUHUX
IHCTUTYTIB.

- oOMeKeHHs TTpaB 1 cB0OO ] TPOMAJISH ITi]] YaC BOEHHOT'O CTaHy Ta 3arajibHi
BO€HHI 3arpo3u. Pa3om 3 TUM OY€BHIIHO, IO IUIKOM BIJIMOBHUTHCS BiJ JI€MOKpATIi
y4acTi HEMOXKIIMBO, TOMY Tpeba IIyKaTu HOBI (pOpMHU 3aTydEHHSI TPOMAJCHKOCTI JI0
MPUIHATTS YIPABIIHCHKUX PILLIECHb.

Crpareris HanaroPKeHHSI KOHTAKTIB, BABYCHHS MOTPEO Ta MPOIMO3UIIii TPOMAISH
i yac po3poOku MmicueBux IlporpaMm BiJHOBIEHHS TEpUTOpid Trpoman Oyxe
noOy0BaHa Ha KJIIFOYOBUX MPUHITUIIAX:

- OTPUMAaHHS MAPTUCHUIATHUBHOTO MIAXOMY JJIsi 3a0€3TMEUEHHs BIIKPUTOCTI 1

IpPO30pPOCTI 'y TMpoIleci NPUUHATTS pillleHb, 1HPOPMYBAHHS TIpPOMAaHU IPO

BUKOPHUCTAHHS iXHIX MPOMO3UIIIi Ta BHECKIB;
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- aKTUBHE BHCIIYXOBYBAaHHSI Ta 3JIyYEHHS TPOMAJISH (TIPOBEEHHS IPOMAICHKUX
CIIyXaHb, IUCKYCIH Ta BIAKPUTUX (GOPYMIB Il 300py JTyMOK Ta 17ei);

- 3QJIy4eHHS MICIIEBUX EKCIIEPTIB Ta aKTHBICTIB JJIS BHCBITICHHS KIIOYOBHUX
NUTaHb Ta NOTPed rpoMaIu;

- aHKETyBaHHS Ta ONWUTYBaHHS (IUIsI OTpUMaHHS OO'€KTHMBHUX MaHUX IIOJO
MPIOPUTETIB Ta MPOOJIEM TPOMA/IN);

- CTBOpPEHHS poOouux Tpyn (popMmyBaHHA poOOUYUX TpyH 13 MPEICTABHUKIB
PI3HHX BEPCTB HACEIICHHS JIJIsl O1IBIII IETaTbHOTO BUBUYCHHSI KOHKPETHUX MPOOJIEM Ta
PO3pOOKH PIIIEHB);

- BUKOpDUCTaHHsA  IHTEpHeT-IaThop™/OHIalH-TIIaThopM it 300py
€JIEKTPOHHUX MPOIO3HULIA Ta KOMEHTApIB BiJl TPOMA/ISH;

- CcHmiBmpamnsg 3 MICIEBUMU AaKTUBICTAMH, BKIIIOYAIOYH TIPEICTABHUKIB
IPOMAJCBKUX Oprafizauiid Ta Oi3Hecy s 3a0e3NeueHHs IIMPOKOi YYacTi Ta
M1 ITPUMKHU;

- CIelialibHa yBara Jo moTped Bpa3IMBUX I'PYI HACEJICHHS, TAKUX SIK MOJIO/b,
JIIOJIA TIOXUJIOTO BIKY, JIFOAU 3 00OMEXEHUMH MOKIIUBOCTSIMU TOIIIO;

- IBHUJKE pearyBaHHS Ha BUHUKAIOYl MPOOJEMHU Ta KOPUTYBAHHS MPOTPaMH
B1JIHOBJICHHSI BIIMOBIHO /10 3MiH y HOTpebax rpoMa/iy.

Came Tomy AeprkaBa, 613HeC Ta rPOMaJICHKICTh IOBUHHI BUMTH Ha HOBUI PIBEHb
CHiBIpaIll 3aJJii CTBOPEHHA €(QEKTUBHUX CTpaTerii pPO3BUTKY EKOHOMIKH Ta
CTUMYJIIOBAaHHS 1HHOBAIIMHO-1HBECTUIIIIHOT A1SITbHOCTI.

Oco0MBO BaXJIMBUM € PO3BUTOK CUCTEMH KOHTPOIIIO 32 PO3IOIIJIOM PECYPCIB
Ta 3a0e3MeUeHHsI MPO30POCTI y MpoIiecax Aep>KaBHOI MATPUMKH Ta 3aXUIIEHOCT1 BCIX
YYaCHUKIB LIbOTO MPOLIECY.

Came TOMY yuacTh TPOMAISHCHKOTO CYCIJIBCTBA Ta IHIIMX 3alliKaBICHUX
CTOPIH € HaJA3BUYalHO BaXJIMBOI Il (OpPMyBaHHsS Ta peaiizalii JAep>KaBHOI
MOJITUKY IIOAO0 COIIAIbHO-€KOHOMIYHUX TpaB JIIOJAWHHU, a TaKOX JJIsl TT1JBUILICHHS

€(eKTUBHOCTI TOBOEHHOTO BiTHOBJICHHSI Y KpaiHU B paMKaX MPOEKTHOI CIIBIPAIIi.
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