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Y HayKOBOMY BICHHUKY IIPEJCTaBJIEH] CTATTi, IPUCBAYEHI poOIeMaM NMPOEKTYBaHHS, eKCIUTyaTallii Ta peMOHTY
CLTBCHKOTOCIIONAPCHKOI TEXHIKH 1 TPaHCIIOPTHUX 3ac00iB, TEXHOJIOTIi BHPOOHHUIITBA, TPAHCTIOPTHUX TEXHOJOTIH
Ta JIoTicTHKH, OyNiBHUITBA, MaTepiano3HaBcTBa, I T-TexHoMOTiH, podoTH3arii, aBTOMaTH3aIlil B TPOMICIOBOCTI
Ta CUTBCHKOMY TOCTIOAapcTBi. HaBenmeHi mpakTH4HiI peKOMEeHAIliil 10 BUKOPUCTAHHS Pe3yIbTaTiB TOCIIHKEHD Y
rajy3sax HapOJHOTO IOCIIOAapCTBa.

HayxoBuii BiCHUK € ()axOBHM BHIAHHSM, B SKOMY ITyOJIKYIOTBCS OCHOBHI Pe3yJbTaTH HAYKOBUX JOCITIIPKEHb
podecopCchKO-BUKIAAAIBKOTO CKJIaLy, aCHipaHTiB, JOKTOPAHTIB YHIBEPCHUTETY, a TaKOXX HAyKOBIB IHIINX
HaBYAJIbHUX 3aKJIaJliB, HAYKOBO-J0CHiaHuX iHCTHTYTIB HAHY Ta npoMucnoBux mianpueMcTs YKpaiHu.

30ipHHUK pO3paxOBaHU Ha HAYKOBUX, HAYKOBO-TEXHIYHUX MPAliBHUKIB PI3HUX rajy3eil Hayku Ta texHiku, 3BO,
31100yBayiB BUCHHUX CTYICHIB 1 3BaHb.
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O yHKIIOHAUTBHUN TOPTPET MIECTEPEHHOT T1PaBIIYHOT
MAIIIMHA

OmHM 13 BaXIMBHX NHTaHb PO3BHTKY MAIIUHOOYAYBaHHS € INIBUIICHHS eQEKTHBHOCTI
(hyHKIIOHAPHUX TOKa3HUKIB PI3HOTO POy MEXaHi3MiB, cepel SKHX TiApaBIiyHI MIeCTepeHHI HacocH Ta
Motopu. OcoOnuBy yBary He0OXiIHO 3BepTaTH Ha MMOKa3HUKH 00’ €MHOI 1Mogadi Ta KpyTHOTO MOMeHTYy. OZHMM i3
NUBIXIB € TOCIIKEHHS B3a€MOBIUIMBY BUXIIHHUX MTapaMeTpiB (QyHKITIOHYBaHHS IIECTEPEHHOI TiIpaBIigHOT MAIMHH.

OnHUMY 13 OCHOBHUX IIapaMeTpiB, KOTPI BU3HAYAIOTh (DYHKIIOHAIBbHI TOKa3HHUKH POOOTH HMIECTEPEHHOT
TiIpaBIiYHOT MAIlMHKU € 00 €MHA IMoja4ya, MOTY)KHICTh Ta KPYyTHHH MOMEHT, KOTPi B CBOIO 4epry YTBOPIOIOTH
3arayibHUi Koe(illieHT KopucHOi mii. [[ns BH3HAYCHHS BIUIMBY OOYMOBJICHMX IIOKAa3HHKIB Ha 3arajibHHA
Koe(ilieHT KOpHUCHOT Aii Ta MmigBHUIIEHHsS e(eKTHUBHOCTI (YHKIIOHYBaHHS ILECTEPEHHOI TifpaBiIivyHOI MalInHU
HeoOxinHO nobynyBati (QyHKUiOHANEHUNA nopTpeT. OTpuMaHuii (yHKIIOHATBHUN TOPTPET IacTh MOXKIMBICTH
BU3HAYMTH MOKa3HUK ONTHMIi3alii poOOTH IIeCTepeHHOI TiJpaBiidHOi MalIMHK, SK B PEXHMi Hacoca, Tak i B
pexxumi MoTopy. B cBOTO Wepry, BiH T03BOJIUTH IMOETHATH KOPEIALIHHI 3aIeKHOCTI MiXK c000t0. J{71s OTpuMaHHS
ONTUMAIIFHUX ITOKa3HUKIB Ui MOOYIOBH (YHKIIOHATHHOTO TOPTPETy pPO3poOIeHa cXema iarHOCTYyBaHHS
IIeCTePEeHHOI TiAPaBIiYHOI MAIIMHY B PEKUMi HACOC-MOTOP Ta MPUBENEH] aITOPUTM iX poOOTH.

B pe3synprati moOyanoBH (QYHKIIOHATHHOTO MOPTPETY IIECTEPEHHOI TigpaBiIiuHOi MAIIWHHU B PEKUMI
HACOCYy BCTAaHOBJICHO, IIO ii (yHKI[IOHYBaHHS HE Ma€ iHEPIIITHOCTI Ta MapaMeTpHu MaloTh CTabIIBPHAN XapakKTep.
B cBoto uepry (yHKIIOHANBHUI HOPTPET MIECTEPEHHOI TigpaBiIiuHOI MAIIMHMA B PEXHMI MOTOPY Ma€ 30HY
IHEpIIHHOCTI, KOTpa B 3aJIEXKHOCTI BiJl MOMEHTY ITyCKYy MOYKE€ MaTH CTaJIMil a00 He CTallMii XapakTep.
(yHKUioHATbHUIT TOPTPeT, HMIeCTEPEeHHHH HACOC, HIeCTEPeHHUH MOTOp, 00’€MHA MoAay4a, 3araJbHHIl
Koe(dimieHT KOpUCHOT il

ITocTanoBka mnpodJjeMu. 3pOCTaHHS BUMOI JIO CYYaCHUX CLIbCHKOIOCHOAAPCHKUX
MeXaHi3MIB Ta MalllMH Pi3HOTO POy Irependadae MmiABUIIECHHS (YHKIIOHATBHUX IMOKA3HUKIB
iX CKJIaJ0BUX. 3HAYHOTO PO3MOBCIOKEHHSI B CLIBCHKOTOCIOAAPCHKOMY MaIIMHOOYyBaHHI
HaOyJIM TIeCTepeHHI TiapaBIiuHi HACOCH Ta MOTOpH. KOHCTPYKIisl TaHUX THUIIB MeXaHi3MiB
BiJloMa Bxke 0arato pokiB, ajie BCE 1€ 3aUIIAI0ThCS MUISXU MiJBUIICHHS 1X (QyHKI1OHAIBHUX
MOKA3HUKIB 32 PaxXyHOK PI3HOTO poay AOCHiKeHb. OTHUM 13 TNUIAXIB MiABUIICHHS iX
e(eKTUBHOCTI € JOCHI/KEHHS BIUIUBY BUXIIHUX (YHKIIOHATBHUX XapaKTEPUCTUK B
3aJIe)KHOCTI OJIMH BIJHOCHO OJIHOTO MpU pPoOOTI B pexuMi Hacocy Ta MoTopy. OTxe,
NPOBEIECHHS JAHOTO JOCHIPKEHHS AJIS LIECTEPEHHHUX TipaBliYHUX HACOCIB Ta MOTOPIB €
aKTyaJbHUM HayKOBUM 3aBJIaHHSIM.

AHaJi3 ocTaHHIX Aocaiaxkensb i myodaikaniii. Ha migcTasi icHyrounx METO/IB aHAII3y
Ta OLIHKM HIECTEPEHHOI TipaBIIuYHOI MAIMHH, K TEXHIYHOTO 00’€KTy, HEOOXIJHO AaTu
BU3HAYEHHS CUCTEMHU, 110 po3risgaeTses [1,2,3,4,5].

Texniuna cucrema (TC) — 3aMKkHeHa cucTeMa (PyHKIIIIOBaHHS TEXHIYHOTO 00’ €KTa, sIKa
BMIIIy€ BXiJHI Ta BUX1/IHI TapaMeTpH, sIKi BIMOBIIal0Th MOXKIIUBIN 30H1 eKcrutyaTarii [1].

Texuiunuit npornec (TII) — 3amkHeHu# nmporec GyHKIIOHYBaHHS TEXHIYHOTO 00’ €KTa,

© |M.M. [Mipraeupkui, K.K. lHlepouna, A.M. Kupuuenko, B.A. I'ogopoxa, T.IT. TIxyc, 2023
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SIKUU BMIIIy€ BXiJHI Ta BUXITHI MapamMeTpu, 3 OOMEKEHHSM iX 3HA4YCHb, SKi BiMOBIIAIOTH
KOHKPETHOMY 00’ €KTy B 3aJlaHii 30H1 ekcrutyaramii [2,3,6,7,8,9,10].

lNppaBiiuHi mIeCTEpeHHI MAIIMHHM, 10 JOCTIIKYIOTHCS, TOIUIBHO PO3TISAATH, SK Y
BurisiAl Texaiunoi cuctemu (TC), Tak 1y Burisani texaigdoro nporecy (TIT).

Ippasniuna TC, K y BUIISLAI Hacocy, Tak 1 y BUTIISAAI MOTOpA, XapaKTEpU3YETbCS
napaMeTpamu, B TOMY YHCJI1 HACTYITHUMHU.

Bxiani napametpu:

- MOZYJIb 3y0YaToro 3a4eIuieHHs m, MM;

- KUTBKICTB 3yOI1iB IIECTEPEHHI; Z, IIT;

- IMAPUHA 3y04aToro BiHI b, MM.

Buxinni napamerpu:

- 00’em poboUOi KamepH, q, cM3.

INpgpasniuna mamumHa, sk npouec (TII), xapakTepu3yeTbcsi mapamMeTrpamu, B TOMY
YUCJI1 HACTYITHHMH.

Bxinni napametpu:

- yactoTa o0epTaHHs, n, XB-1;

- THCK Ha Buxoji, P, MIla, (kr/cm2);

- B’SI3KIiCTh po0oUoi piauaM, W, cCT;

- Temreparypa pobodoi piauHu, t° c;

- KyTOBa MIBUJKICTh, ®, PaJi/CEK.

Buxinni napamerpu:

- 00’emHa nmomava, Q, 1M3/XB;

- IOTYKHICTB, P, kBT;

- KpyTHUil MOMeHT, T, H'M

- 3araJibHUH Koe(ilieHT KOPUCHOT i, 1s.

[Ipu dyHKIIOHYBaHHI B peKUMI Hacoca 3araJbHUN KOS(IIIEHT 1); BA3HAYAETHCS:

T -

N, =—-—. (1)
Q-p
[Tpu ¢pyHKIIOHYBaHHI B peKUMi MOTOpA 3aralbHUN KOe(Illi€HT 1); BA3HAYAETHCS:
Q-p
n, = @)

T -

Kopensmiifai 3aeKHOCTI MK TapaMeTpam, siKi YyTBOPIOIOTh MOTYKHICTh MOXYTh
CBLAUUTH PO epekTuBHICTh QyHKUioHyBaHHS TC(TII).

Jlia BU3HAuUEHHS MapaMeTpa ONTHUMI3alil y BUIJISAL MOTYyXHOcTi P, HeoOXigHO
cTBOpUTHU pyHKUIOHaIbHUHA mopTpet TC.

Oynkuionanpauii optper TC — me 3aMKHEHa CHCTeMa ITOKa3HWKIB, SKa BMIIIYy€
KOPEJSILINMHI 3aJIeKHOCTI MK OKPEMHUMHM IapamMeTpaMM, BU3HAYEHHMH B yMOBax MpsSIMOTO
eKCIIEpPUMEHTY Ta MapaMeTpaMu, KI BU3HAU€HI Ha MiJICTaBl HENPSAMOrO €KCIIEPUMEHTY 13
3HAXO/KEHHSAM po30ixkHOCTeN Mk HUMHU [1,5].

OyHKIIOHATHHAN TOPTPET OYIy€ThCSI B YMOBAX CTIHKOTO pexkuMy excruryararii TC.
Jns noOynoBu (PYHKIIOHATBHOTO MOPTPETY 3AINCHIOETHCS HA MIJICTaBl peaibHOi CXEeMHU
TC(TII) 3 BU3HaUSHHSIM ii TEXHIYHUX XapaKTEPUCTHK, K B ctaryci TC, Tak i B craryci TII.

IlocranoBka 3aBaanHa. Ha migcTaBi  mpoBeneHOro  JAOCTIKEHHS — OyJo
3aMpoIOHOBaHO MOOYAyBaTH (DYHKIIOHAIBHUAN IMMOPTPET T1APABIIYHOT MIECTEPESHHOI MAIIMHA
B PEXHUMI HAcOCy Ta MOTOPY, IO JAaCTh MOXIIMBICTb 3MINCHUTH aHaNi3 JUIsl MiABUIICHHS il
e(hEeKTUBHOCTI.
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Bukiaaa ocHoBHOro marepiajy. /s oTpuMaHHS JaHUX HEOOXITHHUX AJISi OOYJOBU
(YHKIIIOHAJILHOTO TIOPTPETY TiAPaBIIYHOT IMIECTEPEHHOI MAIIWHHU, PO3POOMMO cxemy ii
niarHoctyBaHHs puc. 1 [2].

FEFFIIRURYE
FEFFEIRLRAR

1 — eJleKTpOJBHUIYH MPUBOJIA; 2 — HACOC; 3 — 3aN00DKHUH KiianaH; 4 — riIpopo3NoaUIbHUK; 5 — JaTYHUK THCY;
6 — MoTOp; 7 — Apocenb; 8 — 6araHc MaluHa; 9 — TaTYMK 4acToTH 00epTiB; 10 — qaTYMK KPYyTHOTO MOMEHTY;
11 — aucruteit; 12 — naTuuk 06’eMHOi ofauyi; 13 — po3xomomip; 14 — aHaioro-nubpoBHii EepeTBOPIOBAY;
15 — undpo-ananorosuii neperBoproBay; 16 — ¢inbTp; 17 — naTumk yacTotu 00epTiB

Pucynok 1 — Cxema piarHocTyBaHHS cUCTeMHU rigpomanivH y ckiani: HACOC-MOTOP
Loicepeno pozpobneno asmopamu

OyHKIIIOHATBHUAN MTOPTPET MPHU poOOTI B PEXKUMI HACOCY MPEICTABICHO HA PUC.2 Ta B
peXuMi MOTOpY Ha puc.3, mo OyIyTh XapaKTepU3yBaTUCS HACTYITHUMU MapaMeTPaMHU.

BxinHi mapametpu npu poOOTI B pEKUMi HACOCY:

- yacToTa o0epTaHHs, n, XB-1 (KyTOBa MIBUIKICTH, M, PaJi/CEK);

- TiCK Ha Buxoxi, P, MIla (kr/cm2).

Buxinni napameTpu npu poOoTi B pexXUMi HACOCY:

- 00’emHa nmomayua, Q nm3/XB.

Kopemsmiiini 3a1eKHOCTI TpH poOOTI B peKUMI HACOCY:

- IOTYXHICTh, P, Ha BUXO/I1 B 3aJIEKHOCTI BiJl 00’ €MHO1 Toadyi, Q, Ta THCKY, p.

AN
P2 3)
600 -1,

BxinHi mapametpu nipu poOOTI B pEKUMiI MOTOPY:

- 00’eMHa nogava, Q 1M3/XB;

- THCK Ha Buxoi, p, MIla (kr/cm2).

Buxinzi napameTpu rnpu poOoTi B peKUMi MOTOPY:

- KpyTHUid MOMeHT, T, H-M

- yacToTa 00epTiB, 1, XB-1 (KyTOBa MIBUAKICTH, ®, Paji/CEK);
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Kopensuiiini 3a1ekHOCTi TpU poOOTi B peXKUMI MOTOPY:
- KpyTHHII MOMEHT, T, BiJ THCKY, P Ha BXoi, Ta 06’ emMHOi mogayi, Q

O-p
T=2_ - 4)
3

CratnuHy XapakTEPUCTHKY CHUCTEMH, sKa BiJoOpa)kaeTbCsi Ha (yHKIIOHATBHOMY
HOPTPETI MOKHA MOOYAyBaTH JBOMA CIIOCOOAMH.

[Mepmmii cmoci® 3acTOCOBYETHCS TMPH TMOCIIIOBHOMY 3 €IHAHI €JIEMEHTIB CHUCTCMH.
Crouatky 11 OyayroTh y BUIUIAAl rpadikiB, B OJHAKOBOMY MaclITall €JIEMEHTIB CHUCTEMHU
CTaTUYHOI XapaKTEPUCTUKHU, TIPU YOMY KUTBKICTh TpadikiB MOBHHHA OyTH HE OLIBIIO0, HIX
4oTUpH. SIKIIO iX OTpUMAaHO OLIbIIE, TO 3A1MCHIOETHCS MOMapHe 00’ €THAHHS 13 JOBEIECHHSIM
3araJibHOTO YHcia rpadikiB 10 YOTHPHOX 13 HACTYITHUM XPECTOIMOAI0HIM PO3MIIIICHHSM.

Ha puc.2 HaBemeHi TpM CTaTW4HI XapaKTEPUCTUKMU ILECTEPEHHOI TiApaBIivyHOI
MaIlliHY, SKa TPAIfoe B peXXUMi Hacoca. Y BUIBHOMY KBaJpaHTI MpOBeIeHa MpsimMa i1 KyTOM
45°. BoHa BIANOBIZa€ XapaKTePUCTHKAM 4YETBEPTOTO €IEeMEHTa, Yy SKOTro KoedimieHt
iICHJICHHS JIOPiBHIOE OJIMHMIII, TOMY BiH HE BIUIMBA€ HA CTATUYHI XapaKTEPUCTHUKH CHCTEMH.
Lleil moka3HUK € yHiBepCaJIbHUM IapaMeTpoM Ui (PyHKIIOHyBaHHS B YMOBaX Hacoca — 1€
MOTY>KHICTb, P, KBT.

Ha puc.3 HaBemeHi TpM CTaTWYHI XapaKTEPUCTUKM ILIECTEPEHHOI TiApaBIivyHOI
MallMHM, sIKa Mpamtoe B pexumi MoTopa. s (QyHKIIOHYBaHHS B peXuMI MOTOpa
yHIBEepCalbHUM MapaMeTpoM MPUUHATO KPyTHUM MOMeHT, T, H-Mm.

Otpumani Ha puc. 2 3anexHocti 1,2,3 Big P=f(Q), Bu3Havyeni B Tabmurli 1, 3a1eKHOCTI
4,5,6 Big Q=f(P) naBeneni B Tabnuii 2 Ta 3anexHocti 7,8,9 Big P=f(P) - B Tabmumi 3.

Tabmus 1 — Kopensmiiiai 3amexHocTi Big P=f(Q)

ITos. n, c-1 Q, nm3/xB P, MIla
Puc.2
1 8.5 7...3 10,0
2 40 40...20 17,0
3 60 50...35 20,0

Licepeno: pospobreno asmopamu

Ta6muus 2 — HopmatuHi GyHKIIOHATRHI 3amexHOCcTI Q=f(P)

Jicepeno: pospobneno asmopamu

I1os3. n, c-1 P, MIla
Puc.2.
4 60 0...20
5 40 0...17
6 8,5 0...10

Tabmuus 3 — HopmaTHBHI (QyHKITIOHAIBHI 3aexHOCTI P=f(P)

Ilos. n, c-1 P, MIla P, kBT
Puc.2
7 8,5 0...10 0...3,0
8 40 0...17 0...12,5
9 60 0...20 0...20,0

Iicepeno: pospobneno asmopamu
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PucyHok 2 — OyHKIIOHATIBHUI TOPTPET LIECTEPEHHOTO TiApaBiidHOro Hacocy (00’em kamepu q=16.0 cm3)
IDicepeno: pospobreno asmopamu na niocmasi [6]

Otpumani Ha puc. 3 3anexxsocri 1,2 Big M=f(Q), Bu3Ha4eHi B Tabnwuii 4, 3aJeXKHICTh 3 Bif
Q=f(n) HaBeneHo B Tabiuil 5 Ta 3anexHocTi 4,5 Bix M=f(n) - B Tabnui 6.

Tabmuns 4 — Kopensiiiai 3anmexHocTi Big M=f(Q).

ITo3. Puc.3 n, c-1 P, MIla
1 8,5...60 25,0
2 8,5...60 10,0

Hoicepeno: pospobneno agmopamu

Tabmuus 5 — HopmatuBHi (yHKIIioHANBHI 3anexHOCTI Q=f(n).

ITo3. Puc.3. P, MIla n, ¢!
3 10...25 8,5...60

Joicepeno: pospobneno asmopamu

Tabnuus 6 — HopMaTUBHI (PYHKIIOHANIBHI 3anexHocTI M=f(n).

I1o3. Puc.3 P, MIla n, ¢!
4 10,0 8,5...60
5 25,0 8,5...60

Ioicepeno: pospobneno asmopamu
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Pucynok 3 — OyHKIIOHATBHHIA TOPTPET HIECTEPEHHOTO TiapaBIiuHOro MoTopy (00’eM kamepu q=16.0 cm3)
Joicepeno: pospobneno asmopamu

OTtxe, Ha mifcTaBi OTpUMaHMX (DYHKIIOHAIBHUX MOPTPETIB MA€EMO, IO TigpaBiidyHa
MamiuHa Tpu (yHKIIIOHYBaHHI B PEKHUMI Hacoca HE Ma€ 1HEPTHOCTI, 3 ypaXyBaHHSIM 4Oro ii
(GyHKLIOHATBHI TapaMeTpu BIJHOCHO CTaOUIbHI 1 3ajexaTh BiJl PO3MIPHOTO MOPTPETA.
OpienTariis TOPIEBUX MMAMIUITHAKIB BiIOYyBAa€ThCA TMPHU EKCIUTyaTallii B peXMMi Hacoca B
YMOBax TepTs, KOB3aHHS, IUHAMIKH, BHACHIJIOK YOTO 3a0e3Meuy€eThCs Kpallla repMeTH3allis.

B cBoro depry, rizpaBiiyHa MamuHa Tpu (YHKIIIOHYBaHHI B PEXKHMI MOTOpa Mae
iHepuUiiHICTh y MOMEHT mycKy (Qo’po), KOTpa Oy1e BU3HAYATHUCS CITiBBITHOUICHHSM:

Oy Py >0; 4)
M- -0=0. (3)

30Ha 1HEPIIKHOCTI TIpH poOOTI B PEKUMI MOTOpa MOKe OyTH CTaOlIbHOIO, a MOXKE
3MiHtoBatucs. OpieHTallis TOPUEBUX MiJIINIHUKIB BiTOYBAETHCSA B YMOBAX TEPTS KOB3aHHS Y
CTaTHIll, BHACIJOK YOTO MOKJIMBA HEJIOCTATHS TePMETH3AIlis, 1110 BIUIMBAE HA 1HEPIIHHICTS.
Jlinii 1,2,3 puc.2 Tta miuii 1,2 puc.3 ¢ikcyloThb BHUKOHAHHS HOPMATUBHUX IapaMeTpiB
rigpaBmiyanx MamuH. L{i miHii ymMoBHO BimmoBimawoTh 3HaueHHIO KKJI, n—1,0. Tlpo



[SSN 2664-262X IlenTpanbHOYKpaiHChbKui HayKoBHH BicHUK. Texuiuui Hayku. 2023. Bur. 8(39), u.Il

BIIXWJICHHS 1X BiJl HOMIHAJIILHOTO 3HAYEHHS MOXYTh CBimuuTu (haktmuHi 3HadeHHs KK/ i
BCTAHOBJIIOBATH 30HY iX JOIMYCTHMOTO 3HAYCHHSI.

BuchoBkn. B pesynbsrari moOynoBH (YHKIIOHAJBHOTO TOPTPETY IIECTEPEHHOI
TipaBIIYHOI MaIIMHU B PEXKHMMI HAacOCy BCTAaHOBJICHO, IO ii (DyHKIIIOHyBaHHS HE Mae
1HepUiHHOCTI, a MapaMeTpyu MaloTh CTAOUTPHUM Xapakrep. B cBoro uepry, ¢pyHKIIOHATBHUN
MOPTPET MIECTEPEHHOT TIPABIIYHOI MAITUHU B PEKUMI MOTOPY Ma€ 30HY 1HEPIIIHOCTI, KOTpa
B 3QJIEKHOCTI BiJI MOMEHTY IIyCKy MOYKE€ MaTH CTaJIuii abo HE CTaIMii XapakrTep.

Takox, Ha mMaACTaBi OTPUMAHOTO (DYHKIIOHATHLHOTO TOPTPETY MOXKIIMBO TPHITYCTHUTH,
110 BipOTiHOIO MPUYMHOIO BiIMOBJICHHS IIECTEPEHHOIO HACOCY Ta MOTOPY IPH MPOBEACHHI
NpUIMaTbHO-31aBATBHUX ~ BHIIPOOYBaHb MOXKe OyTH HEJOCTaTHE JOCHIIKEHHS — 1X
KOPEJSIIHNUX 3aJIeKHOCTEH Ha cTafil po3p0OKH KOHCTPYKTOPCHKOI JOKYMEHTAILI.
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Functional portrait of a gear hydraulic machine

Increasing the efficiency of the functional performance of various mechanisms, including hydraulic gear
pumps and motors, is one of the most important issues in the development of mechanical engineering. Special
attention should be paid to the indicators of the volume flow rate and the torque. One of the ways is to study the
mutual influence of the output parameters of the hydraulic gear machine.

Some of the main parameters that determine the functional performance of a gear hydraulic machine are
volume flow, power and torque, which in turn form the overall efficiency. It is necessary to create a functional
portrait in order to determine the influence of these indicators on the overall efficiency and to improve the
efficiency of the gear hydraulic machine. The resulting functional portrait will make it possible to determine the
indicator for optimizing the operation of a gear hydraulic machine, both in pump mode and in motor mode. In
turn, it will allow us to combine correlations with each other. In order to obtain the optimal indicators for
building a functional portrait, a scheme for diagnosing a gear hydraulic machine in the pump-motor mode has
been developed. An algorithm for its operation has been presented.

As a result of the construction of a functional diagram of a gear hydraulic machine in pump mode, it
was found that its operation has no inertia and its parameters are stable and dependent on the dimensional
diagram. The orientation of the end bearings occurs during operation in pumping mode under frictional, sliding
and dynamic conditions, which ensures improved sealing. On the other hand, the functional portrait of a gear
hydraulic machine in motor mode has a zone of inertia, which can be stable or not, depending on the starting
moment. Also, on the basis of the obtained functional portrait, it can be assumed that the probable cause of the
failure of the gear pump and the motor during the acceptance tests may be the insufficient study of their
interdependencies at the stage of development of the design documentation.
functional portrait, gear pump, gear motor, displacement, total efficiency
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[Tomyk onTuMaabHUX MTapaMeTpiB (QIHIIIHOT
aHTUPUKIIIITHOI 0€3a0pa3uBHOI OOPOOKH T'iIb3
AIIHAPIB ABTOTPAKTOPHUX JBUT'YHIB

B poOoti mpencTaBiieHi pe3yibTaTH JOCIIIKEHb, SIKi CIPAMOBaHI Ha MiABHUINCHHS SKOCTI OTPUMAaHHSI
AaHTH(PUKIIHHAX TOKPUTTIB NPHU BHUKOPHCTaHHI (iHImHOI aHTH(pUKHiIHHOI 0e3a0pa3uBHOI OOpPOOKH TiITB3
WIIHPIB aBTOMOOLIBHUX 1 TPAaKTOPHUX JBUTYHIB. 3@ IMOKa3HUKHU SIKOCTI aHTU(QPHUKIIHHOTO MOKPUTTSI 0OpaHO
HOTO CYIUIBHICTD, IIOPCTKICTh TOBEPXHI Ta MacomepeHeceHHs aHTH(pHKIiitHOTO Matepiamy. Ilapamerpamu
ONTUMI3aIil € OCHOBHI PEeXUMH (IHINIHOI aHTHPPHUKIIIHAHOI Oe3a0pa3uBHOI 0OPOOKH, a TAaKOK TCOMETPHUYHI
XapaKTepUCTHKU BUXITHOI TOBepXHi, mo o00pobiserscs. B pesynmprari peamizamii 0aratogakTopHOro
eKCIIEPUMEHTY OTPHMaHI CTaTHCTHYHI MOJENI, IO Aal0Th MOXIMBICTH OLIHUTH BIUIMB JOCIIKYBaJIbHUX
(baxTOpiB Ha KpUTEPii oNTHUMI3aIlil. AHATII3 MaTeMaTHYHUX MOJIEJICH JO3BOJIMB BU3HAUYNTH ONTHMAJIBHI BapiaHTH
MOEHAHHS TEXHOJIOTIYHUX (DaKTOPIB, IO 3a0€3MEeUyIOTh SKICTh MOKPUTTSA, a TaKOX BCTAHOBUTH paIliOHAIbHI
3HA4YeHHA PEeXUMIB (iHIIHOI aHTUPPHUKLIIHHOT Oe3abpa3uBHOI OOPOOKM Ta TEOMETPHUYHHUX XapaKTEPHCTHK
BHXI1HOI TOBEPXHi.
anTupHUKIiiiHe TNOKPUTTH, Tidb3a NUWIIHAPIB, AaBTOTPAKTOPHI [IBHUIYHH, SIKiCTh NOKPHTTS,
OaraTokpuTepiajJbHa ONTHMI3aNLisi, TEXHOJIOTIYHI MapaMeTPH, reOMeTPUYHI XapaKTePUCTHKHU MOBEPXHi

IMocTanoBka mpo6JieMu. 3aralbHOBU3HAHUM HAIMPSMKOM ITiBUIICHHS SKOCTI pOO0YNX
MOBEPXOHB JIeTajiell MAaIllMH Ta MEXaHI3MIB € po3po0Ka Ta MIMPOKE 3aCTOCYBAaHHS 3aXHUCHUX
nokputTiB [1]. OcobiuBe Micie cepell TakuxX IMOKPUTTIB 3alMarOTh aHTUPPUKLINAHI, SKI
Marw4l HU3BKMHA KOe(IIIEHT TepTsA, Yy BIAMOBIIHOCTI A0 TpHU3HAYEHHS 3a0€3MeuyloTh
CHpUATINBI aHTU(PUKIIIIHI BIacTUBOCTI [2]. 3 ychbOTro pi3HOMAHITTS CIOCOOIB OTPUMAHHS
aHTU(PUKIIIHHUX TOKPHUTTIB TEpeBary CiiJ BiAJaTH TOKPUTTAM 3 ONTHUMAIbHHUMH
3HaYeHHSAMHU TBEPAOCTI Ta MOAYJNS NPYKHOCTI, 3 TIJBUIICHUMH aHTUPPUKLIHHUMH
BIIACTHBOCTSIMH, a TaKOX TaKUM, IO 3a0€3Me4yIOTh CTBOPEHHS CIPHUATIMBUX BHYTPIIIHIX
Hanpy>keHb, MAKCUMAJIbHUX aJAre31iHUX XapaKTepUCTUK MOKPHUTTS 3 OCHOBHHM MaTepiajioM
[3]. Came Taki BIACTUBOCTI MPHUTaMaHHI TMOKPHUTTSM, SIKI OTPUMYIOTHCS TIPH BUKOPHCTaHHI
¢inimuoi  anTHdpuKIiiiHOT  Oe3abpasuBHOI  00poOkum  (PABO) rimE3  IUITIHAPIB
ABTOTPAKTOPHUX JBUTYHIB [4].

CtBOpeHHS OyIb-IKOTO 3aXHCHOTO TOKPUTTS, B TOMY YHCIl aHTU(PPUKLIAHOTO,
HEMUHYYE TMOB'sI3aHE 3 TONIYKOM Ta PO3B'S3aHHAM ONTHUMI3aliiHol 3amavi. [Ipu 1mpomy
00’€KTOM ONTUMI3aIlil MOXKYTh OYyTH KOMIIOHOBKA IIApiB, IX TOBIIMHA, TEXHOJIOTIYHI PEXUMHU
HAHECEHHs, BIIACTUBOCTI MMOKPHUTTIB Ta iH. [5].

®opmyBaHHs aHTUGpUKLiIHHOTO MOKPUTTS npu ®ABO Garato B YoMy 3aJIeXKUTh BiJ
TEXHOJIOTIYHUX TMapaMeTpiB, IO BHU3HAYAIOTh YMOBH KOHTaKTYBaHHS 1HCTPYMEHTY 3
00po0IIOBaHOIO TOBEpXHEI, a (opma 1 po3Mipu MIKPOHEPIBHOCTEH, SK TEPEKOHINBO

© 1.B. lllenenenko, M.1. Yeproromn, C.M. Jlemenko, M.B. Kpacota, SI.b. Hemuporcekuii, B.I1. IlymmnskiBcpkmit 2023
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JOBEIEHO y poboTax [6-8], BU3HAYAIOTH SKICTH OTPUMAHOTO MOKPUTTS. JlocmimkeHHs
0COOJIMBOCTEl KOHTAKTYBaHHS TIOBEPXOHb, iX 3aKOHOMIPHOCTEH, a TaKOXX OCHOBHHUX
napametpiB npouecy ®ABO, nae 3Mory miBUIIMTH AKICTh aHTU(PPUKLIKHOTO TMOKPHUTTS, a
OT)Ke, W eKcruryaramiiai BiaacTuBocTi Aetam. [llupoke 3acrocyBanus ®ABO cTpumyeTbest
BIZICYTHICTIO HayKOBO-OOTPYHTOBAaHMX JIaHUX WIOJO 3B'SI3KYy TEXHOJOTIUYHUX (DaKkTOpiB
npolecy 3 TEeOMETPUYHMMHU [apamMeTpaMu I[OBEpXHEBOro Imapy, 1 Hacammepena, 13
HIOPCTKICTIO, sIKa, HA TyMKY HocTigHuKiB [9, 10 Ta iH.], € OTHUM 3 OCHOBHUX KPHUTEPIiB AKOCTI
OTPUMAHOTO MOKPUTTS. Y 3B'A3Ky 3 IIUM BEJIbMHU aKTyaJbHUMHU BUIAIOTHCS JOCTIIKEHHS Ta
NOUTYK ONTUMAaJbHUX 3HaueHb napameTpis npouecy @ABO, mo 3a6e3neuyioTs GopMyBaHHS
SAKICHOTO aHTHU(PPUKIIHHOTO TOKPUTTA 3 BpaxXyBaHHAM YMOB KOHTAaKTHOI B3a€MOJIii
aHTU(PHUKIIITHOTO IHCTPYMEHTY 3 00pOOIIOBAaHOIO TIOBEPXHEIO.

AHali3 ocTa”HHIX JoCHilKeHb Ta mnyoOJaikamiil. AHTUQPUKIIINHI BIACTHBOCTI
HNOKPUTTIB MOXYTh OYTH OLIHEHI TaKMMM IIOKa3HUKAMH: PIBHOMIPHICTIO HaHECEHUX
MOKPUTTIB, I1X MAaCIOEMHICTIO, IIMOPCTKICTIO, TOBIIMHOI TOKPUTTS Ta 3HOCOCTIMKICTIO
noBepxHi [11]. Ha Ham mormnsiy, BCi i BUMOTH [IJIKOM MOXYTh BU3HAYaTH SKICTh TIOKPHUTTIB,
otpumanux ®ABO.

VY paai pocnimkens [12-14], npucBIYeHUX YTBOPEHHIO aHTU(PPUKLIHHOTO MOKPHUTTS
DABO, aBTOpHU MPUIMAIOTh MOPCTKICTH TOBEPXHI 32 OCHOBHHUI KPUTEPIi OIIHIOBAHHS SIKOCTI
ILTIBKH, 1[0 HAHOCUTHCS.

3 omsimy Ha Te, IO MapaMeTpH MIOPCTKOCTI MOBEPXHI 0araro B YoMy BH3HAYalOTh
IHTCHCUBHICTh 3HOINYBaHHS Map TepTs, NEBHUM YHWHOM BIUIMBAIOTh HA MMOKAa3HHUKH Il
(b13UYHOTO CTaHy (HAKJIeT, BHYTPIIIHI HAMPY>KEHHSI, MIKPOTPIIIUHU, CTPYKTYPY), KOPO3iiHY
CTIMiKiCTh Ta HANIWHICT, HEPYXOMHUX 3'€lHaHb JeTaned, Tomy mapameTrp R, (cepemHe
apudMeTUYHEe BIAXUJICHHS MPOQIII0) IITKOM MOXJIMBO BUKOPUCTATH 32 OJIUH 3 TTOKAa3HUKIB
SIKOCT1 MOKPUTTS. Y 3B'A3KYy 3 TUM, LI0 aBTOpaMu poOiT [15, 16] oTpumaHO Ta OOTpyHTOBAHO
BUXITHUH MIKpOpenbed MOBEPXHI MJIsi CTBOPECHHS CIPUATIMBHX YMOB JJISI MIKpO3pi3aHHS
aHTU(PUKIIIHOTO MaTtepialy MIKPOBUCTYNIAaMH BHXIAHOT TOBEpXHI Ta iHTeHcH(ikamii
MpOIIeCY YTBOPEHHS TOKPHUTTS (PPUKIIHHO-MEXaHIYHUM METOJOM, IIOCTaE HEOOXIIHICThH
MPOBEJCHHS CHEI[laIbHUX JOCTI/DKEHb BIUIMBY TeXHONIOTiyHUX mapameTpiB ®ABO Ha
HIOPCTKICTh MOBEPXHEBOT'O HIAPY.

B poGoti [17] skicte mokputtsi, orpumanoro ®ABO, omiHioBamu ii TOBIIMHOIO.
Opmnak, Ciia BII3HAYUTH HASBHICTH CymHepewInBOi i1HGOpMarii MmOA0 BETUYHMHHU IIHOTO
nokazHuka. Tak aBtopu poOiT [18-20] oTpumanu TOBHIMHY TOKPUTTS (GPHUKIIHHO-
MexaHiyauu metonomM ®ABO y mexax 0,3 — 0,5 MM, a B po6oTi [21] BKa3zaHO TOBUIUHY
nokputta nopsaka 10 mxm. Taka Benuka BIAMIHHICTH y pe3yibTaTax CBITUUTH IPO
HEOOXITHICTh TTPOBEICHHS JOJATKOBUX JOCTIHKCHB 311 BU3HAYCHHS 00’ €KTUBHUX JAHUX
1010 BETUYHUHU I[LOTO MMOKA3HHUKA SIKOCT1 IIOKPUTTSL.

OnrtuMizanii  Tporecy HAHECEHHs 3aXWCHHUX IOKPUTTIB TMPHUCBAYEHO HHU3KA
nociikess [5, 22 Ta id.]. [Ipu ubomy sKicTh 0OpOOKH OLIIHIOBAIM 33 JOIIOMOIOI0 0aniB, a
napaMeTpamu CIyTyBajH: KOJIp MOKPUTTS, 3MEHIICHHs JOBKWHU HATHUPAIOUOTO CTPHXKHS —
IHTCHCUBHICTh HATUPAHHS; PIBHOMIPHICTh MOKPHUTTA (MOr0 CYLIJBHICTB); 3IJIAJKyBaHHS
mapy TOKpHUTTS. Takuil MiIXif 10 OIIHKH SKOCTI MOKPUTTA Ta €PEKTHUBHOCTI TEXHOJIOTIl
®ABO € He 30BCIM TOYHUM, OCKUTBKHM KOJIp, TOBIIMHA, MOPUCTICTh Ta 1HIII MOKA3HUKU €
HENPSIMAMH XapPaKTEPUCTUKAMH SKOCTI TOKPUTTS, SKIi MOXYTh OYTH NPHUHHATI Ha eTarmi
BIMIPALIIOBaHHS TEXHOJOTIl HaHeceHHs MOKpUTTIB. Ha erami ekcrutyartamii  BHpoOy
NEPIIOPSTHOI0 BJIACTHBICTIO TOKPHUTTS CIIJl BBaXATH WOTO 3AATHICTP YWHUTH OMIp
3HOIIYBAaHHIO (3HOCOCTIHKICTB).
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[Toka3zHMKaMH SKOCTI TOKPHUTTS MOXKYTh TAaKOX BUCTYNATH ajares3is MOKPUTTS IO
OCHOBHOTO Matepiany [5, 22, 23], HanpyxkeHo-1e(hOpMOBaHUH CTaH MOBEPXHEBOTO mapy [24,
25], XxapakTepUCTUKU MIITHOCTI MMOKPUTTS TOIIO [5].

HaBeneni mani miTeparypHUX JDKEpen HE AAlOTh 3MOTH JIaTH OIIHKY €(EeKTHBHOCTI
texHosorii ®ABO 3 TOUKHM 30py SIKOCTI OTPUMAHHUX MOKPHUTTIB. Y 3B'A3KY 3 IIMM BUHHUKA€E
HEOOXITHICTh y TPOBEACHHI JOCTIIKEHb IM0J0 BHU3HAYCHHSI BIUIMBY TEXHOJOTIYHUX
napametpiB npouecy P@ABO Ha SKICTh NOKPUTTA, OTPUMAHOTO (PUKLIHHO-MEXaHIYHUM
METO/IOM.

B po6Goti [5] mpeacraBieHO METOIOJOTI0 ONTUMI3AIii TEXHOJIOTiIH HAHECEHHS
MOKPUTTIB 3a KPUTEPIIMH MIITHOCTI Ta 3HOCOCTIHKOCTI, SKi 3a0€3MeYyr0Th MaKCUMaJIbHO
MOJJIMBY MILIHICTh Ta JOBIOBIYHICTH J€Talli 3 MOKPUTTAM 32 MiHIMaJbHUX BUTpaTax Ha
NpoIleC HAaHECEHHS TOKPHTTIB. [lepCrieKTHBY BUKOPHUCTAHHS HANPSMY ONTHMIi3allii METOJI0M
(akTOPHOTO IUTAHYBaHHS E€KCIIEPHUMEHTY MEPEKOHIMBO TOBEACHI HA TaKMX TEXHOJIOTISX, SIK
razonoyiyM'sHe Ta JIeTOHAIlliHe HamwieHHs [26], BakyymIuta3mMoBe HamwieHHS [27],
eNeKTpoickpoBe jeryBaHHs [28], ionHe a3zoryBaHHs [29]. CtocoBHO DABO Takwmii migxia He
BUKOPHCTOBYBABCSI.

IlocTanoBKka 3aBAaHHA. MeTO0 NPEACTABICHUX JIOCIIIPKEHb € OLIHKA BIUIMBY
TexHoJIoTiuHuX (¢akTtopiB mporecy DPABO Ha SKICTh aHTHPPUKIIHHUX TMOKPHUTTIB Ta
OTPUMAaHHS IX paliOHATHHUX 3HAYCHb.

MeToauka mNpoBedeHUX MOCTIIAKeHb. 3a Kpurepli onTumizaiii Oyiu NPUHHATH
HACTYTHI MOKa3HUKH SIKOCTI aHTU(QPUKIIHHOTO MTOKPUTTSL:

1. BimHocHa mmioma mnokpurts S,/S, ne S, — mom@a MOKPUTTA; S — IUIoma
JOCITIJKYBaJIbHOT IOBEpXHi. Benn4uHy 1101l MOKPUTTS BU3HAYMIN BUXOSIUU 3 PE3yIbTATIB
MeTtajgorpadiyHOTO aHaJi3y TOBEPXHI, BUKOPHCTOBYIOUM METOAU IM(POBOI 0OpOOKH
300paxenp Ha IIK (puc.l). 3 wmiero metoro Oyina HamucaHa mporpama Ha Mol C ++ 3
BUKOpUCTaHHIM ¢peitmBopka Qt 1 616moTek 06pobku 300pakerHss OpenCV [30].

1 —30Ha 0e3 MOKPUTTS; 2 —30Ha 3 HOKPUTTAIM; 3, 4 — PEryJIsSTOpH, SIKi JO3BOJISIOTH IIPUCTOCYBATH aJTOPUTM BUJILICHHS
JI0 MOXKIIMBOCTEH KaMepH; S — BIIHOIIEHHS 30HH 3 OKPHUTTSIM JI0 3araJIbHOT TUIOIL

PucyHok 1 — InTepdetic mporpamu Jyist BU3HAYEHHSI TIJIOLi IIOKPUTTSI
Loicepeno: pospobaeno asmopamu

2. Maca nokputtsa m. BennunHy MaconepeHeceHHs BU3HAYaAIU IUIIXOM BH3HAYCHHS
PI3HHUIII MacH JIATyHHOT'O 1HCTpyMeHTY 10 1 micist @ABO.

3. 3MiHa 3HauYeHHSs BHMCOTHOTO THapamerpa R, (cepeaHbOro apupMETHYHOIO
BIIXWICHHST Tpodi0), SKUH BUMIpIOBAIM 3a JomoMoror mpodimorpaga Mahr XR20.
[Mpudomy 3a 3HaYeHHS R, 3aCTOCOBYBAJIM HOTO CEpeIHE 3HAYCHHS, IO OyJIO OTPHMaHO B
pe3yJIbTaTi TPhOX BUMIpIB.

B sxocti mapametpiB ontuMizauii oopaHo ocHoBHI pexumu PABO mpu BuOpanii
cxeMu 00OpOOKH: IIISAX TepTs L, HABaHTaKEHHs HAa IHCTPYMEHT P, a TaKOXX JOBXKUHA OMOPHOI
noBepxHi 00pobIoBaHoOro 3paska Al
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Hlnax teptss L 3miHoBasiM B Mexax 2..30 MM 3a paxyHOK BapilOBaHHS JOBXHUHHU
JATYHHOTO 1HCTPYMEHTY / (puc.2) 1 KUIBKOCTI HOTO TIPOXOIIB 1.

a)/=2wmm; 0) /=4 mMm; B) [=6 MM
Pucynok 2 — Jlarynnuii inctpyment 1uist @ABO 3 TOBXHHOIO 1T poO0U0T YacTHHH:

Ioicepeno: pospobneno asmopamu

Cunu, mo npunanaroTs Ha 1 MikpoHepiBHICTE | MM ii mmpuHu Py, BU3HAYAIIN 3TiTHO

=

. L o
3aJIeKHOCTI , e Ps — cymapHa curna, S YHCIIO BUCTYMIB MIKpopenbedy, b — mupuHa

IHCTPYMEHTY, S — 1o/1aua BepcTaTy.

BenuunHy onopHOi MOBEpXHI JOCTIKYBAHOTO 3pa3ka (puc.3), a OTKe MPOTSHKHICTh
KOHTaKTy 3 1HCTPYMEHTOM, BapiroBaiu B Mexax Al = 0,2...0,6 MM Ha TiJACTaBl OTPUMAHUX
paHiiie 3akoHomipHOCTeit [31].

Al

Pucynok 3 — ®opma Mikpopesbedy T0CIiPKYBaHOTO 3pa3ka
Iicepeno: pospobaeno agmopamu

Mertoro cepii mocminiB Oynma pearizamiss MaTpHUIli IEHTPAITBHOTO KOMIIO3HUIIHHOTO
miaHy 2°+3ipkoBi TOYKH, B pesy/ibTaTi H4OTO BCTAHOBICHO BIUIMB psixy (akropiB (Lxn
(cymapHoro nuisixy Tepts), Py (cuim, mo npunanae Ha 1 MikpoHepiBHICTh | MM ii mupuHm),
Al (T0BXWMHHM KOHTAKTY) Ha TIOKAa3HHUKH, IO XapaKTEPHU3YIOTh SKICTh MOKPHUTTS, OTPUMAHOTO
®ABO.

Jlnisi BCTaHOBIICHHS BIUIMBY OOpaHUX (PakTOPIB HAa MOKA3HUKH, L0 XapaKTEPHU3YIOTh
SAKICTh aHTH(PPHUKIIHHOTO TIOKPUTTS PEaIi30BYBAIM MATPHINIO IEHTPAIBLHOTO POTATa0EIHLHOTO
KOMITO3UIIIHHOTO TJIaHy 2 +31pKOBi TOUYKH, sIKa JTO3BOJIMJIA OTPUMATH MaTeMaTH4HI MOJEINi
BILUTUBY (DakTOpiB HA MPUHHATI QYHKIIIT BIATYKY: 7 — MacCH aHTU(DPUKIIIHHOTO MOKPUTTS; S,/ S
— BIOHOCHOI TWIONII TOKPHUTTSH, R,/R, ex — 3MIHH 3HAYCHHSA CEpeIHbOAPU(DMETUIHOTO
BIIXWJICHHS TPO(]ITIO TTOBEPXHI.

PorarabenpHuii TJIaH Mae M'ATh PiBHIB: BEPXHIii, HyJIbOBUH, HIDKHIN 1 J1Ba KpalHIX
(«3ipkoBi TOYKM»). [HTEpBa) BiAg HYJIBOBOTO pIBHA 10 «3IPKOBHUX TOYOK» BH3HAYEHO

14
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«GIpKOBUM TuledeM», Mo JopiBHioe 1,68 [32]. 3aand yHEMOXJIMBICHHS BIUIMBY
CHUCTEMaTHUYHHUX [TOMUJIOK, CIPUYMHEHNX HEBPaXOBaHUMHU (DakTOpaMu, TOCIIAN MPOBOAUIH Y
BUIIAIKOBOMY TOPSIIKY, /U1 YOTO BUKOPHCTOBYBAJIH TAOJIHIIO BUMIAJAKOBUX YUCEI.

OOpoOka eKCIEepUMEHTAIbHUX JAaHUX BHMKOHYBajacsi 3a JOMNOMOIOK IaKeTy
npuxnagaux nporpam STATISTICA 12.0.

Buknan ocHoBHoro marepianay. OTpumani piBHSHHS perpecii MaroTh HACTYITHUHA
BUTJTISIL:

Y,(m)=0,005519 +0,000735 - x, —0,000462 - x, — 0,001442 - x, —
~0,001895-x7 —0,001603- x> —0,001799 - x7 + ; (1)
+0,000248 - x, - x, +0,000306 - x, - x; — 0,00031- x, - x,

Y, (S%) =0,668755+0,044408 - x, —0,056635- x, —0,275208 - x, —

~0,199841- x7 —0,200608 - x> —0,149047 - x? — ; ©)
~0,014875- x, - x, —0,042875 - x, - x, +0,006198 - x, - x,

Y, (% j =0,626308-0,088358-x, —0,00778-x, +0,077667 - x, +

+0,163163- x> +0,048406 - x +0,061634 - x — ., Q)
~0,017354-x, - x, +0,015312- x, - x, + 0,003099 - x, - x,

e X; — CyMapHU# IUIAX TEePTS, MM;

X, — CWJIa, 1o mpumajaae Ha 1 MikpoHepiBHICTH | MM 1i mmpunu, H;

X3 — JOBKUHA KOHTAKTY, MM.

CrarucTryHa OIIHKa OTPUMAHHMX PE3yJIbTATIB JI03BOJWJIA BBAXKaTH JIOCIIIUTH
PIBHOTOUHUMH. 3HAYUMICTh OTPUMAHUX KOE(]Iili€HTIB MEepeBipsUU 3a JOMOMOTOK KPHUTEPio
CrtprofIcHTa, a aJICKBATHICTh PIBHSIHB — 3 BUKOPUCTaHHAM Kputepito dimepa.

Amnaniz Ilapero-kaptu (puc.4) Ta TaOIMYHUX PE3yJIbTATIB €KCIEPUMEHTY JJS Macu
TOKPUTTS 71 JI03BOJINB BU3HAYUTH HAWOUIBIIHI BIUIMB 3HAYCHHS BEJIMYMHU OITOPHOI MMOBEPXHI

o . . 2 o
X3 (IOB)KMHA KOHTAKTY) Ta KBaJIpaTUYHUH BIUIUB YCIX TPhOX (PAKTOPIB X, (CyMapHUil LLIAX TepTH),
2 . . . e 2
X, (cwia, 1o npunagae Ha 1 MIKpOHEpIBHICTh | MM ii UpUHNK), X; (AOBKUHA KOHTAKTY).

Pareto Chart of Standardized Effects; Variable: Y.(m)
3 factors, 1 Blocks, 16 Runs; MS Residual=, 0000025
DV- Y y(m)

%(Q) -1,72065

x3(Q) -1.65862

x%(Q) ]-1_45549
(3L |-1.42227
{(1xiiL) | 7319871
(@pelL) |- 457001
1Lby2L 2216116
1Lby3L 2216116

2Lby3al -221612

Standardized Effect Estimate (Absolute Value)

PucyHnok 4 — CrannapruzoBana [lapero-kapra juis Y;(m)
Licepeno: pospobaeno asmopamu
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[ToBepxHi BiATyKy Ta rpadiku JiHiHA piBHOTO BUXOAY (pUC.5) AO3BOJISIOTH BIAMITHTH,
10 HAMOLTBIIIE MACOTICPEHECEHHS BIIOYBAETHCS IPH HACTYITHUX 3HAUYCHHAX (haKkTopiB: x; — L
xn=18...19...20 mm; x, = Py =20/b ...24/b ...28/b; x; — A= 0,3...0,4...0,5 mMm.

W > 0,005 0
B <0005 = 2 uigx
LK g-% 1 < 0,002
<0 <0
B <0.002 . < -0.002

W<0001 .
<0 3 o

a) Yi(x; x3); 0) Yi(x; x3); B) Yi(x2 x3)

Pucynok 5 — [ToBepxHi Biaryky Ta rpadiku JiHiil piBHOTO BUXOIY Y;(m):
Loicepeno: pospobaeno agmopamu

Otpumasu IlapeTo-kapty 11 BIIHOCHOI IO MOKPHUTTA S,/S (pHc.6), BiA3HAYAEMO
MaKCHMAaJIbHUH BIUIMB Ha KpHUTEpii ontuMizauii Y, mapamerpy x3, siknil (JakTHYHO BH3HAYa€
3arajpHy IUIomy HOKpuTTs. [loBepxHi BiATYKYy Ta rpadiku JiHIA PIBHOTO BUXOMY s S,/S
(puc.7) nO3BOJNSAIOTH BIAMITHTH, IO HAWOULIbIIA CYHUIBHICTH HMOKPUTTSA OCATAETHCS NpPU
HACTyIHUX 3HAYEHHSX YMHHUKIB: X; — L xn = 16...18...20 mm; x, — Py = 20/b ... 24/b
...28/b; x; > A1=0,2...0,25...0,3 MMm.

Pareto Chart of Standardized Effects; Variable: Y2(Sn/S)
3 factors, 1 Blocks, 16 Runs; MS Residual=,0221252
DV: Y(Sn/S)
(3)xa(L) —-2,91142
%2(Q) -1,95343
x(Q) |-1,94632
x3(Q) -1,47386
(2)%(L) | -,601357
(Tx(L) 4745681
1Lby3L -,332766
1Lby2L -,142614
2Lby3L 047538
Standardized Effect Estimate (Absolute Value)

Pucynok 6 — CrangaptuzoBana [lapero-kapra mis Y>(S,/S)
Locepeno: pospobaeno agmopamu
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=07

I <0625
[ < 0,525
[] <0425
B < 0,325
B < 0.225
<0125

B -08
M -o07
Bl <05
C]<03
B <0
I <-0.1
<03

g,

a) Ya(x; x2); 6) Ya(x; x3); B) Ya(x2 X3)
Pucynok 7 — [ToBepxHi Biaryky Ta rpadiku JiHiii piBHOTO BUXxoay Y»(S,/S)

IDicepeno: pospobreno asmopamu

CrannaptusoBana [lapero-kapTa U1 BITHOCHOI IOPCTKOCTI MOBEPXHi (pUC.8) CBIAYUTD
PO MaKCUMaJIbHUM BIUIMB Ha KpUTEpId omTuMizamii Y; mapamerpiB x;, X3 Ta X, SKi
BU3HAYAIOTh 3MiHY HIOPCTKOCTI moBepxHi. [loBepxHi BiAryKy Ta rpadiku JiHiIi piBHOTO
BUXOAY ISl R./R, ¢, TIpEACTaBIICH] Ha pHC.9. Ix amani3 103BOJIAE BiAMITHTH, IO HaiMEHIIA
BEJIMYMHA BIJHOCHOI IIOPCTKOCTI TOBEPXHI JOCATAETHCS TPHU HACTYIMHUX 3HAYCHHSIX
YUHHUKIB: x; — L x n = 18...20...22 mMm; x; — Ps = 22/b...26/b...30/b; x;3 —
A1=0,3...0,35...0,4 mm.

Pareto Chart of Standardized Effects; Variable: Y5
3 factors, 1 Blocks, 16 Runs; MS Residual=,0015046
DV: Y5

x(Q) L ;5.%3&35
(1hall) ‘:iv3.62095
@Bl —‘ 3,150809

*3(Q) . 433718

%(Q) | 1.807559
1Lby2L 3 .-,538042
1Lby3L | 4557444
(2hel) -, 316807
2Lby3L 0811489
p=05

Standardized Effect Estimate (Absolute Value)

Pucynok 8 — CranmpaptuszoBana [lapero-kaprta mns Y3(R,/R, o)
Loicepeno: pospobaeno agmopamu

" ERR]
| ERBl
3l
[ <09
<08
Bl <07
B <06

-0s
<089
Bl <034
(<070
B <074
Bl <069
<054

=gl

a) Y3(x; x3); 0) Y3(x; x3); B) Ys3(x5 x3)

Pucynok 9 — [ToBepxHi Biaryky ta rpadiku jiHiit piBaoro Buxony Y3(R./R, )
Iicepeno: pospobaeno agmopamu
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BpaxoBytoun 00epHEHO-IIPONOPIIMHUN 3B’SI30K KpuTepiiB onrtumizawii Y;(m) 1
Y>(S,/S) 3 Ri/R; sux MOCATHEHHS 1X MaKCHUMAJIbHHX 3HA4€Hb OJHOYACHO HEMOXKJIMBE, IO
NOKa3ye€ PI3HUIA B palllOHAIBHUX 3HAYCHHSX JISIKUX MapaMeTpiB, HacaMIepe, X3 Ta X;.

Tomy, nns aHamizy BrumBy ¢akTopy Ha KpuTepii onTuMmizaiii moOy1oBaHi
eKCTIeprMEHTalIbHI Tpadiku po3ciroBaHHS 3 Tictorpamamu (puc.10), siki 703BOINISIIOTH TpadiyHO
BU3HAYUTH palliOHAJIbHI 3HAYCHHS KOXKHOTO TapaMeTpy, 3 OIIHKOIO PealbHUX 3HAYCHb MACH
AHTU(PUKIIITHOTO MOKPHUTTS, BIIHOCHO] IJIOIII MMOKPUTTS T IIOPCTKOCTI TTOBEPXHI.

Excnepumentanbhi rpadiku poscitoBaHHs (puc.10) 103BOJNSAIOTH YTOYHUTH 3MIHH
(akTOpiB Ta BCTAHOBUTH 1X B3a€EMHUI BIUTUB Ha KpUTepii onTumizarii. MokHa moGaunTH, 110
pu 30UTBbIICHH] NUIAXY TepTs Xx;(AL) mo 18...20 MM gocsiraeTbCsi MaKCUMaJIbHUM €(EeKT
MacolepeHeceHHsl aHTU(PUKIiHHOro Marepiany. OnHaK MoJayiblIe 3pOCTAaHHS LUIAXY TEpTs
HE cIipuse 30UIBIICHHIO MaconepeHecenHs. Ha Ham mormsiz, 1ie moB’si3aH0 TUM, 10 HAHO1IbII
aKTUBHO BIIOYBAa€TbCS TEPEHECCHHS aHTU(PUKIIIHOrO MaTepialy Ha MepIMX Mpoxojaax
iHcTpyMenTy. [lonanpie 301IbIIeHHs 1X KUTBKOCTI He CYyTTEBO BIUIMBAE HA MPUPICT MaTepiamy.

Profiles for Predicted Values and Desirability

b0 x % Desirability
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o
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¥y(m)
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Pucynok 10 — I'padixu po3ciroBaHHs 3 TiCTOrpaMaMH, 10 XapaKTePU3YIOTh BIUIUB JOCHIIIPKYBaHUX (DakTOpiB
Ha SKiCTh HAaHECEHHS ITOKPUTTIB
Licepeno: pospobaeno asmopamu

B cBoro yepry 301UIbIICHHS CHIIH, IO MPUITIaa€e Ha 1 MIKpOHEPIBHICTH | MM T IMpuHHA
X:(Ps) no Bemmuman 20/b...28/b Tex CcHpUSAIOTH 3pOCTAHHIO MacorepeHeceHHs. [lesike
MiBUIICHHS IIHOTO TEXHOJIOTIYHOTO TMapaMeTpy 3MEHIIy€e MEePEHECCHHs aHTU(DPUKIIIIHHOTO
matepiary. Mo)KHa CTBEPIKYBAaTH, 110 TAKUH XapaKTep MOB’s3aHUH 3 TPOIIECOM PYHHYBaHHS
MOBEPXHEBOTO IIApy MiKpoHepiBHOCTEH 4yaByHy. Came Ha MepImuxX Npoxojax IHCTPYMEHTY
JOCATAEThCS  MAaKCHMMaJbHUH  pajaiyc  MIKPOHEPIBHOCTEW, 10  3MCHIIYE  MpOIleC
CTPY’KKOYTBOPCHHSI TPHU MIKpOpi3aHHi. 3a3HAYUMO, IO 30UTBIIEHHS MAaCOICPEHECCHHS
BiIOYBA€THCS IIPU 3HAYEHH1 JTOBXKUHHU KOHTAKTY Xx3(4/) = 0,3...0,5 MMm.

UiTKO NPOCIIKOBYETHCS TpsAMa 3aJICKHICTh MACONEPEHECEHHS aHTU(PUKLIHHOTO
Marepiaigy Ta IUIOII MOKPHUTTS, TOMY MOYKHa KOHCTaTyBaTH HACTYITHI 3aKOHOMipHOCTI. [Tpu
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3HaueHHsX Xx;(AL) no 18...20 mMm, x,(P5)=20/b...28/b, x3(Al) = 0,2...0,6 MM criocTepiraerbcs
HaOIbIIA TJI0MIA TOKPUTTSL, IO MOSICHIOETHCS BXKE PO3TIITHYTUMH BHIIE MipKyBaHHSIMHU.

3MEHIIICHHSI TIOKa3HMKa R, Ha JOCIIKYyBaJIbHOI TOBEPXHI BiJIOYBAa€ThCS TPHU
3HAYCHHSAX LUIIXY TepTs Xx;(AL)=18...22 mm. HacTynHi nMKIM HaTHpaHHS HE 30UIBIIYIOTH
AKICTh AaHTH(PPUKIIAHOTO TMOKpUTTA. [lpu miABUINEHHI CWIM, WO Tmpunagae Ha 1
MiKpOHepiBHICTh | MM 11 mmpunu x2(Py), 1o 3Hadenp 22/b...30/b cnoctepira€Thcsi 3HUKESHHS
NOKa3HUKa R, IO TOSCHIOETHCS IHTEHCHMBHHM HATHPAHHSAM aHTU(PPUKLIIKHOTO Marepiaiy
(matyni JI63) y BmaaMHM MIKpOBUCTYMIB Ta 3rJa/pKyBaHHS ix BepiinH. Haibinbmn
parioHaJIbHI 3HAYEHHS JOBXXKUHH KOHTAKTYy X3(Al) 3 TOYKM 30py 3MEHIIEHHS MOKa3HUKa R,
BiiOyBaeThcss mpu 3HadeHHs X 0,3...0,6 mm. lle me pa3 miaTBepmKy€e BCTAHOBJICHE HAMH
TBEP/UKEHHSI NP0 CYTTE€BUH BIUIMB BUXIJHOI MOBEPXHI MIKpOpenbe]y Ha SIKICTb MOKPUTTS,
orpumanoro ®ABO [33].

Amnaii3 noBepXxoHb BIATYKY Ta rpadikiB JiHIA pIBHOIO BUXOAY AJIs OOpaHUX KPUTEPIiB
ontumizamii (puc.5, 7, 9), a Takox rpadikiB po3CitOBaHHS BIUIMBY TEXHOJOTTYHHUX (DaKTOpPIB
(puc.10) mo3BOJIsIE BUSHAUUTH 1X parlioHanbHi 3HAaUeHHS: X;(AL) = 12 mm, x,(Px)=21/b...28/b,
x3(Al) = 0,4 MM.

BucnoBku. 1. Bumgineni ta cucreMaru3oBaHI OCHOBHI TEXHOJIOTIYHI (aKTOpH, IO
BIUIMBAIOTh HA SKICTh HAHECEHOTro MOKPUTTSA. EKCIEepHMEHTaIbHO BCTAHOBIIEHO BIUIMB
TeXHOJIOTTYHMX TapameTpiB nmpouecy PABO Ha sxicTh aHTUPPUKITIHHOTO TTOKPUTTS.

2. IlobynoBana craTHCTMYHAa MaTeMaTUYHA  MOJENb  3aJEKHOCTI  SKOCTI
AHTU(PUKIIIHHOTO TIOKPUTTS BiJ] TEXHOJOTIYHUX mapaMeTpiB nporecy DABO, sika m03BoIsIE
OLIIHUTH BILJIMB KOXHOTO 3 (pakTOpiB Ha 00paHi KpUTepii onTuMizarii.

3. Bu3HayeHO ONTHMAJbHI BapiaHTH TMOEJIHAHHS TEXHOJOTIYHHUX (AKTOpIB, IO
3a0e3MeuyIoTh SKICTh MOKPUTTS. BcTanoBieHHi parioHanbHi 3HayeHHA pexxumy PABO Ta
T€OMETPUYHUX XapaKTEPUCTHUK BUX1THOI TOBEPXHI.
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Searching for optimal parameters of finishing antifriction non-abrasive treatment of
cylinder liners of motor tractor engines

This paper presents the results of research aimed at improving the quality of antifriction coatings
obtained by finishing antifriction non-abrasive treatment (FANT). It has been previously established that the
formation of an antifriction coating during FANT largely depends on the technological parameters that
determine the conditions of contact between the tool and the surface being treated. The study of the peculiarities
of surface contact, their regularities, as well as the main parameters of the FANT process, makes it possible to
improve the quality of the antifriction coating, and therefore the operational properties of the part.

The aim of the presented research is to evaluate the influence of technological factors of the FANT
process on the quality of antifriction coatings and to obtain their rational values. The indicators of the quality of
the antifriction coating are its continuity, surface roughness and mass transfer of the antifriction material. The
optimisation parameters are the main modes of FANT and the geometrical characteristics of the initial surface to
be treated. To determine the influence of the selected factors on the indicators characterising the quality of the
antifriction coating, a central composite plan matrix was implemented, which allowed us to obtain mathematical
models of the influence of factors on the adopted response functions. The processing of the experimental data
was carried out using the STATISTICA 12.0 software package.

As a result of the multifactorial experiment, statistical models were obtained that allow assessing the
impact of the studied factors on the optimisation criteria. The significance of the obtained coefficients was
checked using the Student's criterion, and the adequacy of the obtained equations was checked using the Fisher's
criterion. A detailed analysis of the Pareto map and tabular results of the experiment allowed to establish the
influence of the research factors on the optimisation criteria. The obtained mathematical models made it possible
to determine the optimal combination of technological factors that ensure the quality of the coating, as well as to
establish the rational values of FANT modes and geometric characteristics of the output surface.
antifriction coating, cylinder liners, automotive and tractor engines, coating quality, multicriteria
optimisation, technological parameters, geometric characteristics of the surface
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OcoOMBOCTI KOHCTPYKIIiH 1 TEXHOJIOTTYHOTO
IIPOEKTYBAHHS POOOYHX OpraHiB JIONATEBUX
IBUHTOBHX 3MiIITyBayiB

[IpoanarnizoBaHO THITOBI KOHCTPYKTHBHI CXEMH JIONIATEBUX TBUHTOBUX POOOYHMX OpraHiB 3MIITyBadiB i
PO3pOOIIEHO HAWOLIBII TEXHOJOTIUHI CIOCOOM IX BHUTOTOBIICHHS. BW3HA4€HO OCHOBHI KOHCTPYKTHBHO-
TEXHOJIOTIYHI MapaMeTpu Croco0iB iX BHTOTOBJICHHsS 3 BHKOPHUCTAHHSIM HABHBAHHS 1 BCTAaHOBIEHO OCHOBHI
(akTopH, SKI BIUIMBAIOTh HAa iX TEXHOJIOTIYHE TPOEKTYBaHHSA. BH3HAUEHO TEXHOJOTIYHI OCOOIMBOCTI
KOHCTPYKTUBHHUX IapaMeTpiB JIONATEBHX CIHipanel 3MilmIyBadiB, sKi BHUTOTOBJIEHI PI3HUMH crocobamu, i
OXapaKTepU30BaHO HAHOUIbII BXKMBaHI KOHCTPYKLIHI Ta CyIyTHI Marepiaid NpU IX BUTOTOBJIECHHI.
BcraHoBieHO, 1[I0 HAMOUIBII E€KOHOMIYHO e(EeKTHBHHM CIIOCOOOM BHTOTOBJICHHS JIONATEBUX CIipaliei
3MilIyBauiB € HABUBaHHS CIipajiedl MIIJIbHUM NaKeTOM I10 BHYTPIIIHBOMY TOPLIEBOMY MPOGUII0 3 IPSIMOKYTHHX
3aroTOBOK 3 MOJAJbIINM BHIIYYEHHSIM CETMEHTHHX OTBOpPIB JUIS CTBOPEHHS JiomaTeld 1 KaimiOpyBaHHSM Ha
3a/1aHUi KPOK.

JIonaTi, rBUHTOBMII po00oyYHii opran, 3MilryBay, crnocid, TeXHOJI0TiYHe NPOEKTYBAHHS

IHocTanoBka nmpodaemu. JlonaTeBi IBUHTOBI 3MilIyBadi € TUIIOBUMHU 3aco0aMu JJist
BUKOHAHHS oOmepallii 3MillyBaHHS OyAiBEJIbHUX MaTepialliB, KOMOIKOPMIB, PI3HUX BH/IIB
IOPOAYKTIB y XapuoBiii mpomucioBocti Tomo [20] i mpuHIMNI iX poOOTH BUKOPUCTOBYE
MOETHAHHS Omeparii MepeMilleHHs O0araTOKOMIIOHEHTHUX CyMIlIed 13 ormeparien ix
nepemilryBaHHs. s CTBOPEHHS 1 BUKOPUCTAHHS PAIliOHAIBHUX KOHCTPYKLIN JIOTATEeBUX
TBUHTOBUX pPOOOYMX OpTaHiB 3MillyBadiB, 110 3a0€3MeYyr0Th HEOOXIIHY SKICTh IPOIECY
3MIITYBaHHS, MOTPIOHO PO3POOUTH 1 OOTPYHTYBATH HAHOLIBII TEXHOJIOTIYHI CIIOCOOM iX
BUT'OTOBJICHHSI MpHU 3a0€31eYeHH] MIHIMAJIbHOT COO1BApPTOCTI BUTOTOBJICHHS.

AHaJi3 ocTtaHHiX Aociaimkens i myouaikaniin. Crnenudika po3poOKu 1 JOCTIIKEHHS
TEXHOJIOTTYHHMX TPOIECIB BUTOTOBJICHHSI CITipajieil MTHEKIB IMPOKO BHUCBITJIICHA Y HAYKOBHX
npatgsix b.M. I'eBka [12, 21], ML.I. [Tununus [9, 12, 18, 19], P.M. Poraruncskoro [7, 20], B.B.
Bacunpkiba [9-12, 18], OJI. Jlamyxka [4, 8, 16, 17, 21], A.€. dauyna [1, 4, 8, 16, 17, 20],
A.I1. Jlparana [21] Ta iHIIKUX BITYM3HSHUX 1 3apyOiKHUX BUeHHX [2, 3, 5, 6, 13, 15]. OcHoBHa
yBara MMM HayKOBISIMU 30C€pe/KyBaJlach Ha OCOOJIMBOCTSIX OZEpXaHHs CHipajieil IIHEKIB
HABUBaHHSM, [POKATyBaHHSM, INTAMIIYBaHHSM Ta IHIIMMU. Takox OaraTo yBaru
MPUAUBIIOCH 32a0€3MEYCHHIO TEXHOJOTTYHOCTI KOHCTPYKIIIM TBUHTOBUX CITIpajeil 1 3SHIKEHHIO
€Hepro- Ta MaTepiaJloBUTpaT MpHU IX OJEepXaHHI; MPOCKTYBAaHHIO  BiJIOBIHOTO
TEXHOJIOTITYHOTO OCHAIlEHHA 1 oOjagHaHHS Ui 3a0e3ledeHHs IPOIECiB BHPOOHHIITBA
cripajei IIHEeKiB TOLIO.

ITocTanoBka 3aBaaHHsi. MeTol0 pPOOOTH € TEXHOJIOTIYHE MPOEKTYBAHHA POOOUMX
OpraHiB JIONATEeBUX 'BUHTOBUX 3MIlITyBayiB.

Bukian ocHoBHoro marepiaiay. OcoOIuMBOCTSMM JIONATEBUX I'BUHTOBHX POOOYMX
OpraHiB 3MilllyBaviB € pO3TallyBaHHS JONATEeH O TBUHTOBIH JIiHIT B3JOBXK OCi BaJsia, Ha IKOMY

© LB. I'eBko, P.41. Jlemyk, A.O. Bpukca, O.}O. Cribaitno, C.O. Kosans, 2023
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BOHH, SIK MPaBWJIO, HEPYXOMO 3akpimieHi (puc. 1 a). Ilpore okpemi KOHCTpyKuii poOounx
OpraHiB MOXYTh PO3TAIIOBYBAaTHUCh HA BAJTy 3 MOXKJIUBICTIO ITpoBepTaHH (puc. 1 6).

Ha puc. 1 300paxkeHi HaWOUIbII TUMOBI MNPEACTABHUKH JIOTIATEBUX IIHEKIB,
BUTOTOBJICHHSI SIKMX MOJKE 3a0e3leuyBaTUCh DIi3HUMH criocobamu. Jlisi mpoBeneHHs iX
TEXHOJIOTIYHOTO TPOEKTYBaHHS PO3IJSHEMO OLIbII JETaJbHO iXHI KOHCTPYKTHBHI CXEMH
(puc. 1). ek mis 3MimTyBaHHS 3 MEXaHIYHHM KPIIUICHHSAM ejleMeHTIB (mat. Ykpainu Ne
153687) BukoHAaHO y BUIJISAlL mMycToTUIOro Basa 1 (puc. 1 @), B sKOMy 1O TBUHTOBIH JiHIT
3aKpIIUICHO €JIEMEHTH 3 BIJOMHM CIIOCOOOM B OTBOpax 4 cripayi He3HA4yHOi BUCOTH 2. Mix
eJIeMEHTaMHu 3 iCHYIOTh OTBOPH Ul MIPOCHUIIAHHS Ta 3MilllyBaHHs MaTepianiB 5. [Ipu upomy
ICHY€ MOKJIMBICTh 3{IHCHIOBATH 101 HEOOX1AHOT BEJIMUMHU €JIEMEHTIB 3 JIJIsl PETYIFOBAHHS
OTBOpIB JJIs1 IPOCUIIAHHS Ta 3MILITyBaHHS MaTepiaiiB 5 3 METOIO KPAIOro 3MiIIyBaHHS MaTepialiB.

I'BunTOBUIT poOoumii opraH 3mimryBada (mat. Ykpainu Ne 153774) BukoHaHO y
BursAl Bana 1 (puc. 1 6) 3 rBUHTOM 2, SIKHii BAKOHAHO 30ipHUM 3 0a30BO1 JI0MaTeBOI Criparti
3 ta cmipani I'-moaioHoi Gpopmu 4 13 BHYTPIITHBOIO CYIUIPHOIO IMIHAPUYHOK YaCTHHOKO S5
Ta 30BHIIIHBOIO CIIPAJILHOIO JIOMATEBOIO YacTHHOIO 6. ba3zosa nomaresa cripanb 3 Ta chipani
I'-moni6uo1 hopmu 4 € OJHAKOBUMHM IO 30BHIIIHBOMY JlaMETPy Ta KpoKy. ba3oBy somnareBy
chipanb 3 XKOPCTKO 3aKkpimieHo Ha Bamy 1, a cmipanb I'-mozgibnoi gopmu 4 BHYTpILIHBOIO
CYIUTHHOI IWIIHAPUYHOK YaCTHHOIO 5 PO3MIIICHO Ha Bally | 3 MOXKJIMBICTIO ITPOBEPTAHHS
BigHOCHO Hboro. Kinui 7 cmipam [-moai6uoi ¢popmu 4 3adikcoBano Ha Bayy 1 BimomMum
criocobom. Kpim Ttoro, cmipans [-momioHOi dopMu 4 TOPIIEBOIO 30BHINIHBOIO CIIPAIBHOIO
JIONAaTEeBOI0 YaCTUHOIO 6 KOHTakTye 3 0a30BOI0 JjomareBoio cmipawio 3. [lpu mpomy s
iHTeHcHu]iKaIii 3MIlTyBaHHS ICHY€ MOJIMBICTH 3IHCHIOBAaTH MiAOIp HEOOXITHOTO 3a30py
MK JonatssMu 0a30BOi JjomaTteBoi cmipani 3 Ta cmipam [-mopiOHOi ¢dopmu 4 nuiaxom
npoBepTanHs cripaii [-moaidnoi popmu 4 BigHOCHO Baia 1 3 momanbmior ¢ikcariero ii
KIiHIIIB 7 HA HHOMY.

0)

Pucynox 1 — KOHCTpYKTHBHI CX€MH JIOTIATEBUX TBUHTOBUX POOOYHX OPTaHiB 3MiITyBadiB
Howcepeno: pospobaeno asmopamu

25



ISSN 2664-262X Central Ukrainian Scientific Bulletin. Technical Sciences. 2023. Col.8(39), Part I

[IpoananizyBaBIIM  3ampoONOHOBAaHI KOHCTPYKTHMBHI PpILIEHHS MOXHA 3pOOHUTH
BHUCHOBOK, IIO JIOTIATEBI ITHEKHM MOKHA BHUTOTOBIISITH PI3HUMH crioco0amu. PosrisiHemo
HANOLIBII TEXHOJOTIYHI 3 HHX.

BurorosneHHss poGo4oro opraHy JomaTeBOro TBUHTOBOTO 3MilllyBaya 300pa’keHOTO
Ha (puc. 1 a) nependayae HaCTYIHY HOCIIJOBHICTh TEXHOJIOTTYHUX ONEpaLliid:

1. HaBuBanHs cmipaiti 2 BiANOBIAHOTO JliaMeTpa.

2. CBepuliHHSL CBEPAJMIILHOIO TOJIOBKOIO OTBOPIB 4 Ha TOPIEBI MOBEpPXHI HABUTOI
IIUTPHUM TTaKETOM Ha pedpo cmipaii 2, sKa BCTAaHOBJICHa B KOHIYKTOP (32 YMOBH, IO B
KOHCTPYKLIi IIHEeKa Oyie BUKOPHUCTOBYBAaTHCh MEXaHIUHE 3’ € THAHHS).

3. KamibpyBanHs cmipaii 2 Ha 3a1aHUI KPOK.

4. BcraHoBneHHs (HarBMHYyBaHHS) CHipani 2 Ha MyCTOTUIMHA Baj 1 13 BUTPUMKOIO
3aJJaHOTO KPOKY.

5. 3akpimieHHs cripaii 2 Ha mycToTiioMy Baiy 1 (3BapHUM 3’€JHAHHSM).

6. BurotomieHHs JIomaTeBUX €JIIEMEHTIB 3 BIAMOBIIHOTO MPOodUIt0 (IITaMITyBaHHSM,
BUPI3aHHSM).

7. CBepaJliHHS KPIMWIBHUX OTBOPIB HA TOPIIEBIi MOBEPXHI JOMATEBUX €JIEMEHTIB 3 (3a
YMOBH, 1110 B KOHCTPYKLIi IIHEKa Oyie BUKOPUCTOBYBAaTHCh MEXaHIUHE 3’ € THAHHSA).

8. 3akpirIeHHs JIOMaTeBUX €JIEMEHTIB 3 Ha cripa 2:

- BapiaHT 1: B 0TBOpax 4 OONTOBUM UM 3aKJICTIKOBUM 3’ €THAHHSM;

- BapiaHT 2: 3 JIOMOMOTOI0 3BapHOTO 3’ €THAHHS.

BuroroBnenHst po6o4oro oprasy JoMmaTeBOro TBUHTOBOTO 3MilllyBada 300pa’keHOTr0o
Ha (puc. 1 6) BiIPI3HIAETHCS BiJ MOMEPEIHBO BUKIAJICHOTO 1 3 MOMDK IHIIOTO Tiepeadadae
BUTOTOBJICHHS JIBOX OKPEMHMX JIONATeBUX cripaneid. 3okpema 6a30Boi onareBoi coipani 3 Ta
cripani ['-moxibnoi Gopmu 4 i3 BHYTPINIHBOIO CYLUIBHOK HWJIIHIPUYHOIO YAaCTUHOI 5 Ta
30BHIIIHBOIO CHIPAJILHOIO JIONATEBOIO YaCTUHOO 6. ToMy OKpeMO pO3IIIIHEMO MOCIiA0BHICTb
TEXHOJIOTIYHMX OIllepallii Npu BUTOTOBJIEHHI 0a30Boi JsomareBoi cmipam 3, cmipam -
noi6Ho1 popmu 4 1 TBUHTOBOTO poOOUYOro OpraHy 3MmillyBaya, PeACTaBICHOro Ha puc. 1 0.

Burorosnenns 6a30Boi jomareBoi cmipaii 3, 300paxkeHoi Ha puc. 1 6, mependavae
HACTYIHY MOCJIiJJOBHICTh TEXHOJIOTIYHHUX OIEpariiil:

1. HaBuBanHs cmipayi 3 BIANOBIIHOTO JiaMeTpa 13 3aroTOBKH MPSIMOKYTHOTO
npodio.

2. BupyOyBanHs (BUpi3aHHS) CETMEHTHUX OTBOPIB (BMJIYyUY€HB) BIAMOBITHOI BETMYUHA
1 mpodin0 Ha TOPLEBIM MOBEpXHI HABUTOI LIUIBHUM MakeToM Ha pebpo cmipami 3 s
dbopmyBaHHS Ha Hilt HEOOX1THUX JIOMATEBUX CJIICMEHTIB.

2. KaniOpyBauHs cmipaii 3 Ha 3a1aHUH KPOK.

3. BcranoBieHHs1 (HarBUHYYBaHHs) CIipaii 3 Ha MyCTOTUIMH Bail 1 13 BUTPHUMKOIO
3aJJaHOTO KPOKY.

4. 3akpimieHHs cripaii 3 Ha MyCcTOTUIOMY Baiy | (3BapHUM 3’ €THAHHSM).

MoskHa 3aCTOCOBYBAaTH MEHII TEXHOJOTIYHMN CMOCIO BHUTOTOBJICHHSI, SIK TPABUIIO,
KOJIM BUKOPHUCTOBYETHLCSI TOTOBA CITipaib, KU nepeadadae BUpi3aHHs HA TOPIEBIM MOBEPXHI
BXKE TOTOBOI CIipajii CeTMEHTHUX OTBOPIB (BUIIY4YEHb) BiIIIOBIAHOI BEIMUMHU 1 TPOQIIIO.

Burorosnenns nonarteBoi cmipami I'-mogioHoi dhopmu 4, 300paxkeHoi Ha puc. 1 0,
nependavae HACTYIHY MOCIIJOBHICTh TEXHOJIOTTYHUX OIeparliii:

1. BupyOyBanHs (Bupi3aHHsI) CSTMEHTHUX OTBOPIB (BHWJIy4€Hb) BiAMOBIAHOT BEIMYHHA
1 mpodiyto Ha TOpILEBil MOBepXHi 3aroToBku ['-moaibHoro npodinto ans popmyBaHHs Ha Hil
HEOOXIJTHHUX JIOTIATEBUX €JIEMEHTIB (Omeparlisi MOke BUKOPUCTOBYBATHCH 1 JIJISl TIPSIMOKYTHO1
3arOTOBKH).

2. HaBuBanus cmipani [-monioHoi ¢opmu 4 Ha omnpaBy BHYTPIIIHBOIO CYILIBHOIO
[WTIHIPUYHOIO YaCTHHOIO 5 BIAMOBIAHOTO JiaMeTpa.
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3. KaniGpyBanus cripani ['-nmoai6Hoi popmu 4 Ha 3a1aHu KPOK.

4. CBepmliHHS KPINWIBHUX OTBOPIB KIHIAX 7 HA TOPIEBIM MOBEPXHI MIIIHIAPUIHOL
yactunu 5 cripaini [-nmoaibnoi ¢popmu 4.

[lopanpiie BUTOTOBIIEHHS poOOYOro OpraHy JIOMNATeBOIO TBUHTOBOTO 3MilllyBaya
300paxkeHoro Ha (puc. 1 6) mepenbauyae QopmyBaHHA TBUHTa 2 Ha Baly | IIISIXOM
HarBMHYYBaHHS Ha HHOTO, MOPsiA 6a30BOi JionaTeBoi cripam 3, cmipaii ['-moxidHoi dopmu 4
13 BHYTpIIIHBOIO CYIUIBHOIO LWIIHIPUYHOIO YAaCTUHOIO 5 Ta 30BHIIIHBOIO CIipaJbHOIO
JIOTIATEBOIO YACTHUHOIO 6, 3 MOJANBIIO MEXaHIYHO (ikcaliero KiHIiB 7 craipaii ['-moaioHoi
¢dopmu 4 Ha Baity 1.

TakoXx 1CHYIOTh KOHCTPYKIIII pOOOYMX OpraHiB JIOMATEBUX I'BUHTOBUX 3MIIIyBadiB 13
BUTHYTHMHU niesocTkamu [ 14] (puc. 2), mo notpeOyroTh BIATMHAHHS JIONaTel Ha MEBHUHN KYT.
Ile moTpeOye momaTtkoBoi omeparlii, sIKi BUKOHYIOTh, SIK MPaBUJIO, 3 JOIMOMOTOI0 PYYHOTO
IHCTPYMEHTY.

PucyHok 2 — 3araibHuii BUIIIAA JIONATEBUX TBUHTOBUX POOOYHX OpraHiB 3MillyBayis
3 BIZIITHYTHMH JIONaTsAMHU (TIETI0CTKAMM)

Ilicepeno: [14]

OCHOBHI ~ KOHCTPYKTMBHO-TE€XHOJIOTIYHI ~ IapaMeTpu  CHOCOOIB  BUT'OTOBJICHHS
JIOTIATEBUX TBUHTOBUX POOOYMX OpraHiB 3MilIyBadiB HABUBAHHIM IPEICTABICHO B Ta0uIi 1.

Tabmuus 1 — OCHOBHI KOHCTPYKTMBHO-TEXHOJIOTIYHI IapaMeTpu  CIOCO0iB
BUTOTOBJICHHS JIONATEBUX TBUHTOBUX POOOYMX OpraHiB 3MilllyBauiB HABUBAHHSAM
Ne | Yacrtota IToB3noBxus | Hiamerp | Bucora | ToBmuHa Kpok IInoma
oOepraHHs,| moxaya Gop- | OmpaBH, |CHipaii, | 3arOTOBKH, (CHpaji, MM| JiomaTei 10
OTIpaBH, MYyBaJIbHOTO MM MM MM TIJTOMI CrTiparti
00/xB. |ponuka, MM/00. (B %)

1| 005...055 21...132 20...50 | 5...30 | 0,8...1,5 | 21...132 | 0,1...0,45
2 | 0058...01 24,5...240 |25...100 | 5...50 | 0,8...2,0 |24,5...240| 0,12...0,5
3 10067...0,15 28...360 30...150 | 5...75 ] 0,8...3,0 | 28...360 | 0,15...0,55
4 5

5

0,067...02 28...480 30...200 ..100 | 0,8...3,0 | 28...480 | 0,15...0,65
5 10067...025 28...600 30...250 ..12510,8...3,0 | 28...600 | 0,15...0,75

Ioicepeno: pospobneno asmopamu

l'onoBHMH (akTOpaMu, SIKi BIUIMBAIOTh HA TEXHOJIOTIYHE MPOEKTYBAHHS POOOYMX
OpraHiB JIONAaTeBUX TBUHTOBHUX 3MIIIyBayiB, €: crenudika MprU3HAYCHHS 1 BAXKIIUBICTh OJTHOTO
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3 MOE€JHAHUX MPOLECIB - TPAHCIIOPTYBAHHS UM 3MIIIyBaHHS; THUI BUPOOHHITBA 1 crenudika
BUKOPHUCTOBYBAaHMX TIPM BHUTOTOBJICHHI TEXHOJIOTIYHMX TIPOILECIB 3  MOJKJIHMBICTIO
3aCTOCYBaHHA THUMI3allil, KOHCTPYKTHBHOI HAacIiAyBaHOCTi, HAasgBHOTO 1 MOXIIMBOTO [0
BUKOPUCTAaHHsS OOJaJHAaHHS Ta OCHAIICHHS; MiHIMI3allig CcOo0iBapTOCTI BUTOTOBJIEHHS 3
BpaxyBaHHSAM BIJIIOBITHOCTI MaTepiaiiB 1 X BUKOpHCTaHHs (0€3BiIXOAHOCTi); BUMOTH IO
MPOCTOTH Ta OE3MEeKH BUKOPHCTOBYBAHMX IIPOIECIB 1 iX MOXIJIHMBOCTI 3abe3medyBaTH
BIJIMIOBI/HI AKICHI, €CTETUYHI Ta €PrOHOMIUHI XapaKTEPUCTUKU BUPOOIB.

Ha mnepmomy erami mNpoeKTyBaHHS JIONATEBMX TIBHHTOBHX pPOOOYMX OpraHiB
3MilyBa4yiB BUOUPAIOTh MaTepiajiu, 3 SIKUX IX CIiJ BUTOTOBJSATH; Ha JAPYroMy YTOUHIOIOTH
o0csr BHpPOOHHWIITBA, THUN 1 Horo xapaktep. Jlam po3poOisaTh JeKUIbKa BaplaHTIB
TEXHOJIOTIYHOTO TPOLECY BUTOTOBJCHHS JIOMATEBUX TI'BUHTOBUX pPOOOYMX OprasiB i
BUOWPAIOTh KpaIIUi 3 BpaxXyBaHHAM COO1BapTOCTI MPOIIECY 1 Yacy BUTOTOBJICHHS.

KonctpykuiiiHi MaTepianu, sKi HalyacTille BUKOPUCTOBYIOTh NPH BUTOTOBJICHHI
JIOTIaTeBUX TBUHTOBUX POOOUYMX OpraHiB 3MmimryBadiB, € craii mapok 08 kn JICTY 2834-94,
Cr 3 ACTY 4651:2005 (ananoru € mapku: 040A10,1449-1HR, 1HR, 2HR, DCO01, DD13
(Anrmis); 1008, 1010, A619, A622, G10080, G10120 (CIIA); 1.0322, 1.0335, DCO1, DCO04,
DC04Gl1, DDI11, DDB, St12, St 14, St22, StW24, USt3, USt4 (Himewuuna), 3C, DCOI,
DCO04, DD13, FBS, Fd4, FR8, XC6 (®panuis)), a Takox ctans 20, 30, 45, 0912C, 08X17T,
12X17, AISI 304, AISI 316 Ta iHIIi aHAJIOTH.

[Ipy HaBWBaHHI JIONATEBUX 'BUHTOBUX POOOYHMX OPraHiB 3MIIIyBadiB 31 CTPIYKOBOTO
MaTepialy JOLIBHO BUKOPUCTOBYBATU XOJOAHOKATAHMW MPOKAT cTaHAApTHOI ToBUIMHM (1,
1,5; 2,5; 3 mm) i mmpunu (30, 40, 50, 60, 70, 80, 90, 100, 125, 250, 400, 500, 600 mm). ITpu
notpedi MOXKJIMBE BUKOPUCTAHHS BiAMIHHUX BiJl CTAHJAPTHHUX PO3MIpIB CTPIUOK (HapyOaHUX
13 mucToBoro mpokarty). [Ipy HaBMBaHHI JIONTaTEBUX TBUHTOBUX POOOYMX OPraHiB 3MilTyBayiB
13 KyTHHMKA JIOLJIbHO BUKOPUCTOBYBAaTH KYTHUKH CTAaHAAPTHUX Po3MipiB 25x25MMm; 30x30MM;
35x35mMm; 40x40mm; 50x50MM Ta iHmI TOBHIMHOK 2, 2,5; 3 MM, a00 HeCTaHIAPTHUX
(HapyOaHUX 13 JTUCTOBOrO Mpokaty i 3irHytux) 20x30mMm; 20x40mMm; 30x50mMm Ta iHmi. s
IITAMITyBaHHS KUIEIb 3 JINCTOBOTO MPOKAaTy PEKOMEHIYEThCS HOro BHOIp CTaHAAPTHOTO
TUIIOPO3MIpY:

- 3 XOJIoOJHOKaTaHoro juctoBoro mpokaty: 1.0 mm (1.00x2.00); 1.0 mm (1.25x%2.50);
1.2 mm (1.00x2.00); 1.2 mm (1.25x%2.50); 1.5 mm (1.00x2.00); 1.5 mm (1.25%2.50);

- 3 rapsYeKaTaHoro JmcroBoro npokaty: 2.0 mm (1.00x2.00); 2.0 mm (1.25x2.50); 3.0
MM (1.00x2.00); 3.0 mm (1.25x2.50); 3.0 mm (1.50x6.00); 4.0 mm (1.50x6.00).

JInst 3MEHIIeHHs 3yCHIIb TIPY BUTOTOBJICHHI JIONIATEBUX TBUHTOBHX POOOYMX OpraHiB
3MIIIYBaYyiB 1 YCYHEHHS HEIOLUUIbHOTO CXOIUIIOBAaHHS, YTBOPEHHS 3aJHpiB, 3ailaHHS,
NPWINIAHHS JeTanei, K po31iIbHEe TEXHOJIOTIYHE CePEeOBHUINE TOLITHHO BUKOPHCTOBYBATH
pi3Hi Buau MacTuil. 3okpema inayctpianbhi mapok M-20, M-20A, U-40, 1-50 um Ginbin
e(DEeKTUBHUX aJieé JOPOKYUX CHHTETHUYHUX CHIIKOHOBUX Mapok [IMC-20 1 ITIMC-50 3
HU3BKOIO B'SI3KICTIO Ta Kpallol MPOHUKHEHICTIO, SIKIi MalOTh BUINY TEKYYiCTh, 100pe
MPWISTAIOTh 10 TIOBEPXHI 1 HE pearyroTh Ha HU3bKI 1 BUCOKI TeMIiepaTypu. TakoxX JOIIIEHO
BUKOPUCTOBYBATH CHUJIIKOHOBI MacTHJIa y BUIJIS/I aepo30Jie, Mo3asK Ui X HaHECEHHs Ha
00poOIIIOBaHy TOBEPXHIO HE IMOTPIOHE BHKOPHUCTAHHS JOJATKOBOrO ycTaTKyBaHHs. [Ipote
CJIiJ1 BpaxOBYBaTH Te, 110 CHJIIKOHOBI MacTUJIa MalOTh BUCOKY BOJOCTIHMKICTh, a BIITaK BaXKKO
3MHBAIOTHCS 3 TIOBEPXOHB JIeTAICH BOJIOIO Ta IHITUMH POZYMHHUKAMU. TOMY /IS TOAaJIbIIOTO
HAHECEHHsI Ha JIOMATEBY T'BHUHTOBY MOBEPXHIO Jako(hapOOBUX MarepianiB HEOOXiTHO IS
BUAJICHHS CHIIIKOHY BUKOPUCTOBYBATH Pi3HI CIIMPTOBI PO3UYMHU, AlIETOH TOIIIO.

[Ipn po3poOii mporeciB BUTOTOBJICHHS JIOMATEBUX T'BUHTOBUX POOOYUX OpraHiB
aHAJI3yIOThCSI 0A30B1 MOKA3HUKM TEXHOJOTIYHOCTI Ta KOHCTPYKTHUBHOI CKJIAJHOCTI CIOCOO0iB
ix BurorosneHHs [13]. TexHoJOris BUTOTOBJICHHS JONATEBUX TBUHTOBHX POOOYMX OpraHiB

28



[SSN 2664-262X

IentpanpHoyKpaiHchkuil HaykoBuil BicHHK. Texniuni Hayku. 2023. Bun. 8(39), 4.1l

3MIIIYBayiB CyTTEBO BIUIMBAE Ha IiX TEXHIKO-€KOHOMIYHI TOKAa3HUKU 1 3a0€3MevyeThCs
BUKOPUCTAHHSM PI3HHX COCc00iB. TexHOJIOTr14HI 0COOIMBOCTI KOHCTPYKTUBHUX MapameTpiB
JONaTeBUX CIHipajieid 3MillyBadiB, $KIi BHMIOTOBJICHI PI3HUMHU CIOCO0aMH 3 JIUCTOBOTO
MpoKaTy, cTpiuku 4u [ -nmoaibHoro npodinto (KyTHHUKA), IPEACTABICHO B TaOIHII 2.

Tabmuus 2 — TexHONOriyHI OCOOJMBOCTI KOHCTPYKTHUBHHMX IapaMeTpiB JOMATEBUX
cripajieil 3MilTyBavyiB BUTOTOBJICHUX PI3HUMH CTIIOCOOaMuU

Ne
/1

Cnoci0 BUTOTOBJICHHS

Koedi

LEHT
BUKOPHCTAHHS
marepiaiy, K

ITuToma
BHCOTA BUTKA,
(b=B/H, ne
B 1 H—Bucora i
TOBIIIMHA BUTKa

HITamiyBaHHS KiJIEIb 3 JIOTIATEBUMH €JIEMEHTAMHU
Bi/IITOBIAHOTO IPO(DIIIO 3 OIATBIINUM iX PO3THHAHHSAM
Ha 3aJIaHUK KPOK Ta 3BapPIOBAHHAM (MEXaHIYHUM
KPIIUICHHSIM) Y CIipajib

0,2-0,5

1-50

[IpokatyBaHHs 3aroTOBOK pi3HOI (hopmHu y cripaii Ha
MPOKATHUX CTaHaX 3 HACTYITHUM KPITUICHHSIM JIO HUX
TIOTIaTeBUX €JIEMEHTIB BiMOBIIHOTO MPOdiII0
BUTOTOBJICHHX IITAMITYBaHHSM YH BUPi3aHHAM

0,4-0,8

HaBuBaHHS IIUIBHUM [TAKETOM CIHipajiel 1o
BHYTPIIIHEOMY TOPLIEBOMY TPO]IITIO 3 TPSIMOKYTHHX
3aroTOBOK 3 MOJIaJIbIIUM BUPYOyBaHHs (BUpI3aHHS)
CEerMEHTHHX OTBOPIB (BHIIY4EHB) 1 KaJTiOpyBaHHSIM Ha
3a1aHUI KPOK

0,5-0,8

3-16

HaBuBaHHS IUTBHAM MTAKETOM CITipajieH 1mo
BHYTPILIHLOMY TOPIIEBOMY MPO(IIIO 3 MPSIMOKYTHUX
3arOTOBOK 3 KaJiOpyBaHHSIM Ha 3aJaHUN KPOK 1
[OJJJIBLIIMM BUPI3aHHSIM CETMEHTHHUX OTBOPIB
(BUJIyYEHb)

0,5-0,8

Po3pizaHHs TOpLEBOi YaCTHHU 3aroToBKH I -1o1i0HOTO
npod IO 3 MOJANBIINM HAaBUBAHHSIM Ha ONpaBy il
BHYTPIIIHBOI0 CYLIJILHOIO HUTIHAPUIHOIO YACTHHOIO
Ta KajaiopyBaHHAM (32 HE0OXiqHOCTI) cripani -
noni0HO1 popMH HA 3a/ITaHUI KPOK

0,98-1,0

BupyOyBanus (BUpi3aHHs) Ha TOPIEBIA YaCTHHI
3aroToBKH ['-110116HOTO MPOdiII0 CerMEHTHUX
OTBOpIB (BIJIYYE€HbB) 3 TIOJAJLIITUM HABUBAHHSIM Ha
orpaBy i1 BHYTPILIHBOIO CYLIIBHOIO [UIIHAPHUYHOIO
JACTHHOIO Ta KaJiOpyBaHHIM (32 HEOOX1THOCTI)

cripai [-noai6Hoi popmu Ha 3a1aHUI KPOK

0,7-0,95

Hoicepeno: pospobneno agmopamu

[IpoBeneMo €KOHOMIUHUN MiAPAXyHOK OKPEMHX CHOCOOIB BUTOTOBJICHHS JIOTIATEBUX
crhipaieid 3MillyBayiB 3 BHKOPHCTAaHHAM JaHUX Tabmumi 2. Po3paxyHOK mpoBenemo uis
JIOTIATEBO] CIipaji TOBIIMHOKO 3 MM, 3 BUCOTOIO BHUTKA - 30 MM, 30BHIIIHIM aiameTpoM - 100
MM, kpokoM 100 MM, 3 Bupi3amMH IO 30BHIIIHBOMY KOHTYpY cHipali, siki cknagaroTb 30% ii
pOCTOPY, 3 Marepiany craib 08ki.
Hageneni opieHTOBHI AaHi B Tabmuii 3 MOXYThb 3MIHIOBATHUCH IPU BUOOPI 1HIIOTO
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BIITOBIAHAX

KaIbKYJISIIIITHIX

crareu

IIPOBECHO

3a

3arajJbHOBIIOMOI0 MeTouKow0 [7]. Ilpu mpoMy ciif 3a3Ha4uTH, IO OIEpallis 3BapIOBAHHS
BUKOHYETHCS 32 Y4acTIO JIBOX POOITHHUKIB; BapTICTh MaTepiaiiB NpuiimManach 3 Mpanc-IucTa
I[IMIT «Poct» na 24.02.2023 p. (nmct 1,00%x2,00 — 1973,70 rpH., cmyra 30x3 — 27,16
rpu./m/m, kytHUK 30%30 — 52,84 rpH./M/m); ronuHHa TapudHa cTaBKa Ha IEH ke Mepion
pobiTHHKa 1-TO po3psany mpuiiManack Ha piBHI 46,75 rpH.; TapudHi KoedIiEHTH TPUNMAIIUChH
HactynHuMmu: 1,09 s npyroro pospsny, 1,24 nnsa tperboro pospsay, 1,35 st uerBeproro
po3psaay 1 1,54 st ’sTOTO pO3psiay; BapTICTh €JIEKTPOCHEPTii Ha IEH e Mepioj] CTAHOBHIIA
1893,94 rpu. 3a 1 MBr-roa., 6e3 I1/IB (tapud Ha po3moain enekrpoeneprii «YKpeHepro»
JU1s1 HeOOYyTOBHUX CIOXKKBaviB B TepHOMIIBCHKIM 001.).

Tabmuus 3 — OpieHTOBHI JaHi Juid NOPIBHAHHA CHOCOOIB BUTOTOBJICHHS JOMATEBOT

cripaii
Homep criocoby 31 Cnoci6 | Cmoci6 | Cmoci6 | Cmoci6 | Cmoci6 | Cnocib
Tabm. 2|  Nel 3 No2 3 Ne3 3 N4 3 No5 3 Neb6 3
Creuudiuni gani TadI. 2 Tab1. 2 Tabm1. 2 TadI. 2 TabmI. 2 Tab1. 2
Bigxoau matepiany, % 65 30 30 30 - 15
Butpartu enexrpoeneprii
00naaH., roa./kBT:
- 1 onepartis: 8,3 12 7.5 7.5 1,05 1,05
- 2 omepartis: 32 8,3 8,3 1,05 7,5 7,5
- 3 omepartis: 3,2
Tum 1 Mapka oOnaTHaHHST:
- 1 onepartis: 1.TIpec |l. Crmemia-|1. Bepcrar|l. Bepcrart| 1. ILLmid- | 1. HImic-
K[21281| neauii |16E16KII i16E16KII i mammuuaa | mamimHa
CTIeITbH [TPOKATHUH CIeIiabHe |CTIeliaibHe| KyTOBa | KyTOBa
Wi [ITaMIT; | CTaH;  |OCHAILIGHHS; | ocHAIeHHS: | Dnipro-M | Dnipro-M
GL-125S; |GL-125S;
- 2 oneparis: 2.3papumii| 2. IIpec | 2.IIpec |2.Hlnmi¢- 2. Bepcrar|2. Bepcrat
iBeHTOpHU| KT 2128 1|KJI 2128 1| mammunaa [16E16KII i16E16KII i
W amapar |crieniaibHu|CIICIaIbHE| KyTOBa  |CHeliabHe | CrielianbHe
Tesla Weld | i mrramrr; | i mrramn. | Dnipro-M (ocHaIeHHs.| OCHAIIICHHS
MMA 245. GL-125S.
- 3 oneparis: 3. 3BapHuii
IHBEHTOp-
HUU anapar
Tesla Weld
MMA 245.
TpuBasicTh oneparii,
M/TI/XB.:
- 1 onepartis: 5,0 2,5 3,0 3,0 1,0 20,0
- 2 omepartis: 60,0 5,0 5,0 10,0 3,0 3,0
- 3 omepaitisi: 90,0
Po3psn pobiTHHKA:
- 1 onepartis: 2 5 5 5 4 4
- 2 omepartis: 412 2 2 4 5 5
- 3 omepaitis: 412

Hoicepeno: pospobneno agmopamu
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PesynbraTi po3paxyHKy BHUPOOHHMYOI cOOIBApTOCTI BUTOTOBJIEHHS 1 M/m jomaTteBoi
cripajii Ipy BUKOPUCTaHHI Pi3HUX CIOCOOIB BUTOTOBJIEHHS BigoOpaxeHo B Tadmuil 4. [Tpu
IbOMY HPUHMAaIOCh, L0 BAPTICTh MOBEPHEHHUX BIIXOAIB CTaHOBUTHME 5% BiJl MMOYATKOBOI
BapTOCTI MaTepialliB, a 3arajbHO3aBOJICbKI BUTpAaTU MpuitManuch y pos3mipi 200% Big
3apo0ITHOT MJIATH BUPOOHUYMX POOITHUKIB.

Tabmuist 4 — PesyapTaTi po3paxyHKiB BUpOOHUYOI COOIBAPTOCTI BUTOTOBJICHHS 1 M/mI
JIONATeBOI CIipalli 32 OKPEMUMH CrIoco0aMu

Enementu Butpart, |Croci6 Nel|Croci6 Ne2| Crioci6 Ne3| Croci6 Ned| Crioci6 NeS|Criocid Ne6
I'PH. 3Tabn.2 | 3Tabna.2 | 3Tabn.2 | 3Tabum. 2 | 3Tabm 2 | 3 Tabm 2
CupoBHHA 1 OCHOBHI
MaTepianH (3 Bpaxy- | g5 4q 66,38 66,88 66,38 132,1 131,11
BaHHSM TIOBCPHEHHS
BiJTXOJIIB)
3apruiara
BUPOOHUIHX 117,56 177,22 7,8 14,03 4,63 24,48
00ITHUKIB
buepriima 8,72 10,75 2,39 1,51 1,16 7,9
TEXHOJIOTIYHI it
SaranbHosaBOACHKL | 351y | 354 44 15,6 28,06 9,26 48,96
BUTPATH
Pasom BUpOOHMYA | 456 0o | 609 29 92,67 11048 | 147,15 | 212,45
co0iBapTICTh

Hoicepeno: pospobneno agmopamu

AHanizyroun aadi Tabyiumil 4 MoKHa 3p0OUTH BUCHOBOK, IO HAHOUIBIIT €()EKTUBHUM B
€KOHOMIYHOMY IIJIaHI CIOCOOOM BHUTOTOBJICHHSI JIOMATEBHUX CIipasiell € HABUBAHHS IIIJTLHUM
MaKeTOM CITipajeil 1o BHYTPINIHBOMY TOPIEBOMY NPO(DUII0 3 MPSIMOKYTHUX 3aroTOBOK 3
NOJAJIBIIMM BUPYOyBaHHS (BUpPI3aHHS) CETMEHTHUX OTBOPIB (BHJIYUYEHb) 1 KaliOpyBaHHAM Ha
3aJIaHAK KPOK, SIK 3arajioM 1 1HII METO/H, SKi BUKOPUCTOBYIOTh HaBUBaHHs (criocodu Ne 4 —
Ne 6 3 Tabn. 2). BurotoBneHHs JonaTeBUX CHipalel iHIIMMHU CIIOCOOaMU 3 BUKOPHCTAaHHIM
mrramiryBaHHs (criociO Ne 1 3 Ta6t. 2) un nmpokatyBaHHs (Criocio Ne 2 3 Ta01. 2) € B pa3u IOPOKIHNM.

BucnoBku. 1. Ilpy npoBeseHHI TEXHOJIOTTYHOTO MPOEKTYBAHHS JIONATEBUX I'BUHTOBUX
poOOUYMX OpraHiB 3MilIyBadiB MPOAHATI30BaHO TUIIOBI iXHI KOHCTPYKTHBHI CXEMH 1 pO3p0OOJIECHO
HaAWOLIBII TEXHOJIOTIUHI CIIOCOOH TX BUTOTOBJICHHS 3 BUKOPUCTAHHSM IPOLIECIB IITAMITYBAaHHSM,
MPOKATyBaHHsS 1 HABUBaHHIM. BH3Ha4€HO OCHOBHI KOHCTPYKTUBHO-TEXHOJIOT1UHI MapaMeTpu
croco0iB BUTOTOBJICHHS JIONATEBUX MBUHTOBUX POOOYMX OpraHiB 3MilllyBauiB HAaBUBAHHSAM 1
BCTAHOBJICHO OCHOBHI (PaKTOPH, Ki BILTUBAIOTH HA X TEXHOJIOTTYHE MPOCKTYBaHHS.

2. Bu3HaueHO TEXHOJOTI4YHI OCOOJMBOCTI KOHCTPYKTHBHHUX IapaMeTpiB JIOMATEBUX
cripajieil 3MilIyBaviB, sIKi BATOTOBJIEHI PI3HUMHU CIIOCOOAMH 3 JIMCTOBOTO IMPOKATY, CTPIUKH
yn [-mopiOHoro mnpodimo (KyTHHMKA), a TaKOXX OXapaKTepU30BaHO HAWOUIBII B)XXHMBaHI
KOHCTPYKIIIHHI Ta CYIyTHI MaTepiaJid JUIsl X BUTOTOBJICHHS.

3. IlpoBeneHO EKOHOMIYHHMH pO3paxXyHOK OKPEMHUX CIIOCOOIB BHIOTOBJICHHS
JIOTIATeBUX  CIipajiell 3MillyBa4yiB 1 BCTAHOBJEHO, W0 HAWOLIBII €(PEKTUBHUM B
€KOHOMIYHOMY IIJIaHi CrIocOOOM iX BHUTOTOBJICHHSI € HABMBAaHHS IIUJIBHUM MAKETOM CITipanei
[0 BHYTPIIIHBOMY TOPIIEBOMY THPOQUI0 3 MNPSIMOKYTHHX 3aroTOBOK 3 TOJAJIBIINM
BUpYOyBaHHs (BUpi3aHHS) CETMEHTHUX OTBOPIB (BUJIyuYeHb) 1 KamiOpyBaHHSM Ha 3aJaHUI
KPOK, SIK 3arajoM 1 iHII METOJH, sIKi BUKOPUCTOBYIOTh HaBHBaHHS (crmocodu Ne 4 — Ne 6 3
Tabn. 2). BuUroroBieHHs sonaTeBUX cClipajied IHIIUMHU CHOoco0aMU 3 BUKOPHUCTAaHHSIM
nrramiryBasHs (criocid Ne 1 3 ta6. 2) uu npokatyBanHs (criocio Ne 2 3 Ta0in. 2) € B pa3ul JIOPOKUIKM.
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Features of structures and technological design of working bodies of bladed screw mixers

Blade screw mixers are typical tools for mixing building materials, compound feed, various types of
products in the food industry, etc. The principle of their operation uses a combination of the operation of moving
multicomponent mixtures with the operation of mixing them. Features of bladed screw working bodies of mixers
are the arrangement of blades along a helical line along the axis of the shaft, on which they are, as a rule,
immovably fixed. However, separate structures of working bodies can be located on the shaft with the possibility of rotation.

The production of the working body of the blade screw mixer in the most technological ways may
involve the following sequence of technological operations:

1. Winding a spiral of the appropriate diameter. Drilling holes with a drill head on the end surface of a
spiral wound with a dense package on the edge of the spiral, which is installed in the conductor (provided that a
mechanical connection will be used in the design of the auger). Calibrating the helix to a given pitch. Installation
(screwing) of a spiral on a hollow shaft with a given pitch. Fixation of the spiral on the hollow shaft (welded
connection). Production of blade elements of the appropriate profile (stamping, cutting). Drilling of mounting
holes on the end surface of the blade elements (provided that a mechanical connection will be used in the design
of the auger). Fastening the blade elements on the spiral: option 1: in the holes with a bolt or rivet connection;
option 2: using a welded connection.

2. Winding a spiral of the appropriate diameter from a rectangular profile blank. Cutting (cutting)
segmental openings (removals) of the appropriate size and profile on the end surface of a dense package wound
on the edge of a spiral to form the necessary blade elements on it. Calibrating the helix to a given pitch.
Installation (screwing) of a spiral on a hollow shaft with a given pitch. Fixation of the spiral on the hollow shaft
(welded connection).

3. The production of an L-shaped bladed spiral involves the cutting (cutting) of segmental holes
(removals) of the appropriate size and profile on the end surface of the L-shaped profile workpiece to form the
necessary blade elements on it (the operation can also be used for a rectangular workpiece). Winding the L-
shaped spiral on the frame with an internal continuous cylindrical part of the corresponding diameter. Calibration
of the L-shaped spiral to a given pitch. Drilling of fastening holes at the ends on the end surface of the
cylindrical part of the L-shaped spiral.

The manufacturing technology of bladed screw working bodies of mixers significantly affects their
technical and economic indicators and is ensured by the use of various methods. Technological features of the
design parameters of the blade spirals of the mixers, which are made in various ways from rolled sheet, tape or
L-shaped profile (angle). The results of calculating the production cost of manufacturing 1 m/p of a bladed spiral
using different manufacturing methods showed that the most economically effective method of manufacturing
bladed spirals is winding a dense package of spirals along the inner end profile from rectangular blanks followed
by cutting (cutting out) segmental holes (removals ) and calibration to a given step, as in general and other
methods that use winding. The production of blade spirals by methods using stamping or rolling is many times
more expensive.
blades, screw working body, mixer, method, technological design
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3a71€KHICTh CTPYKTYPH €JIEKTPOJYTOBHUX OKPUTTIB
B1J] MapaMeTpIB HAIMUJICHHS Je€TaJIed TPAHCIIOPTHOT
TEXHIKHU

JlocTipKeHO YMOBH IUIABJICHHS Ta CTPYKTYPY IIOKPHTTIB, HANWICHHUX METOJOM €JIEeKTPOLYTrOBOIO
HaWJICHHS 3aJIeKHO BiJl THCKY IOBITPSHOTO CTpyMeHIo. [loka3aHo, mo 301IBIIEHHS] THCKY METaJOMOBITPSHOTO
nmotoky Bix 0,6 mo 1,2 Mlla migBuirye mBuakicte crpymento Big 300 mo 600 m/c, mpu 1[bOMY JUCIICPrOBaHi
KPaIUTUHH TOCATar0Th MBUAKOCTI Bif 120 qo 220 m/c. BiamoBinHO Ii¢ BUKJIMKAE 3MEHINICHHS TOBIIMHU JIaMeen
€JIEKTPOYyTOBOT'O OKPHTTS, & TAKOXK CIIpUsie (OPMYBaHHIO MiJBHUIIEHOI KUIBKOCTI OKCHIHOI (pa3u Ha MoBepXHi
nameteii. e 30inburye MikpoTBepaicTs HOKpUTTA 13 Y8 i3 350-400 HV 3a tucky 0,6 MIla. no 450...500 HV 3a
tucky 1,2 MIla. Mikpotsepuicts mokputTis i3 90X 17P3I'C 3pocrae Big 600 no 740 HV.

CTPYKTYpa, HANIMWJIEHHS, cOII0 JlaBaisi, IIBHAKICTH CTPyMeHI0, MiKpOTBEpIicTh, 1eTajb, TPAHCIOPTHA
TexHika

IMocTanoBka mnpoOjeMH. BUKOpUCTaHHS CHEIiaIbHUX IOPOIIKOBUX JPOTIB ISt
€JIEKTPOAYTOBOI0 HANMJIEHHS J03BOJIE€ OTPUMYBATU MOKPHUTTS 13 BUCOKOIO 3HOCOCTIHKICTIO
[1,2]. OmHak HemocTaTHS azire3iss Ta KOre3is OTPUMAHHMX TIOKPUTTIB HE J03BOJISE
3aCTOCOBYBATH 111 MOKPUTTS 3a MIJBUILEHUX pOOOUNX HaBaHTAXKEHb [3].

AHaJi3 ocTaHHIX JAocaimKeHns i myoJikamii. JlitepaTypHi mkepera 3acBiI4yOTh, IO
JUIS TIJBUILEHHS MEXaHIYHUX XapaKTePUCTHK ra30T€PMIYHMX MOKPUTTIB BUKOPUCTOBYIOTh
HA/I3BYKOBUH ra30BUI CTPYMiHb, SKHI TPAHCTIOPTYE PO3ILIABICHI KPAIIMHU 10 HATMIIOBAHOT
MOBEpPXHi, MIBUINYIOYM iX KiHETHUHY eHeprito [4,5]. BukopucTanHs manpHUX rasiB Ul
OTPUMAaHHSI HAJ3BYKOBOTO CTPYMEHIO B MPOIECI €JIEKTPOIYTrOBOTO HAINWIJICHHS TOKPHUTTIB
JIMIIIEe YAaCTKOBO MiJBHINY€E (PI3UKO-MEXaHIYHI XapaKTePUCTUKU MOKPUTTIB, ajie YCKIIATHIOE 1
CYyTTEBO 3J0POXKyE OONaTHAHHSA Ta Tporec HamwieHHA[6,7,8]. Y nmaHiii crarti IS
HiZIBULLIEHHS MEXaHIYHUX XapaKTePUCTUK EJNEKTPOAYTOBUX IOKPUTTIB 3alpOIIOHOBAHO
3aCTOCOBYBAaTH HAJ3BYKOBHI TOBITPSHUN CTPyMiHb 3a BHUKOPUCTaHHs coruia JlaBams Ta
MiBUIIEHHS TUCKY MOBIiTpsiHOrO cTpyMeHto 3 0,6 1o 1,0...1,2 MIla.

IMocTanoBka 3aBaaHHsA. MeTa HOCHIHKEHHS: BCTAHOBUTH BIUTUB THUCKY MOBITPSHOTO
CTPYMEHIO Ha CTPYKTYpPY €JIEKTPOAYTOBUX MOKPHUTTIB.

© M.M. Crynent, C.I. MapkoBuy, X.P. 3anopoxuna, B.M. ['Bo3aeuskuii, 2023
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BukJjiax ocHoBHOro matepiajiy. EnekTpoayroBi MOKPUTTS TOBIIMHOKO 1 MM HaHOCHIIU
metamizatopom DOMI-2 koTpuil CHPOEKTOBaHW Ta BUTOTOBJICHUIHA BUPOOHUYMX
notyxxHocTsix Pizuko-mexaniunoro iHctutyTy HAH Vikpainu. B po6oTi 3acTocoByBanuch
€JICKTPOJIHI JPOTH CYIUIBHOTO Tiepepizy — Y8, Tta nmopomkori apotu 90X17P3I'C. TTokpurts
HANMWISUIM 32 HACTYMHUX pexxkuMiB: Hampyra U — 32 B, ctpym I — 150 A, THck noBiTpsiHOrO
notoky 0,6, 1,2 MIIa 3 Butparoro 1,3 MS/XB, BIJICTaHb BiJ YT 10 TOBEPXHI 3pa3ka CKjajaalia
120 wmm. 3pgilicHiOoBanach TomepeaHs oO0poOka TMOBEpXHI KOPyHIAOM. MIKpOTBEpIiCTh
MOKPUTTS BU3HA4aIU 3a tonomoroto npuiany [IMT-3 npu maBanTaxenHi 200 r.

EnextpoayroBe HamujeHHS 3AIHCHIOBAIM B PEXUMI HAJI3BYKOBOI IIBHAKOCTI
METaJIOTIOBITPSIHOTO CTpyMeHI0 3 umciioMm Maxa 2. Ilpu 11boMy BHUKOPHUCTOBYBAJIHM COILIO
JlaBanst B KOTPOMY 3aCTOCOBYBABCSI METOJI BEPTUKAJIBHOIO PO3TAIyBaHHS JABOX MOBITPSIHUX

KaHAJIIB Yy COIUT, IO Majdd KPUTHYHHK JiaMeTp KOXXKHOTO OTBOpy 2,2 MM. (puc. 1),
JIOBKUHOIO HAJA3BYKOBOI YaCTUHU 15 MM.

im WH

?. Tepepia

g

F.3

g

E

3 & 2 4 ¢ [
[Jommesa conne, M

1 — cTpyMiHb NOBITPs 2 — KPUTHYHUI NIepepi3 comia, 3 — po3IUIaB 3 eJIEKTPOJHUX APOTIB,
4 — MeTaIo MOBITPSIHUH NOTIK, 5 — JJOCIIAHUH 3pa3oK

Pucynok 1 — Cxema coruia enexTpoyroBoro posnuioBaya 3 epeKToM HaJ3BYKOBOT'O IIOTOKY
Joicepeno: pospobneno asmopamu

Busnaueno, mo 3poctaHHs Tucky ctpymenio Bix 0,6 mo 1,2 MIlla Buknmkae
30UTBIIIEHHS IBUKOCTI MOTOKY y 2 pa3u B miama3oHi Big 300 go 600 m/c (puc. 2). 3poctae
TaKOX HIBUJIKICTh JUCIIEPrOBAHUX YACTOK €JEKTPOJHUX MOPOIIKOBUX JIpOTiB Big 60 — 90 m/c
10 160 — 220 m/c, mpu bOMY 1X PO3Mip 3MEHIIIYEThCSI.

Kpim Toro 3abe3neuyeThcst BHIa TEMIIEpaTypa po3IUIaBICHUX YaCTOK NpU BIApsSHHI
00 HaNWIIOBaHy MOBEPXHIO 32 PAXYHOK 3MEHILEHHS 4acy MOJIbOTY JUCIEPrOBaHUX KpPaIlIMH
Bl AyrW 10 HamwioBaHOi mnoBepxHi. Ilpm 1pbOMy 3MEHIIYETHCS KyT PO3IMIMPEHHS
METAIONOBITPSIHOro cTpyMeHo (puc. 3) i3 30° mo 15°.
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Pucynox 2 — ®pakuiitanit poznozin kpamuH i3 [111 90X17P3IC
Licepeno: pospobaeno asmopamu
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a—1,2 MIla; 6 — 0,6 MIla

Pucynok 3 — BB THCKY HOBITPSHOTO CTPYMEHIO Ha KYT PO3IIMPEHHS METAIONOBITPSHOIO IOTOKY
Lrcepeno: pospobneno asmopamu

30UTbIIEHHST TUCKY TOBITPSIHOTO CTPYMEHIO 3MIHIOE YMOBH €BaKyallil KparuIuH i3
TOPIIB €IEKTPOAHUX APOTIB (pHC. 4). 30Ha IJIABJICHHS IPOTY CYTTEBO 3POCTAE, 3MEHIITYETHCS
TYCTHHAa CTpyMy Ha Topusx napoTy. Lle 3MmeHmye Temmeparypy po3IuiaBy (Temmeparypa
posmuiaBy 3a Tcky 0,6 MITa craoButs 2000...2200°C) ane 36iIblIye Yac 3HAXOKCHHS
pO3IUIaBy MiX TOpusMH ApoTy. Lle 103Boiisie MOBHIIIE PO3YMHHUTH TYTOIUIABKI IIUXTOBI
Marepiajad y po3IUiaBl CTaabHOI OOOJIOHKM Ta MIABHUIINYE PIBEHb AWCIEPTyBaHHS IMPOIYKTIB
po3MmiaBy 3 €JIEeKTPOAHMX JAPOTIB 1  3abe3medye 3MEHIIEHHS pO3Mipy KparidH Ipu
dbopMyBaHHI TOKPUTTSI.

DN SpeAsIED DmdwEm
Worilfmm  PemmeedE e t1a

=
a 7] 6
a—Y8 (1,2 MIla); 6 — Y8 (0,6 MIla); 6 — 90X17P3T°C (1,2MIIa); 2 — 90X17P3I'C (0,6MIIa)

s

Pucynok 4 — Bun Topuis nopormkosoro apory Y8 ta [17] X18P3C2
TIiCITST HATIWJICHHS 32 Pi3HUX THUCKIB MOBITPSHOTO CTPYMEHIO
Lrcepeno: pospobneno asmopamu

[Ipu 3actocyBaHHi B mpoueci posnwieHHs TUcKy nositps 0,6 Mlla po3mip
qucrieproBanux KparmH ckiaagae Big 30 mo 100 mxwm, (puc. 5 a), a mpu  TUCKY moBitps 1,2
MIla — 10...30 Mxm 1 menme (puc. 56). IlpoBeneni wmertanorpadiuni JOCHIIKEHHS
MIATBEPIKYIOTH pe3yJIbTaTh (PPaKIiitHOTO pO3MOIiTy KpariiH 3a Tucky 1,2 MIla (puc. 26).

¢

’.I, . 5 ¥ V' __ A

| EHT = 15.00 kv Catn 10 Apr 2013
WO =185 mm Phots No. = 4345 Time 213304 WO = 150 mm Tme 210055

Diate 10 Age 2013

a— 0,6 MIla; 6 — 1,2 MIla

PucyHok 5 — Po3mip Ta ¢popma kparutua orpumanux i3 I171 90X17P3I'C
3a Pi3HOTO THCKY HOBITPSIHOTO CTPYMEHIO
Licepeno: pospobneno asmopamu
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B mporueci ¢hopMyBaHHS MOKPUTTS HA TOBEPXHI JUCIEPrOBAHUX KPAIJIUH PO3ILIABY
(hOpMYIOTBHCSI OKCUTHI TTIBKHU pi3HOTO cKiany. [Ipu oMy BigOyBaeThbCst 4acTKOBE a00 IMOBHE
iX OKHMCHEHHs uepe3 3MEHIICHHS PO3MIpiB KpaIUIMH, KOTpe 3abe3rneuye 3pOCTaHHs IUIOIII iX
KOHTaKTHOI B3a€MOJIii 3 MOBITPSAM 1  SK HACHIJIOK, 30UIBIIYETHCS KUIBKICTh OKCHIIIB 1
(dopMyBaHHS KOMITO3UILIMHOI CTPYKTYpH MOKPUTTS (pHC.S).

3a tucky posmwiennas 0,6 MIla BmicT okcuiB y mokpuTTi 3poctae y 1,7 pasu. Tak
BMICT KUCHIO Y CTPYKTYpi HOKpUTTA 13 Apoty Y8 3a Tucky 0,6 Mlla cranosuts 7 mac.%, a 3a
tucky —1,2 MIla cranoButh 12 mac % (tab:m. 1). Bmict kuchio y nokpurrti 13 [1IJI90X17P3I'C
13 MBUIICHHSAM TUCKY He 3pocTae. Lle 3yMOoBIIeHO HAsSBHICTIO y MOKPUTTI KPEMHIIO Ta O00py
SK1 CHJIBHO CTIOBUIBHIOIOTH OKMCHEHHS PO3IUIABICHUX KparuivH K 3a TUcKy 0,6MIIA Tak i3
tucky 1,2 Mlla.

Tabmuug 1 — BruiuB THCKY HOBITPSIHOTO CTPYMEHIO Ha KIIBKICTh KUCHIO Y OKPUTTSIX

Tuck nosiTpsiHOro ctpymento, Mlla

Enextponni npotu 0,6 1,2
BMicT KHCHIO y TOKpUTTi, % Mac / % aT
V8 7,2/17,8 12,3/29,6
[MA90X17P31C 4,5/11,5 4,3/10,6

Iicepeno: pospobreno asmopamu

Sk nmpaBuio okcujaHa (aza (BKIIOUEHHS TEMHOTO KOJbOPY) PO3TALLIOBYETHCS MIXK
JaMesIMH TIOKpUTTS. (puc. 6), aje iHOAI MOKPUTTA (HOPMYEThCS  JAMENSIMH B KOTPUX
HOBHICTIO OKMCHEHI KparuiiH. Y HokpUTTAX 13 90X17P3I'C yTBOpIOETbCS CYTTEBO MEHILE
okcuaHuX Qa3 (puc. 7).

‘.-:‘mi' »
EHT = 20,00 kv Signal A = CZ BSD Date :11 Sep 2018
WD =12.0 mm Photo No, =812 Time 12:58:11
T W N T .

10 pm EHT = 20.00 kv Signal A = CZ BSD Date 11 Sep 2018
i WD = 12.0 mm Pheto No, = 829 Time 13:28:10
MY kT W L e W W e oo . Yais |

a

a—0,6 MIla; 6 — 1,2 MIla
Pucynok. 6 — CTpykTypa MOKpUTTS i3 Y8 HaNMmwIEHOTO 32 PI3HOTO TUCKY HOBITPSIHOTO CTPYMEHIO

Ioicepeno: pospobneno asmopamu

Cain 3a3HaYUTH 10 MPU 30UIBIIEHH] TUCKY HOBITPSIHOIO CTPYMEHIO KIJIBKICTh KUCHIO
y TOKPHUTTSAX HE3HAYHO 3MEHINYeThCs. [Ipu 1IbOMy TOBIIMHA OKCHUIHMX IUTIBOK B JIAMEIISX
HOKPUTTA Npu TUCKY posnuieHHs 1,2 Mlla cranoButh 1...3 MkM (puc. 7), npu 1Hpomy
TOBIIMHA TUTIBOK 32 THCKY 0,6 MIla moxke nocsirati 20 MKM.
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a—0,6 MIla; 6 — 1,2 MIla

Pucynok 7 — Ctpykrypa nokputts i3 90X17P3I'C HamuiieHOro 3a pi3HOTO TUCKY IOBITPSIHOTO CTPYMEHIO
Licepeno: pospobneno asmopamu

Pazom 3 TMM MIKpPOTBEPICTh OKCHUIHUX BKJIIOYEHB 3aj1i3a — BIOCTUTY, MarHeTHTy, Ta
reMaTUTy B HAlMJICHOMY MOKPUTTI 3 HEJIErOBAaHOTO CTAIBHOTO JIpOTy focsrae mex 700-800
HV. 1le 3ab6e3neuye MIKpOTBEpAICTh HAMMMICHOTO MOKpUTTA 13 Y8 Ha piBHI 350-400 HV 3a
tucky 0,6 MIla.

Pa3om 3 TuM mipu HaMWJICHHS! IILOTO K MOKPUTTS 32 THUCKY 1,2 MIla po3mip namerneit Ta
OKCHJIIB 3MEHIIYEThCS, a O0’€MHHMI BMICT iX 3pocTae, 3a0e3meuyroud  IMiJBUIICHHS
MikpoTBepaocti Ha piBHl 450..500 HV. [Ilpm npoMy MIKpOTBEpIICTh TOKPHUTTIB 13
90X17P3I'C 3pocrtae Bix 800 no 910 HV.

BucHoBKH

1. JlocnimkeHHSIM BU3HAYEHO, 0 30UIBIICHHS TUCKY MOBITPSHOTO CTpyMeHro Bix 0,6
1o 1,2 MIla Buknukae maBUIICHHS IIBUAKOCTI MOBITpsiHOTO cTpyMeHto Bin 300 g0 600 m/c,
a MBUAKICTH JUCIIEPrOBAHUX YaCTOK po3IuiaBy 3poctae Bix 120 go 220 m/c.

2. 3poctaHHS THUCKY TOBITpsiHOro crtpymenio Bigx 0,6 mo 1,2 Mlla Bukiukae
3MEHIICHHS TOBIIMHM JIaMeNlell TOKPHUTTS, MpPU LBbOMY  CIOCTEPIraeTbCsi  30UIbLICHHS
OKCUIHOT a3y y HAMTMIICHOMY MTOKPHUTTI Ta 3pOCTaHHS TBEPIOCTI TOKPHUTTSL.
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Dependence of the structure of electric arc coatings on the parameters of sputtering of

parts of transport equipment

The use of special flux-cored wires for electric arc spraying allows for coatings with high wear
resistance. However, the insufficient adhesion and cohesion of the resulting coatings does not allow these
coatings to be used under increased operating loads. To improve the mechanical characteristics of gas-thermal
coatings, a supersonic gas jet is used to transport molten droplets to the sprayed surface, increasing their kinetic
energy. It is proposed to apply a supersonic air jet using a Laval nozzle and increasing the air jet pressure from
0.6 to 1.0...1.2 MPa. The aim of the study is to determine the effect of air jet pressure on the structure of electric
arc coatings.

It has been determined that an increase in the air jet pressure from 0.6 to 1.2 MPa causes a 2-fold increase
in the air flow velocity from 300 to 600 m/s. At the same time, the velocity of droplets dispersed by the air jet
during the spraying of electrode cored wires increases from 60-90 m/s to 160-220 m/s, and their size decreases.

Reducing the flight time of the dispersed droplets from the arc to the sprayed surface ensures their
higher temperature when they hit the sprayed surface. Increasing the air jet pressure also reduces the expansion
angle of the metal-air jet from 30° to 15°.

The microhardness of iron oxide inclusions - magnetite, wustite and hematite - in the coating of
unalloyed steel wire sputtered is in the range of 700-800 HV. This ensures a microhardness of the U8 coating of
350-400 HV at a pressure of 0.6 MPa.

Sputtering the same coating at a pressure of 1.2 MPa reduces the size of the lamellae and oxides, and
their volume content increases, which increases the microhardness to 450...500 HV. The microhardness of
coatings made of 90X17R3GS increases from 800 to 910 HV.

It was found that an increase in air jet pressure from 0.6 to 1.2 MPa provides an increase in air jet
velocity from 300 to 600 m/s, and the velocity of dispersed droplets from 120 to 220 m/s.
structure, sputtering, Laval nozzle, jet speed, microhardness, detail, transport equipment
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3HOCOCTIMKICTh TUTAaHOBOTO criary BT1-0
3 MO (IKOBAHOIO MOBEPXHEIO B YMOBaX a0Opa3uBHOTO
BILUTUBY

B poboti npoBeneHO AOCHIKEHHsI 3HOCOCTIMKOCTI THTaHOBoro cruiaBy BT1-0 3 moamdikoBaHOIO
MIOBEPXHEI0 B YMOBax aOpa3uBHOTO BIUTUBY. J{JIs MPOBEICHHS BAKyyMHOTO i0HHOTO a30TYBaHHS B iIMITyJIbCHOMY
pexuMi 1 hopmyBanHs qudy3iiiHUX 1apiB HA MOBEPXHI BUKOPHCTOBYBANAcs yHiBepcalibHa ycTaHoBka «BITTA-
1» TexHOJNOTIYHI MapaMeTpu BaKyyMHOTO I0HHOTO a30TyBaHHS B IMITyJIbCHOMY peXHMi: TemmnepaTtypa — 550°C,
tick — 25-150 Ila, wac oOpoOku — 10 ToawH, cmiBBimHOMIEHHs peakiiiiHux raziB — 80% Ar + 20% N,.
JlociipKeHHsT 3HOCOCTIMKOCTI MPOBOMWIIM IO CXEMi 3HOIIYBaHHS BUIBHMM aOpasuBoM (Meron bpinesns)
BignosigHo 10 'OCT 23.208-79 Tta amepukancbkoro ctangapty ACTM C 6568. ExcriepuMeHT npoBOIMIN TIPpU
mBuakocti kos3anus 0,158 m/c, HaBanTaxenHi 20 kr (mpu rwredi 272 mMm) Ta nusixy tepts 50 M. B sxocti
€TaJIOHy BUKOPHUCTOBYBANIACh cTanb 45, 3araproBana 1o tBepaocti 480-500 HB. Tiom /1t 3HOITYBaHHS CITy>KUB
JICK 13 ThTaHoBoro crutaBy BT1-0 miamerpom 100 MM i ToBIIHHOO 3,5 MM. B pe3ynbraTi JOCTIIKSHHS
BCTaHOBJICHO IO MaKCHMaJlbHA IHTCHCHBHICTh 3HOIIYBaHHS THUTaHOBOTO cruiaBy BT1-0 Ge3 3MillHEHHS; BIUTUB
TEPMOLIMKIIIYHOTO a30TYBaHHS ITiIBHIIY€E 3HOCOCTIHMKicTh ctutaBy BT1-0: y micky — 3 pa3u; y Bozi + micok — 3,5
pas3y; y coii + micok — 2,5 pas3u; BIUIUB 130TEPMIYHOTO a30TyBaHHS IiIBHIINYE 3HOCOCTiHKicTh ciutaBy BT1-0: y
MiCKy — 4 pa3u; y Bofi + micok — 3,5 pasm; y coii + mcok — 2,5 pasm.
iOHHEe a30TyBaHH#, IMIyJIbCHUI pPesKUM, TATAHOBHIA CILIAB, 3HOCOCTIliKiCTh, BiTbHUI a0pa3nB

IlocranoBka npodJjemMu. Butpatu BiTHOBICHHS JIeTajei MAIIMH Y PE3yJIbTaTi 3HOCY
BeJIMYE3Hi 1 mopiuHo 30utbLIyIoThes. Ha cummosiymi, npoBenenomy CIIA mono 3HMKEHHS
3HOCY y TEXHIIll, 3arajbHa JIyMKa 3Bejacs 10 TOro, IO YIpaBJIiHHSA 3HOIIYBAHHSM €
LEHTPAJIBHOIO JIAHKOIO Yy BUPILICHHI TaKUX HAIllOHAJIBHUX MPOOJIeM, SK €KOHOMis eHeprii,
CKOPOUYCHHSI BUTpAT MaTepialiB, 3a0e3MeUYeHHs] HAIIMHOCTI Ta OE3MEeKH MEXaHIYHHUX CHCTEM
[1]. IIpobnaema 3HOCOCTIMKOCTI € aKTyalbHOIO 1 I YKpaiHu, 1 Hacammepes y 3B'SI3Ky 3i
3HAYHUM 3HOCOM OOJIaJIHAHHS Ta TEXHIKH, BIJCYTHICTIO KOINTIB Ha WOTO BIJHOBJICHHS Ta
PEKOHCTPYKIIIIO.

AHaji3 ocTaHHiX gocaiTkeHb i myOaikamiii. A30TyBaHHS 3HAYHO ITiJ[BUIIYE
3HOCOCTIMKICTh METaNiB i cruiaBiB [2-3]. OCHOBHUMU CIIOXMUBAYaMH TE€XHOJOTI] BAKyyMHOTO
I0HHOTO a30TyBaHHS B IMITyJIbCHOMY PEXKHMI € aBTOMOOIIBHI, TPAaKTOPHI, aBialliliHi,
CyAHOOYMIBHI Ta CYJHOPEMOHTHI, MAaIlIMHO- Ta BEPCTAaTOOYMiBHI 3aBOJM, 3aBOJIU 3
BUPOOHUIITBA CITLCHKOTOCIIOIAPCHKOT TEXHIKM, HACOCHOTO Ta KOMIIPECOPHOTO OOJIaJHAHHS,
HIeCTepEeHb, IiIIMITHUKIB, ATIOMIHIEBUX NPOQiNiB, €HEPreTHYHUX YCTAaHOBOK Ta iH. [3].
HasiBHIiCTh a30Ty B MOBEpXHEBOMY MIapi MiABHINY€E aHTH(PPUKIIIHHI BIaCTUBOCTI MapH TEPTH 1
MIEPEIIKOKAE CXOIUTIOBaHHIO Tipu TeptTi [4,5]. 3acrocyBaHHS KOMOIHOBaHHMX METOIB
a30TyBaHHS 151 JOpMYBaHHS 3HOCOCTIMKHX TMOKPHUTTIB HA TATAHOBHUX CILIaBax [6] 301abI1y€
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30HY BHYTPIIIHBOTO a30TYBaHHS 1 HE JI03BOJISI€ 3HAYHO 301UIBLINTH TOBUIMHY HITPUIHOI 30HH 1
SK HACJIIZOK, 3HAYHO 301IBIIMTH 3HOCOCTIMKICTh TMapHW TEPTSA, 30KpeMa 3HOCOCTIHKICTh B
abpa3suBHOMY CEpe/lOBMILI Ta MPU CyXOMy TepTi. B cepenoBuili MacTuia BUCOKA TBEPICTh
HE € KPUTEPIEM BHUCOKOI 3HOCOCTIMKOCTI Mapu TepTa. B 1mux ymoBax TepTsi HEoOXimgHe
ONTUMAJIFHE CITIBCTABJICHHS MIX TBEPJICTIO 1 TNIACTUYHICTIO a30TOBAHOTO IIapy.

HaiiBa)kJIMBIIIOIO METOIO a30TYBaHHS SIBJISIE€THCS IMIBUIIICHHS 3HOCOCTIMKOCTI JAeTalIei
[6-8]. A3zoTyBaHHsi 3a0e3nedye BHCOKY 3HOCOCTIHKICTH NpH aOpa3uBHOMY 3HOIIYBaHHI
TUTAHOBUX CIUIABIB. 3HOCOCTINKICTh 30HM BHYTPIIITHHOTO a30TYBaHHS € 3HAYHO MEHIIOI0 B
HOPIBHAHHI 3 HITPUIHOIO 30HOIO [7].

[Ipu nudysiitHOMy HacWYEHHI MOBEPXHI TUTAHOBUX CIUIABIB a30TOM Y TIIIOYOMY
PO3psizl YTBOPIOIOTHCS TBEPAl PO3UMHU BTUICHHS, aJpKe aTOMHUI paziyc azory ckiagae 0,071
HM, III0 € MPUOJIU3HO Y JIBa pa3u MEHIIE, HDK Y aToMiB TUTaHy [8]. OcoOIMBICTIO 3MIIIHECHHS
OpyU YTBOPEHHI PO3YHMHIB BTUIEHHS € BHMCOKA PYXJIMBICTH MIKBY3JIOBUH IIPH IOPIBHSHO
HU3BKUX TeMIepaTypax. Bzaemois mpy>KHUX MOJIiB, MOB'S3aHA 3 MiX BY3JIOBUMH aTOMaMH,
JTUCIIOKAIISIMH, 1HIIUMU JedeKTaMu KPUCTaNi4HOi OyAO0BH, MPU3BOAUTH A0 HAMPABICHOI
Mirparii MbKBY3JIOBHH Ta 3axXBaTy JOMIIMIOK aedexkrtamu OynoBu. Lle crpusie raapMyBaHHIO
JUCIIOKAIlii Ta 3MIITHEHHIO MaTepiany. [9]

Sk BimomMo, HaWOLIBITY HEOE3MEeKy 3 TOYKHA 30pYy 3a0e3NedYeHHS BUCOKOTO PiBHS
3HOCOCTIMKOCTI TUTAHOBUX CIUIABIB SIBJIAIOTH COOOIO 3QJIMIIKOBI HANpY>KEHHS po3TATy. BoHu
CHPUSIOTh PO3BHTKY TIPH TOBEPXHEBUX TPIIWH, MPOHUKHEHHIO MOJEKYJ 30BHIIIHBOTO
CepelioBUINIa y BHUTOKM MIKPOTPILIMH Ta MPUCKOPIOIOTH OUQY3iI0 aToMiB AOMIIIKIB. Y
BUIAJIKY NHU(PY31HHOTO HACHYEHHS MTOBEPXHI a30TOM Y TJIOUOMY PO3psll, YIPOBADKEHUN Y
MaTpHII0 aTOM a30Ty PO3CYBa€ CYCiJHI aTOMH, CTBOPIOIOYM 3AJIMIIKOBI HANpY>KEHHS CTHCKY
[7-9]. i nanpyxxeHHs e(peKTUBHO 30€piraroTh MOBEPXHIO BiJ pyHHYBaHHS HaINpyXCHHIMU
po3TAry, sIKI BHHMKAIOTh IpU TEPTi y 3aaHiil oOnacti misM (aKTUYHOTO KOHTAKTy Ta
MOPIBHIOIOTHCS 32 PIBHEM 13 XapaKTEPUCTUKAMH MIITHOCTI MaTepiajiB.

OO6pobka BakyyMHHM 10HHUM a30TYyBaHHSM B IMITyJIbCHOMY PEXHMi 3HAUHO BIUIUBAE
Ha XIMIYHI Ta aAre3iiiHi BIACTHBOCTI MOBEPXHI 3MIIHEHUX THUTAHOBHX CIUIABIB. Y TBOPECHHS
XIMIYHUX CHOJYK Y THTaHOBHX CIUIaBaxX 3a PaXyHOK BIIPOBAKEHHS a30Ty a00 MiABHILECHHS
MEXI1 HOro KOHIEHTpaIlli 3MIHIOE€ MIBUIKICTh XIMIYHHUX PEaKIiii Ta KIHETUKY 3POCTAHHS
OKCHJIHMX IUTIBOK, MIJBUIIY€ X 34YEIUICHHS 3 OCHOBOIO. lle mpu3BOIUTH 1O 3MEHLICHHS
IHTEHCUBHOCTI YTBOPEHHS aJAre31HUX BY3JIIB CXOIUTIOBAHHS Ta CIIPHUSE TOKPAIICHHIO
TPUOOJIOTTUHUX XaPaKTEPUCTUK TUTAHOBUX cIuiaBiB [8-10].

IlocTtanoBka 3aBaaHHs. [IpoBecTH MOCHIKEHHS TUTAHOBOTO CILIABY 31 3MIITHEHUM
A30TOBAaHMM IIapOM JIIsl OTPUMAHHS EKCIEPUMEHTAIbHUX PE3yJbTaTiB 1010 BHU3HAYCHHS
3aKOHOMIPHOCTI BIUIMBY IMapaMeTpiB AUQY31HHOr0 HACHYCHHS HAa 3HOCOCTIMKICTH B YMOBax
abpa3uBHOTO BIUIMBY.

Buxsiax ocHoBHOro marepiamy. st mpoBeeHHST BaKyyMHOTO 10HHOTO a30TyBaHHS B
IMIYJIbCHOMY pexuMi 1 GpopmyBaHHS AU(Y31HHUX IIApiB HA MOBEPXHI BUKOPHUCTOBYBAIACS
yHiBepcanbHa ycraHoBka «BIITA-1» (puc. 1), pospobsena B IHCTUTYTI mTpobieM MIITHOCTI
imeni I'.C. IMucapenka HAH VYkpainu. TexHonoriune o6iajHaHHS BUKOHAHO B KIACHUYHOMY
JUIs 10HHOTO a30TyBaHHsS JBOKaMepHOMY BapiaHTi. Po3mipu neraneit, mo oOpoOsitoTh, 10
@ 500 mipu Bucoti A0 1400 mm.

OO6pobka B IHUKIIYHOMY TIIIOYOMY pO3psilli BimOyBajach y BaKyyMHild kKamepi 0e3
JIOJJATKOBUX HArpiBalO4YMX MPUCTPOiB. BakyyMHe i0HHE a30TyBaHHsS B IMIYJIbCHOMY PEXHMI
IPOBOJIWIIOCH Y PEXHMI IUKIIYHOI 3MiHH TeMIIEpaTypH, sKa 3AIHCHIOETHCS MEPIOAUNIHUM
BKITIOYCHHSIM-BUMHKAHHSM TIIIOYOTO PO3PSy Y BAKYYMHIN Kamepi.

TexHOoJIOTIUHI TTapaMeTpy BaKyyMHOTO 10HHOTO a30TYBAaHHS B IMITYJILCHOMY PEKHMI:
temneparypa — 550°C, tuck — 25-150 Ila, yac oOpobku — 10 roauH, CHiBBIAHOLICHHS
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peakuiiinux ra3ziB — 80% Ar + 20% N, [lng excrnepuMeHTalbHUX JOCIiIKEHb
BUKOPUCTOBYBAJIM 3pa3ku 13 TuTaHoro ciaBy BT1-0 3 po3mipamu 30x30 MM Ta TOBIIUHOO 5
MM. 3MII[HEHHS TOBEPXOHb 3pa3KiB BigOyBaIocs PIBHOMIPHO MO BChOMY MEPUMETPY, IO
3a0e3mnedye piBHOMIpHY TOBIIMHY AU(yY31HHOTO HIapy.

Pucynok 1 — 3aranenuii Bun yctanoBku BITTA-1

IDicepeno: Pospobnerno aemopamu

JlocmiKeHHsT 3HOCOCTIMKOCTI 3MIITHEHUX IMOBEPXHEBUX IIApiB MPOBOJAATHCS B TPU
eTanu: JJabopaTopHi, CTEHIOB1 1 HATYpHI (EKCIUTyaTaIliiiHl TOCTIKEHHS) ACKIJIbKa METOAaMHt
3 METOIO0 OTPUMAHHS JIOCTOBIPHUX PE3YJIbTATIB.

AHasi3 yMOB eKCIuTyatallii TepThOBUX MOBEPXOHBb OUIBIIOCTI €JIEMEHTIB KOHCTPYKIIIH
JI03BOJIMB BUKOPUCTOBYBATU Ul CTEHAOBUX JIOCIHIIKEHb YCTAHOBKY IO CXEMi 3HOIIYBaHHS
BUIbHUM a0pa3uBoM (Mmeton bpinens). BunpoOyBaHHS Ha 3HOIIYBaHHS MPOBOAWIMA Ha
eKcriepuMeHTanbpHii ycranoBii BiamoBigHo 1o ['OCT 23.208-79 (puc. 2). Ilpouec tepts
MOJICITFOBABCS Y IPUCYTHOCTI BUIBHOT'O HE KOPCTKO 3aKPIIJICHOTO a0pa3uBy, 10 30Ira€ThCs 3
amepukaHcbkuM ctanaaproM ACTM C 6568.

ExcriepumenTt npoBowim npu mBuakocTi koB3aHHs 0,158 m/c, HaBanTakeHHi 20 Kr
(mpu eyl 272 Mm) Ta nuiaxy tepra 50 M. B sKOCTI eTanoHy BUKOPHUCTOBYBaJIach CTallb 45,
3araproBana J0 TBepaocti 480-500 HB. Tisom ayist 3HOIITYBAaHHS CITY>KUB JTUCK 13 THTAHOBOTO
crumiapy BT1-0 giamerpom 100 MM 1 ToBuiMHOIO 3,5 MM. Ilicias KOXKHOTO LMKy ICIHTIB
POBOIWIIACH 3aMiHa JcKa. J{J1s KOYKHOTO 3pa3Ka BUKOHYBAJIUChH 3-KpaTHI iCTIUTH.

B sxocti abpa3suBa BUKOpUCTOBYBaBCsi KBapueBuil micok (Si0O;) 3epHHUCTICTIO
200...250 wmxwm. Ilepex BumpoOyBaHHSM aOpa3uB MpoCyLIyBaidu (BOJIOTICTH HE
nepesuiyBaia 0,16%). HaBantaxenHs Ha 3pa3ok ckiagano 150 H, wac ogHoro icniury 300
c. Butparu abpasusy — 15-17-10° v’

B ycranoBui yactku abpa3uBy, 3aXOIUIIOBaHI JUCKOM SIKUH 00E€pPTA€ThCS, BUTUPAIOTh
JYHKY Ha KOXHIi KpOMIIi 3pa3Ka, SKHUH MPUTUCKAETHCS 3 IEBHUM 3yCHIUISAM J0 IMITIHAPUIHOT
MOBEpXxHi aucka (puc. 2).
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1 — mucK; 2 — eNeKTPOABHUTYH; 3 — peayKTop; 4 — Baxinb; 5 — Tsrap; 6 — OyHKep; 7 — JiiiKa;
8 — mocynuHa; 9 — macoBa mepenada; 10 — 3pa3ox

PucyHok 2 — Cxema yCTaHOBKH JUIsl CTEHIOBHX JOCIIKEHb 3MILIHEHNX 3Pa3KiB i3 TATAHOBHX CILIABIB
IDicepeno: Pospobneno asmopamu

JHuck (1) BCcTaHOBIEHMI HA TOPH3OHTAIBHIN Bicl 1 MPUBOAWTHCS B OOEPTAHHS BiX
enekTpoasuryHa (2) uepe3 peaykrop (3). Penykrop (3) 3’ennanuii 3 enexkTpoaBUTyHOM (2)
npu normomo3i macoBoi mepenadi (9). Juck BuroromneHuil i3 tTuraHoBoro cruiaBy BTI1-0.
IlIBuakicts obepranmst aucky (0,37 cex') BHOMpamach i3 yMOBH YCYHEHHS IIiABHIICHOTO
HarpiBanHa npu TepTi. 3pazok (10) kpimuthes Ha twiomanmi I-momiOHoro Baxima (4) i
NPUTUCKAETHCS 10 AUcKa (1) 3 3yCHIUISM, SIKE CTBOPIOETHCS TATapeM (5), SIKUi MOXKE TIepEeMIIIaTHCS]
1o Bakeio (4). AGpa3uB nocrymae i3 Oynkepa (6) B Jiiiky (7), a 3BIATH IO MOBEPXHI TEPTH.

Jliist BCIX MOJICIIBHUX CUCTEM CIIJIBHUM SIBJISIETHCSI T€, 1110 3HOIYBAHHS BH3HAYAETHCS
Yyepe3 BU3HAUCHUH 4Yac NOUIAXOM 3BaXyBaHHS. B pe3ynbraTi BH3HAYAE€THCS IIBUAKICTH
3HOIIYBaHHA, sIKa € THUIIOBOIO JUIs BUOpaHOi Mapu NpW 3aJaHUX YMOBax. 3HOLIYBaHHS
3aMipsUTd BarOBHM METOJIOM Ha aHamiTHYHUX Barax AJIB - 200 3 Tounictio 10 0,0001 p. Jlo 1
miciist BUNpoOyBaHb 3pa3ky IPOMHBAJIN B €THIIOBOMY CITUPTI, IPOCYIIYBAJIH 1 3BayKyBaJIH.

J1yis MOpiBHSHHS HAa 3HOCOCTIHKICTh BUKOPUCTOBYBAIUCS 3pa3KH 3 TATAHOBOTO CILIABY
BT1-0 no 1 micis a3oryBaHHs. SIK cepenoBHINE BUKOPHUCTOBYBAIU: 1 - KBapIIOBUH MICOK, 2 -
BOJIa + ITICOK, 3 - BoJIoTa ciib + micoK. J[oJaTKOBO AOCIIHKEHHS ITPOBOIUINCS B CEPEIOBHIIII:
BOJIa + KBapIIOBUH IMCOK, BOJIOTA ClJIb + KBApIIOBUH MCOK. 3€pHUCTICTh KBAPIIOBOTO IMCKY Ta
YMOBH MPOBEICHHS €KCIIEPUMEHTAIBHUX JOCTIKEHb BiIOBI 1A MOMEPEIHIM.

Po3mip AV (kr) Bu3Hauanacsi sK PI3HMII B Maci 3pa3ka J10 1 Micisl BUNMPOOYBaHb.
PesynbraTi ekcriepuMeHTaIbHUX J0CIIKEHb MPEeICTaBIeH] Ha pHc. 3.
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a) micok; 0) Boaa + MmiCOK; B) CiIb + MICOK:
1 — 6e3 3MilHEeHHST; 2 — TEPMOLMKIIUHUN PEXUM a30TyBaHHSI; 3 — i30TEPMIYHUIA PEKUM a30TyBaHHS

Pucynoxk 3 — BaroBe 3HOIITYBaHHS 3pa3KiB y cepeIOBHII
Iicepeno: Pospobneno asmopamu

Takum uymHOM, BakyyMHE 10HHE a30TyBaHHsS B IMITyJIbCHOMY pEXHUMI 3abe3nedye
BUCOKY 3HOCOCTIHKICTh TMpH aOpa3MBHOMY 3HOIIYBAaHHI THUTAHOBUX CIUIABiB, MPH IOMY
BHCOKY 3HOCOCTIHKICTh MarOTh HIapu 0OpOOJIEHI TEPMOIMKIIYHUM PEKHUMOM a30TyBaHHS, a
HaOLIbIy IHTEHCUBHICTh 3HOIIYBAaHHS y TUTAHOBOTO CIUIaBY 0€3 a30TyBaHH.

Ha mingcraBi npoBeneHUX €KCHEPUMEHTAIbHUX JOCHIPKEHb BCTAHOBJEHO, LIO
OCHOBHMMHM MEXaHi3MaMH TiJBUIICHHS 3HOCOCTIHKOCTI THTAaHOBHX CIUIaBIB BHACIIIOK
3aCTOCYBaHHS INpolecy AU(y31HHOro HaCHYEHHS MOBEPXHI a30TOM IpPU BaKyyMHHUM 10HHUM
a30TyBaHHSIM B IMIIyJbCHOMY pEXHMI €: 3MIIHEHHS TOBEPXHEBHX MIapiB; CTBOPEHHS
CHPUATIIMBOI CXEMM 3aJMIIKOBHX HANpyXKeHb, 3MiHA 3aKOHOMIpHOCTEH nedopMyBaHHs
MOBEPXHEBUX IIAPiB; 3MiHA XIMIYHUX Ta aAre3iHUX BIACTUBOCTEH MOBEPXHIi; MEPEHECEHHS
T(YHIYIOUMX aTOMIB a30Ty y TIHOWHY MaTpPUIII I Yac TePTsI BHACIIOK edekTy “Tpudbommddysii”.

BimHocHO HeBenuka TIMOWHA MPOHUKHEHHS 10HIB a30Ty HE MOXKE PO3TJIISIATHCS SIK
daxrop, 110 0OMEeXKy€e MOMKITMBOCTI IILOTO PI3HOBUAY OOPOOKH OO MiABUIIIEHHS 3HOCOCTIMKOCTI,
aJDKe peatizallis TaKkuxX TEPCIeKTUBHUX PEXHUMIB TEpTH, SIK BUOIPKOBE MEepeHeceHHs abo edekT
AQHOMAaJIbHO HM3bKOTO TEpTs, MOB'3aHa 13 MOAM(IKYBAaHHSAM IMOBEPXHEBHX IIApIB CYOMIKPOHHOI
TOBIIMHUA. Jl0 TOTO K, €KCICPUMEHTAIBHO BCTAHOBIICHO, IO ITIBHINEHY 3HOCOCTIHKICTH
MOXKYTbh MaTH IIapH, TOBLIMHA SKUX y JI€KIIbKa pa3iB NepeBUILy€ I0HHOA30TOBAHY 00JIaCTb.

3MIITHEHHS TTOBEPXHEBHX IIApiB THTAHOBHX CIUIABIB BiJIOYBa€ThCS 3a HACTYIHUMH
MOIJIMBUMH MEXaHI3MaMH, BKIaJ SKHX 3aJeKUTh BiA pi3HUX (HakTopiB (TemmepaTypu
TUTAHOBOTO CIUIABY, MApaMETPiB MPOIECY BaKyyMHOTO iI0HHOTO a30TYBaHHS B IMITyJIbCHOMY
PEXUMI, TOLIO):

— npedopmariiiiHe 3MII[HEHHS NpU IUIACTUYHIN 3MiHI (OPMHU 10HHOA30TOBAHOTO
wmapy;

— 3MIIHEHHS 32 paxyHOK YTBOPEHHS TBEPAMX pO3YMHIB, SIKi YTBOPIOIOTH
eHepreTUUHuil 6ap’ep Ta yTPyIHIOIOTH IEPEMILICHHS AUCIOKALH;

— YTBOPEHHSI CTPYKTYp 31 3MilHIOI0OuUMH (pazamu (HITpUIiB, KapOOHITPUAIB, TOLIO),
110 BUKJIMKAIOTh JAUCTIEPCiiHE TBEPIIHHS;

— OJNOKyBaHHS JUCIIOKAIlii 3a paxyHOK CIOTBOPEHHS KpPUCTAIIYHOI TpaTKH,
00yMoBIieHe 00’ €MHOIO HEBIIMOBIIHICTIO BIIPOBAHKECHUX aTOMIB Ta MOSBOIO BUIUICHD Ta MOD;

— TaJbMyBaHHA  JUCJIOKAaliil  yNpoOBa/)KeHUMHM  €lleMeHTaMu  (aToMaMmy,
KOMIUIEKCaMH) Ta paialiiHuMu eeKTaMu;

— 3MEHIICHHS PO3MIpiB 3€PEH, 10 MPU3BOIUTH 10 30UIBIICHHS TUIOMI MIXK3EPECHHUX
IpaHMIIb Ta MEPELIKOKAE PYXYy JTUCIOKALIH.

BucHoBku. 1. MakcumanbHa IHTEHCUBHICTD 3HOIIYBaHHS THTaHOBOTO ciutaBy BT1-0
0e3 3MIIHEHHS.

2. BrumB TepMOIMKIIIYHOTO a30TyBaHHS MIABUIINYE 3HOCOCTIHKICTh craBy BT1-0: y
micKy — 3 pasu; y BoAi + micok — 3,5 pasu; y couni + micok — 2,5 pasu.

3. BuuB i30TepMIYHOTO a30TyBaHHS IMiABUIINY€E 3HOCOCTIHKiCTh cmaBy BT1-0: y
micky — 4 pasu; y BoAi + micok — 3,5 pasu; y couni + micok — 2,5 pasu.
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Wear resistance of titanium alloy VT1-0 with a modified surface under abrasive action

The cost of rebuilding machine parts as a result of wear is enormous and rising every year. At a US
symposium on reducing wear in machinery, the general consensus was that wear management is central to
solving national problems such as energy conservation, material reduction, and ensuring the reliability and safety
of mechanical systems. Nitriding significantly increases the wear resistance of metals and alloys. The formation
of chemical compounds in titanium alloys by introducing nitrogen or increasing its concentration limit changes
the rate of chemical reactions and the kinetics of oxide film growth, and increases their adhesion to the substrate.
This leads to a decrease in the intensity of adhesive node formation and improves the tribological characteristics
of titanium alloys. Therefore, it is necessary to study a titanium alloy with a hardened nitrided layer to obtain
experimental results to determine the regularity of the influence of diffusion saturation parameters on wear
resistance under abrasive conditions.

The universal installation "VIPA-1" was used for vacuum ion nitriding in the pulse mode and the
formation of diffusion layers on the surface. Technological parameters of vacuum ion nitriding in the pulse
mode: temperature - 550°C, pressure - 25-150 Pa, processing time - 10 hours, ratio of reaction gases - 80% Ag +
20% N2. For experimental studies, samples of VT1-0 titanium alloy with dimensions of 30x30 mm and a
thickness of 5 mm were used. The surface hardening of the samples was carried out uniformly around the entire
perimeter, which ensures a uniform thickness of the diffusion layer.

The analysis of the operating conditions of the friction surfaces of most structural elements made it
possible to use the installation for bench tests according to the scheme of wear with a free abrasive (Brinell
method). Wear tests were carried out on an experimental setup in accordance with GOST 23.208-79 (Fig. 2). The
friction process was modelled in the presence of a free, not rigidly fixed abrasive, which coincides with the
American standard ASTM C 6568.

The experiment was carried out at a sliding speed of 0.158 m/s, a load of 20 kg (with a shoulder of 272
mm) and a friction path of 50 m. Steel 45, hardened to a hardness of 480-500 HB, was used as a reference. The
wear body was a disc made of VT1-0 titanium alloy with a diameter of 100 mm and a thickness of 3.5 mm.

On the basis of experimental studies, it has been established that the main mechanisms for increasing
the wear resistance of titanium alloys as a result of the process of diffusion saturation of the surface with
nitrogen during vacuum ion nitriding in the pulse mode are strengthening of the surface layers; creation of a
favourable residual stress pattern; change in the patterns of deformation of the surface layers; change in the
chemical and adhesive properties of the surface; transfer of diffusing nitrogen atoms into the depth of the matrix
during friction due to the tribodiffusion effect.

Conclusions. 1. Maximum wear rate of titanium alloy VT1-0 without hardening.

2. The effect of thermocyclic nitriding increases the wear resistance of VT1-0 alloy: in sand - 3 times; in
water + sand - 3.5 times; in salt + sand - 2.5 times.

3. The effect of isothermal nitriding increases the wear resistance of VT1-0 alloy: in sand - 4 times; in
water + sand - 3.5 times; in salt + sand - 2.5 times.
ion nitriding, pulse mode, titanium alloy, wear resistance, free abrasive
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Bu3HaueHHs ONTUMAaIbHOI TOUYKH IIPUETHAHHS
COHSYHOI €JIEKTPOCTAHIII 10 EJIEKTPUIHOT MEPEXK1
METOA0M KOMII FOTEPHOTO IMITAIIfHOTO MOACIIOBAHHSI

MeTor0 [1aHOTO JOCITIDKEHHS € MiHIMI3allisi HEeraTHBHOI'O BIUIMBY COHSYHOI ENEKTPOCTAHI Ha
3HAUEHHS YCTAIEGHOTO BIIXWIEHHS HANpyrd Ta piBeHb BTPAT EJIEKTPOCHEPrii NUIIXOM BHU3HAYCHHS
ONTHUMAJIHOTO Miclsl 11 IPUEIHAHHS O PO3MOAIIBHOI eleKTpu4HOoi Mepexi. B poboti ans BupimeHHs 3axadi
ONITHMAJIBHOTO PO3MILIEHHS BIAHOBIIOBAHUX JKEPEN CICKTPOCHEPTil B ENEKTPUYHHX MEPEKax IPOIOHYETHCS
3aCTOCOBYBAaTH METOJ KOMII' IOTEPHOTO IMITallifHOTO MoJeioBaHHs. Po3poOiieHi KOMIT'IOTEpHi iMiTaliiHi
MOJIENTi PO3MOAUTBEHOI ENEKTPUIHOT Mepeki 3 COHSYHOK EIEKTPOCTAHIIEI0, SKi JaId 3MOTY BH3HAYHUTH
ONTHUMAJIbHE MiCIe NPUEAHAHHS COHSYHOI €IeKTPOCTaHIIIT BUXO/SUM i3 3HAU€Hb BEJIMYMHHU BTPAT IOTY>KHOCTI B
eJIeMEHTaX eJEKTPUIHOI MepexXi Ha piBeHb YCTAJICHOTO BiIXWJICHHS HANpPYTH. Pe3ynbTaTé KOMIT IOTEPHOTO
MOJICTIFOBaHHSI €JIEKTPUYHOI MEPEXk1 3 COHSYHOIO €JIEKTPOCTAHIIIEI0 MiATBEPIMIN HEOOXITHICTh BpaxyBaHHs He
JMIIE 3HAYCHb YCTAJICHOTO BIAXWICHHS HAIpYIHW, ajle 1 BEIWYMHU BTPAT EJIEKTPHYHOI eHeprii B elieMeHTax
Mepexi B ITpoLeci BUOOPY Miclisi BCTAHOBJICHHSI COHSIYHOT €1eKTPOCTaHII.

COHSIYHA eJIEKTPOCTAHLisl, KOMIT’I0TepHe iMiTaliliHe MOe/IIOBAHHS, PO3NOAiTbHA eJIeKTPUYHA MepexkKa

IloctanoBka mpo6aemMu. CydacHi €JIEKTPUYHI MEpexi YKpaiHU XapaKTepHU3yIOThCS
HASBHICTIO B CBOEMY CKJIAJ[I 3HAYHOI YaCTKH BiTHOBIIIOBAHMX JKEpeEI eHeprii. 3Bakarouu Ha
KJIIMAaTHYHI YMOBHM TEpPUTOpIi HAIIOi JepXaBW, HAWUOUIBIIOTO PO3MOBCIOKCHHS Yy
BITYM3HAHUX €JIEKTPUYHUX Mepexkax HaOymu consuHi enekrpoctanuii (CEC). B 3anexnocrti
BiJl BeMMYMHU BcTaHOBJIEeHOT NoTy)HOCTI CEC Bifpi3HAIOTHCS X CHOCOOM TPHEIHAHHS 10
enektpuyHoi Mepexi. Tak, CEC Bemukoi nortyxkHocti (Bumie 1 MBT) npueanyroTbes 10
€JICKTPUYHOI MepexKi Harpyroro 35 kB, cepeHbO1 MOTYKHOCTI — IEPEBAKHO /10 PO3MOIIHLHOT
mepexi Hanpyroro 0,4 kB abo 10 kB, a CEC Maznoi moTyXHOCTI MPHUEAHYIOTh Ha HANpyry
0,4 xB. Lle moB’s13aH0 3 THUM, 110 O1bIIIa BCTAHOBJICHA TOTYXHICTh TeHEpaIlli eJIeKTpOeHeprii
BUMarae OUIbIIOT MPOIYCKHOI 3/1aTHOCTI €JIEKTPHUYHUX MEPEXK, 10 TKUX BOHU IMPUETHYIOTHCS.
HeBukoHaHHs 1MX BHUMOI MPHU3BOAMTH JO PSAAY HEraTUBHUX HACHIJKIB eKCIUTyaTamii
CJIEKTPUYHUX MEpex, a came J0 30UIbIIeHHS BTpaT €JIEKTpOeHeprii T1a 1o
MMOHAIHOPMATHUBHOTO 30UIBIIEHHS 3HAYE€Hb YCTAJICHOTO BIAXWJIEHHS HANpyrd B TOMYII
npuennanis CEC no enextpuunoi mepexi. Oco0imuBo roctpo 111 npobiema crocyerscsi CEC
cepenaboi moTykHOCcTi. Taki CEC, sk mnpaBwio, BCTaHOBIIOIOTH B  PO3MOILIBHUX
CJIEKTPUYHUX MEpEeKax MIANPUEMCTB 3 METOI0 YaCTKOBOIO TOKPUTTA TOTpeOH B
enektpoeHneprii. B takomy Bumanky wmicue npuenHanHs CEC Ta enmekTpocnokuBadiB 10
Mepexi CHiBMagarTh, 1 ToMy nutanHs HeratuBHoro BIMBY CEC Ha piBeHb yCTalleHOTO
BIIXWJICHHS HAIPyTH Ha 3aTUCKa4yaX €JIEKTPOCIOKUBAYIB € OCOOIMBO aKTyaJIbHUM.

© I1.T. [Inemxos, B.B. 3in3ypa, C.II. [Inemxos, B.IT. Congarenko, 2023
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AHaJi3 ocTaHHIX JociaimxkeHb i myOaikauniii. B po6oti [1] HaBeneHO pesynbratu
JIOCJTIJDKEHb 3 ONTHUMAJIBHOTO PO3MIIICHHS BIIHOBIIOBAHUX JDKEpE e€Heprii (B TOMY 4uCIi 1
CEC) B po3n0OAUIBHUX €IEKTPUUYHUX MEpexkax 3 METOI0 MiJBUIICHHS HaIIHHOCTI IX POOOTH.
Jnst BUpIIICHHS NTaHOi 3aja4i aBTOpaMH 3alpOINOHOBAHO SK AHAIITHYHI METOAMKH, TaK 1
METO/MKa, 110 06a3yeThcs Ha BUKOpUCTaHHI MeToxy MonTte-Kapio. IIpore B paniii po6oti He
po3rasaanoch nutaHHs BIUMBY BcTaHoBNIeHHST CEC B po3nOAUIbHUX €EKTPUUYHUX Mepexkax
Ha SKICTb €JIEKTPOEHEPrii Ta Ha PiBEeHb BTPAT MOTY>KHOCTI B €JIEMEHTaX MEPexi.

B poGoti [2] aBTOpamMu TpPOMOHYETHCA MJIsg BUPIMICHHS 3aJa4l ONTHUMAJIBHOTO
PO3MIILLIEHHST PO30CEPEKEHUX JKEepesl €Heprii B eNEeKTPUYHHX MEepekax 3aCTOCOBYBATH
ontumizamiitauii meroq DBO. Pesynpratu mojentoBaHHs, IO BHKJIAACHI B AaHiil poOOTI,
MOKa3yl0Th, IO MPHU 3aCTOCYBaHHI 3allPONOHOBAHOI aBTOPAMH METOAUKU CIIOCTEPIraeThbes
OJIHOYACHE 3HI)KCHHS BTpaT IMOTY)XHOCTI Ta HOpMali3ailis pexumy Hanpyru. IIpote,
OMMCAaHUN aBTOpPaMH MiAXiJ 0 BHUPIMICHHS 3aJadi € JOCUTh CKJIATHUM, 1 HOTO JOIIBHO
3aCTOCOBYBAaTH JIMIIE€ Y BHIAJKy HEOOXIHOCTI PO3MIMIEHHS 3HAYHOI KUIBKOCTI
BIJTHOBJIIOBaHMX JIXKEpEJ €HEeprii B eJIeKTPUUHIN MEepexKi.

B po6Goti [3] aBTOpamMu 3ampoOmOHOBAHO TIOPUIHWUN TMIAXiA 71 ONTHMAJIBHOTO
PO3MIILIEHHSI BITHOBJIIOBAHHUX JKEPEIl €Heprii B eIeKTpUUHUX Mepexax. Llei miaxia momsrae
B CYMIIICHHI QHAJTITHYHOTO METOIy Ta E€BPUCTUYHOTO IONIYKY PO3MIMIECHHS JICKIIBKOX
BITHOBIIIOBAaHUX JDKEpeNl €Heprii B eNEKTPUYHUX Mepekax 3 METOI0 3HIDKEHHS BTpaT
MOTY>KHOCTI B 11 enmemeHTtax. [IpoTe, 3ampomoHOBaHWUN METOJ HE BpPaxXxOBYE BILUIWB
BCTaHOBJICHHS BIIHOBIIIOBAHUX JDKEPEIT €HEPrii Ha PIBEHb HAIIPYTH Y BY3J1aX €JIEKTPHYHOI MEPEXxKi.

B crarrti [4] ayis onTUMaIbHOTO PO3MIMICHHS 1HTEJIEKTYaTbHUX (POTOCIECKTPUIHUX
IHBEPTOpIB aBTOPAMHU MPOMOHYETHCS 3aCTOCOBYBATH 2-X €TANHY CTOXACTUYHY ONTHMI3alilo.
Mertoro Takoi onmTuMizallii € MiHIMI3allld BUTPAT HAa MOJEPHIZAINIO E€IEKTPUUYHUX MEPEK 3
BiTHOBIIIOBAaHUMH JDKEpEIaMH €Heprii Ta 3a0e3ledYeHHs HOPMAIbHO JOMYCTUMHUX 3HAYEHBb
BIIXWJICHHS Hampyru B HuUX. [Ipore, B maHiii poOOTI HE PO3TIAIABCS BIUIUB BCTAHOBJICHHSI
COHSTYHMX €JICKTPOCTAHIII} Ha piBeHb BTPAT MOTYKHOCTI B €JIEKTPHYHIN Mepexi.

B poGoti [5] mns BupimieHHs 3aaadi ONTHMI3alii PO3MIMIEHHS BiJHOBIIOBAHUX
JDKEpell eHeprii MpOMOHYEThCS 3aCTOCOBYBATHM METOJ omnTuMmizanii poro yactuHok (PSO).
Takwuii miaxiz 103BOJISIE MIHIMI3yBaTH BTPATH aKTUBHOI MOTYXKHOCTI B €JI€MEHTaX MEPEexkl Ta
MiABUIIUTHA HAIIAHICTH ii poboTu. HemomikoMm Takoro miaxoay € HOro CKJIAIHICTh Ta
HEBpaxyBaHHS BIUIMBY BiJIHOBJIIOBAHUX JXKEPEJI EHEPTii Ha PIBHI HANIPYTH B MEPEXKI.

B pobGorax [6, 7] mnpomoHyeThCs MOCATTH HOpMallizalii pexuMy Hampyrd B
PO3MOJUIBHUX EJIEKTPUYHUX MEPEKax 3a paxyHOK yJIOCKOHAJIEHHS CUCTEMH aBTOMAaTHYHOI'O
KEepyBaHHS COHAYHOrO iHBepTOpa. HemomikoM Takoro migxoxy € HEBpaxyBaHHS BIUIMBY
BIJIHOBJIIOBaHUX JDKEPEJ EHEPrii Ha piBEHb BTPAT MOTYKHOCTI B MEPEXKI.

ITocranoBka 3aBaaHHsA. MeTo0 poOOTH € MiHIMI3allisi HEraTUBHOTO BIUIMBY COHSYHOL
€JIEKTPOCTaHIIli Ha 3HAYCHHS YCTAJICHOTO BIIXWJICHHS HANpPyTd Ta PIBEHb BTPAT €JICKTPOSHEPrii
IUTAXOM BU3HAYEHHS ONITUMAJIBHOTO MICLIA 1i IPUEIHAHHS 10 PO3NOALIEHOT €JIEKTPHYHOI MEPEXKi.

Bukiian ocHoBHoro marepiamy. Ha puc. 1 HaBeeHa cxema CUCTEMU €JIEKTPOIIOCTaYaHHs

IPOMHMCIIOBOTO MiANPUEMCTBA, sika MicTuTh CEC BcTaHOBIEHOIO OTYKHicTIO 200 KBT.
0.4 kB

C 0B ok Tl 04xB —
~ I iz S, =P, +iQ,
A-50.L =3 km 4 x A-150, L = 0,2 km
S,,= 1000 MBA TM-630/10 CEC CEC
r ~
ot-i~:  ot(>)

B, =200 kBt
Pucynoxk 1 — Cxema cucremu enexTporoctadanus minnpuemctsa 3 CEC
Hoicepeno: pospobneno agmopamu

49



ISSN 2664-262X Central Ukrainian Scientific Bulletin. Technical Sciences. 2023. Col.8(39), Part 1T

Sk MoxHa Mo0auuTH 3 pUC. 1, cCUCTeMa eJIEeKTPOIIOCTaYaHHs MiANPUEMCTBA MICTHTD
noBiTpsHy jdiHito [1JI1 manpyrorw 10 kB, 3HmwkyBansuuii cunnoBuii Tpancdopmarop 10/0,4 kB
mapku TM-630/10, Ta noBiTpsHy JiHito Hanpyrowo 0,4 kB, 1m0 BigX0oAWTh BiA IIUH HU3BKOI
HaIpyru TpaHchopMaTopHOI MiACTAHIIIT Ta )KUBUTH HaBaHTa)kKeHHs H.

Jiis naHoi Mepesxi JOLITBbHO pOo3risAaTu ABa Bapianta npueaHansas CEC:

- 10 TOYKH MPUETHAHHSA €JIEKTPUIHOro HaBaHTaxeHHs H (Touka 1 Ha puc. 1);

- 10 IIMH HU3BbKOI HANpyTu TpaHchopMmaTopHOi migcTaHmii (Touka 2 Ha puc. 1).

Cnin 3a3Haunty, mo BapianT npueaHanHs CEC go T. 2 MOXIMBUH JMIe 32 YMOBH
3HaXO0KeHHS noBiTpsiHoi HiHii [1JI2 Ha GanaHci migmprueMcTBa.

st Bu3HaueHHs1 ontuMaiibHOro Micus npueaHands CEC g0 enekTpudHoi Mepexi
HEOOXIJTHO MPOBECTU PO3PAXYHKU MapaMeTpiB PeXUMY Mepexi s 000X IMX BapiaHTIB 3
METOIO0 BU3HAUYEHHS PIBHIB YCTAJCHOTO BIIXHMJICHHSI HAPYTH Ta BTPAT aKTHBHOI MOTYXHOCTI B
esieMeHTax Mepexi. L{i po3paxyHku HeoOXiIHO MPOBOAUTH 3 ypaxyBaHHAM JOOOBUX TrpadikiB
CIIOXKMBAHHS eNleKTpoeHeprii Ta rpadikiB reneparirii enexkrpoeneprii Big CEC. 3Bakaroun Ha
e HaiOUIbII JOUIIBHUM CIIOCOOOM BM3HAYEHHSA 3a3HAUYEHUX IapaMeTpiB  PeKUMy
€JICKTPUIHOI MEPEXK1 € KOMIT I0OTepHE IMITalllifHE MOJICITFOBAHHSI.

Icnye pmocuth BenmuKa KUIBKICTH MPOrPpaMHHUX MPOAYKTIB, SKI JI03BOJISIOTH
3MIMCHIOBATH aHaII3 TapaMeTpiB PEKUMY €JIEKTPUYHOI MEpeki 3 BIIHOBIIOBAaHUMU
mxepenamu eneprii: DIgSILENT PowerFactory [8], NEPLAN [9] Ta iH.

B naniit poOoTi koM’ toTepHE iMiTaIiiiHe MoAeNtoBaHHA einekTpuaHoi Mepexi 3 CEC
3nificHIOBasIoch B cepenoBuili Matlab/Simulink i3 BHKOpUCTaHHSM MaKeTy pPO3LIMPEHHS
SimPowerSystems [10].

Ha puc. 2 HaBeznena y3aranpHeHa cxema mojeni Matlab/Simulink enextpuunoi Mmepexi
nignpuemctsa 3 CEC.

Vant

Vabc|
A lase

A jabch |

s alc : -g?_??hl—cl.

Vi3

A lasc

3

Load Breaker Load

Phasors L—alB ble—a|B
— cle—a

powergui

a)

Wabe
labe
Scope 3

a| A ale—a| A

b 'Embl—lpz_
¢

c cls—a

Load Breaker Load

Phasors

olar Breaker Solar Plant

0)

powergul

a) migkmoueHast CEC go 1. 1; 6) miakmodenns CEC mo 1. 2

PucyHok 2 — y3aranpHena cxema mozeni Matlab/Simulink enexkrpuunoi mepexi nianpuemcrsa 3 CEC
Iicepeno: pospobaeno agmopamu
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Ha puc. 2:

Source — MozeNb €IEKTPUIHOT MEPEKI;

Linel, Line2 —moneni noBitpsiaux niHii [1J11, TTJ12 BianoBigHO;

Transformer —Mopenb CHIIOBOTO TpaHchopmaropa mapku TM-630/10;

Load Breaker, Solar Breaker — moneni TpuQasHiuX BUMHUKAYiB, [0 KOMYTYIOTh CTPYM
HaBaHTaxeHHs Ta ctpyM CEC BiamoBiaHo;

Load — 6ok MmozaentoBaHHs rpadika eIeKTPUUYHOTO HaBaHTAXKECHHS;

Solar Plant —monens CEC;

VI 1, VI 21VI 3 —mozneni TpudazHUX BUMIPIOBAYiB HANIPYTH 1 CTPYMY;

Scope 1, Scope 2 1 Scope 3 — 6110Ku BipTyanbHUX OcIuiaorpadis.

Cxema 0510Ky MOJENIOBaHHS Tpadika eIeKTPUYHOTO HaBaHTa)KeHHS Load mpuBeneHa
Ha puc. 3.

Ale—a
-
Cle—s

31

“@‘Z\’
$44

5
et
&

52

A
C
53

8
£\

Pucynok 3 — Cxema 010Ky MoJIeTiOBaHHS rpadika eeKTpUIHOTO HaBaHTaeHHs Load
Jicepeno: pospobneno asmopamu

BuyTtpimns ctpykrypa 610ky Solar Plant npuBesnena Ha puc. 4.

E— e & ' S %
Alp A 4 A e
i > & oo <
3 cle B ._@1- alc clo =\/‘_2'>
lb_1 : .<C> _i_

< @ O
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b_3 = =
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< 0 &
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Pucynoxk 4 — Baytpimns ctpykrypa 610Ky Solar Plant
Hoicepeno. pospobneno asmopamu

Criz BIAMITUTH, 1110 HaBEICHI Ha puC. 3 1 puc. 4 MOl MalOTh TaKy CTPYKTYpy 4epe3
BiZcyTHicTb B Oibmioreni SimPowerSystems cTaHIapTHUX MoOJENEH EJIEKTPHUYHOTO
HABaHTa)XCHHS Ta reHepallii, U0 3MIHIOETbCS 3 YacoM. 3MiHA BEJIMYMHU HABAaHTA)KCHHS Ta
reHeparii eneKTpoeHeprii MoemoBalach IHAWBIAYadTbHUM OJIOKOM HaBaHTAXKEHHS Ta
reHepartii JJis KO>)KHOTO 3 IHTepBaJIIB YCepeIHEHHS, PIBHUX | TO/I.

BuyTpimns ctpykrypa 610kiB Scope 1, Scope 2 1 Scope 3 noka3zana Ha puc. 5.
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]

P_scope

p| Vabe P

— ‘Ia be Q—
Power Meter  Ly|[_]

Q_scope
ol .[} |-
Vabc

Vabc_scope
u —>|>>|:J
labe

labc_scope

Pucynok 5 — Baytpiumns ctpykrypa 610kiB Scope 1, Scope 2 1 Scope 3
Hoicepeno: pospobnero asmopamu

Onucana BuIlle KOMITIOTEpHA MOJENb Ja€ 3MOTY 3AIHCHIOBATH aHAaJi3 MapaMeTpiB
pexumy enektpuanoi mepexi 3 CEC.

3anadi aHaji3y PeKUMIB €IEKTPUUYHOT MEpEeXi sl BU3HAYCHHS ONTUMAIbHOIO MicCLs
npueanands CEC monsiraiv B HACTYITHOMY:

- Bu3HaunTu BiuMB rexepanii CEC Ha BenWYMHM HAmpyr Ui BUIAAKIB MPUETHAHHS
CEC noT. 1 TaT. 2 Mepexi;

- POBECTH aHaJi3 BEIMYMHU BTPAT aKTHBHOI MOTY>KHOCTI B €JIEMEHTaX E€NEKTPUYHOT
mepexi s Bunaakis npuegHannas CEC mo 1. 1 Ta T. 2 Mepexi.

Pe3ynbpraTi KOMII'IOTEPHOTO MOJEITIOBAHHS ITapaMETPiB PEXKUMY EIEKTPUIHOTI Mepexi
3 CEC noka3zani Ha puc. 6 — 10.

£ BT
x 10°

3
25 _
151

1

0 5 10 15 20 T

PucyHoxk 6 — JIo6oBuit rpadik akTHBHOTO HABaHTAKEHHSI
Jicepeno: pospobneno asmopamu

Prcn‘ Br

x10°
0

5

-10

150 5 10 15 20 t, TOI.

Pucynoxk 7 — JIo6oBuii rpadik renepariii noryxuocri CEC
Iicepeno: pospobaeno agmopamu
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APy,, Bt
1500

1000

500

0 5 10 15 20 ¢, TOm.
1 — Bunagok npuennanus CEC go 1. 1; 2 — Bunagok npuennansus CEC go 1. 2

Pucynox 8 — Jlo6oBwmii rpadik 3MiHH BTpaT akTHBHOI OTYKHOCTI APy, B ninii [1J12
Loicepeno: pospobaeno asmopamu

Uy. B
240

235
230

225
220
215

| | | |
210 5 10 15 20 f. TOL

1 — Bunagok npuennanas CEC no 1. 1; 2 — Bunagok npueananus CEC go 1. 2

Pucynok 9 — Jlo6oBuit rpadik 3miHu BenuuuHK QasHoi Hanpyru Uy B T. 1 Mepexi
Loicepeno: pospobaeno asmopamu

U,.B

230 ! ! ; !
228 ' ‘
226

224
222
220

| | | |
218 5 10 15 20 t, Tom.

1 — Bunagok npuennanas CEC no 1. 1; 2 — Bunagok npueananust CEC go 1. 2

Pucynok 10 — Jlo6oBuii rpadik 3minu BenuunHK dasnoi Hanpyru Uy B T. 2 Mepexi:
Loicepeno: pospobaeno asmopamu

PesynbpTat 00poOKM 3HAUYEHb HAMPYT B T. 1 1 T. 2 Mepexi Juid BapiaHTiB MPHETHAHHS
CEC 1o 3a3Hau€HHMX TOYOK MOKa3aHi B Ta0. 1.
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Tabmuus 1 — Pesynbratn 0OpoOKHM 3HAa4eHb HANPYT B T. | 1 T. 2 Mepexi s BapiaHTIB
npueaHands CEC 1o 3a3Ha4eHMX TOYOK

Tox ITpuennanus CEC B T. ITpuennanus CECB 1. 2

Uy, B AU, % Up2, B AU,, % Up1, B AUy, % Uso, B AU,, %
1 221,65 0,749 222,1 0,957 221,63 0,741 222,12 0,963
2 221,7 0,771 222,11 0,958 221,63 0,743 222,14 0,971
3 221,85 0,839 222,28 1,034 221,84 0,835 222,26 1,026
4 222,09 0,951 222,31 1,05 222,03 0,925 222,36 1,07
5 222,06 0,936 222,35 1,067 221,91 0,867 2223 1,047
6 222,78 1,266 222,66 1,21 2222 0,999 222,66 1,208
7 218,97 -0,469 220,68 0,307 217,34 -1,211 220,48 0,217
8 216,96 -1,383 2194 -0,271 214,08 -2,692 219,03 -0,441
9 218,52 -0,674 220,13 0,06 213,89 -2,776 219,64 -0,164
10 223,15 1,43 222,41 1,097 216,78 -1,466 221,86 0,843
11 233,78 6,264 227,51 3,416 225,86 2,666 227,37 3,351
12 236,08 7,31 228,57 3,893 227,32 3,329 2284 3,817
13 236,07 7,305 228,54 3,882 227,35 3,342 228,34 3,792
14 234,84 6,745 228,01 3,639 226,88 3,126 227,88 3,583
15 231,6 5,271 226,61 3,006 224,83 2,197 226,32 2,872
16 226,07 2,758 224,02 1,827 221,11 0,502 223,71 1,686
17 223,97 1,804 223,16 1,437 220,99 0,451 222,97 1,351
18 222,65 1,205 222,59 1,177 221,07 0,486 222,47 1,125
19 2223 1,043 222,35 1,068 221,61 0,732 222,35 1,067
20 221,31 0,597 221,98 0,901 221,22 0,552 222 0,909
21 221,52 0,689 222,06 0,935 221,55 0,703 222,09 0,949
22 221,5 0,682 222,1 0,955 221,56 0,708 222,01 0,914
23 221,6 0,729 222,1 0,956 221,62 0,735 222,11 0,96
24 221,67 0,761 222,15 0,978 221,62 0,738 222,13 0,969
M 224,33 1,968 2233 1,5 221,58 0,717 2232 1,454

P, % 0,793 1,0 1,0 1,0

Iicepeno: pospobaeno asmopamu

PesynpTatu 00poOKM BeMMUYMH BTpAT MOTY>KHOCTI APy, B moBiTpsHiil minii T1IJ12 ans
BapianTiB npuennanus CEC B T. 1 1 T. 2 mokasani B Ta0u. 2.

Tabmuus 2 — PesynabTaTé 0OpOOKM BEIWMYHMH BTPAT MOTYXXHOCTI APj; B TOBITPSIHIN
ninii IIJI2 nns BapiantiB npuennanns CECBT. 11 T. 2

Ton. [puennanns CECBT. 1 [puennanus CEC B T. 2
P, Br Py, Br APpyp, Bt P, Bt Py, Br APpjp, Bt

1 2 3 4 5 6 7

1 30611,89 30628,01 16,12 30611,83 30628,68 16,85
2 30611,36 30628,58 17,22 30611,17 30628,13 16,96
3 24531,52 2454276 11,24 24531,69 24542,80 11,12
4 18430,52 18436,22 5,70 18430,97 18436,24 5,27

5 23119,97 23129,88 9,92 24545,29 24556,21 10,92
6 20744,30 20751,51 7,21 30736,18 30752,28 16,10
7 147958,84 148347,09 388,25 176136,02 176701,12 565,10
8 206351,38 207121,11 769,74 255928,42 257160,05 1231,63
9 205567,22 206318,59 751,38 283765,80 285281,21 1515,41
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[TponoB:keHHs TabauI 2

1 2 3 4 5 6 7
10 157207,56 157634,75 427,20 262335,42 263597,75 1262,33
11 -36639,09 -36537,25 101,84 95194,58 95347,49 152,91
12 -78869,02 -78658,91 210,11 64376,39 64445,06 68,68
13 -78869,61 -78658,65 210,96 64376,53 64445,45 68,92
14 -68754,76 -68584,31 170,45 64097,26 64165,41 68,15
15 -17651,97 -17593,66 58,32 94406,43 94558,36 151,93
16 69100,21 69192,74 92,54 152090,15 152497,40 407,25
17 69027,60 69110,58 82,98 121482,32 121742,85 260,53
18 62170,53 62236,44 65,91 91190,35 91337,52 147,17
19 35943,63 35965,26 21,63 45899,06 45936,18 37,12
20 44321,72 44355,71 33,99 45740,18 45777,10 36,92
21 36669,17 36693,55 24,39 36669,32 36693,10 23,77
22 36669,55 36693,06 23,50 36669,60 36693,54 23,93
23 30611,84 30628,94 17,10 30611,41 30628,72 17,31
24 30611,26 30628,44 17,19 30611,98 30628,32 16,34
z 999475,61 1003010,46 3534,86 2111048,36 | 2117180,97 6132,60

Hoicepeno: pospobneno agmopamu

Sk mokasanu pe3ynbTaTd MojeoBaHHA (Tadu. 1), nns Bunaaky npuenHanss CEC no
T. 1 Mepexi B HeAKHil mepioJ 4acy MarTh MiClle MMOHAJHOPMOBI 3HAYEHHS YCTaJICHOIO
BIIXWJICHHSI Hampyru. B pe3ynbraTi SKICTh €NEeKTPOEHEprii II0J0 YCTaJCHOTO BiIXWUJICHHS
HAIpyTU BUSBISAETHCSA HE3aJ0BLIBHOW (Pi(AUy) = 0,793 < 0,95). A 1i1s BUNAAKy NpUETHAHHS
CEC no T1. 2 BennMuMHA BIIXUJICHHS HANPYTH 3a/10BOJIbHAE€ HOPMAaTUBHIUM BUMOTaM.

AJie, SIK IOKa3aJld pe3yJbTaTH PO3PAXyHKY BTPAT aKTUBHOI MOTYKHOCTI (Tad. 2), 1is
Bunajky npuennanas CEC go 1. 2 Mepexi BennunHa BTpaT enekTpoeneprii B I1J12 BusiBuiach
oinb1oto Ha 42 %.

TakuM YMHOM, MOXXHA 3pOOMTHM BHCHOBOK IO T€, IO ONTUMAJIBHUM MiCLIEM
nigkmodeHass CEC e 1. 1 mepexi, aje 3a yMOBH BXHUTTS 3aXOJIB 3 HOpMai3allii 3Ha4eHb
YCTaJCHOTO BIIXUJICHHS HANPyTH B MEPEXKI.

BucHoBku. B pe3ynbrari mpoBEeACHUX HAYKOBUX JOCHIIKEHb MOXIIUBO 3pOOHUTH
HACTYTHI BUCHOBKH:

1. Po3po6iena koM toTepHa iMiTaIliiiHa MOJENIb PO3MOIiIIBLHOT €JIEKTPUYHOT MEpPEexi 3
COHSYHOIO €JIEKTPOCTAHIIIEI0 JO3BOJSIE MPOBOJUTU JOCHIDKEHHS IapaMeTpiB PEKUMY
Mepexi, B TOMY YHCJIII JIO3BOJISIE BU3HAYATH PIBEHb BTPAT aKTUBHOI MOTY>KHOCTI B €JIEMEHTax
Mepexi Ta piBHI YCTaJIEHOTO BIXUJICHHS HAMIPYTH.

2. PesynpTaT KOMIT'IOTEPHOTO MOJEIIOBAHHS EJICKTPUYHOI MEpexki MiATBEPIIIH
HEOOXIJIHICTh BpaxyBaHHs HE JMIIE 3HAYEHb YCTAJCHOTO BIIXWJCHHA HANpyrH, aie 1
BEJIMYMHU BTPAT EJIEKTPUYHOI EHEprii B eJeMEeHTaX Mepeki B Tpoleci BHOOpPY MiCIst
BCTAHOBIICHHSI COHSTYHOT €TIEKTPOCTAHIII1.
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Determination of the optimal point of connection of the solar power plant to the

electrical network by computer simulation

The purpose of this study is to minimize the negative impact of the solar power plant on the value of the
steady voltage deviation and the level of electricity losses by determining the optimal place for its connection to
the distribution network.

Currently, quite a large number of methods of optimal placement of renewable sources of electricity in
electrical networks have been developed. However, most of them either do not fully take into account the
multifunctional influence of renewable energy sources on the parameters of the electric network regime, or are
quite difficult to use. In order to solve the problem of optimal placement of renewable sources of electricity in
electric networks, it is proposed to use the method of computer simulation modeling. The essence of this method
is to determine the optimal place for connecting a renewable energy source to the electrical network based on the
analysis of the results of computer simulation modeling of network mode parameters. This approach is the most
acceptable in the case of connecting a solar power plant of average power to the electrical network of an
industrial enterprise. The developed computer simulation model of a distribution electric network with a solar
power plant allows for the research of network mode parameters, including the determination of the level of
active power loss in network elements and the level of steady voltage deviation. The specified computer
simulation models of the distribution electric network with a solar power plant made it possible to determine the
optimal place for connecting the solar power plant based on the values of power losses in the elements of the
electric network at the level of the established voltage deviation.

The results of computer modeling of an electrical network with a solar power plant confirmed the need
to take into account not only the values of the established voltage deviation, but also the amount of electrical
energy losses in the network elements in the process of choosing a place to install a solar power plant.

The results of the research can be used in solving the problems of determining the place of connection
of a medium-power solar power plant to the electrical network of an industrial enterprise.
solar power plant, computer modeling, distribution network
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IToOymoBa mojeni eIeKTPOCIOKUBAHHSI KOMIPECOPHOI
CTaHIIIi MIPUEMCTBA 3 BUPOOHHUIITBA MOJIOYHO1 MPOTYKIIIi

PoGora mnpucBsueHa CTBOPEHHIO MOAENI €JIEKTPOCIIOKMBAHHS KOMIPECOPHOI CTaHIII MigpHeMcTBa 3
BHUPOOHHMIITBA MOJIOYHOI MPOAYKIIi 3/ OI[iHIOBaHHA (PaKTUYHOTO PiBHA ii eHeproedeKTUBHOCTI. Po3rmsaHyTi
MiAXOAW 1O MOJIENIOBAHHS Ta aHalli3y eJIEKTPOCHO)KMBAaHHS Ha OCHOBI MaTeMaTH4HOI'O MOJEIIOBAHHS Ta
CTATUCTHYHUX METOMIB MiATBEP/UKYIOTh aKTyaldbHICTh W TMOTEHIHHY €(QEeKTHBHICTh TaKUX CTPaTeTiH.
PesynbraTi aHamizy eJNEKTpPUYHOrO OajlaHCy Ta BHKOPHCTaHHS METOMAIB CTAaTHCTHYHOTO aHallizy, 30KpeMa

© B.B. Tpetsx, B.B. Auyn, K.I'. IlerpoBa, [.B. Casenenxo, A.I. Korum, 2023
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PEerpeciiHOro MmiaXxoay, MiATBEPKYIOTh, 110 MPOJAYKTHBHICTE € OCHOBHUM YMHHUKOM, SIKUIl BU3HAYA€ PIBCHb
eJIeKTpocHOKMBaHHs. ['padiuHe NopiBHAHHA (AaKTUUHHUX Ta PO3PAXYHKOBUX IOKA3HUKIB MiATBEPKYE TOYHICTD
MOJIeJIl Ta MOJMJIMBICTh i BUKOPUCTAHHS Uil ONTHMI3alii eHeproe()eKTUBHOCTI KOMIIPECOPHOI CTaHIT
MiAPHUEMCTBA.

MoJeJIb eJIeKTPOCIOKUBAHHS, KOMIIPECOPHA CTAHLisA, IPOMUCIOBHIi 00’ €KT, perpeciiinuii ana1i3

IloctanoBka mnpodjemu. EneprernuHi pecypcu € HaA3BHYAWHO BaKIIUBOIO
CKJIaJI0OBOI0  3a0€3MEYeHHs O KUTTEBOTO (PYHKIIOHYBaHHA MPOMHCIOBUX OO'€KTiB Ta
iHppacTpykTypu. Lls mpobiaema HaGyBae 0COOIMBOI aKTYalbHOCTI Uil YKpaiHH, sIK KpaiHw,
sika nepeOyBae y CKIAJHUX BOEHHUX MOJISAX Ta MaiKe MIOJHS 3IIITOBXYETHCS 13 BUKIMKAMH,
MOB’SI3aHMMH 3 EHEPreTUYHOI0 O€3MeKO0 Ta HEOOXIIHICTIO €()EKTUBHOIO YMPaBIIIHHSI
€JIGKTPOCHIOKHMBAHHAM. Y TOW K€ 4Yac, MPOMHCIOBI O0'€KTH € KIIOYOBUMH CKJIAaJOBHUMHU
€KOHOMIKHM KpalHu Ta € OCHOBHOIO JIAaHKOIO 3a0€3MEUCHHSI CHEPreTHYHUX MoTped. A OTXKe,
NPOTHO3YBaHHS HEOOXiAHOro piBHA BHUTpar enekrpuuHoi eHeprii (EE) Ha mpoaykuiro
MIPOMHCIIOBUX OO'€KTIB CTa€ BaXXJIMBOIO CTPATEriYHOIO 3a7a4yero, IO Mae Ha MeTi
3a0e3nedeHHs] CTa0lIbHOCTI BUPOOHMITBA Ta (DYHKIIOHYBAaHHS HPOMMCIOBOCTI, HaBiTh Y
HaWKPU30BIIIHNI TIEPiO/I.

ITorpeba B MpOrHO3yBaHHI ENEKTPOCIOKUBAHHS INPOMHUCIOBUX OO0'€KTIB Ha piBHI
KpaiHu BUMarae po3poOsieHHs e()eKTUBHUX MOJIEIICH 3 BpaxyBaHHSIM Crie(IKH BUPOOHUUNX
MPOIIECiB, TEXHOJIOTIYHI 1HHOBAIi Ta 3MiHM B CHOXXMBYMX mMomuTax. HemocTtaTHs TOYHICTH
ICHYIOUHX MIAXOAIB MOXKE MPHU3BECTH 0 HaaMmipHoro BukopuctaHHs EE, HenmpomayKTHBHUX
BUTPAaT Ta HECTaOLIBHOCTI CHCTEMH €JIEKTPOIOCTa4aHHSA. ToMy CTBOpPEHHS (aKTHUHUX
MoJieNiell eJEeKTPOCIOKUBAHHS € KJIIOYOBUM €TaloM Y PO3BUTKY €(QEKTUBHUX CTpaTeriit
yIpaBIiHHS €HEProePeKTUBHICTIO IPOMHCIOBUX 00'€KTIB Ha PiBHI KpaiHu.

AHaji3 ocTtaHHiX xocaimxkeHb i myOaikauniii. OnHi€l0 13 CKIQOBHX TIPOIECY
yIpaBITiHHS €HEProe(EeKTUBHICTIO € 3/1aTHICTh (PAaKTHYHOTO KOHTPOJIIO PiBHS €(PEKTHBHOCTI
eHeprocrokuBanusl. Le 00yMOBITFO€ HEOOX1THICTh JOCTIPKEHHS B3a€MO3B’SI3KIB MiXK 00CSITOM
E€HEPTOCIIOKMBAHHS Ta TEXHOJOTIYHMMHM IapamMerpamMu o00’€kTa, TOOTO CTBOPEHHS MOJENi
fioro 6a3oBoro piBHA enekTpocnoxuBanHs [1]. Ha pasi, oqHUM 13 HAMNPOCTIINX Ta 3pyYHUX
M1IXO/1B 0 CTBOPEHHS TaKUX MOJEJEN € 3aCTOCYBAHHS METOIB CTATUCTUYHOTO MOJETIOBAHHSI.

Tak, pobora [2] npucBsdeHa OOIPYHTYBaHHIO JOLIBHOCTI 3aCTOCYBaHHS METOJIIB
MaTEMaTUYHOTO MOJICIIOBAaHHS 3 BUKOPHCTAHHSAM (AKTUYHUX TEXHOJIOTTYHUX 3MIHHHUX
pPeXKHMMY BOAONOCTAaYaHHS Ta HATYPHUX BHUMIPIOBaHb, a TaKOXX CTBOPEHHS MO
€JICKTPOCTIOKMBAHHS HACOCHOI cTaHIliil. Y [3] momana MeToanka BCTaHOBJICHHS "cTaHmapTiB"
€HEepProCrOXMBAHHSA B CHUCTEMax OIEPATUBHOIO KOHTPOJIO €(EKTUBHOCTI BUKOPUCTAHHS
najuBa i eHeprii MIANPUEMCTB 3 BUKOPHUCTAHHSM METOJIB MAaTEeMAaTUYHOTO MOJEIIIOBaHHS
o0csATy BHUTpaT €HepropecypciB, y [4] — cTOXacTHUYHOTO OIiHIOBaHHS (DaKTOPIB BIUIMBY Ha
€HEProcroXUBaHHS 3 MOJANBIINM X OOpPOOJIEHHAM 3 BUKOPUCTAHHSAM IITYYHOTO 1HTEJIEKTY.
VY To#1 ke 4ac, 0co0aIMBOI IiIKaBOCTI HAOyBarOTh MOJIENI MJIAHYBAaHHS €HEProCIOKUBAHHS 3a
rajxy3siMd MPOMHUCIIOBOCTI, HapuUKiIaa y [5, 6] HaBeAeH1 I MeTanmypriiHoi, a y [7] — mis
XapyoBOi; OKpEeMHX MIANPUEMCTB: y  [8] pO3IIISAHYTO MiA3€MHI 3alli30py[aHI; OKPEeMHUX
YCTAaHOBOK, 30KpeMa y [9] — mociikeHl MUTaHHs ONTHUMI3allii €eHeProCIOKUBaHHS TIPOIIECY
OypiHHS Ha MPUKIAAl TIAPOLMKIOHHOT YCTAaHOBKM; ab0O K, HaBiTh, OKpeMUX OyiBeJb,
HaIpuKIag y po6oti [5] po3pobieHo Mojaenb 0a30BOro piBHS €HEPrOCHOKHBAHHS OymiBI1
JIOUIKITBHOTO HABYAJIBHOTO 3aKJIajay, HA OCHOBI SIKOT 3[IHCHEHO MPOTHO3YBAHHS IMOMMUTY Ha
E€HepreTUYHI pecypcu yist Oy iBenb OI0HKETHUX yCTaHOB.

VY 1Ol xe 4ac, KOXKHOMY crHenu(iuHoMy O0’€KTy Ta TEXHOJOTTYHOMY IpOLECY
MpUTaMaHHI CBO1 OCOOJIMBOCTI, $IKI HAWOUIBII XapaKTepHO MOXKHA JOCTIIUTH I dYac
CTBOPEHHS OJIOHUX MOJIeNIel eIeKTPOCTIOKUBAHHS.
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IlocranoBka 3aBaaHHA. MeTOI0 [aHOTO JOCTIDKEHHS € Tmo0ymoBa MoAeni
€JICKTPOCTIOKMBAHHS KOMIIPECOPHOI CTaHIi MIANMPUEMCTBA 3 BUPOOHMIITBA MOJIOYHOT
TOPOAYKIIIT 3317151 OIIHIOBAHHS (PaKTUYHOTO PIBHS HOr0 eHEeproeeKTUBHOCTI.

Bukian ocHoBHoro marepiaiay. [ToOymoBa Mozeni e1eKTpPOCIIOKUBAHHS TIIPUEMCTBA
nependadae BHU3HAYCHHS WOTO 3arajJbHOrO CHOXKMBAaHHS Ta BUSBICHHS HAHOUIBII
E€HEepProEMHHUX MPOIIeciB. 3arayibHe croxuBanHs EE Bu3HavaemMo BiAMOBIAHO 10 BUPa3y:

W,=n-Pyky Tp, (1)

e 7 — 3arajbHa KUIBKICTH OOJIagHAHHS, IIT.;
P,, — 3HaueHHs BCTAHOBIIEHOI IOTYKHOCTI 00JIaHaHHsA, KBT;

k

T,, — piuHa TPUBAIICTb POOOTU 0O HAHHS.

5 — KOEQIIIEHT BUKOPUCTaHHS;

Ha puc.l HaBeneHo enekTpuuHUi OajlaHC 11Xy BUTOTOBJICHHS CHPIB MiANPUEMCTBA 3
BUPOOJICHHS MOJIOYHOT POXyKIii BianosiaHo 10 (1).

BoueBuap, SKIO JIEBOBY 4acTKy crnoxkuBaHHs EE 1exy CTaHOBHTH KOMIIpECOpHE
obnamnannsa (70,8%), y Toil xe yac Ha npyromy micui — xojomwibHe (10,2 %), mami —
HacocHe (9,2 %), TO W IOIIIBHUM € TOJAJBIINE TOCHIDKEHHS HAHOUIBII €HEProeEMHOTO
CHOXHBaya — KOMIIPECOPHOT'O YCTATKyBaHHS.

Jnst moOymoBu mojeni Oyl0 BHUKOHAHO HATypHI BUMIPIOBaHHS TEXHOJIOTTYHUX
napaMmeTpiB KommpecopHoi crauiii (Tabn. 1). 3a pe3ynbraTaMu MiCSIYHOTO CIIOCTEPEKEHHS
(obcar BubOipku - 30 crocTepekeHb) OTPUMAHO MACHB 3HAYEHb BXIJHUX TapaMeTpiB:
IPOJTYKTUBHOCTI (X 1) , TeMIleparypu (X 2) Ta TUCKY (X 3) , @ TaKOX BIANOBIAHOTO M

3HAUEHHS CJIEKTPOCTIOKUBAHHS - BUX1AHOT 3MiHHOI (V).

Jlnst aHamizyBaHHSI HASBHOCTI 3B'S3Ky MIX MMapaMeTpaMu 3aCTOCOBAHO KOPEJAIIHHO-
perpeciiHuil miaxix i3 BHKOPHCTAHHIM MOXJIMBOCTEH mporpamHoro mnakety MS Excel
"Anani3 nanux". Pe3ynprati MOJIeIIOBaHHs HaBeeH1 y Ta0. 2-4.

TmHIm eI
TEXHOIOTTUHOT O -
00T A THAHHA, OCBITIeHH . BeH‘I‘Imm: HacocHe
5,3% 1,2% 3.4% o GmammanmT

9.1%
XoIomusHe
oOIATAHAHHAT,
10,2%

Pucynox 1 — bananc crioxxuBanus EE ob6nanHanHsIM nexy
Licepeno: pospobreno asmopamu
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Tabmuus 1 — TexHonoriuHi napaMeTpu KoMipecopHoi ctanuii (rpyaens 2022 poky)
Hata [IpoayKTHBHICTB, Temmneparypa, Tuck, Cnoxusanns EE,

BUMIPIOBaHb M°/106y °C 6ap kBTron
01.12.2022 245879,8 28 4 8950,669253
02.12.2022 256675 30 6,3 9259,618691
03.12.2022 239341,5 30 6,3 10179,0079
29.12.2022 153465,55 13 2,6 6226,121869
30.12.2022 1473717,5 13 2,6 6086,69411
31.12.2022 173686,12 13 3,6 6484,516121

Ioicepeno: pospobneno asmopamu

Tabmuis 2 — 3BIT MiACYMKIB perpeciiHoi CTAaTUCTHKU

Perpeciiina ctaTucTuka
KoedirienT MHOXKMHHOT KOpemsimii R 0,991550909
R - xBaspat 0,983173204
HopMmoBanuii R - kBajpar 0,981303561
CranjilapTHa NOMHJIKA 358,5111476
KinbKkicTh criocTepexeHb 31

Ioicepeno: pospobneno asmopamu

Tabmuus 3 — Pe3ynbraT perpeciiHoro aHajli3yBaHHS

HaiivenyBanms Koedimientn Crannaprha t - CTATUCTHUKA P -3HauenHs
napamerpa ITOMUJIKA

Y - mepetuH 526,0258437 317,2602664 1,658026231 0,108887215

X, 0,033413892 0,00149383 22,36793958 5,86411E-19

X, -14,12001567 12,96396629 -1,08917405 0,285703474

X, 164,3611034 92,83162815 1,770529147 0,087930579

Ioicepeno: pospobneno asmopamu

BigmoBinHo 10 pe3ynbTaTiB, HaBeAeHUX B Ta0in.3 P-3HaueHHS UYMHHUKY « X, »

cranoButh 00,2857, mo nepeuiye nomycrume 3HadeHHs 0,05, a oTKe JOLUIBHO MPUOpaTH
HOTO 13 MOJANIBIIIOTO PO3TIISATLY .
PesynbraTu perpeciiinuii ananisy 0e3 « X, » HaBeleHO y Ta0O1.4.

Tabnus 4 — PesynbTatu perpeciiiHoro aHamnisy 3 BpaxyBaHHsAM X, Ta X,

HaiivenyBanms Koedimientn Crannaprha t - CTATUCTHUKA P -3Hauenus
napamerpa IMOMUJIKA

Y - nmeperun 280,9732875 224,425434 1,251967224 0,220939533

X, 0,034301832 0,00125592 27,31212553 1,00036E-21

X, 109,2826312 78,10767287 1,399127989 0,172755348

Iicepeno: pospobneno asmopamu
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BinnoBinHO [0 pe3ynbraTiB, HaBeAGHUX B Tabn.4 P -3HaueHHS YMHHHUKY « X5 »
ctanoButh 0,172, 1m0 TakoXX MEPEeBUINYE AOMYCTUME 3HAUEHHS, TOOTO HJsi TMOJAAJIBIIOTO
PO3IIIAAY 3aIUINAEMO JUIIe X .

OTxe, HaWBIUIMBOBIIIMM YHUHHUKOM, IO (OpPMYy€E pIBEHb €JIEKTPOCIOKUBAHHS €
OPOAYKTUBHICTh. BilmoBifHO 10 pe3yibTaTiB perpeciiHoro asamizy Oylo BH3HAUYEHO
KOe(IllieHTH pIBHAHHA JIHIAHOI perpecii a, =-0,0355, a, =448,492 Ta oTpuUMaHO
MaTeMaTUYHYy MOJIENb BUY:

Y = 448,492 +0,0355- X, (1)

ne Y —cnoxusaunsa EE, kBr-ron;
X, — NPOIYKTHUBHICTb, M°/1100y.

- A
A
-\ Vs

2000

S ng'{'i' < ﬁgﬂ"w FVQ"”\'
VRGN A, N N N NG N RPN AN
N N N N N N N N N N N N A N N\ N
N N N N N N N A R AU NS
Pucynox 2 — [TopiBHSHHS ()aKTUIHOTO EIEKTPOCTIOKHBAHHS (Y )

Ta BU3HAYCHOTI'O 3a MAaTEMATUYHOK MOACIIIIIO (YPOS’P )

Jicepeno: pospobneno asmopamu

Ha puc. 2 mwnaBeneno rpadix ¢axtuuHoro crnoxuBanHs EE kommpecopHum
00JlaTHAHHSAM I1I€Xy BUTOTOBJICHHS CHUPIB MIAMPUEMCTBA 3 BUPOOJIEHHS MOJOYHOI MPOMYKIIIT
3a rpyneHb 2022 poky, a TakoX MoOy10BaHOi 6a30BO1 JiHIT €eKTPOCIIOKUBAHHS, OTPUMAHOT
3 BUKOPHUCTAHHIM MaTEeMaTHYHUX MOJCJICH perpeciiHoro anamizy. He3nauHi BIOXWICHHS y
(GakTHUHUX Ta PO3PaXyHKOBHUX MOKAa3HMKAX MIATBEPIXKYIOTh aJ€KBAaTHICTh Ta MOKJIMBICThH
BUKOPHCTAHHS 3allPONOHOBAHOTO MiJXOTY.

BucnoBkm. 1. [Torpeba B mporHo3yBaHHi €1€KTPOCIIOKUBAHHS IIPOMHUCIOBUX 00'€KTIB
y KOHTEKCTI CKIQJHHX YMOB, 30KpeMa EHEPreTUYHOI HEeCTaOUIbHOCTI, MiJKPECITIOE
BaYUIUBICTh PO3BUTKY €(GEKTUBHUX MOJENEH YIpaBliHHSA eHeproeeKTUBHICTIO. AHai3
ICHYIOYMX JOCHIDKeHb TOKa3y€, IO BHUKOPHUCTAaHHS MAaTEeMAaTUYHOTO MOCIIOBAHHS Ta
METOJIIB CTaTHCTUYHOTO aHali3y [03BOJIE€ CTBOPIOBAaTH TOYHI Ta AJaNTHBHI MO IS
PI3HOMAaHITHHX TPOMHUCIIOBHX 00'€KTiB. 3aJ0KyMEHTOBaHI MIJXOAW 10 MPOTHO3YBaHHSI
€JIEKTPOCTIOKUBAHHS B PI3HUX Taly3siX 1 Ha PI3HUX PIBHIX (BiJ OKPEMHUX YCTaHOBOK JI0
rajy3ei 3arajiom) MiITBEP/DKYIOTh 3HAYUMICTh IIi€l mpoOiemMu Ui MiAMPHEMCTB Pi3HOTO
npodiro.
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2. 'V pesynbrari JOCHiIKeHHS Oylio TOOYIOBaHO MOJAENb EIEKTPOCIOKUBAHHS
KOMITPECOPHOI CTaHIlli HAa MiANPHUEMCTBI 3 BUPOOHHUIITBA MOJIOYHOI MPOAYKINi. AHAII3YIOYN
CJIGKTPUYHUM OajaHCc 1LeXy, BHUSBICHO, IO KOMIIPECOpPHE OOJIaAHAHHSA € HaHOLIbII
€HEePrOEMHUM. 3IACHEHO HATypHI BHUMIPIOBaHHS TEXHOJIOTIYHMX [apaMeTpiB Ta
€JIEKTPOCIIOKHUBAHHS, SIKI OyJIM MIATPYHTTAM [l TOOYI0BH perpeciiHoi MoJiei.

PesynbraTi MO/IETFOBAaHHS ITOKA3aJIH, 10 HAWBAXIIUBIIIMM (DaKTOPOM, IO BIUIMBAE HA
piBEHb €NEKTPOCIIOXUBAHHS, € MPOAYKTUBHICTh. OTpUMaHa MaTeMaTHYHa MOJEIb J103BOJISE
MIPOTHO3YBAaTH CIOXKMBAHHS EJIEKTPOCHEPrii Ha OCHOBI TMPOAYKTUBHOCTI OOJagHAHHS.
I'padiune nopiBHAHHA (HaKTUYHUX Ta PO3PAXYHKOBUX MMOKA3HUKIB MiATBEPIXKYE a/IeKBATHICTh
Mozeni. TakuM 4YWHOM, 3ampPONIOHOBAHUM MIAXIJ 10 MOJCIIOBAHHS EJIEKTPOCIIOXKUBAHHS €
eeKTUBHUM 1 MOXe OyTH BUKOPUCTaHUI JUIsl ONITUMI3aLlii eHeproe)eKTUBHOCTI Ha MiIPHEMCTBI.
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Construction of the electricity consumption model of the compressor station of the

enterprise for the production of dairy products

Maintaining a stable power supply for industrial facilities in modern conditions, especially in the
context of war and energy instability, is critically important. Highlighting the need to forecast electricity
consumption and develop effective models to manage energy efficiency at the country level is a key step in
solving this problem.

One of the control components of energy efficiency management processes is the ability of the actual
level of energy efficiency. The purpose of this study is to build a model of the power consumption of the
compressor station of the enterprise for the production of dairy products in order to assess the actual level of its
energy efficiency

The considered approaches to modeling and analysis of electricity consumption based on mathematical
modeling and statistical methods confirm the relevance and potential effectiveness of such strategies. The
approach used in the study to analyze electricity consumption at industrial facilities, in particular the application
of regression analysis, is promising for forecasting and optimizing energy efficiency at enterprises of various
profiles.

The constructed model of power consumption of the compressor station at the enterprise for the
production of dairy products is an important basis for ensuring the appropriate level of energy efficiency of the
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industry. The results of the analysis of the electrical balance and the use of statistical analysis methods, in
particular the regression approach, confirm that productivity is the main factor that determines the level of
electricity consumption.

The proposed mathematical model makes it possible to effectively forecast electricity consumption
based on equipment parameters. Graphical comparison of actual and calculated indicators confirms the accuracy
of the model and its possible use for optimizing energy efficiency at industrial facilities.
electricity consumption model, compressor station, industrial facility, regression analysis
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Bruius poOoTH TpaHchopMaTopiB HAPYTH M1ICTAHIIIN
35/10 kB nHa moxubxu cucremu 00JIKy
CJIEKTPOCTIOKMBAHHS

Po6oTy mpucBSYCHO MUTAHHIO ONTHMAIBHOTO (DYHKIIOHYBAHHS CHCTEM OOJIKY €NeKTPOCIIOKUBAHHS B
yMOBaxX PHHKOBHX BiIHOCHH Ta TOB’S3aHOI0 3 IIUM NPOOIEMOI0 HAIIMHOTO W PalliOHATHHOTO BHKOPHCTAHHS
pexxumiB podotu TpanchopmaTopiB Hanmpyru. JlocmiKeHO BIUIMB MapaMeTpiB CHIOBHX TpaHC(HOPMATOpiB Ha
pobOTy cHcTEMU KOMEPLIHHOTro OOJIIKY eJISKTPHUYHOI €Heprii Mpu BCTaHOBIEHI TPaHCPOPMATOPIB CTPyMy i
Halpyrd Ha PI3HMX PIBHAX Hamnpyru. Bu3HaueHo, 110 3aBaHTaKEHHS CHIJIOBOTO TpaHcdopMaropa Ta cxema
BKJIFOUEHHSI MO0 OOMOTOK BIUIMBA€ HA BEIMYMHY MOXHMOKM BHMIDIOBAIBHMX KaHaliB B aBTOMAaTH30BaHHX
cucTeMax KOHTPONIO 1 0OJiKy enektpoeHeprii. IIpoaHarnizoBaHO MOXIIHMBICTH Oprasizamii CHCTEMH OOJIKY
€JIEKTPOCHOXKMBAHHS TPH BIACYTHOCTI TpaHC(OPMATOpiB HANpPYrH Ha BHCOKIM CTOPOHI miAcTaHIii Ta
PO3paxoBaHO MO>KJIMBHUI HEIOOOIIK eJIEKTPOEHEPTil Y IbOMY BUIIAJIKY.

CHCTeMa eJIEKTPOCIOKUBAHHS, TPaHCGOPMATOP HANIPYTH, AKTUBHA, PEAKTHBHA eJIEKTPOEHepTis

IMocTanoBka npodjemu. B tenepimHiil yac HaA3BHUAHO BaXKJIMBHM CTa€ TOYHHUN
00K eJeKTpOeHeprii Ha BCiX eramax i BUPOOHMIITBA, Nepeaadi Ta CIOXWBaHHS. [cHyroUi
CHUCTEMHU OOJIIKy eJIeKTPOCHEpPTil MalleKO HE 3aBXIU BIJAMOBIAAIOTH BUMOTaM TOYHOCTI,
HEOOXITHUM y CyYaCHHX PHHKOBHUX yMOBaX. BunbmiicTs 3 HUX Oyiu po3poOIieH] NecITKU
POKIB TOMY, KOJIM EJEKTPOCHEpPTis HE po3Tisaanacs SK TOBAp 1 TOYHICTh 1i 0OJIKY
NPUIIIsIacsl MEHIIIOK yBarow. Haxkanb, eKkcruryaraiiHui nepcoHall cy0'eKTiB ONMTOBOTO 1
pO3ApPIOHOTO PUHKIB EJIICKTPOSHEPTil JOTenep HE NPUAUIIIOTh HAJICKHOI yBaru CTaHy
ENIEKTPUYHUX JIAHIIOTiB CTPYMY 1 HalpyTH, 110 BUKOPUCTOBYETHCS MPU BUMIPIOBAHHSAX 3 METOIO
KOMEPIIHHOTO 1 TeXHIYHOro OoOMiKy. IlinTBEp/DKEHHSM IBOMY CIIy’KaTh YHCICHHI CIPOOH
NPUCTOCYBATH HAsBHI CHCTEMH OOJIIKY O BUMOT ONTOBOTO PUHKY 1 30UIBIIUTH TOYHICTH
BUMIPIOBAaHb TUTBKHM MUISIXOM YCTAHOBKH JIIYMJIBHUKIB TiBHUIICHOTO KJIACY TOYHOCTI, IrHOPYIOUH

© A.L Kortumi, B.B. 3in3ypa, H.}O. I'apacsoBa, 1.B. Casenenko, O.®. Kotwumi, 2023
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HEOOXIZHICTh TPOBEACHHA PEBI3li 1 PEKOHCTPYKIIl EJNEeKTPUYHUX JIAHIIOTIB B IJIOMY,
BKJIIOYAIOYHU TpaHC(HOPMATOpHU CTPyMy Ta HapyTH.

AHani3 ocTraHHiX gochaimxeHb i myOaikauwid. Ha rtenepimmiii yac muMpoko
BUKOPHUCTOBYIOTBCSI ~ Cy4daCHI  aBTOMATHM30BaHI  CHCTEMH  KOHTPOIKO Ta  OOMIKYy
enektpocnoxuBanHsi (ACKOE). YcranoBka ACKOE € 000B’SI3Kk0BOI0 BUMOTOIO BiJIITOBITHO
1o 3akony Ykpainu “TIpo puHok enextpudHoi eHeprii” ta Komekcy xomepiiiiiHoro oOiiky
enekTpu4yHoi eHeprii. Taki CHCTeMH BUKOPHUCTOBYETHCS NJIsi MOHITOPUHTY, KOHTPOJIO, a
TaKoX 11 300py iH(MOpMaIlii MO0 CIIOKUBAHHS €JIeKTpOoeHeprii B peasbHOMy 4aci [1-3]. ¥V
[4] HaBeneHI METOIU BUMIPIOBAHHS Ta 1HTEpIIPETallil pe3yibTaTiB MOHITOPUHTY MapaMmeTpiB
ACKOE B enekTpoeHepreTHUHUX CUCTeEMax. B cBoeMy NOCHIKEHI aBTOPH [5] MpOMOHYIOThH
3aCTOCYBAHHS IITYYHOTO 1HTENEKTY JJIsi CTOXaCTHYHOTO OLIHIOBAHHS MOXHOKH BUMIPIOBaHb B
CUCTEMaX €JIEKTPOCIIOKUBAHHS.

B pobotax [2, 6] ansg migBUIEHHS TOYHOCTI BHMIPIOBAJIBHUX KaHATIB B CHCTEMax
00JIIKy eJIeKTpOeHEPTii 3amporoHOBAHO BUKOPUCTaHHA, KopekTyroumx mnoxuOok. I[lomana
METOJIMKA MPOTHO3YBAHHS IMOMWJIOK B YMOBaX MAaKCHUMAlbHUX HABAHTAKEHb B CHUCTEMIi
€HEProCroKUBaHHS.

OpnHak B pealbHHX YMOBaX pOOOTH METPOJIOTIUHI XapaKTePUCTUKH BHMipIOBAILHUX
KaHAJIIB B CHUCTEMax OOJIIKy YacTO TEPEBHUIIYIOTh HOPMATHBHI 3HAYEHHS PO3PaxXyHKOBOI
nox1OKH, Ha SIKi aBTOPH CTATTi 3BEpTAIOTh yBary.

ITocTanoBka 3aBaaHHsl. MeTOIO JOCIIKEHHS € MiABUIIEHHS TOYHOCTI BUMIPIOBaHb
cucTeM O0JIIKY eNeKTPOeHEPTii.

Buknan ocHoBHOro marepiaay. 3rigHo [7] oONIK aKTHBHOI €JIEKTPOEHEPTii Mae
3a0e3neuyBaTi BUBHAYEHHS KIIBKOCTI €Heprii:

- TIepeIaHo] Ta OTPUMAHO1 IHIITUMU KpaiHaMH Ta €JIEKTPOCHEPreTHYHUMHU CUCTEMAMU;

- BUpOOJIEHOT TeHepaTopaMu €JIeKTPOCTaHIIIH;

- CIOKHUTOI HA BJIACHI Ta TOCHOJAPCHKI (OKpeMo) MOTpeOM eNeKTPOCTaHI Ta
M1ICTaHIH;

- BIAMYIIEHOI CIMOXWBadyaM MO JIHISAX, SKI BIAXOAATH Bl IIHH €JIEKTPOCTAHIIIT
0e3mocepeIHbO 10 CIIOKUBAYIB,;

- IEpeIaHo1 1HIITUM EJIEKTPOIIepeIaBaIbHAM OpraHi3allisiM ado OTPUMaHO1 BiJl HUX;

- BIIMYIIIEHOT CTIOKUBAaYaM 3 €JIEKTPUYHOT MEpexi;

- BIJMYIICHOT €JIEKTPOCTAHIIISIMUA B MEPEXK1 €ICKTPOIepeIaBaIbHUX OpraHi3alliii;

- CIIOKHTO1 CIIOKUBAYaMK €KOJIOT1YHOT OpOHi;

- sKa HaJIdIUIa 0 EJNCKTPUYHMX MEpEeX eJIeKTpolepeaaBaibHOl opraHizamii 3
SIeKTPUIHUX MEPEXK CIOKUBAYA.

Kpim Toro, o6k akTUBHOI €JIEKTPOCHEPTii B eJIeKTporepeaaBaibHIi opranizaiii Mae
3a0e3meuyBaTH MOXKIIUBICTD:

- BU3HAUYEHHS HAJXOJUKCHHS €JICKTPOSHEPTii 10 €NEKTPUYHUX MEPEeXK PI3HUX KIIaciB
HATIPYTH,

- CKJIaJlaHHs OaJIaHCIB €JIEKTPOCHEPTi;

- BU3HAYCHHS BTPAT €JIEKTPUYHOI CHEPTii B €JIEMEHTAX €JICKTPUUHOT MEPEKI;

- 3M1ACHEHHS KOHTPOJIO 3a JOTPUMAHHSM CIOXHBA4aMH 33aJaHUX HHUM PEXKHUMIB
CIIO>KMBAHHS €JIEKTPOCHEeprii.

[TobynoBa cuctem 00Ky B JaHWWA dYac 3IIACHIOETBHCS, SK MPaBWIO, HA MEXIi
0anaHCcOBOI MPUHANEKHOCTI ENEKTPUUYHUX MEpPeX MIANPUEMCTB Ta opranizamii. Bonu
MOXYTh peaji30ByBaTHCh Ha JBOX DIBHAX - "BepxHboMy" Ta "HmkHbOMY'. EHeprokommanii
IpU [IbOMY, Y Al BUIAJKIB, MAIOTh MOKJIMBICTh CIIMCYBAaTH CBOi BTPATH Ha CIOKMBaya, TaK
caMmo SIK 1 CTIO’KHMBavi Ha €HePronoCcTavaibHI OpraHi3alii.
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VY 3B'3Ky 3 muM cnenudika pUHKY €JIEKTPOCHEprii BHCYBa€ Ha MEpeaHIM IuiaH
NUTaHHS ~ 3a0€3MEYEeHHs]  ONEPAaTHBHOTO  KOHTPOJIIO 33  CHEPrOCIIOKHMBAaHHAM,  SIK
€JIEKTPOIIOCTAa4YaIbHUMHU OpraHi3alisiMi, Tak 1 crnoxuBauamu. llpu 1npoMmy cydacHHWil cTtaH
po3BUTKY Internet TexXHONOTIH [O3BOJSE 3apa3 TOBOPUTH IPO ICHYBAHHS IOTY)KHOTO
IIBUJKICHOTO CepeZoBHUINa OOMiHY iH(POpMALII€I0, IO OXOIMIA BXKE OUIBIIY YaCTHHY Pi3HUX
MIAIPUEMCTB  Ta opradizamiii. OcCTaHHIM BWTITHO PO3PAxXOBYBAaTHUCA 32  CIHOXKUTY
eJIEKTpOeHeprito 3a "BepXHIM" piBHEM, TOOTO BCTAaHOBIIOBATH CHCTEMY OOJIIKY Ha BHCOKIH
croponi mijacraniii 35-150/10 kB, ockinbku B I1iii po3paxyHKOBiM ToUIll Tapu( MPUOIU3HO
Ha 25-30 % Hmxye [8].

Opranizaiist 001Ky B IbOMY BHUIIQJKy HAaW4acTillle BUTIIAIAE€ TaKUM YMHOM (pHC. 1).
Tobto peanbHO cucTeMa OOJKy BCTaHOBJIEHA HAa BHCOKIH CTOPOHI IOHMXKYBaJbHOI
MIJCTaHIli, a >KUBJICHHS JIYWIBHUKIB, SK TPAaBUIIO, 3AIHMCHIOETBCS BiJl TpaHc(opmaTopiB
Hanpyru (TH) Hu3bkoi croponu 6-10 xB.

3a Takoi cxemMHu OOJIIKYy Ta KOHTPOJIIO €JIEKTPOCIOKMBAHHS BUHUKAIOTH PO301KHOCTI
MK CHOXHMBayaMH Ta €JIEKTPONOCTavYaIbHUMHU OpraHi3alisiMi. 3 0JHOI CTOPOHH OpraHizaris
00JTIKYy 32/I0BOJIBHSIE OOMIBI CTOPOHH, a 3 1HIIOr0 OOKY BHYTPIIIHI AUPEKTHUBU Ta 1HCTPYKIIIT
o0JIeHepro He J03BOJIIOTH peallizalliio CUCTeM OONIKY €JIeKTPOCIOKUBAaHHS MOIIOHUM
YHHOM, BUMAarar4u 3J1HCHIOBATH >KUBJIEHHS JIIYMILHUKIB Big TH BCTaHOBICHHMX HAa BHUCOKIM
CTOPOHI MiJCTAHIII.

OnHak y 1bOMY BUNAAKy JJIS CIIOKHWBadya BUHUKAE HEOOXIAHICTh y NpuI0aHHI,
MOHTaX1 Ta eKCIUTyaTalii JOCUTh Jopororo oOnamHaHHS. [IpupoaHBO, MO0 MPH IHOMY
BUHHKAIOTh CYTNIEPEUKH M1 OpraHi3allisiMy, 10 JOXOIITh J0 BUPIIICHHS MUTAHHS Y CYJIOBUX
IHCTaHITISX.

Cuctema

Pucynox 1 — Oprani3amnig cucteMu 00Ky Ha TiACTaHIii
Locepeno: pospobaeno agmopamu

SIkmo HaBiTh MPUITYCTUTH, MO TpaHCHOPMATOPHU CTPYMy Ta HAMPYTH B CHUCTEMI

oOJMIKy i7ieanbHi, TOMI AN aHaizy Mepexi (puc. 1) JOpeyHO BUKOPHUCTOBYBATH HACTYITHY
cxemy 3amimieHus (puc. 2) [9, 10].
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Pucynok 2 — Cxema 3aMilieHHs CHIIOBOTO TpaHChopMaTopa
Jicepeno: pospobneno asmopamu

B nmanomy BUNaAKy MOTYXHICTh, IO MPOXOIUTH BIAMOBITHO IO BHUCOKIH CTOPOHI
CHJIOBOTO TpaHC(hOpMa Ta MOTYKHICTh, IO BUMIPIOETHCS CUCTEMOIO 00JIIKY MOYKHA 3amicaTH
HACTYITHUM YHHOM:

S, =~3U,-I; (1)

*

S, =3U;- 1. )

Toni HeoOOIK MOTY>KHOCTI 3HAXOIUMO 33 BUPA30OM:
AS=S,~8,=\3(U, ~U}) 1, =3AU -1, 3)

Sk 6aunmo 3 (3) HEeAOOOITIK MPOMOPIIHHNN MMAIIHHIO HAIIPYTH B TpaHCHOPMATOPI, SKE
3aJICKUTh BiJ TMOTY)KHOCTI HaBaHTaXeHHA. KpiM Toro, Ha SIKiCTh OOJIIKY e€JIeKTpOeHeprii
BIUTMBA€E CXeMa 3'€JHaHHS OOMOTOK CHJIOBOTO TpaHC(opMaTopa, BHACIHIIOK 3MIHH KyTa MiX
CTPYMOM Ta Harpyroro y NepBUHHIN Ta BTOPUHHIA 0OMOTKaX.

Ha puc. 3 (a, 6) moOynoBaHo rpadiku 3aJIEKHOCTI HETOOOJTIKYy aKTHBHOI Ta
PEaKTHBHOT MOTYXHOCTI 3aJIeKHO BiJ MOTYXKHOCTI HaBaHTaXXeHHA. Po3paxyHOK BHKOHAHUI
U1 HaumommpeHimux Tpancpopmaropis: 1-TMH-4000/35, 2-TMH-6300/35 Ta 3-T/IH-
10000/35. HaBanTa)xeHHs IPUIMAIOCs YUCTO aKTUBHE (cosp=1).
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Pucynox 3 — I'padixu 3anexHOCTI HeTOOOIIKY aKTUBHOI () Ta peakTHBHOI (0) TOTYKHOCTI
B 3QJIE)KHOCTI BiJl HaBaHTAKEHHS
Lorcepeno. pospobaeno asmopamu
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3 HaBeJCHUX 3aJCKHOCTEH BHUAHO, IO HEAOOOIIK 3pOCTaE MPOMOPIIIHHO [0

MOTYKHOCTI HaBaHTa)XEHHs. [IpraoMy JuIsi peakTUBHOT MOTY>KHOCTI TPUOJIM3HO Ha TOPSIOK
OLIbIIIE, HIXK U1 aKTHBHOI.

BucnoBok. Takum unHOM (pOpMyBaHHS CHUCTEMH OOJIIKY Ha HAJICTAHINAX 3a CXEMOIO

(puc. 1) HempumycTHUMO, 4epe3 HEeI000JIK aKTHBHOI Ta PEeakTUBHOI enekrtpoeneprii. s
ONTUMAIBHOTO (PYHKIIOHYBAaHHS CHCTEM KOMEPILIMHOTO OOJIIKy Ha “BepXHbOMY  pIBHI
HeoOxiHa ycranoBka TH Ha BHCOKIH CTOPOHI MifACTaHIIi.
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The influence of the operation of voltage transformers of 35/10 kV substations on the

errors of the electricity consumption accounting system

The work is devoted to the issue of the optimal functioning of electricity consumption accounting
systems in the conditions of market relations and the related problem of reliable and rational use of the operating
modes of voltage transformers. The possibility of organizing the electricity consumption accounting system in
the absence of voltage transformers on the high side of the substation was analyzed and the possible under-
accounting of electricity in this case was calculated.

The influence of the parameters of power transformers on the operation of the commercial electricity
accounting system when current and voltage transformers are installed at different voltage levels is studied. It
was determined that the loading of the power transformer and the switching scheme of its windings affects the
error value of the measuring channels in the automated systems of control and accounting of electricity.

If you use the classic T-shaped transformer replacement scheme, you can get the equation for its full
power. After making some mathematical transformations, we get a formula that calculates the underaccounting
of electrical energy. As we can see, the shortfall is proportional to the voltage drop in the transformer, which
depends on the load power.

According to the constructed dependences of electric energy underaccounting on the load for several
types of power transformers (TMH-4000/35, TMH-6300/35, TJIH-10000/35), it was found that the
underaccounting of electricity increases in proportion to the load. For reactive power, it is about an order of
magnitude more than for active power.

Thus, the formation of the accounting system at substations according to the scheme (Fig. 1) is
unacceptable, due to the underaccounting of active and reactive electricity. For the optimal functioning of the
accounting systems at the "upper" level, it is necessary to install a voltage transformer on the high side of the
substation.
power consumption system, voltage transformer, active and reactive electricity
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YucenbHe TOCIIIKEHHS MIITHOCTI 0106 TOHHUX
apMOBaHHUX 0aJIoK, IO MPAIfOI0Th Ha 3THH

OmHUM 3 METOIB BiJHOBJICHHS CKCILTyaTaliMHUX SKOCTEH 3a1i300€TOHHHMX 3THHAHUX CIIEMCHTIB €
MiJICWICHHS 1X CTUCHYTOI 30HU. le minCHICHHS BUKOHYETHCS MUITXOM BIIAINTYBaHHS HAAOCTOHKH, 3a3BHUAi, 13
OCTOHY IHIIOTO KJIacy, HDXK ICHYIOUHHA eleMEHT. Y poOOTi BHKOHAHO YHCEIBHO-TCOPSTUYHE OCIIKCHHS
TIOJIOXKEHHS HYJILOBOI JIiHIT y 3a71i300€TOHHIX 0aKaX, BUTOTOBJICHUX i3 OETOHIB Pi3HHUX KJIACiB y PO3TATHYTIH Ta
CTHCHYTIH 9aCTHHAX ITOTIEPEIHOT0 Tepepizy.
0i0eToHHi apMoOBaHi 6aJ1KH, 3TUH, YK CeIbHE J0CTiIKEHHS

IMoctanoBka mpodsaemu. OcrtaHHiM YacoM B YKpaiHi 3HAYHO IiBUIIUBCSA OOCST
MOHOJITHOTO OyAiBHHUIITBA, PI3HOMaHITHUX 00 €KTIB 3 BUKOPUCTAHHIM 3alli300€TOHY, TOMY
TeMa JIOCIIKEHHS € aKTyalnbHOIO [3]. CKOpOUEHHSIM BUTPATH LIEMEHTY MIPH IbOMY MOKJIHBE
3a PaxyHOK 3aCTOCYBaHHsI B PO3TATHYTINH 30HI €JIE€MEHTIB, 110 3TMHAIOTHCS, OETOHY HUXKYOTO
kiacy. Lleit moka3Huk Oy/ie I1e BUIMM MPU BUKOHAHHI BEJTMKOIPOIITHUX MOHOJITHUX Oanok
31 3HAYHOIO BUCOTOIO MONEPEUHOTr0 Iepepisy.

Ha manwmii yac Garato poOiT MPUCBSYEHO BUBYCHHIO KOMOIHOBAHOTO KOMILIEKCHOTO
mifgcuneHHss 6anok [4]. Ane y To#l ke yac MHUTaHHA HOBUX KOMOiIHOBaHUX (010€TOHHHX)
3aJ11300€TOHHUX KOHCTPYKIIH PO3KPUTO HE B IOCTATHIHN Mipi.

AHaJi3 ocTaHHIX AocailKeHb i nydaikaniil. Po3BUTOK HOMEHKIATYpH Oy/IiBEIbHUX
KOHCTPYKILIA mepenadavyae SK MOMIYK NPUHIMWIIOBO HOBHX THIIIB €JIEMEHTIB 3 OJHOTO
MaTepialy 4d y MO€JHAHHI JEKUIbKOX MaTepialliB JjIsi CYMICHOT B3a€EMOBHUTIIHOI iX poOOTH,
TaK 1 BJIOCKOHAQJICHHS ICHYIOUMX OymiBeNbHHX BHpOOIB, a came 3MEHIICHHS iX Bard IpH
3a0e3meueHH] Ti€l )k HeCy4oi 3/IaTHOCTI, MiJBUIICHHS TEXHOJIOTIYHOCTI BUTOTOBJICHHS TOIIO
[11]. Lle muTanHs 1Ie OUTBII TOCTPO CTOITHh y 3aII300€TOHHUX KOHCTPYKIIISIX, IO MPAIIOI0Th
Ha 3TUH, TaK SK PO3TATHYTHH OETOH HE BPaXOBYETbCS y PO3PAXyHKY 3arajabHOI HECyd4oi
3IATHOCT1 KOHCTPYKIIii, a TIJIbKU MIIBHIIYE 1i Bary, a OTKe 1 3aTpaTu Ha BUTOTOBJIEHHS. Came
TOMY 3aMiHa PO3TATHYTOro OETOHY y TaKMX KOHCTPYKIISIX Ha OLUIbIN ACIIEBUN Martepial,
HANpUKIJIa], OSTOH MEHIIOro KJacy IO MIIHOCTI Yd i3 TOPUCTUMH 3allOBHIOBAYAMH, €
aKTyaJbHOIO IPOOJIEMOIO.

CBoi po0OTH TOCTIKEHHIO MIJCHICHUX 3aTi300€TOHHUX KOHCTPYKLIN MPUCBSTHIN
JI.B. AdanaceeBa, A.S. bapammkos [1-2], C.B. bounapenko, b.A. bospuyk, A.b. I'onumies
[4], O.IO. €promenko [8], [.B.3amopoxwnikora, JI.H.JlazoBckwuii, J[.B. KoukapboB [9],
A.l. Manbranos, Moxamen X.K. [10], J.A. Mypamxko, H.M. Onydpues, E.P. Xino [11],
B.B. dymuH i 6arato iHmmx.

B icHyroumx myOmikarisix AOCHIIKEHb PO3MISIATUCA TMIJACHICHHS 3a1300€TOHHUX
KOHCTPYKIIIA PI3HUMH MaTtepiajaMu. BUKOHaHO TOpIBHSHHS MIJICHUJICHHS €KCIIEPUMEHTAIBHO
BUNPOOYBAHUX PI3HUX OAJIOK: HEMIACWICHHX, MACHICHI mapoMm cranediopodeTony, momaimep-

© J1.b. Pomanenko, 2023
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0eTOHOM, apMOBAaHUM HOJIIMEPOETOHOM, JIpiIOHO3EPHUCTUM OETOHOM 1 apMaTyporo Ta iHuI. Y
MOPIBHSAHHI 3 HEMJICUJICHUMH 3pa3KkaMH, yCi criocoOu MiJCUIICHHS 3HAYHO 30UIBIININ HECYydy
31aTHICTb. J{1s 6aoK, MiJCHICHUX IapOM apMOBaHOTO

ctanediopobeToHy Ta noiaiMepOeToHy, Hecyya 3AaTHICTh 30UTbIIMIaca npuoIu3Ho B 1,4 pasu
[1; 2; 10]. A B Gankax miACHUICHUX IIIAPOM apMOBAHOTO JPIOHO3EPHUCTOTO OETOHY MOKA3HHUK
30UIBIICHHS HeCydoi 3JaTHOCTI jemo MeHme — Ommspko 1,18 [8]. IlimcumioBatu
3a11300€TOHHI €JIEMEHTH MOXJIMBO HE JIUIIE 30UIBIICHHSIM IONEPEYHOro IMepepizy MpHu
00ETOHYBaHHI, a 1 BJAIUITYBAaHHAM MONEPEAHBOTO HANPYKEHHS Y 30HI PO3TATHYTOr0 OETOHY
[12,13].

Bupinennsi HeBHpilleHHX paHille YacTHH 3arajJbHol npodiaemu. HegocraTHbo
BUPIIMICHOI0 YAaCTHHOIO 3JUIIMIOCH NUTAHHA BHU3HAYEHHS BIUIMBY BHCOTH DPO3TSATHYTOTO
0ETOHY MEHILIOro KJjacy Ha 3arajbHy Hecydy 3JaTHICTh 3aJ1i300€TOHHOI KOHCTPYKIii, L0
HpAIfO€ Ha 3THH.

MeTo naHOi POOOTH € YHCEIBHO-TCOPETUYHE BU3HAUEHHS MOJIOXKEHHS HYJIbOBOI
JiHIT y OJHOMPONITHUX 3al1i300€TOHHUX Oajkax MPSIMOKYTHOTO IONEPEYHOro Mepepidy i3
3aCTOCYBaHHAM PI3HUX OCTOHIB y PO3TATHYTIH Ta CTUCHYTIH 30HAX; MPUUOMY HEOOXiIHO
JIOCJIITUTH Pi3HE MPOICHTHE CIIBBIIHOMIEHHS IUX OCTOHIB 1O BUCOTI MTONIEPEUYHOTO TIEPEPi3y.

Bukiaang ocHoBHOro wmarepiamy. Sk Oyino 3a3HaueHO, 3MEHIICHHS BapTOCTI
3a11300€TOHHUX KOHCTPYKIIIHA, IO TMPaIlOI0Th Ha 3THH, 32 PAaXyHOK 3aCTOCYBaHHS Y
PO3TATHYTIM 30HI OETOHIB MEHIIOIO KJIacy, 3aBXKIH € aKTyalbHOIO 33Jayero. 3 Orisay Ha
PO3XOJDKEHHS MIITHOCTI O€TOHY MpH POOOTI HA PO3TAT 1 CTHUCK, a TaK CaMO XapakTep
TPILIMHOYTBOPEHHS MO HOPMAJbHUX MEPETHHAX EJEMEHTIB, IO 3THHAIOTHCS, MOTPIOHO
MOCTaBUTH 3aJ1auy JOCIIPKEHHS MIITHOCT1 0aJIOK BUTOTOBJICHUX 3 OETOHIB Pi3HUX KjaciB. st
IIbOT'0 3MOJIEJIbOBaHI OaJIKM, PO3paxyHKOBA CXEMAaTUYHA CXEeMa SIKUX MOKa3aHa Ha puc. 1.

L\4 L\2 L\4
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Pucynok 1 — Po3paxyHkoBa cxeMaTHYHa CXeMa JIOCIIKYBaHUX 010ETOHHIX apMOBaHUX 0aJIOK
Licepeno: pospobneno asmopom

3rifHO TMOCTaBJIGHIA 3ajJadi, a caMe ONTHUMI3allil TEeOMETPUYHHX MapaMeTpiB
po3TanryBaHHs OCTOHIB PI3HUX KIACiB IO BHICOTI MEpEpi3iB 3THHAHUX 3ali300€TOHHUX
KOHCTPYKIiH, OyJI0 3MOJIeNIbOBaHI Ta MpOaHali30BaHI pe3yJbTaTH PO3pPaxyHKy HarpyKeHO-
71e()OPMOBAHOTO CTaHy 3aJII300€TOHHUX OJHOMPOJIITHUX OaJOK MPSIMOKYTHOTO IOTIEPEYHOTO
nepepizy posmipom bxh=100x150 mm. [Josxkuna 6anok cknagana 1200 mm. Bepxus cTucHyTa
yacTuHa Oajok MojenroBanacs i3 6eroHy kimacy C20/25, a HIKHS pO3TATHYTa YacTUHA — 13
6erony kiacy C12/15 (quB. puc. 1). ApmyBaHHs OaJKy BUKOHYBAJIOCh JIBOMa apMaTypHUMHU
crepkaamMu D12 mm  mepioguuHoro mnpodimo kmacy A400C y poO3TATHYTIH  30HI.
KoHcTpykTHBHA apMaTypa Kapkacy OalKH i 4ac MOJICIIIOBAaHHS HE BPaXxOBYBaJIach.

3aBaHTaXyBanucs OalKy JBOMa CHJIAMH PIBHOBIJIaJCHUMH BiJl ONOp, TAKUM YHHOM,
mo0 mnocepenuHi Oajdkud BHUHUKANa MAUISHKA 13 YUCTUM 3rMHOM. Ha KiHISIX Ganku
NPUKIAIINCh IIApHIPHI ONOpPH JJIs SKUX 3MOJENbOBAHI HACTYINHI TPaHUYHI YMOBH:

71



ISSN 2664-262X Central Ukrainian Scientific Bulletin. Technical Sciences. 2023. Col.8(39), Part I

3a00poHa TMEpeMillleHb y BEepPTUKaNbHIA mommHi X7 1 J03BOJEHI MEpPEeMillleHHS 110
TOPU3OHTAJIbHIN MMO3/I0BXKHIM OCl Y.

Jnst maTepianiB (OETOHIB ABOX KJIACiB Ta apMaTypH) 3aaBIMCS MOIYJIi MPY>KHOCTI £
ta G, koedimienTa [lyaccona v. Jlyis BpaxyBaHHs IMOBHUX AlarpaM JaedopMyBaHHS MaTepiaiiB,
3amaBanucs (QyHkmioHanbHi 3anexxHocTi 3rigHo JIBH B.2.6-98:2009 «betonni Ta
3a11300€TOHHI KOHCTPYKIli. OCHOBHI TOJOKEHHS MpoeKkTyBaHHs» [S5]. s mpoBemeHux
napajeibHO 13 TEOPETHYHUMHU EKCIIePUMEHTATLHUMH JOCIIKEHHSIMHU, CKIaa OeTOHIB Ta
BU3HAYCHHS 1X MIIHOCTI 32 KOHTPOJbHUMHM 3pa3kamu BuzHadayimcs 3rigHo JICTY b B.2.7-
215:2009 «byniensni marepianu. beronu. [IpaBuna mindopy ckiamy» [7] Ta ICTY b B.2.7-
214:2009 «byniBenbHi MaTepianu. beronu. Meroan BU3HAYEHHS MIITHOCTI 32 KOHTPOJIbHUMH
3pazkamm» [6].

VYV nporpamHomy komiuiekci LIRA Oyma 3MozenboBana Oajika TaKUM YHMHOM, IO
156 enementiB Oynu 3amaHi xKopcTkicTio Oerony kimacy C20/25 (y crucHyTidt 30HI), a
78 eneMeHTIB 3aaHi *KopcTKicTio 6eTony kiacy C12/15 (y po3rsaraytiid 30H1). To6To cTBOpeHa
MoJiesib Oallky 3 pi3HUX KiaciB OeToHy (auB. puc. 2). OTpumani pe3yiabTaTH PO3pPaxyHKY
JOCJTDKyBaHUX 010eToHHUX 6anok y mporpamuomMy komiuiekci LIRA npuBeneni na puc. 3.

| |

I — — - 1L 1L 1L 1L 1L 1L 1L | 1L 1L 1L 1L 1L 1L 1L 1L 1L | | — | =
- i i i i i i i 1l i i i i i i i i i | — -
I | | | 1T 1T 1T 1T 1T 1T 1T 1l 1T 1T 1T 1T 1T 1T 1T 1T 1T 1111

PucyHok 2 — Cxema 3Mo/1enb0BaHo1 0i0€TOHHOT OaKK y IporpaMHOMY KoMmIuiekci Lira
3 OetoHiB knacy C20/25 i C12/15 3i cniBBiHOMEHHIM BUCOT her, / hposr =2
Loicepeno: pospobaeno agmopom

I I I I T I | ]
641007 -B30.010 -479.257 319505 158752 6404 6.404 150782 010505 470257 639010 T9RTEZ 950473
Zarpyxenne 1
hihzama Hanpaxenuii no Ny
EQKHHLE HEMEPEHAA - W2

Pucynok 3 — Pe3ynbTaTti po3paxyHKy 3MOzenb0BaHol 010 TOHHOT Oanku
y nporpamHomy komiuiekci LIRA 3 Geronis kiacy C20/25 1 C12/15
Hoicepeno: pospobneno asmopom

Takox Oyna 3MozenboBaHa Oasika 3 ogHOpinHOro 6eToHy kiacy C12/15, 3 Takumu x
TCOMETPUYHUMH XapaKTePUCTUKAMHU, SK 1 BHINE ONWCaHAa. 3 OTPHUMAaHUX pE3yJIbTaTiB
MOJICJIIOBAHHSl 3HAMJIeHI MaKCHMalbHI BIAHOCHI Aedopmarii enementy 135 (ueil By3on
3HAXOIMUTHCS TIOCEpeArHI OaJKu y PO3TATHYTIH 30HI 1 € OOHMM i3 HAWOUIBII «CIAOKHX»»
€JIeMEHTIB B JOCTIKyBaHUX Oankax). BimHocHi aedopmariii [s0oro eieMeHTy Ha KOKHIN 13
CTYICHsI HaBaHTa)XCHHsS 3aHeceHi a0 Tabmumi 1. ['padiuno 3MiHa BigHOCHHX aedopmarii
BKa3aHOTO eJIeMEHTY KOMO1HOBaHO1 010€TOHHOT Ta 6€TOHHOT 0aoK MOKa3aHo Ha puc. 4.
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Tabmuus 1 — Bignocui nedopmamii (%) HaMOLIBII HANPYKEHOTO EJIEMEHTY
MIOCEPEINHI MTPOTLOTY OaKK
Banxa, HaanrtaxceHnHst P/P .,
Enement
135 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0
beronna
SaKa 0.02425 | 0.05164 | 0.08301 | 0.11957 | 0.16308 | 0.21631 | 0.28384 | 0.37345 | 0.49699 | 0.66657
Bl%‘:;(:lﬂa 0.01963 | 0.04128 | 0.0654 | 0.0926 | 0.12374 | 0.16008 | 0.20349 | 0.25692 | 0.3251 | 0.41556

Hoicepeno: pospobneno agmopom

g, % 07

06 /

0 /

0.4 Z4an ——Ps

0,3 i a1

02 /

01 -
0 B T T T T T T T T T

P/Pmaxx1

Psn 1 — 6i0eTonHa, psin 2 — OeTOHHA OaIKU

PucyHok 4 — I'padiune 300pakeHHsI OTPUMaHUX PE3yJIbTATIB JOCIIPKEHHS — 3MIHM BITHOCHUX Aedopmalriit
HaNOIIBII HAIPYKEHOTO CKIHYEHHOTO €JIEMEHTY MOCepeaHI OaIKu
Jicepeno: pospobneno asmopom

Jlns MOpIBHSIHHS CKIHYEHHO-CJIEMEHTHHH aHaii3 Monened O0i0eToHHuMX Oajok 13
BpaxyBaHHSM (I3UYHOI HEMIHIHHOCTI O€TOHY, TEOMETPUYHOI HENIHIMHOCTI POOOTH
KOMITO3UTHOT'O 3aJ1i300€TOHHOTO CTEPKHS Ta PEOJIOTTUHUX BIACTUBOCTEH OETOHY BUKOHAHO B
cucteMi NASTRAN (NAsa STRuctural ANalysis) Femap 10.1.1 SC 32bit / 64 bit. byau
3MO/IeJIbOBaH1, PO3paxoBaHi Ta BUKOHAHI aHAJII3U PO3PaxyHKIB OalOK i3 Pi3HUM HPOLIEHTHUM
criBBigHOMEHHIM OeToHiB KimaciB C12/15 ta C20/25. Ha puc. 5 nmokazaHno Tpu TUnu 0ajok i3
PI3HUM THUIIOM CHiBBIJHOIIEHHS OETOHIB Pi3HUX KJIACIB.

[Ipu BuOGOpi1 THMy Ta po3MipiB ckiHueHHUX eneMmeHTiB (CE), Ha ski po3OuBaiach
CTBOpEHAa MOJIE€Nb, BPAXOBAaHO YaC CTBOPEHHS O00’€MHOI CKIHYEHHO-EJIEMEHTHOI CITKH,
HEOOXITHUN JTUCKOBHM MPOCTIp ISl TpoBelaeHHs mporpamMHuM Komruiekcom NASTRAN
pO3paxyHKy, 30DKHICTh OTPUMAHUX pE3yJIbTaTiB NPU PO3PAXyHKY MOAENCH, po30MTHUX
pizaumu CE. Ilig yac nmopiBHSHHS 301KHOCTI OTpUMaHUX Pe3yJIbTaTiB BUPIIICHO pO30MBATH
MOJIEJIb Ha TeTpaelpH 13 CTOpPOHOI piBHOIO 1-2% Bix 3arasibHOi JOBXHHU OKpPEMOTO
enemenTa 3paska. Taki po3mipu CE 3a0e3neuyroTh cepeHbOKBAIPATUYHE BIAXUIICHHS BCIX
po3paxyHkiB 10 0,5%. [Ipu mocnimkenHi Mozeneil 3pa3kiB 00’ €MHI MO CTali Ta OETOHY
CTBOPIOBAJIMCS OKPEMO, a MIOTIM BUKOHYBAJIOCS 00’ €THAHHS CITIBIAJAI0YUX BY3JIiB €JICMEHTIB.

VY pesynbTaTi AaHUX PO3paXyHKIB OTPUMAHO Tpadikd MOJOXKEHHS HYJIbOBOI JiHIi
(30HM pO3TATHYTOrO OETOHY) MO JOBXHWHI Oanok. Haiibimemn iHGOpMAaTHBHI pe3yJIbTaTH
pO3paxyHKy Ioka3aHi Ha rpadigyHomy puc. 6. Ciia BiIMITHTH, IO JIESAKi SBHI HETOYHOCTI y
MPUOTIOPHUX 30HaX OOYMOBJICHI 3aJlaBaHHSM TPAaHUYHUX YMOB TUIBKM Ha HWKHINA YacTHHI
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6anok. Tomy Ha OOKOBHX rpaHsSiX OaJOK BIACYTHI Hampy>KEHHs, a OT)KE 1 HyJIbOBa JIiHIA
IpsIMY€E 10 HIDKHIX 3MO/ICTbOBAHNX OITOPHHUX YaCTHH.

a)

6)

B)
a) C12/15 / C20/25=3; 6) C12/15 / C20/25=1; B) C1215 / C20/25=0,3

Pucynok 5 — Mogeni anani3oBaHux 010eTOHHHX OaJIOK
i3 CMIBBIJHOILIEHHSM KJIaCiB PO3TATHYTOr'O 0 CTUCHYTOTr'O OETOHIB

Joicepeno: pospobneno asmopom

6)

B)
a) C12/15/C20/25=3; 6) C12/15 / C20/25=1; B) C1215 / C20/25=0,3
Pucynox 6 — [TonoxeHHs1 HyIb0OBO1 JiHii y 610eTOHHUX OamKax

i3 CMIBBIJHOILIEHHSAM KJIACiB PO3TATHYTOr'O 10 CTUCHYTOTrO OETOHIB

Locepeno: pospobaeno agmopom

BucHoBkH. 3 oTpuMaHUX AOCITI/DKEHb BUJIHO, 10 010€TOHHI OaJIkvi B TIOPIBHSHHI 3
OeTOHHUMH OallkaMH, BUTPUMYIOTh OlIbllle HaBaHTaKeHHS. OTKe 3MEHIIYEThCS IMepepi3
3ai300eTOHHOI OanKy 1 3MEHIIYEThCS ii KOIITOPHCHA BapTiCTh. Pi3He CHiBBiIHOMICHHS
PO3TATHYTOrO Ta CTUCHYTOrO0 OETOHIB IO BHUCOTI MONEPEYHOro nepepizy 0i0eToHHuX Oallok,
10 PI3HOMY BIUTMBA€ Ha 3arajbHy HECydy 3JaTHICTh OaJOK. Y MEPCHEKTUBI TMOJMATBIINX
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PO3po0OK 3a JaHUM HANPSIMKOM MOTPIOHO OTPUMATH ONTHUMAJIbHI CIIBBIIHOIIEHHS MIITHOCTI
OCTOHY PO3TATHYTOI 1 CTUCHYTOI 30H IPHU PI3HUX BITHOIICHHIX 1X TOBIIMHH.

Crucok mitepatypu

1. Bapamukos A.f., bmani ens Mycrada. B criocoOy mifcuiaeHHsS Ha MILHICTh, TPIIIMHOCTIHKICTh
Ta MPOTHHHU 3aJ1i300eTOHHUX Oanok. 36. Hayk. np. HYBI'TI: Pecypcoexonomui mamepianu, KOHCMpPYKyil,
6yoisni ma cnopyou. 2003. Bum. 9. C. 416-424.

2. Bapammkos A.fl., Cynak O.l., bospuyk b.SJ. ExcrnepumeHTanbHi AOCHIKEHHS 3THHAJIBHUX
3aJ11300€TOHHHX €JIEMEHTIB, MiICHIICHUX Pi3HUMH criocobamu. 36. nayk. np. HYBITI: Pecypcoexonommi
mamepianu, Koncmpykyii, 6yoieni ma cnopyou. 2000. Bum. 5. C. 294-297.

3. laprkaBa O.B., 'acerko A.B. BuszHaueHHS MiIHOCTI 3ali300€TOHHUX KOJIOH TIPH KOCOMY CTHCKY.
Hayka ma 6ydisnuymeo. 2017. Bum.4 (14). C. 29-35.

4. Tomumes A.B., Tkauenko W.H. ITifcuneHHs Hecydnx 3ami300eTOHHMX KOHCTPYKLIi BHPOGHHUMX
OyxiBens Ta mpocagouHux ocHoB. K: Jloroc, 2004. 219 c.

5. JBH B.2.6-98:2009. betonHi Ta 3ami300eToHHI KOHCTpYKLii. OCHOBHI MOJIOKEHHA MPOeKTyBaHHs. Kuis:
M-BO perioHaIBFHOTO PO3BHUTKY, OY/IiBHHIITBA Ta KUTIIOBO-KOMYHAJIBHOTO rocroaapctsa Yxpaiau. 2009.

6. JACTY b B.2.7-214:2009. BymiBensHi Matepianu. beronn. MeToau BH3HAYEHHS MIIHOCTI 3a
KOHTpOJIbHUMHU 3pa3kamu. [UnHuuii Big 2010-09-01]. Kuis: MinperionOyn Ykpainu.

7. JACTY b B.2.7-215:2009. ByaisenbHi marepianu. beronu. [IpaBuna ninGopy ckimaay. [UuHHUMH Bin
2010-09-01]. Kwuis: MinperionOy Ykpainu.

8. €pbomenko O.}O. EdexruBHicTh BapiaHTIB MiJICHICHHS Y CTUCHYTIH 30HI 3a1i300€TOHHUX €JIEMEHTIB,
1110 TPALFOIOTh Ha 3TUH: aBTOped. MC. Ha 3100y TTs CTyIeHs Kana. TexH. Hayk: 05.23.01. Kuis, 2006. 20 c.

9. Koukapro JI. B. ImxkeHepHi MeTOOM pO3paxyHKY 3ali300€TOHHHX CTaTHYHO HEBH3HAYHHUX
CTep)KHEBUX cUcTeM. 30. Hayk. np. YxpAV3T. 2017. Bum. 170. C. 98-104.

10. Moxamen X.K., bapamukos A.S., Mypamko JI.A. MimHicTs 321113006 TOHHUX HEPO3Pi3HUX OAIOK TiCIIst
ix migcuiaenss. K: Buima mikoma, 1995. 591 c.

11. Xino E.P., ITonoBuu b.C. IlincumenHs 3amiz00eTOHHUX KOHCTPYKLIN i3 3MiHOIO iX pO3paxyHKOBOTO
HanpyskeHoro crany. JIpBiB: Bumia mxomna, 2005. 38 c.

12. Pavlikov A.M., Harkava O.V., Hasenko A.V. & Andriiets K.I. Comparative analysis of numerical

simulation results of work of biaxially bended reinforced concrete beams with experimental data.
Bulletin of Odessa State Academy of Civil Engineering and Architecture. 2019. Vol. 77. P. 84-92.
https://doi.org/10.31650/2415-377X-2019-77-84-92

13. Wang C., Shen Y., Yang R. & Wen Z. Ductility and Ultimate Capacity of Prestressed Steel Reinforced
Concrete Beams. Hindawi Mathematical Problems in Engineering. 2017. Vol. 6, 1467940.
https://doi.org/10.1155/2017/1467940

References

l. Barashykov, A.Ia. & Blali el Mustafa (2003). Vplyv sposobu pidsylennia na mitsnist', trischynostijkist'
ta prohyny zalizobetonnykh balok [The influence of the method of reinforcement on the strength, crack
resistance and deflection of reinforced concrete beams]. Zb. nauk. pr. NUVHP: Resursoekonomni
materialy, konstruktsii, budivli ta sporudy — Coll. of science Ave. NUVHP: Resource-saving materials,
constructions, buildings and structures, 9, 416-424 [in Ukrainian].

2. Barashykov, A.la., Sunak, O.P. & Boiarchuk, B.la. (2000). Eksperymental'ni doslidzhennia
zghynal'nykh zalizobetonnykh elementiv, pidsylenykh riznymy sposobamy [Experimental studies of
bending reinforced concrete elements reinforced by various methods]. Zb. nauk. pr. NUVHP:
Resursoekonomni materialy, konstruktsii, budivli ta sporudy — Coll. of science Ave. NUVHP: Resource-
saving materials, constructions, buildings and structures, 5. 294-297 [in Ukrainian].

3. Har'kava, O.V. & Hasenko, A.V. (2017). Vyznachennia mitsnosti zalizobetonnykh kolon pry kosomu
stysku [Determination of the strength of reinforced concrete columns under oblique compression].
Nauka ta budivnytstvo — Science and construction, 4 (14), 29-35 [in Ukrainian].

4. Holyshev, A.B. & Tkachenko, Y.N. (2004). Pidsylennia nesuchykh zalizobetonnykh konstruktsij
vyrobnychykh budivel' ta prosadochnykh osnov [Reinforcement of load-bearing reinforced concrete
structures of industrial buildings and subsidence foundations] Logos [in Ukrainian].

5. Betonni ta zalizobetonni konstruktsii. Osnovni polozhennia proektuvannia [Concrete and reinforced
concrete structures. Basic provisions of design]. (2009). DBN V.2.6-98:2009. Kyiv: Ministerstvo
rehionalnoho rozvytku, budivnytstva ta zhytlovo-komunalnoho hospodarstva Ukrainy [in Ukrainian].

75



ISSN 2664-262X Central Ukrainian Scientific Bulletin. Technical Sciences. 2023. Col.8(39), Part I

6. Budivel'ni materialy. Betony. Metody vyznachennia mitsnosti za kontrol'nymy zrazkamy [Building
materials. Concretes. Methods of determination of strength according to control samples]. (2010).
DSTU B V.2.7-214:2009 from September 1, 2010. Kyiv: Minrehionbud Ukrainy [in Ukrainian].

7. Budivel'ni materialy. Betony. Pravyla pidboru skladu [Building materials. Concretes. Rules of
composition selection]. (2010). DSTU B V.2.7-215:2009 from September 1, 2010. Kyiv: Minrehionbud
Ukrainy [in Ukrainian].

8. Yer'omenko, O.Yu. (2006). Efektyvnist' variantiv pidsylennia u stysnutij zoni zalizobetonnykh elementiv, scho

pratsiuiut' na zghyn [Effectiveness of reinforcement options in the compressed zone of reinforced
concrete elements operating in bending]. Extended abstract of candidate’s thesis. Kyiv [in Ukrainian].

9. Kochkar'ov, D. V. (2017). Inzhenerni metody rozrakhunku zalizobetonnykh statychno nevyznachnykh
sterzhnevykh system [Engineering methods of calculating reinforced concrete statically indeterminate
rod systems]. Zb. nauk. pr. UkrDUZT — Coll. of science UkrDUZT Ave, 170, 98-104 [in Ukrainian].

10. Mokhamed, KhK., Barashykov, A.a. & Murashko, L.A. (1995). Mitsnist' zalizobetonnykh
nerozriznykh balok pislia ikh pidsylennia [Strength of reinforced concrete uncut beams after their
reinforcement]. Kyiv :Vyscha shkola [in Ukrainian].

11. Khilo, E.R. & Popovych, B.S. (2005). Pidsylennia zalizobetonnykh konstruktsij iz zminoiu ikh
rozrakhunkovoho napruzhenoho stanu [Strengthening of reinforced concrete structures with a change
in their estimated stress state]. Lviv: Vyshcha shkola [in Ukrainian].

12. Pavlikov, A.M., Harkava, O.V., Hasenko, A.V. & Andriiets, K.I. (2019). Comparative analysis of
numerical simulation results of work of biaxially bended reinforced concrete beams with experimental
data. Bulletin of Odessa State Academy of Civil Engineering and Architecture, Vol. 77, P. 84-92
https://doi.org/10.31650/2415-377X-2019-77-84-92 [in English].

13. Wang, C., Shen, Y., Yang, R. & Wen, Z. (2017). Ductility and Ultimate Capacity of Prestressed Steel
Reinforced Concrete Beams. Hindawi Mathematical Problems in Engineering, Vol. 6, 1467940
https://doi.org/10.1155/2017/1467940 [in English].

Dmytrii Romanenko, Lecturer of technical disciplines

VSP «Rubizhan Vocational Collegey DZ «Luhansk National University named after Taras Shevchenkoy,
Rubizhne, Ukraine

Numerical study of the strength of bi-concrete reinforced bent beams

One of the methods of restoring the operational qualities of reinforced concrete bent elements is to
strengthen their compressed zone. This reinforcement is performed by placing a concrete overlay, usually of a
different grade of concrete than the existing element. In existing research publications, reinforcement of
reinforced concrete structures with various materials was considered. A comparison of the reinforcement of
experimentally tested different beams was made: unreinforced, reinforced with a layer of steel fiber concrete,
polymer concrete, reinforced polymer concrete, fine-grained concrete and reinforcement, and others. Compared
to unreinforced samples, all reinforcement methods significantly increased the load-bearing capacity. For beams
reinforced with a layer of reinforced steel fiber concrete and polymer concrete, the bearing capacity increased by
approximately 1.4 times. And in beams reinforced with a layer of reinforced fine-grained concrete, the indicator
of the increase in bearing capacity is slightly less - about 1.18.

In the work, a numerical and theoretical study of the position of the zero line in reinforced concrete
beams made of concrete of different classes in the stretched and compressed parts of the cross section is
performed. According to the task, namely the optimization of the geometric parameters of the location of
concrete of different classes according to the height of the sections of bent reinforced concrete structures, the
results of the calculation of the stress-strain state of reinforced concrete single-span beams with a rectangular
cross-section of size bxh=100%150 mm were simulated and analyzed. The length of the beams was 1200 mm.
The upper compressed part of the beams was modeled from C20/25 class concrete, and the lower stretched part -
from C12/15 class concrete. The beam was reinforced with two reinforcing rods @12 mm of periodic profile class
A400C in the stretched zone. Structural reinforcement of the beam frame was not taken into account during modeling.

From the obtained studies, it can be seen that bi-concrete beams, in comparison with concrete beams,
withstand more load. Therefore, the cross-section of the reinforced concrete beam decreases and its estimated
cost decreases. The different ratio of stretched and compressed concrete to the height of the cross-section of bi-
concrete beams has different effects on the overall load-bearing capacity of the beams. In the perspective of
further developments in this direction, it is necessary to obtain optimal ratios of the concrete strength of the
stretched and compressed zones at different ratios of their thickness.

Bi-concrete reinforced beams, bending, numerical study
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OrJ1s1/1 BIUTUBY MOB3Yy40CT1 OETOHY Ha poOOTY ITONEPEIHbO-
HaIpy>KEHUX CTajIe3a11300€TOHHUX KOHCTPYKIIH CIIOpY T
UBUIBHOI'O 3aXUCTY

Peororiuni BmacTuBOCTI O0E€TOHY B OCHOBHOMY BH3HAYAIOThCS HOTO BIIACTHBOCTAMH MOB3YYOCTi. Y
BUMA/IKY TIONIEPEIHBOTO HAMIPYKEHHS CTaje3a1i300eTOHHO KOHCTPYKIIi BiIOYBa€eThCS MEPEPO3NOIiT 3yCHIIb B ii
nepepizi Mk CHIIbHO HABAaHTa)KEHNUMH 1 MaJIOHAaBaHTAKCHUMH €JIEMEHTaMH, & CaMe MK CTaJIeBUM apMyBaHHSM 1
6etoHoM. Y po0OTi poaHaTi30BaHO 3arajibHi BiIOMOCTI PO MOB3YYicTh OETOHY Ta ii BIUIMB HA BTPATH Iif Jac
MOTIEPEeTHHOTO0 HANPYXKEHHs, B TOMY YHCJI 13 3aCTOCYBaHHSM CYYaCHHX MNPOrpaM CKiHYEHHO-EJIEMEHTHOTO
MOJICTIFOBaHHS, 1110 JI03BOJISIOTh 3a/1aBaTh (Pi3MYHY HEJNIIHIHHICT OETOHY 1 HOrO peooriyHi BIACTUBOCTI.
cTaj1e3a1i300eTOHHI KOHCTPYKIIii, IONepeIHe HANMPY KEHHs, OB3y4icTh 0eTOHY

IocTanoBka npo6Jemu. Ctane3anizo0eTOHHI KOHCTPYKIIIT € OAHUMU 13 €(PEKTUBHUX
THUITIB KOMIUIEKCHUX KOHCTPYKTHUBHHX eneMeHTIB. CaMe Taki KOHCTPYKIIi CTBOPIOIOTHCS SIK
MiJ 4ac HOBOT'O MPOEKTYyBaHHS, TaK 1 MiJ Yac MIJCHUJICHHS 3al1i300€TOHHUX KOHCTPYKIIIH
CTaJICBUM TIPOKATOM, a CTAJIEBUX — 00€TOHYBaHHAM [9]. YV KOKHOMY 13 3a3HAYCHHX BUTIAIKIB
CTBOPECHHS CTaje3ali300€TOHHUX KOHCTPYKI[IN aKTyaJbHUM IMHTAHHIM € cyMmicHa poOoTa
CKJIAJIOBUX KOHCTPYKIli (ITPOKaTHOTO 1 CTPMXKHEBOTO apMyBaHHS 3 OeToHOM). 3 1HIIOT
CTOPOHH, CaMe 3a paxyHOK 3a0e3IledyeHHs CyMICHOI poOOTH OETOHHOI Ta CTajeBOi YacCTHH,
MOXKJIUBO CTBOPIOBAaTH B HUX TOMEPEIHI HAMpyXEHHS (3yCHUIUIsA), siKi OyayTh TPOTHIICKHI
THM, 110 BUHMKAaTUMYyTh B poOoudoMy cTaHi KoHCTpykiii. Ll mepeBara crasnesanizo0eToHy
JI03BOJISIE PETYJIFOBATH HANPyKeHO-Ae(hOpMOBaHMI CTaH i CKIaJOBHX, MiJBUIIUTH 3arajibHy
HEeCy4y 3JaTHICTh ¥ YKOPCTKICTh KOHCTPYKIIIi Ta, SIK Pe3yJIbTaT, 36KOHOMUTH MaTepiau ITiJ
yac BUTOTOBIIEHHS [4]. 3a paxyHOK BHCOKOTO CTYIEHS >KHBYYOCTI, CTayie3alli300eToH
e(PEKTUBHO BUKOPUCTOBYIOTH JJIsl 3BEJICHHS CIIOPY/I LIUBIJIBHOTO 3aXUCTY.

Peosoriuni BracTUBOCTI OETOHY B OCHOBHOMY BH3HAYaKOTHCS HOTO BIACTUBOCTSIMU
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MOB3YYOCTI, IKi BIUIMBAIOTh HAa HAIpPYXEHO-Ie(OPMOBAaHUI cTaH KOHCTPYKIii B yaci. [lpu
MOTIEPETHOMY HAIPY>KEHHI CTajie3a1i300€TOHHOT KOHCTPYKIIT BiIOYBAETHCS MEPEPO3MOILIT
3ycwiib B 11 mepepi3i MiXK BHCOKOHABAHT)KEHUMH Ta MaJIOHABAaHTAKEHUMHM E€JIEMEHTaMH, a
caMe MiX CTaJIeBUM NPOKATHUM YH CTEP)KHEBMM apMyBaHHSAM Ta OetoHoM. Citif 3a3HAYNTH,
10 Hecyuyuil Kapkac OyziBenb 1 cmopyn (KpiM HaailHOCTi, Oe3nedHoi ekcrulyarauii Ta
€KOHOMIYHOT JIOIUJIBHOCTI) TTOBUHEH rapaHTyBaTH (DYHKIIOHAJIbHY NMPUAATHICTh. BuzHaunTH
(GyHKUIOHATBbHY NPUAATHICTh KOHCTPYKILII HEMOXIMBO 0€3 MpaBHJIBHOIO IPOTHO3Y
MePEepO3NOIITy HAMpPyX EeHb y Yaci MK OCTOHOM 1 apMaTypolo, 10 BUHUKAE B PE3yJIbTATi
MOB3y4OCTi OeToHy [6].

AHaJi3 ocTaHHiX AochailkeHb i myoJikauiii. [Tepepo3noain 3ycuins y monepeaHbo
HaNpy>KEHUX CTaJNe3aTi300€TOHHMX KOHCTPYKIISX, 110 BUHUKAE HA €Tarax iX BUTOTOBICHHS,
MOHTaXY ¥ eKCIUTyaTalii, JO3BOJIIE DETYIIOBATH 3TiHO PECYPCOOIMIaAHUX MPOEKTHUX
pillleHb BHYTPIIIHI 3yCWUIS y Mepepizax HMX KOHCTPYKILIW, B TOMY YHCII MiX 4ac il
TEXHOTCHHMX HaBaHTAXCHb Ha CIOPYIW IMBUIBHOTO 3axuCTy. Y po0OoTi [7] BUKOHaHO
y3arajbHEHHS KOHCTPYKTHBHHMX OCOOJIMBOCTEH # MPHUHLUIIB CTBOPEHHS IOMNEPEIHBOTO
HaIlpY>KCHHSI KOMIIOHEHTIB 3TMHAHUX CTaje3alli300€TOHHUX KOHCTPYKIIH CYIIJIBHOTO
MOTNIEPEYHOT0 Mepepi3y, a TAaKOK BUOKPEMJICHO cepell HUX €(EKTUBHUX METOIIB CTBOPEHHS
MOTIEPEIHIX CaMOHAMPYKEHb — MOMEPEIHIX BHYTPINIHIX HAMPYXKEHb, MPOTHWICKHUX THM, 110
BUHHKAIOTh y MPOLEC] eKCIUTyaTalii 3a JONOMOrol0 KOHCTPYKTUBHUX 3aXOJiB YU TEXHOJIOTI]
OyIiBHHUIITBA O€3 3aCTOCYBAaHHS €CHEPrOBUTPATHUX METOJIIB MIPOIIECY HAIIPYKCHHSI.

Sk 3a3HaueHo y [7], monepeaHi Hampy>KEeHHs y CcTane3ali300€TOHHUX KOHCTPYKIISX
MOXJIMBO CTBOPHUTH NIISXOM BJAIITYBaHHS JIOJATKOBHX IIONEPEIHBO HAIMPYKEHHX
apMaTypHHMX CTEp)KHIB (3aTsSDKOK) y PpO3TATHYTIH 30HI mepepidy. Ilpore Ttaki 3axoau
OJIHOYACHO 13 TIJABUIIECHHSM HECy4Oi 3JaTHOCTI W JKOPCTKOCTI 3THHAHUX EJIEMEHTIB,
BUMAraloTh JO0JAaTKOBUX BHUTpAT HAa MaTepiajd 1 caMme BIAIUTYBaHHSA LUX CTEpXKHIB [6]. 3
IHIIOTO OOKY PpeCcypcOONIajHl TIONMepeHl CaMOHAINPYKECHHS B €JIEMEHTaX 3THHAHUX
CTaJNe3a1i300€TOHHUX KOHCTPYKIII MOXXJIMBO CTBOPHTH 32 pPaxyHOK BJalo MixiOpaHOi
KOHCTPYKIIIi BY3JIiB 1 PO3POOKH TEXHOJIOT1i BUTOTOBJICHHS UM MOTEPEIHBOI YKPYITHIOBAILHOT
30ipKHM MiJ] Yyac MOHTaXy KOHCTpykKuiil [4]. Hanpuknaa, camMoHaTsAr BCTaHOBJIEHOI 330BHI
3aTSDKKH 11 9aC HaBaHTaKCHHS MOXKIMBO BUKOHATH 3a JOINOMOTOI0 CHCTEMH HONEPEUYHHX
CTEpKHIB, BaXUIbHO-CTPM)KHEBOT YW BaXKUIbHO-KOTKOBOI cHCTeM. TakoX, KOHCTPYKTUBHO
3a0€3MeYMBIIM HEPO3PI3HY CXEMY POOOTH JEKUIBKOX CTane3aaio0eTOHHUX KOHCTPYKIHN Yy
CYMDKHHMX TpPOJbOTaX, MOXKJIMBO JOCSIITH palliOHAJIBHOTO Nepepo3Noaily 3ycuwib B iX
nepepizax MUITXOM IMOCTaAINHOI cXeMu OETOHYBaHHS BEPXHBOI MOHOJITHOI 3a511300€TOHHOT
MOJIMYKHU Ta BiJINOBITHUM BKJIFOUECHHSM PO3TATHYTOI CTaJeBOi YAaCTHHU Iepepi3y B poboTy.

ITix wac ekcruryararii MONEPEeIHbO HAMPYKEHUX CTaIe3a1300€TOHHUX KOHCTPYKIIIHA
Opyu TpUBaIId [Jii HAaBaHTa)XEHHS OCHOBHOIO NPUYMHOIO 301IbIIEHHS MpPOTUHIB Oyje
MOB3YYiCTh OETOHY CTHUCHYTOI 30HHU Tepepi3y. Y Mpolieci MoB3ydocCTi, HAPY>KEHHs B OCTOHI
3MEHIIYIOTBCS, a B apMmarypi, HaBOaKd, 3pocTaioTh [2]. Bhacmigok mnepepo3noainy
Harpy>KeHb, 3yCHIUIS, [0 BUHUKAIOTh y CTPIDKHEBIH apMaTypi MOXKYTbh TOCATATH KPUTHUIHUX
3Ha4yeHb. Y [1] eKCepMMEHTaJIbHO BCTAaHOBJIEHO, IO MK KIJIBKICHOIO OLIIHKOK TPUBAIUX
nedopmariiii y CTUCHYTIH 30H1 6eTOHY Ta nedopmaliissMu OETOHHUX MPU3M IPU OJTHAKOBOMY
piBHI HAaBaHTAXEHHS ICHY€E CYTTE€BA BIAMIHHICTH. L0 BIAMIHHICTb CIIiJ] BpaXOBYBaTH ILJISIXOM
MHOXCHHSI XapaKTEPUCTHUKU TOB3YYOCTI OETOHY MpPH OCHOBOMY CTHUCKY Ha KOe(iIli€eHT
NOBHOTH CIMIOPH HAaNpy>XeHb Yy CTHCHYTi 30HI OeroHy. KpuBH3HY 3rHHaNBHUX
3aJ11300€TOHHUX €JIEMEHTIB CIIiJl BU3HAYATH [0 HOPMATHBHIM METOJHII PO3paxXyHKY MPOTHHIB
13 BpaxyBaHHSIM yTOYHIOIOUMX KOE(IIIEHTIB BpaxyBaHHS MOB3Y4OCTI OETOHY, IO 3aJiekKaTh
BiJ] BiKy O€TOHY B MOMEHT HaBaHTaXCHHS, MOAYJISI IPYKHOCTI BIIKPUTOI IOBEPXHi OETOHY Ta
BiJTHOCHO1 BOJIOTOCT1 CepeIOBHUIIA eKCILTyaTallii KOHCTPYKIIii.
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JIisi KOpEeKTHOro BpaxyBaHHS (YHKLII MOB3y4docTi OETOHY 13 BpaxyBaHHSIM 3MiHU
TEMIIEpATypH OTOYYIOUOTO CEpPEJOBHINA TMiJ Yac CKIHYEHHO-CIIEMEHTHHX pPO3PaxXyHKIB
3a11300€TOHHUX KOHCTPYKILiH, y mnporpamHomy komiuiekci «JIIPA-CAIIP» peainizoBaHO
JIeKUIbKa CIeIIaJbHUX CKIHUEHHUX €JIeMEHTIB [3].

BuaijieHHs1 HeBHpilIeHMX paHille YacTHH 3arajbHoOi mnpodsaemu. [3 anamzy
ICHYIOUHX pPEe3yJIbTaTiB JOCIIKEHb Ta MyOJIiKaIlii BCTAHOBJICHO, 10 JCTAIPHOMY BHBUYEHHIO
PEOJIOTIUHUX BJIACTUBOCTEH OETOHY y MOMNEPEAHBO HAMPYKEHOMY 3ai300€TOHI MPUCBIYCHO
JIOCUTh BEJIMKA KUIBKICTh TEOPETUYHUX Ta EKCHEPUMEHTATBHUX TOCHIKEHb, 110 0€3YMOBHO
JIOBOJIUTh aKTYaJbHICTh JIAHOTO MUTaHHA. [IpoTe BUBUEHHIO BIUIMBY MOB3YYOCTI OCTOHY Y
3THHAHUX CTaje3ali300€TOHHUX KOHCTPYKIIISAX, 0 Y TOPIBHIHHI 13 TUIIOBUMH TIOTIEPETHBO
HaNpy>KeHUMH 3a1i300€TOHHUMU KOHCTPYKLISIMH MalOTh 3HAYHO BHIIUH Koe(ilieHT
apMyBaHHS MTONIEPEYHOTO MIePEPi3y, MPUIIIICHO TOCUTh HE3HAYHUM 0OCST yBary.

3aBJaHHSIMHU NPOBEACHUX ABTOPAMHU AO0CIIIKEHb €:

1) oxapakTepu3yBaTH TIOB3y4iCTh OCTOHY SK CKJIAJ0BOi BTpaT MOIEPEIHBO-
HaNpy>KeHUX KOMOIHOBaHMX CTaje3ali300€TOHHUX KOHCTPYKLIN; BUKOHATH aHaji3 3MiHU
KoediIieHTa MoB3y40CTi OETOHY B Yaci B 3aJIKHOCTI BiJl TEMIIEPATypH Ta PIBHS HABAHTAKCHHS;

2) pO3INIIHYTH alTOPUTM BpaxyBaHHS IOB3y4OCTI OETOHYy MiJl 4Yac CTBOPEHHS
PO3paxXyHKOBHX MOJIEICH TOMEepeIHbO HAIMPYKEHUX CTajae3ali300€TOHHUX KOHCTPYKIIH B
porpaMax CKiHU€HHO-eJIEMEHTHOTO MOJICIIFOBAHHSI.

Buknan ocHoBHOro marepianay. byoosa 6emorny. MakpOCKOMYHAA pO3IIIsia OETOHY
NOKa3ye, 10 BIH Ma€ HEOIHOpiAHY OynoBy. BoHna yTBopeHa 3epHamu JipiOHOrO i KPYyIHOTO
3aIOBHIOBAYIB, 10 3B's13aH1 Mi CO0O0I0 3aTBEPAUIUM IIEMEHTHUM KaMEHEM y OJIHE MOHOJIITHE
TL10 (IUB. cxeMy Ha puc. 1). beToH Mae BeIHMKy KUTBbKICTh MIKpOHOp i KamijsipiB. LlemenTHMi
KaMiHb CKJIQJIA€ThCA 3 MPYKHUX 3aTBEPIITNX KPUCTATIYHUX 3POCTKIB, a TAKOXK 13 TNIACTUYHOT
MOPUCTOI MacH, IO MPUHHATO HA3WBATH rejeM. Taka JIOCUTh CKJIaJHA CTPYKTypa OETOHY
YTBOPIOETHCS IT1JT 4ac MPUTOTYBaHHS OETOHHOI CyMiIlIi Ta y mpoiieci Horo TBepaiHHA. JlocuTh
TPUBAJIi MPOLECH KPUCTAi3alil H3MEHIIeHHsI 00'eMy T'eli0 CyTTEBO BIUIMBAIOTH HAa MILHICTb
Tta aedopMaruBHICTE OeToHy. CamMe HasBHICTh Yy CTPYKTypi O€TOHY IJITACTUYHOTO TEII0
CHPUYMHIOE HOTro MOB3ydicTh B 4aci. CaMme yepe3 HEOIHOPIAHY CTPYKTypy O€TOHy, miJ 4ac
HABaHTa)XCHHI Y HbOMY BUHUKA€E CKJIAJHUUN HaMpyX eHO-AePOpPMOBaHUM CTaH. Y CTHCHYTOMY
OCTOHHOMY €JIEMEHTI Hampy>XeHHS KOHIICHTPYIOThCSI Ha OUIBII JKOPCTKUX YaCTHHKaX
KPYITHOTO 3aII0BHIOBAYa, SIKi MalOTh OLIBII BUCOKUNA MOYJIb MPY>KHOCTI. YHACTIIOK IIbOTO Ha
IUTOMIMHAX 3'€[IHAHHS IMX YAaCTUHOK BUHUKAIOTH 3YCWIUIS, SIKI HAMAraloThCs MOPYIIUTH
3B'SI30K MDK HuMH. OpHOYAacCHO y MICISIX TMOCTA0JICHHS TPIIIMHAMH Ta ITyCTOTaMH
KOHILIEHTPYIOTbCS CTUCKAJIbHI M PO3TATYBajbHI HanpyKeHHs. [[oBiIbHE po3TallyBaHHS 3€pEeH
KpPYITHOTO 3alIOBHIOBAaYa y 3aTBEP/IIJIOMY OCTOHI 1 IMOP y IEMEHTHOMY KaMeHI TPU3BOAUTH JI0
ICTOTHHX PO301KHOCTEH MOKa3HUKIB MILHOCTI 3pa3KiB, SIKI BUTOTOBJICHI 3 OJAHOTO OETOHY.
Tomy oriHka MIITHOCTI 0€TOHY 0a3yeThCsl Ha BUMIPOOYBAHHIX CIEIIaTbHUX 3pa3KiB (KyOiB Ta
npy3M) 1 BU3HAUEHHI iX TFOJIOBHUX XapaKTEPUCTHK, caMe SIKI MPUHMAIOTh Ul PO3pPaxyHKY
KOMOIHOBaHHX CTajie3a11300€TOHHUX KOHCTPYKIIIH.

Buou deghopmayiti 6emony. Y 6€TOH1 po3pi3HAIOTH AedopMallii TBOX OCHOBHUX BUJIB
(mmB. cxemy Ha puC. 2): 00’€MHI, III0 BAHUKAIOTh Y BCIX HANPsIMKAaX ITiJ1 BIUTMBOM YCAIKH ITiJ1
yac TBEpiHHS OETOHY, 3MiHM TeMIIepaTypH Ta BOJOTOCTI, a TAKOX CHJIOBI, 1110 PO3BUBAIOTHCS
TOJIOBHUM YMHOM B HAmpsSMKY il BHYTpIIIHIX CHJI MijJ YaC HaBaHTAKEHHS KOHCTPYKUIii [5].
CunoBi mo3foBkHI Aedopmanii  CynpoBOMKYIOTbCA IONEPEUHUMH, 10 OOYMOBIIEHO
MOYaTKOBUM KoedimieHToM momnepednux nedopmarniii Ilyaccoma (mus Oerony v=0,2).
CuioBi nedopmartii 3ajexHoO BijJ XapakTepy HaBaHTaXKEHHS 1 HOr0 TPUBAJIOCTI MOILISIOTHCS
Ha TPH MIJBUAU: IPU OJHOPA30BOMY 3aBAHTA)KEHHI KOPOTKOYACHUM HABAHTAXKEHHSM, IpPU
JIOBrOTPUBAJII i HABAHTAKEHHS 1 MPU Oaratopa3zoBO MOBTOPIOBAHIM /i1 HABAHTa)KECHHS.
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CTpPYKTYpPHi YaCTHHH

0eTony
1
1 1
3aTBEPALIHI
HEMCHTHHH 3aMOBHIOBAY
KaMiHb
L. IacTUYHa N I
KpHUCTam4Hi KpYITHUK npiOHMi
MOpHUcTa Maca . .
3POCTKH (11e0iHb) (micok)
(renp)

Pucynok 1 — Kiracuoikariitaa cxema OynoBu OeTOHY
Locepeno: pospobaeno agmopamu

Buan nedopmaniii 6eTony

00’eMHi CHITOBI

|
I ) 1
TIpH 3aBAHT AKEHHI:

ycasika 3MiHa 3MiHa

OeToHy

BOJIOTOCTI

TEeMIIEpaTypu

OJIHOPA30BOMY 0JIHOPA30BOMY OaraTopazoBo
KOpOTKO4acHOMY ||| noBroTpusajiomy ||||moBTOproBaHOMY

Pucynok 2 — Kiracugikariiiaa cxema BuniB aedopmariiit 6eTory
Loicepeno: pospobaeno agmopamu

Sk Oyi0 3a3Ha4€HO, OCTOH € MPYKHO-TNIACTUIHUM MaTtepiajgoM. ToMy B HbOMY MO
3 MPYKHUMH JedopMallisiMi BUHUKAIOTh HEMPYXKHI YU IJIACTHYHI HE3BOPOTHI (TOOTO TaKi,
[0 HE 3HUKAIOTBHITICIS 3HATTA HaBaHTaxeHHs). Ilim wac TpuBanoi aii HAaBaHTAKECHHsS Ha
KOMOIHOBaHUN CTae3aai300€TOHHHUI €IeMEeHT HempykHi aedopmarii y OETOHI 3 dYacom
3pocTatoTh. HaitOimpmmii 3picT HenmpyHUX Ae(opMaliiii CoCTepiracThCsl MPOTITOM TEPIINX
TPHOX-YOTHPHOX MICALIB EKCIUTyaTamii KOHCTPYKLii, a 3arajioM BiH MOXXE MPOJIOBKYBaTHCS
aX JIEKUTbKa pOKiB. BiacTuBicTh OETOHY aKyMyJIIOBaTH HETPYXHi Aedopmartii npu TpuBamii
nii HaBaHTaXXCHHsSI HA3UBAIOTh nog3yuicmio Oemony. HemnpyxHi nedopmariii MmoB3y4ocTi
O6erony MOXyTb Oytu y 3..4 pasu OunebmmMu 3a npyxHi gedopmarii. CyTh BUHHUKHEHHS
MOB3yYOCTI TOSCHIOETHCS OyI0BOIO OETOHY, TpUBAJIMMH MpOIecCaMHM KpucTamizamii i
3MCHIIICHHSAM KUTBKOCTI Temnto. [lix Ji€f0 30BHIMIHBROTO HABAHTAXKCHHS HANPYXKCHHS, IO
BUHUKAIOTh B OETOHI, MEPEepO3MOAISIOTECS 13 B’S3KOI reieBoi CTPYKTYpPH Ha KPUCTaII4YHI
3pOCTKM Ta 3€pHa 3alOBHIOBAYiB. 3 4acoOM MpPOLEC MEPEepO3MNOIiTy HAIPYXKEHb CTHXA€E 1
nedopMyBaHHS TPUMMHSAETHCS, YAM IMOSCHIOETHCS CIIOBUIBHEHHS TTOB3YYOCTi HANpyKEHOT'O
OeroHy. 3a TpuBaJoi /il 30BHINIHHOTO MOCTIHHOTO HaBaHTAKEHHs Aedopmalii MoB3y4doCTi y
0ETOHI MPOSABISAIOTHCS BUIBHO, HANPY)KEHHS 3aJIMIIAIOTbCS HE3MIHHUMH. 3a HAsBHOCTI Y
OCTOHI BHYTPIIITHIX apMaTypHUX CTEPKHIB, 1[0 HE I03BOJISIFOTH BUJIBHO MPOSIBIIATUCS y OCTOHI
nedopMallisiM TMOB3Yy4OCTi, HANPYyKEHHS HE OyAyTh 3alUIIATUCA MOCTIMHUMHU, a 3 4acoM
OyayTh 3MeHITyBatucs. Lle siBuie Ha3UBalOTh peaKcalielo Hapy>KeHb y OETOHi.

HaBenemo OCHOBHI 3aKOHOMIPHOCTI PO3BHTKY NOB3yudocTi OeTtoHy. HeszanexxHo Bix
IIBUIKOCTI HABaHTAKEHHSI €JIEMEHTY JI0 OJJHAKOBOTO PiBHS HANpy’KeHb B OETOHI, nedopmarii
NOB3y40CTi 0eTOHY OyJlyTh OJHAKOBUMH. 3aBaHTa)KEHUM B paHHbOMY Billl OETOH Ma€ OLIbIII
MOKA3HUKH TIOB3ydOCTi HiK cTapuid. [loB3ywicTh OETOHY B CyXOMY CEpEIOBHIINI 3HAYHO
Outblia HiX y Bosoromy. IloB3ydicTe OeTOHy 3pocTae 31 30UIBIICHHSIM BOAO-IIEMEHTHOTO
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BIJTHOIIIEHHSI ¥ KIJTBKOCTI IIEMEHTY Ha OJUHUIIO 00’eMy OeTOHHOI cymimii. [3 301IbIICHHSIM
MIIIHOCTI 3€pEH 3allOBHIOBAYIB TIOB3YYiCTh 3MEHIITY EThCSI.

Aneopumm  8paxysamns nog3yyocmi OemoHy ni0 4ac CMBOPEeHHs CKIHYeHHO-
enemenmuux (CE) po3paxynkosux mooeneu nonepeoHb0 HANpy*CeHUx cmanesanizobemonHux
xkoncmpykyiu (C3BK). Ionynsapuicte Bukopuctanus meroxy CE st ananisy HampyXeHO-
ne(OpMOBAaHOTO CTaHy KOHCTPYKIIIA CHpHUsiia CTBOPEHHIO psATy KOMEPIIWHHUX TaKeTiB
nporpam, cepel skux B Mexadili MokHa BimzHauutu NASTRAN, ANSYS, SCAD, Lira,
Cosmos, ASKA. Ili nporpaMu BUKOPHCTOBYIOTHCS JJIsi CTAaTUYHUX, TUHAMIYHUX Ta I1HIIHAX
PO3paxyHKIB CKJIQJHUX KOMIIO3UTHUX KOHCTPYKIIH 13 HEperyispHOI0 TI'€OMETPUYHOIO
KOH(pIryparii€ew i HeCUCTEMaTUYHOI (PI3MYHOI0 CTPYKTYpPOIO. 3a JOMOMOTOI0 ITUX IpOorpam
MOJKJIMBO BpaxoBYBaTH (Pi3MUHy HEINiHIHHICTH OETOHY, T€OMETPHUYHOI HeNiHiiHICTE poOoTH
KOMITO3UTHOTO CTaJIe3al1i300€TOHHOTO €JIEMEHTY Ta PEOJIOTIUHI BIACTUBOCTI OeToHY (puc. 3).

RV . IMosicHeHHs1 HeJTiHIHHMX
Heniuiiini BjaacruBocti =
. BJIACTHUBOCTEI 0eTOHY
0eToHY, sIKi MOKINBO
BPaxoBYBaTH Y CKiH4YE€HHO-
eJIeMEeHTHHX MOJENSX HeJTiHIiHA 3aIeKHICTh MIXK

OLITBIICHHAM HaBAHTAKCHHSIM Ta

]

3

G. ®di3nyHa HEMiHIHHICTh OETOHY

. MOPYILICHHS 34CTUICHHS MK
GETOHOM Ta apMaTypoIo y

(2- leomerprnana HeniniliHicTh PO3TATHYTIi 30Hi 6ETOHY y MicIAX

POOOTH KOHCTPYKIIT VTBODEHHS TDILIHH

|

3. Peosioriuni BIaCTUBOCTI ycajika ML 9ac TyKaBIHH,
MOB3YYiCThb B Yaci i Ji€ro
OeTony Y A
HaBaHTAXKEHHs

PucyHok 3 — BpaxyBaHHs HENIIHIHHUX peosIOriyHUX BiacTuBocTel OeTony nix yac CE MozpentoBaHHS
Loicepeno: pospobaeno agmopamu

DO3BUTKOM IehobMarriii

N2,

o

\_/

HocrtoBipuicte pesynbrariB CE mopemoBannss HJIC C3BK Tta iX cxoXicTh 13
pe3yJibTaTaMu TEOPETUYHHUX PO3PAXyHKIB 3TiHO 3 JAIFOUMMH HOPMATHUBHUMH JTOKYMEHTAMH 1
pe3yibTaTaMu eKCIEPUMEHTAIBHUX JOCHIDKeHb Oyae THM BHUINE, YUM TOYHIIIE OyJe
ctBopera CE monens xomOiHoBanux koHcTpykuiid [8]. Ilig ctBopennsm CE moneni C3BK
Ma€ThCA Ha yBasl BIJMOBIIHICTh TE€OMETPUYHHX MapaMeTpiB Mojeli, (Pi3MKo-MEeXaHIYHUX
BJIACTUBOCTEH MaTepiaiB Ta TPaHUYHUX YMOB [IHCHMM YMOBaM 3aBaHTAXCHHA Ta
3aKpiruieHHs. MoJiesib CTBOPIOIOTH 33 aITOPUTMOM:

— CTBOpEHHs 00’ €MHOI TeOMETPUYHOI MOJIENIi CTaje3a1i300€TOHHOTO €JIEMEHTY;

— 3a/1aBaHHs JIBOJIIHINHOI AiarpaMu poOOTH CTaJeBOro Mpokary Ta (i3W4HOI HETIHIHHOCTI
il peoJyIOTiYHMX BIACTUBOCTEH OETOHY;

— BuOIp Tumy, po3MipiB i BiactuBocteir CE, po30uTTs Ha HUX TeoMeTpii MoIeri;

— 3a/laBaHH [IOIEPEIHBOrO HATATY CTAJIEBUX CTEPKHEBHUX UM MPOKATHUX €JIEMEHTIB;

— 3a/laBaHHs B’A3€H, 1110 MPUKIIAAAIOTHCSA 10 ONOPHUX IUIOLUIMH KOHCTPYKIIIT;

— 3a/1aBaHHs 30CEPE/PKEHUX UM PO3IOAIJICHUX HABAaHTAXKEHb HA IUIOLIA/IKAX YU 00’ eMax;

— BMJIQJICHHS 3aiiBUX €JIEMEHTIB F€OMETpii UM YaCTHH CKIHYEHHO-EJIEMEHTHOI CITKH;

— 3a/I1aBaHHs XapaKTEePUCTHK, IPOBEJCHHS 1 KOHTPOJIb Ipolecy po3paxyHky CE monerni;

— (opmyBaHHS PO3NOALIIB MapaMeTPiB HAIPYKEHO-APOPMOBAHOTO CTAHY KOHCTPYKITiii.

BucHoBkH. 3aBIsKu HasBHOCTI y OETOHI MJIACTUYHOI MOPHCTOI MacH — Telllo — IpHU
TpUBaNiii i HABaHTaXEHHS, B HbOMY HAKONMHMYYIOTHCA HENpYkHI nAedopmarii, 110
BPaXOBYIOThCSI MOB3YJicTIO OeToHy. Ii BiIHOCATH 1O IPymH APYTHX BTpaT NONEPEIHHOTO
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Hanpy>keHHs KoHCTpyKuii. 3rigHo JIBH B.2.6-98:2009 BriiuB moB3ydocCTi CIliJi ypaxoByBaTu
Koe(iIieHTOM MOB3YYOCTi, 1110 alPOKCUMYETHCS B Yacl MPU MOCTIHHOMY HaNpy>KEHOMY CTaHi
0ETOHY MEBHOIO KPUBOIO. Y CYyYaCHUX Iporpamax CKiHYEeHHO-E€JIEeMEHTHOIO MOJICIIOBAHHS
poOOTH KOHCTPYKIII MOMJIMBO BpaxOBYBaTH HEIIHIHHI PEOJIOTIUHI BIIACTUBOCTI OETOHY.

BpaxyBaHHs i 4ac 4MCENIBHOTO MOJEIIOBAaHHSA 3TMHAHOI MONEpeIHbO-HANPYKEeHOT

CTaje3aai300€TOHHOI KOHCTPYKINI CHOpPyA LHMBUIBHOTO 3aXUCTy BIUIMBIB ITOB3YYOCTI,
NPUBOJIUTH 10 3MEHIICHHSI HANPYXXEHb y CTUCHYTIHM 30HI OeTOHY, 301IbIICHHSI HANPY>XEHb B
PO3TATHYTIM apMaTypi Ta 30UIBIICHHS IPOTHHIB.
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Review of the influence of concrete creep on the operation of pre-stressed steel-

reinforced concrete structures of civil defense structures

The rheological properties of concrete are mainly determined by its creep properties, which affect the
stress-strain state of the structure over time. In the case of pre-stressing a steel-reinforced concrete structure,
forces are redistributed in its section between highly loaded and lightly loaded elements, namely between steel
reinforcement and concrete. It should be noted that the supporting frame of buildings and structures (in addition
to reliability, safe operation and economic feasibility) must guarantee functional suitability. It is impossible to
determine the functional suitability of the structure without a correct prediction of the redistribution of stresses in
time between the concrete and the reinforcement, which occurs as a result of the creep of concrete. According to
the current norms of DBN B.2.6-98:2009 and EN (Eurocode 2), the criterion for the appearance of the limit state
of reinforced concrete structures is the achievement of limit values by the deformations of compressed concrete.
Therefore, a detailed study of the rheological properties of prestressed reinforced concrete is undoubtedly an
urgent issue. The paper analyzes general information about the creep of concrete and its effect on losses during
prestressing, including with the use of modern finite element modeling programs, which allow not only
physically nonlinear characteristics of concrete to be specified when creating models of reinforced concrete
structures, but also take into account the geometric nonlinearity of the work of composite reinforced concrete
structure, but also to specify the rheological properties of concrete, in particular, creep characteristics.

Conducted studies of the influence of concrete creep on the work of bent pre-stressed steel-reinforced
concrete structures prove that the main reason for the increase in deflections of such structures under long-term
load action is the creep of concrete in the compressed cross-sectional area. Taking into account during the
numerical modeling of the bent pre-stressed combined structure the influences of the second order, namely the
creep in time of the stressed concrete, leads to a decrease in the stresses in the compressed zone of the concrete
by 6.5%, but to an increase in the stresses in the stretched reinforcement by 0.6% and , which is most significant,
to increase the deflections of the structure by 23%.
steel-reinforced concrete structures, pre-stressing, concrete creep
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Oco0aMUBOCTI BIPOBAKEHHST €BPOKOAIB B YKpaiHi

B po0oTi BHCBITICHO BasKJIMBICTH BIIPOBAPKCHHSI €BpOKOJIB B YKpaiHi Ha 0a3i aHaJi3y NPOBEICHUX
JOCTIKEeHD Ta MyOuikamniif. PO3TIIstHyTO OCHOBHI €BpOIIEHCHKI CTaHAAPTH, AKi € 0a30r0 €BpokoniB. JocmimkeHo
cran rapmomizamii BiTum3HsHX HCTY Tta JIBH 3 €Bpokomamm. OmucaHo CTPYKTypy €BpOKOIB, eTamu Ta
ocobmmBOCTI X BHpoBamKeHHS B €Bporelickke CriBTOBaprucTBO. PO3KpuTO TepeBarn €BpoOKOmiB MM iX
BIIPOBA/DKCHHS B HAI[lOHAJIbHY HOpPMAaTWBHY 0a3y. BHCBITIIEHO OCHOBHI IOJIOKEHHS [0 TapMOHi3amii
HaIlOHAJIFHUX OyAiBETIPHUX CTAHAAPTIB, 3 €BPOKOJAaMH Ta IX BIIPOBAKCHHS B OyAiBEIbHY raiy3b YKpaiHH.
OyniBHNITBO, €BpoKoaH, EBpONEiichKi cTAHAAPTH

IToctanoBka mnpob6aemu. OrpumaBmM HesanexHicte B 1991 pomi, VYkpaina
ycnagkyBana Bif koiaumHboro CPCP HOpMaTuBHO-TEXHIYHY ©0a3y IJii HPOEKTYBaHHS Ta
OyniBHUIITBA OyniBenb Ta ciopyl. Jlana HOpMaTuUBHO-TexHIYHa 6a3a Oyna chopmoBaHa 1e y
80-x pokax MUHYJOTO CTOJITTS 1 3BHYAWHO HE BPAaXOBYE CydacHI BUMOTHU J10 OyJiBETbHUX
MaTepiajliB Ta TEXHOJOIIH, fKi BIOCKOHAIIOIOTbCS Majo He moaHsa. llepex VYkpaiHoro
IIOCTAJIO HEJIETKE 3aBJaHHS — PO3POOUTH CBOIO HAlllOHAJIBbHY HOPMAaTHBHY JOKYMEHTALIO B
rainysi OyaiBenbHUX KOHCTpYKLiH. CKIIQAHICTh 3aBJaHHS IOJiAraja B TOMY, 110 YKpaiHa He
MaJla BJIACHOT'O JIOCBIYy IO po3poOIi Takoi AOKyMEHTalii, MU KOPUCTYBaJIMCA pO3pOoOKaMu
Pansincpkoro corosy, sKki, SIK IPaBHIIO, PO3POOISUIUCH (PaxiBLUSIMH, SIKI 3IMIIUINCH B POCIi.
Ha nmouatkax, Ykpaina 3Bu4aiino BukopuctoByBasia Pagsuceki [[OCTu 1 CHillu, moctynoBo
nepexoasuu Ha cBoi JICTY Ta JIBH. Ha nymky Garatbox ekcrepriB, YKpaiHi 1€ 3aBIaHHS
YaCTKOBO BJAJIOCS BHUKOHAaTH 1 Halll CTaHJApPTH Ta HOPMH JIOCUTh HEMOTaHO
3apeKoOMEeHyBalu ce0e Ha MPaKTHUIL.

Aue Bce 3 Taku, Oy/iBeJbHA JOKYMEHTALllsl YKpaiHH XapaKTepH3YEThCs HEJOCTATHBOIO
e(eKTUBHICTIO, TAKOK 3HA4H1 IPOOJIEMH CTBOPIOE i1 HEY3TO/IKEHICTD 13 CBITOBUMHU CTaHJIapPTaMH.
Tomy OyI10 pHIAHSATE PIIICHHsI FTAPMOHI3YBaTH Y KpaiHChKi OyaiBeNbHI cTanaapTi 3 €Bpokoaamu [1].

AHaJi3 ocTaHHiX aocaimkedb i mybuaikamiii. [1{e Ha moyaTKy CBO€T HE3AIECIKHOCTI B
VYkpaini 3p03yMiIM BaKIMBICTh €BPOINEHCHKUX CTAHAAPTIB U MPOCKTYBAHHS Ta 3BEICHHS
OyziBenbHUX 00’ €KTiB, OCKUTLKM BOHHU BiIOOpaKatoTh HOBU3HY Ta MPOTPECUBHICTH

Cy4YacHHUX pillIeHb B raimy3i OyaiBaunTBa. [Ipaktnuno BnpoBamkenHs EN B ykpaiHChKi
HOopMH posnoydainocs ymmie micast 2006 poky. I'apmonizamis [ABH 1 JICTY 3 €Bpokogamu
noyanack B 2007...2009 pokax. PimeHHs npo npsiMe BUKOPUCTAHHS €BPOKO/IIB B Oy IIBHHUIITBI
B Ykpaini O6yno npuiinare aume 01.07.2014 p. 3a3Haunmo, 110 Ha MPAKTHII BIIPOBAIKEHHS
JACTY-EN mnapanensHo 3 JIBH € mocuth yTpyaHeHHM, yepe3 3Ha4HI HOBOBBEJCHHS B
€Bpokonax. HacmpaBmi Hami OyaiBenbHI chemiamicTH Majo 00i3HaHI 13 CBITOBHUMH
nyOmikamisiMu, ski npucBsiueHi EN Ta 3 JOCATHEHHSMH CBITOBOI'O HayKOBO-TEXHIYHOTO
mporpecy B Taiy3i OyaiBHHMITBA. SIK 3a3Ha4yaloTh JIE€SIKI aBTOPH, HA CHOTOJIHI TaKUX
nyOuikaniid B ycbOMy CBiTi Oijbllle JEKUIBKOX AECATKIB THCAY. B YKpaiHi K KiIJIBKICTh TaKHX
myOJTiKaIiii € 30BCIM HE 3HAYHOIO.

© A.O. Birposutii, [1.B. [Tonosuy, P.I. Pozym, O.B. Hopsa, O.I1. 3axapuyk, H.A. I'amem, 3.M. Higmmo, K.IT. [oxk, 2023
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Xou B mupexktuBHOMY JICTY [2] wiTkO mpommcaHo HEOOXiAHICTH OpraHizyBaTu
BUBYCHHS OCHOBHHUX TIOJOXEHb €BPOKOMIB Ta IX NMpaKTUYHE BUKOPHUCTaHHS, HAa CHOTOMHI
Jpyra MoJIOBMHA 1€l MpoOIeMH MPaKTUYHO HE BHUPIIICHA.

KepiBauursa, siki Bumani B €Bporri, Mo po3’ssCHIOIOTh BUMOTH EN, MaroTh npukiaau
M0 PO3B’SI3aHHIO HAWOUIBII XapaKTepHUX 3aB/aHb, CIIUPAIOTHCS HA MOPIBHSUIbHI OLIHKH, K1
BpPaxOBYIOTh BHMOTHM KpaiH, A€ IIi KepiBHUITBA OyJnu BHIaHi, TOMy B YKpaiHi Taki
KEpIBHHUIITBA BUMAaraloTh CyTT€BUX YTOYHEHb IiJ Halll CTaHAApTH. TakoX, 3a3HAYUMO, 110
JaH1 BUIAHHS € aBTOPCHKUMU 1 BUIAIOTHCS MOBOIO OPHUTIHAITY.

Cepen HayKOBIIIB Ta MPOBIAHUX IHXKEHEPIB, SKI JOKIAHAIOTh 3HAYHUX 3YCHIb IS
BIPOBa/DKEHHS ~ €BpokoAiB B YKpaiHi Bapro  BimsHauutu  bapswmnosuua /l. B.,
Hemunnoga IO. ., Tapacioka B. T'., Iloknoncekoro B.T'., MatseeBa I. B., Kpirosa B. O.,
[Miuyrina C. @., 'opoxona E. B., Mymanosa B. I1., [lImyknepa B. C. Ta nesxi HayKoBo-
JOCTIIHI, MPOEKTHI IHCTUTYTH Ta MPOEKTHi 1 Oy1iBenbHI (ipMu, sIKi BAKOPUCTOBYIOTh B CBOiX
poboTax MporpecuBHiI KOHCTPYKTHUBHI PIllICHHS Ta TEXHOJIOTI].

IlocranoBka 3aBaaHHsl. PO3MVIAHYTH OCHOBHI €BPONEHCHKI CTaHAAPTH, SKI CTald
6azoro €Bpokois. [IpoBectn mocmikeHHs ctany rapmonizanii Bitunsasaux JCTY ta JIBH
3 €BpoKOAAMM.

Bukiaa ocHoBHOro Martepiajiy aocaiaxeHHsi. €BpOKOaM - 11e Habip €BPOINEHCHKUX
ctanaapTiB (EN), siki BUKOPUCTOBYIOThCS MIPH MPOEKTYBAaHHI Oy/iBeNb 1 MUBLIBHUX CHOPY/I,
Ta TpH Po3poOIi BUMOT 0 OymiBENbHOT MPOAYKIii, mo Oynmu po3poldiieHi €BponeiHchKuM
komiteroM ctanapruzauii (CEN) 3a nopydyennsm €Bponeiicbkoi komicii [3].

Po3pobky €BpokoziB mouanu, me B gajnekoMmy 1975 poui B pe3ynbTaTi pillIeHHS
Kowmicii €spomnericbkoro CrmiBToBaprcTBa. €BPOKOIN Majiu O YCYHYTH TEXHIYHI IEPEIIKOIN B
TOPTiBII Ta Y3TOJAUTH TEXHiuHI crierudikaiii 3 HAIlOHATFHUM OYIiBEIbHUMH HOPMaMH, SIKi
Jisy B neprkaBax-uieHax €C.

bazoro s po3poOku €BpokoaiB ciayryBana 95 crarts Pumcbkoro gorosopy. Ilepmri
€BpokoM Oynu oryOsikoBaHl B 1984 porri, mo BKazye Ha Te, sKa 1€ HEMPOCTa 1 KpOIliTKa
po6ora. Uepes i’athb pokiB B 1989 poui Oyino Bumano JJupektuBy 1010 OyiBebHUX BUPOOIB
(CPD), B skiif 3a3Ha4aJIMCsl OCHOBHI BUMOTH 10 OyniBesbHHX BUPOoOiB. B 1992 pomi micns
nianucanHs MaaCTpUXTCBKOro JIOrOBOpY mowanacss myoOuikauis eBpokonis. B 2003 poui
Kowmicis €Bporneiicbkoro CriiBTOBaprUCTBa PEKOMEHIyBaia BUKOPUCTaHHS €BpokoiiB B €C Ta
ix iMIuiemeHTanio B OynaiBelbHY JOKyMEHTalilo KpaiH y4dacHuub. Jlume B 2007 poui Oyio
OCTaTOYHO OIMyOJIIKOBAHO BC1 €BPOKOJIM 1 ITporpama o iX BIPOBAKEHHIO BCTYIIHJIA B TIEPIOJ]
CHIBICHYBaHHS (€BPOKOJM BUKOPHUCTOBYBAJIMCS MapajelbHO 3 HAlllOHAILHUMH CTaHJIapTaMH,
10 MalOTh OJTHAKOB1 C(hepHu 3aCTOCYBaHH).

bazoro eBpokoniB cramu 10 eBponeiicbkux cranaaptiB, EN 1990 - EN 1999, sxi
MICTATh 3arajibHl MAXOAW JI0 TPOEKTyBaHHS Oy/iBeslb Ta IHIUX OyJiBETbHUX POOIT 1
OyniBenbHUX BUpOOiB (puc.l) [3]:

¢« EN 1990 - ocHOBU CTPYKTypHOTO NPOEKTYBaHHS (BUMOTH O€3IMEKH, JOBTOBIUHICTD,
OCHOBHI aCHEKTH HaJAIMHOCTI KOHCTPYKIIN);

e EN 1991 - naBanTaykeHHs Ta Jii Ha KOHCTPYKIIT (BC1 HABAaHTAKEHHSI Ta i1, sIKI OTPIOHO
BpaxOBYBAaTH IIPH MIPOEKTYBaHH1 Oy/1iBeJIb, BKIIIOYAIOUN T€OTEXHIUHI HABAHTa)KEHHS);

«EN 1992 - mnpoektyBaHHs OeTOHHMX KOHCTpyKiii (Bumorn EN 1990 no
NpOEKTyBaHH: Oy/iBeJb 3 IPOCTOr0, apPMOBAHOTO Ta MOMNEPEAHBO HANIPYKEHOTO OETOHY);

e EN 1993 — npoekTyBaHHsI CTAIEBUX KOHCTPYKI[iH (BUMOTH J0 MIITHOCT1, HAIMHOCTI,
JIOBFOBIYHOCTI Ta BOTHECTIMKOCTI CTANIEBUX KOHCTPYKIIii);

e EN 1994 — nnpoekTyBaHHsI KOMITO3UTHUX CTAIEBHUX Ta OETOHHUX KOHCTPYKIIiH (BUMOTH 10
MIIIHOCT1, HAAIMHOCTI, JOBFOBIYHOCTI T4 BOTHECTIHKOCTI KOMIIO3UTHUX KOHCTPYKIIii);
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«EN 1995 - mnpoekryBaHHA JepeB’SHMX KOHCTPYKIii (BuMorun a0 OyaiBenb
BUTOTOBJICHHX 3 CYIIUIbHOI, MWJISHOI, CTpyraHoi a0o nepeBMHU y (opMmi CTOBMA, KICEHOT
JaMiHOBaHOI JIEPEBUHU a00 JEPEBHUX IaHENeH, 3 €IHaHNX MK COOOIO 3a JJOIIOMOTOI0 KIIEiB
a00 MEXaHIYHUX KPIIUICHb. ),

«EN 1996 - mnpoexkTyBaHHS KaM’SIHUX KOHCTPYKLIA (BUMOTH J0 HPOCKTYBaHHS
OyniBenb, Tpu OYIIBHMUIITBI SKUX 3aCTOCOBYETHCS HEApPMOBaHA, apMOBaHA, IOIEPEIHBO
Hanpy>keHa Ta 3aMKHYTa KJIaJIKH, a TAKOX BUMOTH JI0 SIKOCTI 3aCTOCOBYBAaHHUX MartepialiB.);

«EN 1999 - mpoekTyBaHHS alIOMIHIEBUX KOHCTPYKIIM (BUMOTH JO MIIHOCTI,
HAIMHOCTI, IOBTOBIYHOCTI Ta BOTHECTIMKOCTI allFOMiIHI€EBUX KOHCTPYKITiH;

10 OETHYIOTHCS Pa30OM 3

«EN 1997 - reorexHiuHe NpOEKTYBAaHHS (BCTAHOBIIOE NPUHIMIIM Ta BUMOTH JO
Oe3reKu Ta 3PYyYHOCTI EKCIUTyaTarlii, OMUCYE OCHOBH IPOCKTYBaHHS Ta TEPEBIPKU 1
periaMeHTye BHUMOTHM CTPYKTYPHOI HAIiHHOCTI BpaxOBYIOUM TEOTEXHIYHI aCIEeKTH
MIPOEKTYBaHHS Oy/TiBEIb);

e EN 1998 - npoekTyBaHHS, OLIHKY 1 MOJEPHI3allil0 KOHCTPYKLIH I CelCMOCTIMKOCTI
(BUMOTH J10 IPOEKTYBaHHs Ta OyiBHUIITBA Oy/iBETh Y CECMIYHUX PETiOHAX).

*

EN 1992 EN 1993 EN 1994

EN 1997 EN 1998

Pucynok! — baza €Bpokoi
IDicepeno: pospobreno [3]

PosrisiHeMo OCHOBHI KOHIICIIIT, SIKi € OCHOBOIO €BpOKOIIB [4]:

e OCHOBHI BHUMOTH, IO CTaBISAThCSA A0 OyAIBENIbHUX KOHCTPYKIIH Ta MaTepialiB
(OesmevHicTh, eKCILTyaTamiiiHa MPUAATHICTh, BOTHECTIHKICT Ta MIITHICTD);

e Po3mexxyBaHHS BUMOT 1O HAiHOCTI;

e Bumoru, oo TepMiHy ciryx0u;

¢ JIOBrOBIYHICTB;

o SKicTh.

CrpykTypHa HajailiHICTH B pamkKax €BpOKOJIB 0a3yeTbcs Ha HamiBIMOBIPHICHOMY
MeTOAl (MPOEKTYBaHHS IPAaHUYHUX XapaKTEPUCTHK 1 METOJ] YaCTKOBUX KoedirieHTiB) [5] .
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OCHOBH1 BUMOTH

KoHcTpyKkiisi Ta KOHCTPYKTHBHI €JIeMEHTH OyJiBelb Ta CHOpPYA MaroTh OyTH
CHPOEKTOBAHI, BUKOHAHI Ta MiITPUMYBATUCS B TAaKOMY CTaHi, U100 BiANOBIAaTH HACTYITHUM
BHMOTaM [6]:

e be3neka - KOHCTpYKIIist OyAiBII UM CIIOPYAU MMOBUHHA BUTPUMATH BCi JIii Ta BILTUBH,
SIKI MOJKYTh BUHUKHYTH TIPH 11 3Be/IeHH] Ta BUKOPUCTAHHI.

e ExcrtyaTauniiiHa npuaaTHiCTh - KOHCTPYKIisl OyaiBli Ta CIOPYAM Ha MPOTs3i il
nepeadayeHoro TepMiHy eKCIUTyaTallii, 3 HaJe)KHOK HAIIHHICTIO Ta €KOHOMIYHICTIO, Oye
NPUIATHOIO JUII BUKOPHCTAHHSI.

o [oskeskHA - BOTHECTIMKICTD KOHCTPYKIIT Oy/IiBeNIb Ta CIIOpY.l MOBUHHA BiAMOBIIaTH
HOKEeKHUM BHMOTaM Ha MPOTA31 BChOTO Mepiojy iX eKcIuryarartii.

e MiuHicTh - KOHCTpYKIis OyniBedb 4M CIOpyA HE OyAe MOMIKOPKEHA BiJl BHOYXY,
ylapy 4YHM IHIOMX HACNiJKIB JIIOACBKOTO Ta NPUPOJHBOTO BIUIMBY, JO CTYICHS,
HETIPOTIOPIIIHHOTO aHii MPUYNHI.

Bumoru no HaaiitHocTi

Jlyis pi3HUX OyIiBeh Ta CIOPYI, B 3aJICKHOCTI BT 1X NMPU3HAYCHHS Ta e(DEKTHBHOCTI
BUKOPHCTAHHS BUCYBAIOTh Pi3HI BUMOTHU Ta PiBHI HaJ1iHOCTI. PiBeHb HaIHHOCTI MOXe OyTH
NPUAHATHNA SK JJIS CTPYKTYPHOTO OIOpY, TaK 1 B 3aJ€KHOCTI BiJ] CIOCOOY eKCILTyaTarlii.
Bubip piBHsI HaIIHHOCTI U1 KOHKPETHOI KOHCTPYKIIIi Mae BpaXoBYBaTH Psii YUHHUKIB [7]:

e MOXKJIMBI PUUMHU Ta/a00 c11oci® AOCATHEHHS TPAaHUYHOTO CTaHY;

e MOJKJIUBI HACJIIAKW pyHHYBaHHS OY/IBEJIb UM CIIOPYJ Ye€pe3 HEJIOCTATHIO HATIHHICTD
3 TOYKHU 30py PU3UKY JUIS )KUTTS JIIOZICH, TPAaBMH Ta MOTEHLIMHUX €KOHOMIYHUX BTPAT;

e peaKIlisl CyCHiJIbCTBA HA HACIIAKW BiJl PYWHYBAaHHsS 4Yepe3 HEIOCTaTHIO HAIIHHICTDH
KOHCTPYKIIii, @ TAKOXK COLiaJbHi Ta €KOJOTIYHI HACIIIKHY;

e 3aTpaTH Ta MPOIEAYPH, SKI HEOOX1THI JIJIs1 SMEHIIICHHSI pU3UKY PYHHYBaHb.

PiBHI HaaIHOCTI, SIKi 3aCTOCOBYIOTHCSI O KOHKPETHOI OyIiBJl YM CHOPYAH, MOXHA
BU3HAYUTH 3a OTHUM a00 000Ma 3 HaBEIEHUX HIKYE CIIOCOOIB:

e IUISIXOM BU3HAYCHHSI HAIIHHOCTI OYyiBIIi UM CIIOPYAH B LIJIOMY;

e IIJIIXOM BU3HAYCHHS HAJIIMHOCTI OKPEMUX CKJIQJ0BHX OYIIBJII YH CIIOPYIH.

Bumorwu 10 Tepminy ciyxou

Po3paxyHkoBuii TepMmiH CIyKOM - 1ie TepeadadyBaHUN TEPioja, MPOTITOM SKOTO
OyZiB/Ii 4YM cCHOpyJa Mae€ BHUKOPUCTOBYBATUCS 3a MPU3HAUYEHHSAM 3 IependadyBaHUM
00CITyroByBaHHsM, aje ©0e3 HEOOXIAHOCTI KamiTaJbHOTO peMoHTy. I[loHATTS TepmiHy
eKCIUTyaTallii € KOPUCHUM IIPH:

e BUOOp1 PO3PaXyHKOBHX il (BITEP, 3eMIIETPYC);

e PO3IJISII TIOTIPIICHHS BIACTUBOCTEH MaTepiany (BTOMa, MOB3YYiCTh);

e OIIIHII BAPTOCTI KUTTEBOTO ITUKITY;

e pO3pOOIIi cTpaTeriii 00CTyroByBaHHS.

JIOBroBiUHICTh

Konctpykuis OyniBii 4u cnopyu MOBUHHA OyTH CIPOEKTOBAaHA TAKMM YHUHOM, 11100 ii
eKCIUTyaTallisl He TOTIpIIyBaja JOBIOBIYHICTh 1 €PEKTUBHICT, KOHCTPYKINi 3 ypaxyBaHHSIM
OYiKyBaHOT'O TEPMiHY 0OCIyroByBaHHS.

lapanTis sikocTi

€ppokonmu EN mepenbauarorh, Mo Ha eramaXx NpPOEKTyBaHHS, BHUKOHAHHS,
BUKOPUCTAHHS Ta TEXHIYHOTO 00CITyTOBYBaHHS OY/I1BEJb Ta CIIOPY Oy/1e BXKUTO BiIOBITHUX
3aXO0MiB JUI CTBOPEHHS KOHCTPYKIi, fKa BIANOBiAaTUME BHMOTaM Ta MPHITYILIEHHSIM,
3pobseHUM y TpoekTi. JlaHi 3aXxoiW BKIIOYAIOTh BUMOTH JI0 HAQIIMHOCTI, OpraHi3aliiHi
3aX0/1 Ta KOHTPOJIb Ha BCIX eTarax.
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€Bpoxonu HarpasJeH1 3pobuTH €BPONEHUCHKI OyniBenbH1 KOMITaHii
KOHKYPEHTOCIPOMOXKHUMH, SIK Ha BHYTPIIIHbOMY TaK 1 Ha CBITOBOMY PHUHKY, J103BOJISIFOTh
3HAYHO MiJBUIINUTH Oe3reKy Oy1iBelIbHOI raysi.

€Bpokogu EN € etanoHoM miis po3poOKH HalllOHAJbHUX OyAiBEIBHUX CTAaHIIAPTIB
kpain €C Ta 4oTHpPHOX KpaiH €Bporeichka acoliailis BUTbHOI TOPTiBIi, SKi HE BCTYHIIN 10
€C (PecnyOmika Icmanmis, KussiscrBo Jlixtenmreitn, KopomisctBo Hopserii Ta
[Beiinapcrka Kondenepartis).

Hapasi eBpokoau 3HaxomAThCs Ha CTali MIATPUMKHA Ta E€BOJIOIT JUISI BUPIIMICHHS
PI3HOMAaHITHHUX HOBHUX METOJiB, HOBUX MarepiajiB, HOBUX HOPMATHBHUX BHUMOTI 1 HOBHX
CyCHUIBHUX MOTPEO, a TAKOXK JJIsS FaPMOHI3allli 3 HAI[IOHAIbBHUMH CTaHIapTaMHU.

Sk mokasye ictopis €BpOKO/IB, Taka TpUBaJa iX po3poOKa B AesAKiil Mipi MOB’s13aHa 3
THM, 10 B HUX 00’€IHAHO Ta TAPMOHI30BAHO Pi3HI TPAAMIIT MPOCKTYBaHHS Ta OyIIBHHUIITBA
BCiX JepkaB-wieHiB €C. BigMiHHI yMOBH HaBKOJIMIIHBOTO CEPEIOBHILA Ta CIOCIO XKHUTTS B
PI3HHX JepkaBax-4JeHaX BUMararoTh THYYKOCTI B HaIlllOHAJILHOMY 3aCTOCYBaHH1 €BpPOKO/IIB.

ToMy Ui THYYKOCTI BIIPOBAKEHHS €BPOKOJU TO3BOJIIETHCS POOUTH TOMPABKY Ha:
BIJIMIHHOCTI B TeorpadiuyHUX, TEOJOTIYHHUX ab0 KIIMAaTHUYHUX YMOBAX; Pi3HY KYJIbTYpYy
NPOEKTYBaHHS Ta MpPOIENypy CTPYKTYpHOIO aHajizy; BUMOTM MIOAO PIBHIB O€3MEKH Y
BIJINOBITHUX JepKaBax-wieHax. [8]

JlepaBu-ujieH 3a0XOYYIOTbCS  MIHIMI3yBaTH  KUIBKICTh  pI30ODKHOCTEH  MiXK
HAI[IOHATLHUMHU Oy/TiBEIbHUMH CTaHJIApPTaMH Ta €BpOKojaaMu. [[pOoro MoKHa JOCSATHYTH
JBOMa CHOCO0aMM: 3MEHIIMTH PI3HOMAHITHICTh HAI[lOHANBHUX OYyAIBENbHUX CTaHAAPTIB
IUITXOM CYBOPOTO BHUKOPHCTaHHS PEKOMEHJIOBAHWUX 3HAYeHb CBPOKOAIB 1 TOCTYIIOBO
BUPIBHIOBATHU PiBHI Oe3mexu OyAIBHUIITBA B Jiep:kaBax-uieHax €C.

Yomy YkpaiHi Takok BapTo MepexoauTu Ha €Bpokoau? ['oj0BHA BiIIIOBIIb MOJISTAE B
TOMY, 10 YKpaiHa xoue OyTu wieHoMm €C, a 0TKe KOJIM Hallla Mpisi 3a0y/1eThCS MU BUMYIIIEH1
OyJemMo rapMoHi3yBaTy Harr OyaiBesbHI HOpMHE 3 €BpokoiaMu. BpaxoByroun TOCBiA KpaiH —
yneHiB €C, AKi Ha TapMOHI3aIlil0 CBOIX OyIIBEIbHUX HOPM 3 €BpPOKOJAAMH MOTPATHIU
JECATHIIITTS, YKpaiHa OBHHHA BXKE aKTHBHO BKIIFOUMTHUCS B JAHUH Iporiec. 3a3HAYUMO, 1110
HAMU B)X€ HEMajo 3pO0JIEHO B IIbOMY HANpPSIMKY: Ha PiBHI JEepXKaBU MPUNUHATO LITUH P
3aKOHIB Ta MIOCTAHOB MPO HAOIMKECHHS 3aKOHOAaBYOI 0a3u YKpaiHu 10 €BPOMEUCHKOI; YITKO
chopMyIbOBaHO JEp>KaBHY KOHLEIIII0 ajanTaiii HallloHaJdbHOI HOpMAaTHUBHOI 0a3u 10
HopMmatuBiB €C, 1i iHTerpyBaHHS Yy €BpPONEWCHKANH HOPMATUBHO-IIPABOBUI MPOCTIp
TEXHIYHOTO peryJoBaHHs y OyIiBHUITBI. [9]

B 2009 poui Ykpaina posnodana poO60OTH 10 TapMoHi3alii €BpOKo/IiB.

3 2011 poxy B VYkpaiHi mie odimidHMNA 03BUT TPOEKTyBaTH W OyayBaTH 3a
€BpOKOIAMHU.

B 2012 pomi 3aBepiiena po6orta Haa po3poosennsm [JCTY-H b EN, rapmonizoBanux
3 €Bpokonamu. Ha nmanmii yac B Ykpaini po3poOieHO Ta 3aTBEpKEHO 58 HaIllOHAIbHUX
CTaHJapTiB, TApMOHI30BaHKX 3 €CBPOKOIAMH.

B 2013 pomi po3pobneni HamionaneHi momatku 0 58 HaliOHAIBHUX CTaHIAPTIB,
rapMOHI30BaHUX 3 €BPOKOIAMH.

B 2018 pomi Kabiner MiHICTpiB yXBaJMB PIIICHHS, CIPSMOBAHI HAa TapMOHI3AIliIO
Jep>KaBHO-OyAIBEILHUX HOPM 31 cTaHmaptamMu €Bpomeiicbkoro Coro3y Ta ONTHMI3aIiio
MIPOLIETYPH 1 CTPOKIB 1X OIpaIfoBaHHs. 3riTHO JAHOTO PIICHHS ITOYMHAIOTH OJHOYACHO JISITH
JBH, po3po0beHi 3a HalllOHAIbBHUMH CTaHIapTaMHU 1 Ti, 1[0 TapMOHi30BaHi 3 HopMamu €C, Ha
BCci 00’ekTu OyMIBHMIITBA, HE3alle)KHO Bix kiacy Hachuigki. Illo mo3Bommno mpuBectu
yKpalHChKe OyIiBelIbHE 3aKOHOJIaBCTBA T4 CHCTEMY HOPMYBAHHS JIO0 €BPOIECHCHKIX BUMOT Ta
YCYHYJIO KOPYMIiiHI pyU3uKHU. 3riiHO AaHoro pimeHHs A0 2024 poky Bci OynaiBelbHI HOPMU
mau 0 Ha 100% OyTu rapMoHi30BaHi 3 €BpOKOaMU, HAKAIb BilfHA 3aBaJUTh BUKOHATH JIJaHE
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pimenHs. Xoda Ha JaHMM Yac MOKHA 3 BIEBHEHICTIO CKaszaTH, LI0 E€BPOKOAM B¥KE
BHUCTYTIAIOTh SIK aJbTEPHATHUBHUN CTAaHAApPT B YKpaiHi. Takox 3a3Haummo, 10 poboTa Haj
yIOCKOHAJIEHHSIM €BpPOKOJIIB TPUBAE 1 3apa3. A 11e 03HAYaE, 10 3 KO)KHUM HOBOBBECHHSIM B
€Bpokosax YkpaiHna Oy/ie BUMyIIeHa X ITOBTOPHO rapMoHi3yBatu. [10]

HactynHoro 1ocuTh Baromoro nepeBaroro €BpOKOIB € Te, IO CbOIOAHI E€KCIEepPTH
BCBOTO CBITy BHU3HAIOTh, iX K HOBITHBOI, HAHOLIBII JOCKOHATYy 0azy HOPMAaTHBHOTO
perynioBaHHs B OYyJIBHULTBI, aJpke, Ha MpoTssi 40 pokiB BUAaTHI (axiBii OUTBIIOCTI KpaiH
€Bporn Opanu ydacTh B iX po3poOii, BBEIEHHI Ta HaykoBoMmy cymnpoBoii. Came Tomy
€Bpokoau ajncopOyBanu B co0l cydacHI HAyKOBI JIOCATHEHHS 3 Teopii CIOpYJ, MEXaHIKd
IPYHTIB, MeXaHiKH 1 ¢i3uni OyniBeIbHUX MaTepialiB.

Takox, €BpoxkoaM BBaXKAIOTbCS MEPILIOI B CBITI CHUCTEMOI HPOEKTYBaHHS, B
KOHIIETIIIIO KX, MOKJIAJICHO MPUHITUI KEPOBAHOT HAMIMHOCTI Ta JOBrOBIYHOCTI. 3BHYAHO,
IHIII CHCTEMHU IPOEKTYBaHHSI, TAKOX MPAarHyTh rapaHTyBaTH O€3MeKy CIopyIaM Ta OyIiBIsM,
aye TUTbKM €BPOKOAM Al MPOCKTAHTY amapar KepyBaHHS HaIiiHICTIO, a BiATaK 1
JIOBFOBIUHICTIO 00’ €KTIB Oy IIBHUIITBA.

BucnoBku. [lincyMmoByroun BHIle cKa3zaHe, MU BBRKAEMO, IO ISl TOTO, II00 BUBECTH
BITYM3HSIHY Oy[iBeJIbHY Trajdy3b Ha HOBUH pIBEHb, OPIEHTUPOM IJsi Hei MaroTh CTaTH
€BpoKkoIu.

HepxaBHi HOpMH, siKI OyAyTh aJanToOBaHi /IO €BPOINEUCHKHUX, JO3BOJSATH
BIIPOBAKYBATH HOBITHI TEXHOJIOTII Ta MiIXOAM, IO 3a0C3MEUYNUTh BIAMOBIIHICTH OyIiBENb 1
CIOpY I CY4aCHUM CBITOBHM TEHACHIIISIM.

Takox, 11e TO3BOJMTDH 3aIyYUTH Ha HAIll PUHOK €BPONEUCHKUX 1IHBECTOPIB, aJKe TXHI
HOPMHU BHCTYNAaTHUMYTh JUIS HHUX II€BHOIO TapaHTI€I0 TOTO, IO IiJ Yac IMPOEKTYyBaHHS
OyzaiBHHMIITBA OyIyTh BUTPHMaHHI BCI HOPMAaTHBHI NOJOXEHHs, a 00'ekT OyIiBHUITBA Oyje
pealli30BaHoO BiAMOBIIHO 10 YUHHUX €BPOINEHCHKUX CTaHIAPTIB.
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Features of implementation of eurocodes in Ukraine

The paper highlights the importance of the implementation of Eurocodes in Ukraine and the
development of its own national regulatory documentation in the field of building structures based on them and
its alignment with world standards.

The article analyzes a number of studies on the implementation of Eurocodes in Ukraine. A number of
main European standards, which are the basis of Eurocodes, are considered. 10 European standards, EN 1990 -
EN 1999, containing general approaches to the design of buildings and other construction works and
construction products, and are basic in the formation of Eurocodes, were analyzed.

The main concepts that are the basis of the Eurocodes are considered, namely safety, serviceability, fire
resistance and strength of building structures and materials, requirements for their reliability, service life,
durability and quality.

The state of harmonization of domestic DSTU and DBN with Eurocodes was studied. unification and
harmonization of various design and construction traditions of all EU member states led to their long-term
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development and implementation. Different environmental conditions and lifestyles in different Member States
require flexibility in the national application of Eurocodes.

The structure of the Eurocodes, the stages and features of their implementation in the European
Community are described. The advantages of Eurocodes for their introduction into the national regulatory
framework are revealed. The main provisions on the harmonization of national construction standards with
Eurocodes and their implementation in the construction industry of Ukraine are highlighted.

In order to bring the domestic construction industry to a new level, Eurocodes should become a standard
for it.

State norms, which will be adapted to European ones, will allow the introduction of the latest technologies and
approaches, which will ensure the compliance of buildings and structures with modern world trends.

It will also allow European investors to be attracted to our market, because their standards will serve as
a certain guarantee for them that all regulatory provisions will be observed during construction design, and the
construction object will be implemented in accordance with current European standards.
construction, Eurocodes, European standards
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CyMICHICTb KOMIIOHEHTIB MaTepiajiiB B [IUBUIbHIN 1HXKEHEPIi

B po0oTi BHCBITIIEHO NPOOJIEMAaTHKY CyMICHOCTI KOMIIOHEHTIB IPH CTBOPEHHI TYroIUIaBKUX Ta MIIIHUX
KOMITO3UTHHX MarepiajliB B LMBUIBHIM imxkeHepii. [IpoaHanmizoBaHO mpali NPOBIHHMX BITYM3HSHHX Ta
3apyOKHUAX BUYCHHX 3 JIAHOI MPOOJeMATHKU. BUIIICHO OCHOBHI YMHHHKH, SKi BIUIMBAIOTh HA CYMICHICTB
KOMITOHEHTIB TIpH TEpMOAMHAMIYHUX TBepAo(a3HUX IpoliecaXx CTBOPEHHS KOMIIO3UTHUX MarepiaiiB. [laHo
pexoMeHanii moa0 BUOOpY METajaeBol OCHOBH 1 3MIHIOUOT0 OKCHY i3 BpaxyBaHHSM CIODIJHEHHS 10 KHUCHIO
METally OCHOBHM 1 €JIEMEHTa, IO YTBOpIOE OKcHi. JlocmiypkeHo TBepAodasHy B3aEMOAII0 1 PO3UYMHHICTD
MaTepialiB TPH BHUCOKHX TemIieparypaXx. HaBemeHo crmocoOm ojep:KaHHS KOMIIO3HIIMHUX MaTepiamiB i3
BUKOPHCTAHHSM HECYMiICHUX KOMIIOHEHTIB.

CYMiCHiCTh KOMIIOHEHTIB, KOMIIO3UTHI TYroIUIaBKi MaTepiajm, MMBiIbHA iHKeHepis

IlocranoBka mpo6emu. CyMmiCHICTP KOMIIOHEHTIB — II€ BJIACTHUBICTh, SIKA BHU3HAYAETHCS
PIBHOB&KHUMH 1 KIHETHYHHMHU XapaKTEPUCTUKAMH CHUCTEMH. PO3pIi3HSIIOTH TEpMOAMHAMIUHY
Ta KiHeTU4YHY cyMicHicTh [1]. Ilim TepMOOWHAMIYHOIO CYMICHICTIO pPO3YMIiIOTH CTaH
cTabUTbHOI PIBHOBAarM MiX MOKPUTTSAM 1 OCHOBOIO. KiHeTH4Ha CyMICHICTh - 1€ CTaH
MeTacTa0lIbHOT PIBHOBAarW, sika 3yMOBJIEHA TAaKUMH YHHHHKAMH, 30KpeMa: IIBUJIKICTIO
mudy3ii, eHepriero aKTUBAIIii, IBUIKICTIO PO3YMHEHHS Ta pOCTOM yTBopeHHX (ha3. HeobxigHo
3a3HAYUTH, IO BIIOMO Jy’>K€ HEBEIHMKY KIJIbKICTh 3aXHUCHUX MOKPHUTTIB 1 KOMIO3MIIiH, sKi
MalOTh  TEPMOJMHAMIYHY  CYMICHICTh. BojgHOouac  MPHUCYTHICTH  TE€PMOIMHAMIYHOT
HECYMICHOCTI 30BCIM HE BHKIIIOYAa€ MOXIIMBOCTI BHKOPUCTAHHS TaKUX KOMIIOHEHTIB Y
HNOKPHUTTI, OCKUJIBKU PEryJII0I0YN TEXHOJIOTTYUHUMH MTapaMeTpamMHu Iporecy GopMyBaHHS

© 10.B. I3snukeBny, [1.B. [TonoBuy, A.O. Bitposuii, P.I. Pozym, O.B. Hopna, O.I1. 3axapuyk, H.A. Tanwum,
3.M. Uigumo, K.II. Ilok, 2023
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3aXMCHOTO 1Iapy, MOXKHA JOCATHYTH KIHETHUHOI CYyMICHOCTI. Y BUNAJKy T€PMOAMHAMIYHOI
HECYMICHOCTI HEOOXIJIHUM € 3HaHHS HE TUIbKM JiarpaM CTaHy CHCTEM, ajie 1 KIHEeTHKH
peaxiiif Mi>k KOMIOHEHTaMH cucTeMH. HasBHICTh KIHETUYHOT CYyMICHOCTI 3HAYHO PO3IIMPIOE
MOJKJIMBOCTI BHUKOPUCTaHHA Ha TMPAKTUIl TEPMOJAMHAMIYHO HECYMICHHX MIX COOOI0
KOMIIOHEHTIB BHUCOKOTEMIIEPATypHUX MaTepiaiiB. 3 OIJsAy Ha 1€, JOCITIJDKEHHS IMPOLECy
¢opMyBaHHS BHCOKOTEMIIEPATypHUX MaTepialiB 13 ypaxyBaHHSM TEPMOJIMHAMIYHOI Ta
KIHETUYHOI HECYMICHOCTI € aKTyaJIbHOIO TTPOOIIEMOIO.

AHaji3  ocTaHHiX  JgocimxeHb i myOaikamiii.  I[IpoGimemi  po3poOku
BHUCOKOTEMIIEpAaTYpHUX MarepialliB, KOMIIOHEHTH SKHUX MAalOTh KIHETMYHY CYMICHICTb,
NpUCBSYCHI Tmpami OaraTb0X BITYM3HAHUX BUeHHX, 30kpema: A. JI. BopicoBoi [1],
M. C. Hupmnina [2], ¥O. B. I3saukesuua [3, 4], JI. O. CocHoBcbkoro [5], B. A. Meunuka [6],
Pimgan SAAmanory [7], I'. JI. 2Kynkoscekoro [8], O. B. Uynieu4, O. I. bukosa, A. B. Camemtoka [9],
O. M. I'puropsesa, A. B. Begens [10].

A. JI. bopicoBa y cBoiii Mmonorpadii [1], mpuBOAUTH AaHHI MPO KIHETHUKY B3a€MOJIi
TEMIepaTypu, TUCKY, CTPYKTYpPHUX OCOOJMBOCTEH, CTYNEHI KOMIAKTHOCTI MaTepialy Ta
30BHIIIHBOTO cepenoBuIia. BkazaHi 001acTi NpakTUYHOTO 3aCTOCYBaHHS TBEpAO(da3zHUX
peakiii, onucani meroau 6ap’epHoro 3axucty. A. JI. bopicoBa 3a3Hauae, 1m0 po3B’s3aHHSA
npoOJIeMH CyMICHOCTI OCHOBH 3 apMYIOUYMMHU KOMIIOHEHTaMH B 0aratb0X BUIIQJIKaxX BU3HAYae
NEPCHEKTHBH PO3POOKM Ta MPAKTUYHOIO 3aCTOCYBAHHS TAaKOro BUAY KOHCTPYKLIHHUX
MaTepiasiB K KOMIO3uIiiHI. B po6orti [1] 3anponoHoBaHO MeXaHi3M B3a€EMOJIi pEUOBUH Y
TBepii (hasi Ta 3a3HAUEHO, IO MEXaHI3M B3A€EMOJIl TBEPJMX PEUOBHMH € OUTBLI CKIAIHUM,
HiX pinuH 1 rasiB. [Ipomec TBepmodasHOi B3aemojii HE MOXXHA OMUCATH TUIBKH OJHUM
KIHETUYHUM piBHAHHAM. ABTOp [1] mokasana, mo st TBepAoda3HuX peakiiii 0coOIMBUMHU €
BUHUKHEHHS T'PaHMIIl PO3LUTY MIXK peareHTaMH.

M. C. Luprin, pa3oMm i3 cmiBaBTOpamu, y cBOili MoHorpadii [2], ocobnuBy yBary
OPUIUIMIA 3aXUCTy TYTOIUIABKUX MaTepiajiiB BiJl BHCOKOTEMIEPAaTYpPHOI Ia30BOi KOpPO3ii.
BukopucToByouH pi3HI METOIM HAaHECEHHS MOKPUTTS, BOHHU 3allPOIIOHYBaJIN C(OPMYBATH Ha
MeTajieBiil MOBepXHi BUPOOY IIap MOKPUTTSI, AKUH MICTUTh KOMIUIEKC TYTOIJIaBKUX CIOIYK.

JlocmiKeHHST CyMiCHOCTI OOPHIHOTO MOKPUTTS 3 TyTOIJIABKUMH METalaMu, sike 0yJio
MpOBEJIEHO 3a ywacTio aBTopiB [3,4], mokaszamo, mo Ha MoniOaeHi 1 Boibdpami B
TemneparypHoMy intepsani 1400-1600°C y Bakyymi (p=1,10" MM pr.cT.) crocrepiraethes
MOCTYTOBHI Tiepexin MoHoOoopuauaux ¢a3 (a—MoB 1 0—WB) y Hmwxkuuii 6opun Me,B, skuit
Ma€ CTOBOYACTY - rojiyaTy CTpyKTypy. MikpoTBepaicTh Iux (a3 aodpe y3romKyeTbes i3
BEJIMYMHAMHU MIKPOTBEPIOCTI JIJIsi KOMITAKTHUX MaTepialliB.

JlocmipkeHHs: B3aeMoJlii OOpHIHOTO MOKPHUTTS 3 METaJeBOI0 OCHOBOIO, sike OyJio
nposeaeHo JI. O. CocHoBchbkuM [5], mokazano, mo ¢asu Mo,B 1 W,B poctyts 3a
napaboniyHUM 3aKOHOM. Lle He 3HaYyHO MepeBHUIIy€e 3HAYSHHS N IS IPOoLeciB, 00MEXYI0Y0I0
JaHKow, Skux € nudysis. JJoBrorpuBana ekcruryarailiss OOPUIHOTO MOKPUTTS Ha MeTaiax
MPUBOIUTH JI0 3MIHU HOTO MEXaHIYHUX BIIACTUBOCTEH.

Po3BuTOK BHCOKOTEMIIEpPATYpHOI TEXHIKM Bele 3a COOOI0 MMABHIICHHS POOOYMX
TEeMIepaTyp KOHCTPYKLINA 13 TYroIUIaBKMX MarepiajiiB, $KI 3aXMIICHI BiJ OKHCICHHS
CHTIITUAHUMU TTOKPUTTsAMHU. B 3B’s13ky 3 THiM, CocHOBChKMM JI. O. pa3om 13 crmiBaBTOpam# [5],
Oyna BUBYEHA CYMICHICTh JKapOCTIMKHMX CHJIIIMIHHMX IIApiB i3 METaJIeBOI0 OCHOBO, SKa
MoKasasia, 1o Mpu Bianami y Bakyymi B iHTepBaii 1400-1600°C, BinOyBa€eTbCsi IEPETBOPECHHS
BUIIMX CUJIIIUAIB Y Hik4i. TOBIIMHA mapy cumnuaHux ¢a3z Ha MoniOAeHi pocte 13
HiIBUIICHHSAM TEMIIepaTypu 1 TpuBaNoCTi mponecy. llimgac IOCTIKEHHS KiHETHYHUX
3aKOHOMIPHOCTEH MpoLecy B3aEMOAIl MOKPUTTS 3 OCHOBOIO OyJI0 BCTaHOBJIEHO, L0 B
NOJANIBIIOMY iHTEpBalli nucwiinuaHa (aza MSi; pocTe MPaKTUYHO IO JTIHIKHOMY 3aKOHY.
OpepxaHi pe3ylbTaTH JO3BOJISAIOTH 3POOUTH BHUCHOBOK, IO BHINMNA CHUIIIUA MOIIOAEHY
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CyMicHHH 13 MeTasneBoto ocHOBO 110 1400°C 1 Moxe OyTH BUKOPUCTaHUU ISl 3aXHCTY BiX
OKUCJICHHSI KOHCTPYKIIIH 13 MOJIIOICHOBUX CIUIABIB, IKI €KCILTyaTYIOThCS B TEMIIEPATyPHOMY
pexxumi 1400°C. IlopiBHIOIOUYM XapakTep B3aeMOAll OOpUAHMX 1 CHIILUIHUX IMOKPUTH 3
TYTOIJIABKUMH METallaMH, HEOO0XiTHO BiA3HAUYUTH OLIbII BUCOKY CTaOlIbHICTE OOpUAHUX (a3.

B. A. MeunukoM pa3oMm i3 cmiBaBTOpamMu [6], OyJI0 JOCHITKEHO OCOOJIMBOCTI
CTPYKTYpH, TBEPHiCTh, MOJYJIb MPY>KHOCTI Ta CTIUKICTh /10 CHPAIOBAHHS KOMITO3HUIIIMHUX
matepianiB cuctemMu Fe—Cu—Ni—Sn 13 pi3aum BmictoM CrB;. 30inbmenns smicty CrBs 1o 8%
y CKJaJal KOMIIO3UTa CYIPOBOJDKYETbCS OJHOYACHUM 3pPOCTAHHSIM TBEPAOCTI Ta MOMYJI
MPY>KHOCTI, 1110 CBITYUTH PO CYMICHICTh KOMIIOHEHTIB, SIKI BXOJSTh y CKJIa/l CHCTEMH.

Pinan fImanormy Ta iHmi [7], BBa)KarTh, IO 3aCTOCYBAaHHS MAarHil0 JJisi pO3pPOOKU
MarepiaiiB 13 HaWMEHIIO HIUIHHICTIO € MPOOJEeMAaTUUYHUM Yepe3 HEIOCTAaTHIO MIIHICTh Y
MOPIBHSAHHI 3 IHIIMMH MaTtepianamu. st qochimKeHHs CyMiCHOCTI KOMITIOHEHTiB Mg 7Al
J0JIaBajii JI0 YUCTOTO MArHito JUisi CTBOPEHHS KOMIIO3UTHOI CTPYKTypU YacTUHKU Mg Ta
Mg;7Al;;. MikKpOTBEpIICTh 1 CTIMKICTH 10 CTIPAIIOBAHHS KOMITO3UTIB 3HAYHO MiBUIIYETHCS 31
30UTBIIEHHSIM BMICTY 4acTHHOK Mg 7Al ;. I'yctrHa kommosuTa 3pocrae 3 1,72 mo 1,92 r/em’
IIpH J0/IaBaHHI 3MIIHIOBAa4a, MIITHICTh 30UIBIIY€ETHCS Y 2,4 pa3u, a CTIHKICTh A0 CIPALFOBAaHHS
— yaBIYl.

I'. JI. KynkoBcpkuii 1 T. M. €BTymmok [8] mocniguim B3aEMOJII0 TUOOPHUILy THUTaHY 3
xpomoM B iHTepBaii temnepatyp 1200-1950°C y Bakyymi. Bcranosneno, mo go 1580 + 20
°C mpu BUTPUMII 2T0]] HA TPAHHUIIl KOHTAKTy TIPOXOJIUTh TBepoda3Ha peakilis 3 yTBOPEHHSIM
Ha cTopoHi xpomy mnpomapky CrB toBmmnoro 40 mxm. Bume 1580°C mpouec B3aemoii
NPOTIKA€E 32 MEXaHI3MOM KOHTAKTHOTO IUJIaBJICHHS, XapaKTepHOrO JJISi €BTEKTUYHHUX CHUCTEM.
Ha mizmcraBi mpoBeneHUX MOCTIIKEHb PO3POOJEHO TEXHOJOTII0 aKTHBOBAHOTO CITIKAHHS
TUOOpHly TUTAHY, IO JO3BOJWIIO MiABUIIUTH HOTO MIIIHICTh Ha 3THH B 1,5-2 pa3u.

ABTOpamu [9] DOCTIIKEHO B3aEMOJIII0 TUOOPUIY TUTAHY 3 3ali30M 1 WOTO CIUIaBOM
X18HI10T B inTepBani temneparyp 1200-1850°C. Beranosneno, 1mo TBepaodasHa B3aeMO/Iis
Ha TPAHMII KOHTAKTY BIZICYTHs. Y TBOpeHa pifka ¢a3a 3MOUy€e MOBEPXHIO TUOOPHUIY TUTAHY 3
KpaiioBuM KyToM 3mouyBaHHS =~40°. IligBumenus temmneparypu 1o 1450°C He 3MiHIO€E
3HA4YeHHs KpaloBOIrO KyTa, 1 Kparis 1o MOBEpXHi He po3TikaeThes. OTpuMaHi JaHi CBiAYaTh
npo Te, MO0 3ali30 B KOHTAKTI 3 JAMOOPHIOM THUTaHYy MOKE MPAIIOBATH JI0 TEMIEPATypH
1400°C, a #oro crmaB X18HI0T — mo 1300°C. CrutaBu 3amiza € MEepCHEKTUBHUMU IS
BUKOPHUCTAHHS iX SIK OCHOBH JUIsl KOMIIO3HIIIHHUX MaTepiaiB.

BuBuaroun CyMiCHICTP KOMIIOHEHTIB BHCOKOTEMIIepaTypHUX MatepiaiiB BueHi [10]
BCTAHOBWJIU, IO 3TiAHO 3 HaHuMu SEM, GopuaHuil map MaB TIaJKy 1 MUTbHY TOBEPXHIO. Y
crutaBax Ni-Mg nudysis atomiB 60py BiJ MOBEpXHI /10 OCHOBH MpHUCKOpIOBajacs 3i
30UIBIICHHSIM TEMIIepaTypu Ta dacy oOpoOku. Sk HacHmifOK, TOBIIMHA IIapy OOpHILy
301IbIIMIaCS.

Omxe, aHami3yloud pe3yJdbTaTd poOIT, MPHUCBSUEHUX THpoOIeMi  PO3pOOKH
BHCOKOTEMIIEpaTypHUX MaTepialiB, sIKi 3aCTOCOBYIOTHCS B IIMBUIbHIM 1HXEHepii, MOXKHA
3pOOMTH BHCHOBOK, IO aKTyaJlbHOI MPOOJEMOI0 € TepMOJWHAMIYHA Ta KIHETUYHA
CYMICHICTH ~ KOMIIOHEHTIB, SKa  BHU3HA4Ya€TbCd  PIBHOBAKHUMHU 1  KIHETUYHUMHU
XapaKTepUCTUKAMH cUCTeMH [1].

IlocranoBka 3aBaaHHsl. BuBYEHHS 3aKOHOMIPHOCTEW TMPOLECY CYMICHOCTI
KOMITIOHEHTIB TMiJ4ac po3poOKH Ta eKCIUTyaTallii BHCOKOTEMIIEpaTypHUX MarepialiB B
LUBLIBHIN 1HXEHepil.

Buksianx ocHoBHOro Martepiaay aociaimxkeHnsi. OIHUM 13 MapamMeTpiB TPOIECY
pPO3pOOKM  BUCOKOTEMIIEpATypHHX MaTepiajiB € TeMmImepaTypa MOYaTKy B3aeMOIii
KOMITIOHEHTIB. TemmepaTyporo IOuYaTKy peakiii B3aemonii B TBepAo(da3HUX Tporecax
BBAXKAIOTh TEMIIEpaTypy, MpHU SAKil 1300apHO-130TEpPMIUHUN MOTEHINaN A0piBHIOE HYymO [1].
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Temmneparyporo MmouyaTKy B3a€MOJIli € Taka TeMIlepaTrypa, npu sKild 1300apHO-130TEpMIYHHUNA
MOTEHITIa 3aJIC)KUTh TAKOXK BiJl TUCKY HABKOJHUIIHHOTO T'a30BOT0 CEPEIOBHUINA. BakimBoro
XapaKTEPUCTHKOIO MPOLIECY B3AaEMOIl Y BHCOKOTEMIIEpAaTYypHHUX MaTepiajiax € TeMIeparypa
MOYAaTKy B3a€MOJii KOMIIOHEHTIB. TeMmmepaTypor TOYaTKy peakilii BBaXKaOTh TaKy
TEMIIepaTypy, IpHu sKiii MOKHA BUSBUTH NPOIYKTH XIMIYHOI peakiiii. 3acToCyBaHHS MOHSATTS
«Temmeparypa IMOYaTKy peakili» € Aayke AOUUIBHUM, OCKUIBKH Ja€ 3MOTY TOPIBHITH
BITHOCHY peakIliiiHy 3JaTHICTh PI3HUX PEYOBHMH B OJHAKOBUX yMoBax. lIpomec B3aemonii
CKJIAJIA€ThCS 13 JBOX CTafid, y SKUX TMepiia BiIoOpa)kae MIKPOCKOINYHI 3MIHM B 30HI
KOHTAaKTy, a Ipyra CIpusi€ 3MiH1 BIaCTUBOCTEH CHCTEMH.

MoskHa 3poOUTH BUCHOBOK, 1110 YMOBHA TEMIIEpaTypa MOYaTKy XIMIYHOI PeakIlii Moxe
PO3IIIsIIaTHCS K XapaKTePUCTHYHA BETMUMHA MOPYY 13 €PEKTUBHOIO CHEPTI€I0 aKTUBALII].

Hlomo peaxmii TBepaodasHOTO Tpolecy, TO MOXHA PpO3TJSIATH JBAa BHITAIKU
3aCTOCYBaHHA THCKY. Y TEpIIOMY BHIIaJKy MOKE 3MIHIOBATHUCS KIHETHKa peakuii, a y
JIpyromy, BianoBinHo a0 npuHumny Jle-Illatense, MOXyTh OyTH 3MillleHI TAKOX PIBHOBAXHI
peakuii. BruB THCKy 3aleXHO BiJ MEXaHI3My 1 yMOB HPOXOJUKEHHS peakiii Moxe OyTu
HeoaHO3HauHMM. [lomepenHe yHIUIBHEHHs Ha KIHETHKY TBepaoda3Hoi B3aemMoaii B
HOPOUIKOBIM CyMilI 100pe MPOCHiAKOBYEThCS MPU TOCTIKEHHI HITPUAY KPEMHIIO 1 TUTAHY
[1]. HeoOxigHO 3a3HAYMTH, IO aKTUBATOPOM TIpoliecy TBepaoda3Hoi B3aeMo/Ili Moxke OyTh
IUIacCTHYHA JAedopmalis MiJ TUCKOM. 3acTOCYBaHHS TUCKY 1 TJIMOOKOrOo BakyyMy J03BOJISIE
3BapIOBATH B XOJIOJHOMY CTaHI Taki MaTepiaiu, siK Mijib, Cpi0JI0, aJlFOMiHIA TUTaH 1 CBUHEND 1
1HIII TUTACTHYHI MaTepiajm.

binbmiicTh TYyromiaBkux MaTepiajiB 1Mo aare3iHii B3aeMoii y BaKyyMi 1 C€peIOBHIIII
rellist BIIPI3HAIOTHCS HE3HAYHO. L[e MOsSCHI0EThCS THUM, IO Ti CHOJYKH HE B3a€EMOIIOTH 13
3QJIMITKOBUMH Ta3aMH. BIuB cepenoBuiia Ha TBepaodasHi peakiii HE 0OMEXYIOThCS
CTa/i€r0 aare3iifHoi B3aeMoii. 3HMKEHHSI TUCKY 30BHIIIHBOTO CEPEIOBUINA CYTTEBO 3MIMIYE
PIBHOBAry peaxiiii, siki CynmpoBOKYIOThCS JUCOIIATUBHUM BHIAPOBYBAHHIM PEarceHTiB abo
BiZIOYyBA€THCS YTBOPEHHS Ta30MoMiOHUX NpoayKTiB. OCKUIBKHM MPH B3a€MOJIT HEMETaTIYHUX
TYTOIJIABKUX CIIOJIYK 13 METajaMH BEJIMKY POJIb BiAIrpaloTh razodasHi mporecu. 3MEHIICHHS
TUCKY B PEaKLiIHHOMY MPOCTOpi 1 HAsBHICTh MAacOOOMIHY 3 HaBKOJMIIHIM CEpeIOBHIIEM
3MINIYIOTh PIBHOBary peakiii TakuM YHHOM, IO BigOyBaeTbcs 3MiHa (Da30BOrO CKIIAILy
NPOAYKTIB peakxilii, TaK, sk Ipyu MOHMKEH] TeMnepatypH [1].

[imiM BHZIOM CTIONYK 13 00JIACTIO TOMOTE@HHOCTI € TBEP/Al PO3YMHH, YTBOPEHHS SKHX
MOJKHa Tiepea0dayvaTy Mo jaiarpami CTaHy JUis TyTOIUIaBKUX MaTepiaiiB. Y TBOPEHHS B CUCTEMI
TBEPIUX PO3YHMHIB TAKOX MPHUBOIHUTH JO 3MIHH TEPMOJUHAMIYHMX XapaKTEPUCTHUK CHCTEM.
KinbkicHa oOlliHKa Takoro BIUIMBY B JaHWH 4Yac HE 3aBXKIU MOXJIHMBA. TakKUM YHHOM, TpU
CTPOrOMY pO3B’SI3Ky OCHOBHHX 3aJlad TEPMOJUHAMIYHOTO JIOCIIDKEHHsI TBepaoda3zHux
IpoIIeciB HEOOXITHO NPUNHSATH A0 YBaru:

1) BIUIMB TeMIepaTypu Ha TEPMOJUHAMIYH] (DYHKIIIT;

2) ¢a30Bi mepeTBOPEHHS KOMIIOHEHTIB Y AOCIIIPKEHOMY TeMIIEpaTypHOMY iHTEepBali;

3) BIUIMB THUCKY Ha MPOIIECH, SIKI CYNPOBOIKYETHCS MPHU 3HAYHIN 3MiHI 00’ eMy, das3,
0COOJTMBO, SIKIIIO TPOIIEC MPOXOIUTH ITi/T TUCKOM, III0 CYTTEBO BIAPI3HAIOTHCS Bifl aTMOC(HEPHOTO;

4) HasBHICTh MaCOOOMIHY 3 HABKOJIUIITHIM CEPEIOBUILIEM;

5) BIUIMB HA TepMOaUHaMiuHI PyHKIIT 1 3MiHY CKJIaay B 001acTi TOMOT€HHOCTI.

HeoOxigHO 3a3HauuTH, IO TEPMOAWHAMIYHO PO3TJSAAIOTHCS TUIBKH PIBHOBAXKHI
YMOBH, BOJJHOYAC SIK HA TMPAKTHII PE3yJIbTaTH B3a€MO/IIT 3aJIeXkKaTh HE CTUILKHU Bijl MapaMeTpiB
JOCITIJIKEHB 1 KIHIIEBOT'O CTaHy, CKIJIbKU BiJI HEMETAJIEBUX OOMEKEHbD.

lonoBHOIO TpOOJIEMOIO, MO0 BUHHKAE HA NUISIXY CTBOPEHHS KOMIIO3MIIIHHUX
MaTepianiB Uit pobotu B oOmacti Bucokux temmeparyp (Bume 1000°C) e mpobiema
CyMICHOCTI KOMIIOHEHTIB. baraTto wmarepianiB, sKi apMOBaHI BOJIOKHaMH a00 3MIIHEHI
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JMCTIEPCHUMH BKJIIOYCHHSIMHU, BTPayarOTh CTIMKICTh MPH EKCIUTyaTalii B 00JAaCTi BUCOKUX
TeMIiepaTyp BHaACHiIOK nudysii Ta XiMi4HOI B3a€MOJii Ha TpaHHUIll BOJOKHO — ocHoOBa. Lle
NPUBOJIUTH /0 pPYyHHYBaHHS BOJOKHA Ta 3MIHM CKJIQQy OCHOBHM 1 pI3KOrO MOTIpLICHHS
MEXaHIYHUX BJIACTUBOCTEW KOMIO3HINi. B 3B’sI3Ky 3 THM, OCHOBHI TPYJHOIII B TE€XHOJIOTI]
KOMIIO3UTIB 3B’s3aHi 3 pyHHYBaHHSIM MaTepiaiiB MmiJ 4Yac XiMiyHOi B3aemoii. CyTTeBuit
BIUTMB Ha PO3BHUTOK JU(]y3ii B KOMIO3UIIMHUX MaTepiajgax BIUIMBAIOTh TUCIOKAIlli, TPaHMII
PO31iTy OCHOBA-BOJIOKHO, HAJJIMIIKOBI HEBPIBHOBa)KEH1 Je(eKTH, sKi BUHHMKAIOTH IIiJ
BIUTMBOM T€PMIUYHUX HAINPYKEHb.

3 MeTor 3a0e3leYeHHs] BHCOKHX EKCIUTyaTalliiHUX [MOKa3HUKIB J0 KOMIO3MIIil
T0OABJISIFOTH BOJIOKHA, SIK1 IIOBUHHI MaTH TaKi BJIACTUBOCTI: BUCOKY TEMIIEpaTypy IJIaBICHHS,
HU3bKY TYCTHHY, BHCOKY MIIHICTh B YyCiii oOsacTi pobouux Temreparyp, MiHIMaJIbHY
PO3YMHHICTH B OCHOB1, BUCOKY XIMIYHY CTIMKICTb, BIICYTHICTh (ha30BHX MEPETBOPEHb y 30H1
pobounx TeMmmeparyp, a TakoX OyTH HETOKCMYHUMH B YMOBaxX BHIOTOBJICHHS Ta
exkcruryaTaiii [3]. Kommieke Takux BIaCTUBOCTEH MarOTh BOJIOKHA Oopa, KapOiay KpEeMHIro,
rpagity, kapOigy 6opa, HUTKOBHIHI KPHCTAIX OKCHIY ATIOMIHIIO OKCUIY Oepuiito, kapoimy
KpeMHio, kapOixy Oopa, a TakoX BOJb(PpaMOBHA, MOJIIOEHOBUN 1 CTaTbHUN TOHKHUH JIPIT,
SIKMHM 3aCTOCOBYETHCS SK 3MIIHIOBAY Y KOMIIO3UIIMHMX Marepiajgax. MeTaneBoi OCHOBOIO
HaWO1IBII YacTo € aJIOMiHIHN, HIKEIb, 321130, XpOM, THTaH 1 CIJIaBU Ha iX ocHOBI. [Ipu BHOOP1
3MiIHIOYMX (a3, AKi CyMICHI 3 METaJeBOI0 OCHOBOIO BUKOPHUCTOBYIOTh TEPMOJIUHAMIYHHIMA
miaxig. 3o0kpema, SIK AUCHEPCHE BKJIIOYEHHS 3aCTOCOBYIOTh, 3 METOK  ITiIBUIICHHS
CTaOUIBHOCTI KOMIIO3UIIil, METaJeBy OCHOBY 13 MEHIIMM CIIOPITHEHHSM JO0 KHCHIO, a
TYTOIJIABKI OKCHM — 3 BEJTMKUM CIIOPiTHEHHSIM JI0 KUCHIO.

B nitepaTypi MICTATbCS 3arajibHi MPAaKTUYHI PEKOMEHJAL] 111010 BUOOPY MeETaeBoi
OCHOBH 1 3MIIHIOYOTO OKCHAY 13 BpaxyBaHHSM CIIOPIJIHCHHsI O KHUCHIO METajdy OCHOBHU 1
€JIeMEHTa, 110 YTBOPIOE OKcHJ. Hampukian, peKOMEeHAYETbCS BUKOPUCTOBYBAaTH OKCHUIHM,
1300apHUl OTEHITia YTBOPEHHS sKuX rpu TemrepaTtypi T=1270K nepesurrye 250k /x/Monb
aToMiB KuCHIO 1 HaBiTh mnepeBuirye 400x/[x/monb. atomiB kucHio. BinnmosimHo 10
TEPMOJAMHAMIYHUX PO3PaXyHKIB OKCHIM PIJIKO3EMEIBHUX METaJlIB MAlOTh BEJWKI 3HAYCHHS
1300apHO-130TEPMIYHOTO MOTEHIIAy B3a€MOJIIi 3 HIKEJIeM 1 Mally PO3YMHHICTH B HiKEJEBil
ocHoBi. [Ipuitmaroun 70 yBaru, o CyMiCHICTh 3 OCHOBOIO OKCHIH PiJIKO3EMETLHUX METAIB €
MEPCIIeKTUBHUMH 3MIITHIOBaYaMu JiIs Hikes [ 1].

Jpyruii miaxig moao BUOOPY CYMICHHX CKJIQJIOBHX KOMIIO3HWIIIMHHUX MaTepialliB
OXOIUTIOE JIOCIIJKeHHsI TBepAo(a3Hoi B3aeMOJii 1 pO3UMHHOCTI MaTepiaiiB MPH BHUCOKHX
temriepatrypax. JJis CTBOpPEHHS CYMICHOI CHCTEMH 3MIIIHIOBAY-OCHOBA HEOOXITHO 3HAWTH
KOMITIPOMICHHU O3B’ 30K 110 BITHOLICHHIO JI0 ABOX MPOTHJICKHUX 3aa4:

1) yTBOpEeHHs MIITHOTO 3B’S3Ky Ha TOBEPXHI po3AuTy mid e(peKTHBHOI mepenadi
HABaHTAXXCHHS 1 MITPUMYBaHHS CYLUIBHOCTI IPU TEPMIYHUX LUKJIIAX;

2) HEOOXI1THICTh 3aro0iraT PyrHHyBaHHIO KOMIIO3UTA ITPU BUCOKHUX pOOOYMX TEMITepaTypax.

Takum uymHam, mepiia 3anava nependadae 30y DKEHHS XIMIYHOI peakiii, a apyra
HAaBIIAKK TIEPEIIKO/KAE€ MPOTIKAHHIO XIMIYHOI peakmii. OTke, B 1€aJbHOMY BHUIAAKY
3MIIHIOBAY 1 OCHOBAa IOBMHHI XIMIYHO B3a€MOJISTH JIMIIE JO TAKOTO CTYMEHS, SKUN
HEOOXITHUW [IJI1 yTBOPEHHsI 3B’S3Ky IPH BHCOKHX TEMIEpaTypax, HDK TI NpPU SKUAX
nependavaeThCsl BUKOPUCTAHHSL MaTepiany. XiMiuHa B3a€MOJisl MPU POOOYMX TeMIepaTypax
JIOITyCTUMA, SIKIIO IIBHIKICTh pPEaKiii Ha CTIIBKM Majia, MI0 MPAaKTUYHO HE 3MEHIIYE
JIOBTOBIYHICTH MaTepiany [4].

OnHuM i3 crocoOiB OJepKaHHA KOMITO3UIIIMHUX MaTepiaiiB i3 BUKOPUCTAHHSIM
HECYMICHUX KOMIIOHEHTIB (HAmpuKIaJ, HUTKOBUAHMUX KpucrtamiB SizNy amoMinieM abo
MiJJIF0) - THUMYacoBa B3a€EMOJiS KPHCTANIB 13 pO3IUIAaBICHUM MeTanoM. OnepKaHHs
CTPYKTYpPHO CTaOUIbHUX KOMITO3UI[IHHUX MaTepiajiB MOxke OYTH JIOCSITHYTO BHACIHITOK
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3MEHIICHHS TPaJi€HTa XIMIYHOTO MOTEHIialy 1 3HWKEHHS Iudys3ii, skl BHU3HAYAIOTh PICT
TOBIIMHU PEAKI[IHHOT 30HM, IUIAXOM OYMIICHHS BiJ JOMIIIOK 3MIITHIOIOYHMX BOJIOKOH a00
KPHUCTAIB JIETYBaHHSIM OCHOBM a00 IUIIXOM HAaHECEHHs Oap’€pHOro Iapy Ha BOJIOKHO abo
npiT. Marepian audy3iiHoro 6ap’e€py MOBUHEH 3a0BOJIBHSATH TAKMM BUMOTAM:

1) cyMicHMIA 13 3MILIHIOIOUOIO OCHOBOIO;

2) matu Oau3bKl KOe(IIIEHTH TEPMIYHOTO PO3MIMPEHHS 1 KpUCTANIOrpadgidHi po3Mipu
IPaToK 13 3MILHIOIY0I0 ()a3010 1 OCHOBOIO;

3) MIIHO 3YIIUTIOBATHCS 13 3MIIHIOIOYOI0 (Pa30l0 1 OCHOBOIO 1 HE MPUBOIUTH IO
PI3KOT0 3HMKEHHS MILHOCTI.

B mpomeci po3poOku BHCOKOTEMIIEpATypHHX MaTepialliB 0COOIMBE 3HAYCHHS Mae
BUBYCHHS B3a€MOJIi Ha TpaHulli po3aiuty ¢a3. XiMmiuHi peakuii, sIKi IPOXOAATh B CHUCTEMI
MOKPUTTS — OCHOBA, BH3HAYAIOTh 3 OJHOTO OOKYy TEXHOJIOTIYHI TapameTpu TNpolecy
OJICpYKaHHS MOKPUTTS, SKI XapaKTepU3yIThCS JOCTATHBO MILHIM IIEIUIEHHSIM 3 OCHOBOIO Ta
JOBIrOBIYHICTIO 3aXHUCHOI mii.

BucHoBku. Pe3ynpratu mpoBeeHUX JOCTIAIB CBiAYATh MPO T, 10 HAMOLIBIN MillHEe
HICTUICHHST TIOKPUTTSI 3 OCHOBOIO JIOCSTAETHCS MPH YTBOPEHHI M)XK HUMH MTPOMIKHOTO IIapy,
KU popMy€eThest BHACHIOK an(y3iiiHoT a00 XiMiuHOi B3aemonii. HeoOXigHO 3a3HauuTH, 1110
XiMiyHa B3aeMOJis edeKTHBHA JIMIIE B TOMY BHITQJIKy, SKIIO HOBI TPOIYKTH PEAKIi
HarpoOMa/KyIOTbCs B TEPEXiJHOMY IIapi 1 MaroTh BIIACTHBOCTI, SIKI IMOTOJUKYIOTHCS 13
BJIACTUBOCTSIMU TIOKPHUTTS 1 OCHOBH, a TaKOXX MAarOTh BHUCOKY MIilHICTh. [loromkeHHs
BJIACTUBOCTEH TOKPUTTS 1 OCHOBU MOXeE OyTH JAOCSATHYTO LUIAXOM HiAOOpY pEXUMY
HAHECEHHS MOKPUTTS, 3aCTOCYBAHHIM aKTUBATOPiB a00 CIOBUIBHIOBAUIB PEaKIlii, CTBOPECHHS
NPOMIDKHUX MIAPIB 13 MOAIOHUMH BIACTUBOCTSAMHU.
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Compatibility of material components in civil engineering

The work highlights the problem of thermodynamic and kinetic compatibility of components in the
creation of fire-resistant and strong composite materials in civil construction. The works of leading domestic and
foreign scientists on this problem are analyzed. The kinetics of the interaction of temperature, pressure, structural
features, the degree of compactness of the material and the external environment are considered. Areas of
practical application of solid-phase reactions are indicated. Attention is paid to the protection of refractory
materials from high-temperature gas corrosion. The compatibility of the boride coating with refractory metals
was investigated. The interaction of titanium diboride with iron and its alloy was studied. It has been proven that
iron alloys are promising for their use as a basis for composite materials. The laws of the compatibility process
of components during the development and operation of high-temperature materials in civil engineering were
studied. The main factors influencing the compatibility of components during thermodynamic solid-phase
processes of creating composite materials are highlighted. Recommendations are given for the selection of the
metal base and strengthening oxide, taking into account the affinity of the base metal and the oxide former for
oxygen. The solid-phase interaction and solubility of materials at high temperatures were studied. Methods of
obtaining composite materials using incompatible components are given.

The results of the conducted experiments indicate that the strongest grafting of the coating with the base
is achieved when an intermediate layer is formed between them, which is formed as a result of diffusion or
chemical interaction. It should be noted that the chemical interaction is effective only if the new reaction
products are accumulated in the transition layer and have properties that agree with the properties of the coating
and the base, and also have high strength. Matching the properties of the coating and the base can be achieved by
selecting the coating application mode, using activators or reaction retarders, and creating intermediate layers
with similar properties.
compatibility of components, composite refractory materials, civil engineering
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ITopiBHAILHUN aHAJ3 HECYUOi 3JJaTHOCT1 JOCIIIHUX
ITOIIKO/PKEHHX 3aJTI300€TOHHUX €J€MEHTIB, M1JICHICHUX
METaJIEBUMH 000MMaMu

B pobGoti mpencraBieHi pe3yibpTaTH JOCH/DKEHb Ta TOPIBHSJIBHUI aHali3 Hecydoi 34aTHOCTI
nedopMaTUBHOCTI Ta TPILIMHOCTIMKOCTI JOBEJICHNX y MONEPEAHIX BUIPOOYBaHHAX N0 TpanuyHoro crany (ULS)
0a3abTOOCTOHHUX ~0aNoK, MiACHICHHX MeTaneBuMu obOovimamu. Ili  maHi mTpeacTaBleHi y  BHIIAII
eKCIIEPUMEHTAIBHO — CTATHCTUYHUX 3aJ€KHOCTEH OCHOBHHX MMapaMeTpiB Mpare3qaTHOCTI MOCTITHUX 3pa3KiB
BiJl KOHCTPYKTHBHUX YMHHHUKIB Ta PiBHIB MaJIOLUKIOBOTO MIOBTOPHOTO HABAHTAKCHHSI.

[IpoBeneHi eKCIIEpUMEHTATBHO-TEOPETHYHI JOCHIIKEHHS TIOKa3aiy, [0 PYHHYBaHHS HOCIHITHHUX
3pa3KiB-0aJloK 3 BETMKUMH 1 CEpeIHIMHI IPOIBOTAMH 3pi3y MPH 3HAKO3MIHHOMY MaJIONWKIOBOMY HAaBAaHTAXXECHHI
BiOyBa€eThCS 3a HEOE3NMEYHNMH MOXIINMHI HACKPI3HUMH TPIIIMHAMH BiJl IEPEBaXHOI Aii 3rMHAIIBHUX MOMEHTIB
B TOB3IOBXHIX €IeMEHTax IiJCHICHHS 00OWMH, Y MOB3AOBXKHIA PO3TATHYTIH apMaTypi a TaKOX IOIEPEYHUX
CTEPKHIB OaJIKi Ta 000WMH I'paHUIll TEKYYOCTi.

MONIKOKeHI 023a71bTO0ETOHHI 0AJIKH; MiICHICHHS] MPUONOPHHUX TUIAHOK BYIVIENVIACTUKOBHMH COPOYKAMM;
MiIKPiVIeHHs] HIGKHIX PO3TATHYTHX 30H BYIJIENJIACTHKOBUMH MOJIOTHAMHE; 1e()OPMATUBHICTH 0€TOHY, apMaTypH
i pidpoapMoBaHoro miacTuka; TPilIMHOCTIHKICTH 0aJI0K; eKCIIEPUMEHTATIbHO-CTATUCTUYHI 32J1€KHOCTI

IlocTanoBka npo6JaemMu.IliCHICHHS MOMIKOMKEHNX HACKPI3HUMH HOPMAJIBHUMU 1
HNOXWJIMMH  TEPEeXpPEeCHUMHU  HAAMIPHO PpO3KpUTUMH  TpimmHamu OankoBux  3BK)y
TIAPOTEXHIYHOMY 1 TPaHCTIOPTHOMY OYIBHHUIITBI, IPH 3BEICHHI IIPOTOHOBHUX OYIO0B MOCTIB,
OYUCHUX CHOpPYA, 00’€KTIB XIMIYHOI Ta XapuoBOi MPOMHUCIOBOCTI, OyJiBelb CIELiaIbHOTO
npu3HaueHHsd Ta y (yHIaMeHTOOyIyBaHHI. JIOBEJIGHUX B TIPOIECI BKA3aHOI BHIIE
eKCIuTyaTalii 0 rpaHu4HOro ado mepenaBapiiHOro cTaHy, 3a Jii 3pOCTal4oro IUKIIYHOIO
HABAHTAKCHHSI BHCOKHX PIBHIB 0€3 3YNMHUHKH TEXHOJIOTIYHOTO IPOIeCYy BUPOOHMIITBA 3a
JIOTIOMOT'0I0 TIONEPEHbO HAMPYKEHUX METAJIEBUX 000MM € aKTyalbHUM 1 MEPECTIEKTUBHUM.
[IpoTe, mNpOEKTYBaHHA TaKOro MIACUJIECHHS CTPUMYETbCA BIJICYTHICTIO HOPMAaTHUBHOI
METOJIMKH Ta YITKHX PEKOMEHJallili B aBTOPCHKUX METOJIMKAX, SIKi aJIeKBaTHO O BimoOpakanu
peanbHUI HaIpy>KeHO-AehOPMOBAHUI CTaH K IMOIIKO/KEHOI KOHCTPYKIIii, TaK 1 €JIEMECHTIB
M ACUJICHHS.

AHaJi3 ocTaHHiX pociaifkeHb i myOuaikamiii.byne-sxe sBume, mo BigOyBaeTbes 3
JFOIMHOIO, 3/1aBHA TT1IJaBAJIOCS aHAITI3Y 1 OMUCY 3 METOIO 3'SICYyBaHHS MPUYNHHO-HACIIAKOBUX
3B'SI3KIB Ta HACTYIMHHMH CIIPOOAMH TMPOTHO3YBAHHS LBOTO SIBHIIA. 3 POCTOM PO3YMiHHS
JOBKIJUIS Ta BHHUKHCHHSIM OKPEMHUX OIMCIB YMHHUKIB SIBUI 3'IBUBCS PO3IOJLI 3araJIbHOTO
Ha YacTKOBE. 3aJIe)KHO BiJl TOYHOCTI Ta MPU3HAYECHHS Ti a00 1HIII OKpPeMi CKIIQJOBI MOYaIN

© 1. A. Kapmiok, €.B. Kimmenko, J1.C. Janmienko, M. B. Kapmtok, 2023
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3aCTOCOBYBATUCS Ha IMpakTHlli. He cTaB BUKIIOUEHHSM PO3BUTOK aHAIITUYHOTO PO3YMIHHS
poboTu 3ami300eToHy. AK€ HAKOTTMYECHHS €KCIIEPUMEHTAIILHOTO JTOCBIY 3 YIOCKOHAJICHHSIM
PO3paxyHKOBOI'0O anapary CIoHyKae 10 migidoMy i po3BuTky 3bK Ha OibIl BUCOKOMY piBHI.
boumapenko B. M. 1 KomuynoB B. [. 3amponoHyBasii Taky METOJMYHY BEPTHUKAIh
JIOCHIJDKeHb: TEepIIoueproBo — (i3udHa MOAEb;, Apyra 3a 3HAYMMICTIO PO3pPaxyHKOBa
MO/IJIb; 1 HAMBUIIUN CTYIIHb LIbOTO JIAHILIFO’KKA — MATEMATU4YHA MOJIEIIb.

@di3uyHa MOJENh Ma€ MOBHUK OIKC SIBUINA 32 JIOMOMOTOK HiTKOI y (i3HYHOMY
PO3yMiHHI TEpMIHOJIOTIi 1 0a3yeThCs Ha MIACTaBl 1HTYITUBHOTO Ta aHAJIITHYHOTO JIOCBiNY.
Habip okpemux (yHKIi# onucy MpoIeciB 4acTO HOCUTh HECYMICHO-TIPOTHIICKHUHN XapakTep
B3a€EMO/IIT, 10 1HOI ¥e B PO3pi3 13 3aralbHONPUUHATHM pO3yMiHHAM siBuima. [Ipote, came
MOBHUH OIUC SIBUIIA TO3BOJISIE 3 JOCTATHHOIO TOUHICTIO BPaXyBaTH YC1 YNHHHKH.

Ane OaraTtoakTOpHICTH HaBITh MPOCTOrO SBHINA TOPOKYE CKIATHy (Di3udHy
MO/I€JIb, 1HKOJIM MAJIONPUAATHY JAJIS IPAKTHYHOT'O BUKOPUCTAHHS B MOBCIKACHHIN poOoTi. Y
3B'A3KY 3 UMM JOBOJUTHCS HEXTYBaTH MaJIO3HAUMMHUMM YMHHUKAMH, YMHHUKHU X "CEepeHbOI
3HayynocTi" 00'eHyBaTH B Koe(ilieHTH poOiT, a OCHOBHI 3aJISKHOCTI OMHUCYBATU 3pyYHUMH
JUISl IPAKTUYHOTO 3aCTOCYBaHHS BUpazaMmu. B mporieci Tpanchopmartii oHiel Moeni B 1HITY
TOJOBHE HE BTPAaTHUTH B3a€MO3BSI30K MK IpoliecamMH, 30epirmu sKiCHy CKJIAIOBY LHUX
3B'sI3KIB. AJie 1 Oy/Ib-sKa po3paxyHKOBa MOJIENIb MAa€ CBOT MEXI, 3aJIeKHI y CBOIO UEPry Bif
BXKMBAHOTO MaTEMaTUYHOI'O arapary.

MarematnyHa MOJIeJb MICTHTh y CBOEMY PO3MOpS/KEHHI Habopu dopmyn Ta ix
CHIBBIAHOIIEHB, AJITOPUTMIB, IO JJO3BOJISIE B MAKCUMAaJIbHO TOBHOMY Ta TOYHOMY BHPAXKECHHI
MaTeMaTUYHO BIATBOPUTU SBUINA 1 mpouecd. PO3BUTOK KOMI'IOTEpHHX TEXHOJIOIIH aae
MOJKJIMBICTh 3aCTOCYBAaHHS MaTeMaTHUYHUX MOJIEJIell B SIKOCTI PO3paxyHKOBHUX, 30epirarouu
JeTanizoBane (pizuyHe PO3YMIHHS 3 MAaTEMAaTHYHOIO TOYHICTIO.

VYci Buam Mojeneid, TNOBEAIHKA KOHCTPYKLII MpH il 30BHIMIHIX YHHHUKIB
PO3BHUBAIOTHCS 3 MOMEHTY TIOSIBU 3ai300€TOHY, 3 KOXXHHUM JIOCBIIOM 1 aHaJITUYHUM
aHanizoMm, TpaHcopMmyrouuch Ta "oOpocTaiouu" yce OUIbII TOYHUMH 3aJEKHOCTSIMH.
KinbkicTh po0iT, 1110 MPOBOAATHECS, B 00J1acTl "onuUCy" MOBEMIHKY 3a11300€TOHHUX €JIEMEHTIB
HAILITOBXY€ Ha BUCHOBOK IO HE JIOCKOHAIICTh PO3PaXyHKOBOI MOJIEII.

PosristHeMo >k 3apoKeHHS Ta €BOJIIOLIMHY TpaHC(POPMAIliI0 MATEMAaTUYHOI TIOBEIIHKH
HiICUJICHOT TOPU30HTAIBHUMHU MONIEPEIHBO HAMIPY)KEHUMH 3aTSHKKaMH, 38113006 TOHHOT OaJIKH.

IlouaTkoBHMM €Tarom NpUBEAEHHSI 10 YUCEIBHOTO BUPAKEHHS € PO3paxXyHKOBI IIEPEyMOBH.

VY pexkoMeHpamisfx MO0 OILIHKM CTaHy Ta MOCHJICHHS OyAiBeIbHHX KOHCTPYKLIN
npomuciioBux OymiBens Ta criopyd. HAIBK Bukimanena metomuka po3paxyHKy IiJICHICHOTO
3TUHAJIBHOTO 3aJ1i300€TOHHOTO €NEMEHTY 3 TOPHU30HTAJIBHOIO MOINEPEIHbO HAIPY>KEHOIO
3aTSKKOIO, 331aBIIUCh TAKUMU PO3PAaXyHKOBUMHU NEPEIYMOBAMHU:

1. V miacuneniit KOHCTPYKIi 3a0e3neueHo HaaiiiHe 3aKpiIluIeHHs KiHLIB apMaTypu Ta
3a0e3neYeHi HaliHMI 3B'I30K HOBO1 KOHCTPYKIIii 13 CTaporo.

2. YV cranii pyiHyBaHHS MiJCHJIEHOI KOHCTPYKLIi Hampy>XeHHS B PO3TATHYTIN
apMaTypi JOCATalOTh TPaHMI TeKydocTi. OJHOYACHO CTHCKa4e HAINpPY>KCHHS y OeTOH1
J0csATa€ THUMYAacOBOIO OIOPY CTHCKY MNpH 3ruHi. beton He Oepe yuactb B mepenaui
PO3TATYIOYMX 3yCWJb. Emiopa HOPMaabHOTO HANpPY>KEHHS OETOHY B CTHUCHIA 30HI €
IPSMOKYTHOIO.

3. Posrsarnyra apmarypa OCHOBHOI KOHCTPYKIIi Ta apmarypa MiJACHJICHHS MAalOTh
OJIHAKOBY TPAHULIIO TEKYYOCTI.

ABtopu [5] B pe3ynbTaTi aHAJIITHYHOTO AOCHIDKEHHS JUIsl BU3SHAYCHHS TPAHUYHOTO
Halpy>kKeHHs B MOINEPEJHbO HANPY)KEHIM 3aTSKII BUXOMWJIM 3 TOrO LIO HANpPY>XEHHS B
NIOTIEPETHRO HANPY’KEHIN 3aTSOKII € JHIMHO-TIPYKHUM. A po3paxyHKOBI mozeni 3a MixeeB
LI.I., 3axapoB C. T., KocenkoB E. JI. OyayBanucs 3 yMOBU TOIO, IO MONEPEAHE HATATHEHHS
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CTep)KHIB MIACWIEHHS Oyle TakuM, IO HAmpy>XeHHS B apMaTypi OalKku Ta CTEpKHSIX
OJIHOYACHO JIOCSITHE PO3PaXyHKOBUX OMOPIB.

[TincuneHHs 3MiHCHIOETHCS, B OCHOBHOMY, TIOIITKOXKEHUX KOHCTPYKIIii. [Ipononyroun
PO3paxyHKOBI METOAMKH JIOCIIAHUKH IO-PI3HOMY BPAaXOBYIOTH TMOIIKOKEHICTh KOHCTPYKIIIM:
XTO LUIAXOM BU3HAYEHHS 3aJMIIKOBOI HECY4Oi 37aTHOCTI, 1HII — Koe(ilieHTaMu, a XTO
B3araii ii He ypaxoBye. Tak [Tunamksa B. B. BIuimB piBHS MOMIKOHKEHOCTI KOHCTPYKIIIT TIPH
BUBEACHHI  po3paxyHKoBHX (opmyn He BpaxoByBaB. Ilpu 1npomy, 30DKHICTH
eKCIIEPUMEHTAJIbHUX 3 PO3PaXyHKOBUMHU JaHUMHU cKJiaja Bija - 6,9% no 17,4%.

[lepexomsiun no OGe3mocepeiHiX PO3PaXyHKOBHX METOMAIB MiJCHJICHUX MOIMEPEIHbO
HAIPY>KEHUMH 3aTsHKKAMHU 3TMHATTBHUX 3aJ11300€TOHHUX €JIEMEHTIB, JOCIITHUKA 3aCTOCOBYIOTh TEX
pizHuil miaxia. JleTanbHO METOOUKY pO3paxyHKy HiJICHICHOro eleMeHTy BukiaB OHy(pies
H. M., B skiii npoekTyBanHs mijicuiieHHs 3bK pekoMeH1ye BUKOHYBATH B TaKii TOCIIOBHOCTI:

1) PozpaxoByioTbCsi 1 OyIylOThCS TEPBHHHI EMIOPU 3TUHAIOYMX MOMEHTIB, Ta
MOTIEPEYHUX CHJI B KOHCTPYKIIi1, sIKa MiJISATAE MICUIICHHIO.

2) BynyroTbcsl emopy 3TUHAIBHUX MOMEHTIB, Ta MOMEPEYHUX CHJ BiJ 3aBaHTa)KEHHS
€JIeMEHTY TUIbKM JOJATKOBHUM pO3pPaXyHKOBUM HABAaHTA)KCHHSAM, MPHUKIAJEHUM IICIsS
PEKOHCTPYKIIT €IEMEHTY LIUIIXOM HOTo MiJICHIICHHS 3aTsHKKOIO.

3) OpieHTOBHO BHM3HAYAETHCS HEOOXITHA TUIOMIA IOMEPEYHOrO MEepepi3y 3aTSKKH
M ACUJICHHS.

4) BuzHaua€eThCsl AKOPCTKICTD MiJICHIFOBAHOTO €JIEMEHTY TIPH J1ii TIOBHOTO PO3PaXyHKOBOTO
HABAaHTA)XKCHHS Ta 3yCHUIIb B TSKAX 3aTSHKKU, HAPYKEHUX 10 TPAHHYHOTO CTaHy.

5) Bu3zHa4aroThCs pO3paxyHKOBI 3yCHIUIA B 3aTsDKII BiJl /i1 TOBHOTO PO3PaXyHKOBOTO
HaBaHTAKCHHSI.

6) BuznauaeTbcst BelTMuMHa MOTPIOHOTO MONEPETHHOT0 HAMPY>KEHHSI B TSHKAX 3aTSKKU.

7) llepeBipsieTbCsl TMIACWICHUH €NEMEHT HA CHPUUHITTS HUM  30LUTBIICHUX
HABAHTAKEHb Ta 3yCHJIb ITICIISI PEKOHCTPYKITIi.

ManbranoB A. U., IlneBkos B. C. i [Momumyk A. V. mpomnoHyBamu po3paxyHOK IO
HOpMAaJIbHHUX Mepepi3ax BECTH, BUXOJAYHU 3 PIBHAHb PIBHOBAaru. A po3paxyHOK MO MOXHIUX
nepepizax JOCTIHUKU MPONOHYIOTh BUKOHYBATH 3a JOMOMOTOI0 HOPMATHBHOI METOAMKH,
JOMAI0YM 0 HECyd4oi 3JaTHOCTI, TOXWJIOTr0 Tepepidy 3aai300€TOHHOTO TOCHIIIOBAHOTO
€JIEMEHTY HEeCydYy 3/aTHICTb XOMYTIB MiJCHJICHHS 3 MOHMXEHHUM PO3PaXyHKOBUM OIOPOM
apMaTypHu.

Astopu Mixees I. 1., 3axapoB C. T., Kocenkona E. /. po3paxyHOK 3a HOpMaJIbHUMHU
nepepizaMu MPONOHYIOTh BHUKOHYBATH SIK JUIA 3BHYAalHOI 3a1i300€TOHHOT Oanku 3
NPUBEICHOIO IUIOMICI0 Tepepisy poOouoi apMaTypH 1 MPHUBEICHOIO poOOYOI0 BUCOTOIO 32
YMOBH, IIO TOINEPEJHE HATATHEHHS CTEPXKHIB IMIJCUJICHHS OyJe TakuM, II0 Hamnpy>KeHHS B
apMaTypi OaJIKi Ta CTEP)KHIX OJHOYACHO JIOCATHE PO3PaXyHKOBUX OMOPIB.

B xomi ekcnepumenTanpHOro mociipkeHHs aBropamu Xwio E. P. 1 Tlomosuu b. C.
Oyna BUSBJIEHA YMOBHICTh BHM3HAYEHHS >KOPCTKOCTI, BHMBEIEHOI 3 (OpPMYyJIM KpPHUBHU3HU
M03al[€eHTOPOBO-CTUCHYTOrO eJleMeHTy. BinMmiHHICTh B 45% excnepuMeHTalbHUX HPOTrHHIB
BiJl TEOPETUYHO BUYMCJICHUX IO BHIIE BKa3aHId MOPCTKOCTI. Y 3B'SI3Ky 3 IIMM aBTOpHU
BHUCYHYJIM TIPUITYIICHHS, 10 JUTsl BA3HAYEHHS KOPCTKOCTI MIJCHUICHUX OaloK: a) KOPCTKICTh
mifgcuneHoi Oanku moTpiOHa, 3a3BUuai, A BU3HAYeHHs i1 gedopMallii, BiIIIYyBaHHX BiJ
TIOJIOKEHHS, 3aHHATOr0 OAaJKOI0 MICHs HATSATHEHHS CTEP)KHIB MiACWICHHS; 0) TomepeaHe
HaNpyKeHHs OaJlKU MOPIBHIHO HEBEJHMKE Ta Mepepi3 HalPYKEHUX CTEP)KHIB CKIAAA€ TUIbKU
YacTUHY 3arajbHOi IUIONI apMmarypu Oaiku;, B) BEIMYMHA I[MOYATKOBOTO HAINPYXKECHHS Bij
3a37alieriib HaTATHEHUX CTEPKHIB MiJICWJICHHS HE Ma€ BIUIMBY Ha BEJIWYUHY Jedopmariiid
OaJIkM BIiJ] HABAaHTAXXCHHS, SIKE MPUKIANAETLCS 0 HEl BXKE IMICIs IMiJCWICHHS. BHacigok
[[FOTO 3aMPOMOHOBAHO MiACUJIEHY OanKy pO3risfaTH SK €IUHUN 3TUHAIBHUNA €JIeMEHT 3
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NpUBEJCHUMHU Iulomielo apMatypu F, Ta poGouoi Bucotu hg,. Busnauenns mnporuny
BUKOHYETbCA K JUISl 3TMHAJIBHOTO  €JEMEHTY, ©€3 MONepelHbOro  Hampy>KEeHHS.
KutrezgatHicTh OTO MiAXOMy Oylia MiATBEpPKEHA EKCIIePUMEHTAILHUMU pPe3yJIbTaTaMu,
nposeaeaumu E.P. Xwuo, ta B pesynbrari 00podku nanux Onydpies H. M. ta Xuno E. P. i
[MomoBuu b. C. Po3paxyHOK ke 3a MOXWIMMH I€pepi3aMu aBTOPU IPONOHYIOTh BECTH
BUXO/SIYM 3 TPHUIYIICHHS IO PYWHYBaHHSA 3al1i300€TOHHOI OalKM IO KOCOMY Iepepi3y
BiZIOyBa€THCS BHACIIIOK PyHHYBaHHS CTUCIIOI 30HM OETOHY HaJl KOCOIO TPIIIMHOIO.

[Ipu po3paxyHKy Hampy>XKeHHS B IONEPEIHBO HANPYXKEHIW 3aTsoKIl aBTOpH [4]
NPOMOHYIOTh  3aCTOCYBAaTH  YTOYHEHHMH HHUMH  KOEQILIEHT YypaxyBaHHS CTEp)KHIB
MOCUJIIOBAHOTO €JIEMEHTY Ta CTEepXHIB MIJCHUJICHHS, 10 Hajaml J03BOJISIE BUKOHYBaTH
PO3paxyHOK 32 CTAaHJAPTHOIO METOAMKOIO, 3 BUKOPUCTAHHAM (POPMYIIL:

- IPY OJJTHOTOYKOBOMY HABAHTAKEHHI:

1.5

Q=7 (1)
L
d,

- IIPY TPU TOYKOBOMY 1 PO3NO/IIIEHOMY HaBaHTa)KEHHSX:

3.0

Q=—, 2)
L
d

ps
ne L — MoBKUHA TIPOJIHOTY;
dps — BIJICTaHb BiJl KpalHBOIO CTUCHYTOIO BOJIOKHA OalIKu IO LIEHTPY IONEPEIHbO
HAaIpy>KeHOTO €JIEMEHTY ITiJICHICHHS.
Astopu [1] et koedimieHT peKOMEHIYIOTh BU3HAYATH 33 (DOPMYIIOHO:

0= Ay Soe AL, — A~ 0.85B, /(b b, )hf
0.85B, f.b,b

w

; €)

s

ne Aps, As, AJ — MO TIONEPEYHOro MepeTHHY CTEPIKHIB MiJCHIICHHS, HIDKHIX Ta
BEPXHIX CTEP)KHIB OaJIKH;

Jres fs £ — 3HAYCHHS MILHOCT] CTEP)KHIB ITiACHIICHHS, HIKHBOI T BEPXHBOI apMaTypH
OaJIKi Ha PO3TAT;

B1 — koedilieHT TTUOMHU CTUCKAIOYUX HAIPYKEHb;

b — mpuHa MOTIEPEYHOTro Nepepizy OaIKu;

hy— BUCOTa ONIEPEYHOrO Hepepi3y Oankuy;

dps — poOOYa BHCOTA IONEPEYHOTO TIEPEPI3Y.

OpHiero 3 0coOaMBOCTEH IBOro BHJY HIJACWICHHS € MPHUCTPIM MONepesHboro
HaNpy>KeHHS B €JEMEHTaX IMiJICWICHHs, SKUH JOCHITHUKH OINHUCYIOTh TMO-pi3HOMY. B
pe3yJbTaTi eKcriepuMeHTanbHoro gociikenas Onydpuesum H. M. Oyio BUsIBIIEHO MaiHHS
HaNpY>KEeHHS B 3aTSHKKaX BHACHIZOK OOMHHAHHS OETOHY IiJi aHKepaMH Ta BUIPSIMIICHHS
TSDKIB MiJl HATATHEHHSIM B Meax 5 - 19% 1151 ropu30HTaNbHUX 1 IIMIPEHTeIIbHUX 3aTATYBaHb,
ta 3 - 20% nmns gBompoiiTHUX Oanmok. Y 3B's3ky 3 mmuMm Onydpue H. M. mpomonye
BpPAaxOBYBaTH BTPAaTH IMONEPEIHbOIO HAMPYXKEHHS LUIIXOM BBEACHHS EKCIIEPUMEHTAIbHO
BCTaHOBJICHOTO KOE(]iI[ieHTa yMOB poOOTH My :

1) Jlns rOpU30HTANbHUX MOIMEPEeIHbO HAIpY>KEeHUX 3aTskok mo=0,85 (m(=0,80 3a
PEKOMEHAMISIMUA IO TPOEKTYBAHHIO IMIJCHJICHHS 3aJ11300€TOHHUX KOHCTPYKIiH OymiBenb i
cropy1 OyJiBesb, 0 PEKOCTPYIOIOTHCS).
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2) lns monepeAHbO HANPYKEHUX MINPEHIeIbHUX Ta KOMOIHOBaHMX 3aTsKOK 719=0,80.

3) Jlnsa momepenHbO HAMpyXEHUX TMOMEPEUYHUX CTEepXkKHIB mifacuineHHs my=0,90
(my=0,75 3a peKOMEHJaLisIMU 10 MPOEKTYBAHHIO MiJICHJICHHS 3a1i300€TOHHUX KOHCTPYKLIN
OyIiBeJb 1 CIIOPY T Oy 1iBEJIb, IO PEKOCTPYIOIOTHCS ).

ABTOpH KaTajory KOHCTPYKTHBHHUX pIlIEHb IIOJ0 IIOCUJICHHS Ta BiJHOBJICHHS
OymiBeJIbHUX KOHCTPYKIM mpoMucioBux OyniBenb, ['paneB B.B., Kynpssues 10.B.,
Maxkynus 1.C., CucoeB O.M. oOMexuu BUIlle HaBeeH! KOeQIIliEHTH YMOB pOOOTH HIKHBOIO
MeXxero B Oankax 1=6 M, He quBnsuuch Ha Te, mo OnydpueB H. M. oTpumar 1i 3Ha4YeHHS B
pe3ynbTaTi aHalizy MPOBEACHUX EKCIEPUMEHTAIBHUX TOCIIHKCHb Ha Oankax 3 MPOJbOTOM
1=3,2 M (omuompoditHi), Ta 1=2,0 M (xBompoJiTHI). B mporieci BUBUEHHS TUTaHHS BTpaT
HOTNEPETHHOTO HampyKeHHs Koe(ilieHT my, 3ampononoBanuii Onydpue H.M., 3a3HaBaB
3MIHU B KUIBKICHOMY BHpaxxeHHi. Hanmami meéi koedimieHT OyB Ha3BaHH KoOe(iIli€HTOM
yMOBU pPOOOTH 3araryBaHHs "m'", Ta, Ha J0JaTOK, PEKOMEHJIOBAHO YPaxXxOBYBaTH Mipy
MOJIATIMBOCTI BY3JiB CIOJYYECHHS KOHCTPYKIIM miacuiaeHHs 3 enemeHtamu 3BK, ski
HiICHTIOIOTHCS Y 3aJIEKHOCTI BiJl iX KOHCTPYKTHBHOTO PIIIEHHS: METaJeBHH yrnop Ha OeToH
0e3 po3umHYy - 2-5 MM/BY30J1; 3 PO3UMHOM - 2-4 MM/BY30J1; 3’ €IHAHHS METAJICBUX C€JIEMEHTIB
O6onramu - 1 MM/By3oi. Y CcBOIO uepry, mi3Hime OyJio 3allpOINOHOBAHO IPH PO3PaxXyHKY
MIJCUJICHHS HEHAIPY)KCHHX eJEeMEHTIB KoedilieHT "m" mpuilMaTH 3aJie)KHO BIJ MIpH
PO3BaHTAXEHHS MMOCWIIOBAHOTO elleMeHTy. Tak, mpyu MoBHOMY po3BaHTakeHHI m=0,95; npu
po3BaHTakeHH1 Ha piBHI 75% - 0,9; 50% - 0.8; 25% - 0,7. € 1me oaHa Touka 30py - BTpaTu
MOTIEPEIHBOTO HAMPYKEeHHs Bif penakcamii ams craneit A-I, A - 11, A - III, A - IIs, A-IlIB, a
TaKOXX BIJI TOB3YYOCTI Ta Yycaaku OETOHYy BHACHIZOK IX 3TacaHHs B TOCHJIFOBAHHUX
koHCTpyKLiax Muxees U. U., 3axapos C. T., Kocenkona E. JI. mponoHy0Th HE BpaxOBYBaTH.
[Tpu mbomy Onydpue H. M., nmporonye BpaxyBaTy BTpaTH BiJl 0OTHCKaHHS Ta Aedopmariii
aHKEPIB, a TAKOX BiJl MOXJIMBOTO BUIPSMIICHHS CTEP>KHIB MiJCHJICHHS, BEIMUYMHY LIUX BTPAT,
piBHio 20%. [lpu Bu3HaAueHH! IJIOLIlI TMepepidy AOAATKOBOI MOMEPEIHbO HAIpPYKEHOI
apMatypu MaprembsHOB A.l.  NPONOHYE PO3paXyHKOBHH OIMip JI0JATKOBOI MOIMEPETHBO
HaIPY>KEeHO1 apMaTypu IpUUHATH 3 KoeditienTom 0,75Y¢, BETMUUHY HANpy>KEHHS B apMaTypi
OiICWICHHS OOYMCIIOITh 3a  (opMynioro, sKa HaJajdl 3acTOCOBYETHCS, 3aMiCTh
PO3paxyHKOBOI'O OIIOPY, JJIsl BUZHAYEHHSI KUIBKOCTI JJOJaTKOBOI PO3TATHYTOI apMaTypH:

+ 5]) _ Gsp,ad R
Rs ,ser,ad H l
Olimad = ’ 4
7/5‘

€ Ospad — BEJIMUYHMHA MONEPEAHbOr0 HAIPYXKEHHS B IOJATKOBII apMaTypl MiJCUIECHHS
(3 BpaxyBaHHSIM BTpar);

R ser.qd — PO3PAaXyHKOBHI OIip JOJATKOBOI apMaTypu MiJCHJICHHS JIi TPAHUYHUX
CTaHIB JIpyTroi Ipy1;

Ys — KOeilieHT HAIIIHOCTI 110 apMarypi;

| — KoediieHT apMyBaHHS;

| — BificTaHb Mi>K BHYTPILIHIMH TOPISIMH aHKEPIB apMaTypu MiICUIICHHS;

Op — OCHOBHUH 0€3p03MiIpHUN KOCDIIIEHT.

HasBHICTh TOUOK THeperuHy 301Iblllye BEIMYUHY BTPATH MONEPEAHBOTO HANPYKEHHS
3aTsHKOK. B pesynbpTaTi eKCHepUMEHTalIbHOIO JOCHIIPKEHHS B IIMPEHIeIbHUX 3aTSHKKAX
BiZ[3HAUAIOCS TEpTSA B MiclsAX iX meperuny, ske Ony¢pue H.M. 3anpornonyBaB BpaxyBaTu
cepennim koedimientom Tepta fo=0,45. Ak 6aunmo, y BTpaTax MOMEPETHHLOTO HAINPY KCHHS,
Ta y BEJIMYHMHI MOAATIMBOCTI HEMAa€ 3arajbHOr0 DILICHHA 3 MPUYUHHM OaratopakTOPHOCTI
YMOB 3aCTOCYBaHHs. AJie (pakT 3HAUYyLIOCTI [HOTO MapaMeTpa € He3alepeUHHM.

b,ser hO,red

O-sp,ad + 2aRbt,ser
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Ile oauH 3HAUyIIM YWMHHUK BIUIMBAE Ha HAIPYXKEHO-IePOPMOBAHUI CTaH
MIJCHUIICHOT KOHCTPYKIIIi - PIBEHb MONEPEIHHOTO HAIPYKEHHsI €JIEMEHTIB MiAcuiIeHHs. Tak,
BEJIMYHMHY TONEPEAHBOT0 HANpY>KEHHSI TOPU30HTAIBHUX CTEP)KHIB MIJCHIICHHS JTOCIIAHUKA

[1] mpomonytote mpuitastu Big 0,4 R) no 1,0 R’ , a aBTopH Karajgory KOHCTPYKTHBHHX

a
pillIeHb 1100 TOCHJIEHHS Ta BIJHOBJICHHA OyAiBEIbHUX KOHCTPYKLIA MPOMUCIOBHX
oynisens, I'paneB B.B., Kyapssues F0.B., Makymuu [.C., Cucoes O.M. mpomoHyOTh
3aJjaBaTH PiBEHb IMONEPEAHBOTO HANPYKCHHS y 3AJICXKHOCTI BiJl PIBHS HABaHTA)KCHHS OAJIKU Yy

MOMEHT migcuiieHns, Tooto Bix 0,3 Rg mo 1,0 Rg . IIpu mpu3HaueHHI PiBHS MOMEPEIHHOTO

HanpyXeHHs (Ans cTepxkHiB 13 ctaned kmaciB A - I, A - I, A - III) Maprembsinos A.lL
3aMpOIOHYBaB BPAaXOBYBATH PiBEHb HABAHTAXKEHHS KOHCTPYKIIii, Y TIEBHIN 3aJI€KHOCTI:

p/ py (1...1,25) 6sp/Rsx (0,9)
(1,25 ... 1,7) (0,7...0,9)
(1,7 ... 2,5) (0,55 ...0,7)
(2,5) (0,4 ...0,55)

€ Pp - HABAHTAXKEHHS KOTPE CIIPUIMAE MIJICUICHUI €lIEMEHT;

Py — HaBaHTAXXEHHsI, IPUKJIaJeHe y Oajli NpH il MiACUICHHI;

Gsp - IONEPEIHE HAMPYKEHHS B 3aTSDKLII;

Ry - po3paxyHKOBHH OIip PO3TATYBAHHIO apMaTypPH MiICHIICHHS.

MaprembsaoB A. . oOMexye MaKCUMaJIbHY BEJIMYMHY TIOMEPEIHHOTO HAIPYKEHHS
Ui CTepkHIB 3 M'kuX ctaneit - 0,9Rgser (Renad) Ta A7 CTEPIKHIB 3 BUCOKOMIIIHUX CTaleH -
0,7R ser (Rsn.ad).- MiHIMaJIbHA 3K BEJIMUKHA ONEPEAHBOTIO HANPYKEHHS CTEPKHIB y OyAb-KOMY
Bunaaky oomexkena - 0,4R ser (Rn,ad)-

VY O6uIbmIoCcTi poOIT pO3paxyHOK IMOMEPEUYHHX MOMEPEIHbO HAMNPYKEHUX CJIEMEHTIB
MiJICUJICHHS. TPOMOHYETHCS BHUKOHYBAaTH K 1 IS TOMEPEYHHX CTEP)KHIB MOCHUIIIOBAHOT
KOHCTPYKIIi 3a yMOBH BIJACYTHOCTI TOXWJIMX TpIMUH. AJie Jeski TOCTIJIHWKH, B T.4.
Ony¢dpues H. M. npu nomkompKeHNX NOXHINX Nepepizax po3paxyHKOBUH OMip MONepeyHNX
NOTEPEAHbO HANPYKEHUX €JIEMEHTIB MiJCUIICHHS! PeKOMEHYIOTh TOHU3UTHU Ha 25%.

ManbranoB A. U., [TneBkos., B. C., [Tonumyk A. . mponoHyrOTh KOE(Ili€EHT YMOBU
poOOTH XOMYTIB MIJCHJICHHS IPUMUMATH PIBHUM Y¢—0,85. ¥V mizHimomy mxepeni indopmartii
[Moci6uuk IT 1-98 npu po3paxyHKy MiFACUICHUX KOHCTPYKIIH MO HOXHUIOMY JIO MOJOBXKHBOI
0Cl mepepizy PEeKOMEHIYEThCS JI0 TMOIMEPEYHOi apMaTypH IiJICUJICHHS, BBECTH KOE(III€HT
YMOBHU POOOTH: 32 BIJCYTHOCTI HOXHJIUX TPIIIUH Ysw.ad=1,0; 382 HAABHOCTI MOXWIMX TPILIHH B
30H1 3pi3y 3 MOMNEPEIHIM HANPY>KEHHSM IONEPEYHUX CTEPHKHIB MIJICUICHHS Yewad=0,9; 3a
HasIBHOCTI MOXWJIMX TPIIIMH B 30HI 3pi3y, Oe3 MOmepeiHbOoro HaINpyKEHHS IONEepPeYyHUX
CTEPIKHIB MIACUICHHS Ysw ad=0,7.

He ManoBa)xHUM YMHHUKOM € HAINPYXEHUH CTaH MOIIKOKEHOI KOHCTPYKIi. Ale, 5K
BiIMiYeHO OyJi0 Ti3HIIIe, MiJ Yac MiACHICHHS (paKTUYHE PO3paxXyHKOBE HABAHTAXKEHHS, Ha
NOCHJIIOBaHY KOHCTPYKIIIO  HE IOBHHHE IepeBuinyBatu 65%. B pekomeHpmamisx mno
MPOCKTYBAHHIO MiJACWICHHS 3aJ11300€TOHHUX KOHCTPYKIIIA OyjiBens 1 copya Oy/iBelb, 10
PEKOCTPYIOIOTBCSI PEKOMEH/IOBAHO TPUHHATH KOe(DIliEHTOM yMOBH pPO0OTH Y4i=0,8 3
OOMEXKEHHsIM Ha  3aCTOCYBaHHS:  "MIONIUPIOETHCA  HA  MIACWICHHS  KOHCTPYKIIIH
3a11300€TOHHUMH 000MiMaMy, COPOYKaMH Ta HapollyBaHHSAM'" Oe3 BKa3iBKM 3aCTOCYBAaHHS B
TOPU30HTANIBHUX 3aTSKKaX.

VY Bunaznky HE0OXiJHOCTI 3BapioBaHHA 3 POOOYOI0 apMaTypOIO MOCHIIOBAHOI OalKH y
pobotax [4] mpoOMOHY€ETHCS BpaxyBaTH 1€ y BUIJISI 3MEIIECHHS Mepepi3y ICHY04oi (cTapoi)
apmarypu Ha 25%.%

[Ipu po3paxyHkax Ba)KO IMOIIKOKEHI KOHCTPYKLIi Koiu 3pyitHoBaHO 50% mnepepizy
6erony ab6o 50% momii pobodoi apMaTypH, TO HeCyda 34aTHICTh MiJICHIIIOBAHOT KOHCTPYKIIIi
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HE YpaxOBYETbCS, a MPHUCTPiM MiJCHICHHS PO3PaXxOBY€ThCSl HAa MOBHE HaBaHTaxeHHA [10].
[IporoHy€TbCS TAaKOXX YypaxOBYBaTH JOJATKOBI 3yCWUISA, SIKI BHHUKAIOTH TPHU 3MiHI
TEMIIEPATypPHUX YMOB. BennunHa 1uX 3yCuiib BUBHAYAETHCS PI3HULICIO TEMIIEPATYP Y MOMEHT
HATSATHEHHS €JIEMEHTIB IMICUJICHHS Ta eKCIuTyaTallli (MiHIMaJIbHOIO a00 MaKCUMAaJIBHOIO).

IlocranoBka 3aBaaHHsA. TakuM YWHOM 3 BHINE CKAa3aHOTO MOXXHA TOO0AYHUTH
HEJJOCKOHAIICTh ~ PO3PaXyHKOBOi ~ MOJENI  MIACWICHHX, TMOINEPEIHBO  HaINPy>KCHUMHU
TOPU30HTAILHUMU 3aTsDKKaAMU, 3STUHAIBHUX 3a711300€TOHHUX €J1eMEHTIB. JlyMKu JOCHITHUKIB
PI3HATHCS, MPAKTUYHO, MO BCiX MapameTpax. BTpaTu mornepeaHboro HampyXeHHs, PiBEHb
MOTIEPEHHOTO HAMPYKEHHS, ypaxyBaHHS HAMNpyXEHOTO CTaHy  KOHCTPYKIii mia dac
M1JCUJIEHHS Ta CTYNEHIO MOLIKOAKEHOCT] MOCHIIIOBAHOI KOHCTPYKIIi, BIUTUB TEMIIEPATYPHOTO
YHHHMKA 3 BCIX MapaMeTpax IIe He OJHO3HAYHO YPaxOBaHi y 3alpONOHOBAHUX METOJaX, 10
CBITYUTH PO iX HE3aBEPIICHICTD.

Meta po6OTH moJisirae BIOPIBHSHHI, BIUIMBY HEPEAYMOB U PO3PaXyHKOBUX CXEM,
ICHYIOUYMX HOPMATHBHUX Ta aBTOPCHKHX METOIUKAECPOPMATUBHOCTI Ta TPIIIMHOCTIMKOCTI
MONIKO/PKEHUX y TONEepeaHiX AOoCHiKeHb [2] 1 moBeaeHux no rpanuyHoro ctany (ULS)
OCTOHHMX OaJOK 3 0a3aIbTOIIACTHKOBOIO apMaTypolO, MiJACHICHHX BYTIJICTNIACTUKOBHUMH
COpOYKAaMH Ha NPUOMOPHUX JUISHKAX 1 BYIVICIUVIACTUKOBUMHU TOJOTHAMU Yy HWXKHIN
PO3TATHYTIM 30HI 3a il MaJOLMKIOBOIO IOBTOPHOTO HABAaHTAXEHHS BUCOKHMX PIBHIB 3
PO3pOOKOIO EKCIIEPUMETATIBHO - CTATUCTUYHUX 3aJIC)KHOCTEN BIUIMBY JOCIIIHUX YNHHHUKIB Ha
BKa3aH1 BUXIJHI apaMeTpu JIPyroi rpynu rpaHudHux ctaHiB (SLS), a Takox B MOMOBHEHHI
JIAHUX JI0 €/TMHOI pO3PaXyHKOBOI MOJIeNi JIe(hOPMATUBHOCTI Ta TPILIMHOCTIHKOCTI BKA3aHUX KOHCTPYKIIIHA.

3aBgaHHS JIOCIIHKEHBIOIATAECIOPIBHIIBHOTO aHAN3y HECYYOi 3IaTHOCTI JOCIITHUX
MOIIKO/UKEHUX 3aI300€TOHHUX €JIEMEHTIB, MACHICHHX MeETaJeBUMHA oO0OoOWMaMH, 3a
ICHYIOYMMHM HaIl[lOHAJIbLHUMHU HOPMaMH MPOEKTYBAaHHS Ta aBTOPCHKUMU METO/IaMHU.

Bukiaag ocHoBHoro marepiaay. [IutaHHsAM po3paxyHKY MiJCHICHHX OYyIiBEIbHUX
KOHCTPYKIIIH, SIK BKe OYyJIO CKa3aHo, 3aiMajiocsi 0araTo JOCHIIHHUKIB. AJie HaWIIKaBIIIMMHU
SIBIISIIOTBCSL  ABTOPCHKI METOJUKM PO3pPaxyHKy KOTpi Oynu po3poOieHHI B pe3ynbTaTi
eKCTICPUMEHTAIBHUX JIOCII/KEHb, 1 1ICHYI0Yl HOPMATHBHI METOJAMKHU. AJDKE TIEpIli MatOTh i
co00I0 MpaKTU4YHE MIATPYHTS, a Apyri (CKOMIIUIbOBAHI 3 MPAKTUYHUX Ta TEOPETHUHUX
JIOCJIIJDKEHb) HOCSITh 3aKOHOAABYY CWJIy, W (DaKTHYHO BIAMOBIZAIOTH 3a OE3MEUHY IpaIlto
HiJCUIICHUX OyiBeTbHUX KOHCTPYKIIIi.

st 3pydHOCTI, po3paxyHKOBI (OpMyJIM BUHECEHI J0 Tabd. 1, TyT ke pO3rIIsTHEMO
HasiBHI: pO3paxyHKOBI EpeyMOBH, PO3PaxXyHKOBI MOJIeINi, KOS(ILlIEHTH 1 YMOBH PO3PaXyHKY.

[TopiBHAHHS TOCHIAHUX 1 PO3PAXyHKOBHX 3HAYECHb HECYUOI 3JaTHOCTI MOITKOHKEHUX
EKCIePUMEHTAIbHUX 3pa3KiB-0alloOK MOKa3ajlo He3aJ0BUIbHY iX 301KHICTH TOMY, IO BiZOMI
HOPMATHBHI Ta aBTOPCBbKI METOAW IepeAdadaroTh PO3PAXyHOK HECydoi 3MaTHOCTI
noukopkeHnx 3bK 3a HeOe3neyHo MOXWIIO TPIIIMHOKI MPH MepeBakKHIM 1ii mornepeyHoi
CHJIH, TOOTO YPaXxOBYIOThCS CKJIQJOBI HECYUOi 3/IaTHOCTI MOXWIUX TEPEpi3iB 10 OETOHY Ha
BEPLIMHOI0 HEOE3MEeYHOi IMOXMJIOT TPIUIMHOI Ta XOMYTIB 1 BEPTHKAJIBHUX E€JIEMEHTIB
30BHIIIHBOTO TiacuieHHs. [IpoTe mpoBeneH! eKCIepUMEHTAIBHO-TEOPETUYHI JOCTIIKCHHS
NOKa3aJy, 0 PyHHYBAaHHS JOCIIIHUX 3Pa3KiB-0aloK 3 BETMKUMH 1 CEPEIHIMH MPOIbOTAMU
3pi3y MPH 3HAKO3MIHHOMY MAaJIOIMKJIIOBOMY HaBaHTa)XE€HHI B1OYBA€ThCS 3a HEOC3MECUHUMH
NOXWIMMH HACKpI3HHUMH TpPIIIMHAMU BiJl TEPEeBaXXHOI il 3rMHAJBbHUX MOMEHTIB B
MOB3/IOBXKHIX €JIEMEHTaX ITJICHICHHS OOOWMH, y TOB3IOBXKHIM PO3TATHYTIH apMarypi a
TaKOX TOMEPEUYHUX CTePXKHIB Oanku Ta o0oiimMu rpanuil TekydocTi. ToOTo, peanpHa (izudHa
KapTUHA POOOTH CHUCTEMH ‘‘TIONIKO/DKEHA 3alli300€TOHHA Oalika-IoTNepeHhO HAIMpPYKEeHA
MeTasieBa 00oiMa MiICHICHHS MPY 3HAKO3MIHHOMY TOTMEPEYHOMY HAaBAaHTa)KEHH1 BUCOKHX PIBHIB
CYTTEBO BIAPI3HAETHCS BiJ (i3WYHOT MOAETI paHille AIF0YMX HOPMATHBHUX 1 aBTOPCHKUX
METOIB.
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Tabmuus 1 — Tabnuist po3paxyHKOBUX (GOpMYIT 32 HAHOUIBII MOIIMPEHUMH METOTUKAMHU
BU3HAYCHHS HECYYOi 3IaTHOCTI MiJCHJICHUX 3aJ11300€TOHHUX €JIEMEHTIB, 10 3THHAIOTHCS

[IepenymoBu:

1. [TepemymoBu: B mocuimroBaHOi KOHCTPYKIIii 3a0e31eueHo HaliiiHe 3aKPITUICHHS KiHITIB
PO3TArHYTOI apMaTypH; 3a0e3nedyeHuil HaiiHNi 3B'130K HOBOT KOHCTPYKLIT 31 CTapoIo;

2. B cranii pyiiHyBaHHS MOCHIIIOBAHOI KOHCTPYKIii HAPY>KEHHS B PO3TATHYTIH apMatypi
JIOCSITa€ MEK1 MPY>KHOCTI; OJHOYACHO

BupaxenHst B3aeM03B's13Ky JIHIHHUX Aedopmarltiii 6aiku Ta 6aJ09HOTO 325113006 TOHHOTO
eJeMeHTa 3a mpono3uiliero Mansranosa A. ., [Tneskosa B. C., [Tonmumgyka A. 1., 4.
Ony¢pues H. M.:

Xlc? Xl A Xl
= B s x E)E s X FE6

8,=8,-8y-0; 8, =c-(a+ f); 5,

3yCHIUIS B 3aTSDKIIL:

Xz—(OHﬂ)'B; a-—L s
I-A R E CFE,

[TepenymoBu:

1. B nocuintoBaHoi KOHCTPYKIIT 3a0e31e4eHo HaliiiHe 3aKpiIuIeHHs KiHIIB PO3TATHYTO1
apmaTypu; 3abe3nedeHuil HaalitHUH 3B's130K HOBOT KOHCTPYKIIIi 31 CTapoio;

2. B cranii pyiiHyBaHHS TOCUJIIOBAHOI KOHCTPYKLIT HANPYKEHHS B PO3TATHYTIH apMaTypi
JIOCSITa€ MEKI MPY>KHOCTI; OAHOYACHO HAMNPYKEHHS CTUCKY B O€TOHI JI0CATAIOTh
TUMYACOBOT'0 ONOPY CTHCHEHHs 1pu 3ruHi. beron He Oepe yuyacTs B nepeaayi
pO3TATYIOUNX 3ycuib. Enmopa HOpMabHUX HaNpyKeHb OCTOHY B 3KaTii 30HI IPEACTABIISE
c00010 MPSIMOKYTHUK.

3. Po3rsarnyTra apmMaTypa OCHOBHOI KOHCTPYKIIii Ta apMaTypa MiJCUICHHS MAlOTh
OJTHAKOBY MEXY TEKYUOCTI.

PozpaxyHnok 3a HOpMalbHUMU Tiepepizamu 3a npono3utieto [Tunamksn B. B. [6]:

Mp=bhy*Ra(1-0,50)+£:Sc;,
(ﬁ +]2)O-T < 0’50

R bhy

Po3paxyHOK 3a MOXWIIMMU II€pepi3aMu:
0.15bh;R,

=2 {1 GorSINQ+2f64+
Qp ¢ Zctgo

3ruHarounii MOMEHT 3a npono3uiiiero Muxees U. 1., 3axapos C. T., Kocenkos E. /1.,
Xwuno E. P., [lonosnu B. C. Ta PexoMeHmaiii 1010 NOCUIECHHS MOHOIITHHUX
3aJ11300€TOHHMX KOHCTPYKIIN OyaiBeh Ta CIIOPYA MiANPHEMCTB TIpHIYOJ00YBHOT
MPOMUCIIOBOCTI :

M=R,bx(hoy - % )R ooFa(hon — a)

Bucora ctucHyTO1 30HU: [TpuBenena mioma podbodoi apMatypu:

RaFn _RacFa/ RZZ
= F=F +F f e

bR, R
[IpuBenena poboya Bucora:
R F
A~ A
hor=hot——=— (hth
Ay (hyrtho)
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[TponossxenHs Tabmumi 1

[Tnoma nomatkoBoi apmatypu 3a npomnosuiiero Muxeesa U. 1., 3axaposa C. T., KocenkoBa
E. 1., 9. Xwuio E. P., PekoMeHmaItiiil o0 IOCHICHHS MOHOIITHHUX 3a11300€TOHHUX
KOHCTPYKIIIHA OyIiBENh Ta CIIOPY/I MIAMTPUEMCTB TIPHUY0100yBHOT IPOMHUCTIOBOCTI:

. -B,+/B?-4A,C,

pis

2A,
R2 FR, R R_F
A= - ; B=——— A a+RZ[ —hy
2bR bR, bR,
2 2 / /
¢ -Rfe RERFE \pyp ol oy g,
2bR, bR, 2bR,
RH
Fi< 0, by —
h, R,
[lepenymoBu:

1. Po3paxyHOK BeZIeTbCs SIK AJIsl CTATUYHO HE BU3HAUEHOTO TI03aLEHTPOBO CTUCHYTOTO
CIIEMEHTY.

2. CtaTMyHO HEBU3HAUECHI 3yCHILIS B 3aTSDKI[l BU3HAYAIOTHCS 3 PIBHSAHHS B3a€EMO3B’SI3KY
JiHIMHUX gedopMaliiii 6aJ0uHOro eIEMEHTY Ta TSXKIB 3aTSHKKH.

Po3paxyHok 3a HOpMaJIbBHUMU Tiepepizamu 3a npomno3uttiero Onydpuesa H. M., Jlonomoru 3
MiJCUIICHHS HECYYUX KOHCTPYKIIii Oy/11BEJIb 1 CIIOPY/, 110 PEKOHCTPYIOIOThCS,
POMHUCIIOBHX MiANpUEMCTB, po3tamoBanux y 11 i Il 3oHax M. Anma-Atu:

Ne=R_bx(h,-0,5x)
Po3paxyHOK 3a MOXWIMMU TIepepi3aMu:
Qx6=+/0,45R ,bh2(q, +q,,) -dxu> Q+ Qq

F,R, -0,85
Qxo=—

uxO

my=0.85 — koedilieHT yMOBU POOOTH 3aTIKKHU

HanpysxeHHs B monepenHb0 HANpYyKEHUX CTePXKHSAX 3a mponosumieto O3kyn O., Hacid X.,
Tanuan I1., Xapamkmi M.:

E /
fps:fpe+ ps eﬂLfc b '
196| A, f, + 4,1,

3ruHanbHUi MOMEHT 3a npomnosuuieto Xuio E. P., ITonosuy b. C.:
X

M=Rubx(hOr - 2 )+RacF/a(hOn — a/)
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[TponossxenHs Tabmumi 1

Bucota ctucHyTOi 30HU:
/
_RE-RE

ac— a

bR

u

X

[IpuBenena poboua Bucora:
hor=ho+ nTna (hy-ho)

[Tnoma monepedyHoro nepepizy CTEP>KHIB MiACHICHHS:
B +B*-4A C

pi

2A
R® R FR
A — a : B= ac a—a +Ra _hﬂ
2bR, ;
R F'
C=M,+ R“-“F“/(zabc—Ra”L a')+ R, F/(h; —hy)

u

R
FHS amaxbhO ;
Ra
PiBHsIHHS piBHOBAru Jjisi BA3HAYEHHS IPaHUYHOI TOTIEPEYHOT CHITH:
- 0e3 MoTepeYHOro apMyBaHHS I ACHIIOBAHOT KOHCTPYKITIi

2
C
2
- 3 TIOTIEPEYHUM apMYyBaHHSIM IT1JICUITIOBAaHOT KOHCTPYKIIiT

2 2
Qup - a- % =R pbxiz+ %

['paHn4He Hanpy>KEHHS B MTONIEPEAHBO HANPYKEHUX CTEPXKHSX 3a mporo3uiieio Haaman A.,
Anxaiipi @.:

dy L
fps=Tpet A= fpetQuEps€cu (— —1)—
¢ L

Bincranp BiJ KpailiHbOTO CTHCKAIOYOr0 BOJIOKHA 10 HEHUTpaIbHOI OCi:

B, +yB-4AC,

28 A=0,85f B,

B1=A ps(Eps€cu(L1/Lo)-foo )+ A f - Af,+0,85F (b-by )by

C

CIZ'ApsEpsechudps(Ll/LQ)

[Ipupict Hanpy>keHHs B CTEPKHAX IMiJICHIICHHS 3a pono3uiieio Xe 3., JIo 3.:

I I
i (1 . 7)

I'=ynKeEpen/®dps
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[TponossxenHs Tabmumi 1

[Tnoma monepedHoro nepepizy CTEP>KHIB MiJICKIICHHS 3a IPoIo3uiliero MaptembsiHOB A. 1.:
A A
2 4
_FR -FR, —Rb(hy, +a,)
0,5R 0,75y
2[ M —(RF by, — R Fla')|Rb+(RF,~RF)
(R, 0,757, )

B:

sHH

Bucora cTucHyToi 30Hu:
/
RSHFVM + RSFS + RSCFS‘

R,b

X=

KinpkicTh 101aTKOBOI pO3TATHYTOT apMaTypu 3a npomno3utliero «HaazeMHi KOHCTPYKIiT Ta
criopyn». XapbkoBckuid [IpoMOy THIIPOEKT:

A2
s ad= (_)
A R As/ red R Rb red bhO red
O 5O-lim,aal

I:M + (Rsc As/ reda/ + RSAs‘hO,red )} Rb,redb (R A Rac As/ red )2

Olim,ad

Bucora ctucHyTo1 30HU:
/
Olimad Asp, +R A —-R_A

s,red
Rb,red b

[Troma momepevHoro nepepisy 10JaTKOBOT apMaTypH B PO3TATHYTIN 30HI KOHCTPYKIIIT
3a mpono3uuieto [Tocionnka «IlocuneHns 3ami300eTOHHUX KOHCTPYKIIN.

B2
sad_ (_)
_2AAR, AjRgc R,bh, ;)
Rs ad
2[ M+ (R Ala" =R AR)|Rb+(R A ~R A
RZ

s,ad

MIilHICTh IO TOXWITIM CTUCTIH CMY3i:

Q<0.3¢w19p1Rybhg
MIilHITh IO TOXUJIIH TPIIIHHI:

QSQb+QSW+QS,inC

M,
Qv=—2;
C

Qsw=(qswTsw,ad)Co;
Qs,inc:st adAs inc.adS1NO
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[TponosskenHs Tabmuii 1

['pannuHmii 3ruHarOYMil MOMEHT mepepizamu 3a pekomenaarismu CIT 349.1325800.2017.
Konctpyxuii 6eTonni Ta 3a1mi306eToHHi. IIpaBuia peMOHTY Ta IOCHIICHHS.:
1\/Iult:1{b,redbx(l'lo,red'0a5 X)+RSCA s,red(hO,red'a‘)

MSMult

[lepenymoBu:

1. Po3paxyHOK BeieThCsl SIK TSl CTATHYHO HE BU3HAYEHOT'O TTO3AIICHTPOBO CTHCHYTOTO EJIEMEHTY.
2. Brpatu nonepenHboro Hampy>KeHHs B JIOJATKOBIM apmaTypi Bu3HadaroThes o CHull
2.03.01-84*, ax myist KOHCTPYKII{ 3 HATSITOM apMaTypu Ha OETOH.

3. Po3paxyHOK MIITHOCTI BEIETHCS 3 MPUITYHIEHHSM IO TPAHUYHHA CTaH IMiJICUICHUX
KOHCTPYKIII HacTa€ OJHOYACHO 3 JIOCSITHEHHSM ICHYIOUOIO apMaTypoOIO0 Ta 3aTSKKOIO
PO3PaxyHKOBOI'O OIIOPY.

4. Tlpu po3paxyHKy MiJICHJICHHS CHJIBHO IMOIIKO/KEHUX KOHCTPYKULIN (MpH pyiHYBaHHI
50% mepepisy uum 50% rtuiomi  poboyoi apMarypu), KOHCTPYKUIS —ITiJICUJICHHS
pPO3paxoBY€eThCSl HA TIOBHE [il0Ye HABAHTAXKEHHS, NpPU [bOMY Hecyda 3JaTHICTh
KOHCTPYKII 1O MIJCHJIIOETHCS, B PO3PAXYHKY HE BPAXOBYETHCSL.

Po3paxyHOK 3a HOpMaIBHUMU TIepepizamu 3a nporno3umieto [Tocioanka «IlocunenHs
3a11300€ TOHHUX KOHCTPYKII1i».

Ne=R,bx(hy-0,5x)

Po3paxyHOK 3a MOXHIMMU TI€pepi3aMu:

Q<QptQsw

10 TIOXMJTIH CKaTild cMy3i:

Q<0.30w1¢p1Rp reabhy

Ysp,ad=0.8 — KOe(iLIEHT yMOBU pOOOTH 3aTSHKKHU;

Ysw.ad=0.9 — KoedilieHT yMOBU poOOTH AOAATKOBOI MOMEPEYHOI apMaTypH.

[lepenymoBu:

1. Brpatu nonepeaHboro HanpyKeHHsl B 3aTskKax BuzHavyaroThes o CII 63.13330, sk mms
KOHCTPYKII{ 3 HATSArOM apMaTypu Ha OETOH.

2. HampyxeHHs B apmarypi IOCWJIIOBAaHOTO €JIEMEHTa CIIiJi TNpPUHAMATH PIiBHUM
PO3paxyHKOBOMY OIIOpPY apMaTypH.

3. Ilpu po3paxyHKy MiJCHJICHHS CHJIBHO MOIIKO/KECHUX KOHCTPYKIiH (py pyiiHyBaHHI
50% nepepizy uu 50% ruio1i po604oi apMaTypH), KOHCTPYKIIS MMiACHIICHHS
PO3paxoBy€ThCS HA TIOBHE JIiF0U€ HABAHTAKEHHSI, IPU I[bOMY HECyYa 3/1aTHICTb
KOHCTPYKIII{ L0 MiICHIIIOETHCS, B PO3PaXyHKY HE BPaXOBY€ThCS.

4. Po3paxynok minHocTi 3BE, miicuiieHux nonepeyHuM apMyBaHHSM 3 TOYaTKOBUM
HOMEPEIHIM HAapy>KEHHSM, CJI1Jl BAKOHYBATH SIK JUI 3BUYafHOr0 apMyBaHHsI, 0e3
BpaxyBaHHS MIONEPEAHBOTO HANPY KEHHSI.

Po3paxyHok 3a HopManbHUMHU nepepizamu 3a pekomenaauismu CIT 349.1325800.2017.
KoncTpykiii 6eToHHi Ta 3ami300eTonHi. [IpaBuia peMOHTY Ta IOCHUJICHHSI. :
Mult:Rb,rede(hO,red‘O 5 X)J’_RSCA\S,red(hO,red'a\)

Po3paxyHOK 3a MOXWJIMMU TIepepi3aMu:

Q<QvtQsw

10 MOXMJIN CHKATIA CMY3L:

Q<O.3Rbbho

Ysp.ad=0.8 — KOeiIiEHT YMOBH POOOTH 3aTSKKH.

Po3paxyHok 3a HOpMalIbHUMHM Tiepepizamu 3a nporno3uieto Zhou S., SunJ., Zeng Z., Jie Z.:
/

M=MAM ¢+ M+ Msp1+ Msp2+ Msp3

Po3paxyHok 3a MOXWIMMU Nepepi3aMu:

Vi=Viot Vs sp
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[TponossxenHs Tabmumi 1

[TepenymoBu:

1.V pasi pyitnyBanus 6inbiie Hix 50% nepepisy KoHCTpyKuUii abo Oinbiie Hix 50% rutomi
po60oY0i apMaTypu, KOHCTPYKIIisl MJICKJICHHS pO3PaX0OBY€ETHCS HA MTOBHE (DAKTUIHE
HaBaHTAXXEHHs, IPU LIbOMY Hecy4a 37JaTHICTh KOHCTPYKIT 10 MiACUITIOETHCS, B PO3PaXyHKY
HE BPaXOBYETHCS.

3ami300eTOHHI KOHCTPYKIIT 10 MiUIATal0Th MiICHICHHIO, TPOEKTYI0Thes 3riaHo JJBH B.2.6-
98 mpu miacwiieHi 6eToHoM 1 3anizo006eTonoM 1 3rigHo JIbH B.2.6-198 — npu niacunenHi
ctaneBuM npokarom 3a JICTY b B.3.1-2:2016. PeMOHT 1 miZiIcCUJICHHA HECYYHX i
OTOPOJKYBaIBHUX OyAIBETLHUX KOHCTPYKIIIM Ta OCHOB OymiBeb 1 ciopyn [9].

[TepenymoBu:

1. Po3paxyHok 3a rpaHHYHUMU cTaHaMu BeaeThes 3rigHo 1o CHull 2.03.01-84* sax mis
M03aLIEHTPOBO CTHCHYTOI'O €JIEMEHTY.

2. Brpartu nonepeaHboro Hanpy»eHHs B 3aTspkkax BuzHavaroTbes no CHull 2.03.01-84%*, ax
JUT KOHCTPYKIIIi 3 HATSTOM apMaTypH Ha OETOH, 3 ypaxyBaHHSIM KOe(illi€HTa Yriy.

3.V pasi pyiinyBanHs 6isb11e Hix 50% nepepidy KoHCTpyKuiil a0o Gunbiie Hixk 50% rutomi
po6oU0i apMaTypH, KOHCTPYKIIiS TTICHIICHHS PO3PaXOBYETHCS Ha MOBHE (haKTHIHE
HaBaHTAKEHHS, IIPH [IbOMY HeCy4a 3JaTHICTh KOHCTPYKIIIi 110 MiJACHITIOETHCS, B PO3PAXYHKY
HE BPAaXOBY€ETHCH.

Po3paxyHok 3a HOpMalIbHUMU TiepepizaMu 3a mpomno3utieto ['onmuies A. b.
M:(M1+M2)-Mdis

Po3paxyHok 3a MOXWJINMU NepepizaMu:

Q<Qi*Q>

Y1ix=0.8 — KOeiIieHT yMOBH POOOTH 3aTSKKH.

Hoicepeno. pospobaeno asmopamu

B Tabn. 2 npezacraBieHO MOPIBHAHHS €KCHEPUMEHTAIbHUX JAHUX HECY4ol 3aTHOCTI
MOXWJIMX TIepEePI3iB MiJICUICHUX METajJeBUMH 000HMaMHu 3ai1i300eTOHHUX Oasiok (cepis 4) 3 1i
PO3paxXyHKOBHUMHU 3HAYCHHSIMH, OOYHMCICHUMHE 3a MeToanKor MamuraHosa A. 1., [TneBkoBa, B.

C., Homumyxka A. 1. (Vﬁ?lcl); Kapmiox 1.A, Jlanunenka JI.C., Kapmoka B.M. (?ﬁ?kz );
Eroposa B.B., Anekcamkuna E.H., MensexenkoBa C.B., IOdepesa M.B. (?ﬁ?ks ); [7]
(V' s [UIT (VG ); [31 (V™ o); 5 1101 (VEF™).

B tabn. 3 npezacraBieHO MOPIBHAHHS €KCHEPUMEHTAIBHUX JTAHUX HECY4Ol 3aTHOCTI

HOpPMAJILHUX TIEPEPi3iB MIACHICHUX METAJIEBUMH 000MMaMH 3a1i300eTOHHUX 0aok (cepist 4)
3 11 pO3paxyHKOBUMU 3HAYCHHSIMH, OOUHCIIEHUMH 32 METOIMKOI0 Manuranosa A. 1., [IneBkosa,

B. C., Ilomuuyka A. L (Mﬁ?kl); Kapmiok LA, Manunenka [I.C., Kapmoka B.M. (Mﬁ?kz);
Eroposa B.B., Anekcamkuna E.H., MensexxenkoBa C.B., IOdepesa M.B. (Mﬁ?ks ); [7]
(MEF<): [11] (MEF<5): [31 (MG« ): [10] (MEE,): [8] (MEF<).

110




[SSN 2664-262X

IentpanpHoyKpaiHchKuil HaykoBuil BicHHK. Texniuni Hayku. 2023. Bun. 8(39), 4.1l

Tabmuus 2 — TlopiBHSIHHA €KCHEPUMEHTAIBHUX JAaHUX HECydol 37aTHOCTI MOXMIIMX
nepepi3iB  MiJICICHNX METaJIeBUMHU oOOoWMamK 3aiizo0eToHHuMX Oanok (cepiss 4) 3 ii
PO3paxyHKOBUMH 3HAUCHHSIMH, O0UYMCICHIMH 32 HOPMAaTHBHUMH Ta aBTOPCHKMMHU METOANKAMHU

. E [lnax Hecyua 3natHicts Vi, kH, moxunmx nepepizis
S B CeKCIepUMEHTY
X | Xo | Xs | Xe | UEEL Ve Ve | Ve, | ViR, | Vel | Ve, | v,
112 3 4 5 6 7 8 9 10 11 12 13
1|+ ] + + + 110 97 - 147 164 115 102 176
21+ | + + - 115 97 - 147 164 115 102 176
30+ + - + 110 97 - 128 167 121 86 147
4|+ | + - - 115 97 - 128 167 121 86 147
50+ - + + 95 97 - 86 113 78 81 121
6|+ ]| - + - 100 97 - 86 113 78 81 121
70+ - - + 95 97 - 78 117 83 65 101
8|+ | - - - 100 97 - 78 117 83 65 101
91| - | + + + 200 201 - 241 171 262 153 329
10| - | + + - 190 201 - 241 171 262 153 329
11 - | + - + 200 201 - 234 171 262 136 306
12 - | + - - 190 201 - 234 171 262 136 306
13| - - + + 140 127 - 146 109 105 132 227
14| - - + - 140 127 - 146 109 105 132 227
15] - - - + 140 127 - 146 109 105 116 204
16| - - - - 140 127 - 146 109 105 116 204
17/ +] 0 0 0 110 97 - 114 142 100 84 141
18] - | O 0 0 190 176 - 199 157 187 134 273
19 0 | + 0 0 150 146 - 165 232 184 107 206
200 0 | - 0 0 130 146 - 100 178 127 86 145
2110 O + 0 145 146 - 143 213 151 107 197
22101 O - 0 145 146 - 133 198 158 90 162
231 0| O 0 + 145 146 - 138 219 161 98 183
2410 O 0 - 145 146 - 138 219 161 98 183
2510 O 0 0 145 146 - 138 219 161 98 183
Z'@" A 2574 - 12806 | 53814 | 26532 | 34947 1}4111
= gm 10,4 - 23,1 474 33,3 38,2 69,0
24
— & 0 0 0 0 0 47’5
U= (FU) + 1800, % 7,0% - 15,9% | 32,6% | 22,9% | 26,3%

%

Ioicepeno: po3pobneno asmopamu

111




ISSN 2664-262X Central Ukrainian Scientific Bulletin. Technical Sciences. 2023. Col.8(39), Part I

Tabmuus 3 — [lopiBHAHHSA €KCIEPUMEHTAIBHUX JAaHUX HECY4oi 3aTHOCTI HOPMAaIbHHX
niepepiziB MiJICHIICHUX METaJIeBIME 000HMaMH 3aJ1i300€TOHHMX Oaiok (cepist 4) 3 1i po3paxyHKOBHAMH
3HAUYEHHSIMU, 00YHCIIEHUMH 32 HOPMATUBHUMH Ta aBTOPCHKMMHU METOTMKAMHU

>
O.E [lnan . ..
= é EKCIIEPEMEHTY Hecyua 3natnicte M,s, kHM, HOpManpHEX TIepepi3iB
X [% % [xo | Mg Mage, | Mo, [ MG, | Mg ] Mo, [ MG Mg, [ Mg
1| 2|3 |4 |5 6 7 8 9 10 11 12 13 14
1 |+ |+ |+ ]| +]545] 526 | 603 47,2 46,0 56,0 54,0 80,4 | 48,1
2|+ [+ |+ ] -]1569 ] 526 | 603 47,2 46,0 56,0 54,0 80,4 | 48,1
3|+ ]+ -] +]545] 526 | 603 47,2 46,0 56,0 54,0 80,4 | 48,1
4 |+ |+ -] -1]569 526 | 603 47,2 46,0 56,0 54,0 80,4 | 48,1
S|+ -] +]+]470 | 52,6 | 33,1 45,6 42,0 56,0 52,3 75,5 | 48,1
6 |+ -+ -1495]526]| 33,1 45,6 42,0 56,0 52,3 75,5 | 48,1
71+ -1-1+1470]526 ] 33,1 45,6 42,0 56,0 52,3 75,5 | 48,1
8|+ -1 -1-1495]526 ]| 331 45,6 42,0 56,0 523 75,5 | 48,1
9| - |+ |+ |+ - - 60,3 47,2 46,0 56,0 54,0 80,4 | 48,1
10 - |+ |+ ] - - - 60,3 47,2 46,0 56,0 54,0 80,4 | 48,1
1| -|+] -1+ - - 60,3 47,2 46,0 56,0 54,0 80,4 | 48,1
122 -1+]-1|- - - 60,3 47,2 46,0 56,0 54,0 80,4 | 48,1
13| -] -]+ |+ - - 33,1 45,6 42,0 56,0 52,3 75,5 | 48,1
14| -] -1+ - - - 33,1 45,6 42,0 56,0 52,3 75,5 | 48,1
15| -1-1]-1]+ - - 33,1 45,6 42,0 56,0 52,3 75,5 | 48,1
16| - | -] -1- - - 33,1 45,6 42,0 56,0 52,3 75,5 | 48,1
17+ 0] 0] 0] 545 | 52,6 | 556 46,8 45,0 56,0 53,2 79,1 48,1
18 -10]10]0 - - 55,6 46,8 45,0 56,0 53,2 79,1 48,1
190 +]101]0] 48,0 52,6 | 603 47,2 46,0 56,0 54,0 80,4 | 48,1
2000 ] - 10 0] 41,6 526 331 45,6 42,0 56,0 52,3 75,5 | 48,1
210 ] 0|+ [ 0] 464 | 52,6 | 55,6 46,8 45,0 56,0 53,2 79,1 48,1
22/ 0 1 0] - | 0] 464 | 52,6 | 55,6 46,8 | 445,0 | 56,0 53,2 79,1 48,1
2310100 |+ ] 464 | 52,6 | 556 46,8 45,0 56,0 53,2 79,1 48,1
2410 1 0] 0| -]464 | 52,6 | 556 46,8 45,0 56,0 53,2 79,1 48,1
25/ 0] 0] 0| 0] 464 | 52,6 | 556 46,8 45,0 56,0 53,2 79,1 48,1
E'@" A9) I 4594 kH> | 16573 | 404,4 | 647,5 | 982,6 | 471,2 | 13567 |337,9
G- F
g= |[F———_ 5,53 kH 8,31 4,10 5,19 6,39 4,43 | 23,778 | 3,75
24
U (%) - 190, % 11,2 % 15,7% | 7,8% | 9,8% | 12,1% | 8,4% | 45,0% |7,1 %

Iicepeno: pospobaeno asmopamu

BucnoBku. Bci icHyroui HOpMaTHMBHI Ta aBTOPCHKI METOAMKH TepeadaydaroThb
PO3paxyHOK Hecydol 37aTHOCTI momkomkeHnX 3bK 3a HeOe3nmeyHO MOXHIIOK TPINIHHO
pu MepeBaxKHiil Aii momepeyHoi CHiiM, TOOTO YpaxOBYIOThCS CKIJIAJOBI HECY4yoi 34aTHOCTI
HNOXHMJIUX TIepepi3iB Mo OETOHY HaJl BEPUIMHOK HEOE3MEYHOI MOXMIIOI TPIIIMHU Ta XOMYTIB i
€JIEMEHTIB 30BHINIHBOrO miacuieHHs. 1{o ¥ mokas3anao MOpiBHSHHS, BIUIMB NEPEAyMOB
PO3paxyHKOBHX CXEM, ICHYIOUMX HOPMAaTHBHHX Ta aBTOPCHKHX METOJHK, J1a€ HE3aJ0BUIbHY
30DKHICTh. [laHe muTaHHs MoTpeOye OUTBII JOCKOHAJIOTO BUBUYCHHS CYTTI TPOOJIEMHU.
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Crucok mitepatypu

1.

10.

11.

He Z., Liu Z.. Stresses in external and internal unbondedtendons: unified methodology and design
equations.  Journal of Structural Engineering. 2010. Nel36. P. 1055-1065.
https://www.researchgate.net/publication/245305693 Stresses_in_External and Internal Unbonde
d Tendons Unified Methodology and Design Equations

Karpiuk V., Tselikova A., Khudobych A., Karpiuk I., Kostyuk A. Study of strength, deformability
property and crack resistance of beams with BFRP. FEastern-European journal of enterprise
technologies. 2020. Vol. 4/7 (8), P.42-53. http://journals.uran.ua/eejet/article/view/209378/211998
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KOHCTPYKILIH HpH MaJONMKIOBOMY HaBaHTaxeHHI / Kapmiok B. M. Tta iH. Bichux Qoecbkoi
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3HAKOIOCTIHOTO MUKIIYHUX HaBaHTaxkeHb / B. M. Kapmiok, K. I. An6y, /I. C. lanuneHko Tta iH.
Bicnuk Oodecwkoi depoicasnoi akademii 6ydienuymea ma apximexmypu. 2016. Ne62. C. 220-228.

References

1.

He, Z. & Liu, Z. (2010). Stresses in external and internal unbondedtendons: unified methodology
and design equations. Journal of Structural Engineering, No. 36, P.1055-1065.
https://www.researchgate.net/publication/245305693 Stresses_in_External and Internal Unbonde
d Tendons Unified Methodology and Design Equations [in English].

Karpiuk, V., Tselikova, A., Khudobych, A., Karpiuk, I. & Kostyuk A. (2020). Study of strength,
deformability property and crack resistance of beams with BFRP. Eastern-European journal of
enterprise technologies, Vol. 4/7 (8), P. 42-53
http://journals.uran.ua/eejet/article/view/209378/211998 [in English].

Danilenko, D., Zavoloka, M. & Karpiuk, V. et al. (2020). Load-bearing capacity of damaged
reinforced concrete span structures strengthened with prestressed metal casings. Journal of
Engineering Science, 2, 106—127 [in English].

Naaman, A. & Alkhairi, F. (1991). Stress at ultimate in unbonded post-tensioning tendons. Part 2.
Proposed methodology. ACI Structural Journal, Ne88, P. 683-692
https://www.researchgate.net/publication/279543485 Stress_at ultimate in_unbonded post-
tensioning_tendons Part 2 Proposed methodology [in English].

113



ISSN 2664-262X Central Ukrainian Scientific Bulletin. Technical Sciences. 2023. Col.8(39), Part I

5. Ozkul, O., Nassif, H., Tanchan, P. & Harajli M. (2008). Rational approach for predicting stressin
beams with unbonded. ACI Structural Journal, Nel05, P. 338-347.
https://scholarworks.aub.edu.lb/handle/10938/13903 [in English].

6. Zhou, C., Sun, J., Zeng, Z. & Jie, Z. (2019). Studies on the RC beam streng the ned by using the
exterior-wrapping U-shaped steel plate and It sapplication. Advancesin Civil Engineering, Nel, P.
1-9. https://www.hindawi.com/journals/ace/2019/2396764/ [in English].

7. Karpiuk, V. M. et al. (2016). Vplyv konstruktyvnykh chynnykiv ta faktoriv zovnishn'oi dii na
nesuchu zdatnist' balkovykh konstruktsij pry malotsyklovomu navantazhenni [The influence of
structural factors and factors of external action on the bearing capacity of beam structures under
short-cycle loading] [V. M. Karpyuk, K. I. Albu, D. S. Danilenko ta in.]. Visnyk Odes'koi
derzhavnoi akademii budivnytstva ta arkhitektury - Bulletin of the Odessa State Academy of
Construction and Architecture, 61, 130-136 http://mx.ogasa.org.ua/handle/123456789/2440 [in
Ukrainian].

8. Danylenko, D. S. et al. (2020. Deformatyvnist' poshkodzhenykh zalizobetonnykh balok,
posylenykh metalevymy obojmamy [Deformability of damaged reinforced concrete beams
reinforced with metal clips]. Actual problems of engineering mechanics: VII Mizhnarodna
naukovo-praktychna konferentsiia — International scientific and practical conference (pp. 81-84).
Odesa : ODABA [in Ukrainian].

9. Remont i pidsylennia nesuchykh i ohorodzhuval'nykh budivel'nykh konstruktsij ta osnov budivel' i
sporud [Repair and extension of load-bearing and enclosing building structures and foundations of
buildings and structures]. (2016). DSTU B V.3.1-2:2016 from 2017-04-01. Kyiv : DP
“UkrNDNTSs”https://dnaop.com/html/62197/doc-
%D0%94%D0%A1%D0%A2%D0%A3 %D0%91 %D0%92.3.1-2 2016 [in Ukrainian].

10. Karpiuk, V. M., Danylenko, D. S., Karpiuk, I. A. & Danylenko, A. V. Napruzheno-deformovanyj
stan pidsylenykh metalevoiu obojmoiu, zalizobetonnykh balok za dii tsyklichnoho znakozminnoho
navantazhennia [The stress-strain state of reinforced concrete beams reinforced with a metal
bracket under the action of cyclic alternating load]. 76 naukovo-tekhnichnoi konferentsii
profesors'ko-vykladats'koho skladu akademii (21-22 travnia, 2020 r.) -76 scientific and technical
conference of the professorial staff of the academy (P. 92). Odesa : ODABA [in Ukrainian].

11. Karpiuk, V. M., Albu, K. I. & Danylenko, D. S. (2016). Parametry trischynostijkosti balkovykh
zalizobetonnykh elementiv pry dii znakozminnoho ta znakopostijnoho tsyklichnykh navantazhen'
[Parameters of crack resistance of beam-reinforced concrete elements under the action of
alternating sign and constant sign cyclic loads]. Visnyk Odes'koi derzhavnoi akademii budivnytstva
ta arkhitektury — Bulletin of the Odessa State Academy of Construction and Architecture, 62, 220—
228 [in Ukrainian].

Iryna Karpiuk, Assoc. Prof., PhD tech. sci., Yevhenii Klymenko, Prof., DSc.

Odessa State Academy of Civil Engineering and Architecture, Odesa, Ukraine

Denis Danilenko, Design Engineer, PhD tech. sci.

Construction company “STIKON”, Odesa, Ukraine

Mariia Karpiuk, Student, Department of Reinforced Concrete Structures and Transportation Structures
Odessa State Academy of Civil Engineering and Architecture, Odesa, Ukraine

Comparative analysis of the load-bearing capacity of experimental damaged

reinforced concrete elements reinforced with metal clips

The paper presents research results and a comparative analysis of the load-bearing deformability
and crack resistance of basalt concrete beams brought to the limit state (ULS) in previous tests. The beams
were reinforced with prestressed metal clips under high-level static and low-cycle alternating loads.

The work performed comparative calculations of reinforced building structures using proprietary
methods and existing regulatory methods. A comparison of the experimental and calculated values of the
bearing capacity of damaged experimental beam samples showed their unsatisfactory convergence because
the well-known regulatory and proprietary methods provide for the calculation of the bearing capacity of
damaged reinforced concrete structures along a dangerous inclined crack under the predominant action of
transverse force, i.e. the top of a dangerous inclined crack and clamps and vertical elements of external
reinforcement. However, experimental and theoretical studies have shown that the destruction of prototype
beams with large and medium shear spans under a variable low-cycle load occurs along dangerous inclined
through cracks, from the overwhelming action of bending moments, in the longitudinal reinforcement
elements of the frame, in the longitudinal tensile reinforcement, as well as transverse beam beams and yield
stress cages. That is, the real physical picture of the operation of the system “damaged reinforced concrete
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beam — prestressed metal reinforcement cage” under alternating transverse load at high levels differs
significantly from the physical model of previously existing regulatory and proprietary methods. All
existing regulatory and proprietary methods provide for the calculation of the bearing capacity of damaged
reinforced concrete structures along a dangerous inclined crack under the predominant action of transverse
force, that is, the components of the bearing capacity of inclined sections on concrete above the top of a
dangerous inclined crack and clamps and external elements are taken into account.

Experimental and theoretical studies have shown that the destruction of prototype beams with large

and medium shear spans, under alternating low-cycle loads, occurs along dangerous inclined through cracks
from the overwhelming action of bending moments in the longitudinal tensile reinforcement, as well as in
the transverse rods of the beam and the cage yield strength.
Damaged basalt concrete beams; reinforcement of supporting areas with carbon fiber shirts;
reinforcement of the lower stretched zones with carbon plastic sheets; deformability of concrete,
reinforcement and fiber-reinforced plastic; crack resistance of beams; experimental and statistical
dependencies
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AHaJ3 KOHCTPYKTUBHUX OCOOIMBOCTEN MiHIOOMPUCKYBaYiB
111 HEBEJIUKUX (PEPMEPCHKUX TOCIIOIAPCTB

VY poboTi mpoBeneHO aHami3 KOHCTPYKTHBHHUX OCOONMBOCTEH OCHOBHHX THIIB MiHIOOIPHCKYBaiB:
paHIIEeBUX, TAYKOBUX, HABICHUX Ta NMpUUYIMTHUX. BKa3zaHO Ha iX 0COOIMBOCTI 3aCTOCYBaHHS Ta BUALJICHO HEJOTIKH,
SK1 CIIOCTEPIraroThes MPH XIMIYHUX 00pOoOKax HUMH HEBEIMKHX IUIONI MPOCAMHUX KYJIBTYp. 3aIpOIIOHOBAHO
KOHIIETITyaJbHE PIIIEHHS MO0 CTBOPEHHS CaMOXiJIHOTO MiHIOOmpHcKyBaua. BiH MOBHMHEH mepeMimaTrucs Bil
BJIACHOT'O JIBUTYHA, MaTH CEPBICHUH MEXaHi3M 3MiHM LIMPHUHH KOJii, JOCTATHIN KJIIPEHC, CHCTEMH PETYIIIOBaHHS
BHUCOTH BCTAHOBJICHHS Ta CTaOUTI3aIlil IITAHTH, CHCTEMH HArHITaHHS, PEr'yJIFOBaHHS Ta KOHTPOJIIO POOOYOro
TUCKY B HamipHii marictpaini. | Bci 1i pilieHHs NOBUHHI OyTH peasli3oBaHUMHU NP MiHIMaJbHIA BapTOCTI Takol
MaIlMHY, 10 3pO0OHTH 11 KOHKYPEHTHOIO Ha pUHKY MiHIOONIPHCKYBaiB.
ximiyHmii 3axucT, 00NPHUCKYBaY, IITAHra, cTa0lai3anisi, KOJTUBaHHSA, ONip NepeMillleHHIO, pO0OYMil THCK,
camoxiaHmii, miaco0He rocnogapcTBo, MMPUHA KOJIil, KJIipeHc, pecypc po60oTH, HOpMa BUJIUBY

IToctanoBka mnpobaemu. Cepen OaraTbox CIOCOOIB 3aXUCTy POCIHMH — XIMIYHHUA
3aXHUCT 3QIMIIAETHCS OJHUM 3 HaWOUIbII €(PeKTUBHUX Ta peHTabeabHUX. Lle BUKIMKAHO TUM,
10 BIUIMB XIMIYHUX TpEMapariB Ma€ JTOCUTh MIBUAKY IO 1 pe3yJIbTaTy MOKHa JOOUTHCS 3a
BITHOCHO KOPOTKUH MpoMiKOK yacy. Ilompu pu3uku HEraTMBHHX HAcHiAKIB Iii XIMIYHUX
mpenapariB - agbTepHATHUBU, sKa Oynda OW  JOCTYITHOK TEpPEeCIiYHOMY BHUPOOHHKY
CUTBCHKOTOCTIONAPCHKOI MPOAYKINi, TOKHM HE 3ampoBa/PKCHO. TEXHOJOridyHa omeparis
XIMIYHOTO 3aXUCTy POCJIMH € TMPAKTUYHO Yy KOXKHIN TEXHOJOT1i BUPOIIYBaHHS KYJbTYp. Alle,
pa3oM 3 TUM, SKIIO PO3IJISIATH HEBENUKI MiJCOO0HI 4M (epMepchKi rocrnoapcTsa, To i3-3a
HU3BKOTO PECYpPCHOTO 3a0€3MeUYeHHs, CIIOCTEPIraeThCsl 1 HU3bKa KyJIbTypa BUpoOHuUITBa. Lle
MO03HAYA€THCS HA TOMY, 10 YaCTO BUPOOHMKAMHU OIYyCKAaIOThCs a00 MiHIMI30BYIOTHCS OKpEMi
TEXHOJIOT14HI omepartii. Came 10 TaKuX 1 HAJICKUTh XIMIYHAN 3aXUCT POCIIHH.

AHaJi3 OCTaHHIX J0CaiIKeHb Ta myOJikamiii. 3a cratTucTUuHUMH AaHuMu [17] Tta
pesyabTaTaMu JAOCHIPKEeHb 1HIMX aBTopiB [13] Ouibme 90% kapTorul BUpOOISEThCS Y
rOCIOIapCTBaX HaceleHHs. 3arajoM, Taka IUlolia cTaHOM Ha KiHeub 2022 poKy TIIbKH IO
BUPOOHUUTBY Kaproruii ckinagae 1187,7 tuc.ora [17]. Takox 3po3yMuIMM € Te, WO Y
IiICOOHUX TOCMOJAPCTBAaX BUPOLIYIOTh I 1HIII KyJIBTYpH, TOOTO BKa3aHe 3HAYCHHS ILJIOLI €
3HayHO OutbmMM. Ilpuknan mono BUPOOHMLITBA KapTOIUIl HaBEAEHO 3 TOKO METOM0, II0 Y
3ax1IHOMY perioHi YKpaiHu y niIcOOHUX rocnoJapcTBax s KyJbTypa € OJHIE€I0 3 OCHOBHUX 1
BUPOILYETHCS MPAKTUYHO y KOKHOMY JOMOIOCHOJAPCTBi. SIKIO MpoaHalli3yBaTH po3Mipu
OpPHHMX 3€MEJbHUX JAUISHOK, SKI € y NPUBAaTHIA BIACHOCTI JIOMOI'OCHOJApCTB, TO BOHHM HE
MEPEBUILYIOTh NMPUOIU3HO 2 ra. TyT He BpaxOBaHO po3MailoBaHi 3eMeNbHI HAIIM KOJIHUIIHIX
KOJITOCMiB, SIKi, TEPEeBaXXHO, 3JaHl B OpeHAY OUIbIl KPYHHHUM  BUPOOHHKAM
CUIbCBKOTOCIIOAAPCHKOI MPOAYKILIi, i€ CIOCTEPIraeTbcs BHCOKE pecypcHe 3abe3ledeHHs
BUPOOHUIITBA Ta 3aCTOCOBYIOTHCS 1 peasi3oBYIOThCS MepenoBi TexHonorii. Tomy Halvacriie
y TiACOOHHX TOCMOAApPCTBaX CIOCTEPITalOThCSA IUIOMI i TMOCAAKOI OJHIET KyJIbTYpH,
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HaNpuKIIag, kKapTori, B Mexax 0,1 ra, 0,2 ra, pinme — 0,3 ra. s TakuX HEBETUKUX ILJIOL]
HEJOLIILHO BUKOPUCTOBYBATH «BEJIMKI» TPAKTOPHI OOMPHUCKYBayi, Ta il HE KOKEH BUPOOHUK
Mae TPaKTop, 1100 arperaryBaTH OOIPUCKYyBay, TOMY, IEPEBAXKHO, BUKOPUCTOBYIOTh
HaMnpocTiii paHueBi oONpuUcKyBayi ado 1HIIOrO TUITY MiHIOOMPUCKYBaUi.

JocnikenHo e(eKTUBHOCTI BUKOHAHHS TEXHOJOTIYHOTO MPOIECy OOMPHUCKyBayaMH,
MIITHOCTI Ta pecypcy poOOTH iX CKJIaJ0BHX MPHUCBSIUEHO Oarato mpaip BUEHHX, SKi BCEOIUYHO
BUBYAIOTH IPOOJIEMH, 1110 TaM BUHHUKAIOTh Ta MPONOHYIOTh P pillieHb JUIsl iX yCyHeHHs [4, 5,
12, 15, 16, 18].

ITocTanoBka 3aBAaHHsA. MeTOI0 NPOBEACHOIO JOCIHIAKEHHS € BUKOHAHHS aHali3y
KOHCTPYKTUBHUX OCOOJIMBOCTEH Ta €(EKTHBHOCTI pOOOTH PI3HUX TUIIB MiHIOONPUCKYBayiB
Ha HEBEJIMKUX IUIOLAaX MPOCAIHUX KYJbTYp Ta (OPMyBaHHS KPHUTEpIiB, 32 AKMMU ITOBHHEH
OyTH CIPOEKTOBAHWH HOBHUH CaMOXiIHUN MIHIOONPUCKYBad 31 CHUCTEMOIO cTadumizamii
IITAHTH.

Bukiaag ocHOBHOro marepiagy. AHami3  KOHCTPYKTMBHHUX  OCOOJMBOCTEH
MIHIOOMPUCKYBAYiB PO3MOYHEMO 3 HAUIIPOCTINIUX — PAHIICBUX.

Cepen 6aratb0X KOHCTPYKLIH, 1110 € Y PONO3HULIIT HAa pUHKY, PO3IIITHEMO Ha MPHUKIA]
JIBOX THIOBHX MOJEJICH TaKMX OONPHUCKYyBaviB, puc. 1.

PucyHok 1 — PanneBi oOnpuckyBaui

Iicepeno: [19, 11]

Ha puc. 1, a moka3zaHo paHueBHil 00NpUCKyBad YKpaiHCHKOTO BUPOOHHKA — TOPTOBOI
Mmapku «Jlemipa» [19]. Lle 12-Tu nmitpoBuii pe3epByap, KUl Ma€ BIacHy (CyXy) macy 3,5 Kr.
Pydnum HacocoM HarHiTaroTh pobouunit Tck noBitps 10 0,3 MIla, sKuM BUTICHSIOTH poOouy
piIvHY 1 BOHA Yepe3 MITaHTy Ta PO3MIIIOIYUN MPUCTPIN TPAaHCTIOPTYETHCS Ha 0OPOOTIOBaHY
MIOBEPXHIO.

Ha puc. 1, 6 npencraBneno panieBuid akymynsaropauii oonpuckyad FERMER OCA-
16 monschkoro BupoOHuka «Depmep» [11]. Takuit oOnpuckyBaua mMae eMHICTH O6aka 16 .
Po6ounii Tuck 0,15-0,45 MIIa B HamipHiil MaricTpayii HarHITAaEThCA AilaparMOBUM HACOCOM,
SKUM JKMBUTBCS BiJl CBHHIIEBO-KHCJIOTHOIO aKyMmylisiTopa. BiacHa maca oOmnpuckyBaya
CKJIagae 5,5 kr.

HaBeneni panieBi oOnpucKyBaui MOYKHa BHKOPHCTOBYBATH ISl XIMIYHOTO 3aXUCTY
POCJIMH Ha HEBEJIMKUX NUISHKaX (ropojaax), y cagax, s ne3iHdekiii npuminieHs Tomo. Le
IpOCTi Ta Ha/AIKHI 3HAPSAA. AJle TIOPST 3 TUM, IX BUKOPUCTaHHS Ha Iiomax B mexax 0,2 ra,
mpo SKIi MOBa WILIa BUINE, Mae MeBHI Hemomiku. Hampukman, oOmpuckyBad Ha puc. 1, a
3anpaBiieHUM Oyne MaTu macy npubnausHo 15,5 xr i ans oOpoOku 0,2 ra, Hampukiai,
KapToIuti, moTpedyBaTuMe MiHIMyM 4-5 3ampaBOK MpU HOPMI BUJIMBY npuOmm3Ho 250 ii/ra.
Menmoi BUTpaTH poOO0YOi PIAMHM BaXKKO JOCATHYTH IMpPH POOOTI 3 TakuM 3HAPSAIAM,
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OCKUJIBKM BUPOOHUKHU XIMIYHHX IperapariB BKa3ylOTh Ha ymakoBkax «2 mi Ha 10 i Boxu Ha
3-4 cotux» 1 T.4. KpimM Toro, KO mTH OUISXOM 30UTBIIEHHS KOHUEHTpAIlli PO3UMHY IJIS
3MEHIICHHsI 00’€My BWJIMTOI PIIMHH, TO MOTPIOHO 30UIBIIMTH IIBHUAKICTH 00poOku. Lle, B
CBOIO YepTy, MPOBOKYE HEPIBHOMIPHICTh OOPOOKM Ta 3HAYHO ITiJIBHIIYE BTOMY JIFOJUHH, IO
31iicHIOE 1110 00poOKy. TyT moTpiOHO 3BaXKUTH HA Te, 110, KPIM HMIBUIKO PYXaTUCh JIIOJUHI y
MDKPSISIX KyJbTypH, il TOTpiOHO mepemimaru Macy 15,5 Kr Ha cnuHi, IEpiogudHO (IyIst
IHIIKX MOMIOHUX KOHCTPYKIIM 0ONMpHCKyBadiB) UM MOCTIHHO MifKauyBaTH PyYHHUM HACOCOM,
3aIpaBISITH — 1€ BCE MMPOBOKYE BTOMY OIlepaTopa.

[MuTanHs TIATPUMKM TUCKY Yy HANIpHIA MaricTpajli BUPILIEHO B aKyMYJSTOPHOMY
obmpuckyBayi, mo Ha puc. 1, 0. Ajne HOro KOHCTPYKIIisS CKIaAHIIIA, BiH JOPOKIMA, a came
OCHOBHE — BiH 3HAYHO Bakumii. Moro maca mpu moBHiil 3anpasui cramoButuMe 21,5 Xr i
MepeMIIaTUCh T0JIeM, 0OpOOJITIOYN TMEBHY KYJIBTYp, HE KOKHOMY Oyne mpocto. TyT He €
METOI0 BKa3aTH Ha HEAONIKH PO3TJISAyBAaHMX KOHCTPYKLII 0oOmpuckyBayiB. BupoOHuku
NpEJCTaBUIM Ha PHHOK JOCTaTHHO ONTHMAJBbHI KOHCTPYKIII TaKWX 3HApsb, BOHH MAarOTh
CBOI0O BHCOKY €(EKTHBHICTh y II€BHOMY CEKTOpI BUKOPHUCTAHHS, 32 BapTICTIO JOCTYIIHI
IIMPOKOMY 3arajy BUPOOHHKIB CUTbCHKOTOCIIOIAPCHKOI MPOAYKIIii, ajie MOTPEOYIOTh 3HAYHOT
3aTpaTd pydHOi mpari, ocobnuBo Ha rmiomax Outebine 0,1 ra. ToMy iX BHKOPUCTaHHS Yy
TEXHOJIOTIYHUX TIPOIIecaX BHPOIIYBAaHHS KYyJIBTYp MOXE OyTH IOIITOBXOM JI0 3MEHIICHHS
KIJIBKOCTI XIMIYHUX OOpOOOK KyJbTYypH BHACIIJJOK BHCOKOI TPYAOMICTKOCTI HpoILecy,
3HIDKEHHS IKOCT1 0OpOOKH, 0COOJIMBO 1€ MO3HAYAETHCS HA IUIOMIAX, 1€ MOTPIOHE CYIIbHE
BHECEHHs  pobOodoro  mpemapatry  Tomo. Tomy, 3aliMaio4uch  BHPOOHHUIITBOM
CLITBCBKOTOCTIONIAPCHKOI MPOIYKINI Ha OMUCAHUX TUIONIAX, MOTPIOHO IIYKATH ajJbTEPHATHBY
paHIIEeBUM OOIPUCKYBadaM.

3MEHIIYIOYM THUTOMY 4YacTKy PYYHOI mMpaii NpU BUKOHAHHI XIMIYHOTO 3axXHUCTY,
BUPOOHUKH CUIbCHKOTOCIIOAAPCHKUX MAIIMH JApiOHUM ¢depMepaM MNpPONOHYIOTH BapiaHT
TauyKOBHUX (BI3KOBUX) OOmMpucKyBauiB. TyT Maca oOmpucKyBada Ta 3ampaBieHOi poOodoi
PIIVHY MepeHeceHa Ha HOoro maci-Bi30K 1 11 YaCTKOBO BHPIIIIY€ 3arOCTPEHY MPoodIemMy.

Cepen MHOKMHU TaKMX MAIlIMH, HABEJAEMO KiJbKa BapiaHTIB CydyaCHUX MAIIHH, SKi € Y
NPONO3HULii Ha PUHKY, pUC. 2.

Pucynok 2 — Enextpuuanii (akyMyJsTOpHUIT) o0nprckyBad Ha konecax 80 i Stocker 303 (a) Ta
obnpuckyBau MasterCut OS60T/25 (0)

Ilicepeno: [9, 7]

Itanmiiicbknit  BupoOHMK  Stocker mpormoHye  eneKTpUYHUN  (aKyMyJISTOPHHIA)
obnpuckyBau Ha kojiecax 80 i1 Stocker 303, puc. 2 [9].

Leit minioOnpucKyBau Mae MiIHE IIaci TAYKOBOTO TUITY, HA SIKOMY 3MOHTOBaHO 80 1
miacTuKoBui O6ak. Hamip po6o4oi pigHU CTBOPIOETHCS €IEKTPUIHUM HACOCOM TOTYXKHICTIO
100 Bt ta moxe nocsiratu Tucky Big 0,1 Mlla o 1,0 MIla npu Butpari 1,5-6 n/xB. JloBxuHa
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nuanra 50 M, MakcHUMaidbHa BIACTaHb pO3NMIEHHS a0 8 M. Maca He3amnpaBiIeHOTO
obmpuckyBava 62 kr, puc. 2, a.

B inmomy BapiaHTi 1el oOmpucKyBay oOJaJHY€TbCS HABICHOIO IITAHTOIO, HIMPHHA
KO perymroeThes Bix 1,5 M 10 2,5 M, 10 /103BOJIsI€ 3a0€3MEYUTH MAKCUMAJIbHY HIUPHHY
0o0pobkn 10 3,5 M. Ilpu BuKOpUCTaHI 3MIHHOTO MPHUYINHOIO JAMILIA HOro MOXKHA
arperaTyBaTH MiHI€HEepro3aco0amm.

Taxi oOnpuckyBadi BAKOPUCTOBYIOTh Y Caax, TEIUIUIIX TAa HEBEJIUKUX AUISHKAX IS
00MpHCKYBaHHS CIIIbCHKOTOCTIOIAPCHKHUX KYJIBTYP Ta 1HIITUX TOCTIOIaPCHKUX POOOTaX.

Ha puc. 2, 6 HaBeneHO Mojnenb TadukoBoro oOmpuckyBaua MasterCut OS60T/25
HIMEIIPKO-KUTalChKOTO BUPOOHHUIITBA [7].

[ToxibHno nmo momepenuboi mopaeni, obmpuckyBad MasterCut OS60T/25 obnagnanuii
60-tu JiTpOBUM OakoM, 3aMiCTh NTPOCTOI MIJACTABKM Ma€ KEpOBaHI OIOPHI KoJyieca, MO0
JI03BOJISIE JIETHIE MEpeMilllaTh WOro MO JUISHKAaX 3 TBEPIUM HOKPUTTAM. [ 0JIOBHOIO
BIIMIHHICTIO € T€, 110 TaKUi OONMpHCKyBad 00JIaJHAHUN JBUTYHOM BHYTPIIIHBOTO 3TOPSHHS,
SIKMM TPUBOJUTH B 0 MOPUIHEBUN HACOC, IO MOXKE CTBOPIOBATH THUCK POOOYOi piAMHU y
HamipHid Marictpa o0 2,5 Mlla npu npoayktuBHOCTI 6-8 11/xB. BiH 001aqHaHul IJTAHTOM
IITAaHTU JTOBXKUHOIO 25 M. Maca obnpuckyBaua cknazaae 30 kr. Takuii MiHIOONIPHCKYBa4 MOXKHA
BUKOPHCTOBYBATH Y Cajlax, TSIUIMILIX, HIINUX AUITHKAX, ¢ He OyJie yTpyJHEeHE HOTro ImepeMileHHs..

OOmpuckyBayi, 110 HaBeAEHI Ha puc. 2, me BXe OuIbil npodeciiiHi MamMHU Y
MOPIBHSHHI 3 PAHIICBUM, BOHU HE MEPEKIIAal0Th CBOK Macy Ha IUIedi orepaTopy, y NpsIMoMy
CeHCl, aje 1X BUKOPHCTaHHS JJisi OOpOOKM MOJBOBHUX KYJIBTYp € JEl0 OOMEXeHHM. Taki
MalIuHU JIOBOJII IPOOIEMaTHYHO MepecyBaTy Ha MiAHOM HaBITh IO TBEP/ii MMOBEPXHI, a 13-3a
MaJIOTO JiaMeTpa KOJIC 1 SK HACHiJOK — BEJIMKOTO OMOpPY MEpPEeKOYyBaHHIO, BOHH HE3aTHI
pyXatuch 1O PO3MyMIeHIM ToBepxHI moisa. Kpim Toro, skmo Taki OOMpUCKyBayi
BUKOPUCTOBYBATH JIJIs1 OOPOOKH MPOCANHUX KYJIbTYp, TO TYT BHHHUKAIOTh HOBI MPOOIEMH —
Majui KJIpeHc Ta (pikcoBaHa MIMPHHA KOJIi, 10 HE 3aBXAM CIIBIAAA€E 3 KPATHICTIO MTUPUHHU
MiKpsiib. TOOTO X €EeKTUBHICTH OBEAICHA MPU POOOTI Y casiax, TeIUTUIX, pU Ae3iHdexil
Y CKJIQJICBKHX MPUMIIIEHHSX TOIIO.

Amnanizyrouu Jani  iHIII  KOHCTPYKMWIi, If0 TpoOJeMy YacTKOBO BHUPILIYIOTh
MIHIOONPYCKYBa4l PUYIIHI Y¥ HABICHI Ha MiHIeHepro3acoowu, puc. 3. Haitbinbi nomynsspaHuMu €
HaBicHI oOnpuckyBaui. Ha puc. 3, a npencraBieno o0npuckyBau Ha MoToTpakrop [10].

a) ”

Pucynoxk 3 — O6npuckyBau Ha motoTpaktop 130 mitpiB (Arpokpam) (a) Ta o0mpucKyBau
qutst miniTpakTopa 80 i1 (Agrofast) (6)

Iicepeno: [10, 1]

Ile xoMmnakTHHI HaBiCHMI OONpPUCKYyBay, IO Ma€ IMIMPUHY IUTaHTHM 4 M, Ha SKIH
BCTAHOBJICHO 8 PO3MIIIOIOYUX TPHUCTPOiB, puc. 3, a. bak mictkictio 130 1 3 pobGoyoro
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PIAMHOIO KMBUTH HAIIpHY MaricTpajib 3a JOMOMOTOI IBOX MEMOpaHHUX eJNEeKTPOHACOCIB
npsMoi mojavi Ha posmwioBadi. [llTaHra Mae MOXIMBICTH PETYJIIOBaHHS 3a BHCOTOIO Ta
nepeBojly 3 pobodoro y TpaHcmopTHe nonoxeHHs. Cyxa maca oOmpuckyBaya — 25 KI.
ArperaryeThcs 3 eHeprozacodaMu Majioi MOTYKHOCTI TIPH HAsIBHOCTI y HUX CUCTEMH HABICKH.
3asBieHa BUPOOHUKOM MPOTYKTHBHICTh — 1 Ta/rof.

[Hmra cucrema HarHiTaHHS pPOOOYOTO THCKY B HAIPHIM MaricTpani BUKOPHCTaHA Ha
oOnpuckyBaui ykpaincekoi ¢gipmu Agrofast (puc. 3, 6) — e BUTiCHeHHS poO0UOi piAMHU 3
BUKOPHUCTAHHSAM HaJUIUIIKOBOTO THUCKY, 1110 CTBOPIOETHCS KoMIipecopom [1].

B sxocti pesepByapa TyT BukopuctaHo 6axk 80 JI BiJ TipoakyMyssiTopa HAaCOCHOT
YCTAaHOBKH, JI¢ poOounii TUCK nomyckaetses 10 0,8 MIla. Enexrpuunuit kommpecop Yparan
OPOAYKTHBHICTIO 35 JI/XB CTBOPIOE HAIJIUIIKOBHIA TUCK, III0 BUTHUCKAE poOOUy PiIMHY uyepe3
BICIM PO3MWJIIOBAYiB, IO BCTaHOBJIECHI Ha mTan3i. lllupuHa 3axormieHHs, Tpu BpaxyBaHHI
KyTa PO3MWICHHS pO3MWIIOBAaYaMu, ckianae 5,5 m. Cama mtara mo BHCOTI MOXKE Ha pami
GbikcyBaTHCS y KITBbKOX TOJIOKeHHX. [lepeBin y TpaHCTIOPTHE MOJIOKEHHS 3MIMCHIOETHCS 3a
JIOTIOMOTOFO YaCTKOBOT'O PO3OMpPAHHS CEKLIIH Ta (PIKCYBaHHS iX Y CHELIaTbHOMY KOHCOJIBHOMY TPHMAUi.

Skio anamizyBaTu i AB1 MOJENi OONpUCKyBadiB (puc. 3), TO BOHH JTyXe MOAI0H1 Mix
c00010, BIJPI3HAIOTHCS TUIBKM CUCTEMaMHU BUTICHEHHS PIAMHHU. 32 TAKOTO KOHCTPYKTUBHOTO
BUKOHAHHS 11l HaBICHI 0OmMpucKyBadi OyayTh 100pe mpaioBaTH MpuU OOMPHUCKYBaHHI
HOJILOBUX KYJIBTYD, ajle TUIbKH 3 IIEBHUX YMOB.

TyT, 31 3pOCTaHHSAM TEXHOJIOTIYHOTO PiBHSI MAIIMHH, OUTBIIT MPHUCKIIIIUBO CTABUMOCS
710 3a0e3MeUeHHs HEl0 arpoTeXHIYHUX BUMOT TPU OONIPUCKYBaHHI.

Haiinepiiie, 1ie HopMa BHECEHHs poO0UYOro mpernapary Ha oOpoOoBany twionty. 1106
3a0€e3MeUnTH 3a7jaHy HOPMY BHECEHHsSI MOTPiOHO MPaBHIBHO Y3TOJUTH TUCK B HamMipHIiH
MaricTpaii 3 BUTPaTOI Yepe3 BU3HAUCHE YMCIIO PO3MUIIIOBAYIB Ta MIBUAKICTIO PyXy arperary.
Buknukae cymHIB yiTke 3a0e3MedeHHs 3a71aH0i HOPMH BUJIMBY, OCKIJIBKM THUCK B HaIipHIii
MaricTpajii He MIATPUMYETHCS CTaIMM — B HaBEJIECHUX KOHCTPYKISIX BIICYTHI OyJb-siKi
peryJsiTopu TUCKY. 3a7jaHy MIBUIKICTh PyXy BaXKO MIATPUMYBATH Ha PI3HUX eHepro3acobdax,
OCKUJIBKHM HE BC1 MOTOTPAKTOPH, @ TUM O1IbIIIE MOTOOJIOKH 3 aIaliTeépaMu, MAtOTh CITIJIOMETPH
i TaxoMeTpu. Ilpu poOoTi y MKPSILISX PI3HUX MPOCATHUX KYJIBTYp LIMPUHA KOMii TpakTopa
HE CIIBIAJIa€ 3 MDKPSAIIAIMU KyJIbTYpHd a00 BaXXKO ii 3MIHWUTH, BUHHUKAIOTH MPOOJIEMHU TIPHU
00poO11i BiIHOCHO BUCOKOPOCIMX KYJIbTYp (Hampukiax oOpoOka KapTOIIi 10 4 micis ¢azu
IBITIHHS) 13-32 MaJiOTO KJIIPEHCY eHepro3acoly Tomio. KpiM TOro, >KOpPCTKE 3aKpiIuICHHS
IITAaHTY HA paMi OONpHCKyBaya He crpusie ii cTaliiizalii npu pyci eHepro3acody MmojJ>0BUMHU
HEPIBHOCTSIMHU. 32 TAKUX YMOB JIMHAMIYHO 3MIHIOETHCS BIJICTaHb 10 00’ €KTy 00poOKH, a Bif
TOTO 1 HOpMa BHECEHHSI, a TAKOXK 11 Ma€ CyTTEBUI BIUIMB Ha pecypc poOOTH KapKaciB i pamu
camoro obnpuckyBaua [2, 3, 6, 14].

o crocyeTbcs MPUUYINMHUX OOMPUCKYBAYiB, PUHOK TaKUX MAIllMH Ma€ 3HAYHO MEHILE
MIPOTIO3HUIIIH, ajie PO3TIITHEMO JesKl KOHCTPYKIIii, puc. 4.

Ha puc. 4, a mnpencraBieHuii oONpUCKYBau JUIsi MOTOOJIOKAa 1 MOTOTPAaKTOpa
ykpaincbkoro Bupoonuka I1I1 Kproukos [8].

JlaHuii mpudYinHUN OONPHUCKYBaY MNPHUETHYETHCS OO MOTOOJOKA 3 JOMOMOIOIO
agantepa. Bumyckaerbes y TppoX BapiaHTax 00’emiB OakiB: 85 1, 150 1 ta 250 1. PoGoumit
tuck 0,25-0,30 MIla HariTaeTscs 3a JOMOMOTOI MOTOMOMITM a00 BiIIEHTPOBOTO HACOCA.
Taki oOmpucKyBadi MarOTh MOKJIMBICTh PETYJIIOBaHHS BUCOTH 1 IIMPUHM KOuii (MiHIMaJIbHA
mpuHa — 0,8 M), @ TAKOXK PEryJIIOBaHHS BUCOTH BCTAHOBIIGHHS IITAHTH, HA SIKIH 3MOHTOBAHO
8 posmmiaroBadiB, MO J03BOJISE 3a0€3MEUNTH IIUPUHY 3axomieHHa 10 3,5 M. Maca
o0mpucKyBaya 3 MOpokHIM 0akoMm (0e3 Hacoca) — 39 kr.
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a)

Pucynoxk 4 — O6npuckyBau it MoTo6oka i MotoTpaktopa (I1I1 Kproukos) (a)
Ta 00npUCKyBau NpUYinHuUii 10 MiHiTpakTopa NorthStar (79 1)(0)
Iicepeno: [8, 20 ]

[HIIMM TPUKIAIOM MOXKE CIyryBaTh OONPHCKYyBad NPUYIMHHUKA J0 MiHITPAKTOpa
NorthStar (79 m) (CLLA), puc. 4, 6 [20].

Jlanmii oOmprCKyBay MO>K€ BUKOPHCTOBYBATHCS Y PI3HHX BapiaHTaX 3aCTOCYBaHHS
PO3MMIIIOIOYHMX TPUCTPOIB — HABICHOI INTAHTH 3 IIICTBMa pO3MWIIOBaYaMH ab0 pPydHOI
mTanrd. BiH mpu3HaYeHWid, B OCHOBHOMY, JJIsI poOOTH Yy cajax, MOKHa HHUM 00poOIsaTH
ra3onu, iHmi noxiOoHi ninsHku. Hamip poGowoi pimmaum mo 0,48 MIla cTBOprOETHCS
eslekTpuyHUM HacocoMm (12 B), mo wmae mnpoxaykTtuBHicTh 8,3 Ji/xB. 3aranbHa Maca
HE3aIlpaBJICHOTO OONPHUCKyBaJa ckianae 27,2 Kr.

Takum 4nMHOM, HaBeJEeHI MPUUINHI OOMpHUCKyBadi (puc. 4) MalOTh CBOI MepeBaru Ta
Henoniku. Hanpuknan, npuyinauii odnpuckysava [1I1 Kprouko (puc. 4, a) Mae 10CTaTHBO
BEJIMKUI KJIIPEHC Ta MOXJIMBICTh 3MiHU IIUPUHM KOJIii, ajie B arperari i3 MOTOOJIOKOM HOTo
(GyHKIIOHATFHI MOXJIMBOCTI oOMexeHi. Lle oOMexeHHs TOB’s3aHE 3 TUM, HI0 MOTOOJIOK
HEMa€ TaKOro KIIPEHCY Ta MOXIIMBOCTI JIETKO 3MIHIOBATH MIMPHUHY KOJIii, HaNPUKIal, MpU
nepei3ai Ha iHmy twionry. KpiM Toro, B oOmpHcKyBadi BIJCYTHS CHUCTeMa cradumizaril
IITaHTH, OI0 CHpUsE i1 3HAYHUM KOJMBAHHSM, Ki 30ypIOIOThCS KoJecaMu OONpUCKyBaya i 1e
noripurye sIKiCTh HaHECEHHS poOOUYOro mpenapary Ha TOBEpxHi pociuH. Butpata po6ouoi
PIIMHM 3aJIeKUTh BiJl THCKY, IO CTBOPIOETHCS EICKTPUYHUM MEMOpaHHUM HACOCOM, aie
3HAYeHHs LOTO0 THUCKY HEBH3HAUEHE Ta HEKOHTPOJbOBAHE, 1[0 TAKOXX HETaTUBHO MOXKE
BIUTMBATH HA IOTPUMAHHSI HOPMHU BHJIMBY OTPYTOXIMIKATIB.

B xoncTpykuii o6npuckyBaua npuyinHoro 1o minirpakropa NorthStar, puc. 4, 6 Bxe
nepeadaveHo perysItoBaHHs Ta KOHTPOJb TUCY, IO CTBOPIOETHCS B HAIIIPHUN Marictpaii, aje
TEX BIJCYTHE CTaOLIi3yBaHHS INTAHTH, HE PETYJIIOETHCS HI KIIPEHC, HI MIMPUHA KOJIi, IO
3HAYHO OOMEXKY€ HOTr0 BUKOPHCTAHHS JUIS XIMIYHOTO 3aXUCTY MOJILOBUX KYJBTYD.

[lincymoByt0ouM MNpOBEACHUN aHai3 KOHCTPYKTUBHHX OCOOJMBOCTEH HaBeIeHUX
MiHI00MTPUCKYBayiB, pOOUMO HACTYITHI BUCHOBKH.

BucnoBku. /{5 okpecieHux 1wiom oOpoOKH MOoiIbOBHX KynbTyp (B Mexax 0,2 ra)
paHieBl oOmpucKyBadi MOTpeOyIOTh 3HA4YyHOI 3aTpatu (I3MYHOI Tpall oreparopa: Ha
nepeMillleHHsT MacH OONpHUCKyBaya 3 poOOUYOI0 PIIMHOI0, MiJKAYyBaHHS PYyYHUM HACOCOM
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(U1 BapiaHTy 0O€3 eJIeKTpUYHOIo Hacoca), 4acTi 3anpaBku. KpiMm Toro, pyuHe nepemilieHHs
IITAaHTY HE MOXE TapaHTyBaTH PIBHOMIPHOCTI HaHECEHHs poOOYOro mpemapary Ha BCIO
IUIOIILY, OCOOJIMBO MPHU CYLITbHOMY BHECEHHI.

Maca TaukoBuUX OOINpPHCKYyBadiB IEpPEHECEHAa Ha iX Iaci, aje OomepaTrop MOBHUHEH
IITOBXATH i1 /U151 mepeMileHHs. SIKII0 TOBOPUTH MPO MLKPSAIA POCIUH, TO Y MyXKOMY IPYHTI
YTBOPIOETHCS KOJIis, 0 3HAYHO YTPYAHIOE TIEPEMIIIEHHST TaKoro oompuckyBava. [[o Toro x
MaJIM{ KJIIPEHC Ta HEPeryjbOBaHa KOMisl HE JO3BOJSIOTH PYX MDKPAIISIMHU HPOCAITHUX
KyJbTyp. Y BapiaHTi BUKOPHUCTAHHS HABICHOI IITaHTH — BAXXKO BUTPUMATH TOCTIHHOIO
MIBUJKICTh MEpPEMIllIeHHs, SKIIO OOMpHUCKyBau pyXaTH Bpy4YHY, a INpPH BUKOPUCTAHHI
MiHI€HEpro3aco0y BHHHKAIOTh Ti K MPOOJIEMH — MaJMil KIIPeHC €Hepro3aco0y, He3/1aTHICTh
peryiIroBaTH MUPHUHY Koumii. Takoxk BiACYTHS cucTeMa cTabimizamii mTaHry.

HagicHi oOnpuckyBaui B OUTBIIIN Mipi 3aJie)KaTh BiJl TapaMeTpiB mIaci eHepro3acooy.
TyT mepeBa)XHO BHHMKAIOTH Ti X MpoOIeMH — OOMEXKEHI peryiioBaHHS HIMPUHM KOTii Ta
(dikcoBaHUH KJIIPEHC, 0 3BYXKY€E IX BUKOPUCTAHHA y MEBHUX (Da3zax PO3BUTKY POCIWH, KOJIH
BXKE JIOPOXKHBOTO MPOCBITY €Hepro3acol0y HEIOCTaTHHO, 1100 HE IMOIIKOKYBATH POCIUHU
npu 00po6i. KpiMm TOoro, BiCyTHICTH CHUCTEMH cCTabumi3aIlli IITaHTA TPU3BOAUTH MO il
KOJINBaHb, AKi MEepPelaloThCs B KOJiC eHepro3aco0y MpH pyci MOJLOBUMHU HEPIBHOCTAMHU. |
1Ie Ma€ 3HaYHUU BIUIMB Ha PIBHOMIPHICTH BHECEHHsI pOOOYOTO Mperapary Ta pecypc poOoTH
CKJIaJIOBHX OONPHUCKYBaya.

[Iloqo mpuyinmHUX MiHIOOMPUCKYBadiB, TO B iX KOHCTPYKIISIX MOKHa YCYHYTH DS
ONMCAHMUX HEJOJIKIB, alie X ()YHKLIIOHAJIBHICTh B 3HAYHINA Mipi € 0OMEXKEHOIO MapamMeTpaMu
€Hepro3aco0iB, 3 SKUM BOHHM arperaryrorbcs. [ns miaBumieHHs edeKTMBHOCTI HAHECEHHS
pobodoro mpemnapary Ha oOpoOIIOBaHI IUIONII CiJ BUKOPUCTOBYBAaTH Xxoua O HaWmpoOCTIiIIi
MAasiTHUKOBI ITIABICKY IUIs cTablni3ali TaHru.

3 METOO MiJBUIIIEHHS SIKOCTI HAHECEHHSI poOOUOro Mpenapary Ha 0OpoOIItOBaH1 MOBEPXHI,
YHIBEpCAJILHOTO BUKOPUCTAHHS II0JI0 OOPOOKH PI3HUX CLILCHKOTOCTIOJAPCHKUX KYJBTYp, B
TOMY YHCITi poOO0Ta y Ca/iax, SMEHIIICHHsI Py4YHOI TIpalli oreparopa TOIIo, BAPTO PO3POOUTH CAMOX1THHIA
MaJiorabapuTHUN OOMPHUCKYBaY, aHAJIOTIB SIKOMY Ha pUHKY YKpaiHU HE CIIOCTEPITaEThCA.

J10 po3po6ieH0T KOHCTPYKLT BUCYBAIOTHCSI HACTYITHI BUMOTH:

— caMOTIEPECYBHHH (3 JOTIOMOTOIO JIBUTYHA);

— MOXKJTUBICTh 3MIHIOBATH IIMPUHY KOJII 32 JOIIOMOT'0I0 CEPBICHUX MEXaHi3MiB;

— MaTH JO0CTaTHIN KIIpeHC abo HOoro perysoBaTH;

— HaBICHA IITAaHra MOBMHHA MAaTH CUCTEMY CTa0LIi3alii Ta peryiaroBaTucs 3a BUCOTOIO
BCTaHOBJICHHS;

— B HamipHiil MaricTpajgi NMOBHHEH MiIATPUMYBATUCS TMOCTIMHUN 1 KOHTPOJIbOBAHHIMA
THUCK po00YOT piIUHU;

— po3pobieHa MoJieNb CaMOXiIHOro OONMpHUCKyBauya MOBUHHA OyTH JOCTYITHOIO 32
BapTICTIO JII CEPEIHBOCTATUCTUYHOTO BHPOOHHKA CUIBCHKOTOCIOAAPCHKOT MPOAYKIT Yy
1i1c00HOMY TrOCTIOIapCTBI.

[Ipu BpaxyBaHHI ITUX BUMOT Ta peaizallii KOHCTPYKIIii OONmprCcKyBaya Ha MIPAKTHUIl MU
OTPUMA€EMO BUCOKOE(EKTUBHY Ta KOHKYPEHTO3JaTHy MAalllMHy Ha PUHKY MiHIOOMPHCKYBayiB.
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Analysis of design features of mini sprayers for small farms

The purpose of the study is to perform an analysis of the design characteristics and efficiency of various
types of mini-sprayers in small areas of row crops and to form criteria by which a new self-propelled mini-
sprayer with a rod stabilization system should be designed.

An analysis of the efficiency of various types of mini-sprayers in small areas used for planting various
crops in small farms was carried out. For the outlined areas of treatment of field crops (within 0.2 hectares), it
was established that knapsack sprayers require a significant amount of physical labor of the operator: to move
the mass of the sprayer with the working fluid, pumping with a manual pump (for the option without an electric
pump), frequent refueling. In addition, manual movement of the rod cannot guarantee the uniformity of
application of the working preparation over the entire area, especially with continuous application.

For wheelbarrow sprayers, it is established that their mass is transferred to the chassis, but the operator
must push it to move. If we talk about the inter-row of plants, then a furrow is formed in the loose soil, which
greatly complicates the movement of such a sprayer. In addition, small ground clearance and unregulated furrow
do not allow movement by inter-rows of row crops. In the option of using a hinged rod, it is difficult to maintain
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a constant speed of movement if the sprayer is moved manually. When using the mini energy tool, the same
issues arise — a small clearance of the energy tool and the inability to adjust the furrow width. There is also no
rod stabilization system.

Hinged sprayers are more dependent on the parameters of the power supply chassis. Here, mainly, the
same problems arise — limited adjustment of furrow width and fixed clearance, which narrows their use in certain
phases of plant growth, when the ground clearance of the energy source is insufficient to avoid damaging plants
during processing. In addition, the absence of a rod stabilization system can be seen. This leads to its
oscillations, which are transmitted from the wheels of the energy store when moving by field irregularities, and
this has an effect on the uniformity of the introduction of the operating solution and the resource of work.

Regarding trailed mini-sprayers, it is possible to eliminate some of the described drawbacks in their
designs, but their functionality is significantly limited by the parameters of the energy tools with which they are
aggregated. To increase the efficiency of applying the operating solution to the treated areas, at least the simplest
pendulum suspensions should be used to stabilize the rod.

In order to improve the quality of application of the operating solution on the treated surfaces, universal
use for processing various crops, including work in gardens, reducing the manual labor of the operator, etc., it is
necessary to develop a self-propelled small-sized sprayer, analogues of which are not observed on the Ukrainian
market.

The following requirements are put forward to the developed design: self-moving (using an engine); the
ability to change the furrow width using service mechanisms; have sufficient clearance or regulate it; the hinged
rod must have a stabilization system and be adjustable in height of the installation; the pressure line must
maintain a constant and controlled pressure of the operating solution; the developed model of a self-propelled
sprayer should be affordable for the average agricultural producer in the subsistence farming.

Taking into account these requirements and the implementation of the sprayer design in practice, we
will get a highly efficient and competitive machine in the mini sprayer market.
chemical protection, sprayer, rod, stabilization, oscillation, resistance to movement, working pressure,
self-propelled, subsistence farming, furrow width, clearance, operating life, spraying rate.
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CnocoOu MiIBUILEHHS MTOKA3HUKIB IM3€JI1B TPAKTOPIB 1
aBTOMOO1JIIB B YMOBAX PsJIOBO1 €KCILTyaTaIli

HaBonsaTecs pe3ynbTaTd MOPiBHIIBHOTO aHAJI3y CIIOCOOIB IMTiABHUICHHS MOKAa3HUKIB TU3EITIB TPAKTOPIB
i aBTOMOOUIIB BITYM3HAHOIO 1 3apyOiXKHOTO BHPOOHUIITBA, SIKI 3HAXOISTHCS B YMOBaxX PsZOBOI eKCILTyaTarii
MiATPHEMCTB YKpaiHu pi3HOI opmu BiacHOCTI. [IpoaHani3oBaHO 3MiHH MOKA3HHUKIB MaMBHOI €KOHOMIYHOCTI
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Ta eKOJIOTIUHI MOKa3HUKY JIU3EIIiB TPAKTOPIB 1 MAIIMHHO-TPAKTOPHUX arperariB. B skocTi npukiiagy po3risHyTo
po0OTy HmaTMBHOTO Hacocy Bucokoro tucky HJ[-22/6b4, nuzenss CMJ1-62 i tpaktopa T-150K. JlocmimkeHHs Ta
CIIOCTEPEKEHHS 32 TEXHIKOI IPOBOJIWIM IMPOTArOM TpUBAIOTO Imepiony. HaBeneHo icTOpUYHHMIT acnekT
PO3BHUTKY I1aHOI TeMaTWKW 100 MOKa3aTH JUHAMIKY W 30CepeuTH yBary Ha OunbIl e(eKTHBHHX CIocodax
Mi/BUILEHHS TOKa3HWKIB TPaKTOPIB 1 aBTOMOOLIIB B pPANOBOi yMOBax eKCIuTyaTalii ¥ iX 3acTocyBaHHS.
PosrusiHyTO 3a3Ha4eHi TMTAHHS PO aHAJTI3H KOHCTPYKLT 1 pyHKIIIOHYBaHHI Cy4aCHHX TPaKTOPIB IHO3EMHOTO BUPOOHHMIITBA.

au3ejb, TAJMBHHIA HACOC BHCOKOTO THCKY, PEryJjsTop, MNaJIWBHA €KOHOMIYHICTh, JIUMHICTH
BilNpanboBaHNX rasis, 10C/IiIHUI YHIBepcaTbHUI peryJsaTop, 00MeKyBay JUMJICHHS, Bil’€eMHUI KOpeKTOp

IocTtanoBka nmpodaemu. EdexruBHicTs arpornpomucioBoro BupooHunrsa (AIIB) B
VYkpaiHi 3aJeKUTh MEepeAyCiM BiJ] TEXHIYHOTO PIBHA Ta SKOCTI MOOLIBPHUX MAIHH, SIKi
eKCILUTyaTylOThCSI Ha  CUIBCHKOTOCHOJAPCHKUAX —TMIAMPHUEMCTBAX. PO3BUTOK MMOKa3HUKIB
KOHCTPYKIIIi Ta eKCIUTyaTallii TpakTopiB, aBTOMOOUIIB, KOMOAHIB Ta 1H. CLUILCHKOTOCIOAAPCHKOI
TEXHIKH Ma€ OyTH CIPSMOBAHWI Ha 3HAYHE ITiBUIIEHHS MPOIYKTUBHOCTI MAIIMH 1 arperaris,
iX SIKOCTI Ta PO3MIMPEHHS Jlalma30Hy BUKOHYBaHHX poOiT. Bce e 00yMOBIIIOE 3pocTaHHS
eHepronacudeHocTi TexHiku y AlIB, 30iiblIeHHs HABAHTAXXCHHS Ta YCKJIQJHCHHS JIETaJICH,
BY3JIiB, CUCTEM 1 arperariB MOOUTBHUX MAIIMH, 3HIKY€ETHCS PIBEHb 1X HaIHHOCTI.

AIIB BUKOPHUCTOBYE SIK BITYM3HSHY, TaK 1 IMIOPTHY TexHiKy (ipm "Kmaac", "[xon
Hip", "Mepcenec-benn", "Keiic" ta in. Ha nianpuemctBax AIIB HasiBHO 1 6araTto 3actapinoi
TEeXHIKH, sika MOTpeOye 3HAYHMX BHUTpPAT Ha TEXHIYHE OOCIyroByBaHHS 1 pemMoHT. Uepes
HU3bKI MMOKa3HUKHU JAW3EJIB TPAKTOPIB 1 aBTOMOOLIIB MOJOBXKYIOTHCS arpoTEXHIYHI CTPOKU
BUKOHAHHS CLIbCBKOIOCIIOAAPCHKUX POOIT, BAHUKAIOTh BTPATU Bpoxkaro. ToMy akTyalbHUM €
BUSIBJICHHS CIIOCOO1B MiJIBUIICHHS X MOKAa3HHUKIB B YMOBAaX psAA0BOI €KCILTyaTallii.

AHaJi3 ocTaHHIX JA0CTiIKeHb i myOJikaiiii. B ymMoBax psiioBoi eKcIuTyaTarlli HOKa3HUKH
poOOTH TM3€eNiB TPAKTOPIB Ta aBTOMOOLIIB 3aexath Bifl Oaratbox ¢akropis [12]. 3 1980 poky Ha
kadenpi "TpaktopiB 1 aBToMOOLTIB" JIHIIPONIETPOBCHKOTO CUTLCHKOTOCTIONAPCHKOTO THCTUTYTY
(ACIT), a 3 Bepecusa 2018 poxy — Ha kadenpi "TpakTopiB 1 CLIbCHKOTOCIOJAPCHKUX MAarliH"
JIHIIPOBCHKOTO  A€P)KAaBHOTO arpapHo-ekoHoMiuHoro yHiBepcutery (IJIAEY) mnpoBomsThcs
JIOCTI/PKEHHS 110 BU3HAUCHHIO BIUIMBY XapaKTEPUCTUK MaJTMBHUX HacociB BUcokoro Tucky (ITHBT)
Ha EKOJIOTIYHI, MAJMBHI 1 TOTY)KHICHI TOKa3HWKW JU3EIIiB, TPAKTOpiB 1 aBTomMoOLTB [1...5].
CrniBpoOiTHHKH Kadeapu OyiaM CITIBABTOPAMH 1 BUKOHABIIMHU sy POOIT, sIKI BUKOHYBAIUCH B
pizHuX opranizamisx: LleHTpanbHOYKpaiHChKUI HAIlOHAILHUN TexHIYHWHK yHiBepcuteT [10,11],
Hamionaneauit TpancnioptHuid yHiBepcureT [6...8, 3]. 3aBimyBau kadenpu I-p. TEXH. Hayk,
npodecop ['onoBuyk A.dD. OyB HAyKOBUM KEpIBHUKOM acripaHTiB pisHux 3BO Ykpainu (1984-
1998 pp.). Ilpu posrmsaai AaHOT TeMH BPaxOBYBAJIHMCh PE3YJbTaTH POOIT 1HIIMX JIOCIHIAHUKIB,
Hanpukian, acmipanta KAl KanbkoBchkoro [.€. (HaykoBWii KEpiBHMK J-p. TEXH. Hayk,
npodecop Jonranos K.€.) [9]. [locunanHs Ha Taki OCTIKESHHS MpUBeCHI B podoTax [1...8].

IlocTanoBka 3aBaaHHs. MeToro aAaHOi pOOOTH € BHUSIBJICHHS CIOCOOIB IiBUIIECHHS
NOKAa3HMUKIB JW3ETIB TPaKTOpPiB 1 aBTOMOOUIIB B yMOBax psJIOBOi eKCIulyaTauii B
roCTOJIapCTBa arpolpOMUCIIOBOIO BHUPOOHMIITBA Ha OCHOBI pe3yJIbTaTiB aHalizy ix
KOHCTPYKTUBHUX 1 €KCIUTyaTallliHUX XapaKTEePUCTHK.

Buknaa ocHoBHOro Marepiajy. BHpoOHMKH CUTBCHKOTOCIOMAPCHKOI TEXHIKH, B
TOMY YHCJ1 TPAKTOPiB 1 aBTOMOO1JIiB, IPOMOHYIOTh 3aMOBHHKAM CBOi BUPOOH, HArOJIOUIYIOUH
B Iepuly 4depry Ha ix mepesary. [loTpiOHO BIAMITUTH, 110 OUIBIIICTh MAIIMH CY4YaCHUX
npoBigHUX (GipM 1 KOMMaHii BUPOOHUKIB Maike 1JEeHTUYHI 32 KOHCTPYKTUBHHUMHU 1
eKCIUTyaTaliiHUMH IOKa3HUKAMH. 3HANTH 1 BIIMITUTH 1X CYTT€EBI HEIOTIKHA Maike HEMO>KIIUBO.

BusiBneny, mnpu mepernsai HasBHOI TEXHIUHOI JiTeparypu, iH(GOpMAaILil0 Mpo
0COOJMBOCTI BUKOPUCTAHHS TEXHIKM B YMOBaX PsIIOBOI €KCIUTyaTaii i iX BIUTUBY Ha TEXHIKO-
€KOHOMIYHI MOKa3HUKU CUIbCBKOTOCIOAAPCHbKUX TPAaKTOPiB a00 MAaIIMHHO-TPAKTOPHHUX
arperariB (MTA) neranbHO PO3IIISIHYTO Ta CHCTEMATH30BAaHO 3a OCHOBHHMH (hakTopamu
BIUIMBY B Tabu. 2.1...2.3 pobotu [4]. Cepea MHOXMHM Pi3HOMaHITHUX (aKTOPIB BIUIMBY Ha
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nepeBuTpaTy nanusa (% ) Bi BUTpATH 32 HOPMOIO BiZIMITHUMO JIMIIIE 3HAYEHHS MiHIMaJbHI 1
MakcumanbHi. [Ipu cipamroBanHi mutiHApo-nopitHeBoi rpynu Ha 0,01 MM BUTpara manuBa
30ibmyeThest Ha 0,5 %, a mpu HEMIbHOMY 3aKpPHUTTI MaJUBHOTrO Oaka (uepe3 BiJICYTHICTb
ctanaapTHoi kpumku) — 0,7 %. [loripieHHs: po3NuIOBaHHS MajauBa 30UIbIIy€e HOTO BUTPATY
Ha 30...35 %, a pobora au3ess npy TeMieparypi oxonoaHoi pimguau 30...40 °C —ua 30...40 %.

AHani3z (akTopiB BIUIMBY, JaB MOJJIHUBICTh 3TPYMyBaTH CIIOCOOM TIiBUIIECHHS
MOKA3HMKIB TPAKTOPIB 1 aBTOMOOLIIB y ciM rpymn (Tada. 1).

Ta6muist 1 — OcHOBHI crmOCcOOM MiABUIIIEHHS MOKA3HUKIB TPAKTOPIB 1 aBTOMOOLUTIB B

MOBAX PsA0BOT eKCIUTyaTallil

Ne Crioci6
1. 3acTocyBaHHS HOBUX BHJIIB AJINBA
[ligBuiieHHs KBaidikallii nepcoHany
3. SxicHe poBeeHHs poOiT 3 BU3HAYEHHS TEXHIYHOTO CTaHy MaJIWBHOI'O HACOCY BHCOKOTO
THCKY, IW3eJIs Ta TPAKTOpa 3 HACTYITHUM iX pEMOHTOM a00 PeryJIIOBaHHIM
4. BBejieHHsT B KOHCTPYKIIiIO PETyJIsITOpa NaJUBHOTO HACOCY MPUCTPOIB, SKI MOKPAIYIOTh

po0oOTY Hacocy, Au3eis 1 TpaKTopa Ha BiAINOBIIHUX PeKUMax (00OMexKyBad JUMIICHHS,
BiJl’ EMHHI KOPEKTOP, OJHOPEKUMHHM PETYIISATOP, TBOPSIKUMHUIN PETYIIATOD,
JIBOPEKUMHO-BCEPEKMMHHUN PETYIISATOP, €JIEKTPOHHHIA PETyJISITOp Ta iH.)

5. [TinGip onTUMaTBHUX MIPUCTPOIB, PEKUMIB POOOTH 1 KOMIUIEKTY CUTBCHKOTOCTIONAPCHKUX
MAIllMH i 3HAPSIb IPH BUKOHAHHI MTOJOBUX 1 TPAHCIIOPTHUX POOIT

6. Bcranosnenns Ha tpakrop T-150K inmmx guzeniB (AM3-236, KamA3-740, «DOUTS»)

7. MonepHizariis qu3eiiB 11 poOOTH Ha IHIIUX MaNUBax (CTUCHYTHH a0 3piKeHuH ra3) mo
ra30u3eIbHOMY HKIY

Ioicepeno: po3pobneno asmopamu 3 8uKopucmanuam [4]

OueBHIHO, 10 B MeXKax OJHI€T pOOOTH PO3IIIAHYTH OJHOYACHHUN (KOMIUICKCHUI) BILIUB
TaKO1 KUIBKOCTI TPy (PaKTOPiB HA MOKA3HUKU OJTHOTO CUTHCHKOTOCIIONAPCHKOTO TPAKTOPA, @ THM
OLTbIIIE HA BCI1 YU OCHOBHI MOJIEII, TPAKTOPIB 1 aBTOMOOLIIB SIKi €KCILTYaTyIOThCS Ha MiAIPHEMCTBAX
AIIB, HemosxnuBo. J1Jis puKIiaay, MpUBEIEeMO KOPOTKUH aHaATI3 JeSKHUX 13 IUX (PaKTopiB.

[Ipuknagom BuUKOpHCTaHHS S5-i rpynu (akTOpiB € 3ampONOHOBAHE 3aBOJIOM-
BUPOOHMKOM KoMILIEKTyBaHHs MTA 11 BUKOHAHHS CyIIIbHOT KynbTHBaLii (puc. 1). Bumano,
110 3alpONOHOBAaHO KoMmIulekTyBaHHs TpakTopa T-150K Tpboma kynstuBaTopamu KIIC-4.
OueBugHo, mo Takuii MTA MOXIMBO BUKOPHUCTOBYBAaTH HE JJIS BCIX BHJIB poOIT (mepia
KyJIbTHBAIIisl, KyJIbTUBALIIS TIOJIS MICIIs TOJIMBY a00 MOy Ta JESKHX 1HIIWX) Yepe3 HaJAMipHE
MepeBaHTAXEHHS TU3ENsl TPH 30UTBIIEHH] OMOPY MEepeKOYyBaHHS PYyIIiiB. 30UIBIICHHS OTIOPY
0o0yMOBJIEHE 30UIBIICHHSAM OIOPY IPYHTY pPOOOYMM oOpraHam KyJbTHBATOpIB HpPU 3MiHI
HIUTPHOCTI TPYHTY abo 3MiHI TMOuHM O0OpoOITKY (3araumOyieHHI poOoYMX OpraHiB).
BinMmiTMO, 10 Take mepeBaHTaXEHHS CyTTeBe, 1HKOIM pobora Takoro MTA HemoxiuBa.
[Ipo ue cBiquUTh qy’Ke piJIKe 3aCTOCYBaHHS TaKOIO arperaty B yMOBax psJI0BOi eKCILTyaTallii.
V 6inbiocti rocniogapcts AIIB fioro B3araii He 3aCTOCOBYIOTb.

f S > L IR e S S o Ny ]
Pucynok 1 — Jlesiki pesxumu pobotu Tpakropa T-150K, 3ampornoHoBaHi 3aB010M-BUPOOHUKOM
Iicepeno: [4]

[Ipu mpoBeneHH1 HOCHipKeHb [3, 5] BCTAHOBIIEHO, IO MPHU MEpPEeBaHTAKEHHI IH3eIs
Mae micre 30UTbIIeHHST JUMHOCTI BimmpamnboBanux rasiB (BI'), inkomm cyrreBe (puc. 2) [4].
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OdeBuaHO, MmO 3HAYHO Ha AuMHICTH BI, B mepmry uepry, BIUIMBae HEBIAMOBITHICTh
KOMIUICKTYBaHHS —arperaty, HENpaBWIbHUN BUOIp pPEXUMY poOOTH, TOPYUICHHS B
peryiroBaHHsSX a0o poOOTI manMBHOI amaparypu. B pesynbrari [0IaTKOBOTO aHAli3y
TEXHIYHOI JIITepaTypy BCTAHOBJICHO, IO MiaBUINeHA AUMHICTH BI' mputamanna i mpu poOoTi
Ha JISIKUX peKUMax 1HIIUX TpakTopis (puc. 3,4 ).

Pucynok 2 — MosxnuBi pexxumu po6otr Tpaktopa T-150K B nonboBux ymoBax
IDicepeno: [4]

» ! -VIA‘II»‘L '
sl

PucyHok 3 — MoxnuBi pe>xuMH poOOTH TPAKTOPIB HAa CIIOPTHUBHUX 3MaraHHsIX
Iicepeno: [4]

BusiBneHo, 1o miiBMIIEHAa TUMHICTh BIIIPAllbOBAHUX Ta3iB Mae€ MicLe Hpu
dopcyBaHHI 1u3eIs HAAMIPHOIO MTOIaYCIO MMAJIMBa, IO € 3BUYAHUM SIBUIIEM ITPH MTPOBEACHHI
BIJIMOBIIHUX CIEIialli30BaHUX HETPUBAIMX 3MaraHb (puc. 3). Aje mpu IpOMY OpraHi3aTopu
3Maranb a00 BHUPOOHMKHM TEXHIKHM MOXYTh JEII0 3MEHIINTH HETaTHUBHI PE3yJbTaTH I10
muMHocTi BI' a0o B3arasi iX He HaJaBaTH.

a — mijBUIIeHA TUMHICTD BI' BITYM3HIHOTO TPaKTOPA;
0, B — miZiBHIIeHA AUMHICTh BI" 3aKopI0HHOTO TpakTOpa

Pucynok 4 — MoxIiBi pexxuMu poOOTH AESKHX 1HIMNX CiTbChKorocmomapcrkux MTA
Iorcepeno: [4]
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[Ipyn BHUKOHAHHI PI3HHX MOJBOBUX POOIT mMiABHIEHA AUMHICTH BI' BITUM3HSHOTO
TpakTtopa (puc. 4,a ) 1 geskux 3apyOvKHUX (puc. 4,0; 4,B ) MOSCHIOEThCA (aKTOpaMHU,
PO3TIIIHYTHMH BUIIE, MPU PO3TIIsAL 0COOIUBOCTEH 5-1 rpynu crioco6iB BIUMBY. HeoOXigHO
BIIMITHTH, 110 Ha puC. 4,a miaBuiIeHa AuMHICTh BI' Hamana nmemno oco6imBo, Ha GOHI TYCTUX
JIEPEB JICOMOCAAKH, 10 TAKOXK 3MEHIIY€ HEraTWBHE CIPUUHSITTS Marepiairy, ocoOJIMBO Ha
HEBEJIMKOMY PO3MIpi TAKOTO PUCYHKY.

3MeHIUTH AUMHICTH BI' 1 MOMIMIIUTH NManuBHY €KOHOMIYHICTH TPAKTOPIB MOKJIMBO
3aCTOCYBaHHSAM JOCHITHUX ( MOJIEPHI30BAaHUX ) PETYJSATOPIB MAJTUBHUX HACOCIB BHCOKOTO
TUCKY (4-Ta rpyna cmoco0iB, Tabu. 1). 3aranbHuil BHIVIAA 30BHIIIHIX 1 HPOMDKHHUX
MIBUIKICHUX XapaKTEPUCTHK TIPU 3aCTOCYBaHHI OJHOPEKUMHOTO 1 JBOPEKHUMHOTO
peryJisiTopiB MPUBEIECHO Ha pUC. 5.
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a, 0 — BCEpEX)KUMHUI 1 IBOPEKUMHUM PETYJISTOPH; B — OTHOPEKUMHHHN PETYIIATOP 3 KOPEKTYBaHHSIM ITPOMIKHUX
XapaKTEePUCTHUK; T — ABOPESIKUMHO-BCEPE)KUMHHUI PETYIIATOP 3 KOPEKTYBaHHIM IIPOMIXKHUX XapaKTEPUCTUK MTPU
JIBOPS)KIMHOMY PEryiioBaHHi: 1 — 30BHIIIHS; 2-4, 6-8 — MPOMIXHI 1 5 — TpaHUYHI IBUAKICHI XapaKTePUCTHKH

Pucynok 5 — CxemaTnaHe 300pakeHHS CIIOCO0IB peTyIIOBaHHS KiIBKOCTi 00epTiB
ABTOTPAKTOPHUX AM3EIIIB
IDicepeno: pospobreno asmopamu 3 sukopucmauuim [ 8]
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Jlemo 3MIHIOIOTBCS OCOOJIMBOCTI MPOTIKAHHS XapaKTepUCTHK IPU BBEJICHHI B
KOHCTPYKIIIIO PEryJiaTopa MaJMBHOTO HACOCY, KPIM BCEPEKMMHOTO, OJHOPEKUMHOIO abo
JIBOPSIKUMHOIO PETYJISATOPIB, OKPEMO, IOMAapHO ab0 CyMICHO OOMeXyBaua ITUMJICHHS 1
B1JI'€eMHOTO KOpeKTopa (puc. 6).
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PETYIATOP 3 Bill’EMHUM KOPEKTOPOM; T — IBOPEKUMHUI PETYIATOP 3 Bill’ EMHUM KOPEKTOPOM
1 oOMexxyBaueM JUMIICHHS

Pucynoxk 6 — Cxematnuse BinoOpakeHHs mBuaKicHIX xapakrepuctuk [IHBT H/I-22/6b4 3 nBopexxuMHIM
PETYIIATOPOM KiTBKOCTI 00EPTIB MPH Pi3HUX CIIOCO0axX KOPEKTYBaHHS IMO/1advi MaInBa
IDicepeno: pospobreno asmopamu 3 BuKopucmauuim [3]

B pesynprari momanbmMX JOCTIKEHb BCTAHOBJICHO, IO HOBI MAJMBHI HAcCOCH 3
pEryJIIOBaHHAMH y BIIAMOBIIHOCTI 10 BUMOT 1, 0COOJIMBO, HACOCHU 3 TIEBHUM TEPMiHOM POOOTH
1 pery;IroBaHHAMHU B YMOBAaX PsZ0BOI €KCILTyaTallii MaloTh MIEBHI BiAMIHHOCTI (puc. 7).
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Pucynox 7 — Cymiuieni 30BHimHI mBuakicHi xapakrepuctuku [IHBT H/I-22/6b4
3 eKCIUTyaTaliiHUMH PEryJIIOBaHHIMU
Lowcepeno: pospobreno agmopamu 3 ukopucmannam [4]

O4eBUAHO, IO TaKi OCOOJIMBOCTI MPOTIKAHHS MIBUIKICHUX XapaKTEPUCTUK MAIUBHUX
HACOCIB 3 CEpIHUM BCEPEKHMHUM DPETYJSATOPOM 1 JOCHITHHUMHU PETYISATOPaMU HEOOXiTHO
BPaxOBYBATH NPH BU3HAUYCHHI X KOHCTPYKTHBHHUX 1 perysTioBabHHIX napameTpiB 1 cTapaHHO
JOCHIJKYBaTH iX BIUIMB Ha poOOTy Hacoca, IU3eNs, TPAKTOpa i MalIMHHO-TPAKTOPHOTO
arperaty. OcoOnuBy yBary HEOOXiJHO NPUAUIATH NpAle3JaTHOCTI HACOCIB 3 TaKUMHU
perynstopamu Ipu 301UTbIICHHI TEPMiHY IXHBOT €KCIITyaTaIlii.

BucHoBkmu. 1. Ha ocHOBI aHani3y KOHCTPYKTHBHHX 1 €KCIUTyaTallliHUX XapaKTEPUCTHK
JM3EIIB TPAaKTOpPIB 1 aBTOMOOUIIB CGOPMYIbOBaHI OCHOBHI CIIOCOOM MiABHINEHHSA iX
NIOKa3HUKIB B yMOBaX PsAA0BOI €KCILTyaTalii Ha MiIIPUEMCTBAX arpOIPOMHCIOBOTO.

2. BcraHoBlieHO, IO TIPH TICPEBAHTAXCHHI AW3ENS 30UTBIIYETHCS JUMHICTH
BiANpankoBaHMX ra3iB. Ha 1ieii moka3HUK BIUIMBA€ KOMIUIEKTYBAaHHs arperary, HenpaBUJIbHO
BUOpaHUiA pexKiM poOOTH, HAasBHI TIOPYILIEHHS B PETyJIFOBaHHI Ta poOOTi MAJIMBHOI araparypu.

3. BusiBneHo, 1o miABUIIEHA IMMHICTH BIANpPAIlbOBAHMX ra3iB Mae€ Micle 1 MHpu
dopcyBaHHI aM3ens HAAMIPHOIO IMOJAY€I0 MajMBa. 3MEHIIUTH TUMHICTH MOKJIHBO
3aCTOCYBaHHSM MOJCPHI30BaHUX PETYJIATOPIB MAIMBHUX HACOCIB BUCOKOTO TUCKY.

4. 3anponoHOBaHO CHOCOOH PETYIIOBAaHHS KUTBKOCTI 00EPTIB aBTOTPAKTOPHUX IM3EIIB 32
JIONOMOTOI0 BBEJICHHS B KOHCTPYKIIIO PEryJsiTOpa MHaJMBHOTO HACOCY JBOPEKUMHUX,
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BCEPEXKUMHUX Ta  OJHOPEKUMHHUM  PETyIATOPOM 3  KOPEKTYBaHHSM  MPOMIKHUX
XapaKTEPUCTHK MOMAapHO a00 CyMICHO 0OMeKyBaua JUMIICHHS 1 BiJl'€MHOTO KOPEKTOPA.

5. BcraHoBieHO, 110 CIIOCTEPIratoThCs MEBHI BIIMIHHOCTI HOBHX MaJIMBHUX HACOCIB 3
peryJIIOBaHHSM, Y BIIMOBITHOCTI 10 BUMOT, Ta HACOCIB 3 IEBHUM TEPMIHOM pOOOTH B yMOBaxX
pAIOBOI  eKcrmyartarlii. 3a3HadyeHo, MO0 OCOOJIMBOCTI MIHHUIIBUAKICHUX XapaKTEPUCTUK
MaJUBHUAX HACOCIB 3 PETYJSTOPAMH CIIiJI BPaxOBYBaTH B MPOIECI Mpale3aaTHOCTI TU3EIIiB
TPAKTOPIB 1 aBTOMOOLITIB MpH 30LIBIICHHI pecypcy iX eKcIlTyaTarii.
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Ways to increase the indicators of diesel engines of tractors and cars in the conditions of

ordinary operation

It has been established that when the diesel engine is overloaded, the smokiness of the exhaust gases
increases. This indicator is affected by the configuration of the unit, incorrectly selected operating mode, existing
violations in the regulation and operation of the fuel equipment.

The results of a comparative analysis of ways to increase the indicators of domestic and foreign-made
diesel engines of tractors and cars, which are in the conditions of ordinary operation of Ukrainian enterprises of
various forms of ownership, are presented. Changes in fuel efficiency indicators and environmental indicators of
diesel tractors and machine-tractor units were analyzed. As an example, the operation of the ND-22/6B4 high-
pressure fuel pump, the SMD-62 diesel engine, and the T-150K tractor was considered. Research and
observation of the technique was carried out over a long period.

The historical aspect of the development of this topic is given to show the dynamics and focus attention
on more effective ways of increasing the indicators of tractors and cars in ordinary conditions of operation and
their use. The mentioned questions about the analysis of the design and functioning of modern tractors of foreign
production are considered.

It was found that the increased smoke of exhaust gases also occurs when the diesel engine is boosted by
excessive fuel supply. To reduce smoke, it is possible to use modernized regulators of high-pressure fuel pumps.
Methods of regulating the number of revolutions of auto-tractor diesels are proposed by introducing into the
design of the fuel pump regulator two-mode, all-mode and single-mode regulators with correction of
intermediate characteristics in pairs or jointly with a smoke limiter and a negative corrector.
diesel, high-pressure fuel pump, regulator, fuel efficiency, exhaust gas smoke, experimental universal
regulator, smoke limiter, negative corrector
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KOHCTpYyKTHBH1 0COOIMBOCTI Ta €(HDEKTUBHICTh POOOTH
MIHIKapTOILJICKOITadiB

Y po0OoTi BHKOHAHO CTATHCTUYHMH aHali3 IUIONI, Ha SKUX BUPOLIYIOTh KapTOILIIO B YKpaiHi,
BCTaHOBJICHO NMUTOMI YaCTKM BUPOOHHIITBA 1i€] KyJIbTYpH Yy MiZICOOHMX TOCIIONapCTBax HaceeHHs. BinnosigHo
JI0 BEJIMYUHHA 00POOITIOBAHUX IUIOI OKPECIICHO TEXHIKY, SIKOIO 3IHICHIOETHCSI TEXHOJIOTIYHA OTIepallis 30UpaHHs.
Jnst 3paskiB  KapTorie30MpanbHOI MIHITEXHIKM BHUKOHAHO aHali3 ii (DyHKUIIOHaJBHOI Ta KOHCTPYKTHBHOI
edpexTuBHOCTI. OXapakTepu30BaHO 3JaTHOCTI KapTOIUIEKONAdiB [0 IHiJKOMyBaHHS OyJIbOOHOCHOTO IUIACTY
IPYHTY, HOTO NEepBMHHOI Ta OCHOBHOI cemapalii Mpy BUKOPHUCTAHHI Pi3HUX THUIIB poOOYMX OpraHiB. 3po0iieHO
aKIeHT Ha e(DEeKTUBHOCTI POOOTH TaKOi TEXHIKA Ha 3acMi4eHUX Oyp’sHaMHu IpyHTaxX. Y MiICYMKy BKa3aHO Ha
TEH/ICHIII1 PO3BUTKY MiHIKapTOIUIe30MPaThHUX MAIIWH IS HEBEIHKHUX (PepMEPCHKUX TOCTIOAAPCTB.

KAPTOILIA, IPYHT, OyJab0OHOCHMI muacT, BiOpaniiiHuii Jemilm, KapTomJeKoma4, MNiIKOMyBAHHS,
cemapaunisi, po604uii opraH, Tpancnoprep, cenapyBajibHuil 0apadan

IocTanoBka npo6aeMu. BupoOHUIITBO KapTomwli B YKpaiHi OyJio 1 3aMIIa€ThCsl Ha
BHCOKOMY piBHI. Hamma geprkaBa y Tpiiiiii JiiiepiB CBITOBUX BUPOOHHUKIB KapTOILIi. 3a
cratuctuyHuMH JaHuMu 3 0asu FAOSTAT [22] Vkpaina y 2021-2022 pokax BTpuMye
MIOYECHE TPETE MICIle y IbOMY PEeHTHHTY, puc. 1.

2021 2022

Pucynok 1 — CratucTika BajgoBoro 300py KapTOILTi CBITOBUMH BHPOOHHKAMH, MITH.T
IDicepeno: [22]

[Tnomi (Twe. ra) mij MOcaakolw KapTOoIUIl, IO PO3IMOUICHI 3a perioHamMu YKpaiHw,
puc. 2 [11].

Cepen HaBeZIEHOT CTATHCTUKK BP)KA€E Te, IO 11 KyJIbTYpa Maike MOBHICTIO BUPOIILYETHCS
y rocrnoaapcTBax HaceneHHs [15]. Skmio B 6aratbox npausx OpUBOAATHCS SKICh y3arajbHEeHi
Yrciia YaCTOK BUPOOJICHOT MPOAYKLii y Takux rocrnoaapctsax [9, 10], To TyT, KOPUCTYIOUHUCH
O(QiIiITHOI0 CTaTUCTUKOIO, MOXKHA KOHCTAaTyBaTH HaBEJICHE CIIBBIIHOLICHHS, PUC. 2.

© 1.B. T'onoseupkuii, A.B.ba6iii, 2023
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Pucynox 2 — Po3nozin momr (tTuc.ra) y 2022 poti mig Mocaakorw KapToIuTi
BiJITIOBiTHO 0 pETiOHIB YKpaiHu
IDicepeno: [11]

Jlo mpuxiagy, B 00JacTsIX 3aXiJHOTO PETioOHy YKpaiHM ISl yacTka € ONM3BKOI0 10
100%, puc.3.
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PucyHok 3 — BifcoTkoBa yacTka BUpOOJICHOT KapTOILIi B 00JaCTSX 3aXiJHOTO Periony YKpaiHu
BiJl 3aTaJIbHOTO BaJIOBOTO 300py KAapTOILIi Y IIMX O0JIACTIX
Loicepeno: pospobaeno agmopamu

TenaeHiss TaKoro BHCOKOTO BIJICOTKY BHUPOOHMIITBA KapTOIUNlL Y HEBEJIHUKHX
mijicoOHuX rocnojgapcTBax 30epiraeTecsi y BCiX perioHax Ykpainu [21]. Hasith, skimio
BIIKHHYTH TOCIOJAPCTBA, IO MAKOTh IUIONI, SKI OOpOOJSIOTh BHCOKOTEXHOJIOTTYHHUMH
CUIBCHKOTOCIIOIAPCHKUMH MAalllMHAMM Ta arperaTyloTh 3 TPakTOpaMmu TiroBoro kiacy 1,4 i
BUIIE, 3QJIMIIAETHCA 3HAYHA YacTKa YTifb, Kl cilabomexaHizoBaHi abo Oarato mpoIeciB
B3arajii BAKOHYIOTb BPY4HY. Y MEpeBa)KHii OUIBIIOCTI TAKMX TOCIOJIAPCTB BUKOPHCTOBYIOTh
MIHITEXHIKY, SIKa TOTpe0y€ MOCTIHHOTO yA0CKOHAJICHHS.

AHaJii3 oCcTaHHIX J0CiIKeHb Ta myOaikaniii. BupoiryBanHs kKapTormii — e JOCUTh
TPYJIOMICTKHI TIpoIieC, OCOOTMBO TPHU BHKOHAHHI TEXHOJOTIYHOI omeparii 30mpanus. s
HEeBeNMKUX migcobnux rocmoaapcts (Big 0,1 ra mo 2 ra (rpamamis yMOBHa)) Ha PUHKY €
JOCUTH 0arato 3pa3kiB MaorabapuTHOI TEXHIKH, OaraTo maTeHTHUX po3pobok Tomro. [Ipore,
TEOPETUYHI OTKCHU TPOIIECIB TAKUX MAIIUH € JOCHUTh 00MEKCHUMH.

OcHoBHI TIpo0IeMH, 110 PO3TIIAIOTECS B TAKOTO KJIAacy KapTOIie30upabHIX MaIllnH
MOB’sI3aH1 3 MiJKOMYBAaHHIM Ta CeMaparli€ro i3 TpaHCIOPTYBaHHAM OyJIBOOHOCHOTO IIacTy [2,
4, 5]. OkpecneHa mpoOiIeMaTHKa YCKIIATHIOETHCS THM, IO ii BHUPINICHHS TOBHHHE OYTH
pealli3oBaHUM B KOHCTPYKIIISIX MiHIKOMAaYiB, ¢ OOMEXEHUMH € TadapuTH, Maca, CIo’KMBaHa
MOTY>KHICTh, BapTICTh TOIIO. TOMy € HEOOXiIHICTh PO3BHBATU JAHWUU HAIPSIM IOCHIKCHb
JUIE OTPUMaHHS KOHCTPYKINi BHUCOKOS(EKTHBHOTO MiHIKApTOIUIEKONAaya, sSKHH TOBUHCH
0a3yBaTHCs Ha ICHYIOUOMY JTOCBi/Il BXKE Pealli30BaHUX HA MPAKTHII MAITUH-aHAJIOTIB.
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ITocTanoBKa 3aBaaHHsl. MeTOIO MPOBEACHOTO JOCIIIKEHHS € BUSBICHHS OCHOBHUX
MiIXomiB 70 TOOYyJOBM Ta KOHCTPYKTHBHI OCOOJMBOCTI MAlIMH 1 3HApsaAb, 110
BUKOPUCTOBYIOTHCS JIUIsl BUKOITYBaHHS KapTOILIl Y BKa3aHUX HEBEJIHMKHUX T'OCIOAAPCTBAX, 11100
YIOCKOHAJIMTH KapTOIIe30UpalIbHY TEXHIKY Ta TEOPETUYIHO OOTPYHTYBATH il KOHCTPYKTHBHO-
TEXHOJIOTI4HI TapaMeTpH.

Oco0OnvBa yBara moBMHHA OyTH 3aroCTpPeHA Ha IMpoIlecax ITiIKOIyBaHHs Ta cerapariii
Oy 1Ib00HOCHOTO IIJIACTY.

Buxaan ocHoBHOro Mmarepiajy. Po3rissHeMO OCHOBHI TUITH TaKUX POOOYNX MAITUH —
BiJl HAWNPOCTIIIMX JamN-MiJKOMyBadiB JI0 KapTOIUIEKOINAyiB, sKi arperaryloThCcs 3
MIHITPAKTOpPaMH Y1 MOTOOJIOKAMHU.

HaiinpocrimuM poGounM OpraHoMm Jjisi MEXaHI30BaHOTO TiIKOIyBaHHS KapTOIUISTHIX
TPSIIOK € Jlamna-TigKonyBad, puc. 4.

Ha puc. 4 noka3zaHo o/uH 13 BapiaHTiB Jal-
IIJIKOITyBayiB, $IKI BHUTOTOBJISIOTH SIK CUIBCHKI
YMUIBII, TaK 1 B TOAI0HOMY BUTJISII — POMHUCIIOBI
BupoOHUKHU. lle macuBHuUIT pobounii opraH, SKUN
BUTOTOBJICHUI HAa OCHOBI CTaHJApPTHOI CTPLTYATOL
JIaTy, 10 SIKO1 MPUBapeHi NMPYTKOBI MOJOBXKYBaui.
[Tpuniun poOOTH TaKOro MiAKOIyBaya MOJSATAE y
TOMY, IIIO JIalla PYXa€ThCS MO OCI PsAAKa KapTOoILIi,
nigHiMae OyJabOOHOCHMH TMJIACT TIPYHTY, SIKHM
KOB3a€ TI0 1 TIOBEpPXHI Ta TMEPEXOIUTh Ha
MOJIOBXKYBaui, J€ YacTKOBO IPOCIBA€ThCH, a
KapToIUIS A€ CXO0JI0M, puC. 5.

Pucyrok 4 — Jlana-miaxomnysay Taxka Jana-IiIKomyBaq MOXKe
Hoicepeno: pospobrero asmopau BUKOPHCTOBYBATUCS JUIS MiJKOIYBAHHS OIHOTO
psaaka abo OJHOYACHOTO IMIJKOIYBAaHHS JBOX

PAIKIB, SIK IOKa3aHO Ha puc. 5, 0.

Pucynok 5 — Pobora nanu-migkonyBaua
Lowcepeno: pospobaeno agmopamu

Jlo mepeBar Takoro poOOYOro OpraHy BapTO BiJHECTH: HECKIAJHA 1 HajiiiHa
KOHCTPYKIIisl; HEBUCOKAa BapTICTh;, MPOCTOTAa BUKOpUCTaHHs. Haiikpamie Taki poOodi opraHu
3aCTOCOBYBaTH Ha He3a0yp sSHEHHMX Ta Majlo3B’s3aHUX TIpyHTax. Hegomiku: HHU3bKa
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cemnapyBajbHa 3JIaTHICTh MPH JIEII0 3a0yp’THEHUX Ta TPYAKYBAaTUX I'PyHTax (pHc. 5, a); mpu
PO3KPUTTI TpeOCHs i1 Yac MiAKOMyBaHHs B110yBa€ThCsS 3HaYHE MPUCUIIAHHS KapTOTUIMH, 1110
YTPYIHIOE pyuHe Mi0MpaHHs Ta 301IbIy€e BTpaTu yposkato. [liakomyBaHHs TakuM criocoOoM
BHUMarae JI0AaTKOBOI PY4YHOI orepallii — mepeBipKu MOBEPXHEBOTO APy BUKOIAHOTO PsijIKa
Ha HAsBHICTb MPUCHUIIAHUX KapTOIUIMH. AJle pa3oM 3 TUM, y TIOPIBHIHHI 3 pyYHHM CIIOCOOOM
BUKOITyBaHHsS KapTOIUIl, HaBeJAE€HUH poOOuYMil opraH 3HA4YHO NOJETIIyE PY4YHY Ipalo Ta
HiABHIIY € TPOyKTHUBHICTH POOOTH.

Jami Ginpin epeKTHBHOI € BiOposamna (KapTOIUICKOMAIKa TPACYYHA JIJIT MOTOOJIOKA
onHopsiana byt [13]), puc. 6.

Pucynox 6 — Bibponama
Iicepeno: [10, 13]

JlaHa KOHCTPYKLis y MOPIBHAHHI 3 MACUBHOIO JIANIOIO-ITIJIKOITyBa4e€M Ma€ 3MEHIICHUN
TSATOBUI OIIp Ta MOKpAIICHy cemapariro. Alle TyT 3pO3yMiJio, IO CemapyBajbHa 31aTHICThH
HABEJCHOI KOHCTPYKILIi € JOCUTh MPHUMITHBHOIO 1 TOBOPUTH MPO SKICTh ii poOOTH Ha
3a0yp’ssHEeHUX IUIONIAX € HexopeyHuM. Taka BiOposiama eQeKkTUBHO MoOxke cebe
3apeKOMEHYBAaTH Ha YHUCTHX JIETKMX IPYHTaX, A€ KapTOIUII0 MOTPiOHO MIAHATU TUIBKU Ha
noBepxHio noJist [10].

3pO3yMUINM € Te, 1110 JUIs MiABUIIEHHS e(EeKTUBHOCTI KapTOILIe30MpaIbHOI MAILIUHU Y
BITHOCHO Ba)XYMX YMOBaX pOOOTH € YCKJIaIHEHHS ii KOHCTPYKIUIi 1 e YNHHUK HEMOXKIIMBO
OMUHYTHU. 3BHUYAlHO, 110 Ma€ OyTH PO3yMHE IMO€JHAHHS CKJIAJHICTb-€(EKTHUBHICTH pOOOTH
(1€ ormocepeIKOBaHO € BapPTIiCTIO MAIIMHH).

Haii0inbi nonyasipHUMH, CyJIS4M 3 IPOMO3ULII HAa PUHKY, CTaJIU KapTOIUIEKONAJIKH,
SKI TMOENHYIOTh Yy €001 BiOpariiiHuil Jemimr Ta cenapyBaIbHO-TPAHCIOPTYIOUYHA TPOXOT.
BapianTu BHUKOHaHHS TaKMX MAaIlUH € JOCUTh pPI3HOMAHITHUMH, 30epirailouyu BKa3aHi
npuHIUY. HaBeaemo KiyibKa CBITJIMH TaKUX MAIIHH, SIKi MOYKHA KYTIUTH Y BHPOOHUKIB, pHC. 7.

SIkimo posrisaaTt KOHCprKuu MalllFH, TO Y4 HE HAWIOMYJSPHIMINM 3 BHPOOHHKIB
MiHiTeXHIKH B YKpaiHi € xommanis «KproukoB» 3 M. ITonraBm. IX po3poOku MIHpPOKO
Ope/CTaBieHl B IHTEPHET-MarasuHax, 0araTo € pOJIMKIB 3 BUMNPOOYBaHb Y BIAKPUTHX
JoKepenax i T.71. BUpoOHHMK TaKuM YMHOM 37100yBa€ JOBIpY JI0 MOKYIIIIS.

[IponoBxkyroun aHasi3 KapTOIUIEKONayiB, HA pUC. 7, a MpeJICTaBlIeHa OJHa 13 Mojeen
KapTOIUIEKOMaviB 11i€l KoMIaHii — KapToriekonay BiOpaniiHuii 2-ekcueHTpukoBuii ZIRKA-
61 (KK8) [6].
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B)

Pucynok 7 — Kapromnnekonaui 3 BiOpamiifHIM JIEMELIEM Ta CerapyBalbHO-TPAHCIOPTYIOYHM IPOXOTOM
Iicepeno: [6, 16, 17, 20]

Ha puc. 7, 6 Takoro  Tumy Kaprorwiekonad st MoToooky «Motop Ciu KB-1» Bix
BUPOOHHKA «Arpomapka» [16].

AHa3yI04M TaKoTO KJacy MAalldHH Ha 3aKOPIOHHOMY PHHKY, MOXHA I00a4uTH
aHaJIOT1YHI KOHCTPYKILIi: kapToruiekonay BiOpauiitnuii Ursa Bix komnanii Bomet (puc. 7, B)
MOJILCHKOTO BHPOOHHKA CLIBCHKOTOCTIOAAPCHKUX MamuH [17]; omHOpSAHUN KapTOoIuieKonayd
Imac SPP 50V (Iranis), puc. 7, r [20].

Ie mpocrti Ta HaAiiHI MiHiKOMaYi, BOHU 100pe cebe 3apeKOMEHAyBalId Ha HEBAXKKUX
Ta MAaJo3B’s3aHUX IpPYyHTaX, /€ Mpouec cenapauii OyJb00HOCHOrO IUIACTy HE MOTpedye
3Ha4yHOi iHTeHcu(ikamii. [IpoTe, SKmO X BHUKOPHCTOBYBAaTH y OLIBII CKJIAJHUX YMOBax
30upaHHs KapTomuli — OIbII 3B’sA3aHI IPYHTH 13 MEBHOIO TIPYJKYBaTICTIO, HasBHICTb
KOpEHEeBUII Oyp’sHIB 1 T.A., TO X €PEKTHUBHICTH JEUI0 3HUKYETHCS.

Toni BUABNAETBCA SIK HENOJIK Te, 110 BOHM HE3JaTHI MiJKONaHWN OyJIbOOHOCHUI
IUTAaCT, 32 PaxXyHOK BIOpalliiHUX pyXiB JieMellla, HApaBUTH HA TOAAJBIININ CemapyBaIbHUN
Opra — IpoxoT B JaHOMY BHMaAKy. ToOTO i3-3a TaKOro KOHCTPYKTMBHOTO BUKOHAHHS
HIAPHIPHOTO TIPUETHAHHS BIOPAIIMHOTO JIeMelIa 0 paMy MAIliHU HEMOXKIIUBO 3a0€31eUnuTH
3aJJaHUi 3aKOH PYXY 3 METOI0 OTPUMAaHHS HaIPaBJIEHOro pyxy OyiabOoHOCHOrO Iiacra. Kpim
TOTO, NMUTAHHA JWHAMIYHOI 3pIBHOBAXEHOCTI TAaKUX MEXaHI3MIB TyT BHUPILIYIOTHCS TLIBKH
HIISIXOM MPUETHAHHS [IPUBOAY I'POX0Ta Y MpoTHdasi 10 X01y JieMellla, ajie 11e He 3aBX/IU Ja€
Oaxxanmii edexT. OCKUIbKH, SKIIO OCATAEMO 33J0BUIBHOTO €(EeKTy 3piBHOBaKEHHS, TO
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BTPayaeMO Ha TOMY, L0 3aKOH PyXy IUIOLIMHU TPOXOTa HE € HACTUIbKH €(EKTUBHUM HpHU
cemapailii Ta CTBOPEHHI HaIpaBJIEHOTO PyXy OyJIbOOHOCHOTO IutacTa. [HIIMX eJIeMEHTIB 4u
MEXaHI3MIB Ui 3MEHIIEHHS BiOpaliii Takux MiHIKONAdiB HE MependadyeHo y BKa3aHUX
KOHCTPYKITISIX.

Kpim HaBeneHux 3pa3kiB KapTOIUIEKOINAdiB Ha PHHKY 0araTo KOMayiB KapTOILI
TPAHCIIOPTEPHOTO THUIY, PHUC. 8.

Pucynoxk 8 — Kapromnexonaui TpaHCIIOPTEPHOTO THITY

Iicepeno: [1, 7,8, 18]

Ha puc. 8, a kaproruiekonay BiOpaliifHuil TpaHCIIOPTEPHUA (31 3MILLIEHHAM MpPUYEITY)
i MotoTpaktop 3 rigpasuikoro (Ckayr) (KK22) dipmu Kproukos [7]. [Jani npencraBieHo
KapToIuieKonad oHopsaauid Tpancrioprepuuii « Wirax» (ITonpma) [8], puc. 8, 6. Hactynna
HaBeJeHa MOJIENIb KapToIlIeKolaya KoHBeepHoro oaHopsaHoro Upus, kommanii Bomet
(ITompmia) [18], puc. 8, B. 1 mie ogHa KOHCTPYKINiS KapTOIUIEKONada TPaHCIOPTEPHOTO
yHiBepcansHoro ArpoCan st MoTo6m0KiB, puc. 8, r [1]. IIpeactaBneni KOHCTPYKIIil BUOpaHi
cepell TOIMOBHMX TMPOIO3MIIA Ha pPHHKY Takux MammH. lle sKkpa3 cBiguuTh mpo ix
e(eKTUBHICTh, OCKUIBKM € BIANOBIAHMN NOMUT Ta mpomno3uuis. Pazom 3 TuM, aHamizyrouu
HaBEJICHI KOHCTPYKIIi MIiHIKapTOIUIEKOMaydiB, iX BHUKOHAHHSI Ma€ KIACHYHY CXEMY.
Hanpuknan, Ha puc. 8, a xonay komnanii KproukoB mae BiOpatiifHuii jgemil, o B MepeaHii
YACTHHI MIAPHIPHO TPUETHAHWN JI0 paMU MAIllMHU, a B 3aJHIM — Yepe3 CUCTeMY Ba)KeliB
3’€IHaHUI 3 KPUBOIIUIIOM, 110 MPUBOAUTHECS B Aito Big BBII miniTpakTopa un MoTOOI0KA 1
TaKMM YHUHOM CTBOPIOIOTHCS BiOpariiiiHi pyxu. dopMa Takux pyxiB JIsi OKPEMOi TOYKH
pi3alpHOTO Jie3a — e PyX IO y3i Koja. BennunHa neHTpaibHOro KyTa (aMIUTTyAa), Ha KU
BIJIXWIISIETHCS JIEMII, BCTAHOBIIIOETBCS PajiiycoM KpHBOMIHIA. YacTOTa KOJMBAHb 3aJIC)KHUTh
BiJl 4aCTOTH 0OEpPTaHHS MPUBOJTHOTO MEXaHI3MY.

Ha puc. 8, 6-r 1emenri macuBH1; MPUBOAM MPYTKOBOI'O TpaHCIIOpTEPaA I KOHCTPYKIIIH
Ha puc. 8, 6 1 B — Big BBII enepro3aco0y, a ans KOHCTpYyKIii Ha puc. §, T — BiJl OOPHO-
NpUBOIHUX Kouic. KpaliHs KOHCTpPYKINiSl KapTOIIeKOoNaya I[ikaBa THM, IO Ui BUKOHAHHS
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TEXHOJIOTIYHOTO TPOLIECY BUKOIYBaHHS €HEPreTHYHUH 3acil, KU MPUBOAMTH WOTO B IO,
MOXxe OyTH HaUIpPOCTIIINM, OCKIIBKA TyT HeMae HeoOXimHOCTI y BukopuctanHi BBII. Ane €
HeOe3neka B TOMY, IO NMPH HAKOMUYEHHI MacH OyJIbOOHOCHOTO IIACTy Ha TpaHCIopTepi
3pOCTalOTh MOMEHTH IS HOro TPUBOMY, a II€ MOXXE IPHU3BECTH, B CBOI YEpry, [0
MpoOYKCOBYBAaHHS OMOPHO-TNIPHUBOJHMX KOJiC. 3a TakuX YMOB MYyCHThb OyTH HaJiiiHe
3UYEIUICHHS KOJIIC 3 TPYHTOM, 1HAKIIIE 1€ HETAaTUBHO MMO3HAYNTHCS HA TEXHOJIOTTYHOMY ITPOIIEC.

B)
PucyHoxk 9 — [Hui TMIM KapToIUIeKOayiB AJisi MiHieHepro3aco0iB

Iicepeno: [3, 12, 14,19]

Kapromnexkonau KTH-1b, mo npogaerscst MIIIT «JIMBIAb» (puc. 9, a), e mMammna,
mo arperaryerbcsi 3 Tpaktopamu kimacy 0,6-1,4 [19]. Ti poGoumii opram obeprarouncs,
JONOTSAMHU Jii€ Ha OyJIbOOHOCHUM IIIACT, KM 3HAXOIUTHCS HA MTACUBHOMY JIEMEIlll, PO3pUBAE
HOro Ta pO3KHIIA€ YACTUHKHU (KapTOIUTIO, TPYHT, POCIMHHI PEUITKH) 10 TIOBEPXHi moJist Ha 1-
2 M. Taka mamunHa npocra Ta HajliiiHa B poOOTI, ajie I CyTTEBUM HEJIOJIKOM € Te, 110 BUHUKAE
BEJIMKUIA PO3KUJ KAapPTOIUIMH IO MOBEPXHI MOJS Ta 3HAYHE IX NMPUCHIIAHHS TPYHTOM, IIO
3HaYHO YCKJIQJHIOE HACTynHe miaOupanHs 1oaiB. KpiM Toro, € Benuka HMOBIPHICTbH
MOUTKOKEHHS OyJb0 MpH 1X B3aEMOIi 3 pOOOYNM OpraHOM.

Icnye nocuth ©OaraTo IHIIMX THUMOIB KapTOIUIEKOMAYiB 1O MIHITEXHIKH, alie
IPOMHCIIOBOTO BHITYCKY Ba)KKO CIIOCTEpIraTd, Ha PHHKY TakKi KOHCTPYKIIl MPaKTHYHO
BiZicyTHi. Ha mpoTtuBary 1mpomy, yMiIbli y CBOiX MalHCTEpHSX BCE K HaMararoThCs 3HAMTH
ONTUMAJIbHI KOHCTPYKIIiT KapTOIIEKONAYiB JIIsi KOHKPETHUX YMOB Ta 00’ €MiB 30MpaHHSI.

Binomi KoHCTpyKLIT KapToIieKkonayi 3 0apabaHHUMU cenapaTopaMi, sKi MPaLiol0Th
Ha TOJISIX OKPEMUX BJIACHHKIB, puc. 9, 0-T.

Hampuxknan, Ha puc. 9, 6 [14] HaBeneHO KapTOIUIEKOIay i3 cernaparopom 6apabaHHOTO
TUIY JI0 BaXKOro MOTOOJIOKa. LI KOHCTpyKIisi Mae Oarato MiKaBHX pilleHb, aie ii
BUKOPUCTAHHS JIeII0 OOMEXYETbCSI YMOBaMM CTaHy IPYHTY — IpYyJAKYBaTICTIO, HasBHICTIO
POCIMHHUX PemTOK 1 KopeHeBuml. Hemomikom OGapabGaHHUX cemaparopiB € iX 31aTHICTH 10
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3a0MBaHHA, 1110 Pi3KO 3HIKYE PIBEHb Cemaparii.

Inmie mikaBe pimeHHs 3amporoHoBaHo y myoumikamii [12]. Tyt aBrop mnporonye
po3poOKy MiHikOoMOaliHa Juis 30upaHHS KapTomuli. KOHCTpyKIisi € nocuTh BAayor, ane i
JIOCUTH CKJIAJHOI0, a BIATIOBIAHO JIsl IPOMHUCIIOBOTO BUPOOHHUIITBA — BAPTICHOIO.

Takox y myOmikarii [3] aBTop MpoONoOHy€e CBOIO KOHCTPYKLIIO KapTOILUIe30MpaIbHOTO
MiHiKOMOaitHa. HaBeneHi pilieHHsS € HEBHYEPIIHUMH, aje iX TyT 00’ €qHye MOXKIHUBICTh
OJTHOYACHOTO BMKOIYBAaHHS KapTOIUIi 31 30MpaHHAM 11 y SIIUMKKA YW 1HIII KOHTEHHEpH,
BHUKJTFOYAIOYH JI0JJATKOBY OTEPAIiI0 PyYHOTO MiAOUpaHHS.

BucnoBku. Peanizaris Takoi i7iei MOKIMBA 32 YMOBH SIKICHOI cemapariii MmiJKonaHoro
OyJbOOHOCHOTO IIACTy Ta MIHIMAJIbHOTO 3acMiYeHHS OyJb0 TIPYHTOBUMH TpyIKaMH,
POCIAMHHUMH pEIITKaMH, KOpPEHEeBHUIIaMM Towlo. Tomy IocTae cepilo3He NHUTaHHS
MiIBUIIEHHS €(EeKTUBHOCTI cemapallii Ha BCIX CTaAisIX pyxXy HiAKONMaHOTO OyJIb00HOCHOTO
IUIACTY JUIs HABEACHUX KOHCTPYKIIH NPOCTUX MIiHIKONAdiB, IO arperaryrorbes 3
eHeprozaco0aMu Majoi MOTyXHOCTi. TyT OOMEXEHHSIM € BIAHOCHO HEBEIUKHHM NUIIX PyXy
OybOOHOCHOTO IJIACTy IUIOUIMHAMH MiJKOMYIOUMX Ta CeNapyrouux poOOYMX OpraHiB. A
TOMY BiJ] €EeKTUBHOCTI cenapariii IpyHTy Ta CTOPOHHIX PEIITOK 3aJIeKUTh MOXKIIUBICTE 300py
Oynb0 B meBHI MicTKOCTI. Peanizaris i€ 171e1 CyTT€BO 3MEHIIUTH TPYAOMICTKICTh 30UpabHOT
oreparlii KapTorun B LUJIOMY 1 1€ JAaCTh CYTTEBI MepeBaryd Takiii MalluHI Ha PUHKY MO0 il
KOHKYPEHTHOI MPUBAOIMBOCTI y MOPIBHAHHI 3 aHAJIOT'aAMHU.
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Design features and work efficiency of mini potato diggers

The purpose of the study is to identify the main approaches to the construction and design features of
machines and tools used to dig potatoes in the areas of small farms in order to improve p125

otato harvesting equipment and theoretically justify its design and technological parameters. Particular
attention is focused on the processes of diggingand separation of the tuberous layer.

The statistical analysis of the areas where potatoes are grown in Ukraine is carried out, specific shares
of production of this crop in subsistence farms of the population are established. In accordance with the value of
the treated areas, the technique by which the technological assembly operation is carried out is outlined. For
samples of potato harvesting minitechnics, its functional and constructive efficiency was analyzed. The ability of
potato diggers to dig a tuberous layer of soil, its primary and main separation using different types of working
bodies is characterized. Emphasis is placed on the work efficiency of such equipment on weed-clogged soils.

As a result, it is outlined that it is promising to develop a potato harvesting minicombine or other potato
digger capable of fully or partially accumulating the collected potatoes in boxes or other containers, excluding
the laying of fruits on the surface of the field. The implementation of such an idea is possible under the condition
of qualitative separation of the buried tuberous layer and minimal clogging of tubers with lumps of soil, plant
remains, rhizomes etc. Therefore, there is a serious issue of increasing the efficiency of separation at all stages of
the movement of the digged tuberous layer for the structures of simple mini-diggers above that are aggregated
with low-power energy tools. The limitation here is the relatively short path of movement of the tuberous layer
between the planes of the digging and separating working elements. Also the effectiveness of the separation of
soil and foreign residues depends on the possibility of collecting seeds in certain containers. The implementation
of this idea will significantly reduce the complexity of the harvesting operation of potatoes as a whole. This will
give significant advantages to such a machine on the market in terms of its competitive attractiveness compared to analogues.
potato, soil, tuberous layer, vibrating ploughshare, potato digger, digging, separation, working body,
conveyor, separation cylinder
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Theoretical calculations of the relative additional fuel
consumed when shutting down the cylinder

Cylinder deactivation is a technique used to improve the efficiency of an engine by shutting down a certain
number of engine cylinders. Cylinder deactivation allows the remaining cylinders to operate more efficiently,
increasing their load and improving efficiency. This technique has gained interest both domestically and
internationally, particularly for automotive engines, as it helps improve fuel economy at idle and light loads. The
process of calculating effective cylinder deactivation in a multi-cylinder engine and its effect on additional fuel
consumption is discussed. The need to improve engine efficiency in various speed and load modes is driven by
requirements for fuel economy, reduced exhaust toxicity, and the need to improve engine transients while
maintaining other characteristics. In order to effectively utilize engine power and maintain performance, the fuel
supply to operating cylinders must be increased. However, deactivating cylinders during engine operation results in
a decrease in engine power, which in turn reduces crankshaft speed and torque. In summary, cylinder deactivation is a
technique that has the potential to improve the economic performance of engines, particularly at idle and light loads.

A method for effectively deactivating cylinders in multi-cylinder engines has been developed based on the
dependence of indicator efficiency on load changes. The study examined the effect of cylinder deactivation on
mechanical losses and efficiency when load is reduced from 100% to 30%. The results showed that it is possible to
use only two cylinders of a four-cylinder engine at 30% load, resulting in reduced mechanical losses and improved
efficiency. A proposed method for determining the relative additional fuel consumption when cylinders are
deactivated is presented. Deactivated cylinders do not supply air to the exhaust manifold, which reduces pumping
losses and creates less rolling resistance, resulting in up to a 25% reduction in fuel consumption. This reduction is
especially noticeable in urban driving.
car, deactivated cylinders, fuel consumption, engine irregularity, dynamics

Formulation of the problem. The need to improve the efficiency of engine operation
in a wide range of speed and load modes stimulates both the search for new technical solutions
and the development of already known and proven ones. It is connected, first of all, with stricter
requirements for fuel efficiency and toxicity of exhaust gases (EG) and, in some cases, with the
necessity to improve transient processes (TP) in the engine while maintaining other
characteristics at the same level or even improving them.

Significant time in the operation of engines of vehicles and power plants are idle (EI),
low load and unsteady modes (URM). One of the ways to improve engine operation in these
modes is the method of cylinder deactivation.

Analysis of recent research and publications. A considerable amount of scientific
research is devoted to the problem of reducing fuel consumption and toxicity of exhaust gases
of automobiles. A significant contribution to the solution of this problem was made by N.Y.
Govorushchenko. One of the first energetic approaches to evaluating the efficiency of cars
was proposed by P.M. Gashchuk. This approach

© Andrii Molodan, Oleksandr Polianskyi, Yevhen Dubinin, Oleh Sokolovskyi, Maksym Krasnokutskyi, 2023
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was developed in the works of P.P. Evseev. From foreign sources we should also mention the
work of Y. Matskerle [1-5]. The emergence of new, alternative power units (electric motors,
hydrogen internal combustion engines, hybrid power units, etc.), energy sources (accumulators,
flywheels) [6] has led to the need to expand the concept (operational property) of "fuel
efficiency" by including in it the expenditure of not only thermal energy of fuel, but also energy
of other types (electrical and mechanical). In [7] it is proposed to introduce the concept of
"energy efficiency of a car" and to consider possible criteria for its evaluation.

The influence of the non-uniformity of the torque of the combustion engine on the
traction force on the driving wheels is studied in [5]. In [8], using the harmonic law of variation

of the total traction force on the driving wheels £, =F, + 4, sin (Qr), it was determined that
additional energy losses are caused by the non-uniformity of the traction force, where: P, —is
the mean value of the traction force; Ap — is the amplitude of the traction force oscillations; Q2

— is the circular frequency of oscillations of the engine torque and the traction force on the
wheels; ¢ — is the time.

Setting objectives. Justification of the possibility of improving the fuel efficiency at
idle and low load modes by switching off (switching on) the fuel supply in a part of cylinders of
a multi-cylinder automotive engine.

In order to achieve the given goal, it is necessary to solve the following tasks:

— to present the method of calculation of the effective cylinder cut-off in a multi-
cylinder engine and its effect on the relative additional fuel consumption;

— to determine the relative additional fuel consumption at cylinder deactivation in multi-
cylinder engines.

Presenting main material. To answer the question of how many engine cylinders
should be shut down in order to efficiently utilize engine power and keep the operating
cylinders at the same level, it is necessary to increase the cycle fuel delivery. With a higher
cycle flow, the average indication pressure in the cylinders increases and the combustion
process improves. When some of the engine cylinders are shut down during operation, the
engine's indicated power decreases, resulting in a decrease in crankshaft speed and engine torque.

In order to realize the set task, it is necessary to solve the following problem to
determine the additional energy and fuel consumption for the car movement when using
mechanical drive of driving wheels.

Additional energy consumption due to fluctuations in traction force [5, 8]

AP
AW =25, (1)

where 4, —amplitude of tractive force oscillations;

S —vehicle mileage.

Amplitude of the oscillations of the tractive force of the vehicle
Ami jm .jtr 'uk 'uO
A, = ; 2

ry

where 4,, —amplitude of oscillations of the torque indicator [5, 8];
r, — dynamic radius of the driving wheels.

A =0,5M, k, 3)
where M — the average value of the indicator torque is determined by the external

load applied to the vehicle;
k, —torque inhomogeneity factor of the internal combustion engine [3, 5, 8];
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k = 0,08+ 244 @)

1

eyl
where i, —the number of cylinders in the internal combustion engine that have failed.

Engine torque indicator on all working cylinders of the internal combustion engine [8]

M;:]\7;+0,5-]\7;-k:-sin(a2)e-i;w-tj, )

where @, — average crankshaft speed;
i  —number of all internal combustion engine cylinders.

When some of the cylinders are disabled (failure)

M::E+O,5-E-k:-sin(a;"-il_l-tJ, (6)

where i — number of cylinders in use.
eyl

Then M = ]\71 = ﬁ, , the amplitudes of the oscillations of the torque indicator are

A =0,5M, k; (7

A =0,5M, k; (®)

k —0,08+ 2%, ©)
4

K =0,084 222 (10)

l

Amplitudes of traction force oscillations
A gty
A= ® F 0 (11)

,
¥

" Ami']m'.]dp.uk'uO

p
¥

A

(12)

Relative increase in additional energy consumption when part of the cylinders are shut
down (failure)

Aicyl = ic"yl - i:yl ’ (13)
.4 0,08 + 14344 . A
1 l i
i e D P (14)
AW Ap k] 0’ 08+,’7 lryl _Alcyl lryl +180,5
1 —Al

or
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i 1
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Table 1 shows the calculation of the relative additional fuel consumption &, when a
portion of the engine cylinders are shut down (failure).

Table 1 — Results of relative additional fuel consumption calculation
: Ai
i cyl

! 1 2 3 4 5 6 7 8 9 10 11 12
6 1,19 ] 1,48 | 197] 294 | 584 | - -
8 1,14 132 1,57 ] 1,96 | 2,60 | 3,87 | 7,70 | - -
10 | 1,11 ] 1,24 ] 141 1,63 | 195] 242 | 321 | 479] 9,53 | - - -

12 | 1,09| 1,19 1,31 | 147] 1,67 ] 1,94| 231 | 2,88 | 3,81 | 5,69 | 11,31 | -
Source: developed by the author

The peculiarity of tractor engine operation is a wide range of speed and load modes of
operation when the wheeled vehicle is moving, including traction, when the engine transmits
torque Mk to the transmission, and braking, when the engine receives braking torque from the
transmission and brakes the vehicle. For movements at very low speeds, it is possible to operate
the engine with a slipping clutch at low crankshaft speeds and torques, both positive and
negative, close to zero, for example, when maneuvering in tight spaces, approaching for loading
and unloading, coupling to a trailer device, and other such cases.

These features make it practically impossible to exclude modes in which the cylinders
are switched off and then on from the working area. At the same time, these modes of operation
require professional vehicle handling. Unexpected cylinder cycling can lead to loss of control.
Therefore, the process of shutting down and restarting the cylinders of a tractor engine should
not be abrupt, but gradual, and this should be considered and ensured in the design of a cylinder

shutdown device.

When some of the engine cylinders are shut off during operation, the engine's indicated
power decreases, resulting in a decrease in crankshaft speed and engine torque. To maintain
them at the same level, it is necessary to increase the cyclic fuel supply to the operating
cylinders. With a higher cyclic fuel supply to the working cylinders, the average indication
pressure increases and the combustion process improves.

Conclusions.

1. It is demonstrated that the fuel consumption at idle and low loads with partial
cylinder deactivation is determined by the dependence of the indicator efficiency on the load
variation. The method of calculating the effective cylinder deactivation in a multi-cylinder
engine and its effect on the relative additional fuel consumption is presented.

2. When the engine load is reduced from 100% to 30%, the percentage of mechanical
losses in indicator operation increases from 12% to 33%, and the mechanical efficiency
decreases from 88% to 67%. A power output equal to 30% of the maximum can be achieved
with only two cylinders of a four-cylinder engine.

3. A method for determining the relative additional fuel consumption at cylinder
deactivation in multi-cylinder engines is proposed.

4. The disabled cylinders have no pumping losses as they do not supply air to the
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exhaust manifold, and they create much less resistance when rolling. As a result, fuel
consumption can be reduced by up to 25%, with a particularly noticeable difference in city
driving.
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Xapriscokuil HayiOHATbHULL A8MOMODIILHO-00POJICHIU YyHisepcumem, M. Xapkie, Ykpaina
TeoperuuHi po3paxyHKH BiJHOCHOI J0JATKOBOI BHUTPATH NAJHUBA MNPH BiIKJIOYEHHI
HUJIIHAPa

VY crarTi 00roBOpIOIOTHCS IEpPEeBary BiAKIIOUSHHS TIHAPIB IBUTYHA JUI €(pEKTHBHOTO BUKOPUCTAHHS
foro mortyxHocti. 30UIbIIEHHS IMKIIYHOI Mojayi najvBa B poOodi HWIIHAPH TOKpAIIy€e MPOLEC 3TOpsHHSA i
MiABHINY€E cepenHill iHmukaTopHHHA THCK. OmHAK, KOJNW IMJIIHIPH BiIKIIOYAIOTHCSH, IHAWNKATOPHA TOTYXHICTH
JIBUTYHA, 9aCTOTa 00epPTaHHS KOJIIHYACTOTO Bally Ta KPYTHHUI MOMEHT 3HIDKYIOTHCA. HeoOXiqHICTh MiABUIICHHAS
e(eKTUBHOCTI B IIMPOKOMY MAialla30Hi IIBUAKOCTEH i HaBaHTAXKCHH INPHU3BENIAa JO MONIYKY HOBHUX TEXHITHHX
pilieHs 1 PO3BUTKY iCHyIOuMX. JleaKTWBaIlisl MWIIHAPIB MO3BOJSE MWIIHIPAM, IO 3aJHIIIIINCS, TPAIfOBaTH
Olnbil edeKTUBHO, 30UMbIIyoun ix HaBantaxenHs 1 KKJ/I. Ileit minxin BUKIMKAaB iHTEpeC 3 TOYKH 30py
MOKpAIIEeHHS! €KOHOMIYHMX MOKa3HWKIB JBUTYHIB, 30KpeMa aBTOMOOITBHIX, HAa PEXHMaxX XOJIOCTOTO XOAy Ta
YaCTKOBOTO HABAaHTAXEHHS. Y TEKCTI TAaKOX MPEACTAaBJICHO METOJ PO3PaxyHKY BiJHOCHOI JIOJJaTKOBOI BUTPATH
najgvBa MpY BIIAKIIOUEHHI NUIIHAPIB y 0araToLMIIHAPOBUX JBUTYHaX. 3arajaoM, OCHOBHA yBara MpHIISEThCS
MOKPALIEHHIO MaJUBHOI EKOHOMIYHOCTI, 3HIDKEHHIO TOKCHYHOCTI BHXJIONHHMX Ta3iB Ta HOKPAIIEHHIO
EKCIUTyaTal[iiHIX XapaKTePUCTHUK JIBUTYHA.

Po3pobiieno meton eheKTHBHOI AeakTHBALIl HMITIHAPIB Y OaraTOMIIHAPOBHX JBUI'YHAX, 10 0a3yeThes
Ha 3anexHocTi iHgukaTopraoro KKJI Bix 3MiHn HaBaHTaxeHHS. J[OCHIIKEHO BIUIMB JIeaKTHBAMii NATIHIPIB HA
MexaHi4yHi Brpat Ta MexaHiuunit KK/ npu 3umxenHi HaBaHTaxxeHHd 31 100% mo 30%. Beranosneno, mo 3a
30% HaBaHTa)KEHHS MOJJIMBE BHKOPHCTAaHHA TUIBKA IBOX IHJIIHIPIB YOTHPHUIMIIIHAPOBOTO IBHUTYHA, IIO
MPU3BOANTH JO 3HIKEHHsS MexaHiyamx BTpaT i momimmenHs KKJI[. 3anpomoHoBaHO MeTOj BHU3HAYEHHS
BiJIHOCHOI JJOJJATKOBOI BUTPATH MaJIMBa MPH IeaKTUBAIi MIIiHAPIB. BiAKirodeHi MWIIHAPY HE TOAAI0Th MOBITPS
Yy BUILYCKHHUI KOJIEKTOP, III0 3HIKY€E HACOCHI BTPATH 1 CTBOPIOE MEHIIIMHA OMIp IiJ Yac KOYECHHS, IO B MiACYMKY
MPU3BOIMUTH J0 CKOPOYCHHS BUTPATH HaiuBa 110 25%, 0COOIMBO MOMITHOTO i Yac PyXy B MICbKHAX YMOBaX.
aBTOMOOi/Ib, BITK/IIOYeHI HWIIHIPH, €KOHOMIsl MATHBA, HEPIBHOMIPHICTH POOOTH IBUIYHA, THHAMIKA
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Change in power and fuel consumption when engine
cylinders are partially disabled in a wheeled vehicle

The provided calculation methodology enables the evaluation of how disconnected cylinders affect engine
power, overall efficiency, and fuel consumption. The study establishes that disconnecting cylinders leads to a
proportional decrease in engine power. This means that an engine generating 154,5 kW power reduces to 113,4 kW
with two disabled cylinders and goes down to 70,3 kW when four cylinders are disconnected. Reducing fuel
consumption is especially notable at idle, showing a 27% drop after disabling half of the cylinders. However, fuel
efficiency declines as the engine load increases until it reaches zero at the engine load factor. Discrepancies
between the experimental and calculated data on fuel consumption and power are minimal, at around 7-8% during
maximum load. Diesel engines have the potential to improve efficiency by shutting down certain cylinders, but the
actual fuel savings depend on several factors, including the number of active cylinders, engine configuration, load,
and mechanical losses incurred by the shutdown cylinders.

A method for analyzing additional energy losses in the engine caused by forced and natural vibrations of
motor-transmission systems in wheeled vehicles has been improved. The analysis utilizes the Meander function in
the context of harmonic moment and Fourier series. This text describes a method for determining the power of
mechanical losses and energy for pumping strokes, while considering changes in the temperature regime in
disconnected engine cylinders at increased torque irregularity. It also determines the permissible number of
disconnected cylinders, taking into account their effect on power and reliability of wheeled machines. This paper
presents a method for evaluating the dependability of fundamental engine components in the context of increased
torque irregularity resulting from the disconnection of some cylinders.
effective engine power, power change, engine, wheeled vehicle, cylinder shutdown, fuel consumption

Formulation of the problem. In road transportation, 25-30% of the transportation
work volume is carried out with wheeled vehicles. During transportation operations, the
duration of work reaches 50%. Waiting for a loading vehicle causes a downtime of 25-30% [1].

While performing transportation work, the wheeled vehicle engine operates mostly at
low loads and in idle mode, resulting in low fuel combustion efficiency and low engine
efficiency.

One way to enhance engine efficiency during low loads and idling is to deactivate
certain engine cylinders [2, 3].

Analysis of recent research and publications. Upon reviewing the literature, it was
determined that the claim that an engine can develop effective power equal to half of its rated
value by turning off half of its cylinders without overloading the remaining cylinders is
inaccurate. The power function's nonlinearity with respect to the number of operating cylinders
is due to mechanical losses distributed among them. Disabled cylinders' losses are compensated
by increasing the fuel supply to the operating cylinders.

V.V. Berezny developed a method to calculate an engine's effective power while
operating with cylinder shutdown. This method determines the engine's ability to perform
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without overloading the operating cylinders and the corresponding number of shutdown
cylinders. The potential for increased efficiency by shutting down some cylinders is inherent in
all diesel engines. [4] The actual fuel economy when operating based on the load characteristic
relies on the number of operating cylinders, engine design and manufacturing features, load,
and mechanical losses in the disabled cylinders [5].

Setting objectives. The purpose of this study is to enhance the performance of a motor-
tractor engine by analyzing the power and fuel consumption when some cylinders are
disconnected.

This entails completing the following objectives:

— developing the theoretical connections among the effective power, engine proficiency,
and the number of disabled cylinders in a wheeled vehicle engine;

— determine the impact of disabled cylinders on the effective power of motor-tractor
engines;

— identify the maximum reduction in fuel consumption resulting from disabled
cylinders.

Presenting main material. When certain cylinders of the engine are deactivated
during operation, the engine's indicator power decreases, leading to a reduction in both
crankshaft speed and engine torque. To stabilize them at the same level, it is essential to boost
the cyclic fuel supply to the active cylinders. With a higher fuel cycle supply in the active
cylinders, the average indicator pressure increases and the combustion process is enhanced. It
is crucial to determine the impact of cylinder shutdown on engine performance parameters
without compromising crankshaft speed and load factor, specifically regarding:

1) engine power output;

2) fuel consumption at varying engine loads.

The hourly fuel consumption of an engine with partial cylinder shutdown G}/ can be
calculated by considering the efficiency of the indicator 77;;”’ , effective power Ng-"’ , and

mechanical loss power N

mlp *
B30 (i
Gy =—=" NI+ VD, ) ke, (1)
H, -n"
The engine operates without cylinder shutdown based on the following parameters.
iy =i, +AL,, ()

where 7., — number of engine cylinders,

i, — the number of operational engine cylinders when some of the others are

eyl
inoperative;

Ai,,, —number of disabled engine cylinders.

Indicator efficiency characterizes combustion in a cylinder. Changes in this efficiency
can be determined by the engine's load characteristic without having to shut down the
cylinders. This dependence 7, = f (R) can be described accurately using a fourth-degree
polynomial equation [6, 7].
n=aPB'+b-P+c B +d-B+f 3)

where P — average indicator pressure, MPa;

a,b,c,d, f — empirical coefficients for a diesel engine at rated speed are determined
as follows: a=0; b=1,44; c=-2,02; d =1,34; ' =0.
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According to the Abel-Ruffini theorem, algebraic equations with a degree of five or

higher cannot be solved by radicals, but they can be solved by other means.

The theorem does not claim that a general equation of degree five does not have
solutions. If we include complex solutions, the fundamental theorem of algebra assures us of
the existence of solutions. The Abel-Ruffini theorem states that it is impossible to find a
closed formula for solutions to equations of degree greater than four, meaning that any
formula containing only arithmetic operations and roots of arbitrary degree cannot exist.
However, it is possible to obtain solutions using numerical methods, specifically utilizing
Newton's method, which allows for an accurate solution to be obtained to any degree.

The Abel-Ruffini theorem doesn't claim that a general equation with n greater than
n>5 has no solution. If complex solutions are considered, the basic algebraic theorem
ensures the existence of solutions. The theorem's crux is that there's no closed formula for
solutions, involving only arithmetic operations and arbitrary roots, for equations of degree
more than four. Numerical methods, such as Newton's method, can provide precise solutions
to these equations with any desired level of accuracy.

Expression (3) can be written in the following form.

ni:b'(Pi_xl)(Pi_xz)’ (4)
where
Nl —4-a-e-b+c
X 2.b (5)
N —4-e-b—c
= ) 6
X5 2.b (6)

The average indicator pressure equals the total of the averaged mechanical loss
pressure and the averaged effective engine pressure
P=P, +P, (7)

mip
where P, - conditional average pressure of mechanical losses of the engine,

P — conditional average effective engine pressure.

The average pressure attributable to mechanical losses of the engine under conditions
where some of the cylinders are disconnected can be calculated using the following method

i il
P,y =k, Py <=, MPa, (8)

mip
lcyl

where k, — coefficient change in mechanical losses when some cylinders are shut

down,
i Ai
k = J}l M, + eyl M, 'Amzp» 9)

m .
)

cyl lcyl
where M, — the coefficient which considers the alterations in mechanical losses within

operating cylinders (when the load on them increases because of the shutdown of certain
cylinders);

M, — the coefficient considers the alteration in mechanical losses during cranking
without fuel supply and characterizes the change in friction losses;

A,,, — the coefficient reflects the proportionate shift in mechanical losses of disabled

cylinders versus the mechanical loss capacity of engine cylinders without shutdowns.
Cylinders can be disabled through different methods: disconnecting the fuel supply alone or
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eliminating pumping losses in the cylinder-piston group (CPG) in addition to fuel supply
shut-off. Fuel supply shutdowns alone can also disable cylinders.
A, =1-A, —A,, (10)

where A, —the percentage of mechanical losses that are used by the fuel pump drive;

A, —losses from changes in temperature balance.

When fuel is disconnected and pumping losses are eliminated in the CPG through the
introduction of a bypass valve into the combustion chamber

Ay =1-(A,+A+A,), (11)

where A = — share of losses on pumping strokes in a diesel engine A, =3%, A, —

up to 7% reduction in output per cylinder disabled, A, =10-15%.

When fuel is disconnected and pumping losses are eliminated by introducing a bypass
valve into the combustion chamber and the engine design allows disconnecting the timing
drive, the mechanical power losses of the disconnected cylinders will follow this distribution

Ay =1—(Afp +A,+A, +Agdm), (12)

where A, — the portion of losses attributed to the operation of the drive mechanism

gdm
in gas distribution.
Let's introduce the name of the percentage of disabled cylinders
Ai,
=—; (13)

el T >

(14)

When determining the average pressure of mechanical losses, it is common to use only
their dependence on speed [8, 9]

P,=a+b-n. (15)

where a and b — empirical coefficients for each motor.

Let's make the following assumptions: M, =11 M, =1, which is quite acceptable
since we are studying engine operation at idle and light loads. The assumptions made mean
that as the engine load increases, the power and average pressure of the mechanical losses are
assumed to remain unchanged, so that when operating under load, the parameters of the
mechanical losses are determined by the same relationships. Taking into account (13) and
(14), we obtain

kmzl_Dcyl(l_Amlp)' (16)

Equation (16) shows that the coefficient of change of mechanical losses during
cylinder shutdown is directly proportional to the fraction of cylinders shut down. The
conditional mean pressure of mechanical losses during cylinder shutdown is obtained by
substituting (14) into (8)

. P
Pl = (17)

The average effective pressure when a portion of the cylinders are shut down depends
on the percentage of cylinders that are shut down
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[" Pi;}[
P = (18)
1-D,,
The average indication pressure of the motor, taking into account (17) and (18), is
expressed as follows

o _PUAEG ok,
Pt = b Tm Mpa, (19)
1-D,,

The effective power of the motor can be expressed by the motor load factor K _, the

degree of change in the speed of rotation K, and rated power

N,=K -K -N .kW: (20)
Kn:_a (21)

where n — the current value of the engine crankshaft speed,
n  —rated speed of engine crankshaft.

nom

K =—r, (22)

z
nom

where M — current value of motor torque,
M —motor torque value at rated operation.

nom

To determine the maximum effective power of the engine with the cylinders shut off,
it is suggested to use the coefficient of variation of the maximum effective power £,

N
kPN: N (23)

e

where N

J  — maximum engine power achieved through partial cylinder shutdown
while maintaining a constant speed and maximum fuel supply;

N, —rated motor power.

Maximum engine power is achieved at maximum hourly fuel consumption. In this
case, it is assumed that the indicated power of one operating cylinder does not change when
part of the other cylinders are shut off. The effective engine power when part of the cylinders
are shut off is expressed as

i, i, i;yl i,
NP =Ny =Nk, (24)
lcyl

The maximum effective power with partial shutdown depends on the rated horsepower
of the engine
1-D 1

— k| ——=11]. (25)

M
Teyi
77m max

N =N

e max e

Iy
171 max

The coefficient in brackets reflects the change in maximum effective power when the
cylinders are deactivated
1 - D eyl
PN — 7} —- km

Leyl Loyl
77m max n m max

1

-1 (26)
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Substituting equation (16) into equation (26), we obtain

1

[;yl
77m max

kpy =1-D_,| 1+ A

eyl mlp

—-11]. (27)

The maximum effective power of an engine can be determined by the proportion of
excluded cylinders in relation to the coefficient of change in the maximum effective power
k,y , as shown in formula (24)

N* =k, -N,. (28)

€ max e

The formula (1) determines the fuel consumption when some of the cylinders are shut
down. The hourly fuel consumption can be estimated when the engine cylinders are turned off
by using the coefficient of change in hourly fuel consumption kGf

i;y[

[;jvl ’
Gf

k

Gy

(29)

157, :
160 T3HAYEHIE]

105,8
100 91.5

56,6 549

Effective Power, V,, KW

4 6 8
Number of operating cylinders

%% |N_ experiment

N calculati
E} _ calculation

Figure 1 — Shows the comparison between calculated and experimental values
for the maximum power of a diesel engine based on the number of operating cylinders
Source: developed by the author
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Figure 2 — Shows a comparison between the calculated and experimental data
for hourly engine fuel consumption at maximum power with partial cylinder shutdown
Source: developed by the author

As a result of transforming expression (29) with consideration for principles (1, 4, 5, 6,
21), we achieve the following improved text

kG _ (B_xl)(B_XZ) .l_DC_yl

= , (30)
"k Uk,

where k,, — an indicator pressure coefficient characterizes the change in pressure

within operating cylinders while maintaining effective engine power.

k ZEZL'V[ =1_Dcyl(1_Amlp)(l_77m)
" P 1-D,, '

€1y
The fuel consumption when deactivating some of the cylinders is determined by an
expression

Gy =Gy kg, . (32)

Figure 1 displays the results of the analysis and testing to determine the maximum
effective power with four engine cylinders deactivated. The data reveals a proportional
decrease in power as the number of operating cylinders decreases.

Figure 2 displays fuel consumption data obtained from both calculated and
experimental determinations when some cylinders are deactivated.

Based on the results presented in Figure 1, the average difference between experimental and
calculated data for determining power and fuel consumption is no more than 7-8%.
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Conclusions.

1. The calculation methodology developed enables the evaluation of engine power and
fuel economy following the disconnection of any number of cylinders.

2. It has been determined that engine power diminishes correspondingly with the
number of inactive cylinders. For a diesel engine, the power output drops from 154,5 kW to
113,4 kW when two cylinders are deactivated, and to 70,3 kW when four cylinders are
deactivated.

3. The idle state records the highest reduction in fuel consumption, wherein 27%
reduction occurs by disabling half the cylinders.

4. Fuel efficiency declines with increasing engine load and reaches zero at the engine
load factor. The disparity between the fuel consumption and power calculated values and the
experimental values is no more than 7-8% at full load.

List of references

L. Vinoth B., Univ A. Technology for Cylinder Deactivation. Society of Automobile Engineers (SAE). College
of Engineering, Guindy, Anna University, 2005. Technical paper number: 2005-01-0077. P. 6.
https://doi.org/10.4271/2005-01-0077

2. Cylinder cutout with sequential turbocharging gives 50 percent power increase. II Modern power system.
1982., Vol. 11, No. 3. P. 40-43.

3. Leone T. G., Pozar M. Fuel economy benefit of cylinder deactivation - sensitivity to vehicle application and
operating constraints. SAE Technical Paper. The article 2001-01-3591.

4, Kyrmii I1. B. TTominmieHHs: ekcrulyaTamiiHuX TMOKa3HUKIB TPAHCTIOPTHUX 3aC00iB B HEYCTAICHUX PEXKIMAX

ONTUMI3AIlIEI0 COCO0y PEryJIFOBaHHS JHM3CIB : JHUC. HA 3M00YTTSA HAyK. CTYICHS KaHI. TEXH. HAyK :
05.22.20 / HTY. Kuis, 2015. 206 c. http://diser.ntu.edu.ua/Kutsyi dis.pdf

5. Molodan A., Polyanskii A., Potapov N. Cause and investigative failure analysis in nominal engine operation
and partial disabling of cylinders. Tpancnopm, exonocus — ycmoiiuuso pazsumue: Co0pHuK nokaaau XX VI
HAYYHO —TeXHHYECKa KOH(MEPSHIU ¢ MexIyHapoHo ydactue, 8-10 OxromBpu 2020. Bapna: Texumuecku
yauBepcureT, 2020. Vol. 1, No.. 27. C. 132-137.

6. Mornogan A. O. HaykoBi ocHOBY 3a0e3eueHHsT HaIiiHOCTI 1 (PYHKI[IOHAIBHOI CTAOTBHOCTI KOJICHUX MAIllMH B
PEOXKIMI BIIKITIOUCHHS YaCTUHH IWJTIHIPIB © JWC. Ha 3700YTTA HayK. CTyIeHs J-p TexH. Hayk : 05.22.20 / XHATY:
Xapkis, 2021. 387 c. https://www khadi.kharkov.ua/fileadmin/P_Vchena rada/VR 64 059 02/dis Molodan.pdf

7. Molodan A. , Polyanskyi O. , Potapov M. Change of power and mechanical losses of a wheel vehicle
engine with cylinders cutout. MOTROL. Commission of Motorization and Energetics in Agriculture. 2018.
Vol. 20, Issue 1, P. 99-103.

8. New Methods and Systems for Monitoring the Functional Stability Parameters of Wheel Machines Power
Units / Podrigalo M. etal. SAE Technical Pape. The article 2020-01-2014. . https://doi.org/10.4271/2020-01-2014
9. Polyanskii A., Molodan A., Potapov M. Influence on the engine power and flow fuelof the wheel car of the

cylinder parts disconnection. Tpancnopm, exonocus — ycmouiuuso pazeumue: COopHHUK nokmamu XXV
HAyYHO —TeXHHMYECKa KOH(MEPEHIUS ¢ MEXIyHapoHO ydactue, 16-18 Maii 2019. Bapna: TexHuuecku
yauBepcuret, 2019. Vol. 1, No. 26. P. 160-165.

10.  Momoaan A. O. BusHaueHHs MOTY>KHOCTI Ta pOOOTH JBUTYHA B MPOIIECi PO3TOHY KOJICHOT MAIlTMHHU. BicHuk
Xapxiecbkoeo HAyioHANIbLHOLO MEXHIYHO20 YHigepcumemy CilbCbko2o 2ocnooapcmea imeni Ilempa
Bacunenxa. Texniuni nayxku. 2019. Bun. 201. C. 202-208.

References

1. Vinoth, B. & Univ, A. (2005). Technology for Cylinder Deactivation. Society of Automobile Engineers
(SAE). College of Engineering, Guindy, Anna University, Technical paper number: 2005-01-0077. P. 6
https://doi.org/10.4271/2005-01-0077 [in English].

2. Cylinder cutout with sequential turbocharging gives 50 percent power increase. (1982). II Modern power
system. Vol. 11, No. 3, P.40-43 [in English].
3. Leone, T. G., & Pozar, M. (2001). Fuel economy benefit of cylinder deactivation - sensitivity to vehicle

application and operating constraints. SAE  Technical Paper. The article 2001-01-3591.
https://doi.org/10.4271/2001-01-3591 [in English].

4, Kutsiy, P. V. (2015). Polipshennia ekspluatatsijnykh pokaznykiv transportnykh zasobiv v neustalenykh
rezhymakh optymizatsiieiu sposobu rehuliuvannia dyzeliv [Improvement of operational indicators of

157



ISSN 2664-262X Central Ukrainian Scientific Bulletin. Technical Sciences. 2023. Col.8(39), Part I

vehicles in unstable modes by optimizing the method of regulating diesel engines]. Candidate’s thesis.
http://diser.ntu.edu.ua/Kutsyi_dis.pdf [in Ukrainian].

5. Molodan, A. O., Polyanskyi, O. S., & Potapov, M. M. (2020). Cause and investigative failure analysis in
nominal engine operation and partial disabling of cylinders. Tpancnopm, exonozus — ycmouiuugo pazeumue:
Coopauk poxmaan XXVI HaydHO —TeXHUYECKa KOH(PEPEHIWS ¢ MEXIyHapoHO ydactue, 8-10 OxroMBpH
2020. Bapna: Texaudecku yauBepcuret, Vol. 1, No. 27, P. 132-137 [in English].

6. Molodan, A. (2021). Naukovi osnovy zabezpechennia nadijnosti i funktsional'noi stabilnosti kolisnykh
mashyn v rezhymi vidkliuchennia chastyny tsylindriv [Scientific bases of ensuring the reliability and
functional stability of wheeled machines in the mode of disconnection of part of the cylinders]. Doctor’s
thesis https://’www khadikharkov.ua/fileadmin/P_Vchena rada/VR 64 059 02/dis Molodan.pdf [in Ukrainian].

7. Molodan, A. O., Polyanskyi, O. S., & Potapov, M. M. (2018). Change of power and mechanical losses of a
wheel vehicle engine with cylinders cutout. MOTROL. Commission of Motorization and Energetics in
Agriculture, Vol. 20, Issue 1, P. 99-103 [in English].

8. New Methods and Systems for Monitoring the Functional Stability Parameters of Wheel Machines Power
Units (2020) / Podrigalo M. et al. SAE Technical Pape. The article 2020-01-2014. https://doi.org/10.4271/2020-01-2014
[in English].

9. Polyanskii, A., Molodan, A., & Potapov, M. (2019). Influence on the engine power and flow fuel of the
wheel car of the cylinder parts disconnection. Transport, ekolohyia — ustoichyvo razvytye: COOpHHK
nmokimam XXV HaydHO —TeXHHYecka KoH(epeHIHs ¢ MeXAyHapoHO ydactue, 16-18 Mait 2019. Bapha:
Texuudeckn yauepcutet, Vol. 1, No. 26, P. 160-165 [in English].

10.  Molodan, A. (2019). Vyznachennia potuzhnosti ta roboty dvyhuna v protsesi rozghonu kolisnoi mashyny
[Determination of engine power and operation in the process of acceleration of a wheeled machine]. Visnyk
Kharkivs'koho natsional’'noho tekhnichnoho universytetu sil's'’koho hospodarstva imeni Petra Vasylenka.
Tekhnichni nauky — Bulletin of the Petro Vasylenko Kharkiv National Technical University of Agriculture.
Technical sciences, 201, 202-208 [in Ukrainian].

A.O. Moaoaan, pod., 1-p Texs. Hayk, O.C. Ioasinebkuid, npod., 1-p TexH. Hayk, €.0. ly6inin, npoo.,
J-p TEXH. HayK

Xapxiscokuil HayioHabHUTL a8MOMOOBITLHO-00POJICHIU YHIgepcumem, M. Xapkis, Ykpainua

MLIIL. ApTOMOB, TIp0Q., 1-p TexH. HayK, O.FO. Ilymkapenko, actr.

Hepoicasnuii biomexnonociunull yHisepcumem, m. Xapkis, Yxpaina

3MiHA NOTY/KHOCTI Ta BHTPATH NAJMBA NPH YAaCTKOBOMY BiIK/JIIOYeHHI WWIiHAPIB

JABHUTYHA B KOJICHOMY TPAaHCIIOPTHOMY 3ac00i

HaBenena meronmka po3paxyHKy JO3BOJIS€ OLIHUTH BIUIMB BIAK/IIOYCHHWX LWTIHIPIB Ha MOTY)KHICTH
JIBUTYHA, 3arajbHy e(QeKTUBHICTh Ta BUTpaTy maiuBa. JlOCHi/KEHHsS MMOKa3ajo, L0 BiIKIIOYEHHS LWIIHADPIB
HPU3BOJUTE 10 MHPOMOPLIHHOTO 3HMKEHHS MOTYXHOCTI NBUryHa. lle o3Hadae, MmO MOTYXHICTh IBUI'YHA
noTyxHicTio 154,5 kBt 3HmkyeThest 10 113,4 kBt 3 nBoMa BiIKIIOUEHUMH HUIiHIpaMu i nagae go 70,3 kBt
NPU BIIKIIOYEHHI YOTHPHOX LMIIHIPIB. 3MEHIIEHHS CIIOKHUBAaHHS IAJMBa OCOOJIMBO MOMITHE Ha XOJOCTOMY
xomy - Ha 27% micias BiJKIIOYEHHs MOJOBUHM IIHApIB. OQHAK NaJMBHA €(QEKTUBHICTH 3HHXKYETHCS 31
301IBIIEHHSAM HABaHTaKEHHS Ha IBWIYH, IIOKH HE JOCATa€ HyJs NMpH KoedillieHTI 3aBaHTaXXCHHS IBHIYHA.
P030iXHOCTI MK E€KCIIepUMEHTAJbHUMH Ta PO3PaXyHKOBHMH JaHMMH II0 BHUTpaTi ManuBa Ta MOTYXXHOCTI
MiHIMQJIBHI 1 CTaHOBIATH ONMU3bKO 7-8% IpM MaKCUMalbHOMY HaBaHTa)XEHHI. J[M3eNbHI ABUTYHH MAaloTh
MOTEHITiall JJIs IiIBUIICHHS e(QEeKTHBHOCTI 3a PaxyHOK BIJKIIOYCHHS NEBHHUX IWIIHIpPIB, ane (akTudHa
EeKOHOMIsl TIajiBa 3aJeKUTh BiA JEKUTBKOX (DaKTOpiB, BKIOYAIOYM KUTBKICTh AKTHBHUX IWITIHAPIB,
KOH(}IrypaIrliro IBUTyHa, HAaBaHTA)XEHHS 1 MEXaHIYHI BTPATH, [0 BUHUKAIOTH y BiIKIFOUYECHUX IFITIHAPAX.

Po3pobneHo  BIOCKOHANEGHWI METOJ] aHali3y [OONATKOBHX EHEPreTHWYHHX BTpAaT Yy JBHTYHI,
CHOPUYMHEHNX BIUIMBOM BHMYIICHWX 1 BJIACHUX KOJMBAHb MOTOPHO-TPAHCMICIHHMX CHCTEM KONICHUX
TpaHCIIOPTHUX 32c00iB. Bukopucrano ¢yHkiiro MeaHnpa B KOHTEKCTI rapMOHIHHOIO MOMEHTY Ta psiau Dyp'e.
3anpoBaPKEHO METOJ] BU3HAYEHHS MOTYXXHOCTI MEXaHIYHMX BTpaT Ta SHEprii Ha HacOCHI XOIH, L0 BPaXOBYE
3MiHU TEMIIEPATYPHOTO PEXUMY Y BIAKIIIOUESHUX LIMIIIHAPAX JBUIYHA 32 MiJBUILEHOT HEPIBHOMIPHOCTI KPYTHOTO
MOMEHTY. BH3Ha4eHO J0MycTUMY KUIBKICTH BIIKIIOUEHHX HMJIIHJIPIB, 10 BPaXxOBYE BIUIMB HA IOTYXKHICTH i
HATIAHICTh poOOTH KONICHUX ManuH. [IpencTaBieHo METoI OI[iHIOBaHHS HAMIMHOCTI 0a30BUX AeTalell JBUTyHA
B KOHTEKCT] 3011bIIIEHHsI HEPIBHOMIPHOCTI KPyTHOT'O MOMEHTY IIPH BiAKJIFOUEHHI YaCTUHM LMIIIHIPIB.
e(peKTHBHA TMOTYKHICTh JBUryHAa, 3MiHA MOTYXHOCTi, [IBHUIYH, KOJICHHH TpaHCIOPTHMI 3aci0,
BiIK/TI0OUeHHs IUITiHAPIB, BUTPATa NaJuBa
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Improving the quality of wheeled vehicle stability
assessment using constraint theory

The article considers the problem of assessing the stability of wheeled vehicles, which is an important
characteristic that affects traffic safety and the economic performance of wheeled vehicles. The paper analyzes
existing decision-making algorithms using the theory of constraints in assessing the stability of wheeled vehicles,
considering five types of logic trees and establishing rules for their application to analyze the dynamic stability of
vehicles. It was found that these algorithms have limited accuracy due to the lack of consideration of all factors that
affect the stability of wheeled vehicles, or cannot take these factors into account with sufficient accuracy. Based on
this, rules for using logical trees for a more accurate study of the stability of wheeled vehicles have been developed,
which allow taking into account more factors that affect the stability of wheeled vehicles with greater accuracy.

Using the solutions obtained in this work, it is possible to significantly expand the scope of measurements,
allowing for a more objective analysis of vehicle parameters in various operating conditions. A study was
conducted to evaluate the accuracy of the developed rules using various data sets, which included information on
the parameters of wheeled vehicles and the results of dynamic stability tests. The results of the study showed that
the developed rules can significantly improve the accuracy of assessing the stability of wheeled vehicles.

Recommendations for improving the quality of tests for the dynamic stability of wheeled vehicles have
been developed, which relate to the choice of test parameters and data processing methods. It is emphasized that the
use of the theory of constraints can significantly improve the quality of tests for the dynamic stability of wheeled
vehicles by providing appropriate approaches and methodologies to improve this process.

The research results presented in this article are important for improving traffic safety and economic
efficiency of wheeled vehicles.
wheeled vehicle, theory of constraints, test improvement

Formulation of the problem. Much attention is being paid to improving the quality of
vehicle stability tests. The application of constraint theory is becoming one of the key areas for
achieving high standards in testing, which affects the safety and reliability of road transport.
The theory of constraints, which is based on the identification and management of the main
constraints in the system, allows to identify the critical aspects that determine the stability of the
vehicle position. The research is aimed at considering the practical aspects of implementing
high-precision test methods using constraint theory. This is a necessary step to increase the
efficiency and reliability of vehicle testing, which is important in the context of rapid
technological progress and development of the road transport industry.

Analysis of recent research and publications. In [1], the author argues that true
quality improvement is impossible without in-depth knowledge based on an understanding of
the theory of cognition, knowledge of variation, an understanding of psychology, and
understanding of the system. The author of [2, 3] has developed an approach to continuous
improvement called the Theory of Constraints (TOC), which demonstrates the application of
TOC logical techniques. This approach allows analyzing the reasons that keep the system from
developing and developing a plan for its improvement. The author of [4, 5] describes five
sequential steps developed by Goldratt that help to focus efforts on what will allow the entire
system to be reorganized as soon as possible. The author of [6] discusses the concept of the
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theory and its principles, as well as examines the prescriptions, namely the five guiding steps.

Setting objectives. The aim of the work is to improve the algorithm for effective
assessment of the stability of wheeled vehicles using the application of logical trees in the
study of dynamic stability of vehicles.

Achieving this goal involves solving the following tasks:

— to analyze existing decision-making algorithms using the theory of constraints to
assess the sustainability of wheeled vehicles;

— to establish clear and effective rules for the use of logic trees for a more accurate
study of the stability of wheeled vehicles;

— to develop recommendations for improving the quality of tests for the dynamic
stability of wheeled vehicles.

Presenting main material. In general, any system can be defined as a set of
interconnected interdependent components or processes that interact, purposefully
transforming the initial components (inputs) into a certain result (output). Systems influence
the external environment and are subject to its influence. Obviously, quality (or lack thereof)
does not exist in itself. Quality can only be discussed in the context of the system to which it
is inherent. So, following Deming's reasoning, it is impossible to improve quality without a
clear understanding of the system. He developed a 14-point "quality roadmap" that serves as a
guide to achieve continuous improvement in process organizations. Many other theories based
on the principle of continuous improvement also offer similar guidelines for success. It
expands on the "...act to make the transformation happen" [1] by encouraging organizations to
involve every employee, train everyone in the new philosophy, create a "critical mass" of
like-minded people, and form initiative groups or teams to improve systems and processes.

TOC is a theory with recommendations, meaning that it can not only explain what
factors keep a system from unlocking its potential, but also indicate how to act [2, 3]. Many
theories answer the first question: what is the problem? Some can even provide specific
advice, but usually these concepts focus exclusively on individual processes, not on the
system as a whole. And they do not address the concept of system limitations at all.

Deming, using the term "transformation", actually means the introduction of
significant changes in the functioning of the organization [7]. Goldratt's theory of constraints
also focuses on changes and improvements. Following its principles, we can answer the three
main questions it poses: What to change? (What is the limitation?); What to change to? (What
to do with the limitation?); How to make changes? (How to get rid of the limitation?). It
should be borne in mind that this question requires a systemic approach, not limited to
looking at individual processes. While the answers may affect individual steps, they are
formulated to identify where to focus efforts for overall system improvement. Processes have
their place, but ultimately, the success or failure of organizations is driven largely by their
functioning as a system as a whole.

It should be remembered that TOC and Total Quality Management (TQM [8]) are not
mutually exclusive. Rather, TOC fills in the gaps that TQM has never paid due attention to:
where to focus improvement efforts to achieve the maximum and fastest results. In other
words, by using TOC in addition to TQM, the problem of waiting for results is solved. By
effectively using TOC in conjunction with TQM, it is possible to find that TQM and quick
results do not have to be mutually exclusive. Therefore, one should not abandon the TQM
tools. In some cases, traditional quality management techniques can be very useful, as TOC
will help decide when and how to use each of them most effectively.

Operational theories are usually divided into descriptive and prescriptive. Descriptive
theories, such as the law of attraction, explain why a phenomenon occurs, but do not tell us
what to do in this case. Prescriptive theories go further, not only describing but also advising
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how to act. TOC is a prescriptive theory, but before we look at its prescriptive parts, let's look
at its descriptive aspect. Goldratt argues that the basis for the prescriptive part of the theory is a
set of several principles. Table 1 provides an extensive list of principles that are particularly
important.
Table 1 — Some principles of TOC derived from the fundamental ideas of the theory of

constraints [1]

1. When implementing transformations and resolving conflicts, it is better to rely on systemic
thinking rather than analytical thinking.

2. The effectiveness of optimal system solutions decreases over time as the environment
changes. A continuous improvement process is required to keep track of the relevance and
effectiveness of the solution.

3. When the system as a whole is operating at its maximum efficiency, only one of its elements is
operating at its maximum capacity. The fact that all parts of the system are operating at the
limit of their capabilities does not mean that the entire system is operating efficiently. The
optimal state of a system does not consist of the optimal states of its individual elements.

4. Systems are like chains. Every system has a weakest link, which ultimately reduces the
effectiveness of the entire system.

5. Strengthening any non-restrictive element does not make the chain stronger.

6. In order to make deliberate, reasonable changes, it is necessary to understand the current

state of the system, its goals and the nature of the existing problems.

7. Most undesirable phenomena in a system are caused by several genuine problems.

8. Real problems are usually implicit. They manifest themselves as a series of undesirable
phenomena connected by cause and effect relationships.

9. Eliminating individual undesirable phenomena gives a false sense of security, while the
real cause remains undetected. Solutions of this kind are short-lived. Solving the key problem
simultaneously eliminates all related undesirable phenomena.

10. The key problems are usually exacerbated by the underlying hidden conflict. To solve the
problem, it is necessary to identify the main causes of the conflict and get rid of at least one of them.

11. System limitations can be both physical and organizational. Physical limitations are
relatively easy to identify and eliminate. Organizational constraints are usually more difficult
to identify and remove, but their neutralization usually entails more significant and important
changes than removing the physical constraints of the system.

12. Inertia is the worst enemy of continuous improvement. Decisions gradually become
important, overgrown with a mass of auxiliary details, which hinders further transformations.

13. Ideas are not solutions.
Source: developed by the author

In TOC, the basic idea is to represent a system as a set of chains. This means that if the
system functions as a chain, the weakest link can be identified and strengthened. Due to the
interdependence and variability, optimization of individual elements does not guarantee
optimal functioning of the system as a whole. Thus, the efficiency of each element of the
system does not always reflect the efficiency of the system as a whole. Most of the constraints
faced in systems have organizational rather than physical causes. Physical constraints are
relatively easy to identify and eliminate, while organizational constraints are usually more
difficult to identify and harder to remove. However, their elimination usually causes more
visible and significant changes than getting rid of physical constraints.

There are five guiding steps of TOC, which begin the prescriptive part of the theory of
constraints and help focus efforts on what will allow the entire system to be reorganized as
quickly as possible [4, 9].
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1) Find the system's limitations. What element of the system contains a weak link? Is
it physical or organizational in nature?

2) Reduce the impact of the system limitation. What Goldratt means is that we should
maximize the use of the link capacity that is currently the system constraint. In other words, to
answer the question: "How can we squeeze the maximum out of the limiting element without
significant additional costs and thereby mitigate the negative impact of the limitation on the
operation of the entire system?"

3) Focus all efforts on the system's limiter. Once the constraint is found (step 1) and
we decide what to do with it (step 2), we adjust the entire system so that the constraint works
at maximum efficiency. We may need to slow down some parts of the system and speed up
others. Then we analyze the results of our actions: do we find out whether this limitation still
delays the work of the entire system? If not, we get rid of it and proceed to step 5. If so, the
restriction still exists, and we move on to step 4.

4) Remove the restriction. If steps 2 and 3 are not enough to remove the restriction,
then more radical measures are needed. Only at this stage can we realize the idea of large-
scale changes to the existing system. This stage may require a significant investment of time,
effort, money, and other resources, so we must be sure that it is not possible to get rid of the
constraint in the first three steps. Removing the constraint implies that we will take any
measures to remove the constraint. As a result, the limiting element will definitely be removed.

5) Return to the first step, keeping in mind the inertia of thinking. If the constraints are
removed in steps 3 or 4, we must return to step 1 and start the cycle again. Our task is to
identify the next element that holds the system back. This is exactly what happens in the
production example (Fig. 1). The inertia warning reminds us that we should not be
complacent and satisfied with what we have achieved: the cycle never ends. We should look
for and eliminate constraints, constantly remembering that due to the interdependence and
variability, every change we make to the system will have some impact on the constraints we
have already gotten rid of earlier. It may be necessary to pay attention to them again and make
appropriate adjustments.

The five guiding steps are directly related to the three questions about transformation
(what to change, what to change to, how to implement the change) [9]. To understand what to
change, we look for constraints (step 1). To figure out what changes are needed, we decide
how best to weaken the constraint. We subject the entire system to our decision (steps 2 and
3). If this does not lead to improvement, we consider increasing the capacity of the weak link
and removing the constraint entirely (step 4). In steps 3 and 4, we also specify "how to
implement the change".

Most researchers ask themselves the following questions: "How do we know if the
removal of a restriction has had a positive impact on the entire system?", which can be
formulated differently: "How can we measure the impact of local solutions on the system as a
whole?" In such cases, TOC is particularly effective.

Part of the answer is to identify the weakest link (limitation) and ignore, at least
temporarily, what does not limit the elements [9]. For example, in the most serious laboratory
studies, the effect caused by a change in one variable is measured, while holding the others
constant as far as possible. This "sensitivity analysis" is particularly useful for determining
how much a result depends on a particular cause. Doing the same thing in an organization
(i.e., working only with the constraints), we win twice:

— Maximize system improvements with minimal resource expenditures;

— Know exactly how much the improvement of individual elements affects the entire system.

Goldratt has developed a simple method for assessing the effectiveness of a particular
management decision aimed at achieving the overall goal of the entire system [9].
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S82

Stage 1: Identify system limitations

Identify factors that limit its stability:
- Machine design characteristics: weight, weight distribution, tire design, ground clearance;
- Operating conditions: speed, road conditions, machine load.

~~

Stage 2. Mitigating the impact of restrictions

Develop measures to mitigate the impact of system limitations:

- Change the design characteristics of the machine: improve weight distribution, increase the
efficiency of tires, etc.;

\- Change the operating conditions: reduce speed, improve road conditions, reduce load, etc.

S82

Stage 3. Setting up the system. Focusing on the limitations

J

Concentrate efforts on the constraints that have the greatest impact on the stability of the machine's

position.
\,

Stage 4. Analysis of the results. Removal of restrictions

Consider the possibility of removing restrictions:

- Introduce new technologies that increase the stability of the machine without changing its design
characteristics or operating conditions;

- Change the rules of operation: allow the use of tires with a wider width or limit the speed on

\certain sections of the road.

Stage 5. Re-evaluation and adaptation. Return to step 1

J

If the wheeled vehicle still does not meet the requirements after the measures taken to mitigate the
L effects of the constraints or remove them, return to step 1 and repeat the decision-making process.

2

EXIT

Figure 1 — Decision-making algorithm using the theory of constraints in assessing the stability
of the position of wheeled vehicles
Source: developed by the authors

The theory of constraints is not only a theoretical concept, but a true paradigm and
model that includes not only concepts that indicate the direction of recommendations and
guidelines, but also its own methods and tools [6].

Initially, each TOC method is unique. Applying the theory to a new situation always
leads to some unique solution. Often, some solutions become universal and are used as tools
for transformation. The tools developed by Goldratt for the theory of constraints (TOC) are
based on logical principles. They include five types of logic trees and rules that define their structure:

1) The Current Reality Tree (CRT) is a tool for analyzing problems. It can be used to
study the cause-and-effect relationships that determine the current situation [11]. The CRT
starts with identifying the existing undesirable phenomena in the system and helps to
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determine the real causes or the key problem that caused all the undesirable phenomena we
are facing. The key problem is usually the constraint that we try to find using the five guiding
steps tactic. The CRT tells us what exactly needs to be reorganized — it identifies the smallest,
simplest change in the system that will have the greatest positive effect.

In research to improve the stability of wheeled vehicles, it is possible to use this
method as a tool for iterative analysis and improvement of the system, continuing to refine
and test changes. For example, by using CRT to analyze the dynamic stability of a vehicle,
undesirable phenomena such as instability during sharp turns can be identified, and factors
that affect stability at different speeds can be identified. The branches of the tree can then be
examined, representing possible causes of the phenomenon, and iterative changes to the
system, such as suspension optimization or tire parameters, can be implemented and tested for
their effectiveness to gradually improve dynamic stability.

2) The Conflict Resolution Chart (CRC) is a tool that allows visualizing a conflict to
better understand its causes and possible solutions. It is designed to remove hidden conflicts
that usually underlie long-standing "chronic" problems [12]. The CRC is based on the belief
that most real problems are caused by some kind of opposition or conflict that prevents the
problem from being solved in the usual way; otherwise, it would have been solved long ago.
The CRC can also serve as a "creative engine" that allows us to generate new ideas that can
provide a "breakthrough" in solving old problems.

The CRC allows systematizing and identifying hidden conflicts that may be the root
cause of problems with the transverse dynamic stability of the vehicle, which helps to find
creative solutions to solve them. For example, by applying CRC to analyze the dynamic
stability of a vehicle, a conflict between the need for high maneuverability and the need for
stability at high speeds can be identified. By analyzing the impact of various technical
solutions, one can try to find the optimal balance between these requirements to improve the
overall dynamic stability of the vehicle. For example, it is possible to: increase the stiffness of
the suspension to improve stability at high speeds; install a stability control system to help
prevent skidding; develop a new type of tire that can provide more traction. The choice of a
particular solution depends on the specific requirements for the vehicle.

3) The Future Reality Tree (FRT) serves two purposes [13]: first, it allows us to make
sure that the action we are going to take will really lead to the desired results, and second, this
diagram makes it possible to determine what negative consequences our intended action may
cause. These two points are very important and useful: we can logically "test" the
effectiveness of the intended actions before we spend time, effort, or resources on them. This
way, we can avoid worsening the situation. By confirming the effectiveness of the new
configuration of our system, this tool answers the question "what should we change?". The
FRT diagram can also be an invaluable tool for strategic planning.

FRT for sustainability studies can be used to effectively plan and avoid negative
consequences of implementing selected actions and monitoring their results in real-world
conditions. If problems arise, an iterative approach can be applied, making adjustments to the
selected strategies. This approach will make it possible to systematically plan and solve the
problems of dynamic stability of wheeled vehicles, avoid negative consequences and ensure
effective and safe changes in the design or parameters of the vehicle. For example, by using it
to plan improvements to vehicle dynamics, it can be determined that changes in suspension
geometry can improve lateral stability. As these changes are implemented, monitoring can be
used to collect data on the impact on agility and stability and adjustments can be made to
optimize results if necessary.

4) A transition tree (TT) helps to implement a decision when a course of action is
decided [10]. It identifies what may hinder our actions and how best to overcome these
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obstacles. It also allows us to establish the sequence of actions required to achieve the goal.
This diagram half-answers the question "how to make changes?".

The TT can be used to effectively implement decisions and overcome obstacles in
improving the dynamic lateral stability of a wheeled vehicle. This approach helps to create a
clear and systematic action plan to realize improvements in vehicle dynamics and overcome
obstacles to achieving the goal. For example, using the TT, it is possible to identify an obstacle in
the form of resource constraints for the introduction of a new suspension technology. Using
this method, alternative solutions can be considered and strategies can be selected that will
effectively overcome this obstacle and lead to an improvement in the vehicle's lateral dynamic stability.

5) A transformation plan [10] provides detailed step-by-step instructions on how to
implement solutions and the logical justification for each step. In essence, it is a detailed
roadmap for achieving a certain goal, which complements the answer to the question "how to
implement changes?".

A transformation plan can provide a systematic and detailed approach to improving
dynamic lateral stability, taking into account all aspects and possible risks. For example, using
a conversion plan to improve the dynamic lateral stability of a wheeled vehicle, it may be
determined that replacing certain suspension components can improve stability. The plan
includes steps for selecting the optimal components, developing detailed instructions for their
installation, and a logical justification for the impact of these changes on overall dynamic stability.

Criteria for verification of logical constructions (CLCC) are a "logical connection" that
unites all the listed diagrams [4]. In fact, these are eight provisions that can be used to check,
prove or refute the correctness of the constructed causal relationships: clarity; presence of an assertion;
presence of a causal relationship; sufficiency of the reason given; checking for an alternative
reason; inadmissibility of substituting a cause for an effect; search for a verifying consequence.

We use the CFCs when creating diagrams to make sure that our initial premises are
logical. We use Boolean diagrams to understand the logic in a holistic way. Logic trees can
also be used to analyze logic trees and, most importantly, they help to express constructive
criticism to opponents and avoid conflicts, i.e., come to mutual understanding.

Goldratt's five logical tools can be used individually or collectively as a clearly
organized process of logical thinking or "thought process" [14]. The three basic management
questions about the change can be answered by using the five logic tools as a whole. Table 2
shows the relationship between these tools and the change management questions.

Table 2 — How logic tools relate to the three management questions about change

Stage of the change process A suitable logical tool

What to change? The tree of current reality

Diagram of conflict resolution,

")
What to change to? tree of future reality

How to make changes? Transition tree, transformation plan

Source: developed by the authors

Figure 2 shows a general picture of the relationship of tools as elements of a single
logical thinking process. Quantitatively complex problems that cannot be quantified should be
subjected to logical analysis first.

Thus, the theory of constraints can help to improve the quality of wheeled vehicle
dynamic stability tests by meeting the following criteria:

1. Using the search for optimal research parameters, which can be carried out using
the theory of constraints. The main idea is to set constraints on various system parameters,
such as suspension parameters and chassis geometry, and search for optimal values of these
parameters that maximize the dynamic stability of the vehicle. This will allow important
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parameters and constraints to be systematically considered to ensure optimal values, aimed at

improving parameter quality definition.

The tree of current reality Diagram of conflict resolution
Undesirable phenomena Objective
(Side slip; rollover; loss of control) (Ensure dynamic stability of wheeled
1 vehicles)
Intermediate conditions 1
(Uneven distribution of the load on the Prerequisite
wheels; changes in the road surface; (Fulfillment of all requirements for
improper control of the machine) > dynamic stability — inadmissibility of
1 undesirable phenomena)
The real reasons, the key problem T
(Incorrect suspension adjustment; tire Methods of provisioning
defects; steering malfunctions) (Implementation of design,
technological and operational measures)
WHAT TO CHANGE? l
The tree of future reality
WHAT TO CHANGE TO? Desired results
(Low accident rate, increased road
safety)
T
Interim results
(Reducing the number of cases of
adverse events)
i
Breakthrough
(Development of new technologies that
HOW TO MAKE CHANGES? ensure absolute stability of wheeled
vehicles)

|

Transition tree

Transformation plan

Objective Objective
(Reduce the level of accidents) (Low accident rate, increased road

1 safety)

Interim results i

(Reducing the number of cases of P Obstacle, intermediate goals

adverse events) - (Development of new technologies that

1 ensure absolute stability of wheeled
vehicles)

Specific action
(Development and implementation of
new technologies for tires, suspension,

etc.)

Figure 2 — Five logical tools as a single process of logical thinking

Source: developed by the authors
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2. Modeling parameter variation, using an approach that will allow for parameter
diversity and uncertainty in the study. Instead of fixing parameters to specific values, models
allow them to vary within acceptable limits. This can be especially important in cases where
parameters may change due to variations in production, different operating conditions, or
other factors. This will allow for more realistic modeling of operating conditions, taking into
account parameter variations that may occur in real-world conditions.

3. Development of a limited testing system, which, in combination with the use of the
theory of constraints, involves the creation of a test method that takes into account the actual
operating conditions of the vehicle and the limitations that may arise during its operation.
This will allow for effective testing of vehicles conditions as close as possible to actual
operation, ensuring compliance with restrictions and safety standards.

4. The use of innovative technologies, in particular the use of simulation and virtual
testing in the field of vehicle stability research, which can greatly facilitate and improve the
testing process. These are powerful tools for researching and improving the dynamic stability
of vehicles.

5. Generalization of research results using the theory of constraints, which is
important in order to draw conclusions that will be as characteristic as possible for real-world
vehicle operating conditions. This approach will make the study more comprehensive and
versatile, which in turn improves the quality of the results obtained and their application in
real-world operating conditions.

Conclusions.

1. It is determined that the theory of constraints is an effective tool for improving the
dynamic stability of wheeled vehicles. The methodology allows identifying system limitations,
developing recommendations for their elimination or mitigation, and implementing these
recommendations. Various measures can be used to improve the dynamic stability of wheeled
vehicles, including: installation of directional stability systems, optimization of suspension
stiffness, increasing track width, optimization of vehicle weight distribution, use of new
materials and manufacturing technologies, and development of new vehicle dynamics control systems.

2. The application of the theory of constraints in the context of dynamic stability testing
of wheeled vehicles can lead to such advantages as: improved test quality, increased test
efficiency, and reduced test costs.

3. To improve the tests for dynamic stability of wheeled vehicles using the theory of
constraints, the following measures can be used: using the search for optimal research
parameters, modeling parameter variation, developing a limited testing system, using innovative
technologies, and generalizing research results. Thus, the application of the theory of
constraints can be an effective tool for improving the dynamic stability of wheeled vehicles,
both in the design and production process and in the testing process.

List of references

1. Neave H. R. The Deming Dimension. SPC PRESS (Statistical Process Control); 1st Paperback Edition,
1990. 440 p. ISBN 978-0-945320-36-4.

2. Goldratt E. M., Cox J. The Goal: A Process of Ongoing Improvement. North River Press; 2nd Rev edition,
1992. 274 p. ISBN 0-88427-061-0.

3. Goldratt E. M. It’s Not Luck. North River Press, 1994. 288 p. ISBN 0-88427-115-3.

4. Zosym M. Teopist oomexxenb. URL: https://www.maxzosim.com/tieoriia-obmiezhien/.

5. TOC (Theory of Constraints). DTU. URL: http://wiki.doing-projects.org/index.php/TOC (Theory of Constraints).

6. Komonizera T. O. BukopuctranHs MPpUHIHAIIB Teopii 0OMeKeHb IPU MPOSKTYBaHHI JIOTICTUYHUX CHCTEM.

Konxypenmocnpomosicnicms ma inHO8ayii: npobremu Hayku ma npakmuxu: Marepiand MiKHapomHOi
HAYKOBO-TIPaKTUYHOI KoH(pepeHtii, 16 muctomn. 2017 p. Xapkis: @OII Jlidypkina JLM., 2017. C. 145-148.
7. Thinking Processes as a Tool for Improving the Administrative Process / Garcia-Vidal G. et al.
International Journal of Management Science and Business Administration. 2016. Vol. 2, No. 7. P. 25-41.

167



ISSN 2664-262X Central Ukrainian Scientific Bulletin. Technical Sciences. 2023. Col.8(39), Part I

URL.: https://doi.org/10.18775/ijmsba.1849-5664-5419.2014.27.1003.

8. Total Quality Management: Meaning, Concept, Process, Elements & Tools. Economics Discussion.
URL: https://www.economicsdiscussion.net/quality-management/total-quality-management/32329.

9. Dettmer W. H. Goldratt's Theory of Constraints: A Systems Approach to Continuous Improvement. Asq
Pr; Later Printing edition, 1997. 378 p.

10. IMpumoctka O. Po3ymoBi mpouecu Teopii oOmexeHb [onmpparra: cucremHa meropmonorisi. Haykoeui
arcypran « Exonomiunuil gicnux 3anopizeroi depawcasHoi inoceneproi akademiin. 2017. Ne 5 (11). C. 31-36.

11. Mopos JI. B. HopmatuBHO-MeTOIMYHE 3a0€3MEUeHHsT CTATHCTHIHOTO KOHTPOJIIO BUPOOHHYHX IIPOIIECIB
Ta SKOCTI MPOIYKIII : aBToped. auc. Ha 3M00YTTA HayK. CTyHeHs KaHA. TexH. Hayk : 05.01.02. JIbBis,
2016.22 c.

12. Hiarpama xoHIikTy «I'po3oBa xmapay. I pomadcvka opeanizayis «Koopounayitino-npagosaxucna epyna
«Zaslony. URL: https://zaslon.at.ua/index/diagrama-konfliktu-grozova-khmara/0-62.

13. Problem-Solving With a Future Reality Tree. Lucidspark. URL: https://lucidspark.com/blog/future-
reality.

14. Theory of Constraints Concepts and Details. Quality Assurance Solutions, Spreading the QA Word.

URL.: https://www.quality-assurance-solutions.com/Theory-of-Constraints.html.

References

1. Neave, H. R. (1990). The Deming Dimension. SPC PRESS (Statistical Process Control); 1st Paperback
Edition, 440 p. ISBN 978-0-945320-36-4 [in English].

2. Goldratt, E. M. & Cox J. (1992). The Goal: A Process of Ongoing Improvement. North River Press; 2nd

Rev edition, 274 p. ISBN 0-88427-061-0 [in English].

3. Goldratt, E. M. (1994). It’s Not Luck. North River Press, 288 p. ISBN 0-88427-115-3 [in English].

4, Zosym, M. (2023). Teoriia obmezhen' [Theory of constraints]. Retrieved
from: https://www.maxzosim.com/tieoriia-obmiezhien/  [in Ukrainian].

5. TOC (Theory of Constraints). DTU. Retrieved from: http://wiki.doing-
projects.org/index.php/TOC _(Theory of Constraints) [in English].

6. Kolodizieva, T. O. (2017). Vykorystannia pryntsypiv teorii obmezhen' pry proektuvanni lohistychnykh

system [Using the principles of the theory of constraints in the design of logistics systems].
Competitiveness and innovation: problems of science and practice: materialy Mizhnarodnoi naukovo-
praktychnoi konferentsii (16 lystopada 2017 roku) — materials of the International Scientific and Practical
Conference. (p.p. 145-148). Kharkiv: FOP Liburkina L.M. [in Ukrainian].

7. Garcia-Vidal, G. et al. (2016). Thinking Processes as a Tool for Improving the Administrative Process.
International Journal of Management Science and Business Administratio, Vol. 2, No. 7, P. 25-41.
URL: https://doi.org/10.18775/ijmsba.1849-5664-5419.2014.27.1003 [in English].

8. Total Quality Management: Meaning, Concept, Process, Elements & Tools. Economics Discussion.
Retrieved from URL: https://www.economicsdiscussion.net/quality-management/total-quality-management/32329
[in English].

9. Dettmer, W. H. (1997). Goldratt's Theory of Constraints: A Systems Approach to Continuous
Improvement. Asq Pr; Later Printing edition, 378 p. [in English].

10. Prymostka, O. (2017). Rozumovi protsesy teorii obmezhen' Holdratta: systemna metodolohiia [Mental

processes of Goldratt's theory of constraints: a systematic methodology]. Naukovyi zhurnal
«Ekonomichnyi visnyk Zaporizkoi derzhavnoi inzhenernoi akademii» — Scientific journal "Economic
Bulletin of Zaporizhzhya State Engineering Academy", 5 (11), 31-36 [in Ukrainian].

1. Moroz, L. V. (2016). Normatyvno-metodychne zabezpechennia statystychnoho kontroliu vyrobnychykh
protsesiv ta iakosti produktsii [Normative and methodical provision of statistical control of production
processes and product quality]. Candidate’s thesis. Lviv [in Ukrainian].

12. Diahrama konfliktu «Hrozova khmara» [Storm Cloud Conflict Diagram]. Hromadska orhanizatsiia
«Koordynatsiino-pravozakhysna hrupa «Zaslony — Public organization "Coordinating and Human Rights
Protection Group "Zaslon". Retrieved from URL: https://zaslon.at.ua/index/diagrama-konfliktu-grozova-
khmara/0-62 [in Ukrainian].

13. Problem-Solving ~ With a  Future Reality  Tree.  Lucidspark. Retrieved from
URL: https://lucidspark.com/blog/future-reality [in English].
14. Theory of Constraints Concepts and Details. Quality Assurance Solutions, Spreading the QA Word.

Retrieved from URL: https://www.quality-assurance-solutions.com/Theory-of-Constraints.html [in English].

168



[SSN 2664-262X IlenTpanbHOYKpaiHChbKui HayKoBHH BicHUK. Texuiuui Hayku. 2023. Bur. 8(39), u.Il

0.C. Hoasitachkmii, npod., n1-p TexH. Hayk, €.0. Hdy6inin, npod., n1-p texu. Hayk, A.l. Kopoodko, noi., n-p
TexH. Hayk, B.}O. Baiinana, acucr.
Xapriecokuil HAYiOHALHUTL A8MOMOOLILHO-00POJICHIN YHIgepcumem, M. Xapkie, Ykpaina
IlinBuIIeHHS AKOCTi OWiHIOBAHHS CTIMKOCTI KOJICHUX MAIIMH BUKOPHUCTAHHAM Teopii
00MeKeHb

Y crarti posriasgHYTO IpoOieMy OIHKM CTIHKOCTI KOJIICHMX MallMH, $Ka € BaXJIMBOIO
XapaKTEepPUCTHKOIO, 110 BIUIMBAE Ha Oe3NeKy pyXy, a TaKoX Ha €KOHOMIYHI MOKa3HUKH EKCIUTyaTalil KOJTiCHUX
mamuH. [IpoaHanizoBaHo iCHYIOUl alNrOPUTMH NPUHHSTTS PillIeHb 3a JOIIOMOTOI0 Teopii 0OMEXEHb NP OLIHII
CTIMKOCTI KONICHHX MAIIWH, PO3MIJAI0YM II'ATh BUMAIB JIOTIYHHX [EpeB Ta BCTAHOBIIOIOYHM IpaBHa iX
3aCTOCYBaHHS IJIs aHAJI3y JWHAMIYHOI CTIHKOCTI TPAaHCIIOPTHHUX 3aco0iB. BHuABIEHO, IO IIi aNTOPUTMH MArOTh
0OMEXeHy TO4YHICTb, L0 MOB’SA3aHO 3 BIJCYTHICTIO BpaxOBaHHS yCiX (hakTOpiB, siKi BILUIMBAIOTh HAa CTIHKICTh
KOJIICHUX MallliH, a00 He MOXYTh BPaxoBYBaTH wii (h)akTOpH 3 JOCTATHLOIO TOYHICTIO. Ha OCHOBI 1IbOr0O pO3p0o0sIeHO
MpaBHjIa 3aCTOCYBAaHHS JIOTIYHHMX JepeB Uil OUTHII TOYHOTO IOCHTIHKEHHS CTIMKOCTI KONICHMX MAIIWH, 0
JIO3BOJISIIOTH BPaxOBYBaTH Oijibliie pakTopiB, SIKI BIUTMBAIOTh HA CTIMKICTh KOJIICHUX MAIHH, 3 OUTBIIOI TOYHICTIO.

BukopucroByroun oTpuMaHi B poOOTI pIlIEHHsS, MOXXHa 3HAYHO PO3LIMPHUTH OOCST BHMIPIOBaHb,
JIO3BOJISIIOYM 3/1IHCHIOBATH OUbII 00 €KTHBHHMN aHaNi3 MapaMeTpiB TPAaHCIIOPTHUX 3ac00iB y PI3HUX yMOBax
ekcruryaranii. [IpoBeneHo MOCHIPKEHHS Al OLIIHKA TOYHOCTI pO3pOOJICHNX MPaBUII 3 BUKOPHCTAHHIM Pi3HUX
Ha0OpiB JaHMX, SKi BKIIOYAIH iH(OpPMAIiI0 PO MapaMeTpH KONICHUX MallWH 1 pe3yJbTaTH BUIPOOYBaHb Ha
JUHAMIYHY CTiHKiCTh. Pe3ynmbTaTH NOCHI/DKEHb IOKa3alH, IO PO3po0JIeHi MpaBmia JO3BOJISIOTH iCTOTHO
MM ABUIIIATH TOYHICTH OIIHKYU CTIHKOCTI KOJICHAX MAaIllNH.

Po3pobneHo pekoMeH Al i BAOCKOHAJICHHS SIKOCTI BUIIPOOYBaHb HAa JHHAMIYHY CTIHKICTh KOJICHHUX
MAaIlliH, SKi CTOCYIOTBCS BHOOpY mapamerpiB BUIpOOyBaHb i MeToHiB 0OpoOku maHux. [ligkpecrieHo, mio
BUKOPHCTAHHS Teopii OOMeXeHb MOKE 3HAYHO ITOKPAIIWTH SKICTh BUOPOOYBaHb Ha IWHAMIYHY CTiHKICTBH
KOJIICHIX TPaHCIIOPTHHX 3ac00iB, HaAI0UH BiAMOBIIHI MiXOAM Ta METOAOJIOTI] ISl BIOCKOHAJICHHS I[OTO TIPOIIECY.

PesynbraTu JOCTIIKEHHS, TIPEACTABIEH] B CTATTi, MAIOTh BAXIIMBE 3HAUCHHS [T MTiIBUIIECHHS OS3MeKH
PyXy 1 €eKOHOMIUHOT e(h)eKTHBHOCTI €KCIUTyaTallii KOJTICHIUX MalllnH.
KOJIiCHA MaIlIMHA, Teopisi 00MeKeHb, BIOCKOHAJEHHS BUNPOOYBaHb
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BoiuB moka3sHUKIB SIKOCTI IMaJMBa Ta TEXHIYHUH CTaH
aBTOMOO1JIS M1 4ac pyxy

JocmimkeHo BIUIMB TapaMeTpiB SIKOCTI ManWBa Ta TEXHIYHOTO CTaHy aBTOMOOUIS B yMOBax
eKCIUTyaTallil Ha CTaH JABHTYHA Ta TpaHcMicii. BussieHo, mo mi paxTopn MaroTh KPUTHYHE 3HAUEHHS ITiJ dac
MaHeBpy 00TrOHYy, Jie HEOCTATHSI MOTYXHICTh MOXE BIUIMHYTH Ha O€3IeUHICTh BUKOHAHHS JaHOTO Tipouecy. Jis
6opoTeOn 3 mUMH TIpoOIEeMaMH MPOIOHYETHCS BUKOPHUCTOBYBATH IHTETPANbHUM KOE(]Ii€HT ypaxyBaHHS
TEXHIYHOTO CTaHy aBTOMOOIS Ta SIKOCTI NajMBa, SKWM BpPaxOBYE pI3HHULIO MDK HOBHMM, CIPaBHHUM Ta
aBTOMOOIJIEM y TMOTOYHOMY TEXHIYHOMY CTaHi. 3alpONOHOBAHWN KOE(DILI€HT JAaCTh MOMJIMBICTH MiJABHIIUTU
TOYHICTb ITPOTHO3YBaHHsI MOTEHIIHHOTO IPHUCKOPEHHSI aBTOMOO1IsS OOPTOBOIO CHCTEMOIO.
aBTOMO0i/b, TeXHIYHUI CTaH, AKICTH MaJMBa, iHTerpaabHUil kKoedilieHT BpaXyBaHHSl TeXHIYHOI0 CTaHY,
eKcIuIyaTanis, 6e3nexa pyxy

© J1.B. Aopamos, B.O. Tecns, A.b. I'ynka, M.JI. Cinpascbka, 2023
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IHocTanoBka npodaemu. TexHIYHUN CTaH aBTOMOOLUIA Ta SKICTh MAJMBa BPaXOBYIOTh
Horo nuMHaMIYHI XapakTEpUCTUKH, II0 MalOTh KIIIOUOBE 3HAYEHHsS NJs O€3MeKu pyxy Ha
J0po3i. B cTaTTi po3riisHyTI aCHEeKTH BILIMBY LUX (DaKTOpIB HA AWHAMIKY aBTOMOOLIS Mij yac
MIPOBEJICHHS MaHEBPY OOTOHY.

Cran paBuryHa Tta TpaHCMicCli aBTOMOOUISA, a TaKOX SKICTh BHUKOPUCTOBYBAHOI'O
najnuBa, MaloTh Oe3MocepeqHId BIUIMB HAa WOro JWHAMIYHI XapakTepucThku. [lim dac
BUKOHAHHS MaHEBpY OOroHy Iii ()akToOpu CTalOTh KPUTHYHUMH, OCKUIBKM HEIOCTaTHS
MOTY>KHICTh MOJKE€ TEPENTKOIUTH JOCSITHEHHIO HEOOXITHOTO PIBHA MPUCKOPEHHS, IO €
BOXJIUBUM JJIs1 O€3MEYHOr0 3aBEPILICHHS MaHEBPY. Y KOHTEKCTI poOOTH OOpTOBOI CUCTEMHU
3armo0iraHHs 31ITKHEHHIO aBTOMOOUTIB, BYKJIMBO BPaXOBYBATH I1i 3MiHU B IMHAMIII PYXy, 100
MiBUIIUTHA TOYHICTH OI[IHIOBAHHS O€3MEKH OOTOHY, SKa MPOTHO3YE MAKCUMAIbHO MOKIIUBE
MIPUCKOPEHHS aBTOMOOLIIS.

Po3yMiHHS IpUYHH, 10 BIUIMBAIOTh HAa 3MiHY TUHAMIYHHUX BJIaCTUBOCTEH aBTOMOOLIA,
TaKUX SK BUKOPUCTAHHS MajliBa HEHAJEXKHOI SIKOCTI Ta 3arajbHE IMOTIPUIEHHS TEXHIYHOIO
CTaHy aBTOMOOLIIS, € KpUTHUHUM. 3HIDKEHHS TUHAMIYHUX XapaKTePUCTHK MOXKE BiIOyBaTUCS
MOCTYIIOBO TPOTATOM TPHUBAJIOTO TMEPIOAY eKCIuTyartarii ado panToBO y TMEBHUH MOMEHT,
3alIe)KHO BiJl TakuX (pakTopiB, SK 3HOC JAeTajeil, 3MIHM y 3a30pax CHpsbKeHb, ab0 YMOB
3MalleHHs. 3 1HIoro 60Ky, BUKOPHUCTAHHS TMajJuBa HU3BKOI SKOCTI 3a3BUYA MPU3BOJIUTH 0
panTOBOTO 3HIDKEHHS TUHAMIYHMX BJIACTHBOCTEH Bigpa3y Micls 3ampaBKH. TakKUM YHWHOM,
AKII0 OOpTOBa CHCTEMa KOHTPOJIO aBTOMOOUIS (IKCye€ 3HIDKCHHS JUHAMIYHHUX
XapaKTePUCTHK, HEOOXITHO TEPEeBIPUTH YU HE CTAJIOCS 1€ TMICHS PI3KOro CTYIMIHYATOro
30UTBIIIEHHST PIBHA TManuBa y Oaky. SKmo Take 301IbIIEHHS Majao MiCIe, TO WMOBIPHOIO
MPUYMHOIO 3HIKCHHS JUHAMIKY € BUKOPUCTAHHS MajJBa HU3BKOI SKOCTi. Y MPOTHICKHOMY
BUITAJIKY CJIiJ] pO3TJISTHYTH MOTIPIICHHS TEXHIYHOTO CTaHy aBTOMOO1JIS IK OCHOBHY MPUYHHY.

AHaJji3 ocTaHHIX JociailikeHb i myOJikamiid. [locnmimkeHHsS MOKa3HHUKIB SKOCTI
NajuBa € Ba)JIMBUM NUTAHHSIM SKUM 3aliMaiucsl BENHMKA KUIBKICTh HAYKOBIIIB, BUEHHX,
1HXKeHepiB Ta JOCHiAHUKIB, TakuX Kk David A.G., Panagiotis A., baxunos O.B., MitkoB b.B.,
Jle6ener A.T., Ilogpuramo M.A., Abpamos [I.B. Ta inmi [1-5], siki po3riisiaany sKICTh TajanuBa
SK TapaMeTp BIUIMBY Ha poOOTy ABHMIYHA, Ha pecypc Jerajeil aBTOMOOLIS, Ha JUHAMIYHI
MOKA3HUKH, Ta MOKA3HUKHM HaIpalfoBaHHS aBTOMOOUIA. Takox psa MpOBIAHMX HAyKOBHUX
LIEHTPIB, YHIBEPCUTETIB 1 aBTOMOOUIPHMX KOMIIAHIH MPOBOJAATH PO3IIUPEHI JOCIIIKEHHS,
CIIPSIMOBaHI Ha BHBYCHHS B3a€MOJII MK MMaJUBHUMH XapaKTEPUCTUKAMH Ta TEXHIYHHM
CTaHOM aBTOMOOLTIB. Takox po3poOieHi CTaHAAPTH SKOCTI HainuBa [6], sKi BigOOpakarTh
BIJIMOBI/THICTh €KOJIOTIYHHM Ta TEXHIYHMM BUMOTAaM. BCTaHOBJICHHSM MapaMeTpiB SKOCTI
3aliMaloThCs BIAMOBIIHI Jaboparopii Ta iHcTuTyTH [7, §].

bararo HaykoBuX mparlib 1 myOJiKaIiid MpUCBAYEHI aHaJi3y BIUIMBY SKOCTI MajuBa Ha
pobOoTy naBUryHa, €(EKTUBHICTb CIOXMBAaHHS TaJMBa Ta 3arajJbHUNl TEXHIYHUU CTaH
aBTOTpaHCHOPTY. JlOCHiKeHHsI BKIIOYAIOTh AaCHEeKTH 3HOCY, 3a0pyIHEHHS CHUCTEMU
JKUBJICHHSI, BIUTMB HA BUKUAM Ta IHII acmeKTd. J[OCHiTHUKK 4acTo aHali3ylTh (i3WyHiI Ta
XIMIYHI XapaKTepUCTUKH manuBa [2, 4-5]. TakoX HaAyKOBII TPOBOAATH JOCTIIKCHHS, SKi
BKIIIOYAIOTh OIIHKY €(EeKTHUBHOCTI 3rOpsiHHS MalKWBa, BUBYCHHSI CKJIQAy BiANpPaIlbOBAHUX
ra3iB Ta BIUIMB iX HAa HABKOJUIIIHE CEPEJOBHINE Ta HA OCHOBI IUX JaHHUX PO3POOISIOTH
METOJIM JJIsl OJIMIIeHHS OTO mpotiecy, [1, 7-8].

IlocTanoBka 3aBaaHHs. MeTol0 naHOi PoOOTH € 3alpONOHYBAaHHS IHTEIPAJIHLHOTO
Koe(irieHTa KU BpaxoBY€ B3a€EMO3B’ 130K TEXHIYHOTO CTaHY aBTOMOOUIS Ta SKOCTI TaIMBa.
Leit xoedimieHT Aae MOMXJIMBICT IMOKPAIIMTH TOYHICTh OI[IHKM BUTpPAaTH MajuBa Ha
aBTOMOOLITI MPU BpaxyBaHHI TEXHIYHOTO CTaHy aBTOMOOLJIS Ta SIKOCTI MAJUBa KU TOJISTae y
MOKpAIEHHI TOYHOCTI PO3paxyHKY BUTpATH MalliBa aBTOMOOUIEM. [3 BpaxyBaHHSM JaHOTO
KoedimieHTa y OOpTOBMX CHCTEMax MOXHA JOCSATTH ONTHMi3allii BHTpaT THajuBa Ta i3
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BpaxyBaHHSM JaHUX I[apaMeTpiB 3MEHIIUTH HETaTUBHWM BIUIMB AaBTOTPAHCIOPTY Ha
HABKOJTUIITHE CEPEIOBHIIIE.

Takox 3anmpomoOHOBaHUN KOE(ILI€EHT Mae JOMOMOITH OUIBLI TOYHO BH3HAYATH
napamMeTpu aBTOMOOUIS MMiJl Yac eKCIuTyaTallii, Kl JOTIOMOTaTUMYTh BUKOHYBAaTH MaHEBPH
aBTOMOOLIEM y TPaAHCIOPTHOMY IOTOIl, OCOOJUBO L€ CTOCYETHCS MAHEBPIB IiJBHUILEHOT
HeOe3MeKH.

Bukiianx ocHoBHOro matepiajy. B ymoBax 3pocTaHHS IiH Ha MaquBO 1 CHUTHHHUX
3yCWJIb CIPSIMOBAaHUX HA 3MeHIIeHHs BUKUIIB CO,, BUBUCHHS BIUIMBY MMOKa3HMKIB MajanBa Ha
po0OOTy, TEXHIYHUN CTaH aBTOMOOLTIB CTa€  KJIIOYOBUM Ui  YAOCKOHAJICHHS
eHeproe(eKTUBHOCTI.

Takox AOCHIKEHHS BIUTMBY SIKOCTI MajliBa Ha poOOTY JeTalieil Ta iX crpaltoBaHHs,
TeXHIYHUN CTaH Ta Ha 30UIBIICHHS TPHUBAJIOCTI CIY»KOM TPAHCHIOPTHUX 3ac00iB, MOXKE
JIOTIOMOTI'TH PO3POOUTH CTpAaTerii Ui MOJOBXKEHHS TEPMIHY CITyKOU aBTOMOOUIBHOTO MapKy.

[TokparieHHs1 SKOCTI TMajwBa JIO3BOJSIE 3HU3UTH BHKHIU IIKIIJIMBHX PEYOBHH B
aTMocdepy sKi IPU3BOAATH 10 3a0pyAHEHHS MOBITPS, KHUCIOTHHUX JOLIIB, MAapHUKOBOIO
edexTy Ta IHmMUX mpoOseM. Tomy ypaxyBaHHS SKOCTI TaJWBa Ta TEXHIYHOTO CTaHy
aBTOMOOLUIS 3Be/Ie 1O MiHIMyMY KUTbKICTh BUKUIB MIKiIJIMBUX PEYOBHH Ta OKPAIIUThH SIKICTh
€KOJIOTIYHUX MOKa3HUKIB aBTOMOOLTHFHOTO TPAHCIIOPTY.

[HHOBaIII] B ManuBHINA MPOMHUCIOBOCTI BEIYTh J0 3POCTaHHS 1HTEPECy 3aCTOCYBaHHS
aJIbTEPHATUBHUX BU/IIB MAJIMBA, IO IMIIKPECIIOE€ aKTyaIbHICTh BUBYCHHS BIUTMBY MTOKAa3HUKIB
pi3HUX BHU[IB NaJMBa Ha TEXHIYHUM cTaH aBTOMOO1UIIB. Briue koedimieHTa 3arponoHOBaHOTO
IHTErpaJIbHOTO KOoe(DiIieHTa JOMTOMOXKE OLIBII JEeTaThbHO MTPOBOINTH BU3HAUCHHS TTOKa3HUKIB
MajnBa Ta TEXHIYHOTO CTaHy aBTOMOOLIIS.

3aragpHOHAIIOHAIBHI Ta MDKHApPOJIHI MOCHDKEHHS Yy I Taly3l COpPUATHMYTh
MOJIaJIBIIIOMY PO3BUTKY aBTOMOOUIBHOT TEXHIKH Ta CTBOPEHHIO OLNBIN CTIMKHX 1 €KOJOTIYHO
YUCTUX TPAHCIIOPTHHUX 3aCO0IB.

Jlns BpaxyBaHHS TEXHIYHOTO CTaHy aBTOMOOUIS Ta IMOKAa3HHUKIB SKOCTI MajuBa Yy
po0OoTi OOPTOBHX CHCTEM aBTOMOOLIS JJisi BUKOHAHHS TIEPEMIIICHHS aBTOMOOLISA ¥y
TPAHCHOPTHOMY TOTOLI Ta OCOOIMBO THpU OOroHi [9] peKOMEHIYETbCS BUKOPUCTOBYBATH

cnemianbauii  koedimient K, . Ileit koedilieHT iHTErpye OLHKM TEXHIYHOTO CTaHy

ABTOMOOLUISI Ta XapaKTEPUCTHK SIKOCTI MajiBa 1 MOXe OyTH BU3HAUYCHUH SIK:

ac Kn - BiIlHOIJ_IeHHH 3arajJibHOrO CIIOJKMBAHHS IaJIMBa 3a BU3HAUCHUM Hepioz[ qacy T

70 o0csry poOOTH, BHKOHAHOI JBUTYHOM HOBOTO aBTOMOOLIS Yy CHpPAaBHOMY TEXHIYHOMY
CTaHi, SIKWA TPOUIIOB HEOOXigHY OOKaTKy, BHUKOPHCTOBYIOUM €TaJOHHE MAaIWBO, IO
BIJIMIOBITa€ BCIM KPUTEPIsIM Ta BUMOTaM [6].

_9
KnH - AI ’ (2)
H
e Qn — CIIO)KMBAHHS C€TAJIOHHOTO IajJliBa IIPOTArOM BHU3HAYCHOI'O YaCOBOI'O

MPOMIKKY 7 aBTOMOOLTIEM, SKUH 3HAXOAUTHCA B TEXHIYHO CIPABHOMY CTaHI Ta MPOKIIOB
HEOOX1THHI nepiol 00KaTKH;

A — obcar poGoTH, 3MiMCHEHOT IBUTYHOM HOBOIO aBTOMOOLISA B ilealbHOMY

H

TEXHIYHOMY CTaHi, SKWH MPOMIIOB NpoIec OOKATKH TMPOTATOM BH3HAYEHOTO YacOBOTO
nepioay T npu BUKOpUCTaHHI €TaJOHHOTO MaJINBA;
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K — CmiBBIZHOIIEHHS MDK 3arajlbHUM CIOKWUBAHHSM [AJIMBa aBTOMOOLIEM B HOr0

nﬂ
NOTOYHOMY TEXHIYHOMY CTaHi IpOTAroM mepioay vacy 7 Ta oOcsiroM poOOTH, Ky BUKOHAB
JIBUTYH, BUKOPUCTOBYIOYH 3aIIpaBJIeHE NAJINBO,

K, ==, 3)
n
ne (J, — CIOXHBaHHS MalvBa MPOTATOM BH3HAYEHOTO YacoOBOrO iHTepBany 1

aBTOMOO1JIEM Y HOTO TOTOYHOMY TEXHIYHOMY CTaHi;
A — obcar poOGOTH, BUKOHAHOI JBUTYHOM aBTOMOOIIS Y MOTOYHOMY TEXHIYHOMY

CTaHi MPOTSITOM BKa3aHOTO Mepioay vacy 7.
SAxmo miacraButu Bupasu (2), (3) y bopmyny (1), orpumaemo

-A
] — QH n_ (4)
AH ’ Nn

Buxonsum 3 mpUOyHIeHHS, MO0 MPOTSATOM KOPOTKOro dYacoBoro iHtepBany AT
HOTYKHICTh JIBUTYHA 3aJMILAETbCS HE3MIHHOIO N.=comnst, poOOTy, Ky BHUKOHAB JBHUIYH
IPOTSTOM I[LOTO iHTEPBAITY, MO’KHA OOUMCIIUTH HACTYITHUM YHHOM [2, 5]:

Ad=N,-AT. 5)

PoGota aBuryHa, mo BUkoHaHa 3a 4ac 7+

A, =ATY N, 6)

Hj

A4, =ATY VN, | (7)

n
ne N, , N, — NOTy»HICTb IBUI'YHa, Ka (IKCY€ThCA B 1-TOMY 1HTE€PBaJli BUMiPIOBaHHS

AT, pu BUKOPUCTAHHI HOBOTO aBTOMOOUIA B iIealTbHOMY TEXHIYHOMY CTaHi, SIKUH MPOUIIOB
HEoOXiMHUN Tepio] oOKaTku 1 (YHKIIOHYe Ha €TajJOHHOMY TMalMBl, a TakKOoX MpH

BUKOPUCTAaHHI aBTOMOOLISI B HOTO MOTOYHOMY TEXHIYHOMY CTaHi Ha 3alpaBJICHOMY TaJUBi.
Omxe, 3actocyBaBiu Bupaszu (6) ta (7) nmo popmynu (4) 1 3a1HCHUBIIM HEOOXITHI
NEPEeTBOPEHHS, OTPUMAEMO PIBHAHHS U PO3paxyHKy Koe(illieHTa, SKHHA BpaXxOBY€

TEXHIYHUNA CTaH aBTOMOOUIS Ta SIKICTh MaJINBA!
e, 8
n _Q ~ZT/ATN ‘ ( )
n i=1 ey

Bubip uwacoBoro mpomixkky 7 Ta iHTepBany A7 Mae BiaOyBaThuCS 3 ypaxyBaHHSIM
KpUTEPiiB MiHiMi3alli MOMHUIOK y po3paxyHkax. Ouinku noryxsocred N, , N, — MoxHa
BHU3HAYATH 33 METOMKOIO, sIKa Iepedayac BUMIPIOBAHHS 3 TIOTIEPEIHIM IMPOBECHHSIM BHOITY
[10] aGo 3a MeTomukow Oe3 morepeaHsoro mnposenaeHus Buoiry [11]. Bemuunnun O, ta O,

MOKHA BM3HAYUTH 3a JIONOMOTOI0 JaTYMKa MUTTEBOTO BUTPATH MAJIKMBA, BCTAHOBJIEHOTO B
MaJTMBHIA cucTeMi aBToMOO011s [12].
B pesynbrarti ananizy Bupasis (4), (8) MoxkHa cOpMyITIOBaTH HACTYIIHE:
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— SKIIO IOTOYHHM TEXHIYHMH CTaH aBTOMOOLIS 30ira€roCcsd 3 CTaHOM HOBOTIO,
CIIPaBHOTO Ta OOKATAaHOTO aBTOMOOWISA, 1 SKIIO SKICTh 3alpaBJICHOTO IMaJliBa BiMOBIIAE

SKOCTI €TaJIOHHOTO HanuBa, ToAi koedinient K, nopisHioe ogunuui (K, = 1);

— SKIIO TOTOYHHWHA TEXHIYHMHA CTaH aBTOMOOLIS € TipIIMM, HIXK CTaH HOBOTO,
TEXHIYHO CIPABHOTO aBTOMOOLIS Miciis 0OKaTKH, 1/a00 AKIIO SKICTh 3alpaBlIeHOTO MajluBa HE
BIJINIOB1/Ia€ SIKOCTI €TAJIOHHOTO NAaJINBa, ToM1 KoedimieHT K, Oyne MeHmmM oqunuii (K, < 1);

— SKIIO SIKICTh 3alpaBJCHOTO MAJIMBA MEPEBHINYE SKICTh €TATOHHOTO IMAIHUBa, MPH
[IOMY TEXHIYHHUH CTaH aBTOMOOLIS 3aJUINAETHCS HE3MIHHUM, KOCQIIIEHT, MO0 BPaXOBYE
TEXHIYHUI CTaH aBTOMOOLIA Ta SIKiCTh aJKMBa, MOXke OyTH O6inbie oqunuui (K, > 7).

BukopucranHs 3ampornoHOBaHOTO iHTerpaabHOro KoedimieHta K, sSIKHH BpaxoBye

TEXHIYHUHA CTaH aBTOMOOWUIS Ta SIKICTh TMajuBa, CHPHITHME IIIJBUINECHHIO TOYHOCTI
MPOrHO3YBaHHS MOTEHIIMHOTO MPUCKOPEHHS aBTOMOO1JI1 OOPTOBOIO CUCTEMOIO 3amo0iraHHs
3ITKHEHb IIiJl 9ac MaHeBpy oOroHy. SIkmo 6opToBa cuctema (ikcyBaTHME 3HAYHE 3HIDKCHHS
koedinienta KTII nHe3abapom micas 3ampaBKd, 1€ MOXE CIYyryBaTH CHTHAJIOM IIPO
HEBIJNOBIIHICTh SKOCTI TalWBa CTAaHAAPTy [6] 1 CHUCTEeMa MOXKE CIOBICTUTH BOJisS TIPO
HEOOXIHICTh MPUHHATH BIAMOBIIHI 3axoAd. Y pas3l panToBOro NaAiHHS TOKa3HHKA

koedirienra K| y MOMEHTH, He TIOB'S3aHi 3 3apaBKOI0, OOPTOBA CHCTEMa MOXKE BKa3yBaTh

Ha TOTIPIICHHS TEXHIYHOTO CTaHy aBTOMOOLIS Ta PEKOMEHYBAaTH BOJI€BI MPOBECTH OLIbII
rHOOKY J1arHOCTUKY TPAHCIIOPTHOTO 3aCO0y B CEPBICHOMY IIEHTPI.
BucHoBku. 1. Po3pob6nenuii koedilieHT BpaxyBaHHS TEXHIYHOTO CTaHy aBTOMOOLIs

Ta skocTi nanuBa ( K, ) € epeKTUBHUM IHCTPYMEHTOM [UIS HiJBUILEHHS TOYHOCTI OLIHKU

TEXHIYHOTO CTaHy aBTOMOO1JIA, IO JAa€ MOKIUBICTh BUKOHYBATH MOTPIOHI MaHEBpPHU IiJ] Yac
pyxy.

2. Buxopuctanss gaHoro koe@ili€eHTa MOXe TOTIOMOITH BUSIBISTH MPOOJIEMH SKOCTI
MaJivBa Ta 3MiHU B TEXHIYHOMY CTaHi aBTOMOOLIA, 3a0e3meuyroun BOIiiB Ta OOPTOBI CHUCTEMU
JOCTaTHROIO 1HOpMAIEr0 A TPUWHATTA BIANOBIAHUX 3aXOiB. 3amporOHOBAHUMN
KOe(IIIEHT JacTb MOXJIMBICTh MiJABHIMUTH TOYHICTh MPOTHO3YBaHHS TOTEHLIHHOTO
MPUCKOPEHHS aBTOMOO1J11 GOPTOBOIO CUCTEMOIO.

3. JocnimkeHHs B raimy3i SKOCTI MajJMBa CIPSIMOBaHI HA yJIOCKOHAJEHHI TEXHOJIOTIi
BUPOOHUITBA, PLILTPYBAHHS Ta OYUIIICHHS IaJIHBa.
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Impact of Fuel Parameters on Vehicle Technical Condition During Operation

In this article, the importance of the interaction between fuel quality and the technical condition of the

vehicle is examined to determine its dynamic characteristics and road safety. The research is based on the
analysis of the impact of these factors on the vehicle during operation and maneuver execution, especially during
overtaking maneuvers where having sufficient engine power reserve to achieve the required level of acceleration
is crucial.
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It is noted that understanding the reasons for changes in dynamic properties is critical, as a reduction in the
engine power reserve of the vehicle can complicate the safe execution of overtaking maneuvers. The main focus of
the work is placed on the necessity of considering these changes in the vehicle's mobility control systems.

The article also includes an analysis of recent research in the field of the interaction between fuel and
the technical condition of the vehicle. Research in this area is aimed at understanding the interaction between
fuel parameters and the technical characteristics of vehicles to make transportation more efficient, extend the
service life of vehicles, and address environmental challenges.

The article concludes with findings that emphasize the effectiveness of the developed coefficient for
considering the technical condition of the vehicle and fuel quality to enhance the accuracy of safety systems and
predict the potential acceleration of the vehicle in traffic. The proposed coefficient will make it possible to
increase the accuracy of predicting the potential acceleration of the car by the on-board system. Additionally, the
possibility of using this coefficient to detect changes in fuel quality and the technical condition of the vehicle is
discussed, providing drivers with information through onboard diagnostic systems and measurement complexes
to take appropriate actions.
car, technical condition, fuel quality, integral factor taking into account technical condition, operation,
traffic safety
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OnTuManbHUN KOMILJIEKC Onepaliii TEXHIYHOTO
00CIIyrOBYBaHHS 1 pEMOHTY JIJIs i ABUIIEHHS HAIIMHOCTI
BY3J11B, CUCTEM Ta arperariB MOOUILHUX MaIlUH

B poGoTi po3risimaloThes yIOCKOHalIEHHS (GOpM Ta METOMAIB OpraHizaiii CHCTEM TEXHIYHOTO
00CJIyrOByBaHHS 1 PEMOHTY MOOUTBHHUX MAIWH JUIs MiABUIICHHS X HAIIHOCTI ONTHUMI3AI€l0 ormepamin
JiarHOCTYBaHHS Ta KOHTPOJIIO TEXHIYHOTO CTaHy iX BY3JIiB, CHCTEM 1 arperaris.

B 3anponoHoBaHiil LeHTpasi30BaHii CHCTEMI TEXHIYHOTO OOCIIyrOBYBaHHS 1 PEMOHTY MAallWH JIEKaTh
NPUHIMINA BUPOOHMIITBA Ta XapaKTEePU3y€eThCs MINPOKUM BUKOPHUCTAHHIM TEXHOJIOTIYHMX KOMIUIEKCIB Onepariii
CHCTEMH TEXHIYHOTO OOCIyrOBYBaHHS 1 pEMOHTY BY3JiB, CHCTEM, arperariB i MOOUIBHUX MaIllMH B IJIOMY.

3nilicHeHe NOPIBHIHHSA METOANKH peai3alii 3aporoHOBaHOT CHCTEMH TEXHIYHOTO 00CITyTOBYBaHHS 1
pemoHTy Ta Bimomoi y cBiTi meronuku RCM (Relability — centered Maintenance), opieHTOBaHOI Ha NEBHUMN
piBeHb HAaHIHHOCTI.

HaBeneHo cxemMH TEXHOJOTIYHOrO TMpoOIeCy peaii3amii KOMIUIEKCY OINepamiii  TEeXHI4HOro
00CIIyrOByBaHHS 1 PEMOHTY 32 OJHOETAITHUM 1 OaraToeTaliHUM KOHTPOJIEM TEXHIYHOTO CTaHy BY3IIiB, CHCTEM,
arperariB i MOOUIbHOT MaIlIMHK B LIJIOMY.

©B.B. Aynin, OJI. JIsmoyk, A.B. I'punskis, C.B. Jlucenxko, [1.B. Miporos, JL.M. CrnobozsH, P.M. Poratuacekuii, 2023
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Po3poGiieHO anroputM NpPUHAHATTS pilleHb Uil MPOLECIB  KOMIUIEKCY Omepamid  TEeXHIYHOro
00CIIyrOBYBaHHS 1 PEeMOHTY. 3’sCOBaHE TEXHOJIOTIYHE Ta iH(popMarliiiHe 3a0e3rmeueHHs] KOMIUICKCIB orepain
TEXHIYHOTO 00CIIyrOByBaHHSI i PEMOHTY BY3JIiB, CHCTEM, arperariB MOOUIbHUX MallluH.

BusiBnena poip omeparopa-miarHocTa HIOAO HMOBIPHOCTI OTPHMaHHS HMOMHIJIOK 1-ro i 2-ro pony
nedekTiB meTanel, a TAKOXX BHUKOPHUCTAHHS KOMIT IOTEPU30BaHUX poOoumx Micub. [lokaszano, sk mi ¢axropu
BIUIMBAIOTh HA PiBEHb HAIIHOCTI BY3IIiB, CUCTEM, arperariB i MOOUIbHUX MaIllMH B LIJIOMY.

HaliliHicTb, MOOiTbHA MalIMHA, JeTadb, ONTHMI3alis, omepauis, TexXHiYHe 00CIYrOBYBaHHSA i PEMOHT,
niarHOCTHKA, KOMII'I0TepU30BaHe podoye mMicue

IlocranoBka mpo6Jemu. EdexkTuBHICTH BUKOpHUCTaHHS MOOUTbHUX MamuH (MM)
BU3HAYAETHCSI METOJAMH MIATPUMKH X BY3JIiB, CHCTEM, arperaTiB y Ipare3aaTHOMY CTaHi B
TEXHOJIOTIYHOMY Ta TPAHCHIOPTHOMY peXuUMax IX ekcrutyatamii. HeoOximHuit piBeHb
eKCIUTyaTallifHOi HaJifHOCTI 3aJIeKUTh BiJl CHCTEMHU TEXHIYHOTO OOCIYTOBYBaHHS 1 pEMOHTY
(TO1P)[1-5].

Ha croronni icayroui popmu ta Metonu cuctemu TO 1 P MoOUTbHMX MamvH B YKpaiHi
Ta 32 KOPJOHOM 3BOAATHCS JI0 HACTYITHUX OCHOBHUX CTpaTerii:

1. [TnanoBa cuctema TO i1 P (Hard time maintenance and repair). Jletansm, By3nam,
cuctemaMm, arperataM MM Tpu3Hayae€ThCs BCTAHOBJICHA Me)Ka HaNpalfOBaHHS, SKa
00yMOBITIOE€ BUKOHAHHS orepaliif pernmamenTHoro TO abo periiaMeHTHOTO PEMOHTY .

2. 3a TexniunuM cta"oM (On condition) — cyTHicTh naHoi crparerii TO 1 P nonsrae y
miatpumii MMy cmpaBHOMY CTaHi B Tpoleci mNepioanyHoro abo Oe3nepepBHOTO
BHUMIPIOBaHHS 1 KOHTPOJIIO MapameTpiB. BennunHa BigxuieHHs iX BiJl HOMIHAJbHUX 3HAYEHb
CBIIUMTH TPO XapaKTep HECHpaBHOCTEH By3idiB, cucrteM, arperarie. MM. Ilpu mpomy
KOPCTKMX OOMEXKEHb HeMae MIOAO0 iX HampalfoBaHHSI. BHCHOBOK TMpo MOAAJBIIY
EKCIUTyaTallil0 MallliH MPUIMAETHCS 3a Pe3yIbTaTaMH KOHTPOJIIIO IX TEXHIYHOTO CTaHy.

3. 3a TeXHIYHMM CTAaHOM Ta KOHTposeM piBHA HaxiiiHocTi (Condition monitoring).
Hana ctpateris TO 1 P BriIrouae KOMIUIEKC 3aXOJiB 3 YIpPaBIiHHS HAIIMHICTIO, B SKHHA
BXOJSTh: aHaJli3 B1JIMOB, KOHCTPYKTHUBHI 3MiHHM, 3MIHM y TEXHOJIOT1i PEMOHTHUX pOOiIT. 3a
NEBHUM KJ1acoM BiIMOB MM He J0ITycKaeThesl a00 3HIMAETHCS 3 EKCILTyaTallii.

[TnanoBo-3ano6ixxHa cuctema (II3C) TO 1 P npuiinata B YkpaiHi, Mae BHUCOKHIA
piBeHb ympaBiiHHS Komruiekcamu omepairiii TO 1 P. Bona BinmoBinae HaBeneHid BHIe
ctparerii Hard time maintenance and repair 1 € KOMIUIEKCOM OpraHizaliiHO-TeXHIYHUX
3aX0/1iB, TIPOBEACHMUX 3a TUITAHOM Ta CIPSIMOBAHMX Ha 3a0e3MeueHHs] TEXHIYHOT CITPaBHOCTI Ta
Ipare3aTHOCTI MPOTATOM TEpMiHY iXHBOI CIyOH, 3a JDOTPHUMaHHsS 3a3HAYCHUX YMOB Ta
pexxuMiB excrutyaraiii MM [6-8].

Bignosinno o permamenty [13C, npu monepekeHHI BiIMOB BUKOHY€ETBCSI KOMILIEKC
TexHoJoriyHuX onepaniii 3 TO, a mepioAnYHICTh BIUIMBIB MO moTouHoMy peMoHty (I1P) He
TUTAHYETHCSI, OCKIJIbKYA HACTaHHS BIZIMOBU HOCUThH IMOBIPHICHHI XapakKTep.

AHaJi3 0CTaHHIX JOCJTIKeHb 1 myOJikaniii.

Sk cBiguuTh npakTHKa, NpuHOUMIH [13C B TEXHONOTIYHOMY 1 TPaHCHOPTHOMY
pexxnMax ekcruryatamii MM mpaliioroTh  A0CTaTHRO edekTuBHO. B peanbHHX yMoOBax
eKCIUTyaTallli CrocTepiraeTbes JiHIMHA 3aJIeKHICTh MK TEXHIYHUM cTaHOM MM, ix By3miB,
CHUCTEM 1 arperari, i TEPMIHOM €KCIUTyaTtailii abo HampaIifoBaHHIM Ha BiaMOBY (puc.l). Ile
MOKHA TBEPAWUTU TUIBKU A KOPO3iMHMX abo epo3iifHuX mpoleciB, abo Mpu BTOMHOMY
3HOIIIYBaHHI, TOOTO JUIsI MOCTYTIOBUX MPOIieCiB cripaitoBanus [9,10].
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PucyHok 1 — 3miHa napaMeTpa iHTEHCHMBHOCTI BiIMOB BY3J1a, CHCTEMH, arperaTy MOOUIbHIX MallnH 3
HalpaloBaHHAM Ha repiojax npurnpaitoBanns (1), HopmanbHoi excruryaranii (1) Ta kpuruunoro 3uocy (111)
Loicepeno: pospobaeno agmopamu

HeoOrpyHnroBane po30upaHHs cripshkeHb JeTaliei, By3JiB, CUCTeM 1 arperatiB MM, y
IpOIIeCi PEMOHTY, 3MEHIIIY€ pealbHul iX MibKpeMoHTHUH niepiox Ha 15-30%. Lle oOymoBiroe
CKOPOYEHHs pecypcy MamuH Ha 25...38% [11,12].

CratuctnuyHa 0a3a 3HAa4YeHb TIOKA3HUKIB HaMIWHOCTI MM  CBiMYUTH TpO
MOBTOPIOBAHICTh HOMEHKJIATYPHU XapaKTepHUX BIIMOB BY3JiB, CUCTEM 1 arperaTiB Ta 3amMiHa
iX pecypcoBu3HayanpHUX fetaneil. [Ipu ipoMmy BuOip cTpaTerii O4iKyBaHHS BiTIMOB 3HAYHOIO
MIpOI0 30UIbIIy€e BUTpAaTH Ha MIATPUMKY mpane3gatHocti MM. V arperatax MM, mio
HAAXOMATh Yy KamiTadbHUH peMoHT, 10 75...80% nertaseld MarOTh JOMyCTUMI IS
eKcIUTyaranii piBHi 3Hocy [13,14].

Texniuauii cran MM B Tiporieci eKcrutyaTamii 3MIHIOETBCS 1 3aJUIIKOBHHA pecypc
BU3HAYAETHCSI TPUBAIICTIO HAIpaLIOBaHHA abo mpoOiroM. bynb-ske crpspkeHHs neTanei,
MexaHi3Mu MM MaroTh BeNHMKY KIJIBKICTh JIOMYCKIB MPH MPOEKTYBaHHI Ta KOHCTPYIOBAaHHI
(POEKTHO-KOHCTPYKTOPCHKI JAOMYCKH), Y BUPOOHHUITBI (BUPOOHUUO-TEXHOIOTIYHI TOMYCKH),
a TaKOXX JIOIyCKHU TNPH eKCIuTyartanii (ekcruryatauiifHi pomycku). Lle BpaxoByeThcs mif dac
TO 1 P nmpoBenenns komuiekcy omnepauiil. Ilpu peanizauii npormeciB ekcrulyaraiii BOHU
MalOTh Pi3HI MapaMeTpyd 1 XapaKTepUCTHKH Ta Pi3HI MexaHi3mMu. Ha excruryarariiiitai
napaMeTpu 1 xapakTepucTuku MM, BIUIMBaIOTh HACTYNHI ()aKTOPU: YMOBU BUTOTOBJIECHHS;
YMOBH iX 30epirants; yMOBH TPAHCIIOPTYBAHHS; YMOBH Ta PEKUMHU €KCIUTyaTallii eJIeMEHTIB i
MallMH B IJIOMY; TEXHIYHE OCHAIEHHs Ta KBatiikaiisi oOCIyroBYHOUHMX MpAIliBHUKIB;
HOMEHKJIaTypa Ta SKICTb BHPOOJIEHMX OOCIYrOBYIOUMX 1 PEMOHTHHX BIUTUBIB (CYKYIHICTh
nporeciB TO 1 P) [15,16].

By3smu, cuctemu Ta arperatu MM, 1o HaaxomsuTh 10 Komiuiekcy omepariid TO 1 P,
IpU OJHAKOBOMY HANpAIlOBaHHI B €KCIUIyaTalii MOXXYyTb MaTH HEOJHAKOBl 3aJIMIIKOBI
pecypcu. Lle cBimuuTh mpo Te, mo ogHovyacHicth onepaiii TO i P € neporninpHOMWO [17].

ITintBepmxeno, mo, II3C € nyxe BuTpatHOO (opMOIO peanizalii CyKyHmHOCTI
onepauiii TO i P, uepe3 BinpsiiHy cucTeMy OIUIaTH Mpalli BUKOHAHHAM IUX omepamiid. [Tpu
npoMy Oe3mocepenHb0 BHUKOHaBIl omepamii TO 1 P 3amikaBieHi y BeNIMKHX oOcsirax
00CITYyroBylOUMX 1 pPEMOHTHHX BIUIMBIB. 3a3HA4Y€HE € CYTTEBOK TMEPEIIKOAOI IS
BIIPOBAKEHHS HOBUX MiJIXO/IIB 710 ynockoHaneHHs cuctemu TO 1 P [18,19].

3 MpUXOJOM PUHKOBOI €KOHOMIKH 1 TMOSIBOIO NMPHBATHUX ITiIPUEMCTB, CUTYaIlis 3
¢GyHKUiIOHYI0YMM napkoM MM HaBkoso norisaiB Ha komiuieke onepatiit TO 1 P 3MiHIO€TBCA.
KepiBHMKY MpUBaTHHUX MiANPUEMCTB, TICIS OI[IHKM NO3UTUBHUX Ta HeratuBHUX cropiH [13C,
NOYMHAIOTh HIYKAaTH CIIOCOOM 3HMKEHHS BUTpAT Ha KoMIulekce onepauiit TO 1 P mapky mammx
nianpuemMcTBa. [Ipu oMy 10 yBaru OepyThcs BUTPATH Ta X OOIPYHTOBAHICTh 3 TEXHIYHOI,
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TEXHOJIOTIYHOT Ta €KOHOMIYHOI TOYOK 30py. TakoX BHHHKA€ HEOOXITHICTh y Mepexoji Ha
OunpIn edeKTHBHUN 1 onTUMabHUK KoMmiuieke omepariid TO 1 P. YacTkoBo Takuii miaxif
BUKOPUCTOBYETHCS Ha MIJNPUEMCTBAX TPAHCIOPTY Ta arpoONPOMHUCIOBOro BUpoOHMLTBA. Ha
nux mianpueMctBax (Gopmyerses ctpareris TO 1 P 3a ¢akTMuHUM TEXHIYHUM CTaHOM 1
BignoBimae crpaterii "On condition". Ileit kommiekc omepamiii TO 1 P e wnaibGinbm
MPUAHATHAM BapiaHTOM, OCKIIBKH BiH 0a3yeTbcsi Ha 00Cs31 poOIT, SKUW BU3HAYAETHCS
TEXHIYHUM CTaHOM BY3MiB, cucteM Ta arperaTiB MM. Ilpu BhnpoBamKeHHI KOMIUICKCY
onepamii TO 1 P MM 3a ¢GakTHYHHM TEXHIYHUM CTAHOM, CKOHOMIYHHH e(pEeKT MOXKe
nocsiratu 30% 3aranbHOT BAPTOCTI pyXOMOT0 CKJaay Ha mianpueMmctsi [20, 21].

B po6orax [22,23] po3KpuBarOTLCS OCHOBHI MIPUHITUIIN Ta OCOOIMBOCTI TPOCKTYBaHHS
KOMILIEKCY TexHonoriynux onepaiiii TO i1 P geraneii, By3niB, cucrem i arperariB MM. 3a
KOpAoHOM ToHaja 20 pOKiB TOMY CTaJH 3'SBISATHCS CHUCTEMH, SIK1 SBIISIIM COOO0 IUTICHUI
ABTOMATU30BAHUN KOMIUIEKC Ui TiABUINEGHHS €QEKTUBHOCTI 3aBJaHb YMPaBIIHHSI
nporecamu TO 1 P Ha aBToTpancnoptaux mignpuemctsax (ATII).

B Himeuunni B apyriii momoBuHi XX CTOMTTS OyJ0 BiJ3HAUEHO CIaj OOCHTiIB
BUKOHYBaHUX mocayT 3 onepaiiit TO 1 P MM. B Toit yac 6araro mianpueMcTB Oy 3MyIIeH1
IHTEHCUBHO PO3ILIUPIOBATH MEPETiK MOCIyr M0 BUKOHAaHHIO Komruiekcy onepauniit TO 1 P.
Icayroui BimpHI aBTOpeMOHTHI mignpuemctBa (APII), ski, Ha BigMiHy BiZ (GIpMOBUX,
HaJIaBaJIM MOCTYTH Ha BUKOHaHHs oneparniil TO i P aBromo6iniB Oyap-skux Mapok [24]. Ha
3amoBiieHHs ¢ipmu Bosch po3pobnena cuctema o0pobku 6a3u qanux mno omneparisx TO 1 P ta
iHdopmanii, ska Hamiinuia Big BitbHux APIL Is cuctema BmpoBamkena nHa 300
MiApUEMCTBAX — nmapTHepax Gipmu Bosch [24,25].

IIpu po3pobui xommiekcy omnepauiii TO i P, BpaxoByBanacs norpeda B Tomy, 1100
CHCTEMa CJIyTyBaJla 1HCTPYMEHTOM KOMYHIKaIli 1 Hajasa BEIMKUANA oOcAT iH(popMarii s
APIIL. ITaker mporpam iHbOpMaIliiHOI CUCTEeMH HagaBaB IOCTYI 10 0a3u JaHUX 1 JTO3BOJSIB
CTBOPIOBATH pOOOYI JINCTH, HAKJIAJHI, paXyHKH Ta 1HIIEe. KpiM Toro, KOpuctyBad MaB JOCTyT
JI0 OHOBIIIOBAHOTO KaTayory ToBapiB ¢ipmu Bosch 3 BkazanHsAM wiH. SIKIIO HiANPHEMCTBO
OakaJlo CIBOPAIIOBATH 3 IHIIMMH KOMITAHISIMH, WOTO JlaHI TaKO0X BHOCHJIMCS B
iHpopMariiiny cuctemy [26,27].

VY bonrapii aBromatu3oBana cuctema koHTpono (ACK), pospobnena Codilicbkum
HAYKOBO-JIOCJIITHUM TEXHOJIOTIYHUM 1HCTUTYTOM aBTOMOOUIBHOTO TpaHCHOpPTy, Oyna
nmpu3HaueHa s 300py Ta oOpoOku iH(opMalii 3 poOOYHX TOCTIB MIOJ0 BUMIPIOBAHHS
KOHTPOJIbOBAaHUX IapaMeTpiB JeTajei, By3JiB, CUCTEM Ta arperaTiB MOOITbHMX MAaIlIUH
(MM). Iadopmamiitna cucTemMa MIANMPUEMCTBA Tiependadana TMIIKIIOYCHHS 10 OJJHOTO
KOMIT'FOTepa BOCHBbMH poOounx mocTiB. KojkeH 3 UX MOCTIB MaB MOKJIMBICTh BUMIPIOBATH 10
16 KOHTPOJILOBAaHMX TapaMETPiB TEXHIYHOTO CTaHy BY3JiB, cHCTeM 1 arperatie MM.
Binctanp Mk nmocramu craHoBuiia npu6au3Ho 300 MeTpiB, 10 BiJNOBIJIANI0 BUMOTaM I0JI0
300py Ta oOpoOku iH(popMmairii. APII perynspHo 371HCHIOIOTE KOHTPOJIb TEXHIYHOTO CTaHy
netaned MM Ha pinsHkax nedekrtaimii Ta KOMIUIEKTAIlll, a TakKoX IiJ Yac pPEMOHTY,
BIJIHOBJICHHS JISTaJICH Ta MPUHMaHHS HOBHX JeTanei. [28,29].

IMocTaHoBka 3aBaaHHsA. MeTolo aHOi poOOTH € po3poOKa METOIAMKH MiABHIICHHS
PIBHSI €KCILTyaTaiifHO1 HaIITHOCT1 BY3J1iB, CHCTEM, arperaTiB Ta MOOTFHUX MAIINH B I[IJIOMY
BUOOpPOM ONTUMaIbHOrO KoMIiulekcy omepauid TO 1 P npu opHoeramHoMy Ta
OaratoeTartHOMy KOHTPOJI IX TEXHIYHOTO CTaHy Ta CTBOPEHHSM KOMII IOTEPHU30BaHUX
poboUMX MICIb Ha MIiANPUEMCTBI Tpu poOoTi MM B TEXHONOTIYHOMY 1 TPaHCIIOPTHOMY
peKHMaXx.

Bukian ocHoBHoro marepiamxy. Cucrema TO 1 P MM, B ocHOBI fKOI jexaTb
NPUHIAIIA ~ BUPOOHUIITBA Ta XapaKTEPHU3YEThCS IIMPOKUM BUKOPUCTAHHSIM THIIOBUX
TEXHOJIOTTYHUX KOMIUIEKCIB omepalliii, € neHTpanizoBaHow cucremoro TO i1 P 3a TexHiuHuM
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cranoM. CytHicth cucremu TO 1 P monsrae B HacTymHoMy. 3a pe3ysbTaTamMu
JIIarHOCTYBaHHS, SIKE MPOBOAMUTHCS a00 10 3HATTS BY3JiB, cUCTeM 1 arperatiB 3 MM (mepen
HOro BiANPaBKOIO B PEMOHT), a00 Ha BUMPOOYBAILHOMY CTEHJII MPOIIOHYETHCS PO3POOICHUN
Ha TIAMPUEMCTBI TEXHOJOTITYHMA MapuipyT peamizamii kommuiekcy omepaniid (KO) TO 1 P.
3BICHO uepe3 HEeBIJMOBITHICTb BUSBICHOTO MOEIHAHHS NE(EKTIB BY3JiB, CHCTEM 1 arperaris
MM Ta HOMEHKIaTypu poOIT TexHosoriunoro Mapmpyty KO, BimOyBaeThCs 301TBIICHHS
00csTiB po30ipHO-CKIAAAIBHUX poOiT. 301IbIIeHHS 00cATiB KoMIuiekciB onepariiit TO i P nmpu
IIbOMY KOMIIEHCYETHCS CKOPOYEHHSIM O0CITY KOHTPOJbHO-miarHocTuYHuX omnepariit (KIO)
TEXHIYHOTO CTaHy BY3IiB cucTeM 1 arperatie MM. Lle 00yMOBIIIO€TBCS THM, 10 HE TOTPIOHO
BUSIBJISITH TIOBHUH 00csT nedextiB. J[ocTtaTHRO JTOKanmizyBaTH ab0 BCTAHOBHTH BIJCYTHICTh
TUX Ae(eKTiB, SKI BU3HAYaTUMYTh TexHoioriuauii Mmapumpyt KO TO 1 P.

3anpomnonoBana cuctema TO 1 P, B OCHOBHOMY, 3aCTOCOBYETHCS JJIs1 MATpUMKH MM
y TEXHIYHO CIPAaBHOMY CTaHi. 3T1JHO Li€T CUCTEMH y3TOKEHO YIPABJISIIOTh PSAIOM OMepariiii
TO 1 P, norictuaHOro CepBicy, MaTepiaibHO-TEXHIYHOTO TTOCTavYaHHs, (JiHAHCAMH, SKICTIO Ta
TPYAOBUMH pecypcamu B Mexax eauHoi crparerii TO i1 P, ska npuifHaTa Ha MiANPUEMCTBI.
[linmpuemMcTBa, B OCHOBHOMY, OPIEHTYIOThCS Ha ckopodeHHs BuTpat Ha KO TO 1 P MM 06e3
3HIDKEHHSI PiBHSA iX HajiiiHOCTi. 3 1HINOI CTOPOHH 3IHCHIOETHCS TMiABUIICHHS MEBHHUX
BUPOOHHYMX TTapaMeTpiB O6€3 301IbIIICHHS BUTpAT.

Ha mniampuemcTBax, $Ki €KCIUTyaTyloThb 1 00cCiayroByroTb MM 3'aBUBCA MiJXif
1HTerpoBaHoro ynpasiinasa oneparismMu TO 1 P. OcHOBHE Npu3HAYECHHS 3a3HAYCHOTO ITIIX0Ty
1 po3po0JIeHUX CUCTEM YIPABIIHHS € IUIAaHYBaHHS AISJIBHOCTI MEPCOHANY, L0 3aiiMaroThCs
BUKOHAHHSIM ONTUMAJIbLHOTO KoMmIuiekcy omepaiiid TO 1 P ta 3a0e3nedeHHs M HEOOX1THUMHU
pecypcamu. Kpim Toro, 11i cucTeMu BUPIIIYIOTh PS HACTYITHHUX 3aBAaHb!

— YIpaBJIiHHS TPUBATICTIO BUKOPUCTAHHA Ta (PyHKIIOHYBaHHSI MM;

— ONTHUMI3allis CTPYKTYPH PYXOMOTO CKJIay MiANpPHEMCTBA;

— xapakTep 30epiranas iHdopmMaIli miaImprueEMCTBA MPO TEXHIYHUNA CTaH KOKHOI MM
Ha cepBepi, iX BiIMOBH B IPOLEC] eKCILTyaTallii, Ta BUKoHaHui oOcsr onepauii TO 1 P;

— MIATPUMKA MAPO3AUTIB MAMTPHUEMCTBA, 1110 peani3ytoTh Mapiipytad KO TO 1 P MM B
Mexax eauHoi crpaterii TO 1 P.

B Vkpaini 1 3a KOPAOHOM Yy HHU3II Taly3ed MNPOMHUCIOBOCTI, TPAHCIOPTY 1
arpoIrpoMHUCIOBOIO BUPOOHUIITBA 3aCTOCOBYIOTHCS TEXHOJIOTIi 1H(pOpMAIMHOT MiIATPUMKU
)utTeBoro 1ukiry MM [30,31]. B ocHOBI SKuX JekaTh CTaHAAPTU30BaHI YSIBJICHHS JaHHUX
npo MM Ta mnepenbauaerbcs (ipMOBe CepBiCHE TrapaHTiiiHe Ta IiciArapaHTiiiHe
obcmyroByBanHs. LI TexHOOrIi, SIK MpaBWJIO, BKIIOYAIOTh HACTYMHI €JIEMEHTH CHCTEMH
yhpaBIiHHA HaJiiiHicTIo MM: 306ip BiZoMOCTel PO BiIMOBH; IUIAHOBI Ta aBapiiiHi pEMOHTH;
TeXHIYHUN CTaH JeTajeil, BY3JiB, cuUcTeM, arperatiB tTa MM B nutomy. 3a3HaueHe
BUSIBJISIETHCS 32 JIOTIOMOT'OIO CTELiabHUX KOHTPOJIbHO-A1arHOCTUYHUX 3aCO0I1B.

Metoau ympaBiiHHa Tiporecamu 1 omeparismu TO 1 P MM 06a3yroTecs Ha
3aCTOCYBaHHI METOJMK TEXHOJOTIYHOTO OOCIyrOBYBaHHS Ta PEMOHTY, SIKI OpI€HTOBaHI Ha
MEeBHUIM piBeHb HaaIiHOCTI podotm MM. Ilopsnm 3 Bimomoro B CBITI MeToaukoro RCM
(Reliability - centered Maintenance) [22] mpomoHyeTbcss METOAMKA MiATpUMKH MM y
Mpale31aTHOMY CTaHi, ajieé TOJIOBHUM IpPH LIbOMY € MIpale3JaTHICTh BUPOOHHUYOI CHCTEMHU,
a00 TPaHCMOPTHOI CUCTEMU 3arajioM, a He Mpane3JaTHICTh KOXKHOT 1X OJJUHUIILI.

JlaHoro MeToIMKOI0 3a0€e3MeuyeThCs HaiiiHe (DYHKIIOHYBaHHS pECYpPCOBU3HAYATIBHIX
enemeHTiB MM, Buxia 3 nagy SKUX CHOPUYMHUTH HeraTuBHI Hacmiaku. Lli Hacmiaku
OLIIHIOIOTHCS 32 PI3HUMH PU3MKAMU: 3PUB TPAHCIIOPTHO-BUPOOHWYMX IUIaHIB; HEIOTPUMAHHS
HOPM SIKOCT1 MPOAYKIIi Ta MOCIYT; €KOJIOT1YH1 KaTacTpodu Ta iH.

3arponoHoOBaHa METOAMKA Pealli3yeThCsl HACTYITHUMH OCHOBHUMH €TallaMu:

1. BuzHaueHHS MeX IiJICUCTEM, €IEMEHTIB MK c00010 Ta B cucteMi TO 1 P B3arauni.
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2. 3'scyBanHs (pyHKIIIH miacUcTeM, eneMeHTiB Ta cuctemMu TO 1 P.

3. BusBnenHns pecypcoBU3HaAYaIbHUX €JIEMEHTIB Ta MIJICUCTEM 3a 1X (QYHKIIISIMHU.

4. 3'scyBaHHS NPUYMH BIIMOB B €JI€MEHTIB, IIJICUCTEM, CUCTEM Ta MPOTHO3YBAaHHS i
HWMOBIPHOCTEH X BUHUKHECHHS.

5. IloOGynmoBa nepeBa BupilleHHS mpobieM kiacudikamii pe3ysabTaTiB BiIMOB
(GyHKIIIOHATLHO peCypCOBU3HAYAIBHUX eeMeHTiB cuctemu TO 1 P.

6. Bubip xomiiekcy omneparii ass nouatkonoi nporpamu TO 1 P MM.

7. SIkmo peanbHO HE BCTaHOBIMOIOTHCA onepairii TO 1 P MM, To koMmriekc onepariit
HeperisaaeThes 1 ONTUMIZY€EThCS.

8. Po3pobka nmunamiunoi cuctemu omepaiiii TO 1 P MM B pe3ynbrarti ii OHOBJICHHS
IIJIIXOM MOHITOPUHTY 3 CUCTEMaTHUYHUM KOHTpOJIEM, 300py Ta aHalli3y ONEPaTUBHHUX JAHUX
po TexXHIYHUI cTaH MM, iX By3IliB, CHCTEM 1 arperaris.

[lepum etarnoM BUKOPUCTAHHS 3alIPONOHOBAHOT METOAMKH € BU3HAUCHHS OOMEKEHb
abo Mex mijacucTeM 1 enemMeHTiB. e o3Hauae, 1Mo cucTeMy MOAUIAIOTH HA MACUCTEMHU OLTBIIT
IPOCTILIOTO PiBHA CKJIAJHOCTI 1 HAa €JIEMEHTH.

Jpyrum etanom € BU3HaYEHHS peCypCOBU3HAYAILHUX €JIEMEHTIB B MiICHCTEMAX.

Ha  mactymamx  ertamax  BiIOyBa€Tbcsl ~ BUSBICHHS  MPUYMH  BIIMOB
peCypCOBH3HAYAIBHUX €JIEMEHTIB Ta NPOTHO3yBAaHHA WMOBIPHOCTI iX MoOsBH. SIKiCHI Ta
KUJIBKICHI METOJM aHajli3y pPH3HMKIB BHUKOPUCTOBYIOTHCSI Uil BHSBICHHS NPUYMH Ta
pe3yJbTaTIB BIIMOBH IIUX €JIEMEHTIB. Y CEpEeIHECHE HAIMpaIllOBaHHS €JIEMEHTIB, IMIJICHCTEM Ha
BIZIMOBY 0a3yeThCsl HA KOMIIETEHTHOMY aHalli3i 3a CXeMOI0 "MpUYKHa-B1IMOBa-HACIOK".

Hegia'eMHOI0 JTaHKOO TIPOIIECY BU3HAYCHHS TEXHIYHOTO CTaHy BY3JIiB, CHCTEM 1 arperariB
Ta aiarHoctyBaHHs B cucteMi TO i P MM e oneparop-aiarHoct. EdexruBnicts KO TO 1 P
3HAYHOIO MipPOIO 3aJICKUTh BiJ 3CTOCOBYBAaHMUX METO/IIB 1 3aC001B TEXHIYHOTO J1arHOCTYBaHHSI.

CBo€uaCHMM BUSIBJICHHSIM HECHPABHOCTI B MPOLECI TEXHIYHOTO J1arHOCTYBaHHS
MOXJIMBO 3aloOIrTM Ta 3MEHIIMTH HEraTWBHI Hacmiaku. [lpomemypa BUSBICHHS
HECNPaBHOCTEH MPU TEXHIYHOMY J1IarHOCTYBaHHI MIPECTaBlIeHa Ha puUC. 2.

MouiTopuHr AHani3 1iarHOCTyBaHHS Ta
[Iponec KOHTPOJIbOBAHUX KOHTPOJIIOBaHHS NMapaMeTpin
J1arHOCTYBaHHS Ta napaMmeTpiB BUSIBIICHHS TeXHIYHOro ctany MM

KOHTPOJIOBAHHS Buchook npo
p - HEeCIpaBHOCTEH TEeXHIYHUH CTaH
napameTpiB h o6 excry
ovanin. cnoron e ttin MM, JliarHOCTYBaHHS
BY3JIIB, CUCTEM, arperatis MM
arperaris MM

Pucynok 2 — Cxema nponeypH BUSBJICHHS HECIIPaBHOCTEW B Pe3yJIbTaTi MOHITOPHHTY KOHTPOJILOBAaHUX
mapaMeTpiB TEXHIYHOTO JiarHOCTYBaHHS
Loicepeno. pospobaeno asmopamu

MoskHa OayuTH, 110 B TEXHIYHIN IarHOCTHIIl BCi 3HAHHS 3BOJAATHCS JO IPOIIECIB
MOHITOPUHIY KOHTPOJIbOBAHHMX TMapaMerpiB 1 camoro piarHoctyBaHHs. CroaM BXOIUTH
BU3HAYCHHS JIarHOCTHUYHMX IapaMeTpiB, a TaKoX iHopMarlis, Ha MiACTaBi SKOI pOOUTHCS
BHCHOBOK PO pealbHUi TeXHIYHUHM cTan MM, sik 00'ekTa 11arHOCTyBaHHS.

B Toii uwac, skumMu O 3acTapiiuMU YM Cy4YaCHHMMH HE OyJIM METOIU JIarHOCTYBaHHS,
HaiicnaOlIol JIaHKOIO B JIIOJUMHO-MAIIMHHIA cucreMmi € moauHa. Came TOMy, Ha erarll
TEXHIYHOTO J1arHOCTYBaHHS HEMHHYYl 3Ha4Hi 32 BEJIMYMHOIO TIOMWIKH 1-T0 pomy "XuOHMIA
nedekt" Ta 2-ro poay "mepemyctka nedekty" i, K HACTIAOK, MOMHIKA MapIIpyTH3allil npu
posnoxini KO TO i P. ®@akrtopu, mo BIUIMBAIOTh HA MOCTAHOBKY MPaBWJILHOTO JiarHO3y
OIIepaTOPOM-A1arHOCTOM Ha eTalll IlarHOCTyBaHHs BY3IiB, cucTeM 1 arperatiB MM 3a ix KO
TO i P npexacrasneni Ha puc. 3.
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€XHIYHOTO CTaHy BY3IIiB, CHCTEM i arperaTiB MOGIIbHUX MAaIIHH
B LLIOMY

- - N
[ ®DakTopH, 110 BILIMBAIOTh HAa IIOCTAHOBKY BIPHOTO AiarHO3Yy
T

J

O6’exTHBHI (hakTOpn Cy6’exTuBHi (hakropu
PoGouya 3mina Pobounit po3psin
Bik
Ocsita
Yac 1061 Cimeiinnii cran

Pucynok 3 — @aktopH, 10 BIUTMBAIOTh HA IOCTAHOBKY NPABMJIBHOTO JiarHO3y TEXHIYHOTO CTaHy BY3JIiB, CUCTEM
i arperaTiB MOOITPHAX MAIIIMH OIIEPATOPOM-I1arHOCTOM IIPH KOMILIEKC] Omeparlii iX TeXHIYHOTO
00CIIyTOBYBaHHS 1 PEMOHTY

Locepeno: pospobaeno agmopamu

Texnonoriunuit nporec peamizamii KO TO 1 P 3milicHIOEThCS 32 OJHOETATHUM Ta
OararoerarmHuM KoHTposieM. KoxkeH By30i1, cuctema 1 arperart, mo migsirae cuctemi KO TO i
P i onHOETamHOMY KOHTPOJIO, XapaKTEPU3YIOThCS MOETHAHHAM HAassBHUX y HUX J1e(eKTiB (g-
M) 3 MHOXHHH Q (¢ = 1,...,0), 3a pe3yJbTaTaMH J1arHOCTYBAaHHS PO3MOIIISEThCA Ha k-1 3
mHOXHHU K (k= 1,...,K), npu upomy K < Q.

3a omauM TexHosoriyHuM MapuipyroMm KO TO 1 P MoxyTe OyTu cripsMoBaHi BY3JIH,
cucteMu 1 arperatdi MM 31 CXOXHMM NO€AHAHHSAMH BUABICHHUX JedekTiB. BiamosigHo 1o
IPU3HAYEHNUX TEXHOJIOTTYHUX MapLIpyTiB PEMOHTY, BYy3JH, CUCTEMH 1 arperaTtu HalnpasJIsiOTh
Ha KoMmm 'toTepHi poboui micus (KPM) (R MHoxwuHa, r=1, ..., R), IKHX JOCTaTHbO MHI00
BUKOHATH PIYHUN OOCAT poOIT mianmpueMcTBa. 3a3HadyuMo, 1o Ha omHoMy KPM moxe
BUKOHYBAaTHCs KiJIbKa TexHoJoriunux mapuipytis KO TO 1 P.

Sxmo TexHiyHMNA cTaH arperaTy MM KOHTpOJIOETHCS, TO OJHOETAITHUNA KOHTPOIIb
arperaty MM BusBisge noMwiku 1-ro ta 2-ro poxny. Lle mae migcraBu mopsaky 26%
arperaTiB TMoBepTaTH 3 pPOOOYMX MiCllb HAa TEXHIYHE MdiarHOCTyBaHHS. BusBieHo, 110
JIOCTOBIPHICTh PO3Mi3HABaHHS TEXHIYHOTO CTaHy BY3IiB, cucTeM 1 arperariB MM, a Takox
npaBWwIbHOCTI mpu3HaueHHs KO TeXHOJOTriYHOro MapumipyTy, MAOIUIbHE BBEICHHS
JOJJATKOBUX KOHTPOJIBHO-I1arHOCTUYHUX Olepalii 6e3nocepeiHbo B Mpolect iX po30upaHHs.
Le Tax 3BaHMi1 onepamiiiHuii KOHTPOJIb PO30IPHOTO MPOIIECY, AKHM MPU3BOIUTH 10 3HIKCHHS
1o 17% mnoBepHEHHS BY31iB, cUCTeM, arperaTiB MM 3 KOMIT'FOT€pHU30BaHUX pOOOUYMX MiCLb 1
CKOpOYEHHSI BTPAT BiJl BAKOHAHHS 3aliBUX Ta MOBTOpHUX omnepaitiit TO i P.

[Ipu 6araToeranHomy koHTpodi peanizauii KO TO 1 P By3niB, cuctem 1 arperaris MM
eTan JiarHOCTYBaHHS XapaKTepPH3YETbCS THUM, IO HAa HBOMY 3'SIBIISIETHCS MOJKJIHMBICTH
JOKaNi3yBaTu AeQEeKTH, sIKI HEe MIAJAI0ThCA BUABIEHHIO. YacTkoBe po30MpaHHS BY3IiB,
CHUCTEM 1 arperaTiB J1a€ MOKJIMBICTh O1JTBIIT TOYHO BU3HAYMTH iX TEXHIYHHHA CTaH.

[Tin yac po30GupaHHs BY3IiB, CUCTEM 1 arperaTiB BHUKOHYETHCS A1arHOCTYBaHHS, 3a
pe3yJibTaTaMu SIKOTO BCTAHOBIIIOETHCS MPABUIIBHICTD UM HENPAaBHIBHICTH Npu3HadeHHs KO
TO 1 P. SIkmo TeXHOJOTIYHMN MapuIpyT NPU3HAUYEHO IPAaBWIBHO, TO BHUKOHYIOTHCS BCI
nependadeHi 0OCTYroByrUi Ta po30upambHO-CKIanalbHI pobotu. Ilicis mporo By30iI,
CHCTEMY, arperaT HalpaBJsIOTh y NPUMMaIbHUNA KOHTPOJb, AJIs MPOXOHKEHHS OOKaTKU abo
CTEHJOBOTO BUNPOOYBaHHA. B MpOTHIIC)KHOMY BHIAJKY Pe3yJbTaTH A1arHOCTYBaHHS JalOTh
MOJKJIMBICTB X MEpEeHaNpaBUTH Ha BIANOBIAHUN TEXHOJIOTTYHUN MapuIpyT. BiH BUKOHYyeTbCs
Ha IbOMY X a00 Ha IHIIOMY KOMIT'IOTEpH30BaHOMY pobodomy Mmicmi. [Ipu mpomy 3HATI 3
By3Jla, CHUCTEMH, arperaTy JeTalli HampaBlsioTh Ha JAedexTaiiro, a Ha poboui MicIs
Oe3mocepeIHbO TOIAI0Th HEOOX1/THI KOMITJICKTH JICTaICH.

Skmo Ha erami NpPUAMAIbHOIO KOHTPOJIO BUSBIEHI IE(PEKTH BIIPEMOHTOBAHUX
By3JiB, cucTteM 1 arperariB MM ycyBawTbcsd. EKOHOMIYHO MOIUIBHO Ha JUISHIN 3
BUNIPOOYBaHHS, TOYKOMIUIEKTYBAaHHS 1 PEryJIIOBaHHS HAINpPABIATH iX y NOBTOPHUI PEMOHT.
SIKmo By3/M, CHCTEMH 1 arperatd BiJNOBIJalOTh TEXHIYHHMM yMOBaM NpUHAMaHHA, TO iX
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BIJIIIPABIIAIOTH Ha CKJIAJ FOTOBOI MPOIYKIIii a00 Ha BUJa4y 3aMOBHUKY.

Texniuna 6aza KO TO i P BukopucToBy€e B3a€MO3B'SI3KM KOHTPOJIBOBAHUX MAapaMeTpiB,
SK1 OLIHIOIOTh TEXHIYHUI CTaH BY3JIiB, CUCTEM 1 arperatiB MalluH, 1 Ae(eKTaMu, 110 MaloTh
MEBHI JIarHOCTHYHI O3HAaKW. BusBieHo, 1O OUIBIIICTH Me(EKTIB, SKi PO3MI3HAIOTHCS,
BUHMKAIOTh y By3JIaX, CHCTEMaxX, arperarax, MaroTh M€BHI J1arHOCTUYHI O3HAKU Ta MapaMeTpH,
SK1 CBiYaTh TPO HASBHICTb HECMPABHOCTEH, IO CHOPUSIOTH iX BiaAMOBIL. [lepioguanuii
MOHITOPUHI JaHUX MapaMeTpiB J03BOJISIE BUACHO BUSBUTH 3MIHY TEXHIYHOIO CTaHy BYy3Ja,
cuctemu, arperaty MM. V takomy Bunaaky Heooxigauii KO TO 1 P 6yne nmpoBoauTucst TUTBKH
TOJi, KOJIM BUHHUKA€E peajbHa WMOBIPHICTH BUXOAY IIarHOCTHMYHMUX IApaMeTpiB 32 TPAHUYHO
JIOITYCTUM1 MEK1 TEXHIYHOTO CTaHy BY3JIiB, CHCTEM, arperariB 1 MaIlluH B IJIOMY.

IcHye Benuka piHOMaHITHICTH MOkIUBUX cTpaTerii TO 1 P MM 3a ctanom. [lesiki 3
HUX MO)KHA 00'€THATH y JIBI TPYNH: 3 KOHTPOJHOBAHUM PIBHEM HAJIMHOCTI Ta KOHTPOJIHOBAHIUMU
napaMeTpamMH pPeKUMIB TEXHOJIOTIYHOT Ta TPAHCIIOPTHOI eKCIUTyaTallii. Y mepuoMy BUMAAKY
KO TO 1 P 3BoauThcst 10 ympaBiaiHHSA pIBHEM HAAIMHOCTI TIEBHOI CYKYMHOCTI OJHOTHUITHUX
MM, a B 1pyromy — 710 yIpaBJliHHS TEXHIYHUM CTAaHOM KOXKHOi KOHKpeTHOi MM.

[ToctynoBoi peamizamii 3aBmanp miua nepexony Bix IIIIC go cucremu TO 1 P 3a
(aKTUYHUM CTAHOM CIPHUSIOTH CUCTEMH Ta MporpamHi peamizauii ontumansioro KO TO 1 P 3
BUKOPHUCTAHHSIM KOMIT I0TEPU30BAHUX POOOUHX MICIIb.

Buxopucrannst ACK € 0co6:1mBo eheKTHBHIM MpH KOMILIEKTYBaHHI JIeTalled Ta MpU3HAYCHHI
MapIIpyTiB s BITHOBJICHHS 3HOIIICHUX JIETaJIeH, By3JIiB, CHCTeM, arperatiB MM, OCKUTbKH TIPUHHSTTS
PIIICHHS PO TEXHIYHMIA CTaH JeTal, By3/a, CACTEMH Y arperaty 3AiHCHIOBATIOCS KOMITOTEPOM, 11O
JIO3BOJISIE 3HU3UTH BIUIMB CYO'€KTMBHOTO YMHHHKA IT1]T 9ac po3noAuty ro Mapiipytax KO TO1P.

@OyHkLiOHANT OLIBIIOCTI KOMM'IoTepu3oBaHux cucteMm ynpasiaiHHa KO TO 1 P na
MIIMPUEMCTBI PO3IIUPSAETHCA 3a PAaxXyHOK JIOAABAHHS MOJKJIHUBOCTI JIOTICTUYHOTO CEPBICY
CKJIaJICBKUMHU 3aracamMu Ta (axoBUM PiBHEM MEPCOHATY.

Anroput™m nipuiiHATTA pimeHHs s nporeciB KO TO 1 P nokaszano Ha puc. 4, axuit
BUKOPUCTOBYETHCS /IS KJIacU(iKallii pe3ysbTaTiB BiIMOB.

@Aosipue BUHUKHEHHS BiJIMOBH I1i/l 4aC HOPMAJIbHOI POOOTH By3J1a, CHCTEMH, arperary Maum@

Biamoga siBHa?

Binmosa abo npuunnu
BTOPHHHEX HECIPABHOCTEit
BIUTHBAIOTH HA
Gesmexy onepanii?

oMOiHallis HesBHOI Ta iHIIOT
BiIMOBH Bi/IlIOBIAIOTH

pesepBHiii GpyHKLiT crcTemI, 0

cTocyeThest Gesnexu?

Yy BIIMBAE BiMOBa .
TaK 6€3H006p€ﬂHb0 Ha Hl
QrepalliifHy 31aTHICTb?
Tak Hi
Y A A
Crocyetbest
onepguiﬁﬂo’l’ BrumBae Ha Crocyetbest BrumBae Ha He BriBae Ha
: : 1 BUTpAT il il
TisTBHOCTI Oe3mneky p: Oe3mnexy Oe3neky
( PesynbTaTu BiTMOB BY3I1iB, CUCTEM, arperaTiB Ta MOOUIBHUX MAIINH B LiNIOMY )

PucyHok 4 — Anroput™ NpUHHSTTS PiIEHHS [UIs IPOLIECIB KOMIUIEKCY ONepalliii TEXHIYHOTO 00CIIyroByBaHHS 1
PEMOHTY B 3aIIPOIIOHOBAHII CUCTEMi IiABUIICHHS HalIHHOCTI
Licepeno: pospobaeno agmopamu
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AHaui3 XapakTtepy 1 HacCHiJKiB BIJIMOB, SIK 1 NPUUHATTS PILICHHS, MOXYThb OYyTH
YCHIITHAMU TTIXOAaMH ITiJT YaC BUPIIICHHS 3aBAaHb, 3 PO3CTAHOBKOIO MPIOPUTETIB YCyHEHHS
HECIpaBHOCTEH By3IiB, CUCTEM, arperaris, MM B 1iiomy.

Axmo WMOBIpHICTH BiAMOBH Oyia TmiepeabadyBaHa 1€ IMiJI 4Yac HOPMAJIBbHOI
ekcrutyaranii MM, To naHa BiZIMOBa € SIBHOIO, 1HAKIe BOHA KJIacU(DIKyeTbCs SK MPUXOBAHA
B1JIMOBA, 110 € KJIIFOYOBUM (PaKkTOpoM y mUTaHH1 TIpo edekTuBHICTh cuctemu TO 1 P.

Ha puc. 5 npezacraBieHi CkJIafioBi TEXHOJIOTIYHOTO Ta iH(popMaIiifHOro 3abe3neueHHs
KO TO 1 P, sxi 6arato B ywomy Bu3Ha4aroTh eextuBHICTh KO TO 1 P. Ha edextusnicts KO
TO 1 P BriuBae i monacekuil gaxktop. BiH € NpUYMHOIO MOSBU MOMHIOK 1-ro (XnOHMI
nedexT) poay Ta 2-ro poxay (mpomyck nedexry). Lle BinOyBaeTbcst Ha erami 1iarHOCTYBaHHS
nepes BU3HaYeHHSAM ONTUMaNbHUX onepariit Ta MmapuipyTtiB KO TO 1 P.

TexHomor1uH1 KapTH HAJIWHOCTI BY3J11B, CHCTEM, arperaTiB

CykynHicTh 1e(eKTiB By3JiB, CHCTEM, arperaris, ix
[OEIHAHHS Ta aHAIII3

Knacudikarist Ta cTpykrypu3aiisi 1eekTiB Ta iX moe1HaHb

Texuosoriude dopmyBanHs komiuiekcy onepariii TO i P o ycyHeHHto
3a0€3ICUCHHS | redhexTiB

Po3pobka tunosoro komiuiekcy onepaiit TO i P By3is,
cucTeM, arperariB Ta MM B nijiomy

MOHITOPUHT IMOBIPHICHO-CTATUCTUYHUX XaPAKTEPUCTUK

3abe3neueHHs ) X X
KOMILTEKCIB TMapaMeTpiB TEXHONOTYHOTO Nporiecy KO TO 1 P neranei,
onepariii TO BY3JiB, CHCTEM, arperaris ?\4061H‘BHI/IX MaIluH ‘
i P BysiB, BI/I?IB‘J'IeHl MPUYMHHO-HACITITKOBI 3B'S3KH napameTpis
cHcTeM, TEXHIYHOTO CTaHy BY3JIa, CACTEMH, arperaty MoOiTbHIX
arperaris MamnH : :
MOGLILHIX ATIpiopHi CYKYITHOCTiI KOHTPOJIbHO-A1arHOCTUYHUX
MATIHH oreparlid TEXHIYHOTO JiarHOCTYBaHHS BY3JIiB, CHCTEM i

arperaTiB MOOUTPHUX MAallIHH

[adopmamiiiie | MoniTopuHT Cy4acHHX IepCIIeKTHBHUX METOIIB i 3aC00iB
3a0€3IICUCHHS | fiarHOCTyBAHHS BY3/IiB, CCTEM i arperaris MOOLIBHIX
MaIluH

VIMOBipHICHO-CTaTUCTUYHI 1 BAPTICHI MMapamMeTpH
KOHTPOJIbHO-/IIalrHOCTUYHHX OIepaliii TEXHIYHOTO CTaHy
BY3JIiB, CUCTEM, arperariB MOOUIbHUX MaIlIUH

®opmyBaHHS palliOHATEHUX T4 ONTUMAIIBHIX
KOHTpPOJIbHO-AlarHocTHuHUX onepartliii TO i P rexaignoro
CTaHy BY3JiB, CHCTEM, arperariB MOOUIbHUX MaIlluH

Pucynok 5 — Texnonoriune Ta iHpopMmariiiftHe 3a0e3medeHHs] KOMIDICKCIB Ooeparliif TEXHIYHOTO
00CITyTOBYBaHHS 1 pEMOHTY BY3JIiB, CHCTEM, arperariB MOOITHPHUX MaIlIWH
Locepeno: pospobaeno agmopamu

BusiBiieHo, 110 po3mi3HaBaHHS MOMWIOK 1-TO 1 2-TO POy OMEpaTopoM-AiarHOCTOM
3alIeXKUTh BiJI iX poO0OYOro vacy, 3 ypaxXyBaHHSIM po3psiay Ta BiKy (Tabin. 1 1 T1abmn.2).
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Tabnuus 1 — 3akoHOMIpHOCTI 3MiHM MMOBIpHOCTEN MOMMIIOK 1-rO poay onepaTopoM-
JI1arHOCTOM TIPOTSITOM POOOYO0i 3MIHU

3MiHHUHT VIMOBipHicTh MOMIIIOK 1-ro poay, o

poboumit Pospsan —4; Pozpsan —4; Pozpsan —5; Po3psan —5; Po3psan —5;

yac, f, TOJI Bik - 58 Bik - 36 Bik - 55 Bik - 47 Bik - 39
8 0.0167 0.016 0.0155 0.015 0.0147
9 0.0188 0.0174 0.0163 0.0158 0.0155
10 0.021 0.0187 0.0172 0.0166 0.0162
11 0.0237 0.0204 0.0181 0.0172 0.0168
12 0.0264 0.0221 0.0192 0.0179 0.0174
13 0.0292 0.0238 0.0203 0.0185 0.018

Ioicepeno: pospobneno asmopamu

JlocmiKeHHsT TToKa3aliy, 10 Ti1arHOCTyBaHHS HECHPAaBHOCTEH TOJSTae y BUSBICHHI
Ta JoKamizamii n1edeKTiB y JeTalsx BY3IiB, CUCTEM 1 arperariB. Uepes yCKIaJHEHHS BY3IiB,
cucteM 1 arperaTiB MM, 3pocTaHHs BHMOT 10 Oe3nekH, iX (YHKIIOHAJbHHHA piBEHb
HaJIHOCTI Ta €KOJIOTIYHOCTI /JiarHOCTYBaHHs HECHPABHOCTEH CTa€ 3HAYYIIOK MPOLETYPOIO.
[Tpu npoBenenHi aiarnoctukn MM, ciig 3BepHYTH yBary Ha notpedy iX BUCOKOi HaJIIHOCTI
Ta Mpale31aTHOCTI HAa HU3bKUI PIBEHb BUKU/IIB MOSIBICHHS Je(EKTiB.
Tabmurs 2 — 3aKOHOMIPHOCTI 3MiHM HMOBIpHOCTEH TIOMUJIOK 2-TO POAY OINEpaTopoOM-
JIarHOCTOM MPOTATOM POOOUO0i 3MIHU

3MiHHUI VIMOBIpHICTh HOMHJIOK 2-T0 poxy, B
pobouuii yac, Pozpsan —4; Po3psan —35; Pozpsan —5; Pozpsan —4;

t, TON Bik - 58 Bik - 55 Bik - 39 Bik - 36
8 0.0139 0.012 0.0109 0.0103
9 0.0143 0.0125 0.0116 0.011
10 0.0148 0.0131 0.0124 0.0119
11 0.0152 0.0138 0.0131 0.0126
12 0.0156 0.0144 0.0138 0.0134
13 0.016 0.0148 0.0144 0.0142

Ioicepeno: pospobneno asmopamu

3'scoBano, mo BaxiuBuM st KO TO i P MM e Ge3nepepBHUil a00 mepiognaHuiA
KOHTPOJIb TapameTpiB (HaKTHYHOTO TEXHIYHOTO CTaHy oO0'ekTa aiarHocTyBaHHs. lle nae
MOJKJIMBICT MPOTHO3YBATH MOXKIIUBUI TEXHIYHUHN CTaH 1 piBeHb HAJIHHOCTI By3Ja, CHCTEMH,
arperariB 1 MOOUJIBHOT MAIlIMHU B IIJIOMY.

o crocyeTbest MPOrHO3yBaHHS, TO BOHO BUKOHYETHCS TPH Oe3MepepBHOMY KOHTPOITI
BU3HAYEHHS Yacy, TeXHIYHOTo ctaHy MM npotsarom yacy 30epekeHHs pale31aTHOro CTaHy.
[Ipu mnepiogUYHOMY KOHTPOJIi - BH3HAYEHHS MOMEHTY 4Yacy HACTyIIHOTO KOHTPOIIO
TEXHIYHOTO cTany MM.

BucnoBknu. 1. LlenrpanizoBana cucrema TO 1 P MoOinpHUX MamuH 3a (pakTUIHUM
TE€XHIYHUM CTAHOM Ha JJaHOMY HiAMPUEMCTBI JO3BOJIAE CYTTEBO 3HU3UTH HEJOBUKOPHCTAHHIM
pecypc JAerajeil BY3IiB, CHUCTEM Ta arperatie MOOUIPHMX MAIlMH B TEXHOJOTIYHIN 1
TpPaHCHOPTHINA ekcrutyaTtamii. Lle cmpusie miABUIIEHHIO  HaaidHOCTI Ta €(EeKTHBHOCTI
BUKOPUCTAHHS MOOUTBHUX MAIIMH HA MiANPHEMCTBI.

2. Po3pobnena meTouKa ynpasiiHHA nporecamu i onepanisimu TO 1 P By3miB, cucrem
1 arperatiB MOOUTBHUX MAIIMH JUISl TiABHMINEHHS PIiBHA iX HaAidHOCTI. BH3HaueHO OCHOBHI
eTan# ii peanizarii.
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3. BusiBneHo, 1110 Ha NpaBUIBHUNA JiarHO3 TEXHIYHOTO CTaHy BY3JIiB, CUCTEM 1 arperariB
MOOUTHPHMX MAaIlliH OIMEepPaTOPOM-IIarHOCTOM TpH Komruiekci omeparniii TO 1 P, BrumBaroTh
o0'exTHBHI (poboya 3MiHa, yac 100M) Ta cy0'eKTHBHI (pobounit po3psil, BiK Ta iH.) (haKTOPH.

4. BusBieHI TOMWIKHM BHU3HAYCHHS TEXHIYHOTO CTaHy Ta pO3MOAUTY AeheKTHUX
Jetajgeil By3JiB, CHCTEM 1 arperatiB 3a KOHKPETHHMH TEXHOJOTIUHUMH MapIIpyTaMH
KOMILJIEKCY OIepaliii TeXHIYHOTO OOCITYroBYBaHHS 1 PEMOHTY MOOIITBHHUX MalluH, abo
OPUBOJATH /10 BHMKOHAHHS 3alBHUX OOCIYrOBYIOUMX 1 PEMOHTHMX pOOIT Ha YCYHEHHs
mpomymieHux abo He BusBiIeHHX nedextiB. lle g03BoNsIE TOBHOIO MIpOO pealizyBaTH
nepeBaru komruiekcis onepauii TO 1 P.
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JiarHo3y HasiBHOCTI a0 BIACYTHOCTI Je(EKTiB Ta pO3MOJULY BY3JiB, CUCTEM, arperaTiB 3a
TEXHOJIOTTYHIUMH MapIIpyTaMu ONTHUMAIbHUX KoMIuiekciB omepariii TO 1 P moxe crpusitu
posrisin cucremu TO 1 P, sik mTy4HOT KOTHITUBHOI CUCTEMHU.
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The optimal complex of maintenance and repair operations to increase the reliability of

nodes, systems and aggregates of mobile machines

The work examines the improvement of the forms and methods of organizing maintenance and repair
systems of mobile machines in order to increase their reliability by optimizing diagnostic operations and
monitoring the technical condition of their units, systems and units.

The proposed centralized system of maintenance and repair of machines includes the principles of
production and is characterized by the wide use of technological complexes of operations of the system of
maintenance and repair of nodes, systems, aggregates and mobile machines as a whole.

A comparison was made of the methodology for implementing the proposed maintenance and repair
system and the world-famous RCM (Reliability-centered Maintenance) methodology, focused on a certain level
of reliability.

Schematics of the technological process of implementing a complex of maintenance and repair
operations based on one-stage and multi-stage control of the technical condition of nodes, systems, aggregates
and the mobile machine as a whole are presented.

A decision-making algorithm has been developed for the processes of a complex of maintenance and
repair operations. Clarified technological and information support of complexes of maintenance and repair
operations of nodes, systems, units of mobile machines.

The role of the operator-diagnostic in relation to the probability of receiving errors of the 1st and 2nd
type of defects of parts, as well as the use of computerized workplaces, is revealed. It is shown how these factors
affect the level of reliability of nodes, systems, aggregates and mobile machines as a whole.

It was determined that in order to reduce the influence of the human factor on the results of the
diagnosis of the presence or absence of defects and the distribution of nodes, systems, aggregates according to
the technological routes of optimal complexes of maintenance and repair operations, consideration of the repair
and maintenance system as an artificial cognitive system can help.
reliability, mobile machine, detail, optimization, operation, maintenance and repair, diagnostics,
computerized workplace
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OOrpyHTYBaHHS ONITUMAJIBHOT CXEMU MTEPEBE3CHHS
HAaCUITHUX BAHTAXIB IIPU B3a€EMO/I11 P13HUX BUJIIB
TPaAHCIIOPTY

B po6oTi moOy10BaHOIO MaTeMaTUIHY MOJIENb TPAHCIIOPTHOI 3aadi, Ha OCHOBI K01 OyII0 cpopMOBaHO
TPaHCIIOPTHY MATPHIIO JUIS IIEPEeBE3EHHs HACHUITHOTO BaHTaXy 31 CKJIAAiB Ha eneBaropu. HaBeaeHo MeTOIUKY,
sKa JTO3BOJISIE NOCTIITHUKY MPABHIBHO HAKJIACTH OOMEXEHHS Ta 3alucaTH BHpa3 IIFOBOI (YHKII 3 METOo
BiTHAXO/DKEHHS ONTHUMalbHOTO pimeHHa. CyTh 3amadi Mmoyisira€ y BHU3HAYCHHI ONTHMAIBHOTO MapIIPYTY
MepeBe3eHHs] 3EPHOBOTO MaTepiady 31 CKJIaaiB IO eleBaTOpiB NPH HaWMEHIIH BapTOCTI TPaHCIIOPTHOTO
npouecy. Ckimamd MaroTh OOMEXEHY NPOJAYKTHBHICTh HaBaHTAXYBAJIBHHUX 3aco0iB Npu IX B3aeMomii 3
BaHTQ)XHUMH aBTOMOOUISIMHM Ta BpaxOBaHa MOJMJIMBICTIO IPUIMaTH BU3HAYECHI 00CATH BAaHTAXIB €JieBaTOpaMH,
AKi OOMEXKEeHI NpOIMYCKHOI 3JaTHICTIO CyNIapoK. 3ajady JiHIHHOrO NporpamMyBaHHS pPO3B’S3aHO NpHU
BUKOpHCTaHHI nporpamu Microsoft Excel, ne orpumani po3B’si3k Juisi HAWKpaIoro Ta HalUTipOIOro BapiaHTIB
NepeBe3eHHs TPH BpaxyBaHHI HAKJIaJeHUX OOMEKEHb.

TPAaHCHOPTHA 3aJaya, HACHIIHMII BaHTaXK, CKJIajA, eJ1eBaTop, MNPOAYKTHBHICTb, B3a€Mojis,
HABAHTaKyBAJTbHUI 3aci0, BAHTaXHMI1 aBTOMOOI/Tb, 3epHOBUI MaTepian, HiiboBa QyHKLIisA, 00MeKeHHS

ITocTanoBka nmpodJsemu. ParioHasbHa opraHizailis BUPOOHHYOTO MPOLIECY — 3aBXKIU
aKTyaJlbHa 3ajada Ha Oylb-fKOMYy BHpPOOHMITBI. Bim 1bOro B 3Ha4YHIN Mipi 3aJIeKUTh
co0iBapTiCTh BUPOOJICHOT TPOAYKIII YK HaJaHHA MOCHyr. He BUHATKOM € opraHizaris
nepeBi3HUX mporeciB Ha arpodipmax. Yacto OyBae Tak, IO MpHU TMEPEBE3CHHI PI3HUX
IPOMHUCIIOBUX BaHTAXIB y MeXax YKpaiHM UM y MIKHApOJHOMY CIIOJydeHHi 3aisHi GipmMu-
MEPEeBI3HUKH, SKI MAaOTh CBOi JIOTICTUYHI LIEHTPHU Ta CKIAJA0Th ONTHUMAbHI MapHIPyTH 3
METOI0  OTPUMAaHHS  MAaKCHUMaJbHOI  €(QEeKTHBHOCTI  TaKoro  Impomecy, a 1pu
CUIBCBKOTOCIIOAAPCHKOMY BHPOOHMLTBI — PIIIEHHS NPHUIMalOTh, MEPEBAKHO, CUTYAaTUBHO.
Xoua 00CsSTH BaHTaXiB, 10 MEPEBO3ATH MPHU peatizalii ciIbChKOrOCMOJAPChKUX MPOLECIB €
JIOCUTh 3HAYHUMHU 1 HepaIlllOHaJIbHA OpraHi3allisi MepeBi3HOro MPoLecy MOXE B 3HAYHIN Mipi
HiIBUIUTA COOIBApTICTh OMUHHMIN BUPOOIEHOT mponykmii. Takux mepeBi3HUX MPOLECIB €
ny’ke 0arato i BOHM, B OCHOBHOMY, OpPraHi30BaHi MPHU B3a€MOJIl Pi3HUX BHUJIB TPAHCIOPTY.
Hanpuknan, TeXHONOTiYHI MamIMHA 30UpaloTh ypokald, NEepeBaHTAXKYIOTh WOTO Ha
ABTOMOOUTbHUI YK TPAKTOPHUN TPAHCIOPT Ta NEPEBO3ATH J0 Micllb 30epiraHHs Y
NEPEBAJIKH 3 MOJAIBIINM TPAHCIIOPTYBAHHSAM y BIAMOBIAHOCTI 10 TEXHOJIOT1 BUPOOHHIITBA 1
T.1. Bcl HaBeneH1 MalIMHU Ta MEXaHi3MH MalOTh Pi3HI eKCIUTyaTaliiHi MpOAYKTUBHOCTI, ajie
BOHM MDK COOOI0 TIOBUHHI MaKCHMallbHO €(EeKTHBHO B3a€MOJISATH Ta IEpPEeMilaTHCh
ONTUMAJIbHUMH MapLIPyTaMH.

AHaJ3 oCTaHHIX J0c/igxeHb Ta myoaikaniii. OxpecneHi mpoOieMu parioHaIbHOL
B3a€MOJI1 PI3HUX BHJIB TPAHCHOPTY, MOOYAOBM ONTHUMAJIbHUX MAapIIPYyTiB, 30KpeMa Hpu
BUPOOHMIITBI CLIICHKOTOCHOAAPCHKOT MPOAYKIIIT, PO3TIISIAINCS Ta 3aIMIIAI0THCS aKTyaTbHUMH

© M.B. babiit, B.O. [d3topa, A.B. bao6iii, H.5. Poxko, B.b. Bamsmek, 2023
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Uit 6aratbox nochigHukiB [1-3]. CTBOpeHO Oarato TEOpeTUYHHX MOJENCH, SKi J03BOJSIOThH
ONTHUMI3YBAaTH PI3HI TPAHCHOPTHI MPOIECH TpH TepeBe3eHHI BaHTaxiB [6, 7, 9-11]. Tomy
cepell YMCICHHUX HaIpallOBaHb BapTO BHUIUIMTH OKpPEeMi MOJeNi, SKi MarTh YITKy 1
3pO3yMITy MPOIEAYPYy peaiizaiii Ta TOYHICTh pe3yJbTaTy, IO € 3aJ0BUIBHOIO IS JaHOTO
MEPEBI3HOTO MPOIIECY .

ITocTanoBka 3aBAaHHAA. B TEXHONOrIAX CILILCHKOTOCTIONAPCHKOTO BUPOOHHUIITBA
3HAaYHA YacTKa y cO0IBapTOCTI KiHIIEBOTO MPOAYKTY HAIECKUTh TPAHCIIOPTHUM Tiporiecam. J[o
TaKUX OIepalii HaJeXUTh TPAHCTIOPTYBAHHS HACHITHOTO MaTepiayly, HampHKIaJ HaCiHHS
3epHOBUX KYJBTYp 31 CKIAIiB 10 CYIIApOK Ha €JIeBaTopax 3 HACTYMHUM iX 30epiraHHsM.
OckiTbKH OOCSATH TEepeBe3eHb JIOCTAaTHHRO BEJHMKI, TO 3aJada pO3pOOKH ONTUMATBLHUX
MapuIpyTiB € JIOCUTh aKTyalbHOIO. Bin epeKTHBHOCTI ii BUPILICHHS 3aJ€KUTh E€KOHOMIs
KOIITIB TOCTIOapCTBA-BUPOOHHUKA.

Tomy € HEOOXigHICTh BHIUIMTH y TEOPETHUYHOMY IUIAHI MOJENb ONTUMIi3aliitHOT
3ajadi, fKa aganToBaHa JO KOHKPETHHX YMOB IIEPEBE3CHHS Y TOCIOJAPCTBI, HABECTH
METOAMKY ii peamizalii 3 METOIO aJeKBaTHOro ()OpMYBaHHS LIIHOBOI (DYHKIIII, HAKJIATaHHS
OOMEXEeHh Ta MOXIMBOCTI OTPUMaHHA pO3B’SI3Ky, SKHWA MOXHA peanizyBaTd B
ABTOMATHU30BAHOMY PEKHMI.

Buknaa ocHoBHOro martepiany. Po3B’s30K gaHOi TpaHCIIOPTHOI 3a/1a4l BITHOCHUTHCS
0 3aj1ad JiHiiiHOro mporpamyBaHHsS. [IpoTe, HUIsSIXM BUPIMICHHS MOCTABIECHOTO 3aBJIaHHS
MOXYTb OYTH pI3HUMH SK 3a TPYIAOMICTKICTIO TIPOIECY, TaK 1 TOYHICTIO OTPUMAHOTO
pe3ynbrary. Po3B’s3yl0uM TpaHCIOPTHY 3aqady, HEPIAKO OCIITHUKUA BIIHAXOIATH OJIHE
pilleHHs] 3 MHOXXMHH MOXJIMBHX PO3B’SI3KIB Ta TIPEACTABISIOTH WOTO SK ONTHMAJIbHE.
3BUYaliHO, LUTFOBA (YHKI[S Ma€ pallioHaJbHE 3HAYCHHS, aje CTBEP/KYBaTH, IO 1€ came
ONTUMAaJIbHE PIIICHHS HE MOXHa |8, 9].

[lepeiinemo 10 moOy10BH MOJIENI 3a1aui.

lNocmogapcTBO, sIKE  cHeIiami3yeThCsi Ha  BUPOOHUIITBI  3€PHOBOI  MPOIYKIIIT
POCIMHHUIITBA Ma€ JBa CKIAIH, J€ THUMYACOBO 30epira€Tbcs 3€pHO OAHIET KyNbTYypH, IO
3i0paHa 3 MOJS Ta Ma€ HE3aJOBUIBHY BOJOTICTh. Takwii 3epHOBHI MaTepiay moTpelye
MOJANBIIOTO CYIHIiHHSA Ta 30epiraHHs Ha elieBaTopax, sKi pPO3TalllOBaHI 3a MeEXaMu
rOCTIOIaPCTBA Ta MAIOTh Pi3HI MPOAYKTUBHOCTI MO0 MOXIMBOCTI BUKOHYBATH TEXHOJIOTTYHY
omepartito cyurinas. Lleit kputepiii € oqHUM 3 00MEXYBabHUX, 1110 HE TO3BOJISE MIEPEBO3UTH
moTpiOHI 00’ €MH CUIIKOTO BaHTAXY ISl KIHIIEBOTO 30€piraHHs Ha MOTYKHOCTSIX KOHKPETHOTO
eneBaropa. KpiMm Toro, 3aco0uM HaBaHTaXKEHHS y CKJIaJax TOCIOJApCTBa MAalOTh TaKOXK
00MEXEeHY NPOAYKTHUBHICTh IMPH 3aBAHTAXKCHHI TPAHCIOPTHUX 3acCO0IB MJIs TIEPEBE3CHHS
3epHOBOTO BaHTaXy. BijcTaHi BiJl MyHKTY 3aBaHTQXEHHS J0 MYHKTY BUBAHTaXCHHs BiIOMI,
ajie pi3Hi; MMTOMAa BapTICTh OJUHMII BUKOHAHOI TPAHCTIOPTHOI poOOTH BH3HA4YeHA. 3ajmada
MOJISATAE 'y BCTAaHOBJIEHHI ONTHUMAIBHOT CXEMH TMIEPEBE3EHHS CHUIIKOTO BaHTAXy MPHU
MiHIMaJIBHIN BapTOCTI TaKOi TPAHCIIOPTHOI OMEparlii 3 BpaxyBaHHS OKPECICHUX B3aEMOIIM.

Crmang Ne 1 Mae MpOAyKTHBHICTh HAaBaHTAXYBAJIbHHX 3aco0iB, mo piBHa A, ,

BimmoBigHO ckimag Ne 2 — A4, . B 3aranbHOMY MPOMYKTHBHOCTI A; 3ac00iB HABAHTAXEHHSI i-TO

cknany (i =1,n) Oynme BU3HAYATH MOXKIMBICTH 3aBAHTAXKEHHS BAHTAXKHUX aBTOMOOIIIB Mpu

ix B3aemonii. 3 iHmoOro GoKy — HPOAYKTUBHOCTI B; 3epHOCYIIapoK Ha j-My eneBatopi

(j =1,m) Ttakox OymyTh 0OMEKyBaTH MOXKIIMBICTH PUIMATH 3€PHOBHUI MaTepial.
BapricTe mepeBe3eHHS OJMHUII BaHTAXY 3 i-TO CKJIaJy HA j-THH €eBaTOp CKIIANAE

[ TOJI1 KUIBKICTh OJMHHIIb BAHTAXKY X, , WO TIEPEBO3UTHCS, OyJie miansraTi BU3HAUYCHHIO.

3aranpHa BapTiCTL NEPCBE3CHb CUIIKOT'O BAHTAKY CTAHOBHUTHMEC
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n m
Z Z CyXij - (1)
i=1 j=1
m
Tenep MoOXXHA BUIUIUTH, IO le.j — 1€ KUIBKICTh BaHTaXy, IO MOXE OyTH
j=1
n
BHUBE3CHHM 3 [-T0 CKJAIy; ny. — KUIBKICTh BaHTaxy, IO MOXKE NPUHAMATHUCS j-TUM

i=l1

€JIEBATOPOM.
Tonimpu x; = 0 0YeBUAHO MOBUHHI BUKOHYBATHCh YMOBH:

Sy, =4, i=1n; 2)

X.. =Bj’ ] = 1, ) (3)

iA,. YN (4)

HinpoBa ¢ynkuis (1), mo misrae ontuMizaiii, Ma€ 6yTH MiHIMAJIbHOIO

7 = Zn: zm: ¢;X,; —> min (5)

i=1 j=1

3a ommMcaHWMX YMOB JaHa TPaHCIOpPTHA 3aJada OyAYyeTbCSI HAa OCHOBI 3aMKHYTOI
TPAHCIIOPTHOT MOJIEII.

Pucynok 1 — Cxema po3MillieHHs CKIIaJIiB, €IEBATOPIB
Ta MOJJIMBI CIIOJTYYEHHSI Mi>K HUMH
Jicepeno: pospobneno asmopamu

OOMesxeHHs, 1110 BIAMOBIIal0Th YMOBI 3a/1ayi:
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Xy X + Xy = A

Xop + Xy + X5 = Ay

X+ Xy = By (6)
X, + Xy = B,;

X5 + Xy = B;.

Sk BUIHO, IO BCi OOMEKEHHS — I1e PIBHOCTI; KOXHA 3 HAaBEJACHUX 3MIHHUX BXOJHUTH
K B 0OMEXKEHHSI MO0 CKJIAJIIB, TaK 1 B CUCTEMY OOMEXEHb €JIeBaTOPIB.

Toxi B po3ropHyToMy BUTJISAI LTbOBA (GYHKLIA (5) BapTOCTI HepeBe3eHb CHUIIKOTO
BaHTa)Xy MaTHUME BUTJIS]T

Z =X+ CpXpy + €3 X3+ Cy Xy + CppXyy + Cp3X,; —> MiN. (7)

Jns manoro (i3sMYHOTO MPOLECY IMEPEeBE3CHHS JIOTIYHUMHU OYyIyTh TakKi TpaHUYHI
YMOBH:

X, 205 x,20; x;20; x,, 20; x,, 20; x,, 20. (8)

[Iponienypa OTpUMaHHS ONTUMAJIBHOIO PILIEHHS JUIsl BUTIJHOI CXEMHU IEPEBE3EHHs
MaKCHUMAaJIbHO JIOIyCTUMOTO OOCSTY CHIIKOTO BaHTaXy pPO3MOYMHAETHCS 31 3HAXOIKCHHS
MOJKJIMBUX PO3B’SA3KIB Ta 3aBEPIIY€ETHCS BUOOPOM ONTUMAIBHOTO 3HAYEHHS.

Jnisi oTpUMaHHS MOXJIMBUX (IOMYCTUMHX) pO3B’SI3KIB TaKOI TPAHCIIOPTHOI 3ajadi
JOLITEHO MPEACTaBUTH TPAHCIIOPTHY MATPUINIO Y TabnuuHii Gopmi, Tadm. 1.

Tabmuus 1 — TpancnopTHa MaTPHII

X1 X2 X3 4,
i Ci Ci3

X1 X2 X3 4,
€ Cy Cx3

B, B, B, Z

Iicepeno: pospobreno asmopamu

Jlana MaTpHIls Ma€ Taki BiMOBIAHOCTI:

1-ii psgok BiAmoBimae oOcsraM TEepeBe3eHb BIANOBIIHO JO TPOAYKTHBHOCTI
BIJIBaHTaXEHHs 3epHa 31 ckimaay Nel, 2-if — 31 ckmagy Ne 2 Ta iX muTOMI BaprocTi
NIepeBe3eHHS;

BIJIMOBI/IHI CTOBIIII XapaKTePU3YIOTh MOXJIMBI OOCATH MPUMHATOTO BAaHTAXKY j-TUM
€JIEBaTOPOM;

CyMH JTIOOYTKIB, 32 aHAJIOTI€I0 3aJIeKHOCTI (7), CKIIaAal0Th 3HAYCHHS IbOBOT (YHKIIT
Z .
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o6 3po3ymiTu (i3UUHy CyTh TAaKOrO IPOLECY, aHAJI3yIOTh 3HAUYEHHS BapTOCTI
MEPEeBE3CHHS] OJIMHUIIl BaHTAXY c, 3a BapiaHTaMH, 110 HaBEJICHI y KIITHHKaX MaTpHIl Ta

BUOMpPAIOTh MiHIMalbHE. SIKIIO OJHAKOBUX MiHIMAJbHUX 3HA4Y€Hb € KiJbKa, TO OepyThb
JOBLIBHE 3 HUX. TOJII B 110 KIITHHKY BHOCSTH MEHIIIE 3HAYCHHS OAHIET 3 IPOTYKTUBHOCTEH —
A; an B, sk 6asuchy 3minHy. [Ipydomy psaaku Ganancy oOCSIiB MOKIMBUX MEPEBE3CHD 3a

00MEKEHHIMU HpOI[yKTI/IBHOCTef/'I HAaBAHTAXyBaJIbHUX MalllUuH Ai Ta CTOBHI_IiB Bj —

NPOAYKTUBHOCTEH eNeBaTOPiB — MOPYIIeHI OyTH HE MOXYTbh. [HII KIITHHKH TPaHCIIOPTHOI
MaTpHUllli MOXKYTh OyTH 3alIOBHEHHUMH BUIbHUMHU 3MIHHUMH, TOOTO HYJISMH, Ta 3HAYCHHSIMU
JUTsL 3MIHHUX, 110 BUPIBHIOIOTH OalaHC.

[HIIi BiBHI KJIITMHKHM 3alOBHIOIOTH 32 TaKOK X Mporuenyporo. TyT TiIbKH BapTo
3a3HAYUTH, L0 KIJIBKICTh 3MIHHUX CTaHOBUTH nm , a KUIBKICTh Oa3HUCHHMX 3MIHHHX —
(n+m—1) i, Bizmoinro , BinbauX 3MiHEEX — (1M — (1 + m —1)).

[Tlicns 3amoBHEHHS BCIX KIITHHOK TPAHCHIOPTHOI MAaTpPHIl OTpPUMaHl 3HAYCHHS
HiICTaBJISIOTh y 3aJIeXkKHICTh (7) Ta OTPUMYIOTh JOIMYCTUMHUN PO3B’S30K, ajie CTBEPKYBaTH,
110 1I€ cCaM€ ONTUMAaJIbHE 3HAUEHHSI HEMOYKHA.

Hani cnigye mporenypa BiJIIyKaHHS ONTUMAJIBHOTO DILICHHS, MPUYOMY, SKIIO 32
TaKUM METOJIOM (PYYHOI MIJCTAaHOBKH) 3IMCHIOBATHU ITIO TIPOIIEAYPY, TO HACTYITHE 3HAWIEHE
pilieHHs MOXe OyTH KpaluMm, aje, 3HOBY K TaKH, HEe ONTUMaIbHUM. ToOTO, Ipu NpsMyBaHHI
TbOBOI (YHKIIT 10 MiHIMyMy NepeOHUparoTh BapiaHTH 3HA4YEHb 3 00JACTi JOMyCTUMHUX Ta
BCTAHOBIIIOIOTh MIHIMalbHE. 3 METOK 3HAaXO/PKEHHS ONTHUMAJIbHOIO 3HAYEHHS I[UIbOBOI
¢yHKUii UIA  TakuxX 3amad  JIHIHHOTO mporpaMyBaHHsS MOOYIOBaHI pI3HI METOAU
(po3moiapuMii, METO MOTEHIIaNiB Toilo). Bci BOHM B CBOiif OCHOBI MarOTh 0a30Bi 3acaau
CHUMILIEKC-METOy, Ji€ ONTHMajJbHE pIIIEHHS BH3HAYAETHCA MEepedOpOM BapiaHTIB TpHU
nepeBoIi OHIET 3 0a3UCHUX 3MIHHUX Y PO3PA/ BUIBHHX Ta, BIAMOBIIHO, HaBNaku. banganc npu
IIbOMY BUTPUMYETHCSI.

HageneHni npornenypu po3B’si3Ky ONTHMI3alliifHOI 3a/1a4i TPaHCIIOPTYBAHHS CHUIIKOTO
BaHTaXy 31 CKJIAIiB 10 eJeBaTOpiB JAIOTh PO3YMIHHS CaMoOro TpoIecy MOo0YyI0BU
ONTUMAJIBFHOTO MAapHIPYTy 3 BpPaxyBaHHAM 3aJaHUX oOMexeHb [4, 5]. Skmo KibKicTh
CKJIQ/IIB, €JIeBATOPiB, HAKJIAJICHUX OOMEKEHb € MIHIMaJbHOI, TO HECKIAJIHO TaKi pIICHHS
3HAaXOJUTH ONMMCAHUMHM BHILE MpoLeaypaMU. AJe 31 3pOCTaHHAM KIJIBKOCTI BXIIHUX JTaHUX Ta
oOMEXeHb Taki OOYMCIICHHS CTalOTh JIOCHTh TpyAoMicTkumu. IIpoTte 3amaui niHiHOTO
IpOrpaMyBaHHsI JOCUTh JIETKO MPOTrpaMyIOThCs 1 Ui KOMII'I0Tepa Mpolenypa nepedupanss
BapiaHTIB 3a 3aJaHUM QITOPUTMOM HE CKIQJae J>KOIHUX TpynHoctei. Tomy, BMmitoun
noOy/yBaTH ONTHMI3alliifHy 3a/ady, B JaHOMY BHIAJKy — MapIIPYTy MEPEBE3EHHS CHUIIKOIO
BaHTaXy, CaM ONTHMAaJbHUN PO3B 30K JOIIIBHO OTPUMYBATH 3 JJOIMIOMOTOI0 BUKOPUCTAHHS
KOMIT'FOTEPHOI TEXHIKM Ta Ha OCHOBI CKJIQZICHHX IHporpaM 4u BOYJOBaHUX MOJYJIIB
BIJITIOBIJTHOTO TIPOTPaMHOTO 3a0e3MeueHHs.

3ajgaul  JIIHIMHOTO mHporpaMyBaHHS MOKHA pPO3B’S3yBaTH MNP  BUKOPHCTaHHI
cTangapTHOi ogicHoi mporpamu Microsoft Excel. Tomy mis KOHKpeTHHX yMOB poOOTH
CKJIQJIIB Ta e€JeBaTOpiB, 1X B3a€EMHOTO PO3MIIIEHHS Ta BAapTOCTI OJUHHII TEPEeBE3CHHS
BaHTaXy MOOyIyeMO Ta pO3B’SHKEMO TPAHCIOPTHY 3ajgady, 1€ pe3ysibTatoM Oyje
BiJTHAXO/’)KEHHS ONTUMAaJIFHOTO MapuIpyTy nepeBe3enHs [7, 10].

BuxinHi [gaHi: TpPOMYKTHBHICTh HABAaHTAXYBAaJbHUX MamIMH ckiaaxy Nel —

A, =100 t/rom; ckmamy Ne 2 — 80 T/rox; eneBaropu, 3a MPOIMYCKHO 3[aTHICTIO CYIIAPOK,
IPOTATOM TOAWHH MOXYTh MpUiHATH 06csar Bantaxy: B, =40 t/ron; B, = 60 T1/rox;

B, = 60 1/rox; nuToma BapTicTh nepeBesenns ¢; (y.o./T ) Bka3aHa Ha puc. 2 i 3.
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LLykaHi 06'emn nepeseseHb, 1/rog MuToMa BapTiCTb NepeBeseHHs, y.o./T O6merKeHHA, T/rog,

x11 40 cll 5 Al 80
x12 40 cl2 8 A2 80
x13 0 cl3 7,3 B1 40
x21 0 c21 4,5 B2 60
x22 20 c22 6,5 B3 60
x23 60 c23 4

Llinboea dyHKUia Zmin, y.o. 890

Pucynok 2 — Pe3ynpTaTy pilieHHs ONTHMIi3aliiHOI 3aja4i IpH MiHIMaJbHIN BapTOCTI IIEPEBE3CHHAS

Ioicepeno: po3pobneno asmopamu

LWykani o6'emu nepesesers, T/roq MWTOMa BapTICTb Nepese3eHHa, y.0./T Q6memennn, T/ron

x11 40 cll 5 Al 100
x12 60 cl2 8 A2 60
x13 0 cl3 7,3 B1 40
x21 0 c21 4,5 B2 60
x22 0 c22 6,5 B3 60
x23 60 c23 4

LlinboBa dyHKUiA Zmax, y.o. 920

PucyHok 3 — Pe3ynbrary pilieHHs1 onTHMI3aniiHOI 3a/1a4i IPH MaKCUMaJIbHIA BapTOCTI IIepeBE3EHHS

Ioicepeno: pospobneno asmopamu

5 5

Ay U\ Az Ay YN\ A4
40 40

Bf 57

40 20

b, 5
7/ o)

a — BapiaHT NpHY MiHIMaIbHIA BapTOCTI MEPEBE3CHHS;
0 — mpu MakCUMaJbHiil BapTOCTI NepeBe3eHHS

Pucynok 4 — I'padiune 300paxkeHHs pe3yabTaTiB pO3paxyHKy ONTHUMI3aliiHOT 3a1aui
Loicepeno: pospobaeno agmopamu

BucHoBkn. TakuM 4YHWHOM, 3a MOOYIOBAHOK 3arajbHOK MAaTEMAaTHYHOK MOJCIUIIO
TPAHCIIOPTHOT 3ajadi Oy70 cOpMOBAHO TPAHCIIOPTHY MATPHUINIO JJIsi KOHKPETHOI 3amadi
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NepeBE3eHHS CUIIKOTO BaHTaXy 31 CKJIaJiB Ha eneBaTopu. HaBeneHa MeToauka I03BOJISIE
JIOCJTITHUKY TIPaBUJILHO HAKJIACTH OOMEKEHHS Ta 3alMcaTH BUPA3 MUIbOBOI (QYHKIIIT 3 METOIO
BIJTHAXO/DKEHHS ONTUMAJIFHOIO PillIeHHs. 3a MepIiuM BapiaHTOM PO3B’S3KYy ONTHUMI3aLiiHOT
3amaul (puc. 2) BCTAaHOBJICHI 3HAYEHHsS OOCSTIB TEpeBEe3eHb 31 CKIAIIB J0 BIIMOBITHUX
esnieBaTopiB (puc. 4, a): 31 ckinagy Nel mpoTsArom rofuH MOBUHHO OyTH BigBaHTaxeHo 40 T 10
eneBatopa Nel ta 40 T no eneBatopa Ne2; 31 ckimamgy Ne2 — 20 T mo enmeBaropa Ne2 ta 60 T 10
eneBatopa Ne3. 3a Takux yMOB BapTICTh NMEPEBE3CHHS BKazaHOro oOcsry BaHTaxy (160 T)
Oyzle MaTu HaMEHIITy BapTicTh 1 ckiazae 890 y.o.

3a apyrum, HaiinopoxuuM BapiaHToM (puc. 3), BapTicth ckiane 920 y.o. 1 Oyne
HacTynmHU# po3nonain (puc. 4,0): 31 cximamy Nel — 40 1 1o eneBatopa Nel ta 60 T 10 eneBaropa
Ne2; 31 ckmagy No2 — 60 1 o eneBatopa Ne3.

OTpumaBIIK Taki pe3yibTaTH, MOXKHA 3aBXKIU MPUMMATH MPaBWIbHE PIIICHHS, 1100
3a0€3MEUNUTH BHCOKY €KOHOMIYHY €(EeKTHBHICTb MEPEBI3HOTO Mpolecy y Oyab-skid ramysi
HapOJHOTO IrOCIOAAPCTBA.
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Justification of the optimal scheme of bulk cargo transportation during interaction of

different types of transport

In agricultural production technologies, a significant share in the cost of the final product belongs to
transport processes. Such operations include the transportation of bulk material, for example grain seeds from
warehouses to dryers on elevators with their subsequent storage. Since the volume of traffic is large, the task of
developing optimal routes is very relevant. The efficiency of its solution depends on the savings of the manufacturer.

The mathematical model of the transport problem was built in the work, on the basis of which a
transport matrix was formed for transporting bulk cargo from warehouses to elevators. A technique is presented.
It allows the researcher to correctly impose restrictions and write down the expression of the objective function
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in order to find the optimal solution. The essence of the problem is to determine the optimal route for
transporting grain material from warehouses to elevators at the lowest cost of the transport process. The
warehouses have a limited capacity of loading facilities in their interaction with trucks and taken into account the
ability to take certain volumes of cargo by elevators, which are limited by the capacity of dryers. The problem of
linear programming is solved using the Microsoft Excel program, where solutions for the best and worst
transportation options are obtained when taking into account the restrictions imposed.

According to the constructed general mathematical model of the transport problem, a transport matrix
was formed for a specific task of transporting bulk cargo from warehouses to elevators. As a result of the
solutions, two solutions were obtained. According to the first option of solving the optimization problem, the
values of the volume of transportation from warehouses to the corresponding elevators are established: from
warehouse No. 1, 40 tons should be shipped within hours to elevator No. 1 and 40 tons to elevator No. 2; from
warehouse No. 2 — 20 tons to elevator No. 2 and 60 tons to elevator No. 3. Under such conditions, the cost of
transportation of the specified volume of cargo (160 tons) will have the lowest cost and will be 890 standard units.

According to the second, the most expensive option, the cost of transportation will be 920 standard units
and there will be the following distribution: from warehouse No. 1 — 40 tons to elevator No. 1 and 60 tons to
elevator No. 2; from warehouse No. 2 — 60 tons to elevator No. 3.

Having received such results, you can always make the right decision to ensure high economic
efficiency of the transportation process in any branch of the national economy.
transport problem, bulk cargo, warehouse, elevator, productivity, interaction, loading facility, truck,
grain material, objective function, limitation
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VYpaBiiHHS JaHIIOTaMM TIOCTa4aHHS — aHali3 1 OIlIHKa
MOJIeJIel 1 METOIiB

B ymoBax BeneHHsi Gi3Hecy, siKi HOCTIHHO 3MIHIOIOTHCS, BUHMKAE rorpeda B ajanraiii iCHyro4uXx i
CTBOPCHHI HOBHX MEXaHI3MiB y JIOTICTHIII.

Y po06oTi BUKOHAHO OISR MOAeied, METOMIB 1 KOHIEMNIiH, sIKi BHKOPHUCTOBYIOTECS MIPU YIpaBIIiHHI
JIAHIIOTaMH TIOCTa4aHHsI B Cy4aCHHX yMoBaX. [IpONOHYETHCS yMOBHO PO3JUTUTH MOJEI Ta METOIM JIOTICTUKH
Ha 3araJbHOHAYKOBI Ta CIIEIialIbHi, KOTPi BUKOPUCTOBYIOTHCS IIPH 00’ €KTHOMY Ta IPOIIECHOMY MOZICIIOBAHHI.

BusBneHO 0cOOMMBOCTI BUKOPHUCTAaHHA PI3HUX MOJENei 1 METOIIB y MpOIleci yIpaBIiHHS JIAHITIOTaMU
MOCTAYaHHsI, 110 JO3BOJKIO 3alpONOHYBAaTH iX MOALI HAa JBa OJIOKH: IUIAHYBAHHS JIAHIIOTIB MOCTAYaHHS Ta
BUKOHAHHS JIAHIIOTIB TIOCTA4YaHHS y MIOTOYHUH MOMEHT. 3’COBaHO, 1[0 ONTHMAaIbHUM BapiaHTOM PEryJIFOBaHHS
JIAHIIOTIB TIOCTaYaHHS € MYJIbTHMOJNANBHUHN MiIXi, SIKUH a€ MOXKJIMBICTh 3HU3UTH BHTPATH Ta ONTHMI3yBaTH
KUTBKICTh YYaCHHKIB.

BukoHaHO MOPIBHAUIBHUM aHATI3 aHATITHYHUX METOMIB 1 METOY MOJICIIOBAHHS JIAHIIFOTIB MOCTAYaHHS,
BCTaHOBJIGHO iX IepeBard Ta HeNOoJiKW. BH3HaueHo, 10 Cy4YacHMMH TEHISHLIAMH € iHpopMaTh3alis
JIOTICTUYHHX TPOIIECiB, BIPOBAKECHHS TEXHOJIOTil OJOKYEHH, MO CTBOPIOE iH(pOpMaIiiHy Ta OLIBII MPO30pYy
MOJIEJTb B3a€MOJIIT Ha BCiX PIBHSX MTOCTAYaHHSI.

Po3risiHyTO HOBHMH HampsSMOK y JIOTICTHII — «3€JICHUI» JIOTICTHYHUI PEIHXHMHIPUHT SIK Takui, M0
BIUIMBA€ Ha BECh JIOTICTUYHHI JIAHIIOKOK IMIAIPHUEMCTBA 1 CHpPHUSE 3HIKCHHIO BUTpPAT 1 IiIBHIICHHIO
e(eKTUBHOCTI BeJIeHHA Oi3HEC-TIPOIIECiB.

YOPpaBJIiHHS JAHUIOTaMH MOCTAYAHHSA, JOTICTHKA, IVIAHYBAHHS JAHIIOTIB MOCTAYaHHs, MOJeJi i MeToau,
undpoBi TexHoJorii

© 0.C. Xauarypsis, 2023
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IMocTanoBka npodaemu. KoHKypeHTO3IaTHICTh MIAMPUEMCTBA Ta MOTO MPUOYTOK HA
PUHKY 3ajJeXaTh Bij OaraTboX 4YMHHHUKIB. Ha mepmuii mmaH Hapas3l BUXOISATH JI€TalbHE
BUBUCHHS Ta ONPALIOBaHHS JIAHIIOTIB TIOCTA4aHHsS, CTBOPEHHS JOJAaTKOBOi BapTOCTiI Ta
€KOCHCTeMa BUPOOHHMIITBA B IIJIOMY, TOMY KOHIICTIIIiSl YIIPaBJIIHHS JIAHIFOTAMH TTOCTa4aHHS
[IMPOKO BHUKOPUCTOBYETHCS AJISi OTPUMAHHS JIITUPYIOUUX MO3UIINA HA PUHKY. Y 3arajJbHOMY
pO3yMiHHI TIiJ YMPaBIIHHIM JIAHIIOTAMH  TOCTA4aHHS PO3YMIIOTH  BIPOBAKEHHS
JIOTICTUYHUX Oi3HEC-MPOIECiB, SKi BiAOYBAaIOThCS 3 MOMEHTY BHUPOOHUIITBA MPOIYKIIi IO
npuaAOaHHs KIHIIEBUM CIIOKMBA4YEeM 1 OXOIUTIOIOTH yCiX KOHTPAreHTIB, SKI HAJAalOTh TOBapH,
HOCIYTH Ta iH(opMaIliio, o A0a€ IIHHOCTI JuId croxuBaya [1].

AHaJi3 OCHOBHMX J0CJiAKeHb i nmybJikaniii. B octanniil yac y HayKoBiii jiTeparypi
NPUIUISEThCS 3HAYHA yBara JIOTICTUYHAM MOJIENISIM 1 METOJaM YIPAaBIIiHHS JIAHIIOTaMHU
MOCTAYaHHS SIK BaXJIMBOI CKJIQJI0BOT YaCTHHU CHCTEMHU YTPABIIHHS MiAMPUEMCTBOM. AHaII3
pOOIT BITUM3HSHUX 1 3apyODKHUX YUYEHHX, SIKI BHCBITIIOIOTH NMPOOJIEMH CTaHOBJICHHS Ta
PO3BUTKY JIOTICTHKH H, 30KpeMa, MOJICITFOBAaHHS JIAHIIIOTIB TIOCTAYaHHS CBi4aTh, III0 OCHOBHI
TEOPETUYHI Ta TMPAKTHYHI AaCMeKTH YIPABIiHHS JAHIIOTAMH IOCTA4aHHS B JIOTICTHYHIN
CHCTEMI € OCHOBOIO MIJIBUIIEHHS €(PEKTUBHOCTI (PYHKIIOHYBaHHS MiANpueMcTB. [Ipu oMy
0COOJIMBO CYTTEBHM Y YIIPABIIHHI JAHIIOTaMHU MTOCTAYaHHSI € MPABHJIBHUM BUO1P MEXaHI3MIB 1
METO/IIB MEXaHI3MIB yIpaBIiHHA. Y JTOCTIKCHH] [2] BUKOHAHO aHaI3 ICHYIOUHX TX0IB 10
dbopmyBaHHS  TPHOYTKOBMX  MEXaHI3MIB  KEPYBaHHS JIAHIFOTAMH  TIOCTavyaHHA |
apryMEeHTOBAaHO BUKOPUCTAHHS TaKOT'O IHCTPYMEHTY PO3BUTKY €KOHOMIYHOIO MEXaHI3My
KEepYBaHHs JIAHLIOTAMHU I[IOCTaYyaHHS, KOTPUN HampaBieHW Ha 3pOCTaHHS [1€BOCTI I
e(EeKTUBHOCTI JIOTICTUYHOTO YIIPaBIiHHSA 1 Oi3HEC-TpoleciB y JoricTumi. bescymHIBHUN
iHTEepec fABIsge€ co00K pPOOOTa, IO MPHUCBSUYEHA PO3POOJIECHHIO MEXaHi3MIB KepyBaHHS
JIAHILIOTAMH TTOCTA4YaHHS IMiIIPUEMCTB YKpaiHU B KOHTEKCTI CTajIoro po3BUTKy [3,15].

VY neHtpi yBaru Takux 3apyOibkHUX HaykoBliB, sk Kaptep K., Icton P., Pomxkepc .
[4, 5], Bimessmcon O. [6] Ta IHIIMX 3HAXOAATHCS THTAHHSA MiIBUIICHHS €()EKTUBHOCTI
JAHIIOTIB TIOCTa4aHHs Ta KEPyBaHHS JIOTICTUYHOIO CKIIAJOBOIO JISITBHOCTI MMiIPHEMCTB.
3HayeHHs1 3alpOBaPKEHHS B YIPABIiHHS JIAHIFOTAMH TIOCTauyaHHS HOBITHIX MoJenen 1
METOJIIB JIOCHI/DKYIOTbC B po0OOTax Takux BYeHHX, SK ApnOhopn ., Xaac T,
Mymnxkcraapa K. [7], I'peiis C. [8] 1 iHmmx. Y Toii ke yac, Ha CbOTOHI iCHY€ moTpeda Oi3Hecy
B aHajii3i Ta OCMHCIEHHI MOXIUBOCTEH, Kl Nepel] HUMHU BIIKPUBAIOTH HOBI MOJEN Ta
METOJIM JIOTICTUYHOI AisuTbHOCTI. Taki Bimomi B CBiTI kKopmopartii, sik Adidas, Amazon, DHL,
UPS BkJ1a1ar0Th 3HaUH1 KOIITH Y JOCIIIKEHHS IHHOBAIIIMHUX JIOTICTUYHHUX MOJIeseH 1 MeTO/IB.

Taxum urHOM, aHaIi3 HAyKOBOI JITEpaTypu T03BOJIUB 3pOOUTH BUCHOBOK IPO T€, IO
HU3Ka MUTaHb, SIKI CTOCYIOThCSI ()OPMYBaHHSI CUCTEMH JIOTICTHKHU MIAMPUEMCTB TOCTIIHKEHO
HEJOCTaTHRO. Majio yBaru MPpUAUICHO aHANi3y Ta OIHIN MOJENCH, METOMIB 1 KOHIEMIIii
VOpaBIiHHS JIAHLIOTaMU TIOCTa4aHHs Ta po3poOli Ha iX OCHOBI NPOMO3MINHM 11010
ONTUMATIFHOTO MiXOY 0 PETYJIIOBAHHS JIAHIIOTIB TOCTAYaHHS.

IlocTanoBka 3aBaaHHsl. BUKOHATH aHANITUYHY OINHKY MOJENEH, METOMIB 1
KOHIIEMIIi}, SKi BUKOPUCTOBYIOTHCS TMPH YMPaBIiHHI JAHIFOTAMHU TIOCTAYaHHS B CYYaCHUX
yMOBax 1 Ha il OCHOB1 OOTPYHTYBaTH ONITUMAJIBHUH MIAX1T IO PETYITFOBAHHS JIAHITIOTIB TIOCTaYaHHSI.

Bukiiax ocHOBHOro Marepiajy. Y3araJdbHHUBIIM HAKOMUYEHUH MJOCBiJl, MOXKHA
YMOBHO PO3IUTATA MOJEII Ta METOAHW, 1[0 BHUKOPUCTOBYIOTHCS B JIOTICTHIN, Ha
3aralbHOHAYKOBI Ta criemianbHi (puc. 1).
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Mogerni Ta METOIH B

JIOTICTHL
3aragpHOHAYKOBI CroemianeHi
MOJIENI Ta METOIN MOJIEJ Ta METOIH
Mouneni Ta METOOH Mogeni Ta METOIH
KepyBaHHS 00’ €KTaMU KepyBaHHS
JIOTICTUYHOT JIOTICTUYHHAMUA
iHppacTpyKTYypH MMOTOKaMH Ta Ipoliecam

Pucynok 1 — Moperi Ta METOIU B JIOTICTHIT
Joicepeno: pospobneno asmopom

Jlo 3araqbHOHAYKOBHUX MOJEJEH 1 METOJIB BiTHOCATHCS 1HCTPYMEHTH MOJIETIOBAHHA,
KOTpl MOXHa €(EKTUBHO BHKOPHCTOBYBATH HE TIIBKH B JIOTICTHII, aje ¥ B 1HIIMX Tamy3sx
HAYKOBOi Ta MpakTU4YHOI [ismbHOCTI. Jlo cmemianbHUX Mofeneid 1 METOIiB HalekaTh
IHCTPYMEHTH MOJICTIIOBaHHS, KOTp1 po3poOieHi Ta e(EeKTHBHO BUKOPHUCTOBYIOTHCS TSI
PO3B’sI3aHHS JIOTICTUYHUX 33/]a4, TAKUX SIK:

- 331241 yIpaBIiHAA 00’ €KTaMH JIOTICTHYHOI 1HPPACTPYKTYpH (00’ €KTHE MOICITIOBAHHS);

- 337141 YIPaBJIiHHS JOTICTUYHIMH [TOTOKAMH Ta MPoLecaMu (IPOLIECHE MOJICITIOBAHHS ).

VYrpaBniHHA JIAHIIOTAaMH TIOCTaYaHHS TaKOXX MOXKHAa €(QEKTUBHO 3I1HCHIOBATH,
BUKOPUCTOBYIOUM PI3HOMaHITHI Mozeni Ta Meroau. Kopucryrounch HaBelneHOK Ha puc. 1
Kiacuikaiiero CremiaTbHUX MOJENeH 1 METOMIB, SKi BUKOPHUCTOBYIOTHCS B JIOTICTHII,
PO3IIISTHEMO MiAXiA O YNPaBJIiHHS JIAaHIFOTaMH MOCTa4yaHHS Yepe3 00’€KTHE Ta MpOLECHE
MO/ICITFOBAHHSI.

O06’exTamMy ynpaBiiHHA B JIAHIFOTaxX MMOCTayaHHA € 1HQPACTPyKTypHI 00’€KTH, KOTpi
HAJIal0Th CBOT pecypcH Uisl 3/11HCHEHHS TOCTavyaHHs BiJl TOYaTKOBOTO MOCTavyalbHUKA (Yepes
ycli cTajiii BUpOOHUYOT0 MPOIIeCy) A0 KIHIIEBOTO CIOXKHBAYA.

JloricTU4HI TOTOKH TPAIUIIIIHO MOAUISIOTHCS Ha TIOTOKH:

- TOBapHO-MaTepialbHUX IIHHOCTEH — MaTepiaibHUH MOTIK;

- iHopMariii — iHpopMaLiHHUHI MOTIK;

- (piHaHCiB — (h1HAHCOBHIA MOTIK.

JloricTU4HI MPOIECH B JIAHIIOTaX MMOCTAYaHHS BH3HAYAIOTHCS ETAIHICTIO MPOCYBAHHS
TOBapHO-MaTepialbHUX IIHHOCTEH 1 CymyTHIX 1H(OpMaliiHUX 1 (PIHAHCOBUX MOTOKIB BiJl
MOYaTKOBOTO MMOCTaYaIbHUKA /IO KIHIIEBOTO CIIOYKUBAYa.

VYrpaBiaiHHA JIQHIFOTaMU [OCTA4YaHHS 3J1HCHIOETBCS HAa OCHOBI BMKOPHCTaHHS SK
3aralbHOHAYKOBUX, TaK 1 CHEMialbHUX MoOAeNeld 1 MeTomiB y Jjorictumi. Posrisaemo
JOKJIATHO OCOOJIMBOCTI BUKOPUCTAHHS PI3HUX MOJENed 1 METOJIB Y MpOIEeCl yIpaBiiHHS
JIAHIIOTAMH TTOCTAYaHHSI.

Mogeni Ta METOAM YIIPaBIiHHS JIAHIIOTAMH ITOCTAYaHHS MOYKHAa YMOBHO PO3IUTUTH Ha
nBa OJI0KH (puc. 2).

Ha npaktuni edexktuBHEe ympaBiiHHS JIaHLIOTaMU TOCTA4aHHS BiJIOyBaeTbCs 3a
JIOTIOMOTOI0 BHKOPHCTAaHHS KOMOIHOBaHMX Mojeneil 1 metoxiB. Hapasi BHIUIAIOTE HHU3KY
KOHIIEMIIii1, METO/IIB 1 IHCTPYMEHTIB yIpPaBIiHHS JIaHLIOTaMu TocTayanHs (Tabi. 1).
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HJ'IaHYBaHHSI J'IaHI_IIOFiB IHoCTadyaHHsA

BuKOHAHHS JIAHLIOTIB [IOCTAYaHHS B
HOTOYHUI MOMEHT

Cknaganns rpadikie y CRM-cucremi

Cucrema ynpaBiiHHS IEpeBE3CHHIMU

BupoOHuunii utan |

Cxiaga"as
€KOHOMIYHO
BHUT1IHOIO

MapipyTy

Bincminko-
BYBaHHS
pyxy
BAHTAXIB

Bubip
BHeceHHs MPOTHO3HUX MO3MIIIN Y ONTHUMAJIb-
IJIaH BUPOOHUIITBA HOr'o BULy
MepeBe3eH-
HS
3aMOBJICHHST KOMITIEKTYIOUHX 3

TPUBAIAM TEPMiHOM MOCTaYaHHS

CucreMa ynpaBIiHHS CKJIQAyBaHHAM

Cucrema KOHTPOJIIO BUACHOTO -
BHKOHAHHS [IOCTAB/ICHHX 32714 Kontpons Ouinka IHBGHT'a- [NakyBa-
HaTOBHe- CKJIaJICh- pu3artis HHS Ta
HOCTI KHUX MapKyBa-
O1iHKa IKOCTI BUKOHAHMX 3a1a4 CKJIaJICh- 3aracis HHSA
KHX MiCIIb

Cucrema JUIsl yIpaBJIiHHS 3aMOBJICHHIMHU

HassHictes BHyTpimHK01 ERP-ccTemMn

®opmyBaHHS 3aMOBJICHb
Ha IPOAYKIIItO, 1110
HaJXOUTh

Pucynox 2 — Mogeni Ta MeTou YIpaBJIiHHS JaHIIOTAMA TIOCTaYaHHS
Locepeno: pospobaeno agmopom

Tabmuus 1 — Konnenuii, MeToau Ta iHCTPYMEHTH YIPaBIiHHS JaHLIOTAaMH TOCTAYaHHS

Ne Hazsa KopoTtka xapakrepucTuka
1 2
ECR (Efficient l'onoBHa yBara OPUIIIAETHCS O§CHyFOByBaHHm '
1 CIOKMBaya, BCl KOHTPAreHTH JIAHIIOT1B OCTaYaHHS JII0Th
Consumer Response) .
B IHTEpecax CIoKMBaya
VMI (Vendor Managed UOCTaqanLHHK (BI/Ip06HI:IK MPOAYKIIiT) 3000B’I3aHUI
2 Inventory) TIATPUMYBATH CTPAXOBHIA 3a11aC HA CBOEMY BIIACHOMY
CKJIa/ll Ta y CIIO’KHMBaya
CRP (Continuous ToBapooOir Mix MOCTaYaIbHUKOM 1 TOPTiBEIILHUM
3 Replenishment MPEACTAaBHUKOM IMOBHHEH Oe3MepepBHO (DYHKITIOHYBATH HA
Planning) MOCTiNHII OCHOBI
4 FM (Forecasting Jlanuii MeTo OpPIEHTYETHCS HA BUKOPUCTAHHS MPOTHO3HUX
Methods) MOJIeTICH: TPEH/IB, IHTEPBAIBHOTO IPOTHO3Y Ta MOAH
Oco0OnuBa yBara npuAiIS€ThCs BUOOPY MOCTayaIbHUKA,
5 SV (Select Vendors) PO3TIIAIAIOTHCS TaKi KPUTEPIi, IK HAAIHHICTb, SIKICTh, I[iHA
Ta TePMiH OCTAYaHHS

201




ISSN 2664-262X Central Ukrainian Scientific Bulletin. Technical Sciences. 2023. Col.8(39), Part I

[TponosskenHs Tabmuti 1

1 2 3
6 GT (Game Theory) MonenrorThCs MOKITUBI BapiaHTH IMOBEAIHKH CIIOKUBAYa B
YMOBaX HEBU3HAYCHOTO MOIUTY
3po0IieHo HAroIoC Ha MiHIMi3allif0 BUTPAT, TOMY Ha OCHOBI
aHaJi3y BUSBIAIOTH OMepallii, KOTpi MOXKYTh OyTH
nepenadiumMu Ha Outsource
Jns peanizanii NPUHIUITY TOCTaBKH «TOYHO CBOEYACHOY
8 JIT (Just in Time) ONITUMI3YIOThCS BC1 BUTPATH 3 MOKJIMBICTIO BUKOPUCTAHHS
peCypCiB CTOPOHHIX OpraHizaiiit
Y Mozeni CTBOPIOETHCSI MATPHILS, B AKIH pecypcu

MBM (Make or Buy
Model)

9 ABC-costing .
PAHKYIOThCS 33 CTYIICHEM BUKOPUCTAHHS Ta BAYJIMBOCTI
10 CRM (Customer BukopucTtoByeTbest iHpoOpMaIiiiiHa cucTema, B sSKii
Relations Management) MICTSTHCS JaHHI MIOJI0 MOKYMITIB

BUKOpPUCTOBYETHCSI MOJIEIIIOBaHHSI MOKJIMBUX BapiaHTIB
PYXy MaTepiaJibHUX NOTOKIB Y JIOTICTHII
Jlana Mo/ienTb Ma€ Ha yBa3l MUTTEBE pearyBaHHs Ha 3MiHHU B
yMOBax 1 TepMiHaX MOCTauyaHHs, BUKOPUCTOBYIOUYH B POOOTI
TEXHOJIOT11 €JISKTPOHHOTO JOKyMEHTOOOITY Ta
MOHITOPUHTY
Monens BCIOAM 3aMpOBaIKy€EThCS B JIOTICTUYHI MTPOLIECH,
TQM (Total Quality CUCTEeMa YIPAaBIIiHHS SKICTIO POHUKAE B yCi chepu
Management) JIOTICTUKH, CIPUSAIOUN YHi(iKallii Ta KOOpAUHAIllT TPOIECiB
Y BCIX 1HCTaHIIISAX
BnpoBamxyeTbest peiHXKUHIPUHT 1 BIIOCKOHATIOIOTHCS
O13HEC-TIPOIIECH, YIIPABIIHHI MaTepiaIbHUMH TOTOKAMHU
BUOYIOBY€THCSI HA OCHOBI MOKPAIICHUX aJITOPUTMIB 3 yciMa
KOHTpAareHTaMM Ta Y9aCHHUKaMH JIAHIIOTa MOCTaYaHHs
Mosens BUKOPUCTOBYE TOHATTSI CTPAXOBOT'O 3ariacy,
IMM (Inventory CHCTEMa aBTOMATUYHO PO3PAaXOBY€ BUZHAUCHUN 3amac
Management Models) KOMITOHEHTIB, K1 HEOOX1H1 JJIsi BUPOOHUIITBA,
BPAaXOBYIOUH Yac BiJJBAHTAKCHHS MUHYJIMX 3aMOBJICHb
IDicepeno: pospobneno asmopom na ocroéi [9, 10, 11, 12]

11 CutyauiiitHuii anamis

12 | QR (Quick Response)

13

14 SCOR-Mmopem

15

Ha namry nymKy, auist peryJiioBaHHS JIAHIIIOTIB IIOCTa4aHHsI ONITUMAJIbHAM BapiaHTOM €
MYJbTUMOJATBHAN TIAXIA, KU JOTOMAarae 3HU3UTH BUTPATH Ta ONTHMI3YBaTH KUIbKICTb
ydacHUKiB. OpHak, HEMO)XHa 3a0yBaTW MpO aHAJIITUYHI METOAM, MOJEIIOBAaHHI Ta
NPOEKTYBAaHHS MaTepiaibHUX TMOTOKIB. MyJIbTUMOAANBHUNA MiIXi [0 peryJIrOBaHHS
JIQHITIOTIB MOCTaYaHHs MICTHTH [13]:

- aHaJIi3 MOKa3HUKA TOUYKH 0€330MTKOBOCTI (HyJIHOBOI TOUKH);

- METOJ1 CKOPOUEHHSI Mepesxi (30cepe/keHHs Ha (hopMyBaHHI MPOLIECIB HA O/IHIN TOYI);

- MOJICJTFOBaHHS MOKJIMBUX PU3UKIB;

- aHaJi3 PUHKY, BaJIOTHUX KypCiB, EKOHOMIYHHUX CUTYyAaIli}.

3acTocyBaHHsS aHANITUYHUX METOJIB €(PEKTUBHO NPU BUKOPUCTAHHI MiHIMAIbHOI
iH(dopmaii. J[aHi METOIM YacTO BUKOPUCTOBYIOTHCA I MOJETIOBAHHS PI3HUX CUTYyallli Ha
PUHKY Ta OI[IHKM MOXJIMBOCTI BBEICHHS HOBUX (DYHKIIIH Y KOPOTKOCTPOKOBIH MEPCIEKTHUBI.
Y HHMX BUKOPUCTOBYIOTbCS MaTeMaTH4HI Mozeni, ¢Gopmynd, rpadikd, a TaKoX IHIII
JIOTIOMIXKHI IHCTPYMEHTH JUIS BUPILICHHS MOCTaBlIeHHUX 3a1ad. OauH 3 HeOaratboX MiHYCIB
aHAJIITUYHUX METOIB — HEMOXJIUBICTh BpPaXyBaTH BC1 YUHHUKH, KOTP1 3/1HCHIOIOTH BILJIMB Ha
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€KOHOMIYHY CUTYallil0, TOMY MOJIeJIi CTBOPIOIOTHCA Il POOOTH B iI€aIbHUX YMOBAX, IKUX Ha
MPAKTHII TOCSITTH MPAKTUYHO HEMOXKIIUBO.

Metox MojeIOBaHHS JI03BOJISIE BpPAaxoBYBaTHU cHenM(piKy Ta KOMIIOHEHTH BCiX
€JIEMEHTIB JIAHIIIOTIB TIOCTayaHHsA. BiH BHUKOPHUCTOBYETHCS U1l MOOYMOBU Bi3yalli3aIliiHUX
MoJjielnel, 106 OyJio 3pyuHilie po3risAaTi Bech Mpolec noctadyanHs. Takox y naHiil mojeni
MOXXKHa JIeTai3yBaTH KOXXHUU TIporiec. Y TOPIBHSHHI 3 aHAJTITUYHUMH METOJAaMH, METOJ]
MOJICJIIOBAHHSI BpaxoBye Habarato Oinpiie YuHHMKIB. OnHak, 4uM OuIbllle MOJEINb
JieTaai30BaHa, TUM OUTBIII TPOMI3IKOIO Ta CKJIATHOIO BOHA CTAa€ JJIs po3yMiHH:A [14].

HemoxmBO He BIAMITHTH Cy4acHy TEHACHLIIO A0 iHpopmaru3aiii, B JIOTICTHYHI
MPOIIECH BKOPIHIOIOTHCS TEXHOJOTIi OJIOKUelH, SKi MamTh Ha YyBa3l CTBOPECHHS
iHpopMaliifHoi Ta OLIbLI MPO30pOi MOJEN B3aEMOAIl Ha BCIX PIBHAX IOCTayaHHS. Y
JIAHIFOTax MOCTa4aHHS MPUIMAalOTh y4acTh TaKi KOHTPAreHTH:

1) mocrayanbHUK;

2) BUPOOHUK;

3) cioxxuBay;

4) nuctpu6d’r0TOp;

5) po3apiOHI TOProBIIi.

Vi KOHTpareHTH MOXKYTh BHOCHUTH W pPOOWUTH 3aMITKH IIOJ0 TIPOIECIB, SKi
BiZIOYyBalOTbCSI 3 BaHTaXeM. BuKopucTaHHs OJOKYEHH-TEXHOJOTIM Jomomarae CTBOPHTH
KOKHOMY TOBapy YHIKaJIbHUN KOJ y CHCTEMI, a MpaBa Ha peJaryBaHHs CTaTyCy JaHOTO
BAaHTAXy € TUIBKM Yy YYaCHMKIB JIQHIIOTIB IMOCTAa4aHHSA. Y KOXKHOTO y4YacHHKa JIAHIIIOTIB
MOCTA4YaHHS TaKOX € Tpodiib, y SKOMY MICTHUTBCS 1H(OpMAIlis BIAHOCHO KOHTPAreHTa,
cepTudikaTiB, J03BOJIIB, KOHTAKTIB. Y BIJIKPUTOMY JIOCTYINi BHCBITIIOETbCS HE BCSA
1H(opMartis o0 mpodiIr0, MOKHA BCTAHOBUTH OOMEKEHHS Ha TEePerJisi, aine cepTudikaTh
Ta JI03BOJIH 3aBXKIH 3aJIUIIATHCS BUIUMHUMU ISl BCIX YYACHHUKIB JIQHIIOTa TOCTaYaHHS.

[Ipoext e-ECD (eBpomeicChkuii €IEKTPOHHUM CcepTU(]IKAT OUYMINECHHS) € HOBUM
NPIOPUTETHUM HANPSAMKOM Y PO3BUTKY HU(PPOBHUX JOTICTUYHUX MPOLECIB. 3aBISKU JaHOMY
MPOEKTY Oye BiAOYyBaTHCS CKOPOUCHHS KUIBKOCTI «YOPHHUX» CIHUCKIB MEPEBI3HUKIB, K1 HE
BUKOHYIOTh CBOi 3000B’sI3aHHs Mepej KOHTpareHTaMu. J{ocTynHicTh 10 JaHuX cepTugikaTiB
MOJIETIITY€E ISl TTOCTAaYalIbHUKIB TOIITYK KOHTpPAareHTa, MOXYyTh OyTH BHAUICHI TpedepeHii
JUIS YYaCHMKIB 3 JaHUM CepTU(DIKATOM.

Bapro posrmsaytn minargopmy Cargo Stream, sika BUKOHY€E (DYHKIIIIO arperaropa
JoricTHYHUX omepauid. [lanuii cepBic Jomomarae BHOpPAaTH ONTUMAJBHUN MapLIpyT
NepeBe3eHHs, BPaXxOBYIOUM BCi MOTpeOM 3amMoOBHMKA. TakoK Ha CKIagaxX aKyMYJIOIOThCS
TOBApH, 100 3HU3UTH BAPTICTh JIOTICTUYHUX MOCIYT. MyJIbTUMOAIbHI NIEPEBE3CHHS MAIOTh
OUTBIITY 3HAYUMICTBH JIJI1 EKOHOMII.

HoBuM HanpsiMKOM Yy JIOTICTHIII € «3€JICHUI» JOTICTUYHUN PEIHKUHIPUHT, KUl Oye
BIUIMBATH Ha BECh JIOTICTHYHUM JIAaHIIOKOK MiAnpueMcTBa. PaHilie BBa)kanoch, 10 JaHUMN
npolec 3aiMaeTbCs TUIBKM EKOJIOTIYHMM IUTAHHSAM, allé METojA cebe 3apeKOMEHIyBaB 3
TOYKH 30py 3HWKEHHS BHUTpAT 1 €(PEKTHBHOCTI BeACHHs Oi3Hec-mporieciB. Hampukiazn, yce
YacTille CTajJl BUKOPHCTOBYBATH TEXHOJIOTII0 BUKOPHUCTaHHSA 0araTopa3oBUX KOHTEHHEPIB,
IO TpPU3BENO 0 3HWKEHHS BUTpaT Ha yTwiizanio Tapu. IlocTymoBo BHpOBaKyeThCS
nporpaMa «HyJIbOBUX BIJIXOJiB», IO JTO3BOJISE B MEPCHEKTUBI BUKOPUCTOBYBATH MOBTOPHO
MaTepiayii A MajiBa, YIMaKOBKM Ta IHIMX pecypciB. J[o IHIMMX iHIIATHUB «3€JICHOTO»
PEIHKUHIPUHTY BITHOCATH TaKi:

- MM IBUIICHHS €)EKTUBHOCTI ITEPEBE3CHb;

- IOKPAIIEeHHS JOTICTUYHUX OMNepariii;

- OaraTopas3oBa yIaKoBKa;

- yHi(biKOBaHHI MeXaHi13M BUOOPY CHPOBHHHU.
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Ha anb, TEXHOJNOTiS «3€JICHOro» PeIHKUHIPUHTY Mall0 BUKOPHUCTOBYETHCS Ha
tepuTopii YKpaiHu. BiapIIicTh MANPUEMCTB BOAYAOTh Yy TMOMIOHWUX TEXHOJOTISIX TUIBKH
3pOCTaHHS BUTpAT 0€3 MOAaJIbIINX MEPCIEKTUB.

BucHoBku. 1.Y MIHIMBHX yMOBaX BeJeHHs OI3HECYy HarajabHOIO € TMOoTpeda B
ajanTaiii iCHylOYHX 1 CTBOPEHHI HOBUX MEXaHI3MiB Y JIOTICTHII

2. Buznaueno, mo BuOIp 1 3ampoBa/DKCHHS Ha TPAKTUINl Oyab-AKOi OmHI€l
yHIBEepCcalbHOI MOl YM METOHYy aJMiHICTPYBAaHHS JIAHIIOTIB MOCTa4aHHS € JIOCTaTHbO
CKJIAJTHUM 1 HE 3aBXIH €(PEKTUBHUM.

2. [lepeBaxkHa OUIBLIICTD MIANPUEMCTB BHKOPHCTOBYIOTH CKJIaJHI TiOpHIHI MoJe,
3aCHOBaHI Ha KOMOIHaIii Mojenel 1 METOMIB, SKI BIMOOPaXyrOTh MOEAHAHHS KIACHYHUX 1
IHHOBAIIMHUX MiIXOIB JUIs PO3B’A3aHHS PI3HOMAaHITHUX Oi3Hec-3a1ad.

4. HaitOu1bIl akTyajbHOIO MOJIEJUTIO JIJIsSI BIIHOBIICHHS INTATHOTO PEXUMY pPOOOTH
JaHIoriB moctayaHHs € monaenb Quick Response, sika mepenbayae MUTTEBe pearyBaHHs Ha
3MIHK B YMOBax 1 TEpMIHAaXx IIOCTa4aHHS, BHUKOPHUCTOBYIOYHM B POOOTI TEXHOJIOTIT
€JIEKTPOHHOI'0 JIOKYyMEHTO00IT'y Ta MOHITOPUHTY.
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A study of models and methods of supply chain management was conducted. In an ever changing
business conditions, the need has been identified for adapting existing and creating new mechanisms in logical
stick.

An overview is presented and an analytical assessment of models, methods and concepts used in supply chain
management in modern conditions. Generalization of the experience of leading experts made it possible to
conditionally divide the models and methods used in logistics into general scientific and special ones.

Special models and methods are modeling tools that are designed and effectively applied to solving
such logistics problems as problems of managing logistics infrastructure objects (object modeling) and tasks of
managing logistics flows and processes (process modeling). The optimal approach to supply chain regulation is
substantiated.

The most current model for restoration the normal mode of operation of supply chains is the Quick
Response model, which is based on immediate action taken when delivery dates change; the model is being
implemented into digital platforms to actively track cargo status and possible delays. In conditions of lack of
information, it is proposed to use analytical methods, including mathematical models, and various auxiliary tools
for solving assigned problems.

The prospects for applying a multimodal approach to the regulation of supply chains, «green» logistics
reengineering, models and methods of supply chain management based on the introduction of digital
technologies: block chain, as well as the creation of an information platform in which the main objects of supply
chains will be involved are explored. A draft European electronic certificate is being considered cleaning,
designed to reduce the time costs of finding logistics operators; digital Cargo Stream platform, which is an
aggregator for ordering logistics services. The key features of «green» logistics reengineering, based on the
unification of the mechanism for selecting raw materials and the use of reusable containers, have been identified.
lancet supply management, logistics, lancet supply planning, models and methods, digital technologies
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Main aspects of third party logistics activities in modern
transport realities

The article substantiates the aim of responsible transport logistics, which consists of the delivery of
goods on time with minimal investment of labour and material resources. The level of responsibility is
considered at each step of shipment of goods from the producer to the consumer. 4 stages of effective transport
logistics are offered by the authors. It has been established that at the first stage it is crucial to formulate the tasks
clearly for its solution by logistics in business; the second stage is analysing of the Best Practices in the
researched field - the study of competitors’ logistics, the study of available information; the third stage is the
development of a specific action plan of the transport enterprise; the fourth is the introduction of improvements
after the first results of the work.
transport logistics, transport enterprise, supply chain, logistics mix, logistics mission
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Introduction. The analysis of the logistics mission should provide the transport
company with a system for improvement of the quality of its facilities and services,
competitiveness. The process of customer service should ensure the provision of additional
competitive advantages in the supply chain in order to maximize the overall value of the
provided services for the end user [1, 3]. The increase of the level of transport logistics is
possible assuming the usage of the 3PL service (third-party logistics), which means the
provision of a complex of logistics services from delivery and address storage to order
management and tracking of the movement of goods [5, 6].

Currently, there are no specific sets of methods and techniques for the effective
functioning of the transport logistics mix. Therefore, further research in this direction may
yield some desirable result. Particular attention should be paid to the essence of the transport
logistics mix and substantiation of the essence of the 3PL operator in this system. The main
mistakes at the work with the 3PL operator, which lead to additional costs and affect the time
of delivery of goods, should be identified.

Analysis of recent researches and publications. The development of theoretical and
practical aspects of the functioning of the transport and logistics mix was represented in the
works of the Ukrainian researchers [2, 4] and the researchers of other countries [7, 8]. Among
the main recent scientific publications, the monograph edited by [5, 6] should be noted first. It
examines third-party logistics within the scope of the study of the logistics mix in the
transport supply chain. Particular attention should be paid to the works of foreign scientists,
including authors such as D.K. Alain and S.J. Bell. Leading in this field are the works of
Ukrainian scientists such as O. Yu. Bochko, S.V. Kovalchuk, M.A. Kozoriz, M.A. Oklandera,
L.V. Petryk, Y.M. Petrovycha and others.

Despite the thorough level of scientific research, there are several unsolved problems
related to substantiation of the level of responsibility of transport logistics within the logistics mix.

The aim of the article. The aim of logistics at a transport enterprise is to ensure the
availability of the appropriate goods/services in the required quantity, in the right form, at the
proper place and at the specific time for the relevant consumer at the appropriate price. This
model is also known as the 7R model, derived from the concept of "right" and translated from
English, meaning "appropriate." It consists of the following elements: right product — the
necessary product, right quality — the required quality, right quantity — the necessary quantity,
right time — at the required time, right place — at the required location, right customer — for the
relevant consumer, right cost — with the necessary level of costs. In modern conditions, this
model is supplemented by the concept of "responsibility." The goal of responsible transport
logistics is the delivery of goods (passengers) on time with minimal investment of labour and
material resources. The level of responsibility is considered at each step of shipment of goods
from the producer to the consumer or to the final destination.

Results. The main condition of logistics to adhere to this principle requires the hight
quality raw materials, semi-finished products, goods and their components and transportation
1s carried out with the maximum level of responsibility and transport conditions.

Let us note that responsible logistics has evolved into an independent sphere of
commercial activity. The primary factors driven by the advanced development of logistics and
the increasing investment attractiveness of the warehouse market are as follows:

a) High rates of economic growth and the standard of living;

b) Improvement of the investment climate;

c¢) Entry into the Ukrainian markets of large foreign companies (holdings) that require
modern warehouse complexes compliant with international standards [1].

Thus, the logistics mix reflects the essential features of the logistics mission of the
enterprise. The key elements are quality, time, and costs. A transport enterprise must develop
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a logistics mission that aligns with both overarching marketing and production strategies,
encompassing both long-term and short-term perspectives. The aim of logistics at a transport
enterprise should be the coordination of material and ancillary flows as the foundation for
achieving of the success in business.

Therefore, the logistic mission should ensure the transport enterprise with a system
increasing the quality of its products and services, competitiveness, and integration of supply,
production and marketing activities. The servicing process for consumers should provide
additional competitive advantages in the supply chain to maximize the overall value of the
product/service for the end consumer. To implement effective transport logistics, it is
advisable to undergo the following steps (Figure 1). At the first stage, it is crucial to formulate
the tasks that should be solved by transport logistics in the business. Efficient responsible
transport logistics solves a multitude of both internal and external tasks of the company:
supply planning, transport management and/or information flow management, storage,
distribution, customs, legal, and other issues. Its primary goal in constructing an effective
flow management chain is to consolidate all company resources, optimally allocate them in
numerous business processes and reduce costs. It is reasonable to orientate towards the
specifics of the transport market infrastructure, which is advisable to study. It is advisable to
justify the need of a warehouse for storage or suppliers will independently deliver the cargo
and customers can pick up the goods for self-pickup. It is reasonable to construct a complex
logistics chain in case when complying with the terms of an international contract involving
the transport of goods by the transport enterprise, customs clearance in Ukraine, organization
of storage, and delivery to the final consumer's doorstep.

Stages of Constructing an Effective Transport Logistics

A 4
Stae | Set the tasks that logistics should solve in the
age > transport business. <
A4
Stage 2 — | Analyze Best Practices within the framework of the
transport market. |
T Devel f ifi ion pl
»| Development of a specific action plan
Stage 3 P P P F
A 4 Adjustment after the initial results of the work
Stage 4 >

Figure 1 — Construction of Effective Transport Logistics
Source: Systematized by the author

At the second stage, it is advisable to analyze Best Practices in the researched field,
examine how transport logistics is organized among competitors, and study all available
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information. Often, it is expedient to use existing developments by adapting them to one's
specific needs.

The third stage is associated with the development of a specific action plan. It is
advisable for the transport enterprise to clearly define with whom and under what conditions
it will collaborate in the future. Selecting a logistics partner, attention should be given to the
availability of recommendations from reputable companies and ISO certification. The
communication style of the logistics company manager can also influence the choice of a
partner.

It is also advisable to establish a budget and deadlines for each stage. Under such
conditions, the human factor should be taken into account: all employees must have a clear
understanding of their responsibilities, the role they play in a particular business process, and
the goals and tasks they need to accomplish. Additionally, plans, strategies and calculations
must be documented in a separate file (for example, the P&L of the entire project, division of
tasks by responsibility and deadlines for completion).

The fourth stage is characterized by making adjustments after the initial results of the
work. It may be necessary to modify the initial action plan: it might involve
reducing/enlarging the team, reviewing functional responsibilities, adjusting the budget, etc.

It is essential to be prepared for both optimistic and pessimistic scenarios of events: if
deviations from the initially planned course arise, the enterprise will not have to urgently seek
solutions.

Responsible transport logistics is the segment that is dynamically advancing in the
field of warehousing and goods transportation in the modern economy of Ukraine.
Warehouses providing responsible storage services are equipped with the latest equipment in
line with the current trends in the warehouse industry, ensuring the highest level of product
storage.

The basis of responsible transport logistics should be:

» Complete assurance of cargo integrity;

* Full assurance of cargo safety;

 Absence of expenses for maintaining warehouse personnel;

» Absence of expenses for maintaining warehouse facilities;

* High quality and speed of processing, unloading and transportation of goods.

We suggest to use the services of 3PL (from English third-party logistics), which
denotes the provision of a range of logistics services from delivery and address storage to
order management and goods tracking to enhance the level of responsible logistics. The
functions of a 3PL provider include organizing and managing transportation, inventory
tracking and management, preparation of import-export and freight documentation,
warehouse storage, cargo handling and delivery to the end consumer.

According to the "Council of Supply Chain Management Professionals," a 3PL
operator is a company that provides a sufficient logistic services for clients. The services
should be integrated or provided separately. In general, 3PL operators offer services such as
transportation, transport logistics, warehousing, goods storage, responsible storage, cross-
docking, inventory management, packing and dispatch [3].

There are four categories of 3PL operators:

1. Standard 3PL Provider is the primary form of a 3PL operator. They undertake
responsibilities such as picking and packing, warehousing and distribution — the fundamental
functions of logistics. For most of these firms, 3PL functions are not their core business
activity.

2. Service Developer is the type of 3PL operator who offers its clients enhanced
value-added services, such as specific package detection and tracking systems or the

209



ISSN 2664-262X Central Ukrainian Scientific Bulletin. Technical Sciences. 2023. Col.8(39), Part I

provision of a unique security system. These operators emphasize having advanced
Warehouse Management Systems (WMS) and will encourage clients to implement an
increasing amount of IT services.

3. The Customer Adapter: This type of 3PL operator comes to the aid of the client and
essentially takes full control of the company's logistics activities. The 3PL operator improves
logistics dramatically but does not develop new services. The client base for this type of 3PL
operator is typically very small.

4. The Customer Developer: This is the highest level a 3PL operator can achieve
regarding its processes and types of activities. This occurs when the 3PL operator integrates
with the client and assumes all logistics functions. Such operators will have only a few large
clients but will handle a very significant volume of tasks for them [7, 9, 10].

According to the consulting company SJ Consulting Group the following can be
concluded that the introduction of the 4 categories of 3PL operators the results of client
companies as depicted in Figure 2.

1

—
Ao3amp  pefore the proposed measures

10 —&—licna3: after the nronosed measures
/8
6
6 2
4
2
5 3
@ 10 3anNpoOnNOHOBaHUX 3aXoAiB
®—  before the proposed measures
after the nronosed measures
Standard 3PL Provider Service Developer
“— before the proposed measures —®—  pefore the proposed measures
. after the proposed measures o after the proposed measures

The Customer Adapter The Customer Developer

Figure 2 — Results of client companies' activities with the implementation of the 4 categories of 3PL operators
Source: Systematized by the author

To confirm the above statements we provide an example of the dynamics of the
aggregate income of the top 50 global logistics companies in the 3PL operator market, as
depicted in Figure 3.
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Figure 3 — Dynamics of the aggregate income of the top 50 global logistics companies
in the 3PL market, billion dollars
Source: Systematized by the author

The American consulting company SJ Consulting Group annually publishes the TOP-
50 ranking of the world's largest logistics operators, based on the companies' income.
According to the results of 2022, the aggregate income of the top 50 logistics companies was
$341 billion, which is 14% more than in 2021. The TOP-50 ranking of the world's largest
logistics operators calculates income from a wide range of logistics services provided by
companies, including freight forwarding, air transportation, maritime transportation, cargo
and intermodal transportation, as well as storage and specialized transportations.

The ranking of leading 3PL operators in 2022 was topped by Amazon, with income of
$42.7 billion for providing logistics services, that was less than 20% of the company's total
revenue for the year 2022.

However, significant errors in working process with a 3PL operator may arise, leading
to additional expenses and impacting delivery time:

1. Unnecessary notifications to the 3PL operator about the arrival and unloading of the
cargo. The loading/unloading process can take several hours, and in some cases, up to 24
hours, which may lead to delays in transportation and the completion of the loading/unloading
process outside regular working hours. It results in additional fees for 3PL operators for
overtime work.

2. Submission of orders for receiving/picking/marking of the cargo on time. The 3PL
operator plans its work several days in advance. In situations where the cargo is urgent but
was not included in the work plan, the 3PL operator will have to process the cargo outside
regular working hours, resulting in additional costs for the client.

3. Approval of transport unit numbers on time. The 3PL operator cannot load cargo
into any available transport unit arriving for loading. The client is required to provide a
written list of transport units, containers and wagon numbers with precise instructions
regarding the correspondence of transport unit plates to the appropriate transport unit. Clients
often forget to provide this information, creating downtime for transportation, which leads to
additional expenses for downtime and overtime work.

4. Changes of label format, WMS file formats, the content of information on labels, etc. In
such situations, cargo processing is delayed, delivery plans are postponed, and significant
additional expenses for the restoration of certain programs. Most of 3PL operators use the
services of I'T companies, it is impossible to make certain changes instantly because IT companies
have their own schedule of planned work, and all work outside the plan will be done for an
additional fee, which will be passed on to the client who ordered the corresponding logistics.

The high growth rates of the Ukrainian e-commerce sector lead to growth of the 3PL
logistics market. Provider can be selected to meet the requirements of business by 100%.
Among the top 3PL companies in Ukraine are Raben Ukraine, FM Logistics, Meest Express,
Denka Logistics, and others. Large logistics providers operate not only within the borders of
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Ukraine but also internationally. Therefore, companies, requiring expansion or already having
international partners, should contact prominent and well-established logistics providers.

However, the rates of major players in the logistics market are also higher. For small
companies, it makes sense to pay attention to less popular 3PL operators. The cost of their
services will be lower, while quality is guaranteed. These companies should primarily focus
on their business needs rather than the popularity of the provider. If a company cannot find a
suitable option, it can submit a request on the WareTeka

Conclusions. Summarizing the above, we can state that the implementation of a 3PL
operator will accelerate the process of convincing potential and existing clients about the
ability to transform their supply chains, ensuring exceptional control and service at the lowest
cost. Orientation towards continuous improvement through strategic modeling can help
differentiate logistic services from other providers and establish long-term relationships with clients.

The prospects for further research in this direction involve studying the experiences of
other countries regarding the advantages and disadvantages of employing 3PL and 4PL operators.
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Tepnoninbcvkuii HayionanbHuti mexuiunui yHieepcumem imeni leana Ilynios, m. Tepnonine, Yxpaina

OcHoBHi acnexTu AisabHOCTI third party logistics B cyyacHHX peaJisix TPaHCHOPTHUX

nepeBe3eHb

VY po6oTi BH3HAYCHO METY BiATIOBIAAIBHOI JIOTICTHKH, KA IOJISATA€ B JOCTABII BAHTaXXIB Y BCTAHOBIICHI
TepMiHM 3 MiHIMAaJIbHAMH BHTpaTaMH TIpalli Ta MaTepiaJbHUX pECypCciB 3 ypaxyBaHHSAM CTYICHS
BiIOBiJAFHOCTI Ha KOKHOMY €Talll JOCTaBKM BaHTAXy BiJ BUPOOHHKA J0 CIIOKMBAYA.

ABTOPOM 3aMPOIIOHOBAHO YOTHUPH €Tany ePeKTUBHOI BiAMOBINANBHOI ToTicTUKH. [linTBEpIKEHO, 10 Ha
MEepIIoMy eTami JOLUIBHO IIOCTaBUTH 3aBJaHHS, AKi Mae BHpimryBaTH Oi3Hec-norictuka. [pyruit eram
NPUCBSIYEHUI aHalli3y MepeNoBOro JOCBiNy B AOCIHIKYyBaHId 00JacTi, BUBYEHHIO JIOTICTMKA KOHKYPEHTIB,
aHayi3y HasBHOI iHdopMauii. Tperiii eran nependavyae po3poOKy crpaTerii miaAnpueMcTBa.

UYerBepTuil eranm BHOCHTh KOPEKTHBHM IICIs MEpIIMX pe3yJibTaTiB poOoTH. Y  JIOCHiIpKeHHI
CTBEPJUKYETBCS, IO JIOTICTUYHA Micis TOBMHHa 3a0e3ledyBaTH CHCTEMY, sIKa CIPSMOBAaHA HA IiJABHUIICHHS
SAKOCTI TPOAYKLII Ta MOCIYr IIJIPHEMCTBA, HOr0 KOHKYPEHTOCIIPOMOXKHOCTI, iHTerpamii IocTadaybHOI,
BUPOOHHMYOI Ta MapKETHHIOBOI MisUIBHOCTI. Y Tpoleci 00CIyroByBaHHS CIIOKMBAaYiB CHCTEMa TAKOX ITOBHHHA
3a0e3MedyBaTH JOJATKOBI KOHKYPEHTHI TepeBard B JIAHIIOKKY ITOCTABOK, MIO0 MaKCHMIi3yBaTH 3araibHy
BapTiCTh TOBaPiB AJIS KiHIICBOTO CIIOKHUBAYA.

JUis mifBUIEHHS PiBHA BiIMOBITAIBHOI JIOTICTHKH IPOMOHYETHCS 3acTocoByBaTH mociyrd 3PL (Big
aHri. third-party logistics), 1110 03Haua€e HaJJaHHS KOMILIEKCY JIOTICTHYHHX MOCITYT Bijl JOCTABKH Ta CKIIayBaHHS
Ha MICIIi A0 yIpaBIiHHS 3aMOBIICHHSIMH Ta BIICTE)KEHHS pyXy BaHTaxy. Y poOOTi Ha3BaHO OCHOBHI MOMMJIKH B
po6ori 3PL onepaTopa, siki IPU3BOAATH JI0 TOJATKOBUX BUTPAT 1 BILTUBAIOTh HA TEPMIHU JOCTABKH.

[TizcymoByroun BHIECKa3aHe, MOXHa CKa3aTH, 0 BUKOpUCTaHHs oneparopa 3PL npuckoputh mnporec
MEePeKOHAHHS MOTEHUIMHNX 1 MOTOYHMX KIIEHTIB y 3JaTHOCTI TpaHC(HOPMYBATH CBOi JIAHIIOTH IOCTaBOK —
3a0e3reuyour BUHATKOBUI KOHTPOJIb 1 00CIYyroByBaHHS 332 HAHHMKYOIO IIHOI0. 30CEpEPKCHHS Ha MOCTIHOMY
BIOCKOHAJICHH] MPOIIECIB 3a JOMOMOTOI0 CTPATEriYHOr0 MOJAEITIOBAHHS MOXKE JIOTIOMOTTH BiJIPI3HUTH JIOTICTHYHI
TIOCITYTH BiJT HIIIMX [TOCTAYIBHHKIB 1 BCTAHOBUTH JIOBIOCTPOKOBI BITHOCHHH 3 KITIEHTAMH.

JIOTiCTHKA, JIAHIIOT MOCTABOK, JOTiCTHYHUI KOMILIEKC, BApTiCTh TOBapy, Micisi, BiinoBinanbHa Jjorictuka
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Jloc1KeHHS BIUIMBY KOHCTPYKTUBHOT HAIIMTHOCTI 1
O€3MEYHOCTI TPAHCIOPTHOI'O 3aCO0Y JJIs 3/I1MCHEHHS
IIEPEBE3CHb Ta IPUCTOCOBAHOCTI JI0 TEXHIYHOTO
00CJTyrOByBaHHS

VY cyyacHOMY CBiTi, KOJIM TPAHCIIOPT € HEBiJ'€MHOI0 CKJIQJIOBOIO IOBCSKICHHOIO YXHTTS, BaXKIIUBHM
ACTIIEKTOM € He JIuire (DyHKIIOHANBHICTH TPAHCIOPTHHX 3acO0iB, a TaKOX IX KOHCTPYKTHBHA HaNiHHICTB,
Oesreka Ta 3[aTHICTh A0 €()EKTHBHOIO TEXHIYHOTO OOCIyroByBaHHs. PO3yMiHHS IMX acleKTiB 1O3BOJIUTH
PO3pOOHMKAM y CIBIIpali 3 BIACHUKAMH TPAHCHOPTHUX 3aCO0IB ONTHUMI3yBaTH KOHCTPYKIIiIO, 3a0e3MeTyodn
BUCOKHI DPIBEHb OC3MEKH Ta HAIIHHOCTI, a TaKOX CIPOCTHTH IPOIEC OOCIYyrOBYBaHHS JUIS TPUBAJIOr0 Ta
Oe3nepebiiHOr0 BUKOpUCTaHHA. lle MOCHIMKEHHS NpPUCBSYCHE BUBYCHHIO BIUIMBY OOpaHHX (aKTOpiB Ha
TPAHCIOPTHI 3aco0H, BiMOOpPaXKCHHsS iX Yy TMEPEeBI3HOMY IMPOIECi Ta aJanTOBAHOCTI O TEXHIYHOTO
00CITyTOBYBaHHS.

TPAHCIIOPTHHI 3aci0, KOHCTPYKIif, HAXIHHICTD, TeXHiYHE 00CITYrOByBAHHS, NICPEBE3CHHS

IMocTanoBKa npodaeMu. ABTOMOOUTEHHUI TPAHCIIOPT € OJHIEI0 3 HANUMOIMIMPEHIIINX
Ta eeKTUBHUX (HOpPM TPAHCHOPTY B Cy4acHOMY CBITi. BiH BH3Haua€eThCs He NuIIe sIK 3aci0
nepeMilleHHs, aje i K KIIFOYOBUN €IIEMEHT PO3BHUTKY TJI00aIbHOI €KOHOMIKH Ta 3PY4HOCTI
Jrofiedl y IXHbOMY MOBCSIKJCHHOMY JKUTTI.

JlocsiTHEHHsI BUCOKOT'O piBHS HAJIMHOCTI Ta 6€3MeKH Ha aBTOMOOIILHOMY TPaHCIIOPTI
BUMarae CHuIbHUX 3YCHUJIb BUPOOHHWKIB, BIACHUKIB TPAHCIOPTHUX 3ac00iB (Hamaai B TEKCTI
T3), TeXHIYHHX EKCHEepTiB Ta raiy3eBUX IHCTUTYLIH. [locTiliHMI TexHiYyHMI Mporpec Ta
BJIOCKOHAJICHHSI CTaHAApTIB O€3MEeKHd CHpsSMOBaHI Ha Te, MO0 3a0e3rmeyuTH HamiiHe 1
6e3neyHe (PyHKIIOHYBaHHS BCIX YUYaCHHKIB MEPEBI3ZHOTO MPOIIECY .

Hamiitaicts T3 0e3nocepeHbo 3alieuTh Bl IXHBOTO TEXHIYHOTO CTaHy (peryssipHe
TEXHIYHE 00CIIyTOBYBaHHS, JIarHOCTYBAHHS 1 CBOEUACHUN PEMOHT € BaXJIMBUMH YaCTUHAMHU
3a0e3mevYeHHs] WOT0 HAIIMHOCTI). 3aCTOCYBaHHS MEPEIOBUX CHUCTEM KOHTPOIIIO Ta OE3IMeKH
MOJKE€ TOKpAIUTH HAIIHHICTh, 3amo0irarouu aBapiiHUM CHTYyallisM Ta 3MEHIIYIOYH PU3UK
BUHHUKHEHHS HECTIPABHOCTI (B1IMOBH).

OpHak TYT € HU3Ka PpobIIeM, 30KpeMa y CKIIaIHOCTI BUOOPY TOCIIIKEHb, 11100 Ha1aTH
€IVHI TPEIMETHI BUCHOBKH, IIOJI0 OIIHKH BIUIMBY KOHCTPYKTHBHOTO BHKOHaHHS T3 Ha
e(EeKTUBHICTh TEPEBI3HOIO IMpOLECY, IHTETpyBaHHSI B JOPOXKHE CEPEJOBUIIEC Ta
MIPUCTOCOBAHOCTI IO TEXHIYHOTO OOCITYyTOBYBaHHS.

AHaJi3 ocTaHHIX qocaiTkeHb Ta myOaikaniii. HaykoBo-npukiaaHi JOCTIKEHHS B
JMOCTaTHIA Mipl pO3KPHUBAIOTh pE3YyJbTAaTH B3a€EMO3B’SI3Ky MIDK KOHCTpyKIiero T3 Ta
e(eKTUBHICTIO HOTO BUKOPUCTAHHS.

Bapro 3a3HaunTH, 1110 HAAIMHICTE 1 0€3MEYHICTh TAaKMX CKJIAJTHUX 00 €KTIB, SKUMHU €
TPAHCHOPTHI 3acO0M JUIS JIOPOKHBOTO PYXY, 3al€XKHUTh BiJ JIOCUTh BEJIMKOI KUIBKOCTI
(dakTOpiB — HE TUIBKH BiJl iX KOHCTPYKTHBHUX 0COOJMBOCTEH [ 1], ane ¥ BiJ JOPOKHIX YMOB, B
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SIKMX BOHM €KCILUTYaTyloThes [2], Bi criocoOy BUKOPUCTAHHS BOJIIEM [3], a TAKOXK TEXHIYHOTO
cepaicy [4].

Takuii B3a€MO3B’S30K 3yMOBIIIOE HEOOXIAHICTH TMPOBEACHHS 0araroakToOpHOTO
aHaJi3y IJis YCeCTOPOHHBOI OIIHKYA MPUCTOCOBAHOCTI BCIX €JIEMEHTIB KOHCTPYKIIi HE TUTBKH
JUI pyXy TPaHCIIOPTHOT'O 3ac0o0y, ajie 1 10 pakTHUHOI 007acTi 3aCTOCYBAHHS.

IlocranoBka 3aBmanHsi. Konctpykmis T3 — me CyKymHICTh B3a€EMOIIOB’SI3aHUX
KOMIIOHEHTIB 1 CUCTEM, CIIPOEKTOBAHUX Ta 00’€IHAHUX AJIs CTBOPEHHS (DYyHKIIOHAJIBHOI Ta
e(EeKTUBHOI TEXHIYHOI OJWHUII, sIKa BIAMOBITAE CIenU(pIYHUM MOTpedaM Ta 3aBIaHHIM
MEPEBI3HOTO TMPOLECY (XapaKkTepHU3yeThCS BU3HAYCHUMU TEXHIYHHMMH TapaMeTpaMmu, IIo
HaIpaBJieHl Ha JOCSATHEHHS MaKCHUMAaJbHOTO pe3yibTaTy TPaHCHOPTHOro mpoiecy). Bona
TaKOX MOKE BKJIIOYATH PI3HOMAHITHI 1HHOBAIIMHI TEXHOJ]OTI Ta pillIeHHs, COPAMOBaHI Ha
TIOJTIMIIICHHSI MPOAYKTUBHOCTI, HaAIiHOCTI Ta Oe3meku T3.

Metoro gaHoi poOOTM € BHBYCHHS Ta BU3HAUCHHS B3aEMO3B’SI3KY  MiX
KOHCTPYKTHUBHOIO HaliiHICTIO T3, 0e3MeKkol0 Ta MPaKTUYHOK MPUCTOCOBAHICTIO [0
TEXHIYHOTO 0OCITYyTrOBYBaHHS, 11100 3pO3YMITH, SIK Il ACTIEKTH BIUIMBAIOTH OJAWH HA OJHOTO Ta
K MO>KHa JIOCSITTU ONTUMAJIBHOTO OajaHCy MK HUMH, TUM CaMHUM MiJBUIIUTHA TPAHCIOPTHY
e(eKTUBHICTb 1 0€3MeYHICTh MEPEBI3ZHOTO MPOIIECY .

Buxiaaa ocHoBHOro martepiany. ABTOMOOUIHPHHI TPAHCHOPT € HAWMOIYJISPHIIIO
TPAHCHOPTHOIO Tally3310 3 HaJlaHHs MOCTYT MEPEeBE3CHHs MacaXupiB a00 JOCTABKU BAHTAXIB
TOYHO y BCTaHOBJICHHH 4ac. SkicTe T3 BU3HAYAETHCS HU3KOKO XapaKTEPUCTHUK 1 MapaMeTpiB,
SIKI BIUTUBAIOTH Ha HWOT0 €(eKTHUBHICTh, HAIINHICTH Ta 3aJO0BOJICHHS MOTPeO KOpHCTyBadya.
3aranpHa sAKicTh T3 BU3HAYA€THCA 30aJIAaHCOBAHICTIO ITUX XapaKTEPUCTHUK 1 Ma€ 3HAYHHUI
BIUTMB HAa TPUBAIICTh Ta HAJIWHICTh HOTO eKCIUTyarallii, a IX OIiHKa 3a3BHYail 3aJeKUTh BiJ
IHIUBIIyaIbHUX MMOTPEO Ta BUMOT 0 MepeBi3HOTO Iportiecy (puc. 1).

besgiamosnicts|| Jlosrosiunicts || PemonronpuaarhicTs|| 36epekyBaHicTs

. : : ,
f
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Y Y Y Y
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‘l’[iﬂTpnmamm TEXHIYHOTO CTaHy

PucyHok 1 — BB KOHCTPYKTUBHOTO BUKOHaHHs T3 Ha TPUBAIICTh Ta HAIMHICTh HOro eKcIuTyaTarii
IDicepeno: asmopcoke (homo eanmasicnozo asmomoo6ins Volvo FM [5])

Omninka HamifHOCTI Ta €(QEKTHBHOCTI TPAHCIOPTY Y CHUCTEMI IIEPEBE3CHb 3aBXKIU
cy0’€KTHMBHA 1 3aJ€XKWUTh BiJ TOTO, B UHWiX IHTEpecax 1 3 TOYKM 30py SKOrO Y4YacHHKaA
nepeBe3eHb BOHA 3AiMCHIOETBCA. OlliHKa e(pEeKTHBHOCTI 3aBXKIU JA€ThCA 3 TOYKU 30pYy
CIO’KMBaYa TPAHCIOPTHUX TOCIYT, a HAIIAHICTh — II€ 00 €KTHBHA XapaKTEPUCTHKA, IO
OIIHIOETHCSI IMOBIPHICTIO 11 6€3BIIMOBHOI poboTH [6, c. 12].
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T3 CTBOPIOIOTHCS CTOCOBHO JIO BU3HAUYEHUX YMOB €KCIUTyaTallil, a iX KOHCTpYKTHBHA
JIOCKOHAICTh Ta TIEpeBi3HA €(PEKTUBHICTh MOBHHHA OI[IHIOBATUCS TUMHU CKCILTyaTalliiHUMU
SAKOCTSIMHU, N7l SIKHX BiH OyB crpoekTtoBaHuit [7, c. 16]. Bimomi Bumagku JOCKOHAIOI
KOHCTPYKIIIT 32 TEXHOJIOTTYHUMH 1HHOBAIlISIMH, OJTHAK HEJIOTPUMAHHS BUPOOHUYOTO TIPOIIECY,
HEHAJICKHOTO KOHTPOJIIO SKOCTI, HEBIAMOBIAHOCTI 3aCTOCOBAHUX MaTepiaiiB, a00 MOPYIIEHb
y BUTOTOBJICHHI JeTaJied, HEMHUHYy4Ye BiZOOpa3uTbCcs Ha iX HAAIMHOCTI, JOBTOBIYHOCTI,
0e3MeYHOCTI 1 3HMKEHHI CIIOKUBYOTO MONuTy [7, c. 7].

B 3arambHOMy, B3a€MO3B’SI30K MIDK KOHCTPYKTHBHMM BHUKOHaHHAM T3 Ta HOro
HAIIMHICTIO 1 0€3MEeYHICTI0 BU3HAYAETHCS TAKUMH aCTICKTaMHU:

1. Marepianu. BukoprucTtanHs BiIMOBIIHUX MaTepiaiiB sl KapKacy, Ky30Ba Ta 1HIINX
CWJIOBUX EJIEMEHTIB MOXE MO3UTHUBHO BIUIMHYTH Ha MIIHICTh Ta MOJOBXKHTH TEPMIH iX
ekcrutyaTailli. Bukopucranus marepiaiiB, sIKi HE MAJAIOTHCS KOPO3ii ab0 MarTh BHUCOKY
CTIMKICTh JJO OKUCJICHHS METaly, BiIirpaloTh OCOOIMBY POJIb B YMOBAX, Jie IPUCYTHS TpUBaja
BOJIOTICTh 200 arpecuBHICTh cepefoBuia. Jlerki (KOMIO3WTHI) Marepiaad 103BOJISIOTH
3MEHIIUTH Bary T3, 110 B CBOIO uYepry MO3UTHUBHO BIUIMBAE HA MAJIMBHY €KOHOMIYHICTH, a
0COOJIMBO, BaHTAXOIIIHOMHICTE. Marepianu, sKi MalOTh BHCOKY €JaCTHYHICTh, MOXYTh
aMOPTU3YBaTH yAapH Ta 3a0e3MeunTy O0e3MeKy MacaxupiB B aBapiiHUX CUTYallisiX.

2. Texnomorii BuroroBieHHs. Cy4acHI TEXHOJOTIi JO3BOJISIOTH CTBOPIOBATH OUIBII
MiIHi, Jerki Ta 6e3meuni T3, a TakoX NMPOBOAMUTH MOJEpHi3alliio icHyrouux. HoBi meroau
BUPOOHMIITBA Ta TEXHOJOTIYHI BJIOCKOHAJEHHS MOXYTh 3MIHUTH a00 MOJIIIIUTH
KOHCTpYKIit0 T3, 0 B CBOIO Yepry BILTUBAE Ha HOTO XapaKTePUCTHKHU Ta SKiCTh. Baxiugo,
1100 MPOIIeC BUTOTOBJICHHS BiJIMOBI/IaB BCTAHOBJICHUM CTaHIapTaM.

3. Epronomika Ta kommnoHyBaHHS. [IpomymaHe po3TalryBaHHS KOMIIOHEHTIB Ta
CHUCTEM, 3pYYHHUH JOCTYII 10 HUX (HANPUKIIAMI, )11 BUKOHAHHS TEXHIYHOTO OOCITYyTrOBYBaHHSA 1
PEMOHTY) TaKOX MOX€ BIUTMHYTH Ha TPUBAJIICTb CIyKOU Ta HAiMHICTh BaXKJIUBUX €JIEMEHTIB
T3. IlpaBWIBHO CIPOEKTOBaHI €JIEMEHTH YIPaBIiHHA (PyJib, Meaaji, BaKeal MEepeMUKAHHSI
nepenay, MpUIagu TOIIO) CHPUSIOTH KpalioMy KOHTpoito Han T3, a mBHIKWUNA TOCTYyH N0
BOKJIMBUX €JIEMEHTIB JI03BOJIsIE BOAIEBI MIBUIKO pearyBaTH Ha 3MiHH Y IOPOXKHIX YMOBax a0bo
HaJ3BUYAHUX cuTyauisx. [Ipomymana eproHomika MO>K€ 3MEHIIUTH BTOMIICHICThH Tif 4Yac
TPUBAJIOi TOI3AKHM, JO3BOJSIOUM BOJIEBI 3 KoMdopTrom KepyBatu T13. AHATOMIYHO
CIIPOEKTOBAHI CHUJIHHS, MIATOTIBHUKYA Ta peMeHi 0e3MeKu MOXKYTh 3MEHIIUTH PU3UK TPABM
MIPH aBapisx.

4. TexHi4HI pilIEHHS ChOTOJEHHs. SIKICTh KOHCTPYKLIMHUX pIllIEHb MO0 CUCTEMHU
OXOJIOJIKEHHS, CUCTEMHU KUBJICHHS, TPAHCMICIi, MIABICKM TOIIO TAKOX BIAITpae KIOUYOBY
pons y miaBuiieHHi HamiiHOocTi T3. Po3poOka HamiiiHMX cucTeM O€3MeKd, BKIIOYAIOUH
CHCTEMH TaJbMyBaHHs, TOMYIIKA O€3MeKH, CUCTEMH KOHTPOIO CTAaOLTBHOCTI, MOXE
BIUIMHYTH Ha 3aXUCT BiA aBapii, 3aranpHy Oe3neky T3 Ta HaaiiHOCTI HOro eleMEHTIB.
Cyuachi T3 MaroTh 3Ha4YHY KIJIBKICTh €JICKTPOHIKHU JIJIST KEPYBaHHS PI3HUMH CUCTEMaMHU — Bij
CHJIOBOT YCTaHOBKH 710 Oe3rneku Ta koMpopty. HaniliHicTh 1IUX €NEeKTPOHHUX KOMIIOHEHTIB Ta
iX B3a€EMOJIIS 3 IHIIMMHU CUCTEMaMHU BU3HAYAIOTh 3arajbHy HOT0 HaIHHICTb.

5. BumpoOyBaHHs 1 KOHTposb sikocTi. BumpoOyBanHs T3 — me kimouoBHid eram y
BU3HAYCHHI 1XHBOI HAIWHOCTI Ta BIJIMOBIIHOCTI CTaHAApTaM SKOCTI. Taki BUMPOOYyBaHHS
MOXXYTh OYTHM TpOBENEHI Ha pI3HUX eTanax: JabopaTopHi BUNPOOYBaHHSA MaTepiaiiB
(BUIIPOOYBaHHSAM JJISl OLIHKH IXHBOI MIIHOCTI, €IaCTHYHOCTI, CTIMKOCTI O 3HOCY, a TaKOX
peaxiii Ha pi3HI YMOBH, TaKi K BUCOKa TeMIIepaTypa, 3aMOpPOKyBaHHS, BIUTUB PIAUH 1 T. 11.),
TECTYBaHHS €JIEMEHTIB KOHCTPYKIIT (Ky30B, paMa, X0J0Ba YaCTUHA, MiIAI0THCS CTATUYHHM i
TUHAMIYHUM BUMIPOOYBaHHSM [JIsl MEPEBIPKH iX MIIHOCTI, CTIKKOCTI Ta 3HOCOCTIMKOCTI,
CTCHJOBI Ta eKCIUTyaTalliifHi BUIpPOOyBaHHA CHJIOBOI yCTAaHOBKM Ta TpaHCMICIi
(BUMPOOYBaHHSI OKPEMHUX KOMIIOHEHTIB a00 CHUCTEM JJIsl OLIHKH IXHBOI Mpane3gaTHOCTI Ta
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JIOBTOBIYHOCTI), BUIpPOOyBaHHS Oe3nekd (BUNpOOYyBaHHAM Ha 3ITKHEHHS, BKJIIOYAIOYH
dbpoHTaNmbHI Ta O14HI yAapu, a TaKOXX BUIMPOOYBAHHS CHUCTEM O€3MEKH, TAKUX SIK MOMYIIKH
0e3mekr Ta CHUCTEeMHM 30€epeXEeHHS CTaOUIbHOCTI), TECTyBaHHS CHCTEM EJIEKTPOHIKM Ta
KepyBaHHS (HAMPUKIIAJ, IEpeBIpKa HaIIMHOCTI €JIEKTPOHIKH, TATbMIBHUX CHCTEM Ta KYpCOBOT
CTIMKOCTI, CUCTEMHU HaBirauii Ta iH.), TECTYBaHHS B EKCTPEMaJbHUX YMOBax (HarpHKIIa,
eKCTpeMaJibHI TOTOJIHI YMOBH, ISl TIEPEBIPKA HAIMHOCTI Ta 3JaTHOCTI MpAIOBaTH TPH
EKCTPEMAJIbHUX HAaBaHTAXKECHHSX ).

HaiiBa)kmuBIIIOI0  KOHCTPYKTHBHOIO O3HAKOI AKOCTI T3 € Horo HamifHICTh, SKa
3aKJIQA€ThCSl MpPHU TPOEKTYBAaHHI, PECYpCOBUKOPHUCTaHHI, BUTOTOBJEHHI, TEXHIYHOMY
00cITyroByBaHHI, BAPOOHWYIHM eKCIUTyaTarlii, 30epiradHi.

Haniitaicts T3 — 1e #oro 34aTHICTH MpalfoBaTu 0e3nepeOiifHO MPOTATOM TPUBAIOTO
yacy 0e3 CyTTEBHX IMOJIOMOK a0o0 MopyIieHHsT (yHKIIOHYBaHHSA, 5K1, 3a3BUYai, BUHUKAIOThH B
camuil HeBiamoBigHUII MoMmeHT. lle o3mauae, mo T3 moxe mpairoBatu Oe3mepebiiiHO Ta
HA/IIHHO B 33/JJaHUX YMOBAax EKCIUTyaTallii i peKOMEH/JIOBaHNX HABAaHTAXXYBaJIbHUX PEKHMaX,
HEe MOTpedye YacToro BTpyYaHHS (PEMOHTY), a TAKOXX BOJIOJI€ JAOCTATHBOIO CTIHKICTIO JI0
3HOITYBAHHS Ta BTPATH SKOCTI BHACIIIOK JOBTOTPUBAJIOT0 BUKOPUCTAHHS 1 30epiraHHsl.

KinbkicHy ominky HagiiHocTi T3 3AiCHIOIOTH 32 TaKUMH —BJIACTUBOCTSIMU:
0€3B1IMOBHICTb, JIOBTOBIYHICTb, 30€pEKYBaHICTh, PEMOHTOIPUIATHICTD.

be3BinmoBHicTh T3 — 1€ XapaKkTepuUCTHKa, SKa BH3HAYa€ MOTo 3JaTHICTH MpalioBaTh
0e3 mepeOoiB 1 HEMOJIAIOK MPOTIATOM TIEBHOTO MEPioay yacy abo MpoWTH MEeBHUN TpoOir 0e3
HECNpaBHOCTEH (OIL[IHOYHUMHU TOKa3HUKHU: IMOBIPHICTh O€3BIIMOBHOI POOOTH, IMOBIPHICTH
BIJIMOBH, CEpEHE HAIpaIfOBaHHSI Ha BIAMOBY Ta iH.) [8, c. 124]. 3a3Bu4aii 6€3B1IMOBHICTh
BUPAXAETHCS y BIJCOTKAaX ab0 KUIBKOCTI KUIOMETpIB, siki Moxe npoiitu T3 6e3 cepiiozHux
nmosioMoK. Lleit aciekT ctae 0COOIMBO BaKITMBUM, OCKUIBKH BiJI HHOTO 3aJI€KUTh 3PYYHICTh Ta
edexTuBHICTh ekcrutyatanii T3. BaxianBo BpaxoByBaTH, IO piBeHb O€3BIIMOBHOCTI MOXeE
3aJIe)KaTH BIJl TPABUIIBHOTO OOCITYTrOBYBaHHS Ta JOTPUMaHHS PEKOMEHAIld BHUPOOHUKA
1010 TEXHIYHOro OOCIYyrOBYBaHHS, OJHAK HAaBITh 3 JOTPUMAHHAM YCIX pEKOMEHJAIii 1
MpaBWJ  eKCIuTyaTallii ICHye TIeBHA IMOBIPHICTh BHHUKHEHHSI HEIOJAJIOK, TOMY
0€3BIIMOBHICTb CIIyT'y€ OPIEHTUPOM, a HE TapaHTIEI0 MOBHOTO BiICYTHOCTI MPOOIIEM.

JloBroBiuHicTh T3 MpOSBIAETHCA y 3AaTHOCTI BUKOHYBATH MEPEBI3HUIIbKI (QYHKITIT 710
HACTaHHS IPAHUYHOTO CTaHy MPH BCTAHOBJICHIN CHCTEMi TEXHIYHOTO CEPBICY Ta OLIHIOETHCS
3a IOTIOMOTO0 JABOX TPYII MTOKAa3HUKIB — pecypc 1 TepMiH ciryxom [7, c. 2; 8, ¢. 125] .

Pecypc T3 Bka3zye Ha 3arajbHy KUIBKICTh KUIOMETpPIB, SKI BiH MOXE MpPOKTH,
3QJIMINAIOYMCh TPU IHOMY TNPUIAATHUM I €()EeKTUBHOI eKCIuTyaTallii, a TepMiH CIIyXOHu
OisIbIIIe OpIEHTOBAHUHN Ha Yac.

T3 ckmamaerbes 3 aeranei pizHoro pecypey [7, c. 18]:

1) nmeram, pecypc SKHX HEMOXIHUBO a00 EKOHOMIYHO HEIOLITBHO 3a0e3MeunuTH
PIBHMM HAMpaIOBaHHIO J0 KamiTaIbHOTO PeMOHTY ((uIbTpH, YIIUTHHIOBaYl, (DPUKIIIHHI
HaKJIaJIKU TOILO), 32 HUM, SIK IPAaBUJIO, BU3HAYAIOTh IapaHTiliHe HarpatoBanHs 13;

2) petaii, sIKI MPaIOOTh B HAMPYKEHUX EKCIUTyaTalllHHMX YMOBax 1 iX panTOBUMA
BUXI1JI 3 JIaqy HE BIUTUBaE Ha Oe3neKy (IecTepHi, MiAINITHIKY, BaId KOPOOOK nepenad i T.1.).
3a HUMH BU3HAYAIOTh 3HAYCHHS PECypCy J0 KaliTaJbHOTO PEMOHTY;

3) nmerami, BUXiI 3 Jaay SKUX HE 3arpokye Oesmerl, 3a iX pecypcoM Ha3HayaloTh
3HA4YEeHHS PECypCy A0 MOBHOTO CIHCAHHS;

4) nperanmi, BUXiI 3 JIaqy SKHX 3arpokye Oesmeni (TaabMiBHA CHCTEMa, PYJIbOBE
KepyBaHHS i T.11.). IX pecypc HOBHHEH TIepEBHIIyBaTH PECYPC 10 MOBHOTO CIIMCAHHSL.

36epexyBaHicTb T3 MposBISETbCA y HOro 34aTHOCTI 30epiratu y 3aJaHuX Mexax
3HAYCHHS MapaMeTpiB, sIKi XapaKTepU3yIOTh 3AaTHICTh BUKOHYBATH MEPEBI3HUIBKI (QYHKIIITT
mij yac 1 micins 30epiranus ioro ta (abo) TpancmopTyBaHHs [8, c. 125].
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Haniitnicte T3 He 3aiuImIaeThCcsl MOCTIMHOIO TPOTATOM YCHOTO TEPMIHY CIYKOH.
Excrutyarariiss HeMUHYYe CYNPOBOIKYETHCS CTOXACTUYHHUM CIIPAIIOBAHHSAM  JIEeTaleH,
HAKOMMYEHHSAM B HHUX HEOOOPOTHUX TpoIeciB (BTOMHHMX SBHIL, 3HOCY, KOpO3ii),
30UTBITY€E€THCS IMOBIPHICTH TTOSIBU HECIIPABHOCTEH (BIIMOB) .

[Migsummennst HafgiitHocTi T3 € BaKIMBOI HAPOIHOTOCTIOAAPCHKUM IMPOOIEMOIO,
BUDIMICHHS $KOi CHPUSATHME BHKOHAHHIO HEBITKIATHUX 3aBJaHb, MI0 CTOSNTH IEpen
ABTOMOOUTHHOIO TPOMHUCIIOBICTIO Ta aBTOMOOUTEHUM TpaHCHOPTOM. [ligBuIIeHHST HAAIHHOCT1
T3 mo3HavyaeThCcs HE TUIBKM y 3pPOCTAHHI HANpPAIFOBAHHS, ajJie¢ 1 HA 3HIKCHHI BUTpAT TPHU
eKCIuTyaTallii 1 peMOHTI, 10 B CBOIO Yepry CHpusi€e 30UTBIICHHIO ONTHUMAIbHOIO TEPMIiHY ii
cyx6wu [9, c. 84]. Hosi T3 3aBxau MaroTh OUTBII BUCOKY HAJIHHICTh TMTOPIBHSHO 3 TUMH, IO
MaroTh BEJMKUI MpoOir abo npoinumy kamitanbHuil peMoHT [10].

3a pe3ysbTaTaMu JI0CTiHKeHb, peactaBiennmu Consumer Reports 3a 2023 pik 1mo10
Ha/liiHOCTI enekTpudikoBanux mozaeneit T3 cBimyare, M0 3arajoM ridopuau MaroTh Ha 26%
MEHIIe TIPo0JIeM, HI’K aBTOMOOLTI 3 TAJTMBHUMHU JIBUTYHAMHU BHYTPIIIHBOTO 3ropsHHS ([IB3).
INopuani enexTpoMoOii, 0 MAKIIOYAIOTHCS A0 eIeKTpoMepexi (TuIari riopuan), € OiIbi
3MIIIAHOIO KaTeropi€ro, 0lHaK MatoTh Ha 146% Oinbiie podiem (puc. 2) [11].

ITin koHCTpykTHBHOIO Oe3nexor0 T3 po3ymiloTh HOro 3AaTHICTH 3a0e3MedyuTH
MaKCUMaJIbHUHN PIBEHDb 3aXHUCTY VIS TACAKUPIB Ta IHIINX YYACHHUKIB IOPOKHBOTO PyXy B pasi
HeIUTaTHUX (aBapiiHUX) cuTyaniil. Po3pi3HAIOTH akTHBHY, MAacUBHY, MicisaBapiiiHy Ta
ekojoriuny [12, c. 71].

I'iopuan
Ha 26% MeHMIe pobieM, HIXK Y
HnaJIHBHUX aBToMo01iB 3 JIB3

Ejexkrpuuni
Ha 79% Oinbie npobiem, HIK y _

ManuBHUX aBToMOOimiB 3 JIB3

ILnarin riopuau
na 146% 6inbuie npodnem, HXK y
nanuBHUX apToMo0iniB 3 JIB3

Pucynox 2 — IlopiBHsiHHS enekTpu(iKOBAHUX CHIIOBHX arperaris 3 KiacuuyHuMH nanuBaumu T3 3 J/IB3
Ilicepeno: [11]

B minomy, axktuBHY Oe3mneky 3a0e3nedyloTh KOHCTPYKTHUBHI ocobmuBocti T3, mo
BIUIMBAIOTh HA  OIJISAJOBICTh, TalbMIBHI  BJIACTHUBOCTI,  CTIHKICTh, KEPOBAHICTH,
1H(OPMATHUBHICTh Ta IIYMHICTh, @ TAaKOX il BOAIS, COPSIMOBaHI Ha 3HWKEHHS WMOBIPHOCTI
ATIIL.

AxtuBHa Oe3meka T3 omucye cucTeMd Ta TEXHONOTM , $KI NpU3HAYEHl Ui
3aro0iraHHs aBapisiM Ta 3MEHIIEHHS PU3MKIB Ha 1opo3i. Lli cucreMu gomoMararoTh BOJISM Y
kepyBaHHI T3 Ta pearyioTh Ha HeO€3INe4yHl CHUTyallli a1 YHUKHEHHS a00 3MCHIICHHS
HACJIJKIB MOKJIMBUX aBapid. MoXHa BUIIIUTH OCHOBHI CHCTEMH 3 TOYKHU 30py KOHTPOJIIO 32
T3 ta 3a 1opokHBOIO 00CcTaHOBKOIO [ 13]:

- ABS (antubnokyBanpHa cucteMa rajabpM). 3abesneuye 30epekeHHs kepoBaHocTi T3
MIpH TaJIbMyBaHHI, YHUKAIO4YH OJIOKYBaHHS KOJIIC;

- ESP (enextponna crabimizauis). BusiBiase BTpaTy KepoBaHOCTI Ta J0OIOMAarae
BIJIHOBUTHU CTa0IbHICTh, KOPUTYIOUH TAIbMYBaHHS HA OKPEMUX KOJIECAX;

- cucTeMa KOHTPOJIO THUCKY B HIMHAaX. BiAchifKOBye THCK y IIMHAX Ta MOIMEpeKae
BOJIis1 TTPO Oy Ib-sIK1 aHOMAJTI1, 1110 MOKYTh BIUTHHYTH Ha O€3MeKy;

218



[SSN 2664-262X IlenTpanbHOYKpaiHChbKui HayKoBHH BicHUK. Texuiuui Hayku. 2023. Bur. 8(39), u.Il

- cucTeMa KOHTPOIIIO moyiocu pyxy. CroBimiae BoJisl, SIKIIO BiH BUXOAHWTH 32 MEXKI
CBOET TIOJIOCH PyXy 0€3 YBIMKHEHOI CTPIYKH CUTHATI3AITI].

- aBTOMATUYHHIA EKCTPEHUH TallbMIBHHMI aCHUCTEHT. AKTHUBYE TalbMIBHY CHCTEMY B
pa3i BUSBIICHHS HAJ3BUYANHOI CUTYaIlIl /111 YHUKHEHHS 31TKHCHHSI.

3a KOXEH 13 IMX BHJIB aKTUBHOI OE3MEKH «BIJIMOBIJAIOTHY» 30BCIM PpIi3HI TPYIH
HAaBUYOK BOJIS: 3a KOHTpOJb Haa T3 BIAMOBIZAaE TEXHIKA BOAIHHSA, a 3a KOHTPOJb Ha
00CTaHOBKOIO — TaKTUKA BOAIHHS [ 14].

IlacuBHa Oe3meka € BaXJIMBUM acHEeKTOM 3arajibpHoi Oesrexm T3 Ta mgomomarac
3MEHIIMTH TpPaBMaTHUHI HACIIJKW JJI MAacakupiB y BHIAAKy asapii. B komOinamii 3
aKTHBHOIO OE€3IEeKOI0, sKa Tomlepekae amBapii, macuBHa Oesmeka poOuTh T3  OLIbII
0e3nmeyHrMH JJIs IXHIX KOpUCTyBauiB. ba3oBi KOMIIOHEHTH MAacUBHOI O€3MEKHU BKIIOYAIOTh!
MOAYIIKA Oe3MeKu (CIpambOBYIOTh MPH 3ITKHEHHI, HAAIOUHM JTOJAATKOBUN aMOPTHU3YHOUYHI
edexT Ui macaKupiB Ta 3amoliraroud TpaBMaMm), peMeHi Oe3mneku (TapaHTyrloTh, IO
naca)kupy 3aJIMILIATHCS B CBOIX MICISX Y BUNIAAKY aBapii, a TAKOXK JIOIIOMAararoTh po3MOALUTUTH
CHJIM 31TKHEHHS Ha 00JIacTl Tijla); cTilika KepMma (3MEHIIy€ PU3MK TpaBM TpyJeil Ta rojoBu
JUIsL BOAISL TIpH (PPOHTATBLHOMY 3ITKHEHH1); 30HU MOTIMOICHOT0 neopMyBaHHs (CIeialbHO
CHPOEKTOBAaHI KOHCTPYKTHBHI €JIEMEHTH, SIKi CIPSIMOBaHI Ha MEpepo3MOJUT CHI MiJ Yac
31ITKHEHHS ), KPITJICHHS TUTSYUX CUJIIHD (CTIeHiaIbHI CUCTEMH JIJIsl O€3MEYHOCTI NITEH).

[licnsaBapiiina Oe3neka cHpsSMOBaHA Ha 3MEHIIEHHS TpaBM Ta 3a0e3ledyeHHs
MaKCUMaJIbHOI O€3MeKu mJisg OCl0, SKI MOTpamuiId B aBapiio, a TaKOX I TUX, XTO HAJa€
JOTIOMOTY TiJ Yac pITyBadbHUX oOmepamniid (HampuKiIag, CHUCTEMH aBTOMAaTHYHOTO
MOKEXKOTACIHHS, BIJKIIFOUEHHS >KUBJICHHS, PO30JIOKYBaHHS [Bepeil, BUKIUKY EKCTPEHOT
JIOTIOMOTH ).

Exomnoriuna Oe3nexka T3 BiZHOCHTHCS 10 3aXOAIB Ta TEXHOJOTIH, CIIPSIMOBAHHX Ha
3MCHILIEHHS HETaTUBHOTO BIUIMBY TPAHCIOPTHUX 3acO0iB HAa JOBKULIS Ta IMiJBUIICHHIO
CTaJIOCTI PO3BUTKY aBTOMOOUTbHOI 1HAYCTpii. OCHOBHI aCMEKTH EKOJIOT1YHOI Oe3MeKu
BKIIIOYAIOTh OOMEXEHHsSI BHKHUIIB IIKIIJIMBUX PEUOBUH, TMOKpalieHHs eQEeKTUBHOCTI
BUKOPUCTAHHS TMaJbHOTO Ta 1HII 3aX0Ad JUIsi 3MEHIIEHHS eKOJOTIYHOTO BITOUTKY
ABTOMOOUTHHOTO TPAHCIIOPTY.

Craructuka [ TII cBimunTh, 1110 OCHOBHOIO MPUUYKHOIO € HE BIK T3 Ta Ooro TeXHIYHUNA
CTaH, a CHoci0 ympaBliHHS Ta pearyBaHHs BOJIiB J0 ICHYIOYOI TOpPOXHBOI cuTyamii (ue
O3Havae, M0 BOI 1 MIIOX0I1 MOBUHHI Oy 0COOJIMBO YBaXKHI 1 TIPOSIBIIATH B3a€EMHY ITOBary
Ta pO3yMiHHS, 3aJIUIIAI0YKCh Ha piBHUX) [15, c. 181].

B minomy xonctpykuiss T3 Bu3Hauyae Horo (yHKIIOHAJIBHICTh Ta MPUIATHICTH AJIS
NepeBe3eHHs] MacaXUpiB ab0 JIOCTAaBKM BAaHTaXiB, 1 BOHA ONTUMI3Y€ThCS BIAMOBIIHO 0
BHU3HAYEHUX I[UUIEW Ta BUMOT BHUPOOHHKA, HACKUIbKU €(EeKTUBHO BiH OyJe BUKOHYBaTH CBOI
3aBJlaHHS B KOHKPETHMX YyMOBaxX eKcIulyaTauii (mepeBi3HOTO mporecy). Taki BUMOTH
BU3HAYAIOTh MaciTad, Gopmy, CTPYKTYpHI €JIEeMEHTH, CUCTEMHU OE3TEeKH, a TaKOX 1X BIUIMB
Ha BaHTAXOIIJHOMHICTh Ta MacakKUPChbKy MICTKICTh. B3aeMo3B’ 30k koHCTpyKIii T3 Ta fforo
3IaTHOCTI TIEPEBO3UTH BaHTaXK1 a00 MacakMpiB BUMArae 30a1aHCOBAHOTO IMIXO/IY, 30KpeMa:

- poamipu T3, Taki SK AOBXKMHA, IUPUHA 1 BUCOTA, MOXYTh BIUIMBATH HAa HOTO
MICTKICTh Ta 3JJaTHICTh NTEPEBO3UTH PI3HOMAHITHI BAHTAXI;

- BHCOKa JKOPCTKICTb Ta MIIHICTh KapKacy Ta Ilaci CIpHsI€ MiBUIICHHIO
BaHTaXomigoMHICcTE T3;

- TUM TiABICKYA BU3HAYa€ CTYMiHb KOM(OPTY ISl MacakUpiB Ta 3AaTHICTH aBTOMOOLIIS
BUTPUMYBAaTH HaBaHTaXEHHs (y BaHTaXHUX 13, 3a3BHYail, BUKOPHUCTOBYETHCS KOPCTKA
MiJBICKA JJIT ONTUMAJIBLHOT CTIHKOCTI Ta BAHTaXKOMIAHOMHOCTI);
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- e(eKTHBHICTh CHJIOBOI YCTAHOBKH, a TAaKOX Y3TOJDKEHHS MapaMeTpiB TpaHCMICii,
BIUTMBAIOTh HA 3/IaTHICTh TOI3IKM HA BEJHMKI BIJICTaHI 3a PI3HUX yMOB 0€3 TMia3apsIKu
(3ampaBkm);

- KOMIIOHYBaHHS CaJIOHy Tacaxxupchbkoro T3 a0o BaHTaXHOTO BiACIKY (Ky30Ba)
BU3HAYA€ PALliOHATBbHY KUTBKICTh MIiCIIb JUIsl PO3MIILICHHS MAaca)XUPiB a00 MepeBE3CHHS BAHTAXKY;

- THIH Ky30Ba CIY>KaTh PI3HUM IIUISIM TIEPEBE3CHHSI;

- 78 3MEHIICHHS EHEepreTUYHHUX BUTPAT BUKOPUCTOBYIOTHCS PIZHOTO POAY
aepoJIMHaMIYHI PIIEHHS KOMIIOHYBaHHA T3, TEXHOJIOT1T KOHTPOJI0, pEKyIepartii TomIo.

KoHcTpykTrBHA MPUCTOCOBAHICTh T3 O TEXHIYHOTO OOCIYTOBYBaHHS € Ba)KIMBOIO
XapaKTEPUCTUKOIO, OCKUTBKH BOHA BIUIMBAE HA JIETKICTh, 3pDYYHICTh Ta BApTICTh MPOBEIACHHS
pi3HUX BHUIB TEXHIYHOIO OOCIyroBYBaHHS Ta peMOHTy. HaBememMo nesiki acmekTu, sKi
BU3HAYAIOTh MTPUCTOCOBAHICTH T3 710 TEXHIYHOTO OOCITYTrOBYBaHHS:

- 3py4YHHMI JOCTYI OCHOBHHUX BY3I]iB, KOMIIOHEHTIB B MOTOPHOMY BiZICIKY, OaraxHoro
BIITIJICHHS /TSI BUKOHAHHS PI3HUX BHIIB OOCTYTrOBYBaHHS Ta PEMOHTHHUX POOIT;

- BHUKODUCTAHHS CTaHAAPTU30BAaHUX JeTaneil (OJHAKOBI YacTHMHH  MOXKHA
BUKOPUCTOBYBATH JUIsl pi3HUX Mojieneit T3 Ta HaBiTh B pPI3HUX BUPOOHUKIB);,

- iHHOBalii B OOCIIyroByBaHHI (BUKOpPUCTAaHHS BOYJIOBaHHUX CHCTEM MOHITOPUHTY
TEXHIYHOTO CTaHy, MIarHOCTHYHHUX CHCTEM, SIKI HaJaroTh iHQopMamiro npo craH T3, mo
JIO3BOJISIE MIBUIIIE BUSABJISITH T4 YCYBAaTH HECTIPABHOCTI);

- 3pY4YHICTh 3aMiHU JeTajei (mpoiec 3aMiHM Ta OOCIyrOBYBaHHS TOBHHEH OYyTH
HAUIPOCTIIINUM 1 TPU3HAYCHUM JJI1 BUKOPUCTAHHS CTaHAAPTHUMH IHCTPYMEHTaMHU );

- JIOTIYHE pO3TallyBaHHS 1 MOEJHAHHS KOMIIOHEHTIB (703BOJISIE MEXaHIKaM JIETKO
3HAXOJIUTH 1 IBUIKO 3aMIHIOBATH HEOOXiAHI YACTHHH).

BpaxyBaHHS IIMX acHeKTiB ITiJ] Yac MPOCKTYBaHHS Ta BUPOOHUIITBA MOKE TMOJICTIITUTH
TeXHIYHE 0OCITyTOBYBaHHS Ta 30UTBILIUTH IIPUCTOCOBAHICT T3 10 peMOHTY Ta 00CIyrOBYBaHHSI.

BucHoBku. TakuM 9YHHOM, KIIFOYOBHMH aCTIEKTaMH, 1110 BILUTUBAIOTh HA €()EKTUBHICTB,
6e3neKy Ta JOCTymHICTh T3 €:

1. BaxnmuBicTh  KOHCTPYKTHBHOI  HaOIMHOCTI  (pe3yJbTaTH  JOCIHIKEHHS
MiIKPECIIOTh, 10 KOHCTPYKTHBHA HAMINMHICTF T3 € KPUTUYHO BAXKIUBOI IJS HOTO
TpUBAJIOTO Ta 6e3nepediitHOro0 PyHKITIOHYBAHH).

2. be3neka sik mpiOpUTETHA XapaKTepUCTUKa (BUBUEHHS BIUTMBY Oe3rneku T3 Ha #oro
BHUKOPHUCTAHHS JIJIs1 TIEPEBE3CHb BKA3y€ Ha Te, 10 Oe3MeKa Ma€ MePIIoueproBe 3HaYeHHsT y BUOOPI).

3. IIpucTocoBaHiCTh 10 TEXHIYHOTO OOCIYroBYBaHHS SK (DaKTOp TPUBAIOCTI CIYKOU
(mocHimKEeHHSI TAKPECTIOE BAKIUBICTh MPUCTOCOBAHOCTI T3 10 TeXHIYHOTO 00CTyrOBYyBaHHS
Ui 3a0€3MeYeHHs] TPUBAJIOro Ta e(EKTUBHOIO HOro BUKOpUCTaHHS). T3, sKuil Jerko
00CITyTOBY€ETHCSI TA PEMOHTYETBCS, MOKE€ 3MEHIINTH CYKYyITHI BUTPATH Ha EKCIUTyaTallifo Ta
MiABUIIUTH 33JOBOJICHICTh Y BUKOPHCTAHHI.

4. Pexomenparii 1y BUPOOHUKIB 1 KOPHUCTYBadiB (aKIEHT Ha BIOCKOHAJICHHI
KOHCTPYKTUBHOI Ha/TIIHOCTI Ta OE3MEeKH, a TAKOK CIPOILCHHI TIPOIIECY TEXHIYHOTO OOCITYTOBYBAHHS).

B 1minomy, [oCmipKEHHS MIAKPECIIOE BaXJIUBICTh B3a€EMOIi  KOHCTPYKTHBHOL
HAJIMHOCTI, OE3MEKU Ta MPUCTOCOBAHOCTI O TEXHIYHOTO 0OCITYrOBYBaHHS /s 3a0€3MeueHHS
SAKICHUX Ta 0€3MEeYHUX MepeBe3eHb Ha J0PO3i.
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Study of the influence of structural reliability and safety of the vehicle for

transportation and adaptability to maintenance

Road transport is the most popular industry for providing passenger transportation services and
delivering goods on time, which is achieved not only by increasing the speed and efficiency of transportation,
but also by a high level of safety and reliability of vehicles. A vehicle structure is a set of interconnected
components and systems designed and integrated to create a functional and efficient technical unit that meets the
specific needs and objectives of the transportation process. The design features and technical condition of a
vehicle directly determine its ability to withstand various loads and operating conditions. After all, the health and
safety of passengers or transported cargo, as well as the efficiency of vehicle operation, are key factors that are
directly characterized by its design and technical condition.

A detailed analysis of the relationship between vehicle design and functionality can help improve the
quality of transportation, as well as increase the service life and durability of vehicles. However, there are a
number of challenges, including the difficulty of selecting studies to provide consistent, substantive conclusions
on the impact of vehicle design on transportation efficiency, integration into the road environment, and
maintenance adaptability.

This article is devoted to a thorough analysis of the impact of the structural reliability and safety of a
vehicle used for transportation in dense traffic flow and its adaptability to maintenance. The results can be of
great importance to designers, manufacturers and operators of transportation systems, contributing to improved
safety and efficiency in transportation and maintenance. The results obtained may open new perspectives for the
development and improvement of transportation systems designed to provide modern society with reliable and
safe vehicles.
vehicle, structure, reliability, maintenance, transportation
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[HHOBAIII}HI CKJIaJIOB1 TPAHCIIOPTHUX HPOIIECIB
BAHTAXKHUX MEPEBE3EHb y Taay31 aBTOMOO1ILHOTO
TPAHCIIOPTY

VY cTarTi pO3TIAAAIOTHCS KIIOYOBI KOMIIOHEHTH OpTaHi3alii iHHOBAmiiHOI XisyIbHOCTI y cdepi
aBTOMOOLTHHOTO TPAHCIIOPTY BAHTAKHUX IEPEBE3CHb. Y CYYaCHOMY CBITI iHHOBAIlil CTajdM HEBiI €MHOIO Ta
HEOOXiTHOI0 YAacTHHOIO (PYHKI[IOHYBaHHS IIi€l Tamy3i, 1 TOMY B@XJIHBO BHBYATH, OOTOBOPIOBATH Ta
CHCTEMaTH4YHO po3risigaru ix. OyHpaMeHTaIbHUM €JIEMEHTOM € OCEepelloK, Ha SIKOMy 0a3yeThcs iHHOBalliliHa
AKTHBHICTb, TOMY B)XJIMBO PETYJISIPHO BUCBITIIIOBATH Ta PO3LIMPIOBATH HOTO KOHTEKCT.

iHHOBaWisi, TPAHCNOPTHI mpouecH, aBTOMOGLILHMI TpaHCHOPT, BaHTaxkHi nepesesenn223-231x,
eKo0JI0TiuHAa Oe3mexa

IMoctanoBka mnpodsemu. Ha ocHOBI aHamizy HayKOBO-TEXHIYHOI i1H(OpMarii
BCTAHOBJICHO, 10 aBTOMOOUIbHHUN TPAHCHOPT € OJHUM 13 HAWBaXJIMBIIIMX CKJIAJ0BUX
€KOHOMIKM KpaiHu. TpaHCTopT 3B’s3y€ MK COOOI0 pi3HI pallOHH, MIANMPUEMCTBA Ta Taly3i
HApOJHOTO TOCIOAAPCTBA, BIAIrpae BEIUYE3HY POJIb IMPU PO3MIIICHHI MiJIPUEMCTB, 3aBOIIB
Ta € BOKJIMBOIO YMOBOKO PAaIliOHAIBHOTO PO3TAlllyBaHHS BUpOOHHWIITBA. He3Bakaroun Ha 11e,
BUKOPUCTAHHS TEXHOJIOIM aBTOMOOIJIBHOIO TPAHCIIOPTY HA Cy4aCHOMY €Tali MOB’si3aHUH 13
HU3KOI0 CEpHO3HUX MpoOiieM, M0 MOTPeOyIOTh BUPILNICHHS HAa TEXHOJOTIYHOMY piBHI.
Haii0inp11 BaXJIMBUM Ta NEPCHEKTUBHUM HAIPSMKOM Y KOMIJIEKCHOMY BUPIILIEHH] 1ICHYIOUHX
npoOJieM Ha aBTOMOOUIBHOMY TPaHCIOPTI € pPO3poOKa Ta BHKOPUCTAHHS HOBITHIX
IHHOBAIITHUX TEXHOJOTIH, CTPIMKUN PO3BUTOK SIKMX CTBOPIOE I aBTOMOOLIBHOTO
TPAHCIIOPTY MPAKTUYHO HEOOMEXKEHI MTEPCIICKTHBH.

AHaJii3 ocTaHHIX J0cailKeHb 1 my0aikanii. OCHOBHI MPOOIEMHI MOMEHTH HPOIECY
BIIPOBA/DKEHHS 1HHOBaIN y cepi TpaHcropTy Oyiu MpeIMeToM BUBUEHHS 0araTrboX BUYCHHUX,
y Ttomy umcii KomomizeBoi T. O. mo cTtocyerbcs NOTICTUYHOI MiATPUMKA 1HHOBAIIIHOT
JisutbHOCTI TpaHcnopty. Pynenko I'. P. posrisgaB iHHOBamiiHICTH B3a€EMO3B’SI3KIB IIOJIO
BU/IIB 3a0€3MeYeHHsI JIOTICTUYHOI AISIIBHOCTI Ta yIpaBiiHHA mignpueMctBoM [1]. Uyxpait H.
OOI'pyHTYBaB Ba)IMBICTh MApKETUHTOBHX IHHOBALId Ta JIOTICTUKW TOBApiB y TiJBUIICHHI
e()eKTUBHOCTI AiSUTBHOCTI MIJIPUEMCTB TPAHCIIOPTY [2].

[Tig iHHOBamisiME y cdepl aBTOTPAHCHOPTHUX IIOCIYT € BUKOPUCTAHHS HAYKOBUX
JOCSTHEHb y BUTJISAAI HOBUX TEXHOJOTIH, BUAIB MPOAYKII Ta MOCIYT, OpraHizaiiiHo-
TEXHIYHUX Ta COLAJIbHO-EKOHOMIYHUX PIlIEHb BUPOOHHUYOTO0, (piHAHCOBOTO, KOMEPIIHHOTO,
aMIHICTPATUBHOTO YH 1HIIIOTO XapaKTepy 3 METOK OTPUMAHHS €KOHOMIYHOTO, COIlIaIbHOTO
4u eKoJIoriyHoro edexrty. [Ipu npomMy iHHOBaIIiHA JISUIBHICTH AaBTOTPAHCIIOPTHOI OpraHi3amii
CIIPSIMOBaHAa HacaMIiepe]] Ha MiABUIIICHHS KOHKYPEHTOCTIPOMOXKHOCTI mociyT [3].

HaiiBaxxnuBimii HanpsiMu 1HHOBAIIIIHOI JISJIBHOCTI Ha aBTOMOOLILHOMY TPaHCIOPTI
nepeadavyaoTh BUKOPUCTAHHSIM Cy4aCHUX TE€XHOJIOTIH JJIs OpraHi3alii nepeBe3eHb BaHTAXIB,

© T. B. I'aikoBa, B. I'. 3aropsHcekui, I. O. Conomny, 2023
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aBTOMaTH3alii Ta iHpopmaru3alii BCIX JIAHOK TPAHCHOPTHOTO JIAHIIOra IIOJI0 MPOLECiB
0o0cimyroByBaHHs ~ KIi€HTIB.  llepmiopssmHUMH —~ KpPHUTEpISIMH  OILIHKH  €(EKTHUBHOCTI
BUKOPHUCTAHHS 1HHOBaMii y cdepi aBTOTPAHCHIOPTHHUX IMOCIYT €: JUHAMiKa BUKOPUCTaHHS
eHepro30epiralounx TEXHOJIOTiH [4]; piBeHb €EKOJOTiyHOi Oe3MeKH aBTOTPAHCIIOPTHOTO
KOMILJIEKCY B IIJIOMY Ta HOro KJIFOYOBHX KOMIIOHEHTIB, BPaxOBYIOUH OOCST BHUKOPUCTAHHS
EHeprii Ta pecypciB; CTENmiHb aBTOMAaTH3allli CHUCTEM KEpyBaHHSA, CKOHOMIiS dYacy Ta
MiHIMIi3allisl BapTOCTi JOCTaBKM BaHTaXIB 3a BUCOKOI HAIIHHOCTI IX TPaHCHOPTYBaHHS.
[lepeximx aBTOTPAHCIIOPTHOTO KOMIUIEKCY Ha I1HHOBAlIMHMM TLIIX PO3BUTKY 3akaJaaB
MaciITabHOro BIPOBAPKEHHS HOBUX TEXHOJOTIH. Y aBTOTPAaHCHOPTHUX MOCIYT BXe
BUKOPUCTOBYIOTBCSI Taki 1HHOBAIlIHHI TEXHOJOTI, SK KOHTPOJIb MICIE3HAXOMKCHHS
aBTOMOO1ISI, OTIepaTUBHUM 00K MaluBa, MOOLThHA BiJIEO peeCTpallis.

KirodoBi iHImMaTHBU JJI1 3MEHIIEHHS HETaTHBHOTO BIUIMBY aBTOMOOLIIB Ha
HaBKOJIUIIIHE CEPEIOBUILE BKIIOYAIOTh:

1. Po3poOka aBTOMOOUTHPHMX KOHCTPYKIIIH, CIPSIMOBAHUX Ha MIHIMI3aIlll0 BUKHU/IIB
TOKCUYHHUX KOMIIOHEHTIB y BIANPAIlbOBAHUX Ta3ax Ta 3HIKEHHS PIBHS IIyMY.

2. Y1ocKoHaAJICHHSI METOJIB PEMOHTY, TEXHIYHOTO OOCIYTrOBYBaHHS Ta E€KCILTyaTalii
TPaHCHOPTHUX 3acO0IB 3 METOI 3HIDKEHHS BHKHJIIB TOKCHUYHMX KOMIIOHEHTIB Y
BIIMIPAIlbOBAaHUX Ta3aX, IIYMOBOTO pIBHA, IO TEHEPYEThCS AaBTOMOOUIAMH, 1 BIUIUBY
eKCIUTyaTallifHIX MaTepiaiiB Ha OTOUYI0Ue CEpeOBUIIIE.

3. BmpoBamkenHs 3aco0iB Ta METOMIB OpraHizaimii Ta peryjaloBaHHSI pyXy, SKi
COPUSIOTh ONTUMAIBHUM pEXHMaM pyXy, 3MEHIIEHHIO 3yNUHOK Ha CBiTIodopax,
00OMEXEHHIO TTePEKITIOUCHb Tepeiad Ta ONTUMI3aIlil poO0v0oro 4acy IBUTYHIB JIJIsi YHUKHCHHS
HEBUIIPABAAHOTO BUKOPUCTaHHS PECYPCIB.

B nanmit yac akTHBHO TIPOCYBAIOTHCS IHHOBAIIHI PIIIICHHS Ta TOCATHEHHS B Taly3i
00CIIyroByBaHHSI Ta €KCIUTyaTallii TPaHCHOPTY, OPHUriHaJIbHI 1H(PACTPYKTYpHI Ta TEXHIUHI
pO3pOOKH, CHpsSMOBaHI Ha BIAOCKOHAJICHHS BaHTAXHUX IepeBe3eHb. MIHICTEPCTBO
TpaHCHOPTY YKpaiHM MIATPUMY€ IHILIATHBH, CHPSIMOBaHI Ha 3MIIHEHHS IOAAJIBILIOTO
B3aEMHOTO CITIBPOOITHHUIITBA IIIOJ0 PO3BUTKY TPAHCIIOPTHHX KOPHUIOPIB BHCOKOIIBHIKICHUX
CIIONTyY€Hb, CTBOPEHHS €(DeKTUBHHMX Ta OMEPATHUBHUX JIOTICTUYHHUX cUCTeM [5]. IHHOBariiiHi
CKJIAJIOBl CIIPUATUMYTH ITiIBUIICHHIO KOHKYPEHTOCITPOMOXKHOCTI BITUU3HSHOT TPAaHCIIOPTHOT
CHUCTEMH Ha PEriOHaJbHUX Ta CBITOBUX TPAHCHOPTHUX PUHKAX, & TAKOXK CTUMYIIOBATUMYTh
aKTHBHY peati3allii0 HOBHMX IHIIIATUB Ta MPOEKTIB [6-7], sKiI MATpUMaHI Ha HAWBHUIIIOMY
JIep’KaBHOMY Ta MDXKHAPOJHOMY PiBHI.

IlocTanoBka 3aBaaHHsi. MeTa CTaTTi MOJIATae B aHaji3l Cy4yaCHHUX TEXHOJIOTIH Yy
cepl TpPaHCIOPTHUX MPOIECIB Ta BU3HAYCHHI MPIOPUTETHOTO HAIMPSIMKY BIPOBAKEHHS
IHHOBAIIMHOI JiSTBHOCTI Y cdepl aBTOTPAHCIOPTHUX TMOCIYr 3 TependadyyBaHUM 1
IPOTHO30BAHUM PE3yJIbTATOM.

Buknan ocHoBHoro marepiaay. ChOorofieHHSI JUKTYyE MOTpeOy BU3HAYCHHS Y Oylb
SIKUW Yac MICIIe3HAXOKeHHSI aBTOTPAHCIOPTHHX 3aco0iB, I[IHHUX BaHTaXIB, TOBapHOI
npoaykiii Tomo. SIK mpaBWio, Taki 3aBJaHHS BHPIMIYIOTECA B MPOIECI KOHTPOIIIO
nepeMillleHHs] PyXOMUX 00’€KTiB, 3a0e3nedyeHHs: Oe3NeKkyu aBTOTPAHCIOPTY Ta iX MOLIYKY Y
pasi BHKpPAJCHHS, a TaKOX y TMPOIEC CYNMPOBOKCHHS TPAHCIOPTHUX 3acO0IB Ta IIHHHUX
BaHTaXiB. He MEHI akTyallbHUMH, SIK 1 PaHIIIe, 3aJIUIIAI0ThCS 3aBIaHHS aBTOMATU30BaHOTO
BU3HAYEHHS MiCLIE3HAXO/KEHHS aBTOTPAHCIIOPTHUX 3aCO0iB y CKJIa/li CHCTEM KOMIUIEKCHOTO
3a0e3nedeHHs SKocTi nocayr. CrnokuBauaMu TaKMX CUCTEM € IOPHIMYHI Ta (13UM4yHI 0coOu.
Cepen opuanyHUX OCI0 CIiJ BUAUTUTH BaHTAXKOIEPEBI3HHKIB (HacaMmIiepen, NMEepeBi3HUKU
0COOJIMBO IIIHHMX Ta HEOE3MEYHHUX BAHTaXiB); OpraHizaiii, sKi OpPEeHIYIOTh aBTOMOOLNI;
aBTOMOOUTPHUN  TpPAHCIOPT 3 OOCIYyroBYBaHHS HErabapUTHUX BaHTaXiB, TipHUYO-
30arauyBajibHI Ta METaJdypriiiHi KOMOIHATH Ta 1HINI KOMIIaHii, A SKUX OTPUMaHHS
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OTIEepaTUBHOI Ta JJOCTOBIPHOI 1H(OPMAIIl PO MiCLIE3HAXOIKEHHS Ta CTaH aBTOTPAHCIIOPTHUX
3ac00IB Ta BaHTAXIB, IO TEPEBO3SATHCS, MOXKJIUBICTH OINEPATUBHOTO YIIPABIIHHS ITHMH
00’eKTaMU MaroTh BakjiMBe 3HaueHHSA. Jlo ¢i3muHuxX oci0 ciijg 3apaxyBaTd IMPHBATHUX
ABTOBJIACHUKIB Ta 1HANBITyIbHIX KOPUCTYBAUiB aBTOTPAHCTIOPTHUX 3aCO01B.

BaxxinBe 3HaueHHs TPAHCIOPTHUX IMPOLECIB € IiJIBUIICHHS O€3MEKH MEpeBe3CHb Ta
30epeKeHHSI BaHTAXKyY, ONTUMI3AIlil TPAHCMOPTHUX MapuipyTiB. lle mpu3BoauTh 10
CKOPOYEHHSI BUTPAT Ta MiABUIICHHS SIKOCTI HaJIaHHS aBTOTPAHCIOPTHUX MociyT. [Ipu npomy,
MOOUThHI HaBITAIIHI KOMIIJIEKCH OKPIM KOHTPOJIIO 3a MICIIEM pO3TAllyBaHHS Ta CTAaHOM
pyXoMHUX 00’€KTiB, J03BOJIIIOTH BHUPILNIYBATH TNeEpeliK cheuu(piyHUX 3aBAaHb, 110
3a0€3MeYyr0Th MiABUIIEHHS SKOCT1 MOCIYT:

— OTpUMaHHS omepaTuBHOi 1HQoOpMalii Mpo MICHE3HAXOMKEHH Ta CTaH
ABTOTPAHCTIIOPTHUX 3ac001B, BIAOOpaXKeHHS IX PyXy Ha EJIEKTPOHHUX KapTax Yy PEKHMI
peapHOro vacy;

— aBTOMATH3aIlisl KOHTPOJIIO 32 PyXOM aBTOMOOUTHHOTO TPAHCIIOPTY Ta A1SIMU BOJIS;

— 3a0e3medyeHHs 0e3MeKH NepeBe3eHb Ta BOI;

— OMTHUMI3aIlis TPAHCTIOPTHUX MAPIIPYTIB;

— IPOTHIiS BUKPAJEHHSIM aBTOTPAHCIIOPTHUX 3aCO0IB.

Buainmmo noctyriHi 3aco00M MOHITOPUHTY aBTOTPAHCIIOPTHHUX 3aCO01B:

1. GPS (Global Positioning System) [8]. Lls cymyTHUKOBA cHcTeMa HaBiraiii J03BOJIsE
B Oy/Ib-IKOMY MIiCIIl 3eMJTl, TPAKTUYIHO 3a OYyb-AKOI MMOT0/Id, BU3HAYNTH MICII€3HAXOHKCHHS
Ta MBUAKICTH 00'ekTiB (puc. 1). CoxuBavaMm I11i€i CUCTEMU MPOMOHYIOTHCS Pi3HI MPUCTPOT Ta
MporpamMHi MPOIYKTH, SKI JO3BOJISIOTH: MOOAYUTH CBOE MICIIE3HAXOHKCHHS Ha €JICKTPOHHIN
KapTi; MPOKJIAJATH MapHIPyTH 3 YypaxXyBaHHSM HAsSBHUX JOPOXKHIX 3HAaKiB; 3a0€3MeUnTH
MONIYK Ha KapTi KOHKPETHUX OyIWHKIB, BYJIMIb Ta IHIIUX 00'e€KTiB iH(MpacTpykTypu. [Ipm
IIbOMY CYIYTHUKOBHM MOHITOPHHI aBTOMOOLIBHOTO TpaHCcHopTy 3a pomnomoroio GPS
BEJIETHCS 3a MICIIEM pO3TalllyBaHHs, MIBUKICTIO aBTOMOOLTIB, IO J03BOJISIE KOHTPOJIIOBATH

X pyX.

SADL BRI AD RIS

pofora pEargEe

FATIET SR [TFHT

Pucynox 1 — GPS-monimopune mpancnopmy
IDicepeno: [10]
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OcHoBHa Maca cHCTEM KOHTPOIIO TEpeBe3eHb Ha JalleKy BiJCTaHb, 3aCHOBaHA Ha
BUKOPUCTAaHHI TeocTalioHapHuX cymyTHUKiB. Ile cucremm «Inmarsat, OmniTracs,
«EutelTracs», «Iridium, Orbcommy Ta iHmIi. Po3risHeMo aesKi 3 HUX OUIBIN JTOKJIaIHO.

Cucrema «Inmarsaty, 0a3yrounch Ha TeOCTAI[lOHAPHUX CYMYTHHKaX, 3a0e3redye
nepeaayy iHopMarii Mk pyXOMUM 00'€KTOM 1 JUCIIETYEPCHKUM IyHKTOM Ha BCiil TepUTOpii
3emMHOi Kyni. Yac moctaBku iH(popMallii B CHCTEMI CTAHOBUTH 5-15 XBUJIMH B 3aJICKHOCTI BiJ
Oprasizaiii JUCIeTYCPCHKOTO MyHKTY.

Cucrema «EutelTracs» 3 Toukm 3o0py chmoxuBada, Mae cxoxi 3 «Inmarsaty
XapaKTePUCTUKH KOMIOHEHTIB. Ckiiaj MOOUIbHUX TEPMIHATIB 1 (PyHKIIOHATIbHI MOKIMBOCTI
CHUCTEM TIPAKTUYHO OJIHAKOBI, ajié BOHHM BHUKOPHUCTOBYIOTH Pi3HI YaCTOTHI Jiama3oHHU.
MobinsHuit Tepminan cuctemu «EutelTracs» 3a cBoiMu po3mipaMu OibIe MiAXOAUTH IS
YCTaHOBKH Ha BaHTaXXHI MaIlIMHU.

Cuctemun Ha 0a31 HHU3BKOOPOITAJIBHUX CYNMYTHHUKIB, Hampukiaa, sk «lridium,
Orbcommy, HamarOTh Ti X TMOCIYTH, IO 1 TeocTamioHapHi cucTteMd. OCHOBHA IXHS
BiJIMIHHICTb OJIMH BiJl OJTHOTO TOJISTA€E B TOMY, IO MEPII CKIAAAI0THCS 3 HU3bKOOPOITATBHUX
CYNYTHHKIB 3 HEBEJIIMKOIO BHCOTOIO opOiTH (Menmie 1000 xkm). s cokuBava 1ie O3HAvae,
110 iX CYIMyTHUKOBI TEPMiHAJIX MAIOTh MEHIII PO3MIpH 1 HEBUCOKI LIIHU.

2. Cucmemu  gideocnocmepediceHus. 3 TIOSABOK TaKUX  TMPUCTPOIB  IJIA
BiJICOCTIOCTEPEKECHHSI HAa PHHKY CTal0 MOMJIMBUM CTBOPIOBATH KOMIUIEKCHI CHUCTEMHU
B1JICOCTIOCTEPEKCHHSI, KOMOIHYBaTH iX 13 KOMII FOTEPHHUMH TEXHOJIOTISIMH, MO0 3HAYHO
PO3IIMPUIIO MOKIHBOCTI TAKUX KOMILIEKCIB.

CydacHi cUCTeMH MOHITOPWHTY 3aIOBOJBHSIOTH Y 3arajlbHOMY BHITQJKy HACTYITHUM
MOKITUBOCTSIM:

— 3a0e3MeYeHHs] JBOCTOPOHHBOTO IM(POBOTO Ta TOJOCOBOTO 3B'SA3KY MIXK
ABTOTPAHCIIOPTHUMH 3aCO0aMU Ta JUCTIETYEPCHKUM MMYHKTOM;

— BU3HAUCHHS CTaHy O€3MEeKH aBTOTPAHCIIOPTHOTO 3aco0y Ta BaHTaxy (30epekeHHS
3aMKiB, TeMIEepaTypH BcepeauHi pedprxepaTopa ) Ta MIOTOUHOTO PO3TAITYBaHHS;

— OmlepaTHBHE BIIOOpPaKEHHs Ha €KpaHI MOHITOpa reorpadidyHoi KapTu palioHy 3
00CTaHOBKOIO Ta BiIMITKAMH IMOTOYHOTO MiCIIE3HAXOKEHHS aBTOTPAHCIIOPTHOTO 3aco0y;

— OTIOBIMICHHS NP0 «HEIITaTHY CHUTYAaIlif0» 3 KOHTPOJIHOBAHWM aBTOTPAHCIIOPTHUM
3acO000M 3a JOTMOMOTOI0 CUTHATy KHOIMKH €KCTPEHOTO BHKIJIMKY, CIPAllbOBYBaHHS Pi3HUX
OOpPTOBUX MATUYMKIB 13 3a3HAYEHHSAM MOTO TOYHHX KOOP/IMHAT;

— KepyBaHHs PI3HUMH BUKOHABYMMH TMPUCTPOSMU Ha aBTOTPAHCIOPTHUX 3aco0ax
(6moxyBaHHS IBepel, ABUTYHA) 32 IEBHUMHU KOMaHIaMU;

— 3a0e3meueHHsT KOHTPOJIO 32 MPOXOKEHHSM BCTAHOBJICHOTO MAapIIpyTy Ta
JTOTPUMAHHAM Tpadika pyxy 13 3a3HAYCHHSIM Yacy BiJICTaBaHHS a00 BUIICPEIKEHHS;

— JOKYMEHTyBaHHS, 30epiraHHsi JaHUX, [0 HAJIXOIATh BiJl aBTOTPAHCIIOPTHUX
3ac001B, IKi KOHTPOIIOOTHCS, IS MOAAIBIIIOTO aHATI3Y;

— aBTOMATH30BAaHUI KOHTPOIb aBTOTPAHCIIOPTHUX 3aCO0IB Ta BAHTAXy HA CIEIIabHO
0o0JIafHAHMX CTOSHKAX Ta 1H.

BrpoBakeHHST TAKUX CUCTEM J03BOJISIE TMIABUIIUTH SKICTh TOCTYT, IO HAAAIOTHCS 32
paxyHOK 3a0e3reueHHs1 30epeKeHHsI BaHTaXy, ONTHMI3allli BUKOPUCTAHHS aBTOMOOLIEHOTO
TPAHCIIOPTY, ONEPATHBHOTO yMPABIIHHA HHM, TOCHJICHHSIM KOHTPOJI 3a HOro
eKCIUTyaTallier0o  Ta  JUCHUIUIIHOIO  OOCIYrOBYIOWOTO  MNEpPCOHANy,  CKOPOUYCHHSM
eKCIUTyaTalliiHIX BUTpAT.

Obnix eumpam naiusa. B aBTOMOOUTEHOMY TPaHCIIOPTI BUTpATa MajnBa € OJHIEIO 3
HaOLIbIIMX cTaTell BUTpAT TpaHCOPTHOI KommaHii. OOMIK BUTPATH MajIbHOTO OJHOYACHO
MOXe OyTH K 00'€KTUBHHM (BJIACHHKY 3pPO3YyMiJIO, SIK 1 HA IO BOHO BHUTPAYAETHCS), TAK 1
CyO'eKTHBHUM (HETIpaBHJIbHA EKCIUTyaTalliss aBTOTPAHCIOPTY, HECYMIIIHHICTh TIEPCOHATY Ta
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iH.). ToMy ocTaHHIM YacoM IIMPOKOTO MOLIMPEHHS HAOyJIU CHCTEMH aBTOMAaTHYHOTO OOJNIKY
BUTpPaTH TaJMBa Ta PEXUMIB poOOTH aBTOTpaHCIOPTHUX 3aco0iB. Hampukian, cuctema
«I'nmobyc» — e HamiiiHa cUCTeMa MOHITOPUHIY TPAHCIOPTHHUX 3aco0iB. Y Au3enbHHU abo
OCH3MHOBHI 0OaK TPaHCIIOPTHOTO 3acO0y BCTAHOBIIOETHCS MAaTYyWK piBHA manmBa i3 GPS.
[Ipuctpiii Ge3nepepBHO OILIHIOE KUIBKICTh HAJBHOIO Ta MEpefae OTpUMaHy iH(pOpMalliio
yepe3 CyNmyTHUK Ha Komm rotep. Lli cuctremu mpusHaueHi ajisi 6e3mepepBHOTO KOHTPOJIO 32
BUTPATOIO MajKBa (B pealbHOMY PEXHMI yacy) 13 30epeKeHHSIM JaHUX y MaM'aTi Mpuiany,
0111 TOYHOTO OOJIIKY BUTPATH MAJTLHOTO, aHAJI3y KOMIUIEKCHOI pOOOTH aBTOMOOLIS y Oy/Ib-
SKUH 1epiof yacy, OnTHMi3alii BUTpaTH Ha eKciuryataiito. Kpim Toro, cucremMa KOHTPOJIIO
iH(hOpMYy€E PO MAPHIPYT PYXY, IO JOMOMArae YHUKHYTH HPUIIHCOK KIJTIOMETPaxy. A TaKox
MOB1JIOMJISIE TIPO IIBUIKICHUNA pEXUM Ta 00epTH JBUTYHA TEXHIKH, 1110 BIUIMBAE HE TUIBKU Ha
BUTpaTy TajuBa, a i Oe3MeKy MamuHA Ta BaHTaxy. CreriagbHe MporpaMHe 3a0e3TNeUeHHS
00pobsie faHi Ta HaJa€ iX y BUIJISLIL A€TAIBHOTO 3BITY.

Pozwupennss  mooicnueocmeti  mynomumooanvHux — nocicmuynux — nocuye.  llen
IHHOBAaIlIMHUI HaNpsIMOK CTBOPIOE MEPEAYMOBH JJIsi 3pOCTAaHHS BHITYCKY perioHaJbHOI
MPOIYKINi TaMm, Ji¢ PO3TAIIOBYBAaTUMETHCS TPAHCIOPTHA 1HPPACTPYKTypa, sKa 3IIHNCHIOE
VOpaBIiHHS JIAHIIOTAaMH TocTadaHb [9]. 3acTocyBaHHS MYJBTUMOJANBHUX JIOTICTUYHUX
MOCJIYT O3HAYa€ TUIAHYBAaHHS Ta YIMPABIIHHA MISUTBHICTIO aBTOTPAHCHIOPTHUX TMiANPHEMCTB,
II0JI0 3B’S3KY 3 yciMa BUIAMH JisSUTbHOCTI 3 YIPABIIHHS JIOTICTUKOIO, a TAKOXX KOOPAMHAIIIIO
poboTH Ta CHIBPOOITHUITBO 3 TMapTHEpamMu (MOCTadyalbHUKAMH, ITOCEPEIHUKAMU,
npoBaiiiepaMu TOCIyT), a TakoX 13 3aMOBHMKaMH. ToOTO 1L cUCTeMa iHTErpye Mpoliec
VIPaBJIIHHS TPOTO3UINEI0 Ta TIOMMTOM YCEpPEAWHI PETiIOHy Ha PUHKY aBTOTPAHCIOPTHHUX
HOCHYT.

[HHOBAITIHHA TITBHICTD ¥ c(hepl aBTOTPAHCIIOPTHUX MOCIYT Mae OyTH repeadadyBaHa
3 IPOTHO30BAaHUM PE3YJIbTAaTOM, SIKUN MPU3BOJUTH JI0 3MiH SIK YCEpEIHHI OpraHizallii, Tak 1y
30BHIIIHBOMY CEPEIOBHIIl, OCKUIBKH PO3IIUPEHHS MOTPEO Y IIbOMY BHU/II MOCTYT 00YMOBITIOE
TpaHncopmallii y BUpoOHHUIOMY HpOIleci TOBAPOBUPOOHMKIB Ta B iHGOPMALIMHUX CUCTEMAax
OKPEMOTO PETIOHY.

[Ipu uboMy pO3BHTOK chepH aBTOTPAHCIOPTHHUX MOCIYT (HOPMY€E MPUHIUIIOBO HOBE
KOHKYPEHTHE CepeIOBHIIE, 3a0e3Meyroun SKICHIIIE HOBI MOTPEON B TOBapax Ta MOCIyTaXx.
[HHOBalIi{HA MiATIBHICTE Y cdepl aBTOTPAHCIOPTHUX MOCIYI € HEBIJ €MHOIO YaCTHHOIO
e(hEeKTUBHOI BUPOOHUYO-PUHKOBOI JISTILHOCTI, OCKIJIBKA camMe BOHA 3a0e3Mledye CTpaTeriuHy
CTIMKICTh KOMIAaHIM B yMOBaxX PUHKY IOCIYT, 10 IIBUAKO PO3BUBAETHCS. CTa€ OYEBHIHUM,
0 CEKTOP AaBTOTPAHCIOPTHUX MOCIYT MOXKE 3a0€3MEUUTH 3HAYHUW TMPHUPICT 3aHWHATOCTI
ChOT'OJICHHS, TaK 1 B Maifl0yTHbOMY CTaTH OJHUM 13 «JIOKOMOTHUBIB)» €KOHOMIYHOI'O 3POCTAHHSI.

Sk KpuTEpii ONTUMAIBPHOCTI BUKOPUCTAHHS IHHOBAIIITHOT TEXHOJIOT], 110 3a0e3mneuye
HiIBUICHHA SKOCTI HaJaHHS AaBTOTPAHCIOPTHUX TMOCIYr Yy PperioHi, MPONOHYEThCS
BUKOPHUCTOBYBATH Y3araJIbHCHHM TOKa3HUK SKOCTI Q, sKuil sBisie co00r0 (yHKIIIOHATBHY
3aJIEKHICTH Bl BIZOMYMX ITOKa3HUKIB K;:

O=FW; Ky i=1..M, (1)

e M — 4mucio BiZOMYHUX ITOKA3HHUKIB;

Wi — BaroBi KoeQiIli€eHTH, SKi BpaXOBYIOTh BaXIUBICTh OKPEMUX MMOKA3HUKIB AKOCTI Y
3arajiabHiil OIiHI €()EeKTUBHOCTI.

Barosi koedinieHTH HaOyBalOTh 3HAY€Hb BiJ] MAKCUMAJIbHOTO (AyXKe BasKIMBHA
napaMmeTp) OO HyJls (mapameTp He BpaxoByeThes). Bubip 3Hauenr Wi 3aleXuTh BifJ
NpU3HAYCHHS IHHOBAIIITHOT TEXHOJIOT 1.
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3arponoHOBaHO AJITOPUTM METOJMKH BIPOBA/KEHHS 1HHOBALIN, sKi 3a0€3MeuyIoTh
MiBUIICHHA SKOCTI AaBTOTPAHCIOPTHUX IMOCIYT BaHTAXHUX [E€PEBE3CHb. AJITOPUTM
CKJIQJIA€ThCS 3 HACTYIHUX €TaliB:

1. Busnaueumnss npobaemu (nocmanoska 3aoaui). Ha 1upoMy eTami, MO-Tiepiie,
HEOOXiJTHO cpopMyBaTH KOMAHIY JJIsl PO3BUTKY 1HHOBALIMHUX pe3epBiB MiJBUIICHHS SIKOCTI
MOCJIyT, TO-IpyTe, y Tpoleci poOOTH JaHOI KOMaHAM, BU3HAYUTH OE€3MOCEepeHBO CaMy
npo6iemy (abo MOCTaHOBKY 3aBAaHHs). JlJs 4iTKOro onmucy mpoo6yieMu I KOMaH/1a MOBUHHA
3'sCyBaTH, SIKI MHUTAHHS Ta 3aBJIaHHA HEOOXIJTHO BHPIINIWTH, A€ Il NMUTAaHHS Ta 3aBJIaHHSI
OPOSIBIAIOTBCSA, 1 SKI YMHHUKM TPH LBOMY BIJITparoTh ICTOTHY pOJib. 3 LIED METOIO
HEOOXITHO CKOPHUCTATHUCS 1H(POPMAINED 3 YCIX MOXJIUBUX JDKEpen (pekiamaliii Ta CKapru
3aMOBHHKIB, JOCJTI/DKEHHS 3alHUTIB Ta OYIKyBaHb cHoxkuBadiB). [Ipu 1boMy rpamoTHa
MMOCTaHOBKA MPOOJIEMHU OKPECITIOE 11 BIACTUBOCTI Ta ceu(iKy, BUMIp, 1IeHTU]IKYE HACTIIKH
Ta pe3yJabTaTH, a HE MPUIHHU.

2. Hpyeuii eman (amaniz npuuun ma npoodNem 3HUNCEHHS AKOCMI HAOAHH:
A8MOMPAHCNOPMHUX  NOCAYe) TPEIACTABISETbCA Yy BUIVIAAI KapTH Mpolecy (Cxemu
MOCJTIIOBHOCT] OTepalliif), 3a JOMOMOTOI0 SKOi BiTOOpa)karoThCsl BC1 CTajii Bl BXOIY 10
Buxoay. Ha 1mpoMy erami uileHM KOMaHAM, CTBOPEHOI Ui BHPIIICHHS MpoOsieMH,
KOHCYJIBTYIOTBCS Y MPAIiBHUKIB, SIK1 O€3MOcepeHRO 3aydeHi A0 MPOIECy, YTOUYHIOITh — 91
NPU3BOJAATH [0 MMiJBHUINEHHS SKOCTI 3alporoHOBaHI 3axoau. OKpiM HBOTO 3IiHCHIOETHCS
IIOJICHHA pPEECTpallisi HEBIAMOBIAHOCTEW, pekiamaiiii Ta cKapr BII CIOKHUBadiB
aBTOTPAHCHOPTHUX mochyr. IIpu mpomMy HEoOXigHO 3’siCyBaTH JeTaji HpoOjeMH, 3amuTH
CITO>KMBAYIB MOCTYT Y BUMIPHI Ta KOHKPETHI TEXHIYHI YMOBH YM BUMOTH. SIK peKOMEeHI0BaH1
METOAM JOLITBHO BUKOPHCTOBYBATH MO3KOBY aTaKky (Ipy BU3HAUYEHHI IIOCTAHOBKY 3aBJaHH),
a TIpU aHaJI31 MPUYHH MPOOJeMHU — HaKpeCJIeHHs naiarpam (Hampukiaa, aiarpamu Icikarw,
[Tapeto), rpa¢ikiB, KOHTPOJIBHUX KapT, IO J03BOJISAIOTH 1IEHTU(]IKYBAaTH TPEHIH, 110 MAIOTh
Miclle, BUSIBHTH HasBHI B3a€MO3aJIEKHOCTI.

3. Tpemiii eman «loenmupixayis iHHOBAYIIHUX MeXHONO02IU, AKI 3a0e3neuyms
NIOBUWEHHS AKOCII HAOAHHS ABMOMPAHCNOPMHUX NOCTYe ) pecioHi ma ix oyinkyy. Ha nupomy
eTani BUKOPUCTOBYEThCS 1H(OpMaLis Ta AaHi, [0 HAKONMHWYEHI Ha IMOMEpeNHiX eTarax,
dbopMyeTbes TIepesTiK 1HHOBAI[IMHUX TEXHOJOTIH, M0 3a0e3MedyroTh MiABUIIEHHS SKOCTI
Ha/laHHS aBTOTPAHCIIOPTHHUX TIOCIYT Yy KOHKPETHIM MicHeBocTi. 3roloM OILIHIOITHCS
IHHOBAIIIMHI TEXHOJOTIi Ta OOWpaeThCcs OHA 3 HUX, SKa MaKCHUMallbHO 3a0e3medye
HiABUILECHHS SKOCT1 aBTOTPAHCIIOPTHHX MOCIYT Y KOHKPETHIH MiCLIEBOCTI.

4. Ha uemeepmomy emani 30iliCHIOEMbCA NIAHY8AHHA MA  8NPOBAONCEHHS
IHHOBAYIIIHUX MeXHO/I02ill, BCTAHOBIIIOETLCS 3B'A30K 3 yciMa BIacHMKamH iH(opmaiii, 1o
CTOCYETBCSI 3alPOIIOHOBAHOTO pIiMICHHS, (POPMYIOTbCS UITKI TUIAHU [id, TPOEKTYIOTHCS
nporeaypu (METOAUKH) MPOBEACHHS POOIT, 11eHTU(]IKYIOThCS MOTeHLINHH] Oap'epu (pU3UKN),
OIIIHIOIOTHCS HEOOXITHI peCypcH Ta moTpeda y HaBYaHHI MIEPCOHAITY.

5. Il’'smuii eman nepedbauae GUMIPIOGAHHS MA OYIHKY pe3yabmamie 30iUCHEeHHS
8npP0BadICeHHs iHHoBayii. BUMIpIOBaHHS BUKOHYIOTBCS JIJISI TOTO, 100 3’SICYyBaTH HACKUIBKH
MiBUIIMIO BIPOBA/KEHE 1HHOBAIIWHE PIllIEHHS SIKICTh HaJIaHHS aBTOTPAHCHIOPTHHUX MOCTYT
— TOBHICTIO YM YacTKoBO. Ha 1boMy erami NepeBipsSioTh — YW BUKOHAHI BHMOTH Ta
OUIKYBaHHS CIOXKMBaya, 3aMOBHUKA TPAHCHOPTHHUX MOCIYT. Y pa3si, KOJIU Ii BUMOTHU IIOJ0
3a0e3nedeHHs SKOCTI He BUKOHAHI, TO IHHOBAIlIifHE pillieHHS € Hee(EeKTUBHUM a00 CIIOYaTKy
B imeHTudikauii npobiremu 3akinageHo mnoMuwiky. Jlng BumiptoBaHHS e(dEKTUBHOCTI
3MIHCHEHOTO 1HHOBAIIIMHOTO pIlICHHS JOUUIBHO BUKOPUCTATH Pi3HI METOIUKH Ta
IHCTpyMEHTH. SIKIIO MpoBeNeHI PO3paxyHKH MOKa3alid, L0 Mpolriema sika po3risaanach
MOBHICTIO BHpIINlIeHa, TO HEOOXITHO MEpPEeHTH T0 HACTYIHOTO IIOCTOTO eramy. B iHmomy
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BUIMAJKy HEOOXITHO MOBEPHYTHUCS JO MOYATKOBUX E€TAIMiB BUPIMICHHS MPOOJIEM ITiIBUICHHS
SKOCTI.

6. Llocmuii eman — cmaHOapmusayis IHHOBAYIUHUX MEXHOAO02il HAOAHHS
A8MOMPAHCNOPMHUX NOCTY2 Y KOHKPETHOMY PETiOHI BKITFOYA€ HACTYITHI KPOKH:

— BUOIp TpoIIeCy TS MiBUIIICHHS SIKOCTI HAJaHHS aBTOTPAHCIIOPTHOI MOCITYTH;

— BUBYCHHS Ta JOKYMEHTYBaHHs IOTOYHHX IIPOIECIB HAJaHHSI aBTOTPAHCIIOPTHOI
MOCITYTH 3 BUKOPUCTAHHSAM 1IHHOBAIIHOT TEXHOJIOT1;

— po3po0Ka BIOCKOHAJICHOTO TPOIIECY HAJaHHS aBTOTPAHCIIOPTHOI MOCTYTH,

— 3alpoBaKEHHS YJIOCKOHANIEHOI CHCTEMH, IO 3a0e3leuye MiJBUIICHHS SKOCTI
HaJIaHHS aBTOTPAHCIIOPTHOI IOCITYTH;

— OesmocepeIHs OLIIHKA Mpale3/1aTHOCTI iIHHOBAIII].

BucHoBku. Y pesynpTaTi peanmizarii 1HHOBAIIMHUX CKJIAIOBUX CY4YacHI CHCTEMH
MOHITOPHHTY 33JJ0OBOJIBHSIOTH TPAHCTIOPTHI MPOIECH 00 MiABUINEHHS 0€3IMeKH BaHTAKHHUX
MepeBe3eHb Ta 30€peKEHHST BaHTaXy, ONTHUMI3AIlis TPAHCTIOPTHUX MApIUIPYTiB, CKOPOUCHHS
BUTpAT Ta MiABUILEHHS SKOCTI HaJIaHHS aBTOTPAHCTIOPTHUX TOCHYT.

Po3BuTOK 1HHOBAIIMHMX TEXHOJOTIM y TPAHCHOPTHUX MpOIEcax BaHTAKHUX
nepeBe3eHb CHOPSIMOBAHWN Ha BIPOBAKEHHS CHUCTEMH MOHITOPUHTY [UJISl BUSBICHHS
CHHEPTeTUYHUX MOMIIMBOCTEH  IIBUIICHHS SIKOCTI  aBTOTPAHCIIOPTHUX TOCIYT Y
KOHKPETHOMY perioHi. HaBeneHuii anroput™M 103BOJIsIE AOKIAAHO BUBYHTHU Ta BigoOpa3uTu
00’€KTHBHI BIACTHUBOCTI CHCTEMH SKOCTI TPAHCIMOPTHUX TPOIECIB, POZPOOUTH METOIUIHUIN
IHCTpyMEHTapiii Ui OLIHKMA TIOKa3HUKIB PO3BUTKY IHHOBAaLIHHUX MOXKIIMBOCTEH,
CIpSIMOBAaHMUX Ha IJBUIICHHS SKOCTI aBTOTPAHCIIOPTHUX ITOCIYT. 3a JOMOMOTOI0 I[HOTO
QITOPUTMY CTBOPIOETHCS CHCTEMa, SKa J03BOJSE MIATPUMYBATH JIOKAJIbHI Ta IHTErpajbHI
MOKAa3HHUKH SKOCTI B MEKaX BCTAHOBIICHUX 3HAYCHb.
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Innovative components of transport processes of freight transportation in the field

of road transport

Based on the analysis of scientific and technical information, it was established that road transport is
one of the most important components of the country's economy. Transport connects different regions,
enterprises and branches of the national economy, plays a huge role in the location of enterprises and factories
and is an important condition for the rational location of production. Despite this, the use of road transport
technologies at the current stage is associated with a number of serious problems that need to be solve at the
technological level. The most important and promising direction in the complex solution of existing problems in
road transport is the development and use of the latest innovative technologies, the rapid development of which
creates practically unlimited prospects for road transport.

The purpose of the article is to analyze modern technologies in the field of transport processes and
determine the priority direction of the implementation of innovative activities in the field of motor transport
services with a predictable and predictable result.

Today dictates the need to determine the location of motor vehicles, valuable cargo, merchandise, etc. at
any time. As a rule, such tasks are solving in the process of controlling the movement of moving objects,
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ensuring the safety of motor vehicles and their search in case of theft, as well as in the process of escorting
vehicles and valuable cargo. The tasks of automated determination of the location of motor vehicles as part of
systems of integrated quality assurance of services remain no less relevant, as before.

Innovative activity in the field of motor transport services is an integral part of effective production and
market activity, as it ensures the strategic stability of companies in the conditions of the rapidly developing
service market. It is becoming obvious that the sector of motor transport services can provide a significant
increase in employment today, and in the future become one of the "locomotives" of economic growth. As a
criterion for the optimality of the use of innovative technology, which ensures an increase in the quality of the
provision of motor transport services in the region, it proposed to use the generalized quality indicator Q, which
is a functional dependence on departmental indicators K; An algorithm of the method of introducing innovations,
which ensure the improvement of the quality of motor transport services of freight transportation, is proposed.

As a result, of the implementation of innovative components, modern monitoring systems satisfy
transport processes in terms of increasing the safety of freight transportation and preserving cargo, optimizing
transport routes, reducing costs and improving the quality of providing motor transport services.

The development of innovative technologies in freight transport processes aimed at implementing a
monitoring system to identify synergistic opportunities for improving the quality of road transport services in a
specific region. The given algorithm makes it possible to study in detail and display the objective properties of
the quality system of transport processes, to develop a methodological toolkit for evaluating the indicators of the
development of innovative opportunities aimed at improving the quality of motor transport services. With the
help of this algorithm, a system is created that allows you to maintain local and integral quality indicators within
the set values.
innovation, transport processes, automobile transport, cargo transportation, ecological safety.
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— mepelik KJI4Y0BHX CJIiB;

CTpyKTypa OCHOBHOTI'O TEKCTY CTATTIi:

IHocranoBka mpodJemu.

AHaJi3 ocTaHHiX A0ocaizkeHb i myOaikamiii.
IHocranoBka 3aBAaHHs (MeTa CTATTI).

BukJjaa ocHOBHOro Martepiany.

BucHOBKH i mepcneKTHBY MOJAJBIINX T0CTiIKEHb.

DW=

Cxema oprauizauii maTepiajay crarri:

1. VJIK

2. Inimianm, mpi3BuIIe, BUCHE 3BaHHS, HAYKOBUH CTYITiHb

3. Micne poboty, MicTo, KpaiHa. e-mail

4. Hazpa cTarTi.

5. AHOTAIliS 1 KJTFOUOBI CJI0Ba MOBOIO CTaTTi.

7. OCHOBHUI TEKCT CTaTTi.

8. Criucok nitepaTypu.

9. References

10. Posmimpena aHoTAIlisl 1 KJIFOUOBI CJIOBA aHMTIHCHKOIO (YKPaiHCHKOI0) MOBOIO.

Penakiiina xoseris LleHTpaabHOYKpaiHCHKOIO HAYKOBOIO BICHHMKA MTOBIIOMIISE, IO BCi CTATTI AKI HAAXOSTh
nepeBipsroThes Ha miariat cucreMoro Unicheck (https://corp.unicheck.com)

Anpeca 1Jis1 HAACUJIAHHA: aulinvv@gmail.com, dorensky@ukr.net

JOBIJKA ITPO ABTOPA
YKPaiHCHKOI0 TA aHIJICBKOI0 MOBaMH
YxpaiHcbK010 AHrIilicbKOI0

IIpizBuine, iM’s1, mo-6aTbKOBI:

Micue po6otu (moBHa Ha3Ba, 0e3 abpemiaTyp),
MicTO, KpaiHa:

IMocaga (moBHa Ha3Ba, 6e3 abpeBiaTyp):
HaykoBa cTyninb:

Buene 3BaHHsA:

Ha3ssa crartri:

*CrneniajabHicTh:

AJpeca 1J1s1 HAJACUJIAHHSA 30ipHUKY:
KonrakThi Tesedonu (6axxkano MoOiTbHMIA):
e-mail:

ORCID ID (XXXX-XXXX-XXXX-XXXX)

* — 122 Komn’1orepni nayku; 131 Ilpukiaaana mexanika; 132 Matepiano3naBctso; 133 I'any3eBe
MAalIMHOOYAYBaHH:A; 151 ABTOMaTH3allisg Ta KOMII'IOTePHO-iHTerpoBaHi TexHoJIorii; 208 Arpoin:keHepis




LHIEHTPAJILHOYKPATHCHKUI1 HAYKOBUI BICHUK.
TEXHIUHI HAYKU

Bunyck 8(39)
Yactuna 11

Biamosiganeawmii 3a Bumyck C.B. Jlucenko, O.11. JlopeHcbkuit
Kowmrm'torepna Bepctka O.A. boca

Tupaxysanns O. I'. Kamiu

Tpusamme nionpuemcmeo «Excrkmosug-Cucmem»
Csidoymeo Ne JIK 4470 6io 17.01.2013p.
25006, m. Kiposoepao, syn. Illesuenxa, 25
men./gpaxc 24-35-53

[Mignucano a0 npyky 30.10.2023p. ®opmar 60x84/8. ITamip odcerHuii.
lapuitypa Times New Roman. Odcerauii npyk. YMoB. apyk. apk. 30,00
Tupax 300 mpum. 3am. Ne 0804
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