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[Tpoxykiiisi CBep/UIOBMH € CYMIIIIIIO, sIKa MICTUTh, KpiM HadTH, HAPTOBUH Ta3,
BOAy, mapadiH, cipky Ta iHON jgomimku. JIjis oTpuMaHHs TOBapHOi HadTH
CBEPAJIOBUHAMHU TPOAYKIIiSl TPAHCHIOPTYETHCS Bl CBEPAJIOBUHU JIO0 IyHKTIB 300py Ta
HiArOTOBKA HadTH W 1alli — Yy TOBAapHI MapKu AJid 00Ky M pO3MOJUTY CIIOKHBadyaM.
30ip HaTM Ha TPOMHUCTI 3AIMCHIOIOTH 32 CHUCTEMOIO, Y 3arajlbHOMYy BHUIIAJKY
CKJIQJIa€ThC 3  BUMIPHHMKA, Hacoca, Tpy0 1 CHPOBHHHHUX pe3epByapiB
HadTo30upanbHOro myHKTY. OJHAaK TepepaxoBaHl €JIEMEHTH HEe 3aBXIU €
000B’I3KOBUMH, X CKJIaJl MOXE€ OyTH MEHIIUM, HAIIPUKJIIAA, MOKYTh OyTH BIACYTHIMU
HACOC, CHPOBHUHHI pe3epByapH, a MIpHUK MPEICTaBISATH €JIEMEHT TaK 3BaHOI
IHAUBITyaIbHOI a00 TPYNOBOi YCTAaHOBKH, Y SIKI, KpIM BHU3HAUYEHHS MPOAYKTUBHOCTI
CBEpAJIOBUHHU, 3[IMCHIOETBCA TaKoXK 1 cemapauis razy. Cucremy, y AKId €
IHAUBITyaJIbHI YCTAHOBKHM, Ha3MBAaIOTh CHCTEMOIO 300py HadTH 3 I1HIMBIAYyaIbHUMHU
YCTaHOBKAMH, a CHCTEMY, III0 MICTUThb TPYMHOBI YCTaHOBKH, Ha3MBAIOTh CHCTEMOIO
300py HadTu 3 rpynoBuMH yctaHOBKaMu. Cuctema 300py HadTH, 3aJI€KHO B1J BUMOT
HadTonepepoOKU, MOke OYTH JJIsi KOXKHOTO 1 THIy CaMOCTINHOIO, sIKa BUKIIIOYAE
3MiIIaHHS Ha(TH PI3HUX THIIB, 0 J00YBAaIOTHCS HA MPOMUCHI. IHOI AOMUIBHO MaTH
Ha TIPOMUCII OKpEeMY CHUCTeMY JiJisi 300py HEoOBOAHEHOi HaTH, MO JO3BOJISIE TaKy
HadTy, Ha3BaHy 4YHCTOIO, 37aTH Oe3mocepeaHbO HA(TOMPOBIAHOMY YIIPABIIHHIO,
MUHAIO4H MPOIIEC 1 3HEBOIHEHHSI Ha HATO30MPATbHOMY MYHKTI. Y 3arajibHOMY CEHCl
cucteMa 300py Ta MiATOTOBKHM HA(PTH MICTUTh KOMILJIEKC MPOMHUCIOBUX TEXHIYHHUX
3ac00IB 1 YCTaHOBOK, 3 €JHAHUX TPyOOIpPOBOJAMHU. 3a XAPAKTEPOM PYXy MNPOAYKIIIT
CBEpJIJIOBUH MO TpyOONpoOBOJaX CUCTEMU 300py MOAUISIOTH HAa HETrepMETU30BaHI
JIBOTPYOH1 CaMOIUIMBHI CUCTEMH ¥ BHCOKO HallipHI T€épMETU30BaHi cuctemu [1, 2, 3,
4].

OaHuM 13 HAMMOLMPEHIKMX BHU/IIB anapatypu B 00'eKTax MPOMHUCIOBOIO 300Dy,
MiArOTOBKU HAa(TH Ta ra3y A0 TPAHCIOPTY € cenaparopu. [Ipu3HayaroThCs 11i amapaTu
JUISL BIIOKPEMJICHHS Ta3y BiJ PIIUHM, PIIMHU BIJ Ta3y, a B JESIKUX BUIIaJIKaXx oOUJIBa
MPOIIECH MOXYTh CYMPOBOXKYBATHUCS TIOIITIOM PiIKUX (a3, M0 BIAPI3HAIOTHCS CBOIMU
IIIbHOCTAMHE (HadTa-BoJa, OCH3MH-BOIA).

VY cucremax miaAroToBKY HaTH Ta Ta3y CemapaTopu BUKOPUCTOBYIOTHCS:

. Ha mabnsx kiHUEBOi, raps4yoi Ta BaKyyMHOI cemapailii, a TakoX SsK
CrieliayibHI ceKIlii abo BOyJOBaHI BY3JIM B amaparax, 10 MO€IHYIOTh HarpiBaHHS,
3HEBOJIHEHHS Ta 3HECOJICHHS Ha(TH 3 11 cenapariie€ro;

. [Tepen koMIpecOpHUMHU MAIIMHAMHU 1 TICISI HUX JJI 3MEHIIICHHS BMICTY
KpareabHOT PiIMHU 1 MEXaHIYHUX JIOMIIIIOK Yy Ta3ax, 10 HAJAXOJAUTh 1 BUXOIUTH;

. [Ticnst kojioH g 3amoOiraHHsT MEXaHIYHOMY BHUHECEHHsS PiAKoi ¢asu
(BIICTITHUKH).

3ajie)XHO  BIJ MiCLSl pO3TAlllyBaHHS Ta TMPU3HAYEHHS JI0 CenapaTopiB
npen'siBIsIOThCA TaKi OCHOBHI BUMOTU:
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. JIOCATHEHHs piBHOBaru (a3 piauHa-ras;

. MaKCUMaJIbHe BUIJIUICHHS BiH HapTH ra3oBoi (a3u Ta MEXaHIYHHX
JIOMIIIIOK;

. OYUIIICHHS ra3y, U0 e Bl KpaneiabHOl PiIUHY;

. 3aro6iranHs yTBOPEHHIO MHKU a00 pyHHYBaHHS 1i;

. 3HIDKEHHS BIUTMBY IyJIbCAIlii Ta30Ha(TOBOTO MMOTOKY;

. qiTKAN oAU pigkux ¢da3 (6ararodaszHi pO3AUTEHUKH).

OcHOBHMM 0OOJaHAaHHSIM CHCTEMH 300Dy €: BUKHJIHI JIiHIi 1 kojekTopu, AL[3Y,
nusaxosi migirpisadi, JIHC. 72 Ha HIIITH BinOyBaeThcs mopanblie BIIAUICHHS ra3zy
Bl HaQTH B HadTOrazocemaparopi APYroro, a B pasi moTpedu i TPETbOTO CTYNEHS
cemapariii, 3HeBOJHEHHSI Ta 3HECOJCHHA HapTH. {7 3HEBOJHEHHS W 3HECOJCHHS
Ha(TH 3aCTOCOBYIOThCS ycTaHOBKH IiarotoBku Hadtu YIIH. IlinroroBnena nadra go
TOBapHO1 KOHIMIII HAKOMMYYETHCS B pe3epByapax TOBAPHOTO MapKy i BIIKAYY€THCS
HacocaMu B MaricTpaibHUI HadTOMpOBIJ croxkuBadaMm. BimokpemsieHa Bijg HadTh
BOJIa POXOAUTH JAOJATKOBY MIATOTOBKY Ha YCTAHOBLI M 3aKauyeTbCs 4epe3 KyIIOBl
HacocHi crannii (KHC) Hazan y npoaykTtuBHI macTu. ['a3, BiJOKPEMHBIIUCH BiJl
HadTu, 3a gomomoror kommpecopiB kommpecopHoi cradiii (KC) rasompoBomom
JocTaBisieTbesi Ha TazonepepoOni 3aBogau (I'T13). V pasi repmeruszoBaHOi cxemu
Ha(dTO300py OCATAETHCS BUCOKHM CTYIIHB IEHTpati3allli TEXHOJIOTTYHUX 00’ €KTIB, 1X
KUIBKICTh Ha POJIOBHUIII 3BOJIUTHCA 10 MIHIMyMY, HaTa HiJl€ HE KOHTAKTY€E 3 MOBITPSAM
1 BTpaTH BiJ BUNApoBYyBaHHA 3BeAeH] 10 MiHiMyMmy (0,2 %). HoBi pomoBuia yacriie
0o0JAalITOBYIOTh CaM€ TEepPMETHU30BaHMMU cHCTeMaMu 300py, MIJATOTOBKH Ta
TPAHCTIOPTYBaHHS TMPOIYKIli CBEPUIOBUH, IO JO3BOJISIIOTH MOBHICTIO BHKIIOYUTH
BTpaTH Jierkux (pakuiit HapTu (puc. 1) [5, 6].
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Puc. 1 Cxema 300py i TpaHCTIOPTYBaHHS HAPTH:
1 — cBepAsIOBUHY; 2 — BUKUHI JiHIT; 3 — 301pHUI KOJNEeKTOp; 4 — ra3o30ipHUi
KOJEKTOp; 5 — HadTo301pHUi KoekTop; 6 — Bogonposia; PII — pesepByapHuii napk
HadTH

[Ipomykitist CBEpP/UIOBUH TIO BUKHIHHMX JIHISIX HAJAXOJAWTh B aBTOMATHYHI
rpynoBi BuMipHi yctaHoBku (A3I[Y), nme mpoBOAMTHCS MOYEProBE BUMIPIOBAHHS
KUIBKOCTI BHUJOOYBHOI 3 KOXHOI cBep/uioBUHM HadTu, razy U Boau. IloTiMm mo
301pHOMY KOJIEKTOPY 3 CHiIbHA MPOAYKIIiSl CBEP/IOBUH HAIPABISETHCS 10 TOTUCKHOT
HacocHoi craniii (JJHC). Ha npomy erami Tuck HadTu 3amxkyetrhes Big 1,0 — 1,5 MIla
Ha rupm ceepioBuH g0 0,7 Mlla na Bxomi B JIHC. Ha JIHC npoBoauThCs nepiinii
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ctyminb cemapamii g0 0,3 MIla. Ot cenmapoBaHuii ra3 Iiji BJIACHHUM THCKOM
HaIpaBJsieThcsl Ha razonepepoonuit 3aBoxa (I'T13), a razoHacuueny HadTy ¥ BOAy IO
301pHOMY KOJIEKTOPY 5 HacocamH MepeKkayyroTh Ha eHTpaibHui myHKT 300py (LIIIC).
Tyr, B ycraHoBkax koMmriuiekcHOi migrotoBku Haptu (YKIIH), BinOyBaetbes
octaTtouHa ctabimizamis HapTH Ta i1 3HeBOAHEHHs U 3HecoseHHs. 73 ToBapHa HadTa
30upaeTbes B TOBapHOMY pe3epByapHoMy napky (PII). Boaa, mpoiimoBimm ycTaHOBKY
nigroroBku Boau (YIIB), 3akadyeThcs B mIacT sl MATPUMAHHS B HhOMY THCKY. ['a3
HagxoauTh Ha ['T13, ne 3 HbOro BUAUIAIOTHCS BaXKKl BYTJIEBOJHI M «cyxuii» ra3. I'a3
KOMITpECOpaMU Ta JOTHUCKHUMHU KomrpecopHumu craniismu ([IKC) momaerbcs B
MaricTpajlibHUi  raszonpoBif. Pinka dYacTMHa pO3AUIAETbCA Ha  CKpaIIeHUH
ByrieBogHeBuid ra3 (3BIY) 1 mmpoky ¢pakuio ngerkux ByrieBojHiB (LLIDITY), saxi
MaricTpalbHUMHU  Ha(TONPOAYKTONPOBOJAMU  ab0  3ali3HULEI0  TNPSAMYIOTh
CIIO’KMBAYaAM.

OcTaHHIM YacoM YacTille 3aCTOCOBYIOTh YHI()IKOBaHI TEXHOJIOTIYHI CXEMHU
MiAroTOBKH [7, 8].

[Ticnss aBTOMaTUYHOIO BHUMIPIOBAHHS MNPOAYKIIi 338 KOXHOK CBEPIOBHHOIO
CyMilll pIIMHA ¥ Ta3y HaOpaBisIETbCS MO Ha(TO30MpalbHUX TPyOOIPOBOJAX Ha
JOTUCKHY HaCOCHY CTaHIIIIO.
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3 KOKHUM POKOM POJIb Ta3y Y CBITOBOMY MaJTMBHO-CHEPTE€TUYHOMY OajlaHCi cTae
nenan cyTTeBimoro. lle BUKIMKaHO Maliol, MOPIBHSHO 3 1HIIMMU BUJAMU ITAJIMBA,
BApTICTIO Ta3y Ta MOro CHOXXUBYMMH BIIACTUBOCTSMU: BHUCOKOIO CTAaOUIBHICTIO Ta
OJTHOPIJIHICTIO  CKJIaJly, KaJOpIAHICTIO, TEXHOJOTIYHICTIO BUKOPHCTaHHS Ta
TPAHCIOPTYBaHHS, BUCOKOIO €KOJIOTTYHICTIO.

TpyOonpoBiIHUI TpaHCHOPT ra3y HUHI € OCHOBHUM 3acO0OM JOCTaBKH LHUX
MIPOJTYKTIB Bij] MICI[b BUJOOYTKY, IEPEePOOKHU YU OJCPKAHHS MICIIb CTIOKUBAHHSI.

[IpomucnoBuii  TpyOOmpoBiL - €IUHA CUCTEMa TPyOOMpOBOIIB, IO
BUKOPHUCTOBYETHCS JIUIsl TPAHCHIOPTYBAHHS MPOIYKTY BUAOOYTKY BiJ CBEpAJIOBUHH 10
LHEHTPaAJIbHOIO MyHKTY 30upanHs razy (L(CII).

TpyOomnpoBiTHUI TPAaHCTIOPT € HAHOUIBII €KOHOMIYHUM Ta €KOJIOT1YHO YUCTHM
BHUJIOM TpaHCcnopTy. Llel Bua TpaHCHopTy Mae psa mepeBar, TaKuX SK: HAUKOPOTILA
BiICTAaHb MDK IyHKTAMH; TEPMETUYHICTh CHUCTEMH;, € O€3MepepBHUM BHIOM
TPaHCHIOPTY; A00pE MiIIA€ThCs aBToMaTu3aii [1, 2].

Puc. 1 byaiauntso razonposoay — «I IMK-77»

B manuit yac cTBOpeHa MOCHUTH BEJIMKA 1 po3rajgykeHa Mepexka TpyOOmpoBO/IiB,
1110 3a0€3Me4yI0Th JOCTaBKY CUPOBHHU 3 POMUCIIIB JI0 CITOKUBAYIB.
MiXOpPOMHCIIOBI  Ta30IPOBOAM €  KJIIOYOBOK  1HOPACTPYKTYpOrO IS

TPAHCIIOPTYBAHHS T'a3y MK MPOMHUCIOBUMH 00'€KTaMHM, SIK1 3HAXOJSATHCSA HA 3HAYHIN
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BiJICTaH1 OJIMH BiJ 0jHOTO0. OCh AesiKl OOrpyHTYBaHHs MOTpeOH B iX OyaiBHUITBI [3]:

EdexTrnBHE BUKOPUCTaHHA PECYPCiB: MIKIIPOMHUCIIOBI Ta30MIPOBOAH T03BOJISIOThH
e(eKTUBHO BHKOPMCTOBYBATH Ta30Bl PECYypCH, TPAHCHOPTYIOUU iX 3 BUPOOHHUUX
JDKEpe 10 CIIO’KWBAYviB, HABITh HA BEJIUKI BIJICTaHI.

3MeHIIeHHs BTpaT: TpaHCIOPTYBaHHS Ta3y depe3 Ta30MpOBOAU 3HUKYE PHU3UK
BTpaTU Ta3y, IO MOXE BUHUKHYTH TPH TPAHCHIOPTYBaHHI IO I1HIIMX BHAAX
TPAHCIIOPTY, TAKUX SK ITUCTEPHH a00 3aTI3HHUIIA.

3abe3neyeHHsT CTAOUIBHOCTI MOCTAYaHHS: MDKIPOMUCIOBI  Ta30MPOBOAU
3a0e3neuyoTh CTaOUIbHE IOCTAa4aHHS Ta3y IPOMHUCIOBUM MIANPUEMCTBAM, IO €
KPUTUYHUM JIJIS IXHBO1 HETIEPEPBHOT pOOOTH.

ExoHOMis KOIITIB: B MOPIBHSHHI 3 I1HIIMMU METOJaMH TPaHCIIOPTYBaHHS,
TaKUMHU SIK  aBTOMOOUIbHMH a00 3ali3HUYHMA TPAHCIOPT, MDKIPOMHUCIIOBI
ra3onpoBOJIU MOXKYTh 3a0€3MeuyBaTh €KOHOMIIO KOIIITIB Ha TPAHCIIOPTYBaHHI ra3zy.

3HIKEHHS BIUIMBY Ha JOBKUDISA: BHUKOPHUCTAaHHS Ta30MPOBOIIB  JUIS
TPAHCTIOPTYBaHHS Ta3y MOXE JOTIOMOTTH 3HU3WUTH BIUIMB HA JOBKULISA, OCKUTBKH 1€
MEHII EHEPrOBUTPAaTHUN 1 OLIBII €KOJOrIYHO YHCTUH METOJ TPAaHCHOPTYBaHHS
MOPIBHSHO 3 THIIMMH BUAMU TPAHCIIOPTY.

PO3BUTOK NMPOMHUCIOBOCTI: PO3BUTOK MDKIPOMHUCIOBUX Ta30MPOBOAIB CHpHUSIE
PO3BUTKY MPOMMCIIOBOCTI Ta €KOHOMIKH B I[IJIOMY, CTBOPIOIOYM HOB1 MOJIUBOCTI JJIsI
PO3MIIIIEHHSI BUPOOHUIITB Ta 3a0€3MeUYEHHs iXHBOI0 €HEPTeTUYHOTO 3a0€31CUCHHSI.

Bubip wmapumipyTy ra30ompoBOJy € KPUTHYHUM e€TanoM Yy OyAiBHHUIITBI
MDKIIPOMHUCIIOBHX Ta30MPOBOJIIB 1 BUMAarae KOMIUIEKCHOTO miaxoay. Ochb KITrO4oBi
aCIEeKTH, K1 BPaXOBYIOTHCS MPU BUOOP1 MapUIPYTy:

Texniuni acmektu: OIiHKa MiICHEBOro  JaHAmAadTy, TEOJOTIYHUX Ta
TC€OTEXHIYHUX YMOB, YHUKHEHHS MPUPOJHUX Ta TEXHOTEHHUX TEPEIIKOJ, TAKHX SIK
TOpH, PIYKH, MICTa, JIICH TOIIIO.

Exonoriuni acmektu: MiHiMi3allisl BIUIMBY Ha TPUPOJHE CEPEIOBHUIIIE,
BpaxyBaHHS €KOJIOTTYHUX OCOOJIMBOCTEN PErioHy, JOTPUMAHHS €KOJIOTTYHUX HOPM Ta
CTaHAApTIB.

ExoHomiuHa nouuibHicTh: OlLiHKA BUTpAT Ha OYyJIBHULITBO Ta 0OCIyrOBYBaHHS
B 3aJIEKHOCTI B1J OOpaHOro MapUIpyTy, BpaxyBaHHS (PIHAHCOBUX MOXKIUBOCTEU
1HBECTOPIB.

ComianbHi acriekTd: BpaxyBaHHs 1HTEpECIB MICIIEBOTO HACEJICHHS, MiHIMI3allis
HEraTWBHOTO BIUIMBY Ha CYCHUIbCTBO, BpaxyBaHHS NUTaHb Oe3MeKku Ta Oe3MeKu
MICII€BOTO HACEJICHHS.

[TomitruHi Ta mpaBOBI acrmekT: JloTpuMaHHS BHUMOT 3aKOHOJABCTBA IIOJIO
OyIIBHMIITBA 1 €KCIUTyaTarlii Ta30mMpoBOAY, YHUKHEHHS TMOJITUYHUX KOH(IIKTIB Ta
PU3UKIB.

Bubip onTuMansHOro MapumipyTy ra3onpoBoay 0a3zyeThbcsl Ha 30alaHCOBAaHOMY
MIJIXOd1, [0 BPAaXOBY€ TEXHIYHI, €KOJIOT1YHI, €KOHOMIUYHI, COIllaJibHI, MOJITUYHI Ta
paBoBi (hakTopHu.

[IpoekTyBaHHS 1 IHKEHEPH]1 PO3PAaXyHKHU € HEBI1JI'€MHOIO YaCTUHOIO OY[IBHHUIITBA
MDKIIPOMHUCIIOBUX Ta30mpoBOIiB. OCh JeAKl aCleKTH, K1 HEOOX1THO BpaxOBYBaTH ITiJI
qac 1uX npoiecis [4]:

Bubip mapmpyty: Ilepmium etanmom € BUOIp ONTHUMAIBLHOTO MapUIPyTy JIs
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ra3onpoBOfy, SKHM BpaxoBy€ TEXHIYHI, EKOJIOT1YHI, EKOHOMIYHI Ta COIllaJIbHI
YUHHUKH.

[Npgpasmiuni po3paxynku: Lli po3paxyHkH BU3HAYalOTh ONTHMAJIbHUHN JiaMeTp
TpyOOINPOBOY, MOTOKHU Ta3y, TUCK 1 BUTPATy ra3y Ha BCiii JOBKHHI T'a30MPOBO/LY.

Mexaniuai po3paxyHku: BoHHM BKIIOYalOTh B ceO€¢ BHW3HAYCHHS MIIHOCTI 1
CTIMKOCTI Ta30MpOBOAY MiJ Yac TPAHCIOPTYBaHHS raszy IiJ BUCOKMM THCKOM Ta B
YMOBax pi3HUX HAaBaHTAKCHb.

besneka: Po3paxyHku Oe3meku mnepenadadaroTh OIIHKY PHU3UKIB 1 PO3POOKY
3aXO0/I1B JIJIs 3a1I00IraHHs aBapisiM Ta MIHIMI3aIli iIXHIX HACIIIKIB.

Exonoriuni acnektu: [lpoekTyBaHHS TakKoX IOBMHHO BpaxOBYBaTHU BILIWB
ra3onpoBOJly Ha JOBKULIS Ta PO3POOJISTH 3aXOAW JUIsl 3MEHIIEHHS HEraTUBHOTO
BILIUBY.

Bapricte: [lpoekTyBaHHS NMOBMHHO ONTHMI3yBaTH BapTICTh OY/IBHMUIITBA Ta
eKCIUTyaTallii Ta30mpoBoay, 3a0e3neuyoun e)eKTUBHE BUKOPUCTAHHS PECYPCIB.

Po3poOka mokymeHramii: Bcl po3paxyHKM 1 TpOEKTH TMOBHHHI OyTH
JOKYMEHTAJIBHO O(POPMJIEH] 3 YpaXyBaHHSAM BUMOT CTaHAAPTIB 1 HOPMATHUBIB.

[IpoekTyBaHHS Ta 1HXEHEPHI PO3paxyHKH JUisl OyIIBHUUTBA MIKIPOMHUCIOBUX
ra3onpoBO/IB € KJIIOUOBUM €TaloM B Mpolieci peanizalli Takux 00'ektiB. el mpoiiec
BUMAarae KOMIUIEKCHOTO MIJAXOAY Ta BpaxyBaHHS pPI3HOMaHITHUX (DaKTOPIB,
BKJTIOUYAIOYM T1APABIIYHI, MEXaHIYHI, €KOJIOTIYHI Ta €KOHOMIYHI aCHeKTH. BaKIuBOIO
YaCTUHOIO € 3a0e3MeueHHs Oe3MeKH eKCIuTyaTallli Ta30mpoBOAY Ta MiHiIMi3allis HOro
BIUTMBY Ha JOBKUUIA. [IpoekTyBaHHS TakoX TOBUHHO OyTH e(QEKTUBHUM 3
E€KOHOMIYHOI TOYKH 30py, 3a0e3Meuyloud ONTHUMalbHE BUKOPUCTAaHHS PECYpCIB 1
MiHIMIi3alii0 BUTpaT. TUIbKM 3a yMOBU NPABWJIBHOTO MIAXOAY JO MPOCKTYyBaHHS
MOKHa 3a0e3MeunuTd YCIIMHY Ta Oe3nepediiiHy eKCIUTyaTalilo MIKIPOMUCIOBHX
ra30npoBO/IiB.
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CEKIIA — TEXHOJIOLII BUJIOBYTKY KOPUCHHUX KOIAJIMH

CXEMH OBJAIITYBAHHSA POJOBUIL 1J151 BUIOBYBAHHSA
BYIJIEBOJHIB
HTY «/[ninposcvra nonimexuika»

Bacunenko Poman Mukodgaiiopuy, rpyna 185-22ck-1 ®ITHT
Haykosuii kepiéHuk: K.T.H., 101. IrnatoB Anapii OJiekcaHapoBuy

BiamoBimHO 10 O3HAUYE€HOT HAMHU TEMAaTUKH MOCTIHKCHb, JUISI YIOCKOHAICHHS
TEXHOJIOT1YHOI CXeMH PO3pPOOKM POAOBUI MPUUHATI OKpeMi BUPOOHHUI LUKIU Ta
omeparlii KOMIUIEKCHOI CHCTeMHM BHJI00yBaHHS BYIVIEBOAHIB (HadTa, ra3, ra3oBHUM
KOHJIeHcaT) Ha HadTorazoBoMy poxoBuill [1]. 3amis BUKOHAHHS TMOCTAaBJICHOTO
3aBIaHHS HaM HEOOX1AHO J€TaJbHO PO3MISAHYTH MUTAHHS TEXHOJIOTII 1 METOMOJOTIT
pearizaiii paiioHaNBbHOI CHUCTEMH BHJIOOYBaHHS BYIVICBOJHIB, a TAaKOX I1HIIHMX
CYITyTHIX KOMIIOHEHTIB (€TaH 3 razy IpHUpOJHOTO PO3UMHEHOTO y HadTi, POMaH 3 razy
MIPUPOJHOTO PO3UMHEHOTO y HadTi, OyTaH 3 rasy MpUPOAHOTO PO3YMHEHOTrO y HadTi)
Ha HadrtorazoBomy poaoBuil. HeoOXiIHOIO yMOBOIO MPOBEACHHS NPOEKTHUX POOIT
BHUCTYIAE: 3’SICYBaHHS TEOJOTIYHUX OCOOIMBOCTEM OYI0BU POJOBHUIIA, HA SIKOMY
3MIACHIOETHCSI BUIOOYBaHHS BYIVIEBOAHIB, 3 METOI BU3HAYEHHS MOr0 MpPOMUCIOBOI
IIHHOCTI; YTOYHEHHS TIPHUYO-TEOJOTIYHMX Ta TEXHOJIOTIYHUX [apaMeTpiB,
HEOOXIAHMX JJIA MIApPaxXyHKy 3amaciB HapTH, razy 1 CYIyTHIX KOMIIOHEHTIB;
OOTpYHTYBaHHS PAaIllOHATBLHOIO METOAY (TEXHOJIOTII) MPOMHUCIOBOTO PO3POOJIECHHS
POJIOBHIIIA BYTJICBO/IHIB.

Buxonsun 3 chopmynboBaHUX MOT0KEHB, MPAKTUYHOIO CTOPOHOIO MPOBEICHHS
JOCHITHUX poOIT Oy/e BUCTYMATH HACTYITHE: BU3HAYCHHS PAIllOHAIbBHUX YMOB 3a SIKHX
Oyle BeCTHCS eKCIUTyarailisi KOHKPETHOTO POJIOBHINA BYIJICBOJHIB, BCTAHOBJICHHS
OCHOBHUX TEXHOJIOTIYHUX TOKA3HUKIB EKCIUTyarallii MepCreKTUBHOTO TOKIIATy st
PI3HHX BapiaHTIB CUCTEMH PO3POOJICHHS POJOBUINA; BCTAHOBJICHHS MEBHOTO TEMITY
pO30ypIOBaHHS CBEPAJIOBUHAMU POJOBHINA; OOIPYHTYBaHHS METOMAIB BIUIMBY Ha
NPOAYKTUBHI ITUTACTH, IO 3IIACHIOETHCS 3 METOI0 MaKCUMAJIBHOTO BHIIyYEHHS, B
JAHOMY BHUIIAJIKy, BYIVIEBOJIHIB PI3HUX I'pyl; OOIPYHTYBaHHS YHMCJIA, CIIBBIJHOILICHHS,
pO3TalllyBaHHS 1 TOPSAJIKY BBEIEHHS B EKCIUTyaTallilo JT0OyBHMX, HarHiTaJbHUX,
KOHTPOJIbHUX 1 PE3EPBHUX THUIIIB CBEPIJIOBHH, a TAKOXK PO3pOOKA PEXKUMY iX pOOOTH.
[Ipu OypiHHI eKCIUTyaTalliiHUX CBEPIJIOBUH B T€OJIOTIYHUX PO3pi3ax, 110 BKIIOYAIOTh
cTparurpadiyHi KOMIUIEKCH aHTPOINOTEHY, HEOTeHY, IOpH, Tplacy, HUXHBOI IepMmi,
BEPXHBOTO, HIKHBOTO Ta CEPEIHBOTO KapOOHY, MOXYTh BHUHHKATH TIPOSBU
IHTEHCUBHHUX Ta30MpOsBICHb, a II€, Y CBOIO 4Yepry, Oyle HETaTUBHO BIUIMBAaTH Ha
TeOJIOTIYHE CEPEIOBUINE MUISAXOM I1HTEHCHU(DIKAIT SBUI MIXKIIIACTOBUXIIEPETOKIB
MJ1aCTOBUX (DITIOiTIB.

Sk mpaBuiI0, HA TUTIOBUX POJOBHUIINAX BYINIEBOJAHIB CIIOPY/KYIOTHCSI Ta MIEBHUM
YIHOM 3aJy4eHi 10 poOOTH HACTYIIHI TUIIU CBEPJIOBUH: J1I0Ul Ta 11’ €30METPUYHI.

CaM MK CHOPYIKEHHS CBEPAJIOBUHM CKJIAJA€THCS 3 HACTYITHUX KOMIUIEKCHUX
TexXHoJNIOT1yHUX onepaiid [2]: 1) ByaiBHUIITBO OypoBOTrO MaiflaHYMKa Ta HOTO
MIJTOTOBKA 0 MOHTaXy OypOBOTO OOJIalHAHHS Ta 1HIIUX JOTIOMDKHHUX CIOPYH; 2)
BinacHe OypiHHA Ta KpimjieHHS CTOBOypa CBEPIJIOBMH OOCagHUMHM TpybamMu 3 iX
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CEKIIA — TEXHOJIOLII BUJIOBYTKY KOPUCHHUX KOIAJIMH

HACTYIIHUM IIEMEHTYBaHH:M; 3) BHUIPOOYyBaHHS NEPCHEKTHMBHUX TOPHU30HTIB B
CBEP/JIOBHHI Ha HAsABHICTh MPOMUCIIOBOTO MPUILIUBY ByIJIeBOAHIB; 4) [linkmodeHHs
CBEP/JIOBUH J0 AIFOUMX CXEM BHIO00YTKY.

Ilepenik nocuaanb

1. TipporazomuHamiuHi TPOLECH TMpPH CHOPYMKEHHI Ta  eKCIUTyaTarli
ceepmiioBuH. Monorpadis. A.B. IlaBmuuenko, €.A. Koposska, A.O. Irmaros,
O.M. JlaBunenko; M-Bo ocBiTU 1 Hayku Ykpainu, Har. texH. yH-T "/lHIMmpoBChKa
nomitexHika'". - Juinpo: HTY "AIT", 2021. — 201 c.

2. OcHoBu HadrorazoBoi imxenepii / bureupkuit B.C., Opnocekuii B.M.,
Bitpuk B.I'; HTY «XIll», XHYMI" im. O.M. bekeroBa. — IlonraBa: TOB “ACMI”,
2018. — 415 c.
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CEKIIIS - TEXHOJIOTTI BUIOBYTKY KOPUCHUX KOITAJIMH

HNPOBEJAEHHSA I'TTPOPO3PUBY IIVIACTA
HTY «/[ninposcoka nonimexuixay

Baacenko Hazap MakcumoBny, rpyna 185-203-1 ®ITHT
Haykosuii kepignuk: 1.17.H., mpodecop daBunenko Ouiekcanap MukosainoBuy

3HIKEHHS TPOAYKTUBHOCTI CBEP/IJIOBUH 1 BUHECEHHS MICKY 3 IJIACTa BUCXITHUM
NOTOKOM (Iroiny € JO0BOJII TMOIKMPEHUMHU TpodsieMamu. Y Tpolieci eKcruryaTariii
CBEPMJIOBUH JE€OITH 3HUXKYIOTHCA. 3 METOI0 IMIJIBUIIEHHS 3aCTOCOBYIOTHCS Pi3HI
MEeTOAM 1IHTeHCH(iKallii po60TH HaQTOBUX 1 Ta30BUX CBEP/IJIOBHH.

Meton miIBUINEHHS MNPOAYKTUBHOCTI CBEPUIOBUH IIISAXOM IPOBEIEHHS
TiIpOpO3pUBY IUIACTA SIKUM 3aCTOCOBYETHCS Ha POJOBHILI, 3apEKOMEHIYBaB cebe K
onuH 13 HailedexkruBHimmx. [licns mposenenns ['PIT ne6iT cBepaioBUHM 3a3BUYait
PI13KO 3pOCTaE.

Po3BuTOK TEXHOMOrIl TIAPABIIYHOTO PO3PUBY TOPYY 13 TEXHOJOTIEIO
TOPU30HTAIFHOTO OYypiHHS MPHUBIB O 3HAYHOTO 3POCTaHHS BUIOOYTKY CIIAHIIEBOTO
razy B CIIA Ta mpukyBaB yBary 10 HETPaIWIIHHUX MOKJIaAiB MPUPOIHOTO Ta3y B
OaraTpox KpaiHax cBiTy [1, 2].

CyTh TEXHOJOTIT TOJATaEe B 3aKauyBaHHI Y CBEPAJIOBHHY CHEIIaTbHOI PIAUHH
IUIA TiAPaBIIYHOTO PO3PUBY MPU TMEBHOMY THUCKY Ta TMEBHIM MIBUIKOCTI 3 METOIO
CTUMYJIIOBaHHS BHUHUKHEHHS TPILIMH Ta MPOJOMIB y IUIACTI, 3 SIKOTO IUIAHYIOTh
BUI00yBaTH CIAHIEBU ra3.

5. Momapumant
2. Nopasanns abo yrmaisayia

Ta posBasnamna 4. Bignpaysosana 1a

1.Mocravanna ximinmnx 3,::::::' AONYTHA NAACTOBA BOAR s nnacToowx pign

Bogux pecypcin  CXMagemNX B coepaAncouny

s

rass pospueis
nnacris
HIAXOAMTD

AC cBepROBMHN

Puc.1 Kpoku nposenenns ['PIT

Ha mepmomy erami, ik 1 Opu TpaauuidHOMy H0OyBaHHI HPUPOTHOTO Taszy,
MPOBOAUTHCS OYypiHHS BEPTHKAIbHOI CBEpAJIOBMHU. Konu CcBepaAsioBHHA [OCSTae
CIIaHLIEBUX TOPiJ, HAmpsiM OypiHHS 3MIHIOETbCS Ha TOPHU3OHTAJIBHUI 1 CTOBOYp

CBEPJIJIOBUHU 3aHYPIOETHCS B TOBIIY CJAHIIEBOro ruiacta. JIoBKHWHA TOPU3OHTAIBHOL
12
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CBEPJIOBMHU MOXe aocsraty 1 km [3].

Hamani B CBep/UIOBHMHI BCTAHOBIIOETHCS CTajeBa OOMIMBKA, Kpi3b SKYy
3aKauylOTh IIEMEHT JUIsi CTBOPEHHS KapKacy HAaBKOJIO cTajeBoi oOmuBKH. LlemMeHT
3aKa4y€ThCS IMJ THCKOM JI0 CaMOro KIHISI CTaJIeBOi OOIIMBKH, 3aJWIIAIOYU 1l
MOPOKHBOIO 1 CTBOPIOIOYUHN JOJATKOBHUM LIEMEHTHUH I1ap HABKOJIO.

Ha nactynmHoMy eTami y CBEpAJIOBHHY OIYCKA€ThCS CHEIlialbHUN TiepdopaTop,
10 MICTUTh BUOYXOBY CyMilll. [HIIIIOETHCS BUOYX, SIKUM YTBOPIOE TPIIIIMHU B CTAJIEBIN
OOIIMBII, IIEMEHTI Ta TOBII claHIEeBUX nopia. KinbkicTh moaiOHUX BUOYXIB B OJHIN
TOpU30HTAIBHIA CBEP/JIOBHHI MOXe cAratu 8-12 mpu BHKOHAHHI 0aratocTajiifHOTO
pO3pUBY.

[Ticrst yTBOpEHHS IIUTMH B CBEP/JIOBUHY ITiI TACKOM HATHITAETHCS PIIUHA JJIs
T1APaBIIIvYHOTO PO3PUBY.

PinuHa 11s rigpaBiiilYHOTO PO3PUBY CKJIANA€THCS TOJIOBHUM YMHOM 3 BOJH, a
TaKOK MICTUTh MICOK, IO BIJAICPAE POJIb PO3KIMHIOIYOIO areHTy (MpOINIaHTy), Ta
J0JIaTKOB1 XIMI14HI PEYOBHHH.

Po3knuHIOIOUMI areHT MOTpamiisie B YTBOPEHI UIUIMHMA Ta pO3JIOMHU Ta
3a0e3neuye iX 30€pexkeHHsI 3 METOI0 BUBUIBHEHHS! IPUPOJHOIO rasy, 110 MICTUTHCS B
TOBLII CJIaHLIEBOTO IacTy. Ilicis 1HILIIOBaHHA YTBOPEHHS TPIIIMH Ta PO3JIOMIB B
TOBLII IUIACTAa MPOJOBKYETHhCS 3aKauyBaHHA PIAMHU 175 iX normubieHHs. Oocsru
NOTPIOHOT PIAMHU 3ajeXaTh Bl T'EOJIOTIYHHUX XapaKTEPUCTUK CIAHIEBUX IOPiA Ta
OakaHO1 JTOBXUHHU PO3JIOMIB [4].

[Ticnst mpoBeeHHS MPOIEAYPH MTPOBOIUTHCS aHAJ3 PE3yIbTaTIB T1APOPO3PUBY
miacTa JJii BU3HAYEHHS €(PEeKTUBHOCTI MPOLEAYPH, KU CKIAJAEThCsl 3 HACTYIHHUX
eTaiB:

BumiproBanHs mapameTpiB BIUIUBY Ha(TOTa30BOr0 IOTOKY IIICIS PO3PUBY
miacra.

[Ipu HEOOX1AHOCTI KOPUTYBAHHS CTpaTerii a00 MOBTOPEHHS MPOILEAYPH

OuiHka po3MipiB OTPHUMAaHUX PO3PHUBIB Ta iX CHPSMOBAHOCTI 3a JOMNOMOTOIO
reo13UYHUX METOIIB.

BuBueHHs peakiii MacTy Ha MpoLEeAypy TiAPOPO3pUMBY HA OCHOBI JAHUX IPO
CTIMKICTh Ta MPOHUKHEHHS PO3PUBHUX 30H.

[TopiBHSIHHA OTpUMAaHMX peE3yJIbTAaTIB 3 TMOMNEPEAHIMU MPOrHO3aMHU Ta
cTaHAapTaMu €(PEeKTUBHOCTI T1IPOPO3PHUBY.

BumiproBanHs mapamMeTpiB BIUIUBY HA(TOTa30BOTO TIOTOKY IICIS PO3PHUBY
miacra:

MOHITOPUHT BUKH[IIB Ta3y Ta BHIOOYTKY Ha(pTH Micis TIAPOPO3PHUBY IS
OIIHKY €()EKTUBHOCTI TIPOIIETYPH.

BumiproBaHHS THCKYy, TeMmIiepaTypud Ta IHIIMX TapaMmeTpiB HadTOTra3oBOTO
MOTOKY JIJIs1 BUBHAUCHHS 3MiH B HA()TOBUX CBEPAJIOBUHAX TIICIISI PO3PUBY TLIACTA.

[Tpu HEOOX1AHOCTI KOPUTYBAHHSI CTpaTerii ab0 MOBTOPEHHs npoieaypH [S]:

AHani3 pe3yJbTaTiB IJisl BUSABJICHHS CJIA0KUX CTOPIH Ta MOXIJIMBUX MOMHUIIOK Y
CTpaTerii TiApopO3pHUBY.

BHeceHnHss kopuryBaHb y MpOLIEAYpPY Ha OCHOBI BHSIBJIEHHUX HEIONIKIB a0o
Hernepea0auyeHnX yMOB.

Po3riis MOKIMBOCTI MOBTOPEHHS T1APOPO3PUBY IUIACTA 3 METOKO IMOJIMIIEHHS
13
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pe3yJIbTaTIB Ta JOCATHEHHS O1IbI101 €()eKTUBHOCTI.

[Ticnst ycmimHOro mpoBeASHHS MPOLEAYPH MPOBOAUTHCA CKJIAJAHHS 3BITY MPO
MpOBe/IeHI pOOOTH Ta OTPUMaH1 pe3yJIbTaTH:

Onuc mpormecy TigpOpO3pHBY IUTACTA, BKJIIOYAIOYM IMIATOTOBKY, BHOIp
napaMeTpiB Ta MPOBEICHHS MPOLEAYPH.

AHani3 pe3ynbTariB, BKJIIOYAIOYM OLIHKY €(QEeKTUBHOCTI, BHUMIPIOBaHHS]
napaMmeTpiB Ta BIUIMBY Ha Ha()TOTa30BUiA MOTIK.

BucHoBku Ta pexkoMmMeHaamii MIOJ0 MOAAJBIIMX KPOKIB Ta MOMIIUBHUX
HOKPALICHb.

30epekeHHsl JaHUX AJI MOJAJbIIOr0 aHalli3y Ta BUKOPUCTAHHS B MalOYTHIX
IPOEKTaX:

CucremaTnuse 30epiraHHsi BCIX JaHHUX, IO CTOCYIOThCS T1APOPO3PUBY IJIACTA,
BKJIFOYAIOYM BUXI1JIHI JIaHl, BUMIPIOBAHHSA Ta PE3yJIbTaTH aHAJI3Y.

Opranizanisi JaHUX y BIANOBIZHOMY (OpMaTi 3 MOKIIMBICTIO JIETKOTO JOCTYITY
Ta TOIIYKY.

Bukopucranns 310paHuUX [OaHUX JUIsl TOPIBHSUIBHOTO aHami3y 3 1HIIUMH
MPOEKTaMHU, a TaKOoX /I I[UIAaHyBaHHA Ta ONTUMI3alii MailOyTHIX poOIiT 3
riAPOPO3pUBY IJIACTA.

B uutomy, mpoBeneHHs TiApOpO3pHUBY IJIACTA € BAXKIMBHUM €TallOM B IPOLECI
Ha(dTorazoBu00yBaHHS, CIPSIMOBAHUM HA 30UIbIIEHHS NPOAYKTUBHOCTI CBEPAJIOBUH
Ta MiABMIIEHHS BuXoay Hadtu Ta razy. Ilpoueaypa rimpopo3puBy BuMarae
KOMIUIEKCHOTO ~ MIAXOMy, BKJIOYAlOYM TONEpPEAHI NPUTOTYBaHHS, MPOBEICHHS
MIPOIIETypH Ta OI[IHKY PE3yJIbTaTIB.
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TAMIIOHAKHUMW CHAPSIJ AJIS1 JIKBITALIT TOTJIMHAHB
IMPOMUBHOI PIJIUHU ITPU CIIOPYI’KEHHI CBEPJIJIOBUHMU B
YMOBAX INEPEHIEIIMHCBKOI'O TASOKOHAEHCATHOI'O POAOBHUIIIA
HTY «/[ninposcvka nonimexuikay

JApurona Makcum AnapiiioBuy, rpyna 185A-23-10
JIurBuHoB Mukura Iroposuy4, rpyna 184-20-1 ®IIHT
Haykosuit kepignuk: 1.1T.H., mpodecop CynaxkoB Anapiii KocTAHTHHOBHY

Po3poOka BimHOCUTBCS 10 TipHHYOI Ta HAPTOrazoBOi MPOMHUCIOBOCTI,
OpU3HAYEHUN JUIsi TaMIOHYBaHHS OYpOBUX CBEpJJIOBUH B 30HAX IOTJIMHAHHS
MPOMHUBHOT PIIUHHU.

BimoMi mpuctpoi 1jisi TaMIOHYBAaHHS 30H TOTJIMHAHHS MPOMMBHOI PIJIMHU 1
BOJIOTIPUTOKIB y CBEPJJIOBHHY, SIKI MICTATH B cO01 OypOBHil CHapsa,poOOYUil Opra,
IITOK, JUKEPEINIO MPYKHUX KOJIMBAHB [ 1].

HenonikoM mNOpUCTpPOIO € HU3bKA SKICTh IPOBEIECHHA TaMIIOHAXHUX pPOOIT
MOB’SI3aHE JIMIIE 3 YACTKOBUM 3alIOBHEHHSM TaMIIOHAXKHOKO CYMINIIIIO MOpP 1 KaHaJiB
MOTJIMHAHHS IPOMUBHOI PiIUHU.

Haii0Oi1b11 61M3bKUMHU JI0 3alIPOIIOHOBAHOTO MPUCTPOIO € CHAPS JJIsi JOCTABKU
HIBUJKO — TBEPAIIOYHMX CYMIIIEH, SIKHUA MICTUTh TE€pPMETU3aTOp, KOHTEHHEp, IO
CIIyCKAa€TbCA B CBEPAJIOBUHY 3 TE€PMOIUIACTUYHOIO CYMIIIIIIO, Ta POoOOUYMi OpraH -
3aps BUOyXOBUX peuoBuH [1].

HemonikoM mpucTporo € MiaABUINEHI BUMOTH IO TEXHIKH O€3MEKU Ta MOKEKHOI
Oesreku, 10 TOB’S3aHlI 3 3aCTOCYBaHHSAM BUOYXOBHUX PEUYOBHH, 3 PO3ITPIBaHHSIM B
KOTJIaX TePMOTUIACTUYHOT CYMIllll 1 3aMTIOBHEHHSAM HEI0 KOHTEHHEPIB Oe3M0CepeIHbO Ha
OypoOBIi YCTaHOBIII, @ TAKOXXK HE BUKJIFOYEHA MOMJIMBICTH CIPAIIbOBYBAHHS CHAPAILY Y
Herepea0auyeHOMY IHTEpBaJll; HU3bKa SIKICTh BUKOHYBAaHUX PpOOIT, 110 MOB’s3aHa 3
HE3HAYHUM MPOHUKHEHHSM TaMIIOHAXHOI CyMIIll y KaHadu MOTJIMHAHHS MPOMHUBHOI
PLAVHU.

B ocHOBY po6oTH mocTaBiieHa 3a/1aya yA0CKOHAJICHHS TAMIIOHAXKHOTO CHapsIY,
B SIKOMY TMPHUHIMIIOBO iHIIE KOHCTPYKTHBHE BHKOHAHHS POOOYOTO OpraHy 1 HOBHUX
€JEeMEeHTIB  3a0e3neuye TNOTPIOHY TMIMOMHY Ta  PIBHOMIPHE  NPOHUKHEHHS
TEPMOIUIACTUYHOTO MaTepialy B KaHAJIM MOTJIMHAHHS MPOMHUBHOI PIIWHU, MIABUIILYE
AKICTh TAMIOHAKHUX POOIT, 3a0e3neduye MOXKIMBICTh YIPABIIHHA TEXHOJIOTTYHUM
MPOIIECOM 1 32 PaxyHOK ITbOTO CTBOPEHHS OUIBIN HAJIMHOI BOJOI30JIAIIIHOI 3aBiCH,
omTuMi3aiii Tporecy OypiHHSA, TOKpPAIICHHS YMOB Tpaili pPOOITHUKIB 1 TEXHIKU
Oe3mneKu.

[ToctaBnena 3aaya BUPILIYETHCS TUM, 10 Y TAMIOHAKHOMY CHApsl, B SKOMY
MICTSTBHCSI KOHTEMHEpP Ta TepMETH3aTop, pOOOYMii OpraH BUKOHAHO Y BUTJISII
TpyOUyaTOro ejeKTpoHarpiBava, y HUXKHIA YaCTHMHI CHapsja BCTAHOBJEHO OallMak 13
HACKpI3HUM OTBOPOM, SIKMM CIIOJIyYEHHUI 3 BHYTPIIIHHOIO MOPOKHUHOIO KOHTEHHEpA 1
NEPEKPUTHI KJIanaHOM 3 TEPMOILJIACTUYHOIO MaTepiaiy.

Ha puc. 1 300paxkeno: 1 — kabenp; 2 —TrepMeTH3atop; 3 — TpaHyJIbOBaHHM
TePMOILJIACTUYHUM MaTepian; 4 — KOHTeHep; 5 — TpyOuacTi elekTpoHarpiBadi; 6 —

OarMak 13 HaCKpi3HUM OTBOPOM; 7 — KJIaIlaH.
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TaMIOHO)XHUI CHapsAN, SKUM MICTUTh KOHTeHHep 4, BCEpeAuHl SKOTo
3HAXOJIATHCS TPyOUaCTl elIeKTpoHarpiBayi 5 , y BepXHiil YacTHHI Mia €HaHI 0 Kabems
1 y,repmeruzatopi 2. Y HWXKHIM YacTHHI CHapsija 3HAXOIUTHCS Oammak 6 13
HACKPI3HHM OTBOPOM Yy BHIJISIAI KOHyca [UJIsl YCTaHOBJIEHHS TEPMOIUIACTUYHOTO
KJIaIaHa 7.
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Puc. 1 Tamnonaxuuii cHapsia IS JIIKBiJAIlli MOTJIMHAHD IPOMUBHOT PiJIMHA

CHapsin = mpairoe TakuM 4YuHOM. Ha JeHHIN TOBepXHI pO3IUIaBICHUN
TEPMOTUIACTUYHUN MaTepian 3 3anuBaioTh y Oammak 6 3 HACKpI3HUM OTBOPOM IS
HOTO TEepeKpUTTs 1 MarTh O0XOJoHyTH. I[loTiM Oammak 3 JOMOMOTOI Pi3bOOBOTO
3’€IHAHHA 3aKpIIUTIOIOTh Ha KOHYCl KOHTeiHepa 4, 3alOBHEHOIO TIpaHyJamH
TepMoOIUIacTUYHOTO Martepiany 3. Ha xaGemi 1 cHapsi omyCKaeThes A0 CBEPAJIOBUHU .
[To xabento momaeTbes Hampyra g0 pododoro oprany 5. Ilpu HarpiBanHi po6Goudoro
opragy 5 mo 130 — 150 °C BinOyBacThcs NIaBIE€HHS TIPaHysl TEPMOILIACTHYHOIO
Marepiainy 3 1 OJHOYACHO MepexiJ KianaHa 3 KPUCTAJIIYHOTO CTaHy B PIAKE TEKyue.
OnHoyacHO BiZOYBA€ThCA  HArpiBaHHS CBEpAJIOBUHHOI pinuHu. [lig miero cuim
TSOKIHHST PO3IUIABJIEHA TEPMOIUIACTMYHA CYMIII BHUXOAMTH Kpi3b HACKPI3HUM OTBIp
OamMaka 6 3 TaMIIOHAXHOTO CHApsALy 1 PO3MOBCIOKYETHCA Yy TMOTIUHAIOYOMY
TOPU30HTI. Y pa3l MEepPEeBUIEHHS IJIACTOBOTO TUCKY HaJ CBEPAJOBUHHUM JOIIHHO
BUKOPUCTOBYBAaTH TMpOJaBOoYHy pinuHy. Ilo wmipi mepecyBaHHs  pO3IUIaBy
TEPMOIUIACTUYHOI CyMIllll MO TpIlIMHAX BIAOYBAa€ThCS HOTO OXOJIOMKEHHS, IO
MPU3BOAUTH A0 301IBIIEHHS B’ S3KOCTI 3 MOJIAJIBIIOI0 KPUCTAI3AIIE0.

3acTocyBaHHS ~ Tiepea0adyyBaHOTO TMPUCTPOIO  3a0E3MEUUTh  MOKIIUBICTH
KOHTPOJIIOBATH TEXHOJIOTTYHUHN MPOLEC 3 ypaxyBaHHAM TE€OTEPMIYHOIO TPAI€HTY i
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BIUIMBY CBEPJJIOBUHHOI PITMHUA Ta CKOPOUYCHHS BUTPATH TAMIIOHAKHUX Martepiaiis. B
pe3yNbTaTi BHUKIIOUEHHS MMOBTOPHUX OIEpalliii CKOPOYYEThCS 4Yac Ha JIIKBIIAIIO
NOTJMHAHb TMPOMUBHOI PIAMHMA 1 BOAOMPOSBIEHb. 30UTBIIyETbCA  TINIHOMHA
MPOHUKHEHHS TEPMOIJIAaCTUYHOTO MaTepialy B KaHaIM TOTJMHAHHS TPOMHUBHOI
PIAMHMU, a 3HAYUTD 301IBIIYETHCS HAIHHICTh MPOBEACHUX TAMIIOHAXKHUX POOIT.

Iepenik nocuaanp
1. CynakoB A. K., [I3106ux A. P., Ky3sin 1O. JI., Hazap 1. b., Cynakosa /I.A.
[305A11isT TOTVIMHAIOYWX TOPHU3OHTIB OypOBUX CBEPIJIOBHH TEPMOILIACTHUYHUMHU
Mmarepianamu. Monorpadis. — poroobuud.: «IIpocsit», 2019. 182c.
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0 MIMTAHHSA OUIHKHU 'ABOHOCHOCTI BYT'UVIBHUX POJJOBUII]
HTY «/[ninposcvka nonimexnikay

Kopogsika Bikropis €BreniBua, rpyna 185m-22-1
Haykoesuii kepisnuk: ac. SIsopcbka Bikropist BikropiBHa

VY 3B'sI3Ky 3 nedinuToM €HEeproHociiB B YKpaiHi OJHIE€I0 3 HaWaKTyaJbHINIUX
npo0sieM € BUKOPUCTAHHS HETPAAMIIIIHUX BHJIB BYTJIEBOJAHEBOI CUPOBUHU — Tazy
(MeTaHy) BYrUIBHMX pOJIOBMIN. 3arajbHl pEeCcypcd MeETaHy TEpeBaXHO Yy
ByIJIerazoBoMy Oaceiini JlonOacy cTaHOBIATH 22 — 25 TpiaH. M°, a NPUIATHHX 0
BuaydeHHs — 3,0 — 3,7 TpiH. M. Born HabGaraTo Oibmi, HiXk 3aI1acH IPUPOIHOTO rasy
30KpeMa ra3oBUX pojaoBull YkpaiHu. ToMy po3poOKy BYTUIBHMX POJOBHIL CIILJ
3MIIMCHIOBATH KOMILJIEKCHO 3 PO3JAUIBHUM BUA00YTKOM BYTULIS Ta METaHY.

OTxe, OIlIHKa 3arajJibHOI KUIBKOCTI METaHy B MeEXaxX YChOTO KOMILIEKCY
BYTJICHOCHUX BIAKJIAJIIB Ha TUIOMNIY iXHHOTO PO3MOBCIOKEHHS Ta MIHMOWHY 3aJIATaHHS
Ma€ HE TUIbKU TEOPETUYHE 3HAUYCHHS, a M MPAaKTUYHE, [TOB'A3aHE 3 10Or0 MPOMHUCIOBUM
BHUJI0OYTKOM 1 BUKOPHUCTAHHSIM.

OCHOBHMM J)KEpEJIOM BYTJIEBOJAHEBHX Ta3iB y BYIJICHOCHUX BIAKIANaX €
pPOCIIMHHA OpraHiyHa pEYOBHHA, SKa 3YCTPIYAEThCA K Yy KOHUEHTPOBaHI Qopmi
(BYruIbHI IUIACTH 1 MPOIUIACTKM), TaK 1 B pO3CISTHOMY CTaH1 B opojax. Y CKJaJl rasis
BYIJICHOCHUX BIJIKJIAJICHb BCTAaHOBJIICEHO METaH, BaXKl BYIJICBOJIHI, BOJICHb,
BYTJICKUCIIMI Ta3, a30T, CIPKOBOJIEHb, PiJIKi, PaAlOaKTUBHI Ta 1HEPTHI ra3u — apro,
reNii, KpUIITOH, KCEHOH, PaJIoH.

HaiinommupeHimmMu KOMIIOHEHTaMU BYTUTHHUX Ta3iB BYTJIEHOCHUX BIIKJIA/ICHb
€ MeTaH, a30T 1 BYIJICKMCIUUN ra3. Pemra ra3iB 3yCTpidarOThCS JIMIIE Yy BUTIISIL
JTOMIIIIOK.

CydJacHa Ta30HOCHICTh BYTJICHOCHUX TOBII 3HAYHOIO MIpOI0 BHU3HAYAETHCS
MIPOCTOPOBHM MEPEPO3NOAITIOM BYIJIEKATAr€HHUX Tra3iB, CHUIBHO 3 Tra3aMH, IO
MITPYBaJIM 3 TTMOMHHUX TOPU30HTIB BYT1JIbHUX OacelHiB 1 poaosui [ 1].

OCHOBHHMM Ta30BUM KOMIIOHEHTOM BYTJICHOCHHX BiJKJIaJiB € Ta3M METaHOBOTO
psany, BMICcT sikux KonuBaeTbesi Bl 0 mo 100 % 1 3akoHOMIpHO 3pocTae 3
MajeormiMOUHO, QX [0 CYNEepaHTpaluTiB. ['€HETHYHO MeTaH TIOB'A3aHUN 3
BYTUIbHUMHM IJJACTAMU 1 3 PO3CISTHOIO OPraHiyHOK PEYOBHUHOK Y BMIN[YIOUHMX
noponax. Meran (CHy), sikuii € 3BMYaiHUM NPUPOJHUM Ta30M, MAa€ BJIACTUBICTH
YUCTOTO BUCOKOSIKICHOTO IajIMBa, HAJIGKUTH JI0 TAPHUKOBHUX T'a3iB CHIIBHOT Jii.

Metan — TONIOBHUN BUOYXOHEOE3NMEYHUI KOMIIOHEHT TMPUPOJHUX Ta3iB
BYTrUTbHUX TUIacTiB. [Ipu 3'€eMHaHHI 3 MOBITPSM METaH YTBOPIOE CYMIIIIi: TOprodi — 13
BMICTOM B HUX MeTaHy 110 5 — 6 % 1 noHaj 14 —16 % 1 BuOyxoBi — 13 BMICTOM Bij 5 10
16 % (MakcumasibHa cujla BUOYXY JIOCSATAEThCS 3a BMICTYy MeTany 9,5 %).
Temneparypa 3aropsinag MeTany nepeOyBae B Mexax 670 — 750° C.

BuOyxoHe0e3neuHicTb  MOBITPSIHO-METAHOBOI ~ CyMIIlll, MPOSIBU  PaNTOBUX
BUKU/IIB BYTULISA, TOPIJ 1 Ta3y Mif Ji€0 BUCOKOTO TIPHUYOrO Ta ra30BOr0 THUCKY Mepe
BUOOEM TIpHMYMX BUPOOOK (30HA NMPUBAHTAXKEHHS) 1 HEOOXITHICTh PO3POOJICHHS W
3M1MCHEHHsI CIeIIbHUX 3aXOMIB 3 MIATPUMKH O€3MEeYHOTO BEACHHS TIPHUYUX POOIT

BHU3HA4YarOTh I[OIIiJIBHiCTB cneuiaanoro BHUBUYCHHA HpI/IpOI[HOI ra30HOCHOCTI ByriJIBHI/IX
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ponosuiil [2].

[TpuponHi ra3u ByTrJIeHOCHUX TOBII epedyBaloTh y COPOOBaHOMY, BUIBHOMY Ta
BOJIOPO3UMHEHOMY CTaHi, a TaKoXX y TBepAMX po3uuHax. llepeBakHoro ¢opmMoro
3HAXOKCHHsSI METaHy y BYTULI € oro copOoBaHMil cTaH. Y BYTUIBHUX IUIACTaX, SKi
CTAHOBJISTH JIMINE KUTbKa BIJICOTKIB BiJ CKJIaay BYIJIEHOCHHMX TOBII, Y COpOOBaHiii
dbopmi mepeOyBae MaiXKe TOJOBHHA 3arajbHOi KITBKOCTI METaHy Ta 1HIIHAX
BYTJICBOJIHEBHX Ta3iB. ¥ MOpOAax i3 HU3bKUM BMICTOM OPraHIYHOi pEYOBHHH OCHOBHA
Maca rasiB mnepeOyBae y BUIbHIN a3l (y mopax, MOpOoKHHUHAX, TPIIIMHAX) abo X Y
pO3UMHEHOMY cTaHl (y MJIACTOBHMX 1 MOPOBUX Bojax). I[Ipm HU3BKUX TeMIleparypax
MOJKJIMBE ICHYBaHHsS METAaHy Ta HOro rOMOJIOTIB Yy TBEPAOMY PO3YUHI y BUIJISAAIL
razoriapartis [3].

®a30oBuil CTaH Tras3iB y BYIVIGHOCHIA TOBIII 3aJICKUTh BiJl JITOJOTIYHUX
0COOJIMBOCTEM 1 KOJIEKTOPCHKUX BIACTUBOCTEH MOPIJ, T€OJOTIYHUX, T1IPOTEOIOTTUHUX
1 TepMOOapuyHUX yMOB. 3a ()OPMOIO 3HAXOPKEHHS ra3iB y BYTUIBHMX POJOBHIIAX
BIJIOKPEMJIIOIOTBCSL  KOJIEKTOPU JIBOX THUIIIB — KOJIEKTOPH COpPOOBAaHMX Tra3iB Ta
KOJIEKTOPH BUIBHUX 1 PO3YMHEHHX Ta3iB.

[ToTy>KHUMH KOJIEKTOpaMH COpOOBAaHUX Ta3iB € BYTUIbHI IJIACTH, MPOIUIACTKH,
BKpAIUICHHS Ta BYIJMCTI MOPOAM 3 BIAHOCHO BHCOKMM BMicToM (moHan 30 %)
pPO3CISTHOT BYTJIMCTOI PEYOBUHHU, IO 3a CBOEK MPUPOJOKD € BOJHOYAC SIK
reHepaTopamu, TaK 1 akyMyJiaTopamu rasis (puc. 1).

i
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Puc. 1 CtpykTypHa KapTa Ta po3pi3 MIKpPOIOKIaay BUIBHOTO Ta3y y
BYTJICHOCHUX BiIKJIa1ax
1 — ra30HaCUYEHMIA MCKOBUK; 2 — BOJI0 HACUYCHUM MICKOBUK; 3 — O€3HAIpHUN
TOPU30HT; 4 — aJIeBPOJIIT; 5 — BYTUIbHHM IJIACT; 6 — 130TIICH TTOKPiBIIi TutacTa (M);
7 — 30BHIIIHIA KOHTYp ra30BOTO MOKIAAY; 8 — PO3PUBHI OPYIIEHHS

MetaH y BUIBHOMY CTaHl BYTUIBHUX IUIACTIB 1 B MOpOJax 3aiiMae MOPOBUMA
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npoctip (rpaHymspHuil i Tpimmuuit). Moro KimbkicTh 3pocTae 3i 36iNbIICHHAM
MOPUCTOCTI, TIMOWHU 1 THUCKY, 1 3MEHIIYEThCS 3 MIJABHUILEHHSAM TeMIepaTypH. SIKIno
MOpH 1 TPIIIUHHU 3alOBHEHI BOJOIO, TO BMICT B HUX METaHy HIDKYHMM. Y mopojax i3
HU3BKMM BMICTOM OPraHiuHOI PEYOBHMHHM OCHOBHA Maca Tra3iB nepeOyBae y BLIbHIN
¢a3i (y mopax, mOpoXKHUHAX, TPIIMHAX) a00 X y pO3UYMHEHOMY CTaHi (y TIacTOBHX i
MIOPOBHX BOJAX).

KonexTopamu BUIBHUX 1 PO3UYMHEHUX Ta3iB, 3BUYANHO, € BYTJIEBMICHI MOPOIH 3
HU3bKUM BMIicTOM (MeHIIe HiK 5 — 10 %) po3scissHOi BYriibHOI PEYOBUHHU.
3arajbHOBIIOMI JJIsI ByTUIBHUX POJOBHIIL, I1€ TT1ICKOBUKH.

TakuM YWHOM, TEPIIOYCPrOBHUMH 3aBJAaHHSMH BHBYCHHS Ta30HOCHOCTI
BYIUVIEBMICHUX TIOPiJ IiJl Yac IMOIIYKIB 1 PO3BIAKK BYTUJIBHUX POJIOBUII € BUSBJICHHS
CHOPUATIMBUX TEOJIOTO-CTPYKTYpHUX YMOB YTBOPEHHS Ta30BUX [AcTOK  3i
CKYIUYEHHSIMU B HUX BUIBHOTO METaHy Ta BCTAHOBJICHHS IUION] IXHBOTO PO3BUTKY.

IepeJik mocujianb

1. OuiHka Ta30HOCHOCTI METAaHOBYTUIBHUX PpOAOBHIN : MIAPYYHUK /
€.A. Kopossika, JI.H. [llupin, B.O. PacueraeB ; M-Bo ocBitH 1 Hayku Ykpainu, Haii.
TEXH. YH-T «/IHinpoBchKa nojitexHikay. — {uinpo : XKypdonz, 2023. — 304 c.

2. Korovyaka, Ye.A., Vasilenko, Ye.A., &Manukyan, E.S. (2014). Regeneration
of methane released from landfills, and possibility of its utilization in Dnipropetrovs’k
region. Heotekhnichna Mekhanika, (117), 215-224.

3. Shirin L., Korovyaka, Y., & Astakhov, V. (2010) Formation of gas hydrates
while mine methane extracting and possible methods of the problem solving. New
Techniques and Technologies in Mining - Proceedings of the School of Underground
Mining, 2010, 171-173.
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JIO IMTAHHS BUJTOBYTKY 3BAJIMIITHOI'O I'A3Y B YKPAIHI
HTY «/[ninposcvka nonimexuixay

Kopossika Mapis €BreniBua, rpyna 185-22-1
Haykosuii kepignuk: ct. BUKJI. IMutpyk Osiena OQJuiekcanapiBHa

[lonust B YkpaiHi TUCAYl TOHH MICBKMX TBEPAMX BIAXOJIB HAAXOIATh Ha
CMITTEBI 3BajMIA. YHACHIJOK MPUPOIHOTO TPOLECY PO3KIAJaHHS OpPTraHIuHUX
PEYOBHH, TaKUX SIK XapyoBl MPOAYKTH Ta Mamip, IO 3aXOPOHEHI Ha IMX 3BaJIMIIAX,
BUJIUISETHCS 3BAJMIIMHUNA Ta3, KUK € MOoOIYHMM MPOAYKTOM poskiananHs. Lleit ras
ckianaerbess npubauzHo Ha 50 BijgcoTkiB 13 MeraHy (CHi), sikuii € OCHOBHHUM
KOMIIOHEHTOM TIpUPOJHOTO ra3y, 1 Ha 50 BUICOTKIB 13 JBOOKHCY BYTJIEIIIO
(Byrnekucinoro rasy) (CO;) Ta HEBENIMYKHX JIOMIIIOK OPTraHIYHUX PEUOBHH, IO HE
BXOJISITh JIO TPYTH METaHY.

MeTaH € OCHOBHMM KOMIIOHEHTOM Ta3y, IO BHIUISETHCS CMITTE3BATUIIAMHU
(3BanmuurHOoro rasy). Bukumm Merany B armocdepy poOdsTh HOrO0 OCHOBHUM
BHHYBATIIEM BUHUKHEHHS «TTAPHUKOBOTO e(pekTy». B pe3ynbrari CKOpOUEHHS BUKHU/IIB
METaHy, MPHU YJIOBIIOBAaHHI a3y 1 HOro 3aCTOCYBAaHHI B SIKOCTI €HEPrOHOCIS, MOXHA
JOMOITHCSI BHUpPOOHMIITBA 3HAYHOI KUIBKOCTI €HEprii, a TaKOoX MO3UTUBHHUX
€KOHOMIYHMX 1 €KOJIOTIYHHUX pe3yibTaTiB [1]. B ycpbomy CBITI CMITTEBI 3BajvIIa
SBJISIIOTBCS  TPETIM 3a BEJIMYMHOIO AHTPOTIOTEHHUM JUKEPENoM  (CIpUYUHEHUM
TUSITBHICTIO JIFOJIMHKM) BUKHJIIB 1 CTAHOBJISATH NMPUOIM3HO 12 BIACOTKIB TJI0OQIBHUX
BUKHIIB.

[Mopiuno, 3a manumMu MiHICTEpCTBa 3aXKUCTY JAOBKIUIS Ta MPUPOIHUX PECYPCIB
VYkpainu, 3aransHuit 00csT MOOYTOBUX BIXOIB 301IbITyEThCS Ha SO MITH. KyOOMETpiB
a60 14 muH. T (300 — 400 kT y pik Ha 1 MOAMHY), @ TPOMUCTOBUX BiAXOMiB — HA 175
MJTH. KyOOMETpiB. 3a TaHUMHU €KOJIOTIB, KOKE€H yKpaiHellb OPIYHO CTBOPIOE OJIU3BKO
220 — 250 kr TBepAMX MOOYTOBUX BIIXO/IB, @ MEIIKaHIIl BeJMKUX MicT — 330 — 380 kr,
1 1l o0csaru 3pocTaroTh ocTaHHIMU pokamu Ha 20 % Ha pik. Ilonan 90 % TBepaux
nooyToBux BiaxoAiB (TTIB) B YkpaiHi BUBO3Th Ha 3BaJIMILA Ta MOJITOHH.

3akoryBaHHS BIIXO/IB Ha CMITTE3BAIUINAX BUMAarae BITUYKCHHS BEITUKHUX
TEPUTOPINA Ta IXHHOTO JOPOTOBAPTICHOTO OONaITyBaHHd. 3a AaHuMHU HarioHanbHOTO
€KOJIOTIYHOTO IEHTPY YKpaiHu, Ha TOJIITOHaX 1 3BajMINAX YKpaiHM HaKOMUYUIOCS
MOHA/ MUIbSPJ KyOOMETPIB BIAXOMIB JKUTTEIISIILHOCTI JIIOJWHU, 3 SKUX, 3TITHO 3
odimiiaumu nanumMu Jlepskcraty YKpaiHu, MOBTOPHY MepepoOKy mpoxoauTs 3,5 %.
VYeci i BiXoau 3aiMaroTh MOHAJ 7 THC. TEKTapiB 3eMIIl, 1 PiIbTpat, 1Mo 3a0pyaIHIOE
IPYHT, OTPYIO€ TPYHTOBI BOJH, 3aBJAa€ HEMOMPABHOI MIKOJIW 30pOB't0 Jtonein. Kpim
TOTO, 1€ 3BAJMUIIHUI Ta3, IO YTBOPIOETHCSA TIIJ Yac 3aKOMyBaHHS OpTaHIYHHX
pedyoBuH, MakpokommnoHeHTamu sikoro € metaH (CHg) 1 miokcup Byriemio (CO»).
Bignosimno g0 cranaaptiB Kiotcekoro IlIpotokosny TonHa Metany B 21 pas
IIK1JIMBIIIA, HI’K TOHHA BYTJIEKUCIIOTO Ta3y.

30ip 3BAJMIIHOTO Tra3zy 31 CMITTEBUX 3BAIMIN 3AIMCHIOETHCS 32 JOMOMOTORO
CBEPJIOBUH 1 BaKYyMHO1 CUCTEMH, 1110 MOJA€ 310paHuii ra3 y micie oOpoOku. 3BIATH
3BAJIMIITHUN Ta3 HAAXOUTH IS 3aCTOCYBaHHS 3 PI3HOIO METOIO.

I[J'IH CKCTpaKHﬁ 3BAJIMIIHOTO TIa3y Ha [IOJIITOHAX 3a3BUYai BHUKOPHUCTOBYIOTbH
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TaKy MPUHLUIIOBY CXEMYy: MEpeXy BEpTUKAJbHHUX Ta30JpEHAXHUX CBEPIJIOBUH
3'€IHYIOTh JIHISIMH Ta30MpOBOJIIB, Yy SKHX KOMIIPECOPHA YCTAHOBKAa CTBOPIOE
PO3PIDKEHHS, HEOOXiMHE [JIsi TPAHCIOPTYBAHHS 3BAIMIHOTO Ta3y JI0 MIiCIA
BUKOPUCTAHHA. YCTaHOBKM 31 30MpaHHs Ta YTWJi3alii MOHTYIOTh Ha CHEI[iaJIbHO
MiATOTOBICHOMY MAaWJaHYMKYy 3a MeXaMu 3BaluIIHOrO Tina. [lpuHIUMMIOBY
TEXHOJIOTIYHY CXEMY CHCTEMH 31 300py 3BaJTUIITHOTO ra3y HaBEJEHO Ha puc. 1.

BJiok-cxeMa ycTaHOBKH /U1t BU100YTKY
Ta yTHai3auii 0iorasy

CBEP/JIOBUHH
CBEP/UIOBUHH TpyOonpoBoau
I
CBCPAJIOBUHH biiok komripecyBaHHs

brok yrunizauii

I

CnoxxuBau

Puc. 1 [IpuHuunoBa T€XHOJOTIYHA CXeMa CUCTEMH 31 300pY 3BAJIMIITHOIO ra3zy

Hns BuaoOyTKy 3BaluIHOIO Ta3zy Ha mnojiroHax TIIB 3acTocoByroTbes
BEPTUKAJIbHI CBEPJIOBUHU. 3a3BUYall BOHU PO3TAIIOBYIOTHCS PIBHOMIPHO TEPUTOPIEIO
3BAJIMILHOTO TiNa 3 KpokoM 50 — 100 M Mixk CycimHiMu cBepAIoBMHAMH. IXHiil KiameTp
konuBaeTbes B iHTepBadi 200 — 600 mm, a rMOMHA BU3HAYAETHCA MOTYXKHICTIO
3BAJIMILHOTO TLJIa 1 MOYXKE CTAHOBHUTH KUJIbKa JecATKIB MeTpiB [2]. [IpuHuunoBy cxemy
MOJIIrOHa /1711 BUI00yBaHHs Oiora3zy HaBEJEHO Ha PUC. 2

Puc.2 IlpunuunoBa cxeMa moyiroHy
1 — ra30301pHUK; 2 — oMIMEpHUN TpyOOIpOBia JUIsl BiABEAEHHS (IbTpaTy; 3 —
KOJIOJIS13b BEPTUKAILHOTO Ta30BOT0 IpEHAXKY; 4 — TBEp/ll MOOYTOBI BiIXoau; 5 —
JTHO TIONITOHY; 6 — epmiT; 7 — npoTudiNbTpaliifHuii map; 8§ — cuctema
TOPU30HTAIBHOTO TA30BOT0 JPEHAXKY; 9 — 1HILII0I0YH KOMIIOHEHTH 010JI0TTYHOTO
noxoikeHHs; 10 — cucrema BEpTUKAIBHOTO Ta30BOT0 ApeHaxy; 11 — apenaxHa
KaHaBa.
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TakuM YHWHOM, TOJITOHM TBEPAUMX MOOYTOBUX BIAXOJIB € JKEPEIOM
BHCOKOCHEPTeTUYHOTO Ta3y, mo Mictuth A0 70 % Olomerany, sikuii Moxke OyTH
e(eKTUBHO BUKOPUCTAHMN, HAMpPHUKJIaA, Y BUPOOHHUIITBI aBTOMOOUIFHOTO TAaJlMBa, B
3aJIeKHOCTI BiJ] pO3TalllyBaHHS MOJITOHIB MO0 FOCHOIaPChKOT IHPPACTPYKTYPH.

YTunizamiss 6iorazy J03BOJUTH 3HAYHO TMOJIMIIUTH €KOJIOTIYHY CHUTYalllo B
Ykpainu, 3ano0iriy BUAUICHHS TAPHUKOBUX Ta3iB Ta TOKCUYHUX PEYOBHH.

Ilepesik mocujianb

1.Korovyaka, Ye.A., Vasilenko, Ye.A., &Manukyan, E.S. (2014). Regeneration
of methane released from landfills, and possibility of its utilization in Dnipropetrovs’k
region. Heotekhnichna Mekhanika, (117), 215-224.

2. Koroviaka, Ye., Rastsvietaiev, V., Dmytruk, O., &Tykhonenko, V. (2017).
Prospects to use biogas of refuse dams of Dnipropetrovsk region (Ukraine) as
alternative energy carrier. Mechanics, Materials Science & Engineering, (11), 1-9.
https://doi.org/10.2412/mmse.40.34.18
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EKCIJIYATAIIA NIABOJHOI'O TEPEXOAY MAT'ICTPAJIBHOI'O
HA®D®TOITPOBOAY
HTY «/[ninposcvka nonimexuixay

KpaBuenko Ouekcanap Mukouaaiiosuy, rpyna 185-21ck-1 ®IIHT
Haykoesuii kepignuk:K.T.H., 1oueHT Ilamenko Ouiekcanap AHarosiiioBu4

Etan po3BuTKy TpyOONpOBIAHOIO TPAHCIOPTY HAPTH XapaKTepU3y€EThCS
HU3KOI crenudigyaux ocobnuBocTeit. lle moB'sI3aHO 31 3HAYHOK MPOTSHKHICTIO
JTHIAHUX OUISTHOK, XapaKTEepUCTUKOIO palioHy, 00CITroM NepeKadyyBaHHsS cepeoBUIIIA,
0 TPaHCHOPTYETbCS, 1 HOro XapakTepuctukamu. Bce 1e BHU3Ha4ae TepMiH
eKCIUTyaTarllii TpyOOonpoBOIiB.

MaricTtpanbHi HaQTONPOBOAU € BUOYXO- Ta MOKEKOHEOE3MEYHUMHU 00'€eKTaMH,
eKCIUTyaTallisi SKUX BUMAarae 3HAHHS BEIUKOTO 00CSITy HOPMaTUBHO-TEXHIYHO1
nokymeHTaii. Crneuu@igyHO OCOONMBICTIO JIIHIMHOI YacTUHU MaricTpaJibHOIO
Ha(TOMPOBOLY € MOro MepeTHH 3 BOASHUMH mepemkogamu. Lli AiISHKH 3BYThCS
I1JIBOJTHUX TIEPEXO/IIB.

Jlnst BuObopy Meroay OyIIBHUIITBA IT1IBOJHOTO MEPEXOLy BPaXOBYIOThCSA O€3i14
(hakToOpiB — 1€ 3MIHA pPyCJia PIYKU 3a MIHUPUHOIO, TE€Ulsl Ta TIMOWHA PIUYKH, KJIIMAaTU4HI
ymoBu.IligTpumka HadTONMPOBOY, NPOKIAAEHOTO JHOM PIYKUA a0o0 MiJ JHOM PIUKU
(MEeTolT TOXMUJIO-CIIPSIMOBAHOTO OypiHHSI) B poOOYOMY CTaHl, HEMOXJIMBa 03
peryJIIpHUX POOIT 3 HOro 0OCITyrOByBaHHS.

VY nocmimxennsx [1, 2, 3, 4, 5] OyJsio 3a3Ha4€HO, 10 0COOMBO HEOS3MEYHUMH €
pyWHYBaHHS TPYOONPOBOAIB y MICIIAX MEPEXOIIB Uepe3 BOIHI MEPEIIKOIH, OCKUIbKU B
IbOMY 0aratopa3oBo 30UIBIIYEThCS TUIONIA 3a0pyaHEHHS HadTO0, Yac Ta KOIITH Ha
JIOKadi3alilo 30HU 3a0pyAHEHHS Ta JIKBIAAII0O HACHIAKIB aBapli, 3aBIa€ThCA
CEpHO3HOT IMIKOAW HABKOJHUIIHBOMY CEpEeNOBHUILY. Y IbOMY BHUIAAKy OJHICIO 3
OCHOBHHMX yMOB, IO 3a0€3I€UyI0Th 3HUKEHHS aBApPIMHOCTI, € BUKOPUCTAHHS HOBUX
TEXHOJIOT1M MIJBUIIEHHS HaAIMHOCTI Ta 3a0e3nedeHHs 0e3aBapiiiHOro TPAHCHOPTY
PIAKUX BYTJIEBOIHIB.

TexHiuHe 0OCIYroBYyBaHHS IUISHOK MEPEXOJIB MariCTpaJibHUX Ha(TOMPOBOIIB
(MH) uepe3 BoAH1 MEpELIKOIN.

Ha OeperoBux minsiHKax TepexoJiiB Mae OyTH 3a0e3MeUeHO BIJCYTHICTb
JIepEeBHOT OPOCIH 1 B CMy31 HMIMPUHOIO HE MeHIIIe 3 M BiJ OCi TpyOONpoOBOIY.

[lepeBipka TexHIYHOrO cTaHy iH(MOPMAIIIHHUX 1 TEOJC3UYHMX 3HAKIB Ha
MIIBOAHUX TIEPEX0/aaxX uepe3 CyIHOIUIaBHI PIYKU TOBUHHA MPOBOJUTHUCS - HE piamie |
pasy Ha KBapTal.

TexniuHe 00CIyrOBYBaHHS 3allOPHOI apMaTypHl MPOBOAMUTHCS Y BIAMOBITHOCTI
1o [6, 7].

Kpim Toro:

— OJIMH pa3 Ha KBapTaJ NOBUHHA MPOBOJUTHUCA NepeBipka Bcix 3acyBok [T MH
(OCHOBHOI Ta pe3epBHOI HUTOK) HA MOBHE 3aKPUTTS Ta BIAKPUTTS 3 PEryJTIOBaAHHSIM
(ipu HEOOX1HOCTI) KIHIIEBUX BUMUKAYIB T4 KOHTPOJb T€PMETUYHOCTI 31 CKJIaJaHHIM
aKTa Ha KOXXHY TIepeBipeHy 3acyBKy Ta BigMmiTkow Yy «Ilacmopti IIII MH» Ta

dbopmyIsipi 3amipHOi apMaTypu. AKT 3aTBEPKYEThCS TOJOBHUM iHXeHepoMm PHY 1
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Hanaetbess Y BAT MH npotsirom n'situ 110 miciis epeBipKy 3aABUKKH;

— TepeBipKa BCiX 3aCyBOK Iepexoay (OCHOBHOI Ta pe3epBHOI HUTOK) HA MOBHE
BIJIKPUTTS 1 3aKPUTTS BUKOHYETHCSI B PEXKHUMI TEJIEKEPYBaHHs 1 B PEXKUMI MICIEBOTO
KEepyBaHHS.

OOcnyroByBaHHsT Ta KOHTPOJb TE€PMETHYHOCTI 3aCyBOK IPOBOJIUTHCS Y
BiAMOBIAHOCTI 1 [8, 9].

KoHTposb repMeTHYHOCTI 3aCYyBOK MPOBOAMUTHCS 31 3MIHU THUCKY Yy BiJICIUCHIM
JIUISTHII HE MEHIIe 6 TOJAMH Ta aKyCTMYHHMM TeyellyKadyeMm Mpu Iepenaji TUCKY Ha
3aKkpuTUX 3acyBax 1 — 2 MIla. HagnmumkoBuid THCK y BiJCIYEHIH HUTII HA MOYATKY
BUMIpIoBaHHs Mae OyTu He HiK4e 0,1 MIIa.

s mepexoaiB MH depe3 cynHOIUIaBHI pIUKH Ta PIYKU 3 IIUPUHOIO pyclia y
Mexi oHaa 500 m Bigauiom ekcrutyatarii PHY marote OyTtu po3po0OsieHi BupoOHUY1
1HCTPYKIIT 00xigHuKa [10].

BupoOHuya 1HCTpyKLisl OOXIAHMKA PO3POONISETHCS 3 YpaxyBaHHSIM YyMOB
eKCIUTyaTalli KOHKPETHOIO TMepexoay Ta T[OBHHHA MICTUTH TEXHIYHI Ta
eKCIUTyaTallliiHl mapaMeTpu Nepexoay, OMKC, 0OCIT Ta MEPIOJUYHICTh POOIT 3 OISy
Ta 00ciyroByBaHHs nepexony MH.

[Ipu texHiyuHOMY OOciyroByBaHHI nepexoay MH 0OXiZHHMK HIOAHS TOBHHEH
BUKOHYBAaTH Taki podortu [11]:

— TEXHIYHHUH OIJISI/I CTaHy O€peroBHUX JUISHOK, CIIOPYJ Ta 00JIafHAHHS Y CKJIal
nepexony MH;

— KOHTPOJb THUCKY B OCHOBHIM 1 pe3epBHIM HuTKax mnepexoxy MH Ha
BIJINMOBI/IHICTH 3aTBEP/PKEHUM HOPMATUBHO-TEXHOJOTIYHUM TlapameTpaMm poobotu MH 1
HIIC,;

— KOHTPOJb BIJICYTHOCTI CKYMUYEHHS BOJAM y OOBajJOBaHOMY TMPOCTOpPI Ta y
konons3six KT. Cnyck Bomu 3 o6BamyBanb KIIII COJ] Ta 3acyBok 3mifiCHIOETHCS
BIIKPUTTSIM JPEHAXHOI 3aCyBKH. 3a0OPOHSAETHCS 3AIMINATH APECHAXHY 3aCyBKy Yy
BIIKpUTOMY CTaH1 6e3 0e3mepepBHOTO KOHTPOIIO.

[Ipn BusABIEHHI HAPTU B CaJbHUKOBHX BY3JlaXx, BOJAMU Ta Opyay B KOJOIA3SX,
HEMOBIPEHUX MOHOMETPIB y KOJIOAA3SIX OOXIAHMK 1H(OpPMY€E Mpo 1€ HayalbHHUKA
JIAEC sxuit dpopmye Opuraay B KIIBKOCTI HE MEHIIE 3X 0Ci0 sl yCyHEHHS
BUSIBJICHMX 3ayBa)K€Hb (32 HAasSBHOCTI MOKJIMBOCTI PO3TOMAyBaHHS BOAM Ta 3aMIHU
MaHOMETPIB 0€3 CIyCKY B KPUHUIIO BUKOHY€E POOOTH CAaMOCTIMHO).

OOX1IHUK 3a pe3yJibTaTaMH OIJIAAy IMOBUHEH POOUTH 3aIlUC y KypHall OrJIALY
nepexoay [1IT MH 1 mpo Bci BusiBIIeHI HECTIPABHOCTI J0moBifaTu B oneparopry HIIC.
Omneparop HIIC moBuHEH HeraiiHO IMOBIJIOMHTH HayajdbHHKA Ta TOJIOBHOTO 1HXKEHEpa
HIIC 1 nmepenaBatu otpumany indopmariito aucnerdepy PHY. Hauanpauk HIIC mae
BXKUATH 3aXOJIiB IMOJO0 YCYHEHHS BUsBICHUX HenomikiB. ['omoBuuit imxenep OCT
MOBUHEH BXXUTH 3aXOJIB IMOJO OpraHizauii poOiT, sKi HE MOXYTb OyTH BUKOHaHI
cunamu HIIC.

[Ticnst 3akiHYEHHST pOOIT 3 KOHTPOJIIO SIKOCTI 3BapHUX IIBIB, BIAMOBIAAIILHUN 32
JIKBIJAIIO aBapii, Mepeaae IUCIEeTYepy IPO TOTOBHICTh HAPTONPOBOAY IS
HaroBHeHHs1 HadToro. Ilicis HEoOXITHUX Y3roJKeHb BIJKPUBAIOTH JIIHIMHI 3aCYBKH,
Yyepe3 BaHTY3U BUITYCKA€ThCs MOBITPs 13 HadTorporoay [12].

[Ipn 3amoBHEHHI BIIPEMOHTOBAHOTO Ha(TOMpPOBOAY HA(TOK THUCK CIiA
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301JIbIITYBaTH PIBHOMIPHO 1 TOCTIHHO KOHTPOJIIOBATH MTOKa3aHHS MPUJIAIIB.

[To 3aBeplieHHIO 3amMOBHEHHS HA(PTOMPOBOAY Bi3yallbHO TEPEBIPAETHCS
HIUIBHICTh  (TEPMETUYHICTh) BIAPEMOHTOBaHOI niuIsHKM. He momyctumo pyx
TPAHCIIOPTY Ta MepeOyBaHHs IO MOO0IM3Y BIAPEMOHTOBAHOI J1TSTHKY.

[Ticns 3amycky HadTOmpoBOAY Ta BUBEASHHS HOro Ha poOOYMil pexuM, 3a
BIJIpEMOHTOBAHOIO JUISHKOI0 HAa(TOMPOBOJY BEACTHCS KOHTPOIb MPOTITOM § TOJIUH
HA TE€PMETHYHICTb.
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SHEBOJAHEHHS HA®THU
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Morpiit Onexkcanap Bikroposuy, rpyna 185-21ck-1 ®ITHT
Haykoesuii kepignuk:K.T.H., 1oueHT Ilamenko Ouiekcanap AHarosiiioBu4

Hadra, mo BumoOyBaeTbcsi 13 CBEpPAJIOBUH, YacTO HA3MBAETHCS «CHUPOIO»,
OCKUJIBKH Y ii CKJIaJIl € IJIaCTOBa BOJIa, Ta3U PI3HOTO MOXO/KECHHS, 1 HaBITh MEXaHIYHI
JOMIIIKHU. [[711 3HEBOJHEHHSI Ta 3HECOJICHHSI BOJOHA(TOBUX €MYJIbCIH, a TaKOX MAJis
OTpMMaHHS IUJIaCTOBOi BOJAM, SIKy MOKHa Oyno © Hazax mnoBepTaTd B IUIACT,
3aCTOCOBYIOTH CIIEIIANBHI anapaT — eJaeKkTpoaeriaparop [1, 2].

Ha skicHMX XapakTepuCTHKaX Ha(TH HETaTUBHO I103HAYAETHCS HASBHICTD
JoMIMIOK [3]:

— [IpucyTHicTh y HaTI MEXaHIYHHUX JOMIIIOK, SIK1 Y CBOIO YEPry YCKIIaJHIOIOTh
il mepepoOKy Ta TpaHCHOPTYBaHHS TPyOONpPOBOJAMH, a TAKOXX BUKIMKAIOTH €PO31I0
BHYTPIIIHBOI MOBEpXHI TpyO, pPi3HI BIAKIAJACHHS B amapaTypl, U0 € MNPUYUHOIO
3HM>KEHHSI Koe(illeHTa Terionepeiayl, miABUILY€E 30JIbHICTh 3AJIMILIKIB IEPETOHKU Ta
CYNPOBOKY€E YTBOPEHHS CTIMKHX €MYJIbCIH.

— IlpucyTHiCTh MIacToOBOi BOAM y Ha(Ti 3HA4YHO 30LIBIIYE BUTpPATH Ha ii
TPaHCIIOPTYBaHHS, NMOTpeOy€e 301IbIIEHHSI €HEPrOBUTPAT HAa BUIIAPOBYBAHHS BOAM, a
TaKOX KOHJeHcalli napiB. Takox, MPUCYTHICTh 0aIacTOBOi BOAM IMiIBHUIIYE B'S3KICTh
Ha(TOBOT CHCTEMH, BUKITMKAIOYH THM CaMHUM, IPU 3HIKCHHI TEMIIepaTypH, HeOe3neka
YTBOPEHHSI KpUCTAJIOT1IpaTiB [4].

— Ilpu 3HMXKEHH] BMICTY coJied Y HadTI MDKPEMOHTHHUH MPoOIr armapaTy 3Ha4HO
30utbiyeThbest 31 100 qo 500 mi6 Ta Oinblne. 3HMKYIOTHCS BUTpATH KaTalli3aTopiB,
3MEHIIYEThCA KOpPO3is amapatypH, SKICTb Tra30TypOIHHUX Ta KOTEJIbHUX MajuB
MOKpPAIILY€ThCsA, KOKCIB Ta OITYMIB.

Enextpoaeriaparopu mnpu3HAUYEH1 JIsI MPOBEICHHS KOMIUIEKCHUX IPOIIECIB
3HEBOJIHEHHSI Ta 3HECOJICHHS Ha(pTH.

Cymiwi
Hagmu
f aodu

Puc.1 3ueBoiHeHHsa HaTH

EnexrpoaerigparaTopu Ki1acuikyroThbcs 3a TAKUMU OCHOBHUMH O3HAKAMMU:

3acTocyBaHHS €IEKTPUYHUX IOJIB 3MIHHOTO Ta MOCTIHHOTO cTpymy. B nanuii
4ac eJEKTPOJETIAPATOPH MPAIlOI0Th B OCHOBHOMY 3 MOJISIMU 3MIHHOTO CTPYMY SIK Y
IPOMHUCIIOBUX, TaK 1 B HaTO3aBOJCHKUX YCTaHOBKaxX MmiAroToBku HadTu. [lopsia 3
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edexTuBHICTIO 00poOKu BomoHadTOBUX emyibcii B/H (Boga B HadTi) 3 BEIMKOIO
OOBO/IHEHICTIO B TIOJISIX 3MIHHOTO CTPYMY TaKi CHCTEMH MAlOTh MPOCTE Ta JAOCTYITHIIIE
€JIeKTPOYCTaTKyBaHHA [5].

Y BITUM3HAHIA Ta 3apyODKHIA NPOMHCIOBIN MPAKTUIl MIATOTOBKA HapTH
HAaOyJIM TOMIMPEHHS JBl TPHUHIMIIOBO Pi3HI CHUCTEeMH BBEICHHS HadTH B
EIIEKTPOJIETIAPATOP— Y HIDKHIO YaCTHHY amapary i 6€3mocepeIHb0 B MiKEICKTPOTHUH
mpoctip. BcraHoBineHo, 10 amapaTd 3 HIDKHIM  YBEIEGHHAM  €(EKTHBHO
eKCIUTYaTyIOThCS Ta JAI0Th Kpallli pe3yJIbTaTH MI0A0 SKOCTI HaQTu mpu o06poOIll HadT
JIETKOT Ta cepeAHbOi HIIbHOCTI. EnexTpoaeriaparopu 3 Mi>KEJIEKTPOAHUM BBEICHHSIM
eMyJbCli (0€3 HIKHBOT 1Moj1adi) TaKoK €(h)eKTUBHO MPAIIOIOTh MPU 30UIbIICHH] 00'eMy
CJIEKTPUYHOIO TIOJII 33 PaXyHOK BBEIEHHSA JOJATKOBOI IUIONII  €JEKTPOJIB
(enextponerimpatu 2EI'160/3, 2EII602 Ta iH) 1 MOXYTh MaTH MEHIIl TabapuTH.
Cepi€to JTOCIIKEHb BCTAHOBJIEHO, IO OYMIIEHHS BIJ BOJU Ta COJEH CYTTEBO
MIJBUILYETHCS MPU KOMOIHOBAaHOMY BBEJEHHI €MYJIbCIi B amapar, KOJIM OpraHi3y€eThCs
OJIHOYACHA pO3AiUIbHA mojada Oyu3bko 2/3 HadTu (32 TPOAYKTUBHICTIO) Y
MOACIEKTPOAHY 30HY Ta OJU3bKO 1/3 y MIXKEIIEKTPOIHY 30HY.

XapakTepHOIO OCOOIMBICTIO €JIEKTPOIETIIPATIB 3 JBOMA PO3AUIBHUMU BBOJIaMU
€ 1XHs yHIBEepCcalbHICTh. BOHa 103BOJIsSIE MPpU HEOOX1THOCTI €KCILTyaTyBaTH 11l arapaTu
TUIBKM 3 HIKHBOIO TOJAY€l0, KOJM OOpOOsSEThCA Jierka (3a MIUIBHICTIO) 1 Malio
oOBonHeHa HadTa, a00 TUIBKM 3 BEPXHBLOIO MOAAYEIO 3a BUCOKO OOBOJAHEHO1 HadTH
CEpeIHbOI HIUIBHOCTI; BUCOKOB'SI3K1 HATH OOpOOISIOTHCS B amaparax, siK IpaBuilo, 3
HIDKHIM Ta BEpXHIM BBEJICHHIMU [6].

3a  KOHCTPYKTUBHUMH  OCOOJMBOCTSIMH  PO3PI3HSIOTH  KiJIbKa  BHJIIB
€JIEKTPOJIET1APaTaTOPIB: BEPTUKAIBHI, KyJIhOB1 Ta TOPU30OHTAJIBHI [7].

VY ramy3i BIOCKOHAJIGHHS €JIEKTPOJETIAPATIB MOKHA BUAUIMTA TaKli OCHOBHI
HaIPSIMKH:

OnTumizaliisi eJIeKTPOAHUX CUCTEM, IO YTBOPIOIOTH HEOJHOPIIHE E€IEKTPUYHE
noJe.

VY 10CKOHaIEHHSI €KOJIOTTYHOCTI MPOIECIB Ta MIABUILEHHS €KOJIOT14YHOI Oe3MeKu
ITUISIXOM 3MEHIIICHHS CTIOKUBAaHHS CBIXKOi BOJIH.

[linBumieHHss €PEeKTUBHOCTI KOAJIECIEHII TypOyJi3alicl0 MPOMUBHOI BOJIU Ta
CTBOPCHHSI CIPUSATIMBUX T1IPOJMHAMIYHMX YMOB, IIIO CIIPUSIOTH BiJICTOIO BOM.

BBegenHss  HapTM B MDKEJIEKTPOJHUWA  MPOCTIP  TPHUEIEKTPOIHUX
CJICKTPOJIETIAPATIB 1 301IBIICHHS] 00CATY €IEKTPUYHOTO OIS JIJIsl 3HECOJICHHS HaTH,
10 YTBOPIOIOTh arperaTHo-CTiMKI eMyJbCii, 110 BaKKO pyHHYIOThCA. MOXIIUBI 1 JB1
CUCTEMHU BBEJCHHS HAPTH - B HIDKHIO 30HY 1 MIUKEJICKTPOJHUN TMPOCTIp 3
PETYJIIOBaHHSIM CIiBBIIHOIIEHB TI0/1a4l 3aJIEXKHO BiJl 3MIHU BIIACTUBOCTEH CUPOBHUHH.

301IbIIEHHS TPOTYKTUBHOCTI €JIEKTPOJIET1IPaTiB 32 paXyHOK MOJINIICHHS YMOB
OCAJKEHHS Kparielb, 10 MPU3BOAThH 0 30UIbIIIEHHS KOHIICHTpAIlli Kparemb 1, OTXKe,
10 1HTeHCU(iKaIlil TPoIIeCy KOaIeCIeHIII].

30UTbIIEHHS IIBUJKOCTI HAQTH 3 OTBOPIB EMHOCTI JJIi MATKOBOT'O PO3YUHY, MPU
SKIM 3MEHIIYIOThCS 3acTiiiHl 30HM. B3aemoniss HadTH 3 JAPEHAKHOK BOIOKO
B1I0YBa€ThCs y OUIBIIIN YacTHUHI 00CATY, MPUUOMY YTBOPIOETHCS BUCOKOIMCIIEPCHA
€MYJIbCisl. 3MEHIIEHHSI OMOpY JOCSTA€TbCS YCTAHOBKOIO COTEN, TiAPaBIIYHUN OIip
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SKUX TPU PIBHIA IMIBUIAKOCTI 3aKkiHYeHHs B 1,7-2 pa3u MeHIe 1 Moxe OyTu
PEKOMEHIOBAHO BCIM €JIEKTPOETiIPaTaToOpPiB.

OnTuMmizaliiss MIXKEJIEKTPOIHOI BIJCTaHI 3 METOIO 30UIBLICHHS HAMpY>KEHOCTI
CIEKTPUYHOTO TOJNS Ta, SIK HACHIAOK, 30IBIICHHS CHIM TSOKIHHI — MDK
MOJIIPU30BAaHUMH KPATLISIMHU.

YcranoBka BOyIOBaHMX CTPYMHHHHMX 3MIilIyBayiB, 3 mnephopoBaHUMHU
BiOMBauaMu, 3 Twiomiero mnepdopaimii 5 — 12,5 % Bixg miomil BHUXITHOTO OTBOPY
3MINIYBaJIbHOTO MaTpyOka. BoHM MpaiioioTh y BEPTHKAIBHUX E€JIEKTPOJIETipaTax He
MEHII €(PEKTUBHO, HI’K TOPU3OHTAIBHUX.

Buxopucranns BEPTUKAIIbHUX €JIEKTPOIET1IPATATOPIBA3BOHONOIOHIX
€JIEKTPO/IIB 3aMICTh TOPU3OHTAIBHUX IPATYACTUX EJIEKTPOAIB, TOOTO BCTAHOBJICHHS
PAIY €IEKTPOAIB CUCTEMH «KOaKCiaabHI MINHAPW». MK TOPIEM eJIeKTPo/ia 1 TUCKOM
YTBOPIOETHCSI HEOJTHOPIJIHE €JIEKTPUYHE MoJe, ke Oulbll edeKThuBHE M HadT, IO
BaXKO 3HECONIOIOTHCS, a OUIBII BHCOKAa HAMPY>KEHICTh TMOJIS JI03BOJISIE 3HU3UTH
BUTpaTy MPOMUBHOI Boau 110 1% Ha HadTy [7].

BukopucTaHHS BHHOCHUX €JEKTPOJIB €JIEKTPOJETIAPAaTaToOpiB, TaK 3BaHUX
€JIEKTPOKOAJIECIICHTHUX amnapaTiB (€JIEKTPOKOAIECIEHTOPIB), 110 BOJOAIIOTh BUILIUMHU
eKCIUTyaTaliiHuMu Xapaktepuctukamu. lleit crnociO moku 1mo He HaOyB HIMPOKOTO
MTOTITMPEHHS.

EnexTpogerigparopu 3HEBOAHEHHS Ha(THU BiAIrpalOTh BAXIWBY pOJb Yy
BUJI00YTKY Ta nepepoOiii HadTH, 3a0e3Meuytound BUCOKY SKICTh POAYyKIii. Po3ymiHHs
KOHCTPYKTUBHUX OCOOJMBOCTEH IMX TPHUCTPOIB JIOMOMAara€ TMIABUIIUTH  iX
e(eKTUBHICTh Ta HAAIMHICTH y MPOIIeci poOOTH.
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TEXHOJIOT'TYHA CXEMA CHHOPYIKEHHSA NEPEXO/JAIB METOJ1OM
I'Hb
HTY «/[ninposcvka nonimexuixay

Onaupbkuii €rop AnarodaiiioBuy, rpyna 185-20-1 ®IIHT
Haykoeuii KepigHUK:K.T.H., 3aB. Kadenpu Kopossika €Breniii AnaToiioBu4

TexHoyioriyHa cxemMa TopHU30HTaIbHO-HampaBieHoro OypinHga (I'HB) mnpwu
OyIIBHHUIITBI TIEPEXO/IIB BKJIOYA€E 4 MOCITOBHI €Tanu: OypiHHS MIJIOTHOI (MTIOHEPHOT)
CBEpIJIOBUHHU; PpO3IIMPEHHS CBEPJJIOBUHM BIiepes abo Hazajd; KalniOpyBaHHS
CBEPJIOBUHU; MPOTIATYBAHHS JIIOKEpa XOA0M Haz3ajl.

Ha mnepmomy erami OyaiBHUIITBA TPOOYPIOETHCS MIOHEPHA CHPSIMOBYBAJIbHA
CBEPJUJIOBHMHA, JAlaMETp SIKOT 3HAUHO MEHILIE JlaMeTpa JI0Kepa.

JliaMeTp mnUIOTHOI CBepAJIOBUHHM He nepeBuirye 20 cMm. BypiHHS Moxe
NPOBOAWTUCA 3 BHUKOPUCTAHHIM, HAIMPHUKIaA, CTPYMHHHOI IIApOINKH, fKa 3a
JOTIOMOT OO T1IPaBIIYHOI EHEPrii pO3MUBA€E OYPOBOTO PO3UUHY OPOIH.

[Ipu mninotHomMy OypiHHI BHUKOPUCTOBYIOTBCS PI3HI CHCTEMH HaBiraiii,
MpU3HAYEH1 JUIsl IPOBEJICHHS CBEPIJIOBUHU 33JIaHO1 TPAEKTOPII B il BXOY A0 BUXOAY
[1, 2, 3].

Jpyruii etan —pO3MMUPEHHS CBEPMJOBUHU O HEOOXimHOro po3Mmipy. [diamerp
CBEP/JIOBUHU MOBUHEH OyTH OUIBIIKMM 3a aiameTp TpyOomposoay Ha 30 — 50%. Ilpu
MPOXO/IIIl HE MOBUHHO OYTH TaKOi CUTYyaIlii, KOJIU JlaMeTp Oyab-sSKHX MPHUCTPOIB, IO
MIPOITYCKAIOTHCSA 10 CBEPJIOBUHI, IOPIBHIOBAB OM JlaMeTpy cBepsIoBUHU. Po3mip mux
NPUCTPOIB MOBUHEH OyTH 3HAYHO MEHIIMM 3a JlaMeTp CBEpIUIOBUHU. Po3mmpeHHs
MO>KHa IIPOBOAUTHU ABOMA CIIOCOOAMM:

1. po3mMpeHHsT XOJOM YyIepesd; MpH IboMy crocobi OypoBHil po3mIMproBay
MPOIITOBXYETHCSI 3 OOKY CBEPJJIOBUHU J0 1i BUXO/Y 3a JOMOMOTOI0 OypPOBOTO CTaBY;
PO3LIMPIOBaY, PO3MIIIEHUI Ha BX1JHIM CTOPOHI, TP CBOEMY OOEpPTaHHI Pi’Ke MOPOJIH,
30UTBLIYIOYH JIIaMETP CBEPAJIOBUHHU Ta NEPHEHAUKYJIAPHICTD ii O MIIOMIMHU BUOOIO;

2. PO3IIMPEHHS XOJ0M Ha3a; IpHU LbOMY CIOCO01 PO3IIMPIOBAY 3a JOIMOMOTOIO
OypoBOi yCTaHOBKH MEPEMIIIAETHCS BiJl BUXOIY 10 BXoay [4].

Tperiit eran OypiHHs — KamiOpyBaHHs. Ilicist Toro, sik cBepasioBuHa Oyze
po3IIMpeHa /0 HEOOXITHOTO aiameTpa, OapabaHHUN pO3IMIMPIOBAY 3 THM CaMUM
JiaMeTpoM, IO 1 TpyOOMpOBiaA, NPOTATYEThCS TO cBepaioBuHi. Ilicas 1boro
CBEpAJIOBUHA Oyje KajaiOpoBaHa 1 OUHINEHa BiJl Oyab-sIKUX TMEPEIIKOJ, SKI MOXYTb
ICHyBaTH BCEpENIMHI po3MUpeHoi cBepayioBuHn. Ha 000x KkiHIsX OapabaHHOTO
pO3IIMpIOBaYa 3HAXOAATHCSA PI3Ill, IO JO3BOJSAIOTH PO3IMIMPIOBAYY BUPI3ATH Ta
BUJIATISITH  BHUBAIM, SKI MOXYTh YCKJIAJIHIOBATH TIepeMillieHHs OapaOaHHOTO
pO3IIMprOBaya Mo CBepIOBHHI [5].

YerBeptuit eran — IlporsryBanHsa tpyOompoBony. ['onoBHa wyacTuHa
MPOTATYBaua MPUEAHYETHCS O OYPHIIBHUX TPYO, IO MPOXOISATh CBEPUIOBUHOIO JI0
OypoBoi yctaHoBku. [IpoTsaryBau Mae mapHipHUM 3'€qHYBay, 110 JO3BOJSE TOJOBHIN
YaCTHHI 3TMHATUCS TakK, 100 TpyOOIpOoBia MIr MPOUTH B cBepjioBHHY. KpiMm Toro,
NPOTATYBaY OCHAILEHUHN CIiepeAy PIkKYydOlO TOJIOBKOIO JJI TOTO, 00 MpHU 3yCTpidl 3

SIKOI0-HEOY/Ib TIEPEIIKOJIO0 BCEPEAMHI PO3IIUPEHOI CBEPMJIOBUHM OYpPHIIBHI TPYyOH
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3MOIJIM OYTH MPUBEJIEHI B 00€pTaHHs 1 pixKyda TOJOBKa 3MOTJIa BUAAIUTH MEPEIIKOIY
1 BITKPUTH JOPOTY JJIS IPOTIATYBAaHHS TPYOOTIPOBOY 11O CBEPJIOBHHI.

Eran 1: lNinoTHa ceepanosmHa

m; :

HasirauiiHe obnaaHaHHA

Tpy6onposoay

Puc. 1 OcHoBHI eTanu nponecy ropu30HTaIbHO-HAMPABIEHOTO Oy piHHS

Cucrema MpoIITOBXYBaHHSI TPyOOIIPOBOY CKJIAIa€ThCA 3 LAHTOBOTO 3aTHCKY,
AKIPHOTO MPHUCTPOIO, CUCTEMHU MIATPUMKH TPYOONPOBOAY, MOJICHACTIB 1 JIEOITKH.
Po3minnyeTscsi 11 cucTeMa Ha CTOPOHI BHUXOJAY CBEp/UIOBHHHM Ta MpU3HAYeHa s
noJieTHIeHHs! poO0OTH OypOBOT YCTAHOBKHU i Yac MPOLITOBXYBAHHS TPyOONPOBOAY MO
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cBepAsioBUHI. CHUCTeMa NPOLITOBXYBAHHS MOXKe OyTH BHUKOpPHUCTaHa HJisi PI3HUX
niameTpiB TpyoO [6, 7].

Jisa 30epexeHHs] LUTICHOCTI CBEPUIOBUHM Ta TOKpALICHHS KOB3aHHS IpHU
po30yprOBaHHI Ta NPOTACKyBaHHI HEOOXIAHO BUKOHYBaTH 4 TMPOCTI, aje BaKJIMBI
npaBHiIa:

1. KOHTPOJIOBATH BUKOPUCTOBYBaHY BOJY;

2. KOHTPOJTIOBATH B'S3KICTH;

3. KOHTPOJIIOBATH BTPATY PIANHM;

4. KOHTPOJIIOBATH B'SA3KICTh OypOBOIO PO3UHHY.

Ha Bcix gotuprox eranax I'HB HeoOXimHO miaTpuMyBaTH MOTPIOHY B'SI3KICTH
JUisl €(heKTUBHOTO 3MIIHEHHS IPYHTY Ta 30€peKEHHsI CBEPIJIOBUHU Bl PYWHYBaHHS.
HanmipHa BTpata Boau 31 CKJIaqy OypoOBOro po34MHY € MPUYMHOI0 0araThbox mpoodiieM
CBEP/JIOBUH: UMM O1JIbIlIa BTpaTa BOJU, TUM OUIBIINN PU3UK MOCTAOUTH IPYHT, aX /10
Horo pyiHyBaHHS Ta yTBOPEHHS MPOOKH (3aKyNOPIOBaHHS CBEPUIOBUHH) [ 14].

Ax OypoBa cyMill, 10 BUHOCHTh YAaCTUHKH PO3POOJIEHOI MOPOAM y BHIJISIL
CyCleH3li, BUKOPHCTOBYEThCS OEHTOHITOBUI PO3YMH, SIKAA 3TOJOM MOXe OyTu
BiA(uIbTpOBaHUI B cucteMi pereHepauii. Jlo QyHKIIH OEHTOHITOBOTO pPO3YHUHY
BIJIHOCATBHCS: — PO3MUBAHHA IPYHTIB Ta BUAAICHHS iX 13 CBEP/IJIOBUHHU;

— OXOJIO/PKEHHSI Ta 3MAlIEHHS P1XKy4Oro iHCTPYMEHTY;

— 3MILIHEHHS CTIH CBEPAJIOBUHU HA 4aC BUKOHAHHS POOIT;

— 3MEHIICHHS TePTs pPoOoYOoro TpyooInpoBoy 00 CTIHKM CBEPJJIOBUHU Ta MPHU
HOTO POTacKyBaHHI;

— 3MEHIIEHHS PU3UKY MOXKJIMBOTO TOLIKOKEHHS 130JISILIMHOr0 MOKPUTTS Ha
TpyOOTIIPOBO/II TIPH MOTO MPOTATYBaHHI [8].

Penentypa OypoBoro po3unHy, BUTpaTa OCHTOHITY Ta CHELIaJIbHUX J00aBOK
BCTAHOBITIOIOTHCSI TTPOEKTOM 3aJI€KHO BiJl TE€OJOTIYHUX YMOB XIMIYHOTO CKJIQTy BOJHU
Ta KX (pakTopis [9].

{1 BUTOTOBJIEHHSI OYpPOBOIO PO3YMHY 3aCTOCOBYETHCS OEHTOHIT - KaM'sHa
mopoja, M0 CKJIAJA€ThCsl 3 TJIMHUCTUX MatepianmiB. Jlnsg 3acTtocyBaHHS Yy
rOpU30HTAIBLHO-HANIPaBIEHOMY OypiHHI HEOOXigHa TJWHA, 0 Ma€ IJIACTUHYACTY,
KpUCTaJIYHy CTpyKTypy. Takiii ymOBI Haiikpaiie BIANOBIOAE  HATPIEBUU
MOHTMOPUJIOHIT (OeHTOoHIT). Lleil Mmarepian BUKOPUCTOBYIOTH TOMY, LIO BIH Mae
YHIKaJIbHY 3/JaTHICTh BOMpPATH BOJY, IO 32 MACOI0 MEPEBUIIY€E MOTO BJIACHY B 5 pa3iB,
1 HaOyxatu, B 12 pa3iB mepeBHINyIOUYM CBI mepBicHUM oOcar. s 3acTocyBaHHS y
OypiHHI OCHTOHIT MOBHHEH 3a CBOEIO SIKICTIO BIJAMOBIAATH TEBHUM BHUMOTaM, IO
JOCSATAETHCS BIATIOBITHOIO 00pOOKOr0 Ta ounineHHsM [ 10].

OnTuManbHUM pe3yabTaT BUKOPUCTAHHS OCHTOHITY y CKJIaZi OypOBOTO PO3YUHY
JOCATAETHCS TIPU PETEIHLHOMY IEpeMIITyBaHHI 3 BOJOIO, sika Mae 3HaueHHs pH 8,0 —
8,5, HU3bKUU BMICT Kajblilo 1 Temreparypy He Huxue 4 °C. Jlns AocArHeHHs
HEOOXITHUX BJIACTUBOCTEH BHUKOPUCTOBYIOTh KapOOHAT KaJblLil0 Ta TMOJIMEpHI
no6aBku. KigpkicTh OypOBOro po34MHY Ta TMOJIMEPHUX J00ABOK PETYJHOETHCS
3QJIEKHO BiJ] THIY IPYHTY Ta THUIy OypoBOT0 00JIaTHaHHS.

[ToniMepH1 106aBKH 3aCTOCOBYIOTh 3 METOIO:

— 301IbIIICHHS] BUXO/y PO3UHHY;

— Crabinizaiis mporecy OypiHHS;
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— CtBOpeHHS (PLIBTPALIHHOT KIPKH;

— IlominmieHHs 3MallyBalbHUX BIACTUBOCTEH;

— 3MEHILIEHHS OIopY;

— 301IbIICHHS MIITHOCTI;

— JlocarHEeHHS HEOOXiTHOTO PIBHS B'SI3KOCTI;

— JIoCSITHEHHS KOHTPOJILOBAHOTO PiBHA (PUIBTpAallii;

— JIOCSITHEHHS 3BaKEHOCTI MpH OypiHHI y BAXKKHUX IMICKax Ta Ipasii;

— 30UTbIICHHS JOBXKUHHU MPSIMOTO 1 3BOPOTHOTO OypIHHSL.

Bopna, mo 3acTocoByeTbcs i NPUTOTYBAHHS OYpOBOTO PO3YMHY, MOBHHHA
Mmatu 3HadeHHsa pH B mexax Bif 8,0 10 8,5.

Ha Bcix eramax ['HB HeoOxigHO miaTpuMyBaTh NOTPIOHY B'SA3KICTH s
€(eKTUBHOTO 3MILHEHHS IPYHTY Ta 30€peXEeHHsI CBEPAJIOBUHU BiJ pyHHYBaHHS.

HaamipHa BTpaTa Boau 31 CKjiaay OypOBOrO pPO3UMHY € MPUYMHOIO OaraTbox
po0seM cBepJIOBUMH. YMM BHILle BTpaTa BOAM, TUM OUIbIIE PU3UK MOCTAOUTH IPYHT,
aX J10 loro pyiiHyBaHHS Ta YTBOPEHHS IPOOKH (3aKyNOPIOBaHHS CBEPAJIOBUHN).
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BOJO3ABE3IEYEHHS IPU®POHTOBOI'O CEJHUIIA BLIO3EPKA
XEPCOHCBKOI OBJIACTI
HTY «/[ninposcvka nonimexuikay

IModinuncbkuii Jmurpo IropoBuy, m.u.c I'TI-518
bonnapenko Cepriii Onerosuu, rp. 185-20-1
Haykosuit kepignuk: n.1.H., mnpo¢d. Cynaxkos Anapii KocrssHTHHOBUY

briokoBu#t rpaBiiHUN GUIBTP JJIs TUTHOTO BOJ03a0€3MEeUCHHS TPU(POHTOBOTO
cenumia bimo3epka XepcoHChKOT 00J1aCTl € BaXKJIMBUM BHHAXOJ0M Yy cdepl TIpHUYOI
npomuciioBocTi. llel BWHaXi BIIHOCUTHCA JO TIPHUYOI MPOMUCIOBOCTI Ta
MIpU3HAYCHUH IS 00JIaIHAaHHS BOJI03a0IpHUX, T1IPOTCOJIOTIYHNX, HA(PTOBUX, ra30BUX
1 1HIIMX CBEpPVIOBUH B IHTEPBAJl HNPOAYKTMBHOIO  IIJIACTa, CKJIAJIEHOIO
c1a0031IEMEHTOBAaHUMU MMOPOIaAMH.

Tpanuuiiiai  OJIOKOBI TpaBiiiHi (UIBTPM MaKoTh CBOI HEIOJIKH, TakKi SK
pyWHYBaHHS T JI€0 yJApHUX HABaHTAXKEHb Ta 3HIKEHHS MPOHUKHOCTI Ta
3017BIICHHS TIAPABIIYHOTO OIMOpPY Yepe3 BUKOPHUCTAHHA HE PO3YMHHHUX B’SDKYUHX
peuoBuH (kiedt B®, GakemiToBUM Jlak, OITyM, LIEMEHT, TYMOBUM KJEH, PIIKe CKIIO,
nojieruneHTrepedranar, moiiyperas, enokcuaHi cmomu tomio) [1 — 2]. TIpore HOBa
MOJIETb 3 I[YKPOM SIK B'SDKYUYHUM MaTepiajoM PO3B'SA3Ye 111 MPOOIEMH.

®opmyna BuHaxomy. biokoBuil rpaBiiiHuil (UIBTP, MO MICTUTh T'paBIAHUN
Marepiai, B'sKydrid MaTepias, Kapkac (uUIbTPOBOI KOJIOHU BIAPIZHSAETHCS TUM, IO Y
AKOCTI B'SDKy4OTO MaTepialy BHUKOPHUCTOBYETbCS ILIYKOp, SIKMM IS BUTOTOBJICHHS
[UTTHAPOBO-TIOPOKHUCTOTO OJIOKY TpaBiiHOTO oOcHUIaHHS (IIBTPY 3MIINIYETHCS 3
rpaBiEM MarTepiajJoM 3 MacoOBOK0 YacTKow 10 35 % Bij WOro macu, 3 HacTyITHUM
OMOHOJIIYYBaHHSM 3a paXyHOK TepM00oOpoOKu[3].

brokoBuii rpaBiiiHuil QLIBTp POOUTHCS HA JEHHIA MOBEPXHI, Y CIHELIaJIbHINA
€MHOCTI, fIKa TOBTOPIOE KOHTYPH Ta 30BHIIIHI padlajibHI pO3Mipu OJIOKOBOTO
rpaBiiiHOrO QUIBTPY, KapKacy (hUIbTPOBOI KOJOHHU Ta BOJOHOCHOT'O TOPU30HTY.

[Ipouiec oMOHOIIIYYBaHHA B’SDKY4Oro martepiany (LyKpy) 3 TpaBieM 3aJeXHTh
B1Jl TEXHIYHUX YMOB Ta 4acy TepMOOOpPOOKH.

[Ipu oMy € MOAIIHMBICTH (DOPMYBaHHSI HABKOJIO Kapkacy (uibTpa IpaBiitHOro
mapy BHCOKOi SIKOCT1 13 3aJaHUMHU TapameTpamu, siKi Jal0Th 3MOTY 3I1MCHIOBATH
BI3yaJIbHU KOHTPOJIb, 1[0 POOUTH MPOIIEC BUTOTOBIIEHHS OJIOKIB TPaBiiHOTO (BiIbTPY
MOBHICTIO KOHTPOJIHOBAHUM.

[Ticnst eTamy BUTOTOBIICHHSI OJIOKIB TpaBiitHOTO (PuIBTPY, O€3MmocepeHbO Mepe
CIIyCKOM (UIbTPY B CBEPJIOBUHY 3'€IHYIOTHCSI OJIOKH 3 (UIBTPOBOIO KOJOHOIO
(puc. 1).

Yepes nedaxuil yac miciig yCTaHOBKM (PiIbTpa MiJ AI€I0 TUIFOCOBOI TeMIepaTypu
BOJIOHOCHOTO TOPU30HTY BIIOYBAETHCS PO3MOHOIIUYBAHHS TpaBiiHOro OJIOKY uepes
(bUIbTpallil0 TUIACTOBUX BOJI, IIYKOp PO3YMHSETHCS, a TIpaBiii PIBHOMIPHO oOciaae
HABKOJIO ()UIBTPOBOI KOJOHHM, YUM JOCITAEThCS €(EeKTUBHA IMOPHUCTICTh T'PABIAHOIO
mapy.

Ha puc. 1 3006paxkeHo 6;10K0BMi rpaBiiiHui QUIBTP y poOOYOMY CTaHi.

34
Mamepianu 79-i cmyodenmcokoi Haykoeo-mexHiunoi kongepenuii « Tusicoenv cmyodeHmcokor Haykuy



CEKIIA — TEXHOJIOLII BUJIOBYTKY KOPUCHHUX KOIAJIMH

Puc.1 brokoBwuii rpaBiitHui GIbTp y poOOYOMY CTaH1, SIKH MICTUTh: 1 — MaTepian
30BHIIIHBOIO APy 0OCUITaHHS; 2 — B’ shKy4unid Matepiai (Ilykop); 3 — marepiai
BHYTPIIIHBOTO APy oOcumanus; 4 — TpyodacTuii kapkac GiuibTpa

BuchoBok
TakuM YWHOM, 3alpONOHOBAHUM B’SHKy4YMd Matepian  (Iykop) J100pe
PO3UMHSETBCA y BOJl, C€KOJIOTIYHMI, Ma€ BEJIMKY MIIHICTh, WII0 3a0e3leuye
BUT'OTOBJICHHS SIKICHUX OJIOKIB TpaBIiHOTO (DUIBTPY MPHU 3HUKEHHI 3arajJbHUX BUTPAT.

Ilepesik mocujianb

1. A. Sudakov, H. Hapich, A. Shumov, L. Holub (2023). Overview of binding
substances for manufacturing block gravel filters of hydro geological wells. Tooling
materials science, 26, 49-57. DOI: 10.33839/2708-731X-25-1-58-68

2. Bypinns cBepanioBuH Ha BoAy : HaBuanbHUM mociOHuk / A.K. Cynakos, .M.
®em’sxk, L.I. Uyauk, O.M. ®enuk, B.1. [llyupkuii — JIporoouu : [Tocsit, 2022. — 344 c.

3. [TatenT Ha kopucHy mojaenb Ne 154865V kpainaMIIK E21B 43/08. biokosuii
rpaBiiinuil GinbTp s OyniBHUITBA cBepaiioBun/ A.B. IlaBanmuenko, A.K. Cynakos,
A.M. 3arpunieno, C.B. JIy6an, FO.B. JIy6an, A.C. Illymos. Omy6. 27.12.2023, brou.
Ne 52.
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HNPOBJIEMATHUKA NIIBUIIEHHA KOEDIINIEHTY BUJTYUYEHHA
BYTJIEBOJAHIB U151 YMOB HA®TOBUX POJTOBUII]
HTY «/[uinposcoka nonimexuixay

Cisosnan Cepriii AnapiioBuy, rpyna 185-22-1 ®ITHT
Hayxoeuii kepigHuK: K.T.H., 1ol. IrHaToB AHApii OJiekcaHAPOBUY

BianoBigHo 0 aHamizy NPUAHATHX J0 BUBYEHHS JpKepes 1H(opmarlii, MoXHA
CTBEP/KYBATH, 1[0 HA EKCITyaTOBAaHUX BYTJIEBOJHEBUX POJIOBUINAX (B 3aJI€KHOCTI BiJl
cTajii po3poOKH), TOAATKOBHM BUKJIMK aKTUBHOTO TMPHUILIMBY IUIACTOBUX (IIOINIB J0
MPUBHUOIITHOT 30HM TIJIaCTa MOKE 3/IIMCHIOBATUCS JIOBOJII Pi3HUMHM criocobamu (puc. 1),
MpU4YOMy BHOIp OCTaHHIX BHM3HAYAETHCS, 3A€OUIBIIOT0, OCHOBHUMH T'€0JIOTO-
MIHEpAJOTIYHUMU Ta (GI3UMYHUMH XapaKTePUCTUKAMHU TIPCHKUX TMOP1A-KOJIEKTOPIB,
HassBHUM PEKMMOM POOOTH MOKJIATY 1 BEJIMUYMHOIO MJIACTOBOTO TUCKY [1].

Gas Procesing Facility

or Storage Fadility Separation Facility
Industrial Sources of CO, 3

S idieo,
Base Rock /Dn’va Water

___ (T

_treu

90% CO-

Naturally sealed
formation (Reservoir)

Puc.1. Tunosi cxemu miJgBULICHHS HAQTOBUITYYCHHS

[Tpuiimaroun 10 yBaru mneBHiI 0COOIMBOCTI MEXaHI3My BIUIMBY Ha IMPOAYKTHBHI
MJIaCTH, METOAW TIJBUIIEHHS BWJIYYCHHS BYTJEBOAHIB KIacU(]IKyIOTbCS Ha Taki:
(h13UKO-T1IpOAMHAMIYHI METOIU (70 X THIIOBOTO IPEACTaBHUKA MOYKHA BITHECTH Pi3HI
MPUHOMH 3aBOJHEHHS MPOAYKTHUBHUX TUIACTIB); (I3MKO-XIMIYHI MeToau (peami3allis
3aXO0JIiB MIOJI0 CYTTEBOTO 3HIKEHHSA MikK(pa30BOTO MOBEPXHEBOTO HATATY B MEXax
MPOJYKTUBHUX IUIACTIB); ra30Bi METOAM (TyT 30UIbIIEHHS HAa(TOBUIYUYEHHS IIACTIB
JOCSITAE€ThCS 32 PAXYHOK aKTUBHOTO BUTICHEHHSI HA(TU BYTJIEKUCIUM Ta30M); TEIIOBI
Metoau (0a3yroThCsi Ha TpuiioMax  30UIbIICHHS HA(TOBWIYYEHHS MUISTXOM
TpaHcdopmallii TeMmrepaTypHUX IIOKa3HUKIB B caMOMy TOKJajdi, Hampukiaa 3a
pPaxyHOK HarHiTaHHS B MPOJYKTUBHUMU IJIACT TEIJIOHOCIIB: rapsyoi Boau abo BOJASHOI
napm) [2].

[lepciekTHBH ~ pPO3BUTKY  PO3TIASHYTUX  HAaMH  METOJIB  IiJIBUILIEHHS
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HaTOBWIIYUEHHSI TIOB’si3aHI 3 HEOOXIJHICTIO i1X TIOCTIMHOTO BJIOCKOHAJICHHS Ta
ajanTarii 70 yMOB KOHKPETHHX POJOBHII[ Ta CXEM IX TPOMHUCIOBOT pO3POOKH.

Ilepenik nocuaanb
1. Aziukovskyi O.0., KoroviakaYe.A., Ihnatov A.O. Drilling and operation of
oil and gas wells in difficult conditions. — Dnipro: Zhurfond, 2023. — 159 p.
2. OcnoBu HagTorazoBoi imxkenepii / binenpkuit B.C., Oprnoscbkuii B.M.,
Bitpuk B.I'.; HTY «XIll», XHYMI' im. O.M. bekerora. — [lonraBa: TOB “ACMI”,
2018.—-415c.
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KOHCTPYKTHUBHI OCOBJIMBOCTI MACOOBMIHHHUX AITAPATIB
HTY «/[ninposcoka nonimexuixay

CwmisinoB Aptem CepriiioBuy, rpyna 185-20-1 ®IIHT
Haykosuii kepigHuk: K.T.H., 3aB. Kadenpu Kopossika €Breniii Anaroiiiopua

MacooOMIHHUMH Ha3uBalOTh TMPOILIECH, y SKUX pPEUOBHMHA 3 OJHIEl (a3u
MEPETBOPIOETHCS HA THITY NUIIXOM AUQY3ii 32 MeBHUX poO0YnX yMOB. OIHHUM 13 TaKUX
mporieciB 1 € mporec pektudikamii. BiH sBise cobor CKIaaHy IEpPEroHKy, ska
CYNPOBOIKYETHCS B3a€EMOJIEI0 Map, 110 MiAHIMAIOTHCS 3 PIAMHOI ((IErMoro), 1o
CTIKa€ iM Ha3yCTpiy, a TAKOK BKJIIOYAE MEPEXO0/IU PEUOBUHH 3 P1IKOi a3y B MapoOBY 1 3
napoBoi B piaky. B ganuit uyac pexTudikaiis IIMPOKO 3aCTOCOBYETHCS B
HadTomepepoOIl Uil TOAUTY MPUPOJHUX BYTJIEBOAHIB HapTH Ha dpakiii, y
METaNyprii piAKICHUX METaliB — JJid TOMEpeIHbOTro 30aradeHHs pPO3YHHIB COJICH
MeTajiB, Y BUPOOHMIITBI KUCHIO — JIJISl TIOJIAJIBIIIOT0 OYMINCHHS PiAKOT CyMilli Ta3iB
IIUISIXOM TIOTIEPETHBOTO 3pIKEHHS ToBITps [1, 2, 3, 4].

Pextudikaris 3MiHCHIOETHCS HaldacTile B MPOTOYHMX KOJIOHHUX amaparax 3
KOHTAKTHUMH €JIEMEHTaMU (HaCaJKH, TAPIIKH), 10 aHAIOTTYHO BUKOPHUCTOBYIOTHCS B
mporeci adcopOiii. Komorn MaroTe Kpyriay (Gopmy, K MpaBHIIO, CTAHOBIIATH CKJIA THI
arperaTH, B SIKMX KOJIOHU TIOB'SI3aHi 3 PSAOM JOMOMDKHUX pedoBHH. KOJTOHM BETMKHUX
PO3MipiB BCTAHOBJIIOIOTHCS 3a3BUYall IIPOCTO I11]T HEOOM.

Puc.1 CydacHi kojoHM pekTudikariii.

[Iporiec MmacooOMiHY BiJIOYBa€ThCS IO BCi BHUCOTI KOJIOHU MIX (PJIETMOIO, 110
CTIKa€ BHHU3, 1 Mapolo, M0 mMigAHIMAeThcs Bropy. 1106 iHTeHCHbiKyBaTH mpoIiec
MacoOOMiHY 3aCTOCOBYIOTh KOHTaKTHI €JIE€MEHTH, IO JO03BOJISIOTH 301IBIIUTH
MOBEPXHIO MAaCOOOMIHY.

3anexHo BiJl crioco0y opraHizallli KOHTakTy (a3 KOJOHHI anapaTty MOAUIIIOThCS
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Ha: TaplI4yacTi; HacaI04HI1; IJIIBKOBI.
A 3anexHo BiJf poO0YOro THCKY MOAUIAIOTHCS Ha!

. aTMocdepHi;
. [Iparrorodi mijg THCKOM;
. BakyywmHi.

bruzbko 60 % Bcix amapartiB, IO BUTOTOBISIOTHCA B KpaiHi A peKTu(ikarii
MPE/ICTaBIISIOTh Tap1I9acTi KOJIOHH, 1HII - HACAIKOBI KOJIOHHU [5].

Ane B TOW K€ dYac MpU NPaBWIBHIA oOprasizamii TiAPOJWHAMIKHA MPOLECY
HACA/IKOB1 KOJIOHM €KOHOMHIIII, HK TaplIdacTi KOJIOHHI anapaty.

MacooOmiHHI amapatd, y SKHX OCBITHM KOHTakTy Mik (a3amu ciayxaTh
HacaJ04H1 TUIa pi3HOI (POPMH, € NIUPOKO BUKOPHUCTOBYBAHUM THUIIOM amapartiB [6, 7,
8].

JInsi BUKITIOUEHHS HEPIBHOMIPHOTO 3POIIEHHSA PIAMHU MO Hacajlll, MpPOCTIp
MOJUIAIOTH Ha MIapU 1 BCTAHOBIIIOIOTH MDK IIapaMH HACAJKH, sIKI 30MpPalOTh PIIUHY 1
PO3MOJUISIIOTH i 3HOBY IO BCbOMY II€pepi3y amapary.

Hacanku BUKOpHUCTOBYIOTHCS JIJIs1 3alI0BHEHHSI MACOOOMIHHUX araparis.

Hacanku moBHMHHI MaTH TaKl BJIaCTUBOCTI:

. Benukoro muToMor0 moBEPXHEIO
. BenukuM BiTbHUM 00CSTOM
. HanaBatu HeBeNnMKUI ONip NOTOKY rasy, MaTu KOpO31iHY CTIMKICTh, MaTU

HEBEJIMKY 00'€MHY Bary.

Hacanku knacu@ikyroTbes: peryispHi, HEpPEryJIsipHI, HEPETyJIsIpHI HACAIKH.

3aCTOCOBYIOTBCSI B yYMOBax, IO NPOTIKAIOTh TiJl TUCKOM abo0 TIUOOKOro
BAKyyMYy.

CydyacHi TE€XHOJIOT1i B MOPIBHSIHHI 3 TEXHOJOTISIMU peKTU(IKaIli, 0 1CHYBaJIU
paHillie peai3ylThCA B TApUIYACTUX 1 HACAJKOBUX KOJIOHAX, MAa€ HACTYIIHI MEPEeBaru
[9, 10, 11, 12]:

1. 3HauHe 3HWKEHHS Ta0apUTHUX IMOKA3HUKIB KOJIOH 1 METAJIOEMHOCTI -
BHCOTa KOJIOH pekTudikaiii 3MeHiieHa B 3 — 10 pa3iB y MOpiBHAHHI 3 TPAIUIIHHUMU
TapiT4acTUMHU 1 HACaJJOYHUMH KOJIOHAMU TIPU OHAKOBOMY Jl1laMeTpl 0OMYalKH.

2. [IBuakuii BUX1J HA POOOUMI PEKUM, 3aBISIKA MAJIOMY BMICTY PEUOBUH,
110 PO3JIUISIOTHCS B KOJIOHI.
3. MOXJIMBICT TOJALTY PEYOBMH 3 OOMEKEHOI0 TEPMIYHOIO CTIHKICTIO

(TepMiuHe pO3KJIAJaHHS, KOHJEHCAIlS Ta MOJIKOHAEHCAIls, CMOJOYTBOPEHHS,
XIMIYHUHN mepexi]y y HebaxkaHy JOMIIIKY), 0OyMOBJI€Ha MaJUM 4YacoM mepeOyBaHHs
piakoi ¢a3u B 30H1 IPOBEJIEHH Npoliecy pekTudikaii - Big 2 10 60 cekyH/.

4, [TinBumeHHs eKCIUTyaTalllifHOI HaJAIMHOCTI 3a TOBHOI BiJICYTHOCTI YMOB
BIJIKJIaJICHHA 3a0pyJHEHb Ha BHYTPILIHIX NMOpOXKHUHaX KoJIoH. Lle BimOyBaeThcs 3a
PaxyHOK CTBOPEHHS CHPHUSTIMBOIO CTPOTO KOHTPOJIbOBAHOIO M1ala30HY TEMIIEPATyp
Ha BHYTPIIIHIX MOBEPXHSIX KOJOH, BUKOPUCTAHHS TUIbKU BEPTUKAJIBHUX MOBEPXOHb
0e3 3acTIMHUX 30H, IO IOCTIHHO OMHBAIOTHCS (PIIerMOIO, 1, SK 3a3HAYAJIOCs BHIIE,
MaJIoro 4acy KOHTAKTY P1IKOi (ha3u 3 MOBEPXHEIO.

5.  MinimanbHa notpeba y 3acobax aBTOMaTH3alli AJs YIPaBIiHHS BIacHE
KOJIOHOIO.

6. [ligBuIieHa mMpoOMHUCIIOBA Ta €KOJOTI1YHA Oe3MeKa 3a PaxXyHOK 3HMKEHHS
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PH3UKIB TOTEHIIMHOT HEOE3IeKH YCTaHOBOK IPH iX eKCIuTyararlii - 3HmkeHHs B 50-100
pa3iB KITLKOCTI PEYOBHH, 10 PO3AUISIIOTHCS BCEPEIUHI KOJIOHH.

1. ITigBuIIlEHHS CEMCMIYHOI CTIMKOCTI KOJIOH, 30UIBIIEHHS CKJIaJHOCTI
YpaKeHHsI KOJIOH MOBITPSHAMH TEPOPUCTAMU, 3HIDKCHHSI TUIONTI Ha3eMHUX PYHHYBaHb
OpU TaaiHHI BUCOTHUX KOHCTPYKIIA 3a pPaxyHOK MOKJIMBOCTI BUKOPHUCTAHHS
HEBHCOKMX HECYYWX METAJOKOHCTPYKIIM CIOPYX MJis PO3MIIICHHS KOJIOH Ta
JOTIOMID>KHOTO 00JIafHAaHHS YCTAaHOBOK.

8. [TinBumeHHs HAIIMHOCTI METOJIIB MOJICTIOBAaHHS Ta MacliTa0yBaHHS.
ba3zoBuM eneMeHTOM KOJIOH € OJHa TpyOka pekTudikailii, B kil 3M0/eIbOBaH1 BCi
HEOOX1/IHI YMOBH IIPOBEACHHS MPOIIECY .

Ilepesik mocujianb

1. Maeschkuii  b.J. [IporHo3yBaHHs, TIOIIyK Ta PO3BiJIKA POJIOBHUIIL
BYIJICBOAHIB / b.M.Maegcokwii, O.€. Jlosuncekuii, B.B, I'manyn, I1.M. Yenuib.- K.:
HaykoBa nymka, 2004. - 446 c.

2. Tamenko, O. A. Insxu NiABUILIEHHS HAAIRHOCTI Ta €(PEKTUBHOCTI
OypoBoro oOmanHaHHa. In @opym ripHukiB—2016: Marepianu MDKHAp. KOH(J., M.
JlainponeTpoBchk (pp. 5-6).

3. Mwupin, JI. H., denumenxko, O. B., bapramescokuii, C. €., Kopossika, €.
A., &Pacugeraes, B. O. (2019). TpancniopryBanHa HadTH, HaQTONPOAYKTIB 1 rasy:
HaBuajgbHUM nociOnuk. Juinpo: HTY «/I1.

4. Tmxos, B. B., Kopossika, €. A., Xomenko, B. JI., [Tamenko, O. A., &
[Mamenko, II. C. (2024, January). 3axinHo-XapKiBIiBCbKeHa()TOTa30KOHICHCATHE
ponosumie (Ykpaina). InThe 2nd Internationalscientificandpracticalconference
“Innovationsineducation: prospectsandchallengesoftoday”(January 16-19, 2024) Sofia,
Bulgaria. InternationalScienceGroup. 2024. 389 p. (p. 51).

5. IlaBmuuenko, A., Kopossika, €., & Irnaros, A. (2023). HocnimxkeHHs
TAPaBIIYHUX OCHOB HUPKYJISALIT TEXHOJIOTTYHUX PIJIUH.

6. Cynakos, A. K., Kopossika, €. A., Makcumosuy, O. B., Pacugeraes, B.
O., zwoouk, A. P., Kamoxuna, T. M., ... & SBopceka, B. B. (2023). OcHoBu
HadTOrazoBoi CipaBH.

7. Jenumenko, O. B., bapramescokuii, C. €., Koposska, €. A., &IlllupiH,
JI. H. (2019). TpancnoptyBaHHs HadTH, HAQTONPOIYKTIB 1 razy.

8.  Awnrtonenko, C. B., & Ilamenko, O. A. (2023). EdekTtuBHicTh
3aCTOCYBaHHS METOMIB 3aXHCTy TJIMOMHHO-HACOCHOTO OOJagHaHHS 3a YMOB
KOPO311/HOT arpeCUBHOCTI.

9. Jlonymmsik, . FO., & Ilamenko, O. A. (2023). Meroau 3axucry
TIHOMHHOTO 00JIaTHAHHS BiJl KOPO3ii.

10. Kynmum, A. B., & [Tamenko, O. A. (2023). 3ano0iranHs BiIKJIaJIeHHIO Ta
BUJIAJICHHS Ta30BUX T1paTiB.

11. Tycapos, 4. M., & Ilamenko, O. A. (2023). OcobauBocTi 00NaIITYBaHHS
Ha(TOBUX CBEPJIOBUH.

12. Bunnukos, FO. JI., Xapuenko, M. O., Kopossika, €. A., Xomenko, B. JI.,
&Pacugeraes, B. O. (2021). BypinHs cBepAJIOBUH: HaBY. MOCI0.
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KOHCTPYKTHUBHI OCOBJIMBOCTI PEKTUH®IKAIIIMHNUX KOJIOH
HTY «/[ninposcoka nonimexuixay

Coxkosn0oB Tumyp Osnexcanaposuy, rpyna 185-21ck-1 ®ITHT
Hayxoeuii KepigHUK:K.T.H., 3aB. Kadenpu Kopossika €Breniii AHaTosiioBu4

Pektudikariitni KoJI0HH MOXKYTh OyTH Ki1acu(]ikoBaHi 3aJI€KHO BiJI:

a) BHYTPIIITHBOTO MIPUCTPOIO, 110 3a0e3Medy€e KOHTAKT MIXK ITapor0 Ta PiIMHOIO;

0) THCKY, 1110 3aCTOCOBYETHCS B MpOIeci peKTU(IKaIlii;

B) IPU3HAYEHHS KOJIOHHU.

3a BHYTpILIHIM YCTPOEM peKTU(DIKAIIAHI KOJOHU MOJISIOTHCS HA JIBI OCHOBHI
IPYIU: TaplI4acTi Ta HACAJKOBI. Y TapuUTYaCTUX KOJIOHAX KOHTAKT MK PIAKOIO Ta
MapoBoo (pazaMu B OCHOBHOMY BiJIOYBA€THCS CXIMYacTO Yy IIapl piIMHUA Ha Tapiiii Ta
YaCTKOBO Y MIKTApUIbYaCTOMY ITPOCTOPI.

VY HacamouHiil KOJOHI KOHTAKT MIXK TIOTOKaMH, IO MAacOOOMIHIOIOTHCH,
B11I0yBa€eThCs O€3MEepepBHO IO BUCOTI mapy Hacaaku. TapimyacTi pekTu(ikaiiiHi
KOJIOHH MOAUISIIOTECA Ha KOBIAYKOBI Ta O€3KOBIAYKOBI (CITYACTI, IpaT4acTi, AipyacTi
Ta 1H). 3aJeXHO BIJ CIOCOOY TMEpeTIKaHHS PIAMHU 3 TapUIKd Ha Tapuiky
0€3KOBMAYKOBl TAPLIKH MOXYTh OyTH MPOBAJIBHOIO THUITY, B SIKMX pIJMHA CTIKA€ Ha
TapiIKM HWXK4YE€ OTBOPH 4YEpe3 OTBOpUM B Tapuili, abo 3 NepeauBaMH, SK 1 Y
KOBMAYKOBUX TaPiJIOK.

HacankoBi KOJIOHM PO3PI3HSIOTHCSA 32 TUIOM HACaJKH, 110 3aCTOCOBYETHCS, a
TaKOXX 3a CIIOCOOOM 3allOBHEHHS KOJOHHM HACAJIKOK - CYIUIBHUM IIapOM IO BCii
BUCOTI KOJOHM a00 OKpEeMHMH IlIapaMHd, PO3MIIICHUMH Ha CHeIiaJIbHUX
MIATPUMYIOUHMX PO3MOIITFHUX PEHIiTKax (Tapuikax).

3aJIe’)KHO BiJI 3aCTOCOBYBAHOTO THUCKY KOJOHM PEKTHU(IKAIli MOMUISIOTHCS Ha
BaKyyMHI, aTMOC(EepH1 1 KOJIOHH, IO MPAIIOI0Th MiJ THCKOM.

[Tix atMocepHHMH KOJIOHAMU 3a3BHMYail MarOTh Ha yBa3l KOJOHHU, B SIKMX THUCK
TPOXH MepeBuIlye atMochepHuidi. TUCK y X KOJIOHAX 3aJIeKUTh BiJl BEIMUUHU OIOPY
BHYTpIIIHIX TPHUCTPOIB KOJIOHM, a TaKOX BiJI OMOPY KOMYHIKalllil Ta amaparypu,
pO3TaIIOBaHOI MiCJIs KOJIOHH, Ha MOTOLIl MapiB pektudikary [1, 2].

CryniHp po3aiIeHHS CyMilll piAMH HAa CKJIaJ0BI KOMIOHEHTH 1 YHCTOTa
OJICP)KYBAaHUX JUCTUJIATY 1 KyOOBOTO 3ajUIIKy 3ajeXaTh BIJ TOr0, HACKIJIbKH
PO3BUHEHA TOBEPXHS KOHTaKTy a3, Bil KUIbKOCTI (hJerMu, M0 TMOJAEThCS Ha
3pOIICHHS, 1 MPUCTPOIO peKTU(IKAIIITHOT KOJIOHHU.

VY npoMHCIIOBOCTI 3aCTOCOBYIOTH TapidyacTi, HACAIKOBI, IUTIBKOBI TpyOYacTi Ta
BIIIICHTPOBl TUTIBKOB1 amapaTd. BoOHM pPI3HATBCA TEPEBAXHO KOHCTPYKITIEIO
BHYTPIIIHHOTO MPHUCTPOIO arapaTy, MpU3HAYEHHS SKOTr0 — 3a0e3MeueHHsT B3aeMO/IIi
PIIVHY Ta MapHu.

[lepeBakHe BHKOPUCTAHHS TapiIdacTUX KOJIOH Yy TMpolecax MEeperoHKH
MOSICHIOETHCS 1X 3HAYHO OUIBIIO0 MPOYKTUBHICTIO, HOPIBHSIHO 3 HACAIKOBUMH.

[Ipu BuOOpI KOJMOHM peKTUdIKAIi AJI1 MPOSKTOBAHOTO MOAUTY CJIiJI MaTH Ha
yBa3i, 10 TapuUITYacTi KOJOHHU JyKE€ MaJIOro JlaMeTpa 3HAYHO JOPOKYE BIAMOBIIHUX
HACaJIKOBUX KOJIOH, NMPOTE B Mipy 30UIBIICHHS AlaMeTpa BapTiCTh HACAJTKOBUX KOJIOH

3pocTa€ 3HaYHO OLIbIIIE.
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TpuBanuii OCBIT TPOMUCIOBOI EKCIUTyaTailli HacaJKOBUX KOJIOH TOKa3aB
JOULIBHICTh X BUKOPUCTAHHS Npu Aiamerpax He Ounpiie 0,8 M. [Ipu momamemiomy
30UTBIIIEHH] JlaMeTpa HAacaaKoOBOi KOJOHHM TMOTIPIIYETHCS PIBHOMIPHHA PO3MOALT
dbrerMu TO Hacajll, yTBOPIOIOTHCA KaHANU, SKUMH TEPEBAXHO CIPSIMOBYETHCS
¢brnerma, 1 ePEeKTUBHICTH KOJIOHH P13KO 3HUKYETHCA.

Haii6inpn mommpeHi KOBMAYKOBI TapilyacTi KOJOHH, XO4Ya OCTaHHIM 4YacoM
OTpUMAJI TIepeBary CiT4acTi, KJamaHHi, MJIaCTUHYACTI Ta iHNN e(EeKTUBHIINI BUIU
0apOOTaXKHUX MPUCTPOIB, TOJOBHUM MPU3HAYCHHIM SIKUX € MAKCUMAJIbHUN PO3BUTOK
MDK(a3HOr0 KOHTaKTy, IO CIpuse i1HTeHcHU]ikamii MacooOMIHYy MDXK IapamMu Ta
(haermoro.

KoBnauykoBi TapiJIku MEHIII YyTJIUBI 10 3a0pyIHEHb, HI)K KOJIOHH 3 CITYACTUMHU
TapijKaMu, 1 BIJIPI3HAIOTHCS OUTBII BUCOKHUM IHTEPBAJIOM CTIMKOIO POOOTH KOJOHH 3
KOBMAUYKOBUMHU Tapiikamu. KOBMAyKoOBI TapuUIKK CTiMKI IIOJO0 Ta3y Ta piJIMHU
Mpalo0Th MPU 3HAYHMX 3MIHAX HaBaHTaXKEHHS. [0 1X HEMOJIKIB CIiJI PO HECTU
CKJIQJIHICTh TPHUCTPOIO 1 BUCOKY BapTICTh, HU3bKI T'PAaHWYHI HAaBAaHTAXXEHHS IO rasy,
BIJIHOCHO BHCOKA T1JPABIIYHUN OMIp, CKIAJAHICTh OUnIIeHHs. lJisi HopMaabHOi poOoTH
KOBIMAYKOBUX TApUIOK HEOOX1IHO, II00 BCl MPOpPI3H B KOBHAYKax OyJW BIAKPUTI JJIs
pPIBHOMIpHOTO Ipoxoay ra3y Lls ymoBa gocsraeTbcs mpu MIBUAKOCTI 1 Oa4€HHS raszy
outemre 0,6 M/c.

VY ciTyacTux Tapijikax ra3 NpoXOAHUTh Kpi3b OTBOPU TAPLIKH 1 PO3MNOAUIAETHCS Y
piauHI y BUIJISAI JApiOHUX CTPYMOYKIB Ta OynbOamiok. ['a3 moBHHEH pyxaTucs 3
MIEBHOIO IIBUIKICTIO Ta MaTH TUCK, JOCTaTHINA ISl TOro, 100 MOAOJATH THUCK IIapy
PIIMHU Ha TapiIi Ta 3amoOIirTH CTIKAHHIO PIIMHU 4Yepe3 OTBOpH Tapuiku. CiTdacti
TapiJIKd BIAPI3HAIOTHCS MPOCTOTOI0 MPUCTPOIO, JIETKICTIO MOHTaXy, OISy Ta
peMoHTy. ['impaBniyHuil omip WX TapioK HeBenukuil. CiT4acTi TapIIKU CTIMKO
MPAIIOIOTh Yy MIUPOKOMY 1HTEpBaJl MBUIKOCTEH Ta3y, MPUUOMY y MIEBHOMY Jiana3oHi
HAaBAHTAXKEHb 110 ra3zy Ta PiAMHI 11 TApPUIKK MAalOTh BUCOKY €(peKTUBHICTh. BogHouac
CITYaCT1 TApUIKU YyTJIMBI 10 3a0py/IHEHHS Ta ONajiB, Kl 3a0MBalOTh OTBOPU TAPLIOK.
VY pasi panToBOro MPUIMHEHHS HAIXOMKEHHS Tasy a00 3HAYHOTO 3HMKEHHS HOTo
TUCKY 3 CITYACTUX TapuIOK 3JMBAETHCA BCS PiAMHA, 1 Uil BIJHOBJIEHHS MPOLECY
MOTPi1OHO 3HOBY 3aITyCKaTH KOJIOHY.

Knananni tapinku. [lpuHnun fii: Kpyraui KianaH, 1o JEeXUTh HajJ OTBOPOM Y
Tapiiii, 31 3MIHOIO BUTPAaTH ra3y CBOEI0 BAarol0 aBTOMATUYHO PETYJIIO€ BEINYUHY
TJIOMII 3230py MK KJIAITaHOM 1 TIJIOIIWHOIO TapIIKU ISl MPUXOAY a3y, 1 THM CaMUM
MIATPUMYE TIOCTIMHY MBHUIKICTh Ta3y MpH 3aKiHUYeHHI OapOoTakuwmii map. [Ipu oMy
31 30UIBIICHHSM IMBUJIKOCTI Ta3y B KOJIOHI TiPaBIIYHHUM OMIp KJIamaHHOI TapiiKu
30uTBIITy€ThCsl He3HauHo. [lepeBara: ctiiikuii 70 onopy. Jlianmazon cranoi poOoTH sIK y
KOBMAYKOBOT TAPiJIKK. [X BUTOTOBIAIOTH i3 Pi3HUX MaTepiais.

VYci Tapiku KpiM CITYACTHX Ta KJIAMAHHUX BUKOPUCTOBYIOTH JJII POOOTH B
arpecMBHUX cepenoBuiiax [3, 4].

OTBOpHM PO3TAIIOBYIOTHCS Y BEPIIMHAX PIBHOCTOPOHHBOTO TPUKYTHHKA, & PSIH
OTBOPIB NEPNEHIUKYJSIPHO MOTOKY PIIMHU, TOOTO TaK camo SIK 1 KPyTJil KOBIAYKU Ha
KOBIIAYKOBMX TapiJiKax.

OTBOpPH PO3TAIIOBYIOTHCS BiJl KOPITYCy KOJIOHHM Ha BifcTaHi 50 MM, Bij 3JIMBHOI

Ta TIEPEIMBHOI IJIaHKK a00 MEPEeJMBHOTO Mopory Ha Biactadi 75 — 100 MM (Benuki
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3HAUYEHHS — JJIs OJHOIMOTOKOBUX TapuIOK, MEHIIl — JJIsi ABOMOTOKOBUX). OTBOpHU
MPOIMYCKAIOTHCS B MICISIX PO3TAIllyBaHHS OMOPHUX 0aJOK Ta pedp KOPCTKOCTI.

Jiia 3a0e3nedeHHst piBHOMIPHOT pOOOTH TapijKu 3arajibHy BUCOTY HECIIIHEHOTO
HIapy piauHU peKOMEHAYEThCS MpuiMaTu He MeHie HiK 50 MM 1 He Outbmie 70 M.
BucoTa 31MBHOI TUTaHKH B 3aJIEKHOCTI BiJl BUTPATH piuHU A0piBHIOE 20 — 40 MM.

BinpHuil nepepi3 Tapijlok BU3HAYAETHCS PO3PAXYHKOM 1 MOKE 3MIHIOBATUCH BiJ
2 1o 15%. Tapinku Takoro THUIY, BUKOPHUCTOBYIOTHCA B Mpolecax 31 CTaOUTbHUMHU
HAaBaHTAKEHHSAMHM II0JI0 Ta3y Ta PIAMHU MPU HAAMIPHOMY Ta aTMOCHEPHOMY THCKY, a
TaKOXX MPH BakyyMi |5, 6].

Kpim 1poro, BuOIp THIy KOHTaKTHOTO IPUCTPOIO BH3HAYAETHCS 1 TAKUMH
(dhakTopamu, K €KOHOMIsl MaTepiandy, BapTiCTh, JIETKICTh BUTOTOBJICHHS, YUIIICHHS Ta
PEMOHTY, CTIHKICTh 0 KOpO3ii, Mayie MaJlHHA Hamopy MpH MPOXOKEHHI MapH,
IMPOTa Alana3oHy cTajiol poOOTH TapIKH.

TapiyacTi KOHTaKTHI TPUCTPOI MOKHA Kiacu(iKyBaTu 3a OaraTbMa O3HaKaMH,
HaIpuKiIaja, CiocoOOM Iepeaadl piiMHU 3 TAPUIKU Ha TapUIKy PO3PI3HIIOTH TApPLIKH 3
MEPETOYHUMHU MTPUCTPOSIMH 1 TAPUIKU O€3 IEPETOYHUX MPUCTPOIB (MPOBAJIBHI).

3a XapakTepoM B3a€MO/IIi Ta30BOr0 Ta PIAMHHOIO MOTOKIB PO3PI3HAIOTH TAPUIKH
0apOOTaXKHOTO Ta CTPYMUHHOTO TUIIB. Tapiiaku, Ha SKUX CYLUIBHOK (a3oro € pinHa,
a IUCIEPCHOIO — r'a3 UM Napa, Ha3UBal0Th 0APOOTAKHUMH.

Buxonsun 3 HE0OXiTHOT CHPOBUHU Ta CAaMOTO MPOIIECY MEPBUHHOI MEPErOHKH
HadTu 0OpaHO BEPTUKAIbHY KOJOHY peKTHdIKamii 3 BHYTPINIHIMUA TaplIyacTUMHU
NpUCTPOsSIMU. SIK BHYTPIIIHI TPUCTPOI OOpaHi IBOMOTOKOBI KJIamaHHI TapiJiKH, SKi
OCTaHHIM YacoM Ha0yBarOTh HAHO1IBIIOTO MOIIHUPEHHS.
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CHAPSA TEPMOMEXAHIYHOT'O BYPIHHACBEPAJIOBUHU B YMOBAX
HIBAEHHO-MOHACTHUPCBKOI'O HA®TOBOI'O POJJOBHIIIA
HTY «/[ninposcvka nonimexuikay

Ileayaxkos Baxum MukoJiaiiosuy, rpyna 185-203-1 ®IIHT
HaykoBuii kepiBHMK: 1.T.H., mpodecop CynakoB Anapiii KocraHTuHOBHY

Po3pobka BimHOCUTBCS 110 TIpHHYOI Ta HaAPTOra3oBOi MPOMHCIOBOCTI,
NpU3HAYEHUN ISl €JIEKTPOTEPMOMEXAaHIUHOTO OYpiHHS CBEPAJIOBUH [[1aMETPOM HE
MeHI 215,9 MM 13 TTPOJTyBKOIO MTOBITPSIM.

B npaktuii OypiHHS 3HAMIIOB BUKOPUCTAHHS TEPMOMEXaHIYHUI KOJIOHKOBHIA
OypoBuil CHaps 3 TEpMOMEXaHIYHOIO KOPOHKOIO (TM - KOpoHKOI0), 110 MICTUTh: TM-
KOPOHKY, KEpHOpBa4, HATUCKHE K1JIbII€, KOJOHKOBY TPYOy, KEpHONIPUIUMAIIbHY TPYOY,
TApONpoOKy 3 KIanaHOM, YIIUIbHIOBAJIbHE KUIbIIE, MEPEXITHUK [ 1]

HenomnikoM mnpuctporo € Te, MO BUTOTOBICHHS TM — KOpPOHOK HEOOXiJHi
pO3p0o0OKa 1 3aCTOCYBaHHS CIICI[IaIbHUX TEXHOJIOT1H. OCHOBY TEXHOJIOT1i BUTOTOBIICHHS
Matpul TM - KOPOHOK CKJIaJaloTh CIelialibHl, Aopori Marepianu. Kpim Toro, npu
BUKOPHUCTAHHI JaHOTO CHapsja HEMAaE MOKIMBOCTI KOHTPOJIIOBATH TeMIIEpaTypHUI
pEXKUM BUOOIO.

Haitbinbin  OM3bKUMH 710 Tepe0adyyBaHOIO BHUHAXOJy € MPUCTPOIO s
EJIEKTPOTEPMOMEXAHIYHOTO PYHHYBaHHS TIPCHKUX TOPIJ, 10 BKJIIOYAIOTh T'€HEPATOp
€JICKTPOMATHITHOT €HEprii, XBUJIEBI/l, BUIIPOMIHIOBAY 1 TIOPOJIOPYHHIBHUN 1HCTPYMEHT
[1].

Henonikom mpuctporo € Te, mo B pe3yibTaTi Audpaxiiii eIeKTpOMarHiTHUX
XBUJIb Y BIJJOMHX MPUCTPOSIX YaCTHUHA €IEKTPOMATHITHOI €HEPTii y BHJII TOBEPXHEBUX
XBWJIb MOUIMPIOETHCA IO 3a30py MDK TOPLIEBOIO YAaCTUHOIO 1 MOBEPXHEI BHUOOIO.
OcHoBHa 710714 111€1 eHeprii MOTJIMHAETHCSA TIPCHKOI MOPOJIOI0 HAa BHOOI 1 HA CTIHKAx
CBEP/IJIOBMHU BUO1MHOIO 30HU. He3HauHa yacTuHa 10 3a30py MiXK OypOBOIO IITAHTOIO 1
CTIHKaMH CBEPJIOBUHHU 1€ y BUIbHUU MpocTip. TakuM 4MHOM, OAHOYACHIA 0O0poOIIi
€JIEKTPOMATHITHUM MOJIEM MiAJAaI0Th YCIO MOBEPXHIO BHOOIO 1 CTIHKH CBEPIJIOBUHU
npuBUOIHOT 30HU. Lle pi3Ko 3HMXKY€E TeMIlepaTypHUI TPAIIEHT MO MOBEPXHI BUOOIO
CBEP/IJIOBHHH, 110 TIPUBOAUTH JI0 3HIKEHHS IPOAYKTHBHOCTI pyHHYBaHHS.

B  ocHOBy poboTM TOcTaBleHa 3ajada  yJOCKOHAJEHHS  CHapsaa
TEPMOMEXAHIYHOTO OypiHHS, Y SKOMY 3a PaxXyHOK BBEJICHHS HOBHX KOHCTPYKTHBHHX
CJIEMEHTIB, JOCATAETHCS MOKJIMBICTH TIOCHIIOBHOTO TIEPETBOPEHHS PI3HUX BUJIIB
eHeprii 1 mepenayi ii Ha BUOIN, MOTpiOHA TIMOWHA Ta PIBHOMIpHE HArpiBaHHS BUOOIO
CBEPJIOBUHU, IOCTATHIN CTYMiHb PO33MIIIHEHHS T1PCHKOT MOPOIH, 1 32 paXyHOK I[HOTO
3HayHe 301IbIICHHS MEXaHIYHOI IIBUIKOCTI OypiHHS, onTuUMIi3amii mpoiecy OypiHHS,
MOKPAIICHHS YMOB Tpalli TOPOAOPYWHIBHOTO 1THCTPYMEHTA Ha BUOOT CBEPIJIOBUHHU.

[TocTaBneHa 3agavya BUPIIIYETHCS TiM, IO CHApPsJ €JIEKTPOTEPMOMEXAHIYHOTO
OypiHHS TIPCHKUX MOPIJ, 110 BKIIOYAE JKEPENIO eJEKTPUUHOI eHeprii, mxkepeno CBY
eHeprii, OCHaIIEHUH JKEePeIOM TEeIJIOBOI €Heprii BUKOHAHOTO y BUIJISA1 3a01HHOrO
renepatopa CBY eHeprii, Haj sSKUM pO3TaIllOBaHI BIJAMOBIAHO BEPXHINA 1 HIDKHIN
MYJIbTUIUTIKATOPH, KOKHUM 3 SKUW BUKOHAHUA Yy BUIJIAAI 0ararocTymiHYacTOro

pPEeayKTOpa KOPCTKO 3B'SI3aHUX MK COOOI0 BajoM, 3 MOMUIMBICTIO TIepeaadi OCbOBOTO
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HABaHTAXEHHS 1 KPYTSYOr0 MOMEHTY MOPOJAOPYIHHIBHOTO iIHCTPYMEHTY.
Ha puc. 1 300paxeHo cHapsig TEPMOMEXAHIYHOTO OypiHHS, SKHH MICTHTH: 1 —

BalI, 2 -—

MHEBMAaTUYHUNA PO3KPIILITIOIOYUN  TPUCTPIN;

3

bnanerp;

4

M1ABUIIYBaJbHUI MYJIBTHILIIKATOP; 5 — KOPHyC cHapsiaa; 6 - poTop reHeparopa; 7 —
MOHIKYIOUHI MYJBTHILTIKATOP; 8 — MarHeTpoH; 9 — IIaHEeTapHOTO JIBOCTYIIHYACTOTO

nonota [2].

N

N
N
\\\
N

//Z
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e

Puc. 1 Cuapsa TepMomMexaHiqHOTO OypiHHS

CHapsin TepMOMeXaHIYHOrO OypiHHS B HIDKHIA YacTHHI MICTUTH IUJIaHETapHE
JBOCTYIIHYACTE J0JOTO 9 y BHYTPILIHIA MOPOKHHUHI SKOTO 3HAXOIUTHCS JXKEPENO
CBUY eneprii (MarHeTpoHa) 8, Baj SIKOT0 KOPCTKO 3'€THAHUM 3 BaJIOM MOHUKYIOUOTO
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MYJIBTUILTIKATOpa 7, M0 y CBOIO YEPry *KOPCTKO 3'€THAHUN 3 POTOpPOM reHeparopa 6.
VY BepxHiil YacTHHI CHAps POTOp reHeparopa 6 3a JOMOMOTOI0 HIMIIBOK 3'€THaHUH 3
BaJOM MIBHIYBAJIbHOTO MYJbTHUIUTIKaTOpa 4, 10 BEpPXHbOI YACTHHHU SKOTO
IIPUENHYETHCS Ba 1.

Ban 1 cmyxuth u1s mepeaadi MOMEHTY, 110 KPYTHTb, 1 OCHOBOTO HABAHTAXKEHHS
BiJl KOJIOHU OypHJIbHUX TPyO Ta MPUEAHYETHCS J0 HHOTO Yy BEpXHIA HOr0 4acTHHI.
Kopmyc cHapsina 5 y BepxHi HOro 4YacTWUHI 3aKpIIUTIOETHCS B CBEPIOBUHI 3a
JIOTIOMOT'O0 ITHEBMATUYHOTO MPUCTPOIO 2.

CHapsn mpailfoe B Takuil 4YMHOM: JO0 Baja 1, Ha HaApi3HOMY CIIOJIY4YEHHI
KpIIsAThC OypuibHI Tpyou. CHapsn omyckaeThesi Ha BHOi. He oOepToBa uacTtuHa
IPUCTPOIO (CTAaTOP) PO3KPIIUIIOETHCS B CBEPJJIOBUHI B MOMEHT I10j1a4l CTUCHYTOT'O
MOBITPS B THEBMAaTHUHUN TpucTpiit 2. [licis po3KpiIuieHHsS IPUCTPOIO B CBEPIJIOBUHI
Bay | 3a JgomomMoror OypuiIbHOI KOJIOHM TOBIIOMIISETBCS OOEpTaHHS W OChOBE
HaBaHTAXEHHSI, M0 TEpPeAaloThCsl MYJIbTUILTIKATOPY 4, 3'€eqHaHuil 3 BajoMm 1 uepes
BEHIIOBY HIECTIpHIO. MyJbTUILTIKATOP (BEpXHIN) 4 MiABUILYE YacTOTy OOEpTaHHS B
CiM pa3ziB TUM, CAMHUM CTBOPIOIOYH JTOCTATHIO YacTOTY OOEpTaHHs pOTOpa reHepaTopa
6, 111 KUBJIEHHS MarHetpoHa 8. MarHeTpoH 8 po3TalloBaHHWil y pi3bOOBIM YacCTHHI
IJIAaHETApPHOI'O JIBOCTyHiHYacToro paojora 9. Marnerpon 8, BunpomiHioe CBY-
€Heprilo sfKa MPOXOIUTh MO XBHJIEBOAAX A0joTa 9. OchoBe HABAaHTAXKEHHS 1 MOMEHT,
0 KpYTUTh, (3 OUIBII HU3BKOK YACTOTOIO OOEpTaHHS UMM POTOP reHeparopa 6)
yepe3 MOHWXKYIOUUN pelyKTop 7 (MyJNbTUILIIKATOp HWXKHIHM), 3'€qHaHuil 3 Bajmom 1,
4yepe3 MIEeCTEPHE CIOJYYCHHS, Mepeaac MopOoAOPYHHIBHOMY THCTPYMEHTY €(EKTHBHO
PYWHYIOUOTrO OmnpoMmiHeHl (pa33MilHEeHi) AUISHKH BHOOIO ¥ OJHOYACHO PO3KpPHUBAE
HIDKYEPO3MIIIICHI HE TMiJJJaHl ONPOMIHEHHIO IIapu TMOopoau. Y Takud cmocid
JOCSATAETHCA 30UTBIIICHHS MEXaHIYHOI IBHAKOCTI OYpiHHS, ONTHMI3AIli IpoIecy
OypiHHS, TOKpAIEHHS YMOB TMPAIiNOPOJAOPYHHIBHOTOIHCTPYMEHTa Ha BHOO1
CBEP/IJIOBHHH.
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BJIOKOBHWH I'PABIMHUM ®LIBTP JUISI IUTHOI'O
BOJO3ABE3NEYEHHS JEOKYIIOBAHHOT'O MICTA BACWIIBKA
3AIOPI3BKOI OBJIACT
HTY «/[ninposcvka nonimexuikay

IIymoB Aunapiii CepriiioBuy, rp. 185A-22-10
Yopumuii Kupuio IOpiiioBuy, rp. 185-20-1
Haykosuit kepignuk: n.1.H., mpo¢d. Cynaxkos Anapii KocrssHTHHOBUY

brnokoBuii rpaBiiiHui (UIBTP AJIE MUTHOTO BOJOMOCTAYaHHS JACOKYIOBAHOIO
micta BacuiiBka 3amopi3pkoi 00J1acTi € BaXKJIUBUM KPOKOM Y PO3BUTKY TIPHHYOT
npomuciioBocTi. llel BWHaXi BIIHOCUTHCA JO TIPHUYOI MPOMUCIOBOCTI Ta
MIpU3HAYCHUH IS 00JIaIHAaHHS BOJI03a0IpHUX, T1IPOTCOJIOTIYHNX, HA(PTOBUX, ra30BUX
1 1HIIMX CBEpPVIOBUH B IHTEPBAJl HNPOAYKTMBHOIO  IIJIACTa, CKJIAJIEHOIO
c1a0031IEMEHTOBAaHUMU MMOPOIaAMH.

Tpanuuiiiai  OJIOKOBI TpaBiiiHi (UIBTPM MaKoTh CBOI HEIOJIKH, TakKi SK
pyWHYBaHHS T JI€0 yJApHUX HABaHTAXKEHb Ta 3HIKEHHS MPOHUKHOCTI Ta
30UTBIIIEHHS TiPaBIIYHOTO OTOPY dYepe3 BUKOPHCTAHHS HEPO3YMHHUX B’ SDKYUIHX
peuoBuH [1 — 2]. [IpoTe HOBa MOJIEIIb 3 MEJISCOIO SIK B'SDKYUHMM MaTepiajioM PO3B'si3ye
11 poOJIemMu.

®opmyna BuHaxoay. biokoBuil rpaBiiiHMI (UIBTp, 1MI0 MICTUTH TpaBIAHUN
Marepiai, B'sKydrii MaTepian, kapkac ¢GiuIbTpPOBOi KOJOHU BIAPI3HAETHCS THUM, IO Y
SAKOCT1 B'SDKy4Oro MaTepialy BUKOPHCTOBYETHCS MeEJsica, AKa JJIsi BUTOTOBJICHHS
[UTTHAPOBO-TIOPOKHUCTOTO OJIOKY TpaBiiHOTO oOcHUIaHHs (IIBTPY 3MIINIYETHCS 3
rpaBiEM MarepiajJoM 3 MacoBOK 4YacTkoro 10 40 % Big HWOro macu, 3 HacTYITHUM
OMOHOJTIYYBaHHSAMITPH TEMIIEpaTypi HABKOJIUIIIHBOTO cepenoBuiial3].

Ha puc. 1 300paxkeHo 010K0BUI TpaBiitHUI QLIBTP y poOOUOMY CTaHi.

0000000 0COO0ODOOOOD®°
0000000 O0ODO0OOOOOOOO
e e e e e T e T R P T I

JEILIEIEIE ]l.~ll’ RIS S S AN SN SN NN NN

Puc. 1 brokoswuii rpaBiiianii puIbTp y po60YOMY CTaHi, IKUA MICTUTh: 1 — MaTepiai
30BHIINIHBOTO APy OOCHUITaHHS; 2 — B’ SHKYYnid MaTepian (Mensica); 3 — maTepiai
BHYTPILIHBOTO MIapy oOcumnanHs;, 4 — TpyOdacTuil kapkac ¢piiabTpa
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brokoBu#i rpaBiiiHuil PiAbTp pOOUTHCS Ha JIEHHIM TOBEPXHI, Yy CIHeliaabHIN
€MHOCTI, fKa IOBTOPIOE KOHTYpH Ta 3OBHIIIHI pajiajibHi PO3Mipu OJIOKOBOTO
rpaBiifiHOTO QUIBTPY, Kapkacy (iIbTPOBOI KOJOHU Ta BOJOHOCHOTO TOPU30HTY.

[Iporiec oMoHONIYyBaHHS B’ SHKYUOTO MaTepiany (MENSICH) 3 TPaBieEM 3aJICKHUTh
BiJl TEXHIYHUX YMOB Ta 4acy T€pMOOOPOOKH.

[Tpu uboMy € MOXIUBICTH (HOPMYBaHHSI HABKOJO Kapkacy (iibTpa IpaBiiHOTO
rapy BHCOKOi fKOCTI 13 3aJlaHMMHU TapaMeTpamu, skl Jal0Th 3MOTY 3IiHCHIOBATH
Bi3yaJIbHUH KOHTPOJIb, III0 POOUTH MPOILIEC BUTOTOBJIEHHS OJOKIB IpaBIMHOTO (BiIbTPY
MOBHICTIO KOHTPOJIbOBAHUM.

[Ticns eramy BUTOTOBJIEHHS OJIOKIB TpaBiiiHOTO (DUIBTPY, O€3Mocepe b0 nepe
CITyCKOM (GUIBTPY B CBEPJIOBUHY 3'€IHYIOTHCS OJIOKU 3 (PiILTPOBOIO KOJIOHOIO (pHC.
1).

Uepes nesikuid yac miciisi YCTaHOBKH (iIbTpa MiJl JI€I0 TTI0COBOT TEMIEpaTypu
BOJIOHOCHOTO TOPU30HTY BIIOYBAETHCS PO3MOHOIIUYBAHHS TPaBIMHOro OJIOKY uepes
(GuIbTpallilo MIAaCTOBUX BOJ, MEJsCa PO3UMHSIETHCS, a TIpaBiid PIBHOMIPHO OcCiIae
HABKOJIO (PUIBTPOBOI KOJIOHH, UMM JOCSTA€THCS €()EKTUBHA MOPUCTICTh TPaBIMHOIO
mapy.

BucHoBok

TakuM 4YWHOM, 3ampONOHOBAaHUM B’SDKYUMd MaTepian — (Mmensca) AoOpe
PO3YMHSAETHCS Y BOA1, €KOJOTIYHHNA, BUTPUMY€E YIapHi HABaHTAKCHHS, HE BUKITUKAIOUU
pYWHYBaHHSI CTPYKTYpHU TpaBiiHOro OJIOKY, 110 3a0e3ledy€e BUTOTOBJIECHHS SIKICHUX
0JIOKIB TPaBIMHOTO (PUILTPY MPHU 3HIKEHHI 3aralibHUX BUTPAT.
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STUDY OF SOME FEATURES OF THE PROCESS OF
CONSTRUCTING WELLS IN HYDROCARBON FIELDS
Dnipro University of Technology

Askerov Islam Kushbalovych, group 183m-23s-1
Scientific supervisor: PhD, Assoc. Prof. Ihnatov Andrii Oleksandrovych

Drilling wells to extract oil and gas is the main activity of the industrial sector.
Geological exploration work can also be included in this direction. Such work is
carried out to determine promising areas for the placement of production wells.
Currently, wells are being constructed not only on land, but also at sea (Fig. 1).
Moreover, the number of offshore wells being constructed is steadily increasing. This
circumstance can be explained by the significant depletion of onshore deposits [1].

gy,

Figure 1. Schemes of location of wells in rock massif (1 — vertical well, 2 —

directional well, 3 — well with S-like profile, 4 — vertical well with horizontal section,

5 — options for the location of horizontal sections of wells, 6 — multilateral well drilled
from an offshore drilling platform)

Our analysis of sources of information on drilling wells allows us to draw a
number of important conclusions. Wells in a strictly vertical direction are constructed
very rarely. In accordance with such states of affairs, geological conditions can be
called. The main one of these conditions is the anisotropy of the properties of rocks.
This property of rocks intensifies the process of well curvature. The behavior of a well
can be predicted in a certain way by studying the characteristics of the mechanical
properties of rocks. It is almost impossible to avoid such curvature. However, it is
possible to combat it and even take it into account in some positive way when
designing a well profile [2].

Production experience shows that it is easiest to construct vertical wells. Such

wells do not require large amounts of power to rotate the drill string. This is due to the
50
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fact that the drill string has very little contact with the walls of the well. In vertical
wells, it is quite simple to carry out the operation of casing the trunk. The process of
cementing vertical wells is also carried out without complications, since there is a
uniform filling of the annular gap with cement mortar. At the same time, vertical wells
along their length in the productive formation interval do not allow obtaining a
filtration surface of sufficient area. Inclined wells, especially horizontal ones, are
partially free from this disadvantage. Given the relatively correct occurrence of the
formations and the ability to construct horizontal sections of significant length in these
formations, it is possible to achieve high hydrocarbon production rates.

An important stage in the design of the well construction process is the
development of their design (Fig. 2). This term refers to the diameters of individual
sections of the wellbore, their length, and mounting options. It should also be noted
that cementing options need to be considered [3].
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Figure 2. Wellbore design option and its flushing process

The design of the well should ensure an unhindered process of its construction.
In addition, the well design necessarily provides for the creation of a reliable
communication channel with productive mineral horizons.

The processes of cleaning the wellbore from destroyed rock ensure the
efficiency of the drill bit (Fig. 2). Timely removal of drill cuttings eliminates
premature wear of the bit and its failure. Flushing fluids also contain lubricating
additives, which are necessary to maintain the normal operation of drill bit supports in
the form of bearings.

When developing formulations for flushing fluids, it is necessary to take into
account as much as possible all the geological features of rock layers. The main
complications during the construction of wells include the collapse of their walls and
swelling. Such complications can be avoided by imparting certain technological
properties to the flushing liquids. These properties relate to the increased density of the
washing liquid, binding free water.

A large class of reagents used for the chemical treatment of washing liquids
belongs to surfactants. Such substances make it possible to intensify the processes of
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rock destruction and provide inhibition of negative phenomena in the wellbore. For the
effective use of surfactants, laboratory determination of the nature of their effect on
individual rocks is necessary [4].

Taking into account the versatility of the well construction process, it should be
noted that most complications in the wellbore arise when the design for its
construction is imperfect. This can be avoided by studying best practices, using new
technologies, promptly responding to changing drilling conditions, and correctly
recognizing pre-emergency situations, the main characteristics of which are discussed
in this scientific work.
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TECHNOLOGY OF HYDROFRACTURING
Dnipro University of Technology

Babenko Yevhenii Serhiyovych, group 185-21sk-1 FNST
Scientific supervisor: Doctor of Science, Professor Davydenko O.M.

Hydraulic fracturing (fracturing) is an effective means of intensifying the inflow
of formation fluid to the well and increasing the oil yield of the formation, as well as
increasing the throughput of injection wells. The formation of an artificial crack in the
formation of a large length and permeability, connecting layers with different
filtration-capacitive properties by a single channel, significantly changes the drainage
regime of both individual layers and the formation as a whole [1].

The essence of the method consists in the artificial formation and expansion of
cracks in the rocks of the outcrop zone by creating increased pressures of the liquid
injected into the well. To prevent cracks from closing, quartz sand or proppant is
pumped into the formation along with the fluid after the pressure is removed. As
research shows, in the process of hydraulic fracturing, cracks with a width of 1-2 mm
appear in the most unpredictable direction. Their radius can reach several tens of
meters. Cracks filled with coarse-grained sand or proppant have significant
permeability, as a result of which the productivity of the well increases several times
after hydraulic fracturing. In some cases, well flow rates increase tenfold after
fracturing. This indicates that the formed cracks have connected with other previously
existing cracks and the inflow to the well comes from separate highly productive zones

[2].

Making changes to the structure of the reservoir and the rocks containing it leads
to the need to adjust the approaches to the application of traditional methods of
influencing the near-cut and remote zone of the formation, as well as the need to create
new technologies aimed at changing the cracks created in the fracturing process [3].

In most inclined wells, with a high probability, the plane of the formed fracture
does not coincide with the trajectory of the well in the reservoir, so the interval of good
hydrodynamic connection between the well and the fracture can vary widely from the
maximum, when the line of the well lies in the plane of the fracture, to the minimum,
when the vertical is perpendicular to the crack. During the transition of the flow of the
injected agent from the well to the fracture during the fracturing process, the vector
and velocity of the proppant-gel mixture change dramatically, which provokes the
fallout of the proppant and the formation of plugs, the probability of complications
increases with the decrease in the interval of active hydrodynamic connection between
the wellbore and the fracture, i.e. in the formation.

During fracturing of the formation, shale rocks are formed, individual particles
of the skeleton of the formation and the clay screen are disaggregated and included in
the composition of the proppant that fills the crack. Fracturing crack formation occurs
in the mode of mechanical instability of the walls, when the crack is filled with
proppant, the surface of the crack is destroyed, which is an additional source of solid
particles entering the crack. As a result, inclusions of various sizes appear in the

volume of the proppant-fixed crack, which reduce porosity and permeability and
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negatively affect the filtration mode, which complicates the operation of well
equipment. The volume of inclusions and the degree of their influence on the filtration
properties of the crack are determined by the mode of crack formation and the
composition of the process fluid, as well as the mechanical strength of the skeleton, the
size of the particles that make it up, and their wettability. The mobility of these
inclusions in the space between the proppant grains is fundamentally important, which
Is primarily determined by their size and features of interaction with the fluids that
saturate the crack: pellet particles with a size smaller than the characteristic size of the
cavities of the proppant bag are able to accumulate in it and block the filter [4, 5].

Fracking
Drilling Hydraulic Fracturing
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Fig.1 Hydrofracturing technology

The formation of long cracks and their filling with proppant is possible when
using special rheological fluids, the filtrate of which into the formation through the
crack wall and the film on the surface of the proppant negatively affect the
conductivity of the crack and the permeability of the fractured zone and significantly
reduce the efficiency of fracturing [6].

There are several types of hydraulic fracturing, which differ in technology and
the purpose of the process: one-time, multiple, massed, directional (interval), two-
fraction, fracturing with gases, oils, explosives. Conventional one-time hydraulic
fracturing with Newtonian fluids involves fixing cracks (5-10 tons of sand at a
concentration of 50-600 kg/mq); deep-penetrating hydraulic fracturing and massive
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hydraulic fracturing involve a large amount of wedging material, the use of non-
Newtonian fluids, large volumes of fluids, and a large number of equipment [7].

Thus, from the moment the well is put into operation after fracturing, processes
occur that lead to a decrease in fracture conductivity and a decrease in fracturing
efficiency. These features must be taken into account during the planning of fracturing
technology and further work on the rehabilitation of fracture conductivity. For a
correct forecast of the degree of influence of these factors on the operating mode of the
well, along with traditional studies of the mechanical and filtration-capacitive
properties of the formation and proppant, it is necessary to study the strength
properties of the rocks in the area of the formation of the crack and, on this basis, to
select the fracturing modes, the optimal dimensions of the proppant, and the properties
of the process fluid.

Forecasting the removal of particles and the accumulation of pollution is
necessary for the prevention of pump equipment failures during the development of
wells and their bringing into operation, optimization of measures for cleaning cracks
and rehabilitating the productivity of wells.
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As the experience of other countries shows, the restoration of an idle well stock
allows to increase hydrocarbon recovery at oil fields and increase oil and gas
production. In the absence of technical and technological methods and means to
perform workovers (bypassing contaminated reservoir zones or mechanical obstacles
In the string), sidetracks are drilled, thus saving material and financial resources.

The method of drilling a new wellbore through a cut "window" in the casing
(production) string allows to restore even those wells that cannot be repaired in any
other way or are economically unfeasible.

Sidetracking and drilling of a second wellbore is a method of rehabilitation of
wells that are technically impossible or economically unfeasible to repair using known
methods. This method makes it possible to replenish the existing well stock, improve
the development of deposits to replenish the development grid account by transferring
wells from the upper horizons, increase current oil recovery, and reduce the time to
recover residual oil reserves. In addition, this method allows to restore wells in areas
where drilling new wells is difficult or unprofitable due to the conditions and state of
reservoir development.

Practice shows that oil and gas wells are decommissioned for the following
reasons:

-a gradual decrease in the well's production rate when its operation becomes
unprofitable

-fracture, crushing or other damage to the production string

-Impossibility to clean the filtered well interval clogged with foreign objects and
scrap; - Complex accident with underground equipment;

-constant and intensive crusting;

-continuous blocking of the perforated casing in the reservoir interval by contour
water.

In all cases, except for the last one, a significant amount of hydrocarbon remains
in the productive formations, which requires sidetracking and drilling an additional
well.

The sidetracking and drilling of a second well consists of the following main
stages:

1) Selecting the interval in the column for cutting the window.

2) Lowering and fixing the deflector in the casing.

3) Cutting the window in the casing.

4) Drilling the second borehole.

5) Preparation and running of the production string or "shank".

6) Cementing the casing (separation of layers).

7) Testing the casing for leaks.
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When choosing the depth of the window cutting in the casing, it is necessary to
take into account the well design, the nature of the underlying rocks, the technical
condition of the casing, etc.

The interval for cutting the window is selected:

-for work performed in one column;

-in a section marked by clay rocks.

The design should begin with the selection of the bit for drilling the second
borehole. The diameter of the bit that will be used to drill the second borehole for the
production string or shank is determined by the formula:

Dg =D, _25, where D, — is the outer diameter of the casing in which the work
will be performed, mm; & — is the gap between the outer diameter of the casing and the
bit, taking into account the possible maximum wall thickness of the casing (assumed to
be 14-15 mm).

After selecting the bit, the diameter of the casing going down the drilled hole is
determined by the formula:

d, =Dg —201, where 81 — is the gap between the well wall (whose diameter is

conditionally assumed to be equal to the bit diameter)

After selecting and specifying the well design, it is necessary to select a cutting
tool for cutting a window in the casing, the dimensions of which should be such that
the bit, casing, geophysical survey equipment, etc. can freely pass through the window
during operation. Next, choose the type of deflector.

A deflector is a tool designed to provide the necessary deflection of the reamers
when cutting a window in the string and to provide the initial direction to the drilling
tool when drilling the second borehole.

Before the deflector is lowered, the column in which the second borehole is
being cut and drilled is inspected with a special template (guide), the diameter and
length of which are determined by the formulas:

Dy =Dy +(3+4)mm Ly =Lo+(2+3) mm,

where Dy — is the largest diameter of the deflector to be lowered, mm; Lo — is the
length of the deflector to be lowered, m.

The deflector is lowered into the well on drill pipes to the bottomhole and the
screws are cut off at a load of 40 kN. The dies come out of the windows of the die
holder and fix the deflector in the well. When the load is increased to 60 kN, the stud
Is cut off and the deflector wedge moves along the inclined planes of the support so
that the catching part of the chute is pressed against the inner wall of the column.
When the load is increased to 80 kN, the bolts that secure the runner wedge to the
deflector are cut off, and the latter is finally fixed in the well, after which the runner
wedge is raised to the surface.

The cutting device, the general view of which is shown in Fig. 1, consists of a
cylinder 1, in which a piston 2 moves under the action of the flushing fluid, which
transmits the force through the pusher 4, spring 5 and lever 7 to the cutter 8. The
device is centered in the column by means of guides 11. The device is lowered into the
string in the cutting interval on the drill pipes. The drilling mud passes through the

nozzles 3 of the piston 2, creates a pressure drop, under the influence of which the
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piston 2 and pusher 4 move downward, while the return spring 5 is compressed, the
cutters 8 are extended and cut into the wall of the column. The device is rotated by the
rotor. After cutting through the column, the cutters operate in the milling mode. When
the flushing fluid is stopped, the spring 5 returns the piston to service.

Universal cutting device UCD

e

\
1 =

Fig. 1 Universal cutting device UCD
1 - cylinder; 2 - piston; 3 - nozzles; 4- pusher; 5- spring; 6- cartridge; 7-lever;
8- cutters; 9- limiter; 10- body; 11- guides

Hydrosandblasting method of cutting a slit-like window in the casing for
directional drilling of an additional wellbore.

The essence of the method is as follows. First, a segment of the casing is cut and
split in a given direction using a multi-tiered perforator. After that, the dismembered
casing fragments are removed from the well using a magnetic trap. Next, a deflector is
lowered into the well and a cutout window is templated using a casing cone router.

The following conclusions were made based on the work performed. The
efficiency of implementing the method of drilling a new borehole in a production
string depends on the right technology, equipment, devices and tools for performing
individual operations, as well as the qualifications and experience of the performers.
Returning emergency, inactive or abandoned wells to the stock by drilling a second
wellbore is one of the main current methods for additional hydrocarbon production.
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Introduction

The oil and gas industry is undergoing significant changes driven by the
adoption of digital technologies and artificial intelligence (Al). These technologies
have the potential to significantly improve the efficiency, safety, and environmental
sustainability of oil and gas exploration, production, and transportation.

The oil and gas industry is a major contributor to the global economy,
accounting for trillions of dollars in revenue and millions of jobs. However, the
industry faces a number of challenges, including:

. Declining reserves: The world's oil and gas reserves are finite and are
becoming increasingly difficult to extract.

. Rising costs: The cost of finding, developing, and producing oil and gas is
increasing.

. Environmental concerns: The production and use of oil and gas is a major

source of greenhouse gas emissions, which contribute to climate change.

Digital technologies and Al can help the oil and gas industry address these
challenges by:

. Improving efficiency: Digital technologies can be used to optimize
operations, reduce costs, and improve productivity.

. Enhancing safety: Al can be used to identify and mitigate risks, prevent
accidents, and improve worker safety.

. Reducing environmental impact: Digital technologies and Al can be used
to reduce energy consumption, emissions, and waste.

The adoption of digital technologies and Al is already having a significant
impact on the oil and gas industry. For example, Al is being used to:

. Predict reservoir properties: Al can be used to analyze seismic data and
other information to predict the location and properties of oil and gas reservoirs.

. Optimize drilling operations: Al can be used to optimize the drilling
process, including selecting the best drilling location and trajectory.

. Monitor and maintain equipment: Al can be used to monitor the condition
of equipment and predict when it is likely to fail, allowing for preventive maintenance.

The adoption of digital technologies and Al is expected to continue to grow in
the oil and gas industry in the coming years. As these technologies mature, they will
have an even greater impact on the industry, helping to improve efficiency, safety, and
environmental sustainability.

Digitalization in the Oil and Gas Industry

Digitalization in the oil and gas industry refers to the implementation of new
technologies to collect, process, and analyze data. This can include:
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. Internet of Things (loT): Sensors that collect data on equipment,
pipelines, and other infrastructure.

. Cloud computing: Storing and processing data in the cloud.

. Data analytics: Using machine learning algorithms to identify patterns and

predict events.

Benefits of digitalization in the oil and gas industry:

. Increased efficiency: Digitalization can help oil and gas companies to
operate more efficiently by automating tasks, optimizing processes, and reducing
downtime.

. Improved safety: Digitalization can help to improve safety by providing
real-time data on the condition of equipment and the environment.

. Reduced costs: Digitalization can help to reduce costs by optimizing
production, reducing maintenance costs, and improving energy efficiency.

. Increased sustainability: Digitalization can help to reduce environmental
impact by optimizing production, reducing emissions, and improving water
management.

Examples of digitalization in the oil and gas industry:

. Predictive maintenance: Using data analytics to predict when equipment is
likely to fail and taking preventive action.

. Remote operations: Using robots and drones to perform tasks in
hazardous or remote areas.

. Digital twins: Creating virtual models of physical assets to simulate and
optimize performance.

The future of digitalization in the oil and gas industry:

The oil and gas industry is undergoing a digital transformation, and the pace of
change is only going to accelerate in the years to come. As new technologies emerge,
oil and gas companies will need to continue to innovate and adapt in order to remain
competitive.

Some of the key trends that will shape the future of digitalization in the oil and
gas industry include:

. The rise of artificial intelligence (Al) and machine learning

. The increasing use of cloud computing

. The adoption of big data analytics

. The development of new digital technologies, such as blockchain and
augmented reality

These trends will have a profound impact on the oil and gas industry, and they
will create new opportunities for companies that are able to embrace digitalization.

Artificial Intelligence in the Oil and Gas Industry

Artificial intelligence (Al) is rapidly transforming the oil and gas industry. Al
technologies are being used to improve efficiency, safety, and sustainability across the
entire oil and gas value chain.

Some of the key applications of Al in the oil and gas industry include:

. Exploration and production: Al is being used to improve exploration
success rates, optimize drilling operations, and increase production efficiency.
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. Transportation and storage: Al is being used to optimize pipeline
operations, improve tanker scheduling, and reduce storage costs.

. Refining and marketing: Al is being used to optimize refinery operations,
improve product quality, and target marketing campaigns.

Benefits of Al in the oil and gas industry:

. Increased efficiency: Al can help oil and gas companies to operate more
efficiently by automating tasks, optimizing processes, and reducing downtime.

. Improved safety: Al can help to improve safety by providing real-time
data on the condition of equipment and the environment.

. Reduced costs: Al can help to reduce costs by optimizing production,
reducing maintenance costs, and improving energy efficiency.

. Increased sustainability: Al can help to reduce environmental impact by

optimizing production, reducing emissions, and improving water management.

Examples of Al in the oil and gas industry:

. Predictive maintenance: Using Al to predict when equipment is likely to
fail and taking preventive action.

. Remote operations: Using robots and drones to perform tasks in
hazardous or remote areas.

. Digital twins: Creating virtual models of physical assets to simulate and
optimize performance.

The future of Al in the oil and gas industry:

The oil and gas industry is undergoing a digital transformation, and Al is
playing a key role in this transformation. As Al technologies continue to develop, they
will have an even greater impact on the oil and gas industry.

Some of the key trends that will shape the future of Al in the oil and gas
industry include:

. The development of more sophisticated Al algorithms

. The increasing use of Al in real-time operations

. The integration of Al with other digital technologies, such as big data and
cloud computing

These trends will create new opportunities for oil and gas companies that are
able to embrace Al. Companies that are able to successfully implement Al will be
well-positioned to compete in the global energy market.

Benefits of digitalization and Al in the oil and gas industry

. Increased efficiency:

Increased oil and gas recovery

Reduced costs

Shorter project execution times

Optimized supply chains

Increased labor productivity

Improved safety:

Reduced risk of accidents

Reduced risk of injuries and occupational diseases
Improved equipment condition monitoring
Prediction and prevention of accidents

®¢ O O O O O

o O O O
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Reduced environmental impact:
Reduced greenhouse gas emissions
Reduced water and soil pollution
Optimized energy consumption
Land reclamation
Improved environmental monitoring
Other benefits:
Increased competitiveness
Increased investment attractiveness
Improved decision-making
o Development of new products and services
The digital transformation of the oil and gas industry is still in its early stages,
but the potential benefits are enormous. Oil and gas companies that are able to
successfully embrace digitalization and Al will be well-positioned to thrive in the
years to come.
Challenges of digitalization and Al in the oil and gas industry
. Cybersecurity:
Protecting data from cyberattacks

®¢ O O O O O

O O O

O

o Ensuring the cybersecurity of infrastructure

o Developing and implementing cybersecurity policies

. Workforce skills:

o Need for digital and Al specialists

o Retraining and upskilling of existing workforce

o Collaboration with educational institutions to prepare the workforce
. Investment:

o Need for significant investment in new technologies

o Justifying and calculating the ROI of investments
o Attracting investment from the public and private sectors

. Other challenges:

o Changing organizational culture

o Legislative and regulatory barriers

o Ethical issues related to the use of Al

The digital transformation of the oil and gas industry is not without its
challenges. However, the potential benefits are great. Oil and gas companies that are
able to successfully address these challenges will be well-positioned to lead the way in
the years to come.

Conclusion

Digitization and Al have significant potential to transform the oil and gas
industry. The implementation of these technologies can lead to increased efficiency,
safety and environmental friendliness of oil and gas production, processing and
transportation.
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The modern state of pipeline transport is characterized by a long period of
operation, as a result of which ensuring the stable functioning of main pipelines, as
well as maintaining their safe and reliable operation, become one of the most
Important and priority tasks of the operation of the pipeline system.

Ensuring efficient and reliable operation of main pipelines can be achieved by
conducting timely repair work, equipment renovation and reconstruction. Carrying out
repair and renovation of equipment is aimed at maintaining the design technical
condition, while reconstruction allows to achieve improvement of technical and
economic indicators, as it is carried out based on modern solutions developed taking
into account the latest achievements of science and technology. The reconstruction of
individual pipeline sections allows for the renewal of capital assets in a shorter time
and with lower costs than with new construction. Also important is the fact that in the
process of reconstruction, new technologies and constructive solutions are
implemented, as well as the latest technology, and such socially significant problems
as improving working conditions and environmental protection are solved [1, 2].

The main part of the requirements for the organization of reconstruction works
are set out in regulatory documents. In addition, most operating organizations develop
their own technologies, instructions and rules for organizing and conducting work.

Another problem is that many of the technical solutions adopted during the years
of design and construction are now morally outdated for certain sections of the linear
part of main oil pipelines and do not meet modern requirements for reliability and
safety, as they do not correspond to the actual conditions of operation of oil pipelines.
The reason for this is anthropogenic human activity and changes in the situation in the
area of the pipeline route (change in climatic characteristics, soil erosion, construction
of industrial enterprises and settlements, etc.). All this requires solving the tasks of
creating highly effective methods and special technical means of performing work on
the reconstruction of existing pipelines in a short time, with the lowest costs, ensuring
the safety of pipelines and environmental safety.

The reliability and safety of underwater pipelines is determined by the following
man-made and natural factors [3, 4]: ¢ Defects of the pipe body and welds: metal loss
(delamination, burrs, cracks), pipe geometry defects (dents, ovality, corrugations); °
External anthropogenic mechanical actions: pipeline laying depth, degree of protection
of ground equipment, control over work in the protected zone; ¢ Corrosion: regulatory
provision of EHS means, condition of the insulating coating, corrosive activity of the
soil, presence of underground metal structures and energy systems near the pipeline
route, stress corrosion (corrosion under tension), biocorrosion; ¢ Quality of pipes:
manufacturing technology and grade of steel, supply of pipes, duration of pipeline
operation; « Quality of construction and assembly works: site category by complexity

of works, quality control of welding and assembly and construction works, technology
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of construction works, construction season; ¢ Structural and technological factors: the
thickness of the pipeline wall, the state of protection against hydraulic shocks, the
reliability of telemechanization systems, the leakage control system, the presence of
linear fittings and ground nodes of a branched configuration on the site;  Natural
influences: soil bearing capacity, landslides, wind and water erosion, seismicity of the
area; ¢ Operational factors: operational documentation; state of the security zone;
frequency of patrolling the track; quality and periodicity of repairs and diagnostics;
qualification of workers; organization of staff training; quality of communication;
notification system; emergency work plan; technical equipment. [5].

According to the rules of operation of main pipelines, the main ways of
maintaining their working condition are maintenance and repair.

Repair of main pipelines is a complex of technical measures, the purpose of
which is to restore the main assets of pipeline transport facilities. Repair of the linear
part of main pipelines is divided into the following main types depending on the scope
and nature of the work: emergency (unscheduled), current, medium and capital.

Emergency repairs include work related to the elimination of accidents that
occurred due to ruptures of pipelines (along the pipe body or in the area of welded
joints); punctures of the oil pipeline as a result of unauthorized cuts; corrosive effect
on the pipeline; clogging of the pipeline, leading to its complete or partial stoppage;
malfunctions in linear fittings, etc.

Current maintenance is minimal in scope and content planned maintenance,
which is carried out during the operation of the pipeline and consists in systematically
carrying out work to prevent premature wear and failure of linear structures, as well as
in the elimination of minor damages and malfunctions. Current repairs are carried out
based on the results of maintenance. Current repairs are divided into preventive
(quantitatively and qualitatively determined and planned in advance in scope and
execution) and unforeseen (detected during operation and performed urgently) [6, 7].

Medium repair refers to repair performed to restore the serviceability and partial
life of products with the replacement or restoration of component parts and control of
their technical condition. The average repair includes planned works on the restoration
of linear fittings and equipment, communication lines, electrical protection devices,
cleaning of the inner surface of pipelines, inspection and repair of water crossings.
During medium repairs, small sections of the pipeline are opened. Medium and major
repairs are carried out based on the results of technical diagnostics.

The largest planned repair in terms of scope and content is capital repair. Capital
repair of the main pipeline is a complex of technical measures aimed at full or partial
restoration of the linear part of the oil pipeline in operation to the design
characteristics, taking into account the requirements of current regulatory documents,
which is carried out when the limit values of wear in linear structures are reached.
Capital repair of pipelines, depending on the nature and technology of work, is divided
into repair with replacement of pipes, repair with replacement of insulating coating,
and selective repair. Repair with the replacement of pipes is carried out in the
following ways [8, 9]:

1. Laying in a combined trench the section of the section of the pipeline that is

being laid again, next to the replacement one, with the subsequent dismantling of the
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latter;

2. Laying in a separate trench the section of the section of the pipeline that is
being laid again, with subsequent dissection and dismantling of the replacement;

3. Dismantling the replaced pipeline and laying the newly laid pipeline in the
former design position.

Priority main pipelines and their individual sections that require planned repair
are determined based on the analysis of project solutions, construction methods, actual
working conditions and technical condition, as well as modern requirements for the
reliability and safety of industrial facilities.

References

1. Drilling and operation of oil and gas wells in difficult conditions :
monograph / 0.0. Aziukovskyi, Ye.A. Koroviaka, A.O. lhnatov; Ministry of
Education and Science of Ukraine, Dnipro University of Technology. — Dnipro:
Zhurfond, 2023. — 159 p.

2. TankeBuu, B. ®@., [Tamenko, O. A., & Kuba, B. 5. (2015). Bruus BiOpartii
Ha OypoBuii iHCTpyMeHT. Bibpariii B TexHiIll Ta TeXHOJOTIAX, (4), 132-135.

3. [Mamenko, O. A. Ilngxu mnigBUIIEHHS HAAIMHOCTI Ta €QEKTUBHOCTI
OypoBoro oOmanHaHHa. In @opyMm ripHukiB—2016: Marepianu MDKHAp. KOH(J., M.
JIHITpOoTIeTPOBCHK (pp. 5-6).

4. lhnatov, A., Koroviaka, Y., Rastsvietaiev, V., Tokar, L. (2021).
Development of the rational bottomhole assemblies of the directed well drilling. Gas
Hydrate Technologies: Global Trends, Challenges and Horizons — 2020, E3S Web of
Conferences 230, 01016 (2021). https://doi.org/10.1051/e3sconf/202123001016

5. [IMamenko, O. A., & Xomenko, B. JI. (2011). BuzHaueHHsI ONTHMaILHOTO
KpOKYy PpI3I[IB Yy MOpPOJOpyHHIBHOMY 1HCTpyMeHTi. [lopomopyiHiBHUIT — Ta
METaJo000pOOHUN 1HCTPYMEHT-TEXHIKA Ta TEXHOJOTiS HWOTro BUTOTOBJICHHS Ta
3aCTOCYBaHHS.

6. Shapoval, V.G., Pashchenko, O.A., Zhilinska, S.R., Khomenko, V.L.,
Ivanova, H.P. (2021). Application of shashenko criterion to predicting the strength of
sandy loam soils during horizontal directional drilling. IncTtpymenrtanbhe
Marepiano3HaBcTBO: 30ipHUK HaykoBux npaib IHM im. B.M. bakyns HAH VYkpainu,
24, 114-120. http://www.ism.kiev.ua/images/24 2021.pdf

7. Ratov B.T., Fedorov B.V., Khomenko V.L., Baiboz A.R,
Korgasbekov D.R. (2020). Some features of drilling technology with PDC hbits.
Naukovyi  Visnyk Natsionalnoho Hirnychoho  Universytetu, (3), 13-18.
https://doi.org/10.33271/nvngu/2020-3/013

8. Yevhenii Koroviaka, Artem Pavlychenko, Andrii lhnatov, Valerii
Rastsvietaiev. Developing Parameters of Well Construction Method in Terms of Thick
Sediments. Aspects Min Miner Sci. 10(1). AMMS. 000730. 2022. DOI:
10.31031/AMMS.2022.10.000730

9. Imxkos, B. B., Koporsika, €. A., Xomenko, B. JI., [Tamenko, O. A., &
[Mamenko, I1. C. (2024, January). 3axigHo-XapkKiBILiBChbke Ha()TOTra30KOHICHCATHE
ponosuiie (Ykpaina). In The 2nd International scientific and practical conference
“Innovations in education: prospects and challenges of today”(January 16-19, 2024)
Sofia, Bulgaria. International Science Group. 2024. 389 p. (p. 51).

66
Mamepianu 79-i cmyodenmcokoi Haykoeo-mexHiunoi kongepenuii « Tusicoenv cmyodeHmcokor Haykuy


https://doi.org/10.1051/e3sconf/202123001016
https://doi.org/10.33271/nvngu/2020-3/013

HIACEKIIA — SPE STUDENT SECTION. PETROLEUM ENGINEERING

CONSTRUCTION OF UNDERWATER GAS PIPELINE PASSAGE
Dnipro University of Technology

Kiselyova Olga Serhiyivna, group 185-20-1 FNST
Scientific supervisor: PhD, Assoc. Prof. Rastsvietaiev V.O.

There are many methods of laying pipelines through natural and artificial
obstacles and constructions of such transitions.

The choice of a specific method (or design) in each specific case should be
based on the consideration of the set of conditions of passage and requirements for the
transition - technical, economic, environmental, etc. [1]

The experience of many countries, for example, Germany, Japan, Great Britain,
proves that the cheapness of traditional laying of pipelines at transitions is an illusion,
and the indirect losses from the construction of transitions by traditional methods are
significant.

Trenchless construction methods are more cost-effective than traditional
methods. This is explained by the saving of funds, which, with the open method of
replacing communications, go to the construction of tranches, garbage removal,
restoration of banks, improvement of territories, landscaping and much more.

A significant number of works [2, 3, 4, 5, 6] are devoted to the topic of
construction of underwater crossings of main pipelines.

Having considered this literature, we can say that the choice of HDD is an
ecologically and economically beneficial method.

Modern drilling equipment allows you to work in difficult geological conditions
almost without restrictions due to seasonal factors. And modern technologies of
trenchless laying make it possible to conduct work quickly, qualitatively and
aesthetically, at the same time it is possible to preserve all objects of external
Improvement, architectural and natural landscape, to avoid blocking highways, railway
tracks and overland pedestrian crossings.

Trenchless methods of laying underwater crossings solve the following tasks:

- the high quality of the constructed transition due to the deepening of the
pipeline is significantly lower than the line of limit deformations of the bottom and
banks of the river, as well as due to the use during construction of high-quality pipes
with a factory insulating coating made of extruded polyethylene;

- the need for shore fortification works is excluded,;

- a sharp reduction in the amount of compensatory costs for compliance with
nature protection and fisheries services;

- Ensuring the repairability of the pipeline, in case it is laid in a protective casing
or in a tunnel during construction by the microtunneling method [7].

When choosing a method of construction of transitions, it is necessary to take
Into account its advantages and limitations regarding its application.

The advantages of the method of horizontal directional drilling during the
construction of underwater transitions of pipelines are [8, 9]:

- the ability to lay pipelines below predicted channel deformations, which

reliably protects the pipeline from any mechanical damage;
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- during construction and operation, the natural regime of the water obstacle is
preserved, which meets the increased environmental requirements and is of particular
Importance when pipelines cross a river from the list of specially protected natural
territories;

- the HNB method excludes the need for dredging, underwater engineering,
diving and shore fortification works during the construction of crossings over water
obstacles, which account for more than 50% of the cost of the crossing;

- the need for ballasting of pipelines (ballast loads and weighting coatings) is
excluded:;

- no explosive work is required to loosen dense soils for further digging of an
underwater trench;

- construction of the transition is possible at any time of the year, and
agreements with interested organizations (Rybnadzor and others) are simplified.

The conditions that limit the possibility of using the method of directional
drilling are unfavorable soil conditions: directional drilling is a significant difficulty in
gravel soils (gravel over 30%), in soils of the floating type, in soils with the inclusion
of boulders and stones [9]. In such cases, it becomes difficult to control when drilling a
pilot well, a possible collapse of the soil during the expansion of the pilot well and
jamming of the working pipeline during its pulling.

Fig. 1 Construction of an underwater passage of a gas pipeline

Drilling rigs of the Mini, Midi (partially Maxi) classes are, as a rule, self-
propelled devices on a crawler track. Mega (partially Maxi) class installations, as well
as specialized mine or well drilling systems, are not equipped with a drive and running
mechanism, but are placed on a support frame that is directly installed on the planned
soil surface and fixed with anchor devices (frame drilling rig). Large drilling rigs can
be placed on a trailer truck (trailer rigs), or arranged in the form of separate modules,
transported in standard containers by motor vehicles and mounted at the work site.

The selection of a drilling rig for a specific object is carried out on the basis of
data on the type, diameter and length of the pipeline intended for laying, on the

engineering and geological conditions of construction, taking into account the
68
Mamepianu 79-i cmyodenmcokoi Haykoeo-mexHiunoi kongepenuii « Tusicoenv cmyodeHmcokor Haykuy



HIACEKIIA — SPE STUDENT SECTION. PETROLEUM ENGINEERING

requirements for ensuring the necessary values of traction forces and torque.

The HNB method is cost-effective when crossing large rivers, since the cost of 1
p.m. pipeline built by the method of directional drilling, taking into account
construction, operation and compensation costs, can be compared with the cost of
1 p.m. dyke sites built by the traditional method and operated with the constant danger
of their erosion in the bottom and banks of the crossing water obstacle.

In connection with the above, this work will consider the construction of the
transition of the main gas pipeline using the trenchless method, namely the method of
horizontal directional drilling.

References

1. Ratov B.T., Fedorov B.V., Khomenko V.L., Baiboz A.R., Korgasbekov D.R.
(2020). Some features of drilling technology with PDC bits. Naukovyi Visnyk
Natsionalnoho Hirnychoho Universytetu, 3), 13-18.
https://doi.org/10.33271/nvngu/2020-3/013

2. Drilling and operation of oil and gas wells in difficult conditions :
monograph / 0.0. Aziukovskyi, Ye.A. Koroviaka, A.O. lhnatov; Ministry of
Education and Science of Ukraine, Dnipro University of Technology. — Dnipro:
Zhurfond, 2023. — 159 p.

3. TI'aakeBuy, B. @., [Tamenxko, O. A., & Kuba, B. f. (2015). Brutus BibOpartiii
Ha OypoBul iHCTpyMeHT. BiOpaliii B TexHilll Ta TEXHOJOT1X, (4), 132-135.

4, TMamenko, O. A. Illngxu mniABUINEHHS HAIIMHOCTI Ta €(PEKTHUBHOCTI
OypoBoro oOmanHanHg. In ®@opym ripuukiB—2016: Marepianu MiKHAp. KOH(}., M.
JIHinponeTpoBChbK (pp. 5-6).

5. lhnatov, A., Koroviaka, Y., Rastsvietaiev, V., Tokar, L. (2021).
Development of the rational bottomhole assemblies of the directed well drilling. Gas
Hydrate Technologies: Global Trends, Challenges and Horizons — 2020, E3S Web of
Conferences 230, 01016 (2021). https://doi.org/10.1051/e3sconf/202123001016

6. Ilamenko, O. A., & Xomenko, B. JI. (2011). Bu3naueHHs oNnTHMaIBEHOTO
KpOKY PpI3I[IB Yy MOpPOAOpPYHHIBHOMY 1HCTpyMeHTi. IlopomopyilHiBHMII  Ta
METAJIO00pOOHUN IHCTPYMEHT - TEXHIKa Ta TEXHOJOTiS HOTro BHUTOTOBJICHHS Ta
3aCTOCYBaHH.

7. Shapoval, V.G., Pashchenko, O.A., Zhilinska, S.R., Khomenko, V.L.,
Ivanova, H.P. (2021). Application of shashenko criterion to predicting the strength of
sandy loam soils during horizontal directional drilling. Inctpymenrtanbhe
Marepiano3HaBcTBO: 30ipHUK HaykoBux nparbs IHM im. B.M. bakyns HAH VYkpainan,
24, 114-120. http://www.ism.kiev.ua/images/24 2021.pdf

8. Yevhenii Koroviaka, Artem Pavlychenko, Andrii lhnatov, Valerii
Rastsvietaiev. Developing Parameters of Well Construction Method in Terms of Thick
Sediments. Aspects Min Miner Sci. 10(1). AMMS. 000730. 2022.
DOI: 10.31031/AMMS.2022.10.000730

9. TpaucrioptyBanHsa HadTH, HAPTONPOIYKTIB 1 Tra3y: HaB4. 1mocid. /
JLH. upin, O.B. [Jenumenko, C.€. bapramescokuii, €.A. Koposska,
B.O. PacuperaeB; M-Bo ocBith 1 Hayku Ykpainu; Hai. TexH. yH-T. «JIHIpoBChKa
nomTtexHikay. — Juinpo: HTY «/I1», 2019. — 203 c.

69
Mamepianu 79-i cmyodenmcokoi Haykoeo-mexHiunoi kongepenuii « Tusicoenv cmyodeHmcokor Haykuy


https://doi.org/10.33271/nvngu/2020-3/013
https://doi.org/10.1051/e3sconf/202123001016

HIACEKIIA — SPE STUDENT SECTION. PETROLEUM ENGINEERING

TECHNOLOGY OF DRILLING A VERTICAL EXPLORATION AND
EVALUATION WELL
Dnipro University of Technology

Levandovych Artem Romanovych, group 185-20-1 FNST
Supervisor: Doctor of Science, Professor Davydenko O.M.

Energy independence is one of the main priorities of modern Ukraine, which
requires active work to find and develop its own energy sources. In this context, the
country's gas fields are of great value, helping to reduce dependence on imported
resources and improve energy security. One of the relevant directions in this process is
the drilling of wells for natural gas in promising areas [1, 2, 3].

Drilling a well is a relevant and promising project that will contribute to the
development of the energy sector of Ukraine, improvement of the environmental
situation and creation of new jobs in the region. The implementation of this project
requires the coordination of efforts of relevant bodies, scientific institutions and the
private sector in order to optimize the drilling process, ensure safety and maximize the
efficiency of mineral extraction. A strategic approach to the implementation of the
project, modern technologies and consideration of environmental and social aspects
will allow to achieve the desired results and contribute to the sustainable development

of the region [4, 5].
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Fig. 1 Well design

1 - referral; 2 - conductor; 3 - intermediate column; 4 - operating column; 5 -
filter; 6 - productive layer
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Drilling of vertical wells is an important component in geological exploration
and oil and gas production processes. This process requires the use of specialized
equipment and technologies to achieve successful results. Here is an overview of some
of the key technologies used in vertical well drilling:

Rotary Drilling: This is one of the most common drilling methods where a rotor
IS used to rotate the drill bit. This method is effective for different depths and types of
soil.

Percussion Drilling: This method uses shocks transmitted to the well to disrupt
the soil. This method is effective when working with hard soils or performing
geological studies.

Hydrodynamic drilling: It uses a stream of fluid flowing through the well to
break up the soil. This method is often used when drilling in soft soils.

Hybrid methods: Some modern technologies use a combination of different
methods to optimize the efficiency and effectiveness of drilling.

An exploratory well is a key stage in the process of exploration and
development of oil and gas fields. Here are some of the needs and goals it addresses:

Field discovery: An exploratory well helps identify potential oil and gas deposits
by penetrating underground formations and taking soil samples.

Potential assessment: This well allows to estimate the volume and quality of oil
or gas contained in the formations under investigation.

Research of geological conditions: By analyzing the obtained data, it is possible
to determine the geological properties of underground formations, their composition,
structure and other parameters.

Planning for further actions: The results of the exploratory well are used to
develop strategies for further drilling and production of oil or gas.

Financial evaluation of the project: Information obtained during the exploration
and evaluation well helps to make financial evaluations of the project and determine its
economic feasibility.

Drilling vertical exploratory wells requires a complex of technical solutions and
high-tech equipment. Here are some key aspects of this process [6, 7]:

Site selection: Before drilling, it is important to conduct geological studies and
analyzes to determine the optimal location for the well.

Equipment Preparation: Drilling begins with the assembly and setup of the rig,
including the installation of the derrick, mechanical tools, and control systems.

Choosing a drilling method: Choosing a drilling method depends on geological
conditions, the depth of the well and other factors. Methods of rotary drilling or
drilling with the use of drill strings are usually used.

Parameter control: During drilling, it is important to constantly monitor
parameters such as pressure, temperature, rotation speed and fluid flow to ensure the
safety and efficiency of the process.

Data processing and analysis: Information obtained during drilling is subjected
to further processing and analysis to evaluate geological conditions, potential deposits
and other parameters.
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Environmental protection: During drilling, all environmental standards and
safety measures must be followed to avoid negative impact on the natural
environment.

Environmental factors can significantly affect the process of drilling vertical
wells. Some of the most important factors include:

Geological conditions: Different types of soils, rocks and geological formations
can complicate the drilling process by increasing resistance and wear resistance.

Hydrogeological conditions: The presence of water during drilling can lead to
flooding of the well, loss of stability of clay rocks or clogging of drill strings.

Weather conditions: Extreme weather conditions, such as high winds, rain or
cold, can affect the rig's efficiency and worker safety.

Environmental requirements: Environmental requirements restrict the use of
certain technologies and materials during drilling, which can affect its efficiency.

Local regulations and safety standards: Different countries and regions may
have their own regulations and standards that govern the drilling process in order to
ensure the safety of workers and the local environment.

In the process of drilling vertical exploratory wells, it is important to consider
various factors that can affect the efficiency and safety of this process. Geological
conditions, hydrogeological conditions, climatic conditions, environmental
requirements and local regulations and safety standards are key factors to consider
when planning and executing drilling operations. Taking these factors into account
will ensure the successful completion of the well drilling task and minimize its impact
on the environment. Correct planning, use of appropriate technologies and compliance
with safety requirements will allow to achieve successful results in drilling vertical
exploratory wells.
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The topic of the development of the oil industry is extremely relevant today. The
economy, of course, depends on the state of the mineral and raw material complex, and
especially the oil and gas complex. The oil and gas complex today is: 10% of the
country's industrial production; 19% of budget revenues; 29% of all exports; 2 largest
vertically integrated oil companies (87% of all oil production); 37 medium and small
enterprises (9.9% of total oil production); 12 joint ventures with foreign participation.
[1]. We can come to the disappointing conclusion that the efficiency of pipelines
affects the country's economy. It follows from this that the development and
improvement of pipeline construction is the main direction in solving the problem of
oil and oil products transportation. Therefore, intensive development in the field of
pipeline construction will naturally affect the development of the entire economy of
our country in general. The future economy of the country largely depends on the pace
of development in the direction of pipeline construction.

Currently, only if oil prices remain high, oil companies have at their disposal the
necessary resources for financing investments in fixed capital, i.e. development of
pipeline construction. The uniqueness of the situation is that large-scale involvement
of direct Western investments in the complex is currently not needed [2].

The technology of construction of main pipelines in difficult conditions based
on methods of technical land reclamation includes construction works along highways
and access roads, pipeline ballasting, shore fortification works and is intended for the
construction of pipeline transitions through water obstacles, in swampy and
waterlogged areas. The basis of the technology is the use of local mineral soils, fixed
with organic viscous substances, and synthetic materials as building materials. The
main technical and economic indicators of the developed technological schemes:
consumption of binder for 1 km of pipeline - binder 200 tons; for 1 000 m2. coastal
fortification - 50 tons, per 1 km. roads - 300 t.

Construction and assembly work must be performed in accordance with the
requirements of the working drawings, the work execution project, and the regulatory
and technical documentation specified in these documents [3].

The production of the main works is allowed to start after the completion of
organizational measures, preparatory works and obtaining written permission from the
customer to perform works in the protection zones of main pipelines. It is prohibited to
carry out subsequent works in the absence of reports of inspection of previous hidden
works. During the execution of works at intersections with existing pipelines, fire, gas-
hazardous, and other high-risk works must be carried out with the issuance of a permit
for fire works in accordance with the requirements [4].

Quality control of construction and assembly works must be carried out by
special services equipped with technical means that ensure the necessary reliability and

completeness of control.
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Work on lifting and laying the pipeline in the trench should be carried out after
the trench has been designed and the quality control of the insulating coating of the
insulated pipeline has been carried out. Lowering the pipeline should be carried out
after the joints have completely cooled. Before laying the pipeline in the trench, the
integrity of the coating should be checked using a spark gap detector (DI74, DEP-1,
Holliday detector, etc.).

The laying of the pipeline in the trench should be performed by pipe-laying
cranes by lifting the whip, moving it into the trench and laying it freely on the bottom
of the trench in accordance with the requirements [5, 6]. The pace of laying the
pipeline in different sections is assumed to be 100-200 m per shift.

Laying of the insulated pipeline is carried out in one of two ways:

- inacontinuous way, which involves the use of trolley suspensions;

- in a cyclical way, involving the use of soft installation towels of the PM
type.

When using cyclic methods, two methods of their implementation are possible:

- the "interception™ method, when pipelayers are installed along the way, the
pipelayer moves close to the penultimate one, relieving it of the load. He, in turn,
moves forward, close to the previous pipelayer. One complete laying cycle ends when
all pipelayers take a new position, after which the next cycles are performed in the
same sequence until the entire section of the pipeline (whips) is laid in the design
position.

Fig. 1 Arrangement of machines and mechanisms when laying a pipeline in a
combined trench
1 - dump of mineral soil; 2 - section of the pipeline to be replaced; 3 — the section of
the pipeline is laid again; 4 — inventory beds (earthen bollards); 5 — pipelayer; 6 —
bulldozer; 7 - dump of fertile soil layer

CT ballasts are filled with mineral soil in a quarry or on a site near the track. A
loose material is used to fill the weights

mineral soil with the size of fractions no more than 50 mm. It is not allowed to
mix peat, snow, ice and plant waste (leaves, roots, branches, grass, etc.) with the
mineral soil.

To fill the containers, the set of necessary equipment should include a hopper
mobile device. Before loading with soil, the bottom of the CT containers should be 30-
50 cm higher than the ground to avoid the formation of folds and uneven loading of
the containers. Soil is poured into the bunker with an excavator. Weights filled with
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soil are delivered to the track by motor vehicle and stacked on the edge of a swamp or
a flooded area [5, 6].

Delivery of weights to the place of hanging is carried out by a pipelayer.
Weighting of the weight on the pipeline is carried out with the help of a traverse and 2
universal slings. Weighting weights on the pipeline is carried out in such a way that
they assume a horizontal position, in which the axes of the cylindrical containers of the
CT weighting are located parallel to the pipe, and the central seam of the weighting is
located along the upper forming pipe [6, 7].

Backfilling of trenches with soil in the locations of CT weights, when the trench
is filled with water, should be carried out with a single-bucket excavator. The
bulldozer should be used only to complete the filling of the trench in the areas between
the ballasts and the formation of the ridge.

After the completion of construction and installation works, the contractor under
the control of the commission must carry out cleaning of the pipeline cavity, passing
the scraper, hydraulic tests and freeing the pipeline from water. The contractor must
obtain a permit in accordance with the established form to perform the specified
works.
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The fracturing process can be divided into three stages: creating a crack,
maintaining it in an open state, and pumping the fracturing solution from the well.

In order to create a crack in the formation, it is necessary to increase the rock
breaking factor. This is achieved by pumping a certain solution into the formation at a
rate faster than the one at which the formation could accept. The pressure of the
injected liquid is increased until the compressive forces in the formation increase and
the rock does not break [1, 2].

When a crack appears, proppant is added to the solution, which is carried into it
by the flow of liquid. The concentration of proppant will increase until it provides a
good crack seal. When the process is complete, the pressure is reduced, the proppant
holds the fracture open and conducts reservoir fluids.
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Fig. 1 Hydraulic fracturing

Before starting oil production from the well after fracturing, the solution used
for fracturing should be pumped out. Thickening additives must be removed from the
hydraulic fracturing solution. Deep temperatures can vaporize this solution, making it
easier to extract. All thickened solutions injected into the well have a break point, so it
Is important to follow the scheme [3, 4].

The fracturing technology includes the following main stages:
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. fracturing parameters are calculated: volumes of fracturing fluid, fluid-
sand carrier, filler and supplied liquid;

. the well is prepared - special fittings are installed; let downpacker;

. depending on this, the number of pumping units required for hydraulic
fracturing is set;

. the process of injection of fracturing fluid into the well should be carried
out with a productivity that exceeds the absorption capacity of the well by 3 times;

. after fracturing the formation, liquid is fed into the well-sand carrier;

. after the end of liquid injection-sand carrier fluid is supplied to the well to
pump the sand carrier fluid into the formation.

Fluids that do not differ from formation fluids are used as fracturing fluid. In
order to reduce the filtering properties and increase the wedging effect, the viscosity of
fracturing fluids can be increased by the addition of various thickeners [5, 6].

Work agents must meet the following requirements:

1. Should not reduce the permeability. At the same time, depending on the
category of the well (extraction; injection; extraction, converted to water injection),
working fluids of different nature are used.

2. The contact of working fluids with the rock or with reservoir fluids should
not cause any negative effects physicochemical reactions, except for the use of special
working agents with controlled and directed action.

3. They should not contain a significant amount of extraneous mechanical
impurities (that is, their content is regulated by each worker agent).

4.  When using special working agents, for example, oil-acid emulsion, the
products of chemical reactions must be completely soluble in formation products and
not reduce the permeability.

5.  The viscosity of the working fluids used must be stable and have a low
solidification temperature in winter (otherwise the fracturing process must be carried
out using heating).

6. Must be available, not in short supply and inexpensive.

The sand-carrying liquid should have the ability to keep the fracture-sealing
agent in suspension and penetrate well into the formation. Viscous liquids are used for
this - oil, emulsion, sulfite - alcohol bard [7].

The proppant acts as a support fracture, forming fractures with sand with a
certain size of high conductivity, so that oil can easily flow into the well through the
fracture and increase the production and injection effect [8].

The proppant is designed to prevent the crack from closing after the end of
injection. Proppant is added to the quench fluid and pumped in with it. In the
production of hydraulic fracturing, in order to regulate settling processes, methods of
proppant injection of various fractions are used. An example of such technology can
be the injection of the main volume of sand or medium-strength proppant type 20/40,
followed by the injection of medium- or high-strength proppant type 16/20 or 12/20 in
the amount of 10-40% of the total volume. At the same time, the following goals are
achieved [9, 10, 11].

. fixing the crack with high strength proppant in the vicinity of the well,

where the compression stress is the highest;
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. reducing the cost of operations, as ceramic proppants are 2-4 times more
expensive than sand;

. creating the greatest conductivity of the crack at the edge a hole, where
the speed of fluid filtration is maximum;

. prevention of carry-out proppant into the well

The main proppant used in the deposit is quartz sand and expanded clay. If the
closing pressure exceeds 40 MPa, only expanded clay will be selected. Proppants are
selected according to well depth and shut-in pressure.
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Horizontal drilling is used for pipelines of medium and large diameters. Drilling
of wells is carried out by horizontal drilling rigs, which involve preliminary
development of the soil with the device of wells in the soil of a larger diameter than
the pipe being laid. This method is not recommended for use on weak (water-saturated
and loose) soils in order to avoid subsidence of the road surface [1, 2].

The effectiveness of the use of screw installations depends on the correct choice
of the design and operating parameters of the installations.

More productive and widespread are unified horizontal drilling auger
installations (UGB or GB), which combine the processes of drilling, laying protective
casing pipes with continuous removal of soil from the hole (Fig. 1).
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Fig. 1 Schematic diagram of UGB and GB type installations:
1 — cutting head; 2 — stubborn anchor; 3 — polyspast; 4 — screw; 5 — frame;
6 —winch; 7 — cardan shaft; 8 — internal combustion engine; 9 — auger drive shaft;
10 — clamps; 11 - pipe being laid; 12 — pipelayer

With the help of UGB and GB installations, it is possible to lay pipelines in soils
up to IV group with a diameter of 325.1420 mm and a length of 40...60 m, with the use
of additional equipment up to 120 m. Drilling speed from 1.5.1.8 m/h to 12.7.19.0 m/h

The process of drilling a well and laying a pipeline with the help of type, UGB
and GB installations is as follows: during laying, continuous mechanical drilling of the
well is carried out by a milling head, and removal of loose soil is carried out by a
screw conveyor [3, 4].

Working parameters are considered to be: rotation frequency of the auger and
the cutting head; drilling speed, feed and chip thickness; coefficients of soil loosening,
cross-section filling and auger volume; the performance of the auger conveyor, the
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power and energy consumption of cutting and transporting the soil, the effort to feed
the cutting head and push through the casing [5].

The PM-800-1400 machine is designed for laying pipes with a diameter of up to
1420 mm in any soil conditions, except for floats and rocks (Fig. 2).

& H——3H

¥

Fig. 2 Scheme of the machine for trenchless laying of pipes PM-800-1400:

1 - cutting head; 2 — scoop; 3 — block clamps; 4 — supporting wall; 5 - guide

frame; 6 — admiration; 7 - unloading and traction device; 8 - supply winches; 9 —
capacity; 10 - loading check valve

The installation with the installed power of electric motors of 24.6 kW can lay
pipes up to 100...120 m long with an average productivity of up to 15 m/shift. In the
process of advancing the pipe, the soil is pulled out of it using a scoop, which after
loading is pulled out of the pipe using special devices, unloaded either into a pit or into
a container.

It is also possible to use PVA-320-type grain drills with a maximum drilling
length of 120 in soils up to VI gr. The work technology is similar to horizontal drilling
installations and consists in drilling a pilot well of a small diameter (up to 180...200
mm) and mechanical drilling with an auger to the required diameter with simultaneous
pressing of the protective casing.

When choosing an oil pipeline route, prospective development of settlements,
industrial and agricultural enterprises, roads, railways and other facilities, as well as
the conditions of construction and maintenance of the oil pipeline, are taken into
account.

According to [6] and [7], among the dangerous geological processes and adverse
engineering-geological phenomena in the studied territory, flooding by underground
water and flooding by surface water, waterlogging, frost heaving of the soil, seismicity
of the territory are noted.

Main pipelines are calculated using the method of limit states. The limit state is
the state at which the normal operation of the calculated structure becomes impossible.
The first, second and third limit states are distinguished. The first limit state is called
the one when the structure under consideration loses its bearing capacity, or, what is
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the same, the ability to resist the forces applied to it, i.e. is collapsing The second limit
state is characterized by excessive, inadmissible residual deformations or vibrations
during operation. The third limit state is determined by excessive cracks that are
unacceptable during operation. Neither when reaching the third, nor when reaching the
second, the structure is not in danger of destruction, its strength and stability are
preserved [8].

Main pipelines laid in the ground are calculated according to the first limit state,
I.e. accept that the greatest effort experienced by the pipeline should not exceed its
bearing capacity.

For a pipeline laid in the ground, reaching the yield point does not mean loss of
performance. The pipeline can be successfully operated until the stresses in it reach the
strength limit. When calculating the strength, it is assumed that it is perfectly round.
Only internal pressure (the main effect) is taken into account.

The readiness of the pipeline to accept operational loads is checked by hydraulic
tests.
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According to the Law of Ukraine "On Waste Management”, "...the waste
management hierarchy is implemented by central and local executive authorities, local
self-government bodies, enterprises, institutions and organisations in order to (in order
of priority)

1) prevention of waste generation;

2) preparation of waste for reuse;

3) recycling;

4) waste recovery (including energy production);

5) waste disposal...".

Drilling waste includes drilled rock or drill cuttings, spent drilling fluids, and
drilling wastewater. Drilling also produces other wastes, but their volumes are
relatively small. All three of these components of drilling waste contain water,
particles of drilled rock, drilling mud components and sometimes oil (or other
hydrocarbons) in varying proportions, which may be included in the waste when
passing through oil-bearing formations or added as a lubricant to the drilling mud. The
composition of drilling waste mainly depends on the geological section (rocks), type of
drilling fluids and chemicals used to treat the drilling fluids.

In Ukraine, there are two methods of drilling oil and gas wells: pit and pitless.
With pit drilling, drilling waste is collected, stored, neutralised, solidified and disposed
of in waterproofed sludge pits directly at the drilling site. In the case of pitless drilling,
drilling waste is accumulated in containers and metal tanks and transported to other
locations (pits, storage facilities, landfills) for treatment or disposal.

The vast majority of wells are drilled in the Dnipro-Donetsk Basin (Chernihiv,
Sumy, Poltava and Kharkiv regions).

Drilling mud in a well performs a number of different functions, including

removal of drilled rock from the well;

cooling the bit while it is working on the bottom hole;

erosion of rock on the bottom hole;

strengthening of well walls, etc.

Thus, the composition of spent drilling fluids also depends on the geological
section, water, salts and chemicals used to treat the fluid.

Drilling wastewater can include rain and melt water, especially if the drilling
sites are poorly planned, from which this water can flow into the pits. In addition, there
may be irrational water use by drilling crew members. It should be noted that pitless
drilling produces much less liquid waste, but the cost of transporting drilling waste
Increases.

Calculate the volume of drilled rock formation
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Well construction
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Fig. 1

Consider the (approximate) well design (Fig. 1). As can be seen from the figure,
drilling for each casing is carried out with different bit diameters. Volume of rock
drilled:

Vgr = 0,785 * Fc * (Dy; * ai)? * Li, (1)

where Fc is the rock compaction factor, 1.2;

Dy; - bit diameter in the drilling interval, m

ai - average well cavity ratio;

Li - drilling interval, m, including intervals:

0-20 m Vg = 0,785 * 1,2 (0,660 * 1,10)2* 20 =10 m®
20-1000 m Vg4 = 0,785 * 1,2 (0,406 * 1,10)? * 980 = 185 m®
10004800 m Vg4 = 0,785 * 1,2 (0,311 * 1,04)? * 3800 = 375 m®
4800-5100 m Vg = 0,785 * 1,2 (0,200 * 1,27)2* 300 = 19 m®
Total = 589 m?

When cleaning the drilling mud, not all of the drilled rock is removed. For
example, the following indicators are used for calculation: the degree of cleaning on a
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vibrating screen is 20%, on a hydrocyclone and sludge separator - 20%, on a
centrifuge - 20%, and settling in troughs and receiving tanks - 15%. The total is
approximately 75%. Thus, the total volume of drilled rock separated from the drilling
mud for this well is

Vg =589 m® * 0,75 = 442 m3,
Let's calculate the volume of these soft clay rocks:
Vgr = (10 m® + 185 m® + 375/2) x 0,75 = 300 m®

From a depth of 2900 m, sandstones, siltstones, mudstones, shales, and
limestones are strong. The volume of these strong rocks is from 2900 to 5100 m:

Vg =442 m*-300 mé =142 m®

According to the calculation, the volume of spent washing fluid will be 1641 m?.
In addition, the volume of mud for well testing - 154 m3,

The volume of drilling wastewater will be 3,282 m3,

The total volume of drilling waste for the well with a design depth of 5100 m is
estimated to be approximately

Vaw = 442 + 1641 + 154 + 3282 = 5519 m3,

As can be seen from this calculation, the vast majority, almost 89%, is liquid
and semi-liquid drilling waste (Fig. 2). Moreover, solid and semi-solid waste for this
well is only 442 m3, or 8 %. Exceptionally hard - 142 m3, or = 2.6 %. It should be
noted that, depending on the technological discipline, the volume of liquid waste at
different drilling rigs may be significantly less than the estimated amount.

Percentage of drilling waste from the well:
DC/SDF/MWT/DW

mDW =mSDF mDC = MWT

Fig. 2

In accordance with the waste management hierarchy, measures are taken at most
wells to prevent the generation of drilling waste. The drilling site is planned to
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minimise rain and melt water from entering the cuttings pits. The pits are usually
bunded. Water consumption is recorded. Wastewater is used to wash equipment and
treat drilling fluids, etc.

Drilling wastewater is pre-treated to prepare it for reuse. Spent drilling fluids are
also treated and recycled accordingly and can be transported to other wells for use.

The main methods of drilling waste treatment are thermal, chemical,
biochemical (biological), physical, physical and chemical, and others.

Thermal method.

This method is quite common. It includes drying, pyrolysis, thermal desorption,
electric fire treatment, thermolysis, and heat treatment.

This method does not require any preliminary preparation (cleaning from debris,
stones, oil products). The volume of the processed product is several times smaller
than the initial volume of drill cuttings.

The method of thermal treatment of drill cuttings is generally a rather expensive
process, and mainly burns (dries) the water contained in it and sintered rock.
Moreover, drilling cuttings are not classified as hazardous waste that must be
incinerated.

Physical disposal method. It is based on changes in the physical properties of
drill cuttings under the influence of various factors.

The following processes can be conditionally distinguished:

gravity settling;

separation in a centrifugal field;

separation by filtration.

Physical and chemical methods. This method is based on the use of
flocculants, coagulants, etc. that change the physical and chemical properties, followed
by treatment with special equipment.

In Ukraine, physical and chemical methods of drill cuttings treatment are most
commonly used. Vibrating screens, hydrocyclones, sludge separators and centrifuges
are used to separate drill cuttings from the drilling mud and discharge them into sludge
pits, where they are neutralised, solidified and disposed of using various preparations.

References

1. Yupasininas Biaxomamu Oypinas (2023) Odic Cramux Pimens. Available at:
https://ukraine-oss.com/articles/upravlinnya-vidhodamy-burinnya-problema-chy-
mozhlyvist/ (Accessed: 19 April 2023).

2. Muxaiinosceka, O. B. (2023). CyuacHi TexHONOTIl HeWTpami3amii BiIXO/iB
OypiHHSL.

3. Abneena, 1. 10., ITnanyk, JI. 1., & byasonwuii, O. I1. (2014). HocmimxeHHs
CKJIay Ta CTPYKTYpH OypOBOTO IIIaMy 3 METOIO OOTPYHTYBaHHSI BUOOPY METOY HOTro
noAanbinoi yrumizamii. Bichuk KpeMeHuylbKOro HalioHaabHOTO YHIBEPCUTETY IMEHI
Muxaiina Octporpaacskoro, (2), 172-178.

87
Mamepianu 79-i cmyodenmcokoi Haykoeo-mexHiunoi kongepenuii « Tusicoenv cmyodeHmcokor Haykuy



HIACEKIIA — SPE STUDENT SECTION. PETROLEUM ENGINEERING

HYDROFRACTURING OF THE FORM WITH THE INSTALLATION
OF A GRAVEL FILTER
Dnipro University of Technology

Tokar Oleksandr Anatoliyovych, group 185-20-1 FNST
Scientific supervisor: Ph.D., head of the department Korovyaka E.A.

Hydraulic fracturing is a crucial stage in modern oil and gas production,
providing increased productivity of wells and optimization of the natural resource
extraction process. This technological process allows to increase the permeability of
the layer, which in turn increases the amount of extracted oil and gas. Hydraulic
fracturing makes it possible to achieve effective removal of valuable resources from
deep rock formations where they are located in difficult conditions [1].

One of the key advantages of hydraulic fracturing is the possibility of increasing
the productivity of wells, which allows more efficient use of oil and gas deposits. This
process also helps to increase the yield of oil and gas, which is critical for meeting the
energy needs of modern society. In addition, hydraulic fracturing allows to reduce
production costs and increase the efficiency of using natural resources [2, 3].

In the context of modern technologies and requirements of the energy market,
hydraulic fracturing is an integral part of the oil and gas production process. Its
importance lies in ensuring stable and efficient extraction of valuable energy resources,
which is of great importance for the country's economy and energy security.

Before starting the hydraulic fracturing procedure, the well and the equipment
for working under high pressure are thoroughly prepared. This stage includes checking
the technical condition of the equipment, preparing the fracturing fluid, and installing
the necessary control and safety systems [4].

During hydraulic fracturing, fluid under high pressure is injected into the
formation, which leads to the expansion of cracks and increased permeability for
further oil and gas production. This process makes it possible to increase the
productivity of wells and optimize the production process, ensuring the efficient use of
natural resources.

They distinguish [5, 6]:

- Traditional fracturing operation - liquids are pumped into wells at high
speed and under higher pressure, which transforms the pressure by undermining the
filmfilm is formed by downloaded advertising material - proppant, which confirms its
closure [3].

- Multistage fracturing is one of the newest technologies in the oil
industrybranch, most effective for horizontal wells. It is used both on traditional stocks
and on hard-to-remove stocks. The technology of this type of hydraulic fracturing
includes the hydropekojet transmission with the help of liquid-computer flexible
bottles with subsequent disclosure. and within the framework of one operation. This
technology makes it possible to reduce the time required to develop a well, speed up
its commissioning, and stimulate the withdrawal of reserves from the board. The
difference between this technology and the traditional hydraulic fracturing operation is

the regular conduct of several hydraulic fracturing operations [8].
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- Ring shielding technology is a type of fracturing operation in which small
cracks are created (of the order of several tens of mma3). Such an operation is
performed on vykokokobit wells to reduce the flow rate and its turbulence in the
decorated zone of the well, as well as.

- Acid fracturing - in this percentage, the acid is stored under a pressure
sufficient for the formation and development of a crack, during the reaction of the acid
with the rock. Deep highly conductive channels that provide increased inflow to the
wellbore remain after the load is removed and the crack is closed [3].

- Hydraulic fracturing with an installed gravel filter is the performance of

two separate procedures: hydraulic fracturing of the plate and installation of gravel.
Anti-  Stabilisateur Désémulsifiants

Geélifiant corrosion  depH Réticulants
/ Agent de contrdle du fer,
‘/’J’_,’_,_._/-— Inhibiteurs de corrision

Chlorure de Biocides
potassium

Acides

reducteurs de friction

Fig. 1 Proportions of different chemical agents used in the fracturing fluid
additive (for the case presented, in the Fayetteville Shale reservoir in the United States

[7]

Hydraulic fracturing technology with a gravel filter is an important tool in
modern oil and gas production. Its application allows to achieve optimal results in
increasing the productivity of wells and to ensure a stable and efficient process of
extraction of natural resources [8].

One of the key advantages of using hydraulic fracturing technology is increasing
the productivity of wells. This method makes it possible to increase the production of
oil and gas from each well, which in turn leads to an increase in total production and
an improvement in the efficiency of production operations.

Hydraulic fracturing of the formation helps to increase the production of oil and
gas by improving the permeability of the formation. This process makes it possible to
increase the permeability of rock formations, which in turn ensures a more efficient
and stable process of extracting valuable energy resources [9].

The use of hydraulic fracturing technology also contributes to the optimization
of oil and gas extraction processes. This method makes it possible to increase the
efficiency of mining, reduce costs and improve the overall productivity of mining
facilities.

Hydraulic fracturing technology is extremely important in modern oil and gas

production, bringing significant benefits in the form of increasing the productivity of
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wells, increasing oil and gas production, as well as optimizing the processes of
extracting valuable energy resources [10].

The technology of hydraulic fracturing with the installation of a gravel filter is a
key stage in modern oil and gas production, bringing significant benefits in terms of
increasing the productivity of wells, improving the permeability of the formation and
ensuring a stable and efficient process of extraction of natural resources.

This method allows you to achieve optimal results in increasing the productivity
of wells, which in turn leads to an increase in oil and gas production. Improving
reservoir permeability through hydraulic fracturing helps to more efficiently remove
valuable resources from deep rock formations, ensuring a stable and efficient mining
process.

In general, hydraulic fracturing technology with a gravel filter is an integral part
of modern oil and gas production, providing optimal conditions for the effective use of
natural resources and ensuring the country's energy security.
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Fedyk O. M., Assistant of the Well Drilling Department

The basis of coiled tubing technologies is the use of a flexible metal pipe, which
is wound on a drum and lowered and raised from the well by a special unit (Fig. 1: a,
b).

The mobility of coiled tubing installations makes it possible to effectively use
them in remote deposits, especially marine ones, to develop an individual scheme of
repair, development, and maintenance for each well.

Many companies in the world develop and manufacture coiled tubing
equipment. The products of each of them have their advantages and disadvantages.
Among the most famous companies are «Halliburton», «Schlumberger», «B. J.
Services», and many others.

Mobile coiled tubing installations are intended for conducting technological
operations with coiled tubing pipes with a diameter of 19.05 to 73 mm in oil and gas
wells [1]. These installations are produced by the specific conditions of the customer,
depending on the climatic and territorial conditions of operation, according to the
technical parameters of the planned works. They are also equipped with additional
equipment and adaptations.

R
\
~
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14 13 11
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& &) & DI 0

1 — towing vehicle; 2 — operator's cabin; 3 — drum with a column of flexible
pipes (CFT); 4 — compiler of the CFT; 5 — column of flexible pipes (CFT); 6 — guide; 7
— conveyor; 8 — wellhead sealer; 9 — preventer; 10 — conveyor support; 11 - wellhead
equipment; 12 - well mouth; 13 - pumping unit; 14 — the frame of the winch
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IS

Column of flexible
pipes (CFP)

Dull dies
Cutting dies
Holding dies
Pipe dies

Figure 1 Mobile coiled tubing installations based on the chassis of a car (a)
and a semi-trailer (b)

Coiled tubing technologies today meet world standards and their use facilitates
the following technological operations, namely:

- the tightness of the wellhead is ensured at all stages of intra-well operations;

- all operations related to the inflow and development of the well are performed;

- it is possible to carry out work in oil and gas wells without their preliminary
silencing;

- the time for preparatory and final operations during repair works in wells is
reduced;

- reduction of time for lowering and raising internal well equipment is ensured,;

- drilling, lowering of tools and devices, as well as the execution of underground
repair operations in a horizontal or rather curved well are provided;

- the working conditions of employees improve;

- environmental safety is ensured because it prevents losses of formation and
process fluids in a closed circulation system.

The technology gas-lift method of well development is used when there is a
need to reduce the back pressure on the formation, caused by the presence of a
quenching liquid or drilling fluid in the well, which remained after drilling operations
or overhaul of the well. Works are performed when inflow is induced in oil and gas
wells [1, 2].

Let's consider separately the layout of the gas lift equipment, which is shown in
Fig. 2.
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Figure 2 Layout of gas lift equipment

1 - technological liquid; 2 - a mixture of nitrogen and technological liquid; 3 —
gaseous nitrogen; 4 - wellhead equipment; 5 - injector; 6 - coiled tubing wound on
drum 10; 7 - nitrogen storage tank; 8 - the control system for the operation of coiled

tubing installation (aggregate) units; 9 - container for collecting technological
(reservoir) fluid extracted from the well; 10 - a drum with a coiled tubing pipe; 11 -
throttle; 12 - injector drive; 13 - power plant (drive); 14 - compressor for injecting
gaseous nitrogen; 15 - coiled tubing lowered into the middle of the tubing string 16;
16 — tubing column; 17 — packer; 18 — productive layer

At the same time, the following equipment and materials are used: coiled tubing
installation; source of inert gas; nitrogen injection compressor; drainage capacity (if
for some reason it is not possible to use the pipeline of the well production collection
system); South Africa.

The diameter of the coiled tubing pipe is chosen based on the calculation that the
hydraulic resistance of the pipe and the ring channel between it and the column of
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elevator pipes correspond to the required flow rate of the process fluid (or gas), which
ensures the removal of the damping fluid.

At the same time, it is necessary to take into account the additional pressure
caused by the hydraulic resistance of the ring channel, which affects the productive
layer, because, during the process, the danger of absorption of the technological liquid
or gas by the productive layer increases [3].

The technology for the process of causing formation fluid inflow is reduced to
the following (Figure 2):

- the operation involves the descent into the cavity of the tubing string 16 of the
coiled tubing pipe 6, through which gas (nitrogen), aerating liquid is supplied to the
well: Due to the decrease in the density of the liquid 1, it is lifted and removed from
the well (as a result of the decrease in hydrostatic pressure, gas (oil) from of productive
layer 18 enters the well). Mixture 2 rises through the annular space between the coiled
tubing pipe 15 and the tubing string 16;

- gas injection begins immediately or when the coiled tubing is submerged no
more than 100 + 200 m during its descent and does not stop during the entire inflow
process: gas (nitrogen) is injected with a gradual increase in supply up to 14 + 20
m3/min, and the injection pressure gas (nitrogen) is constantly monitored and increased
when the pipe is immersed in liquid 1;

- first, liquid 2, which is in the column of lift pipes of tubing 16, begins to
aerate: if the described operation is carried out after carrying out work on the well,
which was preceded by its silencing, then, as a rule, it is mineralized technical water
or, in the worst case, clay drilling mud. Due to the reduction of hydrostatic pressure on
the productive layer, the inflow of liquid (gas) begins, which, together with the gas that
is pumped through the coiled tubing pipe, accelerates and in general improves the
process of removing the liquid from the well, which was filled with it at the time of
inflow.

To improve the foaming process of liquid 1 to be removed and increase the
efficiency of the development process, it is recommended to add surfactant.

However, you should pay attention to the following:

- after the descent of the coiled tubing pipe to the level of the lower perforation
holes, during the necessary period, ensure the operation of the gas lift;

- the gas lift process must continue until formation fluid begins to rise along the
column of tubing lift pipes. Then, continuing the supply of gas (nitrogen), the coiled
tubing pipe begins to rise gradually and smoothly;

- it is necessary to carefully control the composition of the liquid coming from
the well and the flow rate of the latter;

- after lifting the coiled tubing pipe to a depth of 100 + 200 m, if the gushing
process continues, then the supply of gas (nitrogen) to the well is stopped.
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An important direction in improving the operational characteristics of heat-
loaded parts and units is the increase in the working temperatures of the structural
materials from which they are made. The ability to operate in conditions of high
temperatures, high specific loads, and aggressive environments is largely determined
by the surface properties of the products [1]. Chromium-nickel steels and alloys are
widely used for manufacturing products operating in aggressive environments. To
obtain a protective coating that provides a combination of heat resistance with strength
and wear resistance, stainless steel 12X18H9 is used, the chemical composition of
which is given in Table 1. Steel 12X18H9 belongs to the class of structural cryogenic
steel and is one of the most common and demanded stainless alloys in the Ukrainian
market. The presence of a large amount of chromium gives steel 12X18H9 high
corrosion resistance, the material is also resistant to the effects of chemically active
compounds, has high mechanical strength and high weldability, is easily processed,
and is highly ductile even in extreme cold conditions.

Table 1. Chemical composition of the coating material, %

Ni Cr Mn Fe C Si P S
8-10 17-19 <2.0 Basis <0,12 | <0,8 | <0,035 | <0,020

Coating application can be carried out by several methods: flame or plasma
spraying, electroplating and vacuum-arc deposition. The vacuum-arc deposition
method provides the highest quality coating, high coating adhesion, and environmental
safety of production. The deposition principle consists of the condensation of ions
bombarding the surface of the part from metallic and gas plasma [2, 3]. The vacuum-
arc deposition method has a relatively low coating growth rate; it can apply coatings
with a thickness of 80—150 microns. The deposition rate can reach 0.1 microns per
minute. The deposition process consumes electrical power up to 6 kWh.

An interesting feature of the coating structure is the formation of a combination
of condensed and droplet phases (Fig. 1). By controlling the deposition process, it is
possible to change the properties of the condensed component of the coating, for
example, creating a nitrogenized high-strength phase with a hardness of about 1000
HV. The droplet phase is a particle of evaporator material with a hardness several
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times lower compared to the nitrogenized condensed phase. The distribution of the soft
phase in a strong coating prevents its brittleness, which is important for thick coatings.

Figure 1. Coating structure with a combination of condensed (dark) and droplet (light)
phases

A feature of the vacuum-arc deposition process is the heating of the part to a
temperature of 380450 °C. To prevent part annealing, it is desirable to use metals
with a recrystallization temperature of at least 500 °C.
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MATEMATHUYHOI MOJIEJII CUJIA PI3AHHSA
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B nmporeci BUKOHAaHHS JOCHIDKEHb JUHAMIKM TPOLECIB  MEXaHIYHOTO
00po6sIeHHST BUPOOiB MaMHOOY AyBaHHs B myOJikaltii [ 1] BUKOpHUCTaHI MaTeMaTH4HI
MOJICNI CKJIA0BUX CHJI pizaHHs. BkazaHi MaTeMaTH4yHI MOJIEl 3a3BUYai BIHOCSATHCS
710 KJIacy anpiopHUX 3aJICKHOCTEH.

Hamwu 3actocoBano 3anexHicTh (1).

P,(t)=Cp, - Hap™ (1)-S™ 1)V (M) , 1)

ne P, — ckianoBa cuiu pizanus, H.

Po3mmdpoBka mapameTpiB BKa3aHOi MOJIEJIl HABEJIEHA Jall.

ABTOpaMM [1aHOi pOOOTH 3 METOK aBTOMATH3alli BJIACHUX HAYKOBUX
JOOCIIKEHb PO3POOJIEHO BIPTYalbHUWA Mpuiaa (KaJlbKyJsATOp) A PO3pPaxyHKyY
bysakuii P,(t). Ilporpamuy peamizamito MatematuuHoi wmojemi (1) BHKOHaHO B

n}
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Pucynox 1 — IIporpamMunii KoJi CTBOPEHOTO BIPTyaIbHOTO MPUIIATY

Pe3ynbraTi  BOpPOBaKEHHS  PO3POOJICHOTO  BIPTYadbHOTO TPHIALY Y
HaBYAJBHUHN TIPOIIEC € TTO3UTUBHUMU.
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This article describes the following scientific results:

1.  The process of planing with a special cutting tool on a 5-axis CNC
machine for machining screw surfaces of liquid engine (pic.1) housings was proposed
for the first time.

Picture 1. CAD model of liquid engine shells (screw surfaces)

2. The principles of programming 5-axis CNC machines for planing using
modern CAM-systems [1] have been developed for the first time.

3. A mathematical model of increasing the accuracy of the control program on a
CNC machine [2] for processing the spiral surfaces of the shells of liquid rocket
engines has been obtained for the first time.

4. CAM modeling of the cutting process was performed to obtain machining
accuracy results.

The practical significance of the results described in the article:

1. A methodology for programming 5-axis CNC machines for machining spiral
surfaces of liquid rocket engine housings by milling and planing was created and put
into production.
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2. The company introduced planing technology using a 5-axis CNC machine and
special cutting tools.

3. A system for measuring and analyzing liquid jet engine shells was put into
production.

4. A system for correcting the control program of a CNC machine was created
and implemented to improve the accuracy of machining spiral surfaces of liquid rocket
engine housings.

Theoretical and practical achievements of the work were implemented at the
following enterprises: State Enterprise “Production Association Yuzhny Machine-
Building plant named after A.M. Makarov” (YUZHMASH), State Enterprise
“Yuzhnoye State Design Office named after M.K. Yangel” (YUZHNOYE SDO).

The introduction presents scientific novelty and practical significance, reveals
the relevance of the study.

The main part analyzes the problems of manufacturing liquid rocket engine
cases in modern production, methods of their manufacture and control, substantiates
and adapts the method of modeling the planing process for machining spiral surfaces
of liquid rocket engine cases. The method of programming 5-axis CNC machines for
the planing process is described. A method of accuracy control in modeling the
planing process is proposed.

A mathematical model for improving the accuracy of machining the screw
surfaces of liquid rocket engine covers is developed, experimental studies on full-scale
samples using the mathematical model are considered, methods for modeling and
programming the planing process for machining the screw surfaces of liquid rocket
engine covers are developed. The results of using the above methods in production are
considered.

In the general conclusions, recommendations for the practical use of the
developed methods and results are proposed and the results of theoretical and
experimental studies are summarized.
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OCOBJIMBOCTI MIPOIT'PAMYBAHHS MEXAHIYHOI OFPOEKH
B ITPOT'PAMI ESPRIT
HTY «/[uinposcoka nonimexuixay

3axapoB Ouexcanap CepriiioBuy, rpyna 131-21ck-1
Haykoesuii kepignuk' K.T.H., 1oul. lep6ada Biraniit AnaroJiiioBud

3a ocranHi 20 pokiB Texnosorii YIIK nepeiiniu B HOBY epy, KOMI'IOTEPHU CTaIN
Ha0araTo TOTYXXHIIIMMH, HDK padilmie, a o04uciaoBaibHA rpadika 3a3Hala
PEBONIIOIIAHUX 3MiH, IO NPU3BENIO JIO CYTTEBUX TOKpAIIEHb Y TEXHOJOri Ta
JI03BOJIMJIO BUKOPHCTOBYBATH HOBI METOAM JIsl MpOTpaMyBaHHA. Y IiMl cTaTTi MU
JOKJIaJTHO po3riiiHeMO MeToau nporpamyBanHs UIIK Ta neski 3MiHHI, 110 BIUIMBAIOTh
Ha 1poliec BUOOPY METOAY IPpOrpaMyBaHHS.

[Iporpamue 3a0e3nedeHHs, O mpaioe 3 Bepcrtatamu 3 YIIY, me wmict, 1o
3'elHye Bally MOJENIb 3 peanbHicTIO. Bei Bepcratu 3 UIIY BHKOPHUCTOBYIOTH
nporpaMHe 3abe3TnedeHHs AJsl YIPaBIiHHA MPOIECOM NEPETBOPEHHS KpeclieHHs abo
MOJIENl Y pyX.

3aranom mnporec o0poOku 3 UIIY MokHA poO3AUIMTH HA YOTUPH €Talu: MO-
nepiie, CTBOPIOETHCS MOJENb 3a JOMOMOIOI0 MpOorpaMHOro 3adesnedeHHs mns 2D-
KkpecneHHs: abo 3D-mopnemtoBanHd. IIOoTIM TpaekTopiss 1HCTpyMEHTa MOBUHHA OyTH
HiArOTOBJIEHA 3a JOMOMOrow aBToMaru3oBaHoro BupoOHuuTBa (CAM). Xoua
TEOPETHUYHO BU MOXETE BUPI3aTH MOJENb 3a JomoMoror Bepctata 3 UIIY Ha mpomy
eTami, aje 3aBXKIW KOPHUCHO TEpPeBIPUTH TPABUIIBHICTH TPAEKTOPIl pi3aHHS 3a
nornoMorow cumyJisii. [le gae MoxIuBICTh BHECTH HEOOX1HI KopekTuBu. Konu Bce
MEepPEeBIPEHO 1 HACTaB 4yac pi3aTu JeTallb, BaM 3HaJ00UTHCA MporpaMHe 3a0e3MeUeHHs,
o ynpasisie, sike uepe3 G-koj nosigomisie Bepctaty 3 UILY, mo pobutu. Ogniero 3
takux nporpam € ESPRIT.

ESPRIT € mepenoBuM Ta IHTETPOBAHMM MPOTPAMHUM 3a0€3MEUYECHHSIM, Ma€e
MOJIUBOCTI TIOpUHOTO MOJIETIOBAHHS, [O03BOJSE KOPUCTyBayaM IPOEKTYBATU
CTaHAAPTHI TE€OMETPUYHI KOMIIOHEHTH. BIiH MOX€ CHOpOCTUTH Ta MNPUCKOPUTH
MPOEKTYBaHHS ckiagHux Aetanen 3 UIIY, a Takok 3MEHIIUTA BUPOOHUY]1 TOMUJIKU Ta
nokpamuT sKicTh noBepxHi. 3acobamu ESPRIT edextuBHO mporpamyroTbes BCl
BUJIM OOPOOKH, SIKI TOTPIOHI Cy4YaCHUM MAIIMHOOYIIBHUM BUPOOHHUIITBOM. OCHOBHUM
3aBAAHHSAM JIAHOI TPOTpaMu € CTBOPEHHS PLKYYUX IHCTPYMEHTIB, PEJICBAaHTHHUX
omepariiif, TepeBipka iX Ha Bi3yami3ailii 3 3aroTOBKOW 1 3pEIITO0 CTBOPEHHS
MOCTIIPOLIECYBAHHS 1 BUBOY IMTPOTPAMHU.

Bizyamizaris mpouecy o6poOku cepen ESPRIT no3Bosisie MOpIBHATH MOJENb
netam, oopodaeHoi y ESPRIT, 3 i koHCTpyKTOpCchKOIO Bepciero. Cuctema mpoBOIUTh
BceOIluny mepeBipky VYII, momemioroum Bce cepemoBuiie oOpoOKM — BepcTar,
IHCTPYMEHT, OCHAILEHHS, NPUCTOCYBaHHA, 3aroTiBII0 Ta JeTalb. BHCOKOSKICHA
Bi3yaumi3zaliss oOpoOKH B PEXHMI pEaNbHOr0 4Yacy Ta HAJIMHUM METOJ BHUSBICHHS
3ITKHEHb TapaHTYIOTh, 110 HaBITh HAWUCKIAQAHINI JeTalli OyayThb KOPEKTHO
BUTOTOBJICHI. 3 TEPIIOTr0 pa3y, a JIOPOrui BepcTar, IHCTPYMEHT Ta OCHAIECHHS He
OylyTh MOILIKOHKEHO.
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ESPRIT Hamae mmpoki MOMJIMBOCTI MPOTpaMyBaHHS TOKapHUX, TOKapHO-
bpesepunx, (QpesepHux, 0araTooCbOBUX OOPOOHUX IIEHTPIB, EIEKTPOCPO3INHOTO
obnagHanHs. Y ESPRIT e "baza 3Hanp", 1O CIyXWUTh Uil HaJalITyBaHHS Ta
30epiranHs JaHUX MPO pi3alibHE THCTPYMEHT, MaTepial AeTatl, peXkKuMu 0OpOOKH.

nEW SRQAACTH[Ov 06 |[hie =~ @ 8 @l = @poar ]| Row ||| a2 B889G ||t oBB@ e e AL
(0 Qas BEkEE Y

Puc. 1 Tpaekropii pyxy

B ESPRIT oxpiM Bi3yanizanii 1 BUBOAY MpOrpam, TAKOXK MOXHA U CTBOPHUTH
BiacHy 3D Mozenb A mojanblloi 3 Hel B3aeMoAli. B paniil mporpami ue 3poOutu
Oyne Outb ckiamHime 1 goBuie HiK 1HIIN CAD cucremi (Hanpukian PowerShape,
SolidWorks). Ane sixio takoi nporpamu Hema To B ESPRIT MoHa cTBOpUTH ii.

MOXIMBOCTI TPOTPAMHOTO KOMIUIEKCY JJO3BOJSIOTH JIETKO Ta IIBUIKO
PO3pOOJISITH  KEPYIOYi MporpamMu, SK JJIsi MPOCTUX, TaK 1 JJIsI HaWCKIAIHIIIUX
BepcraTiB. ESPRIT 0Ge3nocepenubo mpartoe 3 3D-moxensamu 3 Oyas-sikoi CAIIP,
IMITOPTY10UH iX 6€3 yIIKO/KeHb. 1{e 103BoJIsg€ BUKITFOUMTH HEOOX1THICTh pearyBaHHs
YW BIJHOBJICHHSI BHXIJHOI reomeTpii. o Toro x mpu po3poOiii Kepyrouyux Mnporpam
3'SIBJIE€THCS MOXKIIMBICTh BUKOpUCTaHHS 3D-Mozenelt Oynb-KOro THUITY: TBEPAOTUIbHI,
MmoBepXHEBl, KapkacHi, (acetni (y ¢dopmari STL). Vce me 3Ha4HO TiJBHUIILYE
e(eKTUBHICTB MPOIIECY PO3POOKHU MPOrpaM YIpaBIiHHS Ta 3MEHIIYE HOTO TPUBAJICTh.

Ilepesik nocuiiann
1. https://raptorcnc.com.ua/ua/a476424-luchshee-programmnoe-
obespechenie.html
2. https://varitec.com.ua/ru/novosti/esprit-luchshij-programmnyj-instrument-
dlja-proizvodstva
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CEKIUA — TEXHOJIOT'Ti MAIIMHOBYTYBAHHS

CHUHXPOHI3AIIISI TOKAPHUX ONEPAIIIA MEXAHIYHOI
OBPOBKU JETAJII B SOLIDCAM JJISA BATATOIUIJIBOBOI'O BEPCTATA
3 YIIK
HTY «/[ninposcvka nonimexuikay

3oa0rapenko Cepriit AnartoJiiiosuy, rpyna 131m-22n-1
Haykosuii kepignuk: K.T.H., 1oueHT lep6ada BiraJiii AHaToJiiioBuY

SolidCAM - okpeme mporpamMHe JOMOBHEHHS 10 CHCTEMH aBTOMATH30BAaHOTO
npoektyBaHHs Solidworks, ske ctBopuia kommanis SOIACAM Ltd., 3acHoBana y 1984
porii. 3a gac cBoro po3Butky gomnoBHeHHs SOIIACAM otpumainio craryc «Certified
Gold Product» Bim Ceptudikaririnoro Bimginy kommanii Solidworks y 2003 pori.
Huni pomnoBHenHst koHkypye 3 mnpoBigHumMu CAM-nporpamamu: FeatureCAM,
CAMWorks, MasterCAM, Fusion [1].

SolidCAM cdopmoBano 3 moxayniB: [erans, Onepanii, ®pe3epyBanns 2,5D,
3D, bararoicHicth, TouinHsa Ta 6araTo iHmuX. KoXXHUN MOIy)Ib MICTUTH B CO01 CBOT
omneparii, 1K1 MO>XXyTb OyTH 3aCTOCOBaHI JJisl pO3paxyBaHHA TPAEKTOPii 0OpOOIEHHS Ha
Bcix Bujax Bepcraris 3 UITK.

Bupizuse SolidCAM cepen ycix CAM-mporpam momyns iMachining, mo
MICTHTh YHIKQJIBHUH 3alaTeHTOBaHWU Maiictep TexHosorii iMachining — nepmmii i
€IUHUN 1HTepdeic I aBTOMATHYHOIO PO3paxyBaHHsS ONTUMAIBHUX PEXHUMIB
pi3aHHS JUISTHOK TpaekTopid. Maiictep po3paxoBye 3HA4YeHHS TMojaayi, OOEpTiB,
IUOWHU Pi3aHHSA, KYTIB KOHTaKTy Ta TOBIIMHU CTPYXKKH Ha OCHOBI JaHUX TIPO
MeXaHI4YHI BJACTUBOCTI 3arOTOBAHKH Ta TEXHIYHUX XapaKTEPUCTHK BepcTarta [2].

Monysb KOHTPOJIO YCTAaHOBJICHb BepcTaTa J03BOJIAE MPOrpaMyBaTH J0JIaTKOBI
¢ynkuii Bepcrata 3 UIIK, manpuxman, pyx mmuHaens abo peBOJIbBEPHOI TOJOBKH,
BIJIKPUTTSI/3aKpUTTS IATPOHA, OXOJIOKYBAaHHS, 3MIHY 1HCTPYMEHTA. 3 TaKUX MPOCTHX
3MIHHUX KOHTPOJIIO BEpCTaTa MO>KHA MPOrpaMyBaTH MEPEMIILECHHS BY3JIB BEpCTATa,
nepexsar 3aroroBaHku, pexxum 30P, suBig G/M komans [3].

ToxapHo-(hpe3epHuilt MoayJb 3a0e3neuye oOpoOJISTHHS JeTajll Ha 0araTo0ChOBUX
LEHTpaxX, [I€ MOXHa CTBOPIOBATH TOKApHI Ta (pe3epHi omepauii Ha TOJIOBHOMY
HIMUHAEIT Ta KOHTPIUMUHEI] 3 MOXKJIMBUM Bi3yani3yBaHHAM 3aJUIIKOBOTO Marepiaity
a060 00p00JIEHHS Ha BepCTaTi.

Cepen ¢pesepHHX oOIlepalliii € posmi3HaBaHHS OTBOPIB Ta KapmaHiB. OKpemo
3aciyroBye Ha yBaru 100Ibox Cycles, 3 momomororw sSIKOro MokHa Jerko oOpoOHTH
JUCKY, IIMOHKY, ILIII Ta 0araTo IHIIWX CTaHIAPTHUX KOHCTPYKTUBHUX (OPM JeTal,
TOMY IIIO BCi omepaiiii 3BeJIeHO J0 TOTOBOTrO IIa0JoHYy, JA¢ Tpeda TUTbKH BCTAaHOBUTH
KOHKPETHI po3Mipu neTaii. Bukopucrasim 4eTBepTy BiCh A (ppe3epHOi omepartii,
MOKHa, HANPUKIIAA, KOIMIIOBATH orepallii oOpoOJeHHs OTBOPIB Ta MOBEPXOHB, MO0
TUM CaMHUM HE CTBOPIOBATH 3aiiBUX MEPEXOIIB.

Toxapni omneparii B I[bOMY MOJYJII 3aCTOCOBHI JIJIi YOPHOBOIO Ta YHCTOBOIO
OoOpOOJISTHHSL TOPIIS, KAaHABOK, Hapi3yBaHHS Hapi3l TaKOX MIATPUMYIOTh ITUKIIU
cBepaicHHS. BunstkoBoro omepariero 'y SOIIDCAM € BuUKOHAHHS YOPHOBOTO,
YHCTOBOTO KOHTYPHOTO TOYIHHS, TOPIIOBAaHHS, CETMEHTHOTO TOYiHHS OJHUM

iHCcTpyMeHTOM 3aBasgku omeparii High Dynamic Turning (HDT). HDT ckopouye 4ac
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00poOneHHs Ha 25%. 11100 TounTH KpUBOJIHIKHI MOBEPXHI, TOCTYITHO IPOrpaMyBaHHs
Y4eTBEepTOI BiCl 3 MOXMIIOO Biccio B [2].

JlocmixyBaHa CHHXPOHI3allisl TOKApHUX oOmepamiii € (yHKIIEI MEHeIKepa
CHUHXpOHI3alil KaHamiB. BiH M03BoJi€ HalATYBaTH MOPSAOK IEPEXOMiB, BUSIBUTH
3ITKHEHHsS CKJIAQJHUKIB BepcTaTra Ta YCyHYTH iX. HamamryBaBIIM CHHXpPOHI3AIiIO
KaHaiB, MM OINTUMI30ByeEMO BCi Tporecd OOpoOJeHHS 3auid 30UTbIICHHS
MPOAYKTHUBHOCTI.

gb_ Channel Synchronization — O X
| B =3 | % %= * RLREL ERG | %
TR1 TR2

[ x1lvilz gler| 2 x1|z A

0 veranosnents XT| ¥Y71| Z7 B | Ccr| 00
@ w|x1|Y121|B |C7|c2| 2 ° x2 |z2 2

T FiKomyps ®  x1 v1 21 B || 105 | B TR Konryp7 x2 72 71208
H | X7 Y7\ £7 B CT -4- — X727 -4-

Puc. 1 CunxpoHi30BaHi oneparii TOpLUOBaHHS Ta MOB3I0BXXHOTO TOUIHHS

[[lo6 onTumizyBaTu ormepailii TOPILIOBAHHS Ta TOB3JI0BXKHBOTO TOYIHHS
3arOTOBAHKU-TIPYTKAa TOPIEBOi (Gpe3u, X CHHXPOHI30BAHO 3aBISIKW BCTAaHOBJICHIM
OJIHAKOBIM YaCTOTI Ta HAIPSIMKOBI 00epTaHHs WnuHAens (puc.l).

TakuMm YMHOM TIICAS oOmepailii BCTAHOBJICHHS 3arOTOBAHKK B IITUHJENb
peBosIbBEpHa Ta ¢pe3epHa TOJOBKU OJHOYACHO MOYHYTh TOUUTHU JI€Tajlb, THM CaMUM
3MEHIIIYIOUH 3arajJbHui 4ac 0OpOOICHHS Ta 301IBIIYIOYH TTPOSYKTUBHICTD.

S i) Mswbac pom opp MEwhds (O

Move List

B 083 (3 FT_Nonypi TR iy

HxMendas

6 3 040000 000000 059965 9000000 -

Report

Progress

Fully Defined  Editing Assembly Custom - @

Puc. 2 Bizyanizariist Ha BepcTaTi CHHXPOHI30BaHUX OIepariii

3a yMOBHM MacOBOT'0 BUPOOHHMIITBA TAKOI JACTalll JJIsi HAWBUINOT MPOTYKTHBHOCTI
MOTPIOHO CUHXPOHI3yBaTH B TEXHOJIOTIYHOMY IMPOIIEC] OCTAHHI Orneparli TOpLUIOBaHHS
Ta IOB3/0BXHBOIO TOYIHHS HAa KOHTPLINMHJAEIL 3 MEPIIMMH, 100 CTBOPUTH LUK
0oOpoOJIEHHsT JeTajll: TIOKH PEBOJIbBEPHA T'OJIOBKA TOUUTH HAa JIPYrOMYy BCTAaHOBJIEHHI
3aroTOBaHKY, ()pe3epHa roJIOBKa HA NEPUIOMY BCTAHOBJIEHHI IMOYMHAE TOYUTH HOBY
3aroTOBAHKY.
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Ilepesik mocujiann

1. Ioenxo [JI. Hocnimkenns 3atpeOyBanocti cucteMu SOlIIACAM  Ha
Cy4acHOMY PHHKY MporpaMHUX TpoaykTiB. IX BceykpaiHchka HayKOBO-TEXHIYHA
koH(pepentis 3m00yBauiB Bumoi ocBitd THATY : Beceykp. HayKoBO-TeXH. KOH(., M.
Memnitonons, 10 nuctomn. — 25 aumn. 2021 p. C. 13-14.

2.  Indopmamiitauii pecypc https://www.solidcam.com/

3. Simulation and Modeling of Single Point Incremental Forming Processes
within a Solidworks Environment / L. M. Goémez-Lopez et al. Procedia Engineering.
2013. Vol. 63. P. 632-641. URL.: https://doi.org/10.1016/j.proeng.2013.08.253.
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BIPTYAJILHUI ITPUJIAJT Y CEPEJOBHIII NI LABVIEW
JJIA JOCHIXKEHHA INHAMIYHUX ITPOIIECIB
B TEXHOJIOI'TYHIA CUCTEMI
HTY «/[uinposcvka nonimexuixay

Kopobaniwk Cepriii Pycianosuy, rpyna 131m-23n-1
KopoOanwk Ouekciii Pycianosu4, rpyna 131m-23n-1
Haykosuii kepignuk: K.T.H., mpo¢. Ilanepa Cepriit TuxonoBu4

Hnsa  cmemianbHOcTi 131 Tlpuknagna MexaHiKa TIpH  IPOEKTYBaHHI
TEXHOJIOTIYHUX TMPOIECIB MEXaHIYHOro OOpOoOJIeHHS BHUPOOIB MaIIMHOOYTyBaHHS
TUIIOBOIO 33/1aY€l0 € BU3HAUYECHHS CUJIM pPI3aHHSA, KOJM MaTEeMaTHYHOI MOJEILIIO
npouecy € emmnipuuHa ¢opmyna [1-2]. Tomy akTyanbHUM € CTBOPEHHS BiJIOBIAHOIO
BIPTyaJIbHOTO MpUIAaY.

Jlns mporpaMHOi peaiizaiii CTBOPEHOrO aBTOPaMHU BIPTYAJIBHOTO MpPHIIATY
oOpano cepenosuiie NI LabVIEW, sike xapakTepHu3yeThCsi HACTYITHUM:

- Ma€ CBO€ MOTY)KHE MaTeMaTHYHE 3a0€3MeYCHHST,

- MOXE€ IHTErpyBaTH MpOrpaMy, HamucaHi B cepenoBuill Matlab, BkitouHO

AITOPUTMH HEUITKOI JIOTIKK YA MEPEKEBI TEXHOJIOTI;

- poib mOporpamMHux cepemoBuil, Takux Ak LabVIEW, y HaykoBux

JOCTIIKEHHAX Ta TEXHIYHUX €KCTIEPUMEHTAX € BAYKIUBOIO.

[Iporpamuuii Koj BipTyaabsHOTO MpUIIATy MOKa3aHo Ha puc. 1.

............. ::::I—paniK(b\,FHKLLi'I':

‘[ToewwmHa zpisysaHoro| © = * "Gy " - - - 0 v |t e e e e

. lwapy Ho, mm S n 1

Puc. 1 [IporpaMuuii Ko BipTyaabHOTO MPHIIATY
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Ha puc. 2 HaBeAeHO OTpHMaHy 3a JIOIOMOTOK MpPHUJIALy BipTyajbHY
OCIIIJIOTpaMy IIOO 3MiHM 3 YacOM CKJIAJ0BOi CHJIM Pi3aHHA 332 TUX YMOB, IO OyJIH
MOKJIaJICHI B OCHOBY MOJICITIOBAHHS TEXHOJIOTTYHOT 00POOIIIOBAIEHOT CHCTEMH.

Mpadik pyHkUii Pz=f(t)

0 0.1 0.2 0.3 04 0.5 0,6 0,7 0.8 09 1
t, cek

Puc. 2 3mina ckianoBoi cunu pizanas P, = f(t)

EdextuBHicTh BUKOpUcTaHHa cepefoBuina LabVIEW B ocBiTHIX mporpamax
MOJISITa€ TaKOX B TOMY, IO 3700yBayi, KOTPl OCBOIIM MaTeMaTH4YHE MOJICITIOBAHHS Y
BKa3aHiil Iporpami, MOXXyTb y MalOyTHOMY 0€3 yCKIIaJHEHb 3aCTOCYBATH OTpUMaHi
3HAHHS Ta BMIHHS Yy MOAAIbIIINA poOOTI MO CHEiabHOCTI B MPOMHUCIOBOCTI IiJT Yac
BUKOHAHHSI €KCIIEPUMEHTATBHUX POOIT 3 peaJbHUMHU 00'€KTaMHU.

Ilepesik nocujianb

1. Cikaiino, M. O. Po3poOka muHaMI4HOI MOJENl TEXHOJOTIYHOi 00poOIIIo-
BaJIbHO1 cucTeMU : Marictepcbka auc. : 131 Ilpukiagna mexanika / Cikaitno Makcum
Onexcanaposud. — Kuis, 2020. — 91 c.
https://ela.kpi.ua/server/api/core/bitstreams/aa85¢c521-a43c-49aa-a2b8-
ef407f68a6b8/content

2. C.-Te Lin, H.-J.I Lu. (2023). An Intelligent Product-Driven Manufacturing
System Using Data Distribution Service. IEEEAccess, VOLUME 12, 2024. S. 16447-
16461 DOI: 10.1109/ACCESS.2024.3359228
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MHNPOEKTYBAHHSA I PO3PAXYHOK NIOCAIOK 3 3A30POM
HTY «/[ninposcoka nonimexuixay

Komman €rop Ouekcanapouy, rpyna 131-22-1
Hazaposa Aubona OJekciiBHa, rpyna 131-23ck-1
Haykoeuit kepigHuk: K.T.H., 1ou. Pyoan BaaguciaaB MukoiaioBud

Bubip pyxomux mocajok 3’€JHaHb MO»HA BUKOHYBATH E€KCIEPUMEHTAIbHUM,
PO3paxyHKOBHM MeToJaMu ab0 MeTOoJ0oM aHajioriid. HaiOimeIn JOCTOBIpHIM € METO
po3paxynkoBuid. [Ipn BHKOHaHHI pO3paxyHKy Tpeba BpaxoByBaTH, IO XapakTep i
YMOBH pOOOTHU 3’€IHaHb HABITH OJHOTO 1 TOTO X MEXaHI3My 3HA4YHO BiJPI3HAETHCA 32
B3aEMHUM TIEPEMIIIICHHAM JeTalIeH, TEMIIEPATYPHUM PEKUMOM, 3MIIICHHSIM HApsIMy 1
BEJIMYMHOIO TIIOYNX HABAHTAXKEHb 1 T. 1H.

€IMHOT METOMKHU PO3paxyHKY 3a30piB y PyXOMHUX 3’ €IHAHb HEMA€, TOMY IS
KOXKHOTO THUITY 3’€/IHAaHb BUKOPUCTOBYIOThH BJIACHI METOJIU PO3PAXYHKY, OCOOJIUBO ISt
BUIMOBIAIBHUX 1 POB3MOBCIOJDKEHUX 3 €JHaHb, TaKli SK BaJBbHHUIIl KOB3aHHS,
KOHCTPYKTHBHE BUKOHAHHS SIKMX IIPE/ICTaBIICHE Ha puC. .1, a.

a) 0) 301IBIIIEHO
Puc. 1. BanbHung koB3aHHS Puc. .2 I'padik 3anexxHocTi

VY craHi CNOKOW, MijJ BIUIMBOM CHJI TSDKIHHS, BajJ 3HAXOIUTHCS Y HUKHbOMY
nonoxeHHi (puc. 1, 6 mrpuxoBa miHisg). C moyaTkoM oOOepTaHHS CHUJIM TepTH
3aXOIUTIOIOTh MACTUJIO 1 HANpaBJISIIOTh HOr0 y BY3bKY KIMHOMOMIOHY IIIJTMHY MIXK
BaJIOM 1 OTBOPOM.

[lin BrUIMBOM TIAPOAWMHAMIYHOTO THCKY Y INUIMHI, 3aJ€XHO BIJ PO3MIpPiB
3’€THAHHS, MBUAKOCTI 0OepTaHHs, B’ I3KOCTI MAacTHJIA, BaJl BIIIAISAETHCS B BTYJIKH,
3MinryeThes y 0ik odepTanHs (puc. 1, 0, cyliipHa JiHis).

[TomoxeHHsT Bayia y CTaHl PIBHOBAarM BH3HAYAETHCS 3MIHHUMHU BEJIIMYMHAMU -

: 2
abcomoranm €=055S=05(D—-d) Tta BigHOCHHUM ) = ?e €KCIIEHTPUCHTETAMHU;

MOBEPXHi Baja i BTYJKH MPHU IIbOMY P03’ €IHAHI IIIApOM MACTHIIA, KU HopiBHIOE N
] min

y Micui 36mmkenns i W =S —h . Ha ngiameTpanbHO TIPOTHIEKHIM CTOpOH], g€ S -
AiaMeTpasibHUI 3a30p y 3’€nHaHHi, D 1 d - BiANOBiHO 3HAYEHHSI liaMEeTPiB OTBOPY 1
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Baja. HaiimeHnia TOBIIIMHA MIApy MacCTUJIa OB’ sI3aHa 3 Bi,IIHOCHI/IM CKCUCHTPUCUTCTOM

x sanexnictio h . =055 —e=0.55(1-y), sBigku 1— y = ZhSmi” :

3agexHiCTh MK 3HAYCHHsM 3a30py S i ToBIMHOW mapy mMactuaa h ;= f(s)

rpadik 3aJIe)KHOCTI HaBEJCHO Ha pUC. 2.

SIK BHJIHO 3 PHMCYHKY, II€BHiM TOBINMHI mapy Mactiia N . Bixnosimarors jaBa

n

3azopu S, 1S, .

Jlia 3a0e3neyeHHs] piAMHHOTO TepTs HalMEHIa TOBLIMHA IIapy MacThiIa Mae
OyTH Takoro, 100 MDK pOOOYMMH MOBEPXHSAMU Bajldy 1 BTYJIKH 3aBXKJIU 3HAXOJMUBCS
iap MacTuia, TO0To
huin =K(Ryp + Ryg +7), (1)
ne k>2 — xoecimieHT 3amacy HaJiifHOCTI TOBIIMHY Imapy mactuma; Ry 1 Ry -
BUCOTH HEPIBHOCTEH (IIOPCTKICTH) 3a MapamMeTpoM R, MOBEpxHi BTYJIKH Ta BaIy, MKM;
y - mobaBKa Ha HEPO3PHBHICTH Imapy Mmactwia (y=2-+3 MkMm). Tomy HeoOXimaHO
BUKOHYBAaTH YMOBY
h > [hmin] ! Smin > [Smin] ! (2)
ne [S,,] - MiHiMambHO HOMyCTHMUIA 3a30p, MPU SKOMY TOBIIMHA MIapy
macrtuina gopisuroe [h . ].
KpiM 1p0Oro, 3riiHO 3 TIAPOJMHAMIYHOIO TEOPIE0 3MAllyBaHHS, MiAMIMUITHUK
MMOBMHEH MaTH HEOOX1JHY HECYUY CITIPOMOXHICTb 3’ €JTHAHHS
uoldC,

2 6
R:—O, 3Bigkun C, :M

: 3
w10° uold ()

) . ) 27N
ne R - pamianeHa cuna, H; p - nmHamMiuHa B’si3KicTh Mactuna, [la-c; o= E -

KyTOBa IIBUIKICTh BIJHOCHOTO OOEpTaHHS BTYJKM Ta Bajia, paja/c; N - KUJIbKICThH

o0eptiB 3a xBuwiHHY; | - moBxuHa migmmmnHuka, MM; O =D HOMIHANBHMEA AiamMeTp
3’€IHAHHS, MM; l//=a — BigHocHuit 3a30p; C, - KkoedillieHT HaBaHTaXKCHHS
MM IIIATTHUKA.

Koeopimienr C, i mocTiiHUX 3HAYEHb a 3JIEKUTh Bl BIJHOCHOTO

CKCIICHTPUCHUTETY, SIKUI BIAMOBIIA€ MiHIMAIILHOMY 3a30py S, . ATPOKCHUMAILEO i€l
3aJIEKHOCTI € PIBHSIHHS

Co= b, @

1-x
ne koedirieHT K Ta M po3paxoBaHi IS HaWOLIBII TPUUHATHX T€OMETPUUHHUX
CHIBBIIHOIIEHD HIIIIANTHAKA KOB3aHHS.
Ha ocHoBi piBHsHB (3) Ta (4) Maemo
k Ry?10°
m="2—""_

5
1—y 1wd? ©)
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: : : 2h
[Ticns miacTaHOBKM B PiBHAHHSA (5) 3HAYCHb Y = E, 1-1=—"T

d

yepe3 cepeiHiil TUCK P Ha OJMHUIIIO TUIONI MPOEKIlli poOoUu0i MOBEPXHI MIIIUITHIKA

in

1 BupasuB R

Ha IUIOIIMHY, SKa MPOXOAWTH dYepe3 Bick 11 cuMmerpii, TOOTO p:H i R=pld

OTPUMY€EMO KBaJPaTUIHE PiBHSHHSA:

kS S%10°
2h.. uaod
Po3B’s13aBIIM 11€ PIBHSHHS BITHOCHO S, 3HAXOJMMO HaiimeHmwii 3a30p S, (7)

1 MakcuManbHuH 3a30p S, ., (8):

k,ula)dz\/(k,ula)dz)2 —16 ph?, 10°my,d?

S - min
10°

min 4 ph

: (8)

min

K e0d 2\/(k,u2cod )" ~16 ph?, 10° mu,cd’ ;
e 4ph,;,10° ’ ®)
ne M, Ta M, — 3HAYCHHs] JUHAMIYHOI B SI3KOCTI MacTHJIa IPU TEMIIEPATYpl, Ky

S

min

MaJIO MaCTHIIO Hi,[[ gac pO6OTH HiI[HII/IHHI/IKa, KOJIM 3HA4YCHHA IIapy MacCTHIIA

3HAXOJMJIMCh Y MeXax S, 1S, ..

[Tocankm 3 3a3opoM HeoOXimHI myig Oe3mepepBHOI poOOTH 3 €AHAHD,
3a0e3neuyrourd BUIbHE TEPEMIICHHS, PO3MIMIEHHS IIapy MacTWia, KOMIIEHcaIll
TeMIepaTypHux jaedopmariiif, KOMIIeHcamii BiAXuJeHb GOPMH 1 PO3MIIIEHHS
MOBEPXOHb, TOXUOOK 300pKH.

IlepeJik nocujianb

1. ICTY ISO 286-1-2002 Jlomycku 1 mocaaku 3a cucteMoro ISO. Yactuna 1.
OcHoBU nomyckiB, BigxwmiB Ta mocanok. [Uuaauit Big 2003-10-01]. Bua. odim. Kuis:
«JlepxkcroxuBcTanaapt Ykpainmy», 2003. 41 c.

2. B3zaemo3aMiHHICTh, CTaHAApTH3AIlId 1 TEXHIYHI BUMIPIOBaHHS (2-¢ BUIAHHS
nomoBHeHe 1 nepepodnene): [linpyunuk / 3a pen. Ciporo I.C. —K.: Arpapna ocsiTa,
2009. - 353 c.

3. Homycku, mocaaku Ta TexHI4HI BuMiptoBaHHS. [Ipaktukym. Yactuna 1
[Tekcr] : HaBy. moci6H. / }0.I. Anamenko, O.M. I'epacumuyk, C.B. Maitnanrok, H.B.

Minineka, B.A. Ilaciunuk, O.A. IlmBak. — IBano-®pankiBcek: Cumdonis dopre,
2016. — 164 c. ISBN 978-966-286-096-2.

111
Mamepianu 79-i cmyodenmcokoi Haykoeo-mexHiunoi kongepenuii « Tusicoenv cmyodeHmcokor Haykuy



CEKIUA — TEXHOJIOT'Ti MAIIMHOBYTYBAHHS

BUBIP TAPAMETPIB [IPOLHECY TOYIHHA 3A PE3YJIbTATAMHA
KOMII'KOTEPHOI'O MOJIEJIFOBAHHSA JTUHAMIKH
TEXHOJIOI'TYHOI CUCTEMH
HTY «/[uinposcvka nonimexuixay

KyBaeB Mukosaa Boronumuposuy, rpyna 131m-23n-1
Hayxkogi kepienuku: K.1T.H., npo¢. Ilanepa Cepriii TuxonoBu4
K.T.H., 101l. lep6ada Biraxiii AnarosiiioBuu

Hnsa  cmemianbHOcTi 131 Tlpuknagna MexaHiKa TIpH  IPOEKTYBaHHI
TEXHOJIOTIYHUX TMPOIECIB MEXaHIYHOro OOpOoOJIeHHS BHUPOOIB MaIIMHOOYTyBaHHS
TUIIOBOIO 33J]a4€I0 € BU3HAYEHHS MMapaMeTpiB pi3aHHs, KOJU KPUTEPIEM OIIHIOBAHHS
o0paHO MIHIMYM aMIUTITyH KOJMBAHb TEXHOJIOTTYHOI CHCTEMHU.

JlocmiKeHHS POBEACHO METOIOM KOMIT FOTEPHOTO MoietoBaHHs. [Ipu mbomy

3aCTOCOBAHO BipTyainbHUU npuiajn npodecopa Ilerpakosa FHO.B. [1,2]. Po3paxyHkoBa
CXeMa HaBeJieHa Ha puc. 1.

Puc. 1 IlpuHuunoBa cxema npouecy pizaHHs B TEXHOJOTTYHIN
oOpoOroBalIbHIM cuctemi [1].

Ha puc. 2 — 4 naBegeHo orpumani rpadiky 3MIIICHHS Jie3a pi3l MpH 3MiHi
IIBUJIKOCTI, TI0/1a4ul Ta TJIMOUHM pi3aHHS 32 THMX YMOB, 1110 OyJIM MOKJIaJ€HI B OCHOBY
MOJIETIOBaHHS TEXHOJIOTTYHOT 00pOOTFOBAIBHOT CUCTEMU.

HedopMalis A, MKkM
= [ =
[ ] B [e3] o o [y B
[=] [=] o o o o o

[=]

68 70 72 74 76 78 80
LBMAKICTb pizaHHA V, M/XB

Puc. 2 3anexHicts nedopmaiiii BiJl HIBUIKOCTI pi3aHHS
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Puc. 4 3anexnicts nedopmairii Bij nogadi

BcranoBneHno, 1m0 30UIbIIEHHS IIBUAKOCTI pi3aHHS 3MEHIIYE 3HAYCHHS
acTaTU3MYy, SKUU TPOSIBISIETHCS y BUIISAL AedopMallii TEXHOJIOTIYHOI CHUCTEMH,
X04ya HallMEHIIMH 4Yac MepexiHOro mporecy Oyle MpH HWKYUX IMIBUIKOCTSX.
30BCiM  TPOTWJICKHA 3aJEXKHICTh BIUIMBY TJIMOMHM pi3aHHSA Ta Mojadi
IIPOCTIIKOBYETHCS Y PE3ybTaTax MOJCIIOBAHHS, Ji€ 30UIbIICHHS [IUX MapaMeTpiB
MPU3BOJIUTH A0 30UTbIIEHHS AedopMaliiii.

Tpeba TakoXX BIAMITHTH, IO Yac MEPEXITHOTO MPOLECy, MNPONOPLINHO
30UTbIIY€ETHCS 3 MOJAYer0, MPU LIbOMY HE 3MIHIOEThCS CYTTEBO MpU 30UIbILIEHI
IIIMOWHU Pi3aHHS.

Ilepesik mocuiiann

1. BipryanesHuii  mpwiax  JOCHIIKEHHS ~ aBTOKOJMBaHb  npodecopa
[TerpakoBa FO.B.exe
https://myngu.sharepoint.com/sites/2023445/DocLib/Forms/DispForm.aspx?1D=30

2. Cikaito, M. O. Po3pobka quHaMi4HOT MOJIENI TEXHOJIOTTYHOI 0OpOOITIOBATLHOT
cuctemd : wmarictepcbka  gwmc.:131 llpukmagna mexanika.  Cikaitmo  Makcum
Onekcangposuy. — Kuis, 2020. — 91 c.
https://ela.kpi.ua/server/api/core/bitstreams/aa85¢c521-a43c-49aa-a2b8-
ef407168a6b8/content
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IMOCTMEXAHIYHA OBPOBKA METAJIEBUX JETAJIEM 3
KOMIPYACTOIO CTPYKTYPOIO IICJIA 3-D IPYKY
HTY «/[uinposcoka nonimexuixay

Jlyuenko /Imutpo IropoBuy, rpyna 131-21-1
Haykoeuii kepignuk: K.T.H., 1ol. lep6ada Bitaniit AnarosiiioBuya

JlerkicTh KOHCTPYKIIIi € KJIOYOBUM ACIIEKTOM Cy4aCHOT'O PO3BUTKY MPOIYKTIB i
IIIUPOKO BUKOPHUCTOBYETHCSI B aBTOMOOUIBHIN, aepOKOCMIYHIA Ta OloMeIUyHIM
rajiny3six. BUKOpUCTaHHS KOMIPYACTOI CTPYKTYPH, CHPHUSIOUM JOCATHEHHIO JIETKOCTI
KOHCTPYKIIi 0€3 BTpaTH CTPYKTYPHOI IIIJTICHOCTI Ta (DYHKI[IOHAJIBHOCTI, € OJIHUM 3
Haiie(peKTUBHIIINX METO/IIB.

OnTuMizallisi CTpyKTypHU JOCATAETHCS Ha OCHOBI HAIPY>KEHOCTI ISl JTU3aiHY
JIETKUX KOMITOHCHTIB, 3alIOBHCHUX KOMIPYACTHMH CTPYKTYpPaMmH, BUTOTOBJICHUMH 32
JOTIOMOT'OK0  CEJIEKTUBHOIO JlazepHoro rmiasiieHHd (SLM) 3 crutaBom AlSi10Mg Tta
TPMS ¢opmamu - 11e yHIKaIbHO CTPYKTYpPOBaH1 MOBEpXHI (pHcC. 1).

(c)

(9 (h) (0

Puc. 1 TonkomapoBi nepioguvHi KOHCTPYKITIi:
a - pomboBuHA KoMipka, ocHOoBa (TPMS), b - pomboBu1HA KOMipKa, BapiaHT 1,
C - pomOoBHUIHA KOMipKa, BapiaHT 2, d — «I-WP» xomipka, ocHoBa (TPMS),
e - «I-WP» xomipka, Bapiant 1, f - «I-WP» xomipka, Bapiant 2, g - mpuMITUBHA
koMipka, ocHoBa (TPMS), h - mpumiTuBHa KOMipKa, BapiaHT 1, 1 - IpUMITHBHA
KOMIpKa, BapiaHT 2
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[To-nepiie, yHIKaabHICTh MOJISITAa€ y TOMY, IO MOBEPXHI CUMETPUUYHHUMU Ta
NepioMYHUMHU 32 BCiMa TphoMma ocsiMu. [lo-apyre, moBepXHi MiHIMI3YIOThH IUJIOILLY,
TOOTO MMOBEPXHS MICTUTh HAMMEHIITY MOKJIMBY TUIOITY, SIKa OOMEXY€E 00J1acThb.

EdexTtuBHICTh 1HMX KOHCTPYKIH Oyna MmiATBEpIKEHA Ha MPUKIAAIL
MPOEKTyBaHHS Oalikiu 3 TphbOMa TOUYKAMH OIOPU Ta MPOBEACHHS EKCIIEPUMEHTIB Ha
pPO3TAr Ta CTUCHEHHS. Y BCIX BUMNAAKaX MOBEPXHEBE PYyHHYBaHHA MOYMHAIOCS
npubmu3no npu 30% nedopmariii, 1 ioro MoxkHa nmodayuT npu 35% MaKCUMaIBHOTO
HaBaHTaxkeHHsa. KoncTpykmii Diamond 1 Primitive neMoHCTpyBaiM CHJIbHI O3HAKH
pyWHYBaHHS MpHU 3CyBI, TOAl K KOHCTpyKiii [-WP manu piBHOMIpHE pyiHYBaHHS
B3/IOBK TOPHU3OHTAIBHUX PSAIAIB KOMIPOK, TOOTO PyWHYBAIUCs MaiKe PIBHOMIPHO IO
BUCOTI 3pa3ka. Tomy oOupaemo came KOHCTpykKiito «[-WP» nns mogansiioro
BUT'OTOBJICHHS JIETaJll : KPOHIITEWHA KpiruieHHs ABUTYHA (puc. 2). KoHCTpyKiis i€l
JeTanl YHIKajdbHa TUM, IO 1HKEHEpU 3aWHSIM BHYTPINIHINA MPOCTIp BCTaBKOKO 31
cruiaa AlS110Mg, siky BoHM 3poOuim 3a AomoMorow 3-D ApyKy TOHKOLIApOBOi
KOHCTpYKIIi «I-WP» komipku[1].

Puc. 2 KpoHiteitH KpirjaeHHs ABUTYHA

HarpiBanHs Ta OXOJIO[PKCHHS MeETajay IIiJ 4ac IIOIIapOBOTO HAPOIIYBAaHHS
JeTal MPU3BOAUTH 10 BUHUKHEHHS BHYTPIIIHIX HAIpYy>KE€Hb, K1 HEOOXIHO 3HATH,
1HaKIlIe JeTalb MoXxe negopMyBaTucs ad0 HaBiThb TpicHYTH. Iliag yac LUKy 3HATTS
HaIpyTy BCs TUIaTgopMa MOMIIIAETHCS B 1Y 3 IHEPTHUM CEPEIOBUILEM(SIK MPABUIIO -
aproHoMm), Jie JeTajlb HarpiBa€ThCcs N0 Jlara3oHy temmeparyp Bim 550-675 rpamycis
pOTATOM 1—2 TOWH, a TOTIM MTOBUIBHO OXOJIOMKY€EThC[2].

Hactynuuit eram — mpoBeACHHS MeEXaHIYHOT OOpOOKM i JOCSTHEHHS
HEOOXITHUX pPO3MIpiB Ta reometpii getam. [lpu ¢pesepyBanni micias 3D-apyky
BUKOPHCTOBYBaBCsl (ppe3epHMii BepCTaT, Ha SAKOMY YacTOTy OOepTaHHS IIMHHIEIS
MokHa perymoBatd g0  24000006/xB.  Jlns  oOpoOKM  TIJIOCKUX 3pa3KiB
BUKOPHUCTOBYBAJIMCS TBEPAOCIUIaBHI 0JHO3y01 Ta TphoX3yOi cripaibHi KiHIEB1 dpesu
& TMM Ta nBO3yOa 3 mpsamMuMH KaHaBkamu. s dpesepyBanns 3D-penbedis
BUKOPHCTOBYBajacs aBo3yoa (pesa 31 chepuaaum Topiiem|3].

OTxe, 1€ MAOCHIIKEHHS ONMUCYE TIOBHUMW, TMEPEBIPEHU Ta TMPOMHUCIOBO
OpPIEHTOBAHY TEXHOJIOTII0 BUTOTOBJICHHS KOMIpUYaTUX KOHCTPYKIIiH, KU MOXKe OyTh
BUKOPUCTAHUN U1 PO3pOoOKH MaiOyTHiX aetaneil. OCHOBHA mepeBara - 1€ 3HIKCHHS
Baru JieTai 31 30epeeHHsIM KOPCTKOCTI. Take moeTHaHHs BUSBUIIOCS JOIUTHHUM JIJIS
JIeTaNeid, SKi MPAIOI0Th HA BUTWH. BOHM TakoXX M0Ope MOTIMHAIOTH €HEPrito, IIMo
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BUHMKAE TI1]] Yac 31TKHEHHS TUI, 1 Habarato Kpamiow Miporo, HXK CYILUJIbHI MaTepialiu,
MOTJIMHAIOTH BiOpalliifHe HaBaHTAXKEHHSI i1 Yac poOoTn MamuHu[4].

Iepenik nocuaanb

1. Choi Y., Kim Y. Lightweight design with metallic additively manufactured
cellular structures. Journal of Computational Design and Engineering. 2022. Volume
9, Issue 1. P. 155-167. URL.: https://doi.org/10.1093/jcde/qwab078

2. IIpomuis B.B. Cy4acHni noaiMepHi MaTepiajid Ta TeXHOJIOT1i B 3D-NpiHTHHTY /
B.B. Ilpois, B.A. Kozeuko, B.A. Jlep6aba, O.O. bornanos// 361pHUK HAyKOBUX
npais HI'Y. — J1.: JlepxaBHui BULIM HaBYaJIbHUH 3aKkiaa « HarionansHuM ripHuyuit
yHiBepcuTeT», 2021 — Ne 65 — C.107-117. URL.:
https://doi.org/10.33271/crpnmu/65.107

3. Cutting Tool Materials: A Basic Guide to Choosing the Right
One. MachineMfg. URL.: https://www.machinemfg.com/cutting-tool-materials/

4. Morrow P. Postprocessing Steps and Costs for Metal 3D Printing. Additive
Manufactoring.
URL.: https://www.additivemanufacturing.media/articles/postprocessing-steps-and-
costs-for-metal-3d-printing
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MMPOEKT TEXHOJIOTTYHOI'O IMPOIIECY MEXAHIYHOI OBPOBKH
JIETAJII «<4YEPB’STYHE KOJIECO» B YMOBAX MAJJOCEPIHHOI'O
BUPOBHUIITBA
HTY «/[ninposcvka nonimexuikay

Py0an Asnia KocranruniBaa, rpyna 131-21¢ck-1
Hayxoeuii KepigHuk: K.T.H., 1ol. borranos Ouiekcanap OuexcanapoBuy

Yeps'suni mepenadi HalexaTh 10 KaTeropii 3y04acTo-TBMHTOBHMX Hepenad. Ix
3aCTOCOBYIOTH Y BHUIIQJKaX, KOJM TEOMETPHYHI OCI BEIy4Oro 1 BEJCHOrO BajiB
HepeXpeiyoThes (3a3BUUai mia npsiMuM KyToMm).[ 1]

[lepeBaru yepB'suyHUX NEpeaay:

* IJIABHICTH 1 0€3IIYyMHICTh POOOTH;

* BEJIMKI IIEPEIaTOYHI YKCIIa IPU MAJIMX radapuTax;

* MOXJIMBICTh CAMOTAJIbMYBaHHS.

Henoniku uepB'sstaHUX mepeay:

 au3pkuit KKJI 1 3Ha4YHE TEIIOBUAIICHHS;

* HEOOX1/IHICTh 3aCTOCYBAHHS JJIs1 BIHIIIB YEPB'sTYHUX KOJIC JOPOTUX

aHTU(QPUKLIMHKX CIUIaBIB;

* CXWJIBHICTB 0 3ai1aHHS.

Puc. 1 Yeps’sune koneco

Haityacrime yepB'ssuHi KoJieca BUTOTOBIIAIOTH CKiIagoBUMH. L[eHTp koieca - 3
yaByHy a0o cTaii, 3yOuacTuil BiHelb - 3 OpoH3M. 3'€HAHHS BIHLA 3 LIEGHTPOM Mae
3a0e3MeYnTH Nepeady BEITUKOr0 KPyTHOIO MOMEHTY 1 HMOPIBHSHO HEBEJIHKY OCHOBY
cmity. KoHcTpykuist 4epB'sfdHOTO Kojieca 1 cmocid 3'€eqHaHHS BIHIM 3 IIEHTPOM
3anmexaTth Bi MacmTaby BupoOHunTBa. [lpum omuHuyHOMY 1 ApiOHOCEpIHHOMY
BUPOOHMIITBI, KOJM YHKCIO BUTOTOBJIEHUX 4epB'suHUX Kosic < 50, 3yOuyacti BIiHII
3'€THYIOTh 3 IIEHTPOM TTOCAJIKOIO 3 HATSATOM.

YepB'suyHEe KOJECO BUTOTOBISETHCA 3 JABOX YACTHH: MATOYMHU Ta 3y0YaToro
BiHIIs. MarounHa BUroToOBIsA€ThCA 3 4aByHy BY 350-22 JICTY 3925-99,a 3yGuaruii
BiHEIlb BUTOTOBIsIE€ThCA 3 OpoH3u bpAXK9-4 JICTY I'OCT 1628-72, BY 350-22 JICTY
3925-99 nependavae 12 Mapok BHCOKOMIIIHOTO YaBYHY 3 KyJsiCTUM rpaditoM. Y ix
nmo3HaueHH1 micis iHaekey “BU” (BUCOKOMIITHUN YaByH) MO3HAYAIOThCS MIHIMAJIbHO
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MIPUITYCTHUMI MMOKa3HUKUA TUMYACOBOTO ornopy npu po3puBanHi (MIla) 1 uepes nedic —
BiTHOCHE TI010BKeHHS (%).[2]

JluBapHi cruiaBM OpOH3M HIMPOKO 3aCTOCOBYIOTHCS IS BUTOTOBJICHHS
[IeCTePEHb YEPB'TYHUX PEAYKTOPIB, SIKI BIIMIHHO ce0e PEKOMEHIYIOTh IPU CEPeHIX 1
MajuX IIBUAKOCTSIX OOCpTAaHHS, BOJOMIIOYM BHUCOKUM CTYIIGHEM CTIMKOCTI 0
3HONIYBaHHS, THUM CaMHUM 3OLUIBIIYIOYM TEpMIH CIOyXOu oOnajHaHHA, [i€
3aCTOCOBYIOThCS 4UepB'suHl nepenadi. [Ipu nboMy HeBeIHMKI MIECTEPHI, BUTOTOBIISIOTH
MTOBHICTIO 3 OpOH3H, a BEJIMKI - OCHAIIYIOTh OPOH30BUMH BIHIISIMH, HAIIPECCYBAHHAM iX
Ha 4yaBYHHI a00 cTajieBi micTaBU-MaTOUYUHH.[3 ]

Jletanb 0OpOOMIOETHCS HA KUIBKOX BepCTaTax ,3a TEXHOJIOTIYHHM MPOILECOM
00poOku. BukopuctoByroThcsi Taki Bepcratu: Toxapuuit Bepcrar CK7150LTI12 |
3yb6odpesepnuii Bepcrat S3A30I1.

|

Puc. 2 Bepcratu nist oOpoOku erai

Toxapauit Bepctar CK7150LT12 Binpi3HIETbCS KOMIAKTHOK KOHCTPYKLIEO,
npuBabMBOIO (POPMOIO, 3PYUHICTIO B EKCIUTyartailii 1 OOCIyroByBaHHI, a TaKOX
HIMPOKUMHU MOXJIUBOCTSIMU 00poOKH. [TigxoauTe a1 0OpoOKM YOPHHX 1 KOJILOPOBHUX
MeETaJiB.

[leii ToxapHUl BepcTaT MOKE€ BUKOHYBATH LMJIIHIPUYHY, KOHIYHY, TOPLIEBY
TOKapHOI OOpOOKM, pPO3TOUYBaHHS, Hapi3yBaHHS KaHABOK, HapI3aHHS pi3boH,
chepuydHe TOYIHHA 1 T. A. ToMy BIH MOXKE HIIMPOKO BHKOPHCTOBYBATHCS B
MIPOMHKCIIOBOCTI MEXaHIYHUX IHCTPYMEHTIB, TPAHCIIOPTHUX 3ac00iB, 0OJIaTHAHHS ISt
BUITAJIIOBAHHS, JIETKOI MPOMHUCIOBOCTI Ta BUPOOHHUIITBA €IEKTPUYHUX KOMIIOHEHTIB
JUTSI MAaCOBOTO 1 pa30BOT'O BUPOOHHIITBA.[4]

3y6odpesepuuit Bepcrar S3A30I1 BepTukanbHUI HaAMiBaBTOMAT IiABUIIICHOL
TOYHOCTI TIPU3HAYEHUUW M1 BUKOHAHHS 3yOodpesepHux poOIT 3 Hapizku 3y0iB
KOCO3yOMX Ta MPSIMO3yOUX HWIIHAPUYHUX 3yO04acTHX KOJIIC, 31pOYOK, YEPB'STUYHHX
KOJIC, NUIIIEBUX BaluKiB. BUroToBieHHs 3y04yacTHX Kojic — 3yOo(dpe3epyBaHHS
MPOBOJIUTHCA METOJIOM OOKaTy 13 BUKOPHCTAHHSIM 4epB'suHOi (pe3u. Y Bepcrarti
nepeadayeHo IMUQPTUHT - TMEploJAUYHE TEepPEeMIIEHHS 4epB'suyHOi (pe3un B
ABTOMATUYHOMY PEXHUMI, IO JI03BOJISIE 3a[1SITH BCIO JOBXKHUHY PIKYUYHUX KPOMOK IMPHU
3y0000po0611i. HaiiOupimuii piameTp 3y04acTux KOJic, 10 HapizarThes, - 320 mm.,
MaKCUMaJIbHUN MOAYJIb 3y0iB - 6 MM.[5]
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[IpoeKTHHMI TEXHOJIOTIYHUN Mpollec MeXaHIYHOI OOpPOOKHM JeTaji KOJIECO
4yepB'siuHe, BKIIIOYA€E B cebe Taki onepartii:

Touinus ¢acok, MOBEPXOHb, CBEPUTIHHA OTBOPIB, PO3TOUYBaHHS OTBOPIB,
nutiyBaHHs  OTBOpPiB, TMpECyBaHHA JABOX JieTalel, 3yOOIIeBIHTYBaHHS Ta
3y6ouutiyBanHs 3y0iB, HUTihyBaHHS TOBEPXOHB,KOHTPOIb TOBEPXOHb.

H—=

Puc. 3 Kpecnenns geramni

Ilepesik nocujiann

1. IlpoekTyBaHHs uepB’sKiB 1 yepB’ssuHuX Kouic / Enexkrponuit pecypce/
http://www.tsatu.edu.ua/tm/wp-content/uploads/sites/14/tema-5-
proektuvannja-chervjakiv-i-chervjachnyh-kolis.pdf

2. Nepxauuii crangapt Ykpainu JJCTY 3925-99 / Enekrponnii pecypc/
https://foundry.kpi.ua/wp-content/uploads/2020/05/dstu-3925-
%E2%80%93-99-chavun-z-kulyastym-grafitom-dlya-vylyvkiv.pdf

3. Ximiuawuii Ta Mmexaniuauii ckian 6ponsu bpAXK9-4 JICTY I'OCT 1628-72
Enexrponwuii pecypce / https://www.splav-kharkov.com/mat_start.php?name_id=1083

4. Tokapuuit Bepcrar CK7150LT12 /  Enekrponmii  pecypc /
https://prostotools.com.ua/ua/p1861014701-tokarnyj-stanok-chpu.html
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TEXHOJIOI'TYHI JE®EKTHU 3A TEXHOJIOT'TEKO CEJJEKTUBHOI'O
JIABEPHOTI'O IIVTABJIEHHS (SLM)
B AIUTUBHOMY BUPOBHUIITBI (AM)
HTY «/[ninposcvka nonimexuikay

Ilepouna €Bren KOpiiioBuy, rpyna 131A-21-2
Haykoesuii kepigHukK' K.T.H., 1oll. lep6ada Bitaniit AnarosiiioBu4

JlocsiTHEHHSI SIKOCT1 MOBEPXHI, MOPIBHSAHHOI 3 00pooOkoro 3 UIIK, 3anuimmaerscs
CKJIQHUM 3aBJIaHHSAM Uil TexHoJjiorii AM wmetamy. [ns Toro, mo0 aauTUBHO
BUTOTOBJICHI (OPMU MOXKHA OyJI0O BHUKOPHUCTOBYBAaTH Yy BHUPOOHHUIITBI, HEOOX1JTHO
BpaxyBaTH Jekuibka ¢akrtopiB. Cepen nux ¢GakTopiB MIOPCTKICTh IOBEPXHI €
BUpIIIATBHUM MapaMeTPOM, Ha JOJATOK 10 (pOpMU MOBEPXHI, XBUJISICTOCTI TOBEPXHI
Ta TBEPAOCTI MMOBEPXHI.

Ha miopcTkicTh MOBEpXHI JeTaneil, BUTOTOBIEHHX MeTooM SLM, cyTTeBO
BIUTMBAIOTH Pi3HI (paKkTOpu Ta napameTpu npouecy. HailOuipm BaxinuBuMu (pakTopaMu
€ pO3MIp 3€pHa MOPOLIKOBUX YaCTHHOK, TOBUIMHA IIAPY, KYT HAXHWITYy CTIHKH 1 pO3MIp
BaHHU PO3ILIABY.

[TapameTp KyTa HaxXuiIy CTIHKA BU3HAUYAETHCA SIK KyT MK MIEBHOIO MMOBEPXHEIO 1
TOPU30HTAJIBHOK IUIOIIMHOK. PHCyHOK | 1IIOCTpy€e BIUIMB KyTa HaxWily CTIHKH 1
TOBIIMHHU LIapy Ha MIOPCTKICTh MOBEPXHI.

Po3wmip cxonis

Po3mip cxoxis

CTIHKU - —

Puc. 1 BruB kyTa HaXWily CTIHM Ha IIOPCTKICTh MOBEPXHI [1]

B3aemonist KyTa Haxwily CTIHKMA 1 TOBIIMHM LIApy NPHU3BOAUTH 10 BIAOMOIO
edexty cxoaiB. Po3mip cXolliB 3MEHIIYETHCS MPOMOPILINHO KOCHHYCY KyTa HaXWITy
ctinu. OTxe, 3SMEHILIEHHS TOBIIMHHU 1Iapy a0o0 301IbIIEHHS KyTa HaXWIy CTIHKA MOXeE
3MEHIITUTH €(PEKT CXO/IB.

B o0ox Bumaakax, xoda 3'sBISETHCS OLIbIIE€ CXOMAIB, iX PO3MIP 3MEHIIYETHCH,
10 MPHU3BOAUTH A0 TMOKPAIICHHS IIOPCTKOCTI MOBepxHi. Jlyig myXe BUCOKHX KYTIB
HaxwiIy CTiHU (> 75°) MIOpPCTKICTH Oiiblie HE TMOKpamlyeTbes. Edekt cxomiB crae
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MEHIII 3HA4YyLIUM, a 1HIII (AaKTOpPH, TaKl SIK 3JIMIAHHSA, MOXKYTh CIIPUUYMHUTH HE3HAUHE
301IbIIEHHS IOPCTKOCTI.

H.[OpCTKlCTB BepXHbO1 moBepxHi (mpu 0°) 3HaYHO MOKPAIY€ETLCS TPH MEHIII i
TOBIIMHI mapy. lle MosACHIO€TbCA THUM, IO BHUIA TEIUIONPOBIAHICTH 1 MEHINA
MPUCYTHICTh MOPOIIKY CIPHUSIOTH YTBOPEHHIO MEHIIMX, OUTBII CTaOLIbHUX OaceiiHiB
po3IUIaBy.

BronuB TOBIIMHU IIapy Ha MIOPCTKICTH OiuyHOi moBepxHi (mpu 90°) MeHIn
BUPQKEHUH. XOpOIIOrO MEPEKPUTTS MK IMOCIIIOBHUMHU IIapaMy BCE III€ MOYKHA
JOCATTH NP TOBLIUHI mapy 50 MKM..

[ToBepxHi, 110 MpUIATalOTh a00 HABUCAIOTh, 3 KyTOM Haxuiay MeHiie 60° MaroTh
BUCOKY IIOpPCTKICTh. KpiM TOro, moBepxHl AHMINA 3 KyTOM Haxuiy meHme 40° He
MOXYTb OyTH JOCATHYTI 0€3 OMOpPHUX KOHCTpyKIii. [lorana sKicTh MOBEpPXHI JTHA
NOSICHIOEThCSL ABoMa (akTopamu. I[lo-mepiie, ckaHyBaHHS Jla3epHUM IPOMEHEM
CUITy4OIrO TMOPOIIKY 3aMICTh TBEPAOr0 MaTepialy 3HWXKY€E TEIUIONPOBIAHICTh 1
MIJBUILYE TEMIIEPATypy, WO NPU3BOAUTH JI0 YTBOPEHHS HECTAOUIBHUX CKYITYEHb
po3mnay. [lo-npyre, po3miaBieHuid MaTepian 3aHyPIOETbCA B CUITyYH MTOPOIIOK 1T
JI€I0 CUJIM TSDKIHHS, YTBOPIOIOYH CTaJaKTUTOBI BI3€PYHKH.

SIKIo HaBHCAalOYMX MOBEPXOHb 3 MAjJUM KyTOM Haxuily HEMOXKJIMBO YHUKHYTH
HNUIIXOM HaxXWily JeTail, s MepliuX KUIbKOX IIapiB HaJ HABHCAIOYOK MOBEPXHEIO
a00 ONOpPHMMHU KOHCTPYKIISIMH CJiJ] BUKOPUCTOBYBAaTH CIELM(IYHI MapaMeTpu
nasepa.

Ilepesik nocujiann

1. Filippo Simoni, Andrea Huxol, Franz-Josef Villmer Improving surface quality
in selective laser melting based tool making Published online: 2 April 2021.
https://www.researchgate.net/directory/publications.

2. Tomasz Kurzynowski. (2019). METODA PROJEKTOWANIA |
IMPLEMENTACIJI TECHNOLOGII SELEKTYWNEJ LASEROWEJ]
MIKROMETALURGII PROSZKOW. Oficyna  Wydawnicza  Politechniki
Wroctawskiej, Wroctaw 2019, (1), 190. http://www.oficyna.pwr.edu.pl.
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CEKNIA - TPAHCHOPTHI CUCTEMH TA EHEPTOMEXAHIYHI KOMIVIEKCH TPOMUCJIOBUX MIIITPUEMCTB

IJISIXY MIJIBUIEHHA TPOAYKTUBHOCTI T'OJIOBHOI
NIIHOMHOI YCTAHOBKH ITAXTH «THIMPOBCHKA»
HpAT « ITEK TABJIOT'PAABYT TJIJISI»

HTY «/[ninposcvka nonimexuikay

Bo6okaso Banepiii CepriiioBuy, rpyna 184-21ck-1
Haykosuii kepignuk: crapmmid Bukjaagad Komiccapos FOpiii OgniekciiioBud

VYkpaina Mae OaraTuii IpUPOTHUN PECypCHUIN MOTEHIAT Y CBOIX HaJpax, SIKUM
BKiroyae 117 BuaiB KopucHMX komaiwH 13 120, sSKi CHOXXKHMBAIOThCS JIIOJICTBOM. 3
BUJ0OOYTKOM 1 BUKOPUCTaHHSIM KOPHUCHHMX KONAJIMH MOB’s3aHO 48% MpPOMHCIOBOTO
noTeHIiany kpaiau 1 10 20% ii TpynoBux pecypciB [1]. I'ipuudo-Bugo0yBHa ramtysb,
o 3a0e3leyye CHUPOBUHOIO PECypCOEMHI BHPOOHMIITBA Ta MPOMHCIOBICTh — II€
JIOKOMOTHB €KOHOMIiKM KpaiHu. [i DO3BUTOK CHpUUMHSAE 3POCTAHHS OOCATIB
BUPOOHUIITBA 1 B CYMDKHHX Tajly3sX, III0 MAa€ BEJIMKE 3HAYEHHS JIJIs1 Y KpaiHu.

BunoOyTok kam’sTHOTO BYTULISA Ma€ BEIUKE 3HAUYCHHsS JJIsl YKpaiHU 3 KUIbKOX
KITFOUOBHUX MPUYUH: BUPOOHHUIITBO €JIEKTPUYHOI Ta TETUIOBOI €HEPTii; BUKOPUCTAHHS B
YOpHIA MeTadyprii Ta XIMIYHIA MPOMMCIOBOCTI, 3a0e3MeUeHHS 3HAYHOI KUIBKOCTI
poOoYMX MICUb [Ji1 MEMIKAHIIB BYTUIBHMX PETIOHIB KpaiHU; CYTTE€BUWA BHECOK Y
BAJIOBUI BHYTPIIIHIA MPOAYKT JEPKABH.

[MMaxTta  «J/lHiDpOBChKa»  3HaxXoAWThC B [laBmorpajcekoMy — paiioHi
JIHITpONeTpOBChKOiI 00JacTi 1 € CTPYKTYPHUM MiAPO3JUIOM IIaXTOYNpPaBIiHHSA
«uinpoBceke» IIpAT «ATEK IlaBnorpagsyrumsy. [linnmpuemctBo po3po0isie
mactu CPyp, C% ta C"g motysxHicTIO 0,68-1,2 M, sIKI MICTATh KaM’siHE BYT1LIS Kiacy [0
ta JI['. PiuHa mpo€eKkTHA MOTYKHICTh IIaXTH ¢TaHOBUTH 1500 THC.T 1 Mae mepeayMOBH
JUTSI TIOJJAJTBIIIOTO 3pOCTaHHS.

3aBasku iHTEHCUQIKAIli TIpHUYUX POOIT Ta BUKOPUCTAHHS HOBITHBHOIO
oOnagHanHs B 2023 pomi Ha maxti «JlHimpoBcbkay BUA0OyTO Olibiie 2.0 MIH. T
BYriJUI $IKE BHJAHO HA 3€MHY IOBEPXHIO 3a JOMOMOIOI0 TOJIOBHOI JBOCKINOBOI
MiTHOMHOI YCTaHOBKH, II0 MAa€ MAaKCUMAaJIbHY IMPOEKTHY MPOMYCKHY CIPOMOXHICTh
5500 1/m006y. ByrimbHuii migiiom obnagnano ckinamu tuny CH emnictio 14,1 M3 3
BaHTaxomigioMHicTio 12600 kr Ta magioMHol0 MamumHO 21[6x2,4. Pob6oul
ropu3oHTu: 175m, 230M, 265m, 330Mm.

Take HaBaHTaXEHHS MMOBHICTIO BUYEPTIAJIO PE3EPB MPOAYKTHBHOCTI MiAHOMHOTO
KOMILJIEKCY Ta TPHUBEIO J0 HEOOXIMHOCTI BUMYIIEHOI pOOOTH B TEPiOA PEMOHTHOI
3MIHU TIPU OJHOYACHOMY 301IbIIIEHH] poO0oUHX MHIB 0 359 Ha piK 1110, B CBOIO YEpry,
HEraTWBHO BIJIOMBA€THCS HA SKOCTI TEXHIYHOTO OOCIYyroBYBaHHS Ta TPHUBAJIOCTI
PEMOHTHHUX OIepauii MiJAOMHOI yCTaHOBKH, IHTEHCUBHOMY 3HOCI OOJaJHaHHS Ta
3MEHIIICHH] HOTO HaIHHOCTI.

BukoHaBIIM MOPIBHAJIBHUN aHANI3 JEKUIBKOX BapiaHTIB MOJEpHI3allil roJI0BHOI
MIIAOMHOI YCTaHOBKH 3 BpaxyBaHHsIM Aitouux [IpaBun Oe3nexu [2] Ta ciupaloyuch Ha
KpUTEPIi MaKCUMaJIbHOTO 30€pekeHHS 1CHYIUOro BCTAaHOBJIEHOro OOJagHAHHS
BU3HAYEHO, IO i1 3a0e3MeuUeHHs MEepPCIeKTUBHOIO BUAOOYTKY Byruuisi B 2,3
MJTH.T/piK TP OJTHOYACHOMY IOBEPHEHH1 TPUBAJIOCTI POOOTH YCTAaHOBKHM 10 18 roauH

Ha 700y Ta 347 nHIB Ha piK HEOOXIJHO BUKOHATH 3aMiHy MITHOMHUX IMOCYIWH Ha
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ckinu tuny CH15 3 BanTaxomiaioMHicTio 14000 Kr, TOJOBHUX KPYIJIOCTATIKOBHUX
KaHaTiB, 30UIBIIMBINM X JiaMeTp 10 52 MM Ta JIBOX AaCHHXPOHHHUX NPUBOJHUX
IBUTYHIB ¢ (azHuM potopoMm Ha ABuryHu tuny AKH-17-31-24 nortyxuictio mo 630
kBT xoxeH [3]. [HIIE OCHOBHE €IEKTpPOMEXaHIYHE YCTATKyBaHHS YCTAHOBKH, TAKE SK
3aBaHTAKYBAIBHO-PO3BAHTAXYBAIbHI TPUCTPOi, CTBOJOBE OOJAJHAHHS, KOMPOBI
IIKIBY, MIJHOMHAa MallliHa Ta PEAyKTOp 3aiumaiTbes Oe3 3MmiH. [lpu mpomy
nocsiraetbess KK/ migitomuaoi yctanoBku Ha piBHi 0,76%.

Opnak, aJis 3MEHIICHHS EHEProBUTPAT Ta MIABUIICHHS €(EeKTUBHOCTI,
NOJANBIINX JOCIHIKEHb MOTpeOye ICHyl0oua BCTAHOBJIEHA CHUCTEMa €JIEKTPOIPUBOIY
Ha 0a31 aCHHXPOHHUX JBUTYHIB 3 ()a3HUM POTOPOM.

BTiieHHsT 3ampoONOHOBAHMX TEXHIYHUX PIIIEHb 3a0€3MeYUTh IT1IBUIICHHS
MPOIYKTUBHOCTI MAXTH «J[HITPOBChKa» MO AUISHIN BYTUIbHOTO Tigiomy 110 2300 Tuc.
T/pIK 1 JOTPUMAHHS HOPM 4Yacy II0J0 BUKOHAHHS OIJISIIOBUX, PEMOHTHHX Ta
HAJIaro/KyBaJIbHUX OTMEPAIIii.

IepeJik mocujianb

1. Craructnyna iHpopMauiss 3 BHIOOYTKy KopucHuX konaiuH. URL:
https://miningworld.com.ua/uk-UA/otrasl/otrasl.aspx/

2. llpaBuna Oe3neku y BYTUIbHUX maxtax / Jlep:kaBHu KOMITET YKpaiHu 3
MIPOMHMCIIOBOT O€3IEKH, OXOPOHHM Mpalll Ta ripHudoro Harsiny: Hakaz Big 22.03.2010
3a Ne 62. URL: http://zakon3.rada.gov.ua/laws/show/z0398-10

3. [MaxTHU# migiioM: HayKoBO-BUpoOHHMYEe BuaaHHs / bexok B.P., J[BopHukoB
B.1.,, Maneus L.I'., [Ipuctpom B.A; 3ar. pea. b.A I'panymiii, B.A. Kopcyn. JloHenbk:
TOB «lliBgennuii cxig JIT I», 2007. 624 c.
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A0 IIUTAHHSA PO3IOAITY KOHTAKTHHUX 3YCHUJIb ITO
JJE®OPMOBAHAHIN MOBEPXHI I'AJIbBMIBHOI CUCTEMM INAXTHHX
JIOKOMOTUBIB
HTY «/[ninposcvka nonimexuixay

I'anko Baaguciaas CepriitoBuy, rpyna 184-22ck-1 11
Haykosuii kepignuk: crapumi Bukjaanad /{bsukon [1aBjio AHaToiiioBuY

BaxyBoro nmpo061eMoro 3HIKEHHS €EKTUBHOCTI pOOOTH TaIbMIBHOI CHCTEMH
BBA)XAETHCS 3HWIKEHHSI IIOPCTKOCTI 1 MPUPOOITOK MOBEPXOHb TajJbMIBHOI KOJIOAKH 1
KoJjeca.

[Tpoiec mpupoOITKY CIOTYYEHHX IOBEPXOHb CYNPOBOKYETHCS CKIIAJHUMHU
HE3BOPOTHUMH SBHILAMH, L0 MPOTIKAIOTH Yy TOHKOMY IOBepxHeBoMy miapi. [lpu
ONMpalIOBaHHI  3MIHIOIOTBCA  (I3UKO-MEXaHI4Hi,  TEeIIO(i3W4YHl  BJIACTHUBOCTI
MOBEPXHEBUX IIAPIB, MAKPO- Ta MIKPOT€OMETPisl. Y MOYATKOBHI MEP10]] OMPalFOBaHHS
B1I0YBA€ThCS 1HTEHCUMBHE 3HOIIYBAHHS HEPIBHOCTEW, OTPUMAHUX MpPU MEXaHIYHIN
00poOrii, ix 1poOJeHHs 1 IUIACTUYHE AePOPMYBaHHS, IO 3a3BUYAll CYNPOBOIKYETHCS
HAaKJIETIOM TOHKOIO0 MOBEPXHEBOro Iapy. B pe3ynbrari mpupoOIiTKy BinOyBaeTbes
3ra/J)KyBaHHs HaWOLIbII HEPIBHOCTEW, IO BHUCTYNAKOTh, YacTKOBE a00 IOBHE
3HUIIECHHS TIOYAaTKOBUX HEPIBHOCTEH 1 BCTAHOBJICHHS HOBHUX, BIJIMIHHUX Bij
MOYaTKOBUX 32 (POPMOIO 1 pO3Mipamu.

3MiHA [IOPCTKOCTI B TPOIECI OMpalOBaHHS HOCUTh  XBHJICTIOHIOHMIA
MEepIoIUYHUHN XapaKkTep. XBUWIACTUN XapaKTep 3HOIIYBAHHS BUSBICHUHN 32 IOMTOMOTOIO
CIIOCTEPEKEHB 32 3MIHOIO B Yacl KoedillieHTa TepTs MpU CTUPaHH1 3pa3KiB.

ITig yac onpaltoBaHHsI YMOBHU TEPTS Ta 3HOLIYBAHHS MOCTYTIOBO 3MIHIOIOTHCS.

Benuuuna gakTryHOI 1101111 TOPKAHHS 30UIBIIYETHCS, CEPEAHINA MUTOMUN THUCK
1 cepeniHs TeMrneparypa (pakTUYHOI TJIO0I1 TOPKAHHS 3HMKYIOThCs. [{e mpu3BoauTh A0
3MIHM TaKOro mapamerpa, K KOoe(ilieHT TepTs ad0 MOMEHT TEPTs, BEIUUYHHY SIKOTO
MOKHa Oe3MocepelHbO MPOKOHTPOJIIOBATH TMPOTATOM BChOTO 4Yacy mnpupoOITKy. [1]
byno BH3Ha4YeHO, IO NP BIAHOCHOMY KOB3aHHI JABOX TBEPAMX TUT Ta 1X JOTHYHUX
MOBEPXHSX, MICHS 3aBEpIICHHS TMPOLECY MNPUPOOITKY BCTAHOBIIOETHCS JEsIKa
BIJITBOPIOBaHA MIOPCTKICTb, SIKa HE 3aJIEXKUTh BiJ BUXITHOI, a 3aJIEXKUTh B PEXKUMY
poboTH Mapu TepTA Ta PI3UKO-MEXaHIYHUX BJIACTUBOCTEN (PPUKIIIHHOTO KOHTAKTY.

BuxigHa MOPCTKICTh CKIANA€TbCS 3 CYKYNMHOCTI PI3HHUX 3a BEIMYMHOIO 1
T€OMETPUYHUM OOPHUCOM HEPIBHOCTEW B MpOIleCi MPUPOOITKY I1i HEPIBHOCTI OymyTh
CXHJIBbHI JIO BIUTMBY PI3HUX JOTUYHUX 1 HOPMaJIbHUX HAIPYT.

3HaYHUM IHTCHCUBHHUM BIUIMBaM OYJIyTh CXWJIbHI JI0 HAWBUIIMX HEPIBHOCTEM,
Kl 3a paxyHOK BEJIMKOi Hampyru OyayTh abo 3pizatuca, a0 IUIACTUYHO
nepopmyBatucs. HailOiabll 1moiori HEPIBHOCTI TaKOX BiAYYyBaTUMYTh 1HTEHCHUBHUHN
BIUIMB 3a PAaXyHOK BEJIMKOI ajaresii, 10 NOpU3BeAe J0 3HAYHOI 3MIHU IXHBOTO
reoMeTpuyHoro oopucy. Tomy B aHcamOJli HEPIBHOCTEH, 10 MalOTh Pi3HY BUCOTY Ta
pajilyc 3a0KpYTJIEHHS, Y OUIbII CIPUSTIMBUX YMOBAX BUSBJISATHCS MIPOMIXKHI 32 CBOIMH
po3mipamu HepiBHOCTI. [li HepiBHOCTI OyayTh MEpEeBaKHUMHU Ha MPUIIPAI[LOBaHIM
noBepxHi. i1 Takux HampalbOBaHUX MOBEPXOHb CHUJIA TEPTS MaTUME MiHIMalbHE

3Ha4YeHHs. Takum YUHOM, piBHOBa)KHa IHOpCTKiCTB AJL IMponeCy, o0 BCTAHOBHBCA,
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BIJIMOBI A€ MIHIMAJIbHOMY 3HAYEHHIO CHJI TEPTsI 3a 1HIIHUX PIBHUX YMOB.

[TpoBeneH1 eKCIEpUMEHTH TMOKa3aid, IO MPOIeC MNPUPOOITKY TajJbMiBHOI
KOJOJKMA Ha TEpIINX eTamax XapaKTepU3YEThCs 3HAYHUM 3HOCOM Ta pO3irpiBoM
MOBEPXOHb TEPTH, IO CYHMPOBOIKYIOTHCS 3MiHOIO mIOpcTKOCTI. [1] Uepes aesikuit yac
TeMIlepaTypa B 30HI KOHTaKTy 3MEHIIYETHCS 1 JIOCSATAE TOCTIMHOTO 3HAYEHHS, TPU
[[OMY IIOPCTKICTh CTaO1NII3y€eThCs, KOS(DIIEHT TEPTS Majae i Aaii mpu 30epekeHH]
PEXUMY TEpTS HE 3MIHIOEThCS. SIK TOKa3anu eKCIEepUMEHTH, 3HA4YCHHs, O SKOTrO
3HUKYETHCS KOCPIIIEHT TEPTS, € MiHIMAJIILHUM JIJISI TaHUX YMOB pPOOOTH MapH TepTs,
110 3HAYHO MOTIpIIye Mpaie3aaTHICTh TaIbMIBHOI CHCTEMH PYXOMOTO CKJIaay.

VY mepion ompailfoBaHHsS MOBEPXOHb BIJOYBA€ThCS MepellaMyBaHHSA 1 HaKJIemN
CTapuX HEpPIBHOCTEH, OTPUMAHMUX IMPU MeXaHIYHI o0OpoOll, 1 YTBOPEHHS HOBUX
HEpIBHOCTEH, 110 BUXOMAATH B mpoliect omnpaitoBanHs. [licis nmpupoOiTKy HEpIBHOCTI
3MIHIOIOTH (GOpMy, pO3MIp Ta cCHpsAMOBaHICTh. Ha BigMiHy BiJ TOYaTKOBHUX
HEpIBHOCTEH, TENep HEPIBHOCTI BUSABIISIIOTHCA COPSAMOBaHI y OiK pyXy KOB3aHHS MpU
TepTi. Lls HOBa MOPCTKICTh € ONTUMAIBFHOIO MPOTATOM MOJANTBIIOTO 3HOIIYBAHHS, 10
MpOTIKAa€E Mmicisg MNpUpoOITKy. XapakTep pyWHYBaHHS HEpPIBHOCTEH MOBEPXHI
BU3HAYAETHhCSI yMOBaMu 3HollyBaHHA. [1] [loBepxHi 3 OJIHIEIO 1 TI€IO K MIOPCTKICTIO
3HOLIYIOTHCSA MO-PI3HOMY IPHU 3MiHI MaTepiaily map, IO TPYThCs, TUTOMOIO THUCKY,
TEMIIEpaTypyd Ha MOBEPXHI TEPTs, HASIBHOCTI 3a0pyJHEHb 1 aOpa3MBHUX YACTUHOK B
KOHTAKTI T€PTH.

ExcneprMeHTaMu BCTAHOBJIEHO, 1110 B IPOLIECI 3HOIIYBaHHS 3a3BUYail rpyOiri
MOBEPXHI CTAIOTh YUCTIIIMMU, a YUCTIMI - TpyOimmmu. [Ipu omHUX 1 THX *Ke yMOBax
3HOIITYBaHHS, TpPH OyIb-AKil IIOPCTKOCTI B KIHII NPUPOOITKY TMOBEPXHI, IO
o0epTaroTbcs, HA0yBaIOTh OJHAKOBOT IIOPCTKOCTI.

3minu mopcTkocTi (BemmunHM He) 31 3MiHOIO 4Yacy 3HomryBaHHg T. Ywum
OJIvbKYe BHIXIJIHA MIOPCTKICTH JO IIOPCTKOCTI, IO BUXOAUTH MICIS MPUPOOITKY, TUM
IIBUJIIIE BIIOYBA€ETHCS caM JOpPOOOK TMOBEpxXOHb. SKIO 3a3nainerigb BuOpatu H.
00po0JIeHOT MOBEPXHI MaKCUMaJIbHO TMPOTWICKHUM 10 He., sKe Buiine micis
OTpaIlfOBaHHs, TO Yac ONpallfoBaHHS OyJe MaKCuMallbHO TpuBaiuM. B mporeci
3HOIIIYBaHHS MOBEPXHS 3a3BU4ail HaOyBae cepeaHbo1 mMopcTKocTi (Hee = 0,15 MK).

IlepeJsik nocujianb

1. CaBuenko, A.O., KomroBenb, O.M. KOHCTpyKTHBHI 3B'SI3KM Ta PO3MOJILI
KOHTaKTHHUX 3yCWJIb TI0 iepoMoBaHOi 1mepxoBaHoi moBepxHi. HaykoBa Becna — 2018:
Marepiamn  IX BceykpaiHchbkoi HAyKOBO-TEXHIYHOI KOH(EpEHIli CTYJICHTIB,
acmipanTiB 1 Mojonux BYeHHX. Tom 1 — TexHomorii BUI0OYTKY KOPUCHUX KOMAJIMH.
(duimpo, 12-13 xBiTHsa 2018 poky). — .: ABH3 HI'Y, 2018. - C. 11 —12.
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JNESIKI OCOBJIMBOCTI B3AEMO/III T'AJIBMOBOI KOJIOJIKHA
3 KOJIECOM PYXOBOTI'O CKJIAIY INAXTHOI'O TJOKOMOTHUBY
HTY «/[ninposcvka nonimexuixay

I'anko Baaguciaas CepriitoBuy, rpyna 184-22ck-1 11
Haykosuii kepignuk: crapumi Bukjaanad /Ibssukon [1aBjio AHaToiiioBuY

[Ipyn ekcmyatarfii TaJbMIBHOTO MEXaHI3MY IIAXTHOTO PYXOMOIO CKIJIaIy
3HIXKYETBCS IIOPCTKICTh MOBEPXHI TajdbMIBHOI KOJIOAKM Ta Kojeca. B pesynbrari
[[OTO 3HAYHOIO MIPOI0 3MEHUIYEThCA KOE(DIIIEHT TepTs, IO BEAEC 10 3HUKEHHS
HAJIAHOCTI Ta €PEKTUBHOCTI pOOOTH TraIbMIBHOTO MEXaHI3MY.

OpxHuM 13 HAMOUTBIT 1ICTOTHUX (PAKTOPIB, SIKI 3aBAXKAIOTh MATEMATUYHOMY OTHCY
IIOPCTKOCTI € 11 HeperyJspHICTh, SIKa BUHUKAE BHACTIAOK (DI3UYHUX OCOOJMBOCTEH
croco0iB yTBOpeHHs moBepxHi. Came TOMY [JIi MaTe€MaTUYHOTO MO/ICIIOBAHHS
HIOPCTKOCTI MOBEPXHI HEOOX1IHO BUKOPUCTOBYBATH TEOPETUKO-IMOBIPHICHI METOMM.
HaliyacTime mopcTKICTh po3risaanacs K JIeTepMiHOBaHa (3aKOHOMIpHA) CYKYITHICTb
OJIHAKOBHX 3a po3MipaMu Ta (hOpMH HEPIBHOMIPHOCTI.

3po3yMLJI0, 1110 Y TAKOMY MOJAHHI BIUIMB yCIX BUIAJKOBHX CKJIaJ0BHUX MPOIECY
MOBHICTIO ITHOPYETHCS, 1 BIAMOBIIAE AIMCHOCTI.

Tomy BUHUKIM (OPMYJIH pO3paxyHKY ILIOPCTKOCTI, OJEP:KaHI E€MIIPUYHHUM
nusixoM. Taki MofieNni MaroTh yCi BaJu, MPUTAMaHHI eMITIPUYHUM 3QJIEKHOCTSIM 1, KpIM
TOTO, BOHH MOBHICTIO HIBEJIIOIOTh BIUIMB €KCIUTyaTallliHUX (aKTOpiB Ha POpMyBaHHS
CTPYKTYPH IIOPCTKOCT1, OCKUIBKY BTpavyaeThbes 1HPOpMAIIisl PO TaKy CTPYKTYPY.

[Tomin mnpuuuH YTBOPEHHS HEPIBHOCTEH HA JABl TPYyNd MPU3BOAUTH JO
KOMITO3MINIMHOT MOJeNl IIOPCTKOCTi: JeTepMiHOBaHa TMEpioJMYHA OCHOBA Ta
BUITAJIKOBA KOMIIOHEHTA, 10 HAKJIA/Ia€ThCS Ha HEl.

3 iHmoro OOKy, MOYXHa MPUITYCTUTH, IIO0 OCKUIBKM BHUIAJKOBAa CKJIaJ0Ba €
HACJIIJIKOM YHUCJICHHUX YMHHUKIB, SIKI BUIAJKOBUM YHUHOM 1 MPUOJM3HO OJHAKOBOIO
MIpOIO BIUIMBAIOTh MPOLIEC YTBOPEHHS IIOPCTKOCTI, TO PO3MOAUT OpJAMHAT UIET
CKJIaJIOBOI MiAMOPSAIKOBYETHCS HOpMaIbHOMY 3akoHY [1]. OCHOBHI XapaKTepUCTUKU
IOPCTKOCTI TOBepxH1 3riHo Airodoro JICTY BuzHauaroThes Ha 0a30Bii JIOBXKUHI
onHoro BumiptoBaHHs (puc.l). KingbkicHa OLIHKa HIOPCTKOCTI BUKOHYETHCS BIJ
cepeaHboi JiHii nmpoduto, sika Mae GopMy HOMIHAJIBHOTO PO Ta MPOBEICHA TaK,
10 B Mekax 0a30BOi JOBXKUHU CEPEIHE KBAJIpAaTUYHE BIIXUJICHHS TIHCHOTO MPOMLIIO
B1JI 1T1€1 JTiHIT Oy/1e MIHIMAJIbHUM.

Bucora nepiBHocTel o 10 Toukamu — mapametp R; — po3paxoByeThes ik cyma
cepenHix abCOMIOTHUX 3HAYCHb BUCOT 5 HAMOUTBIIUX BUCTYIIB POdLII0 Ta TIMOUH 5
HaWOIBIIMX 3amaiuH MPOQLII0 B Mexkax 0a30Boi JOBXKUHHM [1]:

5

2Pl 2
RZ — =l i=1
5

Yui

1€ Ypi, Yvi — HailOliblia BucOTa Ta IMOMHA NPOoQUII0 BIANOBIAHO, BUMIpSHA BiJ
CepenHbOI JiHii.
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Puc.1. IllopcTkicTh NOBEpXHI

Cepennpoapudmernyne BIAXUICHHS poditro — mapaMmerp R, — po3paxoByeThes
K cepeHe apuMeTHIHE aOCOIOTHUX 3HAYCHB BIIXUJIEHD MPOM1II0 B Mekax 0a30BOi
JTOBXKUHU:

n

1 y,‘|
Ra= Yﬂy|dx ==
0

n

1€ Yi — BIAXWJIEHHS MpOoQuII0, 110 BUMIPIOETHCA BiJl CEPEAHBOI JIIHI; N — KIJIBKICTh
BHMIpPiB Ha 0a30B1H JOBKHHI.

Haii6inp1ra BucoTa HEpiBHOCTI MpoduIro — nmapaMeTp Ryax — po3paxoByeThCs K
CyMa BHCOTH HaiOuIbmioro Buctymy R, mpodimo Ta raubunu Ry HaiOimbIIol
3amaiuHu PO QiIIo:

Ilepesik nocujiann

1. CaBuenko, A.O., Komrosenpb, O.M. T'aimpMOBOro KoJiogka Ta Kojica
IaXTHOTO pyXxoBoro ckiany. Haykosa BecHa — 2017: Marepianu VIII Beeykpaincbkoi
HayKOBO-T€XHIUYHOI KOH(EpEeHIlli CTyAeHTIB, acIipaHTiB 1 MOJoAUX BueHux Tom 1 —
Texnosorii BugoOyTKy KopucHuX konaiuH. (Auinpo, 26-27 kBiTHs 2017 poky). — J1.:
JABH3 HI'Y, 2017. - C. 12 - 13.
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0O IIUTAHHSA 3ACTOCYBAHHS AKH AJISA TPOBEJIEHHSA
JAUUVIBHUYHUX HIAT'OTOBYNX BUPOBOK
HTY «/[ninposcvka nonimexuixay

Kazumupos Kupuino OuekciiioBuy, rpyna 184-22¢xk-1 II1
Haykosuii kepignuk: crapumni Bukjaagad /Ibssukon [1aBjio AHaToJiioBUY

IcHyrOUl TEXHOJOTIYHI CXEeMH KOMOAWHOBOrO TMPOBEACHHS BHPOOOK 3
BUKOPHUCTAHHSAM TPAAUIIMHUX TPAHCIOPTHHUX 3ac00iB (KOHBEEPIB Ta €JIEKTPOBO3HOI
BIJIKATKHM) Tepe0avyaroTh MaKCHMaJlbHE IIO€JHAHHS B Yacl OKpEMHUX OIlepallii,
pallioHaJIbHe BUKOPHUCTAHHS OOJaJHAHHS Ta TMpalll JIAHKKA TPOXIJHMKIB. 3a TaKoi
opranizaiii poOIT 3MIHHAa IMIBUAKICTh TMPOCYBaHHS BHUPOOOK 3MIIIAHUM BHOOEM
nocsirae 3,5 — 5,6 M, IpOAYKTUBHICTH Tpalll mMpoxigHuka ctaHoBUTh 0,39 — 0,66 m/cMm,
a TUTOMAa Bara TPYJIOMICTKOCTI 3BEJEHHS IMOCTIMHOTO KpIIUIEHHS Y 3arajlbHUX
BUTparTax mpaili ctanoBuTh 20 — 45 % [1, 2]. OgHak npu MiATOTOBIN 3amaciB BYTLLIA
OISl KOpPJOHIB WIIAXTHUX TOJIB Ta B 30HaX JPIOHOAMIUNITYAHUX T'E€OJIOTTYHUX
MOpYIIeHs OyJI0 BCTAHOBJICHO HEBIAMOBIIHICTH MDK MNPOIECAMH  KPITJICHHS
MPUBUOIAHOTO MPOCTOPY, TPAHCIOPTYBAHHS MOPOAH 3 BUPOOJICHHS Ta MaHEBPOBUMU
onepauisiMi Npyu 0OMiH1 3aBaHTAKEHUX BaroHiB Ha MOPOKHI.

VYV 3B's13ky 3 uuM HamnioHadbHUM TIPHUYUM YHIBEPCUTETOM CHUIBHO 3
1HKEHEPHO-TEXHIYHUM T1epcoHanioM Imaxtu «llaBmorpaaceka» Oyrna po3poOieHa
[UKJIIYHO-TIOTOKOBA MaJIOOTIepalliifHa TEXHOJOTIs TPAHCIIOPTYBAHHS TIPHUYOI MacH,
MarepiaigiB  Ta JIOJIeW TpU TNPOBEACHHI BHPOOOK CKIagHOro Tmpodimo 3
BUKOPUCTAHHAM KaHaTHUX IpyHTOBUX nopir (JAKH) sk egunuii TpancnoptHuii 3aci0
P TIPOBEJICHH1 JUTBbHUYHUX TJIACTOBUX BUPOOOK.

VY mporeci MIAXTHUX BUMPOOYyBaHb TEXHOJOTIYHOI CXEeMH KOMOAiHOBOTO
MPOBEICHHS MIATOTOBYMX BUPOOOK 13 3aCTOCYBAHHSIM JIOCHIHOTO 3pa3Ka I'PYHTOBOI
noporu tuny JAKHII-1,6 Oynu po3poOiieHi pekoMmeHAalli I0J0 BIOCKOHAJICHHS
KOHCTPYKIlli KaHATHUX TIPYHTOBUX JOpIr HOBOTro TmokojiHHS [1,3] Ta croco6iB
KepyBaHHS TPaHCIOPTHO-TEXHOJOTIYHUMHU TIPOIleCaMH  TIEPEMIIICHHS  TIOPOJIH,
JOTIOMIKHUX MatepiajiB Ta JiroAel. Pe3ynbraTu mpoBeAeHUX AOCIHIKEHb JT03BOIMIH
po3mpuTd  chepy e(PEeKTUBHOIO 3aCTOCYBaHHS KOMOAMHOBOTO  MPOBEICHHS
MIArOTOBYMX BUPOOOK 1 MIJBUIIUTH €KCIUTyaTallliHy HaJ1iHICTh KaHATHUX IPYHTOBHUX
JIOpIT, IO €KCIUTYaTyIOThCs B perioHi. B maHuii yac Ha mraxtax periony noHan 41%
JTITBHAYHUX IMATOTOBYMX BUPOOOK, IO MPOBOIATHCS 1O MMOBCTAHHIO-TIAAIHHIO TJ1acTa,
BUKOPUCTOBYIOTHCS SIK €IMHUM TPAHCIIOPTHHIA 3aci0 Ha rpyHTOBI goporu tumny JIKH-3,
JKHJI ta IKHY.

3a pesynbTaTaMM TEXHOJOTIYHOTO MOJICTIOBAHHS Ta EKCIEPTHOI OIlIHKH
TEXHOJIOTITYHUX CXeM KOMOAHOBOTO TPOBEIEHHS BUPOOOK, IO AIIOTH Y PErioHi, 3
BukopuctanuaMm JIKH Oyno Bimmano mnpiopurer cxemi (puc. 1) 3 KOMILIEKCOM
obnagHanHs (kombOaitn KCII-32 — nepeBantaxyBau III1JI-1 — Baronetku BJI-2,5 —
JIKHII-1,6 — mopoauuii OyHKep).
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(BA25) >11KHH- l> ITopoammii Gynkep

Puc. 1. PexomenaoBanuii BapiaHT KOMIIOHYBaHHS BAHTa)KHO-TPAHCIIOPTHOTO
KOMILIEKCY 13 3acTocyBanHsM JIKH

CyvacHa oprasi3ailis mpari y miaroToBuoMy BHOOi T03BOJISIE BCTAHOBIIOBATH
apkoBe kpimieHHs 3a 30 — 35 xBunumH. Came 3a Takwii 4yac OOMIHIOETHCS TAPTis
BAaroOHETOK TiJ CTPIYKOBMM TMEPEBaHTAKyBaueM MPOXIAHUIIBKOTO KoMOaitHa y
3aMpONOHOBAHIN TPAHCIIOPTHO-TEXHOJOTIYHINA CXEeMi, TOMy 4Yac Ha OOMIH BaroHETOK
HE IMEPEBUILY€E TPUBAJIOCTI OMEpalliil 13 BCTAHOBJICHHS KPIIJIEHHS Ta TPAHCHOPT HE €
CTPUMYIOUYHM (PAKTOPOM TIPHUYONIATOTOBYMX POOIT.

3acToCyBaHHS BaroHETOK 3 JIOHHUM PO3BAHTAKEHHSIM CYyTTEBO CKOPOUYE Yac Ha
3MIMCHEHHS IOTO MPOIIECY 1, K HACTIJOK, MiJABHUINYE MPOAYKTUBHICTh BIJIKATKU Ta
HIBUIKICTh IPOBEIECHHS BUPOOOK.

BBeaenns B cxemy OyHKepa 1 pO3MIIIEHHS HOTO MiX MPOBEEHUM BUPOOJICHHAM
1 pO3TalIOBaHUM HM)KYE KOHBEEPHUM IITpEKOM [1, 4] 103BOJII€ BUKIIIOUUTHU 3 LIUKITY
TPAHCIIOPTYBaHHS  JIOKOMOTHBHY  BIJKaTKy IO  MAariCTpaJlbHUX  BHUpPOOKax,
aKyMyJIIOBaTH TIPCbKY Macy BIJl INPOBEIEHHS BHUPOOJEHHS MPOTITOM 3MIHU JUIS
MOAAIBIIOI JOCTABKH ii CTPIYKOBUM KOHBEEPOM HA IIAXT1 0 3HAYHOTO ITiABUIIECHHS
MPOJYKTUBHOCTI, OE3MEKH EKCIUTyaTallii, sIKOCTI CUPOBHHM 3a PAXyHOK pPO3AUIBHOI
BHJIayl BYT'ULIS Ta MOPOXKHBOT MOPOAM, Ta 3HMKEHHSI COOIBApPTOCTI TPAHCHOPTYBAHHS
TIPHUYO1 MacH Ta JONOMIKHHUX MaTeplaiB.

IlepeJik nocujianb

1. JIto6amuu, C.O., Hdenumenko, O.B. IlpoBeaeHH! MUIBHUYHUX MiATOTOBYUX
BUpoOok. HaykoBa Becna — 2017: Marepianiu VIII Beeykpaincbkoi HAyKOBO-TEXHIYHOT
KoH(epeHIii CTyAeHTIB, acmipaHTiB 1 Mojoaux BYeHuX Tom 1 — TexHomorii
BUJI00YTKY KopucHUX KonanuH. ([Juirnpo, 26-27 ksitHs 2017 poky). — [.: IBH3 HI'Y,
2017. - C. 22 - 23.

2. Ilocynpko, JI.M. OOrpyHTyBaHHS TapamMeTpiB TPAHCIOPTHO-TEXHOJOTTUHUX
CXEM MPOBEACHHS TUILHUYNX BUPOOOK MPU PO3MIUPEHHI MEX MIaXTHUX momiB[ TekcT]:
aBTroped. quc. Ha 3100yTTS HAyK. CTYM. KaHJ. TexH. Hayk: cre. 05.15.02. “Ilinzemua
po3pobOka poaoBuill kopucHux komnanuu” / ITocynbsko Jlrogmuna Mukosnaisua;Hartion.
ripH. yH-T. — J{HinponeTrpoBchk, 2010. — 20c.

3. Henumenko, O.B. Illaxthui kanathi goporu [Tekct]: Monorpadis/ O.B.
Henumenko. — J1.: Haionaneuuii rippuuuii yHiBepcutet, 2011. — 172 c.

4. Cnocib TpaHCIOPTYBaHHS TIPHUYOI Macu Ta JOMOMIXHHUX MaTepialiB Imij yac
npoBeneHHs BUpoOoK [Tekct]: mar. 111802 nHa Bunaxing Ykpaina: MIIK E21C 41118,
E21F 13/00 /O.B. leanmenko, JI.M. Tlocynbko , A.JI. [llupin, M.O. Keuin; 3asBHUK 1
naTeHToBNacHUK Harion. ripH. yH-T. — Ne a201504053; 3assn. 23.04.2015; omy6u.
10.06.2016, bron. Nell. -4 c.
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0 MUTAHHSA NIABUIIEHHA ECEKTUBHOCTI CEJIEKTUBHOI'O
BUHUMAHHS BYTLJLJISA 3A PAXYHOK YJIOCKOHAJIEHHSI CUICTEMH
TPAHCHOPTYBAHHSI 'IPHUYOI MACH
HTY «/[ninposcvka nonimexuixay

Kazumupos Kupuino OuekciiioBuy, rpyna 184-22¢xk-1 II1
Haykosuii kepignuk: crapumi Bukjaanad /{bsukon [1aBjio AHaToiiioBuY

Ines 3anmuieHHs] MOPOXKHIX MOPIT Y MEKax BUPOOOK TPHUYUX MITMPUEMCTB HE
HOBa — TPOMO3HUIi M[0J0 30araueHHs 3alli3HSAKY B Kap'epax BHOCWIMCA Ta
0o0roBoproBaMCS B YKpaiHi HEOAHOPa30BO. Te caMe MOXKHA CKa3aTH 1 MPO BYTUIbHI
IaxTy, Je el HarpsSMOK OTPMMAaB Ha3BY ‘‘CEJIEKTHMBHA BUiMKa~ 1 B MOTO PO3BUTOK
3poOWIIM  BENWYE3HUH BHECOK BUEHI Kadeapu Mi3eMHOI pO3pOOKH POJOBHIIL
HarrionaneHOTO TipHUYOTO YHiBepcuTeTy [1-4].

TexHosoria po3AUIBHOTO BIAMNPALIOBAHHA TOHKOIO IUIACTY 13 3aKJIAJKOIO
MOPOXKHIX MOP1 Y BUPOOIEHHUI NPOCTIpP JIaBU B IEBHUX YMOBAX J103BOJIUTh JOCSTTH: —
e(hEeKTUBHOTO BIJIMPALIOBAHHS YACTUHU IUIACTIB MOTYXHICTIO 0,6-0,85M, 3amacu skux
B YKpaiHi cTaHOBJIATH 01u3bko 50% Bix 3aranbHux; - CyTTEBOrO CKOPOUYEHHS BUTPAT
Ha TPOBEICHHS IMIJATOTOBYMX BUPOOOK 3a PaXyHOK 3aKJIAJIKH IOPLA BlA MPOXOAKU
0e3nocepelHbO 'y BUPOOJICHUIM MHPOCTIp OYMCHOTO BHOOIO; — €KOHOMII KOIITIB BiJ
MOBTOPHOI'O BUKOPHUCTAHHS MIATOTOBYMX BHUPOOOK, SIKI OXOPOHSIOTHCS 3aKJIaJHUMHU
cmyramu 0e3 BYTUIBHMX LIUJTMKIB; - MIJBUIIEHHSA O€3MeKru poOIiT Ha CTIOJYyYCHHSX JIaB
3aKJIaICHUM MAacHUBOM, IO OXOPOHSIOTHCS, 3AaCTOCYBaHHSI MPOTPECUBHUX CXEM
MPOBITPIOBAHHS BUIMKOBUX NUISHOK; - [lomimimeHHs BEHTWIISIIT JIaB Ta yMOB Mpaiii
P BIAMPAIIOBAHHI Jy>K€ TOHKUX 1 TOHKUX IJIACTIB 32 PAXYHOK ITiJIBUIIIEHHS BUCOTH
poOOYOTO TPOCTOPY OYMCHOTO BHOOK; — TIABHINCHHS €(GEeKTUBHOCTI 3aco0iB
MIJ36MHOTO TPAHCHOPTY 32 PaXyHOK BUBUIBHEHHSI OCTaHHIX Bl BUAadl 0ajacTOBHUX
BAHTAXIB Yy BEJIMKUX O00OCATax Ta 3 BEJMKOK UIUIBHICTIO; - CyTTEBOr0 3HMIKEHHSA
BUTPAT Yy CYMDKHINMIAraIy31 Ha 30aradyeHHs 1T ripHu4oi Macu.

Po3pobneno Ta BunpoOyBaHO Yy BHUPOOHMYMX YMOBaxX KiJbKa BapiaHTIB
CEJICKTHBHOI TEXHOJIOTIi, CYTHICTh OJTHOTO 3 HHUX IOJISITa€ B TOMY, IO MiIHATHHN 11010
KOHBeepa y 01k mokpism komOaitH 1K-103 BupoOiisie BUIMKY CMyTrd BYTULIsi Ha BCIO
KOPUCHY TOTYXHICTh IUlacTa 0e3 MNPUCIYKU MOPOXKHIX MOpiA. 3ayBaKuMo, IO
KOHCTpyKIlisgs kombOaitHa K-103 mo3Bossie KOpmycy MaliMHM pa3oM 13 BUKOHABUUMU
OpraHaMM MiJHIMATUCS, HE BTpPaydalOud 3B'SI3KY 3 KOHBEEPOM, HA BHCOTY IIOJIO
IJIOIIMHY, Ha SKIM 3HAXOAUThCS BUOIMHUN KoHBeep, 10 300 MM. OTxke, MICIsI BHIMKH
CMYTH BYTUUIS B JIaBl 3aJIMIIAE€THCA MOPOJHUN YCTYN IPYHTY, OUII OCHOBHU SIKOTO
3HAXOAUThCS BHOIMHMI KOHBeep. [loTiM HaA TMOETHAHHI JIaBH 31 IITPEKOM KOPITYC
MallliHU Pa30M 13 BUKOHABYMMH OpTraHAMHU OITyCKA€ThCA, a KOMOaitH pOOUTh BUIMKY
MOPOXKHIX TMOPIJl TPYHTY. 3aBaHTKCHHS 1li€i 3pyHHOBAHOiI KOMOAWHOM MOPOaU
3MIMCHIOETHCS MO0 BUKOHABYMMHM OpraHaMH Ta JieMellaMd BUOIHHOTO KOHBEepa.
Po3po6eno Ta iHII crocobu BiAOIMKKM TIpHUYOI MacHu BiJl MacHBY, BHUIIPOOYBaHI Ha
maxTtax 3axigHoro Jlonobacy.

[Ipn BHKOpHCTaHHI OyAb-SKOTO 3 BapiaHTIB TEXHOJIOT1l CEJIEKTUBHOI BUIMKH

KIIIOYOBUM CJICMCHTOM 3aJIMIIACTBCA TPAHCIIOPTYBAHHA Byriﬂﬂﬂ Ta HOpO}KHiX HOpiI[.
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BignoBigHo 10 mpoBeaeHUX pO3paxyHKIB (puc.l) mpu TpaHCIIOPTYBaHHI MEPIIOrO
HEOOXiTHA TOTYXXHICTh TPUBOAHOTO JBUTYHA JIABHOTO CKPEOKOBOTO KOHBEeEpa
CII-251.14, obmamHaHoro aBOMa NPHWBOJHUMH OJlokamu 1o 55 kBT, cranoBmia
6mu3bko 90 kBT, Toal K TpaHCHOPTYBaHHA Mopoau HeoOxiaHo meHie 40 kBT.
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Puc. 1. [liarpama cTaTUYHUX HATSTY TATOBOI'O OPraHy JIABHOTO CKPEOKOBOTO KOHBEEPA
(a — Byruws, 6 — mopoaa)

[IpupogHuM pillleHHAM 3aBIaHHS €HEPro30EPeKeHHs € BIIKIIOUCHHS JIPYroro
MIPUBOJHOTO OJIOKY KOHBEEpa IIiJl Yac PEBEPCYBAaHHS JUIs MepeMiileHHs nopoau. Lle
BUMAaraTiMe BHECEHHS 3MIH JI0 €JEKTPUYHOI CXEMHU YIIPaBJIiHHS, 3aTe 3a0e3MeurTh
CYTTEBY E€KOHOMIIO €JEKTPOCHEprii Ta 3HU3UTH COOIBAPTICTh KOPUCHUX KOIAJIUH.
HacTynHuM BaXJIMBUM €TanoM Yy BHpPIIIEHHI NpoOJeMU TPaHCHIOPTYBaHHA IpHU
CEJICKTHBHIM BHUIMII CJiJT BBa)XaTW BJOCKOHAJIEHHS KOHCTPYKIII €JIEMEHTIB
BUIIMaIbHOTO KomOaliHa 1 CKpeOKOBOro KOHBeepa JJisi 3a0e3MedYeHHs IMOBHOTO
HaBaHTAXXEHHSI TIPHUYO1 MACH.

IlepeJsik nocujianb
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miacTiB [Tekct] / B.I'. Uepmatiok, I.C. Manamkesuu, B.B. Pyckux // Matepianmm
MixHaponHoi HaykoBo-mpakThuyHOi KoH(pepeHuii “Illkona miazemMHOi po3poOkM —
2016”. - 1.: Jlitorpad. - 2017. - C. 29 - 30.
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O IIUTAHHSA NEPCIIEKTUB 3ACTOCYBAHHSA HIAXTHOI'O
AU3EJIEBO3HOI'O TPAHCIIOPTY
HTY «/[ninposcvka nonimexuixay

Kocsik Makcum I'puropoBuy, rpyna 184-23-9
Haykosuii kepignuk: crapumi Bukjaanad /Ibssukon [1aBjio AHaToiiioBuY

Ha ByrubHMX 1maxtax VYKpaiHU MiA3€MHUNA TPaHCHOPT € HaWOLIbII
MEXaH130BaHUM KOMILUIEKCOM, Malouu piBeHb py4yHOi npari 61m3bko 30% npotu 46%
Ha BCIX 1HIIMX BUPOOHUYUX KOMILIEKCaX Ta po0OTaxX 3 BUIOOYTKY BYTLIS 3arajoM.

TuM He MeHI, Ha Mi3EMHOMY TpaHCHoOpTi 3ahHATO 13% BiO 3arajibHOI
YUCEIBHOCTI POOITHUKIB 3 BUAOOYTKY BYriuig abo Oiu3bko 17% BiJ ycixX MiI3eMHHUX
pPOOITHHKIB; YHUCENbHICTh POOITHUKIB Ha MiJ36MHOMY TPAHCHOPTI CTAHOBHUTH TOHA]
9% BI1a 3aranbHOI YUCENBHOCTI POOITHHUKIB PYUYHOI mpaii 3 BUAOOYTKY BYTULIs abo
0sm3bpK0 12% BiA mi3eMHUX pOOITHUKIB PYYHOI ITparll.

CtpykTypa CIHOXHUBaHHS JOTOMIKHUX MaTeplaliiB Ha Cy4YacHUX IlIaxTax Mae
TaKui BUTIISA: BUIOOYTKOBI NUISHKU — 40% BijJ 3arajibHOi Macu, MiArOTOBYI 32001 —
47%, tammi crioxkmBadi — 13% [1, 2].

OgHuM 3 TEepCHeKTUBHUX HamnpsMiB 3a0e3neyeHHs Oe3Ne4Hoi podoTu
TPAHCHOPTY € 3aCTOCYBAaHHS PEHKOBHX 1 MIJBICHUX AU3EJIEBO3IB.

[ToBiTpst B MiI0YMX MiA3EMHUX BUPOOKAX MpU POOOTI TPAHCHOPTHUX MAIIUH 3
JIU3ENbHAM TIPUBOJIOM HE TOBUHHO MICTUTH OTPYWHHUX Tra3iB OUIbIIE TPaHUYHO
nomyctumux kounentpamii (I'ZIK), y Tomy umciai cymMapHMX OKCHIIB a30Ty B
nepepaxynky Ha NO; - 6inbiue 5 mr/m® (0,00025%), miokeuny azory NOz — 2 mr/m®
(0,0001 %,), okcuay Byriemo — monan 20 mr/m® (0,0017%). me nepesurye 0,08% Ta
OKCH/IIB a30Ty B nepepaxyHky Ha NOz — 0,07% no o0'emy [1, 3].

3araJibHOIO MPOOJIEMOIO 3aCTOCYBaHHS JM3EJEBO3IB HAa BYTUIBHUX IIaXxTaxX €
BUKHJ B aTMocdepy BUXJIOMHHUX Ta3iB. BUXiomu AW3eNbHUX ABUTYHIB € CKJIAIHOIO
CYMIIIIIIIO Ta3iB, Map 1 3BaXXKeHUX 4YacTUHOK. HaliHeOe3neuHilli 3 ra3iB - OKUC BYTJIELIO
(yagHuii ra3), IBOOKUC a30Ty Ta JBOOKHC CIpKHM. barato Takox JETKHMX OpPraHiuHUX
cnonyk (JIOC), Takux K ajabJeriav, He3ropijii ByrjeBOHI Ta 1HIIII.

TBepal JOMIMIKK TU3€IbHUX BUXJIONIB - 1ie ApiOH1 (MeHie 1 mxm (0,0001cm) y
JiaMeTpl) YacTMHKM BYTJIELI0, SIKI KOHJEHCYIOThCA 3 BHUXJIOMHUX Ta3iB 1 4YacTo
30UpaloThCcsl  y TOBITPI Y TPYyAKH abo0 JaHmiokKKdA. [li YacTUHKM JOCUTH
IpiOHOAMCTIEPCHI, OO0 TPOMTH TMXAJTbHUMHU IUISIXaMH JTFOUHHU.

Meta poOOTHM — MIHIMI3yBaTH BHKUAM IUKIJJIMBUX PEYOBUH Yy IIAXTHY
aTMocdepy Mg 9ac poOOTH TPAHCIIOPTHHUX 3aCO01B 13 TU3ETHPHUMU JIBUTYHAMHU.

VY 3B'SI3Ky 3 THM, L0 3aCTOCYBAaHHS TU3EJIHHOIO MOHOPEHKOBOTO TPAHCIOPTY B
CyyaCHMX IIIaxTaX YacTo OOMEXYeTbCs YMOBaMU pOOOTH, MPOMOHYETHCS
BUKOPUCTOBYBATU J0JATKOBY (QUIBTpAIliiiHy cUCTeMY HEHTpasi3allli BUXJIOMHUX ra3iB
kommnanii EHT Teknik, sxa npusHauena ayig mocTiiHOT HeWTpali3aiii BUXJOMHHUX
raziB MOHOPEMKOBOI'O IU3eeB03a B TIpHUYKMX BUpOOKax (puc. 1).
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Puc. 1 ®inbrpaniiina cucrema «HT» (CtyniHp ylIOBIIOBaHHS: YaCTUHKUA PO3MIPOM 10
0,4 mixpona > 95%; O6car Buxuonaux rasis: 1o 10/20/35 m3/xs; Temneparypa
BUXJIONHUX Ta3iB: He OubIne 200/250 C°; Tepmin ciyx6u pinstpa: 100/200/200
3amyckiB; Bara: 18/23/40 kr)

[IponnoHOBaHE TEXHIYHE PIIMICHHS JO03BOJSE CYTTEBO PO3MIUPUTH chepy
3aCTOCYBAHHS JW3EJIEBO3HOTO TPAHCIOPTY B IMMIJ3€MHHMX YMOBaX, KOJH JI0JaTKOBa
KUTBKICTh TIOBITPS, IO IIOJAETHCS Yy BHUPOOJICHHS, BUSIBISETHCS HEIOCTATHIM, a
BUKOPUCTAHHA €MHOCTEW 1Js1 30MpaHHS BUXJIONMHUX Ta3iB — MajloePEKTUBHHM.
[Toganpini  AOCHIKEHHS HEOOXIHO TMPOBOJUTH y HaMpsiMi  eKCIUTyaTaliitHoi
MEepEBIPKU 3aPONOHOBAHOTO PIIEHHS Y MIAXTHUX YMOBaX.

IlepeJik nocujiann

1. Csermmunuii, A.f., [ennmenko, O.B. IlepcrieKTuBM BUKOPUCTaHHS
[IAXTHOTO JIM3€JIEBO3HOTO TPAHCIOPTY. TWXAEHb CTyAeHTChKOi Hayku — 2015:
Marepianu cTyJeHTChKOI HayKOBO-TeXHIUHOT KoHpepeHii 2015 p. — J1.: epxaBuuii
BUIIMN HaBYaIbHUM 3aknan «Hamionansuuii ripanunii yHiBepcute™, 2015, — C. 34 —
35.

2. lennmenko, O.B. IligBuimeHHS e(QEKTHBHOCTI IIMAXTHOTO JIOIMOMIKHOIO
tpancnopty [Tekcr] / O.B. Jlennmenko // Haykoswuit Bicauk HI'Y. — 2007. — Ne 10. —
C.65-067.

3. [lpaBuna Oe3neku y ByrulbHMX MmaxTtax [Tekct]/3atB. MiHicTepcTBOM
BYT1JIbHOI TpoMHCiIoBocTI Ta Jlepkoxopoumpami Ykpainu 15.10.1995 p. — Odi.
surisig. — K.: Hayk. nymka, 1996. — 421 c.
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BUBIP TA PO3PAXYHOK TEIINIOOEMIHHUKA IIIAXTHOI BOJIN
TEIIJIOHACOCHOI YCTAHOBKMU JUISI YTUJII3ALII TEILJIA ITAXTHOI
BOJIX B YMOBAX IIIAXTHU «CTEIIOBA» ITPAT «JITEK
IMABJIOTPAIBYTLJLISI»

HTY «/[ninposcvka nonimexnikay

Kyaiuenko Ouekciii CepriiioBuy, rpyna 184-21ck-1
Haykoeguit kepisnuk: crapmuuii Bukjaagad Tpopumona Ouena IlaBiaiBHa

[lepcieKTUBHUM HampsiMOM BUPIIIEHHS MPOOJEM TEIJIONOCTaYaHHs! BYTUIbHUX
HIJIPUEMCTB € 3aCTOCYBaHHSI €HEpro30epirarouux TEIUIOHACOCHUX TEXHOJIOT1H, M0
BUKOPUCTOBYIOTh HU3bKOMIOTEHIIIITHE BUKHUJIHE TEILJIO MAXTHUX BOJ.

Boja HM3BKOMOTEHIIHHOTO Terula HaiyacTiie 3a0pyaHeHa 1 MICTUTh TBEpii
YaCTUHKU, IO 3HAXOJATHCS B 3BAXKEHOMY CTaHl, a BOJAa, IO HArpiBae€TbCs s
CUCTEMHU Tapsiuoro BOJIONOCTAYaHHSA, MICTUTh COJII JKOPCTKOCTI, SKI MOXYTh
BIJIKJIAJIaTUCA Ha TOBEPXHSX TEIUIOOOMIHHUX amapatiB y BUIIIsLAlI Hakuiy. Ha mraxTi
«CrenoBay  IIpAT  «JATEK  IlaBmorpagByruuis»  HOTYKHUM  JIKEPEJIOM
HU3BKOIIOTEHI[IHHOT €HEprii € IaxTHa BOJA, IPUILIUB KO CTAHOBUTH 10 880 M>/ros.
[ITaxTH1 BOJM 3a3HAYEHOI BUIIE IIAXTU B OCHOBHOMY XJIOPHW/IHI, HATPIEBI 1 XJIOPUHO-
KaJlicBO-HATPiEBO-MarHiesi 3 MiHepamizamiero 2...5 r/nm° i 3BaKEHMMM PEYOBUHAMMU:
ook Nel — 15 mr/am®, 610k Ne2 — 150 mr/nme, pH = 7,1...7,2. Bomu myxke *KOpCTKi,
BEJIMUMHA 3arajibHoOi KopcTkocTi Bijg 18,6 mo 24,73 mr-exs/n. Illo6 He momycTuTH
3a0py/IHEHHSI TOBEPXOHb TEIJIOOOMIHY BHUIIAPHUKIB 1 KOHACHCATOPIB TEIJIOBHUX
HacoCiB, B TexHoJoT1uHii cxeMi THY nependaudaroThcsi MpOMidKHI KOHTYPH Tiepenadi
TeIia BiJ 3a0pyaHEHOI BOJAW 10 XOJIOJOAreHTY 1 B XOJIOJOAreHTY 10 BOJHM, IO
HarpiBa€eThCs, B IKUX ITUPKYJIIOE yncTa Boda [1].

Y 1upoMy BUMNAAKYy 3a0pyJHEHHIO TIJAIOTHCA TOBEPXHI TEIMI000MIHY
TEIUIOOOMIHHMKIB IIIAXTHOI BOJM Ta YHCTOI MUTHOI BOJM, IO HArpiBaeTbCs IS
CUCTEMH Tapsyoro BOJOMNOCTayaHHSA. BapTicTh HMX TEemIOOOMIHHUKIB HabaraTto
MEHIIA, HDK TEIJOBUX HACOCIB, & TUN MOXe OyTH BHOpaHUN 3 ypaxyBaHHSIM
HEOOX1AHOCTI MEPIOAUYHOTO YUIIICHHS.

Tomy 3a TEIJIOOOMIHHMK MPUUHATO KOXKYXOTPYOHUH TEMIOOOMIHHMN amapar
(puc. 1). B sxoMy mIaxTHa BoJla PyXaeThCs B TPyOKax TEINIOOOMIHHMKA (IS
3pY4YHOCTI oOuuIilleHHs). B MiKTpyOHOMY MHpoCTOpi Teue 4YucTa BOAA MPOMIKHOTO
KOHTYpy. OnHe 3 npu3HAaYeHb KOXYXOTPYOHUX TEIUIOOOMIHHUKIB — HarpiB Ta
OXOJIO/DKeHHS 3a0pyaHeHuX piauH. KokyXoTpyOHI TETUIOOOMIHHUKHA 3 HEPYXOMHUMHU
TpyOHUMHU pelTiTKaMi MAarOTh TPOCTY KOHCTPYKIIIO Ta HU3bKY BAPTICTh BUTOTOBJICHHS
y TOpPIBHSHHI 3 IHIIMMH CTaHJAPTHUMH TeIuiooOMiHHUKamu. KpiMm  Toro,
KOXXYXOTpYOH1 TEIJIOOOMIHHI amapaTd MarTh HU3KY TepeBar: BUCOKHA KOEQIII€HT
Teryionepenayi, 3Mora yTWwii3amii Tersjia, HEBEIUKUM TIApaBIIYHANA  OMIip,
KOMITAaKTHICTh, Majla 3a0pyJHIOBAHICTh TIOBEPXHI TEIUIOOOMIHY, MOKJIUBICTh
31MCHIOBATH PYX TEIUIOHOCITB MPOTUTEUIEIO.
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Puc. 1. KoHcTpyKiis TermooOMiHHKKA IIIAXTHOI BOJIU

3amava po3paxyHKy MOJsirajia Y BH3HAYEHHI IUIONI MOBEPXHI TEIIOOOMIHY 1
TEMIIEPATYPHOTO PEKUMY TEIJIOOOMIHHMKA IIAXTHOI BOJAM, IO 3a0e3nedye nepenavy
tersioBoi motyxHocTi 140 kBT (32 po3paxyHKamMu TEPMOJMHAMIYHOTO ITUKITY
terioBoro Hacocy B ymoBax maxtu «CrenoBa» [IpAT «ITEK IlaBmorpaaByrisuis)
P BIJOMHX MTOYATKOBIM Temneparypi maxtHoi Boau 17 °C 1 TemneparypHOMy Hanopi
Ha TEIUIOMY KiHII TertooOMiHHMKa 5 °C .

[Ipn mpoekTyBaHHI TEIJIOOOMIHHHMKA pAJl MapaMeTpiB MpUHAMaIM Ha OCHOBI
ICHYIOUMX aHAJIOTIB. A came, KOKyXOTpyOHMI TEIJIOOOMIHHUN arapaT 3 BHYTPIIIHIM
miametpom koxkyxa D, =520 MM Ha OCHOBI rekcaroHajdbHOI TPYOHOI PEUIITKH 3

quCcJIOM TPyOOK B JlaMeTpaibHIN JiaroHani N =19, 3aragpHUM YHUCIOM TPYyOOK

aiaM
N,, =301, 30BHIIHIM [iaMETPOM i TOBIIMHOK CTiHOK TpyOOK Biamosinno d,
=0,020 m 1 §Tp = 0,002 m; Butpara maxtHoi Boau V, =75 M°/Toj; BUTpaTa BOAM B
npoMi>kHOMy KOHTYpi V,, =48 M®/rox; uncio XomiB TEmIOOOMIHHMKA TI0 IIAXTHiM
BOJI N,, = 4; BIICTaHb MIX MEepPeropoIkaMu MixkTpyororo npoctopy | = 0,056 m [2].

B pe3ynbTaTi po3paxyHKiB OTpUMAaH, 10 KOedili€HT Terionepeaaydi amnapary,
BIJIHECEHMI [0 TMOBEPXHI TEIUIOOOMIHY amapary MO 30BHIIIHBOMY JiaMeTpy TpYyOOK
k =1750 Br/(M?-°C); mioma NOBEPXHI TEmIOOOMiHY amapary MO 30BHIIIHBOMY
niamerpy TpyOok — F =14,7 M2, a mosxkuna TemnoobMminaux Tpy6ok L =0,78 M He
MEepPEBUILLY€E CTAaHIAPTHE 3HAUCHHS (6 M).

[IpuiiHsaTHUI TETJIOOOMIHHMK IIIaXTHOI BOJAW HE JIONMYCTUTHb 3a0pyHEHHS
MOBEPXOHb TEINIOOOMIHY BUITAPHUKA TEIUIOHACOCHOI YCTAHOBKM JJIs YTUJII3allil Teria
maxTHoi Boau B ymoBax maxTtu «CrtenmoBa» [IpAT «JITEK IlaBnorpansyriuis» Ta
3a0e3neunTh Tepenadyy HeoOXiMHOT TeMIOBOi TMOTYXXHOCTI TpPU  IMOYATKOBIN
TeMriepaTypi maxtHoi Bogau 17 °C 1 TemmepaTypHOMY Hamopi Ha TEIUIOMY KiHIII
terooominauka 5 °C .

Ilepesik nocujianb
1. Oxkcennr IO.I.,, CaBenuyk O.C., Camycs B.l. MeroauuHi BKa3iBKH 10
MPOEKTYBAHHS TEIUIOHACOCHUX YCTAHOBOK JUIsl YTWJII3alii BUKHJIHOTO TeIJia Ha
TIpHUYUX TANPUEMCTBAX JJIsl CTYJEHTIB CIelliaabHOCTI ,,P03poOKa pojoBHUIll Ta
BUJIOOYBAaHHS KOPUCHUX KOMNaJWH~ cheraizamii ,,EHepromexaniuyHi KOMIUIEKCH
ripaudoro BupooHunrea”. Juinpo: HI'Y, 2014. 40 c.
2. Casenuyk O.C., Oxkcens [0.1., Tpodpumona O.I1. MetoauuHi pexoMeHallii,
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3aBJlaHHs Ta MPUKIAAM PO3PaxXyHKY TEIUIOOOMIHHUX arapariB TEMJIOCHEPTeTUYHHUX
YCTaHOBOK JJIsl CTYAEHTIB CHelialibHOCTeN ,,HeTpaauiiitHi Ta BiHOBJIEHI JKeperna
eHeprii’, , EmekTpoMexaHI4HI CHCTEMH T€OTEXHIYHUX BUPOOHHULTB”, ,,Po3pobOka
pPOJIOBUIIl Ta BHAOOYBaHHS KOPHUCHUX KOMAMWH cheramizamnii ,,BEHepromexaniuHi
KOMIUIEKCH TipHHYoro Bupoonunrsa”. Juinpo: HI'Y, 2015. 93 c.
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BU3HAYEHHS ITAPAMETPIB TEPMOJANHAMIYHOI'O HUKJTY
TEIIVIOBOI'O HACOCY YCTAHOBKH JIJIS1 YTUJIIBAII TEILJIA
INAXTHOI BOJIU B YMOBAX IIAXTH «TEPHIBCBKA»
HPAT «ATEK ITABJOI'PAABYT IJLJIS»

HTY «/[ninposcvka nonimexuikay

JIntBunenko Aanuno CepriiioBuy, rpyna 184-21ck-1
Haykosuii kepignuk: crapmni Bukiaagad Tpopumosa Ouena IlaBaiBaa

HedimuT naauBHUX pecypciB 1 3pOCTaHHS 1IH Ha HUX CIIOHYKA€ MPHUILISATH BCE
Ounbllle yBarm TNpoOsieMaM eHEepro30epekeHHsl, BUKOPHUCTAHHS  MPUPOIHOTO,
BTOPUHHOTO 1 BUKHIHOTO TEIlJIa IPOMHUCIOBUX MiANPUEMCTB. st O1IbI €peKTUBHOTO
BUKOPUCTAHHA CHEPreTUYHUX PecypciB Ha  MIANPUEMCTBAX  BYTUIbHOT  Ta
TIPHUYOPYIHOI TPOMHUCIOBOCTI JOUUIBHUMU € BJIOCKOHAJIEHHS Ta BIPOBAJKEHHS
TEMJIOHACOCHUX TEXHOJOTIH.

HaiikpamuMm JxepenoM HHU3bKOIMOTEHI[IMHOT €Heprii g TEIUIOBUX HACOCIB €
mraxTHa Bojaa. KpiM TOoro 1oaaTkoBUM JKEPEIOM MOXKYTh CIYT'yBaTH CTIYHI BOJIU Ta
TEXHOJIOTIYHI BOJM OOOPOTHOrO BOJOMNOCTaYaHHA. JIns TIpHUYUX MIANPUEMCTB
1HBECTHIIIl B TEIJIOHACOCHY YCTAHOBKY BXE€ 3 MOMEHTY 3aIlyCKy 3a0e3MmeuyroTh
€KOHOMIIO KOINTIB Ha OMAJCHHS 1 CKOPOUYIOTh 3aJICKHICTh BiJl IIEHTPaII30BAHUX
Mepex Terio3adesneueHHs. llepeBaramu € CTaOUIBHICTH POOOTH 1 OTpPUMAHHS
BHCOKOTO TEIIO3WOMY CEpeJl BCIX TUITIB TEIUIOBUX HacociB. Hemomik — my1st cTabiibHOT
pPOOOTH HEOOXITHO MaTH MOCTIMHUHN TOTIK BOJU BIAMOBIAHOT stkocTi [1].

Ha maxti «TepniBcekay I[IpAT «ATEK IlaBnorpanByriuis» MHOTYXKHUM
JDKEpeNIOM HU3BKOIMOTEHINIHHOT €Heprii € IaxTHa BOjAa, MPUILUIMB SIKOT CKJIala€ 10
440 m3ron. BesmocepenmHh0 B CHCTEMAx TEIUIONOCTAYaHHS IOTEHIal BOJM,
TeMIlepaTypa SKOi MPOTIATOM POKY AOpiBHIOE NpuOim3HO 15-18 °C He Moxke OyTH
BUKOpucTaHui. [IpoTe, moTeHian TEMIOTH MOKHA 30LIBIIMTH 3a JOTIOMOIOI0 BHILE
3raJjJaHux ycTaHoBOK. Ha chorogni yac B yMoBax maxtu «TepHIBCbKa» MOTpeOH B
TEIUTl JUIS CHUCTEM OMaJeHHS W TapsS4oro BOJOMOCTAYaHHSA 3aJ0BOJBHSIIOTHCS
CHAJIOBAHHSM BYTUUIS B IIAXTHIM KOTeNbHIM ycraHoBui. OOnagHaHHS TakKoi
YCTAaHOBKH, 4Y€pe3 3HOILIEHICTb, EHEPreTUYHO Majoe(EKTUBHE, a BUKUAM MPOIYKTIB
CTIaJIFOBAaHHS BYT1ULIS 3a0pyAHIOIOTE atMocdepHe MOoBITPs. 3aMiHa i Ha TEMJIOHACOCHY
TEXHOJIOT1I0 JIO3BOJIUTH MOIMIIATHA €KOJIOT1F0 HABKOJIHUIITHHOTO CEPEIOBUIIIA.

OnHuM 13 3aBAaHb MPOEKTYBAHHS TEIUIOHACOCHOI YCTAaHOBKH € PO3PaxyHOK
TEPMOJMHAMIYHOTO IMKIY TEIUIOBOTO Hacoca. YCTaHOBKA IMOBUHHA 3a0€3MEeUnuTH
HarpiB BOJW JJIsl CUCTEMHU Tapsdoro BojomocTadaHHs Big 6 mo 45 °C y KUIBKOCTI
150 M3 3a 18-u rogmuHuMii n06OBUK poOOYMil MK B IaHOMY HPOEKTI NpUHAHATHIA
MapOKOMIIPECIMHUX TEIUIOBUM HAcoc, poO0Uor0 pedoBHHOIO sikoro € ¢peor R134a.
Po3paxyHOK TepMOAMHAMIYHOTO MHMKIYy TEIUIOBOTO Hacoca 3IIHCHIOBAIM 3a
METOAMKOI [2] 3a JOMOMOroI0 i-p - JiarpaMu CTaHy 3a3HA4YCHOTO XOJIOJO0AarcHTY.
OxkpiM 3a3HAYEHUX BUXIJHUX JAHUX JJISl MPOEKTYBAHHA TEIJIOHACOCHOI YCTAaHOBKH Ta
TeMriepaTypu maxtHoi Boau 17 °C, 10JaTKOBO 0 BKa3aHUX BUIIE JaHUX MPUNMAIIN:
TEeMMEpaTypHUU HaIip Ha TEIIOMY KiHII Tema000OMIHHHMKA ImaxTHOi Boau 5 °C;

TeMIepaTypHUM Hamip Ha TEIJIOMY KiHIII BUIIApHHMKA TeruioBoro Hacoca 2 °C;
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TeMIepaTypa TOYKH POCH XO0J0J0areHty B Konuencatopi 50 °C; meperpiB nmapu
XO0JI0JI0are’HTy y BUnapHukydS °C; mepeoxoJioI)KEHHs KOHJAEHCATY XOJIOJ0areHTy
30 °C; 13oenTponauii KK/ kommpecopa 0,67.

OTpuMaHi po3paxyHKOBI MapaMeTpH TEPMOJMHAMIYHOTO ITUKIY TEMJIOBOTO
Hacoca J03BOJUIN OOYUCIUTH MUTOMI XOJOJONPOAYKTUBHICTG (, = 177,4 xJx/kr,

TEIUIONPOAYKTUBHICTE  (, =222,0 kJ[x/kr, mukmy Tta poboTy Kommpecopa |

= 44,6 xJx/kr Ta Koe]ilieHT MepeTBOPEHHS eHeprii TeroBoro Hacoca Kty = 4,98.

Y mopanmplioMy MOXHa pO3paxyBaTH TEIUIOBY MOTYXHICTh Ta €HEPreTHYHI
MOKA3HUKH TEIUIOHACOCHOT YCTAHOBKH JIJIsl YTHJII3allli Temia MIaxTHOiI BOAU B yMOBAax
maxtu «TepniBebkay [IpAT «ATEK IlaBmorpanByriuisy, mo 3abe3nednTh HarpiB
BOJY I CHCTEMH Tapsdoro BoAolocTadaHHs Bix 6 mo 45 °C y kinbkocti 150 M3 3a
18-u roguHHMI A000BMI pOOOUMI LMKI. 3a3HayeHa YCTaHOBKAa CYTTE€BO 3a0LIAJMThH
NaJIMBO 33 PAaxXyHOK BUKOPHCTAHHS TeIJla BUKUJHOTO TEIUIa IIAaXTHOI BOAM Ta
3MEHIIUTh BUKUIM LIKIJIMBUX PEUOBUH MPHU CHATIOBaHHI MaJUBa.

Ilepesik mocujianb

1. Kpacuuxk B.I'., VYnanoB M.M. AnbpTepHaTHBHI JpKepeiaa €Heprii Ha
MIAIPUEMCTBAX BYT1JIbHOI IPOMHUCIOBOCTI.
URL:  https://dtek.com/content/files/vyacheslav-krasnik.pdf  (mata  3BepHeHHS:
30.03.2024).

2. Okcenp lO.I., Capenuyk O.C., Camycs B.I. Meroguuni BKa3iBKH 0

MPOEKTYBAHHS TEIUIOHACOCHUX YCTAHOBOK JUIsl YTWJIi3alii BUKHJIHOTO TeIJia Ha
TIpHUYUX TMIANPUEMCTBAX JJIsl CTYJEHTIB CIHelliadbHOCTI ,,PO3poOKa pooBHUILl Ta
BUJI0OYBaHHS KOPHUCHMX KOMNajdWH~ cHemjati3auii ,,EHeproMexaHiyHli KOMIUIEKCH
ripauyoro BupoOnuirea”. Juinpo: HI'Y, 2014. 40 c.
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AOC/IKEHHSI YIAPHO-BIEPAIIIHHUX PEXKUMIB B3AE€MOIT
HIIUMOMHUX NOCYAUH 3 APMYBAHHSAM HIITY
HTY «/[uinposcoka nonimexuixay

®enopenko Craniciaas CepriiioBuy, rpyna 184-20-1
Haykosuii kepignuk: nouent Libina Inna CepriiBaa

Yrpoaorx octadHix 30-40 pokiB BYTUIbHI IIAXTU Ta PYJAHUKH Y KpaiHi
CTUKAJIKCS 31 3HAYHUMH 3MiHAMHU y PoOOTI, Ha SIKI BIUIMHYJIM PyX TIpHUYHX TMOPII,
BUTMHAHHS Ta 3HOC apMyBaHHS y BEPTUKAJIbHMX CTBOAx. Ll 3MiHM mpu3Benu 10
30UIbIIEHHS HABaHTAXXEHb HA apMyBaHHA, IO NEPEBUIIYIOTH Oe3meuni Hopmu. Lle
BHUMArae peryJsipHOrO MPOBEJACHHS PEMOHTHUX POOIT i BIAHOBJICHHS T€OMETPUUYHUX
napamMeTpiB Ta MIITHOCTI apMyBaHHS, IO NPHU3BOAUTH 10 3HAYHUX KamiTaJIbHUX
BHTpAT.

Ha cporogHi, BaXJMBUM acCmeKTOM, SKHH 3aJUIIAE€TBCS  HEIOCTATHBO
OCBITJICHNM, € THUTAaHHS BUHUKHEHHS PE30HAHCHUX SBHII ITiJT 4Yac MEPEeMIICHHS
nocyauHu mo Tpaci. [l1 sBUIlla BUHHMKAIOTh Yy BHUIAQJKaX, KOJM TEBHI MapameTpu
pOOOTH BEIMKOBAaHTAXKHUX Ta BHCOKOIIBUAKICHUX IMIJMOMHHUKIB CITIBIIQIaf0Th.
301IbIIEHHST MMOTYXHOCTI BUAOOYTKY IMpu 3HOCI oOnagHaHHs Ha 40-50%, sxe 3apa3
CTa€ MOMITHUM Ha IIaxTax YKpaiHW, MOXE CTaTU MPUYMHOIO aBapiiiHO-HEOE3NEeUHUX
CUTyallli y pa3l BUHMKHCHHS JIWHAMIYHMX HABaHTKCHb HaA 3HOIICHI JUISTHKH.
BuBueHHs 3aKOHOMIPHOCTEH BIUIMBY 30BHIIIHIX MEPIOJUYHUX (HAKTOPIB HA AUHAMIKY
MOXWJIMX MIJTAOMHUKIB Ma€ BEIUKE 3HAYEHHs i 3a0e3rnedeHHst OesnepediitHoi Ta
Oe3reyHoi poOOTHM MIAMOMHHKIB y TIpHUYOMOOYBHIM ramy3i. Takum dYuHOM, IIe
aKTyaJbHa HAyKOBO-TEXHIYHA MpoOIieMa, sika MOTpedye AOCTIIHKEHb.

Puc. 1. Po3paxyHkoBa cxema T'JIKH T1IHOMHOI YCTaHOBKHU

I[JISI BCTAHOBJICHHS 3aJICXKHOCTEU H06y,ﬂy€MO MaTeéMaTU4YHY MOJCJIb ,III/IHaMiKI/I
CHUCTEMMU. AHaJ’IiTI/I[IHO, st B33.€M0,Z[i51, OIIUCYETHCA BUPA30OM
F =&H cosaw(t), (@D
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ne eéH — ammityna; w(t) — dasa Blaemonii, & — Manuii mapamerp.

Po3po6iiena MmaTemaTuHa MOJIENb JO3BOJIIE€ aHAII3yBaTH MOBEIIHKY KaHATIB y
T TIAOMHMKA IT1J1 Yac MAHATTS Ta OIMyCKaHHS BaHTAXY 3a HASBHOCTI 30BHIIIHIX
nepioANYHUX 30ypeHb, K1 BIUIMBAIOTh HA BEPXHINM KiHEIb KaHATY B TOYKaX BUXOAY 1
HaOiranHga Ha mKiBU. [lim yac poOOTH MIAHOMHOI MAIIMHM >KOPCTKI IapaMeTpu
CHUCTEMH TIOCTIHHO 3MIHIOIOTBCS, 1 B 3aJ€KHOCTI BiJI YaCTOTHU 30BHIIIHBOTO BILIUBY
BOHH MOXKYTh CHHXPOHI3YBAaTHCS 3 BJIACHOIO YaCTOTOI0 KOJWBaHb CHCTEMHU Ha OyIb-
SAKUX JUISTHKaX TpacH MPH Pi3HUX MIBUAKOCTAX PyXy BaHTaXy IMiJ 4yac CIycKy abo
migiHoMy.

ar
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48
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I,

Puc. 2. 3anexHicTh MepIIMX 4acTOT KOJMBAaHb BiJl MOJOKEHHS MOCYAMHU Ha Tpaci:
1 — HaBaHTa)KeHa T1JIKa, 2 — MMOPOKHSI TLJIKa

Y BHCHOBKax BiJ3Ha4eHo, 1m0 Oyia moOynoBaHa MaTeMaTHYHA MOJENb, fKa
JIETABHO OIMKCYE TOBEMIHKY CHUCTEMHU Tij 4Yac pyXy MpU TMEPIOJUYHUX 30ypEeHHSX
BEPXHIX KIHIIIB KaHaTy. TakoXk BUSABJICHO HOB1 3aJIeKHOCTI Ta 3aKOHOMIPHOCTI Yy
KIHEMaTUYHHUX Ta CWJIOBUX XapaKTEPUCTHKAX KOJUBAIBLHOTO MPOIIECY CUCTEMH "KaHaT
— mocyauHA" M Yac miAoMy Ta CIyCKy BaHTaxy. Pe3oHaHcH MOXyTh BUHUKATH B
riIKaX yCTAaHOBKM TPU TIEBHUX CIIBBITHOMICHHSX MK iX mapamerpamu. OTpumani
pe3yibTaTH AOCTIKeHh MalOTh BAXKIIMBE 3HAYCHHS, OCKUIBKA BOHU JI03BOJISIOTH
PO3pOOUTH peKOMEeHAAIIT 11 3a0e3neYeHHs CTINKOI pOOOTH YCTAaHOBKH MPHU PEaTTbHUX
napameTpax 30BHIIIHIX 30ypeHb.
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ABTOMOBUILHUN
TPAHCIIOPT

142
Mamepianu 79-i cmydenmcokol Haykoeo-mexuiunoi kongepenuyii « Tuscoens cmydenmcoKoi HayKu



CEKIIIA — ABTOMOBLIbHU TPAHCIIOPT

AHAJII3 HAVMITIONYJISIPHIIIOI'O
B’ KUBAHOI'O ABTOMOBLIS B YKPAIHI
HTY «/[uinposcoka nonimexuixay

Ioiinenko Poman IOpiiioBuy, rpyna 274-23-1
Haykosuii kepignuk: ct. BUKjaaaad Xoaoc Oubra I'enHajgiiBHa

[Tonpu BifiHYy HaceleHHS B YKpaiHi MPOJOBXKYIOTh IMPOJaBaTH Ta KYyMyBaTH
aBTOMOOWI1, 00 11e MOXKJIUBICTh OyTH MOOUTbHUM. CHIOYaTKy IpoMajsiHaM OyJio HE 0
KyIiBJll aBTOMOOUTIB 1 cepBicHi 1leHTpu MBC He npamtoBanu. Ilicias BiHOBIEHHS iX
poOoTH B1IOYJIOCS 3pOCTaHHs yroJ KymiBmi-ipoaaxy. ¥ 2023 porui cymapHuit oocsr
BTOPUHHOTO PUHKY JIETKOBUX aBTOMOOUTB ckjiaB 1,177 Tucsad aBTOMOOLTIB, IO Ha
5,5% Oinbie y mopiBHsIHHI 3 2022 pokoMm.

Kinbka pokiB TOCHUIb MEPUIICTh Yy BHYTPIIIHIX MEpPErnpojakax HaJCKUTh
uHiMenpkid Mapii Volkswagen, sactka aBTomMoO011iB skoi 3a mimcymkamu 2023 poky
cknana 12,4%.

ToMy mpoaHami3yeMO KOMIUIEKTAIIF0 OJHIEI 3 HAWIOMYJSAPHIIINX MOJACICH -
Volkswagen Golf. O6¢csar nepenpogax mporo apromoOurs y 2023 pomi ckmaB 27,1
THCSAYa aBTOMOOLTIB [1].

ABtomo0iIb Volkswagen Golf mokazaB, 1mo aBTOMOOUIb BIJHOCHO IPOCTOT
KOHCTPYKINi 1 HaaiiHuii, BumyckaBca 3 1997 mo 2004 pik. Beboro B cBiti Oyiio
BUITYIIICHO OiJIbIlIe YOTUPHOX MIJIBHOHIB eK3eMILISIPIB [2].

Ky3oB Volkswagen Golf [V Mimami1 4epe3 BUKOPUCTAHHS TEXHOJOT1i OJIOYHOTO
3BaprOBaHHS JIa3epHUM MeTOoAoM. KpiM TOro Ky30B OLIMHKOBaHUH Ta modapOoBaHuit
BOJIOPO3YMHHOIO €KOJIOTIYHOIO emauio. BupoOHuk nae 12-piyHy rapasTiio Bin
Kopo3ii. OcBiTNIIOBaNbHI Npuiaau, Gapu OJMKHBOTO Ta JAIBHHOTO CBITIA, TTOKA3HUK
MOBOPOTY Ta MpPOTUTYMaHHa (apa, 3HAXOMATHCS MiJl 3arajbHUM CKJIOM. B 3amHiii
YacTUHI aBTOMOOLIS po3TalllOBaHa BUTHYTA 3a]IHA CTiiKa Aaxy, sSKa Jajl NepexXoauTh y
KpuJji0. Y 1IbOMY aBTOMOO1JI1 OHOBJIEHI 3BYKOIOTJIMHAIOYI MaTepiaiv. ['amma JBUTYHIB
BKJIFOYA€ IIICTh OCH3MHOBUX 1 TPU AU3EIbHI IBUT'YHHU MOTYXHICTIO Big 68 mo 180 k.c.
[3]. [lo ctangapTHOrO OCHAIIEHHS BIHOCUTHCS: MEpEeIHI HaJAYBHI MOIYIIKHA O€3MEKH
BOJiSA 1 macaxupa, ABI OIYHI MOMYIIKHM OE3NMEKH B CIMHKAX IEPEIHIX CHIIIHb,
MIATOJIBHUKY Ha 3aJIHIX CHIIHHSAX, PETyJIbOBAaHE IO BHCOTI CHIIHHS Bomis, ABS,
MUJIOBUIM TOBITPSIHUEM (IIBTP B CUCTEMI BEHTWIALII, TIAPOMIACUIIOBaY Kepma 3i
3MIHHUM TI€pelaBaJIbHIUM YHCIOM 1 3yCHJUIIM Ha KEepMi, IMCKOBI TajbMa Ha BCIX
KoJiecax (MmepeHl BEeHTWIIbOBAaH1), PENIiTKa pajiaTopa Ta 30BHIIIHI A3epKajia, bammnepu
B KOJIIp Ky30Ba.

3a ouinkamu ekcrepTiB Volkswagen Golf IV mae BUCOKY sIKICTh BUTOTOBJICHHS
Ta (papOyBaHHs, BUCOKHI piBEHb 3aC00IB TACUBHOI O€3MeKH, MOTYKHUN nBUTYH, ABS,
pEeTyJIIOBaHHS  BHCOTH KepMa 1  JOBKHHH  KOJOHKH, BHCOKHH  pPIiBEHb
KoM(opTaberbHOCTI POOOYOro MiCLisl BOIIS.

IlepeJsik nocujiann

1. https://eauto.org.ua/

2. https://uk.wikipedia.org/

3. https://catalog.aw.by/
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AHTHJAETOHAIIVHI BJACTUBOCTI BEH3MUHIB
TA CIIOCOBM iX NIJIBULIIEHHS
HTY «/[uinposcoka nonimexuixay

I'onuapenko Ouexcanap AnaroJiiioBuy, rpyna 2/4-23-1
Haykosuii kepignuk: K.T.H., 1o1. OQjimeBcbka Basentuna €BreniBua

AxryanbHicTb. Cporogui Ounbmie 50 % ycix aBTOMOOUIIB BHKOPHUCTOBYE
aBTOMOO1TBHI OeH3uHU. Y 2019 p. Oyau mo3HadeH1 NPIOPUTETHI HAIPSMKH POOOTH B
aBTOMOOUTbHIM  MPOMHUCIOBOCTI  YKpaiHW, SKI CHOpSIMOBaHI Ha  JIOCSTHEHHS
€BPOMNEHCHKUX HOPM SIKOCT1 aBTOMOOUIBHUX OCH3WHIB.

ABTOMOOUTHHUI OEH3WH — 11€ CYMIIIl BYTJIEBOJIHIB 3 TEMIIEPATYPOIO KUITIHHS B1J
30 mo 215 °C.

beH3uHu MOBHUHHI BIAMOBIAATH KOHCTPYKI[ISIM JABUTYHIB 1 MaTU BJIACTUBOCTI, SIK1
BIJINOBIJIAIOTh CYYaCHUM €KCIUTyaTal[liHUM BUMOTaMm:

— Oe3nepeOiifHa mogava 10 CUCTEMHU >KUBJICHHS;

— YTBOPEHHS AJUBO-MOBITPSIHOI CyMilIl HEOOX1JHOTO CKIaay;

— HOpPMaJIbHE Ta MOBHE 3TOpaHHs MajJUBO-TIOBITPSIHOI CyMilll y ABUTyHax (0e3
BUHUKHEHHS JIeTOHAIIl1);

— 3MEHILIEHHS KOPO31MHOTO BILUIMBY Ha JIETaJll JBUTYHIB;

— 3MEHIICHHS BIIKJIAJIEHb Y BIIYCKHOMY TpPYOOIPOBOJII, KaMEpPH 3TOpaHHS Ta
IHIKX JETaSIX JIBUTYHIB,;

— 30epeKeHHS SIKOCT1 IpH 30epiranHi, NepeKkavyyBaHH1 1 TPaHCTIOPTYBaHH;

— eKoJIoTiyHa Oe3meka.

Mera poGoru: AHamM3 aHTHACTOHAIIIMHUX BIJIACTUBOCTEH aBTOMOOUIBHHUX
OCH3MHIB Ta JOCIIKEHHS (DaKTOPIB, IO MiIBUIIYIOTh aHTUETOHAIIIHY CTIHKICTb.

3B'#130K po0oTH 3 MporpamMamMu Kadeapu aBTOMOOLIIB Ta aBTOMOOIJILHOIO
rocnoxapcrBa. Po6ora BUKOHaHa BIANOBIIHO /10 OCBITHBO-MPOQECIHHOT MporpaMu
MIITOTOBKH 37100yBayiB 3a CHeialbHICTIO 274 « ABTOMOOUTEHUN TPAHCTIOPTY.

OcHoBHUII MaTepiaj. AHTHACTOHAIlIMHI BJACTUBOCTI aBTOMOO1IFHUX OCH3UHIB
OI[IHIOIOTHCSI OKTAHOBUM 4YHCIIOM [1].

OKTaHOBE YHMCJIO — YMOBHHUM MOKA3HUK JCTOHAIIMHOI CTIMKOCTI OCH3UHY, SIKUN
JOPIBHIOE BIJICOTKOBOMY (00’€MHOMY) BMICTY 1300KTaHy B €TaJOHHOMY TaJMBI, SKE 32
JETOHAI[IHHOIO CTIMKICTIO €KBIBAJIGHTHO O€H3MHY. B SKOCTI eTaJOHHOro MajauBa
npuitmMaioTh cywmim 1300ktany CgHjys, oktanoBe umcno sikoro gopiBaroe 100, ta H-
rentany C7Hie, OkTanoBe uncio sikoro nopiBHioe 0. Cymilii 1300KTaHy Ta H-TENTaHy B
PI3HHX TIPOTOPIISIX JO3BOJISIIOTE OTPUMYBATH €TAJIOHHI MMajlMBa 3 OKTAHOBUMU
gyuciaamu Bix 0 10 100, TOOTO 3 Pi3HOIO MIPOIO CXWIBHOCTI 0 AeToHarli. Hanpukman,
SKIIO0 OKTAHOBE YMCJIO aBTOMOOUIBHOTO OCH3MHY JIOPIBHIOE 98, TO 1€ 03HAyaE, 110 1en
OCH3MH 3a IETOHAIMHOIO CTIMKICTIO €KBIBAJICHTHUM CyMillll, B KOTpii 98 % 1300KTany
Ta 2 % H-TENTaHy.

OkTaHOBE YHCIO AaBTOMOOUIBHOTO O€H3MHY MOKHAa BHU3HAYUTH  Ha
OJHOLIWIIHAPOBUX MOTOpHUX mpucTposx YIT-85, VIT-85M, VIT-90, ki 103BOISIOTH
3MIHIOBATU CTYMIHb CTUCKAHHSA 1] 4ac Horo po0otu Bix 4 10 10 Ta IMITYIOTh IIPOIIEC

3ropaHHs O€H3WHY B JBUTYH1 BHYTPIITHBOI'O 3rOPaHHSI.
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[cHytOTh pi3HI METOAM BHU3HAYEHHS OKTAHOBOIO 4YHUCJIA aBTOMOOUIHLHOTO
OCH3MHY, aje HalJacTillle BUKOPUCTOBYIOTH JOCTIAHUNA a00 MOTOpHHM metoau [2].
BusHaueHHsT OKTaHOBOTO uwWcia OEH3WHY 3a JIOCHITHUM METOAOM BiTOYBa€ThCS
[UIIXOM TOPIBHSHHS JETOHALIWHOI CTIMKOCTI OCH3MHY 3 €TAIOHHUMH 3pa3KaMu MpHU
Temreparypi naneHoi cymimi 25 °C i wactori 06epTanHs Kominuaroro Bama 600 xB?
[3]. BusHaueHHs OKTaHOBOTO 4HMCiIa OEH3WHY 32 MOTOPHHM METOAOM BiI0OyBaeTbCs
npu Temmneparypi cymimi 150 °C i wactoti o0epranns xomingaroro Baixa 900 xs™ [4].

OriHKa OKTaHOBOT'O YKCJIA OJTHOYACHO 3a AOCIITHUM 1 MOTOPHUM METOAaMU Ja€
MOXKJIMBICTh BU3HAYUTH YYTJIMBICTh OCH3UHY JI0 3MIHH PEKHUMY POOOTH JIBUTYHA.
UyTnuBicTh aBTOMOOLILHOTO OCH3WHY OIHIOIOTH PI3HHUICI0 OKTAaHOBUX YHCEN, IO
oJiepKaHl 3a JOCIHIAHMUM 1 MOTOpHUM MeToiamu. OKTaHOBE 4UCIO OEH3HHY, IO
BHU3HAUEHO 3a JOCIIJHUM METOJAOM, BUIIE, HIXK OKTAHOBE YHUCIIO, SIKE BU3HAYEHO 3a
MOTOPHUM METOA0M, Ha 4...10 oguHuULIb.

B VkpaiHi BUKOpUCTOBYIOTh aBTOMOOUIbHI OC€H3WHU 3 JIE€TOHALIWHOI CTIMKICTIO,
srigHo JICTY 7687:2015, mo npeacrasieHo B tadi. 1 [1].

Tabmug 1 — OkranoBi unciaa 6er3uniB 3rigHo 3 JCTY 7687:2015

3HAa4YEHHSI HOPM Merox
JleToHariiiHa CTIHAKICTh 3a €KOJOTTYHMMH KJIaCaMH

Crpo 5 | €Bpo 4 | Capo 3 KOHTPOJIIOBaHHS
OKTaHOBE YHUCIIO 3a JIOCHITHUM :
meroaoM (OY/]), ne meHiie 3IFSII([)H2 1?}2;5:
— g 6en3uniB Mapku A-80 — 80 80 TOCT 8226. 60
— i OeH3uHIB Mapku A-92 92 92 92 1SO 51641
— i OeH3uHIB Mapku A-95 95 95 95 160 ASTM Dé699
— s OeH3uHIB Mapku A-98 98 98 98
OxTaHOBE YHCIIO 32 MOTOPHUM :
MetoaoMm (OUM), He MeHIIIe BIFSII([)H(S) 136'?(;;5?,
— g 6en3uniB Mapku A-80 — 76 76 TOCT 511. a6o
— u1st 6eH3uHIB Mapku A-92 82,5 82,5 82,5 1SO 516’3
— g 6eH3uHiB Mapku A-95 85 85 85 160 ASTM Dé700
— qu1st 6eH3uHIB Mapku A-98 88 88 88

CyvacHi aBTOMOOUTbHI OCH3MHHM € KOMIIO3MI[IMHUMHU TaJuBaMU, SKI MICTSTh
¢dpakiii, 0 OTpUMaHl PI3HUMU TEXHOJOTIYHMMHU IpoliecaMu NepepoOku HadTH.
@pakuii MalTh PI3HY JE€TOHAIIMHY CTiKicTh. Hampukian, kaTtamiTUYHUN KPEKiHT
no3BoJjisie orpumartu ¢paxiuii 3 OUJ] Bix 83,7 10 96,6 [2].

[TigBUIIMTH OKTAHOBE YMCIIO OSH3WHY MOMIIMBO JOJaBAaHHSIM BHCOKOOKTAaHOBUX
KOMIIOHEHTIB, SIK1 MatOTh OKTaHOBE yucio 90 Ta 6uiba (Tad. 2) [2].

JIms ToJminIeHHss aHTHUACTOHAIIMHUX BIIACTUBOCTEH aBTOMOOITRHUX OCH3MHIB
MO>KHa BUKOPHCTOBYBATH MPUCAJIKH, K1 MalOTh Ha3BY aHTUAeTOHATOpIB. [Ipuknanamu
aHTHIeTOHaTOpiB € MeTunTpedyTmnoBuit edip (MTBE, oxTaHoBe uMCIO SIKOTO
ckianae 117), TpeTuHO-0yTHUIIOBI CIUPTH.
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Tabmuig 2 — AHTHUAETOHAIIMHI BJIACTUBOCTI BUCOKOOKTAHOBUX KOMIIOHEHTIB
OCH3UHY

OkTaHOBE YHUCIIO 32 :
) OxkrtanoBe yucio 3a | YyTnusicTh
KommoneHnT JOCII1THUM
MOTOPHHUM METOJIOM OCH3UHY
METOJI0M
byTtanoBa dpaxitis 94 89 5
[300yTanoBa paxitis 101 97 4
[3omieHTaHoBa (pakilis 93 90 3
Jlnizo0yTuneH 100 88 12
[TomimepOeH3nH 100 85 15
Tonyon 115 103 12
AJKUIOEH3UH 107 100 7
[TipoGen3un 102 88 14
[300KTaH TEXHIYHUN 100 100 0

BucHoBkmn. JletoHariiiiHa CTIMKICTh O€H3MHY Ma€ BEJIMKE 3HAYCHHS, TOMY IO
Bii ii TNpaBUJIBHOI BU3HAYEHOCTI 3ajeXkaTh BIAMOBIAHICT, JIAHOTO OCH3UHY
KOHKPETHOMY THITY IBUTYHA 1 OCHOBHI TEXHIKO-€KOHOMIYH1 MOKA3HUKHU JBUTYHA.

Bucoki aHTHaeTOHAIIMHI BJIACTHBOCTI aBTOMOOLIBHHX OEH3MHIB JOCSATalOTh
TaKUMHU CTIIOCO0aAMU:

- 3aCTOCYBaHHSAM CYYaCHMX TEXHOJOTId OTpUMaHHsA OEH3WHIB, HAIPUKJIA,
KaTaJIITUYHOTO KPEKIHTY, T1IPOKPEKIHTY Ta KaTaJiTHYHOTO PUDOPMIHTY;

- TIJBUIIEHHAM OKTAHOBOTO YMHCJIa INUIAXOM JOJaBaHHS BUCOKOOKTAaHOBUX
KOMITOHEHTIB (1300KTaHy, aJIKiI0CH3UHY Ta 1H.), 1m0 MatoTb OUM 06wtk 90;

- BBEJICHHSIM aHTHUICTOHATOPIB.

Ilepesik nocujiann
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PO3BUTOK BEJOIH®PACTPYKTYPHU - 3AIIOPYKA BE3IIEKHU PYXY
HA ABTOJOPOTI'AX
Jlo3ziecvra @iniss Xapkiecbkoeo agmomooiibHO-00POACHbO2O
Gaxosozo konedicy

Maunirok Kupuio [IaBnosuy, rpyna 42-OP

Hayxoeuii kepignuk: BUKJIaga4 BUII0I KaTeropii, 3aBixyBay
BiJIVICHHS] TPAHCTIOPTHUX TEXHOJIOTiH

KpuBomanko Cepriii bopucoBuu

3a mepme miBpiuus 2023 poky B VYkpaiHi 3adikcoBano 10226 Bumaikis
JOPO’KHBO-TPAHCIIOPTHUX TPUTOJ,3 HUX TUIBKU y XapKIBChKiM 00JacTi iX cTanocs
642, mo Ha 155,8 % nepebinbirye kinpkicts JTII, ski cTamucs mpoTIromM nepiioro
miBpiyys 2022 poky. BianoiaHo, fkmo y YkKpaiHi ODpOTIroM 3a3HAYEHOrO IMEpIoay
yacy TpaBMoOBaHO12766 oci0 1 3arunyso BHaciigok JATII 1314 (30uibmenns wa 15,3
%), TO 3 HUX TUTbKU Y XapKiBCBKii o0acTi TpaBMoBaHO 375(301mbmieHHs Ha 163,6 %)
1 3arunyno 87 oci0 (30iabienHsa Ha 112,2). Ilsoro morio He cratucs, abu HEe Mau
MICILIE HEAOJIKH B Oprasizauii JOPOXKHBOIO PyXy Ta HE IpyOl MOPYUIEHHS MpPaBHII
JIOPOKHBOTO PYyXy MOro y4aCHUKamMu. — BOJISAMH aBTOMOOLIIB 1 Mimoxojgamu. Sk
0aunmo, y 1A CTAaTUCTHUIN 1033 KaJApOM 3aJIMIIAIOTHCS BEJIOCUNEAUCTH Ta BOJIl
€JIEKTPOTPAHCIIOPTHUX ~ 3ac00IB  —  €JIEKTPOBEJIOCUIIENIB,  €JIEKTPOCAMOKATIB,
eJIEKTPOoOalKiB, TIPOCKYTEPIB, TIPOOOPIB Ta TaKE 1HIIIE.

JloBiakoBo: 3a mporHo3amu ,10 2050 poky NpuONIM3HO KOXKEH YETBEPTHIA
KUTEJb MJIAHETU MAaTUME E€JIEKTPOBEIIOCHIIE, a 11e Maiike 2 MuTbsapau mojei. CtanoMm
Ha 2020 pik maemo 200 MiIbHOHIB BJACHUKIB €JIEKTPOOAIKIB MO BChOMY CBITY.

[IMopi4HO KITBKICTH BEJIOCUNEAMCTIB 3POCTAE,l 1€ OUIbIIe 3pOCTAE KITBKICTh
BOJIiB €JIEKTPOTPAHCIIOPTY. KO y35TH O yBaru, W0 €JIEKTPOTPAHCHOPT O(iLIHHO
BBAXKAETHCS TPAHCIOPTHUM 3aCO00M, a TaKOX Te€, IO OUIBIIICTh BEJIOCUIICAUCTIB 1
BOJIIiB €JIEKTPOTpAHCHOPTY He o0i3HaHi y [IpaBunax HOpPOKHBOrO pyXy, TO MOCTa€
MUTaHHSA LI0JI0 OpraHizauii pyxy Ii€l Kareropii WOro y4dacHHKIB, TOOTO CHOYATKY
OpraHi3yBaTH 1 3a0€3MEUNUTH, a MOTIM BXKE BUMaraTu JOTPUMaHHS.

3MICT MO€T JIOMOBiJII € JIOTIYHUM TMPOJOBXKEHHSIM TE€M, BHCBITICHUX Y
Marepianax 81- MbKHapOAHOI CTYJ€HTChKOI HayKOBOI KOH(EpeHIIii, sika MPOBOINIIACS
Ha 0a31 XapKiBChKOTO HaIlIOHATHLHOTO aBTOMOOIIFHO-TOPOKHBOTO YHIBEPCUTETY Y M.
Xapxkosi. e toxi, y 2019 poui, y BHCTynax CTyACHTIB OyJO BHUCBITJIICHO, IO «B
CKJIaJ[l MIChKOI TPAHCIIOPTHOI 1H(GPACTPYKTYPH BEIOCUTICAHUN TPAHCHIOPT SIBISETHCS
€KOHOMHOIO Ta aKTUBHOIO CKJIAJIOBOIO, @ OT>KE MEPCIIEKTUBHOIO PEAIbHICTIO MICHKOTO
HaceJIeHHs. BenocuneaHuii TpaHCHOPT CTBOPIOE JOJATKOBI MOXKJIMBOCTI  JIJISt
MepecyBaHHsI MICTOM Ta JIO3BOJISIE EKOHOMHUTH Ha BUTPATaX Ha OXOPOHY 370pPOB’S 1,
110 HANUTOJIOBHIIIIC.

Y 2018 pomi ypsn cxBanu HarionaneHy TpaHcmopTHy crpaterio g0 2030
pOKy, ska nepeabadae po3poOKy Ta BIOPOBAIKEHHS HAa  HAIIOHAJIBLHOMY,
perioHaabHOMY Ta MiClieBoMY piBHSAX HallloHanbHOI BEIOCUIIEAHOT CTpATETi».

MinicTepcTBO 1HPPACTPYKTypu YKpaiHU CHUIBHO 3 MIiHICTEPCTBOM 3aXHCTY

JOBKIUIS Ta MpUpoAHuX pecypciB Ykpainu, [locoasctBom KopomiscrBa Hinepinanmais
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B YKpaiHi, 3apa3 MpaioTh HaJ po3poOkoro Ii€i crtparerii. Bona mae crpustu
KOOpJIMHAII TPAaHCIOPTHOI TOJITUKH, OOMIHY €BPOMEHCHKAM JIOCBIIOM Ta
HapOIIYBaHHIO MOTEHIlIay MICIIEBOI Ta PEriOHANBHOI BJIaAW IMOJO BIPOBAKCHHS
BENIOTH(PACTPYKTYPH.

SAx Oaummo, HaImiOHANbHA CTpATETis €, Ypsa TMpaIioe, MEepeIoBUN JTOCBI
3aXiTHOEBPOIICUCHKUX NepkaB Takoxk €. KabiHeT miHicTpiB YKpaiHW BHIC 3MIHU 0
[IpaBun mopoxkHbOTO PYXYy, o 1 mucronaaa 2021 poxy BoHM HaOyBalOTh YUHHOCTI.
Ha noporax 3’sBIATbCsI HOBI 3HAKH, a TOJIOBHE — Y 3MiHaX 0cOOJIMBA yBara MpuaiieHa
BEJIOPYXY Ta HOro HOpMam.

3 BepecHsI MUHYJIOTO POKY B YKpaiHi Ait0Th JiepkaBH1 OyaiBensHl HopMmu ([JIBH
B.2.3-5:2018 «Bymnuii 1 7oporu HaceJIeHUX IMYHKTIBY), SIKi 3aIIPOBAIUIN 000B’I3KOBE
BJAIITYBAaHHS BEJOCUIIETHUX CMYyTI 1 JOPDKOK Tpd HPOEKTYBaHHI HOBHX,
PEKOHCTPYKIIT a00 KapeMOHTY ICHYIOUHX BYJIHILb 1 IOPIT B HACEJICHUX MMyHKTaX.

3anumraeTbcs TUIBKM OJHE - BHUBYMTH TEPEJOBHM JOCBII Ta «HApPOIIyBaTU
MOTEHI[1a] MICIIEBUX Ta PEriOHajJbHUX Biaa». Came BlJ CTaBJIEHHS MICUEBUX OpraHiB
BJIaJU J10 MpoOsieMU 3a0e3MedeHHs] O0€3MEeKU JOPOKHBOIO PYXy 3aJIEKUTh MalOyTHE
BEJIOCUNENHOI IHPpacTpykTypu. B YKpaiHi icHye yumano mpukiIaAiB BUPILIEHHS L€l
poOJIeMu: BEJOCHUIIEIHI CMYTH Ta AOpPLKKH Oynyrotbest y Kuesi, JIbBoB1, TepHomnomi,
Opeci, 3anmopixki, A€ MiJ KEPIBHUITBOM MICIEBUX OpraHiB BIagud 0 poOOTH
3aydeHi (axiBll, a HE AaKTUBICTH, PO3BUBAETHCA TPAHCIOPTHA 1HPPACTPYKTypa,
30KpeMa BEJIOCUIIEIHA.

30BCIM 1HAKIIE BUTJISASTH CIIPABU y HAIIOMY MICTi, pallOHHOMY ILIEHTpPi, MICTi
oOnacHOTO miAMOpsAKyBaHHA. TyT, sIK 1 10 BCii YKpaiHi, MOPIYHO 3pOCTAE KUIBKICTh
aBTOMOOUIBHOTO 1 BeJO-eNeKTpoTpancnopTy. [IpoTe, BiAMOBIAHI CIIykOU MICIEBOI
BJIaJM JIy>)K€ IMOBUIBHO pearyloTh Ha BUMOTU CbOTOJCHHS IIOAO0 3a0e3NeUeHHs
0e3MeKkn JOPOKHBOTO pPyXy. PEKOHCTpyKIliS ICHYIOYMX aBTOMOOUIBHUX JIOPIT Yy
HACEJICHOMY ITyHKTI HE BEACTHCS, 3HAUUTh HE BEAYThCA POOOTH MO PO3BUTKY
BEJIOCUNEHOI IHPPACTPYKTYpHU

Ha puc. 1 HaBeaeHuil pparMeHT AUISIHKK A0poru no Byiuui IlaBnorpaacekii 3
OJIHOOITYHMM PYXOM TPaHCHOPTHUX 3aco0iB. [Ipoi3Hi YacTUHU AOPIT PO3AUILE MIUPOKA
MapKoBa 30Ha, OCEPEAUHI KO PO3TAIIOBAHUIA MIIIOXIAHUI TpoTyap. KO y349TH 10
yBaru BEJIMKY IHTEHCUBHICTb PyXy TPAHCHOPTHUX 3aco0IB, 10 CKJIAy SKUX BXOJISAThH
BEJIOCUNEAN Ta EJIEKTPOTPAHCIIOPTHI 3aco0Hu, TO Oyyno O Ayxe AOLUIBHUM YCTpid
srigHo 3 Bumoramu JIBH B.2.3-5:2018 «Bynuii 1 A0poru HaceaeHUX MyHKTIB», HA
MiCIll TIMIOXIJHOTO TPOTyapy BEJIOCHUNEAHOI JOPDLKKH, Ha SKIA TO3BOJSETHCI PYyX
BEJIO-EJIEKTPOTPAHCIOPTY Ta MIIIOXOAAM.
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Pucynok 1 — @parment aiisiHku qoporu mo Bynuii [laBnorpaacekii M. JIozoBa

[TonmynsipHUM BUJOM TPAHCIOPTY BEJIOCHUIIE] MOXE CTaTd JIMIIEe MICHsS
CTBOPEHHS BIANOBIAHOI 1H(QPACTPYKTYpH. Y HaIIOMy MICTI € BCl YMOBU s
YCTaTKyBaHHS SIK BEJOCUIIEAHMX JIOPDKOK 11032 MEKaMu MpOi3HOI YacTHUH
aBTOMOOUIBHUX JOPIT 3 HAHOUIBIIO 1HTEHCUBHICTIO PyXY, TaK 1 BEJOCUIIETHUX CMYT
Oe3nocepelHbO Ha TPOI3HIM YacTHWHI JAOPIr, SK y AUIOBIA YacTHUHI MicTa, TaK y
cnasbHUX paiioHax. CTBOpEHHs BEJIOCUNEAHOI 1HPPACTPYKTypU y MICTI — I HE
yTOTIsl, a PEAJIBHICTh 32 YMOBU BUKOHAHHS CBOIX OOIISTHOK JI€MyTaTaMu Ta BUKOHAHHS
CBOIX MOCAJ0BUX 000B’A3KIB YNHOBHUKAMHU BIAMOBITHUX CIY>KO MICIIEBOI BJIaJIH.

Ilepesik nocujiann
1. 306ipauk  MarepianiB  81-1 MIKHApPOJHOI  CTYACHTCHKOI  HAayKOBOI
koHpepennii. (1-5 kBitHa 2019 poxy, XHAJY). Cekuis «Opranizaiis i Oe3mneka
JIOPOXKHBOTO PyXy», €. 99-67.
2. . JIBH B.2.3-5:2018 «Bymuiii i 1oporu HaceleHUX MMyHKTIBY).
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OYHKUHIOHYBAHHA I'A30-AU3EJIBHUX EJIEKTPUYHUX CUCTEM
HTY «/[ninposcoka nonimexuixay

Caxkno OJgena PycnaniBua, rpyna 274-22-1
Hayxoeuii kepignuk: K.1.H.,q01, KpiBga Birauii BanepiiioBuu

MeTtow po6oTH € po3poOKa HAYKOBO Ta €KCIEPUMEHTAILHO OOTPYHTOBAHUX
METO/IB  TIJIBUIICHHS €HEeProeeKTUBHOCTI  Ta30-AW3CJIIBHUX  JBHUTYHIB, IO
peaiz3yrThes B KOHCTPYKIIIT TIOpUIHUX TPAHCIIOPTHUX 3aCO0IB i 4Yac MPOEKTYBaHHSI
3 METOI0 3a0e3MeueHHs] HAaWKpaloi MaJMBHOI €KOHOMIYHOCTI 32 BUCOKHMX MOTYKHHUX
MOKA3HUKIB.

VY Xoj1 cBO€T ekcruTyararlii aBTOMOOUTHHUI TPAHCIIOPT BUKHUAAE B arMochepy
PAI MIKIJUTMBUX PEYOBHUH, Takux K okcup Byrierto (CO), miokcuna Byriaeiro (CO2),
okcuau a3zoTy (NOx), nBookuc cipku (SO2), 030H, OEH3011, a TAKOXK APIOHOAUCIICPCHI
TBEpAl YaCTHHKH. TpaHCHOpPT, SKHM OXOIUTIOE aBTOMOOLIbHHM, aBlalliitHUM,
3QJII3HUYHUA Ta BOJHUM BUJU, MPEJCTABISIE COOOK OAHOTO 3 HAWOUIBIIUX JKEPEN
BUKHIIB Miokcuay Byriemto (CO2) y atmochepy.

[Ipuponnuii ra3 € HaWOUIbII BaromMor ajJbTEPHATUBOIO PIIKUM MOTOPHUM
MajJbHUM Ha()TOBOTO MOXO/KEHHS. Y MapKy aBTOMOOUIIB OaraThOX KpaiH 3Ha4YHa
KUIBKICTh aBTOMOOUIIB TMpaIl0e Ha CTUCHYTOMY mnpupogHomy rasi (CIII). VYV
HaWOMMKY1N TIePCIEKTUBI, BIAMOBIAHO IO PIllIEHb YPsiAY, KUIbKICTh aBTOTPAHCHOPTY,
KWW TIpaIlO€ Ha MPUPOJHOMY Ta3l, IJIAHYE€TbCS 3HAYHO 30UIBIIMTH, 30KpeMa, 3a
pPaxyHOK 30UJIbIIIEHHSI YaCTKU aBTOOYCIB Ta KOMYHAJIbHOI TEXHIKH, KA BUKOPUCTOBYE
ra3oBe majibHe. | came N BOrO TUMY ABTOTPAHCHOPTHOI TEXHIKM BUKOPUCTAHHS
ra3oBOTO NaJIbHOTO Oyje HAMOUTBI €(heKTUBHUM.

OcTaHHIM dYacoM aBTOBHPOOHHMKHM, BKIIOYAIOYHM BITYM3HSHUX, PO3MOYAIU
BUT'OTOBJICHHSI aBTOMOO1JT1B 1 aBTOOYCIB 3 ra30BUMU JIBUTYHAMH, SIK1 OyJIM CTBOPEHI Ha
OCHOBI JM3€NbHUX ABUTYHIB. IIpoTe ¢akToM 3aluIIaeThCs, IO aBTOTPAHCHOPTHI
3aco0M 3 Ta30BMMH JBUTYHAMH MAalOTh TiplIi MOKA3HUKH BUTPATH MAJBHOTO ]I 4ac
eKCIUTyaTallii, y MOpIBHSHHI 3 aHAJOTIYHUMHU AU3EJIbHUMH JIBUTYHAMH 3a POOOUYUM
00'eMOM. 3Baxkarouu Ha Te, 10 MUTAaHHS €KOHOMIYHOI AOLUIBHOCTI MPHU NEpexoil Ha
aNbTCPHATUBHI BHWIM TAIBHOTO MAalOTh BEJIWKE 3HAYCHHS, JOCATHEHHS BHCOKOI
MajJbHOrO €(QEeKTUBHOCTI Ta30BUX JBUTYHIB € KIIOUYOBOIO YMOBOIO YCHIXy ¥
PO3IIMPEHHI BUKOPUCTAHHS Ta30BOTO MaJbHOTO. BU3HAUEHHS ONTHUMAIIbHUX METO/IIB
VIOpPaBIiHHS pOOOYMM TIPOIIECOM 3a JOMOMOTOI) KOHCTPYKTMBHHMX Ta PETYIIOIOUYNX
napameTpiB JABUTYHA MiJ 9ac WOTO Mepexoay Ha ra30Be MaJbHE 3 METOKO JOCATHEHHS
HaWKpamoi TaabHOTO €(EeKTHUBHOCTI € OJIHIEI0 3 OCHOBHUX MPOOJIEM CydacHOl
aBTOMOOLUTBHOT 1HAYCTPIi.

3acTocyBaHHS ra30AM3EIbHUX ABUTYHIB y T1IOPUIHUX aBTOMOOUISIX € OJIHIEIO 3
MOTCHITIHHUX TEPCIIEKTUB PO3BUTKY aBTOMPOMHUCIOBOCTI. [a3oam3enbHi ABUTYHHU
MOEAHYIOTh B COO1 TMepeBaru Ju3eIbHUX Ta T'a30BUX JBUTYHIB 1 MOXKYTh MaTH JEsKi
nepeBaru y TiOpuIHUX CUCTEMax.

["a30Bi maymBa, Taki sIK NPUPOJAHUHN Ta3 ab0 cTUcHYTHH npupoauuii raz (CIII),
MOXYTh OyTH €(GEKTHUBHIIIMMHU Y BHUKOPHCTaHHI, OCKIIbKM BOHHM MAalOTh BHIIMM
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Koe(illeHT CTUCHEHHS IMOPIBHSIHO 3 O€H3MHOM a0o0 au3eNbHUM NandbHUM. Lle moxke
MPU3BECTH 110 3MeHIeHHs BUKUAIB CO2 Ta MOKpaIIeHHs MAJIbHOTO CITOKMUBAHHS.

["a3onu3enpbHI IBUTYHH MOXXYTh OyTH MEHIN 3a0pyAHIOIOUYUMH, OCKITHBKA BOHH
3a3BUYail MalTh MEHIIWA BHUKHJ OKCHAIB a30Ty (NOX) 1 4YacTKOBUX BHUKH/IIB,
MOPIBHSHO 3 TPAIUIIMHAMY TU3CIBHIMH IBUTYHAMHU.

EnextpuuHi riOpumHi aBTOMOOLTI 3 Ta30BUM JABUTYHOM, BITJOMI TaKOX SIK Ta30-
Ai3esb eJIeKTPUYHI TOpuau, CTaM eani OUTbII MOMYJISIPHUMU Ha Cy4YaCHOMY PUHKY
aBTOTPAHCIIOPTY 3aBJISAKH iXHIA €EKTUBHOCTI Ta CIPOMOKHOCTI 3MEHIITYBAaTH BUKUIU
NapHUKOBUX ra3iB. OJHaK, g JOCATHEHHS MaKCHUMaIbHOI €(EeKTHUBHOCTI LHX
aBTOMOOLTIB Ta MiHIMI3aIlii HETAaTUBHOTO BILJIMBY Ha JIOBKLLISA, HEOOX1HO MPOBECTH
aHaji3 JOCHIDKeHHb Ta ONTHUMI3allil0 iXHBOI pOOOTH. 3MEHILICHHS BHKHU/IIB
BYTJIEKUCJIOTO Ta3y MacaXKUPChbKUMH JIETKOBAHTAXKHUMHU TPAHCIIOPTHUMH 3aco0aMu €
KJIIIOUOBUM 3aBJAHHSIM JUJIsl JIOCATHEHHS METHU 3HWKCHHS 3arajbHUX BHUKHU/IIB
BYTJICKHCJIOTO Ta3y.

PosrisHeMO BHKHIM BYTJIEKHMCIOTO Ta3y TPAHCIOPTHUM 3acoO0oM. Bukuam
BYIJIEKUCIIOTO Ta3y TPaHCHOPTHUM 3aco00M (Mco2), SKI 3ajiekaTh BiJ KUIBKOCTI
HeoOxiHo1 naymBHOI eHepril (Ef) Ta muTOMMX BHKHIIIB BYTJIEKHCIIOrO ra3y MajuBa
(Cco2) [1].

Mco2= Ccoz * Efuel (1)

1e: Ccoz — Maca BYTJIEKHUCIIOTO ra3y, 10 BUAUIAETHCS Ha KIJIOTpaM CIajieHOTO IMajiuBa,
MO(iJICHA HAa MEHIITY TEIIJIOTY 3TOPSHHS MaINBa;
Efuel — TamuBHA €HEPTis TPAHCIIOPTHOTO 3aC00Yy.

[TepeBara BUKOpUCTAHHS MIPUPOJHOTO Ta3y HAJl OEH3MHOM a00 THU3EJIeM MOJISTae
y MOro BIACTUBOCTI 3MEHINYBAaTH BUKHAM BYyIJIeKucioro razy Ha 20-25% mnpu
OJTHAKOBIM eHepreTUdHid NMoTyKHOCTI [1-2]. Lle 3MeHIeHHS MOSCHIOETHCS XIMIYHUM
CKJIaZIOM TIPUPOJHOTO Ta3y, TOJOBHHUM KOMIIOHEHTOM SKOTO € MeTaH. MeTaH Mae
BUINMI MOKA3HUK CIIBBIJHOIIEHHS BOJHIO JO BYIJICIIO, TTOPIBHAHO 3 OCH3MHOM a0o
TU3eIbHAM TTaTiBOM. Le BuIIe CITiBBITHOIICHHS MPU3BOINTE 0 3HKEHHS 3HAYCHHS
Ccoz. Jiis OeH3uHy Ta AM3EIBLHOTO MajiiBa BIJATMOBIAHE 3HAYEHHS Ccoy CKIamae 73 T
CO; Ha MerapKkoyJIb €HEpriil majauBa, TOJI K IS METaHy 11¢ 3HAYCHHS CTAHOBUTH 55 T
CO; Ha MeraKOYJIh CHEPT] MaIuBa.

PosrnssHeMo HeoOXiAHY TMajuBHA €Hepris TpaHCHmopTHoro 3aco0y. HeoOxinHa
naJMBHA €HEPrisi TPaHCIOPTHOrO 3aco0y Ha mpoitaeny Bigctanb (Efe) Moxe OyTh
chopmynboBaHa y BUTIsL [3]:

Etuet = 7t - (Ediss + (1 — 77v) - Ecirc) (2)

ne Egiss — 11 acTrHa, 10 PO3CIIOETHCS, SIKA BTPAYAETHCS B Oyb-IKOMY BUTAJKY;
Ecirc - ye mmpKyIOOYa YaCTHHA CHEPTii, KA BTPAYa€ThCA TiIJILKA B TOMY BHIIAKY,
SIKIIIO €HEPTis He PEeKYIEePY€EThC IMi/T Yac TrajlbMyBaHHS,

N —Koeiyicum, wjo MPeacTaBisie ePeKTUBHICT MIEPETBOPCHHS TAIMBA B TATY;

Nr - Koeghiyienm, wo npencTapise eheKTUBHICTh pEKyIepallii.
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BukopucranHs enekTpuuHOi T10puan3aIii € oJHIEI0 3 MOXKIMBUX CTpATErid IS
MiIBUIIEHHS €QEeKTUBHOCTI pekynepamii (#y) Ta epeKTUBHOCTI TIEPETBOPEHHS
najpbHOro B TAry (77%). Y [2-3] BkasaHo, 10 MOTeHINand riOpuam3aiii Moxe OyTh
peanizoBaHul 32 YMOBH BHUKOPHCTAHHS MOBHOTO IMapajeIbHOTO TiOpuaa 3 MOMipHAM
koedirmieaToM TiOpuau3aiii, mo ctaHoBUTH 0au3bk0 20%. KoedimienT ribpuanzartii
BU3HAYAETHCS SK BITHONIICHHS EJICKTPUYHOI MOTYXXKHOCTI IO CYMH EJIEKTPUYHOI
MOTYKHOCTI Ta MOTY>KHOCT1 JIBUTYHa BHYTPILIHBOTO 3TOPSIHHA. Y Wil KOHQIrypaiii
CUJIOBOTO arperaty eQeKkTUBHICTh peKymepaillli (#r) qocsarae npubauzHo 65%, toai sk
e(DEeKTHUBHICTh MEPETBOPEHHS MAJIBHOTO B TATY (771) HAOIMKAETHCS 10 MaKCUMAaJIbHOI
eeKTUBHOCTI ABUTYHA. el pe3ynbTar MpakTUYHO HE 3MIHIOETHCS B 3aJIEKHOCTI Bij
muKIy pyxy. IinBumenHs koedimieHTiB Ti0puanu3allii He MPU3BOIUTH 10 MOAAJIBIIOTO
3HAUYIIOr0 3MEHIIICHHS MOTpeOu B MajgbuBHIN eHeprii. i1 1oCArHEeHHs MOJaIbIIoro,
CYTTEBOI'O 3HIDKEHHS TOTpeOM B MaJbUBHIM €Heprii, HEOOXiAHO BIOCKOHAIIOBATH
MakcuManibHui KKJ][ 1BUryHa BHYTPIIITHEOTO 3TOPSHHSI.

BuMiproBanHs BUTpaTH MaJIBHOTO y TPAHCIIOPTHOMY 3aco0i, oOJagHaHOMY
JIBUTYHOM Ha TIPUPOJHOMY Ta3i, IPOBOJUTHCS 3a JOMIOMOTOI €KCIIEPUMEHTIB y UK,
0 TaKOXX HA3UBAIOTh E€MYJIAL€0 aBTOMOOUIA. CXeMaTUYHUN PHUCYHOK YCTaHOBKH
MPEJCTABIICHO HWXKYE, SIKUU UTIOCTPYE CTPYKTYPY €MYJISIIi rOpuaHO-EIEKTPUIHOTO
aBTOMOOLs. J[BUTYH BHYTPIIIHBOTO 3TOPSHHS 3'€IHYETHCA 3 JTUHAMOMETPOM 3
BHCOKOIO JMHAMIYHOIO IIBUJIKICTIO. Pelmira KOMIOHEHTIB CHJIOBOTO arperaty Ta
CaMOTO TPAHCIIOPTHOTO 3aCO0y eMYJIOIOThCS pHC. 1.

BumiptoBaHHS cnoxuBaHHs

‘ ‘ ‘ ‘ D‘MHaMOMeTp
A

BaxaHuii KpyTHUIA MOMEHT

[MHaMi4YHWI KOHTponep

BaxaHa yactota obepTaHHs
ABUryHa

MomeHT

Y

Lnkn Mogenb Oucnetyepcbkum EN Moﬂeﬂb;;)s:gnopmoro
BOAHHSA Y KOHTpOnb ) y
—> KM

PiBeHb 3apany akymynatopa

®dakTuyHa WBUAKICTb

Pucynok 1 — Emynsnis aBromo6insa. TectoBuii ctena. CTpyKTypa eMyJisiii
TPAHCIIOPTHOTO 3ac00y
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BumiproBanuii KpyTHUII MOMEHT JBUTYHA MEPEAAETHCS HA MOJENIb aBTOMOOLISL.
Buximni mani Mozem TpaHCHOPTHOTO 3aco0y BKIIOYAIOTh (DAKTUYHY IIBUAKICTH
aBTOMOOWIS Ta YacTOTy obOepTaHHs ABUTYHA. YactoTa OOepTaHHS IBUTYHA MOJIENi
aBTOMOOLISI BUKOPHUCTOBYETHCS SIK BXIIHWM CUTHAJ JIJIT KOHTpoOJIepa AWHAMOMETPA,
SKUW PEryJIlo€ 9acToTy OOepTaHHS NWHAMOMETpA. 3MOJEITHOBAHWN BOJIM CTEKHTH,
o0 MBUAKICTH aBTOMOOUIS BIAMOBIana 3aaHiid MBUAKOCTI pyXy. Jucmneruepchkuid
KOHTpOJIEp  BHU3HAYa€  PO3MOALT  KPYyTHOTO  MOMEHTY MDK  JBUTYHOM 1
CJIEKTPOIBUTYHOM, a TAKOX BCTAHOBJIIOE TIOTPiOHY nepeaauy [3-5].

Ha puc. 2 mnpencraBieHi o00'€KTH JOCHKEHb — CHJIOBI — arperarw.
PosrnsanaroTees 1Ba TUIKM TPAHCIIOPTHUX 3acO01B: 3BUYAMHUN TPaHCIIOPTHUHN 3aci0 13
CHUCTEMOIO CTapT/CTON, a TaKOoX TiOpUAHO-CICKTPUIHUN TpaHCIIOPTHUN 3acio.
['OpuaHO-€NeKTpUYHUN aBTOMOOUIH € TIOBHICTIO TMapayieNbHUM TiOpUAOM, Jie
MO>KJIMBE Bi'€IHaHHS JIBUTYHA B1J] €JIEKTpoABUTYHA. [IyHKTHpHA YOpHA JIiHIS BKa3ye
Ha TUIBKA Ty YaCTHUHY aBTOMOOUIA, sIKa 3HAXOAUTHCS (DI3UYHO HA BUIMPOOYBATBLHOMY
crenal. [lyHkTHpHa cipa JiHIA NOKa3ye€ Ty YacTHUHY TpPAaHCHOPTHOro 3acoly, ska
MOJICTTIOETHCS.

OOOO
}|—I{QQOQ

Q MaxoBuk

3yenneHHs

leHepatop [%‘
OBuryH

MaxoBwk

Cwna En.

A b
Pucynok 2 — BunpoOyBasibhuii cTen1 ABUryHa. CHIIOBI arperatu:
A — 3Bnuaiinuii (HeriOpuaHuit) aBTOMOOLIb, b — riOpUAHO-ENeKTPUYHUI aBTOMOO1IIb

VY naHoMy AOCTIIKEHHI MU PO3TIIAIAEMO MOXJIMBOCTI MTOETHAHHS €IIEKTPUIHOT
riopuam3aiii 3 JBONAJMBHUM JBUTYHOM, SKHH IIpallo€ Ha IPUPOJHOMY Trasi Ta
JU3eIbHOMY TMaliiBi. [[BUTYH BUKOPUCTOBYETHCA y 301 THEHOMY PEXHUMI TIPH HU3BKHUX
Ta CEePeIHIX HABAHTAKEHHAX 1 MEPEXOUTh y CTEXIOMETPUYHUN PEXHUM MPU CEPEIHIX
Ta BUCOKHX HAaBAHTAKCHHSIX.

PesynbraTi crarmioHapHUX BUMIPIOBaHb JBUTYHA CBIIYATh MPO TE, IO BUKHUIH
OKCH/IIB a30Ty CTaHOBJISITh MeHIte 75 JIC mist ycix po6o4nx TOYOK, /e ABUTYH MPAIIOE
y 30imHeHOMY pexkumi. KoHmeHTparllis caki BUMIPIOETbCS HUKYE 3 MI/M> ISl BCIX
pobounx TOYOK. JIBUTYH Jdocsra€ MaKCHMaJIbHOTO KOe(]iI[ieHTa KOPHCHOTO
Bukopuctanus (KKJ[) na pini 39,5%. KoedilieHT ra3y 3aiuIIaeTbcsi HU3bKUM IS
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HU3BKUX HaBAaHTAXEHb, 30UIBIIYIOUYUCH MPU 301JbIISHHI HAaBAaHTAXEHHS 1 JOCSATAI0UU
mKkoBoro 3HadeHHs BuIe 98%. Bucokuit KK]I, cIiibHO 3 BHCOKHM CITIBB1JHOIIICHHSIM
ra3iB, MpU3BOAUTH 10 3MeHIIeHHs BukuiiB CO, Ha 22% mnopiBHSHO 3 0a30BUM
TU3EITLHAM JIBUTYHOM.

Ilepeaik nocujiaHb

1. Semin, R. A technical review of compressed natural gas as an alternative fuel
for internal combustion engines. Am. J. Eng. Appl. Sci. 2008, 1, 302-311

2. Eichmeier, J.; Wagner, U.; Spicher, U. Controlling Gasoline low Temperature
Combustion by Diesel Micro Pilot Injection. In Proceedings of the ASME
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WYV, USA, 2-5 October, 2011.

3. Shafai, E. Fahrzeugemulation an Einem Dynamischen Verbrennungsmotor-
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4. Donitz, C.; Voser, C.; Vasile, I.; Onder, C.; Guzzella, L. Validation of the fuel
saving potential of ™ downsized and supercharged hybrid pneumatic engines using
vehicle emulation experiments. J. Eng. Gas Turbines Power 2011, 133, 092801:1—
092801:13.

5. Schneeweiss, B.; Teiner, P. Hardware-in-the-loop-simulation am
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BIIJIUB 30BHIIIIHIX ®AKTOPIB HA BATAPEIO EJTEKTPOMOBLJISA
HTY «/[ninposcoka nonimexuixay

Caxno OJiena PyciaaniBHa, rpyna 274-22-1
Haykoesuii kepignuk' K.T.H., 1o, Cakno Qubra IlerpiBna

AKTyaJIbHiCTb. Y Hall Yac TPaHCIOPTHI 3aco0M BBAXKAIOTHCA IKUTTEBO
BOXJIMBUMHU €JIEMEHTAMH TMOBCAKACHHOTO KHUTTS [JIi OCOOMCTOI MOOLIBHOCTI Ta
TPaHCIIOPTYBaHHs TOBApiB, PO IO CBIAYUTH MOCTIHHMKM monuT Ha HadTy. [Topsa 13
TaKUM MOMUTOM 3pOCTaHHS BapTOCTI MaJIMBa Ta 3pOCTaHHS II00aNIbHOI CTYpOOBAHOCTI
I0JI0 HAaBKOJMUIIHHOTO CEPEe/IOBHUIIA Yepe3 3a0pyTHEHHs MOBITPS Ta 3MIHU KIIIMary
BUKJIMKAJIU MOOOIOBAaHHS. Y 3B’SI3Ky 3 LIUM JIEAKl YPSIU 3a0X0YYIOTh BUPOOHUKIB
aBTOMOOWITIB CTBOPIOBATH €KOJIOTIYHO YHCTI TPAHCIOPTHI adbTEPHATHBU 3 HU3BKUM
pIBHEM BHUKHIIB. Y I[bOMY KOHTEKCTI €JEKTPUYHI TpPaHCHOPTHI 3acobu Oyiu
pO3p00JIeH] Ta BUKOPUCTAHI JJIsI MiHIMI3allli 3aJI€KHOCTI BiJi BUKOITHOTO MAaJIUBa; 1€
MPU3BEJIO /10 CKOPOYEHHS BHUKHU/IB IMAapHUKOBHX Ta3iB Ta IHIIUX 3a0pyIHIOIOYHX
pedoBuH. KpiM TOro, ctangapTv BHKUAIB TPAHCHOPTHUX 3aco0iB OyiM BBEAECHI IS
3armoOiraHHsl IIKOJW HAaBKOJMIIHBOMY CEpPEIOBHINY, CHPUYUHEHOI 3BHYAWHUMHU
TPAaHCIOPTHUMH 3ac00amM; Kuibka KpaiH, Hanpukiaa Cnomyueni Llrtatu, Benuka
bpuranis, SAnonis Ta €Bpona, NPpUNRHAIN CTaHIAPTH 1010 TPAHCHOPTHUX CUCTEM JUIS
3MEHIIICHHS] BUKHUJIIB TPAHCIOPTHUX 3ac00iB. Y IIbOMY KOHTEKCTI YHUCTUH BiJICOTOK
«arMoc(epHUX aepO30JIbHUX YACTHHOK», SIKI BHPOOJISAIOTHCS BUXJIOMMHUMHU Ta3aMu
TPAHCIIOPTHHUX 3aC001B, 3HAYHO 3MEHIITUBCA Ha 99% micnst cranaapTiB BUkuAiB Euro 5.

Merta pobota: AHami3 BIUIMBY TeMIEpaTypu Ha €MHICTh Oatapei. BuBeneHHs
JHIAHOTO Ta CTYNIEHEBOTO PIBHSIHHS 3 MPAKTUYHUX JIaHUX.

3B'#130k po00TH 3 MporpamMamMm, INIAHAMH, TeMaMu Kadeapu aBTOMOOIIIB
Ta aBTOMOOLIBLHOrO rocmogapcrBa. HaykoBa po0OoTa BUKOHAaHA BIAMOBITHO [0
OCBITHBO-NIPO(ECIHOI MporpaMu MIATOTOBKH 3100yBadiB 31 cCrHeuiagbHOCTI 274
ABTOMOO1IBHUI TPAHCIIOPT.

OcHoBHuuii Mmarepian. EdexkTuBHicTh cydyacHOro TypOOBaHOTO JBUTYHA
BHYTPIIIHBOTO 3ropaHHs He nepeBuurye 30%. Inun 70% poOoTu nBuryHa WiayTts Ha
HarpiBaHHsl TOBITpPsl, TPAHCMICIMHI BTpPaTH Ta IUKIJIMBI BUKUAU. Y LEH Ke yac
KOe(DII[IEHT KOPUCHOI Jli CHJIOBOI YCTAHOBKHM €JEKTPOMOOLIS CTAHOBUTH MIHIMYM
85%. binbie Toro, Ko’kHEe HACTYITHE MOKOJIIHHS OaTapeil cTae OUIbII JOCKOHAINM —
MIBUIIYETHCS EMHICTh Ta 3aTHICTh MPUAMATU OUTBITY KUTBKICTh 3apsay 3a MEHIINN
yac. EnekTpoAaBUTryHu 37aTHI PO3BUBATA MOMEHT, IO KPYTHUTh, B 3-5 pasiB OUIbIINIA
mpu obopotax 15000-19000 B XBWIMHY, pO3TaHATHCS IIBUIIIE 1 €(EKTUBHIIIE
rajibMyBaTH, BAKOPUCTOBYIOUHM €HEPTil0 YIIOBUILHEHHS B 3apsAaKy Oarapei.

barato (akTopiB BIIMBAaIOT, HA MPOOIT €IEKTPOMOOLISA: MIBUAKICTh, CTHJIb
BOJIHHS Ta TeMIlepaTypa HaBKOJMIITHHOTO CEPEOBHINA MOKYTh 3MEHIIUTH Jliara3oH
MOBHOI 3apsAKd. XOJOJHA TOrojJa CTBOPIOE JBI OCHOBHI MpOOJeMHU  Jis
€JIEKTPOMOO1TIB: XOJIOAHE MOBITPSI OOMEXKY€E MPOIYKTUBHICTh aKyMyJIITOpa, a podboTa
00irpiBava 3Ha4YHO PO3PSKAE AKYMYJISATOP.

Ananmitnyna komnadig Geotab mocmigmna 5,2 muibioHa moi3gok Ha 42 000

eJIeKTpOMOOLTIB, po3moauieHnx Mik 102 pi3HUMH MapkaMH Ta MOJICISIMH.
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JlocipkeHHs TOKa3ye, 1110 TeMIlepaTypa 3HAYHOK MIpOIO0 OJHAKOBO BILUIMBAE HA 3arac
X0y €NEKTPOMOOLUTIB PI3HUX MapoK 1 Mojeneil. | HU3bKI, 1 BUCOKI TemmepaTypu
HETaTUBHO BIUIMBAIOTH HA 3amac XOAy eJekTpomoOins. Haliripmie — XonoaHa moroaa.
Yum XO0J0HINIA TTOTOAA, TUM TYCTIIIHHN eIeKTpodiT Oyae B OaTapei, Mo yCKIaIHUTD
yTpUMaHHSl €Heprii, a TakoXX 11 MpPOXOMKEHHS depe3 cucremy. EmexTpomoOimi
NpU3HAYCHI 7 HarpiBaHHg a00 OXOJOMKEHHS aKyMyJsTopa, 100 aKyMmyJsTop
MpaIfoBaB sKHaKpaie. | OCKITbKH ONTUMalTbHA TeMITepaTypa Iy OUTBIIOCTI OaTapei
ctanoBuTh Big 15 mo 30 rpanyciB 3a Llenbciem, yacTHHa €HEPTii BUKOPUCTOBYETHCS
JUTSL TIOKPUTTSA 1i€1 TOTpeOHu.

JlocniKeHHsT aMepUKaHChKUX BYEHHMX MOKazanu, 21,5 rpaaycu — onTuMaibHa
TeMIiepatypa st podoTu Oarapei enekrpomoOus. Yepes Te, mo y cepenubomy 21,5
rpagyca 3a LlenbcieM € HAMONTUMANIBHIIIOK TEMIIEPATYPOIO, KOJIH MAEThCS MPO 3arac
xony enektpomobina. lle daxtuynHo mopomxkye ioro poboty. Ilpu 21,5 rpamycax
CUCTEMa TeMIIepaTypu aBTOMOOUIA HE MpPAaIIO€, TOMY €HEPrisi BUKOPUCTOBYETHCS IS
pyXy aBTOMOOLIIS.

[Ipu -20 oC enexkTpomMoOUIb BTpauae poOouMii miama3zoH 3apsay Oarapei B
cepenaboMy 50%. Ipu -10 — 40%, mpu 0 — 20%. Komu temneparypa temia +10 oC,
peanbHa nauctaHuis pyxy BianoBizae 100% 3apsiaxu Oartapei. Ilpum +21 peanbha
IUCTaHLis Moxke Oyt 301nbiieHa 10 15%. Komu +40 oC, To npoayKTUBHICTH poOOTH
Oarapei 3HauHO majae 70 80% Ta HOpMa 3apsAly MIBUAKO 3MEHILYETHCS MPU 3pOCTaHH1
TEMIIEPATYPH.
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3 HOpMA peallbHa Japan EV 80% 100%

pCA’TbHA /| HOpMa r
: 9 JNCTaHIuA HOpMa HOpMa

JUCTAHLIA

Pucynok 1 — BruinB TeMriepatypu HaBKOJIMIIIHBOTO CEPEAOBUIIA
Ha 3MiHY TOTpeOu B eHeprii

Ha eneprocnoxvBaHHsI 3HAUHOIO MipOI0 BIUIMBAIOTh MoroaHi gakropu. Ha puc.
8 moka3aHo BIUIMB TEMMEPATypH HABKOJUIIHHOTO CEPEIOBHUIA Ta IIBUIKOCTI BITPY Ha
CIIO’KMBaHHS eHeprii. Pe3ynbrat mokasyroTh, 110 Ha HU3bKUX MIBUIAKOCTAX pyxy (30
KM/TO/) BITHOCHHUM BIUIMB TEMIIEpATypU HABKOJIUIIHHOTO CEPEIOBHUIIA € HA3BUYANHO
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BUcokuM. HaiimeHIie eneprocnoxuBaHHs aocaraetbes mpu temieparypi 20 °C. Tlpu
BUIIMX MMBUAKOCTSIX pyxy (130 km/roa) BIAHOCHMIA BIUIMB TEMIIEPATypH 3HAYHO
HDKYU.
Taxum unaOM, 110 20 °C:
B=-0.0019t + 0.0673
Bumte 20 °C:
B=0.0006t + 0.0122
Maemo cucremy:
B =-0.0019t + 0.0673 mnpu —20°C<t<20°C
{ B = 0.0006t + 0.0122 nput = 20°C
BucHoBKHM: TakuM uuHOM, 21,5 Tpagycu — onTHMalibHa TeMIiepaTypa JUis
poOoTu Oarapei eneKkTpomMoOLnsi, 3MEHIIEHHS a00 3pOCTaHHS TeMIepaTypu
MIPU3BOJUTH JI0 3MEHIIICHHS €()EKTUBHOCTI OaTapei eeKTpoMOOLIs.
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EJJEKTPOMOBLIb SIK EKOJIOTTYHU BUJ] TPAHCIIOPTY
Jlo3ziecvra @inis Xapkiecbkoeo agmomooiibHO-00pOACHbO20 Pax08020 K0e0HCY

IIukiTka IBan BacunboBuy, rpyna 32-Op
Haykoesuii kepienuk: Bukiana4 | kareropii [loneniniok FOuais BosroanmupiBua

ABTOMOOLTL — 1€ JIACHO TOW BHUJ TPAHCIOPTY, O€3 SIKOTO BaXXKO YSBUTH
Cy4YacHy JIIOAUHY. ABTO — 1€ HE3aMIHHUN MOMIYHUK 1 KUTTS 0€3 HHOTO BAXKKO YSIBUTH.

EnextpoMoOii  mpeACTaBIsAOT, €000  3MIHY  TapagurMud K IS
TPAHCIOPTHOTO, TaK 1 JIJIsl €HEPreTUYHOTO CEKTOPIB, 3 MOTEHINIATIOM JIsl IPOCYBaHHS
nekapOoHizalii 000X CEKTOpIB HUIAXOM iX o0’eaHaHHsA. He3Bakaroum Ha Te, IO
TPAHCIIOPTHUN CEKTOP 3apa3 Mae€ JIy>Ke HU3bKY YacTKy BIJIHOBIIOBaHOi €Heprii, BiH
3a3Ha€ (PyHIaMEHTAbHUX 3MIiH, OCOOJIMBO B CEIMEHTI JIETKOBUX TPaHCIIOPTHHUX
3aco01B, /i€ 3’ SIBJISIIOTHCS €JIEKTPOMOOLIL.

OpHi€ro 3 TOJOBHUX IMPOOEM, MOB’I3aHUX 3 €ICKTPOMOOLISIMHU, € po3poOKa Ta
pO3TOpPTaHHS BIAMOBIAHUX 3apsSJAHUX CTAHIIA Ui €JIEKTpoMOOLUTiB. BiacyTHICTH
HaJIXKHUX 3apSJHUX CTaHIN 3MEHIIY€E BOPOBAIKEHHS €JIEKTpOMOOLTIB. JluHaMiuHe
IIHOYTBOPEHHS ISl 3aps/IKM  €JIEKTPOMOOUIIB BUKIMUKA€E BCe OUIBIIMN 1HTEpEC,
OCKUIbKM BOHO MOXK€ JOIMOMOITH BHUPIIIUTH TPoOJeMHU, TOB’S3aHI 3 I1HTErparli€ro
€JIEKTPOMOOUTIB Y Mepexy Ta NpUOYTKOBOIO POOOTOI0 TPOMAICHKUX 3apsiIHUX
CTaHIlI} eJIeKTPOMOOLTIB.

3pocTtae KUTbKICTh MyOJIiKaIlii, siKi IPOIOHYIOTh Pi3HI MIIX0AHM A0 JUHAMIYHOTO
IIHOYTBOPEHHS IS  3apsA/DKAHHS  E€JIEKTPOMOOUTIB, Kl CTOCYIOTBCS — PI3HHX
MOJIUBOCTEH KopucTyBauiB. OAHMUM 3 TakuX MIJXOJIB € PEryJIOBaHHS Tpadiky
3apsanku. lle MokHa BUKOPUCTOBYBATH JJIsI PO3MOJIIJICHOTO IIAHYBAHHS/KOHTPOJIIO 32
JIOTIOMOTOI0 TMHAMIYHOTO I[IHOYTBOPEHHs. MOKIMBOCTI y BUKOpPUCTaHHI Oatapei
aBTOMOOLTIB SIK HAKOMTMYYBAYiB, € 1€ OJIHI€I0 (DYHKIIIEI0, IKY MOYKHA peajizyBaTH 3a
JOTMIOMOIOK0  JIMHAMIYHMX CXe€M ILIHOYTBOpeHHs. CHOHYKaHHS KOpPUCTYBayiB
J03BOJINTH BUKOPHUCTAHHS CBOIX aKyMYJIATOPIB €JIEKTPOMOOUTIB AJI HAJlaHHS MOCTYT
V2G moxe OyTH JQy’ke KOpPHCHHUM JUIsl ONEpATOPiB MEPEXkK, a TaKOX ISl ONEepaTopiB
3apsAIHUX CTaHIlii abo arperaTopis.

EnextpoMo6iii 6€3yMOBHO € BaKJIMBOK YACTHHOI MalOyTHBOI TEXHOJOTIi
TpaHCTIOpTy. BOHM 1momomararoTh 3MEHIIUTH 3a0pyJHEHHS HABKOJMIITHHOTO
CEpEeNIOBHUINA, OCKUIBKH HE BUIUISIOTH IIKIJTMBUX BUKUIIB y TOBITPS MiJ 4Yac pyxy.
bararo  aBTOBUpPOOHWKIB yX€ AaKTUBHO  pPO3POOJSIOTH  €MeKTpoMoOuTl  Ta
1HGpacTpyKTYypy Ui iX 3apsaku. [lomymspHICTh €1eKTPOMOOUTIB MOCTIMHO 3pOCTae, i
e Oe3nepevyHo MO3UTUBHUN CUTHAN JUIS HAIIOi eKOoJIOTii Ta MaOyTHHOTO PO3BUTKY
TpaHcnopTy. Ll TexHoJOTis cTae BCe MOMYJSIPHINION Y€pe3 CBOKO E€KOJOTIYHICTH 1
C€KOHOMIYHICT, Yy TIOPIBHSHHI 3 TPAJAUIIMHUMH aBTOMOOUISIMH 3 JBUTYHaMHU
BHYTPIIIHBOTO 3rOPaHHSI.

OpHiero 3 mepeBar eeKTpoMoOUTIB € BIACYTHICTh BUKH/IIB IIKIJIUBUX ra3iB, M0
CIIpUsi€ 3MEHIIEHHIO 3a0pyJHEHHS TOBITPS Ta OUIbII YUCTOMY cepenoBuiny. Kpim
TOTO, i3/1a Ha €NEeKTPOMOOLUIl J03BOJIIE 3HAYHO 3a0IAKyBaTH HA MaJUBI, OCKUIbKU
BapTICTh 3apsSAKd €JEKTPOMOOIIS 3HAYHO HUXK4Ya, HDK 3ampaBka OEH3WHOM abo

JIU3EJIEM.
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TakuM 4MHOM, €JIEeKTPOMOO1Il BIAKPHUBAIOTh HOBY €py Yy chepi aBTOMOOIILHOTO
TPAHCIIOPTY, MO3UTHUBHO BIUIMBAIOYM HA HABKOJMIIHE CEPENOBUIIE Ta JOMOMAraioyu
e eKTUBHIIIE BUKOPUCTOBYBATH PECYPCH €HEPTIi.

Iepenik nocuaanp
1. TI'i6puaai aBToMOO61T / [baxkuunoB O.B., Cmupno O.I1., CepikoB C.A. Ta iH.].
- X.: XHALLY, 2008. — 327 c.
2. Cunepretnunuid aBToMOOUTb. Teopis 1 mnpaktuka / [baxuno O.B.,
CwmupnoB O.I1., CepixoB C.A., JIpagaenko B.A.]. — X.: XHAJLY, 2011. — 236 c.
3. IIpo aBTOMOOUIBHUI TpaHcHOPT: 3akoH Ykpainu Bigomocti BepxoBhoi Panu
VYkpainu. 2011. Ne 22. C. 105.
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BUKOPUCTAHHA MATEMATHYHOI'O AITAPATY AJI'EBPHU JIOT'ITKA
JJISI CHHTE3Y HUP®POBUX ITPUCTPOIB ABTOMATUKHA
Jloziecvka ¢hinis Xapkiecbkoeo agmomooiibH020-00pOACHbO20 Pax08020 K0e0HCY

SAbayuyancbka Anacracis [lerpiBHa, rpyna 42-OP
Haykosuii kepignuk: BUKJIaJa4y BUIIIOI KATEropii, 3aBixyBay BijijieHHA
TPaHCNOPTHUX TexHoJorii, KpuBomanko Cepriit bopucoBu4

B cydacHux ymMoBax 3 poCTOM iHTEHCHUBHOCTI PyXy TPAHCIIOPTHUX 1 MIIIOX1THUX
MOTOKIB Ha OKPEMHUX IIepeXpecTsAX dYacTO II0CTa€ HEOOXITHICTh Yy BBEJICHHI
aJanTUBHOTO CBITJIO(POPHOrO PEryJtoBaHHS, POOOTa SKOTO OpraHi3oBaHa 3a Pi3HUMHU
QITOPUTMaMH, OCHOBHHM 3 SIKMUX € QJITOPUTM IOIIYKY PO3PHUBIB Y TPAHCIOPTHUX
NOTOKax Npu (iKCOBaHOMY 3HaYEHHI OCHOBHMX YTNPaBJISIOYNX apaMeTpiB.

Bamnii yBa3i HaJaeTbCcsl KOHKPETHHM MPHUKIIAJ] 3aCTOCYBaHHA MAaTEMaTUYHOTO
anapary ajreOpu JIOTIKMA JJI1 CUHTE3y LHU(PPOBOrO MPUCTPOIO, V SAKOMY OIyLIEHUH
JCTalbHUN OMHC AJITOPUTMY pPOOOTH aBTOMATy, CTBOPEHHS Ta Mpu3Ha4YeHHS Trpady
nepexoiB aBTOMary. ['0J0BHA MeTa — CTBOPEHHS JIOTIYHHUX (DYHKIIN ynpaBIliHHSA, 1X
MIHIMI3allisl Ta CHHTE3 CTPYKTYPHHUX CXEM, K1 iX peasi3ytoTh.

KitroueBi ciioBa: anropuTm, CHHTE3, KOHTpoJiep, ¢asa, mapamerp,

INOCTAHOBKA 3AJIAUI

PoboTa aBTOMaTy 3a aNropuTMOM MOUIYKY PO3PUBIB B TPAHCIIOPTHUX MOTOKAX y
HANPSIMKY 111 3€JIECHOT0 CUTHAJIY NMpH (1KCOBAaHUX 3HAUEHHSX OCHOBHHUX YIPaBIISIIOUUX
napamMeTpiB (4ac, 10 BHU3HA4Ya€ pPO3PUB Yy IMOTOI, MIHIMAJIbHA W MaKCHMalabHa
TPUBAJIOCTI 3€JICHOTO CUTHAJY) JIETKO MOSICHIOETHCA 3a JOTMIOMOTOI0 YaCOBUX Jlarpam
1oro po6oTHu.

CurHan nepeMHMKaeTbcs 3 3€JEHOr0 Ha YEPBOHUN MpPHU BHUSBJICHHI 4acOBOIO
IHTEpBaIy MDK aBTOMOOUISIMH, IO MepedyBarOTh A0 Mepexpects, Ouipmoro abdo
PIBHOTO 33JaHOMY. A SKIIO Hi, TO TPUBAIICTh 3€JEHOT0 CUTHAIY MPOJOBXKYEThCA Ha
TPHUBAJIICTH 33J]aHOTO iHTEepBaTy- tek (puc. 1).

OCHOBHMMH TIapaMeTpaMH YIPaBIiHHSA B paMKax 0OpaHOTO alropuTMy poOoTH
KOHTpoJiepa €: tamin, tex, amax-

Bubip 1poro anropuTMy BHU3HAYAETHCA MKOro MPOCTOTOIO, 4@, TaKOX
BUKOPUCTAHHAM aBTOMATHYHMX MPHUCTPOIB, SKI WOro peani3yloTh 1 HE BUMAararoTh
BUKOPHCTaHHS 3aC00IB 00UMCITIOBANIBHOI TexHIKH. KpiM Toro, mss BiAnpansoByBaHHS
aNropuTMy TOTpiIOEH MiHIMYyM iHoOpMaIi Mpo mapamMeTpu MOToKy. OKpiM TOTO,
peamizaiis JaHOTO aJlrOPUTMy POOOTH CBITIO(GOPHOI CHUTHAmI3aIlli TapaHTye
Oe3aBapiiiHUN TPOi3[ TPAHCIOPTHHMH 3aco0aMu mepexpecTs, 00 3a yac mpoizmy
BIJICTaHI BiJ MICIl YCTAaHOBKU JETEKTOPY TPAHCIOPTY JO CTOM-JTiHIT aBTOMaT abo He
MiHs€e ¢azy peryatoBaHHs (HasSBHICTh TPAHCIOPTY), ab0 BCTUTHE 1ii 3MIHUTHU
(BIACYTHICTH TPAHCIIOPTY).

160
Mamepianu 79-i cmyodenmcokoi Haykoeo-mexHiunoi kongepenuii « Tusicoenv cmyodeHmcokor Haykuy



CEKIIIA — ABTOMOBLIbHU TPAHCIIOPT

n OCTaHOBKA 3a,ﬂ,a“| I. cunresnan KOHTpOnepy, Akuii 3abesneyye
poboTy csiThodopHOI cUrHanizauii 3a aArOPUTMOM NOLLYKY PO3PUBIB Y TPAHCNOPTHMUX
NOTOKax

Pobora agromary 3a anropuTMOM nowyxy pospusisy TN

L3

0 - Beymacme T3 npomedor Iy, & =m0 2O § TTT &0 D00 g,
Y - Mo oty y romy
1 2 1 oo oo 33y 13 0 Semarneyon mpoenyy

Pucynoxk 1 — Yacosi aiarpamu poOOTH aBTOMATy 3a aJITOOPUTMOM TOIIYKY PO3PUBIB
y TPAHCIOPTHUX MOTOKAaX MpH (PIKCOBAaHUX 3HAYCHHSX
OCHOBHUX YIPAaBJISIIOUUX [TapaMETPIB

Sxkmo mo ButTikaHHA t; ,; B 30HI Jii JIETEKTOpa TPAHCIOPTY 3'IBUTHCS
aBTOMOOLTb, TO TPUBAIICTh 3€JIEHOTO CHUTHANy 30LMBIIUTHCSA Ha t, = 4cex. SIkmio 3a
qac Jii tex y 30H1 i1 IeTeKTopa 3'sIBUTHCA 11I€ OJIMH aBTOMOOUTB (BIJICYTHICTh PO3PUBY
B MOTOIL), MOYHETbCA BIANPAIbOBYBaHHS HOBOTO 1t 1 T.n. KoxHMil HacTynmHui
aBTOMOOUTb, WIO MPOI3AUTh B 30HI [ii JAETEKTOpa TPaHCHOPTY N0 BUTIKAHHS
MONEPEAHBOTO 1., MPOJOBXKYE Ait0 3€JeHOTO curHainy. [Ipu BHCOKIN 1HTEHCHBHOCTI
pyXy TPaHCHOPTHOTO MOTOKY YacOBI IHTEPBAIM MIXK ABTOMOOUISIMH MOXYTh CTaTu
MEHIIIE EeKIMaKHOTO dYacy TMpPOTATOM JOCHUTh BelIUKoro dacy. Lle Bukmmue
HEBMIIPAB/IaHE CTOCOBHO KOH(IIIKTYHOYOrO HAaNpsIMKy 30UIbLIEHHS CUTHANly, SKAW
no3Bosisie pyx T3, ToMy HOro TpUBaJiCTh MOBHHHA OyTH OOMEXKEHa PO3yMHUMHU
MEXaMU - HE TIEPEBULLYBATH 1; gy

[TepemukaHHs CUTHAJIB 13 3€JIEHOTO HA YEPBOHUI BIIOYACTHCS B TOMY BUIIAJKY,
SKIIO YaCOBUW IHTEpPBal MDK JBOMa HACTyIMHHUMH OJHWH 3a OJHUM aBTOMOOLISIMU
BUSBUTHCS OUIbIIE EKIMaXHOTO 4Yacy Y LbOMY BHUMAJKY aBTOMAaT CIpAlLlOE€ B IO
AITOPUTMY TOITYKY PO3PUBIB Y TPAHCHIOPTHUX MOTOKAX SIK MO HAMPSAMKY il 3€JIEHOTO
CUTHAJY, TakK 1 M0 KOH(QIIKTYIOUOMY HaIlPsIMKY TP (PIKCOBAHMX 3HAYECHHSIX OCHOBHUX
YIPaBJISIIOYUX TapaMETPIB.

[InaBarouunii UK cBiTiodopa Oy1e MaTh MICIe TUTBKH 3 MOSIBOIO aBTOMOOLITIB Y
30HI1 11T AE€TEKTOPIB TPAHCIIOPTY 1 BUSBJICHHI PO3PUBIB Y TPAHCIIOPTHUX MOTOKAX.

OuyeBHUIHO, IO MPU BUCOKIA IHTEHCUBHOCTI PyXYy W BIACYTHOCTI TPAHCIOPTHUX
OJIMHUITH Ha BCIX MIAX0Jax JI0 MEPeXpecTs TyT aBTOMATUYHO Bi0YIEThCS MEpexis A0
ABTOHOMHOT'O aBTOMATHUYHOT'O PETYIIOBAHHS 1O «GKOPCTKIM» MPOrpami.
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OmnucaHuii anropuT™M poOOTH aBTOMATY IOSICHIOEThCS 3a JIOTIOMOTOIO Tpady
fioro mepexoiB (puc. 2).

I pagh nepexoodie aemomamy

Fpach NepPexXOis ABTOMATY NP POBOTI 33 ANTOPHTMOM NOWYKY pospwie y TN

0

1 {2} —{3) {4 ) s ) —{6)—{7)—{8

g

) ¢ \\\.'/‘
15 ot 14 o 13 o 12} 11 }=od 10 }=—{ 9

Pucynox 2 — I'pad nepeixoiB aBTomary

OcHoBHUMHK (YHKLIOHAJbHUMHU OJIOKAMH aBTOMATy € 3aJaTyuK dYacy 1
PO3NOAUIBHUK IMITYJIbCIB, SIKI (POPMYIOTh TPUBAIICTh OCHOBHHMX TAaKTIB 1 CUTHAIIU
yOpaBiiHHSA CBITIOGOPOM. Y cXeMl BUKOPUCTAHI JUCKPETHI JIOTIYHI €JIEMEHTH Ta
KIHIIEBI aBTOMaTH 3 MaimuM oOcsroM mam’ari: DRS-tpurepu, cubxponHmii 4-
PO3PSAHUN BIMKOBUN MIJICYMOBYIOUYHMI JIYMIBHUK 1MIYJIbCIB 0 mod16 - 555U1E10,
AKUW pasoMm 3 gemmdpatopoM 3 yHITapHUM BuxoaoMm S55UJI3 mpeacTtaBistoTh
po3noauibHuK iMmybeiB, Ta IMC KPS12IIC10, sika BUKoprcTaHa B SIKOCTI T€HEpaTopa
TaKTOBUX IMITYJIbCIB, SIKI HAXOJATh B CXEMy 3a JaT4yHMKa dacy 3 dactororo 1 I'm Ta B
CXeMy pO3MOAUTFHUKA IMITYJIbCIB 3 yacToToro 0,25 I'm.

VYrpasninHs poOOTOI0 aBTOMaTa 3BOJUTHCS 1O ympaBiiHHS Bxomamu L Ta R
JTYWIBHUKA IMITYJIBCIB. JIJIT IOTO 3a JOMOMOTOI0 TAOJHIlh ICTUHHOCTI 3a1af0ThCS 111
jgoriydi  (yHKUI, CKJIaAalThcs iX CTPYKTYpHI (OpMysH, MIHIMIBYIOTbCS 3a
nornoMororo kapt KapHo 1 OyayroTbes CTPYKTYPHI CXeMH, 5Kl iX peanizyroTs. Ha puc.
3 HaBe/IeHa CTPYKTYpPHA CXEMa MPOrPAMHO-JIOTIYHOTO MPUCTPOIO KOHTPOJIEPA.
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Ocmamouno cmpyKkmypHa cxema npozpamuo-
JO2IYHO20 NPUCHIPOIO KOHMPO.1epPy RPUIMAE U2TAO

JaransHa wewa
|
— I

Pucynok 3 — CtpykTypHa cxema nIpOorpaMHO-JOTIYHOTO IPUCTPOIO KOHTPOJIEpa

IlepeJtik nocujianb

1. BOUIIUIIBKWH A.I1. EnexTpoHika i MikpocxeMoTexHika: migpyunuk /[A.I1.
Boitimmupkuii, M.A. Boluunbkunii].- Xutomup: T'enpBernka; KuTomMupchkuil
HaIllOHAJIBHUH arpoekosioriyauii yaiBepcuret, 2018.- 300 c.; i1.; Tadm1.;

2. MATBIEHKO ML.II. Ilpuctpoi 1udpoBoi eNeKTPOHIKH: HaBYAIbHHI
nocionuk / [M. Martsienko].- K.: Jlipa-K; KHEY im.. T. IlleBuenka, 2021.- 392 c.;
Ta01.;

3. TPET'YDB B.I'. IIpoekTyBaHHs cucTeM aBTOMaTH3allli: HABYAJIbHUNA MOCIOHUK
JUISl CTYAIGHTIB BUIMX HaBuasibHUX 3akianiB / [B.I'. Tpery06].- K.: Jlipa-K, 2019. — 344
C.
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FEOJE3LS TA
3EMJIEYCTPIN
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POJIb TEOITH®OPMAIIMHUX JAHUX II1OJIO OBF’EKTIB
HNPOMUCJIIOBOCTI B MEKAX TEPUTOPIAJIBHUX TPOMAJ JJI5
PO3BUTKY TYPUCTHUYHUX JECTHHAIIM
HTY «/[ninposcvka nonimexuikay

AnuyTtkina Mapis KocrsintuniBua, rpyna 193m-23-1
Hayxoeuii Kkepignuk: K.T.H., 1o1. Tperyo FOuisa €Brenisna

CporojiHi BUKOpPUCTaHHS TreoiHGOpMAIIMHUX CHUCTEM HalyBa€ IIMPOKOI
HNOMYJIIPHOCTI y cdepl TepUTOpiaabHOTO PO3BUTKY TI'pomai. I'eoiHdopmarliiiiHi gaHi
0COOIMBO aKTyadbH1 JUIsl TUIAaHYBaHHS Ta YIPaBIiHHS aKTUBAMU TEPUTOPIAIbHOT
rpoMajy, TaKUMU SIK TPUPOJIHI Ta 3€MENIbHI pPecypcH, I1HKEHEpHa, TPaHCIIOPTHA,
colliaJibHa Ta TypUCTUYHA 1HOPACTPYKTYpa, IHBECTUIIIAHUN TOTEHITIA.

['eoindopmaniiiii 1aHi (popMyBadKcs MOPOTATOM TPUBAJIOTO Yacy pI3HHUMH
YCTaHOBaMH Ta OpraHizailisMu, 1o € ix aepkatensMu. OCHOBHUMH JDKEPEIaMU IIHUX
JaHUX € TomorpadiuHi KapTH 1 IUIaHU, 3€MENbHUN Ta MICTOOYIIBHUN KaJgacTpH,
KaJlaCTpu NPUPOJHHUX PECYPCIB, 3arajibHOJEpKaBHI PEECTPHU, NaHl JUCTAHUIKHOIO
30HAyBaHHsA 3emii. g Oulbll KOMQOPTHOTO Ta MPOAYKTHUBHOTO BUKOPUCTAHHS
pecypciB TEPUTOPIAILHUX TPOMaJl, JEpXKaTelsIMH TaKuX T€OMOpTaliB € OpraHu
MICLIEBOTO CaMOBPSIIyBaHHS y rpomanax. BukopucranHg reoiH(opmaiiiHux JaHUX
JI03BOJISIE OTPUMYBATH TMOBHY 1H(OpPMAIlI0 PO TOW YW IHIIUKA 00’ €KT, HAIPHUKIA,
iH(doOpMaIlilo Mpo MICIIe pO3TalTyBaHHS 00’€KTa, MOr0 pO3MipH, MOTOYHY CHUTYAIIIO
HaBKOJIO OaxxaHoro 00’ekTa. Lle MOXXIHMBO 3aBASKH BIAKPUTOMY JOCTYMY J0 JaHUX Ta
MOCTITHOMY OHOBJICHHIO 1H(MOpPMAIIil y BCIX PEECTPAX TEPUTOPIATBHUX FPOMAT.

['eoindopmariiiina cucTeMa TEPUTOPIATIBHOI TPOMAAU € IHCTPYMEHTOM IS
po30y0BM  1H(GPACTPYKTYpH TEONPOCTOPOBUX JIAHMX Ha  MICIIEBOMY  PiBHI.
Buxopucranus reoiHGopMalliiiHUX JaHUX OpraHaMH MICIIEBOTO CaMOBPSTyBaHHS
J03BOJISIE:

- 3MEHIIUTH Ta BUKOPIHUTU MOBTOPIOBAHICTh POOIT AJII OJHUX 1 THUX
00’ €KTIB;

- aHani3yBaTh €(EKTUBHICTbh BUKOPHCTOBYBAHMX PECYpPCIB Ta BU3HAYATH
00’ €KTHU, IKI BUKOPUCTOBYIOTHCS 31 3HMHKEHOIO €(PEKTUBHICTIO;

- BHU3HAYATH [€PEBAru 1 HEAOJIIKU MPUNUHATTS TUX YU IHIIUX PIIIEHB;

- 3a]lydaTd 1HBECTOPIB JI0 PO3BUTKY TEPHUTOPIATBHUX TPOMAJ, IUIIXOM
BKJIAJICHb B IHBECTHUIIIHI TPOEKTH TPOMAJIU Ta iX peaizalli€ro;

- 3aJI0BOJIBHATH MOTPEOM CyCHUIbCTBA Y BHUKOPHUCTAHHI OOMEXEHUX
pecypcis;

- 3a0e3MeUYnTH HASBHICTh BIIKPUTUX JAAHUX JJII TPOMAJSH JJISl 3aJTydYeHHS
iX 10 IPUIHATTS PIlICHb.

VYkpaina mMae BUCOKMM TYpPUCTHYHUN TOTEHIlIAJ, OCKIIBKHM Ma€ 0araTOBIKOBY
1CTOPit0 PO3BUTKY Ta (OPMYBaHHS SIK JIep)KaBU. YKpaiHa Mae BUTIAHE reorpadidHe
PO3MIIIIEHHST U1l 3aJI0BOJIEHHsSI Oyab-akux moTped cycnuibctBa. Kpim Toro, Ha
TepuTopii YKpaiHM poO3TallOBaHO BEIUKY KUIBKICTh apXITEKTYPHUX 1 KYJbTYPHUX
nam’siITOK, 10 CKJIaJy SIKUX BXOASTh 1 00’ €KTH MPOMUCIIOBOCTI.
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['eoindopmarliifii aHi po 00'€KTU MPOMMCIOBOCTI B MEXKaX TEPUTOPIAIbHUX
rpoMaj MOKYTh BIAIrpaBaTH BXKJIUBY POJIb Y PO3BUTKY TYPUCTUUHHX JECTUHAIIIH.

[epir 3a Bce reoingopMariitHi JaHi JO3BOJSAIOTh aHANII3YyBAaTH T€OTYPUCTUYHHIMA
MOTEHILIIa]l TePUTOpIaTbHOI rpomMaan. BukopucToByroun Taki JaHI MOKHA MPOBECTH
aHani3z 1HQPACTPYKTYpH, JOCTYIHOCTi, TPaHCIOPTYy Ta IHIMMX (HAKTOPiB, IO
J03BOJISIFOTH BUSIBUTH aKTyaJlbHI TYPUCTUYHI 00’ €KTH Ta MApPIIPYTH.

Jlesiki mpoMUCIIOBl 00'€KTH, Taki K icTopuuHi (padpuku, 3aBoau abo Kap'epw,
MOXYTh MaTH MOTEHITIAJ K TypUCTUYHI aTpakiii. ['eoindopmariiiiHi JaHi 103BOJISIIOTh
BU3HAYUTH MICLS, JI€ MOXHA pO3POOUTH TYPUCTHUYHI MapuIpyTH ab0 CTBOPHUTH
EKCKYpPCIHHI MPOrpaMH HABKOJIO IIMX 00'€KTIB TAKUM YHWHOM, 100 BOHU BKJIFOYAJIHU 5K
pUBaOIUBI MPHUPOIHI MICIIEBOCTI, TaK 1 TPOMHUCIIOBI 00’ €KTH, III0 MOXKYTh OyTH ITiKaBi
JUIS BiJIBiyBadiB.

bararo npomMucioBux 00'€KTiB MaloTh ICTOPUYHY MIHHICTh SK YaCTUHY
KyJbTYpHOTO cnajaky. ['eoinpopMaliiiHi JaHl MOXKYTh JONOMOITH 1A€HTU(IKYBATH Ta
JOKYMEHTYBATH 11 00'€KTH, @ TAKOK CTBOPIOBATH MAIlM apXITEKTYPHUX aHCAMOJIIB 4u
ICTOPUYHUX MapIIpyTIB, IO MOKE 3a0€3MEYUTH PO3BUTOK TEMATHYHHUX MAapIIpYTiB.
Hampuknan, TypusMm, 1m0 3a0e€3MeUnuTh MOKJIMBICTh  BIJBIyBayiB  TJIMOIIE
03HAaHOMUTHCS 3 ICTOPIEIO Ta MPOLECOM PO3BUTKY MEBHOI rajy3i Ha MEBHIA TEPUTOPII.

['eoindopManiiiHi AaHl TaKOXK MOXYTh 3aCTOCOBYBAaTHUCA IIPU CTBOPEHHI
OHJIaH-PECYPCIB, IO CIYTyBaTUMYTh JJIsi OTPUMAHHS 1H(POpPMAILl MPO TEPUTOPIIO
3arajioMm, po MPOMHUCIIOB1 00’ €KTH, X XapaKTEPUCTHKHU Ta IOTOYHUI CTaH 00’ €KTIB.

["eoindopmartiiti 1aHi MOXYTh OyTH KOPUCHUMHU TSI TUTAHYBAHHS TYPUCTHUYHOI
1HQPACTPYKTYpH B MeEXax TEPUTOpIaJIbHUX TPOMAJa, BKIIOYAIOUM MAapUIPYTH
aBTOOYCIB, MICIISl MAPKYBaHHS, TOTEJN1, PECTOPAHU Ta 1HIII MOCTYTH.

['eoindopmariiiini  1aHi MOXYTh BHUKOPHUCTOBYBATHCS ISl 3a0e3MEeUCHHS
OXOPOHHM HAaBKOJIMIIIHBOIO CEpPEJOBHUILA B TYPUCTHMYHUX 30HAX, HANPUKIAL, IS
MOHITOPUHTY TYPUCTUYHHUX MOTOKIB 200 PO3BUTKY E€KOJIOTIYHO YUCTUX TYPUCTHUHHX
MapuIpyTiB.

Jlnst  3a0e3neueHHs yCiX BHUIIE3a3HAYEHMX MOXIIMBOCTEM BUKOPHUCTAHHS
reoiHopMalifHUX AaHUX, 1X HEOOXIJHO TMOCTIHO OHOBJIIOBATH, 3a0e3MeUYyBaTH Ta
MIATPUMYBATH iX aKTyadbHICTh. 7 1[bOro HEOOXIAHO MOCTIMHO MPOBOJUTH PIi3HI
BUJIM T€0JC3MYHUX POOIT, HAMpPHUKIAL, TomorpadiuHe ab0 KagacTpoBE 3HIMAHHS Ta
(dbopMyBaHHS JaHUX JJI1 OHOBJIEHHS F€O1H(POPMALIIMHUX TAHUX Ha PI3HUX pecypcax Ta
reonopTtasiax. OCHOBHY pOJib MPHU I[bOMY BIAITparOTh ¢axiBil y cdepi reoaesii Ta
3eMJIEYCTPOIO.

Otxe, reoiHpopMalliifHi JaHI MPO O0’€KTH TMPOMHUCIOBOCTI € BaKIUBUM
pecypcoM s PO3BUTKY TYPH3My y TEPHTOpIadbHUX IPOMajax. IX BHKOPMCTAaHHS
CIpHSi€ PO3IMIMPEHHIO Ta 30UIBIICHHIO TEOTYPCTHYHOTO TMOTEHIAy TEPUTOPiit
Ykpainu.

IlepeJik nocujiann
1. 10. O. Kapmincekuii, J. O. Kinb. MeToauuHni pekoMeHaalii 11010
JUSITBHOCT1 OpraHiB MiciieBoro camoBpsiayBanus y cepi HII': mpakt. moci6. Kuis,
2023.276 ¢
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OCOBJIMBOCTI NTEPEJAYI BEMEJIBHUX JIJIAHOK Y BJIACHICTbD
T'POMAJISIHAM YKPAIHU
I YAC J1f BOEHHOI'O CTAHY
HTY «/[ninposcvka nonimexuikay

I'opobeun Kpicrina BagumiBna, rpyna 193-20-1 ®b
Haykosuii kepignuk: K.T.H., 1o1. SIukin Ouiekcanap €BreHoBn4

VYkpaiHa € nmpaBoBOIO JIep>KaBOIO, HOPMU 3aKOHOJABCTBA SIKOi CIPSAMOBAHI Ha
CTBOpPEHHS KOMGOPTHOTO MPABOBOTO MPOCTOPY y cdepi HAOYTTs IMpaB BJIACHOCTI Ha
3eMeJIbHI JIIJISTHKU. AJie BIPOBAIXKEHHS BOEHHOTO CTaHy MOTIPIIUIO JESKI MPOIECH Y
3eMEJIbHUX BIJHOCHHAX, 30KpemMa OyJI0 BHECEHO 3MIHM Yy Tpoleaypy HaOyTTs
3eMEJIbHUX JUISHOK Yy BJIACHICTh TpOMaJiiHAM YKpaiHU 13 3eMellb KOMYHAJIbHOT
BJIACHOCTI.

BignoBimno g0 crarti 12 3emensHOro kojaekcy Ykpainu [1] mepemaua
3eMEJIbHUX MUJITHOK Y BJIACHICTh TPOMAJSH HAJCKHUTh O MOBHOBAXECHB CITHCHKHX,
CEJIMILHUX, MICBKHX PaJi Ta iX BUKOHABUMX OPraHiB y rampys3l 3eMeJIbHUX BIJHOCHH.

Crarrero 116 [1] nependadaerbes Oe3oIIaTHA Nepenada 3eMeJIbHUX JUISTHOK Y
BJIACHICTh TpOMaJsH YKpaiHu. [Ipy 1LbOMYy ICHYIOTb HOPMH PO3MIPY 3€MEIbHHUX
JUJISTHOK, $IK1 3aCTOCOBYIOThCS TpU O€30IIaTHIN nepenayi. 3rigHo 31 crarreo 121 [1],
BCTAHOBJICH1 HACTYITHI HOPMH IIOJI0 TUIOIII IUISTHOK:

— U1l BEJICHHS OCOOMCTOrO CEJISHCBKOTO TOCIOJapCcTBa — HE OLIbIIe
2,0 rekrapa;

— JUIS BeJICHHsI caiBHUNTBA — He OinbIne 0,12 rekrapa;

— JUIS THAWBIIyallbHOTO JTadHOTo OyAiBHHIITBA — He OibIne 0,10 rekrapa;

— g OynmiBHUIITBA 1 OOCIYrOBYBaHHS KWJIOTO OYyJAMHKY, TOCIOJAPCHKUX
OyniBenb 1 criopyn (mpucaauOHa IiIssHKA) y cenmax — He Outbine 0,25 rekrapa, B
cenuniax — He Ounbiie 0,15 rexrapa, B mictax — He Ounbie 0,10 rexrapa;

— i OyIIBHULTBA 1HAMBIIyalbHUX rapaxiB — He Outbiue 0,01 rexrapa;

— IS BEeIeHHS (PepMepChKOro TOCIOAapcTBa — B PO3MIpi 3eMENbHOI YaCTKH
(maro), BU3HAYEHOI JUIsl WICHIB CLIIbCHKOTOCIIOAPCHKUX MIAMPUEMCTB.

Hns peanizariii 0e30IaTHOTO OJACPKAHHS Yy BJIACHICTH 3€MEJIbHOI AUISTHKH 13
3eMeNIb KOMYHaJIbHOI BJIACHOCTI 3aCTOCOBYETHCS TPOIICIypa BiJBEICHHS 3EMEIBHOI
TUITHKA TIUJIIXOM PO3POOJICHHSI TIPOEKTY 3eMJICyCTpOlo ImoAo ii BiaBeaeHHs. Llei
IIPOCKT PO3POOIIIETHCS CepTU(DIKOBAHIM 1HKEHEPOM-3EMJICBIIOPSTHUKOM Ha ITiJICTaB1
BIJIMIOBITHOTO JIO3BOJIy OpraHy MICIIEBOTO CaMOBPSAyBaHHS, SIKUW € PO3MOPSTHUKOM
BIJIITOBIIHUX 3€MEIIb.

VY 3B’a3Ky 13 pociiichkoro arpecito 3 24 miororo 2022 poky Ha TepUTOPii
VYkpainu Oysio BBeIeHO BOEHHHM cTaH. [|Jist perynsiii 1esKux 3eMeIbHUX MUTaHb 0yJI0
JOMOBHEHO HOpMU po3ainy X [1].

BianosigHno a0 nyHkty 27 po3ainy X [1] icHye 3abopoHa nepenadi 3eMeIbHUX
JUJISTHOK 13 KOMYHaJIBHOT 200 JIepKaBHOI BIACHOCTI OE3KOIITOBHO Yy NMpuUBaTHy. Opranu
MICLIEBOIO CaMOBpSIyBaHHsS 3apa3 Mo030aBjeHl TMpaBa HajJaBaTH JO3BOJM Ha
PO3pOOJICHHS TTPOEKTIB 3€MJICYCTPOIO, 32 IKUMHU BIOYBaocs (HOPMYBaHHS 3eMEIbHUX

TUJISHOK JUIS TOAANIBIIOI  Tepeaadl y BJIAcCHICTh TpoMajsH. Ajie, Il HOPMU HE
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MOIIMPIOIOTHCS HA BUMAAKU, KOJIM HA 3€MEJIbHIN JTUISHIN € HepyXOMe MaiHO (GKUTJIOBI
Ta cafoBli OyauHKW, Tapaxi, OyIiBIl Ta CHOOPYAHW, TOIIO), SKE HAJICKUTDH
3eMJICKOpUCTYyBady. TaKoX JO3BOJSIEThCS O€30IUIaTHA Iepeaada 3eMeIbHUX IUISTHOK,
aK1 Oynu mepeiaHi y KOpUCTyBaHHS 10 HaOpaHHS YMHHOCTI HOpM [1].

Takum 9UHOM, TIPW HASBHOCTI TIpaB Ha HEPYyXOME MalHO, K€ 3HAXOIUTHCSA Ha
3eMENbHIN AUISHIN, TPOMAJSIHN YKpaiHH MOXYTh peali3oByBaTH CBOI MpaBa 3T1IHO
nmoyioxkeHs ctatTi 118 [1].

Cnin 3a3Ha4yuTH, 0 TOMUT HAa OTPUMAHHS 3€MENbHUX [IJISHOK BUIBHUX BiJl
3a0y10BH 3aJIUIIIUBCS.

Hacporogni Bimomo, mo icHye «lIpoekt 3akoHy npo BHECEHHS 3MIH [0
3eMeNbHOr0 KOJIEKCY YKpaiHM 11010 BITHOBJICHHS MpPaB JCSIKUX KaTEropid rpomMaisH
Ha MMPUBATU3AIIIIO 3eMEIbHUX JUISHOK ITiJ1 Yac Jii MPaBOBOTO PEKUMY BOEHHOTO CTaHY
Ha TeputTopii Ykpainm» Ne 8366 Bim 17.01.2023 poky, skuif 10Ci 3HAXOAUTHCS Ha
posrisial BepxoBHoi Pagu Ykpainu.

VY 3B’43Ky 3 THUM, IIO BOEHHHUM CTaH Jl€ B)XE IOHAA 2 POKH, IOIUIBHUM
BBAXKAETHCS MPOAHATI3yBaTH 3aKOHOJABISIMA HOPMATHBHO-TIPABOBI akTu y cdepi
3eMEJIbHUX BITHOCHH Ta HAJATH OUIBIINX MOKJIWBOCTEH TpoMmajisHaM YKpaiHW s
peanizalii cBoiX Mpas.

[Ipy HajmaHHI MOKJIMBOCTI BIIBEACHHS 3€MEJIbHUX AUISHOK MO MPOILEAYpl, sKa
icHyBaja J0 3ampoBa/DKEHHS BOEHHOTO CTaHYy JacTh 3MOTY II€PECENICHIISIM
3QIMIIUTUCh, Ha TepuTopii YKpaiHM, a HE NIyKaTH NPUIKUCTKY 3aKOPJOHOM 1
MpaIfOBaTH HaJl BITHOBJICHHSM €KOHOMIKH baThKiBITUHH.

BucnoBku

[TouaTox pociiickkoi arpecii HEraTMBHO BIUIMBa€ Ha BCl cdepHu, 30Kpema
3€MeJIbHI BITHOCHHU. 3 00Ky HaIlloi BJaJu MPUMHITO HU3KY 3aKOHIB, CIIPSIMOBAHUX Ha
BIJIHOBJIEHHSI cepu 3eMJIeyCcTporo, sKa OyJia TMOBHICTIO «3aMOpPOXKEHa» 3
24 mororo 2022 poky. Hackorogni Jlepxreokagactp NOHOBHB CBOKO poOOTy, aiie 3
MEBHUMH OOMEKEHHAMHU NIPaB Cy0’ €KTIB 3eMENbHUX BIJHOCHH. Tak opraHu MicLUEBOIro
caMOBpsilyBaHHs Oyiu T030aBlieHI TMpaBa HaJaHHS JO3BOJIB Ha PO3POOJIEHHS
MPOEKTIB 3€MIIEYCTPOIO 3 METOI MOJANbIIOI  Hepenadl 3eMeNIbHUX JAUISHOK Yy
BJIACHICTh TpOMajisH. Alle TpH [bOMY, IO3BOJIIETHCS NPUBATHU3AIS 3EMETHHHUX
IUISTHOK T 00’€KTaMU HEPYyXOMOTo MaiHa. Y 3B’43Ky 3 THUM, L0 3alpOBa>KEHUMN
BOEHHMIM CTaH i€ BXX€ TMOHaA 2 POKY, JOLUIBHUM BBaXAEThCS MEPETISTHYTH
MPOIIeTyPYy OTPUMAHHS Y BIACHICTh BUTBHUX 3€MEJbHUX JUISTHOK.

IIpono3umii

JUis copusiHHS PO3BUTKY €KOHOMIKM HAlIol JEp>KaBU y CKIQJAHUX CYYaCHHUX
YMOBax MPOIOHYETHCS MEPETJISIHYTH 3aKOHOAaBUy 0a3y II0J0 Mepenadi 3eMeTbHHUX
JUISTHOK 'y BJIACHICTh IPOMaJiiH. MOXIHUBICTh O()OPMIICHHS TIPAB Ha BUIbHI 3€MEJIbHI
JUISTHKA 13 3€Mellb HE HaJlaHUX paHIille y BJIACHICTh a00 MOCTIHHE KOPUCTYBaHHA,
BIJTHOBUTH IPOLEAYPY NpUBATU3ALIl 3eMJl TpoMajsHaMu YKpaiHu, sKa ICHyBaJa Ji0
MOYaTKy BOEHHOTO BTOpPTHEeHHs. [y peamnizalii 1i€i MeT HEOOX1JHO BHECTH 3MIHU Y
noJjiokeHHs [1].
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mij dYac JAii TpaBOBOTO PEXHMY BOEHHOTO CTaHy Ha TepuTopii YKpaiHu
No 8366 Bix 17.01.2023 poky.
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EKOJOTITYHUM NIAXIJ JJO KJIACU®IKAIIT MOPYIIEHUX 3EMEJIb
BHACJIIIOK BOEHHUX 1IN
HTY «/[uinposcoka nonimexuixay

JLxura Baaauciaasa €sreniBaa, rpyna 193-19-1
Haykoeuit kepienuk: k.1.H., mpogd. Tperydo Muxosa BosoaumupoBu4

BianosigHo g0 crarti 1 3eMenbHOro KoAekcy Ykpainu [1], 3eMiis € OCHOBHUM
HalllOHAJILHUM 0araTCTBOM, IO TepelyBae Iij 0COOJIMBOIO OXOPOHOK JepkKaBU. Y
nomatky 59 no Ilopsaky [2] 3aTBep/pkeHO  KiacH(ikallild BHIIB  LJIBOBOTO
npu3HAUYeHHs 3eMenb. Tak, 3rimHo 3 Kiacudikatopom, yKpymHEHE TIpylmyBaHHS
MIPOBOAUTHCS Y MEKax TaKUX KaTeropii 3eMelib:

. 3eMJI1 CLIIbCHKOTOCTIOAAPCHKOT0 MPU3HAYEHHS;

. 3eMJI1 )KUTIIOBOI Ta TPOMAJICHKO1 3a0y/10BH;

. 3eMJIl TIPUPOJHO-3aMOBIAHOTO (OHIY Ta I1HIIOTO MPUPOJOOXOPOHHOTO
MIPU3HAYEHHS;

. 3eMJI1 03JI0POBYOT0 MPU3HAUCHHS;

- 3eMJI1 peKpealiftHoro MpU3HAYCHHS

. 3eMJI1 ICTOPUKO-KYJIBTYPHOTO MIPU3HAYCHHS,

. 3€MJI1 JIICOTOCIOIAPCHKOT0 MPU3HAYECHHS

. 3eMili BOJHOTO hOHTY

. 3eMJII  TIPOMHMCIIOBOCTI, TPAHCHOPTY, €JICKTPOHHUX  KOMYHIKaIliid,

€HEPreTUKH, OOOPOHH Ta IHIIIOTO TPU3HAYCHHS

[Topyreni 3emi1i — 11€ 3eMTl, IO BTPATUIIN CBOIO TOCIOAAPCHKY Ta €KOJOTIYHY
I[IHHICTh Yepe3 MOPYIICHHS IPYHTOBOTO MOKPHUBY BHACIIJOK BUPOOHUYOI MisUTBHOCTI
moauHn abo il mpupoaHux sBuil [3]. BaxxnuBo 3a3HAauMTH, M0 MOSBA MOPYIICHUX
3eMellb MOXe OyTH y Mekax OyJib SIKOi KaTeropii 1 LiJIbOBOTO MPU3HAYEHHS.

CydJacHi MeTOaM BEJEeHHS BIHU, MPOTPECYIOYH BiJl TPAIUIIIHHOT Ta XIMIYHOT 710
sIepHOi 30poi, 3aBAAI0Th 3HAYHUX PYHHYBaHb 1 BUBLIBHSAIOTH 3HAYHI 00CSITH €HEpTii.
Ha Tni nroAchKuX CTpaKaaHb, €KOJOTIYHI MPOOJIeMHU 3[AI0ThCS APYTOPSIIHUMU, ajie
BHACJIJIOK BOEHHHUX Ml IUIOLIA MOPYUIEHUX 3€MeNb 30UIbIIYETHCSI B T€OMETPUYHIN
nporpecii. Cepea HalOIBIN MOMIUPEHUX BUIB 3a0pyAHEHHS 3eMeNb i 4ac BIMHU
MO’KHA BUJIUIMTH Taki [4]:

1. Ximiyai 3a0pyIHEHHS, WI0 TOB’S3aHI 3 TMEPEBUINCHHIM XIMIYHHUX
KOMITOHEHTIB B 3€MJIi, a came:

- 3a0pyOHenHs 3emenb Haghmonpodykmamu: OCH3UH, TU3eIbHE TTaTbHE, MAaCTHIIA
TOIIO, € TOKCUYHUMH 1 MOXKYyTh HETaTMBHO BIUIMBATH Ha AOBKLLIL. [lig yac BoeHHUX
Aiil  3a0pyaHEHHS 3eMellb  HapTONpPOAyKTaMH MOXKE BIJOyBaTHUCS  BHACIHIJIOK
3aCTOCYBAaHHS NaJbHO-MAaCTHJIBHUX MAaTepialiiB, a TaKOX YHACHIJOK pYyWHYyBaHHS
TPAHCIIOPTHHUX 3aCO01B Ta IHIIMX 00'€KTIB, IKI BAKOPUCTOBYIOTh HAPTOMPOLYKTH.

- 3a0pYOHeHHs 3emMenb Hebe3NeUHUMU XIMIYHUMU pedosuHamu: HeOe3NeUHI
XIMIYHI PEYOBUHHU, TaKl SIK XJOP, PTYyTh, Ghocdop TOIIO0, € TOKCUYHUMHU 1 MOXYTh
CTAHOBHUTH CEpPHO3HY 3arpo3y Ui 3J0poB's Jrofed 1 joBkuwia. Ilin wac BidiHH
3a0pyHEHHS 3eMeNb HeOe3NMeYHMMH XIMIYHUMU PEUOBUHAMHU MOXKE BIIOYBaTHCS

BHACJIIJIOK 3aCTOCYBaHHS XIMIYHO1 Ta 010JI0T14HOT 30pOi.
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2. ®i3uyHl 3a0pyAHEHHs, IO TIOB’S3aHE 31 3MIHAMHU TeMIIepaTypHUX,
CHepreTUYHUX, pajlialliiHuX, XBUJIHOBUX Ta IHIINX (DI3UYHUX MapaMETPIB:

- 3a0pYOHEeHHs 3eMeNb 8ANCKUMU Memanamu: CBUHEIb, KaJMii, pTyTh TOIIO, €
TOKCUYHMMHU 1 MOKYTh HETaTHMBHO BIUIMBATH Ha 370pOB's Jojei 1 noBkuwis. [1ig gac
BiiHM 3a0pyJHEHHS 3€MeNlb BAXKKHUMH METajaMH MOXe BiAOyBaTHCS BHACIHIOK
pyliHyBaHHS Oy[iBeJb, CIIOPY/ Ta 1HQPACTPYKTYPH, a TAKOK BHACIIOK MEPEBUILICHHS
TEMIIEPATYPHUX PEXKHUMIB M1 yac BUOYXIB.

- 3a0pyoHeHHs1 3eMeNb  8ubyXoHebe3neuHuMu npeomemamu. B 3eMIIX Y
Yepnirisebkid, Cymcbkilt, Jlyrancekiid, JloHeupbkii Ta XepcOHCHKIM o00macTsIxX
3anumaEeTbcsi  O0arato  HeposipBaHux  OoempumnaciB. B VYkpaini  BHacmigox
noBHoMacIITabHoro BTOopraeHHs Pocii 3amiHoBaHo 65u3bko 30% TepuTopiii KpaiHu.
Wnetbest ipo 165 THCAY KBAaAPATHUX KiIOMETPIiB — IuTomia noioBunu Hivewunsn [5].
[le neGe3neka asis Jr0jeH 1 TBAPUH HA 0araTo poKiB.

3. Bionoriyne 3a0pyAHEHHS, 10 MOB’S3aHE 3 MPOHUKHEHHSM B EKOCHCTEMU
OpraHi3MiB, 1110 BUKJIUKA€E 3apaKCHHS 3€METb

- 3a0pyOHeHHs 3emellb NOOYMOBUMU 810X00AMU. CMITTS Ha BYJHIISTX TUMYACOBO
OKYMOBaHUX MICT HEMa€ KOMY MpHOUpAaTH, B 3aXOIJEHUX HACEICHHX ITyHKTaX
MPOIBITAE AHTHCAHITAPIS;

- 3a0pyOHeHHsT 3eMellb NPOOYKMAMU HCUMMEOISIbHOCMIE HCUBUX OP2SAHIZMIE,
yepe3 3azubdens GeluUye3Hol KLIbKoOCmi 0CoOOUH pi3Hux 6udie payuu ma gopu.

3anponoHOBaHO EKOJOTIYHUN MiAXiJ 10 KiIacudikaiii MOPYHIEHUX 3EeMEb
BHACIIIOK BOEHHUX il (puc. 1.1).

Tunu nmopymeHux 3eMeNb BHACHTIIOK BOEHHUX il

3a cmynenem 3a0pyonenns < > 3a mpueanicmio 6i0H081eHHSA

XimiuHe 3a0py/IHEHHS 3eMeb 3emJ1i I0BrOCTPOKOBOTO -«
BiJTHOBIIEHHS (Oinbute 50 pokie)

di3zuyHe 3a0pyIHEHHS 3eMelb

A\ 4

3eMiTi cepeJHbOCTPOKOBOTO
BIHOBIIEHHS (6i0 3 0o 50 pokis)

»|  bionoriyde 3a0pyIHEHHS 3eMETh

3eMiTi KOPOTKOCTPOKOBOTO
KommiekcHe 3a0pyiHEHHS 3eMEIb BigHOBJIeHHS (00 3 pokis)

v

Puc. 1.1. Knacudixkariis mopymeHux 3eMeib BHACTIIOK BOCHHHX i

3a paxyHOK €KOJOTIYHOTO TIAXOoAay a0 Kiacudikaiii TOPYIICHUX 3eMeb
BHACIIIJIOK BOEHHHX 11 MOJIMBO PO3POOHTH 3aXOAH II0JI0 BITHOBIICHHS MOPYIIICHUX
3eMeJIb BHACIOK BOEHHUX Aiil. [lomanbmoro A0CiiKeHHs MOTpeOyOTh BU3HAYCHHS
MOKA3HHUKIB, 1110 J03BOJISATH BIIHECTH 3a3Ha4Y€HI 3€MJI1 J]0 TIEBHOTO THUITY.
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BUKOPUCTAHHS CYITYTHUKOBUX HABITAIIIMHUX CUCTEM
30PIEHTOBAHE HA 3ABE3IIEYEHHSA OBOPOHU JTEP/KABU
HTY «/[uinposcoka nonimexuixay

Kambposcbkuii Cepriii Osnexkcanaposuy, rpyna 193-21-1 ®AB3Y
Hayxoeuii Kepignuk: K.T.H., 1o1. Tperyo FOuisa €Brenisna

CydacHl TEXHOJOTIi JUHAMIYHO PO3BUBAIOTHCS, 1 Pa3oM 3 TUM 3pOCTAIOTh
BUKJIMKHU Ta 3arpo3H, sIKi, Ha ’ajb, YKpaiHa ChOTOJ/IHI BITUYBAa€ Ha BJIACHIM TEPUTOPIi.
Croroani y Oe3mnekoBid cuTyallli Jiep»KaBH CYIyTHUKOBA HaBirailis cTae OJHHUM 13
KJIFOUOBHUX 1HCTPYMEHTIB 3a0€3MEUCHHS HaIlIOHAJIbHOI O€3TEKH.

3aranpHOBIJIOMO, 110 ICHY€ JEKUJIbKa HAWMONIMPEHINIUX CUCTEM CYITyTHHUKOBOI
Hagirarii, Taki sk GPS (CHIA), 'TIOHACC (xpaina arpecop), Galileo (€C), BeiDou
(Kurait) Ta po3BuBarotbcest mBuakumMu temnamu IRNSS (Iamist), QZSS (Anowis).

B Vkpaini 3 2014 poky po3BUBA€TbCS BiacHA CYIyTHUKOBA paJllOHaBIraniiHa
cucteMa — HarioHanmsHa cHcTeMa cymyTHuKoBoi Hasiramii (HCCH) [1, 3]. i
CTBOPCHHSI Ta BIPOBAKCHHS JTO3BOJIUTH 3HAYHO 3HU3HUTH 3aJICKHICTh BiJ] 1HO3EMHUX
CHUCTEM HaBIraIlii, a Tako>K 3a0€3MeUUTH aBTOHOMHICTh Ta CTIHKICTh 30porHux Cui
Ykpainu 10 30BHIIIHIX 3arpo3 [2]. B mio cucreMy ChOrojHi BXOISATH 2 YKpaiHCHKI
cynytHuku CIY-1 (mata 3amycky 31.08.1995 p.) ta CIU-2 (nmarta 3amycky 13.01.2022
p.)

B yMoBax BiliHH, B SKHX MH >KUBEMO, CYyNyTHHKOBI HaBIraiiiHi CHCTEMH
BUKOPUCTOBYIOTHCS TSI

— Hapirauii BIMChK (BU3HAYEHHS KOOPJIMHAT Ta MapLIPyTIB IEpecyBaHHS
BIMICBKOBUX MIAPO3ALIIB, @ TAKOXK OKPEMHX 0C10);

— KepyBaHHs 30po€to (HABEICHHS paKeT, CHapsAiB Ta 1HIIUX OOEMpUIIACIB

Ha JIb);

— PO3BiAKa (CIOCTEPEIKCHHS 3a IoJieM 0010, BHUSBIICHHS BOPOXKHX CHJI Ta
00'eKTiB);

— KOOpJMHALIS M1 (CHHXpOHI3alis Jid PI3HUX POJIB BIIUCBK Ta CHI
Oe3IeKH).

OCHOBHHMMH TIEpeBaraMu BUKOPHUCTAHHS CUCTEM CyITyTHUKOBOT HaBiraiiii €6

— TOYHICTh (CHCTEMM CYNYTHUKOBOI HaBiramii JO3BOJISIIOTh BHU3HAYaTH
KOOpPJIMHATU 3 BUCOKOIO TOYHICTIO, IO 3HAYHO MiJBUINY€E €PEKTUBHICTh BIHCHKOBHX
Jii);

— HaAJINAHICTD (CYMYTHUKOBI CUTHAJIM JTOCTYITHI MPAKTHYHO B Oyab-sKIM TOYIT
CBITY, 1110 pOOUTH CUCTEMH CYITyTHUKOBOI HaBiraiii 1y>xe HaJliHUMH );

— CTIAKICTh [0 Mepemkoa (CHUCTeMH CYNyTHMKOBOI HaBiraumii CTIHKI 0
paaionepenIko, o poOUTh X HE3aMIHHUMHU B yMOBax 00MOBHUX [ii).

BukopucTaHHs cuUCTEM CYMyTHHUKOBOI HaBIraiii TaKoX IOB'SI3aHO 3 NMEBHUMHU
BUKJIMKaMH Ta 3arpo3aMu, a caMe:

— 3aJIeKHICTh B CYMyTHHUKIB (y pa3l BUBEACHHS 3 Jaay CYIYTHHUKIB abo iX
CUTHAJIB CHCTEMH CYIyTHUKOBOi  HaBiramii CTalOTh  HEMNPHUIATHUMHU IS
BUKOPUCTaHHA);
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— Bpa3IMBICTH 0 KibepaTak (CHCTEMH CYITyTHMKOBOI HaBiraii MOXyTb OyTH
Bpa3JIMBUMHU N0 KiOeparak, II0 MOKE MPHU3BECTH 10 MOpyLIeHHS iX pobotu. Lleit
BUKJIMK OCOOJIMBO aKTyaJbHHUI B yMOBax TiOpHUIHOI BIHH, € KIOEPIPOCTIP € OAHUM 3
KJIFOUOBHX TOJIiB OOMOBUX JiKd. YKpaiHa Ha BIAaCHOMY JOCBil Biadyna kibepaTaku Ha
KPUTHYHY 1HPPACTPYKTYpPY, TOMY IMOCHJICHHS KiOepOe3nmeKu CHUCTEM CYIMYTHHUKOBOI
HaBITaIlli € KPUTUYHO BAXKJIMBUM 3aBJIaHHSIM);

— eJIGKTpOMarHiTHa BifiHa (BUKOPUCTAaHHsS 3acO0IB €JEeKTPOHHOI MPOTHIIT
MOK€ 3HEIIKOJUTH a00 MOPYIIMTH POOOTY CYNyTHUKOBUX CUTHamB. Jljis mpoTumii
IIUM 3arpo3aM HeoOXiJHa po3po0Ka Ta BIPOBAKEHHS CIEIIAIbHUX 3aXUCHUX CUCTEM,
a TAaKOXX PE3EPBHUX HABITaIllIMHUX CUCTEM, HE3aJICKHUX BiJI CYIyTHHKIB).

Jns Ttoro, mo0 MakKCHUMaabHO BHUKOPHUCTOBYBATH MOXJIHUBOCTI CHUCTEM
CYIYTHHKOBOI HaBiraiii B iHTepecax 0e3MneKku Ta 000pOHH, HEOOX1THO:

— QaKTHBHO po3BMBaTH HallloHaapHy cCHCTEMY CYITyTHHUKOBOI —HaBirarii
(HCCH). Lle m0o3BOJIUTH 3HU3WUTH 3QJICKHICTH Bl 1HO3EMHHMX CHCTEM Ta IIiJIBUIIUTH
CTIMKICTh YKpaiHU /10 30BHIIIHIX 3arpo3;

— IMJBUIIYBaTH CTIWKICTh CHCTEM CYNyTHHUKOBOi HaBiraii go kibeparak Ta
€JIEKTPOHHOI TpoTuii. Peamizamiss 1boro myHKTY NOTpeOye TICHOI CHIBOpaIi Mix
BIMIChKOBUMH, HAYKOBLISIMU Ta npeactaBHuKamu [ T-cdepu;

— pO3poOJISITH Ta BIPOBA/KYBATH PE3EpBHI cUCTEeMU Hapiramii. B ymoBax
MO>KJIMBOTO BUBEJICHHS 3 JIaly CyNMYTHHUKIB HEOOX1IHO MaTu ajJbTEPHATUBHI CIIOCOOU
BU3HAYCHHS KOOPJMHAT Ta HaBIrallii;

— CTBOpPUTH €(EKTUBHY cHUCTeMY KiOepOe3neku s 3aXUCTy KPUTUYHOL
1H(paCTPYKTYpH, 30KpeMa, CUCTEM CYITyTHHKOBOI HaBiraiii. 3axucTt KidOeprmpocTopy
Mae OyTH TIPIOPUTETOM HAI[IOHAJIBHOI OE3NeKH, a CHCcTeMa KiOep3axuCcTy IOBHHHA
OyTH MOCTIITHO MOJIEpPHI30BaHa Ta a/IallTOBaHA JI0 HOBHUX 3arpo3;

— 3M1MCHIOBATH MIATOTOBKY BIMCHKOBOIO MEPCOHANY WIOJI0 BUKOPHUCTAHHS
CUCTEM CYNYTHMKOBOI HaBIramii Ta MOpOTHAIl MOXJIMUBHM 3arpo3aM. EdekTuBHe
BUKOPUCTAHHA CYYaCHMX TEXHOJIOTIH moTpedye KBami(iKOBaHUX KaJpiB, TOMY
HABYaHHs 3 BUKOPHCTAHHS Ta 3aXHCTy CHCTEM CYMYTHHKOBOI HaBiraiii MamTh OyTH
HEB1JI'€éMHOIO YaCTHHOIO MIJTOTOBKH BIICHKOBHX.

CucrteMu CymyTHHKOBOI HaBiraumii € MOTY)XKHUM 1HCTPYMEHTOM, SIKHH MOXe
3HAYHO MIJABUIIUTH O€3MEeKy Ta 00OPOHO3ATHICTh JepkKaBU. YKpaiHa, 3ITKHYBIIUCH 3
30BHIIIHBOI0 BIMCHKOBOIO arpeci€ro, YCBIIOMWIIA, CEpPEeA  1HIIOr0, BaKJIUBICTh
PO3BUTKY BJIACHOI CHCTEMH CYIMyTHHUKOBOi HaBiraumii Ta MOCHJIEHHS KiOepOe3IeKu.
Peanizamiss pexkomeHpaaiiil, HaBeIEeHUX Yy poOOTI, IO3BOJUTH BHUKOPUCTOBYBATH
nepeBarn CynyTHUKIB Ha KOPHUCTh OOOPOHO3MATHOCTI JIepKaBU Ta 3aXUCTUTH
KPUTHUYHY 1 IMBUIbHY IHPPACTPYKTYPY BIJ NOTCHLIMHUX 3arpo3.

Ilepesik nmocuiiann

1. Ilpo nepxaBHe perynoBaHHS y cdepi CYMyTHHMKOBOI HaBIraiii: MpPOEKT
3aKkoHy VYkpainu. URL:
https://ips.ligazakon.net/document/view/jh4a500a?an=3&ed=2016_12 16. ([Jata
3BepHeHHs 03.04.2024).
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2. Ilpo 3axomm 3 PpO3BHUTKY Ta BHUKOPUCTAHHS BITUYM3HSIHHUX CHCTEM
CYNyTHUKOBOI HaBiramii B iHTepecax Oe3meku 1 o0opoHu nepxkasu: Pimenns Pamu
HalioHampbHOI  Oe3meku 1 obOoponum  Ykpainm  Bim  23.12.2022. URL:
https://zakon.rada.gov.ua/qgo/n0024525-22 (nara 3BepHeHHs: 03.04.2024).

3. IIpo parudikariro Yroau npo CrmiBpOOITHUIITBO MO0 MUBIIHHOI TIIOOATBHOT
Hapiramiiaoi cynytHukoBoi cuctemu (ITHCC) mikx VYkpainoro Ta €BponerchbKuM
CHIBTOBapUCTBOM, HOTO Jiep>kaBaMu-wieHaMu: 3akoH Ykpainu Big 10.01.2007 Ne 553-
V. URL: https://ips.ligazakon.net/document/view/t0705537an=3&ed=2007_01_10
(mata 3BeprHeHHs: 03.04.2024).
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AHAJII3 3MIH OO0 BAOCKOHAJIEHHS ITOPAAKY O®OPMJIEHHSA
CHAALINHA
HTY «/[uinposcoka nonimexuixay

Koounsiubka lapis BikropiBua, rpyna 193-20-1 ®b
Hayxoeuii KepigHuK: K.T.H., 1o1. Tperyo FOuisa €Brenisna

BianosigHo 1o crarti 1216 I{uBineHOTO KOAeKey YKpainu [1], ciagkyBaHHS —
e mepexig mpaB Ta oOO0OB’s3KiB (cmammiuHu) Bia (i3uyHOI OCOOH, sKa ToMepJia
(cmazkoaBIis), 10 1HIIKUX OCiO (CITaJKOEMIIIB).

B ykpaincekomy 3akoHonaBcTBl 30 ciuns 2024 poky HaOyJM YMHHOCTI MEBHI
3MIHHU Y TIOPSIKY BIAKPUTTS Ta opOpMIICHHS CHIaAlIHHM 3riaHo 3 [2-3], a came:

— 3MIHEHO HOPMAaTHUBHE PETYJIOBaHHS 100 MICIS BIAKPUTTS CHAAIINHY;

— 3’SIBUJIACh MOKJIUBICTh PO3IJISIAY CHAJKOBUX CIPAB-«BHUCSIKIBY;

— YJIOCKOHAJICHO TOPAIOK OOUMCIIEHHS CTPOKY JUISl IPUAHATTS CIIa IITUHU.

3aranbHu TOPSIOK BIAKPUTTS Ta 0(OPMIICHHS CIIa IIMHU:

v\ CHaJI{HA BiJIKPHBAETHCS BHACIIIOK cMepPTi 0cOOM a00 OroJOIIeHHS il
MOMEPJIOI0, TOOTO MEPIIMM KPOKOM ii BIJIKPUTTA € BCTAHOBJICHHS (aKTy CMepTi
CIaJKOAABIIS;

v HAaCTYIIHUM KPOKOM BHU3HAQYAIOTHCS  CHAJKOEMIIN, BIAMOBIIHO [0
3aKoHOAaBCTBA. lle MOXyThb OYyTH 3aKOHHI CHAAKOEMIl (IITH, YOJOBIK/IPYKHUHA,
0aThkM TOIIO) a00 CHAJKOEMINl 3a 3amoBiTOM. Bu3HaYeH1 CHajgkoeMili MalOTh MPaBO
MOJATH 3asBy MPO BIAKPUTTA CHAAIIMHUA Yy O-MICSIYHMM CTpPOK 3 JHS CMeEpTI
CTaIKOJIABIIS;

v\ micns OTpUMaHHsS 3as{BM HOTapiyCc CKIagae CHaJKOBHH akT, B SKOMY
BKa3yIOThCSl CMAIKOEMINl Ta 00’ekTH cnaaky. CKiIaJeHWil akT MPOXOJIUTh MPOIec
peecTpailii B IepKaBHOMY OpTaHi SIKUW BeJle PeECTpalliio MpaB Ha HEPYXOMe MaiHO.

B pesynbrari BCIX BHINENEPEpPaXOBaHUX €TaIIB CIHATKOEMEIb OTPUMYE
CBIJIOIITBO MPO CHAJAKyBaHHS, SIKE MiITBEPHKY€E HOTO MpaBa Ha CIAaJIOK.

Micye s8iokpumms cnaowunu.

B [1] mo 30 ciuns 2024 poky MiclieM BIAKPHUTTS CHAAIIMHUA BBAXAJIOCh MICIIE
MO/IaHHS TIEPIIOT 3asBH, 10 CBITYUTH PO BOJEBUSBICHHS IOJI0 CIAJKOBOTO MaliHa,
MICJISI OHOBJICHHS KOJEKCY, MICIIEM BIJKPUTTS CHAIIIMHA € OCTaHHE MICIIe
MTPOKUBAHHS CIIaIKO/IaBIIA.

Takoxx Jnomanack 1H(oOpMalls MNpo BUOAAKA, KOJIM MICLE MPOKUBAHHS
CHAJKOAABI 3 MEBHUX NPUYMH € HEBIIOMUM, B TaKOMYy pa3l MICHUEM BIIKPUTTS
CHAAIIMHA € MICII€3HAXO/PKEHHsI HepyxoMoro MaiHa, abo y pa3l BIACYTHOCTI
HEPYXOMOTO MaifHa — BBa)XKalOTh MICII€3HAXO/PKCHHS OCHOBHOI YaCTHHH PYXOMOTO
MaitHa.

VY xoxai moaiit mo BigOyBawoThest B YKpaini 3 24 motoro 2022 poky, 6araro
JIOeH PI3HOTO BIKY BHiXajH 3 KpaiHW, TOMY OYyJI0O IPUMHATO PIIIEHHS JOJATH IMyHKT
PO MOJKJIMBICTh BIIKPHUTTS CHAIIMHM, SKIIO CIAIKOJABEIlhb MaB OCTAaHHE MICIIE
MPOXUBAaHHS Ha TEPUTOPIl 1HO3EMHOI JEepXKaBW, B Takii CUTyalii MiclEe BIIKPUTTS
cnaaluHu BU3Havae 3akoH Ykpainu «[Ipo mixHapoaHe nmpuBaTHe mpaBoy» [4].
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Mooicnugicms po3ensioy cnaoko8ux cnpag-«8UCIKIB).

Tepmin "BHUCSK" y BIIKPUTTI CHAAIIMHUA BHUKOPUCTOBYETHCS ISl MMO3HAYCHHS
cnpaBu ab0 MPOIEAYypH, KOJIU CHAJKOEMEIlb, KU Ma€ MpaBO Ha CHAALIUHY, MOJA€E
3asgBy 10 HOTapiyca a0o 10 Cyay Uil BIOKPHUTTS CHAIIIMHUA, a HOTaplyc SKHi B
KIHIIEBOMY pe3yJIbTaTi Ma€ JaTH CHAJKOEMIICBI CBIAONTBO MPO MPaBO Ha CIHAIIIUHY,
no30aBIeHNH Takoi MOJIMBOCTI, 1 B HACHIIJKYy BIJKpUTa ClpaBa Ha HEO3HAUCHUU
CTPOK «3aBHCA€» B MOBITPI.

Y KOHTEKCTI OCTaHHIX 3aKOHOJABYMX 3MIH LI0JI0 CHAJKOBUX CIpaB B YKpaiHi,
BUHHKJIA MOXJIMBICTb PO3IVISIAY CIIpaB, sKl paHimie nepeOyBaiin y cTaHl "BucsKa'.
Panime, y 30H1 OoMOBHMX Jiii YW HAa THUMYacOBO HEKOHTPOJIHOBAHHMX TEPUTOPIAX,
HOTaplyCH HE MOTJIM BHJIaBaTH CBIJIOITBA MPO MPABO Ha CHAJAIIMHY Yepe3 0OMEeKEeHHS
B IIOBHOBAXXEHHSIX 200 iX BIJICYTHICTD.

OpnHak, HOBI 3aKOHOJAaBUl 3MIHM IepefdavaroTh, M0 B TaKUX CHUTYyallsIX
HOTapiaJibHI Ta 1HIII A1i MOXYTh OyTH 3M1MCHEHI 3a MICIIEM MOJAHHS IMEpPUIOi 3asiBU
PO BHJA4Yy CBIJOLTBA B HACEJIEHOMY IYyHKTI, IO 3HAXOAUThCA Yy BIAHOCHO
OesneyHoMy perioHi Ykpainu. lle mo3Bosisie cnmaakoeMIsIM OTpUMATH CBOi IpaBa
HaBITh y CKJIQJHUX BOEHHUX yYMOBax. Kpim Toro, HOBI IpaBuja 3aCTOCOBYIOThCS 1 10
CHAJIIMHU, BIAKPUTOI O BBEJCHHS BOEHHOTO CTaHYy, SIKIIO CTPOK IS 1i IPUUHSITTS HE
CIUIUB 70 I[bOTO BBEJAEHHS. Taki 3MiHM CHpPOMIYIOTH MPOIEAYPY BHU3HAYCHHS MPaB
CHAJKOEMIB 1 3a0€3MeUyI0Th iX ITpaBa B yMOBaXx BIiHH.

TakuM YMHOM MOXHa 3pOOUTH MIJICYMOK WIO 3MIHA B IUBUILHOMY
3aKOHOJIAaBCTBI BPETYJIOBAIM I[I0 CUTYyalil0. Temep BYMHEHHS HOTapiaJIbHUX [IH
CTOCOBHO CHAJIIUHHU Ta CIUJIBHOTO MaiHa MOAPYXOKS MOXKJIMBE 3a MICLEM MOJaHHS
mepiioi 3asBU y Oe3meyHOMYy peErioHi YKpaiHu, HaBiTh SKIIO camMa CHailinHa
3HAaXOJIUTHCS HA TEPUTOPIi, 110 HE KOHTPOJIOETHCS YKPATHCHKOIO BJIa0K0 a00 y 30HI
akTUBHUX OoMoBux miil. lle cmpormye mpoiiec po3risgy CHaAKOBUX CIpaB Ta
3a0e3nedye TMpaBa CHAJAKOEMIB HaBITh Yy CKJIAQJHHUX CHUTyallX BIHCBKOBOIO
KOH(ITIKTY.

Yoockonanenns nopsoky obuucienns cmpokxy 0is NPUUHAMms CRAOWUHU.

Panimie cTpok aJis NPpUUHSTTS CHAIIIMHA CTAHOBUB 6 MICAIIB 3 JIHS BIIKPUTTS
CIIAJIIIMHU, aJie Y 30H1 aKTUBHUX OOMOBUX i 1 mpoleAypa OyJia 4acTo yCKJagHeHa
yepe3 TPYAHOILI y BCTAHOBJICHHI (PaKkTy CMEpTi Ta 3/11MCHEHHI JIepKaBHOI peecTpartii.

3MiHU NOJIATAIOTh Y TOMY, IO Y TIEP10J] BOEHHOTO CTaHy Ta JABa POKH MICJ]s HOro
MPUNUHEHHS CTPOKU JUIS TPUWHSTTS CHAAIIMHA OOYMUCTIOBATUMYTHCS 3 JHS
nepkaBHOI peectparii cmepTi ocobm. Ile o3Hadae, mo sSAKmoO ¢akT cMepTi
3apeecTpOBaHO TI3HINIE, HIXK Yepe3 MICAlbh 3 MOMEHTY CMEpPTi, TEpPMIiHU IS
OPUMHATTS CHAAIIMHU MOYMHAIOTHCS 3 JHA JEPXKABHOI peecTpalii CMepTi, a He 3 JHS
3aruber.

Taki 3MiHM [O3BOJISIIOTh YHUKHYTH YCKJIAQJHEHb y BCTAHOBJIEHHI CTPOKIB JJIs
NPUMHATTA CHAAIIMHU Ta 3a0e3MedyloTh MpaBa CHAJAKOEMINB HaBIiTh y CKIQJIHHUX
CUTYaIlisIX BIHCbKOBOr0 KOHGIIKTY. KpiM TOro, BOHM MaroTh 3BOPOTHIO JIi10 B Yaci, 1110
03HAYae, 1110 3aCTOCOBYIOTHCS 10 CIAIIIMHU, BIIKPUTOI 10 BBEJICHHS] BOEHHOTO CTaHy,
SKIIO CTPOK JJIsi MPUIHATTS HE CIUIMB JI0 I[bOTO BBEJICHHS.
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Tabomur 1

[TopiBHSIHHSI OCHOBHHX 3MiH y 3aKOHOJABCTBI 100 BJOCKOHAJICHHSI MOPSIKY
o OpMIICHHS CIIAIIIHHA

OcHoBHI :
: 1o 30.01.2024 micag 30.01.2024
3MIHU
Ocranne MiclLIe IPOKUBAHHS
: . CIAJKOIaBIIs abo
) Micue nmogaHHs nmepuioi 3asiBH, | . AKOAABIUL,
Micue : MICILI€3HAXO[KECHHS HEPYXOMOTI'O
: 110 CBIJTYUTH po . .
BIJIKPUTTSA MaiiHa a00 OCHOBHOI MOr0 YacTUHH,
BOJICBUSIBJICHHS 1010 : : "
CHAIINHA " a 3a BIACYTHOCTI  MailHa —
CIIaJIKOBOTO MaiiHa. . .
MICILI€3HAXO[KECHHS OCHOBHOI
YAaCTHHU PYXOMOT'O MaifHa.
Hotapiycu, ki npamioBaid Ha
BIJHOCHO 0e3ImeyHux
TEpUTOpIAX, Oynau mno30aBieHl | BumHEeHHs HOTapiadbHUX Aid 100
MOXJIMBOCTI BUJIABATH | CIAJIIIUHK  HA  TEPUTOPIAX 31
Posrmsig CBIJIOLITBA TMPO TPaBO Ha | 3HIKCHUM pIBHEM O€3MEKU MOXKE
CHAJKOBUX | CIAJIIMHY 32 3BEPHEHHSIMU | 3J1MCHIOBATUCS 32 MICLIEM IOJaHHs
CIIpaB CHAJKOEMIIB, a TiI  WIO | EPIIOi 3asBU PO BUAAYY CBIJOITBA
"BUCSKIB" | MpaioBajii Ha HEOE3NMEeYHUX | B HACEJICHOMY  IMYHKTI,  SKUHU
TEPUTOPIAX HE MOIJIH | 3HAXOAUTHCA y BIJTHOCHO
3MIMCHIOBATH a00 3/1MCHIOBAIM | 0€3MIEUHOMY PETi0HI.
HE B TIOBHOMY 00cCs31 CBOi
MTOBHOBA)XKCHHS.
[lin wac n1i BoeHHOro craHy abo
O6uuncneHHs A A ro crany
CTDOKY TS CnaamuHa noBuHHA OyJia OyTH | IPOTITOM JBOX POKIB Ticis HOro
. I;Iﬁgmm MpUKAHSTA TPOTITOM 6 MICSIIB | IPUIIMHEHHS CTPOK MJIA MPUMHSITTS
P 3 JIHS BIKPUTTSL. CHAAIIMHA OOYUCIIOETECI 3 OHA
CHaJIIMHU

JIepKaBHOI peecTpallii cMepTi 0co0H.

Ilepesik nocujiann

1. HuBinbHMM KOJIEKC YKpaTHU
2. 3akon Ykpaiam Big 08 mmctomama 2023 poky Ne 3450-IX «IIpo BHecenHns
3MiH 110 [{uB1IBHOTO KOJIEKCY YKpaiHU II0JI0 BIOCKOHAJICHHS MOPSAKY BIAKPUTTS Ta
oOpMIICHHS CTIaIITAHI
3. 3akon VYkpainu Big 08 mucromaga 2023 poky Ne 3449-IX «IIpo BHeceHHs
3MIH JI0 JESIKUX 3aKOHIB YKpaiHM I0J0 BIOCKOHAJICHHSI TOPSJAKY BIIKPUTTS Ta
ohOpMIICHHS CITaJIIIUHI.
4. 3akoH Ykpainu «IIpo Mi>kHapo/iHe TpUBAaTHE MTPaBO»
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MHNOPIBHAHHSA BUAIB MOHITOPUHI'Y 3A AE®@OPMAIISAMUAU BY AIBEJIb
I CIIOPY L
HTY «/[ninposcvka nonimexnikay

Koaecnux /lap’s MuxaiijiBua, rpyna 193-213-1 ®b
Haykoeuit kepisHuk: K.T.H., 1011. 3ycka Ana BacujiiBHa

CyuacHi TeHjeHIlli B OyJIIBHHUIITBI IMPHU3BOJASTH 10 30UIBIICHHS MMOBEPXOBOCTI
OyniBedb 1 MIUJIBHOCTI MIChKOi 3a0yJI0BH, OOMEXeHHs OyAiBeTbHHX MaMJIaHYMKIB 1
OCBOEHHSI MA3EMHOT0 MPOCTOPY, 110 BITUBA€ HETATUBHO Ha BKE€ MOOY/I0BaHI 00'€KTH,
pPO3TaIllOBaH1 B MPUJIETJIUX 30HAX OyAiBHUITBA. ByJIBII Ta COpYU MPOTITOM CBOTO
EKCIUTyaTal[lfHOTO TEPMIHY 3a3HAIOTh PI3HOMAHITHUX BILUIUBIB, SIKI MOXYTh MPU3BECTH
no ix pedopmarii [1]. Jdepopmamii OyaiBenas 1 copyd MOXYTh BUKIHUKATH Taki
(hakTopH, K MPUPOIHI, TEXHOTCHHI Ta aHTPOIIOTCHHI.

[Ipupoani — mpocigaHHsl IPYHTIB, 3€MJIETPYCH, 3CYBH, MIJTOIJICHHS, BITPOBE
HaBaHTAXXEHHSI, TeMIlepaTypHl mnepenaau. TexHOreHHi — BiOpailisi BiJ TPaHCHOPTY,
OyniBeIbHUX POOIT, eKCIUTyaTallii 00JialHaHHs, aBapii Ha 1H)KEHEPHUX KOMYTallIMHUX
Mepekax. AHTPOTIOTEHHI — MEPEBAHTAKEHHS 32 PaXyHOK KOHCTPYKIIiH, HE3aTBEPXKEH1
nepeOyaoBH, eKcIulyartaiiss OyjiBellb Ta CIHOPYJd 3 TMOPYIICHHSM JIep>KaBHUX
Oy1BEJIbHUX HOPM.

Hedopmariii OyniBesb Ta 1HXEHEPHHUX CIIOPYJ MOXYTh 3arpoXKyBaTu Oesmelri
JOJIeH, 10 3HAXOASAThCS HAa JaHUX OO0 €KTax Ta TMPU3BECTH JO CEPHO3HUX
MarepiaabHUX BTpaT.

BukoHaHHSt MOHITOPUHTY JAedopMaliiif — e KOMIUIEKC pOOIT IIJIECIPSIMOBAHUX
Ha Oe3nepepBHi YU NEePI0IUYHI CIOCTEPEKEHHS 32 CTAHOM OyIiBENb 1 CIOPY/ 3 METOIO
BUSIBJICHHS 1X Jedopmariii Ta i1 OliHKH TOYHOCTI .

MOHITOPUHT J1a€ MOKJIMBICTh CBOEYACHOTO BUSIBUTHU AedopMallii Ta po3poOUTH
3aX0AM IJs ii YCYHEHHs, a TaKOX OLIHUTH TEHIEHLIID PO3BUTKY AeopMauiid Ta
CIIPOTHO3YBaTH 1ii BIUIMB Ha O€3leKy eKciulyaraiii OyniBedab 1 chonopya. 3a
pe3yiabTaTaMu MOHITOPUHTY MNPUUMAarOThCs OOIPYHTOBAHI PIIIEHHS ILIOJAO PEMOHTY,
PEKOHCTPYKIIiT @00 MOCHJICHHS KOHCTPYKIIiH [1].

JInst BU3HAyYeHHSI 3MIH B IOJIOKEHH1 OYJIBENIb 1 CHOpPYJA ICHY€ PI3HOMAHITTS
MOHITOPHUHTIB 32 JedopmMallisiMu, ajie HalOUIbII MOMYJSIPHUMH € TaKi: Te0Je3UIHHM,
(dboTorpaMMeTpUYHUN, HA3EeMHE JIa3epHE CKaHYBaHHS, CYITyTHUKOBHIA Ta Bi3yaJIbHHM.

['eonesnunuii  MOHITOPMHT — 1€ KOMIUIEKC TEOJC3UYHUX poOIT Ta
CUCTEMATUYHUX CIOCTEPEKEHBb 32 PO3BUTKOM Jedopmarliiii B mepios OyTiBHHUIITBA Ta
eKcIuTyaTarii OyaiBesnb 1 Cropys abo MPOCTOPOBOTO PO3MIlIeHHS Teputopil. Tomy
MpWIaId MOHITOPUHTY TIOBHHHI OYTH BUCOKOTOYHUMU W HAIHHUMU.

OCHOBHOIO METOI0 TEOAC3UYHUX CIIOCTEPEKEHh € BHU3HAYCHHS BEJIMYUH
nedopmaliliii A1 OI[IHKHA CTIMKOCTI CIIOPY/IM 1 TPUMHATTS CBOEYACHUX MPO(PIITAKTUYHUX
3ax0/iB, 110 3a0e3neuyroTh ii HOpMallbHy poOoTy. KpiM Toro, 3a pesyibraramu
CIIOCTEPEKEHDb TMEPEBIPAIOTh MPABUIBHICTh MPOEKTHUX PO3PAXYHKIB 1 BUSBIAIOTH
3aKOHOMIPHOCTI MPOTHO3Y Mpotiecy aedopmarii [2].

[Iporpama reoae3ndyHOro MOHITOPUHTY cKiaaaeThes BianosigHo 10 JJCTY-H b

B.1.2-17. TexHiuHe 3aBIaHHsI HA BUKOHAHHS T'€0JIE3UYHOTO MOHITOPUHTY CKJIQA€ThCS
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BignoBiguo 10 JJCTY b B.2.1-30 [3]. [IpeporaTtrBa reofe3u4HOr0 METOAY IOJISTae y
BHCOKIM TOYHOCTI Ta HAIIHHOCTI pe3yJbTaTiB, MHUPOKUN [iala30H BUMIPIOBAHUX
mapamMeTpiB  3MIMIEHHS, JOBIOCTPOKOBHI TIPOTHO3 PpO3BHTKY nedopmariii Ta
MOKJIUBICTh 3aCTOCYBaHHSA HOro Ha Oynb-skux o0'exktax. Hemomikm — 1e 4mmana
BapTICTh, TPYAOMICTKICTh i TpHBAJICTh BHMIipiOBaHb. J[JI1 BHKOHAHHS IHOTO BUIY
MOHITOPHHTY HEOOX1THO 3alTy9aTH BUCOKOKBalIi(pikoBaHUX (haxiBIiB [4].

doTorpaMMeTpUYHUN MOHITOPUHT — II€ BUKOPHUCTAHHS 3HIMKIB, OTPUMaHUX 3a
nornomororo gotoreoomita abo 1udpoBoi porokamepu IS BU3HAUEHHA Jedopmarii
OyniBenb 1 crnopyad. IlepeBaroro mMeTogy € BHCOKa TOYHICTh, HEIOBTOTPUBAIICTH
MOJILOBUX POOIT Ta OTPUMAHHS pealbHOT0 300paxeHHs 00’ekty. Hemomiku — Bucoka
BapTICTh (POTOrpaMMETPUUYHUX CKaHEPiB 1 MUPPOBUX (POTOrpaMMETPUYHUX CTaHIIIM,
JOBTOTPUBAIICT OOpPOOKM pE3yNbTaTiB 3WOMKHU, HEAOCTATHICTh KBalTi(hiKOBAHUX
CHeIiagicToM 13 (OTOrpaMMeTpii.

JlazepHuii MoHiTOpUHT Aedopmallli BUKOPUCTOBYE HA3e€MHI JIa3€pHI CKaHEpPIB
JUIs. OTPUMAaHHSI JeTalbHUX BUMIpIoBaHb 3D Mopeni 3a pi3HHUM Tepio CKaHyBaHHS
o0'exta. lleii meron 3abe3nedye BHUCOKY TOYHICTh, ajl€ € BIJHOCHO JOPOTHM Ta
CKJIAJTHUM B €KCILTyaTarfii.

CynyTHUKOBUI MeTOA Oa3yeThcsi HAa BUKopucTanHl TexHosoriiit GNSS RTK, ski
MIPUBHECIU 3HAYHI 3MIHU y MPOLIEC MOHITOPUHTY Aedopmariii. [lepeBarn TexHomorii
GNSS RTK — migBumiena Tounicth: RTK 3abe3nedye ToUHICTH BHUMIpIOBaHb (JI0
CaHTUMETpa 1 HaBITh MUIIMETpa), IO KPUTHYHO BAXKIMWBO JJII MOHITOPUHTY
nedopmailiii, OTpUMaHHS JaHUX B PeaTbHOMY 4acl, 3MEHIIEHHS TPYJIOBUX 3aTpaTr Ta
gacy Ha poOoTy,

Jlo HemomikiB MOXKHA BIJHECTH TOYHICTb, SKa HI)KYa IIOPIBHSIHO 3
reOJIC3UYHUMHA METOJaMH, OOMEXKEHHS I0J0 BHUMIPIOBAHUX IapaMeTpiB, 3HayHa
BapTICTh OOJIQJIHAHHS Ta HEOOXIIHICTh MOCTIMHOTO >KUBJICHHS MPHIIAJIB, HASBHICTH
3aBXIH «YUCTOrO HEOay.

[Tin yac oOcTexxeHHs OyniBeNb 1 CIOPYJ BU3HAYAETHCA iX TEXHIYHUWA CTaH
BEJIETbCS MOHITOPUHI TEXHIYHOTI'O CTaHy OO0'€KTIB Ta iX KOHCTPYKIiil. MOHITOpHHT
oOcTexxeHHs1 Oy[iBelb 1 CHOpPYA BeneTbcad Oe3nepepBHUMU a00 NEPIOJUYHUMU
CIIOCTEPEKEHHSIMH 11 KOHTPOJIIO Ta OIIHKW BIUIMBY TPUPOIHUX, TEXHOTCHHHX,
AHTPOINOTeHHUX (DaKTOpPIB HA TEXHIYHMW CTaH o00'ekTa. mpuierioi 3a0ynoBU Ta
OTO4YIOUOT0 cepenoBuiia [5].

BizyanbpHuiI MOHITOPUHT — II€ Bi3yallbHE OOCTEXEHHS 00’€KTa Il BUSIBICHHS,
BUMIpIOBaHHA Ta ¢ikcaiii B JOKyMEHTax BHJAMUMHUX Je(PEKTIB Ta IOIIKO/KCHD,
MOMITHUX 3a 30BHINIHIMH O3HAKaMH Ha TIJCTaBl BCTAHOBIICHHS (hIKCOBAaHUX MapKepiB
a00 MaskiB Ha 00'€KTax, IO JO3BOJISIE PETYJSIPHO TEPEBIPATH X TOJOXKECHHS Ta
BIJICTe)XYBaTH 3MiHU [6].

Jlo mepeBar BiJIHECEHO — MPOCTOTA, JOCTYIHICTh, BUSIBJICHHS SIBHUX JAC(PEKTIB HA
o0’ekTax Oe3mocepeHhO, HE Ma€ HEOOXIHOCTI 3aCTOCOBYBATH  CIHEIllaJIbHE
obnanHanHs. [leil BUJ MOHITOPUHTY Ma€ TaKOXX 1 HEJIOJIKM: HU3bKAa TOYHICTh Ta
00'€KTUBHICTb, HEMOXKJIMBICTh YUCJIOBOI OIIHKM Aedopmalliif. BiH BUKOPUCTOBYETHCS
JIUIIE SIS IOTIEPEIHBO1 OLIIHKU. TTOPIBHIHHS BUA1B MOHITOPUHTY 3a AedopMalisiMu

BucHoBOK. By MOHITOpUHIY 3al€XKUTh Bijl TIOCTABJICHUX 3aBJaHb, TUIY Ta

CKJIaJIHOCTI 00'€KkTa, HEOOX1JHOI TOYHOCTI BU3HA4YEeHHs nedopmariii Ta HaIIHHOCTI,
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Oro/KeTy Ta pecypciB. Ha mingcraBi Bullle BUKIQJIEHOTO YCTAHOBJICHO, IO JJIS
OTpHMaHHS  MaKCHMajJbHO TOYHHMX 1  HAQAIHHUX  PE3ydbTaTiB  JOILIBHO
BUKOPHCTOBYBAaTH JEKiUJIbKa BHUJIB MOHITOPUHTY. Bubip MeTogy MOHITOPHHTY Ta
IpUIagiB Juisl MOro BUKOHAHHS Mae€ 3iHMCcHIOBaTH KBajiidikoBanuii ¢axiBens. Lle
JOTIOMOJKE TMPABHUJILHO OpraHi3yBaTH MOHITOPUHT AcdopMaliii OyIiBedb 1 CHOPYII,
CBO€YACHO BHSIBJISITH Ta OLIHIOBATH iX, IIEPea0aUNTH MOKIIMBI PU3UKHU Ta 3a0€3IICUUTH
HaJ1IHY eKCIUTyaTalio 00’ €KTIB.
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JAEAKI IMTAHHSA IOA0 MPOBEJIEHHSA
TONOI'PA®O-TEOJE3NYHUX POBIT IPU ®OPMYBAHHI 3EMEJILHOI
AIJIAHKU 3A ITPOEKTOM 3EMUIEYCTPORO
HTY «/[ninposcvka nonimexuikay

Oauncbkuii Ouexkcanap Muxaiinosuy, rpyna 193-20-1 @b
Haykosuii kepignuk: K.T.H., 1o1. SIukin Ouiekcanap €BreHoBn4

dopMyBaHHS 3€MEIbHOI AUISHKH — 1€ MPOLIEC BU3HAYEHHS MEX Ta PO3MIpPIB
3eMeJIbHO1 IUITHKY 13 MOJAbIINM BHECEHHSIM 1H(OpMAIIito Mpo 3eMeNIbHY JUISHKY J0
Jlep>kaBHOTO 3€MEIBHOTO KaJacTpy.

[Ipu dopmyBaHHI 3eMeIbHOI AUISHKH 32 MPOEKTOM 3EMJICYCTPOIO IMOJO0 il
BiJIBeIeHHs, 3TriiHO cTaTTi 50 3akony Ykpainu «Ilpo 3emieyctpiit» [1], HEoOXiaHO
MIPOBEICHHS TOMOTpado-TeoIe3nIHrX pooiT. 3a X pe3ynbTaTaMH 0 CKIaAy MPOCKTY
3eMJICYCTPOIO TOJAAKOThCA:

— MaTepiaJii Te€0/IC3NYHUX BUITYKYBaHb;

— KaIaCTPOBHII TJIaH 3€MEJIbHOI IUISHKHU.

BianosinHo no crarti 34 [1] npu npoBeneHHs Tonorpado-reoie3suuHuX pooiT
IpU 3JIHCHEHHI 3€MJICyCTPOI0 BUKOHYIOTHCA pPOOOTH Il IMOHOBJIEHHS IIJIaHOBO-
KapTorpadiuHoi OCHOBH.

3rinno cratti 198 3emensHOro koaekcy YkpaiHu [2] KamacTpoBa 3HOMKa
BUKOHYE€THCA Y JIEK1IbKa €TaIliB:

— T€0JIe3UYHE BCTAHOBJICHHS MEX 3€MEIbHOT TISTHKY;

— TOTOJKEHHSI MEX 3€MENbHOT JUISTHKUA 13 CYMDKHUMH 3€MJICBJIACHUKAMH Ta
3eMJIEKOPUCTYyBaYaMu;

— BIJTHOBJICHHS M€K 3€MEJIbHOI AIISHKU Ha MICIIEBOCTI;

— BCTAHOBJICHHS MEX 4YaCTUH 3EMEJIbHOI OUISHKM, Ha SKIM BCTaHOBJICHI
00TsHKEHHSI a00 OOMEXKEHHST y BUKOPUCTAHHS 3eMJII;

— BUTOTOBJICHHS KaIaCTPOBOTO TUIaHY.

3rinno 3i crarrero 5! 3akomy VYkpainm «IIpo Ttomorpado-reogesudny i
kaprorpadiuny AisibHICTE» [3] Tomorpado-reoae3nyHi poOOTH TpH  3A1HCHEHI
3eMJICYCTPOI0 BUKOHYIOTH CEpTH(IKOBaHI 1HXEHEPU-3€MJICBIOPSIHUKU. [HIIT BUAM
tonorpado-reoie3nYHNX Ta KapTorpapiyHuXx poOIT MOXYTh BUKOHYBATHU JIMILE
cepTu(diKOBaHI 1HKEHEPHU-TCOJIC3UCTH.

Bigmosigno 10 «BuMoOr o TEXHIYHOIO 1 TEXHOJIOTIYHOIO 3a0e3leueHHs
BHUKOHABI[IB Tomorpado-reofe3ndHux 1 kaprorpadiuHux pooOiT» [4] BHUKOHABISIMU
tonorpado-reoie3nyHuX Ta KaprorpadiyHux poOIT € ropuanyHi 1 ¢i3udHi 0codu, y
CKJIaJll SIKMX 3a OCHOBHHM MICIIEM pOOOTH TIpaIfoe cepTU(hiKOBaHUN 1HXKECHEP-
reoae3uct. CepTudiKOBaHHM I1HXEHEP-TCOIEe3UCT BU3HAYAETHCS BIAMNOBIAAIBHUM 3a
AKICTh pe3yibTaTiB Tonorpado-reofe3nyHux 1 kaprorpadiunux poOit. i Bumoru
cynepedaTrh TMOJOXKEHHSIM [3], TOMy II0 HE BHUCBITJIFOETHCS THTAHHS BHKOHAHHS
TOnorpado-reoe3nIHuX poodiT cepTU(hIKOBAHUMH 1HKEHEPAMU-3EMJIEBIIOPSTHUKAMH.

3rinHo crarti 18 [3] Tomorpado-reoae3nyHi Ta KapTorpadiuHi poOoTH
HiUISITal0Th JEp>KaBHOMY OOJIIKY, SIKUM BUKOHYE LEHTPAJIbHUNM OpraH BUKOHABUOl

BIau y cdepi 3eMeNbHUX BITHOCHH.
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Bignosigno no nyHkty 3 «llopsiaky BejeHHs AepKaBHOTO 00Ky Tomorpado-
reofie3nYHuX 1 KapTtorpadiuHux podit» [5], Tomorpado-reoae3ndni, kaprorpadiui
poOoTn miANATaloTh  O00OB’SI3KOBOMY  JIepKaBHOMY  OOJIKY, SIKH  BUKOHYE
JlepxreokagacTp 3a JOIMOMOTOI0 CEPBICIB T'EOMPOCTOPOBUX JAHWX HAIIOHATHLHOTO
reonopTaty Ta HIIUX 3ac00iB.

3rigHo myHKTY S5 [5] BUKOHaBI Tomorpado-reoe3nyHux poodiT 3000B’s13aHi
MOBIIOMJIITH TIPO TIOYATOK Ta 3aKiHYEHHS TakuxX poOIT Jlepkreokamactp uepes
HaI[lOHAIBHUM reonopTail HalllOHAbHO1 1HQPACTPYKTYPHU T€OMIPOCTOPOBUX JaHUX.

Bignosimno no myHkty 3.1 «Bumorm a0 TEXHIYHOTO 1 TEXHOJIOTTYHOIO
3a0€3IMeUeHHs] BUKOHABINB (PO3pOOHMKIB) POOIT 13 3eMIICYCTpOIO» [6] BHKOHaBElb
POOIT 13 3eMJICYCTPOIO TTOBUHEH:

— TepelaBaTH Marepiaid BUKOHaHUX poOit g0 [epkaBHoro QoHIy
JOKYMEHTAIIi1 13 3eMJIEYCTPOIO;

— MOJIaBaTH JIOKYMEHTAIlII0 13 3eMJIEyCTporo 10 Jlepkreokagactpy Ta Moro
TEPUTOpIAJIbHUX OpPraHiB JJIsi BHECEHHs BIAOMOCTEH 10 Jlep:KaBHOro 3€MeNIbHOIro
KaJacTpy.

[Tonoxennst [6] He MicTaTh iHGOpMAaIi MIOAO HAJAHHS 10 HAI[IOHAJIBLHOIO
reonopTaiy iHpopmallii Ipo NOYaToK 1 3aKIHYEHHS TONOrpado-reo1e3nIHUX pooIT.

BucHoBku

[Ipyn awnamizi mporeAypd BHUKOHAHHS Tomorpado-Teofe3uyHux poldiT OyIio
BUSIBJICHI HACTYIIHI IPOOJIEMHU:

— BIJICYTHIHN YITKUH Tepesik Tonorpado-reoe3unyHux pooiT, SKUil BCTAHOBIIIOE
Kl POOOTH BUKOHYIOTH CEPTH(IKOBaHI 1HXKEHEPU-3€MIJICBIOPSATHUKH Ta I1HXKEHEPH-
re0/Ie3UCTH;

— HE 3pO3yMUIO SIKI came Tomorpado-reoie3udHi poOOTH 3IHCHIOIOTHCS TMPHU
3EMJIEYCTPOI;

— BIJICYTHICTI YITKI BUMOTHM IIOJAO HAJaHHS 1O HAIIOHAIBHOTO TeOoNopTaly
1H(popMalii cepTU(PIKOBAHUMH 1H)KEHEPAMU-3EMIIEBIIOPSATHUKAMHU.

{1 mpoGnemu nMpuU3BOAATH O IMIYTAHMII HI0JI0 MPaB Ta 0OOB’SI3KIB BUKOHABIIIB
Tonorpago-reoie3MYHUX pooiT.

IIpono3umii

Busiineni mpobGnemMu moTpeOyrOTh BHUPIIIECHHS MUISXOM BHECEHHS 3MIH Y
MIpOaHaJi30BaHi HOPMATUBHO-TIPABOBI aKTH, SIK1 HEOOX1THO JOOMPAITIOBATH, & CaMe:

— BHM3HAQUUTH TEpeNiK Tomorpado-reoie3mdHux poOiT, M0 3IIHCHIOIOTh
cepTudikoBaHi 1HKECHEPU-3EMIICBIOPSIHUKN Ta 1HKEHEPHU-TEOIC3UCTH;

— HaJaTH PO3TIYMAdCHHs TOMorpado-reoe3ndyHux poOIT Tpu 3AINMCHEHH]
3eMJIEYCTPOIO;

— BCTAaHOBUTH BUMOTH JI0 OOJIIKYy Tomorpado-reoJie3uuHux poOIT Mpu
3M1MCHEHHI 3eMJIEyCTPOI0, 30KpeMa IMPOEKTIB 3eMIJICYCTPOI0 IIOAO BiABEICHHS
3eMEeJIbHUX JUISTHOK.

BupilieHHs IMX MUTaHb TPU3BEJIE 10 BU3HAYEHHS MTPaBUIILHOTO aJTOPUTMY i
IpU pO3pOOJICHHI TOKYMEHTAIlH 13 3eMJICYCTPOIO.
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3ACTOCYBAHHS METO/IB ITPU PO3PAXYHKY KOOPJINHAT IIYHKTY
3HIMAJIBHOI OCHOBH, CTBOPEHOI CIIOCOBOM
MPSIMOI KYTOBOI 3ACIUKH
HTY «/[ninposcvka nonimexuikay

IlonoBa Anacracis imutpiBHa, rpyna 193-22-1 ®AB3Y
Hayxoeuii kepignuk: ct. BUKJI. I'oituyk AJssia IlerpiBHa

[IyHKTH 3HIMaJIbHOI  OCHOBM  BHM3HA4yaloThb  MOOY/IOBOIO 3HIMaIbHUX
TPIAHTYJSIIAHUX ~ MEPEX,  MPOKIAJaHHSAM  TEOJNONITHHUX  Ta  MEH3YJbHHX
X0J11B, IPSIMUMH, OOEpHEHUMH Ta KOMOIHOBaHMMHU 3aciukami [1].

CTBOpeHHSI TE€OJE3UYHOTO 3HIMAIBLHOTO OOIPYHTYBAaHHS € OCHOBOIO JIJIs
BUKOHaHHS Tomnorpadiunux 3HiMaHb. Bubip crnocoOy CTBOpeHHsI 3HOMOYHOI OCHOBHU
3QJIEKUTh BiJi YMOB MICII€BOCTI, TOUHOCTI, 3aCTOCOBAHMX MPUJIAJIIB, TEXHIYHUX a00
€KOHOMIYHMX MIpKyBaHb [2]. Po3risiHemMo cnociO npsMoi KyTOBO1 3aCIUKH.

Januit CcIocio 3aCTOCOBYIOTH Tam, Iie HEMOKJIBO
poBecTU 0e3MocepeIHE BUMIPIOBAHHS Bijaaneit [1].
Knacnunuii BapiaHT mpsAMOI KyTOBOI 3aciukKMl — BH3HAYCHHS KOOPIWHAT

ITYKAHOTO MYHKTY 32 BUMIPSIHUMHU KYyTaMHU 3 IBOX BUXIJHUX IMyHKTIB MK HalpsIMKaMu
Ha BHUXIJHUN Ta MIyKAaHWUW MYyHKT. 3Ba)KAIOUW HA 11€, KOOPJAMHATH IIYKAHOTO ITyHKTY
Oy1yTh OOYHCIICHI JUIIe 32 HEOOX1THOI KUIBKICTIO BUXIJTHUX IYHKTIB Ta BUMIPSHUX
KyTiB. | X04 npu BU3HAYEHHI MMOJIOKEHHS MYHKTY 3aCTOCOBY€ETHCA OIMOJSPHUI CIIOCiO,
OJIHaK BUMIPIOBaHHS KyTiB BUKOHYETHCS Bl OJIHI€I 1 Ti€l K BUXIJHOT CTOPOHH, TOMY
Takil 3aciuku OyayTh OJHOPA30BO-OE3KOHTPOJbHMUMH. Ha mpakTuili Juisi KOHTPOJIIO
MPaBUJILHOCTI BH3HAYEHHS KOOPAMHAT IMYHKTY, IO 3aCIKA€ThCS, BUKOPUCTOBYIOTH
HAJITUIIKOB] BUXIJHI TYHKTH 1 BUMIPIOIOTh HAJJIMIIKOBI KyTH. Taki 3aciuku
Ha3uBaIOTh OaraTopa3zoBuMH (puc. ).
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Puc. 1 [Ipsma xkyToBa (6aratopazopa) 3aciuka 3 BUMIPSHUMHU KyTaMH Ha BUX1THUX
MyHKTaX
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['070BHOIO BMMOIOIO [0 3aCTOCYBaHHS MNPSIMHUX 3aCIHOK € Te, 110 KYyT IpH
ITyKaH1{ TOYIll MOBUHEH 3HaXOAUTHCS B Mekax Bix 30° mo 150° [1].

€ JaexiabKa METOMIB OOYHMCICHHS KOOpAMHAT LIYKaHOi TOYKH: PO3B'SA3aHHIM
OpsIMUX TeOJIe3MYHUX 3adad, 3a ¢opmynamu lOnra (dbopmynu KOTaHreHCIB), 3a
TUPEKIIAHAMA KyTaMH.

MHuoto Oynu BUKOHAHI OOYMCIEHHS KOOPJAMWHAT IIyKaHOI TOYku P meromom
pO3B'sI3aHHS NPAMHUX reoAe3nyHux 3anad (puc. 1) 1 3a popmynamu FOnra (popmynu
KoTaHreHciB). KoopauHaTy mrykaHoro myHKTY P BU3HauarOThCs JIBIYi 13 HE3AICKHHUX
po3B’si3anb TpukyTHUKIB APB Ta BPC, 1110 € KOHTposieM sIK KyTOBUX BUMIpIOBaHb Ta
KOOPJIMHAT BUX1JHUX MyHKTIB, TAK 1 CAMUX OOYHCIICHb.

[Ipu oGuucnenHi koopauHaT nyHKTy P 3a gopmynamu FOHra notpumyrotbes
mpaBuja HyMepallli BUXITHUX MYHKTIB. A came: SIKIIO CTaTH B CEPeUHY JIiHII MIXK
BUXIIHUMU NyHKTaMu A 1 B o0nuuusam 10 myHkTy P, 1110 BUBHA4a€ThCs, TO BUXITHUM
MYHKT 3711Ba Oyjie MepInM, a IpaBopyy — Apyrum (puc. 2).
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Puc. 2 Ilpsma reope3nyHa 3aciuka 3 IBOX TOUOK (HyMepalli BUXITHUX MYHKTIB)
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Pe3ynbTaTn 004YMCIIEHH KOOPAMHAT IIYKAaHOi TOYKU P 1 OIllHKAa TOYHOCTI
HaBesieH1 B Tabmui 11 2.
Ta0mums 1
PesynbraTti 00uuCiIeHb IyKaHOi TOYKH P

OO04YHCIeHHA KOOPAMHAT MYKAHOI
TOYKHU P po3B'si3aHHAM npsaAMUX
reoge3snvdHux 3agav
HazBa Abcuuca Opnunarta
OYHKTY OYHKTY, M OYHKTY, M OYHKTY OYHKTY, M OYHKTY, M
Bumipani kyTu: B1=74°49°09""; B,=49°42'23""; B3=55°59'41"";
B4=66°08"24""

OOuncieHHs Mo mepmii 3acivni OOuuciaeHHs MO mepumii 3acivni
(3 Buxinuoi ctoporu AB) (3 BuxigHoi ctoporu AB)

OO0YuC/IeHHA KOOPAMHAT WIYKAaHOI
TO4KkHu P 3a popmyaamu IOHra
(popmyn KOTAaHTeHCIiB)

HazBa Abcnuca OpnuHaTta

A 5778,67 2248,63 A 5778,67 2248,63
B 2600,06 3708,16 B 2600,06 3708,16
P 6312,14 5442,53 P 6312,14 5442,53
O6uuncineHHs Mo APYTiH 3acidmi OO6uucneHHsa Mo APYTiH 3acivumi
(3 BuxinHoi ctoponu BC) (3 BuxigHoi ctoponu BC)

B 2600,06 3708,16 B 2600,06 3708,16
C 3191,04 7455,63 C 3191,04 7455,63
P 6312,12 5442,56 P 6312,12 5442,56
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Taomurg 2
O1iHKa TOYHOCTI 3aCIYKH 1 pe3yIbTaTy

Ouninka To4YHOCTI 3aciukm i pe3yabTaTty

IIpu 00YHMCIeHHS KOOPAMHAT
myKaHoi Touku P po3B'saA3annam

Ilpu o04YKMC/IeHHS KOOPAMHAT
mykaHol Touku P 3a popmyn