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NMNIABULLEHHA E®EKTUBHOCTI NAPABJIIYHOIO PO3PUBY MNMJNACTA
Yy CBEPAJITIOBUHAX HA BUCHAXEHUX TA30BUX MOKNAOAX

P. M. Konopam, JI. I. Mamiiwiun

IDQHTYVHI;, 76019, m. Iéano-Dpanxiscek, gyn. Kapnamcoka, 135;
e-mail: lilya.matiishun@gmail.com

Tloodano npuuunu Hu3bK00OIMHOCMI 2A308UX CEEPONOBUH HA BUCHAIICEHUX 2A308UX NOKIAOAX, 00 AKUX 8iOHO-
CAMBCSL HU3LKA NPUPOOHA NPOHUKHICTG NPOOYKMUBHUX NAACMIG T 3a0pyOHeHHs NPUUOIHOT 30HU MEepdoio (ha30i0
i piounoro. Hasedeno memoou inmencughixayii npuniugy 2azy 00 6u60io c8epoI0GUH, cepeo KUX Osi HU3bKONPOHU-
KHUX NIacmis i y pasi nocipueHHs cmawuy NpusubitiHoi 30HU HA Y8azy 3ACNY208Y€ 2i0paNivHuLl pO3puUs Niacma
(I'PII). Oxapaxmepuzogano sguuatinui i nomyscnuti I PIT, mexunonozito ix npogedents, cgepy 3acmocy8ants, 6UKO-
pUCmogysani mamepianu, XiMiyHi peuoguHy i mexHonro2iyny egpexmugnicmo. I1io uac nposedenus I'PII y ceepono-
suHax Ha enubunax nonad 600 m, 00 AKUX NPUYypoueHi OCHOBHI PO36IOAHI 3aNAcu 2azy, NepPesadtCHO YMEopPIeamu-
MYMbCsi 6ePMUKANbHI T ONU3LKI 00 6EPMUKATLHUX MPIWUHU. Y 6Unaoky, KOIu MmosujuHd Niacma € HegeruKor, eep-
MUKAIbHI MPIWUHU MOJICYMb NOWKOOUMU YeMeHMHUL KAMIHb 3d eKCIIYAMAayiliHo0 KOJOHOK, WO HA UCHANCEHUX
2a308UX NOKAAOAX CNPUsIMUME BUHUKHEHHIO NPOGIOHUX KAHANIB i3 2A308020 NOKIAOY V GEPXHI 2opu3oHmu. AKujo
ymeopena mpinuna 6yoe 8epmuKaibHoI0, NPUNIUG 2azy 00 C8epoNoSUHY 30TUCHIOBAMUMEMbCS 8 0OHOMY HANPIMI —
no mpiwuni, a inwi 00'emu nPUCeepoONIo8UHHOL 30HU naacma 6 padiyci mpiwun 6yO0ymv 0XOnieHi Qitempayicto He
nognow miporw. /s niosuwenns echexmuenocmi I'PI1y ceepO0nogunax Ha 6UCHAICEHUX 2A306UX NOKIAOAX 3ANPONO-
HOBAHO CMBOPIOBAMU 2OPUZOHMANLHY MPIWUHY ) HE8eNUKUX 3d MOBWUHON NIACMAX ab0 KilbKa 8epMUKANbHUX
MPIYUH y NAACMAx 6eauKol MosWUHU WLIAXOM NONnepeonvoi cioponickocmpymunnoi nepgopayii (I'TIT) abo eazozi-
Ooponickocmpymunnoi nepgopayii (I'TTII). IIpu nonepednbomy cmeopenHi 20pu30HMANIbHUX KAHALIE Y NPUSUOIIHIL
30HI HacocHo-komnpecopri mpyou (HKT) 3 nepghopamopom nocmynogo nogepmaroms Ha negHull Kym, a npu cmeo-
DEHHI 8ePMUKANbHUX KAHANIB iIX nocmynogo nionimaroms Ha neguy sucomy. Ilicis cmeopenns nepgopayitinux Ka-
Hanig npogooame I'PII. Ilocniooene npogedenns zioponickocmpymunnoi nepgpopayii i I'PII oae moowcnugicmo
cmeopumu y NPusUOItHIll 30HI CIMKY MPIWuH Ni0SUWEHOT RPOMAICHOCMI Y 3A0AHUX HANPAMAX. 3 GUKOPUCIAHHAM
BI00MUX AHATIMUYHUX 3ATIEHCHOCMEN BUSHAYEHO O0BICUHY OKPeMUX nepopayiinux KaHaiie nio uac 2azozioponic-
KocmpymMunnoi nepgopayii 3a diamempa nacadox y nepgpopamopi 4,5 i 6 mm i padiyc mpiwunu npu npoeeoenHi
I'PI1. Oyineno cmynins 30inbuenns 0ebimy 2azy oxkpemo 6io npogedenns I'TTII i I'PII 6io ix nocridoenozo ix npo-
8€0eHHS1.

KirouoBi cnoBa: mokmian, cBep/UIOBHMHA, ra3, eKCIuTyarailis, Ae0iT, iHTeHcudikamis, nepdopalliiHuil KaHal,
TpillMHA.

The reasons for the low production rate of gas wells in depleted gas reservoirs are presented, including low
natural permeability of productive formations and contamination of the bottomhole zone with solid phase and
liquid. The methods of gas inflow stimulation to the bottom of wells are presented, among which hydraulic
fracturing (HF) is worthy of attention for low permeability formations and deterioration of the bottomhole zone. The
essence of hydraulic fracturing is described. Conventional and high-power hydraulic fracturing, its technology,
scope, materials and chemicals used, and technological efficiency are characterized. During hydraulic fracturing in
wells at depths of more than 600 m, to which the main proven gas reserves are confined, vertical and near-vertical
fractures will mainly form. With a small reservoir thickness, vertical fractures can damage the cement stone behind
the production casing, which in depleted gas reservoirs will help create conductive channels from the gas reservoir
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to the upper horizons. With a vertical fracture, gas flow to the well will be in one direction along the fracture and
other volumes of the wellbore zone within the fracture radius will not be fully covered by filtration. To improve the
efficiency of hydraulic fracturing in wells in depleted gas reservoirs, it is proposed to create a horizontal fracture in
thin formations or several vertical fractures in formations of large thickness by preliminary hydraulic sandblasting
perforation (HSP) or gas hydrosandblasting perforation (GHBP). When preliminary creating horizontal channels in
the bottomhole zone, tubing with a perforator is gradually rotated to a certain angle, and when creating vertical
channels, they are gradually raised to a certain height. After the perforation channels are created, hydraulic
fracturing is performed. With the sequential use of hydraulic sandblasting perforation and hydraulic fracturing, it is
possible to create a grid of cracks of increased length in the bottomhole zone in the specified directions. Using
known analytical dependences, the length of individual perforation channels during gas-hydro-sandblasting
perforation with a nozzle diameter of 4.5 and 6 mm in the perforator and the fracture radius during hydraulic
fracturing were determined. The degree of increase in gas flow rate separately from hydraulic fracturing and

hydraulic fracturing from their sequential implementation is estimated.
Keywords: reservoir, well, gas, operation, flow rate, intensification, perforation channel, fracture.

Beryn

[Morounuii BUIOOYTOK Ta3y 3 MOKJIAiB i KiH-
1eBUi Koe(ilieHT Ta30BIUTyYeHHsS 3HAYHOIO Mi-
POIO 3aieXKaTh B/l MPOIXYKTUBHOT XapaKTEePHCTHKH
cBep/utoBHH. Ha GaraThboxX razoBHX IMOKJIAJax BU-
NOOYBHI CBEPUIOBHHHU EKCIUTYyaTYIOTBCS 3 BiJHOC-
HO HEeBENMKUMU JiebitTamu ra3y. [IpuanHamMu HU3b-
KOZCOITHOCTI CBEPIUIOBUH, TIOPSA 31 3HMKCHHAM
IUTACTOBOTO THCKY Ha BUCHa)KEHUX TOKJaaax, Mo-
XKyTh OyTH TpPHPOJHA HU3bKA NMPOHUKHICTH Ta30-
HOCHHUX TUIACTIB 1 CKYMTYEHHS Yy MPHUBHOIHHIN 30HI
YaCTUHOK TBepaoi ¢as3u 1 piamHu. B mux ymoBax
Uit iHTeHcuikamii TPUIDIMBY Tazy g0 BUOOIO
CBEpIJIOBHH HEOOXIHO OYHCTHUTH TNPUBUOINHY
30HY IIacTa Bij 3a0pyJHEHb 1 MiJABUIINTH ii mpo-
HUKHICTh TIOPiBHSHO 3 IPUPOIHUM ii 3HAUECHHSIM.

AHaJi3 cy4YacHHX BIiTYM3HAHHUX i 3aKop-
JOHHUX J0CITi/IZKEHD

Bimomi mMetosu 30inbIeHHs 1e0iTiB CBEPIIO-
BUH TMOJAUISIOTHECSA Ha XiMi4HI (KHCIOTHI 00p00-
JieHHs), Gi3nyHi (TerioBl 00po0eHHs, 00po0IcH-
HSl TIOBEPXHEBO-aKTUBHHUMH PEUYOBHMHAMH YU BYT-
JIEBOJTHEBUMHU DPO3YMHHHUKAMH), MeXaHi4Hi (Tizmpa-
BJIIYHMIA PO3pPUB IJIacTa, TiJPOMiCKOCTPYMUHHA 1
J0JIaTKOBa KyMYJISITHBHA Tiepdopariis, BiOpoodpo-
OJIeHHS, CTBOPEHHs 0araropa3oBUX MHUTTEBHX Jie-
npeciii 1 penpeciii Ha IUIACT 3 BUKOPUCTAHHIM
CTPYMEHHEBHX amnapariB, KaBiTaliiiHO-IyJbCca-
[iliHE JiSTHHS HA IJ1aCT), KOMIUIEKCHI (TepMOXiMi-
4yHi 00pOOJEHHS, TIAPOKUCIOTHUN PO3PUB IIIACTA,
TEpPMOTa30XiMiuHe  JiSHHSA,  YJAapHO-XBWJIbOBE
JUSTHHS 32 JIOTIOMOTO0 €JIEKTPOPO3PSIHOTO 1 pea-
TeHTHO-aKyCTHYHOT'O BIUTUBY, Ta30XiMidHE 00p00-
JICHHS 3 BUKOPUCTaHHAM eHeprii BUOyXOBHUX Mare-
pianis) [1-4,12-13].

Jlo BUCOKOE(EKTUBHUX METOJIB MiABUIIECHHS
NPOAYKTHBHOI XapaKTEepUCTUKU CBEPAJIOBUH Bil-
HOCHUTbBCA TiipaBnivunuii po3pus miacta. Cyts ['PI1
NOJISITa€ y CTBOPEHHI 1 PO3BUTKY HOBMX a00 po3-
IIMPEHHI 1CHYIOUMX TPIIIMH Yy IUIACTi BHACIHIZOK
HarHITaHHSA B CBEPIOBHHY pimuHA a00 IMHHU IpH

8 ) *
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BUCOKOMY THUCKY 3 MOJQJIBLIMM 3aKpiIUICHHIM
TPIIIMHA PO3KIUHIOBAJIbHUM BUCOKOTIPOHUKHUM
MaTepiaiaoM (IiCOK, IPOTIaHT).

Pospizustors 3BuuaitHumii i moTyxHmiA [PII
[2]. Mg gac 3BuvaiiHoro I'PI1 HBIOTOHIBCHKUMHU
piavHamu abo pigMHAMU i3 CIIAOKO BUPaKCHUMH
HEHbIOTOHIBCBKMMH BJIACTHBOCTSIMU PO3BHBAIOTh-
cst tmuboki (50-100 M) BepTHKabHI TPIIUHHU He-
Benukoi BUcoTH (1o 10 M) i mmpuHU (D0 5 MM)
yraub mpoxykTuBHOTO 1acta. Tpimuau ['PIT 3a-
KpIIUISIFOTh  KBAapIIOBUM TIICKOM 3 HEBHCOKHMH
KOHIICHTpAIiIMK B piguHi-mickoHocii. Ilig dac
I'PII pi3ko 30imbIIyETECA TUCK HA THPII CBEPAIIO-
BUHH BHACJIIJIOK «CaMOBUIBHOI'O MOCTOYTBOPEHHS»
1 BHIIQIaHHS TICKY B TPIIIUHI, SIKE 3yMOBITIOE MPHU-
MUHEHHS [IPOIIeCy.

Texnomorii 3puuaitnux ['PIl mependauaroTh
HETJIMOOKE 3aKpilUICHHS TPINIMH 1 3a0e3MeuyIoTh
JIBO-, TPHUKpAaTHE 30UIbIIEHHS IOTOYHOTO AeOITY
Ha)TOBHX, Ta30BUX ab0 MPUIMAaLHOCTI HarHiTa-
JBHUX CBEPAJIOBUH Yy HU3BKONPOHUKHUX (710
0,05 MKMZ) acTax TOBIIMHOKO HE MEHIIE IT’SITU
METpIB, fKi 3aJATaf0Th Ha TIuOmHax 10 3500 M, a
TaKOX y IUIACTax 3 JAENO OiNbIIOK MPOHUKHICTIO
a00 3 ayxe 3a0pyJHEHOIO PUBUOIHHOI 30HO0.

IMpouec mortyxuoro I'PIT (ITI'PII) mposo-
IUThCA B JIBa etanu: crnovarky manuil ['PII 3 Ha-
raitanEamM y miact 30-70 m° pigmHn (miactoBoi
BOJIH, TeII0) — JUIs BU3HAYCHHSI THCKY PO3PHBY Ta
NPOHMKHOCTI IUIACTa, NPOTHO3YBaHHS MPOLECY
PO3BUTKY TPIIIMHM, OI[IHKA MOXKIIUBOCTI IPOBE-
nennst ronoBHoro ['PIT i yrouHeHHsSI HOTO OCHOB-
HUX TEXHOJIOTIYHHX IapaMeTpiB Ta eQeKTUBHOCTI.
ITorim Bukonyethest rosoBHui ['PIL, mix yac sikoro
B IUTACT HATHITAETHCS PiIHA PO3PUBY (T'elb) 3 BU-
tparoro 2,0-3,6 M%/xB, a 3a Hero — 50-150 m® yJIb-
my, ToOTO Temo 3 6-25 T MPONAHTy YU MICKY 3
KoHIeHTparieo 250-600 kr/mM°, nam HarHiTaoTh
MPOTHUCKYBAJILHY PiAHHY.

[Ipouec ITIT'PIT BurimHO Bigpi3HAETHCA Bif
I'PIl 3HauHO MeHIIOK MOTPeOOI0 Y KiNBbKOCTI
MYJIBIA-TENIO 13 3aKpIINIioBadeM, a OTKe, CKOpO-
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YeHHSM TPHUBAIOCTI TIporecy y 4-12 pazis, maiixe
y/ABIYI MEHIIIOIO TiAPOBTPATO TiJ Yac PyxXy IO
HKT no mnacra, a, 3Ha4UTh, 3HWKEHHSIM THCKY Ha
rupmi go 30 MIla; BucOKMMH BHUTpaTamu 0
3,6 M3/XB, MOCTYMOBHUM TIBUIIICHHSM KOHIEHTPA-
mii 3akpimmoBada B mymbm B Mexax 100-
600 xr/m°, mo 3abe3meuye 3aKpilICHHs TPIMMHK
mineHicTIO 1-5 kr/M° Ha oMHMIO TOBepxHi. I1ix
yac [II'PII po3kpuBaeTbcsi 3HAYHO KOPOTIIA Ta
mIMpIIa TPIilMHA, Kpalle 3allakoBaHa 3aKpiIuIoBa-
4em, Hixk 3a 3Buuarinoro ['PI1, a qoBxxuHa TpimmHN
nocsirae 40-200 M. Iliciosa nposenenns I[1T'PIT ne6it
cBepuioBHUH 3poctae a0 450 %, a 3a 3BUYAMHOIO
['PIT—-130-180 % [2,5,8, 9].

3a TEXHOJIOTIYHMMH CXEMaMH pPO3Pi3HIIOTH
taki Bugu ['PII: ogHOKpaTHMIA (TIix THCKOM HarHi-
tanHs piguau mig yac ['PIT nepeOyBaroTh yci pos-
KpUTI TIJIacTH), CKEepOBaHWH (ITOIHTEPBAIHHUN)
(0OpobmsieThest HIIe OOUH BUOpaHUM TuacT abo
MPOIIIAPOK), OaraToKpaTHHA (3MIHCHIOETHCS JIISTHHS
MOCJTIIOBHO Ha KOKHUH OKpeMHH TuIacT abo mpo-
mapok) [6-7, 9-10].

B nernmubokux (10 600 M) cBepAJIOBHHAX 3a-
3BUYall YTBOPIOIOTHCA TOPU3OHTANIBHI TPILIUHH, a
B TTIMOOKMX CBEPIOBUHAX - BEPTUKAIBHI 1 OIU3b-
Ki 10 BepTUKaNbHUX TpimmHu. OCHOBHI po3BigaHi
MPOTHO3HI 3aIacyu rasy B YKpaiHi 3HaXOAAThCS Ha
rnmubuHax nonax 600 M. Y mporeci mpoBeneHHs
I'PII y cBepasioBMHAX HA TIMOOKO3aJETIINX MOKIIa-
Jax OyIyTh YTBOPHOBATHUCS BEPTUKAIbHI 1 OJM3bKI
JO BEPTUKAIbHUX TPIUHA. Y BHUMAAKY BHUHHK-
HEHHS BEPTUKAIBHOI TPIMIMHM NPHIUIAB rasy 10
CBEp/UIOBHHH 3/IHICHIOBATUMETHCS B OJHOMY Ha-
npsiMi — MO TPIIIKHI, 1 HE TOBHOIO MipoI0 OYAyTh
oxoruieHi (imbTpamieo iHmI 00'eMU TPUCBEPIIIO-
BUHHOI 30HM IUIacTta B pajiyci TpimuHu. Y pasi
HEBEJIMKUX 33 TOBIIMHOK ILIACTIB TPIIIMHUA MO-
JKYTh MOIIKOJUTH [IEMEHTHHI KaMiHb 3a eKCILTya-
TaliiHOIO KOJIOHOIO, IO CIIPHATHME BHHHUKHEHHIO
MPOBIIHUX KaHAIIB 3 Ta30BOTO MOKIAIy y BEpXHI
ropuzoHTd. Binomi texnonorii I'PI1 He 3abesme-
YYyIOTh CTBOPEHHS y NpHUBHUOINHHIN 30HI miacra
TPILMH Yy 33/laHUX IJIOMKHAX (HampsMKax) iy pi-
3HIl KUTBKOCTI.

o6 mixBummty edexruBHicts ['PII y cBep-
JUIOBMHAX Ha BUCHA)XEHUX IOKJaIaX, PEKOMEHIO-
BaHO CTBOPIOBATH TOPU30HTAILHY TPIIIMHY Y He-
BEJIMKHX 32 TOBIIMHOIO TUTacTax abo KiIbKa BEpTHU-
KaJbHUAX TPILIMH LUISXOM IONEPEeIHbOr0 MpOBe-
JeHHs1 TiapornickoctpymuHHoi niepdopartii (I'TI)
abo  razoripomickocTpyMuHHOI  mepdoparii
(I'TTIIT). EdexTuBHIMIOW € Ta3origpomicKocTpy-
MUHHa mepdoparis 3aBasgku OLIbIIIN TIMOMHI 1
MEHIIIOMY 3a0pyTHEHHIO TiepopaliiHiuX KaHaTiB
[11, 13-14]. BogHouac, mpu H0AaBaHHI a30Ty B
OyJbIy PiAMHU 3 MICKOM BHHUKAE MOKIHBICTD
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3actocyBanusa [TTIII y cBepaymoBuHAX 3 OLIBIIOO
MIHOWHOIO 3ajIsraHHs nepdopallifHuX 1miacTiB.

BucsiTiieHHsT HeBHpilIeHMX paHime 4ac-
THH 3arajJibHOi Po0eMu

Hespakatoun Ha BENHWKY KIUIBKICTh TOCHi-
JUKEHb 3 METOK BAOCKOHaneHHs TexHouorii I'PII,
poOJjemMa IiaIBHIIEHHS eeKTUBHOCTI MPOBEACHHS
I'PIT y cBepayiOBHMHAX Ha BUCHAXXCHUX Ta30BUX
MOKIIaIaX € IyXKe akTyaiabHoro. Jlana mpoOiema
moB's13aHa 3 TUM, 10 BimoMi TexHojorii I'PIT He
3a0e3MedyloTh YTBOPEHHS TPIMMH Yy 3aJaHuX
mwiomuHax. Tomy npu nposeaenni ['PI1 y ceepa-
JIOBUHAX Ha BHUCHA)KEHHMX ra30BUX MOKJaJax HeBe-
JUKOT TOBIIMHHU y a3l yTBOPEHHS BEPTUKAIHHOI
TPIIMHA MOJMJIVBI TIOUIKO/KEHHS I[I€MEHTHOTO
KaMEHIO 3a CKCIUTyaTalliiHOK KOJIOHOK i3 CTBO-
PEHHSIM KaHaNiB JJIS TEpPeTiKaHHS ra3y y BepXHi
ropu3onTty. [Ipu nmposenenni ['PI1 3a3Buuaii yrBO-
PIOETBCSL OJIHA TPILIMHA, KOO a3 MPUILUIMBAE IO
CBEP/JIOBHMHY, 1 MaiKe BIAKIIOYAETHCS 3 (PibTpa-
ii 3HaYHUI 00'eM MPUCBEPIOBUHHOI 30HU Y pa-
niyci TpimmHu. HaBeneHe mMocimyXHIIO TiJICTaBOIO
JUTSI TIPOBEICHHS JTOIATKOBUX JOCHIIKCHb.

Mera Ta 3aBJaHHs A0CJTIIXKEHb

MeTtor0 naHoi poOOTH € BIOCKOHAJICHHS TEX-
HOJIOTI{ TiApaBIiYHOTO PO3pHUBY ILIACTA Y CBEPI-
JIOBUHAX Ha BUCHA)KEHUX Ta30BHX IOKJIAAaX CTBO-
pPEHHSIM Y TIpUBUOINHII 30HI miacta TpilmuHU 30i-
JBIIEHOTO Pajiycy y 3aaaHiit ruomuHi. [Tocrase-
Ha METa JOCSATAEThCSA CTBOPEHHSAM T'OPHU30HTAIBHOT
TPIIIMHY y TUIACTaX HEBEJIHMKOi TOBIIMHU 200 KiTb-
KOX BEPTHUKAILHUX TPIIIUH y PI3HUX TUIONIMHAX
HaBKOJIO CBEPAJIOBUHM Yy IUIACTAaX BEJIMKOI TOBILIU-
HHU IUSIXOM TONEPEIHbOr0 MPOBEACHHS TiApolric-
KOCTPYMHUHHOI 200  Ta30TriJpornicKOCTPYMHHHOI
nepdopaiii. [Ipy cTBOpEeHHI TOPU30HTAIBHOI TPi-
mwan HKT 3 mepdoparopom micist BUpOOIEHHS
nepdopaliifHuX KaHaJIiB MOCIIJOBHO MMOBEPTAIOThH
Ha TIEBHUH KYT 1 MOBTOPIOIOTH Mpoliec nepdopaiiii,
a TMpU CTBOPEHHI BEPTHKAJIBHHUX KaHATIB iX moci-
JOBHO TEPEMILIyIOTh Ha IEBHY BHCOTYy. Y pasi
CTBOPEHHS KUJIbKOX BEPTUKAIBHUX TPIIIHUH MPOLIEC
nepopauii MOBTOPIOIOTh Y 33JaHUX IUIOIIMHAX.
[Ticnsa cTBopeHHs nepdopauiiHuX KaHaJiB IPOBO-
nate T'PII. IMepenodavaerses, mo mig gac ['PIT mig
JUEI0 THCKY PIIMHU PO3pUBY OYAyTh YacCTKOBO
3pYHHOBaHI MEPETHHKHU MOPOAM MiX KaHaJlaMH i
CTBOpEHA CYI[UIbHA TPIlIMHA y OLIbINIA YacTHHI
MPUCBEP/UIOBHHHOI 30HU. [IpHu cTBOpeHHI ropuso-
HTaJIbHUX 1 BEPTHUKAJIBHUX TPIIMH 301JIBIIYETHCS
wioma QimpTpanii rasy i 3pocTa€ MPOHUKHICTDH
npuBuOiiiHOT 30HU. BogHouac 3poctae JOBXKHHA
TPIIIMHHU, OCKIJIbKH THCK PIAMHU PO3PHBY Mepeaa-
€Tbcsl mepdopauiiHIMK KaHaTaMH Ha OibIIy Bif-

(9
—
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CTaHb BiJl CBEpUIOBMHH. B pe3yibTaTi mokpamry-
€TBCS TIPOJYKTUBHA XapaKTEpUCTHUKA CBEPJJIOBU-
HU.

BucBiTjieHHSI 0CHOBHOTO MaTtepiaay aocii-
JAKeHHS

TexHonoriyna eheKTUBHICT 3aMPONOHOBAHOT
texronorii I'PIl y cBepminoBrHaX Ha BHCHaXKEHHX
ra3oBHX IIOKJIQ/Iax, sIKa IOJIArae y CTBOPEHHI Iopu-
30HTAJBHOI TPIMIMHM y IUIACTaX HEBEJIHMKOI TOB-
HIMHU 200 KUTBKOX BEPTUKAJIbHUX TPILIMH y TUIAC-
TaX BEJMKOI TOBUIMHU IUIAXOM IIOCJiZOBHOTO
NPOBENIEHHS Ta30TiIpoNicKOCTPYMUHHOT Tmepdo-
pauii i ['PI, ominena 3a pe3ynpTaTraMu BU3HAYEHHS
MOBXXAHU TepdopallifHuX KaHaTiB 1 pamiycy Tpi-
muHA. JloCHiKeHHST BUKOHAHO HA TPHUKIAJI BH-
JI0OYBHOI ra30BOi CBEPYIOBUHU HA PEaIbHOMY PO-
JOBUIII 3 TaKMMH TTapaMeTpaMu: TIHOWHA CBEp-
n0oBUHU — 2880 M; pO3KpUTa TOBIIMHA [JIACTa —
21 m; yMOBHHH AiaMeTp eKCIUTyaTal[iifHOi KOJIOHHU —
0,145 M; ToBIIMHA CTIHKHM €KCIUTyaTalliiHOI KOJIO-
a1 — 0,0106 M; TOTOYHHMI INTACTOBHM THCK —
25,66-10° Ila; KOoe(Illi€EHT MPOHUKHOCTI IIacTa —
0,01 I (10 m[); paniyc KOHTYpY *HUBICHHS (OO~
BMHA BIJICTaHi 10 CyCigHiX cBepmioBuH) — 500 m;
paniyc cBepAsIoBUHH 3a qoi0ToM — 0,1 M.

[lin wac mnpoBeneHHS Ta30TigPOMiCKOCTPY-
munHOI niep¢opanii (I'TTII) makcumanbHy TIHOU-
Hy nepdopartiitnoro kanany |, 1 rmbuHy kaHa-
ay |, yrBopeny 3a yac t, MOXXHAa BH3HAUUTH 3

¢dopmynamu [1]:
lhax =d, -C {(1,15+1,85 Yy )[L:J—oj —1} ; (1)

On

| =d, -C{(1,15+1,85-z//2)[5—0j- f,, —1}, @)

On

ne d, —niamerp Hacanku (d, =4,5 Ta 6 Mm);

C — KOHCTaHTa JUIsd 3aJlaHuX YMOB nepdopa-
il (BigkpuTi, 3akputi), C =1,14— s ['TTIIT;

W, — ra3oBMicT, i, =0,3;

Up — MBHIKICTH BHTIKaHHS 3 HACaJKH,
Uy =150—-200 m/c;

Up,,— MOYaTKOBa IIBUJKICTh Pi3aHHS, 11O 3a-
JIeKUTH BiJI MiHOCTI nopif, Uy, =8,4 m/c;

for— OyHKHis uacy BHpOONIGHHS KaHaly,
for =0,55.

Jiis niamerpa Hacaaku 4,5 MM OTPUMAEMO:

lnax = 0,0045 -1,14{(1,15 +1,85- 0,3)&9—2) _1} -

=0,1948 u;
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l, =0,0045 .1,14{(1,15 +1,85- 0,3)(%} -0,55 _1} =

=0,105 m.
s miamerpa Hacaaku 6,0 MM OTPHUMAEMO:

lax =0,006 -1,14{(1,15+1,85 . 0,3)[%) —1} =

=0,2597 u;

I, = 0,006-1,14{(1,15+1,85-0,3)(29—5)0,55—1} =

=0,1398 .

[Ipu cTBOpeHHi y mpuBUOIiiHINA 30HI CBEPAJIO-
BUHH TYCTOI CITKHM NepQopaliiiHux KaHalliB y To-
PU3OHTANBHIN TUIOMIMHI TIIAXOM TEPiOAHYHOTO
noBepranHs konoHu HKT 3 mepdoparopom Ha me-
BHUI KyT a00 y BEpTHUKAIbHIHM TUIOMIUHI HIISIXOM
nepionuuHoro nepemimenHs kononn HKT 3 mep-
¢dopaTtopoM Ha NEBHY BHCOTY MOXHA AJISI IIPOBeE-
JEHHS TOPIBHSUIBHUX PO3pPaxyHKiB YMOBHO NpH-
HHATH, WO rubuHa (paaiyc) nepdopauiiinux Ka-
HaIB JOPIBHIOE pajiycy cBepuIoBMHH. Tomi Koe-
¢imienT 30impmeHHs ne0iTy ra3zy B pe3yibTari
YTBOpPEHHsI TYCTOI CITKH nepdopaniifHiX KaHaliB y
MpuBHOIWHIN 30HI CBEpAIOBHHA MOKHA HaOIIKe-
HO BHM3HAYUTH 3a (popmynoro Makcumormda ['.K.
[1]:

— O Oiamempa HACAOKU Y nep@opamopi

4,5 mm:
In(R’(j
Ne_ vl ) .
[ RK J |
In| —*—
I+ e
500
In| —
0,1

In 500
0,1+0,1948

— 0ns Odiamempa Hacaoxku y nepgopamopi

6,0 »mm:
500
In| —
( O,lj

In 500
0,1+0,2597

JloBxkuny rmepdopalliifHoro KaHalxy MOXKHA
TaKOX BU3HAYMUTH 3a popmyioro [14]:

e TN
cr B
ne K —const, K =6,4(Dopcrom, ['eitnopn);

[ — ¥oeQillieHT BUTpaTH depe3 HaCaJKy,
u=0,82;

@)

N = =1,145;

N = =1177.

Lk ZK'ﬂ'W'do
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W — CIIBBITHONICHHSI IMBHUAKOCTI CTPYMCHS B
OyIb-sIKOMY TIepepi3i OCHOBHOI IIJISHKH CTPYMEHS
JO IIBUAKOCTI Ha ii oci B TOMy 3 mepepisi,
w =0,425 m/c;

Ocy—  MILHICTB
Ocr =20 Mlla;

f — xytoBuii koedimient, f=0,31;

Mopil Ha  CTHUCHEHHS,

AR, — nepenan tucky, AR, =30 Mlla;
d, — niametp Hacanku (d, =4,5 ta 6 Mm).
s miamerpa Hacaaku 4,5 MM:
20-30
0,31
s niamerpa Hacaaku 6,0 MM:

L, =6,4-0,82-0,82-0,006 _20-30 =0,254m.
20-0,31

AHaumi3 pe3ynsTaTiB 004YuCIieHb 32 (QopmyIa-
MH (1) 1 (4) pi3HHX aBTOpIB CBigUaTh MpPO Maiike
OJTHAKOBI 3HAYEHHs TNMMOWHM mepdopaliifHuX Ka-
HaJIiB.

[lig yac mpoBeneHHs TiAPaBIIYHOTO PO3PUBY
wiacta (I'PIT) pagiyc ropu3oHTanbHOI TpilIUHH
MOXKHa HaONM)KEHO BHM3HAYUTH 32 EMIIPUYHOIO

bopmystoro [2]:

L, =6,4-0,82-0,82-0,0045 =0,191nm.

n 0,5
Q |4,
r =(?-———J———— : 5
T 7144\ K ©)
ne
Vv
t,=—"; (6)
p Qp

C — emOipuyHUA KOCPIIIEHT, M0 3aJICKUThH
BiJl TIPCHKOTO THCKY 1 XapaKTEPHUCTUKU TipCHKHUX
nopia (s cBepaioBuH riuouHoro a0 2000=0,02,
nonaz 2000=0,0173);
Q — BuTpaTa piiHA PO3PUBY, JI/XB;
/L — B’SI3KICTB piZIMHU po3puBy, MIla-c;
t, — Jac 3aKauyBaHHs PiJMHU PO3PUBY, XB;
K — npoHUKHICTE TIOPif, MKM?
B . 3
V, —00’eM pinuHu po3puBy, M".
mo  V,=75 w,
Q, =1300 m%no6, =50 wmllac, C=0,0173,
K =0,01 mxm>.
_7,5-1440

P 1300
[lincraBuBimm y Gopmymy (5) 3HaUe€HHS BXij-
HHUX T1apaMeTpiB, OTPUMAEMO:

0,5
rT=0,0173 @ M =7,419m.
1,44\ 0,01

[Ipuiimaemo,

=8,3 xB.

Koedirmient 30inmpmeHds nebiTy rasy B pe-
3yJNbTaTi YTBOPEHHS Yy MPUBUOIHHIN 30HI CBEPAIIO-
BUHHU TPILIMHKU PaJiycoM [, MOKHAa HaOJIMKEHO
BU3HAYUTH 32 (DOPMYJIOHO:

n| R || >0

& 7,419
Koedimient 36impmieHHs aediTy razy B pe-
3ymbTati mocaigoBHoro mposeneHHs I'TTIIT i I'PIT

OpIEHTOBHO JTOPIBHIOE:
— Ui glamerpa Hacauku |y mepdopartopi

4.5 mm:
(500)
In ﬂ
= ! =2,035;

In| &
N = fo

R 500
Inj —=*—| Inf ———————
lax + 11 0,1948+7,419

— Ui giameTrpa Hacamku |y mepdopartopi

6,0 Mm:
[5ooj
In| —
0,1

In| &
N = fc

- R 500
nl —* | In|]—————
lax + Fr 0,2597 +7,419

HesBakatoun Ha BiTHOCHO HEBEJIHKE pPO3pa-
XYHKOBE 30iIbIIEHHS Ae0iTy Ta3y IpH MOCIiIOB-
Homy mipoeaenni I'TTIIT i I'PIT mopiBHSHO 3 mpo-
BemenusM Ttinbku I'TTIIT i I'PII, TexHomoridHmit
e(ext Oynme Habararo OuteimMm. lle moB's3ano 3
MOJKJIMBICTIO CTBOPEHHSI Mailke KPYroBOi TOPH30-
HTAJILHOT TPIIIMHYU Y IJIaCTaX HEBEJIUKOI TOBIIMHH,
B sikux [PII panime npakTHYHO HE TPOBOIHIH
yepe3 HeOe3MeKy MOPYIICHHS I[iIICHOCTI IEMEHT-
HOTO KaMEHIO 3a eKCIUTyaTalliifHOI0 KOJIOHOIO, 1
CTBOPEHHS TPOBIAHMX KaHATIB JJIs TEPETIKaHHS
ra3y y BepxHi Topu3oHTH. Bukopucranus 3ampo-
moHoBaHoi TexHojyorii I'PII y mmactax Bemmkoi
TOBIUHM JIO3BOJISIE OJTHOYACHO CTBOPHUTH KiJIbKa
BEPTHKAJIBHUX TPIIIMH, 110 3HAYHO TOKPAIIUTh
YMOBH TPUILTUBY Ta3y N0 CBEP/UIOBUH 1 IIiJBH-
UTh Ae0IT Tasy.

=2,039.

BucnoBku

3a pe3ynpTaTaMyd BUKOHAHUX JOCHIKEHb PO-
3po0JsieHa yaockoHaiieHa TexHojoris I'PIT y ceep-
JUIOBMHAX HA BUCHAXXEHUX Ta30BUX IOKJIANaX, SKa
nependavae TMONEepeHE TPOBEACHHA Yy 3alaHii
TUIOINWHI (3aIaHOMY 1HTEpBaJi) TiJPOIMiCKOCTPY-
MHUHHOI 200 Ta30riApoIiCKOCTPyMHHHOI niepdopa-
uii 3 noganemmM npoBeaeHHsM [PII. [Ipu mome-
PEAHBLOMY MPOBEACHHI IMICKOCTPYMHHHOI mepdo-
parttii mocIadIIoETHCS MIITHICTh TOPIT Y TUTONTHHI
(iHTepBani) cTBOpeHHA NepOpauUifHUX KaHAMIB,
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0 CTIPHUSE CTBOPCHHIO y IHMX IHTEpBajaxX TPIIIMH
npu nogansiioMy mposeneHHi I'PII. Texmomoris
3a0e3nevyye CTBOPCHHS TOPU3OHTAIBHOI TPIUHY Y
TUTaCTaX HEBEJIMKOI TOBIIMHU 1 KiJIBKOX BEPTHKA-
JHHUX TPIIIMH 32 OHY OIepallifo y IIacTax Belr-
koi ToBmwHM. [1ix wac mposenenns 'PII mig mieto
TUCKY PIIMHU PO3PUBY OyIyTh YaCTKOBO 3PYHHO-
BaHI TEPETHHKU MOPOIH MiX IepdopamiiHIMI
KaHaJIaM{ 1 yTBOPUTLCS CYIIIIbHA TPIMIMHA Y 3a7a-
Hill momyHi. [Ipu cTBOpEeHHI TOPU3OHTANBHUX 1
BEPTHKAILHUX TPIIIUH 301IbINYETHCS TUIOIA (illb-
Tparlii ra3y i MpOAyKTHBHA XapaKTEPUCTHKA CBEP-
JUTOBUHU. BopHOYac 3pocTae JOBXKUHA TPILUHH,
OCKUIBKU THCK PIIMHU PO3PUBY IEPEAAETHCS IO
nepdopamifHuX KaHalax Ha OUNbITy BiACTaHB Bif
CBEP/VIOBHHHU.
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EHEPI OEOPEKTUWPOIBOTMAPAYMKADPT ONMPOBO
B YMOBAX HEMNOBHOIO 3 ABAHTAIXI
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Y cTtatTi PO3TrNAHYTO ©O6Ge3TpaHWEeNHI MeToaAWN pemMo
npM PeEMOHTI HadTonpoBOAIi B B yMOBax HeNnoOBHOT@pPiy?
Tpyb6bonpoBofAi B MawTb WMWPOKEe 3adRKdDCyBORBAECUYEPEB F
€EKOHOMIi YHY e®{@eKTUBHI CTHb. Tacki TexXHonorifil MO XHaa
TUW Bi AKPUTI MEeToOAW PEMOHTY, 3 MiHi ManbHUMKU 06’ M
HWX KOMYHIiKKkaky inip,m g oma T i B HecTabi NbHUX T PYHTOBH
Ty 3a cxeMow “Tpyb6a B Tpybi 6e3 pylhHyBaHHA". Ca
Yy i 3 BuUOOpPY QAiamMeTpa Ta TOBWUHUN CTi HKAT BHY TH | noe
MY, 3a KputepiamMmu Mi HIi MaNnbHMWX BTpPpaT Tennana nNpu ™
paTun Ha TpaHCNOpPTYBAHHSA NPOAYKTY O6yaAyTb MiHI Maa
heKTUBHI CTb. ABTOpPUWU BYWHIOPMETOBRYITA BPAQBORATL 410
Tefe TMK TpybonpoBOoOAy Ha nNapamMeTpu nepexKkayvyyBaHHSH
MeToaAM O6Ge3TpaHWEWHOro PeMOHTY “rapsauyunmx” HadpTrony
Horo worBampob6orTi BCTaHOB/NEeHO, Wwo nNpPpwWu pPemMOHTI nj
nNyHKTaMu niagirpisy BuUuOGIi p AiamMeTpa BHYTPIi WHbLOT O
NPOMIi XHMUX MNYyHKTax nipgirpisBy. Po6bopaomMigt nmeEBE pPanir
HKMW Tpyb6onpoBopgy, AKWUA MoOxXe OYTW HEDPPTY B MHEHIAT ¢
KoMnaHi W gna onTumi 3ayii pobGOTWHCTMAapBWBAHIRBAHHApPEGA

KnwoyosBi cnosBa: HapTonpwss peME@WMDBHEHS@AMB@E (pakKK
MeTp; B A3KiCTb; TYCTWHa.

The article discusses trenchless methods of pipeline repair, which can be used in the repair of oil pipelines in
conditions of incomplete loading. Trenchless pipeline reconstruction technologies are widely used due to certain
advantages that ensure environmental safety and economic efficiency. Such technologies can be used in conditions
where it is impossible to use open methods of repair, with minimal volumes of earthworks, without damage to
existing underground communications, as well as when working in unstable soil conditions. The main attention is
paid to the repair according to the "pipe in a pipe without destruction" scheme. The article is devoted to solving the
optimization problem of choosing the diameter and wall thickness of the internal pipeline, which runs in the
repaired one, according to the criteria of minimal heat loss at maximum throughput, in which energy costs for
transporting the product will be minimal, which will allow obtaining maximum energy efficiency. The authors use
analytical methods and conduct a study of the influence of changes in pipeline characteristics on product pumping
parameters. The results of the study show that the methods of trenchless repair of "hot" oil pipelines are effective
from an economic and energy point of view. The work established that during the repair of long "hot™ oil pipelines
with intermediate heating points, the selection of the diameter of the internal pipeline requires taking into account
the energy consumption at these intermediate heating points. The work contains an algorithm for choosing the
optimal diameter and wall thickness of the pipeline, which can be useful for oil transportation enterprises and
energy companies to optimize work and reduce energy costs for transporting the product.

Key words: oil pipeline; incomplete loading; repair; energy efficiency; optimal diameter; viscosity; density.

BcTtyn Ta HadprTronpofhgy®wTUUB NepEpeKkadyyBaHt
MpoTAromM OCTAaHHI X igeHwmnumcsa npumbébnNnumMsHO B O4- paswu,
OHWIW TpaHCNOPT B OCHOBIO BBY3MEHLWEeHHA CcTaHWOBUTbL 6
LNA nNocTaudyaHHA CNHOXWKWB&é3 pdadxak.a CUTiHyaaelT AC 98B BHEE-N OB H U M
pemMa HadPTun Ta NPpUPOLHMBAHTAXEPNOBBMNOPOBI AHUXN-CUCTEMMN

TpaHCNOPTYBAHHSA UMUX UP(TUYUYHOL. TomMy @ARO §uaneoMgHen M €
MWUC N C TMeM¥iap ai H U, AKI 3UKBHK@H A pecypcy Ni HIi RHOT 4YacTWUHYV
KOT KIinbKOCTI Tpyo6 peé-3ao0T Xe,abie3neyeHies BA Xy M30BEKE X
HWMAMCA 3a OoCTaHHI fJe(KopoyYyeHHAS o06cAar[l-'d nepwrkadvyBa
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3 MeTOoOWw nNoAYBOKE HHPo-GETtp oBa O aipadaiH e plva K peo-6 N g -
ai B pi 3HOT OO NPpU3IHaAaUYRPHARANSHRB BaG@IKN BRICTTOIL/DPHY ,

KTbCA PEMOHTHI TEXHOOQI-OHWM ,BGOAROKHOMAT AOT 6 a fue-B N e
HOBNEHHI Hecyu4yol 3 [, a0T- HMOACTTal H HCAT | [HOK ucC TTipwow n pe e K T
Ay Ta B PpPeMOHTI cncTemmnpaxwmse.Ty/1d il HeBpi AN PKOOTEAC 3yitoi-

Bi oomMo090 wmiiMmpceoTXme BOHEBWKY TpybonpoBoagy. AhoeTpi am
MO XY Thb oOi da@atagcybBeasHH B aKynpBamdEBIbE M@ 3 ar /Oy-WK a
3 BaptilpaHHIH aKkK npouyec 3MBAQBOBMA H B Gl 3 LMOOHO0 TP U 4 TO N CKKPOY!
nNPpPM3IBOAUTM A0 HeraTWMWBHMXPIB,NIABY B NV A&MIOMW (G QA GVHAMLWAHTOC
ekcnnyarTtauit [BflybonpoBOmiiBeto 3 HBHNBPENEKK-HONO
B yMoBaXxXx 3MEHLWEHHSN - T PRMHIRANOH @C Tpie MOMW TY YyrpoT
TeM TpyobonpoBi AHOITo TpPRUHTPORPITHYHITXA M KAMWKBOGECTIT e Xt
3IMEHWEeHHA HeobOXOpaA oBeaO(ABUBANETPVE@A YYOBAKOPMUCTAHH
UeHHA Bi aAgnoBi AHOTI nNponmNJyCikKHepi B giasr HOL AT H i CBTEG NTK [A)
yBara nNpPUCBSAYYETbLCSHA -BHWT [BiNWH K @A ST G15C KM I af1)6.e 3
TpPaHWENWHNM) MeTbhbgrpmmHpeMmeH‘Tlypy 6a B Tpyobi —mmaes pyl
Honoriid PEKOHCTPYKULWT bTCpAy Opeipp @B 4 TeBRXVAIRKY 6 a
Ke 3acT rGKByEBHM P BBOBOAI B WASXO0OM NpPOoTMEryB.
V7 wo eabadnevyypTHeBaERKY T@RYO KOPMOUMUK BN P&
OMiIi YHY e®meKTUMUBHI CTMWN.T e[KPHOOT/IHOITYi Bia&:H HIAX HR B @ a M (
pVCTBOYBWOBBA & MO XN MB@OCCTCTaBXBENIW TpPpyobonpoBi AH-NP O
AHHS Bi AKPUTKUX 3cCamitHBdMi Be PiemM@mH.Tyr i ogpoaoavkK par
MMWE MOABMMWMK OHaQHHA 3eMBOHNUXGr ppnBoburst, TpakToOp
MOWKOALXEHDb | CHYIH-N[E12Ni A3 eMHUX KOMYHI K
a TAKK@OHKa HIHBH e@Ba @i6T NnbHaxXe geHi MeToAMN PeEMOHT
ToB WK, 10 Mo B a X 3IMEHWEHHA TAVORAPPR O HY-, 5
cnoprtTyeTbcHa NPOAYKT,0-a O
Hani 3 CYyYacCHUX 3 BkOPYEXKHHOUX 3iaBHOAMI TRy 60N
MX [JoOoCni AXeHb i nyonmmeaagiim mMaTepiany Tpybon
epen OCHOBHMX €N o6C-00T BBC AB,H Y P3 BUH/bOKWTPE O TPp-U M a -
O pPEMOHTY TpyobonpoBogixXeepa&awkKapu MYIK W NTOHO-0 T 1
My “Tpy6a B Tpyobia- ,KunaKBD P VEAKTE H YECBHEHOPAN B30ay f1HD U
nHWVEMIW 4 a MU : BaHHI HadPTun, 30KpemMa BMUCC
“GFKanHepe mMeTon PeMOHpPY mT@peKkauvyyBaHHI Ha T v
poBoAai B, npun sSKoMy npgpaosemMHunwpy cepyoaceRBD gaM
NOBONOKOHHMMN) P Y Kua-BMN ONCPTOYTNSAOr Byee T CbXCGAJ1 OBACKEEPHEHOA B H
peMOHTOBAHOTNIO Tpyob-omipyoBopyoSoMpoBag@mo3aB HasB
€ Bi AgHOBNWBATWN nNnpaydldpaTuHacc TpY XTypmy DDy pi@MmBP o B @ A
B pi3HOro paiamvmenmmly, (Mxiie DXO®npayl1l200 TemMnepe
paTununmn T epMeTUYHI calT-bA OGO K OB WK @ AX@HIZI BpioB-aT K.
i AOK KOpoo3i AHMX APOEKPETE 'BA 3 KOWYXT bHa PT i Hadar-onp
XHONoOr-NdnHe®PFK nongar aeyBBaHHAMWY ,Mawo CTPajabHMA-M T
oyaTKy 30Ha aBapi WH@reqqH®PY OMOiNgpiOrBpPoi ABya, O TSHK MBI P
ANArae peMOHTY, oigeqaenkKefdaHRA TiixjBa eBHICOAY HBHK HY
HTPONMKW BHYPYPHIWHbB ppd®@mBRAHHA TpyoboOonpoBOAYyO-NTPMU
OBOAUTDbLCA Ni AT O DBOEBPKXaB WBIHY T pTi pPHG @M p orB 0 A Y . Mmi oi
LOMOMOTFTOKW PpPOOGOGBHWYOBAMOMBE® /IUWKHICT pHF@MBXUHI omar i
TOw 11 BMPiIi BHIOBA®G HOS0B O A0 T B Mi IBG@H KEC LM Hai 4 0 /1
MCTPOKW A NA NPOTSATN YyHB-aXXHIAX KIipA i3Tbp iOBraB/i HH VpXe MDY H K -
BaHOT O Tpy6onpoBoay AaxporTipwe pwaEsMNiMAIAKMIAB anb
6epr napuokEBMib HM®N pykK aBMi X nNepekKkadyyBalbHUMMU Hac
—“WUanHetpp’y 6y ANna nporTenyipape@yBTUBHI CTb H- T X
roToBNAKTbL I3 TepMonylr-aca MuyBiDXomMDYIW MBPpPHN@APAKDEpPY
6un pgiametTpom Big 80 pgond20swmmiEHiI sRayfaeapesagyy
Mi LHIi CTb. Mepepg uUuuM T THOMOO epP@EPMHBXY HikeaEOPIMO/ OH-& N O |
B Harpi ToMy cTaHi Yy ydoCcpHW Mag BraeHpHa M* Wi"a ic Taawp y u
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PucyH-olkpaldpi K 3 Mi HMW TdemMnepangypwxuHa Tpybob

PucyB@olkpmHyumnoBa cxemMa rapadyoro” wmar i c pmya)

Ha pucyHkKy 1 nokaseaHQOWOo pagphhi B Ml HM M@ MBOIi NbleHHSH
patypu HapTtTum (abo HadTioN prnoiaayiKrTpyi)B anoor ba HEX MHIO Mi X H N X
Tpyb6onpoBogagy. 3 rpadeg-ka PWAA@,UOBAQHNALIMOH TJTOBXUHI H ¢
MOnepaTypuMm Ha no4vyaTKOBIMHIgIMMEM ulNpmppeéoONRABRO BY ACTaHSH
i HTEeHCUBHI Wwe, Hi X Hac -KCiTHaUHEUB ViXx NMiemsHHy Ko Xb.C All@a N pomMi X
HIOETbCSHA WPe Tlewmmm,epaTtTypa nsBapmMu KKa/amilli sm|m TenaoBMUX C -
yaTKOBI W Ai naHUi B U UWa, H adToar XHea A XeEO ABNETSKMI KB L PTBARFE/POBBYI & P U
BTpPpaTwWm nNOPi BHAHO 3 THe-NKITOYB MHIaM( TBOTMppaoTBaoMly . H a K |
ueBi m pginaHui , AKOW pyxadkpmbcaAi ARehB AT BHHMPKY PO 3 paxy
TeMnepaTypotw. MepekadyyBRWBGIGN MOROAMiIpE TUKEe i@ DA AN O 3 H
HatToOnNpoOAYKTIi B Tpyo6oun-pe’'BOHAKAMUNT iy MO BIHYOC THASHM @-i AU H U .
Baes b‘crapaymm” nepekKka4yYyYBODABAMMIaYT pryebvonnepp a Ty pu  ni A
BOAW B ULUbLOMY BUNaAAKY MEBMIBHIOTBP Y OroanppsaousuoMmy’™s - 0 C K i /b |
Tpyb6onpoBogammu TUHa, wo 3anexaTtb Biig- TemMnenp

Ha PpuMCYHKY 2 nNOKa3 aHHOBMPT MHILY W b BY MNCOX €MQ/B XU H i . Oc K
“rapgayor o’ Mari cTpa/gbHIH &Y eTHPHYKD OMEP N B @ (@& T W Vg T 10 3@ (P D 14
TonpoBoOoAy) . Hadpta 3 pxago/B ualag nTopayi 6ooanep o e@EOMWA i o p aB

lnopaeTbCcsa B pe3epPByYApPRA@EHNAEBK pAT) Hanopy BU3HAaAYaHt

KauyyBanbHDT [AE®T &BHLUPE3 @p AY aIpaXx,axobmpumnmatwuymn H-14
HaHWUX Ni 4iTrTpiBanbHWMW HIAP UTCETNDIDESAMAIT, Y PN i LT Jp W K [
ETbCHA Heob6Xi aAHa TewmnaprRappla wWa A aGT SN P e s e pPoB-Yy

HbOT |

rpyH
no

4O o

piB HaPra 3abupaeTbcdd BOIAYN IBMBKHMM a A eBo ¢ d ™M pdly my/B@a

nepeKxayyeTbca 4Yyepes3 in-aposBi ab0 BOT HKEDB i nigirp
Ba4inoTi M 30ar 0400 NOOCMH 0 B BN X HacCoOLCiB t t,e @, (1)
3aKkauyyeTbca B Mari ctipanbHunm TpyobonpoBi g. Ock
NbKW, pyxawuymcb TpybonmnpoBOoOagoOoM, HadPrTa OCTMUT ae
16 ) e Po3Bigka Ta po3po6ka Haamap ISSN 1993-9973 print
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foet—-TemMnepaTypa Had)ﬂiToaﬂH[ZiO,ﬂ,){KTytHa Bl,qt to
XBi g MWOro mnovyaTkKy (Hanpm«pnta,qt t(?l,q tTetntr?os@|
cTaHui i) ; In
thr—-TeMnepaTypa HaAaBKIOJINWHBLOT O cé)pep,os
wa (rpyHTY) | LSt .t npu—e 2 (9
tb—-noyaTkoBa TemMnep®dTypa HadTh a6bot Hta
onpoAaykTy Ha no4artKoy- TPYPONPRBR#BYe HHIsP YR T foaT H
a TemneparTtypa l'laHlEIIT))lnﬂy”Tﬁﬁﬁ'@éﬁboﬁﬂip,i € Ki NbK:
K—noBHMUIA Koedi i €HT jTx&lo/ OclkenPa€aindi Yci T bB i gln 1 cnpo
apTtm abo Ha¢TonponyKnwmwrmmwwmmmmnmm%W%mwa%m
a Mo®E TpPpyoboOnNpoBOAY)  cpopmynowBeliacpocaixa ab6o y3a
D-BHYTpi WHIi # F'.'aMeTpq)bF?JW@(hlbﬁbOpreﬂ.WGeH30Ha, pos3
P—T Yy CTWUHMA HEHEIYTKOT Y ok pemi fi NSHK®IOWK®EAB KPM-0 M b I
Q-06’' emMHa BuUTpaTa; MYy BBaxaeTbCcC4 Wo Ha KO
c-MacoBa nNuniveMaTbeARA@PHEN o8 Tepirairucs
aPToOnNpPOAYKTY. OV HITY eEHT ¥ mpy@Gompo
Mpu 3apjfjaHUX 3HauY@ HHeSiXp f1 O B BRI MOnepamypax
uesRfTemMnepaappwnpoAyK-Tyo alykaypP 1a -m PH@IpHUIA TP
nag, MI X NyHKTamun Inl- Aalofp,pylBYP)03BpVa3xFya~|“ba<P0TMbo>KQ+Ja n
OBi AHY [AOBXMWHYP OBIOMAHKI HTPP YME O cTaHUi S MK, €K WO
eTBopeHotw dopmylnotw (lytBhiRHA%KHEYWABUIAAKY Bpax
| @CInt” t, @) Ha Bi AMi HY Bi mathrxompgpgBapg
"MTKD Ot t, HadTonpoaykTonpoBOAi &- K |
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Heo6Xxi AHa KianiCTer‘?_grpRaTiliP
Tpy6onposoai Topai popi BERGHW-2000)[13-15

L OueBUAHO, wo Koedi ui etr
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Tabnuny®i 3luxkiomi 4 Hi  xTavpkavk Tleppumny b K 07T  Ha @
B’ a3 K 0 .
[y @HTa cCT TemnepaTtypacCs3a MapadiH
Ha gt &, TeMNnym
3 3 Tepwm 6e3 Tej ,
KTy N @ | & o 6 k0O 10 06pkon |BMI¢C I'II'IO%BHI'FIG,
Mpwumya 8254 |221|7,78 -2 -1 10,00 52
TeMmnepaTtypun T X cepepfHe O6roBopeHHA pes3ynbTaTiB
pPpO3paxyHOK MNOBTOPWETHLC AHani 3 ojgepXaHuUux pes3ynbTartT
13. Po3paxyHOK npome,cnocobuwu 6e3TpaHWenrnHOT O pemMo.
MeTPpi B BHYTPIi WHbOT O AT-fHadGTonpoBOAi B BUunNnpaspgadHi K
ryetTbca BCepepgwnHi I caH-y( 3 Me H e H HHfa BpUETMPOaHTT ) , U TaarK | 3
MU O6yaAyeTbCcAa T padii KHasnayHoOT (BMTpatTm Ha neepreKkadvyyBaH
Tpyb6onpoBogi ONS KOXaH-C30opy. 3ayBaxXxumo, Wo w4 i 3 MeHL
Me Th(Bs). Mpu Dpsmy Hboro piavmeTtpa “rapdHoro” Ha
KOHTpPONbHMUI po3paxytt i gpaBai YHI BTpaTunu 3pocTarwTsb
cTaneBnx TpyobonpoBKWIIiWB3IMEHWYETbCA Tennonepre-gadya Bi |
ni onNnAarawtTb PeMOHTY, AinNA, CNpMsae 3MeHIWeHHI NcCepeagHbO

CTi HR, K= 15MM &;%5.=530 XxM8M HITTpy 60 npso3skoqacyT i(V")H a doak+o p
AKUMU N epekpanwiyyeHTabgrasia K - Yy € eHepros3aTtTpaTu Ha TpaHCcNoO
TEpPUCTUKM AKOT HaBefeH3IBHWeHHSA pAgiamMeTpa O6i nbWw CYTTE
Ona «kKpawol Bi 3yanias-ari gpaB /i YHI BTpaTtTwn emM-eprii,
XYHKY nobypoBaHO 3ame HbOfH3mBOCTI . Tomy 3ammanwai eH
T bapxakTep 3MiIi HupurcempITpHanopTyBaHHA 3pocTawTb. Cni |
B' A3 KpomcecThi)r3(,c TpruaBHADPT&®ANAOBT U X rapsaydmnx HadgTonpoBoOAMg|
BTpaT Hanopryo (HUEXMHI,- neppeay atdT b C 4 NMYHKTMN NPOMIiI XHO
BOAY aons i cegnroo oM@y @aHa dpT 1”, T x KIisfiRyi gntas( 83 raipgH o
D;z0143 mTa pAana pAi amMeTpi BMOHTOBAHOINoO 6e3TpaHWE-AHUMUM CN(
Tpybonposogagy, wo -M1pOpm spoBOAY 3 MADWYNEPTALACBA N O €K OH
AHanor i YHi 3annexXxHaowic-ami i eHeprosuTpaTtT Ha oOT-paHcnnop
poB DgPsldmTa aAinameTpi B-TPBIi A3HaAa4YNMO, wo A4nNnsa Hadronp
HOBOTIFo Tpyb6onpoBoagy5l4d- Laoi amentppry oxonoagxaeawympioyAaadTu
0426)m( puc-r.) 4, a HUin peErxonbaas)iyeme X o /maivb
Takox, nobyaoBaHO @-aHaAapHMOMY cCcni BBiIi QHOWEHHSA Mi X
Yy Y BHYTPi WHbOmM®PSA TPYBA3IKOCTI HHAM MEIHAW 3 Mi HIOET b C 4
i naHkun Bi A hiDe)nor aginawe®/d*” povd, Wo cnNnpuAe 3HOUKEHHI el
Tagm TpybonpoBojgia,pHarxBuTpart.
ax 3, no Ta 4, o . AmaJ Bk a3 aHi pe3ynbTaTtub-CBECITAYAT
HOBJ/IeHO, Wo 3 MeHWamHHBOTHIi CTb i BMnpasegaHi ctTb cnocob
Tpyb6onpoBoagy ©O6i nbwWw Cby-TPEMOHTY HadpronpoBopAi B ons4a
WweHHA Ti opaBAi YHUX BO-pBA3KUX HadT. 3
He 3 MeHWeHHS B’ A3KOCTI e 3
3MeHLWeHHAM Taern n o@Cukxi ABbT
MY MY Ha LaHUX r gpa piakcax c s cnocrT
BU3HAUYUTMU onTumMaemb XxniBoOLgi ameTp
Came TOMY MnNpPONOHYETbLCSA BM3HAaYaTMW 3 HaAaUYeHHSd

onTMManbHOINIO fAiaMeTpy- 3a cynepnos3unuyi ew Ki n
KOX KputepiilB, K I FanexaTtb Bi A piamMeTpa BHY
pPi WHbLOT O TPya&wnyp o ELIyYMHiigp

BTpaTunu B TpybonpoBogja-, B'A3Ki CTb Ta rycTunuHa H
dTtmn (guB puc 5)
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rYCTUHUN H@aPaK TEp 3 Mi HM BT paT Hano p-y3 anioe XHo
BTpaT Hanopy B Tpyb6onpoBoagi Bi o WHooro 1Mi a

PncydoxesynbTaTmWm po3paxy HKiyc HlyaKpyaoM emoQci TB P §B @ @l
D, x0.=530x 81 m
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1717,5 32,180 1717,5
31,180 848,38
1517,5
1517,5 30180 ,
847,38
29,180
o
= 13175 5 2 13175 84638 <
2 S z g
S 28,180 2 S
[ = - c ~
o ) o Q
T 5 z <
= Z =
= < = I
g 27,180 2 § 845,38 E
S 11175 «@ @ 11175 ey
26,180
844,38
25,180
917,5 9175
84338
24,180
7175 23,180 7175 842,38
0,115 0,12 0,125 0,13 0,135 0,14 0,145 0,115 0,12 0,125 0,13 0,135 0,14 0,145
[JiameTp Tpybonposoay, M JiameTp Tpybonposoay, M
(kpaiiHa NpaBa TOUKa XapaKTepU3ye NepexradyBaHHA (kpaiiHa NpaBa TOUKa XapaKTepU3ye NeperavyBaHHA
Mo iCHYIOUOMY cTanbHOMY TpyBonposoay) Mo iCHY4YOMY CTa ibHoMy Tpy6onpoBoay)
—@—3aranbHi BTpaTW Hanopy, m B'AskicTb, Vi, cCT —@— 3ara/nbHi BTpatv Hanopy, M TycTuHa, pi, Kr/mA3
a) 6)
808,5 808,5 819,60
7,580
758,5 758,5
7085 7,080 7085 817,60
658,5 658,5
6,580
o
2 5 2 81560 %
z 608,5 2 2 6085 =~
o 4 = o 4 =
[=4 . c ~
1 o 1] Q
x = I -~
= 6,080 -2 = g
f§ 5585 o % 5585 S
3 5 s &
& @ 2 813,60 =
508,5 5580 508,5
458,5 4585
811,60
5,080
408,5 408,5
358,5 4,580 358,5 809,60
0,42 0,44 0,46 0,48 05 0,52 0,42 0,44 0,46 0,48 05 0,52
[Liametp Tpy6onposoay, m Jiametp Tpy6onposoay, m
(kpaiiHa NpaBa TOUKA XapaKTEPU3YE NeperadyBaHHA (kpaiiHA NpaBa TOMKa XapaKTepUsye NepexrayvyBaHHA
Mo icHyr4OMY CTanbHOMY TpyGonposoay) no icHyto4omy cTanbHomy TpyGonposoay)
—@— 3ara/ibHi BTPaTU Hanopy, m B'AzKicTb, vi, cCT —@— 3aranbHi BTpaTH Hanopy, m TyctuHa, pi, kr/mn3

B)
a,—-30anexHi cCTb 3 MIi Hpya Tr i HOEPNAOBP/YI YTHaM, X BBITA4 N OB i A H C

Bi A4 AiamMeTpa BHYTPIi WHbLbOTO Tpye@esibpds ol ywx &
B,-3MANEXHIi CTb 3MiHW TigpaBai YHMWX BTpPpaT HanN

Bi A Ai aMeT pa OB HYTyioOWmHBY B 0 & ¥ ,T b OB B, ROGT H/BMM 8

PncyHoBEnms3bHauyueHHdA onTuMumanbHOTNIO pfiamMeTpa ¢
Wwo npyEmsHTA B i CHYHOUYUOMY
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