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R. BUINYI
HOW TO TAKE INTO ACCOUNT THE DISTRIBUTION OF LOAD IN DISTRIBUTION LINES
10KV FOR OPTIMAL ALLOCATION OF SWITCHES
Described an approach for linearization of objective function "underdelivery of power to consumers" for
distribution power networks 10kV. A method for taking into account the load distribution along power lines is
described for several cases such as 1) uniform distribution of load; 2) concentration of load at the beginning of
the line; 3) concentration of load at the end of the line. The parameters of proposed distribution function are
estimated. The results can be used to determine analytically the optimal allocation of switches in order to reduce
the underdelivery of electric power. Also, the approach will allow developing recommendations for the process
of choosing optimal places for switch installation in power lines.
Key words: switching device, target function, underdelivery of power to consumers, power distribution.
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VK 621.311
P.A. BYIHBIN
YUYET PACHPEJEJEHUS MOIHOCTH NOTPEBUTEJEN BJ0JIb JIDI IIPU
ONPEJEJTEHUH PALIIUOHAJILHBIX MECT YCTAHOBKH CEKIIMOHUPYIOIUX KA B
PACHPEJEJUTEIBHBIX CETSIX HANIPSIDKEHUEM 10 KB
[IpemioskeHO MOAXOA TO JIMHCAPU3AlUH IEJICBOW (DYHKIMH «HETOOTIIYCK JJIEKTPHUYCCKOW HSHEPIHU
MOTPEOUTETSIM» JUISl PACHPEICIUTEIbHBIX 3JIEKTPUUECKUX cereil HanpspkeHHeM 10 kKB, KOTOpBIH IO3BOJIUT
AHAJIUTUYCCKHU OHpeL[eJ'ISITI) paIlI/IOHaJ'H)HI)Ie MECTa yCTaHOBKI/I CeKIII/IOHI/IpyIOIlII/IX KOMMyTaIlI/IOHHLIX annapaTOB nu
pa3paboTaTh pEKOMEH/IAINH 110 BEIOOPY MECT MX YCTAaHOBKH.
KaroueBble ci10Ba: CEKIMOHHMPYIOIIMI KOMMYTAl[MOHHBIA ammapar, LeneBas (QyHKLIUS, HEIOOTIYCK
3HeKTpH‘I€CKOI>'I 3Hepr1/11/1, 3aBUCHUMOCTH pacnpez[eneHI/m MOIIHOCTH.

VIK 622.276
T.O. PUHKOBA, M.IO. BACWILYEHKO, T.M. KOBTAHIOK

MATEMATHUYHA MOJEJIb HPOLHECY T'A3JI®THOI
EKCIVIYATAIUI 'EOTEPMAJIBHUX CBEP/IVIOBUH

[TpoGnema inTeHcUdikanii podouux nporeciB npu razmipTHIA eKCIUTyaTalil reoTepMabHUX CBEP/JIOBHH €
aKTyaJIbHOIO 1 B&KJIMBOI 3a/auero. Y CTaTTI MpPOaHai30BaHO 3B’3KM MK OCHOBHUMH IapaMeTpamu, sKi
XapaKkTepu3yoTh podoTy razmidra. OTpumaHi pe3ynbTaTH MOPIBHIOIOTHCS 3 JAHUMHU, 10 HABEACHI Y TeXHIUHIN
miteparypi. [Ipu neBHil ruOWHI 3aHYpeHHs 3MillyBada rasmidTta moOymoBaHi 3aJIeKHOCTI BHCOTH MigHOMY
MOBITPSTHO-BO/ISTHOI CyMIllli, ITOTYXHOCTI KOMIIpecopa 1 koedilieHTa KopucHOI Aii razmidra Bix MacoBoi 4acTKu
MOBITPST B eMyJibCii. XapakTep 3aJieKHOCTEH BiANOBiae (Ii3MYHMM YSBIEHHSIM MpO TIpolec TrasiidTHOi
eKCIUTyaTalil reoTepMalbHIX CBEP/JIOBHH.

KoarouoBi cioBa: rasmi¢t, reorepmaibHa CBEPUIOBHHA, KOE(ilieHT KOpPUCHOI il rasmidra, eHepreTudHi
XapaKTEePUCTHUKH, MaTeMaTHIHE MOJICITIOBAHHSI.

Beryn Ta mocraHoBka mpoOgaemu. Ilpomecwm, ski BimOyBaioThcs Mix 4ac Tas3mi)THOI eKcInTyaTamii
TeoTepMaIbHUX CBEP/UIOBHH, € CKJIQJHUMH Ta 6araTohakTOpHUMH. J{0CTIKEHHS X IPOIECiB HEMOXIUBO 0e3
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BCTAHOBJICHHsSI 3B’SI3KIB MK BEJIMYMHAMH, SIKI HOTO XapakTepu3yloTb. TOMy NpH JOCIHIJUKEHHI AOLIJIBHO
BHUKOPHCTOBYBAaTH METOJ MaTEMaTHYHOTO MOJEIIOBAHHJ. MaTeMaTHYHE MOJCIIOBAHHS € METOJIOM HayKOBOTO
JIOCTIKCHHS, IKMI OCHOBAHMH Ha Mi3HABaHHI MPOIIECIB 33 JOOMOTOI0 MaTeMAaTHIHOI MOJIET.

Meton MaTeMaTHYHOTO MOCTIOBAHHS BKIIOUae B ceOe BHpINICHHS TakuX TPhoX 3amad. llo-meprmre,
BCTAHOBJIOIOTHCSI 3B SI3KM Mi’K OCHOBHHMMH IapameTpamu npouecy. Jlaii CKIaJaeTbesi CHCTEMa MaTeMaTHIHUX
PIBHAHB, SIKi ONMMCYIOTH Tporec. JJo TakuxX piBHAHB BiTHOCSTHCSA MaTepialibHI i eHepreTH4Hi OajJaHcH, a TaKOXK
3aJIe)KHOCTI, IO XapakTepm3yloTs crenudigHi ocobmmBocTi mpomecy. Llg cucrema piBHSHB Ha3WBAETHCS
MaTeMaTUYHUM OIHCOM ab0 MaTeMaTHYHOIO MOJICIUTIO TIPOLIECY.

Jpyra 3amaya momnsArae y peaiizaimii MaTeMaTHYHOI MOJeTl 00’e€kTa JOCHIIKCHHS Ha Komi totepi. [lo
pe3yJsbTaTax J0CiiKeHb OyayroThCs Tabiui, rpadiku, poOasSThCS BUCHOBKU Ta PEKOMEHIALI.

3MicTOM TPEThOi 3ajadi € MmepeBipka BiAMOBIAHOCTI MaTeMaTHYHOI MOJIeNi peasibHOrO mporiecy. Ha nmpomy
eTami OI[IHIETHCS HACKUIBKM TPUMYINCHHS, SIKI TPUHHATI TPU CKIAJaHHI MAaTeMaTUYHOI MOJeli, €
npaBWIbHUMHU. Lle poOUThCS MEeTOIaMU MaTeMaTH4HOi CTaTHCTHKH. [1iJ yac ckiajaHHS MaTeMaTHYHOI MOJei
Tpeba maM’sATaTH, M0 KUTBKICTh PIBHSAHD MAaTeMAaTHYHO! MOJENi MOBHHHA IOPIBHIOBATH KiJBKOCTI HEBiZOMIX,
iHaKIIe IS CHCTeMa He 3MO)Ke OyTH BUpIIIeHa.

MarematindHa MOJENb IMPONECY Ta3mipTHOI eKcIuTyartarii reoTepManbHHX CBEPUIOBHH CKIIAJA€ThCAd Ha
OCHOBI 3aKOHIB TiIPOCTaTHKH, CYIIUTFHOCTI Ta HEPO3PHBHOCTI MOTOKY, 3aKOHIB i/lealbHUX 1 peanbHUX Tas3iB,
3aKOHIB HATHITAHHS Y OXOJOIKYBAaJBFHHX KOMIIpECOpax Ta NESKUX 3aJeKHOCTEH, siKi 0a3yloThCs Ha Teopii i
OpaKTHIll eKCIUTyarailii ra3miTaux ceepuiosus [1, 2, 3].

CkaananHss MaTteMaTHdHoi Mopaeni. @i3myHi ysiBjJeHHs npo mpouec. OCHOBHUM €IIEMEHTOM, SKHH
30ibIIye 1e0iT reoTepManbHOi CBEpIUIOBHMHU € rasmipT. [IpuHumun poOotu raszmira 3acCHOBaHO Ha SIBHIII
3HW)KEHHSI TYCTHHH PiJJHHU 332 paXyHOK BBEIICHHS a3y, SIKHi 3MILIYIOUUCh 3 PIANHOIO, YTBOPIOE EMYIBCIIO, 1110
MiIHIMAETHCS BBEPX Ha MIEBHY BHCOTY 3JkBa (pHc. 1).

L

L
7T

|

Puc. 1. T'aznidTHa cucrema: 1 — migHiManbHa TpyOa; 2 — TpyOa Jyis 0IaBaHHs CTUCHEHOTO MOBITPSI;
3 — 3minryBay; 4 — BifOiitHUK; 5 — 30ipHHUK.

Bucora migHiMaHHS emysbcii B TpyOl BHM3HAuaeThesi ii T'YCTHHOIO Ta TJIMOMHOIO 3aHYPEHHs rasiigra.
[To3HAUYUMO TYCTHHY eMYJIbCIi p.,, & TYCTHHY F€0TepMalIbHOI BOJH p. 332 3aKOHOM CIIOJYYEHHX COCY/IiB MOYKHA
BHU3HAYHTH PiBEHb MiTHOMY eMYIbCii i 9ac moadi CTHCHEHOTO TOBITPSI:

p-H=py (H+h), (1)

ne H — rmubuna 3anypenHs ra3midra, M;

h — Bucora migiiomy piguHu, m;
(H+h) — Bucora migiioMy eMyIibCii, M.
Po3KpHEMO IyKKH Ta 3HAHIEMO BUCOTY mimioMy pimuau h:

h= (L_l) “H. @)
pC,H
3 piBHsHHSA (2) BUIUIMBAE, WO MiAHITTS PiAMHA HAa BUCOTY h 3aJeXuTh BiJ BiAHOWICHHS p/p,, Ta TIHOUHU
3aHypeHHs raziidra. ¥ piBHsaHHAX (1) 1 (2), sKmo rmbuHy 3aHypeHHs rasmidra H BBaxaT BiJoMOI0, TO MAaEMO
TPH HEBIJOMHX BEINUUHH — p, P, 1 D.
I'yctuHy reorepManbHOi BOAM p MOKHA BH3HAUMTH 3a ii TeMIeparyporo iy, KOPHCTYIOUHCH TaOIUISIMHU
TeruiodiznuHKuX BiacTuBocTel pedoBuH [7]. Todi y BUXiZHMX AaHUX MpH peaizalii MaTeMaTHYHOI MOJeni
HeoOXi/IHO 3a7aTHCS LI€I0 BEIMYUHOIO:

p= f(ts()())' (3)
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I'yctuna emynbceii 3HalAeTbCs, K TyCTHHA CyMIIi:
Pev = Prnosy = P + (1 - (p) P, (4)
Jie (@ — ra30BMICT HOBITPs Y eMyJIbcCil, %;
Pros, — TYCTHHA CTHCHEHOTO TIOBITPS, AK€, CTUCKYKOUHCh Y KOMIPECOPI IO BUCOKOTO THCKY Po, mojaeThes
y 3mimyBad razmidra, Kr/m.
lasoBMicT TWOBITPS y CyMmimi B3TigHO JiTEpaTypHHX IDKepen [5] i Ha OCHOBI eKCIepUMEHTATbHUX
IOCIIDKEHb PEeKOMEHIYeEThCcs mpuiiMatn y nmiamasoni ¢ = 0,4 — 0,6. Ilig wac peamizamii mMomem ¢
PO3IIIANAETHCS SIK CTANA BEIUYHHA.

I'ycTuHy MOBITpS 3HaMAEMO 3 PiBHAHHS CTaHY pealbHUX Ta3iB:
__P
pnogz - R-TZ-Z’ (5)
ne P, — Tuck moBITps Ha BUXO/Ii 3 0XOJIOMKYBAJILHOTO KoMIipecopa, [1a;
T, — TemnepaTypa MoBiTpsl Ha BUXOJ 3 KoMIpecopa, K;
Z — xoe(illieHT CTUCITUBOCTI.

3riIHO 3aKOHIB TiJIPOCTAaTUKU THCK Ta3y B TOYIl BBOJAA y MiAHOMHY TpyOy rasiidra Oyxe mponopuiiHuM

rMOWHI 3aHYpEHHS 3MilryBada abo 6ammaxa ra3midra H i He Moxe OyTH MEHIINM 3a BiJOME CITiBBiTHOIIICHHS:
P,2H-p-g+A4p, (6)

ne Ap — BTpaTH THCKY Ta30BOSHOI CyMIII Ha TOJOJIAHHS TEPTS, MICIIEBUX OMOPIB 1 MPUCKOPEHHS MOTOKY Y
iIHOMHOMY KaHaJli rasmidra.

o crocyeTbcs TeMIlepaTypy CTHCHEHOTO ra3y (IIOBITps), TO y OXOJIOJDKYBaJbHOMY Komipecopi T, = Ty,
TOMY IO TIPOLEC CTUCHEHHS e NMpH MOCTIHHIN Temmeparypi, 1o 3a0e3MedyeThCsl BiIBOJOM TEIUIOTH MPH
CTHCHCHHI, 3aBJIIKM BOJISTHIH “ py0alii ” koMrpecopa, B sKii IUPKYJIFOE 0X0JIOKyBalbHa Boa. L{e momomarae
TPUMAaTH TEeMIIEpaTypy CTHCHEHOTO ra3y B MeXaxX MEHIIMX TEMIepaTypH PpO3KJIaJaHHsS 3MallyBaJbHUX
MaTepialiiB, a TAKOXK MOJIIMIIIYE poOOTY KOMIIPECcopa.

KoedimieHT CTUCTUBOCTI Z 7S pealibHUX ra3iB 3HAXOAUTHCS 32 (HOPMYJIOH:
_ Pyu,

z= (7

RT,'

J1e U, — IUTOMHI 06’€M CTHCHEHOTO rasy, M /K
R — nuroma rasosa crana, Jxx/kr- K.
Maroun 3HaueHHs Py i T, 11 BeTMunHa BU3HAYAETHCS 32 rpadikamu abo 3a Tabmumsmu [9]:
z=f(P,TyR). (8)
B 3anexHocti (6) BTpaTu THCKY Ha IOJOJIAHHS TEPTs, MICLUEBUX OINOPIB i Ha NMPUCKOPEHHS PIAMHU B
nigioMHil TpyOi razni)ra BU3HAYAIOTHCS 32 BIIOMUMH (OPMYIaMHu:
Ap = Apyy + AP0 + APy, ©)
ne Ap,,, — BTpaTH THCKY Ha TOJI0JIAHHS TePT y KaHaii, [1a;
Ap,,, — BTpaTH THCKY Ha TIOJOaHHS MiCIIEBUX OIOPIB y MiaioMHil TpyOi, [1a;
Ap,,, — BTpaTH THCKY, 00YMOBJIEHI IPUCKOPEHHSM MOTOKY reoTepManbHOi Boay, [la.

3rijiHO JIiTepaTypHUX AaHUX:

l w2
Apmp=}"rp'd_w('p2 ) (10)

e )\,rp — Koe(illieHT TepTs;
| — noBxuHa KaHamy, M;
d,, — EKBIBaJICHTHUI1 iaMeTp KaHATY, M; 5
p — TYCTHHA DPiJIMHU, KA PYXAETHCS Y KaHaI, Kr/M’;
W— mBuAKicTh pyXy pianHH, M/C.
3HOBY 3’ABISIOTbCS YOTHPH HeBitomMux Ay, I, d,, W. Koediuient rteprs (A,,) € dynkuiero uncna
Petinonpnca (Re) ta BimHOCHOI mOpCTKOCTI KaHamy (€). Sk Bimomo, gucimo PelfHonblca, ske BH3HaYae
BUMYIICHHUH PyX PIIMHU, 3HAXOTUTHCS 32 POPMYIIOIO:
w-d
Re = Te", (11)
e V — KiHeMaTH4YHa B’S3KICTh PIIUHH, SKa BHOHMPAETHCS 3a TAONUISIMH TEIUIO(DI3UYHUX BIACTUBOCTEH
. 2
pinunu [7, 8] 3a 1i Temneparyporo, Mm/C.
Tenep 3HaleMO BiIHOCHY IIOPCTKICTB!
e=—, (12)

ne A — abCcoroTHA MIOPCTKICTh KaHAIY, M.

AOGCoIoTHA MIOPCTKICTh KaHATY BU3HAYAETHCS BHUCOTOIO BHUCTYINB MIOPCTKOCTI Y MM, 3QJICKUTH BiJ 4Yacy
eKCIUTyaTallil KaHaly Ta MaTepiany, 3 IKoro BiH 3po0ieHui [4, 5].

3HaueHHS EKBIBAICHTHOTO JlaMeTpa JIOBIIBHOIO KaHAJIy 3aJeXHTh BiJ IJIOLII IONEPEeYyHOro mepepisy
KaHaJIy Ta IIepUMEeTpa 3pOIIyBaHHS:
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d.=ZL. (13)
Hossxuna migiiomuol Tpy6u rasmidra (I=H-+h) mopisaroe cymi rnubunu 3aHypeHHs 3MilryBaya ra3midra ta
BUCOTH TiHOMY PiAMHH 10 37IUBA:
l=H+h. (14)
lono BTpaT THCKY CyMilli reoTepMmaibHOi BoAM 1 razy (TOBITps) y migioMHiil TpyOi rasmidra Ha
MOZI0JIAHHS MICIIEBHX OIOPIB, TO IX MOJKHA PO3paxyBaTH 3a 3aJ‘Ie)I<HiCTIOZ

Ap,w.o = n 151 P (15)

ne &; — xoe(iIi€eHT i-ro MicIIEBOro OTopYy.
3HaueHHs &; 3aJIeKUTh BiJ BUIY MiCIEBUX OMOpiB, Hanpukiax [5, 6]:

1) BXinx y TpyOy 3 roctpumu kpasmu — & = 0,5;
2) BUXin 3 TpyOou — & = 1;
3) BEHTIUIF HOPMaJIBHUH TIPH MTOBHOMY BiIKpUTTI — & = 4,1.
Btpartu THCKY Ha MPUCKOPEHHSI PYXY eMYJbCil OOUHCITIOITHCS 3a 3anexkHicTio [5]:
p2 Wi  py Wi
e (16)

7€ Py, P2 — CYCTHHH IIOTOKY HA BXOZi i BUXO/i TIHOMHOTO KaHay, Kr/M>;
W, W,— mBHAKOCTI MTOTOKY Ha BXOJi i BUXOi KaHAIy, M/C.
OcKinbKy, Ha MOYaTKy poboTH ra3midra pigznHa Oyna Hepyxomoro W, = 0, toxi:

2
Ap,, =27 (17)

Bu3HavyeHHsI MIBHAKOCTEl Ta BUTPATHHX XapakTepucTuk. B 3anexnoctsax (10), (11), (15), (16) i (17)
BXOJUTH IIBHIKICTh PyXy eMynbcii y migdoMHOMY KaHami. Llg BenandnHa mie Heo3HadeHa. Bona Moxe OyTH
O3HauCHAa TUIBKA TOMi, KOJHM PO3TIINAE€ThCS KOHKpPEeTHa KOHCTPYKWis Tasmidra. ToOTo, s cKiIagaHHS
MaTeMaTHYHOI MOJIeIi HEOOXiAHO BHOPATH KOHCTPYKIIIFO Ta3mi)THOTO IPUCTPOIO.

IcHYIOTB pi3HOMaHITHI KOHCTPYKLIT ra3niTHUX MiIHOMHHKIB. BOHM MOXYTh OyTH 3 LIEHTPAJIBHOO MOAAYECIO
NPUPOJHOTO ra3y (MOBITPs), KOJM BiH 3aXOJWTh y IIAWOMHHK IO IIEHTPalbHIA TpyOi, a cymim razy Ta
reoTepMalibHOT BOJIM MiJAHIMAEThCA y MDKTPYOHOMY MpPOCTOPI MDK OCaJHOI 1 HEHTPAIBHOI Tpydamu
(xinpLeBUil KaHam). A Moke OyTH HaBIIAKU: MOBITPS a00 ra3 MOJAIOTHCA Y MIKTPYOHHIA MPOCTIpP, a Ta30BOITHA
€MYJIbCIsl MIHIMAETBCS 110 LEHTPaNbHIH TpyOi.

MeroauKy CKJIaJaHHS MaTeMaTHYHOI MOJEeNi pPO3IJSIHEMO MJIsi BHIIQJKYy OJHOPSIHOTO Tra3iipTHOrOo
MiAHOMHMKA 3 IEHTPAJIHHOIO ToJauero ra3y (OBiTPs).

. . . dy _ 50
3amamocs po3MipaMu ocagHOI 1 meHTpanbHoi Tpyo: Dy, = 126 MM, =
6H
3HaIouu JiaMeTpH LeHTpalbHOI i ocagHol TpyO rasmidTHoro migdoMHHMKa Ta iX JiHIHHI pO3MipH, MOXKHA
3HAWTH MBUAKOCTI pyXy ra3y (TOBITPs) i Ta30BOMSHOI CyMilIi 3 PiBHSAHHS CYIUTBHOCTI i Hepo3puBHOCTI. Jlist
CTHCHEHOTO ra3y 3aliCy€eMO PiBHAHHS HACTYITHUM YHHOM:
=W, (18)
nie V, — 06’eMHa BuTpaTa rasy, M/c;
W, - H_IBI/IJIKICTB CTHUCHEHOTO ra3y (IOBITps) y IEHTpaNbHIN TpyOi, M/c;
. . 2
f. — oA nonepeyHoro nepepizy UeHTpanbHOI TpyOoH, M”.
[Tiroma nonepeyHoro nepepizy BU3HAYUTHCS 32 3aJICIKHICTIO!

_ md2,
f, = Tl (19)
AHaNorivHO MOYKHa 3HAWTH 00’ €MHY BUTpATy ra3OBoL[51H0'1' cymimii:
I/L'M LM fumpl (20)

ne V., — 06’ eMHa BUTpaTa ra30BOISHOI CMilli, siKa i € 1eGiTOM reoTepMaiIbHOI CBEPITOBHHH, M /C;

W,,, — MIBHAKICTH Ta30BOISHOI CyMili y MiXXTpyOHOMY TIpocTOpi, M/c;

fump — TUIOIIA MDXTPYOHOTO POCTOPY MiAKOMHOIO KaHaiy, M

[T70oma Mi>XTpyOHOTO MPOCTOPY MiAHOMHOT'O KaHAITYy JOPIBHIOE:

fump =%+ (D&, — d2) . (21)

Amnaizytoun piBasHHA (15), (16), (17), (18) i1 (20), MoXHa IPUHTH A0 BHCHOBKY, IO BEITMYHUHH 00’ €MHUX
BUTpAT 1 IIBHAKOCTEH ra3zy Ta ra30BOAfHOI cyMmimni B3aeMOOOyMOBieHi. SIKImI0 BimoMi 00’€éMHI BHTpaTH i
TIOTIEPEYHI MepePi3u KaHATIB, TO 3aBX/IM MOKHA 3HAWTH MIBUIKOCTI. | HaBMaku, 3HAIOUN BEJIMYMHU IIBUIKOCTEH,
MOXHA BCTAaHOBHUTH 00’ €MHI BUTpPaTH JUI 33/1aHOT KOHCTPYKIIT rasiidra.

Bunukae nurtanss, mo € npiopuretHuM. Ilin vac ra3n1(bTH01 eKCIUTyaTalii reoTepMalbHUX CBEPIOBHH
060B’13k0B0 Tpeba 3HATH AeGIT rasmidTHOI CBepAIOBHHH B M/100y 1o rapsdiii Bomi. Moro Benmumua
JMKTY€ETbCS BUMOTAMH CIIOKMBAdiB II0JIO TEIJIONOCTAYaHHS 1 ONAJICHHS NPHMINIEHb, & TaKOX HPUPOTHUMHU
3amacamMM rapsiaoi reorepMmaibHOi Boad. J[ebiT reoTepManbHHX CBEpAJIOBHH MOXE KOJIMBATHUCh y IIMPOKUX

mexax: V =1, = (500 =
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Tobro, mpu ckiIagaHHI MaTeMaTHMYHOrO ONUCY 00’€MHa BHUTpaTa IeOTEpPMAalbHOI BOAM NOBHUHHA OyTH
BimoMoro. Bcei iHII BenMM4rHT MOBIHHI 3a0€3MeYNTH TOTPiOHMIH Ae0IT re0TepMallbHOI CBEPIOBIHH.

IMapamerpu poGoTu Kommpecopa. BaxmuBuMm mapameTpoM € 00’€MHa BHUTpaTa MOBITps (Tazy), IO
TIO/IAETHCS y KOMIIPECOP V56, , BiIHECEHA 10 HOPMANBHUX TEXHIYHUX YMOB (V,,,, = 20°C, P; = 0,1MIla), Tomy
0 CTHCHEHHS TOBITPA y KOMIpEcopi [0 BHCOKHX THCKIB, 3abesmedye pobory rasmidpra. Ha ocHOBi
eKCIEPUMEHTANBHUX HocHikens [1, 4] mpomoHyeThCsl BBECTH BEIMYMHY, SIKA HA3WBAETHCS MHUTOMA BUTpATa
noBiTps (ra3y). [lutoma BuTpaTa MOBITPS — I€ KUIBKICTh HOBITPS NMPH HOPMANBHUX (Di3MUHMX yMOBax, sKa

HeoOXiHa utst miHiManmHs 1 M° Bow Ha Bucoty h. Ii Benuunia 064HCIIOETHCS 32 eMITIPHYHOIO (BOPMYIIOO:
1,75'h
num 4

Vnos = H+10! (22)
Clg
10

ne C — xoedilieHT, YuCIOBE 3HAYEHHS SKOTO 3aJIeKUTh BiJ BIJHOIICHHS IJTMOMHU 3aHYpPEHHs 3MilllyBada
rasnidra H no Bucotu migitomy emyibeii (H+h).

HeoOxignicTh 3HaxomkeHHs V,7v" monsrae B TOMy, LIO 1Sl BEJIMYMHA IIPH 33JJaHOMY JIeOiTi CBEpIUIOBHHH,
JTa€ 3MOTY OOYHCIINTH CeKYHIHY Ta TOAMHHY BHTPATY HOBITPS Ha BXOJI Y KOMIIPECOD, a MOTIM i OTYKHICTh Ha
MIPUBIJ KOMIIpecopa Ta OLHUTH 3aTpaTH eHeprii Ha mepeOir mporecis y ra3mdri.

CekyHzHa BHTpaTa rasy (IOBITps) HA OCHOBI BU3HAUCHOI TUTOMOI BUTPATH, 3HAMIETHCS 32 3AJICKHICTIO!

j— num
Vnoel =V V. (23)
. . o 3 . H
[puvomy, y dopmymi (23) nebiT CBEepATOBUHM TOBHHEH OyTH BH3HAUYCHHU B M°/C, a BiIHOIICHHS T
obOunciroeTses 3 piBHAHHS (1) 1 JOpiBHIOE:
M e (24)
H+h p’
MacoBy BHUTpaTy MOBITps 3HaiAEMO, SIK 100YTOK 00’ €MHOI BUTpAaTH HA TYCTHHY Ta3y Ha BXOAl y KOMIIPECOp:
Myos = V;tosl * Prosy (25)
I'ycTrHA TOBITPS ipY HOPMAJIBHAX (DI3MYHIX YMOBaX BH3HAYNTHCS 3 PIBHSIHHSA CTaHY ificabHUX ra3iB:
Py
pn031 - Rlel (26)

[oTyxHiCTh Ha NMPHBIJ KOMIIpECOpa MOXKHA PO3paxyBaTH SIK JOOYTOK MacoBOi BUTpAaTH a3y Ha IHUTOMY
poboty Ha mpuBin Kommpecopa. Leit moOyTok Tpeba momimuTH Ha KOSQIlieHT KOPUCHOI Iii KoMmIpecopa, SKUi
BPaxOBY€E BTPATH CHEPTil B HABKOJIMIIIHE CEPEIOBUIIE.

Mgl
NK — noe K’ (27)
i

xe 1= 0,7 — xoediuient KOpUCHOI Aii KOMIIpecopa;

l, — muToma poboTa Ha IpUBiA KoMIpecopa, KJK/KT.

[TuromMa poGOTa Ha MPUBIA KOMIIpECcOpa IpH i30TEPMIYHOMY CTHCHEHHI Oyje oOuuciieHa 3a BiJOMOIO
hopmynoro:

Py )
Li,=p1 -vllnP— =R -Tiln o (28)
1 1

Je V; — IMTOMHIT 06°€M TIOBITPS Ha BXOJI Y KOMIIPECOpP, M /KT.
[MuToMmuit 06’eM MOBITPS HA BXOMI Y KOMIIPECOP € BEIMINHOIO B3a€EMO 00EPHEHOIO TYCTHHI Py |
1

V1= pnosl. (29)

KoedinienT xopucnoi nii razmidgra. KoedimienT kopucHol aii raszmidra BU3HAYAETHCS BIJIHOUICHHSIM
eHeprii, HeoOXinHOI st MaHATTS 1 M piamHu (TeoTepMaibHOI BOIM) JO €HEprii, sKa BUTpayaeThCsl Ha
CTHCHEHHSI TUTOMOI KiJIbKOCTI MOBITps (ra3y) mo HeobxigHoro TuckyP, [1].

[lix gac i30TepMIYHOTO CTHUCHEHHS MOBITPA (Ta3y) Yy OXOJO/KYyBaIbHOMY KoMmIpecopi koedimieHT
KOpHCHOT il KoMmpecopa rasmidra (1,) Moke OyTu po3paxoBaHwii 3 piHsiaHs [1, 3]:

p'g'(h"'hsmp)-nkh
L (30)
1 Vo Inp

Je h — BucoTa migioMy reoTepMaibHOI BOIH, M;

Rgyp — TiNpaBiiuHi BTpaTH y MifHIMAaNLHOMY KaHAJIi TeoTepMaIbHOi BOIM Ha BHcoTy N, Komn neii miniiom
3a0e3neuyeThest 3aHypeHnM HacocoM [ 1, 2, 3]. 3riano niteparypuux mkepen h,, = (0,1 —0,15) - h.

3Benemo Bci piBHAHHA (1) — (30) y cuctemy, sika i € MAaTEMaTHIHUM OIFICOM 200 MaTEeMaTHYHOIO MOJEILTIO
MPOIIECiB Ta3M(THOT eKCIUTyaTallil TeoTepMaibHUX CBEPJIOBHH, i CHOPMYIIIOEMO TIOCTAHOBKY 3a]1adi.

IMocranoBka 3amayi gocaaimxenns. [ToctanoBKa 3a1a4i JOCIIKEHHS MOJSITAa€ y HACTYITHOMY: JIUIs IEBHOTO
nebiTy reorepManibHOT cBepAnoBUHHM (V) Ta KOHCTPYKIIi ra3mi)THOro miJHOMHMKA BU3HAYUTH BUCOTY IigHOMY
reoTepManbHOl BojH (), utomy (V,o¢™), CEKyHIHY i TOAMHHY BUTPaTy MOBITPs Ha BX0Ai y KoMpecop (Vs ),

HOTY)KHICTh Ha npuBig Komrpecopa (N) Ta ouwiHuTH 3aTpaT eHepril Ha mepeGir mpoueciB y raszmi¢Ti (17,) B
NOPIBHSAHHI 3 MiAHOMOM re0TepMallbHOI BOAM HA BUCOTY h 3a TONOMOrO 3aHYPEHOr0 HAcocy, SKLIO ITHOHHA
3aHypeHHs raziidra (H) 3aminroerses Bix 100 M 1o 1000 M.

Jnist po3B’si3aHHs IMOCTaBIICHOT 3aJa4i 3aJaMOCsl HACTYITHUMH BUXIJIHUMH JTaHUMU:
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Jeb6it reoTepmanbHOi cBepanosuan V, M3 /006y.

Tuck i Temmeparypa moBiTps (ra3zy) Ha Bxozi y kommpecop t; = 20°C, P; = 0,1MI1a.

e [luroma rasoBa crana HoBiTps R = 287?2. 3aJeXHICTh TYCTUHH TIOBITPS BiJl TEMIEPATYPH P00 =
f(®:
t,°C -30 -20 -10 0 10 20 30
Pros, KT/M® 1,453 1,395 1,312 1,293 1,243 1,205 1,165

kaHamiB: D,, = 126 MM,

Bun xomnpecopa. Komiipecop oxomo1KyBaibHHH, TPOLlec CTUCHEHHS e npu craniid Temneparypi (Tq
= T5). Koediient kopuchoi aii komnpecopa 7,,, = 0,7.

Koncrpykuist razmidrHoro migiiomuuka. ['azmidT oqHOpsSAHMNA 3 HEHTPANBHOI IHOAAYe0 HOBITPS Y
3MinryBay (OammMak) rasmipra. ['azoBopsHa cyminn (eMyJibCist) HMiTHIMAEThCS y KinbLieBOMY KaHaii. Po3mipu

dw

50

MM.

de 40
Temneparypa reoTepManbHOi BOIU tg, = 90°C. 3anekHIiCTh TYCTMHH TI€OTEPMAlbHOi BOIM BiJ

TeMiepatypu p = f(tsp):

te00, °C 20 30 40 50 60 70 80 90
p, xr/v’ 998,7 995,7 992,2 983,1 983,2 9778 971,8 965,3
e T[lapamerpu ctucHeHOTO IOBiTpst P, = 1,2-H -p- g, T, = T;.
e  3amexHicTh KoedinieHTa ctucnuBocti noBitps mpu 20°C Bix P2 z = f(P,):
P2, 6ap 10 20 40 60 80 90 100 150
z 1,087 1,086 1,082 1,08 1,0819 1,0818 1,083 1,099

3nauenHs koedimieHTa C B 3aEKHOCTI BUCOTH 3aHYypeHHS ra3mipra B 4acTKax CyMapHOi BHCOTH

nigifomy emynecii C = f (L):

H+h

H

0,7

0,65

0,6

0,55

0,5

0,45

0,4

H+h
Cc

13,9

13,6

13,1

12,4

115

10,6

9,6

[TapameTpu MOBITPSHO-BOASHOT eMyJIbCii (CyMillll) XapaKTepU3YIOThCS IEBHUM 3HaYE€HHSM Ta30BMICTY
¢ =0,3;0,4;0,5; 0,6 [5].

Peanizaniss Mmatemarnunoi mopei. Peamizanis maremaruyHol Mmojeni Oyna 3poOieHa Al TJTMOMHHU
3anypeHHs rasmidra 160 M Ta nebiry rasmiprHoi cepanosurn 500 MY/10Gy. Ha OCHOBI OTpHUMAaHMX aHMX
no0y/I0BaH1 3aJIe)KHOCTI BUCOTHU MiAHOMY IOBITPSIHO-BOJISTHOT €MYJIbCil, MOTYKHOCTI KOoMIIpecopa 1 koedirieHTa
KOpPHCHOI Aii ra3mi¢)Ta Bix MacoBOi YaCTKU MOBITPS y cymimii (puc. 2).
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Puc. 2. 3anexxHocTi mapaMmeTpiB eHeproeekTHBHOCTI poOoTH raziidra Bij ra30BMICTy MOBITPSHO-BOASHOT
cymimi mpu H = 160 m ta V = 500 M*/1106y.
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XapakTep 3aJe)XKHOCTEH BigNOBifae (I3MYHMM YSBICHHSM ITIPO Mpolec ra3mipTHOI excruryararii
TeoTepMabHUX CBEPAJIOBHH, a TaKOX OTPHMaHi pe3yibTaTh 30iraroThCs 3 JaHUMH HABEICHNMH B TEXHITHIH
miteparypi [1, 2, 3].

BucHoBku

1. TpoBeneHi AOCTiHKEHHS TMOKa3alH, IO Pe3yJIbTaTH peajli3amii 3alpOIOHOBAHOI METOIUKH PO3PaxyHKy
ra3miQTiB 3aM0BUTEHO 30IraloThCS 3 pe3yibTaTaMu, SKi HaBEACHI y TeXHIUHIHA sitTeparypi. 3pobnena crpoda 3a
JIOTIOMOTOI0 METOJIa MaTeMaTHYHOIO MOJENIOBAHHS CKJIACTH MOJENb CKIAJHMX Ta 0araTo(akTOpHHX MpOLECiB
ra3midTHOT ekcIuTyaTarlii reoTepMabHUX CBEPJUIOBHH.

2. Ilpm neBHidl TMOMHI 3aHypeHHS 3MillyBaya rasziipra moOyJnoBaHI 3aJIe)KHOCTI BHCOTH HiTHOMY
MOBITPSTHO-BO/SIHOI CyMIIll, MOTY>KHOCTI KOMIIpecopa mia 4yac poOotu rasmipra i KoedimieHTa KOPHCHOT aii
rasnidra Bift MacoBoi 4acTKu MoBiTPs B emyubcil. Xapakrep sanexnoctedl h = f(@); N = f (¢); 75,= f ()

BiZNOBifa€e (pi3MIHAM YSABICHHSIM IIPO MPOIIEC Ta3IipTHOI eKCIUTyaTamii reoTepMaTbHIX CBEPAJIOBHH.

3. Ilpm poGoTi mpoMHUCIOBHX Ta3mi(TIB IporecH € HabaraTo CKIAAHIOIAMH, a IapaMeTpH, fAKi iX
XapaKTepU3yIOTh, 3MIHIOIOTBCSI B IIMPOKHX Mexax. ToOTo mporecH, ski BigOyBaroThes Mg dac ra3midrHol
eKCIUTyaTalil reoTepMalbHUX CBEPIUIOBHH, € CKJIQJHUMU Ta OaratoakTOpHHMHU, 1 IpU IX pO3paxyHKax
noTpiOHa BENUKA KUTBKICTh OJHOMAHITHHX IOBTOPIOBAHUX OOYHUCICeHb. Peamizaimis MaTeMaTHYHOI MOJEINI
MpOBeZIeHa JUIs IEBHUX INIMOWH 3aHYpEHHS 3MilllyBaya raziidra ta ne0iTy reoTepMaibHOi CBEpATIOBHHU.
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T. RINKOVA, M. VASILCHENKO, T. KOVTANYUK

MATHEMATICAL MODEL OF PROCESS GASLIFT OPERATION FOR GEOTHERMAL
CHINKS

A problem of intensification for working processes during gaslift exploitation of geothermal mining holes is
an actual and important task. In the article connections are analysed between basic parameters that characterize
work of gaslift. Results are compared to data that is driven in technical literature. At the certain depth of
immersion of mixer gaslift dependences for height of getting up airily-aquatic mixture are built, powers of
compressor and output-input gaslift ratio from the mass stake of air in emulsion. Character of dependences
corresponds to the physical views about the process of gaslift exploitation for geothermal mining holes.

Keywords: gaslift, geothermal mining hole, output-input of gaslift ratio, power descriptions, mathematical
design.
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T.A. PBIHKOBASI, M.1O. BACMJIBYEHKO, T.M. KOBTAHIOK
MATEMATHYECKASI MOJEJb ITPOIIECCA T'A3JIN®THOM DKCILTY ATAIIMA
TEOTEPMAJIbHOM CKBAKWH
[Ipobmema wWHTEHCHUpUKAIMKA pabOYMX IMPOIECCOB MpPH Ta3MU(PTHON HKCIUTyaTallil TeO0TEepPMabHBIX
CKB&XUH SIBJSIETCSl aKTyaJbHOW M Ba)XKHOM 3ajauedl. B cTaTbe MpoaHaNM3UpPOBaHBI CBSI3U MEXIY OCHOBHBIMHU
napaMeTpaMH, KOTOpBIE XapakTepu3yloT pabory rasmudrta. IlomydeHHBIE pE3ynbTaThl CPaBHUBAIOTCS C
JAHHBIMH, KOTOpBIE INPHBEICHBI B TeXHMYECKOW iurteparype. Ilpum omnpeneneHHO#l riryOuMHE MNOTPYKEHUS
cMecuTens ra3nudra MOCTPOSHBI 3aBHCHMOCTH BBICOTHI TOABEMAa BO3IYILIHO-BOJISHOH CMECH, MOIIHOCTH
KoMIIpeccopa M KoddduimeHTa Mone3Horo AEHCTBUS TrazmudTa OT MAacCcoBOH JOJNM BO3AyXa B 3MYJIbCHH.
XapaxTep 3aBHCUMOCTEI COOTBETCTBYET (DU3NUECKUM IPECTABICHUAM O Tpolecce Ta3iu(THOH SKCILUTyaTaluK
reoTepMaNbHBIX CKBasKHH.
KaloueBble cioBa: ra3nudr, reorepMaibHasi CKBaXKMHA, KOI(OHUIMEHT MOJIE3HOrO IEWCTBHA raznudra,
9HEPreTUIECKUE XapaKTCPUCTUKH, MATEMAaTHIECKOE MOIEITMPOBAHHE.

YK 621.039
B.M. KOHBIIMH, B.A. CABOHUK

BEPUPUKALIUSA JAHHBIX 110 KPU3UCY TEIIVIOOTJAAYU B
TBC PEAKTOPOB THUIIA BBIP, IOJIYYEHHbBIX PACHETHBIM
IIYTEM

[IpoBenena BepuGUKaIMsg NAHHBIX [0 KPHU3KUCY TEIUIOOTAAYH, KOTOPBIC OBUIM MOJYYEHBI C MOMOIIBIO
pacueTHOro Teruoruapasindeckoro koga RELAP-5/MOD3. Beuto o6HapyxeHo, uto Tabmauunbiit metox ACEL,
Ha KOTOPOM OCHOBBIBAE€TCS pacyeT KPUTHMUYECKUX TEIUIOBBIX MOTOKOB B kojae RELAP, naer 3aBbimieHHBIE
3HAa4YCHHSI B OOJIACTH BBICOKMX JABICHHM, 10 CPAaBHEHUIO C IKCIICPUMEHTAIHHBIMHU TAaHHBIMH, B CPEIHEM Ha
25%, HO NIpU CHUKEHUU J1aBJICHUS 3aBbllIeHUE MOXKET 1ocTHUb 40...50%.

KiaueBple ciaoBa: Kpm3uc TEIDIOOTAAYH, KPUTHICCKHH TEIUIOBOW TOTOK, TEIUIOTHIPABIMYCCKIHA
PacUeTHBIN KO.

Beeaenne.

Kak m3BectHo [l, 2], HameXHOCTh M OE30MACHOCTH SJIEPHBIX IHEPrOOIOKOB ATOMHBIX 3JIEKTPHYECKUX
cranuuii (ADC) ¢ BOJOOXTAKAAEMBIMH PEAKTOPHBIMH YCTAHOBKAMH HEKHIIAIIET0 M KHILIIIETO THUIIOB B
3HAYUTEIBHOM CTETIEHN OMpeeNsieTcsa XapakTepoM Ipolecca TeII00TIa4y Ha TOBEPXHOCTH TETIOBBIISIISIOIIX
anementoB (TBDJI) - Hanbosee OTBETCTBEHHBIX M TEILIOHAMPSIKCHHBIX 3JIEMEHTOB SICPHBIX JHEPrEeTUYECKHUX
ycraHoBok (DY). Tak, Hampumep, AN HEKUILIIIUX BOJO-BOASHBIX HSHEpPreTHUecKux peaktopoB (BBOP),
OXJIQKIAAEMBIX BOJOW IO/ [aBJICHHEM B pPEXHME KOHBEKTHBHOW TEIUIOOTJAYd, HAHOOJBIIYIO OMACHOCTD
MPE/ICTABISIET PEXXHUM TUICHOYHOTO KUIIEHUS, TPU KOTOPOM (B COOTBETCTBHH C BIIEPBBHIEC NMPEIJIOKEHHOH B [3]
Kiaccu(uKanyeil 1 TEpMUHOJIOTHEH) BO3MOKHO BO3HIKHOBEHHE KPHU3UCa TEeIJI00TAaun 1-To poxa.

OmnpenenstomuM B (U3UKE KpU3MCA KUIEHUs SBIseTcsl (PakT pajnKaJbHOTO HM3MEHEHHUs MeXaHW3Ma
TEIJIOOTAAYM Ha TEIUIOOTArolel moBepxHocTu. [Ipu peanusanuu mporecca ¢Gpa3oBoro nepexoja B Hanboiee
MPOCTBIX YCIOBUSX (IIPH MY3BIPHKOBOM KHIECHHUHM >KHIKOCTH B OOJBIIOM 00BEME) KpHU3UC TEIUIOOTAAYH
00yCJIOBJIEH MEPEeX070M TEIJIOOTAAIONICH MOBEPXHOCTH OT PEXHMMa ITy3bIPhKOBOTO KHIECHHSA K INICHOYHOMY.
CornacHO OOIIENPUHATON TEPMUHOIOTHU TOT MEPEX0 COOTBETCTBYET KPHU3UCY TemooTaauu 1-ro pona [4]. B
MPaKTUKe WHXXEHEPHBIX pAacyeTOB KHIIAIIMX AaNlaparoB pPa3IMYHOIO HA3HAYEHUS BEIMYHHY MEepBOH
KPUTUYECKOH IIOTHOCTH TEIUIOBOIO IOTOKA (., NPU KOTOPOH HAYMHAECTCA IEPEXO] K KMIEHHMIO B €ro
IUIEHOYHOH (hopMe, HCIONB3YIOT TOJNBKO B KAadeCTBE HMHTETPATBHON XapaKTEPUCTHKH BEPXHETO mpezena
(hopCUPOBKH IpoIiecca TeIIO0TAAuH MPH ITy3BIPhKOBOM KHITEHUH.

Bo3HMKHOBEHHE TaKOro KpW3WCa MPHUBOIUT K pa3pylieHuro (mepexxory) obonoukn TBIJI u BbIXOIY
BBICOKOPA/IMOAKTHBHBIX ra3000pa3HBIX MPOAYKTOB JIEJIEHHs B TEIIOHOCHTENH MEepBOro KoHTypa. Kpome Toro,
coryacHo [5], mepexoJ K peXXUMY IUIEHOYHOTO KHIeHHs Ha moBepxHocTH TBOJI (Bkitouas n HauanbHble (a3bl
9TOT0 aBapUIHOTO TEIUIOTHIPABINYECKOTO MPOIIEcca) HEAOIYCTUM BBULY CIEAYIOIINX TPUYHH:

NPEBBIIICHHS TIPEJICNIBHO JIOMYCTUMOH TemiepaTtypbl obonouku TBOJI;
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