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AHHoTauma. Lienb nccnegosaHua — paspaboTtaTe U anpobrnposaTe NPOrpaMMHO-pacHeTHbIA anropuTM AN aBTOMaTU3MPOBaHHOW OLIEHKM
napamMeTpoB CenbCkUX NMHWUIA anekTponepegayn 0,4 kB ¢ yyeTom TpaHcdopmatopa 10/0,4 kB, napameTpoB MpoBOAHMKA, AMNWHBI MUTAKOLLEro
yyacTka W Harpysku obbekta AMNK. MeToanka BkrovaeT hopMUpoBaHue pacyeTHON CXeMbl, onpeaeneHne pabovero Toka, peakTUBHON MOLLHO-
CTW, NOTepU HanNpsXXeHWA, CONPOTUBNEHUA TpaHcdopmMaTopa, TpexdasHoro n o4Hoa3HOro TOKOB KOPOTKOTO 3aMbIKaHWA, YAapHOro Toka, a Takke
Cepuo BapyaHTHBIX Pac4eToB AriA pasHbIX ANVH U CeYEHU NMHUK. B MeToauKe yunTbIBaKOTCA NapameTpbl TpaHcdopmatopa TMIM-250/10/0,4 kB:
MOLLHOCTb 250 KBA, HanpsxeHue KopoTKoro 3amMblkaHna 4,5 %, noTepu KopoTKoro 3amblkaHua 3,7 kBT. UcxogHaa Harpyska 51 kBT npeacTas-
fneHa Kak cMellaHHaa Harpyska cenbCKOXO3ANCTBEHHOro 00bekTa ¢ NeKTpoABUraTenbHbIMA U 04HOGasHbIMU NpUeMHUKamMn npu cosp = 0,92.
PesynbraThl anpobauummn nonyveHsl Ana nuHun CUTM-4 4x50 MM2. YCTaHOBMEHO, YTO Mpu AfMHe 167,4 M noTepsa HanpaxeHua coctasnsaeT 5,06 %,
a npu gnvHe 450 m Bo3pacTaeT Ao 13,59 %, 4To MpeBbIAaET NPUHATOE NPOEKTHOE orpaHuyeHue 8 %. Cepusa pacyeToB Mokasara, YTo nepexon
Ha CUM-4 4x95 mMm?, cokpalyeHue ANUHBbI NUTaloLWero yyacTtka unu pasgeneHue Harpysku Mexay ABymsA dujepamu rnossonsaioT obecneyntb
JOMNYCTUMBIA peXunmM. KOHTporibHoe conocTaBrieHne ¢ pyYHbIM pacueToM 1 R-X Mogenbio nokasarno pacxoxgeHue He 6onee 0,34 %. MNporpamm-
Had peanusauums BbiNonHeHa Ha Asbike Python ¢ rpadmyecknm nHTepdeiicom u popmmposaHueM otyeTa. MpakTuyeckas 3Ha4MMOCTb COCTOUT
B COKpaLleHUW TPYA0EeMKOCT MHOTOBapUaHTHOIO pacyeTa U MoBbILLeHUN 060CHOBAHHOCTY peLUeHWA NO PEKOHCTPYKLMK cenbekux ceTen 0,4 kB.

KnroueBble cnoBa: anekTpudeckas ceTb, NMHWA anekTponepesayn 0,4 kB, arponpoMbilLrieHHbIA KOMIEKS, MOTepsa HaMPAXeHUS, KOPoTKoe
3amMblkaHue, TpaHcdopmatop 10/0,4 kB, CUM-4, aBTOMaTU3UPOBaAHHBIA PacyeT, KaYeCTBO AMEKTPOCHAOKEHWS, HAAEXKHOCTb AMEKTPOCHaABXEHMS.

BnarogapHocTu: patoTa BbinosriHeHa npu corHaHcoBor nogaepxke GrEOY BO «Kypckuii rocyaapCTBEHHbIA arpapHbIi YHUBEPCUTET NMe-
HK1 WN. . MBaHoBa» n ®rEOY BO «Oro-3anagHblii rocyaapCTBEHHBIM YHUBEPCUTET» B pamMKkax cpeAcTB BroaxeTHOro hHaHCUPOBaHUSA yKasaH-
HbIX opraHusaumil. [JononHUTeNbHbIX FPAaHTOB Ha NpoBeAeHNE UMW PYKOBOACTBO A@HHBIM KOHKPETHBIM UCCNeAoBaHNeM NosyyYeHo He Bbino.
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Abstract. The purpose of the study is to develop and test a software-based calculation algorithm for automated assessment of the param-
eters for rural 0.4 kV power transmission lines, taking into account the 10/0.4 kV transformer, conductor parameters, the length of the supply
section and agro-industrial facility loading. The methodology includes formation of a computational scheme, determination of operating current,
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reactive power, voltage loss, transformer resistance, three-phase and single-phase short-circuit currents, shock current, as well as a series of
variant calculations for different lengths and cross-sections of the line. The methodology takes into account the parameters of the TMG [oil-filled
waterproofed transformer]-250/10/0.4 kV transformer such as power 250 kVA, short-circuit voltage 4.5%, short-circuit loss 3.7 kW. The initial load
of 51 kW is represented as a mixed load of an agricultural facility with electric motor and single-phase receivers at the value cos¢ = 0.92. The re-
sults of approbation were obtained for the SIP [self-supporting insulated wire]-4 4x50 mm? line. It has been found that with a length of 167.4 m, the
voltage loss is 5.06%, and with a length of 450 m it increases to 13.59%, which exceeds the accepted design limit of 8%. A series of calculations
has shown that switching to the SIP-4 4x95 mm?, reducing the length of the supply section or sharing the load between two feeders make it pos-
sible to ensure an acceptable mode. A control comparison with manual calculation and the R-X model has shown a discrepancy of no more than
0.34 %. The software support is implemented in Python with a graphical interface and report generation. The practical significance consists in re-
ducing the complexity of the multivariate calculation and in increasing the substantiation of decisions on reconstruction of rural networks of 0.4 kV.

Keywords: electric grid, 0.4 kV power transmission line, agro-industrial complex, voltage loss, short circuit, 10/0.4 kV transformer, SIP-4,
automated calculation, power supply quality, reliability of power supply.
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BeBepgeHue. 3nekTpocHabXeHne CenbCcKoxXo3sin-
CTBEHHbIX noTpebutenein HanpskeHuem 0,4 kB oTHO-
CUTCA K Hanbonee YyBCTBUTENbHbLIM y4aCcTKaM 3Hep-
roobecneveHus AlNK. Ha sTom ypoBHE NOAKMOYAOT-
CH 3MEKTPONPMBOAbLI PEPM N 3€PHOOUUCTUTENbBHBIX
MYHKTOB, HAacCOCHble arperatbl, BEHTUNALWOHHbIE
YCTAHOBKW, PEMOHTHbIE MAacTepckme, CKrnaackue
NMOMELLEHUS N KOMMYHanbHO-ObITOBbIE NOTpebute-
N CenbCKMX HacCemneHHbIX NyHKTOB. Onga Takmx nu-
HWUIA XapakTepHbl MPOTSXKEHHAS pajuanbHasg Cxema,
CE30HHAasA U CYTOUYHAA HEPaBHOMEPHOCTb Harpysku,
Hanuuue oaHOMAa3HbIX OTBETBNEHUA U 3aMETHOE
BMUAHWE COMPOTUBMEHNS NPOBOAOB HA HANpPAXeEHWe
Y YAaneHHoro notpebutens. B paboTtax no passutuio
arpo3KoCcCUCTEM U TEPPUTOPUANBHOMY MMaHUPOBA-
HUIO arpapHOro CekTopa OTMEYaEeTCH, YTO SHepreTu-
yeckas NHPpPaCTPyKTypa AOMKHA paccmaTpuBaTbCs
Kak OAWH 13 pakToOpOB YCTONMYMBOCTM CENbCKOXO3SN-
CTBEHHOro npomnseogctea [1; 2]. MNoatomy ans ceten
0,4 kB oco6oe 3HauyeHNe UMEET HE TONbKO OLEHKa
o0Len HafeXHOCTU, HO N pacdeT KOHKPETHOro pe-
XUMa nHUK: pabodyero Toka, NOTEPU HaMPSXKEeHWs
N TOKOB KOPOTKOro 3ambikaHns. COBpPEMEHHbIE UNC-
CnejoBaHWA MO MOAEMMPOBaHUIO CEMbCKUX CeTel
0,4 kB nokasbiBaloT, YTO OTKMOHEHNA HaNPSXEHWUS,
KOHpUrypaums nuHAM 1 pasmeLLeHne Harpy3km 40mkK-
Hbl aHanNM3npPoOBaTbCA COBMECTHO, MOCKOMbKY 3TW na-
pameTpbl HEMOCPEACTBEHHO ONPeAEensioT AOMyCTu-
MOCTb BbIGPaHHOrO NPOEKTHOrO peLueHus [3; 4].

AHanus nyGnukauyum no HW3KOBOMLTHBIM Cenb-
CKUM CETAM MOKa3bIBAET, YTO TUMOBbLIMU 3KCMMy-
aTauWOHHbIMWM OrPaHUYEHNSMU OCTAIOTCA MOTepU
3MEKTPOSHEPIUN, CHWKEHWE HAMPSKEHUS B KOHLE
NPOTAXEHHbIX MVHUIA, HECUMMETPUSA PasHbIX Harpy-
30K U HEA0CTaTOUHAsA YYBCTBUTENBHOCTb 3aALLMTHbIX
annapaTtoB K MWHMManbHbIM TOKaM OfHOMa3HOro
KOpOTKOro 3amblkaHua [3-5]. OAns obwektoB AlK
Takue OrpaHMYEeHNs UMEIOT MPUKNaAHOE 3HAYEeHUE:
Jaxe npv AONYyCTUMOM TOKE MPOBOAA NUHUSA MOXET
He obecneunTtb Tpebyemblil YPOBEHb HaMPSKEHUS
ANS 3nekTpojBuraTtenein, CUCTEM BEHTUNALUN, Ha-

COCOB U JpYroro TEXHONOrm4yeckoro o6opyaoBaHus.
OTaenbHOro yyeta TpebyloT NOCnNeACTBMA aBapuii-
HbIX W MMNAHOBbIX OTKMIOYEHWIA, NOCKOMbKY OHW BMU-
AOT Ha HENPEepbIBHOCTb TEXHOMOMMYECKNX Npouec-
COB, CPOK/ PEMOHTA W BEMWYMHY HEA0OTNYCKA 3MekK-
TposHeprum [4].

Pacuet aBapuiiHbix pexumoB B ceTsax 0,4 kB
HeoOXxoAUM, MOCKOMNbKY B YAAaneHHbIX TOYKax MUHWK
COMpOTMBNEHME NeTnn «dasa-Hynb» BO3pPacCTaEeT,
a TOK O0JHO(A3HOr0 KOPOTKOrO 3aMblKaHUSA MOXKET
oKasaTbCH HWXKEe TOKa HajgexHoro cpabaTbiBaHWs
s3awuTHoro annapara [5]. CnepoBatenbHO, NpoBep-
Ka MWHUKU TONBbKO MO ANUTENbHO-40NYCTUMOMY TOKY
He ABNSAETCS AOCTAaTOYHON. [pn UHXEHEPHON OLEH-
ke TpebyeTcs OAHOBPEMEHHO YYUTbIBATb MOTEPIO
HanpsXeHus, YyBCTBMTEMbHOCTb 3alWTbl, pacnpe-
jeneHue ofHodasHbIX HAarpy3ok U BO3MOXHOCTb
CEKLMOHUPOBaHNSA Unn pekoHdurypauunmn cetu [6; 7].

B oTeuecTBeHHbIX M 3apybexHbIX MccnenoBa-
HUSX HW3KOBONbTHbIE pacnpeAennTenbHble CETK
paccmaTpuBaloTCH Kak 0ObEeKT pacyeTHOro moaenu-
poBaHMA M BapuMaHTHOW onTuMusauyuun. [Ons ceten
0,4 kB aHann3npyTca nsmeHeHne npouna Hanps-
XEHWS, pacyeT noTepb, paboTta pacnpeneneHHon re-
Hepayuun, NPUMEHEHNE HAKOMWUTENEN 3HEPTN 1 Bbl-
6op MeponpUSTMIA NO BOCCTAHOBEHMWIO LOMYCTUMO-
ro pexuma [8—10]. 3T pesynsraTbl NOATBEPXKAAIOT
Heo0X0AUMOCTb NPUKNAAHBIX aNrOPpUTMOB, KOTOPbIE
MO3BOMAIOT UHXEHEPY COMOCTABMNATb HECKOMbKO Ba-
PUaHTOB PELLEHNS, NPOBEPATL OFPAHNYEHMNS MO TOKY
N HaMNPS>KEHNIO U MCMONb30BaTh PE3ynbTaThbl pacye-
Ta NpY MPOEKTUPOBAHMU WUNU SKCMMyaTaluOHHON
oueHke [11-13].

Llenb nccnepgosaHus — paspabortate u anpobu-
poBaTb aBTOMaTU3NPOBAHHbIN PACYETHLIN anropuTm
ANA onpejeneHns napameTpoB CEMbCKOW NMHUK
anekTponepeaaun 0,4 kB ¢ yueTom TpaHcdhopmaro-
pa 10/0,4 kB 1 oUeHKN NPUMEHUMOCTN BbIGPAHHOIO
TEXHUYECKOrO PEeLleHUs Mo YCroBUAM TOKOBOW Ha-
rpy3ku, JOMYCTUMOW MOTEPW HaNPSXXEHUS U TOKOB
KOPOTKOro 3aMblKaHUS.
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OGBbeKT ncecnefoBaHma — npouecc MyHKLUNOHK-
poBaHMs TPexdasHON CEMNbCKOW NUHUK 3NEKTPOne-
penauyn HanpsbkeHnem 0,4 kB, nuTawowen Harpysky
CENbCKOXO3ANCTBEHHOrO noTpebutens OT TpaHc-
chopmaTopHon nogctaHuymm 10/0,4 kB.

MpeaomeT nccneaoBaHMa — pacdeTHble 3aBUCU-
MOCTMN paboumnx TOKOB, MOTEPb HAMPSAXEHUS N TOKOB
KOPOTKOro 3aMblKaHWS OT MapamMeTpoB TpaHcdop-
MaTopa, NPOBOAHMKA, AMVHbI IMHAW 1N HArpy3sKku, pe-
anv3oBaHHble B aBTOMAaTU3MPOBAHHOM anroputTme
NPOBEPKMN AOMYCTUMOCTMN PEXNMA.

Ons [OCTWXEHWS Lenu nocTaBneHbl Cnepyto-
wwe 3agaun: 1) chopmmpoBaTb pacyETHYIO CXEMY
cenbckon nuHum 0,4 kB ¢ yyeTom TpaHcopmartopa
10/0,4 kB, npoBogHuka n Harpy3km obbekta AlK;
2) paspaboTaTb anroputm pacdeta pabodero Toka,
peakTUBHON MOLLHOCTIY, NOTEPU HANPSAXKEHUSA 1 TOKOB
KOPOTKOro 3amblkaHud; 3) peannsoBaTb anroputm
B BUAE MpOrpammbl ¢ rpadndeckum UHTEPdENnCcom
n aBTOMaTUYECKUM (HOPMUPOBAHUEM PACUETHOrO
oT4yeTa; 4) BbINOMHUTD CEPUIO PaCYETHbBIX 3KCnepu-
MEHTOB ANS pasHbiX AMWH, CEYEHUN MNPOBOAHMKA
N BaPUAHTOB PEKOHCTPYKUMU; 5) OUEHUTb TPYLOEM-
KOCTb PYYHOro 1 aBTOMAaTM3UPOBAHHOIO pacyeTa.

HayuHas HoBM3Ha paboTbl 3akniO4YaeTcs B pas-
paboTke pacdYeTHO-aNroPUTMUYECKON MOLENN aBTO-
MaTU3NPOBaHHON NPOBEpPKM cenbckon nuHum 0,4 kB,
B KOTOPOW napameTpbl TpaHcopmaTopa, NpoBO-
JHVKA, AMNVHBbI NIUHAW U Harpy3ky YYUTbIBAIOTCA CO-
BMECTHO MPU OLEHKE TPEeX KPUTEPMEB: AONYCTUMOM
TOKOBOW Harpysku, noTepy HanpsXXeHUs n 4yBCTBU-
TENbHOCTY 3aWWTbl K 04HO(A3HOMY KOPOTKOMY 3a-
MbIKaHMIO.

MpakTuyeckas 3Ha4YMMOCTb 3aKMNIOYAETCA B BO3-
MOXHOCTU NPUMEHEHUSA anropuTMa npu npoekTupo-
BaHUW, PEKOHCTPYKL MM 1 SKCNNyaTaLuMOHHON NpoBep-
Ke HW3KOBOMbTHbIX cenbckux ceten obvekToB AlK,
a Takxke npu onepaTUBHOM CPaBHEHUM HECKONbKMX
BapUaHTOB TEXHUYECKOro peleHns 6e3 MHOrokpar-
HOrO PYy4HOro nepecyeTa.

Matepuanbl u metogbl. B kayectse pacuer-
HOM cxembl npuHsaTa nuHua 0,4 kB, oTxoaswas -
OT KOMMNMEKTHON TpaHCOpMaTOpHOM noAcTaHLUK
10/0,4 kB n nuTtatowas 0600LWEeHHYO Harpy3Ky cenb-
CKOXO3SNCTBEHHOrO 00bekTa. Cxema BkNo4aeT
TpaHcdopmaTop, WwuHbl 0,4 kB, nutaowmin yyactok
nuHum CUMM-4, pacyeTHyIo Harpy3ky 1 TOHKU NpoBep-
Kn TpexdasHoro u ogHodasHOro KOPOTKOro 3ambl-
KaHua. Takas cxema Mo3BONAET OTAENbHO OLEHUTb
BMUAHUE TpaHcdhopmaTopa MU MMHUU Ha TOKU KO-
POTKOrO 3aMblKaHWUS, YTO YCTPaHAET HeonpeaeneH-
HOCTb, BO3HMKAIOLLYIO NPWY MCNOMNb30BaHUN 3apaHee
3ajaHHbIX CONPOTMBNEHUN XZ 1 Zn 6e3 NosiCHeHUs
nX npoucxoxaeHus (tabnuua 1).

Onsa anpobayun anropytma npuHATa Harpyska

51 kBT. 3HaueHmne nony4yeHo Kak pacyeTHas yCTaHOB-
MeHHas MOLHOCTb TUMOBOrO CMELLAHHOIO CEMNbCKO-
XO3ANCTBEHHOro O6bekTa: HacocHas yCTaHOBKA —
15 kBT, BeHTMNAUMS — 11 kBT, TpaHcnopTupylowee
N  KOpMOMPUroToBUTENBHOE OOOpYyAOBaHWE —
7.5 kBT, BCnomoraTenbHoe TexHonorn4yeckoe o6o-
pyaosaHue — 11 kBT, ocBeweHne n ogHodasHble
npuemHukn — 6,5 kBt KoadpduumeHT mOoLHOCTU
cosp = 0,92 NpuUHAT Kak yCpeaHEHHOEe 3HayeHune
ANS CMELUaHHOW 3NeKTPOABUraTenleHOM Harpysku
€ YaCTUYHOM KOMMEHCaLUNEN peakTUBHOM MOLLHOCTI.
OnnHa L = 450 m coOTBETCTBYET yAaneHHOMY no-
TpebuTento, NUTALWEMYCS OT KOMMNIEKTHON TPaHC-
chopmaTopHon nogctaHymm (KTI) no pagmnanbHOn
nuHuK. PacuyeTtHasa anvHa 167,4 m ncnonb3yeTca Kak
BapuaHT COKpaLlEeHNS HU3KOBOMBTHOrO y4acTtka npu
npubnmxeHnn KTT unm popmmpoBaHnm HOBOTO LiEH-
Tpa nuTaHuS.

Tabnuua 1 — McxofHble AaHHble ans anpobayum
pac4yeTHOro anropuTma

Table 1 — Initial data for testing the computational
algorithm

[NokaszaTenb Obo3HaveHe 3HaveHve
MoLLHocTb
TpaHcopmaTopa, KBA BT 250
Hanpsikenune HH, kB UHH 0,4
Hal‘lpFI)KeHI/IeoKOpOTKOFO wi 45
3amMblkaHus, %
[MoTepm KOpOTKOrO APK 37
3aMblkaHus, kBT
PacyeTHas akTvBHas
P 51

MOLLHOCTb, KBT
JnHerHoe HampsikeHve, B U 380
[onHasa AnnHa NUHWKA, M L 450
PacueTHas AnnHa | 167.4
yyacTka, M
Mapka npoBogHKa ) CIMM-4 4x50

MM?
KoathbhnumeHT MOLLHOCTM cosQ 0,92
YaenbHoe aKTUBHOE R 0.822
conpoTueneHne, Om/km
YnensbHoe UHAYKTUBHOE i 00782
conpoTueneHne, Om/km
[nuTensHO-A0NyCTUMbI A I 195
TOK, A
MpoekTHoE orpaquel-lme AUgon% 8
rnoTepu HanpsbkeHust, %

MpyHATOE OrpaHMyeHne noTepu HanpskeHUs

8 % aBnAETCH NPOEKTHbIM, a HE MPeAenbHbIM HOpP-
MaTuBHbIM 3HadeHuem. TOCT 32144-2013 ponycka-
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er bonee LWMPOKUA AManasoH OTKNOHEHUS Hanpshke-
HUSI, OOHaKO B HaCTOSILLEN METOAMKE OCTaBleH pe-
3epB OKOMNo 2 % Ha najeHune HanpskeHUsa B TpaHc-
dopmaTope, BHYTPEHHMX CETSIX 0ObekTa, MyCcKoBble
TOKW 3MEKTPOoABUratenem n ce3oHHble konebaHns Ha-
rpy3kn [14]. TakoM noaxod MNOBbILAET HagEeKHOCTb
NPOEKTHOro peLlenHns ans obvekTos AlK.
ConpotuveneHne TpaHcdopmaTopa BKIHOYEHO
B anroputm pacyeta. HommHanbHbIN TOK TpaHchop-
Maropa, MOSIHOE COMPOTUBIIEHMNE, aKTUMBHAs U peak-
TWBHas COCTaBNALME ONpesenanncs No popmMynam:

;o Sm (1)
HOMIL = 173%U
2
Zy =| ) Cn, 2)
100) S, ;
AP, (3)
Rm ny
3 0pm
X,=Z.-R. (4)

Mpn St = 250 kBA, UnH = 0,4 kB, uk = 45 %
n APk = 3,7 kBT nonydenbl: lHom.T = 361,3 A,
Zt = 0,0288 Om, Rt = 0,0094 Om, XT = 0,0272 Om.
OTn 3HavyeHWsa panee WUCNONb3YKTCHA MpU pacyete
TpexdasHoro 1 ogHogasHoOro KOPOTKOro 3amblKaHWs
[15-171.

Pabounin TOK NUHWUK, peakTMBHas MOLLHOCTb W
noTeps HAaNPSPKEHUSA PpaccYNTbIBANmUCh No hopMynam:

I, = £ 5
P 173xUxcos@’ )

sin®
f 12 = () =
Sln(P: ]—COSZ(I); gq) COS(][),Q—erg(Px(6)
AU =1,73x 1, xIx( Ry x X / (7)
=], » i XCOS P+ X xsinQ,

®)
AU% =[%jx]00.

ToKM KOPOTKOro 3amMblKaHUS ONPELENSNUChH C yye-
TOM COMPOTUBINEHUS TPaHCcopMaTopa U IMHUN:

Zs =\/Rm + Ry x1 ) +( X, + X x1)? - (9)

Uy

I =—t. (10)
k3 1’73XZZ

Zyy =Ry + 2R x1)7 4 ( Xy + 22X x1) (1)

U,

=4

Zn iy() =],4X]k3XKy0_ (12)

Ha pucyHke 1 npvBegeHa CTpykTypa aBTomMaTu-
3MPOBaHHOIO Pac4ETHOro anropuTma.

[Onsa onpepgeneHns  pacyeTHOM  MOLLHOCTM
MO YKPYMHEHHbIM UMW TabnuyHbIM 3aBUCUMOCTSM
B anropuTM BKMOYEHA NUHENHASA HTEPnonsauus:

0+(J/1—J/0)><(X—xo)’. P, =xxy
X1 —Xp ] (13)

Y=Yy

BBog MCXOMHEBIX JAHHBIX Sy, Uk,

AP, P, U, L, cos ¢, Rk Xk, Lon

ki

Pacuet Tpancdopmaropa luow, Zt, Re, X,

:

Pacuer narpy3ku u uaun: Ip,

Q. AU, AU%

'

Pacuer aBapuitHEIX peXXUMOB lis, Lk1, Iya

:

[ ®DopMupOBaHHE BHIBOAA TAOIHITH Pe3YIBTATOB U pEKOMEHIanu#t ]

PucyHok 1 — CTpyKkTypa aBToMarnanpoBaHHOro pacyHeTHOro anroputma
Figure 1 — The structure of the automated calculation algorithm
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MporpammHas peanu3auns BbIMONHEHA Ha A3bl-
ke Python ¢ mncnonbsoBaHnem 6Gubnunotekn Tkinter.
Mpadudecknn uHTEpdENC COLEPXKWAT NONs BBOAA
napameTpoB TpaHcopmaTopa, NUHWN N Harpys3ku,
a TaKKe OKHO BblBOAA pacyeTHOro otyeta. Pacuer-
HbIl MOAYMNb BbINOMHAET MNOCNEA0BaTENbHOCTb One-
pauui: YTEHNE UCXOAHbIX AAHHbIX, pacyeT napame-
TpoB TpaHcdopmaropa, pacder pabouyero pexvma,
MPOBEPKY MOTEPU HAMPSXKEHUS, pPacyeT TOKOB
KOPOTKOro 3aMblkaHUs 1 POPMUPOBAHNE PEKOMEHAA-
yun [18; 19].

dparmMeHT KMNo4YEeBOro pacyeTHOro Moayns npes-
cTaBneH Huxe (pncyHok 2) . B ctatbe npuBeaeH He non-
HbIW MUCTUHT NPOrpamMMbl, @ Ta YacTb anropuTma, Ko-
TOpas onpejenseT OCHOBHbIE BbIXOAHbIE MapaMeTpbl
n mMoxeT OblTb BOCNPOM3BELEHA MPU MPOBEPKE pe-
3ynbTaToB.

_ Dk
P ],73><ukw><coscp’

sin g = /1 —cos’ ¢

_ Py xsing

w

cosd

AU =1,73x1 X Ly X ( Ry x cos o+ Xy x sind |

@ Pacuer nunun anektponepegaqn 0.4 kB

n

u, U,
t el L e
100/ §

t
_ b
! 3><12’

t

Xz = Zzz _Rt2

Zioap =\( R+ 2x Ry x Ly J* +( X, +2x X x Ly )

[ _ Uphase
kK1~ Z .
loop
PesynbraTtbl MccnegoBaHMM M ux obeyxae-
Hue. [pn NoACTaHOBKE NCXOAHbBIX AaHHbIX B hopmy-
ny (5) pacJeTHbIn pabounin TOK NMMHUK COCTABWI:

51

1,= (14)
1,73%0,38%0,92

=84,224.

MMony4yeHHOE 3Ha4YE€HME MeHblue AMUTENbHO-A0-
MyCTUMOro TOKa BblibpaHHoro nposogHuka CUI-4
4x50 Mm%

(13)
84,22 <195;

CnegoBaTtenbHO, No YCMNoOBWIO Harpesa BbiGpaH-
HOe ceyeHue aonycTumo. OaHaKo 3TOT BbIBOA SBMS-

PacueT nuHuM anekTponepegayun 0,4 kB

WcxogHble gaHHble

P Br
U5
L

CUM-4 4x50 [
CVn-44x35
CHN-4 450
CHN-44x70
S, kBA CIAM-4 435

Mpoeog,

cosg

APy, kBr

Paccuuars CoxpaHuTe oTueT

PesynbTaTbl pacyeTa

Ip=184,22 A; lgon = 195 A — ycnoene BEINOMHABTCA
AU = 51,66 B; AU% = 13,58 % — tpebyetca pekoHcTpykuma
k3 = 0,573 ®A; Ik = 0.291 kA lyn = 0,962 kA

pEKDMEH,D'ELI'MM’ YBENHYWTE CeYEHWe, COKpaTUTs ANWHY YYacTEa,
pa3fenuTe Harpyaky Mexay fugepamn unn npunuaute KT

PucyHok 2 — ®parmeHT nHTEpdherca nporpaMmmel aBTOMATU3NPOBAHHOTO pacdeTa nuHun 0,4 kB
Figure 2 — Fragment of the interface of the 0.4 kV automated line calculation program
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€TCA TONbKO MEPBbIM 3TaNoOM MPOBEPKU, Tak Kak ANS
NPOTsXKEHHbIX NHMIA 0,4 KB onpeaensiowmnm orpaHu-
YEHUEM YaCTO CTAHOBUTCH NOTEPS HANPSKEHWS.

Ha pucyHke 3 npuBeaeHa 3aBUCMMOCTb NOTEPU
HanpsKeHns oT AnuHbl NuHUKM 0,4 kB.

[na wuncxogHoro koadpdpuymeHtTa  MOLLHOCTW
cos¢p = 0,92 nonydeHbl sing = 0,392, tgp = 0,426
N peakTuBHaa mowHoctb Q = 21,73 keap. MNpu pac-
YeTHOW AnuHe 167,4 M NoTeps HanPshKeHUs paBHa:

AU g7 4 = 1,73%84,22%0,1674x
x(0,822x0,92+0,0782x0,392) = 19,21B, (16)

19,21

AU 67 4% = x100 =506 %.  (17)

Mpu nonHoM AnvHe nuHUM 450 M pesynsraTt us-

MeHAETCA:

AU sp = 1,73x84,22x0,45%
x(0,822x0,92+0,0782x0,392) = 51,668, (18)

AU 5y % = 2166

x 100 =13,59 % . (19)

Takum o6pasom, npu gnvHe 167,4 m NHWA y4,0B-
NeTBOpAeT NPVHATOMY MPOEKTHOMY OrpaHUYEeHUto
8 %, a npu gnnHe 450 m — He yaoBneTBOPSAET. OTO
NoATBEPXKAAET HEeOoOXOAMMOCTE MHOFOBapMaHTHON
pacyeTHON NPOBEPKN AN PasfMYHbIX KOHhUrypaummn
cenbckon cetn 0,4 kB.

C yJyeTOM napameTpoB TpaHcdopmarTopa no-
NyJeHbl cnepywwme aBapuinHble pexnmmbl ans 6a-
30BOr0 BapumaHta AnuHomW 450 m: Tok TpexdasHo-

yoapHbin Tok lyg = 0,960 kA. ns yyactka 167,4 m
Tokn Bo3pactawT: k3 = 1,441 kA, k1 = 0,760 KA.
CnepoBaTenbHO, COKpaLleHNe ANWHblI HU3KOBOMbT-
HOro y4yacTka OAHOBPEMEHHO YNy4llaeT 1 Ka4yecTBo
Hanps>XeHUS, N YCIOBUSA YYBCTBUTENBHOCTY 3aLLNT-
HOro annapara.

[na noaTeepxaeHus paboTocnocobHOCTM Npo-
rpamMmbl BbIMOMHEHA CEpPUSA pacyeTHbIX 3KCnepu-
MeHToB. CpaBHMBaNMCb BapuaHTbl U3MEHEHUA Ce-
YEHWs, COKpaLLeHNsa ANMHbI y4acTka, KoMneHcayuu
peakTUBHOW MOLLHOCTU W pasfjeneHns Harpysku
mexay AByMms duaepamu. PesynbstaTbl NprBeEaEHbI
B Tabnuye 2.

M3 Tabnuybl 2 BUAHO, YTO 6a30BbIA BapWaHT
B2 ¢ CUTMMT-4 4x50 mm? npn gnnHe 450 m He npoxo-
AUT NO NOTEpe HanpsKeHUs. YBENUYeHne ceveHmns
Ao 70 mm? cHmxaet notepto 4o 9,54 %, HO ewe
He obecneymBaeT BbINOMHEHWE  OFpaHWYEHUS
8 %. CeueHne 95 mm? paet aponyctumyto no-
Tepio HanpskeHuma 7,03 %, oaHako conposo-
XLaeTcs pocToM Mmatepuanoemkoctu. Hawmbo-
nee npeanoyTUTENbHLIM MO KOMMMEKCHOMY nO-
KasaTtenio saendetca BapuaHT B5, npm koTopom
ANUHA HW3KOBOMBTHOTO YyyacTka cokpaljaeTcs
fo 167,4 m. BapuanT B7, npeagycmatpusatomi
paspeneHue Harpysku mexay AByma dugepamu,
Takke obecneynBaeT AOMNYCTUMOE HamnpsXeHue,
HO TpebyeT AOMOMHUTENBHOW MPOBEPKM YYBCTBU-
TENbHOCTU 3aLWTbI, TaK KaK ANUHA NIMHUA U COMpPO-
TUBNEHUE NeTnu «asa-Hynb» COXPaHATCS.

[ns oueHKM 4yBCTBMTEMBHOCTW 3alUTbl B pac-
YETHOW Ccepun NPUHAT Tpebyembli MUHUMAanbHbIN
TOK ofHohasHoro kopoTkoro 3ambikaHums 0,40 KA.

ro KOpOTKOro 3ambikaHuusa k3 = 0,571 kA, Tok 04- Ecnu BbIGPaHHbI aBTOMATUYECKUI BbIKMIOYATENb
HOa3HOro KopoTkoro 3ambikaHus [k1 = 0,291 KA, wumeeT  gpyrylo  XapakTepucTuky, nporpamma
=+=ClM-4 4x50 mm*, P=51 kBr =&~ 0NyCcTMMOE NPOEKTHOE OrpaHudedne 8§ %

16

14

12

10

8 o i & i i i 3 i

MoTeps HampsekeHws, Y%

= 4

100 167 200

300 400 450 500

OnuHa nuHam, ™M

PucyHok 3 — 3aBUCMMOCTb NOTEPU HanNpskeHUsa OT AnuHbl nnHun 0,4 kB
Figure 3 — Dependence of voltage loss on 0.4 kV line length
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MO3BONSAET W3MEHWUTb 3TOT NapamMeTp U MOBTOPUTb
pacyeT. OTO BaXHO NS CENbCKUX NMUHWIA, T4e TOK 04-
HodhasHoro K3 moxeT okasaTbCHa 3HAYMTENbHO HUMKE
TpexdaszHOro Toka KOPOTKOro 3aMblKaHMS.

[ns npoBepkn KOPPEKTHOCTU NPOrpaMmMHON pe-
anusauun BbIMNOMHEHO COMOCTABIEHWNE PEe3ynbTaToB
C PYYHbIM pacyeToM No Tem ke dopmynam u ¢ He-
32BUCUMOI  PaCYETHOM MOAENbIO 3KBUBANIEHTHOM
R-X cxembl TpaHchopmaTopa 1 nuHUK. PacxoxaeHns

00yCnoBneHbl TONbKO OKPYFMEHNEM NMPOMEXYTOUHbBIX
BEMWYMH.

OKoHOMUMYecKas LenecoobpasHOCTb aBToMaTu-
3MPOBAHHOrO pacyeTa oOueHMBanacb No TPYAOEMKO-
CTW NOAFOTOBKW BapWaHTHbIX peLueHunin. [Mpu pyyHom
pacuyeTe OAHOrO BapuaHTa WHXEHep AOMKEH nocne-
[LOBaTENbHO OMNPEefeEnnUTb Paboumnin TOK, PeakTUBHYIO
MOLLHOCTb, MOTEPIO HAanpsKeHWUs, CONPOTMBMEHMWS
NUHWKN 1 TpaHcdopmaTopa, TOKM KOPOTKOro 3amblka-

Tabnuua 2 — Cepurst aBTOMaTU3NPOBaHHbIX PacyeToB BapuaHToB NuHum 0,4 kB
Table 2 — A series of automated calculations for 0.4 kV line options

BapuaHt Tanirpees P kBT L,m Ip, A | AU, % | Ik1, KA F BobiBog
peLLeHne
B1 CUM-4 4x35mw? | 5100 | 4500 | 8422 | 1434 | 0276 | 1067 |  TOHaNPRKeHMo fonyoTimo, TpebyeTos
MpOBepKa LTI
B2 | CMM-44x50mwe | 51,00 | 4500 | 8422 | 1359 | 0201 | 1,195 | MO HATPAKEHO AOnyCTUMO, TpebyeTos
MpoBepKa 3aLLnThI
B3 | cuM-44x7owme | 5100 | 4500 | 8422 | 954 | 0416 | 0,86 | MO HATPKEHMIO AOMYCTUMO, TpebyeToR
MpoBepKa 3aLLnThI
B4 CUM-44x95 mm> | 51,00 | 450,0 | 8422 | 7,03 | 0,563 | 0,700 JOMyCTUMO
CUM-4 4x50 mm?,
B5 KTI 6nmxe & 51,00 1674 | 8422 | 506 | 0,760 | 0,572 JOnycTUMO
Harpyske
” 2
B6 cur-4 4f50 MM?, 5100 | 4500 | 7916 | 1332 | 0291 | 1184 MO HaMpsHKEHMIO AOMyCTUMO, TpebyeTcs
cos9=0,98 MpoBepKa 3aLLuThl
r 2
B7 CUMM-4 4x50 mm?, 2550 | 4500 | 4216 | 680 | 0291 | 0,826 MO HaMpsMKEHMIO A0MyCTUMO, TpebyeTcs
4Ba cuaepa MpoBepKa 3aLLTI
N 2
B8 CI/II'I_4 4x50 Mm?, 3853 | 4500 | 6371 | 1027 | 0201 | 1,002 MO HaMpsMKEHMIO AOMYCTUMO, TpebyeTes
P=38,53 kBT MpoBepKa 3alLuThbl

Tabnuuya 3 — KoHTponbHas NpoBepKka pesynbTaToB aBTOMaTU3MPOBAHHOMO pacyeTa
Table 3 — Verification check of automated calculation results

[Nokasarenb PyuHoi pacuet [Mporpamma Python R-X mogenb Pacxoxgerve, %
Ip, A 84,22 84,22 84,22 0,00
AU450, B 51,66 51,66 51,65 0,02
AU450, % 13,59 13,59 13,59 0,00
k1, KA 0,291 0,291 0,292 0,34
k3, KA 0,571 0,571 0,572 0,18
Tabnuua 4 — KoHTponbHas NpoBepKa pesynbTaToB aBTOMAaTU3MPOBAHHOMO pacyeTa
Table 4 — Verification check of the automated calculation results
Onepaups PyuHoi pacueT ABTOMaTU3MPOBaHHLINA pacyeT Odpdpekt
OnuH BapuyaHT NHUK 20-30 MuH 1-2 MUH cokpalLeHve BpemeHn B 10-15 pas
Cepust 3 8 BapnaHToB 2,5-4y 10-15 MuH QeI B;éfzj)epHﬂznycmmoro
®opmupoBaHmKe oTyeTa 20-30 MuH aBTOMaTUYECKU CHWKEHWE prcKa oLWINOOK NepeHoca
| 1BETOpHBIA GG [P VEMGHSHIA 15-20 MyH MeHee 1 MUH ynobHO Mpu noadope ceveHns
MCXOHBIX JAHHBIX
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HWS 1 3aTeM nepeHecTu pesynsrathl B Tabnuyy. MNpw
cpaBHEeHUn 6—8 BapnMaHTOB 3TO NMPUBOAUT K NOBTOPE-
HWIO OJHOTUMHBIX BbIMUCIMEHUA W MOBBILLAET BEPOAT-
HOCTb apumMeTniecknx owmnbok.

MonyyeHHble 3HAYEHWA TPYAOEMKOCTU ABMSAIOT-
CSl MHXEHEPHOWN OLEHKOW, OAHAKO OHM MOKasblBaloT
MPaKTUYECKUIA CMbICIT MPOrPaMMHON peannsaunu:
aBTOMaTU3auus He U3MEHAET PUNHECKYIO CYLLHOCTb
pacyeTHbIX POopMyn, HO MO3BONSET ObICTPO BbINON-
HATb MHOFOBapWaHTHYIO MPOBEPKY U O0BOCHOBLIBATH
TexHuueckme wmeponpusaTua. Ons obwektoB AlK
3TO 0COBEHHO BaXXHO MpW BbIGOpe MeXxay yBenuye-
HMEeM cedvyeHns nposoaHuKka, nepeHocom KTT1, pas-
JENeHneM Harpyskm U KOMMEHCaUWen peakTUBHOWN
MOLLHOCTW.

Mporpamma npegHa3HaveHa ans npeaBapuTenb-
HOW NHXEHEPHOW OLJEHKN U HE 3aMEHSIET NOMHbIN NPO-
€KTHbIW pacyerT. [Mpu npakTM4eckoM NPUMEHEHNN He-
06X0ANMO YTOUHSATb NACNOPTHBIE AAHHbIE TPaHCOp-
maTopa, pakTndeckue conpoTUBNEHUS NPOBOAHNKOB,
YCNOBUS MPOKMaAKW, TEMNepaTypy OKpyXatowen
cpelbl, XapakTepUCTUKN 3aLUUTHbIX annapaToB, CXe-
My 3a3eMneHus 1 pacnpeaeneHue ogHodasHbIX Ha-
rpy3ok no gpasam. JanoHenwee pasButne anroputma
LuenecoobpasHo CBA3aTb C Pac4yeTOM HECUMMETPUM
HanpPsPKEHWN, YYETOM CYTOYHOrO rpadhmka Harpysku,
noaAGOpOM 3aLUMTHBIX annapaToB N0 BPEMSATOKOBbLIM
XapaKTePUCTMKAM 1 pacdeToOM NoTepPb 3MEKTPO3HEp-
MK 3a 3aaHHbIn Nepuoa.

3akntoueHue. CchopmnpoBaHa pacyeTHas Cxe-
Ma cenbckon nuHum 0,4 kB ¢ yueTom TpaHcopmaTo-
pa 10/0,4 kB, nposoaHunka CAI-4, pacueTHoOnN Harpys-
KM N TOYEK MPOBEPKM TpexdasHoro n ogHodasHoro
KOpOTKOro 3ambikaHud. B anroputm po6asneHb
napameTpbl TpaHcopmaTopa: MOLLHOCTb, Hanps-
XEHUe KOPOTKOrO 3aMblKaHWA W MOTEPU KOPOTKOro
3aMblKaHKS.

YTOUHeHbl OBbLEKT WM NpeaMeT WCCreAoBaHus,
a Tarke chopMynMpoBaHbl 3a4a4m, CBA3aHHbIE C pas-
paboTkon anropuTma, MPOrPaMMHON peanusaumen
N Cepueirt pacyeTHbIX 3KCMEPUMEHTOB. HayyHasa Ho-
BM3HA NepeHeceHa C aBTOMaTUYECKOro PopmMmUpoBa-
HWS BbIBOAA HA COBMECTHBIN y4eT TpaHcdopmaTopa,
MIVHAN 1 Harpy3ky Npu NPoBEpPKE TOKOBOW Harpysku,
NoTepU HaNPSKEHNSA U YYBCTBUTENBHOCTN 3aLLUThI.

MporpammHas peanu3auns BbIMONHEHA Ha A3bl-
ke Python ¢ rpaduueckum nHtepdencom. B cratbe
npuBeAeHbl CXeMa pacyeTHOW Mogenu, CTPyKTypa
anroputma, doparmeHT uHTepdenca u dparmeHT pac-
YETHOro MOAYMSA, YTO MOATBEPXKAAET HaNM4Yue aBTo-
MaTM3NPOBAHHOIO PacyeTa, a He TONbKO PyYHON Noa-
CTaHoBKM hopmyrn.

[na 6asosoro BapnaHTa ¢ CUIM-4 4x50 mm? npu
Harpyske 51 kBT paboumn TOK coctaBun 84,22 A,

YTO MEHbLUE ANWTENbHO-AoNnycTumoro Toka 195 A
Mpu pacuetHOW gnuvHe 167,4 M noTeps Hanpske-
HusA pasHa 5,06 %, a npu gnuHe 450 m — 13,59 %.
CnepoBatenbHO, NO TOKY TNUHWA  LOMNYCTUMA,
HO MO KaYeCTBY HAMPSXKEHNSA NPW NOMHOW ANWHE Tpe-
OyeT PEKOHCTPYKLUUN.

Cepusa pac4yeToB MoOKasana, uYTO YBENUYEHWE
cedeHns Ao 70 MM® CHUXKAET NOTEPK HanpsKeHUs
00 9,54 %, HO He obecneuymBaeT NPOEKTHOE OrpaHu-
yeHne 8 %. [lonyCcTMMbIN PEXUM LOCTUraeTcs npu nc-
nonb3osaHun CUMM-4 4x95 mm?, cokpalleHun AnnHbI
HN3KOBONLTHOIO y4acTka 40 167,4 m nnn pasgeneHum
Harpysku mexay AByMs ugepamu.

PacueT TOKOB KOPOTKOrO 3amblkaHWS C Y4ETOM
TpaHcdhopmaTopa nokasan, 4uto Ana 6a3oBoro Ba-
puaHTa gnnHon 450 M TOK 0gHOA3HOIO KOPOTKOro
3amblkaHusa coctaenseT 0,291 kA, uto TpebyeT OT-
JEnbHOW NPOBEPKN 4YYBCTBUTEMbHOCTA 3aLUTHOIO
annaparta. ns y4actka 167,4 m TOK Ik1 BO3pacraer
go 0,760 kA, 4TO ynydwaeT yCrnoBus 3alMTHOrO
OTKIIOYEHUS.

ConocTaeneHne nNporpamMmmHOro pac4yera ¢ pyd-
HbIM PacYeTOM 1 He3aBUCUMON R-X MO enblo nokasa-
no pacxoxaeHue He 6onee 0,34 %, 4TO NoaTBEpPXKAA-
€T KOPPEKTHOCTb PACYETHOro anroputma. OKOHOMU-
yeckas oLeHKa nokasana cokpalleHue Tpy40eMKOCTU
cepun pacdetoB ¢ 2,5—4 vacos 40 10—15 MuHyT, 4TO
NOATBEPXKAAET NPAKTUHECKYIO LilenecoobpasHoCTb aB-
TOMaTM3aumMmn Ans NPOEKTHOM WU 3KChnyaTauMOHHON
paboTbl B ATK.
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