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1. 3agaHne HA KOHTPOJBLHO-KYPCOBYIO padoTy
1.1. UcxonHbIe JaHHBIE

[IpoekTupyemMass  BIEKTPOIHEPTETHYECKAs  CUCTEMa  IPEIACTaBJIEHA
CYILIECTBYIOIIECH palioHHOM TMojAcTaHIMel (y3en 1) ¢ pacueTHON MOUTHOCThIO P U
TpeMsl pa3BUBAIOIIMMHUCA Yy3JlaMud Harpy3ku (y3nbl 2, 3 u 4) C pacyeTHbIMH
MOIIIHOCTSIMU P>, Piu Py,

N3 GanaHcOB aKTUBHOM M PEAKTHBHOMW MOIIHOCTH 3JIEKTPOIHEPTreTUYECKON
cUCTeMBbl 0oJyiee BBICOKOTO YpPOBHS HM3BECTHO, YTO B NEPUOA MaKCHMaJIbHOU
Harpy3Kd MOIIHOCTb, IlepelaBaeMas 4epe3 pPaloOHHYI0 MOJICTAaHLHIO K Y3JIaM
Harpy3ku 2, 3 u 4, orpaHudeHa BeuuuHon Py + jO,.

Cuctema sBisieTcss AS(UITMTHON MO aKTUBHOW MOIIHOCTH (P<P,+P;+P,),
MO3TOMY B Y3l 2, TJI€ HMMEIOTCS MOIIHbIE MOTPEOUTENN TEIUIOBOM JHEPIuH,
IJIAaHUPYETCs cTpouTenbcTBO TOL[, OT HIMH TEHEpAaTOPHOTO HANPSIKECHUS
KOTOpO# OyzIeT MmoJiydarh MUTAaHUE Harpy3Ka y3ia 2, a u30bsirounas MoHocTs TOL]
4yepe3 MIMHBI BHICIIETO HANPSHKEHUST MOXKET MEPEIaBaThCs B SHEPIOCUCTEMY.

Wcxonuble naHHBIE IJIsI TPOCKTHUPOBAHUS BHIOUPAIOTCS B COOTBETCTBUU C
puc. 1 u tabn. 1 u 2, B KOTOPbIX HOMEpPAa BapUAHTOB OTBEYAIOT COOTBETCTBEHHO
nocleHeN u npeanociaeaHen uudpam mudpa cryaeHra.
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PucyHok 1 — BapuaHTbl cXeM pacCIIONOKEHUS Y3JI0B UCTOYHUKOB [IUTAHUS 1
Harpy3oK

Tabnuuma 1 — Knumarudeckune YCJOBHUS PHEProCUCTEMBbI

Bapuant 0 1 2 3 4 5 6 7 8 9

Pucynok a 0 B r | e xK 3 u K

Kiaumaruueckue YCJdO0OBUHA

HopmarusHnoe

BetpoBoe | 400 | 500 | 650 | 400 | 500 | 650 | 400 | 500 | 650 | 500
nasnienue, [1a | (40) | (50) | (65) | (40) | (50) | (65) | (40) | (50) | (65) | (50)

(maH/)

Tommmua

CTEHKH 25 20 15 10 25 20 15 10 20 15
TOJIOJIENA, MM




Temmneparypa
umsmas, °C | -40 | -35 | -30 | -25 | -20 | -20 | -25 | -30 | -35 | -40
Temnieparypa
Beicias, °C | 20 | 25 | 30 | 35 | 40 | 35 | 40 | 30 | 25 | 20
Temmieparypa
cpennsis, °C -5 0 0 5 5 5 5 0 -5 -5

Tabnuiia 2 — XapaKTepUuCTUKA JIEKTPUIECKHUX HATPY30K

Bapyaer 0| I 2 3] 4] 5] 6 7] 8] 9
P,MBr | 40 | 30 | 40| 50| 6 | 40| 30| 4 0] 6
O, Meap 0] 15 20 5] 30 0] 5] 0] 5] 3
P, MBr 0 | 30 | 35| 0| 45| 60| 30| 40| 40| 30
P, MBr 0 | 0 | 45| 35 0] 5] 4] 70 30| 40

P, MBr 50 40 30 65 35 50 30 40 50 70
Macrurrad

lcMm:...xm 20 | 40 15 50 20 50 15 40 15 50

OO01me 119 BceX BADUAHTOB JIaHHbIE:

1. Bo Bcex y3nax Harpy3kH UMEKOTCA 3JIEKTPpONpUEMHHUKH 1, 2 u 3-i
KaTeropui Mo HaACKHOCTH AJIEKTPOCHAOKECHHUSI.

2.HoMmuHanbHbIE HANPSKEHUS HA IIWHAX palloOHHOU mojcTaniuu (y3en 1)
U= 110 1 220 kB; ypoBeHb HanpspKeHUs B IEpUOT HAUOOJIBIIIEH Harpy3Ku
U1= 1,05 UIHOM-

3. MomnocTh cobcTBeHHBIX HY X1 TOL P, coctabnser 10% oT MOITHOCTH
anekTpoctaniuu TILl; ko duimeHT peakTHBHOM MOIIHOCTU HArpy3Ku ig ¢,
=1,0.

4. IIpoAoKUTENBHOCTh UCIOIB30BaHUSI HAUOOJIBIIEH HArpy3KH B y3max 2, 3
U4 T1ax=5500 4.

5. Koapdunnentsl peakTMBHONW MOIIHOCTH HArpy3ok B y3iax 2, 3 u 4
COOTBETCTBEHHO COCTaBIISIIOT g ¢, =0,7; tg ¢, =0,8; tg ¢, =0,9.

1.2. Conepxanue padoTbl

1. CocraBnenue OamaHca akTHBHOM MOIITHOCTH 1 BBIOOp reHepatopoB TOII,

2. O60CHOBaHME CXEMBI U HAMPSKEHUS JIEKTPUUECKON CETH.

3. CocraBnenue OanaHca pPEaKTHUBHOW MOIIHOCTH, BBIOOp U pa3MelIeHHE
KOMIIEHCUPYIOIIHUX YCTPOMCTB.

4. Bb1060p 1 npoBepKa ceueHU MPOBOJIOB JIMHUH JIEKTPOIIEpe1ayun.

5. Beibop cxeMbl BbIIaul MOIIHOCTH U TpaHchopmaTtopor TOLI.

6. Bri0op TpanchopmMaTopoB U cXxeM MOJICTAHIIUI B y3J71aX HArPy3KH.

7. llpuBeneHue HArpy3oK y3J0B U MomHOCTH TOIl Kk cToOpoHE BBICHIETO
HaNPsKEHUS.

8. Pacuét koHcTpyKTHBHOM yactu BJIL.
9. I'pacmaeckas JacTb.



1.3. MeToanyeckue yKasaHusi K BbINOJHEHUIO IPOEKTA

1.3.1. bajianc akTUBHO MOIIHOCTH M BBIOOP reHeparopos TII
banmanc akTMBHONW MOUIIHOCTH, COCTABJSEMBI B JHEPrOoCUCTEME MJIs
pexuMa MaKCUMaJbHOM Harpy3ku, TpeAcTaBiisieT co00il  paBEHCTBO
reHEpPUPYyEeMOM U TTOTPeOIIeMON MOIITHOCTEH B DJIEKTPUUECKOMN CHUCTEME

ky(Py+Pst+Py) + AD, + Py= Proy + Py, (1)
rzie P; — akTUBHBIE MOLITHOCTH HAarpy3o0K B y3inax, i=2, 3, 4;
ky = 09 — xo>pdUIMEHT pPa3HOBPEMEHHOCTH MaKCUMyMOB AaKTHBHOM
Harpy3Ku;

P— axTrBHas MOIIHOCTH, MTEpeaBaeMasi 4Yepe3 palOHHYIO MMOJACTAHIINIO;

P.,,— momHOoCTh TeHepaTopoB TOLI;

AD; —CyMMapHbI€ TOTEPU MOLTHOCTHU B JIMHUSIX U TpaHCHopMaTopax;

P, =0,1P,,—™monHocTh cOOCTBEHHBIX HYX TOLI.

BemnunHa mnotepb AP; OpPUEHTHUPOBOYHO cocraBisieT S... 10 % ot
CyMMapHOM MoTpebisieMol aKTUBHOW MOIITHOCTH B CUCTEME.

N3 ypaBHeHus 6anmanca onpesensercss MouHocTs TOL,

HomuHanbHas MOIIHOCTh T€HEPATOPOB Pioy U UX KOJUYECTBO BHIOMPAIOTCS B
COOTBETCTBUU C JaHHBIMU Ta0JI. 3.

Tabnunma 3 — TexHuYecKass XapaKTEePUCTUKA TeHEPATOPOB

Tun Yacrota Shons Poows Usons COS @ yom
re’Heparopa | BpaLICHHUS, MB- A MBTt kB
00/MHH
T-12 3000 15 12 10,5 0,8
T-20 3000 25 20 10,5 0,8
T-32 3000 40 32 10,5 0,8
T-63 3000 78,75 63 10,5 0,8

[Tocne BpIOOpa KOJIMYECTBA U MOILHOCTH T€HEPATOPOB ONpEIEIseTCs
CyMMapHasi yCTaHOBJIEHHast MOIIHOCTh TOLI:

PTauy = ZDﬁi - QTauy - ZDm i 18 Py (2)
1 MOIIIHOCTB, BblAaBacMas BHCKTpOCTaHHI/Ief/'I B CUCTCMY:

PTauc:PTauy'PCH'PZ; QTSL[C:QT3LIy_QCH_Q2; ST3LIC: (3)

1€ Qcy = Peytg @,, — pEAKTUBHAS MOUTHOCTD.



1.3.2. O6ocHOBaHME BLIOOPA BAPMAHTA CXeMbI U HANIPSIKEHM I JJIEKTPUYECKOH
ceTH

DnekTpuyeckas CeThb  JOJKHA  oOecnedyrMBaTh  HaJEXHOE
aleKTpocHaOkeHue mnoTpeduteneid U TpeOoBaTh JJIsI CBOEro Pa3BUTHS
HAaMMEHBIIINX 3aTpaT MaTepuaigbHbIX pecypcoB. C 3TUX MNO3ULUMH M CIEOYET B
NIEPBYIO OYEPEb HAMEUYATh CXEMY MTPOEKTUPYEMOM IIEKTPUUECKOM CETH.

[Ipu BBINIOJIHEHNN KYPCOBOTO MPOEKTA CIEAYET:

* HAMETUTH IS 3aJaHHOTO B3aUMHOIO PACIIOJIOKEHUS Y3JI0B JIEKTPUYECKOM
CETH BO3MOYKHBIE K COOPYKEHUIO JIMHUH IEKTPONEpeIauH;

e [IPUHATH K PACCMOTPEHHUIO 3...4 BapHaHTa CXEM M MPOAHATIM3UPOBATH UX C
MO3WIMKA HAACKHOCTH M OKOHOMHYHOCTH; CBsa3b 121 ¢ moacranmueit
PHEPrOCUCTEMBI JOJDKHA oOecneyumBaThCsl MpPH  OTKaze JiroOoMl  JIMHUU
AIIEKTPOIIEpEAYN;

eBBIOpaTh M8 JajibHEHIEro pacyera OKOHYATEIbHBIH BapUaHT
AIEKTPUYECKOU CETH.

Ilpumep. Jlii1 IpUBENCHHOIO HA PUC. 2, @ B3AaUMHOI'O PACIIOIOKEHUS Y3JI0B
CeTH MpPHUMEM BO3MOXKHBIE K COOPYXEHHUIO JIMHUM AJIeKTponepenauu (puc. 2, 0).
[IpoexTupoBaTh JUHUIO MEXAY y3idamMu 2 U 3 HelelecooOpa3Ho, MOCKOJIbKY 3Ta
JIMHUSL UMEET OOJBIIYIO JUIUHY.

BbeiOepeM K PacCMOTPEHHMIO YETHIPE BO3MOXKHBIX BApUAHTA AJIEKTPUYECKON
cetu (puc. 2, 8, 2, 0, e). B kaxxmom BapuanTe o0ecrieunBaeTcs mpsimasi cBs3b TII] ¢
sHeprocucteMon (iuuus 1-2); morpedutenu B y3iax 3 ¥ 4 moydaroT TUTaHHE TI0
JIBYM JIUHUSAM (WU ABYXIIEMTHOW JIMHUM ) 3JIEKTPOTIIEPEIAUU.

1
L, 1%/,}3
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PucyHok 2 - BapuaHTbl pa3BUTHS 3JIEKTPUYECKON CETH



Bo Bcex cxemax mnpu aBapuWHOM OTKJIIOYEHUU JHOOOW JHUHHUU
AJIEKTpoIiepeaur o0ecreunuBaeTcs dJEKTpocHabkeHue mnorpeouteneid 3 u 4 u
coxpansieTcs cBa3b TOI] ¢ sHeprocucteMoii.

W3 comocTaBneHusi cXeM Ha puc. 2, 6 # O BUJHO, YTO CXeMa Ha puc. 2, 0
OyaeT 1oposke, OCKOJIBKY JIMHUS 3-4 B CXeMe Ha puc. 2, 0 JUIMHHEe, YeM JuHUS 1-3 B
cxeMe puc 2, 6. CxeMy pHc. 2, 0 U3 JATLHENIIEr0 pacyeTa UCKIFOUaeM.

B cxeme puc. 2, 2 cymmapHas JJIMHA JIMHUWA B OJHOLIEITHOM HCHOJIHEHUHU
3HAYUTEIBHO MEHBIIE, YEM B cxeMme puc. 2, e. CxeMmy puc. 2, e U3 JaJbHEHIIEro
pacuera UCKIIFOYaeM.

CxeMbl Ha puc. 2, 6 u 2 MO CyYMMAapHOM JUIMHE JIMHAMA B OJHOLIEITHOM
VCIIOJIHEHNU TIPAKTUYECKH PAaBHOLEHHBI. CONOCTABMM 3TH CXEMBI MO KOJIMYECTBY
CWIOBBIX BBIKITIOYATENICH, YCIIOBHO O003HAYCHHBIX XKUPHBIMH TOYKamMHu. B cxeme
puc. 2, 2 Ha OJMH BBIKIIOYATENb MeHbIe. Takum 00pa3zoM, Ui JajbHEHIIEro
paccMOTPEHUS CIEYET OCTaBUTh CXEMY PHC. 2, 2.

[Ipu onpeneneHNK HAPSKEHUS SJIEKTPUUYECKOM CETHU CIIEAYET CHavYajla OUEHHUTh
HaNpsHKEHUSI OTIENBbHBIX JIMHUH, a 3aTEM NIPUHAThH HAMPSHKEHNE BCEW CETH.

HoMuHanmpHOE HampspkeHHWE  JIMHUAM — DJIEKTPOIEpENadyd  OINpPEAEIIAeTCs
AKTUBHOW MOIIHOCTHIO P, MBT, nepenaBaemMoi 10 JIMHUM, U PACCTOSTHUEM L, KM, Ha
KOTOpPOE€ 3Ta MOIIHOCTh Iepenaercs. PaccuuTarb HOMHMHAJIBHOE HANPSKEHUE
JMHUU MOKHO, TMOJIb3YSICh Pa3IMYHBIMU SMIHUpUYecKUMU (opmynamu. Dopmyna
Cruuia

U= 4,34VL +16P , kB 4)
npremiieMa Julsl JMHUM JUTMHOM 10 250 KM 1 niepeaBaeMbIx MolHoctei 1o 60 MBT.

JUta O0JBIIMX MOUIHOCTEW, NepeAaBaeMbIX Ha paccrosiHue 10 1000 kw,
UcHonb3yercst opMyra 3aneccKkoro

Usox= y/P(100 +157/L) , kB. (5)

VY IOBNETBOPHUTENBHBIC  pe3yibTaThl ISl BCEW IIKAIBI HOMHHAIBHBIX
HaINpspKeHAN
(35... 1150 xB) naet dpopmyna Mnnapronosa

1000
Uyo= ————, KB. (6)
[500 N 2500
L P

Jis Toro, 4ToOBl BOCHOJIB30BaThCS OAHOM M3 QopMmyn s BblOOpa
HamnpsDKeHUs, HeoOXOAMMO 3HaTh IIOTOKM MOIIHOCTM B JMHUAX. Pacuer
npeaBapuTesnbHOro (0e3 ydera IOTEpb) paclpeleieHUs MOIINHOCTEN B
Pa30MKHYTBIX CETSX ONpeAessieTcs o nepsoMy 3akoHy Kupxroga.

JUist  onpeneneHuss NPEeABAapUTENIBHOTO PpaclpeleieHus] MOIIHOCTEH B
3aMKHYTOM CETM 3Ta CETh pa3pe3aercss IO HMCTOYHMKY nuTanus (y3ny 1) u
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NPEJICTABISAECTCS CEThIO C JBYXCTOPOHHMM nuTaHueMm. Ha puc. 3mokas3aHa cetb ¢
JIBYCTODOHHMM TIMTAHUEM TpeX Harpy3ok -P., . Psu PgMomsocts TOII]
IIpeJICTaBlIeHa OTpULATeIbHOM Harpy3kou. Hampasnenuss womHocTer Pj B
JVHUSAX 3aJal0TCsl NPOU3BOJIbHO. Eciy mpu pacueTe HEKOTOpass MOIIHOCTH Pj
OyJIeT uMeTh OTpUIATEIbHBIM 3HAK, TO 3Ta MOIIHOCTh TEYET B HAMNPABICHUH,
MPOTUBOMOJIOKHOM BHIOPAHHOMY.

ITockonbKy cedeHus JIMHUHN eé He BbIOpaHbI, paclpe/ielieHne MOIIHOCTEH
ONpeaensaeTcs MO JJIMHAM JIMHAWA. MOIIHOCTH, MPOTEKAIOIIME II0 TOJIOBHBIM
y4aCTKaM CETH, ONPEAECIISIOTCS MO CIEAYIOIIUM BBIPAXKCHUSIM:

Py = [-Proy (L3 + Lag + Lap) + P3(Lsg + Lay) + Palap)] /Ly (7, a)
Py =[Ps(Lss+ Lys+ L1p) + Py(Loz + L12) - Proyl12)] /Ly (7, 6)

rae Li— MIMHaA TUHAW MEXAY y3JaMH [ U j, KM;
L,— cyMMapHas JUIMHA JIMHUM 3aMKHYTOM CETH, KM.

| P12 P23 Pa3 Pra
1 e i — i —— —i— — |
=“Prauc Py P4

Pucynok 3 - CeTb ¢ ABYXCTOPOHHHM ITMTaHHEM
[IpaBUIEHOCTH BHIYMCIICHHH MOYKHO IIPOBEPUTH 110 YCIOBHUIO:
P+ Pry=P3+ Py- Py (7, 6)

MomHocTH, TpoTeKaronMe Mo JHUHUSIM 2-3 U 3-4, pacCUMTHIBAIOTCS IO
nepBoMy 3akony Kupxroda.

[To paccuynTaHHBIM aKTUBHBIM MOIIHOCTSM W JJIMHAM JIMHUMA OIPENEIISTFOTCS
HaANPsDKEHUST OTUX JIMHUA B COOTBETCTBUHM ¢ ¢opmynamu (4...6). IlomydeHnusie
HANPSDKEHUST OKPYTIISIIOTCS 710 OMKAWIMX OOJIBIINX CTaHAAPTHBHIX BenwmuuH. [lo
pe3yiapTaTaM aHaiu3a TOJYYEHHBIX HANPSHKECHUN TNPUHUMACTCS HOMHHAIBHOE
HaNPSKEHUE JIEKTPUYECKOM CETH.

B 3amkHyTOM ceTH I BCeX JMHHUM, KaKk MNpPaBUIIO, MPUMEHSETCS OIHO
HauOoJIbIlIee HOMUHAJIHOE HAIIPSKEHUE.



1.3.3. banaHc peakTUBHONH MOIIHOCTH, BIOOP MOIIIHOCTH U pa3MelleHue
KOMIICHCHPYIOLIUX YCTPOMCTB

bananc peakTUBHON MOIIHOCTH, COCTaBJISIEMBIM JIs1 peXuUMa HauOOJbIIeH
Harpy3ku, TMpeACTaBIsIeT COOOH pPABEHCTBO TE€HEPUPYEMOM U TMOTPeOIIEMOM
PEaKTUBHBIX MOIIIHOCTEN B 3JIEKTPUUECKON CUCTEME

kQ(Q2 + Q3 + Q4) +A Qn + QCH + A QT = QTauy + QKy + Ql + QC7 (8)
rae Q; = Pitg ¢,— peakTHUBHbIE MOIITHOCTH Harpy3oK B y37ax, i= 2, 3, 4;
ky, = 0,9 — xo3pduieHT pPa3HOBPEMEHHOCTH MAaKCUMYMOB PEAKTHUBHOMN
Harpy3Ku;

Q) — peakTUBHas MOIIIHOCTh, IIepe/iaBaeMast Yepe3 pailoHHYIO TOICTAHITUIO;
A Q1 AQ,— IOTEpU MOIIHOCTH B TUHUAX U TpaHchopmaTopax;

Oronys Ocy — peakTuBHast MoIHOCTH TOL 11 ee COOCTBEHHBIX HYXT;

Q. — 3apsiHas MOIIIHOCTb JTUHUH 3JIEKTPOIepe1ayun;

O— TpebyemMas cymMMapHasi MOITHOCTh KOMIIEHCUPYIOIIUX YCTPOUCTB.
B npenBapuTenbHbIX pacyeTax MOKHO MPUHSIThH

AQr=0,1(S3 + S84 + Sooue); 9)
O==U"2,6-10° L , Map; (10, a)
AQ,=(5...25)107 L,, MBap— 151 munuit 110 kB; (10, 6)
AQ,=(10...50)10° L,, MBap— mst manmii 220 kB; (10, 6)

rae Ly,— cymMMapHas JJIMHA JIUHUM B OJJHOLIEITHOM MCIIOJIHEHUH, KM.

W3 ypaBHeHus OanaHca peaKTHBHON MOIIHOCTU Ompenesnsercs Tpedyemas
CyMMapHasi MOITHOCTb KOMIIEHCUPYIOIIHUX YCTPOUCTB Qy.

Pacnpenenenne momHoCcTH Oy MEXAY MOTPEOUTENSIMU MPENCTABIISET
co00Ol TOCTAaTOYHO CIOXKHYI0 ONTUMHU3AIMOHHYIO 3a1audy. B kypcoBoil pabore
3Ta 3a/1aya peuiaeTcs yupoIueHHo:

*B y3JIe 2 KOMIIEHCHPYIOIIHE YCTpoilcTBa He pazMemarTcsa (Oy, = 0),
IOCKOJIbKY B 3TOM Yy3ie Haxonutcs TOILl, reHepaTopbl KOTOPOW SIBIISIOTCS
MOIIIHBIM UCTOYHUKOM PEAKTUBHON MOIIHOCTH;

e pacupeaeneHne MOIHOCTH (O, MEXAY y371aMU 3 U 4 BBINOJHAETCS IO
paBEeHCTBY KO3()(PULMEHTOB PEAKTUBHON MOIIHOCTHU B ATUX Y3JIaX:

thg¢i _Qéo'
igp = - , (1T)

2P,
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raei = 3.,4.
N ckoMbie MOTITHOCTH KOMITEHCUPYIOITUX YCTPOUCTB B y3JIaX COCTaBST

QKyi = Pi(tg(p i tg¢ ) (12)

rae i =3.4.

Eciu nnga kakoro-to y3na BbeipaxkeHue (12) mact oTpuuaTeabHbIN
pe3yabTaT, TO JAJIA 3TOr0 y3Ja cleayeT NpUHATh Oy, =0.

[locne omnpeneneHus MomHOCTEN (i pacyeTHbIE HArpy3kud B Yy3jax
COCTAaBST:

Pyi=P;  0pn=0i Owis Spi= /Pi+0, > (13)
rae i = 3,4.

1.3.4. Bbi0op 1 nmpoBepKka ceyeHUid MPOBOIOB JUHUI
3JIeKTponepeaayu

Jlns BbIOOpa ceueHUil MPOBOJOB BO3AYIIHBIX JIMHUM 3JIEKTpOINepenaydu
HEOOXOJAMMO 3HAaTh MOJHBIE MOIIHOCTH, NPOTEKAIOIINE IO JHUHUIM.
[IpenBapuTeibHOE pACHpPENEIEHUE PEAKTUBHBIX MOIIMHOCTEW B JIMHUAX
AIIEKTPUUYECKON CETU OMPENEIAETCS TAK K€, KaK M aKTUBHBIX MOIIHOCTEH (CM. II.
5.3.2). B Beipakenus (7, a, 6, 8) noactaBnsatorcs 3HaUCHUSA Oroy e, Op3, Opa-

[lonHast MOIIHOCTH, MpOTEKaromias MO JUHUM MEXAY y3JIaMu 1 U ],
ONIPEIEIAETCA MO BBIPAKECHUIO

Sy = B +0; (14)

I[J'ISI IMPUHATOIO HOMHHAJIBHOI'O HAIIPsSKCHHUA CCTHU UHOM TOK B JIMHHUHU
COCTaBUT

]ij = Sij /\/g UHOM. (15)
CeyeHus MPOBOJOB BO3AYIIHBIX JMHUW AIIEKTPOIEpENauynd BbIOMpAIOTCS 10
IKOHOMUYECKOU  NJIOMHOCMU  MOKA j,. 3HA4Y€HUS j,, 3aBUCSIIME OT

POAOIKUTENILHOCTH HauOOJIbILEH HArPY3KU T .y, IPUBEICHBI B TA0M. 4.
Ceuenue npoBoJa, COOTBETCTBYIOLIEE SKOHOMUYECKON IIIOTHOCTU TOKA,

Gsii = Lii 1 J». (16)
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Taonuma 4 — IKOHOMHYECKAd NMJOTHOCTh TOKA

[TpoBoTHUKH DKOHOMHYECKAs INIOTHOCTH TOKa, A/MM’,
upu Ty, 9
1000...3000 3000...5000  Gomee 5000
HewusonrpoBaHHbIC
AJTFOMUHHEBBIE U
cTajcaIlOMMHUEBBIE ITPOBOIA 1,3 1,1 1,0

[TonyuyeHHOe ceueHHME OKpyTraseTrcss [0 OJIMKaMIIero CTaHIapTHOIO
ceueHns ;. lllkama CcTaHIAapTHBIX CEYEHHW IIPOBOAOB BO3AYIIHBIX JIMHHAU
COCTABIISICT CIAEAYIOIIUHN P

16, 25, 35, 50, 70, 95, 120, 150, 185, 240, 300, 330, 400, 500, ... Mm".

B cootBerctBuu ¢ [IYD MuHHMManbHBIE CEUEHUS MPOBOJOB MO YCIOBHUIO
OTpAaHHYCHUSI [OTEPh HA KOPOHY cOCTAaBItIOT 70 um 240 MM I JMHHIL
Hanpsbkeanem 110 1 220 kB coorBerctBeHHO. Ecim paccuMTaHHBIE CEUECHMS
IPOBOJIOB TMOJYYHJIUCh MEHbBIIE, 3TH CEUYEHUS HEOOXOAMMO YBEJIUYUTH 0
YKa3aHHbIX 3HAYCHUH.

BriOpanHbie cedeHUs TPOBOAOB JOJDKHBI OBITH MPOBEPEHBI IO
JIOITYCTUMOMY JIJIUTENBHOMY TOKY [, (IO HarpeBy) B MOCIICaBApUHHOM DPEKUME
paboThl BJIEKTPUUYECKON CEeTH, MO KOTOPHIM MOJPA3yMEBAETCA OTKIIOUYECHHE
11000 MHUU. 3HAYCHUS [0, AJ1S1 IPOBOAOB PA3IMYHBIX CEUEHHUM MPUBEICHBI B Ta0JI.
5.

[Ipu nuTaHuu y351a Harpy3KU MO JABYM JIMHUSAM B PEKUME OTKIIOUCHUS OJHOU
JMHUM TOK OCTaBIIEiiCcs B paboTe IMHUU yBEIMYUBaAETCs B Ba pa3a. [IpoBepka mo
HarpeBy MPOBOJIOB TAKUX JIMHUI BBITIOJHSAETCA 10 YCIOBUIO

Iii ma 211] S I[[on- (17)

[IpoBepka 1o HarpeBy JIMHUM 3aMKHYTOM CETH, COAECPKAIIEH B OJNHOM W3
y3510B TOII, BBINOJHAETCA MOOYEPEIHBIM OTKIIOUEHUEM KAXKIOW JIMHUU 3TOM
cetd. PaccMOTpuM Takyro TIPOBEPKY JIsi 3aMKHYTOM 3iekTpudeckoit cetu (1-2-4),
MIPUBEICHHOM Ha pUC. 2, 6.

Ortxmoyenye JIMHnM 1-2:

e 110 JIMHUU 2-4 MPOTEKAET MOJIHASI MOITHOCTh, BbliaBaemasi TOLI;

e110 JIMHUU 4-1 MPOTEKaeT MOUIHOCTb, PaBHAS PA3HOCTU MEXIy MOIIHOCTBHIO
TOII 1 MOIITHOCTHIO TIOTpEOUTENS 4.

OrximroueHue JuHUA 1-4:

® 110 JIMHUU 2-4 MPOTEKAET MOILTHOCTH Sy;

e 110 JIUHUHU 2-1 IPOTEKAET MOIIHOCTD (Spoy ¢ - S4).

OtxinroueHue JUHUU 2-4:

e 110 JIMHWH | -4 poTEeKaeT MOIIHOCT Sy;

e 110 JIMHUU 2-] IPOTEKAET MOUTHOCTD Sy ¢
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[1Io MOIIHOCTAM ONPENENAIOTCA TOKU B JIMHUAX B ITOCIIEABAPUMHOM PEXUME i1
MIPOBEPSIETCS YCIIOBUE

Iii na S I[[on- (1 8)

[TpoBepka mpoBOJIOB JIMHUI MO HArpeBy B citydae oTcyTcTBUs TOLI B 3aMKHYTOM
CETH BBITIOJIHIETCS TOOUYEPENHBIM OTKIIFOUEHUEM Ka)KOTO M3 TFOJIOBHBIX YYaCTKOB.
B kaxnom ciydae pacCunMTHIBAECTCS PACIPEACICHUE MOIIHOCTEN B PA30MKHYTOM CETU
B MOCJICABAPUITHOM PEKUME, TOKH B JIMHUSIX U TIpoBepseTcs yciaorue (18).

[Ipn HeBbmonHeHun ycaoBud (17, 18) cedeHue mHPOBOAOB JIMHUHU
HEOOXOIMO YBEITUHTb.

[lapameTpsl  cTaneaJlOMUHHMEBBIX  IMPOBOJOB,  HEOOXOAUMBIEC  JJIs
MOCJIETYIOIIUX PACUETOB, IPUBE/ICHBI B Ta0. 5.

Tabnuma 5 — IlapaMeTpsbl cTajieaJIIOMMHUEBBLIX MPOBOJAOB

Ceuenne, MM~ 70 95 120 150 185 240 300

70, OM/KM 0,4 0,31 0,25 0,2 0,16 0,12 0,1

X, OM/KM 0,44 | 043 0,43 042 | 041 041 043
0.44

bo- 10°, Cw/iem 255 | 2,6 2,65 2,7 2,75 | 281 2,64
2,6

Lion, A 265 | 330 375 450 510 610 690

Ilpumeuanue. Jlnss npoBogoB ceueHuem 240 MM’ B UHCIHTENE yKa3aHbl TapaMeTphbl A

HanpsokeHus 110 kB, B 3Hamenarene - s Hanpsbkenus 220 xkB. Jlnsg npoBonos ceuennem 300

MM napaMeTphl yKa3aHbl 11 HanpsbkeHus 220 kB.

1.3.5. Bb10op cxembl BbIIa4ui MOIIIHOCTH U TpancdopmaTopos TIIL

CxeMmbl BbIJIaud MOIIHOCTU TreHeparopamu TOLl cTpostcs 1o IBYyM OCHOBHBIM
HPUHIIMATIAM:
e CXEMBI C T€HEpPATOPHBIM pacipenenuTeabHbIM yeTpoiicTBoM (I'PY) (puc. 4);
e 65109HBIE CXeMBI (pHC. 5).
Ot mwuH I'PY nomydator nmutanue motpebutenu Ha Hampsbkenue 10 kB u
notpeOuTenn CoOCTBEHHBIX HYXA (C.H.). Takue cXeMbl NPUMEHSIOTCS IS
TeHEepPaTOPOB HEOOJIBIION MOIIIHOCTH.

13
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cobcTBeHHbIE HYPKALI M NoTpebutenn Ha 10 xB

Pucynoxk 4 - Cxema TOLI ¢ reHEepaTOpHBIM pacpeaeIUTEIbHBIM YCTPOHCTBOM

Y

e

gt

¢ !

T
' TCH TCH
G G

cobcrBeHHbI® HPKABL! M noTpeburenn Ha 10 kKB

TCH

Pucynok S - brnounas cxema TOL]
CoOctBenHble Hyxabl TOLL BbmonHsroTcsl Ha HanpspkeHuu 6 kB. Tloatomy npu
TEHEPAaTOPHOM HanpspkeHUH, paBHOM 10 kB, muTaHue c.H. OCYIIECTBISIETCA 4Yepe3
TpaHchopmatop cooctBeHHbIX Hyk 1 TCH nanpspxkenuem 10/6 xB.
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C poCTOM eIMHUYHBIX MOIITHOCTEN TeHEPaTOPOB MPUMEHSIOTCS OJI0UHBIE CXEMBI,
B KOTOpbIX MoTpedurenyd Ha Hanpspbkenue 10 kB u mortpeOutenu c.H. MOIy4aroT
MUTAHUE OTIAWKaMHU OT FreHepaTopoB G.

B cxemax TOI] ¢ I'PY cBsi3b C cUCTEMOI OCYIIECTBIIICTCS, KaK MPaBUIIO, YEPE3
JBa TpaHcopmaTtopa cBsizu 1. BeIOOp MOIIHOCTH 3THX TpaHC(HOpMATOpoB JOIKEH
MPOBOJIUTHCS C yUETOM rpaduka TermioBod Harpy3ku TOLI, BO3MOXKHOro oTKasa
OJTHOTO M3 TeHEpaTopoB U Apyrux (hakTopoB. B KypcoBOM MpoeKTEe HOMUHAJIbHYIO
MOIIIHOCTh OJHOT0 TpaHC(hOpMaTOpa CBA3U PEKOMEHIYETCsS BHIOMPATh HE MEHbIIIE
CJIEAYIOLIMX 3HAYCHUM:

SHOM > ST3LI C;SHOM > SZ ; / 2 (19)

s 6mounoit cxembl TOL[ ¢ » OAMHAKOBBIMH arperataMu HOMHHATBHAS
MOIIHOCTh ~ K&KAO0ro Ono4yHoro TpaHcopmaropalaobkHa ObITh HE  MEHBIIE
CJIEYIOIIUX 3HAYEHUIA:

SHOM Z STau c / n; SHOM Z SZ / n. (20)

[TonydyeHHbIE 3HAYEHHS MOIIHOCTEW OKPYIJISIOTCS 10 OJvkaiien
OO0JBIIIEH HOMUHAIBHOM MOIITHOCTH TpaHchopMaTopa (cM. Tabi. 6).

PacnpenenurensHoe ycTporicTBo Bbiciiero Hampsbkenus 110... 220 kB (PY BH)
MOYKET BBIIOJIHATHCSA 0 CXeMe 0€3 COOPHBIX IINH C MEPEMBIUKOM (puc. 4) WK ¢ IByMs
cucreMamu 1mmH (puc. 5). KommuectBo mnpucoeaunenuit k mmHam PY BH
ONPEAEIIAETCS KOJIMYECTBOM OTXOIAIINX JIMHUM.

1.3.6. Bb160op TpancgopMaTopoB 1 CXeM MOACTAHIMI B Y3J1aX HATPY3KH

Ha mnoncraHumsix, OT KOTOpBIX TMOJNy4arOT NUTaHue mnorpeouremd 1 u 2
KaTeropuu, yCTaHaBJIMBAIOTCA JIBa TpaHchopMaTopa.

MouHocte  TpaHcopMaropoB Ha MOJACTAHIMM BBIOMpPAETCS C  Y4eTOM
JIOMTYCTUMOW  TIEPETPY3KM B aBapuMHOM pexume. [log aBapuiHbIM  peXUMOM
MOHUMAETCS aBapuilHOE OTKJIIOUEHHE OJHOro TpaHcopmaTtopa. Bcro Harpysky
MPUHUMAET Ha ce0s1 OCTaBIIMiCs B paboTe TpaHchopmarop.

Bripakenue nist BBIOOpa HOMUHAJIBHONW MOIITHOCTH TPaHC(HOPMATOPOB MMEET
BUJL;

SHOM = Spi / kna (21)
e Spi - pacyeTHas Harpy3Ka B y3Ii€ i,
k. =14...1,5 - KO3 PUIEHT TOIMyCTHUMO MEeperpy3KH.

[TonmyuyeHHOE 3HAuUEHHWE MOIIHOCTH OKPYIVISIeTCS J0 OivKauien Oosblieit
HOMUHAJIBHOW MOIITHOCTH TpaHchopMaTopa (cM. Tabi. 6).
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CxemMa TMOJCTAHLIMM 3aBUCHT OT HANpPSHKCHUS, MOIHOCTH, Ha3HAYCHUS
TMIO/ICTAHIINH, €€ PACTIONIOKEHUSI B CXEME CETH, KOJMYECTBA TPUCOCAMHEHUI U IPYTHX
(hakTOpoB.

[Ipy BBIOJHEHWH TPOEKTA CJEAYyeT MPUHUMATh THUIIOBBIE CXEMBbI
TIOJICTAHIMI B 3aBHCUMOCTH OT UX PACTIONIOKEHHS B CXEME CETH:

e TYNHKOBAs MOJICTaHIIUSA (pHC. 6, a);

e TpAH3UTHAsI B 3aMKHYTOH cxeme (puc. 6, 6);

e TPAH3HUTHAsI B MArHCTPAJILHOM cxeMe (puc. 6, 8).

S

110...220 xB 110...220 xB 110...220 xB

N

ﬁr&

'!: \@

@ —
g ST
a) 6) - B)

PucyHnok 6 - TunoBbie CXeMbl OACTAHIIAN

PY BH (110..220 xB) BbemonHsercs, Kak NOpaBWIO, OTKPbITHIM. IIpu
KOJIMYECTBE IMPUCOCAUHEHUM 10 4YeTblpex (2 MNpUCOCOUHEHUS - JIMHUM, 2
npucoequHenus - tpanchopmartopel) PY BH Bemonnsiercst 6e3 cOopubix mmH. J{is
obecrnieuenus TpanzuTa MouHoctd B PY BH npenycmarpuBaercs: pabouast nepembruka
¢ BbIKJTIOUaTeseM (puc. 6, 6). [Ipu BbIOIHEHHH PEMOHTHBIX PadOT TPAH3UT MOIITHOCTH
OCYILIECTBIISIETCS YEPE3 PEMOHTHYIO MIEPEMBIUKY 0€3 BBIKIFOUATEIS.

[Ipu Konu4yecTBE NPUCOECIUHEHU Ha CTOPOHE BBICHIETO HAIPSKEHUS IECTh
u OoJsiee mpemycmaTpuBaroTcs Oojee cioxHbie cxeMbl PY BH, B yactHOCTH
cucteMa COOpHBIX IIMH, COCTOSIIIAs U3 IBYX CeKIuii (cekiuu 1 u 2 Ha puc. 6, 8).

PY wnusmero Hampsokenuss 10 kB coOupaercs, Kak TMpaBWIO, U3
KOMIUIEKTHBIX STU€eK U COCTOMT U3 BYX (1 u 2) unu vetwipex (1, 2, 3 u 4) cekimii
IIMH, COEIMHEHHBIX CEKIIMOHHBIM BBIKITIOUaTeneM. KomuecTBo ceKumil onpeaesnsercs
UCTIOJIHEHHEM TpaHchopmaropa (C paciieryieHHeM OOMOTOK HH3ILEro HarpshKEHHS
WM Oe3 pacIierieHus ).
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[Tockonbky B cocTaB mnoTpeOuTeNneld BXOAAT JJICKTPONPUEMHUKH 1
KaTEeropuM, Ha CEKLIMOHHBIX BBIKIIFOUATEIIX IIPELyCMATPUBAETCS aBTOMATHKA BBOJIA
pezepBHOTO nTuTanus ABP.

Tabnuma 6 — TpéxdazHbie TBYXOOMOTOYHBIE
TpanchopMaTopsl KjaaccoB HanpsxkeHnusa 110, 220 kB

Tun Shioms Us voms Uisoms | A Pxs A Py, Ugss Ixx,
Tpancdopmaropa kBA kB kB kBr | kBt | % %
TAH- 10000/1 10 10000 115 11 14 | 58 105 | 09
TIH- 16000/1 10 16000 115 11 21 86 10,5 | 0,85
TPAH-25000/110 25000 115 10,5 25 1120 10,5 | 0,75
TPAH-32000/110 32000 115 10,5 32 | 145 10,5 | 0,75
TPIH-40000/110 40000 115 10,5 42 160 10,5 | 0,7
TPAH-63000/110 63000 115 10,5 50 1245 10,5 | 0,6
TPZIH-32000/220 32000 230 11 45 | 150 11,5 | 0,65
TPIH-40000/220 40000 230 11 50 170 11,5 | 0,6
TPZIH-63000/220 63000 230 11 70  |265 11,5 | 0,5

Ipumeuanue. TpancopmaTopsl ¢ BeiciimM HamnpspkeHreMm 110 kB umeror ycrpoiicto PITH ¢
nuamnazoHoM perynuposanus + 9x1,78%. Tpanchopmatopsl ¢ BeiciuM Hanpsbkenuem 220 kB
umeroT ycrporictBo PITH ¢ nuanasonom perynupoBanus + 8x1,5%.

1.3.7.IlpuBenenue Harpy3ok y3;10B U momHoctu TIII k cropone BH

B cooTBeTCTBUM € 3aJaHHEM Harpy3Kd y3JOB 3aJaHbl HA CTOPOHE HHU3LIETO
Hanpsokenuss (HH) 10 kB. IlpuBeaeHne Harpy3ok K CTOPOHE BBICHIETO
HanpspkeHust (BH) BemmosHsieTcss A NOCIEAYIOIIET0 YOPOUIEHUS pPacYeTHOM
CXEMBbI YCTAHOBUBIIETOCS pPEXKUMA dJIEKTPUUECKOMN CETH.

Ha puc. 7, a noka3zaH y4acToK CXe€MBbI AJIEKTPUUECKOU CeTU: ABE TuHuu Wiu W,
MOJXOJAT K HeKoTopomy y3iy iI. Harpy3ka Ha cropone HH cocrasmsier Sp; = Pp; +
JjOpi. CxeMa 3aMelleHusl 3TOr0 ydacTKa CeTH MpuBeneHa Ha puc. 7, 6. Harpyska
y371a i, npuBeAeHHasA K ctopoHe BH, onpenenseTcs no cieyromuM BeIPaKEHUSIM:

Py =Ppi+ APr, Qu=0pi+ AQrn-(Qct+00)/?2, (22)
rne APt u AQr - m0OTepu AaKTUBHOW U PEAKTUBHOW MOIIHOCTH B

Tpancpopmaropax 7T;
01721 Qc»/2 - TONIOBUHBI 3apSTHBIX MOITHOCTEN JiuHUA Wi W).

17



= /11
T "2 T Sin= l:?sil"imis
Asx,_.[]z,
S =P +jQ.. -4
pi P Pi _ .
S v S0 R Ty,
a) 0) B)

PucyHok 7 - Y4acTOK cXeMbI JICKTPUUECKON CeTH (@), ero cxema 3amelieHus (6)
Y CXeMa y3J1a I ¢ Harpy3Koi, npuseaeHHoi k BH (6)

[ToTepu mouHOCTH B TpaHCHOPMATOPAX BBIUUCISIOTCS IO BBIPAKEHUSIM

1

APr=nAPy + — APGS,’ / Suow» KBT; (23)
n

AQr=nlySund 100+ L14,S2 /10080, B2P, (24)
n

/i€ 71 - KOJUYECTBO TpaHC(POPMATOPOB B y3IIe i,
Spi - pacueTHas Harpyska ysiuai, KBA;
Stons A Pxxt, A Pisxx, ty; - TACTIOPTHBIE TaHHBIE TpaHchopMaTopa (Tadi. 6).
3apsimHas MOIITHOCTD JIMHUM BBIYHMCIISIETCS TI0 BBIPAKEHUIO:

0. = mU,q" by L, MBap, (25)

IJI€ M - KOJIMYECTBO LICNEH JIUHUY;

by - ynenbHasi IPOBOJUMOCTh JUHUHM (Ta01. 5), CM/KM;

L - nnuHa JTUHUH, KM;

Uson - HOMUHQJIBHOE HANPSIKEHUE JIMHUM, KB.

PaccmoTpum sKBUBaJieHTHYI0 cxemy TOIl (puc. 8,a). Uepes
TpancopMatopsl 7 IPOTEKAET MOUTHOCTh
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Pucynok 8 — IlpuBenenune momuoctu TIIl u Harpy3ku y3ja 2 k cropoie BH

[IpuBenenue MOIHOCTH Pryp;c +jO1s1cK ctopone BH BeinonHsieTcs
TaK»Xe, KaK ¥ JJIs OJICTAHIIUM, HO C YYETOM HaIPABJIECHHUS MOLIHOCTH

PZB = PT3LIC - APTa QZB = QT3I_IC - AQTa +(QCI+Q02) /2 (28)

[Ipu ompeneneHun moTepb MOIMIHOCTA B TpaHchopmaropax TOI[ B
BbIpaxeHus (23) u (24) BMECTO S,; HOACTABIAETCS Sy c-

ITocne nmpuBeaeHUss MOIHOCTEN Y3J710B K cTopoHe BH cxembl 3amenmienus

ATUX y3JI0B CBOJATCS K 00Jiee MPOCTOMY BUY, TPUBEICHHOMY Ha PUC. 7, 8 U
puc. 8, 6.

2. PACUET U IPOEKTUPOBAHUE KOHCTPYKTUBHOM YACTH BJI

OTOT paz/ell BKIOYAET B ce0s CIICAYIOIINE BOIIPOCHI:

e BIOOD OTIOPBI;

e PaCyeT yAEIbHBIX HArpy30K Ha IPOBOJ;

e OIIPEJIEJIEHNE HCXOJHOTO PEXHMMA C IIPOBEPKOI MPOYHOCTH ITPOBOAA;

* pPacYET MOHTAXXHBIX CTPEJI IPOBECa MPOBOJIA;

e poBepKy radapura BJI.

Bce ykazanus mo pacyety KOHCTpPYKTMBHOW yactu BJI ¢ mpuBenenuem
npUMepa U HEOOXOIUMBIX CIIPABOYHBIX MaTepHalioB JaHbI B [4].

2.1 BBIBOP MATEPUAJIA U THUIIA OIIOP

JIns  BO3MYIIHBIX JIMHWMA  DJIEKTpOIIEpeNadd TMPUMEHSIOT —JCPEBSHHbBIE,
YKEJIe300€TOHHBIC U METAINTUYECKUE (CTAJIbHBIE) OMOPHI.

Beibop marepmama omop  ClieAyeT  NPOW3BOAWTh HAa  OCHOBAaHUU
CPaBHHUTEJIbHBIX TEXHUKO-DKOHOMHUUYECKHWX pacueToB. B HacTosiiee BpeMs B
OOJILIIIMHCTBE CITy4acB MPU MPOCKTUPOBAHUY JIMHHUN TIPUMEHSIOT YHUDUITMPOBAHHBIC
oropsl. CorjlaCHO HOpMaM TEXHOJIOTHYECKOTO MPOSKTUPOBAHUSI BO3YITHBIX JTMHUN
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peKTpornepenaun HanpsbkeHuem 35 kBu Bbllle, PEeKOMEHIIYIOTCS CIIEAYIOIINE
00J1aCTH UCTIOJIb30BaHUS Pa3IMYHBIX MaTEpUATIOB.

JlepeBsiHHBIE OMOPbI W3 MPOMHUTAHHOW JPEBECUHBI CIEAYET NPUMEHSTH IS
OJHOUEMHBIX JUHUHN 3nekTponepenaun 35... 150 kB Bo Bcex palioHax, rjae 3To
MO3BOJIUT CYIIECTBEHHO CHU3UTh 3aTPAaThl HA CTPOUTEIIHLCTBO.

XKenezo0eToHHBIE OMOpPHI € MPEABAPUTEILHO HANPSHKEHHOM apMmaTypoit
HAMEUYalOTCAd I YCTAHOBKM B YCJIOBUSX PAaBHUHHOM MECTHOCTHM Ha BCEX
onHouenHsx JuHUX 35, 110, 150 kB, rne HeuenecooOpa3Hel J€pEBSIHHbBIE OMOPHI,
Ha BCEX OJHOLENHBIX JIMHUAX 3JeKkTponepeaaun 220 kB; Ha BceX ABYXLENMHBIX
nuHusx 35, 110xB; Ha onnouenHsix JuHusIX 330 kB ¢ ropu3oHTalbHBIM
pacnoJIoKEHUEM IIPOBOJIOB; Ha JIMHUAX 3MekTponepenadn 500 kB, coopyxaembix B
paBHUHHOM  MECTHOCTH, T[J€  METAUIMYECKHME  OHOpbl  IKOHOMHUYECKH
Herenecoo0pasHbl. He pasperaercs mpruMeHsTh jKeNie300€TOHHBIC OTIOPHI Ha JIMHUSX,
MPOXOSAIIMX B T'OPHOM M CHIBHO MNEPECEYCHHOM MECTHOCTH, & TaKKE Ha JIMHUSAX,
MECTO CTPOMTENIbCTBA KOTOPBIX yIaJE€HO OT 0a3bl >KeIe300€TOHHBIX 3NN Ha
paccrosaue 6osee 1500 km.

Mertamuueckue onopsl CieyeT IPUMEHATh Ha ABYXUENHbIX JUHUAX 35, 110,
150 xB u Ha ogHonenubix JuHusIX 220, 330 kB B paiionax, rae HeleaecooOpa3Ho
WA HEBO3MOKHO MPUMEHEHHUE JIEPEBSIHHBIX U KeJIe300€TOHHBIX Orop (B O€371€CHBIX
palioHax, B TOPHOM WJIM CUJIBHO NIEPECEUEHHONW MECTHOCTH, ITPHU YJIaJIEHHOCTH MECTa
CTPOUTENBCTBA OT 0a3bl Ha paccrosinue O6osee 1500 kM), Ha OAHOILCTIHBIX JIMHUSX
330 kBco cMmemaHHbIM pacrosioKEHUEM MPOBOJOB, Ha ABYXLEMHBIXIUHUAX220),
330 kB, Ha ymHusax 500 kB B Tex ciydasx, Korga He JIOIYCKAaeTcs NMPUMEHEHHE
KeJIe300€TOHHBIX OMop, Ha JIuHUAX 750 KB.

[locne pemenust Bompoca O Marepuasie OIMop MPHUCTYNAlT K BBIOOPY
OCHOBHOTO THMA MPOMEXYTOUYHBIX OMOP, & TAKkKE€ TUIIOB aHKEPHBIX U YTIIOBBIX
o1op.

Kak yxe yka3pBajnocp, IpU NPOECKTUPOBAHUM CJEIYET NPUMEHATH
yHu(uupoBaHHble ornopsl. Ha ocHoBe yHu(UKauMU A7 KaKIOW  OIMOpPHI
YCTaHOBJIEHBI YCJIOBHSI MPUMEHEHMS: HANPSHKEHUE JIMHUM, YUCIIO LIETIEH, PAalOHBI
rOJIOJIEAHOCTH, MAaKCHMallbHas CKOPOCTh BETpa, AMANa30Hbl MapoK IMPOBOJIOB,
Mapku TpocoB. [1o 3THM CBeIeHUsIM B CIIPAaBOYHUKAX BHIOMPAIOT COOTBETCTBYIOIIUN
THII OTIOPBIL.

B HauMeHOBaHUU OMOP OTPakKAIOTCS CIECAYIOIINE TPU3HAKU:

a) Bua onopsel: II — mpomexxyrouHasi; ¥ — yrioBasi U aHkepHo-yrioBas; C
— cnenuanbHas (TpaHCIO3ULIMOHHAS, OTBETBUTEIbHASU T. 11.);

O0)marepuanet omop: JI — nmepeBo; b — keme3o0eToH; s
METAUIMYECKUX OTOp OYKBEHHOE 0003HAUCHNE MaTepualia OMyCKaeTCs,

B)Hanpsikenue: 35, 110 u 1. 1;

I)IOPSAJIKOBBIA HOMEpP YHU(PUIMPOBAHHOW OMOPBI;, OJHOLECMHBIMONIOpPAM
IIPUCBOEHBI HEYETHBIE HOMEPA, & JIBYXLIEITHBIM — YETHBIE.

Hanpumep, IIb 35-3 — mnpoMexxyTouHas »Kejie300eTOHHAsl OJHOICITHAs
omopa mis HanpspkeHus 35 kB (nmpennaznHauena mis [II—IV paiionoB mo
roJIoJIeAHOCTH, ckopoctu BeTpa 10 30 m/c, ceuenuit nmporoaoB AC-95—AC-150,

tpoca C-35); YC 110-8 — yryoBas crnernuaibHas MeTaajlndeckas IBYXIeIHas
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onopa aus Hanpspbkenus 110 kB; I1J] 110-5 — nmpomexyTtouHas aepeBsiHHas
oJHoLIeNHAas onopa ais HanpsikeHus 110 kB.

[Ipu BBIOOpE THMa OMOpP HEOOXOJUMO HAMETUTDH >KEJIAeMOE€ PACIIOIOKEHUE
npoBoJOoB Ha omnope. C TOUKM 3pEHHS JJIEKTPUUECKUX MPOLECCOB B JIMHUU
JKeaTelIbHO pacnoJiaratb MpoBOJa CUMMETPUYHO OJMH OTHOCUTENIBHO APYroro
(B yriax paBHOCTOPOHHEro TpeyroJsibHuka). OIHAKO Ha JUHUSAX C MOJBECHBIMU
U30JISITOPAMU MPUXOAMUTCS pacroiaraTb OJAWH MPOBOJI MO/ IPYTUM, YTO MPUBOIUT
K OOJBIIION BEPOATHOCTH CXJICCTBIBAHHUS TPOBOJOB. [lo ATUM cooOpakeHUsIM
yA00HO TIPUMEHATh TOPU3OHTAJIBHOE PACIOJOKEHUE TPOBOJOB B OJTHOU
miockoctd (I1-oO6pasHbie omopbl), OJAHAKO O3TH ONOPBI OKa3bIBAIOTCA OoJiee
JOPOTUMH, TaK KakK JOJKHBI UMETh JIBE CTOMKHU. [IpOMEXYyTOUHBIM pelieHuEM
SIBJISIETCSI pa3MellleHUE TPOBOIOB B YIJIaX HEPABHOCTOPOHHETO TPEYroJibHUKA, a Ha
JBYXIICTTHBIX OMOpax — B BUAC «OOUKHM», IPSIMOU €IKW» U «OOPATHOM EITKH.
Ha gmunamsax 35..330 kB 0OBIYHO MNPHUMEHSIIOT ONOPHI CO CMEIIaHHBIM
pacnosioxkeHueM (a3, 3a HCKIIOYEHHEM 0co00 TOJOJEAHbIX pPaloOHOB U
paiOHOB C 4YacTOW «IUIACKOW» MPOBOJAOB. B TakWx panoHax, a TaKXKe Ha
aunusx 500 kB u BeIlie TpoBOJa pacnojiaraloT rOpUu30HTAIBHO.

[Ipu BBIOOpPEe oOmOp pemiaeTcss TakXkKe BONPOC O CIOC00axX MOABECKH
NpoOBOJOB U TpocOB. [IpoBoga MOryT OBITH MOABELIEHBI C MTOMOUIBIO 3aKHUMOB:
1) rnyxux; 2) ¢ orpaHUYEHHON MPOYHOCTHIO 3a/ICNKU (MPOCKAIB3BIBAIONINX); 3)
BBIMYCKAIOIKUX. 3aXUMbl BTOPOr0 H TPETHEro THUIOB TMPU OTKIOHEHUU
TUPJSIHABI Ha OMNpEAeieHHBIH yroa (Hampumep, NOpu OOpBIBE TPOBOJIOB)
COOTBETCTBEHHO IMPOITYCKAIOT U COPACHIBAIOT MPOBOA. DTU 3aKUMBI O3BOJISIOT
OpUMEHATh oOseru€Husie omnopbl. [IYD [6] mo ycnoBuio HageXKHOCTU
PEKOMEHAYIOT MPUMEHEHNE MIyXHX 3aXUMOB. [loBECKY TPOCOB OCYILECTBIISIIOT
TOJIBKO B TUIYXHX 32KMMaXx.

Tpocbl MOTYT OBITH MOABENIEHBI CIEAYIOIIUMU CIIOCOOAMM:

l)rpoc 3a3emiieH Ha BCeX MNPOMEXKYTOUYHBIX omopax (moaBecka 0e3
U30JISITOPOB) M KPEMUTCA 4Yepe3 H30JATOPhl TOJBKO Ha METAIUIUYECKUX U
XKeNe300€TOHHBIX aHKEPHBIX OMOpax;

2)Ha BcCeX OIOpax TPOC KPEMUTCAd Ha H30JTOpax, IIYHTUPYEMBIX
UCKPOBBIMU TPOMEKYTKaMHM, U Pa3esaeTcsi Ha aHKEPHbIE YUAaCTKH, KaXIbli U3
KOTOPBIX 3a3€MJIEH B OJIHOM Touke. brmarogapsi Takoi MOJBECKE YCTpaHSIOTCS
MOTEPU MOIIHOCTH, BBI3BIBAEMbIE HWHIAYKTUPOBAHHBIMU HANPSIKECHUSIMU B
TpOCE, CO34A€TCS BO3MOXHOCTh IPUMEHEHU MJIaBKH T0J0Jiea HAa TPOCE, HE
OKa3blBaeTCAd BIMSHUE HA 3HAYEHHUE OJHO(PA3ZHOTO TOKa KOPOTKOTO
3aMBIKaHUS U CO3JIal0TCA HOPMAaJbHBIE YCIOBUS JJIsl paOOThI PENICHHON 3aIUTHI,
NOSIBJIIETCS. BO3MO>KHOCTh KOHTPOJMPOBATH COINPOTUBIIEHHE 3a3€MIICHUS KaKIOU
OMOPHI B OT/ICJILHOCTH;

3) TpoC MOJHOCTHIO U30JMPYETCS HA BCEH JIMHUM WM HA OTIEIBHBIX YYaCTKaX.
N30a5TOpBI IIYHTUPYIOTCS UCKPOBBIMU MPOMEKYTKAMHU.

Cornacuo ITYD [6], Ha Bcex nuHuax 150 kB u HUXKE KperieHue Tpoca
MPOU3BOIUTCS MO TMepBoMy crocoOy. BTopoi crnocod momkeH NpUMEHAThCS Ha
muHusax 220...500 kB. B ciydae ucnonbs3oBaHus Tpoca i 0TOOpa MOIIHOCTH WUJIU

BBICOKOYACTOTHOM CBS3H MOXKET OBITH IMPUMCHCH TpCTI/Iﬁ CIT0C00.
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HeoOxoaumocTh MpUMEHEHHs TPO303allUTHBIX TPOCOB OMpENEsieTCs] B
OCHOBHOM MAaTE€pHaJIoM ONOp U MHTEHCUBHOCTBIO T'PO3 B pailOHE COOPYKEHHUS
UM, Jluanu 1o 35 kB v nuanu 110 kB ¢ 1epeBssHHBIMU OMIOpaMK HE 3alllUIIAI0TCS
tpocamu. Jluauu 110...500 kB ¢ MerammyeckumMu U keae300€TOHHBIMU OIOPAMHU
JOJDKHBI 3amuiarees Tpocamu. Coopyxenue nuHuii 110...500 kB 6e3 Tpocos
JOMYCKAEeTCs B paillOHaX ¢ MaJioil MHTEHCUBHOCTHIO IPO3 (YUCIIO TPO30BBIX YACOB B
roay Menee 20), Ha ydyacTKax JUHUMN ¢ OOJBIIMM CONPOTUBIEHUEM IPpyHTA (
p>10° OM-cM), Ha yYaCTKaX JTHHUIA C TOIIMHOM CTEHKH ronoiea Gomee 20 MM.

W3onsmust BO3MYIIHON JMHUU BBIOMPACTCS C YyUYE€TOM BO3ACUCTBHS pabouero
HaIMpsHKEHUsI, KOMMYTAllMOHHBIX W TPO30BBIX MEPEHANpPsKeHUH. Tunm U 4uciio
U30JSITOPOB B THPJIAHAE OMPEEIISIOTCS WX M30JHOHHBIMUA CBOMCTBAMU U OOBIYHO
YKa3bIBAIOTCSI B TEXHUYECKUX JIAHHBIX YHU(PUIMPOBAHHOM omopel. [lpu pemienun
ATOTO BOIPOCA MOXHO TAKXXE PYKOBOJICTBOBATHCS [IY D [6], B KOTOPBIX MPUBEAEHO
YUCIIO  M30JIATOPOB B TMOJJIEPAKHUBAIONIMX  TUPJIAHAAX I HauboJsiee
pacrnpocTpaHEeHHbIX THUIIOB. Cornacuo HOpMaMm TE€XHOJOTHUYECKOTO
npoektupoBanus [27], Ha uHMsAX 330 kB u BbIlIe pEKOMEHIYETCSl IPUMEHSITh, KaKk
NPAaBUJIO, CTEKJISTHHBIE M30JSTOPBI, a Ha JUHUIX 35..220 kB — Kak CTEKJIsHHBIE,
Tak u papdopossie.

[To BBIOpaHHOMY OCHOBHOMY THITYy YHU(DHMIIMPOBAHHBIX OMOpP YCTaHABIUBAIOT
OJIHY M3 TJIaBHBIX BEJIMYMH JJIsI JaJbHEHIIEro pacuera — pacueTHYI0 rabapuTHYIO
IIMHY npoJieta. OHa 0OBIYHO YKa3bIBAETCS B TEXHMUYECKUX JAHHBIX OIOP.

2.2 PACUET YJEJbHBIX HATPY30K HA ITIPOBO/I

BJI paboTaioT B €CTECTBEHHBIX KIMMATHYECKHX YCJIOBUSX M IOJBEpPraroTCs
BETPOBBIM M TOJIOJIEAHBIM Harpy3kam, U3MEHEHHSM TeMIeparypbl Bo3ayxa. Bce
KJIMMaTHYECKUE YCIOBUS (PUKCUPYIOTCS Ha MeTeocTaHuusx. Ha ocHoBaHuu cta-
TUCTUYECKUX JAHHBIX METEOCTaHIMM BCSI TEPPUTOPHS CTPaHbl pasjefieHa Ha
palioHbI IO BETPY U rojoneny [4].

BosnenictBue Betpa Ha BJI xapakrepusyercs BEeTpOBBIM JaBiieHHEM W, To
N . 2
€CTh CWJIOH, JeicTByrolEel Ha | M~ moBepxHOCTU. 3HaUeHUsA W U CKOpOCTH BETpa
V, uamepennslie Ha BbicoTe 10M, mpuBeneHs! B Tab. 7.

Ta6nuna 7 — Knumarnueckne Harpy3ku BJI

Paiton W, naH/m” Paiion mo Tommaa
[10 BETDV (V_mlc) COIIOIENV CTEHKH h. MM

I 40 (25) | 10

II 50(29) II 15
111 65 (32) 111 20
v 80 (36) A% 25

\Y% 100 (40) A% 30
VI 125 (45) VI 35
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VII 150(49) VII 40
0COOBI BoIiie 1500 (Beie 49) 0COOBII BhIIIe 40

['ononenHbie OTIOXKEHUS HAa METCOCTAHUMSAX M3MEPSAIOTCA Ha KPYIrJIoM
crepxHe nuamerpoM 10 MM, pacnonokeHHOM Ha BbicoTe 10M. DTH TOJIONEAHBIE
OTJIOXKEHHUS TPHUBOIATCS K (OpME HJICALHOIO I0JOr0 IMWIMHIApPA H30 JbAa C
TOJIIIIMHON CTeHKU b. 3HaUeHus1 brnpuBeacHbI B Ta0I. 7.

B kaxaoMm paitone ctpaHbl (PUKCHUPYIOTCS 3HAUYECHUS HM3IICH © . ¥ BBICIICH

n

0,.« TEMIEpPATypsl BO3/yXd, PACCUMTHIBAETCA CPEIHErO0Bas Temmeparypa O .

max

3Ha4YeHUs ATUX TEMIEPATYp MNPUBOISTCS, HApUMEDP, B [6]. 3HaUEHUS TeMIIEpaTyphl
0pyd MHTEHCUBHOM BeTpe ©, U HWHTEHCUBHOM ToJiojieoo0pa3oBaHun O,
MPUHUMAIOTCS paBHBIMU @ = -5°C u 0 ;= -5°C [4].

EctectBenHo, uto npu npoektupoBanuud BJI HEoOXOAMMO Y4YHTHIBATH KIIH-
MaTHUYECKHE YCIIOBUS paiioHa, rie OyIeT COOpyKaTbCs JTHMHHUSL.

OaHvM W3 BaXXHBIX MOMEHTOB IpoeKkThpoBaHus BJI sBaserca pacuer
IIPOBOJIOB HA MEXAHUYECKYIO0 MPOYHOCTh. Pacuer omop m apyrux snemeHtoB BJI
(M30JIITOPOB, apMaTypbl), Kak IpaBWIO, HE MPOU3BOJIUTCA. OJTU 3JIEMEHTHI, B
YaCTHOCTH OIOPbI, BBIOUPAIOTCA M3 YHUPHUIMPOBAHHOTO psifa C y4eTOM
KIMMAaTUYEeCKUX  YCJIIOBUKM  panloHa  coopyxenus BJI. Jlng  xaxpaou
YHUQUUUPOBAHHOW OMOPHI B CHPABOYHBIX MaTepUasiaX YKa3bIBAIOTCS €€ pa3Mephl U
001aCTh IPUMEHEHUS (CM. TIPUIIOKEHHE 3).

ITon pacuerom mpoBonoB BJI Ha MexaHWYECKYHO MPOYHOCTH MOHUMAETCS OIl-
pEneneHne MEXAHUYECKOTO HAINPSHKEHUS B MPOBOJAX NPU PAIMYHBIX COUYETAHUAX
KJIMMAaTHYECKUX YCJIOBUM W COIOCTaBJICHUE 3TUX HANPSHKEHUH C JOIyCTUMBIMH
3HAYCHUSIMMU.

BJI nanpspxkenuem 35 kB u Bblllie MMEIOT Tpo303allMTHBIN Tpoc. Pacuersl Ha
MEXaHUYECKYI0 NPOYHOCTH IIPOBOJOB M TI'PO303AIUUTHBIX TPOCOB HMMEIOT MHOIO
00111eT0, MOATOMY HIKE MO TEPMUHOM «IIPOBOA» OyIIET MoApa3yMeBaThCs U TPOC, a
OTIIMYUTETHHBIE OCOOCHHOCTH pacueTa Tpoca OyayT pacCMOTPEHBI OTJEIBHO B 1. 5.5.

OcHOBHBIMU  (haKTOpamMH, BIUSIONIMMH HAa MEXaHMYECKOE HampsLKEHHE B
MIPOBOZE, SBJISIOTCS:

e TEMIIEPATYPa OKPYKAIOLIETO BO3AYXa;

* TOJIOJIEHBIE HATPY3KH;

e BETPOBBIE HAIPY3KU.

[Ipn m3MeHeHnn TemnepaTypbl BO3IyXa MEHSETCS BHYTPEHHEE MEXaHUYECKOE
HaMpsDKEHUE B MPOBOJIE 3a CUET M3MEHEHMs UIMHBI NpoBoJa B mposiere. [ononen u
BETEp BIMAIOT HAa MEXaHWYECKOE HAIPSDKEHUE B IIPOBOAE 34 CYET BHELIHETO
MEXaHUYECKOTO BO3CUCTBHUS.

Jns BJI npumeHstoTcs, TIaBHBIM 00pa3oM, CTaJealOMHHUEBBIE MPOBOJIA.
DU3UKO-MEXAaHUUECKUE  XAPAKTEPUCTUKA  AMOMUHMS M CTAIM  CYLIECTBEHHO
OTIMYAKOTCA. B NMPAaKTUYEeCKNX MHKXEHEPHBIX pacyeTax CTAICATIOMUHHMEBBIX IIPOBOJOB
UCIIOJIB3YIOTCS SKBUBAJICHTHBIE (bHU3UKO-MEXaHUUECKHE XAPAKTEPUCTHKH,
NIPYBEICHHBIE K IPOBO/TY B LIEJIOM:

* MOZyJIb YIIPYTOCTH £
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e TEMITIEPATYPHBIN KO3()PUITUEHT TMHEHHOTO Y/UTMHCHUS « |

e MEXaHUYECKOE HAMPSKEHUE O .

OU3UKO-MEXaHUYECKHE  XApaKTEPUCTUKH  CTAIICATIOMUHHMEBBIX  IPOBOIOB
Pa3IMYHOTO CEYEHUS IPUBEICHBI B MTPUIOKEHUH 3.

B [4] natoTcs pomycTUMbIE MEXAHMYECKUE HAMpPsDKEHUSI B MPOBOAE VIS TPEX
PEXKUMOB:

e peKMMa HU3IIEH TeMIIEpaTypsl [ o, .. |;

e p&KHMa CPEHEr0JIOBOM TEMIEPATYPHI [ oy 1, |;

e pe&KMMa HauOOJIbIIIEH BHEIIHEW HATPY3KH [ O pmax]-

OcHognoll 3a0ayeli pacuema npoeooa Ha MeXaHuyecKyo NPOYHOCMb ABJIAeMCs
onpeoeneHue MmaxKux YClosuti e2o MOHmAdica, 4modvl 8 npoyecce SKCNIyamayuu
JIUHUU MeXAHUYeCKUe HANPNCeHUs 8 NPo8o0e 8 PeHCUMax Hu3uiel memnepamypol
O o min » CPEOHE200080UI MEMNEPAMYPbL G, ,, U HAUOOTBLUEN BHEUIHEL HACPY3KU T ,, .. HE

npesviay OONYCIMUMbIX 3HAYEHU.
Takum oOpa3om, yCJI0OBUS TTPOBEPKH MTPOBOJIA HA MEXAHHUUYECKYIO MTPOYHOCTh
VMEIOT CIICAYIOIIUI BU/I:

O '© min S[O-Gmin]; O S[O-G)ﬁd]; O-éma‘ﬁs[aéma‘ﬁ]; (43)

[TockonbKy pacueTHblE 3HAYEHUS! MEXAHUYECKOTO HANpsSHKEHUS] B MPOBOJEC
COMOCTABJISIIOTCA € JONYCTUMBIMH HANpPSHKCHUSIMU, METOJ  pacyeTa MOJIyqHI
HA3BAHUE Memooa OONYCMUMbIX HANPHCEHUU.

Kpome ykazaHHBIX TpEX pEXUMOB, B [4] yCTAaHOBJIEHBI U JIPYTHE€ pPacUETHbHIE
PEKUMBI, KOTOPBIE IO MEpe HEOOXOAMMOCTH OYAyT PAaCCMOTPEHBI HIKE.

[Ipu BBIOJIHEHUH MEXaHUYECKOTO pacdera MPOBOAOB PA3IMYHBIX CEUEHMIM
Fripu paznuuHoil nanuHe Tposieta [ ynqoOHO TOJIb30BaThCs  YACIbHBIMU
MEXaHMYECKMMHU Harpy3kaMy Ha MPOBOJ, T. €. Harpy3Kamu, MPUBEACHHBIMU K 1 M
JUIHBI 1 1 MM® CedeHnst IpoBoa. PasMepHOCTb yiembHOi Harpy3kH - naH/M- Mv®,

Yoenvnas nacpyska om cobcmeennoco eeca npogoda ONPENLISAETCS 4Yepes
BeC POTHOTO KM IIPOBOJA U €TI0 CEUCHUE F*

p1=P-10°/F. (44)

B cootBerctBuM ¢ [4] ynenbHble HAarpy3ku, 0OyCIOBJICHHBIE TOJOJEIOM U
BETPOM, MOJPA3ACISIOTCA HA HOPMATUBHBIE UM pACUETHbIE. B HOpMaTUBHBIX Ha-
rpy3Kax y4uTsIBaeTcsi KOHCTpyKuus BJI: BbIcoTa 1moaseca nmpoBoJa, €ro JuaMeTp U
npyrue  QaxTtopbl.  PacueTrHple  Harpy3ku — JONOJHHUTENBHO  YUYHUTHIBAIOT
OTBETCTBEHHOCTh BJI, ombIT 3kcrutyaranuu anajgoruunsix BJI B paccmaTpuBaemoM
pailoHe U Ipyrue yciIoBHs.

Yoenvnas nopmamuenas nacpysxa om eeca 2ononeoa na npogooe, NUCXOs
U3 [WIMHAPUYECKON (POPMBI rOJI0JIEAHBIX OTIIOKEHUH, COCTABIISIET

pwm=rm-g,-K,-K,-b-(d+K,-K,-b) | F, (45)
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e g, =0,9- 10°mal/n’ = 0,9- 107 qaH/m- MM’ - IIOTHOCT® JIBJIA;
b - HOpMaTUBHAs TOJIIMHA CTEHKH roJiojie/ia Ha Beicote 10M, Mm;
d- nuameTp npoBoJia, MM;

K, — xoaddunmeHT, y9uThIBAIOMK N3MEHEHNUE TOJIIUHBI CTEHKU
roJjiojiefia OT BBICOTHI pacOI0KEHHUS MPUBEICHHOTO IIEHTPa TSHXKECTH MTPOBO/IOB;
K, — xo3bdunueHT, yduThIBalOIIUA U3MEHEHUE TOJIIIUHBI CTEHKHU

roJjiojiesia B 3aBUCMMOCTHU OT AUAMETpa MPoBOJIa.
Bricota pacmonoxeHuss NPUBEICHHOTO IIEHTpPa TSHKECTH TMPOBOJIOB
OTIPEAEISAETCS 1O BHIPAKEHUIO

: 2
hnp:%_l_g[f]’ (46)

rze h, - pacCTOsIHME OT 3€MJIU JI0 i-M TPABEPChI OIIOPBI;

m - KOJIMYECTBO MIPOBOJIOB Ha OIOPE;

A— JUITMHA TUPJISIHABI U30JIATOPOB, IIPEABApUTEILHO TpuHUMaemas 0,6 M,
1,3 M u 2,4 m nis BJI nanpsixkennem 35, 110 u 220 kB cooTBETCTBEHHO;

[f]-MakcuManbpHO mOMMycTUMas CTpelia MpoBeca MPOBOIa, ONpeesseMas 1mo
BBIPAKEHUIO

1= oz - A -he(47)

r71e /3 - PACCTOSIHUE OT 36MJIA JI0 TPaBEPCHl HUHKHETO MPOBOJIA;

h. - HAUMEHbIIIEE JAOMYCTUMOE PACCTOSTHAE OT MPOBOJA 0 3eMJu (rabaput
BJ),
npuHUMaeMoe 1o TadJ. 8

Tab6muiia 8— I'adaput BJI

XapakxTep I"aGapur BJI, /.M, ipu HanpsKEHUN
MecTROCTH n035kB 110 kB 220 kB
Hacenennas 7 7 8
Henacenennas 6 6 7
TpyanongocrymnHas 5 5 6

3nauenus kod3pdunuentoB K, u K ,,yYuTHIBAIOUUX U3MEHEHHUE TOJIIHHBI

CTEHKH TOJIOJEJAa OT BBICOTHI PACHOJOKEHUS NMPUBEACHHOTO LEHTPA TKECTU
IIPOBOJIOB U B 3aBUCUMOCTHU OT JUaMeTpa MpoBoja, MpUBEJEHbI B Ta01. 5.3.
Yoenvnas pacuemnasn nacpysxa om éeca 2ononeda Ha npogooe

p2:p2H'7nw'7p'7/f'7da (48)
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rae y,, - koddduimmeHT Hame:KHOCTH MO OTBeTcTBeHHOCTH BJI, 3aBucsmuii ot
HanpspKeHUs U kosmuectBa uenei; st BJI no 220 kB BkmouutensHo y,, = 1; mus
nByxuensbix BJI y, =1,3 He3aBUCMMO OT HaNpsHKEHUS;

¥,- PETHOHAILHBIA KO>(G(QUIMEHT, MpuHMMaeMblii B auamasone 1,0.. 1,3;

3Ha4eHHE 3TOro KodpuimeHTa MpUHUMAETCS Ha OCHOBAHUH OTIBITA dKCILTyaTaI[lH
¥ YKa3bIBaeTCs B 33JIaHUH Ha MpoeKThupoBanue BJI;
¥ , — K03 dUIMEHT HaJ|e)KHOCTH T10 TOJIOJIEAHOM Harpy3Ke; y,=1,3 aud

paiionos 1o ronojeny I u Il, y,=1,6 s paiionos no ronoseny 111 u Bbie;
7,=0,5 - ko purMeHT ycnoBuit paboThI.

Tabmuna 9 — 3navyenus kod3¢gpdpunuentoB K. u K,

P, M K. d,Mm K,
o 25 1,0 1o 10 1,0
30 1,4 20 0,9
50 1,6 30 0,8
70 1,8 50 0,7
100 2,0 70 0,6

Ilpumeuanue. JIns IpoOMeKyTOUHBIX BBICOT /i, 3HadeHUs kodpduiuentos K, u K,

ONPEEIISIIOTCS TUHEHHOW MHTEPIIOJISIIIUECH.
CymmapHasi yaenbHas pacyeTHasi Harpy3ka OT Beca MpPOBOJIa M ToJjoJiena
OTIPEJIENACTCSl CYMMHPOBAHUEM HArpy30K piM p,, TMOCKOJIbKY 00€ 3T Harpy3ku
UMEIOT OJJMHAKOBOE BEPTUKAILHOE HAMpaBiieHUE. TakuM o0pazoMm,

ps=p1tpa. (49)

Yoenvnas nopmamusnas éempoeas nazpyska npu omcymcmeuu 2010ae0d,
COCTaBIISIET

pm=a, K,-K, -Cy-W-d-10°/F, (50)

e o, - KO3QOUIIUEHT, YYUTHIBAIOIINI HEPABHOMEPHOCTh BETPOBOTO JIABJICHUS 110
nponery BJI, npuxuMaemeii pasusiM 0,76 mpu W =40maH/m?*; a,=0,71 - mpu 50
naH/™M*; «, =0,7 - npu 60 maH/M u Goree;

K, - xoopduirienT, yuuThIBaIONMN BIUSHUE UIMHBI MIPOJIeTa Ha BETPOBYIO

HarpysKky, paBHbii 1,2 npu qunHe nposiera 50 m, 1,1 - mpu 100 M, 1,05 - mpu 150
M, 1,0 - mipu 250 M u 6oee;
K, -x03(duiment, y4yuThIBaIOUIM HM3MEHEHHE BETPOBOTO JABJICHUSA IO

BBICOTC B 3aBUCMMOCTH OT THIIAa MECTHOCTH, OHpCI[CJIHCMHﬁ I10 Ta6JII/II_IBI4;
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Taoauua 10 — Koaddpunuent K, 1151 TUTIOB MECTHOCTH

Nips M Koadduiment K |, 1u1s TUIIOB MECTHOCTH
A B C
1o 15 1,0 0,65 0,4
20 1,25 0,85 0,55
40 1,5 11 0,8
60 1,7 1,3 1,0
80 1,85 1,45 1,15
100 2,0 1,6 1,25
Ilpumeuanus:

1. Tun mecTHOCTH: 4 - OTKpPBITASA; B - TOPOJICKUE TEPPUTOPUHN C HU3KOITAKHON 3aCTPOUKOIL;
oTKphITast; C - TOPOJCKHE TEPPUTOPHH C 3aCTPONKOMN 3TaHUSIMH BBICOTOM OoJiee 25 M.
2. JIns mpoOMEXyTOUYHBIX BBICOT /iy, 3HaueHUe Kod(duimenta K omnpenensercs JMHEHHON

UHTEPIIOJIALAEH.

C; - k03 urmeHT 1060BOr0 COMPOTUBIECHHS, 3aBUCAIINN OT AUAMETpa IMPOBOAA
Y MPUHUMAEMbI paBHBIM: 1,1 - 11t ipoBoIOB quamerpom 20 MM u Gosee; 1,2 -ms
MIPOBOJIOB JMaMeTpoM MeHee 20 Mv;

W - BeTpOBOE /1aBJIEHHE B COOTBETCTBHHU C PAHOHOM I10 BETPY.

Yoenvnaa mopmamuenas eemposas nazpyska npu HaIuuuu 20101eod,
COCTaBJISICT

psw=a, K,-K, -Cy-W,(d+2-KiKyq-b)-10°/ F, (51)

rne C,=1,2 n1s Bcex MPOBOAOB, MOKPHITHIX TOJOJEIOM; OCTAJIBbHBIE COCTABISIOIINE
yKa3aHbI BBIIIE;

W.= 0,25 W- BeTpoBO€ AaBICHUE TP TOJIOJEIE.

Voenvnvie pacuemnvie 6emposvble Hacpy3ku TpPU OTCYTCTBUM U HAIUYUU
TOJI0JIe]a COOTBETCTBEHHO COCTABJIAIOT

Pa= D V" Vp Vs (52)

ps:pSH.ynw.yp.J/f; (53)

rae y,- KodQOUUUMEHT HAAEKHOCTH IO BETPOBOM HArpyske, paBHbId 1,1; ocTanbHble

COCTABJISAIONINE YKa3aHBbI BHIIIE.
Pacuemnas yoenvnas naepysxa om eempa u éeca npogooa be3 20.10.1e0a
COCTaBJISIET
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Ps=~pi+psi - (54)

Pacuemnas yoenvuas nazpyska om eeca npogooda, NOKpbimo2o 207101€00M, U
éempa COCTaBIISIET

P1=pi+ps- (55)

Y aenbHple Harpyskd pegd p; ONPEACISAIOTCS T€OMETPUYECKUM  CIOKEHUEM
COCTABJISIFOIINX, TTOCKOJIBKY 3TH COCTABJISIIOIINE HAMPAaBIECHbI BEPTUKAIBHO (p1U p3)
Y TOPU3OHTAILHO(P4H Ps).

JInst pacdyera IpOBOJOB HA MEXAaHMYECKYIO NMPOYHOCTH [4] pErIaMEHTUPYIOT
CJIEIYIOIINE COYETAHUS KIIMMATUUECKUX YCIOBUI (PEKUMBI):

l. Pexxum HM3IIEW TeMOeparypbl MpU OTCYTCTBHUM BETpa M TOJOJEAA,
XapaKTEPU3yEMbIN YAECIbHON pACUETHON HATPY3KOMp| U TEMIIEPATYPOr O . ;

2. PexxuM cpeHerooBoi TemmepaTypbl Mpu OTCYTCTBUM BETpPa W TOJOJEAa,
XapaKkTepu3yeMbli yJIeIbHON paCUeTHON HArPY3KOU pp.x| ¥ TeMIiepaTypou @, ;

3. Pexxum HauOoJbllie BHENTHEHW HArpy3KH, XapaKTepU3yeMbld yACIbHON
PaCyYETHOM HATPY3KOH Pyyall TEMIEPATYPO O = @ = - 5°C.

B pexume 3 B xauecTBe HamOOJIbIIEH YNETLHON PACUETHOM HATPY3KH Pmax
MIPUHAMAETCSI HAarpy3Ka peii p;. [Ipy COOTHOLIEHUH p7>DgIPUHUMACTCH Pax- = P75
IIPU COOTHOILIEHUUD s> PFIIPUHUMAETCAPD max- = P

2.3 ONPEJIEJIEHUE UCXOITHOT'O PEXKMMA C ITPOBEPKOM
IMPOYHOCTH ITPOBOAOB

MexaHudeckoe HanpsskeHHE B MPOBOJE M3MEHSETCS B 3aBUCHMOCTH OT
yAENbHOW HArpy3ku Ha MPOBOJ U TEMIIEpaTyphl OKpyKaromiero Bosayxa. Jlis
JBYX JIFOOBIX PEXKHUMOB I U j, XapaKTEPU3YIOIIUXCS YACIbHBIMU HArpy3KaMH piul p; U
TEMIIEpAaTypamMu ©,, U © , MEXaHWYECKHE HANPSIKEHUS B IPOBOJE o, M o, B OTHUX

peKUMax CBsI3aHbl YPABHEHHEM COCTOSIHUSI IIPOBOJIA, KOTOPOE MMEET CJIEIYHOIIUi
BUI:

2 g2, 22 E
gi+a-E-®i—pil—E:o'j+a-E-®j—p/—,
2407 ‘ ' 240;

J

(56)

A€ « - TEMIIePAaTypHBIM KOI(PGUIMEHT JIUHEWHOTO YUIMHEHUS Marepuala
npoBopa, 1/°C;

E - MOJIyIIb yIPYTOCTH MaTepuaia mposoia, naH/mMm™;

[ - pacueTHas JIMHA TIPOJIETA, M.
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IIpy nmanbHEWIIEM W3JIOKEHUM TOPsIIKA pacyeTa MpOBOAA HA IPOYHOCTH
10JIaraeTcs, Yro ornopa BhIOpaHa W, CJEOBATEIbHO, W3BECTHBI €€ XapaKTePUCTUKUA U
reoMeTpudecKkre pasmepsl (cM. npuioxkeHue 3). B 4acTHOCTH, U3BECTEH TaOapUTHBIN
npoJieT /.. DTO MPOJIET TaKOH JUTMHBI, B KOTOPOM B PEXKHUME C MAKCUMAIILHOM CTpENoi
npoBeca MpU YCTaHOBKE OMOp Ha HJCAJbHO POBHOM MECTHOCTH TOYHO BBIMOJIHSIETCS
ycraHoBlieHHbIH [IYD rabGaputr BJI (paccrosiHue OT HHUBIIEH TOYKH MPOBHCAHUS
MIPOBO/IA JIO 3€MJIN ).

Pacuernas nnuHa mposieTa BBIOMpaeTCs MO TabApUTHOMY TPOJETY
[=(0,8...0,9)/.. MeHblre 3Ha4YeHUs paCYE€THOI'O MPOJIeTa MPUHUMAIOTCS JJIs1 HACETIEHHOM
MECTHOCTH, OOJIbILIUE - JJIs1 HECHACETICHHOM.

[To ypaBHeHHMIO cocTostHUSI (56) HEOOXOAMMO ONPEACTUTh MEXaHUIECKUE
HalpsLKEHUS B IIPOBOJIE B PEKMMAX HU3LIEW TeMneparypsl (p;, O, ), CPEIHETOJOBOM
TeMIeparypsl (p1,0® ,) 1 HAUOOJbILIEH BHEIIHEH HATPY3KU (P, Or = O = - 5°C) u
MIPOBEPUTH yCIIOBUs (48).

[Ipsmoe petienue ypaBHeHus (56) JUid BYX JIIOOBIX PEKHMMOB HEBO3MOXKHO,
TIOCKOJIbKY 3TO YPaBHEHHE COIEPIKUT [1BA HEM3BECTHBIX HANIPSUKEHUS: o, ¥ T .

Beenem moHsITHE UCXOOHO20  pescuma. ITO TAKOW PEXKUM, B KOTOPOM
MEXAHWYECKOE HAIPSHKEHUE B MPOBOJE PABHO JIOIMYCTUMOMY 3HAYEHHIO, TIPH 3TOM BO
BCEX JPYIUX PEKUMAX MEXaHNYECKOE HAMIPSHKEHUE B TIPOBOJIE MEHBILIE JJOITYCTUMOTO.

[lockosbKy nJ1s1 pacueTa MEXaHWYECKOW IMPOYHOCTH MPOBOJA HEOOXOIUMO
paccMOTPETh TOJBKO TPU PEXKHUMA, & UICXOAHBIM PEKUMOM MOXKET OBITh JIFOOOM U3 3THX
TpeX PEeKHUMOB, BOCIIOJB3YEMCS METOAOM Iepedopa BO3MOMKHBIX BapHAHTOB. Takux
BapUaHTOB TPH.

1. Ucxoonwiii pesicum - pesicum Haubobuiell 6HewHell Hazpy3Ku ¢ TTapaMeTpamMu
Pmax®r = O = - 5°C. HanpspkeHue B MHpPOBOJIE B 3TOM HCXOJIHOM PEXHUME
CUMTAETCS M3BECTHBIM U PABHBIM JOMYCTUMOMY JUJISl 3TOTO PEXHUMA, T. €. 0,,.:= |

0,,..]- 1loACTaBUB mMapaMeTphl KCXOMHOTO PEKHMa B JIEBYID YacTh YpaBHEHUS
COCTOSsTHUS ITPOoBOJIA (56), BEIUMCIINM €€ 3HAUCHUE:

C= [Gémdﬁ] taE 0; 'pmaxz'lz'E/24[Uamaa]2- (57)

B mnpaByto yacte ypaBHeHHs (56) MOICTaBUM MApaMeTpbl PEXHUMa HU3LIEH
TeMIEparypel pju © VYpaBuenue (56) cBeneTcs K HEMOMHOMY KyOHMYECKOMY
YPaBHEHHIO BUJA

min *

G@min3+Ao-®min2+B209 (58)

rnedA=a-E-0_ -C;

B =-p>- P E/A.

PemuB ypaBuenue (58), HaiiieM HampspKeHHE B MPOBOJIC B PEXKUME HH3IICH
TEMITIEPATYPbI o, .. -
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Jlariee B MpaBylO0 4YacTh YpaBHEHUsI COCTOsiHUS (56) MOACTaBMM MapameTphbl
peXuUMa CpEIHEroIoBOM Temrmeparypsl piu ©.. YpaBHenue (56) cBemercss K
HETIOJTHOMY KYOUYeCKOMY YPaBHEHHUIO

J®ﬁ63+AJ®ﬁ62+B:09 (59)

rmed=a-E-0,-C;

B =-p>- I E/4.

PenmiB ypaBHenue (59), HailieM HanpspkeHHE B MPOBOAEC B PEXKUME
CpPEIHETO/I0BOM TEMIIEPATyphl o, ,, -

[Ipoepum ycnoust (48). Eciii OHU BBIMOJIHSAIOTCS, UCXOIHBIA PEXUM BbIOpaH
BEpHO. B mpoTHBHOM ciydae paccMaTprBaeM BapuaHT 2.

2. Hcxoomwil pesicum —pedicum Huzuieli memMnepaniypul ¢ mapameTpamu piu ©
. HampspkeHue B mMpoBOZiE B 9TOM HMCXOJHOM PEXKHME CUUTACTCS W3BECTHBIM H
pPaBHBIM JIOMTYCTUMOMY JJISl ATOTO PEXKUMA, T. €. Og,. = |Oeoms)- 11OJCTaBUB

napameTpbl 3TOr0 PEXHUMa B JIEBYI0 YacThb YpPaBHEHHUS COCTOsSHUS npoBoga (56),
BBIYKCIIUM €€ 3HAYCHUE:

C:[GOmin]—'—a.E.@ -plz.lz.E/24[GG)min]2‘ (60)

min

B mpaByto 4acth ypaBHEHHUsI COCTOsHUS (58) MOACTaBUM MapaMETphl peKuMa
HauOOJbIIIEH BHEIIHEW HArPy3KU pp. M O ;= -5°C. VYpaBHenue (58) cBemercsi Kk

HEMOJIHOMY KyOU4ECKOMY YPaBHEHHIO

o +Ac _ *+B=0, ©61)

p max p max

rneA=a-E-0; -C;

B = -puu - - ER4.

PemmiB ypaBuenue (61), HalizieM HanpsbKEeHHE B POBOJIE B PEXKUME HAUOOIbIIIEH
BHEIIHEW HATPY3KU &

p max *
Jlarlee B TpaByrO0 4acThb ypaBHEHHsI COCTOSHUS (58) MOJACTaBUM MapaMeTphbl
peXHMa CpEIHETOJIOBOM TeMIepaTypblp; U O,. YpaBHeHue (58) cmemerca K

HETIOJTHOMY KyOH4YeCKOMY YPaBHEHHIO
061763+Aa®ﬁ02+B:09 (62)

rned=a-E -0 -C;

B =-p>- I E/4.

PemuB ypaBuenue (58), HaliieM HampsiKeHUE B MPOBOJE B PEKUME Cpe/l-
HEr0JIOBOM TEMIIEPATYPBI T, 5y -
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[TIpoBepum ycnoBust (43). Eciu OHM BBINOJTHSAIOTCS, MCXOJHBIN PEXUM
BbIOpaH BepHO. B MpOoTUBHOM ciiydae paccMaTpyBaeM BapUaHT 3.

4. Ucxoonvlti  pedxxcum  -pexcum  cpeOHe200080lU  memnepamypuvl ¢

napameTpamu p; u 0,,. HanpsokeHue B mpoBojie B 3TOM HUCXOJHOM PEXUME

CUMTAETCS] M3BECTHBIM M PABHBIM JOMYCTUMOMY JJIS 3TOTO peXuma, T. €.

Corp | Tos ] IIOJACTABHB MapaMETPbl 3TOTO pEKHMMa B JIEBYIO 4YacTh

ypaBHEHMs COCTOSHUS NpoBoJa (56), BBHIUUCIMM ee 3HAUCHHE:
C= [O-e io ] +ta - E- O 'plzlz EQ4[O-® i ] 2(63)

B mpaByio yacth ypaBHeHUsI cocTosiHUS (56) TOACTaBUM MapaMeTphbl
peXkruMa HuslIen TemrepaTypsl piu O . . YpaBHeHue (56) cBeeTcsl K HETOJIHOMY

KyOHM4YEeCKOMY YPaBHEHUIO
O-(Bmin3 +Ao-®min2 +B:O’ (64)

rnedA=a-E-0_ -C;
B =-p’-P-ERA4

PemuB ypaBHenue (60), HaiigeM HampsbKEHUE B MPOBOJE B PEKHUME
HU3IIEN TEMIIEPATYPbIC, . -

Jlanee B mpaBylo 4acTh YpaBHEHUS COCTOSIHUS (56) MOACTaBUM MapaMeTpbl
pexkuMa HauOoNbIIeH BHEIIHEH HArpy3KU pm.x U ©; = -5°C. YpaBuenue (56)

CBEJIETCS K HETOJHOMY KyOMYECKOMY YpaBHEHUIO
3 2
Upmax +A6pmax +B: 09 (65)
rned=a-E-0; -C;
B = -puu- - EN4.
PemmB ypaBHeHue (65), HailjleM HampspKEHHE B MPOBOJE B PEKUME HaH-
OO0JIbILIEH BHEIIHEN HArpy3Ku o

p max *

[IpoBepum ycnoBust (43). Eciu OHM BBINOJTHAIOTCS, MCXOJHBIN pPEXUM
BBIOpaH BEPHO.

Crnemyetr OTMETUTb, YTO JJIs1 KIIMMATHUYECKUX YCIIOBUM HaIlel CTpaHbI B MOJ1aB-
JISIFOIIEM OOJIBIIMHCTBE CIYyYaeB UCXOHBIM OKa3bIBAETCS PEXKUM HAUOOJIbIIEH BHEII-
HEU Harpy3KH.

2.4 PACHET MOHTAXHBIX CTPEJI IPOBECA

Kak ormeuanocs Bbllie, OCHOBHOM 3aa4€il MEXaHUYECKOTO pacuera npoBojia
SBIIICTCS  OTIPENETICHNE TAaKWX YCIOBHM €ro MOHTa)xa, 4YToObl B TIpoOIEcCe
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AKCIUTyaTallu¥ JIMHUA MEXaHWYECKUE HANPSHKEHUS B MPOBOJIC B PEXKUMAX HU3LIEH
TEeMITepaTyphl, CPEHETOI0BOM TeMIIepaTypbl U HAaMOOJIbIICH BHEIIHEH HArpy3KHu HE
MPEBBIIAIM IONTYCTUMBIX 3HAUEHUH.

BeeneM  monsiTME  MoHmadiIcHO20  pedcuma. MoHTaXx  MPOBOAOB
OCYIIECTBIISIETCA TMPU OTCYTCTBUHM TOJIOJIe[]a, CHJIBHOIO BETpa, HO TMpHU KOO
temneparype. CreaoBaTelbHO, MOHTAKHBIA PEKUM XapaKTEPU3YETCA YIETbHOM
Harpy3KoM p;,TeMNEpaTypod MOHTaXa ©) MU MEXAHWUYECKUM HAIPSHKCHUEM B
IIPOBOJIE TIPU €0 MOHTAXE o . leMmeparypa MOHTaxa O ) MOXET U3MEHSTHCS B
npeaenax

O <0, <0, ,(66)

min —

raeo,;, - BbICHIA  TeMmIeparypa, yCTAHOBJIEHHass  Ha  OCHOBE

METEOPOJOTHUECKUX HAOIIIO/IEHUI B TAHHOM palioHe.

Mexannueckoe HanpsoKEHHE B MPOBOJIE B MOHTAXHOM PEXHUME o, PacCuu-
THIBAETCA IO YPAaBHEHHUIO COCTOSIHUS MpoBoaa (58), B JIEBYIO 4YacThb KOTOPOTO
MOJICTABIISIIOTCS. MApaMETPhl UCXOIHOTO PEXKUMA [ O yex], Pucx 1 Opicx, @ B TIPABYIO -
napaMeTpbl MOHTOXKHOTO pexuma piu O\, TeMrepaTypa MOHTa)ka U3MEHSICTCS B
nuana3zone (66) ¢ marom A® = 5..10°C. Ilo pe3yiapTaTtam pacyeToB CTPOMTCS

3aBUCUMOCTb o\ = f(©; ),I0Ka3aHHas Ha pucyHke 11.

Om 4
F
o
O min S max

Pucynox 11 - MonTaxHbI rpaduK MpoBoja ceyeHueM FB nposere JTHHOM /

[Tonp30BaThCsl 3aBUCUMOCTBIO 0 = f{®; ) IPU MOHTaXKE MPOBOJIA BECbMa He-
yI0OHO, TOCKOJBKY HEMOCPEACTBEHHBIM 3aMep MEXaHMYECKOTO HaIpsLKEHUs B
npoBojie 3aTpynHuTeneH. [loaToMy OT MeXaHMYecKOro HampspKeHUsT B TPOBOAC
NEPEXOIAT K €ro CTpelie MPoBeca, KOTOpasi pacCUUTHIBAETCS MO popMyIie

fu=pi-EiRao,. (67)

Crpenry mpoBeca yIOOHO KOHTPOJIMpPOBAaTb IIPM MOHT&XE MPOBOJA.
3aBHCHUMOCTD ,
fu=/0©; ),Ha3zbIBacMas TaloKe MOHTAKHBIM rpa(ukoM, MpHUBeicHa Ha pucyHKel 1.
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Taxum obpasom, npu mMoumas’ice npogooa e2o cmpeiry npogeca ciedyem yc-
mauasiueamsv 6 coomeemcmeuu ¢ 3asucumocmoto fy = A©; ). Ilpu smom
MeXaHudeckoe HanpsaxceHue 6 Mnposooe 60 BCEX BO3MONCHBIX 8 IKCHIAYAmayuu
COYEeMAaHUSAX KIUMAMUYECKUX YCIIOBULL He NPesbiCUm 00Ny CMUMO20 3HAYEHUs.

2.5. TIPOBEPKA TABAPUTA BO31YIIIHON JINHUN

B Ttabnuupr 8 yka3aHO HauMEHbIEE IOIMyCTUMOE PACCTOSHUE OT HHU3IIEH
TOYKH ITPOBUCAHUS MPOBOJA /10 3eMin (radaput BJI).

[Ipu BbBIOpaHHON KOHCTPYKIMHM YHU(UIIUPOBAHHOMW OMOPHI BEIUYMHA
rabapuTa BO3AYIIHOW JIMHUM /A IOJDKHA YJOBJIETBOPSATH YCJIOBHIO, BBITEKAIOIIEMY
M3PUCYHOK12:

hn-3' A 'fmax > hr, (68)

rJie /.3 - pACCTOSIHUE OT TOYKH OJIBECA HIKHETO MPOBOJIA 10 3E€MJIH;
A - JUIMHA TUPJITHABI U30JSTOPOB (MPUIIOKEHUE 3);
Jfmax- MAKCUMaJIbHAs CTpeJa MpoBeca MpoBOJIa.

hra =4 ¥ Tpoc

hp. npoBo
"IN fn“ hmin /_/ u
¥ + 4 ¥

i npoena

)  J ¥
Pl VP e T T

L

- B
-~ »

Pucynok 12 - @parMeHT BO3AYIIHONW JIMHUU JIEKTPOIIEpEaaun

N3 ycnosus (5.26) BuaHO, yTO BeauuuHa radbaputa BJI 3aBucuT oT Makcu-
MaJbHOM CTpeNbl MPOBECA MPOBOJA fiuy, MOCKOJBKY OCTaJbHBIE COCTABJISIOLINE
ATOr0 YCIOBUS OJHO3HAYHO ONPEAEISAIOTCS T€OMETPUUECKUMU pPa3MepaMu OIIOPbI
U TUPJAHABI M30J4TOpOB (Tipuinoxenue 3). [Toaromy miist mpoepku radapurta BJI
HEOOXO0IMMO 3HATh MAaKCUMaJIbHYIO CTPEITY MIPOBECA MPOBOA fiyx.

MakcuMmarnbHas cTpena MpoBeca MPOBOJA fix MOKET UMETh MECTO B OJJHOM
U3 ABYX PEKUMOB:
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e B p&KUME MaKCUMaJIbHON TEeMIIepaTypbl, KOTJa MPOBOJ B MPOJIETE UMEET
MaKCUMaJIbHYIO JUJIMHY, BCJEACTBUE TEMIIEPATypPHOIO YUIMHEHMS; 3TOT PEKUM
XapaKTepU3yeTCs mapaMeTpamMu pid O, ;

e B peXHUMeE rosiosnena 0e3 BeTpa, KOrjga NpoBOJ MaKCUMAJIbHO PAacTSHYT B
BEPTUKAJIbHOM  HANpaBIICHWU  BHEIIHEH  HArpy3KoW; OTOT  PEXHUM
XapaKkTepu3yercs
napamerpamups 1 O = -5°C.

JUIs KaXXJI0TO M3 3THX ABYX PEXKHUMOB PEIIACTCS YPaBHEHUE COCTOSHUS
npoBoaa (5.14), B JeByH YacTb KOTOPOrO IOJACTABIISIOTCS IMapaMeTphbl
UCXOJIHOTO peXuMa
[Ouex]ls Puex B Ouex, @ B MPABYIO YACTh - MapaMeTphbl PeXUMa MaKCUMaJlbHOU
TEMIIEpaTypsl piu ©,,,, WU [IapaMETPhl peKUMa rososena 0e3 BeTpap; U O = -
5°C.

B  pesynprare pemeHus ~ HEMOJHOrO  KyOMYecKOoro  ypaBHEHHS
BBIYHCIIAIOTCS MEXaHUYECKUE HAMPSKEHUS B MPOBOJIE B PEKUME MaKCUMAJIbHON
TEMIIEpaTypbl o,,. H B pexuMmMe rosuojeaa 0e3 Berpa o,. UYepes a1u

HaHp}I)KCHI/IH I10 BI)Ipa)KCHI/ISIM
foax=p3- /80 . (69)
o =p1- /80, . (70)

pPaCcCUMTHIBAIOTCS MAaKCHUMallbHbIE CTpEJibl TMpoBeca IMpOBOAA U MPOBEpSETCA
ycnoBue (68). [Ipyu HEBBITIOTHEHUH 3TOTO YCIOBUS ClIe/lyeT, HapuMep, IPUHATD
YHUDUITIPOBAHHYIO ONOPY OOJIbIIEH CTPOUTEIIBHONU BBICOTHI.

2.6. PACUET I'PO303AIIUTHOI'O TPOCA

OU3UKO-MEXAHUYECKUE  XAPAKTEPUCTUKHA  TPO303ALIUTHBIX  TPOCOB
NpPUBEJCHbBl B NPWIOKEHUU 3. Pacder ynenbHbIX HArpy30K Ha TPOC Pir...P7:
aHAJIOTMYEH pacyeTy YIENbHBIX Harpy3ok i mposona. IIpoeepka Tpoca Ha
MEXAHUYECKYI0 MPOYHOCTh BBIMOJHAETCA IJS TE€X K€ PEXKUMOB, YTO MU JJIs
poBoOJa:

e PEKMMa HU3IIEH TeMIepaTypbl

e CPEHETOJOBOM TEMIIEPATYPHI,

e HaNOOJIbIIICH BHEIIIHEN HATPY3KH.

Y cnoBust poBEpKH MPOBO/IA HA IPOYHOCTH AaHATIOTUYHBI YCIOBUSM (48)

0 06 min S[Go‘@min ]; 066 i S[O-O®ﬁ(5]; O 06 mas S[GOémdﬁ]; (71)
OCHOBHBIM TPEOOBAHUEM, IIPEIBLIBIEMBIM K TPO303aIMTHOMY TPOCY, SBIISETCS

HaJCXHasA 3aliuTa IIpoBOJOB BJI ot MIPAMBIX YAapOB MOJIHHH. I[JI}I BBIIIOJIHCHUA 3TOI'O
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TpeOOBaHMS YCTAHABIMBACTCS HAWMEHBINIEE JIOMYCTUMOE PACCTOSHHUE TIO BEPTHKAIIH
Ninin MEXTY TPOCOM U TIPOBOJIOM B CEPEMHE TIPOJIeTa MPH IPO30BOM PeKUME (CM. PHC.
12) [4]. 3HaueHus Ay, 3aBUCAIIME TOJILKO OT JIJIMHBI TIPOJIeTa /, MPUBEICHBI B TAOIMIIC
12. Tlpu aymmHaX MPOJIETOB, HE YKA3aHHBIX B TAOHIIE 8, PACCTOSHUE Ay, OTIPEIEIISICTCS
JIMHENHOW armpOKCUMAIUEN.

Tabnuua 11 — PaccrossHue Ay, Me:KAy MNPOBOAOM MU TPOCOM

I[1poner/, m 100 150 {200 300 |400 500
Paccrostaue i, M 2,0 3,2 4,0 5,5 7,0 8,5

[Ipu pacuere Tpoca Ha MEXAHMYECKYIO IMPOYHOCTb 6 KaAuecmee UCXOOHO20
DPedACUMA NPUHUMAENICSL 2PO30BOU PECUM, XAPAKTEPU3YIOLUICS yIEIIbHON Harpy3Koi
P11 Temriepatypoii rpo3sl O rp= 15°C. B oymuune ot pacyera npoBoJia 3TOT PEKUM HE
OIIpeNeNsieTcs, a sIBIsieTcs 3a1aHHbIM. OTHAKO MEXaHMYECKOE HANpsHKEHUE B TPOCE B
UCXOJHOM  TPO30BOM  PEXHME  HEU3BECTHO, IOTOMY  HENOCPEICTBEHHO
BOCIIOJNIb30BaThCSl  YPAaBHEHHMEM COCTOsIHUSL (56) Ui TPOBEPKU MEXaHHMYECKOU
MPOYHOCTHU TPOCA HEBO3ZMOKHO.

[locne ompeneneHusi yAENbHBIX HArpy3ok Ha TPOC pii...p7:MEXaHUYECKUN
pacyeT Tpoca BBITIOIHAETCS B CIEIYIOIIEH MMOCIIeI0BaTEILHOCTH.

1. Onpenensiercst cTpena MpoBeca IMPOBOJa B TPO30BOM pEXKUME fr,.
3HaueHHe f,, 0epeTcs U3 MOHTAXHOTO rpaduka (puc. 12) s 0 = O p=15°C.

2. OnpexensieTcs: CTpena mpoBeca Tpoca B TPO30BOM pexXUME f1r,. Kak crnemyer
u3 puc. 12, 3Ta cTpena nposeca JOJKHA YIOBIETBOPSITH YCIOBUIO

ﬁFD S FD+ A+ hT—n - hmm(72)

3.1lo BbIpakeHHIO, aHaJOrHYHOMY (68), BBIUMCISIETCA MEXAaHHYECKOE
HanpsHKEHUE B TPOCE B TPO30BOM PEXHME:

me = P 12/8fTrp-(73)

4. 1lo ypaBHEHUIO cOCTOSIHUS (56) TPU UCXOTHOM IPO30BOM PEKHUME
(01 rps> Pr1,Op=15°C) paccuuThIBalOTCS MEXAHUYECKHE HAIPSKEHUS B TPOCE B
peXKHUMax HU3IIEH TeMIepaTypsl (P, ©,; ), CPEAHETOJOBON TEMIEPATYPHI (P11,
O p) ¥ HAMOOJIBIIEH BHEUTHEW HATPY3KHU (Prmax, @ = -5°C).

5. [IpoBepstoTcs ycnoBusi npouHocTu Tpoca (71). Ilpu HeBbINOIHEHUN
ATUX YCIIOBUH CIIENYET YBEIUUUTh PACCTOSIHUE MEXAY TOUKAMU IOJIBECA Tpoca U
BEpXHEro mpoBonaa /., (12). Jns 3Tod uenu B BEpXHEH 4YacTH OMOpPbl MOTYT
yCTaHABJIMBATHCA CIEUHATbHbIE TPOCOCTOMKH, pasMepbl KOTOPBIX MOTYT
U3MEHSThCA (MIpUIokKeHue 3).

6. PacyeT MOHTaXXHBIX CTpeJ IMpOBeca Tpoca MPU HCXOJHOM TPO30BOM
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PEKHUMC aHAJIOTUYCH PACUCTY MOHTAXXHBIX CTPCII IIPOBECA IMIPpOBOAA.

KoHTpoabHbIE BONIPOCHI K pa3iesy

1. Kakue ximmaTudeckue PEKUMBI PETTIAMCHTHPYIOTCA U pacucTa IpOBOJ0OB
Ha MCXaHUYCCKYTO HpO‘IHOCTI)?

2.Kakoli MeToj] MOJOXXEH B OCHOBY pacyera IPOBOJOB HAa MEXAHUYECKYIO
POYHOCTH?

3. YUro Takoe yaenbHas MEXaHWYECKasl Harpy3Ka Ha IIpOBOJ?

4. TlepeuncnuTh yeNbHbIE HArPY3KHA HA IPOBOA?

5. B ueM 3akirouaercs 3a/1a4a pacyeTa IpoBoja Ha IPOYHOCTh?

6. 3anucarb ypaBHEHUE COCTOSIHUS POBOAA?

7. KakoBo (huzndeckoe cofieprkaHue ypaBHEHHUS! COCTOSIHUS POBOIA?

8. [TosicHUTh TEpMUH "MCXOIHBIN PEXUM'".

9. Uro Takoe cTpesa mpoBeca npoBojia?

10. Kak BBINOJIHSIETCA pacyeT MOHTAXHBIX CTPEI IPOBECa poBoaa?

11. 3anmcaTh BeIpaskeHHE JJIs pacyeTa CTpebl MPoBeca MPOBO/A.

12. Ot xakux (akTopoB 3aBUCUT radaput B JI?

13. 3ammucatsb ycnoBue nposepku rabapura BJL

14. B xakux pe;xumax cTpesia mpoBeca MpoBo/ia UMEET HauOoJblee 3HaYeHHe?
15. Ha3zBath 0COOEHHOCTH MEXaHUYECKOTO pacyeTa rpo303alUTHOrO Tpoca?

16.Kakoii mpuHMMaeTcss HMCXOAHBIA PEXUM NPU pacyeTe TIpo303aALUTHOIO
Tpoca?
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8. TPAOUYECKASA YACTD ITPOEKTA

['paduueckast yacTh MPOEKTa BKIIIOYAET B ceOs1 J1Ba uepTexa opmara A1.

Ha mnepBoM ueprexxe wn300pakaeTcsi OJHOJIMHENHAs CXeMa IPOEKTUPYEMOM
CUCTEMbI C BbIOpaHHBIMH cxemamu mojctaniui u TOLl. Ha deprexxe 10mKHBI OBITH
HaHECeHbl ~ 00O03Ha4eHUs1  BBIOpAaHHOTO  OOOpyAOBaHUs  (TpaHChOPMATOPOB,
IEHEepaTopOB, JIMHUK JJIEKTpONepenayn), TIOKa3aHbl HaNpsHKEHUs B y3ax,
MOJYYEHHBIE TIPU PACUYETE YCTAHOBUBILETOCS PEXHMMa, HANPsHKEHUS HA
BTOPUYHOW CTOpOHE TpaHCPOPMATOPOB 1O U TOCIAE PETyIUPOBAHUS
HANPSHKCHUS.

Ha BTOpOM yeprexe nmpuBOAATCS pe3ybTaThl pacueTa KOHCTPYKTUBHOM YacTH
BJI. 3nech nomxkuel ObITh npuBeneHsl: pparmeHT BJI ¢ ykazannem reoMeTpuyueckux
XapaKTEPUCTUK JIMHUH, COOPOUHBIN YEePTEK KPETUICHUS TPOBO/IA K TPABEPCE OTOPHI,
MOHTaKHBIN rpaduK MPOBOJIA.
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