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HHKOJ13H AneKC3HAPOBH'I 

CEHbKli1H 

6 onbw1t1e nepexOAbl BJl - nepexOAbl yepe3 Kpyn
Hble BOAHble nperpap,b1 1t1 rnpHble Yll.\enb51 - ca

Mble 6onbwenponeTHb1e coopy>KeH1t151, nponeT KO
TOpb1x Me>KAY HeCyll.\lt1Mlt1 onopaMltl COCTaBn51eT He 
MeHee 700 M lt1 AOCrnraeT HeCKOnbKltlX KltlnOMeTpOB, 
a BblCOTa onop npeBblWaeT 50 M ltl, 6blBaeT, lt1CYlt1C
n51eTC51 COTH51Mlt1 MeTpOB [2-4]. 

Ha1t16onee rpaHAlt103Hbli:i 6onbwoi:i nepexoA B 
M1t1pe 6b1n B03BeAeH B 2010 10AY An51 811 220 KB 
Yepe3 MOpCKOi:i 3an1t1B Me>KAY MaTepltlKOBOi:i YaCTblO 
K1t1Ta51 1t1 3Heprnc1t1crnMoi:i o. Y>t<oywaHb (Zhoushan), 
KOTOpbli:i 6b1n OCHOBaH Ha caMblX BblCOKltlX peweT
YaTblX onopax 370 M c MaKC1t1ManbHblM nponeTOM 
Me>KAY H1t1M1t1 2700 M (http://en.wikipedia.org/wiki/ 
Zhoushan_lsland_Overhead_Powerline_ Tie). Ecn1t1 
cnegosaTb BblCOTHOMY paH>K1t1py, TO nepexoA N2 2 
nocTpoeH ell.\e B 2004 10AY An51 AByx1.1enHoi:i BJl 
500 KB TaK>Ke B K1t1rne yepe3 s:!Hl.(3bl , OCHOBaH Ha 
gsyx peweTYaTblX npoMe>KyTOYHblX onopax Bb1co
rni::1 346,5 M c nponeTOM Me>KAY Hlt1Mlt1 2303 M. 
3To orpoMHble l.(1t1Knon1t1YecK1t1e coopy>KeH1t151 c Bbl
COTHblMltl 6aWH51Mlt1 «AyHai:iCKOIO» T1t1na, o6opyAO
BaHHble nwprnM1t1 An51 06cny>K1t1BaH1t151, c paccrn-
51Hlt151Mlt1 Me>KAY ¢YHAaMeHTaMlt1 B onopHOi:i yacrn 
68,0 x 68,0 M lt1 BeCOM 4192 TH Ka>KAa51 (https:// 
vk.com/topic-9056086_22130910). 

0AHaKO caMbli:i npOT51>KeHHbli:i nponeT B M1t1pe 
5376 M np1t1HaAne>K1t1T OAH01.1enHoi:i BJl 132 KB 

«Buksefjord - Nuuk», nocTpoeHHOi:i B 1993 
IOAY Hopse>KCKOi:i KOMnaH1t1ei:i Nord-Tr.0ndelag 
Elektrisitetsverk Yepe3 cpbOPA AMepan1t1K B 
rpeHnaH.Qltlltl . HarnHyTO 4 CTanbHblX nposo
Aa (0A1t1H 3anacHoi:i) A1t1aMeTpoM 40 MM c ra-
6ap1t1TOM HaA BOAHOi:i nosepXHOCTblO 128 M. 
Ka>KAa51 onopa Aep>K1t1T no OAHOMY npoBOAY. 
Ha cesepHOM 6epery onopb1 pacnono>KeHbl Ha 
rope Ha BblCOTe 444 M, a Ha IO~HOM - Ha Bbl
COTe 1013 M (https://translated.turbopages.org/ 
proxy_u/en-ru.ru.b40dd9be-61d9bc5c-7c95f710-
7 4 722d776562/https/en . wi ki ped ia. org /wi ki / 
Ameralik_ Span#North_End). 

B Pocc1t11t1 caMbli:i BblCOTHb1i:i nepexoA BJl 500 KB 
«np1t1MOpCKa51 rP3C - nc Xa6apOBCKa51» yepe3 
AMyp 1t1 AMypcKylO npornKy, cnpoeKrnposaHHbli:i 
Hay4Ho-1t1ccneAOBaTenbcKoi:i na6opaTop1t1ei:i KOH
CTPYKL11t1i:i 3neKTpocernsorn CTp01t1TenbcTBa (HV1Jl
K3C) 1t1HCT1t1Tyrn «Ces3an3HeproceTbnpoeKT» 1t1 
ocyll.\ecrnneHHbli::1 MK-6 Tpecrn «Ces3an3neK
TpoCeTbCTpoi:i», 6bln BBeAeH B 3Kcnnyarnl.(lt1IO B 
2002 rnAy, 1t1MeeT 06Ll.\YIO nporn>KeHHOCTb 6onee 
4 KM lt1 ycTpOeH Ha 9 onopax BblCOTOi:i AO 191 M, 
ycTaHOBneHHblX Ha MOHOnltlTHble ¢YHAaMeHTbl -
6ypoHa61t1BHble CBaltl AnltlHOi:i 40 M c pocrnepKOM 
1t13 Tpy6o6eTOHa. AHanorn4Hbli:i nepexoA 4epe3 
06b nponernM 1584 M Ha Tpy64aTblX onopax Bbl
corni:i 188 M (AT-188) 6b1n cnpoeKrnposaH TaK>Ke 

LARGE CROSSINGS OF 110-750 kV OVERHEAD LINES THROUGH WATER SPACES 

Senkin N.A., JSC «STC Rosseti FGC UES», Ph.D. 

The article continues the analysis of innovative technical solutions used in the design and construction of high voltage overhead 
power lines (HVL) of the Unified National Electric Grid (UNEG) . These articles first appeared almost 10 years ago and were 
published in 11 issues of the Energoexpert magazine, starting with No. 6 for 2012 (1], and were suspended in the second half 
of 2014 [2] pending up-to-date information on large crossings (BL) VL. 
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OCHOBHblM npoeKTltlpOBLl.\ltlKOM B CCCP 
Hv'lnK3C Cesepo-3anaAHOro 0TAene
Hlt151 (C30) 1t1H-rn «3HeproceTbnpoeKT» 
(neH1t1HrpaA) noA pyKOBOACTBOM KypHo
cosa A.Ill . (lllln AHApeesa AH.) 1t1 B03-
BeAeH B 1967-68 rr. 

CXEMbl 50JlbW~X nEPEXO,QOB 
~ KOHCTPYKL..1~~ 

B COOTBeTCTBltlltl c Tpe6osaHlt151Mlt1 
n. 2. 5 .150-153 « n pas1t1n yCTpOlliCTBa 
3neKTpoycrnHOBOK (nY3-7)» B 3aBlt1Clt1-
MOCTlt1 OT Tltlna KpenneHlt151 npOBOAOB lt1 
TPOCOB onopbl, o6pa3YIOL!.\lt16 nepeXOA, 
noApa3Aen51IOTC51 Ha KOHL\6Bbl6 (K) - An51 
ycrnHOBKltl B HaYane lt1 KOHL\6 nepeXOAa, 
npoMe)KyTOYHble (n) - c nOAA6P)Klt1BalO
Ll.\lt1M KpenneH1t1eM scex npoBOAOB, aH
KepHble (A) - c HaT51)KHblM KpenneH1t16M 
npOBOAOB lt1 KOM61t1H1t1poBaHHble (nA) -
co CMewaHHblM KpenneHltleM npOBOAOB 
Ha onope np1t1 nOMOLl.\ltl KaK nOAA6P)Klt1-
BalOLl.\lt1X, TaK lt1 Harn)KHblX rnpn51HA lt130-
nmopos. B 3aBlt1Clt1MOCTlt1 OT KOHKpeTHblX 
ycnos1t111i np1t1MeH51IOTC51 cneAY10ll.\1t1e cxe
Mbl nepeXOAOB: 
• cxeMa 1: OAHOnponeTHa51 Ha KOHL\6BblX 
onopax K-K; 
• cxeMa 2: AByxnponeTHa51 c onopaM1t1 
K-n-K, K-nA-K; 
• cxeMa 3: TpexnponeTHa51 c onopaM1t1 
K-n-n-K, K-nA-nA-K; 
• cxeMa 4: Y6Tb1pexnponeTHa51 c onopa
Mltl K-n-n-n-K, K-nA-nA-nA-K (TOnbKO 
An51 HOpMaTltlBHOlli TOnll.\ltlHbl CTeHKltl ro
noneAa 15 MM 1t1 MeHee 1t1 An1t1H nepexoA
HbtX nponerns He 6onee 1100 M); 
• cxeMa 5: MHoronponeTHa51 c onopaM1t1 
K-A ... A-K; 

PMc. 1. 0AHOnponernb1e nepexOAbl no cxeMe 1: npasaR aHKepHaR onopa BJl 154 KB Ha a3~aTCKOM 6epery npon~sa ~epe3 

Eioccjlop (cjJOTO asrnpa, OKrn6pb 2021 ): TOp>KeCTB8HHOe OTKpb1rne 3HeproMOCTa BJl 330 KB ~epe3 p. nperonR: 33XOA na
PYCH~Ka uKpy3eHWTepH» B MopcK~e BOPOTa Kan~H~HrpaAa (5) (06.10.2018) 

• cxeMa 6: np1t1 np1t1MeHeH1t11t1 onop n 
1t1n1t1 nA nepeXOA AOn)KeH 6b1Tb pa3Ae
neH onopaM1t1 A Ha yYaCTKltl c 41t1cnoM 
onop n 1t1n1t1 nA Ha Ka)KAOM yYaCTKe He 
6onee AByx, rn ecTb K-n-n-A ... A-n-n-K, 
K-nA-nA-A ... A-nA-nA-K (1t1n1t1 He 6onee 
Tpex no cxeMe 4). 

0AHOnponeTHbllli nepexoA no cxeMe 1 
ABYXL\enHolli Bn 154 KB , coeA1t1H51eT es
ponellicK1t1ili 1t1 a31t1aTCK1t111i 6epera 6oc
cpopa (CrnM6yn , TypL11t151), nocTpoeH s 
1957 rDAY c nponeTOM Me)KAY ABYM51 
aHKepHb\Mltl onopaMltl 1782 M, BblCOTOlli 
Ka>KAOlli onopbl 113 M 1t1 npocseTOM HaA 
nosepxHOCTblO 59 M (p1t1c . 1 ). 

CaMbllli Kpac1t1sb111i nepexoA s HaweM 
ornYecrne nocTpoeH s Kam'1H1t1Hrpa
Ae Yepe3 p. nperon51 An51 Bn 330 KB 
«nperonbcKa51 T3C - CesepHa51» AO 
«7lHTapb3Hepro». Ben1t1KonenHb111i OA
HOL1enHb111i nepexoA nponeTOM 490 M c 
ra6ap1t1TOM 61 M HaA aKBaTOp1t1elli Bbl
nonHeH no OAHOnponeTHOlli cxeMe 1 
nOAP51AYlt1KOM 000 «CeTbCTpOlli » no 
npoeKTY Hl!lnK3C «Ces3anHTL1» (py
KOBOAltlTenb KaYaHoscKa51 n.111 ., ll!lnb1: 
KoHCTaHTltlHosa E.,Q., A6aKyMosa O.H., 
PoMaHOB n .111 :, EpMOWltlHa M.C., 1!1sa
weBCKa51 0.A.). 

B L1en51x COKpall.\6Hlt151 BblCOTbl nepe
XOAHblX onop lt1 nOBblWeHlt151 nponycKHOlli 
cnoco6HOCT1t1 Ha nepexoAe np1t1MeHeH 
TepMOCT011iK1t111i KOMnaKTltlpOBaHHbllli npo
BOA Hosoro noKoneH1t151 MapK1t1 GZTACSR 
600 co crnnbHblM cepAeYHltlKOM lt1 3a-
30pOM, npOV13BeAeHHbllli Ha pocc1t1iliCK0-
6enbrnlitcKOM 3aBOAe 000 "naM1t1cp1t1n» 
(Yrn1t1Y 7lpocnascKolli o6n.). TaKolli npo
BOA n03BOn51eT B ABa pa3a ysen1t1Ylt1Tb 

nponycKHYIO cnoco6HOCTb, 06ecneY1t1Ba
eT M1t1H1t1ManbHb111i nposec np1t1 Harpese 
Aa)Ke AO 210°, TaK KaK MOAYnb ynpyro
CTltl HOBOro npoBOAa nOYTltl BTpoe 6onb
we, YeM y crnnean10M1t1H1t1esoro aHanora 
AC600/72. np1t1MeHeHbl op1t1rnHanbHble 
aHKepHb1e cT1t1n1t13osaHHb1e . onopb1 nK 
330-85 «TIKOpb» BblCOTOlli 112,7 M, lt13-
rDTOBneHHble lt13 Tpy6 Ha lt13BeCTHOM AO 
«OnblTHbllli 3aBOA «l1t1APOMOHTa)K» B Ce
n51Tlt1HO MO [5] . 

TaK1t1e nepexOAbl ycTpa1t1sa10TC51 Ha 
orpaH1t1YeHHblX rnpp1t1TOp1t151X, KaK npa
BltlnO, B rpaH1t1L1aX HaceneHHblX nyHKTOB. 
0Hlt1 xapaKTep1t13YIOTC51 nOBblW6HHblM 
pacXOAOM Marnp1t1anos B CB5131t1 co 3Ha
Ylt1TenbHb\Mlt1 Harpy3KaM1t1 Ha onopb1 
lt1 ¢YHAaMeHTbl OT npOBOAOB lt1 TpOCOB. 
np1t1 ycrnHOBKe Ha KPYTblX 6eperax, KaK 
Ha nepexoAe Yepe3 6occpop, B03H1t1KaeT 
npo6neMa 1t1x yKpenneH1t151 , Hanp1t1Mep 
nocpeACTBOM nOAnDPHblX CTeHOK. Kpo
Me TOro, Ha AaHHOM nepeXOAe OTCyT
CTBYIOT rp030TpOCbl , KOTOpble, noXOlKe, 
CneL11t1anbHO CH51Tbl An51 CHltllK6Hlt151 Ha
rpy3Klt1 Ha onopbl 1t1 ¢YHAaMeHTb1. 

B OTHOW6Hltllt1 pean1t13al\ltllt1 nepeXOAa 
no cxeMe 2 BblAa10ll.\1t111ic51 3HepreT1t1K
cTpo1t1Tenb, K.T.H. K.n . KplOKOB, rnas

. Hbllli ltlH)KeHep C30 1t1HCT1t1Ta «3Hepro
ceTbnpoeKT» s csoelli KH1t1re «nepeXOAbl 
B03AYWHblX n1t1H1t111i yepe3 6onbw1t1e BO
AHble npocTpaHcTBa» [2] np1t1sen np1t1Mep 
AByxnponeTHoro nepexoAa Bn 330 KB 
yepe3 ,Qayrasy c nponernMltl 614+724 M, 
nocTpoeHHoro no cxeMe K-n-K c ycTa
HOBKOlit nepeXOAHOlit onopbt Bb\COTOlit 
108 M B nolliMe peK1t1. ,QaHHbllli sap1t1aHT 
no Marnp1t1anoeMKOCT1t1 noYTltl scerAa 
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PHC. 2. TMnosaH nepeXOAHaH npoMe)KyTOYHaH ABYX

~enHaH onopa Bfl 11 O KB nAO .. JleH3Hepro" NQ 15 Ha 

nesoM 6epery HeBbl (Ha npasoM 6epery TaKaH )Ke onopa 

NQ 16) ~ Ko HuesaH aHKepHaH onopa NQ 14 ((jlorn asrnpa, 

OKrn6pb 2021) 

OKa3blBaeTC5l 6onee BblrO,QHblM, H8>K8nV1 
peanV13al.IV15l no cxeMe 1. 

HaV16onee pacnpocrpaHeHbl nepexo
.Qbl no rpexnponernoili cxeMe 3, Kornpas:i, 
KaK npaBVlnO, BKntO"!aeT ,QB8 KOHL.18Bbl8 V1 
,QB8 npoMe:>KyTO"IHbl8 nV160 ,QB8 aHK8pHbl8 
onopbl. ll1M8HHO Ha 3TY cxeMy npV1M8H8-
HV15l 6blnV1 OpV18HTV1pOBaHbl «MarepV!anbl 
rnnOBblX npoeKTOB YHV1cpV1l.IV1POBaHHblX 
crnnbHblX onop Bn 110-500 KB» [2-4], 

pa3pa6ornHHble B nepVIOA 1957-1989 rr. 
s HlllnK3C Cesepo-3ana.QHOro Or.Qene
HVls:i (llll n A.H. AH.Qpeesa) V1 s XapbKOB
CKOM OT,QeneHV!Vl «3HeproceTbnpoeKT» . 
HanpV1Mep, B neHV!Hrpa,Qe B 1962 ro,Qy 
6b1n BBe.QeH B 3Kcnnyarn1..1V110 .QByx1..1en
Hb1ili nepexo.Q Bn 11 O KB "lepe3 Hesy 
(sb1we Bono.QapcKoro Mocrn) Ha nepe
XO.QHblX onopax nn110-2/60 06Ll.\8ili Bbl
COTOi/i 81 ,0 M, B03B8.Q8HHblili MexKonoH-

Hoili NQ 6 rpecrn «Ces3an3neKrpoceTb
crnoili ». npV!MeHeH nposo.Q AC185/128 V1 

. cpyH.QaMeHTbl - :>1<ene306eTOHHb1e rpV160-
BV1.QHb1e nO,QHO>KHV1Kll1 , nonapHO 06b8,Q111-
H8HHbl8 crnnbHblMll1 pV1rens:iM111 (p111c. 2) . 

Ecn111 nepexog Henb35l cocras111Tb 1113 
rnnOBblX yH111cp1111..1111posaHHblX nepeXO,Q
HblX onop nV160 rnKoe peweH111e np111so
All1T K 3Ha"lll1T8nbHblM Marep111anbHblM 3a
rparnM, TO npoeKrnpy10rcs:i rnK Ha3b1sa-
8Mb1e cne1..1111anbHb1e nepexo.Qbl, KOTOpb1e 
B03BOA>lTC5l 1113 HernnoBblX KOHCTPYKL.1111ili. 
np111Mep TaKoro peweH111s:i - cne1..1111anb
Hb1ili ABYXL18nHblili nepexo,Q Bn 110 KB 
Ha npoMe>KyTO"IHblX onopax no cxeMe 3 
c r1116Koili rpocosoili rpasepcoili nlT110-
2/70 BblCOTOili 83 M, nocrpoeHHblili 3aHO
BO nocne Ben111Koili Ore"!ecrseHHOili so
iliHbl TaK>Ke c111naM111 MK-6 rpecrn «Ces-
3an3neKrpoceTbCTpoili » (p111c. 3) . 

,Qns:i 111nn10crpa1..1111111 MHoronponeiHblX 
cxeM 4-5-6 np111se.QeM np111Mep coopy>Ke
Hll15l n>lrnnponerHoro nepexo.Qa Bn 220 KB 
"lepe3 neHy s $1Kyrn111. Ero asrop A.H. AH
.Qpeesa 1113 HlllnK3C C30 «3Heprocerb
npoeKT» n111wer: «PeKa neHa O,QHa 1113 
Ha1116onee KpynHblX 111 MHOroBO,QHblX peK 
CoBeTCKOro COI03a. npaBblili 6eper 111M8-
8T KPYTb1e cKnOHbl , nesb1ili npegcrasns:ier 
06wV1pHy10 noiliMy. W111p0Koe pycno peK111 
111 w111p0Kas:i noiliMa onpe.Qen111n111 6onbwy10 
nporn>KeHHOCTb nepexo.Qa 5,5 KM. B ToM
cKoM OT,QeneHll1111 111HCTV1TYTa «3HeproceTb
npoeKT» 6b1n111 Bb1nonHeHbl 06Ll.\a>l "!aCTb 111 
Bb16op sap111aHTOB KOHCTpyKrnBHblX cxeM. 
AHan1113 sap111aHTOB c 111HrepsanoM Bb1co-

PHc. 3. CneuManbHblH ABYxuenHblH nepexo11 Bfl 11 0 KB Jl1 -Jl2 nAO .. Jl eH3Hepro" yr. KMposcK (IleHMHrpaACKaH o6naCTb) Ha npoMe)KyTOYHblX onopax n~T110-2/70 c r~6KOH saHTOBOH 
MnM TpOCOBOH Tpasepco~ M A-o6pa3HblMM OTTH)KKaMM. 3TO OAMH M3 nepBblX nepeXOAOB Yepe3 Hesy, pa3pyweHHbl~ BO speMH BenMKO~ OreYecrneHHO~ BO~Hbl M 33TeM BOCCTaHOBneHHbl~ 
[3] ((jlorn asrnpa, MIOnb 2017) 
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MUHf!i:C·HUUtW 

Tbl 150 ... 250 M noKa3an, YTO B cnyYae 
H'13K'1X onop 150 M o6ecneY'1BatoTC5l nyY
w'1e noKa3aTen'1 nepexoga, a rexHonorn5l 
'13rQTOBneHlt15l onop BblCOTO~ 250 M no 
cpasHeH'1to c onoparVi111 150 M cyll..\ecrneH
HO cn0>1<Hee '13-3a 6onee TOncTOro n'1-
CTOBoro lt1 cpaCOHHOrQ npoKaTa. nepeXO/:I 
Bb1nonHeH ABYXL\enHblM B ra6ap'1rnx Bn 
220 KB no cxeMe 5 (K-A-A-A-A-K) c Ye
TblpbM5l nepexogHblML-1 onopaML-1 c aHKep
HblM KpenneH'1eM npOBO,[IOB '1 TpOCOB '1 
ABYM5l KOHL\8Bb1Mlt1 {p1t1c. 4) . Ha nepexoge 
np'1MeHeHbl nposoga MapKL-1 AC300/204 
no O.QHOMY B cpa3e .., cranbHO~ KaHaT TK 
.Q'1aMeTpOM 18,5 MM no IOCT 3064-66 

/( 

--

(ce~Yac OTMeHeH gns:i rpo30Tpocos). PHc. 4. MHoronponernb1~ ABYX~enHbl~ nepexoA Bn 110 (220) KB ~epe3 p. neHa Ha ~eTb1pex nepexoAHblX aHKepHblX 

B CB5l3'1 c OTCYTCTB'1eM Tpy6 gn5l 3ne- . onopax Bb1corn~ 140 M 
MeHTOB np'1H5lT yronKOBbl~ tj:laCOHHbl~ '1 
n'1CTOBO~ npoKaT, Hanp'1Mep no5lca CTBO
na BblnOnHeHbl KpeCTOBOro ceYeH'15l '13 
n'1CTOBOro npoKaTa W'1plt1HO~ OT 220 AO 
600 MM lt1 TOnlJ..\'1HO~ OT 16 ,[10 25 MM» (6). 

B 1980 rr. s HVlnK3C nog pyKosog
CTBOM 3aBe,Qytoll..\ero K.T.H. A.VI. KypHOCO
Ba 6b1na nposegeHa 3HaY'1TenbHa5l HVIP 
no 111ccnegosaH1t1to 6onbw1t1x nepexogos 
Yepe3 BO.QHble nperpa.Qbl Ha MarnMarn
YeCK1t1X Mogen5lx npL-1 3, 4 n'16o 5 pac
nono)l(eHHblX nogp5l.Q nepexogHblX npoMe
)l(YTOYHblX onopax. TaK nposoga B npo
neTax nepexogos MoryT HepaBHOMepHo 
3arpy)l(aTbC5l ronone.QHblML-1 Harpy3KaM'1 
.., nepeMelJ..\aTbC5l s pon1t1KOBblX 3a)l('1Max. 
np111 c6poce rononega s O.QHOM nponeTe s 
3arpy)l(eHHblX coce,QH'1X nponerax CTpenb1 
nposeca MoryT ysen'1Ylt1TbC5l go 15-20 M .., 
yMeHbW'1TbC5l Ha 25-30 M s 3aB'1C'1Mocrn 
OT pa3Mepos nponeTOB '1 lt1HT8HC'1BHOCT1t1 
rononegHo~ Harpy3K'1. KpoMe TOro, B03-
MO)l(HO 3HaY'1TenbHOe nepeMell..\eH'1e npo
BO,[la B pOI1'1Kax, ,[IOX0,[\5llJ..\ee AO 7-12 M 
B 3aB'1C'1MOCTlt1 OT KOn'1Yecrna nponeTOB 
'1 '1HTeHC'1BHOCTlt1 ronone,QHO~ Harpy3K'1. 
np.., 3TOM caMoe 6onbwoe HapyweH'1e ra-
6ap'1TOB Bbl5lBneHO B YeTblpexnponeTHblX 
nepexogax (7), YeM Bbl3BaHbl orpaH'1Ye
Hlt15l B nY3-7 (n. 2.5.153) no '1X np1t1MeHe
H'110, T.K. cxeMa 4 pa3peweHa TOnbKO .Qn5l 
ycnOBL-1~ HOpMaTlt1BHO~ TOnlJ..\'1Hbl CT8HK'1 
rononega 15 MM .., MeHee .., gn111H nepe
XO.QHblX nponeTOB He 6onee 1100 M. 

Heo6xog1t1MO OTMernTb, YTO ycnewHoe 
npoeKT'1POBaH1t1e '1 CTp01t1TenbCTBO 6onb
W'1X nepeXO,[IOB B 1970-80 rr. BblnOnH5l
nocb B gpyr'1x pecny6n'1Kax CCCP, s yacT
HOCTlli Ha YKpa'1He. TaK, B CB5l3'1 c OTKa30M 
OT o6xoga, np'1B0,[\5lLl..\9rG K ygn'1H9H'1IO 
TpaCCbl Ha 160 KM, 1t1n'1 AOporoCT05lll..\8MY 
'1 HeHa,[le)l(HOMY Ka6enbHOMY sap'1aHTY 

PHC. 5. npaso6epe)l<HaH npoMe)l<yTO~HaH «Ka~alOlJ.1aHCH» onopa Ha 0Trn)l<Kax Ha COBMelJ.1eHHOM nepeXOAa Bn 500/220 KB 

~epe3 Bonry y KocTpOMbl (cjlorn asrnpa, ~IOnb 2021) 

(70 nogsogHblX Mytj:lT) np'1H5lTO peweH1t1e 
o coopy)l(eHL-1'1 Bn 330 KB «3anopo)l(CKa5l 
IP3C - H'1Kononb» no KpaTYa~we~ Tpac
ce c nepexogoM Yepe3 KaxoscKoe sogo
xpaH '1n '1 L1.1e npOT5l)l(eHHOCTblO 4,6 KM. npo
eKrnpoBaH1t1e Bb1nonH5lflOCb no nY3-66, a s 
KaYecrne o6opygosaH'15l lt1 OCHOBHblX KOH
CTPYKL\'1~ 6b1n'1 np1t1Hmb1: npoBOA ACYC-
500, CTanbHO~ OL\'1HKOBaHHbl~ rp030Tpoc 
TK ceYeH1t1eM 153,8 MM2 

.., ABYXL\enHble 
CTanbHble CB060AH0CT05lll..\'1e aHKepHble 
onopb1. ,[\n5l cpaBHeH1t15l sap1t1aHTOB, om111-
Yatoll..\1t1XC5l pa3Hb1Mlt1 BblCOTaMlt1 lt1 KOnw-1e
CTBOM onop (OT 5 AO 10 onop, BKnto'-la5l 3-8 
onop B aKBaTOPL-1'1), BblnOnHeH aHML-13 KOH
CTPYKL\'1~ KpynHe~W'1X nepexogos CCCP. 
no3TOMY 6bln np'1MeHeH T'1nOBO~ npoeKT 
«YH1t1cp'1L\'1POBaHHbl8 nepeXO,[\Hble onopbl 
sb1coTO~ Ao 1 oo M gn5l Bn 35-330 KB» 
(C30 «3HeproceTbnpoeKT, 1971 r.). OKoH
YaTenbHO np'1H5lTbl~ Bap'1aHT BKntoYan 7 
CB060AHOCT05lll..\'1X nepeXOAHblX aHKepHblX 
onop BblCOTO~ OT 90 AO 100 M, BKnto'-la5l 

gse 6eperosb1e (3a '1CKntoYeH'1eM gsyx 
KOHL\eBblX), c MaKC'1ManbHblM npoMe)l(y
TOYHblM nponeTOM 920 M (cxeMa 5). leH
npoeKrnpOBl.l..\'1KOM ,QHenponeTpOBCK'1M 
OKn YKpa'1HCKoro oTgeneH'15l (YO) '1Hcrn
Tyrn «3HeproceTbnpoeKT» BMecre c YO 
'1HCTlt1TYTa «1'1,QponpoeKT» 6b1no np'1H5lTO 
HeOp,[11t1HapHoe peweH'1e 0 HannaBHblX 
tj:lyH.QaMeHrnx .Qn5l aKsaTOpL-1'1. TaK'1e tj:lyH
gaMeHTbl npegcrasn5ln'1 co6o~ · OTKpblTb1e 
csepxy repMeT'1YHb1e )l(ene306eTOHHb1e 
L\'1n'1HAPbl («CTaKaHbl») ,[1'1aMeTpOM 30 M, 
TOnlJ..\lt1HO~ 0,4 M '1 BblCOTO~ 10,7-12,9 M, 
KOTOpble '13rGTaBn'1Ban'1Cb Ha 6epery B OT
KpblTblX KOTnOBaHax - «CYX1t1X ,[IOKaX», np1t1-
rpy)l(an1t1Cb Ll..\e6HeM, TpaHcnoprnposan'1Cb 
snnaBb no Boge BMecTe c onopaML-1, 3aTeM 
ycrnHaBn'1Ban'1Cb Ha IJ..\e6eHOYHYIO no,QBO
AHYIO nocTenb .., 3anonH5ln'1Cb rpyHTOM .., 
BOAO~ (8). 

B 1972 rogy 6b1n nocTpoeH rpaH.QL-103-
Hbl~ nepexoA Bn 750 KB "nc ,QoH6accKa5l 
- nC ,QHenpOBCKa5l» Yepe3 ,QHenp W'1plt1-
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P11c. 6. Cnel(~anbHbl~ nepexo11BJl220 KB «Yxra-neyopa .. (nepexo11NQ1) Yepe3 p. neYopa: npaBbl~ (nponeT 740 M) ~ neBbl~ (660 M) 6epera, Ha cpe11HeM nnaHe pycnoBa~ «KaYa10L11a

~c~ .. onopa CnK-74 (cporn aBrnpa, aBryCT 2004) 

Hoi:i 754 M no CxeMe 3 Ha onopax n-79 
Bb/COTOi:i 79 M (nepeXOAHOi:i nponeT 905 M, 
06Ll\a5l Am1Ha nepexoAa 1505 M). B CB5l31t1 
co cna6b!Mlt1 neCCOBb/Mltl rpyHTaMltl , nOA
crnnaeMb/X Tpell\1t1Hosaroi:i CKanoi:i, Mac
C1t1BHb1e >Kene3o6eTOHHb/9 cj:lyHAaMeHTbl 
BblnOnHeHbl B Blt1A9 OTAenbHb/X 6nOKOB 
nOA Ka>KAYIO Hory c rny61t1HOi:i 3ano>KeHlt15l 
AO 11,5 M (AO CKanbHOro OCHOBaH1t15l) [9]. 

cnEUVIAJlbHblE nEPEXO,Qbl 
HA «KA'"IAIOLLIVIXCfl» onOPAX 

VlcKn/O'-llt1TenbHO cj:lyHKL\ltlOHanbHb/M lt1 
1t1HrnpecHblM flBnfleTCfl cnel_\nepexoA no 
cxeMe 3 (K-nA-nA-K) '-1epe3 Bonry BJl 
500 1t1 220 KB s pai:ioHe KocTpOMbl c 
An1t1Hoi:i nponern 1065 M 1t1 nepeXOAHb/Mltl 
onopaM1t1 Bb1corni:i 107 M (p1t1c. 5). ,Qnfl 
noABecK1t1 npoBOAOB BJl 500 KB np1t1Me
HeHa cpeAHflfl Tpasepca, Anfl npOBOAOB 
Bn 220 KB - Hltl>KHflfl Tpasepca, a Anfl 
HeCYLl\ltlX rp030TpOCOB c Harn>KHb/Mltl 3a
)K1t1MaM1t1 - BepXHflfl TpOCOBafl. npoBOAa 
BJl 500 KB 1t1Me10T cMewaHHoe Kpenne
H1t1e K Tpasepce: nOAB9CKa Kpai:iHltlX cj:la3 
BblnOnHeHa nocpeACTBOM nOAA9P>Klt1-
BalOLl\lt1X 3a>K1t1MOB, a cpeAHei:i cj:la3bl -
Harn>KHb/Mltl 3a>K1t1MaM1t1 c o6BOAHb/M 
wnei:icj:loM. np1t1'-leM nepeXOAHble onopbi 
wapH1t1pHo on1t1pa10TC5l Ha l_\eHTpanbHbli:i 
cj:lyHAaMeHT lt1 nOAAep>K1t1Ba/OTC5l rp030-
H9CYLl\1t1Mlt1 TpocaMltl no OCJtl nepeXOAa, 
a nonepeK - napHb/Mltl OTT5l>KKaM1t1. KoH
L\8B~e onop~ s~nonHeH~ pa3AenbHO 
noA Ka>KAYIO cj:la3y npoBOAOB BJl 500 1t1 
220 KB lt1 Ha Kci>KAbli:i rp030Tpoc. 

0AHaKo, nepBblM B AaHHoi:i cep1t11t1 
KOM61t1H1t1poBaHHb/X nepeXOAOB co CMe
waHHb/M KpenneH1t1eM nposo.qos 6b1n 
OAHOL\enHbli:i nepexoA BJl 500 KB '-le-
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pe3 AMyAapblO nponeToM 1500 M c np1t1-
MeHeH1t1eM T-o6pa3HblX «Ka'-!a10ll\1t1XC5l » 
onop Bb/COTOi:i 121 M Ha OTTfl>KKax, 
KOTOpb1i:i 6b1n TaK>Ke cnpoeKrnposaH B 
C30 «3HeproceTbnpoeKT» (rn. 1t1H>KeHep 
K.n. Kp!OKOB, rnn HVIJ1K3C A.H . AH
Apeesa) [3] 1t1 nocTpoeH B 1990 roAy. 

A npeATe'-!ei:i TaKoro nepexoAa 1t1 «Ka
'-!a10ll\ei:ic5l» onopb1 6b1n1t1 nepexoAbl Ha 
A-o6pa3HblX nnocKowapH1t1pHb1x (nW) ono
pax paMHoro 1t1cnonHeH1t15l - «Ka'-lanKax», 
on1t1pa10ll\1t1XC5l Ha y3K1t1e 1t1 Bb1COK1t1e pycilo
Bble cj:lyHAaMeHTbl, KaK MOCTOBb/e onopbi-
6b1Klt1, c HaTfl>KHb/M KpenneH1t1eM rp030Tpo
COB, 06ecne'-l1t1Ba10ll\1t1M on1t1paH1t1e onopbi 
BAOnb oc1t1 BJl Ha HeCYLl\ltle rpo3o3all\lt1THble 
TpOCbl, KaK Ha OTT5l>KKlt1. c np1t1MeHeH1t1eM 
nW onop rnna CnK-74 (cnel_\1t1anbHafl npo
Me>KyTO'-!Hafl Ka'-la10ll\a5lc5l onopa o6Ll\ei:i 
BblCOTOi:i 74 M) nocTpoeHbl nepexOAbl BJl 
110 KB '-!epe3 p. Bara 1t1 p. n1t1Hera B OAO 
«Apx3Hepro». TaK>Ke B 1970 rr. TpeCTOM 
«L(eHTpcTpoi:i3neKTponepeAa'-la» no npo
eKTY HVIJ1K3C C30 «3HeproceTbnpoeKT» 
(rn. 1t1H>KeHep K.n. Kp!OKos, r111n A.H. AH
Apeesa) 6b1n1t1 nocrpoeHbl cnel_\1t1anbHb/e 
ABYXL1enHb1e nepeXOAbl s OAO «A3K Ko-

. Mlt13Hepro» Ha n1t1H1t15lX BJl 220 KB '-!epe3 
peK1t1 ne'-lopa (1974) 1t1 Yea (1975) c np1t1-
MeHeH1t1eM «Ka'-lal0Ll\lt1XC5l» onop CnK-74 
'-lepe3 p. ne'-lopa (p1t1c. 6) 1t1 CnK-83 '-1epe3 
p. Yea (p1t1c. 7) c np1t1MeHeH1t1eM nposo
Aa ACYC-300 (AC300/204) c yc1t1neHHblM 
CTaJlbHblM C8PA8'-1Hlt1KOM Afl5l npOBOAOB lt1 
H9CYLl\1t1X TpOCOB [3, 10-13). 

Ha nepexoAe '-lepe3 p. ne'-!opa pean1t1-
3osaHa cMewaHHafl cxeMa 6 (K1-A 1-A2-
nW-A3-A4-K2) , BKn/O'-lalOLL\afl OAHY npo
Me>KyTO'-IHYIO «Ka'-!alOLl\YIOCfl» onopy nW 
(CnK-74) Ha pycnoBOM >Kene306eTOHHOM 

cj:lyHAaMeHTe Bb/COTOi:i 10 M, '-19Tb!pe aH
KepHb/X onopbi c MaKC1t1ManbHOi:i Bb/COTOi:i 
69,9 M lt1 ABe KOHL\9Bb/X onopbi ~ 6eTOH
Hb/9 flKOp5l Anfl aHKepHoro KpenneH1t15l 
HeCyll\1t1X rpo3oTpocos Hecyll\1t1e rpo30-
Tpocb1 Kpenmcfl KO sceM onopaM '-1epe3 
HaTfl>KHble 3a>K1t1Mbl. 06Ll\a5l An1t1Ha nepe
XOAa BOKOH'-laTenbHOM sap1t1aHT8 2210 M 
(150+450+740+660+360+150). CpaBHeHltle 
c nepsoHa'-lanbHblM sap1t1aHTOM nepexoAa 
c ABYMfl CB060AHOCT05lll\lt1Mlt1 Bb/COTHb/Mltl 
onopaMltl lt13 6eCWOBHb/X Tpy6 (Bb/COTa 
150 M lt1 nponeT M9>KAY Hlt1Mlt1 1450 M) no
Ka3ano Bb/COKYIO 3cj:lcj:leKTlt1BHOCTb np1t1Me
HeH1t15l onop nW B CB5l31t1 CO CHlt1>K9Hlt19M 
cro1t1Mocrn CMP Ha 20 %, pacxoAa crnn1t1-
Ha 77 % 1t1 >Kene3o6eTOHa - Ha 8 % [1 OJ. 

AHanorn'-IHO nepsoHa'-lanbHbli:i sa-
p1t1aHT nepexoAa BJl 220 KB '-!epe3 Ycy 
(snaAaeT s ne'-lopy) no cxeMe 3 (K-A
A-K) 6b1n cnpoeKrnposaH Ha Tpy6'-laTblX 
crnnbHblX aHKepHblX onopax ATJl-188 
Bb1coroi:i 188 M c npoBOAOM ACYC-500 
1t1 TpocoM TK-120 [11 ]. 06Ll\a5l nporn>KeH
HOCTb nepeXOAa no AaHHOMY sap1t1aHTY 
2975 M (845+ 1550+580), a An1t1Ha OCHOB
HOro nepexoAHoro ·nponeTa - 1550 M. 
,QaHHbli:i nepexoA no pa3MepaM snonHe 
noAo6eH nepeXOAY BJl-500/220 KB «TIO
MeHb-CypryT» '-1epe3 06b, nocTpoeHHO
MY s 1970 rr. Ha onopax rnna ATJl-188. 

c l_\9nb/O COKpall\9Hlt15l CTOlt1MOCTlt1, 
MaTep1t1anoeMKOCTlt1 lt1 cpOKOB CTp01t1-
TenbCTBa crsop nepexoAa 6b1n ycrpoeH 
H1t1>Ke no Te'-leH1t110 Ycb1 (p1t1c. 7) c np1t1-
MeHeH1t1eM cnel_\1t1anbHb/X nW onop C y3-
Klt1Mlt1 ¢YHAaMeHTaM1t1 MOCTOBOro rnna, 
npeAHa3Ha'-!eHH~Mlt1 Anfl npeoAoneH1t15l 
BOAHb/X nperpag c OCTposaMltl , OTM9n5l
Mlt1 lt1 Wlt1p0Klt1Mlt1 noi:iMeHHb/Mltl 30HaMlt1. 



P11c. 7. L\eMCTBYIOlJ1~M nepeXOA ~epe3 p. Yea, OCHOBHOM nponeT 1550 M (rjJOTO asrnpa, ~IODb 2007) 

nepsoHa4anbHO cxeMa nepexoAa 
6b1na np111Hsna 4eTb1pexnponernoili (K -
cnK-75 - cnK-95- cnK-95 - K) , 3arnM 
nepepa6oTaHa Ha TpexnponeTHyto (K -
cnK-83 - cnK-83 - K) c noAsecKoili scex 
npoBOAOB ACYC-300 no cxeMe «604Ka» 
K onopaM CnK nocpeACTBOM ponll1KOBblX 
nOABeCOB nP-6. 3AeCb 06li_\aS1 BblCOTa 
onopbi CnK-83 - 83 M, a BblCOTa AO Hll1>K
Heili Tpasepcb1 - 66,5 M. TaK111M o6pa30M, 
COKpali_\eH111e 3aTpaT Ha. CTp0111TenbCTBO 
nepexoAa c y4acTKOM AByxwenHoili BJl-
220 KB no cpasHeH111to c Ha4anbHblM pe
weH111eM COCTaBll1nO 24,5 % Ha ypOBHe 
T30 [12]. B nocneAHeM sap111aHTe secb
Ma cyli_\ecrneHHblili cpaKrnp - nporn>KeH
Hasi 3arnnnsieMasi noiliMa, nepeKpb1Tasi 
onopaM111 OTHoc111TenbHO He6onbwoili 
BblCOTbl . KpoMe TOro, OCHOBHble sepT111-
KanbHble ra6ap111Tbl nepexoAa so scex sa
p111aHrnx np111 npoeKT111posaH111111 np111HS1Tbl 
c y4ernM HaMeLieHHoili K cTpo111rnnbcrny 
B 80 rr. YCTb-lll>KeMCKOili 13C no «npo
rpaMMe nepe6pocK111 cesepHblX 111 c1116111p
cK111x peK s Bonry, s 6acceiliH Kacn111ilicKo
ro 111 A30BCKoro Mopeili, B CpeAHtoto A3111to 
111 Ka3aXCTaH » (nporpaMMa OTMeHeHa B 
1986 roAy) , o6pa3ytoli.\eili B pailioHe nepe
XOAa Yc111HcK111ili 3an111s BOAOxpaH111n111li_\a 
Wll1Pll1HOili 6-15 KM 111 rny6111Hoili 3aTOnne
Hll1S1 AO 8-10 M 111 06ecne4111satoli_leili AO
nonH111rnnbHb1ili nOAbeM pac4eTHoro ypos
Hsi BOAbl Ha 3,0 M (p111c. 8). 

6YAY4111 CTYAeHTOM-All1nnoMHll1KOM Jle
Hll1HrpaACKoro ll1H>KeHepHO-CTp0111TenbHO
ro 111HCTll1TYTa (J1111Cll1) asrnp B 1975 r0AY 
y4acrnosan B peanbHblX nposepo4HblX 
pac4eTax AaHHoro nepexoAa, B pa3pa6oT
Ke KOHCTPYKWll1ili crnnbHOili «Ka4atoli_leilicsi» 
onopbi cnK-83 B All1nnOMHOM npoeKTe no 
TeMe «CTanbHasi onopa cnew111anbHOro 
nepexoAa BJl 220 KB». K caMoili cn0>KHoili 
4aCTll1 All1nnoMHoro npoeKTa 6b1n orneceH 
pa3Aen, nocssili_\eHHblili All1HaM1114eCKll1M 
paC48TaM OnOpbi CnK-83 B COCTaBe ne
peXOAa. lop>Kycb TeM, 4TO pyKoBOAll1Te-

neM OT JllllCl/1 6b1n npocpeccop, A.T.H., 
3aBeAYIOli.\111ili Ka¢eAp0ili Mernnn1114eCKll1X 
KOHCTPYKWll1ili 111 111cnb1TaHll1S1 coopy>KeH111ili 
BnaA111M111p AHTOHOBll14 Tpynnb, KOTOpb1ili 
B 1966 r0AY 3ali_\111Tll1n AOKTOpCKyto All1C
ceprnw11110 no KOHCTPYKw111siM B03AYWHblX 
n111H111ili 3neKTponepeAa4111, a KOHcynbT111po
san111 MeH51 Bb1Aatoli_\111e npoeKT111pOBli.\ll1K1t1: 
K111p111m1 neTpOBll14 KptoKOB, K.T.H. , rnaB
Hblili 111H>KeHep C30 111H-Ta «3HeproceTb
npoeKT» 111 AneKcaHAPa H111KonaesHa AH
Apeesa, 1111n Hll1J1K3C. 

COBPEMEHHOEnPOEKTHPOBAHHE 
H CTPOHTEJlbCTBO EiOJlbWHX 
nEPEXO,QOB 

B [14] np111BeAeHbl aKTyanbHble pe- · 
KOMeHAaw111111 no BblnOnHeH111IO nOArOTO
Bll1TenbHblX 111 CTp0111TenbHO-MOHTa>KHblX 
pa6oT no ycTpoilicrny ¢YHAaMeHTOB, 
MOHTa>KY onop, npoBOAOB 111 rp0303a
li.\111THblX TpOCOB. 111 B HaCTOS1li_\111e Bpe
MeHa pa60Tb1 Ha nepexoAax Bb1nonHS1-
toTCS1 no yKa3aHHblM peKOMeHAaWll151M , 
BKnto4a51 MOHTa>K npOBOAOB «MepHblMll1 
Anll1HaMll1» , VIX MOHTa>K «nOA rn>KeHll1eM» , 
MOHTa)f( nepexOAHblX onop KpaHaM111 cno
co6oM Hapali_\111saH111S1 111 T.A. 

OcHOBHble 3aAa4111 «EA111Hoili TexH111-
4eCKoili non111T111K111 B 3neKTpocernsoM 
KOMnneKce (nono)f(eH111e OT 2021 roAa) » 
s 06nacT111 3HepreTlt14eCKoro CTpo111rnnb
CTBa OCHOBaHbl Ha «Tpex Kll1TaX» ll1H
HOBaw111ili : HOBble BblCOK03cpcpeKTlt1BHOe 
060PYAOBaH111e 111 CTp0111TenbHble KOH
CTPYKWll1111 , s~coKonpo1113BOAll1TenbHasi 

MOHTa)f(Ha51 TeXHll1Ka 111 nepeAOBble TeX
HOnor111111 , a TaK)f(e wvicpposb1e asrnMaT111-
3111posaHHb1e Cll1CTeMbl npoeKTll1pOBaHll151 
111 ynpasneH111si [1, 15]. TaKa51 non111T111Ka 
Ha4111HaeT np111HOCll1Tb CBOll1 pe3ynbTaTbl , 
npe>KAe scero, B TPYAOeMKOCT111 111 coKpa
li_\eH111111 cpoKOB CTp0111TenbCTBa, B nOBbl
W9Hll1111 HaA9)f(HOCTll1 lt1 6e3onaCHOCTll1, a 
TaK)f(e B CTOll1MOCTll1 3neKTp03HepreTll14e
CKll1X 06b9KTOB. 

Bap111aHTHoe 111 111HAll1Bll1AyanbHOe npo
eKT111posaH111e nepeXOAOB np111BOA51T K 
Ha1116onbWll1M 3KOHOMll14eCKll1M pe3ynbTa
TaM, 4TO nOATBep)f(AaeTC51 np1t1MepaM111 
1113 OTe4eCTBeHHOili 111 3apy6e)f(H0ili npaK
Tll1Kll1. TaK, np111 npoeKT111posaH111111 6onb
woro nepexoAa BJl 345 KB 4epe3 03epo 
CyHep s CWA KOMnaH111siM111 Electrical 
Consultants Inc. 111 Valmon.t-Newmark 
6b1n111 pa3pa6oTaHbl KOHKperno noA npo
eKT crnneantoM111H111esb1ili npoBOA 111 cne
w111anbHb1e aHKepHo-yrnosb1e nepexoA
Hble onopbi c Bb1cornili , He npesb1wato
li.\eili 61 M. np111MeHeH111e 111HHOBaWll10HHblX 
TpexcTOe4HblX onop 1113 Tpy6 «TpeHora» 
np111seno K 3KOHOMll1111 46 % no paCXOAY 
OCHOBHblX MaTep1t1anos no cpaBH9Hll1IO c 
TpaAll1Wll10HHblMll1 onopaMll1 [16]. 

0Tpacnesoili CTaHAapT nAO «c:DCK 
E~C» «HopMbl rnxHonor1114ecKoro npo
eKT111posaH111si BJl 35-750 KB (CTO 
56947007-29.240.55.192-2014)» np1t1 npo
eKT111pOBaH1111t1 111 CTp0111TenbCTBe 6onbWll1X 
nepeXOAOB peKOMeHAYIOT np111MeHS1Tb co
BpeMeHHble KOHCTPYKWll1111 npOBOAOB HOBO
ro noKoneHll151, OTnll14atoli_\111eC51 BblCOKll1Mll1 
TeXHll1K0-3KOHOMll14eCKll1Mll1 noKa3aTen51Mll1. 

Hanp111Mep, B orn4eCTBeHHOili npaKTltl
Ke BblCOKO'reMnepaTypHblili npOBOA 6b1n 
sneps~e np111MeHeH B 2009 rOAY np111 
npoeKT111posaH111111 AByxwenHoro nepexo
Aa BJl 220 KB " nepMcKa51 IP3C - Co-
6on111» 4epe3 KaMCKOe BOAOXpaH111n111li_\e 
06li_leili nporn)f(eHHOCTblO 2080 MeTpOB 
c111naM111 Hll1J1K3C nl.l «Ces3an3Hepro
ceTbnpoeKT» OAO «Ces3an HTL.l». Tpa
All1W1t10HHb1ili sap111aHT nepexoAa 6b1n pa3-
pa6ornH no cxeMe K-A-A-K c npoBOAaM111 
AC 500/336 Ha Tpy64aTblX onopax 111HAll1-
Bll1AyanbHOili pa3pa60TKll1 AT133 (Bb1corn 
154 M) . Ho anbTepHaT111BHb1ili pean1113o
BaHHblili B 2010 r0AY Bap111aHT c TeM >Ke 
nponeTOM Me>KAY onopaM111 1480 M no 
cxeMe K-n-n-K c Bb1coKornMneparypHb1-
M111 npoBOAaM111 Lumpi-Berndorf (6enb
rlt151} ACS521-A20SA, TpocaM111 Stalum 
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PHC. 8. B~A Ha neBo6epe)l<HYIO YaCTb B crnope cneuManbHOro nepeXOAa: KOHUBBble onopbl npOBOAOB (nOA Ka*AYIO uenb) 
MABB npoMe)l<yTOYHble «KaY310lJ1~8CH» onopbl cnK-83, nOAABP)l<~BaeMble rp03033lJ1~THblMM TpocaM~ ACYC-300 (cjJOTO 
asrnpa, ~IOnb 2007) 

5102C co BCTpoeHHblM onrnYeCKll1M 
Ka6eneM 111 ACS521 -A20SA, apMarypolii 
or AO «3neKrpoceTbCTpoliinpoeKT» 111 
rnnOBblMll1 onopaMll1 nn330-2/79,5 (Bbl
COTa 106 M) ·111 MOA111cp111L\111pOBaHHblMll1 

KOHL\8BblMll1 onopaM111 K330-2+5K no3BO
n111n111 nOHll13111Tb BblCOTY npoMe>KyTOYHblX 
nepeXOAHblX onop Ha 48,0 M 111 COKparnTb 
CMeTHYIO CT0111MOCTb crpo111renbCTBa Ha 
17 %. np111 B03B8A8Hll1111 npOM8>KYT04HblX 
pewerYaTblX onop nepexoAa B 2010 rGAY 
6b1n 111cnonb3osaH cnoco6 Hapall.\111BaH111si 
KpaHOM , pa3Mell.\eHHOM BHyrp111 KOH
crpyKL.\111111 onopb1 [17, 18]. 

B AeKa6pe 2021 roAa 6bin CAaH s 3KC
nnyarnL111110 111 ycnewHo 3apa6ornn 6onb
woli1 nepexoA Yepe3 neYopy B cocrnse 
BJl 220 KB «neyopcKasi IP3C - Yxrn» 
(srnpasi L1enb), KOTOpb11i1 6b1n secbMa 
AOnro>KAaHHblM 111 He06XOA111MblM AnS'I 
3neKTp03Heprer111K111 Pecny6n111K111 KoM111 
11160 Cyll.\eCTB8HHO nOBblWan HaAe>K
HOCTb 3neKTpOCHa6>KeHll1S1 IO)f(HblX 111 L\eH
rpanbH~X paliioHOB pecny6n111K111 111 yse
n111Y111n BblAaYy «3anepTOli1 » MOU\HOCrn 
neYopcKolii IP3C. 06ll.lasi An111Ha nepe
XOAa - 2402 M, a w111p111Ha peK111 B Mecre 
nepeceYElH111S1 - 1, 163 KM . Ha 6onbWOM 
nepexoAe ycrnHosneHbl YeTb1pe Meran
n1114ecK111e onopb1 no cxeMe K-A-A-K: ABe 
nepeXOAHble aHKepHble onopb1 AT73M 111 
ABe KOHL\eBble K330-1 M6+5 (p111c . 9-12) . 

np111HsiTb1 nepexoAHble onopbi AT-73M 
06ll.leli1 BblCOTOlii 94,5 M T-o6pa3HOli1 KOH
crpyKrnBHOlii cpopMbl c rop11130HTanbHblM 
pacnono>KeH111eM npoBOAOB c 3neMeHra-

PHc. 9. npoAOnbHbl~ npocp~nb nepexoAa BJl 220 KB yepe3 CYAOXOAHYIO peKy neYopa (nepexoA NQ2): 06lJ1aH An~Ha 2402 M Mll1 1113 6ecwOBHblX ropsiYeAecj:iopM111po-
(301+ 1420+681 M), w~p~Ha peK~ B MecTe nepexoAa 1163 M (BblCOKOTeMnepaTypHbl~ pe*~M npoBOAa np~ T=+150 °C MaK- BaHHblX rpy6 rpynnbl B. 
C~ManbHaH CTpena npoBMCa npoBOAa no XOPAB - 59,21 M, paCYBTHbl~ ra6apMT - 6,0 MAO CYAHa, ra6ap~T CYAHa-13,0 M) Cranb AnS'I rpy6 rip111Hma B COOTB8T-

PHc. 10. B~A Ha npaso6epe*HYIO Y3CTb cneu~anbHoro nepexoAa BJl 220 KB yepe3 neyopy nepeA BKnlOYBH~eM, rpo303a
Ll1~THb1e TPOCbl o60PYAOBaHbl MapKepaMM (12.2021) 
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CTBll1111 c cn16.13330.2017 c yYeTOM 
HOpM111pOBaHll1S1 MexaH111YeCKll1X CBOliiCTB 
111 x111Mcocrnsa no IOCT 8731 -74 MapK111 
0912C no IOCT 19281-2014 c noKa3a
reneM YAapf1oli1 BS13Kocrn KCV He MeHee 
34 ,Q>K/cM2 np111 reMneparype 111cnb1TaH111fi1 
Ha YAapHbllii 1113r1116 M111Hyc 40. °C. 

KoHcrpyKTll1BHO onopb1 AT-73M cocrnsir 
1113 OTAenbHblX 3neMeHTOB, COeA111HS18MblX 
6omaM111: coeA111HeH111e nosi.cos - Ha cpnaH
L1ax c BblCOKonpoYHblMll1 6omaM111 Knacca 
npoYHocrn 10.9 1113 crnn111 40X, a 3neMeH
ros pewerK111 - np111 noMOU\111 6omos Knac
ca npoYHocrn 8.8 1113 crnn111 35X, pa6ornto
ll.\111X Ha cpe3. 3aKpenneH111e raeK np111 no
MOU\111 npy>K111HHb1x wali16 «rposep», a Ha 
cpnaHL\ax - nocpeACTBOM ABYX raeK. Bee 
KOHL\eBble 111 nepeXOAHble onopbl AOn>KHbl 
npoliirn KOHTpOnbHYIO c6opKy Ha 3aBOAe, 
BKnlOYasi c6opKy y3nos onopbi AT-73M. 



noBblWeHHble KOHL\eBble 6onTOBble 
onopb1 K330-1 M6+5 pa3pa6ornHbl KaK 
MOA1t1¢1t1L11t1posaHHb1e Ha 6a3e rnnosoi/1 
yH1t1¢1t1L11t1POBaHHOll1 onopb1 K330-1 no T1t1-
nos0My anb6oMy 3.407.95 (1973) «YH1t1 -
cj:J1t1L11t1posaHHb1e KOHL\eBble onopb1 Anfl 
6onbw1t1x nepexo):IOB 35-330 KB». Ono
pbl Tpexcrne4Hble c KpenneH1t1eM nposo
AOB npo 0Clt1 CTOll1K1t1 onopbl c 06BOAKOA 
wnelllcpa 4epe3 KOHconb (p1t1c. 12). 

,/J.nfl 3aKpenneHlt1fl CTOeK KOHL\eBblX onop 
pa3pa60TaHbl 6-csalllHble cj:JyHAaMeHTbl lt13 
6ypoHa61t1BHb1x csai/1 (6HC) A1t1aMeTpoM 
880 MM lt1 ):lnlt1HOi/1 12 M, 06b8):\lt1Hfl8Mbl8 
>Kene306eTOHHblM pocTsepKOM (6eTOH B30, 
F200, W8). ,/J.nfl 3aKpenneH1t1fl nepeXOAHbtx 
onop np1t1MeHeHbt 9-csalllHbte cj:JyHAaMeHTbl 
6HC TaK>Ke c MOHOnlt1THblM pocrnepKOM. 
3all.llt1Ta cj:JyH):laMeHTOB OT B03):1eil1cTBlt1fl 
ne):IOBblX nonei/1 (pacYeTHbte nbA1t1Hbt pa3-
MepoM 150x150x1 ,0 M) co CTOpOHbl Te4e
Hlt1fl peK1t1 06ecneY1t1saeTCfl ycTpolllcTBOM 
ne):lope3os 1t13 crnnbHblX Ha):lon6 A1t1aMe
TpoM 1220 MM, 06L1.1eil1 ):lnlt1HOll1 15 M, 3a- . 
rny6neHHblX B rpyHT Ha 8,7 M, (p1t1C. 11 ). 
ConpoT1t1sneH1t1e 3a3eMneH1t1fl onop 06e
cneY1t1saeTCfl cj:JyHAaMeHTaM1t1 onop, 1t1 np1t1 
3TOM He npeBbtWaeT 3Ha48HV1111 , yKa3aHHblX 
s rn6n. 2.5.19 1t1 n.2.5.129 nY3-7. 

CrnnbHbte Yacrn KOHL\SBbtX onop 3a
L1.11t1L1.1at0TCfl OT Kopp031t11t1 ropfl4ei/1 OL\lt1H
KOBKOA TOnL1.11t1HOil1 He MeHee 80-100 MKM 
B 3aBOACKlt1X ycnOBlt1flX, KaK lt1 see BblCTy
nat0L1.11t1e 1t13 6ernHa 3aKnaAHb1e 1t13 crnn1t1 
Ha scex cj:JyHAaMeHrnx. ,Qnfl crnnbHblX 
KOHCTPYKL11t1A onop AT-73M nocne csa
po4HblX pa6oT ocyL1.1ecrnnfleTCfl 3aBOA
cKafl a6pa31t1BHafl AP06ecTpyi/1Hafl o6-
pa6oTKa 3neMeHrns c nocneAYt0L1.11t1M 
HaHeCeH1t1eM 3all.llt1THOll1 OKpaCKlt1 .B COOT
BeTCTBlt11t1 c rn6n. Ll 1 cn28.13330.2017 
Anfl ycnos1t1A cpe):IHearpecc1t1sHoil1 cpeAbl 
Ha OTKpbtTOM B03):1yxe. 

npe):lyCMOTpeHa AHeBHafl MapK1t1pOB
Ka Tpocos Ha Bn220 KB c ycTaHOBKOA 
c1t1rHanbHblX wapos-MapKepos, a TaK>Ke 
AHeBHafl MapK1t1posKa (oKpacKa) 4epe):ly
t0L1.11t1M1t1Cfl nonocaM1t1 no n.2.5.293 nY3-7 
1t1 H04HOe cseToorpa>KA8H1t1e onop np1t1 
noMOLl.11t1 aBTOHOMHOro KOMnneKTa 3Hep
rocHa6>KeHlt1fl c conHe4HOll1 naHenbtO, 
seTporeHeparnpoM 1t1 aKKyMynmopaM1t1. 

Ha nepexo):le np1t1MeHeH BbtCOKOTeM
nepaTypHbllll npoBOA MapK1t1 TACSR/ 
ASC548-F20SA ore4ecrneHHoro npo
lt13BOACTBa lt13 cTan1t1 , nnaK1t1posaHHoil1 
ant0M1t1H1t1eM. MexaH1t1YecK1t1A pacYeT 
npoBOAOB BbtnonHeH no MeTOAY AOny
CKaeM~X Hanpfl>KeH1t1A Ha pac4eTH~e 

1141;,fj:t.11;,1444 

P11c. 11. neso6epe>KHa~ aHKepHa~ onopa AT-73M Ha 3aTannHsaeMoM nonosOAbeM 6epery, ycTaHosneHHa~ Ha Y8Tb1pe 

CTO~KH MOHOnHTHblX >Kene306eTOHHblX pocrnepKOB, H neA03a\llHTa H3 25-TH HaAOn6, 06b8AHH8HHblX pacnopKaMH. no3ne

M8HTHbl ~ MOHTa>K cnoco6oM Hapa\llHBaH H~ npH noMO\llH «nOn3YY8rG» KpaHa (cjJOTO asrnpa, asrycT 2021 rGAa) 

Harpy3Klt1 HOpManbHOro, asap1t1il1Horo 
lt1 MOHTa>KHOro pe>Klt1MOB pa60Tbl Bn 
220 KB Ha co4ernH1t1fl ycnos1t1A, yKa3aH
HbtX B nn. 2.5.71-74 nY3-7. ,Qnfl 3all.llt1Tbl 
OT npflMblX y):lapos MOnH1t11t1 Ha nepeXOAe 
no):lseweHo ABa rpo3o3aL1.11t1THblX Tpoca 
0KfTC-24G/652D c yrnoM 3all.llt1Tbl 
Ha onopax 20°, KOTOpb1e 06ecneY1t1Ba
t0T ell.le 1t1 6ecnepe6oil1Hyt0 3Kcnnyarn
L\lt1IO KaHanos CBfl31t1 . PacYeT 1t13onmo
pos 1t1 n1t1Heil1Hoil1 apMaTyp~ s~nonHeH 
no MSTOAY pa3pywat0L1.11t1X Harpy3oK B 
COOTBeTCTBlt11t1 c Tpei50BaH1t1flMlt1 n.2.5.9 
nY3-7. Harn>KHafl rnpnflH):la ):lnfl nposo
Aa BbtnOnHeHa 6-L1enHoil1 lt13 17 1t13onmo
pos nC300B B Ka>K):\0111 L1en1t1. Harn>KHOe 
KpenneH1t1e OKIT BbtnonHeHo He1t13on111-
posaHHblM ABYXL\enHblM lt1 KOMnneKTY
eTCfl n1t1Heil1Hoil1 apMaTypoA 90-TOHHOro 
PflAa s Ka>KAOA L1en1t1. B KaYecTse Harn>K
HblX 3a>Klt1MOB ):lnfl npOBOAOB lt1 TpOCOB 
np1t1MeHeHbl Cn1t1panbHbl8 3a>Klt1Mbl. np1t1 
3TOM Harn>KHble cn1t1panbHbte 3a>K1t1Mbt 
npoBOAOB, a TaK>Ke cn1t1panbHbte wnei/1-
cj:Josb1e 3a>K1t1Mbl MapK1t1 WC-30,47/27,5-
04-TACSRIFC, C08Alt1Hfll0Ll.llt1e OCHOBHOA ' 
npoBOA AC 400/51 c npoBOAOM TACSR/ 
ASC548-F20SA, pa3pa6oTaHbt 3AO 
«HTL.l 3neKTpOTeXHlt1Klt1 ». np1t148M npo
BO):la 6onbworo nepexo):la 1t13rornsneHbl 
.VI CMOHrnposaHbl OAHOA CTp01t1TenbHOil1 
AnltlHOA, 6e3 coe):\1t1H1t1TenbHblX 3a>Klt1MOB. 

P11c. 12. CTO~KH KOHLteBo~ onopbl Ha npasoM 6epery cne
l(HanbHOro nepexoAa Bn 220 KB Yepe3 p. neyopa c Bb1non

HeHHO~ nOAB8CKO~ npOBOAOB ~ TPOCOB, ~AYT MOHTa>KHbl8 

pa60Tbl no wne~cjlaM (122021) 

3all.11t1Ta npOBO):IOB lt1 TpOCOB OT B1t16pa
L\lt1lt1 ocyll.leCTBnfleTCfl MHoroYacrnTHblMltl 
rac1t1TenflM1t1 rnna IB. 

AHan1t131t1pyfl npeACTasneHHoe Bb1we 
T8XHlt14eCKOe on1t1caH1t1e B03B8AeHHOro lt1 
y>Ke ycnewHo 3KcnnyarnpyeMoro Hosoro 
nepeXO):la 48p83 ne40py B COCTaBe BTO
poi/1 L1en1t1 Bn 220 KB " neYopcKafl IP3C -
Yxrn» Heo6xo):l1t1Mo coo6L1.11t1Tb, 4TO 3TOT 
o6cTOflTenbHbtlll npoeKT pa3pa6ornH 000 
«C3M» (CaHKT-nerep6ypr) Ha cospeMeH
HOM ypoBHe lt1 COOTB8TCTByeT «nono>Ke
HVllO 0 COCTaBe npoeKTHOA AOKyMeHTaL\ltlltl 
1t1 Tpe6osaH1t1flM ee COAep>KaH1t1t0» (nocT. 
npaBVIT. pep OT 16.02.2008 NQ 87). ,QaH
Hbli/1 npoeKT BblnOnHeH OT):lenOM n1t1H1t1A 
000 «C3M» noA pyKOBOACTBOM onbtTHoro 

3HEPr03KCnEPT • No 1 - 2022 . m 



PMC. 13. T anaHTJJMBble nepBble PYKOBOAMTefiM Cesepo-3ana11-
HOro DT11eneHM~ MHCrnTyTa «3HeproceTbnpoeKT»: rnaBHbl~ 

MH)K8Hep KMpMnn neTpOBMY KplOKOB (1911-1989) M 3ase11y

IOlJ1M~ HWnK3C AneKce~ WsaHOBMY KypHocos (1922- 1987) 

ll!1na nasna AneKCaHgpOBll14a l.JaVIKll1, KO
TOpblVl npowen BblCOKylQ WKOily, pa60TaH B 
«Ces3amHeprocerbnpoeKTe» 1980-2000-x 
IOAOB nog PYKOBOACTBOM TaJlaHTJ1111BblX py
KOBOA111Tefl8Vl 111 111H>K8Hepos. ll1M8HHO TOrga 
TaKll18 KOp111tj:Je111 OT HayK111 111 npaKTll1Kll1 KaK 
K.n . KplQKOB, A.111. KypHocos, A.H. AHgpee
sa, 6.n . Hosropog1..1es 111 gpyrne nocrpo111n111 
cospeMeHHYIQ reop1111Q pac4era 111 npoeKrn
posaH111H B03AYWHblX.Illl1Hll1Vl 3Il8KTponepe
ga4111 , BKillQ4aH 6onbw111e nepexogb1 4epe3 
BOAHble npocrpaHcrna (p111c. 13-14). 
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