
COCTABHblE >-KEnE306ETOHHblE 
CBAVl .Qnfl 3AKPEnnEHV1fl onoP 
en 35-500 KB HA cnA&blX 
M nYLIMHMCTblX rPYHTAX 

I HayYH0-111crneAOBaTellbCKall na6opaTOp111ll KOHCTpyK41111ii :ineKTpoceTeBoro CTp0111TeJlbCTBa (Hv1nK3C) 000 «nO «3Hepro1Ke11e306eTOHlllHBeCT» 
Ka4aHOBCKaff 11.111., K. T. H., 3aBeAylOUjall na6opaTOp111elii 
KacaTKlllH C. n., rnaBHbllii cne4111a11111cT 

B CTaTbe paccMarpvrnaerrn sonpoc 4enecoo6pa3HOCTl/11/1cnonb30BaHw1 

COCTaBHblX >Kene3o6eTOHHblX rnaV!, pa3pa6oTaHHblX Ha 6a3e Tl/lnOBblX 

peweHl/1Vl ,Qrn'I 3HepreTl/14eCKoro CTp01t1TenbCTBa. npe,QCTaBneH OnblT 

1t1cnonb30BaH1t1fl raK1t1x csaV! np1t1 CTpo1t1renbcrne nepexo,QOB Bn 220 KB 

Yepe3 Bonry B paV!oHe 6anaKoso. 

KnioYeBble cnosa: csaliiHbl lii cj>yHAaMeHT, rny6oKoe 3a11 01KeH111e, cna6b11ii rpyHT, coCTaBHall 
1Ke11e306eTOHH a11 mall, rnapHolii CTblK, cnnowHoe KBaAparnoe ceYeH111 e, HeHanp11raeMa11 
apMaTypa, cTanbHall onopa Bn, 3HepreT111YecKOe CTpo111Tenbcrno. 

noCTAHOBKA 3A,QA"IM 

n p111 npoeKr111posaH111111 Bn 35-
500 KB s cesepHblX pervio
Ha x Pocc111111, orn111L1a10L1jV1Xrn 
cnmKHblMl/I Knl/IMaTl/l4eCKl/IMl/I 

111 111H>KeHepHo-reonor1114ecK111M111 ycno
BlllflMVI, rAe cranbHble onopbl noABepra
IOTrn 3Ha41/1TenbHblM BeTpOBblM VI rono
neAHblM Harpy3KaM, Anfl VIX 3aKpenneHl/lfl 
B rna6bl X, Be4HOMep3nblX, o6BOAHeHHblX, 
3a6ono4eHHblX 111 ny4VIHVICTblX rpyHra x, 
a TaK>Ke np111 opraH1113a4111111 cne4111anbHb1x 
nepexoAOB Bn 4epe3 BOAHb1e nperpaAbl 
np111MeHfllOTCfl csai/\Hble ¢YHAaMeHTbl. 
B raK111x cny4aflx Anfl HaAe>KHoro 3aKpenne
Hlllfl VI nepeAa41/1 Harpy3Kl/I OT KOHCTPYKL\111111 
Ha 6onee npo4Hble rpyHTbl, 3aneraiol1j111e Ha 
6onbwolil rny6111He, An VI Ha csalil Mo>KeT npe
BblWaTb 12 M. Ha1116onee pacnpocrpaHeHHblM 
KOHcrpyKrnpcK111M peweH111eM flBnflerrn 111c
nonb30BaH111e Merann1114ecK111x csai/\, KOTOpb1e 
111 3rorasn111saiorrn 111 3 rpy6 AlllaMerpoM 219, 
325 111n111 426 MM. lny6111Ha 3a6111BKVI csai/\ MO
>KeT npeBblWaTb 20 M. 

,[\nfl CHl/l>KeHl/lfl CTOl/IMOCTl/I VI MeTannoeM
KOCTVI ¢YHAaMeHTOB 1/13 csai/\ 6onbWOlil AnVIHbl 
npeAnaraerrn s Ka4ecrne anbrepHaTl/IBHoro 
sap111aHra 111cnonb30Ba H111e coCTaBHblX >Ke
ne306eTOHHblX csai/\ KBaAparnoro ce4eHl/lfl, 
111Me10L1jl/IX cne4111anbHb1e 3aKnaAHble AeTan111 
Anfl VIX COeAl/IHeHl/lfl. 

KOHCTPYKTMBHblE OC06EHHOCTM 
,[\nfl ¢YHAaMeHTOB nOA CTanbHble onopbl 

Bn 35-500 KB s HaCTOfll1jee speMfl 4al1je 
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scero 111cnonb3yiorrn 3a6111BHb1e >Kene306e
TOHHb1e CBal/I KBaAparnoro Ce4eHl/lfl 35 x 35 CM 
(rnnosafl cep111fl 3.407.9-146). Csa111 AnVIHOlil 
6, 8, 10 VI 1 2 M BbmyCKalOTCfl B ABYX sap111aHrax 
apM111posaHV1fl (c 6onbwelil 111 MeHbwelil Hecy
L1jelil cnoco6HocTblO). T111nosb1e peweHl/lfl no 
HapaL1j111BaH11110 >Kene306eTOHHblX csai/\ Anfl 
¢YHAaMeHTOB onop n111H111ill 3neKrponepe
Aa4111 (TaK Ha3b1saeMblX 3neKrporexH1114eCKVIX 
csalil) orcyrcrnyior. 

Ho s npoMb1wneHHOM 111 rpa>KAaHCKOM 
CTp0111TeJlbCTBe Aa BHO 111cnOJlb3YIOT COCTaB
Hble CBal/I, y3en COeAl/IHeHVlfl KOTOpblX 1113-
secTeH. no4eMy >Ke B03Hl/IKaer npo6neMa 
c opraHV13a4111ei/\ CTblKOBKl/I 3neKTpOTeXHl/l-
4ecKl/IX csalil? no4eMy KOHCTPYKTVIBHOe pe
weHl/le CTblKa Anfl 06L1jecrpo111renbHblX csai/\ 

P111c. 1. T111n0Bolii y3e11 CTblKOBKlll CBalii no cep111111 
1.011.1-10 

He MO>KeT 6b1Tb HanpflMYIO 111cnonb30BaHO 
Anfl 3neKrporexH1114eCK111x csai/\? 

Orner - s orn1114111111 npVIHL\Vlna pa60Tbl 
3TVIX csai/\ s rpyHre. 

3a6111BHb1e >Kene306eTOHHb1e 06L1jecrpo-
111renbHb1e csa111 (no cep111111 1.011 . 1-10) soc
HOBHOM l/lcnblTblBalOT C>KVIMalOL1jllle Harpy3K VI, 
pe>Ke VI B MeHbWelil CTeneHl/I - Bblpb1Ba10-
L1jl/le Harpy3Kl/I VI 1/13r1116alOL1jl/le MOMeHTbl, T. K. 
csalilHble ¢YHAaMeHTbl nOA 3AaHl/lfl o6bl4HO 
nonHOCTblO norpy>KeHbl B 3eMnlO. BepxH111e 
4acm csai/\ Anfl onop Bn scerAa HaXOAflTrn 
HaA nosepxHOCTblO 3eMn111, pa6oraior KaK Ha 
C>Kar111e, TaK VI Ha BblpblBaHl/le VI npVIHl/IMalOT Ha 
ce6fl cyl1jecrneHHb1e 111 3r1116a iol1j111e Harpy3KVI. 
BblCOKl/le csalilHble pocrnepK111, 4acrn 111cnonb-
3yeMb1e Ha rny60K111x 6onorax, np111 orcyrcrs111111 
omopa rpyHTa no 6oKosoi/\ nosepxHocm 111c
nb1TblBa10T 6onbWl/le 1/13r1116al0l1jl/le MOMeHTbl. 

Cyl1jecTBeHHOe orn1114111e Harpy3oK, KO
ropb1e AOn >K Hbl 6b1Tb socnp111HflTb1 csaflMVI 
ce4eHVleM 35x35 CM, 06bflCHHeT VI pa3HlllL\Y 
B apM111posaHV11/1 CTpOVITenbHblX VI 3neKTpo
TeXHV14eCKl/IX csai/\ . 

Hanp111Mep, csa111 no cep1111111.011.1-10 
VIMelOT B Ka>KAOM yrny nonepeLI HOro Cel.le
Hl/lfl no OAHOMY crep>KHIO Alli AlllaMerpoM 
OT 10 AO 25 MM (OT 4d10Alll AO 4d25Alll), 
a csa111 no cep111111 3.407.9-146 no ABa crep>KHfl 
Alli AlllaMerpoM 20 111n111 25 MM (8d20Alll 111n111 
8d25Alll). Y3en coeA111HeH111fl ceK41111il csalil 
AOn>KeH VIMeTb B03MO>KHOCTb socnp111H111MaTb 
re >Ke 3Ha4eH111fl Harpy3o K, 4TO 111 reno csa111 
(Anfl 3neKTpOTeXHl/l4eCKl/IX csai/\ 1/13r1116al0l1jl/llil 
MOMeHT AOCTl/lraeT 18 TM). T111nosoi/\ y3en CTbl
KOBKl/I ceKL\111111 no cep111111 1.011 .1-10 (p111c. 1) 
B AaHHOM cny4ae He nOAOlilAeT, nOCKOnbKY 
He paCC4111TaH Ha TaKVl e Harpy3Klll, - Heo6-
XOAVIMO 1/13MeHflTb KaK KOHCTPYKL\VllO 3aKnaA
HblX AeTanei/\ , TaK VI VIX aHKepOBKY (p111c. 2). 

B Hl/1nK3C nposeAeHbl pac4eTbl 111 pa3-
pa6oraH y3e11 coeA111HeH111H >Kene3o6eTOHHblX 
csai/\ Anfl B03MO>KHocrn 111x YAn111HeH111fl np111 
3a 6111sKe . HaAe>KHOCTb coeA111H111TenbHoro 
y3na csai/\ conocras111Ma c HaAe>KHOCTblO 
csa111. 

Oco6eHHOCTblO COCTaBHblX csai/\ flBnfl 
errn TO, 4TO Bb16op sap111aHTa apM111posaH111H 
csa111, 3a s111rnl1j1111il or peanbHblX Harpy30K 
Ha KOHCTPYKL\VllO 111 xapaKr ep111cr111K rpyHTOB 
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OCHOBaHVlil, BeAeTrn VICXOAH 1113 yc111n111Vi, 603-
HVIKalOLl.\VIX B ceKL\VIRX CBaLll. HVllKHRR 4aCTb 
csa111, B KOTOpoV! B03Hll1KalOT MeHbWVle 1113r111-
6a10L1.\V1e yrnnVIR, MOIKeT VIMeTb MVIHVIManbHOe 
ADR csaili 3TOro rnna apMV1posaHV1e. 

,[\onroBe4HOCTb npeAnaraeMblX csaili, 
pa60TalOL1.\VIX B 30He nepeMeHHblX Harpy30K 
c nocTORHHblM 4epeAOBaHV1eM pelKVIMOB 3a
MOpa1K111BaH111R VI OTTaV1BaHV1fl, o6ecne4VIBa
eTrn VlcnOnb30BaH111eM 6eTOHOB nOBblWeH
HOVi M0p030CTOVJKOCTll1 6e3 VlcnOnb30BaHVIR 
cpeACTB srnpV14HOVi 3al1.\VITbl. TaKoili noAXOA 
(nepB1114HOVi 3al1.\111Tbl) peKOMeHAYeTCfl cospe
MeHHblMVI HOpMaTVIBHblMVI AOKyMeHTaMVI [1 ]. 

CpaBHeH111e CTOVIMOCTVI MeTannVl4eCKVIX 
111 1Kene306eTOHHblX csai/i, paCC4VITaHHblX Ha 
OAVIHaKOBYIO Harpy3Ky, noKa3blBaeT, 4TO 3a
TpaTbl Ha 1Kene306ernH AO 2 pa3 H1111Ke. 

BOnPOCblCTPOHTEnbCTBA 
H 3KcnnYATAUHH 

npo6neMbt c ny4eHV1eM csai/i s cesepHbtX 
pernoHax 060CTpR10Trn B CBH3111 c noTenne
HVleM KnVIMaTa 111 ona111saH111eM Be4HOMep3DblX 
rpyHrnB. Tanbte VI nnacrn4HOMep3nbte rpyHTbt 
06naAa10T cyll.lecrneHHO MeHbweili Hecyll.leili 
cnoco6HOCTblO, 4TO npVIBOAVIT K Heo6XOA111MO
CTll1 norpy1KeHV1fl csai/i Ha rny6V1Hbt 6onee 12 M. 

111cnonb30BaHV1e csai/i nosb1weHHOVi 
AD111Hbl np111 CTp0111TenbCTBe Bn Ha cna6blX 111 
ny4VIHVICTblX rpyHTax pewaeT BOnpOCbl Ha
AelKHOro 3aKpenneHll1fl onop. 

npVI OTCYTCTBVIVI peweH111Vi no CTblKOBKe 
1Kene306ernHHblX csaili npoeKTHbte opraHV1-
3a4111111BblHYIKAeHbl111cnonb30BaTb COCTaBHble 
csa111 Vl3 MeTann1114ecK111x rpy6, o6bl4HO AV1a
MeTpOM 219, 325 111n111 426 MM, ceKL\VIVI KOTO
pbtX o6beAVIHfllOTCil npVI 3a6VIBKe c nOMOLl.\blO 
csapKVI. npo6neMbt c nyYeH111eM csaili o6bl4HO 
y1Kecrn4a10rrn, ecn111 OHVI He norpy1KeHbl Ha 
npoeKrny10 rny6111Hy. Bnpe4a10rrn cny4aVI 
o6pe3aH111R sepxa csaili np111 npo111TenbcTBe, 
ecn111 HeB03MOIKHO AOCTVl4b He06XOA111MOVi 
OTMeTKVI. TorAa ADVIHbl CBaVI, KOTOpaR pa6o
TaeT Ha YAep1KaH111e rnn Mopo3Horo nyYeHVIR 
(H1111Ke rny6111Hbt npoMep3aHVIR), MOIKeT He xsa
TVITb, VI CBaVI «BblXOART Hapy1Ky», Ae<!>opM111pyH 
onopbt Bn [2] . 

Han1114111e cne4111anbH~x oronoBKOB 
1Kene306eTOHHblX csai/i ADH VI X KpenneHVlil 
K pocrnepKy 111n111 HenocpeACTBeHHO K nHTe 
onopbt rapaHrnpyer 3a6111sKy csai/i Ha npo
eKTHYIO sen1114111Hy, He AOnycKaeT o6pe3aHVlfl 
csai/i, 4TO cnyyaeTrn np111 111cnonb30BaH111111 
MeTannll14eCKll1X Tpy6. npaBVlflbHbti/i nOA60p 
csaV!Horo o6opyAOBaHVIR (B 4aCTHOCT111, nOA-
6op MaCCbl MOnOTa) no3BOnileT AalKe B 04eHb 
nnoTHbtX rpyHTax norpy3111Tb csa10 Ha Heo6xo
AVIMYIO rny6111Hy, COKparns Kon1114ecrno YAa
pos VI He nospeAVIB ronosy csa111. 

OnbtT V1cnonb30BaHVIR conaBHb1x csai/i 
np111 ynpoilicTBe cPYHAaMeHTOB OAH04en
HblX OnOp 4eTbtpex 6onbWll1X nepeXOAOB Bn 
220 KB 4epe3 Bonry B pailioHe 6anaKoso 
B 2015 r0AY noKa3an VIX BblCOKYIO 3<j><j>eK
Tll1BHOCTb. MHoroAenbHble c6opHbte <l>YHAa
MeHTbt 1113 rp11160Bll1AHblX nOAHOIKHVIKOB nOA 
nepexoAHble onopbt Bbtcornili 6onee 100 M 
6b1n111 3aMeHeHbl Ha csailiHbte cPYHAaMeHTbl 
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PL'lc. 2. 3aKnaAHbte AeTan111 y3na CTbtKOBKlll >Kene306eTOHHblX csalil np111 MaKClllManbHOM 
apM111posaH111111: 

a) 33Klla,QH3A ,QeTallb ,QllA 06U1eCTpO~TellbHblX csa~; 6) 33 Kl13,QH3A ,QeTallb ,QllA 311eKTporexH~YeCK~X csa~ 

~x 
PL'IC. 3. <l>YHAaMeHT 1113 COCTaBHblX >Kene3o6eTOHHblX csalil c MeTann1114eCKlllM pocrnepKOM 
Ha nepeXOAe sn 220 KB 4epe3 Bonry B paliloHe 6anaKOBO 

c MeTann1114ecK111M111 pocrnepKaM111. ,[\nVIHa co
CTaBHbtX csai/i AOcrnrana 14 M. ,[\nR 06beAV1-
HeHV1R csaili MelKAY co6oi/i 6b1n111 npeAnOIKeHbt 
MeTann1114ecK111e pocrnepKVI VIHAVIBVIAYanbHOVi 
pa3pa60TK111 (p111c. 3) . 

111cnonb30BaHV1e cocraBHbtX 1Kene306e
TOHHbtx csaili BMeCTO MeTannw-teCKlllX Tpy64a
TblX VI o6ner4eHHbtX pocrnepKOB no3son111no 
cyll.leCTBeHHO COKpaTVITb 3aTpaTbl Ha CTpO
VITenbHble pa6oTbl, 06ecne4111s Tpe6yeMylO 
HaAelKHOCTb 4eTblpex 6onbWll1X nepeXOAOB 
Bn 220 KB 4epe3 Bonry B pailioHe 6anaKOBO. 

B HacTOHLl.\ee speMH 3aBOAbl 000 «nO 
«3Hepro1Kene306eTOHll1HBeCT» B Pb16111HcKe, 
BonrorpaAe VI B rynbKeBl!14aX KpaCHOAap
CKOro Kpail roTOBRTCil K noCTaBKe HOBOVi 
npOAYKL.\111111 - COCTaBHblX 1Kene306eTOHHblX 
csai/i ADR 3Heprern4eCKoro npoV1TenbCTBa Ha 
o6beKTbl Pocc111111. • 

numepamypa 
1. Cn 28.13330.2017 3auwma cmpoumef1bHb/X 

KOHCmpyKL{UU om KOpp03UU. AKmya!1U3U
pOBOHHOR peaaKuuR CHun 2.03.11 -85. 

2. POMO HOB n. 11. nepecmaHOBKO onop HO no
BepxHocmHb/e cpyHaaMeHmb1 - peweHue 
npo6neM c ny'-ieHUeM CBOUHb/X OCHOBOHUU 
IV HOY'-!Ho-npaKmu'-!eCKOR KOHc/JepeHuUR 
«Onopbl u c/JyHaaMeHmb/ anR YMHb/X cemeu: 
UHHOBOL{UU B npoeKmupOBOHUU u cmpou
me!1bCmBe»: c6opHUK aoKJ10aos. CaHKm
nemep6ypz, 20 18. C. 8-13. 
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