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3. BBEAEH BIEPBbIE

HacToawmn ctaHgapT pacnpocTpaHsaeTcsl Ha TpexdasHble 3MeKTPOoyCTaHOBKU
NPOMBILLTIEHHON 4acToTbl U onpedendeT OOLyl0 MEeTOAUKY pacdeTa M NpOBEpKU
NMPOBOOHUKOB UM  3NIEKTPUYECKMX annapaTtoB Ha 9NeKTPoAMHAMUYECKYD U
TEePMUYECKYIDO CTOMKOCTb MNPW KOPOTKUX 3amblkaHusX. Bce MyHKTbl OCHOBHOIO
TEeKCTa cTaHaapTa ABNSTCA 06a3aTenbHbIMU, a NPUIIOXKEHUS - pEKOMEHOYEMbIMMU.

1. OBWME NONOXEHUA
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1.1. BbiGop pacyeTHbix ycnosumn K3

1.1.1. Tlpn npoBepke MPOBOOAHWKOB W  3MEKTPUYECKUX  annapaToB
9MIEeKTPOYCTAHOBOK Ha 3IEKTPOONHAMUYECKYIO U TEPMUYECKYHO CTOMKOCTb npn K3
npeaBapuUTensHO OOmkHbl BbITh BbIOpaHbl pacyeTHble ycrnosusa K3, T.e. pacyeTHas
CXeMa 9JIeKTPOYCTaHOBKW, pacyeTHbIn Bug K3 B anekTpoycTaHOBKe, pacyeTHas
Todka K3, a Takke pacyeTHaa npogormuTenbHocTb K3 B anekTpoycTaHoBKe
(nocneaHo NCNOMB3YHOT MPU NPOBEPKE Ha TEPMUYECKYH CTONKOCTb NPOBOAHMKOB
N Ha HEBO3ropaemMocTb kabenen).

1.1.2. PacyeTHas cxema aneKkTpoyCcTaHOBKWN JormkHa ObiTb BbiOpaHa Ha ocHoBe
aHanM3a BO3MOXHbIX 3MEKTPUYECKUX CXeM ITOW ONEeKTPOYyCTaHOBKM  Npwu
NPOJOMKUTENBHBIX pexvMax ee paboTbl. K nocnegHum crnegyeT OTHOCUTL Takke
PEMOHTHbIE U NocieaBapunHble PeXMMbl PaboThbI.

1.1.3. Pac4yeTHbiM BUaom K3 criegyeT npyHUMaTh:

- MpU NpPOBEPKE 3INEKTPUHECKUX annapaTtoB W XECTKMX MPOBOAHMKOB Ha
3MEKTPOANHAMMNYECKYIO CTONKOCTD - TpexdasHoe K3;

- NpU NPOBEPKE 3NEKTPUYECKUX annapaTtoB W MPOBOAHUKOB HA TEPMUYECKYHO
CTOMKOCTb - Tpex- wunm opHodasHoe K3, a Ha reHepaTOpHOM HanpsiKeHuu
3MIEKTPOCTaHLUUN - Tpex- unn asyxdiasHoe K3, B 3aBMCUMOCTU OT TOrO, KaKoe U3 HUX
NPUBOAUT K BonbLueMy TEPMUYECKOMY BO3AENCTBUIO;

- Npy nNpoBepke MOKUX NPOBOAHWKOB MO YCIIOBUIO MX A0MYCTUMOIO COnMMKeHNs
BO Bpems K3 - Tpex- unm apyxdasHoe K3, B 3aBUCMMOCTU OT TOrO, Kakoe M3 HUX
NpMBOAUT K 6onbLueMy CONMMKEHNIO NPOBOAHNKOB.

1.1.4. B kayecTBe pacyeTHon Touku K3 crnegyeT npuHUMaTh Takyld TOYKY Ha
pacyeTHoM cxeme, npu K3 B KOTOPOW MPOBOAHWK WIN 3MEKTPUYECKU annapat
nogBepraeTcs  HavborblieMy 3MeKTPOAMHAMWYECKOMY WKW TePMUYECKOMY
BO34ENCTBMUIO.

MpumeyaHue. NckntoveHnsa n3 aToro TpeboBaHMa AONYCTUMbI UL MpU yveTe
BEPOATHOCTHbIX  xapaktepucTuk K3 1 gomkHbl  OblITb 0GOCHOBaHLI
COOTBETCTBYHOLLMMN BEAOMCTBEHHLIMU HOPMATUBHO-TEXHUYECKMMU OOKYMEHTaMM
(HTA).

1.1.5. PacueTHyto npogorkmuTensHocTe K3 npu npoBepke MNpPOBOOHUKOB W
3MEKTPUYECKNX annapaToB Ha TEPMUYECKYKD CTOMKOCTb crefyeT onpefensatb
nyTeM CIrIOXXEeHNs1 BPEMEHN OENCTBUS OCHOBHOW peNnenHon 3awmTbl, B 30HY KOTOPOM
BXOOAT MpoBepseMble MNPOBOAHWKM W 3MeKTpudeckue annapatbl, U MOSIHOro
BPEMEHU OTKIIIOYEHNS COOTBETCTBYHIOLLEIO BbIKKOYaTens, a Npu nposepke kabenen
Ha HEBO3ropaeMoCTb - MYTEM CIIOXEHUS BPEMEHN OENCTBUSA PE3EPBHON perienHom
3alLMThl U MOSIHOTO BPEMEHMU OTKIoYeHns Brvbkaniiero kK mecTy K3 Bblkntodarens.

[Mpy HanM4MM yCTPONCTB aBTOMaTUYECKOro NOBTOPHOroO BKItoueHus (AlNB) uenwu
crnefyet ydnTbiBaTb CyMMapHoe TepMuyeckoe genctene Toka K3.

1.1.6. MNMpun pacyeTHon npogormmTensHocTn K3 go 1 ¢ gonyctumo npouecc
HarpeBa NPOBOAHMKOB nog aencTeuem Toka K3 cumtath aguabartmdeckum, a npu
pacyeTHoun npogormkmTenbHocTn K3 6onee 1 ¢ n npy HebbicTpoaencTeyrowmx AlB
crieqyeT yunTbiBaTb TEMMOOTAAYY B OKPYKAIOLLYO cpeay.

2. ANEKTPOONHAMUWYECKOE OEUNCTBUE
TOKA K3

2.1. PacueT aneKtpoanHaMmu4e CKMX cun B3ammoneuctBmusa NpoBOAHUKOB
2.1.1. OnekTpoauHaMnyeckne cunbl B3aUMOLAEWCTBUS [OBYX nNapanenbHbIX

NMPOBOAHMKOB KOHEYHOro cedeHus (&) B HbIOTOHax criegyet onpeaenatb Mo
dopmyne
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roe 2107 - NOCTOAHHbIV napameTp, H/AZ ;
@ - PacCTOosAAHME MeXOy OCAMU MPOBOAHUKOB, M;
i;,I;- MTHOBEHHbIE 3Ha4YeHMs TOKa NPOBOAHUKOB, A,
! - ANHa NPOBOAHUKOB, M;

£y - KoadhdMUMEHT dIOpMBI.
[na npoBOAHMKOB MPSAMOYrOflbHOrO CeYeHns KOIhdMUMEHT dopMbl criegyeT

onpenensTb No KpMBbIM, MPUBEAEHHLIM Ha YepT. 1.

YepT. 1 OQuarpamma ansa onpeneneHns KoacgpduumeHToB (popMbl LLIKUH
NPAMOYrofibHOro ce4YeHus
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L )
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Yepr. 1



[ns KpyrnblX NPOBOAHMKOB CMSIOLHOMO CEeYeHWsi, NMPOBOOHUKOB KOSbLIEBOIO
ceveHus, a Takxke NPOBOAHMKOB (LUMH) KOPbITHOMO CeYeHnsi ¢ BbicoTon cedeHuns 0,1

M 1 6ornee criegyeT NpuHATL K@. =1,0.
2.1.2. Hanbonbllee 3Ha4YeHNe aneKTpoaNHAMUYECKOW CUMbl MMEeT MEeCTO Npu
yoapHom Toke K3.

2.1.3. MakcumarnbeHyo cuny (Fnﬁ' ) B HbIOTOHax (9KBMBASIEHTHYIO pPaBHOMEPHO
pacnpeaeneHHon No ANvHe nporieTa Harpys3ku), AEWCTBYHOLLYH B TpexdasHoM
cUcTeMe MNPOBOOHUKOB Ha pacyeTHyto ¢ady npu TpexdasHom K3, cnegyet
onpenensTb No gopmyne
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roe iﬁ - yOapHbI TOK TpexdasHoro K3, A;

Foam - KOIMMUMEHT, 3aBUCSLWIA  OT  B3aUMHOTO  PACTIONIOXEHNS
NPOBOAHUKOB;
@& - PacCTosiHME MeXaY OCSMM MPOBOAHUKOB, M;

{ - annHa nponeta, m.

3HayeHua KoadpmumeHTa £, ANA HEKOTOPbLIX TUMOB LUMHHBIX KOHCTPYKLIWIA
(4epT. 2) ykasaHbl B Tabn. 1.

YepT. 2 CxemMbl B3aUMHOI0O pacnosioXXeHUs WUH



Yepr. 2

Tabnvmua 1

3HayeHus koadpdmumeHTa &



E;:nonomeHme PacueTHas 3Ha4yeHus KoadhdmumeHTa Kpm ans
Harpy3ok
dasa pe3yrnb- n3ru- pacTarm- || cxmma-
TupytoLen || barowen (| Barowen || roLen
1. B ogHown || B 1,00 1,00 0 0
MNOCKOCTUN (YepT.
2a)
2. Tlo BepLmHam
paBHOCTOPOHHEro || A 1,00 0,94 0,25 0,75
TpeyronbHuKa
(4epT. 26)
B 1,00 0,50 1,00 0
C 1,00 0,94 0,25 0,75
3. lNo BeplwwmHam
NPSAMOYrOfIbHOro A 0,87 0,87 0,29 0,87
paBHOOepeHHOro
TpeyronbHNKa
(4epT. 2B)
B 0,95 0,43 0,83 0,07
C 0,95 0,93 0,14 0,43
4. Tlo BeplMHam
paBHocTopoHHero || A, B, C 1,00 0,50 1,00 0
TpeyronbH1Ka
(yeprT. 2r)

Mpun gByxdasHom K3




r,::le:!-‘}i,i;II - yOapHbI TOK AByxdhasHoro K3, A.

2.2. BblGop pacyeTHOUM MeXaHM4YeCKOW CXeMbl LWWMHHbIX KOHCTPYKUUK U
rmoéKmnx TOKONpoBoA OB

2.21. Metoguky pacyeta 3nekKTPOAUHAMUYECKOM CTOMKOCTM  LUMHHbIX
KOHCTPYKLMA M TMOKUX TOKOMPOBOAOB crieqyeT BblbMpaTb Ha OCHOBE pacYeTHOM
MEXaHN4YECKON CXEMbI, Y4UTbIBAKOLLEN NX OCOOEHHOCTM.

2.2.2. Cnenyet pasnuyaTb:

- cTaTuyeckmne cucTembl, obragatoLme BbICOKOM XXECTKOCTbIO, Y KOTOPbIX LUMHbI
N n3onATopbl Npy K3 ocTtaroTcst HENOABWKHBIMY;

- OUHaMM4eCKne CUCTEMbI C XECTKMMM OMopamMu, Y KOTOpbIX n3onatopbl npu K3
MOTYT CYMTATbCS HEMOLBWKHLIMU, a LWNHBLI KONebioTCS;

- AMHaMU4eCcKMe CUCTEMbI C Yrpyro NoAaTtiMBbIMU OnopamMu, B KOTOpbIX npu K3
KOnebmtoTCs WMHBI 1 ONopbI;

- AMHaMUYeCcKne cucTembl ¢ rMBKMMM NPOBOLAMM.

2.2.3. PacyeTHble MexaHM4YecKMe CXeMbl LUMHHBbIX KOHCTPYKLUWA pPasfinyHbIX
TMNoB, o6NagaloLLMX BbICOKOW KECTKOCTbIO, NpeacTaBseHbl B Tabn. 2.

Tabnvua 2

Pac4yeTHada cxema LUMHHBIX KOHCTPYKL A



Homep || PacyeTHas cxema Tun 6Gankm u || KoadbdmumeHTsl
CXeMmbl onopbl
Lol a |~
Z
1 -j OpHonponeTHas || 8 1 3,14
g - & A ng -
N30nATOpbI-
f-,ﬂ. (Y] onopbl
2 ] O
a ‘ji AHonporneT 8 1,25 || 3,93
H a aA4-
+ A + ol 3aluiemneHve
WNHLI; B -
n3onaTop-onopa
3 ﬁ E A ng -| 12 1 4,73
3alemrneHve
+A V8 LLMHBI Ha
XECTKMX onopax
L g
4 g—‘—l o Banka ¢ asymsi || 8 | 1,25 || 3.93
AN A nponeTamm
Ly } 5 Y
R AN A A
5 A Vg g ba banka ¢ Tpems | 10* 1,13 || 4,73
n Gonee
nponetamm 12> || 1

* [Ans KpanHUX NponeTos,
** [1na cpegHUX NponeTos.




PacuyeTHble CxeMbl MMEKT BUO PaBHOMPONETHOM 6anku, nexawewn unm
3aKpensieHHOM Ha XeCTKMUX onopax W noaBeprarLencs Bo3gencTBMO paBHOMEPHO
pacrnpeneneHHon HarpysKku.

PasnunyaloT cnegyoowme Tunbl LUMHHBIX KOHCTPYKUMMA W COOTBETCTBYHOLUMX
pacyYeTHbIX MEXaHUYECKUX CXEM:

- LUMHHbIE KOHCTPYKUMM C pas3pe3HbIMW LUMHAMK, AfMHA KOTOPbIX paBHa AsivHe
OQHOro nporeTa; pacyeTHOM CXeMOW ANA HUX aABnseTca Oarnka C LWapHUPHbLIM
onupaHnem Ha obeunx onopax nporneta (Tabn. 2, cxema 1);

- LUMHHbIE KOHCTPYKUMM C pas3pe3HbIMW LUMHAMK, AfMHA KOTOPbIX paBHa AsivHe
OBYX NPOSEeTOB, C XECTKUM KpernrneHneM Ha CpefHeln ornope; pacyeTHOW CXeMOW
Ana HUX saBnsieTcs 6anka C XXeCTKMM onvpaHveM (3alLeMIieHMEM) Ha OOHOW U
LLIAPHUPHBIM Ha gpyron onope nporneTa (Tabn. 2, cxema 2);

- MHOTOMpPOSeTHas LWMHHAsS KOHCTPYKLUMSA C Hepas3pe3HbIMU LUMHAMK; pacyeTHOM
CXeMOM [Ana cpefHuX MporeToB sABnseTca 6Harnka € KeCTKMM  onvMpaHueMm
(3awemneHnem) Ha o6eunx onopax nporeTta (Tabn. 2, cxema 3);

- LWUMHHbIE KOHCTPYKLUN C pa3pesHbIMU LWMHAMK, ANMHA KOTOPbIX paBHa OBYM,
Tpem n 6onee nponetam, 6€3 XeCTKOro KpensieHNs Ha MPOMEXYTOYHbIX Onopax;
pacyeTHOM CXEMOWN AS1 HUX SBNSIOTCH COOTBETCTBEHHO CXeMbl 4 n 5 (Tabn. 2) .

2.2.4. PacyeTHOM CXeMOM LUMHHOM KOHCTPYKUMM C ynpyro nogativBbiMu
ornopamu criegyet cuyutatb CXeMy, B KOTOPOW Macca LWWHbl pacnpegerneHa no

AJMHe nporieTa, a onopbl NpeAcTaBreHbl Tenammn ¢ 9KBUBAreHTHOW Maccon M

MPYXMHaMU C XXECTKOCTbIO .

2.2.5. [Ina bKnx TOKONPOBOAOB B Ka4yeCTBE PACYETHOW CXEMbl MPUMEHSIOT
CXEMY C XECTKUM CTEPXXHEM, OCb KOTOPOro odepyeHa no LenHom MMHnn. [vpnangb
N30MATOPOB BBOASAT B MEXAHWYECKYIO CXEMY B BUAE XECTKUX CTEPXKHEN, LLUAPHUPHO
COeVHEHHbIX C NpoBodamMu M onopamu. Pasmepbl CTepXHEN pacyYeTHOW CXeMbl
ONpeaensitoT U3 CTaTUYECKOro pacyeTa Ha ENCTBUE CUM TSHXKECTM.

2 . 3 .donyctMMble MexaHW4YeCKue HamnpsbkeHMa B  mMmaTtepuane
NPOBOAHMKOB U MeXaHU4YeCKue Harpysku Ha onopbl npu K3

2.3.1. [JonycTumoe HanpshxeHve B Marepuarne XeCTKuUX LWNH (F ;) B nackansx
criegyeT npuHUMaTtb paBHbiM 70% OT BPEMEHHOrO COMNPOTUBIEHUS pPas3pblBY

MaTepuana WnH <,

e U,?JP )

[lonycTvMble HanpsbkeHUst B MaTepuarne LWMH cregyeT MNpUHMMaTh  Huke
npeaesioB TEKy4eCTU 3TOro MaTepuana.

BpemeHHble CONpPOTMBMEHUS pa3pbliBy W OONycKaemble HanpshkeHust B
mMaTepuanax LvH npveeaeHbl B Tabn. 3.

B cnyyae cBapHbIX LUMH UX BPEMEHHOE COMPOTUBIIEHME Pa3pbiBY CHIDKAETCS.
3HayeHns1 BpeMeHHbIX CONPOTUBIIEHUI pa3pbiBY B 06MacTV CBapHbIX COeaMHEHWIA
onpenensitoT 3KCnepyMeHTanbHO; NPy OTCYTCTBUMM 3KCMEPUMEHTAasbHbIX OaHHbIX
3T 3HAYEHUss U 3HaYeHUs [OMNYCTUMbIX HanpshkeHWn criegyeT npuHUMaThb,
NCnonb3ys AaHHble Tabn. 3.

Tabrnmua 3



OcHoBHbIE XapaKTepuCcTukn matepmanos LLUNH

BpemeHHoe Honyctumoe HanpsbkeHve, || Moaynb
cornpoTuBneHne paspbiBy, || Ma yrpyrocTu,
MaTepuvan Mapka Mrla 1010 Ma
LUMHbI
mMatepuana || B obnactu || matepuana || B obractu
CBapHoro CBapHoro
coenHeHns coeinHeHns
1.AntomuHunn || AO, A 118 118 82 82 7
A0 59-69 59-69 41-48 41-48 7
2.  Aniomu-
HVEBbIN AO31T 127 120 89 84 7
cnnas
A031T1 || 196 120 137 84 7
ABT1 304 152 213 106 7
1915T 353 318 247 223 7
3. Meob MM 245-255 - 171,5-178 - 10
MI'T 245-294 - 171,5-206 - 10

2.3.2. Jonyctumyto Harpysky Ha wu30nsTop (M30MSILMOHHYK onopy) ()

crieqyeT npvHMMaTh pasHON 60% OT MUHMMANLHOM Pas3pyLLAKOLEN Harpy3kn M.,
NPUIOXEHHOM K BepLUMHE n3onaTopa (ornopbl) npu nsrmbe nnu paspbise

Frg=06F, ®)



2.3.3. B 3aBucuMMOCTM OT B3aUMHOIO pPAacCMOSIOKEHNS LUMH N U30MATOPOB
nocrnegHue NOABEPraTCs BO3OENCTBUIO 3NEKTPOANHAMUYECKUX Cun, paboTas Ha
n3rmb unn pactsbkeHue (CxaTue) WM OQHOBPEMEHHO Ha M3rMG U pacTshkeHue

(cxatve). JonycTuMble Harpy3ky Ha U30NATOPbI NPY UMBE ( g e ) Y PACTSKEHUN

(Fpmp) B HbIOTOHAX B 9TWX CRy4Yasx CreayeT MpUHUMaTb COOTBETCTBEHHO
paBHbIMU:

B =068
Fnc-np = D=6Fpﬂpp

rie Fupur U Fapp - 3202BaeMble 3aBOLOM-U3TOTOBUTENIEM MUHWMATbHbIE
paspyLialolme Harpy3kMm COOTBETCTBEHHO MNpu u3rmbe n pacTsxeHuu (cxatun)
nsondaropa, H.

2.3.4. JOonycTumyio Harpysky Ha cnapeHHble W30nATopbl (Oonopbl) cregyet
npuHUMaTh paBHon 50% OT CyMMapHOro paspyLuaroLLero yCUnms n3onatopos (onop)

B = 05F s -

rae fugz - CyMMapHoe paspylualolee yCUne crapeHHbiX 13onsaTopos (onop), H.

2.3.5. HonycTumyto Harpysky npu wusrmbe onopHoro usonstopa () B
HbIOTOHAX criegyeT onpeaenaTb B COOTBETCTBUM C (QOPMYSION

k
Fon=NE _ —
Aot Tasp iy 2 (8)

roe & - KoL MEHT SOMYCTUMON Harpy3ku, pasHbin 0,6 unm 0,5 (cm. nn. 2.3.2. -
2.3.4),

2 W H - pacCTOsIHMS OT OMAaCHOrO CEYEHUs1 M30SIATopa COOTBETCTBEHHO O €0
BEPLUMHbI U LIeHTPa TSHKECTU NONEpPeYHOro CeYeHnst LnHbI (CM. YepT. 3), M.

‘-IepT. 3K onpeagerieHNO AONYCTUMbIX HAarpy3oK Ha U3OoJNATOPbI U
LUMHHbIE ONopbLI
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OnacHoe cevyeHne OMnOpPHO-CTEPXKHEBLIX  U3OMATOPOB C  BHYTPEHHUM
KpenneHnem apmatypbl (4epT. 3a) crnegyeT npuHMMaTb Yy OMOPHOro donaHua,
OMOPHO-CTEPXKHEBbLIX U30MNMATOPOB C BHELLHUM KpenrneHvemMm apmatypsbl (4epT. 30, B)
- Y KPOMKW HWKHEro donaHua, a OMOpPHO-LUTbIPEBLIX U30MATOPOB (YepT. 3r) - Ha
rpaHMLe KOHTaKTa WTbIps ¢ hapdopoBbIM TEMOM U30MATOpPa.

JdonycTnmyto n3rmbatoLLyto Harpy3ky MHOIOSIPYCHbIX U30MALMOHHBIX Orop (YepT.
3B, ) cnegyeTt nMpuHMMaTb PaBHOM AOMYCTUMOW Harpy3ke HaumeHee MNpPOYHOro
apyca, onpeaerneHHon no gopmyrne (8).

2.3.6. lNpn pacnonoxeHun dpas No BepLUMHAM TpeyronibHuka (4ept. 26, B, 1)
N30MATOPbl OAHOBPEMEHHO MCMbITLIBAKOT KakK pacTArMBarome (CXMmatowme), Tak 1

nsrvbatowme ycunms. Jonyctumyio msrmbatollyto Harpysky (#pq.) B HbIOTOHaxX
crieqyeT onpegenats no copmyre (8), npuHUMas F,., paBHOM paspyLaloLLe
Harpyske nmpu u3rMbe msonsaTopa; AOMYCTUMYKO PacTAMVBAIOLLYIO Harpysky (Fgmg)

cregyet onpefdensate no dopmyne (5), npuHumas &,,;, paBHOM paspyLLaroLe
Harpyske npu pacTsXeHUN.

2.3.7. [onyctumoe HanpshkeHue B MaTtepuane MnpoBOOHUKOB (&) B
Meranackansax criegyet NpyuHUMaThb paBHbIM

=g |

roe Fm, - Npegen NPOYHOCTU NP pacTsixeHnu, H;

A - KoOadhdUUMEHT AONYCTUMOM Harpy3ku, paBHbin 35-50% oT npegena
MPOYHOCTMW.
2.3.8. JJonycTumMyto Harpysky Ha nogBeCHble U30MATopbl crieqyeT npuHUMaThb
paBHon 30% OT pa3spyLuatoLen Harpysku, T. e.

Foo =038, ®)

2.3.9. PaccTosHua wmexay nposoaHvkamm a3 (<dyy), a Takke Mexay

NPOBOAHUKAMM W 3a3eMfeHHbIMM  YacTaMu  (Ay.)  LUMHHBIX  KOHCTPYKUMI
HanpsbkeHneM 35 kB ¥ Bbille M MPOBOOOB OLUMHOBKM pacnpenernmreribHbIX
YCTPOMCTB, BO3AYLHbLIX fMHUA M TOKOMPOBOAOB K MOMEHTY OTKMoveHus K3
AOIKHbI  OCcTaBaTbCsl  Oorblle  [OMYCTUMBLIX — M3OMSILMOHHBLIX — PaCCTOSIHUINA,
onpeaensieMblx Npu paboyumx HanpPsKEHNSAX

Ay 2 Ay
Ay 2 Byagm |,



roe Aq,.@.mm " Aq,.gm - MUHUMarnbHO OONYCTUMbIE PacCTOSIHUA MO YCIOBUSM
Npobosi COOTBETCTBEHHO MexXay MpoBOAHWKaAMW a3 W MPOBOAHUKAMU U
3a3eMIEHHbLIMM YacTsAMU NpU paboyemM HanpPsKEHUN.

2 .4 .0npepeneHne MeXaHMYECKUX HanpsikeHUA B  Martepuane
NPOBOAHMKOB U Harpy3oK Ha ux onopsi npu K3

2.4.1. Pac4yeT WMHHbIX KOHCTPYKLMIA, 0611agatoLLmx BbICOKOWM KECTKOCTbLHO

2411. Tpn pacyeTe WWHHONW KOHCTPYKUMKW, oObnagaroliern BbICOKOW
XECTKOCTbIO, LUMHY B fOO6OM nponete Mexay M3onsaTopamMu, Kpome KpanHuX,
criegyeT paccmaTtpuBaTh Kak CTepxeHb (6arnky C LapHMPHO ONepTbiMU KOHLLaMW,
Tabn. 2). Hannune oTBeTBNEHUN AOMNYCKAEeTCA HE YYUTbIBATD.

2.4.1.2. MakcumarnbHOe HanpsbkeHue B matepuarne LWnHbl (7, ) B nackansax v
Harpy3Ky Ha M30NSATOP LUMHHOW KOHCTPYKLIMM BbICOKOW XECTKOCTU Npy TpexdasHoM

K3 (Z2') B HbloTOHaX criemyeT onpeaensiTb no dopmyram:

M B
e T W

(11)

) - £}
oo = Poc (12)

rae Fﬂ - MakcuMarbHasi cuna, BO3H/KaroLWwasa B MHOronposieTHon 6arnke npu
TpexdasHom K3, H, n onpeaensemas no dopmyne (2);
{ - onvHa nponeta WuH, M;
W - MOMEHT COMPOTMBIIEHUS NOMEPEYHOIO CEYEHNS LWNHbI, M ;
dopmyribl 4NA ero pacyeTa npuBeaeHsl B Tabn. 4;
A 1 # - KoadUUMEHTBI, 3aBUCSLLME OT YCIIOBUS ONMpaHus (3akpennieHus)

LLINH,
a TakKXe 4Yucia nporeTtoB KOHCTPyKUWMW C Hepa3pe3HbIMU LLMHaAMU

(tabn. 2).
Mpw aByxdpazHom K3

Fi2y

JIIRIK
AW
(13)



(14)

roe Fnﬁ - MaKkcumarbHas cura, BO3HUKaroLWasi B MHOronporneTHon 6arnke npu
asyxdasHom K3, H, n onpenensemas no dopmyne (3).
Mpn pacyeTe HanpsbkeHMn B 0BracTy CBapHbIX COEAUHEHUIN, HAaXOOALWMXCA Ha
pacCTOSAHUM z OT OMOPHOro ceyeHus, B dopmynbl (11) 1 (13) crnegyeTt nocTtasnATb

3HaveHusa 1/ 4 (z ), BbIYMCIIEHHbIE B COOTBETCTBMUM ¢ Tabn. 10.

2.4.1.3. JOnekTpogMHaAMWYECKME Harpy3kuM Ha OTAeflbHble MPOBOAHUKM
COCTaBHbIX LUMH (4epT. 4) oOycroBrieHbl B3aMMOAENCTBUEM MPOBOAHUKOB OpPYrnx
a3 u” OTAEenbHbIX 3fIEMEHTOB MNPOBOAHMKA oOaHoW ¢asbl. MakcumanbHoe
HanpsXXeHne B mMartepuarne CocTaBHbIX WKH npu K3 gonyckaetcs onpenensaTb Mo

(hopmyrie

m J@max o+ ATRHAY ?

A€ Fgmax - MAKCMMarbHOE HaNpPsXXeHne B Matepuarne LWnHbl, 06ycroBneHHoe
B3auMoeNCTBMEM MNPOBOAHUKOB ApyrMx pas, [la, koTtopoe
crepyet
onpenenaTb B 3aBucumocTn ot Buaa K3 no gopmyne (11) unn
(13);

Fmax -~ MAKCUMArbHOE HaNpsiKeHWEe B Matepuane WnHbl, 06yCrnoBneHHoe
B3anUMOLENCTBMEM OTAEMbHbIX 3IEMEHTOB MPOBOLHMKA O4HOW
dassbl, lNa,
KOTOpOe criegyeT onpeaenatb no opmyrne

R -
2107 E (i

T _
ITeay
128 #

k]

roe {,; - ANMHa nporeTa anemMeHTa WWHbI Mexay Npoknagkamu, M;

@,y - PacCTOSIHNE MeXOy OCSIMA MOMEPEYHbIX CEYEHUN SIIEMEHTOB
COCTaBHbIX
LWKH (4epT. 4), M;

Wz - MOMEHT COMPOTUBIIEHUS MONEPEYHOTO CEYEHMS SNIEMEHTA LUMHbI, M3

L - YAAPHBIN TOK TpexchasdHoro nnm asyxdasHoro K3, A;
# - YMCIO COCTaBHbIX NPOBOAHUKOB (ha3bl.

YepT. 4 [IByXnonocHas WuHa



FLLIV 7

UepT. 4

Tabrnvua 4

dopmynbl 4N onpeaeneHnst MOMeHTa uHepuum J r
MOMEHTA COMPOTUBIIEHNS! IF MOMnepeYHbIX CEYEHWI LNH
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CeueHue npokaTHbIX npodmnen MpnbrmkeHHbIe dopMyIbl:
CTaHOapTHbIX pa3MepoB
ABYTaBpPOBbIN Npodmsb Ha "pebpo”

npogomsb Ha "pebpo”

3
7 = (h+2) :
51
LBEennepoodpasHbii (KOPBITHBbIN)

LLeHTpaﬂbHOﬁ ocu:

Ana cnnowHoro CMMMepU4yHoOro ceYvyeHus
o = o :
W, =W, =5"i6b, g =t

Ansa noJsiHoro CMMMeTprU4YHOro cevyeHna

)

W, =W, == -
7 33:[ b b

PRI (Ch)

¥ gk f:.;z]

roe S - nnowaab cevYeHus;
i

COOTBETCTBEHHO; { - nepumeTp; i
TOMWMHA CTEHKN (A9 NOMHOrO cevyeHns)

b+ 5
7 = (h+35)
21
CeyeHve nobon opmbl OpureHTupoBOYHass  oOLeHKa  MOMeHTa
COI'IpOTI/IBJ'IeHVIﬂ OTHOCUTEJIbHO

. & - BblCOTA U LMpnHa ceYvYeHund

2.4.2. PacyeT LWMHHBIX KOHCTPYKLMI C XXeCTKMMKU onopamm

242 1. WUMHHYIO KOHCTPYKLMIO, M3ONATOPbI KOTOPOW 0BragalT BbICOKOW
XECTKOCTbIO, B pacyeTax Ha [JUMHAMWYECKylo CcTouKkocTb npu K3 cnegyet
NpeacTaBnATb KaK CTEepXeHb C  3alleMreHHbIMW  KOHLaMW, WMeWwMi b
OCHOBHYIO 4acTOTY COBCTBEHHbIX KonebaHun.

2.4.2.2. MakcmanbHOe HanpsbkeHue B Martepuane WuH (g, ) B nackansx v

Harpy3ky Ha u3onatopbl (&z) B HbIOTOHAX MpWU PaCMoNiOXeHUM LUMH B OOHOW
MMOCKOCTU M BBLICOKOW XECTKOCTWM W30NSITOPOB LUMHHOM KOHCTPYKUWUM cregyet
onpenenaTb No ropmynam:

npu TpexdasHom K3




FiE

Tme T T (17)
7]
FiE = ppitly, (18)

npv AByxd¢asHom K3

Fil
T (19)
7
Fi3 = gridly, (20)

roe 7 - Ko3dPMUNEHT OMHAMUYECKOM Harpysku, 3aBUCALLMA OT pacyeTHOW
OCHOBHOWM

YyacToThl CODCTBEHHbIX  KonebaHun WWHbI ;.  3HavyeHus
KoapdpunuymeHTa B

3aBUCUMOCTU OT OTkrMoHenus f,/ f. (J.= 50 Tu) cnenyet
onpeaensTb no
rpadmkam, npMBeLeHHbIM Ha YepT. 5.

YepT. 5 3aBnCMMOCTb AMHaAMU4ecKoro koaccgpuumeHTa gnsa
M3OJIATOPOB U LWNH OT YaCTOTbl COOCTBEHHbIX KONle6aHUN LWUHbI
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UepT. 5

3HayeHns pacyeTHOM YacToTbl COOCTBEHHbIX Korebanuin () B repuax
crefyet onpenensatb B COOTBETCTBUN € 2.4.2.4.

2.4.2.3. MakcmarbHy HarpysKy Ha npoxogHble usonsaTopbl ( £ ) B HblOTOHaX
crnegyeTt onpenensTtb No gopmyne

F

pyr]

3107 (3] 2
=4 o I U )" Ky Fpae®T (21)

roe iy - pacctosHMe OT Topua MPOXOAHOTO M30MsSTopa A0 Grivkaiiero
OMOPHOro
nsonaTtopa gasbl, M.

2.4.2.4. PacyeTHyt0 4acTOTy CODCTBEHHbIX KorebaHun wuHbl (7)) B repuax
crnegyet onpegensaTb no dopmyrne

(22)



roe E - Mmoaynb ynpyrocTu MaTtepuarna WwnHel, Ma;

J - MOMEHT MHEpPLIUM NOMNepPeyYHOro CEYEHNS LLIMHbI, M * ;
M - Macca LUMHbI Ha eauHULY ONHBI, KI/M;

¥, - NApamMeTp OCHOBHOW 4YacTOTbl COOCTBEHHbIX KOrnebaHui LUMHBbI.
3HayeHnss 3TOro napameTpa 3aBUCAT OT Tuna LWWHHOM KOHCTPYKUUA W
npeacTaBnieHbl B Tabn. 2.

2.4.2.5. MakcumanbHOe HanpshkeHne B martepuarne COCTaBHbIX LWMH (Fg,. ) B
nackanax LWMHHON KOHCTPYKLMM C XECTKMMM Onopamm AonycTUMO onpeaensartb no
dopmyrie (15). lMpu 9TOM MakcumaneHoe HarnpskeHne B MaTepuane  LUWH,

obycroBneHHoe B3avMOAENCTBMEM MPOBOAHWKOB APYrUX a3 (& smx: ) B MACKaNsX,
criegyeT onpenenaTtb B 3aBucumocTu oT Buaa K3 no dopmyne (17) nim (19), a
MaKCMMarnibHOe  HanpsbkeHne B mMaTtepuane  LWHbI, obycnoBneHHoe

B3aMMOLENCTBMEM OTAENbHbIX 3MEMEHTOB MPOBOAHMKA OA4HOM hasbl (F, ) B
nackansx, - no gopmyrne

=T 22 :
o _2I0TEK, (in .
MBHWBH (23)

roe 7, - KoOOpdMUMEHT OMHAMUYECKOW Harpysku, 3aBUCALLMIA OT pacyeTHOW
OCHOBHOW
YyacToTbl COOCTBEHHbIX KONiedbaHn 311eMeHTOB COCTaBHOMN LUMHbI

(Jiom)s
KOTOpbIA criegyeT onpedenstb MO  pacyeTHbIM  rpadwmkam,
npvBedeHHbIM Ha
yepT 5.
PacueTHyl0o OCHOBHyHO 4acTOTy COOCTBEHHbIX KoriebaHui 3fIeMEHTOB

COCTaBHOM WuHbI ( f1,; ) B repuax cneayeT onpeaensTs no dopmyrne

P 473 |&T
o E;frffn m
(24)



roe {,; - ANMHa NporneTa anemMeHTa LW1HbI Mexay NpoKnagkamu, M;
J - MOMEHT MHEepLIMN NONEPEYHOr0 CEYEHNS ANEMEHTA LUMH, M # ;

g - MaccCa dieMeHTa Ha egunHnLYy OJinHbl, Kr/m;

@,y - PaCCTOSIHNE MeXdy OCSAMW MOMNepeYvHbIX CEYEeHU 3SNEMEHTOB
COCTaBHbIX LLUMH
(4epT 4), M.

2.4.2.6. MakcumarnbHoe HarnpsbkeHue B MaTtepuane WWH (&g, ) B nackansx u

MaKCUMarbHY HarpysKy Ha OMopHble 1 NPOXOAHbIE M30MATOpbI ( &, ) B HbIOTOHaX,
NPV PacnoioXeHWN LWMH NO BepluMHaM TpeyronbHuka (4epT 26, B, I), creayet
onpenensiTb C y4eTOM UX NPOCTPAHCTBEHHbIX KonebGaHuin, cnosnb3yst opMyIibl:

o= ! CeF;
T g (25)
13 = i3 .
Fm Fmax Wé'Fs (26)
B = Bin,

(27)

rae # - MeHbLUMA N3 OBYX MOMEHTOB COINpOTUBIIEHNA NnonepevyHoro

ce4yeHnAa LWnHbI (MOMeHTa conpoTusIrieHnA W,_, npu n3rmbe B
MIOCKOCTH

o 1 MOMeHTa COrnpoTuBIIEHUA ﬁi npu n3rmbe LWNHbI B NMAOCKOCTU

(4epT. 2), M3;
Fﬁi , F,,fi,f - 3NEKTPOAMHAMNYECKME CUMbl, onpeaensiemMble COOTBETCTBEHHO
no dopmynam (2) un (3);

&., &y - KOI(ULUMEHTbI, 3HAYEHUs  KOTOpbIX Ans  Haubornee
pacnpocTpaHeHHbIX
TUMNOB LUMHHBLIX KOHCTPYKLMIA (YepT. 26, B, ) NnpuBedeHbl B Tabn.
5.

Tabrnmua 5



3HaueHust KO3APPULIMEHTOB &, U &5 LUIMHHBIX KOHCTPYKLIWIA

OcKu3 3HayeHne 3HadyeHe KoadhduumMeHTa
KOHCTpYKLUMM || KOShdpuLmneHTa £
PacnonoxeHve Ha 4epT. 2 £ ana  WuH || ans LLMH
LLIMH F KpYrroro v || KBagpaTHOro
KOMbLIEBOro || ceyeHus
ceyeHun
1. Mo BepwwuHam || B 0,95 0,95 1,16
NPSAMOYrofIbHOro
paBHOG e pEeHHOro
TpeyronbHuka
2. Mo BepwwmHam || 6 1,0 1,0 1,39
PaBHOCTOPOHHETO
TpeyronbHuKa r 1,0 1,0 1,21

2.4.3. Pac4eT nogBeCcHOro caMoHeCyLLEero Tokonposoga
2.4.3.1. PacyeTHOEe MakcumarbHOe HanpsXXeHne B maTtepuane LUMH No4BECHOro

CaMOHECYLLIEro TOKONPOBOAA ( Fraxm: ) B MACKANSIX CrieAYET ONpeaensiTb C y4eToM
COBOCTBEHHOrO Beca, Beca W30mMSLMOHHbIX Pacrnopok M NbAa, a Takxe OeNcTBus
Hanopa BeTpa, T. €.



rae ... - MakCMMarnbHoe HanpshkeHne B matepuare LWWH BCneacTaune
aneKkTpognHaMmn4eckoro gencTeunsa Toka K3;

F, - HanpshkeHve B MaTepuare LWmMH oT CO6CTBEHHOrO Beca, Beca
N30MNALMOHHBIX Pacnopok M nbAa, a Takke OeNcTBUS Haropa

BeTpa.

Harpy3ky Ha u30nsaTOp NOABECHOr0 CaMOHEeCyLlero TOKOMnposoAda criegyet
onpenenaTb no gopmyne (12).

2.4.4. PacyeT LWMHHBIX KOHCTPYKL M C ynpyronogaTtivebiMy onopamu

2.4.4.1. MakcumanbHOe HanpskeHue B MaTepuane LWMH U MaKCMMasibHYH
Harpy3ky Ha M30MNATOpbl LUMHHBbIX KOHCTPYKLMW C YNpyronogaTtnivBbIMKU Oropamu
criegyeT onpegensTb COOTBETCTBEHHO no dopmynam (17) m (18), a yacTtoty
COBCTBEHHbIX konebaHun - no dopmyne (22), yuutbiBas Npu 3TOM, YTO napameTp

o o 3
OCHOBHOW 4acToTbl #; ABNSETCA yHKUMEN 6e3pa3mepHbix BermunH L™ { A5 n

Mimi, me T - XecTKkocTb onop, a M - npvBegeHHas macca. 3HavyeHust
XECTKOCTM Onop onpefenstoT No SKCNepuMeHTarnbHbIM JaHHbIM, a NpuBeLEeHHON

mMaccbl - cormacHo 2.4.4.2. KpuBble [AOns OnpegeneHust 7, LWWH C XeCTKUM
3aKpensieHMeM Ha ornopax npvBeaeHbl Ha 4YepT. 6, a ANS WWH C LapHMPHLIM
3aKpenneHneM - Ha YyepT. 7. [N WnH ¢ YepeayoLLMMINCS XKECTKUMU U LLIaPHUPHBLIMIA

3aKpenreHusiMi Ha ornopax 3HadyeHve napametpa #, AONyCTUMO MPUBNM3UTENBHO
OLeHMBATb Kak cpeaHee Mexay ero 3HayeHns MU, HangeHHbIMW No KpUBbLIM YepT. 6
nt.

YepT. 6 KpuBble ans onpepeneHus napamMeTpa OCHOBHOM 4acToOThbl
COOGCTBEHHbIX KONe6aHMUM LUNHbI NPU ee XXeCTKOM 3aKpensieHUn Ha
ynpyronoaat/iMBbIX onopax

.-Hr — ] T 1
f" l‘
F |
3 L
-
2
] I 'f I I
/ | || | B! |
37 50 100 i 500 1000 2000 C,, tYE7
UepT. 6

YepT. 7 KpuBble ansa onpepeneHus napamMeTpa OCHOBHOM 4acToOThbl
COOCTBEHHbIX KONle6aHNM WKUHbI NPU LLAPHUPHOM 3aKpenneHnn ee Ha
ynpyronogat/imBbiX onopax
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3HavyeHna », AN WMH C O>KECTKUM 3aKpenseHnem Ha onopax npwu
CmeEJzﬁDDD W ONS WWH C LWAPHUMPHBIM 3akpensieHneM Ha oropax npu

Cd”{ EJ 23000 npuBeneHbl B Tabn. 2.
2.4.4.2. TpuBegeHHyo maccy onopbl (44 ) B KunorpaMmax onpegenstoT no

NpuBvxeHHon chopmyne

2

H
M=, | Cmm |
HTJJJI

(28)
roe M. - macca onopebl, Kr;
H o, Hu - paccTosiHuA OT OCHOBaHUS ONopbl COOTBETCTBEHHO A0 LiEHTpa
Maccbl onopbl (M30MTOpa) M LEHTpa MacC MornepevHoro
CEYEHUS LLNHBI

(4epT. 8), m.

YepT. 8

K pacyety I'IpVIBeLI,eHHOI7I MaccChbl Ornops.bl


/picture/get?id=P007D&doc_id=1200005266

K on

YepT. 8

Ecnm yacTtota cobCTBEHHbIX KonebGaHui onopbl, 3aKpenneHHOW Ha yrnpyrom
OCHOBaHWM M3BECTHA, TO MpuBEAEHHY Maccy (Af) B Kunorpammax cregyet
onpenenaTb No gopmyne

¢!

uing

M B
(27 o)
(29)

roe =, - XeCTKOCTb OMopbl, NPaKTUYECKN paBHasa XecTKoCTU mnsonatopa L,
H/m;

Ja - YacToTa cobCTBeHHbIX Korebanuii onopbl, U, paBHas 4acToTe
KonebaHun

nsonaTopa i, .
2.4.5. TpoBepka TOKOMPOBOAOB Ha 3NEKTPOAUHAMUYECKYID CTOMKOCTb MNpw
HarnM4ynmM yCTPOMCTB aBTOMAaTUYECKOro MOBTOPHOIO BKIOYEHNS
24.51. Mpun HanM4ymMn GbicTpogencTeytoumx  AlB TOKONPOBOAbI
9MIeKTPOYCTaAHOBOK HarnpsbkeHnem 35 kKB u Bbiwe cregyer npoBepsTb Ha
3NEeKTPOANHAMNYECKYIO CTOMKOCTb MPY NOBTOPHOM BKIoYeHMM Ha K3.

MeTogouka npoBepku npuvBegeHa B npuroxeHun 4. Takoih NpOBEepKU He

TpebyeTcs, ecnm npoaormKMTENbHOCTL GecTokoBoM nayabl, (i, ) B CeEKyHAaax,
cocTasnset

20
i"Er: 2 et
S8



rae f; - nepsasi (OCHOBHasi) YacToTa COBCTBEHHbIX KonebaHun oLWMHOBKMK, [L;

& - DEKPEMEHT 3aTyxaHus TOKOMPOBOAA NPU rOPU3OHTarbHbIX KonedaHmsax
LLINH.

2.4.6. Pac4yeT rmbkux npoBOAHMKOB

24.6.1. Tlpn pacyete TMOKMX MNPOBOAHWKOB Crnegyet  onpeaensTtb
MaKCUMarbHble TSPKEHME B MPOBOAHUKAX M OTKIIOHEHME MPOBOAHWKOB MpU 1 nocre
K3.

PacueT rmbknx npoBOAHMKOB CrieqyeT BECTU, UCXOAA M3 3aKOHA COXpPaHEHMs
3Heprun. [lpeoBapuTernbHble OLEHKU TSXKEHUMM B MNPOBOAHMKAX W CMELLEHWUA
NPOBOAHMKOB ONyckaeTcs Aenatb 6e3 yueta BUsHUS MpnsaH U3onsaTopoB.

PacueTr mbKux nNpoBOAHWKOB crneayet BeCTU C MNOMOLUbK anroputmMoB U
nporpamm Ha OBM. [MpeaBapuTenbHble OLEHKM TSDKEHWA B MNPOBOAHMKAX W
CMeLLeHMN MNPOBOAHWKOB AOMNYyCKaeTCa AefiaTb Ha OCHOBE 3aKOHa COXpaHeHus
3Heprum 6e3 yyeTa pacLuensieHms NPOBOAHUKOB MO MeToAMKaM, NpeacTaBieHHbIM
B MpUoxeHun 1.

2 .5.MpoBepKka WHUHHbIX KOHCTPYKUUNA, TIUOKNUX NPOBOAHUKOB MU
ANeKTPUYEeCKUX annapaToB Ha 3NeKTPOAMHAMUYECKYIO CTOMKOCTL npu K3

2.5.1. Tpn npoBepke LUMHHBLIX KOHCTPYKLUUWN Ha 9SNEeKTpoaNHaMUYECKYHO
CTOMKOCTb pPacCYeTHbIMW BeNMYUHAMKU SABMSKOTCS MaKCUMMarbHOEe HarpsbkeHne B

maTepmane WWH ( ., ) B Nackanax U MakcuManbHas Harpyska Ha U3onsaTopbl (..
) B HbIOTOHaX.

[Ona npoBepkn 3SMEeKTPOONHAMUYECKOM CTOMKOCTU LUMHHBIX KOHCTPYKLIMK
crieqgyeT ucnonb3oBaTh criefyolme HepaBeHCTBa:

F < (30)

(A€ F g - AONYCTUMOE MEXAHUYECKOE HaMpshKeHWe B Matepuare LUWH,
[Ma, koTopoe crnenyeT onpeaenaTb B COOTBETCTBMM C M. 2.3;

F = - BONyCTMMasn MexaHU4eckas Harpy3ka Ha U30nsiTopbl, KOTOPYIO
crneayeT onpeaensiTb B COOTBETCTBUM C yKasaHusamu n. 2.3.
25.2. Tpu npoBepke TIMOKMX MPOBOAHUKOB Ha 3NEKTPOAUHAMUYECKYHD

CTOMKOCTb pacyHeTHbIMKN BEJNIMYNHaAMU ABJIAKOTCA MaKCUMaribHoOE TAXXeHune me n

OTKIOHeHne nposoaoB Npu K3 &, .

[na npoBepkn 3SnNeKTpoaMHaMMYEeCKONW CTOMKOCTM TIMOKUX NPOBOAHWKOB
crieqyeT Ucnonb3oBaTh Criefylolme HepaBeHCTBa:

Fmaxfian;
e (31)

Trax = Tmom,



roe F,.. - OMYCTMMOE TShKEHWE NPOBOLOB, KOTOPOE CrieflyeT OonpeaenaTb
B COOTBETCTBUU C YKa3aHUAMUN M. 2.3;

Sgom-  OOMYCTUMOE  OTKIMOHEHME  MNPOBOL4OB, KOTOpoe  criegyer
onpenensaTb
B COOTBETCTBMM C yKasaHuamu n. 2.3.
2.5.3. JnekTpoauHamudeckad CTOMKOCTb 3JIEKTPUYECKUX annapaTtoB B
3aBUCMMOCTM OT TuNa M KOHCTPYKLUUM XapakTepusyeTcs ux npenenbHbIMm

CKBO3HbIMUA TOKaMM irlpm n iirrq;.m n HOMWHalIbHbIMW TOKaMM

3NeKTpoAMHaMUYEeCKOow CTONKOCTM Iy N L WM KpPaTHOCTBIO  TOKa

9NEeKTPOANHAMMNYECKON CTOVKOCTU iy, f(ﬁfm] =il
OnekTpoguHaMmMyeckasi CTOMKOCTb 3NIeKTpU4YecKkoro annapaTta obecneveHa,
€CIN BbIMOSHSATCS YCIIOBUS:

J (32)

roe £, - Ha4YanbHoe 3HaYeHue NeproandYeckon cocTaBnsoLLen Toka K3
B 3/IEKTPMYECKOM annapare;

Len - YAAPHbIN TOK K3.

3. TEPMUYECKOE OEUCTBME TOKA
KOPOTKOI'O 3AMbIKAHUA

3.1. OnpepeneHue uHterpana xoynsa npu K3
3.1.1. CteneHb Tepmmyeckoro Bo3gencTBuss Toka K3 Ha npoBoaHVKM U

arieKTpUYecKre annaparbl OnpeaenseTcs 3HadeHneM mHterpana Jxoyns (Sn, ) B
amnepax B KBagpaTe Ha cekyHay

4

By = Jiidﬁ,
(33)



roe i, - Tok K3 B Npon3BorbHbIN MOMEHT BPEMEHU i, A;

fmm - PAcyeTHas npoposvkMTensHocTb K3 B anekTpoycTaHoBke (CM. .

1.1.5), c.
ﬂ,OI'IyCTI/IMO cTeneHb TepMn4ecKoro BO3LI,€I7ICTBI/IF| Toka K3 onpeferiatb Takxe
TEPMUNYECKN SKBMBAJIEHTHbIM TOKOM K3

o (34)

1 pacyeTHON NPoAoIPKUTENBbHOCTLIO K3.

3.1.2. Heobxoammbiii Anst NPoOBEPKN NPOBOAHMKOB U 3NIEKTPUYECKNX annapaTos

Ha TepMudyeckylo cTonkocTb npu K3 wuHterpan [Dxoyna &, ponyckaetcs
onpefendtb MPUONMKEHHO Kak CYMMYy WHTerparnoB OT Nepuoguvyeckon u
anepuogmnyeckon coctaenarowmx Toka K3, T. e.

s S

™p Tep IT ™pa - (35)



3.1.3. MeToguka aHanMTUYECKMUX pacyeToB WHTerpana [xoyna n tepMmyecku
9KBMBaneHTHoro Toka K3 3aBUCUT OT pacyeTHOM CXeMbl 3MeKTPOYCTaHOBKW,
NONoXeHns pacyeTHon Todkn K3 1 ee yganeHHOCTU OT reHepaTopoB, CUHXPOHHbIX
KOMMeHCaTopOoB U anekTpoasuratenen. [Npn 3TomM BO3MOXHbI criegytolme criyyau:

a) ncxogHas pacyeTHasi Cxema 9NeKTPOoyCTaHOBKU MMEET MPOn3BOSbHbIN BU,
HO AN BCeX [eHepaTopoB W CUHXPOHHbIX KomneHcaTtopoB K3 saBnsertcs
yOaneHHblM, T. €. OTHOWEeHNe [OeNCTBYIOWEro 3HayeHuss nepuoanyeckon
COCTaBnAWLLEN Toka nobOoro reHepatopa WM CUMHXPOHHOTO KOMMEHcaTopa B
HayarnbHbIM MOMEHT K3 k ero HoMMHanNbLHOMY TOKY MeHee AByX. B aTom cnyyae Bce
MCTOYHUKN 3NIEKTPUYECKON JHEprMn nytemMm npeobpasoBaHUs CXeMbl 3aMeLLeHUs
OOMKHbl ObITb 3aMeHEeHbl OAHMM 3KBMBASIEHTHbIM UCTOYHMKOM, OOC KoToporo
NPUHMMAIOT HEU3MEHHOW NO amnimMTyde, a WHOAYKTUBHOE COMNPOTUBIEHME pPaBHbIM
pPe3yrnbTUPYIOLWEMY OKBMBASNIEHTHOMY COMPOTUBIIEHUIO 3JIEMEHTOB pacyeTHOM
CXEeMbl;

6) ucxogHasi pacyeTHasi cxema COLEPKUT OLMH UM HECKONMBbKO O4HOTUMHBLIX U
OOVHAKOBO YydarneHHbIX OT pacyeTHonm Todku K3 reHepaTtopoB (CUHXPOHHBLIX
KOMMeHcaTopoB), npudem pacdetHoe K3 saBnsetca 6nv3kum: LencTByOLLEE
3Ha4yeHMe nNepuoanYEecKONn COCTaBSIOWEN ToKa reHepaTopa (CMHXPOHHOMO
KOMMeHcaTopa) NpeBbILaeT ero HOMUHanbHbIN TOK B 2 1 6onee pasa;

B) MCXOA4HasA pacyeTHas CxemMa COAEPXUT MPOM3BOSIbHOE YUCIO UCTOYHMKOB
3Heprun, Ons KOTopbixX pacyeTHoe K3 siBnseTcs yganeHHbIM, a Takxke reHepatop
(CMHXPOHHBLIN KOMMEeHcaTop), KOTOPbIN CBSA3aH C ToYKon K3 no paguansHon cxeme
n 310 K3 ana Hero ssnsetrcsa 6nu3kum. [pu 3TOM BCe yAaneHHble UCTOYHUKU
3Heprumn 1 caBAsbiBalOLMEe UX ¢ Toukonm K3 anemeHTbl pacyeTHOM CxeMbl criegyet
06begmHUTL B OTAENbHYK BETBb U 3kBUBANeHTHyto OLC B 3TOM BETBU cuuTaTb
HEeW3MeHHOM No amnNnMTyae;

) UICXOQ4Has pacyeTHas CXema COOEPXUT pasfiMyHble UCTOYHUKM SHEPrnK, Ans
KOTopbIX pacyeTHoe K3 saBnsieTca yaoaneHHbIM, W rpynny afekTpogsuraTenen,
npuyem pacyeTHas Todyka K3 HaxoauTcs Ha LWMHaX, K KOTOPbIM MOAKIOYEHbI
anektpoasurateny. lNpn 9ToM Ha cxeme 3aMelleHWUsi BCce yaareHHble UCTOYHUKK
SHEprumn n ceA3biBarOLME MX C Toukonm K3 anemeHTbl pacyeTHOM CxeMbl crieqyet
06beguHUTL B OTAENbHYIO BETBb M 3KkBUBaneHTHyto O[C B 3TOM BETBU cyuTaTb
HEeM3MeHHOM No amnimTyge.

3.1.4. MNpn onpegeneHnn mHTerpana [Koyns n TEPMUYECKN IKBUBASIEHTHOrO
Toka K3 gonyckaetcs npuHMMath, YTO anepuogunydeckasa coctaendowas toka K3
OT TOW YacCTW pacYETHOW CXeMbl, KOTopas COAepXUT yaaneHHble oT MecTa K3
MCTOYHUKN 9HEPrMn, He3aBMCUMO OT €ee KOH(Mrypauunm u3MeHsieTcs Mo
9KCMNOHEHUManbHOMY 3aKOHY C 9KBUBANEeHTHOM NOCTOSIHHOM BPEMEHM

K (R = 0)

TR (36)



rme %, (R =00 n A, (x=0) - pesynsTupyloLLme 3KBMBANEHTHbIE HAYKTUBHOE
N aKTUBHOE COMPOTUBSIEHNST paccMaTpuMBaeMOW YacTW pPaCYETHOM CXEMb,
onpegensieMble U3 CXeM 3aMeELLEHNS, B KOTOPbIX BCE 3NIEMEHTbI PAaCYETHON CXEMBbI
y4TeHbl COOTBETCTBEHHO TOMbKO WHAYKTUBHLIMWA U  TOMbKO  aKTUBHbLIMU
CONPOTUBNEHUSIMW.

3.1.5. Ecrm ucxogHas pacyeTHas cxema COOEPXMT OAWH WM HECKOSbKO
MCTOYHMKOB 3QHEprmu, [Ons Kaxaooro M3 KoTopblX pacyeTHoe K3 andetcs

yaaneHHsiM, To uHterpan [koyns (£.,) B amnepax B KBagpate Ha CeKyHAay,
crnegyet onepenensTb Mo opmyrne

24

By = Bt Brn = 1 Lt + Tag (Lm0 T2 3],

(37)

raoe I, - HayanbHoOe 3Ha4YeHue nepuvoandeckon cocTaenawLen Toka K3 ot
yAaneHHoro UCTOYHMKa (MCTOYHUKOB), A.

B aTOM criydae TepmMuyecku akBuBaneHTHbIN TOK K3 ({np 4 ) B aMnepax paseH

oy

7
I =l 1+2E(1—p Tamy,
L (38)

B cnydasx, Koma i, = 37, wHTerpan Dxoyns £, OomycTuMo onpeaenstb
no coopmyre

B“P m Ili:ﬂ: l:f’crmt 1 )?

A3

a TePMUYECKMN SKBUBANEHTHBIN TOK K3 ({np s ) B aMnepax - no gopmyrne

T T (40)

A

fi

Tep 3 ImoC O

3.1.6. Ecrm wncxogHasa pacyeTHasi cxema COAEpPXUT OAWH WM HECKOSbKO
OOHOTUMHBIX WU OOMHAKOBO yAarneHHbIX OT pacyeTHouM Toukum K3 reHepatopoB
(CUHXPOHHBIX KOMMNeHcaTopoB), npudem pacveTHoe K3 gBnsetcs OnmMskum, TO

nHTerpan xoyna &, crnegyeT onpeaensts no opmyre



2

oTan

Hop B e T (e T )] (1)

roe i, - Ha4yanbHoe AeNCTBYoLLEe 3Ha4YeHNe NEPUOANYECKON COCTaBIISOLLEN
Toka K3 oT reHepaTopa (reHepaTopoB, CUHXPOHHbLIX KOMMNEHCATOPOB), A;

T,x - NOCTOSIHHAsA BPEMEHW 3aTyXaHusl anepuvoAMYecKon COCTaBMaloLEN ToKa
OT reHepaTopa (reHepaTopoB, CUHXPOHHbLIX KOMMEHCATOPOB), C;

- OTHOCUTENbHbIN MHTEerpan ﬂ,)Koyl'IFII

*

TEpT

Inm
Jf;dz
B =5,
& T
(42)

rne i - JEeNCTBYylLIEe 3Ha4YeHVe nepuoandeckon coctaenswowen Toka K ot
reHepartopa (reHepaTopoB, CUHXPOHHbLIX KOMMEHCATOPOB) B NPOU3BOSIbHLIN MOMEHT
BpemeHun, A.

3Ha4yeHnsa oTHocuTenbHOro nHterpana [xoyns ":.3 , YHUTbIBAKOLWErNro BrnndaHmne
TepT

N3MEHEHNSA BO BPEMEHW aMNNUTYyAbl NEPUOANYECKON cocTaBnsaoLen Toka K3, npu
pa3HbIX cUCTEMax BO30YXOEeHUs1 reHepaTopoB M pasHbIX YOaneHHOCTAX pacyYeTHON
Toykn K3 OT reHepaTopoB, T. €. pa3HblX OTHOLIEHUAX OEWCTBYIOLLEro 3HaAYEHMS
nepuognyeckon COCTaBNSAKOLWIEN TOKa reHepatopa B HayanbHblA MOMEHT K3 k
HOMMHANbHOMY TOKY MaLUMHbI MOTYT ObITb OnpeaesieHbl No KpMBbIM Ha YepT. 9-12.

YepT. 9 KpuBble ansa onpeageneHns 3Ha4eHMsA OTHOCUTENIbHOIo
MHTerpanna [)koyns oT CUHXPOHHbIX reHepaTopoOB C TUPUCTOPHOM
WUIIN BbICOKOYaCTOTHOM CUCTEMOMN BO30OYyXXaeHUusA

B

. ™pT
BbICOKOYACTOTHOW CUCTEMOW BO3DYXOeHUs

KpVIBbIe and onpeaneneHua OT CUHXPOHHbLIX reHepaTopoB C TI/IpI/ICTOpHOVI nnn
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YepT. 9

YepT. 10 KpuBble ans onpeaeneHns 3Ha4eHUSA OTHOCUTESNIbLHOro
MHTerpanna [xoynsa ¢ TMPUCTOPHOMN CUCTEMOMN CaMOBO30YXXAEHUA U
nocnegoBaTtesibHbIMU TpaHcdopMaTopamu

!

KpVIBbIe and onpegeneHna < —_— OT CUHXPOHHbIX reHepaTopoB

C TUPUCTOPHOI CUCTEMOIN CaMOBO3GYXKIEHUS 1
C nocnepgoBaresbHbIMK TpaHcdopMaTopamm
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Yepr. 10

YepT. 11 KpuBble ansa onpepene

TpaHcdopmaTopoB

KpuBble ans onpeaeneHns J.Fﬂpr oTC

HUA 3HAaYeHUSA OTHOCUTENbHOro
MHTerpanna [koyns oT CUHXPOHHbIX FreHepaTopoB C TUPUCTOPHOM
cucrtemom camoBo30yXXaeHUA 6e3 nocneaoBaTeNbHbIX

MHXPOHHBIX FrEHePaTopoB

C TUPUCTOPHON CUCTEMOMN CaMoBO30YyXaeHus 6e3
nocnegoBaTerbHbIX TPaHCGOPMaTOPOB
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YepT. 11

YepT. 12 KpuBble ans onpeaeneHus 3Ha4eHNs1 OTHOCUTENbHOro
MHTerpanna [Xkoyns oT CUHXPOHHbIX reHepaTopoB C AUOAHOMN
6ecLweTo4YHOMN CUCTEMOMN BO30OYXXAeHUA

KpvBble ons onpegeneHus ‘?ﬂpr OT CUHXPOHHbIX reHepaTopoB

C AmonHon 6ecLLETOMHOM CUCTEMOM BO30Y:KOEHNS
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Yepr. 12

Mpn  paccmatpyBaeMon  UCXOOQHOM  pacyeTHOM  CXemMe  TepMUYEecKu

9KBUBANEHTHbIN TOK K3 ({ny 4 ) B aMnepax crienyeT onpeaensts no opmyne

2
Tﬂ.r =
f'1‘*!12'.31: =\I‘Bﬂpr +£ (-2 ar &

T

(43)

B criyyasix, Koraa fony 2 37, , wHTerpan Dxoynsa &, AOMycTMMO onpeaenstb
no coopmyre

i

onal ﬂ.I‘jI’

2
Brp ™ I (é’np £
(44)



a TEPMUYECKM IKBMBANEHTHBIN TOK K3 ({4 ) B @amnepax - no gopmyre

‘I'T'IEPJK ~ fm':l[‘l?'repr +Tﬂ.1‘ 'Illﬁl:fnﬂ'[

3.1.7. Ecnm ucxogHasi pacyeTHasi Cxema COOEPXUT MPOM3BOSIbHOE YMCIIO
MCTOYHWKOB 3HEPrnn, Ansi KOTopbixX pacyeTHoe K3 saBndeTcs yganeHHbIM, a Takxe
reHepaTop (CMHXPOHHbIN KOMMeHcaTop), KOTopbin Npu K3 okasbiBaeTcsl CBA3aHHbIM
c Toukon K3 no pagumanbHon cxeme u 310 K3 ans Hero siBnaetcs 6nmskum, To

nHTerpan [koyns oT nepuogmnyeckomn coctaensowein Toka K3 (Lq, ) B amnepax B
KBagpaTe Ha CekyHay crneayet onpeaensTb no opmyre

=7 p
B'NPn = (e * 20 Q e Eﬂprjim=

Imor .

vps (46)

roe {, - HayanbHOe 3HayeHue nepuoauyeckolr cocTaenawlien Toka K3 ot
yAarneHHbIX UICTOYHMKOB SHeprnu, A;

Qﬂpr - OTHOCUTENbHbLIA WHTEerpan OT Mepuoguyeckon COoCTaBnsoLEN

*

TOoKa K3:

faran
me.r:if,
Q T

™pr IO oI

(47)

3HayeHMss  OTHOCUTENBHOMO  WHTerpana Qﬂpr npu pasHblX cuUcTemax

BO30OYXXOEHNsI reHepaTopoB W pasHbiX YAArneHHOCTSX pacyeTHon Todku K3 ot
reHepaTopoB MOryT ObiTb ONPeAEneHbl No KpuBbIM Ha YepT. 13-16.

YepT. 13 KpuBble ansa onpeaeneHns 3Ha4eHUSA OTHOCUTESNIbHOro
MHTerpanna [koysns oT CUHXPOHHbIX FreHepaTopoB C TUPUCTOPHOM
W1 BbICOKOYAaCTOTHOW CUCTEMOM BO30OYXXAEHUSA

KpVIBbIe ana onpeaenexHna Q-mpr OT CUHXPOHHbIX

reHepaTopoB C TUPUCTOPHOM UM BbICOKOYACTOTHOM
cuctemon Bo3byxaeHns
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YepT. 13

YepT. 14 KpuBble ans onpeaeneHusa 3HauyeHUs1 OTHOCUTENIbLHOI O
MHTerpanna [koynsa oT CUHXPOHHbIX reHepaTopoOB C TUPUCTOPHOMU
CMCTEeMOM CaMOBO30YXXAEeHUs U C nocrneaoBaTeNibHbIMU
TpaHcchpopmaTopamu

i

KpuBble ans onpegenexHns wpz O CVHXPOHHbIX

L]

reHepaTopoB C TUPUCTOPHOM CUCTEMON CaMOBO30 Yy KaEeHMS
1 C nocnegoBaTenbHbIMK TpaHcdopmaTopamm
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YepT. 14

YepT. 15 KpnBble ans onpeaeneHus 3HauyeHUs1 OTHOCUTESNILHOIO
MHTerpanna [koyns oT CUHXPOHHbIX reHepaTopoB C TUPUCTOPHOMN
cucrtemom camoBo30yXXaeHUA 6e3 nocnefoBaTenbHbIX
TpaHcdopmaTopoB

KpvBble ons onpegeneHus er OT CUHXPOHHbIX

reHepaTopoB C TUPUCTOPHOW CUCTEMOI CaMOBO30YKIEHMS
6e3 nocrnenoBaTerbHbIX TPaHCGOPMaToOPOB
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UepT. 15

YepT. 16 KpnBble ans onpeaeneHus 3Ha4eHNs1 OTHOCUTENbHOro
MHTerpanna [Pkoynsa oT CAHXPOHHbIX reHepaTopoB C AUOAHOWN
GecleTo4YHOM cUCTEMOMN BO3OYKAEeHUA

]

KpVIBbIe Ona onpeaeneHna = npr OT CUHXPOHHbIX

reHepaTopoB C AMOL4HON BECLLIETOYHON CMCTEMOW BO3OYKOEHUS
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UepT. 16

Mpu onpepenennn nHterpana [xoyns oT anepnoanyeckon COCTaBnALLEN ToKa
K3 HeobGXoauMO y4yuTbiBaTb, YTO YUCIEHHbIE 3HAYEHUS MOCTOAHHLIX BPEMEHU
3aTyxaHusl aneprmoanyYeCcKNX COCTaBMAIOLLMX TOKOB OT reHepaTopa Ui CUHXPOHHOMO

komneHcatopa (1, ) B CeKyHAax U OT yaarneHHbIX UCTOYHMKOB aHeprum (1. ) B
CeKyHAax OOblYHO 3HAYUTENMBHO OTNMYalTCA Apyr OT Apyra. [MoaTomy uHTerpan
[bxoyns crnegyeT onpeaensTb NO BblPaXeHWo

¥ ¥

tﬂT‘ﬂ —— s [ [ —
Baps = [ (s ™+ L )

a e

oTan

=T, (e =)+ AT (1-e T )+

IOC™ sk

(48)

41 1 tamal gt
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B cnyuasx, koraa £,y £ 37, , AONYCTUMO MCMOSb30BaThb BblpaXeHne
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(49)

Mpn paccmaTpuBaeMon pacyEeTHON CXeEME TEPMUYECKUN IKBUBANEHTHbIN TOK K3
onpeaenstoT no dopmyre (34), yautoisas npu atom (35). 3HaveHne Lnyn HaxooaT

C MoMOLLbI0 GopMyIibl (46), a Sy, - C NOMOoLLBIO hopMyrbl (48) unm (49).

3.1.8. Ecrm ncxogHasa pacyeTHasi cxema COAEpHUT yaaneHHble oT Todkm K3
MCTOYHUKN 3HEPrn 1 rpynny anekTpoasuraTenen, npuyem pacdetHas Todka K3
HaxXoOMTCS Ha LWKMHAX, K KOTOPbIM MOAKIOYEHbl 3nekTpoasurateny, To ANng
yrnpoLeHna pacyeTta uHTerpana [pkoynsa rpynny anekTpoasuratenen LonycTUMO
3aMEHNTb OHUM 3KBMBASIEHTHBIM 3MEKTPOABUraTeNEeM, MOLLHOCTb KOTOPOro paBHa
CYMME HOMWHasbHbIX MOLUHOCTEN OTAEeNbHbIX anekTpoasuratenen. [lpn aTom
nHTerpan [xoynsa cregyet onpefendtb No MeToauKe, U3noxeHHom B n. 3.1.7, T.e. ¢
ncnonb3oBaHem copmyn (46), (48), (49), B KoTopble BMECTO In., Ly, Q'napr n
J?ﬂpr creayer  MOACTaBMATb  COOTBETCTBEHHO  HadarbHOE  3HayeHue
NepuoauYeckon cocTaensitolein Toka K3 oT akBuBaneHTHoro Aswratens [,

MOCTOSIHHYIO BPEMEHMW 3aTyXaHWsl anepuoan4eckon CoCcTaBnstoLLel ero Toka 1, U
dyHKL UK Q'mpn n @TM ANa 3TOro anekTpogsuratend. 3HavyeHusa 3TuUX OyHKLUA
ONA CUHXPOHHBIX 3neKkTpoaBuraTenen MoryT ObiTb onpeerieHbl No KpMBbIM Ha
yepT. 17 n 18, a 4Na aCMHXPOHHbIX 3nekTpoaBUraTernemn - N0 KpMBbIM Ha YepT. 19 n
20.

YepT. 17 KpuBble ans onpeaeneHns 3Ha4eHUSA OTHOCUTESNIbLHOro
MHTerpanna [koyns oT CUHXPOHHOIO 3NeKTpoABUraTens

KpvBble ons onpegeneHus @m 5 OT CUHXPOHHOrO

anekTpoaBuraTtens
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UepT. 17

‘-IepT. 18 KpVIBbIe Aanda onpegeneHnsa 3Ha4yeHUA OTHOCUTESIbHOTIO
MHTEerpanna .U,)KOYHSI OT CMHXPOHHOTIO JIneKTpoasurartens

KpvBble ons onpeneneHus er OT CUHXPOHHOIO

aneKkTpoaBurartend
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Yepr. 18

YepT. 19 KpuBble ansa onpeaeneHns 3Ha4eHUA OTHOCUTESNIbHOro
MHTerpanna [xoysnsi oT aCUHXPOHHOIO 3NeKTpoABUraTens

KpVIBbIe Ona onpeaeneHna ?mn OT aCUHXPOHHOIoO

anekTpoaBurarTens
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Yeprt. 19

YepT. 20 KpnBble ans onpeaeneHus 3HauyeHUs1 OTHOCUTENIbLHOI o
MHTerpanna [koynsa oT aCUHXPOHHOrO 3rieKTpoaBuUraTens

KpviBble Ans onpeaeneHus er OT aCUHXPOHHOIO

aJiekTpoaBuratend
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Tepmuyeckn akBMBaneHTHbIN TOK K3 onpegenstoT no gopmyrne (34).

3.2. [NpoBepka aNeKTpUYECKmX annapaToB Ha TEPMUYECKYHO CTOMKOCTb Npu K3
3.2.1. Tepmuyeckaa CTOMKOCTb 3feKkTpuyeckux annapatoB npu K3

XapaKTepu3yeTcsi X HOPMUPOBAHHBLIM TOKOM TEPMUYECKON CTOMKOCTM (L spne) B

amnepax 1 AonycTUMbIM BpEMEHEM BO3eNCTBUA 3TOO TOKA (£qp ) B CEKYHOAX.

3.2.2. PacyeTHoe BblpaxeHue, KOTopoe crieqyeT UCMonb30BaTh MNpu NpoBepke
KOMMYTaLMOHHbIX annapaToB Ha TEPMUYECKYIO CTOMKOCTb, 3aBUCUT OT pacyeTHOW
npogomkmtensHocTn K3.

Ecrnmn pacuyetHasa npogomkmTtenbHocTb K3 (£, ) B CEKyHAax paBHa munm 6onbLue
AOMYyCTUMOro BPEMEHM BO3L4ENCTBMSA  HOPMMPOBAHHOMO TOKa TEPMUYECKOMN

CTOMKOCTH (f"rep:-n:-pr.t) B CeKyHOaxX, TO A5d NMpOBEPKM KOMMYTAUMOHHbIX annapartoB
crnegyet Ucnosib3oBaTthb BblpaXeHune

2
Bﬂp S fﬂpmmﬂzﬂpmw . (50)

Eciv e fomn < Eopsopm » TO YCIIOBYEM TEPMUYECKON CTOMKOCTM SIBIISIETCS



2
Frg & L sopaciomen (51)

3.2.3. [JonyckaeTcsa NpoBepKY KOMMYTaLMOHHbIX 3MeKTPUYECKMX annaparoB Ha
TEPMUYECKYI0 CTOMKOCTb Npu K3 npou3BoauTb NyTEM CPaBHEHUS TEPMUYECKU
aKBMBaneHTHoro Toka K3 ¢ pgonycTMmMbiM TOKOM TEPMUYECKOM CTOMKOCTW,
YYUTbIBas NP 3TOM COOTHOLLEHUE Mexay AO0MYyCTUMbIM BpeMEHeM BO34eNCTBUSA
HOPMWPOBAHHOIO TOKa TepMNYECKON CTOMKOCTU n pac4eTHou

npogormkmTensHocTblo K3. ECiM fumm 7 énpsopme , TO MPOBEPKY KOMMYTALMOHHBIX
annapartoB Ha TepMUYECKy0 CTOMKOCTb npu K3 creayet npoussBoauTb, UCMOMb3ysa
COOTHOLLIEHWe

I

Tep if'I‘EPI'C':'P]"'[ :

wﬁm- (52)

Ecrm HKe fumm Enprmgm, TO  YCMOBUEM  TEPMUYECKON  CTOMKOCTY
KOMMYTaLMOHHOrO annapaTa siBfseTcs COOTHOLLEeHNe

(. 3 - S— (53)

3.3. MpoBepka NPOBOAHUKOB Ha TEPMUYECKYIO CTOMKOCTL npu K3

3.3.1. TlpoBepka nNpPOBOOHMKOB Ha TEPMUYECKYD CTOMKOCTb npu K3
3aKnoyaeTca unM B ornpedeneHuM Ux TemnepaTtypbl HarpeBa K MOMEHTY
oTKMtoveHnss K3 n cpaBHeHUMM 3TOW TemnepaTtypbl C MNpedenbHO OonycTUMOWN
TeMnepaTtypon HarpeBa COOTBETCTBYHOLWMX NPOBOAHMKOB npu K3, wum B
onpeaeneHun TepMUYeCcKn 3KBUBANEHTHOW NIIOTHOCTK Toka K3 u cpaBHEHMM 3TON
NSIOTHOCTU C JONYCTUMOW MITOTHOCTLIO TOKa K3.

3.3.2. PacueTt TemnepaTtypbl HarpeBa NpPOBOAHMKOB K MOMEHTY OTKItoveHus K3
crieqyeT BeCcTUM C UCMOMb30BaHUEM KPUBbIX, MPUMBEOEHHbIX Ha 4vepT. 21 - ang
XECTKUX LWNH, kKabernen 1 HEKOTOPbIX MPOBOAOB, U YepT. 22 - AN NPOBOAOB APYrnX
MapoK.

YepT. 21 KpnBble ans onpeaeneHusa teMmnepaTtypbl HarpeBa LUUH,
npoBOoAOB U Kabeneu N3 pasnu4yHbix matepuanoB npu K3
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Matepuanbl npoBogHukos: 1 - MM; 2 - MT; 3 - AM; 4 - AT; 5 - A[10; ACT; 6 - A131T1;
7-A031T;8-CT13

UeprT. 21
YepT. 22 KpuBble ans onpeaeneHusa teMmnepatyp Harpesa npoBoaoB
npu K3
v S
// / i
200
.
/
/ 3
100 V
g 05-10% 10-10% Ay AL-clum®

Matepuanel nposogos: 1 - cnnaebl AXK n AXKKIT, 2 - cnnasel AH n AHKTT; 3 -
anomuHum mapok A, AKT1, AnKrl
n ctaneantommHni mapok AC, ACKT1, ACKC, ACK, AnC, AnCKC, AnCK

UepT. 22



C aToM uenbo Heobxoanmo:
1) Ha yepT. 21 BbIGpaTb KPMBYIO, COOTBETCTBYIOLLYIO MaTepuary NnpoBogHuKa, v

Mo 3TOW KPUBOW, UCXOAS U3 HaYarnbHOW TemnepaTypbl NPOBOAHUKA ¥, , onpeaenuTb

3HayeHune PyHKU MM -f‘igh ,Aci/Mm?;
2) B cooTBeTCcTBMM C ykadaHusmu nn. 3.1.5 - 3.1.8 onpegenutb 3Ha4yeHue

nHTerpana xoynsa fo,
3) HaiTK 3HaueHne yHKLMM s , COOTBETCTBYIOLLIEE KOHEYHOM Temneparype

HarpeBa NPOBOAHMKA 14,

(54)

roe S - nnowaab NnonepeyHoro CeYeHusl NPoBOAHNKE, MM 2 .

Mpu pacyeTe TemnepaTypbl HarpeBa cTaneantoMMHUEBBIX MPOBOAOB B hOpMYyITy
(54) cnegyeT BBOAMTb NIoWaAAb MOMEPEYHOrO CEYEHUSI anmtOMUHUMEBOW YacTu
NnpoBoaa;

4) No HanAEeHHOMY 3HaYeHMI0 PyHKLMM s , NCnonb3ays BbIGpaHHY0 KpUBYHO Ha

4yepT 21, onpeaenuTb KOHEYHYIO TemrnepaTtypy Harpesa NMPOBOAHMKA 14, U CPaBHUTb
ee C npegensHoO gonyctumMon Temnepatypon. [lpegenbHo  gonycTuMble
TemnepaTtypbl Harpesa nposogHuka npu K3 npueeaeHsl B Tabn. 6.

Tabnuvua 6

MpeanenbHO JoNyCTMMbIE TEMNeEpPaTypbl HarpeBa
NpoBOAHUKOB npu K3



Bua npoBoaHukoB

o

o °C
1. lnHbI antoMuHmeBble 200
2. lUnHbl megHble 300
3. LWwuHbl cTanbHble, He wuMeluyme HenocpeacTBEHHOro
coeuHeHust 400
C annaparamu
4. lLUInHbl cTanbHble ¢ HenocpeaCcTBEHHbIM npucoeanHeHnem K || 300
annaparam
5. Kabermm ¢ 6GymaxHOM MpPOMNUTAHHON M30MAUMEN Ha
HanpsbkeHne, KB:
po 10 200
20-35 130
110-220 125
6. Kabenm wn wu3onvMpoBaHHble MnpoBog4a C MeEAHbIMM W
anoMUHUEBBLIMA
XuUnamm n n3onsaunen us:
NoNMBMHUIXIIopnaa 160
pe3vHbI 150
pEe3NHbI MOBbILLEHHOW TENIOCTOMKOCTM 250
nonmaTuneHa (HoMMHanbLHoe HanpsbkeHne kabens 0o 35 kB) 130




BYNKaHW3UPOBAHHOIO nonuaTuneHa (HoMUHanbHoe
HanpshkeHne kabens 250
o 35 kB)

7. MeaHble HEM30MMPOBaHHbIE NPOBOAa NpU TXeHUsX, H/mm 2 :

meHee 20 250

20 n 6onee 200

8. AntoMmnHMEBbBIE HEM3ONMPOBAHHLIE MPOBOAA MPU TSHKEHUSX,
Himmz2 :

meHee 10 200
10 n 6onee 160
9. AntoMHHMEBAs YacTb CTaneantoMMHUEBLIX MPOBOLOB 200

3.3.3. Ecnun onpegendowmmMm ycroBneM npu Bblbope cevyeHus MpoBOAHMKA
ABNSETCA €ero TepMudeckas CTOMKOoCcTb npu K3, TO cregyeT onpegenutb

MVHUMAasbHOE CeYeHMe MPOBOAHMKA MO YCIOBUIO TEPMUYECKON CTONKOCTU ( g min )
B MUNNIMMETPaXx B KBaapaTe, UCNoMb3ys BblpaXeHne

roe ﬁs.,“ - 3HaYeHne PyHKUMKN -, , COOTBETCTBYOLLEE NpeaenbHO A0MNyCTUMO
TeMnepartype Harpea nposogHuka npu K3 (cm. Tabn. 6);

A; - 3HayeHne 9TOM (yHKUMM, COOTBETCTBYIOLIEE Temnepartype
NpoBOAHMKA
0o K3.
Tepmnyeckads CTOMKOCTb NpoOBOAHMKA obecneyvBaeTcd, ecnm nnowanb

ceveHus (5') B MunnmMmeTpax B KBagpaTte yaoBreTBOPSIET HEPABEHCTBY:

a2

TED BN -



3.34. Ecrm Harpyska npoogHuka Ao K3 6nm3ka K NpogormKATENbHO
AO0NyCTUMOW, TO MUHMMAarbHOE CeveHue NPOBOAHMKA, oTBevawowee TpeboBaHWIO
TepMmmnyeckomn ctomkocTu npm K3, onpegenstot no dopmyre

TP min c— d (56)

T

rae Ty = A — A L Ac¥i/MmE;

SI:I!!

A - 3HayeHne QyHKUMM A, nNpu NpPogOIPKUTENBHO OO0MYCTUMOM

Sﬂﬂ.l.l

Temneparype
NPOBOAHMKA.

3HayeHna napameTtpa O, ONS XKECTKMX LWMH npvBedeHbl B Tabn. 7, And
kabenen - B Tabn. 8, ona nposogos - B Tabn. 9.

Tabnuua 7

3HayeHust napameTpoB i, XECTKMX LLMH



Cucrtema MaTepuan 3HaveHve L, Ac % /MM 2
nermpoBanns NPOBOAHMKA urm || Npw HavanbHoit Temnepartype, °C

Mapka crrasa

70 90 120

) Menb 170

AHO 0 81 68
Al

A1H 91 82 69

AIOM, A0M 92 83 20

A031T1 85 77 64
Al-Mg-Si

AT 82 24 -

AN33T1 77 71 59

A033T 74 67 57

ABT1 73 66 -

ABT 71 63 5

1911 71 63 53
Al-Zn-Mg




1915, 1915T 66 60 51
Al-Mg-Mn AMr5 63 57 48
i Cranb npu 4 .= 70

400°C

Cranb npu 4 .= 60

300°C

Tabnvua 8

3HaueHuna napameTpa ', kabenen




XapaktepucTtuka kabenen

1
3HaueHune L7, Acz /MM

1. Kabenn go 10 kB:

C MeOQHbIMW Xunamum

C almntoMNHMEBbIMU XUTNMaMu

2. Kabenun 20-35 kB:

C MedHbIMW Xurnamu

C antoMnHMeBbIMU XUNamMun

3. Kabenm w” wu3onuMpoBaHHble npoBoda C
NONMXIIOPBUHUIIOBOM UIMN PE3NHOBOW U30MALMEN:

C MeOdHbIMW Xunamu

C alntoMNHMEBbIMUN XUTNaMun

4. Kabermm wn wu3onupoBaHHblE npoBoga C
NoONM3TUNEHOBOW N30NSLMEN:

C Me4HbIMW Xunamum

C antoMnHMeBbIMUN XUTNamMun

140

90

105

70

120

75

103

65

Tabrnvua 9

3Ha4eHusA napameTtpa 7, NpoBOAOB




1
C = ]
MaTepvan Mapka npoBosa 3HavyeHne T, Acz/MMi, npu
nposoaa AOMYyCTUMbIX TeMnepaTypax Harpesa
nposogos npu K3, °C
160 200 250
1. Meab M - 142 162
2. AnNtOMUHUIN A, AKI, An, || 76 90 -
AnKIM
3. AnNtOMUHUEBbIN AH, AHKT1 69 81 -
cnnas AXK, AXKKI 66 77 -
4. AmomumHunm - || ACK, AnC,
cTanb ACKC,
AnCKC, AnCK, || 76 90 -
AC,
ACKI

3.3.5. [lonyckaeTcsa npoBepKy NPOBOAHUKOB Ha TEPMUYECKYIO CTOMKOCTb Mpu
K3 npoBoguTb NyTeM CpaBHEHUSA TEPMUYECKN IKBUBANEHTHOM NIIOTHOCTU Toka K3 (

J g ) B @MMEPAX HA KBAAPATHbIA MATTIMMETP

THp I (57)

C AOMYCTVMOI B TEYEHWE PACYETHOrO BpemMeH! K3 NroTHOCTH0 TOKA (Y pp g ) B
amnepax Ha KBagpaTHbIA MUNTIUMETP

7 g | 1 ﬂsu.._ﬂ%
mpam T o B E e (58)




roe fﬂpml - OONYCTUMBIN TOK ogHocekyHaHoro K3, A; ero 3HayeHus Ang
kabenen gaHbl B HOPMAaTMBHbIX AOKYMEHTaX.

lMpoBOAHMK YyAOBMNETBOPSIET YCMOBUIO TEPMUYECKOM CTOMKOCTM npwn K3, ecrm
BbIMNOMHSAETCS COOTHOLLEHNE

i 1 o .
Y —_ ﬂpmﬂl — IF|:|nn Sh
o & pam = o T i (59)

3.3.6. Ecrm Harpyska npoBogHuka o K3 6rnm3ka K NpogormKATENbHO
AO0NyCTUMOW, TO AOMNYCKaeTCHA NPOBEPKY MPOBOAHMKA HA TEPMUYECKYIO CTOMKOCTb
npv K3 npoBoguTb, NCMOSb3yst COOTHOLLEHNE

J ic"

TEp 3 I'_fm ; (60)

3.4. MpoBepka cunoBbIX Kaberen Ha HeBo3ropaeMocTs npu K3
3.4.1. [Ina npoBepku curnoBbix kabenen Ha HeBo3ropaemocTb nNpu K3 crnegyet B

COOTBETCTBUM C N. 3.3.2 oNpeaenTb KOHEYHYIO TeMnepaTypy HarpeBa UX Xun %,
npu pacyeTHon npogorpkmTenbHocTh K3 (cm. n. 1.1.5) u cpaBHutb ee c

npeaesnbHon TeMnepaTyport HEBO3ropaemMocTh 2, .
HeBosropaemocTb kabensi obecnevnBaeTcsi, eCnm BbINOMHAETCH YCIIOBME

g<a. (61)

MpenenbHaa Temnepatypa HeBo3ropaeMocTu kabenenm 6 kB ¢ nponuTaHHON
bymaxHon wusonauuen pasHa 400°C ans 6poHupoBaHHbIXx M 350°C - ans
HeOpOHMPOBaHHbIX Kabenen.

NMPUNTOXEHUE 1 (pekomeHayemoe). 1.
METOOUKA PACHETA N'MBKUX
TOKOMPOBOOOB

NPUNNOXEHNE 1

PekomeHayemoe



1.1. MakcumaribHoe BO3MOXHOE TSKEHWE B MPOBOAHMKAX (Fuy ¢) B HbIOTOHAX
criegyet onpenensaTb No gopmyre

AW,
Py =+[2BS "L+ 71,
i

mes

rae S - nrowaab nonepeyHoro CeveHnst MPOBOAHNKA, M2 ;
AW, - pacyeTHas aHeprus;

AW, = AW, npu AW, [ Mgl £ 2,

AW, = 2Mgl npn AW, 1 Mgl > 2,

roe AW, - aHeprvs, HakonneHHas NPoOBOAHMKOM OAHOrO MNporeTa 3a pac4eTHoe
Bpems K3, [1x;
{ - onMHa npoBoAHMKa B NporeTe, M;

Mgl
F, - TshkeHue B npoBogHuke Ao K3, paBHoe ;
81
Mg! - makcuManbHO BO3MOXHas pacyeTHasi NoTeHLManbHasi 3Heprusi

NPOBOAHWKA;
A - macca npoBogHWKa B NponeTe, Kr;
£ - yckopeHune cBobogHoOro nageHusi, m/c 2 ;

J. - NpoBeC NpoBOAHMKA B NporeTe, M;
I, - paccTosiHMe OT MPSIMON, COeAUHAIOLLEN TOUKWU KpenrneHus NpoBoaoB

Ha
coceHuX onopax, Ao LeHTpa Macc nposoaa B nponete, M, npu4em

L=2714%

Mogaynb ynpyroctu ( £ ) NnpoBOAHMKA, CBUTOMO M3 My4Ka TOHKUX NPOBOSIOK, Kak
NpY HamMM4MM YNPOYHSIOLLEro CTanbHOro npoBofda, Tak u 6e3 Hero, creayet
NPYHMMaTb MEHbLUMM, YeM MoAyrb YMpYrocTM MaTepvana MpoBOAHMKA W3-3a
MOBbILLEHHON PaCTSKMMOCTM BUTOrO MPOBOAHUKA NPU HarpyxeHun. Ero 3HayeHwue
HeobXxoaAMMO OnpeaensTb ONbITHbIM MyTEM.

1.2. MakcumanbHoe cMelleHne nposoda (5., ) B MeTpax crnegyet onpegensatb
no cpopmyram:

Fan
Som = Sun 1= (1= =237 npu AW, /Mgl <1,
Ml
Some = Jo NPV AW, [ Mgl 2 1.
MNMpn kpaTkoBpemeHHOM K3 3Hepruto , HakorrneHHyto nposofHukom (AH, ) B

OXoynax, cnenyet BblHUCTIATL Mo cbopmyne

AW, = MgL(l- cos ) + %J(af)j,



roe @ W &' - Yron OTKIIOHEeHMs npoBoda WM ero nepsasi NMpov3BoAdHas Mo
BPEMEHN B MOMEHT OTKItoueHnst K3;

J - MOMEHT MHepL MM NpoBoAa OTHOCUTENBHO OCK, NPOXOAsLIEN Yepes
onopbl NpoBoaa, Mm#4 .

KpviBble 3aBMCUMOCTW OTHOCMTEMbHBIX NapameTpoB npoBodHuKa (AR, fMgl)
OT OTHOCUTEenbHOW npogomuTensHocT K3 (¢ ), OTHOCUTENbHBIX Harpy3oK Ha

nposon (& /Mg ;23) M OTHOCUTErbHbIX pa3MepoB (e L) npn OByx- W
TpexdgasHoMm K3 npvBegeHbl COOTBETCTBEHHO Ha 4epT. 23 u 24. [pu aTtom
OTHOCUTENbHYIO NpogormmnTensHOCTL K3 cnegyeT onpeaensTb Kak

rge i - pacyeTHasa NpoaoSPKUTENIbHOCTb K3, c;

&y = JMgliJ.
YepT. 23 Xapaktepmuctukm npu aosyxdasHom K3

A
Xapakepuctukm ——— npu asyxdiasHom K3
Mgl
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YUepT. 23

YepT. 24 XapakTepuctuku npu TpexdcgasHom K3

Favs

Xapakepuctukm ——— npu TpexdasHom K3
Mgl
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UepT. 24

Harpy3ku (F.Jj) B HbIOTOHaxX criegyeT onpefensTb Ana pa3nnyHbix BUuaoB K3 ( 7
=2, 3):
- ana asyxdasHoro K3

AP =210 Ly,
7

- ons TpexdgasHoro K3

Fi¥ =15107 i(fr*;*f,
[



roe 120w i® L bayanbHble AeNCTBylOMe 3Ha4YeHUss MnepuoanyecKon
COCTaBIAOLLEN
TOKOB COOTBETCTBEHHO ABYX- U TpexdiasHoro K3, A.
1.3. [pn oTHocuTenbHon npogormxuTensHocTn K3 ¢ > 0,6 3Hepruto,

HaKkonneHHylo nposoAHukoM (&M, ) B Oxoynsx, criegyeT onpefenatb B
3aBMcuMocTu oT Braa K3:

- nou asvxdasHom K3

&Wx - %&W;iﬂl, ecnm ﬁﬁ;ﬁﬂl = #Eoin ﬂ > 2MglL,

[

AW, = Mgh, ecrm AW < 2Mg
- Npu TpexdasHom K3

| ! 2, 52
vz =§£~.W‘;‘3’, ecrv ﬂyp;m =1,33F‘33a{]n (et L)"+1 +

o

o+ L
A
AW, = Mgh, ecrm AW < DMzl
rae # - MakcumarbHas BbiCOTa NogbemMa LieHTpa Macc nposoaa Bo Bpems K3,
onpeaensieMas U3 COOTHOLWEHUS &/ &, M.

MapameTpsbl /2 a ansa cnyvyaeB AByx- U TpexdasHoro K3 crnenyet onpeaenaTb
Nno KpuBbLIM, NpUBEAEHHBIM COOTBETCTBEHHO Ha YepT. 25 1 26.

+ 0,51 12 2Mgl;

YepT. 25 Xapaktepnuctukm npm aosyxdasHom K3



h ¥ —
a ,\'}H i |
o - ~ . \f*% /”"FF;
a8} } a . .-"/
T / \22

a6t _,/ - 19" @

' / L N

. / il

a A / | "]

/ el 05— |
5’:{‘/ A 1 et
/

- / _,,..r""

s / P—_—'—ELS.E____.-—-—""——.__
42 -

Ef// 0,25

=" 0,¢0
J

2 1% (6 18 Lla

3
L=
=
=
-
[+
'IH
=

Yept. 25

YepT. 26 XapakTepuctuku npu TpexdcgasHom K3
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YUepT. 26

2. METOOUKA PACHETA NT'MBKUX TOKOMNPOBOAOB C
YYETOM KOHCTPYKTUBHbIX 3JIEMEHTOB
SJIEKTPOYCTAHOBOK

D,onycmmoe cO6rnmkeHne (*)33 oueHMBalroT No crenyrwiemMy yCcrioBuko

=yt I

HIIOTT

roe ¥ - MakcumarbHOe OTKIOHeHVe NpoBoaa, M;
@ - paccTosiHME MeXay TOKOMNPOBOAaMU COCEAHUX ¢has, M;

¥u - paguyc pacliennenus dasbl, M;

@i - HAVIMEHbBLLIEE OMYCTUMOE PacCTOsAHNE Mexay dasamu, M.
MakcrumanbHoe OTKMOHEeHMe npoBoga npwu AByxdasHom K3 onpeapensitor no
BblPaXXeHWUIO



y=125)71 -H*,

roe fu - CTpesia npoBeca nposoaa, m,

H - BbICOTa pacnonioXeHus npoBoga OTHOCUTENbHO TOYKM MnoABeca B
MOMEHT

€ro MakCuMmMaribHOro OTKfIoHeHUA, M, KOTOpas paBHa

H=f cosm~ 0.06w?,

rae «x - yron oTkKrnoHeHuA nposoaa (ba3bl K MOMEHTY OTKITHO4YEeHUA K3, paa;

Vv - CKOPOCTb ABWKEHMS LieHTpa Macc NpoBoAa K MOMEHTY OTKMHOYEHMUs!
K3, m/c.

Yron & onpegenstoT no dopmyne

_ 075,
Fo

e

2

rae i, - pacdyeTHasa npogormkuTensHocTb K3, c.
CkopocTb v onpenensitoT no gopmyre

2
-]
aq

roe fm - HavalbHoe p,e|7|CTBy+ou.|,ee 3Ha4YeHne Nepmoamnyeckon CoCcTaBAoLEn
TOKa

K3, KA;

T - MOCTOAAHHAA BPeMeHW 3aTyxaHus anepuoauyYeckort COCTaBNALLEN
Toka K3,

C;
¢ - NpuBeAeHHan Harpyska Ha a3y, H/m, koTopas paBHa ¢ = p& |
roe F - noroHHbIn Bec duasbl, H/m;
K - KOa(ppMLUMEHT Harpy3Kku, YYUTbIBAKOLLMIA BIMSIHAE HATSXKHbIX TMPsSHA
N30MATOPOB M CNYCKOB. Hanpumep, Ana nponeta BO3AYLIHOW TMHUA
=1,
A9 Nporneta HapyXHOW 3SNIEKTPOYCTAHOBKM C ABYMS HATSHXKHbIMMN
rmpnsHoamm

2 _ AU +4) (e 2
e s - S +200,
. @520

roe

L =F=2 @=ph B =pl



Ecrm H <0, To npuHnmatb & = 0.

NMPUNTOXEHUE 2 (pekomeHayemoe).

MNMPUNOXXEHUE 2

PekomeHayemoe
Tabrnvmuya 10

PacueTHble BblpaxkeHus Ans onpeaeneHvs
koadpdmumenTa 1/ A(Z)



Hopwme pacyeTHOM
cXeMmbl B Tabn. 2

PacueTtHasa dopmyna ansi
koadpdmumenTa 1/ A(Z)

onpeneneHus

Lz g
1 5E R
F_I_E—f
2 g 2 I
1z 28 1
3 ZHT R T
3 I Z
4 AR 27
. 3_1_z—ﬂ
)8 2
a) [1na kpanHero nponeTta
5

2
‘U,BEM? = U,ﬁf—g

6) [lns BTOpOro nponeta
z Z*
‘U,ﬁEQT = 0,53—2 = 0,106‘

B) [Ins cpenHero nponeta

L2 22
210 P 6




NMPUNOXEHUE 3 (pekomeHayemoe).
METOOUKA NMPOBEPKU TOKOIMNPOBOAOOB HA
ANEKTPOOUHAMUYECKYIO CTOUKOCTb MNMPU
NMOBTOPHOM BKITHOMEHUU HA K3

NPNNOXEHME 3

PekomeHayemoe

HaunbonbLiee Hanps>xeHne B Martepuane WMH 1M MakCUMalribHYHO Harpys3ky Ha
M30JIATOPbI NP NOBTOPHOM BKITHOHEHUN Ha K3 onpeaenaroT no q)opmynaM:

I 107

alZ) = (2)8 i(g)awmﬁ’
B - @~ ﬁfm'f"f gy
o

roe o (Z) n Fg.. - Haubonbluee HaNPsbKEHWE M Harpy3ka npu nepsom K3;

& - KO3(PPMUMEHT NPEBLILLEHNS HAMPSXXEHUSA N Harpy3Ku
npu
noBTOpHOM K3.
KoadpdmumneHT  npeBblweHus & onpedensoT MO KpuBbIM - 4YepT. 27a B

3aBMCUMOCTU OT OEeKpeMeHTa 3aTyxaHusa & . Homep pacyeTHOW KpMBOW Ha 4epr.
27a onpefenstoT B 3aBMCUMOCTM OT NPOSOIPKATENBHOCTN 6ECTOKOBOW nay3bl &, U
4acTOTbl COBCTBEHHbIX KONebaHnn WnHbl #;, ucnonb3ys vept. 276. Ecrnn Touka ¢

KoopAvHaTamu f., W f; NEXUT B 30HE, OrpaHNYeHHON OCSAMU KOOPANHAT N KPUBOW
J, TO Koa(hdpmumeHT & onpedenstoT nNo Kpumeow 7, yepT. 27a. Ecrm aTa Touka
NEXUT B 30HE, OorpaHnyYeHHon KpuBbiMuy | 1 I, TO & onpenenstoT no KpuBon 2 U T.A4.

CrneayeT OTMETUTb, YTO pacyeTHble KoadhdmUmMeHTbl & nonydeHbl Npu Hanbornee
HeGNaronpusTHLIX YCIMOBUSIX KOMMYTaL WA, KOTopble NpuBogaT npu nepsom K3, B
6GecTokoBy0 Nay3y U NOBTOPHOM BKJIOMEHMMN Ha K3 K HanbonbLumm HanpspkeHnsiM B
martepvane LWMH W Harpy3kam Ha M30nATopbl U Takmm obpa3om obecneymBatoT
OL|€HKY 3IIEKTPOANHAMMYECKON CTOMKOCTU OLLUMHOBKM.

YepT. 27 K onpepeneHuto koacpduumeHTa npeBbILLIEeHUA OT
OeKpeMeHTa 3aTtyxarus, npogosNKMTEHOCTU nay3bl U YacTOTbl
COOCTBEHHbIX KONne6aHuU LWWUHbI

K onpeaeneHunto kKoaddmumeHTa npesbllieHns &

B 3@aBUCUMOCTU OT & , £, 7
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Yepr. 27

NMPUNOXEHWUE 4 (pekomeHayemoe).
NMPUMEPbLI PACYHETA
ANEKTPOONHAMUYECKOW CTOMKOCTHU
LUIMHHBbIX KOHCTPYKLIUN

NPNNOXEHWE 4

PekomeHayemoe



Mpumep 1. MNpoBepuTb 3NEKTPOaMHAMUYECKYD CTOUKOCTb TPexd)asHoW LLUIMHHOW
KOHCTPYKL N, N30MATOPbI KOTOPOW 0651agatoT BbICOKOW XXECTKOCTbIO, NPy AENCTBUN

03
Toka K3 i3 = 155 kA,
LnMHbI BbLINONMHEHbI W3  anloMWHMEBOrO cnnasa Mapkun A31T1, wumetot

npsiMoyronbHoe ce4veHne (60:6) MM2, YyeTbipe NporeTa, pacnorioXkeHbl B OOHOM
NNOCKOCTU U UX NapameTpbl:

i=12Mm; a=0,6M; #=0,972 kr/m;

E =710 Na; &= 137,2 MMa.
CornacHo Tabn. 4

3 LS
g 008 05 ome =10810° me;

e T 1
2 o
W=%=D’6 6 =36 cMm3=36-107% m3;

UacTtoTa cobCcTBEHHbIX KonebaHun
2 2 d 1o, ; -2
7 - ) _- E _ 473 e 7107 10,8410 2182 My,
2d mo 2314012 0972

rae #= 4,73 COOTBETCTBYET pacyeTHON cxeme 5, Tabn. 2.

B cootBeTcTBMM C 4epT. 5 KOIPPUUNEHT ANHAMUYECKOWN HArpys3Kn paBeH 7=
1,1.
MakcumanbHOe HanpsiKeHne B LUMHAX, onpeaensiemoe no gopmyne (15), paBHo

L EB et e 551081

T 7 - =25410%IIa = 254 MMa.
AW 12:0,6:3,6107

roe F,,f;f onpeaeneHo no gopmyre (2), kKoagpgmumneHt A - n3 Tabn. 2.

MockonbKy Ty, = 224 MMa» o, =137,2 MMa, TO WKHbI He yOOBMNETBOPSIIOT
YCrOBUIO  3MEeKTPOAUHAMUYECKON CTOMKOCTU. [ns CHWXEHUs MakCuUMaribHOro
HanpskeHUss B Martepuarne LWWMH HeobXoAUMO YMEHbLUMTb ASNMHY nponeTa.
Hanbonblias gonyctumas anvHa nponeta

(o 137,2
j =1 Tmm _qp 1302 _gopy
el 254

Mpumem gnuHy nponeta /= 0,8 m.
B atom cniywae /=491 Tu; 7=1,04 n

. _3-107 08" 1557 10°-1,04
e 12:0,6:36:107°

= 134MTTa < &,y



MakcumanbHYI0 Harpy3Ky Ha U3onsaTop onpenensem no doomvre (2):

-7 ; =T
an;g-"rm IGEN? Ry K —"Eﬂf 02155 10%1-11 = 5541 H.

< pam

Bbibpaem wusonatopbl Ttvna WMOP-10-16,00 YX/N3. OHu ynosneTBOpSHOT
YCIOBWIO 3NEKTPOANHAMUYECKOM CTOMKOCTU (29), TaK Kak

B = 0,65, = 0,6-16000 = 9600 H> £ =5541 H,

Takum 06pa3omM LUIMHHAsS KOHCTPYKLMSA NPY YMEHbLUEHUM AnvHbI nponeTa o 0,8
M OTBeYaeT TpeboBaHUSAM 3MEKTPOANHAMNYECKON CTONKOCTMU.

Mpumep 2. MNpoBepuTb ANEKTPOAMHAMMUYECKYKD CTONMKOCTb TPexdiasHoW LUMHHOW
KOHCTPYKLMM B Lenn reHepaTopa LWUMHbI KOTOPOW COCTOAT U3 ABYX 3JIEMEHTOB

KOPbITHOrO NPOMIA NPU Iy i2)= 120 KA.

ArntomyHueBble WinHbl (Mapkun AO) cedeHnem 2-3435 MM pacronioxeHbl B
FOPU3OHTarbHOW MIIOCKOCTU U UMEIOT creaytowme napameTpbl: =2 M; @ = 0,75 m;
= 9,27 kr/m; E=7-1010 Ma; o= 41 MMa; @,,= 02 m; 4= 1 m; oy, =0, =
254108 m*; J,_, =J =4220-10-% m#*; ¥ = 422105 m3; W, = 40-10- m3,

3

YacToTbl COBCTBEHHbIX KOnebaHui WnHbI U 3fIEMEHTA LWMHLI, onpegensdemMble
no cpopmyrnam (22) u (24), paBHbl

2 2 il S
fei (BT 478 71004220100 oo
2 Wm  2:314-2 9,27
2 2 10 -8
EJ 10" 254
poon B 4m et esnn®
200 |y 231471 9,27

Onsi nonyYeHHbIX 3HaYeHUn ), f.., ¥ 1 17, paBHbl 1,0 (4epT. 5).

MakcumanbHble HanpsbkeHuss B Mmartepuane LWWH, KOTopble OOYyCroBreHbl
B3aMMOOENCTBMEM TOKOB pasHblX a3 M TOKOB 3SfIEMEHTOB OA4HOWM (pasbl B
COOTBETCTBUM C chopmynamm (15) u (22) paBHbl

3] =T 0l
s P =men= /31072 —120%-10% 1= 2,62: 10°TIa = 2,62 M,
AF T 12:075:422:10

2:107 1, Ky Co2 1071 1200

LEY

AT g 2. % 12.02-40-10° 4

M 3

=7510%Ta =75 MMa.

CyMMapHOe HanpsixeHve B MaTepuarne LUUHbI

T = Tpane * Ty = 262+7,5=10,12 Ma

LLnHbI yaooBNETBOPAKOT YCITIOBUO SﬂeKTpOﬂMHaMMHeCKOﬁ CTOMKOCTHU, TaK Kak



T = 10,12 MMa < g, = 41 MMa.

MakcumanbHas Harpy3ka Ha u3onsaTop, onpegensemasi no dopmyne (2), paBHa

Fl:3:| i '\E'ID_? '2

A% +120%-10° = 6643 H.
0,75

Bbibupaem nsonarop tuna N0O-10-20,00 Y 3.
Paspylarowas Harpyaka A5 9TOro M30misiTopa COCTaBmnsieT ;= 20000 H,

BbicoTa ., = 134 MM. N30nsaTOp MMEET BHYTPEeHHee KpenrneHue apmaTypbl (4epT.

3a), noatomy 4, =a,f2=01m.
CornacHo (8) gonyctumas Harpyska npu nsrmbe nsonsitopa pasHa

H
Fa=06F — =046 EUDDD& = 65872 H.
PRt Ho 0,134 +0,1

PacyeTHas MakcumanbHas Harpy3ka Ha M30MnaTopbl He npeBblwaeT
AOMYyCTUMYHO

Fll = 6643 HC B = 6872 H,

noatomy wu3onarop Tuna WKO-10-20,00 Y3 yoosneTBopsieT  YCIOBUSAM
3NEKTPOANHAMMYECKON CTONKOCTM.
Mpumep 3. [lpoBepuTb  3MNEKTPOOUHAMWYECKYHD  CTOMKOCTb  LUMHHOW

KOHCTPYKLIMWN HapY>XHOW 3MeKTpoycTaHoBKM HanpsikeHueM 110 kB npu ;= 50 KA.
TpybuyaTble WKWHbI KBagpaTHOrO CeYeHUs BbIMNOMHEHbI U3 antdMWHMEBOrO Cnaea

AL31T n pacnonoxeHbl B O4HOM NSIOCKOCTU. BbicoTa WKWHbI & = 125 MM, TonwmHa
= 8 MM, noroHHast macca # = 8,96 kr/m. [lnmHa nponeta {= 5,0 m; paccTosiHue

mexay dasamu @ = 1,0 m. [lonyctumoe HanpsixkeHne B marepuarne WnHbl &, = 89
MMa, mogynb ynpyroctn &= 7-101 [Ma. N3onatopbl Tuna NOC-110-600 umetot

BbICOTY .. = 1100 MM, pacCTOsiHME OT FOMNoOBKN U30MNATOPa [0 LIEHTPa TSXKECTM
WKHbI /. = 80 MM, BbICOTY apMaTypbl HUXHero donaHLua n3onstopa H = 100 MM,

XecTtkocTb nzonsatopa ', = 1100 kH/M, YacToTa COBCTBEHHbIX KONnebaHun
=28Tu.

MOMEHT WMHEepUUM N MOMEHT COMPOTUBIMEHUS LUMHbI B COOTBETCTBUM C
dopmyrnamm Tabn. 4 cocTaensAloT

HY=ht lost=ing
12

e = 858,2cm* =858,2 10" m*;

=gt 1250 =10,8°

=137 3cw® =137.3-10%
6H 6125

¥ =




rme 2 =H -2t=125-16=10% cm.
[onycTumasn Harpyska Ha U3onsaTop
1000

Foo=06600——— =333gaH = 3330 H,
AR 1000 + 20 2

rae A = Hp — H g =1000-100 = 1000 mm,

3HayeHns1 XeCTKOCTU M 4YacToTbl KorebaHui onopbl OOMYCTUMO MPUHATb
PaBHbIMM XECTKOCTU 1 YacToTe kornebaHuin N3onsaTopa, Tak Kak N3onaTopbl LUMHHOM
KOHCTPYKLIMM YCTaHOBMEHbI HA BECbMa XeCTKOM OCHOBaHWW.

MpuBeneHHasa macca B COOTBETCTBUM C dhopmysion (28) paBHa

C’ : 3
w _110010°

oA e M

Heobxogumble ans onpegerieHna napameTpa OCHOBHOM 4acTOTbl BENNYMHbI
COOTBETCTBEHHO PaBHbI

M, o3

Cod” | BJ = “1'30 e — =228,
710" 858,210

Mimi= ;ﬂ = 0,795,

o KprBbIM YepT. 6 NapamMeTpbl YacToTbl #,= 3,3, NO3TOMY

o =128 Tu.

_-33 |7-10"8582:10°
255 8.96

Mo kpuBown yepT. 5 7= 0,90.
MakcumanbHoe HanpshkeHue B MaTepuarne LUMHbl WU Harpyska Ha M3onsaTopbl B
cootBeTcTBUM C (15) 1 (2) cocTasnsatoT

=n,f§-1[:r’*'-52

504 10° 09 =59 MNa;
12:1:1373

jiThE

; =7,
=w-5uﬂ-mﬁ-o,9 =1346 H, T.e.

Foge = 23 < g =82 MMaw

R =1346 HCOF  =3300 H.



WUnHHaA KOHCTPYKUMS YOOBMETBOPSET YCIIOBUMSM  3NIEKTPOLNHAMUYECKON
CTOMKOCTW.
TeKcT [OKyMeHTa CBEPEH No:
odomumansHoe n3gaHme
M.: UsgatenbcTBO cTaHgapTtos, 1993
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