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HALULMWOHANBbHBIN CTAHOAPT POCCUUNCKOMN PEOEPALNMN

KopoTKune 3aMmbiKaHUA B 3NEKTPOyCTaHOBKaX

METOLbl PACYETA 3JIEKTPOOUHAMUYECKOIO U TEPMUYECKOIO JEUCTBUA TOKA
KOPOTKOIO 3AMbIKAHUA

Short-circuits in electrical installations.
Calculation methods of electrodynamics and thermal effects of short-circuit current

[1ata BBeaeHua — 2008—07—01

1 O6nacTtb NpUMEeHeHUs

HacToAwmnn CTaHaapT pacnpocTpaHaeTca Ha TpexdhasHble SNeKTPOYCTAHOBKM NPOMbILLNEHHON YaCcTOTh!
n onpenensaeT MeToabl pacyeTa n NPOoBEPKN NPOBOAHUKOB U SNEKTPUHECKMX annapaToB HA 3NEKTPOANHaMM-
YECKYI0 U TEPMMNYECKYIO CTOUKOCTb MPU KOPOTKNX 3aMblkaHUAX (K3).

2 HopmaTuBHbIe CCbhIJNIKN

B HacToAlWweM cTaHaapTe NCnonb3oBaHbl HOPMATUBHbBLIE CCbINKU HA cneaylowue cTaHaapThl:
[OCT 687—78 BbikniovaTtenunepeMeHHOro Toka Ha HanpsxeHune cebile 1000 B. Obuwmne TexHn4eckme
YCNOBUA

[OCT 16442—80 Kabenu cnnoeble ¢ NNacTMaccoBOn nsonaunen. TexHn4eckme ycnoBus
[OCT 18410—73 Kabenu cunoBbie C NPONUTAHHOW ByMaXHON nsonaumen. TexHn4eckme ycnoBus

MpumedaHune—Ipn nonNb3oBaHUN HACTOALLMM CTaHAAPTOM LienecoodOpasHo nNpoBepuTb AeNCTBUE CCbINoY-
HbIX CTaHAapTOB B MHOPMALMOHHON cucTemMe obLero nonb3oBaHMsa — Ha ouumnanbHoM cante dPeaepanbHOro areHT-
CTBa N0 TEXHUYECKOMY PErynMpoBaHNIO U METPONOrMn B CeTU VIHTEPHET Unu No exeroaHo n3aasaeMomMy MHOPMaLMOHHO-
MY vKasatento «HauunoHanbHble CTaHAapTbl», KOTOPbIM onyOnuKoBaH MO COCTOAHUIO Ha 1 sHBapsA Tekyllero roaa, v no
COOTBETCTBYIOLMUM eXeMeCAYHO u3aaBaemMbiM MHADOPMALMOHHBIM yKasaTensm, onyonmMkoBaHHbIM B TeKyLlem roay. Ecnn
CCbINO4YHBbIN AOKYMEHT 3aMeHeH (M3MeHeH ), TO NPy NONb30BaHUN HACTOSALLMM CTaHAAPTOM CNeayeT PpyKOBOACTBOBATLCH 3a-
MEHS LM (M3MEHEHHbIM) AOKYMEHTOM. Ecnun ccbiNnoYHbIn AOKYMEHT OTMeHeH 6e3 3aMeHbl, TO MONoXeHWe, B KOTOPOM Aa-
Ha CCbINKa Ha Hero, NPUMeHSIETCH B YacTW, He 3aTparuBatoLLeit 3Ty CCbINKY.

3 TepMuHbI U onpeaeneHus

B HacTosLEeM cTaHaapTe NPUMEHEHBLI cneayLLIne TEPMUHBbI C COOTBETCTBYIOLLIMMW onpeaeneHnaMm:
3.1

TepMHUyeCcKoe AeUCcTBUe ToKa KOPOTKOro samMmblKaHUA B 3NIEKTPOYCTAHOBKE. 13MeHeHUne TEMIIEPAa-

TYPbl 3NEMEHTOB 3NEKTPOYCTAaHOBKU NOA AENCTBUEM TOKA KOPOTKOrO 3aMblKaHUS.
[TOCT 26522—85, ctatba 87]

3.2

3NEKTPOANHAMMUYECKOE AENCTBUE TOKA KOPOTKOro 3aMblKaHMA B 3NEKTPOoyCcTaHOBKe: MexaHu-
YEeCKOE NENCTBUE ANEKTPOANHAMUYECKNX CUN, OOYCNOBNEHHbIX TOKOM KOPOTKOrO 3aMbIKAHWS, HA 3NEMEHTbI
ANEKTPOYCTAHOBKM.

[TOCT 26522—85, ctaTtba 88]

U3paHue ohmunanbHoe
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3.3

nHTerpan [hkoyna: YCNoBHasa BENUYUHAE, XapaKTepusyllasa TEennoBoe NeNCTBUE TOKA KOPOTKOro
3aMblKaHUS HA PAaCCMaTPUBAEMbIN 3NEMEHT 3NEKTPOYCTAHOBKW, YACNEHHO PaBHAA UHTErpany oT keagparta
TOKa KOPOTKOrO 3aMblKaHMA MO BPEMEHMU, B Npeaenax oT Ha4anbHOr0 MOMEHTa KOPOTKOrO 3aMblKaHNA A0
MOMEHTA €ro OTKMIYEHNS.

[MTOCT 26522—85, ctatba 89]

3.4

TOK TEPMMUYECKON CTOMKOCTU 3NEKTPUYECKOro annaparta npu KOPOTKOM 3aMblKaHUM (TOK TEPMMU-
4eCKOM CTOMKOCTHN): HOpMMPOBAHHbLIN TOK, TEPMNYECKOE AENCTBUE KOTOPOro INEKTPUYECKUI annaparT Cno-
cobeH Bblaep)XaTb MPU KOPOTKOM 3aMblKaHMM B TeYeHWe HOPMUPOBAHHOTO BPEMEHUN TEPMMUYECKOM

CTOUKOCTMW.
[FTOCT 26522—835, ctatbsa 90]

3.5

TOK 3NEeKTPOANHAMUYECKON CTOMKOCTMU 3NEeKTPUYEeCcKoro annapara npu KOpoTKOM 3aMblKaHUM
(TOK 3aneKTpoaMHaAMU4YeCKOWN CTOMKOCTU): HOpMMPOBAHHLIN TOK, INEKTPoANHaMNYeCcKoe eNCTBUE KOTO-
POro 3aNeKTPU4ecKnii annapar cnocobeH BbiaepXaTb MPU KOPOTKOM 3aMblKaHMM 6e3 NoBpeXXaAeHUN, NpensT-

CTBYIOLUMX €ro aanbHenwen padore.
[TOCT 26522—85, cTtatbsa 91]

4 OO0wWMe NonoxXeHun

4.1 NcxoaHble NONOXeHUA

4.1.1 lNpuv npoBepke NPOBOAHUKOB U 3NEKTPUYECKNX annapaTtoB 3NeKTPOYyCTAaHOBOK Ha aNeKTpoanHamMmn-
4YECKYI0 U TEPMUNYECKYIO CTOMKOCTb Npu K3 npeaBapntenbHO A0MKHbI ObITh BbIDpaHbl pacyeTHble ycnoeua K3,
T. €. pacyHeTHaA cxeMa aNeKTPOoyCTAHOBKN, pacyHeTHbIN BUA K3 B 3NEKTPOYyCTaHOBKe, pacyeTHasa Touka K3, a Tak-
Xe pacyeTHas NpoaomMKUTENbHOCTb K3 B 3NeKTPOyCcTaHOBKE (MOCNEAHIO NCNONb3YIOT NPU NPOBEPKE Ha Tep-
MUYECKYIO CTOMKOCTb NPOBOAHUKOB N ANEKTPUYECKUX anNnNapaTtoBs, a TaKKe NPu NpoBepKe Ha HEBO3ropaeMOCTb
kabenew).

4.1.2 Pac4yeTHaa cxema 3neKTPOoyCTaHOBKM AOMKHa ObiTb BbIOpaHa Ha OCHOBE aHanM3a BO3MOXHbIX
3NEKTPUYECKNX CXEM ITOM INEKTPOYCTAHOBKM NP NPOJOIMKNTENBHBIX peXnMax ee padboTbl. K nocneaHnm cne-
nyeT OTHOCUTb TaKKe PEMOHTHbIE U NOCNeaBapuUnNHbIE PEXUMbI PaboThl.

4. 1.3 B kadecTtBe pacdeTHOro snaa K3 cneayet npnHUMaThb:

- NPV NPOBEPKE 3NEKTPUYECKUX anNnapaToB U XKeCTKUX NPOBOAHNKOB C OTHOCALLUMMUCA K HUM NoaAepKU-
BaOLWUMN N ONOPHBLIMN KOHCTPYKLIMAMU HaA INEKTPOANHAMMNYECKYIO CTOMKOCTb — TpexdasHoe K3;

- MPW NPOBEPKE INEKTPUYECKUX anNnapaToB U NPOBOOHUKOB Ha TEPMUNYECKYIO CTOUKOCTb — TPEeX- Unu
oaHoha3Hoe K3, a Ha reHepaToOpPHOM HaNPSXKEHNN INEKTPOCTAHUNN — TpeX- nnn AByxgasHoe K3, B 3aBUCHK-
MOCTW OT TOro, Kakoe n3 HUX NpuBoaAUT K BoNbLUEMY TepPMUYECKOMY BO3OEUCTBUIO;

- NpW NpoBepPKe rMOKMX NPOBOAHMKOB MO YCMNOBUIO MX AONYCTUMOro conmxeHmna Bo Bpema K3 — AByx-
ba3Hoe K3.

4.1.4 B kadyecTBe pacHeTHOM TOUKM K3 cneayeT NPUHMMATb TaKYI0 TOYKY Ha pacHeTHOU cxeme, Npu K3 B
KOTOPOW NPOBOAHUK MNW SNEKTPUYECKUN annapaTt noaeepraeTca HandbonbLieMy 3NeKTPoaNHaMUYECKOMY NNu
TepMNYeCKOMY BO3AEUCTBUIO.

[MpunmeyaHne— cknodeHnsa ns atoro TpeboBaHUa AONYCTUMbI NULLL NPU yYeTe BEPOATHOCTHBLIX XapakTepuc-
™K K3 1 gomxkHbl ObiTb 000CHOBaHbI TpeOOBaHMAMU COOTBETCTBYIOLLIMX BEAOMCTBEHHbLIX HOPMAaTUBHbBIX JOKYMEHTOB.

4.1.5 Pac4eTHyI0 NpoaonkntenbHOCTb K3 npn npoBepke NPOBOAHUKOB U 3NEKTPUYECKNX annapaToB Ha
TePMMNYECKYID CTOUKOCTb crneayeTt onpenenartb NyTeM CNOXeHna BpeMeHU OeuCTBUA OCHOBHOWN penenHou
3aLlUUTbI, B 30HY KOTOPOW BXOAAT NpoBepAeMble NPOBOAHUKN U ANEKTPU4eckne annaparbl, U NONMHOro BPeMeEHM
OTKNIOYEHNA COOTBETCTBYIOLLErO BbiKNOYAaTENA, a NPy NpoBepke Kabenen Ha HEBO3ropaeMoCTb — NYTEM CNO-

2
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XXEHNA BPpEeMEHN NENCTBUSA Pe3epPBHON PenenHON 3almnTbl U NOMHOrO BPEMEHN OTKNIYEHNS DNnxXanwero K
MecTy K3 BbIkno4vaTens.

[Tpn HanNUuMKM yCTPONCTB aBTOMATMYECKOro NOBTOPHOro BrknoveHusa (AlB) uenn cneayeTt yunTbiBaTh
CYMMApPHOE TepMU4eckoe aenctemne Toka K3.

4.1.6 lNpun pacyeTHON npoaonmkuTenbHOCTN K3 A0 1 ¢ A0NYyCTUMO NpoLecc Harpeea NPoBOAHUKOB NOA
aencrtenemM Toka K3 cuntate agnadbarmnvecknm, a npn pacyeTHON nNpoaonmkutenbHocTn K3 donee 1 ¢ n npu
HebObIcTpoaencTeyoLmnX AllB cneayeTt yunTbiBaTh TENNOOTA3YY B OKPYXXAKOLLYIO cpeay.

5 dnekTpoanHamMM4yecKoe AeMCTBUE TOKA KOPOTKOro 3amMbliKaHUS

5.1 PacueTt anekTpoanHaMmnyecKMxX cun B3aMmMoAeNCTBUA NPOBOAHUKOB

5.1.1 JneKkTpoanHaMmmnyeckmne cunbl B3anmoaencTensa F, H, Apyx napannenbHbiX NPOBOAHUKOB C TOKaMM
cneayert onpeaenaTtb No popmyne

F=2-10‘7i1izéK¢, (1)

roe 2 -10~7 — nocTosHHbIN NnapameTtp, H/AZ;
i1, i — MrIHOBEHHbIE€ 3Ha4€HNA TOKOB NPOBOAHMKOB, A;
| — ANVHa NPOBOAHUKOB, M;
a — pacCcToaHne Mexay OCAMU MPOBOOHNKOB, M;
K(b — KO3 PULUMNEHT POPMbI.

[na npoBOOHUKOB NPAMOYIONbHOIO ce4YeHna KoaMmPULUNEHT (POopMbl cneayeTt onpeaenarb NO KPUBbIM,
npueeaeHHbIM Ha PUCYHKe 1.

PucyHok 1 — Ouarpamma ansa onpegeneHns koadduuueHTa dopmMbl NPOBOAHUKOB NPAMOYrONbHOro ceveHus

[na KpyrnbiX npOBOAHUKOB CNNOLLHONO ceveHnsa, NpoBOAHUKOB KONbLEBOIrO Ce4YeHNa, a TakKe NpoBOOHU-
KOB (LUMH) KOPbITOODPAa3HOro ceveHua ¢ BbicoTon npocuna 0,1 M n bonee cneayeTt NPUHMMATL Ko = 1.0.
5.1.2 Hanbonbluee 3Ha4YeHne aNekTpoaNHaMmn4eCkon cunbl UMeeT MeCTO NPn yaapHOM Toke K3.

5.1.3 MakcumanbHylo cuny Frf%))( , H, (3kBMBaneHTHY0 paBHOMEPHO pacnpeaeneHHon No ANvHe NPoneTa

Harpys3kun), AENCTBYIOLLYIO B TPeXda3HON cCUCTEME NPOBOAHMKOB Ha pacyeTHYIO hasy npu TpexdgaszHom K3, cne-
ayet onpenenatb No oopMyne
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-7
3 .__w£§*1(] (3)\2
F rf‘ua)x 2 l(ly(z,u)) chKpacm
roe /| — anuHa nponeTa, M;
i}(,g) — YA3PHbIN TOK TpexdasHoro K3, A;
Kpacn —  KO3(hPULMNEHT, 3aBNCALLNN OT B3AUMHOTIO pPacnonoXeHna NpoBOAHUKOB.

(2)

3Ha4YeHN KO3IPPULMEHTA Kpacn NN HEKOTOPbLIX TUMOB LUMHHbBIX KOHCTPYKLWWA (PUCYHOK 2) yKa3aHbl B Tab-

nvue. 1.

Tabnunya 1 — 3HavyeHnsa koadbdpuumnenta K

Ad B

i\

CX
I:har A

<m
Fmax
F Y

e

Crt
™

1\, Fre

pacT

F

nar

CXK F =

pacT

PucyHok 2 — CxemMbl B3aMMHOIQ pacnonoXXeHa WNHHBIX KOHCTPYKLWN

pacn
3Ha4YeHune koappnumeHTa Kpacn ONS Harpys3okK
PacyeTHas
PacnonoxeHue WuH
(pa3a pe3ynbTUPY- . | pactaruea- y
. narndaroLiei . CKMMalLen
HoLLEN L EN
B 0aHOW NNOCKOCTU (PUCYHOK 2 &) B 1,00 1,00 0 0
[1o BEpPLUMHAM PABHOCTOPOHHErD Tpe- A 1,00 0,94 0,25 0,75
VrONbHUKa (PUCYHOK 2 6)
B 1,00 0,50 1,00 0
C 1,00 0,94 0,25 0,75
[lo BepwMHaAM MAPAMOYIrONbHONO PaBHO- A 0,87 0,87 0,29 0,87
BenpeHHOro TpeyronbHUKa (PUCYHOK 2 8)
B 0,95 0,43 0,83 0,07
C 0,95 0,93 0,14 0,43
[0 BeplMHAM pPaBHOCTOPOHHEro Tpe- A B, C 1,00 0,50 1,00 0
YroNbHWKa, HO OCU U3ONATOPOB PacrnonoXe-
Hbl NoA yrnom 2n/3 Apyr K Apyry (PUCYHOK 2 2)

4
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[Tpn apyxdpasHom K3 MakcumanbHyo cuny onpeaenarnT no gpopmyne

(3)

max

2 2*10_7 (2)\2
Fl2) = , l(zfm)) KpKpacn

roe if,ﬁ) — yAapHbIN TOK ABYyXda3Horo K3, A.

5.2 Bbibop pac4eTHON MeXaHNYECKON CXEeMbl LUMHHbLIX KOHCTPYKUMN U TMOKMX NPOBOAHUKOB

5.2.1 MeToauKy pacyeTa 3NeKTpoaANHaAMNYECKON CTOUKOCTN LUMHHbIX KOHCTPYKLUWUW U TIMOKMUX NPOBOAHN-
KOB cneayeT BbibMpaTb Ha OCHOBE PacYEeTHOW MeXaHNYEeCKOW CXEMbI, YYNTbIBAIOLWLEN UX OCODEHHOCTI.

5.2.2 CnepyeTt pasnuyaTsb:

- CTaTu4ecKne cucteMbl, 0bnaaatoline BbiICOKON KECTKOCTbIO, Y KOTOPbIX LWMHbLI N N30NATOPbLI Npn K3
OCTaTCA HENOABWKHbIMU;

- ANHaMN4YeCKNe CUCTEMbI C XKXECTKMMM ONOPaMN, Y KOTOPLIX N30NATOPLI Npr K3 cunTanTca HENOABWX-
HbIMW, 38 LWMHbI KONEeBNITCA:

- OUHaMM4YecKne CUCTeMbl C yNpyro NoaaTnmMebiMU ONOpaMu, B KOTOPLIX Npn K3 koNednioTca v LWKHLL, K
Onopbl;

- ANHaMn4eckKne CUCTeMbl C TMOKMMU NPOBOOAHUKAMMN.

5.2.3 Pac4yeTHble MeXaHu4eckme CxeMbl LUIMHHBLIX KOHCTPYKUMW Pa3nuyHbiX TUNOB, 00NaaarLmnX BbiCO-
KOW XXeCTKOCTbIO, NpeACcTaBneHbl B Tabnuue 2.

Tabdbnunuya 2— PacyeTHble CXeMbl LUMHHBIX KOHCTPYKLNIA

" KoadpdpUneHT
oMeED PacyeTHasa cxema Tun 6ankn n onopel
CXeMbl . B ,
1
1 7 OaHonponeTHas:
E :‘ A n B — npocTble onopobl 8 1 3,14
ta e
2 OaHonponeTHas:
A — HenoasuxHaA onopa 3 1,25 3,93
B — npocTas onopa
3 OaHonponeTHas:
A n B — HenoaBmxHble ONophbl 12 1 4,73
4 [ByxnponeTHas:
A n B — npocTble onopbl 8 1,25 3,93
5 Tpex n Bonee nponeTHas: 10* 1,13
A n B — npocTbie onopobl 12** 1 4,73
*A *B tB ?A

* Ina KpanHuxX NponeTos.
** [1na cpeaHUX NpPoONeToB.

[MTpumeyaHune—KospdbuuneHT A NCNONL3YIOT NPpU onpeaeneHnn MakCUManbHOro HaNPsi>KeHUa B MaTepu-
ane NpoBoAHMKa, B — Npun onpeaeneHnn Harpy3kn Ha U3oNATOP, r, — NapamMeTp OCHOBHOW YacTOTh| cOOCTBEHHbIX KO-
nedtaHum WnHBLI.
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PacyeTHble CXeMbl UMEIOT BN paBHONPONETHON Bankun, nexalwlen nnn 3akpenneHHOW Ha XXeCTKNX ONo-
pax u nogsepratoLlienca B03geNCTBUIO PAaBHOMEPHO pacnpeneneHHOU HarpysKku.

Pasnun4yaloT cnegyowme Tunbl WNHHBIX KOHCTPYKUUW U COOTBETCTBYIOLLNX pPacYeTHbIX MeXaHU4eCKnX
CXeM:

- WMHH3A KOHCTPYKUMA, ANMHA KOTOPOWU paBHa AnNMHe OOHOro nponerta; Ana Hee pac4eTHOWU CXeMOoWM
aBnaeTca 0anka ¢ WapHUPHbLIM onNnupaHneM Ha 0beunx onopax nponerta (tabnuua 2, cxema Ne 1);

- LUMHHAaA KOHCTPYKLUMA, ANUHA KOTOPOW paBHa ANUHE OQHOro NponeTa, ¢ 0AHOU NPOCTON N OAHOU HENOA-
BUWXHOW ONOpaMu; ANA Hee pacyHeTHON CXEMOMN AaBNAETCA banka ¢ LWapHUPHLIM ONMPaHUEM Ha NPOCTOMN ONope U
XXECTKUM ONnpaHneM (3alleMneHnemM) Ha HenoaBWXHOW onope nponeTa (Tabnuua 2, cxema Ne 2);

- LUMHHAaA KOHCTPYKUMA, ANNMHA KOTOPOU paBHa ANUHe OAHOro NponeTa, ¢ HenoaBWXXHbLIMKW ONopamMun; AN
Hee pac4YeTHON CXEMOM ABNAETCA Danka ¢ XXeCTKUM onNupaHmneM (3allemneHnem) Ha obenx onopax nponeTa
(Tabnuua 2, cxema Ne 3);

- LUMHHbIE KOHCTPYKLUWN, ANWHAE KOTOPbIX paBHAa ANWUHE ABYX, TPexX n bonee NponeToB; ANs HUX pacHeTHON
CXeMon aBnaeTca banka ¢ WapHUPHbLIM ONUPaHUeM Ha Kaxxaon ns onop (Tadbnuua 2, cxembl Ne 4 n 5).

5.2.4 Pac4eTHOM CXeMOW LULMHHOW KOHCTPYKLWK C YNPYro nogaTnuBbiMM OnopaMun cneayeTt c4ntaThb Cxe-
MY, B KOTOPOW Macca LUMHbI pacnpeaeneHda no AnuHe NnponeTta, a onopbl NnpeacTaBneHbl TeENaMun ¢ 3KBUBaNEHT-
HOM Maccon M 1 Npy>XMHamm ¢ XXecTKocTbio C ..

5.2.5 [na rmbknx npoBOAHUKOB B KA4Y€CTBE PacYETHON CXeMbl MPUMEHSAIOT CXEMY C XKECTKUM CTEPXKHEM,
OCb KOTOPOro odepyeHa no uenHon nuHun. [ npnadabl U3oNATOPOB BBOAAT B MEXaHUYECKYIO CXEMY B BUAE XKeC-
TKUX CTEPXKHEW, LUAPHUPHO COeAUHEHHbIX C NPOBOAHMKAMN U ONopaMn. Pasmepbl CTepKHeN pacH4eTHON CXEMb
onpenenalT N3 CTaTUYECKOoro pacyHeTa Ha AeNCTBME CUN TAXKECTM.

5.3 JonycTuMble MexXaHU4YecKue HamnpsXeHUA B MaTepuane NpoBOAHUKOB U MeXaHUYecKue
Harpy3ku Ha onopbl MNP KOPOTKOM 3aMbiKaHUN

5.3.1 Jonyctnmoe HanpsxeHve B MaTepmrane XXeCTKUX LUWH G, ., 13, cneayeT npuHnmaTb paBHbiM 70 %
BPEMEHHOTO CONPOTUBNEHUS Pa3pbiBY Matepnana WuH G,

Spon = 0,70, (4)

[donycTnmoe HanpsXXeHne B MaTepuane LWNH A0MKHO DbITb HUXKE Npeaena TEKYYECTU 3TOro Mmatepnana.

BpeMeHHble CONPOTUBNEHNA PA3PbIBY U AONYCTUMbIE HANPSXKEHNA B MAaTEpHManax LUMH NPUBEAEHLI B TAD-
nuue 3.

B 30He CBapHbIX COEAUHEHNIN LLIMH NX BPEMEHHOE CONPOTUBNEHNE Pa3pbiBY CHMXKAETCA. Ero aHaveHne
0O bI4HO ONpenenaT IKCNEPUMEHTANLHO; MPU OTCYTCTBUN 3KCNEPUMEHTANbHbLIX AAHHbIX 3HAYEHNA BPEMEH-
HOro COMPOTUBNEHNSA PA3PbIBY, 8 TAKXKE AONYCTUMOrO HaNpsXKeHNsa cneayeTt NPUHNMMaTh, NCMONb3yA AaHHbIE
Tadnuubl 3.

Tabnunya 3 — OCHOBHble XapakTepUCTUKN MaTepnanos LLUNH

BpemMeHHOE conpoTuBneHue
baapbizy, MMa HOonyctumoe HanpsixeHne, Mla
Moaynb
MaTepuan LWnHb Mapka - P yq%%olt_:lgu,
MaTepuana CBapHOro MaTtepuana CBapPHOro
coeANHEHUS cCoeANHEHUS
AO, A 118 118 32 82 I
ANOMNHUIA
ALO 59—69 59—69 41—48 41—48 7
AL31T 127 120 39 84 I
Antomunmessit | AB31T 196 120 137 84 7
chnnas ABT1 304 152 213 106 I
191517 353 318 247 223 7
MI'M 245—255 — 171,5—178 — 10
Meab
MIT 245—294 — 171,6—206 —_ 10

5.3.2 B 3aBMCUMOCTU OT B3aMMHOIO PACNONOXXEHUS LUMH N N30NATOPOB NOCNeAHNE NPV BO3AENCTBUMN HA
HUX 3NEKTPOANHAMNYECKMX CUN PadoTaloT Ha N3rnb nnn pacTaXkeHue (cxxaTrme) UnNn ogHOBPEMEHHO Ha 3rMd n
pacTaxeHue (cxatve). B obem cnydae AonyCcTUMYIO Harpy3Ky Ha M3onsaTop (M30NAUMOHHYIO onopy) F, ., cne-
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ayeT NPMHNMaTb paBHON 60 % MMHMMaNbHON Pa3pyLUAaIoLLIEN HArPY3Kn F

baap: NPUNOXEHHOU K BEPLUNHE N30N4a-
TOpa (onopbl) Npu n3rmbe nnun paspbiBe

Fron = 0,6F 5335 (S)
5.3.3 B cny4vae paboTbl N30NATOPA HA N3rMb NN pacTaxkeHne (CxxaTtne) 3HadeHns AoNYCTUMbIX HArpy3okK
Ha n3onATop (0Nopy) Foonuar M Faon. o H, cneayeT NpUHMMaTh COOTBETCTBEHHO PaBHbLIMM:
Fronuar = 0,6 Fpaspnar | (6)
F.uon.p =0,6 Fpasp.p=
roe F nF — 3apaBaeMble NpeanpuaTUEM-U3rOTOBUTENEM MWHUMAnNLHbIE  paspyllallme

pa3p.uar pasp.p
Harpy3kn COOTBETCTBEHHO MPw N3rnbe n pactaxxeHmn (cxxatnm) nsonatopa, H.

5.3.4 [lonyCTUMYIO Harpy3Ky Ha cnapeHHble N30NATOPbI (ONOopPbl) cneayeTt NPUHNMaTb paBHOW 50 % CyM-
MaPHOro paspyLuatowero yecunma n3onaTtopos (onop)

Fron = 0,9Fpasp = (7)
rne Fpa,, » — CYMMapHoe paspyluiaiollee yeunune cnapeHHbIX n3onaTopos (onop), H.

5.3.5 lNpun ynaneHnmn LEeHTPa MACC LUMHbI OT BEPLLNHbBI ONMOPHOro N30NATOPA, HAaNPUMEP, Koraa nnockas
LLINHA NOCTaBNeEHa Ha Pedbpo (PUCYHOK 3a, 6), 3Ha4YeHne AONYCTUMON HArpy3Kn Ha ONOPHbLIN N30NATOP NMPU N3rn-
Oe cneayeT nepecynTaTb B COOTBETCTBUN C (POPMY oW

Fron = NFpasp.uar 1 1H, (8)

roe N — kKoapduumeHT AonyCTUMON Harpysku, pasHbin 0,6 nnn 0,5 (5.3.2—5.3.4);
hn H— paccTosHMA OT ONacHOro ceveHns N30NATopa COOTBETCTBEHHO A0 €ro BEPLUMHBLI U LLEHTPa MaccC
nonepeYvyHOro ce4YeHns WnHbI, M.

OnacHoe ceYeHne OnOPHO-CTEPXKHEBLIX U3ONATOPOB C BHYTPEHHMM KpenneHmem apmaTtypbl (pucy-
HOK 3a) cneayeT NPUHUMAaTb Y ONOPHOro onaHua, ONOPHO-CTEPXKHEBDBIX N30NATOPOB C BHELLHMM KpenneHnem
apMaTtypbl (PUCYHOK 36, 8) — Y KPOMKU HWXXHErO (hnaHua, a ONnopPHO-LUTbIPEBbLIX U30NATOPOB (PUCYHOK 32) — Ha

rpaHnLe KOHTaKTa WTbipA ¢ hapdopoBbiM TENOM U30NATOPA.
donyctmyio narmdarLLyo Harpy3ky MHOrOSPYCHbIX M30NALMOHHbLIX ONop (KONOHOK N30NATOPOB) (PUCY-
HOK 32, J) cneayeT NPUHUMaTL PaBHOW AONYCTUMOW Harpyske HaumeHee NPoYHOro apyca, onpeaenaemMomn no

dopmyne (8).

6
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5.3.6 lNpu pacnonoxeHnun pas No BePLUNHAM TPEYronbHUKa (PUCYHOK 26, 8, 2) U30NATOPbLI OAHOBPEMEH-
HO UCMbITLIBAIOT KaK pacTarneatoLlme (CXxumarwmne), Tak u nsrndatowme yenmnusa. lonyctmmolie narmbatowlyo
F non.uar VI PAcTarmMBeaioLLyio F,,, , Harpy3ki B HbloTOHax cneayeT onpeaenaTb nNo hopmynam (6).

5.3.7 [lonyctumoe HanpskeHne B MmaTepuane rmbknmx npoBOAHMKOB o, MIa, cneayet npuHumarts pae-

HbIM
Spon = Ncrnp, (9)

roe N — koapdpunumeHT aonycTtMMon Harpysku, paeHbin 0,35—0,50;
Gpp — Npeaen NPOYHOCTU NPU PacTaXEeHWUMN, H.

5.3.8 [onyctumMyio Harpys3ky Ha NnoaBecHble U30NAaTopbl cneayet npnHumaTh paBHon 30 % paspylialo-
LLIEN HArPY3KK, T. €.

Fron = 0.3Fpaap- (10)

5.3.9 PaccrosHns mexay npoBoaHukamm a3 Ay o, a Takke Mexay NpoBOAHMKaMN 1 3a3eMINEeHHbIMN
4acTaMu Aga_3 LLIMHHBIX KOHCTPYKLIMI HanpsXXeHnem 35 K% N BbiLLE N NPOBOAHUKOB OLUMHOBKM pacnpenenmnTenb-
HbIX YCTPOWCTB U BO3AYLLIHbIX MMHNK, 8 TAKKE TOKONPOBOAOB K MOMEHTY OTKNIoYeHNs K3 AOMKHBI OCTaBaTbCA
bonblle AONYCTUMBbIX N30ONALMOHHLIX PACCTOAHUN, onpeaenaeMblX NPy pabounx HanpsXKeHnsx, T. €.
Agp-o > Adp-cp.pon: (1)
Acb-s > Acb-s.,uons'
rne Ag g non ! Agp-s.pon — MUHUMAnNbHO ONYCTUMblE PAcCTOSHMA NO YCMOBUSAIM NPOOOS COOTBETCTBEHHO

MeXay NPOBOAHMKAMWN (a3 N NPOBOAHMKAMM N 333EMNEHHbIMM YaCcTAMWN NPU
paboveM HanpsaXXeHnu.

5.4 OnpepeneHne MexaHMUYeCKUX HanNpsHKeHUW B matepuvane nNpoBOAHMKOB U MeXaHM4YeCKMUX
Harpy3oK Ha onopbl NPU KOPOTKOM 3aMblKaHUMN

5.4.1 PacyeT WMHHbIX KOHCTPYKUUN, 00NagaloWnX BbICOKON XKEeCTKOCTbIO

5.4.1.1 lpwn pacyeTe LULMHHON KOHCTPYKUUN, 0bNnaaaioLlen BbICOKON XKeCTKOCTbIO, LUMHY B N0OOM npone-
Te MeXay N3onaTtopamm, KpoMe KpanHnx, cneayer paccMaTpuBaTh Kak cTepXeHb (0anky). Hanndne oteeTBne-
HUN OOMNYyCKaeTCAa He YYUTLIBATD.

59.4.1.2 MakcumanbHOe HanpskeHne B Matepuane WWHbI G.,.,, [1a, 1 Harpy3ky Ha N3onaTop LUMHHOW

KOHCTPYKUNN BbICOKOWN XXECTKOCTWU Fb,fg), H, npn TpexdasHoMm K3 cnegyet onpenenats No oopMynam:

3
- _ Myy _ Fn(‘la?xl. (12)
e 74 AW
F»Se?) =BFr$‘|?a)x= (13)
roe F (3) _ MakcumanbHas cvmna, BO3HUKaKLWas B MHOronponeTHom 6anke npu tpexdasHom K3, H, onpene-

e naemas no popmyne (2);

| — AnvHa nponeTa, M;
AN B — KO3 (PMUUEHTLI, 3aBUCALLIKNE OT YCNOBMA ONUPaHNSA (3aKpenneHns ) LWNH, a Takke Yncna npone-
TOB KOHCTPYKUWUN C Hepa3pe3HbIMM WNHAMN (Tabnuua 2);
W — MOMEHT CONPOTUBMEHMSA MOMNEPEUYHOro Ce4EeHUA LWNHbLI, M3; POpPMynbl ANA ero pacyeTta npuseae-
Hbl B Tabnuue 4.

Tadnwuua 4 — dopmynbl ANA onpeaeneHns MOMeHTa MHepuumn J 1 MomMmeHTa conpotueneHnsa W nonepeyHblix ceve-
HUWA LLINH

Pac4eTHble oopmMynbl
dopma nonepeYHoro ceveHus

1 pacnonoXXeHue LLIH

J, m* W, m>

3 2

4 Jy = bh” W, = oh~
AT 12 6

>
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dopma nonepevHoro ceveHus

Pac4veTHble hopmMmynbl

N pacrnonoxeHne LWnH 7wt W
| :hb3 " :hb2
Y12 Y 6
y
7299 , _bh° w _bh?
, hb 3 hb 2’
< ¥ '8 ¥ T3
4
|  H* —n? w _Ht—h
Y 12 Y 6H
J *,rl:D"'I W, — 311:D3
Y 64 Y 32
, _mD* —d) y _™D* —d%)
4 64 4 32D
HA H?3
J, =1 w, =1
Y 12 Y6
_HY w - H
Y12 Y 642
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OkoH4YaHuUe mabnuubi 4

Pac4veTHble popMynbl
dopma nonepeyHoro ceveHus

1 pacrnonoXeHue LLNH

J, m* W, m>
| - HY —n? w _Ht—=h
Y12 Y T BHA2

he® — (h —2A)(e — A)® + 2A(b — e)° _ Yy
J, = | W, =
y 3 b—-e
bA(b — A) A
rae e = + —
hb — (b — A)(h —2A) 2
WYo =20,

[1pnmMmedyaHne— Koraganpoknagku npuesapeHsl K obenm nonocam nakeTa, To BMeCTO POpMYyN, OTMEYEHHbIX
* N *¢, chneayeT NPUMeHATb POoOPMYyNbI:

2 2
*Jy:@(g’ag +b2); Wyzhb (36‘” + b );
6 3 (@, +Db)

o, =2{Jy +[hb — (b — A)(h — 2A)(B — e)]}; W, = o

h/2
[pn aByxdasHoM K3
Omax = v l; 14)
AW
Faz) = BF o (15)
rne F{2) — MakcuManbHas cuna, BO3HMKaKLLaa B MHOTONponeTHon Ganke npu asyxdasHom K3, H, n onpe-

it aensemas no copmyne (3).

[1pn pacyeTe HanpaxeHUn B 00NaCTU CBAPHbIX COeANHEHUN, HAX0OALLMXCA Ha PACCTOAHMN Z OT ONOPHO-
roceuveHuna, s popmynbl (12)n (14) cneayet noacrasnaTh 3Ha4YEHNA A(Z), BbIMUCNEHHbIE B COOTBETCTBUN C TA0-
nnuen A.1 (npunoxeHune A).

5.4.1.3 IneKkTpoanHaMmn4yeckme Harpyskm Ha OTAenbHble MNPOBOAHUKN COCTaBHbIX LUMH {PUCYHOK 4)
00ycnoBnNeHblI B3anMoaencTeneM nx TOKOB C TOKaMn NPOBOAHNKOB APYrnx oas n ¢ TokaMu apyrux 3NeMeHToB
NPOBOAHMKA OAHOU U TOW Xe ha3bl. MakcumanbHOe HanpskeHne B MaTepuane coCTaBHbIX LUMH Npwn K3 aonyc-
KaeTca onpenenatb No oopmyne

Smax = O¢.max T Oan.max’ (16)

10
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€ Og max — MaKCUMarnbHOe HanpsXeHne B Matepuane LUWHbI, obycnoBNeHHOE B3aUMOAEUCTBMEM TOKA
OaHHOro NPOBOAHMKA C TOKaMn NPOBOAHUKOB Apyrnx ¢oas, [1a, koTopoe B 3aBUCUMOCTN OT BMAA
K3 cneayet onpenenatb no popmynam (12) unun (14);

— MaKCUManbHOE HanpsaXXeHne B matepuane WnHbl, 00yCcCNoBNEHHOE B3aUMOAENCTBMEM TOKOB
OTAENbHbLIX 3NEMEHTOB NPOBOAHMKA OOHOW (pa3dbl, [1a, KoTopoe cneayeT onpeaenaTb No oop-
Myne

Gan.max

_ _ 2107 5Ky (iyn ) (17)
1. Max ?baanwan ?

rae [,, — PaccTosHMne MeXay OCaAMM NPOKNAAoK, M;
8,7 — PAacCToAHNE Mexay OCAMU NonepeyHbIX CEYEHNN 3NEMEHTOB COCTaBHbIX LUMH, M (PUCYHOK 4);
W,;, — MOMEHT CONPOTUBREHNS NOMEPEYHOTO CEYEHNS ANEMEHTA COCTABHON LUMHBI, M3;
lyn — YAAPHbIN TOK TPEXa3HOro nnn AByxgasHoro K3, A;
n — 4ncno NPOBOAHUKOB B OAHOWU (ha3e.

I W W W W W W Y
B W W W W W W

Z:BJ'I ISJ'I

lan

U A = X

V748 \ U D Y 7 A .\ Y

-

A\ Y/ AR . R Y 7 A

PucyHok 4 — [1ByxnonocHasa WnHa

5.4.2 PacyeT LWWMHHbIX KOHCTPYKLUMN C XKECTKUMU OnopamMm

5.4.2.1 lUNHHYIO KOHCTPYKUUIO, N30NATOPLI KOTOPON 0BNaaaloT BbICOKOW XXECTKOCTLIO, B pacyeTax Ha
OWHAMUNYECKYIO CTOMKOCTb Npn K3 cneayeTt NpeacTaBnATh Kak CTEPXEHb C 3alEeMMNEHHbIMU KOHLLIAMW, UMEIOD-
LLIMA NNLLL OCHOBHYIO YaCcTOTY COBCTBEHHbIX KONebaHun.

9.4.2.2 MakcnmanbHO€E HanpsXxeHne B Matepuane LWH Gy, [13,  Harpyaky Ha n3onaTopsl F ., H, npu
PACNONOXEHUN LUMH B OQHOW NNOCKOCTU U BbICOKOWM KECTKOCTU U30NATOPOB LUMHHOW KOHCTPYKUUKN cneayeTt
onpenenaTb No PopMynam:

npn TpexdasHom K3

_ Rk L (18)
Gmax ?\.W Tl,
Fas' =BFma (19)

11
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npn AByxgasHoMm K3

_ Ry (20)
2)
F\2) —pFi2) (21)

roe n— KOO MPUUNEHT ANHAMMNYECKON HArPy3KN, 3aBUCALLNNA OT OCHOBHOWN YaCTOTbl COOCTBEHHbIX KONeba-
HUW WnHbI £ (5.4.2.3) 1 OT yAapHOro KoagurumneHTa Toka y. 3Ha4eHna KoadpprumeHTan ana ABYX-
asHoro n TpexgasHoro K3 B 3aBUCMMOCTN OT OTHOoWweHUA fi/f. .. (fo . =90 1) Npn pasHbixX
KoadhhnumneHTax y cneayet onpenenartsb No rpaoukam, NpueeaeHHbIM Ha PUCYHKE 3.

L
UL L THH T veepasnoe | | 1]

R 2l
HEI RN
HEI R R
EEIIIEEEElyERRm
Ry
====III Ilﬂ el L
HEl

e

DL\ \V\\
o T T WN NN\ —

p
d
I
=z
l

--\‘l‘-l“--

]
|
il
o
g
F
mill
|

!
'
!
ﬂ

0 02 0,05

;
|
i
5

L=
S
=
N

PUCyHOK 5 — 3aBUCUMOCTb KO3dhpuLmeHTa ANHaMNYEeCKON Harpy3kn ans N3onAaTopoB U WNH OT YacTOTbl COOCTBEHHbIX
konebaHnn WnHbI NpU pasnuyHbIX yaapHelX kosdduumeHTax y: 1 —y>216; 2 —y=14;, 3 —y =125, 4 — y =11,

5—y=1,0
5.4.2.3 Pac4eTHy04acTOTy COOCTBEHHBIX KONebaHnw WnHbI f4, 'L, cneagyeTt onpeaenaTb No oopMmyne
2[Ry
f1 = _1 _, (22)
onl? Vm

roe rq — napameTp OCHOBHOW YaCTOTbl CODCTBEHHbIX KONebaHun WnHbLI. 3Ha4eHna 3TOro napamMeTpa 3aBu-
CAT OT TUN3 LUMHHOW KOHCTPYKLMKN N YKa3aHbl B Tabnuue 2;
E — mMoaynb ynpyroctu martepnana WwuHbl, [1a;
J — MOMEHT MHEPLIMKN NOMEPEYHOro Ce4EHNN LWNHBI, M%;
M — MAaCCa LUMHbI HA eAUHULLY ANWHbI, KI/M.

9.4.2.4 MakcnmanbHYH Harpy3ky Ha npoxoaHble u3onartopsl F,,, H, cneayeTt onpeaenatb No goopmyne
V31077 (3) (23)

FH3 = B - an(lylu ) chK aCI'In’

rae [, — paccTosHue OT TopLa NPOXoAHOro U3onNAaTopa A0 GnkanLlero ONopHOro n3onsaTopa hasbl, M.

5.4.2.5 MakcnmanbHOe HanpsaKeHne o, ([1a) B MaTepmnane coctaBHbIX LUMH LLMHHOW KOHCTPYKLWK C
XXECTKMMM ONopaMmn AonyCcTUMO onpeaenaTb No oopmyne (16). [Npn 3TOM MakCMManbHOE HanpsaXXeHWe B MaTe-
punane WuH, 00ycNoBNeHHOEe B3aMMOAEUCTBUEM MPOBOOHMKOB Apyrnx ¢oas, Spmax CNeAyeT onpenenatb B
3aBucumoctn ot Buaa K3 no cdopmyne (18) nnm (20), a MakcumManbHOe HanpsaXeHne B MaTepuane LUWH,
obycnoBneHHoe B3anmMoaencTBMeM OTAEmNbHbIX 3NeMEHTOB NPOBOAHMKA OAHON Pa3bl, Gy, max — MO PopMyne

12
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2107 12Ky, (iyn ) (24)
o, = ,
311 max nag Wor \ n MNan

rae 1My — KOIPMPUUMEHT AOUMHAMMYECKOW HAarpysku, 3aBUCALLMW OT pPacYeTHOW OCHOBHOW YaCTOThl
COOCTBEHHbIX KONnebaHnn 3aNeEMEeHTOB COCTABHOW LWWKHbI f,, ., KOTOPbLIM cneayeT onpeaenaTb No
pacyeTHbLIM rpadunkam, NnpuBeaeHHbIM Ha PUCYHKE 5.
Pac4eTHy0 OCHOBHYIO 4acTOTy COOCTBEHHbIX KONEbaHNN 3NEMEHTOB COCTAaBHOWN LWNHbI ¢oasbl fi,q, 'L,
onpenenarT no popmyne

rf [EJ (25)
2’]'[!:_,2]1 man’

f1 an

roe [,, — paccTosiHne Mexay oCaMu NPOKNaaok, M;
J — MOMEHT MHEPLMN NONEPEYHOro CEYEHNS ANEMEHTA LUNHBI, M*;

m., — MacCa NEMEHTA LWMHbI Ha eAUHNLY ONWHbI, Kr/M.

I

5.4.2.6 MakcnmanbHoOe HanpsXXeHne B Matepuane LWWH G,,.,, [1a, 1 MakCMManbHY0 Harpy3ky Ha onop-
Hble N NPOXOAHbIE 3onaTopsbl F .., H, Ipyn pacnonoxeHnm LWnH No BepLLUNHAM TPeyronbHUKa (PUCYHOK 26, 8, &)
cneayet onpenenaTb ¢ y4eTOM UX NPOCTPAHCTBEHHbIX KONebaHnn, NCnonb3ya opMynb:

_F® (26)
O max W NS
Faa’ = FnaxGF 27)
Fas’ = FaxGF - (28)

roe W —meHbLunin N3 ABYX MOMEHTOB CONPOTUBNEHNS MONEPEYHOro CE4YEHUA LUNHBLI, M3, T. €. MOMEHTA
CONPOTMBNEHUA NPU N3rmbe B NNOCKOCTN, NPOXOASALLEN Yepe3 OCb N3ONATOPOB, U MOMEHTA
CONPOTMBNEHNA NPU N3rnde LINHLI B NNOCKOCTUN, NPOXOAALLEN Yepes APYryIo OCb LUNHBbI;

Frg‘l:?a)x Y Fr$~|2a)x —3NEeKTPOANHAMNYECKME CUNbI, onpeaenaemMble COOTBETCTBEHHO Mo hopmynam (2) m (3);

Eg W & r—KOIPMPULMEHTHI, 3HAYEHNA KOTOPbLIX ANA Hanbonee pacnpoCTPaHEHHbIX TUMOB LUMHHbIX
KOHCTPYKUMW (PUCYHOK 2, O, 8, 2) npuBeaeHbl B Tabnuue 5.

Tadnunya 5— 3HadyeHna KOIPDPULMEHTOB E; U & £ LUIMHHBIX KOHCTPYKLIUIA

3HavyeHue koadhuumeHTa &
PacnonoxeHune LWnH (’xema KOHCTPYKLM SHaueHue
Ha PUCYHKe 2 KoahpuuneHTa & ANA LA KPYFAOFO Y nnsa LWnH
. KBaApPaTHOro
KONbLEBOro cevyeHui
CeHeHNA
[0 BepwmHamMm MPAMOYronbHOro
1,1
paBHODEeApPEeHHOro TpeyronbHUKa S 0,99 0,95 16
[0 BeplIMHaAM PaBHOCTOPOHHErO 6 1,0 1,0 1,39
TpeyronbHUKa 2 1,0 1,0 1,21

5.4.3 PacuyeT nogBeCcHOro caMoHecyliero Tokonposoga

5.4.3.1 Pac4yeTHOEe MakCuManbHOEe HanpaXXeHne B MmaTepmnane npoBOAHUKOB NOABECHOIO CaMOHecyLLe-
ro TOKONPOBOAA Gpacy. max: [1a, cneayet onpenensaTb ¢ yY4eTOM COOCTBEHHOIO BECA, BECA U30NALMOHHbIX Pac-
NOPOK U NbAA, a TaKke AenNCTBUA Hanopa BeTpa, T. €.

+ G

=G B

Opacy. max ~ %max (29)

— MakcUManbHOe HanpsaXxeHne B MmaTepnane npoBOAHUKOB BCNEACTBUE 3NEKTPOANHAMUYECKOro
nencrtena Toka K3:

o, — Hanps)xeHue B MaTepunane NPoBOAHUKOB OT COOCTBEHHOr0 BeCa, BECa U30NALNOHHbIX pacrnopok

N Nbaa, a TakKkkKe AeUCTBUA Hanopa BeTpa.

Harpy3ky Ha M30NATOP NOABECHOrO0 CaMOHECyLero TOKONpoBoaa cneayer onpenenatb no oopmy-
ne (13).

A€ Cnax
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5.4.4 PacuyeT WMHHbIX KOHCTPYKUUNM C ynipyronogatnmMBbiMM onopamu

5.4.4.1 MakcnmanbHOE HanpaXeHne B MaTepuane LWMH N MaKCUManbHYIO Harpy3ky Ha U3onNaTopbl LLUWH-
HbIX KOHCTPYKLUMIW C yNpyronoaatnuebiMM ONopamMun crneayeT onpeaenatb COOTBETCTBEHHO NO hopmynam (18)u
(19) unn (20) n (21), a 4acToTy COBCTBEHHbIX KONEBAHMN — No hopmyne (22), y4nTbiBas MPU 3TOM, YTO Napa-
METP OCHOBHOM 4acTOTbl r; ABNAETCA pyHKUMeln 6e3pasmepHbix BenudvH C ./ 3/EJ v MImi, rpe C,, — xecT-
KOCTb Onop, a M — npuBeaeHHaa macca. 3Ha4YeHUsa KECTKOCTU OMnop onpeaensioT 3KCNEPUMEHTANbHO, a
npuBeAEHHON Maccbl — cornacHo 9.4.4.2. Kpuble Ana onpeaeneHns ry LWNH C XXECTKNM 3aKpenneHnem Ha
onopax npueeaeHbl Ha PUCYHKE 6, a ANA LWWH C LWAPHNPHbIM 3aKpenneHnemM — Ha pucyHke 7. [1na WnH ¢ Yepe-
AYIOLWMMUCA XECTKUMM U LUAPHMPHbIMKM 3aKpenneHnaMmn Ha onopax 3Ha4eHne napameTtpa ry AonycTUMO Npw-
ONM3NTENBLHO OLLEHUBATL KaK cpeaHee Mexay ero 3Ha4eHUAMU, HanaeHHbIMM MO KPUBbLIM PUCYHKOB 6 1 7.

‘A

EEAVAN\ _
— AN
—— N

=
g
i

as\\V=
O W\\\'E-

..-I:
”
g
1

1
30 o0 100 200 300 500 1000 2000 Conl3/EJ

PucyHok 6 — Kpusble ans onpeaeneHns napameTpa OCHOBHOW YaCTOThl COOCTBEHHbLIX KONeBGaHUi LUMHbI NPWU ee XeCTKOM
3aKpenneHun Ha ynpyronoaaTtnmebiX onopax

M M

—0 0,5 1 2 =5

i IIIIIII‘I“IIlI!!I-‘— p— |
Illllll‘ll‘l!“"' —r | | |

-.‘l#:'
T | | | |
“*I'T Il- -i 1

_l__ll 21
LA T

20 30 100 200 300 1000 C, ./ SIEJ

li
!Ei
T

PucyHok 7 — KpuBble ansa onpeaeneHUs napameTpa OCHOBHOM YaCTOTbl COOCTBEHHbIX KonebaHWi LUMHBLI NPW ee LIapHUP-
HOM 3akpenneHun Ha ynpyronoaaTtnmebIX onopax

3Ha4YeHua ry ANS LUMH CXXeCTKNM 3aKpenneHnem Ha onopaxnpn C ./ 3/EJ>50001 ANA LWNH C LUAPHUPHbIM
3akpenneHnem Ha onopax npu C,,/3/EJ > 3000 npuseaeHbl B Tabnuue 2.
5.4.4.2 lNpuBeneHHyo maccy onopbl M, Kr, onpeaenatoT Nno npubnmxeHHon popmyne

p 2
Hion (30)

M=M
on
\HLI-L”)

roe M., — macca onopbl, Kr;
H\\ on W H\, 1, — PAcCTOAHNA OT OCHOBAHUA ONOPbI COOTBETCTBEHHO A0 LIEHTPA MacC ONopbl (M30NATOPa ) U LIEH-
Tpa Macc NonepeyYHOro ceveHns LWKnHbI (PUCYHOK 8), M.
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[Tpnn3BecTHONHACTOTE COOCTBEHHbIX KONEbaHnn ONOpPbI, 3aKPENNEHHON HA 47
yAPYroM OCHOBaHUN, NpUBEAEHHYIO Maccy M, kr, cneayeT onpeaenatb No oop- g
/l/
Myne i/
o A
M = on (31)
2 7
(2nfon )

raoe C,, — >XeCTKOCTb OMOpbl, NPaKTU4EeCKM paBHas XeCcTKocTn nsonatopa C
H/M;
fon — YacToTa coOCTBEHHbLIX KonebaHun onopbl, U, paBHasa 4acToTe
konebaHnn nsonatopa f,,.

N3’

5.4.5 lpoBepKa TOKONPOBOAOB Ha 3MIEKTPOANHAMMUNYECKYIO CTOUKOCTb PucyHok 8 — K pacyeTy npu-
npu Hanu4mm yctpoucts AlB BeeHHOW Macchl onopsbl

5.4.5.1 lNpn Hannunmn GbicTpoaencTeyrowmnx AlNB TokonpoBoabl SNEKTPO-
YCTAaHOBOK HanpsaxxeHnem 35 kB n Bbllle cneayeT NpoBepATb Ha 3NEKTPOANHAMNYECKYIO CTOUKOCTL MNPU NOBTOP-
HOM BKNOYeHUN Ha K3.

MeToauka npoBepKkn NnpuBeacHa B NnpnnoXxeHnn b. Takaa npoBepka He TpebyeTca, ecnu NpoaoMKNTENb-
HOCTb 6ecToKOBOM Naya3bl g 1, C

2.3
e 1 =——, (32)
6.|'| f‘|6

roe f; — nepBas (OCHOBHaA) YacToTa COOCTBEHHbLIX KONebaHM OLUMHOBKN, [L;
0 — norapnoMmnyecknn AeKpPEMEHT 3aTyXaHNA TOKONPOBOAAa NPU NOPU30HTaNbHbIX KONebaHuax, 3HaYe-
HUE KOTOPOro onpeaenaeTca aKCNEPUMEHTANbLHO ANA KaXA0W KOHKPETHON KOHCTPYKLWN TOKONPO-
BOAA.
5.4.6 PacuyeT rubKkux npoBOAHUKOB
5.4.6.1 lNpwn pacyeTe rMMOKMX NPOBOAHUKOB CNeAYET OnpeaenaTb MakCUManbHOE TAXEHNE B NPOBOAHN-
Kax N MakCumanbHOe OTKNMOHEHWE NPOBOAHUKOB Npu K3 n nocne ero otkno4veHua (npunoxeHue B).

5.5 NMpoBepKa WMHHbLIX KOHCTPYKUUMW, TMOKMX NMPOBOAHUKOB M 3NEKTPUYECKUX annapaToB Ha
3NEeKTPOANHAMMUYECKYIO CTONKOCTb NPU KOPOTKOM 3aMblKaHUMN

5.5.1 MNpun npoBepKe LUMHHbLIX KOHCTPYKLWNN Ha SNEKTPOANHAMUYECKYO CTOUKOCTb pacYeTHbIMN BENNYN-
HaMKn ABNAIOTCA MakCMManbHOe HanpsXXeHne B Matepuane WuH o, ([1a) n MakcnManbHaa Harpyska Ha n3o-
naTopbl F., (H).

[1na npoBepkn aNeKTpoANHAMUYECKON CTOUKOCTU LLUMHHBIX KOHCTPYKLUMW cneayeT Ncnonb3oBaTth cneay-
loLMe HepPaBEeHCTBA:

aX

Gmax < G,EI,OI'I; (33)

Fmax SF,uom

rAe Gpon Y an — AONyCTMOE MeXaHn4eckoe HanpaxeHue B Matepuane WwuH, ['1a, n gonyctumaa MexaHu-
YecKkaa HarpyskaHan3onatopsbl, H, KOTopble cneayetonpenenaTtb B COOTBETCTBMNC 5.3.
[TpmMepbl pacyeTa 3NeKTPOANHAMUNYECKON CTOMKOCTU LUMHHBLIX KOHCTPYKUMN NpuBeaeHbl B NPUNOXKeE-
HUN [ .
5.5.2 lpn npoBepke rMbKMX NPOBOAHUKOB Ha 3NEKTPOANHAMUNYECKYIO CTOUKOCTb PacYETHbIMWN BENNYN-
HaMn ABNAIOTCA MakCUManbHoe TaXeHune F._. -1 MakcuManbHoe conmxeHne NPoBOAHMKOB Npu K3.

[1ns NnpoBepKkn aNeKTpoANHaMNYECKON CTOMKOCTU TMOKNX NPOBOAHUKOB CReayeT NCNonb30BaTh CNeayio-
LLle HEPABEHCTBA:

Fmaxf <Fpon;

(34)
a— 2AS —rIp ) 2apon min;

rae Fpon — AONyCTUMOE TsKeHne NPOBOAHWUKOB, KOTOPOE cneayeT onpeaenaTb B COOTBETCTBUN C O.3;
a — pacCTosHne MeXxay NpoBoAHUKAMM (pa3 Npu OTCYTCTBUN UX CMELLLEHUSA;
S — pacyeTHOEe cCMeLlleHne NPOBOAHUKOB;
f, — Paanyc paclienneHmns gasb;
8pon. min — HaVMeEHbLLee AONYCTUMOE PacCTOsAHWE MexXay NPOBOAHWMKAMM PasHbix (ha3 Npy HanbonbLluem
paboveM HanpsXKeHuu.
5.5.3 2neKkTpoagnHammnieckana CTOMKOCTb 3NMEKTPUHECKUX annapaToB B 3aBMCUMOCTUN OT TUMNA U KOHCTPYK-

LN XapaKTepun3yeTcs Nx npeAenbHbIMN CKBO3HBIMU TOKaMW i oo W I o W HOMWUHAMNBbHBIMU TOKaMM 3NEKTPO-
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AVNHAMWNYECKOWN CTONKOCTU ip, W [, NN KPATHOCTBIO TOKA 3NEKTPOANHAMNYECKON CTOMKOCTN iﬂMH/(\/EIHOM) =

=K
ANH"
3ne|<Tpo;:mHaM|nqec:|<aﬂ CTOUKOCTb SNEKTPUHECKOIoO alnapartada obecneyeHa, ecnn BbINONHAKTCA YCIo-
BUA:
! AVH = I no;
Lnun = Tvns
AR oA L (35)

[np. CKB ZIHO;

Inp. cks Zlyp

-

rae I,o — HadanbHOe AencTByloLee 3Ha4YeHne Nepruoanyeckon CoCTaBnNAoLLIEN TOKA K3 B Lenn ¢ 3nekTpu-
YEeCKUM annapaToM;

iyﬂ — yaapHbIn TOK KS.

6 Tepmuyeckoe gencTBME TOKa KOPOTKOro 3amMblKaHUSA

6.1 OnpegeneHne uHterpana [)xoyna n TepMuyeckn 3KBUBaNIEHTHOrO TOKa KOPOTKOro 3aMblKa-
HUA

6.1.1 CreneHb TepMnyecKkoro Bo3aenctema Toka K3 Ha NpoBOAHUKN N 3NEKTpPUYECKMEe annapartbl onpe-
nenseTca 3HauyeHneM uHTerpana xoyns B, A¢ - ¢

Lotkn (36)

_ [ :2
B, = | iZdt,
0

rae i, — TOK K3 B Npon3BONbHbLIN MOMEHT BpeMeEHM f, A;

Lyrin — PacyeTHasa NpoaormKMTenbHOCTb K3 B anekTpoyctaHoBke (4.1.5), c.

CteneHb TepMUYECKOro Bo3aencTensa Toka K3 Ha NpoOBOAHUKM N INEKTPUYECKNE annapaTthl AONYCTUMO
TaKke onpenensaTb C UCNOMNb30BaHNEM 3HAYEHUN TEPMUYECKN SKBUBANEHTHOIO Toka K3

B, (37)

[ =
TEP. 3K |1

OTKI

N pacv4eTHOW NPOAOMKUTENBbHOCTU K3.

6.1.2 WuTterpan [bxoyna B, aonyckaetca onpeaenatb NPUONMKEHHO Kak CyMMY MHTErpanoB OT Nepuo-
andeckon B, , 1 anepnoanyeckon B, , cocTaBnawowmx Toka K3, 1. e.

By~Bn* Bya (38)

6.1.3 MeTtoauka aHanNUTUYECKNX pacyeToB MHTerpana xoyna n TepMn4eckn 3KBUBaNeHTHOro Toka K3
3aBUCUT OT pacHeTHON CXEMbI 3NEKTPOYCTAaHOBKU, NONOXeHNA pacHeTHON TOUKM K3 n ee ynaneHHOCTN OT reHe-
PATOPOB, CUHXPOHHbLIX KOMMEHCATOPOB U AanekTpoaeuratenen. [1pn aTOM BO3MOXHbI crneaylowne cny4vam:

a) UCcxoaHas pacyeTHas CXeMa SNeKTPOYyCTaHOBKU MMeET NPON3BONbHbLIM BUA, HO ANA BCEX FEHEPaToOpOoB
N CUHXPOHHbIX KOMNEeHCAaTOPOB K3 ABnaeTca yaaneHHbIM, T. €. OTHOLLEHUE AEUCTBYIOLLErO 3Ha4YEHNA Nepruoamn-
4YEeCKOW COCTaBNALLEN TOKA NOOOro reHepaTopa Unn CUHXPOHHOINO KOMMNEHCaTopa B Ha4anbHbIN MOMEHT K3 K
ero HOMMHanbLHOMY TOKY MeHee ABYX. B 9TOM cny4ae Bce NCTOYHUKU NEKTPUYECKON 3HEPTNN U CBA3bLIBAIOLLNE
NX C TOYKON K3 aneMeHTbl pac4eTHOW CXEMbI NyTEM NPeobpa3oBaHNA CXeMbl 3aMeLLeHUA AOMKHbI ObITb 3aMe-
HEeHbl OOLLMM 3KBUBANEHTHbLIM UICTOYHUKOM (cuctemon), SLC KOTOpOoro npUHMMaeTcsa HEM3MEHHOWN NO aMMNNK-
Tyae, a WHAOYKTUBHOE COMPOTUBNEHUE pPaBHbIM PEe3yNbTUPYIOLLEMY 3IKBMBANEHTHOMY WHAOYKTUBHOMY
CONPOTUBNEHNIO INEMEHTOB PACHETHON CXEMDI;

0) ncxooHas pacyeTHasa cxema CoaepPXUT OAMH NN HECKONBKO OAHOTUMHBLIX N OANHAKOBO YAaNEHHbIX OT
pacyeTHOU TOUKU K3 reHepaTopoB UN1 CUHXPOHHbLIX KOMNEHCaTOPOB, NpuyeM pacyeTHoe K3 ana Hux aspnaeTcs
ONM3KNM, T. €. Ha4anNbHOE AEUCTBYIOLLEE 3HAYEHMNE NEPUOANHECKON COCTABNAIOLLEN TOKA KaXO0ro reHepaTopa
NN CUHXPOHHOrO KOMMNEHCATOoPa NpeBbILaeT ero HOMUHaNbLHLIN TOK B ABa N bonee pasa;

B) MCXOAHAas pacyeTHaa CXemMa CoaepXnT pasnnyHbie NCTOHYHUKN 3HEPIUN, a pacveTHas Touka K3 npennt
CXeMy Ha OaBe HE3aBUCUMbIE HACTU, OQHA N3 KOTOPLIX COAEPKUT UCTOYHMNKN IHEPTUN, ANA KOTOPbIX pac4eTHOoE
K3 aBnaeTca yaaneHHbIM, a apyraa — oAuWH UNU HECKONLKO reHepaTopoB (CUHXPOHHLIX KOMMNEHCATOPOB),
HaXxoasLMXCA B OAUHAKOBbLIX YCNOBUAX OTHOCUTENBHO TOUKN K3 1 CBA3aHHbIX ¢ TOYKOWN K3 no pagnanbHON cxe-
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Me, NPUYEM ANAa 3TOW MaLLUWHbI N rPYNNbI MaLKH pacyeTHoe K3 aBnaetca 6nm3kum. B 3TOM cnyyae 3KkBMBa-
NEHTHYIO CXeMy 3aMelleHna cneayeT npeodbpasoBaTh B ABYXNYYEBYHO: BCE UICTOUHUKU SHEPrUN, ANA KOTOPbIX
pacyeTHoe K3 aBnaeTca yaaneHHbIM, U CBA3bIBaKOLWNE MX € TOUKON K3 aneMeHThl NpeacTaBuTb B BUAE OAHOW
BETBM C HEM3MEHHOW NO aMnnNuTyae 3kemBaneHTHON JC 1 pe3ynbTUPYIOLNM 3KBUBANEHTHLIM CONPOTMBNE-
HUEM, 8 MALLUMHY NN FPYNNY MaLLKH, ANA KOTOPbLIX pacyeTHOoe K3 aBnaeTca 6Nn3knm, — B BUAE APYrov BETBUC
nameHsLencs Bo spemerHn 0C n coOoTBETCTBYIOLNM 3KBUBANEHTHLIM CONPOTUBNEHNEM;

) UCXOOHAaA pacyHeTHasa cxema CoaepPXnT PasnuyHble UCTOYHUKN SHEPIrnKn, a pacveTHaa Touka K3 aenut
CXEeMY Ha ABE HE3aBUCHMbIE YaCTN, OHA N3 KOTOPbIX COAEPKUT UCTOUYHMKN IHEPINK, AMNA KOTOPLIX PAaCHETHOE
K3 saBnaeTca ynaneHHbIM, a Apyrasa — rpynny oAHOTUMHBIX 3NEKTpoaABUraTenen (CMHXPOHHbIX NN aCUHXPOH-
HbIX), ANA KOTOPbIX pacHeTHOEe K3 aBnaetca 6nn3kum. B 3TOM cnyvae 3KBUBANEHTHYIO CXeMY 3aMeLLEeHNA Tak-
Xe cneayet npeobpasoBaTthb B ABYXOYEBYIO: BCE NCTOYHMKN SHEPrnmn, Ana KOTopbiX pacyeTHoe K3 apnaeTcs
yAaneHHbIM, N CBA3bIBaOLLINE NX C TOYKON K3 3neMeHTbl NpeacTtaBnTb B BUAE OAHON BETBU C HEN3MEHHOMN MO
amnnutyae akemBaneHTHON 30C 1 pe3ynbTUpyoWNM SKBUBANEHTHBLIM CONPOTUBAEHNEM, @ FPYNMNY SNEKTPO-
asuratenen — akeuBaneHTHON S0 C n 3KkBMBANEHTHLIM CONPOTUBNEHUEM.

6.1.4 lNpwnonpeageneHnn nuterpana [)xoyna n TepMmnyeckn 3KBUBanNeHTHOro Toka K3 gonyckaeTca npu-
HUMaTb, YTO anepunoanyeckas coctaenaowan Toka K3 OT TOW 4aCcTu pacYeTHON CXeMbl, KOTOpas CoaepXnT
yAaneHHble OT MecTa K3 NCTOYHUKN SHEPTN, HE3ABUCUMO OT KOHOUTypaLnm 3TON CXEMbl U3MEHAETCA MO 3KC-
NOHEHUNANBLHOMY 3aKOHY C 3KBMBANEHTHOW MOCTOAHHOW BpeMeHWu. [locnegHow cneayeTt onpenenarb no
OAHOWN N3 cneayloLwmnx opmMyn:

T, o= Xok (R=0) . (39)
| Oennx sk (x = 0)
T, = — Lo ) (40)
| CDCHHX Re Zc-n{
T y — 2 5 Im ZGJI{(ZO) (41)
2 Ocpnx R€ Z5¢(20)

rae X,y (R=0) ¥ R,y (x=0) — 9KBVBANEHTHblE NHOYKTUBHOE M aKTMBHOE CONPOTUBNEHNS OTHOCUTENBHO TOHKN
K3, onpenensemMblie N3 CXeM 3aMeLleHUs, B KOTOPbIX BCE ANEMEHTbI NCXOAHOW
PACYETHON CXEMbl YYTEHbl COOTBETCTBEHHO TOMbKO MHAYKTUBHBLIMW WU TOMNLKO
AKTUBHbIMM CONPOTUBNEHNAMMN;
Z.. — KOMMNEKCHOE 3KBUBAMNEHTHOE CONMPOTUBNEHNE CXEMbI 3aMELLIEHNA OTHOCUTENBLHO
pacyeTHOM ToUKN K3, onpenenaemoe npun yactote 50 Nu;
Im Z,, n Re Z,, — COOTBETCTBEHHO MHMMaA N AeCTBUTENbHAA COCTaBNAIOLLME 3TOr0 CONPOTMBE-
HUA;
ZSK(20) — KOMMMEKCHOE 3KBUBANEHTHOE CONPOTUBNEHNE CXEMbI 3aMELLEHNA OTHOCUTENBHO
pacyeTHOM Toukn K3, onpepnenaemoe npu 4actote 20 ['u;
Im Zax(zo) n Re ;QK(QO) — COOTBETCTBEHHO MHMMAaA N AENCTBUTENbHAA COCTABNAKLNE 3TOr0 CONPOTUBNME-
HUA.

[MTpnumedaHune—Ipn onpeneneHMn 3KBUBANEHTHOW MNOCTOAHHON BpeMeHn T, 5 NO NHON U3 3TuX popmyn
CUHXPOHHBbIE U aCUHXPOHHbIE MaLUMHBLI A0MKHbI ObITh YUYTEHLI UHAYKTUBHLIM CONPOTUBNEHMEM ODpaTHOMN NocNeaoBaTENb-
HOCTU U aKTUBHLIM COMNPOTUBNEHNEM ODOMOTKM CTaTOpA.

6.1.5 B 1excny4daqax, korga ucxogHaga pacyeTHaa cxema uMeeT NPOon3BONbHLIN BUA, HO ANA BCEX FreHepa-
TOPOB M CUHXPOHHbIX KOMNEHcaTopoB K3 ABnaeTcA yaaneHHbIM (6.1.3, nepeuncnerune a), uiterpan [bxoyna B,
AZ.c, cnepyet onpenenatb No doopmyne

4 A

_Zorkn

=
B =Byn*Ba= [nz. cllorin + Ta k| 1—€ 7 ||, (42)

\ /

roe [, . — AeNCTBYLLEE 3HaYEHME NEPMOANYECKON COCTaBNAOLLEN TOKE K3 OT 9KBMBANEHTHOIO NCTOYHM-
Ka 3Heprnumn (CUCTeMbl), A.

" 3Hak «—», PAcNoONOXeHHbIN Noa 0603HadYeHneM (Z), o3Ha4YaeT KOMMNEKCHY BENUYUHY (34ecb U aanee).
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B 3TOM cnyyae TepMnMyYeckn SKBUBANEHTHbIN TOK K3 [ o, A, paBeH
. 4 _21‘0“{“ A
_ a. 3K T4
ITep. 3K ~ In. C T+ T—e &% (43)
\ Lotk
\ y
pn {1 > 3715 5 MHTErPan [xoyna oonycTMMmo onpeaenatb No goopmyne
_ 72
B, = Iq, C(tOTI{l'I T Ta. SI{)’ (44)
a TepMMNYECKN 3KBUBANEHTHbLIN TOK K3 no doopmyne
Ta. ak (495)
[Tep.al{ = Inc. 1+ -
tOTI{l'I

6.1.6 B Tex cnyyaax, Korga ucxogHasa pacyeTHaa cxemMa coaepXnT OaAnH NN HECKONBLKO OAHOTUMHBLIX U
OQNHAKOBO YAANEHHbLIX OT pacH4eTHOU TOYKN K3 reHepaTopoB (CUMHXPOHHbIX KOMAEHCATOPOB), NpUYeM pacyeT-
Hoe K3 ana Hux apnsaeTca 6nmsknm (6.1.3, nepevncnenue 6), nHrerpan [pxoynsa, A2 - ¢, cneayeTt onpeaensaTb no

bopmyne

B =12 BiI{.FtOTI{J'I +Tar|1-¢ =7 |} (46)

rae 1o — HavanbHOE AEeWCTBYOLLEE 3HaYEHMEe Nepnoanyeckon cocTaBnatollen Toka K3 oT reHepatopa
(reHepaTopPOB, CUHXPOHHLIX KOMNEHCATOPOB), A;

B, ;') — oTHocuTenbHbIN MHTerpan [xoyns:
forn ,
I ]ntrdt
- 0
BI{. r— .2 = (47)
fnorlotkn

rae I, — nevcTByloLlee 3Ha4eHne nepmoanyeckon coctasnaiollen Toka K3 otTreHepartopa (reHepaTopos,
CUHXPOHHbIX KOMMNEHCATOPOB) B NPOU3BOSMbHLIN MOMEHT BPEMEHM, A;
T

o r — MOCTOAHHAA BpeMeHM 3aTyxaHusa aneprmoanyeckon coctaBnsollen Toka K3 oT reHepatopa
(reHepaTopPOB, CUHXPOHHbLIX KOMMEHCATOPOB), C.
3Ha4YeHNs OTHOCUTENbLHOTO MHTerpana [koyna B, ., y4MTbiBAOLLEro BNUAHME N3MEHEHUS BO BPEMEHW

aMnNnTyabl nepuoanyeckon coctaBnaoLlen Toka K3, npu pasHbiX CUCTEMaAX BO30YXXAEeHNA reHepaTopoOB U Pa3-
HbIX YAaNeHHOCTAX pac4YeTHOW TOYKN K3 OT reHepaTopoB, T. €. Pa3HblX OTHOLLEHMAX AEUCTBYIOLLErO 3Ha4YeHNSA
nepmnognyeckon coCcTaBnsaloLen Toka reHepaTopa B HavyanbHbi MOMEHT K3 K HOMMHaNbHOMY TOKY MaLUMHbI
MOryT ObITb onpeaeneHbl N0 KPUBLIM Ha pUCyHKax 9—11.

[1pn paccMaTpmBaeMon NCXOQHOWU pacyHeTHON CXeMe TepMnyYeckn akBmBaneHTHbIN TOK K3, A, cneayert
onpenenaTb No opmyne

( 2 orkn
- _
— 1 a.r T4
Lrep.oc= Inor | Blr + 2| 1-e 12 (48)
OTKI
_ \ /_
pn {1 > 37, MHTErpan [xoyna gonyctMMmo onpeaenatb No oopmyne
2
By~ 1 By rtorkn + Ta.r) (49)
a TepMUYecKkn aKkBuBaneHTHbIN TOK K3 no popmyne
Ta.r (50)

I B, r +

Tep. sk — 1nory | B k.
y f otk

) 3nak «*», PacnonoXeHHoln noa ob6o3Ha4veHnem (B), 03Ha4YaeT, YTO AaHHaA BENUYMHA BbipaXXeHa B OTHOCUTENb-
*
HbIX eAnHULIAX (3aecb U aanee).
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PucyHok 9 — KpuBble ana onpene- PucyHok 10 — Kpueble ana onpe- PucyHok 11 — Kpueble ana onpe-

NeHns B, - OT CUHXPOHHbIX reHepa- AeneHns B, - OT CUHXPOHHbIX reHe- AeneHns By . OT CUHXPOHHBIX reHe-

TOPOB C TUPUCTOPHOU HE3aBUCUMOW paTopoB C TUPUCTOPHOU CUCTEMOMN paTopoB c anoaHon HecleTo4HoN
CUCTEMON BO3DY:XAEHUS CamMoBO30yKaeHNA CUCTEMON CaMOBO3DYXAEHNS

6.1.7 B Tex cny4yaqax, korga ucxoaHaa pacyeTHaa cxema coaepXuT pasnuyHblie UCTOYHUKU 3HEPrnmn, a
pacyeTHoe K3 nennTt cxemy Ha ABe HE3aBUCUMbIE YacTU, 0AHA N3 KOTOPbIX COAEPKNT UCTOHHNKN SHEPIrUN, ANS
KOTOPbIX K3 aBnaeTca yaaneHHbIM, a Apyras — OAWH NN HECKOMNbKO reHePaTOPOB (CMHXPOHHbLIX KOMAEHCATO-
POB), HAXOAALNXCA B OANHAKOBbLIX YCNOBUAX OTHOCUTENbHO TOYKN K3 1 CBA3aHHbIX C TOYKOMN K3 No paananbHON
CXeme, NpnyeM Ansa 3ToM MaLUMHbl UMK rpynnbl MaLUKH pacyeTHoe K3 aBnseTca onnskum (6.1.3, nepeyncne-
HUe 8), uHTerpan [)xxoyna cnegyeTt onpeaenaTtb No popmyne

( _2tOTI{J'I\ ( _2tOTI{J'I\
Be=(2s+2I ¢ IorQ r + 1% B Moren * 12 ¢ Ta ol 1-€ "2 [+12 T, [1-e "ar |+
Kk~ \inc N.c “NOrk. nor = K. I/*0TKnN n.c "a. 3K c nOr 'a.r c

\ / \ /

[ toren(T a0k + Tar) (51)

+4]I'I.CII'IUFT3.3I{TELF 1_e Ta_QKTa_r |
Taok + Tar
\ /

roe Q. — OTHOCWUTENbHbIV MHTErpan oT Nepuoanyeckon coctaensioLLen Toka B MecTe K3, 00ycnoBneHHo-
ro NENCTBNEM reHepaTopa (CUMHXPOHHOIO KOMMEHCATOpPA):

tOTHJ'I

| It
Q. = 0 _ (92)

K.l
,I'IOFtDTI{I'I

3Ha4YeHNs1 OTHOCUTENBHOTO MHTErpana Q, - NPy pasHbiX cUCTEMax BO3DYKAEHNSA reHepaTopoB 1 Pa3HbIX
yA3aNEeHHOCTAX pacHYeTHON TOHKU K3 OTreHepaTopoB MOryT ObiTb OnpeaeneHbl No KPUBbIM Ha pUCYHKaX 12—14.

B Tex cnyyasax, korna 37, . > { 1.q =37, 5, WHTErpan [xoyna oonyctumo onpeaenaTb No popmyne

2t orien

2 2 T 4]I'I.CII'I0FT3. 3|{Ta. r
+Ir|cTa 3|{+[|-|0rTa.r 1—-e a-r |+ , (53)
Taox + Tar

B, =(I% ¢ +2I, ¢ InorQe.r ¥ + 17

nor *I{ r)cm{n

a B cnyyae, koraa { ., > 37, , vuTerpan [Xkoyna MOXHO onpeaenaTb No oopmMyne
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PucyHok 12 — Kpusble ansa onpene- PucyHok 13 — Kpusble ana onpe- PucyHok 14 — Kpusble ansa onpe-
neHns Q. - OT CUHXPOHHbIX reHepa- AeneHnsa Q - 0T CUHXPOHHBIX reHe- AeneHns Q . OT CUHXPOHHbIX reHe-
TOPOB C TUPUCTOPHON HE3ABUCUMON PaTopoB C TUPUCTOPHON CUCTEMOMN paTopoB ¢ AMoaAHoN HecLeToOHHON
CUCTeMon BO3DYKAEHNA CamMoBO030yxaeHnA CUCTeMon camoBo3dyKaeHUA
Y 2 2 2 41nclhorTa.skla.r (54)
BI{ - ([n. ¢t 2In. C IHOrQK. rt [n0r *BI{. F)tOTI{J'I t [I'I. C Ta. skt [r|0r Ta. ¥ -

Taax + Tar

[1pn paccmaTpmnBaemMomn pacHeTHON CXeMe TEPMUNYECKN SKBUBANEHTHbLIN TOK K3 cneayeT onpeaensaTtb No
dopmyne (37), npeaBapuTenbHO Hanaa 3HadeHne B, ¢ noMoLlblo popmynsbl (51) nnm (53), unn (54).

6.1.8 B Tex cny4adax, koraa ucxoaHasa pacyeTHaa cxemMa COAePXUT pa3nNnyHble NCTOYHUKN SHEPInK, a
pacyeTHaa Touka K3 aennT cxemy Ha ABe He3aBUCUMbIe YaCcTU, OHA U3 KOTOPbIX COAEPXKUT NCTOYHUKN SHEP-
rMn, ANs KOTopbiX pacyeTHOe K3 ABnaeTca yaaneHHbIM, a apyraa — rpynny oAHOTUMNHbIX 3NeKTpoasuraTenen,
nnNsa KOTopbiX pacdeTHoe K3 aBnsaeTtca 6nmsknm (6.3.1, nepeyuncneHue 2), nHterpan I)xoynsa cneayet onpeae-
NATb NO METOANKE, N3NOXEHHONBG.1.7, T. €. cncnonb3oBaHnem popmyn (51), (53)nnn (54), B KOTOpblE BMECTO
Loor Tap B Q r cneayeT NnoACTaBNSATb COOTBETCTBEHHO HAYanbHOE 3HaYeHWe NepuoanM4eckon CocTas-
nawowen Toka K3 o1 3kBNBaneHTHOro apuratens fg,, NOCTOAHHYIO BPEMEHWN 3aTyXaHWa anepuoan4ecko
COCTaBnSAOLLEN ero Toka T, ; M 3Ha4YeHNA PyHKUMN B, 1 Q, , ANs 9KBUBaNEHTHOIO dNeKTpoaBUratTens. 3Have-
HUA 3TNX PYHKLMIM ANA CUHXPOHHbLIX 3NeKTpoasuratenen MoryT ObiTb onpeaeneHbl No KPUBLIM Ha PUCYHKaX 15
n 16, a ANAa aCMHXPOHHbIX 3ANeKTpoaABUraTtenen — no KPuBbIM Ha PUCYHKax 17 n 18.

uEEEE
N "
o= *
A\ S
N

.

lu

*I'IO,EI,(HOM

o

INVaan

|lVlllll§

——e——————

INIA
| Belal

0 01 02 03 04 tc 01 02 03 04 {c

PucyHok 16 — Kpusble ans onpeaenennsa Qy , oT
CUHXPOHHOrO 3NEKTpoABUraTens

PucyHok 15 — Kpusble Ana onpeaenexns B, , OT CUH-

XPOHHOIO anekTpoaABUratTensd

K.0
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PucyHok 17 — KpuBble Ana onpeaenexuna B, , OT acuk- PucyHok 18 — Kpusble ins onpeneneHns Q, , OT acuH-
XPOHHOrO anekTpoaAsnraTenA XPOHHOrO 3neKTpoaBUraTens

TepMmnyeckn akBuBaneHTHbIW TOK K3 cneayet onpeaenatb no doopmyne (37).

6.2 lMpoBepkaanekTpuyecKMx annapaToB Ha TEPMUYECKYIO CTOMKOCTb MPU KOPOTKOM 3aMblKaHUMN

6.2.1 TepMnyeckaa CTOMKOCTb 3NEKTPUHECKNX anNapaToB NPU CKBO3HbIX K3 xapakTepnayeTca nx Hop-
MWUPOBaHHbLIM TOKOM TEPMUYECKON CTOUKOCTHU ITep_HOpM B aMmnepax n 4onycTMMbiM BpeMeHeM BO3AeNCTBUA 3TO-
ro TOKa e opm B CEKYHAAX (TOCT 687).

6.2.2 Pac4eTHOe BbIpaXXeHne, KOTopoe cneayeTt UCNonNb3oBaTh NPU NPOBEPKe KOMMYTaLUMOHHbIX anna-
PaTOB Ha TEPMUYECKYIO CTOUKOCTb, 3aBUCUT OT pacHeTHON NPOACIIKUTENBHOCTU K3.

B Tex cny4asnx, koraa pacyetHasa npoaonXkntTenbHoCcTb K3 { ., B CEKyHAaX paBHa unu bonblue AonyCcTu-
MOr0O BpeMeHN BO3OaeNCTBUA HOPMUPOBaAHHOIO TOKa TEPMNYECKON CTOUKOCTWH l‘Tep_Hw,‘,I B CeKyHAax, Ana npoBep-
KU KOMMYTALUMOHHbLIX annapaToB cneayet ncnonb3oBaTh BblpaXeHue

2
BI{ </ Tep. HOPM tTep. HOPM® (99)

B cny4ae xe, koraa pacyeTtHasa npoaomknTenbHOCTb K3 MeHblLe AONYCTUMOro BPEMEHN BO3AENCTBUA
HOPMUPOBAHHOIO TOKa TEPMNYECKON CTOMKOCTHN, YCITOBUEM TEPMUYECKON CTOMKOCTUN KOMMYTALMOHHbIX anna-
PaTOB ABNAETCA BbINONHEHNE COOTHOLLEHUS

2
B, <1 Tep. Hopm loTis (56)
6.2.3 [JonyckaeTcsa npoBepKY KOMMYTALMOHHbIX 3NEKTPUYECKNX aNNAPaTOB Ha TEPMUYECKYIO CTOMKOCTb
npun K3 npoBoanTb NyTEM CPaBHEHNA TEPMUYECKN IKBMBANEHTHOIO ToKa K3 ¢ 10NYyCTUMbIM TOKOM TEPMUNYECKON
CTOMKOCTMW, YYUTbLIBASA MNP 3TOM COOTHOLLEHMNE MEXAY A0NYCTUMbIM BpEMEHEM BO3AENCTBUSA HOPMNPOBAHHOTO
TOKa TePMU4ECKON CTOMKOCTM M PACHETHON NPOAOIKUTENBHOCTLIO K3. Mp¥ {0 2trep 1opm MPOBEPKY KOMMYTa-
LLMOHHbIX annapaToB Ha TEPMUYECKYIO CTOMKOCTL npu K3 cneayeTt npoBoanTb, UCNONb3YySa COOTHOLLEHME

[Tep. IK < ITep. HOPM \/ tTep.HOpM / tOTI{l'I ’ (57)
anNpu o1 < trep Hopm YCNOBMEM TEPMUYECKON CTOMKOCTU KOMMYTALIMOHHOTO annapaTta ABNAeTCA BbINOMHEeHne
COOTHOLUESHUA

/ <I (58)

Tep.s3K = “<Tep.HOpM:
6.3 MNMpoBepka NPOBOAHMKOB Ha TEPMUYECKYIO CTOMKOCTb NPU KOPOTKOM 3aMblKaHUMW

6.3.1 lNpoBepka NPOBOAHUKOB Ha TEPMUYECKYO CTOMKOCTL Npn K3 3aknioyaeTcsa B onpeaeneHnmn nx TeM-
nepaTypbl HarpeBa K MOMEHTY OTKNoYeHNA K3 v cpaBHEHNM 3TOM TEMNEPATYPbI C NPeaenbHO A0ONYCTUMOWN TEM-

21



FOCT P 52736—2007

nepatypon Harpeea npu K3. [MpoBoAHMK yaOBNETBOPSET YCMNOBUID TEPMUYECKOW CTOMKOCTM, €Cnw
TeMrnepaTtypa Harpesa NPOBOAHUKA K MOMEHTY oTKnioveHuns K3 3, He npesbiliaeT npeaenbHO A0NYCTUMYIO
TeMnepaTypy Harpesa COOTBETCTBYIOLLEro NpoBoaHuKa Npu K3 8, ., T. €. €CNK BbINOMHAETCA YCnosue

SK < 8\I{.,[I,'C‘II'I' (59)

6.3.2 HonyckaeTcanpoBepKy NPOBOAHMKOB HA TEPMUYECKYIO CTOMKOCTEL NPy K3 NpoBOANTL TaKXe NyTem
CpaBHEHUA TEPMNYECKN 3KBMBANEHTHOMN NNOTHOCTN TOKa K3 Jrep.ox C AONYCTUMON B TEHEHNE pacHeTHON NPO-
OOMKNTENbHOCTU K3 NNOTHOCTbLIO TOKA Jrep.aon (6.3.7). poBOAHMK YAOBNETBOPAET YCNOBUIO TEPMNYECKOW
cTonkocTn Npun K3, ecnn BbINONHAETCA COOTHOLLEHNE

JTep.:al{ = JTep.,uon' (60)

6.3.3 OnpeneneHne TemnepaTypbl HarpeBa NPOBOAHUKOB K MOMEHTY OTKNoYeHnsa K3 cneayeT npoBo-
AUTb C UCNOMNb30BaHMEM KPUBLIX 3aBMCMMOCTU TEMMepaTypbl Harpesa NPOBOAHUKOB 9 OT BENUYUHBLI Ag. Takme
KpuBble NpuBeAeHbl Ha PUCYHKe 19 — AnNA XeCTKMX LUMH, Kabenen N HEeKOTOPbLIX MPOBOAOB U Ha PUCYHKE
20 — ansa npoBOAoOB APYrnMX Mapok. PacyeTbl HEOOX0AMMO BECTU B cneayoLlen NnocneaoBaTenbHOCTM!

A ,
el hs | | LT || LA

/4l

L AT
JP AT AT
L1 1111111 £

4 4 2 4
0,510 1107 Agq, A"¢c/MM
0 110 210*  340* 410 s510* 9
Ag, A c/MM
MaTtepuansl npoeoaos: 1 — cnnaebl AXX n AXKIT;
2 — cnnasbl AH 1 AHKI1; 3 — antoMUHUIA Mapok A,
MaTepuansi nposogHukos: 1 — MM; 2 — MT; 3 — AM; 4 — AT; 5 — A[10, AKT1, AnKIl n ctaneanioMuHuia mapok AC, ACKIT],
ACT; 6 — AN31T1; 7 — AN31T; 8 — CT13 ACKC, ACK, AnC, AnCKC, AnCK

PucyHok 19 — KpuBble Ansa onpeaeneHus TemnepaTtypbl Harpesa PucyHok 20 — Kpusble Ans onpepenexHus

LUMH, KaBenen n NpoBoAOB U3 pasnUYHbIX MaTepuanos nNpu K3 TemMnepaTtypbl Harpesa Nposoaos Npun K3

1) Ha pucyHke 19 nnun 20 BbIOpaTb KPMBYIO, COOTBETCTBYIOLLYIO MaTepuany NnpoBoaHUKa, N N0 3TON KPWU-

BOW, NCXOASA N3 HA4YaNbHOWN TEMNEePaTypbl NPOBOAHUKA 3, ONpeaennTb 3Ha4eHne PYHKUUN Ag s A - c2/MM*, npK

3TON TeMNepaType;

2) BcooTBeTCcTBUMN C6.1.5—6.1.8 onpenennTtb 3Ha4eHne nHterpana [hxoyna B, npn pacHeTHbIX yCNOBK-
ax K3;

3) HanTun 3Ha4YeHne PYHKLUNN Ag , COOTBETCTBYIOLLEE KOHEYHOW TeMnepaType Harpeea NPOBOAHMKA I,

no coopmyne

A = A + i (61)
8I{ SH 82 ’
roe S — nnowaab NonepeyHoro ceveHns NPOBOAHMKA, MM2, a8 ANA cTaneanioMUHMEBLIX NPOBOAOB — MNO-

Laab NonepeyvyHoro ce4eHns antoMMHUEBON YaCTH NPOBOAA;
4) No HaWOeHHOMY 3HaYeHMI0 (OYHKUMN Ag , NCMONb3Ys BbIOPaHHYIO KpMBYio Ha pucyHke 19 unu 20,

onpeaennTb KOHEYHYIO TeMNepaTypy Harpesa NPoBoAHMKA 3, NCPaBHUTL €€ C NpeaenbHO AoNYCTUMON TeMIMe-
paTtypoun. [NpeaenbHO AONYCTUMbIE TEMNEPATYPLI HarpeBa NPoBOAHNKOB NPy K3 npuBeaeHbl B Tabnuue 6. Tep-
MUNYeCcKaa CTOMKOCTb NPOBOAHMUKA ObecneymBaeTcs, €CNN BbINONHAETCSA ycrnosue (59).
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Tadbnunua 6 —lNpenensHo gonycTUMbIE TeMNepaTypbl Harpeesa NpoBoAHMKOB Npu K3

Bua npoBoaHUKOB :S}K_mn, °C
LLInHbI antoMmnHUeEBbLIE 200
LLInHbl MmeaHble 300
LLInHbl CTanbHble, HE UMeLWne HenocpeaACTBEHHOIO coeaAnHeHNa ¢ annapartamMmu 400
LLInHbl CTanbHble, UMEKLLNE HENOCPEeACTBEHHOE COeaANHEHNEe ¢ annapaTamMmu 300

Kabenun 6poHupoBaHHbIE U HEBPOHNPOBAHHbLIE C DYMaXKHOW NPONUTaHHOW U30NALMEN Ha HaNpsiKeHue,
KB:

1 250
6—10 200
20—35 130
110—220 125
Kabenu n nsonnupoBaHHble NpoBoaa ¢ MeAHbIMU U aNKOMUHUEBBIMUW XXUNaMN 1 N30NALMUEN:
N3 NONUBUHUNXNOPUAHOrC NNacTukaTa 160
PE3nNHbLI 160
nonnatnneHa (kabenun ao 35 kB) 130
BYNKAHU3UPOBAHHOMo (CLUMTOro) nonuatuneHa (kabenun ao 35 kB) 250
MeaHble Hen3onMpoBaHHbIe NPOBOoAa NPU TAKEHUAX, H/MMZ:;
MeHee 20 250
20 n 6onee 200
AnNOMUHNEBBIE HENM3ONUPOBAHHbBIE NPOBOAA NPU THKEHUAX, H/MM?:;
MeHee 10 200
10 n 6onee 160
ANMUHWEBaA YacTb cTaneanitoMUHUEBLIX NPOBOAOB 200
CamMoHecyLne n3oNUpoBaHHble NPoBOAa Ha HanpstbkeHne Ao 1 kKB ¢ nsonsauymen mns:
TepMonNacTUYHOro NONNM3TUNEHa 135
BYNKaHN3NPOBAHHOIO (CLUMTOMO) NONU3TUNEHA 250
[TpoBoAaa ¢ 3aWmTHON 0O0ONOYKOMN Ha HanpsixeHusa 6—20 kB 250

6.3.4 B Ttex cny4yasx, koraa onpeaensiowmm ycnoBneM npm Bbibope ceveHnsa NPoBOAHUKAE ABNAETCSA €ro
TepMMYecKas cToOMKOCTb Npu K3, cneayeT onpeaenutb MMHMMAanNbHOE ceveHne NPoBOAHUKA NO YCIOBUIO TEP-

1 CTOV 2
MUYECKOW CTONKOCTN Sy in, MM<, NCMONb3Ys BbipaXeHne

S o= 5 (62)
Tep. Min \A%.gon_AaH

roe ASK.,qon_ 3HadYeHne yHKUuN Ay, COOTBETCTBYIOLLEE NpeaenbHO AOMYCTUMOW TeMnepaTtype Harpesa
npoBoaHuKa npun K3 (tabnuua 6);

Ag — 3Ha4YeHue 3aTon PYHKLMN, COOTBETCTBYIOLLIEE TeMNepaType NPoBoAHUKa A0 K3.

TepMuyeckas CTONKOCTb NPOBOAHUKA 0BecneynBaeTcs, eCnv NNoLwanb ceveHns S, MM2, yaoBneTeopseT
HepaBEHCTBY

H

S2 STep. min- (63)

6.3.5 B Tex cny4asx, koraa Harpyska npoBoaHmka Ao K3 6nn3ka K npoaomKNTeNbHO AONYCTUMOW, MUHN-
ManbHOE CevYeHne NPOBOAHUKE, OTBeuaLlee TPpebOoBaHNIO TEPMUYECKON CTOMKOCTN Npn K3, cneayet onpene-
NATbL NO popMyne

Tep. min —

S _ VB (64)
A

TEPR

— — . ~1/2 2.
rne C ‘JASI{.,D,OI'I Ag . - A-cl2imm?,

Tep
Ag  — 3Ha4eHune (PyHKUUn Ag Npy NPOOOMKNTENBHO A0ONYCTUMOWN TeMnepaType NpOBOAHUKA.

HOM

3Ha4YeHNAa napamMmeTpa CTep ONSA XXeCTKMX LUMH NpuBeaeHbl B Tabnuue 7, ana kabenen — B tabnuue 8, ans
npoBoaoB — B Tabnuue 9.
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Tabnwunya 7 — 3HavyeHUa napameTpa CTep ANA XKeCTKUX LUNH

3HaveHune C_ ., A- c12/mm?, npu HayaneHo Temnepatype, °C
Cucrtema MaTepnan npoBoaHUKa U mapka P
nernpoBaHnA crinaBa
70 a0 120
— Meab 170 — —
AOO 90 81 68
Al A1H 01 82 69
AOJOM, All1M 92 83 70
AN31T1 385 77 64
AO31T 82 74 62
Qs AN33T1 77 71 59
Al-Mg-Si AN33T 74 67 57
ABT1 73 66 55
ABT 71 63 53
1911 71 63 53
Al-zn-Mg 1915, 1915T 66 60 51
Al-Mg-Mn AMrS 63 57 43
o Cranb npu 8, =400 °C 70 — _
Cranb npn 3, =300 °C 60 — —
Tadbnunya 8 — 3Ha4vyeHUs napameTpa CTep nns kabenen
XapaKkTepucTuka kabeneii 3HaueHme C oo, A c2/mm?
Kabenu no 10 kB:
C MeaAHbIMUN XUNnamMmu 140
C antMUHUEBBIMUN XMUNaMI 90
Kabenun 20—30 kB:
C MeAHbIMU >KNNamMu 105
C antMUHUNEBBLIMU XMNaMI 70

Kabenu n nsonuposaHHble NpoBoAa ¢ NONUBUHUNXNOPUAHON UNW PE3VUHOBOW U30NS-

Linen:
C MeaAHbIMUN XUNnamMu 120
C aNntOMUHNEBBLIMU XMNaMI 75

Kabenu n nsonnposaHHble Nposoaa ¢ NONUBUHUAXNOPUAHOW U30NALNEN:
C MeAHbIMU >KNnNamMu 103
C antoMUHMEBLIMW XUNaMK 65

Tabnunya 9 — 3Ha4vyeHne napameTpa CTep ANSA NpoBOAOB

3HaueHue C ., A- c12/mMm2, npu ponycTuMbIX TeMnepaTypax
Harpesa npoeoaos rnpu K3, °C
MaTtepuan nposoaa Mapka nposoaa

160 200 250
Meab W — 142 162
ANOMUHUIA A, AKI1, An, AnKIT 76 90 —
ANIOMNHUEBBLIX CNNaB AH, AHKIT 69 31 —
AXK, AXKKTT 66 77 —
ANOMUHUA-CTanNb ACK, AnC, ACKC, AnCKC, 76 90 —

AnCK, AC, ACKITT
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6.3.6 B Tex cny4yasax, koraa ana kadbenen n npoBoaoOB N3BECTHbI 3HAYEHNA OAHOCEKYHAHOIO TOKa TEPMMN-
4€eCKOW CTOMKOCTM (AONYCTUMOro OAHOCEKYHAHOro Toka K3) /1., non1» WX MPOBEPKY Ha TEPMUYECKYIO CTOUKOCTb
npn K3 aonyctuMo NpoBoAnTbL NyTEM cpaBHEHUA MHTerpana hxoyna B, ¢ kBaapaToM OAHOCEKYHOHOro TOKa
TepMNYECKOU CTOUKOCTU. TepMuyeckaa CTOMKOCTb kKabena nnu npoeoga obecneunBaeTcs Npu BbINONHEHUN
yYCNOBUSA

2
BK = [Tep.,EI,OI'IT (65)
3Ha4YeHNA OAHOCEKYHAHOro TOKa TePMUYECKON CTOMKOCTU ANAa kabenen ¢ byMaXHOW NPONUTAHHOW U30-
naumen no FOCT 18410 npmeenenbl B Tabnuue 10. Ecnun Harpy3ka kabenen 0o K3 MeHbLUEe NPOAONKNTENBHO
ONOoNyCTUMOW, TO YKa3aHHble B Tabnuue 10 3Ha4eHna 0OgHOCEKYHAHOrO TOKa TEPMNYECKON CTOMKOCTUN cneayeTr
YMHOXWUTb HA COOTBETCTBYIOLLUMW NONPABOYHLIN KO3 PULUMEHT. Ero 3Ha4eHna npmeeaeHbl B Tabnuue 11.
3Ha4YeHna OAHOCEKYHAHOro TOKa TEPMUYECKON CTOMKOCTN AN Kabenewn ¢ NnNacTMaccoBOW N30Naunen
HanpskeHMemM Ao 6 KBnoTOCT 16442, npuBeaeHbl B Tadbnuue 12, ana kabenen ¢ nsonaunen n3 CLUMTOro nonu-
aTnneHa HanpsaxeHmnem 10 kB — B Tabnuue 13, AnNa MeaHbIX 3KPaHOB 3TUX Kabenen — B Tabnuue 14, ang
CaMOHECYLLNX N30NUPOBAaHHbIX NPOBOAOB HAaNpPskeHneM A0 1 KB — B Tabnuue 151 ana npoBoaoBs € 3aLLNTHOW
00ono4vkon HanpsaxeHnem 6—20 kB — B Tabnuue 16.

Tabnuuya 10 — OaHoOCEKYHAHDBIE TOKU TEPMUYECKON CTONMKOCTU ANA Kabenen ¢ BymaKHON NponUTaHHOW N30NsALNeEN

OAHOCEKYHAOHBINA TOK TEPMUYECKON CTOWKOCTK, KA, NpU HanpsxXeHun kadbens, kB
CeveHune ] 6 10 20—35
TokonpoBoasLen
XUnbl, MM
ANOMUHNEBBIE ANMOMUHUEBDBIE ANOMUHNEBBIE
MegHble XXunbl MeagHble XXunobl MegHble XXunobl
XUnbl XUnNb XUnbl
0 0,72 047 0,76 0,49 — —
10 1,82 0,79 1,28 0,82 — —
16 1,94 1,28 2,04 1,33 — —
25 3,11 2,02 3,26 2,12 2,42 1,98
35 4,32 2,79 453 2,93 3,37 2,18
50 5,85 3,78 6,13 3,96 4,55 2,94
70 8,43 5,02 3,84 5,79 0,07 4,32
95 11,71 7,66 12,28 3,04 9,13 5,98
120 14,77 9,68 15,49 10,16 11,52 7,95
150 18,22 11,88 19,10 12,46 14,76 7,98
185 22,78 14,94 23,88 15,66 17,75 11,70
240 29,95 19,62 31,40 20,56 23,34 15,30
300 — — — — 28,91 19,12

Tadtnunua 11 — lNonpaBoyHble KO3IMMULNEHTLI HA OAHOCEKYHAHbIE TOKU TEPMUYECKON CTONMKOCTM ANsa Kabenen ¢ Oy-
MaXKHOM NPONUTAHHOW N30NAUMEN, YIUTBIBAKOLWNE NpeaABapUTENLHYIO Harpy3ky kabenen ao K3

3HaveHue nonpaBoYHOro KoachduLMeHTa Ha OAHOCEKYHAHBIA TOK TEPMUYECKOA CTOMKOCTU NPU
HoMuHansHoe MecTo NpoKnaaKm ko3P ULMEHTE NpeaBapUTESNBHON HArpy3ku
HanpshKeHUe
kabens

kabensa, kB
0,4 0,5 0,6 0,7 0,8 0,9 1,0
Ha Bo3ayxe 1,22 1,20 1,17 1,14 1,10 1,05 1,0

1—6
B semne 1,26 1,24 1,20 1,16 1,11 1,06 1,0
Ha Bo3ayxe 1,17 1,15 1,13 1,11 1,07 1,04 1,0
10
B 3emne 1,21 1,19 1,16 1,13 1,09 1,05 1,0
Ha Bo3ayxe 1,27 1,24 1,21 1,16 1,12 1,06 1,0
20—35

B semne 1,35 1,29 1,25 1,21 1,15 1,08 1,0
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Tadbnunya 12 — OaHocekyHAHbIE TOKN TEPMUYECKON CTOMKOCTU ANA Kabenen ¢ NNacTMaccoBOW N3onaunen Hanpsike-
Huem Ao 6 kB

OAHOCEKYHAHbBIA TOK TEPMUYECKON CTOUKOCTU, KA, Ans kabenen ¢ usonsuymen
CeuyeHue . .
. | TlonuBUHUNXNOpUAHLIA NNacTUKaT [MonuatuneH CWwnTIR NONN3TUNEH
ToKoNpoBoasLLeENn
XUnNbl, MM
ANOMUHNUEBBIE ANOMUHUEBDbIE ANOMUHNUEBBIE

MeaHble XXunsbl MeaHble XXunbl MeaHble XXunbl
XUnbl XUnol XUnobl
1,5 0,17 — 0,14 — 0,21 —
2,5 0,27 0,18 0,23 0,15 0,34 0,22
4 0,43 0,29 0,36 0,24 0,94 0,36
0 0,65 0,42 0,54 0,35 0,81 0,52
10 1,09 0,70 0,91 0,58 1,36 0,87
16 1,74 1,13 1,45 0,94 2,16 1,40
25 2,78 1,81 2,32 1,50 3,46 2,24
35 3,86 2,30 3,22 2,07 4,80 3,09
50 5,23 3,38 4,37 2,80 6,50 418
70 7,54 4,95 6,30 4,10 9,38 6,12
95 10,48 6,36 8,75 5,68 13,03 8,48
120 13,21 3,66 11,03 7,18 16,43 10,71
130 16,30 10,64 13,60 3,82 20,26 31,16
185 20,39 13,37 17,02 11,08 25,35 16,53
240 26,30 17,54 22,37 14,54 33,32 21,70

Tadtnwuua 13 — OaHocekyHAHbIE TOKU TEPMUYECKOW CTOMKOCTM ANA kKabenen ¢ nsonaunen n3 CLUMTOro NONU3TUNEHa
HanpsikeHnem 10 kB

OAHOCEKYHAHbBIN TOK TEPMUYECKON CTOMKOCTHN, KA, Ana kadenen
2

CedeHne ToKonposoasLLEN XKUrbl, MM
C MEAHOW XNNOWU C antMUHUEBON XUNON

50 7,15 4,7

70 10,0 6,6

95 13,6 3,9
120 17,2 11,3
150 21,5 14,2
185 26,5 17,5
240 34,3 22,7
300 42,9 28,2
400 57,2 37,6
500 71,5 47,0
630 90,1 59,2
300 114.,4 75,2

Tadbnuuya 14 — OaHocekyHAHbIE TOKNU TEPMUYECKON CTOMKOCTU MeaHbIX 3KpaHoB kabenen ¢ nsonaumein n3 cLunToro
nonuatuneHa HanpskeHnem 10 kB

2

CeuveHne MegHoro akpaHa, Mm OAHOCEKYHAHBIA TOK TEPMUYECKON CTOMKOCTH, KA

16 3,3
25 5,1
35 7,1
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Tadbnunua 15— OaHOCEKYHAHLIE TOKU TEPMUYECKON CTONKOCTM ANA CaMOHEeCYLLIUX NU30NMPOBaHHbLIX NPOBOAOB HaNPA-
xeHnem ao 1 kKB

OAHOCEKYHAHBIA TOK TEPMUYECKON CTOWKOCTK, KA, ANs NpoBoAOB ¢ U3onsumMein n3
“nucno n cedeHne ToKoNpoBoAALLINX U
HYNEBOI HECYLLIEH XU, LUT. x MM?
TEPMONNAacTUYHOIrO NONUITUNEHA CLUUTOro NONM3ITUNEHa
1 x16 + 1 x25 1,0 1,5
3x16 +1 x25 1,0 1,5
3 x20+1x35 1,6 2,3
3x35+1 x50 2,3 3,2
3 x50+ 1x95 4,5 6,5
3x120+1 x95 5,9 7.2

Tadbnunuya 16 — OaHOCEKYHAHBIE TOKN TEPMUYECKOW CTOMKOCTU ANA NPOBOAOB C 3alUTHON 0O0NOYKON HaNpsXKeHUeM
6—20 kB

CeudeHune asHbIX U HyNeBoro OAHOCEKYHAHbBIN TOK CeveHune hasHbIX N HYNeBOro OAHOCEKYHAHBIA TOK
NpoBOAOB, MMZ TEPMUYECKON CTOMKOCTU, KA NpoBOAOR, MMZ TEPMUYECKON CTOUKOCTU, KA
35 3,2 120 11,0
50 4,3 150 13,9
70 6,4 185 17,0
95 3,0 240 22,3

6.3.7 BTexcny4asx, korga npoBepKy NPOBOAHMKOB HA TEPMNYECKY IO CTOUKOCTbL Npn K3 NpoBOaAAT NyTEM
CpaBHEHNA TEPMUYECKU IKBUBANEHTHON NNOTHOCTU TOKa K3 Jrep. ok A/MMZ, ¢ fOMYCTUMOM B TEYEHNE pacyeT-
HOM NPOAOIMKNTENBHOCTUN K3 NNOTHOCTBIO TOKA Jrgp non, A/M M2, (6.3.2) cneayeT npeasapuTenbHO onpeaenunThb
3Ha4YeHNA 3TUX BENUYUH, UCNONbL3YA POPMYnbI:

{
Jrep.ak = o - 2 ; (66)
K8 S Vbone
J — ]Tep.,EI,OI'ﬂ 1 _ A‘gl{. aon - A‘gH (67)
TER-AOT S \ tOTI{I'I \ tOTI{l'I |
rae Lep nont — AOMYCTUMBIN TOK OAHOCEKYHAHOTO K3, A;

S — nnowaab NonepevyHoro ceveHnsa NPOBOAHNKAE, MMZ.
TepMuyeckas CTOMKOCTb NPoBOAHMKA obecneymBaeTcs, ecnu BuinonHaeTca ycnosue (60).

6.4 lNpoBepka CMNOBLIX Kabenen Ha HEBO3ropaemMocCTb NMPU KOPOTKOM 3aMblKaHUM

6.4.1 MNMpunpoBepke CMNOBLIX KabenemnHa HEBO3ropaeMoOCTb NPU KOPOTKNX 3aMbIKaHNAX PacHETHYIO TOU-
Ky K3 cnegyeTt BbIOMpaTh B Ha4ane kabena He3aBUCMMO OT TOro, ABNAETCA NN OH OAWUHOYHBIM UMW YaCTbIo
kabenbHON NNHUKN, coaepXaLlen HECKONBLKO NapannenbHO BKNOYEHHbIX kKabenen. Ecnn 0 AMHOYHLIN Kabenb
NMEET CTYNEHYATOE Ce4YEHME NO ANWHE, TO ANA KaXXA0ro y4acTka C HOBbIM cedeHneM kabena HeobXxoaANMO NpuU-
HUMATb CBOK PacyeTHVIO TOUKY K3 B Ha4ane 3Toro y4acTtka.

6.4.2 Pac4eTHYIO NpoaonKnTenbHOCTb K3 cneayeT NnpuHUMaTh B COOTBETCTBUM C 4.1.5.
6.4.3 [na npoBepkn cUNoBbIX Kabenen Ha HeBO3ropaeMocTb Npn K3 HeobXoanMo B COOTBETCTBUM

c 4.1.51n6.3.3 onpenenntb KOHEYHYIO TEMNEPAaTYPY Harpesa X Xun 3, Npn pac4eTHON NPOAOCIMKUTENBHOCTH
K3 n cpaBHUTE €€ C NpeaenbHO AONYCTUMOW TEMMNEPATYPON HAarpeBa XX1n no ycnoBuio HEBO3ropaeMoCcTn Kabe-

nen 9,,. HeosropaemocTtb kabenen obecnevnBaeTcs, €CnNu BbIMNOMNHAETCA yCrnoBne
9 <95 (68)

[lpenenbHO AoONyCTUMbIE TEMMNEPATYPLI Harpeea Xxunn kabenen HanpsaxeHnem 6—10 kB no ycnoeuio
HeBO3ropaemMoctu npu K3 npmuBeneHbl B Tadbnuue 17.
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Tadnwuua 17 — NpepensHO AonycTUMblE TeMNEpaTypbl HarpeBa Xun kabenewn HanpskeHnem 6—10 kB no ycnosuio

HeBo3ropaemocTn npm K3

Xapaktepuctuka kabens

[lpepenbHO aonyctumMmas TeMnepaTtypa Harpeea
Xun kadens, °C

bpoHupoBaHHble kabenn ¢ nponuTaHHOW ByMaXKHOW nM3onaunen Ha Ha-

npsxeHne no 6 kB 400
BpoHUpoBaHHbIe Kabenu ¢ nponuTaHHOU OyMaXHOW N3ONALNEN Ha Ha-

npsxeHne 10 kB 360
HeBpoHupoBaHHble Kabenu ¢ NponUTaHHOW ByMakKHON N30NALNMEN HA Ha-

npsxxeHne 0o 6 kB 350
He®poHnpoBaHHbIe kabenu ¢ NPONUTaHHOW DYMaXKHON N30NALNEN HA Ha-

npsxxeHne 10 kB 310
Kabenu ¢ nnactmaccoBown (MONMBUHMNXNOPUAHBLIN NNACTUKAT) N PE3NHO-

BOWN n3onaLunei 350
Kabenu ¢ nsonaunen n3 sBynkaHM3npoBaHHOMO NONN3TUNEHA 400
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[MpunoxeHune A
(pekomeHayemoe)

PacueTHble BbipaXXeHUA ana onpeaeneHna koad dpuumenrta (2)

Tadonuua A.1

Homep pacyeTHOn cXemMbl B Tabnuue 2 PacuyeTHasa chopmyna ana onpeaeneHns koddodpuuneHTa A(2)
2
1 zZ Z2
T
1
2 3 1Z-1
8 2 |
2
3 zZ 7% 1
I ]2 6

Npy OTCYETE OT ONOpbl A

3 12
8 21
4 1
3 17 7 NpU OTCYETE OT ONopbLl B
8 2 [
1 y
5 AN KpaunHero nponera
0,394 ‘_ O,SZ—
/ 12
1
> — ANSA BTOPOro nponeta
> 0,529? 05 fz 0,106
2
7 AN cpeaHero nponeTta
L £
1 2 6
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[MpunoxeHune b
(pekomeHayemoe)

MeToauka NnpoBepKn TOKONPOBOAOB HA 3MEeKTPOANHAMUNYECKYO CTOMKOCTb NPU NOBTOPHOM
BKMIOYEHUMN HA KOPOTKOE 3aMblKaHUue

Hanbonbliee HanpsxeHne B MaTepuane LWMH U MaKCUManbHYIO Harpy3ky Ha U30NATOPbI MPY MOBTOPHOM BKIKOYEHUM
Ha K3 cnepyeT onpeaenaTb No ddopmMynam:

. 10-7 12 b.1
G =010 = Jgk;?/v l ifﬂn(@; (1)
J3-10771 5 (B.2)

Fmax o F’I max® B lyp‘ T]®s

a

roe o4 U Fy,., — Hanbonbluee HanpsbkeHWe N MakcuManbHas Harpyska npu nepsom K3;
® — KO3 DULMEHT NpeBbILLEHUS HANPSKEHU U Harpy3kn npm NoBTopHOM KS3.

KoadhdbmumeHT npesblileHns © onpeaensioT No KpuBbiM pucyHka b.1a B 3aBUCMMOCTM OT NOrapngmMmyeckoro aekpe-

MeHTa 3aTyxaHus &. Homep pacyeTHOM KpuBoM Ha pucyHke B.1a onpeaensoT, ncxoas U3 NpoAoIKUTENbHOCTU 0ECTOKOBOW
naysbl fy - M 4acTOTbl COBCTBEHHbIX KonebaHuit WnHb! £, ncnonb3ysa pucyHok 6.16. Ecnun Touka ¢ koopanHatamu by un f,

NEXUT B 30HE, OrPpaHNYEHHON OCAMN KoopaAUHAT 1 Kpueon 1, To KoapduumeHT ¢ onpeaensoT No Kpueon 1 pucyHka b.1a.
Ecnu3Ta Touka NnexuT B 30He, orpaHndeHHon kpuebimn 1 n 11, To ® onpepensaoT no kpuson 2 nT. A. CneayetT oTMETUTL, YTO

pacyeTHble KoaddULKNeHTbI ® nony4eHbl Npyn Hanbonee HebNaroNnpUATHLIX YCNOBUSAX KOMMYTAaLWIA, KOTOpbIE NPU NEePBOM
K3, B 6ecTOKOBYIO Nay3y U NOBTOPHOM BKNOYeHUN Ha K3 npmMBoAAT K HanbonbLUMM Hanps>KeHUAM B MaTtepuane LWnH w
Harpys3kam Ha M30NATOpbl U TaKUM 0Opa3oM obecneymBaloT OLEHKY 3NeKTPoANMHAMNYECKON CTOMKOCTN OLLUMHOBKW.

] |
NSANE
AR\ N
ENANDS
T

8 10 f, Iy
6

WA
i /AN
LI

= -
3| A B
N B
NS ~
T B

PucyHok 6.1 — Onpepenexne kosdduLneHTa NpeBbILLEHNA HaNpsXXeHNs U Harpyskn © B 3aBUCUMOCTU OT 3, fg o U fy
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[MpunoxeHue B
(pekomeHayemoe)
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MeToauka pacueta ruOKMx NnpoBOAHUKOB Ha 3MEeKTPOANHAMMUYECKYK CTOMKOCTDb

Huxke npuBoanTCA METOAUKA pacHeTa Ha 3NeKTPoANHAMUYECKYK CTOUKOCTb NTMOKNX NPpOBOAHNKOB, KOTOPbIE 3aKpen-
NeHbl HA 0AHOM YPOBHE (MO BLICOTE), NPU OTCYTCTBUKU rononeaa u BeTPpoBon Harpysku. lNpu onpeaeneHmnn CMeLeHu pac-
YeTHOM MOAENLID NPOBOAHUKA B NpoNneTe CNYXUT abCONKTHO XeCTKUN CTEPXKEHb, KOTOPLIA WAaPHUPHO 3aKpenneH Ha
onopax, a ero oCb o4yepyeHa no LenHon nMHUN.
3a pacyeTHoe NpUMHNUMAaKT AByXda3Hoe K3. BnnaHne rmpnaHa yunThiBaOT yBENUYEHUEM NOrOHHOW CUNbI TAXECTU

NpoBOAHMKA.

Mpw nposepke rnBKMX NPOBOAHNKOB Ha ANEKTPOANHAMUYECKYIO CTOMKOCTL Npu K3 HeoBXxoaAMMOCTb pacyeTa cMelLLe-
HUSA NPOBOAHUKOB, Y KOTOPbIX NPOBEC NpeBbILlaeT MONOBUHY PAcCTOAHUA MexXay dasamun, yCTaHaBNUBAaKOT 3HaUYeHNeM
napameTpa p, kKAZ - ¢/H, onpepensemoro no dopmyne

M ona
aq |

D

(B.1)

roe . — 0Oe3pasmMepHbIN KOIPPULMEHT, yUUTHIBAKOLLNKA BNUAHME anepuoanyeckon CoCTaBnNALWEN INekTpoanHaMmnyec-
Ko cunbl. [locnegHuin onpenenaT No KPUBOW, NpuUBeAeHHON Ha pucyHke B.1;

]r%) — HavanbHoe AencTBYyLEee 3HaYEeHNe Neprnoanyeckon cocTaBnaWen Toka apyxdgpasHoro K3, KA,
torn — PacyeTHasa npoaonxkuTensHocTb K3, ¢;

a — paccTosHue Mexay dasamun, m;
g — rMOroHHas cuna TsKecTu npoeoaa, Him.

e N I I O B
ol N1 | [ ]
i ANV S O A A
ol I I |
o N N S I I

. G N A S A A

1,8
e G
o I N A A, ) N N I I

1 D s e
a5 o752 2 a6 a5 Ao 5

0, S5 40 4,5
1‘tZZiTI{.HlTEl
PucyHok B.1 — 3aBucumocTb koadpuumeHTta A oT tyrq/ T4

B cnyyae, koraa BbINONHAETCA COOTHOLWEHMe p < 0,4 kAZ - ¢/H, pacueT cMeLleHns NPOBOAHUKOB MOXHO He NPOBO-
ONTb, TaK KaKk ONacHOCTU UX Ype3mepHoro cOnmxeHuns HeT. B NnpoTUBHOM cny4vae pacyeT CMeLEeHUA NPOBOAAT B CNeAyHo-
Len nocneaoBaTenNbHOCTU:

1) OnpepenarwT npeaensHO AONYCTUMYIO NPOACIMKUTENBHOCTL K3, C

09 M-g

npea .| 2 ~(2)°
\ wg p(ac)-l

t

rae M = m_, [ — Macca npoBOAHMKA NponeTa, Kr;
[ — ANnHa nponeTa, M;
g — YCKOpEeHUe CUNbI TAXeCTH, M/C2;

(B.2)

wg =g /L — yacToTa Manbix coBCTBEHHbIX KONeBaHWi pacyeTHOro MasiTHUKa, 1/c, npudem L = 2f/3, m;
f — npoBec npoBoAa B cepeauHe nponeTa, M;

2,

— pacyeTHasa 3nekTpoanHammndeckas cuna npu asyxdasHom K3, H.
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[TocnegHOK BEIMUCNAKT MO opMyne

2
F2) _p@), _Mol2I5g*10°  I210)) (B.3)
pacu =g A= y A = Ki A,
na a
nie k. _ppo10° 1471077 -10° o™,
41 41 M
Féz) — MOCTOSIHHAs COCTABNSAOLLAS ANEKTPOANHAMUYECKON Harpy3ky Ha NPOBOAHUK B NponeTe npu AsyxdasHom K3, H;

L — OTHOCUTENbHasA MarHUTHas NpoHULaeMoCTb BO3AYLLHON cpebl (AN Bo3ayxa p = 1);
ly — MarHuTHas NpoHULaeMocTb Bakyyma, M'H/m.

2) MNpnt, <t rOPU3OHTaNbHOE cMeLeHne nposoaHuka npu K3, M, BelYncnaT no oopmMmyne

npeq
2 6 2) .2
o=12980. 7 MO Pt e 21l e
aq aq
6 -7 4106
rne K, _123HM010 _12314?1: 107" 10 _0123E
47 41 M

B cnyyae, koraa soldmncneHHoe no doopmyne (B.4) 3HauveHne s okasbiBaeTcAa Honblle CTpensl npoBeca NpoBOAHUKA B
cepeanHe nponeTa, cneayeT NpUHUMaTL S = T,

3) Mpwn tnpe 0 <lotkn < 0,6(2n/mg) ropn3oHTanbHoe cMellieHne NpoBoaHuKa Npu K3, M, BLIMUCNAKT N0 0AHON U3 COOp-
MY
. AW,
S=fsinomy NpY Mglli <1 |
AW, (B.5)
s=f npu > 1,
Mgl

rac o — yron MakCMManbHOro OTKknoHEHUA NpoBoAHUKA OT BEPTUKANN, pPaA, OI'Ipe,EI,eJ'IFleMbIﬁ Nno CIDODMYJ'IG

Qay = @rcos[1 — AW, /(MgL)); (B.6)
(£(2) A
Foacs L

AW, =f Vo' &’ Totkn | — SHEPrusa, HakonneHHasa NpoBoAHUKOM nponeTa 3a Bpems K3, [k, n onpepensemas ¢
\ g / ncnonb3oBaHneM pucyHka B.2 (30ecb Torin = lotin’ To = lotkn®@o/2® — OTHOCUTENbHANA
NPOACXUTENBLHOCTL K3 B A0ONAX OT Nnepnoaa cobCcTBEHHbIX KonedaHuin npoBoaHUKa B

nponeTe).
4) Mpnty1.q > 0,6(271/0g) rOpn3oHTanNbHOE CMeLLeHne NPOBOAHNKA Takke BbIYMCNAT No hopmynam (B.S), oaHako

BXoAsALyt B popmMynbl (B.5) n (B.6) aHepruto AW, , X, npubnmxeHHo oLeHMBaKT No 0AHOW U3 hOpMYN:

a+ 2L a-+ 2L

AW, =0,5F (agq aln , €ecnu 0,5Fp(32c);qa In > MQgL;
d d > (B.7)

AW, = Mgh, ecnu 0,5Fp(32c)“a In a+2l < MgL,

a .,

roe h — BbICOTa NoAbeMa NPOBOAHUKA HaA ero NnonoXxeHmem Ao K3, M, KOTOPYI onpeaensanT C UCNONbL30BaHUEM PUCYH-
kKa B.3.

5) OnpepensadT MakcumanbHoe coOnnxxeHne NPoBOAHNKOB (MMHUMaNbHOE PacCTOsHME MeXAay NPOBOAHMKAMW) MO
dopmyne
a. =a—2s+r.), (B.8)

min D

roe S — HanaeHHOe MakCUManbHOe ropuU3OHTanbHOEe CMeLLeHMe NPoOBOAHMKA B cepeanHe nponeTa OT PaBHOBECHOIO
MONOXKEHUS, & ANA pacllenneHHbIX da3 — 3TO ropM3oHTanbHOe CMeLleHne OCU pacyeTHOro 0AUHOYHOro NpPo-
BOOHMKA C MonepeyHbiM ceyeHneM, paBHbIM CYMMe cevyeHUn Bcex NPpoBOAHUKOB dhasbl, B cepeiuHe NponeTa;

r, — Ppaauyc pactiennexns dasbl, M.
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04 06 08 10 12 14 16 18 L/a

PucyHok B.3 — XapakTtepuctukun h /a = f(L/a) npn asyxdasHom K3

MakcumanbHoe TaXKeHne B NPOBOAHUKE F ... » CneayeT onpeaensTh, nonaras, YTo 3Heprus, HakonneHHas NpoBoA-
HUKOM BO BpeMsl K3, TpaHCopMUpyeTcs B NOTEHUMANBHYIKO S3HEPTUD AedopMaLum pacTaXeHUs Nnpu naaeHnn NpoBoAHUKA
nocne oTkN4YeHUs K3, NOAHATOro 3NeKTpoanHaMU4YeCKMMMU CUNaMmn Haa UCXOAHbIM PaBHOBECHbLIM NonoXeHunem. Mpwu
3TOM 3Ha4eHue F [k, cocTaBnsaeT

max P
2 B.O
Fnax £ = (AW +W0)) 7 — (B.9)
hp
1 Foyhp
raoe Wy = noTeHUnanbHasi 3Heprusa aedopmaLnn NpoBOAHUKA B NponeTe Npu TSXKEHUU, PaBHOM TSXXEHUIO B
2 ES HemMm no K3, Ix;
mgl?
F(O) — Y P TAXXeHne (npoaonbHaa cmna) B nposoaHuke Ao K3, H;
m — MOroHHaa Macca NPOBOAHUKA, Kr;

E — mMoaynb ynpyrocTu MaTepuana nposoaHuka, H/m?;
S — nnowaab NonepeyHoro ceyeHuss NPOBOAHMKA, MZ;
Al — YANUHEHWE NPOBOAHMKA B NPOFIETE MPY YCURUN B HEM, PaBHOM F._. £ M;

| — AOnNuHa NPOBOAHUNKA B Nnponete, M, KOTOPVYIO A0ONYCKacTCA NPUHUMATD paBHOﬁ ANUMHE NponeTa /.

Mpu BbINONHEeHUN ycnoeua ¢, - <t 3HadyeHue AW, nonyckaeTcs onpeaensaTb No NpubnuxeHHon dopmyne

(B.10)

npen

2 2
vy, _ et forn)
2M

A.

[pn OTCYTCTBUKN XapaKTEPUCTUKKN KeCTKOCTU npoeoaa Al = {F) npubnuxeHHoe 3HayeHne MakCUMManbHO BO3MOXHO-
ro TSKeHUsA B NPOBOAHMKE AonyckaeTcsa onpeaenaTb no dopmMyne

AW,
[

roe ES — XeCTKOCTb NonepeYHoro ceveHns Nposoaa npu pacTtskeHun, H;

E — mMoAynb YyNpyrocTu Matepuana npoeoaHuka, H/m?;

S — nnolwaab NonepeyYHoro ceueHnst NPOBOAHUKE, M2,

, (B.11)

Fax f :\ 2ES

Moaynb ynpyroctu maTepuanoB MNpPOBOAHMKA, MONYyYEeHHOro CKpyyYMBaHWEM TMPOBONOK, cneayeT CHWXKaTb
(BABOE-BTPOE) NO CpaBHEHWUIO C MOAYNEM YNPYrocTU MaTepuana oTAenNbHbIX NPOBONOK.

3Ha4YeHne HMXHero npeaena MakCMManbHONo TAXeHNA B NpoBoAaHUKE Fmax2 B Chnydae, Koraa nposoaHUK nocne
OTKNO4YeHnA K3 (I'IpM OTHOCUTENBHO ManNomM TOI{G) NMNaBHO BO3BPALLAETCA B UCXOAHOE NONOXEHUE, COBEPLUAA 3daTEM 3daTVY-
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XawLjme (U3-3a aspoagnHamMmmn4eckoro cConpoTueneHna atmocdepbl) konebaHuna, BbibnpaetTca HandbonbLUUM U3 ABYX 3HaYe-
HUW CUNbl TAXEHUA F,, BbIYNCNAEMbIX N0 (POpMynam:

F () N2 (B.12)
Fy = Figy | 14 | 4|
2 =10) ,
\ (Mg ) |
E, = FEo |1+ 22% )
2 =1M0) Mal

NpWY 3TOM TPaeKToOpPUAa ABWXKEHUSA LleHTpa Macc NpoBoAHMKA ONN3Ka K OKPY>KHOCTMN.

BnusaHue rupnsHa N3oNAToOpoB U OTBETBNEHUN C TMOKON OLLMHOBKOWN MNPUONUMKEHHO YYUTLIBAETCA YBENUYEHNEM
MOrOHHOW CUNbI TSHXKECTU N CTPENbl NpoBeca NPOBOAHUKOB NMyTeM 3aMeHbI B NpUBeAeHHbIX BbilLe hopMynax Macchbl NpoBoA-
HUKa M" npuBeaeHHON Maccon an = My + M___ v cTpenbl nposeca f «npuBeaeHHON» CTpenomn nposeca fnp =f+ [cos (3,
roe y — KoagpduumneHT npueeaeHns maccol (Tabnuua B.1); M, — macca oTBoAoB B NponeTe; /. — AnvMHa rupnsHabl N30-
NATOPOB; [ — yron oTKNOHEHUA HAaTSKHbIX TMPNAHA OT BepTukanu ao K3, paa.

Tabdbnwuua B.1— KoahduumeHT npuseaeHns Macchbl y Npu pasnnU4HbIX OTHOLLEHUAX NpoBeca MMPNaHAbl K CTpene npo-
Beca npoBoaHuKa f/f n maccbl rMpNAHAbLI K Macce NpoBoaHuKa B nponete M /M

3Ha4yeHne koadhhulMeHTa NpuBeaeHa Macchl y Npu pasnuyHblix M /M
f/f
’ 0,01 0,02 0,05 0,10 0,20 0,50 1,00 2,00 3,00
0,01 1,000 1,000 1,000 1,000 1,001 1,002 1,003 1,005 1,006
0,02 1,000 1,000 1,000 1,001 1,002 1,004 1,007 1,010 1,012
0,05 1,000 1,000 1,001 1,002 1,004 1,010 1,016 1,024 1,029
0,10 1,000 1,001 1,002 1,004 1,008 1,019 1,031 1,048 1,058
0,20 1,001 1,002 1,004 1,008 1,015 1,034 1,059 1,090 1,110
0,50 1,002 1,003 1,008 0,016 1,031 1,071 1,130 1,200 1,250
1,00 1,002 1,005 1,012 1,024 1,048 1,110 1,200 1,330 1,430
2,00 1,003 1,007 1,017 1,033 1,065 1,150 1,290 1,500 1,670
3,00 1,004 1,007 1,019 1,037 1,073 1,180 1,330 1,600 1,820
[MpnmedaHune—M —wmacca rMpnaHa (CyMMapHas Macca ABYX HaTsKHbIX TMpNAHA Y ABYX onop NpoBoAa-
HUKOB B NponeTe unu macca oaHon rmpnaHabl, eCnNn Ha onopax rmpnaHasl noasecHsble); M — mMacca NpoBoaHMKa B NPO-
nete; f — nposec rpnaHa; f — cTpena nposeca NPOBOAHMKA.
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[MpunoxeHune I'
(pekomeHayemoe)

[MpuMepbl pacyeTa 3NEeKTPOANHAMNYECKON CTOMKOCTU LUMHHbIX KOHCTPYKLMAIA

Mpumep 1
[TpoBEPUTL INEKTPOANHAMMNYECKYHD CTONKOCTb Tpexdas3HoW LUMHHOMN KOHCTPYKLKW, N30NATOPLI KOTOopon obnaaatoT
BbICOKOMN XXeCTKOCTbI), NPpU AeUCTBUN yAapPHOro Toka K3 if’ﬂ = 155 KA.

LLInHBI IPAMOYronbHOro ceveHus (60 x 6) MM2 BbINONHEHbLI U3 antoMUHNeBoro cnnasa Mapkn A131T1, pacnonoxeHsol
rOPU3OHTANLHO B OAHOW MNOCKOCTU, UMEIT 4YeThipe nponeta n napameTpbl: [ =12 M, a = 0,6 m; m = 0,972 Kr/m;
E=7-10""Na; 6,,, = 137 MNa.

CornacHo Tabnuue 4

bh® 0006-006° (r.1)

J,=—= =10,8- 1070 m*,

Y 12 12
° 0,062 r.2
w = bh® _0006-006° _ 36106 M3, (I.2)

A 6

YacToTa cobcTBeHHbIX KonebaHuni
2 = 1 2 10 -8
f = r : EJ 473 : 7-10'Y.108-10 2182 Tu r.3)
2nl“ V' m  2.314.12° 0,972

rae ry = 4,73 COOTBETCTBYET pacyeTHON cxeme 5 (Tabnuua 2).
[na AaHHON LULMHHOW KOHCTPYKUMKU T = 1,1 (PUCYHOK 5); Kep = 1.0 (PUCYHOK 1); K,
La 2).
MakcumanbHas cmna, AeNCTBYIOLLAA Ha LUMHHYKD KOHCTPYKLUKD, COCTaBNSAET
J3:1077.12.155%.10°.10-10

3-107"
g -2 ——— Uiy ) KpKpaon = T = 8322 H, (T4

=1,0(tabnuua1); A = 12 (Tadbnu-

dCrl

Npu 3TOM MakCUManbHOE HanpsikeHne B MaTepuane WuH, onpeaensiemoe no dopmyne (18), paBHo

(3) . r.5
G = X" 892212 = +1,1=254,3 MNA. (-9
AW 12.36.107

[ockonbky 6. = 254,3 MlNa > ¢, = 137 Mlla, TO WWMHbI HE YNOBNETBOPSIOT YCNOBUIO 3NEKTPOANHAMUHECKON
CTONKOCTW. [INA CHUKEHUA MaKCMManbHOro HanpsiXXeHns B MaTepuane LWMH HeobX0ANMO YMEHbLUUTL ANUHY NponeTa. Hau-

fonbllaa agonyctTMmasa ANUHa nponeTa npu Cpon = 137,2 Ml'a paBHa

| = | %Bon 45 | 137 _gga (I.6)
V Gmax \ 2543

[pumem annHy nponeta pasHou 0,8 M; B 3ToM cnydae f, =491 'y; n = 1,0; F,.,ggg( = 5948 H n o, = 102,7 Mlla,

YTO MeHbLle G, = 137 MIlla.

Mcxona ns MakcumManbHOW Harpysky, AeNCTBYOLWEN Ha N30NATOP, Fn(ég( = 5548 H npuHnumaem K ycTaHOBKE N30ONATO-

pel TMna MOP-10-16,00 YXJ13. [ina Hux cornacHo cpopmyne (5) gonyctumas Harpyska coctaenset F . =0,6F ) =

= 0,6 - 16000 = 9600 H. BbibpaHHblIe N30NATOPLI YAOBNETBOPAKT YCNOBUK 3NEKTPOANHAMUYECKON CTOUKOCTI

_ 3) _
Fron = 9600 H > F{3) = 5548 H. (.7)

Taknm obpasom, Npu ymeHbLeHUN ANUHbI nponeta A0 0,8 M LWMHHAA KOHCTPYKLUNA oTBeYaeT TpeboBaHUAM 3NEKTPO-
ANHaMNYEeCKOWU CTOUKOCTM.

Mpumep 2
[TpoBEPUTL INEKTPOANHAMUYECKYID CTOUKOCTb Tpexda3HOoW LUIMHHOW KOHCTPYKLWN B LleNU reHepaTtopa, LWWNHbI KOTO-
Y (3) —
POW COCTOAT U3 ABYX 3NEMEHTOB KOpbIToOOpa3sHoro npodounsa, npw %) = 120 KA.

AntoMuHUeEBble WKHBbI Mapkn A10 ceyeHnem 2 x 3435 MM?2 pacnonoXeHbl B rOpU3oHTanbHON NNOCKOCTU U UMEIOT
cneaywouwue napameTpbl: /=2 m; a=0,75 m; m = 9,27 kr/m; E=7 - 1010 Na; Goon = 41 MMa; a,, = 0,2 m; ln=1M,
Jyy = 254 - 1078 m*; J = 4220- 108 m*; W, =40-107° m3; W=422.107° m3.
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YacToTbl CODCTBEHHLIX KONeHaHUN LWNHBI U 3NEMEHTA LUMHBLI B COOTBETCTBUN ¢ chopmynamm (22) n (25) pasHbl:

2 [BJ 4732 [7-10'°.4220.1078 _ (r.8)
fy = A T 5 = 355,05 'Ly,
oni? N m  2.314.2% 2-9,27
2 [EJ 473% [7.10'9.254.1078 _ (".9)
flon = =23 = > = 4934 'y,
2nl2 \ Man 2-314-1% 9,27
[ns AaHHON WWHHON KOHCTpYKUMM M = 1,0un__ = 1,0 (pucyHok 5); Kep = 1.0 (5.1.1); Koacn = 1,0 (Tabnuuya 1); A = 12
(Tabnuuya 2).
MakcumanbHasa cuna, o0ycnoBneHHas B3aMMOAeNnCcTBMEM TOKOB pasHbix has, paBHa
10~ 10~7.2.120%2.10°.10-1 .10
2 =310 0 i 321 0 = 6651 H (19
a ,

[1pn 3TOM MakCUManbHble HanpsbkeHns B MaTepuane WuH, odycnoBneHHble COOTBETCTBEHHO B3aUMOAENCTBUEM
TOKOB pa3HbIX pas, onpeaensaemoe no opmyne (18), n TOKOB OTAENLHLIX 3NEMEHTOB NPOBOAHMKA oAHOW hasbl, onpeae-
naemoe no copmyne (24), paBHbI:

(3) , 11
Op max = Fmax! | _ 00912 = 1,0 = 2,63 MMA, 1)
AW 12.422.10"
2
2.107712, Ky (ivg )° 10~7.12.10 (120.10%
o on. Ko yﬂ] o = 21072210 (120-10%17 4 oy, r12)
ra,Won \ n 12.02-40-107°\ 2
CymMmMapHoe HanpshkeHne B maTepuane LWUHbI
Gmax = Ocpmax * O = 2,63 +7,5 = 10,13 MMa. (T.13)

311, Max

LLInHBbI yAOBNETBOPAT YCINOBUKD 3NEKTPOANHAMUYECKON CTOMKOCTU, Tak Kak G
= 10,13 MIa.

Mcxona ns MakcumanbHOU Harpysku, AeUCTBYHOLWEN Ha U30NATOP, F,.,%)( = 6651 H, npuHUMaeM K ycTaHOBKE U3ONATO-

pbl THNa N0O-10-20,00 Y3.

[na aTnx nsaonaTopoe Fpaap = 20000 H, BbicoTa h = 0,134 M. 13onAaTop uMmeeT BHYTPEHHee KpenneHne apmMmaTyphbl,
nostoMmy ana Hero H=h+a, /2=0,134 + 0,2/2 = 0,234 m.
CornacHo dhopmyne (8) aonycTuman Harpyska Ha U3onatop npu nsrnbe pasHa

non = 41 Mla, yto bonblie o, =

Fronsr = NFoaen h/H = 0,6 - 20000 - 0,134/0,234 = 6871,8 H. (T.14)
BuibpaHHble U30NATOPLI YAOBNETBOPSIOT YCNOBUKD 3NEKTPOANHAMMNYECKON CTOMKOCTH
_ 3) _
Fron = 68718 H>F3) = 6651 H. (r.15)

Takum oOpa3om, LUIMHHAA KOHCTPYKLUA B LLleNOM oTBeYaeT TpeboBaHUAM 3NeKTPOANHAMUYECKON CTOMKOCTH.

Mpumep 3
[TpoBEPUTL 3NEKTPOANHAMNYECKYKD CTOUKOCTb LUMHHOMN KOHCTPYKL NN HAPY>XHOW 3NEKTPOYCTaHOBKN HanpsikeHNem
110 kB npn zﬁ) = 50 KA.

TpyOuaTble WUHLI KBaapaTHOro ceYveHust BeINONHeHbI U3 antoMuHuesoro cnnasa AA31T u pacnonoXxeHobl B 0aHON
nnockocTu. LUnpunHa wnHel H = 125 MM, WinpuHa okHa wnHebl h = 109 MM, noroHHaa macca m = 8,96 kr/m. [innHa nponeTa

[ = 5 M, paccToaHue mexay hasamu a = 1 M. [lonycTumoe Hanps>xeHue B MaTepuane LWNHbI Gphon = 89 Mla, moaynb ynpy-
roctn E = 7 - 1019 Na. UsonsTopbl Tuna MOC-110-600 (pucyHok 38) umetoT Fpa3p = 6 kH, BeicoTy H,,, = 1100 MM, paccTos-
HUe OT LeHTpa ronoBKM A0 LeHTpa Macc WnHbl 80 MM, BLICOTY apMaTtypbl HUXKHero ¢onadua 100 mm, cneaosaTtenbHO ANS
HUX 3Ha4YeHna H n h cornacHo pucyHky 38 paHbl: h = 1100 — 100 = 1000 mm; H = 1100 — 100 + 80 = 1080 mm. >KecCT-
kocTb uzonaTtopa C,, = 1100 kH/m, a yacTota cobcTBeHHbIX KonebaHun f . = 28 I'L.

CornacHo Tabnuue 4 MOMEHT UHEPLUXN N1 MOMEHT COMPOTUBNEHUS LUMHbI PaBHbI:

H* —p*  0125% - 0109
12 12

(I.16)

J = —8582.107% m4,

H4 — p4 _ 0/ 254 _ 0,109% (r.17)

-1373-107° wm3.
6H 6-0125

W =

33



FOCT P 52736—2007

HonycTumasa Harpyska Ha U3onaTop cornacHo dpopmyne (8) paBHa

Fon = 0,6 -6000 - 1000/1080 = 3333 H. (I.18)

3Ha4YeHUS KEeCTKOCTU N 4acTOTbl KonebaHunm onopbl AOMNYCTUMO MPUHATL PAaBHBIMUW XKECTKOCTU U 4aCcToTe kKonebaHui
N3ONATOPOB, TaK Kak N30ONATOPbI LUIMHHON KOHCTPYKLIMX YCTAaHOBNEHbI HA BECbMa KeCTKOM OCHOBaHUMN.
[TpuBeaeHHaa Mmacca B COOTBETCTBUKN ¢ chopmynon (31) paBHa

Con  1100-10° (r.19)

M = 5 = 5 = 35,57 K.
(2nf, ) (2-3,14-28)

HeoOxoaumble Ans onpeaeneHns napamMmeTpa OCHOBHOM YaCTOTbl COOCTBEHHbIX Kone®aHui LUNHbI 3Ha4YeHUs BENW-
YUH PaBHbI:

Con!® __ 1100-10°-5° (7.20)
EJ 7-10'°.8582.107° |

M _Soof 0,795. (r.21)

ml  896-5

[10 KpMBLIM pUCYHKa 6 NnapameTp ry = 3,3, NOITOMY
2 1010 ara0.10-8 (T.22)
f 3,3 : 7-1070-8582107° _ 1o oe
2.314.5% \ 8,96

[1o KpnBON PUCYHKa 5 KO3IdhdnumeHT AnHammieckon Harpyskmn n = 0,9.
MakcumanbHble Harpyska Ha M30oNATOPLI M HanNpskeHne B MaTepuane WnHbI B COOTBETCTBUK C hopmynamm (2) n(18)
pPaBHbI:

F,.,%)( _ \/5';0_7 Z(ib('g))deDKpacn _ \/3*10'7*5*51%2'106*1,0**1,0 _ 2165 H. (I".23)
ACH, 2165-5 _ (T.24)
Omax = W n= 12137310 -0,9 = 5,38 Mrlla.
na naHHOW WNHHOW KOHCTPYKLUN
Cpon = 89 MMNa >o, . = 5,88 Ma; (F.25)
Fron = 3333 H >F{2) = 2165 H. (T.26)

Taknm o6pa3om, LWMHHAA KOHCTPYKLUMS YAOBNETBOPSET YCNOBUAM ANHAMNYECKON CTOMKOCTH.
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YOK 621.3.064.1:006.354 OKC 29.020 EO9

KnioyeBble cnoBa: TOK KOPOTKOrO 3aMbIKaHMA, 3NEKTPOYCTAHOBKN, 3NEKTPOANHAMNYECKaa CTOMKOCTb, TEPMU-
4yeckasa CTOMKOCTb, MHTerpan [>xoyns, HEBO3ropaeMocCTb
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