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Short circuit in electrical installations.
Calculation methods of thermal and electrodynamic
effects of short circuit currents

Jara BBeaenns 1994-01-01

Hacrosimuit ~ cranmapr  pacnpocTpaHsercss  Ha  Tpex(dasHble  3JIEKTPOYCTaHOBKU
IIPOMBIIIJIEHHON YacTOTHI U ONpezesnseT oOLIyl0 METOAUKY paciyeTa U MPOBEPKU ITPOBOJHUKOB U
NIEKTPUYECKUX alllapaTOB Ha JJIEKTPOJAMHAMUYECKYI0 M TEPMHUYECKYHD CTOMKOCTH IIpHU
KOPOTKHX 3aMbIKaHUSX.

Bce myHKTBI OCHOBHOIO TEKCTa CTaHJApTa SBJISAIOTCS O0s3aTE€IbHBIMHM, a MPHIOXKEHHS -
PEKOMEHYEMBIMHU.

1 O01mme moJ10KeHUs

1.1 Bei0op pacuerHbix ycaosuii K3

1.1.1 TIpu mpoBepke NPOBOJAHUKOB M 3NIEKTPUUECKUX AaNMapaToB 3JIEKTPOYCTAHOBOK Ha
AIIEKTPOIMHAMUYECKYI0O U TEPMHUYECKYI0 CTOMKOCTh npu K3 mpeaBapuTenbHO OJKHBI OBITh
BbIOpaHbl pacueTHbIe ycioBus K3, T.e. pacueTHas cxema 3JIeKTpOyCTaHOBKH, pacueTHbIi Bua K3
B JJIEKTpOYyCTaHOBKe, pacueTHass Touka K3, a Takxe pacyerHass mpoposmkutenbHocTh K3 B
AJIEKTPOYCTAHOBKE (IIOCIEAHIO MCIOJIB3YIOT IPH IPOBEPKE HAa TEPMHUUYECKYH) CTOMKOCTb
MIPOBOJIHUKOB M HA HEBO3TOPAEMOCTh Kaleeil).

1.1.2 PacuerHas cxema 3JEKTPOYCTAaHOBKM JOJDKHA ObITh BbIOpaHa Ha OCHOBE aHalU3a
BO3MOJXKHBIX DJIEKTPHUECKHUX CXEM 3TOH AJIEKTPOYCTAHOBKH MPH MPOJOJKUTENBHBIX peXUMax ee
pabotel. K mocnenHum cienyeT OTHOCHTh TakKe PEMOHTHBIE M TOCIE€aBapUKHBIE PEKUMBI
paboTHI.

1.1.3 Pacuernbim Buziom K3 cnenyer npuHuMaTs:

- NpuU TPOBEpPKE  INEKTPUUYECKUX  amlmapaToB M  JKECTKUX  IPOBOJAHMKOB  Ha
AIIEKTPOAMHAMHUYECKYIO CTOMKOCTH - TpexdaszHoe K3;

- IIpU MPOBEPKE AIEKTPUUYECKUX allapaToB U MPOBOJAHUKOB HAa TEPMUYECKYIO CTOMKOCTDH -



Tpex- wim oaHodaszHoe K3, a Ha reHepaToOpHOM HANPSHKEHUM 3JCKTPOCTAHIMM - TpeX- WM
nByxgaszHoe K3, B 3aBUCUMOCTH OT TOT0, KAKO€ U3 HUX IMPHUBOAUT K OOJIBLIEMY TEPMUUYECKOMY
BO3JICHCTBHIO;

- IIpY NPOBEpKEe T'MOKUX MPOBOAHUKOB IO YCIOBHMIO MX JOIYCTUMOIO COJIMDKEHUS BO BpeMs
K3 - tpex- wim nByx¢aznoe K3, B 3aBUCUMOCTH OT TOTO, KAKO€ M3 HUX HMPUBOJIUT K OOJIbIIEMY
COJIM>KEHUIO POBOAHUKOB.

1.1.4 B kauectBe pacueTtHoi Touku K3 cienyer mpuHuUMaTh Takyr0 TOUKY Ha pacdeTHOMN
cxeme, npu K3 B KOTOpoH NPOBOJHMK WM 3JIEKTPUUYECKHM ammapaT IOJBEpraercs
HauOO0JIbIIEMY 3JIEKTPOAMHAMUYECKOMY UM TEPMUUECKOMY BO3/IEHCTBUIO.

[Mpumeuyanue. HckmoueHus U3 3TOro TpeOOBaHHWS JOMYCTHUMBI JIMIIb TPH Yy4YeTe BEPOSTHOCTHBIX
xapaktepucTuk K3 wu  J0mKHBI OBITH OOOCHOBaHBI COOTBETCTBYIOIIMMHU BEJIOMCTBEHHBIMH HOPMATHBHO-
TexHuueckumMu nokymenramu (HTT).

1.1.5 Pacyernyto mpopoikutenbHOoCTh K3 mpu mpoBepke MPOBOAHUKOB U AJIEKTPUUECKUX
anmnaparoB Ha TEPMHUUYECKYI0 CTOMKOCTb CIEAYET ONpPENENSATh IIyTEM CIOKEHUS BPEMEHU
JIEMCTBUSI OCHOBHOW PEJIEHOM 3aluThl, B 30HY KOTOPON BXOJST IPOBEPSEMbIE MTPOBOJIHUKU U
AIIEKTPUYECKHUE allapaThl, U MOJHOTO BPEMEHU OTKJIIOUEHHS] COOTBETCTBYIOILETO BBIKIIOYATES,
a IIpu npoBepke kabemeil Ha HeBO3TOPaeMOCTh - ITyTEeM CJIO0KEHHUSI BPEMEHHU JICHCTBUS Pe3epBHOM
PENeHOM 3aIMTHI U ITOJIHOTO BPEMEHHU OTKJIFOUCHUs Oikaiiiiero k Mecty K3 BeIKTrOgaTess.

[Tpu HanMuuMU YCTPONCTB aBTOMAaTH4ecKoro moBTopHoro BkmoueHus (AIIB) menu cnemyet
YUUTBIBaTh CyMMapHOe TepMudeckoe aeiictaue Toka K3.

1.1.6 Ilpu pacuetHoit npopomxutenbHocTy K3 g0 1 ¢ gomyctumMo mpouecc Harpesa
MPOBOJHUKOB T1OJ jeWctBueM Toka K3 cuwmrtath anmuabathyeckuMm, a TMpU PacdyeTHOU
nponomkurensHoctd K3 6onee 1 ¢ u npu HeObicTponelicTByromux AlIB cieayeT yduThIBaTh
TEIUIO0TIady B OKPYKAIOIIYIO CpELy.

2 DuekTpoanHaMMuueckoe jaeiicrBue Toka K3

2.1 PacueT 3JIEKTPOAMHAMHYECKHUX CHJI B3aMMO/1eiiCTBHS TPOBOTHUKOB
2.1.1 DnexTpoAMHAMHYECKUE CHWJIbl B3aUMOJACHCTBUSA JIBYX MapajUIeNIbHBIX IPOBOJHUKOB
KoHeuHOro ceueHust (F) B HbIOTOHAX CIIEAYET OMPEACsaTh Mo hopmyiie
T
F=2.10"11,—K,,
a 1)
rae 2-107 - mocTostHHbII napamerp, H/AZ?;
@ - PacCTOSIHHE MEXIY OCSIMHU MTPOBOIHHUKOB, M;
i1, I2 - MTHOBEHHBIE 3HAYCHHS TOKA TPOBOIHUKOB, A;
| - TTMHA TIPOBOHUKOB, M;
Ky - xooppunueHT Gopmsl.
J11st TpOBOAHUKOB MPSIMOYTOJIBHOTO ceueHUs! K03 PUIMEHT POPMBI CleayeT ONpeaesaTh Mo
KPUBBIM, TPUBEJICHHBIM Ha pUCYHKE 1.

Juarpamma aJjis onpenaeaeHus Ko3(pPpuuneHToB (popMbl IIMH NPAMOYI0JILHOI0 CEYEeHU
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JUis KpyribIX HPOBOJHMKOB CIUIOIIHOTO CEYEHUs, MPOBOJAHUKOB KOJIBLIEBOTO CEYEHUS, a
TaK)K€ MPOBOJHUKOB (IIMH) KOPBITHOTO ceueHusi ¢ BbicoToil ceuenus 0,1 M u Oosee ciemyer
npunsth Ky = 1,0.

2.1.2 Haubonbliee 3HaYEHUE 3IEKTPOIMHAMUUECKON CHJIBI UIMEET MECTO IIPU yIapHOM TOKE
K3.

©)]
2.1.3 Maxkcumanbnyto cwity (Fmx) B HbIOTOHax (IKBHBAICHTHYK) pPaBHOMEPHO
pacripeieliecHHOW MO JJIMHE TpoJieTa Harpy3ku), ACHCTBYIONIYyI0 B TpexdasHoil cucreme
IPOBOJIHUKOB Ha pacueTHyo ¢a3y npu tpexdazHoM K3, cienyer onpenensts no popmyie

-7
Fo = 33107 o

2
- )2K, K

pacm !

@)

i®
rae YA - ynapHelid Tok TpexdasHoro K3, A;

K N

paci- k03(h(HDUITUESHT, 3aBUCSIIUI OT B3aMMHOTO PACIIOJIOKEHUS IIPOBOHUKOB,;
@ - PaCCTOSIHHE MEXY OCSMHU TPOBOTHUKOB, M;
| - muHa mposeTa, M.

K .
3HaueHHss KOX(PQHIMEHTa 9" HEKOTOPBIX TUIOB MIMHHBIX KOHCTPYKIHMH (PUCYHOK 2)
yKa3zaHsbl B Tabuuie 1.

CxeMbl B3aHMHOT0 PACIIOJOKCHUA IINH
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Tabnuna 1 - 3HauyeHus1 ko3puHeHTa  Pocn
PacronoxeHue muH PacdeTHAs 3nauenue kodpduipenta P uis Harpy3zox
basa pe3ynbTUPYIOIIEH | M3ru0aroIIe | pacTAruBaroIIe | CokuMaromen
1 B oxHOI TmocKOCTH (PUCYHOK 2a) B 1,00 1,00 0 0
2 Tlo BepumIMHaM PaBHOCTOPOHHETO A 1,00 0,94 0,25 0,75
TpeyroyibHUKa (PUCYHOK 20) B 1,00 0,50 1,00 0
C 1,00 0,94 0,25 0,75
3 Tlo BepmMHAM MPSMOYTOJLHOTO A 0,87 0,87 0,29 0,87
paBHOOEIPEHHOTO TPEeyroJibHUKa B 0,95 0,43 0,83 0,07
(pucyHOK 2B) C 0,95 0,93 0,14 0,43
4 Tlo BepmmHaMm paBHOcTOpoHHero| A, B, C 1,00 0,50 1,00 0
TpeyroybHUKa (PHCYHOK 2T)
[Tpu nByxdaznom K3
21077
Frr(ﬁiz I(I (2)) K Kpacn !

i 2

rae YA - yaapHblif Tok aByxdasnoro K3, A.

©)
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2.2 Bpi0Op pacyeTHOl MeXaHMYeCKOH cXeMbl IIMHHBIX KOHCTPYKIHMH W THOKHX
TOKOIPOBO/I0B

2.2.1 MeToauky pacdera JIeKTPOIUHAMUYCCKON CTOMKOCTH IIIMHHBIX KOHCTPYKIIUN U THOKUX
TOKOITPOBOJIOB CJIEIYET BHIOMPATh HA OCHOBE PACUYETHON MEXaHMUYECKOW CXEMbI, YUUTHIBAIOMICH
X 0COOCHHOCTH.

2.2.2 Cnenyer pa3inyarh:

- CTaTMYECKHE CHCTEMBI, OOJAJarolIhe BBICOKOH JKECTKOCTHIO, Y KOTOPBIX IIMHBI H
n30JTophl pu K3 ocTaroTcst HeMOIBHKHBIMU;

- JTUHAMUYECKHE CHUCTEMBbI C YKECTKHMMH OIOPaMH, Y KOTOPBIX H30JsATOphl mpu K3 moryr
CUUTATHCS HEIOBM)KHBIMH, a IIIMHBI KOJICOIIOTCS,

- TMHAMUYECKUE CHCTEMBI C YIIPYTO MOJATIMBBIMU ONIOpaMu, B KOTOPBIX npu K3 konednroTest
IIIMHBI U OTIOPHI;

- TMHAMHUYECKHE CUCTEMBI C THOKMMH TTPOBOIAMH.

2.2.3 PacyeTHble MEXaHWYECKHUE CXEMbl IIMHHBIX KOHCTPYKLUMH pa3JIMYHBIX THUIIOB,
00J1a/1at0IINX BBICOKOM KECTKOCTHIO, MPEICTABICHBI B TaOIUIIE 2.

Tabnuna 2 - PacyeTHasi cxeMa IIUHHBIX KOHCTPYKIU

Howmep Pacuernas cxema Tun Oayku 1 ONopsI Kospummentet
CXEMBbI A § 5
1 £ OpnnomnponetHas 4 u B - nzonarops- 8 1 3,14
F——A OIIOPHI
b4 As
2 OpHomponeTHas A - 3ameMIIcHIe 8 1,25 3,93
a 2& HIMHBI; B - U30/1TOp-0M0pa
Y. A5
3 a E A ¥ B - 3amemMiienne MUHEI Ha )KeCTKux | 12 1 4,73
ornopax
pA A8
4 b4 l zz | Banka ¢ n1Byms mposieramu 8 1,25 3,93
g /AN i
Y s Y
5 & JAN AN 8 Banxka ¢ Tpems u 6oee mpoieTaMu 10* 1,13 4,73
**
VRN V- B V- W 12 !

* Jlns kpallHUX TPOJIETOB,
** J171s1 CpEIHUX TPOJIETOB.

PacyeTHble cxembl MMEIOT BUJl PAaBHOMPOJIETHOM Oalku, Jiexalled WM 3aKperieHHOW Ha
YKECTKUX ONOpaXx M MOJIBEPTAIOIIEHCS BO3ICHCTBHIO PABHOMEPHO PACIIPE/ICIICHHON Harpy3KH.

PaznuyaroT crnenyromue TUMBI MIUHHBIX KOHCTPYKIMH M COOTBETCTBYIOIIMX PacCUeTHBIX
MEXaHHYECKUX CXEM:

- IIUHHBIE KOHCTPYKIMU C pPa3pe3HbIMH IIWHAMH, AJTHHA KOTOPHIX paBHA AJIUHE OJHOTO
MPOJIeTa; PAacYeTHON CXEMOH I HHUX SIBJISETCS Oanka C IIApHUPHBIM OMHpPaHUEM Ha 00enx
ormopax mposeta (Tabauia 2, cxema 1);

- IIUHHBIC KOHCTPYKIHMH C Pa3pe3HbIMA IIMHAMH, JUIHHA KOTOPBIX paBHA JJIMHE JBYX
MPOJIETOB, C JKECTKUM KPEIUICHHEM Ha CpeTHEHl Omope; pacueTHOW CXEeMOU UIsi HUX SBISETCS
Oaska ¢ KECTKMM OINUpaHWeM (3alieMJICHUEM) Ha OJIHOM WM IIapHUPHBIM Ha JIPYrod Ormope
npoera (Tabnuia 2, cxema 2);

- MHOTOIIPOJICTHAS IMTUHHAS KOHCTPYKIIHS C Hepa3pe3HbIMU IIIMHAMU; PACYCTHON CXeMOU IS
CpPEeIHUX TIPOJIETOB SIBJISETCS Oanka ¢ >KeCTKUM OIMpaHHeM (3alleMJIeHHEeM) Ha 00euX Ormopax
npoJsiera (Tabnuma 2, cxema 3);

- IIMHHBIE KOHCTPYKIIMH C Pa3pe3HbIMU [IMHAMH, JITTHHA KOTOPBIX paBHA JABYM, TpeM H Ooee
mposeTaM, 0e3 JKeCTKOTO KPEIUICHUS Ha TPOMEKYTOYHBIX OIOPAX; PACUYCTHOH CXEMOM ISl HUX
SIBJISTIOTCSI COOTBETCTBEHHO CXeMbI 4 1 5 (Tabnuia 2).
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2.2.4 PacueTHOW cXeMOW IIMHHON KOHCTPYKLMH C YNPYro NOJATIMBBIMHU OINOPaMH CIIELYET
CUMTAaTh CXEMY, B KOTOPOM Macca IIMHBI paclpeneiacHa IO UIMHE IpoJieTa, a OIOPbI
IIPEJICTaBJIEHbI TEJIAMU C SKBUBAJIEHTHON Maccoil M u npyxuHamu ¢ KeCTKOCTbIO Con.

2.2.5 Jlna ruOKMX TOKOIPOBOJIOB B KAayeCTBE PACUCTHOM CXEMBl MPUMEHSIOT CXEMY C
YKECTKUM CTEP’KHEM, OCb KOTOPOI'0 OYepUYEHA M0 LENHON JIMHUU. ['UpIsiHIbI U30JIATOPOB BBOJST
B MEXaHMYECKYIO0 CXEMY B BHUJE JKECTKUX CTEPKHEW, IIAPHUPHO COCIMHEHHBIX C IPOBOJAMHU U
ornopaMu. Pa3mepsl cTep:KHEH, paCUeTHOM CXEMbI ONpPEACIAI0T M3 CTAaTHYECKOro pacdera Ha
JNEHCTBUE CUJI TSKECTH.

2.3 JlomycTuMble MeXaHMYeCKHMe HAINPSLKeHUsi B MaTepuajie INPOBOJHMKOB U
MeXaHUYeCKHue HArpy3ku Ha onopbl npu K3

2.3.1 [onycTuMoe HanpspKEHUE B MaTepUajie >KECTKMX IIMH (Oxon) B IMACKAIAX CIEAYET
IpUHUMATB paBHBIM 70 % OT BpEMEHHOI'O CONPOTUBIICHUS PA3PbIBY MaTepHalla IHUH Gp

G;{OH:O'7O-p' (4)

JlonmycTuMble HaNPsHKEHUS] B MAaTepHaIe IIKH CJIeAyeT MIPUHUMATh HHXKE MPE/ICIIOB TEKY4YECTH
3TOTr0 MaTepuala.

BpeMeHHbIE CONPOTHBICHUS pa3pbiBy U JIOMYCKAaCMble HAIPSDKCHUS B MaTepHalaxX IIMH
NPUBEJICHBI B TaOIUIE 3.

B cny4yae cBapHBIX IIMH MX BPEMEHHOE CONPOTHBICHUE Pa3phIBY CHIDKACTCS. 3HAYCHUS
BPEMCHHBIX COINPOTHUBJICHUI pa3pblBy B O0JACTH CBapHBIX COCIAMHCHUI  ONpPEICISIOT
IKCIIEPUMEHTAIBHO; TIPH OTCYTCTBUH JKCIEPUMEHTAJBHBIX TaHHBIX TU 3HAYCHUS M 3HAYCHHUS
JOMYCTUMBIX HAMPSHKEHHUH CIICyeT IPUHUMATh, UCIIOJIb3YS JaHHBIC TAOIUIIBI 3.

Tab6nuna 3 - OcHOBHBIE XapaAKTEePUCTHKHN MATEPHAJIOB LIIUH

BpemeHnHOe cONpOTHBICHHE
paspeiBy, MITa Honyctumoe Hanpsbxenue, MIla Moy
Marepuan muHbI Mapka B o0JacT YIIPYTOCTH,
B 00JIaCTH CBapHOTO 10
MaTepuana CBapHOTO MaTepuana 10*° IMa
COCIIMHEHUS
COCIIITHEHUS
1 AnromuHui A0, A 118 118 82 82 7
AJl10 59-69 59-69 41-48 41-48 7
2 AmowmunueBbiii|  AJ31T 127 120 89 84 7
CILTaB AI31TI 196 120 137 84 7
ABT1 304 152 213 106 7
1915T 353 318 247 223 7
3 Menp MI'M 245-255 - 171,5-178 - 10
MI'T 245-294 - 171,5-206 - 10

2.3.2 JlomycTuMmyro Harpy3ky Ha wusonaTtop (m3oisiuoHHyro onopy) (Fuon) crmemyer
npuHUMaTh paBHOH 60 % OT MMHHUMAJIBHOM pa3pyluarolieil Harpy3ku Fpasp, TPUIOKEHHON K
BEpILKHE U30JIITOpa (OMOPHI) MPU U3rHle WK pa3pbiBe

F)ZlOl'I = 0,6 Fpa3p' (5)

2.3.3 B 3aBUCHMMOCTM OT B3aWMHOIO pACIOJOXEHUS IIMH U H30JIATOPOB TOCIEIHUE
MOJIBEPratoTCs BO3/ACHCTBHUIO NMEKTPOJUHAMUYECKUX CHJI, paboTas Ha M3rHO WU pacTsDKEHHE
(cxaThe) WM OJAHOBPEMEHHO Ha M3rM0 M pacTsbkeHue (cxarue). JlomycTumble Harpy3ku Ha
U30JSTOphI TIPU M3THOE (Fromusr) U pacTskeHUH (Fronp ) B HBIOTOHAX B 3THUX CIy4asx CJeyeT
IPUHUMATh COOTBETCTBEHHO PaBHBIMU:

F;[on.mr. = 0’6 Fpa3p.n3r. '
Fllon.p. = 076 Fpasp.p4 ! (6)
rac Fpa3p.n3r_ n Fpa3p.p - 3alaBa€MbI€ npeaAnpUATHEM-U3TOTOBUTCIIEM MHWHUMAJIbHBIC

pa3pyliamne Harpy3ku COOTBETCTBEHHO MPH M3TUOE U pacTsKeHUH (C:kaTum) u3omstopa, H.
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2.3.4 [omycTuMyio Harpy3Ky Ha CHapeHHbIE H30JSATOpPbI (OMOpbI) CleAyeT MNPUHUMATH
paBHOIi 50 % 0T cyMMapHOTO pa3pylIAIOLIEro YCUIN H30JIATOPOB (0NOop)
leor[ = 0’5 Fpaspz ' (7)
rae Fpap s - CyMMapHOe pa3pyliaollee yCUiue criapeHHbIX H30JsTopoB (onop), H.
2.3.5 Jlomyctumyro Harpy3ky mpu usrube ornopHoro usonsropa (Fron) B HbIOTOHAX cieayer
OTIPEIeIIATh B COOTBETCTBUU C (POpMyIIon

h
For =NF. O
(8)
rae N - ko duiueHT nomycTuMoit Harpy3ku, paBubiid 0,6 wiu 0,5 (em. . 2.3.2-2.3.4);
h u H - paccTosiHus OT OHACHOrO CEYEHHs M30JIATOPa COOTBETCTBEHHO IO €r0 BEPUIMHBI U
[EHTPA TSHKECTHU TMONEPEUHOTO CEYECHUS IUHBI (CM. pUCYHOK 3), M.

OnacHoe ceyeHHe ONOPHO-CTEP)KHEBBIX M30JIATOPOB C BHYTPEHHUM KpPEIJICHUEM apMaTyphbl
(pucyHok 3a) cieyeT MPUHUMATh Y OMOPHOTO (IIaHIA, OMOPHO-CTPEKHEBBIX H30JSTOPOB C
BHEIIHUM KpEIJICHHEM apMarypbl (pUCYHKH 30, B) - Y KPOMKH HIDKHEro (¢uiaHiia, a OmopHO-
IITBIPEBBIX M30JTOPOB (PUCYHOK 3T) - HA TPaHUIE KOHTaKTa IITHIPS ¢ (ap(opoBBIM TEIOM
U30JIATOpA.

JlomycTUMyI0 M3ru0aronyr0 Harpy3Ky MHOTOSPYCHBIX M30JISIIIMOHHBIX ONOp (PUCYHKH 3B, T)
cileflyeT MPUHUMATh PaBHOM JOIYCTUMOM Harpy3ke HauMeHee IPOYHOro spyca, ONpe/ieleHHON
o ¢popmyse (8).

2.3.6 Ilpu pacnonoxenuu (a3 Mo BepIIMHAM TPEyrojbHUKA (PUCYHKH 20, B, T) U30JSATOPHI
OJTHOBPEMEHHO HCIBITHIBAIOT KAaK PACTATHBAIOIINE (CXKUMAIOIUINE), TaK U U3THOAIONINE YCUIIHS.
Jonyctumyto usrubaronryto Harpy3Ky (Frommsr) B HBIOTOHAX CIEAyeT ONpEAeNsaTh 1o dopmyie
(8), mpunuMas Fpayp paBHOM paspylnaromiell Harpy3kKe Mpu HU3rube H30JsITOpa; IOMYCTUMYIO
pactsruBawoiryto Harpy3ky (Fuonp) cienyer ompenensts no dopmyne (5), mpuHuMas Fpasp
paBHOH pa3pyllaroliei Harpy3Ke MpH pacTKEHUU.

2.3.7 [lonycTuMO€ HaIpspKEHUE B MaTepualie IPOBOJAHUKOB (Onon) B MEramackaisix ciaeayeT
NPUHUMATh PABHBIM

c =No

on mp !

TA€ Onp - Ipelie] NPOYHOCTH NIPHU pacTsukeHuH, H;
N - ko3 PuineHT nomycTUMON Harpy3ku, paBHblid 35-50 % o1 mpenena MPOYHOCTH.

K onpeacJICHUI0 J0MYCTUMBIX HAI'PY30K HA U30JATOPLI U INIMHHBIC OITOPLI
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Pucynok 3

2.3.8 JlomycTrMyI0 Harpy3Ky Ha MOJBECHbIE U30JISTOPHI ClIeIyeT mpuHuMaTh paBHou 30 % oT
pazpyliaroIiel Harpy3Ku, T.€.

F., =03F,, . )

2.3.9 PaccrosiHMsI MeXAy NpPOBOAHMKAMH (a3 (Ade) a TakKe MEXIy NPOBOJHUKAMHU H

3a3€MJICHHBIMU 4acCTSIMU (A‘1>—3) IIMHHBIX KOHCTPYKIMH HampsbkeHueMm 35 kB u Bbiue u
IIPOBOJIOB OLIMHOBKHU PACIpPEICIUTENbHBIX YCTPOKWCTB, BO3AYIIHBIX JIMHUM U TOKOIPOBOJOB K
MOMEeHTY oTkiatoueHus K3 momkHbl ocTaBaThecsl OOJbIlle  JAOMYCTHUMBIX  M30JISIIIMOHHBIX
paccTosHUH, ONpeesieMbIX PU PabOUNX HAMIPSHKEHUSIX

Ay 2 Ay pon
A¢732A¢73.)10n, (10)
A, A,
rae Co-bson gy “¢-szom - MPHHMAMBHO JIOMYCTHMBIC PACCTOSIHHS TI0 YCIOBHSAM MPOOOS

COOTBETCTBEHHO MEX]y NMPOBOAHMKAMHU (pa3 M MPOBOAHMKAMHU U 3a3€MJICHHBIMH YacCTSIMH TpPH
paboueM HampsHKEHUU.



2.4 OnpenesieHHe MeXaHUYECKUX HANPSIKEHUH B MaTepHaJie IPOBOJHUKOB U HATPY30K
Ha ux onopsl npu K3

2.4.1 Pacyer MMUHHBIX KOHCTPYKIIHA, 00JIaal0IIUX BEICOKOH KECTKOCTHIO

2.4.1.1 Ilpu pacuere MIMHHOW KOHCTPYKIIMH, OOJQJArOIICH BBICOKOW KECTKOCTHIO, ITUHY B
JTF000M TpOJIeTe MEXKAY M30JATOPaMH, KpOMe KpailHHX, CIeIyeT pacCMaTpUBaTh KaK CTEPKECHb
(banky ¢ mapHUPHO OMEPTHIMH KOHIIAMH, TaOymia 2). Haaudyue oTBETBICHUHN JTOMMyCKaeTCs HE
YUUTHIBATH.

2.4.1.2 MakcuMajpbHOE HampspKeHHE B Marepuaie MHUHBI (Omax) B MACKAISIX W HArpy3Ky Ha

(©)
U30JIATOP IIMHHOM KOHCTPYKLIMU BBICOKOM >KeCTKOCTH mpu Tpexdaznom K3 ( Fus ) B HBIOTOHAX
ClIelyeT ONPEeAENATh 0 (GpopMyIam:

M FOI
O_max — m3r — max
W AW (11)
u
® _ gE®
Fm - ﬂ I:max J (12)

©)
rje  #  - MaKCHMallbHas CHJIa, BOSHHKAIONIAsl B MHOTOMPOJIETHOM Oanke mpu Tpexdaznom K3,

H, u onpenensiemas o popmyie (2);

| - nmuHa nponera mMH, M;

W- MOMEHT CONPOTHBIIEHHS HOMNEPEUHOTO CeYEHH s ITUHBL, M°; GOPMYJIBI IS €r0
pacyera MpuBeICHBI B TaOIHIIE 4;

A U B - k03 dunmeHTsl, 3aBuCAIIMEe OT yCIOBUS ONUPAaHUS (3aKPEIICHUS) IIUH, a TaKKe
YHCIIa MPOJICTOB KOHCTPYKIIMU C Hepa3pe3HbIMU HIMHAMH (Ta0iHIa 2).

[Tpu nByxdaznom K3

_Fa

Gmax
AW (13)

(2 _ (2)
Fm - IBFmaX ’ (14)

(2)
race = max - MaKCHUMaJlbHasA CuJia, BOSHHUKAroIasi B MHOFOHpOJ’IeTHOI\/’I Oanke pu ,Z[BYX(i)EBHOM K3,

H, u ompenensiemas o ¢popmyse (3).

I[ByXl'[OJIOCHaﬂ IHIMHA
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Pucynok 4

[Ipu pacyere HanpspKeHUN B 00JaCTH CBAPHBIX COCIMHEHHM, HAXOIAIINXCS Ha PACCTOSHHUM Z
ot omopHoro ceueHus, B Gopmynasr (11) u (13) crmeayer moactaBiusaTh 3HaueHus 1/A (2),
BBIYMCJICHHBIE B COOTBETCTBHH ¢ Tabmwmiei 10.

2.4.1.3 DneKkTpoAMHAMUYECKHUE HArpy3Kd Ha OTJEIbHbIE IMPOBOJAHHMKM COCTABHBIX IIWH
(pucyHok 4) oOycCIOBIEHBI B3aUMOJICHCTBUEM MPOBOJHUKOB JApPYyrux (a3 M OTHEIbHBIX
AIIEMEHTOB MPOBOAHHMKA OAHON (pa3pl. MakcuManbHOE HAMpsHKEHHUE B MaTepualie COCTaBHBIX
e nipu K3 nomyckaeTcst onpenensite o popMmyie

Omax = Gq)max + O 5 max ’ (15)

O
Trac o1 max -  MaKCUMAJIbHOC  HAIIPAKCHHUE B  MATCpUAJIC  MIWHBI, O6YCJ'IOBJ'IGHHOC

B3aMMO/ICHCTBHEM MIPOBOJHHUKOB Jpyrux ¢as, [1a, KoTopoe ciemayer OnpeaeNsiTh B 3aBUCUMOCTH
ot Buna K3 mo popmyse (11) u (13);

O
ou1 max - MAaKCHUMaAJIbHOC HaIIPsIP>KCHUC B MaTepuajie IIHUHBI, OGYCHOBHCHHOC

B3aMMOJICHICTBHEM OTJIEJbHBIX 3JIEMEHTOB IPOBOJHMKA OJIHOM ¢a3bl, Ila, xoTopoe ciemyer
orpenenaTh no ¢popmyse

712 . 2
207K, (i,
armax ’
12a, W n (16)
Trae |3“ - JJINHA HpOHeTa DJICMCHTA IIHUHBI Me>1<)1y HpOKHa}]KaMI/I, M;
a” - PaCCTOAHUC MCIKIY OCAMU TTOINCPCUHBIX CEUYEHHUH DJIEMEHTOB COCTABHBIX IIINH (pI/ICYHOK
4), m;
w 3.
)

o1 - MOMCHT COITPOTUBJICHHUA IMONICPEYHOI0 CCUCHU A DJICMCHTA IMHBI, M
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[ .
¥4 - ynapHbIil TOK TpexdazHoro wim aByxdasznoro K3, A;
A - YUCJIO COCTaBHBIX POBOJIHUKOB (ha3bl.

Tabnuma 4 - @opmyasl Ajds8 oONpedejeHWss MOMeHTa WHepuuu J W MOMeEHTa
conpotuBjeHusi \W nonepeyHbIX cedeHHii IHUH

Ceuenus muH T Pacaerubie GopMys! e
P
1 _x bh* bh?
Z22 22 —— Jy = Wy -
) 12 6
y
X 3 2
Q[ T - Jy :& Wy Z&
1] 4 12 6
\ AY 3 2
U: _l_,_{_./,/‘ \'—i Jy :ﬁ W Z&
<
LY 5
‘ : a‘: X hb3* hbz*
p %G T Jy = Wy =
" 1 c’ 6 3
<an
AY
ey
| T A ,/ Tx H*-h* H*-h*
; //// 12 6H
H
AY
Q‘ X zD* D3
T
ﬁ' 64 32
AY
oF x z(D*-d*) z(D*-d*)
“F’ 64 32D
AY
4 L He
Y A T 5
H
y
X H4
R 0118H°3
12




Ceyenus My

Pacuetnble Gopmyiisl

J, m* W, m®
H4_h4 H4_h4
12 6H

LY Jli1st oHOTO DIIeMEHTa
JR W _8he=[b-a)h-2ay]
NN Sﬁs i bh
el Sase W - he® —(h—2A)t-A)’ +2A(b —e)’
" 3b-e)
“/y W, = 61 [BHs—i(h“—hf)}
/ﬂ‘f H 4a
\l 7/5 ‘A X 1 a '
7 {r w, =E[B4(H —h)+ hlA+Z(B4 —A“)]
A/

1 1
3, = 12{BH3—£(h4 —hf)};

I -
11,3 3 Af(na 4
J,=—|B*(H-h)+hA +—(B"-A")|;
a~
% JUIsl CTAaHJAPTHBIX JBYTaBPOBBIX Mpoduiei

| Y
(/
%%

3, =2 (He-he) W, =2 (H*—n?),
x| ,x 12 6H
H-h H-h
4 3, =y W, = Ty
Y V! ' 6
‘br
Ceuenue npokaTHbIX npoduiiel cranaapTHEIX |[IpubKkeHHbIe GOpMyIIBI:
pa3MepoB JIBYTaBPOBBIil PO b Ha «pedpoy
_(h+2)
51 '
IBeIUIepooOpa3HbIi (KOPHITHBIN) MTPOQHIE Ha «pedpoy»
o _ (hes)
81

Ceuenue mo60# GopmMbl

OpI/IeHTI/IpOBO‘IHaSI OIICHKa MOMEHTAa CONIPOTUBJICHHUS OTHOCUTCIIBHO
LIEHTPaJILHOM OCH:

JJIA CTIJIOINTHOT'O CUMMETPHUYHOI'0 CCUCHUA

W, =w, =S4 Iy 12b

JUIA TI0JIOTO CUMMETPUYIHOTO CEYCHUA

W, =W, =i{| +M}A;
30 bh




Pacuetnble Gopmyiisl

Ceuenus UH 7

J, M W, M

_sh[, sS(-h)
Y 6b bh
rme S - rwromans ceueHus; h, b - BbicoTa W IMMpWHA CEUYCHHS

COOTBETCTBEHHO; | - mepuMmeTp; A - ToNIMHA CTEHKH (IJIsI TIOJIOTO
CCUCHHS)

J I+ A,

* Ecnom mpoknaiku NpuBapeHbl K 00€MM IoJocaM IaKeTa, MOMEHT HHEPHUUH M MOMEHT CONpPOTHBICHUS
NPUHAMAIOT PaBHBIMH:

_ hb(3a2 +b?)

_hb
3(a, +b)

J —E(?»af +b2) Wy

y
u

2.4.2 PacueT MUHHBIX KOHCTPYKLIUH C )KECTKUMHU OMOpPaAMH

2.4.2.1 IlluaHYIO KOHCTPYKIIMIO, M30JIATOPHl KOTOPOM 00Jadar0T BBICOKOW JKECTKOCTHIO, B
pacyerax Ha JUHAMHYECKYIO CTOiKocTh mpu K3 ciemyer mpeacTaBisiTh KaK CTEPKEHb C
3aI[EMJICHHBIMH KOHIIAMHU, UMEIOIIHIA JIUIIIb OCHOBHYIO YaCTOTY COOCTBEHHBIX KOJICOAHUI.

2.4.2.2 MakcumallbHOE HAaNpsDKEHUE B MaTepuale IUH (Omax) B MACKalsX U HArpy3Ky Ha
uzomstopsl (Fuys) B HBIOTOHaxX MpHU PaAcHOJOKEHUW IIWH B OJHOM IUIOCKOCTH U BBICOKOM
KECTKOCTH U30JIATOPOB NIMHHOW KOHCTPYKILIUHU CIIEAYET ONPEAEITh 1o (hopMyam

npu Tpexdaznom K3

FOI
Tmax =11
AW (17)
u
3 _ B ,,-
Fm - ﬂ I:matx m, (18)
npu aByxdaznom K3
F&1
T =3
(19)
u
@ _ 2
Fo’ =B Fux 1, (20)

rae 77 - KodQPUIUeHT JUHAMUYECKON Harpy3KH, 3aBUCSIIUN OT pacyeTHOM OCHOBHOM YacTOTHI
COOCTBEHHBIX KoyeOanuii muHb! fi. 3HaueHUss Kod(pPuIreHTa B 3aBUCHIMOCTH OT OTKJIOHEHHS
fu/fe (fc = 50 ') cnenyer onpenensaTh mo rpadukam, MPUBEACHHBIM Ha PHCYHKE 5.

3HaueHHs pacyeTHOW 4acTOTHI COOCTBEHHBIX Konebanmii (fc) B repriax cnemyer omnpenensits B
COOTBETCTBUM ¢ 2.4.2.4.

3aBuCUMOCTD AUHAMHUYECCKOI0 K03(l)(l)I/II[I/IeHTa AJISt U30JATOPOB H HIMH OT YaCTOTbI
COOCTBEHHBIX KOJIe0aHNH IINHbI
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Pucynok 5

2.4.2.3 MakcuManbHyl0 Harpy3Ky Ha OpoxoiHble u30isaTopbl (Fu;) B HbIOTOHAx cieayeT
orpeneniTh 1o ¢popmysie

F

u3

V3107, (v
:ﬂTlnp<I§?) chKpaCHn’

(21)
rae lup - paccrosiHEe OT TOpIa MPOXOJHOTO M30JSTOPa 0 ONMKAMIIEro OMOPHOrO H30JSITOpa
¢azbl, M.

2.4.2.4 PacyeTHyl0 4YacCTOTy COOCTBEHHbIX KosicOanuii mmubl (fi) B reprax criemyer
OTpeAeIATh 1o Gopmyie

f, =
272"2 m (22)

riae E - Moaynb yrpyrocTu MaTepuaina muHsl, [1a;

J - MOMEHT MHEPIINHU TIOTIEPEYHOTO CEYCHUS IIUHBI, M

M - Macca UIMHBI Ha €IMHULLY JJIHHBI, KI/M;

f[1 - mapamMeTp OCHOBHOW 4YacCTOTHl COOCTBEHHBIX KOJICOAHWW IIWHBI. 3HAYEHUS HSTOTO
napameTpa 3aBHCAT OT THIIAa IIMHHOW KOHCTPYKLIMHU U MIPEICTABICHBI B TabIuIEe 2.

2.4.2.5 MakcumallbHOE HAampsyKEHUE B MaTepHualie COCTAaBHBIX IWIMH (Omax) B MacKaysix
IMIMHHOW KOHCTPYKIMM C >KECTKUMH ONOpaMH JOMYCTUMO OonpeAensaTh no ¢gopmyne (15). Ipu
3TOM MaKCHUMaJbHOE HAIlpsSHKEHME B MaTepuasle UIMH, OOYCJIOBJIEHHOE B3aUMOJCHCTBUEM
IPOBOJHHUKOB JIpYTUX (a3 (0yp max) B MacKalsAX, cIeyeT ONpeiesaTh B 3aBUCUMOCTH OT Buaa K3
no ¢opmyne (17) nim (19), a MakcuMallbHOE HANpPsHDKEHUE B MaTepuae MUHbI, 00yCIOBIEHHOE
B3aWMO/ICHICTBHEM OTJENBHBIX JIEMEHTOB MPOBOJHUKA OMHOU (ha3bl (Osx max) B MACKAIAX, - TIO

dopmyne

4.
)

2.107 12K, (i)

o g yo

Gafl max = | 7731 !
Aa W n ) (23)

TJI€ 1)o7 - KOOPPUIHUEHT TMHAMHUYECKONW Harpy3KH, 3aBUCSIIUN OT pacyeTHON OCHOBHOM 4acCTOTHI
COOCTBEHHBIX KOJICOAHUH AJIEMEHTOB COCTaBHOW MIHMHHEI (f; 5,) KOTOPBIHA ClienyeT onpenensiTh mno
pacueTHbIM rpadukam, MIPUBEACHHBIM Ha PUCYHKE 5.

PacueTHyr0 OCHOBHYIO 4acTOTY COOCTBEHHBIX KOJI€OaHUI 2IIEMEHTOB COCTaBHOW UHBI (f7,,) B
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repuax ciiefyeT onpeaesaTh no Gpopmymne

_ 473 |EJ

o 27Z'|32n mm1 (24)

e |,y - IMHa nposieTa AIeMeHTa IIMHBI MEX Ty MTPOKJIaJKaMu, M;

J - MOMEHT MHEPIUH TIONEPEYHOTO CEUEHHUS JIEMEHTA IIHH, M°,

M,y - Macca JIEMEHTA Ha AMHUILY JUTHHBI, KT/M;

@>n - PACCTOSTHUE MEXKAY OCSMU MOIMEPEUHBbIX CEYECHUHN 3J€MEHTOB COCTaBHBIX IIUH (PHUCYHOK
4), m.

2.4.2.6 MakcuMalIbHOE HaIpsDKEHUE B MaTEPHAIC IMIUH (Gmax) B MACKAIIX U MAaKCUMAIbHYIO
Harpy3Ky Ha OTMOpHbBIE U NMPOXOHbIE U30JATOPHI (Fus) B HBIOTOHAX, IPU PACHIOIOKEHUU HIUH 1O
BEpIIMHAM TpeyroyiibHuka (pucyHku 26, B, T), CJICAyeT ONPENeISITh C YYETOM HX
MPOCTPAHCTBEHHBIX KOJeOaHUil, UCTIONB3YS (OPMYIIbI:

F ol
Tnax =\ NSs
(24)
FY) = Faxnée (25)
F = Fanide ; (26)

rae W - MeHbIINI U3 IByX MOMEHTOB COIPOTHBIICHUS TIONEPEYHOTO CEYCHHUs MIMHBI (MOMEHTa
COIIPOTHUBIJIEHUS Wy IpU M3ru0e B IUIOCKOCTH L M MOMeHTa conportusienuss W: npu usrubde
ITUHBI B TIOCKOCTH T (PUCYHOK 2), M,

(3) (2)
Fiex : Frex - EKTPOJMHAMHYCSCKHIE CHJIIbI, OIPE/ICIIIEMbIE COOTBETCTBEHHO 10 GopMyam (2)
u (3),

&, & - x03(uLMEeHTHI, 3HAUYEHUs KOTOPbIX Ul Haubojee pacnpoCTPaHEHHBIX THUIIOB
IIMHHBIX KOHCTPYKUUHN (pUCYHKH 20, B, T') IPUBEACHBI B TAOIHIIE .

Ta6nuna 5 - 3HayeHus: KOYPPUUUEHTOB Eo M EF IIMHHBIX KOHCTPYKIUH

Sekus 3HaueHMe 3nauenne ko>dduumenta o
Pacronoxenye IuH KOHCTpYKIMH Ha | K09 duumentTa | U LIHH KpyrJIoro AT IAH
pHcyHKe 2 & U KOJIBLEBOrO KBaJ[paTHOTO

CEYEeHHIH CEeYEeHHs

1 IMo BepmmHAM MPSIMOYTOIEHOTO B 0,95 0,95 1,16
PaBHOOEPEHHOTO TPEYTOIbHUKA

2 Tlo BepmHaM PaBHOCTOPOHHETO 0 1,0 1,0 1,39
TpEeyroJbHUKA r 1,0 1,0 1,21

2.4.3 PacueT MOJABECHOTO CAMOHECYIIEro TOKOMPOBOIa

2.43.1 PacuetHOoe MakcMMalbHOE HamNpsHXKEHHE B  MaTepualie IIMH  TOJBECHOTO
CaMOHECYILIET0 TOKOMPOBO/A (Gpacy max) B MACKAISIX CIEAYET ONPEAEIATh C yY€TOM COOCTBEHHOM
MacChI, MacChl M30JIAIIMOHHBIX PACTIOPOK M JIbJA, a TAKXKE JICHCTBUS HAIIOpa BETpa, T.¢.

Opaca max—Omax + OB,

TJ€ Omax - MAKCUMaJIbHOE HANPSHKEHWE B MaTepUalie IIUH BCIEICTBUE AJIEKTPOJUHAMUYECKOTO
nerictBusa Toka K3;

OB - HamNpsDKEHHWE B MaTepuaie IIWH OT COOCTBEHHOM MAacChl, MacChl HW3OJISIIIMOHHBIX
pacIopoK U JIbJIa, a TAKXKE AEHCTBUS HAIOpa BETPA.

Harpy3ky Ha U3074TOp MOABECHOIO CAMOHECYILETO TOKONPOBOJAA CIEAYET OMPEACISTH I10
dopmyae (12).

2.4.4PacueT MUHHBIX KOHCTPYKIHNA C YIPYTOMOJAATIUBBIMU OTTOPAMH
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2.4.4.1 MakcumalnpHOE HAINpsDKEHHE B Marepuajie IIMH M MaKCHUMaJbHYIO HarpysKy Ha
U30JIATOPBl UIMHHBIX KOHCTPYKLUHUH C YHNPYroHoJAaTIMBBIMU OIOpPaMHU CIEAYET OIpelNesTh
cOOTBEeTCTBEHHO 1O Gopmynam (17) u (18), a yacToTy cOOCTBEHHBIX KoJieOaHMi - IO dopmyIe
(22), yuuThIBas mpuU OSTOM, 4YTO MapamMeTp OCHOBHOH YacToThl [1 siBisiercs (yHKIuen
6e3pasmeprbix BemuunH Conl®/EJ 1 M/ml tie Con - KecTKOCTh o1op, a M - IpUBeeHHAS Macca.
3Ha4yeHUs1 KECTKOCTU OIOp OIPENCNAIOT IO IKCIEPUMEHTAIbHBIM JAaHHBIM, a NPHUBEICHHON
Mmacchl - coriacHo 2.4.4.2. Kpuble Uit onpezeneHus 1 MIMH C KECTKUM 3aKpeIuIeHHEM Ha
ornopax NpHUBEICHbI Ha PUCYHKE 6, a JUIs IIMH C IIApPHUPHBIM 3aKpEeIUIEHUEM - Ha pucyHke /. J{ns
IIMH C YepEeAyIOIIUMHUCS >KECTKUMH M IIAPHUPHBIMHM 3aKPEIUICHUSMH Ha OINOpax 3HAueHHE
napamerpa f1 JOIMYCTHUMO NPHUOIM3UTEIbHO OLEHMBATh KaK CpPEeJHEEe MEXIY €ro 3HaueHHsIMH,
HalIEHHBIMH 110 KPUBBIM PUCYHKOB 6 1 7.

Kpusbie 17151 onpeaesieHusi MapaMeTpa OCHOBHOM YacTOThI COOCTBEHHBIX KOJIe0aHU I
IIMHBI MPHU ee )KeCTKOM 3aKpeIIeHHMH Ha YIIPYTronoAaT/JuBbIX ONopax

! L
LT e
/’ P
Mimi=0 %'45/:?/’ /
1+
7 - /2/;4(1/ . al
/;wzjjﬁ/% 1 //./
/ P g 7
5 [ ,CI:’_,V"/V/
— 1T
/
W% 100 20 W 500 7000 2000 £, L/E7

Pucynok 6

Kpusble 1715 onpeesieHusi mapaMeTpa 0OCHOBHOI 4acTOThI COOCTBEHHBIX KOJ1e0aHMil
IIMHBI IPH APHUPHOM 3aKpelJieHUH ee Ha YIPYTronoJaTIuBbIX ON0Pax
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Pucynok 7

C,.I°/EJ >5000

3HadueHus I1 JJI IIWH € )KECTKUM 3aKPCIJICHUEM Ha OIlopax Impu 1 41 II1UH

C, I°/EJ >3000

C IIIAPHUPHBIM 3aKPEIUICHUEM Ha OIIOpax MpHU MpUBE/IEHbI B Ta0IuIIE 2.
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2.4.4.2 Tpusenennyro Maccy omopsl (M) B KuiiorpamMmax ONpEAENSIOT 10 MPHOIMKESHHON
bopmyie

Huon
M=M_ '
H

wm )| (28)

rae Mon - Macca OIopsl, Kr;

Huon 1 Hyw - paccTosiHUS OT OCHOBaHUSI OMOPBI COOTBETCTBEHHO O LIEHTPa Macchl OMOPbI
(M3o0JIsAiTOpa) M IEHTPA MACCHl MOMEPEYHOro cedeHwsl mMuHbI (pucyHok 8), M. Eciam wactora
COOCTBEHHBIX KOJIEOaHHMI OMOpPBI, 3aKPEIUVICHHOM Ha YINPYroM OCHOBAaHWU H3BECTHA, TO
MPHUBEICHHYIO Maccy (M) B KWilorpamMmax CieIyeT OIpeesisaTh Mo Gopmyie

COl'l
(272' fon )2 , (29)

rze Con - )KECTKOCTB OIOPBI, MPAKTUYECKU paBHAs jKeCTKOCTH u3oistopa Cys, H/M;

fon - yacTora COOCTBEHHBIX KOJIeOaHMi omopkl, ['l, paBHas YacToTe KOJIeOaHUil H30iTOpA,
I'o.

245 TIlpoBepka TOKOMNPOBOJAOB Ha DJIEKTPOJAMHAMHYECKYK CTOHKOCTh TIpHU
HaJU4YUU YyCTPOUCTB aBTOMATHUYECKOTO NOBTOPHOTO BKJIIOYEHUS

2.4.5.1 Tlpm wnamuuum ObicTpoaeiicTBytonmx AIIB TOKOMPOBOABI 3IEKTPOYCTAHOBOK
HarpsbkeHueM 35 kB U BbIllIe clienyeT MpOBEpATh HA 3JICKTPOJAUHAMHYECKYI0 CTOMKOCTH NP
MIOBTOPHOM BKJIrOYeHUH Ha K3.

Mertonuka npoBepku IpuBeneHa B npuiokeHuu 4. Takoil mpoBepku He TpeOyercs, eciu
MPOJOHKUTEILHOCTh OECTOKOBOM May3bl, (1) B CEKyHIaX, COCTABIISIET
LJT 2 %

1 1

rae f1 - mepBast (OCHOBHasI) 4acTOTa COOCTBEHHBIX KOJICOAHUH OMIMHOBKH, [ 'I1;

0 - IEKpEMEHT 3aTyXaHHUs TOKOIIPOBOA ITPH TOPU30HTAIBHBIX KOJICOAHUSIX MITUH.

L

K pacyery npuBeaeHHOI Macchbl OIIOPBI
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Pucynok 8

2.4.6 PacueT THOKHX MPOBOJHHUKOB

2.4.6.1 Ilpu pacyere TMOKUX NMPOBOJHUKOB CIEAYET ONPEAENATh MaKCUMabHbIE TSXKEHHUE B
IIPOBOJIHUKAX U OTKJIOHEHHE MPOBOAHUKOB ITpH U nociue K3.

Pacyer ruOKMX NPOBOAHUKOB CIENyeT BECTH, HUCXOAS U3 3aKOHA COXPAHEHHUsS SHEPTHH.
[IpenBapuTenbHble OLIEHKH TSHDKEHUH B MPOBOAHMKAX M CMEIIEHUN MPOBOAHHUKOB JOMYCKAETCS
nenaTh 0e3 ydera BIMSHUS TUPIISHA U30JIATOPOB.

Pacuer ruOKuX MPOBOJHHUKOB CJIEIyeT BECTH C TIOMOIIbIO aITOPUTMOB U IIporpaMMm Ha DBM.
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[IpeaBapuTenbHble OLIEHKU TSHKEHHM B MPOBOJHUKAX M CMEUICHUN MPOBOJAHUKOB JIOMYCKAETCS
JieNlaTh Ha OCHOBE 3aKOHAa COXpaHEHMsI PHEpPruum 0e3 ydyeTa pacuielieHHs MPOBOJHUKOB IO
METO/MKaM, IPEICTABICHHBIM B MPUIIOKEHUH 1.

2.5 IlpoBepka MmMMHHBIX KOHCTPYKIUH, TMOKMX TIPOBOJHUKOB M JJIEKTPHUYECKHX
annmaparToB Ha JIEKTPOAMHAMUYECKYI0 cToiikocTh npu K3

2.5.1 Ilpu mnpoBepke IIMHHBIX KOHCTPYKIMH Ha 3JIEKTPOAUHAMHYECKYIO CTOHUKOCTh
pacyeTHHIMU BEJIIMUYMHAMHM SIBJISIOTCS MaKCUMAJIbHOE HAIPSKEHUE B Marepuase IHH (Omax) B
nacKajsix ¥ MaKCHUMallbHasl Harpy3Kka Ha u305aTopbl (Fmax) B HBIOTOHAX.

Jns  mpoBEpKM  DIIEKTPOAMHAMHYECKOM CTOMKOCTHM IIMHHBIX KOHCTPYKLUHM  ClIeAyeT
MCII0JIb30BAaTh CJIEAYIOIINE HEPABEHCTBA!

(o2
F

max S G/:[Ol‘l ;

max < leon ! (30)

II€ Gxon - JOIYCTMMOE MEXaHMYECKOE HalpspKeHUE B Marepuane wuH, [la, kotopoe cienyer
OTIPE/ICIIATh B COOTBETCTBUH C II. 2.3;

Fron - OmycTUMast MeXaHW4ecKas Harpy3ka Ha M30JIATOpbI, KOTOPYIO CIEyeT ONpeAessaTh B
COOTBETCTBHUH C yKa3aHHUAMU 11. 2.3.

2.5.2 Ilpu mnpoBepke TIMOKHX IPOBOJHUKOB HA 3JIEKTPOJMHAMMYECKYIO CTOHKOCTb
pacyeTHBIMH BEJIMUMHAMU SIBISIFOTCS MAKCUMAIBbHOE TSKEHUE Fmaxf OTKIIOHEHHE MPOBOAOB MpU
K3 Sorx.

Jlis  mpoBepku  3NEKTPOAMHAMUYECKOM CTOMKOCTM TMOKMX TMPOBOJHUKOB  CIEAYET
MCII0JIb30BAaTh CIEAYIOIINE HEPABEHCTBA!

F
S

< .
max — ° jgom ?

max < Suon ! (31)

rae Fuon - JONycTHMOE TSDKEHHE MPOBOJOB, KOTOPOE CIEAYET ONPEACISITh B COOTBETCTBUU C
YKa3aHUSMH 11. 2.3;

Spon - JOMYCTHUMOE OTKJIOHEHHE MPOBOJIOB, KOTOPOE CIEAYET ONMPEAEINsATh B COOTBETCTBUU C
YKa3aHUSIMH T1. 2.3.

2.5.3 DnexTpoauHaMHUYecKasi CTOMKOCTh JIEKTPUUYECKUX aliapaToB B 3aBUCUMOCTH OT THUIMA
U KOHCTPYKIIMHM XapaKTepU3yeTcs WX TMPEACIbHBIMH CKBO3HBIMH TOKAMH Inpeks U lipexs U
HOMHHAJIBHBIMH TOKAMHU 3JICKTPOJHHAMHUYCCKON CTOWKOCTH lpun M lym MM KPATHOCTBIO TOKA

V21 )= Ko

IEKTPOTMHAMHIIECKOI CTORKOCTH um / (
DJIeKTpoJMHAMHMYECKas  CTOMKOCTh  JJIEKTPMYECKOTO  ammapara — oOecrieueHa,  eciu
BBITIOJIHSAIOTCS YCIIOBHSL:

IM 21
= I
i >

TIp .CKB ya'?!

IHp.CKB 2 Ino ! (32)
rae ln, - HadasbHOE 3HAYEHHWE TEPUOJAMYECKON cocTaBisronieii Toka K3 B anmekTpuueckoM
armapare; Iy, - yaapHsii Tok K3.

3 Tepmuueckoe AeliCTBHE TOKA KOPOTKOI0 3aMbIKAHUSA

3.1 Onpenenenue uarerpaja Jzxkoyas npu K3
3.1.1 Crenenb Tepmuueckoro Bo3zzaeiicTBus Toka K3 Ha NpPOBOJAHHMKH U 3IIEKTPUYECKHE
ammapaThl ornpeiensercs 3HaueHueM uHTerpana Jxoyns (Bmep) B ammepax B KBaapare Ha

CEeKYHIIY
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tUTl\'ﬂ
B, = [idt
o, (33)

e ikt - Tok K3 B Ipou3BoJIbHBIIE MOMEHT BpeMeHHU t, A;

torkn - pacueTHast mpooJKUTENbHOCTh K3 B anekTpoycranoBke (cM. 1. 1.1.5), c.

JlonmycTuMO CTeneHb TePMHUYECKOro Bo3zaeicTBusi Toka K3 ompenensaTh Takke TEpMUYECKU
SKBUBAJIECHTHHIM TOKOM K3

I _ Tep
Tep.oK t
OTKI (34)

U pacyeTHOM NpoAoLKUTENbHOCTRIO K3.

3.1.2 HeoOxoguMmblii aJis TPOBEPKH TMPOBOJAHMKOB M JJICKTPUYECKUX allliapaToB Ha
TepMuuecKkyro crtoikocte mnpu K3 wuHrerpan Jxoyns Brp gomyckaeTrcs  omnpenensarthb
OpUOJIMKEHHO KaK CyMMY MHTErpajoB OT HNEPUOJUYECKON M amepuoJUuecKOd COCTABISIOIIMX
Toka K3, T.e.

Brp ® Brepn T Brepa - (35)

3.1.3 Meroauka aHaJINTUYECKUX pacyeToB HHTerpana JDKOynas M TEpMUYECKH
SKBUBaJIEHTHOro Toka K3 3aBUCHUT OT pacueTHONl CXeMbl 3JEKTPOYCTAHOBKH, IIOJIOKEHUS
pacuetHOM TOukM K3 M ee ynaJleHHOCTM OT I€HEpaTOpOB, CUHXPOHHBIX KOMIIEHCATOPOB U
anekTpoasurarencil. [Ipu 3ToM BO3MOXKHBI CIEAYIOIIUE CIIyYan:

a) MCXOJIHAasl pacyeTHasi CXeMa 3JIEKTPOYCTAHOBKM MMEET IPOM3BOJIBHBIA BHUJ, HO JUIs BCEX
FEHEpaTOPOB M CHUHXPOHHBIX KommeHcaropoB K3 sBisiercs ynajaeHHBIM, T.€. OTHOIIEHHE
JIMCTBYIOIEr0 3HAUYEHUs IEPUOAMYECKONH COCTABIISAIOLICH TOKa JIIOOOro TIeHepaTopa WM
CUHXPOHHOI'O KOMIIEHCATOpa B HauaJabHbIH MOMEHT K3 Kk ero HoMHHaJIbHOMY TOKY MEHEE ABYX.
B stoM cnydae Bce MCTOYHUKM 3JIEKTPUUYECKOW SHEPrHMM IyTEM IpPeoOpa3oBaHMUs CXEMbI
3aMEeIIEHUs] JOJDKHBI ObITh 3aMEHEHbl OJIHUM 3KBHUBAJEHTHBIM HCTOYHMKOM, DJIC KoTOporo
IPUHUMAIOT HEU3MEHHOM [0 AaMIUIMTyJEe, a WHAYKTUBHOE COINPOTUBICHUE PAaBHBIM
Pe3YNbTUPYIONIEMY SKBUBAJIEHTHOMY CONPOTHUBIICHUIO 3JIEMEHTOB PACUETHON CXEMBI;

0) McxoJHas pacyeTHas CXeMa COJEP>KUT OJUH WIIM HECKOJBKO OJHOTHUIIHBIX U OJMHAKOBO
ylaJeHHbIX OT pacdyeTHOM Touku K3 reHepaTopoB (CHHXPOHHBIX KOMIIEHCAaTOPOB), MPHUYEM
pacuetHoe K3 sBisercss OMU3KMM: JeWCTByOIee 3HAu€HHE MEPUOANYECKON COCTaBISIOIIECH
TOKa reHepaTopa (CHHXpPOHHOTO KOMIIEHCATOPa) MPEBBILIAET €r0 HOMUHAJIBHBINA TOK B 2 U OoJiee
pasa;

B) MCXOJHAas pacueTHas CXeMa COJIEP>KUT MPOU3BOJIBHOE YHMCIIO MCTOYHHUKOB SHEPTUH, IS
KOTOpPBIX pacueTHoe K3 siBnsieTcs ynaneHHbIM, a TaKkKe TeHepaTop (CHHXPOHHBIM KOMIIEHCATOp),
KOTOPBIN cBsi3aH ¢ Toukoit K3 mo paananbHoii cxeme u 31o K3 nmst vero siBisiercst 6mmszkum. [Ipu
3TOM BC€ YAAJEHHbIE MCTOYHHMKM JHEPIMM M CBA3bIBAIOIME MX € Toukol K3 smemeHTHI
pacueTHOM cXeMbl cienyeT OObEeIUHUTh B OTIENbHYIO BETBb U SKBHBaJIeHTHYI0 OJIC B »TOM
BETBU CUUTATh HEU3MEHHOW 110 aMILIUTY/E;

I) UCXOJHAs pacyeTHas CXeMa COJEPXKUT pPa3IMYHble MCTOYHUKU DHEPIHH, Ui KOTOPBIX
pacuetHoe K3 siBisieTcs yAalleHHBIM, M TPYIIY 3JEKTPOJBUTraTeNEH, IPUUEM pacyeTHasl TOYKa
K3 naxoautcs Ha mIMHAX, K KOTOPHIM MOAKIIOYEHBI 3JeKTpoaBurarenu. [Ipu stom Ha cxeme
3aMEILEHUsI BCE yJAJCHHbIE NCTOUYHUKH DHEPIMM U CBs3bIBaroIMe MX ¢ Toukod K3 snemeHTsI
pacyeTHOUW CXEMBI ClIelyeT OOBEAUHUTH B OTIEIBHYIO BETBh M JdKBHBaIeHTHYIO DJIC B 3TOM
BETBU CUUTATh HEU3MEHHOM 10 aMILTUTY/E.

3.1.4 Ilpn ompeneneHnnn wuHTerpana JKOyis M TEPMHYECKOW SKBUBAJEHTHOro Toka K3
JIOIyCKaeTcsl NMpUHUMAaTh, 4YTO AamnepuoAuyeckas cocTaBisitomas Toka K3 or Toil wactu
pacueTHOM CXeMbl, KOTOpas COAEPKHUT ynajieHHble oT Mecta K3 HCTOYHHMKM 5>Hepruu,
HE3aBUCHUMO OT €€ KOH(QHUrypaluu M3MEHSeTCs [0 HKCHOHEHIMAIbHOMY 3aKOHY C
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AKBUBAJICHTHOM MMOCTOSIHHON BPEMEHU
_ *,(R=0)
a.ok W RBK (X — 0) (36)

rae Xox(R = 0) u Ry(x = 0) - pe3ynbTUpYIOIINE SKBUBAJIEHTHBIC HHAYKTHBHOE W aKTHBHOE
COMPOTHUBIICHUSI PACCMATPUBAEMOM YACTH pACUYCTHOM CXEMBI, OMpEACIsIeMbIe M3 CXEM
3aMEIICHUs,, B KOTOPHIX BCE 3JIEMEHTHI PACUETHOH CXEMBl YYTCHBI COOTBETCTBEHHO TOJIBKO
WHIYKTUBHBIMU U TOJIBKO aKTUBHBIMHU COIPOTHBIICHUSIMHU.

3.1.5 Ecnu ucxomHasi pacueTHas cXeMma COJCPXKHT OJMH WM HECKOJIbKO HCTOYHHUKOB
SHEPTrUH, JUIS KAKIOT0 U3 KOTOPBIX pacdeTHoe K3 sBnsercs yaaneHHbIM, TO WHTETpas JKoyms
(Brep) B aMIIepax B KBaJpaTe Ha CEKYH]IY, CIICAYET ONMPEesITh 0 hopMyJie

T

2t

OTKII

B, =B_,+B..=12|t, +T.|1-¢e ™

Tep Tep.I Tep. OTKJI

37)

rae lmoc - HavalbHOE 3HAYEHUE NEepHOAMYECKON cocTaBisAooumeil Toka K3 or ynamnenHoro
MCTOYHUKA (UICTOYHUKOB), A.
B stom cinydae Tepmudecku skBuBaneHTHbIN TOK K3 (lrep.ox) B amMnepax paBeH

2t,

T . _ Torm
ITep.BK = Inoc 1+ t 2 l_ e
OTKJI (38)

tOTKJ'I 2 3-'-8.,

B cnyuasx, korna x  yHTerpan Jxoyns Brep TomycTuMo onpeaensaTs no Gpopmyie

~ 12
BTep ~ | Tnoc (tOTKJ'I + Ta.ax )

: (39)

a TepMuyecky SKBUBaJICHTHBIN TOK K3 (l1epox) B ammepax - mo popmyie

ITep.31< = Inoc V1+Ta431< /tOTl(ﬂ . (40)

3.1.6 Ecnu ucxomHas pacyeTHas cXema COJEPKUT OJIMH WM HECKOJIbKO OJHOTHUITHBIX U
OJIMHAKOBO YJaJeHHBIX OT pacyeTHOW Touku K3 reHeparopoB (CHHXPOHHBIX KOMIIEHCATOPOB),
npuueM pacuetHoe K3 sBusercs 6mu3kum, To uHTerpan Jxoyns Brep cieqyer onpenenars mno

bopmyne

2t

__ S oTkn

B, = 12| Bupstonn + Tor| 1-€ ™

Tep Tep.r "OTKI

, (41)

rae lnor - HayalbHOE JAEHCTBYIOLIEE 3HAUEHHE MEpPHOAUYEcKOol cocTaBistomedi Toka K3 or
re’eparopa (reHepaTopoB, CHHXPOHHBIX KOMIIEHCATOPOB), A;

Tar - TOCTOSTHHAS BPEMEHU 3aTyXaHHs alepruoJIU4YEeCKON COCTaBISIOLICH TOKa OT TeHeparopa
(reHEepaTopoB, CHHXPOHHBIX KOMIIEHCATOPOB), C;

B

Tep.r

* - OTHOCHUTEJIbHBIN UHTErpan JKoys:

t

J1z,a
0

TEp.T = |2 t

* mor "otk | (42)

rae tnr - AeHCTBYIOIIEE 3HAYEHHME MEpUOANYECKOM cocTaBisitomed Toka K3 or reneparopa



(reHepaTOpOB, CHHXPOHHBIX KOMIIEHCATOPOB) B MIPOU3BOJIbHBIII MOMEHT BPEMEHH, A.
BTep.r

3HaueHus1 OTHOCUTENLHOrO MHTerpana Jkoymnst * , yYUTHIBAIOILErO BIUSHUE U3MEHEHUS
BO BpEMEHHU aMIUIMTYAbl MEepUuoanYecKoi cocraBistomieil Toka K3, mpu pasHbIX cucremax
BO30Y>KJCHHS TEHEPATOPOB U Pa3HBIX yJAICHHOCTIX pacueTHOW Touku K3 oT reneparopos, T.e.
pa3HbIX OTHOLUEHUSX JEHUCTBYIOIIETO 3HAYEHMs] MEPUOAMYECKON COCTaBIAIOLIEH TOKa
reHepaTopa B HadalbHbIM MOMEHT K3 K HOMHHAIEHOMY TOKY MalllMHbI MOTYT OBITh OIpe/IeICHbI
10 KpUBBIM Ha pucyHkax 9-12.

IIpu paccmaTpuBaeMoOil MCXOJIHOW PACUETHOM CXE€ME TEPMHUUYECKH SKBHBAJICHTHbIA TOK K3
(ltep.ox) amIIepax ciemyer onpeaeisTh no hopmysie

Tar |1 g T

OTKJI

I Tep.9K = BTepAr +

*

(4)
BTep.r
KpuBble 1715 onpefejieHusi *  OT CHHXPOHHBIX FeHEPATOPOB ¢ THUPUCTOPHOI WJIH

BBICOKOYACTOTHOI CHCTEMOI1 BO30Y:KIeHUS
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Pucynok 9

Tep.r
Kpusble 1151 onpenesieHust *  OT CHHXPOHHBIX IeHEPATOPOB C THPUCTOPHOI cHCTeMOM

€aMOBO30YyKICHHS U € MOCIe10BaTeIbHBIMHI TPaHCGOpMAaTOPpaAMH
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B

Tep.r

KpuBble 1715 onpeeieHust *  OT CHHXPOHHBIX T€HEPATOPOB C THPUCTOPHOI cHCTEMOit
caMoB030yKIeHHs (e3 mocIe0BaTeIbHBIX TPaHCGOPMaTOPOB
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B

TEp.T

Kpussle 15 onpeneseHuss * 0T CHHXPOHHBIX T€HEPATOPOB € IMOIHOI (eclIeTO4YHO
CHCTEMOM BO30YK/IeHUS

fmep2 :
a{naz(nanj =2 "
g8 \\
\ \\ :
46 J \
\ I3
\\6\
g4
- —
C | [ ]
g 42 g4 g6 a8 71c
Pucynoxk 12
B ciywasx, korna Cona 2 3T, , uaTerpai Jxoyns Brep 1onmycTHMO OnpenessaTh no popmyiie
2
BTCP ~ I nor (BTCPI + Ta.r )1 (44)

a TepMuyecky S3KBUBaJIEHTHBIN TOK K3 (lrep.ox) B amnepax - mo popmyie

I TEP.OK = I Tor \/BTC]’)AF + TB.AI‘ /tOTKJ'I
*

(45)

3.1.7 Ecnum wucxoaHas pacueTHas CXE€Ma COJEPKUT MPOU3BOJIBHOE YHCIO HCTOYHUKOB
SHEPruM, Ui KOTOpbIX pacueTHoe K3 sBisieTcs ynajneHHBIM, a TaKKe TeHepaTop (CHHXPOHHBIN
KOMIIeHCATop), KoTophelil mpu K3 oka3biBaercs cBsizaHHbIM ¢ Toukod K3 mo paananbHol cxeme u
sto K3 mns Hero siBisieTcst OIM3KUM, TO MHTETpas [[KOyss OT MepUOIUYECKON COCTABIISIIOIIEH
ToKa K3 (Brep.n) B ammepax B KBaJpaTe Ha CEKYHAY CIEIyeT OMpeAesTh mo Gpopmymne

I 2
B - Inoc+2|noc|norQTep4r+|norB t

Tep.I Tep.r | OTKI

* BV (46)

rae lmoc - HayalbHOE 3HAYEHHE NEepUOAMYECKOM cocraBisiomieil Toka K3 oT ynaneHHBIX
VCTOYHUKOB DHEPIUH, A;

QTepAr

*

- OTHOCUTENIbHBIN UHTErpaj OT MepUOANYECcKOi cocTaBisome Toka K3:



t

OTKI

[ 1,0t
QTCp‘l" = IO—I
* Tor ' oTKnI (47)

QTepr

3HaYeHUs OTHOCHUTEIILHOTO HWHTErpaa * IPH  Pa3HBIX CHCTEMax BO30YXKICHHS
IFCHEPATOPOB M PAa3HBIX YIAICHHOCTSIX pacyeTHOM TOo4ykd K3 OT reHepaTopoB MOTYT OBITh
OTIpe/IeNIeHBI 10 KPUBBIM Ha pucyHkax 13-16.

QTep.r
Kpusble 1151 onpeaejieHusi *  OT CHHXPOHHBIX FeHEpPaTOPOB ¢ TUPUCTOPHON HJIH
BbICOKOYACTOTHOM CHCTEMOM BO30YK/IeHUS

gmzp. 2 i
\x _,{,we(”o”} =2
g5 Q\‘\
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Pucynok 13
QTep.r

Kpusble 1015 onpesejieHusi *  OT CHHXPOHHBIX FeHEPATOPOB C THPUCTOPHOI cHCTEMOit
€aMOBO30Yy:KICHHS U € MOC/Ie10BaTeIbHBIMHI TPaHCGOpMATOPAMH
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QTepAr

Kpusble 1J1s1 onpeaeieHust *  OT CHHXPOHHBIX T€HEPATOPOB C THPUCTOPHOI cHCTEMOIT
caMoB030yKIeHHs (€3 MocIe0BaATEIbHBIX TPaHCHOPMATOPOB
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Pucynok 15

QTep.r . .
Kpusble 151 onipeiejieHusi *  OT CHHXPOHHBIX FeHEPATOPOB ¢ IUOHOM OecIeTOYHOM
CHCTEMOM BO30YK/IeHUS

J?/rrep.z
* | froeinom=2 ]
N
\\
\ 4
08 \ \‘ ————
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[
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Pucynok 16

IIpn onpenenennn wuHTerpana JKOyis OT anepuoaWYecKoM cocraBisomed Toka K3
HEOOXO/MMO YYHUTHIBaTh, YTO UHWCJIEHHBbIE 3HAUEHHsS TIIOCTOSHHBIX BPEMEHH 3aTyXaHUs
anepuoINIECKUX COCTABIISIONINX TOKOB OT T€HEpAaTOpa WIM CHHXPOHHOTO KoMIieHcaTtopa (Tar) 6



CEeKyHJIaX W OT YAAJICHHBIX HCTOYHUKOB SHEPTUU (Tasc) B CEKYHAAX OOBIYHO 3HAYUTEIHHO
OTJIMYAKOTCS APYT OT fpyra. [Toatomy unTerpan oy ciaeayer onpenessTh 0 BEIPAKEHUIO

¢ t t \2 2t 2t

OTKI — ——OTK1 _ otk

T T _12 Tone 2 Tur
BTep.a = .[ IHOCe + IHOFe dt - IHOCT&3K 1_e + InorTa.r 1_e +
0
+ 4 I oc Irlor 1 e_tOTK1(-I-*:3'<+1§.rJ
1 1
T Tur , (48)
B caygasx, korna tora = 3Tar, JOMYCTUMO KCIIOIL30BaTh BEIpAKEHUE
y4 y p
41 |
2 2
BTep.a = IHOCTB.ABK + IHO]"TB.AF + 5 =
1 1
Ta.ax Ta.r (49)

ITpu paccmaTtpuBaeMoil pacueTHOM CXxeMe TePMHUYECKU SKBHBaJIEHTHBIM TOK K3 ompenenstor
no ¢opmyne (34), yuutsiBasg npu 3ToM (35). 3HaueHUE Brep.n HAXOIAT ¢ MOMOMIBIO (POPMYIIBI
(46), a Brep.a - ¢ momotnpio hopmysisl (48) wiu (49).

3.1.8 Ecnum ucxoaHass pacueTHas cXeMa COAECPKUT yHaneHHble OoT Toukd K3 ucTouHuku
SHEPruM U TPYIIY 3JIEKTPOJBUraTeNed, mpuyeM pacyeTHas Touka K3 HaxoauTcs Ha IIMHAX, K
KOTOPBIM MOJIKJIFOUEHBI 3JIEKTPOJIBUraTeNd, TO ISl YIPOILEHHUs pacyeTa uHTerpana J[xoyms
IpyNILy 3J€KTPOJABUTraTeNeH JOMyCTUMO 3aMEHUTh OJTHUM SKBUBAJICHTHBIM 3JIEKTPOJIBUTATEIIEM,
MOIIHOCTh KOTOPOTO paBHAa CyMM€ HOMHHAJIBHBIX MOIIHOCTEH OTIENbHBIX AJIEKTPOJABUTATEICH.
[Tpu »Tom mHTerpan JKoyns cieayeT OnpenessiTs 0 METOAMKE, N3J0XeHHoH B 1m.3.1.7, T.e. ¢

Qupr Brepr
ucnons3oBanueM dopmyi (46), (48), (49), B kortopbie BMECTO lnor, Tar, * ®W *  cIedyeT
MOJICTABJISITh COOTBETCTBEHHO HadajJbHOE 3HAYEHHUE MEePUOINYECKO ocTaBismomen Toka K3 or
OKBHBAJICHTHOTO JIBHTATENSA lnox, TIOCTOSIHHYIO BpPEMEHU 3aTyXaHUs alephuoIu9YeCcKOn

QTepu BTepu
COCTaBISIONIEH ero ToKa Ta; U GYHKIUK * W *  JJIA 9TOTO DJIEKTPOJBHUTraTelNs. 3HAUCHUS
TUX (DYHKIUU JUISI CHHXPOHHBIX 3JIEKTPOJIBUTATENICH MOTYT OBITH ONPEEICHBI 10 KPUBBIM Ha
pucynkax 17 u 18, a 1ns acCHHXpPOHHBIX AJIEKTPOJIBUTATENEH - M0 KpUBBIM Ha pucyHkax 19 u 20.

Tepmudecku skBUBaNeHTHbIH TOK K3 onpenenstor mo ¢popmyie (34).

3.2 IIpoBepka 3JIeKTPUYECKHUX aNIapaTOB HA TEPMUYECKYIO CTOiKOCTh npu K3

3.2.1 Tepmuueckast CTOMKOCTb 3jeKTpuyeckux amnmnaparoB npu K3 xapakrepusyercs ux
HOPMHPOBAHHBIM TOKOM TEpPMHUYECKOH CTOUKOCTH (liepropw) B aMIepax © JOMYCTHMBIM
BPEMEHEM BO3JIEHCTBUS ATOTO TOKA (trep.nopw) B CEKYHIAX.

3.2.2 PacuerHoe BBIp@XEHHE, KOTOpPOE CJEIyeT WCIOJb30BaThb TMPU  MPOBEPKE
KOMMYTallMOHHBIX ~ allapaToB Ha TEPMHYECKYI0 CTOMKOCTb, 3aBHUCUT OT pPacyeTHOMN
npojoskutensaocta K3.

Ecnu pacuetnas npoaomkutenbHOCTh K3 (forr) B CeKyHIaX paBHA WM OOJBIIIE TOMTYCTUMOTO
BPEMEHH BO3/ICHCTBUS HOPMHPOBAHHOTO TOKA TEPMHUECKON CTOUKOCTH (trep.nopw) B CEKYHAAX, TO
JUTS IPOBEPKH KOMMYTAIIMOHHBIX amllapaToB CIEAYeT UCIIOIb30BaTh BhIPAKEHUE

B <12 ot

Tep Tep.HOPM - Tep.HOPM (50)
Ecmu xe tOTKJ'[<tTep.HQpM, TO YCJIOBUEM TepMI/IquKOﬁ CTOMKOCTH SIBISIETCS

2
BTep = ITep.HopM toncn . (51)

Tep.J
Kpl/lele AJIA Oﬂpelleﬂeﬂl/lﬂ * oT CI/IHXpOHHOFO 3ﬂeKTpO}IBHFaTeHﬂ
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Pucynok 17

Qmp.u

KpusBble 1715 onpeesieHust *  OT CHHXPOHHOI'O 3JIEKTPOJABHUIaTe s



¥ mep.a
2.9 B\ Doggonom 2
3
48 —~—
\\
4
07 k .
06 \,\ 5
\
B
a5
g a2 g2 q3 94 fc
Pucynok 18
BTepﬂ

Kpanle AJIA oNpeaecJICHU s * 0T ACHHXPOHHOI'0 JIEKTPOABUIaTECJIsAA
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Kpusble 17151 onipeiesieHst  *  OT AaCHHXPOHHOIO 3JIEKTPOABUIATeJIsl
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3.2.3 JlomyckaeTcs MPOBEPKY KOMMYTAIIMOHHBIX 3JIEKTPUUECKHUX allapaToB Ha TEPMUUYECKYIO
ctoiikocTh npu K3 mpou3BoauTh MyTeM CpaBHEHMsI TEPMHUUECKH SKBUBaJeHTHOro toka K3 ¢
JOIYCTUMBIM TOKOM TEPMHYECKON CTOMKOCTH, YYMTBHIBAs IPU OTOM COOTHOLIEHHE MEXIY
JOTYCTUMBIM BPEMEHEM BO3AECUCTBUS HOPMHMPOBAHHOIO TOKAa TEPMUYECKOW CTOMKOCTH U
pacuetHOi mnponomkuTenbHOCThI0 K3. Ecnu torkn>trepiopw, TO TPOBEPKY KOMMYTAIIMOHHBIX
anmapatoB Ha TepMHUUYecKylo croiikocTh mpu K3 cinemyer mnpou3BOAMTH, HUCHOJb3YS

COOTHOLICHHUEC
IIep.aK < IIep.HopM 'VtTep.HOpM /tOTKJ'I (52)

Ecm xe torn<tpmopw, TO YCIOBHEM TEPMHUYECKOW CTOMKOCTH KOMMYTAIL[MOHHOIO arapara

ABJISIETCS. COOTHOLLICHHE
ITep.aK < ITep.HopM_ (53)

3.3 IIpoBepka NPOBOJHUKOB HA TEPMHUYECKYIO CTOHKOCTH npu K3

3.3.1 IlpoBepka NpPOBOJHHMKOB Ha TEPMUYECKYIO CTOMKOCTh npu K3 3akmrodaercs win B
ONpENEIEHUN HX TEMIIepaTypbl HarpeBa K MOMEHTY OTKIroueHHss K3 u cpaBHeHMHM 53TOH
TEMIIEpaTypbl C IMPEACIBHO JOIMYCTUMOM TEMIIepaTypod HarpeBa COOTBETCTBYIOIIMX
MpOBOJHUKOB Npu K3, mnm B onpeneseHn TepMUYECKHA SKBUBAJIEHTHOM IIIOTHOCTH ToKa K3 n
CPaBHEHMH ITOU IJIOTHOCTH C IOIYCTUMOM MJIOTHOCTHIO ToKa K3.

3.3.2 Pacuer TemMriepaTypbl HarpeBa MPOBOJHUKOB K MOMEHTY oTkiroueHus1 K3 ciemayer Bectn



C HUCMOJIb30BAHUEM KPHBBIX, NMPUBEICHHBIX Ha pucyHKe 21 - I JKeCTKUX IIUH, Kabened u
HEKOTOPBIX MPOBOJOB, U PUCYHKE 22 - Il IPOBOJIOB IPYTUX MApOK.

Kpusbie 1,15 onpeaejieHusi TeMiepaTypbl HarpeBa IIUH, IPOBOAOB M Kabejeil u3
pa3an4HbIX MaTepuaaoB npu K3

Ve

NN
N
N

7 i

300 /L g 67 *// \/5 :g Z\Z\A/ i

W N AT
=

710% 2-10% 3-10% 4e10% 510% Ag A2 cham*

Marepwuaibl mpoBOoAHUKOB: 1 - MM; 2 - MT; 3 - A; 4 - AT; 5- AJ10; ACT; 6 - AI31T1; 7 - A131T; 8 - C13
Pucynok 21

KpI/IBI)Ie AJISL ONIPEACJICHUA TEMIIEPATYPhBI HArpeBa nmpoBoaoB Ipu K3

Vs
L/

7

7 g5 1% 17-10% Ay, A cium

A

N

Marepwuasbl mpoBoaos: 1 - crutasel AXK u AXKKII; 2 - crutaset AH u AHKIT; 3 - anromunuii mapok A, AKII, AnKII
u craneamomunnit Mmapok AC, ACKII, ACKC, ACK, AnC, AnCKC, AnCK

Pucynok 22

C »T0M 1ETBI0 HEOOXOUMO:
1) Ha pucynke 21 BeIOpaTh KpUBYIO, COOTBETCTBYIOIIYIO MaTepUaly IPOBOJAHHKA, U 1O 3TON

KPUBOH, UCXO/ U3 HAYAILHOW TEMIIEpPaTyphl MPOBOJHUKA Jy, OMPEACIUTh 3HaUYCHHE (PYHKIIUU
Asu, A-cmm*;

2) B coOTBeTCTBHH C ykazaHusmu mm. 3.1.5-3.1.8 ompenenuth 3HaueHue uHTErpana JHxoys
Brep;

3) nHaiiTu 3HayeHWe (QYHKIUU Agx , COOTBETCTBYIOIIEE KOHEYHOW TeMIlepaType HarpeBa

MIPOBOJHHKA JK
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A, =A +BTep
9 9, SZ , (54)

rac S- miomazab MoIepeYHOro CCYCHUs IpoBOJHHKA, MMZ.

[Tpu pacuere TemmnepaTypbl HarpeBa CTaleaTIlOMHUHHUEBBIX TPOBOJIOB B (hopMyity (54) crnemyer
BBOJUTH IUIONIA (b ITOTIEPEYHOTO CEYCHHUS aTFOMUHUEBOM YacTH MTPOBOA;

4) no HaiiieHHOMY 3HaYeHHIO (PYHKIMH Agk , HCTIONB3YsI BEHIOPAHHYIO KPUBYIO Ha pHUCYHKE 21,
OIIPEJICTINTh KOHEYHYIO TEMIIepaTypy HarpeBa NPOBOJHUKA Jx M CPABHUTH €€ C MPEAETbHO
JONYCTUMOW TeMmeparypoil. [IpenensHo gomycTuMble TeMIepaTypbl HarpeBa MPOBOAHUKA TIPH
K3 npuBenens! B Tabnure 6.

Tabnuna 6 - [IpeaeabHo J0NMyCTUMBbIE TeMIIEPATYPbI HAarpeBa NpoBoAHUKOB nmpu K3

Bun npoBoiHHKOB S0m °C

1 IlInHBI aMtOMUHUEBEIE 200
2 IlInHel MegHBIE 300
3 [lIuns cTanbHbIC, HE HMEIOIINE HETTOCPEICTBEHHOTO COCTUHEHNUS C allapaTaMu 400
4 11IuHbI cTaNBHBIC C HEMIOCPEICTBEHHBIM IIPHCOSIMHCHNEM K alapaTtam 300
5 Kabenn ¢ 6ymakHOU IPOTIMTAHHON U30IIAIIUCH Ha HATIPsDKEHHE, KB:

1o 10 200

20-35 130

110-220 125
6 Kabenu u u301mpoBaHHbIC TPOBOJA C MEHBIMU M ATIOMUHHUEBBIMH KHUJIAMHU U W30JISLUCH

u3:
MOJIMBUHIWIXJIOPHIA 160
PE3HHBI 150
PE3HHBI MTOBBIILIEHHOM TEIIOCTOWKOCTH 250
MOJIMATIIICHa (HOMUHAIIFHOE HallpsbKkeHue kabens 1o 35 kB) 130
BYJIKAHU3UPOBAHHOTO MOJIMATHJICHA (HOMHHAIBHOE HanpshkeHne kabems 1o 35 kB) 250

7 MetHbIE HEU30TMPOBAHHbIE TIPOBOJIA PH TSKEHUSX, H/MM2:
MmeHee 20 250
20 u Gomee 200
8 AJIIOMHMHHEBBIE HEU30JIMPOBAHHbIE IIPOBO/IA NPU THKEHUSX, H/MMZ:
menee 10 200
10 u Gonee 160
9 AJIFOMHMHHUEBAs 4acTh CTAJICAIFOMHUHUEBBIX IIPOBOJIOB 200

3.3.3 Ecau onpenensiomMM YCIOBHEM IpPHU BBIOOpE CEUEHUS MPOBOJHHKA SIBISETCS €ro
TepMHuueckas croiikocts npu K3, To cienyer onmpenenuTb MMHUMAaJIbHOE CEYEHHUE MMPOBOJHUKA
0 YCIOBHIO TEPMHYECKOH CTOMKOCTH (Srepmin) B MHJUIUMETpax B KBajpare, HCHONb3Ys
BBIPAKECHHE

: (55)

rae Agugon - 3HaueHUE (GyHKIUHM Ay, COOTBETCTBYIOIIEE MPEACIHHO TOMYCTUMOW TeMIIepaType
Harpesa npoBoaHuka npu K3 (cm. Tabnuiry 6);
Ay - 3HAUEHUE 3TON (PYHKIINH, COOTBETCTBYIOIIIEE TEMIIepaType MpoBoaHuKa 10 K3.
TepMuyeckass CTOHKOCTh IPOBOJHUKA OOECIEUYMBACTCSA, €CIM IUIOMIAah cedeHus (S) B
MUJUTMMETPAX B KBaJpaTe yIOBIECTBOPSIET HEPABEHCTBY:

S =S, min _

3.3.4 Ecam narpy3ka mpoBoaHuka g0 K3 Onm3ka K TPOJODKUTEIBHO JTOMYCTUMOW, TO
MUHUMAJIBHOE CEUEHHUE MPOBOJHUKA, OTBEYAIOIIEee TPEOOBAHUIO TEPMHUYECKONH CTOHKOCTH MPHU
K3, onpenenstor o dhopmye
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Tep
STep.min = C
T, (56)

C.=. /A —A, Ac"?/mn’
I"I[e aon HOM

Aguom - 3HaUCHHE QYHKIIUU A MPU MPOJOIDKUTENBHO TOMYCTUMOM TeMIlepaType MPOBOAHHKA.
3navenus napamerpa Cr B Tadmmie 9.

Ta6nuna 7 - 3nayeHusi napameTpoB Cr #KeCTKUX LINH

Cuctema JIerupoBaHus Marepuast MpOBOAHMKA HITH MapKa Srasetne CT’TQLIESSTI\;;«&? ’ ‘?gn PR
cIiaBa 2
70 90 120
- Mens 170 Ca Ca
Al AJlIO 90 81 68
AJI1H 91 82 69
AJIOM, AIIM 92 83 70
Al-Mg-Si AI31T1 85 77 64
AI31T 82 74 62
AJI33T1 77 71 59
AJ133T 74 67 57
ABT1 73 66 55
ABT 71 63 53
Al-Zn-Mg 1911 71 63 53
1915, 1915T 66 60 51
Al-Mg-Mn AMTrS 63 57 48
- Cranb nps Y00 = 400 °C 70
Cranp npu Suon= 300 °C 60
Tabnuma 8 - 3HayeHus mapamerpa Cr kadeneii
XapakTepucTika kabenei 3nauenue C;, A- cM2/pm2
1 Kabemu o 10 xB:
C MEIHBIMU KUJIAMU 140
C aJJIOMAHHUEBBIMU KUJIAMU 90
2 KabGenu 20-35 kB:
C MEAHBIMU XKUJIAMU 105
C aJTIOMHHHMEBELIMH KHJIAMH 70
3 Kabenu u M30JUPOBaHHBIE MPOBOJA C MOJHXJIOPBUHIIOBON MM PE3WHOBOI
M30JIALHEH:
C MEIHBIMU XUIaMHU 120
C aJTIOMHHHMEBBIMH JKUIIAMH 75
4 Kabenu 1 M30JIMpOBAaHHEIEC TPOBOJIA C MO THICHOBOH H30JIALINCH:
C MEIHBIMH XUIaMHU 103
C aJTIOMHHHMEBBIMH JKHIIAMH 65

Tabnuna 9 - 3nauenusi napamerpa Cr npoBoI0B

3uauenus napamerpa Cr, A-c/MM2, IpU AOIMYCTUMBIX
Marepuan npoBojia Mapka npoBoja TeMIlepaTypax Harpesa npoBojios npu K3, °C

160 200 250

1 Menp M - 142 162
2 AmoMuHui A, AKII, An, AuKII 76 90 -
3 ANIOMUHMEBBIH CILJIaB AH, AHKII, 69 81 -
AX, AXKIIT 66 77 -

4 AIOMHMHUH - CTAIIb ACK, AuC, ACKC, AuCKC,

AnCK, AC, ACKII 76 90 -

3.3.5 JlomyckaeTcsi MpoBEpPKY MPOBOJHUKOB HA TEPMHUUECKYIO CTOMKOCTh Tipu K3 mpoBoauTh
MyTeM CpaBHEHHS] TEPMUYECKH OSKBUBAJICHTHON MIOTHOCTH TOKa K3 (Jrepox)B ammepax Ha
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KBaJPaTHBIA MUJUIUMETP

J _ Tep.oK

Tep.oK S (57)

C JIONYCTUMOI B TeueHue pacueTHoro BpeMeHu K3 mioTHOCTBhIO TOKa (Jrep.ion) B aMIiepax Ha

KBa,I[paTHI)H‘/'I MUJIJIUMETP
J _ ITep.}:[onl 1 _
Tep.mom S t -
OTKI (58)

1€ lieponl - AOMYCTUMBIN TOK ofHocekyHaHoro K3, A; ero 3Hadenus s kaOened JaHbl B
HOPMATHUBHBIX JOKYMEHTAaX.
[IpoBOJHUK YIOBJIETBOPSAET YCIOBHIO TEPMUUYECKON CTOMKOCTH Npu K3, eciiu BBIIOTHAETCS

COOTHOILICHHUC
. | 1
T S frpon = 22 |2~
Tep oK Tep.Jiom S t
OTKJT (59)

3.3.6 Ecam narpy3ka npoBoaHuka g0 K3 Onm3ka K TPOJOKUTEIBHO JOMYCTUMOW, TO
JOTIYCKaeTCsl TPOBEPKY TMPOBOJHMKA HAa TEPMHUECKYlO cToiikocTh mnpu K3 mpoBoauts,
UCTIONIB3YSl COOTHOILICHHE

CT
tOTKI[
(60)

3.4 IIpoBepka cuj10BbIX KaleJsieil Ha HeBO3ropaemocTs npu K3

3.4.1 JIns npoBepku CUIIOBBIX Kabeneil Ha HeBo3ropaeMocTh npu K3 cienyer B COOTBETCTBUU
¢ m. 3.3.2 ompenenuTh KOHEYHYIO TEMIIEpaTypy HarpeBa HX JKWI Jx TNPH PACYCTHOU
npogomkurenbHoctd K3 (em. m. 1.1.5) u cpaBHUTH €€ C MpeAesbHON TemiiepaTrypoi
HEBO3TOPAEMOCTH g

Hesosropaemocts kabenst o0ecrieunBaeTcs, €CIIM BHITIOTHICTCS YCIOBUE

TEP.IK —

& <8, (61)

[IpenenbHast Temmeparypa HeBO3ropaeMocTu kabeneit 6 kB ¢ mpomuTanHol OyMa)kHOM
u3ossinueit pasaa 400 °C s 6porrpoBanHbIX U 350 °C - a1 HEOPOHMPOBAHHBIX KaOeeH.

I[MTPUJIOXXEHMUE 1
(pekoMeHayeMoe)

1 MeToguka pacuera THOKHX TOKOIIPOBOAOB

1.1 MakcuManbHOE BO3MOXKHOE TsDHKEHHE B MPOBOAHUKAX (Fmax f) B HBIOTOHAX CleAdyeT
OTpeNIeTsATh 10 hopMyIie

AW
2ES — +F?

max f = | st ?

F

riie S - WIomak IONePeYHOro CeueH s MPOBOIHHIKA, M2,

AW, - pacueTHas 3Heprus;
AWp = AW, ipu AW, / Mgl < 2;
AWp=2Mgl ipu AW, / Mgl>2,

rae AWy - sHeprusi, HakoIJIeHHAasi IPOBOJHUKOM OJHOIO MpoJjeTa 3a pacueTHoe Bpems K3, JIx;
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| - mrHA TPOBOHKKA B MPOJIETE, M;

Mgl

Fst - Tsoxenue B npoBoaHuke 1o K3, paBHoe 81, ;

Mgl - MakcHMaIbHO BO3MOXKHAS pacyeTHas MOTCHIIMAIbHAS YHEPTUS POBOIHUKA;

M - macca MpOBOJHUKA B IIPOJIETE, KT

g - yCKOpeHHe CBOOOHOTO MaICHHS, m/c?:

fu - mpoBec MPOBOAHKKA B TIPOJIETE, M;

L - paccrositHue OT IPSIMOM, COSTUHSIONICH TOYKH KPETUICHUS ITPOBOIOB HA COCEIHUX OIopax,
JI0 LIEHTPA MAacC MPOBOJIa B IPOJIETE, M, IPUIEM

L=2f,/3.

Mopyns ynpyroctu (E) npoBOAHUKA, CBUTOTO U3 IMy4YKa TOHKUX MPOBOJIOK, KaK IPU HATUYUU
VIPOUHSIOIIET0 CTaJbHOrO MPOBOJA, TaK W 0€3 HEero, cieayeT MPUHUMATh MEHBIINM, YeM
MOAYJIb VYIOPYrOCTH MaTepuaja IPOBOJHHUKA U3-32 IMOBBIIICHHOW PACTSKUMOCTH BUTOTO
MIPOBOJHMKA NP HarpyxeHuu. Ero 3HaueHre HeoOX0IMMO OMPEIENSITh ONBITHBIM ITYTEM.

1.2 MakcumanbHOe cMelieHne npoBoja (Sotk) B MeTpax ClieayeT ONpeaeisTh M0 GopMyiaMm:

2

AW,

S = . 1-]1-
Mgl

pu AW, /Mgl <1.

Sonc = f, ipu AW_/ Mgl >1.

Ilpu kpatkoBpemeHHOM K3 sHepruro, HakOIUIEHHYHO MNpPoBOIHHKOM (AWy) B DKOYIAX,
CJIeTyeT BBIYUCIATH 1O hopMyIie

AW, = MgL(l—COSa)+%J(0£')2,

I7Ie o U O - YroJl OTKJIOHEHHUs NMPOBOJA M €ro IepBas MPOMU3BOJHAS 110 BPEMEHU B MOMEHT
otkiroueHus K3;
J - MOMEHT MHEpIUH TIPOBOJIa OTHOCUTENBHO OCH, TIPOXOIAIIEH Yepe3 omopsl IPoBoa, M™.
KpuBble 3aBHCHUMOCTH OTHOCUTENBbHBIX NapameTrpoB mpoBogHuka (AWk / MgL) or
OTHOCUTENIbHON  mpoaoskuTenbHOCTH K3 (T) OTHOCHTENBHBIX HAarpy3ok Ha IPOBOJ

i
(FO /Mg(J’:Z'Q’)) U OTHOCHTENIbHBIX pa3mepoB (a/L) mpu nByx- u TpexdaszHom K3 mpuseneHb
COOTBETCTBEHHO Ha pucyHKax 23 u 24. [Ipu 3TOM OTHOCHTENBHYIO MPOAODKUTENHHOCTh K3
CIIE/TYET ONPEACIATh KaK
_ D
2

rae t - pacuetHas npojgomkuTenbHocTh K3, ¢;
w, =~/MgL/J.

i .
Harpyszkwu ( Fo ) B HBIOTOHAX CJIEIyeT ONMPEaeIIATh s pa3anuubix BuaoB K3 (j = 2,3):
- s iByxaznoro K3

T t,

F® =2.107 é(l @,

- st Tpexdaznoro K3
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2| 2
F®=15-107 —(19F,
a
| @ |G . . .
rae 'mo ¥ no - HayaJbHBIE JIEHCTBYIOIIME 3HAYCHMS MMEPHUOJUYECKON COCTaBISIOUICH TOKOB
COOTBETCTBEHHO JIBYX- M Tpex(aszHoro K3, A.
1.3. Ilpu otHOcuTenbHOM mpogokureabHoctd K3 1t > 0,6 3Hepruro, HaKOIUIEHHYIO
poBOAHUKOM (AW ) B I3KOYJISIX, CIIEYET OMPEeiaTh B 3aBUCUMOCTH OT Bua K3:
- npu aByxdaznom K3

i (a+21)

AW, = %ij yecmn AW® = F@ a > 2MgL

AW, = Mgh, ecm AW ? < 2MgL;

- npu Tpexdaznom K3

(a+L) +L? a+L

1 +0,5In
a

AW, = EAWK@’ , ecmt AW ® =133F@ g In

> 2MgL;

AW, = Mgh, ecrm AW ® < 2MgL,

riae h - MakcuMalbHast BBICOTA MOJbeMa IIEHTpa Macc IMpoBoja Bo BpeMst K3, onpeensemas u3
cootHouenus h/a, m.

IMapametpsr h/a ms cnydaeB aByx- u tpexdasnoro K3 ciemyer onpemensts O KPHUBBIM,
IPUBEIEHHBIM COOTBETCTBEHHO Ha pUCYHKax 25 u 26.

AW,
MgL

XapakTepucTUKU npu aByx¢aznom K3
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02

AW

Pucynok 23

XapakTepuCTUKU MgL npu Tpexdaznom K3
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h

Xapaktepuctuku @ mpu aByxdaznom K3
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XapakTepucTUKH - pu Tpexdaznom K3
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Pucynok 26

2 MeTtoaunka pacyera riOKHX TOKONPOBOJAOB € Y4eTOM KOHCTPYKTHBHBIX 3J1eMEHTOB
3J1IeKTPOYCTAHOBOK

I[OHyCTI/IMOG cOMmKeHne (1)8.3 OICHUBAIOT I10 CJICAYOUIEMY YCIIOBUIO

a—2(y+rp)<a

min o
1)

I7€ y - MaKCUMaJIbHOE OTKJIOHEHHUE TIPOBOJIA, M;
@ - pacCTOSIHHE MEX1y TOKOIIPOBOJAMH COCETHUX (a3, M;
I'p- paznyc paciiernaeHus gpasbl, M;
Amin zon - HAUMEHBIIIEE TOMMYCTUMOE PACCTOSTHUE MEXKAY (azamu, M.
MakcumanbHOe OTKJIOHEHHE TTpoBoia TipH 1Byxda3zHoMm K3 onpeaensroT no BeIpaKeHUIO

y=125/f2—H?

rae fo - cTpena mpoBeca npoBoja, M;
H - BbicOTa pacmojioXKeHHsT TMPOBOJA OTHOCHUTEIHLHO TOYKH TIOJBECAa B MOMEHT €ro
MAaKCUMaJIbHOI'O OTKIIOHCHUA, M, KOTOpas paBHa

H = f, cosa—0,06v°

IJIe a - YToJl OTKJIOHEHUS NpoBoja a3kl K MOMEHTY oTkiitouenus K3, pan;

V - CKOPOCTh JIBHKEHUS LIEHTpa Macc MpoBojia K MOMEHTY oTkitoueHus K3, m/c.
VYroun a onpenensioT no Gpopmyine



0,75vt,
a=——-2=

fo
rae tk - pacueTHas npoaospKkuTenbHOCTH K3, c.
CKOpOCTh V ONpeaestoT o popMye
2
b 215, +T,)
aq

rae lno - HauanpHOE JACUCTBYIONICE 3HAUCHUE IEPUOIUUYECKOM cocTaBistonieil Toka K3, kA;

T - TOCTOSIHHASI BPEMEHM 3aTyXaHHUs allepuoANYEecKon cocTasistomen Toka K3, c;

g - npuBeeHHAs Harpy3ka Ha ¢a3y, H/M, kotopas paBHa ( - pK, rae p - morousslii Bec (hasbl,
H/wm;

K - xoadunueHT Harpy3Ku, YUUTHIBAIOIIMNA BIMSHHE HATSDKHBIX THUPIISH] HU30JSTOPOB U
cinyckoB. Hampumep, s mposieta Bo3aymHoW juHuu K = 1, mis mpojera HapyKHOM
AJIEKTPOYCTAHOBKH C JIBYMSI HATS>KHBIMU THPJISIHIAMU

, L+4l) . Ql 2
K= ¥ +12Q2|1(Q1+3er

rae
|1 :|_2Ir; Q=npl Q= pll .
Ecmu H<0, To npuaumats H=0

IMMPUJIOXEHUE 2
(pekomeHayemMoe)

z
Taoauma 10 - PacyeTHble BhIpaKeHUs ISl onpeaeeHus KodgppuuneHra %( )

Pacuernas ¢popmyna s P b
Hopma pacueTroit | onpenenenus kosdpdunmenta | Hopma pacuerHoit acterHasi (opMyia JUL
CXeM b TaGe 2 % (Z) CXeMb1 B Tabmile 2 omnpeneneHus KodpduunueHTa % (2)
1|z Zz? a) s xpaifHero mposera
1 ~le 2
21117 7 72
2 §_EZ_1 0,394|——0,5|—2
8 2 | 6 1
JIsI BTOPOTO HpoJieTa
1z z* 1
i 21 17 s 5 2 .z
‘0,529T - O,5I—2 - 0,106‘
3 1z
a) 3 271 B) JUISL CPETHETO MPOJIeTa
4
o1z iz 2z’ 1
8 2 | 21 1”7 6
[TPNJIOXXEHMUE 3
(pexomenyemoe)

MeToauKka NPOBEPKH TOKOINPOBOA0B HA JIEKTPOAUHAMHYECKYI0 CTOMKOCTD IIPH
NOBTOPHOM BKJIIOYeHUH Ha K3

HaubonpIiee HanpshkeHHe B MaTepralie IIMH U MaKCUMaJIbHYI0 Harpy3Ky Ha U30JSITOPBI PU
MOBTOPHOM BKIF0UeHNH Ha K3 onpenenstor mo ¢popmynam:
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\/5-10*7|2i2
2@)yaw
—72
o- ﬂf 07, o

yzl

c(2)=0,(2)0=

F

max lmax
,
rie 61(Z) u Fimax - HanOosblee HAIIpsHKCHUE U HAarpy3ka npu nepsom K3;

O - KOXQPUIMEHT NPEBBILICHUS HANPSHKEHUS U HAarpy3Kku 1pu nosropaom K3.

Koadduuuent npespiienns © onpenenstoT MO0 KPUBBIM PUCYHKA 2/a B 3aBUCHUMOCTU OT
neKpeMeHTa 3aryxaHusi 0. Homep pacueTHOil KpHuBOH Ha pHCYHKEe 27a OIpPECNsioT B
3aBHCUMOCTH OT TIPOJOJDKUTENIBHOCTH OECTOKOBOM Tmay3bl lgn M YacTOTBI COOCTBEHHBIX
KoJjieOanuii mmHbI f1, ucnone3ys pucyHok 276. Ecnu Touka ¢ koopauHatamu o u fi nexur B
30HE, OTPAHUYCHHOM OCSIMH KOOPAMHAT U KpuBOii |, To k03 uimerT ® onpenensior o KpuBoi
1 pucynok 27a. Ecnum 3Ta TOYka JEXHT B 30HE, orpaHmueHHod kpuBbiMH | u Il, To ©
onpenensoT no kpuBod 2 u T.4. Cienyer OTMETUTh, YTO pacyeTHble Kod(pduuueHTh ©
MOJIyYeHbI MIpU HanboJiee HEOIArONPHUAITHBIX YCIOBHSIX KOMMYTAIlMH, KOTOPBIE MPHUBOAAT IpPU
nepeoMm K3, B OecrokoByro may3y M MOBTOpHOM BKkIodeHMH Ha K3 k Haubonbmum
HAIpsDKEHUSM B MaTepualle IIMH U Harpy3kaMm Ha M30JIATOPbl U TaKuM 00pa3oM 00ecreyrBaroT
OLICHKY JIEKTPOJIMHAMUYECKON CTOMKOCTH OIIMHOBKH.

K onpenenenuio kodppunmneHTa npesbiieHusi ® B 3aBUCUMOCTH OT O, {6.n, 1

N
A ;
EAN VRN

Tim €

N g6 \
4 ' N N_&
13 \)\\\ a4 I\\(ﬁ\<\&\
J ' S~
’ \2 T~ N ~
f:/ .y ] a2 - ~
\-—-$E
g9
g g4 08 42 45 20 & 7 2 4 6 8 Wiy
a g
Pucynok 27
I[MPUJIOXXEHUE 4
(pexoMeHayeMOe)

IIpumepsl pacuera 3J1eKTPOAMHAMMYECKON CTOHKOCTH IIHHHBIX KOHCTPYKIHUH

IIpumep 1. IlpoBepuTh dSIEKTPOAMHAMHYECKYIO CTOMKOCTh Tpex(a3HOH IMIMHHOU
KOHCTPYKIUH, U30JSTOPHl KOTOPOW 001a/al0T BBICOKOM >KECTKOCThIO, MpH JeicTBUM Toka K3

i@
ya =155 rA.

[[IvHBI BBHIMOJTHEHBI W3 allOMHHHEBOTO ciuiaBa Mapku AJ[31T1, uMmeroT mpsMOyroibHOE
ceuenne (60 x 6) MM?, 4eThIpe TIPONIETA, PACTIONOKEHBI B OIHOH TIIOCKOCTH 1 MX TTAPAMETPHI:

I=1,2m; a=0,6 m; m= 0,972 kr/m;

E =710 ITa; 6on = 137,2 MITa.

CornachHo Tadnuue 4
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3 3
;_bh® _06-6

=—= =108cm* =10,8:10,878 mm*
12 12 ;
2 2
W :%:%:3,6&\43 ~36-107° u°

Yactrora cOOCTBEHHBIX KOJIEOaHUI

f =2182I'ny

=N 4,732 \/ 7-10°.10,8-10°°

* " 271\ m  2.314.122 0,972

rae i = 4,73 COOTBETCTBYET pacUeTHOU cxeMme S5, TaOIHIlbI 2.

B cooTBeTrcTBUM € PUCYHKOM 5 KOA(pQUIMEHT TUHAMUYECKONW Harpy3ku paBeH mn = 1,1.
MakcuManbHOE HAPsDKEHUE B IIMHAX, onpenensiemoe o Gopmyne (15), paBHo
CF91  J3.107.1,2%.155-10°-11

max n= — = 254-10° [1a = 254 MIla
AW 12-0,6-3,6-10

(o}

©)]
rjae = max ompezesieHo mo popmyne (2), koahdumuent A - u3 Tabiub 2.

[Tockonbky Omax = 254 Mlla > Guon= 137,2 MIla, TO MUHBI HE YIOBIETBOPSIOT YCIOBHUIO
AIEKTPOAMHAMUYECKON CTOUKOCTU. JIJIi CHMKEHUSI MAaKCHUMaJbHOTO HANpsDHKEHUS B MaTepualie
IMH HE0OX0IUMO YMEHBIIUTH JUIMHY nposeTta. Hanbomnbimas nomyctumas JyiMHa MpoJieTa

|1 T g 1372 _eg
o 254

[Tpumem muny nponera | = 0,8 m.
B srom ciyuae f1=491 I'u; n = 1,04 u
. _3-107-08° 155" -10° 1,04
i 12-0,6-36-10°

=134 Mlla <o,

MakcuMallbHYIO Harpy3Ky Ha W30JSITOp OnpezesseM no Gopmye (2):

J3-107 43107
a

B _ HOAYA 2 6 _
Fry = 13(57)° Ky Ko -0,8-155°-10° -1-1=5541 H.
Beioupaem wuzomstoper THma MOP-10-16,00 YXJI3. OHH yHOBICTBOPSIOT  YCIOBHIO
AIIEKTPOAUHAMUYECKON CTOMKOCTH (29), Tak Kak

Fon =0,6-F . =0,6-16000=9600H > F& =5541H.

TakuMm 00pa3zom, IIMHHAS KOHCTPYKLHUS [IPH YMEHbIIEHUH JIUHBI rpojeTa 1o 0,8 M oTBeuyaer
TpeOOBaHUAM 3JIEKTPOIMHAMUYECKON CTOMKOCTH.
IIpumep 2. [IlpoBepuTh 3NEKTPOAMHAMUYECKYIO CTOMKOCTh Tpex(a3zHoW IIMHHOMN

KOHCTPYKLIMM B LIENIM TE€HEPATOpa, IIMHBI KOTOPOM COCTOAT M3 JIBYX DJIEMEHTOB KOPBITHOTO
i®
i

npoduns npu ¥ =120 KA.

2
AmomuHueBble  muHbL  (Mapku  AJIO) cedeHueM 2-3435mm pAacCIIOJIOKEHBI B

TOPU30HTAILHON TUIOCKOCTH M UMEIOT clieayromue mapametpsl: | =2 M; a = 0,75 m; my; = 9,27

-1 - 108 4
Kkr/m; E = 7-107 [Ma; Gpon = 41 MIla; @ = 0,2 M; by = 1 M Jyo*ya =J,, =254-10" m ;

Jy., =1 =4220-10"° m*. W = 422.10° . W,, =40-10° m°
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YacToTel COOCTBEHHBIX KOJICOAHUH IIMHBI U 3JEMEHTa LIMHBI, ONpeaessieMble o GopMynaM
(22) 1 (24), pasust

2 2 10 -8
o W [E)_ 473 71074220007 ..
27l m 2-314.-2 9,27 .
r2 EJ 2 . 10 . . -8
(oot B 473 [710°.250000 o,
2712 \m,  2-314-1 9,27

Jns noay4yenusix 3HaueHui 1 u fi,0, M 1 Moy paBHBI 1,0 (prCYHOK 5).
MakcuManbHbIe HAMpPsHKCHHUS B MaTepuaie IIWH, KOTOpPhIE OOYCIOBICHBI B3aWMOJICHCTBHEM
TOKOB Pa3HbIX (a3 ¥ TOKOB 3JIEMEHTOB OJHOM (ha3bl B COOTBETCTBUH ¢ GopMmyaamu (15) u (22)
paBHBI

Fol  V3107-2°

O N = =
v = 3w 17 12.0.75.422.10°°

.120%.10% -1=2,62-10° Ia = 2,62 MIla

2.107 12K, (i. ) 10712 ?
o ——cb(j pee ) L 1Y 75.10° Ma=7,5 MiTa

T e n ) ™ T 12.02-40-10° 4

CYMMapHOC HAIIPsAKCHUEC B MATCPHUAJIC IITMHBI

Onex = Opmax T Tonmax = 2,62+7,5=1012 Mlla

[IInHBI y1OBIETBOPSIOT YCIOBHIO JIEKTPOJUHAMUYECKON CTOMKOCTH, TaK KaK

Omx =1012 Mlla <o, =41MIla
MaxkcumanpHasi Harpy3ka Ha U30JITOp, onpezensieMas 1o Gopmyse (2), paBHa

J3:107 -2
0,75

FO = -120%-10° = 6643 H

Bribupaem uzonstop tuna M10-10-20,00 V3.
Paspymaromas Harpyska JAjsi 3TOT0 U30JATOpa cocTaBiuseT Fpasp = 20000 H, BeicoTa Hys = 34
mMM. M30551TOp MMeeT BHYTpeHHEe KPEIUICHHE apMaTyphl (PHCYHOK 3a), modTomy Ny = a»/2 = 0,1
M. CornacHo (8) gomycTumast Harpyska InpH U3rude u30Js1Topa paBHa
H 0,134

F =06-F_ ™ —06-20000
8 PP+ H 0,134+0.1

o m

=6872 H

PacueTHas MakcuMalIbHas Harpys3kKa Ha U30JIATOPbI HE MPEBBIIIACT JOIMTYCTUMYIO
FO =6643H<F,, =6872H

nostomy u3oinstop tuma MO-10-20,00 Y3 ymoBieTBOpsSeT yCIOBHAM SJIEKTPOIWHAMHYECKON
CTOMKOCTH.

IIpumep 3. [IpoBepUTh MEKTPOANHAMUUYECKYIO CTOMKOCTh IIMHHOW KOHCTPYKIIMH HApYKHOU
aNeKTpoycTaHoBKM HampspkeHueMm 110 kB mpu Iy, = 50 kA. TpyOuarsie MmUHBI KBaJPaTHOTO
CEUYEHHUsI BBINOJHEHBI N3 alfoMUHUEBOrO criaBa AJ[31T m pacnosioxkeHbl B OAHON MIIOCKOCTH.
Bricora mmabl H = 125 MM, TonmuHa t = 8 MM, moronHas Macca m = 8,96 kr/m. [{nuna nponeta
| = 5,0 m; paccrostaue Mexay dazamu ¢ = 1,0 M. JlonmycTuMOe HampsHKEHUE B MaTepualie MIMHBI

Guon = 89 MIla, moxyne ympyroctu E =7-10° [Ta, Nzonsroper Tuma MOC-110-600 umerot
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BbICOTY Hys = 1100 MM, paccTosiHME OT TOJOBKM M30JIATOpA 0 LEHTpa TshkecTd mmHbl hy = 80
MM, BBICOTY apMaTypbl HIKHETro (hiaHma uzoistopa Hapw = 100 M.
Kecrrocts m3omsaropa Cys = 1100 kH/M, yactora coOcTBeHHBIX KosieOanuid fy; = 28 I'.
MoMeHT MHEepLMHY U MOMEHT COIPOTUBIICHHS IIMHBI B COOTBETCTBHU C (OpMYIaMy TaOIUIIbI
4 cocTaBiAOT

H*-h* 125%-109*
12 12

J:

=858,2 cm* =858,2-10"° m*
H*-h* 125*-109*
6H 6-12,5

W =

=137,3 cm® =137,3-10° m*®

rneh=H-2t=125-1,6=10,9 cm.
JlonycTrumast Harpy3Ka Ha H30JISTOp
1000

F. =06-600———— =333 naH =3330 H
8 1000+ 80

rae H = Hys - Hapw = 1100 - 100 = 1000 mm.
3Ha4yeHUs1 JKECTKOCTM M 4YacTOTHl KOJEeOAaHWH OMOpHI JOIMYCTHMO TPHHSTH PAaBHBIMU

JKECTKOCTH H YacToTe KojeOaHui n30JpITOpa, TaK KaK H30JIATOPLI IITMHHOM KOHCTPYKIIUU
YCTAHOBJICHBI Ha BECbMa ) KCCTKOM OCHOBAHMH.

[TpuBenenHas macca B COOTBETCTBHHU ¢ (hopMyIioii (28) paBHa

C 1100-10°
M=_—"0_ = =356 xr.
(27 f,,) (27-28)
HCO6X0,I[I/IMBIG JJIA OIIPCACIICHHUA IIapaMeTpa OCHOBHOM 4acCTOTHI BEJINYHUHBLI COOTBETCTBEHHO
paBHBI

3 3
C,I°/EJ = 111?0 10°-5 — =229,
7-10°-8582-10
M /ml =28 _ 0795
8,965

[To kpuBBIM pUCyHKa 6 TapaMeTphl YacTOTHI I'1 = 3,3, TOITOMY

2 10 -8
(o 33 \/7 10°8582.10° _ oo

2752 8,96

ITo xpuBoii pucynka 5 n = 0,90.
MakcumanbHOe HanpsDKeHHe B MaTepHajie MIMHBI U Harpy3ka Ha M30JIATOpPBl B COOTBETCTBUU
¢ (15) u (2) cocraBisroT

_J/3.107 .57

O = -50%-10°-0,9=5,9 MIIa
12-1-137,3 :

.502-10°-0,9=1946 H
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../../../Program%20Files/StroyConsultant/Temp/9530.htm#TO0000004#TO0000004
../../../Program%20Files/StroyConsultant/Temp/9530.htm#PO0000074#PO0000074
../../../Program%20Files/StroyConsultant/Temp/9530.htm#SO0000024#SO0000024
../../../Program%20Files/StroyConsultant/Temp/9530.htm#SO0000023#SO0000023
../../../Program%20Files/StroyConsultant/Temp/9530.htm#PO0000049#PO0000049
../../../Program%20Files/StroyConsultant/Temp/9530.htm#PO0000015#PO0000015

[IIvHHAas KOHCTPYKLUS YAOBJIETBOPSAET YCIOBUAM JIEKTPOIUHAMUYECKOU CTOMKOCTH.
NHOOPMALNMOHHBIE TAHHBIE
1 PABPABOTAH U BHECEH IloaxomuteroMm I1K-2 Texnnueckoro komurera TK 117

2 YTBEPKJEH U BBEJEH B JEMCTBHE IlocranosieHnem I'occrangapra Poccnu ot
08.09.92 Ne 1141

IlocranoBsenuem I'occrangapra Poccuu ot 12 mapra 1996 r. Ne 164 'OCT 30323-95
BBeJ/IeH B /IeliCTBHEe B KauecTBe rocy1apcTBeHHOro cranaapra Poccuiickoii @enepanum ¢
MOMEHTA NPUHATHSA YKA3aHHOTO NOCTAHOBJIEHHSl M NMPU3HAH MMEIOIIMM OJUHAKOBYIO
cuiay ¢ 'OCT P 50254-92 na teppuropun Poccuiickoii degepaunu B CBSA3M C MOJHOM
AYTEeHTUYHOCTBIO X COJepPKaAHUSA

3 BBEJEH BIIEPBBIE
COJAEPXAHUE
RO 1831007 (S (0 X0 350 0 U 1
2 DIEKTPOIMHAMUYECKOE TEUCTBUE TOKA K3 ...oiiiiiiiiiiiiiiii e 2
2.1 Pacuer 351eKTpOIMHAMUYECKUX CUJI B3aUMOJICHCTBUS IPOBOJAHUKOB .....vvvvvveeeeienreenenennns 2
2.2 BpiOop pacueTHOH MEXaHHYECKOH CXeMbl MIMHHBIX KOHCTPYKIMH M T'MOKHX
Y0000 01010): 7001 () ST PPTPRP P 5
2.3 JlomycTHMble MEXaHWYECKHE HalpsDKeHHsT B Marepuane IPOBOJAHUKOB U
MEXaHUUYECKHUE HArpy3KU Ha OMOPBI IIPU K3 ... 6
2.4 OnpeneneHre MeXaHUYECKUX HANpPsDKEHUH B MaTepualie IPOBOJHUKOB M HArpy30K
Ha UX OMOPBI TIPU KB ..o 9
2.5 IlpoBepka UHIMHHBIX KOHCTPYKLHUH, THOKUX IPOBOJHUKOB M DIEKTPUUECKUX
anmnapaToB HA AEKTPOAMHAMUYECKYIO CTOMKOCTD MPU K3 ..o 18
3 Tepmuueckoe AEHCTBUE TOKA KOPOTKOTO 3AMBIKAHMST «...veuvverviesrisieesrissrisiessiesnesiessnesne e e 18
3.1 Onpenenenue unTerpana Jxoyms mpu K3, 18
3.2 IIpoBepka 3JIEeKTpUUECKHUX aIapaToB HA TEPMUUECKYIO CTOUKOCTh npu K3 ................ 27
3.3 IIpoBepka NPOBOJHUKOB HA TEPMUUECKYIO CTOMKOCTD MPH K3.....oooviiic 31
3.4 IIpoBepka CUIIOBBIX Kabesel Ha HeBO3ropaeMocTh IPH K3 ..., 35
[Tpunoxxenue 1 1 Meroanka pacueTa THOKUX TOKOIIPOBOMOB .....cuveeereesreessreareessreanreesneanneens 35
2 Metoauka pacyera THOKUX TOKOIIPOBOJIOB C YU€TOM KOHCTPYKTHBHBIX
AIIEMEHTOB JJIEKTPOYCTAHOBOK .....vvviieiriissireissirenssiresssiressssnessssneesssneessnneenas 41
[Tpunoxenue 2 PacueTHble BoIpaXKeHU JJIs OIpeesieHus Ko uirenTa %« @) 42
[Tpunoxxenne 3 MeToauka MPOBEPKH TOKONPOBOJOB HA 3IIEKTPOJAMHAMUYECKYIO
CTOMKOCTb IIPU MOBTOPHOM BKJIFOUEHUH Ha K3....ooiiiii 42

[Tpunoxenne 4 Ilpumepsl pacuera 3NEKTPOJIUHAMUYECKOHM CTOHMKOCTH IIMHHBIX
L) 2 (e 0% X017 0 TR PP PRI 43
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