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Jlata BBenenus 1994-01-01

Hacrostmmit CTaHJIapT pacnpocTpaHseTcs Ha TpexdasHbie
AJIEKTPOYCTAHOBKH TMPOMBIIIEHHOW YacTOThl M OMNpEeNeNseT OOIIyIo
METOJIMKY pacdeTa M MPOBEPKU IMPOBOJHUKOB U 3JEKTPUUECKUX allapaToB
Ha DHJICKTPOJMHAMHUUYECKYI0 M TEPMHUUYECKYIO0 CTOMKOCTb MpPU KOPOTKUX
3aMbIKaHUSX.

Bce myHKTBI OCHOBHOTO TEKCTa CTaHJApTa SBJSIIOTCS OO0S3aTENbHBIMU, a
MIPUIIOKEHUS - PEKOMEHTYEMBbIMH.

1 O6uue mosnoxxeHust

1.1 Boi6op pacuerHbix yciaoBuii K3

1.1.1 TIlpu mpoBepke TPOBOJAHUKOB U DJIIEKTPUYECKHX aNmapaToB
AJIIEKTPOYCTAHOBOK Ha AJIEKTPOJMHAMHUUYECKYI0 M TEPMHUUYECKYIO CTOMKOCTH
npu K3 mpenBaputenbHO TOMKHBI ObITh BhIOpaHBI pacueTHble ycinoBus K3,
T.€. pacyeTHas CXeMa »JJIEKTPOYCTaHOBKHM, pacueTHbli Bug K3 B
JIIEKTPOYCTAaHOBKE, pacueTHas Touka K3, a Takke pacueTHas
MPOIOJDKUTENHEHOCTE K3 B 25IeKTpOyCTaHOBKE (ITOCIEIHIOI0 UCTIOIB3YIOT TIPH
MPOBEpPKE Ha TEPMHUUYECKYIO CTOMKOCTh MPOBOJHUKOB U Ha HEBO3TOPAEMOCTh
kabenei).

1.1.2 PacuetHast cxema S5JEKTPOYCTaHOBKM JIOJDKHA OBITH BBIOpaHa Ha
OCHOBE aHaJiM3a BO3MOXHBIX JJIEKTPUUECKUX CXEM 3TOM AJIEKTPOYCTAHOBKH
Ipu TPOAODKUTEIBHBIX peXUMax ee paborel. K mociennum cremyer
OTHOCHUTDH TAK)K€ PEMOHTHBIC H MMOCTICaBAPUNHBIC PEKUMBI paOOTHI.

1.1.3 PacuetnsiM Busiom K3 cienyer npuHUMAaTh:

- TIpU MIPOBEPKE DJICKTPUUECKHUX amllapaToB U >KECTKUX MPOBOJHUKOB Ha
AIIEKTPOIUHAMUYECKYIO CTOMKOCTH - Tpexdaznoe K3;



- IpU TPOBEpPKE HIJIEKTPUYECKUX amnapaToB U IMPOBOJHHUKOB Ha
TEPMUYECKYIO CTOMKOCTh - Tpex- win ogaHodaznoe K3, a Ha renepaTopHom
HANPSDKEHUU AJIEKTPOCTAHIUN - Tpex- win aByx(dasHoe K3, B 3aBucumoctu
OT TOT0, KAKOE€ U3 HUX NMPUBOJUT K OOJIBIIEMY TEPMUYECKOMY BO3CHCTBHIO;

- NIpU TpPOBEpKe TMOKUX MPOBOJHHUKOB IO YCJIOBUIO HX JIOIMYCTHMOTO
commkenus Bo BpeMs K3 - Tpex- mnm nByxdazHoe K3, B 3aBUCHMOCTH OT
TOT0, KaKO€ U3 HUX MPUBOAUT K OOJIBIIEMY CONMKEHUIO TPOBOTHUKOB.

1.1.4 B kauectBe pacueTHOM Touku K3 ciegyeT npuHUMATh TaKyr TOUKY
Ha pacueTHOW cxeme, npu K3 B KOTOpOH NPOBOAHMK WIM 3JIEKTPUUECKUN
anmapaT MoJBepraercss HauOOJbUIEMY  AJIEKTPOJWHAMUYECKOMY  HIIU

TEPMUYECKOMY BO3JIEHCTBHIO.

[Ipumeuanue. HckimoueHHsS W3 3TOTO TPeOOBAaHWS MONMYCTHMEI IJIMIIb TIPH y4YETe
BEPOSATHOCTHBIX XapakTepucTUK K3 W MODKHBI OBITH OOOCHOBaHBI COOTBETCTBYIOIIUMH
BEJIOMCTBEHHBIMHA HOPMAaTHBHO-TeXHIUUecKUMH JokymMenTamu (HT/).

1.1.5 Pacuernyto npopomkuTenbHOCTh K3 mpu nmpoBepke NpOBOJAHUKOB U
NEKTPUYECKUX aNllapaToB HA TEPMUYECKYIO CTOMKOCTB CIEAYET ONPEAEIIATh
IyTEM CIJIOKEHUS BPEMEHU JECUCTBUS OCHOBHOW PEJICWHOM 3alUTHI, B 30HY
KOTOpPOM BXOZIAT IPOBEPSEMbIE MPOBOJHUKU U DJIEKTPUUECKUE allaparsl, U
MIOJIHOTO BPEMEHU OTKIJIIOUYEHHUS COOTBETCTBYIOIIETO BBIKIIOYATENs, a MpU
IpoBepKke Kabenell Ha HEBO3ropaeMoCTb - IyTeM CIIOKEHHsI BPEMEHHU
JEWCTBUSL PE3EPBHOM PEJICMHON 3aIUTHI U MOJHOTO BPEMEHU OTKIKOYEHHUS
ommwxkaiiiiero k Mmecty K3 Beikimtouaresns.

IIpy HamMyuMM YCTPOWCTB aBTOMATHYECKOI'O IOBTOPHOTO BKIIIOUEHUS
(AIIB) nenu crnemyeT yuyuThIBaTh CyMMapHO€ TEPMHUYECKOE AECHUCTBUE TOKa
K3.

1.1.6 ITpu pacuerHoii nponoskuTensHocTd K3 10 1 ¢ nomyctumo mpouecc
HarpeBa MpPOBOJHUKOB O] aelicTBueM Toka K3 cumtaTth aguabatuyeckum, a
npu  pacdetHoi  mpopospkutenbHocTh K3 Gomee 1 ¢ um mpm
HeObIcTpoAelicTBytomux AlIB  ciemyer yuuThiBaTh TeIIoOTAady B
OKpY KarolIyIo Cpeny.

2 DaekTpoauHamMmnueckoe aeiicreue Toka K3

2.1 Pacyer DJJIeKTPOAMHAMHYECKHX CHJ  B3aHMOJeHCTBHUS
NPOBOHNKOB

2.1.1 DnexTpoAMHaMHUYECKUE CHUIIBI B3AUMOJAEHUCTBHUS IBYX MapalIeIbHbIX
IIPOBOJAHUKOB KOHEUHOTO ceueHus (F) B HBIOTOHAX CJEIYET ONpeneisaTh IO

dbopmyie
F :2-10‘7ili2£K¢,
a (D

rae 2-107 - mocrostHuBbI mapamerp, H/A%;

a - pacCTOSIHUE MEXKY OCSMU IIPOBOJHUKOB, M;

i1, i, - MTHOBEHHbBIE 3HAUEHUSI TOKA MPOBOJAHUKOB, A;

[ - nTUHA TPOBOJTHUKOB, M;

Ky - koopdunueHT Gopmsbl.

Jlisi  TPOBOJHHMKOB MPSIMOYTOJBHOTO CeYCHHST KOA(D(UIUEHT (OPMBI
CJeayeT ONpenesaTh O KPUBBIM, IPUBEICHHBIM HAa PUCYHKE 1.

JAnarpamma a1 onpeaesieHus Ko3ppuumeHToB GopMbl IUH
NPSAMOYT0JbHOI0 CeYeHUs
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Pucynok 1
Jns  KpymJibIX TNPOBOJHUKOB CIUIOIIHOIO CEUYEHMs, MPOBOJHUKOB
KOJIBIIEBOTO CEYEHHMsI, a TaKXKE MPOBOJHUKOB (IIIMH) KOPBITHOTO CEUYECHHUS C
BbicoTOM ceuenus 0,1 M u 6onee ciaenyet npuHaTh Ky = 1,0.
2.1.2 Haubonpliiee 3HaUCHUE SIEKTPOAMHAMUYECKON CHUIIBI UMEET MECTO
npu yaapHoM Toke K3.



2.1.3 Makcumanbayto cuity (F Sl;x) B HBIOTOHaX (SPKBUBAJIECHTHYIO
PaBHOMEPHO paclpeAeseHHON 1O JJIMHE MpoJieTa Harpy3KH), IEHCTBYIOILYIO
B Tpex(}a3HOli cUcTeMe MPOBOJHUKOB Ha pacueTHyo (azy mpu TpexdasHoM
K3, cnenyer onpenensats no popmyiie

f 107
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1)) KK e
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rze ‘vi - ynapHblid TOK TpexdaszHoro K3, A;

K. K03 uIMeHT, 3aBUCAIIMA OT B3aMMHOTO  PACIIOJIOKEHUS
MIPOBOTHUKOB;

@ - pacCTOSTHUE MEX/Ty OCSIMH ITPOBOJHHUKOB, M;

[ - nmuHa TpoJeTa, M.

K
3HaueHus  Kod¢¢uireHTa pacn  HEKOTOPBIX  THUIIOB  IIHMHHBIX
KOHCTPYKUHUH (PUCYHOK 2) yKa3aHbl B Tabnure 1.
CxeMbl B3aIMHOTI'0 PACIOJIOKECHHUS IIIHH
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Pucynok 2

Tabnuna | - 3HayeHus: ko3 (pPpuueHTa Kpam

Pacnonoxenne | Pacuernas 3nauenne kodpdunmenta  P*" s Harpysok
i (pasa pe3yNbTHpYIOIIEH | M3rudaroneii| pacTsiruBaroniei | cokMMaromei

1 B opgnoit B 1,00 1,00 0 0
TUIOCKOCTH
(pucyHoOK 2a)

2 ITo A 1,00 0,94 0,25 0,75
BEpIIMHAM B 1,00 0,50 1,00 0
PaBHOCTOPOHHETO C 1,00 0,94 0,25 0,75
TPEyroJbHUKA
(pucyHok 20)

3 ITo A 0,87 0,87 0,29 0,87
BEpIIMHAM B 0,95 0,43 0,83 0,07
MPSIMOYTOJILHOT'O C 0,95 0,93 0,14 0,43
paBHOOEIPEHHOTO
TPEyToJbHUKA
(pucyHOK 2B)

4 ITo| A,B,C 1,00 0,50 1,00 0
BEpIINHAM
PaBHOCTOPOHHETO
TPEyTroIbHUKA
(pucyHOK 2r)

ITpu nByxdaznom K3

2 _ 2 10_7 (2)
Fmax - ( ) K Kpacna
a 3)

:(2)
rae ‘v - ynapuslit Tok aByxdazuoro K3, A.

2.2 Bbi0op pac4yeTHOH MeXaHUYeCKO# cXeMbl HIMHHBIX KOHCTPYKIUIA
U THOKHX TOKONIPOBO/IOB

2.2.1 Meroauky pacyera 3JIEKTPOJIMHAMUYECKOW CTOMKOCTH UIMHHBIX
KOHCTPYKUMH U THUOKUX TOKOMPOBOAOB CIleAyeT BHIOMpaTh Ha OCHOBE
pacyeTHOI MEXaHWYECKOM CXEMBl, YUUTHIBAIOLICH UX OCOOCHHOCTH.

2.2.2 Cnenyer pa3inuyarh:

- CTaTUYECKHUE CHCTEMBI, 00JI1a/Ial0INe BBICOKON JKECTKOCTBIO, Y KOTOPBIX
LIMHBI U U30JTOpbI TpU K3 0cTaroTcs HenoABM>KHBIMY;

- IUHAMUYECKUE CHCTEMBI C JKECTKUMHU OMOPAMH, Y KOTOPBIX H30JSATOPHI
npu K3 MoryT cuutarbcsi HENOABMKHBIMHU, a IIIMHBI KOJIEOIIOTCS;

- IMHAMUYECKUE CHCTEMbI C YNPYro MOAATIMBBIMU OMOPAMH, B KOTOPBIX
npu K3 K01e0110TCsI IIUHBI ¥ OTIOPHI;



- JUHAMHWYCCKHUEC CUCTEMBI C THOKAMH IIpoBOAAMH.

2.2.3 PacueTHble MEXAaHMYECKHE CXEMbl IIMHHBIX KOHCTPYKIUH
Pa3JIMYHBIX THUIIOB, 06J1a;[a101111/1x BBICOKOM JKCCTKOCTBIO, IMPCACTABJIICHBI B
Tadnue 2.

Tabnuna 2 - PacyeTHasi cxeMa IIMHHBIX KOHCTPYKIUHUIA

Howmep Pacuernas cxema Tun Ganku 1 onopsI Rooppmumero:
CXEMBI A B r;
1 Z Onnonponernas A u B - 8 1 3,14
F——A H30JIATOPHI-ONOPHI
Y. A5
2 OpnHomnposieTHas 4 - 8 1,251 3,93
a & 3alieMiIeHHe IUHEL; B -
+ A 4 5 H30JIATOP-0Iopa
3 a E A u B - 3amemieHue mMuHe HA | 12 1 473
KECTKHX OIOpax
AA A5
4 z "ZLI banka ¢ nByMst mponeTaMu 8 1,25 | 3,93
R X A
b b M
51K yAN JAN A Banka ¢ Tpems u 6osee 10% | 1,13 | 4,73
’ A * ) ’ 8 b MpOJIeTaMH 12%%

* ]l KpalHUX MIPOJIETOB,
** JInst CpeAHNX TPOJIETOB.

PacueTHble cxeMbl MMEIOT BHJ PaBHONPOJICTHOW Oanku, Jiexamen win
3aKpEIUICHHOM Ha JKECTKUX OINOopax MW IOJBEPrarolieiics BO3JAEHCTBUIO
PaBHOMEPHO pacHpeeIEHHON Harpy3KHu.

Pasmuyaror  cinepyromume  TUNBI  IIMHHBIX
COOTBETCTBYIOILIMX PACUETHBIX MEXAHUUECKUX CXEM:

- IIMHHBIE KOHCTPYKIUHU C Pa3pe3HbIMU IIMHAMU, JJIMHA KOTOPBIX paBHA
JUTMHE OJHOTO TMPOJeTa; pPacueTHOM CXEeMOW sl HUX sBIsSeTcs Oanka ¢
IIapHUPHBIM OTIMPAHUEM Ha 00euX oropax mpoJeta (Tabmuma 2, cxema 1);

- IIMHHBIE KOHCTPYKIMHU C Pa3pe3HbIMU IIMHAMU, AJMHA KOTOPBIX paBHA
JUINHE JABYX IIPOJIETOB, C JKECTKMM KpEIUICHUEM Ha CpEIHEH OIope;
pacueTHONl cXxeMoW [UIs HHUX SBIAETCS Oajka C KECTKUM OINHpaHHEM
(3amiemMjieHMEM) Ha OJHOM W IIApPHUPHBIM Ha JpPYyrodl omope IpoJiera
(Tabmuna 2, cxema 2);

- MHOTOIpOJIeTHasl IIMHHAs KOHCTPYKIHUS C HEpa3pe3HbIMU ILIMHAMU;

KOHCTPYKIHI "

pacyeTHOM CXeMOW ISl CPeIHUX TMPOJIETOB SIBISIETCS Oalika C JKECTKUM
OTNMPaHKEM (3aIEMJICHHEM) Ha 00erX omopax mpoJjeTa (Tadauma 2, cxema 3);

- IIMHHBIE KOHCTPYKIMHU C Pa3pe3HbIMU ILIMHAMU, AJMHA KOTOPBIX paBHA
JIBYyM, TpeM u Ooiee mpojietaM, 0€3 JKECTKOTO KpeIuleHUus Ha
IIPOMEXYTOUHBIX OIIOpax; pAacueTHOW CXEeMOW M HUX SBIAIOTCA
COOTBETCTBEHHO cXeMbl 4 1 5 (Tabnuna 2).

2.2.4 PacueTHON cXeMOW HIMHHON KOHCTPYKLHHU C YIPYTroO NOJATIMBBIMU
OTIOpaMH CJIEIYeT CUUTaTh CXEMY, B KOTOPOH Macca IIMHBI pacipeiesieHa mno
JUIMHE IIPOJIETA, @ ONOPHI MPEACTABIEHbI TEJIAMU C SKBUBAJICHTHOW Maccou M
U TIPYKHUHAMH C 5KeCTKOCTBIO Cop.

2.2.5 Jlns rHOKMX TOKONPOBOJOB B KAaueCTBE pACUETHOH CXEMbI
MPUMEHSIOT CXEMY C JKECTKUM CTEpKHEM, OCh KOTOpOro OdYepyeHa IO
LENHOW JMHUM. ['MpIsHIBl U30JSTOPOB BBOAAT B MEXAHHYECKYIO CXEMY B
BUJE JKECTKUX CTEpXKHEH, IIapHUPHO COEIMHEHHBIX C TMPOBOJAMHU U
onmopaMu. PasMmepel cTepxKHEH, pPACUETHOM CXEMBbl OINPEACIAIT U3
CTaTMYECKOI'0 pacyeTa Ha AEMCTBHUE CUIT TAXKECTH.

2.3 JlomycTuMble MeXaHHYeCKHEe HAMNPsKEHUs B MaTepuale
NPOBOJHNKOB U MeXaHHYeCKHe HArpy3KH Ha onopbl npu K3

2.3.1 [Jomyctumoe HampsiKE€HUE B MaTepHalle KECTKUX IIHH (Gpon) B
nacKaJisgx cieAayeT MpUHUMATh paBHBIM 70 % OT BPEMEHHOTO CONPOTHUBIICHUS
pa3pbIBy MaTepuania Uil G,

O'HOHZO,7O'p. (4)

JlonmycTuMble HanpspKEHWS B MaTepuase IIUH CIEAYeT NMPUHUMATh HUXKE
IIPENIETI0B TEKy4ECTH ITOr0 MaTepHara.

BpeMeHHbIE CONPOTUBIEHUS DPa3pblBy U JAOINYCKAEMBIC HAIPSOIKEHUS B
MaTepHaax IIKUH IpuBeAeHbl B Ta0nuLe 3.

B cimywyae cBapHBIX IIMH HX BpPEMEHHOE COIPOTHUBIICHUE DPAa3pbIBY
CHIDKAeTCcs. 3HAuYeHUs BPEMEHHBIX CONPOTUBIIEHUH pas3pbiBy B 00JacTH
CBAPHBIX COCIUHEHUN OIpPEACIAIOT HKCIIEPUMEHTAIBHO; INPU OTCYTCTBUU
DKCIEPUMEHTAIbHBIX [JAHHBIX OTHU 3HAYCHHA M 3HAYCHUSA JOIYCTHMBIX
HaNpsOKEHUH ClieyeT MPUHUMATh, UCTIONIb3Ysl JaHHbIC TAOIUIIBI 3.



Ta6nuna 3 - OcHOBHBIE XapaKTEePUCTHKU MATEePHAIOB IIHH

Bpemennoe
CONPOTHUBIIEHUE PA3PHIBY HlomycTumOe HANpsuKeHHe,
’ MlIla Moaynb
Martepuan MIla
Mapka YIPYrocTH,
LIWHEI B o0Jylacti B 00nactu 10'° [Ta
Marepuaia | CBapHOTO (MaTepuayia| CBapHOTO
COEIMHEHUSI COCIMHEHNUS
1 AnroMuHMI A0, A 118 118 82 82 7
A0 59-69 59-69 41-48 41-48 7
2 AIB1T 127 120 89 84 7
Amomunuesbii| AJ[31T1 196 120 137 84 7
CIIaB 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 JlonycTUMyI0 Harpy3Ky Ha U30JTOP (M30JSIITUOHHYIO 01opY) (Fron)
cienyeT InpuHUMarh paBHOM 60 % 0T MUHMMaIbHOM pa3pyluarouein
HArpy3Kku Fpasp, TPUIOKEHHOW K BEpIIMHE M30JIATOpa (OMOphI) MpU U3rude
WJIH pa3pbiBe

Fo.=00F . (5)

2.3.3 B 3aBUCHMOCTH OT B3aMMHOI'O PACIOJOKEHHUS IIHMH U U30JATOPOB
MOCIIEHUE TOABEPTalOTCS BO3JACHCTBHIO  JIIEKTPOJMHAMUYECKUX  CHII,
paboTast Ha U3TUO WK pacTshDKEHUe (C)KaThe) Wi OJHOBPEMEHHO Ha M3TH0 U
pacTspkeHue (cxarue). JlomycTuMble Harpy3KH Ha W30JSITOPBI MPU U3THOE
(Fronuwsr) W pacTsikeHUH (Fonp ) B HBIOTOHaX B 3TUX CIy4YasX cleayeT
MPUHUMATH COOTBETCTBEHHO PaBHBIMU:

Fnon.mr. = 0’6 Fpa3p.n3r. >
Fﬂon.p = O’6Fpa3p.p4 > (6)

A€ Fpaspusr 1A Fpaspp 3aJ1aBa€Mbl€  TIPEANPUATHEM-U3TOTOBUTEIIEM
MUHUMANbHBIE pa3pylIaloliie HArpy3Kd COOTBETCTBEHHO NpU M3THOE U
pacTspkeHuu (cxaTum) uzonistopa, H.

2.3.4 JlomycTuMyI0 Harpy3Ky Ha ClapeHHbIE H30JSATOPHI (OMOPHI) CleayeT
npuHuMath paBHoi 50 % OT CyMMapHOro paspylialoliero yCHIHs
U30JISITOPOB (0110D)

F_=05F

non paspZ * (7)

e Fpap s - CYMMapHOE pa3pyllaroliee yCHWIHE CIHapeHHBIX H30JSTOPOB
(omop), H.

2.3.5 JlomycTuMyio Harpy3ky Hpu u3rude omnopHoro uzonsitopa (Fuon) B
HBIOTOHAX CJIEAYET ONPEEIATh B COOTBETCTBHH C (POPMYIIOi

F_=NF u

non pasp H » ( 8)
rae N - KoOdQQHUIHUEHT IOIyCTUMOM Harpy3kH, paBubiid 0,6 wmu 0,5 (cM. .
2.3.2-2.3.4);

h v H - pacCTOSIHUSL OT OIACHOT'O CEUEHUS U30JISITOPa COOTBETCTBEHHO 0 €r0
BEPLIMHBI U IIEHTPA TSHKECTH MOMEPEYHOro CeYeHHUs IUHBI (CM. PUCYHOK 3),
M.

OnacHoe ceyeHHE OIOPHO-CTEPXKHEBBIX M30JATOPOB C BHYTPEHHUM
KpEIUIGHHEM apMaTypbl (pUCYHOK 3a) cielyeT NpUHUMAaThb y OIOPHOIO
¢iaHna, ONOPHO-CTPEKHEBBIX H30JATOPOB C BHEIIHUM KpPEIUIEHUEM
apMatypsl (pucyHku 30, B) - y KPOMKHM HIDKHEro (aHIa, a OIOpHO-
HITBIPEBBIX H30JATOPOB (PUCYHOK 3I) - Ha IpaHUIlE KOHTAaKTa IUTBIPS C
baphopoBBIM TETOM U30IATOPA.

Jonyctumyro M3rubaroilyro Harpy3Ky MHOTOSPYCHBIX H30JISILIMOHHBIX
onop (pucyHkH 3B, T') cleQyeT NpUHUMATh PAaBHOM AOIYCTHUMOM Harpyske
HaMMEHEee MPOYHOTO Apyca, ONpeAeIeHHON 1o ¢opmyre (8).

2.3.6 Ilpu pacnonoxxenuu (a3 1Mo BepIIMHaM TPEYroJbHUKA (PUCYHKH 20,
B, TI) WU30JATOPbl OJHOBPEMEHHO HCIBITBIBAIOT KaK pacTATUBaroIlne
(cxuMarolme), Tak W u3ruodammue ycuiaus. JlomycTUMy H3ruOaroryro
Harpy3Ky (Frommsr) B HBIOTOHAX cieayeT omnpeaenarb mo dopmyne (8),
npuHuMast Fpa, PAaBHOW paspylLIaloNIel Harpyske MpHU H3rude H30ITOpa;
JIOITyCTUMYIO PaCTATUBAIOILY0 HAarpy3ky (Fuonp) CIEAYET ONPEAENATh IO
dopmyne (5), npunumas Fpp, paBHOH paspylIalomield Harpyske Ipu
pacTsKEHUU.

2.3.7 JlomycTtumoe HampshDKeHHE B MaTepuale MPOBOAHHUKOB (Ohon) B
Meranackajsix clieyeT IpUHUMAaTh PaBHbIM

O ron = NO'Hp s

IJIe Oyp - IPEJICIT IPOYHOCTH MPH pacTskeHuu, H;
N - k03¢ HUIIEHT TOIMyCTUMON HArpy3kH, paBHbIA 35-50 % oT mpenena
POYHOCTH.



K onpenesneHuio 10nycTHMbIX HATPY30K HA U30JIITOPHI M HIUHHbIE
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2.3.8 JlomycTumyro Harpy3ky Ha IIOJIBECHBIE M30JIATOPHI CIIEIYET
npuHUMaTh paBHOH 30 % OT pa3pymaroniei Harpy3KH, T.€.

F;[On = 0’3Fp33p . (9)

2.3.9 PaccrosiHUS MEXIy MPOBOJHUKAMH (a3 (Aqu) a TaKKe MEXKIYy

IIPOBOJAHMKAMHM M 3a3€MJICHHBIMU YaCTAMHU (Adﬂ) UIMHHBIX KOHCTPYKLMH
HanpspkeHueM 35 kB u Bbille U MPOBOJOB OIIMHOBKU PACIpPENEIUTEIbHBIX
YCTPOMCTB, BO3AYLIHBIX JIMHUN U TOKOIIPOBOJOB K MOMEHTY oTKiItoueHus K3
JOJKHBI OCTaBaThCs OOJIBLIE JOMYCTUMBIX H3OJSILIMOHHBIX PACCTOSHUM,
oTpeieNIIeMBIX NMPU pabounX HANPSKEHUAX

>4

Ay 2

AcpﬂZ ACI)*&L[OIT, ( 1 0)

g0 >

A A
rae “é-dsom y TTd-sgon - MPHUMAIBHO JOMYCTUMBIE PACCTOSHUSA I10 YCIOBUAM

npo0osi COOTBETCTBEHHO MEXIYy NPOBOAHMKAMHU (a3 M NPOBOJAHUKAMHU U
3a36MJICHHBIMH YacTsIMH IIPU paboyeM HanpsKEeHUH.

2.4 Onmnpeaenenne MeXaHHYeCKHX HAaNpsKeHUl B Marepualje
NPOBOJHUKOB U HATPY30K Ha ux onopsl npu K3

2.4.1 Pacuet MMHHBIX KOHCTPYKIHH, 00J1aJat0IUX BEICOKOH HKECTKOCTHIO

24.1.1 Ilpm pacyere HIMHHONM KOHCTPYKIMH, OOJaAarolield BBICOKON
KECTKOCTbIO, IIMHY B JIFOOOM MPOJIETe MEXy U30JIATOpaMH, KpOMe KpalHuX,
CIIEZlyeT paccMaTpuBaTh KakK CTEpXeHb (OalKky C MIAPHUPHO OMEPTHIMHU
KOHIIaMu, Tabnuna 2). Hanmuune oTBeTBIEHUI 10MTyCcKaeTcs: He yUUThIBATh.

2.4.1.2 MakcumanpHOE HAaNpsHKEHHE B MaTepHalle HIMHBI  (Omax) B
nacKajliiX M Harpy3ky Ha M30JTOp UIMHHOM KOHCTPYKIMM BBICOKOM

(3)
KECTKOCTH Tpu Tpexdaznom K3 (F w ) B HBIOTOHAX CJEIyeT ONpeAessaTh IO
bopmynam:

(3)

_ Mmr _ Fmax l

O-max - W - /1W
(11)

u
3 _ 3)
Fm _ﬂFmax9 (12)
F(3) o

rac n3 - MakKCuMalibHasl CUJia, BO3HUKAIOIass B MHOTI'OIIPOJICTHOU Oasike

npu Tpexdaznom K3, H, u onpenensemas no gpopmye (2);
[ - nmuHA TIpoJIeTa IIHH, M;
- MOMEHT CONPOTHBIICHHS MOIEPEYHOTO CEUCHHs LIHHBI, M"; (hOPMYJIBI



IS €TO
pacueTa MpHUBECHBI B TAOIUIIE 4;

A u P - K03QPUIUESHTHI, 3aBUCSIIUE OT YCIOBHSI OMUPaHUS (3aKPEIUICHNS)
IIMH, a TAaKKE YHCIa TPOJICTOB KOHCTPYKIIMHA C HEPa3pE3HBIMH IIHHAMU
(Tabmuna 2).

ITpu nByxdaznom K3

__EQ

max ﬂ/W (13)

2) _ (2)
Fm _ﬂFmax’ (14)
F(Z)

rae max - MaKCHUMaJIbHasA CHJIa, BO3HHKAIOIIas B MHOFOHpOJ’IGTHOﬁ 68.)'[1(8
npu nByxdasnom K3, H, u onpenensemas o popmyae (3).
JIByXNOJIOCHASI IIIUHA

Q3p

s

I
i
[ 4
7/

77777/

Hus

1£7
P N
=]

[£7/]

L3n

YARRN
Ay

Pucynoxk 4
I[Ipu pacuere HampsokeHHd B 00JIaCTH  CBapHBIX  COCIWHEHH,
HaXOJALIMXCS Ha PAaCCTOSHUM z OT OMOPHOro ceyeHus, B popmyinsl (11) u

(13) cnemyert moaCTaBIATh 3HAYCHUS 1/A (z), BBIYUCIEHHBIC B COOTBETCTBUU C
Tabmuien 10.

2.4.1.3 DnexTpoauHaAMHYECKHE HArpy3Kd Ha OTIEJIbHBIE IPOBOIHUKHU
COCTaBHBIX IIHUH (PUCYHOK 4) 00YCJIOBJICHBI B3aUMOJICHCTBUEM TTPOBOTHUKOB
apyrux ¢da3 W OTAETbHBIX OJJEMEHTOB MPOBOJAHMKA OJHOW  (pa3bl.
MaxkcuManbHOE HamnpsKeHHME B Marepuale cocTaBHbIX wmmH 1npu K3
JIOTTYCKaeTCs ONpeAesTh Mo hopmyie

O max = G(j)max + O 5nmax , (15)

rae  Ommax . MakCHMAIbHOE HANPSXKCHHE B MaTepHaue  LIMHEL
00yCIIOBJICHHOE B3aMMOJICHICTBUEM NMPOBOAHUKOB Ipyrux ¢as, [la, kotopoe
CIIeZyeT onpeAensaTh B 3aBucuMocty oT Buaa K3 mo popmyne (11) u (13);

Oonmx . MaKCHMaJbHOE HANPSDKCHHE B MATepUaie  IIHHDI,
00YCIIOBIICHHOE B3aMMOJICHICTBUEM OTIEJIBHBIX 3JEMEHTOB IPOBOJIHUKA
onHoM ¢a3el, [1a, koTopoe crneayer onpeaensTs mo Gopmyie

2107 2 K, (i,

LY

o -
27max 2
12 a,, VV3ﬂ n (16)
rae L, . JUTHA TIPOJIeTa SJIEMEHTA IITUHBI MKy TPOKIIAIKAMHU, M;
@5 - pacCcTOSHHE MEXKIy OCAMM IIONEPEYHBIX CEUEHHUH 3JIEMEHTOB
COCTaBHBIX IINH (PUCYHOK 4), M;
/4

a1 - MOMCHT COIIPOTHUBJICHUA IOIICPECUHOTO CCUCHUA I3JICMCHTA IIWHBI,

3.
M’

i .
YA - yIapHBIA TOK TpexdazHoro uinu apyxgasnoro K3, A;
A - YUCJIO COCTABHBIX MPOBOAHUKOB (ha3bl.



Tabnuma 4 - dopmyabl IJsi ONpeaeleHHs MOMEHTAa uHepuuud J u
MOMEHTA CONPOTUBJICHUA W nonepeyHbIX CeYeHU IUH

CeueHuns IIUH

PacuerHbie popMynb

PacuetHble popmybl

J,M4 W,M3
Ay
\ '// X 4 3
x| 49— H H”
| YA 12 6
H
y
X H4
S 0,118 H°
12
H*-h' H*-h'
12 6H

CeueHus muH T TR
P 4 bi b
Z2 22 _ﬁ Jy — Wy —
\ 12 6
%
X 3 2
Qf S = hb W, = hb
e 12 6
v LAY
2222 3 2
=== X J :bh W :bh
17/1 Q y 6 y 3
\Y s
H -l’ 3 2%
Q\ il X J :hb W :hb
Y Y| ! 6 ! 3
<8n
7 AY
gezizey
| H | & H' -h' H* —h?
; ///, 12 6H
H
AY
ol = D* 7D’
.e:-—’
] 64 32
AY
al_x x(D*-a*) (D' -a*)
! 64 32D

|y Jnst omHOTO 2N1EMEHTa
N \xH 6h’ —[(b—A)(h-2A)3]
< N W, =
NI ' bh
S — —(h=2A)t—=A) +2A(b—e)
- 3(b—e)
y
) W =L{BH3 LR —hf‘)}
7 6H 4a
44 l X 1 a
77 {r w, =§{B“(H—h)+hlA+Z(B4 —A“)}
2, 1 I
J =—|BH’ ——\n* -h})|;
-~ : 12[ 4a( ! )}

1 a
J, :5{33(H—h)+h1A3 +Z(B4 —A“)}

~ 1
a~ /
6 JUJI CTAaHAAPTHBIX IBYTABPOBBIX HpO(l)I/IJ'IGI\/‘I




CeueHud IMH

PacuerHsie hopMyIbl

J, M W, m
4
(/
9 b b
J =—\H-W), | W =—I\H-h);
Js x L B )
H—h H—h
7 J =——b* W =——b’
2% D) e
b

CedeHne MPOKATHBIX PO e
CTAHJApPTHBIX pa3MepoB

[Mpubnmxennasie HOPMyYIIHL:
JBYTaBPOBBIH Mpoduiis Ha «pedpo»

_(h+2)
51
HIBEJIEpOOOpasHblil  (KOPBITHBIA) — Mpoduib  Ha
«pedpo»
_(n+5)
81

Ceuenue 1100011 hopmbl

OpI/IeHTI/IpOBO‘lHaH OLICHKa MOMCHTAa COIIPOTUBJICHUS
OTHOCHUTCJIBHO HeHTpaJ'IBHOﬁ ocu:
I CIIJIOIITHOTO CUMMETPHUYHOTO CEYEHUA

S/ . J _ S
Wo=W,= Ab’ ¥ 12b

JJIA I0JIOTO CUMMETPHUYHOI'O CEUCHUA

[, 500
3b bh

Sh[, S(b-h)
L= e

6b bh
rae S - wiomank cedeHus; h, b - BEICOTa M IIHPHHA

CEYCHUS COOTBETCTBEHHO; [ - IEpUMETpP; A - TONIIMHA
CTEHKH (JIJ1s1 TIOJIOTO CEUCHHSI)

A;

J A,

* Ecnu MpoKJIafKK MPUBApeHbl K 00EMM I0JI0caM ITaKeTa, MOMEHT MHEpPIMH U MOMEHT
COIIPOTHUBIICHHS IPUHUMAIOT PaBHBIMU:

J

y

b

§+b2) w,

 hb(3a’ +b?)
- 3(a, +b)

u

2.42 PacyeT MHUHHBIX KOHCTPYKUUHN C KECTKUMHU OMOpPaMU

2.4.2.1 1luHHYI0 KOHCTPYKIUIO, U30JISITOPBI KOTOPOM 001a/1at0T BHICOKOM
KECTKOCTBhIO, B pacyeTax Ha IWHAMUYECKYH cTOMKocTh npu K3 crnemyer
MPEJICTABISTh KaK CTEPXKCHb C 3aIIeMJICHHBIMUA KOHIIAMH, UMEIOIINH JIHIIb
OCHOBHYIO YaCTOTY COOCTBEHHBIX KOJICOaHMIA.

2.4.2.2 MakcumalibHOE HaNpsHKEHHE B MaTepUaie MIUH (Omax) B MACKAISIX
W Harpy3Ky Ha H30JATOphl (F;) B HBIOTOHAX MPHU PACIOJIOKEHUU IIUH B
OJIHOM TUIOCKOCTH M BBICOKOH YKECTKOCTU M30JSATOPOB IMIMHHON KOHCTPYKIIUU
CJIEyeT ONpeAeIsTh 1Mo Gpopmyam

npu Tpexdasznom K3

F2 1
O_max — max
"
(€) 3) 4.
Fm _IBFmaxnﬂ (18)
npu aAByxdaszHom K3
F2 1
O-max = &77
u
2 _ 2)
Fm _ﬁFmax 7, (20)

rae 77 - KodhpUIMeHT TMHAMUYECKOW HArpy3KH, 3aBUCAIIANA OT PacuyeTHON
OCHOBHOHM 4YacTOTBHI COOCTBEHHBIX KoJeOaHUN IIMHBI f;. 3HaYeHUs
KO3 UIMEHTa B 3aBUCHMOCTH OT OTKJIOHeHus fi/f. (fo = 50 I'm) crmemyer
OTpeAeNsaTh o rpadukam, MPUBEACHHBIM Ha PUCYHKE 5.

3Ha4YeHHsT PACUETHOM YacTOTHI COOCTBEHHBIX KoJjieOaHWil (f;) B Teprax
cJeayeT ONpeesaTh B COOTBETCTBUU C 2.4.2.4.



3aBUCHMOCTD JUHAMUYECKOT0 KO3 unuenTa AJsi H30J9TOPOB U IIUH
OT YACTOThI COOCTBEHHBIX KO0JI€0AHNIT IINHBI
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PucyHnok 5

2.4.2.3 MakcuMalbHyI0 Harpy3ky Ha MpPOXOAHBIE H30IATOpHI (Fy;) B
HBIOTOHAX CJIELYET ONPEIEIIATh 10 popmyIie

V3-107 )
:(3)
'B a lﬂp (lyu ) K¢Kpacn77’ Q1)
rae [y, - paccTosHuE OT TopLa IMPOXOJHOTO H30JIATOpa N0 Oynxkailiiero
OIOPHOTO U30JIsATOpa (haskl, M.
2.4.2.4 PacueTHy10 4aCTOTy COOCTBEHHBIX KojeOaHUi MIUHBI (f7) B repuax
CIICAyeT ONpeAesaTh o hopmyiie

Fm:

W B

S

b

rae £ - Moayab ynpyroctu Matepuania muHsl, [1a;
J - MOMEHT UHEPIIMH MONEPEYHOTO CEUCHHUS IIUHBI, M

m - Macca HIMHbI Ha €IUHMILY JUITMHBIL, KI/M;
r] - TapaMeTp OCHOBHOM YacTOThl COOCTBEHHBIX KOJEOaHHWH IIMHBL

3HaueHusi ATOro IMapameTpa 3aBUCAT OT TUINA IIMHHONM KOHCTPYKLUUU U
HpeCTaBICHbI B TAOIMIIE 2.

2.4.2.5 MakcuManbHOE HalpsDKEHUE B MaTEpUalIe COCTABHBIX IIMH ( Omax)
B MAacKaJAX IIMHHOM KOHCTPYKLIMU C JKECTKHUMU OIOpaMHU JOIyCTHMO
onpeneniate no Qopmyne (15). Ilpu 3ToM MakcUMaabHOE HampsDKEHUE B
MaTepuaje IINH, 00yCIIOBIEHHOE B3aUMOJCHCTBHEM IPOBOIHUKOB IPYIHX
a3 (0p max) B HACKAJAX, CIEYET OMPEAEIATh B 3aBUCUMOCTH OT Buaa K3 mo
dopmyne (17) nnm (19), a MakcUMalbHOE HANPSHKEHHWE B MaTepHaje IINHBI,
00yCIIOBJICHHOE B3aMMOJICHICTBUEM OTJAEIbHBIX 3JEMEHTOB IPOBOJHHKA
OJTHOM a3kl ( Oy max) B TMACKAJIAX, - 11O (hopmyIie

_ . 2
21072 K, (i,
0-3,7 max = - 77 an 2

Aa an W3,7 n (23 )

TIE 7)5; - KOOPPHUIUEHT JTUHAMUYECKON HArpy3KH, 3aBUCAIIMNA OT pacueTHON
OCHOBHOM 4YacCTOTBhI COOCTBEHHBIX KOJICOAHUW HJIIEMEHTOB COCTABHOW IIWHBI
(7 »1) KOTOPBIH creAyeT ONMpeAesATh MO pacueTHBIM Ipadukam, MPUBEACHHBIM
Ha PUCYHKE 3.

PacyeTHyl0 OCHOBHYIO 4YacTOTy COOCTBEHHBIX KOJEOAHUN 3IEMEHTOB
COCTaBHOM IIUHBI (f7,,) B TepLiax CleayeT ONpeAesiTh o Gopmyse

_ 473 |EJ

o 2
2z L, \m,, (24)

Si

r1e [,y - JUIMHA TPOJIeTa JIEMEHTA MIMHBI MEXy IPOKIaIKaMH, M;

J - MOMEHT MHEPIHH MOIIEPEYHOT0 CEUCHNS SIEMEHTA IITHH, M}

My - MAcCa 3JIEMEHTA Ha €AMHUILY JUTUHBI, KI/M;

Asy - PACCTOSHUE MEXKIY OCSIMH TIONEPEYHBIX CEUCHHH DIIEMEHTOB
COCTaBHBIX IIUH (PUCYHOK 4), M.

2.4.2.6 MakcuManbHOE HaNpsKEHUE B MaTepUaIe IIHUH (Omax) B MACKAJIIX
U MaKCHMAaJIbHYI0 Harpy3Ky Ha ONOpHBIC U IPOXOJHBIE M30JATOPHI (F;) B
HBIOTOHAX, MPH PACIIOJIOKEHUH IIMH 110 BEpPIIMHAM TPEYTOJIbHUKA (PHUCYHKH
26, B, I'), CIIEAyEeT ONPEAENATh C Y4ETOM UX MPOCTPAHCTBEHHBIX KojeOaHUH,
UCTIONB3Ys (POPMYJIBL:

F_ .1

Umax = — 7756 ;
AW (24)




(C) I AlE)] .
Fm - Fmax’]‘fF ’ (25)

2 _ (2 .
Fm - Fmax’]‘fF s (26)

rae W - MeHbIINM U3 IByX MOMEHTOB COIPOTHUBIIEHUS MTONIEPEYHOIO CEUECHMS

IIMHBI (MOMEHTa CONPOTHUBIIEHUS W, IPU M3rHO€ B MIIOCKOCTH L U MOMEHTA
3

conpoTuBiieHUst W IPH U3rude MIMHBI B TUIOCKOCTH T (PUCYHOK 2), M’;

max |+ max AIEKTPOJUHAMHYECKHE CHJIBI, ompezesieMble
COOTBETCTBEHHO 110 hopmyiiaM (2) u (3);
& . & - KodpUUUEHTHI, 3HA4YEHUs KOTOpPBIX [uId Haubojee

pacTpoCTpaHEHHbIX THUIOB UIMHHBIX KOHCTPYKUWH (pucyHku 20, B, T)
MIPUBEJICHBI B TAOIHUIIE 5.

Ta6nuna 5 - 3HayeHus: KOOPPUUHEHTOB E; M Ep IIMHHBIX KOHCTPYKIU T

3nauenue koddduumenta Eq
DcKu3 3HayeHue JUTSL IHH
Pacrionoxenne muH KoHCTpyKipH [KOOPPHIMCHT| oy ryorg y | A HHH
Ha PHCYHKe 2 Er KOJIbLIEBOT'O KBaJpaTHOro
9 CCUCHUS
CeueHUi
1 ITo BepIIHHAM B 0,95 0,95 1,16
MPSIMOYTOJIBHOTO
paBHOOEIPEHHOTO
TpeyrojbHUKA
2 Ilo BEpIIMHAM §) 1,0 1,0 1,39
PaBHOCTOPOHHETO r 1,0 1,0 1,21
TpEyroJbHUKA

2.43 PacueT NOABECHOTO CAMOHECYIIEr0 TOKONPOBOIA

2.4.3.1 PacuerHOoe MakCHMaJIbHOE HaNpsHKEHUE B MaTepuaie IIuH
MOJABECHOTO CAaMOHECYIIETO TOKOMPOBOAA (Gpacy max) B MACKAISAX CIEIYET
OTIPEIEIATh C Y4ETOM COOCTBEHHOM MAaCChI, MACChl U30JISIITUOHHBIX PACTIOPOK
U JIbJIa, a TAaK)KE JCWCTBUS HAMopa BeTpa, T.€.

GOpacy max—Omax +op,

IIE Omax - MAaKCUMalbHOE HANpPsHKCHHE B MaTepHajie IIUH BCIICACTBUE
ANEKTPOAUHAMUYECKOTO JeHcTBUs Toka K3;
Op - HalpsDKEHHWE B MarTepuaje IIMH OT COOCTBEHHON MacChl, MacChl
M30JIIIUOHHBIX PACIIOPOK M JIbJIA, a TAKXKE JEHCTBUS HAIopa BETpa.
Harpy3ky Ha H30J9TOp MOJIBECHOTO CAMOHECYIIETO TOKOMIPOBOAA CIIEAYEeT
onpenensaTs mo Gopmyse (12).

244 PacueT WMMHHBIX KOHCTPYKUHMH C yHOpPyromoJaTiIUBBIMU
omopamMmu

2.4.4.1 MakcuManbHOE HalpsHKEHUE B MaTepHalle IHUH U MAaKCUMAJIbHYIO
Harpy3ky Ha H30JIATOPHI IIMHHBIX KOHCTPYKLIMHA C YHOPYronoJaTiIHBBIMU
OTIOpaMHu CJIeAyeT OMpPEeNsITh COOTBETCTBEHHO 1o (opmyrnam (17) u (18), a
YaCTOTY COOCTBEHHBIX KoJieOaHUH - 1o Gopmyie (22), yIUTHIBAsI TIPU ITOM,
YTO TMapaMmeTp OCHOBHOH 4YacTOTHI Ij SBISETCS (QYHKIMEH Oe3pa3MepHBIX
BEJINYNH Conl3/EJ u M/ml tne Coy - KECTKOCTh Ormmop, a M - mpuBeAcHHAs
Macca. 3HAYEHUS KECTKOCTU OIMOp OMPENEISIOT MO AKCIEPHUMEHTAThHBIM
JIaHHBIM, a TPUBEAECHHOW Macchl - corjgacHo 2.4.4.2. Kpusble miist
OTIpeJICNICHUs | IIUH C JKECTKUM 3aKpEeIUICHHEM Ha Omopax MPHUBEICHBI Ha
pucyHKe 6, a I IIMH C MAPHUPHBIM 3aKpEIVIEHUEM - Ha pucyHke 7. st
IIMH C YEPeayIOMIMMHCS KECTKUMH W IIAPHUPHBIMH 3aKPEIUICHUSIMH Ha
Oropax 3Ha4Y€HUE MapameTpa r; JOIMyCTUMO MPUOIN3UTEIHHO OLIEHUBATh KaK
CpelHee MKy ero 3HaUCHUSIMHU, HalIEHHBIMU IO KPUBBIM PUCYHKOB 6 U 7.

Kpussbie 17151 onpeaejieHus napaMeTpa 0CHOBHOM 4aCTOThI COOCTBEHHBIX
KOJIe0aHM I IIIMHBI MIPH ee )KeCTKOM 3aKpeNJIeHUU HA
YIPYronogaTJIuBbIX ONMOpax
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KpusBble 1151 onpenesieHusi NapaMeTpPa 0CHOBHOM 4acTOTHI COOCTBEHHBIX
KO0JIeOaHUI IIUHBI TPH HIAPHUPHOM 3aKPeIJICHNH ee Ha
yHpyronoaatT/uBbIX ONMOpPax

s’
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3HaueHus 7| Uil IIMH C JKECTKUM 3aKpeIUIEHMEM Ha OIopax Ipu

C,.I’/ EJ>5000

3
Coul” 1 EJ 23000 MIpUBEJICHBI B TAOIUIIE 2.
2.4.4.2 TlpuBeneHHy0 Maccy onopsl (M) B KujiorpaMMax OMPEESIFOT 110
npuOIMKEHHON GopmyTie

U Ul IIAH C [IAPHUPHBIM 3aKPEIUICHHEM Ha OINopax IpH

H
M — MOH HI_I.OH
nw J (28)
rae Moy, - Macca onopsl, KrT;

Hyon 1 Hyy - pacCTOSAHUS OT OCHOBAHHSI OIMOPBI COOTBETCTBEHHO [0
[IEHTPa MacChl OMOPHI (M30JIATOpa) U IIEHTPA MACCHI MOMEPEYHOr0 CEUCHUS
muHbl (pucyHok 8), M. Ecim dacTtora COOCTBEHHBIX KOJICOAHHI OIOPHI,
3aKpEIUICHHOW Ha YNPYroM OCHOBAaHMM HM3BECTHA, TO MPUBEACHHYIO MaccCy

(M) B KunOTrpamMMax ClIeyeT ONPeAeIiaTh Mo hopmyie

C

@7 f.) (29)

rie Cop - )KECTKOCTH OIOPBI, MPAKTUYECKH paBHAsl )KECTKOCTH n30JsTOpa Cys,
H/wm;
fon - 4acToTa COOCTBEHHBIX KoneOaHuili omopsl, I'l, paBHas wyactoTre

KoJebaHuit uzonsatopa, .

2.4.5 IlpoBepka TOKONPOBOJAOB Ha JIEKTPOJAHUHAMHUYECKYIO
CTOUKOCTH npu Hallu4uu YCTPOMCTB aBTOMAaTHYECKOTO
MOBTOPHOTO BKJIIOYEHUS

24.5.1 Ilpm wHamuumm ObicTponeiicTBytomux AlIB  TokompoBos!
AJIEKTPOYCTAHOBOK HampsbkeHueM 35 kB u Bbllie ciiemyer mpoBepsiTh Ha
AIIEKTPOAMHAMUYECKYI0 CTOMKOCTb IPU IOBTOPHOM BKJItOUeHUH Ha K3.

Mertoavka mpoBEpKH MpHUBEICHA B NPWIOKEeHUU 4. Takod mpoBEepKH HE
TpeOyeTcsi, eCii MPOAOIDKUTEIBHOCTh OECTOKOBOM May3bl, (f5,) B CEKyHIAX,
COCTaBJISIET

2,3
lo, 2
Y
9
rze fi - nepBas (OCHOBHAs) 4aCTOTa COOCTBEHHBIX KOJeOaHUi OMMHOBKY, [ '11;

0 - ACKPEMCHT 3aTyXaHUA TOKOIIPOBOAA IMPU OPHU30HTAIILHBIX KOJIEOAHUIX
IIHH.

K pacuery npuBeieHHO Macchl ONOPHI
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2.4.6 PacueT ruOKUX NPOBOJIHUKOB

2.4.6.1 Ilpm pacuere THUOKHX TPOBOJHUKOB CIIEAYET OIMPEACTATh
MaKCHMaJbHbIE TSPKEHUE B IIPOBOJIHUKAX U OTKJIOHEHHWE MPOBOJHUKOB MPU U
nocie K3.

Pacyer ruOKMX MPOBOAHHMKOB CIEAyeT BECTH, HCXOIsS U3 3aKOHa
coxpaHeHus sHepru. [IpenBapuTenbHble OLIEHKU TSHKEHUH B IPOBOJHHUKAX U



CMEIICHUI MPOBOJIHUKOB JIOMyCKAETCS JeNlaTh 0€3 ydeTa BIUSHUS THPIISTHA
U30JISITOPOB.

Pacuer ruOKuX MPOBOIHMKOB CJEIYET BECTH C IOMOIIBIO aJrOPUTMOB U
nporpamMm Ha OBM. IlpenBaputenbHble OLEHKH TSXKEHUM B MPOBOJAHUKAX U
CMEILEHNI TPOBOJHUKOB JIOIYCKAETCS JEJIaTh HA OCHOBE 3aKOHA COXPaHEHUs
sHeprun 0e3 ydera pacUICNJIEHUs [POBOJHUKOB 10  METOAMKAM,
IIPEJICTABICHHBIM B IIPUJIOXKEHUHU 1.

2.5 IlpoBepka HMMHHBIX KOHCTPYKIMH, TIMOKHX NPOBOAHHKOB H
3JIEKTPUYECKUX aNIapaToB Ha JJIEKTPOAMHAMHYECKYI0 CTOMKOCTH NpPH
K3

2.5.1 Ilpu mpoBepke IIMHHBIX KOHCTPYKLHUN Ha 3JIEKTPOAMHAMHUUYECKYIO
CTOMKOCTb PAaCUE€THBIMM BEJIMYMHAMU SIBIISIFOTCSI MAKCUMAJIBHOE HAIPSKEHUE
B MaTepualle IUH (Omax) B MAaCKAIAX M MaKCUMajbHas Harpy3ka Ha
U30JSTOPBI (Finax) B HBIOTOHAX.

JUi IpOBEPKHU IIEKTPOJANHAMUYECKOW CTOMKOCTU IIMHHBIX KOHCTPYKLUN
CJIEYET UCIIOB30BaTh CJIEAYIOIINE HEPABEHCTBRA:

Opax SO

mq

Fmax < Fuon ’ (30)

o 2

IZIe Gyon - AOIMYCTUMOE MEXaHMYECKOE HalpspKeHue B Matepuane muH, [la,
KOTOPOE CIIelyeT ONpeesTh B COOTBETCTBHUH C 1. 2.3;

Fion - omycTuMasi MeXaHUYecKass Harpy3ka Ha H30JSTOpbI, KOTOPYIO
ClIeZlyeT ONpeAEsATh B COOTBETCTBUU C YKa3aHUAMH II. 2.3.

2.5.2 Tlpu mpoBepke TMOKUX NPOBOJHUKOB Ha 3JIEKTPOAMHAMHUYECKYIO
CTOMKOCTh PAaCUYETHBIMU BEIMYMHAMHU SBISIOTCS MaKCUMAaJbHOE TSDKEHUE
Finaxf oTkI0HEHHE TipoBOAOB 1pu K3 Sorx.

JUisi IpOBEepKU AIIEKTPOAMHAMUYECKOM CTOMKOCTH T'MOKHMX MPOBOJAHUKOB
CJIEyET UCIIOJIb30BaTh CJIEAYIOIINE HEPABEHCTBRA:

F ..<F._;

jon 2
Smax < S}:[on b (3 1)

rne Fyon - JOMYCTUMOE TSDKEHHE MPOBOJIOB, KOTOPOE CIIEAYET ONPENENsATh B
COOTBETCTBUH C YKa3aHHUSAMH II. 2.3;

Spon - AOIYCTHMOE OTKJIOHEHHUE IPOBOJIOB, KOTOPOE CIIEAYET ONPENCIATH B
COOTBETCTBHUH C YKa3aHHUAMH II. 2.3.

2.5.3 DnexkTpoAMHAMHUYECKash CTOMKOCTb JJIEKTPUYECKHUX allapaToB B

3aBUCHUMOCTH OT THINA U KOHCTPYKIIMU XapaKTEPU3YETCS WX MPEIeTbHBIMHU
CKBO3HBIMM TOKaMHU Ippexs M Ippexs W HOMHUHAIBHBIMH — TOKAMH
ANEKTPOAUHAMUYECKOU CTOMKOCTH Ipyy U [y WM KPATHOCTBIO TOKA

5JIEKTPOANHAMHYECKOM CTOMKOCTH ' / (\/E 1 on ): K

BHCKTPOI[I/IHaMI/I‘IeCKaH CTOMKOCTh SJICKTPUICCKOTO arrapara
06ecnequa, CCJIN BBIIIOJIHAIOTCS YCJIOBHA:
Imm 2 Ino ’
lJmH 2 i}’ll )
inp,cma e iyzl )
[Hp.CKB 2 Ino ’ (32)

rae Iy, - HavalbHOE 3HAYEHUE NEPHOAMYECKON cocraBisiomed Toka K3 B
DIIEKTPUYECKOM aIapare; iy, - yaapHbli Tok K3.

3 TepMI/I'IECKOC JeiCTBHE TOKA KOPOTKOI'o 3aMbIKaHUS

3.1 Onpenenenne uarerpana Jxxoyas npu K3

3.1.1 Crenenp Tepmuyeckoro Bo3aeicTBus Toka K3 Ha mpoBOJHUKH U
ANIEKTPUYECKUE ammapaTbl OMpeAeNseTcsl 3HaueHHeM HHTerpana JIxoyis
(Bmep) B aMIiepax B KBaJpaTe Ha CEKYHIY

tUTKﬂ
B, = [ildi
0 : (33)

TI€ iyt - TOK K3 B IpOU3BOIBHBIA MOMEHT BPEMEHH £, A

forkn - PacdeTHas MPOJOJDKUTENBHOCTh K3 B alekTpoycTaHOBKE (CM. TI.
1.1.5), c.

JomycTuMo cTeneHb TepMUYecKoro Bo3zaeiicTBusi Toka K3 ompenensrtsb
TAKX€ TEPMUUYECKU SKBUBAJICHTHBIM TOKOM K3

] — BTep

Tep.9K
s (34)

Y pPacyeTHOM MPOAOJIKUTEIbHOCTHIO K3.

3.1.2 HeoOxoauMmsblii Jii TPOBEPKH MPOBOJHHKOB MU 3JICKTPUUECKUX
armapaToB Ha TEPMHUYECKY0 CTOMKOCTh npu K3 wmHTerpan Jkoynst Biep
JIOITyCKAeTCsl  ONMPEAEATh MNPUOMIKEHHO KaK CyMMY MHTETpajioB OT



MEePUOANYECKOMN U anepuoIudeckoi coctapistomux Toka K3, 1.e.

BTep ~ BTep.n + BTep.a . (35)

3.1.3 Meroanka aHaJIUTHYECKUX pacyeToB uHTerpana Jxoynsa wu
TEPMUYECKH HKBUBAJECHTHOrO Toka K3 3aBUCHT OT pacueTHON CXeMbl
3IEKTPOYCTAaHOBKH, MOJOXKEHHsS pacueTHOM Touku K3 u ee yaaleHHOCTH OT
reHEepaTOpPOB, CHHXPOHHBIX KOMIIEHCATOPOB U 3JeKTpoaBuraresneil. [Ipu atom
BO3MOJKHBI CJIEIYIOLINE CIyYau:

a) UCXOJHAsl pacueTHas CXema JIEKTPOYCTaHOBKH MMEET MPOM3BOJIbHBIN
BH/JI, HO JUIsl BCEX T€HEPATOPOB U CUHXPOHHBIX KoMIieHcatopoB K3 sBisercs
yAaJE€HHBbIM, T.€. OTHOILIEHHE JEHCTBYIOIIETO 3HAUYECHUS IEPUOIUYECKON
COCTaBJISIOLIEH TOKa JII000ro TeHepaTopa Wii CHHXPOHHOTO KOMIIEHCaTopa B
HavyanbHbIi MOMEHT K3 K ero HOMHHaJIBHOMY TOKY MeHee NByX. B sTom
cllydae BCE€ HMCTOYHHMKHU DJIEKTPUUECKON SHEPrUM IMyTeM IpeoOpazoBaHUs
CXEMBI 3aMEIIEHUS JOJDKHBI OBITh 3aMEHEHBl OIHHM JKBUBAJICHTHBIM
uctoyHukoM, IJIC KOTOpOro MPUHUMAIOT HEU3MEHHOW MO aMIUIMTYJIE, a
WHJIYKTUBHOE COMPOTUBIICEHHUE PAaBHBIM PE3YyJbTUPYIOIIEMY 3KBUBAJIEGHTHOMY
CONPOTHUBJICHUIO 3JIEMEHTOB PACUETHON CXEMBI;

0) wucXomHas pacyeTHas CXeMa COJCPKUT OJWH WIW HECKOJIbKO
OJIHOTUITHBIX ¥ OJMHAKOBO yAAJIEHHBIX OT pacyeTHO Touku K3 reneparopon
(CHHXpPOHHBIX KOMIIEHCATOPOB), MpHueM pacueTHoe K3 sBisercs Onu3KuMm:
JEUCTBYIOIEE 3HAYEHUE MEPUOJUYECKON COCTABJISIONICH TOKa TeHepaTopa
(CMHXpPOHHOI0 KOMIIEHCATOpa) IPEBBIIIAET €r0 HOMUHAJIBHBIM TOK B 2 U
Oonee pasa;

B) HCXOJIHasg pacyeTHass CXeMa COACPKUT MPOU3BOJIBHOE YHUCIO
HMCTOYHHMKOB dHEPI'HH, I KOTOpPbIX pacueTHoe K3 sBisercs ynaneHHbIM, a
TaK)Ke T'eHepaTop (CHMHXPOHHBIH KOMIIEHCATOpP), KOTOPBIM CBSI3aH C TOYKOM
K3 no pagnansHoit cxeme u 310 K3 mis Hero siBisercst Omu3kum. [Ipu sTom
BCE YJAJICHHbIE WCTOYHUKU JHEPruu U CBs3bIBarouue ux ¢ Toukoil K3
AJIEMEHTHI PAacueTHOW CXeMbl cielyeT OOBEAMHUTh B OTAENbHYIO BETBb U
skBHUBasIeHTHY!0 DJIC B 3TOI1 BETBU CUMTATh HEU3MEHHOM T10 aMIUIUTYIE;

') ICXOJIHAsl pacueTHasi CXeMa COJCPKUT Pa3InyHble HCTOUHUKH SHEPTUH,
Ui KOTOpeIX pacuetHoe K3  sBiusercs yJaleHHbIM, W TPyHIy
AJIEKTPOJBUTATEINICH, MpUuueM pacueTHas Touka K3 Haxonurtcs Ha mIMHAX, K
KOTOPBIM MOAKJIIOUYEHBI 3JIeKTpoaBurarenu. [Ipu 3ToM Ha cxeMe 3aMelieHust
BCE YJAJICHHbIE MCTOYHWKH SHEPrUM M CBA3bIBaONME uUX ¢ Toukon K3
AJIEMEHTHI PACUETHOW CXEMBI CilelyeT OOBEAMHHUTh B OTACIBHYIO BETBb U
skBUBaJICHTHYI0 DJ]C B 3TOI1 BETBU CUMTATh HEU3MEHHOM O aMILJIUTY/IE.

3.1.4 [TIlpu onpenenenun wuHTEerpana JPxoyns U TepMHUYECKOM
SKBUBaJIeHTHOTo Toka K3 momyckaercs nmpuHHMMAaTh, YTO arepHOIUYecKast
cocrasisonas Toka K3 oT Toit 4acTu pacyeTHOM cXeMbl, KOTOpasi COACPIKUT
ynaneHable oT Mecta K3 HCTOYHMKM SHEpPruM, HE3aBHCUMO OT €€

KOHQUTYpallil ~ U3MEHSAETCS 10  JKCIOHEHIMAIbHOMY  3aKOHYy  C
SKBHUBAJICHTHOM MOCTOSIHHOW BPEMEHHU
_ %, (R=0)
a.oK
Cz)R3I< (x = 0) (36)
rae  Xox(R 0) u Ry(x = 0) - pe3ynbTUPYIOIINE SKBHUBAJICHTHBIC

HHAYKTHUBHOC W AKTHUBHOC COIIPOTUBJICHUSA paCCManHBaeMOﬁ qacTu
pacyeTHOM CXEMBI, ONpe/eNsIeMble M3 CXEM 3aMEUICHHUS, B KOTOPBIX BCE
DJIEMECHTHI paC‘IGTHOI\/JI CXEMBI YUTCHBIL COOTBECTCTBCHHO TOJIBKO
WHYKTUBHBIMH U TOJIbKO aKTHBHBIMHU COTIPOTHBIICHUSMHU.

3.1.5 Ecnu ucxonHas pacyeTHasl CXeMa COJEPXKUT OJUH WM HECKOJIBKO
UCTOYHUKOB SHEPrHM, IS KaXKAOro M3 KOTOphIX pacueTtHoe K3 sBnsercs
yAaleHHbIM, TO uHTerpai Jxoyns (Brp) B aMIiepax B KBaJpaTe Ha CEKYHIY,
CIIe/TyeT ONPEACISTh 0 GpopMyIie

_ 2 Lorkn

_+_ T 1 —e Ta.:ak

C tOTKJ'I a.9K

B,=B_ +B_. =1

2

3
7)

rae Il - HauyalbHOE 3HAYEHHE MEepUOAMYEcKOoi cocTamistomei Toka K3 ot
YIQJICHHOTO UCTOYHUKA (MCTOYHHUKOB), A.

B stoMm ciywyae tepmuuecku 3KBUBaJIEHTHBIM TOK K3 ([repox) B aMmepax
paBeH

2t

T _ T011<J1
]Tep.ax = ]noc 1+ w25 l_e o
tOTKJ'I (38)
B cnyuasx, korma foma 2 3T , uHrterpan Jxoynst Bryp HJOMYCTUMO

oIpenensTh no popmyie

By % 1 (lrn + To) (39)

Toc a.’K
b



a TepMHUYeCKH SKBUBAJICHTHBIN TOK K3 (/1¢px) B aMIiepax - mo gpopmysie

1Tep3K = Il'lOC 1 + Ta.ax /tOTKJ'I . (40)

3.1.6 Ecnu ucxonHas pacyeTHasl CXeMma COAEPXKUT OJMH WM HECKOJIBKO
OJIHOTUITHBIX ¥ OJMHAKOBO yJAJEHHBIX OT pacueTHON Touku K3 reneparopon
(CHHXpPOHHBIX KOMIIEHCATOPOB), MpuueM pacuetHoe K3 sBisiercss Oau3KuM,
TO uHTErpan Jxoyns By, CAEIYET ONpeaensTh o Gopmyie

2t

_ “Corkn

T,

B, =1 |B

T€p mnor TEpP.T tOTKJ'I

+7, |1-e

(41)
rne  Ilnor - HayambHOE  JeHCTByIOIlee 3HAa4YeHHE MEepPUOINYECKOMN
cocraBisitonieil Toka K3 oT reHeparopa (reHepaTOpoB, CHHXPOHHBIX
KOMIIEHCATOPOB), A;

T,r - MOCTOSIHHAs BPEMEHM 3aTyXaHHs alepUOJUYECKON COCTaBIISIIOLIECH
TOKa OT reHeparopa (reHepaTopoB, CHHXPOHHBIX KOMIIEHCATOPOB), C;
B

Tep.r

* - OTHOCUTEJIBHBIN UHTETpan J>KoyJis:

t

OTKJI

[ 13t

* mor tOTKJ'I R (42)

T/I€ fner - ACUCTBYIOIIEE 3HAUCHHE IEPUOIUYECKON cocTaBstolleld Toka K3 ot
reHepaTopa (reHepaTopoB, CHHXPOHHBIX KOMIIEHCATOPOB) B IMPOU3BOJIBHBIN
MOMEHT BpeMEHH, A.

B

3HaueHus OTHOCUTENIbHOTO uHTerpana Jlxoyis W , YUHUTBIBAIOLIETO
BIUSHUE  M3MEHEHMs BO  BPEMEHUM  aMIUIUTYAbl  NEPUOJUYECKON
cocraBistonieil Toka K3, mpu pasHbIx cucreMax BO30YXAE€HUS F€HEPaTOPOB
U Pa3HbIX YAAJIEHHOCTAX pacyeTHOM Touku K3 oT reHepaTopos, T.€. pa3HBIX
OTHOLIEHUSAX JEHCTBYIOLIErO 3HAYEHUS MEPUOINIECKON COCTABIIAIONIEH TOKA
reHepaTopa B HadyaJabHbIi MOMEHT K3 K HOMHHAJIIBHOMY TOKY MaIllMHBI MOTYT
OBITH OTIPE/ICIICHBI 110 KPUBBIM Ha pUCYHKax 9-12.

IIpu paccmarpuBaeMO HMCXOOHOM pPACYETHOM CXEME TEPMUYECKH

9KkBUBANEHTHBIN TOK K3 (Zrep o) aMIIepax cieayeT onpeaessaTs Io Gopmyie

2t

T _ “lorkn
_ a.T _ T,
ITep.aK - BTep.r + l—e ™
OTKII

B

Tep.r

Kpussble 17151 onpeiesieHdst *  OT CHHXPOHHBIX F'€HEpPaTOPOB €
THPHUCTOPHON MJIH BBICOKOYACTOTHOM CHCTEMOM BO30YAKAeHHUS
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B
TEp.T
KpusBble 1151 onpefiejieHust *  OT CHHXPOHHBIX FeHEPaTOPOB ¢
THPHUCTOPHOI cUCcTeMOii caMOBO30Y:KIeHHS U € MOCI€e10BaATeIbHBIMH

TpaHcopMaTopamu

| |
',{ no2iHoM) =2 /

¥ Ep.2,

/

\§

46

/]
/]

Pucynoxk 10
B

TEp.r
KpuBble 1151 onpefiejieHust *  OT CHHXPOHHBIX FeHEPaTOPOB ¢
THPHUCTOPHOI CHCTEMOI1 caMOBO30Y:K1eHUs 0e3 MoCae10BaATEeIbHBIX
TpaHcdpopmMaTopoB

¥ mpn 2,
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Pucynok 11

B

Tep.r

Kpusbie 115 onpeaejieHusi *  OT CHHXPOHHBIX F'eHEPaTOPOB ¢
AHOAHOM OecIeTOYHON CHCTEeMO BO30Y:KIeHUs

Prep.z T
-n{nazrwn/z___/
3
g4 \\\
\\\ .
a6 \ ~=
\ \6-
04
e
V/ 42 04 g6 08 tc
Pucynox 12
B cunywasx, xorga fona 23T, uHTerpan JKoyns Bryp TOIYCTUMO

oTpeneNsTh o hopmyie
BTepzlr?or(B +Ta.r)

Tep.r

(44)
a TepMHUYECKH SKBUBAJICHTHBIA TOK K3 (/1¢p»x) B ammepax - o popmyie

[Tep.31< = [nor \/BTep‘r + Ta.r /tOTKJ'I

(45)

3.1.7 Ecnm ucxongHasi pacdyeTHasl cXeMa COACPKUT MPOU3BOJIIBHOE YHUCIIO
HMCTOYHHUKOB SHEPIHH, AJII KOTOphIX pacuetHoe K3 siBnsieTcs ynaieHHBIM, a
Takke TeHepaTop (CHHXPOHHBIM KOMIleHcaTop), Kkotopeii mnpu K3
OKa3bIBaeTCs CBA3aHHBIM ¢ Toukoi K3 mo pagmanbHOil cxeme u 310 K3 mist
HEro sBIseTCS Onu3KkuM, TO uHTerpan JKoyas oOT mNepuoauvecKon
coctapJstomeid Toka K3 (Biepn) B aMriepax B KBaJpaTe Ha CEKYHIy CIEIyeT
OmpeenaTh no Gpopmymne

— 2 2
B =|I. +2I QTepr+1 B |t

TEp.IT noc 1oc IIOI‘ TEp.Ir OTKJI

VA (46)



1€ Ihoc - HAYAIBHOE 3HAYEHUE MEPUOANUECKON cocTaBistonieit Toka K3 ot
YIQJICHHBIX UICTOYHUKOB SHEPIHH, A;

QTepAr . . .
* = OTHOCUTECJIIbHBIM UHTErPall OT MIEPUOANYCCKOUN COCTABIAIOIIEHU TOKA
K3:
tUTI\'ﬂ
[ 1t
Q -0
Tep.r
* IHOFIOTKJ'I . (47)

QTep.r

3HayeHHUs OTHOCUTEJIBHOTO HWHTErpajga  *  IPU Pas3HbIX cHCTEMax
BO30YK/I€HHs T€HEpaTOPOB U Pa3HbIX yAAJICHHOCTAX pacueTHOM Touku K3 ot
reHEpaTOPOB MOT'YT OBITh OIPEEICHBI IO KPUBBIM Ha pUCYHKax 13-16.
Orepr
Kpusble 1151 onpeejieHust  *  OT CHHXPOHHBIX FeHEPaTOPOB ¢
THPUCTOPHOM WJIM BHICOKOYACTOTHON CHUCTEMOI1 BO30Y KIeHUS

{gmep. 2 T
\\ 1-[ 702 (#oM) =2

g5 Q\‘\
—— 7
44 \\\\E 2
a7 =]

7
\Q
a6

ﬁ/\l\f e —
a a1 42 43 g% ¢

Pucynok 13

QTep .T

Kpussble 17151 onpeesieHdst *  OT CHHXPOHHBIX F'€HEpPaTOPOB €
THPHUCTOPHON CHCTEMOI caMOBO30Y:K/IeHHS U € NOCJIeI0BATEeJIbHBIMU
TpaHcopMaTopamu
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QTep.r
Kpusbie 1151 onpeaejieHusi *  OT CHHXPOHHBIX FeHEPATOPOB €
THPUCTOPHOM CUCTEeMOI caMOBO30YKIeHUA 0e3 Mocaeq0BaTeIbHbIX

TpancopMaTopoB
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QTep.r

Kpusbie 1ist onpenejieHdsi *  OT CHHXPOHHBIX FeHEPaTOpPoB ¢
AHOAHOM OeclIeTOYHOM CHCTeMOil BO30Y:K/IeHUA
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Pucynok 16

I[Ipu  onpenenenun  wHTerpana  JKoylns  OT  anepuOIMYECKOMN
COCTaBJISIIOH_[eﬁ TOKa K?) HCOGXOIII/IMO y‘-II/ITI:IBaTI:, YTO YUCJICHHBIC 3HAUCHUS
MTOCTOSIHHBIX BPEMEHH 3aTyXaHUs alepPHOJUICCKUX COCTABIISIONIMX TOKOB OT
reHepaTopa WIM CHHXPOHHOTO KomneHcaropa (7,;) 6 CEeKyHmaXx W OT
YIQJICHHBIX UCTOYHUKOB PHEPTUU (T,.) B CEKYHIAX OOBIYHO 3HAYHMTEIHHO
omnyarorcs Ipyr or gpyra. Ilostomy wuHTerpan JIKoyns cienyer
OTIPEIETATH IO BRIPAKEHUIO

2
ot 4 ! _Zlmmn _ZImm

12 — _
Bga= [ | T ™" +1ge ™ | dt=1T, [1—e ™ |+, T, [1-¢ ™ |+
0

moc™ a.3K mor— a.r

41 I f[%%]
o
]:1.31( ]-'a.l" . (48)

B cnyuasix, korna fome = 37, r, JOMYCTUMO UCIIONIB30BaTh BhIPAKEHHE

B :IZ T +IZ T + I0C " 1101

TEp.a II0C ™ a.3K mnor— a.r 1 1

T, T, (49)

IIpu paccmaTpuBaemMoil pacyeTHOM CXE€ME TEPMHUYECKH SKBHUBAJICHTHBIN
tok K3 omnpenensior no ¢popmyne (34), yunutsiBas npu 3tom (35). 3HaueHne
Biepn HaxoasT ¢ nomouibio Gopmyssl (46), a Brepa - € TOMOIIBIO (HOPMYJIIBI
(48) unn (49).

3.1.8 Ecnu ucxonHas pacuyeTHas CXe€Ma COJCPKUT yAAICHHBIE OT TOUYKH
K3 ucTouHMKM 3HEpPruuM U TPYIINy 3JIEKTPOJBUTATENCH, MPUYEM pacueTHas
touka K3  HaxomuTcs Ha IIMHAX, K  KOTOPbIM  MOJKIIIOYEHBI
AJIEKTPOJIBUTATEIH, TO JUIsl YIPOIIEHUs pacuera unrerpana [xoymns rpynmy
AIIEKTPOJBUraTeNIed  OMyCTUMO  3aMEHUTh  OJHUM  HSKBHUBAJECHTHBIM
AJIEKTPOJIBUTATEIEM, MOIIHOCTh KOTOPOTO paBHA CYMME HOMMHAJIBHBIX
MOIIHOCTEW OTHAENbHBIX 3JiekTpoaBuratenei. [Ipu 3tom muterpan Ixoyist
ClelyeT OIpeAeNsTb [0 METOAuKe, u3noxkeHHod B 1m.3.1.7, Te. ¢
ucrnonb3oBanueM (opmyn (46), (48), (49), B xotopeie BMECTO Inor, Iar,
Orepr Bureps

* W *  CcHeAyeT MOJCTaBISITh COOTBETCTBEHHO HAdalbHOE 3HAUCHUE
MepUoINYEcKOr ocTaBisitomie Toka K3 oT 3KBUBaneHTHOrO ABUTATENS /oy,
MOCTOSTHHYIO BPEMEHU 3aTyXaHHsI allepUOAMYECKO COCTABIISIONIEH ero ToKa

Orepr Bieps
Tyxv GyHKIMM * W * ISl OTOTO AJIEKTPOABHUraTeNsl. 3HAUYCHUS ITUX
GYHKIUH 11 CHHXPOHHBIX AJIEKTPOJABUTATENICH MOTYT OBITH ONpEAeTIeHBI 110
KpHUBBIM Ha pucyHKax 17 m 18, a juisi aCHHXPOHHBIX 3JIEKTPOJIBUTATENEH - 1O
KpPUBBIM Ha pucyHKax 19 u 20.

Tepmudecku skBuBaiIeHTHBIN TOK K3 onpenenstor mo hopmyie (34).

3.2 IIpoBepka »JJIeKTPHUYECKHX AaNNApaTOB Ha TEePMHUYECKYIO
croiikocTs npu K3

3.2.1 Tepmuueckas CTOHKOCTb 3JEKTpUyecKux amnmapatoB npu K3
XapaKTepu3yeTcsi UX HOPMHPOBAaHHBIM TOKOM TEPMHUYECKOM CTOMKOCTH
(Irepopw) B aMIEpax MU JOMYCTHUMBIM BPEMEHEM BO3JCUCTBHUS 3TOTO TOKa
(frep.nopw) B CEKYHIAX.

3.2.2 PacyeTHOe BBIpaXEHHE, KOTOPOE CIEAYET HCIIOJIb30BATh IIpU
IIPOBEPKE KOMMYTALIMOHHBIX amlapaToB Ha TEPMHUYECKYIO CTOMKOCTb,
3aBHCHUT OT pacueTHOM npoaonxuTensHoctu K3.

Ecmu pacuernas mpomomxutenbHOCTh K3 (forx;) B CEKyHAAX paBHA WIH
Oonbpllle JOMYyCTHMOTO BPEMEHHM BO3JCHCTBUS HOPMHPOBAHHOTO TOKA



TEPMUYECKON CTOUKOCTH  (frepnopw) B CEKYHIAX, TO JUIsl TPOBEPKHU
KOMMYTAaIIMOHHBIX aIlllapaToB CJIEIYET UCTIOIb30BaTh BHIPAKEHUE

2
BTBP S ]TBP,HOPM tTCp.HOpM . (50)

Ecim ke torcr<trep.nopu> TO YCIOBHEM TEPMHUUECKOW CTOMKOCTH SIBIIAETCS

2
B, <I t

Tep.HOpM " OTKI (5 1)
BTep.H
KpHBbIe IJIA onmpeaeJjeHus * OT CHHXPOHHOTI'O 3JIEKTPOABUTI ATECJIA
gmep. a
09
=2
Inpa (HDM)/
98 S~
g7
\\ N 3
46 \
\_‘ 4
0 \k\
o \\ e
~~—~——] s
g3
L e J
aq a7 42 a3 a4 5
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Qrep.u
KpﬂBbIe AJIA oNpeaeJIeHusA * OT CHHXPOHHOTI0 3JICKTPOABUTATEJIsA
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QTep.u

KpusBble 1,151 onpefiejieHusi *  OT AaCHHXPOHHOIO 3JIEKTPOJABHUIaTe sl

a

% mep.d

N

56 \\
AN

AN
\\§&

02 \ Paa

\56\
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7 of ez 03 1% 14¢c
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3.2.3 Jlomyckaercsi TPOBEPKY KOMMYTAIMOHHBIX  DJIEKTPUUYECKUX
anmapaToB Ha TepMUYECKyr0 cToiikocTh mpu K3 mpousBoauth myTeM
CPaBHCHHS TEPMHUYECKH 3KBUBAJICHTHOTO Toka K3 ¢ JOMyCTHMBIM TOKOM
TEPMUYECKONH CTOWKOCTH, YYHMTHIBas TIPU OSTOM COOTHOIICHHE MEKIY
JOITyCTUMBIM BPEMEHEM BO3JICHCTBHS HOPMHPOBAHHOTO TOKA TEPMHYECKOMN
CTOMKOCTH U pacueTHOW MpoaokUTeNbHOCThIO K3. Ecnu tom>trepnopw, TO
MIPOBEPKY KOMMYTAIMOHHBIX aIIapaTOB Ha TEPMUIECKYIO CTOHKOCTH Tipu K3
CJICAYEeT MPOU3BOIUTH, UCIIOB3Ys COOTHOIICHUE

ITep.aK < ITep.HopM ‘V tTCp.HOpM / tOTKH X (52)

Ecmm ke  tomn<tpmopms, TO  YCIOBHEM TEPMUYECKOM  CTOMKOCTH
KOMMYTAllMOHHOIO amnmapara sBJIsSe€TCS COOTHOUIECHUE
I <I

Tep.3K

TEp.HOPM _ (53)

3.3 IIpoBepka NpoBOJJHUKOB HA TEPMUYECKYI0 cTOHKOCTH mpu K3
3.3.1 IIpoBepka NHPOBOAHUKOB HA TEPMUUECKYIO CTOMKOCTh mnpu K3

3aKJIIOYAeTCsl WIM B OINPEACNIEHUU UX TEMIIepaTypbl HarpeBa K MOMEHTY
oTkitoueHusa K3 u cpaBHEHUU 3TO# TemIepaTypsl ¢ MPEAEIbHO I0IMYCTUMOMN
TEMIIEpaTypoi HarpeBa COOTBETCTBYIOIIMX MPOBOAHUKOB mpu K3, wiu B
ONpeAeICHUN TEPMUYECKN SKBUBAJICHTHOM MIIOTHOCTH TOKa K3 1 cpaBHEHUH
3TOM IUNIOTHOCTH C IOy CTUMOM MJIOTHOCTHIO ToKa K3.

3.3.2 Pacuer TemmepaTyphl HarpeBa NPOBOJHUKOB K MOMEHTY
otkimtoueHus: K3 crenyer BECTH ¢ MCMONB30BAHUEM KPUBBIX, IMPUBEICHHBIX
Ha pUCYHKe 21 - Ais KECTKUX IIHH, KaOenel M HEKOTOPHIX MPOBOJOB, U
pucyHKe 22 - AJis POBOJIOB IPYTUX MapOK.

Kpussbie a5 onpeaejieHus TeMnepaTtypbl Harpesa MH, IPOBOJA0B U
Kka0eJieidl M3 pa3jIMYHbIX MaTepuanoB npu K3

9
4ap / A / A
/ -7 7z -
4 4 L
300 67 7 - ¢ /Z‘Z\A
/
200 = -
/ -
L~ F
110% 210% 304 bfo* 540% Ag A% chamr®

Martepuansl mpoBoAHUKOB: 1 - MM; 2 - MT; 3 - A; 4 - AT; 5- AJ10; ACT; 6 - AA31T1; 7 -
AJI31T; 8 - C13

Pucynoxk 21

Kpusble 115 onpenesieHust TeMneparypbl Harpesa nposoaos npu K3

N 4/’
4

080 y

BT

|
T

g 45-10% (O0% Ay, AT clme®

Marepuansl nposonos: I - cinassl AXK u AXKKIIT; 2 - cnassl AH u AHKII; 3 - antoMunuii Mapok A,
AKTI, AuKII u craneamomunuii mapok AC, ACKII, ACKC, ACK, AnC, AnCKC, AnCK
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C oTOM 1IEeNTbI0 HEOOXO0IUMO:

1) ma pucynke 21 BbIOpaTh KpPHUBYIO, COOTBETCTBYIOIIYID MaTepHaTy
IIPOBOJHMKA, U II0O 3TOM KPHUBOM, HCXOId W3 HAYAJIbHOW TeMIIEpaTyphl
IPOBOIHMKA O, ONPEETHTh 3HAUCHHE BYHKIHH Agy, A-c*/Mm’;

2) B COOTBETCTBHH C ykazaHusiMu mm. 3.1.5-3.1.8 ompenenuTh 3HaueHue
nuHTerpana JHxoynst Biep;

3) wHaiitu 3HadeHne GYHKIUU Age , COOTBETCTBYIOIIEE KOHEUHOM
TEMIIEpaType HarpeBa MPOBOAHHUKA JK

B
Ay =4 + STZP (54)
)
r/ie S - MIOIIaIb MOMEPETHOTr0 CEUCHHS TPOBOTHHKA, MM-.

[Ipu pacuere TemmepaTyphl HarpeBa CTaJICAIOMUHUEBBIX IPOBOJIOB B
dbopmyny (54) cremyer BBOAWTH IUIOIIAAL IOMNEPEYHOrO  CEUCHUS
AJTIOMUHUEBOM YaCTH IPOBOJA;

4) Mo HaIGHHOMY 3HAYCHUIO (YHKIHMH Agy , HCIOJB3Yysl BHIOPAHHYIO
KpUBYI0O Ha pHUCYHKEe 21, OmpenenuTh KOHEUHYIO TeMIepaTypy Harpena
MPOBOJIHUKA I M CPABHUTH €€ C MPEACIbHO JIOMyCTUMOM TeMIlepaTypoH.
[IpenenbHO pomycTHMBIE TeMIepaTypbl HarpeBa mnpoBojgHuka mpu K3
NpUBECHBI B TaOmuIIE 6.

Ta6n1/111a 6 - Hpe)]eJ'IBHO AOMYCTUMBIE TEMIIEpaTypbl Harpesa
npoBoaHNKOB npu K3
By npoBOHUKOB Som °C
1 IlIvHBI aMFOMUHUEBBIE 200
2 IlInnbl MeqHbBIE 300
3 Ilunsl cranpHBIE, HE MMEIOIIUE HEMOCPEACTBEHHOTO COCIUHEHHS C
anmnaparamu 400
4 IlluHbl cCTadbHBIE C HEMOCPEJICTBEHHBIM IPHCOEIUHEHHEM K 300
anmaparam
5 Kabenu ¢ 6ymMa)xHOH NPONMTAHHON M30JIALMEN Ha HaIpshKeHue, KB:
no 10 200
20-35 130
110-220 125

6 Kabenu u M30JIMPOBAaHHBIC IIPOBOAA C MEIHBIMU W aJTFOMHUHHUEBBIMU
KWJ1aMHu "1 HSOHHHHeﬁ nus:

TTOJIMBUHUIIXJIOPUIA 160
pe3HuHbI 150
PE3HHBI TIOBBIIEHHOH TETIJIOCTONKOCTH 250
MOJMATIIEHA (HOMHHAIIBHOE HaNpsbKkeHue kabens 1o 35 kB) 130
BYJIKAHU3UPOBAHHOTO MOJIMATHIICHA (HOMHHAIBHOC HANPSHKCHUE KaOems 1o
35 xB) 250
7 MenHble HEH30JIUPOBAaHHBIE IIPOBO/IA NIPU TSHKCHHUSX, H/vm?:
menee 20 250
20 u 6onee 200
8 AnmoMHUHUEBbIC HEU30JIUPOBAHHBIC TIPOBOJIA MTPU TSHKCHUSIX, H/mm%:
menee 10 200
10 u 6onee 160
9 AmoOMUHWEBAs YacTh CTAJICATIOMUHUEBBIX TPOBOJIOB 200

3.3.3 Ecnu onpenensionyM yciaoBUeM IpU BbIOOpE CeYeHUs MPOBOAHHUKA
ABJISIETCA €ro TepMHMueckass cToikocTh npu K3, To ciemyer omnpenenuthb
MUHHMAaJIbHOE CEYCHHE TPOBOJHHUKA IO YCIOBHIO TEPMHUYECKOW CTOHKOCTH
(Step.min) B MIUIJTUMETPAX B KBaJiparte, UCIOJb3Ys BBIPAKEHHUE

S =

Tep.min

(35)

rne Agmon - 3HaueHue QyHKUMH Ag, COOTBETCTBYIOLIEE MpeneiabHO
JIOITyCTUMOM TemIiepatype Harpesa npoBogHuka rnpu K3 (cM. tabnuny 6);
Agy - 3HaueHHME OTOM (YHKIHMH, COOTBETCTBYIOIEE TEMIIEpaType
npoBojHuKa 10 K3.
Tepmuueckasi CTOWKOCTh TPOBOJHUKA OOECIECUMBACTCS, €CIH ILUIONIA]lh




cedyeHus (S) B MUJUTMMETPAxX B KBAAPaTe yAOBIECTBOPSET HEPABEHCTBY:

SzSTep.min.

3.3.4 Ecmu narpy3ka npoBoaHuka 1o K3 Onu3ka K HpOJOSIKUTENBHO
JOMyCTUMOM, TO MHUHUMAJbHOE CEYEHHWE IPOBOAHMKA, OTBEYArollee
TpeGoBaHuUIO TepMUUecKoi cTolikocTu npu K3, onpenenstor o popmyine

S p—l

Tep.min C

T, (56)

C,=.A4, —A, ,A-c"/mm’
I“I[e aon HOM ;

Aguow - 3HaueHHME (QYHKIMH A TIpU TPOJOIDKUTEIBHO JOITyCTUMOMN
TeMIlepaType NPOBOJHHKA.
3nayenus napamerpa C; B Tabnune 9.

Tabnuua 7 - 3HavyeHus napameTpoB C; KeCTKUX HIHH

Tabnuua 8 - 3nauyenus napamerpa C, kadeJieit

< Genci 3HaueHue
apaKkTepUCTHKa KabOenen C. A g
1 Kab6enu no 10 xB:
C MEIHBIMH KUJIaMU 140
C AJIFIOMMHUEBBIMU JKHJIAMHU 90
2 Kab6enu 20-35 xB:
C MEIHBIMH >KHJIAMA 105
C AIFOMHHUEBBIMU JKHJIAMHU 70
3 Kabenn u M30MMpOBaHHBIE MPOBOJA C MOJUXIIOPBHHHUIOBOM
WJTM PE3WHOBOM M30JISLIUEH:
C MEJIHBIMH YKUJIaMu 120
C ATFOMUHUEBBIMU KUJIAMHU 75
4 Kalenmu u H30JMpPOBaHHbIE IMPOBOJA C MOJUATHUICHOBOU
U30JISIACH:
C MEIHBLIMH >KUJIAMHU 103
C AJIIOMMHUEBBIMU JKHJIAMHU 65

Tabnuna 9 - 3HavyeHus: napamerpa C, NIpoBoI0B

3nauenns napamerpa C;, A-c/MM”, IpH
Marepuan nposoaa Mapxka nposona HOHYCT?;ZI;O;?EI?;); Tlg)’a?; arpena
160 200 250

1 Mennb M - 142 162
2 ATTOMUHHUI A, AKII, An, AnKII 76 90 -
3 AIOMMHUEBBIN AH, AHKII, 69 81 -
CILIaB A, AXKKII 66 77 -
4  Amomuunii  -| ACK, AnC, ACKC,
CcTajb AnCKC, AnCK, AC,

ACKII 76 90 -

Cucrema MarepHal MpOBOIHUKA UK 3Hauenue Cvrs A+ e, npn
JIETMPOBAHHS MapKa CIIaBa HauaIbHOM Temmepatype, 'C

70 90 120

- Mens 170 .. o

Al AJ1IO 90 81 68

AJH 91 82 69

AJIOM, AJ[IM 92 83 70

Al-Mg-Si AJI31T1 85 77 64

AJI31T 82 74 62

AJI33TI 77 71 59

AJI33T 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 AMTrS5 63 57 48
- Cranb ipu 9y, =400 °C 70
Crasb npu 9 o= 300 °C 60

3.3.5 Jlomyckaetcst IPOBEPKY MPOBOJHUKOB HAa TEPMHUUECKYIO CTOHKOCTH
npu K3 mnpoBoguTh mNyTEM CpaBHEHHS TEPMHUYECKH HSKBUBAJICHTHOU
10THOCTU TOKa K3 (Jrep5x)B aMIiepax Ha KBaJpaTHBINM MUJUIUMETP

1
J _ _Tepok
Tep.9K
S (57)

C JOIyCTUMOW B TedeHHe pacyeTHoro BpemeHH K3 MIOTHOCTBIO TOKa
(Jrep.non) B aMIiepax Ha KBaJpaTHBIN MUJUTUMETP

J _ 1 Tep.jponl 1
Tep.gon S t

(58)




1€ liepponl - AOMYCTUMBIA TOK ojnHOCeKyHaHOTO K3, A; ero 3HaueHus st
kabenel JaHbl B HOPMATUBHBIX IOKYMEHTaX.

IIpoBOAHMK YyZIOBJIETBOPSIET YCIOBUIO TepMHUYECKOW cToMkoctu mpu K3,
€CJTH BBIITOJHACTCS COOTHOIIICHHE

—_—

Tep.oK < jTep Jomn = o

J

(59)

3.3.6 Ecim wnarpy3ka mpoBognuka a0 K3 Onu3ka K MpOAOIKHUTEIBHO
JOMYCTUMOM, TO JOIYCKAaeTCsi MPOBEPKY IMPOBOJHHUKA Ha TEPMHUUYECKYIO
cToikocTh pu K3 mpoBOAUTH, UCIIOIB3YsI COOTHOILICHUE

C
S T

JTe K °
’ N orn (60)

3.4 IIpoBepka cu10BbIX KaleJieil HA HeBO3ropaemocTs npu K3

3.4.1 Jlna mpoBepkH CHJIOBBIX Kabeineil Ha HeBosropaemocth mpu K3
CIIEAyeT B COOTBETCTBUHM C M. 3.3.2 ONpeneauTb KOHEUHYIO TEMIIeparypy
HarpeBa ux X1 9y pH pacueTHo npogomkutenbHocTH K3 (em. m. 1.1.5) u
CPaBHUTH €€ C MPECIIbHON TeMIIepaTypOil HEBO3TOPAEMOCTH Jyp

HeBosropaemocTs kabenst oOecrieunBaeTcs, €CIIi BHITIOIHIETCS YCIOBUE

9. <8, (61)

[IpenenbHas TeMmepaTypa HEBO3ropaeMocTd kabemer 6 kB ¢
nponuTaHHoU OymaxxHol m3ossuueit paBHa 400 °C anst GpOHMPOBAHHBIX U
350 °C - nnst HeOpOHUPOBAHHBIX KaOeIeH.

I[MPUJIOXEHUE 1
(pexomenyemoe)

1 MeToauka pacuera THOKHX TOKOIIPOBOAOB

1.1 MakcumanbHOE BO3MOXXHOE TSHKEHHE B MPOBOJHUKAX (Fax f) B
HBIOTOHAX CJIEIyeT OMPEeNTh Mo Gopmyie

AW,
Foar = 2ES— 2+ F,

m: st 2

rjae S - IIomaab MOMePEeYHOr0 CEUCHUS MPOBOTHUKA, Mz;

AW, - pacueTHas SHEpIus;

AW,= AW, ipu AW, | Mgl<2;
AW=2Mgl ipu AW,/ Mgl>2,

rane AWy - oHeprus, HakKOIUICHHas IPOBOJHUKOM OJHOIO IIpojeTa 3a
pacuetHoe Bpems K3, JIx;
[ - nHA MPOBOJIHUKA B MPOJIETE, M;

Mgl

F - Toxenue B mpoBoaHuke 10 K3, paBHoe 81, ;

Mgl - MakcuMmalbHO BO3MOXKHAasi pacueTHas IOTEHLUAJIbHAs SHEPIus
IIPOBOJHMKA;

M - macca IpoBOJHUKA B IIPOJIETE, KT;

& - YCKOpEHHe CBOOOIHOTO TaeHus, M/c”;

fn - IPOBEC NMPOBOHUKA B IIPOJIETE, M;

L - paccrosiHue OT IPSAMOU, COSAUHSIONIEH TOUKU KPEIUICHUS IIPOBOIOB Ha
COCEIHUX OIOpax, A0 LEHTPa Macc MPOBOJa B MPOJIETE, M, TPUYEM

L=2£./3.

Monyne ynpyroctu (E) mnpoBOAHMKA, CBUTOTO M3 Iyyka TOHKHX
MIPOBOJIOK, KaK MPHU HAIUMYUHU YIPOYHSIOIIETO CTAILHOTO MPOBOJA, TaK U 0e3
HEro, cieayeT NMPUHUMAaThb MEHBUIMM, YeM MOAYJb YIPYrOCTH Marepuala
MPOBOJIHUKA M3-3a TOBBIIIEHHOW PpAaCTSX)KUMOCTH BUTOTO IPOBOJHUKA MPU
HarpykeHuu. Ero 3HaueHue He0OX0AMMO OINPEAETSATh ONBITHBIM ITyTEM.

1.2 MakcumanbHoe cmenieHrue mpoBoja (Sotk) B MeTpax Cleayer
OTpenemsATh 1Mo hopMysam:

2

AW,
Mgl ) oy AW,/ Mgl <1.

SOTK:fH 1_ 1

Sone = S, IPU AW,/ Mgl >1.

ITpu xpaTkoBpeMeHHOM K3 3Hepruio, HaKOIIEHHYIO TPOBOJHUKOM (AWy)
B JDKOYJISIX, CJIEAYET BBIYUCIATH IO (popmysie

AW, = MgL(1—cosa)+ %J(a ',

A€ o U 0 - yroja OTKJIOHEHWs IPOBOJAa U €ro Iepsas MPOU3BOJAHAS IO
BPEMEHHU B MOMEHT OTKJItoueHus K3;



J - MOMEHT MHEepLUMH NPOBOJIAa OTHOCUTEIBHO OCH, MPOXOAAIIEH uepes
OIOpBI MPOBOJA, M.

KpuBble 3aBHCHMOCTH OTHOCHTEIBHBIX IapamMeTpoB MpoBoAHUKA (AWK /
MgL) ot otHocuTenbHOM mnpoaomkuTenbHOCTH K3 (1) OTHOCHTENBHBIX

j )
Harpy3oK Ha MPOBO/I (F 0/ Mg () 1 OTHOCHTEIIbHBIX Pa3MepoB (a/L) mpu
IBYyX- ¥ Tpexda3zHoM K3 npuBeseHbl COOTBETCTBEHHO HAa PUCYHKaxX 23 u 24.
[Ipu 3TOM OTHOCUTENBHYIO MPOAOKUTENBLHOCTD K3 ciienyer onpenensats Kak
@,

r=—21,
27

7€ ¢ - pacueTHas NpoAoLkuTenbHocTh K3, ¢;
@, =~MgL/J.

j
Harpysku ( F ) B HBIOTOHAX CIIEAYET ONPENeNsTh ISl Pa3IUnIHBIX
BugoB K3 (j = 2,3):
- st ByXazuoro K3

- uia Tpexdasznoro K3

FO=15.107 (10,

a no
1(2) ](3) . .
rjge ‘mo M “mo - HaYallbHBIC JCUCTBYIONIME 3HAYCHUS IEPUOTUICCKON
COCTaBJISIONICH TOKOB COOTBETCTBEHHO ABYX- U Tpex(asznoro K3, A.

1.3. Tlpu otHOcuTensHO# mnpopomkutenbHoctd K3 t > 0,6 sHepruto,
HaKOIICHHYIO TPOBOAHUKOM (AWy ) B KOYNISIX, CIEIyeT OMpEeaeisaTh B
3aBUCHUMOCTH OT Buja K3:

- ipu nByXdaznom K3

Jla+21
AW, = %AWKZ Lecn AW ® = F® a2 2Mgl
p .

2

AW, = Mgh, ecnu AW® < 2MglL;

- ipu TpexdazHom K3

2 2
(a+L) +L c0smatL
a a

AW, = %AWK“), ecmu AW =1,33F% g In

AW, = Mgh, ecnu AW < 2MglL,

r7ie i - MaKCUMalbHasi BBICOTA MOJIbEMa IIEHTPa Macc MpoBoa Bo Bpems K3,
ompezenseMas u3 cootTHomeHus h/a, m.

[Tapamerper h/a gt cioyuaeB aByx- u  Tpexdasznoro K3 cuemyer
OTIPEICIIATh M0 KPUBBIM, MPUBEICHHBIM COOTBETCTBEHHO Ha PHUCYHKax 25 u
26.

AW,

K

XapaKkTepUCTUKH MgL npu aByxdazHom K3

MIENREL, Z_ps A2y 2L
My 16 /\” ' 77 2
12 \//ﬁ\__\\‘ ",ﬁ, :\\
N ||
08 f '/' 2 \\\ u///il \\
78
o4 //%%f—:\ \ j[//ﬁw‘_\\‘\\\
0
AW
My L i{izf* 2L_, 7 2L_,
Mg 16 —\a Mg = z
08 /;/ ///'2‘ \\ / ;Z
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AW XapakTepucTuku - npu Tpexdazaom K3

K

Xapaxrepuctuxku M&L npu tpexdasnom K3 4
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€TOAUKA pacyeTa THOKNX TOKOMPOBOJAOB € Y4€TOM KOHCTPYKTHUBHBIX
— 2M 6
—
3J1eMEHTOB JJIEKTPOYCTAHOBOK
/»-"/ Jomnyctumoe conmxenne (a3 OleHUBAIOT MO CIEIYIOMIEMY YCIOBHIO
— [¢3)
7
A=k a—2(y+rp)<aminﬂon’
"
05— | r7€ ) - MAKCUMaJIbHOE OTKJIOHEHUE TIPOBOJIA, M;
" @ - PacCTOsTHUE MEXAY TOKOIIPOBOJAMH COCEAHUX (a3, M;
7o~ pamnyc pacuieryieHus $asbl, M;
050 | et
| @min non - HAUMEHBIIIEE TOMYCTUMOE PACCTOSIHUE MEXTY (pa3zamMu, M.
! MaxkcuManbHOE OTKIOHCHHE TpoBoja mpu aByxdaszHom K3 ompemensior
423 TI0 BBIPKEHUIO
1 alfﬂ

TR y=125\f] -H*
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rIe f, - CTpesa mpoBeca MpoBoja, M;
H - BBICOTa pacroyioKeHHs] MPOBOAA OTHOCHTEIBHO TOYKH TIOABECA B
MOMCHT €TI0 MAaKCUMAaJILHOI'O OTKIIOHCHUS, M, KOTOpasl paBHa

H = f, cosa—0,061*

IJIe a - yroJl OTKJIOHEHHsI TpoBoia ¢a3bl K MOMEHTY oTktoueHus K3, pan;
V - CKOpPOCTb JABM)KEHHUS IIEHTpa MacC MPOBOJAa K MOMEHTY OTKIIIOUEHUS

K3, m/c.
Yrona a onpenenstor no Gopmye
0,75v¢,
o=—"%

fO

7€ 1 - pacueTHas npoaonkuTenbHocTh K3, c.
CKOpOCTh V opeAesioT o Gopmyiie

5

212
V — o (tK + Ta)
aq

b

rae Iy, - HayanbHOE AEUCTBYIOIIEE 3HAUEHHUE MEPUOIUIECKON COCTABIIAIOIIEH
toka K3, kA;

T, - mOCTOsSIHHAs BPEMEHM 3aTyXaHHs alepUOAUYECKOM COCTaBIIAIOLICH
toka K3, c;

q - MpuBeeHHas Harpy3ka Ha a3y, H/M, xoropas paBHa g - pK, tae p -
MOTOHHBIN Bec ¢a3bl, H/M;

K - koo punmeHT Harpy3Ku, YIUTHIBAIOIININ BIMSHNE HATSYKHBIX THPIISTHIT
U30JIATOPOB U cryckoB. Hanpumep, nis nposera Bo3aymHoi auauu K = 1,

JJIA HpOJIeTa Hapy)KHOfI 3J'ICKTp0yCTaHOBKI/I C ABYMsI HaTs)KHbIMHA
FI/IpJ'I}IHL[aMI/I
[ ([ +4] l
K2: 1( 5 r)+12Qr2r(Ql+ger
! Q2 3
rae

l,=1-21;0=pl; 0 =pl
Ecmu H<0, To npunumats H=0

[MPUJIOXEHUE 2
(pexomenayemoe)

Tadauma 10 - PacuyerHble BbIpaKeHUsI sl ONpede/IeHUs
I (z
ko3 uunenrta A )
Hopma Pacuernas dopmyina s Hopma Pacuetnas dopmyna s
pacueTHON  |onpenesnenus kodpduumenta| PACUCTHOH | onpenenenns koddduireHTa
CXEMBI B 1/ (7 CXEMBI B V(7
Tabnuie 2 /1( ) Tabnure 2 A( )
1z 72 a) [lns kpaifHero mposera
1 Bl
21 2
Z VA
0,394 —-0,5—-
8 2 1
0) 1y BTOpOTro mpoJjera
; 1z 7z 1
200 7 6 5 Z z’
2|1l I° 6 05297 ~0.5%-~0106
3 12
a) 2 27 B) IIJIs CPETHETO MpoJIeTa
4
_ 2
HP_1z-1 z 72 1
8 2 1 211 I 6
I[TPUJIOXXEHMUE 3
(pexoMeHnyeMoe)

MeTtoauka nNpoBepKH TOKONPOBOI0B HA 3JIEKTPOANHAMHYECKYIO
CTOMKOCTB NPH NOBTOPHOM BK./II0OYeHuH Ha K3

HauOonbiiee HanpspkeHUe B MaTepuase MIMH M MaKCUMAalIbHYIO Harpysky
Ha U30JSITOpPBl MpH TOBTOpPHOM BkiItoueHuu Ha K3 omnpenensior no

bopmynam:

\/5'107712 l,z 77
A(ZDyaw

\/5'107712 )

Fmax :Emaxe):ﬂ—l 77®

I
a Y.

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

2

rie 61(Z) u Fimax - Hanbosplee HanpsHKeHUE U Harpy3ka npu nepsom K3;
O - k03 punMeHT NPEeBHIICHUS HANPSHKEHUST U HATPY3KH MPH TIOBTOPHOM

K3.
Koadduuuent npesbimieHnss ® onpeaensioT Mo KpUBbIM pUCYHKa 27a B




3aBHCUMOCTH OT JIeKpeMeHTa 3aryxaHust O. Homep pacueTHO# KpHuBOW Ha
pucyHke 27a oOmpenensioT B 3aBUCHMOCTH OT MPOJOKUTEIBHOCTH
0ECTOKOBOI Tay3bl fg; W YACTOThI COOCTBEHHBIX KOJNEOAHWI IIMHBI fi,
UCTIONB3Ysl PUCYHOK 270. Eciin Touka ¢ KOOpIWHATAMM f5,, U f] ISKHUT B 30HE,
OTPAaHUYEHHOW OCSAMHU KOOpIWHAT W KpuBodH [, To KodpdunueHr ©
OINIpEAEIAIOT MO KpUBOW [ pucyHOK 27a. Eciam 3Ta TOUKa JIEKHUT B 30HE,
OTpaHUYECHHON KpuBbIMU [ U [, To ® omnpenenstor Mo KpUBOW 2 U T..I.
CnenyeT OTMETHTb, YTO pacyeTHble Kod(puuueHTsl ® MOoNy4YeHbl NpU
HanOoJiee HEONArONpHUATHBIX YCIOBUAX KOMMYTAIlUH, KOTOPBIE MPUBOAST
mpu nepBoMm K3, B 6€CTOKOBYIO may3y W MOBTOPHOM BKJtoueHnu Ha K3 k
HAuOOJIBIIUM HAIMPSHKCHUSM B MaTepUalie IUH U Harpy3KaM Ha U30JSITOPBI U
TakuM 00pa3oM 00ecreyrBalOT OLEHKY 3JEKTPOAMHAMHYECKON CTOMKOCTH
OILIMHOBKH.

K onpenenennio ko3 ¢uunenta npesbiiieHusi ® B 3aBUCUMOCTH OT J,

tﬁ.mfl

9 Tine€

. o
NN
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r
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P\ w NN
i ’ \‘\ ______:"‘""'m.. 02 L \‘
w |
g g4 g8 42 46 320 & 7 2 4 [ 8 Wi/
a g
Pucynox 27

I[MPUJIOXEHUE 4
(pexomenayemoe)

IIpuMepsbl pacyera 3J1eKTPOAMHAMMYECKON CTOMKOCTH IIMHHBIX
KOHCTPYKIUI

IIpumep 1. IIpoBepuTh 3IEKTPOANHAMHUYECKYIO CTOMKOCTH TpexdasHOi
IMUHHOW  KOHCTPYKLHH, H30JSTOPHI  KOTOPOWM  0OJagaroT  BBICOKOM

’KECTKOCTBIO, Mpu AeicTBruu Toka K3 ZSI) =155rA.

[[Ivabl BBIMOTHEHBI U3 afoMuUHUEBOTO crutaBa Mapku AJI31TI1, umeror
npsiMoyTosbHOE cedeHue (60 x 6) MM, YeThIpe MPOJIETa, PACIOTIOKEHBI B
OJIHOM TIJIOCKOCTH U UX TTapaMeTpBhI:

[=1,2m;a=0,6 Mm; m = 0,972 xr/™m;

E=710"1a; 6,40, = 137,2 MIIa.

Cornachao Taonuue 4

3 3
_OhT 066 6 gemt =10.8-1087 M
2 1 ;
2 2
W :%:% —3.6em® =3.6-10° w°

YacroTra cOOCTBEHHBIX KOJIECOaHUMN

5 |EJ 473 ]7-10"-108-10°°
221 \'m  2-314-12° 0,972

e

= 218,20

riae r; = 4,73 cooTBETCTBYET pacyeTHOM cxeme S5, TaOIuIls 2.

B cootBercTBUM ¢ pUCYHKOM 5 KO3(p(PHUIMEHT TMHAMUYECKOH Harpys3Ku
paBeH n = 1,1. MakcumanbHOE HamnpsHKEHHE B IIMHAX, ONpEnesieMoe M0
dopmyie (15), paBHO

ES1 33107 -1,2%-155-10° -1,]
12-0,6-3,6-10°

o-max
AW

=254-10°ITa = 254 MIIa

3)
rae e ompeneneHo 1o ¢popmyie (2), Ko UIUEHT A - U3 TaOTHUITHI 2.

ITOCKOJIBKY  Gmax 254 Mlla > o= 137,2 Mlla, To mMHBI HE
YIOBJIETBOPSIOT YCIOBHUIO JIEKTPOJUHAMUYECKON CTOMKOCTH. JJIsl CHUKEHHS
MaKCHMaJbHOTO HANpPSDKEHUS B MaTepHalie IIMH HEOOXOAUMO YMEHBIIHUTH



AJIMHY OpOoJIcTa. HauOomnpmras J0IMyCTUMaA AJinHa IpoJicTa

=g |G g [137:2
o 254

max

=0,88 m.
[Tpumem nnuny nponera / = 0,8 m.
B stom ciyuae /=491 T'm; n=1,04 u

. _3-107.0,8%-155%-10° - 1,04
e 12-0,6-3,6-107°

=134 Mlla< o,

MaxkcuMasnbHyI0 Harpy3Ky Ha U30JIATOp olpeaesseM 1no gopmyse (2):

V3107 _A3e107
a

F©® = -0,8-155%-10°-1-1=5541 H.

max

l(i}(;))z KQ)Kpacn -
Bri6upaem uzonstops! tTuna MOP-10-16,00 YXJI3. OHu ynoBIETBOPSIOT
YCIIOBHIO 3JIEKTPOJMHAMUYECKOH cTOMKOCTH (29), Tak Kak

F, =06-F_ =06-16000=9600H > F{ =5541H.

pasp max

TakuMm 00pa3om, MIMHHAS KOHCTPYKLUS [IPU YMEHBIICHUH JTMHBI IPOJIeTa
1o 0,8 M oTBevaeT TpeOOBaAHUAM HIIEKTPOAMHAMUYECKON CTOMKOCTH.

IIpumep 2. [IpoBepuTh IMEKTPOIMHAMHUUYECKYIO CTOMKOCTH Tpexda3Hou
IIMHHOM KOHCTPYKIMM B LIENM T€HEpaTopa, MIMHBI KOTOPOIl COCTOAT U3 ABYX

3
3JIEMEHTOB KOPHITHOrO mpoduis mpu ‘v = 120 KA.

2
AmomunueBsle  muHbl  (Mapku  AJlIO)  ceueHuem 2-3435mm
pacIoJIOKEHBl B TOPU3OHTAIBHOM IUIOCKOCTH M HUMEIOT CIIEIYIOIINE
10
napaMCTphI: [=2 M, a= 0975 M; My = 9527 KF/M; E=17 -10 I1a; Gron — 41

— _ -8 4
MIa; am = 02 M by = 1 w Jww =7n=2341070 w0

J,,=J=4220-10" M4; W=422:10"m. W, =40-10° |

YacTtoTel COOCTBEHHBIX KOJNEOAHWW IIMHBI M DJIEMEHTa IIWHBI,
ompenaensieMbie 1Mo Gpopmynam (22) u (24), paBHbI

2 2 10 -8
P [E] _ 473 (7104220107 o
22 \'m  2-314-2 9,27 .

1P |EJ, 4,73 7-10"-254.10°°
fan = : 2 = ) = 49,3 FI_[
2712\ m,, 2-314-1 9,27 '

Jl71s1 MONTyYeHHBIX 3HAYEHUH f] U f155, 1| ¥ Moy pPaBHEI 1,0 (puCyHOK 5).
MakcumanbHble HANpsHKCHUS B MaTepualie IIWH, KOTOPBIE OOYCIIOBIICHBI
B3aMMOJICHICTBHEM TOKOB pa3HBIX (a3 M TOKOB SJIIEMEHTOB OAHOH (ha3bl B
cooTBeTcTBUU ¢ Gpopmynamu (15) u (22) paBHbBI

F(3) . -7 A 2
- - maxln _ V3107 -2 1207 10° -1 =2,62-10° Ila = 2,62 MITa
v T 12.0,75-422-10

742 . 2

2107121 1207
12-0,2-40-10° 4

Aa

21

CyMMapHOe HanpsKeHHe B MaTepHalie IIHHbI

=2,62+7,5=10,12 MIla

mq 3J1 max

o ax O-(bmax to

[IIvHBI yAOBIETBOPSIOT YCIOBUIO 3JIEKTPOAMHAMUYECKON CTOMKOCTH, TaK
KaK

Omx =10,12 MIla <o, =41Mlla

MakcumanbHas Harpyska Ha M30JIATOp, omperensemas mo dopmyie (2),
paBHa

-7
FO :*/gLsz-lzo2 10° = 6643 H

2

max

Bribupaem uzonstop tuna MO-10-20,00 V3.
Paspymaromas Harpyska Jjsl 3TOr0 HU30J5TOPa COCTABIAET [pasp = 20000
H, BbicoTa H,3 = 34 MM. H30519TOp IMEET BHYTPEHHEE KPETIEHUE apMaTypbl
(pucynok 3a), mostomy h, = a,/2 = 0,1 m. Cormacuo (8) momyctumas
Harpyska rnpu u3ru0e u30Js1Topa paBHa
H 0,134

F..=06-F =— =0,6-20000
0,134 +0,1

Jon pasp = 6872 H
h +H,

1=75-10° Tla=17,5



PacueTtHas makcuMalibHasE Harpy3ka Ha M30JIITOpPBl HE IPEBBIIIAECT
JOITYy CTUMYIO

FY =6643H<F, =6872H

max

no3romy wuzosarop Tuna HMO-10-20,00 Y3 ynoBieTBOpsieT yCIOBUSM
3JIEKTPOAMHAMHUYECKON CTOMKOCTH.

IIpumep 3. IlpoBeputh 3JIEKTPOAMHAMUYECKYIO CTOMKOCTh IIMHHOMN
KOHCTPYKILIMU Hapy>KHOM 3JI€KTPOyCTaHOBKH HampspkeHueM 110 kB npwu iy, =
50 xA. TpyOuaTble IIMHBI KBagpPaTHOTO CEUEHUS BBIIOJHEHBI U3
amomMuHueBoro crmaBa AJ[31T u pacnojoxeHbl B OJHOH IUIOCKOCTH.
Bricora mmuer H = 125 MM, Tonmumba ¢ = 8 MM, ITorodHas Macca m = 8,96
kr/m. Jlnuaa mponera [ = 5,0 m; paccrosaue mexay dazamu a = 1,0 m.
JlonmycTUMOE HanpspKEHUWE B MaTepualle IIUHBI Gnon = 89 Mlla, momyinb

ynpyrocti E =7-10" Tla. Msonstops tuna MOC-110-600 uMeIoT BHICOTY
Hy; = 1100 MM, paccTosHHME OT TOJOBKHM M30JTOpA 0 LIEHTpa TAKECTH
mUHbL /; = 80 MM, BBICOTY apMaTypbl HIKHETo (raHna uzonsropa Hypy =
100 mm.

Kectkocte wum3onaropa  Cys
Kosie0aHu fu; = 28 '

MoOMEHT MHEpIUH U MOMEHT CONPOTHUBIEHUS LIMHBI B COOTBETCTBUU C
dbopMyamMu TaOIUIBI 4 COCTABIISIOT

1100 xH/M, dyacTtoTa COOCTBEHHBIX

H'-n" 12,5"-109*
12 12

J = =858,2 cm* =858,2-107° m*

b

H*-h* 12,5*-109*
6H 6-12,5

W = =137,3 cm® =137,3-10°° m°

rneh=H-2t=12,5-1,6=10,9 cm.
JlonycTumast Harpy3ka Ha U30JsTop

Fo.= 0,6-600ﬂ
1000 + 80
rae H = Hys - Hypy = 1100 - 100 = 1000 mMMm.
3HaueHus KECTKOCTU U YaCTOThl KOJEOAHUI OMOpPHI AOMYCTUMO MPUHATH
PaBHBIMH JKECTKOCTH M Y9acTOTE KOJICOAHWH M30JIATOpPA, TaK KaK H30JISTOPHI
IIIMHHOW KOHCTPYKIIMU YCTAHOBJICHBI HA BECbMa )KECTKOM OCHOBAHHH.

=333 naH =3330 H

b

[IpuBenennas Mmacca B COOTBETCTBHH ¢ popMysion (28) paBHa

3
A= C,, _1100-10 35,6 k.

@z f.) (2728

HeoOxonumble ans  ompeneneHHs IapaMeTpa OCHOBHOM — 4acTOTHI
BEJIMYUHBI COOTBETCTBEHHO PABHBI

3 3
c By =— 001057 g
7-10"°-858,2-10
M Iml =22~ 0795
8,96 -5

ITo xpuBBIM pHUCyHKa 6 mapamMeTpsl 4acTOTHI | = 3,3, MOATOMY

=181In

1= 33° [7-10"-858,2-10°°
'o2g.5? 8,96

ITo xpuBoii pucynka 5 n = 0,90.
MakcumanbHOE HanpsDKeHWE B MaTepuale LIMHbBI W Harpys3ka Ha
M30JISITOPHI B COOTBETCTBUH C (15) 1 (2) cocTaBmstoT

- _W3-107 .52
™ 124141373

V31075

-50%-10°-0,9 = 5,9 MIla

F

max

-50%-10°-0,9 =1946 H

, T.€.

O =99 Mlla <o, =89 MIla ,

F,, =1946 H< F, =3300 H.

[IInHHasT KOHCTPYKUHUS yAOBJIETBOPSET YCIOBHUIM 3JIEKTPOIMHAMUAYECKOMN
CTOMKOCTH.
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