I'nasa 2. MIPOEKTUPOBAHUE MEXAHUYECKOM YACTH
BO3YHWHBIX JIMHUU JIEKTPOIIEPEJAYHN
2.1. ATMoc(epHble BO3A€iiCTBUSI M BJIMSIHUE KIMMATHYECKHUX YCJIOBHM
Ha BO3AYyLIHbIE JUHUM JJIEKTponepesayun

2.1.1. O01mue cBeaeHus

Bo3ayuissle IMHUM 3l€KTponepeaaul COOPYkKAIOTCS HA OTKPBITOU Me-
CTHOCTHU U, €CTETCTBEHHO, MIOJIBEPratoTCs pa3InyHbIM aTMOC(EpPHBIM BO3/IEH-
CTBUSIM, KOTOPBIE B 3aBUCHUMOCTHU OT reorpaduyeckoro pacrnoioKeHus MecT-
HOCTHU IPOSIBIISAIOTCS B Pa3HBIX CTENEHSAX. Y CIOBHUS paOOThl BO3AYIIHBIX JIH-
HUU DJIEKTpOIIepeadyd BO MHOI'OM 3aBUCAT OT KIIMMAaTUYECKUX YCIOBUH, 1103-
TOMY MMEHHO KJIMMAaTUYECKUE YCJIOBHUSA IIOJOKEHBI B OCHOBY MX IPOEKTH-
pPOBaHU.

2.1.2. Bausinue TeMnepaTypbl BO3ayxa

Temneparypa BoO3Jlyxa BIMSIET Ha CTENEHb HATSKEHUS JHOO
MPOBUCAHMS MPOBOAA BO3AYIIHOW JIMHUM. JIJisi mpoliecca MpOeKTUPOBAHUS
BAXHOE 3HAYCHUE HMEIOT MakKCcMMalibHas (aOCoJIIoTHAsE HauBBICIIAs),
MUHHMMaJbHas (a0COJIFOTHAS HAaWHU3IIAs), CPEAHEroJIoBasi TeMIepaTyphl, a
TaK)Ke TeMIlepaTypa, Mpu KOTOPOW 0Opa3yroTCsl rOJIONEIHbIE OTJIOKEHHUS Ha
MPOBOaX BO3AYIIHBIX JIMHUHN. Bee BhllienepeuncieHHble BUIBI TEMIIEPATYP
HAOJIIOAAIOTCS OTAENBHO IS KaXA0ro KIMMAaTUYECKOro pailoHa CTpaHbl Ha
METEOPOJIOrHYeCKUX CcTaHlusIX. Jlanee mo coOpaHHBIM CTaTUCTUYECKUM CBE-
JICHUSIM CO3JIal0TCA KapThl pacipenesieHus temmeparyp [13].

2.1.3. Buabl roJjioJieIHO-U3MOPO3€BbIX 00pa30BaHUIl W UX BJIMSHHE HA
BO3yILIHbIE JJMHUM dJIEKTponepeaadu

K uncny rononenHo-u3sMOpo3eBBIX OOpa3OBaHUN OTHOCATCS HHEM,
KPUCTAJUTMYECKAs MM 3ePHUCTAasi U3MOPO3b, TOJIONIE] U CMelIaHbie 00pa3o-
BaHus [3, 11].

Hueit u kpucmannuueckasa uzmopo3b o0pazyroTcs B Ipolecce nepe-
X0Jla BOJSHOTO TMapa B JeAsHbIe KpHUCTauIbl. [[si MpOBOJOB BO3IYIIHBIX
JIMHUYN HE TPEJICTABIISAIOT CYIIECTBEHHOW HArpy3Ky U HE BIUSAIOT HA MEXaHU-
YECKYI0 IPOYHOCTb.

3eprucmasn uzmopo3wv (puc. 2.1) npencrapisieT co00 MaTOBO-O€IIbIN
CHETOBMJIHBIN OCaJIOK M3 MPUMEP3IIUX APYT K APYTY JEASHbIX 3epeH. Takoi
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BUJI UI3MOPO3HM 00pa3yeTcs ¢ HAaBETPEHHOM CTOPOHBI MTPOBO/JIA, IIOITOMY IPO-
BOJI IOJIYYa€T AKCIIEHTPUYHYIO BEPTUKAIbHYIO HATPY3KY.

r A
Puc. 2.1. 3epnucmas uzmopo3sn. a — uenoobpasuas; 0, 6, 2 — 6eepoobpasHasi,
0 — naacmuHyamasl

3epHucCTass U3MOPO3b CIIOCOOCTBYET 3aKPYyUYHMBAHUIO MPOBOAA, POYHO
CUEIUISCTCS] ¢ HUM M CBOMMHM pa3MepaMu YBEJIMUYMBAET NapyCHOCTh MPOBOJA,
YTO NPU MONEPEYHOM BETpPE MPUBOAMUT K JOMOIHUTEIBLHBIM HAarpy3kaM Ha
OTOpPHI U MPOBOJIA BO3AYIIHBIX JIUHUM. BpeMsi HapacTaHusi ©U3MOPO3U B Cpejl-
HEM MEHBIIIE CyTOK, a MPOJOIKUTEILHOCTh HAXO0XKIACHUS U3MOPO3U Ha IMPO-
BOJIaX MOXeT jocturath 10 cyt u Oosnee.

TI'ononed — 10 TWIOTHO HaMEP3LIUH Jie]l CTEKIOBUIHOTO OJTHOPOIHOTO
ctpoenus (puc. 2.2). O6pazoBaHue rojoiie/ia IPOUCXOJAUT B MOPO3HYIO MOTO-
Iy TIpU Temreparype Bo3ayxa B mpuzeMHoM cioe ot — 0,5 mo — 5°C, pexe
nipu — 10°C. [IpuuriHON BOZHUKHOBEHMS TOJIOJEA SIBJIACTCS HAMEP3aHUE TIe-
PEOXJIaXKICHHBIX Kaleilb BOJIbI, BHIMAIAIOIIUX [IPU MOPOCAX U JAOKIAX U IIPU
KpyITHOKaneJabHOM TyMaHe. JleasiHasg Kopka IJIOTHO CUEIUIAETCS C TPOBOJAOM
BO3JIyIITHOW JMHUHU. B cilydae HECUMMETPUYHOTO 0Opa30BaHUS TOJOJE] BbI-
3bIBACT 3aKpPyUYMBAHUE MPOBOJIA, & IPU OOJIBIION TOJIIMHE CTEHKHU ToJiojeaa
€ro BeC MO>KET BO MHOI'O pa3 MIPEBBICUTh BEC CaMOro MPOBOA.
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Puc. 2.2. I'ononeo: a — osanoobpasuulii, 6 — ymasp, 6 — 6ONHUCMIbLLL,
2 — epebHeobpa3blil

Ha puc. 2.3 nokasan rosoznesn, oOpa3oBaBIIUiiCS HA CTajlcaTtOMUHUE-
BoM 11poBoae Mapku AC-120 Bo3aynrgoit tuaun HanpsokeaneM 110 kB.

Puc. 2.3. Cmeknosuonuwiii pymasapoobdbpasnulii 201071€0
Ha npogode AC-120

OOpazoBaHue TAaKoro rojojiefja C IMOCIEAYIOIUM YBEIUYEHUEM CKOPOCTHU
BETpa MOCITYKUJIO MPUYMHON pa3pylieHus onopsl (puc. 2.4).
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Puc. 2.4. Ilonomxa onopwl noo deticmsuem 20101e0a u eempa

N3mom cTBOJIa 3TOM OMOPHI IMTPOU30LIEI B BEPXHEN YaCTH I10J TPaBEP-
COM MEPBOTO sIpyca IPOBOJIOB.

Moxpetii cnez (puc. 2.5) BbINIaJaeT MPHU IUTFOCOBON TEMIIEpaType U, ec-
U morojia Oe3BeTpeHHasi, OCeJaeT Ha IMPOBOJAX, MOKPHIBAsS UX OOJBIIUM
CJIOEM.

gl

Puc. 2.5. Omnoowcenus mokpoeo cheea Ha npo8ooax

25



Ecnu temnepaTtypa Bo3nyxa MOHU3UTCA U MEPEUIET K OTPULIATEIBHBIM
3HAYEHUSIM, TO HUIMIIIMKA Ha ITPOBOJIEC BIAXHBIM CHET HAYHET 3aMeEP3aTh, €ro
CTPYKTypa CTaHET KPHUCTAIIMYECKON M 00pa3yeTcsi MPOYHOE CIICTUICHHUE C
MPOBOJIOM. TaKoM CHET MPU BETPE YKE HE ONALET.

Cnoosrcnoe omnoscenue (cmecp) — 3TO TOJOJEH C NOCIETYHOIIUM
HapacTaHUEM U3MOPO3U WM HA00OPOT — U3MOPO3HU C HapaCTaHUEM IoJI0JIea
(puc. 2.6).

Puc. 2.6. Cnooicnuvie omnodscenus. a — 3epHUCMAS USMOPO3b HA 20J1071e0e;
O — 2011071€0 Ha 3ePHUCMOLL UBMOPO3U, 8 — 3AMEP3ULUE OMIIOHCEHUSL MOKPO2O
cHeza

CnoxHbIE OTJIOKEHUS MOTYT UMETh OOJBIIYIO TOJIIUHY U OOJBIION
Bec. Hapactanue Takoro Bujia OTJIOKEHHUI MPOUCXOIUT B TE€UEHUE HECKOJb-
KHX CYTOK, a HaXOXJCHUE UX Ha MPOBOJAX B HEKOTOPHIX palloHaX OTMedYa-
nock 110 40 cyT.

B neiictByromux [IpaBunax YcTpoiicTBa DJIEKTPOYyCTaHOBOK BCE BUIbI
o0Jie/IeHeH I TTPOBOJIOB 00OBEAMHEHBI TT0/] OOIMM Ha3BaHUEM roJioneaa. [lpu
ATOM TMOJIpa3yMeBaIOT JIF0OOUW BUJ OOJIEACHEHHUS, MPUBEACHHBIN K YUCTOMY
roJIoJIey KPYIJIoW MWIMHAPUIECKON (hOPMBI.

B pesynbraTte cucremarnueckoi 0OpabOTKH M aHAIW3a MHOTOYHUCIICH-
HBIX MaTepuajoB METCOCTAaHIIMA M JAaHHBIX HAOJIOJCHUN Ha pabOTarOIIMX
BO3/YIIHBIX JIUHUAX AJIEKTPOIEPEaaul COCTABIICHBI KAPThl paCYETHBIX TOJIO-
JIEHBIX PalilOHOB, KOTOPBIC SBJISIOTCS IIEHHBIM ITOCOOMEM IPU MPOSKTHPO-
BaHWH JJICKTPUICCKHUX CETEH M JIMHUI, 0OCOOEHHO OOJIbIION JUTHHBEI [13].

2.1.4. DaekTponJiaBJjieHne rojiojeaa Ha MPOBOAAaX BO3AYIIHbIX JJUHU M

Metoabl 00pbOBI € TrOJIONEAOM 3aKIIOYAIOTCS B YBEJIMYEHUU TOKa,
MPOTEKAIOIIETO 0 MPOBOAAM BO3IYIIHBIX JIMHUW U HArpeBe WX JI0 TEX TOp,
MOKa B TOJIOJICTHOM IIMUIMHApE He oOpa3yeTcs KaHaBKa M OH HE yHajaeT Ha
3emitto [6, 14].

Cy1ecTByeT HECKOIBKO cII0cO00B OOPHOBI € IOJI0IEA0M:
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Cnoco6 1. Meron miaBku rosioyiejla TOKaMU KOPOTKOT'O 3aMbIKaHMUS,
IpU KOTOPOM Bce TpH (pa3bl B KOHIIE JIMHUU WM y4acTKa 3aKOpauuBaloTCs, U
JUHMST TOJKIIOYAeTCs C MOMOIIbIO IMEpPeMblYeK K IIMHAM IOJCTAHLUU C
HaIPSHDKEHUEM HUXKE, YEM OCHOBHOE.

Cnoco6 2. Meron mIaBKM TroJioJiela C IOMOIIBIO BCTPEYHOIO
BKJItOUeHUS (a3 JUHUHM, NPU KOTOPOM JIMHUS CO CTOPOHBI KOHIIEBBIX
MOJCTAaHLIMA MOJKIIOYAaeTCd K Pa3HOMMEHHBIM (pa3aM TakK, YTO CIBHUI I10
HaNpsHKEHUIO 10 KOHIAM Ka)KJI0To IpoBoja cocrasisier 120°.

Cnocoo 3. Merton HalOXKEHUsA, INPU MPUMEHEHUU KOTOPOTO Ha
pabouyuii TOK JIMHUM HAKJIaJbIBAETCS TOK OT IMOCTOPOHHEro ucTtouHuka. [lpu
JAHHOM  crocobe mpou3BoauTcs mnoda3Has IUlaBKa rojonena  0e3
OTKJItOUeHus: norpedurenei. Ha npueMHOM KOHILE 3a3emiisieTcss ogHa ¢asza
JVHHUM, Ha MUTAIOUIEM KOHIE K 3TOM (ha3e MpUCOEAUHSAIOT OJIMH U3 BBIBOJOB
6 — 10 kB oOMoTKHM TpaHCpopMaTOpa noAcTaHUuU. pyroil KoHel 0OMOTKH
3azemiisieTcsl. Takum oOpa3oM, co3AaeTcs KOPOTKO3aMKHYTBIM KOHTYp depes
oaHy ¢a3y auHMM U 3eMiro. HepoctaTkom meTona sIBISIETCSl yBEJIUYEHHUE B

V3 pa3 HalpsHKEHUs ABYX Ipyrux ¢as.

Cnoco6 4. Meron nepepacrpeiesieHUs: TOTOKOB MOIIIHOCTU B CETH,
KOTOPBIM 3aKJII0YAeTCs B TAKOM OTKJIIOUEHUM YacTU MapalIeNbHBIX JIMHUMH,
paszeNeHnu KoJell, NepeBo/ie JOMOIHUTENbHBIX NOTPEOUTENEeH Ha JIMHUIO C
roJI0JIe/IOM, YTOOBI IO BHIOPAHHOW JIMHUU CYILIECTBEHHO YBEIHUYMIICS TOK.

2.1.5. Bausinue BeTpa HA NPOBOJAA BO3AYLIHBIX JMHUH dJIeKTponepeIadyn

Bo3nyniHele TUHUAN 37€KTpOIEpeaut SIBISIOTCS Ha3€MHBIMU COOpY-
KEHUSMH, IIO3TOMY JUIi HHUX IJIABHYIO IIOMEXY MPEIACTaBISET TOPU30H-
TaJgbHas ciararonias BeTpa. MIMEHHO HalpaBiIeHUE U CKOPOCTh TOPU30HTAIIb-
HOM CJIararoliey perucTpupyroTCcs U B JAIBHEHIIEM NPUHUMAIOTCS B Ka4eCT-
BE€ MCXOAHBIX JAHHBIX NPH ONPEACICHUH PACUYETHBIX T'OPU30HTAIBHBIX
Harpy3ok. HemocpencTBeHHBIM BIHMSHHEM BEeTpa Ha pabOTy BO3AYLIHOU
JIMHUHU SIBJISIETCSA €0 JaBJIEHHE HA MPOBOJA, TPOCHI U OMOPBI. DTO JTABIICHUE
MOKET BbI3BaTh IOJIOMKY M MaJIEHUE ONOpP C BBIPHIBAHUEM HEAOCTATOYHO
MPOYHO YKPEIUIEHHBIX B TpyHTE (pyHIaMeHTOB (puc. 2.7). BerpoBas Harpys-
Ka XapaKTEepU3yeTCsl CKOPOCTHBIM HamopoM Betpa (), . MHoronerHue Ha-

OJIFOJIEHHS 32 PEXKUMOM BETpa Ha Bceil Tepputropuu Poccuu u coro3a He3aBu-
CHUMBIX T'OCYJapCTB MO3BOJIMJIM IMPOBECTH PA3ACIICHHE HAa CEMb BETPOBBIX
palloHOB, KOTOpBIE PA3IMYAIOTCS BEIMYMHAMU MAKCHUMAJIbHBIX CKOPOCTHBIX
HaIopoB ¥ COCTaBUTh KapThl BETPOBBIX paiioHOB [ 13].

27



Puc. 2.7. Ilaoenue onopwvl npu ypacannom eempe

2.2. Bo3HuKHOBeHHe BUOpallUM U IJISICKH IPOBO0OB

Bce BhImepaccMOTpeHHBIC HArpy3kKd OT ToOJIOJIe[a M BETpa IPHUHSATO
Ha3bIBaTh CTATHUYCCKUMH, HO TPU HEKOTOPHIX YCIOBHSX, BETEP MOXKET
BBI3BIBaTh KoJieOaTeIbHbIC JBM)KCHHUS IPOBOJOB W TPOCOB, CO3JAIOIIHEC
TuHaMu4eckue ycuiaus. K Takum mpolieccaM OTHOCAT BHOPAIMIO M TUISICKY
npoBojoB [3, 6, 11].

2.2.1. BuOpauus npoBoaoB

Bubpanueit npoBoja Ha3bIBAIOT NEPUOIUUECKUE KOJIeOaHUs TTPOBOIA B
BEPTUKAIBHON IUJIOCKOCTU C OOJIBIIOW YacTOTOM M Majoll aMIUTUTYIOM.
Takue konebaHus 0OBIYHO HAOIIOMAIOTCS MPU OTHOCUTEIIBHO CJ1a00M BETpe —
ot 0,5-0,8 10 3 —8 M/C ¥ OTCYTCTBMHU Ha MPOBOAAX T'OJOJICTHO-U3MOPO3EBBIX
otnoxeHuil. HampapneHnue BeTpa mpu BUOpallUM IO OTHOIICHHIO K OCH
JUHAU MOXXET OBITh paziIuuHbIM. [lo maHHBIM HaAONIOACHUMN, YCTOWYHBAS
BUOpaIusi ObIBaeT MPH HaMpaBleHUAX BeTpa moxa yriom 45 — 90° k ocu
auHud. ONBIT JKCIUTyaTalldd TIOKa3bIBaeT, YTO BUOpaIuyd Hawbojee Io/I-
BEPIKEHBI MPOBO/IA, PACIIOIO0KEHHBIE BHICOKO HaJl 3€MJIEH U B OTKPBITOM POB-
HOM MECTHOCTH, KOTJ]Ja paBHOMEPHOE JBUKEHHUE BO3YIIHOTO MOTOKA HE Ha-
pymaercs peabedoM Wi Ha3eMHBIMH TPETSITCTBUsIMHA. KpoMe Toro, BEposT-
HOCTh BO3HHKHOBCHHUS BHUOpAIMM YBEIUYHBACTCS C YBEIMYCHUEM JJIMHBI
nposiéra (s nposi€toB 6omee 120 m). OcoOeHHO omacHa BUOpaIus MPOBO-
JIOB MPHU TMepexoax Yepe3 peKu U BOJHbIC MPOCTPAHCTBA ¢ MpoiéTamu Oosee
500 M. OnacHOCTh BUOpalMy 3aKJII0YAETCsl B 0OphIBAX OTAEIBHBIX MPOBOJIOK
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Ha y4acCTKaX MX BBIXOJOB W3 3KMMOB, OJIHAKO Pa3pylIEHUE HACTYIAET JIUIb
B TOM CITy4ae, KOT/1a pe3yJIbTUPYIOIINE MEXaHUUECKUE HAIIPSKEHUSI B IPOBO-
ne (cTaTUYecKre M TMHAMUYECKHE) OKa3bIBAIOTCS OOJIbIlIe TIpeiesia yCTanoc-
T MeTauia. Bubpamuo MOXKHO CTIIauTh ABYMsI MyTsAMU: 03 CrielraIbHbIX
Mep 3aIIUTHI U C TPUMEHEHUEM CIICIIUATbHBIX CPEJICTB.

JIist  MCKITIOYEHUsT OMACHOCTH BHOpamuu 0e3 CHeNHabHBIX Mep
3alIUTBl  HEOOXOAMMO COOJIFOCTHM YCJIOBHUSA, MpPH KOTOPHIX BEJIMYHMHA
HaIpsDKEHUST B MPOBOJIE MPU BUOpAllUM HE MPEB3OUIET Mpejesia yCTaloCTH
Marepuala B MPOBO/JIE NMPHU JJTUTEILHON paboTe JIMHUU AJIEKTPOIEpeaaun Ipu
CPEIHEIKCILTYaTAllUOHHBIX YCIIOBUSIX.

JInst 3alMThl TPOBOJIOB OT MOBPEXKACHUM, BBI3BIBAEMBIX BHOpaIIUEH,
CYLIECTBYIOT Pa3IM4YHbIE CPEJICTBA, KOTOPbIE NPUMEHSIOT HApSALy C OTPaHH-
yeHrueM HanpsbkeHusi. OCHOBHBIE CITOCOOBI OOPHOBI ClieAyIoIIue:

Ycunenue nposooa B Mectrax noaBecky B NOANEPKUBAIOIINX 3aKUMaX
myTeM OOMOTKH apMHUPYIOIUMU NpyTkamMu. OOMOTaHHBIN TaKUMH MIPYTKaMU
MIPOBOJI MOJTYYaeT KOHYCOOOpa3Hyio (OpMy U €ro CONMPOTUBIECHUE H3THOY
YBEJIMYHUBAETCS TI0 MEpe MPUOIUKEHUS K 3AKUMY.

Yemanoexka na npoeooax cacumeneii subpayuu (puc. 2.8).

Puc. 2.8. Bubpoeacumenu

BubGporacurens o01aiaeT cBOHCTBOM MPOTHUBOICHCTBOBATh KOJIeOaHH-
SIM, BBI3BIBAEMBIM BHOpaIueil 1 yMEHbIIATh aMILTUTYLy KoyiebaHuii 10 6e30-
MACHBIX MPEJETIOB, MO3TOMY JaHHBIN CrOcO0 3aluUThl SABISETCS HauoOosee
s¢dexTuBHBIM. Bubporacurenu ycTaHaBiIMBalOT Ha MPOBOJAX C JBYX KOH-
0B npoJiéta. B nponérax GonbIIMX MepexoioB B Ciiydae MOJIBECKHU MPOBOAA
C IPUMEHEHUEM POJIMKOBBIX 32’)KUMOB YCTaHABIMBAIOT BUOPOTAaCUTENH OCO-
00l KOHCTPYKIMM (racuTeau cOpachIBAIOLIETOCS THIA), KOTOPbIE B Cllydae
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oOpbIBa MpoBOAa COPACHIBAIOTCA U JAIOT BO3MOXHOCTH IPOBOJY CBOOOIHO
MIPOCKOJIB3HYTh 10 POJIMKAM.

Ycemanoexa cacumeneit nemnesozo muna — neMuuUpyOMMUX NETENb,
KOTOpbIC TTOABEIIMBAIOTCS O] 33KMMOM B BHjI€ neTiu aiauHou 1,0 — 1,35 m
Y U3TOTaBIIMBAIOTCS U3 MPOBOJIA TOTO K€ CEUCHUS.

2.2.2. Ilasicka npoBOA0OB

[Inscka mpoBOIOB SIBJASETCS BTOPHIM OMACHBIM JIJIs1 BO3IYIITHBIX JIMHUHN
AIIEKTPOIEpPEAAUN SIBJIEHUEM, CBSI3AHHBIM C KOJIEOATEIbHBIM IPOLIECCOM.
[Insicka MpoOBOJOB BO3HUKAET MPH COYETAHWUU MOPBIBUCTOTO BETPA CO CKO-
pocthio 5 — 20 m/c ox yrioM 30 — 70° k ocu nuHuH. B oTtnnune ot BUO-
paluu IUIsicKa MPOBOJIOB XapaKTEPU3YETCs MalloM 4acTOTOW, HO OONbIION
aMILTUTY A0 KOJIeOaHMiA.

[Inscka NMpoBOJOB MPUBOJUT K CXJIECTHIBAHUIO MPOBOAOB, BBI3BIBAECT
3HAUYUTENbHbIE TMHAMUYECKHE YCUIIUS B JTMHEWHOW apMaType U B TpaBepcax
OTIOp, MHOTJa HAOJI0AaeTCs TOBPEKICHUE JTUHEHHON apMaTyphl, M30JIATO-
POB, TIEpeKOC WK cOPOC PACIOPOK, a TaKKe 3a0pOC MOJIBECHBIX THPIISIHI Ha
TpaBepchl. [locnencTBus misgCKky MPOBOJAOB MOTYT BBIBECTH BO3IYIIHYIO JIH-
HUIO U3 pabOTHI HA JJIUTEITHLHOE BPEMSI.

Mepsbl 60pBOBI C MIISICKOKW MOTYT OBITh HAIlpaBJ€HbI HA €€ OClla0JIeHHe
WU TIpeJOTBpallleHUEe — AaKTHUBHBIE MEphl, a TakKe Ha YyMEHBIICHUE
BEPOSITHOCTU CXECThIBAHUSI MPOBOJOB WJIM KacaHUs MPOBOJAMH YaCTEH OIop
— MACCUBHBIE MEPHI.

K akTHBHBIM MepaM OTHOCSITCSI YCTPOWCTBA, CIIOCOOCTBYIOLIUE YCIIO-
KOGHHUIO KoJiebaHuM (ycTaHOBKa JieMI(epoB) U IUIaBKa TOJI0Jie[a dIIEKTPHU-
YECKHM TOKOM.

K nmaccuBHBIM MepaM OTHOCUTCSI KOHCTPYKTHBHOE BBITIOJIHEHUE OIOP C
OOJBIIMM PA3HOCOM TMPOBOJOB MO BEPTUKAIH, C YBEIUYEHHBIM TOPU30H-
TaJbHBIM CMEIIEHUEM MTPOBOJOB PA3HBIX SIPYCOB.

2.3. Pacuernsble ycaoBus. Harpy3sku Ha mpoBoaa u TPOCHI

Bb160p pacyeTHbIX KIMMATUYECKUX YCIOBUW ISl BO3IYIIHBIX JIMHUM,
COOpYKaeMbIX Ha TEppUTOpUM Poccuum, MpOU3BOIUTCA C HCIIOJIb30BAaHUEM
KapT palOHUPOBAHUS TEPPUTOPUU I10 TOJI0JIENY U BeTpy [13].

IIpoBoaa 1 TPOCHI, MOABEIICHHBIE HA OIIOPAX BO3AYIIHBIX JIUHUN DJIECK-
TPOIEPENAUH, HAXOIATCS 0] [IOCTOSHHBIM JE€HCTBUEM PaBHOMEPHO pacIipe-
JICJIEHHOM MO JJIMHE CTaTHYECKOM Harpy3Ku OT coOcTBeHHOro Beca. Kpome
TOr0, HA HUX MOI'YT JE€UCTBOBATH JOIOJIHUTEIbHBIE HATPY3KU — BEPTUKAIIb-
Has OT T'OJIOJIENA U TOPU30HTAJIbHASL OT BETPA.
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BeprukanbHas Harpy3ka OT Beca rosojeaa OObIYHO BBI3BIBAET HaM-
Oonblllve ycwins B IPOBOJAAX, ACHCTBYeT HE IMOCTOSHHO, a MpU HeOiaro-
MPUATHBIX aTMOC(EPHBIX YCIoBUSAX. OHA MOXKET CYIECTBOBAThH JUIMUTEIHLHOE
BpeMs, IIO3TOMY €€ CUMTAl0T OCHOBHOW IIpM pacyere IPOBOJOB.
Pacnipenenenue rosonena mo mpoBOAY HE OBIBAET CTPOTO PABHOMEPHBIM.
VY4ecTb HEpaBHOMEPHOCTh HE MPEJICTABISECTCA BO3MOMXHBIM, TIO3TOMY TAKYIO
Harpy3Ky CUYMTAIOT PABHOMEPHO paclpeesIeHHOM MO JUIMHE MPOBOAA.

['opuzoHTanbHas Harpys3ka oT BeTpa, Tak ke, Kak U Harpyska OoT roJio-
Jie/1a, BbI3BIBAET OOJIBbIIME YCHIIMS B TIPOBOJIE, MIOATOMY YUYHUTHIBAETCS B pac-
yetax. HepaBHOMEPHOCTh CKOPOCTHOI'O HAaIopa IO JJIMHE MPOJETa YUUTHI-
BaeTcsa Kod(pPUIMEeHTOM HEPaBHOMEPHOCTH Ol.

PaBHOMEpHO pacnpenesnieHHas Harpy3Ka B KWJIOTpaMMaXx, OTHECEHHAs! K
I M pmuHBI TIPOBOAA, HA3BIBACTCA E€AWHUYHOW HArpy3KOM M BBIpaXkaeT-
caBkr/™m[3, 11, 13].

Eounuunas nazpyska om co6cmeeHHno20 éeca nposooa p,

Jlist BEIYMCIICHNS HATPY3KH p; TIOJIB3YIOTCS JAHHBIMU O Macce (Bece)

MpOBOJIa M3 ACHCTBYIONIMX CTaHAAPTOB WM TEXHUYECKUX YCIOBUH, TrIe
OOBIYHO YKa3bIBAE€TCS BEC MPOBOAA B KWJIOrpaMMax Ha OJUH KHUJIOMETpP
[6, cTp. 53—57, Tabn. 1.47—1.52 u ctp. 60—63, Tabn. 1.58—1.63]. Jdns nomny-
YeHUS eIMHUYHON HArpy3Ku OT COOCTBEHHOI'O Beca MPOBOJIa B KUIIOTpaMMax
Ha OJIUH METP CJIEyeT MacCy WU BeC, yKa3aHHBIA B CTaHJIAPTE, YMHOKHUTh
Ha 107, TOrga eQMHMYHAS HATPY3Ka OT COGCTBEHHOTO BECA IPOBOA MOXKET
OBITH BBIYHCIICHA TTO (hOpMYIIE:

p1= My-1073, xr/M (maH/m), (2.1)
rae M, — Macca (Bec) mpoBoJia, Kr.

Eounuunas nazpysxka om zononeoa p.,

Paccmotpum puc. 2.9.

! Tononéo

Puc. 2.9. Ilonepeunoe ceuenue pacuemuo2o npuedeHHo20 207101e0d

B cootBercTBUU ¢ (urypoil u 0003HaUEHUSIMH Ha PUCYHKE, IJIOLIa/lb
CEUEHHMS CJIOSl IPUBEACHHOTO rOJI0JEAA F o, ONPEAEIUTHCA 1Mo hopMyJIe:
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Tc(dn+26)2_7'cd% 2.2)

Fron= 4 4 =TEC(dH+C),
a Bec Ha Bcell AnuHe mposojaa L — ro gopmyie:
MFOJI:g()'TCC(dH-l_C)'LaKra (23)

Irae dy — AMaMeTp NpoBOJa, MM,
¢ — TOJIIIMHA CTEHKH TOJI0JIEAa, MM;
L — nyivHa npoBoja, M;
g, — OObEMHBIN BEC, KOTOPBIN MPU NPUHATHIX BBIILE €IUMHULAX U3MEPE-
_ 2 2

HUA dy, ¢, ¥ L, paBen g,=0,9-10 3, kr/Mm MM~ (maH/m Mv0).

C yuerom dhopmyin 2.2 u 2.3 emMHUYHAS Harpy3ka OT rojiojiesia MOXKeT

OBITh OTIpe/eeHa KakK:

Pr=8y" nc(dn + c)-10_3 , kr/m (maH/m). (2.4)
Pesynvmupyowan edunuunas 6ecosas Hazpy3ska npu 2010neoe p,
[Tonnass BepTHKadbHAs HArpy3Ka IIPU TOJIOJEAE OMNpeeseTcs Kak

apudMeTHIeCcKass CyMMa €IUHUYHBIX Harpy3ok OoT COOCTBEHHOIr'O Beca Ipo-

BOJIa U Beca rojoJiesa:

p3= P+ Py, KoM (maH/m). (2.5)
Eounuunvie nazpysku om 0agjenus 6empa p U ps
[Ipu npUHSTHIX BBIIE 0003HAYECHUSIX U TIPU YCIIOBHUH, YTO OMpPEICIISIEeT-

Csl TOJBKO HAarpy3ka OT TOPU30HTAJIbHOW ClIararolieil JaBjieHUs! BETpa, €IU-

HUYHBIE BETPOBBIC HATPY3KU MOTYT OBITh ONpeJeNieHbl o hopmynam: (2.6) —
IIPU OTCYTCTBUU TojoJieqa u (2.7) — npu rojioyie/ie Ha IPOBOJaX:

p4=OL'Cx-QH'dH-10_3, kr/m (maH/m), (2.6)
rae o — Ko3(DPUIMEHT, YYUTHIBAIOIINN HEPAaBHOMEPHOCTh CKOPOCTHOTO Ha-

1opa BeTpa no npoJi€Ty Bo3ayuHou quauu [ 13, ctp. 315, 316, nyukt 2.5.30];
C, — adpoauHaMHYeCKuil KO3 OULIUEHT;

Q,, — CKOPOCTHO#1 Harop BETpa, maH/™® [13, ctp. 312, Tabum. 2.5.1].

Cornacuo [13], aspomuHamuueckuii Kod(PPUIUMEHT NPUHUMAETCS IS
MPOBOJIOB, CBOOOIHBIX OT rojonena, npu d,=20 mm — C,=L1, a npu

dy <20 mm — C,=1,2. Jlng npoBoJOB J1I000T0 AUaMETpa, HO MOKPBITHIX I'0-
nonenoM, — C,=1,2.

YuuTeIBas, 4TO MpU OMPEACIICHUH BETPOBBIX HArPYy30K Ha MPOBOJIA C
rOJIOJNICZIOM, CIICAyeT NPUHUMATh 3HAYCHUE CKOpOoCTHOro Hamopa 0,250,

[13], moyuum
Ps=aCx-0,25 QH(dn + c)-lo_3 , kr/m (maH/m). (2.7)
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Pesynvmupyrouiue eOunuunvle Hazpy3Ku Ha nPoeoo de3 20.101e0a u ¢
20/1011€00M p U D~

CoBMecTHOE JIeCTBHE BEPTUKATBHBIX M TOPU30HTAIBHBIX Harpy30K Ha
POBO/IA OMPEIENIeTCA KaK pe3yIbTHPYIOIINE SIUHUYHbIC HArpy3Ku (IpH-
Meuanue 2.1) o dopmynam: (2.8) — 6e3 rononena u (2.9) — ¢ romoneaom
(puc. 2.10).

Pe= \/p‘lz + pﬁ , Kr/M (maH/m); (2.8)
pP7= \/pg + p% , kr/M (naH/m). (2.9)

Py(Ps)

\
Py(Py)

Py(Py)

Puc. 2.10. Cosmecmnoe Oeticmaue 8epmuKaibHblX U 20PU3OHMAIbHBIX
HAa2py30K HA NPo8oo

Ipumep 2.1

Tpacca coopyxaeMoi BO3QYIIHOM JMHUU 3nekTponepenaaun 220 kB
MPOXOJIUT IO MECTHOCTH, OTHOCSIICHCS K ocoOomy rosojeaHomy u IV
BETpOBOMY paitoHaM. Ha yHuduImpoBaHHBIX CBOOOHOCTOSIINX CTaIbHBIX
ormopax OyayT CMOHTHpOBaHbl mpoBoja Mapku AC-240/32 HopMalbHOM
KOHCTPYKIMHU. PaccunTarh €IMHUYHBIC U yACIbHbICE MEXaHUUYECKUE HATPY3KU
Ha MIPOBO/JIa OT BHEITHUX BO3JAEHUCTBUM.
Hcxoonvie oannbvle u NOACHEHUA

B cootBercTBUu ¢ [6, cTp. 54, Tabn. 1.48] mpoBox AC-240/32 HOp-
MaJIbHOW KOHCTPYKIIMM COCTOMT M3 CTaJbHOTO CEPJICUYHHMKA, CBUTOIO U3 7
CTaJbHBIX MPOBOJIOK AMAMETPOM 2,8 MM M MPOBOJHUKOBON YacTU B BHJIE
28 alFOMUHHEBBIX MPOBOJOK guaMeTpoM 3,29 mm. TexHuueckue HaHHBIC
npoBoaa AC-240/32 npuBenens B Tad. 2.1.

Ilpumeuanue 2.1: cinenyer 3aMETUTh, UTO NIPU MEXAHHMYECKOM pacyeTe MpoOBOJOB
ynoOHee TOJb30BATHCS HE €AWHUYHBIMU, A yJENbHBIMU (IIPUBEICHHBIMU) HArpy3KamH,
KOTOpBIE PABHBI CIMHMYHBIM, OTHECEHHBIM K | MM’ MOIEPEYHOro CedeHHs MPOBOJA.
V 1enbHbIE HATPY3KH 0003HAYAIOT GYKBOI Y H H3MEPSIOT B KI/M MM’
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Taomuna 2.1
Texnuueckue danuvle nposooa AC-240/32

[TapameTpsbl IIpoBOIHUK CeplieyHUK [IpoBox
Ceuenne, MM 238 43,1 281,1
[nametp, MM 21,6 8,4 30
Macca, Kr/km - - 997

Cornacno [13], MHTEHCUBHOCTh BHEUIHUX BO3JICMCTBUI HAa KOHCTPYK-
TUBHBIC DJIEMEHTHI BO3AYIIHBIX JUHUNW 220 kB npuHHUMAarOT, UCXOAsS U3
Y4acTOThI TTOBTOPSIEMOCTH HAWOOJBIIUX TOJOJIEAHOW U BETPOBOM HArpy3ok 1
pa3 B 10 ner. IIpu 3TOM MakcUManabHbIE HOPMATHUBHBIA CKOPOCTHOW HAIop
BETpa Ha BBICOTE IO 15 M HajJ MOBEPXHOCTBHIO 3€MJIM NMPUHUMAOT B IV
BeTpOBOM paiione 65 maH/m® [13, ctp. 312, Tabn. 2.5.1], a HOpMaTuBHAs
TOJIIIMHA CTEHKU TOJioyiea Juisl BRICOTHI 10 M Haa MOBEPXHOCTHIO 3€MJIM B
0COOOM TOJI0JIETHOM palloOHE MOXKET COCTABJIATH Oosiee 22 MM (JU1sl pelieHus
npumepa npumeM 22 mm) [ 13, ctp. 317, Tada. 2.5.3].

Pewenue
1. [TocTostHHO JEHCTBYIOMIAs HArpy3Ka OT COOCTBEHHOM Macchl TPOBOJIA
ITo bopmyine (2.1) ¢ yueTrom Tabu. 2.1 u npumedanus 2.1:

P=Muy10°=997-107=0,997 naH/m,

TOT/Ia Y, = 2y 0997 _ 0,35-1072 naH/m mm? .
o 28L1
2. BpeMeHHO neicTByIOMAs Harpy3Kka OT MacChl TOJIOJIEAHBIX OTIIOKCHHN
no opmye (2.4)
p,=0,9-10"" 7rc(dH + c) =0,9-107-3,1416-22- (30 + 22) =3,23 maH/m,

p, _ 3,23 2 2

Torga y,=—== =1,15- aH/m Mmm™.

na 'y, 281.1 10" 1

np
3. CymmapHasi BepTUKalIbHasg Harpy3ka OoT COOCTBEHHOW MacChl MPOBOJAA U
MaccChl rojoaeaa
no opmyie (2.5)
ps=p,+p,=0,997+3,23=4,227 naH/m
py 4,227
Fo, 2811

4. I'opusoHTanbHas Harpy3ka OT JIaBJICHUS BETpa Ha MPOBOJ, CBOOOHBIN OT
rojoJjicaa

o gopmyie (2.6)

p,=0C,0.d, 10" sin’p=0,725-1,1-65-30-107-1=1,56 naH/m,

0y, = =1,5-10" naH/m mm>.
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1,56
TOrza 7, =P IR

p
5. BpeMeHHO neNCTBYIOIIAsi TOPU30HTAJIbHASI Harpy3ka OT JIaBJICHUS BETpa
Ha [TPOBOJ, MIOKPBITHIN T'OJIONEA0M

=0,55-107 gaH/m Mmv>.

o dopmyie (2.7)
Ps=0C10,250, (dn+2¢)-107°=1-1,2-16,25-(30+2-22)-107 =1,05 maH/m,
Toraa yszﬁz LO5 =0,37-107 maH/m mm’.
P 2811

6. PesynbpTupyromias Harpy3ka oT COOCTBEHHOM MaccChl U IaBJICHUS BETpa
o ¢popmyiie (2.8)

Pe=+ P+ P2 =4/0,997>+1,56> =1,85 maH/m,

TOTAQ Y, _ P _ 1,35 =0,66-102 naH/mM MM,
P 2811
7. PesynpTUpyoIas Harpy3ka oT Macchl IPOBOJA C TOJIONEOM U JaBlIEHHs
BETpa
o dopmyie (2.9)
Py =+ P2+ P2 =+/4,2277+1,05° = 4,36 naH/n,
TOrJa v, - 4,36 =1,55-10"* maH/m MM,
Fop 2811

8. BeiBOA 1O mpHMeEpy: CpaBHEHHE HArpy30K 7Y, U Y,IOKa3bIBa€T, 4YTO
Y,>Ys, MOOTOMY HaumOOJBINEH HArpy3KOM sBISAETCA cenpMasd, TO €CThb
Y, =7V, ¥ B JAIBHEHIINX pacyeTax CIeayeT OPUCHTUPOBATLCS Ha 7y, .

Hpumeuanue 2.2: npuMeM HanpasjieHue BeTpa moj yriaom 90°, Toraa sin’p=1.
Ilpumeuanue 2.3: s naHHOW Harpy3kd Kod((UIIMEHT HEPaBHOMEPHOCTH O
onpenensercs ot 3uauenus 0,250 , mHanpumep, s pemaeMol  3ajaum

0,250,=0,25-65=16,25 naH/v?, torma a=1 [13, ctp. 315, 316, myskr 2.5.30].

2.4. IlocTpoeHne KpUBOIl NMPOBHCAHMS NMPOBOAA M OMNpeHeeHHe CTpeJ
MPOBUCAHUS

2.4.1. O0mue cBegeHus. /lonmyckaemble HANPSKEHUS B MIPOBOJAE

XecTkocTh MPOBOJOB UM TPOCOB CKA3BIBAETCS TOJIBKO TMPHU TMOABECKE
KOPOTKUX OTPE3KOB MPOBOJAOB, HANpHUMeEp, NJIUHON B HECKOJIBKO METPOB
MEXAY TUPJISHAaMHU aHKepHbIX omnop. [Ipu miuHe mponéToB, NPUHUMAEMBIX
Ha BO3JYUIHBIX JMHUSAX 3JIEKTPOIEpPEIaur, >KECTKOCThIO MPOBOJIOB MOXKHO
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npeHeOpeyb MW paccMarpuBaThb HMX Kak HWJealbHble THOKUE HUTH,
MOABEUICHHBIE B JBYX TOYKaX M MOJBEPralInuxcsi BO3JICUCTBUIO
pPaBHOMEPHO paCIpPECICHHON Harpy3Kd OT COOCTBEHHOTO Beca IMPOBOJA.
Takas ruOkas HUTH TPUMET OYEpPTAHUE IIEMHOW JIMHUM, KaK TMOKa3aHO Ha
puc. 2.11 [3, 11, 13].

Y

X 2 H /2 X
/

Puc. 2.11. Kpusas nposucanusi npoeooa npu 0OUHaKo8ol 8blcome
mouek nooseca

CornacHo o0o3HaueHHsM Ha puc. 2.11, paccTosiHUE MO TOPU3OHTAIH
MEXJly TOUKaMHu ojBeca A U B Ha3piBaeTcs Nposi€ToM U 0003HaYaeTcs Oyk-
BOi1 /. PaccTosiHME IO BEPTHKAIM B CE€pelMHE MPOJIETa MEXKIY MPOBOJAAMH U
npsAMoil AB, cCoeMUHSAIONIEH TOUKM MOJBECA, Ha3bIBAETCS CTPEJIOW MpOBUCA-
HUS MPOBoOJIa U 0003HayaeTcst OykBoil f. OOe BEeIMUMHBI U3MEPSIOTCS B MET-
pax. Cuna, neficTByrolas B Jito00i TOUKE IPOBO/IA U HAIIpaBJIEHHAs IO Kaca-
TENbHON K KPUBOW MPOBUCAHUS, HA3bIBACTCS TSHKEHUEM U 0003HAvaeTcs Oyk-
Bou 7. TspkeHue B HM3LIEH TOYKE KPUBOM NMPOBHUCAHUS, HAIIPABIECHHOE TOPU-
30HTaJbHO, MPUHATO 0003HaYaTh OykBOM /. O0a Buaa TSKEHUS U3MEPSIOT B
nekanbloTOoHaX (naH) nmu kuiorpamm - cunax (Kre).

Cuna, nedicTByrollas Ha €IWHUILY CEYEHHUs MPOBOJIA, HA3bIBAETCS Ha-

npspDKeHHeM, 0003HavaeTcsi OyKBOW G U ompeaeseTcs o ¢hopmyiie:
(2.10)

T
c= ik naH/ mm?, kre/ M2,

rae T — TsbkeHue B poBoje, Kre (1aH);
F — TIOnepeyHoe CedeHne IPOBOIA, MM-.

CornacHo [13], MEXaHMUYECKHIl pacyeT MPOBOJOB U TPOCOB IPOU3BO-
JUTCS IO METOY JTOMYCKAaeMbIX HaIpsDKEHUH, COTIACHO KOTOPOMY HEO0Xo-
JUMBIM YCJIOBHEM SIBJsieTCsl paboTa MpoBOJa B Mpenesax YIpyrocTu ero Ma-
TepHuaa, TO €CTh HANPSHKEHUS! G, BO3HUKAIOUIUE B IPOBOJIaX WM TPOcax Mpu
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BO3JICHCTBUM HAWOOJBIIECH HArPY3KH WM HaWHU3IIEH TeMIepaTyphbl, TOJK-
HBI OBITH MEHBIIIE MPEJIeNia MPOYHOCTH MaTepHalia MIPOBOIHUKA.
JlommyckaeMoe MakCMMalbHOE HANPSHKEHUE B MPOBOJE MM TPOCE G

2

(maH/mMm”) ompenensieTcss B 3aBUCHUMOCTH OT BPEMEHHOTO COINPOTHUBICHUS
2

MaTepuaiia TmpoBoja o, (maH/MM”) um mpursTOro kKo’dduuenta 3amaca

MIPOYHOCTH 71 TIO POpMYyIIE:

5 <O 2.11)

B [13] nonmyckaeMble HampsiKEHUs] yCTAHOBJIEHBI JUISI TPEX MCXOJHBIX
ycioBuid: 1) npu HamOoabpIIe Harpy3ke; 2) Npu HaMHHU3LIEH TeMIlepaType;
3) npu cpeaHeroioBor Temmeparype. [lpu 3ToM 3HaueHUs JOMyCKaeMbIX Ha-
NpsHDKEHU Tpu HauOoJbllIed HAarpy3Ke W HaWHU3IIEH TeMIeparype HUMEHOT
OJIMHAKOBbIE YUCJIEHHbIE 3HaueHus [ 13, cTp. 324, 325, tabdn. 2.5.7].

2.4.2. OnpenesieHue cTpesbl MIPOBUCAHUS NIPOBOJAA

2.4.2.1. Onpenesienue cTpesibl NPOBUCAHUSA MPOBOAA NPH JJIHHE MPOJIE-
TOB MeHee 800 meTpoB

Ecnu nnuHa nponéra BO3AyIIHON JIMHUM 3JIEKTPONEPEIadl COCTABIISIET
Menee 800 M, pacuer cTpeibl MPOBUCAHUS MTPOBOAA MPOU3BOIAT MO ypaBHE-
HUIO mapadons [3, 11].

Jliist BBIBOZA ypAaBHEHUSI KPUBOM MMPOBUCAHUS MPOBOJA IPUMEM CHUCTE-
My KOOpPAMHAT C HAYaJIOM B HU3ILIEW TOYKE KpHUBOM IpoBuCaHUS (O, OCBIO
abciuce X 1 OChl0 OpJMHAT Y, Kak mokazaHo Ha puc. 2.12.

[Ipn BBIBOJIE MCHOJB3YIOTCSI OCHOBHBIE YpaBHEHHUS CTaTUKHU IS
CUCTEMBI, HaXOIAILEHCS B PABHOBECHH:

a) CymMMa IpOEKIMil BCEX BHEIIHUX CHJI HA KOOPAMHATHBIE OCH paBHA HYJIIO:
>X=0,>Y=0; (2.12)
0) cyMMa MOMEHTOB BCE€X BHEHIHUX CHJI WJIM UX MPOEKUUN OTHOCHUTEIBHO
10001 TOUKK paBHA HYJIIO:

> M=0. (2.13)

PaccmoTpum yacTe poBoaa, paspesas ero B Hu31e touke O U B JI0-
ooii Touke D ¢ koopauHatamu (x;y). OTpe3aHHble 4acTH MPOBOJA 3aMEHUM
COOTBETCTBYIOIMMH TSDKEHUSMU: B HU3IIEH TOYKE KPUBOW IPOBHCAHMS TH-
>keHueM H, a B Touke D TsokeHueMm 7.

Tak kak I BO3AYIIHBIX JUHUW KacaTelbHas K KPUBOW ITPOBUCAHMS B
0001 TOYKE MMEET MaJbId Yroyl ¢ TOPU30HTAIBHOW MPSIMOIl, TO BEC pac-
CMaTPUBAEMOI'0 y4acTKa MOXHO MPUHATH PABHOMEPHO PacHpeEICHHbIM I10
TOPU30HTAIM M 3aMEHHUTh COCPEIOTOYEHHOW CWIOW pX, NEUCTBYIOIIECH B

37



CepellMHe paccMaTpUBAEMOr0 Y4YacTKa, TO €CTh Ha PACCTOSHUM X/2 OT TOYEK
O u D, a cuny TsxkeHus: 1, NpUPaBHUBAIOT K CUJIE TSHDKEHUS B HAWHM3LIEH
Touke H.

Hanpasnenue neiicrBusg cuibl H B TOYke [ NPOTUBOIOIOXKHO I10
OTHOUIIEHHUIO K HAIPABJIEHUIO 3TOM K€ CUJIbl B HAWHM3IIECH TOYKE KPUBOU
MPOBUCAHMS MTPOBOJA, TAK KaK BCIECICTBUE CBOMCTB HICAIbHON TMOKON HUTH
OHa MOXET pab0TaTh TOJIHKO HA PACTSKEHHUE.

B »sTOoM cnmyyae ypaBHEHHE MOMEHTOB CHJI OTHOCHTEIBHO TOYKH D
3aMUIIETCs CIACAYIOIUM 00pa3oM:

px’_

X
ZMD:H'J’—I?XE:H)/—T=

PemuB ypaBHenue (2.14) OTHOCHUTENBHO J, TMOJYYUM OCHOBHOE
ypaBHEHHE KPUBOW MPOBUCAHUS MTPOBOAA:

(2.14)

_pa? (2.15)
2H
Ay
— Tx
o
A
H

x/2

A
\ i

"‘/

o Ypx

A

Puc. 2.12. Bhewnue cunwi, oeticmayrowue Ha ompe3oK npoood

B ¢opmyny (2.15) BXoaaT: equHUYHAs Harpy3ka Ha MPOBOA p H Ti-

JKEHHE B HM3LIEH TOYKE KpUBOW mpoBUcaHus 1 . B mpakThueckux xe pacye-
Tax IOJB3YIOTCA HE TSDKEHUEM, a HANPSUKEHUEM B MPOBOJE G, U HE €UHNY-
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HOW Harpy3koi, a yneiapHou y. I[loncraBmss B dopmyny (2.15) p=vyF u
H =coF, nonyuum:
_px? VF X yx? (2.16)
" 2H 20F 20

2.4.2.2. Onpeaesienne CTpebl MPOBUCAHUS NMPOBOAA NMPH OJHMHAKOBOM
BBICOTE TOYEK MOJABeCa

Jlst ompeneneHuss CTpeNbl MpoBeca MPU OJWHAKOBOW BBICOTE TOYEK
MOJIBECA IOCTATOYHO MOJCTaBUTh B popMyiy (2.16) 3Hauenne x =1/2, rorna

e (2.17)

=, M.
/ 8o

2.4.2.3. Onpenesienne cTpesbl MPOBUCAHUSA NMPOBOA NPH Pa3HOH BbICOTE
TO4YeK MoJBeca

[Ipu pa3HoOli BrICOTE TOYEK MOABECAa KpHUBasi MPOBUCAHUS ITPoBojaa Oy-
JIeT HECUMMETPUYHON M HU3IIAsi TOYKa KPUBOW MPOBUCAHUS TIPOBOAA OyaeT
HaxOJUThCS HE B CEpeIMHE MPoJIéTa, a Oimke 00 K Touke 4, Kak TOKa3aHo
Ha puc. 2.13, mubo x Touke B [3, 11].

B stom ciydae HEoOXOaUMO OMpEeACNsITH TPU PA3IUYHBIC CTPEIIbI
MIPOBUCAHUSI:
1) f. — crpena npoBUCaHUs B CEPEAMHE TPOJETA, HAXOAUTCA 1O BbIPAKE-

HUI0, TOKIECCTBEHHOMY BBIPQKCHHIO JIJISI CTPEIIbI TPOBUCAHUS MPU OJTMHAKO-
BOM BBICOTE TOYEK IOj[Beca MpoBoja, hopmyina (2.17);
2) f, — cTpena mpoBUCAHHUS NPOBOJA, U3MEPAEMAs OTHOCUTEIEHO OPIUHATHI

HUBIICH TOUKHU NojiBeca A, HaXOAUTCs o Gpopmyie:

Ya® (2.18)
Ja= P
3) f, — cIpena mpoBeca MpOBOJA, U3MEPSEMas OTHOCUTENLHO OpAUHATHI
BBICIIIEN TOYKU MOJIBEca B, HaxoauTcs 1o Gopmyie:

v b2 (2.19)
J5= 8¢
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AA

12 Ay 12

y O

Puc. 2.13. Kpusas nposucanus npoooa ¢ pazHoti 8biCOMOU Mmouex
nooeeca

2.4.2.4. Onpenesenne cTpesbl NPOBUCAHMSA NMPOBOAA NPH JJIHHE MPOJIE-
TOB 00os1ee yeM 800 meTpos

[Tpu anunax nponéros 6omee yuem 800 M MOrpenIHOCTh 3HAYEHUS CTpe-
Jbl TPOBUCAHUA, ompeaensemMor mo Qopmyne (2.16), mpeBbiaeT gOMycC-
Kaemyro. B aTom ciiydae nmones3yrorcst hopMyIsioid, BRIBEICHHON HE U3 YpaBHE-
HUs T1apabosibl, a U3 YpaBHEHUS IEMHOMN JIMHUU, U ONPEACIISIOT CTPENTy Mpo-
BHUCAHUS 110 ABYWIEHHOUN dopmyie:

f — y_lz + ﬂ
8¢  384g3

Pemiennie o ToM, JOMyCcTUMO JIM NpeHEOpedYh BTOPBIM 4jieHOM (hopMy-
abl (2.20) mnm HeT, AenaeTrcd Ha OCHOBAHWM BBIYMCIIEHUWA CTPEJbl MPOBH-
canusi. Ecnu umcnenHoe 3HadeHue BTOporo wieHa ¢opmynbl (2.20) Oyaet
Menble yem 0,1% oT 3HaueHus: CTpenbl MPOBUCAHUS, TO TOJBKO B 3TOM CITy-
yae UM MOKHO MpeHeOpeyb.
Ilpumep 2.2

[Tone3ysice pe3ynbTaTamu npumepa 2.1, oONpenenuTb CTPEIy
npoBucanus mpopoaa AC — 240/32 HopMalibHOW KOHCTPYKIIUU VISl CpeaHe-
rOJIOBBIX SKCIUTyaTallMOHHBIX yCIOBUM paboThl. [IpoBoa OyaeT cMOHTUpPOBaH
Ha YHU(DHUIIMPOBAHHBIX JBYXIIEMHBIX CBOOOJHOCTOSIIIMX CTAJBHBIX OIMOpPAX
220 kB.
Hcxoonvle 0annvle u nosicHeHus

CornacHo TexHu4yeckuM AaHHbBIM (Tabi. 2.1), npoBoag AC-240/32 Hop-
MaJIbHOM KOHCTPYKIMH UMEET MONEPEUHOE CEUCHUE aTFOMUHUEBOTO MPOBO/I-
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2 2
HUKAa F, =238 MM, a cTallbHOTO cepaeuHuka — F.=43,1 mMm". OTHOLIEHUE

IUIOMIA/IeH TOMEPEYHbIX CEUCHUH alIOMUHHUS U CTald, O00O03Hayaemoe

_Fa_238 _ 55506 B coorsercrsmn c [13, crp. 324, 325, Ta6m. 2.5.7]

F. 431
JUIS  CTaleaTlOMHHHEBBIX MPOBOAOB ceueHmeM 120 MM° u Gomee mpu
m = 6,11—-6,25 nonyckaemoe HanpsH>KEHUE MPU CPEAHETOJIOBOM TEMIIEpaType
6.=38,7 naH/mm®. CpeHedKCIITyaTalMOHHbIe YCIOBUS PabOThI MPOBOIA Xa-

paKTepu3yTCs Harpy3koi Ha mposon v, =0,35-107 maH/m MM,

[To ycnoButo 3amaun mpoBoj, OyJ€T CMOHTHUPOBAH HA YHU(PUIIMPOBAH-
HBIX JIBYXIIEITHBIX CBOOOHOCTOSIINX CTaIbHBIX ornopax 220 kB. Mapxka oro-
pot 11220-2 [6, cTp. 40, Tabn. 1.34]. [{ns gaHHOTO TUIA OMOP AOIMYCTUMBIMHU
ABJIAIOTCS] IPOMEXKYTOUHBIE NPONETHI B nipeaenax / = 470—345 m. lns peuie-
Hus nnpuMepa npumeM 470 m.
Pewenue

Tak kak mIMHA MPOMEKYTOUHOrO nposiéra meHee yem 800 M, To cTpe-
Jy pOBHCaHUs MPOBOJA onpenenum o Gopmyse 2.17, Torna

pont?_035:107470°

_ ~11,08 m.
861 8-8,7

2.4.2.5. Onpenesnenue cTpejbl MPOBHCAHUS NMPOBOAA NMPH IepeceYyeHuH
BO3AYIIHBIMH JHMHHUSMH JJIEKTPOIepelaYd BOJHBIX MNperpag M HHiKe-
HEPHBIX COOPYKEHHUH

[Ipu mpoeKkTHpOBaHUN BO3AYIIHBIX JIMHUN TpeOyeTCsl ONpeaesiTh pac-
CTOSIHUE TI0 BEPTHUKAJIW OT IPOBOJA JO PA3JIMYHBIX MEPECEKAEMBIX UHKEHED-
HBIX COOpPY>KEHHI WJIM BOJHBIX Mperpaj, 4ToObl MPOBEPUTH, OYIET JU CO-
OJr01aThCsl JOMYCTUMBIA Ta0apUT OT HU3LIEH TOYKM KPUBOW IPOBHCAHUS
MPOBO/IA 10 COOpYy>XeHusl uiu nperpasl [3, 11, 13, 14]. Kak npaBuio, B 3TuX
ciy4asix ObIBaeT M3BECTHA TOJILKO BBICOTA TOYEK IMOJBECa MPOBOJA HA OIO-
pax (Touku 4 u B), a BbIcOTa HU3IIEH TOYKK KPUBOM MpoBUcaHus npoBoaa O
HE U3BECTHA. Tak Kak MECTOHaxO0XJIEeHUE TOUYKU (), KOTOpas OJHOBPEMEHHO
ABJIIETCS. HAYAJIOM KOOPJIWHAT HE M3BECTHO, TO MPUHUMAIOT CUCTEMY KOOp-
JMHAT C HAayajJoM B (PUKCUPOBAHHOM TOYKE, HANPHUMEP, B OJHOU W3 TOYEK
noaBeca, KoTopasi pacmnoiioxkeHa Bbime (Touka 4 Ha puc. 2.14). Ocp X Ha-
IIPABISIIOT B CTOPOHY INPOJIETA, a OCh Y — BHU3, NMAPAJUIEIBHO IEUCTBUIO Ha-
I'PY3KH, KaK 3TO IIOKa3aHOo Ha puc. 2.14.

Tak Kak BBICOTBI TOUEK TO/IBECA A U B pa3nuyHbl, a MECTOHAXO0XK/ICHHUE
TOYKM () HEU3BECTHO, TO YCJIOBUE CTATUYECKOTO PaBHOBECHS HapylieHO. B
ATOM Cllydae IOMHUMO TSDKEHUSI [{ HEOOXOAMMO YUYeCTh BEPTHUKAJIbHYIO pe-
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aKkiuoo V', mapamienbHyl0 OCH Y, HO IMPOTUBOIIOJIOXHYIO € MO HalpaBlie-
HUIO.

HezaBucumo oT pasHuIBI B BBICOTax TOYEK MOJBECA MPOBOJA BEPTHU-
KaJbHasl pEeakiys 3aBUCUT TOJBKO OT BECAa MPOBOJIA, pABHOMEPHO pacIipeie-
JICHHOT'O TI0 BCEM €ro JJIMHE, U PaBHA BECY, YMHOKEHHOMY HAa MOJIOBUHY
JUIAHBI TIPOJETA:

- ﬂl . (2.21)
2

Yy

Puc.2.14. K onpeodenenuto koopounam nro60t mouxku npoeooa
OMHOCUMENbHO HAYAA, NPUHAMO20 8 BEPXHEll MOoYKe N008ecd

CocTaBuM ypaBHEHHE MOMEHTOB BCEX BHEIIHUX CHUJI, MPUIIOKEHHBIX B
pOU3BOJIbHOU Touke X ¢ koopauHatamu (x;y) ( Ha puc. 2.14 Touka X Haxo-
JUTCSL B CEpeZIMHE MPOJIETA) C YUETOM COCPEAOTOUCHHOU CHIIBI OT COOCTBEH-

HOM Maccel MpoBOAa px, JIEHUCTBYIOIIEH B CepeluHE paccMaTpUBAEMOTO

yJacTKa:
M :px-f—p—l-x+H =0. (2.22)
* 2 2 ¥

Hckomoli BenmuunHON B ypaBHeHUHM (2.22) siBnsiercst f . Pemrasd ero oTHocu-
TEJIbBHO UCKOMOM CTPEJbl MPOBUCAHUSA, MIOJIYYUM:

=P
fx_zH(l X),

c yuerom, uto p=vF u H =cF':

fy= =),

(2.23)

(2.24)
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B ciyuae, eciiu Touka B okaxkeTcs BbIllle TOYKU A, HEOOXOUMO 32 Ha-
4ajo KOOPAWMHAT MPUHATh TOUKY B M U3MEHUTh HallpaBlieHHe ocu X, Hampa-
BUB €€ B CTOPOHY IpoJ€Ta, Toraa ypaBHeHue 2.24 coxpanurcs 6e3 u3MeHe-
HUSL.

2.5. Onpenesienue JJUHBI MPOBOAA B MPOJIETE

I[long pnuHOM mNpoOBOJA NOAPA3yMEBAETCA JJIMHA IPOBUCAIOLIETO
MPOBO/IA, 3aKPETVICHHOTO KOHIIAMHU B OTMIOPHBIX TOYKAaX, KOTOPbIE MOTYT OBITh
PacCIoJIOKEHbl HA OJHOW BBICOTE WJIM Ha pa3HbIX BbicoTax [3, 11]. Takum
oOpa3om, 3ajjaya COCTOUT B OINpPEACICHUU JJIMHBI KPUBOU MPOBUCAHUS,
KOTOpas ObUTa MPUHSTA B BUJIE MTapadoJIbl, MOATOMY M JJIMHA MPOBOAA MOXKET
OBITH ompesiesieHa mo ¢hopmylie IIuHbI napadossl (puc. 2.11).

JlniuHa oaHOM BeTBM MapaloJibl O TOYKU C KOOpAUMHATaAMU (X))
ONPEENNUTCS KaK:

) y2 (2.25)
Ly=X+—-"—.
3 x
Ecmu x=—,a y=f, To 711 OIHOI BETBU MapadOJIbI:
L ] . 4 £2 (2.26)
N
a nmuHa 00erx BETBEH, TO €CTh JIMHA TIPOBOA B TIPOJIETE:
2 (2.27)
L8
3 1

OtmeTuM, 4TO JUIMHY TPOBOJA B MPOJETE clieayeT 0003HaYaTh MPOIMUCHON
OyKBOI L U U3MEPSTH B METpPaX.

Ecnu cTpena mpoBucanus mpoBoja HEU3BECTHA, TO JIJIUHY IPOBOJA B
MPOJETE MOKHO OMPEEITUTH JIMOO0 C MOMOIIBIO BEJIMYHUH y U ¢ 1O hopmyre:

2.3 (2.28)
L =1+ 1 ,
2452
1100 ¢ IIOMOIIBIO BEJIMYUH p U H Kak:
_ p2 3 (2.29)
=[+——.
24 2
Ilpumep 2.3

[Tonb3ysick pe3ynbraTaMu npumepa 2.2, onpeAeIuTh JJIMHY TPOBOIA B
nponére / =470 m npu ctpene nposeca f= 11,08 m.
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Pewenue

2 2
ST 4704811087
[ 3

L =1+ =470,7 m.

W | oo

2.6. Pacuer cTrajiea TlOMMHHEBOI0 NIPOBO/AA HA IPOYHOCTH

2.6.1. IlpuBeneHHble (PU3MKO-MEXaHUYECKHE XAPAKTEPUCTHKHU CTAalie-
AJIIOMHHHEBOI'0 IPOBO/A

IToMUMO OCHOBHBIX XapaKTEpUCTUK ITPOBOJOB BO3AYIIHBIX JIMHHMA
AJIEKTPOIIEPEAAYN, TAKMX KaK IUIOIIAAb IONEPEYHOI0 CEUYEHUs IPOBOJA,
TSOKEHUE, HANpSOKEHHWE B MPOBOJAE M JUIMHA, CYIIECTBYIOT €II€ HECKOJIbKO
JOTOJHUTENBHBIX XapakTepucTuk [3, 11, 13]:

1) Moy poonkHOM ynpyrocta E, naH/Mm’;

2) TeMIepaTypHBbIil K03(hMUIMEHT THHEHHOTO PACIIUPEHHS O , Tpaj ;

3) abcomoTHOE yyIMHEHUE poBoaa AL, M;

4) OTHOCHUTENIbHOE YIPYroe yAJIMHEHHE ITPOBO/JIA €;

5) pa3HOCTh TeMmmepaTyp HpH H3TOTOBIECHHUHM MPOBOJA U JICUCTBYIOLIEH

temneparypsl Az, © C.

[Ipu onpeneneHnn HapsHDKEHUS B MPOBOJE, COCTOSIIIEM M3 MPOBOJIOK
OJIHOTO METajuia, HapuMep, ATFOMUHUS, CYUTAIOT, UTO PACTATUBAOLIAS CHJIA
pacrpenensieTcas pPaBHOMEPHO IO BCEH IUIOMIAAM IIONEPEYHOTO CEUCHHS.
[Toatomy dopmyna (2.10) ansa onpeneneHus: HAPSKEHUS SBISIETCS BEPHOMU.

B pabote craneaqtoMMHMEBOIO MPOBOAA YYAaCTBYIOT JBa Pa3HbIX
MeTaJIa—allOMUHANA U CTajlb, KOTOPBIE MO-Pa3HOMY BOCHPHUHUMAIOT JIEUCT-
BHE€ PACTATUBAIOIIEH CUIIbI U U3MEHEHUE TEMIIEPATYp, TaK KaK MOJLYJIN YIIPY-
TOCTH, a TaKXe TeMIepaTypHble KO3()(PUIMEHTH JTUHEHHOrO pacHIMpEHUs
QIIOMUHUS U CTAJIM HE PaBHBI MEXAy coOoil. M3-3a 3TOro HepaBeHCTBa Ha-
NPSDKEHUS B CTAJbHBIX U AJIFOMUHHUEBBIX IPOBOJIOKAX MOJIYYarOTCsS HEOIUHA-
KOBbIMH. TakuMm 00pa3oM, MPOLECCHl, MPOUCXOAIINE BHYTPH CTaJCATIOMHU-
HUEBOI'O MPOBOJA, OKa3bIBAIOTCS 00JIee CIOKHBIMU, YEM B ITPOBOJIE U3 OJHO-
ro Merajia. biarogapst ToMy, 4TO CTajlb U AIFOMUHUN O0ObEAMHEHBI B OJHOM
KOHCTPYKIMH, pa3IMyue MX CBOMCTB B MOJBELIEHHOM MPOBOJE BHEIIHE HE
MIPOSIBIISICTCS.

Bce ke npu pacdere Takux NpOBOJIOB BCE MATEMATUUYECKUE ONEPALIUU
MIPOU3BOJAT HAJl NPUBEICHHBIMUA K MPOBOAY B LIEJIOM BEIUYHMHAMU MOIYJIS
YOPYTOCTH W TEMIIEPaTypHOro KO3(PQUIMEHTa JUHEWHOTO pacIIupeHus,
HaIpsDKCHHUS B TIPOBOJIe ompeaenstorcs no gopmyne (2.10), HO OHH HOCST
Ha3BaHUE «(PUKTUBHBIE HAMIPSHKCHUSD).
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Monynb ynpyroctu E cTajeaqroMUHHEBOIO MPOBO/IA B IIEJIOM OO0JIbIIIE
4eM MOAYyJb YIIPYI'OCTH aJIIOMHMHHA, HO MCHBLIIC MOAYJIA YIIPYIOCTH CTaJH,
TO €CTh:

E.<E<E.. (2.30)

Jlist Toro, yToObI y4ecTh pa3HUIy MOJIYJIEd YNPYTOCTH ATIOMUHUS U
CTaJli, B pacdyeTax UCMHOJIb3yIOT YACTHOE OT UX JICTICHUS:

Ea Fa (2.31)
Ec F¢

Bce Beimenepuuciennbie  (GU3MKO-MEXaHHUUECKHUE XapaKTEPUCTUKU
I/ICHOJ’IBSyIOTCSI HpI/I pacque CTaJICAaJIIOMHUHUECBOI'O HpOBOI[a Ha HpO‘—IHOCTb.

2.6.2. OcHOBHOE YpaBHEHHE COCTOSIHUA MPOBOAA

IIpy mnpOEeKTUpPOBAHMM MEXAHUYECKOW 4YacTU BO3AYLUHBIX JIMHUU
AJIEKTpOIIepeaud HEOOXOAUMO OIpPEAeNATh HU3MEHEHHE MEXaHUYECKOTO
HaINPSDKEHUS. U CTPEJT MPOBUCAHUS IIPOBOJA IIPU U3MEHEHUN TEMIIEPaTyphl U
Harpysku. [[ns 3Toro npeacTaBiisitOT B3aUMHYIO 3aBUCUMOCTD 3THX BEJIWYUH
B MaTeMaTU4yecKoil opme, TO e€CTh B BHJE ypaBHEHHUS. Takoe ypaB-HEHUE
MOJIyYMJIO Ha3BaHUE OCHOBHOE YpaBHEHHE COCTOSHMS ITpoBoaa [3, 11].

OOBIYHO TIPU COCTABJICHUH yPaBHEHHS COCTOSIHHS MPOBOJIa YUUTHIBA-
0T CJIEYIOIINE OCOOCHHOCTH BO3AYIIHBIX JIUHUH 3JIEKTpONepe aun:

1) BUA aHKEpPOBaHHBIX YYACTKOB — OJHONPOJIETHBIE WJIM MHOTOMPOJIET-

HBIE;

2) pacroyio)XeHue TOYEK IMOJIBEca MPOBOJOB — HAa OJMHAKOBOM BBICOTE

WJIM HA Pa3HBIX BBICOTAX;

3) YKJIOH JIMHUHU 3JEKTpOIepeaadyn B 3aBUCUMOCTH OT peibeda Tpacchl;
4) pacmnojioKeHHWE KPUBOW MPOBHCAHUS MPOBOJIa — B BEPTUKAIBHOU

IJIOCKOCTH WJIY O JEUCTBUEM BETPA B HAKJIOHHOM INIOCKOCTH.

IIpu BBIBOZE ypaBHEHHsI COCTOSIHUS IPOBOJA MOYKHO OIPaHUYUTHCS
M30JIMPOBAaHHBIM, B KOTOPOM TOYKH [OJBECA HEMOABMKHBI U HAaXOAATCS HA
OJIMHAaKOBOM BhICOTE (pHC. 2.11).

IlycTs poBOA B HA4YaJIbHOM COCTOSIHUM IIPU OIPENEIICHHON TeMIle-
paTtype U Harpy3ke UMeeT ONpeJIe]IeHHOEe HamlpshkeHue U AnuHy. Tpelyercs
HaWTH HaIPsSHKEHHUE B IIPOBOJE NP HOBOM TEMIIEPATYpE U HArpy3Ke, TO €CTh
B HOBOM, KOHEYHOM COCTOSIHUH.

[IpumeM crnenyromue 0003HAYEHUS I HAYAJIBHOIO COCTOSIHMS IIPO-
BOJA: [( — JUIMHA MPOBOJA; @ — TeMIleparypa, Y, — yJAelbHas Harpyska,

G( — HaNpsUKEHWE B HU3IIEH TOYKE NPOBOJA; f |, — CTpesa MPOBUCAHHUSA B Ce-

peaune npoiéra. J[Ji1 HOBOro, KOHEUHOTI'O COCTOSTHUS IPUMEM T€ k€ 0003Ha-
4yeHusi, Ho 6e3 nnaekca «0».
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JImHy poBOJia B HAYAJIBHOM COCTOSIHMM OIPEAeIIUM 1Mo (hopMyJie:

yol®
Lo=l+-—2—; (2.32)
462
B KOHEYHOM COCTOSIHUU — 1O (popMyIie:
2.3
1+ / (2.33)
L = : .
24 52
Y,Z[HI/IHGHI/IG IMpOBOJa OIIPCACIIUTCA PAHOCTBIO OTUX IJINH!
7/2 l3 7/2 13
0
AL =L—-L¢= - . 2.34
"7 2457 2443 (239)

DTO0 K€ YAJIMHEHHE MOKHO BBIPa3uTh depe3 PU3NUECKHe BEIMYUHBI —
YOpYroe yJIJMHEHUE, BbI3BAHHOE U3MEHEHUEM HANPSKEHUH O — g (hopmy-

na 2.35), u TeMrepaTypHOe YJIUHEHHUE, BBI3BAHHOE PA3HOCTBHIO TEMIIEPATYP
0—-0( (popmyna 2.36):

_ C—0og .
ALynp—Lo'(H Z j—Lo, (2.35)

A Ly =Lo-(1+a(0-0¢))- Lo (2.36)

r7ie 0. — TeMIEePaTypHbIA KOADPHUITUEHT JIMHEHHOTO YJIMHEHHUS.
I[Ipy ONHOBPEMEHHOM M3MEHEHUM HArpy3ku H© TEMIIEPATYpbI
YIUIMHEHHUE TTPOBOJIA:

AL =Lo-(1+G;‘)j-(lm(@—@o))—Lo- 2.37)

B npaBoit yactu ypaBHenus (2.37) MOXKHO 3aMEHUTh JUIMHY MPOBOAA
Lo IUIMHOM TipoJiéTa /, Tak Kak 3TH BEJIWYMHBI Majo OTIMYAOTCA APYr OT

JIpyra.

G p—
PackpriBasi ckoOKku 1 mpeHeOperas mpou3BeACHUEM EGO -a(@ — @0)

BBHJIy €r0 MaJOW BEJINYMHBI, [TOTy4YUM ypaBHeHue (2.38):

AL =172 la(0 - @), (2.38)

[IpupaBHuBas 3HaueHus, moidydeHHble Mo dopmyrnam (2.34) u (2.37),
UMEEM:

2 2
— =]
246° 246}

+la(@-0y). (2.39)
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[Tocne mepeHoca B J€BYIO 4acTh BCEX WICHOB C MCKOMBIMU 3HAUYEHMUSI-
MU ¥ anreOpandeckux npeoOpa3oBaHMM MOJTYyYUM OCHOBHOE YpaBHEHHE COC-
TOSIHHSI TIPOBOJIA B BUJIE:

YVEP  yEP
2452 70 2442
C nomompto ypaBHeHus (2.40) MO)KHO HAUTH HANPSKEHUS B MPOBOJIE

B JIOOBIX YCJIOBHSX pa0OThl BO3IYIIHOW JMHUM HAa OCHOBAaHUM M3BECTHBIX
HaIIpsKEHNUM, HAaTPY30K M TEMIIEpATyp B HAYaJIbHOM COCTOSIHUU.

c ~0E(0-0,). (2.40)

2.6.3. Kpuruyeckuii npoaér

VYpaBHEeHUE COCTOSHUS MPOBOJA HEOOXOIUMO JUIsl MOJTYUYEHUSI OTBETA
Ha JiBa BOMpoca:

1) mpu Kakux yclIOBUSX B MPOBOJE BO3HUKAIOT HAMOOJBIIME HaIps-
KEHUS,

2) KaKOBO 3HAYCHHE HAIpPSKEHHUS B JIOOOM 3aJlaHHOM pEeXUME, €CITU
W3BECTHO, YTO B HaAMOOJIee TSIKEIOM PpEXUME HaIpsHKEHUE B
MPOBOJIE JOKHO OBITh PaBHO MAaKCHUMAJIbHO JOIYyCKaeMOMY
3HAYEHUIO.

BTtopoii Bompoc mMmoka3bIlBaeT, 4TO MPOBOJ B MPOJIETE JOJKEH OBITH CMOH-
TUPOBAH TaK, YTOOBI HU B OJHOM W3 PEKHUMOB €ro pabOThl HAMpPSHKEHUE B
HEM HE MPEB30ILIO JIOIMYyCKAEMOI'o 3HAYEHHUA, a B HAauOOJee TSHKEIIOM PEKHU-
M€ OHO JOJIKHO OBITh PaBHO JIOMyCKaeMOMY HampspbkeHuto (maparpad 2.4.1).
TonbkO TIpU BBIMOJHEHUM ITOTO TPEOOBaHUA OYIyT MOJTHOCTHIO HCIOJIb-
30BaHbl MPOYHOCTHBIE XaPAKTEPUCTUKH TTpoBoja [3, 11].
JIisi MpoBOAOB BO3AYLIHBIX JMHUN DJJIEKTpOINEpeNadyd B KadyecTBe
pacyeTHBIX MPUHUMAIOT TPU BHUJIa PEKUMOB:
Pesrcum 1 — pexxuMm MUHUMAJIBHBIX (HAMHU3IINX) TeMiiepatyp @_. Berep

H TOJIOJIE]l OTCYTCTBYIOT, TO €CTh Y =Y/ .
Pescum 2 — pexxuM HauOONBIIMX HATPY30K V,s. B KauecTBe pexnma

HauOOJBIINX HArpy30K MOXET paccCMaTpUBATHCA PEXKHUM HAMOOJIBLIETO CKO-
POCTHOTO HAITOPa JUIA TIPOBOJIA C TOJIONENOM Y« =7, JIMOO PEXKUM TOJIOTIE-

na y,s=77. Temmeparypa B IF00OM Cilydae paBHa TEMIEPATyPE TOJIONEIO-

00pa3oBaHus Q.

Pesrcum 3 — CpeIHEIKCILTYaTAlMOHHBIA PEXUM (PEXKUM CPETHETOJIOBBIX
TEMIIEPATYP @r ). BeTep u rosnones oTCyTCTBYIOT, TO €CTh Y =Y .
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Borpoc 0 ToM, KOTOpBIi U3 TpeX peKUMOB JIOJKEH ObITh TPUHAT B Ka-
4eCTBE MCXOIAHOTO COCTOSIHUS IPHU 3aJaHHOM JOIyCKaeMOM HAIPSKEHUH,
pelaeTcsl B 3aBUCUMOCTH OT psifia pakTopoB:

1) nnuHbl IpoN€Ta;

2) TeMmeparypsl;

3) Harpy3Ku Ha IpPOBOJ;

4) BEJMYMHBI IOITyCKAEMOI'0 HAIIPSKEHUS.

[Ipu 3TOM yCTaHOBJIEHO, YTO MPH JIFOOBIX 33JaHHBIX HCXOJHBIX YCIO-
BUSX BIIMSHHE TEMIEPATYpPbl U HArpy3KH HOBOT'O COCTOSIHUS HA BEJIMYUHY
HaIpspKeHUsl B MPOBojE OyAeT B OOJbIIEH WIM MEHBIIEH CTENeHW CKa3bl-
BaTbCs B 3aBUCHUMOCTHU OT JJIMHBI MPOJIETA.

JIJ1st TOro 4TOOBI MOHATH, B KAKOM Ciiy4ae OoJiblile OyJeT CKa3bIBaThCA
BIIUSIHUE TEMIIEpaTyphbl, a B KaKOM — BIHMSHUE HArpy3ku, HEOOXOIUMO B
ypaBHEHUU coCTOsiHUS mpoBoa (2.40) mpuHATH B KauecTBE HE3aBUCHMOM
IIEPEMEHHON BEJIMYMHY NPOJETA, & B KAUECTBE 3aBUCUMOM — BEJIIMYMHY Ha-
IPSDKEHUS U PACCMOTPETH IIPEIEIbl M3MEHEHNS HANPSIKEHUS IPU N3MEHEHUHU
JUIMHBI IPOJIETA.

Kak He3aBucuMas nepeMeHHasi, IPOJET MOXKET U3MEHSTHCS 10 OYEHb
Majol BEJTMYUHBI, TO €CTh MOXHO 3amucaTh, yTo / — 0 win 10 o4eHb 00JIb-
I0W BeNMM4YuHbl — [ — 0o. Takas nporeaypa Aemnaercs yCiIoBHO, C UEbIO BbI-
SCHEHUsI XapakTepa | MPEeJeoB U3MEHEHHUS HaPSKEHUS.

PaccMoTpuM, Kak U3MEHUTCS YpaBHEHUE COCTOSHUS MPOBOJAA MPHU yC-
aosun [ — 0. Korga nnuHa npoinéra, yMeHbIIAsACh, CTPEMUTCS K HYJIO, TO
CTpPEMSITCS K HYJIO T€ WieHbl ypaBHEeHHS (2.40), KOTOpble UMEIOT MHOXKH-
Tenb /?U UX BIUSHUE HA BEIMUUHY HANPSKEHUS OyAeT MPaKTHIECKH HEOLTy-
TUMO. B 3TOM cityyae ypaBHEHUE COCTOSIHUSI IPUMET BU/L:

c=c0—0L(O@-0g). (2.41)

N3 ypaBuenus (2.41) ciemyer, 4TO 4YeM MEHbIIE JUIMHA MPOJIETA, TEM
MEHbIIE CKA3bIBAETCS BEIMUMHA HATPY3KH, U HANpsbKeHHe OyAeT 3aBUCETh OT
TEMIIepaTypbl PacCUUTHIBAEMOr0 peXuMa. B 3aBUCMMOCTH OT BEIUYHHBI
TEeMIIepaTypbl MCKOMOE HAIpsHKEHUE © MOXKET MOIYYUThCS OOoJbllie WU
MEHBIIE HCXOJHOTO HANIPSKEHUS G ().

JUtst TOro 4ToOBl MPOCIEANTh BIUSHUE YBEIUYECHUS MPOJIETA, HEOOXO-

JIUMO Pa3JCIUTh BCE WICHbl YPABHEHUS COCTOSIHUSI MPOBOJIA Ha /2. Torna
MOJTYYUM:

2 2
oc_vE _oog Yok OLE(@—G)()).
> 246% 12 246} 1P

(2.42)
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[To mepe yBenuueHHs JUTMHBI IPOJIETA, BCE WICHBI, UMEIOIIUE B 3HAMe-
Haresie /2, GyIyT yMEHbIIATLCS, A IPU CTPEMIIEHHU K OECKOHEYHOCTH, 00pa-
TATCS B HyJH. [Ipy 3TOM MOTy4YUTCSI paBEHCTBO:

o) 2
E E
= (2.43)
2462 2463
n3 KOTOpOFO, COKpaTI/IB OJIMHAKOBBIC MHOKUT eJ'II/I, HOHY‘II/IMI
Y (2.44)
oO=— o0 -
Y0

[TpubIM3UTENBHO TAKOM K€ pe3yabTaT Oy/IeT U MPU KOHEUHOH, HO JOCTATOY-
HO OOJIBIION JyMHEe TpoJiéTa. B 3aBUCMMOCTH OT BEIMYMHBI HATPY3KHU HUCKO-
MO€ HallpsDKEHUE G MOXKET, KaK M B Cllydae BIIUSIHUSL TEMIEpaTypsl, MOJy-
YUTHCS OO0JIBIIE WM MEHBILIE HCXOJHOIO HANPSKEHUS o).

Ha ocHOBaHMM pacCMOTPEHHBIX CIIYy4aeB MOKHO CHENIATh CIEAYIOIINE
BBIBO/IBI:
1) mpu MayibIX MpoJi€Tax Ha BEIMYMHY UCKOMOTO HAIPSKEHUS OKa3bl-
BaeT BIUSHUE TEMIIepaTypa, a Mpu OOJIbIINX — HATPY3Ka;
2) cyllecTByeT Takas NOTpaHWYHas JIMHA TMPOJiETa, MPU KOTOPOU
BIIUSIHAE TEMIIEpaTyphl U HArpy3KH Ha BEJIUYHMHY HaIpspDKEHUs Oy-
J€T OJIMHAKOBBIM, TO €CTh CYLIECTBYET HEKOTOPBIM KPUTHUUYECKU
MPOJET, B KOTOPOM 3HAUYECHUS HANPSLKEHUNW TP HAMHU3IIEH TEMIIe-
patype 1 HauOOoJNbILIEH Harpy3Ke paBHbI MEXIY OO0 G_ = oyg -
Takol MpoJIET HA3BIBAKOT BTOPHIM KPUTHYECKUM MPOJIETOM, €ro IJIMHA
paBHA [y .
BTopoii BeIBOI MO3BOJISIET W300pa3uTh rpadK 3aBUCUMOCTH HATPSKCHUS
OT JUIMHBI ITpoJiéTa (puc. 2.15).
B nmpaktrdeckux pacuerax moMUMO BTOPOTO KPUTHYECKOTO MPOIETA Tpe-
OyeTcst BBIYMCIIUTh MPOJIETHI JJIsl COYETaHUs peKUMOB 1 u 3, 4yTo macT mep-
BbIi KPUTUUYECKUU TIPOJIET [, U I PEKUMOB 2 U 3, YTO JACT TPETUH KpU-

TUYECKUU MPOJIET /3, (puc. 2.16).
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b o, H/xB.MM

Dk LM

Puc. 2.15. I paguk uzsmenenus Hanpsaxcenull g_ U Gyg 6 3A6UCUMOCTU

om OUHbL NPONEMA

Ao , H/xB.MM

0

e bk ik I, m

Puc. 2.16. I pagpux uzmeHnenuss HanpsasxiceHuti npu yciosuu, 4mo [y < [3j

1o puc. 2.16 BUIHO, YTO IIPU YMEHBIIECHUU JUIMHBI IIPOJIETA OT [y IO HY-

Jis1, HAIPSAKCHUC B CPCAHCOKCINTYATAITMOHHOM DPEKUME G, JOCTHUTAaCT HOIIYC-
KaCMOI'o HaIIpsKCHUA G, TOIAA KaK B PCKHUMC HanOOJILIINX Harpy3okK OHO

ATOr0 YPOBHS €LI€ HE JOCTHUIVIO. AHAJIOTUYHO MPU YBEIUYEHUU JJIUHBI IPO-
n€ta oT [5; 10 OECKOHEYHOCTH CPEAHEIKCIUTyaTallMOHHOE HAlpsDKEHUE o,

JIOCTUTAET JIOMyCKAEMOTO YPOBHS, TOT/Ia KaK HaIlpsKEHHE MPYU HAaUMEHbIIEH
TEMIIEpaType ¢_ OSTOT0 YpPOBHA €Ie He AOCTUrIO0. Takum oOpa3om, A
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JNAJbHENIINX PacueTOB IMPUHUMAKOTCS MEPBBIM U TPETUHM KPUTUUECKUM ITPO-
JETHI, a BTOPON KPUTUUECKUN TTPOJET ABISAETCS (DUKTUBHBIM.
B a1oli cutyanun HeoOX0AMMO PacCyKIaTh CICTYIOMIUM 00pPa30M:
1) ecnu 3amaHHBIN MPONET / MEHBIIIE, YEM MEPBbIA KPUTHUYECKUHN TPO-
NET [y, TO €CTh COOIIOJAETCS HEPABEHCTBO / < [j;, TO paCYETHBIM
ABJISIETCS PEXKUM 1;
2) ecnu 3aJaHHBINA TIPOJIET [ OOMBIIE, YeM MEPBBIM KPUTUUECKHUM TPO-
J€T [y, HO MEHBIIE, YEM TPETH, TO ecTh [j; </ <][3;, TO pacyer-
HBIM SIBJISIETCSI PEXKUM 3;
3) ecnu 3amaHHBIN Tpon€T / Gomblle, YeM TPETUN KPUTHUYECKHH Mpo-
NET 3y, TO €CTh [ >[5}, TO PACYETHBIM SBJISIETCS PEXKUM 2.
IToMUMO Tpex OCHOBHBIX COOTHOLIEHHUW MEXKJy 3aJaHHBIM IPOJIETOM U
KPUTHYECKUMH MPOJIETAMM, CYIIECTBYIOT IOIIOJIHUTEIBHBIE COOTHOLICHMUS,
KOTOPBIE TOXKE MOT'YT IIOJIyYUTHCS B PE3YyJILTATE PACUETOB:

1) llk>l3k (pI/IC 217)

A o, H/xB.MM

C_ = OHO

o |

0 Bk Rk Nk Y

Puc. 2.17. I pagpux uzmeHnenuss HanpsaxiceHUuti npu yCcio8uu, 4mo [ > [z

Takoe COOTHOLICHUE SABJISAETCA IPU3HAKOM OTCYTCTBUS CPEIHEIKC-
IJIyaTalMOHHOTO PEKMMa KaK pacyeTHOro. B 3Toi cuTyaluu nepBbd U Tpe-
TUN KPUTUYECKUE MPOJIETHI CUNTAIOT (PUKTUBHBIMH, & «pabOTAIOIINM) SIBJIS-
€TCd BTOPOW KPUTUYECKUU IPOJIET U 3aJaHHBIM MPOJET CPAaBHUBAIOT C [y .

Ecnu / <[5, , TO pacueTHbIM SBISIETCS pexuM 1, ecnu [ >[5, ,— TO pexuM 2;
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2) CylIECTBYET TOJBKO NEPBBIM KPUTUUYECKHUM MPOJIET [1;, @ [3;, ABIAETCA

MHUMBIM HJIA UMEET CIUIIKOM OOJIBIIOE 3HAYEHHE, TOTJa PACUETHBIMU SIB-
JSAIOTCS PeXUMBI 1 1 3;
3) cyliecTByeT TOJNBKO TPETHH KPUTHYECKUN NPONET [z, @ [j; SABIAETCA

MHHUMBIM WJIM UMEET CIUIIKOM Majo€ 3HAYEHUE, TOTIA PACYETHBIMHU SIBJISIOT-
Csl peKUMBI 2 U 3.

PacueTHbie BhIpaykeHUs, CTIpaBEJIMBbIC I JIFOOBIX TIPOBOJIOB, MOJY-
4aroT, MoJcTaBiisisi B ypaBHeHUE (2.40) COOTBETCTBYIOUIME PEKUMAM MapPhI
JIOITYCKAEMbIX HAIPSsDKEHUW W pellasl 3TO YPAaBHEHHUE OTHOCHUTEIBHO JJIMHBI
poJceTa.

Torma st nEPBOrO KPUTUYECKOTO MPONIETA!
[, =4 9& (G—_Ga)+aE(®—_®cr)
1k — ™ b s (245)
71 c_
E-11-]°=
(O}

JUI BTOPOT'O KPUTHYECKOTO MPOJIETA:

[2k= (2.46)
JUISL TPETHETO KPUTHIECKOTO MPOJIETa:
], =49 Gu6 (GH6_G3)+G’E(®F_®CF)
3T % 2 2] (2.47)
: E- Yuo | _[ Ono
Y1 O]
Ilpumep 2.4

[Tonp3ysick pe3ynbTaTamMu npumeposé 2.1 u 2.2, 1 CTposiieics
BO3yIIHOM JuHUK 220 KB Ha MecTHOCTH, XapaKTepu3yemMou CleayroIMMu
3HAYEHUSAMH TEMIIepaTyphbl BO3/1yXa 3a JJIUTEIbHBIN Mepro1 HaOM0IeHNs Ha
METEOPOJIOTUYECKON CTAHIIUH:

e cpenuerojaonas O . = - 2°C;

e rosionegoo0pazoBanus O, = - 5°C;

e aOcomoTHas HauHM3Mmasi O = - 55°C,

HaWTU 3HAYEHUE TEeMIEpPaTypHOro Kod(DPuIMEeHTa JIMHEHHOTO pacIlIupEeHUs
MpoBOJAa, MOAYJISL YIPYTOCTH, JOMyCKaeMble 3HAUEHUsI YKBUBAJIEHTHOIO Me-
XaHUYECKOTO HAIPSDKEHUs JJISI TPEX XapaKTePHBIX HKCIUTyaTallMOHHBIX CO-
CTOSTHUW TPOBOJIA, COOTBETCTBYIOIIMX 3aJaHHBIM TemImepaTrypaMm. Pemutsb
YpaBHEHUSI COCTOSIHUS MPOBOJIA ISl MPOJIETOB PA3IMYHON JJIMHBI U OCTPO-
UTh TpaduyecKkre 3aBUCUMOCTH M3MEHEHMSI MEXaHWYECKOTrO HAIpSKEHUS B
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npoBojie. BeunciuTh 3HaYEHUS KPUTHYECKUX JUIMH TPOJETOB U BHIOPATH
ONpeeNAoNIe KIMMAaTHUYECKUE YCIOBUS Uil pacuera MpoBoAa Ha MpOY-
HOCTb.

Hcxoonvie oannvle u nosicHeHuA

Texuuueckue gannsie mpooga AC-240/32 HopManbHON KOHCTPYKIIUU
U €ro yJeJIbHbIC MEXaHUYECKUE HArPY3KHU NPUBEJCHBI B npumepe 2.1.

3HauCHUS TeMIIepaTypHOro Kod(hduimeHTa JTUHEHHOTO PACIIUPEHUS
MPOBOJAA, MOJYJISI YIIPYTOCTH, & TAaKXKe JIOMyCKaeMble 3HaYEHUSI SKBUBAJICHT-
HOTO MEXaHMYECKOTO HAMPSIKCHUS 3aBUCAT OT OTHOIICHUS TUIOIIAeH
MONEPEYHBIX CEUYCHUM AIFOMUHUS U cTanu m = 5,52 (npumep 2.2).

Pewenue

st mpoBoga AC-240/32 HOpManbHOW KOHCTPYKIIMU C OTHOIICHHUEM
IJIOIIAZIEd TIONEPEYHbIX CEYECHHH QIIOMUHUS U cTtaium m =552 B
[13, cTp. 326, 327, Tabx. 2.5.8] Haxogum:
a=19,2-10°1/°C; E=8,25- 10’ naH/mm’.

[IprHMMaeM, 4TO MPOBOJ H3TOTOBJECH M3 OOBIYHOW TBEPIOTSHYTOM
ANEKTPOTEXHUUYECKON allfOMUHUEBOW mpoBoJioku Mapku AT, Torma B
[13, cTp. 324, 325, Tabu. 2.5.7] HaxoAMM 3HAUYCHUS JOITYCKAEMOI'0 HaIpsKe-
HUSA:

Guws = 13 maH/MM® B COCTOSHHM HpOBOIA, KOrAa ACHCTBYET HAMGOJIbIIAs
MeXaHU4YecKas Harpy3Ka;

6. = 13 maH/MM® B COCTOSHHMH IPOBOJA, KOTJa ICHCTBYeT HAMHH3IIAS
TeMIeparypa BO3ayXa;

o, = 8,7 ):[aH/MM2 B COCTOSIHMM NMPOBOJIA, KOTJIa JECUCTBYET CPEIHEr010Bas
TeMmreparypa Bo3ayxa (CpeaHEdKCIUTyaTallMOHHBIE YCJIOBHUS PabOThI MpO-
BOJIA).

Kaxxnoe u3 3Tux 3HaYeHUU He MOKeT OBbITh MPEBBIINICHO B MPOIIECCE
paboThI BO3AYIITHON JIMHUU.

PaccuntaeM m3MeHeHHE 3HAYEHUN CPEeAHEIKCILTYaTAllMOHHBIX Hamps-
KEHU G, B IPOBOJIEC, KOTOPbIE OyAyT BO3HHKATh B MPOJIETAX pPa3IUyHOU
JUTUHBI, €CJIU TpeOyeTcss 00ECIIeYnTh COXpaHEHUE JOMYCKAeMbIX HAMPSKCHUH
MpU yCJIOBUU BO3HUKHOBEHUS HAWOOJbIIEH MEXaHMYECKOW Harpy3KH WIH
MIpY YCTAaHOBUBIIEHCSI HAMHU3IIIECH TEMIIEpaType OKPYKAIOIIEH CPEIbl.

JI71s1 TOTO COCTaBUM M PEIIUM ypPaBHEHHUS COCTOSHUA MPOBOJIa B JBYX
BapuaHTax. MickomMoe CcpeIHeIKCIUTYyaTalluOHHOE HaMpsHKEHUE Uil BapuaHTa
1 o603HaunM uHAeKkcoM (1), 1y BapuaHTa 2—HHAESKCOM (2).

Bapuanm 1: ucxonHbie yClIOBUS — BOSHUKHOBEHHE HAMOOJBIICH Me-
XaHUYECKOW Harpy3KH 7yus; UCKOMBIE YCIOBUSI — CPEIHEIKCILTyaTallMOHHBIE,
TOI'/Ia YPAaBHEHUE COCTOSIHUS MPUMET BU/IL;
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2 2
YIEli ll
— =0~ — > —O0EO,—0,).
(O} 24G§ Ou6 — 24GH6 ( c )

[TomydyenHoe ypaBHEHUE MOKHO MPEICTaBUTh KaK HEMOJIHOE KyOuue-
CKOE€:

~Ac2-B=0,
rac
Y26El'2
A= H _H—l_aE® r_®r >
Guo 24612{6 ( c )
pNEL
24

Hemnonnble kyOuueckue ypaBHEHUSI MOKHO pelllaTh JIOObIM U3 UTEpa-
MOHHBIX METO/10B. Bocmonb3yemcst utepaiiioHHbIM MeTo1oM HeroToHa, ipu
ATOM HaIpsKEHHUE Ha KaXK0M NMOCIeNyIOIIe nTepaluy 3auIIeTCs Kak:

S (Gk

Ok+1 = Ok~ s

S ok

I7ie o — HalpsDKeHHWE Ha MpeAbIayIeld nTepaluu;

f (Gk) — IIPOM3BOJHAS 110 IEPEMEHHON G Ha UTEpaly k

' _1.2
I o4)=3062-240;.
Torma
3 2 2
2 - .
362-24cr  orBor—24)

Hccnenyem, kak U3BMEHUTCSI HAIPSPKEHUE B TTPOBOJIE B 3aBUCUMOCTHU OT
W3MEHEHHMsI JJTMHBI TPOJIETa P BO3ZHUKHOBEHUH HAWOOJIBIIICH MeXaHUYeC-
KOW Harpys3KH.

Kak He3aBucumas nepemMeHHas, IpoJIET U3MEHSETCS 10 OYEHb MaJlon
BEJIWYHMHBI, TO €CTh MOKHO 3amucaTth, 4To / — 0 uiam 10 oYeHb OOJIBIIION Be-

auyuHbl — [ — oo (maparpad 2.6.3), mo3TOMy Ha HYJIEBOM UTEpaluu ya00HO
BBIYHCIIUTH 3HAYCHHUE HANpsDKeHUs 1pu [ =0
Ggl) =ous — AE(Oer —Or) =
=13-19,2-1070-8,25-10%- (- 2—(=5)) = 12,52 siaH/mMm’, T.€. > ..
Hanpspokenue B ucciiefyeMoM MpoBoJe OyJIeT M3MEHAThCS 10 [ —> 0.
Ucnonb3ys popmyiny (2.44), monydum:
) Y1 0,0035

GB(K):—GH6—00155 13 =2,94 naH/mMm>,

Ck+1— Ok —
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TO €CTh CPEAHEIKCIUIyaTallMOHHOE HAIPSKEHUE MPU YCIOBUSAX BO3HUKHOBE-
HUS HauOOJbIIeH HArpy3ku OyJeT U3MEHSTHCS OT HAYAJIbHOTO 3HAYCHUS

Ggl) =12,52 10 KOHEUYHOTro 3HAYCHUS Gglzx) =2,94 I[aH/MMZ.

[Tomyunm 3aBHCUMOCTH K03 PUIIMEHTOB A U B OT AMUHBI TpoiETa /;:

2
~(0,0155)"-8,25-10° 17
24132
2 2 2 3,2
E1: (0,0035)°-8,25- ;
poYiEL_(0,0035) L0717 _ 0,0042,2.
24 24
Boruucnum 3nauenus ko3¢gGuinueHToB 4 U B, a Takke 3HAYEHUs Me-
XaHUYECKUX HaIpshKeHUH npu anuHax npoiaéroB ot 100 go 800 M, compoBo-
’KJIasi pacyeT 3aHEeCEHUEM PEe3yIbTaToB B Ta0M. 2.2.

=13

~19,2-107°-8,25-103 (-2~ (=5)) =12,52 - 0,0005 7 .

Taomuna 2.2
Peszynomamul pacuemos nanpsisicenutl 6 nposooe npu ycio8uu
-~ ~ 2
B03HUKHOBEHUST HAUOOIbULEU MeXAHUYeCKOoU Hazpy3Kku, 0aH/ um

lia M A B Oy Oy Oy O3
1 2 3 4 5 6 7
100 7,52 42 12,52 9,89 8,58 8,19
200 -7,48 168 8,19 5,46 4,19 3,87
300 -32,48 378 3,87 3,31 3,25 3,25
400 -67,48 672 3,25 3,09 3,09 3,09
500 -112,48 1050 3,09 3,02 3,02 3,02
600 -167,48 1512 3,02 2,99 2,99 2,99
700 -232.,48 2058 2,99 2,96 2,96 2,96
800 -307,48 2688 2,96 2,94 2,94 2,94

Bapuanm 2: ucxongHple yciOBHs — IIPU yCTAHOBUBILEWCS HAaWMHHU3LIEH
TEMIIEpaType OKpyKarolleil cpeasl O_; HICKOMBIE YCIOBUS — CPEAHEIKCILTYa-
TallMOHHBIE, TOI A YPABHEHUE COCTOSIHUS IIPUMET BULL:

2 2
_YlEZ%: __Y1El?

" 462 7T 2462 ~0E(Oe-0-)
rie
v El?
=0-— £4G%I _aE(®cr_®—)a
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2002
gLl
24
Hccenenyem, Kak U3MEHHUTCS HAIIPSKEHUE B IPOBOJE B 3aBUCUMOCTH OT
VM3MEHEHUs JUIMHBI NPOJIETA NPU YCTAHOBUBLIEHCS HAWHU3IIEH TEMIIEpAType
OKPY KAIOIIEN CPEBI:
ng) =6_—0E(@;—0-)=
=13-19,2-1070-8,25-10%- (-2 — (~55)) = 4,6 saH/mm’, T.e. < 5,
Ucnionb3ys dopmyiy (2.44), nomydum:
s = ﬁcs _ 0,0035
20y 7T 10,0035
TO €CThb CPEAHEIKCINIYaTaAllMOHHOE HAIPSKEHUE IIPU YCIOBUAX YCTAaHOBMB-
HIeiicss HauHU3IIEeH TeMIlepaTyphbl OKpYKarolel cpelbl OyJIeT U3MEHSIThCS B

13 =13 gaH/mm?,

npenenax OT HAYAIBHOTO 3HAYEHHS 552)24,6 JI0 KOHEYHOI'0 3HadeHUS

ng ) = 13 naH/mm>.

[Tomyunm 3aBHCUMOCTH K03 PHUIIMEHTOB A U B OT AMUHBI TpoaETa /;:

-= 24631 - E(®cr ®—):
2
.825.103.72
=13_(0’0035)24 =10 1921076825103 (= 2 — (~55)) = 4,6 — 0,00002 12
13
2 2 2 3,2
E2 (0 .8.25-103 /-
pYiEH _(0.0035) W°0E _0,004212.
24 24

Boruucnum 3Hauenus kodPpGuineHToB 4 U B, a Takxke 3HaUCHUN Me-
XaHWYECKUX HANpsKeHUH Npu Hax nposiéros ot 100 no 300 M, conposo-
JKJasi pacyeT 3aHECEHUEM Pe3yJIbTaToB B Ta0I. 2.3.

Ha puc. 2.18 mpencraBiensl rpaduyeckue 3aBUCHMOCTH W3MEHEHUS

HaTPSHKCHUS ggl): f ([l-) (Tabm. 2.2, cronbern 7) m ggz)z f (ll-) (Tabm. 2.3,
cronber 7) npy 3aJaHHOM MCXOIHOM 3HAYCHNH Gy =G =13 naH/mMm”. 3Ha-

YeHHE JI0MyCKAeMOT0 HAIPSKEHUS MIPU CPETHEIKCILTYaTAITMOHHBIX YCIOBUIX
paboTh mpoBoxa G, = 8,7 maH/MM® HHKAaK He CBSI3aHO C [UIMHOM MpoOTéTa,
MOATOMY Ha puc. 2.18 mpeacraBieHO MPSAMOM TOPU3OHTAIBHOM JIMHUEH,
COOTBETCTBYIOILIEH 3TOMY 3HAUYECHHUIO.

I'paduueckue 3apucumocte o\ = f(;) u ¢ = £(1;) nepecexarorcs
npu /; =130 M. [Ipsmas c, = 8,7 naH/MM® He TepecekaeT HU OHY U3 3a-
BUCUMOCTEM.
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Taomuna 2.3

Pezynomamul pacuemog nanpsiscenutl 6 npogooe npu ycio8uu
. . y 2
VCMAaHOBUBUIENICSl HAUHU3WEL MeMNepamypbvl OKpydicaroujeli cpeovl, 0aH/mm

lia M A B G0 051 OLY) G»3
1 2 3 4 5 6 7
100 4.4 42 4.6 6,2 5,8 5,7

700 -5,2 2058 10,7 11,2 11,2 11,2
800 -8,2 2688 11,2 11,6 11,6 11,6
.0, H/mm’
14
~ ~ ~ ~ - ~ ~ 63'6 — G—A
12 =
12
10 f-""#—/
~ . . - /:/ ~ ~ ~ 63-
) I B M e - - - -
0 P ——
4 h""h-..._
T, . N N 1,
LLm
0 >
0 100 200 300 400 500 600 700 800

Puc. 2.18. U3menenue nanpsiscenus 8 npogooe npu cpeoHedIKCHAYamayuoH-
HBIX YCI0BUAX 8 3A8UCUMOCMU OM OIUHbL nponéma: 1 — 3nauenus nanpsdice-
HUSL paAcCYUmMansl NPU UCXOOHBIX KIUMAMUYECKUX YCA08UAX Haubobuiel me-
XaHuyeckou HazpysKu, 2 — mo e, HO UCXOOHbLe YCI08USL COOMBEMCMBYION
VCMAaHOBUBIENICS HAUHUZWEL TNEMNEPANYpe OKPYICaroujel cpeobl

JIJisi BBIYUCIICHHS] TIEPBOTO KPUTHUYECKOTO TMPOJIETa [j; HEOOXOAMMO
cpaBuuTh 62 ¢ o,. Ecmn (P> 5., TO [, MMeeT MHUMOE 3HAYEHHE, TaK
KaK B 9TOM CITydYae 3aBUCHMOCTh g2 = f ([,—) (xpuBas 2, puc. 2.18) He nepe-
cexyach Obl C MPSMOMN G, M BBIYUCIATE [;;, HeT HeoOxoaumocTu. Ecin gl <
Gy, TO [ CJIENyeT BBIYMCIUTH. B maHHOM mpumepe NoydyeHo ng) =4,6 <
o, = 8,7 naH/MM®, mosToMy BeIamcsieM [y, 1o hopmyie (2.45):
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I =4.9°= (6-—0,)+2E(O©-~Ocr) _

2
71
E- 1_[0—)
Gy

B 1n=6. 103 (-55—(—
40 13 (13-8,7)+19,2-107°-8,25-10 (55 (2)):3651\4

”~0,0035 2
8.25-10° 1—132
8,7

JUJisi BBIUKCIIEHUSI TPETHETO0 KPUTHUYECKOIO MPOJIETa [3;, HEOOXOAMMO

CpaBHUThH gglzK) C O, Ecmu gglzK) > G5, TO [3; UMEET MHHUMOC 3HA4YCHUC,

TaK KaK 3aBHCHMOCTh g\ = f ([i) (xpuBas 1, puc. 2.18) npu OpUHATHIX UC-
XOIHBIX YCJIOBMSIX Ji€Kaja Obl BbILIE MPSIMON G, U BBIUUCIATH [3;, HE OBLIO
Ob1 HeoOxonumoctu. Eciu Gglzx) < 0, ¥ JONOJIHUTECIBHO ggl) > G4, TO TpE-
TUW KPUTUYECKUH NPOJIET CYIIECTBYET U €T0 JUIMHY [3; CIEAYET BBIYUCIIUTD.
B npumepe nosyueHo gglzK) =2,94<c, = 8,7 naH/mMm® u cgl) =12,52>c, =
8,7 H/MM”, [109TOMY BBIYHCIISIEM | 35 1o hopmyre (2.47):

I3 = 4.9 Oub6 (GHG _(53)+ G’E(®F - ®cr) _

2 2
[ (Vms) _(MJ
Y1 O»
13 [(13-8,7)+19,2-1076-8,25-10%- (- 5-(-2))

= 4900035
’ 8,25-10%- QO’OISS)Z—(f)z
0035/ 8.7

Janee HEOOXOAUMO CPABHUTD [, U [3; MEXIy coboil. Ecim [y, < /3,

=94 m,

TO [pj PaccCUMUTBHIBaTh HE MMeeT cMeicna (puc. 2.16). Ecmu [, > [3;, TO
pacyer /,; HeoOxomuM. B paccmarpuBaeMoM Ipumepe HOIy4eHo [i; =365
> [3 =94 M, IO3TOMY pacCUUTBIBaeM [, 10 Gopmyie (2.46):

Iy = 4,9 910 a(@r_®—):49 13 [19.2:107%-(-5—-(-55))

2 0,0035 2
M s | [o,mssj .
" 0,0035
Jlns BBIOOpA OMpENEsIoNMX KIMMATHUYECKUX YCJIOBUH IO pacyeTy

MPOBOJIa HA MPOYHOCTH HEOOXOAMMO 3HAYEHUS PEANbHBIX WM BEPOSITHBIX
JUTMH TPOJIETOB COTIOCTABUTh C KPUTHUECKUMU JjinHaMu (riaparpad 2.6.3).
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B npumepe 2.2 BepostHas manunHa nposéra npunsaTta [ = 470 M, ee u
CJIEIyET COIIOCTABUTh C KPUTUUECKUMH JTMHAMU TIPOJIETOB.

B pesynbraTte pacuetoB mpumepa 2.4 ObUIO MOITYYEHO COOTHOIIECHUE
[1x =365 >[3;, =94 M, 3HAUUT CPEAHEIKCIUTYaTallMOHHBIM PEXHUM, KaK pac-

YETHBIA OTCYTCTBYET, U «Pa0OTAIOIIMM ABJISIETCSI BTOPOH KPUTUUECKUIN MTPO-
neT. CpaBHUM BEPOSITHYIO JUIUHY C [o -

BbpiBog mO0 mnpuMepy: CpaBHEHHE JUIMH TIPOJETOB IOKAa3bIBAECT
(nmpumevanue 2.4), uro [ =470 > [,;, =130,7 M, 3HaUUT pacUETHBIM SIBJIAETCS

PEKHUM HaHOOIBIINX HATPY30K Y, (KpuBas 1, puc. 2.18).

2.6.4. Kpuruyeckas remneparypa

[Ipy mpOEKTUPOBAHUM BO3AYIIHBIX JUHUW AJIEKTPONEPENAUH CIELYET
YUHUTHIBATh BaXKHOE TpeOOBaHME: rabapUTHOE PACCTOSIHUE OT HU3IIECH TOUYKU
MIPOBOJA BO3AYIIHOW JIMHUU JI0 3€MJIM HE JTOJXKHO MPEBBIIATH JIOMYCTUMOTO
3HauYeHud, pekoMeHaoBaHHOro [13]. s coOntoaeHust 3Toro yciaoBusi omnpe-
JEJSI0T PEeKUM, B KOTOPOM CTpeJia IPOBUCAHUS MPOBOJIa JOCTUTHET MAKCH-
MaJbHOTO 3HAaYeHUs1 — rabaputHblie ycmoBus [3, 11].

OueBHIHO, YTO MPU HAIMYUM TOJIOJIEIa CTpesia IPOBUCAHUS MTPOBOAA
OyneT Oombllie, 9YeM MpU TOH ke TeMIiepaType, Ho 6e3 romonena. [Ipu copoce
rojiojieia CTpeja NPOBUCAHUS YMEHBIIUTCS, HO MIPU YBEJIMYECHUU TeMIlepa-
Typbl HAUHET YBEJIMUUBATLCA BHOBb. [Ipu onpeneneHHol TemmnepaType cTpe-
Ja MPOBUCAHUA MPOBOJA, HAXOIAUIETOCsS MOJ BO3JIECUCTBHEM COOCTBEHHOTO
BECA, JOCTUTHET TAKOTO K€ 3HAYCHMS, KaK U MMPU HAIUYUU ToJiojena. Takas
TeMIlepaTypa Ha3bIBA€TCA KPUTHUECKOW U 0003HAYaeTCA @y -

B kaudecTBe pacdeTHBIX MPUHUMAIOTCS 0E€3BETPOBBIC PEKUMBI, TaK Kak
CTpeJia MPOBHUCAHUS — 3TO PACCTOSIHUE OT TOYKHU IMOJBECA JI0 HUKHEU TOUKH
KPUBOU MPOBUCAHUSI MO BEPTUKAIM, a JCHCTBHE BETPa TOJIBKO OTKIOHSET
MIPOBOJT OT BEPTUKAIBHOTO MOJIOKECHUS.

Ucnonb3yst dopmymny (2.17) st BBIUMCIACHUS CTPENbl MPOBUCAHUS
MPOBO/IA MPU OJIMHAKOBBIX BBICOTAX MOJBECA MIPOBOJIA HA OMOPAX 3aIUIIEM

Ipumeuanue 2.4: eciu B pe3yabTaTe pacyeToB MOIYYEHO, YTO JUOO [j;, MO0
[3) » 10O OHM BMECTe — MHHMBIC, TO HEOOXOAMMO MPHUCTYIATh K BBIABICHUIO ONpere-

JIAOIUX KIMMaTU4YCCKUX yCJIOBI/Iﬁ 0e3 CpaBHCHHA UX 3Ha4YCHHI MCKAY co0o1i.

2 2
Yol Y3l
- =, 2.48
8cr 8oue (2:48)

. 2
I7I€ o) — HalpsDKEHHE B peKUME KpUTUUYECKOM TeMiiepaTypsl, naH/mMM™;
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OuG — HAIPsDKEHUE B NIPOBOJIE I BBIOPAHHBIX B npumepe 2.4 K1uMaTH-

Yecknx ycaoBuid, naH/mm’.
Bripazus u3 hopmysib (2.48) BeIUUUHY ¢ , TOTYUUM:
Y2

Ok = Ouo6-
v: " (2.49)

[loncraBuB BeNMUYHNHY o, HallZieHHYIO 10 (opmyie (2.49) B ypaBHe-
HUE COCTOSIHUS MPOBOAA KAK MCKOMYIO, IIOCJIE COKpPAILEHHUS W PACKPBITHS
CKOOOK, TOIyduM (OpMYITy JJIsl BBIYUCICHUS KPUTHUECKON TeMIepaTyphl:

_ ou6 V2
Or=(0r-3)+ JE vy (2.50)
OtmetuM, uyto B popmyity (2.50) He BXOAUT 3HAUCHHE IITUHBI TPOJIETA,
CJIEIOBATENBHO, JIJIl PACCMATPUBAEMOTI0 MPOBOJIA C 3aJaHHBIMU MapaMeTpa-
MU KpUTHUYECKas TEMIIEPATypa OCTAETCS NOCTOSHHOM JJI JTF000r0 IpoJeTa.
BriBom 0 TOM, B KaKOM M3 PEKUMOB CTpelia MPOBUCAHUS MpoBoja Oy-
JIeT HauOOoNbILEH, Je1aeTcd Ha OCHOBE COMOCTABJICHUS KPUTHUYECKOU TeMIIe-
paTyphl C HAUBBICLIEH TEMIIEPATYPOU, XapaKTEPHOU Il pETUOHA, T1€ IIPOUC-
XOJIUT CTPOUTENBCTBO BO3AYILIHOMN JIMHUU:
1) ecnu HauBbICIIAsl TEMIEPATypaA BBIIIE KPUTUUECKOM, TO €CTh @, > O ,

TO HauOOJIbIIasA CTpeJia MPOBUCAHMS OyAET MPU HAUBBICHICH TeMIepa-

Type,
2) ecnu HauBbICHIAs TeMIEpaTypa HUXKE KPUTHUYECKON @, < @y, TO Hau-

OoJbIIast cTpesna MpoBUCAHMS OyIET MpHU roJoiee.
2.6.5. I'aGapuTHBIH NPOJIET

IIpu paccTtaHOBKE OMOp Ha POBHOM MECTHOCTH HamOOJbIIAs BO3MOXK-
Hasl JUIMHA MPOJIETa MOXKET ObITh ONpeziesieHa B 3aBUCUMOCTH OT MaKCUMalb-
HOWM CTpenbl MPOBUCAHUS f, KOTOPYIO MOXHO AOMYCTUTh TpPHU 3aJaHHOU
BBICOTE IOJIBECA MTPOBOJIa HA ONOPE /1 U MUHUMAJIbHOM rabapuTe OT HU3LIEH
TOYKHU KPUBOHM MPOBUCAHUS TIpoBoja A0 3emun [, pedyemom [ 13] muist muHumis
3aJIaHHOTO HarpspkeHus. Takod MpoJ€T Ha3bIBaeTCAd rabapUTHBIM MPOJIETOM
u obo3Havaetcs /.5 (puc. 2.19) [3, 11].

3HaueHre rabapuTHOTO MPOJIETA OMpPEAEAeTCA MyTEM PEIIECHUs ypaB-
HEHUs cOCTOsTHUSA npoBoAa (2.40), B KOTOPOM MCXOJHBIMHU SIBIISIFOTCSI pacyeT-
HBIE YCJIOBUSA MO NMPOYHOCTHU (B OOIIEM Cllydyae BO3MOXHBI TPH BapHaHTa: G-,
G, O5), @ HCKOMBIMH — Ta0apUTHBIE YCIOBUA. Y paBHEHHE SIBIIsIETCS OMKBa/I-
paTHBIM OTHOCHUTEJIBHO JJIMHBI IIPOJIETA:
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2
s | Y | Ve | E 2 8 -
sl 2 -2 (o + aE(0— —-—fE=0, 2.51
frs 8f c ) 24 / 6( (6[] Gm)) 3f (2>1)

TAC Y, — YACHbHAs MCXaHMYECKasi Harpyska, MpH KOTOPOH MMECT MECTO

2
HanOOoJIbITIIEe TIPOBUCAHKE MTPOBOAA, TaH/M MM”;
f — cTpena nmpoBUCaHUS MTPOBOJIA, M;

lraﬁ

AN
Jj-e
A
A\ 4
C%F‘

Irad Ira6

<& »le »

Puc. 2.19. 'abapummuwiii nponém na tunuu 1eKkmponepeoaiu ¢ 0OUHAKO8OU
8bICOMOU MOYEK N008eca npPosood

’Y[G] — yACJIbHas MCXaHUUCCKasa HArpys3Ka, IpUHATAasd KaK UCXoaHas AJIsd

pacdeTa mpoBoJa HA MPOYHOCTb, JaH/M MM
G — HamnpsbKeHUE B MPOBOJE, NMPUHATOE KaK MCXOJHOE NJisl pacyuera
IPOBOJIA HA POYHOCTB, JaH/Mm’;
E — Monyns npoaoJIbHON yIPyTOCTH, H/mm?;
0. — TeMIepaTypHbIi KOO QHUIHEHT THHEHHOr0 PaCIINPEHHs, TPaT
;o) — TEMIIepaTypa, IPUHATAs KaK MCXOJHAs JUIi pacdyera IpoBoja Ha

MPOYHOCTH, °C;
;) — TeMIleparypa, Ipx KOTOPOH CTpelia IPOBMCAHHs IPOBOJA JOC-

TUTHET MaKCHUMaabHOTo 3HadeHus, °C.
Ilpumep 2.5

[Tonp3ysach HCXOOHBIMU JAHHBIMM M PE3yJbTaTaMH MPEIAbIIYLIUX
IIPUMEPOB, NI CcTposmencs Bo3aymHoW nuHuu 220 kB Ha MecTtHOCTH,
XapaKTEepU3yeMoil HauBBICHIEH TeMmmepaTtypod Bo3ayxa O, = 20°C,
paccuuTaTh 3HAYEHHE KPUTHUYECKOM TeMIepaTypbl BO3JlyXa U BBISIBUTH
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KJIMMaTUYECKUE YCJIOBHS, COOTBETCTBYIOIIME HAWOOJIbIIEMY MPOBUCAHUIO
MpOBOJIa. BEIYHCIUTE IMHY TrabapUTHOTO MPOJIETa BO3AYITHOW TMHUUA. CyM-
MapHYI0 BEPTUKAIbHYIO HAarpy3Ky OT COOCTBEHHOM MacChl MPOBO/IA U MACChHI
roJIONIENA Y4 IPUHATE 110 Pe3yJbTaTtaM pacdyera npumepa 2.1.

Pewenue

Ucnons3ys popmyiny (2.50), BelUMCIUM 3HAYEHUE KPUTHUUECKOU TEM-
nepatypsl 11 ipoBoaa AC 240/32 HopManbHON KOHCTPYKIIHH:

13 0,00115 o
0, =(@,-3)+310. 72 _ 53y, — - = 55°C
aF 75 19,2-107°-8,25-10° 0,015

CpaBHUM MOJTY4YEHHOE 3HAYEHUE KPUTHUECKOU TeMIlepaTyphl C 3a/1aH-

HbIM 3HAQYCHMEM HAWBBICIIEH TeMmIeparypel @ =355>0.,=20°C wnmm

®, <O, CICAOBATCIIBHO, HanOoJIbIIEe IMPOBHUCAHHUC IIPOBOAd MMECT MCCTO

Py Harpy3ke MpoBojia COOCTBEHHOM MAacCOW M Maccoil rojioyiefia, TO €CTh
IpU yAETbHOW MEXaHUYECKOW HAarpyske 7y, a He IPU HAUBBICIICH TeMIIepa-

Type Bo3ayxa. tak, rabapuTHbIMU KIIMMATHYECKUMH YCIOBUSIMU SBIISIFOTCS
roJjiojieiHbIe (IMIPU OTCYTCTBUU BETPA).

[Tonw3ysce ypaBHeHueM (2.51) HaligeM JIMHY rabapuTHOTO MPOJIETA
IIPU TOJIOJIEAHBIX UCXOJHBIX YCIOBUSX — Yus, O, Ous. JJIS YIPOIIEHUS pac-

YEeTOB BBEJEM ciieytonme KodhGUIMEHTH U BBIYUCIUM UX:

2 . 3
. (y (ymj 'Ej_ 0,015 +(0,0155j 8.25:10°_ 0 o007

8f \ o) 24) 811,04 \ 13 24
B= (c+aE 1—0(1))=13+19,2:10°-8,25-10*(-5— (-5)) =
fE_§ 11,04°-8,25-10° = 2681395,2.

Takum 06pa30M, MOJIy4YrM OMKBaJpaTHOE ypaBHEHUE BUA!
0,0007/}6 — 13126 —2681395,2=0.
Jlis TOoro 4toObl HAWTH AJTUHY TabapUTHOTO MpoJiEéTa, HEOOXOIUMO
BBIUMCIIUTHh KOPEHb MOTYYSCHHOTO OMKBAPaTHOTO YPABHEHHUS:

1 _\/B+\/32+4AC _\/13+\/132+4-0,0007-2681395,2 eg o
rab — - -

24 2-0,0007

B npumepe 2.4 6bu10 ycTaHOBIECHO, YTO MPHU BHIOOpPE OMPEAEISIONINX
YCIOBHM B pacyeTe MpoBOJA HA MPOYHOCTh CIEAYET OPUEHTUPOBATHCS Ha
JUIMHY  BTOPOTO  KpHUTHYECKOro  mpoiéra /,;, =130,7mM.  3HaueHue

Irag =268 >[5, =130,1 M, TO ecTh pacyeTHbIE YCIOBHSI BBIOPAHbI BEPHO.

[lepecuntaem cTpeny mnpoBucaHus ImpoBona (mpumep 2.2) s
rabapuTHOro NpoieTa:
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yi/2 _035-1072-268
8, 88,7

fras= =3,6 M.

2.7. BpiOOp H30JSTOPOB NPH MNPOEKTHPOBAHMU BO3AYILIHbIX JIMHUH
3JIeKTponepeaayn

2.7.1. Tunsl U309 TOPOB

N3onsaTopbl OTHOCATCS K OTBETCTBEHHBIM 3JIEMEHTaM BO3YIIHBIX
JMHUM U TIpeIHA3HAYAIOTCS JUIsl U30JISIIIUU TPOBOIOB BO3YIIHBIX JIMHUM, Ha-
XOJSAUIMXCA MOl HAPSPKEHUEM, OT KOHCTPYKTUBHBIX yacteit onop [3, 6, 11].

OCHOBHBIMM MaTepHaJlaMU IS M3TOTOBJICHUS H30JSATOPOB CIyKaT
ANEKTpOTEXHUYECKuH (hapdop, 3aKaIeHHOE CTEKIIO U TTOJTUMEPHI.

Puc. 2.20. @apgpoposvie uzonsmopwi

M3onstopel u3 3akaneHHoro crekia (puc. 2.21) B otiauuue ot ¢apdo-
POBBIX HE TPeOYIOT MPOBEPKH HA AIEKTPUUYCCKYIO TIPOYHOCTH TIepe]] MOHTa-
oM. B ciydae Hanmuaus nedekta u30UpyroIas JeTalb CTEKISHHOTO U30JIs-
TOpa pacChIMaeTcsl Ha MEJIKHUE YaCTH, @ OCTATOK CTEKJISTHHOTO U30JISTOpa COX-
paHsieT HECYIIyI0 CIOCOOHOCThb, paBHYHO He MeHee 75 % HOMHHAJIBHOU
AIEKTPOMEXAHUYECKON TPOYHOCTH U30JIATOPA.
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Puc. 2.21. H3onamop u3 3axanenno2o cmexnia

B 3aBuUCMMOCTH OT Kjlacca HampspKeHHUs BO3AYIIHOW JUHUU (papdopo-
BbI€ M CTEKIISIHHBIE M30JIATOPBI JENATCA Ha IITHIPEBBIE U MOJIBECHBIE, KOTO-
pBIE COCTABJISIIOT JIBE OCHOBHBIE TPYIIIIHI.

[ITeipeBble U30ASATOPHI (pUc. 2.22) 3aKpervIsiioTcs Ha Omopax C
MOMOIIBIO IITHIPEN U KPIOUbEB U MPUMEHSIOTCS HA JIUHUAX HU3KOTO Hamps-
)kerust — 10 1000 B, a Takye Ha BBICOKOBOJBTHBIX JIMHUSX AJIEKTpOIEpeaa-
Yy HanpsokeHneM 10 35 kB.

Puc. 2.22. [lImwipesoii uzonamop mapku LLIC—10

B 0603HaueHnM Takoro BUa U30ISATOPOB niepBast OykBa «I11» o3Hauaer
«IITHIPEBOI», BTOpas — MaTepHall, U3 KOTOPOTO U3TOTOBIIEH U30JATOpP («Cx»
— «CTEKJISTHHBIN», «D» — «bdadopoBsiity), ciemyromee 3a OyKBaMH YHCIIO
O3HAayaeT KJacC HaNpsHKeHUsT BO3AYWIHOM nuHUM, Hanpumep, HIC-10.

PacueTHOM Harpy3koM ISl IITBIPEBBIX U30JISITOPOB SIBIISIETCA HArpy3Ka
Ha m3ru0. Cpok ciay>kKOBI HITHIPEBBIX H30JSATOPOB cocTaBiseT oT 15 mo 20
JeT.

[ToaBecHo# m30msTOp cocTOUT U3 haphOpOBOH MM CTEKISTHHON H30-
JMPYIONIEH YacTH U METAINTMYECKUX JETaJel — IIANoK U cTepxkHen. [loasec-
HbIE U30JIATOPHI 3aKPETUISIIOTCS] HAa OMOpaxX ¢ MOMOIIbIO JTUHEWHOU apMaTyphl,

64



COCIMHSIOTCS B THPJISH/IBI, COCTOSIIIUE U3 HECKOJIBKUX CLETUICHHBIX MEXIY
co0oit a51eMeHTOB (puc. 2.23) U IPUMEHSIOTCS Ha JUHUSX dJIEKTPOTepeadn
HanpsbkeHueM 35 kB u Bblmle, a Takke Ha JTUHUAX OoJjiee HU3KUX Hampsike-
HUI B HATSDKHBIX TUPJISTHIAX OIOP aHKEPHOIO THIIA.

[TepBas OykBa B oOo3HaueHun «II» o3Ha"aeT «moABECHOI», BTOpAs,
KaK U B CJIy4yae MITBIPEBBIX U30JATOPOB 03HAYAET MaTEpHal U30JSALHUH, YUCIIO
0003HAYaeT HE KJIacCc HaIpsHKEHHS, a Pa3pyIIAIOIIyI0 MEXaHMYECKYIO Har-
py3ky B kwioHbloTOHax (kH), manpumep, [IC—40A. PacuetHoil Harpy3koi
JUTSL ITBIPEBBIX M30JIITOPOB SIBIISIETCA HArpy3ka Ha pacTspkeHue. Cpok ciyx-
OBl TOJIBECHBIX U30JISITOPOB cocTaBiiseT 25 — 40 Jer.

|

Puc. 2.23. I'upnanoa uzonamopos

[TonumepHbie uzoaaTopsl (puc. 2.24) npeacTaBiIsiioT coO0M KOMOMHU-
POBAaHHYIO KOHCTPYKIIMIO, COCTOSIIYIO W3 BBICOKOMPOYHBIX CTEP)KHEU W3
CTEKJIOIJIACTUKA C MOJMMEPHBIM 3alIUTHBIM MOKPBITHEM, CTOMKUM K yJIbTpa-
(GUOJIETOBBIM U3TYyUYEHUSAM U XMMUYECKUM BO3JIEUCTBUSIM, TapEIOK U METal-
JUYECKNX HAKOHEYHUKOB.

B Hacrosiiee BpeMs NOJMMEPHBIE M30JATOPHI MO3BOJIAIOT 3aMEHHUTh
LEJIbIe TUPJIHIBI CTEKJISTHHBIX U30JIATOPOB, TaK KaK OHHU 3HAYUTEIBHO JIETYeE,
4yeM TUPJIAHIBI U3 cTekia u gapdopa. B 3aBUCHMOCTH OT THMA MOJMMEPHbIE
M30JIATOPBl MPUMEHSIOTCS Ha BO3AYWIHbIX JMHUAX 35 — 500 xB. IlepBas
OykBa B 0003HaueHHUH «JI» IMOKa3bIBaeT MPUMEHCHHE ISl TMHEHHON HM30JIsI-
uH, BTopast OykBa «K» O3HauaeT «KpeMHUHOpPraHUYEeCKuit», repnas mudpa
MOKa3bIBAET MUHUMAIbHYI0 MEXaHUUYECKYIO CUITY MIPU PACTSHKEHUUU B KUJIO-
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HptoTOHax (kH), BTOpas — Kjacc HanpspKeHUs BO3IYIIHON JTMHUW HApUMED,
JIK70/35.

13:: 14 “ ‘, ".\“‘H1L

Puc. 2.22. [lonumepnsiii uzonamop JIK70/35

XpaHCHI/Ie HN30JTOPOB Ha INTOIIAAKE OCYIICCTBIIAIOT 11O HABCCOM U B
TaKOM ITIOJIOKCHHH, YTOOBI M30eKaTh CKOIJICHUS BOJBI B ITOJIOCTAX HU30JIATO-

pa.

2.7.2. IJKCIUIyaTAIIHOHHBbIE XAPAKTEPUCTHUKHU H30JATOPOB. BpIiOOp
U30JIATOPOB NP NPOEKTUPOBAHUM

OKCIUTyaTalMOHHBIE ~ XapaKTEPUCTHKU  HM30JIAITOPOB  3aBUCAT  OT
a’pOAMHAMUYECKUX CBOMCTB M30JIUPYIOLIEH JeTanu (Tapesiku). Xopouee
OOTEeKaHUE H30JATOpa CHOCOOCTBYET YMEHBUICHHIO 3arpsi3HEHUS, JIy4Ile
MIPOUCXOJIUT €r0 CAMOOUYUCTKA JOKIEM U BETPOM M, KaK CIIEJICTBUE, YPOBEHb
M30JISIAN BCEU TUPJIAHABI HE CHIKAETCA 3HAaUUTENbHO [3, 6, 11, 13].

OCHOBHBIMH XapaKTEPUCTUKAMH H30JIATOPA SIBISIOTCA:

1) MexaHuyeckas pazpyllaroiias CUjia — HauMEHbIlee 3HAYCHHUE CHUJIBI,
MIPUJIOKEHHOM K M30JISITOPY B ONPENEICHHBIX YCIOBUSIX, IPU KOTOPOU
OH pa3pymaercs, kH;

2) 3neKTpOMEXaHMYECKas pa3pylliarolias cuja — HauMEHbLIEE 3HAUYCHHE
CWIBI, IMPWIOXKEHHOM K H30JATOPY B OIPENEIICHHBIX YCIOBHUSIX H
HaXOAIEMYCS IO IEHCTBUEM JIEKTPUUYECKHUX NTOTEHIUAIIOB, ITPU KO-
TOpPOM OH paspyuaercs, kH;

3) InuHA MyTH yTEYKHM — KpaTyalllee pacCTOSHHE WM CymMMa Kpart-
YauIIuX PACCTOSHHUM IO KOHTYPY HAapy>KHOU HM3O0JIIIUOHHOM IOBEPX-
HOCTH MEXJYy YacTsAMH, HaXOJAUIMMHUCSA MOJ Pa3HbIMHU 3JIEKTpUYEC-
KHMHM MMOTEHIIMAJIaMU, MM.

[Ipu npoexkTHpoBaHUU BBIOOP H30JATOPOB MPOU3BOAMTCS HA OCHOBA-
HUU TpeOoBanuii [13], ompenensomMx HEOOXOAUMYID MEXaHHYECKYI0 U
ANEKTPUYECKYIO TPOYHOCTb.

WcxonHbIMU TaHHBIMU 7151 BBIOOpA U30JIATOPOB MIPU MPOECKTUPOBAHUU
SABJISIFOTCSL:
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1) HampsbkeHue BO3yIIHON JTUHUY;

2) palloH TPOXOXKICHUS TpacChl JTUHUU (0COO0E BHHUMAHHE YJNETSIOT
BBICOTE HAJl YPOBHEM MOPS, HAJIMYUIO WU OTCYTCTBHUIO YYacCTKOB C
3arpsi3HEHHON aTMocdepoii);

3) marepuan v THII OOp;

4) HOpMaTUBHBIE MEXAHUYECKUE HATPY3KH HA U30JIATOPBI.

HopmaTuBHYI0O MEXaHMYECKYI0 HAarpy3Ky Ha H30JISTOpPbl XapakKTepH-
3yeT K03 UIIMEHT 3amaca MPOYHOCTH 7, KOTOPBIN SBISIETCS OTHOUIEHHUEM
pa3pylIaAONIe HArpy3Kd K HOPMATUBHOM, JCHCTBYIOLIECH HA M30JATOPHI B
COOTBETCTBYIOILIEM PEXKHUME.

KoadduimenTsl 3anaca mpoyHOCTH U30ISATOPOB B PA3NMUHBIX PEXKH-
Max paboThl BO3AYIITHON JTUHUU NTpuBeaeHBI B [[Ipmnoxenun 2, Tadm. 2.1].

Boibop THma H30JATOPOB JUIsl TUPJSHI HPOMEXKYTOYHBIX OIOp B
HOPMAJIbHOM peKHMMe PabOThl JUHUU MPOU3BOJAT MPU HaUOOJbIIEH HATPy3-
Ke:

237(n(byH6anlBec+Gr)£ P (252)
" IIpU CPCAHCIKCILTYaTalMOHHBIX YCJIOBUAX!
5(”(1)Y1anlBec+Gr)SPa (2.53)

A€ ng — YHUCIIO IPOBOJIOB B paciierienHon ase, mrT;

P —snextpomexanuueckas paspyuiaroias Harpy3ka uzossitopa [[Ipuio-
keHue 2, Tabnuna 2.2], H;
[pec — HAMOOJBIIMI BECOBOW MPOJET JIMHUU. B mpoekTax ajis TUIOBBIX

OIOp IMPUHUMAIOT [po. = 1,25/ 1,6, M;
Gr — CPEIOHHI BeC THPISHIBI H30JIATOPOB, IPUHUMAEMBII B 3aBUCHMMOC-

TH OT HOMHMHAJILHOTO HAIPsDKEHUS BO3AyIIHOW JuHuU [IIpmioxenue 2
tabm. 2.3], H;
2
Fyp — TOJIHOE TIONEPEYHOC CCUCHUE NPOBOJA, MM .

HatskHble TUPIISHIBI W30JSITOPOB KPEMSATCS Ha aHKEPHBIX OIMOpax U
BOCTIPUHUMAIOT HArpy3Ky OT COOCTBEHHOTO Beca THPJSHABI M OT TSDKCHUS
npoBoaa. BecoBeie MpONETHI TSI CTABHBIX aHKEPHBIX OMOP B CIPAaBOYHBIX
JTAHHBIX OOBIYHO HE YKAa3bIBAIOTCS, TIOITOMY HEOOXOIMMO OPUEHTHUPOBATHCS
Ha JJIMHY BECOBOTO MPOJETA MPOMEKYTOUHOM OTOPHI.

Br160p n3015TOpOB TPOU3BOAUTCS MPU HAUOOIIbINIEH HATPY3KeE:

Va6 Fup sec

2,7 +Gy | +lows Fupf <P (2.54)

" IIpU CPCAHCIKCILTYAaTaIMOHHBIX YCJIOBUAX!
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2

Ile oy U 0, HAIPSDKEHUS B IPOBOJE NMPU HAMOOJbIIEH Harpy3Ke W Ipu

2
5 (Lplmu Grj (6o Fup P <P, (2.55)

CpeIHEIKCILTYaTAIMOHHBIX YCIOBHSX, COOTBETCTBEHHO, H/MM’.

KonuvecTBo HM30JATOPOB B MOJIJIEPKUBAIOLIUX THUPISIHAAX SIBISETCS
[JIABHBIM BU3YaJIbHBIM [OKAa3aTeeM, MO0 KOTOPOMY MOKHO ONPENEIIUTh
KJIacC HampshKeHUs: Bo3nyHow auHuu. B [[Ipunoxenuu 2, Tadma. 2.4] npuse-
JIEHBI JaHHBIC IO KOJMYECTBY HM30JIATOPOB B TUPJSHAAX B YCIOBHSIX OOBIY-
HOM He3arpsi3HeHHOU aTtMmocdepsl, a B [6, cTp. 65—68, Tabm. 1.64—-1.67] —
TEXHUYECKUE XapPAKTEPUCTUKHU PA3IUYHBIX TUIIOB U30JSTOPOB.

Ilpumep 2.6

[Tonap3ysich HMCXOAHBIMU JAaHHBIMA W pe3yJbTaTaMU MPEIbIIYIIUX
NpPUMEPOB, A cTposieica Bo3aymHod auHun 220 kB momoOpath
M30JIATOPHI [ KOMIUIEKTOBAHUS THPJISH]I, MOABEIIMBAEMBIX HA MPOMEXKY-
TOYHBIX M aHKEPHBIX OMOpax.

Pewenue

B npumepe 2.5 nns omnopwel ¢ muppom I1220-2 ObLI0 MOIYYEHO
lrag =268 M, TOorma [ge.=1,25/1,6=1,25-268=335 m. Cornacuo [IIpuio-
XKeHuro 2, Tabm. 2.3] cpeaHuii BeC THPISHABI U30TOpOoB cocTaniser 800 H.
DOnexkTpoMexaHWyecKas  paspyliarouiasi — Harpy3ka  H30JATOpa  [pHU
HOMHUHAJIBHOM HANpsHUKEHUW JIMHUM COCTaBIIACT Ui TOJAJIEPKUBAOIIUX
rupisaa P =60000 H, mis vaTtsoxkaeix tupisiag — P =120 000 H [ITpumo-

eHwue 2, Taoun. 2.2].

Ucnionb3ys hopmynsl (2.52) u (2.53), onpeaenum TUI U30ISTOPOB JUIs
MOJIJICPKUBAIOLIUX TUPISHI MPOMEKYTOUHBIX OMOP B HOPMAJIBHOM PEXHUME
paboTHI TMHUU TTPU HAUOOJBIIEH HAarpy3Ke:

2,71y Vs FripInec + Gr)=2,7(1-0,0155-281,1-335+800) = 6101 < 60 000 H;

IIpHu CPCAHCOKCINTYATAlITMOHHBIX YCIIOBUAX !
S(ngy V1 FupInee + Gr)=5(1-0,0035-281,1 - 335 +800) = 4330 < 60 000 H.

CpaBHEHME MOJYYEHHBIX 3HAYEHUH HOPMATHBHBIX HAarpy3oK IIOKa-
3bIBAET, YTO B JAHHOM CIIy4ae BBIOOP H30JIATOPOB Ul MOAJAEP KUBAIOIIECH
TUPJISTHABI TOJDKEH MPOU3BOAUTHCSA MO PEXKUMY HaHOONbIIEH HArpy3Ku.

Onupasces Ha Tabnuity B [6, cTp. 65, Tabn. 1.65], BeIOUpaeM CTEKIISH-
HbIE€ NIOJIBECHBIE M30JIATOPHI TapeabyaTble BBICOKOBOJIbTHBIE THIA [IC—40A ¢
paspymiaroiieit anekrpomexanndeckoi Harpyskoit 40 kH (40 000 H). Ctpou-
TeJbHAasl BBICOTA OJIHOTO 3BeHa B rupisiie cocramiser 110 mm (0,11 m), a
Macca ogHoro msossaropa — 1,7 xr. 1Ipu cTaibHBIX OMOpax M HAIPSKECHUH
muHun 220 kB B ycnoBusiX OOBIYHOM He3arps3HEHHOM aTMoc(epbl, TaKHX
U30JISITOPOB B TUPJIAHIE JAODKHO ObITh 14 mTyK, TOrna AjMHA MOJAEp-
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YKUBAIOIEH TUPISHABI U301ATOPOB A, =14-0,11=1,54 M, a Bec onHOMU rup-
JISIH/IBI HA TIPOMEIKYTOYHOM o1ope Gy p =14-1,7 =23,8 k.,
HopmatuBHBIE Harpys3ky, NPWIOKEHHBIE K HATSHKHBIM THUPIISIHAAM

U30JISITOPOB aHKEPHBIX OMOp, HaxoauM mno ¢gopmynam (2.54) u (2.55). B
dopmyiny (2.55) nmoacraBisercss 3HaUEHUE ,, COOTBETCTBYIOIIEE BECOBOMY

IIPOJIETY IUIA 3aJaHHOIO TUIIA ONOPBI. Tak Kak ONpeaeaolMu KIuMaTuye-
CKUMU YCJIOBHUSMH SIBJISIFOTCS YCJIOBUSI HauOOJbIIEH HArpy3Ku, TO s OIpe-
JieNIeHNsl G, BOCIOJIb3yeMcsl KpuBoi 1 rpaduyeckoi 3aBUCMMOCTH U3MEHe-

HUS HalpsDKEHUS B IPOBOJE B 3aBUCHUMOCTHU OT JUIMHBI ITpoJiéTa (puc. 2.18),
N 2
HOJIy4eHHOU B npumepe 2.4. Ilpu [,.. =335 M, 5,~ 3,5 naH/mMm".

[Ipu HaubonbIIeH HArpy3Ke:

2
27 (VHGF;pZBeC N GF] (06 P =

=27

2
(0,0155-281,1‘335+800j +(13-281,1)* =10696 <120 000 H;

IIPU CPEAHEIKCILTYATAllHOHHBIX yCIOBUSAX:

2
Fuol
5 (%JFGFJ +(03 an)2:

_s (0,0035-281,1-335

2
+ 800) +(3,5-281,1)* = 6890 <120 000 H.

CpaBHEHHME TIOJyYEHHBIX 3HAUYEHWH  HOPMATUBHBIX  HAarpy3okK
MOKa3bIBa€T, YTO BHIOOP M3OJISITOPOB JJISl HATSXKHOW TUPJISIHJIBI JOJDKEH MpO-
W3BOJIUTHCS MPU ACHCTBUU HAMOOJBIIICH HATPY3KH.

U3 [6, cTp. 65, Tabm. 1.65] BEIOMpaeM CTEKIISTHHBIE TIOJIBECHBIC M30JIsI-
TOPBI, TapenabyaThie BICOKOBOJbTHBIE TUNA [IC—40A, ¢ pa3pymaroiieit 3Jiek-
Tpomexannyeckor Harpyskoil 40 xkH (40 000 H). CrpoutenbHas BbIcOTa
olHOro 3BeHa B rupiasHae cocrasiser 110 mm (0,11 M), a macca ogHOro
n3oisatopa — 1,7 kr. [Ipu cTtaneHbIX onopax u HanpspkeHun auHun 220 kB B
YCIOBUSIX OOBIYHOM HE3arpsA3HEHHOM aTMocdepbl TakuX H30JATOPOB B
HATSOKHOW THUPIAHIE AOKHO ObITh 12 MmTyK, TOrAa JUIMHA HATSXKHON
TUPIIAHIBI U30JIATOPOB ), =12-0,11=1,32 M, a Bec 0qHOM r'UpIISAHABI HA aH-

KEPHOU ONOPE Gy oy =12-1,7=20,4 kr.

2.8. JIuneiiHasi apMmatypa. Bo100op JiuHeliHOH apMaTypbl IPH MPOEKTUPO-
BAHMHU BO3AYIIHBIX JUHHUI JIEKTPONepeaadu
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2.8.1. Tunbl JUHEHHON apMaTypbI

Jluneitnyro apmatrypy (puc. 2.23), NpUMEHSEMYI0 TPH 3aKpETUICHUH
MPOBOJOB B TUPJAHAAX H3O0JIITOPOB, ACNSAT MO HA3HAYCHHIO HA YEThIpE
OCHOBHBIE BUja [3, 6, 11]:

Puc. 2.23. Jluneiinas apmamypa

1) 3aXuMBbl, CITy’Kalllue JIJIs 3aKpeIIeHUs POBOJIOB U TPOCOB.
Ha omopax mpoMexyTO4HOro THmMa IMOJBEIIUBAIOTCS MOJIEPKUBAIO-
1Iue 3KUMBI (puc. 2.24).

Puc. 2.24. Iloooepacusarowu 3axcum

OHH COCTOSIT U3 JOIOYKH, B KOTOPYIO YKJIAJbIBAETCS MPOBOJ, IUIAIIEK
¥ OONTOB JJIsl 3aKpEIUICHUs MPOBOJA B JIOJIOYKE, MPYKUH M KPOHIITEHHOB
JUISL KPEIUJICHUS 3aKUMa B TUPJISTHIE.

B 3aBucuMOCTH OT MPOYHOCTH 3aKPEIJIEHUS] TPOBOJA, ITOAIEPKUBAIO-
1Y€ 3aKUMbI OAPA3ACIAOTCS HA 4 BUA:

2nyxue 3axcumol. B TIyXoM 3aKuMe MPOBOJ WK TPOC B CIyyae oOpbI-
Ba B OJIHOM U3 IIPOJIETOB, KaK MPABUJIO, HE BRITATUBACTCS U3 3AKUMA U TShKeE-
HUE TPOBOJA WJIM TPOCA, OCTaBIIErOCs HEOOOPBAaHHBIM, MEPEIAETCS HA MPO-
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MEKYTOUYHYIO OMOpY. DTO OCHOBHOW THI 3a)KUMOB, ITPUMEHSIEMBIX HAa BO3-
JTYIIHBIX JTUHUAX;
3aXCUMDBL C OZPAHUYEHHOU NPOUYHOCMBIO 3A0€1KU. 3a)KUMBbI 3TOTO TH-

na, IPUMEHSIOTCSA Ha BO3IYLIHBIX JUHUAX 3JekTponepenadn 500 kB. B ciy-
yae OOpbIBa MPOBOJ MPOTATHBACTCA B 3aKMME U TNPHUCIYCKAeTCsA. 3a CUET
ATOr0 MPOJOJIbHBIE HArpy3Kd Ha MPOMEXYTOUHYIO OMNOPY YMEHBIIAKOTCS.
OpaHako OMNBIT 3KCIUTyaTallMy TAKUX 3aKUMOB HE BIIOJIHE YJIOBJIETBOPUTENIEH,
TaK Kak IpH MPOTITMBAHUU YEpe3 3aKUMbl HAOJIIOIA0TCS MOBPEKICHUS OT-
JIENbHBIX POBOJIOB (pa3bl;

MHO20POSIUKOBbIE Nod6eckbl. MHOTOPOIUKOBBIE MOJBECHl (puc. 2.25) 1o
CYILECTBY HE SIBJISIIOTCS 3a)KMMaMH, TaK Kak MPOBOJI MOKET CBOOOJIHO Iepe-
KaTbIBaThCA 110 POJIMKAM IPU PA3HOCTH TSHKEHUN B CMEKHBIX MPONETAX.

£
680
735

r 920
be »

Puc. 2.25. Muozoponuxoeuwiii noosec

MHOTOPOJIMKOBBIC TOJIBECH MPUMEHSIFOTCS JUII KPEIJICHUS TPOBOIOB
CeueHMeM, PaBHBIM WX Goubiie, deM 300 MM” U TPOCOB HA IIPOMEKYTOYHBIX
oropax OOJBIINX MEPEXO0B. 3alUTa CTATCATIOMUHUEBBIX TTPOBOJIOB OT H3-
JoMa OTACNIBHBIX MPOBOJOB (ha3bl obecrieunBaeTcss THOKUMH MYy (dTaMHU-TIPO-
TEKTOpaMH, KOTOPbIC HACAXHMBAIOTCS Ha MPOBOJIa Ha yJacTKax BO3MOXKHOTO
UX TIEPEMEIICHUS.

Ha aHkepHBIX W aHKEPHO-YTJOBBIX OMOpax HATSHKCHUE M KPETUICHHE
MIPOBOJIOB OCYIIECTBIISIETCS C MIOMOIIBIO HATSHKHBIX 32KUMOB. B 3aBHCHMOC-
TH OT KOHCTPYKITUU M CIIOCO0a MOHTaXa HATSDKHBIC 32)KUMBI TIOJIPA3ICISIFOT
CJIeAYIOIM 00pa3oMm:
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KIUuHO8ble HamsyicHble 3axcumbl. KIIMHOBBIE 32KUMBbI TPUMEHSIOTCS
JUIS1 TIOJIBECKU CTaJIbHBIX TPOCOB;
001moesvle HamsadCHbLE 3axcumbl. BOITOBbIE HATSHKHBIE 3aKUMBI (pHC.

2.26) IPUMEHSIOTCS ISl MOHTAKA TIPOBOJIOB cedeHreM 35 — 300 mv’.

Puc. 2.26. Boaimogou HamsaxiCHOU 3aX4CUM

OHM cOCTOAT U3 KOPITyca, HATSKHBIX OONTOB € TaiiKaMU, MPOKJIAIOK U3
ATFOMHUHHUS U TUTAIIEK;

npeccyemuvle HamaxdcHble 3axcumol. [IpeccyeMble HATSKHBIE 3aKUMBI
(puc. 2.27) NPUMEHSIIOTCS ISl MOHTAXa IPOBOIOB cedernueM 300 Mm” 1 6o-
jee.

. Lt
5] L
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Puc. 2.27. Ilpeccyemblii HAaMANCHOU 3AHCUM

OHU COCTOSAT U3 CTaJIbHOTO aHKEpa, B KOTOPOM OINPECCOBHIBACTCS
CTaJIbHOW CEpICYHMK MPOBOJIa U AIIFOMUHUEBOIO KOPITyca, B KOTOPOM OIIpec-
COBBIBAeTCSl AIOMUHHUEBAsI YacTh MPOBOJAA CO CTOPOHBI mponéra. Hempocrar-
KOM TakoTO BUJA 32KMMOB SIBJIIETCS HEOOXOAMMOCTb pa3pe3aTh MPOBOJ IS
ONPECCOBBIBAHNS;

2) cuemnHas apmarypa.
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Cuennas apMatypa noapasiensercs cleIyonmM o0pa3oM:

CKOObl, CllyXalye g NEpexoJa C LIAPHUPHOTO COEAUMHEHUS Ha
COCQUMHECHUE THUIA «IAJCU-NPOYIINHA» W W3MEHEHUS PACIOJIOKEHUS OCH
IaPHUPHOCTH;

cepbeu, COCTUHSIEMbIC, C OHOW CTOPOHBI, CO CKOOOM, a ¢ IPyrou — ¢
HIanKaMy U30JIATOPOB;

YuiKu, CIIy)Xamue JJisi COSIUHEHUS CTEP/KHEN MOJBECHBIX M30JIATOPOB
C Ipyroi JINHEMHON apMaTypou;

npPoOMedCymouHble 36eHbsA, KOTOPBIE IPEIHA3HAYCHBI JJIs1 YBEIUYEHUS U
peryJIMpOBaHus JJIMHBI IIOJIBECKHU, MEPEX0Aa OT OJHOTIO BUAA COCAUHEHUS K
APYTOMY,

3) 3ammTHas apMarypa.

3ammTHas apMarypa MNpelHa3HayeHa Ui 3allyThl U30JIATOPOB, IPO-
BOJIOB, TPOCOB OT JJIEKTPUYECKHX U MEXAHMYECKUX NOBpexaeHui. K 3anmr-
HOW apMaType OTHOCHT:

pacnopku, ciyxaimue s o0ecrnedyeHHs IOCTOSHCTBA BO3AYLIHBIX
MIPOMEKYTKOB MEXKIy MPOBOJaMH, MEXIY (a30il U CTOWKON OMOPHI, MEKIY
npoBoaaMHu (hassl;

Oannacmol, IPUMEHAEMBIE JJIsI YMEHBIICHUS BIIMSHUS BETPOBBIX Harpy-
30K Ha IPOBOJIA MIPOMEKYTOUHBIX OIOP, PACIIOJIOKEHHBIX BO BIIAIMHAX;

My@mbl, TpeAHA3HAYECHHBIE U 3aIIUTHI IPOBOJA OT MOBPEKICHUS IIPU
CONPUKOCHOBEHHH C apMaTypou;

2acumenu eubpayuu, yCTaHABIMBAEMbIE HA MPOBOAAX M TpOcax s
3aIUThI MOCAEAHUX OT BUOPALIMH;

4) coenuHUTENbHAS apMaTypa.

CoenuHuTenbHas apMarypa IMpeJHa3HaYeHa Il COCIUHEHHS IMPOBO-
JIOB ¥ TPOCOB BO3IYLIHBIX JUHUUN 3nekTponepenaun. K coenuuurensbHou ap-
MAaType OTHOCATCS: OBAJIbHBIEC, IJIAICYHBIE, IIPECCYEMBIE, KIIBIKOBBIE, IETIIE-
BbIC U 3a3€MJIAIOLINE 3aKUMBI.

TexHuueckne XapakTEPUCTUKMA BCEX BHUAOB JIMHEMHOM apMaTypsbl
npuBeneHsl B [6, ctp. 70—121, Tabn. 1.68—1.132].

2.8.2. Bpi0op JMHeHO apMaTyphl IPH NMPOEKTHPOBAHUHA

BriOop nuHEiHON apmaTypbl MPOU3BOJUTCS B COOTBETCTBHHM C
BBIOpaHHBIM THUIIOM H30JATOPOB [6]. Hampumep, ecnu H30JI9TOPHI UMEIOT
AJEKTPOMEXAHUUECKYIO pazpymiaroiryto Harpy3ky 60 000 H, To oHM JOJKHBI
CONPSTaThCS C apMaTypoil, rapaHTUPOBaHHAs ITPOYHOCTh KOTOPOM COCTaBIISA-
et 60 000 H. ITognepxkuBaromue 3axkuMbl 1 JuHud 35 — 330 kB npuHu-
MaroTCsl BO BCEX cllydasix riryxue, a aisa Juauil 500 kB — rimyxue unu ¢ orpa-
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HUYECHHOU IMPOYHOCTBIO 3aACJIKU. HatspxHbie 3a:KHMMBI BBI6I/IpaIOTC}I B 3aBHU-
CUMOCTH OT IINTIOIIadH ITOIICPCYHOI'O CCUCHUS ITPOBOJHUKA.

2.9. PaccranoBKa onop nmo npoguiaio Tpacchl
2.9.1. O01ue cBexeHUs

Bri6op ontuManbHOR Tpacchl, 00ecneYrBaromeil BO3MOKHOCTb 3KO-
HOMHMYHOTO COOPYXEHHSI BO3IYIIHOW JIMHUU, SIBISIETCS OJIHOM U3 OTBETCT-
BEHHBIX yacTel mpoekTta [3, 11]. Haubonee aemenoit Obuia Obl JUHUS C Ca-
MOW KOPOTKOM TPacco, TO €CTh MPOXOIAIIas MO NPSIMOW JIMHUHU, COEIU-
HAIOIIEH MyHKTHI €€ Havajla U KOoHIa. BeiOop mpsiMoi Tpacchl HEBO3MOXKEH,
TaK KaK Ha HEW MOTyT HaXOJMTbCS HACEJICHHBIC IMYHKTHI, IPOMBIIIIECHHbIE
COOPY’KEHUS, BOJAHBIE ITPOCTPAHCTBA, TOPbI U APYrUe NPENATCTBUS, TPEOIO-
JIEHUE KOTOPBIX MPHUBEIO Obl K YBEIUYEHUIO CTOMMOCTH JuHUU. [loaTOomMy
BBIOOp TPaccChl JIJisi BO3AYILIHOM JIMHUU HAYMHAIOT ¢ OCMOTpa paiioHa IMPoxXo-
YKJEHUS TI0 KapTe, Ha KOTOPYIO HAHOCAT JIOMAHYI0 JIMHUIO, KaK MOKHO OoJiee
MPUOIMKAIONTYIOCS K TPSIMOiA, HO o0xosmryto npensrctBus. [locie Beroopa
TPacChl MO KapTe MPOU3BOJIUTCS OCMOTP paliOHA HA MECTHOCTH.

CambiM y1OOHBIM CIIOCOOOM BBIOOpA Tpacchl ABISETCA a’podoTo-
ChEMKA, MO3BOJIAIONIAS PACCMATPUBATH PSJI BAPUAHTOB U OMNPEICIATh Hau-
JIYYILIHAN.

[Ipu BBIOOpE TpacChl ClieyeT YUUTHIBATH CIAEAYIONINE (PaKTOPDI:

1) ycnoBusi TpaHcmopTa mMaTepuanoB Ha JuUHUIO. C 3TOMH TOYKHU 3peHUs
BBITOJIHEE CTPOUTH TPACCHI BIOJIb KEJNE3HBIX U MIOCCEMHBIX TOPOT, TaK
KaK TPacChl, HAXOJAIIMECS HAa 3HAYUTEIBHOM PACCTOSSHUM OT TPaHC-
MOPTHBIX MyTEH, TPEOYIOT JOCTABKM MaTEPHAJIOB 1O 0€3/10POXKBI0, UTO
BEJIET K YJIOPOKAHUIO CTPOUTENHCTBA BO3YIITHON JINHUHU;

2) nuHUA CBS3U. BIONB MIOCCEWHBIX JOPOT OOBIYHO MPOXOASAT JIMHHUH
CBSI3M, U NPU MAPAUICIBHOM CIIEIOBAaHUM JIMHHS DIIEKTpONepeaadn
OK)KET BJIMSHUE HA JIMHUIO CBS3U, HABOJS MEIIAIOIINAE SJICKTPOABHU-
)ymue cuibl. [IoaToMy Tpacca TMHUAM JOJKHA MPOXOAUTH HA ONpee-
JIEGHHOM PAacCTOSHUU OT JIMHUM CBSI3U, KOTOPOE OMPEIEIIETCS B COOT-
BETCTBUU C YKA3aHUSMH IO JIEKTPOMArHUTHOM coBMecTUMOCTH [13].
[lepeceueHust ¢ JIMHAMU CBSI3M HE MNPEACTABISAIOT 3aTPYyJIHEHUN U HE
BIIUSIIOT Ha BBIOOP Tpacchl. B HEKOTOPBIX cilydasiX MPOU3BOJAT Iepe-
YCTPOMCTBO JIMHUN CBSI3M WJIM UX 3aMEHY Ha KaOeJbHbIC JIMHUM Ha
y4acTKaX MEePECEUCHHUII;
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3) mepexonpl 4Yepe3 BOAHBIC MPErpajibl U HHKEHEPHBIE COOPYKEHUS.

Oco0oe BHUMaHUE 00paIarT Ha BEIOOP Hanboliee y100HBIX MECT Tie-
PEXOJI0B YEPE3 PEKH, BOJHBIE IPOCTPAHCTBA U HHKEHEPHBIE COOPYIKE-
Hus. Ecnin nepexon dyepe3 KpynHyI0 CyJIOXOJHYIO PEKy HEM30€XKEH, TO
BBIOOpP Tpacchl HAUMHAIOT UMEHHO ¢ BhIOOpa MecTta mepexoaa. Haubo-
jee ya1oOHBIM OyAET y4acTOK PEKU C BHICOKUMH HEPa3MbIBAEMbIMH Oe-
peraMu, Tak KaK MpU HAJIMYUM TAKOTO y4acTKa YCTaHOBKa OMOp HOP-
MaJIbHOM BBICOTBI MOXET O0ECIeUUuTh TPEOyeMbIil rabapuT MpPOBOJIOB
HaJ BOJoM (puc. 2.28).
Ecnu Takoro ydactka HET, TO BBIOMPAaIOT MECTO, HA KOTOPOM pekKa
uMeeT MeHbIyto mupuHy (puc. 2.29). XKenarenbHo, 4TOoObl HA MyTH
nepexoa He ObUIO 3aJIMBAEMOM MONMBI, B OCOOEHHOCTH MONMBI C Jie-
JIOXOJ0M, TaK Kak MOTpeOyeTcsi yCTaHOBKA CHEIUalbHBIX (QyHIaMEH-
TOB, paCCUMTaHHBIX Ha JaBiieHue JObauH (naparpad 2.10.4). CormacHo
TpeboBanusM [13] mepexoa yepe3 BOAHBIE MPETPasIbl JOIKEH OIPaHU-
YUBATHhCSl KOHIIEBBIMU OINOPAaMH, YCTAaHABIMBAEMBIMU Ha PACCTOSIHUU
300 — 700 M OT nEepeXOAHBIX MTPOMEKYTOUHBIX OIOP.

Ilepexonbl yepes Kene3Hble M MIOCCENHBIE TOPOTH NIEPBOM KaTe-
TOpPHUH JAOJKHBI OBITH OrPAaHUYEHBI aHKEPHBIMU OIOPAaMU, TO3TOMY yT-
JBI IOBOPOTA Tpacchl LerecooOpa3Ho coBMenaTh ¢ HUMH. [lepecede-
HUS BBIOMPAIOT B T€X MECTaX, I'Jle IMMyTH MPOXOASAT HA YPOBHE 3€MJIH,
WIM B BBIEMKaX, 4TOOBI HE MOBBIIIATh onopsl. [Ipu nepeceuenun npo-
BOJIa BO3JYIIHOM JIMHUU 00Jiee BBICOKOTO HAIPSKEHUSI TOJKHBI ObITh
pacnoJioKeHbl HaJ MPOBOJAMHU JIMHUM 00Jiee HM3KOIo KJlacca Hamps-
KEHUS.

BceTpeuaronuecs Ha MyTH Tpacchl JUHUU DJIEKTPOIIEpENayu Ke-
JaTeNbHO MepecekaTh OJuKe K cepeuHe MpoJéTa, Tam, Tie IPoBoJia U
TPOCHI HAXOJATCSI Ha MEHBbILIEH BBICOTE HaJ 3€MJIEN U YCTaHABJIMBATH
OJIHY W3 OIOp IepeCceKarome JUHUM OMKe K TepeceKaeMor Ha-
CTOJIBKO, YTOOBI PAacCTOSIHUE OT IEepPeceKarollell JIMHUU 10 MPOBOJOB
nepecekaeMon JIMHUM ObUIO He MeHee HopMupyemoro [13];

4) moBOpOT Tpacchl BO3AYIIHOW JUHUU. HexenarenpHO COBMEIIEHHUE YT-
J1a TIOBOPOTA TPACChl C TOYKOM YCTAHOBKH BBICOKOM IEPEXOIHOU OIO-
pBL, TaK KaK B 3TOM ClIy4yae HEOOXOJIUMO OYyJEeT YCTaHOBUTH BBICOKYIO
aHKEpPHYIO OMNOpYy, Macca KOTOPOW 3HAYMTENIbHO OOJIblIE, YeM macca
IIPOMEKYTOYHOU.

2.9.2. IIpoaoJibHbIN NPOPHIL TPACCHI

[IpononbHBIA TPOdHIIE Tpacchl MpeACTaBiIseT co00M ouepTaHus Bep-
TUKAJIBHOTO pa3pe3a BOJIb TPacChl BO3AYIIHOW JWHUU. OOBIYHO pernbed
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Tpacchl HE OBIBa€T POBHBIM, W TPOQPUIL M300pakacTcss JOMaHOW JIMHHEH
(puc. 2.30) [3, 11].

OcHOBHOE Ha3Ha4YeHHE MPOUIISL TPacChl — MPOBEPKA BEPTHKAIBLHBIX
PacCTOSHUN BO3AYIIHBIX JUHUW HAJ 3€MJICH.

Puc. 2.28. Ilepexoo 6030ywnou aunuu 35 kB uepes nponue
bocghop-Bocmounuiii

YepTexx mpoduiast Tpacchl BHIOTHSAETCS B Pa3HBIX MacuITadax mo Bep-
TUKAJIM ¥ TOpu3oHTaU. Kak nmpaBuiio, NpUHUMAIOT MacIiTad mo ropu3oHTa-
mm — 1:5000, a Beprukanbubiii — 1:500, Tak Kak Takoil MacimTad yJOBIETBO-
psieT TpeOOBAHUIO TOYHOCTH IO ONPEACIICHUIO TOYEK YCTAaHOBKH ONOP U BbI-
COTHI MpoBoJa Haja 3emiiel. Ha npononsHOM npoduie o6o3HauaroT nepece-
KaeMble MH)XEHEPHBIE COOPYKEHUSI — KEJIE3HbIE M IIOCCEHHBIE TOPOTH, JIH-
HUM 3JIEKTPONEPENauld U CBSI3U, IPUYEM YKa3bIBalOT OTMETKHU IOJOTHA JI0-
por, a aJs IMHUHA — YUCII0 MPOBOJIOB U UX oTMeTKHU. Ha uepTex npoduins Ha-
HOCSAT T€O0JIOTMUECKUN pa3pe3, Ha KOTOPOM YKasbIBAIOT IIIyOMHY 3ajeraHus
I'PYHTOB U UX BH/I.

[Ton ropu3oHTaNBHOM JIMHUEH, OTPaHUYUBAIOLICH YepTeK MPOQUIIS, HAHOCST
CIIEAYIOIINE JAHHBIE!
1) ormeTku npodus;
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2)

3)

4)

5)

6)
7)

TOPU30OHTAIBHBIC PACCTOSHUSI MKy TOUKaAMHU, OTMETKU KOTOPBIX OBbI-
JI 3aMEPEHBI;

MUKETaX — JIJIMHA TPacchl B COTHSAX METpPOB. IlonoxkeHne OoTAenbHBIX
OTIOp YCJIOBHO 3aMMCBLIBAIOT B BHje 369 + 55, uro obGo3HayvaeT pac-
crosiHre 55 M oT nmkera 369 unm paccrogaue 36900 + 55 = 36955 m
OT HayaJia TPacchl;

Puc. 2.29. Ilepexoo 6o30ywnou aunuu 500 kB uepes pexy Amyp

abpuc (cutryanusi) — y3Kas 1oJioca IjlaHa JMHUH, T/I€ YKa3bIBAIOTCS
IPaHUILIbl MIEPECEKAeMbIX TPaccol MoJieH, Jyros, OOJIOT, JIECOB, pEK U
VH)XEHEPHBIX COOPYKECHUN;

yIJbl TOBOPOTA — YCJIOBHbIE 0003HAUYEHUS YTJIOB MOBOPOTA JUHHUH C
yKa3aHHEM UX TOYHBIX 3HaY€HUH. YTIIbl IOBOPOTA BIEBO 0003HAYAIOT
3Ur3arooOpa3Hoil JIMHKWEH BHU3 OT TOPU3OHTAIBHOM, YIJIBI TTOBOPOTA
BIIPABO — BBEPX OT TOPU3OHTAIBHOW JINHUM;

JIOITyCKaeMO€ JTaBJICHUE ONOPHI HA TPYHT;

rpadbl, OTHOCSAIIMECS K JUIMHE aHKEPOBAHHBIX YYacTKOB, MPUBEICH-
HOMY NPOJIETY M TSHKEHUIO IPOBOJA 3AIOJHSIOT MOCIE PACCTaHOBKHU
OTIOp IO POQUITIO TPACCHI.
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2.9.3. PaccranoBKka onop mo npopuiio Tpacchl ¢ NIOMOIIbLIO MIA0JI0HA

Kak oTrmeueHo Bbllie, Tpouib 3eMJIM PEeIKO ObIBAET POBHBIM, MO3TO-
My B YCJOBHSX HEPOBHOIO IMpoQuiIsl pacCTaHOBKA ONOP MPOU3BOAUTCA C IO-
MoIIb0 mabjona [3, 11].

[ITaGoH mpeAcTaBisieT co00 Tpu KpUBBIE (TapaboIIbl), PACIOI0KEH-
HBIE JIPYT HaJ IPYyrOM C ONPEAEIICHHBIM CBUTOM 10 BepTukanu (puc. 2.31).

Kpueaa 1 — xpuBasg MakCUMaJbHOTO MPOBUCAHUS MPOBOJA CTPOUTCS
10 YPaBHEHHUIO:

2 4 2 2
_YxT_y 107 x ) _ X
Y6 T 26 (100) km(looj’ (2.56)

rie ky — kKo3dduumeHt madnoHa;

Y — yJAelbHasg MEXaHWYecKas Harpyska, pu KOTOPOH MMEET MECTO Hau-
2
OosblIee MpoBUcaHue npoBoa, AaH/M MMm”;
. 2
G — HalpshKEHUE, COOTBETCTBYIOIEE rabapuTHOMY Mpoiéry, naH/mm™;
X — 3Ha4Y€HHE JIUHBI rabapuTHOTO TIposiéta (0 — 0,75)/ .6, M.

Nel Ne2

/
hraﬁ

|4

Puc. 2.31. Hanooicenue wabnona na npoguis mpaccol

Kpueaa 2 — rabGaputHas kpuas. ['abaputHas KpuBas CIYXXHUT IS
MPOBEpPKH rabapurta OT MPOBOJOB JO 3€MJIM M MEPECEKAEMbIX WHKEHEPHBIX
coopyxeHul. [Ipu nocTpoeHnn caABUraeTcs BHU3 1O BEPTUKAIU OT KpUBOM |
Ha paccTOsIHUE, paBHOE TpeOyeMoMmy rabapury:
hras =1 +(0,3+0,5), (2.57)
rae I' — tpeOyemblil rabaput (HauMeHbIlee PacCTOSIHUE OT TPOBOJOB JI0 MO-

BEPXHOCTH 3€MJIM, WM WH)XXEHEPHBIX coopykeHuit), M [13, ctp. 359-384,
Tabn. 2.5.23-2.5.36];
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0,3+0,5 — 3amac rabapuTa ajis yaeTa HepOBHOCTEH MPOPUIIS, M.

BaxxHBIM ycoBUEM SBISETCS TO, YTO KpUBasl 2 JOJDKHA TOJbKO Ka-
caTbCsl JMHUU NPoduJis, Kak MoKa3zaHo Ha puc. 2.31, a He mepecekaTh ee.
Tonbko B 3TOM cilydae MOXHO FTOBOPUTH O TOM, YTO TpeOyeMblii rabapuT BbI-
JIEpIKaH.

Kpueaa 3 — 3eMiusiHasg KpuBas. 3eMJIsiHas KpUBas CIY>KUT JJIA Mpa-
BUJILHOTO HAJIOKEHHUA IabioHa 06e3 u3MepeHus M 0003HAUEHUS BBICOTHI
IoJiBECa MPOBOJA Ha omnopax. Ee caBuraror BHU3 OT KpUBOM 1 Ha paccros-
HUE, paBHOE BBICOTE MOJBECA [TPOBOJIA /) HA ONOPAX:

ho=Hrp — X, (2.58)
e Hyp — BBICOTA OT 3€MIIH JIO HWXKHEH TpaBepcsl OMopsl, M [6, ctp. 3151,

tabn. 1.25—-1.45];
A — IIUHA TUPJSHIBI U30JIITOPOB, M.
[Ipumep paccTaHOBKH OIOP MO MpoduITo MokasaH Ha puc. 2.32.

; Nel Ne2 Ne3
AN

2

b L

Puc. 2.32. Paccmanoska onop npu nomowu wadbiona

PaccTaHoBKy Omop HauMHAIOT ¢ KOHLEBOW WM C YIJIOBOW OINOPBHI U
IIPOJOJDKAIOT B MpeJenax ydacTKa IO CJIEIYIOLIEro yria Wik 10 aHKEPHON
OTIOPBI, MOJIO)KEHNE KOTOPOM MOXKET ObITh YCTAHOBJIEHO 3apaHee, Halpumep,
JI0 aHKEPHOM OIOPBI IIEPEX0/1a YEPE3 NHKEHEPHOE COOPYKEHUE UM BOJHYIO
nperpany. IlomoxeHre KOHLEBOW OMOPBI 3aBUCUT OT BBHIOPAHHOI'O MOJIOXKE-
HUS MOJCTAHIIMM, a MOJIOKEHUE YIIIOBOW OMOPHI TOJKHO COBNAAATh C yIJIa-
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MU TIOBOPOTa JIMHUM, ONPENEICHHBIMH COOTBETCTBYIOIIMMU TOYKAMHU Ha
npoduie.

[Ipenmnonoxum, uto omnopa Ne 1 Ha puc. 2.32 sBisieTcs KOHIIEBOM WU
yrioBoil. [1labnon HakmageiBaeTcss HAa MPOPIIb Tak, 9TOOBI KpuBas 3 mepe-
cekya mpoduik B TOUKe yCTaHOBKH omopbl Ne 1, ock mrabimona Obliia BepTH-
KaJbHOMW, a KpHuBas 2 TOJBKO Kacaiach MpoQuiis, TOr/Aa BTOpas TOUKa Iepe-
ceueHus: KpuBoil 3 ¢ mpoduieM ompeaenuT MECTOIMOJIOKEHHE Omophl Ne2.
Mecto ycraHoBku onopbl Ne 2 oTMmeuaroT Ha 1mabJIOHE U, MOBTOPSIS omepa-
LU0 HAJOXKEHUs I1a0J0HA, HAXOJAT MECTO YCTAaHOBKHM BCEX MOCIEAYIOIIHNX
onop. Eciau mocnenHuit mposi€T OKa)XeTCss MAJIbIM, TO €ro CIEAYyeT YBEINYUTD
32 CYET HEKOTOPOro COKpaIleHWs MPeabLAyIIuX, COONIoAas yCIOBUE, YTO
CMEKHBIE MPOJIETHI TPOMEKYTOUHBIX OMOP HE JOJKHBI OTIUYATHCS O JITTUHE
JpyT OT apyra Oosiee ueM B JiBa pasa.

Ilpumep 2.7

[Tonb3ysick MCXOAHBIMM JAaHHBIMH W Ppe3yJbTaTaMU MPEIbLIYIIUX
MIPUMEPOB, NSl cTposlelicss Bo3aymHon quaun 220 kB paccuurate U moc-
TPOUTH I1a0JIOH /1711 PACCTAaHOBKHU MPOMEXYTOUHBIX OIOP.

Iloacuenusn

[Ipu pacuere W TMOCTPOEHMH MIAOJIIOHA YIS PACCTAHOBKU OIOpP IO

npoUIII0 HEOOXOAMMO YUECTh CIIEAYIONNEe TpeOOBaHMUS
1) TpeOyemblii rabapUT HE JAOHKEH OBITh MEHBIIE, YEM PETIaMEHTHUPOBA-

HO B [13];

2) Harpy3ka Ha ONOpPHI HE JOJKHA MPEBBIIIATh 3HAYCHHUH, IPUHATHIX TS

OTIOP COOTBETCTBYIOIINX THIIOB.

Pewenue

[I1aG10H CTpOUTCS Ha OCHOBaHUM pacyeTa OpJAUHAT KPUBOM MaKCH-
MaJIbHOT'O MpOBHCaHUs NMpoBoja (dhopmyina 2.56).

B npumepe 2.5 Obin cienan BIBOA O TOM, UTO HauOOJIbIIIEe MTPOBHUCA-
HUE MPOBOJAa UMEET MECTO MpPH Harpys3ke MpoBoja COOCTBEHHONW Maccol U
Maccoil Tojonena, cienoBareabHo, B popmyy st pacuera koddduimenta
IabIoHa fy; TMOJACTABUM 3HAYEHHE YJEIbHOW MEXaHMYECKOW HArpy3Kd 7,

u3 npumepa 2.1.

3HaueHUEe HANPSHKEHUS MPU BHIOPAHHBIX B npumepe 2.4 ycloBUSX Ha
JTAHHOM 3Tare HEM3BECTHO, NT03TOMY BOCHOJb3yeMs ypaBHeHueM (2.40) mis
ero BbluMcieHus. [Ipu 3TOM HCXOJHBIMHU YCIOBUSIMH OyayT YCIIOBHUSA
HanOOJIbIIEN HAIPY3KH (Y 5,615, Or ), @ ICKOMBIMU — rabapUTHBIE YCIOBHS

('Y3a0ra6 a®r):

2,2 2 2
G 6_y3Elra6:G6_yH6Elra6_
ra H 240316

E - )
Yo 0E(©,-0r)
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YucnoBbie MMOACTAHOBKHU IPUBOAAT K YPABHCHHUIO!

- Ssiﬂ =13-351=-22,1;

Ora6
3 2 _ —
Crag T 22,1 05,5 —5555,14=0.
JUIs BBIYUCICHUS G5, KaK U B npumepe 2.4, BOCIONb3yeMCsL UTEpa-

IMOHHBIM MeTOA0M HBIOTOHA, TOT/Ia BEIPAKEHUE TSI UTEPAIMOHHOTO CUeTa
OyJleT UMETh BUJI;

G%aGk (2 Grack + 22,1)4‘ 555514

Grabk (3 Cra6k T 44,2 )
OUYEBMJIHO, UTO G5 JOMKHO OBITH MEHBIIE, YeM o =13 maH/Mm’,

GOrabk+1~—

. 2
MOATOMY Ha HyJIEeBOM uTepauuu npuauMaem 13 naH/mm”.
Pe3ynbTaThl HTEpalliOHHOTO Ipoliecca MPUBEAEHBI B Ta0. 2.4.

Tabauma 2.4
Peszynomamul pacuema nanpsisicenust 8 nposooe npu 2adbapumubix
2
KAUMAMU4ecKux yciosusx, oaH/mm

Ora60 Ora6l Ora62 Ora63

13 12,65 12,64 12,64

UTaK, opqg=12,64 naH/mm?,
TOrJ1a

104 104 2
f 137100001510 :5,9,ay:5,9.(LJ |
Yoms | 2-12,64 100

3amaBasch 3HaueHUSAMU X = (0 — 0,75)/.5, HAliIEM OpAMHATHI KPUBOM
MaKCHUMAJIbHOTO MPOBHUCaHUA MpoBoja (kpuBout 1) — yi, M. Pe3ynbprarsl pac-
4YeTOB CBEZeM B Tad. 2.5.

KpuBas 2 — rabaputHasi paBHOy1ajeHa OT KpUBO#M 1 Mo BepTUKaIu Ha
paccTosiHue, paBHoe TpeOyemomy radapury (dpopmyna 2.57). TpeOyemslii ra-
OapuT U1l BO3AYIIHBIX JIMHUIA HanpsbkeHueM 220 kB, crposmuxcsa B HeHace-
JICHHOW MECTHOCTH, paBeH 7-Mu meTpam [13, ctp. 359, tabn. 2.5.23]. C yue-
TOM 3amnaca rabapura B 0,3 M HailieM opAMHATBHI TaOAPUTHON KPUBOH )), M.
Pe3ynbpTaThl pacyeToB cBeieM B Talm. 2.5.

KpuBas 3 — 3emusiHas paBHOyJajeHa OT KpUBOM 1 mo BepTHKanu Ha
paccTosiHie, paBHOE BBICOTE IMOJABEcCa MpoBOjAa Ha omnopax (popmyna 2.58).
BricoTa OT 3eMiIM 10 HMKHEW TpaBepchl YHU(PUIIMPOBAHHOW CBOOOTIHOCTO-

SIIEH CTAaBHON POMEXKYTOUHOM onopsl Mapku 11220-2 7y =22.5 m. -
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Ha THPJSHJBI U30JIATOPOB HAa MPOMEKYTOUHOU orope (npumep 2.6) cocras-
nset 1,54 M. Haitnem opanHaThI 3eMIISTHOM KpUBOH 3, M. Pe3ynbpTathl pacue-
TOB CBeJIeM B TaouI. 2.5.

Ha ocHoBanuu nanHbIX Tabi. 2.5 MOCTpOeH MmabioH ISl paCCTaHOBKH

omop 1o mpodwtro Tpaccsl (puc. 2.33). Ha mabione yka3aHbsl TabapuTHBIN U
BECOBOW MPOJIETHI.

Tabmuna 2.5

Pesynomamui pacuema opounam kpuswix (napabon)
0J151 NOCMPOEHUsL PACCMAHOBOYHO20 WAOIOHA

X, M 0 50 100 150 201
Vi, M 0 0,6 2,4 4,7 24,8
Y2, M -7,3 -6,7 -4,9 -2,6 17,5
Vi, M -21,0 -20,4 -18,6 -16,3 3,9
: |
‘\ 25 1 ’ 1
\. lBec=1,25 ‘lraﬁ 20 1
i N 1 T 2
AN 'S ; 7~ 5
N rad ] Y
\ * 1 Z=
N 33 A~
N N .\ N $ M Y N .//. N 3 l.o lw.k
250 200 \\\ 150 1 N 50 ) 50 4{’ 200 ’)(3
AN
N IF: yd
N 20 X
4 1

2.9.4. OcoOble cryuyan pacCTAHOBKH ONOP MO NMPOPUITIO TPACCHI

Puc. 2.33. lllabnon 05 paccmanosku onop no npoghuio mpaccsl

IIpu paccTtaHoBKe omop Ha NepeceueHHor MecTHocTH [3, 11] Bctpeya-

I0TCS CiIy4dau, Korja npoMexxytounas onopa Ne 3 (puc. 2.34) ycraHaBIvBaeT-
csl Ha OoJiee HU3KOW OTMETKE, YEM COCEIHUE MPOMEKYTOUHbBIE OMOphl Ne 2 1
Ne 4. YcranoBka Takoil onopsl HE00X0AMMa, €CIIU MPU €€ OTCYTCTBUU 3HAUE-
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HUE IPOJIETA [, CWIBHO IIPEBBIIAECT 3HAYEHUE NPOJIETA, PUHATOTO B pacye-

Te. B 3TOM cinydae HE0OOXOAMMO MPOBEPUTH, HE OYIET JIM BEPTUKAJIbHAS CH-
Ja, HANpaBJIEHHas BBEPX MOAHUMATh NOAJIEPKHBAIOLIYIO0 THPJSHIY H30JIs-
TOPOB, YTO MOKET BbI3BaTh 3aMbIKaHUE MPOBOJA HA 3EMIIIO Yepe3 TpaBepCy
OTIOPBI.

[IpoBepka MpoOU3BOAUTCS MPH MOMOIIM A0JIOHA, KOTOPHIA HAKIIAbl-
BaIOT Ha Npoduib Tak, YTOObI OH MPOIIEI Yepe3 TOUKH IMOABECA MPOBOIA HA
ornopax Ne 2 u Ne 4, Ecnu kpuBas maboHa OyJieT BbIII€ TOYKH TOJIBECA TIPO-
Boza Ha onope Ne 3, To Ha Hee Oy/IeT BO3/IEMCTBOBATh BEPTUKAIbHAS CUJIA.

Ne3

Puc. 2.34. Yemanosxka 00Hot U3 0nop Ha HU3KOU omMmemKe

JUIs mpenoTBpallleHus MOAbEMA MOAJIEPKUBAOIIUX THPJSAHI IpHUMe-
HSIOT CIEAYIOIINE MEPOIIPUATHS:
1) moaBecka rpy3oB Ha rupistHaax onopsl Ne 3;
2) ycTaHOBKA aHKEPHOU ONOPBI BMECTO MPOMEKYTOUHOM;
3) ocnabneHue TSKEHUS TPOBOJA.
[locnennee MeponpUsITHE PEKOMEHIYETCS B HCKIIOYUTENIBHBIX CIIyda-
AX, TaK KaK MpU OCJIa0JIEHUM TSHKEHHS YBEJIMUUBAIOTCSI CTPEJIbI MPOBUCAHUS
IIPOBOJIOB, U KaK CIEACTBUE, YHCIIO OMOP HAa BCEM YUaCTKE.
Bec rpy3a MmoxHo HaiiTh o hopmyJe:
Grp 2V +(03+0,5) p, /145, (2.59)
T p; — Harpyska Ha npoBoj Oe3 rononena, naH/m;
Irag — TaOApUTHBIN TPOJIET, M;
V' — BeIpBIBarOIIas CUiIa, ONpeaensaeMas o GopmyJe:

84



V=H-(tg0+1g0>). (2.60)
3necb H — TsyKeHHE B HM3LIEH TOYKE KPUBOW MPOBUCAHUS IPpoBoJa, naH;
®; U @, — YIIBl HakJOHa K TOPU30HTAIM NPSAMBIX, COCAUHSIOIIUX

ToukM noaBeca Ha oropax Ne 2 u Ne 3, a takke Ne 3 u Ne 4, rpan.
2.9.5. YcTraHoBKa mepexoaHbIX ONMOp

VYcTraHOBKa MEPEXO/IHBIX OMOP M MOHTAXK MPOBOAOB JIOJKHBI BBIMOJ-
HATHCS OCOOEHHO TOYHO, TaK KaK HEJOCTATOYHbIC radapuThl HAJl IepeceKae-
MBIMU 00BEKTAMH HEJOMYyCTUMHI [3, 6, 11, 13].

OCHOBHO 1LIENBIO pacyeTa NePEX0/I0B SBISETCS ONPEIEICHUE BHICOTHI
HaJl IepeceKaeMbIMU 00BEKTaAMHU

B nepBoM npulamKeHUU 3Ty BBICOTY ONPEACISAIOT MPU MOMOIIH 1a0-
JIOHA TI0 PacCTOSTHUIO OT KpuBo 1 10 mepecexkaemoro oobekTa. [Tocne BriOO-
pa MOJI0KEHUS OTIOp 10 MIA0JIOHY HE0OXOAUMO MPOBEPUTH MOTYUYCHHOE pac-
cTosiHue pacueroM. [IpoBepky mpoU3BOIAT, UCXOAS U3 OTMETOK TOUYEK IOJ-
BEca IIPOBOJIA HA ONOPAX } 4 U hp, @ TAKKE PACCTOSTHUA J0 NEPECEKAEMOT0

oowekta x (puc. 2.35) mo hopmyre:
F=hg-y—h, (2.61)
TIie s p — OTMETKA MOJBECa MPOBOJIA HA OTIOPE, M;

h — OTMEeTKa MepeceKkaeMoro 00beKTa, M.

Jlommyckast, 4TO MPOAOIBHBIN NPOQUIb TPACCH COXPAHSIET PABHUHHBIN
XapakTep, CTpeay MPOBUCAHUS MPOBOAA HAJ EPECEeKaeMbIM OOBEKTOM MOK-
HO HaliTu 1o hopmye (2.24).

Ecnu npononbHbil npoduns umeer ykioH (puc. 2.35), To gopmyna 2.24

IIPUMET BU:

yzﬂ(l—x)+x-tg®, (2.62)
26

rae © — yrona ykioHa, rpaj.

B o0uiem ciyyae 3HaueHust ¢ u Y B popmyde (2.24) npuHUMAIOTCS U3
pacyeTa npoBoJa ISl PEKUMA, B KOTOPOM CTpesia MpoBeca IMOJydaeTcsl Hau-
Oombiiel. ICKII0YeHUs! COCTABIISIIOT EPEXOBI YEPES HKEJIE3HYIO AOPOrY, IIe
ATU BEJUYMHBI OoNpenenstoTes A temneparypsl +70°C (¢ yueroM HarpeBa
IIPOBOJIOB JIEKTPUUYECKHM TOKOM) M Ha NEPECEUCHUIX JTUHUN MEXIy coO0M
— mipu Temnieparype +15°C.
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Puc. 2.35. Ilepexoo uepe3 asmomodbunvHyo 0opocy

Ecnu mepexon orpanuueH ¢ 00eux CTOPOH aHKEPHBIMH OMOpPaMHU, TO
pacder rabaputa IpOU3BOJIUTCS TOJIBKO 10 HOpMalIbHOMY pexkumy. Ecim og-
Ha WIK 00€ OIMOpPHl MPOMEKYTOUHBIE, TO TIPH MEpPECEeUCHUSX JIMHUN CBSI3H,
YKEJIE3HBIX U aBTOMOOMJIBHBIX JIOPOT, TPAMBAWHBIX U TPOJIIICHOYCHBIX JIMHUM,
HAJ36MHBIX TPYOOTPOBOJOB M KaHATHBIX JIOPOT JUHUSMHU C TIPOBOJAMHU CE-
yenyreM MeHee 185 Mm” TpeGyerTcs pacueT rabapuTa o aBapuitHOMY PEXKHMY
(maparpad 2.13) npu oOpbIBe mpoBoOJia B cocenHeM nponete. Pacuer rabapu-
Ta B aBapUUHOM PEKUME MPOU3BOJUTCA IIPU CPEAHETOJ0BOM TEMIEPATYPE U
OTCYTCTBHUH T'OJIOJIENIA U BETpA.

[Ipu nepeceueHusix BO3AYIIHBIX JUHUN MEXIy cOOOH pacueT aBapHii-
HOTO PEeKHUMa HE TpedyeTcs.

Ilpumep 2.8

Paccuutars mnepexon Bo3aymHoW JuHUM 220 kB, cTposiieiics Ha
MeTauinueckux omopax ¢ mnpoBogamu AC-240/32, yepe3 aBTOMOOUIIBLHYIO
nopory | xkareropuu (ImprHa 3eMIJITHOTO TIOJI0OTHA 27,5 M 1 6oJiee) ¢ OTMeT-
Koi mosioTHa & = 3 M (puc. 2.35). BeiOpaTh THI ¥ KOHCTPYKIIUIO aHKEPHBIX
ONOp, OrpaHWYMBAOIIMX NOpod€r mnepecedeHuss. Ilponér mepexona
cocrasiuser 200 m. Paccrosinue ot onopsl B 1o ocu noporu 130 m.
Iloacuenusn

[lepexo mIaHUpyeTCsl OrPAHUYUTH ¢ 00EUX CTOPOH AHKEPHBIMH OIO-
pamu, MO3TOMY TMPOBEPKY radapuTa MpPOU3BEAEM TOJIBKO MO HOPMAIbHOMY
pexXuMy. YTOJd NepecedyeHrsl BO3AYIIHONW JIMHUM C aBTOMOOWJIBHBIMU J10PO-
raMy He HOPMUPYETCS.

Cornacno [13] BepTuKaibHOE PACCTOSHUE OT MPOBOJOB BO3IYIIHOW
auHuM HanpsbkeHueM 220 kB 10 nonoTHa aBTOMOOMIIBHOM noporu | karero-
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pUU JOHKHO OBITh B HOPMAJILHOM PEXHMME paOOThl BO3AYIIHOW JIMHUU HE
MEHee 8-MU METPOB.

HauGomnbiiee mpoBucanue mpoBojia UMEET MECTO P Harpy3Ke MpoBo-
Ja COOCTBEHHOM Maccod M Maccoi rososnena (mpumep 2.5), TO ecTh mpu
YAEIbHOM MeXaHWYeCKoi Harpyske y,=0,015 maH/m MM (npumep 2.1),

MO3TOMY B KadyecTBEe TabapUTHBIX KIMMATHUYECKUX YCIOBUN OBLIM BBHIOPAHbI
rosiosie/iHbIe (6€3 BeTpa) NpU G4 = 12,64 naH/mm® (npumep 2.7).
Pewenue

Heo6xonumo BbIOpaTh aHKEpHBIE OMOPHI. Tak Kak CTPOUTEIHCTBO BO3-
JTYITHOW JIMHUM TUTAHUPYETCSl OCYIIECTBUTH C HUCIIOJIb30BAaHUEM CTAJIbHBIX
CBOOOTHOCTOALIUX ONOp (npumep 2.1), TO U aHKEPHBIE OMOPHI CIAEAYET BbI-
Opath ctanbHble cBOOOAHOCTOsME. U3 [6, cTp. 40, Tabn. 1.34] BeiOupaem
ornopy ¢ muppom 1¥Y220-2 ¢ BBICOTON PaCIOIOXKEHUS HIKHEH TpaBepChl
10,4 m.

Crpeny mpoBucaHusd MNpPOBOAA HaA JAOPOroil HaxoauM 1o (opmyiie
(2.24):

’ _yx I—x)= 0,015-130
26 2-12,64
a rabapuT HaJ JOpoToi mpoBepseM 1o dhopmyde (2.61):
I'=hp—y—-h=10,4-54-3=2(Mm)<8Mm,
YTO HEAOMYCTHUMO, IO3TOMY CJIEIyET MPUMEHUTH OMOPY C MOACTABKOM BBICO-
TOM 9 M, uMernIell OCHOBaHUE IUPUHON 7,9 M, TOrAa BBICOTAa KPEIUICHHS
MIPOBOJIOB HA HIDKHEH TpaBepce OyaeT coctaisaTh 10,4 + 9 = 19,4 m. B nan-
HOM citydae mudp omnopsl cranet 1Y220-2+9, a rabaput Haz JOpOToi
I'=hp—y—-h=19,4-54-3=11M>8 M, 4TO ABIAETCS NPUEMIIEMBIM.

(200-130)=5,4 M,

Ilpumep 2.9

JByxuenHas Bo3aymHas JuHuUg 220 kB, cTposmascs  Ha
MeTaJTHYecKuXx omnopax ¢ mpoBoaamu AC-240/32, 1o HanpaBJICHUIO TPACCHI
JIOJDKHA TIepeceKkaTh aBTOMOOWIBHYIO Jnopory | kaTeropum ¢ HIUPUHOU
nosiotHa 30 M (puc. 2.36) U uaymnye napayiesibHO aBTOMOOWIBHON JT0pore
JuHUU cBsi3U. Omnpenenuth HauOOJbIIee BO3MOXKHOE PACCTOSHUE MEXKIY
AHKEPHBIMH OIOpPaMU, OTPAaHUYHUBAIOIINMU MPOJIET EPECECUCHHUS.
Iloacuenusn

Tak kak cTposimiascs BO3JYIIHAs JIMHUS MEPECEeKaeT MOMUMO aBTO-
CTpajbl €Ill€ U JUHUU CBSA3HU, TO MPOBEPKY rabapura HEOOXOAUMO MPOU3BE-
CTU C y4E€TOM HarpeBa MPOBOJIOB AJEKTPUUECKUM TOKOM, TO €CThb NMpPU Ha-
rpy3Ke MPOBOJOB COOCTBEHHOW MAcCoW MpU TeMIeEparype @ ,o;=+70°C.

Onopsl, OrpaHUYMBAIONINE TPOJIET, MOTYT OBITh TOJIBKO AHKEPHBIMU HOP-
MaJIbHOW KOHCTPYKIHH.
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["opr30HTaIBPHOE PACCTOSHHE OT OCHOBAHUS OMOPHI 10 OPOBKH 3€MJIs-
HOT'O TIOJIOTHA JIOPOTH CIIEAYET BHIOMPATh MPU NEPECEUEHUN HE MEHEE BBICO-
ThI OTIOPBI.

Kpome aBTOCTpaapl 0ObekTaMu mnepecedyeHus OyayT JIMHUU CBSA3M (Ha
puc. 2.36 — JIC). B paznene «Ilepeceuenue u cOnmxkeHre BO3AyIIHbIX JIUHAN
C COOPYXEHHMSIMH CBSI3M, CUTHAJIM3AMU U paguodukanum» [13] mpenmnucei-
BAETCS BBIMOIHATH CIEAYIOUINE TPEOOBaHUS:

Hauano koopounam

X,m_
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< !
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| ! ] |y
= : | = . | \
5 [ g = gl |2 -
i I e | =l |+ I | \ <
. I g NS Hocce S ;'l I I \ *
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- | 85,0 ™ | ™70 !
Yy,m X1 x X3 Xy

Puc. 2.36. IIpogpunv mpaccol na yuacmke nepeceuerus 030YUIHOU JTUHUU C
asmocmpaooti u 08yMsi 8030VUIHbIMU TUHUSMU CB53U
(npoexmuoe peuienue 8030yUHO20 nepexooa)

1) yron nepeceueHusi MpOBOJIOB BO3AYIIHOM JIMHUU C NPOBOJAMH JIMHUU
CBSI3U JOJIKEH OBITH OJIM30K K 90°;

2) MecTo mepeceueHusi cieayeT BhIOMpaTh Kak MOXKHO OJke K omope
BO3AYyIIHOM JIMHUU. He normyckaercs pacnosiokeHue Oonop JIMHUU CBs-
34 [OJ IPOBOJAMH BO3AYILIHOW JIMHUU. PaccTosiHUE MO0 TOPU3OHTAIIN
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OT OIOPBI BO3YIITHOM JIMHUU JI0 TIPOBOJIOB JIMHUM CBSI3U JOJDKHO OBITh
HE MEHEE 7-MHU METPOB, a OT OMOPHI JIUHUM CBS3U JI0 IMPOCKIIUHU OJIH-
YKaWIlero MpoBo/ia BO3AYLUIHONW JIUHUU — HE MeHee 15 Mm;

3) omopsl BO3AYIIHOW JIMHUH, OTPaHUYUBAIONIME TPOJIET MEPECEUEHUsI C
JUHUEH CBSI3U, JTOJDKHBI OBITh aHKEPHOTO THMA (3KeIe300€TOHHBIMU,
CTaJIbHBIMM WJIU AepeBAHHbIMU). [Ipu U, > 35 kB u npoBogax ceue-

arem 120 MM 1 Goliee paspemaeTcs Coopykarh epecedeHne ¢ mpu-
MEHEHHUEM MTPOMEKYTOUHBIX OMOP;

4) nns Bo3aymHbIX auHui 220 kB paccTostHue 1Mo BepTHUKaIM OT MPOBO-
JIOB BO3YLIHOM JIMHUM J10 TIPOBOJIOB JIMHUHU CBSI3U B HOPMAJIBLHOM pe-
KUME JIOJDKHO OBITh HE MeHee 4-X M, B aBapUITHOM pexuMe — HE Me-
Hee 2-X M (MpU NPUMEHEHUU MTPOMEKYTOUHBIX OTOP);

5) nns Bo3aymHbIX JinHUE 220 kB, nepecexarnmx HeCKOJIbKO HHXKEHEP-
HBIX COOpPY>KEHUH (B JaHHOM CJIy4dae aBTOCTPaay U JIMHUU CBSI3H), Clie-
JTyET BBIMOJHATH TPOBEPKY rabapuTOB MpHU HArPy3Ke MPOBOJIOB COOCT-

BEHHOM MaCcCO# ¥ IOIyCTUMOM TEMIIEPATYPE @ o = 70°C.

Pewenue

Kak u B npumepe 2.8, npumenum onopy ¢ mudpom 1Y220-2 ¢ Bbico-
TON pacnojioskeHusi HuxHed TpaBepcol 10,4 metpa [6, ctp. 40, Tabn. 1.34],
ITOJTHOM BBICOTOM Omopskl 29,4 M Ha MOACTAaBKE BBICOTOM 9 M MMEIOLIEN OCHO-
BAHME IIUPUHOU 7,9 M, TOrAa BBICOTA KPEIUIEHUs MTPOBOJOB HA HUKHEW Tpa-
Bepce Oyzaet coctaBisath 10,4 +9 = 19,4 M, monHas BeicoTa onopsl — 29,4 + 9
= 38,4 M, mudp omnopsl cranet 1Y220-2+9.

Haumenblliee paccTostHUE IO TOPU3OHTAIM OT OPOBKH 3€MJISTHOTO TIO-
JIOTHA JI0 OCHOBAHMS OMOPHI JTOJDKHO OBITH 38,4 M, a 0 BEPTUKAILHOU OCH
omopsl — (38,4 + 7,9/2) = 42,35 m. Takoe pacnosioxkeHHe OMOPHI yA0BIETBO-
psieT TpeboBaHusM [13] K TOPU3OHTAIILHOMY PACCTOSHUIO JIO0 MPOBOOB JIH-
HUU CBS3U.

Heobxoaumo onpenenuTsesi, rAe pacioIOKUTh OMMKANIIYyI0 K 00BbeK-
TaM II€peCceyYeHusl ONOopy — CIIpaBa WIM CJIEBAa OT aBTOCTpaabl. Tak Kak IIo-
BEPXHOCTh 3€MJIM CJIEBA OT aBTOCTPabl uMeeT Ha 1,2 M Oosiee BBICOKYIO OT-
METKY, IPEANIOUYTUTEIIBHON SIBIIAETCS YCTAHOBKA TAKOM OIIOPHI ClIEBA OT aB-
TOCTpajbl, a TMOJOKEHHE BTOPOH (MpaBoOi) aHKEPHOW OIMOPHI OMPEACIUTCS
pacyeTom.

[Iprumem paccTOsiHUS TO TOPU3OHTAINA: OT BEPTUKAIBHOM OCH JIEBOM
OTOPBI /10 MPOBOJIOB JIEBOM JIMHUU CBSI3U BBICOTOM 6,8 M — 33 M; OT BepTHU-
KaJIbHOM OCH JIEBOM OIOPHI J0 JICBOW OPOBKHU 3€MJITHOTO TMOJOTHA — 45 M; OT
BEPTUKAJILHON OCH JIEBOM OIMOPHI /10 MpaBOil OPOBKM 3€MJITHOTO MOJOTHA —
75 M; OT BEPTUKAJIBHOW OCH JIEBOW OMOPBHI /10 MPOBOJOB IIPABOU JIMHUU CBSI3U
BBICOTOM 7,6 M — 85 M (puc. 2.36).
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PaccTosiHMSI 110 BEpTUKAIM OTCUUTAEM OT €AMHOI0 TOPU3OHTAIBHOTO
YPOBHsI, B KQUECTBE KOTOPOI'O MPUMEM YPOBEHB IUIOIIAIKH IO/ JIEBOW JINHU-
€M CBS3U.

Havano cucrembl KOOpAWMHAT, COBMEIIEHHOE C TOYKOM KpPEIUICHUS
HWKHETO MTPOBOJIa HA JIEBOW aHKEPHOW omope, OyJeT pacronaratbcsi Ha Bbl-
core (19,4 + 1,2) = 20,6 M Haxg OPHUHATHIM ypOBHEM. JlomycTHM, 4TO Mpo-
JOJBHBIA MPO(UIL TpacCchl CIOpaBa U ClieBa OT OOBEKTOB NEPECEYCHUs CO-
XpaHseT paBHUHHBIN XapakTep, IOATOMY yroj ykioHa ® = 0.

OnpenensiolmyMy yCIOBUSIMU TIpU pacyeTe MpPOBOJA Ha MPOYHOCTH
IIPU3HAHBI T'OJIOJIEAHBIE YCIIOBUS:

Y6 =0,0155 naH/m MM 6,6 = 13 maH/mm*; ©, = - 5° C.
Tak xak mpoBepKy rabapuToB HEOOXOJUMO BBIIOJHUTH MPH JOIYCTUMOU
TEMIIEPATYPE @ o =70°C, COCTaBUM YpaBHEHUE COCTOSAHHUS NPOBOAA, TIE

UCXOHBIC YCIIOBUSI — YCJIOBHS HawOOJBIIEH HArpy3Kd, a HCKOMbIE — YCIIO-
BUS paboThl ipoBoja npu 70°C:

2.2 2 2
i El YecEl
G7o—ﬁ: H6_$_QE(®F_7O)'
G70 Gu6
3amaguMcs IEPBOHAYAIBHOMN JUIMHON aHKEPHOTO Iponéra [,, =100 M,
TOTraa
Yi6 E 12
A=~ 18218 _ (g, -70) =
Ouo
2
-8,25-10%-1002
=13 - (0.0155) 107-100 ~19,2-107%-8,25-10° (- 5-70)) =19,98;
24.132
2,2 2
g 11 Elan _(0,0035)°-825-10°-100° _

24 24
HyneBoe npubnmxeHue A BBIYMCICHUS MEXaHUYECKOIO Harpsixke-
HUSL:

070 ® G%) =2,94 naH/mm* (npumep 2.4).

AJTOpPUTM UTEpALIMOHHOTO MeToJa HploTOHA J71s pellieHnsl ypaBHEHUS
COCTOSIHMSI TIPOBO/JIA IPUBEJICH B npumepe 2.4.

Boruncnum 3HaueHus ko3PpGuuueHToB 4 U B, a Takxke 3HaAUCHUU Me-
XaHUYECKUX HANPSLKEHUNM g7 NpU JuHaX npos€roB ot 100 mo 200 M, co-

IIPOBOKAs paCUET 3aHECEHUEM PE3yJIbTaTOB B Ta0JI. 2.6.
OTpunaTenbHOrO 3HAUEHUS! HAMpPsDKEHUs ObITh HE MOXeT (Tabm. 2.6,
ctoznber 7), HOSTOMY OTPaHUYUMCS ATUHON aHKepHOTo mpoJéTa B 200 M.
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Paccuntaem opauHaThHl KpUBOM MPOBHUCAHMS MPOBOJIA (BHICOTHBIE OT-
METKH TOJIOKEHHUS HU3IINX MTPOBOJOB HAJl HHKEHEPHBIM COOPYKCHUEM) IS
TOYEK Ha OcH adcuucc, 0003HAUYCHHBIX Ha puC. 2.36 KaK X, X», X3, X4, U JUIS
TOYKH X5, HAXOJAIICHCA B CEpeAUMHE aHKEPHOro mpoJi€ra, (Ha puc. 2.36 He
o0o3HaveHa).

Tabnuua 2.6
Pe3zynomamur pacuema mexanuueckoeo HanpajiceHus: g NPU pasiuyHbIxX

, 2
ONIUHAX AHKEPHBIX NPOEéMos, 0aH/mm

Lo, M A B Gg%) G% Pemenue
1 2 3 4 5 7
100 19,98 42 2,940 2,939 2,939
150 13,86 94,5 2,939 2,934 2,93
200 5,28 168 2,93 1,06 -3,18

Jls1 aTOoro ucnonb3zyeM Gopmyiy (2.24), mpeodpa3oBaB €€ K BUIY:

_ Y1 Xi
26179

xi

(ZaH - xi) .

Pe3ynbTaThl pacyeToB NMpUBEIEHbI B Ta0. 2.7.

Tabmuna 2.7

Pezynomamui pacuemos opournam Kpusoi nposucarus nposooa

Lo, M x1=33,M | x2=45.M | x3=T75, M | x4=85, M | x5= 1, /2,
M
1 2 3 4 5 6
100 1,32 1,47 1,11 0,76 1,49
150 2.3 2.8 3,36 3,3 3,0
200 -3,0 -3,9 -5,2 -5,4 -4,1

ITo pe3ynbpTaTam Tabma. 2.7 BUAHO, YTO UCKOMBIN MPOJIET MOXKET HAXO-
nuthes B mpeaenax ot 100 qo 150 m.
[TpoBepum, OyayT nu cobmoaaThCs 3amackl B rabaputax A ¢ yuyeToM
tpedoBanuii [13] nis mponéros B 100 u 150 m. Pe3ynbrarsl pacueToB npuBe-
neHsl B Ta0. 2.8.
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Ta0muna 2.8
Peszynomamui pacuemos 3anacoe 6 cabapumax A

Lo, M 20,6-(+6,8), | 20,6-(at8), | 20,6-(a+8), | 20,6-(ut8), | 20,6-(rs+8),
M M M M M
1 2 3 4 5 6
100 12,5>4 11,1>0 11,5>0 11,8 >4 11,1>0
150 11,5>4 9.8>0 9,2>0 9,3>4 9,6>0

ITo pe3ynbraTam pacueroB, NPUBEACHHBIX B Ta01. 2.8, BUIHO, YTO IIPU
1000M U3MEHEHUHU JUTUHBI nposi€Tta B quama3zone ot 100 go 150 M 3amac ra-
Oaputa A OyJeT BhIJIEp)KaH KaK IO OTHOIIEHUIO K JIMHUSIM CBSI3U, TaK U TIO
OTHOIIEHUIO K aBTOCTpaje ¢ yuetoM TpeboBanwmii [13] (puc. 2.37).

14 AA
M
5
i —_ 100 m
.\\ . _/*/_——' ¢
10 \* —n 150 M
i —l
8
6
4
2
Loy, M
0 T T T T T ’
X1 X2 X5 X3 X4

Puc. 2.37. I pagpuxu uzmenenus 3anacos cabapuma 6 3a8UCUMOCHU OM
ONIUHBL NPONEMA

2.9.6. Pacnosioskenne mNpoBo/I0B HA ONOPAX BO3AYIIHBIX JJUHUH

Ha puc. 2.38 — 2.40 noka3zaHbl OCHOBHBIE CXEMBI PACHIOJIOKEHHUS TPO-
BOJIOB, IPUHUMAEMBbIE B OT€YECTBEHHOMN U 3apyOeHOI MpaKTUKe Ha JIMHUAX
Tpex(a3zHOTO TOKA CO CTATHLHBIMU M JKeNe300eTOHHBIMU oniopamu [3, 11].

[IpoBos1a MOTYT OBITH PacOJIOKEHBI B OJIMH, /IBA WU TPHU sApyca.

Pacnionosxenue B OAMH sIpyC Ha3bIBA€TCA TOPU3OHTAIBHBIM (puc. 2.38).
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Puc. 2.38. I'opuzonmanvrnoe pacnonodicenue npoooos

Pacrnionoxenue B 1Ba WU TpU spyca 0e3 CMELIEHUS MO0 TOPU30HTAIN

paCHOJIO)KeHHBIX z[pyr Ha I[perM HpOBOI[OB HAa3bIBACTCIA BepTI/IKaJ'II)HI)IM
(puc. 2.39).
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Puc. 2.39. Bepmuxanvroe pacnonodicerue npogooos

PacnonoxkeHue B ABa UK TpU sIpyca, IPU KOTOPOM HaXOSAILIUECS APYT
HaJ APYroM MPOBOAA UMEIOT TOPU30HTAIBHOE CMEILIECHHUE, HA3bIBAETCS CMeE-
maHHbIM (puc. 2.40).

['opuzoHTaIbHOE PACHOJIOKEHUE MPOBOAOB YyAOOHO Ui MPOBEACHUS
MOHTa)ka ¥ PEMOHTHBIX paOOT Ha JIMHUH, TaK KaK CXJIECTHIBAHHE MPOBOJIOB
IIpY HEPaAaBHOMEPHOM TOJIOJIEAHON Harpy3ke U BeTpe WK MPHU MOJCKOKE MPo-
BOJIa MpHU cOpOce Trojojie]a MEHEE BEPOSITHO, HO MPU HATUYUU FPO303aILUT-
HOTO TPOCa BO3MOKHBI CXJIECTHIBAHUSI MPOBOJIOB U TpocoB. ClieqyeT MmoM-
HUTh, YTO TOPU3OHTAILHOE PACIIOJIOKEHUE MPOBOJAOB YacTo TpeOyeT nmpume-
HEHUsl JBYCTOCUHBIX OMOp, KOTOpbIE SABIsOTCS Oosee noporumu. Hammenee
MpUEMIIEMBIM SBJISIETCSI BapHaHT Tuma «proMka» (puc. 2.38, B). Bepxuss
4acTh CTBOJIA ONOPHI pa3JeieHa Ha JIBE, YTO 3aTPYAHSIET MOHTAXXK U PEMOHT
cpenHeit dhasbl.
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BeprukaibHoe pacrnoyioKeHUe MpPOBOJOB 0€3 TOpU30HTAIBHOIO CMe-
IICHUS B COCEIHUX ApycaxX MPUMEHSAETCS JINOO0 Ha BO3AYIITHBIX JTUHUSX MEHEE
35 kB B paiioHax ¢ OTCYTCTBHEM TroJjiojieaa, MO0 Ha JTUHUAX HAMPsSHKCHUEM
BbllIE 35 KB npu J0CTaTOYHOM pPacCTOSHUM MPOBOJIOB COCEHUX SPYCOB IO
BEPTUKAIH.

N3 BapuaHTOB CMEIIAHHOTO PACHOJIOKEHUS IPOBOJAOB HaUOOJIbIIEE
pacrpoCcTpaHeHUE MOTYyYUIT BApUAHT PACTIOJIOAKEHHUS IIPOBOJIOB MO BEPIIMHAM
HIECTUYTOJIbHUKA — cxeMa «0ouka» (puc. 2.40, ¢), kak coueTarmuili B cede
ya00CTBO MOHTaXKa, MPUEMJIEMYIO HAJIEKHOCTh MPH IJISCKE MPOBOJOB U TO-
JoJiesie, UMEIOIINI YMEPEHHbIE MEXaHUUECKHE HArpy3KU Ha OMopy Mpu AcH-
CTBUHM BETpA.

tAj Oﬁ - o_‘
214 ' o

J M H

(0]
SS S S S S S SSSSSSSS SSSS SSS

M 1o
0 S o W
o S o P Y  RRR I IERL

i P C T
SS S S S S S S S S S S S S S S S S

Puc. 2.40. Cmewannoe pacnonosicenue npogooos

JIByXI1IeTIHbIE OMOPBI CO CMEUIaHHBIM PACIOJIOKEHHEM MPOBOJOB MO-
I'yT OBITh Tak)K€ BBITIOJHEHBI C pa3MEIeHWEeM MPOBOJIOB MO JBYM HAKJIOH-
HBIM MpPSMBIM, CXOISUIMMCS BBEpXYy — THUI «eika» (puc. 2.40, m), win 1o
JIBYM TIPSIMBIM, CXOJSIIIIUMCSI BHH3Y — THUIT «00paTHas enka», (puc. 2.40, p).
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[IpuBnekaTenpHOM siBIsieTCs onopa Tuma «JlyHait» (puc. 2.40, T), Kak UMero-
11as JIB€ TPaBepChl BMECTO TPEX.

2.10. Pacuer rpo303anmuTHOrO TpOCca

Pacuer rpo3ozammMrHOrO TpOoca  NPOU3BOAUTCA U3  YCIIOBHS
COOJIIOJICHUSI pACCTOSTHUN MEKy IPOBOJAMHU U TPOCOM B CEpEAMHE MPOJETa,
Tpedyembix [13] mo cooOpakeHusIM rpo303aiuThl. HameHnbiiie paccTosHus
[0 BEPTUKAIA MEXKIYy TPOCOM M IIPOBOAOM B CEPEIHMHE MPONETA NPH
temneparype + 15° C u 6e3 BeTpa npuseiens! B [13, crp. 341, tabi. 2.5.19].

CornacHo cxeme pacmoJIO)KEHHs Tpoca M MpPOBOJAa Ha OIOpE,
MIOKa3aHHOW Ha puc. 2.41, crpenma mpoBUCAaHHs Tpoca f . TP TEMIEpaType

+15°C ¥ OTCYTCTBHH BETPA MOKET OBITH OMPEAENICHA IO POPMYJIE:
Je=Ffuthe=2Z+, (2.63)
rae f . — CTpena NpOBUCAHUS MPOBOJA B CEPEIUHE MPONIETA, M;

A — PACCTOSIHUE 10 BEPTUKAIU MEXITY TPOCOM U MPOBOAOM, M;

Z . — Tpebdyemoe [13] paccTossHre MEXIy TPOCOM U MPOBOJOM B Cepe-
JMHE nposi€Ta, ykazanHoe B [13, ctp. 341, tabmn. 2.5.19], m.

< 12 »L 12 >

. Z,
£ Ilpoeoo |

I ‘ I
7777 | 7777

Puc. 2.41. Cxema nooseca npogooa u 2po303auumHo20 mpoca Ha onope

Ecau BeIcOTa TOYEK moJaBsecCa 1IpoBoaa OJUHAKOBA, TO:
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1) os onmop aHKEPHOTO THUMA PACCTOSIHUE /i, PAaBHO PAa3HOCTU OTMETOK

TPOCOCTOMKH M TPaBEPChI, KOTOPYKD MOXKHO ONPEAEIUTH, UCIIOIb3YsI

YepTex Onopel. JIMHY TUPISHIBI U30JISITOPOB MOYKHO HE YUYHUTHIBATH,

TaK KaKk Ha aHKEPHBIX OMOPAaX UCIOIb3YIOTCS HATSXKHBIE TUPJISTHIBL;

2) Ha omopax MPOMEKYTOYHOTO THUIA TPOC U MPOBOJ MOJABEIIECHHI Ha

MOJJEPKUBAIOIINX TUPJSHIAX, TTOITOMY JIJIsI ONPEAEIEHUS] PacCTOsI-

HUS };; HEOOXOJIMMO K Pa3HOCTH OTMETOK TPOCOCTOMKH U TPaBEPCHI

N00aBUTh JJIMHY THUPJSHJBI U30JISITOPOB MPOBOJIA M BBIYECTH JJIMHY

TUPJISTH]IBI U30JISITOPOB TPOCa.

Ecnu BeICOTa TOYEK MOABECA MPOBOJA HA IBYX PACCMATPUBAEMBIX OMO-
pax paznu4uHa, TO B hopmyiy (2.63) mis HaXOXKIACHHS CTPENbl MPOBUCAHUS
TpOca MOJCTABIISIOT 3HAUECHUE ;. , HAJIEHHOE 110 popMmyJIe:

B hT + h; (2.64)
2 2
rae h'T u h; — pacCTOsIHUA MEXAY OTMETKAMM II0OABECa TpOCa U IMpPOBOJA Ha

hx

Ka)XI0H U3 pacCMaTPUBAEMBIX OITOP.
HanpspkeHne B Tpo303alllUTHOM TPOCE B HCXOJHOM COCTOSIHHH
ompenensercs mo Gopmyiie:

yol2 (2.65)
8f.

[TonydyenHoe 3HaueHHWE MOJCTABISIIOT B ypaBHeHue (2.40) u ompene-
JISIIOT HAIPSKEHUS B TPOCE BO BCEX TPEOYEMBIX peKUMaX.

Kaxk npaBuio, B Ka4ecTBe rpO303alUTHBIX TPOCOB UCHOJB3YIOT CTallb-
Hbl€ KaHaThl. B yClOBHUSIX HaMHU3LIEH TeMIlepaTypbl WIM HauOONbIIEH Har-
PY3KH IIPU HOPMAaJIbHBIX JIMHEHHBIX MPOJIETaAX HAPSIKEHUE B TPOCE HE JOJIK-
HO HpeBocxoauTh fomycrtumoro [13] u pasroro 60 maH/mm®. Ecmu B pe-
3yJbTaTe pacdera HampsHDKeHHE B TPOCE B KAKOM-JIMOO PEKUME MPEBOCXOIUT
JOMYCTUMYIO BEJIMYMHY, TO CJIEAYyEeT JUOO YBEIUYUTH MOMEPEUHOE CEUEHHUE
Tpoca, TM00 yBEIUYUTh BBICOTY TpococToiiku [3, 11, 13].

[Tonoxenue Tpoca Ha ONOPE MO YCIOBHUSIM I'PO303AIIMTHI ONPEIEIISIET-
Csl BEJIMYMHOM yTJIa 3alllUThl MPOBOJOB TPOCOM — O.. JIMHUM CO CMEIIaHHBIM
Croco0OM 1oJIBECa MPOBOJIOB 3AIUIIAIOTCS OJHUM TPOCOM, a JIMHUH C TOPH-
30HTaJIbHBIM MOJBECOM IIPOBOJIOB — ABYMS, KaK IMOKa3aHo Ha puc. 2.42, a, 0.

Boznymnbie muaun 220 — 330 kB co cMmemaHHbIM PacmoioKEHUEM
MIPOBOJIOB Ha OIopax BbICOTOM 35 — 45 M 3amuIIarTcs IByMs TpocaMu Ha
MOAX0JaX K MOJICTAHIIUAM, a B pailoHaX C CUJIbHOM I'PO30BOM JAESATEIBHOCTHIO
10 BCEM JUIMHE JINHUU.

C+15—
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Puc. 2.42. Pacnonosicenue mpocos na onopax

[Ipy ogHOM TPO303aIIUTHOM TPOCE 3aALIUTHBIA Yrol MPOBOAOB O JOJ-
*eH ObITh He OoJiee 30°, a mpu ABYX Tpocax — He Oonee 20° [13].
Ilpumep 2.10

[Tonp3ysCch NaHHBIMU U PE3YJIbTATAMHU PACUETOB MPEAbIAYIINUX TpUME-
poB, myst cranpHOro Tpoca Mapk TK-11 ¢ HOMUHATBHBIM cedeHreM 70 MM’
ONPENIENUTD 3AIIUTHBIE YTIIbI 711 MIPOBOJIOB HA MPOMEKYTOUHOM OMOpPE U UX
cooTBeTCTBHE TpeboBanmsiM [13] mo 3amuTe BO3AYMIHBIX JIMHUN OT aTMOC-
dbepHBIX TepeHanpspKeHni. Paccuntarh HaTsSHKEHUE Tpoca, HE0OX0aMMOe IS
yCTpaHEHUs TPOPHIBOB I'PO30BBIX Pa3psA/IOB K MPOBOJAM U BO3MOKHBIX Tepe-
KpBITUI C TpOCa Ha MPOBOJA IPHU pa3psnax B TPOC B CEPEAUHE MPOJETA, a
TaKXe MPOBEPUTH TPOC HA MEXAHUYECKYIO MPOYHOCTb.
Hoacnenusn

YHudunrpoBanHas NpPOMEXKYTOUHAsT METaNIMYeckas CBOOOJIHOCTO-
qias AByxuenHas omnopa tuna [1220-2, 3amaHHasg K TPUMEHEHUIO, UMEET
BBICOTY TPOCOCTOMKHU [ 1., paBHYIO 5,5 M (puc. 2.43).

['po3o3anuTHBIE TPOCH! KPEMATCS HA TPOCOCTOMKAX OMOP C MOMOUIBIO
OJIMHOYHBIX H30JISITOPOB, IIYHTUPOBAHHBIX HCKPOBBIMH MPOMEKYTKAMHU C
LEIbI0 MCKIIOUEHHS JOMOJHUTEIbHBIX MOTEPh AaKTUBHOM MOIIHOCTH OT
MPOTEKaHUsI B HUX HHIYLUUPYEMBIX TOKOB W OCYILECTBJICHUS IJIaBICHUS
rojoJiea. Beicora n3onsaropa, 3a)KxuMa 1 y3ia KperuieHus tpoca A, = 0,44 m.
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5,5

35

6,5

6,4 6,4

6,5

41,0

42 42

22,5

Puc. 2.43. [Ipomesicymounas memannuueckas c600600HOCMOAUWAS
ogyxyenuasn onopa muna I[1220-2

BricoTa rupasHABI H30JATOPOB HA MPOMEXYTOUHOU onope A, =1,54 M
(npumep 2.6).

U3 [6, cTp. 59, Tabn. 1.57] BeImuIIeM TEXHUYECKHUE TAHHBIE TPOCa Map-
ku TK-11 (Tabxn. 2.9).

Tabmuua 2.9
Texnuueckue dannvie mpoca TK-11

ITapameTpsbl TK-11
JleicTBUTENBHAS TIOMIAAb 72,95
TIOTNEPEYHOr0 CEUCHMS, MM’

Macca cMa3aHHOTrO KaHaTa, KI/KM 627,4
Jlnametp Tpoca, MM 42

MakcuManibHbId HOPMATHBHBIM CKOPOCTHOW Hamop Betpa B IV
. 2
BETpOBOM paiioHe 65 maH/mM", HOpMmaTHBHasi TOJIIMHA CTEHKU TOJ0Jiena
oosee 22 MM (1 petieHust IpuHATO 22 MM) (npumep 2.1).
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3HadeHue TeMIepaTypHOro ko3 puiueHTa JMHEHHOTO pacIupeHus: Tpo-
ca o, =12-107% 1/°C ; moxyns ynpyrocru tpoca E, = 20-10° naH/mm* (npu-
mep 2.4).
XapakTepHble 3HaUEHUS! TEMIIEPATYP COCTABIAIOT (rpumepwt 2.4 n 2.5):
e cpeanerojaoBas Q.. =-2° C;
e rosioneaoo0pazoBanus O = - 5° C;
e a0comroTHad HanHM3mag O- = - 55° C;
e a0comoTHas HauBeicmag ©, = 20°C.
CrenyeT 3aMeTHTh, YTO pacdeT TPOCa MPOBOAUTCS NPH TEMIEPAType
aTMoc(epHbIX nepeHanpsbkenuit ®, = 15°C (maparpad 2.8).
JlonycKaemble HAMPSDKEHUS st Tpoca HopMupyroTes [13]:
Omg = O = 60 naH/Mm® B cocTosHUM MpOBOJA, KOT/Ia IEUCTBYET HAUOOJIb-
nasi MEXaHUuecKasi Harpy3Ka Wi HauHHU3IIasi TeMIIepaTypa BO3ayXxa;
G., = 42 maH/MM® B COCTOSHHH IIPOBOZA, KOTZA ACHCTBYET CPEAHEr0m0Bas
TeMIEepaTypa Bo3ayxa (CpeIHEIKCILTyaTallMOHHbBIE YCIOBHS pabOThI TPOCA).
['aGaputHplii mpoOAET NI  OPOEKTUPYEMOM  BO3AYIIHOW JIMHUU
COCTAaBIIACT [ 46 =268 M.
Crpena nmpoBHUCaHUs MPOBOJA NIPHU CPEIHEIKCILTYATAIUOHHBIX YCIOBH-
AX pabOThI BO3MYIIHOM IMHUK = 3,6 M (npumep 2.5).
Pewenue
Cornacno [13] 3auuTHBIN yTod o, 10JKEeH ObITh He O6oJiee 30°.
Ucnionb3ys puc. 2.42 u 2.43, mpoBepuM, BBITIOIHSIIOTCS JTU TpeOOBaHUS
[13] miist mpoekTrpyeMoi BO3LyIHOM JIMHUU.
Haxonuwm 3ammTHBIN yroy npoBOAOB BEPXHEN TPaBEPCHI HA OMIOPE:
o = arctg D = arctg 3, =27.9°<30°,
HoyctAg—Ar 55+1,54-0,44
rie D, — MOJOBHHA JJMHBI BEpXHEN TPABEPCHI OMOPHI, M.

Haxomum 3ammTHBIN yroy MpoBOIOB CpeaHen (a3bl:
= arct De = arct 0.4
Ome = H1E1E 26,5+5,5+1,54— 0,44

— =26,2°<30°,
HCB+HTC+}\4H_7\'T

rae D, — MOJOBHHA JJIMHBI CPEAHEN TpaBepChl OMOPHI, M;
H ¢z — BBICOTA OIIOPBI MEKy CPEHEN U BEPXHEU TpaBepCcamu, M.

TpeboBanus [ 13] BRIMOTHSAIOTCS.

Onpenenum Harpy3Kku, JIEMCTBYIOIIME HA TPOC B 3aJaHHBIX KIMMAaTH-
YECKHX YCIOBUSIX. Bocmonb3yeMcsi mpuMeyYaHHUsIMU, KOTOPBIMHU IOJIb30Ba-
JIUCH TIPY pacyeTe Harpy30K Ha mpoBoA (npumep 2.1).

1. [TocTostHHO JEHCTBYOIAsE HATPY3Ka OT COOCTBEHHOM MacChl TpoOca:
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_M.107 _627,4-107
e T T T T 2,05
2. BpeMeHHO JIeCTBYIONIAsl HArpy3Ka OT MAcChl TOJIOJEIHBIX OTI0KEHUM:
g, 107 me(d,+¢) 0,9-107-3,1416-22- (42 +22)
Yo ™ F. ) 72,95

3. CymMapHasi BepTUKaJIbHasl Harpy3ka oT COOCTBEHHON MacChl TPOCa U Mac-

ChI T'OJIOJIEIA:
Vi =Y+ Y, =8,6107+5,46-107=6,32-10 naH/m M.
4. T'opuzoHTaNbHAs HAarpy3Ka OT JaBJICHUs BETpa Ha TPOC, CBOOOIAHBIN OT ro-
JoJIea.
Vrnenenas Harpyska y, COOTBETCTBYET CKOPOCTHOMY HAaIlopy aTMo-

=8,6-10" maH/m mm*.

=5,46-107 taH/m MM,

cepnpix mepenanpskenuin Q, > 0,10, H/M%, mpudem Q. TpennuchIBaeTCs

NpUHEMATh He Menee 6,25 naH/m” [13]. Ipunstsiii B npumepe 2.1 cxopocrt-
HOM Hamop Betpa (O =65 I[aH/MZ, torna O, =0,1-65=6,5 I[aH/MZ, YTO

yIOBIETBOPSET TpeboBaHusM [13]:
aC,0.d., ., 5 0,725-1,1-6,5-42
=——  —sin®-10 "= :
F. 72,95
5. BpeMeHHO neWCTByIOIIAsi TOPU30HTAIbHAsI Harpy3Ka OT JaBJICHUS BETpa
Ha TPOC, HOKPBITHII FOJI0NEI0M:
aC,0,250,(d.+2¢)  , 1:1,2-0,25-65-(42+2-22)
for™ F. 0= 72,95 '
6. PesynbpTupytonias yenbHas Harpy3Kka oT COOCTBEHHOW MacChl U JaBJICHUS

BETpAa:
tor= A+ 7 = (10.00867+ 0,003 = 0,009 mabe v’

7. PesynbTUpyromias yjeiabHas Harpy3ka OoT Macchl Tpoca C TOJOJEIOM U
JaBJICHUS BETpa:

Yo =Yoo = (\/0, 0632 + 0,0232) =0,067 maH/m mm”.

PaccrosiHue 1o BepTHKaIM MEXIy TPOCOM U IMPOBOJAOM B CEPEIHHE
posnéTa AOHKHO ObITh HE MeHee HopMupyemoro [13, ctp. 341, tabin. 2.5.19],
HO JlaHHas TabjuIa He COACPKUT PACCTOSIHUM ISl MPOMEXKYTOUHBIX 3Haye-
Hui npon€roB. [loatomy st miuH npon€roB, He mpeBbimarommux 1000 w,
pPacCTOSIHME MEXJIy IPOBOJOM M TPOCOM PACCUUTHIBACTCS JUISI MaKCH-
MaJbHOTO 3Ha4eHMs Npoera /,,,. =1,25/,6=1,25-268 =335 M no smnupu-

1-107°=3-10" naH/m MM,

4T

10*3 =273 10*2 I[aH/M MMZ.

yeckon popmyie:
Zo=440,015(7,,,,c —200) = 4 +0,015(335-200) = 6,025 M,
TOTJIa CTpeJia MIPOBUCAHUS TPOCA MOKET OBITh HAl/IEHA KaK:
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Swa=SptrintHee—Ar—Z1=3,6+1,54+5,5-0,44-6,025=4,175 wm.
[To ycnoBuio MCKIIOYEHHUS MPOpPHIBA TPOCOBOM 3alUTHI TPO30BHIMHU
paspsiaMu peKOMEHyeTcsl 00ecreunBaTh Pa3HOCTh MEXKY CTpesiaMH Tpo-
BHCAaHUS MPOBoAA U Tpoca 1,5 M.
[TpousBeaem mpoBepKy:
Su— S 1a=36-4175=-0,575 M — ycloBHE HE BHINOJHAETCA,
MOATOMY YBEJIMYHUM PACCTOSIHUE Z . HA 2,2 M, TOrJa
Z+=8225 M,
a fa=fatintHe A~ Zr=3,6+1,54+55-0,44-38,225=1,975 wm;
Sy S a=36—-1975=1625 M — ycrnoBue BbIIOIHSIECTCS.

[Ipy 3TOM 3alIUTHBINA YTOJI TPOCa B CEPEIMHE MPOJIETA IIPU HEOTKIIO-
HEHHBIX BETPOM IOJIOKEHHSIX TPOCA U BEPXHETO IIPOBOJIA COCTABIISACT:

Olep = arctg& = arctg 3 _ 21,2°<27.9°,
T 8,225
TO €CTh OKa3bIBAE€TCSA MEHBIIUM, YEM Ha OIOpe, YTO U TpedyeTcs amns 3hdek-
THBHOM 3aIlUTHI IPOBOJOB B IIPOJIETE.
BoluucnuMm  HampsbkeHue B Tpoce, OOecnedMBarollee IMOoJy4YeHHe
S 1o =L975 M, B yCIOBUSAX aTMOC(EPHBIX TEPEHANPSHKEHUN, OTIEPUPYS JJIH-

HOW IPUBEJEHHOIO IPOJIETA U3-3a BOBMOXKHOCTH CMELICHHS TOYEK KpeIlie-
HUS TPOCOB, UMEIOUINX U30JIMPOBAHHYIO MTOIBECKY.

W3 onblTa MPOEKTUPOBAHUSA U3BECTHO, YTO JJIMHA NIPUBEACHHOIO IIPO-
n€Ta B CPEAHEM COCTABISCT /g = 0,9 - /15 =0,9-268 = 241,2 ™,

Yor laps  0,009-241,2>
TOTJA Gy = =
8- 1. 8.1.975

OnpenensommuM PeXUMOM 10 KIMMATHYECKUM YCIOBUSM OBLT BBI-
OpaH pexuM HauOOJBIINX HATPY30K ¥ o (npumep 2.4).

=33,1 maH/mm>.

[IpoBepuM TpoCc HA MEXAHMUYECKYIO MPOYHOCTh NpH paboTe B BHIOpaH-
HOM pexuMme. J[JIg 3TOro COCTaBUM U PELINM YPaBHEHUE COCTOSIHUSA IS TPO-
ca, I'7le B Ka4eCTBE UCXOJHBIX YCIOBUN OyIyT yCIOBHUsS aTMOC(EPHBIX IEpe-
HanpsKeHUN (O, Gra» Y4, )> @ B KAYECTBE HCKOMBIX YCJIOBUH — yCIOBHS HaH-

OosbIIer HAarpy3Kku Ha Tpoc (O, v, ):
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2 2
Y7TETZ%IpB = G — Y6TET1121pB
2462 ¢ 2462,

217632,1
Grug—— 5 = 34.32;
Oru6

3 2 _
o3 343262 —217632,1=0,

Oruo — _OCTET(@a_@r);

B kauecTBe mepBOro mpuOIMKEHHUs] MPUMEM JIOIyCKaeMOe HarpsixKe-
2
HUE IS Tpoca O = 60 naH/mm”. YpaBaenue pemnm metogom HeroToHa.
Pesynbratel pacueToB npeacrasiaeHsl B Ta0m. 2.10.

Taomuna 2.10
Pezynomamui pacuemos nanpsisicenutl 6 2po303auumuom mpoce npu yciosuu
. . 2
B03HUKHOBEHUSI HAUOONbULEU MeXaHUYeCKoU Hazpy3Kku, OaH/mm

anBa M O 160 O 161 O 162 O 163

241,2 60 78,7 74,4 74,0

OKOHUATENbHBIA PE3YIbTAT IMOKA3bIBAET, YTO HAIPSIKEHHE B TPOCE
MpeBBIIIaeT JOMyCTUMOE 3HaueHue Ha 18,9 9% BciencTtBue Oo0JbIION
TOJIOJIETHOM HArpy3KH, T03TOMYy HeoOxoaumo 3ameHuTh Tpoc TK-11 Ha Tpoc
Oombiiero ceuenus, Hanpumep, TK-14 [6, cTp. 59, Tabn. 1.57] u noBTOpUTH
pacyer.

B pesynmprare mNOBTOPHOTO pacdera HamnpsDKEHUWE B TPOCE IIPHU
HaMGONBIICH TOJONEIHON HArpy3Ke INOIYYMIOCh paBHBIM 58,6 maH/mm’.
CrnenoBarenibHO, MEXaHUUYECKasi IPOYHOCTh Tpoca Mapku TK-14 obecneueHa.

2.11. Bb10op M pacyeTr onop BO3XYUIHBIX JJUHUI PU NPOCKTHPOBAHUM
2.11.1. O0mue cBeeHUs

IIpu coopyeHUU BO3AYIIHBIX JIMHUN JICKTPONIEpEIaun MPUMEHSIOTCS
KeJIe300€TOHHBIC, CTAIbHBIC (METALINYECKUE) M JCPEBSIHHBIC OMOPHI (IOC-
JIeIHUE B JIAaHHOM MMOCOOMH He paccMmaTpuBatorcs). [lo HazHAYeHUIO OMOPHI
MOAPA3IEISAIOTCS HA aHKEPHbIE, YTIIOBbIE, KOHLIEBBIE, IPOMEKYTOUHBIE, a 1O
YHUCITy LIeTeil — Ha OJHOIIEITHBIE U ABYXIICITHEIE.

YHudukamys v TUNU3AMuUs OTIop CIOCOOCTBYIOT TOBBIMICHUIO TEXHU-
YECKOT'0 ¥ IKOHOMHYECKOT0 YPOBHEH JINHEWMHOIO CTPOUTENLCTBA [6, 7, 12].
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2.11.2. /Kes1e300eTOHHBbIE ONOPHI

XKenez06eTOHHBIE OMOPHI MPUMEHSIOTCS KaK B CETSIX HU3KOTO Hampsi-

YKEHMSI, TaK U Ha BLICOKOBOJIBTHBIX JIMHUAX dJIeKTponepeaayu [6, 7, 12].

)
2)
3)
4)

1)
2)
3)
4)

S)

K nocromHcTBam xene300€TOHHBIX OMOP CIAEAYET OTHECTH:

IPOCTOTY MOHTAXa;

MaJIblii 00beM 3eMIISTHBIX Pa0OT MpH YCTAaHOBKE;

CTOMMOCTH MEHBIITYIO, YeM Y CTAITBHBIX OTIOP;

HEBO3MOKHOCTh PACXHUIICHHUS IeTaNeH Omop.

K gnciy HenocTaTkoB OTHOCAT:

OOJIBIIION BEC CTOCK;

ca0yl0 YCTOMYMBOCTh kKeJIe300€TOHA K IMOBPEXKACHHUSIM IPU TPaHC-
MOPTUPOBKE, MOTPY30UHO-PA3TPY30YHBIX U CTPOUTEIBHO-MOHTAKHBIX
paborax;

HEBO3MOXKHOCTh MOIbEMa Ha OMOpPY 0€3 UCIIOIH30BaAHUS aBTOBBIIIKY;
CJIIO)HOCTh TPAHCIOPTUPOBKU K MECTY YCTAaHOBKH H3-32 OOJIBIION
JUTHHBI CTOCK;

HEBO3MOXKHOCTh 3ariayOJieHuss OIop HUXKE TpeX METPOB, HUTO
HEJOCTAaTOYHO MJI HAJEXKHOTO 3aKperyieHHs Oomop B clabbIX U
MyYUHUCTHIX TPYHTAX.

[Ipy WM3roTOBIEHUU KEJIE300€TOHHBIX OMOpP CHOCOOAMH YKIIAJIKH,

00ecreynBaIUMU HEOOXOJUMYIO TIJIOTHOCTh, SIBJSIIOTCS BUOpUpPOBAHUE U
HEHTPU(PYTUPOBAHUE.

MeTananueckue TPaBCPChI JKEIE300€ TOHHBIX OIIOp IMOABCPraroTCA 1o-

psAuYel OIMHKOBKE, IMMOATOMY JOJT0O€ BpeMsi HEe TPeOYIOT yXoja B Iporiecce
sKcIutyatanuu. KperieHue TpaBepc K CTBOJIY OMOPBI MOXKET OBITh BBITIOTHE-
HO C TIOMOIIBIO OOJITOB, MPOIYIIEHHBIX Yepe3 CIeHaTbHbIE OTBEPCTHUS B
cTBoJie (puc. 2.44, a), WK C TOMOIILIO CTATBHBIX XOMYTOB, OXBAaThIBAIOIIINX
CTBOJI ¥ UMEIOIIUX Handbl ISl KPEIUICHUS Ha HUX KOHIIOB TOSICOB TpaBepc

(puc. 2.44 6).
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Puc. 2.44. Kpennenue mpasepc ¢ nomowvio: a — 60amos; 6 — XxomMymos

KpenuieHne rupiissH U30ITOPOB K TpaBepcaM Kene300€TOHHBIX OIop
BBIIIOJIHAETCS C IOMOILBIO CTaHAAPTHOM JIMHEWHON apMaTyphl.

Ha BO3AyIIHBIX JMHMSX 3JIEKTpolepenaud HamnpsbkeHueMm 35 kB
IPUMEHSIOTCSI CBOOOJHOCTOSAIIME MPOMEKYTOUHBIE OMOPHI: OAHOLEIHBIE C
BUOPUPOBAHHON CTOMKOM, MpeTHA3HAUYCHHBIE JIJIs TTOJABECKU ITPOBOIOB MapPOK
n10 AC-95/16 BKIIOUHTENBHO W JBYXIIEMHBbIE C MEHTPUPYTUPOBAHHOU
croiikoit (IIpunoxenue 2, puc. 2.1, a, 6).

AHKepHbIE ONIOPHI JJI OJHOLIETIHBIX BO3IYIIHBIX JIMHUM HAPSKEHUEM
35 kB BBIMONHAIOTCS C LEHTPUPYTUPOBAHHBIMU CTOMKAMU U OTTSKKAMU
(ITpunoxxenue 2, puc. 2.2), a Aji AByXLEMHBIX JUHHUI TOrO € Kjlacca Harps-
JKEHHsI B KAUE€CTBE AHKEPHBIX MCIIOIB3YIOTCS onopsl i tuHui 110 kB.

TpaBepcbl NPOMEXKYTOYHBIX M AHKEPHBIX ONOpP METAIMYECKHE,
OLIMHKOBAHHBIE.

IIpoMeKyTOUHBIE OIHOLICTIHBIE M JBYXLEIHBIE OIOPBI I JIMHHUM
HanpspbkeHueM 110 kB BBINONHAIOTCS OTHOCTOEYHBIMU CBOOOJHOCTOSIIIIMMHU
(ITpunoxxenwue 2, puc. 2.3, a, 0).

Ha ongHoOuenHsIX omopax MPUHATO TPEYTOJIbHOE PaCIOIOKEHUE
IIPOBOJIOB, HA JBYXIIENHBIX — IPOBOJA PACIOJIAralOTCs M0 BEpLIMHAM LIEC-
TUYTOJIbHUKA — cXxeMa «0oukay (puc. 2.40).

AHkepHbie yriosele onopsl 110 kB — oxHOcTOEYHBIE, ¢ pacuienieH-
HBIMU OTTSDKKaMU, 0OECIICUHNBAIOIIUMHU MPOYHOCTh M JKECTKOCTh MPH JIEHCT-
BHUU HE TOJIBKO M3THOAIOIINX, HO U KPYTSIIUX MOMEHTOB. Cxema Takoi omo-
phI ipuBeaeHa Ha puc. 2.4 (IIpunoxenue 2).

OnHouenHple MPOMEKYTOYHBIE OMOPHI JUIS JIMHUM AJIEKTPONEPEAAUH
220 kB BBINIOTHAIOTCS OJHOCTOCYHBIMU C TPEYTOJBbHBIM PACHOJIOKEHUEM
npoBojoB Mapku 10 AC-400/51 BrirouuTenbHO. JIByXILemHBIE MPOMEKY-
TOYHBbIE ONOpbI JIMHUKM 220 KB — mopranbHbIE ¢ TOPU30HTAIBHBIM PACIIOIO-
KEHUEM IIPOBOJOB, C METANIMYECKUMH TPAaBEPCaMU Ha JBYX LIMJIMHIPHUYEC-
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kux ctovikax ([Ipunoxenue 2, puc. 2.5, a, 6). Takas ormopa cjaokHa B MOHTa-
ke, MOATOMY OoJiee 1e1ecoo0pa3Ho B Ka4eCTBE JIBYXIIEITHOM MPOMEXKYTOU-
HOI ONOpBI IPUMEHATH JBE CIIAPEHHBIE OJHOLIEIHBIEC, YCTAHOBJICHHBIE IPYT
poTuUB Jipyra ¢ pukcupytomei pacnopkoit (Ilpunoxenue 2, puc. 2.6).

AHKepHbIE YIIIOBble omophl ans auHuil 220 kB Ha kene300eTOHHBIX
MPOMEKYTOUHBIX ONOPAX BBIMNOJIHSAIOTCS CTAIBHBIMU.

Ha Bo3gymnsix nmuausax nanpsbkeHnem 330 — 500 kB npumenstorcs
MOPTaJbHbIE KEJIE300€TOHHBIE MPOMEXKYTOUHBIE OMOPHI HA OTTSIKKAX U CBO-
O00HOCTOAIME C ABYMSI MEPEKPECTHBIMUA BETPOBBIMH CBS3SIMU U3 KpPYIJIOH
ctanu (IIpunoxenue 2, puc. 2.7, a, 0).

OTTSKKH ONOP BBIMOJIHSAIOTCS ABOMHBIMU M3 CTAIBHOTO CHUPAIBHOTO
KaHaTta. TpaBepcbl ONOp YCHJIEHBI CHCTEMOM TAr, KOTOPBIE YMEHBIIAIOT
U3rubarole MOMEHTHI, JEHCTBYIONINE HA HUX OT BEPTHUKAIBHBIX HATPY30K.

2.11.3. CraabHble (MeTAJLINYECKHE) OMIOPbI

CranpHble ONOPHI BO3AYIIHBIX JIMHUM U3rOTaBIMBAIOTCS U3 MAJIOYTJIe-
pPOAMCTON CTalM B 3aBUCUMOCTH OT HA3HA4YEHUs ONOpP W PaCYETHOMU
TEMIIEpaTypbl B paillOHE COOPYKEHHSI BO3AYIIHOM JInHuH [6, 7, 12].

JIOCTOMHCTBaMHU CTaJIbHBIX ONOP SBJISIOTCS:

1) BO3MOXHOCTh CO3JaHUSI KOHCTPYKUMH Ha OOJIbIIME MEXaHUYECKHE

Harpy3Kku 1 OOJIbIINE BHICOTHI;

2) mMacca MEHbIIas, 4YeM Yy KeJIe300€TOHHBIX OMOp IMPHU BBICOKOH

MEXaHUYECKOHN ITPOYHOCTH;

3) mpocToTa 3aBOJCKOIO MCIIOJHEHHS M TEXHOJOTMYHOCTh COOpKHM Ha

Tpaccax.

OTH npenMylIecTBa IO3BOJSAIOT MCIOJIB30BaTh UX I BO3AYIIHBIX
JIMHUM BCEX KJIACCOB HANPSIKECHUM, NPOXOIAIIMX B PAOHAX CO CIIOKHBIMHU
re0J0ro-KIMMaTHYeCKUMU U TPYHTOBBIMU YCIIOBHSIMU, a TAK)KE IPUMEHATH B
KAaueCTBE aHKEPHBIX U YIJIOBBIX ONOP HA BO3AYLIHBIX JIMHUSAX HAIPSHKECHUEM
or 110 mo 500 kB, rme B kadecTBE IPOMEKYTOUHBIX HCIOJIB3YKOTCA
KEeJIe300€TOHHBIE OTIOPHI.

K ynciay HeTOCTaTKOB CTAJIBHBIX OINOP CIAEAYET OTHECTH:

1) GospIoe YKCIIO IeTaNCH;

2) yBeIMYEHHUE 3aTpaT HAa YCTPOMCTBO (DyHIaMEHTa;
3) BO3MOKHOCTb XMILIEHHUS JIeTajleil omnop;

4) nomoNHUTENIBHBIE 3aTpaThl HA OOPBOY ¢ KOPpPO3UEH.

B kadecTBe 3aIUTBI OT KOPPO3UU IPUMEHSIOTCS:

1) MacnsiHble, OUTYMHBIE, AIKUAHBIE C HAMOJHUTEISAMH JaKOKPACOUHBIE

IOKPBITHSI, KOTOPBIMH CEKLIMU W JETaIM ONOp OKPAaIIMBAIOTCS Ha

3aBojie-u3rorourese. Cpok ciay>kObl TAKOTO MOKPHITHS HE MPEBbIILIAET
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2 — 8 nert. Pa3pyuieHue 1akOKpacOYHOTO MOKPBITHS COIPOBOXKIAETCS
NOJAIUIEHOYHON KOPPO3HUEH, UTO MPUBOAUT K CHHKEHUIO HECYILEH CIIO-
COOHOCTH OMOp, @ B 0CO00 arpecCUBHBIX YCIOBHUSX K MX NPEXJEBpe-
MEHHOMY pa3pyLICHUIO;

2) ropsiuee OLMHKOBAHUE 3JIEMEHTOB OMNOPHI, SABISIOIIECECS HAACKHBIM H
UCTIBITAHHBIM METOJO0M 3aIuThl MeTawia. Cpok city>kObl MOKPHITHS B
cpeanem 12 ner;

XOJIOZIHOE OLIMHKOBAaHUE 3JIEMEHTOB omophl (puc. 2.45), 3aknroyarouieecs B
HAHECEHUWU CHeUUalIbHBIX KoMmo3unuii. Cpok  ciayKObl  MOKPBITHS
cocraBiser 15 ner.

Puc. 2.45. Bhewnuii 6uo onopwi 86030yunou aunuu Huwum — Tobonbck
C 3A4800CKUM NOKPbIMUEM, NOJYUEHHLIM MEMOOOM X0A00HO20 OYUHKOBAHUSL:
a — obwuti 6u0; 6 — noKkpsvimue nocie S-mu jiem cayrHcovl

Metanauueckue OMOpBI, NPUMEHSEMbIE Ha BO3AYILIHBIX JUHHUIX
HanpspkeHueM 35 kB u Bblle noapasiensorces:

1) MO KOHCTPYKTHBHOMY PEILIEHUIO CTBOJA Ha OalleHHbIE (OJAHOCTOEY-
HbI€) U TOpTajbHbIE (puc. 2.46, a, 0);

2) no cnocoOy 3akperuieHus Ha (pyHIaMeHTax Ha CBOOOJHOCTOSIIHE U
OTIOPHI Ha OTTSDKKAX;

3) no cnocoOy COeAMHEHUS 2JIEMEHTOB Ha KOHCTPYKLIUU U3 CBAPHBIX CEK-
Ui 1 00 TOBBIE KOHCTPYKIUH.
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Puc. 2.46. Yuuguyuposanmvie npomesicymourvie Onopbi:
a — bawenno2o muna; 6 — nopmanivbHas

He3aBucuMo OT KOHCTPYKTHMBHOI'O MCIOJHEHUSI CTaJbHbIE OMOPHI
BBINIOJIHAIOTCS B BHJI€ NPOCTPAHCTBEHHBIX PELIETYATHIX KOHCTPYKIUH,
OCHOBHBIMHU 3JIEMEHTAMU KOTOPBIX SIBISIFOTCS (pHC. 2.47):

nosaca (1), BOCIpUHUMAIOIME HOPMAJIbHBIC YCHJIUS, BO3HHUKAOIIHE
pU JEHCTBUM U3THOAIOIIMX MOMEHTOB U OCEBBIX CHUII,

peuwtemku (2), BOCIPUHAMAIOIINE MTOIIEPEYHBIE CUJIBI U KPYTAILIUE MO-
MEHTBHI;

ouagppazmur (3), oOecrieunBaOIINE TPOCTPAHCTBEHHYIO >KECTKOCTH
KOHCTPYKLUH.

CtBoOJ OMOpHI y €e OCHOBaHUs Ha3bIiBaeTcs 6a30it onopsl. [lupuna 6a-
3bl Y OCHOBAHUS NMPUHUMAETCS: JUISl IPOMEKYTOUHBIX ONOP BO3IYIIHBIX JIH-
Hui 110—150 xB — 2—-3 M; mia ankepHsIx onop — 4,6—6 M; U1 IPOMEXKY-
TOYHBIX OMNOpP BO3AyIHbIX JuHUN 220—330 kB — 4,5—5,5 M; 1yl aHKEepHBIX
onop — 8—10 m. llluprHy cTBOJIa BBEPXY ONOPHI PEKOMEHIYETCA IPUHUMATBD:
JUISL TPOMEXKYTOYHBIX Onop Bo3aymHbIX quaui 110—150 kB — 0,6—1,2 m; nns
aHKepHBIX onop — 1—1,5 M; 1 npoMeKy-TOYHBIX ONOP BO3AYIIHBIX JTUHUI
220-330 kB — 1-1,4 m; ns aHKepHBIX omop — 1,5—2 M; mjist cBOOOIHOCTO-
AIUX TMOPTAIBHBIX ONOp BO3AyIIHbIX JuHUK 500 kB mmpuHy cTBOJIa Ha
OTMETKE TpaBepcChl MPUHUMAIOT B npenaenax 0,8—1 m.
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Puc. 2.47. Dnemenmsi npocmpancmeeHHbIX peuemyamslx KOHCmMpPYKYuil

Pemerka cTBojia GalieHHBIX OMOP MOKET OBITh Pa3JIMYHBIX TUIOB. J1Jis
OIOp C HEOONBIIMMHU Harpy3KaMH MOKET MPUMEHSTHCS PELIETKA «B EIKY»,
CMEIIEHHAs] Ha TMOJIOBUHY NaHEIu B cocelHuX rpansax (puc. 2.48, a). Ilpu
OOJIBIINX HArpy3Kax MPUMEHSETCS NepeKpecTHas pemierka (puc. 2.48, 6) umu
pEeIlIeTKa CO CMEIEHUEM y3JI0B B CMEXHBIX I'paHsx (puc. 2.48, B).

CoennHeHUs1 paCKOCOB C MOSICAMU OTIOP MOTYT OBITh CBAPHBIMH M 00JI-
ToBbIMH. [IpuBapka packocoB K IMosicaM OCYIIECTBIISIETCSI BCTBIK WMJIM BHaX-
necTky (puc. 2.49, a, 0).
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Puc. 2.48. Cmeon onopul ¢ peuiemkoti: a — «6 eIKy», 6 — ¢ nepeKkpecmHolul
peulemkoul; 8 — ¢ NepeKpecmHolU peuemKol co CMeueHueM Y3108
8 CMEICHBIX CPAHSX

A
N K
0)

a)
Puc. 2.49. V3en kpennenus packocos Kk nosacam.
a — ecmulk ; 6 — 8HAX]IECK)

0

N4

B 6onTOBBIX omopax B KaxJOM y3J€ JBa packoca Kpemsarcs K MosCy

onHuM 60aTOM (puc. 2.50).

\

Puc. 2.50. V3en kpennenust packocoé k nosicam 0OHUM 601Mom

109



[Ipu GonbIIMX YyCUIUSX B pacKkocax, HampuMep, JJIsi aHKEPHBIX OIop,
PACKOCHI MPUCOCAUHSIIOTCS K MOSCaM IBYMS UK TpeMmsi O0ITaMH.

OnHouenHass W JAByXILENHAash MNPOMEXKYTOUYHBIE OMOPHI BO3IYIIHOM
JUHUU 3JekTporepenaun HanpspkeHueM 110 kB mpeacrtasnensr B (Ilpuiio-
KeHuu 2, puc. 2.8, a, 0).

BepxHsist yacTh 0nOp BBINOJIHEHA CBAPHOU C MapaJieIbHBIMU MOSCAMU,
B HIDKHUX CEKIIHSIX MPEAYyCMOTPEHBI OONTOBBIE COSIMHEHHS PACKOCOB C MOsI-
caMu. basza onop — npssMoyroJibHasl.

Jns Bo3aymHbIX JuHUKA HanpsbkenueM 110 kB, mpoxoasuux B Jiec-
HBIX paiioHaX W MO 3a00JIOYEHHBIM TPYAHOJOCTYIHBIM TpaccaM, MpUMe-
HSETCSl OJTHOCTOEYHAas onopa Ha oTTsbkkax ([Ipunoxkenue 2, puc. 2.9).

Oco0OEHHOCTSIMU ATOM OMOPHI SIBJISIOTCA CUCTEMA JABOMHBIX OTTSKEK U
CHoCcO0 KperuieHHusl UX K CTBOMY. J[Be OTTSKKHU — paclIeIIeHHbIE, HIKHUMHU
KOHIIAMHU 3aKpEIJICHbl K O0IIeMy aHKepy, a BEpXHUMH — K MPOTHBOMOJIOXK-
HBIM KOHIIaM TpaBepchl. Takas cuctemMa o0ecrednBaeT nepeaady Ha OTTSKKU
YCWIHMM OT KPYTSIIIEr0 MOMEHTa, BO3HUKAIOIIETO MPU 00pbIBE MpoBoja. Tpe-
Thsl OTTSIKKA HEpacLIEIJIEHAa W MpeJHa3HaueHa Il HaJeXKHOTO MOJJepkKa-
HUS OTIOPBI.

[IpomexyTouHass  yryioBass omopa g  BO3AYIIHOM  JIMHUU
HanpsbkeHreMm 110 kB, paccuurtanHas Ha yrisl oBopota a0 10° mpexncra-
BJieHa Ha puc. 2.10 (ITpunoxenue 2).

Onopsl 3TOro TMNa OTJIMYAOTCA OT MPOMEXKYTOUHBIX ONOP BBUIETAMHU
TpaBepC, YBEIIMUCHHBIMH C YYETOM OTKIIOHEHUS THUPJISH/IBI U30JISITOPOB B IO~
[IEPEYHOM HANPABICHUHU, U YCUICHHONM KOHCTPYKLHEW CTBOJA, HA KOTOPBIN
JEUCTBYIOT HAarpy3Ku OT TSHKEHUU MPOBOJOB U TPOCOB.

AnkepHsble yriioBbie onopsl (ITpunoxenue 2, puc. 2.11) BeIMOAHAIOTCA
C YBEIMYEHHBIMU pa3MepaMu CTBOJIa BCJIECACTBUE 3HAYUTEIBHBIX YCHIIHM,
BO3HHMKAIOIMX B packocax B aBapuiHOM pexume. CTBOJBI TaKUX ONOpP —
OOJTOBBIE.

Ha puc. 2.12 (Ilpunoxxenue 2) npeacTaBieHbl TPOMEXYTOYHBIE OJTHO-
LenHas ¥ JABYXIENHAs Oomnopsl JUMHUK HampsbkeHuem 220 kB. Bcee cekuun
TaKMX ONOp OOJTOBBIE U COOMPAIOTCS B YCIOBUSX MPOKIAJIKH TPACCHI I 00-
JIETYEHUS] TPAHCIIOPTUPOBKH.

Ha Bo3nymsbix auHuAx 220 kB npuUMEHSIOTCS aHKEpPHBIE YTIIOBBIE
onops! (ITpunoxkenue 2, puc. 2.13).

[Tepexoabl BO3nymHbIX JuHUN HanpstbkeHuem 110—-220 kB Bwimon-
HSIOTCSI IBYXIIEITHBIMU OTIOPaMU C PACTION0KEHUEM MPOBOOB MO TUITY «00U-
Ka» WIH 110 TUITYy «0OpaTHas eiaka» (puc. 2.64).

IIpomexxyTouHBIE ONOPHI BO3AYLIHBIX JUHUK HampsbkenueM 330 kB
oTinyaroTcs or onop 220 kB TONBKO paccTOSHHEM MEXIYy IPOBOJAMHU H
JUTMHOW TpaBepc.
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Ha Bo3znymnbix muHUAX 3nekrponepenaur S00 kB mpuMeHsOT TOJIBKO
OJTHOLICNIHBIE OMNOpPbl € TOPHU3OHTAIBHBIM  PACIIOJIOKEHUEM IPOBOJOB
(ITpunoxenue 2, puc. 2.14).

[TpomexyTounble yrioBbie onopbl 500 KB BBINOTHAIOTCS ABYX THUIIOB:
NOpTaJbHbIE HA OTTSXKKAX ISl YTJIOB OBOPOTA A0 5° M TPEXCTOCUHBIE — IS
yIJI0B oBOpoTa 5° — 20°.

B kauecTBe aHKEPHBIX YIVIOBBIX ONOpP IPHUMEHSETCS CUCTEMA, COCTO-
AIas U3 TPeX OTAEIBHBIX CTOEK, KaXKJas M3 KOTOPBIX MPEACTABISIET COOOU
IIPOCTPAHCTBEHHYIO OameHHyro KoHCTpykuuio (IIpunoxenue 2, puc. 2.15).

IIepexons! Bo3nymHbix auHuid S00 kB coopykaroTcs OQHOLETHBIMU C
TOPU30HTAIBHBIM pacrnoioxkeHueM npoBooB (IIpunoxenue 2, puc. 2.16).

s munuii 750 kB pa3zpaboTaHbl KOHCTPYKIMH MOPTAIBHBIX OMOpP HA
OTTsDKKax, mojoOnsie omopam 500 kB, a Takke V-00pasHbie OMOpHI C
pacCIICTUIEHHBIMU OTTSKKaMHU.

Cucrema aHKEpHBIX YrioBbiX onop 750 kB MmoBTOpsieT BUA CHCTEMBI
JUIsL BO3yIIHOM TMHUM HanpsibkeHuem 500 kB.

JIns1 BO3AYIIHBIX JIMHUN 3eKkTponepeaayn Hanpsbkenuem 35 u 110 kB
HCIIOIB3YIOTCS TPOMEXyTOUHbIe y3Kk00a30Bbie omopbl ITC35IT u TIC110I1
(puc. 2.51), WBrOTOBIEHHBIE W3 THYTOTO CTadbHOTO mpoduiast. Onopsl
[1C3S5IT u [TC110I1 xopo1io 3apeKoMeHI0BaIN CeOsi IPU CTPOUTEIHCTBE BO3-
OyIIHBIX JIUHUA B pailoHax kpaiiHero CeBepa u 3amagHoit Cubupu B Cypo-
BBIX KJIIMMaTUYECKUX YCIOBHSX, @ TAK)KE B YCIOBHUSAX FOPOACKON U MPOMBIIII-
JIEHHOW 3aCTPOWKH.

OCHOBHBIMH MPEUMYLIECTBAMHU Y3K00a30BbIX KOHCTPYKIIUI SBISIOTCA:

1) cHuXeHHBIN BEC;
2) moBblIIEHHAas TMOKOCTh, KOTOpas JAellaeT uX O0ojee yCTOMYMBBIMU K

JTUHAMUYECKUM BO3JICUCTBUSAM IPH IUIACKE U OOpBIBE MPOBOJIOB, COPO-

CE TOJI0JIE/IA, 3EMIIETPSICEHHUSIX;

3) yaoOCTBO TpaHCIIOPTUPOBKHU — 3arpy3Ka COCTABISIET 4 OMOPHI B MOTY-

MIPULIEIT;

4) maiblit 00BeM 3eMIIHBIX padoT;
5) BBICOKas MEXaHWYECKAsi CTOMKOCTh OIOP MPHU MyYEHUSX 3a CUET MpPHU-

MEHEHHS OJJTHOTO CBAHOTO (yH/IaMEHTa;

6) MHUHMMaJIBHOE BO3/CHCTBUE HAa OKPYKAIOUIYIO CpPeay IpPU CTPOUTEIb-

CTBE.

Jlns npoexktupoBaHus JauHAKW HanpspkeHueM 110 kB mpemmaraercs
CTajJlbHas OIopa Ha OTTSDKKAxX ¢ MOJIMMEPHOU TpaBepcoit (puc. 2.52).
KOHCTpYKTHBHO OMOpa COCTOUT U3 JABYX CTOEK, 3aKPEIJIEHHBIX Ha OJJHOM OC-
HOBaHUH, BEPIIMHBI CTOEK COEAUHEHBI MOJIUMEPHOU TpaBepcor. Kaxmas
CTOMKa MpeACTaBisieT co0oil TpyOy KBaJpaTHOTO CEUEHUS U3 YEThIpex
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CTAJIbHBIX YT'OJIKOB, COCAMHCHHBIX YCPE3 OIPCACICHHOC PACCTOSAHHUC ILJIaH-
KaMH. HOJ'II/IMepHaﬂ TpaBCpCa COCTOUT U3 YCTHIPCX U30JIATOPOB, IIPHU 9TOM

Puc. 2.51. IIpomesxcymounsvie y3x00a308ble 0NOPbl 07151 6030V UIHBIX JIUHULL
Hanpswcenuem 35 u 110 kB

KpaiiHhe H30JIATOPhl U3rOTaBIMBAIOTCS Ha (ha3HOE HANpPSHKEHUE BO3AYLIHON
JIMHUY, a CPEAHUE — HA JUHEHHOe HanpsbkeHue. [lonepeunbie U Mpo1oIbHbIE
OTTSKKH 00ECTIeYMBAIOT HEOOXOAMMYI0 MEXaHHYECKYI0 MPOYHOCTH OMOPHI
IIPU BO3JIEWCTBUM BETPOBBIX M BECOBBIX HArpy30kK, a TaK’Ke B aBapUHHBIX pe-
XKUMax pabOThl BO3IYIIHOW JTUHUU.

Onopa ycraHaBiauBaeTcs Ha (yH/IaMEHT, BBIIIOJIHEHHbIA U3 cBau. OT-
TSOKKU 3aKpEIUIAIOTCd B TPYHTE 3ariayOJIeHHBIMHU JK€Ie300€TOHHBIMH WU
BUHTOBBIMU CBasiMHM, JMOO IWIMHIAPUYECKUMHU aHKepamu. KoHcTpykuus
OIIOPHI OTINYAETCS MOBBIIIEHHONW YCTOWYMBOCTBIO K BOCIIPUATHIO TUHAMUYE-
CKUX Harpy3o0K 3a C4eT T'OpPHU30HTAJIbHOI'O PACIOJIOKEHHUS TPEX MPOBOIOB B
OJTHOM sipyce. Jlaxke nMpu OTCYTCTBHM I'PO303aIUTHOTO TPOCa BO3AYIIHAS JIU-
HUS, IOCTPOEHHAs Ha TaKUX Omopax, 00jaiaeT MOBBIIIEHHON I'PO30YIOPHO-
CTBIO 3a CYET FOPU30HTAIBHOIO PACIOJIOKEHHUS IPOBOJOB B OJHOM sIpyce U
€CTECTBEHHOTO 3¢ (eKTa IKpaHUPOBAHUS BO3AYIIHOW JTUHUU MOBEPXHOCTHIO
3E€MJIH.
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Puc. 2.52. Onopa c nonumeproii mpagepcoii 0151 6030YUIHbIX TUHUL
Hanpscenuem 110 kB

2.11.4. Metoa pacuera mera/uimueckux omnop. Harpyskm Ha merasuiu-
YyecKue Onopbl

Cunibl, BO3ACHCTBYIONIME HA OMOPBI BO3AYIIHBIX JUHUHN JIEKTpoOIepe-
Ja4l U WX OCHOBaHHUSA, HA3BIBAIOTCS Harpy3kamu. Pacuer meTamMyeckux
OMOp MNPOU3BOIUTCA MO METOJY MPENETbHBIX COCTOSHHM, TO €CTh YYUTHI-
BAIOTCS COCTOSIHMS, IIPU JOCTHKEHUU KOTOPBIX KOHCTPYKILHS OMOPHI IEepec-
TaeT YJOBJIETBOPATH NPEIBABIICMBIM K HEHl TPEOOBAHHSIMHU IO YCIOBHUSIM
skcmutyatanuu [12, 13].
[IpenenpHbIEe COCTOSIHUSA MOAPA3ICTSIOTCS Ha JIBE TPYIIIbI:
epynna 1: BO3MOXHOCTh JaJIbHEHIIEH 3KCIUTyaTallMd MOJHOCTBIO UC-
KJIFOUeHa (MoTepst YCTOMYUBOCTH).
2pynna 2: 3KCIulyaTalus BO3MOKHA, HO C OTPaHUYEHUSIMU.
B03MOXHOCTh BOBHUKHOBEHUS ITPEAECIBHOTO COCTOSIHUSI 3aBUCUT OT:
1) MexaHWYEeCKUX CBOWCTB MaTEPHAIOB KOHCTPYKUUNA WM (PU3MUECKHUX
CBOICTB I'pyHTAa;
2) ycnoBuit pabOThl KOHCTPYKITU;
3) U3MEHYHMBOCTHU HArpy3o0K.
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Mepa U3MEHUMBOCTH HArpy3oK Has3bIBaeTcsi  Kod(PUIMEeHTOM
neperpy3ku n [[Ipunoxenwne 2, Tabmn. 2.5].

Harpy3ku, cOOTBETCTBYIOIIME YCIOBUSIM SKCIIyaTalliy OMOPHI, Ha3bl-
BAlOTCS HOPMATHUBHBIMHM Harpy3kamu. K HUM OTHOCSATCS BCe Harpy3kH, pac-
CMOTpPEHHBIE TIPU pacyeTe MPOBOJa Ha MPOYHOCTH (Taparpad 2.3).

B pacuerax omop M MX OCHOBaHHI MOMHUMO HOPMATHUBHBIX HArpy30K
UCTIONB3YIOT pacueTHbIC, MOJydyaeMble IyTEeM YMHOXXEHHS HOPMATHUBHBIX
Harpy3ok Ha ko3 duiuentsl n [[Ipunoxenue 2, Tabdn. 2.5]. KoaddunreHTs
OTIPEJIEJICHbI B 3aBUCUMOCTH OT PEKUMa padOThl BO3YIIHON JIMHUH.

CornacHo [13] pa3nuuarOT TpU pexUMa, KOTOpPbIE MOTYyT OBITH B
IpoLiecce MOHTaXa M 3KCIUTyaTalluy BO3IYIIHBIX JIMHUM.

Pesicum 1 — nopmanvusiit. HopManbHbIM peXUMOM HasbiBaeTcs pabdo-
Ta JUHUM NIPU HEOOOPBAHHBIX MPOBOAAX U Tpocax. B aToM pexxume Ha onopsl
U UX OCHOBAHUs JEHCTBYIOT CJeayIollre BUIbI HArpy30kK (puc. 2.53, a, 0):

1) mocTosiHHBIE: COOCTBEHHBIM BeC OHOp Gy [6, crp. 30—51, Tadm.

1.25—-1.45], m3onaropoB G, [6, cTp. 65—68, Tabn. 1.64—1.67], npoBoa0B G
U TpOCOB (G, 0e3 romonena [6, ctp. 53—59, tabn. 1.47—1.57]; Harpy3ku oT
TSOKEHUN MPOBOIOB AT, U TPOCOB AT, MPH CPEIHET0I0BOM TeMIiepaType U

OTCYTCTBUU T'0JIOJIEAA U BETPA;
2) KpaTKOBPEMEHHBIE: OT JIaBJIE€HHsA BETpa Ha nposoxa O, Tpockl O W

OTIOpPBI; OT BECA I'OJIOJIEAA HA MPOBOJIAX U TPOCAX.

PaboTa nuHUM B HOPMAJbHOM PEXKUME MPOUCXOAUT B T€UEHUE OO0Nb-
1Iel YacTU BPEMEHU MX HKCILTyaTalllH, IO3TOMY MPUHUMAaeMble B HOpMaJlb-
HOM PEXXUME Harpy3KH Ha3bIBAIOT OCHOBHBIMU COYETAHUSAMM.

Pesicum 2 — asapuitnotii. ABapuiHBIM PEKUMOM paOOThI Ha3bIBACTCS
paboTa JTMHUU NpU OOpBIBE MPOBOJOB U TPOCOB. IIpoa0IKUTENHLHOCTh BO3-
JEUCTBUS HAarpy30K aBapUHOIO peXUMa CPABHUTEJIBHO HEBEIMKA, TOATOMY
B pacyeTax IO aBapuHHOMY PEKHMY pacyETHbIE Harpy3Ku U HOPMAaTUBHBIE
TSOKEHHS IPOBOIOB YMHOKa0TCsA K03 puirieHTsl. Cxembl Harpy30K Ha OIo-
pBI B aBapHITHOM peXKUME MPUBEICHBI Ha puc. 2.54, a, 0.

Pesicum 3 — monmastcruviit. MOHTaXHBIM PEKUMOM pabOThI HA3bIBAET-
csi paboTa KOHCTPYKLHHU B YCIOBUSIX MOHTaXXa OIOp, MPOBOJIOB U TPOCOB.
Couetanusi Harpy30K B MOHTaXHOM PEXUME OTHOCAT K YUCITY OCHOBHBIX.
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Puc. 2.53. Cxembl Haecpy30Kk Ha onopy 8 HOPMALHOM pedcume pabomvl
8030VUWIHOU TUHUU: A — HA NPOMENCYMOUHYIO 08YXYENHYI0, O — HA AHKEPHYIO
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Puc. 2.54. Cxemol Hacpy30K Ha onopy 6 agapuiiHom pexcume pabomol
B030YWIHOU TUHUU. A — HA NPOMEIHCYMOUHYIO OOHOYENHYI0, O — HA AHKEPHYIO

Onopbl BO3AYIIHBIX JTUHUI AJIEKTPOIIEPEAAUN OTINYAKOTCS OT BCEX OC-
TaJIbHBIX WHXKEHEPHBIX COOPYKEHUU, TaK KaK pasMepbl HHKEHEPHBIX COOPY-
KEHUHN ONpeNeNsAtoTCs BEPTUKAIBbHBIMU HAarpy3KaMu OT COOCTBEHHOTO Beca U
IIOJIE3HBIMUA TEXHOJOTHYECKMMH HArpy3KaMH, JJIsI KOTOPBIX MPEIHA3HAYECHBI
coopyxkeHus. OCHOBHBIMHM Harpy3KaMH, ONPEAEISIOIINMH pa3Mephl dJIEMEH-
TOB ONOP U (PYH/IAMEHTOB, SBJISIOTCS TOPU30OHTAIIBHBIE, & JOTOTHUTEIbHBIMU
— BEpTHUKAaJIbHBIC.

['opu3oHTaNIBHBIE HATPY3KUA COCTOST U3:
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1) BeTpoBOI HArpy3KH Ha KOHCTPYKIIHIO OMOPHIL. JIJisi HOpMaIbHBIX CTalIb-
HBIX OTOp BBICOTOM 10 50 M MOJIHASI BETPOBAsl Harpy3Ka ONpeaeseTcs
o dhopmyIie:

Pha=Cy-0, 5B, (2.66)
rae S — IJomaas TPOEKIMH KOHCTPYKIIMHM IO Hapy>XKHOMY oOOMepy ¢
HAaBETPEHHOW CTOPOHBI HAa IJIOCKOCTh, MEPIEHANKYISPHYIO HaIpPaBICHUIO
BeTpa, M;

B — kodddurueHT, yYUTHIBAIONIUN JHHAMHYECKOE BO3JACHCTBUE
MOPBIBOB BETpa: I CTATBHBIX CBOOOMHOCTOSIIUX omop B = 1,5; mist onop Ha
oTTskKax = 1,65; it nepeBsIHHBIX U XKeJ1e300eTOHHBIX onop B = 1,65.

2) BeTpOBOM HArpy3Kd Ha MPoBoOJa M Tpockl (maparpad 2.3);

3) Harpy3Ku OT TSKEHUS MPOBOJIOB U TPOCOB.

Harpy3ku oT TS>KeHHUS! TPOBOJOB M TPOCOB OMPEACIISIIOT 1O BHIPAKEHUIO:
T'=F-o, (2.67)
rie F — cedeHue IpoBo/Ia, MM ;

G — HaIpsKEHUE B MPOBOJIE, ONPEACIISIEMOE U3 MEXaHUUECKOTO pacuera,
naH/mm’,

K BepTukaibHbIM Harpy3KaM OTHOCST:

1) coOctBeHHbIH Bec onopsl [6, ctp. 30—51, Tabdn. 1.25—1.45];

2) Bec TUPJISTHI U30JISTOPOB C apMaTypoi [6,cTp.65—68, Tab61.1.64—1.67];

3) Bec mpoBOAOB U TpocoB (nmaparpadsl 2.3 u 2.8);

4) Bec MOHTEpa ¢ MOHTaXHBIMHU TIpUcIOocoOieHusIMU. HopMaTUBHBIN Bec
MOHTQXXHBIX MPUCIIOCOOJIEHUN M MOHTEpa C UHCTPYMEHTOM MPUHU-
MaeTcs: g Bcex omop Bo3aymiHbiX JuHUK 500 kB — 250 naH; nus
MPOMEXKYTOUHBIX omnop JuHuil 35—330 kB ¢ moaBEeCHBIMU H30JISATO-
pamu — 150 naH; nna ankepusix onop — 200 gaH; nns Bcex omnop ju-
HUW cO IIThIpeBbIMU M30asiTopamu — 100 naH.

Ilpumep 2.11
[Tonp3ysich JaHHBIMA M pe3yJbTaTaMH PACUYETOB MPEABIIYIIUX
MPUMEPOB, OMNPEACIUTh HOPMAaTUBHbBIE M pacueTHbIE Harpy3Kd Ha
IIPOMEXKYTOUHYIO MeTauIndecKyro onopy 11220-2 B HOpMabBHOM pexume
paboThl BO3AYIIHOW JIMHUM JUIsl JajJbHEHIIero BbIOOpAa U TMPOBEPKHU
dbyHaaMeHTa noj onopy.
Pewenue
1. Onpenennm HOPMATUBHBIE HATPY3KH.
Ha mnpomexyTouHyo omopy B HOPMaJIbHOM peXUME pPabOThI
BO3JIYIIIHOW JTMHUU JACUCTBYIOT Harpy3KH, okazaHHble HA puc. 2.53, a:
1) mocTostHHbIE HArPy3KHU:
coocmeenHnbwlil eec onopwt [6, ctp. 40, Tadi. 1.34]

Giinp = 6,21 7= 6,21 naH 10
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coOCmeeHHbLIL 8ec 2UPAHO U30aAmopos [6, cTp. 65, Tadi. 1.65]
Grup =nr Gr=6-238=142.8 xr = 0,143 naH 10,
IZI€ 5 — KOJMYECTBO TUPJIAH]I U30JSTOPOB HA OMOpE, IIIT;
G — BEC OJIHOM TMpIISHIBI U30JISATOPOB, KT (npumep 2.6);

CcOOCmeeHHblIL 8eC NPOBOOA HA 8€COBOIL NPOJIEM
lgec =335 M, (npumep 2.6); codbctBeHHBIN Bec 1 M npoBona M, =0,997 kr/m
(maH/m) (npumep 2.1), Torna ¢ yu4eToMm JBYX IETe U Tpex(a3sHOW CHCTEMBI
MOJTYYHUM:

GH=23 My 103 [gec =2-3-0,997-335=2003 kr = 2,003 naH-10°;

coOcmeeHHblil gec mpoca Ha 8eco6oll nPoaém
coOcTBeHHbIN Bec 1 M Tpoca — Af .= 0,6274 kr/m (naH/m) (npumep 2.10), To-
raa

GE=M11073 Igee = 0,6274-335=210kr = 0,21 naH-10’;
UMO20 NO NOCMOAHHBIM HOPMAMUBHBIM HAZPY3KAM
Gonupt Grup+ Gn+Gr =6,21+0,143+2,003+0,21 =8,57 naH- 10%;

2) KpaTKOBpPEMEHHbIE HArpy3KH:

Hazpy3ka om 0aeleHUs éempa Ha npoeoda 0e3 zononeoa (éemep Ha-
npaejieH nepneHOUKyIAPHO OCU TUHU)
C yueToM Tpex(a3HOW CUCTEMBI U JIBYX 1IeTeil BO3AYIIHON JIMHUH MTOTYYUM:

0n=23-pylgec=2-3-1,56-335=3136 kr=3,136 naH-10°,

rae p, — €IMHHYHAS TOPU30HTAIbHAS HArpy3Ka OT JABIECHHS BETpPA HaA IIPO-
BOJI, CBOOOAHBIN OT rononena, naH/m (npumep 2.1);

Hazpy3Ka om 0agieHusA eempa Ha mpoc 0e3 20.101e0a
OTpENEeNNM €ANHUYHYIO HAarpy3Ky OT JIaBJIEeHUsl BETpa Ha Tpoc 0e3 rojofesa,

BOCIIOJIb30BABIIMCh PACUETOM OJIHOMMEHHOM YyAENbHOW Harpy3ku (mpu-
mep 2.10)

Dar= aCandT'sinz(p 10°=0,725-1,1-6,5-42-1-10>=0,218 maH/m, Torna
Q}TI = P4 Igec = 0,218-335=73,03 xr = 0,073 J:[aH-103;

Hazpy3Ka om éeca 2010.1e0a Ha nPo6OOax
¢ yueToMm Tpex(ha3HOi CUCTEMBI U IBYX LeNed BO3YIIHON JTUHUH MOJTYUHM:

OF =23 p,-lpec=2-3-3,23-335= 6492 kr = 6,492 naH'10,

II T0JI
r1e p, — €IMHUYHAs Harpy3ka OT MAaccChl TOJIOJIENHBIX OTJIOXKEHHH, 1aH/m
(npumep 2.1);
Hazpy3Ka Ha mpoc om eeca 207101e0a
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ONPECIIMM CIMHUYHYIO Harpy3Ky OT MacChl TOJIOJEAHBIX OTJIOKCHHH Ha
TPOC, BOCIIOJIb30BABIIMCh PACUYE€TOM OJHOMMEHHOW YJIEIbHONW  Harpy3Ku
(npumep 2.10)

Pr=8,107" 7Z'C(dT + c) =0,9-10°-3,1416-22- (42 + 22) =3,98 maH/m,

O = PurIyec=3,98-335=1333,6 xr = 1,33 maH-10’,

Hazpy3Ka om 0aeienHus 6empa Ha KOHCMPYKUUIO Onopsl
BETpPOBasi Harpy3ka Ha KOHCTPYKIIMIO OIOPBI OMpeensercs mo Gopmyre
(2.66):
Pon=Cyx 0, S-B=11-65-(54-225+1,4-(6,5+6,5+5,5))-1,5=15808,65 naH
= 15,81 naH-10°,
rae C, =11 — aspoaunamuueckuit koabduument (npumep 2.1);
Q,=65 naH/M® — ckopocTHO# Harop Betpa (npumep 2.1);
S=54-225+1,4-(6,5+6,5+5,5)=147,4 M> — TIoIIAIb MIPOCKIIUH KOH-
CTPYKILIMH 0 HapyXKHOMY OOMepy C HAaBETPEHHOH CTOPOHBI Ha IMJIOCKOCTD,
NEPHeHANKYJISPHYIO HAIPaBICHUIO BeTpa: 5,4 M — mmpuHa 6a3bl OMOPHI Y
OCHOBaHUs; 22,5 M — BbICOTa OMOPHI 10 HWKHEHN TpaBepchl; 1,4 M — cpequsis
IIMPUHA CTBOJIA OMOPHI OT HUKHEH TpaBepChl A0 BEPXYLIKH TPOCOCTOMKH;
6,5 + 6,5 + 5,5 M — pazMepsl ONOPHI OT HUYKHEW TPABEPCHI 0 CPEIHEH, OT
CpPEIHEN 1O BEPXHEN M OT BEPXHEU 10 BEPXYLIKHA TPOCOCTOMKH, COOTBETCT-
BeHHO, (I[Ipunoxenwne 2, puc. 2.12, 0).
B = 1,5 — x03pdULUEHT, YIUTHIBAIONTUN TUHAMUYECKOE BO3CHCTBUE
NopsIBOB BeTpa (maparpad 2.9.4);
UMO20 N0 KPAMKOEPEMEHHBIM HOPMAMUBCHBIM HAZPY3KAM
ON+0"+08 +0 + Pl =3136+0,073+6,492+133+15,81=26,8 naH1 0’
2. OnpenenuM pacuyeTHbIE HArPy3KH.
PacueTHbie HArpy3Ku MOMY4YalOT MyTeM YMHOKEHUS HOPMATUBHBIX HArpy30K
Ha KOA(DPUITUEHTHI TIEPEeTPy3KH B HOPMAJIBHBIX M aBAPUHHBIX PEXKUMAX — 1
[[Ipunoxenue 2, Tadn. 2.5]:
Hazpy3ka om coOCMEEeHH020 6eca KOHCMPYKUUIL Onop, 2UpiiaHo
U3071AMopos, 6eca nPO0O0E U Mpocos
Ggp:( gnnp+G?np+GE+G¥)'n:
= (6,21+0,143+2,003+0,21)-1,1 = 9,4 naH-10’;
Hazpy3Ka om eeca 201071€0a HA RPOBOOAX U MPOCAX
OF L ron=l0 o+ 0" o) n=(6.492+133)-2=15,64 naH-10%

Hazpy3ka om 0ag1eHUsA 6empa HA KOHCMPYKYUIO ONOPbl NPU HAAUYUU
20J1071€0a HA NPOBOOAX U MPOCAX
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pR.=pPi .n=1581-1=1581 naH-10’;
Hazpy3Ka om 0ae1eHUA 6empa Ha NPoeo00a u mpocwvl, C60000HbBIE OM 20-
J1oa1eoa

ob = (Qﬁ + Q‘;). n=(3136+0,073)-1,2 = 3,85 maH-10’;
Uumozo no pacuemHbim Hazpy3Kam
Gh+ O L ont PR+ OF | =9.4+15,64+15.81+3,85= 44,7 naH-10"

I, T TOJI

2.12. ®yHaaMeHThI ONOP U pacyeT 3aKpenJieHusi ONop B IPYHTE
2.12.1. O01mue cBegeHUus

COBOKYNHOCTh MHXEHEPHBIX MEPONPUATUI MO BHIOOPY KOHCTPYKLHU
MOJI3EMHOM 4YacTH Omop, o0ecneunBaolield Ha/leXHOCTh UX padoThl B Mpo-
[[ecCe JKCIUTyaTallMy, Ha3bIBACTCA 3aKpeIUIeHHuEM onop B rpyHre. [lomzem-
HYI0O YacCTh OMOpPHI Ha3bIBalOT (yHIaMeTOM, a 00JacTh rpyHTa, BOCIIPUHU-
MAIOUIYyI0 JIaBJeHHE OT (PyHJaMEeHTa — OCHOBaHHeM. PaccTosiHre OT moaomui-
BbI ()yHJaMEHTA /10 TOBEPXHOCTU TPYHTa B MECTE €r0 YCTAHOBKU Ha3bIBAETCS
ryOuHOM 3ayioxkeHus GyHAaMeHTa, KoTopas onpeaesiercs pacueTom [12].

Pacuer 3akpermsieHus onop B TpPYHTE SBISIETCS HauMOOJEE CIIOXKHBIM
BOIPOCOM MPOEKTUPOBAHUS JUHUI ekTponepeaaun. CioKHOCTb €ro ooyc-
JIOBJIEHA TEM, YTO BO3JYyIIHAs JINHUSA SIBJISIETCA COOPYKEHHEM OOJIBLION Mpo-
TSKEHHOCTH, MPOXOAUT B MHOTOOOPa3HBIX T'€0JIOTMUECKUX YCIOBMSX, OIpe-
JENIUTHh KOTOPBIE IS KaXKA0W OIIOPBI HE NPECTABIISIETCS BO3MOMXKHBIM.

KoncTpykuus ¢pyHIaMeHTOB BBIOUPAETCS B COOTBETCTBUMU C:

1) Tunom omnopsl;

2) newcTBytolel Ha GyHAAMEHT HArpy3Kou;

3) XapakTepUCTHUKOU IpyHTa, B KOTOPHBIH OyeT 3aaenaH pyHIaMEHT.

Mudp byHnaMeHTOB OCHOBHOM HOMEHKJIATYpHI onpesensercs 0ykBoit @,
4YTO O3HAYaeT «(PpyHAaAMEHT» U LUPOii, KOTOpas yKa3bIBAeT THIIOpa3Mep
bynnamenTa [6]. CnenuanbHble PyHIaMEHTB UMEIOT B MIKU(pe nociae OyKBbI
@ 1OMOTHUTETBHYIO OYKBY:

crnenuanbibeie — C;

ykopoueHHble — K;

noBbllieHHbIe — 1.

[Tocne Tunopasmepa depes neduc npocrasisercss OykBa uiam nudpa, yka-
3BIBAIOIAS] HA €T0 IPUMEHEHHE:

II0JI aHKEPHO-YTJIOBBIE ONIOPBI — A;

II0J1 CTOMKH o1op ¢ OTTsKKamu — O;

H0JT OTIOPHI C OalIMaKaMH, UMEIOIIMMU JIBa OTBEPCTUS — 2;
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MOJ1 ONIOPHI ¢ OalIMaKkaMH, UMEIOIIIMMH YEThIpEe OTBEPCTHUS — 4.
CymiecTByeT HECKOIBKO OOIIUX MPABUJI 3aKPETUICHHS OTIOpP B TPYHTE B
3aBUCUMOCTH OT KOHCTPYKITUH omnopsl (Tabdi. 2.11) [12]:
Tabnuna 2.11
Obwue npasuna 3aKkpenjieHus ONop 6 2pyHme

KoHcTpyK1us onopsl Bun pynnamenta
[IpocTpaHcTBEHHBIE CTalIbHBIE ONOPHI | XKene300eTOHHbIE MOAHOXHUKHA WITU
OAaIlIEHHOT O TUIA OeTOHHBIE OJIOKU
Onops! Ha OTTSKKAX Xene3o0eToHHbIE TOJHOXKHUKH U

AHKCPHBIC ITIJINMTHI

VY3ko06azoBeie  Merayummueckue — u | HemocpeacTBeHHas 3ajeika HUXKHEH
’KeJ1e300€TOHHBIE OTIOPHI YaCTH B TPYHT

2.12.2. AHKepHbIe IUTATHI JAJI51 KpelJIeHUs OTTHKeK

OTTsKKH  YHUPUIIUPOBAHHBIX METATMYECKUX M KEJIE300€TOHHBIX
OTIOp KPEMATCS K KeIe300€TOHHBIM CTaHIapTHBIM IJIUTaM, OOITUN BU KOTO-
pBIX MpejcTaBlieH Ha puc. 2.55 [6, 12]. Macca Takoil TIHMTBI KoJIeOJIeTCs OT
MOJIYTOHHBI JIO0 TPEX C MOJOBUHON TOHH.

aA.Nn

A P g

Puc. 2.55. Kenezobemonnas anxepunas niuma

Xene3o0eToHHAs TUTMTA UMEET JBE MEPEKPECTHBIC OAKH yCHUIICHUS, B
MECTe TIepeceYCHHsI KOTOPBIX 3aJIeIaH CTaTbHOW PhIM JJIsi KPETIJICHHs aHKep-
HOM Tsiru uiu U-o6pa3Horo 60mTa - aHKepa.

[TnuTa pacmonaraercst B TpyHTe Tak, 4TOObI ee paboyasi II0CKOCTh OblI-
Jla IEPIICHIMKYJISipHA K HAMIPaBJICHUIO aHKEPHOM TSATH.

2.12.3. OcHOBHBIE KOHCTPYKIHMH (PYHTAMEHTOB OIOP
JUist 3aKkperuieHusl Oomnop B TPYHTE NPUMEHSIOTCS CIEIYIOLIUE BUIbI
(byHIaMEHTOB:

1) rpuboBuaHbIE (pUC. 2.56).
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Puc. 2.56. ' pubosuonwiii hynoamenm

Ha rpuGoBuanbiii pyHIaMEHT ACHCTBYIOT BEPTUKAJIbHBIE U TOPU30H-
TajdbHbIe HArpy3Kku. [Ipu BepTUKATBHOM paCMONOKEHUU CTOEK TOPU30HTAIIb-
HbI€ HArpy3KH CO3/Ial0T M3THOAIOMIMI MOMEHT, JUIsl BOCHPUATHS KOTOPOTO B
CTOMKY BKJIQJBIBACTCS JOMOJHUTENbHAsE apMmarypa. Eciu mpeanonaraercs,
YTO Harpy3ka Ha (GyHaameHT OyneT OoJblie OOBIYHOM, HAIIPUMED, YCTaHAB-
JMBAETCsSl aHKEPHO-YIJIOBas ONoOpa, TO CTOMKM (yHIaMEHTa paclojararotr
HAaKJIOHHO, KaK [T0OKa3aHo Ha puc. 2.56, 4TO 3HaYUTENbHO YMEHbIIAET U3ruda-
oIl MOMEHT. DYHIAMEHTBl C BEPTHKAIbHBIMU CTOMKaMU MMEIOT IO JIBa
WIN YeThIpe aHKEPHBIX 00JITa, C TOMOIIIBIO KOTOPBIX OMOpa MPUKPEIUIAETCS K
byHIaMeHTY.

Jlis yBenu4eHusl Hecylled crnocoOHOCTH (PyHAAMEHTOB MPUMEHSIOT
purenu (puc. 2.57), ecnu Tpacca BO3AYIIHOW JIMHUU NPOXOJUT B pallOHE C
0O0JIBIION BETPOBOI HArpy3KOu.

™

Puc. 2.57. Pucenu
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g BocIpUATHSA YBEIMYEHHOM BETPOBOM TOPU3OHTAIBLHOW HATrpPy3KH
pUTeNH Ha TTOJTHOKHUKAX PACIOJIaraloT BIOJIb OCH BO3AYIIHOW JIMHUH.

J1ist 3aKperieHrs MpOMEXYTOUHBIX OMOP B 0OBOJIHEHHOM T'PYHTE T'pH-
OOBHJIHBIE TIOJHOXHUKH HEJ03ariayOJsioT M YyCTPauBalOT OAHKETKY M3 Ha-
CBIITHOTO IrpyHTa (pHc. 2.58).

Puc. 2.58. Cxema 3axpennienuss npomexcymouHvix onop
8 008600HEHHOM 2pYHme

CxeMa 3aKkperuieHus: IPOMEKYTOUYHOM OIMOpPbI Ha OTTSKKax MOKa3aHa
Ha puc. 2.59. @yHaaMeHT Omopsl COCTOUT U3 OJHOI'O0 BEPTHKAJIBLHOIO IOA-
HO’KHHMKA TPUOOBHUIHON (POPMBI JUIsl OMUPAHMS CTOMKU OMOPBI, a TAKXKE TPEX
aHKEPHBIX TUIUT, PACIOJIOKEHHBIX B KOTJIOBaHaX HAKJIOHHO.

X,
5
=
S
< 5!
N 3
3
S

Ocb mpasepcot

/ !
!
!
|

Puc. 2.59. Cxema 3axpennenusi npomexicymouHou onopvl Ha OMMANCKAX
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2) cBaiiHble (PyH/IaMEHTHI.
Jlnst yctpoiicTBa cBaHBIX (DyHIAaMEHTOB pa3paOOTaHbl CEPUU CBaii
KBaJpaTHOTO ceueHus (puc.2.60).

Puc. 2.60. Csas keadpammuozo cevuenus

JlnuHa cBail KoiebieTcs OT MIECTH A0 JBEHAAIlaTH METPOB, JUTMHA ITyC-
TOTEJIBIX CBAM TOXOIUT 0 TPUALATH METPOB. Y BEPXHETrO KOHIIA CBaW MMeE-
€TCsl OTBEPCTHE, 32 KOTOPOE OCYIIECTBIIACTCS 3aXBaT CBAW MPH MOTPYKESHUH.
AHKepBI JJIsl KPEIUJICHUS OTTSKEK MPUCOSTUHSAIOTCS K CBasM C IMOMOIIBIO

MJIACTHH, KaK MOKa3aHo Ha puc.2.61.

77777

Pacxon marepuanoB y cBallHbIX ()yH/IaMEHTOB HIKE, YEM y TpUOOBU/I-
HBbIX MOJHOXHHUKOB, TIO3TOMY CTaBUTh MX JEIIEBIIE, OJHAKO HAa HEKOTOPBIX

V4444
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y4acTKax TpacChl MOTYT 3alleraTh I'PYHTBI, HE AOIMYCKAIOIIME MOTpy>KEeHUE
CBail.
3) OypoHaOuBHBIE (PyH/IAMEHTHI.
Jlnst ycTporicTBa (yHAaMEHTOB BO3AYIIHBIX JIMHUMA HampsbkeHuem 500
u 750 kB, ecnu onopa I[1-00pa3Has cBOOOAHOCTOAIIAS] TPUMEHSIIOTCS OypO-
HaOuBHBIE HyHIAMEHTHI (puc. 2.62).

777

Puc. 2.62. Yempoticmso 6yponabusnoeo ¢hynoamenma

Takolt pyHIaMEHT ycTpauBaeTCsl ¢ MOMOIIbIO MAIIMHBI, CHA0XKEHHOU
yimpurenaeM. BHadane Oyputcst KOTI0BaH, B KOTOPBIN BCTABIISIIOT apMaTypy
W 3aKJIaJIHbIE YaCTH, a TI0CIIe ATOTO MPOU3BOISAT OETOHUPOBAHUE.

2.12.4. CnnenuajibHble CIIOCOOBI 3aKPeINIeHUS OTOP

CrenranbHble CIOCOOBI 3aKPETUICHUS OTIOpP UCIOJIB3YIOTCS B CIIydasX,
KOT/Ia CBOMCTBA TrpyHTa (YCIOBUS BEYHOW MEP3JIOTHI) WIH TJIaH MECTHOCTH
HE TI03BOJISIIOT IPUMEHUTH (DYHIAMEHTBI, PACCMOTPEHHEIE BHIIIIC.

K cienmanbHbIM (hyHAAMEHTaAM OTHOCSTCS:

1) BUHTOBBIE CBaM.

BuHTOBBIE CBaM BBITTYCKAIOTCS B ABYX BHJIAX:

v’ nuras gyryHHas jonacth (1) coemmusieTcss ¢ Kelne300€TOHHBIM CTBO-
jgoM (2). Ha BepXHHUii KOHEIl CTBOJIA HABUHUYMBAETCS METAJTMYECKUMN
HaroJIOBHUK (3), COeIMHSIONINN OMOPY cO cBaei (puc. 2.63, a);

v/ Ha OIMHKOBAHHYIO CTallbHYyI0 TpyOy HaBapHBaeTCs JIOMAacTh Ha3Ha-
yeHHOU KoH(urypauuu (puc. 2.63, 6). BuntoBble cBan npeaHa3zHaue-
HBI KaK JJIs 3aKpeTIeHUs CBOOOTHOCTOSAIIUX OMOp, TaK M JIs 3aKper-
JICHUS OTIOP Ha OTTSDKKAX B JIOOBIX TPYHTAX, KPOME CKAJIbHBIX.
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Puc. 2.63. Bunmosas ceas

BunToBBIE CBaM UMEIOT psi/i IPEUMYIIECTB, 10 CPABHEHUIO C IPYTUMHU
BUJIaMU (DYyHIaMEHTOB:

v’ oHu 6ojiee SKOHOMHYHBI, TaK KaK MO3BOJISIOT MOJHOCTBIO OTKA3aThCs
OT 3eMJISIHBIX padoT;

v (QyHIaMEHT Ha BMHTOBBIX CBasX MOXET OBITH BO3BEICH JlaKe Ha He-
POBHOM, HEOOPaOOTAaHHOM YYaCTKE;

v BHUHTOBBIE CBaM OOJIAJAIOT JOCTATOYHOM HECYIIEH CrOCOOHOCTRIO Kak
Ha C)KMMAIOIIKE, TaK ¥ Ha BBIIEPTUBAIOIINE HATPY3KU U MPOTUBOCTOAT
cuJaM MOPO3HOTI'O ITyYEHHUS.

2) cOOpHBIN METAIITUYECKUI TOHOKHHUK.

COOpHBINT METATITUYECKUN TOTHOXKHHUK (pUC. 2.64) M3rOTaBIMBACTCS
W3 OIMHKOBAHHBIX METAJUIMYECKUX JACTaleil, KPEeMUTCS Ha OMOPHBIC TIIUTHI
U3 Kene300eToHa.

Puc. 2.64. Coopnviii memannuueckuti NOOHONCHUK
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I[aHHBIfI BUJ q)YHI[aMCHTa MPpUMCHACTCA B MECTAX, Kydda HCBO3MOKHO
AOCTAaBUTD TAXKCIYIO IOABCMHYIO TCXHUKY IJISI MOHTAXKaA.

3) MOHOJUTHBIA MaJIOOOBEMHBIN OCTOHHBIN GyHIaMEHT (pHC. 2.65).
I

I
Puc. 2.65. Mononumnuiii manoobvemmuwlii 6emouHvill hyHOaMeHm

JlocTronHCTBOM (yHAAMEHTA SBISIETCSI COKPALIEHUE PacXo/a CTalu Ha
€ro U3rOTOBJIEHHE, & HEJOCTATKOM — IIPOBEICHUE OETOHHBIX PabOT B KAXKIOM
MIUKETE.

4) pyHIaMeHThI, yCTaHaBIIMBa€MbI€ B MOMMax peKk U QyHIAMEHTHI Iepe-

XOJHBIX OIOP.

@yHIaMEeHTHI ONOp B MoMMax pek M (yHIAMEHTBI NEPEXOAHBIX OIOp
CWJIBHO OTJIMYAIOTCSI OT OCHOBHBIX BUJIOB (YHJAMEHTOB.

B noiiMeHHBIX y4acTKax MPOMCXOAUT JBHKEHUE BOABI U JIbJIA, MIO3TO-
My (yHAaMEHThl HEOOXOIMMO 3alllMUIaTh JIEI03aUUTHBIMU COOPYKEHUSIMU
WIH JIeI0pe3aMH, KpOME TOTO, BOJa pa3MbIBAaeT (PyHIaMEHT.

HanOospiell nomyasipHOCTBIO MOJB3YIOTCS (PYHIAMEHTHI B BUJE OITY-
CKHBIX KOJIOJIIEB, 3aMOJHIEMBIX 0€TOHOM (puc. 2.66).

Puc. 2.66. Onycknou xonooey
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B kadectBe 3alIUThI q)yHI[aMCHTOB OT BOAbBI U JibJda UCIIOJB3YIOT Ha-

CBIITHOW TPYHT M TPOCOBOE YCTPOWCTBO JUIS 3aIIUTHI OT OTICIBHBIX JIbJIUH
(puc. 2.67, a, 0).

(o)
o)

(o)
o)

o
o)

a 0
Puc. 2.67. 3awuma ¢hynoamenma: a — HacvlnHvlM epyHmom; 6 — yCmpoucm-
60M OJI51 3AUjUMbl OM JIbOUH

Ha ¢yHnaMeHThl nepexoAHbIX ONOp ACHCTBYIOT Harpy3ku OOJbLIHE,
YeM Ha BCE OCTalbHbIC BHUJIbI ()YHIAaMEHTOB, TUM OHM 3HAYUTEIHHO OTJIH-
YaroTCs OT PYH/IaMEHTOB OOBIYHBIX OTIOP.

B kauectBe (pyHIaMEHTa MOTYT PUMEHSATHCS KEIE300€TOHHBIE COOP-
HbIe (PyHIaMEHTHI, 1100 OeTOHHBIE MOHOJIUTHI (pHC. 2.68, a, 0).

777'|_ /7 V7 V77
|

a 0
Puc. 2.68. @ynoamenmoi nepexooHvix onop: a — sncene300emonHbulll COOPHDLIL
@yHOamenm, 6 — 6EMOHHbLIL MOHOIUM
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2.13. Pacuer pyHaAaMEHTOB IO/ ONOPbI
2.13.1. O6mme cBeieHus. 3a1a44 U MeTO/I pacyeTa

Jlanee U37105KEHBbI TOJIBKO CIIOCOOBI pacueTa (hyHAaMEHTOB B OOBIYHBIX
rpyHTax [12]. Bonpockl pacyeta yHIaMEHTOB B IPOCAJIOYHBIX IPYHTAX B
palioHax BEYHOM MEP3JIOTHI M PAMOHAX, IOABEPKEHHBIX 3EMIICTPSACECHHUSIM,
ABJIAIOTCS TEMOW CHEUATBHOTO UCCIEAOBAHMS, TIOATOMY B MOCOOMH HE pac-
CMaTPUBAKOTCA.

B nacTosiiee Bpemsi B kauecTBe (PyHIAMEHTOB IMPUMEHSIOTCS JIETKHE
XKene300€TOHHbIE (B HEKOTOPBIX CIIyYasiX METAITMYECKUE) MOJHOKHHUKH, KO-
TOpbIE HE MOTYT YPaBHOBECUTb COOCTBEHHBIM BECOM BBIPHIBAIOILIUE HArpy3-
KM, IIEPENAOIINECS OT YCTAHOBJIEHHBIX HAa HUX OINOP, TaK KaK BBIPBIBAIOLIASL
Harpyska, JIeHCTBYIOIIasl HA COBPEMEHHBIN MOJHOXKHUK, B IATh pa3 OoJblIIe,
4yeM COOCTBEHHBIN BeC MOJHOXKHUKA. [[03TOMYy KOHCTPYKTMBHO OHHU BBIMNOJ-
HSIOTCS Tak, 4TOObI BKJIIOUYUTH B pabOTy compoTuBieHue rpyHra. [lomumo
IIOAHOKHUKOB IPUMEHSIOT Pa3JIMYHOrO pOJa CBaHW, KOTOPBIE HOJKHBI BOC-
IIPUHUAMATh KaK CKMMAIONIWE, TaK M BBIPBIBAOIIME Harpys3ku. s omop c
OTTSDKKAaMHM MCIOJIB3YIOT AaHKEPHBIE TUTUTHI.

Onupasch Ha BBHIICU3IIOKEHHOE, MOXKHO CKa3aTh, UTO pacueT (yHaa-
MEHTOB CBOJMTCS K PEIIECHUIO TPEX 3a7ay:

1) pacuer ocHOBaHMI rPUOOBUIHBIX TOJIHOKHUKOB MPU JAEUCTBUU OAHOU

CYKUMAIOILEN CHUJIBI MJIM COBMECTHO C TOPU30HTAJIbHON CHIION;

2) pacyeT y3KUX (PYyHIaMEHTOB Ha ONPOKHJIBIBAHWE TOPU30HTATbHBIMU

CWJIAMHM 1 MOMEHTaMH, JEHCTBYIOIUMHU B BEPTUKAIBHBIX INIOCKOCTSX;

3) pacueTr aHKEpHBIX IUIUT JJS OTTSKEK MpPH JEHCTBUU OJHOM HOpMallb-

HOW BBIPBIBAIOIIEN CUJIbI, IPUIOKEHHOU HEHTPAJIbHO UM HOPMAJIbHON

BBIPBIBAIOILIEH CUJIbI, IPUJIOKEHHOW COBMECTHO C TOPU30HTAIIBHOM.

s pacuera mo0oro Buja (pyHIAMEHTa HCIOJIB3YETCS METOJ Ipe-
JICJIbHBIX COCTOSIHMM, COTJIACHO KOTOPOMY pacueT (yHJaMEHTOB OIOp Mpo-
U3BOJUTCS 10 AeopManusaM U yCTOHYMBOCTH (HECYIIEH CTOCOOHOCTH).

Pacuem no oegpopmayuam. 1lo nepopmaiusiM pacCUUTHIBAIOTCA OC-
HOBaHMSI BJIaBJIMBACMbIX U BBIPHIBAEMBIX ()YHIaMEHTOB, a TakkKe (PyHIaMeH-
Thl OJTHOCTOEYHBIX U y3K00a30BBIX OMOp. Y CIOBUE pacyeTa no aedopmanusm
CBOJUTCS K HEPABEHCTBY:

S<Su, (2.68)
rae S — aedopmanusi, onpeaesieHHas pacueToM;
S — OpelenbHo JomycTuMast neopmanus.
B 3aBucumocTu oT THNa GyHAAMEHTA IO METOAY MPEAEIIbHBIX COCTOSHHIMA
MIPOBEPAIOTCS CIENYIOLUE BUbI Iehopmanuii:
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1) BepTUKaJIbHBIE OCATKU OTIEIBHBIX OJIOKOB (PYHIAMEHTOB MpPHU JECHUCT-
BUM CKUMAIOIIHMX HATPY30K — Ay, CM;

2) cpenHss ocanka — A, cM;
3) yriael HakiIoHA (KpeH) dbyHIaMeHTa Mo JIeWCTBHEM Harpy3o0K, BBI3bI-
BAIOLIMX OMPOKU/BIBAHKE ~ [3 , pa/HaH;

4) yribl MOBOPOTa OJHOCTOEYHBIX CBOOOJHOCTOSIIMX >KEJIE300€TOHHBIX
OII0p, ONpPEENAEMBbIE Ae(pOPMAUAMU IPyHTa — [, pajuaH.

3HadeHus MpenenbHbIX AedopManuii (pyHIAMEHTOB OMOP BO3MYIIHBIX
JIMHUN dJIeKTporiepenayu npuseneHsl B [[Ipunoxenuu 2, Tabdi. 2.6].

Pacuer no pegopmanusM npou3BOAUTCS MPU ACHUCTBUU HOPMATUBHBIX
HArpy30K, 3a HCKJIIOYEHHEM pacueTa TUOKHX OJHOCTOCYHBIX OIOop, IS
KOTOPBIX PacyeT MPOU3BOIUTCA MPU JIEUCTBUU PACUETHBIX HArPYy30K.

Pacuem no ycmoiiuueocmu (necywieii cnocoonocmu). Pacuer ¢ynna-
MEHTOB I10 YCTOMYMBOCTHU BBITIOJIHSETCSA MIPU JIEUCTBUU PACUECTHBIX HArpy30K
10 YCJIOBHIO:

O 2.69
No® (2.69)
ku
rae N — pacuerHas Harpy3ka Ha ocHOBaHue, naH;
® — Hecymas crmocoOHOCTh OCHOBAHMSI, OMIPE/IeNIEHHAs PACUETOM;

ky — KO3 PUIMEHT HAaAEKHOCTH, IPUHUMAEMBbIH 110 [Tabi. 2.7, [Ipuio-

JKeHus 2.
TexHuueckre XapakTepUCTUKH (PYHIAMEHTOB M AHKEPHBIX IUIUT JJIs
KpEIUIEHUS OTTSKEK MpUBEACHBI B [6, cTp. 20—28, Tadn. 1.16—1.24].

2.13.2. XapaKkTepuCTHKHU I'PYHTOB, HE00X0AUMBIE IIPH pacuere
OCHOBaHM (PyHIAMEHTOB OIOP

OcHOBHBIMH (PU3UUECKUMH XapaKTEPUCTUKAMH TPYHTA ABISIFOTCS [12]:
1) J; — mnokaszaTenb KOHCUCTEHIIMM TJIMHUCTBIX TPYHTOB (ILJIaCTHY-

HOCTB);
2) E — moxyins gedopmarun rpynTa, 1aH-10%/m?;
3) ¢" — HOpPMAaTHBHBIN yroJl BHYTPEHHETO TPEHHMS, TPAI;
4) ¢"— HOpPMATHBHOE y/eNbHOE CleIIeHne rpynTa, gaH-10°/m?;
5) u — koaddunreHT O0KOBOTO PACIIUPEHUS;
6) y — 06bEMHEIH Bec rpynTa, naH- 10°/m’;
7) 7y, — Bec rpyHTa 00paTHO# 3achiKu, naH- 10° /0’

8) (@ — yroJl BHyTPEHHETO TPEHUs 0OPATHOM 3aCHINKH, TPAI;
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. 2
9) co— yZenbHOE CLEIIEHUE TPyHTa OOPATHOM 3aCHIIIKH, naH-10°/v°.
2.13.3. PacyeTr aHKEpHBIX IUIUT AJIS KpPelJIeHUs OTTSKeK

061111/1171 BUJ aHKepHOﬁ IUIATHI I KPCIUICHUA OTTAKCK IIPUBCIACH HA

puc. 2.55. Cxema AEUCTBUA CUJI NPU PACIOJIOXKECHUM AHKEPHOW IUIMTHI B
IpyHTe nU300pakeHa Ha puc. 2.69.

Puc. 2.69. Cxema oeticmeus cun na ankepHyro niumy

Ha puc. 2.69:

N4 — HOpMaTHBHas BBIpHIBAIOIIAs HATpy3Ka, JEHCTBYIONIAs HAa aHKep-
Hyio Ty, naH-10’;

G — Macca ImuThl [6, cTp. 24, Tabn. 1.20], T;

R, — pacueTHOe JaBJICHHWE HA TPYHT 3aCHINKH, CO3[aBAEMOE€ TUIHTON
[[Tpunoxenue 2, Tabdiu. 2.8,], naH-10°/m%;

B — yromn HakjOHA JIMHUU JEHCTBUS CUJIbI K BEPTUKAIH, TPal.

Pacuet ankepHO# miMTHI IO AedhOpMaIi MPOU3BOINUTCS 1O hopMyIIe:
Ni<mR,Fo+Ggcosf, (2.70)
rne F — MPOEKIHs IJIOMAAN BEPXHEW MOBEPXHOCTH TUIUTHI HA TUIOCKOCTD,
HOPMAJIBHYIO K OCH TSTH, M

m — Kod(PpIULHEHT YCIOBUM paOOTHI:
m:memomC: (271)
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TAe mpp =1 — K03 durment rpyHra;

mo — KO3 ULUEHT OMOPHI, 3aBUCSIINN OT 6a3bl ONOPHI b:
bm 5 25 1,5,
mo 1,2 1,0 0,8,
me — KO3(PPUIMEHT codyeTaHui, 3aBUCSIIMNA OT pexuma padoThl BO3-
JyUIHOW JINHUU:
Pexum HOPMaJIbHBIN aBapUUHBIN
me 1,0 1,5
Pacuer aHkepHOW IIUTHI MO YCTOWYMBOCTU (HECYIIEH CIIOCOOHOCTH)

MPOU3BOAUTCS 1O hopmyJie:

1 2.72
R~ (Ny+09Gycos). (272)

H
rae N — pacuerHast BeIphIBaroIiasi Harpyska, JA€UCTBYIOIIAas HA aHKEPHYIO
IJIATY, z(aH-lO3;
Ny — IPEnebHOE CONPOTUBIICHUE BBIPBIBAHUIO, naH-10’;
ky — KOOQQUIMEHT HaIeXKHOCTH, TpUHUMaeMblil 1o [[Ipunoxenuro 2,

Tabm. 2.7,].
[IpenenbHOE COMPOTUBIICHUE BRIPHIBAHUIO OIIPEACIIAeTCS M0 (hopMyJIe:
NH:NHO.kBJ (273)

rae kp — Ko3(puuueHT, GUKCHPYIOWINIT HAKIOH aHKCPHOH IUIMTHI, PUHH-

Maemblii 1o [[Ipunoxenuto 2, tadin. 2.9,];
N0 — COIPOTUBIIEHHUE BBIpbIBaHMUIO ITpH 3 =0, onpenensieMoe Kak:

Nuo=V y,+co-cospy- D 0, (2.74)
riae ¥ — o6beM 06e/iCcKa aHKePHOM TLINTHL, M.

Y, — BEC IpyHTa 00paTHOM 3achinku, naH - 10°/°;

(o — YTOJI BHYTPEHHETO TPEHHS OOPATHOM 3aCHINKH, TPa;

> @; — cyMMa miomaei 60KOBBIX OBEPXHOCTEH 00eHCcKa, M.

Ilpumep 2.12

PaccuutaTh OocHOBaHME YHU(DHUIIMPOBAHHOW aHKEPHOW IUIUTHI MapKH
[TA2-2 nox npoOMEKyTOUHYH) METAIMYECKYIO OJJHOCTOCYHYIO OJHOLEIHYIO
OMOpYy Ha OTTSDKKAX BO3AYHIHOW JimHMM 3nekTponepenadn 110 kB (IIpuo-
XKeHue 2, puc. 2.8) B HOpMaJIbHOM pexuMe padoThl JUHUHU. ['pyHT TJIMHU-
CTBIW C MOKa3zaTesieM KoHcucTteHuuu J; = 0,23 u kodppunuentom nopucro-

ctu e =0,55. Yron HakJIOHA TUHUU JEUCTBUS CUJIBI K BepTUKaAIHU (puc. 2.69)
B =40°. HopmaTuBHas BbIphIBalolasi Harpy3Ka, JeHCTBYIONIAs Ha aHKEPHYIO

wty, N =21 naH-10’. Pacuernas BBIPBIBAIOIIAS HArpy3Ka, JCUCTBYIOMIAs
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Ha aHKepHyIo wmrty, NE =28 naH-10’. Harpysku, meficTByroIMe Ha aHKep-

HYIO IUIUTY, paBHBI HOPMATUBHBIM U PAaCYETHBIM Harpys3Kam, eUCTBYIOIIUM
Ha MPOMEXKYTOUHYIO METAJUTMYECKYIO0 OJTHOCTOCYHYIO OJHOIICITHYIO OMOPY Ha
OTTsDKKaX. X BBIYMCIIEHHE OCYILECTBISETCS aHAJIOTUYHO BBHIYMCIICHUIO Har-
PY30K Ha MPOMEXKYTOUHYIO MeTautmdeckyto onopy 11220-2 (npumep 2.11) n
B JJAaHHOM MpUMepe HE MPUBOJIUTCS.
Hosacnenusn

TexHuyeckre AaHHbIE aHKEPHOU MuThl Mapku [TA2-2 nmpuBeneHbI B
Tab. 2.12, cocTaBineHHOM Ha ocHOBE [6, cTp. 24, Tabm. 1.20].

Tabnuna 2.12
Texnuueckue danuvle aukepuou naumol 1142-2

Mapxka ['myOuna Pa3zmep muTel Macca mursl, T
IJIATHI 3QJI0KEHUSA axb, m

TUIATHI /Ay, M
ITA2-2 3,0 1,5x%x3,0 2,2

JUIsL TIIMHUCTBIX TPYHTOB € MOKa3areneM KOHcUucTeHiuu J; =0,23 u
ko3¢ purenTom nopuctoctu e =0,55: HOpMaTUBHOE 3HAUEHUE MOJYJIS Jie-
dopmanmn E =2800 maH-10°/m* [IIpunoxenue 2, tabm. 2.10]; HopMaTHB-

HBIA yroJl BHYTPEHHETO TPEHUS @' =21°; HOPMATHBHOE YAEIbHOE CIIETIIE-

Hue rpynTa ¢ = 8,1 naH-10°/m [TIpunosxenue 2, Tabm. 2.11].

JIns mpoMexXyTOUHOM MPSAMOM OINOPBI, YCTAHABIMBAEMOW B TIIMHUCTHIN
TPYHT C MoKa3aTesneM KoHcucteHuuu J; =0,23, ¢ OTHOCUTENbHBIM 3ariy0-
nenueM h, / a = 3,0/1,5 = 2,0, o00beMHBIM BECOM TpyHTa OOpaTHOM 3aCHITIKU
IPU MCXAHUYECKOM YIJIOTHEHHUH Y, = 1,7-10° maH/w’, pacyeTHOE JaBIICHUE
R,=10,5 naH-10°/m [[Tpunoxxenue 2, Tadm. 2.8].

JIns TAMHUCTBIX TPYHTOB € NOKaszaTeneM KoHcucteHuuu J; =0,23 u
00OBEMHBIM BECOM TI'pyHTa OOpAaTHOM 3aChIIKU MPU MEXAHUYECKOM YIUIOTHE-
HUH 7y, = 1,7-10° maH/M: xosdbdurment 6okoBoro pacmmpenus p = 0,6
[[Ipunoxxenue 2, Tabn. 2.12]; kosdduument 0e30macHOCTU MO TPYHTY AT
yrila BHyTpeHHero Tpenus k. = 1,1, a nns rauaucTtoro rpyHta k. = 2,4 [Ilpu-
noxxeHue 2, Tabdn. 2.13], roraa

yTOJI BHYTPEHHEr0 TPEHUs1 00paTHOM 3aChINKU:

H
[0) 21 R
=u-—=0,6-—=1145",
Pop=H i 1

T b
a yJelbHOE CLEIJIEHUE TpyHTa 0OpaTHOM 3aChINKU:
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H 8,1
C )
—u-5=06-
co=H ke 24
Jlnsg mpsAMol MPOMEKYTOYHOM OMmopbl KOI(DPUIIUEHT HAJAEKHOCTH
ky =1[ llpunoxenune2, tadmn. 2.7].

=2,03 naH-10°/m°,

Jl7is TIIMHUCTBIX TPYHTOB HPHU yTjie HAKJIOHA JIMHUU JACUCTBUSA CHIIBI K
BepTUKAIU 3 = 40°: ko3 Punnent, GuKCUpYIOMUN HAKJIOH aHKEPHOU TLTUTHI
kp = 1,09 [ [Ipunoxxenue 2, Tabm. 2.9].

Pewenue
1. [IpousBeneM pacuer 1o aegopMaiuu.

Beraucnum ko3¢ dunueHT ycinouit padbotel o ¢popmyie (2.71):

m:mmm0m0:1-1,2-1:1,2.

OmnpenenumM BBIPBIBAIOILYIO HArpy3Ky, JACUCTBYIOUIYIO Ha (yHIaMEHT,
o gpopmyue (2.70):

MmR.Fo+Gycosf=1,2-10,5-1,5-3,0+2,2-cos40° = 58,4z[aH-103.

CpaBHUM HOPMATHBHYIO BBIPBIBAIOUIYI0 HArpy3Ky € TOJy4EHHOU
BBIIIIE:

NE<mR,Fo+GycosP mmm 21 < 58,4 naH-10°.

Takum oOpa3om, aHkepHasi miuuTa Mapku [1A2-2 yaoBIE€TBOPSIET YCIOBHIO
pacyeta 1o aedopmaIuu.
2. [Ipou3BeneM pacuer 1o Hecyuiel CrnocoOOHOCTH.

Onpenenum 06beM obenicka aHKepHOU MIUThl Mapku [1A2-2, ecnu

a=15Mm;b=3,0M;
a1=a+2 hytgey=15+2-3,0-tg11,45°=2,7 m;

br=b+2 hy tggy=3,0+2-3,0-tg11,45° =42 w,

Va="012 ar+a) b+ (2-ata)-bl=

Toraa 30
= (227 415)-42+(215+2.7)-3,0]= 23,0457

Boruucnum cymmy miomiajieit 00KOBBIX MTOBEPXHOCTEH aHKEPHOM TIIH-
TbI Mapku [1A2-2:
Son=3-(a+a+b+b)=3-(,5+2,7+3,0+4,2)=342, m".
Ucnonwsiys hopmyinsl (2.73) u (2.74), mpousBeneM pacueT NpaBoil yac-
™™ popmysl (2.72):
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1 1
k—(N11 + 0,9GHCOSB) :k—(NHO-kB + O,9Gncos[3) =

1
= k—[(VH Y3+ o COSQ, - Z@H) kpt 0,9GHCOSB:| =
:%[(23,04 -1,7+2,03-cos11,45- 34,2) -1,09+0,9-2,2- cos4o°} =118,4 naH -10°".
CpaBuum no ¢opmyine (2.72) pacueTHYIO BBIPBIBAIOIIYIO HArpy3Kky ¢
ITOJTyYEHHOU:

1

NP< k_(N“ +0,9 Gy cosP) mmm 28 <118,4 maH-10’,
H

aHkepHas inta Mapku [IA2-2 yaoBIeTBOpSIET YCJIOBHUIO pacuera Mo HeCy-

el CrioCOOHOCTH.

2.13.4. Pacuer Kes1e300€TOHHBIX I'PHOOBUIHBIX (PYHIAMEHTOB-IOJHOK-
HHUKOB

OOumit Bua rpubOBUIHOTO (HyHIAaMEHTa-TOJHOKHUKA TMPUBEIEH Ha
puc. 2.56, a pacueTHasi cxema MpH JACUCTBUM HA TPUOOBUIHBIA (QyHIAMEHT
BBIPBIBAIOLIEH HArpy3ku — Ha puc. 2.70.

R

|
/
: /
L—
\ | = e
\ | /
\ | /
I

L
e

Puc. 2.70. Pacuemnas cxema npu oeticmeuu Ha 2pubo8uoHblil hyHOAMeHm
sbIpbIsalOWell Hacpy3Ku

Ha puc. 2.70:

a — pa3Mep CTOPOHBI KBAJPATHOM OMOPHOM ITUIUTHI TOJHOKHUKA, M;
h¢ — riryOuHa 3a5105keHAA QYHIAMEHTA, M;

@) — pa3Mep CTOPOHBI TPU3MBI BRIMUPAHUS QyHIaMEHTa, M;

(o — YrOJl BHYTPEHHETO TPEHUs1 00paTHOM 3aChINKHU, TPa.
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Pacuer rpuboBuAHBIX (HyHIAMEHTOB-TIOAHOKHUKOB 10 JieopMarusam
NPOM3BOJIUTCS HA HOPMATHUBHBIE HArpy3KH BO BCEX PEXHMMaxX BO3IYIIHBIX
muauid. TpeboBaHme pacuera mo AeopManusiM CBOIUTCS K OTPaHUYCHUIO
BEPTUKAJIBHON OCalKU. Y CIOBUE pacueTa MOKHO CHOPMYIHPOBATH CIIEAYIO-
MM 00pa3oM: cpeaHee NaBieHHE IO MojJolBe (yHAaMEHTa HE JIOJKHO
NPEBHIIATh PACYETHOTO JABJIICHUS HA OCHOBAaHUE, TO €CTh JIOJDKHO OBITH CO-
OJIFOJICHO YCIIOBUE:

Ocp <Ry, (275)
TJI€ G¢p — CPEelHEe JaBJICHUE MO MOAOLIBE (YHAAMEHTa, KOTOPOE HAXOAUTCS

3, 2
o ¢opmye (2.76), naH-10°/m";

R, — JaBJIEHUE Ha TPYHT OCHOBAHUS MOAHOXHUKOB YHU(DUIIMPOBAHHBIX
OIIOp, PACCUUTAHHOE W3 YCIIOBUH TpENeIbHBIX jJeopManuii B HOpMaIbHOM

pesxume paboTst muaunH, gaH-10°/M” [[Ipunoxenue 2, Ta6m. 2.14]:
Né‘ (2.76)
ch = F + Y3 h(b s
rae Ng — HOpMaTHBHas CKMMAIOIasi Harpys3Ka, naH-10%;
F —nnomans pyHnamenra, Mz;
Y, — OOBEMHBIN BEC IPyHTa 0OPATHOM 3aCHINKHU (YIULIOTHEHUE MEXaHUYe-
CKO€; PACIIOJI0KEHHE BbIIIE YPOBHS I'PYHTOBBIX BOJ) PaBEH 1,7-10° maH/m;
h¢ — TiyOuHa 3anoxeHus pyHnamenTa, M [6, ctp. 20, Tabi. 1.16].

Pacyer Ha BbIpbIBaHHME YYMTHIBACT JCHCTBHE Ha (yHIaMEHT
HOPMaTHUBHOW BBIPBIBAIOIIEH HAPY3KHU U MPOU3BOAUTCS 10 YCIOBUIO:

N5<SmR;Fo+ Gy (2.77)
raie m — KO3(pQUIMEHT YCIOBHM paloThl, omnpenensieMblii 1o Gopmyie
(2.71);

R; — pacueTHOeE JaBJICHHE, naH-10°/m* [IIpunoxenue 2, Tabr. 2.8].

F( — TpOeKuus MJIOCKOCTH BepxXa IUIUTHI Ha TOPU3OHTAIBHYIO ILIOC-
KOCTb, M;

G¢ — Macca pyHnamenra, T [6, ctp. 20, Tabun. 1.16].

Pacuer rpuboBugHOr0 (yHIAaMEHTA MO YCTOWYUBOCTHU (HECYIIEH Cro-
COOHOCTH) MPOU3BOJUTCS AHAJTOTUYHO PACUYETy aHKEPHOM IUIUTHI.
Ilpumep 2.13

[lonb3ysick MaHHBIMM W pe3yJibTaTaMHU PACUYETOB  MPEIbLIYLIUX
MPUMEPOB, pACCUUTATh OCHOBaHUE IPUOOBUIHOTO (hyHAAMEHTA-TIOJHOKHUKA
Mapku ®3-2 nox nmpomexyTouHyro omnopy 11220-2 B HOpMaJIbHOM peKHUME
paboOThI BO3MYIIHOW JTUHUU dJIEKTporepeaadyn. ['pyHT TIIMHUCTBIA C TIOKa3a-
TeneM KoHcucteHumu J; = 0,23 u koappuuuentom nopucrtoctu e =0,55.
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TIloacuenusn

Texanueckne naHHBIE

rpuboBugHOrO (GyHAamMeHTa Mapku D3-2
npuBeieHbI B Ta0M. 2.13, cocraBieHHol Ha ocHOBE [6, cTp. 20, Tadn. 1.16].

Texnuueckue danuvie pynoamenma D3-2

Tabnuia 2.13

Mapka BricoTa ['myOuna Pa3mep cro- Macca
dynmamenTa | GpyHmaMeHTa | 3alOKEHHUS | POHBI KBaJ- | (yHIaMEHTa,
h, M bynnameHTa paTHoOM T
hg, M OTOPHOM
IUIUTHL d, M
®3-2 2,7 2,5 1,8 x1,8 2,9

HopmatuBHas cxxumaroinasi Harpy3ka, JeMCcTBYIoIasi Ha TpUOOBUTHBIN
(byHIAMEHT-IOJHOKHUK, paBHA CYMME IIOCTOSIHHBIX U KpPaTKOBPEMEHHBIX
HOPMAaTUBHBIX Harpy30K, AeHCTBYIOIIMX Ha onopy [1220-2 (npumep 2.11):

N =268+857=3537 naH-10°.
HopmartuBHast BbIpbIBarolasi Harpys3ka, JIEWCTBYIOIIas Ha T'puOOBU-

HBIM (DyHIAMEHT-TIOTHOKHUK, paBHA UTOTOBON CyMMeE TOCTOSHHBIX HOpMa-
TUBHBIX HArpy30K, JelCcTBYyONUX Ha onopy [1220-2 (npumep 2.11):

NE=26,8 naH-10°.
Pacuetnas BhIpbIBaroOIasi Harpy3ka, JEUCTBYIOIIAs HAa TPUOOBUIHBIN

byHIaMEHT-TIOJHOKHUK, paBHa CYMME PAacueTHBIX HArPy30K, ACWCTBYIOIINX
Ha onopy [1220-2 (npumep 2.11):

NP =447 naH-10°.
JUIs TAMHUCTBIX TPYHTOB C MOKa3aTeneM KoHcucteHuuu J; =0,23 u
ko3¢ purenTom nopuctoctu e =0,55: HOpMaTUBHOE 3HAYEHUE MOJYJIS Jie-
dopmarmu E =2800 maH-10°/m* [[Ipunoskenne 2, tabm. 2.10]; HOpMAaTHB-

HBIA yroJl BHYTPEHHETO TPEHUS @' =21°; HOPMATHBHOE YAEIbHOE CIIETIIE-

aue rpynra " = 8,1 maH-10°/m” [[Ipunoxenue 2, Tadm. 2.11].

JlaBieHue Ha TPYHT OCHOBAaHUS MOJHOKHHUKA, pACCUUTAHHOE U3 YCIIO-
BUH NpeAenbHbIX aedopManuii OCHOBAHUS B HOPMAJIbHOM pexuMe padoThl
mannn st E = 2800 zaH-10°/m° IIPU pa3Mepe CTOPOHBI KBAJIPATHOU OMOP-
HOU tumThl a = 1,8 M (Tabin. 2.13), 6aze onopsl b Oonee 5 M (npumep 2.11) n
riayOuHe 3a50keHus pyHaaMeHTa hy=2,5 M (1abn.2.13): R, =36,1 naH-10° /M

[[Ipunoxenue 2, Tadn. 2.14].
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JI71 TpoMeKyTOYHOU TIPSIMOU OTIOPBI, YCTAHABIMBAEMOM B TIIMHUCTBIN
TPYHT C MoKa3aTesneM KoHcucteHuuu J; =0,23, ¢ OTHOCUTENbHBIM 3ariy0-
nenueM h / a = 2,7/1,8 = 1,5, 00beMHBIM BeCOM TpyHTa 0OpaTHOM 3aCHITKA
IpU MCXAHUYECKOM YIJIOTHEHHUH Y, = 1,7-10° maH/w’, pacuyeTHOE JaBICHUE

R;=6,0 naH-10°/m* [[Tpunoxenue 2, Tabi. 2.8].
JIns TAMHUCTBIX TPYHTOB € NOKaszaTeneM KoHcucreHuuu J; =0,23 u

00BEMHBIM BECOM TpyHTa OOpaTHOM 3aCHITKHA MPU MEXAaHUYECKOM YIUIOTHE-
3 3
Hau v, = 1,7-10° maH/m’: xoo¢pduumnent Goxosoro pacmmpenus p = 0,6

[[Ipunoxxenue 2, tabdn. 2.12]; xkoapdunueHT 6€30MaCHOCTH MO TPYHTY IS
yIila BHYTpEHHEro tpenus k. = 1,1, a ayia rmuaucroro rpynra k. = 2,4 [Ilpu-
noxxeHue 2, Tabdn. 2.13], roraa
yroJ BHYTPEHHEro TpeHus: o0paTHOM 3ackinku (puc. 2.70):
H
oo=n-2 =062 =1145,
kr L1

a yJIelbHOE CLEIJIEHUE TPyHTa OOpaTHOM 3aChINKU:

H 8,1
C D
C = “ - — = 0,6 .
"k 24
JInst mpsMOl TIPOMEKYTOYHOW OMOPBl  KOA((GUIIMESHT HAIEKHOCTH

kw =1[ Ilpunoxenue 2, Tabdmn. 2.7].

=2,03 naH-10°/m*.

Pewenue
1. [IpousBenem pacuet Ha cxaTue (1Mo AehopMaIusm).
Haiinem cpennee naBnenue mo nojomse GpyHnamenta (hopmyna 2.76):

H
=Ny hp="22 4172521551 2aH 10
L8
CpaBHUM cpejiHEe JaBlieHUE IO MOAONIBE (pyHAaMEHTa C JaBICHUEM
Ha TPYHT OCHOBaHUS MOAHOKHUKA (popmyia 2.75):
Gep S Ry WM 15,51 < 36,1,

TO €CTh YCJIOBHE pacyera 1o AedopmanusM Ha cxatue coOaroaaeTcs, 1 Bep-
TUKaJgbHas ocaaka ¢pynnamenta d3-2 HaxoAUTCS B JOMYCTUMBIX Mpeenax.
2. IIpon3BeneM pacyueTr Ha BHIPBIBAHHE.

Boruucnum ko3gdunuent ycinoBuid padotsl no (2.71):

m=mmpmome=1-12-1=12.

OnpenenuM BBIPHIBAIOLIYIO Harpy3Ky, JEHCTBYIOIIYIO Ha (pyHAAMEHT

o (2.77):
mR,Fo+Gy=126,0-18+29=262 naH-10".
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CpaBauMm 1o ¢opmyse 2.77 HOPMATUBHYIO BHIPHIBAIOIIYIO HATPY3KY C
MTOJIy4YEHHO! BBIILIE:

NE>mPR,Fo+ Gy wm 26,8 > 26,2 naH-10",

Taxum oOpazom, pyHaameHT Mapku ©3-2 He yI0BJIeTBOPSIET YCIOBHIO pac-
yera 1o JedopMalusiM Ha BhIPbIBAHUE.

[Tpuanmaem QyHaament Oonbiuero pazmepa — @4-2 ¢ rioyOuHoOM 3ai10-
KeHus (pyHIaMeHTa hg = 2,7 M; pa3sMepoM CTOPOHBI KBaJIpaTHOH ONOpPHOMI
wmTel a = 2,1 m; maccoit pynnamenra 3,4 T [6, cTp. 20, Tabn. 1.16], Torga

MRyFo+Gy=12-6,0-21>+34=352 naH-10".

CpaBHuM 1o 2.77 HOPMAaTHBHYIO BBIPBIBAIOIIYIO HArpy3Ky C MOJY-
YEHHOM:

NE<mR4Fo+Gg wm 26,8 <352 naH-10°,

dbynnament mapku ®4-2 yioBIETBOPSET YCIOBUIO pacdeTa Mo aegopmaliusm
Ha BBIPBIBAHHUE.
3. [IpousBeneM pacuer 1o Hecyuiei CnoCOOHOCTH.

ITo puc. 2.88 onpenenum o0beM oOemMcKa TPUOOBUIHOTO (PyHIaMEH-
Ta-TMOIHOKHUKA Mapku P4-2, eciu

a=2,1wm;
al:a+2-h¢)-tg(po=2,1+2-2,7-tg11,45°=3,2 M;
TOTa
h

Vq)=?[(2'a1+a)'a1+(2'a+a1)'a]=

_ 287 [(2 ) 3’2 4 2,1)_ 3’2 + (2 . 2,1 4 3,2)- 2,1] = 7,2 M3.

Brerancnum cymmy toiomiazneii 60KOBBIX MOBEPXHOCTEH TPHUOOBUIHOTO
byHIaMeHTa-MOJHOKHUKA Mapku P4-2:
Yop=2hy (a+a)=2-2,7-(2,1+3,2)=28,62 v’.
Ucnonsiys hopmyinsl (2.73) u (2.74), mpousBeneM pacueT NpaBoil yac-
™ (hopmyIsl (2.72):
L Ne+09G5) = (Ngo+0.9Ge)= (773 +co 050y~ 3w + 09 Gy )=
k®’®k®0’®k®y300%w®’®

H H H

= %(7,2 1,7+2,03-cos1L45°- 28,62 +0.9-3.4)= 72,24 naH -10°.

CpaBHuM 110 (2.72) pacyeTHYIO BBIPBIBAIOIIYIO HAarpy3Ky C MHOJyYEH-
HOU BBIIIIE:

NE< kL(Nd) +0.9Gg) nn 44,7 < 72,24 1aH-10"

H
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®dyngament mapku ®4-2 ynoBIETBOPSCT YCIOBHIO pacueTa IO HECy-
IEA CITOCOOHOCTH.

2.13.5. Pacuer pyHAaMEHTOB U3 CBaid

OOuuit BUI cBaitHOro (yHIamMeHTa mpuBenaeH Ha puc. 2.60, a cxema

cBau-(pyHIaMeHTa — Ha puc. 2.71.
I

iHi
|
I

I
T -

I

|
|
I

Puc. 2.71. Cxema ceau-gpynoamenma

Ha puc. 2.71:
[ — nnmuHa cBam, M [6, cTp. 27, Tabdn. 1.23];
b — cTopoHa cBau KBaJpaTHOTO ce4eHus, MM (cM) [6, cTp. 27, Tabn. 1.23].
KoHcTpykiust cBan nomkHa OBITh paccuMTaHa Ha JIEHCTBUE HOPMAJlb-
HBIX U TIOTIEPEYHBIX CHUII.
Pacuer cBam Ha nelicTBHE HOPMAJBHBIX CHJI MPOU3BOJUTCS MO HEpa-
BECHCTBY

NP < Pe, (2.78)

3
rne NP — HopManbHas pacdeTHas cuia, epenaBaeMas Ha cBaro, naH-107;
3
P. — pacueTHoe conpoTusieHue ceau, 1aH-10".
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PacueTHoe compoTuBIIEHHE 3aBUCUT OT BUJA HArpy3Kku Ha cBaro. Eciu
Harpy3ka C)KHMMaromias, To pacCdeTHOE COMMPOTUBIICHUE ONpenemsieTcs mo ¢hop-
MyJI€:

1
PCC:kk—mK(O,SRHF-i-MZf?ZZ)—l,IG(b

H

(2.79)

Ecnu Harpyska BbIpbIBarollasi, TO PaCUETHOE CONPOTHUBIICHUE OIPENE-
JSIETCS KaK:

1
Pcs :k'k_mK'qu?li"'O:gG(b'
H
B popmymnax (2.79) u (2.80) BBeneHs! ciemyronue 0003HAUCHNUS:
k — ko3¢ duimeHT oMHOPOTHOCTH TpyHTa paBeH (,85;

ky — K0o3puuueHT HanexxHocTH [[Ipunoxenue 2, tabdin. 2.7];

(2.80)

my — KO3 (ULMEHT yciaoBuii paboThl KycTa CBaii paBeH 1;

R" — HOpMaTHBHOE comporuBienne rpyHra, maH-10°/m> [[Ipunoxkenne 2,
tabm. 2.15];

F — nyomaas nonepevyHoro CeYeHus CBaw, M [6, cTp. 27, Tabm. 1.23];

u — TIEpUMETP CBa, M;

/7 — HOPMaTHBHOE CONPOTUBIICHHE IPYHTA 1O OOKOBOH MOBEPXHOCTH CBaHN,

naH-10°/m” [[Ipunoxenue 2, Tabi. 2.16];

[; — TOJILIMHA CJIOS TPYHTA, M;

0,5 — xo3hPHUIHMECHT, YIUTHIBAFOIINI BIUSHUE CKBAKHHBL
G¢ — Bec cBan, T [6, cTp. 27, Tabmn. 1.23].

Pacyer cBam Ha jAeiicTBHE TOMEPEYHBIX CHII (MMPU CBOOOTHOW TOJIOBE
CBaM) MPOU3BOAUTCS 10 hopmyJie:

OP =B AB3’ (2.81)
4(nb)
rae B — ko duuuent ornopa rpyHra, [[Ipunoxenue 2, tadmn. 2.17];

A — nomyckaeMoe (3aJaBaeMo€) NepeMellleHHe TOJIOBbI CBau (CleIyeT
MPUHUMATH B Tipeenax 1 — 2 cMm);

4
B — ’ecTKOCTh CBau Ha U3THO, CM
nb — ryOuHa yCcIoBHOM 3a1eNku cBau, cM [[Ipunoxxenue 2, Tabdmn. 2.17].

2.13.6. Pacuer 3akpensieHUsi CBOOOJHOCTOSINIMX OJHOCTOEYHBIX OJHO-
CTBOJIbHBIX OIOP

K CBO6OI[HOCTO$IH_[I/IM OIHOCTOCYHBIM OJHOCTBOJIbHBIM OIIOPaM OTHO-
CATCA:
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1) xene300€TOHHBIC OMOPHI AJIs JUHUKN HampsikeHueMm o 220 kB Bkito-
YUTEJIBHO;

2) OIHOCTOEYHBIE IEPEBSHHBIE OMOPBHIL;

3) Kene300€TOHHbBIE MOPTAIBHBIE OMOPHI ¢ BHYTPEHHUMH CBS3SIMU IS

nuaui 330 kB.

Croiika onmopbl yCTaHaBIMBAETCS MEXaHW3UPOBAHHBIM CIIOCOOOM B KOT-
JIOBaHbl, JUAMETP KOTOPBIX Ha 5—7 CM IpEBBIIIAET JUAMETP CTOMKHU (pHC.
2.72). Ang ycuiieHHs 3aKpEeIUIeHUs] MOT'YT ObITh YCTaHOBJIEHBI OJJMH WJIM JBa
Kene300€TOHHBIX Opyca-puress B BEpXHEH WM HUKHEW 4acTU CTOMKH B 3a-
BUCHMOCTH OT CTPYKTYpbI TPYHTA.

1 | =
o | T
A0 N

= 5.! N
4 IR
Y N
|
4; O 560 — 650
O 700 < q

Puc. 2.72. 3axkpennenue cmouxu 6 HeHApyUeHHOM epyHme

YcinoBuem pac4dcTa 110 ,IIC(i)OpMaHI/I}IM ABJIACTCS HCPABCHCTBO!
H 2.82
B() < B s ( )

rae B =0,01 paguan — HOPMATUBHBINA YroJ OTKIOHEHHs onophl [[Iputoxke-

Hue 2, Tabi. 2.6].
Jlnst pacueTa 3aKperyieHrs OAHOCTOSUHBIX CBOOOIHOCTOSIIIIUX OIOp IO
nepopManusaM HEOOXOIMMO ONPEEUTEL YToJl IOBOPOTA CTOMKU B IpyHTE 3,

(maparpad 2.11.1). Yron noBopoTa BBIUUCIAETCS MPHU JEUCTBUU PACUETHBIX
Harpy3ok. Cxema Jy1sl pacuera npuBeieHa Ha puc. 2.73.
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Puc. 2.73. Cxema onsa pacuema yana nosopoma

Ha puc. 2.73:

udpel 1 1 2 — CBsA3M, C MOMOIIBIO KOTOPBIX Tiepenaércs AaBieHUE Ha
I'PYHT,

O — paBHOZEHCTBYIOIIAs TOPU3OHTAIbHAS cita, naH-10’;

H — BbICcOTa NTpUIIOKEHUS CUIIbl O, M;

h — BbICOTA 3arTy0JIeHUs] CTOWKH OIMOPBI, M.

Jlyist pacyeTa yriia moBopoTa MOJIy4eHbI cieayromue GopmMyIib:
CiIydail 3aJIeJIKu CTOMKHU 06€3 pureseil:

30 (2.83)
= 60.+3)-v;
BO AE h2 ( )
Ciy4ai 3a/IeJIKU CTOMKH C PUTEIISIMU:
3 2.84
BO:SEiz[(m+5)-VB+(6a+1)-VH], (2.84)

TIe V, vy, vy — 0€3pa3MepHbie K03()PUIMEHTHI, onpeaensieMble o rpaduky
(puc. 2.74) B GyHKIIMH COOTHOIICHHSI IIUPUHBI (TUaMETpa) CTOUKH K BBICOTE
ee 3ariyOJieHus, To ecth b/h;

E — monyne aeopmanuu, cHukeHHbIM Ha 20% OT BEJIMYUHBI, TpEn-
craBiieHHOH B [[Ipunoxenun 2 tadmn. 2.10], z[aH-103/M2;

o, — Oe3pa3MepHas BEIMYKHa, onpeesseMas Kak otHouienue H/h .
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1\
AN

0 0,1 0,2 03 0,4 0,5 0,6 0,7 0.8 0.9 1b/h

Puc. 2.74. I'paghux onsn onpeodenenus be3pazmepHulx
K03 puyuenmos v

VYcnoBue pacyeTa 3aKpeIUIeHHs] CTOMKH 10 MPOYHOCTH (00IIeil yCToi-
YUBOCTH) OMPEAEIIIETCS HEPABEHCTBOM:

1 (2.85)
Qp S k_ ) mBQH’

rne QP — pacueTHas rOpu3OHTaNbHAs CHJIA, JEHCTBYIOMAS Ha CTOMKY OIO-
pHI, IlaH-103;
ky — Koappuument Hanexxnoctu [IIpunoxenue 2, Tabdmn. 2.7];

m, — Koad¢uuueHT ycinoBuil pabotThl 3akperuienus [[Ipunoxenue 2,

tabmn. 2.18];
O, — UpenenbHas rOpM30HTalbHAs CHIIA, ONpenensemMas 1o (Gpopmyie

(2.86), naH-10’:

QH=%{§[(3n+e).92+(3n+e+z)(1_e)2]+

A Y Al Vpl (2.86)
+(n+1)f+ =0y |+ A 10 -2y |+ :
@2n+1)7, U[ h M} U( P Kdl}
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®opmyiy (2.86) COCTaBIAIOT KaK BEIIUMYUHBI, UMEIOLIUE (PUINYECKYIO
pPa3MepHOCTh, TaK U O€3pa3MepHbIC BEIIUUUHBI.
Benuuunsl, umeroniye Gu3ndecKkyro pa3MepHOCTb:

mb j,?

. 3
1) U= — MMaCCUBHOE COMPOTHUBJIEHUE CTOMKH onopsl, 1aH-107;

m= ytg2 45+ %) — XapaKTepUCTUKA MAaCCUBHOTO COMPOTHUBICHUSA, 00Y-

CJIOBJIEHHOTO TpeHueMm, naH- 10° /M3;
h — BeICOTa OMOPKI, M [6, cTp. 30—37, Tabn. 1.25—-1.31];
b=bg-koq — PacueTHas NIMPUHA OTOPBI, MM; by — ACHCTBUTEILHAS LIH-

pUHA CTOWKH, IpUuHUMaeMas 1o [6, ctp. 28, Tadn. 1.24]; kop=1+cop— —
0

KO3()HUIMEHT OJMHOYHOCTH, YUUTBIBAIOIINK ¢ OMOLIBIO BENMYUHBL ¢qy
TpeHHE 110 OOKOBBIM MOBEPXHOCTAM NPU3MbL. Benuuuna c,; npuHMMaET-

cs o [IIpunoxenwuro 2, Tabdma. 2.19].
2) A, A} — AaBIeHUE TPYHTA Ha BEPXHHW U HWKHUH PUTENH, COOTBETCT-

BeHHO. Ecnu onopa yctanaBinBaercs 0e3 puresiei, To BeJIMUUHbl A U
A| PaBHBI HYJIIO.

be3pa3zmepHbie BETUUNHBI:

H
1) o=—;
) h
2) n="1e,
) n i

rae me=2ctg(45 +%) — XapaKTEpUCTHUKA ITACCUBHOI'O CONPOTHUBIICHHS,

00yCJIOBJIEHHOTO CIICTVICHHUEM, naH-10°/m° ;

/by
3 =20
) Ja 2h
rae f=tgo;;
f NP
4 =L .
) I U
5) @=1-0,03¢,.

Oco0oe BHUMaHME YIENSI0T BenynHe © — riyOuHe [EeHTpa MOBOPOTa
CTOWMKH OTOPHI. DTO 3HAYEHUE JOIMYCKAETCS OMPEAEIATh 10 hopMyie:

2
o--5, (Ej -C, (2.87)
2 2
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rac

B 3on—-0,5625
=3 ’ (2.88)
“(a+m)+1L5
2
1 Y
C=11-7 (en+1)Ba+3f,+2)-n]-3¢ a+=Pn |-

» (2.89)
-g a—%+xd+l +3 fy(d+a)+0,03125 -B(a+h)+1,5}

Pacuetnas BbicoTa H, Ha KOTOpPOU mpuiiokeHa cuiia (), HaXOAUTCS 1O

bopmyiie:
MP (2.90)

rae MP — msrubaronuii MOMEHT, 1aH-10° .

2.14. CtpouTeIbHO-MOHTAKHbIE PadOThI PH COOPYKEHMH BO3AYUIHBIX
JIMHM 3JIEKTpoNnepeaaYyd ¥ TPAHC(POPMATOPHBIX MOACTAHIMI

2.14.1. CTpouTeIbHO-MOHTAKHbIE PA0OTHI PH COOPYKEHUH BO3AYLIHBIX
JIMHUM dJIeKTponepeaayu

2.14.1.1. IloaroToBUTEJbHBIE PA0OTHI

Jlo Hauana paGoOT MO COOPYKEHHUIO BO3AYIIHBIX JTUHUNA HEOOXOAMMO
IIPOU3BECTH CJIEYIOLIME OATOTOBUTENIbHBIE pabOTHI [6, 16]:

1) momy4uTh paspelieHus Ha BeleHHue paboT Mo Tpacce BO3MYIIHOW JU-
HUU;

2) MOATOTOBUTH BPEMEHHBIEC MOMEUICHHS NIl pa3MEIIEHUS MOHTaKHBIX
Opura;

3) opraHuM30BaTh BpEMEHHBIC XpaHWIUIIA JIJIsl CKIaTUPOBaHUs MaTepura-
JIOB;

4) mpoBEpPUTH COCTOSIHUE MOABE3IHBIX yTEH, TMOO COOPYAUTH BPEMEH-
HbIE IOIbE3THBIC ITYTH;

5) pacuuCTUThH MOJIOCY AJI TPACCHI, YCTPOUTH MPOCEKH, CO3AATh IIPU He-
00XO0JIMMOCTH TIOJIUTOH JIJIsi COOPKU OTIOP;

6) OCYIIECTBUTH IPETyCMOTPEHHBIN NMPOEKTOM CHOC CTPOEHMM, MpErsT-
CTBYIOILIUX IPOU3BOJICTBY padoT;

7) BBINOJTHUTDH NMUKETAXK;
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8) mepeBe3TH MaTepUalbl B PaiOH MPOXOXKIACHHS TPACCHI BO3AYITHOW JIN-
HUWY;
9) ocyiiecTBUTh pa3rpy304HbIE PaOOTHI.

2.14.1.2. KpaTkue peKOMeHIalM1 10 cOOPKe M YCTAHOBKE OIOP

MeToapl YCTaHOBKH OTOP 3aBHCAT OT UX KOHCTPYKIUH, GyHTIaMEHTOB,
BHJIa IOIBEMHBIX CPEJICTB U MEXAHU3MOB. BBIKIIaIKa OIOPHI U €€ DJIEMEHTOB
IIPOU3BOJIUTCS BAOJIb OCHA BO3AYIIHOW JUHUH [6, 7, 14, 16].

/Kenezobemonnvie onopel. YCTaHOBKA K€JI€300€TOHHBIX OMOP MPOU3-
BOJUTCSA NMOABEMHBIMU KpaHaMH. Bpems mexay yCTpOWCTBOM KOTJIOBaHAa M
YCTaHOBKOM B HETO OIIOPHI HE JTOJDKHO IPEBBIMIATE CYTOK. [locienoBarenbHO
IPOU3BOJUTCS] YCTAHOBKA CTOMKH (MJIM CTOEK) OIOPHI, 3aTEM MOHTUPYIOTCS
TpaBepChl, Jajnee I MOPTAIbHBIX WM JABYCTOCYHBIX OIOP MPOU3BOJIUTCS
MOHTaX BEPXHUX KPECTOBBIX CBA3EM MEXKAY CTOMKAMHU U 3aKPEIUICHUE HUXK-
HUX KOHIIOB KpecToBbIX cBsized. [locie momabéma m yCTaHOBKHM CBOOOIHO-
CTOSILIMX >K€JI€300€TOHHBIX OMOp B KOTJOBAaHbI OHH 3aKPEIUIIIOTCS BPEMEH-
HBIMU OTTSDKKaMU M ynopamu. Ilocne okoHYaTenbHOM BBIBEPKM UX BEPTH-
KQJIBHOT'O MTOJIOKEHUS UX 3aCBITAIOT TPYHTOM C ITOCIOMHBIM TPaMOOBaHUEM.

Memannuueckue onopvi. COOpKa METAIIMYECKOW OMOPHI BBIIOJIHSA-
€TCsl IO BO3MOKHOCTHU OJIMbKe K MecTy Oyayiiei yctaHoBkH. [Ipu cOopke me-
TAJUIMYECKUX ONOpP NMPUMEHSIOT aBTOKPaHbI, TOMKpPAThl U APYTHUE HWHCTPY-
MeHThl. Heo0X01uMO MOMHHTB, YTO COOpPAHHBIE OMOPHI TOJKHBI COOTBETCT-
BOBaTh pabOYUM YepTekaM MPOEKTa BO3AYIIHON JIMHHH.

CymiecTByeT 4YeThlpe OCHOBHBIX METOJAa MOHTaXa METaJUIMYECKHX
orop:

1) cBOOOAHBIN MOHTaX CTPEJIOBBIMHU KPaHAMU;

2) meron noBopoTa. OCylIECTBISAETCS TaKKE C IPUMEHEHUEM KPaHOB;

3) meton HapammBaHus. OCYIIECTBISETCS COBMECTHO CO COOpPKOW OTO-
pbl. [Ipu 3TOM HU3 OMOPHI COOMPAIOT HA 3eMJI€ U YCTaHABJIMUBAIOT Ha PyHIa-
MEHT. 3aT€M Ha YCTaHOBJICHHBIE CEKIIMH OINOP KPEIST CIEHHATBbHBINA MOJI3Y-
YU KpaH, ¢ HOMOIIBI KOTOPOI'O MOCJIEN0BATEIIBHO MOHTHUPYIOT CIEAYIOIINE
cexuuu onop. [1o Mepe HapamuyBaHus CEKUNN MMOA3YYMN KPaH NEPEMEIIACTCA
BBILIE;

4) KOMOMHUPOBAHHBIN METO/I.

2.14.1.3. MoHTaK NIPOBO/JIOB 1 TPOCOB

['maBHas 3ajaua MOHTa)xa IPOBOJIOB U TPOCOB — MOJIBECUTh X C TAKUM
TsDKEHUEM, 4YTOObI B pabouux pekuMax HamnpspKeHHsl B MaTepuase MpoBoJia
WJIM TPOCA COOTBETCTBOBAJIM pacuyeTHbIM [3, 11].

146



MOoHTaX NpOBOJOB BBIMNOJHIETCS OTIAEIBHO HA KAXKJIOM Y4YacTKE BO3-
JYIIHOW JIMHUM, OTPAHUYCHHOM JBYMS OJIMDKAaWIITUMU aHKEPHBIMH OMOPAMH,
1 COCTOUT M3 CIICAYIOIIMX OCHOBHBIX omneparuii [6, 7, 16]:

1) packaTka IpoOBOJIOB, UX COEAMHEHNE U MOJBEM Ha ONOPHI [6, 16].

Ilepen packaTkoi mpoBOJa K OMOpPaM MOJBEIIMBAIOTCS CIICLUATbHbBIC
MOHTaXKHbIE POJUKH (puc. 2.75), HA KOTOPHIE BHIBELIMBAECTCS MIPOBOJ B MPO-
I[ECCe PACKATKH M IO KOTOPBIM MOKET OBITH BBIIOJTHEHO IMOCIEAYIOIIee Ha-
TsbkeHue mpoBoAa. Ha puc. 2.75 nmpunsatel cienyromue obo3HadeHus: 1 —
JIMCK; 2 — OTKWJHAS IIeTKa ISl YKJIaJKW NMPoBoja; 3 — mojaABecKa JJis Kpen-
JICHUS JUCKA.

Packarka roJibix (HEM30JMPOBAHHBIX) ATIOMUHUEBBIX U CTaJlealliOM-
HUEBBIX IPOBOJIOB MPOU3BOJUTCS C MOMOUIIBIO TATOBOIO MEXAaHHM3Ma JBYMS
crocobamu:

cnoco6 1. bapabaH ¢ POBOJOM YCTaHABIMBAETCS B Hayajie MOHTH-
PYEMOTO y4yacTKa Ha CTAllMOHAPHOM YCTPOMCTBE, a KOHEI] MIPOBOAA 3aKpel-
JSI€TCS Y ABUKYLIErOCs BJOJIb TPACCHI TPAKTOPA.

cnocoo 2. KoHell poBOJa 3aKpeIUIsIETCs B Hadalle MOHTHPYEMOTO
y4acTka, a 0apabaH ¢ MPOBOJIOM YCTaHABIIMBAETCS HA JBIDKYIIEMCS BIOJb
Tpacchl TpakTope. JlaHHBIM croco® oOecrmeunBaeT Y4yl COXPaHHOCTb
MPOBOJAA OT MEXaHUYECKUX MOBPEKICHUN NMPU TPEHUHU O TPYHT.

Puc. 2.75. Moumaosicuoiu ponux

JUIst BO3AYIIHBIX JIMHUI JIEKTPOIIEPEAAUN C U30JIMPOBAHHBIMU IIPOBO-
JlaMH, TAKUMH KaK caMOHecylue u3ojimpoBanHbie nposoja (CUII) u 3amm-
nieHHble n3oisinuen nposona (3UII), packarka mpoBOJOB AOHKHA MPOU3BO-
JUTBCS C OCTOPOKHOCTBIO, TAK KaK HEJb3sl MOBPEAUTH H30JUPYIOIIEE I0-
KpBITHE.
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CxeMa pacKaTKy M30JIMPOBAHHOTO MPOBOJA B aHKEPHOM MPOJIETE TIPH-
BeJICHa Ha puc. 2.76.

Puc. 2.76. Cxema packamxu u3onuposaunsix npoeooos: 1,2 — ankepmoie
onopwl, 3, 4, 5 — npomedxxcymounvle onopwvi, 6 — bapabar ¢ u301UPOBAHHBIM
npo8oo0oOM, 7 — PACKAMOYHbBLU MeXaHU3M ¢ 1ebedkot, 8§ — mpoc-iuoep;

9 — uzonuposarHwlli npoeoo, 10 — mecmo coedureHuss mpoca u npo8ooa

Y 01HON U3 aHKEPHBIX OIOP HA PACKaTOYHOE YCTPOMCTBO, OCHALIECH-
HOE TOPMO30M, YCTaHaBIMBaeTcs OapabaH ¢ H30JMPOBAHHBIM MPOBOAOM. Y
BTOPOM aHKEPHOM ONOPBI 3AKPEIUISETCA PACKATOUYHBIA MEXaHU3M C JJIEKTPO-
MEXaHU4ECKOU JIe0eAKON U TPOCOM-TTUAEPOM COOTBETCTBYIOIIEH JIITUHBI.

Packarka nmpoBo/a BBINOJHAETCS B JBA JTaIlA.

Ha nmepBom artamne packaTeiBaeTcs TPOC-IUAEP OT PACKaTOYHOTO Mexa-
HU3Ma [0 HalpaBlIeHHIO K Oapabany ¢ mpoBojoM. Jlebeaka packaTOUHOIO
MEXaHH3Ma BKJIFOUEHA Ha pa3MOTKy Tpoca-iuaepa. OTHOBPEMEHHO € pacKaT-
KOW TpOcCa BBINOJHAETCS €ro MOJIbEM Ha OMOpHI U yKIIaaka B ponuku. [locne
packaTku Tpoca-Uepa €ro CBOOOJHBIN KOHEI COSAUHSETCS C MOMOIIbIO
MOHTaYKHOTO YyJIKa ¢ KOHIIOM HM30JIMPOBAaHHOIO POBoja y OapabaHa.

Ha BTOpOM 3Tamne BBINOJIHAETCA pacKaTka W30JMPOBAHHOIO INPOBOJA.
Jlebenka packaTOYHOIO MEXaHW3Ma BKJIOYEHA Ha HAMOTKY Tpoca-Jujaepa.

Jlnis mpousBoJicTBa pabOT MO packaTKe M IMOJBECKE H30JMPOBAHHBIX
IIPOBOJOB IPUMEHSETCA COBPEMEHHAS TEXHOJIOIMS MOHTaXa «IOJ TSHKCHU-
em», 0OyCIIOBJICHHBIM CHJION TSITU Je€O€IKH U TOPMO3HBIM YCTPOHCTBOM Y
OapabaHa C IPOBOAOM.

Ha puc. 2.77 noka3ansl 3JJIEMEHTBI MOHTaka HW30JIMPOBAHHBIX MPOBO-
JIOB BO3IYIIHBIX JIMHUM C TPUMEHEHHEM MEXaHU3MOB M 000pYyJIOBaHUS
utanbsHckor pupmbl K TESMECH.

Texnonorust pupmbl « TESMEC» mo3BoisieT nmpou3BOIUTh PACKaTKY
IIPOBOJIOB BO3IYIIHBIX JIMHUN 0€3 pacKiIaJKy Ha 3eMJie, YTO YIPOIIaeT MOH-
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Puc. 2.77. Monmaosic uzonupo8aunvix npo8o0oos 8030V UIHbLX TUHULL
¢ nomowvio obopyoosarus pupmol « TESMEC» (Mmanus)

TaX MEePEX0JI0B Yepe3 TPAHCIOPTHHIC MTyTH, HHKCHEPHBIC COOPYKCHUS U JIH-
HUU IJICKTPOIIepeaaun, MO3BOJISIECT N30€KaTh MOBPEKACHUHN MPOBOa B MPO-
[[ecce MOHTaXKa, a TaKkKe YMCHbBIIIAET HAHECCHUE yiiepOa 3eMJIeTnoIb30BaTe-
JISIM TIPY TIPOU3BOICTBE PAOOT 1O CTPOUTENLCTBY BO3AYIITHON JIMHUU.

[Tpu packaTke MPOBOAOB MPOU3BOIUTCS X COCTUHEHHE.

['onple anfOMUHUEBBICE W CTaJCATIOMHHEBBIC IMPOBOJA CEUYCHUEM IO
185 MM® COGIHHSIIOT MEXKIY COOOi OBAIBHBIMU COSTHHHTESIMU. B coeauHu-
TeJIb C Pa3HBIX CTOPOH BCTABJISIOT KOHIIBI TIPOBOJIOB, MOCJIE YETO COCIMHH-
Telb CKPYYHBAIOT WIH 00kHMatoT. IIpoBoma cedernem 240 mm” 1 Gonee co-
SAUHSIOT C TIOMOIIBIO MTPECCYEMBIX COSIMHUTENCH, COCTOSAITUX U3 JABYX TPY-
00K — cTanpHOUN W amoMuHHEBON. C MOMOINIBIO CTATLHON TPYOKH CIpecco-
BBIBAIOTCSI KOHITBI CTATBHBIX CEPACUYHUKOB, C TIOMOIILI0 ATFOMUHUEBON TPYO-
KM, HaKJIaJIbIBAEMOU TOBEPX CTAITBHON — aTIOMHHHEBBIC YACTH TIPOBO/IA.

B ogHoM mponére BO3MyIIHON JMHUU NOMyCKaeTcs He Ooyiee OgHOTO
COCIIMHEHHUS Ha MTPOBOJT KKI0H (hasbl.
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JIJisi coenMHEeHUsI M30JUPOBAHHBIX IPOBOJIOB MPUMEHSIOT OOJITOBEHIE,
mpeccyeMble WM aBToMathyeckue 3axumbl (puc. 2.78). Ilocnennue odeHb
yAOOHBI TPU MOHTaXE, TaK KaK KOHIIbl COEAMHSIEMBIX IPOBOJIOB IOCIIE
BCTAaBKM WX B 3KMM aBTOMATHUYECKH 3aKJIMHUBAIOTCA B 3a)KMMeE, 0Oecreun-

Basi TpeOyeMyI0 IPOUYHOCTD 3aJCIIKH.
e

Puc. 2.78. Coedunenue camonecyuje2o u3o01upo8aHio2o npoeooa

2) HaTsHKEHUE MTPOBOJIOB C PErYJIMPOBKOM CTpelibl poBUcaHus npoBoaa. Ilo-
clie OKOHYaHUs paboT MO pacKaTKe MPOBOJIOB, UX COSIUHEHUIO U MOAbEMA Ha
ONOpBI MPOU3BOAAT BU3UPOBAHME M OKOHYATENIBHOE 3aKperuieHue. Hatsoke-
HUE MOKET OCYILECTBIIATHCS I KaKI0TO ITPOBOJIA UM OJHOBPEMEHHO JIBYX
WIM Tpex NpoBoAOB. [Ipyn BEpTUKAIBEHOM PAaCIOIOKEHUH IPOBOJOB MOHTAX
HAYMHAETCS C BEPXHUX IPOBOJOB, & MPU HAIMYMUU T'PO303ALUTHBIX TPOCOB
MOHTaX HaunmHaercs ¢ HuX. OJHOBPEMEHHO C MOJArOTOBKOW K HATSATMBAHUIO
IIPOBOJIOB Ha OMOpax TeX MPOJIETOB, Iie Oy1yT BU3UPOBATHCS CTPEIIbI IPOBU-
CaHMsl, yCTaHABJIMBAIOT BU3UPHBIE PEIKHU, IO KOTOPHIM U OyJeT MPOBOAUTHCS
BU3MpOBaHHE. PEKM yCTaHABIMBAIOTCA HA CTOWKH ONOpP TOPHU3OHTAIBHO M
IIEPIIEHINKYJIIPHO HATSATHBAEMBIM IPOBOJAM, KPENSAT PEMKH K TpaBepce Bsi-
3QJIBHOW NMPOBOJIOKOM. ECiM aHKEepHBIM NMPOJNET MEHBIIE TPEX KUIOMETPOB,
BU3VMPOBAHUE MPOU3BOAAT B JBYX IPOMEXKYTOUHBIX NMPONETAX, a MPU aHKEP-
HOM TIpos€Te OO0JbIlIE TPEX KUIOMETPOB — B KaXKJOW TPETHU aHKEPHOT'O yda-
cTka. Cxema BU3MPOBAaHUs NIPOBOJOB NMpHUBEAECHA Ha puc. 2.79, a, a npucno-
coOJieHne Ji BUBUPOBaHUS — Ha puc. 2.79, 6.

BusupoBaHue npoBOJOB IPOU3BOAAT ABa IEKTPOIMHEHIIMKA, KOTO-
pBI€ pacmojararoTcs Ha Olopax Tak, 4YToObl I1a3 HaOmogaTesns Obll Ha ypOB-
He peiiku. 1Ipu HaTsSKEHUU NMPOBOJAA DIICKTPONMHEUIIUK CMOTPUT Ha PEUKY
COCEIHEN OIIOPBI, ONpEenessas NOABEM HMKHEW TOYKM IPOBOJAA 10 YPOBHS
PSAMON JTUHUM, coefuHstonel o0e muHenku. [Ipyu MTOCTHKEHUU TaKoro COB-
IIaJICHNs OH MOJAeT CUTHAJ BTOPOMY DJIEKTPOIMHENIINKY, KOTOPBIM OTMEYa-
€T MpoBOJ Ha ornope. [Ipu ropu3oHTaIBHOM PACIOJIOKEHUN IPOBOJOB IEP-
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BBIM BU3UPYETCS CPEIHHM MPOBOJI, a IPU BEPTUKAIBHOM PACIIOIOKCHUHU BU-
3UPOBAHKME HAYMHAETCA C BEPXHEr0 MPOBO/IA.

Kak mpaBuio, mpoBoJi cHayaja HATATUBAIOT BbIIIE YPOBHS BHU3HWPOBA-
Hus Ha 0,3 — 0,5 M U BBIAEPKUBAIOT HA 3TOM BhIcOTE 5 — 10 MUH 17151 €TO BBI-
TSTHUBaHUS.

[Tocne HaneceHUs HEOOXOIUMBIX OTMETOK MOHTHUPYIOT HATSKHOU 3a-
YKUM, 3aKPEIUISIIOT TUPJISHIY U30JISTOPOB K TpaBEpPCEe U MPOBOAST MOBTOPHOE
BU3UPOBAHUE, ONpeeiss (PaKTUUECKYIO CTpely MPOBUCAHUS.

A B

0

Puc. 2.79. Busuposanue npoeooos:
a — cxema 8U3UpPoBaHus, 6 — NpUcnocodienue 0ns U3UPOBAHUS,
1, 2 — susupHwie peliku, yKpenieHHble Ha Onopax, 3 — CMouKa onopwl;
4 — peiika c yposnem; 5 — oxkyaap, 6 — cmpyoyura Ons KpenieHus
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Ctpenbl mpoBHUCAHUA TPOBOJA IMPHU €r0 HATSITUBAHWUU Ha3bIBAIOTCS
MOHTa)KHBIMHU CTpeJIaMHU MPOBUCAHUS. VX BEIYUCIAIOT 1O (hopMmyIie:

ponl’
SOy

rae [ — quHa GaKTHYeCKoro mpojiéra, M;
oy — MOHT@XHOE HampsikeHue, H/m MM,

(2.91)

Paccrostnue, paBHOE NMPOBHUCAHUIO NMPOBOJA IPU ONPEACICHHON TEM-
reparype OKpy>Karouenl cpelibl B MPONETE AAHHOW JJIMHBI, ONPEAEISIOT MO
MOHTQXKHBIM KPHUBBIM — 3aBUCHUMOCTSIM CTPEJ MPOBUCAHUS OT TEMIIEPATYPhI
[3, 11].

MoHTa)XHbI€ KpUBbIE MOKHO HOJYYUTh IBYMsI CHOCOOAMM:

cnoco6 1. BelYuciuTh CTpeNbl IPOBUCAHUS IS IPUBEACHHBIX IPOIE-
TOB IPU KpPaWHMX 3HAYCHUAX TEMIIEpaTyp, COCIAMHUTH IIOJYyYECHHBIE TOUYKH
IPSMBIMU JIMHUSIMU U ONPEIEIUTh CTPEbl MPOBUCAHUS IS MPOMEXKYTOU-
HBIX TEMIIEPATYypP 10 HAHECEHHBIM IIPSIMBIM.

cnocoo6 2. BpYMCIUTBL CTPEINbl MPOBUCAHUA 110 3HAYEHUSM HampsiKe-
HUW, ONIPEACIICHHBIX U3 YPABHEHUS COCTOSHUS I PA3JIMYHBIX TEMIIEPATYD.

Y 100HBIM c1TOCOOOM MpPEACTABICHUS PE3YJIHTATOB PACUYETOB MOHTAX-
HBIX CTPEeJI MPOBUCAHUS SIBIISETCS TAOJIMYHBIN.

3) KperuieHre MPOBOJOB K U30JATOpaM onop. KpenieHrue roiasix U u301upo-
BAHHBIX IPOBOJOB BO3AYIIHBIX JIMHAW DJJIEKTPONEPENAUYN HAIPSIKEHUEM
cBbille | KB Ha aHKEpHBIX ONOpax OCYIIECTBISAETCA C MOMOIIBIO HATSHKHBIX
00NTOBBIX 3akMMOB. Ha mpoMeKyTOUYHBIX OMOpax ¢ MOABECHBIMU H30JISTO-
paMu NPOBOJA C MOHTaXXHBIX POJIMKOB IEPEKIAIBIBACTCA B IOANCPKUBAIO-

U 32KUM, OIPUKPEIUIEMbId K HUKHEN yacTu nuzoiaropa (puc. 2.80).
C—1

]

©)

U U
Puc. 2.80. Kpennenue npoeo0os Ha npomescymouHbix onopax
C NOOBECHBIMU U30TAMOPAMU
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2.14.1.4. OcoO0eHHOCTH MOHTAKa BO3AYUIHBIX JUHHUI HA THKEJIbIX TPac-
cax

K TspxensIM TpaccaM OTHOCST TPAcChl, IPOXOASIIHE:

1) MO MECTHOCTH CO CIIOXKHBIM peiabedhoM;

2) ¢ mepecevueHUeM ECTECTBEHHBIX MPEMSITCTBUM M UCKYCCTBEHHBIX CO-
OpYKEHUH;

3) B CYpOBBIX KJIUMAaTUYECKUX YCIOBUSX;

4) B HaCEJICHHOU MECTHOCTH;

5) B yAalleHUH OT MPOU3BOJICTBEHHON 0a3bl.

@Dynoamenmpr. OyHnamMeHThl B BOJOHACHIIIEHHBIX M CIA0BIX TPYHTAX,
r7ie He0OXOUMO PBIThE KOTIOBAHOB, 1€J€CO00pa3Hee yCTaHABIUBATh B CY-
xoe neTHee BpeMs [6]. CTeHbl KOTJIOBaHA JIEal0T ¢ YKIOHOM, a ()yH/IaMEHThI
yCTaHaBJIMBAIOT B KOTJIOBAH Cpa3y IMocje OTphITUsl. B 3uMHee BpeMsi KOTJI0-
BaH B TaKMX IPYHTax OTPBIBAIOT C IPUMEHEHUEM ITOCIOWHOIO MPUMOPAKH-
BaHus, ajee OypsAT KOTJIOBAH MpU NOMOIIM OypUIIbHBIX MAIIUH.

B cnaGpix rpyHTax ¥ Ha 60JI0TaX ¢ TPyHTaMU, JOMYCKAOIIMMU 3a0MBaHKE
cBail, menecoobpa3HO B KauyecTBe (PyHIaMEHTa yCTaHABIUBATh KeIe300e-
TOHHBIE CBaW KBAAPAaTHOro ceueHus 25 X 25 u 35 x 35 cm qymmHon 8—10 M, a
TAKYK€ COCTaBHbBIC CBaW JNIMHOW 10 20 M.

B rpyHTax ¢ 60Jap1IIMM COAEpKAHUEM T'paBusi, BAIYHOB, TPYIHO MOJAAI0-
IIUXCS MEXaHW3UPOBAHHOU 00pabOTKe, 3eMJIsIHbIE PaOdOThl BEYT BPYUHYIO.
Jnst ymeHblieHuss 0ObEMOB PYUYHBIX PAaOOT KOTJIOBaHbI OTPHIBAIOT HA HeE-
OOJIBIIYIO TIIYOMHY C MaJIbIM YKJIOHOM, a JUJIsi KOMIIEHCALIMK Heao3ariayose-
HUS CBepXY (PyHIaMeHTa HachImaloT OaHKeTKY. BallyHbl HCTIONIB3YIOT MpU 00-
paTHOM 3achIlKe Il YBEJIMYEHHS] COMPOTUBJICHUS AHKEPHOW IUTUTHI WU
(dbyHIaMeHTa BBIPHIBAHUIO.

3aKperuieHHe OIOp Ha KPENKUX CKajdaxX OCYIIECTBISAECTCS AHKEPHBIMU
0onTaMu, 3aKpeIJICHHBIMU B CIIEHUATbHO MPOOYpPUBAEMBIX LIMypax B Kperl-
KOU CKaje.

Jlyia 3aKpersieHus] IePEeXoIHbIX OMOp B TPYHTaxX, HE O0JIaJaloNINX BBICO-
KO MPOYHOCTHIO, MPUMEHSIOT COOpHBIE (PYHIAMEHTBHI, COCTOSIIINE U3 YEThI-
pex Kene300€TOHHBIX MOAHOXKHHUKOB, TUIUTHI KOTOPBIX COCTUHSIOTCS MyTeM
YCTaHOBKU apMaTypbl U 3aJIUBKM OETOHOM WJIM C MOMOILIBIO KEJIe300€TOH-
HBIX 0aJIoK U OOJITOB.

Moumasic npoeoooeé u mpocos. IIpu CUIBHO NEPECEYEHHBIX Tpaccax, a
TaK)Ke€ Ha Tpaccax C BBIXOJOM Ha MOBEPXHOCTh CKAJl U C 3aBaJlaMHU BAJyHOB
1e1eco00pa3Ho MPUMEHEHUE MOHTaXka MPOBOJIOB M TPOCOB MO/ TSHKEHUEM.

[Ipu mepexogax vyepes OBparu U yIeibsi, €CIM HEBO3MOXKEH MPOE3]] TATO-
BOI'0 MEXaHU3Ma, PaCKaTKy MPOBOJIOB TPOU3BOAAT BPYUHYIO.
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[Ipu nmepexojie yepe3 aBTOMOOUIIBHBIE JOPOT'M PacKaTKy IPOBOJOB IMPO-
M3BOJSAT C IOMOIIbIO aBTOKpAHa.

[lepexon vepe3 neKTpUGUIIMPOBAHHYIO JKEJIE3HYIO OPOTY MPOU3BOIUT-
Csl B IEPUOJ MPEKpaIICHUsI TBU>KEHUS MOE370B, IPU OTKIFOUECHHBIX JTUMHUSIX
CBSI3U U CUCTEM aBTOOJIOKHMPOBKHU. HampsikeHue ¢ KOHTAaKTHBIX MPOBOJIOB BO
BpEMsI MOHTa)ka JAOJIKHO cHUMAaThcesl. CoeIMHEHUE MPOBOJIOB B MPOJIETAX ye-
pe3 JKENEe3HYI JAOpOry He Jomyckaercs. MOHTHpOBaTh MPOBOJA U T'PO303a-
IIUTHBIE TPOCHI B MEPUO/T ABUKECHUS TIO€3/I0B HE JTOMYCKAETCS.

[Ipu mepexomax vepe3 PeKH MOHTAXHbIE PAOOTHI BBIMOJHSIOTCS B Clie-
JYIOIIEM TOPSIKE:

1) MOHTUPYIOT T'PO303aIUTHBIE TPOCHI;

2) MOHTHUPYIOT MPOBOAA B MPOJETAX CMEXKHBIX C MEPEXOAHBIM (eciu
HUKHUE MPOBOJIa B CMEKHBIX MPOJETax OyIyT MenaTh MOHTaXy Mpo-
BOJIOB B MEPEXOJHOM MPOJIETE, TO UX MOHTHPYIOT B MOCIIEIHIOI OYe-
pens);

3) MOHTHUPYIOT IOCJIEIOBATEIHHO MPOBO/IA B MIEPEXOAHOM IPOJIETE.

2.14.2. CTponTeIbHO-MOHTAXKHbIE PA0OTHI PU COOPYKEHUHU
TPpaHCHOPMATOPHBIX MOACTAHIMH

2.14.2.1. KomnuiekTHbIe TPaHCHOPMATOPHbIE NOACTAHIIUU

Kommiexktueie Tpanchopmaropubsie nojctaniuu Osnounbsie (KTIIB)
npeaHa3HAuYCHBI I IpUeMa, MpeoOpa30BaHUs U paclpeieTICHUs AIeKTpruYe-
CKOM sHepruu Tpex(}a3zHOro MepeMEeHHOTO TOKAa MPOMBIIUIEHHON YacTOTHI.
MonepHu3upoBaHHbIE TMOJCTAHIIMM UMEIT B 0003HaueHun OykBy M
(KTITIB(M)), yauBepcansubie — 0ykBy Y (KTIIY) [6].

B nacrosmee Bpems Beinmyckatrorcs KTTIB(M) 35, 110, 220 kB; KTITY
35/0,4 kB u KTII 10(6)/0,4 xB.

IHoocmanyuu KTIIE(M) 35, 110, 220 kB [6, ctp. 132—139,
Tabm.2.1-2.3] nmpeaHa3zHAvYaArOTCS I DJIEKTPOCHAOKEHUS HEPTe- U razoMe-
CTOPO’KJICHUM, TTPOMBITINICHHBIX U KOMMYHAJbHBIX MOTPEOUTENCH SIEKTPH-
YECKOW PHEPTrUM CEIbCKOXO3SMCTBEHHBIX PAlOHOB M CTPOUTEIBLCTBA KPYII-
HBIX MPOMBINUICHHBIX 00beKTOB. Iloactanuuu ucnosuenuss KTIIB(M) V1
paccuuTaHbl 11 paboThl pu Temmneparype oT -45°C no +40°C, a ucrnosHe-
Husg KTIIB(M) XJI1 — mnsa paGoter mpu temmepatype ot -60°C mo +40°C.
Koncrpykuus noxacranmuii coorserctByeT [ — [V paiionam o BeTpy u roJio-
aeny.

B coctaB KTIIB(M) 35-220 kB (puc. 2.81) BXOAAT: CUIIOBBIE TpaHC-
dbopmaTopsl (aBTOTpaHCHOPMATOPHI); PEryJIUPOBOUYHBIE TpaHCHOPMATOPHI;
OTKpPBITBIC pactipenenuTenbubie ycTporictBa (OPY) 35, 110, 220 xB; kom-
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IJIEKTHBIE pacnpenenuTenbuble yerpoiictBa (KPY) 10(6) kB HapyxHOM yc-
TaHOBKH; ()YH/IaMEHTbI; MOJIHHE3AIINTA; 3a3€MJICHUE; OTpajia.

— — e

Puc. 2.81. Komnnexmunas mpancghopmamopnas noocmanyus oaounas 110 kB

Koncrpykius KTIIB(M) no3Bosisier 3aMeHy CHIIOBOTO TpaHc(opmaTo-
pa Ha CJIEAYIOUIYI0 CTYIIEHb MOUIHOCTH MU COCTOMT M3 CTAl[MOHAPHBIX MOIY-
aeit: OPY-220, 110, 35 xB; Bwixmouareneii; Tpancdopmatopo 10(6) xB.
CranuoHapHbIC MOYJM MOTYT OBITh COOpAaHBI B KOMIUICKTHBIC MOCTAHITUN
cieayrommx Ttumnos: 35/10(6); 110/10(6); 110/35/10(6); 220/10(6);
220/35/10(6); 220/110/10(6); 220/110/35 xB.

OPY 35 — 220 kB conepxat: 6;10ku 35, 110, 220 kB co cMoHTHUpOBaH-
HBIMH BBICOKOBOJIbTHBIMM alllliapaTaMu, TJIaBHBIMH M BCIIOMOTATEIbHBIMU
HEeMNsMU; OOIICNOJCTAHIIMOHHBIA IMYyHKT YIpPaBJICHUS; XKECTKUE U THOKHE
OILLIMHOBKH; KaOeJbHbIe KOHCTPYKIIMU; OCBETUTEIbHBIC YCTAHOBKH.

Kowmmnektneie pacnpenenutenbhubie ycrpoiictBa (KPY) [6, cTp. 139 —
143, 1a61.2.4—2.6] npeaHazHavaroTCs NI IpUEMa U paclpeesieHusl HJIeK-
TPOSHEPTHH TEepeMEHHOTO Tpexda3Horo Toka HampsbkeHuem 10(6) kB u
MPUMEHSIOTCS B PaCTIPEACIIUTEIBLHBIX YCTPOUCTBAX TPAHC(HOPMATOPHBIX TIOI-
craniuii. KPY 10(6) kB Hapy)HOI yCTaHOBKH BBIITYCKAIOTCS B TPEX MOJU-
bukanusax:

1) nna paGotel B ycnoBusx ymepenHoro kimmata (-40°C mo +40°C) c

BHEIIIHEH 00010UKOM 6€3 yTeTIUTENS;

2) nns paboTel B ycioBusax xonogHoro kmmmara (-60°C mo +40°C) c

BHEIIIHEH 000JI0UYKOM C yTeIIUTENeM;
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3) nns paGoThl B ycinoBusaxX XojoaHoro kimumara (-60°C go +40°C), cMoH-
TUPOBAHHBIMH B TPAHCIIOPTAOEIbHBIX MOAYIBHBIX 31aHUAX (pHUC.2.82).

.

3500

Puc 2.82. Bhewnuii 6uo KPY 6 mooyavnom 30anuu: 1 — mooynvHoe
30anue; 2 — Kamepa 8biCOKOBOJbMHOU ANNApamypsl, 3 — NPOXoOHble
uzonamopul;, 4 — nopmai NOOKIOUEHUsL K TUHUAM dIeKmponepeoayu;
5 — ceatinoe ocHosanue, 6 — MpaHcnoOpmHuasn NAOWAOKA; 7 — KOH-
gekmopuvl omonjierus;, 8 — wxkagh cobcmeeHHbLX HYIHCO

Hoocmanyuu KTIIY 35/0,4 u KTII 10/0,4 kB (puc. 2.83) [6, cTp. 132
—139, 1a6n.2.1-2.3] npuMeHsI0TCs 1J1s1 SHEPTOCHAOKEHUST HEOOIBIINX 00h-

CKTOB.

Puc. 2.83. KTIIY-25-160/10(6)/0,4—93V1
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OHU COCTOST U3 CIAEAYIOMUX OCHOBHBIX YaCTEW: yCTPONCTBA BBICILIETO
Hanpsokenust  (YBH), cunoBoro Tpancdopmaropa, 1mkada pacmpe-
JIeTUTEIHLHOTO yCTpoiicTBa HU3Iero HanpsokeHus (PYHH).

2.14.2.2. TloaroroBuTEIbHBbIE PA0OTHI MEepel MOHTAKOM CHJIOBBIX TPAHC-
¢popmaTopos

[ToaroToBUTENbHBIE TEXHUYECKHE PAOOTHI MEPE]l MOHTAKOM CHJIOBBIX

TpaHchOpPMATOPOB BKIIOYAIOT [6, 16]:

1) moAroTOBKY NMOABE3IHBIX MYyTEH K MECTY YCTaHOBKH TpaHC(popMaTopa,
dbyHaaMeHTa noj TpancpopmMaTop U MacIONPUEMHUK;

2) NOArOTOBKY HEOOXOAMMOIO KOJIMYECTBA TPaHC(HOPMATOPHOTO Macia,
€MKOCTH JUIsl €r0 XpaHEHUs!, UHIMKATOPHOI'O CHJIMKAres;

3) coznaHue TpeOyeMbIX yCIIOBUHM JJIsl XpaHEHUs] TpaHC(HOpMaTopa U €ro
OTJEJIbHBIX y3JI0B JI0 Hayajla MOHTaXa,

4) mOArOTOBKY MOJBEMHOTO KpaHa COOTBETCTBYIOIEH TIPy30MOIBEMHO-
CTM WIM THJPABIUYECKOTO JIOMKpaTa Jjsi pasrpy3ku TpaHcpopmaTtopa Ha
MOHTa)KHOM IIJIOIIAJIKE.

2.14.2.3. MoHTa:X CWJIOBBIX TPaHC(HOPMATOPOB

Ha noncrannusix ¢ BeiciiuM HanpsikeHueM 35 kB u 6osee mpuMeHsieT-
csl, KaK MPaBUJIO, OTKPBITAasl yCTaHOBKA TpaHchopmaTopoB (puc. 2.84).

Puc. 2.84. Moumaoic cunosozo mparncgopmamopa
MonTax TpaHchopmMaTopa MPOU3BOIAT HA CHEIUAIBHO 000PYAOBAHHOU

MOHTa)KHOM TIJIOIIAJIKE BOJM3U €ro COOCTBEHHOTO (pyHIameHTa (1Ies1ecoo0-
pa3Ho Ha pyHIAMEHTE).
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[Ipun MoHTaxke TpaHc(POpMATOPOB HEOOXOAUMO TPOU3BECTH CIEAYIOIIUE
BU/IBI paboT:

1) nns TpancdopmaTopoB MomHOCTHIO 2500 KBA — MOHTaX paguaTopa;

2) nns TpaHcOpMaTOPOB C MPUHYAUTEIBHON ITUPKYIsAnuei Bozayxa (/1)
U NPUHYIUTENBHOW TUPKYJsiUel Bo3ayxa u Macna (/L) — moHTax
cUCTEeMbI oxJiaxaeHuss. OTHOBPEMEHHO C MOHTaXXOM CHUCTEMbI OXJIaX-
JICHUS] MOHTHPYIOT: BBOJBI K OOMOTKAaM, pacUIMPUTENb U BO3IYyXOCY-
IIUTEIb, BBIXJIOMHYIO TPyOy, ra30BO€ pelie, pejie ypoBHS Macia, Tep-
MOCU(GOHHBINA PUIBTP, U3MEPUTENBHBIE TPUOOPHI.

2.14.2.4. MoHTaK COOPHBIX LIMH paclpele/IuTeIbHbIX YCTPOHCTB

B oTKpBITBIX pacnipenenuTenbHbIX yeTpoicTBax 35—220 kB npumens-
I0TCA JKEeCTKasi U ruOkas omnHOBKU. JKecTkash OMIMHOBKA YHU(DUIIMPOBaHA
JUTSL BCEX KJIACCOB HAMPSDKEHUM U U3TOTABIMBACTCA U3 TPYO IIFOMUHUEBOTO
CIUlaBa, OTHAKW W MEPEMBIYKU BBIMOIHSAIOTCS NpoBojoM Mapku AC win
ACKII [6, 16].

OmHOBKa pacrnojiaraeTcsi B OJIMH WM JIBa spyca.

['ubxue muHb (puc. 2.85) MPeACTABISIIOT COO0M CTAICATIOMHUHUCBBIC
MpOBO/A, MOJABEIINBAEMbIE K OMOPHBIM KOHCTPYKIUAM (TIOpTajiaMm) C MOMO-
b0 TUPJISIH MTOABECHBIX U30JISITOPOB U MPUMEHSIOTCS 1JI1 TPUCOETUHEHUS
sueek BBOJA 35 KB M KOMIUIEKTHBIX pacnpeneauTeabHbIX yeTpoiicTB 10(6)
kB k cuiioBomy TpaHncdopmaropy.

Puc. 2.86. ['ubkue wunbl pacnpederumenbHo20 YCMpPoUucmada
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MoHTaxx cCOOpHBIX IIMH paclpeAesIUTEeIbHbIX YCTPOUCTB MpeaycMar-
pPUBAET CJIeYIONME OCHOBHBIC BUJIBI pa0OT:
1) 3akpernieHre MUHBI B IUHOIEPKATETE;
2) coeauHEHUE MIUH MEXKIY CO00i CBapKOW MM OOJITOBBIM COEIMHEHH-
eMm;
3) mpuKperyieHue MUHBI K 000PyT0BaHHIO;
4) BBIMOTHEHUE 3TN0 )KECTKUX IITUH TIPH HEOOXOIUMOCTH.
['mOkue muUHBI HE JOJDKHBI UMETh MEPEKPYTOK U JIOMHYBIIUX MPOBOJIOK.
CoenvHeHUsT MEXAY allapaTaMH BBIMOJHSAIOTCS OJHUM OTPE3KOM IIIHHBI
(6e3 pa3pesanus).

2.14.2.5. MoHTa:X KOMMYTAUMOHHBIX aNlIapaToB

KommyTtarmonnslie anmapatsl (BeIKItouaTenu (puc. 2.87), pa3beauHuU-
TEJIN) TIOCTABJISIOTCSA B COOPAaHHOM BHJIE C KOMILJIEKTOM JIJII MOHTaxa [6, 16].

Puc. 2.87. Monmaoic s1e2a306020 ebiKaouames

KoMMyTarmoHHbIe ammapaTsl HEOOX0IUMO:
1) 0cCBOOOIUTH OT YITAKOBKH U OCMOTPETH;
2) yCTaHOBHUTH Ha OMOPHBIC KOHCTPYKIIUU ((PYyHIaMEHTHI);
3) moJBECTH OIIMHOBKY;
4) y pazbeAMHUTENCH TPOBEPUTH PAOOTYy OJIOKUPOBOK OT HEMPABUIIBHBIX
oTepaluii ¢ TJIABHBIMU U 3a3€MJISTIOITUMU HOXKAMH.
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2.14.2.6. MoHTaX KOMILUIEKTHBIX paclpeleJuTe/IbHbIX YCTPOiCTB

Pacnpenenurensubie ycrpoiictBa 10(6) kB cobuparorcst U3 KOMILIEKT-
HBIX SIYE€EK MOJTHOM 3aBOJICKOM TOTOBHOCTH (pHcC. 2.82).

MOoOHTaXX KOMIUIEKTHBIX PaclpeeTUTEIbHBIX YCTPONUCTB BBIMOIHSAETCS
B JIBa dTarma [6, 16].

Ha nepBoM 3Tane HEOOXOAMMO yCTPOUTH MPOEMBI, HUIIHU, KaOETbHBIC
KaHaJIbl, yCTAHOBUTD 3aKJIQJIHBIC JIETaTu U (DYHIaMEHTBI, BBIMOJHUTH MOHTAX
3a3eMJISIIOLIET0 YCTPOMCTBA U CETU OOLIEro OCBEUICHUS.

Ha BTOpOM 3Tame Ha OMoOpHbIE KOHCTPYKIMHU YCTAHABIMBAIOTCS KOM-
IJIEKTHBIE SUEUKH paclpeieMTEIbHOr0 YCTPOMCTBA, BBIMOJIHSIOTCS COEIU-
HEHUs1 COOPHBIX IINH, MPOBEPSETCS COBMAICHUE PAa3beIUHSIONINX KOHTAKTOB
MEPBUYHBIX U BTOPUYHBIX LIETICH.

[ToMmumo mepeuunciennbix B mnaparpadax 2.12.2.2 — 2.12.2.6 crpou-
TEJIbHO-MOHTAXHBIX PabOT, MPOU3BOMAT MOHTAX H3MEPHUTEIBHBIX TpPaHC-
dbopMaTOpOB TOKA U HAMPSKEHUS, TPOKIIAIKY CHUJIOBBIX Kabenel, MpoBEPKY
YpPOBHEW Maciia B MAacJOHAMOJHEHHOM OO0OpYIOBAaHWHU, MPOBEPKY padOTHI
BBIKJIIOYATENCH U pa3beIUHUTEINEH, BHIMOTHAIOT MOHTAX BTOPUYHBIX IETICH.
Ilpumep 2.14

[Tonp3ysch NaHHBIMU U PE3YyJbTaTAMHU PACUETOB MPEALIAYIIUX TpUME-
pOB, IJIsi CTPOSILIENUCS BO3AYIIHON JMHUHM 3JIEKTPONEPENayn HaIpsKEHUEM
220 kB cocTaBUTh MOHTAXHYIO TAaOJIUILy U MOCTPOUTH MOHTaXXHbIE TpadUKU
MPOBOJIA AJI XapaKTEPHBIX MPOJIETOB JIMHUU.

Iloacuenusn

BrITsirnBaHre npoBo1a NPOUCXOIUT B TEUEHNUE 3HAUUTEIIBHOTO MEPUO-
Jla BpEMEHU JKCIUTyaTaluu (10 roja u 0oJiee), HO HAYMHAETCS yKe B MPolLiec-
CE MOHTaXa, KOrjJa UAET YIJIOTHEHHWE MPOBOJIOK U CMEIIECHHE WX TTOBUBOB.
BbITsDKKa JOJDKHA YYUTBHIBATHCS TNPU PAcCue€T€ MOHTAXKHBIX HAIPSKEHHM,
MHaye MPOU30MIET yBEIWYEHUE CTPEN MPOBHCAHUS MPOBOAA U HAPYILICHUE
TpebyeMoro rabapura OT HU3IIEH TOUKH KPUBOM IPOBUCAHMS 10 3€MJIU U TIe-
peceKkaeMbIX OOBEKTOB.

Pewenue

JloJisl BBITSIKKM, TPOUCXOJIAIIECH TP MOHTa)Xe, OLCHUBACTCA BEIUYU-

HOM:

v=0,05m~0,276,
r€ m — OTHOLICHHE IUIOLIAJECH MONEPEUYHBIX CEUCHUN ATIOMUHHUS U CTAIH
(nns mpoBoga AC-240/32 m =5,52) (npumep 2.2).

B pacuere HEOOXOAMMO HCIIOIB30BAaTh 3HAYEHUSI MOJYJIEH: HEYIIPYro-
ctu F, penakcauuu D, MOHTQXKHOTO MOAYJA Fy, .

Bperaucinum ux 3HaYCHUS:
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1+0,286m 1+0,286-5,52
F :FCTI—:1875103

+m 1+5,52

rme Fep=185-10° maH/MM> — MOIymb YIPYrOCTH CTalld, M3 KOTODOM

=7,3- 103 )IaH/MMz,

HU3TrOTOBJICH CCPACYHHUK IIPOBOIA.

D:FCTW:18’5_1031+0,19.5,52:5,8.103HaH/MMz;
1+m 1+5,52
113
vy F/g v 737’3310 =638-10° maH/mm’ .
FED=Dv oy (73107 ) 0976
58-10°

Jlnis co3manusi MOHTaKHBIX TaOJIMII M IOCTPOEHUSI MOHTaXHBIX Tpadu-
KOB pEIIaeTCs yPaBHEHHUE COCTOSHMS IPOBOJA Ul MPUBEACHHOIO IMPOJIETA
Inps =241,2 M 1 HECKOJBKMX 3HAYCHUH MOHTAXKHOM TEMIICPATYpPBbI, BAPbU-
pyemoli B ipeaenax or @_=-55°C ngo @, =+20°C gepe3 10°C.

JUIs MCXOAHBIX YCIOBHM, COOTBETCTBYIOIIUX PEXHUMY HanOOJbIIEH

MEXAHUYECKON HArpy3KH, C YYETOM BBIYMCIIEHHBIX MOJYJIEH HEYIPYTOCTH,
peJlaKcaluu ¥ MOHTaKHOTO, YpaBHEHHE COCTOSTHUS Oy1eT UMETh BU/I:

Y12FM1121pB_ Fy VPZIGFMZ%pB
T DT g,
[Tocne moICTaHOBKY YHCJIOBBIX 3HAYCHUN TTOJTYYUM:

(0,0035-241,2)*-68-10° 3.6,8.103_(070155.241,2)2.6,8.103+

+aFM(®F_®M)'

OmMm

- =1
+19,2:1076-68-10° (-5~ 0,):
o=~ 816+0,13(-5-@,).
Owm

Kak ¥ B OpejblayIlIuX IpUMepax, YpaBHEHHE COCTOSHMS PEelIaeTcs C
nomonisio Metona Herorona: 4=-816+0,13(-5-@,,), B=2019.

PaccMOTpHM CHTYalUIO, KOTJa MOHTaX MPOBOJA IPOU3BOIUTCS IIPH
CpEOHErofoBOM  Temmeparype QOu=0.,=-2°C. B »3sTtom ciydae
A=-816+013(-5-(-2))=-8,55<0, a HAYANbHOE MPUOIMKEHHE MOHTAK-
HOTO HaIpsKEHUs OLlEHUBaeTCs 110 (GopmyJIe:

B 201,9 )
omo = 1,035 =1,035 d =387 H/mm" .
M0 BU3)— 4 \/201,9(1/ 3)_(-8,55)

Ha nocnenyromux utepanusx pacuer NpoBoguTcs no metony Huioro-
Ha, HapUMep,
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o onoono— A+ B _3,877(2-3.87 - (-8,55)) + 2019
M 0B oo —24) 3,87(3-3,87 — 2-(=8,55))
Ecmu A monyaurcs > 0, To HadyaabHOE MPUOTIMIKEHHUE CIIETYET OLICHUTh

o ¢hopmyIie:
0 =1024 B3+ 42.

Pe3ynbTaThl pac4eTOB MOHTa)KHBIX HAIIPSIKEHUM U IIPUHATOrO JUa-
Ia30Ha TeMIIepaTyp NpUBEAECHBI B Ta0. 2.14.

— 4,01 HMm? .

Tabmuna 2.14
. 2
Pesynomamur pacuemos moumasicnvix nanpsioicenuil, H/mm

0,,°C| -55|-45|-35|-25|-15|-10 | -5 -2 0 5 10 | 15 | 20

om0 | 9,36 14,95 (4,62 |435|4,12 4,02 |3,93|3,87 3,843,776 | 3,68 | 3,61 | 3,54

ow | 35,36 (5,034,774 |4,49 | 4,26 | 4,16 | 4,07 | 4,01 | 3,98 | 3,89 | 3,81 | 3,74 | 3,66

ow |9,36 5,034,774 | 4,48 | 4,26 | 4,16 | 4,06 | 4,01 | 3,97 | 3,89 | 3,81 | 3,73 | 3,66

Crpenbl IpOBUCAHUS TPOBOJIa PACCUUTHIBAIOTCA 1Mo (popmyre (2.91).
Ecnu npononbHbIl mpoduis Tpacchl HEU3BECTEH, TO CTPEIbl MPOBHUCAHUS
POBO/IA PACCUUTHIBAIOT MIOMUMO MPHUBEIECHHOTO MPOJiETa A rabapuTHOrO
(npumep 2.5) n MakCUMaNbHOTO [, = 1,25] 46 =1,25-268 =321,6 M nponé-
TOB. MOHTaXHBIE CTPENbI NPOBMCAHKSA f  NpPHUBEAEHBI B Tabm. 2.15, a Ha

puc. 2.88 — MOHTaxXHbIE TPapUKH MPOBOJIA.
Ta0Omuna 2.15
Pezynemamul pacuemoe MoumasiCcHvlx cmpesn npoeucaHusl, m

0,,°C | -55 | -45 | -35|-25|-15 | -10 | -5 -2 0 5 10 | 15 | 20

47 151 15415716061 |63]63]|64]65]|67]68]70

Ira6’M
59 163|166 | 70|74 |76 | 7778|7981/ 83| 84| 86

Zmax’

84190195 |10,1]10,6 109 | 11,1 | 11,3114 11,6 11,9 ]12,1 123
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Puc. 2.88. Monmaoicnvie epagpuxu nposooa mapxku AC 240/32
2.15. Pacyer Tsi2KeHHMsI IPOBO/A NIPH O0OpPBIBE B OJTHOM M3 IIPOJIETOB
2.15.1. IlpenBapuTesibHbIEC CBEACHUSA

Honamue o pedyuuposannom masaxcenuu npoeooa. MexaHUUECKUN
pacyeT NpoBOJIa MpPU AaBAPUWHOM COCTOSIHUM JIMHUM 3JIEKTpOIepeaadut
MPOU3BOJIAT C LEIbIO YCTAHOBIICHUS! BEJIUYUHBI TSDKEHUS U CTPENIbl TPOBU-
CaHUd MPOBO/IA B MPOJIETE CMEKHOM € aBapuitHbeiM [3, 11].

Korna o6pbIB mpoBoia MPOUCXOAUT B OTAETBHOM MPOIETE, TO CO CTO-
POHBI YIIEJIIEBIINX MPOBOJOB B CMEXKHBIX MPOJIETaX HA OMOPHI MeperaeTcs
Harpy3ka, paBHas TsSHKEHUIO MPOBOJAA, KOTOPOE€ OH MMEJI B MOMEHT, Mpe-
IIECTBYIOIIHI OOPBIBY.

PaccmoTpum ciydaii, koraa mpoJi€T orpaHuyeH ¢ 00erX CTOPOH Mpo-
MEKyTOUYHBIMH oriopaMu. Ha mpomMexyTOUHBIX ONOpax MPOBOJ MOABEIIECH HA
MOJJICP>KUBAIOIUX TUPJISAHIAX U30JIATOPOB, MO3TOMY IMPU OOpHIBE MPOBOJIA
TUPJIIHAAQ OTKJIOHUTCS B HANPABJICHUU JIEUCTBUS OJHOCTOPOHHETO TSAKEHUS
JI0 TIOJIOKEHUSI, IPU KOTOPOM HACTYNHUT PABHOBECHE MPHIIOKEHHBIX K HEH
BHEITHUX CWJI. TshKeHUEe MpoBojia ocliabHeT. BMecTe ¢ rupisHIoN U30ISTO-
OB B CTOPOHY JICUCTBUSI TOPU3OHTAIBLHON CHUJIbI MOKET OTKJIOHUTBCS U OIIOpA.
Yem Oosbllie OTKIIOHEHUE, TEM OO0JIbIIIE H3MEHUTHCS TSHKEHHE MPOBOA B CTO-
oHy ociabneHus. I3MeHeHne TSKEHUS TPOBOJIA B Pe3yJIbTaTe CMEIIEHUS €T0
TOYKU TNojiBeca (TUPJSHILI U30JATOPOB) HA3bIBACTCA PEAYKIMEH, a YCTaHO-
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UBILEECS TSHKEHUE — PEeAyLMPOBAaHHBIM. PemylupoBaHHOE TSKEHHE — 3TO
Harpy3ka u OJJHOBPEMEHHO (haKTOp, BIUSIONINNA Ha BEJIMUYUHY CTPEIbI IIPOBU-
caHusl U rabapuT OT MPOBOJIA BO3AYIIHOW JIMHUU JIO 3€MJIM WJIU JO Tepece-
KaeMoro oObeKTa.
Ha u3Menenmne TsokeHus BAUSIIOT CIEAYIONUE COCTaBIISIOIINE:

1) KOHCTpYKUHS ONOPHI;

2) TUI U3OJALNHY;

3) Harpyska;

4) nnunHa nposaéra 10 oOphIBa MPOBOJA;

5) HanM4Me WU OTCYTCTBHE TPOCA M YIEJIEBIINX MPOBOJIOB APYTUX (ha3.
PaccmoTpum cTeneHp BIMSHUA KaXI0W COCTABISIOLIEH.

Brusnue onoper. CTeneHb BIUSHHS ONMOPHI 3aBUCUT OT BEITUYHUHBI JIe-
dbopmanmii ee KOHCTPYKIMI WM 3JIEMEHTOB OT NPHJIOKEHHOW TOPU30H-
TajdbHOU cuJbl. JlepopManuu MOTyT MPOSIBUTHCS KaK CIEJACTBUE U3MEHEHUIH,
MPOUCXOMSIINX B MaTepuaje ONnophl, TaK U B pe3yJbTaTe CMEIICHUN B MeC-
Tax COCUHEHUS OTACIbHBIX SJIEMEHTOB.

Mertamueckue Ornophbl ABISIFOTCS KECTKUMH KOHCTPYKIIMSIMU, TO €CTh
rMOKOCTh METAIITUYECKON OMOPBI HE OKA3bIBAET PEIIAOIIETO BIUSHUSA Ha pe-
OYKIHIO poBoja. Taxke He3HAYUTENbHOE BIUSAHNAE HA PEIYKIIMIO OKa3bIBACT
rMOKOCTb JKeTI€300€TOHHBIX U JIEPEBSIHHBIX OMOP Ha OTTSDKKAX.

[Tpu THOKMX KOHCTPYKIHSIX OMOpP BEIMYWHA PEAYKIIUU TSHKEHUS TPO-
BOJIa CYIIECTBEHHA M C HEW MPUXOIUTCS CUUTAThCS. | MOKMMU KOHCTPYK-
[USIMU CUUTAIOTCA: MPOMEKYTOYHBIE CBOOOIHOCTOSIIINE OJHOCTOCUHBIC XKe-
71€300€TOHHBIE OTIOPBI; OJTHOCTOSYHBIE WM JBYXCTOCUHBIC IEPEBSIHHBIC OTO-
PBI; METAITTMYECKUE OTIOPBI U3 THYTOTO NpOuUIIs.

['mbkocTh omopel xapakTepuzyercss Kod(pOUIIMEHTOM THOKOCTH £,

KOTOPBIN YHCIIEHHO PaBeH MPOTruOy OMopkl, AEJICHHOMY Ha €IMHUILY CHUJIbL:

(oD (2.92)
H

rjae & — mporud Oomopskl, CM;
H — cuna, naH.

JIJist MEeTaIM4eCKUX CBOOOTHOCTOSIIIMX OTIOP HIIA OTIOP C OTTSKKAMHU
koadumment rudkoctu paBed 0,01 cm/naH, torma, Hampumep, pu TsHKe-
Huu, paBHoMm 1000 maH, mporu6 ctBosa Oyzaer Bcero 10 cM, 4TO MOKHO HE
YYHUTHIBATS.

Jlist sxene300€TOHHBIX Omop KO3(PPHUIIMEHT THOKOCTH OIpEeAesaeTCs
JUTSE K&KIOTO KOHKPETHOTO CITy4asi OTACIBHO B 3aBUCHMOCTH OT KOHCTPYK-
MU CTOCK (KOHUYECKHE WIH MIWIMHAPUUECKUE), MApKU O€TOHA U apMaTyphl
(mpoBOJIOYHAS WIIM CTEPHKHEBASA).
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KoadduimeHT rubKocTy JepeBSHHBIX OMOP 3aBUCUT OT 3aKPETUICHUS
OMOpbI B TPYHTE (HEMOCPEACTBEHHO 3aKpEIJIEHa B TPYHT WJIM YCTAaHOBJICHA
Ha ’KeJIe300€TOHHBIX MaChIHKAX).

Bnuanue noogecnvix wuzonamopoe u 3axcumos. OTKIOHEHUE
MOAACP>KUBAIOIIECH THUPJSHABI H30JSTOPOB MPUBOJUT K BEChbMa CYIIECT-
BCHHOMY OCJA0JICHUIO TSHDKCHHUS TpoBoja. YUeMm JIMHHEE THUPISHIA, TeM
Oombiie ociabneHue TsokeHHs. Bec THpIsSHIB Kak (GakTop, MPOTUBOICHCT-
BYIOIIMI €€ OTKJIIOHCHUIO, UMEET BTOPOCTEIIEHHOE 3HAYEHUE U HE OKA3bIBACT
0CO0O0ro BJIMSHUS HA BEJIMUMHY PEIYyLIHUPOBAHHOIO TsKEHUs. BiusHuE KOH-
CTPYKIIMU MOJJICPKUBAIONIIETO 3a)KMMa CKAa3bIBACTCS B OTPAHUYEHUM TSKE-
HUS MPOBOJia Ipu ero oopsiBe. C 3TOM 1ETbI0 MPUMEHSIOT 3aKUMbI C OTPaHU-
YEHHOM IPOYHOCTHIO 33/I€JIKK TPOBOJIA.

Bauanue onunwt npoaéma. JIiinHa npoj€ra OKa3bIlBaeT CyIIECTBEHHOE
BIIMSIHUE HA BEJIMYMHY PEIyLUMPOBAHHOIO TsKEHUA. J{ake MpU OJMHAKOBBIX
OTMETKaX TOUYEK MOJIBECa MPOBOJIa €r0 PEAYLIUPOBAHHOE TSKEHUE OyAET TeM
0oJbI1Ie, YeM OoJIbIlie TMPOJET, €CIU JITTMHA TUPISHIBI U30JIATOPOB SIBISIETCS
HEU3MEHHOMU.

Bauanue yuyenesuieco mpoca u npoeoooe. /i IMHUN C KECTKUMHU
OMOpaMHu, HalpUMeEp, METAUTMYECKUMU 3TO BIUSHUE MPAKTUYECKA HE UMEET
3HauYeHUSs. [ TMHUN ¢ THOKUMH OMOPAaMU 3TO BIUSIHUE MOXKET ObITh OUYCHb
OIIlyTUMbIM, OCOOCHHO BIIMSIHUE TPOCa, TaK KaK OH YJIEPKUBACT BEPXYIIKY
OTOPHI ¥ TPOTUO OMOPHI MPU HAIMYUHU TPOCA MOITYUACTCS MEHBIIUM, YeM MPU
€ro OTCYTCTBUH. BiusgHuME yleneBIIMX MPOBOAOB 3HAYUTEIHHO MEHBIIE I10
CPaBHEHMIO C BIUSIHUEM TPOCA, OCOOCHHO MPU MAJIbIX OTKJIOHEHUSX CTONKU
OTOPBI.

Heobxoaumo 3ameTuTh, 4TO MpU OOpBIBE MPOBOJAA paccMaTpUBACTCA
HE TOJIbKO BBIYUCIIEHHE MPOruda OMophbl, HO U OMpe/esieHue peaylupOoBaH-
HOTO TSKEHUS TPOBOJIA.

B nmoco6un uznaraercs Bonpoc 00 onpeieICHUU peayupoOBaHHOTO Tsi-
KEHUS MPOBOJA HA JIMHUM C KECTKUMU METANIMYECKUMHU OMOpaMH M IOJI-
JIEP>KUBAIOIIUMU TUPIISTHAAMU U30JISITOPOB.

[Ipu pacyeTax npuMeM yCIOBUS:

1) TemnepaTtypa cpeHeroaoBas;
2) y4yuThIBaeTCs BEC MpoBoOJa O€3 roiojeaa 1 BeTpa;
3) Opu OTKJIOHEHMHM THUPJISHILI HU30JISITOPOB WM OMOPHI YUYUTHIBACTCS

TOJIBKO TOPU30HTAIIBHOE CMEIIEHUE TOYEK IOJBECA MPOBOJA HA BCEX

oropax JI0 U 1ocjie o0pbIBa.
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2.15.2. 3aBUCHMMOCTH TSKEHHS POBO/IA OT FOPU30HTAJIBHOIO MepeMelle-
HHUSA OJHOM ero TOUYKH MoaBeca

[IpencraBum mpoOBOJI, TOABEIICHHBIA B MPOJETE JUIMHOW [ Ha OJMHa-
KOBBIX OTMETKAaX B TOYKaX 4 U B mpu NnepBOHAYAIBLHOM TSKEHHHW B HHU3LICH
TOUuKe H (), TEMIEpaType @ U Harpys3ke oT cOOCTBEHHOTO Beca MpoBoJa D1

[3, 11]. Touka A cuuTaeTcs HEMOJBMKHOM, a TOUKa B NepemMeniaeTcs, uMH-
TUPYS CMEIICHHUE MPOBOJIA MPU €ro 0OpBIBE B coceaHeM MponéTe (puc. 2.89).
B nponére cMeXHOM C aBapUMHBIM NPOU30UIET COKPAILLEHHUE JIMHBI MPOJIE-
Ta Ha BennunHy A/ =i (Touka B)).

R
P

Puc. 2.89. I'opuzsonmanvroe nepemewyerue 00HOU U3 Movex
nooseca npoeooa

CrnenyeTr oOpaTuTh BHUMaHUE, YTO 40 0OpbIBa MPOBOJIa TUPJISHIA U30-
JSATOPOB BHCENA BEPTUKAILHO, U MPOBOJI 3aHUMAJ TIOJIOKEHUE, TTOKa3aHHOE
CILJIOITHOM JIMHUEM.

[Tocne oOpbIBa MpoOBOJA TUPJISIHAA OTKIOHWIACH HA YTOJ (O U MPONET

YMEHBIIIWIICS Ha paccTosiHue Al =i, a HOBO€ yCTaHOBHUBIIIEECS TSHKEHHE CTa-
JIO MEHBIIIE NIEPBOHAYAIBHOTIO — H < H . HoBoe cocTtosHme npoBoaa mnoka-

3aHO IITPUXOBOU JIMHUEH.

Kak Ob1710 ckazaHO BhINIE, KJIHOYEBBIM (DaKTOPOM B M3MEHEHUU BEJIU-
YUHBI TSDKEHUS IPOBOJA SIBISAETCSA OTKJIOHEHWE TUPJSHIBI HU30JIITOPOB OT
MEePBOHAYAIILHOTO MOJIOKEHUS, TO3TOMY PACCMOTPUM ATOT MOMEHT MOJp00-
HEe.

JIns onpeneneHust OTKIIOHEHUs TUPIIAHABI U3 YCIOBUS €€ CTaTUYECKO-
IO PaBHOBECHS 3aIMILIEM YPaBHEHHE MOMEHTOB CUJI OTHOCUTEIBHO €€ TOYKU
noaseca B (puc. 2.90).
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P1 12

Puc. 2.90. Omxnonenue 2upisiHobl U3012MopPo6 npu 0opviee npoeooa

p!
Heo0Oxoaumo 3aMeTHTh, YTO BEC MPOBOAA COCTABUT TOJBKO 71, TaK

KaK IPOBOJ B CMEXHOM IpoJiéTe 000pBaH, BEC TUPJISHIbBI (G, NPUIOKEH B

l
HOCHTPC TAXKCCTHU, a IIJICHO IJIA BECa TUPIIAHABI COCTABUT 5 , TOr'Ja YPABHCHUC

MOMCHTOB CHJI IJIsI TOYKH B 6y,Z[€T BBITVIAACTD KaK:

[ ' 2.93
Sup-ir-r -2l o, 299)

N3 ypaBHenus (2.93) mocne mpeoOpa3oBaHUN MOXHO HAMTH OTKIOHEHUE
TUPJISIHBI U30JIATOPOB:

[ = s =Al.

2
pil+Gr
2H

OCHOBHOI1 LIENIBIO pacyeTa aBapUIHOIO PEeKMUMA SBIISIETCS] BBIUUCIEHUE
TsoxeHust H, HO ¢opmyinoit (2.94) nns 3TOr0 BOCIOJIB30BATHCS HENbB3S, TaK
Kak B Hel 1Ba Hew3BecTHBIX A/ =iu H. IlosToMy HEOOXOAMMO COCTAaBUTH
BTOPOE€ ypaBHEHHE. BTOpbIM ypaBHEHHEM SIBISETCS BBIPAKEHUE ISl BBIUKC-
neHust A/, moimydeHHOe uepe3 ynpyryw aedopmaiuio npoBoja, KOTOpoe B
nocoOuu MPUBOAMTCS 0€3 BBIBOJIA:

(2.94)
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2,3
1 /1 1
(H (U H )+ b1 )
EF 24 (H” Hj
UckmouuB Al B (2.95) ¢ momorpio (2.94), moyuyuM ypaBHEHHUE C OJI-
HUM HEU3BECTHBIM — TSKEHUEM H, KOTOpOe U TpedyeTcs HAUTH:

(2.95)

2.3
1 P21 1 2
—(Ho—H)+ s—— |= - (2.96)
EF 24 | H Hj pil+Gy 2
2H

VYpaBuenue (2.96) MOXKHO pelIUTh KaK aHATUTUYECKH, TaK U rpadpuye-
cku. [ momydenus rpadu4ecKoro peiieHus no ypaBHeHuto 2.94 crpoutcs
KpuBas 1, a mo ypaBHeHuto 2.95 — kpupas 2. O6e KpuBbIE MPEJCTABISAIOT CO-
O0¥ 3aBUCMMOCTH BETTUYHHBI TSHKEHUS OT U3MEHEHUS JUTHHBI posiéra. Touka
MEPECEUCHMsI ABYX KPHUBBIX JACT MCKOMOE peIleHHne, — abciucca TOUYKH OTI-
pPEIEUT OTKJIIOHEHHUE TUPJSH/BI U30JISITOPOB (M3MEHEHUE JJIMHBI MIPOJIETA) I,
a OpJIMHATa — UICKOMOE PelyLIMPOBAHHOE TsXKeHUE H.

Ilpumep 2.15

Jns crposimierics BO3AYINHOM JIMHUM HamnpsbkeHueMm 220 kB paccum-
TaTh aBAPUUHBIA PEKUM: BBIYUCIUTh PEAYLIUPOBAHHOE TSIKEHUE B MPOMENKY-
TOYHOM MPOJIETE CMEKHOM C aBapUMHBIM U CTpPENy MPOBUCAHUS MPOBOJA B
aBapUUHOM pPEKUME.

Hosacnenusn

JInuHA TOBECHON THPJSHIBI M30ITOpoB A = 1,54 M (npumep 2.6).
[Tomarasi, 9T0 3eMHasi MOBEPXHOCTh POBHAsI pacyeT, Mpou3BeaeM s rabda-
PUTHOTO MPOJIETA [ 45 =268 M. IIpoBOJ MOHTHpOBAJICS IIPU CPEAHEIKCILITYA-

TallMOHHBIX ycloBusiX (maparpad 2.13.1), ero mocnenytoiias BBITSDKKA HE
YUYUTHIBAETCA, a MOAJICPHKUBAIOLINE TUPISHIABI U30JITOPOB 3aHUMAIHU TEpeN
OOpBIBOM BEpTUKAJIBbHOE TOJIOkKEeHUE. KimnmaTudeckue ycinoBus Uisl pacyeTa
MIPOBO/IA HA TIPOYHOCTH — royiojieiHbie (npumep 2.4).
Pewenue

BrruncnuM 3HaueHME MEXAHUYECKOTO HAIpPSKEHHsI B MPOBOJIE MEPEN
OOpBIBOM JTsl TA0APUTHOTO TIPOJIETA, COCTABMB U PEIIMB YPaBHEHUE COCTOSI-
HUS TIPOBOJIA, TJI€ UCKOMBIMH YCJIOBUSIMU OYIIyT CpEIHEIKCIUTyaTallMOHHBIC
JU1sl TaOAPUTHOTO MIPOJIETA, @ UCXOAHBIMU — TOJIOJICAHBIEC YCIIOBUSA:

2.2 2 2
Vilrac £ V6 a6 £ .
Gorab — 24 raz =Gu6~ . raz +aE(®r_®3)»
Obrab Ou6
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0,0035%-268%-8,25-10° _
24 G§Fa6

Oorad —

_00155%-268%-8.25-10° 1o 6 ¢ 25107 (5 (-2))

24132 ’ ’
03 +22,57 626 —302,45=0; Gorag = 3,41 Himm’.

[Tocne o6pbiBa poBOAa B MPOIETE, CMEKHOM C aBapUUHBIM (32 MPO-
MEXKyTOUYHOU oropoit Nel), rupisiHia U30JATOPOB OTKIOHUTCS B y3JI€ Kpel-
JI€HUS, B pe3yJibTaTe Yero JJIMHA MPOJIETA COKPATUTHCS Ha BeMHUUHy Al =i
(puc. 2.91).

=13

Ne2 Nel

—

Puc. 2.91. I[Iposucanue npogooa 6 nponéme mexncoy npomeicymo4HbiMu
onopamu nocie 0opvlea NPoOBoOaA 8 CoOCeOHeM NpPoieéme

TsoxeHne NmpoBOJAa M3MEHUTCS, CIEAOBATENIBHO, WU3MEHUTCS MEXaHUYECKOE
HaIIPSKEHUE U CTAaHET PEAYLIMPOBAHHBIM.
J11s BBIYMCIICHUS PEAYLUPOBAHHOIO HANPSKCHUS Gp, CACIaeM J0-

MyIIEHUS:
1) nnuHa npoBoAa B MPONIETE 10 U MOCIE OOpbIBA HEU3MEHHA;
2) OTKJIOHEHUE THUPJSHABl MOJBECHBIX H3O0JISITOPOB I MPUOIH3UTENBHO
paBHO JUIMHE TUPJISIHABI I =~ A.
Jmuaa nmpoBoaa-napabossl 10 0opeiBa (popmya 2.28):

Vil
LO:lra6+241—ga6:lra6+p.
Gora6
Beruucium p:
_ 0,0035%-268% _ 0.84 1

24.3.412
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JnrHa npoBoaa-mnapaboIbl Mocie 00pbIBa:

712 (lra6 - Al)3 -
G%H

IIpupaBHuBasg [ ¥ L U BBIpAa3suB pEeAyLUPOBAHHOE TSHKEHUE, IOJIYy4YUM

L:Zra6_Al+

MPUOINKEHHOE PEIICHUE:

_ 1_3Al/lra6 _
OpaT oo\ A
1=3MIras 1-3-1,54/268 )
- 220 a6 3 4 = 2,01 H/vi,
Oorab T p 111,54/0,84 .

Crpena npoBucaHus MPOBoJia B aBapuitHOM pexume (popmyna 2.17):

;oo ilns 000352687 o o
® 8ops 8-2,01 ’
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