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BBE/JIEHUE

KypcoBas pabora 1m0 TEXHHYECKOM MEXaHUKE — 3TO KOMIUIEKCHAs
npoecCHOHaNbHO-OPUEHTUPOBaHHAs ~ paboTa  CTYJACHTOB  DHEPreTUYECKOTO
dakynbpTeTa, 3aBEpIIAIONIas X 00IETEXHUYECKYIO MTOATOTOBKY.

[lenbro KypcoBO# pabOTHI SABIISIETCS:

- popMHpoOBaHUE KOMIICTCHIIUN B 3aKPETUICHUE 3HAHUN, YMEHUM ¥ HABBIKOB,
MOJYYEHHBIX B PE3yJbTAaT€ H3YyUYCHUS TEOPETUUECKOM M NPAKTUYECKON 4YacTh
JTUCHUIUIUHBI « TeXHuYecKkass MeXaHuKay;

- U3yYeHHWE KOHCTPYKIMH THUIMOBBIX Vy3JI0B U JeTalield, CInoco00B
MPAKTUYECKOTO0 MPUMEHEHHSI COBPEMEHHBIX MAKETOB MPUKIAJAHBIX TPOTPAMM JIJIA
CaMOCTOSITEIBLHOIO PELIEHHUS 33/1a4 10 PACUYETy U IPOEKTUPOBAHUIO.

[IpoexkTrpoBanue MEXaHUYECKOMN 4acTu BO3JIYIIHBIX JIMHUN
AIIEKTPONIEPEAAUH SIBISECTCS BAXKHOM YaCThIO IPOCKTUPOBAHUSI DJIEKTPOCHAOXKECHUSI.
Ot mnpaBuinbHOTO BBIOOpa »siementoB BJIDII 3aBucuT nonroBpeMeHHas W
Oe3omacHas dKCIUTyaTarus JIMHUHN, U, COOTBETCTBEHHO, HAJICKHOE U KaueCTBEHHOE
AIIEKTPOCHAOKEHUE TIOTPEONTEICH.

CTyaeHThl SHEPreTUYecKoro (hakyJbTeTa BHIMOIHIIOT KypCOBYIO paboTy Ha
TeMy «Pacder METaUIMYECKUX MPOMEXKYTOUHBIX OINOp BO3AYLIHOW JIMHHUHU
anekTponepenad HanpspkeaueM 35 +500 kBy.

B kypcoBoii paboTe paccMOTpEeHBI OCHOBHBIE ATallbl MPOEKTHUPOBAHUS
MexaHnndeckoit uactu BJIDII: BEIOOp MPpOMEKYTOUHBIX OITOP, MEXaHUYECKHM pacyeT
MPOBOJIOB, pacyeT MOHTAXHBIX CTpeNl TpoBeca, MOAOOp CEYEHUN CTEepIKHEH,
KOHCTPYHUPOBAHHUE y3JIa HIJKHEH CEKIINH, pacueT pyHaaMeHTa.

B npotiecce BbINoaHEHUSI KypCOBOUM pabOThI CTYIEHTBI 3HAKOMSITCS C 3TanaMu
MPOCKTUPOBAHMS, JICUCTBYIOIIMMHM  CTaHAapTamMd, HOPMaMmH, M[paBUIaMU
ycTpoiicTBa snekTpoycranoBok (IIYD), cnpaBouHol nuTepaTypol, MOIydaeT
HAaBBIKU BBITIOJTHEHUS TEXHUUECKUX PACUETOB C UCIOJIb30BAHUEM BHIUYUCIUTEILHON
TEXHUKHU, METOJMKY KOHCTPYUPOBAaHMS Yy3Jia, opopMieHUs rpaduueckoil yacTu

pabOThI U MOSICHUTEIBLHOMN 3aMUCKH.



[Ipennaraemoe yueOHO-METOAMYECKOE TOCOOME BKIIIOYACT JABEHAALATH
3aJlaHAl Ha KypCOBOE NMPOEKTUPOBAHUE C JECATHIO BAPUAHTAMHM JOIOJIHUTEIBHBIX
MCXOJHBIX JAHHBIX IS KQXKI0T0 3a1aHHUs.

KypcoBasi paGoTa cOCTOUT W3 TOSICHUTEIBHOW 3alUCKU U Tpaduueckoit
4acTU, OOPMIIEHHBIX B COOTBETCTBUHU C TPEOOBAHUSMHU CTaHJApTa OpraHU3aluu
CTO CMK 4.2.3.21-2018 «OdopmieHne BBHITYCKHBIX KBaTHU(PUKAIUOHHBIX |
KypcOBbIX paboT (mpoekToB)». [loscHuTeNnbHAs 3amucKka oQopMIIsIeTCS Ha JTUCTax
oenoit Oymaru opmarta A 4 ¥ BKIIOYAET CIAEAYIOIINUE Pa3eibl: TUTYJIbHBIN JUCT,
3ajlaHue, pedepar, coaepkKaHue, BCE BHUAbl PACUETOB U TOSICHEHUS K HUM,
colepkamue  HeoOXOJUMbIE  ypaBHEHHUS,  BBIBOABl  COOTBETCTBYIOLIUX
3aBUCUMOCTEH, COMPOBOXKAaeMble TpeOyeMbIMU T'papUueCKUMU WIUTIOCTPALUSIMHU,
BBIBOJIBI MO Ka)KIOMY pas3jelly U IO KypcOoBOW padOTe B LEIOM, INPHIIOKECHHUS.
PacuerHble (GopMysbl 3aNUCHIBAIOTCS CHadaja B OOIIEM BUJE, 3aTeEM
NOJICTABIIAIOTCS  3HAY€HUs (U3MYECKUX BEIMYMH, MPUBOAIATCS 3HAYEHUS
IIPOMEKYTOUHBIX BBIYMCIEHU U OKOHYATEIbHBII OTBET C YKAa3aHUEM Pa3MEPHOCTH

BenuuuH. [Ipu opopMieHnn NOsICHUTENBHON 3anUCcKU uctonb3yercs [IDBM.



1 TEXHUYECKOE 3AZJAHUE HA KYPCOBOE ITPOEKTUPOBAHUE

1.1 OcHoBHBIE 3a1a4H

B nporniecce BBIMOIHEHUS KYPCOBOTO MPOEKTa HEOOXOAUMO:

- ONIPEICNINTL  YJCJIbHBIE HAarpy3kd MpU Pa3IUYHBIX KIMMATHYECKUX
YCIIOBHUSIX;

- ONPENCIUTh KPUTHYECKHE TTPOJIETHI;

- BBIOpATh UCXOHBIN PEKUM pacueTa MpoBO/Ia;

- ONPEICIINTh CTPEy IpOBEca NPOBOAA,;

- MOJI00pATh ¥ IPOBEPUTH U3OJISATOPHI,

- ONPEACINUTD JJIMHY TUPJISH/IBI U30JISITOPOB;

- ONIPEJICIUTh BBICOTY JI0 HIDKHEH TpaBepChl OIOPHI M BBIOpaTh
YHUDHUITUPOBAHHYIO OTIOPY;

- ONIPENICNINTh PACUYETHBIE TOPU3OHTAIBHBIE W BEPTUKAIBHBIE HArpy3KH,
JICUCTBYIOIIME HA OTIOPY;

- OMPEICIINTh PEAKIIUH B ONIOPax;

- ONIPEICIINTh PACUETHBIE YCUIIUS B CTEPKHAX HUKHEW ONMOPHOW CEKLINH;

- MOJI00PATh CEUCHUS B CTEPIKHSIX HIKHEH OIMOPHOMN CEKITUH;

- paccunTath M CKOHCTPYUPOBAaThb LEHTPAJIbHBIA y3€Jl HUKHEW OIOPHON
CEKIINH;

- BBIOpaTh TMOJHOXHWUK MW TIPOBEPUTh (PYHIAaMEHT Ha BBIPBIBAHHE U

BIaBJIMBAHUC.

1.2 Ucxonnblie JaHHBbIE /151 KYPCOBOTO POEKTHPOBAHUS
Homep 3amaHnsa m HOMEp BapuaHTa JOINOJIHUTEIBHBIX MCXOAHBIX JTaHHBIX
3aJa10TC  IPEnojaBaTeleM HHAWBUAYAJIbHO Ul KaXIOro CTyJEHTa B

coorBercTBUH ¢ Tabmuamu 1.1, 1.2, 1.3 u 1.4.



Tabmuma 1.1 — Homep 3amanus Ha KypcoBYO paboTy

Hcxonubie Howmep 3amanus
TTaHHBIC 1 2 | 3|4 |56 |7 8 | 9 |10 11 | 12
Hanpsxenue
110 {220 | 35 | 150 | 330 | 110|500 | 150 | 220 | 330 | 35 | 500
BJIOII, B
Tabnuua 1.2 — JlonoJHUTENbHBIE TaHHBIE 1JIs1 TPOCKTUPOBAHUS OMOPHI
BapuaHTsl
XapakTepUCTUKHU 1 5 3 4 5 5 7 5 9 10
Koi-Bo 1ienet
JIDI
B) HaIpsDKCHHE
35-330 xB 2 1 2 1 2 1 2 1 2 1
0) HampsKEHUE
500 xB 1 1 1 1 1 1 1 1 1 1
Paiorr 302|421 4a]2]4a]2]3
TOJIOJICTHOCTH
Cropocte 25 | 30 | 35 | 30 | 40 | 25 | 35 | 40 | 30 | 35
BETpa, M/C
o 35 | 120 | 150 | 115 | 160 | 180 | 130 | 140 | 120 | 145 | 135
NE‘ = A3 110 | 160 | 170 | 150 | 210 | 200 | 170 | 190 | 140 | 180 | 150
EE ;-;,j 150 | 200 | 230 | 190 | 240 | 250 | 220 | 250 | 180 | 240 | 210
= 8 gng 220 | 240 | 250 | 220 | 280 | 300 | 250 | 260 | 230 | 270 | 260
g = A 330 | 300 | 310 | 250 | 320 | 350 | 230 | 330 | 270 | 340 | 280
500 | 350 | 350 | 300 | 330 | 400 | 340 | 370 | 310 | 370 | 320
Tabnuna 1.3 - JlonoJHUTENbHBIE TaHHBIE JJI TPOCKTUPOBAHUS OTIOPHI
BapuanTsl
XapakTepUCTUKHU
1 2 3 4 5 6 7 8 9 10
. 35-
— O
é % 230 0 a 0 a 0 a 0 a 0 a
S £%/30 |6 | a |6 |al|6|al|6|a 6| a
s B
= E 500 B B B B B B B B B B
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[Tpogomxene Tabmuies 1.3
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Tabmuua 1.4 - JlonoJIHUTENbHBIE TaHHBIE JJI IPOEKTUPOBAHMS OIOPbI

Pacuernsie napametpsl mpoBoaoB mapok AC, ACKII, ACKC, ACK
Macca 1 km
Ceuennue Huametp | Pa3psiBHOE
Ne | HomunanbHoe . IPOBO/IA,
, | amoMuHuU/cTaNb, | MpoBoAa, | ycuiue, H,
I/l | cCEYEHHUE, MM 9 K2,
MM MM HE MEHEe
0e3 cMa3Ku
1 95/16 95,4/15,9 13,5 33369 385
2 120/19 118/18,8 15,2 41521 471
3 120/27 114/26,6 15,4 49465 528
4 150/19 148/18,8 16,8 46307 554
5 150/24 149/24,2 17,1 52279 599
6 150/34 147/34,3 17,5 62643 675
7 185/29 181/29 18,8 62055 728
8 240/32 244/31,7 21,6 75050 921
9 300/39 301/38,6 24 90574 1132
10 400/22 394/22 26,6 95115 1261
11 400/51 394/51,1 27,5 120481 1490
12 400/64 390/63,5 21,7 129183 1572
13 500/64 490/63,5 30,6 148257 1852

B cooTBeTCTBMU C TOJyYEHHBIM BApUAHTOM 3aJaHUSl HA KypPCOBYIO padoTy

BbIOMpaeTca cxeMa YHU(DHUIIMPOBAHHONW METaUTMUYECKOW MPOMEXYTOYHOW OIMOpPHI
BJIDII (pucynok 1.1, 1.2, 1.3).
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Pucynok 1.1 — Yauduuuposannas metaiudeckas onopa BJIDII (tum a)
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Pucynok 1.2 — Yuuduuuposannas metaimudeckas onopa BJIDII (tum 6)
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Pucynok 1.3 — Yauduumposannas metaimudeckas onopa BJIDII (tum B)
TexHuveckne XapakTePUCTUKU W TEOMETPHUYECKHE pa3Mepbl (M)

yHuuimpoBanHbix Metamudeckux omop BJIDIT 35 + 500 kB npuBeneHb B

IPUIOKEHUH A.

15



2 OCHOBHBIE A TEOPETMYECKUE CBEJEHUS TIO PACHETY
BO3YIIHBIX JIMHNUUN SJIEKTPOIIEPEJTAYN

2.1 KpaTkue cBeieHUsI 0 BO3AYLIHBIX JIUHUAX JIEKTPoONepeaaun

Bo3ayumiHol TuHUENH Ha3bIBAETCSl YCTPOMCTBO, CIIy’Kalllee JUIsl Mepeaadyu U
pacrpeneneHus 3JIEKTPOIHEPIuU MO MPOBOAAM, PACIOJIOKEHHBIM HA OTKPBITOM
BO3JIyX€ W 3aKPEIUIEHHBIM IIPU MOMOIIM H30JSTOPOB M JIMHEMHOW apMaTypbl Ha
OIopax.

OcHoBHBIE TpeOOBaHUA, MPEABSABISEMbIE K JIMHHUSIM 3JIEKTpOIepeaaun,
ONpENeNATCA AcucTBYyOmMMU [IpaBunamMu ycTponcTBa 3JIEKTPOYCTAaHOBOK —
(ITYD). TlpoexTupoBaHWE W COOPYXCHHE ONOp U (QYHIAMEHTOB JIUHHMA
AIIEKTPONEPEAAY TPOU3BOANUTCS HA OCHOBaHMU CTPOUTENBHBIX HOPM U MPABUI —
(CHuII).

[IpuHATH ciemyrolMe CTaHAApTHBIE HAIpsKEHUs: TpexdasHoro Toka: 35,
110; 150; 220; 330; 500; 750; 1150 xB.

OCHOBHBIMM ~ 3JIEMEHTAaMHU BO3AYILIHBIX JIMHUA SBJISIOTCA MPOBOAA,
U30JISTOPBI, JIMHEWHAas apmarypa, TpaBepchl, OMNopbl W  (yHAAMEHTHI.
JIOMOTHUTENBHBIMUA 3JIEMEHTAMH, HEOOXOJUMBIMH HAa HEKOTOPBIX JIMHUAX IS
obecrieueHuss WX pabOThl, SBISAIOTCA T'PO303ALIUTHBIE TPOCHI, 3a3eMJICHUS,
pa3psAIHUKH, BUOPOTACUTEIH U T.1.

Ha BO3QyIIHBIX THHUSX MEPEMEHHOTO TPex(a3HOro TOKa HaJBEIINBAETCS
HE MEHEE TpexX IPOBOJOB, COCTABILIOMIMX OJHY Lemnb. [lo yueny nener nmHuM
AIIEKTPONEPEAAUH JETATCA HA OJHOLIETIHBIE, IBYXUEIHBIE U MHOTOLIEHBIE. YK CIIO
LIETIEH 3aBUCHT OT IIEPEAABAEMON MOLITHOCTH HANPSKEHUS JIMHUU DJICKTPOIIepe1aun
1 He0OXOIMMOCTHU PE3EPBUPOBATHCSI.

Ha pucynke 2.1 moka3zaHbl OCHOBHBIE 3JIEMEHTHI BO3/yIIIHOMN JIMHHH:
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Pucynoxk 2.1 — OcHOBHBIE 371€MEHTHI BO3AYIIHBIX JIMHUMA '

1 - cTBOI OMOPBI; 2 — TPABEPCHI ; 3 - THPIISAHAA U30IATOPOB;

4 - mpoBoJia; 5 - pyHIAMEHT; 6 - TPO303aIIUTHBIN TPOC.

TpaBepca” — ropu3oHTaNbHas Oalka, ONUPAOIIAACS HA BEPTUKAILHBIC
CTOMKHU (4aCTh KOHCTPYKIMU OTIOPHI.)

Onopsl, B 3aBUCUMOCTH OT cIoco0a MOJABECKH MPOBOAOB, JIETATCS HA JIBE
OCHOBHBIE TPYIIIbIL:

- Ha OMNOpPhI MPOMEXKYTOUHBIE, Ha KOTOPBIX MPOBOAA 3aKPEIUIAIOTCA B
MOICP>KUBAIOIINX 3KUMAaX;

- Ha OMOPBI AHKEPHOTO THUIIA, CIY’KAIIHUE JIJIs1 HATSXKEHHS IIPOBOJIOB, HA 3TUX
OMopax MPOBOJIa 3aKPEIUISIOTCS B HATSXKHBIX 32KUMaX.

PaccrosiHue Mmexay COCEIHHMMHM OINOpaMU Ha3bIBA€TCA MPOJIETOM, a
pPacCTOSIHUE MEXIY OMOpaMu aHKEPHOTO THUTIA - aHKEPOBAHHBIM yUaCTKOM.

[IpomexyTouHbIE TIPSIMBIE OMIOPHI YCTAaHABIMBAIOTCS HA MPSIMBIX y4acTKax
nuHud. IIpoBoja 3akperialoTCa B NOAJACPKUBAIOIIUX THUPISHIAX, BHUCAILIUX

BCPTUKAJIBHO. HpOMC}KYTO‘IHble OIIOPBI BOCTIPpUHUMAIOT 'OPU30HTAJIbHBIC HAI'PY3KHU
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OT JIaBJICHHsI BETpa Ha MPOBOJA U HA ONOpPY, a BEPTUKAIBHBIE - OT BECa IIPOBOJIOB,
U30JIATOPOB U COOCTBEHHOT0 Beca onopsl. [Ipy He0OOpBaHHBIX MPOBOJIAX U TPOCAX
IIPOMEKYTOUYHBIE ONOPHI HE BOCIPUHUMAIOT, KaK IPaBUIIO, TOPU3OHTAIIBHON CHUIIbI
OT TSDKEHUS [TPOBOJIOB U TPOCOB B HAIIPaBJICHUH JINHUH.

Ha BO3AYIUHBIX JIMHMSX NPHUMEHSIOTCA JACPEBSHHBIC, METAIMYECKUE U
XKeJne300€TOHHbIE OMOpbl. MeTanyecKkasl onopa U3roTaBIUBAaETCs U3 OTIEIbHBIX
JUITMHHBIX NPSMBIX CTEPKHEH, UMEIOIINX CEUYEHUE B BUJIE PaBHOOOKOTO yroyka. OTu
CTePKHU COEIMHEHbI MEXK]Ty COOOM P MOMOIIM CBAPKH, KJIENKH WK 60aTOB. [1pn
pacuerax MoJjararoT, YTO CTEPKHH MMEIOT BO3MOKHOCTh HEKOTOPOTO B3aUMHOIO
IIEPEMEILECHHMS], IOCTOJIBKY B Y3JIaX UX COCAMHEHUS PACIIOIOKEHBI IIAPHUPBI.

Boznyuinas auHus snekTpornepeaadd MOXKET HaXOIUThCA B TPEX PeKUMax:
HOPMAJIbHOM, aBapUITHOM, MOHTaXHOM.

HopManbHbIi pexuM - COCTOSIHUE BO3AYILIHON JIMHUU IPU HEOOOPBAHHBIX
IPOBOJAX U TpoOcax.

ABapuitHBIN PEKUM - COCTOSIHHE NPU OOOPBAHHBIX OJTHOM HJIM HECKOJIBKUX
POBOJIAX UITU TPOCaX.

MOHTaXHBII PEXKUM - COCTOSIHUE B YCIOBHUSAX MOHTaXa OIOP, IPOBOJOB MU
TPOCOB.

B Bo3znymsbix guHuMAX  anektponepenad  (BJIDII)  mpumensitoTcs
MHOTOITPOBOJIOYHBIE MPOBOJAA, CKPYYEHHBIE W3 AJOMHHHMEBBIX MNPOBOJIOK. /[l
MOBBIIICHUS MEXAHMYECKOW MPOYHOCTH MPOBOJAA K AJOMHHHMEBBIM IPOBOJAM
n00aBIAIOT cTasbHble. Hanbompliee pacnpocTpaHeHre MONTYYHIM KOHCTPYKLIUU C
OJHOM LIEHTPAIBHOW CTAJIbHOM MPOBOJIOKOM.

Bokpyr npoBonoB ¢ HampsikeHueM 220 kB U Bblllle BO3HUKAET BBICOKAS
HaIPsHKEHHOCTD JIEKTPUUYECKOI0 MOJIsA, MPUBOIAIIASA K KKOPOHHOMY» pazpsay. s
YMEHBILIEHUS 3JIEKTPUUECKUX OTEPh HA «KOPOHY» KAXKIYI0 a3y pacileIuIsiioT Ha
JBa 1 0oJiee MPOBO/JIa — «pacillerieHHas» ¢asza.

Cornacuo 'OCT 839 - 2019 «IIpoBoia HEM30IUPOBAHHBIE IJI1 BO3AYLIHBIX
JIMHUH 3JIEKTpOIEpeiay» U3TOTOBISIOTCS IPOBOJA CIEAYIOIIHUX OCHOBHBIX MapOK:

A — IpOBOJI, CKPDYUYEHHBIN U3 aJTIFOMHUHHUEBBIX IIPOBOJIOK;
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AC —poBOJ, COCTOSIIMM M3 CTaJbHOTO CEPACYHUKA W AJTIOMHUHHUEBBIX
IPOBOJIOK.

OcHoBHble xapakTepucThku npoBojoB no 'OCT 839 - 2019 npuseneHs! B
tabmmie 1.4.

Jlyis Bcex MpPOBOAOB MPHUHSTHI YCIOBHBbIE OOO3HAYEHUS, COCTOSIINE U3
OyKBEHHOI M IIM(PPOBON yacTU. ByKBbI yKa3bpIBalOT MaTrepuan MpoBojaa, LUl —
cedenne mposoja. [Jobasmsiemoe mHorna k OykBam «KID» ykaspiBaeT Ha TO, 4TO
MEKITPOBOJIOYHOE ITPOCTPAHCTBO BCETO MPOBO/IA 3aMIOJTHEHO HEUTPAIIBHOW CMa3KOM
JUISl TIOBBIIIIEHUS KOPO3uOHHOM croiikoctu. Hampumep, 2xAC 300/39 o6Go3nauaer
CTaJIeaIFOMUHHUEBBIN IPOBOJ] C CEYECHUEM alFOMUHUEBOM yactu 301 ym?, cTanbHOTO
cepeunnka — 38,6 mm?, Basa pacuieniena Ha 1Ba IPOBOJIA.

MexaHn4ecKkuil pacyeT MPOBOJIOB MPOU3BOJUTCS 110 METOLY JOITYCKAEMbBIX
HAIPSKCHUM.

PacueTHble Harpy3ku NPUHUMAIOTCA CTATUYECKUMU U PaCIIPECIICHHBIMU B

MPOJIETE PABHOMEPHO.

2.2 CoyeTaHne KJIMMATHYECKUX YCJIOBHIA

Pacuer BJI mo HopMansHOMY pekuMy paboOThl HEOOXOJIMMO MPOU3BOJAUTH
JUTISL CIIETYFOIIUX COYETAHUM KIIMMATUYECKUX YCIOBHIA:

- BpICIIAs TeMIreparypa tmax, BETEP, TOJIOJIEN OTCYTCTBYIOT;

- HU31Ias Temneparypa t., Berep u rojaosiea OTCyTCTBYIOT;

- CpeaHeroAoBas Temieparypa t,, BETep u roJjiojaes OTCyTCTBYIOT;

- IPOBOJA M TPOCKHI IIOKPBITHI IOJIOJIENOM, TeMieparypa Mmunyc 5 C, Berep
OTCYTCTBYET;

- MAKCUMQJIbHBIA ~ HOPMATHUBHBIA  CKOPOCTHOW  Hamop BeTpa  (max,
TemnepaTypa Munyc 5 C, rojoie OTCyTCTBYET;

-IPOBOAAa M TPOCHI IIOKPBITHI TOJOJNEAOM, Temmeparypa Mmunyc 5°C,

CKOPOCTDb BCTpaA:

2 2.1)
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daH
Bo Bcex ciywasx U, >15 w/c, T.€. Omax 1OJIKEH ObITh HE MeHee 14 —.
M

Jlns paliOHOB CO CpEIHEroJ0BOM Temmeparypoii MuHyc 5 C M HUXE

TeMIIEparypy cleayeT NPUHUMATh paBHol Munyc 10°C.”
[Ipu BBIMOSHEHUH KYPCOBOM pabOThI CIEAYET OTPAaHUYUTHCS CIEAYIOITUMU

KJIIMMaTUYECKUMU YCIOBUSIMU:

1) Hu3mas remnepatypa t., BeTep u rojojie OTCyTCTBYIOT;

2) cpenHerooBas TeMieparypa t,, BeTep u rooiie/i OTCyTCTBYIOT;

3) MakcUMaJbHBIH ~ HOPMATHBHBIA ~ CKOPOCTHOH HAmop BeTpa  (max,
Temreparypa MuHyc 5 C, TOJI0IIE]] OTCYTCTBYET;

4) mpoBoga M TPOCHI MOKPHITHI TONONENOM, Temmeparypa munyc 5 C,

cKopocTb Betpa v, =0,5-u,,, .

2.3 MexaHu4ecKue HATPy3KH HA MPOBOJA

K Bo3ayuneim nmunusam (BJIDI) npenbsapistoTcs TpeOOBaHUS TPOYHOCTH U
YCTOWYHUBOCTH TOJ JIEMCTBHEM BCEX CHJI, KOTOPHIE MOTYT BO3JECHCTBOBATH HA
OIOpPBI, IPOBOJIA, TPOCHI U apMaTypy.

Pacuer u BbIOOp KOHCTpyKIuit BJIDII mpousBoauTcs Ha OCHOBE JAaHHBIX
KJIIMMAaTUYECKUX YCIOBUH, OJYYEHHBIX B pEe3yJIbTaTe JJIUTEIIbHBIX HAOIIOICHUM 3a
TEMIIEPATYPOI BO3AYyXa, CKOPOCTHIO BETPA, HHTEHCUBHOCTBIO U YJIEJIbHBIM BECOM
roJjiojeaa B paioHe, rje npeanonaraercs coopyxenue BJIOIL.

Jlis  ompezneneHuss PpacueTHBIX HArpy30K MpUHUMAIOTCS Haubosee
HEBBITOJIHBIE COYETAHUS KIMMATUYECKUX YCIOBUHM, HAOII0Ia€MbIX HE PEXKE OJTHOTO
paza B 15 net mns BJI 500 kB, omnoro pasza B 10 net ms BJI 35 + 330 5.

MHuoronerHre HabJI0I€HHS TTO3BOJIMIIA COOPATh TaHHBIE 110 CKOPOCTH BETpa
U TroJioieo00pa30BaHMsl TOYTHU JJisi BCEHl TEPPUTOPUM CTpPaHbl M COCTABUTH
COOTBETCTBYIOILIME KapThl KIMMAaTHUYECKOTO paioHupoBanus. [loaTomy npu BeiOOpe
pacyeTHbIX KIMMAaTUYECKUX YCIOBHM [ mnpoektupoBaHus BJI crnemyer
MOJB30BAaThCS KAPTAMHU, YTOYHSISL 3TH YCIOBUS NPU HAJIUYUHA YYaCTKOB C

MHUKPOKIINMATOM.
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C y4eToM BceX KIMMATHYECKUX YCJIOBHH OIMPEICISIIOTCS HOPMATHBHBIC
Harpy3Kd — Harpy3Kd, COOTBETCTBYIOIINE YCIOBHUAM dKCIUTyaTaruu JuHuH. OTHAKO
HauOosiee ynoOHON (OpMOIM BBIpAKEHUST HArpy30K IIPU pacdeTax IMPOBOJIOB
SIBIISIIOTCS yIeIbHBIC HATrPY3KH, T.€. HArpy3KH, BeIpakeHHbIC B daH Ha ogwH MeTp

daH
JUIMHBI W EOUHUIly TOINEePEYHOr0 CEUYECHHs IMpPOBOAA —, TIIe
M- MM
1daH =10 H = 1 kec.

PaccmoTtpum onpenenenne yaenbHbIX HATPY30K.

2.3.1 Y nenpHBIC HArpY3KH OT COOCTBEHHOTO Beca

VY nenpHasg Harpys3ka 3aBUCUT OT MaTepuaia IpoBoJa:

7/1 — i.lo_s’ da—l_lz
A M- MM (2.2)

Ke Ke

re i — BEC OJHOr0 MOTOHHOI'0 KUJIOMETpa NpOBOJIa, —— = ———=;
kv m-10

A — ob1as mIomaas ced4eHus MpoBoAa, Mm2,

2.3.2 Y nenbHas Harpy3ka oT Beca rojosiena
HopMaTtuBHasi Macca TONOJEIHBIX OTIOXKEHHH Ha MPOBOJAX OMPEACISIETCS

UCXOJl W3  I[WIAHAPUYECKOW  (HOpPMBI  OTIOXKEHHA C  IUIOTHOCTBHIO

daH

2
M - MM

£=0,9-10"

TonmmHa CTEHOK ToJioNena, NpuBeacHHas K BbicoTe 10 M oT 3emum K
nrametpy nposoaa 10 mm mpu moBtopsemoctu 1 pa3z B 5 ner wim 10 iner,
ONPEJICIISIETCS B COOTBETCTBUH C KAPTOW PAUOHUPOBAHUS TEPPUTOPHUH 10 TOJIOJIEY .
TonmmHa CTeHKH rojojena Bbruucisgercss B coorsercrsun co CHull 2.01.07-85"

«Harpy3ku u Bo3nevicteusi» (M.,2011).

Torna:
i_0,9°ﬂ-C°(d+C)-10_3 daH
4 A "M um? (2.3)

rae C — ToNIMHA CTeHKH rojiojieaa, MM (puioxenue JXK);
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Ke

02 - BEC FOJIOJIEHBIX OTIIOKEHUM OJJHOTO MOTOHHOI'O KUJIOMETpa IPOBOJA, T X
M -

d — muameTp ipoBoaA, MM;

A — mIomaae ce4eHus MpoBoa, Mm>,

2.3.3 Y nenpHast Harpy3Ka OT BETPOBOTO HAIopa
MaxkcumanbHbple HOPMAaTHUBHBIE CKOPOCTHBIE HAIMOPBI JUISL BBICOTHI 110 15

METPOB OT 3€MJIM IPUHUMAKOTCSI B COOTBETCTBHM C KapTOH pallOHUPOBAHUS

daH
TEPPUTOPUM IO CKOPOCTHBIM HAmopaMm BeTpa, HO He Hmwke 40 P

daH
st BJIDIT 35+330 kB u 55 L2 A BJI 500 xB (npunoxenue K).

3HAYCHUS CKOPOCTHBIX HAINOPOB IPH HMX YTOYHEHHUU OMPEICIAIOTCS I10
dbopmyiie:

max

q _ Upy, daH
max 16’ MZ’

(2.4)

M
TAE Uy, - CKOPOCTH BETPA HA BbICOTE 10 M HaJi HOBEPXHOCTHIO 3EMJTA, ~

[TonydeHHble 3HaUCHHS IPUHUMAIOTCS IPU 3HAYEHUU BBICOTHI 10 15 m. [Ipu
BbicOTe ©Oosee 15m CKOpPOCTHOM Hamop YyMHOXKAaeTcs Ha IOMPaBOYHbBIN
ko3 duruent (tadbmuma 2.1).

[Ipu pacyere npoBOAOB Ha BETPOBBIE HATPY3KU HAIIPABJICHUE BETPA CIEAYET
npuHEMaTh 1o yriaom 90° k BJIDIL

VY ienbpHas BETpOBasi HArpy3Ka:

a-K-K.C.q._-d-10° daH
74 = A ' 2
M MM (2.5)

rae @ - KO3(PQUIMEHT, YYUTHIBAIOUIUNH HEPABHOMEPHOCTH CKOPOCTHOTO

Haropa Betpa 1o mnposery BJIDII (tabnuma 2.1);
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Tabnuma 2.1 — [MonpaBounslit Ko3puueHT &

daH

max
q ) Jl/l2

<27 40 65

a 1,0 0,85 0,75 0,7

Ki —xosddurmenT, yauThIBalOMMA BIUSHUAE JJIWHBI MPOJIETa HA BETPOBYIO
Harpysky (tadnmna 2.2);

Tabnuma 2.2 - [lonpaBounslii kKoadpuimeHT Ki

<50 100 150 > 250

I, M.

Ki 1,20 1,10 1,05 1,0

Kn —x03@duiiveHT, y4uThIBatONIMil BO3pacTaHWE CKOPOCTHOTO HAmopa Io
BbICOTE (IIpU OIpeNeJICHUH JaBJICHUS BETpa Ha OMOPY €€ OOBIYHO pa3leisioT Ha
30HBI TI0 BBICOTE B Mpelesax KOTOPBIX KOA(POUIMEHT YBETUYEHHUS CKOPOCTHOTO
Haropa NPUHUMAETCS MOCTOSHHBIM MO BEIWYHMHE, W JJIA KaKIOM M3 3TUX 30H
BBIUMCIIAETCS CKOPOCTHOM HAmop Ha KOHCTPYKIIMIO; B KypCOBOM paboTe ¢
HEKOTOPBIM MPUOIMKEHHEM MOXHO HAaWTH HOPMAaTMBHOE BETPOBOE JIaBJIICHHE Ha
OTIOpY, OMpeneauB KO3(PPHUIMEHT yBEIUYEHHUS] CKOPOCTHOTO Haropa Mo BBICOTE,
PaBHOM MMOJIOBUHE BBICOTHI OMOPHI), IPH PACUETE YIEIbHBIX HATPY30K OT BETPOBOIO
Haropa 3HaueHus: korxddunuenta Kn nepBoHauag0oHO npuHUMaeM paBHbIM 1 (T.K.
TUTIOBAsI OTOpa eIle He BrIOpaHa) (Tadsmna 2.3);

Tabnuua 2.3 - [lonpaBounsiii ko3 duimeHT Ky

%, M. <15 20 40 60 100 200 >200
Kn 1,00 1,25 1,55 1,75 2,1 2,6 3,1

[IpomexyTounble 3HaueHus kodpdunmentor &, Kj, K, omnpenensrorcs

METOA0M JIMHEWHON UHTEPIIOJISIIIAM.

C, — ko3¢ dunreHT 1000BOTO COMPOTUBIICHUS PABHBIIA:

1,1 — nnsg npoBosioB U TpocoB nuameTpom 20 MM u Oosee, CBOOOTHBIX OT

roJIOJIENA;
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1,2 — u1s TPOBOIOB ¥ TPOCOB TaMeTpoM MeHee 20 MM | JIJIs BCEX IIPOBOIOB
Y TPOCOB, MOKPBITHIX TOJIOJICIOM;

d — nuameTp poBoa, MM.

[Tpu BBITIOJIHEHUU KypCOBOW pabOTHI ONpeseiieHUue YISIbHBIX Harpy30K U

COYCTaHMH yI00HO CBECTH B Tabuuity (Tadi. 2.4).

B rpade «Bbruuciaenue» He0OXOIMMO MOJACTABUTH 3HAYEHUE (PU3UUECKUX
BEJIMYMH U TOJIBKO ITOTOM 3aIicaTh OTBET (Tabwuia 8).

Tabnuua 2.4- Y aenbHble HAarpy3Ku

N VY ienbHbIE HArPY3KU Cxema Brruncnenus

1. 2 3 4
1.| Or coOcTBeHHOr0o Beca NPOBOAA: ad

_ G
Y1=—, Irae (i1 — HOpMaTHUBHas

A’
Harpys3ka oOT COOCTBEHHOI'O Beca

IIPOBO/IA, daH 1073;
M

A — miomaae ceueHus mMpoBoa, MM

7=

2

9,

2. | Ot Becaromonena: /2 = A

~09-7-C-(d+C)-10°  yaH
A ’ M- MM2
rae C — TONIMHA CTEHKH TOJIOJIENA,
MM; d — AuamMeTp MPOBOIA, MM. Vi

Yy =

OT BC€Ca HpOBO}Ia H roJjoJjicaa. ]/3 =...
V3=t
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1 2 3 4
4.1 OT TOpPHU3OHTAJIBLHO  BETPOBOIO
Hamopa:
-3 —_—
y :a-K,-Kn-CX-qmaX-d-lo 7
4 A y < ]/4 — .
daH
MM’
5. OT ropu30HTaILHO BETPOBOTO
Haropa Ha MPUBO/I, TOKPBITHIN
TOJIOJICJIOM:
a-K; K C,q,(d+2-C)107° _
7/5 — ) 7/5 — s
A
daH
M-’
6. | Ot Beca nmpoBoga 0e3 roynojena u
BETPOBOTO Hamopa: , A
Ve =V +7s. Ve =
1 6 T s
[ 2 2 daH
Ve =N 74, > il
M- MM
Lt
7./0T Beca NOpoBOJIa, TMOKPHITOTO
roJIOJIC/IOM U BETPOBOI'O HaIopa:
Y1 =Vst7s Ve =
[ 2 2 daH
Y1 =AVs Vs, Y

2.4 HekoTopble OCHOBHBbIE 3aBHCHMOCTH pacyeTa MPoOBOa KaK rmOKoii
HUTH

[IpoBoj, MoABEIICHHBIH MEXKIY IBYMsI TOUkaMu A U B (pucyHok 2.2), npu
OOJBIIMX  PACCTOAHMSIX,  HAXOJALIUMXCS  MOJ  JIEUCTBUEM  PaBHOMEPHO
pacnpe/iesIeHHON Harpy3Kku (, MOKHO paccMaTpuUBaTh Kak T'MOKYH0 HUTh WM Kak

JINHHOC 3BC€CHO, COCTOALICC U3 OECKOHEUYHOI0 MHO>KECTBA IIapHHUPOB.
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Pucynok 2.2 —K pacuety npoBojia

VY Takoro 3BeHa KeCTKOCTh Ha M3TU0, KPyUeHHE U CABUT POBHA HYIO. Takoe
3BE€HO HE BOCHIPUHUMAET CKUMAIOIUE YCUIIHS U pab0TaeT TOIbKO Ha PaCTSKEHUE,
IpUYEeM pacTAruBapoiiue ycuiaue T Bcerma HampaBlI€HO IO KacaTelnbHOM K
MPOJ0JIbHOM OCH 3B€HA (HUTH).

Jist cxeMbl HarpyxeHus: (pUCYHOK 2.2) W3 YCIOBUM PaBHOBECHUSI CTATHUKH

HaxXOaHnuM:

q|
TAY = TBY = q? (2-6)

Paccmotpum paBHOBecue yuactka Hutu OB, 1 koToporo:

Zn: Mo (F) =0;
- g 2.7)
To £ +Tg o= —=0
PemuB ypaBuenus (2.6) u (2.7) COBMECTHO, MOTYUYUM:
gl I gl
Tszi 2 8 _ql 2.8)

f 8f

rie f — crpena mporuoa.

Torma ycunue Ha IpoBOAE:

12Y (g1 q-l? f)2
T, =T2 +T2 =\/((‘8]c j +(q2 j :qsf - 1+(16Tj ; (2.9)

YuuteiBas, 4To
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(2.10)

TO, C JIOCTaTOYHOM AJI1 pacdeTa TOYHOCTBIO MOKEM IIPHUHATB, YTO

_q:l°
BX 8f

0]

, (2.11)

TaK Kak IpU CTpelax IMpOBeca, COCTABIAOMMX 5% OT UIMHBI MpOJeTa,
omnOKa He OyieT npeBbimaTh 2%.

3Has, 4To

q=7-A, (2.12)
IMOJYYHUM BBIPAKCHUC OJIA CTPCIIbI IIPOBCCA:

f="—, (2.13)

daH
rie O — HampspDKkeHue B TIPOBOJIE, 5.
MM

Pacuetnl IMTOKA3bIBAIOT, UYTO IIPpU CTPCIIaxX IIPOBECA IIPOBOAA 10 6% ot JJINHBI
MMpoJICTa, KpuBasd IMPOBUCAHUA ITPOBOAA COOTBCTCTBYCT Hapa60ne, d B OTOM CJIy4dac,

KaK N3BCCTHO U3 MaTCMAaTHUKHU:

8. f?
L=l+—1 (2.14)
Wi ¢ yuetoM (13):
2 12
y -
L=1I. 1+W ’ (2.15)

rae L - mimHa npoBoja B mpoJieTe, M.

Takum oOpa3oM, MbI MOJTYYWJIM 3aBUCUMOCTH MEXAY CTpEJoil IpoBeca,
HalpsDKEHWEM B TPOBOJE, JUIMHOM MpOJETa W yACIbHOM HAarpy3kou IIpu
HEU3MEHHBIX KIINMAaTHYECKUX YCIIOBUSIX.

B peanpHBIX yCIIOBHSAX HaNpsDKEHWE UM CTpPENbl IPOBECa U IPOBOAA
U3MEHSAIOTCA B 3aBUCUMOCTH OT HW3MEHEHMS TEMIEpaTypbl IpoOBOJAa U

MEXaHUYECKUX Harpy3o0K, JCHCTBYIOIIUX Ha MPOBOJ (BETEp, rOJI0JIEN).
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JI1s1 Hax0KIEHUS BEJIMYMHBI HANPSKEHUS U CTPEIIbI IIPOBECA B MPOBOJIE NTPU
HOBOM COCTOSIHMM, €CJIM W3BECTHBl HAIIpsDKCHHUE, YJACJIbHAs Harpyska U
TEMIIEpATYpa B HA4daJbHOM COCTOSIHHM, HCIOJIB3YyEM OCHOBHOE YpPABHEHHE
COCTOsIHUSA NTpoBoAa. Ilonyunum 310 ypaBHEHHE, U1 YEro pacCMOTPUM COCTOSHMSA

OJITHOTO M TOTO e MpoBoaa (pucyHok 2.3).

y() S() L() t()
Cx @]
S Lyt
[

Pucynok 2.3 — CoctosiHH€e TPOBO/Ia B HAYAIbHOM U KOHEYHOM TOJIOKEHHUH

[lepBoe cocTosiHue XapakTepu3upyeTcs: BEIMYMHAMHU )o, 0o, Lo, to, BTOpoe —
y1, 01, L1, t1. JIniuHa mpoBoaa g KaXKJI0TO COCTOSIHUSI HA OCHOBaHWUU YPaBHEHUS

(2.15):

2 12
L =1-|1+Lo |
240, (2.16)
2 12
V1 |
=11+ 2|
L, 2.0 (2.17)

AOcoJroTHOE YJIMHCHHUC TIPOBOJAA IIPpHU HCPEXOAC U3 OAHOI'0 COCTOSAHUS B

JIpyTOE:

2/2-|3 72.|3
AL, =L -L, =2 -0 :
h=bb 24.62 2407 (2.18)

[IpumeHsis TpUHUMI CYNEpno3ulud (HE3aBUCUMOCTH JEHCTBUS  CHJI),

MOJY4HM:

AL=AL_—AL (2.19)

Tac ALU — YAJIMHCHHUC 34 CUCT USMCHCHUS HAIIPSAKCHUA,
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AL, — ynnuHeHune 3a cueT U3MEHEHHUS TEMITEPATYPBI.

VYuuteiBasg, 4Yro npu HoOpMainbHOM pexume BJIOII nnmaa npoBona
MpeBBIIIACT JMHY [poJieTa He 6onee, e Ha 10%, Moxuo npuasats L =1

Torpa:

AL, = As-] =A?G-I _% "%,

E (2.20)
AL[ =a-| (tl _t0)1

Tac A¢ - oTHOCHTETBHOE YIJIMHCHUC ITPOBOAA, KOTOPOC HAXOJAUTCA I10 3aKOHY

['yka 1711 0CeBOTO pacTsKEHHUS - &= E :

@ - TeMIIepaTypHbIA KO3()(QUIMEHT TMHERHOTO YUIMHEH S IPOBO/IA, Tpaji. ™
(mpunoxenne H);
E —Monyine yripyroctu npoBoja, da_l—: (mpunoxxenue H).
MM
[MoxcraBass Beipaxkenus (2.16), (2.17) u (2.20) B (2.19), u, pemas ero

OTHOCUTEIBHO O TOCIe HEKOTOPHIX MpeoOpa3oBaHUN IMOJYyYUM OCHOBHOE

ypaBHEHHE COCTOSIHUS ITPOBOJIA:

PYIE 24 (2.21)

rae oy 7o O - BeNMUMHEI, MPUHUMAEMbIE B COOTBETCTBHH C BBIODAHHBIM
MCXONHBIM YCIOBHEM (TIpM YCIOBHM HHM3LIEH TeMiepaTrypsl - L, }; O_
CPEIHETOI0BOM (IKCILTyaTallMOHHON) Temmepatypsl - U, 7, O,, npu ycrnosuu

HanOOMBIIEH HATPY3KH - Ly V; Oy ));

Y - naubosblias yaeabHas Harpy3Kka OT MacChl IPOBO/IA U JIOMOIHUTEIBHOM
Harpy3ku (B 3aBUCHMOCTH OT COYETaHUs KIMMATHUCCKUX YCIOBHM - /3 WIH )7 );

L, 71 01 - ucKkoMble BETMUMHBI, ONpeeiseMble PACUETHBIM COUETAHHEM

KIIMMaTH4YCCKHUX YCJIOBI/Iﬁ.
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[locnennee BBIpaXXEHUE €CTh OCHOBHOE YPAaBHEHUE COCTOSHHUS IPOBOJA,
HCTIOJIB3YSl KOTOPOE OMNPEAEISAIOT BEIUYUHY HAIPSOKEHHS, a, CJIEHOBATEIBbHO, U
CTpENbl IpPOBECA, TSHKEHUE B HOBOM COCTOSSHUM MPU HM3BECTHBIX BEIWYMHAX,
BXOJAIINX B YpaBHEHHUE, IS JIFOOOTO COCTOSTHUS.

3ameyaHue: NMpy MOACTAaHOBKE 3HAUCHUM TeMmIepaTyp HEOOXOJIWMO CTPOTO

COOJIIOIaTh UX 3HAKHU.

2.5 OnpeaesieHne HCXOAHOTO PeskUMa padoThI MPOBOIA

IIpn pacuere BJIDII onuH U3 riaBHBIX MOMEHTOB - OIIPEIEICHHUE TAKOI'O
KJIIMMaTUYECKOTO COCTOSIHHS, MPU KOTOPOM HAIPSKEHUE B MPOBOJE JOCTUTAET
JOMYyCTUMBIX 3HAUYCHUH, TPU ATOM BO BCEX IPYTHX PEKAMaX MEXaHHYECKOe
HanpsOKEHUE B IPOBOJIE MEHbIIE JOMYyCTUMOro. Takod peXuM Ha3bIBaeTcs
UCXOJHBIM. 3Hasi UCXOJHBIM pEXUM, M, UCXOMAS U3 JIOMYCKAEMBIX HaIPSKEHUN
IpOBO/A, B JallbHEHIIEM BEAETCA OIpeAeTieHHe HampsoKeHus (CTpen mposeca,
TSOKEHHE U T.J.) IS IPYTUX KIMMAaTHYECKUX COUYETaHM.

[Ipoananu3upyemM BIUSHUE TEMIEpaTypbl W HArpy3kd Ha TIPOBOJI B
3aBHCHUMOCTH OT JJIMHBI TPOJIETA, BOCIOJIB30BABIIMCH JJISi 3TOTO ypaBHEHHUEM
cocTosiHuUs mpoBoa (2.21).

[Tpu nnwee nponera |, ctpemsimeiics k HyIr0, ypaBHEHUE COCTOSHHS TIPOBOJIA
IpUMET BUJI:

o,=0,—a-E(t —t,) (2.22)

W3 ypaBHEHUs BUIHO, UTO HAMPSHKEHUS MaTepraia MpoBoja 3aBUCUT TOJIBKO
OT W3MEHEHHUs €ro TeMIEepaTypbl, T.€. AN KOPOTKUX TPOJIETOB HamOOJbIIee
HaNpsHKEHUE B MPOBO/IE HACTYIIAET MPH HU3IIEH TeMIlepaType OKpYKarolien cpebl.

IIpeobpazoBaB ypaBHenue (2.18), pasneiauB JEBY0O M IPaBYyI YacTH

ypaBHenud Ha I, u, cuuras, uto | >, MIOJyYUM:

2 2

o - 7o
24-67  24.0}

(2.23)

VYpaBuenue (2.23) nMokas3bpIBaeT, YTO MPHU OOJBIIUX MPOJIETAX HANIPSDKCHHE B
MPOBOJIC 3aBHCHT B OCHOBHOM OT Harpy3KH, T.€. OT TOJI0JIe/Ia ¥ BETPOBOTO HAIOPA.
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MOo>XHO caenaTh 3aKJIF0UYCHHUE, YTO MKy MAJIBIMUA U OOJIBIIIUMH TPOJICTAMH
CYILLIECTBYET TaKOW MPOJET, JJIi KOTOPOTO HAamOOJblIee HANpSHKEHHE B MPOBOJE
HACTyIaeT Kak NP HU3IIEH TeMIieparype, Tak U MPU MaKCUMaJbHBIX Harpy3kax.
Taxoii mposieT OyaeM Ha3bIBaTh KpuTHdeckuM mposietoM (li). Takum oOpazom, pu
I<lc ompenenstomuM GakTOpoM SABISCTCS U3MEHCHHE TeMIleparypsbl, a npu 1>l —
W3MEHEHHE HAarpy3Ku Ha mpoBoja. Pemas ypaBHeHue (2.21) otHocutenbHo I=Iy,

MTOJTYYHM:

49, | oy-o—a-E-(t-t)

! 7 E'[(}/O/yl)z—(aolal)z}

K

(2.24)

B o6mem cnydae mpu pacyeTe CTaleallOMUHUEBBIX MPOBOAOB CIEAYET
YYUTBIBATh 3HAYEHHUE TPEX KPUTHUUECKUX MIPOJIETOB.

[TepBbIit KpuTHYeckuid mposieT li — 3TO Takoi mpojer, y KOTOPOTro
HaIlpsDKEHHE MPOBOJA B PEKHUME CPEIHETOAOBOM TEMIEPATYPHl o 5, & B PEXKUME

HU3LIUX TEMIEpaTyp o -

490 |((c.-o)—a-E-(t,-t)
=" 2 (2.25)
' E-l1-| %=
o

2
Bropoii kputnueckuid mpoiner Il — 3TO TakoW MpoieT, MpH KOTOPOM
HaIpspDKEHUE MPOBOJAA B PEXUME HAMOONbIIEH HAarpy3Kd paBHO o,, @ B PEXKUME

HU3LIUNA TEMIIEPATYPHI o _:

o, |o,—0 —a-E-(t-t)
= 4,9~ ; 7 (2.26)

71 Eﬁ—o-

]/1 63

[IpeoOpazoBaB BeipaxeHue (2.26) moIy4um:

(2.27)
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Tpertnii kputudeckuid mponer I — 3To Takoil, mponer, mpu KOTOPOM
HanpspDKEHUE MpoBOAAa B pPEKUME HauOonbllIed Harpy3ku O,, a B pexuMe

CPEAHEr00BOM TEMIIEPATypPhl O !

_ 49, [(0,-0,)-a-E-(t,-t)

3k 7/1 E 7/r 2 O_r 2 (228)

71 )

[TosicHuM (pu3myeckuii CMbICT KPUTUYECKHUX MTPOJIETOB.

0

Q9

\ 02 0,

Q
S
N~
S
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Pucynox 2.4 — ®u3nveckuii CMBICII KPUTUYECKHUX TTPOJIETOB

(mepBoe COCTOSIHUE)

Ha pucynke 2.4 kpuBble 0,_ U 0, TPEACTABISIOT 3aBUCUMOCTH HAMPSHKCHUS

IIpoBOJa OT AJHHBI IIPOJICTA IIPH CpGI[HGFOI[OBOﬁ TCMIICPATYPC U OTCYTCTBHU

BHCIIHHUX HArpy30K, KOrja 3a I/ICXOJIHBIﬁ PCXKHUM TIPUHUMACTCA PCKUM HHUIIMUX

TEeMIlepaTyp; o U O, — MPU pexuMe HauOoubliel Harpy3ku O, . OpauHatel O,

O_, u O, T1OKa3bpIBalOT JIOMYCKAa€Mbl€ HANPSDKEHUS] JJI1 COOTBETCTBYIOLIMX

HNCXOOHBIX PCIKUMOB.
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Kak BuaHO u3 pucynka 2.5, xoraa mpsimasi O,5; MPOXOJUT HHMXKE TOYKH

nepeceueHust KpUBbIX O,_ U O 5. IMEET MECTO CITyYau:

Ik < ok <l

®dusruecKuil CMBICIT UMEIOT 1B KpUTHUeCKUX mpojeta: li u lak. [Ipomert o
(PU3NYECKOTO CMBICIIA HE UMEET.

Takum oOpazom, eciau | < ly, TO MCXOMAHBIM PEKUMOM SBIICTCS PEKHM
HU3IICH Temepatypbl; eciau |k < I< lax. — pekuM cpeaHeroa0Boil TeMmeparypel, a

npu | > I3k — pesxum HanOoIbIICH HArPy3KH.

Ha pucynxke 2.5 nokazano couyetanue, Korja npsmas O,; MPOXOAMT BHIIIE

TOYKH MEPECCUCHUs NPSIMBIX O,_ U O .. B aToM cirydae: Ik > lok > 13

o
o N\ 0,

[

Pucynox 2.5 — ®uznveckuit CMbICII KPUTUYECKHUX TTPOJIETOB

(BTOpOE COCTOSIHUE)

OueBuIHO, (PU3UUECKHI CMBICIT UMEET TOJIBKO BTOPOH (PU3NUYCCKUI TPOJIET
lx. B atom ciydae | < lok MCXOAHBIM PEKUMOM SBJISICTCS PEXKUM HH3IICH

TeMIiepaTypsbl, a npu | > Ik — pexxum HanGobIIeH HArPY3KH.

Ha pucynke 2.6 nmoka3an Bapuant, Korja npsmasi O 5, TPOXOJIUT HIKE TOUKH

rnepecedyeHust KpuBblX O, U O, U HE NIEPECEKAET KPUBYIO O, .

33



Q Q2 Q

Q
g
o
8Q

|

o

| |

| | o
I

|

12 13 K [

Pucynok 2.6 - ®usudeckuii CMbIC KPUTUUECKHUX MTPOJIETOB

K

(TpeTbe COCTOSIHHE)

B atom ciyuae niposet li — MEUMBIH, a ok — QUKTHBHBIA. PU3HYECKUN CMBICIT
umeeT TobKo nposteT lsk. Torna npu | < I3 HICXOMHBIM PEKUMOM SBIISCTCS PEIKUM

CpEeIHEro/I0BOi TeMmepaTypsl, a pu | > |3k — peskuM HanbosbIIel HArPY3KH.

Ha pucynke 2.7 mpuBeneH BapuaHT, Kornaa mpsiMmas Oy, MPOXOAUT BHIIIE

TOYKU MEPECEUCHUS KPUBBIX O5_ U O, , U HE IIEPECEeKaEcT KpuByr0 O, .. B 3TOoM

ciydae (PM3MYECKHIA CMBICI UMeeT ToJbKO TpoiieT lik. [Iponet lok — hukTuBHBIM, a
lsk — MHUMBI WM MMeeT OuYeHb OOJBIIOE 3HAYCHHE, JIeXKallee 3a MPeIesioM
pacueTHOro Juarna3oHa mpoJieToB. B atom cityuae nipu | < lik MCXOMHBIM pexxuMOM
SIBISICTCS PEKUM HH3IIEH Temreparypbl, a npu | > lik — pexum cpemnHeromnoBoii

TEMIIEPaTypHl.

34



AS IS IS

Q
S
Zj

l] K ZZK [

Pucynok 2.7 - puznueckuii CMbICT KPUTHUECKUX MPOJIETOB

(ueTBepTOE COCTOSTHUE)

Takum oOpa3om, ompenenvB 3HAYCHHE TPEX KPUTUUYCCKHUX IIPOJICTOB U
CpPaBHUB WX COOTHOIIEHHUS, IO OJHOW W3 TIPHUBEACHHBIX CXEM BBIOMpPACTCS
VCXOJHBIN PEXKUM.

B dopmyiei (2.24 - 2.28) HeoOX0AMMO MOACTABIATH 3HAYCHHUSI, IOy CKaeMBbIX
HAMpsDKCHUH B CTAJICATIOMHUHEBBIX TPOBOJAX B 3aBUCHUMOCTH OT TIpenaena
IPOYHOCTH O .

Jlommyckaemble HampsDKEHHS] MPU CPETHErOJI0OBOM TeMmIiepaType IJsi BCeX
CTAJICATIOMHUHHUEBBIX TTPOBOJIOB IPUHUMAIOTCS PAaBHBIMHU:

o,=0,3-0, (2.29)

Jlommyckaemble HampsDKEHUST TIpW  HaWOOJIbIIEH HArpy3Ke ¥ HH3IICH
TEMIIEPATYPE COCTABISIOT IIPH CEYECHUH IIPOBOIA MeHee 35 MM2:

o,=0_=0,350;, (2.30)

JlonmycKaeMble HANIPSKEHHUs IPU CEYEHHUH TIPOBOIA 60IIbIe 35 MM? U MEHbLIE
120 mm?, npu cooTHOwennH A:C=6,11+6,25 cOCTaBIAIOT:

o,=0,=0_ =04-0, (2.31)
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Jlst mpoBoIoB ¢ ceuenueM Gonee 120 Mm? npu cooTHomenuu A : C=4,29 -

4,39 u cootHomieHuu A . C=6,11+6,25 cocTaBisior:

o, =0 =0,45-0, (2.32)
[Ipenen mpOYHOCTH MIPUBOAUTCS B CIPABOYHHMKAX MM OIPEACIISETCS II0
bopmyie:
Fs
Og = K (2.33)

rae Fp - paspeiBHOe yeumue npoBoaa ('OCT 839-2019);

A — o0mras moaab CEYeHUs IPOBOIA.

2.6 IlocTpoeHue MOHTA:KHBIX IPaUKOB

Montaxx BJIDIT (ycranoBka omop, HojABeCKa MIPOBOJOB K THUPJSHIAM
U30JIATOPOB, W T.J.) TNPOU3BOAUTCA B OE3BETPEHHBIE JHHU, HO MpHU JtOOOI
temiiepatype. Takxe, O4eBUIHO, YTO BO BpPEMsl MOHTa)Ka ToOJIoJie]] HA MPOBOAAX
OTCYTCTBYET.

OnHO M3 caMbIX TJIaBHBIX YCJIOBHU MOHTa)ka IPOBOJA 3aKJIHOYAETCS B TOM,
4TOOBI 00ECTICUUTh TAaKOW MOHTAXHBIN TpoBeC mpoBoja (fu), a, CIEeIOBATEIbHO,

MOHTAXHOC HAIIPAKCHUC 0, U PACTATUBAIONICC YCHUIINC TAKCHHUC ITPOBOAA TM, Ipu

KOTOPOM B CaMBbIX TSDKEJBIX YCJIOBUAX DKCIUTyaTallMM BBICOKOBOJIBTHBIX JIMHUM,
HaMpsHKEHUE B MPOBOJIE HE MPEBOCXOIMWIN OBl TOMyCKaeMbIX. BhIlie oTMeqanocs,
YTO TAKOE YCJIOBUE YJOBIECTBOPSIET UCXOJJHOMY PEKUMY.

Torna OCHOBHOE ypaBHEHHME COCTOSIHHS ITPOBOJIA PUMET BU:

2 2 2 2
v 17 F vyl E
oy —*t—=0, -2 o E(, —t
2455 " 24.57 (= L) (2.34)

tH’ 7/H’ O-H
rac - BCIIMYMHEBI, IPUHUMACMBIC B COOTBCTCTBHUHU C BBI6paHHBIM

HCXOJHBIM PCIKUMOM,

t o
M+ "M OM _ gekoMBle MOHTaXKHBIE BEINUHHEL
Pemienne mnonyd4eHHOTO YpPAaBHEHMSI BBIMOJHSIEM METOJOM KacaTeIbHbBIX

(YUCIIEHHBIM METOJIOM), a Tak e ¢ momortsio [T «Maple» mwu «Mathcady.
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OnpenensieMm  pactaruBaroniee ycuwiue Ty — TSDKEHHE  OpPoBoJa  OT
JEUCTBYIOIIMX BHEIIHUX HAIPY30K U TEMIIEpaTypbl BO3ACHCTBUS, ONPEEISIETCS M0
bopmyiie:

Ty=0y-A (2.35)

rne A — nojHas MIola b CEYEeHUs IPOBOAA.

B nomnonHeHne K MOHTaXHOMY TpaduKy CTpOAT rpaduk pacTIrUBarOLIUX
yeumuid: Ty=Tu(t).

JIJ1st HArJISITHOCTHU TPaUKH CTPOSIT COBMEIICHHBIME (PUCYHOK 2.8).

Benwmuuna fm KoHTpOMUpYETCS MpH MOMOIIN T€0Ie3HUECKUX MPHOOPOB, a T

IIPU PACTSDKKE MPOBOJIA JICOEIKOM UIT TPAKTOPOM Uepe3 TUHAMOMETD.

T...daH \ | 0y daH/mm” L, M

( fM ([,')

Ty(t,) 1

min i max

Pucynok 2.8 - MonTaxxuble rpa@uku

ITocne peuiCHus 3THUX BOIIPOCOB MOKHO HCpCfITPI K BBI60py H30JATOPOB U

yHUuuurpoBaHHO# onopsl BJIDII.
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2.7 Boi6op Tunosoii onopsi BJIIII

Jlns Be16opa tumoBoit onopsl BJIDIT HE0O6X01uMo onpeaesuTh pacCTOsIHUS
JI0 HUKHEHN TpaBepChbl, KOTOPOE B OOLIEM Cllydae 3aBUCUT OT HanpsbkeHus BJI, Buna
MECTHOCTH, TPAaCCUPOBKH, JIMHBI TUPJSHIBI, MaKCHUMaJIbHOW CTpPEJBI MpPOBECA
MPOBO/IA, & TAKXKE YBEJIMUEHHUS CTPEIbI IpoBeca Mpu 0OpBIBE MPOBOJIA B COCETHEM
IIPOJIETE.

BricoTa 10 HUXKHEN TpaBepPCHI ONPEAEIISIETCS BRIPAKEHUEM:

hy =L, +f+h+h,+h (2.36)

rae |, — niMHa TUpIASHIEL, M;

f — cTpena npoBeca npoBoja, m;

ho — yBenmuveHue CTpenbl MpoBeca MPOBOJA 33 CYET OOpBIBA B COCEIHEM

npoJieTe (TOJABKO B MpoJIeTaxX MepeceueHus ¢ MHKCHEPHBIMH COOPYKCHUAMHU, M);

h,; — raGapurHelii pasmep, M;

hs — 3amac, y4uThIBarOIIUi ONIMOKY B TOMOTPAPUUECKON CheMKe TPOQHIIT U
OTCTYIUICHUS OT ITUKETA IMPU BBIHOCE IIEHTPOB omop B Hatype, m (h3 = 0,2 + 0,5).

Mzonsums BJIDIT ocymiecTBiasieTcss TUPIISIHAAMU, COCTOSIIUE U3 MOJABECHBIX
M30JATOPOB M CLENHOM apMmaTypbl. THII HM30JATOPOB 3aBUCUT OT CTENEHU
3arpsi3HeHHsT aTMOC(hephl B pPaiOHE NPOXOXKIEHUS TPAcChl M MaKCHUMAIbHBIX
YCUJINH, BOCIIPUHUMAEMBIX U30JISITOPAMH B PA3JIUYHBIX PEKUMAX.

KomnuectBo wm3onsaTopoB 3aBuUCHT OT HanpspkeHus BJIOII, a Taxxke ot
CTeNeHM 3arpsizHeHust atMocepbl. CyMMapHas CTPOUTENIbHASI BHICOTA U30JIATOPOB
U CLENHOM apmaTypbl COCTaBISIET JUIMHY THUPJAHABL. M3054TOpbl MMEIOT
MapKHpPOBKY, IJe nepBas OykBa o0o3Hauvaet Tun uzosstopa: I1 — moasecnou, I —
mThIpeBOil. Bropas OykBa — Bua matepuana uzoistopa: C — cTekIsHHbINA, @ —
dbapdopoBsIii. Hudpst 0003HaYaroT BEJINYUHY rapaHTUPOBAHHOMU
IIEKTPOMEXAHUYECKON MPOYHOCTH B KWIOHbIOTOHAX. [locnmepyromme OykBBI B
KOHIIE MapKUPOBKM 0003HAYAIOT OCOOCHHOCTH KOHCTPYKTHBHOTO HCIIOJTHEHHUSI.
Hanpumep: [1C70-1 —  IIOJBECHOW, CTEKJISIHHBIH, MaKCHUMaJjbHas

AJIEKTpOMEeXaHndecKkas paspymatomas Harpyska — /0 kH, monudukanus 1. Ucxons
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U3 YCJIOBHH pabOThl, M30JATOPHI PACCUYUTHIBAIOT MO MYTH YTEUKH TOKA U TIO
MaKCHUMaJIbHOW pa3pyIllaroliel Harpy3Ke.

B pacuerax u3014TOpOB, ONMOP U UX OCHOBAHUW MPUHUMAIOT TAK Ha3bIBAEMbIE
pacyeTHbIC Harpy3KH, MOJIydaeMbIe ITyTEM YMHOKEHHSI HOpPMAaTHBHBIX HAarpy30K Ha
K03 puIeHTHI meperpy3ku N. ITu K03 PUIIEHTHI ONIpeiesIeHbI B 3aBUCUMOCTH OT
BEPOSITHOCTHA TIPEBBIMICHUS HAarpPy30K Pa3IUYHBIX BUIAOB W OT COCTOSIHHS JIMHUU.
Tak, xodddurment mneperpy3ku (kodhPUIMEHT HAASIKHOCTH IO Harpy3Ke)
YUHUTHIBAET OTKJIOHEHUE 3HAUEHUS HArpy3Kd OT €€ HOPMATUBHOI'O 3HAYEHUS: IS
cOOCTBEHHOr0 Beca KOHCTpykumu N=1,1; nns BeTpoBbIX Harpy3zok N=1,2; mus
BEPTUKAIBHBIX TOJIOJIEAHBIX Harpy3ok N=2,0; najs TOPU3OHTAIBHBIX BETPOBBIX
Harpy30K IPpH TOJIOJICAHBIX OTJIOKEHUsIX N=1,4; /isi MOHTaXHBIX Harpy3ok n=1,3.

B kypcoBoii pabore NpPOM3BOAMTCA pacueT H30JATOPOB TOJIBKO IO
MaKCHUMAaJIbHOW pa3pylIaroliel Harpy3Ke.

[lopnepxuBaromias TUpASHAA BOCHPHUHUMAET TOJIBKO OCEBYIO HArpysKy,
MO3TOMY BBIOOpD THMA W30JATOPOB JJIsl TOJJCPKUBAIONIEH THUPJISHIL B
HOPMATUBHOM PEXHUME MPOU3BOJUTCA MO KO3PPUIMEHTaM 3amaca MPOYHOCTH
N1=2,7 — mpu HanbosbIel Harpy3ke; N2=5,0 — mpu OTCYTCTBUU BETpa M roJIojeaa:

n = i > 2,7 (2.37)

01

F

n,=—>5,0 (2.38)
02

rae F — anekTpoMexaHudeckas paspymiaroiias Harpyska u3ojstopa, daH;

Go1, Go2 — oceBble HArpy3KH, JACHCTBYIOIIME HA IMOCICIHUA H30JATOP, B

COOTBETCTBYIOIIUX pexkumax, daH.

[Ipuuewm:
GOl :(7/;0 .A'Isec. Z)+Gg (239)
GOZ = (ylp ) A Igec. ’ Z) +Gg (240)
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p .
rae )7 — pesylbTUpYyIOlIas pacyeTHas yjeldbHas Harpy3ka OT BETPOBOM

daH

Harpy31<1/1 " BECa HpOBOI[a, HOKpBITOI‘O TOJ0JIEAO0OM, - 3 ;
M MM

A — noJiHas TIo1a b CEYEHUS MPOBOA, MM

lsec - BecoBoit mposieT, m (lsec=1,25-1);

p
Y1 - pacueTHas yJenbHas Harpy3ka OT COOCTBEHHOrO Beca IpOBOJA,

daH

M'./Vl./l/l2

t — yncno npoBooB B (paze.

C yuetoM K03 PUITMEHTOB MEPErPy3Ku:

i =11y (2.41)
77 =) + (L) (2.42)
351€eCh:

75 =11, +2,0-, (2.43)
yP =127, (2.44)

PacuetHas Harpys3ka rupJisiHAbl U30JIATOPOB:

Gl =11-G, -k (2.45)
rae Gy — Bec oaHoro usonsaropa, daH;

K - uncio H30JIATOPOB B HOI[BCCHOﬁ TUPJIAHAC.

YUucno u30a4TOPOB B NOABECHON THPISHAE IPUHUMAETCA B 3aBUCUMOCTH OT
Hanpsbkenus: BJIOILL

Bri6op wuzomsaTOopa mpoBoasaT 1o kKodpduilMeHTaM 3amaca MPOYHOCTH.
Be1bupatoT THIl M30J58TOpa [0 YCIOBUSAM 3arpsi3HEHUsI aTMOC(EpPHI ¢ HAUMEHbIIEH
AIEKTPOMEXAHNYECKON Ppa3pyLIAONIE HArpy3KoW, ONPEAENSIOT MaKCHUMaJbHYIO

OCEBYI0 HAarpy3Ky, JCWCTBYIOIIMKA HAa TNOCICIHUNA H30JATOP, BBIYUCIISIOT
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ko3 uUIMeHTs 3amaca MPOYHOCTH W CPABHUBAIOT WX C HOPMATHUBHBIMU
kod(ppunreHTamu.
Ecnu BhIOpaHHBIA THUI HU30JISITOpA HE YIOBJIETBOPAT XOTS Obl OJTHOMY W3
YCJIOBHUH, HEOOXOIUMO IIPUHATH H30JIATOP ¢ OOJNBIICH pa3pyIaroIieii Harpy3KOHu.
[Tocne okoHYaHUs BRIOOPA U30JIATOPA ONIPEACIISIIOT JIMHY TUPJSHIBL. J{muHa

TUPJISAHIBL.

L, =h, k+h (2.46)
rac hH — CTPOUTCIIbHAA BBICOTA U30JIATOPA, M,

h, — mHA apmatypel, .

Omnpenenexue cTpelibl NpoBeca MPOBoJia MPOBOIUTCS MO PopMyIie:

2
fozl

8.5 (2.47)

rac Y, u O, - BCIWYUHBI, IPUHUMACMBIC B COOTBCTCTBUU C BBI6paHHBIM

UCXOJHBIM PEXUMOM pabOThl IPOBO/A.
Bormpoc yBenuueHus ctpessl IpoBeca 3a cueT oOpbiBa B COCEAHEM MPOJIETE

MOKHO IIPUHATS.

h, = 0,02 (2.48)

Omnpenenenue JUIMHBI MAKCUMAJIBHOTO MPOBECa ObLIIO PACCMOTPEHO paHEe.
['aGapuTHbIil pa3mep, T.e. MUHUMAJIBHO JOMYCTUMOE pPAaCCTOSHUE OT

IMMOBCPXHOCTHU 3EMJIN 1O TOUYKHU HauOOJIBIIETO IMPOBHCAHUSA, 3aBUCUT OT TPACCUPOBKHU

U TIpUBEJIEH B Tadnuie 2.5.
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Tabnuna 2.5 — 'abaputHeIii pazmep

Xapakrep MECTHOCTH

Haunmensbinee PaCCTOAHUC JO 3CMIIN, M,

nipu HanpspxkeHnuu BJL, kB.

Jo 110 150 220 330 500
Hacenennass MmecTHOCTD 7 7,5 8 8 8
Henacenennass MECTHOCTD 6 6,5 7 7,5 8
TpynHoaOCTYITHAS MECTHOCTD 5 55 6 6,5 7
HenoctymHbIe CKIOHBI TOP, CKaJHI, 3 35 4 45 5
YTECHI U T.II.

PaitoHbI TYHIIpBI, CTENEN C IOYBAMHU

HETIPUTOAHBIMHM  JIJIST  3eMJICIICITHS, 6 6 6,5 6,5 7
MyCTHIHU

Takum oOpa3oM, ONpENEIUB PACCTOSHUE 10 HWXKHEH TpaBepChl, I10

CIIPaBOYHUKY BHIOMpPAEM YHUDHUITMIPOBAHHYIO OIOPY.

[udp omopsl cocTouT U3 OYKBEHHOTO WHJEKCA, OMPECISIONIEro THI U

matepuan onopsl (II — mpomexyrounas, Y — yriioBasg U aHKepHO-yrjoBas, b —

xene3zoberonHas, /1 - nepeBsinHas), u iupoBoit YaCTH, yKa3bIBAIOIICH HAIPSXKEHUE

BJI B KWIOBONBTAX W TOPAAKOBBIA HOMEpP OMNOpPHI. JlJIsi METAUIMYECKUX OIOP

OykBEeHHOE 00O3HauUeHUE MaTepuasia onyckaercs. HeueTHbie nu@pbl TOPSIKOBBIX

HOMCPOB OIIOPEbI 0003HAYaIOT OJHOICITHBIC OIIOPBI, YCTHBIC — ABYXICITHBIC.

Bo u36exanne MHOrooopasus BeIOOpa KOHCTPYKIIMI TMPUHSATHI CICAYIOITUE

ONTUMAJIbHBIC BBICOTBI B MCTpaxX CTAJIbHBIX HPOMCKYTOYHBIX OIIOp 10 HUKHEH

TPaBEPCHI:
35xB-12,0+15,0 m;
110 kB - 19,0 x;

220 + 330 xB (onnouennsbie) — 25,0 m;
220 + 330 xB (mByxuenusie) — 27,5 um;

500 xB u Oonblile — HEe MeHee 27 M.

CTBOJIBI OIIOpbI BKIIIOYAIOT HpﬂMOJ’IHHCfIHBIC

WM ¢ neperubamu mosica.

upura cTBONA MPOMEXKYTOYHOM OMOPHI BBepXy Kosebmnerca ot 600 mm 1o

1200 mm (B 3aBUcHMOCTH OT HanpspkeHust BJIDI). baza onop npsMoyroiasHas win

KBaJpaTHasl.
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2.8 MeToabl pacyeTa CTPOUTENbHBIX KOHCTPYKIIUIA

B mnactosiiiee Bpemsi Bce CTPOMTENIbHBbIE KOHCTPYKUMU M KOHCTPYKIIMH
MPOMBIIJIEHHBIX W TPAXAAHCKUX 3JIaHUK U cOOpykeHuiu, moctoB, BJIDII u mp.,
pacCUMTHIBAIOT MO METOJYy IMpEAECNbHBIX COCTOSHMN (METOJ  YacCTHBIX
kodhuirieHToB). MeToa TONMyCKaeMbIX HANpPsHKEHUH SBISIETCSI OCHOBHBIM IIPHU
pacyeTe MEXaHUYECKHUX Y3J0B U JCTajeil MaIlllMHOCTPOUTEIbHBIX KOHCTPYKIUU.
OCHOBHBIM HEJIOCTATKOM pacuera IO JAOMYCKAaeMbIM HAIpPSKEHUSIM SIBIIIETCS
0000mIeHHBIN KO3(PUIIMEHT 3amaca MPOYHOCTH, TaK KakK eJUHCTBEHHBIN
KO3(PPUIIMEHT HE MOKET MPAaBAONOJ00HO OTPa3uTh MHOTO00Opa3ue yCIOBUM, OT
KOTOPBIX 3aBUCUT 0€30MaCHOCTh KOHCTPYKIIUU UITU COOPYKEHUS.

[IpenenbHbIM CUMTAETCSI COCTOSIHUE, TTPU KOTOPOM KOHCTPYKIIMS TIepecTaeT
YAOBIIETBOPATH AKCILTyaTAllMOHHBIM TPEOOBAHUAM, NPEIBABISIEMBIM B IIPOIlECCe
BO3BEJICHUS 3[]aHUS WJIH COOPYKEHHUSI.

Paznuuarot nBe rpynmnsl NpeaenbHbIX COCTOSTHHM.

[lepBas rpynna - HENPUTOAHOCTH K JKCIUTyaTallUd MO MPUYMHE HECyllen
CIIOCOOHOCTH, T.€. MPOYHOCTH, YCTOMYMBOCTH M YCTaJlOCTH MaTtepuayioB. Ha
YCTaJOCTh MaTepualia MPOBEPSIIOT KOHCTPYKIIMH, BOCIIPUHUMAIOIINE MOJABUKHYIO
Harpy3Ky (MOAKpaHOBBIC OATKW) WM BUOPAIIMOHHYIO HArpy3Ky (KOHCTPYKIIMH IO/
TypOUHBI).

Btopass rpymnma - HENpUrogHOCTh K HOPMajJbHOW HSKCIUTyaTallud B
COOTBETCTBUM C TPEAYCMOTPEHHBIMH TEXHOJIOTHYECKHUMHU WJIH OBITOBBIMHU
YCIIOBUSMH.

B npaBunpHO CpOEKTUPOBAHHOM COOPYKEHUU JIOJKHA OBITH OOecredeHa
HaJIeKHOCTh, HE JOJDKHO BOZHUKATh HU OJTHO U3 TIPEACIIBHBIX COCTOSHUM.

HanexxHocThi0 Ha3bIBAa€TCS CIIOCOOHOCTH OOBEKTa COXPaHSATh B MpoIEcce
AKCILTyaTallli KauyeCTBO, 3AJI0KEHHOE MPU MPOEKTUPOBAHUHU.

@dakTopbl, OT TOYHOCTU y4e€Ta KOTOPBIX 3aBUCHUT YPOBEHb HAJCKHOCTHU
COOPY’KEHUS WU OTIEIBHOIO €ro 3JIEMEHTA, CIIeAyIOIIHE:

- Harpy3Ku U Apyrue BO3ACHCTBUS;

- MEXaHUYECKUE CBOMCTBA MaTEpHUaa;
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- TEOMETPUYECKHUE MMAPAMETPBI KOHCTPYKTHUBHBIX JIEMEHTOB;

- YCJIOBHSI pabOTHI;

- CTEIIEHb OTBETCTBEHHOCTU COOPYKEHHUS U T.II.

HopmaTtuBHbiE 3HAueHUs HArpy3KM M BO3JIEUCTBUM COOTBETCTBYET HX
3HQYEHUIO NpH  HOPMAJIBHOW  3Kcruryatauuu. OHHM  yCTaHAaBIMBAOTCS
ctpoutenbHbiMM HOpMaMu U mpaBwiamu (CHull). Bo3MoxHble OTKIOHEHHS
3HQYEHUW  HArpy30K OT HMX HOPMATUBHBIX  3HAYEHUW  YUYHUTHIBAKOTCA
kKod(ppuIMeHTaMU HAJEKHOCTH II0 HArpy3ke 7, KOTOPBIA MPUHUMAEM B
coorBercTBuM co CHull.

Harpy3ku u BO31€WCTBHS, NOJYUYEHHBIE YMHOXEHHEM HX HOPMAaTUBHBIX
3Ha4YCHUH Ha KOA()PUIIUEHT HAC)KHOCTH, HA3bIBAIOTCS PACUETHBIMU.

[Ipu pacyere mo nepBor rpyIme NpeAeabHbIX COCTOSHUN N > 1, Mo BTOpOU
rpymme n = 1.

OCHOBHOM  XapaKTEPUCTUKOM CONPOTUBICHHS MATEPHAIIOB  CHUJIOBBIM
BO3IENCTBUAM SBJIAETCS HOPMATUBHOE comporusinenue, R, ycranasiameaemoe
CHullom ¢ yuyeroM YycClIOBUH KOHTPOJA U CTAaTUYECKOM M3MEHYHMBOCTHU
MEXaHUYECKUX CBOMCTB Marepuaja. B kauecTBe HOPMATHBHOI'O COIPOTHBIICHUSA

CTPOUTENBHBIX CTaJICH MPUHUMAIOT HAUMEHBIITNE KOHTPOJIUPYEeMbIe (OpaKOBOYHBIE)

3HAYEHUsS TIpejiesia TEeKy4eCTH O WIM BPEMEHHOE COIMPOTHUBJIECHUE (TIpeaesn

MPOYHOCTH) O,. Ot 3HaueHus ycrtaHaBiauparoTcss ['OCT wiM TeXHUYECKUMU
ycnoBusimu (TY) Ha meTau.

BO3MOHBIE OTKIOHEHUS B HEOJIAaronpHATHYI CTOPOHY OT 3HadeHuii R,
YUUTBIBAETCS KOA(PQHUIMEHTOM HAIEKHOCTH 110 Marepuany },, >1. Dror
KO(PPUIIMEHT OTpakaeT CTAaTUYECKYH) M3MEHUMBOCTh CBOMCTB MaTepHaia U UX
OTJINYKE OT CBOMCTB OTJIENIbHO UCIIBITAHHBIX 00Pa3I0B.

Benuunna, nonydyeHHas B pe3yJibTaTe€  JICJIE€HUS  HOPMATHUBHOTO
CONPOTUBJICHUSI HAa KOI(P(MUIIMEHT HAJEKHOCTU IO MAaTepuUaly HaJ pacyeTHBIM

COIIPOTHUBJIICHHUCM, HA3BIBACTCA PACUHCTHBIM COIIPOTHUBIICHUCM!
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RH
7/ M

R (2.49)

Ona mpencraBiasieT coOOM  HAMMEHBINYID  BO3MOXHYIO  BEIHYHUHY
HOpPMaTUBHOT'O CONPOTHUBIIEHNUS, 3HaueHusl R ycranasnuBaetrcss CHull.
PacueTHble xapakTepuCTUKHA MaTepUaloB MPUBEIEHBI B Tabauuax 2.6 +2.8.

Ta6muma 2.6 — Koaduruent yciaoBuii paboTsl Y

Ne i/ HaumeHoBaHKE 3JIEMEHTOB KOHCTPYKLIMU 3HRYCHHE
ko3 dunmenTa
1. PacTsHyTBIC AIEMEHTHI TOSICOB U PEIIETOK C 0,9
MECTHBIMH OCJIa0JeHUsIMU (OTBEPCTHUSI O]
OOJTHI U 3aKJICTIKN)
2. Cxarple mosica W3 OJWHOYHBIX YTOJIKOB B 0,9
NEPBBIX JIBYX MaHEISIX OT OMOPHOTO OalMaka
3. Cxarble PacKoChl MPOCTPAHCTBEHHBIX 0,75
pelIeTyaTbiX KOHCTPYKIUH U3 OJWHOYHBIX
YTOJIKOB, IPUKPEILIIEMBIX OJHOU IOJIKOU IIPU
MIOMOIIIN CBapKU

Jlist  OONTOBBIX COEIMHEHHUM PACUETHBIE CONPOTHUBIICHUS MPUBEICHBI

B Taoymue 2.7.

Tabnuma 2.7 - PacyeTHBIC COMPOTUBIICHUS OOJITOBBIX COCTUHCHHM

bosrer Coenunenust Hanpsoxennoe | PacueTHble conpoTUBIEHNUS,
Mll1a,
KJIACCOB MPOYHOCTH

COCTOAHHUC

46|48|58|56|6.6|8.8

[ToBeIIEHHOM | OnHOGOITOBbIE Pactsaxenue 170 | 160 | 190 | 210 | 240 | 400
TOYHOCTH Muoro6onroseie | Cpe3 150 | 160 | 180 | 170 | 200 | 300
HopmanbHOo# OmHoGomoBHe Pactsokenne 170 | 160 | 190 | 210 | 240 | 400
" rpy6oit Cpes 150 | 160 | 180 | 170 | 200 | 300
TOYHOCTH PacTsoxenue 170 | 160 | 190 | 210 | 240 | 400
Muoroboarossie Cpes 130 | 140 | 160 | 150 | 170 | 250
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Tabnuma 2.8 - PacuetHsie conpoTuBieHus ctanu R

Pacuernsie conporuBnenus, Mlla, cranu
By HanpsiKEHHOrO COCTOSHUS KJ1aCcCcOB
C38/23 | C44/29 | C46/33 | C52/40
Pactsxenmne, coxxatue, H3ruo 210 260 290 340
(o mpeneny TEKy4ecTH)
Cpes 130 150 170 200
CwmsiTue TOPIIEBOM TOBEPXHOCTH 320 390 430 510

PacueTHbie COIPOTHUBJICHUS IJI BCCX KIIACCOB IIPOYHOCTH YIJIOBBIX CBAPHBIX

HIBOB cpe3y npunumaeM 165 Mlla.

2.9 MartepuaJibl AJ151 CTAJbLHBIX KOHCTPYKIMH U COeTUHEeHUI

[IpoexTupoBanue ctaibHbIX KOHCTpYKIMi onop BJIDII u OPY (oTKphITHIX
pacnpenenuTeNbHbIX YCTPOMCTB) JODKHO MPOBOJATCS B COOTBETCTBHM C
ykazanusamu raassl CHull 11-23-81" CrpoutenbHuble HOpMbI M npaBuiia. CTalbHbIE
KOHCTPYKIIUH.

I[lo xoHcTpykTuBHOU (opme omopsl BJIDII mpeacraBisior  coboit
IPOCTPAHCTBEHHBIE CTEPYKHEBBIE CUCTEMBI, DJIEMEHTHI OMTOP OOBIYHO BBITIOJIHSIOT U3
PABHOMOJIOYHBIX yTOJKOB. [Ipu OOMBIION BHICOTE OMOP OKA3hIBACTCS BBHITOJIHBIM
MpUMEHEHUE TPyOUaThIX NMPoUieH.

B 3aBucHMMOCTH OT MEXaHMYECKHX CBOMCTB NpPHU PACTSIKEHUU, BCE CTallH,
MPUMEHSEMBIE [ CTAIbHBIX KOHCTPYKIIMH, MOIPA3AEISIOTCA HAa YCIOBHBIE KIJIACCHI

IIPOYHOCTH, UMEHYEMBIX «Kjaccamu ctaimy». s onop BIISII moryT npuMeHsThCS

ctanu kiaccoB nmpounoctu: C38/23, C44/29, C24/33, C52/40. Lludps! B uHaEKCE

KJlacca TMPOYHOCTH O0003HAYAIOT: YHCIHUTEIh — MHHUMAIBHYIO BEIUYHHY
daH
BPEMEHHOTO COMPOTHUBIICHUS HA Pa3phbiB B >, 3HAMEHAaTeJIh — MUHUMAJIbHYIO
M
daH
BEJINYMHY TIpeesia TeKy4YeCTH, > (Tabmura 2.9).
MM
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Tabnuma 2.9 — Mexanndeckne CBONCTBA MaTEpUAIOB IIPU PACTSKEHUHU

Bpemennoe N
Kirace COMPOTHBIIEHHE PEACH TCKY4YCCTH | OTHOCUTENBHOE yIJIMHEHUE
cTaau oy Mila o+, Mlla o, %
C38/23 380 230 25
C44/29 440 290 21
C46/33 460 330 21
C52/40 520 400 19

Marepuanbsl sl CTalbHBIX KOHCTpykuuid omop BJIDII B 3aBucuMocTH
TEMIIEpaTypPHBIX YCIOBHHI MX 3KCIUTyaTallMd MpUBEIEHbI B npuioxeHuu . Jlns
onop BJIDII B kauecTBE OCHOBHBIX BUIOB CTald PEKOMEHAYETCS YTJIIEPOIUCTAS
ctaisb kinacca C38/23 mapku BCT3 1 HU3KOIETUpOBaHHAS KOHCTPYKIIMOHHAS CTaNb
knacca C46/33 mapku 1412 - B paiioHax ¢ pacueTHOil Temneparypoii munyc 40°C;
B palioHax ¢ pacueTHO# Temmeparypoil Hmke MuHyc 40°C - HU3KOJIETMPOBAHHEIE
KoHCcTpyKInoHHble ctayim 0912C u 10I2C1.

JUist cBapKu CTalbHBIX KOHCTPYKIMH CIIEIyeT NPUMEHSTh MaTepualbl,
COOTBETCTBYIOIIIME KJIACCy CBAapUBAaEMBIX cTajel, oOecneunBaromye Tpedyemble
CBOICTBA CBAPHBIX COCIMHEHUM U HAJIEXKAILYIO TEXHOJOTUIO UX U3TOTOBIICHHUS.

Bontel rpy0oii TOUHOCTH, HOPMAIBHOW TOYHOCTH U MOBBIIEHHONW TOYHOCTH
(TOCT 1558970, TOCT 17805.0 - 87, TOCT 1759.0 - 87) BBINOJHSIOT |3
yriepoaucTbix U aerupoBanHbix craneit (FOCT 19281 — 2014, T'OCT 380 - 2005).

B 6onToBbIX coeMHEHUAX, pa0OTAIOIINX HA PACTSHKEHUE, KIACC MPOYHOCTH
raeKk J0JDKeH COOTBETCTBOBATH MEPBOMY YMCIY O0O3HAUEHHs Kjacca MPOYHOCTHU
oontoB. Hanpumep, 6oity kiacca mpoyHOCTH (5.8) COOTBETCTBYET raiika kjiacca
MPOYHOCTH (5) | T.II.

3a pacueTHy1o TeMIiepaTypy NPUHUMAETCA CPEIHsS TEMIIEPATypa HAPY>KHOTO
BO3/yxa HanOoJiee XOIOAHON MATHUAHEBKHU coryiacHo ykasanusiMm rinassl CHull mo

CTPOUTEIHHOU I€OJIOTHH U TEO(PUZUKH.
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2.10 Onpenenenne  pacyeTHBIX  HArpy30K, [JelCTBYIOIIMX  HA
MPOMEKYTOYHYIO OIIOPY
Cornacuo I1YD u CHull paznuyaror Tpu pexkuma, KOTOpble MOTYT ObITh B
MPOLECCE MOHTa)ka W DOKCIUIyaTalluu JIMHUW: HOPMAaJbHbIA, aBapUMHBIA U
MOHTAKHBIH.
[Ipu BBIMOIHEHUHU KypcoBO# paboThl pacueTsl BJIDII npoBoasTCs TONBKO B

HOpPMaJbHOM peXuUMe sl IByX couetanuil. [lepBoe codyeTaHue: CKOpOCTh BeTpa

MakcuMaibHast, rojones orcyrctByeT (U = Unay; C=0). Btopoe coueranue:
TOJIOJICIHBIC OTJIOXKEHHUS Ha IMPOBOJIAX MAaKCHMAaJIbHBI, CKOPOCTh BETpa paBHA
CKOpPOCTH, ITPUHAMAEMON npu ronoiene, Ho He MmeHee 15 wm/c (U, =0,5-0, . ;

C=Cnax). B xypcoBoii paboTe mepBoe Wik BTOPOE coueTaHue OepeTcs Mo yKa3aHUIo
penoaaBaTers.

HopmaneHbIM pexrMOM Ha3bIBaeTcs paboTa JMHUM TMPU HEOOOPBAHHBIX
npoBoAax U Tpocax. [Ipu paboTe B 3TOM peXuMe Ha ONOPhl U UX OCHOBAHUS
JEHUCTBYIOT TOCTOSIHHBIE HArpy3kd OT COOCTBEHHOTO Beca OIOp, H30JSTOPOB,
NOJJIEP>KUBAIOIIEH apMaTyphl, TPOBOJIOB U TPOCOB 0€3 roJiosena; NepruoIundecKu
MOBTOPSIOIINECS KPATKOBPEMEHHBIE HArpy3Kd OT JIaBJICHHsSI BETpa Ha IMPOBO/IA,
TPOCHI ¥ OTOPHI, BECa rojojie/la, MOHTAKHBIC HArpy3Ku. Bce AT Harpy3ku MOKHO

pasaciinTb Ha BEPTUKAJIbHBIC 1 TOPU30HTAJILHBIC.

2.10.1 BepTukanbHbie Harpy3Ku

Ji1st BBIOpaHHO#M TUTIOBOM OMOPHI COOCTBEHHBIN BEC U3BECTEH U MPUJIOKEH B
ee LeHTpe TshKecTu. [IpuHuMaeMm, 4To ee LHEHTP TSKECTH PACIION0KEH Ha YPOBHE
0,5-H Han 3emueli (H — monHas BbICOTa OMOpPHL, m). Eciu omopa otiaudaercss ot
TUIMOBOM, TO BEC OINOPbl NEPBOHAYAIBHOM CTAJIMM MOXHO OIPEICIUTh IO

3aBUCHUMOCTHU:

H _ .
Go =q-H (2.50)

daH
J — BEC OJTHOTO ITOIOHHOT'O METpa OMOPbl, — .
M
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Pacuernslii BEC ONOpHI:

G, =11-G, (2.51)

_ daH
OpHUEHTUPOBOYHO MOKHO MPHUHATH =150 —— /U151 MPOMEXYTOUHBIX OIOP
M
o daH . .
BJIDII nanpsixenuem no 220 xB; q=170 — — 111 OTHOIIETTHON MPOMEKYTOTHON
M

ormopsl BJIDIT manpsokennem 330 kB u =350 dalt npu HanpspkeHuu 500 kB u
M

BBIIIIC.

HopmaruBHas Harpy3ka oT Beca mpoBoja 6e3 rosonena, daH

G'=y Al (2.52)
PacyerHas Harpy3ska oT Beca ImpoBoja 0e3 rojojena, daH,

G’ =11.G" (2.53)
HopmatuBHas Harpyska OT Beca rojiojie/ia Ha nposojax, daH,

G =y, Al (2.54)
PacderHas Harpy3ka oT Beca rojonena Ha npoBojax, daH,

G, =2-G (2.55)
HopMaTuBHYI0 MOHTaXHYIO Harpy3Ky MOKHO MPUHSTh:

- npu Hanpspkennn BJIDIT < 330 kB — 150 daH,

- npu Harnpspkernn BJIDTT >330 kB — 250 daH.

Harpy3ka oT cOOCTBEHHOTO Beca TMPJISIHABI U30JSTOPOB ObLIa pacCMOTpPEHa

panee.

Pacuernas MoOHTaxHas Harpys3Ka:

P H
G, =13-G,, (2.56)
PacueTrnas Harpy3ka oT COOCTBEHHOTO Beca MOIICPKUBAIOIIEH apMaTyphl:

P H
G, =13-G, (2.57)
rae G - HopMmaruBHas Harpy3ka OT COOCTBEHHOTO Beca MOJACP>KUBAIOIICH

apMarypabl.
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2.10.2 T'opu3oHTAIbHBIC HATPY3KU

I'opu3oHTanbHas Harpyska Ha IMPOMEXYTOYHYIO OIOpPY, ITPOBOJA U TPOCa B
HOPMAJIbHOM pEXUME BO3HUKAET TOJBKO OT BETpOBOro Hamopa. HawuOoinbein
BEJIMYMHBl BETPOBas  HArpy3ka JOCTUIaeT IIpM  HalpaBICHUU  BETpa,
NEPIEHIUKYJIApHOM Tpacce. B KypcoBoil pabore HE0OXOIUMO paccMaTpUBaTh
TOJIBKO 3TOT CJIy4ail.

HopMmaTtuBHas Harpy3ka oT BeTpa Ha KOHCTPYKIIHIO onopsl, daf,
Fo'=Ci-0g -K,-S- B (2.58)
r7e g — HOPMAaTHBHBINA CKOPOCTHOW HArop;

Kn — ko3 punrieHT yBenuyeHus: CKOPOCTHOTO HAIopa 1o BBICOTE;

S — mwIomaas MPOEKIUH OIOPHI [0 HAPYKHOMY 00Mepy, M2

S=H-B (2.59)

rae H — momHas BeICOTa OTOPHI, M,

B — mmpuHa cTBOJIa OMOPBI HA YPOBHE LIEHTPA TSHKECTH OIMOPHI, M (BEIIMUUHY
B naxomuM rpadudecku, i 4ero BEIYEpUYUBAEM CXEMY OTIOPHI CTPOTO B MacIiTade
U OTIpEJIEIIsIEM €€ 3HAUCHUE);

[ — IWHaMHYECKMH KO3(PPUIMEHT, YYUTBHIBAIONIUN JTHMHAMHYCCKOE
BO3/IEUCTBUE MOPBHIBOB BETPA.

Jlnst onop BbIcOTOM 10 40 METPOB MOKHO MPUHSATH:

- = 1,36 — 1151 OTHOCTOCYHBIX MPOMEKYTOUHBIX OTIOP;

- = 1,40 — nyis mOpTABHBIX CBOOOAHO CTOSIIIMX OTIOP.

Ct — aspoauHaMuyeckuii KO3 UIIMEHT OOTEeKaHHs MPOCTPAHCTBEHHOMN

(bepMbl, KOTOPOH SBJISETCS CTBOJI OMOPBI, BETPOBBIM MOTOKOM, ONpPEAEIISIEMbINA O

BBIPAKCHUIO:
Ci=C-0-(1+n) (2.60)
rie C — a’poauHaMUYECKuid KOIPDUIIMEHT, 3aBUCAIIUN OT CEUCHHS

npoduiis npokata (s paBHoOokux yrojakos C=1,4);
¢ — KO3(DPUIMEHT 3amoJHEHUsT pelIeTKU (epMbl, MPEACTABISIONUN COO0M

OTHOIICHHUEC ILIOoIIadu HpOCKHI/Iﬁ BCEX DOJIICMCHTOB (l)epMBI K InIomajnu,
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BBIYUCIICHHOH 10 €r0 HapY)KHOMY Tra0apuTy (MPH BBIMIOJHEHUN KyPCOBOW pabOThI
MOkHO npuHATh 9= 0,2 + 0,4);

7 — ko3¢ GuIMeHT, 3aBucsIuil ot otHoenus b/h (pucynok 2.9) u 3HaueHMs
¢, onpeaesieMbIit o Tabimie 2.10.

Ta6muma 2.10 — Tabauna ko3 HUIMEHTOB 7
b/h

¢ 1 | 2 | 4

n

0,2 0,85 0,90 0,93
0,4 0,50 0,60 0,67

/. -

b

Pucynok 2.9 - Ceuenne HI)KHEH OMOPHOM CEKITUU

[IpoMexyTouHblE  3HAYEHHS  BBIYUCIAIOTCS  METOAOM  JIMHEHHOMN
UHTEPITOJISIINH.

[Tpu onpeneneHny HOPMATUBHON HATPY3KH OT BETpa Ha MPOBOJT HEOOXOAMMO
OIpeaeTuTh KOd()PHUIMEHT yBeNIUYeHHE CKOPOCTHOTO HAaIopa Mo BHICOTE, U, €CIU
YTOYHEHHOE 3HAa4YeHHE OTJIMYAeTCsl OT paHee MNpUHATOro Oosbiie yemM Ha 5%,
nepecyuTaTh y4 U ys. 3HaueHue koddduuuenta Ky HEOOXOIUMO ONPEACTUTD IS
BBICOTBI, COOTBETCTBYIOILIEH BEpXHEH TpaBepce.

Pacyernas Harpyska OT BeTpa Ha KOHCTPYKIIMIO OTIOPBI OMPEIENISIETCS IO
dbopmye:

Fy =12F; (2.61)

HopmatuBHas Harpy3ka oT BeTpa Ha IpOBOJI, CBOOOIHBIHN OT rojyoiena, daH:

Fl=y,-Al, -Z (2.62)

€ leem — BeTpoBoii ponet, M (lsem =1).
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Pacuernas Harpys3ka OT B€Tpa Ha IIPOBO/I, CBO6OI[HBII71 OT roJjoJicaa, daH:
P H
FP=12-F (2.63)
HOpMaTI/IBHaH HarpyskKa OT B€Tpa Ha ITPOBO/I, HOKpBITBIﬁ T'OJIOJIEAOM, daH:
*“H
Fn = 7/5 ’ A Ieem ) Z (264)
PacueTHas Harpy3kKa OT BCTpa Ha IIPOBO/, HOKpBITLIﬁ T'0JIOJIEI0M, daH:

F"=14-F" (2.65)

2.11 Onpenenenne peakuuii onop

Merannuyeckue OIIOPBI IIPEICTABIISAIOT coboit CTEpPIKHEBBIE
MPOCTPAHCTBEHHBIE PEIIeTYAThIE KOHCTPYKIIMHU, UMEIOIIKE B OOJIBITUHCTBE CIIy4acB
npu3MaTuyeckyro ¢Gopmy uiu (GopMy OOETUMCKOB C MajblMH YIjaMd HaKJIOHA
rpaHeit (4, cleqoBaTeNbHO, OSICOB) K MPOAOJIbHON OcU. B Takux ciydasx pacuer
MPOCTPAHCTBEHHOW KOHCTPYKIIMM MOXET MPOU3BOJUTHCS IYyTeM pPa3IoKeHUs
Harpy30K Ha COCTaBJISIONINE, JEHCTBYIOIIUE B MJIOCKOCTH T'paHEH, U CBOJUTCS K
pacdety muiockor ¢epmbl. [lnockue dhepMbl KOHCTPYHPYIOT TaKUM 00pa3oM, 4YTO
MPUJIOKEeHHAs K (pepMe Harpy3ka nepeaeTcs B y3Jjiax, BCISACTBUEC YETO, B CEUYCHUAX
AJIEMEHTOB (pepM HE BO3HUKAIOT TOMEPEYHBIC CUJIBI W W3THOAIONTNE MOMEHTHI,
CTep’KHU pabOTalOT TOJBKO HA pPACTSIKEHUE WM CXKAaTHe, W, CIEJOBATENbHO,
peaKkIuu cTepKHEN OyayT HaMpaBJICHbI BAOJb TUX CTEPIKHEH.

VYeunus B nmosicax mpu 3TOM, NPEACTABISIOT CO00M alredpanveckyro CyMMy
COBMECTHBIX YCHJIMH B TOSICaX CMEKHBIX TIOCKUX (hepM.

OueHb pesIKo JOMyCKAaeTCsl BHEY3JI0BOE HarpykeHue (epMbl, Ipu KOTOPOM
CTepkHU (hepMbl pabOTAIOT JOMOJHUTEIBLHO €Ie W Ha MECTHBIM M3ru0, 4TO HE
BBITOJIHO. Beca crepxkHel [0CTaTOYHO Majibl IO CPaBHEHUIO C CHUJIAMU,
MPWIOKEHHBIMH B y3J1ax (DepMbl, TO3TOMY UMH TPEHEOPETAIOT (W ACIAT MEXKITY
y3JIaMH).

[IpennonaratoT, 4Yto Y376l (QepMbl MNPEACTABISIIOT COOOM HJIealbHbBIC

[IAPHUPBI, T.€. CHJIAMH TPEHUS ITPEeHEOperaror.
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OCKN3 OJHOCTOCYHOM IPOMEXKYTOYHOW OIIOpPBI NPEACTABIECH HA PHUCYHKE
2.10.

PacyeTHas cxeMa 0JHOCTOEUHOM OMOPHI sl IEPBOIO COYETAHUS (T0JIONIE] HA
IPOBOJAX OTCYTCTBYET, CKOpPOCTb BETpa MaKCHUMajlbHa) IPUMET BH],

MpEe/ICTaBICHHBIN Ha pUcyHKe 2.11.
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Pucynok 2.10 — Dcku3 npomMexyTOUHON OMOpPBI
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Pucynox 2.11 — PacueTHas cxema 0JTHOCTOCYHOM OMOPHI
(mepBoe coveTaHue)

PacyeTHas cxema OJHOCTOCYHOM OMOPHI JJIsi BTOPOTO coueTaHus (IIpoBoja
MOKPBITHI TOJIOJIEIOM, CKOPOCTh BETpa »r) IMPUMET BHJ, NPEACTABICHHBIN Ha

pucyHke 2.12.
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Pucynok 2.12 — PacueTHas cxema OTHOCTOCYHON OTOPHI
(BTOpOE COYETaHHE)

OnupaHue OMOpPHBIX CEKIMH Ha (YyHIAMEHT MOXKHO paccMaTpUBaTh Kak
HIAPHUPHOE, a PEAKIMU HAa OJHOMMEHHBIC OallIMaKi CUUTATh paBHbBIMU. [l Takoi

CUCTCMBI ypaBHeHI/IH paBHOBeCI/IH HHOCKOfI CUCTCMBI CUJI UMCKOT BHU/.
n n . n .
D F,=0 DM, (F)=0; > My(F)=0; (2.66)
v=l v=l v=l

IIPU 4YETHIPEX HEU3BECTHBIX, T.€. 3ajJaya, SIBISETCS OJUH pPa3 CTaTUYECKHU
HeomnpeAeauMoil. PackpbiTue CTaTUYECKOW HEONMPEeASIMMOCTH TaKOW CHUCTEMBbI
BBIXOJIUT 3a paMKd oObeMa H3ydaeMoll JUCHUIUIMHBIL. OMNBITHBIM MyTEM
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YCTAHOBJICHO, YTO MEpPBBIE IO HAIMpPaBICHUS BETPOBOrO IMOTOKA JIBAa OMOPHBIX
OamMaka BOCTPUHUMAIOT 35% CyMMapHOW TOpPU30OHTAIILHOM Harpy3ku, a JBa

npyrux 6ammaka — 65%: To ecTb:

0,35
Rix :TZ FF (2.67)
0,65
RP - FP
BX 2 Z r (268)

C yuerom BwipaxeHui (2.67) u (2.68) ocraBmmecss ypaBHEHHS CTaTHUKU
MO3BOJISIOT OMPENIETUTh BEPTUKAIbHBIE COCTABIISIONINE PEAKIIUNA CBSI3EH.
Jlnis pacueTHOM CXeMbl, MPeICTaBIeHHON Ha pucyHke 2.11, 3Tu ypaBHeHuUs

OyIyT UMETh BUI:

Zn:MA(F) =0;

(2-R%,-d)—(GF-0,5-d)—(F-0,5-H) -
—(G} +G} +G;)-(0,5-d +b) - (G] +G))-

(2.69)
(0,5-d +b,)+(G" +G%)-(a, —0,5-d) -
_2'an'h1_FnP'(h1+h3):0
S M, (F)=0;
_(2-R%, -d)+(GF-0,5-d)— (F"-0,5-H)
~(GL+GL +GP)-(b,-0,5:d)— (G +G). 2170

«(b,-0,5-d)+ (G, +G})-(0,5-d +a,) -
_Z'an'hl_FnP'(hl_FhS):O

Jlyist pacueTHOM cXeMbl, IPEICTaBIIEHHON Ha pUCYHKe 2.12, 3TH ypaBHEHHUS

OyIyT UMETh BUJI:
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Zn:MA(F) =0;

(2-R%, -d)— (G’ -0,5-d)— (F"-0,5-H) -
—(G] +G] +GJ +G[)-(0,5-d +b) -
—(G; +G; +G})-(0,5-d +b,) +

+(G, +G] +G))-(a,—0,5-d) -
2-F.h—F".(h+h)=0

(2.71)

Zn:MB(F):O;

~(2-R%, -d)+(GF-0,5-d)—(F"-0,5-H) -
(G, +G; +G,,)-(b,-0,5-d) - (G, +G;)-
(0,—0,5-d)+(G" +G’)-(0,5-d +a,) —
2. F®.n—F™®.(h+h)=0

(2.72)

P P .
Pemas >tu ypaBHenus, HaxonuM R,y u R,y . ITocne onpenenenus peakuuii

CBsI3€i HEOOXOAMMO TIPOBECTH IIPOBEPKY PACUETOB, COCTABUB YPABHEHHE MTPOCKITUI

BCEX CUJI HA OCh «Y».

2.12 Onpenenenne ycuiauii B CTEP:KHAX HUKHEH ONMOPHOH CEKUMU

KoHewHOH 1enbl0 cTaTH4ecKoro pacdera (hepMbl SBISETCS OMperesieHUe
yCWIHHA B €€ CTepkHsX. [0 3TUM ycuiusaM B JaJIbHEHUIIIEM MPOW3BOIAT TOI00D
CEUYCHMI PJIEMEHTOB (PEPMBbI U pACUET y3J0BBIX MPUKPEIUICHHUI 3JIEMEHTOB (pacyeT
3aKJIENOK, CBAPHBIX IIIBOB, OOJITOB, U T.II.).

OCHOBHBIMH CTIOCOOAMU OTIPEJICIICHHS YCUITUHN B CTEPKHAX (hepM SBIISIOTCS:

- cr1oco0 BBIPE3aHus y3JI0B;

- crioco0 ceueHuit Putrepa;

- rpauvecKuil  cmoco0 OmMpeneneHusl YCWINA B CTEPXKHAX  (PepMbl
C TIOMOIIBIO MTOCTPOSHUS quarpaMmbl MakcBeia-KpeMoHsr,

- Cr0co0  TOCTPOCHHUS BEPEBOYHOTO MHOTOYTOJNbHHUKA (TpaduvecKuii

c1roco0).
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OmauH u3 cnocoOOB HAXOXACHUA YCHWIMHA B CTEPXHIX (DepMbl - CIOCOO
BBIPE3aHUS y3JI0B, KOTOPBII COCTOUT B TOM, UYTO ITOOYEPETHO MBICIEHHO BBIPE3AIOT
y37bl (epMbl, MPUKIAJBIBAIOT K Y3JIaM 3aJaHHbIE CUJIbl U PEaKLUUU pa3pe3aHHBIX
CTepKHEH, a eclii y3esl HaXOAMUTCS Ha ONope, TO HEOOXOJUMO YUeCTh PEaKIIHIO
onopsel. PaccMaTpuBaeTcsi paBHOBECHE MPUIIOKEHHOM K Y31y CUCTEMBI CXOISIINXCS
CWJI, COCTaBJIsIsl YpPaBHEHMsSI paBHOBECHS I Kaxaoro ysina. Jlo pacuera ¢depmsl
HEU3BECTHO, KAaKHU€ CTEPKHU PACTAHYTHI, @ KaKUE€ CXKaTbl, MO3TOMY, YCIOBHO
MIOJIAral0T, 4YTO BCE CTEPKHU PACTSIHYTHI, T.€. PEAKIMH CTEP>KHEH HAIPABIIAIOT
ot y310B. Heo6xoaumo oOpaTtuTh BHUMAaHKE HA 3HAKU peakuuil. Eciu B pe3ynbrare
BBIYMCJICHUI MOJYYaOT YCUJINE CO 3HAKOM IUIIOC, TO CTEPKEHb PACTSAHYT, a €CIIU
CO 3HAKOM MHUHYC, TO CTEPKEHb CKaT.

[Ipu BhIpe3aHUU y351a YCHIIMS HAMpPaBISIOTCA OT y3Ja, IPUYEM ITH yCUIUS
NPWIOKEHBI K Y31y, T.K. CTEP)KHH OTOpPACHIBAIOTCS, 3HAUUT, JACUCTBYIOT Ha y3el
Y HE JEUCTBYIOT Ha CTEpKHHU. Ecim mpu pacuére Monydnivd peaklMu CO 3HAKOM
«IUTFOCY», TO 3TO 03HAYAET, UTO CUJIA HAMPABJIEHA TaK, Kak 0003HAUEHA HA YEpPTEXKE,
HO OHA MPWJIOKEHA K Y3IIy, @ HAM HaJI0 3HATh CUILY, IPUJIOKEHHYIO K CTEPKHIO.

I[To Ttperbemy 3akonHy HproTOHa y3€d B3aMMOJAECUCTBYET CO CTEPIKHEM,
MO3TOMY, Ha CTEPKEHb JEHUCTBYET CUJIa PaBHAS 10 MOIYJIO U POTUBOIIOJIO0KHAS 110
HaIlpaBJICHUI0 M CTEP)KEHb PACTAHYT. EcnM npu pacdére MOIydYWsId pPEaKLMIO
CO 3HAKOM «MHUHYC», TO 3HAUUT CHWJA, MPHIOKEHHAs K CTEP>KHIO, HAMpaBieHa
B [IPOTUBOIIOJIOKHYIO CTOPOHY IO CTEPKHIO U CTEPKEHD CHKAaT.

[InaH HaxOXJIEHUS YCWIIMKA B CTEPKHSAX CTATUYECKU ONPEAEITUMON (hepMbl
METOJOM BBIPE3aHMS Y3JI0B 3aKJIIOYAETCS B CIEAYIOUIEH MOCIEA0BATEIbHOCTH
JIEUCTBUU.

1. BeisicHUTh Kakue Harpy3Ku (aKTUBHBIE CHJIBI) IEUCTBYIOT Ha (pepMy, Kak
OHM HAaIlpaBJICHbl M K KAKUM Yy3JaM NOpHIOKEHbl. ONpenenuTh KaKue CBS3U
HajoXeHbl Ha pepmy. OTOPOCUTH CBSI3M M 3aMEHUTh UX PEAKLMSIMU 3THX CBS3EH.
CocTaBuUTh ypaBHEHMsS DPAaBHOBECHS, U3 KOTOPBIX ONPENEIAIOTCA HEU3BECTHBIE
peakuuu. Peakiuu cBsizeil A00aBISAIOTCS K 3aJaHHOM CHUCTEME BHEIIHMX CHJI,

NPUIOKEHHBIX K y371aM (hepMBI.
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2. IlocnenoBaTenbHOCTh PACCMOTPEHUST y370B (DepMbl U OMpPEICICHHUS
yCUJIMHM, BBIOMpAeTcss TakuM 00pa3oM, 4YTOOBl YMCIO HEU3BECTHBIX CHII,
NPWIOKEHHBIX K Y3J]Iy, HE MPEBBIIANO JABYX, TaK Kak y3el IUIOCKOW (hepMbl
IIPEICTABIIAECT COOOM CUCTEMY CXOAAIIMXCA CUJI (B HAILLIEM CIydae 3TO y3Jbl onop A
u B).

3.3areM mepexoAsT K BBIPE3aHUIO TAKOTO Yy37la, B KOTOPOM CXOJISTCS
He OoJiee IByX CTEp)KHEW C HEM3BECTHBIMU YCWIIMSAMM JJISl IUIOCKOM (pepMbl, mpu
ATOM KOJIMYECTBO CTEPHKHEHN C U3BECTHBIMU YCHIIUSIMHU MOXKET OBITH JHOOBIM.

4. Ilpy MBICIIEGHHOM BBIPE3aHUU Y3JIOB HEOOXOJMMO CIEIUTH 32 TEM, YTOOBI
KOKIBIM pa3 yCHIMs B CTEPXKHAX HANpPaBBUIACh OT Yy3ida (mpeamnosiaras
UX PaCTAHYTBHIMH).

5. Cuctembl cui, MEHCTBYIOIIMX HAa KaXKIbIH y3el, ylnoOHeH n300pakaTh
Ha OTJEJIbHBIX PACUETHBIX CXEMaX.

JlocTOMHCTBaMH 3TOr0 C€rnocoda SBIAIOTCS €ro MpPOCTOTa M IMOBTOPEHHE
OJIMHAKOBBIX AEHCTBHI MPHU pacCMOTpEeHUHU Kaxaoro ysna. Crnocob ynoOeH npu
MPOEKTUPOBAHUM KOHCTPYKIMH (epMbl, KOTJja HEOOXOAUMO 3HATh YCHIIMS BO BCEX
cTepkHsIX. Ero BRIrOIHO MPUMEHSTH AJIs pacuyeTa GpepM MpOCTeHIero ouepTaHus,
C HEOOJIBIIINM KOJIMYECTBOM Y3JIOB.

Henocratkom cnocoGa BbIpe3aHusi y3J0B SIBIAETCS CIEAYIOUIEE - ECIH
10 KaKoW-1100 mpUYruHEe HEOOXOAMMO 3HATh YCUIIME TOJIBKO B OJTHOM KOHKPETHOM
CTepKHE, TO JJI 3TOTO MPUJIETCS paCCMATPUBATh HECKOJBKO Y3JI0B U BHIYUCIISTD,
BBITNIOJIHSAS JIMIIHIO PaboTy, YCHIIUS B TE€X CTEPKHSAX, KOTOPHIE B IaHHOM Cllydae
HE UHTEPECYIOT pa3pabOTUHKOB.

Jist ompeneneHus YCWJIMM B CTEPXKHSAX BOCHOIb3yeMCs TIpaduyecKum
croco0oM, Tak Kak 3TOT CIIOCO0 3HAYUTENBHO MPOIIle, HATJIsgHee U ObIcTpee BEeT
K LIEJIN.

ANTOpPUTM OMpeaeNeHHs YCUIUN YKa3aHHBIM CITIOCOOOM.

1. BeruepunBaeM Ha MWUIMMETPOBOM Oymare CTpOro B ONpPENEIEHHOM
Maciitabe ONOpPHYI0 CEeKUMI0 (camMa omopa BblUepueHa B  MacuiTtade

IpY ONPEACIICHUH IIMPUHBI CTBOJA HA YpPOBHE LEHTpa TsokecTH). MaciTab
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BbIOMpaeTcs MPOM3BOJIBHO, HO HE MeHee 1:75 (pucynok 2.13), HymepyeM cTep:kHU

HU>KHEW ONTIOPHOU CEKIIUH.

Pucynok 2.13 - OnopHast cexuust

2. Beipezaem  y3en A (pucynok 2.14). Ha »3ToT y3enm JAEHCTBYIOT

cocTraBjfAmOIIMEe peakuu R,, u R, , a Ttakxke ycwiusd B crepxHAX N, m N,

npearoiarad ux paCTaHyTbIMU, HAIIPABJIACM YCUJINA OT Y3JId. HO,Z[ I[GﬁCTBHGM OTHUX

YCUJIUH y3€Jl HAXOAUTCS B PABHOBECUU.
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Pucynok 2.14 — V3en 4

VYpaBHeHue paBHOBECHS y37a A B BEKTOPHOU GopMe Oy1eT UMETh BU/:

Rax +Ray + Ny +Nj, =0 (2.73)

Pemaem sTo ypaBHenue rpaduaecku. M3 mpon3BOIbHON TOUKH, Ha3bIBAEMOM
MOJIFOCOM (pUCYHOK 2.15) oTKJIaibIBaeM OTPE30K, NMPECTABISAIONUN B BHIOpAHHOM
MacmTabHoM Koddduimente cun BekTop R, . MacmTaOHbIH K0Y)OHUIMEHT cul

MOXKCT OTJIHMYATBCA OT LCJI0I0 4uciia. 3 KOHIIa BCKTOpA, TAK XKC B BBI6paHHOM

MacmTabHOM KO3 (uIMEeHTe, OTKIaABIBAEM OTPE30K, PaBHBIA JIPYroMy,

HN3BCCTHOMY 11O MOOYJIIO, BEKTOPY RAY . U3 KOHIIA 3TOT'0 BEKTOpa IIPOBOJINUM JIMHUIO

JICUCTBUA HEU3BECTHOrO BekTOopa N;, M B MOJIOC NPOBOIAUM JIMHHUIO JCHUCTBUS

BTOpOro HeuspecTHOro BekTopa N, . Ilepeceuenue Bektopos N, u N, maer pemenune

BEKTOPHOTO ypaBHeHus. M3mepus, nmomyueHasle oTpe3ku Ni, u N1z ¥, YMHOXHUB
WX HA MacImTaOHbI KO3(pGUIIMEHT, HalIeM 3HA4YeHHUs TPOJOJBHBIX CHIL

HaHpaBJIeHI/IC OIIPCACINUTCA 110 ITPABUITY 06x0z[a CUJIOBOI'O MHOI'OYI'OJIbHUKA.
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Pucynox 2.15 — CusioBoit MHOTOYTOJIBHUK y371a A

Pemerku B paccmaTpuBaeMoM ciiydae OyayT MPEACTaBIIsTh CO00I HyJIEBbIC
CTEP>KHH, TO €CTh CTEPKHU, YCWIHS B KOTOPBIX OT 3aJaHHOM HArpy3Ku paBHO HYJIIO.
[Tokaxxem 3TO0 Ha mpuMmepe y3i0B, paccmorpeB yzen C (pucyHok 2.16) u D

(pucyHok 2.17).
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Bripesaem y3en C (pucyHok 2.16).

—

Pucynox 2.16 — Yzen C

Vpasuenue paBHoBecus y3ina C B BEKTOpHOI Gopme OyIeT UMETH BUI:
N,+N,+Ng. =0 (2.74)

3anucas MMPOCKINHU HA KOOPAWHATHBIC OCH, ITOJIYYUM:

ZFy:O; N,-cosa—N,-cosa=0; N,=N, (2.75)

Z Fy =0; Npe =0 (2.76)

Bripesaem y3en D (pucynok 2.17).
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Pucynoxk 2.17 — ¥Y3en D

VYpaBHeHue paBHOBecus y3ia D B BekTopHOI opMe Oy1eT uMeTh BU/L:

Nll + le + NCD + NED =0. (2.77)
3amucaB MPOEKIUU Ha KOOPAUHATHBIC OCH, TTOJYUYHM:

> F=0; Nj-sina—N,-sina—Ng —Ng,sin g =0; (2.78)
> F,=0; Ny-cosa—N,-cosa+N,-cos 3 =0. (2.79)

Tax kak ycunue B crepkHe Ncp =0, To ycunus B crepxHax 18 u 19
omunakoBbie (N;; = N,,), a ycunue B crepskne ED pasno nymo (Ngp =0).

Taxum xe 00pa3oM orpejaesnsieM BHYTPEHHHUE YCUJIMS B JPYIMX CTEPXKHSIX
HVDKHEW OITOPHOM CEKILIUH.
Jlnsg Oonbliell HArMSIIHOCTH, BEIMYMHBI YCUIUN B CTEPXKHSIX (epmbl

3aHOCATCA B Ta6J'II/II_Iy.
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[IpononbHble cUIbl  (BHYTPEHHHE YCHUJIUS) HEOOXOIMMO 3alHChIBATH
CO 3HAKOM, YUUTBIBAIOIINM XapakTep nedopmaiuu CTepKHEH: «+» — pacTsKeHue,
«—» — CHKaTHe.

N3  nHaliieHHbIX  yCWIMH  OOpeAeisieM  3HA4YCHUS  MAaKCHMAaJbHO
paCTATMBAIOLIETO U MAaKCUMAJIBHO CKUMAIOUIETO YCWIHS OTIEIbHO I IMOSICOB
U PACKOCOB — 3TO M OYyIyT pacueTHbIE MPOJOJIbHBIE CUJIBI NIPU MOAOOPE CEUECHHUS
CTep)KHEH OTIOPHOM CEKITMH, PEe3yJIbTaThl pacueTOB CBOJAMM B Tabmuiry 2.11.

Tabmuma 2.11— PacyeTHble yCHIIMS B CTEPIKHAX

DJIEMEHTBI Homep Yeumus, daH Bun nedopmanun
(bepmbl CTEPKHS
1 2 3 4
JleBsblii osiC 1
AN’ 2
ix
IIpaBe1it osic 1
BN’ 2
ix
Huxunit 1
BHYTPEHHHI 2
JIEBBIA pacKoC
AO ik
Bepxuauit 1
BHYTPEHHHI 2
JIEBBIN PACKOC e
ON ix
Huxunit 1
BHYTPEHHUI 2
IIPaBbIN PacKoC
BO’ ik
BepxHuii 1
BHYTPEHHHI 2
IIPaBBIM PacKoC
O'N’ Ik

3Has ycWJIHs, MOXHO IEPEeXOAUTh K OINPEIEICHUI0 pa3MEpoB MpoKaTa

cTepKHel (hepMbl, MPeBAPUTENHHO BHIOPAB MaTepUall.
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2.13 [londop ceyeHnnii creps;kHeil ONMOPHOI ceKIIUM (IPOEKTHBII pacyeT)

Kax mpaBuio, oauH U3 MOsICOB OMOPHOM CEKIMU paboTaeT Ha pacTsHKEHHE,
JIPYroM — Ha CHKATHE.

2.13.1 TlonGop ceyeHuit pacTIHYTHIX CTEPIKHEH

TpeOyemyto muiomanb HETTO AHT CEUEHMSI PACTSHYTOrO CTEPKHS (epMbl

U3 CTaJM ONPEAEISIIOT U3 YCIOBUM MPOYHOCTH NPH PACTIKEHUU:

NP
=—+<R-y 2.80
An (2.80)

p
rae N, - pacuernas pacTaruparomas pojosibHas cuia (BHyTPEHHEE yCUITHE

o)

IIPY OCEBOM PACTSHKCHUH U C)KaTuu), H,

Anr — IIOIAL HETTO CeYeHHs, (C y4ETOM MECTHBIX OclableHuit), u?;

Y - koo durmeHT ycnoBuit paboThl, MpUHUMAETCS 10 TaduIe 2.6.

R — pacueTHOe CONPOTHUBICHHE CTadd PACTSDKCHHIO, CXKATHUIO, H3THOY
1o npeaenay Tekydectd (tadbmuna 2.8), MIla. JIns cranu (IUIacTUYHBIA MaTepuan),
pacyeTHbBIC COMPOTUBJICHUS HA PACTSIKCHHUE U CYKATUE PABHBI.

TpeOyemasi momanb TOMEPEYHOTO CEUYEHUS, OmpenesieMas U3 YCIOBUS

IMPOYHOCTHU:

Arp 2 .py (2.81)

ITo TOCT 8509 - 93 BeiOupaeM Onrokaiiiiee OoJblliee 3HAYCHHUE TUIOMIATN
YTJIOBOM PaBHOIIOJIOYHOM CTalM U BBIMTMCHIBAEM HOMEP MTPOQUIIS.

2.13.2 [lonOop ceveHunii CKaThIX CTEPIKHEN

Tpedyemyro momanb OpyTTo Ag, CEUEHHS CXKATOrO CTEpKHS (epMbl
U3 CTAJU ONPEACIISIOT U3 YCIIOBUS YCTOWYUBOCTH MO KOI(PPUIIMEHTY ¢ METOJIOM

MOCJIeI0BATEIbHBIX MPUOTUKEHUN:

G ac. :—< R.7
e oA, (2.82)

rac Ng - pacdcTHasa C’KUuMarouias nmpoJ0JjJbHas Crujia B CTCPIKHE, H,
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A

¢p - IUIOIIAJb OPYTTO CEYEHMs, TAK KAK MECTHBIE OClIa0nenus (OTBEPCTUS
O] 3aKJIETIKH, OOJITBI M T.I.) HE OKAa3bIBAIOT 3aMETHOIO BIMSHHUS Ha 3HAUCHUE
KPUTUYECKOM CHIIBI, M2

Y - K039pbUIIUEHT yCIIOBUN paboThI;

¢ - K03()pPUIMEHT yMEHBIICHHsS] PAcueTHOTO COMPOTHUBICHUS MaTepuaia
P TIPOJI0IBHOM U3THOE (KO3 GUIIMEHT IPOI0IBHOTO U3TH0A).

N¢
Ap>——
@Ry

[Topsnok pacuera.

(2.83)

1. 3amaeMcs 3HaueHHEM MOHWXKaromero koddduimenta ¢. Kak mpasuio,

B MIEPBOM NPpUOIMKEHUU NpUuHUMaeM ¢ =¢1=0,5.
2. OmnpeniensieM IJIOLIAb A5p, 3aTéM HaxOIUM HOMEDP PaBHOIOJOYHOIO

yroika mo ['OCT 8509 -93 (mpunoxenue M), miomamp KOTOPOTO OJM3Ka
K IOJIy4YE€HHOM.

3. lns BBIOpaHHOTO Yrojika W3 TaOJUIBI copTamMeHTa (TpuiaoxkeHue M)
HaxO0JWM 3HAY€HUE MIOMAU MOMEPEYHOI0 CEYEHUsI A, 1 MUHUMAIIbHBIA panyC
UHEpLIUU Imin = iy.

4. ITo >TMM 3HAYCHUSIM OIPEIEIIIeM THOKOCTh CTEPIKHS (4):
= (2.84)

rae ( — K03 UITMEHT MPUBEACHUS JTMHBI CTEPXKHS, 3aBUCSAIINA OT criocoda
3aKpETUICHUS KOHIIOB CTEPIKHSI.

Ha ocHoBaHuuM TOT0, 9TO B y3/1aX pacyeTHOUN CXeMbI ()ePMBI HIDKHEH OTIOPHOMA
CEKLIUU MpEeANoaratoTcs mapHupsl, kodpdumuent u= 1,0;

| — nMHA HAMOOJIBIIIETO CTEPIKHS, ONPEICICHHAS IO CXeME OTIOPHON CEKITUH,

Imin — MUHUMAaJIBHBIM PailyC UHEPLUUH CEUEHUSI CTEPHKHS, M.
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5.Ilo mwaiinenHoii rtHOKOCTH A, HaxoauMm 3HadeHHe Kod(pduumenrta

npoosibHOro M3rnda @, (npunoxenue J1).
6. [IpousBoaum cpaBHeHue @, u @, u BeiOUpaeM @3 u3 MpomMexyTka @
u@,:

_P T

Ps 5 (85)

7. na @3 onpenensem Ommpkaifiiee OoJbplliee 3HAYCHUE TIUIONIATU

IIONIEPEYHOr0 CE€YEHUsI A W MPOLECC IMOBTOPSEM A0 TEX IOp, IOKA HCXOIHBIE
U TIOJIyYeHHbIE B pe3yJbTaTe pacdyeToB Kod(puimeHtsl ¢ HE COBHAAYT
(pacxoxJeHue He JOJKHO MPEBBINIATh B cllydyae nepeHanpsukenust 5% u B ciryyae
HeoHanpsokeHus 15%).
8. [IpoBepsiem  ycioBue  ycroiumBoctu.  OmpenenseM  pacyeTHOE
HaIpsKEHHE:
p
o, = Ne
A,

9. CpaBHMBaeM pacueTHOE HAMPSHKEHUE C PACYETHBIM COMPOTUBIICHUEM:

(2.86)

o, <Ry (2.87)
10. Ecniu pacyeTHOE CONPOTHBIICHHE OKaXKEeTCst Ooutbie O p > R-7 e Gonee

yeM Ha 5% (mepenampsukennme) u Op <R:¥R He Gomee uwem na 15%
(HemoHampsDKEHWE) TO  HEOOXOoAMMO  TPOJOJDKUTH  pacueT.  [Iporecc
MOCJIEIOBATENbHBIX MPUOIMKEHUN MNPOAOKAeTCs 10 TeX Mop, MOKa pa3Hula
MEXAY HanpsDKEHUEM Op W PACYETHBIM CONPOTHUBICHHEM HE OKAXETCs
B MHTEpBAJeE:

0,85-0, <y-R<1,05-0,. (2.88)

CnenaB BbIOOp cEuY€HHUs, CPAaBHUBAEM €ro pa3Mepbl C IOJYyYEHHBIMU
pa3MepaMy IpU pacyeTe Ha LEHTPAJIbHOE pacTsKEHUE, M, OKOHYATEJIbHO

IPUHUMAEM HOMEP MPOQUIIst ¢ OOJIBIIUM CEYEHUEM.
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2.13.3 [loxOop ceueHuii CTepKHEH BHYTPEHHEN PEIICTKA

[TonGop ceyeHus CcTep)KHEW BHYTPEHHEH pEIICTKH OMOPHOW CEeKIUU
IPOBOJAT IO MPEAEIbHON TMOKOCTH, B CBSI3U C TEM, YTO OHU HE BOCIPUHUMAIOT
YCWIMM OT pPAacuyeTHOM HArpy3kd. 3amaeMcs TpenelbHONM  THOKOCTBIO

(m1s BHyTpennei perrerku 4=120,0+150,0), onpeaenseM MUHUMAIBHBINA pagnyc

b

min =7 31ech |, — Hanboee IIMHHBIA CTePKEHDb PEIICTKH, Hal ICHHBIN

uHepruu (i

no cxeme onopHoi cekuuu) u no 'OCT 8509 - 93, naxonum Homep mnpoduss
yraoBoil ctani. OJTHAKO MO KOHCTPYKTUBHBIM COOOpaXeHUSIM HOMepa Ipoduiien

HE JIOJDKHBI OBITh MEHBIIIC YeThIpeX (MpuiioxeHue M).

2.14 PacyeT M NPOEKTHPOBAHUE HEHTPAJBLHOIO y3Ja HMKHEH CeKIUH
ONopbI

CranbHble  omopsl, ycraHaBiauBaeMble Ha BJIOII  umeror camebie
pa3HoOOpa3HbIE PEIICHUS MO0 CXeMaM U KOHCTPYKLHUSAM, YTO BBI3BAHO Pa3pabOTKOM
WHIUBUIYAIbHBIX ~ TPOEKTOB  JJisi  OTACNbHBIX JIMHUM B  COOTBETCTBUU
C UX KOHCTPYKTUBHBIMU OCOOEHHOCTSIMU.

[IpoBenena yHudukanus KOHCTPYKIHMA OTMOp, MPU KOTOPOH OBIJIO BHIOpaHO
OTrpaHUYEHHOE YHUCIIO TUIIOB. Tak, HanpuMep, LIEHTPAJIbHBIN y3€ HHUKHEH ONOpHOI
CeKIIMM B TMOJABISIONIEM OOJBIINHCTBE CIy4aeB BBIMOIHIETCS B OOJTOBOM
BapUAHTE, YTO OINpPEEINSIeTCs YCIOBUSIMU TPAHCIIOPTUPOBKU U COOPKU Ha Tpacce.

2.14.1 OmpeneneHne pacueTHBIX YCWJIHMH, ACHCTBYIOIIUX B LEHTPAIHLHOM
y3JI€ HIXKHEW CEKIIMU

PaccmoTpum pacyeT W NOpPOEKTUPOBAaHUE LEHTPAIBHOIO Yy3Jla OJHOU
13 YHU(DUIIMPOBAHHBIX CXEM HW)KHEH OMOPHOW ceKiuu mpomexytodHoir BJIDIL.
[lenTpanbHbI y3€1 HIKHEW omopHOM cekuuu (pucyHok 2.18) cocrouT u3 AByX
(acoHoK 1, K KOTOPBIM PUBAPEHBI BHYTPEHHUE PACKOCHI 2 JIEBOM U MPABOM CEKIUU.
[Tpu cOopke OMOPHI 3TU CEKIIUU COSAUHSIIIOTCS MEX Ay CO00H, O0aTaMH IPU ITOMOIIN

HaKJIaJaKH 3.
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Pucynok 2.18 — LleHTpanbHbIi y3es HUKHEH OMOPHI

B obmem ciydyae nmpu skcmutyatanuu onopsl BJIDIT Ha HUXKHIOIO OMOPHYIO

—

CEKLIUIO IEUCTBYIOT HOpMalbHbIe cuiibl N,, N, u MomenT M. Ilox neiictBueM 3Tux

CHJI CCKIIMH 6y,ZIYT CTPECMUTHCA CABUHYTBHCA OAHA II0 OTHOMICHHUIO K ,Z[perﬁ
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B IUIOCKOCTH, COBMAJAIONIEH C TUIOCKOCTHIO COCAMHEHHSA (ACOHOK M HAKIIAJIKH.
B pesynbTaTe 3TOro B HEHTPAILHOM y3Ji€ BOSHUKHYT BHYTPEHHHE YCUJIUS, PABHBIC
Mexay coboil mo BenuuumHe. [ ompeneneHus S3TUX YCWIMM paccMOTpUM
paBHOBecue y3na (), NPUHAJIEKAIIETrO, HANpPUMEp, JIEBOW CEKLUUH, IJIs YEero

BbIpe3aeM ero (pucyHok 2.19).

No

N 0
Pucynok 2.19 — V3en O

— —

Ha y3en O nelcTByIOT ycuins BHYTPEHHUX packocoB N, Ny €O CTOpOHBI

—

JIEBOM CCKIUMN U BHYTPCHHEC YCHIINC Q CO CTOPOHBI HpaBOﬁ CCKIINU. Yceunus

CTep)KHEW pEeIIeTKH pPaBHBI HYJIO, W, 4YTOOBI HE 3arpoMOXIaTh CXEMy, OHHU
He nokasansbl. [lonx neiictBrueM 3tux cun y3en O HaxOOUTCS B PaBHOBECUU, U IS

HETO0 MOYKHO 3alKcaTh ypaBHEHUE PaBHOBECHUS B BEKTOPHOH Qopme:
N, +N;+Q=0 (2.89)
Pemas ypaBaenue (2.89) rpadumueckum METOAOM, OIMpenesseM 3HaueHHE

BenunHbl Q (pucynok 2.20).

71



Q|

Pucynox 2.20 - CuiioBoit MHOTOYTOJIBHUK y371a O

2.14.2 OnpeneneHne HEOOXOIUMOTO YHUCITA OOJATOB W3 YCIOBHUS MPOYHOCTH
Ha Cpe3 MO KacaTeJIbHBIM HaIPSKECHUSIM

Haznawaem Ttommuny ¢acoHok u Hakiaagku. OOBIYHO HX TOJIIUHBI
OJIMHAKOBBI U TPUHUMAIOTCS paBHbIMU 8 <+ 10 aum.

3amaemcst nauamerpom OontoB. M3  ycioBuss mpoyHOCTM Ha  cpes

M0 KacaTeJIbHbIM HANpPSIKEHUSIM, OMpPENeSIieM UX YHCIIO, CUUTas, 4yTo ycuine Q
PaBHOMEPHO paclpeliesieH0 MEXay BceMu Oontamu. JIjisi coequHEHUs] CeKIui
peKOMEHAYIOTCS 00aThI uameTpoM 14; 16; 18 u 20 mm.

YcnoBre NpoYHOCTH MPH Cpe3e:

_ 4'QP

’Z'_
7-d?-n

<y-R& (2.90)

rae N — yuciio 00JITOB;
d — nmameTp Gora; mm,

Qp — pacueTHas cauratouias cuna; H
o :
RCP - pacdeTHOE COIpOTUBIIEHUE Npu cpese, Mlla;

7=0,9 — kosppuruenT ycnoBuit pabOTHI.

W3 yciioBuii IpOYHOCTH HA CPE3 ONPEAEIIEM HEOOXOAUMOE YUCIIO OOJITOB:

4Q
n> P
”‘dZ’V'RgP

(2.91)
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Ecnu uncito 601TOB OKaKeTCsI MEHBIIIE TpEX, TO HCOGXOI{I/IMO Ha3HAYUTH OOIT
MCHBIICTO AUAMETPA U3 PCKOMCHIOBAHHOI'O pslad. Ecau n B aTOM clIydac 4ucCjio

0OJITOB OKaXETCSl MEHbILIE TPEX, TO B COOTBETCTBUHU C [1YD HE0OX0AMMO NPUHATH

n=3.

2.14.3 IIpoBepka GONATOB MO YCIOBHIO MPOYHOCTH HA CMSITHE
[TpoBepsiem 60OATHI HA CMATHE.

YcnoBue IIPOYHOCTH HA CMATHUEC 110 HOPMAJIBHBIM HAIIPSKCHUSIM

Qp
O -d-n

min

<y-Réy (2.92)

Ocu =

Tac 5min — TOJIIIIKMHA Q)aCOHKI/I WJIN HaKJIaJKH, MM, (6€p€TCH HanMMCHbBIIIaA

TOJINHWHA JIMCTOB, CABUI'daCMbLIX B OJHY CTOPOHY, T.C. IIPHHHMACM MCHBIICC
3HA4YCHHUC HAKJIaJAKH NN (1)aCOHKI/I);

Y - kK03hHULIHEHT YCIOBHI PabOTHI;

7
RCM - PpacdCeTHOC COIIPOTHUBIICHHUC CMATHIO JJICMCHTOB B 00JITOBOM

coequnenuu, Mlla.

[Ipy TPUHATBIX Pa3IMYHBIX 3HAYEHUSX TOJIIMHBI (DACOHKM M HaKJIQJKU
HEOOXOAUMO B pacyeTe MPUHATH MEHBIIIEE U3 3TUX 3HAUYCHUH.

Ecin  ycnoBue cmATHSA BBINOJHSAETCA, TO OKOHYATEIbHO MPUHAMAEM
BbIOpaHHOE uyuciao OonToB. Eciau ycioBue He BBIMOJHSETCS, TO Ha3HaAyaeM
OOJBITYI0 TOMIHUHY (HACOHKH U HAKIIATIKH.

3Hast 4yncao OOJITOB, MOKEM MPEABAPUTEIBLHO OMPEACIUTh JUIMHY (DaCOHKHU
UCXOJsl M3 YCJIOBUS, YTO PACCTOSHUE MEXIY IIEHTpaMu OOJITOB JIOJKHO OBITh

B MHTEpBasie (prucyHok 2.21):
t =3.d+8-d (2.93)
PaccrositHue MexIy LEHTpOM Oonta M KpasmMu (DAaCOHKH IOJDKHO OBIThH

HC MCHCEC.

t,=2-d (2.94)
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Pucynok 2.21 — Cxema pa3mernieHust 00J1TOB

2.14.4 Onpenenenue AIUHBI IBOB U3 YCIOBUS MPOYHOCTU MO KACATEIbHBIM
HaIPsHDKEHUSM Ha cpe3

upuny (acoHKU omperenseM UCXOAs U3 HEOOXOAUMOHN JJIMHBI CBAPHOTO
IBa, KOTOPBIM PACKOCHI KpemsiTcs K (acoHke. Panee ObuiM ompeneneHsl yCUIUs
B packocax M BbIOpaHbl WX pa3Mepsl. [Ipu pacuere CBAapHBIX IIBOB NPHUHUMAEM
MakKCHMajJbHOE 10 a0COJIIOTHOMY 3HAUEHUI0 YCWIHE B OJHOM M3 4YEThIPEX
BHYTPEHHUX PacKOCOB, MPUBApEHHBIX K (acoHke. B mocobum paccmarpuBaercs
JeBasi MOJyCeKLUsl, HO MaKCUMAJIbHOE YCHJINE MOXET OBbITh B OJJHOM U3 PACKOCOB
npaBoil ToJyceKuuu. Torna HMMEHHO 3TO 3HAUY€HHE HEOO0XOAUMO MPHUHSTh
B pacuerax.

HeoOxonumas nnuHa CBapHOrO IIBA ONPEAETUTCS U3 YCIOBUS MPOYHOCTH
Ha cpe3:

_Now _ Ni,

A 0,7-h -1

rae |, — pacueTHas (o0r1ast) TMHA CBAPHOTO [TBA, paBHAs €ro IMOJTHOH JUTHHE,

<y-Ry® (2.95)

MM,

. - TOIIKMHA YTI0BOTO 1B (110 KATETY), MM;
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CB
R/~ - pacueTHOE CONpPOTHUBJIEHUE Cpe3y YIJIOBBIX IIBOB  CBAapHBIX
COCIUHCHUM,
P
Nmax - pacueTHoe ycuiue, H,

Ay — 001Ias IIOIIab MIBa, MM,

Otcrona HeoOXxoauMas JUTHHA IIBA.

N P
l, = 07, hzax RCE (2.96)
B Hamewm ciydae (pucyHok 2.22):
l.= In+ lo (2.97)

rae I — JmHa cBapHOrO MIBA IO IEPY, MM;

lo — nMHA cBapHOTO MIBA 1O OOYIIKY, MM.

Pucynok 2.22 — Ilpukperienne yroika

PaccmoTpum pacnipenenenre IUHBI CBAPHOTO IIBA IO «IIEPY» U «OOYIIIKY».

[Ipy mpuKperUieHHW YTIJIOBHIMH IIIBAMH YTOJIKOB (HECHMMETPHUYHBIX
npoduneit) (pucyHok 2.22) xejnaTeabHO, 4YTOOBI JIMHUS JEUCTBUS YCHIIHS
MPOXOIMJIA Yepe3 MEHTP THKECTH COSAMHEHUS, TO €CTh IJIOMATU MIBOB JTOJDKHBI
OBITH pacmpeielieHbl 00paTHO MPOMOPIIMOHATIBFHO PACCTOSHUIO OT IIBa JI0 OCH
AIIEMEHTA.

Takum o6pa3om, oOmias TpeOyemas IUIONIaab IIBOB, OMpeaesseMast
U3 YCJIOBHUS MPOYHOCTH 110 hopmyie (2.93):

N

A, =5 (2.98)
Ry -y
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[Tnomaas O0bIIETO 1IBa HA «OOYIIKE» YrojiKa:

(b—2z,)
A =g 0=2%) (2.99)
b
[To11a1b MEHBIIIETO MIBA 10 KIIEPY»:
n YA
4, =4, HO (2.100)

[Ipu paBHBIX TOJIIIMHAX HIBOB MO «IEPY» U «OOYIIKY» yTrojiKa COOTHOIIECHUE

IJIOMIajIeil OTBEYaeT COOTHOIICHHUIO JJIMH MIBOB. JIJsl PaBHOMOJIOYHBIX YTOJKOB
12073 1" =0,3> |
nnuHa mBa Ha ooymke - |, =0, w » JUTAHA 1IBOB Ha «mepex: 1, = U, -

B nanpHeiiiieM He00OX0IMMO YBETUYHTD JUIMHY IBOB Ha S +10 am; yuutsiBas

«HCTIPOBAp» IIBOB.

2.14.5 TIpoeKkTrpoBaHUE LEHTPAIBHOIO y3J1a HUKHEN CEeKLIUU OTIOPHI

BrruepunBaem 1meHTpaIbHBIN y3€7 CTPOro B MaciiTaoe.

[Ipy KOHCTpyHMpPOBAaHMM IIEHTPAIBHOTO Y3ja JOHKEH OBITh BBINOJHEH
MPUHIUIT COOCHOCTH, T.€. TJIABHBIE OCH MOMEHTOB MHEPIIMU PACKOCOB U PEIIETOK
JIOJKHBI TIEPECEKAThCSl B OJHOM TOYKE, HAXOIALICHCS HA N€OMETPUYECKOU OCH
CUMMETPHUHU CTBOJIA ONOPHI. HEBBIMOJIHEHNE 3TOTO YCIOBUS IPUBEJIET K MOSIBICHUIO
MOMEHTOB OT JKCIEHTPUCHUTETA, 3HAYCHUS KOTOPOTO MOTYT JOCTUTATh OOJIBIINAX
BEJINYMH.

Ha »tom »Tane koHCTpyupoBaHusi yTouHsieTcs W jyuHa (aconku. Ecnu
PAcKOCHI C yU4E€TOM CBapHBIX IIIBOB HE BIHCHIBACTCS B pasMmep (hacoHKE IO JITHHE,

TO JIOMYCKAeTCAd YBEIUYUTh €€ JJIMHY, TPUHSAB PACCTOSHUE MEXIy OoiaTaMu
1o t, =8-d.

Ecnu uncino 601TOB MOMYyYHIIOCH 3HAYUTENBHBIM U PA3MEIICHUE WX B OJIUH
P TPUBOJIUT K HEpAIMOHAIBHOW JUIMHE (PACOHKH, TO B ITOM cCiy4dae OONTHI
HE00X0IMMO pacIpeesuTh B ABa U Oosee pana. Paccrosnue mexay psaamu 00JITOB

npunumaercs 2-d .
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JUIMHA HaKJIaIKU IPUHUMAETCSI PABHOM CIIPOEKTUPOBAHHOM JJIMHE (DACOHKH,
a IMPHUHA — UCXOMS U3 YCIOBHI, YTO MPH 3a30p€ 0 pacCTOSHUE MEXAY (pacOHKaMU
JOJDKHO ObITh He MeHee 10 wm. PaccTosiHuMe OT LieHTpa KpailHero psnpa 0oaToB

710 KPOMKH HaKJIAJKHU JIOJDKHO OBbITh He MeHee 2-d |

2.15 Pacuer ¢pyHaamMeHTa

Pacyer 3akperuieHus onop B TpyHTE SIBJSIETCSI HauOO0JIee CI0KHBIM BOIIPOCOM
npoexktupoBanusd  BJIOII, Tak kak Oonblias NOPOTSHKEHHOCTh  JIMHUU
AIIEKTPOIEpPEAAUN HE MO3BOJSET JIOCTATOYHO TOYHO ONPEAENIUTh I KaXKI0h
OIOPBI TI'eoJIOTMYECKHE YycioBusA. Mcxoass U3 3TOro, B KypCOBOM IPOEKTE
HE paccMaTpuBaeTcsi OCOOEHHOCTH pacueTra (PYyHIAMEHTOB B 3aBUCHMOCTH
OT XapakTepa TPYHTOB, XOTs JE€JAalOTCS HEKOTOphlE CCBHUIKM Ha (PU3UKO-
MEXaHUYECKUE XAPAKTEPUCTUKHU TPYHTOB.

B 3aBUCHMOCTM OT KOHCTPYKUMH OIOPbl €€ 3aKpEIUIEHUE MOXKET OBITh
BBITMOJIHEHO Pa3IMYHBIMU CIIOCOOaMU: MMyTeM HETOCPEICTBEHHOM 3ae/IK1 HIKHEH
4acTH B TPYHT, C MOMOIIbIO JKEJIE€300€TOHHBIX MOJAHOXHUKOB, aHKEPHBIX TUIAT U
O0eToHHbIX OsI0KOB. HezaBucumo oT cnoco0a 3akpervieHus, MOA3EMHYIO0 4YacThb
onopel BJIOII, koTopas BOCHpHUHUMAET YCWUIIUS, JCUCTBYIOIIUE Ha OMOpY,
U IiepelaeT MX Ha TPYHT, Ha3bIBalOT (yHIaMeHTOM, a oO0JacTh TpPYHTa,
BOCIIPMHUMAIONIYIO JaBlieHHe — oOcHoBaHMeM. HawuOonee pacmpocTpaHEHHBIM
TUNIOM (YH/IaMEHTOB IMOJ METAJUIMYECKHE OIOpPbI SBIIAIOTCS KeJIe300€TOHHBIE
rpuOOBUAHBIC (DYHIAMEHTHI - TOTHOXKHHUKH (PUCYHOK 2.23).

[TogHOXHHUK COCTOMT W3 IUIATHI | M CTOMKM 2 KBaJpPAaTHOIO CEYECHHS.
B BepxHel yacTu CTOMKHM pacnoiOKeHbl aHKEPHbIE OONTHI 3, KOTOPBIMU KPETHUTCS
OTMOpHBIN OammMak onopsl. [10HOKHUKM YHUPHUIIMPOBAHBL, A7 CTaJbHBIX OMOP,
KaK IPaBUJIO, BBIOJIHAIOTCS LeJbHBIMU. [Ipu Oonblux Harpyskax, 1€HCTBYIOIINX
Ha TpUOOBUAHBIE MOAHOKHUKH, OHU BBIMIOJIHSIOTCS pa3beMHbIMU. B 3TOM cityyae
IUIUTA U CTOMKA M3TOTOBJISIOTCA OTIAEIBHO M COEIMHSIIOTCS MPU IMOMOIIM OOJTOB
WIN CBapKu B KOTJIOBaHE. B KypcoBo#l paboTe paccMaTpuBaeTCsi TOJIBKO LEJIbHBIII

THII IIOAHOXXHHKA.
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[MudpoBka (yHTAMEHTHBIX KOHCTPYKIIMH OTpakaeT WX Ha3HAUYCHUE
U 00J1aCTh IPUMEHEHUSI:

[TepBas yacTh mudpa:

@ - pynnamenT;

[TA — ankepHas 1nTa;

IIIT — noaknamgHas IJIMTA;

P, AP — purens;

C, I — cBas u ap.

bykssl nocne @:

C - (cennanbHbIC, COCTABHBIC);

K - (ykopoueHHble);

IT - (mOBBIIIEHHBIE).

Hudpser ot 1 1o 6, crosituue nociie OyKBEHHOT0 0003HAYEHUSI ONPENETISIOT
TUIIOpa3Mep PyHIaMeHTa.

Bropas dacte mmdpa 3anuceiBaeTcs uyepe3 AepUC W yKa3bIBaeT 00JacTh
npuMeHeHUs QyHIaMEHTa:

O — oz cToMKy omop Ha oTTsKKax, 0,5 - To xe, s BJIDII 500 xB;

2, 4 — mox omopel ¢ OamMakamMH, UMEIOIIMMH COOTBETCTBEHHO 2 win 4
OTBEpCTHUS;

A — 110/1 aHKEpPHO-YTJIOBBIE OMOPHI.

[Ipu wmmdpoBke mUT nociae OyKBEHHOro OOO3HAYEHUs 3alMCHIBAIOT
TUIIOpAa3MEpP KOHCTPYKIIMH, 3aTeM yepe3 aeduc — uu@psl, onpeaeisonue JINHY
TUTUTBHIL:

1 — yKOpOoU€eHHBIE;

2 — TIOJTHOM JTUHBI.

['eomeTpuyeckue pa3mepbl MU OCHOBHBIE TEXHUYECKHE XapPaKTEPUCTUKH
rpuOOBUIHBIX (DYHIAMEHTOB MPUBEICHBI B IPHIIOKEHUH JI.

OcHoBHbIM KputepueMm pabdotocrnocobHoctu BJIIDII sBisiercs otcyTcTBHE

nedopmanu dpyHaamenta. [lpu ero pacuere HEOOXOAMMO PYKOBOACTBOBATHCS
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tpeboBanmsimu  CHull 2.02.01 —83 «OcHoBaHusI 3HaHUH H  COOPYKEHHUII».

PaCCMOTpI/IM pacacT (byH,Z[aMGHTOB TOJIBKO Ha BBIPBIBAHWEC U BAABJIMBAHUC.
&

b

[~ —

Pucynok 2.23 - 'puboBuHbI (yHIaMEHT (TI0JHOKHUK)

2.15.1 Pacuet pyHaameHTa Ha BhIpbIBAaHHUE

Paccmotpum ycunus, aeicTByronme Ha GyHIaMeHT (PUCYHOK 2.24).
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K NomHOXHUKY HNpHIIOKEHa BhIpbiBaromas cuna F7, Bec mognoxuuka G, |
BEC TpyHTa O0OpaTHOW 3achllkM B 00beMe oOOeiucKa 3a BbIUETOM OObeMa
nogHoxHuka G, 5, cyMMapHas BelMUMHA CUII TPEHHMS 110 IPpaHaM oOelucKa Fry .

PacuerHass BwIpbIBafOIas cuiaa FX  paBHA 3HAYEHUIO MAaKCHMAJILHON
BepTUKaIbHOU peakiuu (Ray wim Rpy), yMHOXeHHOW Ha KOA(PIUIIMEHT yCIOBUMH
paboTel. 711 mpAMBIX MPOMEKYTOUHBIX ONOP KO3(D(PUIMEHT yCIOBUU pabOTHI

paBeH eANHUILIE.

o H
HOpMaTI/IBHBII/I BE€C ITIOJHOXHHUKA Gn , pPaC4CTHOC 3HAYCHHC KOTOpOFO:
P __ H
Gn - 7/17 .Gn (2101)

rae /' — KodpHUIMEHT HAJEKHOCTH [0 HAIPY3Ke, IPUHUMAEMBIH paBHBIM
0,9.

[Ipu nepemenieHny MOAHOKHUKA BBEPX MOJ AEHCTBHEM cuibl F B paboTty
BOBJICKAE€TCd Macca TpyHTa OOpaTHOM 3achilKM B OOBEME MPU3MBI, HUXKHEE
OCHOBaHHE KOTOPOH PaBHO OCHOBaHHWIO MOJHOXHHKA (N) ¥ yriioM BHYTPEHHETO
TPEHUS (n, 3aBUCSIIUM OT BUJA IPYyHTA, €r0 MOPUCTOCTH, CTENEHU YIJIOTHEHUS U
Kod(ppuIIMeHTa HAJIEKHOCTH 110 TPYHTY ISl yTJia BHYTPEHHETO TPEHUS. DTY MPU3MY
MPUHATO HAa3bIBaTh OOEIUCKOM.

Kosddurmentom mopucTocTd «e» Ha3bIBAE€TCS OTHOIIEHHUE O0beMa Iop
B IPYHTE K 00beMy MUHEPAIbHBIX YaCTHUIl IpyHTa. Hanpumep, necku rpaBenucToie,
KPyIHBIE W CpeIHEW KPYMHOCTH CUYUTAIOTCA TUIOTHBIMU Tipu e < 0,55, cpemneit
riotHocTH ipu 0,55 < e < 0,60 u peixsubiMu nipu e > 0,6.

O06bem obenncka paBeH:
h
Vo =7 (0" +b+b-b) us’ (2.102)

JlnuHa BepXHel cTOpOHbI o0emrcka Di:
b =b+2-h-tgy,, mnm, (2.103)
IJI€ ¥, — YroJ HaKJOHa rpaHeil o0enucka, epao.

B cBoto ouepenpb:
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Vo = u-% (2.104)

rie Y, - HOPMAaTUBHOE 3HAYCHUE yriia TpeHUs (3HAYCHUS MPUBEIICHbI
B npuioxenuu E), epao;

Yr — KO3 (QULHUEHT HAJIeKHOCTHU 10 TPYHTY, IPUHUMAEMbIN PABHBIM:

- I TPYHTOB KPYIHOOOJOMOYHBIX (Tajbka, TpaBUd) C MECYaAHBIM
3aMoOTHUTENIEM U TTeCYaHbIX - 1,2;

- JUTS IECKOB MEJIKuX - 1,1;

- JIUISl TIBLJIEBATO-TIMHUCTHIX - 1,0.

- 1 — 6e3pa3MepHbIi KOd(DPUITUESHT, 3aBUCSIINN 0T 00BEMHOTO Beca IPyHTa

. daH
oOpaTtHoii 3aceimku. [Ipm oObemHOM Bece MeHbiie 1,7 5, KoapouiueHt
MM

MPUHUMAETCS PABHBIM:

- uis rieckoB — 0,5;

- IbUIEBATO-TIMHUCTBIX TPYyHTOB — 0,4;

- pu OOJIBIIMX 3HAYEHUSIX 00BEMHOT0 Beca cooTBeTcTBeHHO 0,8 1 0,6.

OOBbeMHBIN BeC - BeC €AMHUIBI 00beMa TPYHTA B YCIOBUSIX €CTECTBEHHOTO
MPUPOJIHOTO 3aJIETaHUsI TIPU COXPAHEHUU €CTECTBEHHOM MOPUCTOCTH U BIAXKHOCTHU
TPYHTa HEHAPYILIEHHOU CTPYKTYPHI.

VY nenbHbBIN BEC - BEC €MHUIIBI 00beMa MUHEPATbHBIX YACTHIL IPU OTCYTCTBUU
nop.

Torma Bec rpyHTa OoOpaTHOW 3achIIKM B 00BbEeME OOENMCKa 3a BBIYETOM

o0BeMa IMOJHOXXHHUKA OIIPCACIINTCA U3 BBIPAKCHUA:
G" =q,-(V,-V,) (2.105)

daH

T

10°°:

I'me gr — 00beMHBIN BeC TPYHTA 3aCHITIKH,
MM

V7 — 00beM TIOTHOXKHHKA, MM°.
I[To rpansm oOenucka JEWCTBYIOT CHJIbBI TPEHHUSI TPYHTa 3achIKH,

BO3HHUKAIOIMIKUC B PC3YJIbTATC CLUCIUICHUSA I'PYHTA 34CBIIIKH C OCHOBHBIM I'DYHTOM.
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PacueTHas cymmapHas BelIMYMHA CUJI TPEHHUS IO rpaHsM oOenucka Oynaer

onpenenaThes mo hopmylie:
F”=A-C,,daH (2.106)

rac Co — pacd€THOC 3HAYCHHUC YACIILHOI'O CHCINUICHUS TPYHTA 3aCBIIIKH,

paBHOE:
C,. daH -
Co=p-—2L,—>.107 (2.107)
Ve MM
daH ,
rne Cr— HOPMAaTHUBHOC 3HAYCHUE yIACJIIBHOTO CUECIIIICHUS, —-10
MM

(mpunioxkenue E);

yc — KO3 GUIIMEHT HAZCKHOCTHU 110 TPYHTY, IPUHUMAEMbI PABHBIM:
- IIs1 KPYITHOOOJIOMOYHBIX TPYHTOB M TIECKOB - 4,0;

- ISl CYTIeCeH U CyTIIMHKOB - 3,3+ 2,4.

CyMmMmapHhas miomaas Tpanei o0enucka, onpenessercs mo Gopmye:

2-(b+b)h

A=A 2 (2.108)
Cos Y,

Pacuer dynnameHTa Ha BBIphIBAHUE MPOU3BOIUTCSA UCXOIS U3 YCIOBUSI:
FP<G® +G° +F? (2.109)
1P 23

[Ipu pacuerax HEOOXOIMMO CIIEIUTh, YTOOBI Pa3MEPHOCTH BCeX (HU3HUECKUX
BEJUYMH ObUIM OJHOW CUCTEMBI U3MEPEHUSI.

Ecnu ycnoue (109) He BBINOTHAETCS WIIA BBITIONHSAETCS ¢ OOJBIIIUM 3a1acoM
MPOYHOCTH, TO CJIEIYET BHIOPATH MOJHOXKHUK C OOJIbILIEH (MJIM MEHBIIEH ) TITyOHMHON
3QJI0KEHUS WiaW OoJbllield (MM MEHbIIEH) CTOPOHOM IUIMTBHI, @ B HEKOTOPBIX

Clydasax JOCTATOYHO U3MCHUTDL INOPUCTOCTDb I'PYHTA.

2.15.2 PacueT ¢pyHnamMeHTa Ha BAaBIUBAHUE

Lenpto pacuera ocHOBaHUS MO JAeopManusiM SBISETCS OrPaHUYECHUE
a0COJIFOTHBIX M OTHOCUTEJIBHBIX MepeMeIleHU (PyH1aMEHTOB TAKUMHU TIpEEIaMHu,
IpU KOTOPBIX TapaHTUpyeTcsi HopManibHas skcruryaranust BJIDII u He cHmkaeTcst

€C TOJITOBCYHOCTL BCJICACTBUC MMOABJICHUA HCAOITYCTUMBIX OCaa0K.
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IIpu pacuere nedopManu OCHOBAHHS, JIABJIICHUE IIOJ  IOJOIIBOM
(GyHIaMEHTa HE JOJ/DKHO TMPEBBINIATh PACYCTHOTO COMPOTUBICHHUS TPyHTa
OCHOBAHHUSI, TO €CTh.

o<R (2.110)

PacuetHoe compoTuBiieHUe R IPUBOAUTCS B IPHIOKEHHUH E.

PaccMoTrpuMm  ompejenieHne JaBiCHHS TOJ IOJOIIBOM  (hyHIaMeHTa
(pucyHok 2.24).

Fr Fs

Pucynox 2.24 — Cxema Harpy»xenus pyHaameHnTa

Ha ITOOJHOXKHHUK HeﬁCTByIOT pacdu€THasA BCPTHUKAJIbHAA CUJIa FBP H pacucTHasd
TOPU3OHTAIbHAS FFP , KOTOpPBIE COOTBETCTBEHHO PABHEIL.

Fg =0,9-Ry, (2.111)

F’=0,8R,, (2.112)

rae 0,9 u 0,8 — xorddunKeHTs ycinoBHil pabOThl; BEC MOJAHOXKHHUKA, BEC

TPYHTA 3aChIIIKU Ha YCTYIIaX MMOJHOKHUKA.

o P
PacueTrHsblii Bec IIOJHOXKHHUKA Gn paB€H HOPMATUBHOMY BCCY IMOAHOKHHKA,

YMHOKEHHOMY Ha KO3((ULHUEHT HAJICKHOCTH 10 Harpy3Ke.
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Jlis mpsSIMBIX MPOMEXYTOYHBIX OMOP 3TOT KOA((UIIMEHT paBeH €AMHULIE,

1o ecth: GP =G/, daH.
y P
PacueTHbIi Bec rpyHTa 3achIIKH Ha yCTynax nogHoxkHuka Gy

G/ =0,9-9,-(b*-h-V,), daH (2.113)

B omacHoM momnepedyHoM CeuYeHHHU MOAHOXKHHKA (B MOAOIIBE MOJHOKHUKA)
BO3HUKAIOT BHYTPEHHHE YCHUIIUS:

- mpoponbHas cuna N (ot cun G, G/, F7 ), KoTopast BbI3bIBaeT JeGpopMalnio
COKaTHSI

NP=F’+Gf +G} (2.114)

- n3rubaromuii MoMeHT M, (oT cunbl F”), KOTOpHIil BBI3EIBAET AehOopMAITHIO
u3ruba B BEpTUKAIBHOM TIOCKOCTH:

M, ==F -h (2.115)

M, neficTBYyeT B IIIOCKOCTH XZ, (pacTAHYTHI JIEBbIC BOJIOKHA) (PUCYHOK 2.25.)

Z
No| S e
,

4

Nl

Pucynok 2.25 — Cxema Harpy>keHus MOoAOIIBHI BHYyTPEHHUMH YCUITUSIMU

CJ'IGI[OBEITGJ'IBHO, B IIOAOHMIBC IIOJHOXHHMKA BO3HHKAOT HOPMAJIBHBIC
HAIMpsKCHUA OT CKATUA U n3ruoa.

HOpMaJ'II)HBIe CKUMAONIMEC HAIIPSIKCHUA OT N:

o =N daH (2.116)

=, .
A um

A=Db? mmomaap moJOMBhI TOTHOXKHKKA, MM,
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HopmanbHble HanpsKeHus OT U3rudaroiiero Mmomenta My:

M
y daH
Ow =T, 2.117
My Wy © ( )
Trac OCCBOﬁ MOMCHT COHpOTI/IBHeHI/IH IIOJOIIIBBI HOI[HO}KHI/IKa:
b3
WO - , ]l/lﬂ/l3 2118
6

Omopel  HOPMAJIBHBIX HANpsSOKEHWW o, WU 0, B OINAacCHOM CEYECHUU

MOHOKHUKA MPUBEICHBI Ha puc. 2.26, 6 u 2.26, B.

al
o)
b = =1 O
o | o o
Z/ O-/V*O-M,E[/]U/O-/v/</0-/\7/

~L ;

g N Oy +Ox e /Oy /:/O',f//

Oy +0p ecnloy /> /oyfm/

el
L]l

Pucynox 2.26 — Dmropa pacrpeaesieHus HanpsHKeHUH
B TI0J101IBe TToTHOXKHUKA (MTla)

—L ]

Pucynox 2.26 a — omacHoe cedeHue (CeueHre MOI0IBhI MTOTHOKHIKA);
pucyHok 2.26 6 —omropa pacnpeleNieHUs] HOPMaJbHBIX — HaNpsKEHUN

OT CoKaTwusl;
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pUCYHOK 2.26 B—53miopa pachpeiefieHus] HOPMAaJdbHBIX  HaMpsDKEHUN
OT u3ruoa.

Jlanee mpuUBOAATCS CyMMapHbI€ YMIOPBI HOPMAJIBHBIX HAMPSHKEHUH, KOTOPBIE
OyayT paBHBI anreOpanyeckod CyMMe HAmNpsOKeHW OT CKaTusig W u3ruoa.
B 3aBHCHMOCTH OT COOTHOIIICHUS BEJTMYUH HOPMATBHOTO HATPSDKEHUS MPH CIKATUU
¥ HOPMAJILHOTO HAMPSKEHHSI OT H3r10a BO3MOKHBI TPH PA3TUYHBIX CIydasi:

PUCYHOK 2.26 T:

min
/O'N/</O'M / — CyYMMapHas 3III0pa pa3HbIX 3HAKOB. yLII/ITI)IBa}I, 4TO I'PYHT

MPAaKTUYECKU HE CHOCOOCH BOCHPUHUMATH PACTITHBAIOIIECE HANpsKEHUE, MpHU
MPOCKTUPOBAHUM HEJb3sl JOIMYCKaTh TAaKOro0 COOTHOLICHHWS HAaNpPsKEHUU,
MOCKOJIBKY B 9TOM Clly4ae MOSBIISIETCS 30HA OTCJIOCHUS MOJOIIBHI (PyHIaMeHTa
oT rpyHTa. B 3TOM cnydyae HEoOXOIMMO MPUHATH APYrol THUM TMOJHOKHUKA
¢ OOJIBIIMMU 3HAUCHHUSIMH pa3mepa b;

puCyHOK 2.26 1!
min
loyl=loy" | — cymmapras smiopa OmHOrO 3HAKA, HO HANPSKEHHE IO

OJIHOMY Kparo MOJOMIBBI PABHO HYJIIO, T.€. IPAKTUYECKHU IMOJIONIBA HE MOJHOCTHIO
BOCIIPMHHUMAET JIABJICHHE CO CTOPOHBI IPyHTA. DTOT CiIy4yail HEXKenaTeseH, HO, KakK
VICKJIIOUEHUE, TOITYCTHUM;

pPUCYHOK 2.26 e:

min
lo N/ >lo M [ - CyMMapHasi dIIIopa TOXKe OJHOI0 3HaKa, HO BCE HAIIPSDKEHUS

B IPYHTE MO KOHTAKTY C MOJOLIBOM — CXKMMAIOIIKE, U MOKHOXKHUK BOCIPUHUMAET
JlaBJIeHNE TPyHTa BCEM OCHOBaHUEM. DTO HauboJjiee 0J1aronpusITHOE COOTHOILICHHE
MEX]Ty HANPSKECHUSIMHU.

Haiings 3HaueHne MaKCHMMalbHOTO HOPMAJIBHOTO HAMPSDKEHUS, MPOBEpsSieM
BbimoHeHus ycnoBus (2.110). Ecim ycrmoBue HE BBIOTHSETCS, HEOOXOAUMO
IPUHATH IPYTOH THUI TOJHOKHUKA U BHOBb ITPOBECTHU NPOBEPKY KaK Ha BHIPHIBAHUE,

TaK 1 Ha BAAaBJINBAaHHC.
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3 IIPUMEP BBITIOJIHEHUSI KYPCOBOW PABOTEI

[Henbto KypcoBod paboTe SBISETCS PACCMOTPEHUE OCHOBHBIX JTaloB
MPOCKTUpOBaHUs MexaHnudecko dactu BJIDIL: BeIOOp MpoOMEKYTOUHBIX OMOP,
MEXaHMYECKUH pacueT IMPOBOJIOB, pacdyeT MOHTAXHBIX CTpeNl IMpoBeca, Moa0op
CEYEHHS] ONOpPbl, KOHCTPYUPOBAHUE Yy3Ja HIWKHEH CEKIHUH OIMOpbI, pacyer
dbyH1ameHTa.

HcxonHbie naHHbIE.

Tabnuma 3.1 - Knumatuueckue ycaoBus

Ne i/m [TapameTp 3HavueHus
1 CkopocTh BeTpa 32 m/c
2 Paiion mo rosonemy I
3 HauGospias teMneparypa tmax 35°C
4 Haunmenbimas remnepatypa tmin -50°C
5 Cpenneromosas t, = t, -7°¢C.
Tun omopsl - yHHHUIMPOBaHHAS CBOOOJHOCTOSINAS TPOMEKYTOUHAS

MeTalInyecKast ornopa (1o yCaoBHUIO 3aIaHUs - TUII a).

KonunuectBo neneii — 1.

Hanpsixenue onopst BJIDI — 110 xB.

I'pyHT oOCHOBaHUST — TIECOK CpeAHEell KpYMHOCTH, KO3(hPUIMEHT
nopuctoctu € = 0,55 (mpunoxenue E).

OU3UKO-MEXaHUYECKUE XapaKTEPUCTUKU TPOBOJIa IPUBEACHBI B Tabuiie 1.

Jmmaa nipostera — | = 200 .

XapakTep MECTHOCTH — HAaCEJIEHHAs: MECTHOCTb.

Ou3nKO-MEeXaHUIECKHIE XapaKTEPUCTUKH MPOBO/IA TPUBEACHBI B TabmuIe 3.2.
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Tabnuma 3.2 - u3nko-MexaHMIEeCKHX XapakTepucTuku nposoja AC-150/24

Ne [Tapamerp 3HaueHue
/1
1 2 3
1 | HoMuHaNBHOE CEYEHHE 150/24 mm?
2 CeuyeHune aJJIOMHHHUEBOM YacTH 149,0 mm?
3 Ceuenune cTaJbHON YaCTH 24,2 MM?
4 PacuetHoe ceuenue A 173.,2 mm?
5 JnameTp nipoBoja d 17,1 mm
6 PaspeiBHOE yemmme Fp 52279 H=5227,9 daH
7 Bec 1 kM nipoBoja 1 599 daH/km
8 Monynb yrpyroctu E (npunoxenue H) 89.103 dail
’ MM2
9 Temneparypusiii  KOd)PUIIUEHT JTHUHEHHOTO 18,3-10° 2pao. !
yanuHeHus o (mpunoxxenne H)
10 | IIpenmen MPOYHOCTH (BpeMeHHOE
COMPOTHUBJICHUE): daH
30,184
_F, _5227,9 ol
A 1732
11 | Homyckaemoe HaIpsiKEeHUE npu
CpeIHETOI0BOM | TEMIEpaType 0.3.30.184 - 9,055 daH
(9KCIUTYaTalluOHHOE): P
o,=0,3-0,
12 | lomyckaemoe HampsiKeHUE MpU HauOoJbIIen daH
0,45-30,184 =13,583 >
narpyske o, =0,45-0, MM
13 | omyckaemoe HampspkeHHE TIPU  HUBIIEH daH

temmeparype: o, =0,45-0,

0,45-30,184 =13,583 >
MM
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3.1 PacyeTr npoBoJa Ha MeXaHMYECKYIO POYHOCTH

MexaHU4ecKui pacder IPOBOAOB IPOBOAUM IO METOLY JIOIIyCKAaeMBbIX
HaIPSHKEHU M.

C yderoM BceX KIMMATHYECKHX YCJIOBHH OIPEAEIAIOTCS HOPMATHBHBIE

HArpy3Ku — HArpy3Ku, COOTBCTCTBYIOIIHC YCIOBHUAM SKCILTyaTallu JIMHHUH.

3.1.1 Onpenenenne yaenbHBIX HATPY30K

Tabnuua 3.3 - Y aenbHble HArpy3Ku

N VY ienbHbIE HATPY3KU Cxema Brruncnenus
2 3 4
Ot COOCTBEHHOI'O Beca
poBO/JIA!
4, d -3
71=-, Ta¢ Q1 - BEC OJHOTO - 599.10™
A N=""on,
173,2
MOTOHHOTO KHJIOMETpa MPOBO/IA, dal]
o1 = 599 44 =3,458-10° —
KM M- MM
A - dhbaxkTudeckoe ce4YeHue 7
1

nposona, A = 173,2 um?,;

Q.
2 | Ot Beca rojyonena: /2 = K’
g, =p-7-C-(d+C)-10° daf
M
5, daH
e £=0,9-10 3 — - 0,9-314-10-(17,1+10)-10°
M- MM c |27 1732 )
IUIOTHOCTB TOJI0JIEIHBIX
o A =a424-10° 99
OTJIOKECHUU, M- MM
C=10mm  TONIIMHA  CTCHKHU _
roJioyiesia (paiioH 10 ToJIoJIery 2, &

noBTopsgemoctb 1 pa3 B 10 ner)
(npunosxenue XK),

d =17,1 mm quameTp IpoBOJA.
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[Tponomxenue Tabmuis: 3.3

1

2

3

Ot Beca npoBoJia U roJiojeaa:
Vs=1t7),

Y2

Va=7,+7,=(3,458+4,424).107 =
dar

2
M MM

=7,882:10"°

Ot TOPHU30HTAJIbHO BCTPOBOI'O
Haliopa:

2K K, C i, d-10° daH

* A M- MM°
1€ (Qmax — MaKCHUMAIbHBIN
HOPMAaTHUBHBIN CKOPOCTHOM
HaIop BETpa Ha BBICOTE 15 M OT
3eMiid (paiioH 4 1o BeTpy): Trae
v = 32 m/c — CKOPOCTb BETPa;

v? 32° daH

qmax = = = 64 2

16 16 M
o (tabnuma 2.1) — ko3 duru-
CHT, YUUATHIBAKOIIN T
HEPAaBHOMEPHOCTh CKOPOCTHOTO
Haropa Berpa o mnposery BJI
o =0,754;
Ki (tabnmna 2.2) - ko duimenT,
YUYUTBHIBAIOIINKN BIUSHHUE JJIUHBI
MpoJieTa Ha BETPOBYIO HArpy3Ky
| =200 m, Ki = 1,025;
C: — xodddumnueHT 1060BOTO
CONPOTHUBIICHUS, PaBHBIN 1,2, s
MPOBOJOB, JHAMETP KOTOPBIX
MeHbLe 20 mu;
K (tabnmma 2.3) - ko duimenT,
YUYUATBIBAKOIIN N
HEPAaBHOMEPHOCTh CKOPOCTHOTO
Haropa BeTpa Mo BhICOTE (TaK KaK
ormopa emie He BbIOpaHa, TO
OPUEHTUPOBOYHO  MPUHUMAEM

H
IPH BBICOTE OIOPHI ?S15 M,

Kn=1);

©0,754-1,025-1-1,2-64-17,110° |
Ve 173.2
daH

2
M MM

=5,86
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[Tponomxenue Tabmuis 3.3

l_\

2

4

3) OT ropu30HTaIBLHO BETPOBOTO

Haropa Ha IpPOBOJ, OKPHITHIN
T'OJIOJIEIOM:

_a-K; K, C,q,(d+2:C)-10° daH

Vs

A M-’
_Ur2 CU = Umax .
1-‘J:[eqr - 16 ) r 2 ’
2
(0537 dalz—l
16 M

Vs

=3,179-10

0,75-1,025-1-1,2-16(17,1+2:10)-10° _
173,2
3 dam

M'MM2

Ot Beca mpoBona 6e3 rojomneaa
U TOPU30HTAILHOTO BETPOBOTO
Haropa:

776 :771"'774;
Yo =y +yl, L

M'MM2

75 =+/(3,464-10) +(5,86-10°)% =
daH

M'MM2

=6,805-10"°

OT Beca MNpoBOJA, MOKPHITOTO
roJIOJEAOM M BETPOBOT'O Haropa:

777 :773""775

Y, =Aly2+y2, g

M'MM2

7, =(7,882:10°)? +(3,179-107)? =
daH

M'MM2

=8,499.-10°°

3.1.2 Pacuer KpUTHYECKUX TIPOJIETOB

Pacuer IMPOBOJOB IMPOU3IBOAUTCA JJIA CICAYIOIMNUX UCXOAHBIX PCKHUMOB!

- mpu HaubombIied Harpyske (t,, 7., o,):

rae L, =-10°C, 7, =77=8,499.10° 94 & =13 583 _9a/7

M MM

- IPA HA3LIEH TEMIIEPATYPE U OTCYTCTBUU BHEIIHUX HATPY30K

(s 7, 04):

rie t, = -50°C, y,=3,458.103 _934

M- MM

,0 ,=13,583

- Ipu cpenHerooBoii Temmnepatype (1,, 7, 0,):

rae t,=-70C, y,=3,458.103 _934

M= MM

0, =9,055

daH

M'MM2

daH

2

M- MM




JUist Toro, 4roObl ONpPENENuTh KaKOM W3 PEKHMMOB INPUHATH B KadyecTBE
UCXOJHOI0, HAXOAUM 3HAYEHUsI KPUTUYECKUX IIPOJIETOB.

[IepBbIii KPUTUYECKUN POJIET:

49.0, |o,—-o,—a-E(t —t,)

| . =
kpl 2 (3 . l)
03

[Moncrapinsist 3HaueHus B popmyiy (3.1), momydum:

4,9-13,583 [13,583-9,055-1,83-10°-8,9-10°° [—7 — (_50)]

| =
xkpl -3 2
3,458-10
8,9-10°| 1— 13,583
9,055
=287,088 m
BTopo# kputnuecknii poner:
a- (t L)

Isz =490, 7y —r (3.2)

[Toncrapnsist 3Hauenus B Gopmyiy (3.2), mOIydnM:

1,83-10° - (—10+50)

o =23194
(8,97 —3,458%) 10

1, =49 -13,583\/

TpeTuil KpUTHUECKUI MTPOJIET:

4,9.0, |o,—o,—a-E(t,—t.)

IKp3 = 2 2
7 Ehyrj _[Gr] ] (3.3)
N o,

[Toncrapnss 3Hauenus B hopmyiy (3.3), moxydnm:

4,913,583 [13,583-9,055-1,83-10°-8,9-10°(—7 — (~10))

;= -
©o345810° | [(8.4999-10%)"(13,583)
| 3,458-10° | (9,055

= 210,605 m
B pesynbrare mosydaercs ClEAyIOLIee COOTHOLIEHHWE KPUTHYECKUX

MIPOJICTOB:
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| . >1 >

kp3 (3.4)

xpl Kp2

To ecTn:

287,088 m >231,94 m > 210,605 m

@OU3NYECKUI CMBICT UMEET TOJBKO BTOPOM KPUTHUYECKHUU MPOJIET prz- B

HamreM ciydae | < |,<p2 (200 m < 231,94 m) (cm. mompaszen 2.5).

Ha ocHOBaHuU MOTy4Ye€HHBIX COOTHOIIICHUM ONPEIeseTCs] UCXOIHBIA PEXUM
- PE€KUM HU3IIEH TeMIEPATyphl C TapaMeTpaMu:

daH
o,=0,=13583 >t =t, =-50°C: y, =y, =3,458-10° da—H2
MM MY mm

3.1.3 IMocTpoeHre MOHTaXHBIX TPaPUKOB

Montax BJIDII (ycraHoBka, mojBecC MPOBOAOB U T.II.) MPOU3BOJIUTCS B
0e3BETPEHHYIO MOT0/Ty, HO MpH Jt000# TemiiepaType. Bo Bpemst MoHTaxka ronomnen
Ha MPOBOaX OTCYTCTBYET.

Pacuer HanpsokeHUMs 0OpH  MOHTaXE OCYIIECTBISIETCS 10 OCHOBHOMY

YPaBHEHHIO COCTOSTHHUS MPOBO/IA!

2 ]2 2 12
V212 E V212 .E
h R I T R,
M24.07 “ 24.07 (t —t) (3.5)

3aaBasch 3HAYEHHUEM TEMNEpPaTypbl OT tmin 10 tmax, W, pellas ypaBHEHHE

OTHOCUTENBHO Oy , ctpouM rpaduk o,, = o,,(t).

BriGepem crenyrorniye 3HaYeHUST TEMIIEPATyD:

tmin = t1 = -50°C, t;=-20°C, t3=-10°C, t4=-7°C, ts=0°C, ts=10°C,
t7 = 25°C, tg = 35°C, tmax =ty = 45°C.

Pacyer HampsbkeHMss B TIPOBOJIE IS PEXKUMA HU3IIECH TEMIEPATYypbl
tmin = t1 = -50°C:

2 12 2 12
2 I = yo-1°-E
- =——=0,-"*——-a-E(-50+50
M 24.01%4 1 24-0__21 ( ) (3.6)

HOI[CTEIBI/IB 3HA4YCHUA, IIOJTYIHUM:
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__(3,458:10°)-2007-8,9-10° _

Y 2407,
-3\2 2 3
13583 (3,458-107) 2002 8,9-10 0
24-13,583
O'i[ -12,621- ofl -177,418=0 (3.7)
PacyeT HanmpskeHHs B IPOBOJIE JUIs CPEIHET0I0BOM TeMnepaTypsl ts = -7°C.
2 |2 2 12
" _h | 2E =O'_1—}/” | 2E —a-E(-7+50)
240, 24-0°,

o (3,458-107°)?-200%-8,9-10° _

. 2457,
-3)2 2 3
:13’583_(3,458-10 ) -2002-8,9-10 B
24-13,583

~1,83-10°°-8,9-10*(~7 +50)
o —5,6180% —177,418=0 (3.8)

Pacqu HaHpH)KeHI/ISI B HpOBOI[e JJIA MaKCI/IMaHI)HOf;I TGMHepaTprI
tMax = tg = 450C
e 458-107°)%-200° -8,9-10° B

. 240},
-3\2 2 3
:13,583—(3’458 107) 2002 8,9-10°
24-13,583

—1,83-107°-8,9-10%(45— (-50))

o, +2,851-07,—177,418=0 (3.9)

Pemenne nomydennsix ypaBHenuid (3.7), (3.8) u (3.9) nmns BeIOpaHHBIX
3HAYCHHUI TeMIlepaTyp, BKJIIOYas OCTAIbHBIC 3HAUCHUS TEMIIEPATyp, BBITOJIHICM

METOJIOM KacaTelbHbIX (YHCIACHHBIM MeT010M) Min ¢ momorsio I «Mathcady,

«Mapley.
JIIss 3TUX 3HAYEHWH TeMIlepaTyp OIpeaeisieM TaKKe TsHKESHHE MPOBOJA U

CTpelly IpoBeca IMpoBoa 1o GopMyiiam:

T=0,-4 (3.10)
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f = 7/1'|2

_8-0M

(3.11)

Hanpuwmep, B IIIIIT «Mathcad» pacdersl MOTYT BBITJISICTH CIIEIYIOLIIM
o0pa3oM:

- OIpeaeIuM 3HA4YCHUS TEMIIEPATYPHOTO koappurenTa
a =1,83x10" 2pad™ (nepemennas «), Moxyas ynpyrocta £ =8,9-10° daH | v’
(nepemenHas E), JIOITyCKaeMOoe MaKCHMAaJIbHOE HanpsHKEHUE
o, =13,583 daH / mm* (nepemennas o), Temneparypy t, = -50°C (nepemennas t,),

pacuetnyro mamuHy | =200m (mepemennas l), ¢akTudyeckoe cedeHUE MPOBOJA,

A=173,2 Mmm? (nepemenHas Ar), yIelIbHYIO HAarpy3Ky OT COOCTBEHHOIO Beca
marepuana ¥ = 3,458-107° daH / mm® (nepemennas y1);

- OTIpeIeIIMM JMara3oH Temnepatyp (MaTpuna tt):

(t:= (=50 =20 —10 =7 0 10 25 35 45)

- [IporpamMma JJid BBIYHUCICHHA HAIIPSHKCHUA O)y, TAKCHHA ITIPOBOJA Tnu

CTpeltbl poBeca f MoXkeT UMeTh CIeAy oI BU:

SMm = k(—l T]\[ = k(—l
while k < 8 while k < 8
aa <« 1.0 Ti € oy AT
5 5 k B
vy IE
bb(——c\,+—?+u-E-(ttk—t\,) kek+1
cc « 0.0
2 2
-1 TE fyi= |k« 1
dd « —— ‘
24 while k < 8
vv < (dd cc bb aa )T y l.l2
Rr « polyroots(vv) f k < 8.6
M
k
Sar <« Rl’_‘;w]
k k+«—k+1
ke—k+1 fyy
Sm
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tt =

- pe3ynbraThl BerauciacHui B [TTTIT «Mathcady:

M

13.582881062
9.643081443
8.539425015
8.234401512
7.572073181
6.746741024
5757725944
5.239654067
4811676825

TM =

2352555 x 10°
1.670181706 x 10°
1479028413 x 10°
1426198342 x 10°
1311483075 x 10°

1168535545 x 10°
997238133538
907.50808449
833.382426047

1.273083945
1.793218061
2.024978002
2.099988418
2.283674153
2.563037138
3.003294699
3.300246082
3.593788285

Takum o06paszom, ucnonbsys [T «Mathcady, paccuntaem HanpsHKEHHS :

s t = -50°C,
mist =-20°C,
s t =-10°C,

s t = -7°C,
s t = 0°C,

s t = 10°C,
utst t = 25°C,
s t = 35°C,
s t = 45°C,

oy = 13,583 daH / mm®;
ov = 9,643 daH / wun?;
oy = 8,539 daH / mn?;

ov = 8,234 daH / mn?®:
oy = 7,572 daH / mn?®;
om = 6,747 daH / mm?;
ov = 5,758 daH / mn?®:
ov = 5,2397 daH / am?;
ov = 4,812 daH / mm®.

Pe3ynbTaThl pacueToB npuBeacHbI B Tabuie 3.4.
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Tabnuna 3.4 — MonTaxHast TabJIMIIa MpoBoIa

Hanpsoxenue Crpena npoBeca
Temneparypa, Tsxenue nposoaa

¢ 0 B IPOBOJIE, T dai IpoBOAA
: o, daH / an’ ' f, m

1 2 3 4
-50 13,583 2352,555 1,273
-20 9,643 1670,182 1,793
-10 8,539 1479,028 2,025
-7 8,234 1426,198 2,1

0 7,572 1311,483 2,284
10 6,747 1168,536 2,563
25 5,758 997,238 3,003
35 5,2397 907,508 3,3
45 4,812 833,382 3,594

MonTaxkable TpaduKy 11 MPOBO/IA MPEACTABICHBI HA pUCYHKe 3.1.

T o+

2500
2000 —
500 —

000 —

dat

=50 40 -30 -20

-0 0

| O | f
- 50 40
- N
L 130
BN
- 710 \\ Ou f\l / -?0
AN\ /
i a0 TM \ \ 1/
- N\
- \\\
70 \\\ 20
i N

N TN

. )
=
I 20 i

w20 3 40 0 10[

Pucynok 3.1 — MoHnTaxHbie rpaduku
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3.2 Bo106op TunoBoii onopsi BJIDII

Jlns Be1OOpa tunoBoit onopsl BJIDIT HeoOX0auMo onpeaesuTh paccTosIHUE
0 HW)KHEW TpaBepChbl, KOTOPOE 3aBUCUT OT HampsbkeHus BJI, Buma mectHOCTH
TPAaCCUPOBKH, JUTMHBI TUPJIAH/IBI, MAKCUMAJIbHOM CTPEIbI IPOBECA IIPOBOJA, & TAKKE
YBEJIMYEHHMSI CTPEJIbI IIPOBECA MPOBOJA MPU OOPHIBE B COCETHEM TPOJIETE.

BricoTa 10 HUKHEN TpaBEPCHI ONPENEIIAETCS BEIPAXKECHUEM

hy =L+ f+h,+h,, +h, (3.12)

rae: - | —amuHa TupIsSHIEL, M;

- f — cTpena nposeca npoBoaa, v;

- hop — yBenuyeHne cTpensl MpoBeca MPOBOJA 3a CUeT OOphIBA B COCEIHEM
IpoJieTe (TONBKO B IPOJIETaX MEPECECUEHUS C HHXKEHEPHBIMU COOPYKEHUAMM ), M;

- ho=0,02-1;

- N26=7 m, TabapuTHBIN pa3zmep (Tabnuma 2.5), u;

- h3=0,5 m, 3amac, yuuteIiBaromuii OnMOKH B TONOrpauIecKoi CheMKe

(h,=0,2+0,5).

3.3 Pacuer u30J151TOPOB

PaccunTeiBaeM THUpPISHIOBI TOJBKO MO MAKCUMAIBHOW pa3pyLIAOMICH
Harpy3ke. BpiOop Tuma wu3onsTOpa IS TOAJCPKUBAIOIICH TUPJSHIBI B
HOPMATUBHOM PEXUME MPOU3BOINUM 10 KO3 (HULIMEHTaM 3anaca IPOYHOCTH:

- N1=2,7 — npu HauOOJBIIIEH HArpy3Ke;

- N2=5,0 — mpu OTCYTCTBUU BETPA B TUPJISH]IE;

F

n=—=>2,7

W Gy, (3.13)
F

n, :G—>5,0 (3.14)

02
riae F — anekrpoMexanndeckas paspyliaroiias Harpy3ka u3ossropa, daH;
Go1, Go2 —oceBble HArpy3Kkd, NEHUCTBYIOIIHWE HA TOCICTHUN H30JATOP, B

COOTBETCTBYIOIIUX pexumax, daH;
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Gy =07 A, -2)+G; (3.15)
G =0 AL, -Z)+G} (3.16)

P .
rjae - )7 - pe3ylbTUpYIoLas pacyeTHas yjelibHas Harpy3ka OT BETPOBOM

daH

Harpy3KH U Be€Ca IpoBOAA, IOKPBITOI'O I'OJOJIEAOM, — 5,
M= MM

A — nonHas miomans ceueHus, A = 173,2 mm?;

lsec — BECOBOM IPOJIET, M;

l,.. =1,25-1=1,25-200 =250 ;

p
71 - pacueTHas yJenbHas Harpy3ka oT COOCTBEHHOI'O Beca:

7 =Llpy =11-3,46-10° =3,804-10 daH .

M MM

Z =1 — gucno npoBojoB B (hasze;
Y4 - pacueTHas yjebHas Harpy3Ka OT Beca IPOBO/IA, HOKPHITOTO TONO0NE0OM

¥ BETPOBOTO HAIopa:
daH

v =11y, +2y, =(1-3,46+2-4,42)-10° =12,652-10°° =
M MM
70 =127, =1,2.316-10° =3,814.10° 931
M- MM

p P\2 P\2 __ 2 2 -6 _ -3 daH

y? =2V +(7)? = /(12,652 +3,814?)-10° =13,215.10 _
M MM

P aCycTHaiAa Harpy3I<a TUpJIAHABI U30JIATOPOB!
Gy =11.G, « (3.17)

rae G, — Bec ogHoro usonsropa, daH;

K — KOJIMYECTBO H3OJISITOPOB, KOTOPOE MPUHUMAETCS B 3aBUCUMOCTH OT
HanpspkeHus B orope BJIDIT (mpunosxenue B). [Ipuaumaem x=5.

BriGupaem cTexiasiHHBIN TUHENHHBIN Tapenbyatsiii uzomstop [1C-70/1.

Ero xapakTepucTuku: MexaHuueckas paspyuaroias Harpyska F=70 kH, Bec
oaHoro u3oistopa G,=3,5 daH; crpoutenshas Beicota 127 mm (npunnoxenue b).

HO,Z[CTaBHSISI 3HAUCHHUA, ITOJTYyUHUM:
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G, =11-35-5=19,25 daH;
OnpenensieMm Gor u Gop:

G,, =13,215-107°:173,2-250-1+19,25=591,445 daH;
G,, =3,804-10°-173,2-250-1+19,25=183,975 H.

KoaddunmenTs 3amnaca npoyHOCTH:

70-10°

n = =11,835 > 2,7, ycioBue BBIOIHACTCS;
591,445
70-10?

n, = =38,049 > 5,0, ycioBue BBITOIHACTCA.
183,975

VY caoBue MPOYHOCTH BBINOJHAETCA, T03TOMY BhIOMpaem uzossitop 11C-70/ c

pa3pymIaniei dIeKTpoMexanndeckon Harpyskoit F=70 xH.

3.4 OnpenejieHue AIUHBI THPJISTHABI

JIiHy TUPISHIBL ompeaesseM o Gopmyie:

l,=h -x+h, (3.18)

riae h, ctpoutenbHas BbicoTa u3oiaTopa, h, = 127 mwu;

ha — mimuHA apmaTypsl, npuHEMaeM ha = 270 au;

1,=127-5+270 = 905 mm = 0,905 wm.

VYBenuueHue CTpelibl MpoBeca MPOoBoIa 3a CYET 0OphIBA B COCETHEM TPOJIETE,
PUHUMACM:

h,=0,02-1=0,02-200 =4 w;

h3=0,5 m — 3amac, y4uThIBAIOIIHIA OITUOKH B TOMOTPAPHUECKON ChEMKE.

MuHUMaTBHOE JIOITYCTUMOE PACCTOSTHUE OT MOBEPXHOCTH 3EMIIH JIO TIPOBOAA
B TOYKE HamOOJbIIero npoBucanus (rabaputHbiii pasmep) hx=7,0 v npu 110 kB
(HaceJeHHAst MECTHOCTB).

MakcumanbHBIN TIPOBEC POBOIa BEIYUCIIEM 10 GpopMmyie (3.19), B koTopyro
MOJICTABIIIEM BEJIMUMHBI, IPUHUMAEMbIE B COOTBETCTBUU C BHIOPAHHBIM UCXOTHBIM

pEeXKUMOM pabOTHI TPOBOJIA!
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7/1"2
f =— ’
8o " (3.19)

dafl . 5 —13583- 9%
M MM M MM

rne- 71— 3,45810_3

HOI[CTaBI/IB 3HA4YCHUA, ITOJTYUHUM:

_3,458-10°°-200°

max =1,273 m.
8-13,583

BricoTa 10 HUKHEN TpaBEPCHI:

hr=0,905+1273+4+7+0,5=13,678 x.

Broibupaem  yHUGUUIHUPOBAHHYIO  CBOOOAHOCTOSIIIYIO  MPOMEXKYTOUYHYIO
MeTtaiudeckyro onopy I1C-110-3.

XapakTepUCTUKHU OIOPHI:

IT — omopa mpomexytouHas, HanpsbkeHue 110 kB, komuuecTtBo uneneit -
OJTHOLICTIHASI.

I'eomeTpuueckue pasmepsl OMOPHI:

H = 21000 mm, h: = 15000 am, hz =4000 s, ha = 2000 mm, ar = 2100 rm,
b1 =4200 mm, bz = 2100 am, d = 2400 ym.

[Tosica omopbl MPUHATHI TPSIMOJIMHEHHBIMH, 0€3 TeperndoB, 4TO yHpoIaeT
KOHCTPYKIIMIO M yiydmaer padoTy crBoyia. [[puHUMaeM mupHHY CTBOJNA BBEPXY
ornopsl 1000 am.

[Ipuaumaem:

- BeicoTy HWKHeH cexiuu — 7000 v

- BeicOTy cpeaneit cexuuu — 8000 ruv;

- BbICOTY BepxHei cekuu — 6000 .

DCKU3 OMOPHI MPEJCTABIEH Ha pUCYyHKE 3.2.
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/n

11

|
NS
|
Bepxras cexkyus

a bz

NS
(pednasg cexkyus

/1

'\)|:,:

HUXHAT Cexyug

Pucynok 3.2 — Dcku3 onopst [1C-110-3

3.5 Onpenesienne  pacyeTHBIX HAIPY30K,  JAeiCTBYIOIIHX  HA
MPOMEKYTOUYHYIO OTIOPY

Pacqu OHOpBI BBIIIOJIHSICM B HOpMaJ'II)HOM pe)KI/IMe L IBYX COquaHHﬁ:

ITepBoe codeTaHue: CKOPOCTh BETPpa MaKCHMalIbHasl, TOJI0JIE]] OTCYTCTBYET

(V=0 ¢=0);

BTOpOG COUCTAHHUC:. TOJIOJCAHBIC OTJIIOKCHHUS HA HpOBOI[aX MaKCHUMAJIbHBIC,

Um ax

2 ]

CKOpPOCTh BETpa, NMpUHHMaeMasi MpH Tosoyene, He Mmenee 15 m/c (U, =

C=Cmax).
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3.5.1 BepTukanbHble pacyeTHBIC HATPY3KU

HopwmatuBHBIi Bec onopsl onpesensem no Gpopmyiie

G/=q-H, (3.20)
rae H = 21 m — nojHas BEICOTA OIOPHI;

daH
g =150 - BEC OJIHOTO TIOTOHHOTO MeTpa BeICOTHI ormopsl [1C-110-3.

G =150-21=3150 daH.

PacueTHbIl Bec O1IOpHI:
G/ =1,1-3150 = 3465 daH.

rae 1,1 koappunueHT Haae)KHOCTH IO HArpy3Ke.

HopmatuBHas Harpy3ka oT Beca mpoBojia 0e3 rojoJiena:

Gy =n-Al, (3.21)

G/ =3,458-10°%-173,2-250 =149,75 daH

PacueTrnas Harpy3ka ot Beca nmpoBoja 0e3 royosiena:

G’=11-G] (3.22)

G/ =1,1-149,75=164,725 daH

HopmaruBHas Harpyska OT Beca rosioJieia Ha IpoBOJaXx:

Gl =7,-Al, (3.23)

G/ =4,424-107°-173,2-250=191,559 daH

Pacuernas Harpy3ka oT Beca roioJie[ia Ha poBOAax:

GP=2-G" (3.24)

G =2-191,559 = 383,117 daH

[IpyHMMaeM HOPMATUBHYIO MOHTaKHYIO HArpy3KYy Il ONIOPBI HAIPSIKEHUEM
110 xB:

Gf =150 daH

PacueTHas MoOHTaxHas Harpys3ka:

G’ =1,3-150 =195 daH
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Pacyetnas Harpy3ka OT COOCTBEHHOT'O Beca TUPJISIH/IBI U30JISITOPOB:
Gr =19,25daH (Dra Harpy3ka ompeneneHa B pasjiene «BviOop THUOBOM

OIOPBI»)

3.5.2 I'opu3oHTaNbHBIE paCYETHBIE HATPY3KU

['oprsoHTaNBHBIE HATPY3KHU HA IPOMEXYTOUHYIO OIOPY, IIPOBOAA U TPOCHI B
HOPMAJIbHOM DPEXHMME BO3HUKAIOT TOJBKO OT BeTpoBoro Hamopa. HaumOomnbiieit
BEJIMYMHBl  BETPOBAas  HAarpy3ka JOCTHraeT TMpPH  HAINpaBJICHWM  BETPA,
NEPIEHANKYJIIPHOM Tpacce.

HopmanpHast Harpy3ka OT BeTpa Ha KOHCTPYKIIUIO OITOPBI:

F'=ci a5 -K,-S-8 (3.25)

IJI€ Cf — adpOJIMHAMUYECKU K03(PPUIIMEHT 00TEeKaHUsI MPOCTPAHCTBEHHOM
(dbepMbl, KOTOPOH SBISETCSA CTBOJI ONOPBI, BETPOBBIM MOTOKOM, ONpPEAEIISIEMbIN 110

BBIPAKCHUIO:

c; =C-p(l+7) (3.26)

i€ ¢ — a3POAMHAMHUYECKUHN KOADUIIHEHT, 3aBUCAIIIUN OT CeUEHUs TPOQPUIIS
npokata (111 paBHOOOKHUX yroJjikoB ¢ = 1,4);

@ - KO3(PPUIMEHT 3arMoTHEHUST PEIIETKH (EpMbI, TTPEICTABIAIONINN OO0
OTHONICHWE IUIOMATX TMPOEKIMA BCEX OJIEMEHTOB (epMbl ©  TUIOMAIH,

BBIYMCJIEHHOM 110 €r0 HapyKHOMy radaputy, npuauMaem @ =0,2;

N - k03 OHUITUEHT, 3aBUCAIINA OT OTHOIIICHUS 9 E =1, 17=0,85;

h' h
H . . H daH
4, - HOpMaTHBHBI ckopocTHOIf Hamop, O, =64 ——;
M

YTouHsieM 3HaueHHE KOd(PPUIIMEHTA yBEIWYCHHs] CKOPOCTHOTO Harmopa o

H 21
Beicote K, . ITpu E=7=10,5 nm, K, =1; xoropslii coBnagaer co 3HaueHHEM,

npuHATHIM B Tabmute 3.3, myHkT 3.1.1.
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S — mIoIAAb IPOEKIMHU OMOPEI 110 HAPYKHOMY 00Mepy, M2
S=H-B, (3.27)
rae H nonnas BeicoTa onopsl H = 21 u;

B —mmpuHa cTBOJla Ha ypOBHE IICHTPA TSHKECTH, KOTOPYIO OIpEIeisieM

rpadudecku B = 1,7 m;
S=21.17=357 MZ;

B — munamuueckuii  KO3(QOUIMEHT,  YUNTHIBAIOIMI  JHHAMHYECKOE
B3aMMOJICHCTBHE IMOPBHIBOB BeTpa, S =136 (BeIOMpaeM Kak IS OJHOCTOCUHBIX

POMEKYTOUHBIX OTIOP).

Haxoaum Benmnuuny:

¢, =1,4-0,2-(1+0,85) = 0,518

HopmatuBHast Harpy3ka OT BeTpa Ha KOHCTPYKIIUIO OMOPHI:

F'=0,518-64-1-1,7-21-1,36 =1609,596 daH

PacueTHas Harpy3ka oT BeTpa Ha KOHCTPYKIHIO OMOPBI:

F°=12-F"=12-1609,596 =1931,515 daH

HopMmaTtuBHast Harpy3ka oT BeTpa Ha IPOBOJ, CBOOOAHBIN OT rojojea:

F'=r-Al,-Z, (3.28)
1€ leem — BeTpOBOW MIpOJIET, leem = 200 M

F" =5,86-10°-173,2-200-1= 202,994 daH

PacderHast Harpy3ka oT BeTpa Ha POBO/I, CBOOOHBII OT roJIoJe/a:
FP=12-F" (3.29)
FP=12-202,994 =243592 daH

HopmaruBHas Harpyska OT BeTpa Ha POBOJ, IIOKPBITHIN TOJIOIEAOM:
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FnH* =7, - A- |8em Z (3.30)
FM =3179-10°-173,2-200-1=110,103 daH

PacueTHas Harpy3ka oT BeTpa Ha IPOBOJ, MTOKPBITHIA T'OJI0JIEAOM:
FP=14.-F" (3.31)

FP =1,4-110,103 =154,145 daH

3.6 OnpenesieHue pacuyeTHBIX peaKkIuii onop

Meraminueckre Onopbl MPEICTaBISAIOT COOOW CTEP)KHEBBIE pPEIIeTYAThIE
KOHCTPYKITUH, UMEIOIINE MPU3MATHIECKYI0 (popMy min hopMy 00ETHCKa C MATBIMU
yIrllaMM HaKJIOHAa CTEPKHEHM K NpoNoiabHOM ocu. Pacder mnpocTpaHCTBEHHOMU
KOHCTPYKI[MM MPOU3BOJMM IIyTEM PAa3J0oKEHHs HArpy30K Ha COCTaBJISIOLIMUE,
JEUCTBYIOIIUE B INIOCKOCTU PA3JI0KEHUSI TPAHEW, OH CBOJIUTCS K pacueTy IJIOCKOU
bepMmbl.

OnupaHue ONOPHBIX CEKIUK Ha (yHIAMEHT pacCMaTPUBAEM Kak IIAPHUPHOE,
WX peaKI Ha OJHOMMEHHBIC OaIllIMaKkyd CYUTAEM PABHBIMH.

JUIsl TJIOCKOM CHUCTEMBI CHJI MOKHO COCTaBUTh TOJBKO TPU YPaBHEHHS
paBHOBECHS, a HEM3BECTHBIX B 3ajJau€ — 4YEThIpe. 3ajlaya SIBISETCS CTAaTHYECKHU
HEONpeeIuMOi. YpaBHEHHME COBMECTHOCTH Jedopmanuii (A1  pacKpbITUs
CTaTUYECKOM HEONpPEeAEeIMMOCTH CHUCTEMBI) COCTaBIIATh HE OyJeM BBHJY Majoro
o0beMa AUCIUTUIMHBI « TeXHUYeCcKast MEXaHUKaY.

Ha ocHOBaHMM ONBITHBIX JaHHBIX YCTAHOBJEHO, YTO TMEpPBBIE IO
HaIPaBJICHUIO BETPOBOIO IMOTOKA JIBa OMOPHBIX OamiMaka BocrpuHuUMaroT 35%

CYMMapHOH TOPU30HTAIBHOM HAarpy3KH, a JBa APyTrux Oammaxa — 65%.
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3.6.1 IlepBoe coueranue (pucyHOK 3.3)

0o

g}
]
N
i
h S
= x
¢ b=2100 3k
S G+ 9§
Q 3
~F Qy
L 5]
= vy 7
£ £
ar=2100 b=4200
Yo B f F
G,+6, b,+0,+0;
x
S | S
)
N £ 33
4 7 NI
ISVEEN
S
Q
&
Vi
G,
8 \/ B=1700
S
\‘W |
=
D
S
g
({l
N
2
Sk
Ny
£
P P S
2R,y 2Ry =
P P
2R A 4 B sy
p | 200
2Ry

Pucynok 3.3 - [lepBoe coueranue

FOpI/ISOHTaHBHBIG PaCUCTHBIC HAI'PY3KH:

F =243,592daH , F? =1931,515daH ,

D F =3-F+F
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Z F. =3:243,592+1931,515 = 2662,29 daH

OrnpenensieM pacyeTHbIE TOPU3OHTAIBHBIE COCTABIISAIOIINE PEAKLINN:

re, = 0% 35 SF, _@ 2662,29 = 465,901 daH: (3.33)

R =——= 0, 65 Y Fo= @ 2662,29 = 865,245 daH. (3.34)

BeprukanpHble pacueTHbIE HATPY3KHU:

- Harpy3ka | u 3 TpaBepchl:
G, +G =19,25+164,725=183,975 daH;
- Harpy3kKa 2 TpaBepChl:

GP +GP +Gp =19,25+164,725+195 = 378,975 daH.

Pacuernslii BEC ONOpHI:

GP =3465 daH
> F, =183,975-2+ 378,975+ 3465 = 4211,925 daH (3.35)

4 3 ypaBHeHI/Iﬁ PaBHOBCCHA HaAXOAHMM BCPTHKAJIBHBIC COCTABJIAIOIINC

peaKiuii:

ZMA:

2-R}-d+(G/ +G§)[a1—%j—

—(an +GZ'°)(33 +%)—
d

; (3.36)
—(GF +G} +G/ +— |-G -——
( n z M)(el 2) 0
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2RE, -2,4+183,975- (2,1—%) —183,975- (2,1+ 2—24j -

—378,975- (4, 2+ %) —3465- 2—24 —2-243,592-15—-

243,592 - (15 + 4) 1931, 515- % =0 daH

Orcrona:

Rey = M =8096,446 daH

> M, =0;

—2-Rp, -d +(an+GZp)(a1+%j—

d
—(an+(3;)(63—5j—
(3.37)
—(Gp+Gp+Gp) 8 _d +Gp-9—
n z M 1 2 0 2
H

R 2R~ Rl (h+h) =0

2R}, -2,4+183,975-(2+2;24j—183,975-(2_2_;‘j_

—378,975(4,2 —2—;)+3465-%— 2-243,592-15-

243,592 (15+ 4)—1931,515-%L =0 daH

Orcrona:

re 28754322 990 484 daH
A 4,8

OTtpuratenbHOe 3HAYCHUE yKa3bIBAa€T HA TO, YTO NMEPBOHAYAIBLHO OBLIO HE

BEPHO BBIOPAHO HAINpaBJICHHE PEAKIMH, KOTOPYH HEOOXOAUMO 3a4E€pKHYTh M
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yKa3aTh MPAaBUJIbHOE HAMPABJICHUE, KOTOPOE OYIET UCTIOIb30BaThCS B TalIbHEUIIINX

pacucTrax.

J1J1st MpoBEpKH 3aMKChIBAEM YpaBHEHUE PaBHOBECHUS B MPOEKIHUAX Ha ocb Oy

—2R} +2RE - > FP =0; (3.38)
—2-5990,484 + 2-8096,446 - 4211,925 ~ 0.

3.6.2 Bropoe coueranue (pucyHok 3.4)
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Pucynok 3.4 — Bropoe coueranue
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FOpI/ISOHTaJIBHI)IG PaCUCTHBIC HAI'PY3KH:

F'® =154,145 daH, F, =1931,515 daH -
ZFX :3°Fn*p+ R
Z F . = 3-154,145+1931,515 = 2393,949 daH

r OPHU30OHTAJIBHBIC COCTABJIAIOIINC PCAKIIUHU

Rp, =—— 0 35 D F, = @ 2393,949 = 418,941 daH

R? = @ Y F = @ 2393,949=778,033 daH

Beprukanbnbie Harpy3ku 1 u 3 TpaBepchl:

G +GP +GP =19,5+164,725+383,117=567,092 daH
- Harpy3ka 2 TpaBepChl:
G’ +GP +G? +G? =19,5+164,725+383,117+195=762,092 daH

Pacuernslii BEC ONOpBI:

G. =3465 daH
3 F, =567,092- 2+ 762,092+ 3465 = 5361,277 daH

4 3 ypaBHeHI/Iﬁ PAaBHOBCCHA HaXOAWM BCPTHUKAJIBHBIC COCTABJIAIOIINC

peaKuuii:
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> M, =0;
2-RY -d +(an+G,’1+G§)(al—%j—

(6P +G; +G§)(63 +%)-
(3.39)

-(Gr+G; +G§+G;;)£el+%j—c;g g

_2|:n*p 'hl_Fn*p(hl—i_h?;)_FOp' ZO’

2RE, -2,4+567,092 (2,1—2’—24j—567,092-(2,1+ 2—24J -

—762,092- (4,2 + 2’—24) —3465-% —2-154,145-15—-

—154,145-(15+4)-1931, 515-2?1 =0 daH
Orcrona:

37468,314

RE, = = 7805,899 daH

> M, =0;
, d
-2-Rp,-d+(G} +G/ +G§)(a1+5j—
d
~(G? +G,€’+Gg)(63—§)—

(3.40)

—(an+G,’f+G§+GA’j)(el—%j+G§%—

FP 2R - F () =0

—2R}, 2,4 +567, 092-(2,1+ 2’—;]—567,092-(2,1—2’—;)—

—762,092 (4, 2— 2’—24j +3465- 2’—24 —2-154,145-15-

—154,145-(15+4) -1931,515. 2—21 =0 daH
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Orcrona:

RP = _24601,25 _ ~5125,26 daH
Ay 4,8

OTtpuratenbHOE 3HAYCHUE yKa3bIBAa€T HA TO, YTO NMEPBOHAYAIBLHO OBLIO HE
BEPHO BBIOPAHO HAMpaBJICHHE PEAKIMH, KOTOPYID HEOOXOIUMO 3a4epKHYTh M

yKa3aTh MPAaBUJILHOE HAMPABJICHUE, KOTOPOE OYI€T UCTIOIB30BaThCS B TalIbHEUIIINX
pacuerax.

[Iposepka:
—2-R,'fy +2-R|§y -F,=0

—2-5125,26+2-7805,899-5361,277 =0

3.7 OnpenejieHue pacyeTHbIX YCWJIMI B CTeP:KHSIX HMKHEH OIOPHOIi
CeKLINH

CxeMa HUXKHEH OTMOPHOM CEKIUU MpEe/ICTaBlIeHa HA PUCYHKE 3.2.

[TpuBenem pacueT It IEPBOTO cOUeTaHMsI (PUCYHOK 3.5).

7193137
N N
6I\7 Bl 79
MR M
& 8| 1 20
Z /D/D ZI
4 g : 7 B
& g 0 B b
E—IFrX—E
Z 77 | % 23
cHO  oHC
71/7 7\ | 24
VLAY oo N5

Pucynox 3.5 — HuwkHsist omopHasi ceKuus
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Bripezaem y3en A (pucyHok 3.6).

Riy

V

Pucynox 3.6 — ¥Y3en 4

YpaBHEeHUE paBHOBECHS y37a A B BEKTOPHOM BHJI€ UMEET BU/L:

F_élgx + ﬁﬁy + Iiil + le =0; (3.41)

Bocnonb3yemcsi  rpaduyeckuM  CocoOOM - CIIOCOOOM  MOCTPOCHUS
BEPEBOYHOIO MHOTOYTOJIbHUKA, TaK KaK 3TOT CHOCO0 3HAYUTENIBHO IIPOIIIE,
HarJisJIHee U ObICTpee BEAET K LENH.

Tak Kak cUIbl, TPUJIOKEHHBIE K BEIPE3AHHOMY Y3Ily, YPaBHOBEILIUBAKOTCS, TO
MHOTOYTOJIHUK 3THUX CUJI SBJIAETCS 3aMKHYTBHIM. [[OCTpOMB 3aMKHYTBIE CHIJIOBBIE
MHOTOYTOJBHUKA 1T KaXKIOTO y3ia (epMbl, MOKHO OMpPENETUTh TpadudecKu
YCWJIHSI B CTEPIKHSX.

BBoaum macmtabHbIil K03 UITUEHT, B KOTOPOM OyJIeM CTPOUTH CHIJIOBOM

daH
MHOFOYFOJ'IBHI/IK - ﬂ,: :1 - . B MacmTa6e OTKJIaAbIBACM HU3BCCTHBLIC peaKIII/II/I
MM

Rax=465,901 daH, u Ra,=5990,484 daH wu, 3ambIkas CHJIOBOW MHOT'OYTOJIbHHK,
npoBe/s HanpasieHue ycuaui B crepskHax N1 u Nio, momyunm: N1=5029,382 daH

u N12=1009,01 daH. Crepsxau N1 1 N12 pacTsHyThI, TaKk Kak HalpaBJICHUE YCHIUI B
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CHJIOBOM MHOT'OYTOJIbHHKC COBIAAAarOT C HAIIPABJICHUCM, YKAa3aHHBIM Ha PUCYHKC

3.7.

Rix

N

Rar

Ny

Pucynox 3.7 — CuioBoii MHOTOYTOJBLHUK y371a A

Bripezaem y3en B (pucyHok 3.8).

m s

Pucynok 3.8 — ¥Y3en B

YpaBHEeHHE paBHOBECHS y371a B B BEKTOPHOM BUJE UMEET BUJL:
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B wmacmrabe oTkmampiBacM u3BecTHbIe peakiuu Rp=865,245 daH, wu
R5,=8096,446 daH u, 3ambikas CHIIOBOHl MHOI'OYrOJIbHHK, IIPOBE/S HAIMpPaBJICHUE
ycrmui B crepskHIX N1z 11 N2, momyaum: N13=-2256,525 daH n N24=-5944,119 daH.
Crepxxau N1z u N2s4 ckaTbl, Tak Kak HalpaBlieHUE YCUIUH B CHUJIOBOM

MHOTOYTOJIbHUKE (PUCYHOK 8) MPOTHBOIIOJIOKHBI HANPaBICHHUIM, YKa3aHHBIM Ha

pucynke 3.9.

N,

7%

Pucynok 3.9 - CuioBoit MHOTOYTOJIBHUK

Bripesaem y3en O (pucynok 3.10), HysieBble CTEP)KHU BHYTPEHHEU PEIICTKH

HC IIOKA3bIBACM.

Pucynok 3.10 — Y3en O
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PaBHOBecue y3Jjia B BEKTOPHOM BHUAC UMECT BUJL:

N, + Ny, + N, + N, =0; (3.43)

Ha OCHOBaHHHM TIPaBUJIA - €CJIH B y3JI€ CXOIATCS YETHIPE CTEPIKHS MOMAPHO
JeXalMe Ha IBYX NPSIMBIX U HUKAKOM HArpy3KM K y31y HE HPHIOKEHO, TO B
CTEpIKHSX, PACTIONOKEHHBIX HA OJHOM HPSMO# YCHIINS OMHAKOBBI, TOMYHHM:

N10=N16=1009,01 daH, N1s=Ng =-2256,525 daH.

Pesynbrarhl pacyeToB CBOIUM B TaOIHILy 3.95.

Tabnuma 3.5 — PesynpTaTsl pacueToB

OnemeHThI (pepMbl Ycunus, daH Buna nedopmarun
1 2 3
N1 = 5029,382 Pactsoxenne
N, = 5029,382 Pactsoxenue
N3 = 5029,382 Pactsxenue
JIeBerit mosic (AN)
N4 = 5029,382 Pactsoxenune
Ns = 5029,382 Pactsoxenue
Ns = 5029,382 Pactsoxenune
Nos = - 5944,119 Cxxatue
N2s =-5944,119 Coxarue
N2 =-5944,119 Cxatue
Ipassii mosic (BN)
No1 =-5944,119 Cxxatue
N2o =-5944,119 Coxarue
N1 =-5944,119 Cxatue
N1» = 1009,01 Pactsoxenune
BuyTtpennuii packoc (AO) N1; = 1009,01 Pactskenue
No = 1009,01 Pactsoxenue
Ni3 = - 2256,525 Cxarune
BuyTtpennuii packoc (BO') N4 = - 2256,525 Cxxatue
Nis = - 2256,525 Coxatue
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[Tponomxenue Tadbmuist 3.5

1 2 3
N7 = - 2256,525 Cokatne
Buytpennuit packoc (NO) Ns = - 2256,525 Cxarue
No = - 2256,525 Cxarue
Nis = 1009,01 Pactsxenue
Buytpennuii packoc (N'O) N1z =1009,01 Pactsoxenue
N1gs = 1009,01 Pactsxenue

3.8 [loabop cevyeHusi cTep:kHell HUKHEH CeKIUU

CeueHust cTepHEW - CTaJbHbIE TrOpsilueKaTaHble PABHOMOJOYHBIE YTOJKH.
PacueTHble CONPOTHUBIECHHS CTAIM PACTKEHUIO, CHKATUIO, M3rMOy IO Mpeaerny
TEKYy4YEeCTH:

R=210 MI1a=210-10° I1a;

Koaddunment ycnosuit padoter ' = 0,9.

B stom pazgene mpu pacuerax MpUHATAa MEXAyHapOIHAs CUCTEMa €IMHUIL
CU (cuctema wuntepHanmonanbHas) (TOCT 8.417-2002). B nmanHOU cucteme

eAUHUIIA JIUHBI — MEeTp (M), eauHuIia Macchl — kujorpamm (1 xe2). ITpousBoHbIe

H
enuHuBL: cuna - HerotoH (H), nanpsbkenue - [ackans (ITa = — ), MIla = 10° [1a.
M

3.8.1 [Toxbop cedeHus pacTAHYTHIX CTEPIKHEH MOSICOB
OmnpenensieMm TpeOyemyro ITUIONIAIb CEUEHHUS W3 YCIOBUS MPOYHOCTH Ha
pacTsHKeHHE:
p
_ Nmax

Arp = R (3.44)

rne NP =5029,382 daH = 50293,82 H — HaubombIas pacTSrUBaIONIas CHia

(JIeBBIii OSIC);

50293 82
_ U990 g 660 107 a2
A =09.210.10° M

ITo T'OCT 8509 - 93 Bribupaem ceuenue yronka (40x40x4), A = 3,08 cv?,
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3.8.2 TToxbop cedyeHus CxKATHIX CTEP>KHEH MOSICOB
[TonGop cedyeHus BeneM METOJIOM IOCJEAOBATENIbHBIX MpUOMMKeHUN. B

MepBOM MPUOIMKEHNUN TPUHUMaeM KodpduuineHT npoonpHoro usruda ¢, =0,5.

Tpebyemas mio11a/ib MONEPEYHOI0 CEUCHUS U3 YCIOBUS YCTOMYMBOCTH

Ay = i (3.45)
- 7'R-p .
Pacuetnas CKUMaroIas cuia (mpaBbIit nosic):

NP =5944,119daH =5944L19H, A, =— b9 99,10 4/

0,9-210-10°.0,5
ITo 'OCT 8509 - 93 BeiGupaem yronok (70x70x5), 4=6,86 cv?, inin=1,39 cm.
[TpoBoaumM pacuer THOKOCTH CTEPIKHSL:

:—ﬂ.lp
i

A (3.46)

min
rae 4 =1—ko3ppuuueHT npuBeAeHUS JJIMHBI (IIAPHUPHOE 3aKPEIICHUE);
1,=1,293 m (TMHA HAaUOOJIBIIIETO CTEPIKHS MPABOTO TOsICa, ONpeaesaeMas o
CXEM€ OIOPHOM CEKIIHNH);

HO)ICT&BJ'ISIH 3HA4YCHUA, IOJTYUNUM:

§o L1298 oo
1,39-10

[To Tabnune ko3 PUIHEHTOB MPOIOIBLHOTO U3THba @ :
npu 4=90, ¢=0, 656;

npu 1=100, ¢=0,582.

MeTo10M UHTEPTOJISAIANA OTIPEICTISEM:

0,656 -0, 582)

ol = 0,656—( .3,022=0,634.

BrimomHIM MPOBEPKY YCIOBHUIM CXOAMMOCTH PACUETOB, JIJIST Y€TO BBIYUCIAM
OIMOKY pacxokIeHUst KO3PPHUIIMEHTOB:

A, :M.loo % :m-loo % =26,73% >15 %

2] 0,5
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BeruncieHus He COLUINUCE.
Bo BTOpoM nipuliamkeHny NpUHUMAEM:

0,633+0,5
=209 F Y 9567 (3.47)

?,

[TIoBTOpsiem pacuer:

NP |-59441,19]

max Cx.

p = = ; ~5549-10™ »?
7-¢,-R 0,9-0,567-210-10

ITo T'OCT npunumMaem yrosok (63x63x5), 4=6,13 cm?, imin=1,25 cm.
['ubKOCTh CTEpPKHSA:

el 1.1,293-107
i, 1,25

min

A

=103,44 (3.48)

[To Tabnune korhGUIHEHTOB NMPOAOIBLHOTO U3ruda ¢ (mpunoxenue Jl):
npu 41=100, ¢=0,582;

npu 4=110, ¢=0,512.

MeTo10M HHTEPTOJISAIIUNA OTIPEICIIAEM:

(0,582 -0, 512j

¢, =0,582— .3,44=0,558

Brinmoanum IMPOBCPKY YCJIOBI/Iﬁ CXOAMMOCTHU pPaCUYCTOB, IJId YCTO BBIYUCIIUM

OIMMOKY pacxokaeHust K0O3PPUITNESHTOB:

A, _12=05%1 100 9o 19567 -0.558] , % =1,57% <15 %
, 0,564

Bprancienus conumcs.
[IpuarmaeM yrosok (63x63x5), 4=6,13 cm?, imin=1,25 cm.
ITpoBepsieM yCI0BHE YCTONUUBOCTH:

NP
o, == <y-R 3.49
g ¢2’A5p. ( )

59441,19
O =
" 0,567-6,13-10*

y-R=0,9-210=189 M4

=171,073 Mlla
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171,073 MII < 189 MIla — ycnoBue yCTOWIMBOCTH COOTIOAAETCA.

Henorpy3ska:
A =189 ‘118791’ 073 100% =9, 485% < 15% . wro onyerio.

OKOHUaTeNnbHO TpPUHUMAEM il TMoscoB (epmbl yronok (63x63x5),

A=6,13 cm?, imin=1,25 cm.

3.8.3 [Toxbop cedenust crepHEN PaCKOCOB

3.8.3.1 [Tox6op ceueHus pacTIHYTHIX CTEPKHEN

Pacuetnas pacTsruparomas cuia:

N/, =1009,01 daH=10090,1 H

TpeOyemas momaas CEUSHHs U3 YCIOBUS MMPOYHOCTH HA PACTSHKEHUE:

Np

Az (3.50)
10090, 1
_ 1 _0,5339-10° 12
A = 0.9.210.10° M

ITo TOCT 8509 - 93 noxdupaem yromnok (40x40x5), 4=3,79 cm; A>A.p, o
KOHCTPYKTHUBHBIM COOOpaX€HUSIM HOMEpP MNpOQuiIsi HE MOXKET OBbITh MEHbIIE

YEThIPEX.

3.8.3.2 Tlonbop ceueHus CKATHIX CTEPIKHEN
Pacuernas cxumaromas cuma NP =2256,525 daH =22565,25 H.

[TonGop cedeHuwii BemeM METONIOM IMOCIENOBATEIbHBIX MNpUOIKeHH. B
nepBOM MpuOIKeHnn npuanMaeM ¢ =0,5.

Tpe6yeMyI0 momaab MMoInepeuYHOro CCYCHUA YIroJika OIpeaciisieM U3 yCJI0BUA

YCTOWYHUBOCTH:

ATp > M (3.51)
7R
22565, 25

Arp:Oyg'O,S.ZlO.lo—G :2;38810 M
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ITo I'OCT BeGupaem yronok (40x40x4), A=3,08 cm?, inin=0,78 ca?.

['ubxocTh cTepXKHS:

78
A=—" (3.52)

Imin

20e 1,=1,353-10% cm — nMHa HauGOIIBIIErO CKMMAIOIIETO CTEPHKHS PACKOCa;

~1-1,353-10?

=173,46
0,78

ITo Tabnuie k03 PUIIMEHTOB POIOIBHOTO U3THOa @ :
npu 1=170, ¢=0,24;

npu 1=180, ¢=0,216.

MeTo10M HHTEPTIOJISIINH ONIPEISISICM:

0,24-0, 216)

¢1’=0,24—( .3,46=0,232.

BrInmosmHrM NpoBEpKY yCIOBUM CXOIWMOCTH PACYETOB, IS YETO BBIYMCIUM

OIMOKY pacxokaeHUst K0O3PPHUITUESHTOB:

A, _le=eil 0 %:%-mo % =53,6% >15 %
(0]_ ’

BreruucieHus He CONUIUCE.

Bo BTOpOM npuOIMKEHNH TPUHUMAEM:

. 0,232+0,5

?, 0,366

[ToBTOpsiem pacuer:

NP |-59441,19]

max Cx.

" y.9,-R 0,9-0,366-210-10°

A, ~3,26-10" u?

I[To TOCT npunrumaem yronok (40x40x5), A=3,79 cm?, inin=0,78 cm.
['ubxocTh cTepKHS:

_wel, 1.1,353.107
i 0,78

min

A =173,46

[To Tabnuiie K03 GUIIUEHTOB MPOIOIBHOTO H3rnda ¢ (mpuioxenue J1):
npu 4=170, ¢=0,24,
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npu 1=180, ¢=0,216.
MeTo10M UHTEPIOIAINN ONIPEACIISIEM:

(0,24—0,216j

@, =0,24— .3,46=0,232

BpinonHuM npoBepKy yCIOBUNA CXOAUMOCTH PACUYETOB, JJISI YETO BBIYMCIUM

OLIMOKY pacX0XKIeHUs KO3PPUIUEHTOB:

A, _12=9'1 100 95 [0,:366-0,232]

100 % =36,67% >15 %
, 0,366

BreruncieHuns He COLUINUCE.
Bo BTOpOM nipuGiamkeHuy MPUHUMAEM:

o, = 0,36620, 232 — 0,299

[ToBTOpsiem pacuer:

NP L. |-59441,19]

max Cx.

= = ~3,996-10 12
y-¢,-R 0,9:0,299-210-10°

Ao

ITo 'OCT npunuMaem yronok (45x45x5), 4=4,29 cm?, inin=0,88 cm.
['uOKOCTh CTEPIKHS:

_uely1.1,353-10°
i 0,78

min

A

=173,46

[To Tabnune kor¢hGUIHEeHTOB NMPOAOIBLHOrO U3rnda ¢ (mpunoxenue Jl):
npu 4=150, ¢=0,305;

npu 1=160, ¢=0,27.

MeTo10M UHTEPTIOJISAIIANA OTIPEICTIAEM:

0,305-0, 27)

(p§:0,24—( .3,75=0,292

BrimoHIM MPOBEPKY YCIOBHUIM CXOAMMOCTH PAaCcUETOB, JIJIST Y€TO BBIYMCIIAM
OIMOKY pacxokIeHUst K0O3PPHUIIMEHTOB:
- 10,299-0,292|

A, =122702] 100 o 100 % = 2,31% <15 %
2, 0,299

BrerunciieHus COILTNCE.
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IIpoBepsieMm yciioBHE YCTOMYUBOCTH:

p
_ max corc.

" oA,
22565, 25
O' =
P 0,299-4,29.10*-10°

o <7-R (3.53)

=176,054 MIla.

op =176,054 MIla < 0,9-210 = 189,0 Mlla.

YcnoBue YCTOIZ‘IHBOCTH BBIIIOJIHCHO.

Henorpyska:
- |189’Olg;706’054| 100 % =6,85 % <15 % (3.54)

9TO IOy CTUMO.
OKOHUaTeIbHO MPUHUMAEM JJI1 PAcCKOCOB Yroyok (45x45x5), A=4,29 cum?,

imin=0,88 C./l/lz.

3.8.4 Tlonbop ceueHuii crep>kHEN BHYTPEHHEH PEIIeTKH

CTepXKHU BHYTPECHHEH PCIICTKH HE BOCHPHHHMAIOT YCHJIUS OT PacueTHOM
HArpy3Kd, YCWJIMS B 3THX CTEP)KHSX paBHbI HYJI0. Pacuer 3THUX cTepkHEl
IIPOBOJMTCS 110 TIPEACIIBHOM THOKOCTH.

Cornacuo CHull, 3amaemcs 3HadueHWeM mnpenenbHOM THOKocTH 1=150,

ONpeeieM MUHUMAIIBHBIA panyC UHEPLINN:

| 10°
I =—p=M=O,97 cm (3.55)
A 150

rie lp - Hanbostee ITMHHBINA CTEPKEHD PEIICTKH, €T0 3HAYCHHSI OTIPEIICIISICTCS
no cxeme. [lo 'OCT 8509 - 93 BeiOupaem yrosnok (50x50x4), imin=0,99 cm,
A=3,89 cn?.

3.9 Pacuer u NMPOCKTUPOBAHUE HEHTPAJTBHOIO Yy3Jja HUKHeH CECKIINN

OTOpPbI
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LlenTpanbHBINA y3€I HUKHEW OMOPHON CEKIIUU COCTOUT U3 ABYX (pacoHOK 1, K
KOTOPBIM IPUBAPEHBI BHYTPEHHUE PACKOCHI JIEBOU U npaBoi cexuuu. [Ipu cOopke
OTIOPBI ATU CEKLUUU COEAMHSIOTCA MEXKIY co00i 0oJiTaMy MPU MOMOLIM HAKIIAJOK

(pucynok 3.11).

[T =18 mm

1> = 64 mr

t = 80 mrm

l, = 288 rrt

o |

20=32 mm

ly -

20=37 MM

t = 80 mr

Pucynox 3.11 — [leHTpanbHbBIN y3€1 ONOPHOM CEKITUU

—

Ha BbIpe3aHHYI0 4acTh AeiCTBYIOT ycrms BHyTpeHHnX packocoB Ng u Ny

(MpoAOabHBIE CHJIBI) M BHYTpEeHHUE ycwius Q cO CTOpOHBI NMPaBOW CEKIHMH

(pucynok 3.12). Ycunaust cTepsKHEW paBHBI HYJIIO, M, YTOOBI HE 3arpOMOXKIAThH

CXEMYy, OHH HC ITOKa3aHBblI. HOI[ HCﬁCTBHCM OTHUX CHJI BbIPpC3aHHAA 4aCThb HAXOAUTCA

B PaBHOBECHHU.
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Pucynok 3.12 — V3en O

VYpaBHeHUE paBHOBECHUSI B BEKTOPHOM (hOpME UMEET BU:

—

N, +N,+Q=0 (3.56)
3HaueHUs ng =—2256,525daH , ng =1009,01daH wuzBectHbL

g daH .
BBomum wmacmrabusiit  koadourment 4, =1—— u crpoum cuioBoii
MM

MHOTOYTOJILHUK, T.¢. peras ypaBHerue (3.54) rpaduyecku, onpeaessieM 3HAUCHHE

Q (pucynok 3.13).
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Pucynox 3.13 — CuiioBo#t MHOTOYTOBHUK y371a O

Wsmepsiem muymnny otpeska Q U, yMHOXKHB €r0 Ha MacIITaOHbIH K03 PHIMeHT,
nosryqaem: QP=3141,253 daH.

B aToM paznenie KOHEYHOH LIENBIO BCEX PACUETOB SIBJISAETCS KOHCTPYUPOBAHUE

IIEHTPAILHOIO y3J1a HIDKHEH CEeKIIMH, a MMEHHO HaXO0XXJICHUE JTUHCHHBIX pa3MepoB
0011TOB (DACOHOK M HAKIIAJIKH.

[enecoobpazno B (hopMyIibl 3TOrO pazjeia CUily MoAcTaBiIiaTh B HploToHaX,

. H
a JIMHEHHbIE pa3Mepbl B MIWITUMETpax, (yuuTbiBasi, uto Mlla =

/l/l/l/l2 .
OHpC}I@J’IH@M YHCI0 00JITOB IJIA COCAUHCHUS PACKOCOB JIEBOU U HpaBOﬁ qacTu

C TIOMOIIIbIO HaKJIaJIKH, YIUTBIBas, UTO pacTsruBaromee ycrmue Q7 = 3141,253 daH.
[TpukperieHue OCyIIecTBIsIeTCS OolTaMu TPyOOW TOYHOCTH, AMAMETPa

d = 16 mm, xnacca TouHOCTH 4.6, (cTanmp C38/23) pacueTHOE CONPOTUBIICHHUE CPE3y
Gontos R, =

6 _
RCM -

130 MIla (tabnuna 2.7), pacdeTHOE COMPOTUBIECHHUE CMSITHIO OOJITOB
320 MIla (tabnwuma 2.8).

Hasznauaem oguHakoByto TonmuHy GacoHok 1 Hakmaaku t = 10 yum.

3 YCJIOBUS NPOYHOCTH IIO KACATCJIbHBIM HAIPSAKCHUAM OIPCACIIICM HUX

NeY:
12—4 Q

upcy0, cuurad, uTo yeune QP paBHOMEPHO pacnpeeneHo Mex Iy BCeMH OOITaMu:
<y-R’
z-d%-n P

(3.57)
rae - ¥ =0,9 —xoaddurment yciaoBuii paboTHI;
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o 4QP 431412253 _
" z-d*-y-R0 " 314-167-0,9-130

1,335 (3.58)

B cootBetrcTBUM ¢ [TYD npunumaem n = 3.

[IpoBepsieMm yciioBHE MPOYHOCTH HA CMATHE:

_Q—p< o

o = <7-R
CM 5 . d . n )/ CM (3-59)
rae o =10 mm — HauMeHbIIas TONIIMHA CABUTAEMBIX JINCTOB B OJIHY
CTOPOHY.
o =S1812,253 oo 442 MiTa
! 10-16-3 '

65,442 MIla <0,9-320 MIla, To ects, 65,442 MIla <288 Mlla — ycnosue

IIPOYHOCTHU HA CMATHE COOIIOAAETCA.

[Ipu pacuere cBapHBIX IIBOB MPUHUMAEM MAKCHUMAJIbHOE MO aOCOIIOTHOMY
3HAYEHUIO YCUJIME B OJIHOM M3 YETHIPEX BHYTPEHHHUX PACKOCOB, MPUBAPUBAEMBIX
K (pacoHke.

OO111y10 JUIMHY CBapHBIX IIBOB ONPEAEIUM U3 YCIOBHSI IPOYHOCTH Ha CPE3 IO

KaCaTCJIbHBIM HAIIPAKCHUAM:

p
co

oz, T (3.60)

rae y=0,9 — koaddunmeHt ycnoBuii paboThI;

p .
N"= 2256,525 daH namOonpinas mo aOCONIOTHOW BEIMYMHE IMPOIOJIbHAS
CUJIa;
K - HanOoJIBIIIast TONIIMHA YIJI0BOTO MIBA - KATET IIBa, KOTOPBIH MPUHUMAEM

PaBHBIM TOJIIMHE TOJKH yronka (K =5 mm);

Cs
Ry =165 MIla — pacueTHOE CONPOTUBICHUE CPE3Y YIIOBBIX IIBOB CBAPHBIX

COEIMHEHUN.

p
LT DT S (3.61)
0,7-k-7-R” 0,7-5:0,9-165

YuurteiBas HCIIPOBAp miBa, IJIA ,II&J'IBHCfIH.II/IX PacucTOB IIPUHUMACM:
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l. = 43,416 + (5 + 15) = 48,416 + 58,416 mm
[Ipuanmaem:
l. = 60 mm.

[IpuHMMaeM JIMHY IBOB:

Ha «OOYIIKe)» |Z,6 =0,7-1,=0,7-60=42,0 mm; (3.62)

na «uepey |, =0,3-1,=0,3-60=18,0 2m . (3.63)

3Has 4YKCIIO COEIMHMUTENbHBIX OOJTOB, OMpeAeNseM IuHY (AaCOHKH,

MPUHUMAs PACCTOSHUSI MEXIy OolTamMu t1 =5-d =5-16 =80 mum , a4 MEXIy

nenTpom Gonra u kpaeM pacoukn t, =4-d =4-16 =64 ym
PaccrosHus t1 1 t2 yBenuueHsl A1 TOro, 4YToObl PacKoChl, C yU4€TOM JUIMHBI

CBApPHBIX MIBOB, BIIMCAJIUCH B pasMCp @aCOHKH 110 AJIMHC.

JInMHa HaKIaAKU U (PaCOHKHU:

|, =1,=2-80+2-64 =288 mu.
[upuny hacoHKH ONpeeIsieM Mo YePTEKY, UCXO U3 HEOOXOTUMOMN ITTUHBI
CBapHOTO IIBa, KOTOPBIM PAaCKOCHI KpensTcs K ¢pacoHke. 3a30p MexXIy (hacoHKamu

O =20 mum. Ilupuna daconku byp=120 mm. [upuna naxnaaku b,=148 mm.

Paccrosinue ot 1IeHTpOB OOJITOB 10 KPOMKHU HAKJIAJAKWA MTPUHUMAEM PaBHBIM

2d=2-16=32 mm.

3.10 Pacuer pynnamMeHTa HA BBIPbIBAHHE
Bri6upaem B cCOOTBETCTBUY C BEIOpaHHOM TpoMexyTouHoi omopoit [1C110-3

bynnament ®1-2 - hyHAaAMEHT HOPMATBHON BBICOTHI C ABYMS OOJITaMHU.
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Tabmuna 3.6 — Texunyeckne xapakTePUCTHKU HyHAAMEHTA

Bec pyHmamenra 15 xH=1500 daH
a 1200 mr?
b 1200 mm?
g 200 mm
c 320 mm
h1 2700 mm
h 2500 rm
Mapka 6eToHa 400
Pacxon marepuana:
Beron 0,59
Crainb 91 xe.

PaccmoTtpum  ycunusi, neidctByronue Ha (¢yHaameHT. K MOgHOXKHUKY
MIPUJIOKEHA BBIPBIBAIOIIAS pacueTHas cuwia FP, paBHas 3HaueHWI0O MaKCHUMAaJIbHOMN
BepTHKaIbHON peakiuu Ray=5990,484 daH, (koaddunmeHT ycmoBuit paboThl st
MPOMEKYTOUYHBIX OMOp paBeH 1).

HopMaTHBHBIIT BEC [TOAHOKHIKA:
G =1500 daH

PacuetHbIli BeC MOAHOKHUKA!

G} =0,9-G! =0,9-1500 =1350 daH (3.64)

rae 0,9 — koadduimeHT HaIeKHOCTHU 110 HArPy3Ke.

O06bem obenncka paBeH:

h
Vo=§-(b2+bf+b'b1), (3.65)

rae b =1200 mm.

JlniHa BepxHeil cTOpoHbI 00emrcka by

b, =b+2h-tgy,, (3.66)
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rne Yo - yIoJl HaKJIOHA rpaHel 00eNnCKa, paBHbIN:

¥y
Wo=H —
0 v (3.67)

rae ¥, =38° - HopmaTHBHOE 3HaYeHUE yriaa Tpenus (npunoxkenue E).
I'pynT:
- IECOK CPEAHEN KPYITHOCTH;

- k03¢ durment nopuctoctH € = 0,55;

- 7 =1,2 - k03hGUIMEHT HaIS)KHOCTH 110 TPYHTY,

- H - 6e3paszMepHbIil KO3PGUIIUEHT, 3aBUCIINN OT 00BEMHOr0 Beca IpyHTa

daH

3 , IPUHUMACM JJIA
M

. -6
oGpartHoit 3aceiki. [Ipu oGbemMHOM Bece Merbie L /10

neckoB 1 =0,5.

OOBbeMHBII BEC TPYHTA 3aCHIKH:

¢ daH

3
MM

g, =1,65-10

HO}ICT&BJ’IHH 3HA4YCHHUC, ITOJIYIUM:

0,5-38°

W, =15,83° (3.68)

]
OnpenensieM YuCIIeHHOE 3HaUeHue Di:

b, =1200+2-2500-915,83 ~ 2618 au. (3.69)

YucneHHoe 3HaUeHUE 00beMa 00EIIHCKa:

2500
- 20

V, 1200 + 26187 +1200- 2618) ~ 9,53-10° aun’ (3.70)

OmnpenensieM Bec TpyHTa 0OpaTHOM 3aCHIIIKH B 00heMe 00ETHICKa 32 BEIYETOM

0o0beMa MOTHOKHUKA:
GZ,3 = qr ) (\/0 _Vn) ’ (371)
Gzl3 =1,65-107°. (9,53-0,59) .10° =14750, 343 daH (3.72)
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OmnpenenseM pacyeTHYI0 CyMMAapHYI BEIMYMHY CHUJI TPEHUSA MO TPaHAM

oOeJmcka:
p_
F,=A-C, (3.73)
rae — Co — pacyeTHOE 3HaUCHHE Y/ISILHOIO CIICTUICHUS TPYHTA 3aChIITKH:
C
Cozﬂ-—n’ (3.74)
rae Ch — HOPMAaTHBHOE 3HAYEHUE YACITBHOTO CLEIJICHUSA
_, daH
Cn:O,OZ-lO2 >
MM

V¢ - K0o3hOHUIMEHT HANEKHOCTH TO TPYHTY, V. =4 I Tecka cpemHeif

IINIOTHOCTH.

HOI[CTaBJBIH SHA4YCHUS, ITOJTYINM:

0,02-10°? s daH
ST 254100 =2 (3.75)
MM

C,=0,5

CyMMapHas miiomaas rpaHeit ooenucka:

A 2:(b+b)-h _2-(1200+ 2618()) -2500 —10.843.10° aurd? (3.76)
cosy, cos15,83

Fr=2,5-10"-19,843-10° ~ 496,071 daH (3.77)

VYciioBuE Ha BBIPBIBAHUE:

FP<GP+GP,+F/ (3.78)

HOI[CTaBI/IB 3HA4YCHUA, HOJ'Iy‘-II/IM:
5990,484 daH <(1350+16008,25+496,071) daH

wim: 5990,484 daH <16596,41 daH — ycioBue 1o BEIPHIBAHUIO BBITIOJTHSICTCS.
3.11 Pacuer pyHaamMeHTa Ha BAaBJIMBaHUe

Lenpto pacuera ocHOBaHUS MO JAepopMalusM SBISETCS OrPaHUYECHUE

aOCOJIOTHBIX M OTHOCUTEJIBHBIX MepeMeleHni PyH/IaMeHTa TaKUMU TPeJIeIaMH,
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IIPY KOTOPBIX TapaHTUPYETCs HOpMaybHas dkcruryaranus BJIOII n He cHmkaeTcs
€€ JI0JITOBEYHOCTh BCJICICTBUE MOSBICHUS HEJOIYCTUMBIX OCaJO0K.
JlomxHO coOMoAaThCSl HEPABEHCTBO:
o<R, (3.79)
7€ - 0 - JaBJICHHUE NOJ1 OJIOIIBOM (PyHIaMEHTA;
R — pacderHoe compoTuBieHue TpyHTa ocHoBaHusA, R=0,4 Mlla
(mpmitoxxenue E)
PaccmoTpum omnpesenenue 1aBieHus Mo MoaomBon GyHIaMeHTa.
CxeMa HarpyXeHus IpeICTaBlIcHa Ha puCyHKe 3.14.
—p —F
Fr F5

Pucynok 3.14 — Cxema Harpy»eHus

Ha IIOJHOXHHK HeﬁCTByCT pacucTHas BEPTUKAIIbHAA CHUJIA FBP M pacucTHasd
Fr.
TOpHU30HTAJIbHAA CHUJIa Al
F; =0,9-R,, =0,9-8096,446 ~ 7286,8 daH :

F?=0,8-R, =0,8-865,245~ 692,196 daH

rae 0,9 u 0,8 koadpuieHTs! ycnoBuii padoThI.

Bec rpyHTa 3achInKky Ha yCTynax MOJHOKHHUKA!
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Gr=q, -(b*-h-V,)=1,65-10"-(1200° - 2500 -0,59-10°) = 4966,5 daH |

. H
Pacuernblii BeC IOAHOKHHUKA an =G, =1500daH |, kosddpumment

HAJICKHOCTH IO Harpy3Ke paBeH 1.

Takum oOpa3oMm, B MOJOIIBE MOJAHOXHUKA (B OCHOBaHUM), BO3HUKAIOT

~p AP Er
HANPSDKEHUS CKATHSA, BBI3BAHHBIE IPOJOJIbHBIMU CAJIAMUA Gn ) Gy ) F6 M OT U3ruda,

—

o p
BBI3BAHHOT'O CHJIOHU Fr .

HaxonuM 3HaueHus BHYTPEHHUX YCHJINH, BOSHUKAIONIUX B OITACHOM CCUCHHH
MOJTHOKHMKA (B TMO/IOIIIBE).

Coxumaroniasi mpo1oJibHAs cuia:

NP=FP+G’ + G/ =-7286,8—-1500-4966,5=-13753,3daH .
PacueTHbIil H3rudarmmii MOMEHT B BEPTUKAIBHON MIIOCKOCTH:
MP =F”.h =+692,196-2700 =+1,869-10° daH- i (pacTaHyTHI

JICBBIC BOJIOKHa).
OHpC}I@J’IHGM HAIIPSKCHUA, BOZHUKAIOIIKUE B OITACHOM CCUCHHMU.

HopMmanpHOoe HanpspKeHUe OT CKaThs (0T ACHCTBHS MPOIOILHOM CHIIBI):

P
o = N _ 12543, 75 — 000955 daH

: - = —0,0955 MIla
A 1200 MM

A=b?=1200%=144-10* mm? — mnomaas MOIOIIBHI TOTHOKHUKA.
HopmansHoe HanpspKeHHe OT H3rH0aromero MOMEHTA:

p

oy =% W, (3.80)
b® 1200°
Wy = r = 6 =288-10° yunr’ OCEBOMl MOMEHT  COIPOTHBIICHHS
IOTHOKHHUKA
6
ol = iw =+0,00649 da—l_: =+0,0649 Mlla
288-10 MM
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Ctpoum 3IIOpEl HOPMATBHBIX HAMPSHKEHUN B OMTACHOM CEYCHHH OT OCEBOTO
cxkatust (pucyHok 3.15, a) u ot usruba (pucyHok 3.15, 0), a Takke CyMMapHYO
AIIOPY HOPMAJIBHBIX HAIMPSKEHUM OT OCEBOTO CxKaTusl U u3ruda (pucyHok 3.15, B).
CymMapHasi smopa HOpMajdbHBIX HAIPSKEHUN B OMACHOM CEUCHUU TMOTY4YUIACh
OJTHOTO 3HAKa, BCE HAINPSHKEHUS B TPYHTE MO KOHTAKTY C MOJOIIBON COKUMAIOIIHE.
[TomHOXXHWUK BOCIPUHUMAET JaBIICHWE TPYHTa BCEM OCHOBAaHHEM, YTO

MNPCIATCTBYCT ITOABJICHHUIO HCAOIIYCTHUMBIX OCaJOK.

_
B 200 N
a g, Ma
q0955 Q0955]
00649
E P
5/ Oy, Mia
aoess|
b/ g M
00306
Q7604

Pucynok 3.15 — Dmropsl pacnpesienieHus HOpMalbHBIX HAMPSHKCHUN

B OCHOBAHMH ITOJHOKHHUKA

PacyeTHOE HanpsKeHUeE:!
lo,|=|o |+|o) | = 0,0955+0,0649 = 0,1604 MIla

[IpoBepsieM yciioBue:
o<R

rae — R=0,4 MIla — pacueTHOE CONPOTUBIICHUE BIABIUBAHUIO;
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o =0,1604 MITa -
0,1604 MITa < 0,4 MIla |

N3 pacueToB (yHIaMeHTa Ha BBIPHIBAHWE M BIABJIMBAaHHE OKOHYATENIbHO
BbIOMpaeM pyngament @1-2 nox nmpomexkyrounyto onopy 11C110-3.
[Ipumep BbIMOMHEHUS TpadUUYecKO YacTH MPOEKTa MPEACTaBICH B

npunoxenuu O.
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3AKJITOYEHUE

B Xxone BBINOJIHEHUS [aHHOTO KYypPCOBOI'O MPOEKTa IMOJYYEHbl HABBIKU
II0JIb30BAHUSl CHPAaBOYHBIMM MaTepualaMd U HOPMATHBHBIMH JOKYMEHTAMH, a
TAK)K€ HABBIKM BBIIIOJIHEHUS CAaMOCTOATEIbHBIX HWH)KEHEPHBIX pacueToB C
IOPUBJICUYCHUEM MPHUKIAJAHOIO MPOrPaMMHOr0 0O€ecleyeHus: MNepCOHAIbHBIX
KOMITBIOTEPOB.

Onopa BJIDII 6puta paccuMTaHa Ha JAEMCTBUE HArpy3kKd B HOPMaJbHOM
pexxume. bpuin paccurTaHbl BETpOBask U roJIOJIE/IHAsA HArpy3Ka, JEHCTBYIOLIUE Ha
IpOBOJIA.

Pacuertst onop BJIDII Obin BeImosiHEHBI B cooTBeTcTBUM cO CHulI.
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[MPUJIOXKXEHUE A — Texauuueckue  XapakTEpUCTUKHM M TEOMETPHUUECKHE  pa3Mepbl  YHHUPHUIIMPOBAHHBIX
Metammudeckux orop BJI 35 +500 xB
LHH%)IE).PBIOP b pgévf.l H h1 h2 hs ha ai a as b1 b2 bs d
Omnopsr BJIDIT 35 kB
I135-1 (1, I1) a 19000 | 15000 0 3000 | 1000 | 2000 0 0 3300 0 2000 | 1800
I135-1 (111, 1V) a 19000 | 14000 0 4000 | 1000 | 2000 | O 0 3300 0 2000 | 1800
I135-1t (1, 1) a 20900 | 15000 0 3000 | 2900 | 2000 0 0 3300 0 2000 | 1800
I135-17 (111, 1V) a 20900 | 14000 0 4000 | 2900 | 2000 | O 0 3300 0 2000 | 1800
I135-1ur (1, 11) a 23000 | 15000 0 3000 | 5000 | 2000 | O 0 3300 0 2000 | 1800
[135-1ur (111, 1V) a 23000 | 14000 0 4000 | 5000 | 2000 0 0 3300 0 2000 | 1800
I135-2 (1, 1) 0 21000 | 14000 | 3000 | 3000 | 1000 | 2000 | 3300 | 2000 | 2000 | 3300 | 2000 | 1800
I135-2 (111, 1V) 0 21000 | 12000 | 4000 | 4000 | 1000 | 2000 | 3300 | 2000 | 2000 | 3300 | 2000 | 1800
I135-27 (1, 11) 0 22900 | 14000 | 3000 | 3000 | 2900 | 2000 | 3300 | 2000 | 2000 | 3300 | 2000 | 1800
[135-27 (111, 1V) 0 22900 | 12000 | 4000 | 4000 | 2900 | 2000 | 3300 | 2000 | 2000 | 3300 | 2000 | 1800
I135-2ur (1, 11) 0 25000 | 14000 | 3000 | 3000 | 5000 | 2000 | 3300 | 2000 | 2000 | 3300 | 2000 | 1800
[135-2nr (111, 1V) 0 25000 | 12000 | 4000 | 4000 | 5000 | 2000 | 3300 | 2000 | 2000 | 3300 | 2000 | 1800
I1C35-2 (1, 11) 0 18000 | 11000 | 3000 | 3000 | 1000 | 2000 | 3300 | 2000 | 2000 | 3300 | 2000 | 1500
I1C35-2 (111, 1V) 0 18000 | 9000 | 4000 | 4000 | 1000 | 2000 | 3300 | 2000 | 2000 | 3300 | 2000 | 1500
Omnopst BJIDIT 110-150 kB
I1110-1 (1 -1V) a 25000 | 19000 0 4000 | 2000 | 2000 | O 0 4100 0 2000 | 2500
I1110-1+4 (1 - 1V) a 29000 | 23000 0 4000 | 2000 | 2000 0 0 4100 0 2000 | 2900
I1110-3 (1-1V) a 25000 | 19000 0 4000 | 2000 | 2100 0 0 4200 0 2100 | 2800
I1110-3+4 (1 -1V) a 29000 | 23000 0 4000 | 2000 | 2100 | O 0 4200 0 2100 | 3200
Im10-3y (1-1V) a 29000 | 23000 0 4000 | 2000 | 2100 0 0 4200 0 2100 | 3200
I1C110-3 (1 -1V) a 21000 | 15000 0 4000 | 2000 | 2100 | O 0 4200 0 2100 | 2400
I1110-5 (1-1V) a 28000 | 19000 0 6000 | 3000 | 2100 0 0 4200 0 2100 | 2800
I1110-5+4 (1 - 1V) a 32000 | 23000 0 6000 | 3000 | 2100 0 0 4200 0 2100 | 3200
I1C110-5 (1 - 1V) a 24000 | 15000 0 6000 | 3000 | 2100 | O 0 4200 0 2100 | 2400
I1110-5or (1 -1V) a 31000 | 19000 0 6000 | 6000 | 2100 0 0 4200 0 2100 | 2800
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”1“%’113}’3‘01’“ pgg-l H he | ho | hs | he | a | a | a | b | b | bs | d
TIC110-9 (1 IV) a | 27000 | 19000 | 0 | 6000 | 2000 | 2500 | 0 | 0O | 4200 | 0 | 2500 | 2800
11102 (1 - IV) 6 | 31000 | 19000 | 4000 | 4000 | 4000 | 3400 | 4600 | 3400 | 3400 | 4600 | 3400 | 2550
T110-2B (1 IV) 6 | 31000 | 19000 | 4000 | 4000 | 4000 | 2000 | 4100 | 2000 | 2000 | 4100 | 2000 | 2500
T1110-2B+4 (1 — IV) 6 | 35000 | 23000 | 4000 | 4000 | 4000 | 2000 | 4100 | 2000 | 2000 | 4100 | 2000 | 2900
1104 (1 — IV) 6 | 31000 | 19000 | 4000 | 4000 | 4000 | 2100 | 4200 | 2100 | 2100 | 4200 | 2100 | 2800
T1110-4+4 (1 — IV) 6 | 35000 | 23000 | 4000 | 4000 | 4000 | 2100 | 4200 | 2100 | 2100 | 4200 | 2100 | 3200
T10-4Y (1—1V) 6 | 31000 | 19000 | 4000 | 4000 | 4000 | 2100 | 4200 | 2100 | 2100 | 4200 | 2100 | 2800
TIC110-4 (1— IV) 6 | 27000 | 15000 | 4000 | 4000 | 4000 | 2100 | 4200 | 2100 | 2100 | 4200 | 2100 | 2400
T110-6 (1 - IV) 6 | 35000 | 19000 | 6000 | 6000 | 4000 | 2100 | 4200 | 2100 | 2100 | 4200 | 2100 | 2800
T1110-6+4 (1 — IV) 6 | 39000 | 23000 | 6000 | 6000 | 4000 | 2100 | 4200 | 2100 | 2100 | 4200 | 2100 | 3200
TT110-611T (1 — IV) 6 | 37000 | 19000 | 6000 | 6000 | 6000 | 2100 | 4200 | 2100 | 2100 | 4200 | 2100 | 2800
TIC110-6 (1 - IV) 6 | 31000 | 15000 | 6000 | 6000 | 4000 | 2100 | 4200 | 2100 | 2100 | 4200 | 2100 | 2400
TIC110-10 (1 - IV) 6 | 34000 | 19000 | 6000 | 6000 | 3000 | 2500 | 4200 | 2500 | 2500 | 4200 | 2500 | 2750
TIC110-10MIT (I - IV) 6 | 35800 | 19000 | 6000 | 6000 | 4800 | 2500 | 4200 | 2500 | 2500 | 4200 | 2500 | 2750
MYC110-1 (1 - IV) a | 29500 | 19000 | O | 6000 | 4500 | 3400 | 0 | 0O | 4600 | 0 | 3400 | 3300
TYC110-2 (1 IV) 6 | 35000 | 19000 | 6000 | 6000 | 4500 | 3400 | 4600 | 3400 | 3400 | 4600 | 3400 | 3250
T150-1 (1 — IV) a | 28000 | 19000 | O | 6000 | 3000 | 2600 | 0 | 0O | 4200 | 0 | 2600 | 2800
T1150-1+4 (1 — IV) a | 32000 | 23000 | 0 | 6000 | 3000 | 2600 | 0 | O | 4200 | 0 | 2600 | 3200
T1150-100T (1 — IV) a2 | 31000 | 19000 | 0 | 6000 | 6000 | 2600 | 0 | 0O | 4200 | 0 | 2600 | 2800
TIC150-1 (1 - IV) a | 24000 | 15000 | O | 6000 | 3000 | 2600 | 0 | 0O | 4200 | 0 | 2600 | 2400
11502 (1 - IV) 6 | 35000 | 19000 | 6000 | 6000 | 4000 | 2600 | 4200 | 2600 | 2600 | 4200 | 2600 | 2800
T1150-2+4 (1 — IV) 6 | 39000 | 23000 | 6000 | 6000 | 4000 | 2600 | 4200 | 2600 | 2600 | 4200 | 2600 | 3200
TT150-201T (1 — IV) 6 | 37000 | 19000 | 6000 | 6000 | 6000 | 2600 | 4200 | 2600 | 2600 | 4200 | 2600 | 2800
TIC150-2 (1 - IV) 6 | 31000 | 15000 | 6000 | 6000 | 4000 | 2600 | 4200 | 2600 | 2600 | 4200 | 2600 | 2400

Omnopst BJIDIT 220 kB
112202 (1— V) 6 | 41000 | 22500 | 6500 | 6500 | 5500 | 4200 | 6400 | 3500 | 4200 | 6400 | 3500 | 5400
11220-2+5 (1 — IV) 6 | 46000 | 27500 | 6500 | 6500 | 5500 | 4200 | 6400 | 3500 | 4200 | 6400 | 3500 | 5970
112203 (1 - IV)) a | 35800 | 25300 | O | 6500 | 4000 | 3900 | 0 | 0 | 6100 | 0 | 3500 | 5000
11220-3+5 (1 - IV) a | 40800 | 30300 | 0 | 6500 | 4000 | 3900 | 0 | 0 | 6100 | 0 | 3500 | 5580
11C220-3 (1 - IV) a | 30800 | 20300 | 0 | 6500 | 4000 | 3900 | 0 | O | 6100 | 0 | 3500 | 4420
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”1“%’113}’3‘01’“ pgg-l H he | ho | hs | he | a | a | a | b | b | bs | d
TIC220-5 (1 IV) a | 34000 | 22500 | O | 6500 | 5000 | 4000 | 0 | 0O | 6000 | 0 | 4000 | 4100
T1C220-2 (1 - IV) 6 | 36000 | 17500 | 6500 | 6500 | 5500 | 4200 | 6400 | 3500 | 4200 | 6400 | 3500 | 4820
201220-1 (1 — IV) a | 37500 | 27500 | 0 | 6000 | 4000 | 3750 | 0 | 0O | 6200 | 0 | 3500 | 3900
201220-1-6,8 (1 - IV) a | 30700 | 20700 | 0 | 6000 | 4000 | 3750 | 0 | 0O | 6200 | 0 | 3500 | 3490
201220-3 -11.,5 (1 — IV) a | 26000 | 16000 | 0 | 6000 | 4000 | 3750 | 0 | 0 | 6200 | 0 | 3500 | 3140

Omnopst BJI 330-500xB
113302 (1— IV) 6 [ 43500 | 22500 | 6500 | 7500 | 7000 | 5600 | 8800 | 4900 | 5600 | 8800 | 4900 | 5750
11330-2+5 (1 — IV) 6 | 48500 | 27500 | 6500 | 7500 | 7000 | 5600 | 8800 | 4900 | 5600 | 8800 | 4900 | 6334
113303 (1 - IV) a | 37700 | 25500 | 0 | 7500 | 4700 | 5800 | 0 | 0O | 8300 | 0 | 4800 | 5420
11330-3+5 (1 - IV) a | 42700 | 30500 | 0 | 7500 | 4700 | 5800 | 0 | O | 8300 | 0 | 4800 | 6000
TIC330-2 (1 - IV) 6 | 38500 | 17500 | 6500 | 7500 | 7000 | 5600 | 8800 | 4900 | 5600 | 8800 | 4900 | 5170
TIC330-2T (I — IV) 6 | 39000 | 18000 | 6500 | 7500 | 7000 | 5600 | 8800 | 4900 | 5600 | 8800 | 4900 | 5170
TIC330-3 (1 - IV) a | 32700 | 20500 | 0 | 8700 | 3500 | 5800 | 0 | 0O | 8300 | 0 | 4800 | 4820
TIC330-3T (1— IV) a | 35700 | 20500 | 0 | 8700 | 3500 | 5800 | 0 | 0O | 8300 | 0 | 4800 | 4820
P2 (1- 1V) 5 | 33100 | 27000 | 0 | O | 6000 | 4000 | 0 | 0 | 8000 | O 0 | 8000
P2+5 (1— IV) 5 | 38100 | 32000 | 0 | O | 6000 | 4000 | 0 | 0 | 8000 | O 0 | 9000
P2+10 (1— IV) s | 43100 | 37000 | 0 | O | 6000 | 4000 | 0 | 0 | 8000 | O 0| 10000
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[TPUJIOXEHUE b - HekoTtopple ~ XapaKTEpUCTUKH  CTEKJISHHBIX  JIMHEWHBIX

I0JIBECHBIX TapesbuaThix u30ssatopoB (I'OCT 6490-2017)

Tun nzomaropa CrpoutenpHas Mexannueckas Bec uzonsaropa
BeICOTA Ny, MM, paspyImaoriast G, , daH.
cuna F, kH.

I1C-40 110 40 1,7
I1C-704 127 70 3,9
I1C-70E 127 70 3,4

[1CB-120b 146 120 5,7
I1C-120b 146 120 4,2
[HCH-160A 146 160 7,7
[1C-160/1 146 160 6,3
I1C-210b 156 210 9,0
[1C-210B 170 210 7,3
I[ICK-300A 180 300 12,4
I1C-300B 195 320 10,0
[1C-400b 205 400 15,0




I[TPUJIOXEHUE B - KonmmnuectBO ~ M307TOPOB B MOJJIEPKUBAIOIINX

TupiiHaAax € MCTANNIMYCCKUMU H ’KeJIe300€ TOHHBIMU

Ornopamu.
Tun KonuuectBo U305 TOPOB, LIT., P HOMUHATBLHOM HaIPS>KEHUU
M30JTOpA BJIDII, kB
35 110, 150 220 330 500
[1C-40 3...7 7...20 - = .
[HC-704 3 5..7 9...13 14...19 21...29
[1C-70E 3 5..7 9...13 14...19 21...29
IICB-120b 2 5...9 9...18 14...26 20...40
[1C-120-b 2 5..7 9...13 14...19 21...29
[ICA-160A - 5...6 9...11 14...17 21...26
I1C-160/1 - 4...6 8...11 12...16 18...25
[1C-210b - 4...5 7...10 10...15 16...22
I1C-210B - 4...6 8...11 12...16 18...25
[1C-300A - 3...6 7...11 10...16 14...25
I1C-300B - 4...5 8...11 11...16 17...24
[1C-400b - 3...4 6...9 9...12 14...19

[Ipumeyanue: M30JATOPHI Tapeib4yaThle T'PSA3ECTONKHE TOIBKO s 3...7
crenenu 3arpsizHenusi, [ICK-300A — nna 1...4 creneHu 3arpsi3HEHUs, OCTalIbHbIC

s 1...3 crenenn: nzonstopsl IIJIC-160A cepuiiHO HE BBITYCKAOTCS.
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[MTPUJIOXKXEHUE I' - MaTtepuaiibl 1151 CTAIBHBIX KOHCTPYKIHAN U COEAUHEHUN

Pacuernas Knacce Mapka Tonmmuna, ['OCT na | [Ipumeuanue
TEeMIIEpaTypa CTaIu CTaJIun MM, IIOCTaBKy
JINCTOBOI'O
COpPTOBOTO
1581051
dbacoHHOTO
IIPOKaTa
t>-30 C38/23 BCt3mc2 3u4d Tonpko mis
BC1311c6 Ot 5 o 25 380-2005 [LUIUT
BCt3I'uc5 Ot 11 no 35 19281-2014 OamMakoB
BCrt3cn3 Ot 26 no 40
09I2C-12 Ot 61 no 160
C44/29 0912-2 4
09I'2-6 Ot 5 no 10 19281-2014
09I2C-6 Ot 21 nmo 60
C46/33 14I"2-6 Ot 4 no 32
10I2C1-6 Ot 4 10 40 19281-2014
09I2C-6 Ot 4 no 20
C52/40 14I2AD-6 Ot 4 10 50 19282-73
-30>t>-40 C38/23 BCr13mc2 3ud TonbKo 11t
BC131c6 Or5 1010 380-2005 IUIAT
BCrt3I'nic5 Ot 11 nmo 30 19281-2014 OaIIMaxkoB
BCt3cn3 Ot 26 o 40
0912C-12 Ot 61 1o 160
C44/29 091°2-2 4
0912-6 Ot 5 10 10 19281-2014
0912C-6 Ot 21 o 60
C46/33 141°2-6 Ot 4 no 32
10I2C1-6 Ot 4 no 40 19281-2014
09I2C-6 Ot 4 10 20
C52/40 14I2AD-6 Ot 4 no 50 19281-2014
-40>t>-50 C44/29 09I2-2 4
0912-12 Ot 5 mo 10 19281-2014
09I2C-12 Ot 21 o 60
C46/33 10I2C1-12 Ot 5 1o 50
0912C-12 Ot 4 110 20 19281-2014
C38/23 0912C-12 Ot 61 1o 160 19281-2014
-50>t>-65 C44/29 0912-12 Ot 5 10 10
09I2C-15 Or21 po6o | 192812014
C46/33 09I2C-15 Ot 12 o 20
10I'2C1-15 Ot 5 1o 60 19281-2014
09I2C-12 Ot 5 10 10
C38/23 0912C-15 Ot 61 1o 160 19281-2014




[MPUJIOXEHMUE [1 - KoaddunmenTs

IMOHMXXCHUA

OCHOBHOTI'O

AOITYCKACMOI'0 HAIIPSKCHUA IIPpU paCdCTC LCHTPAJIBHO

CXKAaTbIX CTEP)KHEN

['ubkocTh Cranu kj1acca mpoOYHOCTH
C38/23 C44/29 C46/33 C52/40

0 1,000 1,000 1,000 1,000
10 0,988 0,987 0,986 0,985
20 0,970 0,968 0,965 0,962
30 0,943 0,935 0,932 0,927
40 0,905 0,892 0,888 0,878
50 0,867 0,843 0,837 0,823
60 0,820 0,792 0,780 0,764
70 0,770 0,730 0,710 0,682
80 0,715 0,660 0,637 0,604
90 0,656 0,656 0,563 0,523
100 0,582 0,515 0,482 0,437
110 0,512 0,440 0,413 0,370
120 0,448 0,383 0,350 0,315
130 0,397 0,330 0,302 0,264
140 0,348 0,285 0,256 0,228
150 0,305 0,250 0,226 0,198
160 0,270 0,220 0,200 0,176
170 0,240 0,195 0,178 0,156
180 0,216 0,175 0,160 0,139
190 0,196 0,158 0,142 0,126
200 0,175 0,142 0,129 0,112
210 0,160 0,130 0,118 0,102
220 0,146 0,119 0,108 0,093
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[MTPUJIOXKXEHMUE E - OcHOBHBIE XapaKTEPUCTUKH psiia TPYHTOB

No OO0bemubiit | OOO3HAUEHUE XapakTepUCTUKN IPYHTOB IIPH
r[ /;] ['pyHTBI | Bec rpyHTa | XapakTEpUCTHUK K03 dUIMEHTE MOPUCTOCTH, €
qr, daH/ca® IPYHTOB 045 | 0,55 | 0,65 | 0,75 | 0,85
Cn 0,02 | 0,01 - - -
1 ['paBwuii u 20 v, 43 40 38 - -
rajpKa ’ E 50 40 30 - -
R 06 | 045 | 04 - -
Cn 0,03 | 0,02 | 0,01 - -
Hecox v, 40 | 38 | 35 | - -
2 | cpenHen 1,8-1,4 £ 50 40 30 _ -
KPYITHOCTH R 05 04 | 03 _ -
Cn 0,06 | 0,04 | 0,02 - -
ITecok v, 38 36 32 28 -
3 MEJIKHUH 1,6-1,4 E 48 38 28 18 -
R 04 | 03 | 0,25 | 0,2 -
Cn 0,2 | 0,16 | 0,14 | 0,12 | 0,09
W, 29 27 25 22 18
4 | Cynecu 15 £ 32 | 24 | 16 | 10 | 7
R 0,3 03 | 0,25 | 0,2 0,2
Cn 0,43 | 0,35 | 0,29 | 0,24 | 0,20
W, 25 24 22 21 19
5 | CyrnuHku 2,0-1,6 £ 33 26 19 14 11
R 0,3 03 | 025|025 | 0,2
Cn - 0,81 | 0,56 | 0,48 | 0,42
W, - 18 17 15 13
6 I'muasl 2,0'1,7 E - 28 22 18 15
R - 04 | 03 | 0.2 0,1
IIpumeyanue:

1. Ilo CYIICCAM, CYINIMHKAaM U I''IMHaM IIPUBCACHBI 3HAYCHUA, YCPCAHCHHBIC

10 IINTIOTHOCTH.

2. XapaKTepHCTUKI IPYHTOB NPHBEIEHBI B CIEAYIONIUX Pa3MEPHOCTSX:
OO6BeMHBIN Bec qr — -103daH/ca?;

HopmaruBHOE 3HaU€HHE YAEIBHOIO CLETICHUS C, — daH/cm?;
VYT011 BHYTPEHHETO TPEHHUS Y/, — rpamychl;
Monynu nedopmaruu E—Mlla;
Pacuetnoe conportuBiieHre R— Milla.
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I[TPUJIOXXEHUE K - HopmaTuBHas TONIIMHA CTEHKH TOJIONENA JIsl BBICOTHI

10 MCTPOB Ha IIOBECPXHOCTHIO 3CMIIN

Parion no rosoneny

HOpMaTI/IBHaSI TOJIIIMHA CTCHKHU I0JIOJICAa, MM,
C ITOBTOPACMOCTBIO

1 pa3 B 5 ner

1 paz B 10 ner

1
2
3
4

OcoOnIi

5
5
10
15

20 u 6ostee

5

10

15

20
Oosee 22
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[TPUJIOXEHMUE K - MakcuManbHbIli HOPMAaTUBHBIM CKOPOCTHOM HANop BETpa HA

BBICOTE OT 15 M OT 3emiiun

Paiionsl 110 BeTpy

CKOpOCTHO# HAaTOp BETPa Qmax, daH/x?
(CKOPOCTB BETPA Vinax, M/C) C HOBTOPSIEMOCTBIO

1 pa3 B 5 ner 1 pa3z B 10 ner 1 paz B 15 ner
1 27 (21) 40 (25) 55 (30)
2 35 (24) 40 (25) 55 (30)
3 45 (27) 50 (28) 55 (30)
4 65 (30) 65 (32) 80 (36)
5 70 (33) 80 (36) 80 (36)
6 85 (37) 100 (40) 100 (40)
7 100 (40) 125 (45) 125 (45)
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[TPUJIOXEHMUE JI — Texnuyeckue XapakTEpUCTUKH U T€OMETPUUYECKUE pa3MepbI

rpuOOBUAHBIX (DYHIAMEHTOB

Mudpp Pasmepsl, MM Pacxon Bec
MaTEepUaIoB | AJIEMEHTA,

beron, | Craip, 10 kH

a b C g h1 3

M Ke

1 2 3 4 5 6 7 8 9

ITox mpoMeXXyTOUHBIE€ ONOPHI BO3AYIIHBIX JIUHUN HanpsikeHrueM 35-330 kBt

®K1-2 | 1200 | 1200 | 320 200 | 2200 | 0,54 82 1,35
®1-2 | 1200 | 1200 | 320 200 | 2700 | 0,99 91 1,5
®2-0 | 1500 | 1500 | 400 300 | 2700 | 0,96 69 2,40
®2-2 | 1500 | 1500 | 400 300 | 2700 | 0,96 123 2,40
®3-0 | 1800 | 1800 | 400 300 | 2700 | 1,17 79 2,90

®3-2 | 1800 | 1800 | 400 300 | 2700 | 1,17 133 2,90
®4-0 | 2100 | 2100 | 400 300 | 2700 | 1,36 154 3,40
®4-2 | 2100 | 2100 | 400 300 | 2700 | 1,36 268 3,40
®5-2 | 2400 | 2400 | 400 300 | 3200 | 1,69 348 4,50
®6-2 | 2700 | 2700 | 400 350 | 3200 | 2,24 385 5,60
®6-4 | 2700 | 2700 | 400 350 | 3200 | 2,24 409 5,60
@Il6-2 | 2700 | 2700 | 400 350 | 5000 | 2,69 525 6,70
®Il6-4 | 2700 | 2700 | 400 350 | 5000 | 2,69 550 6,70
®Cl1-4 | 3500 | 2700 | 400 390 | 3200 | 2,40 527 6,00
®C2-4 | 4500 | 2700 | 400 390 | 3200 | 2,80 599 7,00
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[MPUJIOKEHUE M -T'OCT 8509 - 93

«YTOJKHA CTaJbHbIE
paBHONOJ04HbIE. COpTAMEHT»

ropAa4cKaTaHbIC

CrnpaBo4HBIE 3HAUYCHUS

b t A BEJIMYUH JJI OCeH

No yronka iyo(min) Zo
MM MM cM? cM cM

1 2 3 4 5 6
4 40 3 2,35 0,79 1,09
4 3,08 0,78 1,13
5 3,79 0,78 1,17
4,5 45 3 2,65 0,89 1,21
4 3,48 0,89 1,26
5 4,29 0,88 1,3
5 50 3 2,96 1,00 1,33
4 3,89 0,99 1,38
5 4,8 0,98 1,42
6 5,69 0,98 1,46
5,6 56 4 4,38 1,11 1,52
5 5,41 1,10 1,57
6,3 63 4 4,96 1,25 1,69
5 6,13 1,25 1,74
6 7,28 1,24 1,78
7 70 4,5 6,2 1,39 1,88
5 6,86 1,39 1,9
6 8,15 1,38 1,94
7 9,42 1,37 1,99
8 10,67 1,37 2,02
7,5 75 5 7,39 1,49 2,02
6 8,78 1,48 2,06

7 10,15 1,47 2,1
8 11,5 1,47 2,15
9 12,83 1,46 2,18
8 80 55 8,63 1,59 2,17
6 9,38 1,58 2,19
7 10,85 1,58 2,23
8 12,3 1,57 2,27
9 90 6 10,61 1,79 2,43
7 12,28 1,78 2,47
8 13,93 1,77 2,51
9 15,6 1,77 2,55
10 100 6,5 12,82 1,99 2,68
7 13,75 1,98 2,71
8 15,6 1,98 2,75
10 19,24 1,96 2,83
12 22,8 1,95 2,91
14 26,28 1,94 2,99
16 29,68 1,94 3,06
11 110 7 15,15 2,19 2,96
8 17,2 2,18 3,00
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1 2 3 4 5 6
12,5 125 8 19,69 2,49 3,36
9 22,00 2,48 3,40
10 24,33 2,47 3,45
12 28,89 2,46 3,53
14 33,37 2,45 3,61
16 37,77 2,44 3,68
14 140 9 24,72 2,79 3,76
10 27,33 2,78 3,82
12 32,49 2,76 3,90
16 160 10 31,43 3,19 4,30
11 34,42 3,18 4,35
12 37,39 3,17 4,39
14 43,57 3,16 4,47
16 49,07 3,14 4,55
18 54,79 3,13 4,63
20 60,4 3,12 4,70
18 180 11 38,8 3,59 4,85
12 42,19 3,58 4,88
20 200 12 47,10 3,99 5,37
13 50,85 3,98 5,42
14 54,60 3,97 5,46
16 61,98 3,96 5,94
20 76,54 3,93 5,70
25 94,29 3,91 5,89
30 111,54 3,89 6,07
22 220 14 60,38 4,38 591
16 68,58 4,36 6,02
25 250 16 78,40 4,98 6,75
18 87,72 4,96 6,83
20 96,96 4,94 6,91
22 106,12 4,93 7,00
25 119,71 491 7,11
28 133,12 4,90 7,23
30 141,96 4,89 7,31
35 163,71 4,87 7,53

HpI/IMC‘—IaHI/Ie — IIomaab IOINEPCYHOTO CCUCHUSA A u CIIpaBOYHLIC BCJIMYUHBI

BBIYKCIICHBI 10 HOMUHAIBHBIM pasMepaM. [lnoTHocTs cramu — 7,86 r/cm?,
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[TPUJIOXEHHUE H — ®usnueckue xapakTEpUCTUKHA CTAIEATIOMUHEBBIX IIPOBOJIOB

mapku AC, ACKC, ACKII, ACK

Ceuenue npoBoJa, Monayne ynpyroctu TemnepaTypHbIi
A E-10° da_l—: Kod(pbunreHT Jmﬂ_gﬁﬁorf)l
MM pacmupenus a, 10 rpan
<175 8,9 18,3
>175...<330 7,7 19,8
> 330 6,65 21,2
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I[MPUJIOKEHUE O

TTPUMEP BBITIOJIHEHU S TPAGUYECKON YACTH ITPOEKTA
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