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Benopycckuil HalMOHANBHBIN TEXHUYECKUN YHUBEPCUTET,
MuHck, benapychb

W3 ompiTa MPOEKTHUPOBAaHUS CIEAYET, YTO OOJBIIYIO JOMI0 U3 BCEX
KOHCTPYKTHBHBIX JIEMEHTOB 3/1aHUS COCTABIISIIOT EPEKPBITHUSL.

[lepBBIM 3TArIOM B MPOEKTUPOBAHUN MOHOJIUTHOTO YKEJIe300€TOHHOTO
MEPEKPHITHS SBISETCS pa3paboTKa KOMIIOHOBKH KOHCTPYKTHBHOW CXEMBI
MEPEKPBITUSA, KOTOpask 3aBUCUT OT BHEIIHUX HArpy30K, Ha3HAUCHUA 311a-
HUS ¥ OOMHX apXUTEKTYPHO-CTPOUTENBHBIX pPEmIeHHi. DToMy 3Tamy
CIIEAyeT YACTIUTh HEMaJo BpPEMEHH, TaK KakK pa3paboTKa KOHKYpPEHTHO-
CIOCOOHBIX BapHUaHTOB MEPEKPBITUS IS 3alaHHBIX KOHKPETHBIX yCIIO-
BHI HOCHT TBOPYECKHH XapakTep, MPEICTaBIsAA cOO0M 3amaqdy cO MHO-
TMMH HEW3BECTHBIMH, HE MOJJAIOIIMMHUCS CTPOTOMY MaTeMaTHYECKOMY
ydeTy. 3ajaya yciIoXKHsIeTCs elle U TeM, YTO JJIs 3aJaHHBIX KOHKPETHBIX
YCJIOBHM BCerja NpUXOAUTCS peliaTh JBE 3aaUu:

1) u3 GOJIBIIOrO KOJMYECTBA BO3MOXKHBIX BAPHAHTOB BBHIOPATH BH
NePEKPHITHS, HanOoJIee BHITOIHBINA ¢ SKOHOMUYECKOH TOUKH 3PEHHUS;

2) onpeAenuTh I HAWJCHHOTO BUJIA MEPEKPBITUS HanboJiee paIuo-
HaJbHYIO CETKY KOJOHH. Ilpu cpaBHEHMM pa3sHOBUAHOCTEH OIHOIO WU
HECKOJIBKUX POJCTBEHHBIX BHJIOB MEPEKPBITHUI CIEAYeT CPaBHUTh HX
OCHOBHBIE TIOKA3aTeIU, a UMEHHO TOJIIMHY MEPEKPBITUS, PACXOM CTaIU
U CJIOKHOCTH TEXHOJOTMYECKOrO HCIIOIHEHMSI Ha CTPOUTENBHOW ILIO-
HIaJIKe, €CIIU MEPEKPBITHE UMEET CIOXKHYIO KOHQUTYpAIIHIO B TUIAHE.

[TpumeHeHue TOW WM HHOM KOHCTPYKUHUH MEPEKPHITHS JOJKHO OBITh
000CHOBaHO TEXHUKO-3KOHOMHUYECKUM PacYeTOM.

Cy1iecTByeT psii METOZOB pacueTa MEXIyITAKHBIX TEPEKPHITHIA:

1) — Haubonee pacrnpocTpaHEHHBIMU B HACTOSIIECE BPEMs SIBISIOTCS
METO/bl KOMIBIOTEPHOTO MOJEIHUPOBAHUSI, OCHOBAaHHBIE HAa KiaccHue-
CKOM METOJE KOHEUYHBIX 3JeMeHTOB. OHM pealu30BaHbl B TaKUX IpPO-
rpaMMHBIX Komruiekcax kak «SCADy», «JIMPA», «MicroFE» (I'epma-
HUS);

2) — TPaMIIHOHHBIE METObI — METOJ PACUJICHEHUSI MHOTOITAKHOTO
MHOTOIIPOJIETHOTO KapKaca 3aHHus Ha OTJENIbHBIE paMbl, TAK KaK MHOTO-
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3TaKHasT MHOTOIIPOJIETHAs >Kene300eTOHHasi pama SIBISIETCS CHCTEMOMN
CTaTUYECKH HEONpeAeIMMOM M Uil pacyeTa HEOOXOIUMO MpeABapH-
TEIbHO NIPUHUMAThH CEYCHHsI KOJIOHH M, BO3MOXKHO, pureneil. [lpu Hamu-
YUM PETYJISIPHOM CTPYKTYpHI OJAMHAKOBOW HAarpy3KH IO spycaM MHOTO-
3TAXHYIO paMy MOKHO PacwJICHITh Ha PsiIi OJHO3TAXKHBIX paM;

3) — 1 pacyeTa MOHOJUTHBIX JKEI€300CTOHHBIX MEPEKPBITHIl 371a-
HUI MOXHO TIPUMEHSTH METOJI IPEeIbHOTO PaBHOBECHSI.

Pacuer METOAO0OM KOHCYHBIX 3JICMECHTOB.

B xone numiIoMHOro NMpoeKTHPOBAHUS MOJEINPOBAaHUE KapKaca 37a-
HUS OCYIIECTBICHO C TOMOIIBIO MPOrpaMMHOTO Komiuiekca «JIMPAy»
Bepcus 9.6, a moadop apMaTyphl IJIMTHI IEPEKPHITHA OBUT BHITIONHEH B
KOHCTpyupytomieit cucteme «JIMP-Apmy.

Pacder BBINONHEH Kak U OTHACIBHBIX 3arpy’KE€HHUM, TaK M C y4ETOM
pacueTHbIX couetanuii Harpy3ok (PCH) no [7] u pacueTHbIX coueTaHmii
yeunuii (PCY) B cootBercTBun co CHull 2.01.07-85 [4, 5].

B xoje pacueTa yuTeHbl ClIeAYIOIIUE BUIIBI 3arPyKEHUH:

—3arpy’keHne 1 — cTaTuyeckoe 3arpy KeHuEe — MMOCTOSHHAs Harpy3Ka
(coOCTBEeHHBIN BeC KOHCTPYKLHMI M HArpy3KH OT KOHCTPYKIMHU Moja, a
TaKXKe CTEH, IEPEropofOK M MHBIX OTPAKIAIOIINX CTPOUTEIbHBIX KOH-
CTPYKIUH);

—3arpykxeHue 2 — CcTaTH4ecKoe 3arpykeHue — JUIUTEIbHO-
JecTByOLast Harpy3Ka (Iojie3Hast Harpy3Ka);

—3arpy)xeHue 3 — CTaTHYeCKOe 3arpy’keHHEe — KpaTKOBpPEMEHHas
Harpy3ka (CHeroBas Harpy3ka);

—3arpyxeHus 4, 5 — craTHYecKHe 3arpyeHus — KpaTKOBPEMEHHas
Harpyska (BeTpoBas Harpyska);

ITopsanok pemeHrs 3a7a4u Cieay Ol

3aJlaHa cxema ¢ Harpy3kamu (pacyeTHBIMH);

MOJTy4aeM pAacueTHbIE 3HAYEHUs YCWJINH B YNpPYroM cTaauu, T.e. 3a-
Jlava B TMHEHHO mocTaHOBKe (0e3 yueTa IracTuaeckux aedopmanuii);

apMypoBanue (Moaynb Jlup- Apm) B ynpyroi craauu.

PacueTrHple coueTaHusi ycUIMd A TUIOCKHUX 3JEMEHTOB (TJIACTHH)
BBIOMPAIOTCS IO KPUTEPUI0 HDKCTPEMAIbHBIX HAIPSDKEHUH C y4eToM
HaTPaBJICHHS TJIaBHBIX ITUIOIAIOK.

PacyeTHble coueTaHUs yCHIMH JUISI CTEP)KHEBBIX 3JIEMEHTOB BBIOH-
paroTCcs MO KPUTEPUI0 DKCTPEMAIBHBIX HOPMAIBHBIX W CIBHIOBBIX
HaNpsKEHUH B Tepu(epHitHBIX 30HaX CEeUeHUsI.
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B cootBerctBun ¢ monoxenusimu CHull 2.01.07-85 ¢akTuueckue
Harpy3ku OT 00OpYyIOBaHUS, CKIAIUPYyEMbIX MAaTEpHUaNoB M H3AEIUN

3aMCHCHBI DKBUBAJICHTHBIMU PABHOMEPHO PaCIIPCACICHHBIMU.
[ 2 A | I 1A T4 2 A ] I O |

Pucynok 1 — KoneunoaneMeHTHas: MOJeJTb IUIMTHL, ONIEPTOM 110 KOHTYPY U
3arpy’K€HHOM paBHOMEPHO paclpeAeIeHHON Harpy3Koi

PC3y.l'ILTaTI>I pacucTa NpuBCACHLI B Ta6J'II/I]_[e 1.
Pacuer nmo npeaejibHbIM COCTOSSTHUAM

[Tnomans MONEPeYHOro CeUeHUs MPOAOJIBHOM paboueil apMaTypsl
OTIpeIeIsIach MO YCHIIUSM, OIPEJCTICHHBIM B PE3yJbTaTe CTaTHYECKOTO
pacyera Kapkaca 31aHHs.

IIpn pacdere KOHCTPYKLHMH MEPEKPHITUS NPEINoIarajaoch, 9TO OHO
paboTaeT moJ feiicTBUEM MPUIOKEHHBIX HATPY30K B YIIPYToil CTaIuHm.

OnpezeieHuil HanpsDKEHUH B HOPMAJIbHBIX CEYEHUSIX 3JICMEHTOB SB-
JSIeTCS CTAaTHIECKH HEONpeIeIMMON 3a/1aueii, TIOCKOJIBKY /IS BBIYHCIIC-
HUS 9eThIPEX MCKOMBIX BEIMYUH (TLIONIATH apMaTyphbl U CKaTtoro 6ero-
Ha, KJIACCHl apMaTypbl U O€TOHa), UCIOJB3YIOTCS YPaBHEHHUSI CTATUKU
(pucyHOK 2):

>’ M =0 — CyMMa MOMCHTOB OTHOCHTEIIBHO PaCTsIHYTOH apMaTyphl.

z X =0 — cymma npoekiuii Bcex cuit Ha och X.

HeomnpenenmmocTs 3a7aun OCIIOKHSAETCS HENMMHEHHOCTBIO Ae(OpMHU-
poBaHusl 6eToHa W apMaTyphl. [loaToMy pacueT HOPMATBHBIX CEUCHUMH

14



9JIEMEHTa IO TPOYHOCTH TPOU3BOAUTCS M3 MPEIIOIOKCHUS, YTO H3-
BECTHBI TPH W3 YETBIPEX HEU3BECTHBIX — pa3Mepsl ceueHus (bxh), u
kinaccel 6etoHa u apmatypsl (fes 1 fyg), Danee onpenensiercs: Tpedyemas
IUIOIIA (b ONIEPEYHOr0 CeYeHHUs paboueii apMaTyphbl

PacyetHbie (OpMyJIbI MPOYHOCTH Ui HOPMAIBHOTO CEYEHHS KOH-
CTPYKILMH TEPEKPHITUS BBIBOIATCSA M3 JBYX YCIIOBUII paBHOBECHs dJie-
MEHTA B TIPECIbHOM COCTOSHUH, YIOMSHYTBIX BBIIIEC:

fcd 'A:c: fyd 'As’
Msg <Mpy = fog - Auc -2

fog A
b
= o
A E—-— Il e o o o\\ 3
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Pucynok 2. Cxema yCHIui B ce4eHNH, HOPMATEHOM
K TIPOJIOJIBHOM OCH M3rH0aeMOro 3J1eMeHTa

B mensix ynporieHus pacyera iomany apMaTypbl HCIIOIb3yeTcs KO-
3} GUIMEHT O, BBIUKCIsIEMas B 3aBUCHMOCTH OT HETO BBICOTA CHKATOMH
30HHI & .
CnenoBarenbHO,
M < fy-ay,-b-d?
HManeeno . 7.1.2.4, hopmymna (7.5) [1]:

®
Elim = , Tpu 9ToM mpuHEMaetcs § < &, .

14 0slim fq_ ©
o 11

[Tnomane apMaTypsl onpesesseTcs:

sC,u
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PC3y.TILTaTLI pacycTa NpuBCACHLI B Ta6J'II/I]_[e 1.

Pacuer no Mmetony npeaeabHOro paBHOBECHSI

CymHOCTh METOZa 3aKJII0YaeTcsa B TOM, YTO B CTaJWH Pa3pyIICHUS
MOHOJIUTHYIO TUIMTY PAacCMaTpUBAIOT KaK CHCTEMY 3BEHBEB, COCIMHEH-
HBIX MEXIY CO00H TMHEHHBIMU TUIACTUYECKUMU IIapHUPAMH.

IIpy 1070COBOM 3arpy>k€HUH OJHOTO INPOJIETa NMEPEKPHITHS BEIMUH-
HOI1 |, B coCTOSIHMM mpesenbHOro paBHOBECHs 00Pa3yITCs TPU mapai-

JICTBHBIX TIACTUYSCKUX MIAapHHUpa (PUCYHOK 3).
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Pucynox 3 — Cxema JIMHEHHBIX IIACTHYECKHX MIAPHUPOB IIPH MTOJIOCOBOH Harpys3Ke:
1 — omopHbIe mapHUPHI; 2 — IPOJIETHHIN MapHUp

B mponere nuHEWHBIN mapHHpP 00pasyeTcs MO OCH 3arpyKEHHOM
pacyeTHOM IAHENH, & ONOPHBIE JUHEMHBIE LNIAPHUPBI OTCTOAT OT OCEH

OnmKalMX K HAM KOJIOHH Ha paccTosiHuu C,. IIponeTHsli 1 omopHbIi

MJIACTUYCCKUC HIAPHUPDBI pa3ACIA0T MMAHCIIU Ha ABa JXCCTKUX 3BCHA.
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Pacuet Ha IMOJIOCOBYIO BPEMCHHYIO HArpys3Ky HpPOU3BOAUTCA, UCXOOA
N3 yCJIOBUS PAaBHOBCECUA MOMCHTOB BCEX CHUJI, IMPUIIOKCHHBIX K KCCTKO-

My 3BeHy nposieroM |, —2C, /2 w mmpunoit |, , B Hawem cinyaae |, =1,
OTHOCHTENILHO OCH, IPOXOJAIIEH Yepe3 LEHTP TSKECTH CEUEHHUS B MECTE

OIIOPHOTO JIMHEMHOI'0 IMIACTHYSCKOr0 IrapHUpa U pacioJIOKEHHOM B €ro
IIJIOCKOCTH

l,-p-(0,5l, —
2 P ( 2 - Cl)s fyd '(Asup'Zs,sup+A‘s,sp'zs,sp)!

rae Cl_ pacCTOAHUEC OT OIIOPHBIX IIACTUYCCKUX MIAPHHUPOB OO OCHU

OJIIKAHIINX K HUM PSIOB KOJIOHH B HanpasieHuu | ;
Assup+ A sp — TUIOIAM CEUEHNS apMATY B B OTIOPHOM H B IPOJIET-
HOM IIJTACTUYECKHX IIapHUpaX B Mpeesax OqHOHN MaHeH;

Zs,sup’ Zs,sp — IUJICYM BHYTPCHHUX IIap B OIIOPHOM M IIPOJICTHOM ILJIa-

CTHUYCCKUX IIAPHUPAX.
B nensx ynpoieHus pacuera ypaBHEHHE PaBHOBECHS BBIPAKAEM de-
pe3 caenyromuye KodhUITHEeHTHT:

qup = Asup / Ay,
Qsp = Asp / Ag,
rae Ay = Ay, + Ay — CymMapHast IIOIWab CEYEHHs apMaTypbl, TO-

rria

< fyd ’ As 'Zn -(9| "Ly +esup ’ Zs,sup)'

Tpu pacuete sdeiikn mmtel npuanmaem Og, = 0,33, 6y, =0,67.

- p-(l,~2¢)
8

Pe3ynpTaThl NpOBEICHHBIX pacueTOB PUBEICHEI B TabuLe 1.

Kak Bungno u3 Tabnunsl 1 Haubosnee paloHaIbHBIM SBISETCS PacuyeT
METO/IOM IIPEENbHOTO PaBHOBECHs, TAaK KaK TpeOyeTcs HauMEHBIINI
pacxoj apMaTypbl Uil KOHCTPYUPOBAHHS HEPEKPHITUS. DTO OOBSICHACT-
€Sl TEM, YTO METOJ IPEJEIBHOIO0 PaBHOBECHS OCHOBAH Ha AOMYLIECHUH B
apMaType IJIaCTHYECKUX AedopMaiuii U nepepacupeaeicHuss MOMEHTOB
B KOHCTPYKIIUH, a B MporpaMMHOM koMiuiekce «JIMPA» u B pacuetax mo
IPENEIbHOMY COCTOSIHUIO IIEPBOM TPYIIBI pacdeT BENETCA B YNPYroi
CTaguH pabOTHI JIEMEHTa KOHCTPYKLIUH.
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Tabnuua 1. — ApMupoBaHHe IUIMTHL Ha 1 M.II.
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Merton pac-
yera IIporpammubIit Pacyer no metony Pacter MeToxoM
kommieke «JIMPA» NpeeabHbIX CO-
. . IIPEe/IeJIBHOTO PaB-
Bepcus 9.6 B cucre- CTOSTHHI TIEPBOH oBCCHS
ITonoxenue Mme «JIUPA-Apm» TpyIIIbI H
apMaTypsl
BepxHee ap- 10020 kmacca S500, | 10920 kmacca S500, | 10910 xmacca S500,
MUPOBAHUE mar = 100 MM mar = 100 MM mrar = 100 mm
HWKHee ap- [10012 kmacca S500, | 10910 xmacca S500, | 5810 kimacca S500,
MHUPOBaHUE nrar = 100 mm nrar = 100 mm mrar = 200 MM
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