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1. BeedeHue

3a nocnegHue 40 neT B LeHTpanbHbIX parioHax CaHkT-lNeTepbypra Tonbko B 30 % 3aaHuii 6bin npoBeaeH
KanuTarnbHbI PEMOHT. B ocTanbHbIX 3O0aHUSX OH WMMW HEe MPOWM3BOAWMIICS, WK BbLINOMHSNCA BbIGOPOYHbIN
KanuTarnbHbIA PEMOHT C YaCTUYHOW 3aMEHOI CTPOUTENbHbBIX 3IEMEHTOB U MHXEHEPHbIX CUCTEM.

Bornbluoe KONMMYecTBO Kpblill B LieHTpanbHoW 4vactu [leTepbypra HaxoauTCcs B HeyAOBNETBOPUTENBHOM
COCTOSIHWM, YTO OTpaXkaeTcs, NPeXae BCero, Ha NoTpebuTenbCkUxX kayecTBax JOMOB.

B npouecce akcnnyataumym npoucxoanT CHUMXeHune Hecyu.l,eﬁ CNocoBHOCTN 3NEMEHTOB CTPOMUIIbHbIX
CUCTEM. |_|pI/1 YMEHbLUEHUN Hecyu.l,e|7| CMOCOBHOCTN HWXKe npegenbHO AO0MYCTUMbIX 3Ha4YeHun no HOpMaMm
BO3HMKaeT He0b6X0ANMOCTb B pemMoHTe.

Yaule Bcero npu notepe Hecyu.l,eﬁ crnocobHocTu TpeGyeTCﬂ HEe PEeMOHT OTAENIbHOro 3fieMeHTa, a 3amMeHa
BCEW CTPOMUIbHON CUCTEMbI B LIESNIOM.

1.1 CoBpeMeHHOe COCTOsIHME HayKu B 06MacTu PeKOHCTPYKLMM CKaTHbIX KPbIL

Bonosuk M.B. B cTtaTbe onucbiBaeT NPOLLECC PEKOHCTPYKUUWU 34aHUA, a Takke OTAESIbHbIX 351eMEHTOB
3gaHus. B yacTHOCTM paccmaTpuBaeTcsi BOMPOC NPOBeaeHNs PeKoHCTpyKUun B Mockee.[1]

Bypues B.M. n NMoguuk A.A. B cBOoel paboTe 060CHOBLIBAOT HEOHXOAMMOCTb BbIMNOMHEHUS NMOBEPOYHOIO
pacyeTa U 3ameHbl OOpeLIeTKN MPU PEMOHTE W PEKOHCTPYKUUWM CKaTHbIX Kpbiw. B pabote nokasaHo, 4To
COXpaHeHHasi cTapas obpelweTka 4YacTo He CcooTBeTCTByeT TpeboBaHWAM OEeNCTBYIOLMX HOPMAaTUBHbIX
OOKYMEHTOB. [2]

B paborte NeTtpoBa K.B., 3onotapeson E.A., Bonoguna B.B., BatuHa H.N. n )KmapuHa E.H. npegnaraetcs
KOHCTPYKTMBHOE pelleHue, pellarowee npobnemy obpasoBaHus cocyrnek. Takke NpoBOAUTCS SKOHOMUYecKoe
CpaBHEHME KanuTanbHOMO PEMOHTA U PEKOHCTPYKLUM C UCNOMb30BaHMEM IErkmx CTarbHbIX TOHKOCTEHHbIX
KOHCTPYKUMHI. [3]

B cratbe CemukuHa [.B. n Crtpwxkakoson J1.K. BHMMaHWe ygeneHo HapylleHusMm, OOMNyWEeHHbIM Npu
MOHTaXe [OepeBsHHbIX KOHCTPYKUMWA Kpbiw. [lpeanoxeHsl cnocobbl 6e3onacHoro AemMoHTaxa W aTanbl
PEKOHCTPYKLMM Kpbiwn. [4]

B pabote MaentobepaunHoBa A.P. n AnbmeeBa W.M. paccmatpmBatoTCs BOMPOCH! KanuTanbHOrO peMoHTa
KPOBEJbHbIX KOHCTPYKLMIA 30aHUIA U COOPY>KEHUN. [5]

Monmwyk A.WN., MetyxoB A.A. n TatokuH .. B paboTe paccMaTpuBalOT PEKOHCTPYKUMIO OBYX3TaXHOIo
KMpANYHOrO 3daHma B ropoge Tomcke. [NaBHOWM 3agadet PEKOHCTPYKUMW SBRASIETCA BOCCTaHOBIIEHWE
CTPOUTENbHbIX KOHCTPYKUUI U HAACTPONKa MaHcapaHoro ataxa. [6]

TpeTbsikoB H.B. B cBoel paboTte Takke paccMmaTtpuBasn BO3MOXHOCTb HaACTPOWKM 34aHNS, BO3BEAEHHOMO B
Camape u g9BnsoLLeroca NaMsiTHUKOM UCTOPUN N KyNbTypbl. [7]

1.2 CoBpeMeHHOe COCTOsIHMe HayKu B 0611acTu NErkux cTanbHbIX TOHKOCTEHHbIX KOHCTPYKL UM

CraTuyeckum aHanuM3oMm W onpefeneHneM BHYTPEHHUX YCUMMA B  3NEeMEHTax KOHCTPYKUMA U3
TOHKOCTEHHbIX CTarbHbIX CTEPXXHEN MpU y4yeTe CTECHEHHOro Kpy4yeHus 3aHuMmanacb B cBoel pabote B.B.
FOpueHko.[8] Hecywune anemeHTbl n3 JICTK paccmaTpuBanmcb C TOYKM 3PEHUS] YCTOMYMBOCTU, @ TaK Xe WX
3aKpUTUYECKON paboThl.

B pabore M.B. AHaHuHOWn, H.A. BepecHeBon, J1.J1. LLUypoBknHOM [9] pacCMOTpEHbl pasfnuyHbie TUMbl U
MPUYMHBbI BO3HWKHOBEHWSI KOPPO3UWM NErkux CTaribHbIX TOHKOCTEHHbIX KOHCTPYKUWWA. BbiSiBeHa 3aBUCUMOCTb
Koppo3uu oT chopmbl npocuns. NpennoxeHbl CNocobbl 3aLMTbl OT KOPPO3UMN.

Jlerkum cTanbHbIM TOHKOCTEHHbIM KOHCTPYKLMAM MOCBSALEHO Heckonbko paboT [O.A. Tpybunon, [.A.
A6gynaesa, E.O. MNuuyrmHa n M.P. TapudynnuHa. B opgHom w3 ctaten [10] uccrnepoBaHa nokarbHas
YCTOMYMBOCTb  CTarbHbIX XOMOAHOTHYThLIX Mpodunen. BbiNno nNpeanoxeHo Yy4nTbiBaTb EOMETPUYECKYIO
HEenMHeNHOCTb Npu pacdeTe NoJobHLIX KOHCTPYKUMA. B nocnepyowmnx pabotax oHu paccMmaTpvsatoT nogpobHee
BMNUSIHNE reOMEeTPUYECKON HenuHenHocTn [11,12].

3HauMTeNbHBLIM  BKMAZ4 B  WU3YYEHWE JEerkMx CTalnbHbIX  TOHKOCTEHHbLIX  KOHCTPYKUMIA  BHECHM
3.J1. AnpymsH [27-30] n Benei I".U. [30].

Takke B paboTtax [13-15] nsydarorcs ocobeHHOCTH paboTbl npodunen.
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B CaHkr-lleTepbyprckom nonuTexHu4eckoMm yHuBepcuteTe [leTpa Benukoro BedeTcsi akTUBHOE
nccneposaHue JICTK.

B pabote T.B. HasvmeeBol [16] paccmaTpuBaeTcsl yCTPOMCTBO CBSA3EW, a TakKe YCTPOMCTBO Kpenexen B
KOHCTPYKLMSIX M3 XOJNTOAHOTHYTbIX CTasnbHbIX npodunen. CoemectHo ¢ B.I'. KypaxoBoi[17] Oblniv pacCcMOTPEHbI
pasnuuHble BuAbl Y3MOBbIX COEOUHEHUNW, C MpUBELEHMEM MOOPOOHbLIX XapaKTEPUCTMK Kaxaoro yana. bbin
NPOBEAEH CPaBHUTENbHbIV aHanM3 COeOUHEHUN, a TakKe 3KOHOMUYECKUA pacyeT. Tak ke Y3noBble COeaANHEHNS
paccmaTtpuBatoTcsa B pabotax[18-25].

Mpodeccopom H.N. BatuHbim B coaBTopcTBe co E.H. XmapuHeim, B.I'. Kypaxoson un K.KO. YcaHoson
ObINo BbINyLLEHO nocobue[26], noceslleHHoe TexHonorun ctpoutenbctBa u3 JICTK oBLLeCTBEHHbIX U XUMbIX
KOHCTpYyKUMIA. Kpome Toro, B psige nyonukauuim Takmx, kak B ctatbe [33] n moHorpadum [31] pacckasbiBaeTcs O
LUMpPOKOM criekTpe obnacten npumeHeHus JICTK, B T.4. npu peanusaummn HauMoHanbHOM nporpaMmmbl «OCTynHoe
n komcopTHoe >unbe». B nocobum [32] paccMOTpEHbI OCHOBHbIE aHaNMTUYECKUE W YUCIIEHHbIE METOAbI
pacdyeta JICTK.

MpoBogaTcsa akcnepumeHThl [34-36], MmogenupoBaHne 1M KomnbloTepHoe nccnegoaHue JICTK[37,38] n nx
coeanHeHun[39], a Takke BHeAPEHME pe3yrbTaToB B MPaAKTUYECKYHO AesaTernbHOCTb [40].

lMocTpoeHMeM ©n aHanM3OM KOHEYHbIX 3NIEMEHTOB TOHKOCTEHHOrO CTEpXHsi B CBoen paboTe
paccmatpuBanu C.®. [Obakos u B.B. JlanuH [46]. Ha ocHOBaHwM JaHHOro uccnegoBaHus caenaH BbIBOA4 O
NnoBeAEeHUN KOHCTPYKLUW MpU KpydeHun C ydeTom pedopmauuu casura, npu ycrnoBuu OTKPLITOro npodunsg
TOHKOCTEHHOIO CTEPXKHS.

2. [NlocmaHoska 3adayu uccriedoeaHuUs

Ha ocHoBaHWM NpoBeAeHHOro aHanuasa nurepaTypbl GbiNo BbIABNEHO, YTO BOMPOC PEKOHCTPYKLIMM CKaTHbIX
KPblLL HeOoCTaTOYHO M3ydeH. A UMEHHO He paspaboTaHbl TWUMOBbIE KOHCTPYKTUBHbIE PELLeHMs YCTpOMCTBa
CTPOMUIBbHBLIX CUCTEM NMPY PEKOHCTPYKUMM CKaTHbIX Kpbil. cxoas n3 npoBedeHHOro aHanvsa nutepaTtypbl, 3a
OCHOBY [ON11 KOHCTPYKLIUIA CTPONUIbHBIX CUCTEM GbiNn BbIGPaHbIl Nerkue cTanbHble TOHKOCTEHHbIE KOHCTPYKLIMW,
TaKk Kak OHM o6rafgatoT pSAOM MPEeUMYLLEecTB, TakMx Kak: HEGONbLIOW BeCc M pa3Mep KOHCTPYKLMIA, TOYHOCTb
JIMHEeNHbIX PasmMepoB, AOJTTOBEYHOCTb M BbICOKasi OFTHECTOMKOCTb.

Llenb nccnepgoBaHus: 060cHOBaTb 3KOHOMUYECKYIO 3dhdeKkTUBHOCTL nNpuMmeHeHus JICTK ona HagcTporku
MaHcapd MpU PEKOHCTPYKLUMM CKaTHbIX KpbIW OOLWECTBEHHbIX 34aHWA C OEepPeBsHHbIMK - CTPOMMMaMM,
HaxoAsLINXCHA B aBapUMHOM COCTOSHUM.

3apaum nccnenoBaHus:

1. Pa3paboTka KOHCTPYKTUBHbIX PELUEHMI MO PEKOHCTPYKLMU CKaTHbLIX KpbIl C HAACTPOWKOW MaHcapn,
n3 JICTK:

1.1. PaspaboTka TUNOBbIX PACYETHbIX CXEM.

1.2 BbI6Op KOHCTPYKL MU NOKPbLITUS U COOp Harpysok.
1.3 Cratuyecknin pacyeT u nogbop ceveHun.

1.4  OOGocCHOBaHMe Harpy3ok Ha pyHOaMEHT.

2. TexHUKO-3KOHOMMYECKOE CpaBHEHME PEeKOHCTPYKUMW KpbllM C  HAOCTPOWMKOW  MaHcapdbl W
KanutanbHOro peMoHTa KpbIn. PacyeT cpoKoB OKynaemocTy.

3. PekoHCMpyKUUsi CKamHbIX KpbiW ¢ HaOcmpoukou maHcapOobl

3.1. OnucaHue mogenu uccrieqoBaHus

B npouecce paGoTbl Gbinn paspaboTaHbl ABa KOHCTPYKTUBHBIX PeLUeHUst Mo YCTPOMCTBY MaHcapd. Ons
Ka)KOOro KOHCTPYKTMBHOIO pelleHus Bbina npuHATa pacyeTHas cxema. PacuyeTHble cxembl NpeacTaBneHbl Ha
PUCYHKaX.
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PucyHok 2. KoHcTpyKTUBHOE pelueHne Ne2

CH: — BepxHsag yacTb CTPONUbHON HOMn
CHu — HuxxHas yacTb CTpOnuMIbHOM HOMK

KoHek

CHB PacoHKa

coeduHeHue

PucyHok 3. KOHbKOBbIN y3€eJ1 KOHCTPYKTUBHOIO pelueHusa Ne2
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CoedeHumenbHa s
¢acoHka (CP)

[\ BoamoBoe
coeﬂUHeHue

coeduHeHue

OnopHasn
cmodka (0C)

PucyHok 4. Y3en coeauHeHuna CHe n CHH PucyHok 5. Y3en coeanHenns CHH 1 OC
KOHCTPYKTUBHOro pewweHnsa Ne2 KOHCTPYKTUBHOro pewweHnsa Ne2

Ha pucyHkax 3-5 nons 60nToBbIX COEAMHEHUI NOKa3aHbl YCITOBHO.
3.2. BbIGOpP KOHCTPYKLMU NOKPbLITUA U COOP HaArpy3ok
[insa pacyeTa Gbin BbIOpaH KPOBESbHOW MUPOT CreAYOLLENA KOHCTPYKLNN:

Ta6nuua 1. Cocmae kpoeesibHO20 nupo2a

MaTtepunan YnenbHbIN BEC En. nam.
danbuesas kposns Lindab 46,26 H/ms3
O6peweTka bantlpoduns OY-45-0,8 10,29 H/m3
BeTtposawuTtHaga nneHka Rockwool 0,88 H/wms
YTennutens Rockwool Light Butts

72,52 H/m3
h=200 mm
Ctponuna bantlMpoduns TC-200-2,0 48,71 H/m3
O6peweTka bantlpoduns OY-45-0,8 10,29 H/m3
Ytennutens Rockwool

18,13 H/m3
h=50 Mm
MaposawwutHasa nneHka Rockwool 0,69 H/ms3
MmncokapToH t=12,5 mm 85,26 H/m3

PacueT cHeroBomn Harpysku:

HopmaTrBHOE 3Ha4YeHWe CHEroBow Harpysku[41]:
So=¢Ct Cor Sy

Mpn yknoHe Kpbiwn a<15°;

Ct=1;cCe=1; u=1; Sqg = 1,5 klNa — ana cHerosoro panoHa lll.
24
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Sp=1-1-1-152,96 = 152,96 (xr/m?) (1)
Tabnuua 2. CHez2o8ast Ha2py3Ka npu YKJI0OHe Kpbiwu asl15°
Ne Harpyska So, Kr/m? yi Sp, Krim?
1 CHeroBas Harpyska 152,96 1,4 214,14
UTOro 152,96 214,14

'Ooe yi— KoapMLUMEHT HageXXHOCTU NO Harpyske

[ns aByckaTHOM KpbIWK NpY yKNoHe a=15°;

Ct=1;ce=1; u=1,25; Sqg = 1,5 klla — gns cHerosoro paroHa lll.
So=1-1-1,25-152,96 = 191,2 (kr/m?)

Tabnuua 3. CHez2o8asl Hazpy3Ka Ha 08yCKamHYyH Kpbiuwly Npu yKioHe a=15°

Ne Harpyska So, Kr/im? yi Sp, Krim?
1 CHeroBas Harpyska 191,2 1,4 267,68
NTOro: 191,2 267,68

Mpn yknoHe Kpbiwn a=60°:
ct=1;ce=1;u=0;Sy=1,5«la - ana cHerosoro pawoHa lll.
So=1-1-0-15296=0 (2)

3.3. Cratu4eckum pacueT n nogobop ceyeHun
3.1.1 KoHcmpykmugHoe peweHue Nel
3.3.1.1. Pacuem e obuwem sude

PaccMOTpyM KOHCTPYKTUBHOE pelleHrMe. Tak Kak Kpblla SBRsSeTca [OBYCKAaTHOM M CMMMETPUYHOWN,
pacyeTHY CXeMy MOXHO YNpOCTUTb.

PacueTHasa cxema 3agauv BeIrMAQuT criedylowmum o6pasom:

PucyHok 6. PacyeTHas cxema

OnpepeneHue cTeneHn cTaTtM4eckon HeonpeaenMMoCTn CUCTEMBI:
n=ng+3-ng—n,—n,
n=34+3-0—-0-3=0 3)
Cuctema ctaTudecku onpegenuma.
OnpepeneHue peakLmi onop Ans paccMaTpmMBaemoro criyyas:
Ra= Ry = 192% Ly @
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OnpepgeneHne MakcMmMarnbHOrO MOMeHTa:
2
u _q-cosa: s (5)
max 8

Aniopa MOMeHTa npeAcTaBrieHa Ha PUCYHKe 7.

PucyHok 7. Anopa MOMEHTOB
OnpepneneHne NpoaonsHON CUMbl B MECTE BO3HUKHOBEHMSI MakCUMarbHOIO MOMEHTA:
q-sina-l 6
N = r= =" m" ( )

2
MpoBepka npoyHocTU[42]:
Mmax
w

rae N — 3HayeHve NPoAONbHONM CUMbl B MECTE BO3HWKHOBEHWS MaKCMarbHOro n3rmbaroLLero MoOMeHTa,
A — nnowaab cevyeHus,

Ry — pac4yeTHOe conpoTuBneHue cranu,

Y. — KOS(OPUUMEHT yCroBun paboThl,

¢ — ko3 purLMeHT ycTonumsocTn[43].

(7)

N
imSRy'yc

PacueT BbinonHsancsa B nporpamme MS Excel. MNogbop ceyveHuin BbINOMHANCS NO TEXHUYECKUM YCIOBUSAM
koMmnaHum OO0 «bantlpodunb»[44].

Pesynbtatel nogbopa ceveHui npeacrasneHsl B Tabnuue 4.

Tabnuua 4. Peaynbmambi nod6opa cevyeHuli cmponusibHol Ho2U 01t KOHCMPYKMUBHOU cxeMbl
maHcapdbi Nel

CeueHne
I, m a,° LLar, mm CH. MM
3.9 8-14 1200 2xTC-200-1,2
' 15 1200 2xTC-200-1,5
42 8 1200 2xTC-200-1,2
' 9-15 1200 2xTC-200-1,5
45 8-14 1200 2xTC-200-1,5
' 15 1200 2xTC-200-2,0
4,8 8-15 1200 2xTC-200-2,0
51 8-14 1200 2xTC-200-2,0
' 15 1200 2xTC-250-1,5
54 8-14 1200 2xXTC-250-1,5
' 15 1200 2xTC-252,0
57 8-9 1200 2xXTC-250-1,5
' 10-15 1200 2xXTC-250-2,0
6 8-14 1200 2xTC-250-2,0
6,3 8-14 1200 2xXTC-250-2,0
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3.3.1.2. lNpumep pacyema

Tabnuua 5. UcxoOHbIe OaHHbIe

lo, M Ip,M a, rpag [, M g, oaH/m El, gaH - M?

6 6,34 10 6,44 308,37 21-10°

MoOMEeHT uHepuMn NPUHAT €AWHUYHBIM, TaK Kak B CTaTU4YeCKU HeonpenenumbiX cuctemax narnbaroLLmi
MOMEHT 3aBUCUT He OT XXECTKOCTWU, a OT COOTHOLUEHUS XecTkocTeln. MoaTtomy ans y,D,OﬁCTBa pacyeTa BO3bMEM
YKECTKOCTb C MOMEHTOM MHEepUUn paBHbIM 1.

OnpepaeneHve peakuwii onop Ans paccMaTpuBaeMoro cryJas:

308,37 - cos10° - 6,44 (8)
R, =Ry = > = 977,53 (maH)
OnpepgeneHne MakcumManbHOrO MOMEHTA:
308,37 - cos10° - 6,442 (9)
Mopax = 3 = 1573,29 (gaH - m)
OnpegeneHune NpoAonbHOW CUMbl B MECTE BO3HUKHOBEHWNSI MaKCUMaribHOro MOMEHTA:
_ 308,37 -5in10° - 6,44 (10)

> = 172,37 (maH)

MpoBepka npo4HocTU (2xTC-250-2,0):
1573,29-100 N 172,37 < 2550095 (11)
95,54 14,5-0,805 — ’

166,151(MIla) < 237,5(MIla)

YcnoBue BhINOMHAETCS.
3.1.2 KoHcmpykmugHoe peweHue Ne2
3.3.2.1. Pacuem e obuwem sude

PaccMOTpyM KOHCTPYKTUBHOE pelleHrMe. Tak Kak Kpblla SBMsSeTcA [OBYCKAaTHOM M CMMMETPUYHOWN,
pacyeTHY CXeMy MOXHO YNpOCTUTb.

PacueTHasa cxema 3afauv BeIrmMAauT crieqylowmnm o6pasom:

M&Mﬂ
pe, 2 y
l na N~
Lo =
‘ 2 I
\‘____ P _.4\
"/ I
3 Y T
L S
o , O
________________________|N
< I
m 1
T I
lp

PucyHok 8. PacyeTHasa cxema
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OnpepfeneHne cTeneHn CTaTM4ecKkon HeonpeaenMmMocT CUCTEMBI:
n=ng+3-ng—n, —n,
n=5+3:-0-0-3=2 (12)

Cuctema 2 pasa ctaTudeckn Heonpeaenvma.

Heobxogumo caenatb CUCTeMy CTaTM4YecKu onpedenvMmoil, Ans 3TOro BBeJeM BMECTO JULLHUX CBS3ei
HEeW3BEeCTHbIE CUIOBbIE DaKTopbI.

BbiNo MPUHSTO pelleHue yaanuTb LAPHUPHO-HEMOABWKHYIO OMOPY W MPUSIOKUTL [AOMONHUTENBHO 2
eOVHUYHbIE CUMbl, AEUCTBYIOLLME B HANpPaBneHUN OTOPOLLIEHHbIX CBA3EHA.

OcHoBHas 1 3KBUBANEHTHbIE CUCTEMbI npeacrtaBlieHbl Ha PUCYHKaX.

1

s M

PucyHok 9. 9kBuBaneHTHas cxema Nel PucyHok 10. QkBuBaneHTHas cxema Ne2?

1
ﬁ%ﬂMlMMLMMMM

PucyHok 11. OcHoBHas cxema

Cuctema KaHOHMYECKNX YPOBHEHMI MeTOAa CUn Anis paccMaTpyMBaeMon cucTeMbl[45]:

{611X1 + 612X2 + A1P= O (13)
621X1 + 622X2 + Azp: 0

dopmyna Makceenna-Mopa:

M;M
Sir =f ;Ikdx (14)
MM, (15)

Aip:f EI dx

PeweHune cnctembl npu nomoLumn dhopmysnsl Kpamepa:
BbluncneHve rnaBHoOro onpeaenurens CUCTeEMbI:

611 612
621 622

A (16)
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BbluncreHve nepBoro onpeaenuTens:

81 612 (7)
M=ls, s
2p 22
BbluncneHve BToporo onpegenurens:
811 Oup (18)
AZZ
821 52p
Ycunue, Bo3HMKaloLee B MECTE MPUINOXKEHUS MEPBON eANHUYHON CUIbI:
_ A 19)
Y
Ycunue, Bo3HUKaroLee B MECTE NPUIOXEHNA BTOPON egMHUYHON CUNbI:
A
X, = - Az (20)
A
KuHemaTuuyeckas nposepka:
(21)
e rers
PucyHok 12. 3ntopa MOMEHTOB 3KBUBaneHTHOW cxemMbl Nel
Onopa MOMEHTOB 3KBMBANEHTHOM cxeMbl N2l npefcTaBneHa Ha pucyHke 12.
BbluncneHue koadpduLneHTa §;, npu nomoLLm popmynsl CumncoHa:
L 1 1 2 2 3 3 L 3 3 4 4 5 5 (22)
811 =m[M1 My +4-M; M+ My -M1]+@[M1 “MP +4-MP-ME+ M- M7
l
+——[M5-M5+4-ME-ME + M7 - M]]
6E1
M,
1
M,
M3,
")
M,
® M62
MY,
PucyHok 13. 9nopa MOMEHTOB 3KBUBaNeHTHOMN cxeMbl Ne2
Ontopa MOMEHTOB 3KBMBaNeHTHOM cxembl Ne2 npeactaBneHa Ha pucyHke 13.
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BbluncneHue koadduumneHTta §,, npy nomoLm popmynsl CumncoHa:

l l 23
82 =6—;1[M21-M21+4-M22-M22+M23-M§]+6—];[M§-M§+4-M3-M3+M25-M25] (23)
l
+—— M- M5 +4-MS - ME + M - M]]
6EI
BbluncneHne koadpULNEHTOB §;, U §,; NpY nomMowm popmyrbl CUMnNcoHa:
L 1 1 2 2 3 3 L 3 3 4 4 5 5 (24)
612 =621 =@[Ml 'Mz +4"M1 'MZ +M1 'M2]+@[Ml 'Mz +4"M1 'MZ +M1 'Mz]
l
+——[M? M5 +4-M§-ME + M7 - MI)
6EI
q2 il 1
1 2 MP
Lo Mo
3
7,
M,
5
Mﬁ"
M p
5
M p
PucyHok 14. 9niopa MOMEHTOB OCHOBHOW CXeMbl
Onopa MOMEHTOB NpeAcTaBrneHa Ha pucyHke 14.
Bobiuncnenve koapdmumnenTa A, npy nomowm dopmysibl Cumncona:
Aiy= S [MP MY 44 MEMZ 4 MF M) (M M3 4 ME M4 M M (29)
11’_@[ 1My +4- M- My + My p]"‘@[ P M+ 4 M- My + M- My
l
+— M} M+ 4 ME - MS + M] - M)
6E1
Bobiuncnenve koapdmuymenTta A,, npu nomouw dopmyrbl Cumncona:
A= D (ME - M3+ 4 M2 M2 4 M3 M|+~ (M3 M3 + 4 M2 - M2+ M - M (26)
210_@[2 p T 2 p T M; p]"‘@[z p T 2 p TM; p]
3
+@[M25-M§+4-M26-M§+M27-MZ]
OnpegeneHne okoHYaTenbHbIX MOMEHTOB:
ML = MIX, + MIX, + M} (27)
Onopa MOMEHTOB NpeacTaBrneHa Ha pucyHke 15.
PucyHok 15. UToroBas antopa MOMEHTOB pac4eTHOM CXeMbl
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MpoBepka npoyHocTU[42]:

roe N — 3Ha4yeHne NpPoAOoSIbHOM CUSbl B MECTE BO3HUKHOBEHWSI MaKCMMarbHOIo n3rnbarLero MOMeHTa,
A — nnowaab cevyeHus,

@ — KoadhpmumeHT ycTonumsocTun[43].
PacuyeT BbINOMHANCA C ucnonb3oBaHWeM nporpamMmmel MS Excel. [Nogbop ceyeHui BbINOMHAMCS NO
TeXHn4ecknm ycnosusam komnaHum OO0 «bantlpoduns»[44].

PesynbTatel nogbopa ceveHuin npeactasneHsl B Tabnuuax.

A
e

P

Tabnuuya 6. Peaynbmambi nod6opa ceyeHuUli cmponusibHbIX HO2, OMOPHOU CMOUKU U
coeduHumesnibHol ¢hacoHKU OJiIs1 KOHCMPYKMuUeEHOoU cxeMbl MaHcapOob! N2 npu hk=0,4 m

L 0o War. wm Ceuenne CeueHne CeueHne CeueHne
CHs, mm CoP, mm CHH, Mm OC, mm
3,9 8-15 1200 2xTC-200-0,8 200x4,0 2xTC-200-0,8 LIr100x50x4,0
4,2 8-15 1200 2xTC-200-0,8 200x4,0 2xTC-200-0,8 LIr100x50x4,0
8-14 1200 2xTC-200-0,8 200x4,0 2xTC-200-0,8 LLIr100x50x4,0
e 15 1200 2xTC-200-1,0 200x4,0 2xTC-200-1,0 LLIr100x50x4,0
8-14 1200 2xTC-200-1,0 200x4,0 2xTC-200-0,8 LIr100x50x4,0
a8 15 1200 2xTC-200-1,2 200x6,0 2xTC-200-1,0 LUIM100x50x6,0
8-14 1200 2xTC-200-1,2 200x6,0 2xTC-201,0 LIM100x50x6,0
> 15 1200 2xTC-200-1,5 200x6,0 2xTC-200-1,2 LLIr100x50x6,0
8-14 1200 2xTC-200-1,5 200x6,0 2xTC-200-1,2 LLIr100x50x6,0
>4 15 1200 2xTC-200-1,5 200x6,0 2xTC-200-1,5 LUr100x50x6,0
8-14 1200 2xTC-200-1,5 200x6,0 2xTC-200-1,2 LUIM100x50x6,0
> 15 1200 2xTC-200-2,0 200x8,0 2xTC-200-1,5 LLIr120x50x6,0
8-14 1200 2xTC-200-2,0 200x8,0 2xTC-200-1,5 LLIr100x50x6,0
° 15 1200 2xTC-200-2,0 200x8,0 2xTC-200-2,0 LLIr120x50x6,0
8-14 1200 2xTC-200-2,0 200x8,0 2xTC-200-1,5 LIr120x50x6,0
o3 15 1200 2xTC-250-1,5 200x10,0 2xTC-200-2,0 LIr120x60x6,0
8-14 1200 2xTC-250-1,5 200x8,0 2xTC-200-2,0 LLIr120x50x6,0
°e 15 1200 2xTC-250-2,0 200x10,0 2xTC-200-2,0 LLIr120x60x6,0
8-14 1200 2xTC-250-2,0 200x10,0 2xTC-200-2,0 LLIr120x50x6,0
°° 15 1200 2xTC-250-2,0 250x8,0 2xTC-250-2,0 LIr120x60x6,0
7,2 8-14 1200 2xTC-250-2,0 200x10,0 2xTC-200-2,0 LIMr120x60x6,0
75 | 8-14 1200 2xTC-250-2,0 250x8,0 2xTC-250-1,5 LLr120x60x6,0
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Ta6bnuua 7. Peaynbmamsbi nod6opa ceyeHuli cmponusibHbIX HO2, OMOPHOU cMolKU u
coeduHumesibHol ¢hacoHKU Os1s1 KOHCMPYKMUEHOU cxeMbl MaHcapOb! Ne2 npu hk=0,5 m

Ceve
L ap War, mm CeyeHue Hue CeyeHue CeyeHne
CHs, mm Co, CHH, mm OC, mm

MM

3,9 8-15 1200 2xTC-200-0,8 200x4,0 2xTC-200-0,8 LIr100x50x4,0
42 | 8-15 1200 2xTC-200-0,8 200x4,0 2xTC-200-0,8 LLIr100x50x4,0
8-14 1200 2xTC-200-0,8 200x4,0 2xTC-200-0,8 LLIr100x50x4,0
o 15 1200 2xTC-200-1,0 200x4,0 2xTC-200-1,0 LIr100x50x4,0
8-12 1200 2xTC-200-1,0 200x4,0 2xTC-200-0,8 LIr100x50x4,0
4,8 | 13-14 1200 2xTC-200-1,0 200x4,0 2xTC-200-1,0 LIr100x50x4,0
15 1200 2xTC-200-1,2 200x6,0 2xTC-200-1,0 LLIr100x50x6,0
8-14 1200 2xTC-200-1,2 200x6,0 2xTC-200-1,0 LLIr100x50x6,0
> 15 1200 2xTC-200-1,5 200x6,0 2xTC-200-1,2 LIM100x50x6,0
8-14 1200 2xTC-200-1,5 200x6,0 2xTC-200-1,2 LIM100x50x6,0
> 15 1200 2xTC-200-2,0 200x6,0 2xTC-200-1,5 LLIr100x50x6,0
8-13 1200 2xTC-200-1,5 200x6,0 2xTC-200-1,2 LLIr100x50x6,0
57 14 1200 2xTC-200-1,5 200x6,0 2xTC-200-1,5 LLIr100x50x6,0
15 1200 2xTC-200-2,0 200x8,0 2xTC-200-1,5 LIMr120x50x6,0
8-14 1200 2xTC-200-2,0 200x8,0 2xTC-200-1,5 LLIM100x50x6,0
° 15 1200 2xTC-200-2,0 200x8,0 2xTC-200-2,0 LLIr120x50x6,0
8-14 1200 2xTC-200-2,0 200x8,0 2xTC-200-1,5 LLIr120x50x6,0
o3 15 1200 2xTC-250-2,0 200x10,0 2xTC-200-2,0 LLr120x60x6,0
8-14 1200 2xTC-250-1,5 200x8,0 2xTC-200-2,0 LIr120x50x6,0
o6 15 1200 2xTC-250-2,0 200x10,0 2xTC-200-2,0 LIr120x60x6,0
8-14 1200 2xTC-250-2,0 200x10,0 2xTC-200-2,0 LLIr120x50x6,0
oo 15 1200 2xTC-250-2,0 250x8,0 2xTC-250-2,0 LLIr120x60x6,0
7,2 8-14 1200 2xTC-250-2,0 200x10,0 2xTC-200-2,0 LIr120x60x6,0
7,5 8-14 1100 2xTC-250-2,0 250x8,0 2xTC-250-2,0 LIMr120x60x6,0
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Tabnuuya 8. Peaynbmambi nod6opa cevyeHUll cmponusibHbIX HO2, OMOPHOU cMoUlKu u
coeduHumesibHol ¢hacoHKU Os1s1 KOHCMPYKMUEHOU cxeMbl MaHcapOb! Ne2 npu hk=0,6 m

| o War. v CeyeHue CeyeHue CeyeHne CeyeHue

CHs, mm CP, mm CHH, mm OC, mm
39 | 815 1200 2xTC-200-0,8 200x4,0 2xTC-200-0,8 LLIr100x50x4,0
42 | 8-15 1200 2xTC-200-0,8 200x4,0 2xTC-200-0,8 LLIr100x50x4,0
8-14 1200 2xTC-200-0,8 200x4,0 2xTC-200-0,8 LLIM100x50x4,0
- 15 1200 2xTC-200-1,0 200x4,0 2xTC-200-1,0 LLIMr100x50x4,0
8-12 1200 2xTC-200-1,0 200x4,0 2xTC-200-0,8 LLIr100x50x4,0
48 | 13-14 1200 2xTC-200-1,0 200x4,0 2xTC-200-1,0 LLIr100x50x4,0
15 1200 2xTC-200-1,2 200x6,0 2xTC-200-1,2 LLIr100x50x6,0
8-14 1200 2xTC-200-1,2 200x6,0 2xTC-200-1,0 LLIM100x50x6,0
> 15 1200 2xTC-200-1,5 200x6,0 2xTC-200-1,2 LLIM100x50x6,0
8-14 1200 2xTC-200-1,5 200x6,0 2xTC-200-1,2 LLIr100x50x6,0
> 15 1200 2xTC-200-2,0 200x6,0 2xTC-200-1,5 LLIr100x50x6,0
8-14 1200 2xTC-200-1,5 200x6,0 2xTC-200-1,5 LLIr100x50x6,0
> 15 1200 2xTC-200-2,0 200x8,0 2xTC-200-1,5 LUM120x50x6,0
8-14 1200 2xTC-200-2,0 200x8,0 2xTC-200-1,5 LLIM100x50x6,0
° 15 1200 2xTC-250-1,5 200x8,0 2xTC-200-2,0 LLIr120x50x6,0
8-14 1200 2xTC-200-2,0 200x8,0 2xTC-200-2,0 LLIr120x50x6,0
o3 15 1200 2xTC-250-2,0 200x10,0 2xTC-200-2,0 LUM120x60x6,0
8-14 1200 2xTC-250-1,5 200x10,0 2xTC-200-2,0 LUIM120x50x6,0
o6 15 1200 2xTC-250-2,0 200x10,0 2xTC-200-2,0 LUM120x60x6,0
8-14 1200 2xTC-250-2,0 200x10,0 2xTC-200-2,0 LLIr120x50x6,0
oo 15 1200 2xTC-250-2,0 250x8,0 2xTC-250-2,0 LLIr120x60x6,0
7,2 8-14 1200 2xTC-250-2,0 200x10,0 2xTC-200-2,0 LUM20x60x6,0
7,5 8-14 1000 2xTC-250-2,0 250x8,0 2xTC-250-2,0 LUM20x60x6,0

Ta6bnuua 9. Peaynbmamsbi nod6opa ceyeHuUli cmponusibHbIX HO2, OMOPHOU cMolKuU u
coeduHumesnibHol ¢hacoHKU OJiIs1 KOHCMPYKMuUeHOoU cxeMbl MaHcapOob! N2 npu hk=0,7 m

CeyeHne CeyeHne CeyeHune CeyeHne
I, m a,° LLar, mm

CHs, mm Co, mm CHH, mm OC, mm
3,9 8-15 1200 2xTC-200-0,8 200x4,0 2xTC-200-0,8 LLUF100x50x4,0
4,2 8-15 1200 2xTC-200-0,8 200x4,0 2xTC-200-0,8 LLUF100x50x4,0
4,5 8-14 1200 2xXTC-200-0,8 200x4,0 2xTC-200-0,8 LLIF100x50x4,0
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| o War. v CeyeHue CeyeHue CeyeHne CeyeHue

CHs, mm Co, Mm CHH, mm OC, mm
15 1200 2xTC-200-1,0 200x6,0 2xTC-200-1,0 LUM100x50x4,0
8-14 1200 2xTC-200-1,0 200x4,0 2xTC-200-1,0 LLIM100x50x4,0
48 15 1200 2xTC-200-1,2 200x6,0 2xTC-200-1,2 LLIM100x50x6,0
8-14 1200 2xTC-200-1,2 200x6,0 2xTC-200-1,0 LLIr100x50x6,0
> 15 1200 2xTC-200-1,5 200x6,0 2xTC-200-1,2 LLIr100x50x6,0
8-14 1200 2xTC-200-1,5 200x6,0 2xTC-200-1,2 LLIr100x50x6,0
> 15 1200 2xTC-200-2,0 200x8,0 2xTC-200-1,5 LLIr100x50x6,0
8-14 1200 2xTC-200-2,0 200x6,0 2xTC-200-1,5 LLIM100x50x6,0
> 15 1200 2xTC-200-2,0 200x8,0 2xTC-200-1,5 LUM120x50x6,0
8-14 1200 2xTC-200-2,0 200x8,0 2xTC-200-1,5 LLIM100x50x6,0
° 15 1200 2xTC-250-1,5 200x8,0 2xTC-200-2,0 LUM120x50x6,0
8-14 1200 2xTC-200-2,0 200x8,0 2xTC-200-2,0 LLIr120x50x6,0
o 15 1200 2xTC-250-2,0 200x10,0 2xTC-200-2,0 LLIr120x60x6,0
8-14 1200 2xTC-250-1,5 200x10,0 2xTC-200-2,0 LLIr120x50x6,0
o0 15 1200 2xTC-250-2,0 200x10,0 2xTC-250-1,5 LLIr120x60x6,0
8-14 1200 2xTC-250-2,0 200x10,0 2xTC-200-2,0 LUM20x60x6,0
o0 15 1200 2xTC-250-2,0 250x8,0 2xTC-250-2,0 LUM20x60x6,0
7,2 8-14 1200 2xTC-250-2,0 200x10,0 2xTC-250-1,5 LUM20x60x6,0
7,5 8-11 900 2xTC-250-2,0 250x8,0 2xTC-250-2,0 LUM20x60x6,0

Ta6bnuuya 10. Pe3ynbmamsbi nod6opa cedeHUl cmponusibHbIX HO2, OMMOPHOU CMOUKU U
coeduHumesibHol ¢hacoHKU Os1s1 KOHCMPYKMUEHOU cxeMbl MaHcapOb! Ne2 npu hk=0,8 m

| o War. v CeuyeHne CeueHne CeueHune CeueHne

CHs, mm CP, mm CHH, mm OC, mm
39 | 815 1200 2xTC-200-0,8 200x4,0 2xTC-200-0,8 LLIFr100x50x4,0
42 | 815 1200 2xTC-200-0,8 200x4,0 2xTC-200-0,8 LLIF100x50x4,0
s | B34 1200 2xTC-200-1,0 200x4,0 2xTC-200-0,8 LLIF100x50x4,0
' 15 1200 2xTC-200-1,2 200x4,0 2xTC-200-1,0 LLIF100x50x4,0
g | B 1200 2XTC-200-1,0 200x4,0 2xTC-200-1,0 LLIF100x50x4,0
' 15 1200 2xTC-200-1,5 200x6,0 2xTC-200-1,2 LLIF100x50x6,0
51 | 814 1200 2xTC-200-1,2 200x6,0 2xTC-200-1,0 LLIF100x50x6,0
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| o War. v CeuyeHne CeuyeHne CeueHune CeuyeHne
CHs, mm CD, mm CHH, mm OC, mm
15 1200 2xTC-200-1,5 200x6,0 2xTC-200-1,5 LLIFr100x50x6,0
e, | B 1200 2xTC-200-1,5 200x6,0 2xTC-200-1,2 LLIFr100x50x6,0
' 15 372,613 2xTC-200-2,0 200x6,0 2xTC-200-1,5 LLIF120x50x6,0
s 8-14 1200 2xTC-200-2,0 200x6,0 2xTC-200-1,5 LLIF100x50x6,0
' 15 1200 2xTC-200-2,0 200x8,0 2xTC-200-2,0 LIr120x50x6,0
. | B 1200 2xTC-200-2,0 200x8,0 2xTC-200-1,5 LLIr120x50x6,0
15 1200 2XTC-250-1,5 200x10,0 2xTC-200-2,0 LLIr120x50x6,0
o 8-14 1200 2xTC-250-1,5 200x8,0 2xTC-200-2,0 LUIF120x50x6,0
' 15 1200 2xTC-250-2,0 200x10,0 2xTC-200-2,0 LLIF120x60x6,0
o | B 1200 2XTC-250-1,5 200x10,0 2xTC-200-2,0 LLIF120x50x6,0
' 15 1200 2XTC-250-2,0 250x8,0 2XTC-250-2,0 LLIr120x60x6,0
. 8-14 1200 2xTC-250-2,0 200x10,0 2xTC-200-2,0 LLIF120x60x6,0
' 15 1000 2xTC-250-2,0 250x8,0 2XTC-250-2,0 LLIF120x60x6,0
72 | 814 1200 2xTC-250-2,0 250x8,0 2xTC-250-2,0 LIF120x60x6,0

Ta6bnuuya 11. Pe3aynbmamsbi nod6opa ceyeHUli cmponusibHbIX HO2, OMMOPHOU CMOUKU U
coeduHumesibHol ¢hacoHKU Os1si KOHCMPYKMUEHOoU cxeMbl MaHcapOb! Ne2 npu hk=0,9 m

| o War. v CeyeHue CeyeHue CeyeHne CeyeHue
CHs, mm CP, mm CHH, mm OC, mm
39 | 815 1200 2xTC-200-0,8 200x4,0 2xTC-200-0,8 LLIr100x50x4,0
8-14 1200 2xTC-200-0,8 200x4,0 2xTC-200-0,8 LLIM100x50x4,0
2 15 1200 2xTC-200-1,0 200x4,0 2xTC-200-0,8 LLIM100x50x4,0
8-14 1200 2xTC-200-1,0 200x4,0 2xTC-200-0,8 LLIM100x50x4,0
e 15 1200 2xTC-200-1,2 200x4,0 2xTC-200-1,0 LLIr100x50x4,0
8-14 1200 2xTC-200-1,2 200x6,0 2xTC-200-1,0 LLIr100x50x6,0
48 15 1200 2xTC-200-1,5 200x6,0 2xTC-200-1,2 LLIM100x50x6,0
8-14 1200 2xTC-200-1,5 200x6,0 2xTC-200-1,2 LLIM100x50x6,0
> 15 1200 2xTC-200-1,5 200x6,0 2xTC-200-1,5 LLIr100x50x6,0
8-14 1200 2xTC-200-1,5 200x6,0 2xTC-200-1,2 LLIr100x50x6,0
> 15 1200 2xTC-200-2,0 200x8,0 2xTC-200-1,5 LLIr120x50x6,0
8-14 1200 2xTC-200-2,0 200x8,0 2xTC-200-1,5 LLIM100x50x6,0
> 15 1200 2xTC-200-2,0 200x8,0 2xTC-200-2,0 LUM120x50x6,0
6 8-14 1200 2xTC-200-2,0 200x8,0 2xTC-200-1,5 LLIr120x50x6,0
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15 1200 2xTC-250-1,5 200x10,0 2xTC-200-2,0 LUMr120x50x6,0

8-14 1200 2xTC-250-1,5 200x8,0 2xTC-200-2,0 LUr120x50x6,0

o3 15 1200 2xTC-250-2,0 200x10,0 2xTC-200-2,0 LUIMr120x60x6,0
8-14 1200 2xTC-250-2,0 200x10,0 2xTC-200-2,0 LUr120x50x6,0

o8 15 1200 2xTC-250-2,0 250x8,0 2xTC-250-2,0 LUIMr120x60x6,0
6,9 8-14 1200 2xTC-250-2,0 200x10,0 2xTC-200-2,0 LUIr120x60x6,0
7,2 8-14 1200 2xTC-250-2,0 250x8,0 2xTC-250-2,0 LUr120x60x6,0

Tabnuuya 12. Pe3aynbmamsbi nod6opa ceyeHUli cmponusibHbIX HO2, OMMOPHOU CMOUKU U
coeduHumesibHol ¢hacoHKU Os1si KOHCMPYKMUEHOU cxeMbl MaHcapOb! Ne2 npu hk=1,0 m

| o War. v CeyeHue CeyeHue CeyeHne CeyeHue

CHs, mm CD, mm CHH, mm OC, mm
39 | 815 1200 2xTC-200-0,8 200x4,0 2xTC-200-0,8 LLIr100x50x4,0
8-14 1200 2xTC-200-0,8 200x4,0 2xTC-200-0,8 LLIr100x50x4,0
2 15 1200 2xTC-200-1,0 200x4,0 2xTC-200-1,0 LLIMr100x50x4,0
8-14 1200 2xTC-200-1,0 200x4,0 2xTC-200-0,8 LLIM100x50x4,0
o 15 1200 2xTC-200-1,2 200x6,0 2xTC-200-1,0 LLIr100x50x6,0
8-14 1200 2xTC-200-1,2 200x6,0 2xTC-200-1,0 LLIr100x50x6,0
o 15 1200 2xTC-200-1,5 200x6,0 2xTC-200-1,2 LLIr100x50x6,0
8-14 1200 2xTC-200-1,5 200x6,0 2xTC-200-1,2 LLIM100x50x6,0
> 15 1200 2xTC-200-1,5 200x6,0 2xTC-200-1,5 LUM120x50x6,0
8-14 1200 2xTC-200-1,5 200x6,0 2xTC-200-1,2 LLIr100x50x6,0
> 15 1200 2xTC-200-2,0 200x8,0 2xTC-200-1,5 LLIr120x50x6,0
8-14 1200 2xTC-200-2,0 200x8,0 2xTC-200-1,5 LLIM100x50x6,0
> 15 1200 2xTC-200-2,0 200x8,0 2xTC-200-2,0 LUM120x50x6,0
8-14 1200 2xTC-200-2,0 200x8,0 2xTC-200-1,5 LUM120x50x6,0
° 15 1200 2xTC-250-1,5 200x10,0 2xTC-200-2,0 LLIr120x50x6,0
8-14 1200 2xTC-250-1,5 200x8,0 2xTC-200-2,0 LLIr120x50x6,0
o3 15 1200 2xTC-250-2,0 200x10,0 2xTC-200-2,0 LUM120x60x6,0
8-14 1200 2xTC-250-2,0 200x10,0 2xTC-200-2,0 LUM120x50x6,0
o6 15 1200 2xTC-250-2,0 250x8,0 2xTC-250-2,0 LUM20x60x6,0
6,9 | 814 1200 2xTC-250-2,0 200x10,0 2xTC-200-2,0 LLr120x60x6,0
72 | 814 1200 2xTC-250-2,0 250x8,0 2xTC-250-2,0 LLr120x60x6,0
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Tabnuua 13. Pe3aynbmamsbi nod6opa ceyeHUli cmponusibHbIX HO2, OMOPHOU CMOUKU U
coeduHumesibHol ¢ghacoHKU Os1si KOHCMPYKMUEHOU cxeMbl MaHcapOb! Ne2 npu hk=1,1 m

| o War. v CeyeHue CeyeHue CeyeHne CeyeHue

CHs, mm CP, mm CHH, mm OC, mm
39 | 815 1200 2xTC-200-0,8 200x4,0 2xTC-200-0,8 LLIr100x50x4,0
8-14 1200 2xTC-200-0,8 200x4,0 2xTC-200-0,8 LLIr100x50x4,0
2 15 1200 2xTC-200-1,0 200x4,0 2xTC-200-1,0 LLIM100x50x4,0
8-14 1200 2xTC-200-1,0 200x4,0 2xTC-200-1,0 LLIM100x50x4,0
o 15 1200 2xTC-200-1,2 200x6,0 2xTC-200-1,0 LLIr100x50x6,0
8-14 1200 2xTC-200-1,2 200x6,0 2xTC-200-1,0 LLIr100x50x6,0
e 15 1200 2xTC-200-1,5 200x6,0 2xTC-200-1,2 LLIr100x50x6,0
8-14 1200 2xTC-200-1,5 200x6,0 2xTC-200-1,2 LLIM100x50x6,0
> 15 1200 2xTC-200-2,0 200x6,0 2xTC-200-1,5 LUM120x50x6,0
8-14 1200 2xTC-200-1,5 200x6,0 2xTC-200-1,5 LLIr100x50x6,0
> 15 1200 2xTC-200-2,0 200x8,0 2xTC-200-1,5 LLIr120x50x6,0
8-14 1200 2xTC-200-2,0 200x8,0 2xTC-200-1,5 LLIr100x50x6,0
> 15 1200 2xTC-200-2,0 200x8,0 2xTC-200-2,0 LUM120x50x6,0
8-12 1200 2xTC-200-2,0 200x8,0 2xTC-200-1,5 LUM120x50x6,0
6 13-14 1200 2xTC-200-2,0 200x8,0 2xTC-200-2,0 LLIr120x50x6,0
15 1200 2xTC-250-2,0 200x10,0 2xTC-200-2,0 LLIr120x50x6,0
8-14 1200 2xTC-250-1,5 200x8,0 2xTC-200-2,0 LUMr120x50x6,0
o3 15 1200 2xTC-250-2,0 200x10,0 2xTC-200-2,0 LUM20x60x6,0
8-14 1200 2xTC-250-2,0 200x10,0 2xTC-200-2,0 LUM120x50x6,0
o0 15 1200 2xTC-250-2,0 250x8,0 2xTC-250-2,0 LLIr120x60x6,0
6,9 | 814 1200 2xTC-250-2,0 200x10,0 2xTC-200-2,0 LLIr120x60x6,0
7,2 8-14 1100 2xTC-250-2,0 250x8,0 2xTC-250-2,0 LUM20x60x6,0

Tabnuua 14. Pe3aynbmamsbi nod6opa ceyeHUli cmponusibHbIX HO2, OMMOPHOU CMOUKU U
coeduHumesibHol ¢hacoHKU Os1s1 KOHCMPYKMUEHOU cxeMbl MaHcapOb! Ne2 npu hk=1,2 m

CeyeHune CeyeHune CeuyeHune CevyeHue
I, m a,° LLar, mm
CHs, mm CP, mm CHH, mm OC, mm
3,9 8-15 1200 2xTC-200-0,8 200x4,0 2xTC-200-0,8 LLr100x50x4,0
8-14 1200 2xTC-200-0,8 200x4,0 2xTC-200-0,8 LLF100x50x4,0
4,2
15 1200 2xTC-200-1,0 200x6,0 2xTC-200-1,0 LLT100x50x4,0
8-14 1200 2xTC-200-1,0 200x4,0 2xTC-200-1,0 LLIT100x50x4,0
4,5
15 1200 2XTC-200-1,2 200x6,0 2XTC-200-1,2 LLF100x50x6,0
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L ap War, mm CeueHune CeueHune CeueHune CeueHne
CHs, mm CP, mm CHH, mm OC, mm
8-14 1200 2xTC-200-1,2 200x6,0 2xTC-200-1,0 LUM100x50x6,0
8 15 1200 2xTC-200-1,5 200x6,0 2xTC-200-1,2 LUIM100x50x6,0
8-14 1200 2xTC-200-1,5 200x6,0 2xTC-200-1,2 LUM100x50x6,0
> 15 1200 2xTC-200-2,0 200x8,0 2xTC-200-1,5 LUIr120x50x6,0
8-14 1200 2xTC-200-1,5 200x6,0 2xTC-200-1,5 LIM100x50x6,0
> 15 1200 2xTC-200-2,0 200x8,0 2xTC-200-1,5 LUM120x50x6,0
8-14 1200 2xTC-200-2,0 200x8,0 2xTC-200-1,5 LUM100x50x6,0
> 15 1200 2xTC-250-1,5 200x8,0 2xTC-200-2,0 LUM120x50x6,0
8-14 1200 2xTC-200-2,0 200x8,0 2xTC-200-2,0 LIr120x50x6,0
° 15 1200 2xTC-250-2,0 200x10,0 2xTC-200-2,0 LUIr120x60x6,0
8-14 1200 2xTC-250-1,5 200x8,0 2xTC-200-2,0 LUM120x50x6,0
o3 15 1200 2xTC-250-2,0 200x10,0 2xTC-250-1,5 LUM120x60x6,0
8-14 1200 2xTC-250-2,0 200x10,0 2xTC-200-2,0 LIr120x50x6,0
o6 15 1200 2xTC-250-2,0 250x8,0 2xTC-250-2,0 LIr120x60x6,0
8-10 1200 2xTC-250-2,0 200x10,0 2xTC-200-2,0 LIMr120x60x6,0
oo 11-14 1200 2xTC-250-2,0 200x10,0 2xTC-250-1,5 LUIM120x60x6,0
7,2 8-14 900 2xTC-250-2,0 250x8,0 2xTC-250-2,0 LUM120x60x6,0
3.3.2.2. lNpumep pacyema
Tabnuua 15. McxoOHbIe OaHHbIe
lo, M lp,M a, rpag Nkapy, M her, M g1, AaH/m gz, AaH/m gs, AaH/m
6 6,34 10 0,5 0,63 308,37 191,8 49,64
p1, M p2,M p3,M ni,Mm nz2,M n3,M El, gaH - M?
1,77 0,47 1,83 1,03 5,87 5,96 21-10°
MOMEHT nHepLMn NPUHAT eAUHUYHBIM.
BbluncneHne koadhduymeHTa 8, 4:
611 = % [0-0+4-05171-0,5171 + 1,0343 - 1,0343] (28)
+ % [1,0343-1,0343 +4-1,9193-1,9193 + 2,8043 - 2,8043]
+ % [2,8043-2,8043 +4-3,1193 - 3,1193 + 3,4343 - 3,4343]
= 7,38242E — 10 (m/paH)
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Boeluncnernve koadULMEHTOB 8, U 84!

5,96 (29)
81y = 8y = m[o “04+4-0,5171-2,9329 + 1,0343 - 5,8657]
1,83
+ 25T [1,0343-5,8657 + 41,9193 - 6,1029 + 2,8043 - 6,34]
0,63
+ 25T [2,8043 - 6,34 + 4 - 3,1193 - 6,34 + 3,4343 - 6,34] = 2,19505E — 09(m/zaH)
BbluncneHne koadhduumeHTa d,,:
5,96 (30)
822 = op7 [0-0+4-2,9329-2,9329 + 5,8657 - 5,8657]
1,83
+ 5T [5,8657 - 5,8657 + 4 - 6,1029 - 6,1029 + 6,34 - 6,34]
0,63
+ 5T (6,34 6,34 + 4 - 6,34 6,34 + 6,34 - 6,34] = 7,71039E — 09(M/naH)
BbiuncneHve koadhduumneHTa A,
5,96 (31)
A= 257 [0-04+4-0,5171 - (—1326,25) + 1,0343 - (=5305,01)]
1,83
+ 25T [1,0343 - (—=5305,01) + 4 - 1,9193 - (=5739,34) + 2,8043 - (—6184,45)]
0,63
+ 25T [2,8043 - (—6184,45) + 4 -3,1193 - (—6184,45) + 3,4343 - (—6184,45)]
= —1,94061E — 06 (M)
BbiuncneHve koadpuumeHTa A,,:

5,96 1,83 32
Bop= 100+ 42,9329  (—1326,25) + 5,8657 - (=5305,01)] + 2 —[5,8657 - (~5305,01) + 4 (32)
6,1029 - (—5739,34) + 6,34 - (—6184,45)] + % [6,34 - (—6184,45) + 4 - 6,34 - (—6184,45) + 6,34 -

(—6184,45)] = —6,44312E — 06(Mm)
PewweHune cnctembl npu nomoLumn dpopmysnsl Kpamepa:

a=|0 Oz 8,73892E — 19(M?/naH?) (33)

521 522
8., 6 34
A= | =-819891F — 16 (M?/naH) (34)

52p 522
5, 6 35
A= P = —4,96848E — 16 (M%/naH) (35)

521 52p
A, (36)

Xy = —— = 938,2054 (naH)
A
X, = —KZ = 586,5462 (zaH) (37)
Onpe,qeneHme OKOH4YaTesIbHbIX MOMEHTOB.

Mg, = 0 (naH - m) (38)
M2 = 0,5171-938,2054 + 2,9329 - 586,5462 — 1326,25 = 826,4 (zaH - M) (39)
M3, = 1,0343 - 938,2054 + 5,8657 - 586,5462 — 5305,01 = —999,7 (5aH - m) (40)
M2 = 1,9193-938,2054 + 6,1029 - 586,5462 — 5739,34 = —468,9 (aaH - m) (41)
M3, = 2,8043-938,2054 + 6,34 - 586,5462 — 6184,45 = 51,1 (zaH - M) (42)
M&. = 3,1193-938,2054 + 6,34 - 586,5462 — 6184,45 = 346,7 (zaH - M) (43)
M]. = 3,4343-938,2054 + 6,34 - 586,5462 — 6184,45 = 642,2 (zaH - M) (44)
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MpoBepka NPOYHOCTU:
BepxHsas ctponunbHas Hora (2xTC-200-2,0):
| —999,7| x100 | —1139,32] (45)
< .
69,8 12,88-0,75 — 2550-0,95

155,017(MIla) < 237,5(MIla)

YcnoBue BbINOJTHAETCS.

CoeguHutenbHas dacoHka (200x8,0):
199971100 _ 167 4aqmmiay < 22209 _ 542 3(mm1a) (46)
53,33-10 10
Ycnosue BbINOMHAETCA.
HwxHsia ctponunbHas Hora (2xTC-200-1,5):
| —999,7| * 100 | — 1440,83| 47
50,98 9,720,986 = 22207095 “
211,13(MIla) < 237,5(MIla)

YcnoBue BbINOSTHAETCS.

OnopHas ctonka (LM 100x50x6,0):
642,2 %100 | —1362,51| (48)
< .
30,37 + 10,66 -0,971 — 2550-0,95

224,622(MIla) < 237,5(MIla)

YcnoBue BbINOJTHAETCS.

Mpu pacyeTe NPOYHOCTM HE YYUTbIBAETCH OVMMOMEHT, TaK KaK pacCMaTpvBaeMOE CEYEHWEe SABMNSETCH
CUMMETPUYHBIM, LUAr CTPOMWI MPUHMMAEM MOCTOSIHHbIM, CriefoBaTeNlbHO, SKCLEHTpUCUTETA pacnpeneneHus
Harpysku He Gyger.

3.4. O6ocHOBaHMe Harpy3oK Ha (pyHOaMeHT

3a ocHoBy Ans cbopa Harpy3ok Ha pyHOAAMEHT OO M NOCne PEeKOHCTPYKLUM CKaTHOW KpbILK BbiNo B3ATO
3aaHue 6usHec-LeHTpa no agpecy: CaHkt-lMetepbypr, Oktabpbckasn Hab., 4.104, k.1, nuT.l.
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PucyHok 16. lNnaH 3aaHus
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Cb6op Harpy3ok Ha dyHOameHTbl npoudBoantcs cornacHo CIT 20.13330.2016. C6op Harpy3ok Ha

byHAaMeHTbI NpeacTaBneH B Tabnuue.

Tabnuua 16. McxoOHbIe OaHHbIe

|3,q, M ba,q, M

h31', M

Qgo, rpag Qnocne, Fpaa

33 16

3,3

2 28 15

Ta6bnuuya 17. C60p Ha2py30K Ha gpyHOameHm

PacueTHas Harpy3ka
00 PEKOHCTPYKLMM

PacueTHas Harpy3ka
nocrne peKoHCTPyKUumn

CHeroBas Harpyska

268 naH/m2

268 naH/m2

Harpy3|<a OT KpoOBeJibHOro nmnpora

17 paH/m?

61 naH/m2

Harpy3ska oT yepga4Horo nepekpbiTus

Harpyska oT maHcapgHOro nepekpbITus

365 pnaH/m2

280 pnaH/m2

Harpyska oT MexayaTaxHOro nepekpbiTus

2 X 450 = 900 paH/m?2

2 X 450 = 900 paH/m?2

Harpys

Ka OT Neperopoaok

2 X 65 = 130 paH/m?2

3 x 65 =195 paH/m?2

Mon

esHas Harpyska

91 + 2 x 240 = 571 paH/m?

3 x 240 = 720 paH/m2

Ha

rpyska oT CTeH

2303 paH/m2

2303 paH/m?2

NToro

4554 naH/m?2

4727 paH/m?

BbluncrneHne oTHOCUTENbHOM BENNYMHBI Neperpysa pyHaameHTa:

_ qnocne

-10

Apo

0%

A€ Jnocne — AABMEHNE Ha 1 M2 OCHOBaHWSI NMOCHE PEKOHCTPYKLIMN,

0 — AABNEHME Ha 1 M? OCHOBAHMA 40 PEKOHCTPYKLINN.

4727 paH/m?
€= 4554 naH/m?

10

0% = 103,8%

(49)

(50)

OTHocuTenbHas BenMunHa neperpysa dyHgameHTa HaxoauTCs B Npeaernax MHXeHEpPHOM NorpeLlHocTy.

4 TexHUKO-3KOHOMU4YecKoe cpasHeHue KariumasibHoeo peMOHMma

KpbIWU U PEKOHCMPYKUUU KpbiWU ¢ Ha0cmpoUlKou MaHcapObl U3
JICTK.

4.1 OnucaHue ob6bLeKTa

3a OCHOBY Annd pac4yeTa CTOMMOCTU pa60T no KanuntaribHOMY PEMOHTY U PEKOHCTPYKUUN cKaTHom KpbILLIN

ObI1no B3aTO 30aHue busHec-ueHTpa no agpecy: CaHkT-lNeTepbypr, Oktabpbckasa Hab., 4.104, k.1, nut.M1.

[nsa KanuTanbHOro peMoHTa U PEKOHCTPYKUMK ¢ ncnonb3oBaHmeM JICTK Obinn paspaboTtaHbl cnegyroLine

KOHCTPYKTUBHbIE CXEMbI.
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PucyHok 17. KOHCTPYKTUBHOE pelueHue yCTPONCTBA KPbIWKN NPU KanuTaribHOM PEMOHTe
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PucyHok 18. KOHCTpYKTUBHOE pelueHue yCTPOMCTBa MaHcapAbl NPU PEKOHCTPYKL MK

CeyeHus CTpONWIbHbBIX HOP ObINM NPUHATBI MO pe3ynbTaTaM pacyeToB, MpeacTaBreHHbIX B Tabnuuax B
npunoxeHuu B.

Tabnuuya 18. McxoOHbIe OaHHbIe

lag, M D3a, M hg, M Ogo, TPAA Qnocre, MPaA,

33 16 0,7 28 15

4.1 OKoHomu4eckoe cpasHeHue KariumasribHoco
PEeMOHMa u peKoHCcmpykuuu

C nomowbto nporpammbl TPAHL-Cmeta 6binn paspaboTaHbl 2 CMeTbl: Ha KanuTamnbHbIA PEMOHT C
3aMEHON OEPEBSAHHOM CTPOMNUIIBHOM CUCTEMbI Ha cTponuibHyto cuctemy u3 JICTK M Ha pEeKOHCTpyKUMIO C
HagcTponkon MaHcapabl u3 JICTK. CmeTbl 6binmn cocTaBneHbl B LeHax 2000 roga ¢ vHOeKcauuen B LEHbl Ha
anpenb 2017 roga.

CTOMMOCTb KanuTanbHOro peMoHTa N PEKOHCTPYKUNK npeacTaBrieHa B Tabnuue.
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Ta6bnuuya 19. Pe3ynbmambl 93KOHOMUY€CKO20 pac4dema

CwmeTHan MawuHbI n
CTOMMOCTb, dOT MaTtepuansl
MeXaHU3Mbl
Bkn. HOC
Kanutanehe1m 2630985,02 327270,19 100002,55 1402354,90
PEeMOHT
PekoHCcTpyKUMA 13732912,51 2789438,80 461535,24 4921457,93

Mo pesynbTaTam nNpeacTaBreHHbIM B Tabnuue MOXHO caenaTtb BbIBOA, YTO CTOMMOCTb KanuTasibHOro
PeMOHTa CKaTHOM Kpbilin Ha 80,8% MeHbLUe CTOMMOCTU PEKOHCTPYKuuM. OaHako, HagcTpanBasl 3gaHve busHec-
LieHTpa, npeanonaraeTcs ganbHeiilas caada HOBbIX Nollaaer B apeHay.

Cymma HoBbIX nrowaaen nog caady B apeHay coctasut 420 m2. MNpegnonaraemas apeHgHas nnaTa: 1000
py6/m? B mecsil. CTaBka ANCKOHTMPOBaHUS 12% rogoBbIX.

Pacuet CpOKa OKynaemMoCTu:
- CF, (51)

DPP = minn, npu KOTOpOM Z, m > IC

roe DPP — ANCKOHTMPOBAHHbIN CPOK OKYNaemMocCTHy,

IC — nepBoOHavarsibHble BIOXEHNS,

CFt — OeHeXHbI NOTOK B t-Thi NEPUOA BPEMEHMU,

i — CTaBKa ANCKOHTUPOBAHMS,

t — cpok peanusaumn.

PacuyeT BbINONHAMNCA ¢ ncnonb3oBaHnem nporpammbel MS Excel.

CpoK oKynaemocTu A PEKOHCTPYKLMM C HAACTPOWKON MaHcapAbl cocTaBun 3 roga 4 mecsiua.

5 3aknyeHue

B pabGote ¢ uenbio 060OCHOBATb 3KOHOMUYECKYHD 3dEKTUBHOCTL nMpuMeHeHus JICTK gns HagcTpoviku
MaHcapZ nNpW PEKOHCTPYKLUMU CKaTHbIX Kpbll OOLECTBEHHbIX 34aHWMA C  AepEBSIHHbIMU - CTPOMMMaMW,
HaxoOsLMXCS B aBapUMUHOM COCTOSIHUM ObIfI0 pacCMOTPEHO COCTOSIHME Hayku B 0BnacTu Nerkux cranbHbIX
TOHKOCTEHHbIX KOHCTPYKUMIA M B 06GNacTtu pPEeKOHCTPYKUMM CKaTHbIX Kpbil. Tawkke Oblnu paspaboTaHbl HOBble
KOHCTPYKTMBHbIE peLleHus. o ntoram npoBefeHO TEXHMKO-9KOHOMUYECKOE CPaBHEHUE KanWUTanbHOINO PEMOHTA U
PEKOHCTPYKLUN.

|_|OJ'Iy‘-IeHHbIe B pa60Te pes3ynbTaThbl MNO3BONAKOT CAeNaTh crieayuine BbiBOObI:

1. MpeanoXeHbl K UCNONb30BaHNIO 2 KOHCTPYKTUBHbLIE CXEMbl CTPONUITbHBIX cuctemM MaHcapg s JICTK.

2. PeweHa cTtatnyeckas 3ajada B aHanuTU4YeckoMm Buae Ans p83pa6OTaHHbIX KOHCTPYKTUBHbLIX CXEeM
CTPOMUIIbHbIX CUCTEM MaHCapad.

3. MopobpaHbl ceveHus ctponunbHbIX HOr M3 JICTK ANSg KOHCTPYKTUBHBIX CXEeM MaHcap MO TeXHUYECKUM
ycrosusam komnaHum OOO «bantllpodunb». PesynbTaThl nogbopa cevyeHun nNpeacTaBreHbl B BuAe
Tabnuy,

4, lMokasaHo, YTO OTHOCUTENbHAsA BeNuUMHa neperpysa pyHgameHTa npu HaacTporike MaHcapabl HAXoouTCs

B Npegenax 5% MHXeHepHON NOrpeLlHOCTMU.

5. MokaszaHo, 4To PEKOHCTPYKUMA KPbILLN C HaCTpOI7IKOI7I MaHCapAbl OKynaeTcd B Te4eHUn 3 net 4 mecsueB, He
CMOTpPSA Ha TO, YTO CTOMMOCTb KanutasibHOro peMoHTa Ha 80,8% MeHblle CTOMMOCTH PEKOHCTPYKUNN.
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