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1 ey 1 3a1a41 KypCOBOI'0 NPOEKTA

Kypcosou npoekrt no aucruiumze «IIpoektnpoBanue CBapHBIX KOHCTPYKLUK
CIYKUT  JJIs1  TOJNYYEHUs  NPAKTUYECKUX  HABBIKOB B  KOHCTPYKTHBHO-
TEXHOJIOTHYECKOM MPOEKTUPOBAHUU KOHCTPYKIIMI, a TAK)KE MPOBEPKU 3HAHUM CTY-
JEHTOB M HUX YMEHUN CAMOCTOSITENBHO pPEIIaTh KOMIUIEKCHBIE 3aJa4d IO pacueTy
CBapHBIX METAJNIOKOHCTPYKIIUH.

[Tpu BBINOJIHEHUU KypCOBOT'O MPOEKTA Y CTYJAEHTOB (POPMHUPYIOTCS CIELYIO-
mue npodheccuoHaNbHbIE KOMIIETEHIUN:

- YMEHHE O0ecrneunBaTh MOJAEIMPOBAHNE TEXHUUYECKUX OOBEKTOB M TEXHOJIO-
TMYECKHUX MPOLECCOB C UCHOJIb30BAHUEM CTAHJIAPTHBIX MAKETOB M CPEACTB aBTOMa-
TU3UPOBAHHOIO POEKTUPOBAHNUS, IPOBOAUTH SKCIEPUMEHTHI 110 3aJaHHBIM METO/U-
KaMm ¢ 00paboTkoit u ananuzom pesynbTaToB (ITK-18);

- YMEHHUE MPUMEHATh CTaHAAPTHBIE METO/Ibl pacyeTa IMPU NPOECKTUPOBAHUH Je-
Tajei u y3noB uznenuit MmammHoctpoeHus (I11K-21);

- CIOCOOHOCTh MPUHUMATh y4acTHE B pabOTax Mo pacyeTy ¥ MPOECKTUPOBAHUIO
JeTaNed M y3J10B MAlIMHOCTPOUTENbHBIX KOHCTPYKIUH B COOTBETCTBUM C TEXHUYE-
CKMMH 33JJaHUSIMH M UCIIOJIb30BAHUEM CTaHJAPTHBIX CPEICTB aBTOMATU3ALUH MPOEK-
tupoBanus (I1K-22);

- CIOCOOHOCTH pa3padaTbiBaTh padOUyl0 MPOECKTHYIO M TEXHUYECKYIO JIOKY-
MEHTAINI0, OPOPMIIATh 3aKOHUYEHHbBIE IMPOEKTHO-KOHCTPYKTOPCKUE paboThl ¢ Mpo-

BEPKOW COOTBETCTBUSI pa3pabaThIBAEMbIX MPOEKTOB TEXHUYECKOW JTOKYMEHTAIUH
(TTK-23).

2 TemaTnka NpoeKTOB

OOBEKTOM KypCOBOTO MPOEKTa BHICTYMAIOT Pa3HOOOpa3HbIE CTPOUTEIBHBIE U
MAIIIMHOCTPOUTENbHBIE KOHCTPYKIIMU: PE3EPBYAP C INIOCKUM JHUILEM JJIsI XPAHEHUS
HeTenpoayKTOB, chepuuecKkuil pe3epByap, CBapHas CTpomwiIbHas ¢epma, IHUIUH-
JIPUYECKUI Ta3roiablep v ap.

3 Conepxkanue u 00beM MPOEKTA

KypcoBoii pOeKT COAEpKUT PaCUETHO-MOSICHUTEIBHYIO 3allUCKy U Tpaduue-
CKyl0 4yacTb. OOBEM pacueTHO-NOSICHUTENbHON 3anmucku cocrasisier 20 — 30 crpa-
Hull. PacueTHO-mosicHUTENbHAS 3amucka oopmisieTcs Ha nucrax (gopmata A4. Ha
KaXXJIOM JIMCTE OCTAaBIIAIOTCA IMOJS CIAEAYIONIUX pa3MepoB: cieBa — 30 MM, CBepXy U
cHuzy — 20 mm, cripaBa — 10 mM. Bce cTpaHuiibl 3aMCKA HYMEPYIOTCS MOPSIKOBBIM
HOMEpPOM, HauuHasg C TUTYJIBHOI'O JIUCTA, TEXHUYECKOrO 3aJlaHHsl Ha MPOECKTUPOBA-
HUE, ¥ TIOJIITUBAIOTCS B O0JIOKKY M3 MIIOTHOW Oymard.

OcCHOBHbBIEC HAAUCHU JI1 TEKCTOBOW JOKYMEHTAIMH (MTOSICHUTEIIbHOM 3aMKCKN)
BBINIOJIHAIOTCS B cooTBeTCTBUU ¢ TpeOoBanusimu ECKJI. Ilpu odopmiennu cOopou-
HBIX YepTeKel CBApHBIX KOHCTPYKLMH CleAyeT OoOpaTUTh BHUMAHUE Ha YCIOBHOE
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n3o0pakenne u obo3HaueHue cBapHbix coequHennit mo 'OCT 2.312-72. PacuetHbie
(OpMyIIBI TOJDKHBI UMETh CKBO3HYIO HyMEpaIluio.

B pacuerax W omnucaHusSX HEOOXOIWMO JaBaTh CCHUIKM Ha HCIOJIb30BAHHYIO
JUTEpaTypy MO TEKCTY MOSCHUTEIbHON 3anmucku. CIHUCOK JUTEepaTypHBIX MCTOYHU-
koB opopmisercs o ['OCT 7.1-2003.

3.1 Cmpykmypa nosacHumenbHou 3anUCKu

1 Texnuueckoe 3ajaHre Ha TPOCKTUPOBAHHUE.

2 ConeprxaHue.

3 OO0m1as 4acThb.

4 PacueTHas 4acTh.

5 TexHonornyeckas 4acTb.

6 KonTposp kayecTsa.

7 OxpaHa Tpyaa.

8 3akJrouyeHue.

9 Crmcok UCIOJIb30BAHHBIX UCTOYHUKOB.

10 IIpunoxenue A. Cnenudukainuu 4epTereid KypcoBOro mpoeKTa.

3.2 Cooepocanue u nocnedo8amenbHOCHb GbINOJIHEHUA PA30e108
NOACHUMEIbHOU 3aNUCKU

[IpenogaBarenb BbIIAET CTYJEHTY TEXHUYECKOE 3aJJaHUE HA MTPOEKTUPOBAHMUE,
KOTOpOE€ BKJIIOUAET OCHOBHBIC XapaKTEPUCTUKU U YCIOBUS PAOOTHI KOHCTPYKIIHH.

B o01eit yactu maercs onvcaHue KOHCTPYKIIMHU, €€ Ha3HAUYEHUE, MPOU3BOIUT-
Csl TEXHUKO-DKOHOMUYECKUM aHAJIN3 IPOECKTUPYEMOTO O0BEKTa U MpejIararoTcs: Me-
PONPUSITHS IO CHIXKEHUIO MacChl U 0011Iel ce0eCTOMMOCTH KOHCTPYKITUH.

PacuetHast 4acTh BKJIFOYAET BHIOOP pACUETHOM CXEMBI C YKAa3aHUEM OCHOBHBIX
reOMETPUYECKUX PAa3MEPOB U MOITYUEHHBIX Harpy3ok. [Ipexae ueM npucTynurh K co-
CTaBJICHUIO CXE€Mbl HarpyeHUsl KOHCTPYKIIUU, HEOOXOIUMO OIPEIETUTh OCHOBHBIC
reoOMEeTPUYECKHUE TTapaMeTpbl KOHCTPYKIIUU U 00OCHOBATh UX (BBICOTA U JTUAMETP pe-
3epByapa, cxeMa pemeTku pepM U BBIIIEK, COOTHOIICHUE TIPOJIeTa U BBICOTHI (epM,
COOTHOILIEHHE BBICOTHI W IIMPUHBI OMOPHOM YaCTHU y BBHIIIEK U T. 1.). Ha mpakTuke
BCE TEOMETPUUYECKHE pa3Mepbl KOHCTPYKIUMH CJENyeT YBS3bIBaTh C rabapuTamu
TPAHCTIOPTHBIX cpeACTB. [Ipu mepeBo3ke 1Mo KeNe3HOW Aopore HaubOJIbIIUN pa3Mep
KOHCTPYKIIMU 10 BEPTUKAJIU paBeH 3,8, MO TOpU3OHTAIH — 3,2, a 1o JuyinHe — 13 M
JUISL OJTHOW YeThIPEXOCHOM IIIaT()OPMEI.

Bre16op Mapku cTanmu AJis 3JIEMEHTOB KOHCTPYKIIMM JOJHKEH MPOBOIUTHCS C
y4eTOM TpeOyeMbIX MOKa3aTeIe M XapaKTEPUCTHK: TapaHTUPOBAHHOTO MUHUMAJIb-
HOTO TIpejiesia TeKy4eCTH, BPEMEHHOT'O COMPOTUBRIICHUS, YIapHON BA3KOCTH, HEOOXO-
JTAMOM XJIaJOCTOMKOCTH, TOJIIMHBI MPOKATa, a B CJIY4ae MOBBIIMIEHHON KOPPO3UOH-
HOM aKTMBHOCTH XPaHMMOTO MPOAYKTa — MO KOPPO3MOHHOM cToMKOocTH. Mcxons u3
MecTa ycTaHOBKU KOHCTpyKIu 1o CHull 23-01-99 «CtpoutenbHast KIMMaTOJIOT U
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ompezesnseTcs TeMieparypa Bo3ayxa Hanbosee XOJOJHBIX CYTOK, [0 KOTOPOH OCy-
HIECTBIISIETCS BEIOOP MapKH CTaJIH.

[Ipu monbope pacyeTHBIX CEYEHUN KOHCTPYKIIMU 0OeclieueHne HeCyllen Cro-
COOHOCTH JIOJKHO COYETaThCsl C ONTUMAIbHOM YHU(]UKaIIMEH, HapaBIEHHON Ha CO-
KpalleHue HOMEHKJIATYpbl Ipoduiield mpokaTa U KOHCTPYKTUBHBIX 3JIEMEHTOB (KO-
CBIHOK, (JaCOHOK, pebep U T. 1.). B 1emnsix sKkoHOMHUM MeTalljla pacueTHOE HampsbKe-
HUE B DJIEMEHTaX HE JIOJDKHO OTIMYAThCS OT JOMYCKAEMbIX HANpSHKEHUW WM pac-
YETHBIX CONMPOTHUBICHUI Oosiee ueM Ha 5 — 7%.

Bce cBapHbIe coeMHEHHS TOJDKHBI OBITH PACCUUTAHBI Ha PaBHOMPOYHOCTH C
OCHOBHBIM METaJJIOM. B mpoekTe HeoOXOAMMO CTPEMUTHCS K MaKCUMAJIbHOMY CHU-
’KEHHIO MacChl HAIUIaBJICHHOTO METaJula, TaK Kak OT 3TOro (hakTopa 3aBHUCSAT TaKHe
TEXHUKO—3KOHOMUYECKHE MOKA3aTeIN1, KaK TPYJI0EMKOCTh, PacX0/ CBApOYHBIX MaTe-
pHUaNIOB M 3JIEKTPOSHEpPruu. PacueTHble COMPOTUBIICHUSI CBAPHBIX COCIUHEHUI Clie-
nyet onpenenars no CHull 11-23 [10].

Bce cBapHbie coequHeHUsi CBOAATCA B Tabnuiy 1, KoTopasi JOJDKHA OBIThH
Mpe/CTaBieHa Ha JucTe rpaduyeckor vactu. B kononke «lloaroroBka Kpomox»
TpedyeTcsl MPUBECTU ICKU3 TIOJITOTOBKU KPOMOK 13 cooTBeTcTBYytomero 'OCTa
( marmpumep, st pyunoit ayroBoit ceapku I'OCT 5264 wnau 'OCT 11534 u T.4.) uinu
ACKMU3 HECTAHAAPTHOTO IBa. B KoloOHKEe «DCKU3 MIBa» HEOOXOIUMO yKa3aTh reéOMET-
pUYECKHE pa3Mephl IIBa (KaTeT, MUPUHY 1IBa, BHIMYKJIOCTD I11Ba) U KOJIUYECTBO MPO-
XOJIOB C TOPSIIKOM HAJOKEHHSI BaJUKOB MHOTOIMPOXOAHBIX MIBOB. [[nuMHa mIBOB
OTPEIEIISIETCS IO YePTEKY KOHCTPYKIIUH.

Tabnuna 1 — CBojHas TabauIa CBapHBIX IIBOB

Howmep CBapHOE COeTMHEHHE [Mnomans
mBa | OOo3HaucHHE [nuHa | monepeyHoro Macca
IIBa HA Yep- n 3 1IBa, CCUCHHUS Me- | HallJIaBICHHOTO
TeXe OATOTOBKA KpOMOK CKi3 HiBa M TaJlla 1IBa, MeTaya, Kr
MM?
1 TOCT ) NN 3 15 0,351
5264—-80—
T3-A5 . -
[%e)
S=S1=5wMm K =5 MM
b=0"7mm

n

Macca HamjIaBJIeHHOr 0 MeTalila Ha CBApHYIO KOHCTPYKIUIO, KT

B TexHojOorHueckoil yacTu MpOeKTa M3JIararoTCs MPUHIMIHAIBHBIE PEIICHUS
KOHCTPYKTUBHO—TEXHOJIOTHYECKOT0 TIJlaHA, HAMpaBJICHHbIE HA MPUMEHEHUE Mpo-
IPECCUBHBIX TEXHOJOTMYECKUX MPOIECCOB COOPKHU, CBAPKU U MOHTa)Ka U3CIIHS.

B stoMm pasnene genaercst BbIOOp U 000CHOBaHUE cr1Oc00a U3rOTOBJIEHUS 3aro-
TOBOK, METOJIOB Packpos. McxomHblii maTepuan JOJDKEH MOAOMpaThCS M3 pacdera
MOJTYYEHHS] MUHUMAJIbHBIX OTXOJI0B METaJlJla U MaKCUMaJIbHOTO COKpAIEHUS MPOTSi-
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’KEHHOCTH CBAapHBIX IIBOB (Hampumep, (Gopmar JUCTOBOTO MpOKaTa, MPUMEHEHHE
THYTOTO IPO(UIIS | T. I1.).

JlomkHa OBITH THIATENBHO MpOJAyMaHa M ONHUCaHa TEXHOJOTUS MOY3JIOBOW U
oOuieil cBapkH, Kak B CTallMOHAPHBIX YCJIOBMSX, TaK U B YCIOBHUSIX MOHTaxa. [Ipo-
I'PECCUBHBIM SIBJISIETCS] IPUMEHEHNUE MHYCTPUAIBbHBIX METOJOB U3TOTOBJIECHUS KOH-
CTPYKLUH C MaKCHUMaJIbHBIM IIEPEHOCOM padOT B CTAllMOHAPHBIE IIPOU3BOJCTBEHHbBIE
ycnoBus. Hanpumep, npuMeHeHne METo/1a pyJIOHUPOBAHUS JTUCTOBBIX KOHCTPYKIUH.
[Ipu sToM wu3naratorcs TpeOOBaHUS, KOTOpbIE OBLIM BBINOJHEHBI B MPOEKTE IS
oOecrieueHus: MPUMEHEHN NHIYCTPUAILHOTO METO/1a U3TOTOBJICHHUS.

B nosicHuTenbHOM 3amucKe JOHKHBI OBITh MPEACTAaBICHBl TEXHUYECKUE XapaK-
TEPUCTUKH CBAPOYHOI'O 0OOPYIOBAaHUs, CBAPOUYHBIE MATEpUAJIbl U MAPAMETPhI PEXKU-
Ma JUIsl BCEX CBAPHBIX IBOB U3 TaOIMIIBI 1.

CBapHasi KOHCTPYKLHUA JTOJKHA OBbITh OTpaOOTaHa Ha TEXHOJIOIMYHOCTh. KoM-
IJIEKC MEPONPUATUI MO MOJYYEHUIO HEOOXOAMMOIO YPOBHS TEXHOJOTUYHOCTH KOH-
CTPYKLUU JTOJKEH 00eCcreuynBaTh TEXHOJOTUYHOCTD 110 MU3TOTOBJIEHUIO, TPAHCIIOPTa-
OEIbHOCTHU U SKCIUTyaTalHH.

B paznene «KoHTposb KauecTBa) OMMUCBHIBAKOTCS METOJBI KOHTPOJIS, IPUMEHS-
€Mbl€ IIPU U3TOTOBJIEHUHM KOHCTpyKUMU. HeoOxoaumo onucats METO/bI, UCHOIb3Ye-
MBIE B CTAalMOHApPHBIX M MOHTQXHBIX YCJIOBHUSAX IPU HM3TOTOBJICHUU JTAHHOM KOH-
CTPYKUUHU (BU3YyallbHBI KOHTPOJIb, MPOBEPKA T€PMETUUHOCTH, (PU3NUECKHE METObI
IUTSL OTIpE/IeNIEHNs BHYTPEHHUX J€(EKTOB, MPOBEPKA MEXAHUYECKUX CBOMICTB CBap-
HBIX COCTUHECHU).

B paznene «Oxpana Tpyaa» cleayeT U3JI0XKUTh TpeOOBaHUS MO OXpaHe TpyAa
IIPU BBITIOJIHEHUH COOPOYHO-CBAPOYHBIX M KOHTPOJBHBIX paldoOT, a TAKKe 3TUX padoT
B YCIIOBHUSIX MOHTaXa.

B pasnene «3akitoueHue» cienyeT OTpa3uTh COOTBETCTBUE COIEPKAHUS MPO-
€KTa MOJIy4YeHHOMY 3aJaHui0. OTMEYaroTCs OCHOBHBIE MOJIOKUTEIbHBIE IEPEMEHBI U
[I0KAa3aTeNId, KOTOPBhIE OCYLIECTBIEHBI B MPOEKTE. 311ECH K€ MPUBOAATCS CIEAYIOIINE
MOKa3aTeIu: Macca METaUIOKOHCTPYKIMH, oOIlas Macca HaIJIaBJICHHOIO MeTaja,
yZeIbHas Macca METAJIOKOHCTPYKIIMHU, T. €. Macca, OTHECEHHas! K IMoKa3aressiM 00b-
€Ma, BBICOTBI, JUIMHBI IPOJIETa U T. J., POTSHKEHHOCTh CBAPHBIX IIBOB, BBINOJIHEH-
HBIX Ha 3aBOJIC U HA MOHTAXE.

3.3 I pagpuueckasn wacmov npoekma

['padrueckas gacTh BBIMIONHSACTCS Ha Tpex juctax ¢opmara Al B cooTBeT-
ctBuu ¢ TpedoBanusmu ECK/I.

DTa 9acTh MPOEKTA COACPIKUT:

1) oOmuii BUJ CHpPOEKTHUPOBAHHON KOHCTPYKIIMHM C pa3pe3aMu, CCUCHHSIMHU,
BBIHOCHBIMH 3JIEMCHTAMH, MOSICHSIOIIMMH KOHCTPYKTHBHYIO OCOOCHHOCTD U3JICTUS U
COTIPSDKEHUS OTACIBHBIX 3JIEMEHTOB — | JIHCT;

2) nanbonee xapakTepHbIe CBapHBIE Y37IbI 00BEKTa POSKTUPOBAHUS U TaOJIH-
IIy CBApHBIX MIBOB (cM. Tabnuial) — 1 mucr;
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3) TEXHOJIOTMYECKUI JHUCT, NOSCHSIOIUN TEXHOJOTHIO COOPKH M CBAPKHU WJIU
MOHTa)xa u3fenus — 1 Jucr.

4 OCO0CHHOCTH M MOCJIEI0BATEILHOCTD IPOCKTHPOBAHUSA PA3JINYHBIX
METAJJIOKOHCTPYKIM A

4.1 BepmukanbHbvlili yuauHOPUUeCKUil pe3epeyap ¢ Na0CKUM OHUULeM

PeszepByap Beprukanbhbiii cransHOM (PBC) munuanpuyeckuii — o0beMHOE,
HA3eMHOE COOpYXKEeHHEe B (popMe CTOAIIEro IMWIMHIPA, CO CBOMMHU YCTaHOBOYHBIMU
XapaKTEepUCTUKAMU, MTpeAHa3HAYEHHOE JIs IpUeMa, XpaHEHUs1, U3MEPEHHs] 00beMa U
BbIIaun HehTU U HehTenpoyKToB. OCHOBHBIMU COCTABHBIMU YaCTAMH pe3epByapa
SBJISIFOTCS. OCHOBAHUE, THUIIE, CTEHKA U KpbIlia (pPUCYHOK 1).

a) 0)
NATPYEER NHIEW
B KREILE =T |
\ WM3BLITOYHOE | A
bigdiydg
CTEHER ) . A\ | H
T W B T |
- | W/ ] |
MATRYEEM |I : I,'/' I JIH) KEM-NAG b ] I I
B CTEHKE | i Ll icTeee -
H w1000 I ! 'AV I it i 3] I ]
| H
BHWLE ___p ' D=2r

[ —

a — o0muii BUA pe3epByapa; 6 — cxeMa HarpyKeHus pesepByapa BHyTPEHHHUM JIaBJICHHEM

Pucynok 1 — PesepByap BepTHKaIbHBIN CTAILHON LUIMHAPUYECKHUM

B 3aBucuMoctH OT o00BeMa H MecTa pACIOJIOKEHUS pe3epByapbl
MOAPA3JEISAIOTCS Ha YEThIPE KJlacca MO CTENEHU OMACHOCTH: Kiacc | — pesepByapsl
oowemom Gosee 50 000 m; kacc II — pesepByapsl 066eMom ot 20 000 10 50 000 M,
a Takke pesepByaphl o0bemMom or 10000 mo 50 000 M3, pacmonoxeHHBIE
HETMOCPEJICTBEHHO M0 Oeperam peK, KPYMHBIX BOJAOEMOB U B UepPTE TOPOJCKON
sactpoliky; kiace III — pesepyapsl o0bemoM ot 1000 mo 20 000 m°; kmace IV —
pesepByapsl 00beMoM Meree 1000 m°. Kimace omacHOCTH HOIDKEH YUHTBIBATHCS IIPU
Ha3HAUYCHUH CIECLHAIbHBIX TpeOOBaHUN K MarepuaigaMm, METOJlaM H3TOTOBJICHMS,
o0beMaM KOHTPOJIA KauecTBa, KO3 HHUITMEHTOB HAJC)KHOCTH MO OTBETCTBEHHOCTH.

PesepByapbl 00bemoM 5000 M> u Gosee MOIDKHBI MPOEKTHPOBATBLCS, KAk
pe3epByaphl, M3rOTABIMBAEMbIE METOJOM TIOJUCTOBOW cOOpku. PesepByapsr
00beMoM 110 5000 M® MOTyT MPOEKTHPOBATBLCSA KaK PE3EPBYaphl, U3rOTABIMBAEMBIE
METOJIOM TIOJIMCTOBOM WM PYJOHHOM cOOpku. KOHCTpYKTHBHOE UCIHOJIHEHUE
pe3epByapoB U UX 3JIEMEHTOB PEKOMEHAYETCS MPUHUMATh 1O Tabiuie 2.
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['eomeTpuueckue pa3Mepbl pe3epByapa Ha3HAYAIOT M0 PEKOMEHALUSIM TaOJu-
16l 3 UCXOJs U3 00beMa XpaHuMoOH kuakoctu V. Hampumep, 1y pesepByapa o0be-
mMoM V = 20000 M> mo Tabnmue 3 MpUHMMAaeM HOMHHAILHYIO BBICOTY pe3epByapa
HHOM = 16 M.

Ta6mmma 2 — KoHCTpYKTUBHOE HCTIOJTHEHUE PEe3ePBYyapoOB

Jammme Crenka Kppima JlecTHHUIA
O0weMm pesep—

Byapa, M’ MOJIUCTO- | PYJIOH- | MOJMUCTO- | cdepu- | Kapkac- | IUIaBaK- | KOJbILE- | IIaxT- | Mapiie-

’ BOE Has Bas yecKas Has mas Bas Has Bas

2000 + + + + + - + + —

3000 + + + + + - + + —

5000 + — + + + - + — +

10 000 + - + + _ _ + _ N

20 000 + - + + - - + - +

30 000 + - + + = = + - +

HauGornee 4yacto B pe3epByapax MpUMEHSIOT JUCThI pazmepamu 1500 x 6000;
1800 x 8000; 2000 x 8000 Mmm. C yuyeTom 00pabOTKH KPOMOK JIMCTOB ITyTeM OO0pE3KH
Ha TWIBOTUHHBIX HOKHMIAX WJIM CTPOXKKOW Ha 10 MM Ha KpPOMKOCTpPOTaTEIbHBIX
CTaHKaX BBICOTY PE3€pBYyapoB ciieyeT npuHuMarh kpatHor 1490, 1790 wiu 1990 mm
B 3aBHCHUMOCTH OT MPHUHSTOTO THUIIOpPa3Mepa JIMCTOB, a JJIMHY OKPYKHOCTH — Kpart-
HOMH, cooTBeTcTBeHHO, 5990 unu 7990 mm. [Ipu HeoOXoauMOCTH paspemniaercs Mpu-
HUMAaTh JUIMHY OKPYXXHOCTH KPAaTHOW TMOJIOBMHE JUTMHBI JCTOB. C yuyeTom 00paboT-
KM KPOMOK JIUCTa MPU AATbHEHIIUX pacyeTax MPUHUMAIOTCS CIEAYIOUINEe ero pa3Me-
pbl: 1990 x 7990 mM. COOTBETCTBEHHO KOJIMUYECTBO MOSICOB B pe3epByape OyaeT paB-
HO BocbMU (N, =8). Tounas BeicoTa pesepByapa H= 1990 - 8 = 15920 mm.

Panuyc pesepByapa onpenensiercss u3 Gopmysl 171 o0beMa MUIHHAPA

V=n-r’-H, (1)

rJe I — paguyc pe3epByapa, M;
H — BbICOTa CTeHKM pe3epByapa, M.

3
r= v _ [20099-10 = 20002 mm.

mtH m-15920

ITepumetp pe3epByapa L 1 9UCIIO JUCTOB B mmosice N

L =2-mr=2-m-20002=125613 my; 2)

L
N 125613 15,7 3)
T L 7990
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rae L — qnuna nucra nosica pesepByapa, M.

Ta6muua 3 — O6beMbI pe3epByapoB PEKOMEHIYEMOT0 TAPAMETPUUECKOTO PAIa, M>

BbicoTa BHyTpeHHuUil fuaMeTp CTEHKH, M
cTeHKkH, M (10,43(12,33]15,18)18,98/20,92{22,80( 28,50 | 34,20 | 39,90 | 45,60 | 50,70 | 55,80 | 60,70 | 66,00 | 71,10
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

6,0 5131716 11086[1698[2062(2450

7,5 641|896 |1357(2122]|2578|3062

9,0 [769]1075[1629]2546]|3094{3675

10,5 | 897 (1254{1900{2971|3609])4287

12,0 [1025[1433)2172(3395]4125|4899| 7655 [11024|15004|19598]24226{29345[{34726|41054

47644

13,5 [1153]1612)2443(3820]4640|5512| 8612 [12402|16880]22047]27255|33014{39066/46186

53600

14,0 8931 [12861]17505(22864{28264]|34236(40513|47897

15,0 [1282]1791]|2715[4244]5156(6124| 9569 [13779|18755|24497130283]|36682(43407(51318

16,0 10207]14698]20006]26130(32302(39127|46301

16,5 11410[1970[2986[4668|5671|6737]10526|15157{20631|26947|33311{40350|47748

18,0 [1538]2149]3258(5093]6187|7349(11483|16535|22507)29396]36339]|44018[52088

19,5 [1666]2328|3529(5517]|6703|7961{12440(17913|24382]|31846]39368]|47686

20,0 ]1709]2388]3620[5659(6875|8166]12759|18373]|25007)32663(40377]48909

21,0 [1794]2507|3801{5942]7218(8574({13397[19291{26258|34296|42396|51354

22,0 [1880]2627|3982(6225|7562(8982]{14035[20210(27508|35929|44415

23,0 14673]|21129]28758|37562(46434
24,0 15311]22047)30009]39195{48453
25,0 15948]22966]31259]40828[50471

[IpennouruTenbHe OKPYIJIATh YHUCIIO JIUCTOB B MOSICE JIO 1I€JIOTO HIIM BBIOH-

paTh NOCJIEAHUN JINCT PABHBIM IIOJIOBUHE JUUIMHBI JIUCTA.
[TpuHrMaeM 4ucio 1ucToB B nosice N =16. Torna nepumMerp pesepByapa

L =16-7990 = 127840 mu,

a OKOHYATEJbHBIN PaInyC

L. 127840
2.1 2.7

= 20346 mm.

YTouneHHbI 00BEM pe3epByapa

V=n-1r’-H=mr-20,346" -15920 ~ 20704 m".

BBI60p MapKi CTaJld aJIs1 BCCX JJICMCHTOB KOHCTPYKHOHWH ITPOBOJUTCA II0

[11].
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HomwuHanmpHas TOJIIIMHA KaXKIOTO T0sICa CTEHKU pe3epByapa ty pacCUUThIBACT-
cst o popmyiie

T
t, = (pg(H1 _GL) +192p)ﬁ + Atcu +Ath ) 4)

e 0, =T+ (t, —At, —At);

tL — Ha3HAYCHHAsh HOMHUHAJbHAS TOJIIMHA MOSACAa CTEHKH, MPUMBIKAIOLIETO
CHM3Y K 1-MY CTBIKY, M;

Aty — IPUITYCK Ha KOPPO3UIO MOSICA CTEHKH, MPUMBIKAIOIIETO K 1-MY CThI-
Ky CHM3Y, M;

Atny — MUHYCOBOHM JIOMYCK Ha IPOKAaT IOsica CTEHKH, MPUMBIKAIOIIETO K
1-My CTBIKY CHU3Y, M;

R — pacuerHoe compoTHBieHHE MaTepuaia Mosica CTCHKH MO Tpeaey

TeKyuecTH, [1a;

p — INIOTHOCTH HE(TENPOAYKTa, KI/M°;

P — HOpMaTUBHOE U30BITOYHOE JJaBJIEHUE B ra30BOM IpocTpaHcTse, Mlla;

g — YCKOpEHHE CBOOOJHOTO MaaeHus, g = 9,8 m/c?;

H; — paccTtosiHMe OT 3epkana NpoAyKTa A0 1-T0 CTbIKa MOSICOB MPH 3KC-
IUTyaTalu, M.

PacueTHOE conpoTuBIEHNE MaTepraa CTEHKH PE3EPByapoB IO MpeIely TEKY-

4yecTH onpezensercs no Gopmye

R — Ryn .’Yc .’Yt
’Ym'Yn (5)

rie Ry, — HOpPMAaTHBHOE CONPOTUBJICHHE PACTSDKCHMIO (CHKATHIO) METallIa

CTEHKH, PaBHOE MHUHUMAJIbHOMY 3HAYEHMIO Tpejaesia TEKy4eCTH, MPUHUMAEMOMY
[0 TOCYAAPCTBEHHBIM CTaHAApTaM Ha JIMCTOBOM MPOKaT;
y, — Koa(puuueHt ycioBuil pabotel, y, =0,7 — AJIS HUKHEro Iosica,

Y. = 0,8 U OCTaJIbHBIX IIOSICOB;
y, — TeMIepaTypHbIil K03 uueHt, v, = 1;
Ym — KOO PUIMEHT HaZIe)KHOCTH 110 MaTepHaiy, Ym = 1,025 [11];

Yn — KOO(h(UIIMEHT HaJIEKHOCTH 10 OTBETCTBEHHOCTH, /TSl | Kiacca omac-
HOCTH Yy =1,2; nna 11 knacca vy, =1,1; ans I knacea y, =1,05; nna IV knacca v, =1.
Pe3ynbTaThl pacuera TOJIMIMHBI ty KaXA0T0 MOsiCa CTEHKHU CIEAYET OKPYIJIUTh
710 LIEJIOTO 4Yrcia B OOJBIIYI0O CTOPOHY B COOTBETCTBHH CO 3HAYCHUSMU TOJIITUHBI
npokata o ['OCT 19903, cpaBHUTH ¢ MUHMMAJIbHOM TOJILMHON CTEHKH (Tabiuua 4)
U CBECTH BCE JJaHHBIE B TaOJIUILy 5.
[Tocne pacyeTa TOJIIHUH MOSICOB MPUCTYNAIOT K MPOEKTUPOBAHUIO KPOBJIU pe-
3epByapa. MicxoIHbIMU TaHHBIMU JIJIs1 pacueTa ClIyKaT JuaMeTp pe3epByapa U CHEro-
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Basl Harpy3ka, KOTopas CBsi3aHa C MECTOPACIIOJIOKEHUEM pe3epByapa. g mpoeKTu-
pOBaHUsI KPOBJISl pa30MBaeTCA Ha PsJl MOHTXHBIX IIUTOB, MPEACTABISAIOMUX COO0MH
CeKTopbl Kpyra. VX pasmepbl U KOJMYECTBO Ha3HAYAIOT U3 COOOpa)KEHUM paiuo-
HAJIBHOTO PACKpOsi MeTaia. DJIEMEHThl JKECTKOCTH IIMTAa KPOBJIM PACCUMTHIBAIOT,
paccMaTpuBas UIUT Kak OajKy, OMUPAIOLIYIOCS OJHHM KOHIIOM Ha LEHTPaIbHYIO
CTOMKY, IPYTUM — Ha CTEHKY pe3epByapa.

Tabnuna 4 — MUHUMAIBHO JOMTyCTUMAs TOJIIIMHA JIMCTOB CTCHKU pe3epByapa

HI/IaMeTp pe3CpByapa, M MunuMansHO AOITyCTUMas TOJIIWHA JUCTOB CTCHKHU, MM
Ho15 Bxmtou. 5
Cs. 15 mo0 25 6
CB. 25 no 40 8
Cs. 40 mo 65 10

Crnenyroomum 3TanoM NpOEKTUPOBAHUS SIBISIETCS pacyeT LEHTPAIbHOM CTOMKMU.
Harpyskoit qyst Hee ciaykut 33 % Harpys3ku, cO3/1aBa€éMOM CHETOBOM HAarpy3kou, a
TaKXke Maccor KpoBid. CTOMKY pacCUMTBIBAIOT, pacCMaTpUBas €€ Kak KECTKO 3aje-
JAHHYIO HMKHUM U IIAPHUPHBIM BEPXHUM KOHIIAMHU.

Tabnuna 5 — HomuHanbHas TONIIMHA CTEHKU pe3epByapa

MunumansHas | Ilpunsaras
Homuuanpras TOJIIIHHA TOJIIIHHA
Howmep mosica | TommuHa mosica t Ateu, MM Atmy, MM tu +Atmu:At,
P m v U, mU> U A=Aty CTEHKH tpmin, nosica t,
MM
MM MM

1
2 [11, Tabm.
8.1]
n

JlHuie pe3epByapa COCTOMT M3 YETHOTO YHCJIa MOJOTEH (11 BO3MOXKHOCTH
CO3JaHMs YKJIOHA), KaKJ0€ M3 KOTOPBIX OOBIYHO HE MpPEBBIMIAECT 12 M MO HIUpPHHE.
[TomotHa cBapuBatoT ©3 JUCTOB pasmepamu 1500 x 6000 MM wnum
2000 x 8000 MM TOMIMHON 5 MM — mpu BMecTuMOocTH 10 10000 M* u TommmHOM
6 MM — ipu OonbIMX o0bemax. CoeMHEHUE JIMCTOB MOJOTHUII] MPOU3BOAAT JIBY-
CTOPOHHEW aBTOMATHUYECKON CBApPKOM ILIOTHOIPOYHBIMU IIBAMHU C IIOJIHBIM IIpOBa-
POM MO TOJIIMHE CBapuBaeMoro Merayuia. [Ipu MoHTake HEHTpaJIbHOW YacTH JHHUILA
MOJIUCTOBBIM METOJOM NPHUMEHSIOTCS HaXJIECTOYHBIE U CTHIKOBBIE COCAMHEHUS Ha
OCTAIOIIEUCS OAKIAIKE.

[ToMHMMO TEpPEUYUCICHHBIX PacuyeTOB HEOOXOAMMO pPacCUUTaTh CBAapHBIE CO-
eauHeHUs pe3epByapa. Tak, cleayeT paccuuTaTh CBapHbIC IIBbI, KOTOPHIMHU IIIUT
KPOBJIM KpeTUTCsl K 00eualike U K ONMOPHOMY KOJIbITy KPOBJIM; CBapHBIE IIBHI, KPETIsi-
IIMe CIMBHOM MaTpyOOK K oOedaiike; CBapHOM IIOB, KpEMSIIUNA 00edaliKy K JTHHUIILY.
Pe3epByap He0OX0UMO OCHACTUTD JIECTHULIEH U Orpa)kI€HUEM KPOBIIH.

CriocoObl CBapKH Pa3IMYHBIX 3JIEMEHTOB pe3epByapa PEKOMEHIYETCS BBIOU-
patbh B cooTBeTcTBUM C [l1]. MakcuManibHbIe KaTEThl YIJOBBIX CBAPHBIX IIIBOB HE
JOJKHBI MPEBBINIATH 1,2 TONIMHBI 00Jiee TOHKOM JeTanu B coeauHeHuu. s nera-




13

Jeil TOMMMHON 4—5 MM KaTeT YIJIOBOTO CBAPHOTrO IIBa JOJDKEH ObITh paBeH 4 MM.
Jlia geraneil 60JbLIeN TOJNIIMHBI KaTET YIJIOBOTO LIBA OMPEIEISIETCS PacueToOM WU
KOHCTPYKTUBHO, HO JIOJIKEH ObITh HE MEHEE 5 MM.

4.2 Cihepuueckuii peszepgyap
DneMeHTaMU pe3epByapa, MOJJICKALUIMMH pPacyeTy, SBISIOTCA cdepudeckas

000JI04Ka U CTOWKH pe3epByapa (pucyHok 2). O0beM cepruyeckoro pesepByapa Bbl-
YHUCIISIOT 10 popmyIie

V=—mr,

(6)

IJie T — panyCc BHYTPEHHEH IOBEPXHOCTH PE3EPBYapa, M;
V — 00BéM pesepByapa, M>.

13-V
Torma BHyTpeHHUI AuaMeTp pesepByapa D =2r =123 .
T

L s [

6

a — oOmuit Bu; 6 — pacueTHas cxema; | — o0onouka pe3epByapa; 2 — CMOTpOBas JIECTHUIA; 3 — ONIOpHAs
CTOMKa; 4 — MUaroHaNbHBIC CBSA3HU; 5 — QYHIAMEHT CTOeK; 6 — QyHIaMEHT MIaXTHOHN JIECTHHUITBI; 7 — IaXTHAS JECTHHIIA;
8 — mepexogHas mIomaaKa; 9 — mIomaaKa oOCTyKUBAHUS

Pucynok 2 — PesepByap chepuueckuit

PacueTHoe gaBieHNE OMPENESIOT KaKk CyMMY THIPOCTAaTUYECKOTO M N30bITOY-
HOTO JTaBJICHUMU:

P = LIPrypocrar T 1:2Pis6 = L1pgD +1,2p 16 (7)

1€ p — IIIOTHOCTh XPAHMMOTO BEIECTBA, KI/M>;
g — yCKOpEeHne CBOOOIHOIO majaeHus, g = 9,8 m/c?.
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PacyeTHyt0 TONMIIMHY 000IOUKH ONPEAEIISIIOT U3 CIAEAYIONIEH 3aBUCUMOCTH:

pD

T

: (8)

rae @ — KO3PPUIMEHT CHUKCHHS JOITyCKAEMBIX HAMPSIKCHU HA CBapHBIC CO-
€IMHECHUS TI0 CPABHEHUIO C IOMyCKaeMbIM HANPsDKEHUEM Ha OCHOBHOM MeTailI, ¢ = 1;
[6] — nonmyckaeMoe Hanpsbkenue, Ml a.

Jlomyckaemoe HanpsKeHUE BBIOMpaeM U3 JIUTEPATYPHBIX JaHHBIX |13, Tabnuna
A.l]
OxoHuaTenbpHas TONIVHA CTEHKU pPe3epByapa t, MPUHUMACTCS C y4ETOM TeX-

HOJIOTUYECKON NPUOABKM Ha BBITSKKY MeETajula TPU BAJIBIIOBKE WIIM INTAMIIOBKE
At =0,4+0,015t = 0,5 mm 1 npunycka ma xopposuro At, = 0,4+ 0,05t = 1 mm:

t =t+At +At . (10)

CrnenyrooluM 3TarnoM sIBJIIETCS pacyeT CTOEK pe3epByapoB. s 3Toro Ha3Ha-
YaloT WX KOJIMYECTBO (KakK MPaBHUIIO, KpaTHOE IIECTH), a HArpy3Ky, CO3JaHHYI0 Mac-
COH pe3epByapa U XpaHUMOW KUAKOCTH, JEIAT Ha KOIMYECTBO cToek. CTOMKy pac-
CMAaTpUBAIOT C JKECTKO 3aJI€JTaHHBIM HUKHUM KOHIIOM, IIAPHUPHBIM BEPXHUM W BHE-
LIEHTPEHHO HArpy>KEHHYIO.

[Tocne pacuera CTOEK pPacCUMTHIBAIOT BCE CBApHBIE COEAMHEHUS, @ UMEHHO:
CBApHBIC IIBBI, KPEISIIUE CTOWKY K OMOPHOW IJIACTUHE; CBAPHBIE IIBBI, KPEIISIIHE
OTIOPHYIO IJIACTUHY K JICMIECTKY pe3epByapa; CBapHbIC IIBbI, KPEMAIUEe CIMBHOMN Ma-
TpyOOK K JIETIECTKY pe3epByapa.

4.3 Huaunopuueckuii 2azzonvoep (pecueep)

Cocynbl TOCTOSIHHOTO T€OMETPUYECKOTO 00BbeMa, TIpeIHa3HAYCHHBIC IS Xpa-
HEHHMS TIOJ IaBJICHUEM ra3oB (a30Ta, aMMHUaKa U Ap.), HE BbI3bIBAIOIIUX UHTEHCUBHOMN
KOPPO3WH, HA3bIBAIOTCS Ta3TOJbJACPaMU MOCTOSHHOTO 00beMa (pUCYHOK 3), a TpH
XpaHEHUHU B HUX BO3/yXa — PECUBEPAMH.

a) 0)

a — TOPU3OHTAJIBLHOC PACIOJIOKCHUC, 06— BCPTUKAJIBHOC PACIOJIOKCHUC

Pucynox 3 — OOmumii BUj ra3roybaepoB MOCTOSHHOTO 00beMa
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['eomeTpuueckue pazMepbl CTalbHbIX TOpU3OHTANBHBIX (I'T) U BepTHKaIbHBIX
(BI') rasrosibiepoB MOCTOSIHHOTO 00BbeMa BHICOKOTO JJaBJICHUS IPUBEJCHBI B TA0JIUIIE
6. BuyTpeHHuil guameTp uWiIMHApUYecKor yacth D ycranaBmmBaetrcs 3200 mw,
BHYTPEHHUU paguyc noiaycpepudeckux auuil r — 1600 mm. [l U3rOTOBICHUS IU-
JUHAPUYECKONW YaCTU TasroJibJIEpOB MPUMEHSIOT CTalibHble JTUCTHI mmpuHor 2000
i 2400 mm.

Tabmuua 6 — ['eomeTprueckue pazmepsl ra3royibJepoB

Pa3mep, Mmm
HOMI/IHaJIBHSLIf/'I Jnamerp D Pa:;gzz;me Jluna HII;I;I;/ITI;IHEH%CKOH OO6mas nnuHa peseppyapa B
obrem, M onopamu A a* | o** a* | o**
Tl'opusonTansHble rasrousaeps (I'T)
50 3200 3400 4000 4800 7200 8000
100 3200 7800 10000 12000 13200 15200
175 3200 11400 20000 19200 23200 22400
270 3200 18000 32000 31200 35200 34400
BeptuxansHble rasronsaeps (BID)
50 3200 — 4000 4800 7200 8000
100 3200 — 10000 12000 13200 15200
175 3200 — 20000 19200 23200 22400

[Tpumeuanue - * cnyuait "a" oTHOcUTCs K AaBnenuto rasa 0,25; 0,4; 0,6; 0,8; 1; 1,25 u 1,6 MIla ,
KOTJ1a JUTS HMIMHAPUIECKON YaCTH IPUMEHSFOTCS JIUCTHI IUPUHOH 2 M; ** cirydaii "0" oTHOCHTCS
K JnaBiieHuio raza 1,6; 1,8; 2 MIla , korga ninst UMAMHAPUYECKONW YaCTH IPUMEHSIOTCS JIUCTHI 1IN~
puHoO# 2,4 M

JItst IUTMHIPUYECKO U cepruuecKoi yacTel cocyia MOTYT OBITh MPUMEHEHBI
CTaJu CIEIYIOIIUX MapoK: MpHu ToiamuHe 10 12 mm — ctans BCt3cm; mpu TonmuHe
6onee 12 MM — crtanu HU3koseruposannsie 15XCHII, 0912C.

PacueTHy10 TOMUIMHY HUIUHIPUYECKON 000JIOUKH ONPEIESIOT corjacHo [14]

pD

" aelo]-p

, (11)

IZI€ P — pacueTHoe naasiieHue, lla;
D — BHyTpeHHUI AUaMETp LHUIMHIPUYECKOU 000JI0UKH, M;
@ — KO3(pPUIMEHT CHUKEHHSI TOITyCKAaeMbIX HAMNpsHKEHUH Ha CBapHbBIE CO-
€IMHEHHUS 110 CPABHEHUIO C JI0ITyCKAEMbIM HaNPSHKEHWEM HAa OCHOBHOW MeTaill, ¢ = 1;
[6] — nonmyckaemoe Hanpspkenue, MIla.

Jlomyckaemoe HampspKeHUE BRIOMpaeM U3 JTUTEPATyPHBIX JaHHBIX |13, Tabmuia
A.l].

PacyeTHyt0 TOMIMHY AUTMNITHYECKOTO WU TOTyCc(eprUIecKoro MTHHUIIA COCyIa
HaxouM 110 [14, popmyna 43]
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OxoHuaTebHast TOJIMHA CTCHKH CoCyaa t o HPHHHUMACTCA C Yy4€TOM TEXHOJIO-

I'H4ecKoi MpUOaBKM HA BBITSHKKY METaJla IIPU BAJIbIOBKE WM INTAMIIOBKE At U
IPUITyCKa Ha KOppo3uio At, 1o gpopmyie (10).

[Toce 3TOTO MPOM3BOIAT MPOBEPKY OOOJOUYKM HA yCTOWUMBOCTH. Ecim mo
pacueTy Ha YCTOWYUBOCTH TOJIIMHA CTCHKH MOTy4YaeTcsi O0JbIle, YeM 10 pacueTy Ha
MPOYHOCTh, TO MPUHUMAIOT TOJIIMHY, MOJYYCHHYIO MO pacyeTy Ha YCTONYHBOCTD.
Ecnu rasronmpaep pacmonoxeH ropru30oHTaIbHO, HEOOXOIUMO TTPOBEPUTH MPOYHOCTH
€ro KOJIBLIEBBIX IIBOB, PACCMATPHUBAs Ta3royibJep Kak OaiKy, JeKallylo Ha IByX OIMO-
pax. CreayomuM 3TanoM pacyeTa SBISETCSl pacueT CTOeK rasrosbiaepa. llpu stom
CTOMKa pacCMaTpPUBACTCS KaK BHEIIEHTPEHHO C)KaTas C KECTKO 3aJeJIaHHBIM HIKHUM
IIApHUPHBIM BEPXHUM KOHIIOM. Harpy3koii 1Jis Hee sIBIISIETCS Macca Tas3roJibJepa u
XPaHUMOT'0 CKM>KEHHOTO rasa. 3aTeM He0OXOJAMMO pacCUMTaTh CBAPHBIE COCTUHEHHSI
CIIPOEKTHUPOBAHHON KOHCTPYKIIUH.

4.4 Ceapnoie hepmui

depmMamM Ha3BIBAIOT peHIETYATHIE KOHCTPYKIMH, paboTarolue Ha Hu3Tuo.
OnemeHThl (hepMbl (TIosica, pacKOChl, CTOMKHU U T. J1.) UCTIBITHIBAIOT TOJIBKO MPOJI0JIb-
HbIE PACTATUBAIOLIME WK CKUMarolre Harpy3ku. [lo cxemam pemeTkd pa3inndaroT
dbepMbI ¢ TpeyroyibHOU (PUCYHOK 4, a) U pacKOCHOM pemieTkoi (pucyHok 4, 6). Otu
1B BUJIa PEUIETKU SBIISIIOTCSI OCHOBHBIMH.

HcxonHbIMU HaHHBIMUA JJIS TIPOCKTHPOBAHUS SIBISIIOTCA TMPOJIET (PepMbl U
Harpy3ku. [IpoekTrpoBaHue HAUMHAIOT C ONpPEETICHUS BBICOThI (DEpMbI U T€OMETPHU-
yecKoi cuctembl. ONTUMAaIbHYIO BBICOTY (DEpMBbI yCTaHABIUBAIOT B 3aBUCUMOCTH OT
ee mpojieTa W TUMa pemeTku. [ns cTponuiabHbIX ¢depM XapaKTEpHO OTHOIICHHE
L/H = 6 — 8. Yron HakJioHa packocoB o = 45° 1uisl KOHCTPYKIUH C TPEYroJbHOMN pe-
meTkol u 33 — 55° — ¢ packocHoi. Ha mpakTuke BBICOTY (p€pMbI CIEAYET YBA3BIBATD
c rabapuTaMu TPaAHCIOPTHBIX cpenctB. lIpu mepeBo3ke MO >KeIe3HOM Jopore
HauOOJIBIIUN pa3Mep KOHCTPYKIIUM 10 BEPTUKAIM paBeH 3,8, 1Mo ropu3zoHTanu — 3,2,
a o JyHe — 13 M U1 OJHOM YeThIpexocHOM miaTgopMbl. DepMbl JJIMHON MPOJIETa
18 M mocTaBisIIOTCS Ha MOHTAX LEJIUKOM; npu nponeTtax 24 u 30 M — B BUJE JBYX
OTIPAaBOYHBIX yacTel qiuuHon 12 u 15 m; npu nposierax 36 M — B Buje 3 yacTeu M-
HOM 12 M.

a) 6)

a2 -

r
—
—
-

a — (pepma c TpeyroabHOU pemeTkoi; 6 — pepma ¢ packocHOU pemietkoi; L — nmuHa nponeta Gpepmbl; H — BbI-
cota (hepMbI; 0. — yroJl HaKJIOHA PACKOCOB

Pucynox 4 — OcHOBHBIE TapaMeTphl TUIOCKUX (pepm
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[TocnenoBarenbHOCTH pacueTa pepm:
1 CocTaBieHue pacueTHON CXeMbI C MPUBEJICHUEM paCIpe/IeNIEHHBIX Harpy30K
K COCPEJIOTOUYEHHBIM B y351axX (PUCYHOK 5):

P=qd, (12)

r7ie q — pacyeTHas MoroHHas Harpyska, H/m;
d — paccrosiHEEe MEX Ty y3JIaMU BEPXHETO Mosica, M.

JlomonHUTENbHBIE YCUITUS, JeHCTBYIONMME HA (hepMy, MPUHUMAIOT B COOTBET-
CTBUM C  TEXHUYECKHM 3aJlaHheM (CHEroBas, Harpy3ka OT Beca IOJbEMHO—
TPaAHCIIOPTHOTO 00OPYAOBaHUS, COOCTBEHHBIN BEC U T.1.)

2 Omnpenenenue peakuuu B onopax gepmsl. [Ipu 3ToM pepmy paccmaTpuBaroT
Kak OaJIKy, pacloJOKeHHYIO Ha JBYX OMOpax: IAapHUPHO-HEMIOABUKHOU U HIapHUP-
HOM.

3 OmnpeneneHue ycuiaud B CTEPXKHAX (epMbl, Mpenrosiaras, 4YTo y3Jbl Npea-
CTaBJIAIOT COOOW MIAapHUPBL. JIJi1 3TOr0 MCHOIB3YIOT HECKOJIBKO METOAOB: aHAJIUTH-
yeckue (METOJ BBIpE3aHUs Y3JIOB, METOJ| CEUYEHMH) W rpaduueckuil (quarpamma
Makcsemna-Kpemonsl). 'padudeckuit Meton 6osee yaodeH 11 pepM ¢ HaKIOHHBI-
MH TMOSICaMHU.

MeTonoM BbIpe3aHus yJIOB yJIOOHO IMOJb30BAaThCA, KOTJA HAJA0 HAWTHU YCUIIHS
BO BceX CTepkHAX (epmbl. OH CBOAMUTCS K IOCJIEAOBATEIILHOMY PACCMOTPEHUIO
YCIIOBHM paBHOBECHS CUJI, CXOISAIINXCS B KAXKJIOM U3 Y3JIOB, ONPEACIICHUIO YCUIHHA B
crepxkHsx (epmbl. [Ipu pemieHun 3amady ciocoOOM BBIPE3aHHS Y3JI0B HEOOXOAMMO
coOJI0IaTh CAEAYIOIIHNE MPaBUIa: TIEPBBIM BBIIETSAIOT TOT y3€J, B KOTOPOM HaXOAMT-
Csl MUHUMAJIbHOE YKCIIO CTEPKHEN ¢ HEM3BECTHBIMU YCUIIUSAMHU (PUCYHOK 5, y3ein 1);
BHYTPEHHHE CHUJIbI B CTEPKHSX 3aMEHSAIOT BHEIIHMMH W HAIMPABISIIOT UMX OT Y3Ja,
IIPEANOoJaras, 4To BCE CTEP)KHU PACTSAHYTHI; ONPEIECISAIOT YCWIHS B CTEPKHAX M3
YCJIOBUM PaBHOBECHS.

da/s2 d

0,5P Pl P| P| |P pl P pl 0,5P
3 9 Y10 V12 V13

Pucynok 5 — PacuerHas cxema epMsl
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Ecnu npu pacuere 3Ha4YE€HHUE YCUIIHS MTOIYYaeTCsl CO 3HAKOM «MHHYC», 3HAUYUT,
CTEpKEHb Ha CAMOM JIEJIE CIKAT; €CIIU B Y3JI€ CXOAATCS 2 CTEPKHSA U HArpy3KH B HEM
HET, TO 00a CTpeXHs He pabdOoTalOT; €Clid B y3JI€ CXOIATCS 2 CTEpXHS U Harpyska
HaIpaBjeHa BAOJb OJIHOTO M3 HHUX, TO BTOPOM CTEepKEHb HE paboTaeT; mepexos oT
y3J1a K y3IIy, paCCMaTpUBaIOT aHAJIOTUYHO PABHOBECUE KaXKJIOTO Y3JIa.

Hampumep, nnst pepMbl Ha pUCYHKE 5 IS ONpPEACIICHUs] YCUITUN B CTEPKHSAX
1-2, 1-3 BeIpe3aroT y3en 1, orOpachIBalOT BCIO (DepMy CO BCEMHU JICUCTBYIOUTUMHU
ycuiHsMHu, KpoMe y3ia 1. BHyTpeHHue cuibl B cTepkHSIX 1-2 m 1-3 3aMeHsIOT
BHEIIIHUMU Y HAMpPAaBJISIIOT UX OT y3J1a (PUCYHOK 0, a).

Yseal V3ea 2
O,SP NI—Q N2—3
1 o K2
L. Ny
Ny Ry

Pucynok 6 — Meron Beipe3aHusi y3JI0B

3anuchIBAKOT yCIoBUs paBHOBecHs. CyMma MPOEKIUid Ha OCh Y

ZPy =-0,5P-N_, =0,
OTKyJIa
N_, =-0,5P.
3HaK «MHHYC» TMOKa3bIBAET, YTO CTEPKEHb 1—2 paboTaeT Ha CKaTHE.
Crepskenb 1-3 me paboraer, 1. k. 2 P, =N _, =0.
Jliist onipenienieHyst yCHIIMA B CTEPIKHAX 2—3, 2—5 BBIPE3aroT y3el 2 (PUCYHOK 6, 0).
C yuetom TOrO, 4TO ZPy =R, +N_, + N273 sina =0, N, = —0,5P .
[Tomyuarot
_ 0,5P-R
sinat

N

2-3

Taxk kak peaknus onopbl Ry > 0,5P, To cTrepkenn 2—3 paboTaeTr Ha CKaTHE.
13 ycnoBus Y P, =0
>P =N, cosa+N, . =0,
Otkyna
(R, =0,5P)cosa
- sin '

N

2-5

CrepxeHb 2—5 paboTaeT Ha pacTsHKEHHE.
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[IpaBUIBLHOCTH BCEX PACUETOB MOATBEPKAAECT BHIIIOJIHEHUE YCIOBUI paBHOBE-
cus B IoclieiHeM y3ie 14.

4 Tlogbop ceuenus 3meMeHTOB (hepmbl. OCHOBHBIC THUIIBI CEUCHUN CBapHBIX
dhepM npuBeieHBI HAa pUCYHKe 7. Bece crepykHu hepM TOJDKHBI YIOBIETBOPSATH YCIIO-
BUSIM MPOYHOCTH, CHKATBIC AJIEMEHTHI JIOMOJHUTEIHHO JOJIKHBI YIOBJIETBOPAThH YCIIO-
BUIO YCTOMYHUBOCTH.

) ‘y ) i }y : — |y{_j Y
= B
} X
)
y y

a — JJIS CKAThIX M PaCTAHYTHIX CTEPXKHEH pelIeTKH (PacCKOCOB, CTOEK), PACTAHYTHIX IOSCOB;
6 — 14 CKaTBIX U PACTSIHYTHIX MOSICOB; B — AJIS CXKATHIX ONTOPHBIX PACKOCOB; I' — JIIsSI CTOEK, K KOTOPBIM IpUBa-
pHUBAIOTCA BePTUKAJIBHBIE CBA3H; 1 — TPYOBI pa3IMYHOIO CCUCHUS

Pucynox 7 — Buzpl monepevHbIX CeUeHH SIIEMEHTOB JIETKUX (hepM

[TonOop ceueHust pacTSIHYTHIX CTEPIKHEU HAUMHAIOT C ONpeeieHus: TpedyemMoit
IUIOLIA/IN NIOTIEPEYHOI0 CEUYEHUs CTEPKHSA Frp, HCIIONB3ys (hopMyry

Fup = N/(Ry 7.) (13)

rae N — ycunue B crepxkHe, H;

R, — pacuetHoe conpotusienue cranu, MIla [10, Tabauma 517;
Y — KO3 OUIIMEHT yCIOBHM pabOThl KOHCTPYKIHH, Y. = 0,9.

[Ipu onpeneneHny yCUIUi B CTEPKHIX MOXKET BO3HUKHYTh BApUAHT, KOI/IA B
HEKOTOPBIX CTEPXKHSX YCHUIIME MAJIO UM BOBCE OTCYTCTBYET. B 3TOM citydae pa3mepsl
CEUEHHS ITUX CTEP)KHEH OMpPENEsIoT M0 MPEeAesIbHO JOMYCTUMON THOKOCTH (Talbmu-
na 7).

[TonOop ceueHusi cxKaThIX CTEp)KHEW HAUYMHAIOT C OMpeAesieHUus TpedyeMoi
IUIOUIA/I IOTIEPEYHOI0 CEUYEHUs CTEPHKHSA Frp, HCIIONB3ys hopMyIry

Frp =N/(0 Ry 7o), (14)
rae ¢ — ko3hGUIMEeHT MPOI0IBLHOTO U3rHoa.

B ¢opmyne 14 nBa HeusBecTHbIX: Fip U @, cieoBaTenbHoO, 3aa4y HEOOXOAU-
MO peliaTh METOJOM MOCIIEIOBATEIbHBIX NPHOIMKEHN. B mepBomM mpulmmkeHnn
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3aJ1al0T TUOKOCTh A: JJIsl MOSICOB, OMOPHBIX packocoB U ctoek A = 80 — 100, mis
OCTaJIbHBIX CXKATHIX CTepkHEH pemetku A = 100 — 120.

Tabmuna 7 — I[penenbHble THOKOCTH CKATBIX M PACTSHYTBIX 2JIEMEHTOB (pepM U cBsizei

PactaHyTbI CTEpXKEHD
DIeMeHT .
CokaThIi CTCPIKCHb Crartuyeckas ﬂI/IHaMI/I‘{eCKaH
KOHCTPYKIMU
Harpyska Harpyska
1 IMosica, onopHbIE pacKOCHI U CTOMKH, 120 400 250
MepelarouIue ONOPHbIE PEAKIINU
2 [Ipoune rreMeHTHl hepm 150 400 350
3 CBs3u 200 400 400

Koadduument ¢ onpenentor no tabnuiie 8 (Hampumep, s 3HaUeHUS Ay = 80
no Tabmune 8 xo3dduurent npoxonsHoro u3rndba ¢ = 0,715). 3areM HaxomAT Foyo
JUTSI TIEPBOTO MPUOIMKEHUS U BBIYUCIISIIOT PAJInYChl HHEPLIUU CEYEHUS TI0 popMyiam

I'xo = IX/}\'O s (15)
I'y() = ly/Ko, (16)

rac lx )51 ly — PaCUYCTHBIC JJIMHBI CTCPIKHS B I'NIABHBIX INIOCKOCTAIAX.

YroObl 0A00paTh CEYEHUE CHKATBIX JIEMEHTOB (epM, HEOOXOAUMO Ompese-
JUTH pacueTHBIC JIJIMHBI CTEPKHEH B TUIOCKOCTH (epMBI Iy 1 pacueTHBIC TMHBI CXKa-
TBIX CTEp’KHEHN U3 I1ockoctu (epmel ly. g BepxHero nosca Iy Oyner paBHO paccTo-
SSHUI0 MEXY LIEHTpaMu Y3JIoB ly = 1, ayist omopHoro packoca ly = 0,51;, ayist ocranb-
HBIX C)KaTbIX packocoB U ctoek Iy = 0,81; (pucyHok §). CBsizu MO BEpXHUM MOsACAM
(dbepMbl YMEHBIIIAIOT PACCTOSIHUE MEXAY Y3JaMH, 3aKpPEIJICHHbIMH OT TOPU30HTAIb-
HOTO CMelIeHUs], mo3ToMy ly = 2d, T. €. pacCTOSIHMIO MEXIY 3aKpEIICHHBIMHU OT TO-
PU3OHTAIBHOTO CMEIICHUS TOUYKAMH.

CTepKHU pelIeTKH U3 YTOJIKOB MPUKPEIUIIOTCS K Y3JIOBBIM (haCOHKAM YTJIOBbI-
MU IIIBaMHU 10 OOYIIIKY» U «T0 mepy» (pucyHok 9). BennunHa ycuuii «1mo nepy» Ny
U «110 00y1IKY» Nog OmpesiensieTcst o popmynam

N =vyN;

N06 = (1 - Y)Nﬂ

rae N — pacuetHoe ycwime, H;
Y — KO3 UIUEHT, XapaKTEPU3yIOIIHI HECUMMETPUYHOCTh CEUCHHS,
Y = zo/b (pucynok 9).
JI71s1 paBHOTIOJIOYHBIX YTOJIKOB MpUHUMAKOT ¥ = (,3; /UIsi HEpaBHOIIOJIOYHBIX,
MIPUKPETUICHHBIX Y3KOU MoNKou, y = 0,25; 11 HepaBHOMOJOYHBIX, TIPUKPETUICHHBIX
IMPOKOM moJikou, y = 0,35.
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I'nbkocTh Mapxka cranu
JJeMeHTa A Cr3 0912C 10XCH/]
0 1 1 1
10 0,988 0,986 0,985
20 0,97 0,965 0,962
30 0,943 0,932 0,927
40 0,905 0,888 0,878
50 0,867 0,837 0,823
60 0,82 0,78 0,764
70 0,77 0,71 0,682
80 0,715 0,637 0,604
90 0,655 0,563 0,523
100 0,582 0,482 0,437
110 0,512 0,413 0,37
120 0,448 0,35 0,315
130 0,397 0,302 0,264
140 0,348 0,256 0,228
150 0,305 0,226 0,198
160 0,27 0,2 0,176
170 0,24 0,178 0,156
180 0,216 0,16 0,139
190 0,196 0,142 0,126
200 0,175 0,129 0,112
210 0,16 0,118 0,102
220 0,146 0,108 0,093

[lo 3HaUeHMIO TIOIIAAN U PAAHY-
COB HHEPIMH Iyg U Iy BBIOHpAIOT
HamOoJiee TOAXOJSIIEe CEUEHUE U3
copramenTa. Ilo HanbGompieir THOKO-
CTH U3 Ax U Ay , KOTOpas HE JOJKHA
NpEBBIIIaTh 3HAYEHUH TaOIuIbl 8§,
HAXOSAT MUHUMANbHBIN KO(OULIIUEHT
MPOJOJIBHOTO M3ruba Omin. Ecin OH
CYIIECTBEHHO OTJIMYAETCS OT TMEepBO-
Ha4yaJbHOTO, TO MPOM3BOAT TEpepac-
YT ¥ KOPPEKTUPOBKY CCUCHHUSI.

TonmuHy (pacoHKH ONpenestoT
KOHCTPYKTHUBHO, MCXOJS U3 YCUJIHUS B
OTMOPHOM packoce mo Tabmuie 9.
TonmuHa (hacoHOK 0OBIYHO
NPUHUMAETCS OJMHAKOBOM BO BCEX
bepmax.

PesynbTaThl mombopa ceueHui
NPEACTaBIAIOT 1Mo (opme, yKazaHHOMU
B Tabuie 10.

Tabnuna 9 — Pexomenyemast TonmuHa pacoHOK

Haubomnbuiee
YOWIHE B OUOD- | 150 | 160 950 | 260-400 | 410-600 | 610-1000 | 1010- 1410~ >1800
HOM  packoce, 1400 1800
kH
Tonmmaa

i 6 8 12 14 16 18 20
(hacoHOK, MM

2d

AethopMUpYEMan CHeMa
Mz MAOCKICTH hepmel

S

——
CEAZH

Pucynok 8 — CxeMa onpeieiieHus pacuyeTHbIX
JUTUH 3JIEMEHTOB (hepMbl

Pucynok 9 — PacueTHas cxema cBapHOTIo y3ia
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Tabmuua 10 — IIpumep noadopa cedeHuid CTep kHei

xR I IS
T S R
A o = = 5 =
o S 5 5 25 a, = = S
e 5 5 g o T . ) o ) 1
= O = O . 5 3 Z = 2 2
O O ) o ) O K = 5 < < o:)
= = >, o S g = o Sl © ) =
o o o o < S =5 > < 3 =~ Qmin =
5 o S & g V=g s = — 2
o S S = (W =
5| £ : :
el 2| F k |l | | |5 (& A ==
Bepxuuii | 6 | +734 1T 3941252 | 252 |3,87| 56 | 14| 65 | 45 — +186
TosiC —7 125x8
Huxuuit | 2— | +660| 4 L |36 600 | 1200 | 2,58 | 6,86 | 14 | 233 | 175 | — +184
osIC 5 110x8
Packocer | 2— | =362 1T 39,4 1354|443 3,87 56 |14 |88 |148]0,314 |21
3 125x8

Tpe6yeMy}o MJIMHY CBAPHBIX MIBOB OIIPCACIIAIOT UCXOOSA U3 YCIIOBUA IIPOYHO-
CTH YI'JIOBLIX IIBOB Ha YCHOBHBIﬁ Cpe3:

lusa o 06ymKy — Nos/ (B Kos Rt ):
1mBa 1o mepy Nn/(B Kn wa),

rae Kos, Ky — KaTeTsl cBapHBIX IIBOB «II0 OOYIIKY» U «II0 MIEPY», M;

Ryf — pacyeTHOE CONPOTUBIIEHUE YIIOBOro mBa, s ctanu Ct3
Ryws = 180 MIla;

B — xoaddunrienT GpopMel 1miBa, 115 pydHOU 1yroBoi cBapku 3 = 0,7; nis
MeXaHu3UpoBaHHOM cBapku B = 0,8; myis aBTomaTrueckoit 3 = 0,9.

KareTsl yrioBbIxX IIBOB HE JOJDKHBI MPEBHIIATh MUHUMAIBHOW TONIIUHBI Me-
Tajula MOJIOK yroyika ¥ ¢acoHOK. Pe3ynbTaThl pacuera CBapHBIX IIBOB CBOIATCS B
Tabmuiy 11.

Tabmuua 11 — Pe3ynbTarhl pacyeTa CBapHBIX IIBOB

[oB «m0 00ymKy» IoB «mo nepy»
Howep Ceuenue N, kH L . L
CTEPIKHS NOG, kH K06’ MM 1IBA «I10 00YIIKY», Nn, kH Kn, MM 11BA «IIOTEPY»,
MM MM
1—2 1r 780 | 585 8 220 195 6 110
160x100x9
..U T.I.
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4.5 IlpumMeHeHHMe BHIYUCIUTEIHHOM TEXHUKH B IIPOEKTE

OObeM NMPUMEHEHUsT BBIYUCIUTEILHON TEXHUKHU JIJIs1 pEIIEHUs 3a7a4 IPOEKTH-
pOBaHUA COIVIACOBBIBAETCSA C PYKOBOAMTENEM KypcoBoro mpoekra. Kak mpaswuio,
CTyZIEHTaM INPEJIaracTcs MOBECTU PACUEThl HA OCHOBE METOJAa KOHEYHBIX JJIEMEHTOB
C LIEJIBIO IIPOBEPKHU HECYLIEW CIIOCOOHOCTH CEYEHUI WM OLICHKHU MPENEIbHBIX COCTO-
STHUM KOHCTPYKIIMH, CBA3aHHBIX C IOTEPEU YCTOMYUBOCTH.

Ha pucynke 10 moka3aHbl pe3yipTaTbl IPOBEPKH YCTOWYMBOCTU CETMEHTA
KPOBJIM LUJIMHAPUYECKOIO pe3epByapa. [Ipu nomomu pacyeTHOM MOJENn ONpeaeie-
HbI TOJILIMHA CETMEHTa KPOBIU U KO3PPUIMEHT KPUTUUECKOW MPOJOJIHON HArpy3-
KH, [P KOTOPBIX IIPOTHO3UPYETCSI MOTEPST yCTOMYUBOCTH.

CermeHT KpoBnu

Ty 3NHopEl NOTERA YCTOMYMBOCTH 1
KoadprymeHT Harpyama: 1,4913 l
Wkana pedopmada: 378,117 l

K

Pucynox 10 — ITpoBepka yCTOHYMBOCTH CETMEHTA KPOBJIM LIUJIMHIPHUUECKOTO pe3epByapa

5 3amura npoekra

K 3amure KypcoBOro npoeKTa A0MyCKAtTCS CTYJICHTHI, TOIy4uBIIne OT 36 10
60 6ayIoB 3a BBITIOJTHEHHE BCEX ATAIOB KYPCOBOI'O MPOCKTUPOBAHUS, COTJIACHO IPO-
BOJIMMOM MOJYJIbHO-PEUTHHIOBOM OLICHKE 3HAHUM.

3aKOHYEHHBIA MPOEKT CTYACHT MPEJACTABISET HA PELICH3UI0 PYKOBOJUTEIIO U
MPUA €ro TMOJIOKUTEILHOW OIIEHKE 3allUIIACT MPOEKT Mepe] KOMUCCHEN B COCTABE
IBYX—TpeX TpenojaaBareneid kadeapol. 3aMuch CTYJEHTOB Ha 3alllUTy MPOU3BOAUTCS
3a0J1arOBPEMEHHO B COOTBETCTBUU C Ipa)KOM pabOThl KOMUCCHUHU.

K 3ammre nmpeacraBisieTcsi MOTHOCTHIO 3aKOHUYEHHBINM MPOEKT, MOAMUCAHHBIN
€ro aBTOpPOM U pykoBojutesieM. OO1iee Bpems, OTBOIUMOE JIJIsl MpUeMa MpoeKTa —
20-25 muH, u3 KOTOphiX &—10 MHHYT NPENOCTaBIAIOTCS CTYICHTY JJIsl JOKJIAna,
OCTAJILHOE BPEMS — JIJIs1 OTBETA HA BOIIPOCHI.

[Ipu oLleHKE MPOEKTa YUUTHIBAECTCS: MOJHOTA, KAYECTBO U CAMOCTOSITEIIbHOCTD
BBITIOJTHEHHUS TOSICHUTEIILHON 3almMicKu; odopmiieHre rpadudeckor 4acTu (COOTBET-
ctBue ['OCTam) M pacyeTHO-MOSICHUTEIBHON 3aNUCKU (HAJIWYHUE TOSICHUTEIBHBIX
CXEM W 3CKHM30B, IIPAaBUJILHOCTh PACUETOB, TPAMOTHOCTh M CTHJIb M3JIOKEHHUS); YeT-
KOCTb JIOKJIa/ia, CACIIAHHOTO CTYJICHTOM, M TOYHOCTh OTBETOB Ha BOTPOCHI, 00BEM H
PE3YNBTATUBHOCTh MPUMEHEHUS BEIYUCIUTEIHFHOM TEXHUKH, pab0Ta ¢ TUTEPATYPOH.
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