Jlekmus Nel
CBOHCTBA JApeBEeCHHBI KAK KOHCTPYKIIMOHHOI0 MaTepHaJa.
Buabl M CBOMCTBA CTPOUTEILHOM (haHepbI.
3amuTa JepeBIHHbIX KOHCTPYKIIMII OT THHEHHUS] M BO3rOpaHus.

Hama crpana siBisieTcst IepBOil B MUpE MO KOJIMYECTBY JIECHBIX IUIOMIA/IEH, KOTOPHIE
3aHMMAIO IIOYTH IOJIOBUHY TeppuTopuu Poccun- mpumepno 12,3 muH. km?. OcHOBHas
yacTh JiecoB Poccun, okono3/4, pacnonoxena B pailoHax Cubupu, Jlansuero Bocroka, B
CEBEpPHBIX 00NacTsIX eBpomerckoil wyacTu crpanbl. [Ipeobnamarommmu  mopojgamMu
SIBIISTFOTCSL XBOMHBIC: 37% JiecoB 3aHMMacT JUCTBeHHHMIA, 19% - cocHa, 20% - eap u
nuxTa, 8% - Kenp. JIMCTBEHHBbIE MOPOJBI 3aHUMAIOT OKOJIO 74 IUIOLIAJHM HAIIUX JIECOB.
Haubonee pacnpoctpaHeHHON MOPOAOH sIBIsieTCs Oepe3a, 3aHuMaroias okoyio 1/6 oomeit
TJIOILA/IH JIECOB.

3amacel JpEBECHHBI B HAIIMX JIECAX COCTABIAIOT okojo 80 mupa. m3. Exerommo
3aroTaBaMBaeTcs Ookoyno 280 MmiH. M3, 1€NOBOM APEBECHHEI, T.€. IPUTOMHOM IS
W3TOTOBJICHHUSI KOHCTPYKUMKA W wu3genuid. OpHaKo, 3TO KOJWYECTBO JANEKO HE
UCUYEPNIBIBAET €CTECTBEHHOI'O0 TOJAOBOTO MPUPOCTA JPEBECUHBI B OTAAJICHHBIX paliOHax
Cubupu u Jlansaero Bocroka.

3aroTOBJICHHBIN JIEC B BHJIE OTPE3KOB CTBOJIOB CTAHJAPTHOM JJIMHBI JOCTABIIAECTCS
aBTOMOOUJIbHBIM, JKEJIE3HOJAOPOKHBIM M BOJHBIM TPAHCIOPTOM WJIM MyTE€M CIUIaBa I10
peKaM M o3epaM Ha JiepeBooOpadaThIBatOINe MPEANPUATHA. TaM U3 HETO U3rOTaBIMBAIOT
nui€HbIe MaTepuabl, haHepy, IPEBECHBIC TUTUTHI, KOHCTPYKIIMHU M CTPOUTENIbHbBIC JETAIIH.
[Ipu necozarotoBke U 00pabOTKE IPEeBECUHBI 00pa3yeTcss OOJBIIOE KOJIUUYECTBO OTXO/IOB,
3 PeKTUBHOE UCMOJB30BAHUE KOTOPHIX HMMEET OOJBbIIOE HAPOIHO-XO3IMCTBEHHOE
3HaueHue. M3roropneHne U3 oTX00B JIPEBECUHBI U30JALUOHHBIX JPEBECHOBOJIOKHUCTHIX
U JIPEBECHOCTPYNKEUYHBIX IUIUT, IHUPOKO MPUMEHSIEMBIX B CTPOUTEILCTBE, IMO3BOJISET
HSKOHOMUTH OOJIBIIOE KOJUYECTBO JIETOBOU TPEBECUHBI.

XBOWHYI JPEBECUHY WCIONb3YIOT MJIE HW3rOTOBJIECHHUS OCHOBHBIX JJIEMEHTOB
J€PEBSHHBIX KOHCTPYKIIUN U CTPOUTENBHBIX AcTaje. [IpsiMble BBICOKHE CTBOJIbI XBOMHBIX
JIEPEBHEB C HEOOJIBIIUM KOJUYECTBOM CYUYKOB IO3BOJISIIOT MOJydYaTh MPSMOJHHEHHbBIC
nujaoMaTepuaibl C OrPaHUYEHHBIM KOJIMYECTBOM IOPOKOB. XBOWHAas JpeBECHHA
COJICPKUT CMOJIbI, Oylaromapss 4eMmy OHa JIy4Ille COIMPOTHUBIACTCS YBIAKHEHUIO U
3arHUBaHUIO, YEM JINCTBEHHASI.

JlucTBeHHass npeBecHHA OOJIBIIMHCTBA TOPOJI SIBIISACTCS MEHEEe MPSIMOJIUHEHHOM,
uMeeT OOoJIbIlle CYYKOB M 0oJiee MOJBEp)KeHa 3arHUBAaHUIO, YeM XBoWHas. OHA MOYTH HE
NPUMEHSIETCSL JUISi U3TOTOBJICHHS OCHOBHBIX JJEMEHTOB JIEPEBSHHBIX CTPOUTEIBHBIX
KOHCTPYKLIMH.

JyOoBas japeBecrHa BBIACNSETCS CpeAM JHMCTBEHHBIX MOPOJ MOBBILIEHHOM
IPOYHOCTHIO U CTOMKOCTBIO K 3arHMBaHui0. OnHAKO, BBULY JE(ULIUTHOCTH U BBICOKOH
CTOMMOCTH OHA UCTOJb3YETCS TOJNBKO JJIs1 HEOOJIbIINX COSAUHUTENbHBIX JCTANICH.

bepe3oBas npeBecrHa Tak K€ OTHOCHTCS K TBEPAbIM JUCTBEHHbIM mopoaam. Ee
WCIIONIB3YIOT, TJIABHBIM 00pa3oM, ISl H3TOTOBJICHUS CTpOUTEIbHOU (paHepsl. Hyxmaercs B
3aIIUATE OT 3arHUBAHUS.



CtpoeHue apeBeCHHbI

B pe3ynbraTe pacTUTENBHOTO MPOUCXOXKICHHUS JPEBECMHA HMEET TpyOuaToe
CJIOMCTO-BOJIOKHUCTOE CcTpoeHHe. OCHOBHYIO MAacCy JIPEBECHHBI COCTABIISIIOT JAPEBECHBIE
BOJIOKHA, PAaCIIOJIOKEHHBIE BIIOJb CTBOJA. OHU COCTOST W3 YIJIMHEHHBIX MyCTOTEIBIX

000JI0YeK OTMEpIIUX KJICTOK (TpaxeujoB, IJIUHOMN
nopsiKa 3 MM) OPTraHMYECKHUX BEIIECTB (IIeJUTFOI03bI U
JISTHUHA).

JpeBecHble BOJIOKHA pacrnoJiararoTcs
KOHIUECHTPUYECKUMH CJIOSIMH BOKPYI OCH CTBOJIA,
KOTOpPBIC HAa3bIBAKOTCA TOJAWYHBIMU CIOSIMH, T.K.
KaXIbpl CJIOW HapactaeT B TeueHne roga. OHu
XOPOIIIO 3aMETHBI B BUJIE PAIA KOJIEL HA MOMEPEUHBIX
paspe3ax CTBOJIa, OCOOCHHO XBOWHBIX JAepeBbeB. Ilo
MX KOJIMYECTBY MOYKHO OINPEAECIUTH BO3PACT JICPEBa.
Kaxnapii roguyHbeld CIIOM COCTOUT M3 JABYX YacCTEW.
Buytpennuii cinoii (6osee MUPOKUNA U CBETIIBIN)
COCTOUT u3 MSTKOM paHHEU JIPEBECUHBI,
oOpasyrolencs BECHOM, KOTJ1a IEPEBO pacTeT OBICTPO.
Knerku panHell ApeBeCHHBI HMEIOT 0o0Jiee TOHKHE
CTCHKM M IMHUpOKHe TmoJjiocTh. Kierku mno3aHen
JIPEBECHHBI MUMEIOT 0O0Jiee TOJICTBIE CTEHKH U Y3KHE
noJaoCTU. IIpoYHOCTP W TJIOTHOCTH JOPEBECUHBI
3aBUCUT OT OTHOCUTEJIIBHOTO COAEpPX aHUS B HEHU

MO3AHEN IPEBECUHBI.

CpenHssi 4acTh CTBOJIOB JIPEBECHMHBI XBOWHBIX TMOPOJ| MUMEET 00Jiee TEMHBIN IIBET,
COJICP>KUT OOJIBIIIE CMOJIBI M Ha3bIBAETCA SIAPO. 3aTeM UACT 3a00JI0Hb U, HAKOHEII, KOpa.

Kpome Toro B napeBecMHE MMEIOTCS TOPU3OHTAIBHBIC CEPIALICBUHHBIC JTy4YH, MSTKas
CEp/ILIEBUHA, CMOJITHBIE XObI, CYYKH.

CopTaMeHT, IOPOKH M KAYeCTBO JIPeBECHHBI

.HGCOMaTepI/IaJIBI, IMMOJIy49aCMbIC CTPOUTCIILCTBOM, JCIIAT HA KPYIJIBIC U MHJICHBIC.

Kpyribeie necomarepualnbl, Ha3blBaeéMble TakkKe OpeBHAMH, MPEICTABISIOT COOOMU
4acTu JPEBECHBIX
CTBOJIOB C  TJIaJKO
OTIMJICHHBIMU KOHITAMH
— Topuamu. bpesBHa
UMEIOT €CTECTBCHHYIO
YCEUYCHO-KOHUYECKYIO
dbopmy. VYMeHbIlICHUE
WX TOJIIUHBI TIO JTHHE
Ha3bIBaeTcs coerom. B

CpenHeM coer
cocraBmser 0,8 cm Ha 1
M TUTAHBI (st

JIMCTBEHHUIIEI | cM Ha



1 M nuabl) OpeBHa. Cpennue OpeBHA UMEIOT TOMMUHY OT 14 1o 24 cM KpymHbIE — 110 26
cM. bpeBHa TommuHONW 13 CM. U MEHee HUCHONB3YIOT IS BPEMEHHBIX IMOCTPOCUHBIX
COOPYKECHUHU.

[lunoMarepuanbl MOMY4YalOT B pe3yJibTaTe MPOJIOJILHON paclUIIOBKM OpEeBEH Ha
JIECONMWIBHBIX paMax WJIM KPYTJONWIbHBIX CTaHKaX. OHM MMEIOT NPSMOYTOJIbHOE WU
KBaJIpaTHOE ceueHue. bosee mMpokre CTOPOHBI MUJIOMATEPUATIOB HA3bIBAIOT IJIACTIMHU, a
y3KHue — KpoMKkamu. [Iunomarepuaibl UMEIOT CTaHAAPTHYIO JIUHY 1 — 6,5 M. ¢ rpagamnuei
yepes kaxasie 0,25 M. [lupuna numomarepuanoB koyiedaercs ot 75 10 275 MM, TOJIITHHA
—ot1 16 10 250 mMm.

KauecTtBO necomaTepuanoB OmpeAessieTcsi, B OCHOBHOM, CTEIEHBIO OJHOPOIHOCTH
CTPOCHHSI JIPEBECHHBI, OT KOTOPOH 3aBUCHUT €€ NPOYHOCThb. CTENneHb OJAHOPOIHOCTH
JPEBECUHBI OMPEACISIETCS pa3MepaMu U KOJUYECTBOM YYACTKOB, IJIe OAHOPOIHOCThH €€
CTPOCHHUS HApyIIeHa U IPOYHOCTh CHIKEHA. Takue y4acTKH Ha3bIBAIOT IOPOKAMH.

OCHOBHBIMH __ HEAOIIYCTUMBIMH __ IOPOKAMHU __ JIPDEBSCHHBI __ SIBISIOTCS:  THHUJb,
YEepPBOTOYMHBI M TPENINHEI B 30HaX CKaJbIBAHUS B COCJIMHECHHUSIX.

Haunbonee pacnpocTpaHeHHBIMU U HEU30EKHBIMU MOPOKAMU JIPEBECUHBI SIBJISIIOTCS
CYYKH — 3apOCIIIHe OCTaTKH OBIBIIMX BeTBEHl JepeBa. CydyKd SIBISIOTCS JOMYCTUMBIMH C
OTPAaHUYEHUSIMU TOPOKAMH.

HaknoH BOMOKOH (KOCOCJIOM) OTHOCHTEIIBHO OCH JJIEMEHTAa TaK € SIBJISETCS
JTOMYCTUMBIM C OrpaHudYeHHeM IMopokoM. OH oOpa3syeTcss B pe3yibTaTe IPUPOIHOTO
BUHTOOOPA3HOTI'O PACIIONIOKEHHUS BOJIOKOH B CTBOJIC, a TaK-Ke IPU PaCIUIOBKEe OpeBeH B
pe3yJibTare ux coera.

TpelHbl, BOZHUKAIOIIME MPU BBICBIXAaHUU JAPEBECUHBI, TOXE OTHOCSATCS K YHCIY
OTPAaHUYEHHO JOMYCKAaeMbIX MTOPOKOB.

K nmopokam OTHOCSITCA Tak—Ke MsArKasi CepleBHHA, BHITIAJAIONINE CYYKU U JPYTHE,
MEHEE paclpOCTPaHECHHbIC HAPYIIEHUS OJHOPOIHOCTH CTPOCHUS JPEBECUHBI.

KauecTBo necomarepuasioB ompezensercs coptom (otoopusiit, |, I, I, V),
YCTaHaBJIMBAEMbIM B 3aBUCHUMOCTH OT BHW[a, BEJIUYUHBI, PACIIOJIOXKEHUS M KOJIMYECTBA
nopokoB. JlpeBecMHa [JIsi HECYUIUX DJIEMEHTOB JCPEBSHHBIX KOHCTPYKIMHI JOKHA
yaoBieTBopsaTh TpedoBanusm I, 11 u 1l copros.

HpeBecnna | copra wucnonb3dyercs B Hambojee OTBETCTBEHHBIX HAIPSIKEHHBIX
PaCTSHYTBIX 3JEMEHTax. DTO OTACIbHbIC
pacTsiHyTbIE CTEPKHU u JIOCKH
PaACTSHYTBIX 30H KJICCHBIX 0aOK BHICOTOM
ceuenus 6onee 50 cm

Kococnou < 7%.
Cymmapuwviii _ouamemp _CY4KO8 _Ha
onune 20 cm d < 1/4b.

Hpesecuna |l copra ucnonab3zyercs B
CKATbIX M M3rHOaeMbIX 3JIEMEHTax. JTO
OTJEJbHBIE CXATbhle€ CTEP)KHU, JIOCKU
KpailHUX 30H KJIEEHBIX OalOK BBICOTOM
meHee 50 cM.; JTOCKM KpalHEH CxKaTou
30HBI u pacTAHYyTOU 30HBI,
PaCIIONIOKEHHOU BBIIIE JTOCOK 1-ro copra
B KJICEHBIX OaJikax BBICOTOH Ooiiee 50 cM.,




JIOCKM KpallHUX 30H pabO4YMX KIIECHBIX CXKAThIX, W3TH0AEMBIX U C)KATO-U30THYTHIX
CTEpIKHEM.

Kococnou <10%.

Cymmapnwiii ouamemp cyukos Ha oaune 20 em d < 1/3b.

JpeBecruHa 1 COpTa HCIIOJIB3YCTCA B MCHCC HAIIPAKCHHBIX CPCOAHUX KIICCHBIX
CXKaThIX, M3ru0aeMBIX U CKaTO-U3rn0aeMBIX QJICMCHTOB, a TaK)XKC B MaJIO OTBCTCTBCHHBLIX
OJICMCHTAaX HACTHUJIOB U O6p€IH€TOK.

Kococnon <12%.
Cymmapuwiil ouamemp cyuxos Ha oaune 20 cm d < 1/2b.

CBolicTBa IpeBeCHHbI

duznueckue CBOMCTBA

[lnoTHOCTE. JlpeBecMHa OTHOCHUTCS K  KJAcCy JIETKMX KOHCTPYKIMOHHBIX
MarepuasioB. Ee MIOTHOCTh 3aBUCUT OT OTHOCUTEIIBHOTO OOBhEMa MOP M COJEpKaHUS B
Hux Biaru. CtangapTHasl IJIOTHOCTh JIPEBECUHBI JOJKHA OMPEAEIATHCA MPH BIAKHOCTH
12%. CsexepyOieHas ApeBecHMHa UMeeT IUIOTHOCTh 850 kr/m°. PacueTHas INIOTHOCTB
JIPEBECHHBI XBOMHBIX MOPOJ B COCTABE KOHCTPYKUMK B MOMEMIEHUAX CO CTaHIAPTHOM
BIaYKHOCTBIO BO3ayXa 12% npunuMarot pasHoii 500 kr/M°., B HOMEIIEHHH C BIaKHOCTBIO
Bo31yXxa 0osee 75% ¥ Ha OTKPBITOM Bo3myxe — 600 kr/m3,

TemneparypHoe pacumupenue. JIuHeWiHOe  pacluMpeHHE TpU  HarpeBaHUU,
xapakTtepuzyemoe KOod(DPUIUEHTOM JIMHEHMHOTO pacuIupeHus, B JPEBECHUHE Pa3JIMUYHO
BJIOJIb U MOJ yriamMu K BoJiokHaM. KoadduiimeHT JuHEWMHOro pacudpeHusi 0 BAOJb
BOJIOKOH cocTaBysieT (3 = 5) - 10, uro mossomsier cTpouTs nepeBsHHBIE 37aHHSA O€3
TeMIepaTypHbIX MBOB. [lomepek BOJIOKOH APEBECHUHBI 3TOT KOIPHUIIMEHT MEHbIIE B 7 —
10 pas.

TennonpoBOIHOCTh JPEBECUHBI Oiarojapsi ee Tpyo4aToOMy CTPOCHHUIO OYEHb Maja,
0co0eHHO Tonepek BOJIOKOH. KodpduimeHT TenaonpoBOAHOCTA CYXOW JIPEBECUHBI
nornepek BosiokoH A =~ 0,14B1t/M°C. bpyc TtommmHoi 15 cM »JKBUBajJeHTEH IO
TCTUTONPOBOAHOCTH KUPITMYHON CTeHE TONIIMHOMN B 2,5 kuprnya (51 cwm).

TennoeMKocTh JPEBECHUHBI 3HAUMTEIbHA, KOI(PPUIMEHT TEIIOEMKOCTH CYyXOu
npeBecusbl cocrapisieT C = 1,6 KJIDK/kr-°C.

Eme ogHMM LIEHHBIM CBOMCTBOM JAPEBECHHBI SIBIIAETCA €€ CTOMKOCTh KO MHOT'MM
XUMUYECKUM U OMOJIOTHUECKUM arpecCuBHBIM cpema. OHa SBISETCS XUMUYECKU OoJiee
CTOMKMM MaTepHajioM, 4YeM MeTa/ll U >kejne300eToH. [lpu o0ObIUHONM TeMmieparype
naBukoBasi, ¢ochopHas U cossiHas (HU3KOW KOHIIEHTpAIMU) KUCIOThI HE pa3pyliaroT
JIPEBECUHY. DBOJBIIMHCTBO OPraHUYECKUX KHUCIOT TIpU OOBIYHON TemIepaType He
0CJIA0JIAIOT APEBECUHY, MIOATOMY OHA YACTO MCHOJIb3YETCS JJIsl KOHCTPYKIIUNA B YCIOBUSIX
XUMUYECKHU arpeCCUBHBIX CPE/I.

MexaHn4ecKHe CBOMCTBA APEBEeCHHDBI

ITpouynocTs. JlpeBecuHa OTHOCUTCS K MaTepuajlaM CpeJHEN IPOYHOCTH, OJHAKO, €€
OTHOCUTEJIbHAS MPOYHOCTh C YYETOM Majoil IJIOTHOCTH IO3BOJIIET CPABHUBATH €€ CO
CTAJIBIO.



JlpeBecuHa SBIIAECTCS AaHU30TPOIHBIM MAaTEPHAIOM, IO3TOMY €€ NPOYHOCTh 3aBHCHT
OT HAIIPaBJICHUs JACMCTBUS yCWIMHM IO OTHOLICHWIO K BOJOKHaM. Ilpu nmenicrBum ycunuun
BJIOJIb BOJIOKOH, OOOJOYKM KJIETOK pabOTalOT B CaMbIX OJIaroNpUSATHBIX YCIOBUSX H
JpeBeCHHA OKAa3bIBAeT HAUOOIBIIYIO TPOYHOCTb.

Cpeonuii _npeden npoyHocmu Ope8ecunbl COCHbl _0e3 HOpoKo8 800Jb B0JIOKOH
cocmasnsem:

Lpu pacmsocenuu — 100 Mlla.

Lpu uzeude — 80 Mlla.

Lpu corcamuu — 44 Mlla.

[Ipy pacTsokeHUM, CKATUM M CKAJIBIBAHMM IONEPEK BOJIOKOH 3Ta BEJIMYMHA HE
npeBocxoauT 6,5 Mlla. Hanuuue nmopokoB 3HaunTenbHO (~ Ha30%) CHUKAET MPOYHOCTh
JIPEBECUHBI TIPH CXATUU H U3rnOe, a ocobeHHo (~ Ha 70%) mpu pacTHKCHUH.
JUTUTENTbHOCTD IEUCTBUSI HArpy3KU CYLIECTBEHHO BIMSET HA MPOYHOCTH JApeBecuHbl. [Ipu
HEOTPAaHWYEHHO JJINTEIbHOM HArpy>K€HHU €€ MPOYHOCTh XapaKTEPHU3YEeTCs MPEeIeIoM
JUTUTEJILHOTO CONMPOTHUBJIEHUS, KOTOPBIA cocTaBisieT Toiabko 0,5 mpejena NpoYyHOCTH MpU
CTaHAApPTHOM HarpyxeHuu. HauOonbuiyto npouHocts, B 1,5 pa3a NpeBBILAIONIYIO
KpaTKOBPEMEHHYI0, APEBECHMHA IOKAa3bIBA€T MPHU KpaTYAMIIMX YJIAapHBIX W B3PBIBHBIX
Harpy3kax. BubpaiuonHble Harpy3ku, BbI3bIBAIOLIME TIEPEMEHHBIE 110 3HAKY HaNpsKEHUS,
CHWXKAIOT €€ IIPOYHOCTb.

XKecTkocTh JIpeBecHHbI (€€ cTeneHb 1e(OPMAaTUBHOCTH IMOJA JCHCTBHEM HArpy3KH)
CYIIECTBEHHO 3aBHCHUT OT HAIIPABJIECHUS JEUCTBUS HArPy30K 110 OTHOIICHHIO K BOJIOKHAM,
UX JUIMTEIBHOCTH M BIAXKHOCTU JpeBECUHBL. KECTKOCTH OINpPEAENsIETCS MOIYJIEM
yrpyroctu E.

JIns XBOMHBIX OpoA BAOJ BOJOKOH E = 15000 MIa.

B CHull 11-25-80 moxyns ymnpyroctu mist 060 mopoas! apesecunsl E, = 10000
MIla. Ego =400 MlIIa.

[Ipy MOBBIIEHHON BIAXKHOCTH, TEMIIEPATYpPa, a TAKKE IPU COBMECTHOM JACHCTBHUH
MOCTOSIHHBIX U BPEMEHHBIX Harpy3ok 3HaueHue E cHikaercs kodppuuueHtamu ycaoBus
paboTh My, My, My < 1.

Biausinue BaaxHoctu. MI3MeHenue BiaaxHoct B npeaenax ot 0% mao 30% npuBoaut
K CHUKEHUIO TPOYHOCTH JipeBecuHbl Ha 30% oT MakcumanbHOU. JlanbHelee n3MEeHEeHHE

BJIQXHOCTH HE NPHUBOJUT K CHUKEHUIO
IPOYHOCTH IPEBECHHBI.
[lonepeuHoe HW3MEHEHUE BIIAKHOCTH
(ycymka wu pa3OyxaHue) TPUBOMAT K
KOpoOJIeHHIO ApeBecuHbl. HamOonbimas
yCyIlIKa TPOUCXOJUT TOMEPEK BOJOKOH,
NEPHEHAUKYJIAPHO  TOAUYHBIM  CJIOSIM.
Hedbopman  yCymikd  pa3BUBAIOTCS
HEPaBHOMEPHO OT MOBEPXHOCTHU K LIEHTPY.
[Ipu ycymke TOSBISIETCS HE TOJBKO
KOpOOJIEHUE, HO U YCYUICYHbIE TPEIIUHBI.
JIna  cpaBHUBaHMSA ~ IOKas3aTesen
OPOYHOCTH M  KECTKOCTU JIPEBECUHBI
YCTAaHOBJIEHO 3HAYEHUE CTaHAAPTHOM BIaxXHOCTH 12%
B12:Bw[1+(l(W-12)],
TJIe 0 — MOMPaBOYHbIN K03 puimenT, npu cxaruu u u3rude o = 0,04.




Bnusnue temneparypol. [lpu moBblieHnu TemmepaTypbl Npeaen MPOYHOCTH U
MOJYJb YHOPYrOCTH CHIDXKAIOTCS, a XPYNKOCTh JpeBecHHbl moBbimaercsa. [Ipexen
npoyHocTu ApeBecuHbl Gi mpu temmeparype t B mpenenax or 10 mo 30 °C moxHO
OTIPE/ICTIATh UCXOS U3 €€ Ha4albHOM MPOYHOCTH - Gy mpu Temmneparype 20 °C ¢ yuetom
nonpaBo4yHoro koadduiuenra f = 3,5 Mlla.

G = G2 — B(t-20).

CrpouteinHasa (hanepa

CrpoutenbHass (aHepa — O5TO JHUCTOBOM JpPEBECHBIA MaTepuasn 3aBOACKOTO
u3rotoBieHus. OHa COCTOUT, Kak MPaBUIIO, W3
HEYETHOTO KOJIMYECTBA TOHKHUX CJIOEB — IITMOHOB.
BonokHa coceaHMX IIMOHOB PAcHOJararoTcsi BO
B3aMMHO- MIEPIICHANKYIISIPHBIX HATIPABICHUSX.
CHull 11-25-80 mo  mpOEeKTHPOBAHHUIO
JIEPEBSHHBIX KOHCTPYKIIUH PEKOMEHTyeT
CleNyIole BUAbl BOJAOCTOMKONM (aHEepsl B
KayeCTBE CTPOUTEIbHOM:
1. @Danepa mapxu DPCP, cKiIeeHHaAsS
denonodopmanbIeTuIHBIMU KIessMU. JTa daHepa
BBIITYCKAETCA:
- U3 JpeBecuHbl Oepes3bl (5-Tu u 7-Mu
CJIOMHAs, TOJNIIHUHON 5 — 8 MM 1 Oosiee).
- U3 JPEBECUHBbI JIMYTBEHHHUIIbI (7-ClOWHAad,
TOJIMHONU 8 MM U Ooiee).
Jlucthl KIJIeeHOU (aHephbl TOJIIUHOW Oosee
I5 wmm  Ha3biBalOT  (paHEpHBIMU  IUIUTAMHU.
[IpounocTs kyeeHOW (aHepsl Ha Ccpe3 B
TUIOCKOCTH TIEPHEHIUKYISIPHON JTUCTY TPUMEPHO
B 3 pa3a MpeBblIAeT NPOYHOCTh APEBECHHBI MPU
CKaJbIBAHUM BJOJb BOJIOKOH, YTO SIBJISIETCS €€
BaYKHBIM MPEUMYIIIECTBOM.
Monayns ympyroctu Oepe3oBoii  daHepsl
BJ0JIb BOJIOKOH cocTaBisieT 90%, a monepek — 60% oT MOAyJisi ynpyroctd APEBECHHBI
BIOJb BOJIOKOH. Moaynu ynpyroctd ¢aHepbl U3 JUCTBEHHMIIBI COCTaBISIOT
cootBeTcTBeHHO 70% 1 50% oT E, npeBecniuHbI.

1. Bbanenusuposanuasn ganepa (PHC) otnuuaercs ot dpanepbl Mapku OCD Tem, 4To
€e Hapy)XHbIE CJIOM TPONUTHIBAIOT BOJOCTOMKMMH CIUPTOPACTBOPHUMBIMHU
cMmosiamu. OHa umeet tonmuHy 7 — 18 M. Ee mpo4yHOCTh BAOJIb BOJIOKOH B 2,5 pasa,
a TIOTIepPEK B 2 pa3a MPEBBIMIACT MPOYHOCTh XBOWHOUW JPEBECUHBI BIIOJIb BOJIOKOH.
[TpumensieTcs B 0c000 HEOIaronpUATHBIX BIAXXHOCTHBIX yCIOBHSIX.

I'HMeHHe M 3aIIUTA JePeBIHHBIX KOHCTPYKIMI 0T THHEHHUS]

['Hyenne — 93TO pa3pylieHHe JPEeBECHUHBl MPOCTEUIIMMU  PACTUTEIbHBIMU
OopraHu3Mamu — JepeBopaspyuiaronumu rpubkamu. HexoTopsie rpulbl mopaxkaroT ele



pacTyllle U BBICBIXAIOIIUE JAepeBbs B Jiecy. CKiIaacKkue rpuObl pa3pylaroT JecoMaTepral
BO BpeMs XpaHCHHsS WX Ha ckiagax. JlomoBble TpuObl — (Mepuiamyc, mopus U Jp.)
pa3pylIalOT IPEBECUHY CTPOUTEIBHBIX KOHCTPYKIIMI B IPOLIECCE IKCILTyaTal[|uH.

['pubbl pa3BUBaIOTCS M3 KJIETOK — CIOpP, KOTOPBIE JIETKO MEPEHOCATCS ABMKEHHUEM
Bo3ayxa. [Ipupoctas, cropsl 00pa3yloT MIOAOBOE TEJIO W TPUOHHUILY Tpruda — UCTOYHUK
HOBBIX CHOP.

3anmTa OT THHCHUSA

1. CTepunusanus APEBECUHBI B MPOLIECCE BBICOKOTEMIIEpATypHOM cymiku. [Iporpes
apesecunsl npu t > 80°C, yTo mpUBOIUT K THOETU Crop rpubOB, TPUOHUIL U TIIIOJOBBIX
Tel rpuda.

2. KOHCTpYKTUBHAA 3allIMTa MPEIINOIAraeT peKuM IKCIUTyaTaluy, KOT/ia BIaXKHOCTh
npesecunbl W<20% (HaumeHb11asi BIQXKHOCTb IIPU KOTOPOIl MOTYT pacTH I'pUObI).

2.1. 3amurta ApeBECUHBI OT aTMOCHEPHOW BJArM — TUIAPOU3OJSALHUS TOKPBITHM,
HEO0OXOAMMBINA YKIIOH KPOBIIU.

2.2. 3ammTa OT KOHACHCAlMOHHOW BJAaru — NAPOU30JALHNs, IPOBETPUBAHUE
KOHCTPYKIUH (OCYIIAIOIINE TPOTYXH).

2.3. 3amuTa OT VYBIKHECHWS KaNWUISIPHOW BiIarod (OT 3eMJIM) — YCTPOMCTBO
TUIPOU30JIIUH. JlepeBsHHbIE KOHCTPYKLUMM JOJDKHBI ONUPAThCA Ha (PyHAAMEHT (C
OUTYMHOU WM pyOepOUTHON M30JSLUEH) BbIIE YPOBHS IPyHTa WM I10J]a MUHUMYM Ha
15 cm.

3. XuMmuyeckas 3alIUTa OT THHEHHUS HEOOXO0JIuMa, KOTJa YBIIAKHEHHE IPEBECHHbI
HEen30€KHO. XMMHUYECKasl 3alluTa 3aKIYaeTCs B IPOIUTKE SAOBUTHIMU JJisi TprOOB
BELIECTBAMHU — AHTUCENTUKAMHU.

BonopactBopumblie aHTUCENTUKHU ((PTOPUCTBINA, KpeMHEDTOPUCTBIA HATpHUl) — 3TO
BELIECTBAa HE MMEIOIIME HU LIBETAa HU 3araxa, 0e3BpeaHbie i moaeil. Mcnons3yroTes B
3aKPBITHIX IOMEIICHUSX.

MacasSHUCTBIE AHTUCENTUKHM — O3TO MHUHEpalbHble Macia (KaMEeHHOYTOJIbHOE,
aHTPOCILICHOBOE, CIaHIIEBOE, IPEBECHBIN KPeo30T U Jp.). OHU HE pacTBOPSIIOTCS B BOJE, HO
BPEAHBI JUJIS YEJIOBEKA, TO3TOMY HCITOJIB3YIOTCS JUUIl KOHCTPYKLMI Ha OTKPBITOM BO31yX€,
B 3€MJI€, HaJ BOJOM.

[IponuTka BBIMOJIHSETCS. B aBTOKJIABAX O] BEICOKUM aaBieHueM (1o 14 Mlla).

3ammra OT )KYKOB TOYMJIBINMHUKOB — HarpeB j0 1>80°C unu oxypuBaHUE SIO0BUTHIMH
ra3aMy TUIIa TeKCaxJIOpaHa.

Fopelme M 3alUTa 1CPEBAHHDBIX KOHCTDVKIII/Iﬁ OT BO3ropaHusa

Xapaktepusyercs npeaeiaoM orHectokoctu (mopsiaka 40 mus. nis Opyca 17 x 17
CM, Harpy>keHHoro 110 Hanpspkenus 10 MIla.).

3ammurTa

1. KoncrpykruBHas. JIukBuaanus ycinoBui, OJaronpusTHIX AJI1 BO3TOPaHHil.

2. Xumuyeckas (IpOTUBOIIOKApHAs NPONUTKA WM OKpacka). I[IponuTeiBaroT
BEILIECTBAMH, KOTOPBIE HA3bIBAIOTCS AHTUNUPEHaMU (HaOpuMmep, aMMOHUIHAs COJlb,
dochopnas u cepHas kuciora). [I[ponuTKy BBINONHAIOT B aBTOKJIABaX OJHOBPEMEHHO C
aHTHcenTUpoBaHueM. Ilpu  HarpeBe  aHTUNHMPEHBI  pacIUIaBIsAlOTCA,  00pasys




OTHE3alTUTHYIO IJICHKY. 3alllUTHAs OKpAacKa BBITOJHACTCS COCTABAMH Ha OCHOBE YKHJIKOTO
CTeKJa, cynepdropa u T.1.



Jlexims No2
OCHOBBI pacYeTa Mo npeaeJbHbLIM COCTOSTHUAM.
Pacuer 3J1eMEeHTOB KOHCTPYKIIMHA EeJLHOT0 CeYCHUS.

B cooTBercTBUUM C IEUCTBYIOIIMMHU B Poccum HOpMamu JI€pEBSHHBIE KOHCTPYKLIHMH
JOJKHBI PACCYUTHIBATHCS IO METOY MPEAEIBHBIX COCTOSHUIA.

[IpenenpHbIMU SIBIIAIOTCA TaKUE COCTOSHUS KOHCTPYKILHM, MPU KOTOPBIX OHH
NEPECTAOT YJIOBJIETBOPATh TPEOOBAHMSIM SKCIUTyaTallMyd. BHemHel nmpuunHOM, KOoTOopas
OPUBOJUT K TPEAECTbHOMY COCTOSIHUIO SIBIISIETCS CHJIOBOE BO3JEHCTBHE (BHEUIHUE
Harpy3KH, peakTUBHbIE CUJIbI). [IpenenbHble COCTOSIHUS MOTYT HAcCTYyNaTh MO BIUSHUEM
yCJIOBUU PaOOTHI JIEPEBSIHHBIX KOHCTPYKIMM, a TaKXe€ KauyecTBa, pa3MEpOB U CBOMCTB
MarepuasioB. Paznuyaror nBe rpynmnsl OpeaeabHbIX COCTOSIHUM:

1 — no Hecy1el cnocoOHOCTH (TPOYHOCTH, YCTOMYMBOCTH).

2 — o nepopmanmsim (Iporudam, IepEeMEIICHHUSIM ).

IlepBag rpynmna nOpeAeHbHBIX COCTOSIHUMA XapaKTEpPU3yeTcsl MOTEPEN HECyIIen
CIIOCOOHOCTH U TIOJIHOM HENMPUTOAHOCTBIO K JajbHEWIeW SKcIulyatanuu. SIBiusercs
HamOoJiee OTBETCTBEHHOU. B NepeBSHHBIX KOHCTPYKIIUSX MOTYT BO3HUKATH CJIEIYIOLIUE
OpEeACIbHBIE COCTOSIHUSL TMEpPBOM TPYyNIbl: pa3pylIeHUE, NOTEps YCTOMYMBOCTH,
ONPOKUIBIBAHNE, HEJIOITYCTUMASI MOJI3YyUECTh. DTU MPEACIbHBIE COCTOSIHUSI HE HACTYIAIOT,
€CJIU BBITIOJHSIOTCS YCIOBUS:

o <R,

7 <Re (unu Rep),

T.e. KOrja HOpMajbHblE HamNpsOKEHUs (o) M KacaTelbHble HaNpsDKeHUs (7) He
MPEBBIIAIOT  HEKOTOPOW  TpeAeiabHOM Beau4YuHbl R, Ha3bpiBaeMoll  pacueTHbIM
CONIPOTHUBIICHUEM.

Bropad rpynmna npenesibHbIX COCTOSHUM XapaKTepU3yeTCsl TAKUMU MPU3HAKAMHU, IIPH
KOTOPBIX JKCIUTyaTalusi KOHCTPYKIMH WM COOPYKEHUW XOTS M 3aTpyJHEHa, OJHAKo,
IIOJIHOCTBIO HE MCKJIIOYAETCSH, T.€. KOHCTPYKLUSA CTAHOBUTCS HENPUTOJHOM TOJBKO K
HOPMAJIbHOM JKCIUTyaTauuu. [IpUrogqHoCTh KOHCTPYKIMM K HOPMAaJIbHOW JIKCIUTyaTalluu
0OBIUHO OmpeesieTcs Mo nporudam

f</[t], unu

il < [T/].

OTO O3HAa4yaeT, 4YTO HU3rMbaemMble HJIEMEHThl WM KOHCTPYKUMU MPUTOJIHBI K
HOpMaJbHOM OKCIUTyaTalldd, Korja HauOoJblIas BeJIMYMHA OTHOIIEHHUs mporuda K
IPOJIETY MEHBIIE MPESIBHO JOMyCTUMOro oTHocuTebHoro nporuda [f/l] (mo CHull 1l-
25-80).

[lenp pacuera KOHCTPYKIMH — HE JONMYCTUTh HACTYIUIEHHSI HH OJHOIO W3
BO3MOKHBIX MPENEIbHBIX COCTOSHUM, KAK MPU TPAHCIIOPTUPOBKE M MOHTAXE, TAK U MPH
DKCIUTyaTalluM  KOHCTpyKuMi. PacdeT mo 1mepBOMy NPEAEIbHOMY  COCTOSIHHIO
IIPOU3BOJUTCS IO PACYETHBIM 3HAYEHUSIM HATPY30K, & [0 BTOPOMY — II0 HOPMATHBHBIM.
HopmaTuBHbIE 3HaueHMs BHEWIHUX Harpy3ok mnpuseneHsl B CHull «Harpysku u
BO3JEHCTBUs». PacueTHble 3HaUEHHS MOMYYalOT ¢ yuyeToM Koddduinenta 6e30macHOCTH
1o Harpy3ke y,. KoOHCTpyKunu paccYuThIBalOT Ha HEOJIAroNnpUsATHOE COYETAHHE HArpy30K
(coOCTBEeHHBIN BEC, CHET, BETEP) BEPOSITHOCTh KOTOPBIX YUUTHIBAETCS KO3 (UIIMEHTAMH
coueranuid (mo CHull «Harpy3ku 1 Bo3aeicTBUs» ).




OCHOBHOI ~ XapaKTEpUCTUKOM MAaTepUaloB, IO KOTOPOW OLEHUBAETCA HX
CHIOCOOHOCTh ~ CONPOTHUBISATHCA CUJIOBBIM  BO3ACMCTBUSAM, SIBJISIETCS HOPMAaTHUBHOE
conporuBiaeHue R". HopMaTuBHOE CONpPOTUBIEHUE JAPEBECHHBI BBIYHMCIAETCS 10
pe3yiabTaTaM MHOTI'OYMCIIEHHBIX HCIBITAHUN MaJIbIX OOpa3LoB 4YMCTON (0€3 BKIIOYEHUS
IIOPOKOB) JPEBECUHBI OJJHOW MOPO/Ibl, BIAXKHOCTBIO 12%:

R'=RE,[1-tV [ rre

Rk — cpemHee apudMeTHdeckoe 3HaueHNe Npe/ena MPOYHOCTH,

V — BapuanuoHHbIN KO3 hULIHEHT,

t — mokazaresnb J0CTOBEPHOCTH.

HopmatuBHoe comnpoTuBieHre R”*  sgBAsSETCS MHUHUMAJIbHBIM _BEPOSTHOCTHBIM
Ope/iesioM MPOYHOCTU YHMCTOW JAPEBECUHBI, MOJYYaeMbIM IPU CTAaTHYECKOW 00paboTKe
PE3yIbTATOB MCTIBITAHUN CTaHAAPTHBIX 00pa3llOB MAJIOr0 pa3Mepa Ha KPaTKOBPEMEHHYIO
HarpysKy.

PacyetHoe comportuBieHHe R — 3T0 MakcMMaiabHOE HampsDKEHHE, KOTOPOE MOXKET
BBLIEPKATh MaTepuasl B KOHCTPYKIIUY HE Pa3pymIasich MPHU yUeTe BCeX HEOIAarompHUsITHBIX
(GaKkTOPOB B YCIOBHSIX IKCIUTYATAIHH, CHUYKAIOIIHUX €T0 MPOYHOCTb.

[Ipu nepexone OT HOPMATHUBHOTO conpoTuBIeHUs R” k pacueTHoMy R HEoOXoauMMO
y4ecTh BIHMSHHE Ha MPOYHOCTH JPEBECHHBI JJIMTEIHHOTO JCHCTBHS HAarpy3KH, MOPOKOB
(Cy4KoB, KOCOCTOSI M TIp.), TIEpexo/ia OT MajlblX CTaHIAPTHBIX OOPAa3IOB K dJIEMEHTaM
CTPOUTENbHBIX pa3MepoB. COBMECTHOE BIHUSHHE BCEX JITHUX (PAKTOPOB YUUTHIBACTCS
K03 puueHToM 0€301acHOCTH o MaTepuany (k). PacueTHoe conpoTHBIEHNE MOTYYat0T
nenenrieM R” Ha ko3 duieHT 6€30MacCHOCTH 0 MaTepHaly:

R= Rk,

1

K:
K()’l' KodH

, T1e

K0,=0,67 — K03 DHUIUEHT JTUTEITHFHOCTH TIPH COBMECTHOM JICHCTBUHU MOCTOSHHBIX H
BPEMEHHBIX HArpy3o0K;

Koon—=0,27+0,67 — K03 HUIUEHT OTHOPOTHOCTH, 3aBUCSIINNA OT BHJIa HAIIPSHYKEHHOTO
COCTOSIHUSI, YIUTHIBAIOIINK BIUSIHUE TTOPOKOB HA MPOYHOCTH IPEBECUHBI.

MuHUManbHOE 3HAYCHUE Koy, TPUHUMACTCS TIPH PACTSHKECHUHW, KOTNA BIUSHUC
MIOPOKOB 0COOEHHO BeJIMKO. PacueTHble conpoTuBieHus k npuseneHsl B Tadn. 3 CHull Il-
25-80 (mmst ApeBeCHHBI XBOWHBIX TOpOa). R IpeBEeCHHBI APYruX TOPOA TOIYyYaroT C
TTOMOIIIBIO TIEPEXO0TIHBIX Kod(duimenToB, Taxke npuseneHubx B CHulle.

CoXpaHHOCTh M TIPOYHOCTH IPEBECHUHBI U JCPEBSHHBIX KOHCTPYKIIUH 3aBHCAT OT
TEMITePaTypHO-BIAKHOCTHBIX  YCJIOBHHA. YBII@KHEHHE CIIOCOOCTBYET 3arHMBAHUIO
JPEBECUHBI, a TIOBBIIIEHHAs TeMIeparypa (3a H3BECTHBIM TMIPEACIIOM) CHHUXACT ee
MPOYHOCTh. YUeT 3TuX (HakTopoB TpeOyeT BBeAeHUS KOAPOUIIMEHTOB YCIOBUS PaOOTHI:
mgfl, m-<l.

Kpome atoro CHull npenmnonaraer yder kodpduimenta CIOWHOCTH I KJIEEHBIX
3JIeMEeHTOB: M.,=0,95+1,1;

OamouHbIi KOd(PPHUIIMEHT 71 BRICOKMX 0aJloK, BEICOTOM 60jee 50 cm.: My<I;

K03 GUIUEHT aHTucenTupoBanus: m,<0,9;

KO3 (PUIIMEHT THYThS AJI1 THYTOKJIEEHBIX AJIEMEHTOB: M,,<1 u 1p.

Monyib ynpyrocti ApeBeCUHbl HE3aBUCUMO OT MOPO/Ibl IPUHUMAETCS PABHBIM:

E=10000 MlITa;

Ego=400 Mlla.

PacueTHbie XxapakTepuUCTUKU CTpouTellbHOM (haHepwl Takxke npuseaeHsl B CHulle,
npuyYeM, MpU NPOBEpPKE HAMPSIKEHUW B dJEMEHTax M3 (aHepbl, Kak U JUIs JIPEBECHUHBI,



BBOJAT Kod(duumeHntsl ycioBus paborel M. Kpome »3Toro mias pacdyeTHOTo
COTIPOTUBIICHUS JpeBeCUHBI U (haHepsl BBOAUTCS KoddduuumeHt m,,=0,8 B ciydae, ecnu
CyMMAapHO€ PACYETHOE YCUJIME OT IMOCTOSIHHBIX U BPEMEHHBIX HArpy3o0k npesbimaet 80%
MOJIHOTO PACUETHOTO YCHIUSA. DTOT KOA()(PHUIMEHT BBOAUTCA B JOMOJIHEHHE K TOMY
CHIDKEHHIO, KOTOPOE BKJIFOUEHO B KOA(PPHUIIMEHT 0€30MacHOCTH 10 MaTepHaiy.

Pacuert 3j1eMeHTOB KOHCTPYKIMH HEJLHOT0 CeYeHU

DJeMeHTaMHU JEPEBSIHHBIX KOHCTPYKLMIA Ha3bIBAIOT JOCKH, OpyCKH, Opychsl 1 OpeBHa
LENBHOTO CEYEHHUS C pasMepamMH, YKa3aHHBIMM B COpPTaMEHTaxX NWIEHBIX U KPYIJIBIX
MarepuanoB. OHU MOTYT SBISATBCA CaMOCTOATEIbHBIMU KOHCTPYKUHSMH, HampHMeEp,
OalkaMM WU CTOWKAaMHM, a TaKKe CTEPXKHAMH OoJiee CIOKHBIX KOHCTPYKUUH. YCHIUS B
AJIEMEHTaxX OMNPENENSOT OONMMU METOJaMU CTPOMTENbHOW MexaHuku. IIpoBepka
MIPOYHOCTH ¥ IPOTrHOOB 3JIEMEHTA 3aKII0YAETCS B ONPEACIICHUN HANPSKEHUN B CEUCHUSIX,
KOTOpbIE€ HE JOJKHBI MPEBBINIATh PACUETHBIX COIMPOTHUBICHUNA APEBECHUHBI, @ TAKXKE €ro
MPOruOOB, KOTOPbIE HE JOJHKHBI MPEBOCXOJAUTh MPENETbHBIX, YCTAHOBICHHBIX HOPMaMu

MPOEKTUPOBAHUS. JlepeBsIHHBIE JIEMEHTHI pacCUUThIBalOT B coorBeTcTBUU co CHuII Il-
25-80.

PacTsiHyTBIE 3JI€EMEHThI

Ha pactspkeHue pa®oTaroT HMXKHHE
nosica M OTHEIbHBIE pPackochl (epm,
3aTSDKKM  apOK M JIPYTUX  CKBO3HBIX
KOHCTpyKIui. PacTsaruaromniee ycunue N
JEHCTBYET BJOJIb OCH JIEMEHTA U BO BCEX
TOYKaX €ro IOMNEpPEeYHOro  CeYeHUs
BO3HHMKAIOT PACTATMBAIOIINE HANPSKEHUS
0, KOTOpBIE C JOCTaTOYHOM TOYHOCTHIO
CUMTAOTCS OJIMHAKOBBIMM 110 BEJIMYMHE.

JlpeBecrHa Ha pacTshkeHue paboTaer
IIOYTH YIPYrO M IIOKA3bIBAET BBICOKYIO
NPOYHOCTb. PaspylieHne MnpoucXoauT
XpyIKO B BHJE IOYTH MIHOBEHHOIO
paspbiBa. CrangapTHble 00paslbl NpU
UCIIBITAaHUSX HAa PACTSKEHUE WMEIOT BUJ
«BOCHMEPKUY.

Kak  BugHO W3  AuarpaMmbl
PaCTSDKEHHSI JIpEBECHHBI 0€3 TOPOKOB,
3aBUCHUMOCTh nedopmariuii oT
HampspKeHU  Onu3ka K JIMHEHHOW, a
npoyHocTh nocturaet 100 MlTa.

OngHako  OPOYHOCTH  pPEATbHOM
JAPEBECUHBl NPHU PACTIKEHUH, YUUThIBAs

ee 3HAUMTEeIbHbIe KOoieOaHus, OOJbIIOE BIUSHUE MOPOKOB U JJTUTEIBHOCTH HArPYKEHHS
3HAYUTENIBHO HUXKE: U1 HekieeHod npeBecusbl | copra R,=10 Mlla, mia kneenoi
IPEBECHHBl BIIMSHUE IOPOKOB yMeHbInaercs, mnodromy R,=12 MIla. IIpoynocts
PaCTSHYTBHIX AJIEMEHTOB B T€X MECTax, i€ €CTh OCIaOJCHHsI CHIDKAETCS B PE3yJbTaTe



KOHIEHTPAllMU HAIMpPsDKEHUH Y MX KpaeB, T.€. BBOAUTCA KOIPPHUIMEHT yclaoBHUS pabOThHI
Me=0,8. Torpa nosrydaercst pacuetHoe conporusieHue R,=8 Mlla. [IpoBepounslii pacyer

PaCTSIHYTBIX 3JIEMEHTOB MIPOU3BOIUTCS MO hopMyIIe:
N

a:|:_HTS Ry . re

FHT — Imomaab pacCMaTpruBaCMOr'0 IOIICPCHYHOI'O CCUCHUS, ITPUICM OCJ'Ia6J'IeHI/I$I,

pPAacCloJIOKEHHBIE HA yYacTKe IMHOM 20 CM. CUHTAIOTCS COBMEIICHHBIMH B OJHOM
ceueHuH. /[ mombopa cedeHuil MOJB3YIOTCS 3TOM ke (POPMYJIOW, HO OTHOCHUTEIIBHO
MCKOMOiT (TpebyeMoit) miomamm M .

C:xartble 3J1eMeHThI

Ha cxatue paboTaroT CTOWKH,
MOJKOCKI, BEpXHUE MOsACa U OTACIIbHBIC
crepku (pepMm. B ceueHusax snemeHTta
oT CKUMAIOIIETO YCHIIHS N,
JEUCTBYIOLIEIrO  BJAOJIb  €r0  OCH,
BO3HHMKAIOT TIOYTH OJIMHAKOBBIE IIO
BEJIMYMHE CKUMAIOIINE HANPSHKCHUS o
(amr0pa NpsAMOyTOIHAS).
CranpapTHbie oOpa31bl pu
UCIIBITAHUM Ha CXXaTHE WMEIOT BUJ
MPSIMOYTOJILHOW TIPU3MBI C pa3Mepamu,
YKa3aHHBIMH Ha pHUC. 2.
JlpeBecuna paboTaer Ha cCxaTue
HAJeKHO, HO HE BIOJHE YIPYToO.
[IpumepHOo 110 TONOBHHBI Mpeaena
MPOYHOCTH pocT nedopmaruii
MPOUCXOJUT TI0 3aKOHY OJM3KOMY K
JUHEHHOMY, H JpeBecHMHa paboTaeT
noutu ympyro. Ilpum pocte Harpysku
yBenudeHue nedopmarnuii Bce Oomee
OTepEekKaeT POCT HANIPSHKCHUM, YKa3bIBas
Ha  YNPyro-mjiacTUYEeCKU  XapakTep
pabOThI IPEBECUHBI.
Pa3pymienue o0Opas1oB 0e3
MOPOKOB TIPOUCXOJTUT pu
HanpspKeHusix, gocturarommx 44 Mlla, miacTudHO, B pe3yJibTaTe MOTEPH YCTONYMBOCTH
psiZia BOJIOKOH, O YEM CBHUJIETENLCTBYET XapakTepHas ckiaaka. [lopoku MeHble CHUXKAIOT
MPOYHOCTh JPEBECUHBI, YeM TIPH PACTSHKCHHH, TIOITOMY PACUETHOE COMPOTUBIICHUE
peanbHOM JPEBECHUHBI ITPU CKATUH BBIIIIE U COCTABIISIET AJisl ApeBecuHbl 1 copra R.=14+16
Mlla, a 1151 2 1 3 COPTOB ATa BEIMYNHA HEMHOTO HIDKE.

PacueT Ha MPOYHOCTH CIKATHIX AIEMEHTOB MPOU3BOIUTCS TIO (POpMYIIE:

:ls Rc

c"F,. , TIIE

R — pacueTHOE CONPOTUBIEHUE CIKATHUIO.

AHaJOTHYHBIM 00pa30M pAaCCUMTHIBAIOTCS M CMHMHAEeMble MO BCEH MOBEPXHOCTU
aneMeHThl. (CKaThle CTEpKHH, HMEIOIIUE OONBIIYI0 JJIMHY M HE 3aKpEIUICHHBIE B
MONIEPEYHOM HArpaBJIEHUH JTOJKHBI ObITh, TOMHUMO pacueTa Ha MPOYHOCTb, PACCUUTAHBI



Ha TPOAOIBHBIA M3rKO. SIBIeHHE MPOJOIBPHOTO M3rHba 3aKI0YaeTCsl B TOM, YTO THOKHIA
LEHTPAJIbHO-CXKATBIN MPAMON CTEPKEHb TEPSET CBOI NPSAMOIMHEWHYIO (opmy (TepsieT
YCTOMYMBOCTh) M HAYMHAET BBIMYYMBATHCS MPHU HANPSIKEHUSAX, 3HAYUTEIBHO MEHBIINX
npenesa npoyHOCTH. [IpoBepky c€KaToro 3jIeMEHTa € Y4YeTOM €ro yCTOMYHMBOCTU
IPOU3BOAT 10 popMyJie:

-_ Y <R
o ¢ Fpacq c

FDaC‘l — pacdCTHaA 1I1omaab IMOIICPCIHOro CCUYCHMA,

@ — K03 (HUIIMEHT MPOI0IBHOTO U3rHoba.

, TIe

F paca IIPUHAMAETCS PABHOU:
F . =F

1. IIpu oTcyTCTBUM OCIAOIEHUN ' pacy

2. Ilpu ocnabneHusX, He BBIXOSAIIMX HAa KPOMKH, €CIHU IUJIONIaJb OCJIa0JeHUN He
npessimaet 25% Fo | Frocs = Fo ,

3. To xe, ecnu uiomaas ocinadienuit mpesbimaeT 20% Fo | Froes =4/3 Fun ,

1. Ilpu cuMMETPUYHBIX OCIA0JICHUSAX, BEIXOIAIINX HA KPOMKH F ,
[Ipy HeCUMMMETPUYHOM OCJA0JCHUH, BBIXOAAIIEM HAa KPOMKH, JJIEMEHTHI
PACCUMTHIBAIOT KaK BHEIICHTPEHHO CHKaThIE.

Koaddunument mnpomonsHOro u3ruda ¢ Bcerga MeHbIe 1, yUYUTHIBAaCT BIIUSHHE
YCTOWYMBOCTU Ha CHUXEHHE HECyIIel CIOCOOHOCTU CXATOTO DJIEMEHTa B 3aBUCUMOCTH
OT €r0 PacueTHOM MaKCUMaJbHON T'MOKOCTH A.

['MOKOCTh 3JEMEHTa paBHA OTHOIICHHUIO pacdeTHOW IMHBI lg K paamycy mHepuun
CeYCHMS DJIICMCHTA:

7
0 0
-r _ %

r _F6p'

6p,

pacy — FHT

=

PacuetHyro mamuny anemenTa ly ciemyer ompenensaTh YMHOXKEHHEM €ro CBOOOIHOU
1HB | Ha KOO PUIHUEHT wo:

|o:| Mo, TIC

KOO PUIMEHT 4o TPUHUMACTCS B 3aBUCUMOCTH OT THUIA 3aKPEIUICHUS KOHIIOB
AJIIEMEHTA:

- TIPY IIIAPHUPHO 3aKPETJICHHBIX KOHIAX to=1;

- IPY OJTHOM IIAPHUPHO 3aKPEIJICHHOM, a JPYyTroM 3amiemMyieHHoM ip=0,8;

- IPY OJTHOM 3aIIEMJICHHOM, a IPYTOM CBOOOTHOM HArpy>KEHHOM KOHIIE [o=2,2;

- pu 000WX 3aIIEeMIICHHBIX KOHIaX (o=0,65.

[MOKOCTh CXKATBIX DJIIEMEHTOB OTPAHUYMBACTCA C TEM, YTOOBI OHU HE TOJYyYHIIUCH
HEJOMMYCTUMO THUOKHMH H  HEJOCTAaTOYHO HaAeXKHBIMH. OTIOEIbHBIE DJIEMEHTHI
KOHCTPYKITUH (OTICIBbHBIC CTOMKH, T0sICa, OMTOPHBIC PACKOCHI ()ePM H T.I1.) TOJKHBI UMETh
ruokocTh He Oosiee 120. ITpoune cxxaTbie 3J1eMEHTh OCHOBHBIX KOHCTPYKIIUM — HE OoJiee
150, smemenTtsl cBs3ei — 200.

[Tpu_rubkoctn Gosee 70 (A>70) ckaThlii dJIEMEHT TepseT YCTOMYMBOCTH, KOTIJa
HaANPSHKCHUS CKATHSI B IPEBECHHE CIIIe HEBEJIMKH U OHA pabOTaeT yIpyro.

Koaddunment npogonbHoro u3ruda (uid KodOQPUIUEHT yCTOMYMBOCTH), PaBHBIM
OTHOLLIECHUIO HAIIPSDKEHHUSI B MOMEHT [TOTEPH YCTOHUNUBOCTH Oy, K TIPEAEITY IPOYHOCTH MIPU
ckatun R,,, omnpenensior mo ¢opmysne Oisiepa ¢ y4eTOM MOCTOSHHOTO OTHOLIEHHS
MOYJISl yIIPYTOCTH APEBECUHBI K PSSy MTPOYHOCTH:

E —312

p




_ A
= 42 ,TIe

A=3000 — 1y 1peBecuHbI,
A=2500 — nnsa panepsl.

[Ipy ruOKoCTIX, paBHBIX W MeHbIHMX 70 (4<70) 371eMEHT TepseT yCTONYMBOCTD,

KOT/Ia HaIpsOKEHUs CXKaTUsl JOCTUTalOT YIPYroIUIACTUYECKOM CTaauu UM MOIYJIb
yOPYrocTU JIpeBeCUHbl TOHMKaeTrcs. KodpduiueHt npomonbHOro m3ruba mpu 3TOM
ONPENENSIOT C YYETOM MEPEMEHHOTO MOJIYJISI YIPYTOCTH 10 YIPOLIEHHON TEOPETUUECKOM

dbopmye:
a4 A
¢—1 a%ﬁ , TIe

a =0,8 — ko3 uIMeHT IS APEBECUHBI;

& =1 — xoapdunueHt s haHepsl.

[Ipu mogbope ceueHUs UCHONB3YIOT (QOpMYJly pacueTa Ha YCTOWYHUBOCT,
MPEIBAPUTEILHO 33/1aBasICh BEJTUYMHON A U ¢.

N3rndaemMpbie 3J1eMEeHThI

B u3rubaempIx 31€eMEHTaxX OT Harpysok,
JEUCTBYIOIIMX TMONEPEK MPOAOJIbHONW OCH,
BO3HMKAIOT u3rubaromme MOMeHThl M u
nomnepeunble  cwibl  Q,  ompenaenseMbie
METOJaMHU CTPOUTEIIbHOM MEXaHHUKHU.
Hampumep, B omHOmpoJjeTHOW  Oayke
nposietoM | OT paBHOMEpHO-pacnpeIeICHHOM

Harpy3kd (  BO3HHMKAIOT  U3ruaroiue
2
_ql

MOMEHTB Mue™ "5~ WM TIOTepeuHble CHIIBI

I
Qmax= % .

OT wm3rubaroIero MOMEHTa B CEUCHUAX
AJIEeMEHTa  BO3HHKAKT  AchopManvv U
HaIPSHKCHUST M3ruda o, KOTOPBIE COCTOST W3
CKaTHs B OJTHOW YaCTH CECYCHHS M PACTSKCHUS
B JIPYTOM, B pe3yJIbTaTe dJIEMEHT U3TU0aeTCs.

Jnarpamma Kak ® IS CKaTwi,
MPUMEPHO IO TOJOBUHBI, UMEET JIMHEWHOE
ouepTaHWe, 3aTeM W3TU0AeTCs, TOKa3bIBas
YCKOPEHHBIN POCT MPOTHUOOB.

R’ =80 MIla — mnpemen mpPOYHOCTH
YUCTOM  JIPEBECMHBI  HAa  W3THO  TIpHU
KPaTKOBPEMEHHBIX HCTBITaHUSAX. Paspymienue
oOpaslia HaYUMHAETCsl C MOSIBJICHUS CKJIaJIOK B
KpallHUX CXKaTbhIX BOJIOKHAX M 3aBepllaeTcs
pa3phIBOM KpaHUX pacTAHYThIX. PacueTrHoe
conpotuBieHue u3rudy mo CHull 11-25-80
PEKOMEHyeTCsl IPUHUMATh TaKUM ke, KaKk U
npu cxkartuu, 1.€. ;i 1 copra R,=14 Mlla —

JUISL 3JIEMEHTOB MPSMOYTOJBHOTO cedeHusi BbicoToll A0 50 cm. bpychs ¢ pa3mepamu



ceuerus 11 — 13 cm. npu Beicote cedenust 11 — 50 cM. UMEIOT MEHbIIE NEpepe3aHHbIX
BOJIOKOH IPU PACIHIIOBKE, YEM JIOCKH, MTO3TOMY MX HMPOYHOCTH moBblmaercs a0 R,=15
MIIa. bpeBna mupuHoii cBbiiiel3 cM. mpu BeicoTe ceueHus 13 — 50 cM. coBceM HE UMEIOT
Mepepe3aHHbIX BOJIOKOH, mo3ToMy R,=16 MI]a.

1. Pacyer n3ru0aeMpIx 2JIEMEHTOB HA MPOYHOCTH

[IpousBoauTtcs no popmyie:

o=W ‘RU,rzLe

pacu
M — MakCUMaJIbHBIN M3rnOaroIKii MOMEHT,
W,4cy — pacueTHBI MOMEHT COIPOTHUBIICHHUS TONIEPEYHOTO CEUEHUS.
Jlns Hanbosee pacnpoCTpaHEHHOTO MPSIMOYTOIBHOTO CEYSHUS

_ | _bh* _bh®
VT e s P
[TonGop cedeHus: U3rMOAEMBIX 3JIEMEHTOB MPOU3BOAUTCS MO 3TOU ke (dopmyie,
M

onpeaess Wm:R_u , 3aTeM, 3a7aBas oauH u3 pasmepoB ceuenus (b wam h), mHaxomsT

IPYyrou pasmep.

2. Pacyer Ha VyCcTOWYMBOCTL NOCKOW (opMmbl nedopupoBaHUA DJIEMEHTOB
NMPAMOVIOJLHOT0 MOCTOTHHOTO CeYCHUS

[TpousBoasT no popmye:
- _M_<p,
¢MW6D

M — MaKCUMaJIbHBINH U3rHOAOIIHMI MOMEHT Ha PaccMaTpuBaeMoM y4dacTke |y,

W5, — MakcuMalbHBII MOMEHT COINpPOTHBIIEHUS OpyTTO Ha pPAacCMaTpUBacMOM
yuactke |y,

@y — KO3 (PUIMEHT yCTONUYUBOCTH.

Kosdduiment ¢, a8 u3rubaeMpiXx 3IEMEHTOB MPSIMOYTOJIBHOTO MOCTOSIHHOIO
MOMEPEYHOTO CEUEHHUs IIAPHUPHO-3aKPEIVIEHHBIX OT CMEIIEHUS M3 TUIOCKOCTU M3ruoa,
CIIEAyeT ONPEALATE M0 dopmye:

b

¢M: 140 Ip—h kf/’ ,TIe

, T1e

|, — paccrosiHme MeXIy OIOPHBIMH CEUYCHHUSMH JJIEMEHTa (PACCTOSHHE MEXITy
TOYKaMU 3aKpETJICHUs CKATOTO Mosca),

b — mmpuHa nonepeyHoro ceueHwsl,

h — MakcumaInpHast BEICOTa IONEPEYHOTO ceYeHus Ha ydacTke |y,

Ky — K03 durmenT, 3aBucsmii ot GopMsl dmopsl Ha ydactke |, (ompenensercs nmo
tabmuie CHull 11-25-80).

[Ipu pacuere 371eMEHTOB MEPEMEHHON BBICOTHI CEUEHMS 3HaUeHUE KOd(hduireHTa ¢,
CllelyeT YMHOXaTh Ha KO3(DhUIHeHT K,e,, 8 TIPU MOAKPEIJICHUN U3 TUIOCKOCTH M3rnda B
MPOMEKYTOYHBIX TOUYKAaX PACTIHYTOW KPOMKH — Ha K03 urineHt K.

O6a stu korpurmenta onpeaensrorces mo CHull.

[Tpy HATMYKMK TOYEK 3aKPEIUICHUS PACTIHYTHIX 30H N>4, Ko, =1.

[TpoBepky yCTOMYMBOCTH TIOCKOW (OpMBI M3rHOa 3JIEMEHTOB TMOCTOSIHHOTO
JBYyTaBPOBOT'O HWJIM KOPOOYATOro CEYEHHMs CIEAYyEeT MPOM3BOAUTH B TEX CIIyyasx, KOrja



[,>7b, tne b — mmpuHa cxaToro mosica MOMEPEYHOro cedeHus. Pacder ciemyer
MIPOU3BOAUTH MO (hopmyJie:

W <R, e
¢ op 2

@ — K03 GUIIUEHT MPOI0JIBHOTO U3ruda CKaToro mosca,

Rc — pacueTHOe CONPOTUBIIEHUE CHKATHIO,

W;, — MOMEHT conpoTUBIeHUS OpPYyTTO, B ciy4yae aHEpHBIX CTEHOK — IPHUBEICHHBIII
MOMEHT COTNPOTUBJICHUS B TUIOCKOCTH M3TM0a 1eMEeHTa.

3. IIpoBepka HA CKAJBLIBAHNE IPH W3rude

Brimomnusercs no ¢popmyiie XKypaBckoro:
_Bg_ <R
I, b

Q — pacueTHas momnepevHas cuia;

l5» — MOMEHT HHEPLMK OPYTTO pacCMaTPUBAEMOIO CEUECHHUS;

Sep — cTaTUYecKMii MOMEHT OpyTTO CHIBHUIaeMOMl 4acTH CEeYeHHs] OTHOCHTEIHHO
HEUTpaIbHOM OCH;

b — mmmpuHa ceveHus;

R.« — pacueTHOe CONMPOTHUBJICHUE CKAJIBIBAaHUIO MpU M3rube (11 npeBecunbl | copra
R.=1,8 MIla nisg HexlieeHBIX dJIeMeHTOB, R.=1,6 MIla — mist KJIeeHBIX 3JI€MEHTOB BI0JIb
BOJIOKOH).

B Gankax npsMoyrojbHoro cedenus npu I/h>5 ckanpiBanus He MPOUCXOAUT, OTHAKO
OHO MOXXET OBITh B DJIEMEHTaX APYrux (GopM ceUeHUs, HAIIPUMED, B IBYTaBPOBBIX OaJIKax
C TOHKOM CTEHKOHM.

= ck , TIC

pacu

4. IIpoBepka M3rndoaeMbIx YJIEMEHTOB M0 MPOrudam

OmnpenensieTcss OTHOCUTENIbHBIN MPOTU0, 3HaUY€HUE KOTOPOTO HE JOJKHO MPEBHIIATH
MpEeIeNIbHOTO 3HaueHus, pernamentTupoBanHoro CHullowm:

F

Haubonpmmii mporu6 f mrapHupHO-0TIEpTHIX M KOHCOJBHBIX H3THO0AEMBIX JICMEHTOB
MTOCTOSTHHOTO U TIEPEMEHHOTO CEUYCHHSI CIICYET OMPEAeIATh 1Mo hopMyIie:

f
f:TO 1+C[Ii—]ﬁ] , e

fo — mporu6 Gayikw MOCTOSTHHOTO cedeHus Oe3 yueta nedopmanuii caBura (Hanpumep,
y _5q""
JUISl OTHOTIPOJIETHOM OaJIKu fo= 384 qE| ;

h — HanbobIIast BEICOTA CEUCHUS;

kK — ko3 (UIHMEeHT, yYUTHIBAIONIMIA MEPEMEHHOCTh BBICOTHI CEUCHHS, JUIS Oaiku
IIOCTOSIHHOTO ceyeHus K=1;

¢ — KO3 (PULUEHT, yUUTHIBAIOLIUHI 1ehopMaliiy CABUTa OT MONEPEYHON CHUIIBI.

3nauenust kodddurmentos K u ¢ npusenenst B CHull.

Kneensle KpUBOJIMHENHBIE 3JEMEHTHI, U3rH0aeMble MOMEHTOM M, yMEHBIIAOIINUM
UX KPUBHU3HY, CIEAYET MPOBEPATh AOMOIHUTENBHO HA paUalbHbIE PACTATHBAOLINE

HaIpsHKEHUs 1o Gpopmyie:
[o,+0;h;
——x<R
Or= 2r, P , TJE



00 — HOpMaJIbHBIE HANIPSKEHUS B KPAaHEM BOJIOKHE PACTSHYTOU 30HBI.

0i — HOPMaJIbHbIE HAIIPSIKEHHSI B IPOMEKYTOYHOM BOJIOKHE CEYEHUS I KOTOPOIo
ONPENEIIAOTCS PaAUaIbHbIE PACTATUBAKOIINE HAIIPSKCHUS;

hi — paccTosiHue MEXTy KpalHUMHU B PacCMaTPUBAaEMBbIMU BOJIOKHAMU;

i — paguyCc KpHUBU3HBI JIMHUH, MPOXOIAINEH 4Yepe3 LEHTP TKETCU DIIOPHI
HOPMAaJIbHBIX pACTATMBAIOIIMX HANPSDKCHUM, 3aKIIOYCHHOW MEXAy KpalHUMHU U
paccMaTpuBaeMbIMU BOJIOKHAMM.

Kocoii u3ruod

Bo3HuKaeT B DJJE€MEHTaX, OCH CEYEHUM KOTOPBIX pACIIOJIOKEHBl HAKIOHHO K
HaIIpaBJIECHUIO HAIPY30K, KaK HallpuMep, B OpycUyaThIX MPOTroHaX CKaTHBIX MOKPBITUH.

Ox=gsina,

Qy=gcosa;

M,=Msina.;

My=Mcosa.

BeprtukanbHas Harpyska
g 1 u3rubaroIme MOMEHTb M
IPU KOCOM M3rHO€ MO/ YoM
0 pacKiaJbpIBalOTCA  Ha
HOpMaJIbHYIO ((y) U CKaTHYIO
(0x) cocTasstrorIHe.

[TpoBepKy MPOYHOCTH TIPH KOCOM M3THOE IPOU3BOIAT 1O (hopMyJIe:

— X<
o=w, w,*Ru.

[Ton6op CEUEHHUM  KOcoM3rndaeMpIX
AJIEMEHTOB MPOU3BOAST METOJOM IOIBITOK.
Pacuer mo mporubGamM NpoOU3BOAST C YYETOM
reOMETPUYECKON CYMMBI MPOTHOOB
OTHOCHUTEIBHO KaXKIOH U3 OCEU CEUECHUS:

f_ LY [i]
| | 11

PacTsiHyTO-M3rudaemMbie 3J1eMEeHThbI

PaboTaroT 0THOBpEMEHHO Ha PACTsHKCHHE

n wmrud. Tak paborarT, HaIpUMED,

pacTSHYTBIA  HIWKHUKA  TOosic  (epMbl  C

MEKY3JI0BOM HAarpy3KOH; CTEPKHH, B KOTOPBIX

pacTATMBAIOIIME  yCWIMS  JIEUCTBYIOT  C

AKCLIEHTPUCUTETOM OTHOCHUTENILHO OCH (Takue

DIEMEHTHI Ha3bIBAIOT BHELICHTPEHHO-

pacTsHyThiMH). B cedeHMsIX pacTAHYTO-U3THOAEMOro »JJeMEHTa OT MPOAOCJILHOU
pactsaruBaromieid cuiabl N BOZHHKAIOT paBHOMEPHBIE PACTATUBAIOIIME HAIPSKEHUS, a OT
U3rudarolero MoMeHTa M — HamnpsbkeHus u3ruba. DTH HanpsHKEHUS CyMMHPYIOTCA,
Omaromapsi dYeMmy pacTATHBAIOIIAE HAMPSKEHUS YBEIWMYMBAIOTCSA, a COKUMAIONIUE



yMeHbIaTcs. Pacuer pacTsHyTO-M3ru6aeMbIx 3JIEMEHTOB MTPOU3BOAMUTCS 1O TPOYHOCTH
C Y4E€TOM BCEX OCJIa0JICHUN:

N MR, _ _
o=F U —m SR, Frues™Fm .

pacu pacy ' u

OtHomrenne Ry/R, mo3BONSET NMPUBECTH HANPSHKCHHS PACTSHKEHHSI W HM3TMOa K
€AMHOMY 3HAUEHUIO JIJISl CPABHEHUS UX C PACUETHBIM CONPOTUBIIEHUEM PACTSKEHUIO.

CxxaTo-n3rudoaeMpie 3JeMEHThI

PaboTatoT 0JHOBpEMEHHO Ha CXKaTUE
u m3rud. Tak paboraroT, HampuMmep,
BEpPXHHE coKaThie nosica bepm,
Harpy>KeHHbBIC JIOTIOJTHUTETHHO
ME)KY3JIOBOM ITONEPEYHON HArpy3KoH, a
TaK)Ke MPU SKCICHTPUYHOM TMPUIIOKEHUH
CKHMawImed  cuibl  (BHELEHTPEHHO-
CKaTbI€ JIEMEHTHI).

B ceuenusx cxkaro-u3rubdaeMoro
JJIEMEHTa  BO3HHUKAIOT  pPaBHOMEpHBIC
HAMPSHKEHUST CKATUSL OT MPOJIOJIBHBIX CHJI
N 1 HanpsDKeHHsS CKaTUS U PaCTSHKCHUS
OT U3rubarIero MoMmeHra M, KOoTopble

CYMMUPYIOTCS.
UckpuBnenne  cxaro-u3rubaeMoro
dJIEMEHTa IIOIIEPEYHOU Harpy3Kou
MPUBOJUT K MOSIBJICHUIO
JOTIOJITHUTEJILHOTO U3rH0ar0IIero MOMEHTa
c C MAKCHMAaJIbHbIM 3HAYEHUEM:
My=N-, rne

f — mporu6 snemeHTa.
Pacder Ha MPOYHOCTH CKATO-U3THOAEMBIX AJIEMEHTOB BBITIOJIHSIOT IO (hOpMYJIe:

N M, <
F DW <R

pacd pacu

, T1e

M, — n3rubaronuii MOMEHT 110 J1e(OPMHUPOBAHHOM CXEME OT JICUCTBHUS ITOMEPEUHBIX
Y MPOJOJIBHBIX HArPy30K.
Jlns mapHUPHO-OMEPTHIX JJEMEHTOB NMPH CHMMETPHYHBIX JIIIOpax H3THOAIONIINX

MOMCHTOB CMHYCOUJIAJIbHOTO, napa60m/1qe01<oro 1 OJIN3KUX K HUM oqepTaHHﬁ:

_M
Ma‘? , TIme

M — wsrubaromuii MOMEHT B PacdyeTHOM ce€ueHHMU Oe3 ydera OMOJHUTEITHLHOTO
MOMEHTA OT IPOJIOJIBLHON CHIIBI;

¢ — xodddunment, u3MeHsomuiics ot 1 1o 0, yYUTHIBAIOMINI JOTOIHUTEIHHBINA
MOMEHT OT TMPOJOJHHOW CHJIBI BCJICJCTBHE MPOTHOa 3JIEMEHTa, OMPEASISEMBIN I10
dbopmye:

=1
¢R Fg, » THE

@ — K03 dUIMEeHT TpOoA0abHOTO M3ruda (ko3 (OUIIMEHT yCTONYMBOCTH) AJIS CXKATHIX
AJIEMEHTOB.



Kpome mpoBepkn Ha TPOYHOCTH, CHKATO-U3OTHYTHIE DJIEMEHTHI MPOBEPSIOTCS Ha
YCTOWYHMBOCTD IO (hopmysie:
M
N o<1

K,
¢Rc F6p ¢w RUW6p » TS

F@'p — IJIo1maab 6p}ITTO C MaKCUMAaJIbHBIMHU pasMEpaMn CCUCHUSA 3JICMCHTA HAa YUAaCTKC

lo;
ng — MaKCHMaHLHLIﬁ MOMCHT COHpOTI/IBJ'IeHI/ISI Ha paCCManI/IBaCMOM yqaCTKe |p;

N=2 — g D»JIEMEHTOB 0€3 3aKpeIyieHUus pPAcTSHYTOH 30HBI M3 IUIOCKOCTH
nehopMHUpPOBaHUA,
N=1 — nns 2JIEeMEHTOB, UMEIOIIMX 3aKPEIUICHUs] B PACTAHYTOM 30HE M3 TIOCKOCTU
nehopMHUPOBAHUS;
@ — KO3(PPUIIUEHT YCTOMYMBOCTH JIJIsl CKATHS, ONPEAeIIsieMblii 110 hopmyJie:
A
12, Tae

A=3000 — mJy1s IpeBECHHBI,

A=2500 — nyia anepsr;

@n — KodPUIMeHT ycrounBoCcTH Il M3ruda, Gpopmyina Juisi ONpeAesieHusl 3TOTro
koa(pduirieHTa OblIa JaHA paHbIIIE.



Jlexkmmst Ne3
COEAMHEHUS TEPEBAHHBIX DJIEMEHTOB

§ 1. Tunbl coexuHeHuUi

Pa3smepsl niecomatrepuanoB (IJIMHA U CEUYEHHUs) OTPAHUYEHBI, TOATOMY OTIEIHHO
OHM MOTYT OBITh MPUMEHEHBI TOJHLKO B BHIE CTOCK M 0ajJOK HEBBICOKOW HECyIIeH
criocoOHocTu. {51 co3manus OONBIIMHCTBA CTPOUTEIBHBIX KOHCTPYKIHI JEpPEBIHHBIC
AJIEMEHTHI JOJDKHBI OBITh TPOYHO M HAAECKHO COCAMHEHBI MEXIy coOoi. [Ipu momomu

COCAMHEHUN DSl PJIEMEHTOB COEIUHAETCS MO JJIMHE — CPAIUBAETCSA, MO HIUPUHE —
CIIJIAYUBAETCS, CBA3BIBACTCS IMOJ YIJIOM y3JaMd M MPUKPEIUIIETCS K ornopaMm —
aHKepyeTcsl.

CoenuHeHust SBISIIOTCS HamOoJiee OTBETCTBEHHBIMHM JCTAISIMU  JIEPEBSHHBIX
KOHCTpYKIMU. [Ipy M3rOoTOBIEHHMM MHOTMX COEOUHEHUN B JJIEMEHTAaX KOHCTPYKIIMH
JenaloT OTBEPCTUS M BPE3KH, OCHAOJSAIONIME HMX CEUEeHHS M TOBBIIIAIOIINE HUX
nepopmatuBHOoCTh.  PaspyiieHne  nepeBSHHBIX  KOHCTPYKIMM  HAuMHAETCS B
OOJIBIIIMHCTBE CIy4aeB B coenuHeHusX. JlehOpMaTUBHOCTBIO COCTUHEHUN OO0BSCHIIOTCS
MOBBIIICHHBIE TPOTUOBI JAEPEBSIHHBIX KOHCTPYKUMM. TakuM oOpa3om, OT MPaBUIBLHOIO
pellieHus], pacyeTa U U3TOTOBJICHUSI COSTMHEHUMN 3aBUCSIT IPOUYHOCTh U J1€(hOPMATUBHOCTD
KOHCTPYKIIMH B LIEJIOM.

AHUM30TpOIIUS CTPOCHMS, Majas MPOYHOCTh JPEBECHUHBI TMPHU CKaJblBaHUU,
PACTSKEHUU MOMEPEK BOJOKOH U CMATHH SIBJSIOTCS MPUYUHON OOJIBIION CIOKHOCTU U
MHOT000pa3usi COEIUHEHUI KOHCTPYKIIUMA U3 JIepeBa.

Haubonee mnpocto M HAAEKHO pEHIAIOTCS KOHCTPYKIHUHM COCTUHEHHM CHKATBIX
NEPEBSIHHBIX JJIEMEHTOB, B KOTOPBIX YCHJIMS [MEPENAIOTCS HEMOCPEACTBEHHO OT
AJIEMEHTa, K DJIEMEHTY U He TpeOyeTcsl chenuaibHbIX paboumx cBszeil. boiee crmoxxHO
peralTcsi COSAMHEHUsS M3ru0aeMbIX 3JIEMEHTOB, B KOTOPBIX JJISi Mepedayd yCHIINH
TpebytoTcs paboyue CBSI3M.

Hawubonee crnoxHO pemaroTcsi COSAUHEHHUS PACTAHYTBHIX DJJIEMEHTOB. B HuX
MMEETCSl OMACHOCTh XPYIKOTO pa3pylIeHUs JIPEBECUHBI MO OCIA0JICHHBIM CEUYCHUSIM, a
TaK)K€ B pe3yJbTaTe CKaJbIBaHUSI U PACTSHKEHUsI Tomepek BOJOKOH. [IpumeneHue B
COCAMHEHUSIX PACTSIHYTHIX 3JEMEHTOB MOAATIMBO palOTarOMUX CBsA3€H yMEHbBIIAET
OMAaCHOCTh WX Xpynkoro paspymieHus. CI0XHOCTh COEIUHEHHUS PaCTIHYTHIX
JIEPEBSHHBIX JIEMEHTOB MPUBOJIUT UX B PsAJI€ KOHCTPYKIHUM K 3aMEHE METAJIINYE CKUMHU.

[To xapakTepy pabOThI BCE OCHOBHBIC COSAUHECHUS EPEBIHHBIX KOHCTPYKIIHI
MOTYT OBITH Pa3ACiCHbBI Ha CICAYIONINE TPYIIITHI:

a) coeqMHEHUS 0€3 CIennaNbHbBIX CBsI3eH, TPEOyIOMMX pacyeTa, — YIOPHI U
BpyOKHU;

0) coeTMHEHUS CO CBA3AMU, paOOTAIOIMMH Ha C)KAaTHE,— IIIOHKAMHU H
KOJIOJIKaMH;

B) COCJIMHEHMS CO CBA3SIMH, pabOTAIONIMMH Ha U3THO, — HareasaMu-00JITaMu,
ITHIPSIMU, TBO3ISIMH, BUHTAMH, ASPECBIHHBIMH IJIACTHHKAMH U IITHIPSIMH;

I') COCIMHCHUS CO CBA3SIMH, pabOTAIOIIMMH Ha pacTsKeHue, — O0JITaMH,
rBO3JSIMU, BUHTAMHU U XOMYTaMHU;

J1) COEIMHEHUSI CO CBSA3SIMU, PAOOTAIOIIMMU HA CABUT, — KJICEBBIMU IIIBAMH.
B cBsi3u ¢ TeM 4TO OJHU U T€ K€ CBA3U BXOJAT B Pa3HbIC TPYIIbI, yI00HO U3ydaTh
COCIMHEHUS JIEPEBSIHHBIX KOHCTPYKIIMA B CIEAYIOIIEM TMOPSIKE: COenuHeHus 0e3



CIICLIMAJIbHBIX CBS3€H, C JIEPEBAHHBIMHU CBA3SIMH, C METAJUNIMYECKUMHU CBA3SAMU, C
KJIEEBBIMU CBSI3SIMH.

KrneeBble coemuHeHus, Hanboiee MPOTPECCHUBHBIE W TEXHOJIOTHYHBIC, SIBIISIOTCS
OCHOBHBIMH COCIMHECHHUSIMM 3JIEMEHTOB IMPHU 3aBOJCKOM M3TOTOBJICHUU JCPEBIHHBIX
KoHCTpykuii. CoenHEHUs, HE TPEOYIOIMHKE CIEeIUATBHBIX CBS3eH (YImopsl U BPYyOKH),
MPUMEHSIOTCS TJaBHBIM 00pa3oM TMpH TOCTPOCUYHOM, H3TOTOBIICHUHU JIEPEBSHHBIX
KOHCTPYKIMW. MeTammueckue COEAUHEHUS SIBIISIFOTCA YHUBEPCAIBHBIMU WM IIUPOKO
MCMOJIB3YIOTCA MPU 000UX OCHOBHBIX METOJIaX U3TOTOBJICHUS JIEPEBSIHHBIX KOHCTPYKIIUM.
CoennHeHUs] C JIEPEBSHHBIMU CBS3SMH SIBJISIIOTCS YCTApPEJBIMU THUIIAMHU COCIUHEHUH,
TpeOYIOUMMH 3HAYUTENBHBIX 3aTpaT pydHOro Tpyaa. OHM TPUMEHSIOTCS PEAKO U
TOJIBKO MPU MOCTPOECYHOM U3TOTOBIIEHUH AEPEBSIHHBIX KOHCTPYKIHUA.

Bce coenmHeHus NEpEBSHHBIX KOHCTPYKUHMH SABJISAIOTCS IMOJATIMBBIMH, 34
UCKIIIOUeHUEM KiieeBbIX. Jledopmariuu B HUX 00Opa3yroTcsi B pe3yiabTaTe HEMJIOTHOCTEH,
BO3HUKAIOIIUX MPHU U3TOTOBICHUHU, OT YCYHUIKM M CMSTHUS JPEBECUHBI, OCOOECHHO
MOTIEPEK BOJIOKOH M u3ruba cBszed. Bemunumna stux gedopmanuii npu JiIUTEILHOM
NEUCTBUU PACUETHBIX HATrPY30K B COCAMHEHUSIX, TJI€ JpeBeCHMHa paldOTaeT Momepek
BOJIOKOH, IPUHUMAETCS paBHOM 3 MM, a BO BCeX Apyrux ciaydasax— 1,5—2 mMm.

B OosibmMHCTBE COENMHEHUM JEpPEBSHHBIX KOHCTPYKIMNA, KpPOME KIIEEBBIX, B
pe3ysibTaTe NEUCTBUS CXKUMAIONIUX YCUIUMNU WIM HadyallbHOTO 00XHMa, HalpUMEp MpU
MMOCTAHOBKE OO0JITOB, BO3HUKAIOT MEXAY COCIUHSEMBIMU JJIEMEHTAMHU CHUJIbI TPEHHS,
KOTOPBIE YMEHBIIAIOT YCUJUS B CB3sAX. OJHAKO 3TU CUJIbI B PE3YJbTATE BO3MOMXKHOMN
3HAKOMEPEMEHHOCTH YCUJIUW, VYCYIIKH JPEBECHHBl U OCHa0JeHUs HavYaIbHBIX
HATSKEHUH CBSI3€ MOTYT CHU3UTHCS JI0 HYJISI U MO3TOMY PAacu€TOM HE YUUTHIBAKOTCS.
OHM  Y4YWTBIBAIOTCA  TOJIBKO TMPHU  KPAaTKOBPEMEHHOM  JICMCTBUM  CKATUS  C
kodddurmentamu TpeHus miactu no miactu 0,2, Topua no miactd 0,3 U Korjga OHH
BBI3BIBAIOT JIOMOJIHUTEIbHbBIC HAMPSDKEHUs ¢ KoddurimenTom Tpenus 0,6.

Pacuer coeaumHeHMiIl JOEpPEBSIHHBIX KOHCTPYKUMW N0 MPOYHOCTH MPOU3BOIAT Ha
OCHOBE METOJIMKH, U3JIOKSHHOM B Il 4.

§ 2. Coennnenus 0e3 cnenuaIbLHbIX CBA3EH

CoenvHeHUs1 3JIEMEHTOB, B KOTOPBIX JACHCTBYIOT HE3HAUUTEIbHBIE YCUIIUS WIIU
YCUJIUS MEPENATCs HEMOCPEACTBEHHO OT OJHOTO 3JIEMEHTa K APYroMy, HE TpeOYyIOT
CIEMAJbHBIX CBS3€H, MOJJEk)amuX pacdeTy. K TakuM COEAMHEHUSIM OTHOCATCS
KOHCTPYKTHUBHBIE BPYOKH, JJOOOBBIE YIIOPHI U JIOOOBBIE BPYOKH.

KoncrpykTuBHble BpyOkm (puc. 1) SBISIOTCS COEOUHEHUSIMH, B KOTOPBIX
BO3HUKAIOT YCHJIMSI HAMHOTO MEHbIIIE UX HeCcylleld CIOCOOHOCTH, U OHU HE HYKIAIOTCS
B pacuere. B 1epeBSIHHBIX KOHCTPYKIUSX HauOoybliee MPUMEHEHHE HAaXOMAST
KOHCTPYKTHUBHbBIE COEIUHEHUS B YETBEPTh, B IIYHT, B MOJIJIEpEBA U KOCOU MpUPYO.



Pucynok 1 - KoncTpykTrBHbBIE BPYyOKH:
a - BpyOKa B moJzepeBa; 0 - Kocoil mpupy0; B - COSINHCHHS B YETBEPTH; &
- COeIMHCHUS B IIIYHT; - COCAUHSEMBIC 3JICMEHTHI; 2 - CTSHKHBIC OOJTHI

Coedunenue 6 uemsepms NPEACTABIAECT COOOM CIUIAYMBAHUE TOCOK KPOMKAaMH IO
IIMPUHE, JUIS Yero B HUX BBIPE3AIOTCS OJHOCTOPOHHHE Ma3bl ITyOMHOH, HECKOJBKO
0oJpIIEH MOJOBUHBI TOJIIMHBI, B KOTOPbIE BXOAAT 00pa30BaBLIMECS BBICTYIIBI KPOMOK
COCEHUX JTOCOK. OOIIMBKM CTE€H U3 JOCOK, COEAMHEHHBIX B YETBEPTh, MPEMATCTBYIOT
NPOJyBaHUIO CTEH M IPOHUKHOBEHHIO aTMoc(epHbIX ocagkoB. CocpenoToYeHHBIE
Harpy3Ku B TaKUX OOIIMBKAaX paclpe/iessitoTCcsl Ha JIBE€ COCEAHUE JJOCKHU.

Pucynok 2 - Jlo6oBbIe ynopsI:
a - IPOJIOJIbHEIE; O - ITOTIEpeYHbIe; B - HAKIOHHBIE,
1 - crspxHOM OonT; 2 - y3110BOE KpeluleHHe; 3 - o1opa; 4 -IThIph



Coedunenue 6 wnywm TPEICTABISAET COOOM CIJIAaYMBaHUS JOCOK WM OpyCheB
KpOMKaMHU, B OJJHOM M3 KOTOPBIX BBIPE3aHbl JBYCTOPOHHME IMa3bl, B JAPYrol - 0OuUH
cpednut ma3 (IIIyHT), PaBHBIM TPUMEPHO Y3 TOJIIMHBI, B KOTOPBIA BXOJUT
oOpa3zoBaBmuiics BRICTYI (TpeOeHb) cocenHeil qocku. HacTuibl u3 M10COK, COCAMHCHBI B
IIIYHT, TPEMATCTBYIOT MPOCHIMTAHUIO 3aCHITIOK, U COCPEIOTOUYCHHBIE HArpy3KH Ha HUX
pacupeaessiioTcs Ha PsiJl COCEHUX JTIOCOK.

Bpybra 6 nondepesa mpencraBiseT coOOM COCAUHEHHE KOHIIOB OPYChEB HIIH
OpeBeH ¢ Bpe3KaMH JI0 MOJIOBHHBI TOJIIUHBI O] YTIIOM B OJHOW IJIOCKOCTH, CTSHYTHIX
KOHCTPYKTUBHBIM 00iTOM. Tak COCIMHSIIOTCS, HampuMep, KOHIbI CTPONMMIBHBIX HOT B
KOHBKE KpBIIIL

Kocou npupy6 mnpexactaBiseT co00il MpoA0JIbHOE cpaliuBaHue OpyCbeB WU
OpeBeH KOHIIaMU, B KOTOPBIX CJeJaHbl OJHOCTOPOHHUE HAKJIOHHBIC BPE3KU JUIMHOM,
PaBHOM yJBOEHHOM BBICOTE ceueHus, ¢ Topiamu, paBHbIMH 0,15 BbicoThl ceuenusi. Kocwie
npupyObl CTATUBAIOTCS KOHCTPYKTUBHBIMU OOJNTaMU WM MPUMEHSIIOTCS JJI1 COSUHEHUS
IPOTOHOB U 0aJIOK IO JJIHHE.

JloGoBble ymopbl (puc. 2) SBISAIOTCA HamOoJee MPOCTHIMU M HaJCKHBIMU
COCTMHEHUSMH, PUMEHSICMBIMHU B OOJIBIIMHCTBE BUIOB JICPEBIHHBIX KOHCTPYKITUN 15
KpEIJICHHSI CXKaThlX cTepkHed. OHW paboTalOT M PaCCUMTHIBAIOTCA Ha CMSTHEC,
BO3HHMKAIOIIEEC B HUX OT JCHUCTBUS CKUMawiux ycuiauid. Ha pacTtsxeHue oHuU
pabotath He MoryT. JIoOOBBIE ymopsl OBIBAIOT MPOJOJBHBIMHU, MOMNEPEYHBIMU H
HaKJIOHHBIMH.

IIpooonvubiii 1060601 ynop - 3TO COSTUHEHUE OOpPE3aHHOTO MOJ MPSIMBIM YIJIOM
KOHI[A CXKATOT0 CTEPKHS C OMOPOH, AuadparMoil y3iia Uid Topiia APYyroro Takoro ke
CTEpX HS B CXAaTOM CThike. B CcTbIke yImop TmepeKphIBaeTcsi KOHCTPYKTHUBHO
JIByCTOPOHHUMHM HAKIIaJKaMM TOJIIMHON He MEHee 1/, TONIMHBI CTEPKHEH M IIMHON
HE MEHEe TpeX BBICOT ceueHUi Ha Oonrtax. B mpomoiasHOM 1060BOM ymope JpeBecruHa
paboTaeT Ha CMSITHE BJOJb BOJIOKOH W HMEET HaumboJiee BBICOKOE pacyeTHOE
conmpoTuBicHHe. B  OOJBIIMHCTBE CIly4aeB HANPSOKCHHWS CMSTHS  JTOCTUTAIOT
3HAYUTEJIbHOW BEIMUUHBI U TPEOYIOT poBepKH 1o popmyiie (5.15) Toapko B ynopax, rie
Ha cMsTHE PabOoTaeT TOJIBKO YaCTh IUIOMIAIN TOPIIA.

Ilonepeunwiii 1060601 ynop - 3T0 COEAMHEHUE JIBYX CTEPKHEH MOJ MPSAMBIM YTIJIOM,
KOT/Ia TOpeIl CXKATOTO CTEpPKHSA YMNUpaeTcs B IJIACTh APYroro M 3aKperuisieTcs
KOHCTPYKTUBHBIMH Hakjagkamu Ha Oositax. Tak, Hampumep, COCTUHSIOTCS CTOWKH C
BEpXHUMH M HIDKHUMH dJIEMEHTAMHM Kapkaca. B 3ToM coequHEeHWHU ApeBecHHA TopIlia
paboTaeT Ha CMSTHE BJOJIb BOJIOKOH, a JpEBECHHA IIJIACTH - TIOMEPEK BOJIOKOH.
CoenuHeHNE pPACCUUTHIBACTCS TOJIBKO 10 MEHBIIEH TMPOYHOCTU JIPEBECUHBI TIPH
MECTHOM CMSITUH MOTIEPEK BOJIOKOH 10 popMmyam (5.13) u (5.15) B nopske.

Haxknounotti 1060601 ynop mnpencTaBisieT COO0OH COSIMHEHHE JBYX CXKATBIX
CTEp >KHEH Mo yriioM MeHbIne npsmoro. [Ipu 3ToM KoHEll 0JHOTO U3 HUX 00pa3yeTcs
MO/ MPSIMBIM yTJIOM. Tak, HampuMep, COSTUHSIOTCS TOJIKOCHI C PUTEISIMUA B TIOJIKOCHBIX
KOHCTPYKIUAX. B 3TOM COCAMHEHWH TUIOMIAb, TJIC€ CMATHE MPOUCXOIUT IOJ YIJIOM K
BOJIOKHAM JPEBECHHBI, UMEET MECHBIIEE CONMPOTHBICHUE CMATHIO W JOJDKHA OBITh
MpOBEpEHA MO MPOYHOCTH MpHU 00IEeM cMATUHM NoJ yriom mno ¢opmynam (5.14) u
(5.15). Dopmyna (5.14) moxer OBITH YHOpOIIEHA TMYTEM IMOJCTAHOBKU 3HAUYCHUUN
pPacyYEeTHBIX CONMPOTUBJICHUN CMATHUIO BIOJb U MOMEPEK BOJOKOH:

Row = = 3 (l)
1+6,22-sin°
Jlo6oBast BpyOKa ¢ OTHUM 3yOOM SIBIIIETCS MPOCTHIM B H3TOTOBJICHUU COCTUHECHUEM




IBYX cTepkHed yriaoM. OHa MpHUMEHSIETCS TJaBHBIM 00pa3oM Il COCIMHEHUS
CTEpI)KHEH MaJompoJIETHBIX JI€PM W MOJAKOCHBIX CHCTEM B y3jaxX MPHU UX MOCTPOCUHOM
W3TOTOBJICHUH, TPUYEM OJWH W3 BpyOaeMblld, MOKEH OBITh 0053aTeIbHO CXKarT.
I[IpumepoMm 71000BOIi BpYOKHM SBISETCS OIOPHBIM y3€l TPEyroabHOH OpycdaToi
MaJIonpoJIeTHOM (pepMsl (puc. 3).

Pucynok 3 - JIo6oBasi BpyOKa:
1 — aBapwmiiHblii 60JT; 2 — BpyOaeMblii 3JIeMeHT; 3 —OIIOPHBIH dJIeMEeHT; 4
— IBO31H; 5 — mojbanka; 6 —onopHas MoAKIaaKa

BpyOaeMpblii cTep>KeHb BEPXHEro mosca (pepMbl 4acTbi0 OOPE3aHHOTO MO/ MPSMbIM
YIJIOM U CPE3aHHOTO CHU3Y KOHIIA «3y0OM» BBOJUTCS BO BPE3Ky B CTEPIKHE HIDKHETO
rosica ¥ ynupaercs B €e pabodyro MOBEPXHOCTh. Y 3KUU

KIMHOBUIHBIM  3a30p  HMCKIIOYAEeT  HEeXeJaTellbHOe  CkaThe  Hepaboumx
nosepxHocTell BpyOku. ['myOuna spyOku hy, 1omkHa ObITE He Gonee /3, a paccTosHUE OT
ee BEpIIUHBI JI0 KOHI[Aa HWKHero mosica |, - He MeHee 1,5 BBICOTHI ero cedeHus h s
MOJIyYSHUS JOCTATOYHBIX TIJIOMIAJIEH PACTSIKEHUS U CKaJlbiBaHUs. BpyOka momxkHa OBITH
IIEHTPUPOBAaHA MO OCSIM OIOPBI, BEPXHEro Mosica M OCIa0JICHHOTO BPYOKO# ceueHus
HIDKHETO T0sICa, ISl TOTO YTOOBI B 3TOM CEYEHUHU HE BOZHUKIIO KPOME PACTSIKEHUS €IIIE U
u3ruba OT DJKCICHTPHUCHUTETAa pacTATHBaIIero ycwins. BpyOka craruBaeTcs
JOTIOJIHATENIbHO HAKJIOHHBIM ~ OOJITOM, TIEPIEHAUKYJISAPHBIM BEpPXHEMY TOSCY U
Ha3bIBaeMbIM aBapuiiHBIM. OH TIPEMSTCTBYET PACXOXICHUI0 CTEp)KHEH B TpoIecce
MOHTaxa (epMbl B Ciydae BO3HMKHOBCHHUS B BEpXHEM Tmosice pacTsbkeHus. llpu
pa3pylieHud BpYyOKM OT CKaJbIBaHUS aBapUUHBIM OOJIT BKJIIOYaeTCs B paboOTy U
MpeaoTBpaliaeT OMaCHOCTh BHe3amHOro oOpymieHus ¢epmbl. OmnopHasi mnojgOanka,
npuOrBaeMasi TBO3ASIMH, IPEIOXPAHACT HUKHUM MOSC OT MECTHOTO CMSATHUS Ha OMOpE U
HEOOXOJIMMOCTH YCTPOIMCTBA B HEM OCJAOJISIONIEH ero Bpe3Ku s 1ail0bl aBapuUHOTO
oouita.

JloboBasi BpyOka paboTaeT W pacCUUTHIBACTCS Ha CMSITHE OT JEWCTBUS
CKUMAIoIEro ycwims BO Bpybaemom crtepkHe N U CKanblBaHWE OT JACHCTBUS
TOPU3OHTAILHON TPOEKIIMU 3ITOr0 ycwius 1, paBHOTO PACTITHBAIONIEMY YCHIIHIO B
HIDKHEM 1osice (GepMBl.

Cmamue Opegecunvl. OT aelicTBUs coxumaromiero ycuiauss N mo miomanu ymnopa
TOpIIa CXKATOTO CTEPKHS B PabOYyI0 TMOBEPXHOCTh BPE3KH PACTSIHYTOTO BO3HUKAIOT



paBHOMEpHBIC HANPsDKEHUs CMITHSL o . [lmomanp cMmaTust F onpenensitor B 3aBUCUMOCTH
oT mIyOuHBl BpyOKH hgp, yIila HAKJIOHA CHKATOTO CTEPXKHS a M IMIUPUHBI BpyOku b,
KOoTopasi B OpyChsiX paBHA IIMPUHE CEUYCHHS, a B OpeBHaxX auameTpoM O HaXomAT W3
Boipakernss b=2/h (e—h ). CoOTBeTCTBEHHO IUIOIIA/AL CMSTHA paBHA BO BpyOKax
0,71bh,
cosa
PacueT mpou3BOMAT TO MPOYHOCTH padodeid IUIOMAAU BPE3KH TPH MECTHOM
CMSTUU TIOJ YTJIOM K BOJIOKHAM PAacCTSHYTOTO CTEpXKHSA « . PacdueTHOe CONMpOTHBIICHHUE
MECTHOMY CMSITHIO TOJ yTJIOM K BOJOKHAM BBHAY MaJlOM JJIMHBI TJIOMIATU CMATHS H
3HAUYUTENBHOTO TMOJACPKUBAIONIETO JEUCTBUS COCEIHHX YYacTKOB JAPEBECHHBI
omnpenensaror nmo Gopmyrne (5.14) ¢ ydeToM MOBBIIIEHHOTO KO3 (UIIMEHTA YCIOBHUI

bh
OpycheB F = —"-; Bo BpyOkax OpeBeH F =
cosa

pa6oter M, =1,65:

13
R, =165-18 =3MII. R.,,= .
cm90 a u cna 1 + 3,22 .sin 3 a (2)

[IpoBepky NHpPOYHOCTH JIOOOBOM BPYOKH IMPHU MECTHOM CMSATHH IPOU3BOIAT 10
dbopmyne (5.15). Ilo aToit xe dopmyle, NMEpPEeNUCAaHHOW OTHOCHTEIBHO CHKHUMAFOIIETO
yerns N, onpenenstoT HECYITy0 CIOCOOHOCTh BPYOKH 110 CMSATHIO JPEBECHHEI.

Cranvisanue opesecurvi. OT NEUCTBHUSA CKAJIBIBAIOIINX YCHJIMKU 1 BAOJH BOJIOKOH
JIPEBECUHBI 110 IUIOMIAAM CKalbIBaHUsA F paBHOI "TIpOM3BEACHUIO IMPUHEI BpyOku b Ha
JUIMHY CKajbIBaHUSA |, BO3HHMKAIOT CKallbIBAIOIHE HANpsoKeHHs . [lauMHa mjomagu
cKkanabiBaHus |, paBHA PacCTOSHUIO OT HUIKHEH TOUKH BPYOKH 0 KOHIIA PacTSHYTOI'O
CTEPIKHSI, HO YUHUTHIBAeTCs He OoJiee AIMHEI, paBHOU 10 rimyounam BpyOku hy, (cMm. 1. 5).

HanpsokeHus ckalblBaHUSI 7 pacupeieNstoTcsl MO JJIWHE IUIOMIAJAN CKaJbIBaHUS
0COOCHHO HEPaBHOMEPHO, TaK KaK CHJIbI CKaJIBIBAHHUS JCHCTBYIOT C OJHON CTOPOHBI OT
TJTOIIAM CKaJbIBAHUS U JOCTUTAIOT MakcUMyMa 013 BpyOku. HampsikeHus ke oTpbiBa
371€Ch HECKOJBbKO CHMXXAIOTCS B PE3yJIbTAaTe MPHAKKHMA, CO3JaBa€MOT0 BEPTHUKAJIbHOM
COCTaBJISIIOILEH YCUIIUS CXKATHS.

PacyeT mpou3BOAAT MO MPOYHOCTH MPH CKAJIBIBAHUM IO CPEAHUM 3HAYCHUSIM

(V) Cj
CKaJIbIBAIONINX HANpPSKEHWil. PacueTHOe cpeiHee CONMPOTHBICHHE CKAIBIBAHHIO R
onpenenstor mo Gopmyie (5.17), rae npuHuMaeTcs KodhPUIMEeHT £ =2,25, a TJIe4Y0 Haphbl

crn ckansBanns € =090, Tlpn ydere mimMHBI TUTOmaMM CKalbIBaHWS, paBHOI He Goiee
JBOWHOM BBICOTBI CEYCHHUS PACTSHYTOTO CTEPXKHS, pa3peliaeTcss MPUHUMATh PacueTHOE
CpemHee CONPOTHBICHHE CKajbiBanuio paBHeIM R =12MIla.  JloGoByio BpyOKy

MIPOBEPSIIOT 1O MPOYHOCTH Ha cKasibiBanue mo dopmyie (5.18). [1o aToit xe Gopmyie, HO
OTHOCUTEJIFHO CKaJIBIBAIOIIUX YCWIHK 7 MOXHO OMPENENTUTh HECYIIYI0 CIOCOOHOCTH
BPYOKHM 1O CKaJIBIBAHUIO.

JloGoBasi BpyOka c JIByMsl 3yObSMH OTJIMYAETCS TEM, YTO CIXKATBhIH CTEPKEHb
BpyOaeTcs B Apyrov IByMmsi 3yObsiMU, B pe3yjibTaTe 4ero BO BpyOKe oOpasyeTcs IBe
TIJIOTIAU CMSITUSI U CKaJbIBaHUA. JTa BpyOKa sABIsIeTCS 060Jiee CIOKHOM, TPYyT0EMKON 1
TpeOyeT MOBHIINIEHHONW TOYHOCTH M3TOTOBIICHHS ISl 00ECIeueHUs] COBMECTHOM pabOThI
Bcex paboumx momaned. Takas BpyOka MPUMEHSETCS B HEKOTOPBIX CIIydasx JJis
COEIMHEHUS CTep>KHEH noJ1 yriioM 45° u 6oiiee.

CoennHeHUs C JepPeBIHHBIMU CBSI3SIMH SBJISIOTCS TPYJAOCMKUMH M YCTApEBITUMU
COCJIMHECHUSIMU TOCTPOCUYHOTO M3TOTOBJICHUSA. CBS3sIMU CHyXaT 3/1eCh HEOOJIbIINE
JnepeBsHHbIC BKIAAbIINA. OHHM TUIOTHO BCTaBJISIIOTCS B COOTBETCTBYIOIIME OTBEPCTHS B



COEJIMHSIEMBIX 3JJIeMEHTax - OpeBHAX WU OpYyChsIX - MU OOECIEYMBAIOT UX COBMECTHYIO
paboTy Ha u3rub, BocmpuHUMAs casurawmomme ycuiausa. CoeauHeHHs ObIBAIOT Ha
IIMOHKAX, JIACTUHKAX U IITHIPSX.

CoenuHeHUsT HA MIMOHKAX BBITIOJHAIOT TMPH TMOMOIIM OpYCKOB - IIMOHOK WIIH
KOJIOJIOK, KOTOPBIE pa0OTalOT Ha CMITHE M CKaJbIBAaHWE W CO3JAIOT MOTIEPEUHBINA PaCIIop
AJIEMEHTOB, BOCIPUHUMAaeMbIil OonTtamu. CoeMHEHHS] HA TJIACTUHKAX BBIMOJHSIOT MPU
MOMOIIY AyOOBBIX IUIACTUHOK (TUTACTUHYATHIX HATEJIEH ), KOTOPhIE pabOTaOT Ha U3THO
U CMATHE APEBECUHBI U HE CO3/IaI0T mornepeyHoro pacnopa. CoequHEHUs Ha MITHIPSAX
BBITIOJIHSIOT TPU TOMOIIM TyOOBBIX IITHIpEH (IyOOBBIX Harenei), KOTOPBHIE TOXKE
paboTaroT Ha U3rub U cmsATHE O€3 MOMEePEYHOro pacropa.

OTH COEOWHEHUA TPUMEHSIOTCS B HEKOTOPBIX BPEMEHHBIX JEPEBSHHBIX
KOHCTPYKITUSX U THAPOTEXHUYECKOM CTPOUTEIHCTBE.

§ 3. CoenuHeHus €O CTAIBLHBIMHU CBA3SIMH

Pucynok 4 - PactsaHyTblie 60JTHI:
a - obmmit Bux; O - cxeMa paboThI 00NTa U IPEBECHHBL; 6 - CXeMa

paboThl maitbsr; 1 - raiika; 2 - cTepkeHp; 3 - TOJI0BKa; 4 - maiiba;
5 - COCAUHSAEMBIC DJIEMEHTHI

CoenuHeHusl, B KOTOPBIX YCHJIMSI OTCYTCTBYIOT WJIM JEWCTBYIOT pacTSATUBAIOIIUE,
C)KMMAIOIIME WJIM CJBUTAIONIME CUJIbI, YCIEUIHO PEIIAIOTCS MPH MOMOIIM CTalbHbBIX
cBsa3eil. B umnciio 3TmX cBsized BXOASAT OONTHI, CTEPKHU, T'BO3IU, BHUHTHI, KOT'TEBBIC
maniObl, XOMYTbl U HEKOTOpPBIC Jpyrue CBA3W. CTalbHBIC CBA3M B 3aBUCUMOCTH OT
XapakTepa uX paboThl MOTYT BXOJUTh B COCTaB CTSKHBIX, PACTSIHYTHIX WJIM U3THOAEMBbIX
- HareJbHbIX coeAuHeHu. OHU SABJISIIOTCS HanOoJiee YHUBEPCATbHBIMU U MPUMEHSIIOTCS
KaKk TpH 3aBOJCKOM, TaK M MOCTPOCYHOM H3TOTOBJIECHUM JIEPEBSHHBIX KOHCTPYKIIUH.
Haubosee pacnpocTpaHEHHBIMU CTaJIbHBIMU CBSI3SIMU SIBJISTFOTCSI OOJITHI U TBO3IH.

BoatoBbie  coenumHenusi.  boatet (puc. 4)  OpenCTaBASIOT  cOOOM
CTaHJApTU30BaHHbIC W3JACIUS U3 CTpouTeabHOM crTamu Mapku (C38/23. bonaThl,
MIPUMEHSIEMbIE B OOJIBIIIMHCTBE JIEPEBSIHHBIX KOHCTPYKIIUM, HA3bIBAIOTCS YEPHBIMH U
M3TOTOBIIAIOTCS 0e3 TouHOH 00paboTku. OHHM OTJIMYAOTCS 3HAYMTEIBHON JTMHOM,
COOTBETCTBYIOIIEH KPYMHBIM CCUCHUSM JICPEBSIHHBIX DJJICMCHTOB, U CHA0XarOTCA
OOJIBIIMMH KBaJIpaTHBIMU Iaii0amMu, HEOOXOJAMMBIMH ISl pacHpeAciICHUsS YCUIIUS B
0oJITe Ha JOCTAaTOYHYIO ILIOMIAb APeBeCUHBI. PazMepnl ceueHuit 60ITOB MPUBEICHBI B
npunoxeanu V. Haubonpiiee pacnpocTpaHeHne MOMydusid O0NTh quamerpoMm 12, 16 u



20 MM.

Jns moctaHOBKH OOJITOB B COEUHSIEMBIX 3JIEMEHTAaX MPOCBEPIUBAIOT OTBEPCTHS
TaKOTO ke AuaMeTpa, Kak u 0our. [[7s Hame:KHOTO COBMAACHUSI OTBEPCTUH TIPH COOpKE
KOHCTPYKIIMI CBEpPJUTh OTBEPCTHUS CJEAyeT OJHUM MPOXOJOM CBepJia uepe3
COCMHSEMBbIE DJIEMEHTHl WJIM B OTACIBHBIX JJIEMEHTax mo ImmabioHaMm. bonaToBbie
COEMHEHUSI OBIBAIOT CO CTSHKHBIMH, PACTIHYTHIMU U H3TH0aeMBbIMHU OOJITAMH.

Coedunenuss co cmsadCHbIMU Oonmamu CIyXaT JJid TUIOTHOTO COEIUHEHUS
OTIIETBHBIX JJIEMEHTOB TPH WX TMOMEPEYHOM CIUTAaYMBAHUU M B HEKOTOPHBIX Y3JIax
KOHCTPYKIMI. B HUX MOTYT BO3HUKATh JINIIb HE3HAYUTEIBHBIC YCUIIUS, U pacueT UX HE
TpeOyercs. CeueHHs CTSKHBIX OOJITOB YCTAHABIMBAIOTCS II0 KOHCTPYKTHBHBIM
cooOpaxkenuaM. J[mamerp GOJITOB HE HOIDKEH OBITH MeHbIIE 12 MM M MeHbIIE /oo 00mei
TOJIIUHBI COSTUHIEMBIX 2JIEMEHTOB.

[[Tait0p1 CTSHKHBIX OONTOB JOJDKHBI MMETh IIMPUHY HE MEHee 3,5 W TOJIIMHY He
menee 0,25 pasmepa ux auamerpa. B mepBbie rofbl 3KCIUTyaTallMd CTSOKHBIE OOJITHI
HEepPEeJKO 0CIa0eBaIOT U HYXJAIOTCS B MOJATIKKE.

Coeounenus ¢ pacmaHymolMu 601mamu TPUMEHSIOTCS MIPU aHKEPHOM KpPEIUJICHUU
JEPEBSHHBIX KOHCTPYKIIMHA K OMOpaM, MPHU TMOABECKE K KOHCTPYKIHSAM TEPEKPHITHH U
000pyZIOBaHUS W B Y3JOBBIX coOeAUHEHUSX. OHU BOCIHPUHUMAIOT JECUCTBYIOIIUE B
COCTMHECHUX pacTaruBaromniue ycrmms N.

bontr pabGoTaeT W paccUMTHIBAETCS Ha PACTSKEHUE 10 IUIOMAIH CEUYCHHS
ociabneHHod Hapeskod F. PacuerHoe compoTuBIIEHHE ~CTalM  NPUHUMAETCS
yMeHbIIeHHBIM Ha 20% C y4eTOM KOHIIEHTpAIlMU PACTATHUBAIONINX HAMPSHKEHUN a B 30HE
Hape3ku. Pacyer npousBoadar no ¢popmyie

o=N/F<08R. 3)

ITo sToit xe hopmylie, MepenrucaHHO OTHOCUTEIRHO TpeOyeMoil MIOoma Il CeUCHUS

oonta F,,,

C IOMOIIIIO TAOIUYHBIX JAHHBIX MOXKHO MOJ00paTh ceyeHue 0oTa.
HpeBecuna nox maitbamu 601Ta paboTaeT U PAaCCUUTHIBACTCS Ha MECTHOE CMSTHE.

PacuetHoe compoTuBieHHe CMSITHIO ToA maibamMu mpu yriax cmsatusg ot 90 mo 60°

MPUHUMAETCS C YUYE€TOM MAaJIOHM IJIOMIA U CMSITUS U 3HAYUTEIHHOTO TOJIIECPKUBAIOIIETO

ICHCTBHS OKPYXKAIOIIMX YYaCTKOB JIPEBECHHBI, C IMOBBIMICHHBIM KO3(h(UIIHEHTOM
ycnoBuit  padorel M,3=22 wu cocraBmier R,q =18-22=4Mila. PacuerHoe

COTIPOTUBJICHUE CMSATHIO TOJ MIaii0aMu IMOJ YIJIOM a K BOJIOKHAM ONPEACSIOT TIO
dbopmyne (5.14), xoropas Tmocie TOJCTAaHOBKU YMCIIOBBIX 3HAYEHHM pPacuETHBIX
COINPOTHUBIICHUN UMEET BU]I

13
Row =T 5 4
“*1-2,25-5in° 4
Pacder Ha cmsTre o maitdamu mpou3BoaAT mo popmysie (5.15).
[Tait0b1 601TOB pabOTAIOT U PACCUUTHIBAIOTCS HA U3TUO OT PEAKTUBHOTO JABJICHUS

CMHHAEMOW JPEBECUHBI KaK KBaJpaTHbIC MIIACTHHKH INMUPUHOU D, omepThie B IIEHTpe Ha
raiiky Oonta. HaumbGonpmuit msrubaromuii MOMEHT M B CpeHEM CEUCHHH IIaiiobI,
ocnabJeHHOM OTBepcTHeM auamerpoM d, W TpeGyeMmyro TONUMHY Maii0bl J,, MOXHO
IpUOTMKEHHO ONPEETUTh U3 BRIPAKESHUN

6M

M =Nb/16; &, = bR

AHAJIOTUYHO PACCUMTHIBAIOT PACTSIHYTHIE CTEPXKHU CKBO3HBIX KOHCTPYKIUU



KPYTJIOTO CEUYCHMS C MaibaMy W raiikaMu Ha KoHIax. MX MmakcumainbHas THOKOCTh HE

nomkHa mipeBbimath 400. Ecnu B coequHeHMM TPUMEHEH psja OO0JITOB, pacyeTHOE

CONpOTHUBJICHHE CHIDKaeTcss Ha (0,85, yuuThiBasgs BO3MOXKHYIO HEPAaBHOMEPHOCTH €T0
pacrmpeneneHus MexX Iy 00JITamMHu.

Coeounenus ¢ uzeubaemvimu

bormamu (puc. 6.5) OTHOCATCA K

KJIACCY HAreJIbHBIX, B KOTOPBIX

CBSI3M, B JJaHHOM cCiyd4ae OOJTHI,

paboTaroT TIaBHBIM 00pa3oM Ha

m3ru6  6e3  pacmopa. OtHm

COEITUHEHHUS IITUPOKO
MPUMEHSIOTCS B CThIKax M y3jax
JIePEBSHHBIX KOHCTPYKITUH,
MPEISITCTBYSI B3aUMHBIM CJIBHUTaM
COEIUHSIEMBIX 2JIEMEHTOB,
MpUYEM YCWIHS B HHUX MOTYT
OBITH 3HAKOIIEPEMECHHBIMH.
RGN (O30 ITHUX 00JITOB HE
BOCIIPUHHUMAIOT pacUeTHBIX

YCUIMA W HUMEIT TE€ XK€
pa3Mephl, UTO U CTSHKHBIC OOJITHI.
Ot MIPOJIOJIBHBIX YCHUIIUH,
JICUCTBYIOIIMX B TaKOM COEIU-
HEHUU, MO IUJIONAJA KOHTAaKTa

Puc. 6.5. zrubaemble GONTHI: ooxTa C OTBEPCTUEM B JIPEBECUHE
8 - CXCMBI PACCTAHOBKH; § - pacuCTHEIC COCJIMHSIEMBIX DJIEMEHTOB BO3HUKAIOT
CXeMBl; 6 - cxema pabore; 1 - mpsamad
paccTaHoBKa; 2 - IIAXMaTHas; 3 - B CTAlbHBIX HCPABHOMCPHBIC 110 TICPHUMCTPY U
HakJagkax; 4 - B COEOUHEHUSAX TOJ yIJIOM; S - I[J'H/IHG HaMNpsKEHUsI CMSATUS, a TaKkKe

CUMMETpHYHasi JByXCpe3Has cxema; 6 -

HEeCUMMETPHUYHAs OJJHOCPE3Has; 7 ABYXCPE3Has - CKaJIbIBaHHUA H paCTﬂX(eHHﬂ HOHepeK

BOJIOKOH MEXJAy OTBepcTusiMu. B
pe3ylibTaTe PEakKTUBHOTO JaBJICHUSI JPEBECUHBI B 00JTE BO3HUKAIOT YCUJIHS M3ruda u
cpesa.

PacctanoBky OOJITOB B CO€JMHEHUM MPOU3BOASAT MO MpaBHIIaM, HUCKIIOYAIOUIIUM
OITACHOCTH MPEKIAECBPEMEHHOTI0 pa3pyILIEHUS APEBECUHBI JJIEMEHTOB OT CKaJbIBAaHUS U
pacTsiKeHHUsl MomnepeKk BOJIOKOH. PaccTossHue mMexay ocsiMu OOJTOB BIOJb BOJOKOH U
JI0 TOPIIOB 3JIEMEHTOB JOJDKHO OBITh HE MEHbIIe 70, a mormepek BOJOKOH MEXKIY OCSMH
—3,5d u g0 xpomok — 3 d.

BonroBbie coeauHeHUs MOTYT OBITb CMMMETPUUYHBIMH, KOTJa MPOAOJIbHBIE CHIIbI
JNEUCTBYIOT BJIOJb OJHOM OCH, OTHOCHUTEIBHO KOTOPOW CUMMETPHUYHO PACIOJIO0XKEHBI
DJIEMEHTBI, © HECUMMETPUYHBIMH, KOTJAa OCH DJIEMEHTOB HE COBIIANAIOT U CUMMETPUS
COEIMHEHMS OTCYTCTBYET. COeAMHSAEMBIE 3JIEMEHTHI MOTYT PacIioiaraTbCs 1o OJHON OCU
BJIOJIb BOJIOKOH WJIA IO YTJIOM JIPYT K JAPYTYy.

Cpe3amu B OONTOBBIX COEJMHEHHUSX HA3bIBAIOTCS IIE€peceyeHusi OOJITOB ¢
IUIOCKOCTSIMM CABUI'a MEXIY JJEMEHTAaMH, OT 4YHucCJa KOTOPBIX IMPSAMO 3aBUCHUT
Hecylas CrnocoOHOCTh coeauHeHus. OJHAaKO HampshkeHHs cpe3a B Oonrax
HE3HAUYUTEIbHBI U HE ONPEJIEIAI0T UX HECYIIEeH: CHOCOOHOCTH.

Hanpumep, HanboJsiee pacnpocTpaHEeHHbI OOJITOBOW CTBHIK PACTSHYTBIX CTEPHKHEHN C
IBYCTOPOHHUMH JEPEBSHHBIMU HAKIIAJAKAMU SIBISAETCS CUMMETPUYHBIM 'JIBYXCPE3HBIM



COEIMHEHUEM, a CTBIK DJIEMEHTOB, PACIOJI0’KEHHBIX B PA3HBIX MJIOCKOCTAX, 0€3 HaKIa oK,
- HECUMMETPUYHBIM OJTHOCPE3HBIM COCTMHECHUEM.

Pacuer 601TOBOrO COeAMHEHHUS MPOU3BOAT MO HECYIIEH CIOCOOHOCTH B OJHOM
cpe3e 6onTa 1Mo U3rudy U APEBECUHBI COSAUHSAEMBIX JIEMEHTOB Mo cMATHIO. Hecymas
CITOCOOHOCTh OOJNTOBBIX COCAMHEHUM OblIa OnpeesieHa TEOPETHICCKH, TpUIeM 00T
cunTainca Oaikoi, Jexamed Ha YIPYroM OCHOBAaHUM - JPEBECHHE COCTUHSIEMBIX
AIIEMEHTOB.

Hecymas cnocoOHocTh oaHoro cpe3a 6onta (MH) 3aBucur ot pazmepoB (M) ero
auaMerpa d, TONIIUHBI CPEITHEro 3JeMEHTAa CHUMMETPUYHBIX W 0o0Jiee TOJCTOTO HIIH
pPaBHOTO D3JIEMEHTAa HECUMMETPUUYHBIX COCIWHEHHH ¢, TOJIIMHBI KPaHEro >JIEMEHTa
CUMMETPUYHBIX W 0Oo0Jiee TOHKOTO DJIEMEHTa HECHMMETPUYHBIX COCAMHCHHA a W yria
HAKJIOHAa BOJIOKOH COCJUHSIEMBIX D3JIEMEHTOB a W OMpPEAeNseTCs MO CIeAyIINM
dhopmyiam:

1o u3rudy Gosra

T = (18d2 +0,2a2W ,HO He Gosee 25d° [k, ; (5)

M0 CMSTHIO CPEIHETO AIeMEHTa

T =5cdk, ; (6)

MO0 CMSITUIO KPAtHETO U TOHKOTO 3JI€MEHTa

T =5adx,; (7)

M0 CMATHUIO 00JIee TOJICTOTO dIIEMEHTa

T =35cdxk, . (8)

Koaddunuenter K, y4UTBIBAIOT MEHBIIYIO HECYIIYH CIHOCOOHOCTH OOJITOBBIX

COCAMHEHUI 3JIEMEHTOB MO YIJIOM B pe3yjbTare OojbIled MOAaTIUBOCTU JPEBECUHBI
npu cMaTur. OHHM 3aBUCAT OT pa3MepoB yria a, quameTpa 0onra d v MPUHUMAKOTCS 110
Ta0J. 1 1711 OCHOBHBIX pa3MepOB JUAMETPOB, a JJIsl IPOMEXKYTOUHBIX - 10 HHTEPIOJISIUH.

Tabonuma 1
Vron a, rpaj Koaddunmentst K, npu quamerpe d
12 16 20 25
30 0,95 0,90 0,90 0,90
60 0,75 0,70 0,65 0,60
90 0,70 0,60 0,55 0,50

Pacuernas Hecymas cnmocoOHOCTb 00iTa B OAHOM cpese [ sIBIsieTCsl HauMEeHbIen
M3 BEJMYHWH, ONPEACIICHHBIX MO 3TUM QopmynaM. Hecymas cnmocoOHOCT GOITOBOTO
COCJIMHEHUS TIPSMO TPOTMOPIMOHATBHA KOJUYECTBY OOJITOB N, KOJIMYECTBY CPe30B N, U
Hecylnell crnocoOHOCTH oaHOTO cpe3a Oonra. KommuecTBO OOATOB B COCIMHEHUH, TS
nemctByet ycuiue N, onpenenstor mo ¢hopmye

n>N /(Trnin ncp)_ (9)

B cMMMETpHYHBIX CTBIKaX 3TO KOJWUYECTBO JOJKHO OBITH YIBOCHO.

bonmosvie coedunenus co cmanvHbiMu Hakiaokamu TPUMEHSIOTCS B y3Jlax
KOHCTpYKIuW. Hakmaaku OOBIYHO J€Jat0TCsl JBYCTOPOHHUMH U3 JIMCTOBOW CTalld.
PaccTossnue ot oceit OONTOB 10 KpaeB HAKJIAJAOK JOJDKHO OBITh HE MEHEE JIBYX



TMaMeTpoB OOJITOB BJOJIb W TOJyTOpa - TMOMEPEK YCUJWS. OTH COCAUHEHHS Ha
u3rubaeMbIx  OoNTax SBJISIIOTCS CUMMETPUYHBIMHM W JByCpe3HbIMHU. Hecyiyto
CIIOCOOHOCTH OJTHOTO cpe3a 00JITa 0 CMATHIO IPEBECUHBI ONPEACIISIOT o dopmyire (6), a
1o M3rudy 00JTa, YYUTHIBAS €T0 YACTHYHOE 3allleMJICHUE B HAKJIAIKaX,- Mo Gopmyrie

T, =25d%/x, . (10)

Coedunenusi ¢ uszeubaeMvlMy  CMAIbHLIMU ~ CMEPICHAMU  BBIIOJIHIIOTCA €
NpUMEHEHHEM apMmaTypHou crtamu kjacca A-l co cHateiMu ¢ackamu. OHH  TOXKe
OTHOCSITCA K KJAacCy HareiabHbIX C HWJIMHAPUYECKUMU HArelsMu. OTH COCJUHECHUS
paboTalOT M PACCUMTHIBAIOTCS TaK JK€, KaK COCJAMHEHUsS] C H3rubaeMbIMH OoOJTamu.
PaccTaBnsitoTcs OHM 1O TEM K€ MpaBuiiaM, 4TO U OO0NThl. B OONTOBBIX COCAMHEHHUSIX C
[EJIbI0 CHUXKEHHSI UX CTOMMOCTH MOKET OBbITh 3aMEHEHO 110 75% OOJTOB CTEP>KHAMH.
KopoTkue crTepkHM B COEAMHEHHSIX CO CTalbHBIMU HAaKJIaJKaMd BCTaBIAIOTCS B
HECKBO3HbIE OTBepcTHs B JpeBecuHe. OHM pabOTalOT M PACCUUTHIBAIOTCA Kak
OJIHOCPE3HbIe, HECUMMETPUYHBIE H3rH0aeMble COCJUHEHUS U Ha3bIBAIOTCS TIYyXHUMH
HareasMHu.

[TonGop ceueHuii OOJNTOB, U CTEPXKHEU MPOUZBOASAT U3 YCIOBHS, YTOOBI CymMMma
JOMYCKAEMBIX PACCTOSIHUM MEXAy NPOIOJBHBIMH OCSMH M JO KPOMOK DJIEMEHTA,
3aBUCSAIIMX OT HMX JUMaMeTpa, HE IMpPEBbIIIAJA BBICOTHI CEYEHUS DJEeMEHTa. Tak,
HampuMmep, auaMeTp 00aToB O TpU pacCTaHOBKE B JIBa MPOAOJBHBIX Psiia B AJIEMEHTE
BBICOTOI ceuenus h nmomken 661tk He Ooee 3d +3,5d +3d < h,d <h/9,5.

PucyHok 6 - BeinepruBaembie rBo3am:
a - obmwmit Bum; O - cxema paboTer; 1 - nuisnka; 2 - CTepKEHb; 3 -
ocTpue; 4 - coeIuHIEMbIE YIEMEHTSHI; 5 - ATMIopa HAPSHKCHUH TPEHHS

I'Bo3neBble coequHeHuss. ['Bo3nu (puc. 6) H3rOTOBISIOT W3 XOJIOJHOTSHYTOU
nipoBosioku B cooTBeTcTBUU ¢ ['OCT 4028—63. OcTpue reo3asi UMEET YEThIPEXTPAHHY IO
dbopMy U JIMHY, PaBHYIO MOJyTopa auamerpaM. Kpyrmas nuisimka umMeeT JAUaMeTp,
paBHBIM JBYM nuaMeTpaMm TBo3as. HauOonbiiee mnpuMeHEHHE B, JICPEBSIHHBIX
KOHCTPYKIHSAX HAXOJAT 'BO3AU IUaMeTpoMm 3, 4, 5 1 6 MM 2 U ITTMHON COOTBETCTBEHHO
80, 100, 150 u 200 mMm. ['Bo3111 3a0MBAIOT B MEIBHYIO IPEBECUHY yapaMu PYYHOTO UJIU
MMHEBMATUYECKOTO MOJIOTKA. ['BO37€BbIE COEA-WUHEHUS SBISIOTCS MPOCTHIMU U
00IEeIOCTYMHBIMU, HO TPYAO-€MKUMH M TPUMEHSIOTCS TJaBHBIM 00pa3zoMm mpu
MOCTPOCYHOM M3TOTOBJICHUU JOIIATHIX JIEPEBSIHHBIX KOHCTPYKIIUM.



['BO3ap mpu 3a0MBKE YaCTUYHO pa3pbIiBacT, a YaCTHUYHO pa3JBHUTacT BOJIOKHA
JPEBECHHBI, 00pa3ysl B HEW OTBEPCTHE C YIUIOTHEHHBIMU CT€HKaMH. biiarogapst aTomy oH
MPOYHO 3)KMMAETCSl B JIPEBECHHE M XOPOIIIO COMPOTHUBISAECTCS BBIACPTUBAHUIO, OJTHAKO
IO JTOM K€ MPUYMHE B HEW BO3HHMKAIOT JOIMOJHUTECIbHBIE YCHIIUS PaCTIKCHUS
nonepek BoJokoH. Kpome Toro, manas u3rmOHas K€CTKOCTb TI'BO3JIEM NMPHUBOJUT K TO-
BBIIIICHHONW  MOJI3YYECTH TBO3JECBBIX COCAWHEHHH. PacXoXAEHWI0O COCIMHECHUU
MPENSATCTBYIOT CTSKHBIC OOJITHI.

IIpaBuna paccTaHOBKM TBO3JAE€M B COCAMHEHHUSX HCKIOYAIOT OMAaCHOCTH
MPEKICBPEMEHHOTO CKAJIbIBAHUSI U PACKAJIbIBAHUS COCIMHSAEMBIX 3JIEMEHTOB, KOTOpas
MOBBIIIAETCS IO MEPE YMEHBIIIECHUS UX TOJIIUHBI.

[TosTOMY IHMaMETp I'BO3/EH N0JKEH OBITh HEe 0oJiee /4 TONIMHBI DIEMEHTOB.

PaccTosHus MeXay TBO3AIMH JguaMeTpoM O BIOJb BOJIOKOH COCIMHSIEMBIX
9JIEMEHTOB JIOJDKHBI OBITH HE MeHee: OT ToproB—15d, Mexay ocsiMu B 3jeMEHTax
TOJIIIUHON, paBHOW W Oojbirei 10d,— 15d, mMexay ocsiMu B 3JIeMEHTax TOJIIUHOM,
paBuoii 4d, — 25d, a B »2ieMeHTaX MPOMEKYTOUYHOW TOJIIUHBEI MPUHUMAIOT IO
WHTEPIOJISAILIHH.

PacctosHusa Mexay TBO3ISMH MOMEPEK BOJOKOH M J0 KPOMOK DJIEMEHTOB
JOJIKHBI OBITH IIPHU MIPSMOI paccTaHOBKe He MeHee 4d, a mpu paccTaHOBKAX IIaXMaTHOM M
KOCBIMH psiiaMu — He MeHee 3d.

Coeounenuss ¢ KOHCMPYKMUBHLIMU 260305MU TIPUMEHSIOTCS JUIS  KPETJICHUS
JOMIAThIX OOIIMBOK W HACTUJIOB. 'BO3/IM B HUX HE HECYT CYIIECCTBEHHBIX YCHUJIUM U HE
PacCUUTHIBAIOTCS.

Coeounenusi ¢ evidepausaemviMu 26030amu (CM. puc. 6) OTHOCATCS K Kiaccy
COCMHEHUN C PACTAHYTHIMU CB3siMU. OHM NPUMEHSIOTCS JIsi KpPEMJIEHHUS JO0COK
MOJIINBOK IOTOJKOB, IIMTOB MEPEKPHITUN W omamyOku. OT ACHCTBHS HArpy3o0K B
ATUX COCIMHCHMSAX BO3HHUKAIOT pacTAruBaromue ycuius N, cTpeMsinmecs BBIICPHYTH
TBO3IM U3 JPEBECHHBI DJIEMEHTa, K KOTOPOMY HPHOUTHI JIOCKH. DTOMY YCHIIHIO
CONPOTHUBIISIIOTCS CHUJIBI TPEHUS MEXAY TMOBEPXHOCTBIO TBO3JEH U OKpYKarolen
JIPEBECUHOM.

PacueTHOE CONPOTHUBICHUE BBIACPTUBAHUIO TBO3Jd, 3a0UTOTO B CYXYIO
JIPEBECUHY TOIEPEK BOJNOKOH, coctaBmsier R, . = 0,3MIla, a B ceipyio, yuuTbiBas
OTNACHOCTH MOSIBJICHUS TPEIIMH YCYIIKA B 30HE TBO3JIEBOTO OTBEPCTUS IMOCIE BHICHIXaHUS
npesecunnl dnementos R, . = 0,1MT1a . Hecymyio cnocoGHOCTE TBO3S AuaMeTpoM d

Ha BelepruBanue 7. ompenenstor mo ¢dopmyne (11) xak mpousBeeHUE PACUETHOTO
CONPOTHUBJICHUS Ha TUIONIA/b MOBEPXHOCTH TpeHus. [Ipu s3ToM pabodyro JIMHY TBO3IS
l; HaxomaT Mo ero oOmIeH ATUHE, U3 KOTOPOH MCKIII0YAEeTCs TOJIIUMHA MPUOUBAEMBIX
J0COK, a TaKXe JUIMHA OCTPHs TIBO3sA, paBHas 1,50, u BO3MOXKHAs IIEIb MEXTY
sanemeHTamu mmpuHoi 0,002 M, He ydacTByromue B pabore Ha TpeHue. dopmyia nMeer
BU/]I
T. =R, .zl (11)
Tpebyemoe KOJUYECTBO BBIIEPTUBAEMBIX T'BO3/ICH, HEOOXOAUMBIX JJISI BOCIPUATHS
PaCTATUBAIONIETO YCHUIIUS, HAXOASAT U3 BhIPAXKEHUS
n=N/T,

Pa3Mmepsl BbIIEprUBaeMbIX TBO3JEH MOAOMPAIOT U3 YCJIOBUM, YTOOBI pacueTHas
amuHa rBo3as | Obuta He meHbiie 10d ¥ He MeHbIE TBOWHON TOJIIMHBI MPUOMBAEMBIX
TOCOK.



Coedunenuss ¢ uzeubaemvimu 26030amu (pUcC. 7) OTHOCATCS K TOMY K€ KJaccy
HareJIbHBIX COCTUHEHHM, YTO U U3rudaembie O0NTOBBIE coenuHeHns. OHU PUMEHSIOTCS B
CTBIKAX W Yy3JaX JOMIAThIX KOHCTPYKIHMHA, TPEMATCTBYS B3aMMHBIM CMEIICHUSM
coenmuHsIeMbIX dneMeHTOB. CoenmWHEHHMsI ¢ W3THOAeMBIMH TBO3ASMH pabOTAlOT U

PACCUUTHIBAIOTCS AHAJOTHMYHO COCIUHCHHSAM C HU3ruO0aeMbpIMH OOJTaMH — TBO3IU
paboTaroT Ha u3rub, a OKpyXKawmas APeBECHHa — Ha CMSATHE C HEKOTOPBIMH
O0COOEHHOCTSIMH.

['BO3AM HMMEIOT MOBBIIICHHOE IO CPABHCHUIO ¢ 0OJTaMH CONPOTHBIICHHE H3THOY,
MTOCKOJIBKY MX XOJIOJHOTSHYTas MPOBOJIOKa UMEET 00jiee BBICOKHH Mpeaea TEKYUEeCTH.
BBuay manoi TOJIIIMHBL M IIOTHOI'O 3allleMJICHHS B IPEBECHHE HECYIas CII0COOHOCTh
IBO3/IEBBIX COCIWHEHHUH HE 3aBHUCUT OT YIja ACHCTBHS YCHIMH I10 OTHOIICHHIO K
HAIIPaBJICHUSAM BOJIOKOH B COCIUHCHMSX IO YIJIOM M KO3(P(GUIHMEHT MpPU pacuyeTe He
yunThiBaeTcs. Eciu rBo3b IpoOHBAET BCE DJICMEHThI COCAMHCHUS HACKBO3b, pacucTHAs
TOJIIIMHA IIOCJIAHEr0 JJIEMEHTAa YMEHbIIAeTcss Ha 1,5, yuYuThIBasg OIMAacHOCTh
OTIIEIUICHUS KpaWHHUX BOJOKOH MpH BbIXOJAe OCTpusa. Eciu rBo3ap He mpoOuBaeT
COCUHEHHUS HACKBO3b, YUUTHIBAETCS TOJIBKO IIIyOHMHA €ro 3allleMJICHHS d; B ITOCIEIHEM
3JIIEMEHTE, ONpeaesieMas TaK e, Kak U | y BeliepruBaeMbIX I'BO3IEH, IIPH YCIOBHH, YTO
oHa He MeHee 4d.

Pucynok 7 - U3rudaemsblie rBO3IU: @ — CXEMBI PACCTAHOBKH;, 0 — PacYeTHBIC CXEMBI,
B — cxeMma - paboTel; | — mpsiMas paccTaHOBKA;, 2 — IMaxMarHas, 3 — B CTalbHBIX
HakJIagkax; 4 — B COCNMHEHUSIX TMOJ YIJIOM; 5 — CHMMETpHUYHAs JBYXCpe3 Has cxema; S5S—
HECUMMETPUYHAS - OJHOCPE3Has; 7 — HECUMMETPUYHAs CO CTAILHBIMHM HAaKJIaJIKaMu; 8§ —
YCIIOBHBIE DITIOPHI HATIPSDKEHUA CMSITHS



Hecymryro crmocoOHOCTh TBO3/Is B OHOM Cpe3¢ IO H3ruly ONmpeeiIsioT 10
dhopmye

T =25d° +a”®

HO He Gouee 40 d?.

Hecymast cnocoOHOCTh OJIHOTO cpe3a TBO3JsI M0 CMSITHIO CPEIHETO C M KpaitHero
a aneMmeHTa ompenensior mo Gopmymnam (6), (7) u (8), B kotopeix x,=1 Hecymas

CITOCOOHOCTH OJIHOTO Cpe3a I'BO3/AS | SBIICTCS HaMMEHbINEH W3 BhIYUCICHHBIX. OO0Iee
TpeOyeMoe KOJTMYECTBO IBO3/ICH B COSAMHEHUN HAaXOIAT 1o Gopmylie (6).

CoenuHeHns ¢ W3ru0AEMBIMU TBO3ASMHU M CTaJbHBIMUA HAaKJIAJIKaMU TMPUMEHSIOT B
y3JaX HEKOTOPHIX KOHCTpYKHUM. I'Bo3am 3aech 3a0MBaIOT Yepe3 OTBEPCTHS,
MIPOCBEPJICHHBIE B CTAJBHBIX JIMCTOBBIX HAKJIAIKaX. JTO COSAUHEHNE MO OTHOIICHHIO K
TBO3/SIM SIBJISIETCS. HECUMMETPUYHBIM U OJHOCPE3HBIM. Hecymnyro crmocoOHOCTh OHOTO
cpe3a T'BO3JSl 1O CMSTHIO JAPEBECUHBI OMPEACISIIOT 1Mo GopMyiie (5) ¢ y4eToM TiyOHHBI
€ro 3amieMJIeHus C1 a M0 U3rudy ¢ y4eTOM €ro 4aCTUYHOTO 3alleMIIeHUs— 10 ¢hopMyIie

T, =40d?, (13)

Coeaunenuss ¢ BuHTaMu  (puc. 6.8). BHHTBI  HpeACTaBISIIOT  CcOOOMU
CTaHJAPTU30BAHHBIC CTAJBHBIE H3JEJIUA U COCTOSAT W3 TOJIOBKM, HEHApe-3aHHOU U
Hape3aHHOW yacTei. Mx maumamerp O H3MEpsIOT 1O HEHApe3aHHOW YacTH. BUHTEHI
IUaMeTpoM MeHblne 12 MM HazpiBaloT mypynamu. OHM UMEIOT chepuyueckue Wiu
IJIOCKUE TOJIOBKU C MPOPE3SIMU I 3aBEPTHIBAHUS UX OTBEPTKOU. BUHTHI nuamerpom 12
MM H 00Jiee Ha3bIBAIOT TIIyXapsMHU, KOTOPhIE UMEIOT MIECTUTPAHHBIE WM KBaJpaTHbIC
TOJIOBKH 151 3aBEPTHIBAHUS UX KIIHOUOM.

BUHTBI NOpUMEHSIOT A8 KPEIUIEHUS CTAJIbHBIX HAKJIAJOK M JeTallel K
NEPEBSHHBIM DJIEMEHTAM B y3J1axX KOHCTpYKUMWA. OHU 3aBEPTHIBAIOTCS YEPE3 OTBEPCTUS
B HAaKJIAQJKaXx B OTBEPCTHs, NPOCBEPJICHHBIE B JpeBecHHE. [[lmamerp oTBepcTHH B
JApeBecHHe JOJDKeH ObITh paBHbIM (0,8 HeHape3aHHOW YacTH BUHTA, JUISI TOTO YTOOBI
Hape3Ka MOJHOCTBIO BPE3allach B IPEBECHHY.

BUHTBI paccTaBisIOT B COCIMHEHUSIX HA OOJIBIIUX PACCTOSIHUAX, YeM OONTh. Bromb
BOJIOKOH MEXIY MX OCSAMH JOOKHO ObITh He MeHee 10d,a momepex — 5d, mockobKy
YMEHBIIICHHBI ~ IMAMETP OTBEPCTHS  BBI3BIBAET  JIOMOJHUTEIbHBIE  HANpPSKECHUS
pacTsbKeHUs TOTEpeK BOJIOKOH. [yOnHa 3aimiemMiieHuss HEHape3aHHOW 4YacTh BUHTA B
JApeBEeCHHE JT0JDKHA ObITh He MeHee 4d.



Pucynok 8 - BUHTBI H XOMYTbI:

a — BUHTHI; | — cXema paboThl m3rubaemMoro BUHTA; |l — cxema
paboTHI BELIEPTHBACMOTO BUHTA; O — XOMYTBI; / — TIyXaph; 2 — IIyPYIT;
3'— mpsiMoit XoMyT; 4 — TOJTYTHYTHIH; S—THYTHIN

CoenuHeHUs C BBIAEPTU- BAEMBIMH BUHTAMU OTHOCATCS K KJIACCy COCIMHEHHI C
PaCTAHYTHIMU CBSI3IMH. BUHTBI 311€Ch COMPOTUBIISIIOTCSL OTPHIBY OT JIPEBECHHBI
HaKJIaJIOK WJIN JeTallell, B KOTOPBIX ACUCTBYIOT PACTITHUBAIONINE YCHUIIHSL.
BrigepruBannio BUHTa COMPOTUBIISETCS TIABHBIM 00pa3oM JApeBeCHHa BUHTOBBIX
KeJIOOKOB Hape3aHHOU YacTu JIHHOM |1 paboTaromiast Ha cMsiTHE, OJIarogaps yemy
pacyeTHOE CONPOTUBIICHUE BbIIEPIUBAHNIO BUHTOB BBIIIE, YEM I'BO3/IEH, U COCTABIISAET

R,, =1MIla. Hecymyro criocoGHOCTh BUHTA HA BHLIEPTUBAHKE ONPEAEISIOT IO
dbopmye (8).

CoenuHennss ¢ wu3rMOaeMbIMH BHUHTAMH OTHOCSATCS K KJIacCy HarelbHBIX
coenMHeHu. BUHTHI 3/1eCh COMMPOTUBIIAIOTCS CMEIICHUIO HAKIaA0K MO MOBEPXHOCTH

JIPEBECUHBI OT JACWCTBUS CABUTAIOIIMX YycWInWid. BuUHTBHI paboTaroT Ha U3THO, a
OKpY>KaroIlias [peBeCHa — Ha CMSTHE, KaK B HECUMMETPHUYHBIX OOJTOBBIX COCTUHEHUSIX
CO CTambHBIMH HakjaakaMud. Hecymiyro cmocoOHOCTh BHHTAa ONPEACISIOT Kak
HAMMEHBINYIO U3 ONpeesieHHbIX 1o Gopmymnam (8), u (9).

CoemMHEHUS C XOMYTaMH OTHOCSTCSA K KJacCy COCAWHCHHH C pPacCTSIHYTBIMH
cBs3siMu. OHU OXBaTBHIBAIOT MOBEPXHOCTU COCAUHSEMBIX DJIEMEHTOB M MPUMEHSIOTCS
[JIABHBIM 00pa3oM TpU TOCTPOCYHOM H3TOTOBJICHUH JEPEBSIHHBIX KOHCTPYKIIHH.
XOMyTHI OBIBAIOT TTPOBOJIOYHBIMU, TTOJIOCOBBIMU CO CTSIKHBIMHU 00TaMU U OOJITOBBIMU C
MOJKJIAJIKAMU W3 JIMCTOBOW WM mpoduiabHOi cramu. [lo ¢opme XOoMyThl OBIBAIOT
KPYTOBBIMH B OpEBEHYATHIX KOHCTPYKIMSIX M TPSIMOYTOJBHBIMA B KOHCTPYKIHSIX W3
nujoMaTepuanoB. XOMYThl paOOTAIOT U PACCUMUTHIBAIOTCS HA PACTSKEHUE, a IPEBECHHA —
Ha MECTHOE CMSTHE.

CoenuHEHUST CO CKOOAMHM OTHOCSTCA K KJIAcCy KOHCTPYKTHBHBIX COCTUHCHHM.



CkoO0BI M3rOTOBJISIFOT U3 apMaTypHO#l ctanm kiacca A-l1 muametrpom 10—16 MM 1 UMEIOT
oOpa3nyio (GopMy C 3a0CTpEHHBIMM M 3a3yOpeHHBbIMM KOHUamu. OHU 3a0HMBalOTCS B
[ETbHYI0 JPEBECUHY © O0OECMEeUYMBAIOT MPOEKTHOE TOJO0XKEHUE COEIUHSIEMBIX
AJIEMEHTOB TIPU MOCTPOCYHOM HM3TOTOBJICHHUH JICPEBSIHHBIX KOHCTPYKIIMNA W3 OpeBeH U
OpycheB.

CoennHeHusl ¢ KOITeBbIMHU MIA0aMM OTHOCATCA K KJIacCy COSAMHEHUH Ha Iaidax
mmoHoyHoro Tumna. OHU TMPEncTaBISIOT CcOOOW CTajdbHBIC IUIACTHHKH, B KOTOPBIX
METOZIOM IITaMIOBKU 00pa30BaHbl MHOTOYUCIEHHBIE OAHOCTOPOHHUE OCTPUS — KOITH.
[Ilaii6b1 3a0MBAIOTCS WM BIPECCOBBIBAIOTCS C JBYX CTOPOH B JIPEBECUHY
COCJIMHSEMBIX 2JIEMEHTOB. M3BECTHBI J]Ba OCHOBHBIX THIA KOT'TEBBIX 11ail0 — JleHHOBa U
«'OHT-HEWJI». [laii6s1 JIeHHOBA HMEIOT KpyTriyto ¢GopMy U IIEHTpaJbHOE OTBEPCTHE
s Oonrta. Ilpum  cOOopke KOHCTPYKLUMH SJIEMEHTHI COCIMHSIOTCA CTalbHBIMU
HaKJIaJKaMu, MPUKpEIUIsieMbiMU K raiikam Oontamu. [laitdosr «['OHI'-HEWJI» umeror
IPSIMOYTOJIbHYIO (hOPMY, BIIPECCOBBIBAIOTCA OJHOBPEMEHHO B COCAMHSIEMBIEC SJIEMEHTHI
pu cOOpKe U He TPEOYIOT CTaTbHBIX HAKJIAJAOK U 601aTOB. OCcTpus manbd paboTaroT Ha
n3rud, a OKpyKawlas JApeBecMHa — Ha cMmsaTue. Hecymryro cnocoOHOCThH 11aiid
ONPENENSIOT IKCIEPUMEHTAIBHO.

§ 4. KiteeBble coetuHeHMSI

KrneeBnie, coeMHEHUS SIBISIOTCS HAan0oJee MPOrPECCUBHBIMU BUAAMU COCTUHEHUMN
3JIEMEHTOB JICPEBSHHBIX KOHCTPYKIMM 3aBOJICKOTO U3TOTOBJICHUA. IX OCHOBOM SIBJISIFOTCS
KOHCTPYKIIMOHHBIC CHHTETUYECKHE KJIEHU. ODTH COCIUHEHMS XapaKTEpHU3YIOTCS PSAIOM
BaXHBIX JTOCTOMHCTB. CKJ€MBaHME JaeT BO3MOXHOCTb M3 JOCOK OrPAaHUYCHHBIX
CEUYCHMH W JJIMH M3TOTOBJIATH KIIECHBIC AJIEMEHTBI HECYIIUX KOHCTPYKIHMH JHOOBIX
pasmMepoB u ¢opM. OHM MOTYT OBITH NPSMBIMH W HM30THYTBIMH, ITOCTOSHHOTO,
MIEPEMEHHOTO U MPO(HIHLHOTO CEUCHHMS, UIMHOM, M3MEpSEeMOM JecsITKaMH METpPOB, U
BBICOTOU, U3MEPSAEMOU METPAMMU.

KneeBble coequHEHUs SBISIOTCS MPOYHBIMU, MOHOJUTHBIMH M HMMEIOT TaKylo
MaJIy10 MOJATINBOCTh, YTO €€ MOXHO HE YUHMTBHIBAThH MPHU PACUETAX U CUUTATH KIICCHBIE
JJIEMEHTHI Kak IleJibHbIe. KieeBble COCAMHECHUS SBISIOTCS BOJOCTOMKHMMHU, CTOMKHUMH
MPOTUB 3arHUBAHUS W BO3JACHCTBUS psfa XUMHUYECKM arpecCMBHBIX CpEl, YTO
00eCIIeUYnBaEeT JOJTOBEYHOCTh KJICCHBIX JJIEMEHTOB. JTH COCIUHEHMS TEXHOJIOTMYHBI, U
UX OCYIIECTBJICHUE O€3 3aTpyJHCHUU MEXaHU3UPYETCS U aBTOMATU3UPYETCs, TpeOys
OTpaHMYEHHBIX TpyHo3arpaT. OJHAKO CKJIEMBAaHUE JONMYCKAETCS TOJIBKO B CIEIUAIBHO
000pYZIOBaHHBIX OTAIUIMBAEMBIX II€XaX C MPUTOYHO-BBITSDKHOW BEHTUIISIIMCH IS
yIaleHUus BPEJTHOCTEH M IOJ CTPOTUM JIaOOpaTOpHBIM KOHTposeM. [Ipu ckienBanuu
AMEETCS BO3MOXHOCTb HCIIOJIb30BAaTh JPEBECUHY MAJIOMEPHYIO M TOHWXKEHHOTO
KayeCcTBa IYTEM YIAICHUS 3HAYUTEIBHBIX MOPOKOB C MOCJIEAYIOIIMUM CTHIKOBAHHEM.
KneeBple coequHeHUs SBISIIOTCS 0€3MeTaUIbHBIMH. DTO OIPaBIbIBACT SKOHOMUYECKYIO
11eJIeCO00Pa3HOCTh MPUMCHCHHUS CKJICHMBAHHUS M SIBIISICTCS NPUUYMHON OBICTPOro pocTa
00BbEMOB MPOU3BOJICTBA KICCHBIX JEPEBSIHHBIX KOHCTPYKIIHHA.



Pucynok 9 - KiieeBble CTHIKH:
a — TIONIEPEYHbIE; 6 — MPOAOJIbHBIC; 8 — (haHEPBI; 2 — II0 YIJIOM; / — IO
IIacTAM:, 2 — 10 KOOMKaM; 3 — TIO TUTACTH U KPOMKe; 4 U 5 — 3yOUaThIii ¢
BBIXOJIOM 3yObEB Ha KPOMKH U IUIacTh; 6 — ycoBoe coenuHeHue Gpanepsr; 7 —
KJICEHBIN JIEMEHT

KineeBbie coequHEeHUS MPUMEHSIOT JJIsI CKJIICMBAHUSI IOCOK U3 XBOWMHOM JPEBECUHBI
TonmuHoN He Oonee 50 MM M BIaxHOCThIO He Bbiie 12%. [lpu HapymieHun >THX
OTPAaHUYCHHI KJIEEBBIE COCIMHEHUS MOTYT Pa3pyLIUThCS OT YCHJIMMN, BO3HUKAIOIIUX B
pe3yJsibTaTe KOpOOJEHUS JOCOK MpHU BbIChIXaHWU. [0 KadyecTBY ApEeBECHHBI JTOCKHU
JOJDKHBI OTHOCUTBCSI K KAaTEropusiM, COOTBETCTBYIOIIMM YCIOBUSIM HX pabOThl B
KJIECHBIX JJIEMEHTAX W 3HAYCHUSIM JCUCTBYIOIIMX B HHUX HampskKeHuu. Jlocku 1o
CKJICUBAHUA JOJDKHBI OBITh OCTPOTAHBI MO IUJIOCKOCTSM CKJICHMBAHUS, Ha TOJIIMHY A0 3
MM JiJIs 00ecTieueHrs MX TJIOTHOTO KOHTAaKTa W TOJIyUYE€HHUS MPOYHOT'O KIJIEEBOTO IIBa
MHUHUMAJIbHOW TOJIIUHBI C HAUMEHBITUMHU HEPOKJICHKaMU.

Kieenble 371€eMEHTHI MOCII€ CKIEMBAHUS JOJDKHBI OBITH OCTPOTaHbI 110 KPOMKaM J1JIsI
MOJYyYEHUS TJIAJAKON MOBEPXHOCTH.

KiieeBbie coeMHEHUs] MPUMEHSIOT TakKe JJIsl MPOJOJILHOTO CKJICUBAHUS LEJIBHBIX
KJICEHBIX DJIEMEHTOB U IS CKJICUBAHUS JOCOK ¢ (haHEPOH U CO CTAILHBIMHU JICTAJISIMHU.

J{nst KJeeBbIX COEIUHEHUM MPUMEHSIIOT KOHCTPYKTUBHBIE CHUHTETUYECKHE KJIEH Ha
OCHOBE TEPMOPEAKTHUBHBIX CMOJ (cM. TJ. 7). B Hacrosmiee BpemMs B OTEUYECTBEHHOM
MpaKTUKE /IS CKJICUBAHUSA APEBECHUHBI W (DaHephl HAUOOJbIIEe MPUMEHEHUE HAXOMIST
dhenomodopmanpaeruaubiii kiekd Kb-3 u pesopriuHoBbiii kiaeii PD-12, a m1s ckiaenBaHus
JIPEBECHHBI ¢ MeTalIoM — dnokcuaHbii ket OIIII-1. KieeBbie MIBBI AOKHBI UMETh
MHUHUMAJIbHYIO TOJIIMHY, U3MEPSIEMYIO JOISIMU MUJUTUMETPOB, U BBICOKYIO MPOYHOCTD,
MPEBOCXOAIIYI0 MPOYHOCTh JIPEBECHUHBI HA CXKATUE M CKaJbIBAHHE BJIOJb BOJIOKOH.
[IpoyHOCTH WIBOB Ha pACTSKEHHE BBUJY HMX XPYINKOCTH HEBEIHUKA U COOTBETCTBYET
MPUMEPHO MPOYHOCTH JIPEBECHUHBI HAa PACTSHKEHUE TOTEpPEK BOJOKOH. ANre3smoHHas M
KOT€3MOHHAasl CBSI3U KJIEEBBIX IIBOB JOJKHBI OBITH BBIIIE MPOYHOCTH APEBECUHBI, U
KJICEBBIE COCIUHEHUS JOJKHBI pa3pyliaThCsl MPH  HArpy’>KeHUW BBIIIE TIpejesa
MIPOYHOCTHU HE T10 IIBaM M TPaHUYHBIM CJIOSIM, a T10 LEJIbHOU IPEBECUHE.

KiieeBble CTBHIKM [0 MX PACIOJOXKEHUI0O U OCOOEHHOCTSIM pabOThl MOTYT OBITh



pas3jelieHbl Ha MONepeYHbIe, IPOIOJIbHBIC U yriaoBbie (puc. 9).

llonepeunvie cmubiku AOCOK CIyXaT [JI1 CO3JaHHUSI KJIEEHBIX DJJEMEHTOB C
MOMEPEYHBIMU CEUYCHHUSIMH TpeOyeMbIX pa3sMepoB U (OpM U MPHUIAHUS UM H3OTHYTOU
dbopmbI 1O JuTHHE. B UX 9MCIIO BXOAST CTBHIK MO TUTACTSIM, CTBIK IO KPOMKaM M CTHIK TIO
MJTACTU U KPOMKE.

CTBIK IO MJIACTSM MPEACTABIAET COOON KJIEeBOE COCTUHEHUE JOCOK MIACTSIMH.
OTOT CTBIK MPUMEHSETCS MJIsl CO3[aHUS KIECHBIX, JJIEMEHTOB TPeOyeMOUl BBICOTHI
CeUeHUs U Ui OOecreueHusT UX H30THYTOM (opMbl 1O [JIWHE, MOCKOJIbKY OH
NPEMATCTBYET PACHPAMICHUIO, H30THYTHIX JIOCOK B KJIEEHOM 3JieMeHTe. B m3rubaempix
U CXKaTO-U3rM0aeMbIX 2JIEMEHTaX CTBHIKU MO MIACTAM pabOTalOT M PaCCUUTHIBAIOTCS
Ha CKaJibiIBaHWE MpHU U3rude mo gopmyiie

QS
jom,,

B aroii popmyne korpdunineHT ycmoBuit paboTel m., = 0,6 YyUUTBIBaET BO3MOKHOE
BO3HUKHOBEHHUE HEITPOKJICEK, YMEHBIIAIOIIMX PACUCTHYO IIUPUHY I1Ba D.

CTelIk 1O KpOMKaM TMpeacTaBisieT coOOW KJIEeBOE€ COEAMHEHUE JOCOK
KpoMKaM#. ETo IpUMEHSIIOT A1 CO37aHMs KJICCHBIX 2JIEMEHTOB C NIUPUHOW CEUCHUS,
OOJBITICH MUPUHBI OTACITBHBIX JOCOK. [0 BBICOTE CEUYEHHUS 3TH CTBHIKM B COCEIHHUX
JOCKaxX pacrojaraiTcs Bpa30eXKy B IUIOCKOCTH HM3ruba. B 3THX cThikax OOBIYHO HE
BO3HHUKAIOT CKAJIBIBAIOIINE HATIPSIKEHUS, M1 OHU HE TPEOYIOT pacueTHBIX IPOBEPOK.

CTBIK MO MTaCTHU U KPOMK € MPEICTaBIsIET COO0H KIIeeBOE COCTUHEHHE TUIACTH
OJHOU JOCKH C KPOMKOM Npyroi. Ero mpuMeHsIoT I CO3JaHUsl KIIEEHBIX 3JIEMEHTOB
TaBpOBOM, JABYTAaBPOBOW M PEIHCO BUAHOU (POPMBI CO CTEHKAMHU W3 JOCOK Ha pedpo.
PaboTraeT 1 pacCUMTHIBACTCS CTHIK Ha CKaJbIBaHUE MPH U3ruoe mo hopmyie (14).

Ilpooonbublie cmulku CIyKaT JUIsl CO3JIaHMSl KIIECHBIX JJEMEHTOB TpeOyeMoi
JUTMHBI. B 91CI10 MpO0IbHBIX CTBIKOB BXOJIAT 3y04aTOE U YCOBOE COCAMHEHMUSI.

3y0uaToe cCOeqMHEHUE MPUMEHSIOT AJsI CTHIKOBAHUS NTOCOK KOHIIAMH IO
JIJUHE BJOJb BOJOKOH, OHO SIBJISETCSA OCHOBHBIM BHJOM MPOJOJIHBHOTO CTHIKA W
MpPEACTaBIsACT COOOM COETUHEHHE KOHIIOB JOCOK" KJIEEBBHIMHM IIBaMU MO 3y0OdaToit
MMOBEPXHOCTH PsAla OCTPHIX KIMHBEB, KOTOPHIE MOTYT BBIXOJAWTH HA TJIACTH WIJIM Ha
KpOMKH A0cok. Takast ¢oopMa mpugaeTcs KOHIIAM JOCOK MEXaHHMYECKH CHelHaTbHOU
3ybuaToil ¢pe3oid Ha cTaHKe. 3y04yaToe COEIMHEHUE XapaKTEepHU3YeTCs Tpems
napameTpamMu— JUIMHOW 3yObeB |, MUpUHON MX y OCHOBaHUS t M IIUPHHON y BEpIIUHBI D
(3arymienuem). JlnuHa 3yObeB OOBIYHO HE TNPEBBINIAET TOJIIUHBI JOCOK, a
napaMeTrpbl 00€CHeuYrBalOT HEOOXOIUMBIN YKIIOH MJIOCKOCTEN 3yObeB K OCH JOCKU —
He Ooubiie 1:8 u 3atyruienune He Oosbiie 1 MM. Toapko Takue mapaMeTpsl 00ECIIEYUBAIOT
HEOOXOAMMYIO MPOYHOCTh CTHIKA B DJIEMEHTAX HECYIIUX KOHCTPYKIUU, Hampumep 1—
32 MM, t=8 MM, b=1 mm. 3ybuaroe coequHEHHE YIKOHOMUYIHO, TOCKOJIBKY UMECT MalyIo
JUTMHY U J1aeT BO3MOXKHOCTh CTBHIKOBATh KOPOTKHE JTOCKH, U TEXHOJOTUYHO, TaK KakK
MU3TOTOBIISIETCS  MEXAaHMYECKHM M HE PACXOAUTCS TMpPU  HU3TOTOBJICHUHM IO
3aTBEp/ICBaHUS KJIEs.

OT nedicTBHS MPOJONBHBIX YCHUJIMHM B KJIEEBBIX IMIBaX 3y0UaTOro COEIWHCHUS
BO3HHUKAIOT OCHOBHBIE CKaJIBIBAIOIINE U HE3HAUYNTEIbHBIE PACTITUBAIOIINE HAMTPSKCHUS.
BBuny 3HaunTenpbHOM TUIOMIAaM 3yO0UaToi MOBEPXHOCTH OHHM HE MPEBOCXOASAT HECyIei
CIIOCOOHOCTH MIBOB 10 pa3pylIeHHUs] JTOCKH OT pacTsHKEHUA. 3aTyIUIeHHE 3yObheB
MEHbIIIe OCHAabNIAeT CeueHue, YeM MOPOKH, JNOMycKaeMble B dJeMeHTax | kateropuu
kadecTtBa. [losTomy 3y0uaToe cOeIMHEHHE CUMUTACTCS PABHOMPOYHBIM C IEIbHOU

r=—*" <R, (14)



OPEBECUHOM B DJIEMEHTAX BCEX KATErOpHUM KauyecTBa IPU BCEX BUJAX HAIPSIKEHHOTO
COCTOSIHMA M pacueta He TpebyeT. B HEKOTOpBIX cllydasXx 3TO COEIUHEHHE
MPUMEHSIOT U JJI TPOJOJIBHOTO CTHIKOBAHUS LIEJIbHBIX KJIEEHBIX AJIEMEHTOB.

YcoBoe coequHeHHe TIPEICTaBIsACT cOOON KiieeBOE COCIWHEHHE KOHIIOB JOCOK IIO
MMOBEPXHOCTH, 0OPA30BAHHON WX CPE3KOH ¢ YKIOHOM K ToBepXHOCTH 1:10, 1 mpuMeHSIOT
€ro Il TPOJIOIFHOTO CTHIKOBaHMS JOCOK. KieeBoit moB paboTaeT 3/1eCh aHAJIOTHYHO
IBaM 3y04aTOro COCIMHEHUS], U YCOBOE COCJMHEHUE CUUTACTCS TOKE PABHOMPOUYHBIM C
JIPEBECUHON HJIEMEHTOB HE3aBUCHUMO OT HMX KAaTErOpUM KauyecTBa. DTOT CTHIK MEHEe
SKOHOMHUYEH, MOCKOJbKY HMMEET 3HAUYMTEIbHYIO JIMHY MW HEpaluMoHaleH s
CTBIKOBaHHS KOPOTKUX JOCOK. OH MeHee TeXHOJIOTHYEH, YeM 3y04aThii, TaK KaK UMEeT
TEHJEHIHUIO K CABUIaM MO KJIEEBOMY PacTBOPY MPH CKIECUBAHHUH, U JOMYCKAETCS TOJBKO
IpU OTCYTCTBUM O00OPYIOBAHUS JJIsl 3y0OUATOTO CTHIKOBAHUS.

YVenoevie cmviku TpeNCTaBIAIOT COOON Ki€eBble COEIMHEHMSI JOCOK U KIIEEHBIX
AJIEMEHTOB, PACIOJIOKEHHBIX APYT K APYTY MO YIJIOM.

3ybyaTtoe COeIMHEHWE MO YIJIOM MPHMEHSIOT TJIaBHBIM o00pa3oM s
COCJIMHEHUSI KOHIIOB KJIECHBIX AJIEMEHTOB PaM B JKECTKHUX Y3J1aX, PacloJIOKEHHBIX MO
yriaamu 6osee 120°. 3yObsi 3TOrO COSIUHEHUS JOIKHBI BRIXOAUTh TOJIHLKO HAa BEPXHHE U
HIDKHUE KPOMKH DJIEMEHTOB B 30HE YMOpa MX CPE3aHHBIX MOJ YIJIOM KOHIIOB. JTO
coeMHEHHE paboTaeT Ha YCUJIUS CXKATHUS C U3TMOOM U PACCUMTHIBACTCS KakK IEJIbHOE
HaKJIOHHOE CEYCHHE MO0 MPOYHOCTH Ha HOPMAJIbHBIE HAMPSHKEHUSI C YU€TOM TOTO, YTO OHU
NEUCTBYIOT MOJ YIJOM K BOJIOKHAM, U PaCUETHbIE CONPOTUBIICHUS JIPEBECUHBI UMEIOT,
COOTBETCTBYIOLIME MOHMKEHHBIE 3HAUYCHMUSI.

CoenuHeHHEe JOCOK MO MJIACT SIM MOJ YIJIOM MNpEJCTaBIsieT coOON KiieeBoe
COCMHEHHUE JIOCOK IUIACTSMH IO IUIOWAAA UX NepecedeHusi. Tak MOryT COEOUHSATHCS
nocku mmpuHon 10 100 mm npu yrie 90° u mmpunoi 150 mm nipu yrimax 30—45° mexny
HUMHU. OT OPOJOJBHBIX YCWUJIMA B KJIEEBOM IIIBE€ BO3HHMKAIOT 3JE€Ch CKAaJIBIBAIOIINE U
JOTIOJTHUTENIBHO TIOMEPEUYHbIC PACTITUBAIONINE HAMPSHKEHUS BBUY HKCIEHTPUUYHOTO
nercTBus ycuinii. OHM pacCUMTHIBAIOTCS HA CKaJbIBAHHUE MOJ YIJIOM K BOJIOKHAaM, a
pacTIATUBAIONINE YCUIUS PEKOMEHYETCS BOCIPUHUMATh 00JATaMU WU ITypyHaMH.

Ctoiku (panepsl u ¢gaHepbl ¢ IpeBeCUHOU. Vcogoe coedunenue gpanepvl UMEET Ty
K€ KOHCTPYKIIMIO M YKJIOH CKJIEHMBAaeMbIX KpomMoK 1:12, m TOpUMEHSIOT ero s
COeMHEHUsI (aHEPHBIX JUCTOB KPOMKAaMM TMOMJIUHE W 1o mupuHe. OHO wuMeeT
MOHMYKEHHYIO IIPOYHOCTh BBUY HEMOJIHOTO COBNAJIEHUSI COOTBETCTBYIOIIUX CJIOEB JIUCTOB
(daHepsl MPU CKJICUMBAHWW UM, PACCUUTHIBACTCS HA PACTSHKEHUE M0 TUIOMIATU CEUYCHUS,
YMEHBIIIEHHOW K03 duimeHToM yciaoBuil padotel M=0,6. B HEKOTOPHIX Ciydasx
MPUMEHSIOT TaKXe CcoelAuHeHHe (aHEepHbIX JUCTOB C (¢daHEpHBIMU HaKJIAJKaMH
mupuHO HEe MeHee 30 TOJIIMH COEUHAEMbIX JTUCTOB.

Puc. 6.10. Coenunenus
C BKJICCHHBIMH CTEPIKHSIMU: d
|— npoxopHOE; 6 — TIOT
YIIIOM; / — COeAMHSIEeMbIE
ANIEMEHTBI; 2 — CTEPXKHU U3
CTallbHOW apMmarypb® S —
oTBepcTus; 4 — masel; 5 —
peiika; 6 — kel



Cmuik gpanepvl ¢ 0ockamu TO TJIACTA U KPOMKaM MPUMEHSIOT B KieedaHEePHBIX
KOHCTpYyKUMsAX. [Ipu pacnosiokeHuu BOJIOKOH JOCOK moj yriaoMm 90° K HapyKHbIM
BOJIOKHAM (paHephl IMMPHHA JOCOK JOJDKHA ObITh He Oomee 100 mm. Ilpm OGomnbieit
ITUPUHE JOCOK BO3HHUKAET OMACHOCTHh MEPCHANPSDKCHHUS KIEEBBIX IITBOB B PE3yiIbTaTe
KOpOOJIEHUSI JIPEBECHUHBI. JTOT CTBHIK pabOTaeT Ha CKaJlblBaHUE IMIPU U3THOE U
PaCCUUTHIBACTCS 110 MPOYHOCTH OIMKANIINX K CTHIKY KJIEEBBIX IITBOB MEXKIY HapPYKHBIM
n cocequuM ciosMu (aHepsl 1o ¢opmyie (17) 6e3 yyera Hempokieek. PacdeTHoe
COTIPOTHUBJICHHE ATOTO IIBA CKAIBIBAHUIO MPUHUMACTCS MPY HAMPABICHWN CKAJTBIBAFOIIINX
YCUJIM BIIOJIb HAPYXKHBIX BOJOKOH (haHepbl Ry, = 0,6 MIla u momepek ux Reco = 0,8
Mlla. Kneemetannuyeckue COeIUHEHUS MPEACTABISIOT COOOM COCIUMHEHMS JACPEBSIHHBIX
KJICEHBIX 3JIEMEHTOB IPHU IMOMOIIIM BKJICCHHBIX WJIM HAKJICCHHBIX CTaJIbHBIX JieTajei (puc.
10).

CoenvHeHUsT Ha BKJIECHHBIX CTEPXKHSAX COCTOSIT M3 KOPOTKUX CTEp)KHEH Wu3
apmatypsl k1accoB A-I1 mnu A-II nnamerpom 12—32 MM, BKIEEHHBIX B PSIMOYTOJIbHbBIE
masbl WM KPYTJble OTBEPCTUS KieeM, OOECIeUMBAIOINIUM HAJACKHOE COCIMHECHHE
JIPEBECUHBI C METAJIOM, HAIIPUMEP SMOKCHIHO-TICMEHTHBIM.

I'myouna BxienBanus | momkHa ObITh He MeHee 10 m He Oonee 30 amameTpoB
CTepXHs, IMUPUHA Ta3a WIM OTBEPCTHS HAa S5 MM OojbIle JguaMeTpa CTEPIKHS,
pacCTOSTHUE MEXKIY CTEepKHsAMH He MeHee 30, a 1o kpas ceueHus — 2d. BkiieeHHbIe
CTEP KHHU MTPUMEHSIIOT JIS TIPOJIOIFHOTO U YTIIOBOTO COCTMHEHUS KJICCHBIX DJICMEHTOB,

paboTarommx Ha TPOAOIBHBIC CHJIBI WM  HW3rubarmme MoMeHTH. OnHu
BOCIIPUHUMAIOT TPOJOJIbHBIC CHIBI N TIpU pacTsHKeHUW (BBIACPTHBAHUE) WU CXKATUU
(BoaBiuBanue). CKpbITBIE B TOJIIE APEBECHHBI CTEPKHHU 3aIUIIEHBI OT XUMUYECKU
arpecCUBHON cpenbl U OBICTPOTO HAarpeBa NpHU IMOXKAape, YTO TMOBBIMIAET CTOUKOCTH
MPOTUB KOPPO3UM W OTHECTOMKOCTh KOHCTpYKIMU. KiieeBbie COeNMHEHMsI CTEp>KHEH
paboTalT Ha CKaJbIBAHUE TI0 IUIOIIAIU, PABHOW MPOU3BEICHHUIO TJIyOHMHBI BKICHBaHMS |
Ha niepumeTp oTBepcTHs m(d+0,5) cm.

Hanpspbkenus ckanbiBaHUs pacpeiessiioTCs Mo JJIMHE BKIICUBAaHUSI HEPABHOMEPHO,
YMEHBIIASACh K KOHIIAM CTEPKHCH.

Pacuer coemuHeHHMsT Ha CKaJBIBaHHWE, TMPOU3ZBOAAT C yYeTOM Ko03¢ GUIIHEHTA

HEPABHOMEPHOCTH (KOHIICHTPAIIMH) PACIPEACICHHS CKaIbIBAIONIMX HanpsokeHuid K,

OTIPEIEIISIEMOTO B 3aBUCIMOCTH OT TMAMETPa CTEPIKHS U TTyOWHBI BKICUBAHHUS.
Pacuetnas Hecymas CcrnocoOHOCTh CTEpXKHS OMPENENseTCs IO CKaJbIBAaHUIO
KJICEBBIX COCAUHEHUN 10 hopmyJie

T =1(d +0.5)R,_, «_,

Irae K, = 1,2-0,021/d ; RCK =12 Mlla — pacyeTHOE COIIPOTUBIICHUE

CKaJILIBAHUIO.

CoeouneHnus ¢ KieecmanbHblMU wanubamy MPUMEHSIOT JJI1 COCUHEHUS CTEepKHEH
cOopHO-pa300pHBIX depM B y31ax. OHU COCTOST U3 CTAIBHBIX IMJIACTUHOK — CTAJIbHBIX
HaKJIaJoK, OONTOB, a Take a0, MPUKIEEHHBIX K IJIACTAM 3JIEMEHTOB (PeHoJso-
dbopmMaTbIETUAHBIM 110 cJI0t0 b® mwiM 3MOKCUAHBIM KIeeM. BONThI MPOMYyCKAOTCS MpH
cOOpKEe COEAMHEHHS 4Yepe3 OTBEPCTHUS COOTBETCTBYIONIETO TWAMETpa B HAKIAJIKaX H
maibax u yepe3 oTBepcTrue OONBIIETO AUaMeTpa B JpeBecuHe dneMeHToB. CoequHeHne
BOCIIPUHUMAET PACTATHUBAIOIINE U CKUMaronue ycunus. KiieeBsie mBbl maitd padoTaroT



U PACCUUTHIBAIOTCS Ha cKajbiBaHue Mo popmyiie (18). boaTsl paccuuThIBalOTCS HA CMSITHE
U cpe3 Mexay ImaidaMu M HakJaJKaMHu, KaK B CTaJlbHbIX COEJUHEHUSX, 0e3 ydueTa
JIPEBECUHBI W WMEIOT TOBBIIMIEHHYI0 HECYIIyI0 CrmocoOHOCTh. CTajabHbIe HAKIAIKA
PacCUMTHIBAIOTCA HaA pacTsHKEeHHe Wiau cxkarue. Jis OecnpemsiTCTBEHHOW CcOOpKH
COCIMHEHUE JTIOJHKHO OBITh M3TOTOBJICHO C BEICOKOW TOYHOCTHIO.

KreeBble coemuHeHHsi apMaTypbl KICCHBIX apMHUPOBAHHBIX OajoOK C JIPEBECHHOU
BBITIOJIHSAIOTCA IMYyTE€M BKJICMBAaHUS €€ B Ma3bl B KpaHMX 30HAX CEUCHUH 3MOKCHIHO-
IeMeHTHBIM KiieeM. OHHM paboTaroT Ha CKaJIbIBaHUE C M30BITOYHBIMHU 3arlacaMu
MIPOYHOCTH.

CoeouHeHusi ¢ naACMMACCOBbIMU C6A35AMU WMEIOT 3HAYUTENbHBIE MEPCIEKTHUBbI
OPUMEHEHHUS B JIEPEBSHHBIX KOHCTPYKLMSIX, OCOOCHHO MpeaHa3HAYEHHBIX IS
JKCIUTyaTallul B CpeJax, XMMHYECKH arpecCHUBHBIX IO OTHOLICHUIO K MeTaury. B
HACTOSIIEE BPEMSI MPOBOMASITCS 3KCIEPUMEHTAJIbHBIE U TEOPETUUECKUE HCCIIEAOBAHUS
COCIMHEHUNW B JEPEBSHHBIX DJIIEMEHTAaX C UWIMHIPUYECKHUMHU HArelsiMu U3
BBICOKOIIPOYHOTO CTEKJIomacTrka tuna Al-4c.



Jleknus No4
Jlomartbie ¥ KjaeehaHepHble HACTUJIBLI NOKPBLITHH

Pa3nnuaroT CIIoHbIE U pa3psKEHHbBIE JOIATHIE HACTUJIBI.

[Ipy pyJIOHHON KpOBJ€ B HEYTCIUICHHBIX IOKPBITUAX NPHUMEHSIOT CIUIOLIHBIC
JOIIAThIE HACTWIBL. B yTENIEHHBIX IMOKPBITUAX NOBEPX 3TUX HACTHIIOB YKIIAIbIBAKOT
TBEPABIA  IUIMTHBIA  yTEIUIMTENb, HENOCPEACTBEHHO IO KOTOPOMY WM IO
BBIPABHUBAIOIIEMY CJIOK0 HAaKJIEUBAIOT PYJIOHHBIM KOBep. Bo3MoxkeH BapuaHT, Korja

YTEIUIMTEIb YKJIAAbIBAIOT MEXKy IIPOTOHAMH C
IIOAIIMBKOM MOTOJIKA U3 TUIICOKAPTOHA.

[Ipn Yenryn4aTou KpOBJIE u3
acOECTOLIEMEHTHBIX WM CTEKJIOIIACTUKOBBIX
JUCTOB B HEYTEIUIEHHBIX  MOKPBITHSIX
MPUMEHSIOT Pa3pekKEHHbIE TOIIATHIE HACTHIIBI
(oOpermeTkn).

Yemryliuaras KpOBJIA SABJIACTCSA
HEMPOHMUIIAEMOW  Oylaroapsi  HEIUIOTHOCTSIM
CTBIKOB, IIOOTOMY  DPa3psDKEHHBIM  HACTHJ
o0ecrieunBaeT MPOBETPUBAHHUE IMOJIOCTEN MOJ
HEll M BBICBIXaHUE JPEBECUHBI B IPOILECCE
DKCIUTyaTalMu. Pa3psOKEHHBI HACTHII MOKET
CIIy)KUThb TaK JK€ OCHOBaHHUEM YEPEIUYHOU
KPOBJIM Y KPOBJIN U3 CTAJIBHBIX JIUCTOB.

Jlomatele HACTWJIBI M3rOTaBIMBAIOT U3
JIOCOK Ha TBO3JIAX U YKJIQJbIBAIOT HA TPOTOHbI
WIM  OCHOBHBIE  HECyIM€  KOHCTPYKIUH
MOKPBITUA MPU PACCTOSTHUM MEXAY HHMH HE
O0onee 3 M. Paboumne NOCKM HACTUIIOB JOJIKHBI

UMETh JUIMHY, JOCTAaTOYHYIO [Jisi ONMMpPaHHs HMX HE MEHee 4YeM Ha TpU ONOophbl s
YBEJIMYEHUS UX U3TMOHOM KECTKOCTH 110 CPABHEHUIO C OJTHONPOJIETHBIM OIIMPAHUEM.

Pa3spsiskeHHLIH HACTHJI

Pa3pskeHHBIA HACTWI, HA3bIBAEMbBIA TaK
Ke  OOpemeTkod, TPEACTaBIsieT  COOOM
HECIUIONTHON PSAl  JOCOK, VJIOXKEHHBIX C
1aroM, OMpPEICISIEMbIM THIIOM KpPOBIH U
pacdeToM. 3a30pbl MEXAY KPOMKAMH IOCOK
JUIST UX JIYYIIETO TMPOBETPUBAHUS JOJIKHBI
OBITH HE MEHEE 2 MM.

Jns yckopeHus: cOOpKM 3TOT HACTUI
nenecoobpasHo  coOuparb M3 3apaHee
U3TOTOBJICHHBIX IIUTOB, COCIUHECHHBIX CHU3Y
MOTIePEYNHAMU U PaCKOCaMHU.

CILIONIHBIE HACTWIBI

M3 CIIomHBIX  HACTUIOB  Haubojiee



pacpOCTPAHEHHBIM  SIBJISETCSA IBOVMHOMN
IIEPEKPECTHBIN, KOTOPBIA COCTOMT M3 JBYX
CIIOGB — HWKHEro paboyero M BEpPXHETO
3al[UTHOTO.

PaGouunii HacTwi mnpenacTaBisieT CcoOOM
pa3psDKEHHBIN WM CIUIOIIHOM psiin  Oosee
TOJICTBIX JOCOK M HeceT Ha cebe Bce
Harpy3Ku, J€UCTBYIOIIME HA MOKPBITHE.

3anUTHBIN HACTUJ IPEACTaBISCT COOOM
CIUIOIIHOM  psii  AOCOK  MHUHUMAaJbHOMN
tonmuHo 16 Mm. OH yKiIaabIBaeTcss Ha
paboumii Hactun moj yriom 45° — 60° u
KpPEMUTCS K HEMY TBO3/ISIMHU.

JIBOWHOW TNEpEKPECTHBI HACTUJI MMEET
3HAYUTEIIbHYIO JKECTKOCTh B CBOEH MIIOCKOCTH
U CIYXUT HAASKHOM CBS3BIO  MEXIY

IMpOroHaMmn W OCHOBHBIMHM HCCYIIMMH KOHCTPYKOUSAMH IIOKPBITHS. OTOT HACTUI
uenecoo6pa3H0 CO6I/IpaTI> TOZKC U3 3apaHCC U3IOTOBJICHHBIX KPYIIHBIX IITUTOB.

[IpuMeHAIOT Tak Ke HACTWIbI U3
CILTOLTHBIX OJIHOCJIOMHBIX IIUTOB,
COCIMHEHHBIX  BHM3y  packocaMu W
MOMEPEUYNHAMU, HUMEIOIIUMH  MEHBIIYIO
’KECTKOCTb, YEM JIBOMHBIE.

Pacuer JIOIIATHIX HACTHJIOB
MPOU3BOAT IO TIPOYHOCTH M IPOTHOAM TIpH
u3rube Ha  JEHCTBUE  pacCyeTHBIX U
HOPMAaTUBHBIX Harpy3o0K:

- TIOCTOSIHHBIX OT COOCTBEHHOW MAacChl
nokpeITHs ¢, kKH/M?

- BpEMEHHBIE OT Macchl CHera p,
kH/m?
- OT Beca yesoBeka ¢ rpysom P, kH

Harpy3ku omnpenenstorcss ¢ ydeTom
dbopMbl  TIOKPHITUS U KOIDPUITMEHTOB
NEePErpy3Ku.

CocpenoTodyeHHast Harpy3Ka OT MacChl YEJIOBEKA C IPY30M UMEET BEIUYHHBIL:

P'=1kH (100 ke.),a c yaetom ko3P dunuenta neperpysku: P=1,2 kH (120 ke).

Pacuer HacTUiIOB M 00peIeTOK, pabOTAIOMIMX, KaK MPAaBUJIO, HA MOMEPEYHbIA U3TH0,
IPOU3BOJST MO CXEME JIBYXIIPOJIETHOM OaiKy MPH IBYX COUETAHUS HArPY3KHU:

1) HAarpy3Ka OT COOCTBEHHOTO BECA MOKPBLITHS U CHErOBasi HArpy3ka (g+p)

- Ha IPOYHOCTE.
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2) Harpy3Ka OT COOCTBEHHOT'O Beca MOKPHITUS U COCPETOTOUYCHHOW HAarpy3Ku B OHOM
IIPOJIETE OT BECa YEJIOBEKA C IPy30M P — TOIBKO Ha MPOYHOCTh

MaxkcumanbHbIi MOMEHT HaXOJIUTCS MOJ COCPEIOTOUECHHON HATPY3KOU:

M = 0,079, 1°010,21P |

Pacuer mo mpo4HOCTH B 3TOM CiIydae MPOU3BOJUTCS IO TOM ke (opMmyse, 4TO U B
MpEeIbIIYIIEM

Pacuer y100HO BecTH NPUHSAB IMIMPUHY HacThia b=100 cm.

[Ipu cronmHOM HACTHIIE WM OOpEIIETKE TIPH PACCTOSIHIUM MEXKIY OCSIMHU JIOCOK WA
OpyckoB He Oonee 15 cM MPUHUMAIOT, YTO COCPENOTOUYCHHBIN T'Py3 MepeaacTcsl IBYM
JIOCKaM Wi OpycKaM, a MpH paccTostHUM Oosiee 15 cM — 0THOM JOCKE Wil OpPYCKY.

[Ipu nByx HacTuiax (pabodeM M 3alUTHOM, HAMPABIEHHOM II0J] YTJIOM K pabouemy)
WIM TpU OAHOCIONHOM HACTHIIE C pacHpeneluTeIbHbIM OpYyCKOM, MOJIIUTHIM CHU3Y B
CepeauHE IPOJIETA, & TAK K€ IMPHU YJIOXKEHUHM MOBEPX HACTWIA IUIMTHOTO YTETUIMTEIS
cocpenoroueHubli rpy3 P,=1 xH npunumaror pacnpeneineHHbIM Ha mupuHy 0,5 M
pabouero HacTuia.




JlomaTble HACTUJIBI MEPEKPbITHI, MOAIINBKH H 00IIMBKH CTE€H

Hacruibl nepekpbiTHii

[IpeacraBnsitoT coOOW CIUIONIHBIE PSANbI AOCOK, CIy)Kalllue€ OCHOBAHUEM YHCTOIO
M0JIa UJIM CaMUM YHUCTHIM MoJIoM. VX yKIaapIBatOT MO MPOMEKYTOYHBIM OpyCKaM — Jiaram
WIK OpSAMO 1o OajikaM M NpuOUBAIOT K HUM TBO3AsIMHU. JIOCKM HAacTWia YUCTOTO Moja
COCIMHSIIOT KPOMKaMHu B mIMyHT. HacTuiibl nepekpbITHil paboTalOT U pacCUUTHIBAIOT HA
U3rud OT JEHCTBUS HArpy30K OT COOCTBEHHOM MaccChl, MOJIE3HBIX HArPYy30K, paBHbIX 1,5
kH/M?. B sxunbix, 1 He MeHee 2 kH/M? (200 kr/m?) B NpOM3BOJICTBEHHBIX 3JAHUAX U
COCPEIOTOYEHHBIX TPYy30B, paBHBIX 1,5 kKH (150 kr). MakcuMansHBIN POTUO HACTHIIA HE
nomkeH mpesbimath 1/250 mponera. JIOMONHUTENBHO MPOBEPSIOT 3BIOKOCTH HACTHIIA.
[IpoBepku 3akiat0yalOTCsi B TOM, UTO NMPOTHO €ro OT cocpeaoTroyeHHoro rpys3a 0,6 kH He
JOJKeH npeBbimath 0,1 MM.

HO)IIHI/IBKI/I NIOTOJIKOB

[IpencraBisitoT co00il CIUIOMIHBIE PSIABI TOHKUX JTOCOK MPUOUTHIX K OankaMm BHHU3Y
rBo3asiMU. [Ipu OTCYTCTBUM IUTYKaTypKU JOCKUA COEOUHSIOTCS KPOMKAMM B IIITYHT IS
UCKJIIOYEHHsT CKBO3HBIX wiened. [loammBku paboraror Ha M3rud, a TrBO3OM — Ha
BBIIEPTUBAHNE, KaK MPaBUJIO, C M30BITOYHBIM 3allacoM MPOYHOCTH IpPHU HArpy3Ke OT
COOCTBEHHOM MacCBhl.

OO0muBKAa CTEH

[IpencraBnsier co0OM  CIUIONIHBIE  BEPTUKAJIbHBIE  PAIbl  TOHKUX  JIOCOK,
PaCIOJIOKEHHBIX TOPU3OHTAIBHO M COEIMHEHHBIX KPOMKaMU B YETBEPTh WM B IIITYHT.
OOmuBKM CcTeH palboTalOT Ha W3TMO OT JABJICHHST M OTCOCa BETpa, Kak MPaBWIO, C
M30BITOYHBIM 3a1aCOM MPOYHOCTH.

Kiaeedanepuble HACTHIBI

Kneedanepubie HacTHibl SBISAIOTCS Hanbosee 3(PGEKTUBHBIM U TMEPCHEKTUBHBIM
BUJIOM OTPKIAIONIUX KOHCTPYKIMU. [IMUTHI cocTOST M3 momaroro kapkaca u (haHepHBIX
OOIIMBOK, COeAMHEHHBIX KieeM OHM mmeroT mimHy |1=3 — 6 M, mmpuny b=1 — 1,5 m,
COOTBETCTBYIOIIYIO pa3MepaM (paHepHOTO JINCTA.

Kapkac maneneli COCTOMT W3 MPOAOJBHBIX W TIOMEPEYHBIX JTOCOK-pedep, KOTOphIC
MOTYT OBITh LETBHBIMH WIH KJI€eHbIMU. [IpomonbHbie paboume pedpa, CIIIONIHBIE TIO
JUTMHE, CTaBATCA Ha paccTosHuu He Oosee 50 cm npyr ot apyra. [lomepeunsie pedpa
KECTKOCTH CTaBSTCS Ha paccTosHMM He Oonee 1,5 M, Kak NpaBuio, B MecCTax
PaCIIOJIOKEHUS CTHIKOB (haHEPhI, U MPEPHIBAIOTCSA B MECTaxX MEPECEUCHUS C MPOI0IbHBIMU
pebpamu. OOIIMBKY MaHENENH COCTOST M3 JUCTOB (haHephl MOBBIIIEHHON BOJOCTOMKOCTHU
Mapku O@CD, ToamuHON HE MEHEee 8 MM, COCTBIKOBAHHBIX IO JUIMHE «Ha yc». OOLMBKU
CKJIEMBAIOTCS € KapKacoOM TakUM OOpa3oM, YTOOBI HaIpaBiICHUE HAPYKHBIX BOJIOKOH
(daHepbl COBMANAJIO C HANPABJICHUEM JPEBECHHBI MPOJOJBHBIX pedep isi TOro, YTOObI
danepa paboTtama B HampaBiICHWU CBOEH OOJNbIIEH TMPOYHOCTH U  KECTKOCTH.
Kneedanepupie mnaHenw BBIMONHSIIOT (GYHKIMA HACTWJIA, TMPOTOHOB, BOJO- U
napousosiuui. OHU XapaKTEPU3YIOTCS MaJol MaccOM MNpHU 3HAYUTENBHOW Hecyuleil
CIIOCOOHOCTH, UMEIOT OOJIBIIYIO )KECTKOCTh B CBOEH IIOCKOCTH. [loBepXHOCTH maHenel,



oOpallleHHbI€ BHYTPh I[IOMEIIEHHUS, TOKPHIBAIOT OTHE3AIIUTHBIMA COCTABaMU TSt
MOBBILIECHUS UX CTETIEHU OTHECTOMKOCTH.

[To dhopme momepeunoro cedenus kiaeedaHEpHbIE MAHENIU MOTYT OBITh CIEAYIOUINX
BU/JIOB:

1) kopoOuaThie;

2) peOpucTbie, OOITUBKON BBEPX;

3) pebpucThie, OOIITUBKOI BHU3

KopobGuaryio kieeaHepHyto MaHENb MNPUMEHSIOT B YTEIUICHHBIX TOKPBITHUSIX C
PYJIOHHOM KpoBJeH H IIagkuM noTtoikoM OHa HMeEeT ABYXCTOPOHHUE OOUIMBKH,
oOpa3yromme BMecTe ¢ pedpamMu psl MOJOCTEH, B KOTOPHIC MO CJIOK MapOU30JISIUH
YKJIabIBAIOT yTerunTesb. [lonocTu Beex maHenei HacTHia COSAUHSIIOTCS OTBEPCTUSMU B
€AUHYI0 BEHTWJIMPYEMYIO TNPOCIOWKY (OCylIaronMii MNpoayX), COOOMIAIOLIYIOCS C
HapYXHBIM BO3yXOM, KOTOpasi 00eCrieurnBaeT OCYIAIOIMUN PEKUM pabOTHI HACTHIIA.

Pebpuctyro kieedanepHyto maHenb OOMIMBKON BBEPX MPUMEHSIOT B XOJOTHBIX U
YTETUIEHHBIX MOKPBITUSAX C PYJIOHHOW KPOBJEH 6e3 riagkoro moronka. OHa UMEET TOJIBKO
OJIHY BEpXHIOIO OOIIMBKY, MTOBEPX KOTOPOU YKJIAIbIBAIOT YTEIUIMTENh U PYJIOHHBIN KOBED.

Pebpuctyro kieedaHepHyro maHelb OOMIMBKON BHU3 MPUMEHSIOT B YTEIUICHHBIX U
XOJIOJHBIX TMOKPBITUSAX C KPOBJIEH M3 BOJHUCTBIX acOECTOLEMEHTHBIX JUCTOB. OHa UMeeT
TOJILKO OJHY HWXHIOI OOMMBKY. JIMCTBI KpOBJIM YKIAABIBAIOTCA MO MPOJOIHHBIM
pedpam, a yTEeIIUTENb Pa3MEIIatoT 10 OOIIMBKE MEXTy peOpamu.

Haubonee pacnpocTpaHEeHHBIMU SIBISIOTCS KOpoOuaThle KieehaHEpHbIE IaHENH,
KOTOPBIE UCIIOIB3YIOT HE TOJBKO B KAYECTBE OTPAXKIAIOIIMX KOHCTPYKIIMM MOKPBITHS, HO
U B KQU€CTBE CTEHOBBIX ITaHETCH.

KneedanepHrle naHenu onuparoTcs Ha OCHOBHBIC HECYIIHME KOHCTPYKIWHU MPH IMUPUHE
OTIOPHBIX TIOIIATI0K
He MeHee 5.5 cM Ux
MPUKPETUISIIOT K
oropaMm IIypyrnamu
WJIA TBO3/SIMH.

Jlist
oOecrieueHus
COBMECTHBIX
MpOTuOOB BCETO
HacTUIa TaHeIu

COCAUHSIOT MEXKIY
co0ol 0 KpOMKaM.
CoennHsATE MOXKHO
TIIYXHUMH HareJIsiMH,

KOTOpPBIC CTaBST
yepe3 1,5 — 2 M nim
TBO3/SIMU,
poOMBaeMbIMH
yepes
COETUHUTENBHYIO

maHky depes 50 cMm.



Pacuer kieedhaHepHbBIX MaHeJeH

Pacyer mnpous3BOIAT 1O TMPOYHOCTH MW TporudaM TpH HU3rKOE MO CXeme
OJTHOTIPOJIETHOM CBOOOJHO OMEPTOi OaNKu Ha HOpMaJbHBIE COCTOBJISIONINE HATPY30K OT
cOOCTBEHHOW Macchl Qx M cHera Py. OT CyMMbI 3THX JBYX Harpy3o0K OINpEIENSIIOT
pacyeTHbId M3rHOAIOMIMI MOMEHT, MOMEPEeYHble CHJIbl M MaKCHUMAaJIbHbIE IPOTHUOBI.
BepxHio10 00IIMBKY JTOMOJHUTEIBHO MPOBEPSIOT HA MECTHBIN U3TUO OT COCPETOTOUEHHOM
cunbl P=1-1,2=1,2 kH, ycioBHO pacnpeieseHHOM Ha MmMpuHE 1 M, KaK KECTKO
3a/IeTaHHYI0 B MECTax MPUCOETUHEHUS K peOpam.

®danepHble OOIIMBKKM W TPOJOJIbHBIE pedpa padoTaloT COBMECTHO Osaromaps
YKECTKOCTH KJICEBBIX COCTUHEHHU.

Ceuennie KOpoOUYaTOM MAHENM CUUTAIOT YCJIOBHO JBYTaBPOBBIM, a PEOPUCTHIX —
TaBPOBBIM ITOJIKON BBEPX HIIM BHH3.

[Ipm sToM mmMpuHAa CTeHKH paBHa cymme ImmpuH pedep (b,=2D,.5), a pacuernas
[ITUPUHA OOIIMBOK IPUHUMACTCS PaBHOM:

Bpac.=0,9b, mpu 1=64,
|
Bpaca=0,9 gb , ipu 1<6a, te

b — monHas mmMpUHA CeYCHUS TAHEH;

| — mponer nanenwy;

a — pacCTOsIHUE MEXIY TPOIOJILHBIMU peOpaMu B OCSIX.

['eomeTpruecKkue XapaKTEPUCTUKU CCUCHHWN TAHETH ONPEACNSIOT C  yYeTOM
Pa3MYHBIX BEIMYMH MOJYJel ympyroctu apeBecwHbl E, u ¢aneper E;. B pesynbrare
OTIPENIeNISIFOT [PUBEJICHHBIC TeOMETPUYECKHE XapaKTepUCTUKH cedeHus. [lpuBeneHue
BBITIOJIHSAETCS K TOMY MaTepHaiy, B KOTOPOM ONpeesseTcs HapsHKeHHUE.

Tak, momnaas ceyeHus, NPUBEACHHOTO K (haHepe:

— E()
an.d)._Fc]J_FFOE—d’

[IpuBeAEHHBIT MOMEHT UHEPIIUH:
E
0

+1

..

[IpuBeneHHbIN K (haHEpe MOMEHT CONIPOTUBIACHUSI:

|
—_m.¢.
Wnp-qb- qu )

rae Zg — paccTosiHue oT (paHepHOM OOIIMBKY 0 LIEHTpA TSHKECTU pacYETHOIO CEUYEHUH,

JIJIs1 KOpOOUAaThIX MaHesel ¢ OJMHAKOBBIMHU BEPXHEN U HUYKHEU OOITMBKAMU:
_h
Z=%
2 .

Snp.qb.

/7 =
Fop.p. "

B o6miem cnydae “a

Ceuenus kieedaHepHBIX MaHeNEd MOAOMPAIOT METOAOM MOIBITOK, MPU KOTOPOM
peIBapUTEIHHO 33JAI0TCS CEUEHUSIMU, a 3aT€M MPOU3BOJISAT BCE HEOOXOIUMbIE TPOBEPKHU
U OTPEEIISIIOT CHOCOOHOCTH MO MPOYHOCTH U MPOTrudam



Ilpu pacuere KiaeehanepHoON MaAHeJIW MPOU3BOAAT CJAESAVIONIHE MPOBEPKU:

1) pacTsiHYTON OOIIMBKH HA IIPOYHOCTE:
o WLS k,R
..

M — pacueTHbI U3ruOAIOIIUA MOMEHT;

W,.p.4. — MOMEHT CONIPOTHUBIIEHHUS, IPUBEIECHHBIN K (paHepe;

R#p — pacueTHoOe conpoTUBIICHUE (paHEPhI PACTHKEHHUIO;

ky=0,6 nns daneppivapku OCO ( 0,8 — mns OGakenM3MpOBaHHOU (daHEephl) —
KO3 DUIIMEHT, YUUTHIBAIOIIHNM OcIabieHne CEYEHUS CTHIKOM «Ha yC».

& , THEe

2) CKATOW OOIMBKH HA YCTOMYUBOCTD:

M
0, =——<R, ,Ta€e
Wnp.q’). ) &
@ ¢ — K0OPGULIHUEHT MTPOI0IBHOTO U3rubda
b= L‘E’oz , iput a/ 0>50),
(al o)
(al5)>
=1- , Ipu a/0<50, rae
’ 5000 " 8

a — PacCTOsSIHUE MEXTy peOpam B CBETY,
O — TONIIMHA (haHEPHI.

3) BepxHeil OOIIMBKY HAa MECTHBINA IIPOrvO OT cocpenoToueHHoM cnabl P=1.2 kH:

_Mmax <
o,= W _Rdm,r):[e
MmaX:Pa'
8

4) Ha cKaJIpIBaHKE IO KJIEEBOMY IIBY (B MecTax MPUKJIEHKE pebep K 0OIIMBKaM):

= Qs ¢ <R
Lip.p Oem

b.n — cyMMapHast muprHa pedep Kapkaca,

R e — pacueTHOE CONPOTUBIICHUE (paHEePhl CKAJIBIBAHUIO.

t gex , TIEC

5) 110 mporudam:

i: 5 qus <[i:| l:i:|:i
| 38407E,l,, LIJ LI] 250°

np.g.

KrneedanepHblie MmaHemn CTEH PacCCUMTHIBAIOT HA M3TUO OT BEPTUKAIBHOW HArpy3KH U
1

coBCTBEHHOTO Beca. [IpeenbHblil mporut = 250 |

[laHenu c JepeBSHHBIM KapKacoM M IUIOCKUMHU acOeCTOIIEMEHTHBIMH OOIIMBKAMHU
UMEIOT TaKyl € KOHCTPYKIMIO M pa3Mepbl, Kak W KieedaHepHble NaHenu. Mx
NPUMEHSIOT B XOJOJHBIX M YTEIJICHHBIX MOKPHITUAX U MTOMEIIEHUIX C ac0eCTOIIEMEHTHOM
U PyJIOHHOW KPOBJICH, TTOTOJIOK KOTOPBIX IOJDKEH OBITh HECTOPAEMBIM.

OOmMBKA  COCOUHSIOTCA C  KapKkacoM  IIypylamHd, KOTOphie  OO0JamaroT
MOJIATIMBOCTHIO, HEOOXOMUMOM ISl COSTMHEHUST PA3HOPOJIHBIX MaTepUajIoB. JTHU MaHEIH
paboTalOT ¥ PACCYUTHIBAIOTCA 110 TIPOYHOCTH AacOECTOIEMEHTHON OOIIMBKH Ha




pacTsDKeHHe MpH U3rube, Mo MPOYHOCTHM COENMHEHUWH W MO mporudam, Kak Oaiku
COCTaBHOTO CEUCHHUSI HA MOJATIIUBBIX CBS3SIX (00 3TOM MBI OyI€T TOBOPUTHCS TTO3XKE).

Wugp cxems 21121 \ TTma Ha IepeRsTHHOM KAPKAce C TTIOCKHMVI a00SCTOL BVEHTHB IV OOI TABKAMIA ‘I/EICHHI/]K[S]
2 1. MpodonbHele Hecywue Cowamsle pedpa Bud ¢ mopua naumel
5 2 AcdecmoyeMeHmHse 0DWUbKU

3 3 Wypunsl ¢ wazom 300MM
L Bpycok

e N
=N
= it
A TS
N
6.{5 ‘ S
S
RS

5 [lAumHLIL Ymenaumens
6 lopau3onsauud pynoHHas
7. PocnpedenumensHas docka

8 bpycok-npoknadka
9 Hoknodka cmeikobas

10 TBo3du kpenneHus
K HEYWUM KOHCMPYKUUAM

(BepxHas odwubka, ymenaumens u
NApou30AAUUS YCAoBHO He noKa3aHsl)

ATTIAC CTPOMTEITBHBIX KOHCTPYKI I

T sciidrcrss a0 Orpecrrrararve - Briokpemw - [ Tirsr- Phng;bynax(moszw()

Wugp crems 21111 | T hvra Ha IepeRsHHOM KapKace C TPHKIOCHHBIVIET COITHIBKAMVE 1B (PaHepBT

1 MpodonbHeie Hecywue dowamsie pedpa

2. ®aHepHble 0dWUBKU (HUXHAS U BepxHsas)

3 Cmbik nucmad Ganepsl Ho “9C°

4 BapuaHm cmeika aucmob odwubku
£ ®aHepHOU Haknadkou

9 Topuobbil
dowaomsiu Brnadeiw
10 fowamas Hoknodka

= ==
oo —
e
Esssererr e
=
=

7 Ymennumens (NAUMHLID unu U3 Mamob) &
8 Mapou3onauus (pYAOHHAS UAU NABHOYHAA)
AITIAC CIPOUT IBHB K

FitointilChimtimiaionse. ot SPRINND. s Orpecymararve - Bookpemi - [ Tumsi- Kieesse ‘ Jhicr227
247




Jlexusa NoS
Bajaku ¥ nporousl NeJLHOT0 CeYeHUus
CocTaBHBIC 0AJIKH HA MOAATJINBBIX CBA3AX

Paznmuaror cieayroIme OCHOBHBIC BUABI CIUIOMIHBIX OaJIOYHBIX KOHCTPYKITHI:
- 0aJIKM ¥ TIPOTOHBI IIEJILHOTO CCUCHHS,

- COCTaBHBIE 0AJIKH HA MOJATIIMBLIX CBA3AX;

- KJIeeHble OajIKu.

bajku ¥ IPpOroHsbI EJIbHOI0 CEYEHHUS

OcHoBHOE (hyHKIIMOHAIbHOE Ha3HAYeHHE 0aJOK U MPOTOHOB B TOM, YTO OHHU CIyXKaT
HECYIIUMHU KOHCTPYKIUSIMU TOKPBITHH. balku © mMpOroHsl MEIbHOTO CEYCHHS
BBIMIOJIHSIIOTCS. M3 JIOCOK Ha pedpo, OpycheB M OpEBEH, 4Yallle OKAHTOBAHHBIX C JABYX
CTOpOH. BBuAy OrpaHM4eHHOCTH pPa3MEPOB CEYEHUM M JUIMHBI JIECOMATEPHAIOB TAKUE
OasKy MPUMEHSIIOT MPH MPoJIeTax 10 6 M. U OTHOCUTEIFHO HEOOBIINX HArpy3Kax.

bajku 1 NporoHbl NOKPLITHI

OTH KOHCTPYKIUU SIBJIIFOTCS. ONIOPAaMU HACTUIJIOB M YKJIAJIBIBAIOTCS HA CTEHbI, CTOMKHU
Y OCHOBHBIE HECYIIIE KOHCTPYKIMHU ¢ marom oT 1 10 3 M. OHu ObIBaloOT:

a) OJIHOIPOJIETHBIMHU CBOOOJTHO ONEPTHIMU;

0) MHOTOIIPOJIETHEIMU HEPA3PE3HBIMU U KOHCOJIbHO-0AJIOUHBIMHU.

bajiku ¥ TPOroHBI PACCUMTHIBAIOT HA M3rM0 OT PaBHOMEPHO pAaCHpeaesICHHOU
Harpy3Ku (, KOTOpasi COCTOMT U3 COOCTBEHHON MacChl MOKPHITUS ( U CHera .

MakcumanbHbIi OTHOCUTENIbHBIN MPOrud 0anoK M MPOTrOHOB MOKPHITUM HE JTOJKEH
npesbimats 1/2001.

OnxHonpoJieTHbIE 0AJIKHU

CraBsTcsi, Kak TpPaBWIO, B TOKPBITUSX OTHOCUTEIHHO HEOOJBIINX pPa3MepoB
HAaKJIOHHO BJIOJb CKAaTOB KPBIIIM W OMUPAIOTCS HA MPOAOJbHBIE CTEHbl U KOHBKOBBIC
MporoHbl. Takre KOHCTPYKIMH PacCUNTHIBAIOTCS Ha M3THO Kak CBOOOHO OTNepThie OaJIKH.
Kpome wm3rubarommx MOMEHTOB B  OajkaxX BO3HHMKAIOT TMPOAOJBHBIE  CHJIBI
(pacTsaruBamoUIMe U CKUMAIOIIKNE) TO JCUCTBUSI CKATHOM COCTABIISIONIEH, OAHAKO, BBUIY
TOTO, YTO YKJOHBI OajoK, KaK MpPaBWIO, HE MPEBHIMIAIOT 1:2, OHW Majo BIMUSIIOT Ha
HECYIIYIO CIIOCOOHOCTH OAJIOK U MO3TOMY Pacu€TOM HE YUUTHIBAIOTCS.

OaHonpoJsieTHbIE NPOTOHBI



[IpencraBisitor  co0oil  mpoAOdBHBIE  PSABI  CBOOOAHO  OMEPTHIX  OaloK,
YCTAaHOBJICHHBIX HA OCHOBHBIE HECYILIME KOHCTPYKLMU U MONEPEYHBIE CTEHBI KPBILLIH.
HeiuTpanpHble OCH C€YEHHI MPOTrOHOB UMEIOT TAKOM K€ YKJIOH K TOPU30HTY, KaK U
HOKpBITHE (YTOJI OL).
0x=Q-cosa; Qy=q-sina

Or cHnon3aHuss 1O CKary IPOTOHBI

YAEPKUBAKOTCS OTPE3KAMU TOJICTBIX JOCOK —

O00OBIIIIKAaMHU, TPUOMBACMBIMH K OIOpam

TBO3JISIMU, WJIM METAJUIMYECKUMH YTOJIKAMH.

Jomareie npuOouHbl (OOOBIIKK) CHU3Y Y

KOHLIOB MPOTOHOB MPEAOXPAHSIIOT OCHOBHBIE

HECyIllMe KOHCTPYKLIHMH OT BBIXOJla W3 MX

IJIOCKOCTH, T.€. 3TH MPUOOUHBI UTPAIOT POJIb

cBsizeid. [IpuOOMHBI COEAMHSIOTCS MO JJIMHE

Ha Omopax IpH IMOMOIIM KOCOro mnpupyoda

WIM  JOlIaThIX  Hakigagok.  [Iporonsr

paccuMTHIBAIOT Ha M3TUO OT JAecTBUS

TOJIBKO HOPMAJIbHOM COCTAaBJISIIOLLEN

Harpy3ku ((x), €clii CKaTHas COCTaBJISIOIIAS

BOCIPUHUMAETCS] HACTWIOM (Kak, Hampumep,

B JIBOITHOM mNepekpecTHOM Hactuie). Ecnu

TaKOM HACTUJI OTCYTCTBYET, IPOTOH paboTaeT

U PpPACCUMTBHIBAETCS HA KOCOM H3rHO OT

HOpManbHOW  (Qx) W ckatHOM  (Qy)

COCTABJISIFOLIEH Harpy3ku mo ¢opmyiam s

KOCOT0 u3ruoa:
M I f 2 + f 2
a=%+—ySRu 1: . L < 1 .
W, W, | | 200

['Bo3aum — KkpersieHuss OOObIIEK — pabOTalOT M PACCUUTHIBAIOTCS HA CKAaTHYIO
COCTaBJISIONIYIO OMOPHOM PEaKI[UU CO CPeAHMX MPOroHOB Ry=Qyl, kKak HECHMMETPUYHOEC
OJIHOCPE3HON COEIMHEHUE € HM3rhub0aeMbIMU TBO3IAMU. [lJIs yMEHBLIEHHS pPacueTHOTO
mpoJieta 0aJIOK UX WHOT/IA YCHJIMBAIOT MOA0ATKaMHi Ha OMOpPax M CKPEIUISIOT ¢ OankaMu
o6onTamu.

CnapeHHble MHOIOIIPOJIETHbIE MMPOTrOHbI

PacmonararoTcsi momepek CKaToB KpBIII W OMHPAIOTCS HA OCHOBHBIE HECYIIIHE
KOHCTPYKITUU TIOKPBITHS W TIONIEPEYHBIC CTEHBI, K KOTOPBIM KPEISTCS TaK JKe, KaKk M
OJTHOTIPOJIETHBIC TTPOTOHBI. CITapEeHHBIN MPOTOH COCTOUT M3 JIBYX PSAIOB JIOCOK Ha pedpo,
COCIMHECHHBIX TBO3MAMU. MEXKIy CTBIKAMH JOCKH COCIUHSIOT KOHCTPYKTHBHBIMHU
rBo3asiMu uepe3 Kaxapie 0,5 M. Takue TMpOroHBI PEKOMEHIYETCsl MPUMEHSITh TOJBKO B
COUYETAaHWH C HACTHJIAMH, BOCIIPUHUMAIOIIIMMH CKATHBIE COCTABJISIOIINE.

Pacyer cmapeHHOTO MPOTOHA MPOM3BOMAAT MO CXEME MHOTOIPOJIETHON Hepa3pe3HOon
OasKi Ha HOPMAJBbHYIO COCTABIISIONLYIO HATPY3KH.

MakcumanbHBIA N3TH0AOMINN MOMEHT OYJIET Ha/T OTIOPAMH:



2 2
HaJ BTOPOU M, = % , @ HaJ IPOMEXYTOYHbIMU M = % IIpoBepKy HampsKeHUN U

no100p CeYeHUM BBIMOJIHSAIOT 10 MOMEHTY Ha MPOMEXKYTOUHBIX oropax M:

o= V% <R,
p
Ceuenue Ha
BTOPOM orope,

YCHUJICHHOE TpeThe
JIOCKOM, KaK IpaBuIo,
paboTaeT ¢ 3amacom
MIPOYHOCTH.
I'Bo311€BBIC
COEIMHEHHsI PadboTaroT
Ha JEUCTBYIOIIME B
HUX TIOTIEPEYHBIC CHJIIBI
Q.s B cThikax. I'Bo3mu
pacCUMTHIBAIOTCA ~ Ha
u3ru6. Ilo mnporudam
oT HOPMaJIbHBIX
COCTABJISFOITUX
HOPMATUBHOW HArpy3KH PAaCCUMTHIBAIOT MEPBBIM IPOJIET MPOrOHA, I'Ie OTHOCHUTEIbHBIN
porud uMeeT HauOoJIbIlIee 3HAUCHHUE:
f_25q/l°
1 384 EI
B HEKOTOpBIX cllydasx MMEETCS BO3MOXKHOCTb COKPATHTh JJIMHY IEPBBIX IPOJICTOB
1o 0,81. TIpu 3TOoM M3rubarone MOMEHTHI Ha BCEX MPOMEKYTOUYHBIX OMOPAX M IMPOTrHOBI
BCEX IPOJICTOB MOTYT CUMTAThCS OAMHAKOBBIMH, U OTHAAACT HEOOXOJIMMOCTH YCHJICHHS
IIPOTOHA B MEPBBIX MPOJICTAX.

KoHC0J1bH0-02/1049HbI€ MIPOTOHbI

[IpeacraBnsitor coboi
NIPOJIOJIBHBIC PSIIIBI OPYChEB
WM OpeBEH CO BCTPEUYHBIM
pAacIioIOKEHUEM CTHIKOB 3a
npezenamMu omop.

I[Ipu  stoM  Oonee
JUIMHHBIE OpyChsi 00pa3yroT

B IIPOMEKYTOUHBIX
IIPOJIETaX JBE KOHCOJIH, a B
KpallHUX — OJHYy, Ha

KOTOpBIE OMUparoTcs Oonee
KOpoTKkHe  Opychbss  mpu
TIOMOIIIY KOCOTO Mporuda, CTIHyTOro 0oaToM. Takue MporoHsl MPUMEHSIOT B OKPBITUSAX
IOpyu 1Iare OCHOBHBIX HECYIIMX KOHCTPYKIUi He Oosee 4,5 M., [IomMycKaromem
MCIIOJIb30BaHUE JIECOMATEpUAIOB CTAHIAAPTHOM JIMHBI. Pacyer KOHCOJIBHO-0amoyHBIX
IPOTOHOB MPOU3BOJAAT MO CXEME MHOTOMNPOJIETHON CTaTUYECKH ONpEeIeNuMON Oalku ¢



npojeramu | Ha HOpMaJbHBIE COCTABJISIONIME HArpy3ok. [IpOoroHbI B 3aBHCHMOCTH OT
PaCIOJIOKEHHS CTBIKOB PABHOMOMEHTHBIMH M PABHOITPOTUOHBIMH.

B paBHOMOMEHTHBIX MPOTOHAX CTHIKK pacroyiararotcss Ha paccrosaun 0,151, a
KpaiiHue mpojeTel ymeHbimaroTrces a0 0,851, M3rmbaromue MOMEHTBHI Ha OIOpax W B

_a

ITPOJICTaX paBHBI M 6’ a4 MaKCUMaJIBHBIC OTHOCHTCJIEHBIC HpOI‘I/I6BI PaBHBbI:

B 2 qH|3
384 EI

B paBHONpOruOHBIX MPOroHAaX CTBHIKK pacmojaralorcs Ha paccrosauu 0,21, a
Kpaitnue mnposietbl ymenpmatorcs g0 0,8l Ilpm »ToM Ha omopax BO3HHUKAIOT

I 2
MaKCHUMAJIbHBIC H3TH6aIOHlI/I€ MOMCHTBI, paBHBIC M= ?L_Z , OTHOCHUTCJIbHBIC HpOFI/I6BI BO

i
|

BCEX IPOJIETAaX PABHBIL:
1 q"l®

384 EI

L
|

Bbaaku nepexkpniTHil

banku nepekphITUid SIBISIOTCA ONOpPaMU HACTUJIOB MEXAYITaXHBIX, YEPAayHBIX
MEPEKPHITU U padbouux IUIONIaJoK. B OONBIIMHCTBE Cily4aeB — 3TO OJHOIPOJIETHBIE
Oayiku, CBOOOJHO OIEpPThIE HA CTEHBI, CTOMKA M MEPErOpoOAKU 3JaHHs. ODTHU OalKu
paboTaroT Ha M3rMO0 OT COOCTBEHHOW MAacChl NEPEKPBHITUS U BPEMEHHOW IOJIE3HOU
Harpy3ku. OHU pacCYMTHIBAIOTCA MO MPOYHOCTU W Iporudam mpu uzrude. IlpenenbHbii

f 1
poruo T30 JIOTIOTHUTENBHO MEXAYITAKHBIC OAKU JOJKHBI OBITH MPOBEPEHBI HA

3BIOKOCTB OT JIeHCTBUS cocpenoToueHHou Harpy3ku P=0,6 kH (60 kr.) mo dopmye:

¢ = PI®

48E

B Takux 0Gankax HepeaKo AENaloT MOJpe3Ku Ha onopax. [myOuHa moape3ku J0JKHA

ObITh HEe OoJsiee 4 BBICOTHI CEUEHHUs, JJIMHA — HE Oojee BBICOTHI cedueHus. [lpu 3ToM

MIPOM3BOANTCS TPOBEPKA HA CKaJbIBAHHUE B OMACHOM CCEUYCHHUHM OT JACHCTBUS OIMOPHOMN
peakiuu R o gpopmyse:

I <0.05¢cMm.

=R <04MIa.
oh

DJIEeMEHTHI TePeBAHHBIX KOHCTPYVKIIUN COCTABHOI0 CCYEHHUS HA MOAATIUBLIX
CBSI35IX
CocTaBHBIC 0AJIKH HA NOAATJIMBBIX COSTUHEHUSX

MHuorue nepeBsiHHbIE KOHCTPYKLMH (OalKu, pambl, apKH) J€lal0T COCTABHBIMH.
HeobxoaumocTh co3/laHusi TaKMX KOHCTPYKUMU BbI3BaHa OrpAaHHMYEHUSIMU B pa3Mepax
JecoMarepuajoB MO JUIMHE U IUIOIIAAM CEeYeHUs. B  CcOCTaBHBIX JIE€pPEBSHHBIX
KOHCTPYKILUSAX OTIEJIBbHBIE OPYChsl U JJOCKM COEIUHSIIOTCS C IOMOILBIO CBSI3€H, KOTOpBIE
MOTYT OBITh JKECTKUMHU (KJ€eBble, 00ECIEUMBAIOIIME MOHOJUTHOCTb COEIMHEHUs) U
NOJATJIMBBIMU. DJIEMEHThI COCTABHBIX JI€PEBSHHBIX KOHCTPYKLMI Ha MOJATIMBBIX CBA3SAX
COCTOSIT U3 JIOCOK, COEIMHEHHBIX I'BO3ISMHU WIH OpeBEH U OpyChEB, COCIUHEHHBIX IIO
BbICOTE OONTaMH WM JCPEBSIHHBIMH BKIaAbIIaMu. [loAaTIMBOCTBIO HA3bIBAIOT
CIIOCOOHOCTH CBsI3el MpH JedhopMalui KOHCTPYKIUI 1aBaTh BO3MOXHOCTb COEIMHAEMbIM
Opychsi WJIM JOCKaM CIBHHYTHCS APYT OTHOCUTENbHO aApyra. llomaTtnuBocTh cBs3eit



YXyALIAeT paboTy COCTABHOTO 3JIEMEHTA [0 CPABHEHUIO C TAKUM K€ SJIEMEHTOM IIeJIbHOTO
cedeHusa. Y COCTaBHOIO JJIEMEHTAa Ha MOJATIMBBIX CBS3AX YMEHbBIIAETCS Hecylas
CIOCOOHOCTh,  yBenuuuBaercss aedopMaTtuBHOCTh. llosTomy mpu  pacuere
MPOEKTUPOBAHUU COCTABHBIX PJIEMEHTOB HEOOXOAMMO YUUTHIBATH MOJAATIMBOCTD CBA3CH.

OcHOBBI YUeTa MOJAATJIMBOCTH CBSI3eH

Bonpocel yuera mogaTiMBOCTH CBS3€H NPU pacdyeTe COCTABHBIX CTEPXKHEH ObLIN
BIIEPBBIE Pa3pabOTaHbI B HAILIEH CTPaHE.

B »T0li 3amade npuHATO monoxkeHue o0 ymnpyroil pabore marepuana 3JIEMEHTOB U
ceszeit. B CHull 11-25-80 npuBenensl pacuetHbie GOpMyJbl, Aaroliue MPUOIMKEHHbIC
peuIeHus, NoJy4YaeMble U3 TOYHBIX PEUIEHUH MYTEM Psaa YIPOILIECHHH.

Pacuer HA nonepeYHLIA U3rH0

J17mst Toro 94TOoOKI ITOHSTH
XapakTep paboThl JIEMEHTOB
Ha TIOJIATJIMBBIX CBA3SX Ha
MOTEPEYHbIN U3rud, BO3bMEM
Tpu Oaiku, y  KOTOPBIX
Harpy3KH, IPOJIETHI u
MOTIePEeYHbIC CEUYCHUS
onuHakoBeie. IlepBas Oanka
uMeeT 1enbpHoe ceuenue (1)),
BTOpasi — U3 JIBYX OpycCbheB
0e3 Bcsakux cBszed (O) u
TPEThsl — U3 JABYX OPYCHEB C
NoAATINBLIMU CBs3siMU (11).
[Tpu u3rube
nedopmManum COCTaBHOM
OaJIKi Ha TTOJIATIIUBBIX CBS3SIX
Oynyt Oounbie aegopManuii
OaJIKi LIEIBHOIO CEYECHUS, HO
MeHbIe aedopmanmii Oamku
0e3 cBs3ei:
fII<fII<fO. CnemoBarenpHO, cocTaBHas Oallka HAa NOJATIMBBIX CBSI3SIX 3aHHMACT
IPOMEKYTOUYHOE TMOJIOKEHUE MEX]y OajKOM 1IeIbHOIO CEYEHHsI U COCTaBHOW Oasikoi 0e3
CBsI3€H, TO3TOMY MOJKHO 3alHcaTh, 4YTO TpH JIe(HOPMUPOBAHWM TIOJ HArpy3KOH B
COCTaBHOW Oajlke Ha TMOJATIMBBIX CBI3IX B OTJIMYHME OT OalKU IIEIBLHOTO CCUYCHHS
IPOM30UIET KpOME IIOBOPOTa OIOPHOTO ceueHus caBur oIl BepxHero rmosca
OTHOCHUTEIHLHO HIKHETO.

W >W>Wo
> lo

W3 3Tux HEpaBEHCTB CIENyeT, YTO T€OMETPHUYECKHE XapaKTEPUCTUKUA COCTaBHOU
O6anku Ha momarTiuBbix cBs3sax (IL[, WILI) MoxHO BBIpa3uTh uepe3 TreoMEeTpUUECKHUe
XapPaKTEPUCTHKHN OAJIKW MEIHHOTO CEYCHHUs, YMHOKCHHEM Ha KOd(p(UIMEeHTh KW u ki,
MeHbIIIe 1, KOTOpbIe YYUTHIBAIOT MOJIATIMBOCTh CBS3€H, TOT/AA:



W, =kW, , ky <1;

=K, 1, K, <l
[Iporn6 Oanku Ha NOJATIMBBIX CBS3AX  YBEIMYMBACTCA COOTBETCTBEHHO

YMCHBIICHUIO MOMCHTA HHCPILIUN:

3navyeHus kodp¢uimentoB KW u kok mpusenensl B CHulle B 3aBucuMoOcCTH OT
BEJIMUMHBI TIPOJIETa W KOJUYECTBAa CJIOEB B dJeMeHTe. Pacder cocrtaBHOW Oanku Ha
MOJIATJIMBBIX CBSI3SX CBOIUTCS, TaKUM 00pa3oM, K pacueTy OalKu IebHOTO CEYCHHS C
BBeJIeHUEM K03(D(PUIIMEHTOB, YIUTHIBAIOIINX MTOIATIMBOCTD CBS3CH:
1) HOpMaTbHBIE HAMPSKEHHS OMIPEIEISIOTCS 10 (hopMyJIe:
M
7T W,k
™w
W, — MOMEHT CONPOTUBIICHUS COCTABHOM OaJIKM, KaK IEJIbHOM;
kw<l — k03 PULIMEHT, YIUTHIBAIOIINN TOAATIMBOCTD CBSI3CH.

<R,,THC

AHQJIOTUYHBIM 00Pa30M BBITMOJHSIETCS YUET MOJATIAMBOCTU CBSI3EH U MPU pacuere Ha
YCTOWYUBOCTD ITIOCKOU (POpMBI U3THOA.

2) nporud cocTaBHOM OaJIKK Ha MOJATIMBBIX CBA3SX B OOIIEM Cllydae:

|3
fo=k—o <[flp, rae
Elk,
ly — MOMEHT conpoTHBIIEHUSs OAJIKU KaK 1IeJIbHOI;
K<l — K03()(HUITUCHT, YIUTHIBAIOIINI CIBUT, BEI3BAHHBIN IMOIATIIMBOCTHIO CBSI3CH.

CocTaBHBIC 0AJIKH HA MOJAATJINBBIX CBA3AX

Takue  Oanku  SBIAIOTCS  TPYAOEMKHMU  KOHCTPYKUMSMHM  IOCTPOEYHOI'O
M3rOTOBJICHUSI, TPEOYIOT pacxo/ia OpyCheB M JIOCOK KPYHHBIX CEYEHHUI M JIOIYCKAIOTCS K
MPUMEHEHUIO TOJIBKO BO BPEMEHHBIX 3/IaHUSIX U coopyxeHusix. CocTaBHbIe OalKu
oOpa3yloTcsi Tak e IMpU YCWICHUM OaloK, WMEIIIUX HEIOCTAaTOYHYI HECYLIYIO
CIIOCOOHOCTh, OOKOBBIMU OOImIMBKaMU. K cocTaBHBIM OankamM Ha TOJATIMBBIX CBS3SIX
OTHOCATCS JOIATO-TBO3/IEBbIE OAJKU C MEPEKPECTHOM CTEHKON M OpycuaThie Oaikud Ha
nyOOBBIX IUTACTMHYATHIX HAremsix. OTH Oalkud paboTal0T Ha MONEPEYHbId HM3rud u
pPacCUMTBHIBAIOTCS C y4Ye€TOM TOJATIMBOCTH CBsi3ed 1O OOUMM  NIpPUHLHUIIAM,
PacCMOTPEHHBIM PaHEe.

Jlo1maro-rBo3ieBbie OAIKU € MEPEKPECTHON CTEHKON MOTYT UMETh MPOJIeT 10 12 M. u
BBICOTY B cepefuHe He MeHee 1/7 mponera, a Ha omopax — He MeHee (0,4 BBICOTHI B
cepenuHe. OTW Oalku WMEIOT JBYTaBPOBOE CEYCHHE, IOCTOSHHOE MO JJIMHE B
OJIHOCKATHBIX U MEPEMEHHOE — B JIBYCKaTHbIX Oajnkax. [losica cocToAT U3 ABOMHBIX TOCOK
Ha peOdpo, COEAMHEHHBIX O JUTMHE OOJITaAMHU.



Crenku
oOpasyroTcsi U3 JIBYX
MEPEKPECTHBIX CJIOEB
JOCOK  TOJIIIMHOM  HE
MEHEE TOIIIMHBI JOCOK
MOSICOB,  HAKJIOHEHHBIX
moa yriaom 30° — 45° k
TOPU30HTY. [Tosica
COEIUHSIOTCS co
CTEHKOM TBO3ISMH C
nByx cTopoH. CreHka
COCMHSETCS] KOPOTKUMU
KOHCTPYKTHUBHBIMU
reo3asMu. [lonmepeunas
CTEHKa JTuUX OalloK He
MOXET  BOCIPUHUMATh
HOpMaJIbHbIE
HarpspKeHus1, a paboTaeT
U PpACCUMUTHIBAETCA Ha
BOCIIPUSITUE MONIEPEYHOMN
cuibl. JIOCKM BEpXHEro Mosica paCCUMTHIBAIOT HA CHKATHE M YCTOMYMBOCTh. HukHUNA mosic
PACCUUTHIBAIOT HAa PACTSHKEHUE MO CEUEHHUI0, OCIabJeHHOMY OoJiTaMU CThIKa. ['BO3au
pPacCUMTHIBAIOT HA W3THO OT JeiicTBusA morepeyHor cuibl Q. KommyecTBOo TBO3ACH
YMEHBIIAETCS CTYMCHSIMH OT OTIOp K CePEeANHE MPOJIETa B COOTBETCTBUU C AMIOpoi Q.

bajiku Ha nnacTuHyaThix  Harensx  (Oanku  JlepeBsiruHa) — 0Opa3yroTcs
CIUTAaYNBaHUEM 1o
BBICOTE€ JBYX HWJIH TpEX
OpychbeB, COEAMHEHHBIX
MEXIy co00# 1yOOBBIMU

MJIACTUHYATHIMU
HareJsiMH,
BCTaBJICHHBIMU B
CIIeIMAJIbHBIEC THE3/A.

B rpo1iecce
M3TOTOBJICHUS TUM
Oasikam pUAAeTCs

CTPOUTEJIbHBIN TOIBEM,

Onaronaps KOTOpOMY

oOecrieunBaeTcs

IUIOTHOE  3allleMJICHUE
IUIACTHH B THE3/1aX. DTU Oajku paboTaloT U PacCUMTHIBAIOTCS HA M3rHO0, KaK COCTaBHBbIE
Ha MOJATIUBBIX CBA3SIX, a YHCIO IJIACTHH OMNPEAEISETCS MO MX HECYIIeW CIOCOOHOCTH
MpH U3rube 1 CMATHUU.

['myOuna Bpe3ku Hareneit He 6oreel/S BbicoThl Opyca. Pacuer cocTtaBHBIX 0alok 1Mo
MPOYHOCTH BBITIONHSACTCS C ydeToM KoddumueHToB kw<l, a mo mporubam ¢ yderom
koap¢unmenta kxk. OTHOCUTENBHBIN MPOrud COCTaBHBIX OajOK HE JOJDKEH MPEBBIIIATH
1/300 mpounera.



Jleknus Ne 6
Kieennle 0ajaku

Krneensle Oanku u3 10COK U (aHEpPbl, CKICECHHBIE CHHTETUYECKUM KIIEEM,
SBIISIIOTCSI OCHOBHBIM BHJIOM COCTaBHBIX 0ajlOK 3aBOJICKOTO M3TrOTOBIEHUs. Pazmepsl u
dopMa cedyeHHMII COCTaBHBIX KJICCHBIX OajOK MOXKET ObITh MPAaKTHUECKHU II000W He
3aBHCHMO OT COpTaMeHTa mujomarepuanoB u (anepsl. Kneenas apesecuna u anepa
JOJBIIE  COMPOTHUBIIIIOTCA 3arHUBAaHUI0O M UMEIOT 0Oojee BBICOKHM  Tpejen
OTHECTOMKOCTH, YeM IIelbHasl IpeBecuHa. JKECTKHe W CTOWKHE MPOTHB YBIAKHCHUS
KJIEEBbIE COCIMHEHUS 00ECTICUMBAIOT MOHOJIUTHOCTh OAJIOK.

CyuiecTBytonme BUIbl KJIECHBIX OalOK MOXKHO pa3/IeUTh Ha JBE OCHOBHBIE
TPYIIIIBI:

1) nouiaTokneeHble OANKH, COCTOSIIINE U3 CKIIEEHHBIX MEXKIY COOO0H 10COK;

2) kieedanepHbie 0aIKU, COCTOSIINE U3 JIOMIATHIX MOSCOB U MPUKICEHHBIX K HUM
CTEHOK U3 BOJIOCTOMKOM (haHEpHI.

JlonaTokieeHble OalKu MPUMEHSIOT, TJIaBHBIM 00pa3oM, B KayeCTBE OCHOBHBIX
HECYIINX KOHCTPYKIIMA TIOKPBITHUS CEIbCKUX, OOIIECTBEHHBIX M IMPOMBIIUICHHBIX
3IaHWHA, UCTIOJIB3YIOT MX Tak)Ke B BHUIC MPOTOHOB, MPOJICTHI M HArPy3KH KOTOPHIX HE
MO3BOJISIIOT TPUMEHSTH MPOTOHBI IIETHHOTO CEUCHHS, a TAKXKE B BUJE TJIAaBHBIX OaloK
IIEPEKPBITAN, MOCTOB U IPYTUX COOPYKEHHM.

B oreuecTBeHHOW NpaKTUKE CTPOUTENHCTBA JOMIATOKICCHBIE OaaKh HAXOIAT
NpUMEHEHUE B TOKPBITUAX TMpojeToM 10 18 M. 3a pyOexoM HMEIOTCS MPUMEPHI
3 PEKTUBHOTO MPUMEHEHHUS JOMIATOKICCHBIX 0aJ0K B OKPBHITHAX TTposieToM 10 30 M u
Ooee.

JlomarokseeHbie 0aaKu MOTYT OBITh:

1) oMHOCKATHBIMU TTOCTOSIHHOU BBICOTHI;

PucyHok 1 — OgHockaTHaa 6anka NOCTOSAHHOW BbICOTbI
2) NBYCKaTHbIMHU IEPEMEHHOro cedyeHus, npuueM hg He menee 0.4h, rae ho —
BbICOTa OaKK y Onopsl, h — BeIcOTa B cepeiHe MPOJIeTa;

PucyHok 2 — [ByckaTHasa 6asika nepeMeHHOro ceuyeHus



3) JIOMAHbIMH, COCTOAIINMHU U3 IBYX HpHMOHHHeﬁHBIX 3JICMCHTOB, COCAMHCHHBIX B
KOHBKC BY6‘IaTBIM COCAMHCHHEM,

PucyHok 3 — JlomaHas 6anka, cocrosuian us AByx NpsiMOJIMHENHbIX 3/IeMEHTOB
4) THYTBIMU;

PucyHok 4 — I'HyTbie 6a71Ku nepeMeHHOro U NOCTOSHHOIro ceueHus

banku ckiiemBaroTcs M3 JOCOK TOJIIMHON He Oojiee 42 MM (I[J'IH THYTOKJICCHBIX —
He Oonee 33 mM). CeyeHus AOMIATOKJICCHBIX OAIOK MPUHUMAIOT B OOJBIIMHCTBE
ClIly4yaeB MIMPUHOW HE bonee 17 cMm, YTO MO3BOJISIET M3TOTOBJIATH UX M3 IEIBHBIX IO
HIMPUHE JOCOK. bayikn OopIIeH MIMPHUHBI U3TOTOBJIAOT M3 MCHEC HMIHMPOKHUX JOCOK,
CKJICEHHBIX MEXJy COOOM KpOMKaMHU C pPaCIOJIOKEHHUEM CTHIKOB BpPa30EkKKy, UTO
YBEJIMYMBAET TPYAOEMKOCTh MX HU3TOTOBJICHUA. DPOPMBI MOMEPEUHBIX CEYEHU OaJIoK
MOI'yT OBITh BEChMa pa3H006pa3HBIMI/I. TpaauiMOHHBIMHA (I)OpMaMI/I CEUCHUSA SABIISIOTCA
OpsIMOYTOJIbHOE MAacCHMBHOE, peXe JBYTaBpPOBOE WJIM TaBpoBoe (T.K.OHU He
TE€XHOJIOTUYHEI B I/ISI‘OTOBJ’ICHI/II/I).

PucyHok 5 — Buabl ceueHumii goulaTokieeHbix 6anok



Bricora 6anok (h) npunumaercs B npeaenax h=(1/8...1/12)1.

Jlist obecriedeHUsT yCTOMYMBOCTH OajlOK M3 HMX IUIOCKOCTH OTHOIICHHE BBICOTHI
Oanku h x mupure b He momxHO ObITh Gobine 6 (h/b<6). [lomaTokiieeHbie OATKH C
OOJIBIIIMM OTHOIIICHUEM BBICOTHI K INIMPUHE IMONIEPEYHOT0 CEUCHHUS TOJUICKAT IMTPOBEPKE
Ha OOIIYI0 YCTOWYHBOCTb.

Jlocku pacmoyiaratoTcs IO BBICOTE CEYCHHS OaJlOK TakKUM 00pa3oM, YTOOBI
JpeBeCHHa HanOoJjiee BBICOKOTO KadecTBa pa3Mellajach B HamOoJee HampsHKSHHBIX
HIKHEW U BEPXHEN 30HAX.

PucyHok 6 — PacnonoxeHue Aocok B 6anke

[To nynvHe MOCKU AOIIATOKJIECHBIX OAJIOK CTHIKYIOTCS Ha 3yOuarhlid mum. CThIKU
CMEKHBIX CJIOEB JIOJIKHBI pacmojiaraTbesi Bpa30eKKy Ha paccTostHuM He MeHee 30 cM.

PacdeTr momaTokiIeeHbIX 0aI0K MOKPBITHH.

B GonbmIMHCTBE cllydaeB pacueT MPOU3BOASAT MO CXEME OJIHOMPOJIETHON CBOOOIHO
onepToil OAJIKK Ha paBHOMEPHYIO HArpy3Ky q OT COOCTBEHHOM MacChl MOKPBITHS, OATKH
1 MaccChl CHETa.

JlomaTokieeHple OaJKU pPACCUMTHIBAIOT KaK OajKu IIeJbHOTO CEUYCHHUSA. 3a
OCHOBHOE PacUYeTHOE CONMPOTUBIICHHUE TIPH U3TrUOE TPUHUMACTCS JIJISI COCHBI

1 copra Ru=14 MlIla

2 copta Ru=13 MlIIa

3 coptra Ru=8.5 MIla

[Tpu pacuere AOMATOKICEHBIX OAIOK BBHITIOJIHSIOT CJICIYIONTUE TIPOBEPKH.

1. IIpoBepka MPOYHOCTH 11O HOPMATBHBIM HANPSHKCHUSIM:

I
4

g. = =R
u H'{[I ‘Mg md:_l u

3nech BBeACHBI KOA(DPHUITUEHTHI K MOMEHTY COTIPOTUBIICHUS:

m; — kodhduIMeHT ycioBuii padOThl, YYUTHIBAIOIINN BIUSHUE Pa3MEPOB
MOTIEPEYHOTO CEUCHUS Ha HECYIIYI0 CIIOCOOHOCTh Oaliku, €ro 3HaueHue MPUBEICHO B
CHulI 11-25-80 B 3aBUCHMOCTH OT BBICOTHI cC€4eHUS h

h=70 cm — msz=1,

h<70 cm — m;s >1,

h>70 cm — m; <1;

Mg — k03P puirienT GopMbl, Uil OaJIOK NPSIMOIMHENHON QOopMBbI cedueHus My =1,
11 0ajoK IBYTaBpPOBBIX ceueHUil My naHbl B yueOHuke I'. I'. Kapacena B 3aBucumocTu
OT OTHOILICHUSI IIUPUHBI CTEHKH K HMIMPUHE MOsICa.



PacueTHOe ceuenue, rae AEUCTBYIOT MAKCUMAJIbHbIE HOPMAJIBHBIE HAIIPSIKEHUS, B
Oasikax IMEepeMEHHON BBICOTHI HE COBIAJIAET, KaK B OajikaX MOCTOSIHHOW BBICOTHI, C
MECTOM JICHCTBHUSI MAaKCHMAJIbHOTO W3TUOAIONIEr0 MOMEHTA, IOCKOJIBKY MOMEHT
CONPOTHUBJICHUSI CEUEHUW YMEHBIIAETCS Yy HUX OT CEpeAuHbl Oanku ObICTpee, ueMm
m3rudaronmii MOMEHT. PaccrosiHre pacdyeTHBIX Ce€YeHUW OT omop X Ompeaessercs
MyTEM OTHICKaHHSI MAKCUMYyMa SIIOPbl HOPMAJIbHBIX HAPSIKEHUHN 0 JJIMHE OAJIKH.

DTO CEeUCHHE HAXOAUTCS U3 OOIIETO BEIPAKECHUS JIJI1 HOPMATBHBIX HAMIPSHKECHUI

M,

Oy = H-‘;

JUisi HaxOXXJEHUs DKCTPEMAIbHBIX TOYEK OIIOPbl HANPSLKEHUM HEO0O0XO0AUMO
NPUPABHATH HYJIIO BBIpAXEHUE, MOIyYEeHHOE Mocie Au(GepeHIIUPOBAHUS BhIPAKCHUS
IS Oy.

B nByckaTHOU Oanike MEpEeMEHHOI0 CEUEHHUs MPU PABHOMEPHO pacIpeiesieHHON
Harpyske

h — BeICOTA ceueHus B cepelnHa MmpoJjieTa Oaky.
N3rubaroiyii MOMEHT B 3TOM CiIydae paBeH

X
M =%(E —9)

PucyHok 7 — dniopa usrnbarouwiero MmMomeHta M
B rHyTOKJIEEHBIX Oankax JOMOJHUTEIBHO TMPOBEPSETCS €lle W HaNpsHKeHUs
pPaCTsHKEHUS B THYTOU 30HE.
2. Pacyer Ha yCTOMYHMBOCTH IUIOCKOH (OopMbI JaeOpMHUPOBAHUSL H3THOAEMBIX
DJIEMCHTOB.
M

Oy = =R,
PmWepmg-mg )

rae M — MakcuMasbHBIA U3rH0aI0IMi MOMEHT Ha paccMaTpUBAeMOM y4acTke lp

Ms 1 Mg — Oanounbll ko3pduuueHT U Kod3pPUIUEHT (HOpMbl (IPUMEHSIOTCS
TAKHMH K€, KaK U [PU PaCUyeTe MPOYHOCTH).

3. llpoBepka MPOYHOCTH MO CKAIBIBAIOUIMM HaNpsDKEHUAM B CEUEHUU C
MaKCUMaJIbHOU MOMIEPEYHON CUIION BHITIONHSETCS 10 (hopmylie XKypaBckoro

055 .
T = T—F = ch
Jap? !




rne Q — momepedHas cuia, S, — CTATHYECKHMA MOMEHT OTHOCHUTEIBHO
HEWTPaJIbHOW OCH TOM YaCTH IUIOLIATU CEUCHHsS, KOTOpas PAcIONIOKECHA BBIIIE WU
HIDKE MTPOBEPSEMOTro IIBa, Js, — MOMEHT MHEPIMH CeUeHHUs, D — mupuHa Oanku, U npu
JIBYTaBPOBOM CE€YCHUU — mmpuHa cTeHKH (b=D,;).

4. Pacuet no nporudam.

CHull 11-25-80 gaer dopmyny Ui omnpeaeneHus HauOOJbIIero mporuda
HIAPHUPHO-OTIEPTHIX OAJIOK B BUJIE:

F=sire(t)

rae fo — mporu6 G6aku MOCTOSTHHOTO CeUeHMs BhICOTOM h 6e3 ydeTa medopmaruii
C/BHTA, JIJIsl 3arPy>KCHHON paBHOMEPHO-PACIIPEICICHHON Harpy3KOu

f . Eq[-l!h
0 7 zaaEp

h — HanGoukbIIast BBICOTA CEYCHUS,

| — mposneT Oankwy,

K — K03 GUIMEHT, yUUTHIBAIONINIA BIUSHUE MEPEMEHHOCTH BBICOTBI CCUCHHS, IS
OaJIKu MOCTOSTHHOTO ceueHus k=1,

C — KO3((QUUHMEHT, YUUTHIBAIOIINNA BIUAHHUE J1e(OpMalMU CABUTa OT MONEPEYHOU
CHUJIBI.

3naueHue kod¢pduineHToB k U ¢ 111 OCHOBHBIX PACUETHBIX CXEM OalloK JaHbl B
npunoxenun CHull.

[Tpu npoBepke Gayku 1Mo Nporudam J0JKHO BBITOJIHATHCS YCIOBUE

-2

KpoMe OCHOBHBIX TIPOBEPOK B PSJie CIIy4YacB BBIMOJIHSIIOTCS JOMOTHUTCIIBHBIC
nmpoBepku. K TakuMm mpoBepkaM OTHOCATCS IPOBEpKa Ha CMSATHE OMOPHOW TUTOIIAJKU
OaJIKu, MpOBEpKa HAMIPSHKCHUH PaCTsHKEHUS B THYTHIX Oalikax U T.I.

Kpome opHomposeTHbix Oanok B psae ciydaeB ¢ 3G(EKTOM MNPUMEHSIOT
MHOTOIPOJIETHBIE M KOHCOJIbHBIE JOIaToKJIeeHble Oanku. Pacuer Takmx Oanok
MIPOU3BOUTCS MO OOIIUM MPHUHIIUIIAM CTPOUTEIBHOW MEXAHHKH C y4eToM (OpPMBI U
BBICOTBI CCUCHHUS (KODPPHUIIUSHTOB M5 1 My).

B ciyuae, eci HEoOXOIMMO TMOBBICUTh HECYIIYIO CIHOCOOHOCTh M KECTKOCTh
OaJIKi MHOT/Ia BBITTOJTHSIOT apMUPOBAHKE JIOMIATOKICCHBIX 0aJIoK.

JlomaToKaeeHble apMUPOBAHHBIC OAlIKM MPEJCTABISIOT CO0O0M  JepEeBSIHHBIC
KJIeeHbIe 0aJKH, B KOTOPBIC BKIICUBAIOTCS CTEP)KHH CTAJIbHON apMaTypBhl.

PucyHok 8 — [lowaTtokneeHas apMMpoBaHHas 6anka
[lenecooOpa3Ho BHINOIHATH apMUpPOBAaHUE JIBOMHON apmartypoit kmaccoB A-III u
A-1V. Ilponecc apmupoBaHus Haxonutcsa B mnpeaenax 2...4 %. Kneil yame Bcero
AIIOKCUJIHO-LIEMEHTHBIN.



Pacuer apmMupoBaHHBIX OalOK HAa M3rHMO MPOM3BOJUTCS C Y4ETOM COBMECTHOM
paboThl KJIEEHOW JpEeBEeCMHbI M apMaTypbl METOJIOM TPUBEACHHBIX CEUCHUH,
YUYUTBHIBAIOIINM MOAYJb YIPYTOCTH JPEBECUHBI U CTAJIH.

E,
JI-‘fF:lt ZJFJ.F +J, E
ap

Pacuer apMupoBaHHBIX 0aJOK MO MPOYHOCTH MPOU3BOISAT UCXOJ U3 TOTO, YTO
JpEeBECUHA pa3pyLIAETCs paHbIlle, YEM CTalIbHAsI apMaTypa:
I

g =mzﬁu = 15 MIla
op (4]

KieedanepHsie OaJIKu

ITo ¢opme cedeHmss MOTYT OBITH KOPOOYATHIMHU, JIBYTaBPOBBIMH, JBYTaBPOBO-
KOpoOYaThIMH (CKJICCHHBIMH M3 JIByX HIIH HECKOJBKHX JBYTaBPOB), TPCYTOJIBHBIMH,
TpaneIUCBUIHBIMH.

OnHako HaWOOJBIIEE PACHPOCTPAHCHHUE B OTCUYCCTBCHHOM M 3apyOe:KHOM
CTPOUTEILCTBE MOYYHIIH ITIEPBHIC TPH BHJIAa OAJIOK:

1) kopoOuaToro ceueHus

PucyHok 9 — KneecaHepHas 6anka kopobuyatoro ceueHus
2) IByTaBpOBOI'O CEUCHHUSI

PucyHok 10 — KneedaHepHas 6anka AByTaBpOBOIro ceuyeHus



3) ABYyTaBpOBO-KOPOOYATOTO CEUEHUS

PucyHok 11 — KneecdaHepHas 6anka AByTaBpOBO-KOpo64yaToro ceueHus
TpagumonHo kieedaHepHbie OaNKU COCTOST U3 JOMIATHIX MOSICOB U (DaHEPHBIX
CTCHOK, OJHAaKO B HACTOAIMCC BpEMA IIPCAIPHUHUMAIOTCA IIOIBITKH CO3JaHHA
HGJIBHO(l)aHepHLIX KOHCTpYKI_[I/H?'I, 4TO IIO3BOJEICT SKOHOMUTD ITHMJIOMATCpPHUAIIL. HpI/IMepOM
TaKUX KOHCTPYKIUH SBJsIETCS IebHO(paHepHas KieeHas O6anka, nusooperenHas B CIIIA

PucyHok 12 — LlenbHochaHepHas kneeHan 6aska ABYyTaBpOBOIro ceyeHus

[IpeanpuHUMAarOTCS ONBITKU CO3/1aHMs 0aOK ABYTaBPOBOI'O CEUEHHUS C MOsicaMu
U3 MaHepHbIX npoduieit (yronkon), C-IletepOypr.

[To nnuHe kineedaHepHble OAJIKM MOTYT MMETh MOCTOSHHOE WIIM MEPEeMEHHOE
CEYCHHE.

HNx BbICOTY B cepeauHe NpoJeTa ONpEeNesioT pacyeToM Ha M3ru0 U OHa
nostyuaercs 6muskoi k 1/10...1/12 nponera.

BbicoTy cedeHHMs Ha OIOpe ONpENENslOT pacyeToM CTEHOK Ha Cpe3 u
YCTOWYHBOCTb, HO OHA JJOJHKHA OBITh HE MeHblle 0.4 mposneTa.



Crenku kieedaHepbix OaJoK H3rOTaBIMBAIOT M3 BOJOCTOMKONW CTPOUTELHOMN
danepnr Tonmmuuon 10...12 mm. HampaBneHusi Hapy»KHbIX BOJIOKOH (haHEphI CIEAyeT
MPUHUMATh TapaUIeILHBIM BOJIOKHOM IOSICOB U MPOJOIBHBIM OcsM Oanku. [Ipu sTom
CTeHKa paboTaeT Ha W3TMO B HAIPaBICHUM HAMOOJBINCH TPOYHOCTH U KECTKOCTH.
danepa CTBIKyeTCS «Ha yc», JIMOO BCTHIK ¢ Hakiaakamu. Kak mpaBuio, B MecTax
CTBIKOBaHUS (aHEephI CTAaBATCA pedpa )KECTKOCTH, T.€. MO JUIMHE Oajku pedpa cTaBsTCs
c marom, paBabM 1/8...1/10 npornera.

PucyHok 13 — PacctaHoBKa pebep »KeCTKOCTH

ITo miockocTsM ckieuBaHusl ¢ (aHEPHBIMH CTEHKaMU TMOsica JOJDKHBI HMETh
Opope3u s TOro, 4YToObl IIMpPHUHA KJIEEBBIX LIBOB HE mnpeBocxoauT 10 cm s
NpEeIOTBpAllCHUs] TEpeHaAINpsDKeHUH IMBOB Mmpu  KopoOnenuu. [lo jmiamHe pocku
COCIMHSIFOTCS] 3yO4aThIM CTBIKOM.

HwxHue pactsaHyTble mosica AOHKHBI U3TOTOBIATHCS M3 TOCOK 2 (uiu 1) copra,
ckaTble nosica u pedpa — u3 2 (i 3) copra.

Pacuer peOpucThIX KieedaHEpHBIX OaloK NPOU3BOASIT HA MU3rMO C y4YeToM
COBMECTHOM pabOoThI AOLIATHIX MOSICOB U (PAaHEPHBIX CTEHOK.

B nByckaTHbIX Oankax MEPEMEHHON BBICOTHI CEUEHHUs, TIe MPU PaBHOMEPHOU
Harpy3ke JeHCTBYIOT MaKCHUMAaJIbHbIE HAMPSKEHUS U3rnda, HaXoIATCSd HE B CEepeArHE
IIPOJIETA, @ HA PACCTOSIHUU X OT OINOPBHI:

X=Jy(l+y)—vy

rie Y=ho/li , T hoy— BBICOTA OMIOPHOTO CEUCHUS MEXKY OCSIMU TIOSICOB,

| — mponeT Oankwu,

| — YKJIOH BEpXHETo Tosica.

Usrnbatoumii  MoMeHT B 3ToM  ceyenmu pasen M = 0.5gx(l —x),
['eomeTpuueckue XapakTepUCTHKH CEUYECHUU KiieeaHEepHBIX OajoK ONpeAesstoTcs C
YYETOM Pa3IuvHBIX MOJyJIeH yrpyrocTtu npeBecunsbl (EQ) u ¢panepst (Ed).

B pesynbTare onpeaensitorcs npuBeaeHHBIE K JPEBECUHE MOSCOB T€OMETPHUECKUE
XapaKTEPUCTHKHU CEUCHUS

JF.'[[C!,J, :JF,J,[_'! + Jer

Wiy = 2o
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IIpu  pacuere pebOpucTor KiaeedaHepHOW OaldKy  BBIIOJHSIIOT  CIEAYIOIINE
IIPOBEPKHU.

1. IIpoBepka HOPMAJIBLHBIX HANPSOKEHWH B HOsSCaX W3 JAPEBECHHBI W (haHepHOU
CTEHKE OaJIKU MPOU3BOJIUTCS HA JCHUCTBUE MAKCUMAaJIbHOTO M3rHOAIOIIEr0 MOMEHTA IO
dbopmymnam:

- JUISL pacTSIHYTOTO TosIca

M

g, =——<=R
Wi

v,

- AJI1 CKaToro 1osca
M,

ag. = _R

€ rn[:_-:(ﬂ
311eCh () — Koa(b(bHuHeHT MPOJIOJIBHOTO U3THO0A,
- st cpaHepHOH CTEHKH

2= Rypmy,

Mg — KO3 (HULKEHT, YUYUTHIBAIOIUN CHI)KEHUE CONPOTUBIICHUS (DaHEPhl B CTHIKE
«Ha yc» (s o0bruHOM (hanepsl m=0.6, 11t Oakenu3upoaHHoi 0.8)

2. IlpoBepka mnpo4yHOCTH (DAHEPHBIX CTEHOK Ha COBMECTHOE JICWCTBHE
KacaTeJbHbIX W HOPMAJIbHBIX HANPSHKEHUW C y4EeTOM AaHU30TpONuu (QaHepsl, T.e.

HpOBCpKa I10 TJIAaBHBIM HAIIPSXKCHUAM B 30HC Hepexoz[a OT IMOsACOB K CTCHKaM
- E—

_ ren
gl =2=4 I(G—) + T4 = Ry,

Op — INIaBHBIC HAIIPSXKCHUS,
Ocr, Ter — HOPMAJIBHBIC M KaCATCIIbHBIC HAIIPSKCHUS B CTCHKE HA TOM K€ YPOBHC,

Rpa — pacdeTHOe cONpOTHBIEHHE (aHEpbl PACTSHKEHUIO MOJ YIJIOM  «,
onpenenstorcs no rpaduky npunoxenus 5 CHull,
0. — Yrojll HakJOHa HalpaBJICHUs TJIABHOTO HaNpsoKeHUsT K ocu  Oajkw,
tg2a ===

OIIPEEIACTCSA U3 3aBUCUMOCTH o

3. [IpoBepka Ha CKAJIIBIBAHUE MEXKIY CJIOSMH IIINOHA B MECTAaX NPUKIEUKN CTEHOK K

Imojacam
@5n
= T v5 = Raex (0.6 MITa)

Jops L by

T

S, — CTaTUYECKUI MOMEHT I10SICa OTHOCUTEILHO OCH OaJIKH,

>b,, — cymMMapHast IMPUHA KJISSBBIX IIBOB MPUKJICHKE MOSCOB K cTeHKaM, b, =nhj,
(h, — BBICOTA MTOsICA, N — YKCIIO BEPTUKAIBHBIX IITBOB)

Rpcx — pacueTHoe conpoTHBIEHNE (haHEPbI CKAIBIBAHUIO.

4. TIpoBepka (hanepHOit CTEHKH Ha cpe3 (Y Omop) Mo HEUTPAIBHON OCH

_ Sﬂptb :
= T D0y 0
mpd s

Snpp — TPUBEIEHHBIA K (paHepe CTATUYECKUH MOMEHT IOJIOBUHBI MOMEPEYHOTO
ce4eHUs OAJTKM OTHOCHUTEIIBHO €€ OCH,

20y — CyMMapHas TOJIMHA (paHEePHBIX CTEHOK.

5. IlpoBepka CTEHKM Ha MECTHYI YCTOMYMBOCTH (B CEpPEIMHE IPUOMOPHOU
MaHEeJn)

st obecriedeHus: yCTOMYMBOCTH CTEHKH TIPU TPOJOJIHLHOM  PACIOJIO0KEHUN
BOJIOKOH OTHOCHTEJIBHO OCH OaJIKM TOKHO OBITH he/0<50, rae he; — BBICOTA CTEHKHU B
cepelHe OMOPHOM MaHeNu, O — TOJIIMHA CTEHKH.

T



Ecnu he,/6>50, To n0o/mKHa OBITH BBINOJIHEHA TPOBEPKA HA MECTHYHO YCTONYHUBOCTb.

Pacuer ycTOMYMBOCTH clielyeT MPOU3BOIUTE IO (popMmyiie:

JET CT

=

- (1008y° " L {1008\ —
K, (ﬁ) hr(h )

pacy
3nech Ky, Ks — koadppunmentsi, onpenensemsle no rpagukam CHull,
Ner — BBICOTA CTEHKH MEXIY BHYTPEHHUMU TPAHSIMH TOJOK, Npace= Ner ipu 2> Ny,
Npacs= @ Tipn a< N¢;, @ — pacCTOsIHUE MEXTYy peOpaMu B CBETY.

PucyHok 14 — PaccTtaHOBKa pebep XeCTKOCTH
31ech Ocr, Ter — HOpPMaJIbHBIE M KaCaTEJIbHBIC HANPSIKEHUS B CEPEIUHE OMOPHOU
IMaHenanu, 3HaMEHaTeIu (B (bopMyJIe MPOBEPKH YCTOMYMUBOCTH CTEHKH) — 3TO
KPUTUYECKUE HAIIPSHKEHUS, IPU KOTOPBIX CTEHKA TEPSAET YCTOMUYUBOCTD.
6. Pacuet no nporubam
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KrneedanepHas Oanka ¢ BONTHUCTOW CTEHKOW OTHOCHUTCS K KJIACCy MajoradapuTHBIX
6anok. Ilosica cocToAT M3 OOMHOYHBIX JOCOK 2-T0 copra. OHHM pacrojiararoTcs
TOPU30HTAJBHO IUIAIIMS, W B HUX IUIOCKOCTSIX OOpa3yercs BOJHUCTBIE IO JJIMHE
KJIIMHOBHUJIHOTO CEYEHUSI.

danepHas CTEHKa UMEET BOJIHUCTYIO (pOpMY, BKIIEUBAIOTCS KpasMHU B Ma3bI.

fo

PucyHok 15 — KneedaHepHas 6aska ¢ BOJIHUCTOU CTEHKOM



bnaronapss BonHHCTOW (opmMe CTeHKa Jydlle CONPOTHUBISETCS MOTepe
YCTOWYUBOCTH, YEM IJIOCKASI.

Pacuer miockux 6anok MPOU3BOJUTCS C YYETOM TOTO, YTO CTEHKA MPAKTUYECKHU HE
paboTaeT Ha HOpPMaJbHBIC HANPSDKCHUS TMPU M3rUOE W ITH  HANPSDKCHUS
BOCIIPUHUMAIOTCSI TOJIBKO mosicamu. Kpome Toro Omaromapsi cBoeir (opme CTEHKa
SBJISIETCA TOJATIUBOM, TO3TOMY pacueT TaKuUX OajoK MO MPOYHOCTH U MpOorudam mnpu
M3rude NpoM3BOAAT KaK COCTABHBIX OAJIOK C MOJIATIMBOU CTEHKOM.



Jlekius Ne 7

PaMuble KOHCTPYKIINH

Pamubie KOHCTPYKIOHUHU ABJIAOTCA OOAHUM U3 Hauooce PacIipOCTPpaHCHHBIX THUIIOB
HCCYIINX  KOHCTPYKIHM. Onu XOpomo  BIIMCBIBAOTCA B  IIOIICPCYHOC CCUCHHUC
OOIBIIMHCTBA IMPOU3BOACTBCHHLIX U O6HICCTBCHHI>IX S,HaHHﬁ.

PamHbie KOHCTPVYKIINH OTHOCATCA K KJIACCY PACIIOPHBIX.

JlepeBsSHHBIE paMbl OOBIYHO MPUMEHSIOT OAHONPOJIETHBIMU MpPU  OPOJeTax
12...30 m.

B MupoBOil NpakTUKE CTPOUTENIHCTBA BCTPEUYAIOTCS paMbl poJeToM 10 60 M.

Pamel KHaCCI/Id)I/II_[I/IDVIOTCH 10 HCCKOJIBKHMM IIpH3HAaKaM

- [1o cTaTH4ecKor cXxeMe paMbl MOTYVT OBITh

1) TpeX1mapHUPHBIMU (CTATUYECKHU ONPEAECITUMBIMU )

PucyHok 1 — TpexwapHupHasi paMa

2) JABYXIIAPHUPHBIMU JKECTKO OINEPTHIMU (TaKUWE paMmbl SBISIOTCA CTAaTUYECKH
HEOIPEAETUMBIMU )

PucyHok 2 — [iByxwapHupHas )XeCTKO oneprasi paMa



3) AByXIIapHUPHBIMU IIAPHUPHO ONEPTHIMU (TOKE CTATUUECKU HEOIPEAETUMBIE)

PucyHok 3 — [1ByxwiapHMpHas LWapHMPHO onepTas paMa

Haubonee pacnpocTpaHeHHBIMU SIBIISIOTCS TPEXIIAPHUPHBIE paMbl, T.K. B CTATUUECKU
ONPENEIIMMBIX  CHUCTEMAx HE NPOUCXOAUT IMEpepaclnpeneseHus YCWIMM — IIpU
neOpMUPOBaHUM TOJA JUIMTEIbHO JIEWCTBYIOIIEW HArpy3Koil, 4To 0O€CleynBaeT
COOTBETCTBHUE UX PACUYETHBIM YCUIIUSM.

- Ilo koHC KTHBHOM CIICHHUIO pa3JIn4yaroT.

1) pambl MOCTPOEYHOTO U3TOTOBIICHUS;

2) paMbl 3aBOICKOTO U3TOTOBJICHUS.

Pambl ___1IOCTPOEYHOTQ _ M3TOTOBJICHHUST U3 JOCOK U  OpyCheB  COOHMpAIOT
HEMOCPEACTBEHHO Ha CTPOMTENbHOW IUIomaake. B 2Tux pamax HMCHONB3YIOTCA

MPECUMYIINCCTBCHHO ITOJAaT/IMBBIC BUAbI COCHHHGHHﬁZ 6OJ'ITBI, 'BO3aH, YIIOPEI.

Purenp u cToiiku Takmx paM MOTr'yT UMCTh CINIOIIHOC CCUCHUC WJIM BBIITOJHAIOTCA B
BH/JC PCIICTYATBIX CUCTCM.

2) 6) B)

PucyHok 4 — PaMbl NOCTPOEYHOro U3roToBJ/IEHMSA a) C NOAKOCAaMM B KapHM3HOM y3ne 6) ¢
OMNOpHbLIMM NOAKOCAMM B) C pelueT4yaTbiMM CTOMKaAMM

K pamamM mocTpo€4HOro H3roTOBICHHUSI OTHOCSTCS TaKX e pambl C MHEPEKPECTHOMU
CTEHKOM Ha rBO31iX. KOHCTPYKIMS TakuX paM aHAJIOTHYHA KOHCTPYKIMH Oallku C
MIEPEKPECTHON CTEHKOM HA TBO3/SX.

PaMbl MOCTPOEUHOTO M3TOTOBJICHHUS OTIMYAIOTCS OOJIBIIMM KOJMYECTBOM Y3JIOB H
TpeOyloT OONBIIMX 3aTpaT TPyJla HW BBHICOKOKAYECTBEHHBIX MATEPHAIOB, TOITOMY

HauOoJIbIIIeE pacupoCTPaHCHUC NTOJTYIUIIN PAMBI 3aBOACKOI'O M3TOTOBJICHUA WJIW KJICCHBIC

aMBbI.

B 3aBUCMMOCTM OT TEXHOJIOTMM HW3TOTOBJIEHUS WA HCIOJIb3YyEMBIX MaTE€pUaIOB
KJIEEHBIE paMbl MOYKHO Pa3J€IUTh HAa TPU IPYIIIIbL:

1) rHyTOKJI€EHbIE (M3 CKIEEHHBIX I10 TJIACTH JTOCOK);



2) IOIATOKJIEEHbIE U3 MPSIMOJIMHENHBIX 3JIEMEHTOB;
3) kneedanepHbIe, UMEIOITUE AOIIATHIC MTOsCa U CTEHKU U3 BOJAOCTOMKOM (haHEepHI.
OTH paMbl, KaK MPABUIIO0, UMEIOT MPSIMOJIMHEUHBIE AJIEMEHThI PUTEJISl U CTOMKH.

P&CHpOCTpaHeHHBIMI/I KOHCTPYKIOUAMUA SABJIAIOTCA THYTOKJICCHDBIC aMbl
MMPAMOYT'OJIBHOI'O CCUYCHUS, COCTOAIINEC U3 THYTBIX, CKIICCHHBIX I10 IIJIACTH, JOCOK.

PucyHok 5 — l'HyTOK/1IEEHasA paMa

B Takux pamax myis oOpa3oBaHUsS KapHU3HOTO Y3Jia JIOCKH BBITMOAIOTCS, 00pasys
IUTABHBIM TEpexoJl OT purens K cToiike. Takum o00pa3oM, KECTKUW y3el 37eCh
BBITIOJIHACTCS IIEJIbHOKIJIECHBIM, YTO BBITOJIHO OTJIMYAET JAHHYH0 KOHCTPYKIIUMIO OT paMm C
KapHU3HBIMU y3J1aMHU Ha TIOJIATIIMBBIX CBS3SIX.

[Ipn nHanbonblueil BBHICOTE CTOMKH BCS paMa BBINOJHSAETCS W3 JBYX JJIEMEHTOB
['-06pa3Horo ouepTanusi, COETUHEHHBIX MEXIY COOON B KOHbBKE.

BMmecTe ¢ O3TUM THYTOKJIECHBIE paMbl HWMEIOT CYIIECTBCHHBIC HEIOCTATKU
HPKOHOMHUYECKOTO TopsiAKa. B CBsI3M ¢ HEOOXOIMMOCTBHIO BBHITHOA JOCOK B  y3Ie
COTIPSDKCHUSI PUTENSI M CTOWKH IS JTUX paM HEOOXOIWM TOHKHH THJIIOMaTepHa
(0=12...17 MM mOClie OCTPOXKKH), UYTO CBSI3aHO CO 3HAYUTEIBHBIM YyIOPOKAHUEM
KOHCTPYKIIMU: TP HKCTOJB30BAHUHM TaKUX JIOCOK PE3KO YBEJIMYMBAIOTCS TOTEPHU
JPEBECUHBI U PACXOJ] KJIesl, a TAKXKE TPYA03aTPaThl HA U3TOTOBJICHHE.

B pe3ynbTaTe 0Ka3bIBAETCs, YTO THYTOKJICEHBIC PaMbl SBJISIOTCS MO Ce0ECTOMMOCTH,
HanboJiee JOPOTHUE U3 BCEX PaM.

bonee apdexTuBHBI pambl 13 NPAMOIMHEHHBIX JIEMEHTOB C JKECTKUMHU KIICEHBIMU
y3JaMU:  3TM  KOHCTPYKIMHM  OTBEYAIOT  TPeOOBAHHUSIM  MOTOYHO-KOHBEHEPHOTO
IPOU3BOJICTBA, JJII UX M3TOTOBJIEHUS MCIOJB3YETCs MUIoMaTepruall OObIYHOMN TOJIIIUHBI.
[Ipy 3TOM CKIEHBAIOT MAKET JOCOK, KOTOPBIM 3aTEM pacCHWIMBAIOT 1O AUArOHaH,
IoJIy4asi P 3TOM JIBE COMKH WJIHA J1BA PUTEIIS.



PuUcyHok 6 —KneeHbl NakeT AOCOK (3aroToBKa 4J1s NosypaMm)

CYHIGCTBYGT HCCKOJIbBKO KOHCTPYKTHBHBIX pemeHHﬁ COCIUMHCHU A Hpi[MOJIHHGﬁHBIX
9JICMCHTOB paM B ) KCCTKOM Y3JIC.

l. Purenp u cTOMKA COEOUHSIOTCA MPU TOMOIIM TMPUKICCHHBIX K HUM B Y3J€
JBYCTOPOHHUX HAKJIAJIOK U3 OaKEeIU3UPOBAHHOMN (DaHEpPHI.

PucyHok 7 — CoequHeHune purens U CTOMKN HaklagkaMu u3 c¢aHepbl

PaMbl 3TOTO BHIa HWMEIOT HECOMHCHHBIE TEXHOJIOTMYECKHE W DKOHOMHYECKHE
JOCTOMHCTBA. BMecTe ¢ TeM HaIeXHOCTh y3ja Ha HakIaakax W3 OaKeTn3UpOBaHHON
(daHepsl BBI3BIBAET COMHEHUS: B KJICCBBIX IBAX IO IUIOCKOCTSAM IMPHUKIICHKE HAKIIAJTOK K
IIUPOKUM JIOIIATBIM DJEMEHTAaM MOTYT BO3HUKHYTH (TIpH KOJICOAHUSX BIIAKHOCTH)
OTMacHBIC BHYTPEHHUE HaMNpsHKEHUs, OOYCIOBICHHBIE PAa3IMYUEeM  BJIAKHOCTHBIX
nedopmanuii JpeBECUHBI U OaKeIM3UPOBAHHOW (aHephl. BennunHy 3TUX HampspKeHUN
TEOPETUYECKH YCTAHOBUTH 3aTPYJHUTENBHO, T.K. HEW3BECTHA JEHCTBUTEIbHAS
aedopmarus KJIeeHoro nakera.

Jlis OKOHYATENbHBIX BBIBOJIOB O HAAEKHOCTH paM C (aHEpHBIMH HaKJIaJKaMH
HEOOXOUMBI ONBITHBIE JaHHBIE, HA OCHOBE KOTOPBIX U MOXXET OBITH PEIICH BOIPOC O
BO3MOKHOCTH MacCOBOI'0 MPUMEHEHHMSI TAKUX KOHCTPYKIIHM.



2. CoeauHeHHE pUreNs CO CTOMKOM Ha 3yO4aThIil M.

D10 OoNce HaI[C}KHBIﬁ 151 HepCHeKTI/IBHHﬁ THUII COCANHCHU.

PucyHok 8 — CoegnHeHune purenisi CO CTOMKOM Ha 3y6uaTtblii wmn

OpHako NpH TaKOM COEIMHEHUU CTOMKHA M PUTelid B KapHU3HOM Y3J€ BO3HUKAIOT
HEXXEJIATEIbHbIE KOHILICHTPAlUU HANPsDKCHUM, [IOITOMY Yallle CONPSKEHUSA 3JIEMEHTOB
paMBbl B KECTKOM y3JI€ IIPOU3BOIAT IIPU MOMOILHN CIIELIUAIBHBIX BCTABOK, COCAUHEHHBIX C
pUTENEM U CTOMKOM.

3. CoenuHeHue purenst CO CTOMKON C MOMOIIBbIO BCTaBOK. [1o opme BcTaBkM MOTYT
OBITH IByX BUJIOB:

1) nsaTHyTrOIBHBIE

PucyHok 9 — CoequHeHHne purens U CTOMKMW NPy NOMoLUM NATUYroJIbHOW BCTaBKU

2) THYTOKJICCHbIC



a) 0)

PucyHok 10 — FTHyToK/1IeeHOe coeguHEeHUe pUrens U CTOMKU a) NepeMeHHOW ANINHbI 6)
MOCTOSIHHOM AJINHbI

[lepBbie (MATUYTONBHBIE) BCTABKU COCIUHSIOTCS C DJIEMEHTaMU paMbl MOJ YIJIIOM K
BoJiokHaM. [loaToMy B pamax ¢ MSITUYTOJIBHBIMU BCTaBKaMU OMPEEISIONIUM yCIOBUEM
MIPYU Ha3HAYECHUM Pa3MEPOB MOMEPEYHOTO CEUCHUS AJIEMEHTa B y3JIaX SIBJISETCS Hecylas
CIIOCOOHOCTH PabOTAOIIETO MOJT YIJIOM K BOJIOKHAM Ha PACTSKEHHUE COCIMHEHUE €ro CO
BCTaBKOMH.

Kpome storo, B camMoii BCTaBKE HE MCKIIOYACTCS BBIKJIMHMBAHUE KOCOCPE3HBIX
JIOCOK, BBIXOJSIINX HA PACTSIHYTYIO KPOMKY paMbl B MECT€ HauOOJIBIIETO M3THOAIOIIEro
MOMEHTA.

KOHCTpyKIIMM KECTKUX Y3JIOB C TAKUMHM BCTaBKaMH MO>KHO HCIOJIB30BATh TOJBKO B
JErKUX paMax, TJe pemarimuM (akTopoM IMPU HA3HAUYEHHUH IONEPEYHBIX pPa3MEPOB
AJIEMEHTOB SIBJISIETCS PACYET HE 110 IIEPBOMY, a I10 BTOPOMY NPEAEIBHOMY COCTOSIHUIO.

bosiee ynmadyHo pemraeTcs JKECTKMM pPaMHBIA y3€l1 P IIOMOIIA THYTOKJIECHOU
BCTaBKM. J[JIMHA BCTaBKM BHOJb pPaMbl MOXET ObITh JHUOO TOCTOSIHHOW (0), U060
nepeMeHHoil (a). BcTaBkM MOCTOSSHHOW HOJWHBI MPEANOYTUTENbHEE, T. K. 37eCh
YBEJIIMUMBAETCS IUIONIAJh KJIEEBBIX IIIBOB B CTBIKE, TakKUM OOpa3oM MOBBIIIACTCS
HAJIEKHOCTb COCUHEHHS.

[IpuMeHeHre THYTOKJIEEHBIX BCTABOK MO3BOJISIET CO3/1aBaTh PAMHbBIE KOHCTPYKIIMH C
MIMPOKHUM JIMANa30HOM YTJIOB HAKJIOHA PUTEIISl K CTOMKE.



PucyHok 11 —Buabl rHYTOK/1€EeHbIX paM

C}’HICCTB@HHYIO 9KOHOMHIO ITHJIOMATCPHUAJIOB, oOjieryeHne Beca u YMCHBIICHUC
CTOMMOCTH KOHCTPYKOHMH MOKHO IIOJYYUTH B paMax, IIOIICPCHHOC CCUCHHUC KOTOPBIX
COCTOHUT M3 JOIIATHhIX ITOSACOB U (baHepHBIX CTCHOK.

Krneedanepurie pamebl sierde rHyTokIeeHbIX Ha 35...40 %.
[Tonepeunoe ceueHne paM MOXKET OBITh IBYTaBPOBBIM HIIA JIBYyTaBPOBO-KOPOOYATHIM.

[Tpu BBIOOpE (HOPMBI CeUeHHs SJIEMEHTOB paM TMPEANOYTEHHE CIEAYeT OTIaBaTh
MIOTIEPEYHOMY CEUEHHIO, COCTOAIIEMY M3 JIBYX HIIM HECKOJBKUX CKICCHHBIX MO IUPUHE
IBYTaBpoB. B asToM ciyuae obOecrneunBaeTcss CHMMETPHUYHOE 3arpyeHHe CTEHOK
CABHUTAIONIMMHU YCUJIMSIMH OTHOCHUTEIHHO WX TPOJOJBHBIX OCEH, a TaKKe YBEIHMUCHHUE
KOJIMYECTBA TUIOIIAIOK CKaJbIBAHUS NP MPOBEPKE HA CKATBIBAHUE MEXKIY CIIOSMU IIIITOHA
(daHepsbl.



PucyHok 12 — KneecdaHepHas paMma

JInst cTEHOK peKOMEHJyeTCsl MCIoyib3oBaTh (anepy Mapku PCD, kak Hambosee
JOCTYIIHYI0 TI0 cToMMOCTH. KonmuecTBO (aHEpHBIX CTEHOK, a TaK K€ WX TOJIIMHA
ONPENEIAIOTCA PACUETOM.

ConpsikeHre TMOsICOB (CKATOTO U PACTIHYTOT0) B YKECTKOM TMEPEIOMIICHHOM Y3JIe
paMbl PEKOMEHAYETCS IPOEKTUPOBATH C MCIIOJIB30BAHUEM THYTOKJIEEHBIX BCTaBOK,
COCIMHEHHBIX C JIOMIATHIMU MOsICAMU paM 3y0UaTO-IIUIIOBBIM CTBIKOM.

B kneedanepHbix pamax yKa3zaHHbIE CTBIKM MOTYT pa3MelaTbCcsi Kak B OJHOM
CEYCHHM TIosica, TaKk M Bpa30exky. B mociemHeM cnydae IOCTUTAETCs yBEIMUYEHUE
HAJI)KHOCTHU CTBIKYEMOI'O COEUHEHHUS.

['HyTOKNIEEHblE BCTaBKM (BHYTPEHHSSI U HapyXHasi) MOTYT H3TOTaBIMBATHCS U3
pPa3HBIX MaTE€pUaJIOB: BHYTPEHHsIS, UMEIOIIAsi MEHbIIUN PAINyC — U3 IIINIOHA, HAPYKHas —
U3 JOCOK.

KOHCTpYKTHUBHBIE BO3MOXHOCTH TPU  CO3JaHMM  pPa3HOOOpa3HbIX (opM B
kJiee(haHepHbIX paMax ¢ THYTOKJIEEHBIMU BCTaBKaMU OOJIbIIIE, YEM B KII€EOIIATHIX: JIETKO
KOHCTPYUPYIOTCS paMbl C KOHCOJISIMH, MPUYEM YBEJIMYEHUE CEYEHHUS B 3alEMJICHHBIX
CTOWMKax JocTuraercs ©e3 mepepacxoia MaTepuanoB, YTO TO3BOJSIET CO3AaBaTh
OpUTHHAJIBHBIE [T0 APXUTEKTYPHOMY PELICHUIO 3AaHUS.



PucyHok 13 .Buabl kneedaHepHbIX paM

['eoMeTpuuecKre pa3Mepsl KJIEEHbBIX paM
[Iponetst: 12...24 M,

Bricora cToek: 2.6...4.5 M,

VYkion purensi: 1/4...1/3,

[Iar: 3...6 M.

BricoTa ceueHus B KoHbKe — HE MeHee (0.3 BBICOTBI CEUEHHUS B KADHU3HOM Y3JIe
Bricora ceuenus B kapauzHoM y3ie: 1/12... 1/30 nponera

BricoTa cedenus croek y onop: He MeHee 0.4 BBICOTHI B KAPHU3ZHOM Y3JI€.

Pacuety pambl peaIeCTBYET YCTAHOBJIEHUE €€ PACUETHOM CXEMbI (ABYXIIIAPHUPHAS
WJIY TPEXIIIAPHUPHAS) U PACUETHOU OCH.

Pacuert paMbl BBITIOIHSIOT B CIIEAYIOIIEH MOCIEI0BaTEILHOCTH:

1) cratuyeckuii pacyeT, T. €. BBIYUCICHUE YCHIIMUA B 3JIEMEHTaX pambl OT JAEHCTBUSA
BHEIIIHUX HArpy30K (CHET, BeTep) COOCTBEHHOI'O BeCca paMbl U BeCa MOKPBITHS;

2) mpoBepKa CEYEHHUI paMbl;

3) pacuert y370B pambl.



[Ipu cratmyeckoM pacyeTe ONpeleistoT yCuiaus U cTposAT 3mopbl M, N, Q or
JCHCTBUSL PaBHOMEPHO paclpelesieHHON Harpy3Kd OTIEIbHO OT COOCTBEHHOTO Beca
KOHCTPYKIIMM, OT CHETOBOW HArpy3Ku CJE€Ba, CIIpaBa OT KOHBKOBOI'O y3JIa MU Ha BCEM
IIPOJIETE, a TaK JK€ OT JEHCTBUS PABHOMEPHO PACIIPEIAEICHHON HATPY3KU OT BETpa CIEBA U
CIpasa.

[Ipu BeICOTE CTOMKM A0 4 M pacyeT Ha BETPOBYIO HArpy3Ky MOKHO HE MPOU3BOJIUTb.

HaHpI/IMep, TaK BBITJLIOWUT 3arpy>KCHHUC OT COOCTBEHHOI'O Beca.

PucyHok 14 — 3arpy)xeHune paMbl OT CO6CTBEHHOro Beca

Ycunns B paMe MOKHO OMpPENEesITh TUOO OTHOCHTEIHHO €€ TeOMETPUYECKOW OCH,
700 OTHOCHUTENBHO HapyXKHOTO KOHTypa. B mociemnem cioydae HeoOxoauma
KOPPEKTUPOBKA H3TUOAIOIIEr0 MOMEHTa BCIEJCTBHUE TMEPEHOCA HOPMAIBHOW CHIIBI C
Harpy>kK€HHOTO KOHTYpa Ha OCh CEUCHUSI.



PucyHok 15 — BapuaHTbl 3arpy)xeHusi pam

Yeunus OIIPpCACIIAIOTCA MCTOAAMU CTpOHTeHBHOﬁ MCXAaHHUKH B XdPAKTCPHBIX TOYKAX

10 MEepUMETPYy pambl, Harpumep A, 1, 2, 3,4, 5, 6, 7, 8. KoilnuecTBO TOUEK ONpeneisieTcs
XapaKTepoM JITIoP.

s mpumepa mokaxkem >mropsl M, N, Q oT paBHOMEpHO pacmpeeeHHON Harpy3Ku
clieBa OT KOHBKOBOTO Y3JIa.



PucyHok 16 — 3nitopbl M, Nu Q

[lenecooOpa3Ho cHauana OMNPENEIUTh YCWIHWA U OIIOPHl  OT PaBHOMEPHO
pacrpeneieHHOW eIMHUYHOM Harpy3ku ((1=1), a 3aTeM ¢ yderoM kodddumuenta K=q/qs,

(rme q — peasibHast HAarpy3Ka, (1 — EAUHUYHAS HATPy3Ka) ONMPEIENSITh YCHINS OT pealbHbIX
Harpy3oK.

B PE3YJIBbTATC CTATUYCCKOI'O pacucTa ONpCACIIOTC PACUCTHBIC YCHIIMA B CCUCHUAX
paMbI ITPHU OCHOBHBIX U AOIMOJIHUTCIIBHBIX COYCTAHUAX HAI'PY30K:

a) pacyeTHasi IOCTOSIHHAsS U BpPEMEHHAsl Ha BCEM MPOJIETE;
0) MOCTOSIHHAsI HA BCEM IPOJIETE, BPEMEHHAs — Ha MOJIOBUHE MPOJIETA;

B) IIO CXeéMaM a U O B COYETAaHUU C BETPOM.

[Ipy BBINOJIHEHWH CTAaTHYECKOTO PACUYETa pPaMbl, TAKKE KaK U IPU pacyeTe APYTUx
KOHCTPYKITui HeoOxoaumo nosb3oBaThess CHull «Harpysku u Bo3nenicTBus».

IIocKONMBKY B HACTOsIIEE BpeMsi B IPAKTUKE CTPOUTENIBCTBA IMPUMEHSIOT TOJIBKO
KJIEEHbIE PaMbl, TO B JaJbHEHIIIEM peub OyJeT UJITH 00 3TUX paMax.

IIpoBepka ceueHuii paMel



Haubonee HampsoKeHHBIMH CEUYEHHUSAMU 110 HOPMAJbHBIM HANPSDKEHUSM, €CIH
oOpaTuTh BHUMaHuE Ha 3m0psl M u N, 11 paM SBISIOTCS KapHU3HBIE Y3IIbI, a JUIS paM ¢
ITOJKOCAMH — CEYEHHMsI Y KOHIIOB IIOJIKOCA B MECTaX IPUMBIKAHUS €70 K CTOMKE U PUTEIIIO.

1. PacyeT Ha NPOYHOCTH 3SJIEMEHTOB TPEXIIAPHUPHBIX paM B HX IUIOCKOCTH
JIOMyCKAETCsl BBIMOJHATH IO TPaBWJIaM pacyeTa CXKaTO-U3TM0aeMbIX 3JIEMEHTOB C
PaCcYETHOM JUIMHOW, pABHOU JUIMHE IOJIyPaAMBI 110 OCEBOW JIMHUH:

N M
=
F I"ﬂ:ram

pacs

2. VYcroiluMBOCTh TUIOCKOW (OpMBI J1€POPMUPOBAHUSI TPEXIIAPHUPHBIX paMm
JIOITYCKAeTCsl BBIMOJIHATH IO opMyJie:

N M,
+ =1
(PRCFEP P Ruwﬁp

n

KpuBOJIIMHENHBIE YUaCTKU THYTOKJIEEHBIX PaM

PucyHok 17 — KpuBo/sIMHEAHbIW Yy4aCcTOK FHYTOKJ/1IEEHOW paMbl

KpuBosrHelHbIE Y4acTKH THYTOKJICCHBIX paM Tipu otHomenuu h/r>1/7 (h — BeicoTa
CeueHUs, I — pajguyC KPUBH3HBI IEHTPAILHOW OCH KPHBOJIMHEHHOTO y4YacTKa) CICIyeT
pPacCUYHUTHIBATH

NooM
Fpam I"ﬂrau:'-]_ ‘

3nech NMpU MPOBEPKE HANPSDKEHW MO BHYTPEHHEW KPOMKE PAcUYEeTHBIK MOMEHT
COIIPOTHUBIICHUS CIIEAYET YMHOXKATh Ha KOAPPUIHEHT Kp:



_1-05nr
1017 h/r

Pacuer y3110B pambl

J{nst pam 3aBOJCKOTO M3TOTOBJICHUS BBIMOJIHSIETCS pacdyeT OMOPHOTO W KOHBKOBOTO
y3710B. ONIOpHBIE MAPHUPHBIE Y3JIbI KIIEEHBIX PaM MOTYT ObITh BECbMa Pa3HOOOPa3HBIMH.

[TokaxxemM HECKOJIbKO BapHUAaHTOB OIIOPHBIX Y3JIOB:

PucyHok 18 — BapvaHTbl ONOPHbIX Y3/10B

Jlns Bcex BapMAHTOB OIOPHBIX Y3JIOB TMpojojibHas cCxumaromas cuia N
BOCIIPUHUMAETCS] CMSITHEM BJOJb BOJIOKOH JIPEBECHUHBI CTOMKH. B 3TOM ciydae nmpoBepky
BBINOJIHSIOT 110 (popMyJIe:



[Tonepeunass cuma Q MoxeT ObITH HepenaHa Ha (QyHIAMEHT uepe3 OONThl WU
rITyXapH, Kpersime CTOWKY K CTaJbHBIM 3JIEMEHTaM, 3a/IeJJaHHbIM B (pyHIAamMeHT. B a3Tom
CJIy4ae pacCUUTBIBAETCS KOJIMYECTBO OOJITOB, BOCIIPUHUMAOLIMX cHity Q.

B napyroMm BapuaHTe ONOpPHOrO Yy37a TMONEpeYHas Cuila MepeaeTcs uepes
JIEPEBSIHHBIN OPYCOK MJIM Yepe3 BEPTUKATBHBIN JIUCT CTAIBHOTO Oammaka. B aTom ciyuae

Q

5[‘,[*'[90 = F = RGMQD

KoHbKOBBIHM y3CJI Yamic BCCTO pCIIACTCA C ACPCBAHHBIMH HAKJIAJIKaAMHW Ha 6OJITaX,
XO0Td BO3MOKHBI W APYIUC BAPHUAHTBI KOHBKOBOI'O Y3JIa (HpH OONBIINX BEIUYMHAX
Honepequﬁ CI/IJ'IBI), HarpuMcep, ¢ MCTAJNIMICCKUMHA COCANHUTCIbHBIMUA JICTAJISAMU.

PucyHok 19 — KoHbKOBbIi1 y3en

KonudecTBO OOATOB pacCUMTHIBAETCS W3 YCIOBHUS BOCHPUSTHS MMHU IONEPEYHOU
CHJIBL.

JloGoBbIE YIIOPHI COEAMHEHUS PUTEJICH PAaCCUYUTHIBAIOT HA CMATHE IO YTJIOM U BJIOJIb
BOJIOKOH Ha JEHUCTBUE MPOJIOJIBbHON CUbI N.



Jleknus Ne 8

Apkn. O01mas xapakrepucTuka. CxeMbl apOK, KOHCTPYKIIAA W PACUYET

ApKH TaKke KaKk U paMHbIE OTHOCSITCSI K PAacCIOPHBIM KOHCTPYKLHMSIM, T. €. JUIsl HUX
XapaKTEpPHO HAJIMYKUE TOPU30HTAILHOM COCTaBIIAIONICH OMOPHON peakiuu (pacmopa).

ApKH UCHOJIB3YIOTCS B KayeCTBE OCHOBHBIX HECYIIUX KOHCTPYKIMH 37aHU
pa3IMyHOr0  HasHadueHus. VX  TOpUMEHSIOT B TMOKPBITHSIX — MPOMBIIUICHHBIX,
CEJIbCKOXO3SIUCTBEHHBIX M OOIECTBEHHBIX 3AaHui mpojetoM oT 12 mo 70 M. B
3apy0eKHOM CTPOUTEIHCTBE C YCIIEXOM MPUMEHSIOT apku mposieTom 10 100 m u Goee.

[1o cTaTuveckoil cxeme apKu pa3lessiioT Ha TPeXIIapHUPHBIE U ABYXIIApHUPHbBIE 0€3
KJIFOYEBOTO MIAPHUPA:

PucyHok 1 — TpexwapHMpHas U AByXwWapHMpHas apKa

[To cxeme onupaHus WX JIEJAT Ha apKU C 3aTsKKaMU, BOCHPUHUMAIOIIUMHU PacTop U
Ha apku 0€3 3aTHKEK, pacrop KOTOPHIX MEPEAETCs Ha OTOPHI.

PucyHok 2 - ApkKa 6e3 3aTSXKKMU U C 3aTAKKOMN

3aTsSHKKM U3TOTOBJIMBAIOT B OOJIBIIMHCTBE CIy4aeB M3 apMaTypbl WU NpO(HIHHOM
crtamd. BO3MOXXHO IPUMEHEHHUE JNEPEBSHHBIX KIECCHBIX 3aTSKEK, B YCIOBUSIX XUMHYECKU
arpecCUBHBIX CPE/l, TJIe MeTaul OyIeT KOPPOIUPOBATh.

ITo dbopme ocu apku aessaT Ha:

- TPEYT'OJIBHBIC U3 MPAMBIX ITOJTYyapOK

- IITUYTOJILHBIC



PucyHok 3
- CECTMEHTHBIE, OCH TIOJIyapOK pacIioararoTcs Ha o0IIei OKpyKHOCTU

- CTpeJibYaThle, COCTOSIIHME M3 TMOJIYapoOK, OCHM KOTOPBIX pPACHOJIaraloTCs Ha ABYX
OKPY>KHOCTSIX, CMBIKAIOIINXCS B KIIFOUE MOJT YTIJIOM.



PucyHok 4

I1lo KOHCTPYKIINK apKU OEIATCS Ha:

1) nenpHBIE (TOJBKO TPEYTONBHOU (POPMBI);

2) apku u3 pepm

PucyHok 5 — Apka u3 ¢gpepmbl (1=30...60 M, f=1/3...1/2)
3) apku u3 0ajoK Ha IMIaCTUHYATHIX Harensx (JlepeBsruna)

4) kpy>KaJIbHbI€ aPKH, COCTOSLIME U3 JIBYX WM 0oJiee psA/IOB KOCSKOB, COSMHEHHBIX
MEXAy COOOM HarelsMu



PucyHok 6 — KpyxanbHas apka

5) apKu ¢ IEpEeKPECTHOM JOMIATON CTEHKOM Ha TBO3/ISIX

PucyHok 7 — Apka c nepekpecTHoii gowaTtoi creHkou (1=20...40 m, f=1/6)
6) KJIeeHbIE apKH (JIOIIATOKIJICCHbIE U KiieehaHEepHBIC)

N3 mnepednciieHHBIX BHJOB apoK HauboJiee IIUPOKOE MPUMEHEHHE TMOJYYUIN
KJIEEHbIE apKH 3aBOJICKOTO M3rOTOBJIEHUs. Pacniopsl U Hecyias criocOOHOCTh TaKUX apoK
MOTYT OTBEYaTh TPEOOBAHUSIM COOPY>KEHHUS MOKPHITHI CaMOTO Pa3IUYHOTO Ha3HAYCHUS, B
TOM YHCJIE YHUKAIBHBIX IO CBOUM pa3MepaM.

ApKH OCTaJIbHBIX BUJIOB SBIISIIOTCS apKaMU MOCTPOEYHOI'O M3TOTOBJICHUS U cerdac
[OYTH HEe MpUMEHSI0TCS. JlomaTokIeeHble IepEBIHHbIC apKK MIPEICTABIAIOT COOON MaKeT
CKJIEEHHBIX 10 IIACTE THYTHIX JTOCOK.

[To ¢hopme ocu IOMIATOKIIEEHBIC aAPKH MOTYT UMETh JIF000H U3 MePEUYHCIICHHBIX BBIIIC
BUJIOB, T.€. OHH MOTYT OBITh TPEeyrojbHbIMH (0€3 3aTsbkek — mpu Bbicote 1/2 | u ¢
3aTsHKKaMK — TIpu BbicoTe 1/6 ... 1/8 | B MOKpBITHSIX 10 24 M), MATUYTOJIBHBIMU C THYTBIMHU
y4acTKaMd B MeCTaX IIE€peioOMOB OCeW, TMOJOTMMH CErMEHTHBIMH JBYX- WJIHU
TPEXIAPHUPHBIMU CO CTPEJION moarema He Menee 1/6 1 (B penkux ciygasx 1/7...1/8 1) u
BBICOKMMH TPEXIIAPHUPHBIMUA CTPEIHYATHIMUA W3 DJIEMEHTOB KPYTOBOTO OYEPTAHHS CO



ctpemoit mogwema 1/3...2/3 1. Tlocnegnuwe nBa BWAA KJIECHBIX apOK (CETMEHTHBIC U
CTpeJIbYaThIC) PEKOMEHIYIOTCS B KAY€CTBE OCHOBHBIX.

[TorepeuHoe ceueHHne KICCHBIX apOK PEKOMEHIYETCS MPUHUMATh IPSAMOYTOJIbHBIM U
MIOCTOSTHHBIM 10 Bcel jutmHe. BricoTa momnepedHoro ceyeHus: HazHavaetTcs oT 1/30...1/50
nposieta. TonmmHa CI0€B Il U3TOTOBJCHUS apOK NPU paJuyce KPUBU3HBI 10 15 M
MpUHUMAaETCs He Oosee 4 cM.

Kneensle apku UMEIOT MEPCHEKTUBBI NPUMEHEHHUS B JIETKUX HOKPBITHSIX. OHHU, Kak
OPaBUJIO, HMMEIOT TPEYroJbHYI0 (OpPMYy M COCTOAT U3 KOpPOOYATHIX Kilee(aHEpHBIX
nojyapok. Takue apku HUMEIOT Malyl0 Maccy U IMO3BOJSIOT MOJIy4aTh CYIIECTBEHHYIO
AKOHOMHIO ApeBecuHbl. OIHAaKO, OHU TPeOYIOT pacxoaa BOJAOCTOUKON (aHephl, SIBISIOTCS
0oJjiee TPYIOEMKIUMU TPU U3TOTOBJICHUH, Y€M JIOIATOKIICEHBIE U UMEIOT MEHBIINN TIpe/IeT
OTHECTOMKOCTH.

CambIM PaciIpoOCTpaHCHHBIM )51 IICPCIICKTUBHbBIM BHUAOM dpoK SABJIIIOTCA
AOIIAaTOKJICCHBIC apKH.

Pacuer apok

Pacder apok mpou3BOIUTCA IO MPaBUIaM CTPOUTEIBHOW MEXaHUKHU, IPUYEM PaCIIOp
MOJIOTHX JIBYXIIIAPHUPHBIX apOK IPH CTpelie mobemMa He Oosiee 1/4 mpoiiera paspemniaeTcs
ONPENEIIATh B MPEANOJIIOKEHUN HAINYHUS IAPHUPA B KITIOUE.

Pacuet apok nocie cOopa Harpy30kK BBIIOJIHSAETCS B CAEAYIOIIEM MOPSAKE:
1) reomeTpuyeCcKuid pacueT apKu;

2) CTaTUYECKUN pacCyeT;

3) moabop ceueHuit U MpoOBEepKa HAMPSIKEHU;

4) pacuer y3JI0OB apKH.

Harpysku, nedicTByrommpe Ha apKy, MOTYT OBITh pacHpeneieHHBIMH U
COCpeIOTOYCHHBIMH. [IOCTOSHHYIO paBHOMEPHYIO HArpy3Ky § OT MacChl TIOKDBITHS H
camMoi apKH OMPEIENAIOT ¢ y4eToM Iara apok. OHa OOBIYHO YCIIOBHO CUMTAETCS B 3arac
IPOYHOCTH, PABHOMEPHO PaCTpEeICHHON MO IJIMHE MPOoJeTa, AJiA 4ero ee (haKTUIecKoe
3HaYEHUE YMHOKAIOT Ha OTHOIIEHUE JUTMHBI apKu K €€ npojety S/l.

Maccoii apku MOXKHO 33J1aThCsl IPEBAPUTEIBHO C UCTI0JIb30BaHUEM KOA(PPHUIIUEHTOB
coOCcTBeHHOM MacChl K;=2...4, M ONpeeuTh €ro B 3aBUCUMOCTH OT MacChl TOKPBITHS gp,
CHEra p U JPyTrux Harpy30K U3 BhIPAKECHUSA

. Gn +p+ -
Ja = 71000
Kol

CE

CHeroBy1o Harpy3ky p ONpeAessiOT M0 HOpMaM Harpy3oK M BO3JEHCTBUM, YCIOBHO
PaBHOMEPHO pacipeesIeHHYO MO JJUHE TPOoJieTa MOKPHITHS.



[Ipu pacuere cermeHTHBIX apok mnpu {/1>1/8 HyXHO yYHMTBIBAaTH TaKXke
pacmpesieieHie CHEroBOM HAarpy3kd IO TPEYroJbHBIM JMIOpaM MNPy  3HAUYEHUU
koa(durmenTa nepexona B kirode 0, 613 omop — oT 1.6 10 2.2 ¢ OJHOM CTOPOHBI U OT
0.8 1o 1.1 — ¢ npyroii.

Crpenbyarble apKu IPH ONMPEACIIEHUHA CHETOBBIX HAIPY30K MOTYT YCIOBHO CUATATHCA
TPEyTOJIbHBIMH.

BeTpoByro Harpy3ky ( OHpeIesaoT [0 HOpMaM Harpy3oK U BO3IAEHCTBUI C yYETOM
miara apok M CUHTAIOT MPUJIOKEHHOW HOPMAJIBHO K MOBEPXHOCTH MOKpbITHS. [Ipn 3TOM
IUISl YOPOILIECHHWS pacyeTa KPUBOJIMHEHHBIE SIIOPbl 3TOM HArpy3KM MOYKHO 3aMEHSTh
MPSIMOJMHEUHBIMU HOPMAJIBHBIMU K XOpJlaM MOJTyapoK.

[Ipu cTpenbuaThiX apkax OHHM YCIOBHO MOTYT CUUTAThCS TPEYTOJbHBIMU, U Harpy3Kka
pacrpeenuTcs HOpMaIbHO K XOpJlaM MOJyapoK.

COCpG,Z[OTOLIeHHBIG, BPCMCHHLIC HAI'PY3KH P BkmrouaroT B ceOs MacCy IIOABCCHOI'O
O60py,Z[OBaHI/ISI U BPCMCHHBIX HAI'PY30K HAd HCM.

["'eoMeTpuyecKkuii pacueT apKu 3aKJII0YAETCs B ONPENEIIEHUN BCEX Pa3MEPOB, YIJIOB U
UX TPUTOHOMETPUYECKUX (DYHKIIMM MOTyapKu, HEOOXOAUMBIX JJIs TalbHEHITUX PacueTOB.
VcxomHbIMHA JAHHBIMH TIPH 3TOM SIBIIIOTCS TpoJieT 1, BeicoTa f, a B cTpeibuaThix apkax
TaKXKe paJlyc MOJyapKu I wiin ee BbicoTa f.

[To 5TUM NaHHBIM B TPEYTOJBHBIX apKax OMPEIEISIOT JUIMHY S/2 W yroJ HakJIOHa
IIOJIyapKH 0. B CErMEHTHBIX apKax ONpPENeIAoT pPaauyc

r=(2+4f)/8

) g @
. t = — - = —_
LEHTPaNbHbINA yroa ¢ u3 yenosus L% = 07— n nuny ayru 5 = 770 nonyapku 1
HAXOJIT ypaBHEHHWE JyrH B  KOOpAMHATaX C IIGHTPOM B JICBOW  oOmope

y=\r*—=(/2—x)*—1+f




PucyHok 8 — Nl'eomeTpuueckas u pacyeTHasi CXeMa apkv

B cTpenpyaThix apkax onpenesnsioT Yroyl HakjIOHA o U JUIMHY | XOpabl, HeHTpalbHbIN
yroja ¢ W IauHy S/2 modyapkd, KOOpAMHATBHI IIEHTpa & W b, yroyl HakjOHAa OMOPHOTO

paamyca @g M ypaBHEHHME JAyTH JIeBOi modyapku V = /77— (a— x)* — b. 3arem
TIOJIOBUHY IIPOJIETA APKM JEIAT HA YE€THOE YUCIIO, HO HE MEHEE LIECTH PAaBHBIX YacTel U B
STUX CEYEHMAX OIMPEAECNAIOT KOOPAMHATHI X M Yy, YIJIbl HAKJIOHA KACATENLHBIX O U MX
TPUTOHOMETPHYECKHUE (PYHKIIUH.

CTaTn4yecKui pacueT

OmnopHble peakiUuy TPEXIIAPHUPHONW apKM COCTOSIT W3 BEPTUKAIBHBIX U
FOPU3OHTAIBHBIX COCTaBJISIOIINX. BepTukanbHbie peakimu R; m Ry onpenenstor kak B
OJTHOTIPOJIETHOW CBOOOJHO OMEpPTON Oalike W3 YCIOBUS PAaBEHCTBA HYJII0 MOMEHTOB B
omnopHbIX TmmapHupax. ['opuzonTanpHbie peakuuu (pacnop) Ha, u Hp, ompenensitor us
YCJIOBUS PaBEHCTBA HYJIFO MOMEHTOB B KOHBKOBOM ILIAPHUPE.

Onpenenenne peakiuii U yCuiaud ya00HO MPOU3BOAUTH B CEYCHUSIX TOJBKO OJIHOM
JIEBOM MOJIYapKHU B CIEAYIOLIEM MTOPSIKE:

CHa4aJia yCuJiusd OT SIMHUYHOM Harpys3KHu CIipaBa U CJICBa, 3aTEM OT JICBOCTOPOHHCTO,
IMpaBOCTOPOHHETO CHETA, BETPA CJICBA, BETPA CIIpaBa 1 MAaCChbl O60py,Z[OBaHI/I$I.

W3rubaromye MOMEHTHI CIIeIyeT ONMpEAesATh BO BCEX CEUCHUAX M HIUTFOCTPUPOBATH
AMIOPAMHU.



[IpostonbHBIE M TONEPEYHBIE CHUJIBI MOXKHO OIpPEAENATh TOJBKO B CEUYECHHSX Y
IIAPHUPOB, TJ€ OHU JOCTUTAIOT MAaKCHUMAJbHBIX BEIIMYMH U HEOOXOAUMBI JUISI PacueTOB
y310B. HeoOxomuMo Takke ONpeneisTb MNPOAOJIBHYIO CHIYy B MeCTe€ JEHCTBUS
MaKCUMaJIbHOTO U3rMOAIOIIEr0 MOMEHTA IPU TAKOM K€ COYETAaHUU HArpy30K.

Yeunust OT JBYCTOPOHHEIO CHEra M COOCTBEHHOW MaccChl ONPEAEISIIOT ITyTeM
CYMMUPOBAHHMSI YCUIIMI OT OJHOCTOPOHHUX HArpy30K.

[ToyyeHHbIC pe3yabTaThl CBOJAT B TAOIMILY YCHIIMIMA, 10 KOTOPOH 3aTeM ONpEeesoT
MaKCHUMaJIbHbIE pPAacUeTHBIE YCHJIMS MPU OCHOBHBIX HauOOJiee HE BBITOJHBIX COUYETAHMSIX
Harpy3oK.

B uncno Takux ceueHuid JOHKHbBI BXOAUTD:
1) coOcTBeHHas Macca U CHET;
2) coOCTBEHHAsl Macca, CHETr U Macca 000py10BaHHS;

3) Bce JCHCTBYIOLIME HArpy3Kd, BKJIIOYash BETPOByI ¢ Koddduuuentom 0.9,
BBOJIMMOTO B YCUJIUS OT BPEMEHHBIX HArpy3o0K.

s kneensix apok «Ilocodue» k CHull 11-25-80 pacuer Ha MpoYHOCTH PEKOMEHTyEeT
BBITIOJTHSATD TP CIACAYIONTUX COUCTAHUAX HArPy30K.

a) B.nonorux apkax (f<1/3l)

— pacyeTHas MOCTOSIHHAs M BpEMEHHas (CHEroBasl) Harpy3ka Ha BCEM IMpOJIETE U
BpEMEHHAasl Harpy3Ka OT MOABECHOT0 000PYAOBaHUS;

- pacueTHas TOCTOSIHHAs Harpy3ka Ha BCEM TPOJIETE, OJHOCTOPOHHSS BpEMEHHAas
(cHeroBasi) Harpy3ka Ha TIOJIOBHHE IMpOJieTa W BpPEMEHHas Harpy3ka OT TOJBECHOTO
000pyI0BaHUs;

- pacueTHas TOCTOSIHHAs Harpy3ka Ha BCEM TNPOJIETE, OJHOCTOPOHHSS BpEMEHHAas
(cHeroBasi) Harpy3Ka, pacrpezesieHHas 10 TPeyroJabHUKY Ha |/2, u BpeMeHHas Harpy3ka OT
MOJABECHOT'0 000PYI0OBAHMUS;

0) cTpenpuarhix apkax (f>1/31)

- pacueTHasl MOCTOSIHHAasE M BPEMEHHAasl (CHEroBasl)) Harpy3Kd Ha BCEM IMPOJIETE U
BpEMEHHAsl Harpy3Ka OT MOJABECHOTO 000PYI0BaHUS;

- pacueTHas MOCTOSIHHAs Harpy3ka Ha BCEM IMPOJIETe, BpeMEHHas (CHeroBas) Ha S/2
uny yactu mpotieta B coorBeTcTBUuU co CHull «Harpy3ku v Bo3aeiCcTBUS U BpeMEHHAas
Harpys3ka oT MOJABECHOTO 000pYAOBaHMUS;

- BETpoBasi Harpy3ka C TIIOCTOSHHOW M OCTaJbHBIMH BPEMEHHBIMH (C Yy4eTOM
koa¢¢unmenta coueranus 0.9).

MakcumanbHble M3ruOarole MOMEHTHI BO3HUKAIOT OOBIYHO B CEUYEHUSAX Onu3
YeTBEpPTH IMpoJieTa apKu NpH JACHUCTBUU OAHOCTOPOHHMX BpPEMEHHBIX Harpy3ok. B



TPEYTOJBHBIX apKaXx MOMEHTBl OT BEPTUKAJIBHBIX HArpy30K YMEHBIIAIOTCS 3a CYET
00paTHBIX MOMEHTOB M OT 3KCLUEHTPUCUTETA € MPOJOIbHBIX CUI N

PucyHok 9 — CunoBble BO34eACTBUSA B ONOPHOM y3J/1€ apku

HaunGosnpime npooiapHble CHIIbI BO3SHUKAIOT B CEUEHHSIX OJIM3 OMOp, a HAaMOOJIbIINE
MONEPEYHBIE CUJIBI — B CEYEHUAX OJIN3 ILIAPHUPOB.

Ycunus B MOABECKax 3aTSHKEK BO3HUKAIOT OT IMOABEIICHHBIX K HUM TPY30B U OT
COOCTBEHHOI MAaCChI 3aTSKEK.

[Tox0Oop ceueHuid W TPOBEPKA HANPSHKCHUH MPOUZBOMASTCS MO MAaKCUMAaJIbHBIM
3HAQYEHUSIM PACUETHBIX ycuiui. [Ipm 3TOM BETpOBBIE HArpy3KW YUUTHIBAKOTCA TOJIBKO B
TeX CiIyuasx, eciiu Betep Oosiee ueMm Ha 20 % yBeIMuuBaeT pacyeTHBIC YCHUIIUSL.

ADKH Da6OTaIOT N PACCUHUTBIBAIOTCA Ha CXKATHUC C M3rudoM 110 IIPOYHOCTH H
YCTOMYMBOCTH B INIOCKOCTH M M3 INIOCKOCTH apKH.

[TonGop cedeHuii MPOU3BOAMTCS METOJOM TMOIBITOK IO BETUYMHE H3THOAIOIIEro
MOMEHTA TMPHU YCJIOBHO MOHIKEHHOM, Hampumep, 10 0.8 R, pacueTHOM COMpOTHUBICHUU
JPEBECUHBI U3THOY.

[Ipu pacueTe apoK BLIMOJIHSIIOTCS CICAYIONIUE MPOBESPKHU

1. ITpoBepka MPOYHOCTH 11O HOPMAIBHBIM HAMPSIKECHUSIM:

F W,

pacs pacs

2. Pacuer Ha yCcTOMYMBOCTH TUIOCKOU (popMbI fehopMupoBaHus (U3 MIOCKOCTH apKH)

n

N M,
+ = =1
@RcFﬁp {P}:Ruﬁ"'ﬁ"ﬁp

3. IlpoBepka yCcTOMUMBOCTH B IJIOCKOCTH apKH BBITIOJIHAETCS 1O (hopmMyie
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rae ¢=Ff(1) — ko3 puument npoxonbHOTo N3rNGa, 4 = .

Pacuernyro mmmHy osnementa lo cnemyer mnpuamMmate mo CHull 11-25-80 B
3aBUCUMOCTH OT PACUETHOM CXEMBI U CXEMBbI 3arpy>KEHUS apKHU.

[Ipu pacuere apku Ha TPOYHOCTH M  YCTOMUMBOCTH IUIOCKOM  (POpPMBI
nepopmupoBanus N u My cieayeT MpUHUMATh B CEYEHUU C MAKCUMAJIbHBIM MOMEHTOM
(Mmax), a pacueT Ha YCTOHYMBOCTh B IUIOCKOCTH KPHBH3HBI M  OIPEICIICHUEC
Koa(¢punueHTa & K MOMEHTY Mg Hy’KHO OINpPEAEIATh, TOACTABIASA 3HAYECHNS COKUMAIOILEH
cuibl No B KIIFOUEBOM CE€YEHUM apKH, T.K. B 3TOM CEYEHHM CUJIa MMEET HauOoJIbllIee
3HA4YEHHUE.

3aTsHKKU M TIOJIBECKU apOK padOTAIOT M paCCUUTHIBAIOTCSA HA PACTSHKEHHUE.

Y3516I apOK

OCHOBHBIMH Y3JIOBBIMH COCAMHCHUAMU TPECXITAPHUPHBIX apOK SABJIAIOTCA OIIOPHBIC U
KOHBKOBLIC IIaPHHPBI.

OnopHble y37bl apoK 0e3 3aTsKEK BBITIOJIHSIOT, KaK MpaBUiIo, B BUJE JOOOBBIX
YIOPOB B COYETAHHH C METAIMYECKUMHU OaliMakaMu CBapKOW JIMCTOBOW KOHCTPYKIIHH,
CIIy>KallMMHU JJIsI KPEIUIEHUSL UX K OTIOpaM.

bamMak coCTOMT U3 OMOPHOTO JIMCTA C OTBEPCTUSIMU ISl AaHKEPHBIX OOJNTOB U ABYX
BEPTHUKAJIBbHBIX (DACOHOK C OTBEPCTUSIMU J1JIs1 OOITOB KPEIUIEHHUS MOJTyapoK.

PucyHok 10 — OnopHbIit y3en

VY31pl CErMEHTHBIX M CTpPEIbYaThIX apOK, B KOTOPBIX JACUCTBYIOT H3TMOAroIiue
MOMEHTBI Pa3HOI'0 3HAKA U HE3HAYUTEIIbHbBIC MTONEPEYHBIE CHUIIBI, LIEHTPUPYIOTCS MO OCSIM
MOJIyapoK, a OMIOPHBIN JIMCT OaliMaKa NepreHauKyJIIPEH UM.



VY30bpl TPEYrOJabHBIX apoOK, B KOTOPBIX JEMCTBYIOT B OCHOBHOM ITOJOKUTEIIbHBIC
MOMEHTBl M 3HAQYUTEJIbHBIE TONEPEUYHBIE CHUJIbI, LIEHTPUPYIOTCSA IO PACUYETHBIM OCSM,
PACIIOJIOKEHHBIM € JKCLEHTPUCUTETOM OTHOCUTEIBHO OCEH IOJIyapOK, a OIOPHBIN
OamMak TEepIeHIUKYJSIPEH PaBHOACHCTBYIOIIEH BEPTUKATBHOW U TOPHU3OHTAILHON
OTIOPHBIX PEAKLINAMN.

PucyHok 11 — OnopHas niouwagka, BOCMpMHMMaKoLWasa ONnoOpHYK peakuuio 6e3 caBura

Pacuer omopHOro ysma 3akiro4aeTcs B pacyeTe TOpLa IOJyapKh Ha CMSITHE OT
JNEUCTBUA MaKCUMaJIbHOM cxkumaromie cuibl Ngy. B CErMEHTHBIX M CTpenbuaThiX apkax
OHa paBHA MakKCUMalIbHOU mpoaoibHOUM cwie N u JelcTByeT BIOJIL BOJOKOH. B
TPEYTOJBHBIX apKax OHA paBHA PAaBHOAEHCTBYIOLIEN OTIOPHBIX YCHIIAN

J.I‘Ilnir = \vl'll L.'Il.;"z + Q 2

n I[CIZCTBYCT moa yriom K BOJIOKHam 0O, ornpecacsicMOM M3 BBIPAKCHUA

tga = —
TN
bonTel kpemsieHus Tmodyapkd K (pacoOHKaM  pacCUMTHIBAIOT Ha  JCHCTBHE
MaKCUMaJIbHOUW MOMepeYHoi criibl Q, KaKk CHMMETPUYHO m3rubaemble, IByXxcpe3nbie. Ha
ATy K€ CHJIy PacCUMTHIBAIOTCS aHKEpHBbIE OONTHI Ha cpe3 u cmsatue. beton gpyHmamenTa
paccUuThIBAECTCS HA CMATHE OT CHIIBI Ney.

OnopHeIi 1ucT GamiMaka padboTaeT Ha U3rud OT JACUCTBUS PABHOMEPHOI'O JaBJICHUS
J000BOT0 TOPLIA IOTYaPKH.

OrnopHbI€ Y3716l OOJBIISTIPOJICTHBIX apOK 0€3 3aTsHKEK BBIMOJIHSIOT C MPUMEHEHUEM
METAJTHYECKUX [APHUPOB KAYarOIIErocs TUMa



PucyHok 12 — OnopHbIii y3en C LuapHUpOM

OrnopHbIe y37IbI KJIEEHBIX apoOK, paOOTarolIMX B YCIOBHUSX XUMHUYECKOH arpeccuw,
MOTYT OBITh BBITIOJHEHBI MPU MOMOIIM CTEP>KHEW, OJIHUM KOHIIOM BKJICCHHBIX B KOHEI]
MOJIyapKH, a IPYTUM — 3aaHKEPOBAHHBIX B (yHIAMEHT.

OHODHI)IG Y3JIbI apOK C 3aTAXKKaAMHU

OnopHble y3/bl KIEEHBIX APOK C 3aTsHDKKAMU BBITOJHSIOTCS OOBIYHO MPU MOMOILIU
71000BOT0 yropa U CBapHbIX METANIMYECKUX OAlIMaKOB HECKOIBKO APYTOM KOHCTPYKIIUU



PucyHok 13 — OnopHblii y3en ¢ MeTaJI/InuEeCKON 3aTSHKKOMN

OnopHbI# y3e1 CeTMEHTHOM apKH C IEPEBIHHOMN 3aTsHXKKON Ha OONTax:

PucyHok 14 — OnopHblit y3en c AepeBAHHO 3aTsHXKKOM

OHOpHBIﬁ JIMCT B apKax € 3aTsKKaMM pacrojaractcda ropu3oHTalbHO, ITIO3TOMY apKU
CTaBATCA Ha TIOPU3OHTAIBHYIO IMOBCPXHOCTHL OIIOP, HAa KOTOPBLIC HC ,HeﬁCTByeT pacIop.



Beprukanbabie (aCOHKH MOTYT OMUPATHCS HA OMOPHBIN JUCT UM ONOPHBINA JHCT MOKET
pa3MeInaThest Mex1y (hacoHKaMH.

[Tpu onupaHuu Ha OETOH OIMOPHBIM JMCT YJUIMHAIOT 3a mpefenbl (acoHOK AJis
KPEIUIEHUsI aHKEpPOB, a MPU ONUPAHUU HA JEPEBSIHHYIO CTOMKY (PaCOHKH OMUPAIOT HUXKE
OTIOPHOTO JIUCTa JJIsi KpeIJIeHHs] uX K CcToiike Oontamu. Mexnay dacoHkaMu
pacriosiaraercsi ynopHas nauagparma. Haxion pauadparmMel ¥ LEHTpUpOBaHME Yy3ia
IPOU3BOJATCS 110 TEM K€ COOOpPAKEHUSM, UTO U B y3J1aX apoK 0e3 3aTsHKEK.

MeTaninueckyto 3aTsKKy NpUBApUBaIOT K (acoHKaM, JEPEBSHHYIO pPACIOJIOraroT
Mexay (pacoHKaMH U KPETsIT K HUM O0JTamMu.

Pacuer OIIOPHOI'O y3Jia IIPpCAIIoIaract:

1) pacuer nuadparmel Ha U3rud Kak OajKy 3aJelaHHON B (PaCOHKAX, HA JIaBJICHUE
71000BOTO ynopa Og.

[Ipu 3TOM M3rubaromMii MOMEHT NpH WUpPHUHE 1 CM paBeH

Fob2
M=-—
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2) pacyeT ONOPHOIO JHMCTAa Ha HM3ru0 Kak JABYXKOHCOJBHOW WM 3a/ICITaHHOM B
daconkax OaJku Ha peaKTUBHOE JaBjcHUE (DYHIaMEHTOB O,

3) ONpCACIIAIOT JJIIMHY CBAPHBIX IMBOB KPCIUICHHA 3aTAXKKKW HUJIM YHUCIIO KPCIICKHBIX
0O0JITOB — AJI1 ACPEBAHHLBIX 3aTsKCK U3 YCIOBUA BOCIIPUATHUSA NI YCHIINA B 3aTSKKC.

OHOpHBIG Y3Jbl AOMIATBIX aPOK C 3aTsPKKaMHM BBIIIOJIHACTCA IMPH ITOMOIIU I'BO3ACBBIX
TN OOJITOBBIX COGI[I/IHeHI/Iﬁ JOCOK I10sCa U 3aTAXKKH.

3aTsHKKM OpycyaThIX apoK M3 apMaTypHOM CTaM MPOIYCKAIOTCS 4epe3 OTBEPCTHUS B
KOHIIE MOJIyapKU U 3aKPEIUIAIOTCSA ralKoi Ha 1aiioe.

PacueT Takux y3510B MIPOU3BOAAT Ha CMSTHE TOPIEBBIX 0OPE30B.



PucyHok 15 — OnopHbiii y3en apku

KoHBKOBBIE Yy37IbI CIUIOMIHBIX apOK MAJIBIX M CPEIHUX TMPOJIETOB PEIIAKOTCS B BUIE
NPSIMBIX WJIM HAKJIOHHBIX JIOOOBBIX YIIOPOB CO CTaJbHBIMU KPEIUICHUSIMU WU
JEepPEBSIHHBIMU HaklaJkaMu Ha OonTtax. CerMeHTHBIE M CTpeibyaThie KIJICCHbIC apKu
LEHTPUPYIOTCS B 3TUX y3JIaX MO OCSIM MOIYapoK, a TPEYTOJIbHbIE — C SKCUEHTPUCUTETAMU
(c TO e 11eJIbI0, YTO U B OMOPHBIX y3JIaX).

PucyHok 16 — KOHbKOBbI y3en TpeyroJsibHOi apku

PucyHok 17 — KOHbKOBBbIH y3eJ1 CerMeHTHOW apKu



JIo6oBBIE yHOPHl KOHBKOBOT'O Y3714 PACCUMTHIBAIOT HA CMATHE IO/ YTJIOM WA BJIOJIb
BOJIOKOH Ha JIeicTBHE MPoaoabHOM crutbl N. KonrdecTBo G0JITOB B CTAIBHBIX KPETUICHUSIX
OTIPENEISAETCS B 3aBUCHMOCTH OT BEJIMYMHBI MOMEPEUYHON CHIIBI Q C y4eTOM yriia CMSATHUS
JIpEeBECUHBI MO OositaMu. MOHTaXHBIE OONTHI PACCUYMTHIBAIOT HAa CpPE3 M CMATHE OT
JCVCTBUS TOM e CHIbI Q.

KoHbKOBBIE Y376l OOJBIICIPOJETHBIX APOK BBIMIOJIHSIIOTCS B BHJAE CTalbHBIX
MIAPHUPOB KAYAIOLIETOCS TUIIA

PucyHok 18 — CTanbHOM WapHUP Kayalowerocs Tuna

CTBIKH DJIEMEHTOB apOK.

CThIKM KJIEEHBIX apOK MPEJCTABISAIOT co00M 3yOuaThie COSAMHEHUS JTIOCOK MO JJINHE
M CTBIKH TIO TIJIACTH CJIOEB JOCOK MEXIY CO00M. ApKH OOJIBIIUX MPOJIETOB COCAUHSIIOTCS
M0 JIMHE JKECTKHUMH CTHIKAMH C TIOMOIIBIO JBYCTOPOHHHMX HAKJIAJAOK W3 MPOPUIHHOU
CTaau U OOJITOB.

OTHU CTBIKH pPacCCUUTBIBAOTCS HAa YCUJINA, ﬂeﬁCTBYIOIHHC B JaHHOM CCYCHHHU apPKH.



Jleknus Ne9

JlepeBSIHHBIE CTOMKH.

Hany3KI/I BOCHpI/IHI/IMaCMBIe IIJIOCKUMHU HecyIHI/IMI/I KOHCprKI_[I/IHMI/I HOKpI)ITI/ISI
(6ayiku, apKu MOKPHITUSA, (PepMbl), IepeaaroTcs Ha yHIaMEHT Yyepe3 CTOUKH WUJIU KOJOHHBI.

B 3daHUAX € OCPCBAHHBIMH HCCYIIMMHU KOHCTPYKOUSAMHU ITOKPBITHUSA HGJIGCOO6paBHO
IMPUMCHATL IOCPCBAHHLBIC CTOﬁKH, XO0Td HWHOI'Ja BO3HUKACT HCO6XOI[I/IMOCTI> YCTaHOBKH
)KCJI6306CTOHHI>I€ NI MCTAJIJIMUCCKUEC KOJIOHHEI.

I[epeB}IHHBIC CTOMKH SBJIAIOTCI CXKATbIMHU WJIA C)KaTO-I/ISFI/I6a€MI>IMI/I HCCYIIIUMHU
KOHCTPYKIOUAMH, OIIMPAOIIUMUCA Ha (I)YHI[aMCHTLI. Nx IMPUMCHAIOT B BUIAC BCPTHUKAJIbHBIX
CTGp)KHGfI, MNOAACPKUBAOINX ITIOKPBITUC HIIN IICPCKPBITUC, B BHAC CTOCK IIOAKOCHBIX
CHCTCM, B BUJC KCCTKO 3aACIaHHBIX CTOCK OI[HOHpOJIeTHBIX N MHOFOHpOJ’IeTHI)IX paM.

HO KOHCprKI_[I/II/I nX MOXXHO HOI[paSI[eJII/ITB Ha CTOﬁKH KIICCHBIC U CTOI>'IKI/I 13 IICIIBHBIX
AJICMCHTOB.

KieeHble CTOMKH

I[OHI&TOKJIGCHI)IG 5! Kﬂee(baHepHLIG CTOﬁKPI ABIIAIFOTCA JJIEMCHTAMMU 3aBOJICKOI'O

N3TOTOBJICHU.

PucyHok 1 - [lowaToksieeHble CTONKKN
a) NOCTOAAHHOroO NPSIMOYroJIbHOIO U KBAAPaTHOr o0 CeYeHMus;
6) nepeMeHHOro NpsiMOYroJibHOro ce4eHus



PucyHok 2 - KneecdaHepHble CTOKMN

Kiieenble CTOMKM MOTYT MMETh OOJIbILIE MONEPEYHOE CEYEHUE U BHICOTY A0 8-10 M.
JUIsT MX WM3TOTOBJIEHMS MCHOJIB3YIOT JpEBECHHY 2 U 3 cOpTOB. /[OCTOMHCTBA TakuMX CTOEK
COCTOSAIT B UX MHAYCTPUAIBHOCTH, IPOCTOTE TPAHCIIOPTUPOBAHUS U MOHTaXA.

Croliku u3 IHECJbHbIX 3JICMCHTOB

[TompazaenstoTcs Ha CIEAYIOIINUE BUIBIL:
1) B BHJIe OTMHOYHOTO Opyca Wi OpeBHA

PucyHok 3 - CTOiKM U3 OAMHOYHbIX 6peBeH u 6pycbeB

Takue croiiku 00J1aal0T CPABHUTEIHLHO HEOOJBINONW HEcymed crmocoObHocThio. Mx
BBICOTA U pa3MepP NONEPEUYHOr0 CEYEHHS] OTPAHUYEHO COPTAMEHTOM JIECOMATEPHUATIOB.
B sTux cTolikax MpuMEHSIOT OOBIYHO IIAPHUPHOE OMUPaHUe Ha (PyHTaMEHT.



2) Croliku B BHJE 3JEMEHTOB COCTaBHOTO CEUeHHUS HAOpPaHHOTO W3 JBYX HIIH
HECKOJIbKMX OpYyCheB, TOCOK WM OpEBEH, COEAUHEHHBIX O0ITaMU WU APYTUMHU
MOAATIIMBBIMU CBA3SIMU

PucyHok 4 — CoctaBHble 6pycuaTtbie CTOMKU
a) cruiowHasn; 6) ckBo3Has ¢ npoksiaakammu; 1 — 6pycoa; 2 — 6onTbl; 3 - NPOKNAAKMK

PucyHok 5 — CocTaBHasi CTOMKa U3 AOCOK
CTOWKHM COCTaBHOI'O CEUYEHHUS TaK K€ MMEIOT BBICOTY, OTPAHUUYEHHYIO COPTAMEHTOM,
OJIHAaKO, UX HECYyIasd CHOCO6HOCTI> MOXKCT CYHICCTBCHHO BBIIIC IO CPABHCHUIO CO CTOMKaMHU
U3 OJUHOYHOI'O CECUYCHMUA.



CoenuHeHus1, TPUMEHSIEMbIE ISl CIUIAYMBAHUS dTUX CTOEK (OOITHI, TBO3/H, IITTOHKHN)
SABIIAIOTCA IMOAATIMBBIMH, YTO YBCIIMYHUBACT I‘I/I6KOCTB CTOCK U IJOJIX)KHO 6I>ITI> YUTCHO IIpH
pacuere.

PemieTuatrbie CTOMKH

[IpuMeHsIOT Yame BCero Kak CKaTO-H30THYThle CTOMKH paM. OHM MOTYT OBITH C
napanneanLIMn modacaMu Ui ¢ OAHUM HAKIOHHBIM ITOSACOM. Pa3HOBI/II[HOCTBIO HOCJICI[HCI;'I
ABJIKOTCA TPCYT'OJIBHBIC CTOUKHU.

PucyHok 6 — PewetyaTble CTOMKHU
a) npsaMoyrosbHas; 6) TpeyronbHas

DJI€MEHTBI pemCTYaThIX CTOCK COCANHATOTCA B Yy3J1aX Ha OonaTax.

PucyHok 7 — CeueHue pelueT4yaToi CToiku
a) nosica u3 ABYX BETBEWN, pelleTKa U3 oaHoro; 6) nosica u pellerka U3 ogHON BETBU



Ecnu pelierka BbIITOJIHEHA U3 OJHOM BETBH, a Mosica — U3 JIBYX (pHC. 7/a), TO peleTka
IPOIMYCKAETCS MEXKIY BETBAMM IOSCOB U KPEIMUTCS HEMOCPEACTBEHHO K IMocieaHuM. Ecnu
nosica M PEeIIETKA BBIMOJIHSIIOTCS OJHOBETBEBBIMU (pHC. 7/0), TO COECIMHEHUE DSJIEMEHTOB
pPELIETKN C T0SCAMHM BBIMOJHAETCS BCTBIK, M Y3Jbl KOHCTPYUPYIOTCS CO CTaJIbHBIMH
HaKJIaJKaMU Ha OOJITax.

Croliku ¢ mapajijIeIbHBIMU MOSCAMHU MOTYT OBITh CTyNeHYaThiMH. B 3TOM cityyae Ha
0oJiee BBICOKMN HaApYXKHBIM MOSC ONMUPAIOTCS HECYIIMe KOHCTPYKIIMM TOKPBITHS, a Ha
BHYTPEHHHI — MTOJAKPAHOBBIC OAJIKH.

Pacuer cToek

Brruncnenne ycuiauii B CTOMKAaxX IPOM3BOJAT C YYETOM IIPUJIOKEHHBIX K CTOHKE
Harpys3ox.
CpenHue CTOUKH

Cpennue cToiKM Kapkaca 3/aHus paOOTalOT U PACCUUTHIBAIOTCS KaK IHEHTPaIbHO
CKAThI€ JIEMEHTHI Ha JCHCTBHE HAMOOJBIIECrO0 CokUMaromero ycuwinss N oT cOOCTBEHHOTO
Beca BCeX KOHCTPYKIMHA MOKPBITHS (G) U CHErOBOW HArpy3KH U CHEroBoi Harpy3ku (Pcn).

PucyHok 8 — Harpysku Ha cpeHIol0 CTOMKY

PacueT nieHTpasbHO CKATBIX CPETHUX CTOEK MPOU3BO/IAT:
a) Ha IPOYHOCTH

rae K. - pacyeTHOE CONMPOTUBIICHHUE JPEBECHHBI CKATHIO BJIOJIb BOJIOKOH;
F.. - myo1aap HETTO MOMEPEYHOI0 CEUEHHS DIIEMEHTAa,

0) HA yCTOMYUBOCTD
N

© Fpacy

| ! ﬁ'i

R,

rae ¢ — KodpGUIHEHT IPOI0IBLHOTO N3THOa;



F,:c. — pacyeTHast IWIONIA/Ib MONEPEYHOrO CEUCHHS DIIEMEHTA,

Harpy3ku coOuparoTcsi ¢ IUIOIIAIU IMOKPBITHS 10 ITUTaHYy, NMPUXOJSINCHCS Ha OJHY
CPEHIOKO CTOWKY (Sgy)-

PucyHok 9 — N'py3oBbie nnowaamu cpeaHen u KpanHen KOJIOHH

Kpatinue cToiiku

Kpaiinsgs cToiika HaxOOuTCs MOJ JCHMCTBUEM MPOAOJIBHBIX IO OTHOIICHUIO K OCH
cToliku Harpy30kK (G u Pcu), koTOpBIE COOMparoTCs ¢ oA Se, U nonepeunbix Py, P n X,

Kpome 31010 OT [IeiicTBHS BeTpa BO3HHKAET MPOAOIbHas cuia Fp.



PucyHok 10 — Harpy3ku Ha KpaliiHIOI0 CTOMKY

G — Harpy3ka oT COOCTBEHHOTO Beca KOHCTPYKITUI MOKPBITHS;
Pcn — Harpy3ka oT Beca CHETOBOTO TOKPOBA;
Pg - BepTuKaibHas BETPOBasi HArPy3Ka;

P, - BeTpoBast Harpy3Ka OT BeTpa ciieBa (Harop BeTpa);
P, — BerpoBas Harpy3ska (0TCOC) MPH BETPE CIIPaBa;

X — TOpHU3OHTaJbHAs COCPEIOTOYEHHAs CHUJIa, TMPWIOKEHHAs B TOYKE
MIPUMBIKAHUS PUTENS K CTOMKE.
B ciydae XecTKOo# 3a1eIKA CTOEK JIJI1 OJTHONPOJIETHON paMbl:

PucyHok 11 — CxeMa HarpysoK npm >XeCTKOM 3alleMJ/IEHUU CTOeK B (pyHAaMeHTe



X==[0188:1:(p; —p,) +0.5- (W, —W,)]
rne W, W, - ropuzoHTanbHBIC BETPOBHIE HATPY3KH COOTBETCTBEHHO OT BETpA CJIEBa U

CIIpaBa, IIPHIIOKCHHBIC K CTOUKE B MECTE IIPUMBIKAHHUA K Hen PUICIIA.
ar . . Ar — . .
H'r‘_l - pl hl:u.‘[ H’Z - pz hl:u.‘[

rje N, - BBICOTa OMOPHOI'O CEUCHHSI PUTEIIS WIIH OaJIKH.
Baussane cun W, u W, Oymer cymiectBeHHO, eciii pureiib Ha OINOPE HMMEET

SHAYUTCIBbHYIO BBICOTY.

B cnydae mapHHpHOTO OMMpaHus CTOWKY Ha PYHIAMEHT TSl OJTHOTIPOJICTHON
paMbl:

PucyHok 12 — CxeMa Harpy3okK npv LWWapHMpPHOM ONMUPaHUM CTOEK Ha PyHAAMEeHTe

x =[0.3131- (p;, —po) + 0.5(w; —w,)]

J{71s1 MHOTOTIPOJIETHBIX paMHBIX KOHCTPYKIIMNA MPU BETPE CJeBa P2 U Wo, a pH
BETpE cIpaBa P1 U W2 OYJIyT paBHbI HYJIIO.

KpaiiHue CTOWKM pacCUMTBHIBAIOTCS KaK CyKaTO-U3rHMOaeMble 3SJIEMEHTHI.
3nadyeHus npoaoiabHoi cuibl N m m3rubarorero MoMeHTa M IpUHUMAROTCS IS
TaKOTO COYETAHUS HArPY30K, TPH KOTOPOM BO3HUKAIOT HAMOOJBIIINE CKUMAIOIIIHNE
HanpsHKEHUS.



DKCUEHTPHUCHUTET PABEH:
h — hg

=7

Pexomenayerca onpeaensTb Kak MaX 0Opu  CICAYIOIMX COYETAHUAX
Harpy3oK:
1) 0.9(G + P + Berep crneBa)
2) 0.9(G + P + Betep cripaBa)
3)G + P
Jlns cToMKHM, BXOJMSIIEH B COCTaB paMbl, MaKCHUMAaJbHBIH H3THOAIONINN
MOMEHT OepyT Kak Max W3 BBIYMCICHHBIX JJIS CIydas BeTpa ciieBa M, U crpaBa
M,p:
M_=0.5p,I* — Xl — Ne

M, = —0.5p, > — XI — Ne,

re € — OKCICHTPUCUTET MPUIIOKEHUS MpoaosibHOM cuibel N, Koropas
BKJIIOUAeT HanboJjiee HebIaronpusaTHoe coueTanue Harpy3ok G, P, Pp — kaxkmas co
CBOMM 3HAKOM.

DKCIEHTPUCHUTET JIJIsi CTOCK C TTOCTOSTHHON BBICOTOM CEUCHMS paBEH HYIIO (€
= 0), a 111 CTOCK ¢ IEPEMEHHOM BBICOTON CeUEHUs OepeTcs Kak pasHOCTh MEXKTY
TCOMETPUYECKON OCBIO OIOPHOTO CEUYCHHUS W OCBhIO TMPUIIOKEHHUS MPOIAOJIbHON
CHJIBL.

Pacuer cxxato — M30rHyTHIX KpalHUX CTOEK MPOU3BOIUTCA:

a) Ha TPOYHOCTb:
N N M, R
— =
O T B W o

pacH pacH

0) Ha YCTOMYMBOCTH TUIOCKOW (POPMBI M3rMOa NP OTCYTCTBUHU 3aKPEIICHUS

WJIM TIPM PACYETHOMN JIIMHE MEXy Toukamu 3akpemtenus |, > 70b%/n mo popmyne:
n

N ( M, ) .
a. = — =
{PRCFSF q}}:Ru H“C‘ip




['eomeTpryeckue XapakTepUCTUKU, BXOASIINE B (POPMYJIbI, BRIUUCISIOTCS B
OIIOPHOM CE€YEeHMH. M3 IIOCKOCTH pambl CTOMKHM PACCUMUTBHIBAIOT KaK LICHTPAJIBHO
CoKATBIM DJIEMEHT.

Pacuer ckaThIX M CKaTO-U30THYTBHIX COCTABHOI'O CEYEHMsI IPOU3BOJUTCS IO
IPUBEICHHBIM BBbIIIE (pOpMysIam, OJHAKO MIPHU BBIUYUCICHUN KOIDPUIMEHTOB ¢ U &
B ATUX (OpMyIax YUYUTHIBAECTCA YBEJIWYEHUE THUOKOCTH CTOMKM 3a CUeT
HOJIATIIMBOCTH CBA3EH, COSUHSIIONINX BETBU. DTa YBEJIUUYEHHAs TMOKOCTh Ha3BaHa
MPUBEICHHON THOKOCTBIO Ap.

Pacyer pemieTyatbiXx CTOEK MOXHO cBecTH K pacuety ¢epm. I[lpu stom
BETPOBAsi PABHOMEPHO PACHPENEIICHHAs HArpy3Ka CBOJUTCS K COCPEAOTOYEHHBIM
rpy3aM B y3nax (epmbl. Cumraercs, 4yTo BepTUKaTbHbIe cuibl G, P¢, Py
BOCIIPUHUMAIOTCS TOJIBKO MOSICAMHU CTOMKH.

¥Y3JbI cTOEK

B BepxHem y3me, rae Ha CTOMKY ONMPAETCS HECyIas KOHCTPYKIUSA
IIOKPBITHUS, CTOMKA UCIIBITBIBAET CMATUE BIOJIb BOJIOKOH.

PucyHok 13 — Y3en onupaHus 6anku Ha CTOMKY
OTOT Yy3CJI UMCCT OJHOTHUITIHOC PCIICHUC OJIs1 CTOCK PA3JIMYHBIX BUIOB.

OnopHbIA y3ea

JInst cToek M3 1ENbHBIX 3JEMEHTOB U /I KJIEEHBIX CTOEK, pabOTalolIUX Ha
CKaTue, OTMIOPHBIN y3eJ pelIaeTcsl MPOCThIM YIIOPOM CTOMKH B CTAJIbHOM OallMak,
KOTOpBbIM MpUKpEIUieH K (yHAaAMEHTY aHKepHbIMU OonTamu. CTOMKH KpemsT K
OammMaky  OonTaMu, JHMaMeTp M YHUCJIO KOTOPBIX  OMNpeAensercs 1o
KOHCTPYKTHUBHBIM COOOPAKEHHUSIM.

B cxkxaro-u3rubaeMbIlx JKECTKO 3a/IeJIaHHbIX CTOMKax Y3el MOXET ObITh
OCYIIIECTBJIEH B BU/I€ aHKEPHBIX CTOJIMKOB, IPUKPETICHHBIX K CTOMKE OOITaMH.

VY3en BocipuHUMaET MpooJibHy0 city N u n3rubaronmii MomeHT M.
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HuxHag vacme kAeedowamou CMouku
PyHdareHm
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CMsAXHble DoAMbl

AHkepHble Donmel

YNOPHLIU CMOAUK GHKEpHO20 Donma
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AT1ac CTPOMTENBHBIX KOHCTPYKIIHIT Wzpi-e 1-oe
U3 KJICCHOIl IPEBECHHDBI M BOIOCTOMKOM danepsl 2000 rog

JIuct 82 \ Hecymmue - Kneegomiatsie - CTOMKY - Y3I1bI ONIUPaHUS KECTKHE

PucyHok 14 — Y3en onupaHus CTONKU Ha (pyHAAMEHT

Pacuer omopHOro KpemiaeHus NpPOU3BOIAT IPU COYETAHMM HArpysok,
BBI3bIBAIOLIMX HanOoublIee pacTarupatomiee ycuine Ny B KpenexKHbIX 2JIEMEHTAX:

N N N M
B R 2
rae N u M nmpononbsHast cuia 1 U3rudaroiuii MOMEHT B OTTIOPHOM CEUCHUU
_—— A? N N
¢ =1-
3000 R-::Fﬁp

- YUYUTBHIBAIOUIUN JOTOJHUTEIbHBIM H3rM0AIOMIMI MOMEHT OT MPOJI0JILHOMN
CHIIBI,

e — tieuo cui Npu Ne.

[To nHaubonbumiemMy 3HayeHHIO N, BBIYUCISAIOT YUCIO AHKEPHBIX OOJTOB,
pacnosiaraéMbIx ¢ OJHOM CTOPOHBI CTOMKH.
Cuiia N BocnpyHUMAETCsl CMATUEM CTOMKHU BJIOJb BOJIOKOH.



Jlexrms Nol(
Ilnockue CKBO3HBIE KOHCTPYKIMUA., DepMBbI - 0CHOBHBbIE BHJILI H PACYET

CKBO3HBIMM HECYLIMMH JI€PEBIHHBIMA KOHCTPYKLMSIMHU HAa3bIBAlOTCA TakKue, B
KOTOPBIX II0sICa COEAMHEHBI IPYr C APYIOM HE CIUIOIIHOM CTEHKOM M3 JIOCOK WM
(aHepbl (Kak B IUIOCKMX CIUIOIIHBIX KOHCTPYKLUSX), @ PEIIETKOM, COCTOSLIEN u3
OTJEJIBHBIX CTEPKHEW — PACKOCOB U CTOEK.

IIpuMeHeHne pemeTK BMECTO CIUIOIIHONM CTEHKM YMEHBIIAET Pacxoj maTrepuaia
Ha KOHCTPYKILIHIO, OCOOEHHO Npu OosblIMX IposeTrax. B To ke Bpemsi CKBO3HBIC
KOHCTPYKIIMU MMEIOT OOJIBIIOE KOJIMYECTBO Y3JIOB B MECTAaX COCAMHEHHS PELIETKH C
II0SICAMM, YTO 3HAYMTEIBHO YCIJIOXKHSET M3TOTOBJICEHHE TaKUX KOHCTpYKUuMH. [TosTomy
BBIOOp THIA KOHCTPYKIMH - CIUIOIIHOW WM CKBO3HOW IPOU3BOJUTCS Ha OCHOBE
TEXHUKO-3KOHOMHYECKHUX JAHHBIX C YYETOM Ha3HAYEHUS IOMEIICHMUS.

CKBO3HBIC KOHCTPYKIIMY OBIBAIOT:
1) 6anounsie ( pepmsr);

2) pactiopHbIe (apKu U paMbl);

3) perieryarbie CTOUKH.

(pepma

CKBO3Hasl apkKa

paMma ¢ moaxKocaMu

pelieT4aTasi CTOMKa



O CKBO3HBIX PACHOPHBIX KOHCTPYKIHMSIX U O PEIIETYATHIX CTOMKAX TOBOPUIIOCH B
npeapaymmx Jekuusax .CerogHs Mbl 3aliMeMCsl U3YUYE€HHEM OCHOBHOTO BHUJA CKBO3HBIX
KOHCTPYKITUH - pepMm. DepMbl TPUMEHSIOT, KaK MPABUIIO, B CTATUYECKU OMPEICTUMBIX
CX€Max B OTHOIIEHHUH KAK OMOPHBIX 3aKPEIICHUM, TaK U PEIICHUS PEIIETKHU.

B 3aBHCHMOCTH OT KOHCTPYKTHMBHBIX OCOOCHHOCTEH, CBS3aHHBIX C METOJIOM
U3TOTOBJIEHUS, (DepMBbl TTOAPA3ACISAIOT Ha hepMbI 3aBOJICKOTO (U3 KJIEEHBIX JIEMEHTOB)
¥ TIOCTPOEUYHOT'0 U3TOTOBJICHUS (M3 LIEJIbHBIX AJIEMEHTOB)

Haubonwiiee pacripocTpaHeHrne B CTPOUTENIBCTBE MOIYUYMIIA (PEPMBbI 3aBOJICKOTO
u3rotoBjaeHus. K HHUM OTHOCATCS MeETaIOJAEPEBSIHHBbIE (EpMbI, BEPXHUU TOSIC H
CXKaTble CTEP)KHU PEIIETKH KOTOPBIX BBIMOJIHEHBI U3 KJICCHOW JIPEBECHUHBI, & HUKHUN
MOSAC U PAaCTAHYTBIE CTEPKHU PELICTKUA - U3 CTaJIU.

[IpeumymiecTBa KJIEEHOM JPEBECHMHBI MO3BOJIAIOT NPUMEHSITH B  CIydae
HEOOXOJIMMOCTH, HAITPUMEP, B YCIOBUSIX arPECCUBHBIX CPEJl, HE TOJIBKO CTAJIbHOU, HO U
JEPEBSHHBIN HUKHUM TOSIC.

I1o ouepranuio (beDMBI IoApa3acCIAIOTCA Ha.

1. TpeyronbHsle;

2. TpaneureBuaHbIC;

3. MHuoroyroibHbIe (Yalle NATUYTOJIbHBIC);
4, CerMeHTHBIE.

Hcrounuk [ 12 ] ‘

1 Kneenbll BepxHUU noAc

2 HuxHuU noAac u3 yznabod cmanu
3 0nopHbIU Y3en O CMansHuIM 0OWMAKOM
L TodBecka U3 kpyznol cmanu
5
6

PacmsiHymas cmolkd U3 Kpyzaal cmany
(monbHoU Dawmak BepxHeza y3na

T NepebanHos Hoknadka
HO CMAnbHLIX DOAMAX
8 (mansHou xamym
9 (MansHbIe HAKOHEYHUKU
10 CmanbHol y3noBou Brnadsiw

A
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ATJI1aC CTPOHMTENBHBIX KOHCTPYKLHMT Wsi-e l-oe
W3 KIICeHOM IDEBECHHBI M BOZIOCTONKOI (arepbi 2000 rox

PucyHok 1 — TpeyrosibHas metasnogepeBssiHHana pepma



9
L OnopHelU y3en

5. Packoc u3 cmanbHbIX y20kab
6 llepebanHbil packoc

T llepebaHHad cmouka

8 [lepeBsaHHble Haknadku

1 Kneenbil BepxHUU nosc
2. HuxHul noAc U3 CMaAbHLIX Y201Kob
3 Borxo0Awul packoC U3 kneeHoU OpeBecuHbl

€ ynopHsIM Wwhennepom
10 CmansHele HAKOHEYHUKU

11 CmansHeie oamsl (Hazenu)

9 bokpbble CMaALHHE HAKNAOKU

B

P AW

A

ATIIaC CTPOUTENBHBIX KOHCTPYKIHIT Hspi-¢ 1-oe
3 KIIGEHOIl IPEBECHHBI H BOJIOCTOIKOI hanepsl 2000 rox

Hecynme-KJTeez[omaTme-(DepMLI—MeTaJmoz[epeBHHHLIe—TpaneueBM)IHme‘ JIuct 170

PucyHok 2 — MaTuyronbHas MetasuiogepeBsiHHas ¢epma

Hcrounuk [ 1 ‘

CDepMa C THYTOKJICCHBIM BCPXHUM IMOSACOM U CTAJIbHBIMU IMOJABECKaMU

‘UJU(DD cxems 115131

1 7
1. THymokneeHsll BepxHUU nosc
2 HuxHuO npAc U3 CmMaAbHbIX U20/1Koh
3 0nopHbIU U3eA CO COnbHLIM BAWMOKOM
L AHKepHble BOAMbI
5 TflodBecka u3 Kpyznol cmanu
6 Kneedowamsil packoc
7. Kneedowamas cmouka
8 llepebannsie Haknadku

1

/0

9 Thyxue BuHmbl
10 (MOAbHLIE HAKOHEYHUKU
11 CmansHble doamsl (Hazenu)
12 Xomym nodBecku u3 CmansHoU NAGCMUHL

— _
Jluct 173 \ Hecymmue-Kneenomarsie-depmbr-MetamtonepeBsHHbIe-CerMeHTHBIC

ATIAC CTPOHTCILHBIX KOHCTDY KLU Wsn-c 1-oe
M3 KIICEHOH JIPEeBECHHbI U BOJIOCTOHKOM danepsl 2000 rox

PucyHok 3 — CermeHTHas MeTassiogepeBsiHHas ¢pepma



C uenpro yMEHbBIIEHUS BEIMYMHBI H3THOAIOIIEr0 MOMEHTA Mepeada CKUMAaKOIIEro
YCWIMS B y3JlaX BEPXHEro mosica U3 MPSAMOJUHEHHBIX 3JEMEHTOB OCYILECTBISETCS C
DKCIIEHTPUCUTETOM, Kak B apkax. [lepByl0 maHenp HWKHETO I0sca, B KOTOPOM
OTCYTCTBYIOT YCHWJIMS, MOXET OBITh JEPEBSIHHOW, a OMOPHBIA HUCXOISALIUMN PacKoC,
BOCIPMHUMAIOLINI OOJIbIIOE PACTATUBAIOIIEE YCUIME - CTalbHBIM, KaK M CPEIHIOO
[aHellb HWKHEro mnosica. TpamenueBHIHAs OJHOCKATHas (epMa MMEET aHAJIOTHUYHOE
KOHCTPYKTHUBHOE pELICHUE.

MoryT npuMeHsTbCs TaK ke (epMbl C MapaICIIbHBIMU MOSCAMU.

TpeyronbHble KileeHble (epMbl MOTYT MMETh BEPXHUU MOSC U3 JIBYX KIIEEHBIX
naHelell pa3HOM UIMHBI, OoJjiee UIMHHOM M MOIIHOW SIBJISETCS IepBas OT OMNOpPBI
naHesnb. M3 KieeHou IpeBECHHBI BBITOIHAIOTCS TAKXKE ABAa packoca. HukHui mosc u
PaCTSAHYTHIN TSK NPUHUMAIOTCA CTadbHbIMU. [[aHen BepxHero nosica B y3jiax CTBIKYIOT
C DKCLIECHTPUCUTETOM.

CerMeHTHbIE KileeHbIE (DepMbl KOMIIOHYIOTCSI C TaKMM pacdyeToM, 4yToObl Ayra
BEPXHETO Mosica ObUIa U3 KPUBOJIMHEWHBIX 3JIEMEHTOB OJIMHAKOBOW IJIMHHBL. Bee y3ibl,
BKJIIOYAsl Y3Jbl BEPXHETO IM05CA, LEHTPUPYIOT IO OCSIM 3JIEMEHTOB. BepxHui mnosc
Takol  (epMbl MOXKET ObITb pa3pe3HbIM WIM  Hepa3pe3HbiM. briaronmaps
KPUBOJIMHETHOMY OYEpPTAaHUIO BEPXHEro Iosica CO3JaeTcsi OOpaTHBIM BBITMO 1O
OTHOIIEHHIO K OCH M3ruba mosica MoJ AEHCTBHEM BHEIIHEW Harpy3KH, IIO3TOMY 3Ta
depmMa HMeeT Mallo HArpyXeHHYIO pEIIeTKy, 4YTO YIPOLIAaeT KOHCTPYKLHIO €€
JJIEMEHTOB U Y3JIOB.

K ¢epmam mocTpoeuyHOro M3roTOBICHHUS OTHOCATCS (PEPMBI, FIEMEHTHl KOTOPBIX
BBIMOJHEHBl U3 LEJIbHBIX HE KJIEEHBIX OpeBeH, OpyCheB WM JIOCOK C Y3JIOBBIMU
COEIMHEHMUSIMU Ha Harelysax (0onTax, rBO3/sX) WM Ha JIOOOBBIX BpyOkax. PacTsHyTbie
AJIEMEHTHI PEMIETKU U HIDKHUM MosAC (PepMbI 4acTO JeN1aeTcs CTadbHBIMMU.

ITo ouepranuio GpepmMbl MOCTPOCUYHOTO U3TOTOBJICHUS MOTYT OBITh TPEYTOJbHBIMU
Y MHOTOYTOJbHBIMH.

@®epMbl U3 LEHTPAIbHBIX JJEMEHTOB CO CTaJbHBIM HIKHHM MOSCOM IpHU
TPEYTOJBHOM OYEPTaHWU MO3BOJSET MNPOCTO OPraHU30BBIBATH IUIOCKYHO CKaTHYIO
KpoBIIt0. B 3THX pepMax BepxHHUII MOSIC M paCKOCHI JENAI0T U3 OPYChEB, a LIEHTPAIbHYIO
PaCTSHYTYIO CTOMKY - U3 KPYIJION CTalIu.

[Ipy MHOrOyrojbHOM OYEPTAHUHU, MNPUOIMKAIOIMIEMCS K OYEPTAHUIO BIIOPbI
MOMEHTOB B MPOCTOM Oajke, yCHJIMS B MaHEISX BEPXHEro MOsSca Mal0 MEHSIOTCS OT
SMIIOPHI K CEpPEeIUHE MPOJIeTa U B AJIEMEHTaX PEUIeTKH BO3HUKAIOT HEOONbIINE YCUIIHSL.
DTO 1aeT BO3MOYKHOCTh CO3[aBaTh KaK BEPXHUU IMOSIC, TAK M DJEMEHTBHI PEIUETKHA U3
JPEBECUHBI U TOJIBKO HIDKHUM PACTSHYTHIN MOSIC JeIaeTcs U3 MpoQUIbHON CTaIH.

Henocratkom Takoil pepmbl sBIISETCS HEOOIBILIOE YHCIIO Y3JIOB.

®epmbl Ha JTOOOBBIX BpyOKax UMEIOT TPEYTOJIbHOE WU MSATUYTOIBHOE OYepTaHuUE.

CxeMa pemieTku B 3TUX (pepMax TakoBa, YTO JEPEBSHHBIE PACKOCHI OKa3bIBAIOTCS
CKaThIMH, & METAJUNIMYECKHE CTOMKH - PACTSIHYTHIMU. JTO MO3BOJISIET KPENUTh CHKATHIE
packochl K TMOsicaM C TMOMOIIbIO JIOOOBBIX BpPYOOK, BOCHPUHMMAIOUIUX TOJBKO
CKMMAIOLLME YCUJIMS a PACTAHYThIE CTOUMKH (TSDKH) JI€JaTh U3 KpyTioi ctanu. Tsoku Ha
OJTHOM KOHIIE CHAOXXEeHBbl pPE3b00 M TalKkoW, dYTO oO0ecrmeymBaeT BO3MOXKHOCTH
YIUIOTHEHHSI Y3JI0B MPU COOPKE.

B natuyronpHbIx ¢epmax BOMM3M CepeAUHBI MpOJeTa MpPU OJHOCTOPOHHEH
CHEroBOM HArpy3ke pacKoChbl MOTYT MOJy4YaTh PACTATUBAIOIIME YCUIIUS U BBIKIIFOYATHCS
u3 paboThI.



Jl7ig coxpaHeHUs TeOMETPUYECKON HEU3MEHSIEMOCTH PeIIeTKy (pepMbl CHaOk aroT

AOIIOJIHUTCIIbHBIMHY KOMIICHCUPYIOINNMMH HUCXOJAINMMHU PaCKOCaAMMU.
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Pucynok 4 — [1atuyronsHas pepma u3 OpycheB Ui OpeBEH Ha JIOOOBBIX BpyOKax.

Pacuet dhepm.
[Topsimox pacuera depM TakoH ke, KaK W TOPSJIOK pacdeTa IJIOCKUX HECYIIHX
JNEPEBSHHBIX KOHCTPYKIIUHU:

1) CTaTUYECKUH pacyer;
2) 1oI00p CEYCHUS JIEMEHTOB (pepMBbI;
3) pacuert y3JIoB.

Pacuery depm mnpenmectByer cObop Harpy3ok. Harpysku, aedcTByromue Ha
dbepMy, CKIAIbIBAIOTCA W3 TMOCTOSHHBIX (OT COOCTBEHHOM Mmacchl ¢depMbl U
OTpakIAIOIINX KOHCTPYKIIUN MOKPBITHS) U BPEMEHHOM (Yalle BCEro TOJbLKO OT CHEra).

Cratuueckuii pacuer (Gepmbl CBOAUTCS K OINPEJCICHUIO YCHUJIMM OT BHEIIHUX
Harpy3ok B oJeMeHTax ¢epMmbl. s Bcex cTepikHEH ompenensieTcs 3HaueHUeE
po10JibHOM cuiibl N, a 1711 BEpXHETo Tosica eile U u3rudaromuii MomeHT M.

OmpeneneHre yCWIMM B CTEPKHSAX MOXKHO TIPOU3BOJAUTH TIpaduyecKu WU
aHanuTudecku. [Ipu 3TOM B cXxemax CerMeHTHBIX (pepM KPHUBOJMHEWHBIE OCH TIaHEJeH
BEPXHEro IMosica Ha Y4YacTKax MEXAy COCEIHHMH Y3JaMU 3aMEHSAIOT XOpJaMu,
CTATUBAIOIIMMHU 3TH JIyTH.

Yceunus onpenenstoT OTAEIbHO:
1) nana ciuyyas 3arpy>XeHHsi CHETOBOM pPaBHOMEPHO paclpeieIeHHOU
Harpy3Koi Ha MOJOBHHE MPOJIETA;
2) [ citydasi 3arpy>KeHusi CHeTOBOM Harpy3KoW Ha BCEM IPOJIETE;
3) mis ciydast 3arpyKeHusi TOCTOSHHOM Harpy3Kkoil (COOCTBEHHBIM Bec
(dbepMBbI U BeC OrpaKAaroNuX KOHCTPYKIIUN MTOKPBITHSI) HA BCEM MPOoJieTe (PepMbl.
[lenecooOpa3Ho cHayama OMPENETUTh YCUIUE OT €IWHUYHOW HArpy3KH, a 3aTeM,
YMHOXXHB Ha BEJTUYUHBI (DAKTUIECKUX HATPY30K, OJIYIUTh HCTHHHOE 3HAUCHUSI YCUITUI
B CTEPKHSX.
[Ipy BBIUKMCIEHHM YCWJIMH B CPEIHUX PACKOCAX YUMUTHIBAIOT JBA Clydas: KoOrla
packoc cKaT U KOrja pacTSIHyT.

PacueTrHble ycuaMsi B CTEPXKHSIX ONPEACISIIOTCS TMPU  CICAYIOMMX JABYX
KOMOMHAIUSAX HArPY30K:

1) PaBHOMepHO pacmpenereHHass TMOCTOSHHAs Harpy3ka Ha BCEM IpOJeTe,
BpEMEHHasl (CHET) - Ha TIOJIOBHHE TIpoJjieTa GpepMal.

2) PaBHOMEpHO pacmpeeneHHas MOCTOSHHAas M BpPEMEHHas Harpy3KH Ha BCEM
npoJjete Gpepmsl.



Ioabop cevyenmii 3JieMeHTOB (pepMBl.

[MlupuHa cedeHus AIeMEHTOB (hepMbI ONPENESETCS MO MPEAeTLHOMY 3HAUYCHUIO
ruokocT. J[ms s1eMeHTOB (epM yCTAaHOBJICHBI CICAYIOIINE TMPEASTbHBIC 3HAUCHUS
THOKOCTEH (Amp):

- JUISl BEpXHETO 1osica Aqp=120 ;

- JUISL 3JIEMEHTOB PEIIETKU Anp=150 ;

- JUISL HUKHETO 10sica U3 CTaln Ayp=400.

[IIupuHy CceYeHHs BEpPXHEro Iosica M DJICMEHTOB PEIISTKH IeJIeco00pa3Ho
Ha3HAYaTh 10 3HAYCHUIO PaJNyCa HHEPIIHUH.

1
L

' =3p ,rael— pacuerHas aauHa CTepKHS GEpMBbI
T

bmz’n = 0,29

BbicoTy ceueHusi BEpXHEro Imosica OINPEAENSIOT, MOJb3YSACh MNPUOIMKEHHOU
(opMyI0i 7151 MOMEHTA CONTPOTUBIICHHUS:
_ MMAX
0B8R,

MOMEHT CONPOTUBIIEHHUS C IPYTOM CTOPOHBI PABEH:
_bxh?
6
Orcrona o u3zBectHsiM b 1 W Haxor h.
Ilocne mnombopa cedeHU SJIEMEHTOB (epMbl, BBIMOJHIIOT MPOBEPKY HX
MIPOYHOCTH.

Ckatble 27eMEHTBI (PepM MPOBEPSIIOT Ha YCTOWIUBOCTD 110 (popmyIie:

N
g=———<R,
@ X Fpyry
¢ — K03 HUIHMEHT TPOoI0aBHOTO M3rubda, mpuHuMaeMsblil mo CHull;

RC — PaCUCTHOC COIIPOTHUBJIICHHUC APCBCCHUHBI CXKATHUIO.

PaCTHHVTBIe ACPCBAHHBIC 3JICMCHTELI IIPOBCPAIOT HA ITPOYHOCTH 110 (I)OpMYJ'IeI

N
HT
CTaJIbHBIC TIO (OpMYIIE:
N

g = < R

Fxm

rae M — ko3hUIMEHT yCJIoBHS paOOThI (€CIU MOSIC COCTOUT U3 ABYX 2JIEMEHTOB,
to m=0,85).

B cmywae, korma BepxXHUMH IIOSIC HArpy>K€H MEKY3JIOBOM HAarpys3koW, €ro
MIPOBEPSIOT, KaK CKATO — U30THYTHIM 3JIEMEHT Ha MPOYHOCTH MO PopMyJie:




Narubaromuiit MomeHT M, BBI3BaHHBIM HaJUYUEM MEXY3JOBOH PaBHOMEPHO
pacipenesieHHON Harpy3Ku, onpenesnsercs 1o 0ano4HbM GopMmyam:
g 12
T8

3HaueHue wusrubampmero MomMeHTa Mg MOXKET OBITh YMEHBIIEHO 3a CYeT
pasrpysxaroimiero MoMeHta My, co3maBaeMoro myTeM SKCHEHTPUYHOTO MPHUIIOKEHUS
IIPOJIOJILHOM CoxuMaroreit cuiabl N.

CyMMapHbI M3rHOAONIM MOMEHT B cepeauHe mpojera |, B 3ToM ciydae

BBIUHUCTsICTCS IO PopMyIie
Mqu'Mn, F)Ie anN.e

B cermeHTHBIX (pepMax sKcleHTpUCHUTET cuiibl N moJydaeTcsl 3a cUeT KPUBU3HBI
OCH IIaHEJIM BEPXHETO TosICca.

[IpogonbHas cuila, HaAMpaBlIEHHAas MO XOpAE€ OyTH CO3/1aeT pasrpyKarolui

U3TAOAIOIINA MOMEHT
M nzN' fo

3nauenue fp MOXKHO BEIYHMCIUTE O hopMyIIe:
I3

fo= Br,

lo - nMHA XOpbI;

lo — paauyc Qyrd, IO KOTOPOW OYepyYeH BEPXHHUI MOsC.

JU1st Hepa3pe3HOro BEPXHEro Mosca HM3ruOarol[Me MOMEHTHI B KpailHEW OT OMOpbI
MaHeau OyyT paBHBIL:



_ gxi®

- B CepeIMHE TpoJieTa Mpp =" —064XNXf

gxl®

- Ha orope Mog = = T 072XNXf

[Tporudsr pepm mpu coOMOACHUN TPEOOBAHUIA ITO OTHOIICHHUIO CTPEIIBI TOIbEMa U
nmuabl nponera (A\l) He mpoBepsIOT, Tak Kak 3TH COOTHOIICHHS OOCCIEUYUBAIOT
TpeOyeMyI0 KEeCTKOCTh (hepM.

Jost IpeIOTBPAILCHHS HEXKeJIaTeIbHbBIX TIOCJICICTBHH, BBI3BAaHHBIX
MePEMENICHUSIMH Y3JI0B U TPOrHOOB HUKHETO TMOsICa, BO3HUKAIOIINX BCE XKE B MPOIIECCE

i
SKCIUTyaTalud, (GepMbl MPOCKTHPYIOT CO CTPOUTEILHBIM MOAbeMOM (™ Zgp.; ). [lpH
BBIYKCIICHUU YCUJIMA CTPOUTEINIbHBIN TOJIbeM HE IPUHUMAIOT BO BHUMAHUE.

Pacuer 1 KOHCTpyHpoOBaHHe Y3J10B (epM.

OnopHbie y31bl ¢epM U3 JOMATOKICEHBIX 3JIEMEHTOB, OCYIIECTBIAIOT ITyTEM
yropa KpalHel MaHeld BEPXHEro mosca B CTAIbHOM OMOPHBIM OaliMak, K KOTOPOMY
MIPUBAPEHBI CTAIBHBIE AJIEMEHTBI HUKHETO Tosca.

BepxHuu noac u3
KneeHou dpebecuHsl

0nopHuIU BawMax g\g |
| o - B
I HUXHUU nodacC U3

NpOQuAUPDAAHHOU CManu

— H

OnopHbIi y3e1 NpoBepsIeTCsl Ha CMITHE TI0 TUIoaake cMmsatus Fe, mo dpopmyie:
N
CM

CranpHas onopHas quadparma pacCuuTHIBAETCS HA U3THO.

Y31 BepXHero nosica.

Cpennuii KOHBKOBBIA Y3€JI TPEYTOJIbHOM (pepMBbl pemIaeTcsi B BUIEC HAKIOHHOTO
71000BOTO ymopa, MEPEeKPHITOTO JACPEBSIHHBIMA WM METAUIMYECKHUMH HaKJIaJKaMu Ha
OonTax.

PactanyTas cToiika B BHZI€ CTAIBHOTO TsKa C HAPE3KOW Ha KOHIIE ITPOITYCKaeTCs
4yepe3 OTBEpCTHE, TPOXOIAIee Yepe3 MEHTP y371a, U 3aKPEIUIeTCs TalKo Ha maioe.



PacueroMm 3TOr0 y31a npoBepseTcs HAanPsSHKEHUE CMATHS IO YTJIOM K BOJOKHAaM B
7000BOM YIIOpE M Ha CMSITHE MO YIJIoM 02 1oj maiboi croiiku. [Tonepeunas cuia B
y3J1e BOCOPUHUMAETCS HAKJIAJKOM ¢ O0NTaMH.

VY31bl BEpXHEro Mosica CErMEHTHBIX ()epM pElIaeTcss € IMOMOIIBIO CTaJbHBIX
HAaKJIaJJOK — HAKOHEYHUKOB, COEJIMHEHHBIX C PACKOCaMH 0OJITaMU U MPUKPEIIEHHBIX K
00Ty, MPOXOASIIEMY YEpEe3 LIEHTP y37a.

Llenmpobou Bonm

LlenTpoBOil OOJNT PACCUUTHIBAIOT HA BOCHPHUSTUE PABHOACUCTBYIOIIEH CHIIBI OT
IIPOAOJIBHBIX CUJI B PACKOCAX.

Pacuerom Takke omnpenensiercs KOJIMYECTBO OOJTOB B HAKOHEUYHHMKAX U
HaIpsDKEHUE CMATUS TOPLOB BEpXHETO mosica. IIpomexyTouHble y37bl NMPUMBIKAHUS
CTOEK U PACKOCOB K BEpXHEMY MOSCY PELIAIOTCS AaHAJIOTUYHBIM 00Pa30M.

V37161 HUKHETO MOsICa METAJUIOAEPEBSIHHBIX (DepM BBIMOIHSIOTCS C TOMOIIBIO IBYX
dacoHok, mpuBapeHHbIX K Tmosicy. K daconkam Oontamu KpemsiTcs JEpeBSHHBIC
PAacKOCHI.

BonTel paccunTBHIBaIOTCS HA MAKCUMAJIBHBIC YCUIIUS B PACKOCaX.
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V3nel ¢depM U3 UEIBHBIX JJIEMEHTOB Ha JIOOOBBIX BpYyOKax pelarTcs u
PaCCUMTHIBAIOTCS TIO MpaBWJIaM KOHCTPYHUPOBAHUS M pacyeTa COSAMHCHUN Ha BpyOKax
(Ha CMSITHE U CKaJIbIBAHHUE).



Jleknus 11
Cea3u

CBsi3u OBIBAIOT:
1) ropu3oHTaNIbHBIC (WM HAKJIOHHBIC JIJIS1 CKATHOW KPOBJIN);
2) BEpPTUKAILHBIC B MTOKPHITHH, @ TAKXKE 11O POJAO0IBHBIM U TOPIIOBBIM CTCHAM.

Csi3u oOecneunBarOT OOIIYI0 YCTOMYMBOCTH 3/1aHUS, BOCIIPUHUMAIOT BETPOBBIE U
KpPaHOBBIE TOPMO3HbIE HATPY3KU U NMEPENAIOT UX HA (DYyHIAMEHT.

B 371aHus1X ¢ IepeBSIHHBIM KapKacoM IMPUMEHSIIOT J1Ba OCHOBHBIX BUJIa CBSI3CI:

a) cBs3eBble (hepMbl, pacrojiaraeMble BEPTUKAJIBHO, HAKIOHHO WM TOPU30HTAIBHO
NoMepeK 3/laHusd 10 HapyXHBIM TosicaM (WM Hapy>KHOMY KOHTYpPY) HECYIIUX
KOHCTPYKIIHM;

0) mpojmodpHbIe CBS3M (TOkKE (epMbl), IUIOCKOCTh KOTOPBIX pacroJiaraeTcs
NEPHEHAUKYJIIPHO TUIOCKOCTH HECYIIMX KOHCTPYKIMW; 3THU CBSI3U 3aKPEIUISIIOT HUKHUE
nosica (UJIM BHYTPEHHIOIO KPOMKY ) HECYIIIUX KOHCTPYKIIHIA.

CesizeBble  (hepMbl, PACIOJIOKEHHBIE II0 HAPYXKHBIM IOsSCaM KOHCTPYKIIUH,
COCMHSIOT PHUTEIM JIBYX COCEIHMX paM M UX CTOMKHM B MPOCTPAHCTBEHHBIM OJIOK
KECTKOCTH, CHOCOOHBIM BOCIPUHUMATh HArpy3KH, HalpaBICHHbIE MEPHEHIUKYJISIPHO
IJIOCKOCTA OCHOBHBIX HECYIIUMX KOHCTpyKuMil. llosicamu SIBISIOTCS BEpXHHE Tosica
pureneit (pepm, kieepaHepHbIX OANOK U T.M.) UIM BCE CEUCHHME HECYIIUX KOHCTPYKIIUM
(momaToKJIEEeHbIX apoK, pam, cToeK). PemeTka cBsA3eBbIX ()epM MOKET OBITh JIEPEBIHHOU
PACKOCHOM WJTU MEPEKPECTHOMN M3 CTAIBHBIX TsDKEH. DTH CBS3M BOCIIPUHUMAIOT BETPOBBIC
U TEXHOJOTUYECKHUE HArpy3Kd, HampaBlieHHbIE BJOJL 37aHUs (BETEp, MPOJIOJIHHOE
TOPMOKEHHE KPaHOB), 00ECIEYMBAIOT YCTOMUYUBOCTh KapKaca B IIPOLIECCe €ro MOHTaXa.

Ponb cToek B penieTke CBSI3€BbIX ()epM BBIMOIHSIOT MPOTOHBI WK 1aHenu. CBsi3eBbIe
(dbepMbl yCcTaHABIMBAIOT ¢ MHTEpBaioM He Oosiee 30M (uamie Bcerol8-24m), HO HE MeHee
JIByX Ha 3/1aHHE.

CasizeBbie (hepMbl y TOPIOB 37aHUSI MOTYT HE YCTaHABJIMBAETCS, €CJIM TOPIIEBBIC
CTEHBI B COCTOSIHUU CAMOCTOSITEIbHO BOCIPUHUMATh TOPU30HTATIbHBIC HATPY3KH.

CBsi3M  3aKpeIUIAIOT JBE€ KpalHWE TOYKH HECYIIUX KOHCTPYKIHMA W OJHY WA
HECKOJIbKO TPOMEXKYTOUYHBIX TOYEK.

Pacuer cBsizeBbIX (epM MPOU3BOASIT HA TOPU3OHTAIBHBIE HArpy3KH, KOTOPHIE
CKJIaJIbIBAIOTCA W3 BHEIIHUX TOPU3OHTAIBHBIX HArpy3o0K (BeTpa, TOPMO3HBIX YCHIJIHI
KpPaHOB U T.I.) U JOMOJHUTEIbHBIX YCWJIHWA OT BEPTUKAJIBbHOW HArpy3KH BCIIECJICTBUE
BO3MOYKHBIX HECOBEPIICHCTB ()OPMBI (OTKIIOHEHUE OT BEPTUKAIU U APYTUX 1e()EKTOB).

CasizeBbie (DepMBI paCCUNTHIBAIOT KaK OOBIYHBIC (DEPMBI.

[IpogosibHBIE  CBSI3M  COEAMHSIOT  HECYUIME  KOHCTPYKIIMM  MONApHO U
YCTaHABIUBAIOTCS C UHTEPBAJIOM, PABHBIM IIaTry HECYIIUX KOHCTPYKITHH.

[Ilar mpomOJBHBIX CBSI3€M OMPENENSIOT M3 YCIOBHUS OOECNedYeHHUs YCTONYMBOCTU
PAaCKpEIUIIEMBIX KOHCTPYKLIUHM.
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PucyHok 1 - NMonypackocHas cucrtema ( B = 6M)

45-60"
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PucoHyk 2 - MonypackocHasa cuctema ( B = 3m)
[IpomoJibHBIE CBSI3M PACCUMTHIBAOT HA TOPU3OHTAIBHYIO CHJIy P mpyu yCTaHOBKHU

CBsI3€M B KAPHU3HBIX y3JIaxX paM U B apKax.
JIns HarJSIAHOCTH MOKAXXEM CBSI3M B 3/IaHUU C KApKacoOM, COCTOSIILIUM W3 CTOEK U

[IAPHUPHO OTEPTHIX HA HUX Oanok (v dhepm).

Wuop o 311 | CBsi3eBast CHCTEMa C POrOHAMH H JI€PEBSHHBIMH T10JTyPACKOCHBIMHU CBSA3SIMH crounnk [25]

Cmoe4Ho-DanoyHas pama 2 KowekoBU Bpyc no uexmpy Banok
Cmouku mopuoBozo poxBepka ¢ 20pU3OHMANLHLIMU NEpekAduHAMU
MpozOHE NOKPBIMUA NO HECYWUM DOAKaM
Monypackocos dowamon chase
nodwumas K NPOZOHOM CHU3Y
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08B5304HbIE BPYCLA NO CMOUKAM
Monypackockos dowamos chase
no 00BA304HBIM BpYCbAM
lowomsd packoc no

cmoikaM ¢axbepka
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Cas3u - Cxemsl - [Tonmmerii kapkac - CToeuno-6anounas cucteMa \ Jlucr 242
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PucyHok 3 - CBa3eBasi CUCTEMA C NPOroHaMM U AepeBAHHbIMMU NOJTYPACKOCHbIMU CBA3SAMU

o,




Jleknusa Ne 12
IIpocTpaHCTBEHHBIE AepeBIAHHbIE KOHCTPYKIIMH —
OCHOBHbBIE (hOPMBI, 00J1ACTH IPUMEHEHUS 1
OCHOBHBIE PACYETHI.

K mpocTpaHCTBEHHBIM JEPEBSHHBIM KOHCTPYKLHSM HWIIM, KaK UX 4acTO MPHUHSTO
Ha3bIBaTh, K MOKPHITUIM-000JI0YKAaM OTHOCSIT TIOKPBITUSI C U30THYTON MOBEPXHOCTHIO,
B KOTOPBIX BCE COCTAaBISIOIIME 3JIEMEHTHI PabOTalOT COBMECTHO KaK €IMHOE IIEJNIOE.
OO6onouku Onarofaps TaKOH MOBEPXHOCTH MEHEE MaTepHATOEMKH, YeM IUIOCKHE
KOHCTPYKIIMM U SIBIIAIOTCA COBMEIIEHHBIM BHUJIOM TMOKPBITHS, T.K. CIOCOOHBI
BBITIOJIHATh OJHOBPEMEHHO HECYIIYIO M Orpaxkaaronlyio QpyHKiuu. OHU MOTYT UMETh
MHOT000pa3HbIe (HOPMBI PA3TUIHOTO (PYHKITMOHAIIBHOTO Ha3HAYCHHUS.

K  ocHOBHBIM KOHCTPYKTUBHBIM  THUIIAaM  IIPOCTPAHCTBCHHBIX  JICPCBAHHBIX
KOHCTpYKHHﬁ OTHOCATCA:

¢ DPACIIOPHBLIC CBOABLI IIPU IIPAMOYI'OJIBHOM INNIAHC WM OIIMPAHHWH HA IIPOJOJIBHBIC

CTCHBI,
® CKJIaJKU U CBOJBI OOOJIOYKH, ONEPTHIE B OCHOBHOM TOJIbKO Ha IOINEPEUYHBIC
TOPIIEBbHIC CTECHBI, a TaKXKe

000JIOYKH JBOSIKOW MOJIOKUTENBHON WU OTPULATENBHOU KPUBU3HBI;
® KYIIOJIa, ONEPTHIE I10 KOHTYPY KPYTIIOTO UM MHOI'OYTOJIBHOTO 31aHUs

VYka3zaHHBIC THIIBI ICPEBIHHBIX KOHCTPYKIIUNA MOTYT OBITH BBHITTOJTHEHBI B BUJIC:
® TOHKOCTCHHBIX 000JIOYEK;



® pEOpPUCTBIX CKIAIOK M 000JOYEK, B KOTOPBIX JI YBEIUYEHUS KECTKOCTH
TOHKOCTEHHBIE 3JIEMEHThI YCUJIEHHBI pEOpaMu

® (CCTUATBIX CUCTCM.

[IpumeHeHne mMepedYncIeHHBIX MPOCTPAHCTBEHHBIX JEPEBSHHBIX KOHCTPYKITHH
EJIECO00PA3HO B CICIYIOMINX CITyJasX:

® KOrJa HEOoOXOJMMO WCIIOJIb30BaTh BHYTPEHHHH raGaput mpu  Majioi
CTPOUTENHLHOM BBICOTE KOHCTPYKIIHM (00J1aCTh MPUMEHEHUS CBOI0B-000JI04YEK U
KYIIOJIOB);

® cClid B MPOJOJBHBIX CTEHAX HEOOXOAMMBI OOJbIIME MPOEMBI i BOPOT
(HampuMep B aHrapax) W OINUPaHHE OJKHO OCYIIECTBIATHCS Ha TOPIIEBHIC
CTEHBI (3TO 00JIaCTh MPUMEHEHHUS CBOJOB-000JI0UYEK U CKIAJ0K);

® B MOKPBITUAX HAJ KPYTJIBIMH, OBAJbHBIMU, KBAJPATHBIMH U MHOTOYTOJIEHBIMU
MOMEIIEHUSIMU B IIaHE (001aCTh IPUMEHEHHS KYIIOJIOB).

IIpocTpaHCTBEHHBIE AEPEBSHHBIE KOHCTPYKLUMH MCHOJB3YIOTCS ISl TOKPBITUI
pa3IMYHBIX MPOMBIIIJICHHBIX, OOIIECTBEHHBIX U CEJIbCKOXO3SHCTBEHHBIX 3aHHI:
CHOPTUBHBIX 3aJ0B, 3€PHOCKJIAJO0B, BBICTABOYHBIX I1aBUJIBOHOB, TEATPAJIBHBIX U
KOHLIEPTHBIX 3JI0B, KPBITBIX PHIHKOB H T.II.



Hama ctpana o6iagaer npuOpUTETOM B 00JIACTH MPOCTPAHCTBEHHBIX JIEPEBSIHHBIX
KOHCTPYKIUH, Y HAaC pa3paboTaHbl MHOTHUE UX COBPEMEHHBIE BUJIBI.

JUnrenpHas dKCIUTyaTalus IIPOCTPAHCTBEHHBIX KOHCTPYKILUK KAaK Yy Hac B CTpaHe,
TaKk W 3a pyOexoM CBUIETENBCTBYET O HX HAAEKHOCTH U JOJITOBEYHOCTH.
[locTpoeHHble B HaAIIEH CTpaHE CBbILIE 35 JET Ha3ax AEPEBSAHHBIE CBOJABI M KyIlOJa
IIPOJOJIKAIOT IKCILTYaTHPOBATHCA M HAXOJATCA B XOPOUIEM COCTOSIHUM. 3a pyOexoMm
IIPOCTPAHCTBEHHBIE  JEPEBSIHHBIE KOHCTPYKLUMHM BCE IIMPE MNPUMEHSIOT IS
IIEPEKPBITUS YHUKAJIBHBIX [0 pa3MepaM IIPOJIETOB.

PaccmMoTpuM OCHOBHBIE THIBI NPOCTPAHCTBEHHBIX JCPEBSHHBIX KOHCTPYKLUH,
NPUAECPKUBAICH UX KIIACCU(DUKALUY.

PacniopHbie cBO/IBI
OO0o05I04KHM B BHJI€ CBOJOB HMEIOT IWIMHAPUYECKYIO (OpPMY MOBEPXHOCTH U
OMMPAIOTCS TI0O CTOPOHAM, MapajieabHbIM o0pa3ytomuM. CyIIecTBYeT JiBa OCHOBHBIX
BU/JIa PACTIOPHBIX CBOJIOB:
® MOHKOCMEHHbLU Kleepanepuvlli c600 CTPEIbYATOTO WIM KPYIJIOro OYepTaHus C
3aTSDKKOM MITH C TIEpeiadueii pacropa HEOCPEACTBEHHO OMopaM

Konctpykius coopHas u3 kieedaHepHBIX MOJIOTHHUII 3aBOJACKOTO U3TOTOBIICHUS.

® KPYXHCANbHO-Cemyamvlli €800 KPYroBOIO WJIM CTPEIbYaTOr0 OuYepTaHusi C
3aTSHKKOM MITK ¢ TIepe/layeil pacropa Ha CTeHbI
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— JI1 CTPCJIbYAaThIX CBOJOB.

KpyxanbHO-ceTyaThie  CBOJBI  SIBJISIOTCA ~ HauOoJiee  paclpoCTpaHEHHBIMU
MPOCTPAHCTBEHHBIMH KOHCTPYKUUAMHU. COCTOST OHM M3 KOCAKOB (LIEIBHBIX WIIU

kiaeehanepHbix ). [Tponét cBoaoB U3 1eabHBIX KOCSIKOB | = 12-20 M, u3 kineedanepHbIX
| =20-100 m.

OcHOBHBIE y3JIbl CETKM 00pa3yroTcs U3 TPEX KOCSKOB, OJMH W3 KOTOPBIX SIBIISETCA
CKBO3HBIM M IIPOXOJIUT YEPE3 y3€J HE MPEPHIBASICH, a ABA APYIMX HAOETaloIUX KOCIKa
MPUMBIKAIOT K CKBO3HOMY.

B 3aBHCHMOCTH OT KOHCTPYKIIMHM KOCSKOB W WX COCAMHCHHS MEXIY COOOM
pa3IMyaroT:
e Oe3MeTallbHbIE  KPY’)KaJbHO-CETUAThIE  CBOJBI  CHCTEMBI  apXUTEKTOpa
C.N.IlecenpHuka;
e Kpy)KaJIbHO-CETYAThICe CBOABI C y371aMH Ha Oontax cuctemsl [lomipoay;
® CBOJbI U3 COCTABHBIX KJIee(aHEPHBIX KOCIKOB.

CBOI[BI cuctembl llecenbHMKA H3rOTOBIISIIOTCS M3 KOCSKOB OCJIbHOIO CCUYCHMUA,
HMCIOIKWEC Ha KOHIAX IIHIIBI, a 110 CCPCANHE CKBO3HOC I'HE3/10.

CoenuHeHne KOCSKOB BBITIOJNHAETCS Ha BpyOke. B  kaxmom y3me ceTkd
COTPATAIOTCS TPU KOCSKA, M3 KOTOPBIX JBa HAOETAIONMMX BXOMST C JBYX CTOPOH
CBOMMHU IIMTNIAMHU B THE3/I0 CKBO3HOTO KOCsAKa. BepXHss KpOMKa KOCSKa MOXKET OBITh
KPUBOJIMHEHHOM, TMOO0 C OJTHUM WJIU JIBYMsI IepesioMaMH, Iar CeTKu cBojia ¢ = 0.8 —
1.5 m, TOrAa JUIMHA KOCSIKOB OKa3bIBAETCS MOPsAKa 2 M.



Hadeeawuuuy
KOCSK

(kbo3zHoU
KOCSK

[ He3d0

Hadeeawuluu
KOCSK

B 0Oe3meTtanbHOM  KpyXalbHO-CETYATOM CBOJIE NPUHUMAETCS CETKAa Kak
MPSIMOYTOJIbHASL, TAK U KOCOYTOJIbHAS C YIJIOM @ = 45°.

V310BO€ COCAMHEHHE MOXKET OBITH HCUCTPHUPOBAHHOC, KOIr'la OCH Ha6era10mﬂx
KOCAKOB HC COBITaJalOT U HCHTPHUPOBAHHOC, KOI'ld OCH COBIIAJArOT.

B nocnennem ciyuyae mii uMeeT KJIMHOBUIIHYIO hopMy.

KpyxanbHo-ceTyaTble CBOJIbI C y37aaMu Ha Oosrtax (cuctembl [lonnpbay) umeroT
KOCSIKH C KPYTJIBIMUA OTBEPCTHSIMU Ha KOHITaX (1O OOJITHI) U OBaJTbHBIMHU OTBEPCTHUSIMHU
II0 CEpPENNHE KOCSAKA




B y3max coemumHeHHs KOCSKOB HaOerarouie KOCAKH IMyTEM HaATSOKeHHsT OonTa
IUIOTHO IPUKUMAEM K KOCSKY.

Nc

(kbo3HOU
KOCSIK
Haoeeawu ue
KOCAKU

Nc
CBOI[BI 13 KJ'ICCd)aHCDHBIX KOCAKOB MOFyT BBITIOJIHATCA B 6€3MCTaJIBHOM )51

METaJbHOM BapuaHTax. B mepBoM cilyyae KOCSKH COEIMHSAIOTCS B y3Jlax Ha BpyOKax
noAgoOHO TOMY, Kak 3T0 nenaercs B cBojax [lecenpHuka. Kocsiku uMeroT kopoOdaTyro
bopmy ceueHus

fouramokneeHble nosca
U pedpa Xecmkocmu

KoHcTpykius U pacdé€T COCTaBHBIX KOCSKOB aHAJIOTUYHBI KOHCTPYKIIUU U PACUETy
KJIeepaHepHBIX OAJIOK.



Bce paccMaTpuBacMbIC OO CHX IIOPp COCAMHCHHA KOCAKOB CCTKH KpPYXKaJIbHO-
CCTUATBIX CBOJAOB ABJIAJIMCH IIAPHHUPHBIMH. I/I3r1/16a}01111/1p”1 MOMCHT B Yy3JlIaX CCTOK
BOCIIPUHUMACTCS TOJIBKO CKBO3HBIMH KOCAKAMMU.

B wmeransHOM BapuaHTC CBOJa H3 Kﬂee(baHepHI)IX KOCAKOB  yYCTpauWBarOT
6CCHIapHI/IpHO€ COCIMHCHHUC KOCJIKOB, KOI'Ja I/ISI‘H68,I-OHII/Iﬁ MOMCHT B Yy3JIC
BOCIIPUHUMACTCSA HC TOJIBKO CKBO3HBIM, HO U Ha6CFaIOH_[I/IM KOCsIKaMHU.

DT0 gocTUraercs MyTEM COENMHEHMS HAOEraronMX KOCSIKOB IO BEPXHHM H
HUKHUM TPaHsAM C IOMOIIBIO BKJIIEEHHBIX METAIUIMYECKUX CTEPHKHEN.

Pacuér ceryaroro cmoma. [Ins 3TOro BBIAEHSAIOT PACYETHYIO MOJIOCY CBOJA,
COOTBETCTBYIOIIYIO IIary pPEmeETKUA. 3aTeM ONPEeACSSIIOT MPOAoJbHbIe culibl Na u
u3rubaroinme MoMeHThl My, Kak B apke MOCTOSHHOU KECTKOCTU C COOTBETCTBYIOIICH
CXEMOU ONHUPAHUS.

Uae
pewemxuy

Ecnu yron mexay oOpasyrolieii cBojia U CKBO3HBIM KOCSIKOM — O, TO M3THOArOInii
MOMEHT, BOCIIPUHUMAEMBIM KOCSKOM TPU IIAPHUPHOM COEAUHEHUM KOCSKOB, KOTJa
MOMEHT BOCHPUHUMAETCSI TOJIBKO OJTHUM CKBO3HBIM KOCSIKOM, OYJIET:

M — b

sira’

A U1 KOCSKOB CBOJOB C O€CIIapHUPHBIMHU y3JaMH, KOTja HaOerarIuil KOCSK
TO€E BOCIIPUHUMAET U3THOAIOIINIT MOMEHT:

2-siy’

C)KI/IMaIOHlee YCHIIMC, ITIPUXOAAIICCCA Ha OJJUH KOCAK, OIIPCACIISACTCSA aHAJIOTNYHO:

Ny

2-siay’

[IpoBepKy MPOYHOCTH KOCSKAa MPOM3BOJAT KaK C)KATO-U30THYTOIO 3JIEMEHTA IO

dbopmyme:
S %i-

S DN o =




rie Ky — koap¢uuueHT (poHTOHOB, YBEIWYMBAIOLIMI KECTKOCTh MOKPBITHS,
oepérca mo Tabmuue yueOHuka I[.I'. Kapncena «KoHcTpykiuum wu3 nepeBa u
MJIaCTMACC.

CB0/IBI-000JI0YKH ¥ CKIAJIKU. TpaguIlMOHHBIN CBOJT 000JI0YKA MIPEACTaBIsET CO00M
MOKPBITHE MUIUHAPUIECKON (HOPMBI, OTIEPTOE HA TOPIIEBHIC CTCHBHI.

B cBomax-o06oi104kax OTCYTCTBYET pacIop, CBOMCTBEHHBIM CBOJaM, ONEPTHIM I10
MIPOJIOJLHBIM CTOPOHAM, IO3TOMY HET HEOOXOIMMOCTH YCTpauBaTh B HUX 3aTSHKKH
WU KOHTP(OPCHI.

[To cratudeckoil cxeme U xapakTepy paboOThl K CBOJaM-000J0YKaM OJU3KHU
NPU3MAaTHYECKUE CKJIAJKWA, ITOBEPXHOCTh KOTOPHIX OOpa3oBaHa HAKIOHHBIMHU
MJIOCKUMU TPaHSIMH.

CBOI[BI-O6OJ'IO‘—IKI/I N CKIAJAKHK BBIIIOJHAKT B OAHOPAAOBOM KW MHOI'OPAAHOM
BapHuaHTax.



&

MHOTOpSA0BBIE CKIAIKH U 000J04YKH. MOTyT OBITh IBYX BUJOB: TOHKOCTCHHbBIC U
pebpuctbie. B mepBoM ciyydae cedeHHE TMOKPBITHS MOXET OBbITh CIUIONIHBIM
(CKJIeeHHBIE MEXKTy COOOM ToMIaThie HACTUIIBI) MJIN KapKacHBIM (K KapKacy u3 OpycheB
BBICOTOM /10 15 ¢M Ha T'BO3MASX M KJICHO C OJJHOM CTOPOHBI WJIM JBYX CTOPOH KPEMSTCA
OOLIMBKH U3 (haHEephl, JPEBECHOCTPY>KEUHBIX IIUT WM JOCOK).

Bo BTOpoM BapuaHTe, B HacTOsIIee BpeMs ycTapeiom, KEcTkue peodpa
pacnoJiararoT B MONEPEYHOM HANpPaBICHUU C MIaroM 2-6 M, a MO HUM YKJIAJbIBAIOT
MPOJOJIBHBIA HACTUI ([IJI1 BOCHPHUATHS MPOJOJIBHBIX YCHJIHMI) U JBa KOCBHIX HACTHJIa
Mo YIJIOM APYT K APYTY (11 BOCHIPUATHS CIBUTAIOIIMX YCUIIMI), HHOT/AA 10 péOpam
BMECTO HACTWJIOB YKJIAIBIBAIOT JHCTBI (haHephl, OOECIeunBaroONue BOCIPUSITHE
MIPOJOJIBHBIX U CABUTAIOLINX YCUIIUH.

Pacuér cBoma 000JI0YKM WM TPU3MATHYCCKOM CKIIAJKH TPH COOTHOIICHUHU
nposéra |; k nmuHe BoaHsI |y:
I_l >3.
I, ’
(nmuHHAs 000JI0YKa) B TPOJOJILHOM HAMPAaBIICHUHM HA CUMMETPUYHYIO HArpy3Ky
MOYKHO BBITIOJIHATH KaK JUIsl OQJIKHA KOPBITOOOPA3HOTO CCUCHHUS.

B Ttakoil Oanke s BBIYUCICHHUS HANPSHKEHUS MOXHO HCIOJIb30BaTh (DOPMYJIBI
CONPOTHUBJIEHUSI MaTepuanoB. [Ipu pacyére BBIUMCISIIOT HOPMaIbHBIE MPOJIOJIbHBIE U
CABUTAIONINE YCUIINSA, @ TAK)Ke M3ru0arome MOMEHThI OT COOCTBEHHOTO Beca, CHera u
BeTpa. [lanee npoBEPSIOT MPOYHOCTh U YCTOMYHUBOCTH MO 3JIEMEHTAM.

[IprHuMaeTcs  clenylollee  paclpelesieHHe BHYTPEHHUX — YCHUIMH — MEXKIY
3JIEMEHTaMU O00O0JIOYKU: HOpPMallbHble MpPOAOoJbHBIE ycuiauss Ni BOCIPHUHHUMAIOTCS
IPOJOJIBHBIM HACTUJIOM M YCHJIEHHBIMU (B MOSICaX )4acTSMU €ro, CABUTAOIINE yCUIIHS



T1 BOCHIPUHUMAIOTCSI IBOMHBIM KOCBIM HACTHJIOM, M3rHOaroniye MOMEHTHl M1 u My
BOCIIPUHUMAIOTCS pEOPaMHU >KECTKOCTU U TIONIEPEYHBIM HACTUIIOM.

Takoit pacu€T sBisIeTCs MPUOIMKEHHBIM, TOUHBIA pacuéT 000JI0UEK BBIMOJIHSIOT 110
Teopun obosiouek Bracona.

B 3apyOexHoil mpakTHKe HAUUIM NPUMEHEHHE JI€PEBSIHHBIC TOHKOCTEHHBIC
CBOJABI-000JIOYKU:  JBOSIKOM  TOJIOKUTEIBHOW M OTPULIATETILHOM  KPUBH3HBI,
BOPOHKOOOpa3Hble, OoyapHbie O0O0JOYKHM U OO0OJIOYKH B BHUAE THUIEPOOTUYECKHUX
11apaboJTon10B (MIOKPBITHS TUIIA THIIAP).

BoponkooOpa3Hoe nokpbITHE-0007104Ka

[Ipumepom opurmHaIbHOM (POPMBI TOHKOCTEHHON OOOJIOUKH JBOSIKOM KPUBU3HBI
npon€toM 46.5 M CIyKUT TOKpPBITHE 3ajla COOpaHMl CTPOUTENILHOTO KOJIJIEIKA B
bupme. O6Gonouka COCTOMT M3 IMATH CIOEB JOCOK TOMMMHOW 25 m 16 mMm. OGmmas
tonmuHa 90 mM. O00JI0UKY TOIJAEPKUBAIOT JBE METAUIMYECKUE Pambl, BCE JOCKH
MEXy COOOU CKIICCHBI.

ITokpeiTHe THNA runap. ['unap — 3170 NOKPHITHE, BHIIIOJIHAEMOE Yallle BCETO U3 TPEX
PAIOB JOCOK, CKJICCHHBIX MEXIy COOOM WM COeMMHEHHBIX TBO31sAMH. O0o0s0uKa
ONUPAETCS HA OMOPHI, PACTIOIOKEHHBIE TTOJ] TOHWKAIOIINM YTJIOM.

O0o0JI04KM  NIBOSKOM  KPHUBHU3HBI  SIBISIIOTCA  OOOJOYKAMH  MOKPOEYHOIO
W3TOTOBJIEHHs. BO3BOIAT MX C MOMOIIBIO CIUIOIIHBIX JIECOB WM MOJIMOCTEW, IO
KOTOPBIM YKJIQJIbIBAIOT KpyXkajda U C KOTOPbIX BEAYyT COOpPKY OTIEIbHBIX CIIEB
obosouku. [lokpeITHE THMA TUMap MOXET BBHIMOJIHATCS W B COOPHOM BapHaHTE M3
IIPSAMOYTOJIBHBIX TIAHEJIEN, CKIIEEHHBIX U3 TPEX CIOEB JOCOK.

Kynona. B 3aBucumMocTy OT KOHCTPYKTHBHOTO PELICHHS KYTOiIa MOTYT OBbITh
TOHKOCTEHHBIMH, PEOPUCTHIMU U ceTyaThIMU. J{71st mponéroB ot 12 10 35 M
NPUMEHSIOT TOHKOCTEHHbIE ceTyaTbie Kynoia. [Ipu nponérax ot 35 1o 120 m u 6o7ee
B LEJISIX YBEJIWYCHs )KECTKOCTH MPUMEHSIOT pEOPUCTHIE KYIT0JIa- 00OIOUKH.

PeOpuctpie  Kymojga MOTyT ObITh MHOTOIPAHHBIMU, CHEPUUYECKUMH  WUITU
CKJIaJ4aTbIMHU.




CxutaiyaThlidi KyTon

MHororpasHbIi KynoJ

Cdepuuecknii Kymomn

CocrosT pebpucTteie Kymnojia U3 pédep B MEpUIMOHAIBHOM HampaBiieHuu. PEopa
OTHMPAIOTCS HA HIDKHUE U BEPXHHUE OMOPHBIC KOJIbIIA



[IIar pébep 3-6 M mo HIKHEMYy TMosicy. B peOpuCThIX Kymojax IO apkaM HAYT
IIPOTOHBI, IO MPOrOHAM YKJIAJIBIBAIOTCS B JIBA CJI0S1 HACTHII U3 JOCOK — IMPOJIOJIBHBIN U
KOCOM 1o yriioM 45° K IpoOroHaMm.

HuxHee omopHoe Koibllo paboTaeT Ha pacTSDKEHUE U BBIIOJHSETCS
&KeJe300€TOHHBIM. BepxHee koiblio padoTaeT Ha cKaTHE U MOYKET ObITh JEPEBSHHBIM.
CoeauHeHust MONyapoK C KOJbLUAMU PEKOMEHIYETCS BBINOJHATH IIAPHUPHBIM. B
pacué€re apoK KECTKOCTh [IPOTOHOB U HACTUJIA HE YYUTHIBACTCH.

Pacuér peOpucroro kymoja Bea€rcsa MyTEM pacwieHEHUS Ha apKud C
COOTBETCTBYIOLIEN TPy30BOM IUIOMIAAbI0. B OCTaNbHOM MOPANOK pacué€ra MOJTHOCTHIO
COBIAJAET C PACUETOM KIIEEHBIX TPEXIIAPHUPHBIX APOK.

[IpocTpancTBeHHAs] HEU3MEHSIEMOCTh U YCTOMYMBOCTH IJIOCKOW (hopmbl M3rnda
pé6ep obecrnieunBaeTCsl YCTAaHOBKOM CBsI3e (TOPU30HTAIBHBIX M BEPTUKAIBHBIX ).

KDV)K&JIBHO-CGT‘I&TBIG KYIIOJa MOTI'YT OBITH C(l)epI/ILIeCKHMI/I WM M3 COMKHYTBIX
CBOAOB
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Cerka MOXeET ObITh POMOMYECKON M MPSMOYTOJIbHOW, Y3Jbl PEIIEHbI Ha BpyOKax
unn Oonrtax. Ilpu uyucie rpaHeii 6 U MeHee CEKTOp KyINoja PacCUMTHIBAETCA IO
aHAJIOTMU C CeTYaThIM CBOJOM, a IPH 4UCie TpaHed Oosiee 6 — MO MPUOIMKEHHOM
0E€3MOMEHTHOM Teopuu CPEepUIECKUX KYTOIO0B-000JI0UECK.

[IpeacraBisieT uHTEPEC KOHCTPYKIMS COMKHYTOTO CBOJa, pazpadoranHas B CILIA
Jutst ipoJiéra 257 M (caMblii KPYTIHBIM B MUpE M3 MEepEeKpbIBaeMbIX MPoJ€ToB). [TpoekT
ATOr0 CBOJA MPEAYCMAaTPUBAET MCIIOJIb30BAHUE €T0 U IIOKPBITUS CTAJAUOHOB B
yeThIpex ropoaax CIIIA.

['ypter (péOpa Ha CThIKax TpaHEW CcBOAA) KJICEHBIE MEPEMEHHOTO KOpOoOYaTOro
ceyeHnnsa. MakcumalibHas BbICOTa ceueHusa 334 cMm.

TOHKOCTEHHBIE KVIIOJIA-000J0YKHM. MX OCHOBHOH OCOOEHHOCTBIO SBIISIOTCS
MEpPUJANOHATIbHBIE apOUYKH, KOJBLIEBOM M KOCOM HACTHIIbI, BEPXHEE KPYKAIBHOE U
HIDKHEE OMTOPHOE KOJIbIIA.




APOUKM

PynonHas kpobng

Konbuebol Hacmun
B gba cnogd

Paccrosanue mexay ocsiMu apodek Mo ONOPHOMY KOJibIy Ha3zHayaercs oT 0.8 go 1.5
M. Bricota apodek h Ui mpumaHus KymHoJdy JOCTATOYHOM JKECTKOCTH JOJDKHA
cocTaBlisATh He MeHee 1/250 ero mponéra. Ha apouku reo3asiMu mpuOUBaOT 00a Cost
KOJIBIIEBOT'O HACTHUJIA, @ 3aTEM KOCOM HACTHII B «EJMOUKY» MO YrioM ~ 45°,

Pacuér kyrmosoB-000J109€K C JOCTATOYHOH TOYHOCTBHIO BEAETCS MO OS3MOMEHTHOM
Teopuu 000JI0UEK

A

[Ipu pacuére mnpuHUMAETCs, YTO MEpPUAMAHHBIE 3JIEMEHThl M PEOpa KyIMoJoB
BOCIIPUHMMAIOT MEpUIHAHAJIbHbIE YCUIUA T1, KOJBLEBBIE HACTUIBI — KOJIBLICBBIC
ycunusi To, a KOCble HACTUJIIBI — CIBUTAIONINE YCHIIUA S.

Yeumust Ty, T v S HaXoAAT mpU TPEX CXeMax 3arpy>KCHHUS:

e 1 cxeMa — coOCTBeHHBIN Bec Kymnona. Ycunus B péopax Ti B jeBoil Touke A
onpenenurcs no Gopmyie:

A= s 1’
rne: Qo — Bec Bcel BhILIENEKallel YacTH KyIoa;
M — gucio péodep.

Yeunus T B KOJIBIICBOM HAaCTUJIC HA CAWHUIY IIUPHUHBI OIIPEACIINTCA 110 (I)OpMyJICZ

b=z R——E’

a



r7ie: Z — MPOSKIHs Ha HOpMaJlh PABHOMEPHO PacpeeI€HHON Harpy3Ku
(KpoBJIsl, KOCOW U KOJIBIICBOM HACTHUJIBI) U Beca pEodep;
R — paguyc cdepsl kynona;
T1 — MepuaHOHATBHOE YCUIIHE B pacCMaTpHUBaEMOM TOUKeE A;
a — paccTosHUEe MKy pEOpamu.
Casuraroliee yCuine S npu CMMMETPHYHOM Harpy3ke paBHo Hyo (S=0)

e 2 cxema — CHEroBas Harpy3ka Ha BCEM mposiére. OHa MPUHUMAETCSA C YYETOM
W3MEHEHUS] THTEHCUBHOCTH 10 IOBEPXHOCTH KYIOJIa IO 3aKOHY KOCHHYCA, YTO
JTAET PaBHOMEPHYIO HArpy3Ky IO IUIaHy MHTEHCHBHOCTBIO Pg. MepuanaHHbIE

YCUJIUSL:
R
H=rty— -8
1=705°8,
Konbuessie ycunus:
R
—%@ECQ,
Casuraromue yCuims:
S=0

e 3 cxeMa — BeTpoBas Harpyska. [leficTBuTenbHas 3Miopa JaBlieHUs BeTpa (a)
3aMeHsieTcst 60Jee MPOCTHIMU JIMIOPAMH: CUMMETPUYHON U KOCOCUMMETPUYHOM.

Yeunust T CUMMETPUYHOM 3ITIOPHI ONPEAEISIeTCs MO CASAYIOMUM (popmyiam:
1. MepuauaHaibHBIC YCHUIIUS:

= D=

2. KOJbLIEBBIC YCUITHS:
3. CIIBUTAIOIINE YCUITHS:

Yeunuss ot KOCOCI/IMMeT‘pH‘IHOﬁ OIIOPbI ONPCACTIAOTCA 110 Ta6JII/IIlaM KHHUTH

I[Hmnﬂrepa «O60J’IO‘IKI/I, TOHKOCTCHHBIC >K€JIe300€TOHHBIE KyIiojla U CBOIbID», M.
1971r.

Kococummerpuueckas Harpy3ka Aa€T CABUTAIONIME YCHIIMS, Ha KOTOPBIN
PacCUUTHIBAETCS] KOCOWM HACTHUII.



IIpoBepka ceueHunii DJIEMEHTOB.

e OmnpenenuB pacu€tHoe 3HaueHue T1 HA OgHO pedpo (KaK MaKCUMAaIbHOE NPHU
pa3IUYHBIX COYETAHMSIX YCWIMM TpU TPEX NEPEUUCIEHHBIX CXeMax
3arpy’Ke€Hus) MIPOBEPSIOT €r0 HA CHKAaTHE M CMSTHE TOPIIOB B ONMOPHBIX KOJbIAX;

o KosblieBol HacTWII TPOBEPSAIOT HA CMATHE (B CXKATOM 30HE) MO MOJHOMN
wiomaau. B pactaHyToil 30He NpoBEpKa HA PACTSHKEHHUE BEAETCS MO MIIOIIAIM:

F.,~05Fz,

® CJBUTAIONIME YCWINS S BBI3BIBAIOT B KOCOM HACTHIIE CXKATUE WM PACTSKEHUE.
[To aTM cxeMaM oAOUPAIOT CeYEHUE HOCOK U CBSI3U (TBO3/M, ITYPYIIbI, KIIEH);

® BEpXHEE KPYKaJbHOE KOJIBLIO IPOBEPSAIOT HA CIKATHUE U CMATUE B CTHIKE:

N =h-%
rae: T1 — cxxumaroliee ycuiue B peope;
1 — paguyc KoJibLa.

® HIDKHEE OINIOPHOE KOJIBLIO IPOBEPSIOT HA PACTSKEHUE CUIION:
No=H 5
rae: Hy — pacniop Kyrona Ha €IMHULLY JUIMHBI OIIOPHOTO KOJIBLIA;
2 — pailyCc OIIOPHOTO KOJIbIIA.



Jleknusa Nel3
Il1acTMacChl, KAK MATEPHAJ JUIA CTPOUTEILHBLIX KOHCTPYKIUN. OCHOBHBIEC
BH/AbI KOHCTPYKIIHOHHBLIX MJIACTMACC ¥ 00JIACTH MX IPUMEHEHU

I[lnacTuyeckuMu MaccamMu (WK IJJACTMACCaMHU) Ha3bIBAIOT MaTEpHalbl, KOTOPHIE
B KQUECTBE OCHOBHOT'O KOMITIOHEHTA COJAEPKaT CUHTETUYECKUH MTOJIUMED.

IHomumepsl - 3TO BEICOKOMOJIEKYJISIPHBIE COEAMHEHHUS, COCTOSAIINE U3 TMTAHTCKUX
MOJIEKYJI JIMHEMHOW, Ppa3BETBICHHOM WJIM TPEXMEPHOM CETYATOM CTPYKTYpPhI
(IpoCTpaHCTBEHHBIE PEIICTKH).

B GoJbIIMHCTBE CiTy4aeB 3TH MOJEKYJIbI COJAEPKaT MHOTOKPATHO MOBTOPSIIOIIUECS
CTPYKTYpHBIE JJIEMEHTapHbIE 3BEHbsl (TPYIIBI aTOMOB), COCAWHEHHBIC CHJIAMHU
XAMHUYECKUX CBS3EH.

[Tony4daroT moauMepsl U3 UCXOTHBIX HU3KOMOJICKYJISIPHBIX OPTraHUYECKUX BEIIECTB
(MOHOMEPOB), OTHENbHBIC MOJIEKYJIbI KOTOPBIX Oyiarojapsi IBOWHBIM WM TPONHBIM
CBSI3IM CHOCOOHBI COCAMHATHCS MEXAY €000l ¢ oOpa3oBaHMEM MHOTOKPATHO
YBEJIMYEHHOW MOJIEKYJISIPHOM MaccChl, T. € TOJIUMEpPA.

Ha3Banue monumepa oOpasyeTcs OOBIYHO OT Ha3BaHMsSI TOIO MOHOMEpa, TOTO W3
KOTOpOro OH Obul mosydeH. Tak, Hampumep, MOJUATHIICH MOJy4YaroT W3 JSTUIICHA,
MOJMBUHWIXJIOPU/I- U3 BUHWIXJIOPUIA, TOJIUCTUPOII- U3 CTUPOA U T.J.

WNuorna HazBanue mosimMepa oOpaszyeTcss B 3aBUCMMOCTH OT BHJIa PEAKIIMOHHO-
XUMHUYECKUX TPYII, COSAUHSIIONUX MOJIEKYJIbI MOHOMEPOB - TIOJIMAMU/IbI, TOJUA(UPHI 1
T.J.

B o0oCHOBE TEXHOJOTrHW CHHTE3a BBICOKOMOJIEKYJSIPHBIX COCAWHEHUM JIeKaT J1Ba
OCHOBHBIX METOJ]a TOJY4YEHHUS MOJMMEPOB - MMOJUMEpHU3AlMS U TOJUKOHACHCAIUS,
pa3IMyarIIMecs Kak MO0 MEXaHU3MY pEakiuu, TaKk U IO CTPOCHHUIO O00pa3yIoIUXcs
MOJIUMEPOB.

IHonumepusanmsi- 3TO LEMHOW MPOIECC COCIUHEHHUSI OOJBIIOTO YHCIa MOJEKYJ
OJIHOTO M TOTO € BEIIEeCTBA B OJIHY OOJIBIIYIO MaKpPOMOJIEKYJY. ODTOT MPOIECcC
MPOTEKAEeT OOBIYHO MPHU ONPE/ICTICHHON TeMIepaType U TaBjIeHUU 0e3 BbIJACICHUS KaKUX-
aM00 HU3KOMOJIEKYJISIPHBIX BemiecTB. [lpu monmmepuszanum XUMHUYECKUH COCTaB
MOJIMMEPA COOTBETCTBYET XUMUUYECKOMY COCTaBY MCXOJJHOI'O MOHOMEpA.

IHonukoHaeHcAMsI- 3TO XHUMHUYECKUM MPOLIECC IMOJIYyYECHHS MOJIUMEPOB U3
MOHOMEPOB  PA3JIUYHBIX MCXOJIHBIX BEIIECTB, COMPOBOXKIAIOIINECS BbIACICHUEM
MOOOYHBIX TIPOIYKTOB (BOJIBI , CIIUPTA U JIP.)

[TonukoHaeHCaIen MOTY4YaroT dbeHonobopMaIbICTHIHBIC,
MOYEBHHO(POPMAITBIETUIHBIE CMOJIBI, TOTHAMUIBI, TOJUA(OUPHI U IPYTHE TTOIUMEPHI.

Kpome niporieccoB noamMepusanuy U NOJMKOHICHCAMHY, TPUMEHSIOT €II€ BeChbMa
MEPCHEKTUBHBIN TPOLECC COMOJMMEPHU3AUUM, KOTOPBIM 3aKJII0YaeTCsi B COBMECTHOM
MOJIMMEPU3AIIMU JIBYX WM 00Jiee Pa3IMYHbIX MO XHMHUYECKOMY COCTaBy MOHOMEPOB;
TaKue peakiluu B pe3yJibTaTe AAl0T COIMOJUMEpHI, 00Jialatolie HOBBIMU CBOMCTBaMH,
OTJIMYAIOIIMUMHUCS OT CBOWCTB MOJMMEPOB HA OCHOBE Ka)XJOTO MCXOJHOIO MOHOMEpA.
VYcraHoOBIEHO, UYTO COMOJUMEpHl 001anaroT OoJjiee LIEHHBIMU CBOWCTBaMH, 4YeM
MOJINMEPHI, TTOTYYEHHBIE U3 TE€X k€ MOHOMEPOB. [Tog60poM MOHOMEPOB ¢ pPa3TUYHBIMU
CBOMCTBAMH MOKHO IMTUPOKO U3MEHSThH (PM3UKO-MEXAaHMUECKUE CBOMCTRA TOJIMMEpa.

Yame Bcero moauMepbl HAaXOIATCS B aMOP(PHOM CTEKIO0Opa3HOM COCTOSHUU H
HOCST Ha3BaHUS CUHTETHUYECKUX cMOJ (penomobopmManbaeTUIHbIE,
MOYEBHHO(POPMAIBIACTUIHBIE, MOTUIGUPHBIE U Jp.). HekoTopblie moguMephl, OIHAKO,



00Jaat0T CIMOCOOHOCTHIO K KPUCTAJUTM3AIMA M HE SBISIOTCS CMOJaMH (Hampumep,
HEWJIOH, T[EJUTIOJIO3BI U €€ TIPOU3BOIHEIE).

CHUHTETHYECKHE CMOJIBI B 3aBUCHUMOCTH OT BJIMSIHUSI HA HUX TEMIIEPATypPhI JACIATCS
Ha JIBE TPYTIIIHL:

Tepmomuactuunbie (00OpaTuMMble) CMOJIBI TIPU HAarpeBaHUU PA3MATYAIOTCS U
CTaHOBSITCS TUIACTUYHBIMH, a MPU OXJIOKICHUMHM CHOBAa OTBEpAeBaioT. Takoi mpolecc
MOXKET TMOBTOPSTHCS, HE BHOCA HW3MEHEHUS B XHMHUYECKue cBoilcTBa cmoibl. K
TEPMOIUIACTUYHBIM ~ CMOJIaM  OTHOCHUTCSl  MOJMATUJICH, MOJMCTUPOJ, TOJIUAMUT,
MOJIMOPUTAH U PAJ APYTHUX.

TepmopeakTuBHBIE (He0OpaTHMBbIE) CMOJIBI, OYy4d OT(POPMOBAHBI B MPOIECCE
W3TOTOBJICHUS, TIEPEXOASIT B HEIJIABKOE HEPACTBOPMMOE COCTOSSHUE W BHOBD
dbopmoBaThcs yke HEe MOTYT. MHade roBops, TEPMOpPEAKTHBHBIC CMOJIBI MEPEXOIAT U3
BS3KO-TEKYYETO B TBEPJI0€ COCTOSTHUE TOIBKO OJMH Pas.

K Ttakum wMarepuanam oTHocuTca (eHosodopManbaeruanbie, MOaUI(QUPHEIE,
AMOKCUIHBIC U JPYTHE CMOJIBI.

[TnacTmaccel B OONBIIMHCTBE CBOEM MPEACTABIISIOT MHOTOKOMITOHCHTHBIE CMECH.

KoMnoHeHTaMH 1u1acTMace siBJISIOTCS:

1. CBsizylomme BemecTBa - 3TO OCHOBHOM (a MHOT/IA U €AMHCTBEHHBII) KOMIIOHEHT
riacTmacc.

OOBIYHO  CBSIYIOIIUM  SIBJISIIOTCS ~ CUHTETUYECKUE  CMOJBI, XOTS  MOTYT
HCITI0JIb30BATHCS U CBA3YIOIINE MPUPOIHBIE BEUIECTBA, HAIPUMED, F(DUPHI LEITIOI03bI,

€CTECTBEHHBIE CMOJIBI.

2. HamoyiHUTEJM — KOMIIOHEHTHI, BBOJIUMBIE B TUIACTMACCHI C IIEJIBIO YITYUIICHUS
WX MEXaHMYECKMX M TEXHOJOTMYECKHUX CBOWCTB - TIOBBIINIEHHWE TEIMIOCTONKOCTH,
CHW)KCHHUSI CTOMMOCTH. HamoyiHWTenu OBIBaIOT HEOPTaHWMYECKOTO W OPTaHUYECKOTO
MIPOUCXOXKJICHNUS W BBOJATCS B MaTepHal B BHUJAC IMOPOIIKOB, BOJOKOH WJIW JIUCTOB (
JpeBecCHasi MyKa, IIEMEHT, CTEKJsHHble ¢  acOecToBble BOJIOKHa, OyMmara,
XJIOMMYaTOOYMaKHBIC U CTEKJISTHHBIC TKAaHU U T.JT)

3. Moaudgunupywomue nodasku. [Ipu dopMupoBanuu nosumepa (CBA3YIOLIETO)
MPUMEHSIOTCS 00s13aTeIbHbIE JOOABKU- OTBepAUTENd. KpoMe 3TOro MOTyT MPpUMEHSTHCS
yCKOpHUTENX (BEIIEeCTBA YCKOPSIOIIME OTBEPJECBAHUE), KaTaln3aTOpbl (BEIIECTBA, HE
Y4acCTBYIOIIME B OTBEPACBAHUH, HO MPUCYTCTBUE KOTOPHIX HEOOXOIUMO ISl IPOTEKAHMSI
mpoiiecca OTBEpACBaHUs), TUIACTU(PHUKATOPHI (BEIIECTBA, YMEHBINAIOIINE XPYIKOCTh
rOTOBOTO Marepuaia), MHTHOUTOPHI (BEIIECTBA, 3aMEJISIONINE MPOIIECC OTBEPICBAHMS)
U IpyTHe 100aBKH.

4. Kpacurean. Oxpacka miacTMacc OCyIIECTBIISICTCS IMyTEM BBEICHUS KpacuTeseH
B Maccy matepuasia. HyXHbIii pHCYHOK | IIBET MOTYT OBITh TaK e IMOJTYYEHBI, €CIIH OHU
NpeIBapUTEIbHO HAHECEHBl Ha HAapYXKHUH CJIOH JUCTOBOTO HamoyHuTens (Oymara,
TKaHb).

5. TlopooOpa3oBatequ - 3T0 J00aBKM, MpPUMEHSEMbIE JUIsI TOJy4EHHs
ra30HAIMOJIHEHHBIX MaTepUaIOB- TICHOIJIACTOB.

Kiaaccudukanus njacrmace.

B 3aBucuMOCTH OT BHJa CMOJ IOJ BIUSHUEM Ha HUX TEMIIEPATYypBbl, MJIACTMACCHI
JEJSTCS Ha JBA BUJAA: ) TEPMOIUIACTUYHBIE MIJIACTMACCHI (MJIM TEPMOILJIACTHI) HA OCHOBE
TEPMOIUIACTUYHBIX ~ CMOJ; 0)  TepMOpeakTHUBHblEe  (pearuiacThl) Ha  OCHOBE
TEPMOPEAKTUBHBIX CMOJI.




TepmoniacTH4HbIe IJIACTMACCHI OOBIYHO HA3bIBAIOTCA 1O  CBA3YIOIIEMY
BELIECTBY, UCXOAS M3 HAUMEHOBAHHUA MOHOMEpa C J00aBJIEHHWEM MPHUCTABKH «IIOJIH-
»(TIOTMBUHUIIXIIOPHU]L, TIOTUITHIICH, TIOJIUCTUPOIT U JP.)

TepmopeakTuBHBIE - 1O BHAY HAMOJHUTENA (CTEKJIOIUIACTUKU, JPEBECHBIC
MJIACTUKH U JAp.)

B 3aBHCHMOCTH OT CTPYKTYPBI IJIACTMACCHl MOKHO Pa3[eiUTh HA JIBE OCHOBHBIC
IPYIIIBIL:

1) mmacTmaccel 6e3 HarmoIHUTENS (He HAllOJTHEHHBIE);

2) IIacTMacchl C HaMOJIHUTENIEM (HaIOJTHEHHBIE).

[IpumMeHeHue miacTMacc B KauecTBE MaTepuaia JJisi CTPOUTEIbHBIX KOHCTPYKIIUIA
OOBSICHSIETCS PAZOM JOCTOMHCTB 3TOTO MaTepHaa:

- BBICOKOM MPOYHOCTHIO, COCTABJISIOLIEH i1 OOJBIIMHCTBA ILIacTMacc (Kpome
neHoriactoB) 50-100 HIla, a 1y1st HEKOTOPBIX CTEKJIOIUIACTUKOB MPOYHOCTh JOCTUTAET
1000 HITa;

- MaJIol MPOYHOCTHIO (0OBEMHON Maccoi) Haxoasmmxcs B mpeaenax oT 20 (mis
neHomaacToB) 10 2000 kr\m® (171 CTEKIIOMIACTHKOB);

- CTOMKOCTBIO K BO3/ICICTBHIO XUMUYECKH arpPECCUBHBIX CPELT;

- OMOCTOMKOCTBIO (HETOIBEPKEHHOCTh THUEHUIO);

- MPOCTOTOM (OpMOOOpPa30BaHUS U JIETKON 00pabaThIBa€MOCTHIO;

- BBICOKMMH JJICKTPOU3OJSILIUOHHBIMU CBONUCTBAMU M HEKOTOPBIMH JAPYTHUMH
MOJIOKUTEIBHBIMUA CBOMCTBAMH.

Bmecte ¢ Tem miactMacchl MMEIOT M HEIOCTAaTKHU, TaKHe, HampumMep, Kak
nedhopMaTUBHOCTh , MOJ3YYECTh W MaJCHHE MPOYHOCTH MPHU IIUTEIBHBIX Harpy3Kax,
crapeHue (yXy[AlIeHHUE OKCIUTyaTAallMOHHBIX CBOMCTB BO BpPEMEHH), CrOpPaeMoCTb,
WCITOJIb30BAHUE B KAUECTBE CHIPHS ACPHUITUTHBIX HE(PTEITPOTYKTOB.

BrnusHne HemoCTaTKOB IUTACTMAcC MOXKHO YMEHBIIUTH Pa3HBIMU TYTSIMH. Tak,
yMeHblIeHuEe Ae(OpPMATUBHOCTH  JOOMBAIOTCS MPUMEHEHHWEM palMOHANBHBIX (opm
MOMNEPEYHOT0 CEYEHHS] KOHCTPYKIMM (TpexcioitHbIe, TpyOUaThie).

CropaeMoCTh W CTapCHHE MOYKHO YMEHBIIUTh ITyTEM BBEICHUS CIICIIHAIBHBIX
700aBOK.

OcHOBHBIC BUAbI KOHCTPYKIIMOHHBIX ITJIaCTMACC M 001aCTH UX IIPUMCHCHMSI.

K mmactmaccam, KoTopble HaxoAsST W OyAyT HaXOAWTh B OyaylieM HamOOJbIlee
MIPUMEHEHUE B CTPOUTEIBHBIX KOHCTPYKIIUSAX OTHOCSITCS CTEKJIOIJIACTHUKU, OPTCTEKIIO |,
BUHUILUIACT, TOJHMATUJICH, TEIJIO- W 3BYKOHW3OJISIIMOHHBIE MaTepUaibl, JPEBECHBIC
TJTACTHKH.

CTeKJI0IIaCTHKH.

CTeK/IOIUIaCTUKY ~ TPEACTaBISIIOT ~ co00il  Marepuaibl,  COCTOSAILIME W3
CTEKJIOBOJIOKHUCTOT'O HAIIOJIHUTEIISL ¥ CBSI3YIOLETO.

B kadecTBe CBS3YIOLIETO OOBIYHO HCIIOJIB3YIOTCA TEPMOPEAKTUBHBIE CMOJIBI
(mommaupHas, osnokcuaHasd, ¢eHomoopmanpaeruaHas). CTEKISHHOE  BOJIOKHO
SBIISIETCSL APMUPYIOIIUM 3JIEMEHTOM, MPOYHOCTh KoTtoporo nocturaer 1000-2000 Mlla.
OCHOBO# CTEKJIOBOJIOKOH SIBJISIFOTCS 3JIEMEHTApHBIE BOJIOKHA.

OneMeHTapHble BOJIOKHA (IIEPBUYHBIE HUTH) MOJYyYalOT M3 pacIUIaBICHHOU

CTEKJSIHHOM MacChl, BBITSATHMBasg €€ 4Yepe3 HeOOJbIIhe OTBEPCTHs- (DUIIbEPHI;




aJieMeHTapHbIe BoJokHa (Topsinka 200) muamerpom 6-20 MKM OOBEIUHSIOT B HUTH,

a HECKOJIBKO JIECSITKOB HUTEM- B KT'YThI (KPyUCHBIC HUTH).

B crekionnactukax, TPUMEHSEMbIX B CTPOUTEILCTBE, MCIOJIB3YIOT CIEAYIONIUE
CTEKJIOBOJIOKHUCTHIE HATIOJIHUTEIIH:

a) MPSIMOJIMHEMHbIE HEMPEPHIBHBIE BOJOKHA, BBOJUMBIC B BUJIE KI'YTOB, HUTEH WU
AJIIEMEHTAPHBIX BOJIOKOH.
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Cxema ITIOJIYUYCHHS HCIIPCPBIBHOI'O CTCKJIOBOJIOKHA.
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0) pyOJeHOE CTEKJIOBOJIOKHO B BHAC XAOTHYECKH PACIOJOKEHHBIX OTPE3KOB
JUTUHOM TTpuOm3uTensHo 50 M.
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MexaHn4eckue CBOMCTBA CTEKJIOIUIACTHUKOB 3aBUCST OT BHJIA CTEKJIOBOJIOKHUCTOTO
HanonHuTenss. Haubonee BBHICOKMMHM  MEXaHMYECKMMH  CBOMCTBaMHU  0OOJaIaroT
CTEKJIOIIJIACTUKHU, aPMUPOBAHHBIE HEMPEPHIBHBIM MPSIMOJIMHEHHBIM CTEKJIOBOJIOKHOM. B
HaIpaBJICHUH BOJIOKOH MX MpoyHocTh aocturaetr 1000 MIla npu pactsskeHuu, a MOyib
yopyroctu 1o 40000 MlIla, onxHako, B TMONEPEYHOM HAIPABIECHUU IPOYHOCTb
CTEKJIOIIJIACTUKOB HE BeNuKa (mpumepHo B 10 pa3 MeHbIIIE).

Bce  creknomuiacTMku, ~— apMUpOBaHHbBIE B OJAHOM  HJIA B JIBYX
B3aMMHOMEPIICHIUKYJISPHBIX HAIIPABICHUSX, ABJISIIOTCS MaTepUalaMl aHU30TPOITHBIMH.

CrekJIonIacTUKY, apMUPOBaHHbIE PpPYOJIEHBIM  CTEKJIOBOJIOKHOM,  SIBJISIOTCS
U30TPOIHBIMU MaTEepUATAMH.



CyecTBYIOT CiIeAyIOIIHe BU/IbI CTEKJIOILUIACTUKOB:

1) IIpecc - matepuaiabl Tuna CBAM (CTEKIIOBOJIOKHUCTBI aHU30TPOITHBIN MTpecc-
MaTtepual) sIBJISIETCS. OJJHUM U3 MEPBBIX BRICOKOMPOYHBIX CTEKIIOMIACTUKOB, MOJTYYEHHBIX
yTEM MPECCOBAHUS CTEKJIOMNOHOB (IINMOHOB U3 OJJHOHANPABICHHOTO CTEKJIOBOJIOKHA).

[TomyyatoT ero TakuMm OOpa3oM: MOCJIE HAMOTKH OIPEACIIEHHOTO YKCIlia CJIOEB
MPONMUTAHHOM HUTH OJHOHANPABJICHHBIM MaTepuall cpe3aloT. B  pasBeprke OH
IpEICTaBIAEeT OO0 KBaJpaTHEIN JIUCT pasMepoM 3x3 M2, 3aTeM II0OBOPAuMBAIOT JIHCT HA
90 rpamycoB U BHOBb HAaMaThIBAIOT cJIOM HUTeH. Takum oOpa3om, MOdy4daercs
CTEKJIOIINOH C B3aMMHO-TIEPIEHANKYJISIPHBIM — pacIoyioKeHueM BoJIOKOH. [lpexaen
npounoctd CBAM npu pactsokenun u cxxatuu coctasisier 400-500 Mlla, a nmpu usrube,
npubsmsurensHo, 700 MITa.

2) IIpecc - maTepuaanl AI'-4C u AT'-4B.

AT'-4C npencrapisieT co00il OJTHOHANPABICHHYIO JICHTY, MOJYYEHHYIO Ha OCHOBE
KPYYEHBIX CTEKJIIHHBIX HUTEH M amMuHOpuHONODOpManbaerugHoi cmoisbl. Al-4C
IpelIHa3Ha4YaeTcsl JJId TOJYyYEeHHUs] BBICOKONPOYHBIX U3JEIUMH METOAOM MPSAMOIO
IIPECCOBAHMS WJIM HAMOTKH.

[Ipenernbl NpoYHOCTH MIPU CKATUH U U3rubde Hke , uem y CBAM — 200-250 Ml1a, a
IIPU PACTSKEHUH HECKOJIBKO BBIIIIE.

IIpecc — maTepuas Tuna AI'-4B npencrapisieT co00il CTEKIOBOJIOKHUT Ha OCHOBE
Cpe30B MepBUYHOM HUTU. CHeuuanbHO MOATOTOBIICHHBIA  CTEKJIOBOJIOKHUCTBIN
HAIOJIHUTEIb CMEIIUBAIOT ¢ (PeHOT0POpMaBIETHIHON CMOJIOH, 3aTEM CYIIIAT.

Crexnomnactuku tuna CBAM, AI'-4C u AI'-4B ucnonb3yioT aJisi U3TOTOBJICHUSA
COCIMHUTENBHBIX JeTaned (0onToB, (acoHOK) W 1 NPOPUIBHBIX H3IEIHA,
IKCIUTyaTUPYEMbIX B XHMHYECKH arpecCHMBHBIX Cpefax, [I[€ MeTal OBICTPO
Koppoaupyet. Bce nepednciieHHbIe CTEKJIOMIACTUKY SIBISIOTCS CBETOHENPOHUIAEMBIMHU.
OpnHako, B CTPOMTENBCTBE Yallle BCETO MPUMEHSIOT CBETOIPO3PAUYHBIE CTEKIIOMIACTUKH.
VY Hac B cTpaHe B 0oJblIMX 00BEMax BBITYCKAETCS CBETONPOHUIAEMBIM MOJU3(UPHBIMA
JIMCTOBOM CTEKJIOIUIACTHK.

3) MoamrpupHBIH CTEKJOMJIACTHK HW3rOTABIMBAIOT HAa OCHOBE PYyOJCHOTO
CTEKJIOBOJIOKHA U MPO3PAYHBIX MOJIMIPHUPHBIX CMOJI, OJ1aroaaps KOTOPHIM MOTUIGUPHBIN
CTEKJIOTJIACTUK SIBJISIETCS. CBETONPOHUIIAEMBIM. BBITTycKaeTcs OH B W3AEIUSAX B BHIIC
BOJTHUCTBIX WM TIJIOCKUX JINCTOB, YaCTO MMEIOIIUX pa3InyHbie OKpacku. [IpodHoCTHBIE
XapaKTEPUCTUKU CYIIECTBEHHO HWKE, YEM Y MPEIBIIYIINX MATepPUaiOB, U COCTABISIOT
60-90 MIla mpu pacTsyKEHUU U CKATHH.

[TormmapupHBIE CTEKITIOTUTACTUKY TIOJTYYHIIA ITUPOKOE TIPUMEHEHHE B OTPaXKIAFOIITIX
KOHCTPYKITUSAX (CTCHOBBIE M KPOBEIIBHBIC TIAHENH), JICCTHUYHBIX OTPAKICHUAX H
OQJIKOHHBIX OTpaXJICHHSX, HaBecax T.II. KOHCTPYKIHMAX. BecbMa MMepCreKTHBHBI
CTCKJIOTIACTUKH JIJI1 COBMEIICHHBIX TTPOCTPAHCTBEHHBIX KOHCTPYKITHH.

Oprannyeckoe CTeKJ10, BAHUILIACT M MOJUITHJICH.

OTH MIacTMAacChl OTHOCSTCS K TCpMOILIaCTaM M IMO3TOMY HMMCIOT OI'paHUYCHHOC
INPUMCHCHUC B HCCYHMUX CTPOUTCIBbHBIX KOHCTPYKHIUAX. HCI[OCT&TKOM HUX SABJACTCA



HEBBICOKAS TEIJIOCTOMKOCTh. [IpOYHOCTP WX B 3HAYMTEIBHOW CTENEHU 3ABUCHUT OT
TeMIepaTyphbl.

Oprannyeckoe CTEKJO0 LETMKOM COCTOUT U3 MOJUMEpa MOIUMETUIIMETaKpuiIaTa
(6e3 BBemeHust HamosHUTENs). OpPrcTeKiao  MpeACTaBIseT co0oll  OeCIBETHYIO
miacTMaccy, mnpomnyckawuyo 10 90% suaumbix u 6onee 73% ynbTpaduoNIETOBBIX
JIy4YeH CBETA.

[Ipu temnepatype 20°C opraHMyecKoe CTEKJIO HMMEET CpPaBHUTEIBHO BBICOKHE
MPOYHOCTHBIC XapakTepucTuku (55 MIla npu pactspkenuun u 80 MlIla pu cxxatun).

[Ipu Temmneparype 105-170°C xopomio dhopmMupyercs B U3JIEIUS KPUBOJIUHEHHOM
(GhOopMBI, JIETKO MOJaeTCsa MEXaHMYECKOH 00paboTKe.

[IpumensieTcs AJisl OCTEKJICHUS] KPUBOJIMHEHHBIX MOBEPXHOCTEH, B BUJE 3€HUTHBIX
¢donapelt, CBOIOB, KYIOJIOB U T.Nl. DTOT MaTepuain BecbMa 3(PQPEKTUBEH sl TTOKPHITUS
TEIUINL, TAPHUKOB U OPAHKEPEU.

BuHHMIUIacT BBITyCKAaeTCA IUIACTU(DUIIMPOBAHHBIM U  HEIMIACTH(UIIUPOBAHHBIM
(xectkum). Ilo 1mBeTry MOryT OBITh TEMHBIM (TEMHO — KOPHYHEBOI'O LBETA) WIH
npo3padHbiM (OecBeTHBIM). OHUM U3 TJIABHBIX JOCTOMHCTBOM BHHHILIACTA SIBIISCTCS
€ro UCKIIIOUUTENIbHAs aHTUKOPPO3UOHHASI CTOMKOCTh B XUMHUYECKH arpecCUBHON Cpejie.
On nerko oOpabaTbiBaeTcs, MPAKTUYECKU BOJOHETPOHUIIAEM, JIETKO CBapUBACTCA U
CKJICUBAETCH.

HenocTaTok- Manas TemaocToikocTs (Bcero 10 60° C 1 MOpo30CTOHKOCTD 10

-30° C), Gomboii K03 PUIUEHT TuHEHHOro pacmupenus (B 7 pa3 GoJblIe, 4eM y
CTaJIM) U MaJlasg yJapHasi BA3KOCTh. [10 OCHOBHBIM MEXaHUYECKUM CBOMCTBAM BHUHMILIACT
OMM30K K OpTaHUYECKOMY CTEKITY.

OO0acTh TPUMEHEHUS B CTPOUTEIIBCTBE MTUPOKH U Pa3HOOOPA3HBI, TOCKOJIBKY TOT
MaTepHal SIBJSICTCS CaMbIM JICIIEBBIM W3 TEPMOILIACTOB. BUHUIIIACT MCTIOMB3YyeTCS TSI
THIPOU3OIISIIINK, B Ka4eCTBE KPOBEIHHOTO MOKPHITHA. 3 HETO M3rOTaBIWBAIOT TPYOHI,
po I, TOPYIHH U IPYTHE TTOTOHAKHBIC U3ICITH.

Becbma nepCreKTHBHBIM MaTEPHAIIOM SIBIISICTCS apMUPOBAHHBIA BUHHUILIACT. B 3TOM
Cily4ae TOBBINIACTCS MPOYHOCTh BUHUILIACTA,  OH MOJKET HUCIOJIb30BAaThCS B HECYIIMX
KOHCTPYKIUSX (Harmpumep, pepmax).

IMonudTIIIEH B YUCTOM BHJIE MPEACTABISICT COOOM TBEPJBIN O€bIii POTOBUTHBIM
poyKT. ChIpbeM JIJIst €ro MMPOU3BOACTBA CIIYKHUT OCCIIBETHBIN Ta3 dTUIICH.

[TommaTunen obnamaeT Xopolmie MOpo30cTOMKOCThI0 (HIKE -70°C) M BBICOKOM
XUMHYECKOM CTOHMKOCTBIO K JEWCTBHUIO KHUCJIOT, 1Iejloueli ¢ OOJIBIIMHCTBA
pactBoputenieil. HemoctaTok ero 3akitodaercs B TOM, YTO OH IOJBEPKEH CTapeHHIO.
[Ipu BBeaeHuun crabunuzatopa (caxu 10 2%) aTMOCPepOCTOMKOCTh €ro yBEIUYHUBACTCS
npumepHo B 30 pa3 (Takod MOJUATHIEH HA3bIBAIOT CTAOMIM3UPOBaHHBIM). U3
MOJIMATUIICHA U3TOTaBIMBAIOT TPYObl U apMaTypy K HUM, MPOQUIbHBIC U3ACIHS, OONTHI,
JIUCTHI U T. II.

[lepcieKTUBHBIM SIBJIIETCSI TMPUMEHEHUE JMIKUX JIGHT U3 CTaOMIM3MPOBAHHOTO
MOJIMATUJICHA B KA4YECTBE 3aIUTHOTO TOKPHITHS (HAOWHTOBBIBAHHBIX) KOHCTPYKIIHM,
HaXOJSIINXCS B YCIOBUSX XUMUYECKOW arpecCuu.



Tenio — 1 — 3BYKOM30JISIIIMOHHbIE MAaTePHAJIbI.

Haubonbiiee pacnpocTpaHeHHE B CTPOMUTENHCTBE MOJYYMIN Ta30HANOIHEHHBIC
IJIACTMACChI, & TAKKE COTOILIACTHI.

["a30HaIOIHEHHBIE TIIACTMACCHI 10 CBOEU CTPYKTYpPE AENSATCSA HA JBA BUAA!

-MeHOIIACTBI — MAaTEPUAJbl C 3AMKHYTHIMH STUYEHKAMU;

-MOPOIJIACTHI — C B3AMMHOCOOOIIAIOIIMMHUCS HE3AMKHYTHIMU STUEHKaAMHU.

Orta Kiaccupukaiys ycioBHA, TOCKOJIbKY TPAKTUYECKU HEIb3s OJIyYUTh B YUCTOM
BHJIE MaTEpHa, OTBEUAIOIIUN YKA3aHHBIM YCIOBUSIM.

Sdeiiku, 3amoJIHEHHBIE BO3AYXOM WJIM Ta3oM, cocTaBisiloT Oosee 90% oObema
Marepuana. I[lo3ToMy OTIMYUTENBHOW OCOOEHHOCTBIO  IEHOIUIACTOB  SBJISIETCS
HeOoMbImas WIOTHOCTH (0T 10 1o 200 xr\m®), HU3KAs TEILIONPOBOAHOCTD U JOCTATOYHAS
115t HuX ipouHocTts (0,2-1,1 MIla npu cxatun).

[lenommactel, Oaroaaps CBOE CTPYKType UMEIOT 00Jiee BBICOKHE IO CPABHEHUIO C
MOPOIIACTAMH M30JISILIMOHHBIE KaYeCTBa.

[ToporniacTel UMEIOT OOJIbIIIEE BIATOINOIIIONIEHUE, HO U 001a1at0T 00jiee BHICOKUM
3BYKOINOIJIOUIEHUEM.

Martepuan nosyyaroT B BUJie OJOKOB WM (POPMEHHBIX JeTanel. ['a3oHanoaHeHHbIe
IUIACTMACChl BBIITYCKAIOT HA OCHOBE KAaK TEPMOIUIACTUYHBIX, TAK U TEPMOPEAKTUBHBIX
CMOIL.

Pa3nnuaror jkecTkue, MoIyKEeCTKHE U 3JIacTHYHbIE NeHoItacTel. [lepBeie nBa Buaa
npuMeHsoT B opranndeckux CK (B kauecTBe CpeJHEro Cliosl B TPEXCIOMHBIX MAaHENX).

CoromiiactaMu Ha3bpIBAIOT U3JEIUS C CUCTEMAMHU PETYJISIPHBIX COT IIECTUTPAHHOM
dbopmbl, auUaMeTpoM, TmpuMepHo, 12-25 wmm. CoTomiacTel H3TOTABIMBAIOT U3
XJIOMYaTOOyMaXHOM WJIM  M30JsUMOHHOM Oymaru. CoTomnacTel MNPUMEHSIIOT IS
U3TOTOBJICHHUS JIETKUX TPEXCIOWHBIX KOHCTPYKLHUH.

JIpeBecHbIE IJIACTHKH.

Marepuanbl, NOJIy4YeHHbIE HA OCHOBE MEpepabOTKH HATYypajJbHOW JPEBECHHBI,
COCIMHEHHBIE CUHTETUYECKMMH CMOJIAMU HAa3bIBAIOT JPEBECHBIMU IIACTUKAMM.

Hpesecnocnoucteie 1iactuku (JCII) wu3roraBnuBalOT W3 TOHKHUX JIUCTOB
O0epe30Boro (MHOI/AA OJBXOBOTO, JHMIIOBOIO MM OyKOBOTO) IIMOHA, MPOMUTAHHOIO
CMOJION M 3aIlPECCOBAHHOrO IIPU BHICOKOM naBieHuu 150-180 kr\cm? u Temmeparype
t=145-155°C.

B 3aBHCHMMOCTH OT B3aUMHOT'O PacIOJIOKEHMS CIOEB IINOHA B MAKETe, pa3andaroT 4
ocHOBHbIX Mapku JICII:

JACII-A — Bce cnou napamienshbl apyr apyry, JACII-b — udepe3 kaxnawsie 10-12
napajuiesibHbIX cioeB ofguH mnonepeunbli, JICII-B — mepekpecTHOE pacrosoKeHHue,
IpUYeM HapyXHble ciion pacnoisaratorcsa BAodb mauTel, JCII-I' — 3Be3g000pa3Has,
KQXJIbII CJIOM CMEIIEH IO OTHOILLICHHIO K MpeapIaymeMy Ha 25-30°.

s crpoutensHbix KOHCTpYKIui pekomenayetcs JICII-b u JICII-B, kak Hanbosnee
IIPOYHBIE NTOIIEPEK BOJIOKOH M MOJ YTJIAMH K BOJIOKHAM.

Bo Bcex cayuasx npouyHocts JCII npeBplliaeT MpOYHOCTh LENBHOW IPEBECUHBI, A
JUIl HEKOTOPBIX MAapoOK IPU JNEUCTBUHM YCWJIMW BJOJIb BOJIOKOH IIIIOHA HE YCTYIAeT
IIPOYHOCTH CTAJIN.

B HacTosiee BpeMst B cBsi3H elle ¢ Bbicokoi ctoumocthro JICII, oH npumeHsieTcs B
OCHOBHOM JJIsI U3TOTOBJIEHUS CPEACTB COCAUHEHHUS JIIEMEHTOB KOHCTPYKIIMH.




HpeBecHoBosiokuucThie  mauthl  (JBII) wW3roraBnuBalOT H3  XAOTHYECKHU
PaCIOJIOKEHHBIX BOJIOKOH JIPEBECHHBI (OMUJIOK), CKICEHHBIX KaHU(OIBLHOW dMYIIbCHEH.
Coeippem gns [IBII sBasitoTcss OTXOABI JIECOTMUJICHUS W JiepeBooOpaboTku. Jlms
W3TOTOBJIEHUSI TBEPABIX M CBEPXTBEPIBIX IUIMT B JPEBECHOBOJOKHUCTYIO MAaccCy
n00aBys0T GeHonodopManbaAeTUAHYI0 cMmoiy. [lpu IauTenbHOM JEHCTBUM BIIAXKHOM
Cpellbl, IPEBECHOBOJIOKHUCTAs TJIMTa BECbMa TMIPOCKONHMYHA, HA0yXaeT Mo TOJIIUHE U
TEPAET TMPOYHOCTh, IIOAITOMY BO BJIaXHbIX ycinoBusix mnpumeHsats JBII He
pexomenyercs. IIpounocts cBepxTBepabiX manT JBII miotHOoCThIO He MeHee 950 krim®
IIPY PACTSIKEHUM COCTaBJISIET 0KoJIo 25 MITa.

Hpesecnoctpyskeunbie mauThl (I1C u [1T) nmonyyaroT myTeMm ropsiaero mpeccoBaHus
JPEBECHBIX CTPYXKEK, IEPEMEIIaHHBIX, BEPHEE OMBIICHHBIX (HeHOI0()OPMaThICTHIHBIMH
CMOJIAMH.

JIpeBeCHOCTpYX EUHbIE IUINTHI B 3aBUCUMOCTH OT IUNIOTHOCTHU MOAPA3ICIIAIOT Ha!

- nerkue y=350-500 kr\m®

- cpennue I1C y=500-650 xr\m®

- soxensie 1T y=650-800 xr\m®

[Tpounocts mmut IIT u I1C npu pacTsbkeHHH COCTaBISIET COOTBETCTBEHHO 3,6-2,9
MIla wu 2,9-2,1 Mlla. IIC u IIT sBisitoTCS AEUIEBBIM M AOCTYIIHBIM MaTepuajioM, OH
IIMPOKO MCIIOJB3YETCA B CTPOUTEIBCTBE B KA4eCTBE IMEPETOPOAOK, IOJBECHBIX
MOTOJKOB. BraromoriomieHue midt KojiaeOJeTcs B MIMPOKUX Mpenesax, Mpu 3TOM OHH
pazoyxaroT no tosmuHe Ha 30-40%.




Jlexknus Nel4
Hecyuine KOHCTPYKIMH U3 miiacrMace. [lTHeBMaTH4Yeckue KOHCTPYKIIMM.

Bbicokasi MPOYHOCTh HEKOTOPHIX BUIOB IUIACTMACC TPU OTHOCHUTEIHHO HH3KOM
TUIOTHOCTH, CTOHWKOCTh TPOTHB aTMOC(EpPHBIX BO3IACHCTBHI — 3TO IICHHOE CBOMCTBO
lacTMacc Kak MaTepuana il HecylmuX KOHCTpyKuui. OaHako, Cepbe3HbIM
NpensaTcTBueM K TmpuMeHeHno [IM B HeCymmMX KOHCTPYKIMSIX, SIBISETCS HX
OTHOCUTEIHLHO OO0JbIas 1e(OpMaTUBHOCTD.

Jlnst  mpenoTBpamIeHUs OTPHIATEIBHOTO BIUSHUS —J1e(OPMATUBHOCTH M
MIPUMEHSIOTCS B OCHOBHOM J[Ba TIpHieMa:

-TIOBBIIIICHUE  JKECTKOCTH  KOHCTPYKTHBHBIX  DJIEMEHTOB  ITyTeM  OoJjee
PaIMOHAIBHOTO, YEM B MACCHUBHBIX CEUCHUSAX PACTIPECICHUS MaTepHaa;

-ipUaHNEe KOHCTPYKIUSIM TakuX (PopM, MPU KOTOPHIX MCKITFOUAFOTCS WITH CBOJISATCS
K MUHUMYMY HanpsDKEHHS OT U3THOAIOIIMX MOMEHTOB U HEXelaTelbHbIe 1e(pOopMalltu.

[lepBomy mnpueMy B HauOOJBIIEH CTENEHH OTBEYAIOT TOHKOCTEHHBIC MPOQUIH
(TpyOuatbie, KOpoOUYaThie, BOJHHUCTHIE), BTOPOMY — MIPOCTPAHCTBEHHBIE KOHCTPYKIIMH
OJIMHAPHOM WJIM JBOMHONM KPUBU3HBI (CBOJIBI, KyIOJa, 000JOUKH), a TAK’KE€ KOHCTPYKIIUU
13 00bEMHBIX OJIOKOB (TUPAMHIATBHBIX, BOPOHKOOOPA3HBIX, CA0JICBUAHBIX U JIP.).

HauGonee npuemsieMbIMU 711 HECYIIMX KOHCTPYKIIMI SIBJISIOTCA TUIACTMAacChl Ha
OCHOBE MOJUI(PUPHBIX, OJMOKCHAHBIX U  (EHOJBHBIX CMOJ, C HaloJHEHUEM
CTEKIJIOBOJIOKHOM (TIONTMA(DHUPHBIE CTEKIOIUIACTUKY TPUMEHSIIOTCS YaIlle OCTaIbHBIX, TaK
KaK OHM HanOoJjee JeIIeBhIe).

B MeHee OTBETCTBEHHBIX YACTSAX KOHCTPYKITUN MPUMEHSICETCS KECTKUA BUHUILIACT
OpICTEKIIO.

KaxxmoMy KOHCTPYKTHBHOMY MaTepualy COOTBETCTBYIOT CBOM 3((HEKTUBHEIC
¢dbopmMbl. MOKHO BBIJICTTUTH ABA OCHOBHBIX BHA IJIACTMACCOBBIX HECYIITMX KOHCTPYKITHH:

1) pemieTuaTbie KOHCTPYKIIUU U3 CTEKJIOIIACTUKOBBIX M BUHUIUIACTUKOBBIX TPYO;

2) KOHCTPYKIIUU U3 0OBEMHBIX 3JIEMEHTOB U MTPOCTPAHCTBEHHBIE KOHCTPYKIIHH.

Pemeryarpie KOHCTPYKIMH.

OTH KOHCTPYKIMH TakK K€, KaKk U JIpyrue Hecylue KOHCTpykunu u3 1IM, noka eme
IPOXOJAT ONBITHYIO MPOBEPKY. MIX MPOYHOCTH HE BBI3BIBAET COMHEHUS, JKECTKOCTh UX
nocturaercsa GopMoi ceueHus uxX 3JIEMEHTOB — Yalle Bcero TpyouyaToi. OrpaHndeHue ux
NPUMEHEHUS CBA3AHO C HU3KOM CTENEHBI0 OTHECTOMKOCTH, XPYIKOCTBIO U CTAPEHUEM.

HccnenoBanusi ¢ LENbIO YIYYIIEHHS MX CBOWCTB MPOJOJIKAIOTCS, MPOBOIASTCS
paboThl MO M3y4yeHHIO (epM U3 BUHHUIUIACTOBBIX TpyO. DepMbl MMEIOT mposieT 6 M u
JIOMaHO€ O4YepTaHue BEpXHETo nosica. CoeTMHEHUE 3JIEMEHTOB BBIIIOJIHAETCS CBApPKOM.
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B cnienuanbHbIX COOPYKEHUSX HAIIUTH MPUMEHEHUE CTEKJIOTUIACTUKOBBIC TPYOBI JIs
paguobarieH Beicotor 27-30 m. (CIIA — Komopano, ®@nopuna). baiiHs BbIMoJHEHA B
BUJIE CEKIIMM, KOTOPhIE COCIMHEHBI MEXIY COOOHN C MOMOIIBbI0 KOHMYECKUX THIIh3 Ha
kier. Bec Oamau — 640 kr., B 5 pa3 jerde aHaJOTHYHOM CTajdbHON OalllHU, CTOMMOCTh
Marepuaia B 3 pa3a BblllI€, 3HAYUTEJIbHA HSKOHOMHUSA Ha TPAHCIIOPTE, MOHTAXKE H
COOPYKECHUHU.




I[J'ISI HN3TOTOBJICHUA paI[I/IO6aHICH HCIIOJIB3YOTCA TPY6I>I N3 CTCKJIOIIIIaCTHKa

auamerpom 0=51,64,76,89 MM., TOJIIMHA CTCHKHA 0=3MM.
0,9 m.

KoHcTpyKIIMHN n3 00beMHBIX 3JJE€EMECHTOB H IIPOCTPAHCTBCHHBIC
KOHCTPVYKIIMHU M3 IL1AaCTMACC.

Takne KOHCTPYKIMHU HCIOJB3YIOT B KayeCTBE IOKPBITUS 3JaHUA U COOPYKEHUUI
Pa3IMYHOr0 Ha3HAYEHUSI.

[Tonmyunnu pacnpocTpaHeHHE KOHCTPYKIIMM W3 JOTKOBBIX, NUPaMUAAIbHbIX,
BOPOHKOOOPA3HBIX AJIEMEHTOB, & TAK)KE MHEBMATUUYECKUE KOHCTPYKLIMH.

JloTKOBBIE 37€MEHTBI ONMpoOUpoBaHbl B ombiTe cTpoutTenbcTBa CIIA, ®pannum,
CnoBakuu. ToslMHA JOTKOBBIX 3JIEMEHTOB 3-6 MM., JKECTKOCTb JIOCTUTAETCS
ropupoBaHUEM MOMNEPEYHUKOB U THYTOCTBHIO MO JJIMHE. JIOTKOBBIE RJIEMEHTHl UMEIOT
amany 1= 6,8-12,2 M., a mmpuny b=67-90 cm. ®@opMmbl MoNepeyHBIX CEYCHUN KpaiiHe
Pa3HOOOpa3HBI.
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CoenuHsIIOT JIOTKOBBIE 3JIEMEHTBHI MEXIy coOoil Oonrtamu depe3d 60 cMm. U IIOB
3aKJIEUBAETCA DJIACTUYHOM JIEHTOMH.



HI/IpaMI/I,ZIaJIBHbIC OJEMCHTHI JJI CBOAYATBIX U KYIIOJBbHBIX HOKpBITI/Iﬁ BBIITOJIHATOTCS
M3 CTCKIOIINIACTHKA, MOT'YT OBITH XOJIOAHBIMHU MW ITOJYTCILIBIMH, CBETOIIPO3PAaYHBIMU M
TIyXUMH.
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MEMANIUHECKOA ZAMFAKD

[To KOHTYpY OCHOBaHUSI TUPaMUJI KpemsiTCs 00ITaMuU, IIBbI 3aKJICUBAIOTCS KiesIei
JIeHTOM. BepuimHbl mNHUpaMHu — CKPEIUIEHBl METAUNIMYECKUMH  3aTskkamMu.  OHH
00€eCIeunBaOT YCTOMYMBOCTH COOPYKEHUS.

[Ipu nro6oii KOMOMHAIMKM HATPy30K (CHMMETPUYHOM WIIM HECCUMETPUYHOW) B
CTEHKAaX MUPAMUJT BOSHUKAIOT PACTITUBAIOIINAE YCUIIHSL.

BoponkooOpa3Hble 3J€MEHThI TPUMEHSIOTCI B TEX CIy4asX, KOTJa HYKHO
o0ecreunTh He3aBUCUMOCTh OTCIBHBIX YaCTeH KOHCTPYKITUH.
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Pasmepst Boponku 2,4x2,4 M, BeicOTa — 1,5 M, 0=3-6 MM; OHa omupaeTcs Ha
cTasbHyto Tpyoy h=2,4 M, d=10-15 cm, cimysxarmiyro i1 oTBoja Boibl. PopMa BOPOHKH —



runepOoIMYecKuil mapadosion, Mo KOHTYpY UieT (ianel 1 cOATYuBaHUS C COCETHUM
anemeHTOM. CThIKM (pJIaHIIEB BMECTE C 0OJITaMM 3aKPBIBAIOTCS MOJIMBUHWIXIOPUAHBIMU
npodUIIMU Ha KJIEHO.

BoponkooOpa3Hble 31eMeHThl MPUMEHSIOT B cajoBbiX MaBwiboHax ( Kanana), B
mkonbHbIX 31aHusAX (CLIA), B mokpeiTusix pbiHKOB (@panmus). Camoe KpymHOe
COOPY’)KEHHE TaKOro BHJAa — BBICTABOYHBIM MaBUIILOH, MOCTpoeHHBIM B llIBeinapum,
UMEET pa3Mmepsl ssuerku 18x18 m.

I[IHeBMAaTHUYECKHE KOHCTPYKIMU.

[THeBMaTHYeCKHUE  KOHCTPYKIIMU  SIBIITFOTCS  CaMBIMH  PacIpOCTPaHECHHBIMU
MIPOCTPAHCTBEHHBIMU KOHCTPYKITUSMH U3 TJIACTMACC.

[IlHeBMATHYECKUMU WM HAJAYBHBIMH  HA3bIBAIOT  KOHCTPYKIIMH, HECyIIas
CIIOCOOHOCTH KOTOPBIX 00ECIeYMBaeTCs M30BITOUYHBIM JIaBIICHUEM BO3/yXa WU JIPYroro
ra3a, 3aKJIOYEHHOTO B Ta30HEMPOHUIIAEMYIO O0O0JIOUKY, BBIMOJHEHHYIO U3 TKAHH WM
TUICHKHU.

[THeBMaTHUeCKME  KOHCTPYKIMM  OTJIMYAIOTCS  MPOCTOTOM,  JIETKOCTBIO  H
KOMITAaKTHOCTBIO B CIIO)KEHHOM BHJIE, BHICOKOW COOPHOCTBIO M TPAHCHOPTAOEIbHOCTHIO.
Nx Bo3BemeHue BechbMa TMPOCTO HM  HE TpedyeT KaKuxX-IMOO  TPYJOEMKHUX
BCIIOMOTATENbHBIX Npucnocodsiennit. OHM 0051aal0T CEHCMOCTOMKOCTBIO, a HX
OCHOBAaHHME MOXKHO BO3BOJUTH Ha CKAJIbHBIX TPYHTaX.

[THeBMaTHYECKHE KOHCTPYKIIMH TTOAPA3CISIOTCS Ha:

- BO3/IyXOOIOPHBIE (BO3IyXOHECYIIIHUE);

- THEBMOKAPKAaCHBIE;
- KOMOMHHPOBAHHBIE (BAHTOBOITHEBMATUUECKHUE U JINH3000PA3HBIE).
BosayxoonopHsle KOHCTPYKITUU MIPEACTABIAIOT co0Oou 3aKpBITYIO

MTHEBMOOOOJIOUKY, MO KOTOPOH BHYTPH NOMEIIEHUS CO3AaeTCsl HEOOIbIIOE N30BITOYHOE
JABJICHHE BO3/yXa, UTPAIOIIEE POJIb OCHOBHOI'O HECYILETO 3JIEMEHTa KOHCTPYKIUU. ITO
JaBJICHHE ycTaHaBiuBaeTcs pacueroM B mpenenax 0,02-0,002 atv. Takoe naBieHue
obecreunBaeT HEOOXOIUMYIO YCTOMYUBOCTh COOPY>KEHUS U MPAKTHYECKH HE OIYyIIaeTCs
HaXOJSIIIIMMUCS B IOMEIICHUU JHOIbMH.

Bosnyxoonopubsie IIK mpoekTupyrorcs, Kak TpaBwio, B BUAE CHEPUUESCKUX
KYIOJIOB WJIH IIMJIMHIPUYECKUX CBOJIOB TIpojieToM oT 12 g0 50 M. u 6onee.

MKQOHb UNU NNeHKa -
i 1 1 Wwnio3
Pusd
|
1-1
Bo3duxoHadybHas
Pyas ycmaHobka

C600 co cghepuueckumu mopyamu

Topiibl CBOIOB B OOJBIIMHCTBE CIIyYaeB BBIMOJTHSIOTCS TaK K€ W3 TUICHKUA WIH
TKaHH CO C(hepuvYecKuM odepTanueM. /[ CBOIOB HEOOIBIIMX MPOJIETOB TOPIIOBBIC
4acTH B HEKOTOPBIX CIIy4asx JIeNaroT IJIOCKUMU M3 JKECTKUX MaTepHalioB (IIepeBo,
MeTaJll, IIacTMacca).



ammaAXKU

C OCIbIO oOecneueHus rcpMCTUIHOCTH W MHHHMAJIBHBIX ITIOTCPb M30BITOYHOT'O
AaBJICHUS 94CPE3 BXOIbI H€06XOI[I/IMO YCTpanBaTh HIJIFO3bI.

N30BITOUHOE AaBJICHUC BHYTPH IIOMCHICHUA CO3HACTCA KOMIIpECCOpaMUu HJIIN
BCHTHJIITOpaMH. Ecnu JAaBJICHUC BBIIIC OOIIYCTUMOI'O IIPCACIIA, BO3AYX BbLIITYCKAIOT
qcpe3 NpCaOXPaHUTCIIbHBIC KIIAIIAHBI. 3aHy0K BCHTHWIATOPA IIPU YTCUKC BO3AYXad MOIKCT
IMPOU3BOAUTHCA ABTOMATUYCCKMU.

[THeBMOKapKacHbIE€ KOHCTPYKIIMU COCTOSIT U3 Psiia HECYIUX HATYBHBIX 3JIEMEHTOB.
[THeBMO371€EMEHTHI MPEACTABISAIOT COOOM T€PMETHUECKH 3apbIThie OAJIIOHBI, Yallle BCErO
TpyOuaToi popmsl qtuamerpom 10 60-70 cm.

[IHeBMOKapKacHble  KOHCTPYKLIMM NPHUMEHSIOTCA B  BHUJE  ITHEBMOOAJOK,
ITHEBMOCTOEK, THEBMOAPOK, THEBMOKYIIOJIOB U APYTHX KOHCTPYKIUH.

IInesmoapka (Puz6=0,5-1,5 amm)

[Tnesmobanxa

I Inesmocmouxa
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IInesmoxynon

Onopbl THEBMOAPOK IIapHUPHBIE. TOpel MHEBMO3JIEMEHTOB HAIEBAIOT HA CTAJIbHOM
CTakaH M 3aKpeIUISIIOT HareiassMu uiu xomytamu. HaumbGonee nenecoodpazno mnsa 1K
HCIIOJIB30BaTh apKU KPyroeoro ouepranusd. [Iponer nHeBMoapok ciaeayeT npuHUMaTh 12-
16 M., mar 2,5-3 M. [IpoektHoe nosnoxenue [1K coxpansiercs: 6maronaps H306ITOYHOMY
nasieHuto Bozayxa (0,5-1,5 atm.)

BHyTpr mnomenieHuss C NHEBMOKAPKACHBIMU KOHCTPYKUHUSMH B OTJIMYHE OT
BO3yXOOIIOPHBIX, COXPAHAETC HOPMAJIBHOE JaBjIeHnEe Bo3ayXxa. OqHAKO, KOHCTPYKIIUH
ATOTO THUIIA CJIOKHEE B M3TOTOBJICHUWU M TPEOYIOT YCTAaHOBKH ISl HarHETaHUS BO3ayXa
[OJ 3HAYUTENBHO OOJBIIMM JaBlieHUEeM. /[l 3TOH Leau HCHOJb3yIOT OOBIYHO
KOMIIPECCOPBI, a HHOTAA OANIOHBI CO CXKATHIM BO3AYXOM MJIHM a3oM.

KoMOMHHpOBaHHBIE KOHCTPYKIIMU COCTOSIT U3 COOPHOro Kapkaca (aJIlOMUHUEBOTO,

CTaJIbHOTO WJIM AEPEBSHHOTO) M BO3AYXOOMOPHOM Orpakaaromie 000JI0UKH.
MKOHb UNU NAEHKA

XBCMKUU KOpKaC

B OOBIMHBIX YCIOBHSX BHYTPH TOMEIICHHUS TOJJEPKUBACTCS HOPMaIbHOE
napyieHue. JlaBieHHE TIOBBIIACTCA MPU 3HAYUTEIBHBIX BETPOBBIX WM CHETOBBIX
Harpy3kax. OTH KOHCTPYKIMHU OTJWYAIOTCA TMOBBIIMIEHHOW CTOMKOCTBIO, OJHAKO WX
PUMEHEHHE 11e]I€CO00Pa3HO MPHU MEPEKPHITUN OOJBIINX MPOJIETOB.

BanToBONMHEBMATHYECKUE  KOHCTPYKIIMU  MPEJACTABISIIOT  COOOM  codeTaHue
BO3/TyXOOTIOPHBIX 000JIOYEK C BAHTOBBIMHU CUCTEMAaMH W3 CTATBHBIX MJIM CHHTETHYECKHUX
TPOCOB.
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.HI/IH3006D33HI)I€ IMHCBMATHYCCKHC KOHCTPYKIOHHN COCTOAT M3 3aMKHYTBIX BHUCAYHUX
O6OHO‘I€K, 3aKPCIINICHHBIX HA ) KCCTKOM OIIOPHOM KapKace.

Puaﬁ

XeCMmKoe KoNedo

Crhodxkd

[THEBMOKOHCTPYKIIUH MMPUMEHSIOTCS. BO BPEMEHHBIX COOPYKEHUSAX: 3€PHOCKIAAAX,
CKJIaJIax CBHIMyYUX MaTepUalioB, KaK omaiayOKa JJii MOHTaXKa MOCTOSIHHBIX (OCTOHHBIX)
KOHCTPYKIIMM; I KalWTaJIbHBIX COOPYKEHUM — KaK MOKPBITUE ILIMPKOB, CTaIUOHOB,
neTHUX KuHoteaTtpoB. Kpome toro, IIK npumeHstOT myid M3roTOBIEHHS KYIIOJOB U
CKJIQZIOB METOJIOM IOBEPXHOCTHOI'O HAHECEHUS CTEKJIOIUIACTUKA WJIM IOJUYyPETaHA, B
pe3yibTaTe yero 00pa3yeTcsi MOHOJIMTHAS TPEXCIOWHAs KOHCTPYKITHUS.

N3 Bcex BumoB IIK Haubombiiee nNpuMEHEHHE TOIYYUIIM BO3IyXOOTIOPHBIE
KOHCTPYKITUH B BUJE IIWIMHIPUICCKUX WA c(PeprudecKkux 000I0UEK.

MaTtepuaJibl, npuMensiemble s K.

Jng  BO3BENECHUST TMHEBMATUYECKUX KOHCTPYKUHUM  HUCIOJB3YIOT TKAHEBBIE
MaTepuabl U TJICHKH.

OcHOBHBIEC TPEOOBAHUSI K ’TUM MaTepHUaliaM:

- BO31yXOHENPOHUIIAEMOCTb;

- BJJArOHENPOHUIIAEMOCTb;

- BJIACTUYHOCTD;

- JIETKOCTb B COYETAHWU C BBICOKOW NPOYHOCTHIO HA Pa3pblB U JHOCTATOYHOU
JOJTOBEYHOCTBIO MPHU SKCILTYaTAMU B PA3JIMYHBIX KIMMATHYECKUX YCIOBUAX.

[lnenku, kak mpaBWiIO, NEIIEBIE TKaHEH, HO OHU Ooisiee aAePOPMUPYEMBI, MEHEE
MPOYHBl W HENOJIOBEUYHBbl B HKCIUTyaTauuu. [lo3TOMy IUIEHKM TPUMEHSIOT IS
BPEMEHHBIX COOPY>KEHHUM U TEILIHILI.

B coopyxeHusix, npeaHa3HAYEHHbIX NS JJIMTENIbHON 3KCIUTyaTaluu HE00X0IUMO
MPUMEHATH TKAHEBBIE MAaTEPHUAJIBI.

TkaHu W IJIGHKH OBIBAIOT OJHO- U MHOT'OCJIOWMHBIC, NMPO3payHbIe U HEMPO3payuHbIC.
I[Ipy HEOOXOMMMOCTHM HMX MOXHO YTEIUIATh  SJACTUUYHBIMU  CHUHTETUYECKUMU
MaTepuaIaMH.




TkaHeBble MaTepHallbl COCTOSIT M3 OCHOBBI M MPONMUTKU (WU MOKpbITHS). B
KauyeCTBE OCHOBBI NMPUMEHSI0 TEXHUYECKUH TEKCTWUJIb U3 MPUPOJHBIX (JI€H, XJIOMOK) U
CUHTETUYECKUX (KampoH, HEMJIOH W JApyrue) BOJIOKOH. J[Jis M3rOTOBJIEHMS MPOMUTKU
UCIIOJIb3YIOT 3JIACTUYHBIE CMECH Ha OCHOBE CUHTETHYECKUX U KayUyKOBBIX CMOJI.

[IponuTku choykat misg NOpUIaHUS TKaHAM BO3yXOHEMPOHMUIIAEMOCTH U IS
3alUTHI UX OT aTMOC(EepHbIX BO3neUcTBUM. [IponuTKN MOaBEPKEHBI CTAPEHUIO, TO €CTh
CO BpEMEHEM OHH TEPSIOT 3JIACTUYHOCTb, B HUX TMOSBISIOTCS TPEIIMHBI, U3MEHSIETCA
IIBET, a Y CBETOIPOHUIIAEMBIX 3JIEMEHTOB CHUXAETCS MPOo3payHOCTh. [IponuTKy HaHOCAT
C OJIHOM WM JBYX CTOPOH TKaHU. J[ByXCTOpPOHHSISI MPONUTKA MOBBIIIAET Ka4eCTBO
(IONTOBEYHOCTH) TKAHEH.

TkaHu — aHW3OTPONHBIC MATEPHUAIIBI, TIOITOMY TPHU pacyeTe TKAHEBBIX 000JO0UYEK
HEOOXOJIMMO YUYHUTHIBATH Pa3IMuM€ B MEXAHUYECKHX XAPAKTEPUCTUKAX — IO OCHOBE
(BHOOJIb KyCKa TKaHM) U 10 YTKY (ITONEPEK HUTSAM).

PacueTHOE€ KpaTKOBpPEMEHHOE COINPOTUBICHHUE TKAHEH IO OCHOBE HM3MEHSETCA B
npeaenax  28,8-64 kr\cm, a mo ytky 18,2-35 xr\cm, Mmoayas ynpyroctu 90-114 kr\cm
(IpOYHOCTHBIE M YOPYTHE XapaKTEPUCTHUKUA OTHOCATCA K CAUHUIIE IMUPUHBI BHE
3aBUCHUMOCTH OT TOJIIIHH).

Hus  [IK nHaubonee dYacTo MCHOJB3YIOTCS BO3AYXOHENPOHHUIIAEMBIE TKaHU
Ne29,34,42,60,80, mpencrapistomme coO0l OAHO-, JBYX- WM TPEXCIOWHYIO TKaHb,
MOKPBITYIO CI0€M pe3uHbl. OCHOBOM JI 3TUX TKAHEH SIBISETCS KAIPOHOBBIN TEKCTUJIb.
Txanu BBITyCKaloT B pyioHax 0,9 M. Macca 1M? 5Tux Matepuanos konebnercs ot 0,45
1o 1,8 kr., a Tommuaa ot 0,6 10 1,8 MM.

Cunrernueckue ImjeHkU. Jlns [IK nmpumenstor wame Bcero moJIMATUIICHOBBIE,
nojavuaMujiHble, MNoaud(dupHble TUIeHKUW. [DIeHKH MOTyT OBITh  MPO3PAYHBIMU,
MOJIYNPO3PAaYHBIMA M HEMPO3payHbIMU, UMETh pa3iaudHbii 1BeT. [loa Bo3meiicTBHEM
COJIHCUHOU paJuaIliy TJICHKH «CTaperoT», MO3TOMY CPOK CITy>KOBI OOJIBIIMHCTBA U3 HUX
— oauH-ABa roga. Kpome Toro, miaeHKH 00J1alafOT MOBBIIICHHON 1e()OPMAaTUBHOCTHIO.
JI71s1 TIOBBIIIIEHUSI MEXaHUYECKUX XapPaKTEPUCTUK UX apMUPYIOT TKAHEBBIMU CETKAMH W3
KaIlpoHa, CTEKJIOBOJIOKHA U APYTUX MaTEPUAJIOB.

s mHEeBMaTHYeCKHX BO3ayx00mopHbIX CK HeOONBIIMX IMPOJIETOB, HCIOIB3YIOT
apmupoBannbie mieHkn Mapku [1C-40-TI1, NC-40C, a tak xe A, AC — CHHTeTHYECKHE
TJICHKU U3 TOJIMaMKia, B KOTOPhIE BIIPECCOBAHBI KAIIPOHOBBIE CETKH.

ApMHpPOBaHHBIE TJIEHKU BBITYCKAlOT B pyJioHax mupuHou 0,85-0,9 m., TommuHa
menku ot 0,45 10 0,71 mm., macca 1M? ot 0,45 10 0,76 kr. TKaHU U IUIEHKH 110 JUTHHE U
IIUPUHE COCAUHSIOT CKJIEUBaHWEM WM cBapkod. [Ipum cCKJIeMBaHUM TKaHEBBIX
MaTepraioB PEKOMEHAYIOT IIBbI YCUJIMBATh HUTSIHOW CTPOUYKOM.

PacueTHO€ KpaTKOBPEMEHHOE CONPOTUBIICHUE PACTSHKEHUIO MJICHOK KOJIEOJeTCs OT
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OCHOBBI pacucTa IHCBMATHYCCKHUX KOHCTDVKHHﬁ.

ITHeBMaTHueckue KOHCTPYKIHH OTHOCATCA K KJI1acCy npeaABapUTCIbHO
HaIIpsSXCHHBIX CK. CDopMa N HECcyliasa CIIOCOOHOCTh MX 00EeCIeUrBaeTCsA MOCTOSHHO
,Z[GI‘/’ICTBy}OH_II/IMI/I pacCTAruBarOIIMMHU HaIIpsKCHUAMHU B 060JIO‘{K3.X, BO3HUKAKIINUMU B
pPE3YIbTATC CO3aaBaA€MOI'0 BHYTPH AaBJICHUA BO3dyXa.

M30n1TOUHOE AAaBJICHUEC OIIPCACIACTCA U3 YCIOBHA
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rie XP — cymma cui B HauOosiee HEBBITOJHOM KOMOMHAIMM (CHET, BETep,
COOCTBEHHBIN BEC).

Merongel  pacuera  BO3AYXOONOPHBIX M IHEBMOKApPKACHBIX  KOHCTPYKIIMI
OCHOBBIBAIOTCSI HA O€3MOMEHTHOM TeOpuU 000104YEK, MOCKOIbKY TOHKHE U THOKHE TKaHU
HE MOTYT COIPOTHUBIISITHCS U3TUOAIOITUM U COKUMAIOITUM YCHUIIHSIM.

[IlHeBMaTHUeCKME KOHCTPYKIIMM  PACCUHUTHIBAIOTCS IO ABYM  IPEACIbHBIM
COCTOSIHUSM:

1) nmo Hecyuiel crnocoOHOCTH (MPOYHOCTh, YCTOMUYHUBOCTH);

2) mo gedbopmammsaMm (mpormbam, CKIAIKOOOpPAa30BaHUI0O W COXPAHEHUIO
MOJIOKUTENBHON KPUBHU3HBI).

Pacyer mo npounoctu mnpowusBomutcs g Bcex TunoB [IK u 3akmrouaercs B
ONpEeEICHUN MaKCUMAJIbHBIX PACTATHBAIOIIUX HANPSHKEHUN B TKAHAX WM IUIEHKAaX MpU
HanbOosee HeOIaronpPUATHBIX COYETAHUAX PACUETHBIX HAIPY30K.

Pacuer TkaHell BeneTcs B JBYX HAIPaBJICHUSAX — IO OCHOBE (C pacYETHBIMU
CONPOTHUBJICHUSMH Ro) U 10 yTKY (C pacueTHBIMH CONPOTUBICHUSIMH Ry), Ro»Ry,

IIpu pacuere Ha NPOYHOCTH JOJDKHO BBIIOIHATHCS YCIOBHE:

So(y) <Rogy)

Pacyer Ha ycCTOWYMBOCTH HEOOXOAMM TMpU NpoeKkTHpoBaHUU dieMeHTOB [IK,
KOTOPBIE MOTYT MOTEPATH HECYLIYIO CIIOCOOHOCTDh PaHbIlIE pa3pbiBa 000JOUEK.

Pacyer o nporu6am npou3BOAUTCS U3 yCIOBUS

f<[f]

W 3aKJII0YAeTCsl B OINPEACICHHMH MAaKCUMAaJbHOTO MpOoruda OT HOPMATUBHBIX
Harpy30K, KOTOPbIH JOJIKEH ObITh MEHBIIE MPEIETBbHOTO.

Jonyctumblie niporu6Osl 11K moka He HOPMHPOBAHBI U MPUMEHSAIOTCS MO YCIOBUSIM
AKCIUTYaTalUH.

VYuutsiBass, uro paedopmanus [IK He sBisieTcs NpU3HAKOM HX pa3pylIeHUS,
3HAUYEHUS MOTYT OBITb TPUHATHI 3HAYUTEIHHO OOJBIIUMH, HYeM B OOBIYHBIX
KOHCTPYKIUSX, JHIIb Obl nedopManuu HE MeEIald HOPMAJIbHOW JKCIUTyaTaluu
NEPEKPBHIBAEMOTO IIOMEILEHUS.

HyXHO OTMETHUTBH, YTO B HACTOAILIEE BpPEMsS BONPOC O pa3pabOTKE ITOCTOBEPHBIX
meronoB pacuera I[IK g0 koHma eme He pemieH. PaGoTel B ATOM HampaBlieHUU
BBIMOJIHSIOTCS OT€YECTBEHHBIMU U 3apyOEKHBIMH YUEHBIMH.
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