rNABA OEBATASA

UCCNEAOBAHUE MHOIOCNIOWHbIX CTEH
C N’MBKUMU CBA3AMU

9.1. KoHCTpyKLUMU rnbkux ceasen

Kaxk ormeyasioch B ri1aBe 1, BiepBblie THOKME CBSI3U, COEIMHSIIONINE
MEXIy COOOM CJIOM HApy>KHBIX CT€H, ObLIM IpuUMeHeHHI B 1829 romy
B Poccun unxxeHepom A.U. I'epapaoM. DTu CBSI3U MPEACTaBIISLIIA CO-
00l KOBaHbI€ CKOOBI, CKPYTKHY U T.11. (puc. 1.1 0).

ITockoabKy Ki1agka B Ty IMOpY BeJlach MPEUMYIIIECTBEHHO Ha U3BE-
CTKOBBIX pacTBOpax, 00JIamaroIInX OTHOCUTEIBHO HEBBICOKOM MPOY-
HOCTbIO, TpeOOBaHMsI K aHKEPOBKE ObUIM MOBBIIIEHHBIE. 3arHyTbie
KOHIIbI CKOO BCTaBJISUIMCh B MIPOOUTHIE B KUPIIHUYE OTBEPCTHUS, UYTO
obecrneunBao ux 0oJjiee HaAeXKHYI0 aHKepoBKY. M cycTs MHOTHE Ae-
CATWIETHSI, ykKe B Hauaje XX CTOJETHsI, MOXXHO HATH aHaJIOTUYHbBIe
TpeOOoBaHUsI IO YCTPOMCTBY r'mOKMX cBs3eil. Tak, B padbore B. Kypmio-
MoOBa, M3maHHOi B 1916 romy [9.1], mpemiaraeTcst «3a30p MEXIY
CBSI3bIO M CTEHKAMM THE3/1a 3arOJHATh CBUHIIOM WJIY LIEMEHTOM>.

B 30-e roabl mpoIIoro CTOAETUS CTaau IPUMEHSITHCS CBSI3U IPY-
IrMX TUIIOB, IIPEUMMYILECTBEHHO B BUiae Z, [-00pa3HBIX CTEPKHEI.
B 3T0 BpeMsI MPOKO MPUMEHSITIUCH CBSI3U M3 CTAIbHON TTOJIOCHI WIIH,
Kak TOTJa Ha3bIBaJIM, MaYeYHOTO0 XeJie3a. DTU TUTIBI CBSI3ei OIMMcaHbl
B 1932—1936 rr. B pabote Kapno-CricoeBal9.2].

M3MmeHeHne KOHCTPYKIINI CBA3€i TTPOM3O0IILIO TOTAA TJTABHBIM 00-
pa3om OJiarogapsi IIUPOKOMY IPUMEHEHMIO 00Jjiee MPOYHBIX pacTBO-
POB, B KOTOPBIE [TIOMUMO M3BECTHU CTAJIA J00ABIATh IEMEHT. DTO MO3-
BOJIMJIO OTKa3aThCsl OT 3alejKh KOHIIOB CBSI3ei B TpoOMBacMbIe
B KMpITMYe THe3a.

[TpuMeHsITMCH B TO BpeMsI U CBSI3U, TIPEICTABIISTIONINE COOOM CeTKY,
00pa3oBaHHYIO ABYMs TTPOIOJBHBIMU CTEPKHSAMM M3 KPYIJIOTO Keje-
3a. CTepXHU 3aKJIAABIBAIMCH TI0 OAHOMY B HAPY>KHBIM M BHYTPEHHUIA
CJIOU KJIAAKU U COEAMHSUIMCh MeXIy co00ii ITpoBoJioKoii (puc. 1.1 B).

B nocnenyroieM K 3TUM TUIIaM CBSI3ei JOOABUJIUCH €1le U m-00-
pasHbIe NETIX U3 [JIAAKON apMaTypbl IMaAMETPOM 6 MM.

B nmocnenHee BpeMsI B OTeUE€CTBEHHOM MPAKTUKE TTOMUMO OTMCaH-
HBIX BBIIIE TUTIOB CTAJIM UCITOJIb30BaThCS TMOKHE CBSI3U U3 CTEKIOBO-
JIoKHa (Hampumep, buiickoro 3aBona), (¢oro Ha puc. 9.1.1), u3 6a-
3aJIbTOBOTO BoOJIOKHa (Hampumep, dupmbl «MATEK», ¢oTo Ha
puc. 9.1.2).
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PaccTossHue Mexay CBSI3SIMKM Ha3zHadyaloch 0€3 J1OCTaTOYHOTrO
000CHOBaHMS U KOPPEKTUPOBATIOCH 10 ME€pe HAKOIJIEHUS KaK oTeve-
CTBEHHOTO, TaK U 3apyOe>KHOTO OIbITa AKCIIyaTalluy 3AaHUI C MHO-
TOCJIOMHBIMU CTEHAMU.

B pa6orte [9.1] roBopUTCS O pacIIOJIOKEHUN CBS3EH, «IelaeMbIX U3
OLIMHKOBAHHOM MPOBOJIOKU WM TTOJIOCOBOTO XKeJie3a, pacrojaraeMbIixX
Ha pacctostHuu 1—1!/, M oqHa OT Apyroii, B IIAXMAaTHOM TOPSIZIKE 110
BbIcoTe». TaKoii 11ar cBsI3ei ABIsieTCs JOBOJIbHO OOJIBIINM U B KAKOK -
TO CTETIEHW MOXET ObITh ONpaBAaH JIUIIb UX XOPOILIEl aHKEPOBKOA.

B [1.5] 3anucaHo, 4TO IIOIIAAbL OIIEPEYHOTO CEYEHUS CTaIbHBIX
cBs3eli ToyrKHa ObITh He MeHee 0,4 cM? Ha 1m2 cteHbl. Takoe Kosaude-
CTBO CB$I3€i1 COOTBETCTBYET 5,7 CTEpKHEN AUaMETPOM 3 MM.

B crenax A.M. T'epapia 3amiura cBsi3deit OT KOPPO3UU OCYILIECTBIIS -
Jlach IyTe€M MX TOTPYXKEHUS B JAETOTh, 0OMa3Ku CMOJIOM U T.II.

OaHaKo MMEHHO HM3Kas TOJTOBEYHOCTD CBSI3€i Hapsiay ¢ Mpoca-
KOW YTeIUIuTeNsl OrpaHUuMBajia 0oJiee MIMPOKOE MPUMEHEHHE CTEeH
C TMOKMMMU CTAJIBHBIMM CBSA35IMU. B Havasie mpoliioro CTojaeTus aH-
TUKOPPO3UITHOE TTOKPHITHE ObLIO MPEIIOKEHO IeJIaTh U3 LIMHKa [9.1].

B 30-¢ roasl y>ke roBOpMIOCH O HEOOXOAUMOCTH BBIITOJIHEHMS CBSI-
3¢l U3 HEPKABEIOIIEH CTaIM WM C HAHECEHUEM LIMHKOBOTO MOKPbI-
tnsi. OgHaKo B cuity AeuUiinTa U JOPOrOBU3HBI 9TUX MAaTEPUAIOB pa3-
pelIayioch aHTUKOPPO3UMHYIO 3AILMUTY BBIMOJIHSATH MyTEM MOIPYyXKe-
HUS CBSI3ei mepea uX YKJIaAKOoW B CTEHY B pacIlUIaBICHHBINA OUTYM,
XKUIKWAN LIEMEHTHBIN pacTBOP U T.II.

Torna xxe 6bUIM MPeITOKEHBl TEXHUUECKUE PEILIEHUS CTEH CO CBSI-
3MM U3 IJIACTUHOK U3 3TepHMTa (acOecTolieMeHTa). B HeKOTOphIX
KOHCTPYKUMSIX TJIACTUHKU YKJIAJbIBAJIUCh B TOPU3OHTAJIbHBIE IIIBHI,
nepexkpbiBas Bech kosonell. [TomuMo obecriedueHus CBSI3U MEX/Y CJIO-
SIMU CTE€HBI 3TO CIEPXMBAJIO TakXKe MPOCAAKY yTeruiuTeasl (0ObIYHO
3achinku) (puc. 1.1 6). C ueibio 5KOHOMUHU ObUIO TIPEIJIOKEeHO yCTa-
HaBJMBATb Y3KUE MJIACTUHKW 3TEPHUTA TOJbKO B BEPTUKAJIBHBIX IIBAX
(puc. 1.1 B), 1100 B BEpTUKAJIbHBIX U TOPU3OHTAILHLIX (puc. 1.1 T).
Ho v takue KOHCTPYKIIMA KOHOMUYECKM ce0sl HEe ONpaBIblBAIU U
MPUMEHSJIMCH KpaiiHe OrpaHUY€eHO.

3a mocneayrolue AeCATUIETUSI B KOHCTPYKIIMA TMOKUX CBS3ei
y Hac MaJio 4TO MU3MEHWJIOCh. TpeboBaHus 00 00s13aTeIbHOM aHTU-
KOPPO3UMHOI 3alllUuTe CBA3€d JIMOO BBIMOJHEHUNW MX W3 CTOMKMX
K KOPPO3UU MaTepUaioB Ha MPAKTUKE BBIMOJHSIOTCS HE BCEra Aaxe
B OTBETCTBEHHBIX COOPYXeHUsX. Tak, B 1I0OKOJE BbICOTHOTO 3JaHUS
MMU]I Ha CmoneHckoit rutomanay B Mockse (1953 rox) kperieHue Ha-
PY>XHOTO CJI0SI U3 OOJIMIIOBOYHBIX TPAHUTHBIX KaMHEW ¢ OCHOBHON
KJIaJKOM ObLJIO OCYIIECTBICHO CBI3SIMMU 13 OOBIUHOM CTaan. DTO IIPU-

3



BEJIO K TOMY, YTO HaXOASIIMECS B BO3AYIIHON MPOCIONKE MEXIY CJIO-

SIMU CTE€HBI YYaCTKHM CBSI3€M TMOJHOCTbIO Pa3pylIWJIUCh KOPPO3UEN.

ITpu 5TOM B HEKOTOPBIX MECTAX ObLIM YCTAHOBJIEHBI CBSI3U U3 HEpKa-

BEIOLLEH CTaJIU, KOTOPbIE MPEKPACHO COXPAHUJIUCK.

B Haie BpeMsi U3BECTHBI TakXKe Cilydyau MPUMEHEHUs CBsI3ei U3
00BIYHO cTamu 6€3 aHTUKOPPO3UMHOTO MOKPBITUS 1aXKe B BBICOTHBIX
3gaHusx (puc. 2.3.12).

CranbHble TMOKME CBSI3U 3HAYUTEILHO 2(D(DEKTUBHEE C TOUKU 3pe-
HUS TEeTJIOTEXHUKW KUPMUUYHBIX nuadparm. Bmecte ¢ tem, norepu
TeIlIa Yepe3 CTajbHble CBSI3U MOTYT HocTUrath 10% B 3aBUCMMOCTHU OT
HUX CEUYEeHMUs U lllara, MaTepuayia KJaaaku v T.1m. [ToaTomy ontumanb-
HBIM SIBJISIETCS MCTIOJIb30BaHUE CBI3€1 U3 KOMITO3UTHbBIX MATEPUAJIOB,
CTOMKUX K KOPPO3UU U UMEIOIIMX HU3KUI KOA(DPUIIUEHT TEIIOINPO-
BOJITHOCTH.

K coxanienuio, cBSI31, U3rOTOBJIEHHbIE U3 CTEKJIOBOJIOKHA, TAKXKe
HE SBJISIIOTCS] UJ€aJIbHBIM MaTepuaaoM, TaK Kak MoJBEep>KeHbI KOPPO-
311 B ILIEJIOYHOU Cpele, MMEIOIIEcss B pacTBOPHOM IiiBe. B aToM
CMBICJIE JTYYIIUMU SBJISIIOTCS CBS3U U3 0a3a1bTOBOTO BoJioKHa. Otmipe-
JleJIEHHbIE MPOOJIEMBbI CO CBA3SIMU U3 KOMITO3UTHBIX MaTEPUaIOB MO-
I'YT BO3HMKATh TaKXKe M3-3a CJI0XKHOCTU U3TOTOBJIEHUSI aHKEPHOTO y3-
Jia. YacTo NMpUMEHSIIOTCS CBSI3U, aHKEPHbBIU y3€1 KOTOPBIX MpeacTaB-
JISIET COOOI HE3HAUUTEJIbHOE YBEJIMUYEHUE B IMAMETPe Ha KOHIIE CBSI-
31 1100 ee He3HAUUTEIbHbIN 13rnd. Takast KOHCTPYKIIMS MOXKET OBbITh
BIMOJIHE HAJEXHOM MPU YCTAHOBKE CBSI3U B MOHOJIUTHBIN 6€TOH. Of-
HaKo TMpY pa3MelleHUM B pACTBOPHOM I11BE Ha/IEXKHOCTb TaKOW CBS3U
BBI3BIBACT COMHEHME. Bo BCSIKOM ciydae, Heobxoduma sxcnepumen-
maavHas npoeepka NPOHHOCMU U NOOAMAUBOCHIU Y3108 AHKEPOGKU Ma-
Kux cesazeii 6 kaadky. OCOOEHHO PTO OTHOCUTCS K KJIaJKe U3 HU3KOII-
POYHBIX MaTEepUAJIOB (SIYEMCTOrO U JIErKOTo OETOHA 1 T.I1.)

3apyOeKHbIiI OMNBIT MPUMEHEHMSI TMOKMX CBSI3€il 3HAYUTEIbHO

MPEeBOCXOAUT OTeueCTBeHHbIN. TlepBoHAYaIbHO KOHCTPYKLMST CBSI-

3€id, 1Iar uxX yCTaHOBKM, Kak U B Poccuu, onpeneasyiucb UCKIOUN-

TeJIbHO ITyTeM OTOOpa 0oJjiee HaaeXKHBIX PELIeHUI B IIpolecce IIn-

TEJIbHOM BKCIUTyaTalluy 31aHUi. BOJIbIIMHCTBO COOMIOAAEMBIX U CE-

roJIHsI TpeOOBAaHUM K CBSI3SIM ObLIU C(POPMYIMPOBAHbEI MHOTHE TOAbI

tomy Haszan [1.2—1.4]. K Haubosee o01IMM MOXHO OTHECTH CJIeIYIO-

e TpeOoBaHUSI:

e (CBs3U, pacriojaraeMble B MPOCTPAHCTBE MEXAY ABYMS CJIOSMU
CTEHbI, TOJKHBI BBITTOJHATHCS U3 CTOMKUX K KOPPO3UU MaTepura-
JIOB: HEP>KaBEIOIIEH CTAJIN; C IMHKOBBIM MOKPBHITUEM, HAHOCUMBbBIM
METOJaMU TaJIbBAHU3ALIMY B ropsiueii BAHHE; KOMITO3UTHBIX MaTe-
PUAJIOB; C 3allIMTHBIM MOKPBITUEM U3 STTOKCUIHOW CMOJIBI.



e (Cas3u [-, Z-00pa3Hoil (pOPMBI MOTYT IIPUMEHSITHCS IS CTEHOBBIX
MaTepUaoB C HEOOJBIIMMU IIyCTOTaMM (IIYCTOTHOCTH He OoJiee
25%) vy Mpu 3aIloJIHEHUU IIyCTOT PaCTBOPOM IIPU OOJIbIIIEM ITPO-
LIEHTe TTyCTOTHOCTH. CBS3U MPSIMOYTOJILHOM, TPEYTOJIBHOM, Tparie-
LMEeBUIHON (POPMBI U T.J. MOTYT IIPUMEHSITHCS 11T CTEHOBBIX MaTe-
puajaoB 0e3 orpaHUYEeHMSI TIPOLIEHTa MYCTOTHOCTU. OOBIYHO CBSI3U
M3rOTaBIMBAIOTCSI U3 XOJIOAHOTSHYTOM MpoBoJioku [9.3], [9.4].

e CBs3M U3 CTAJIBHON pUMICHON TJIACTUHBI PEKOMEHIYIOTCS ISt
KpeTUIeHUS TUIIEBOTO CJI0ST KJIAAKHU TOJIBKO K IepeBIHHOMY KapKa-
cy [9.3].

e (CBsa3u [-, Z-o0pa3Hoil (pOpMbI JOKHBI UMETh Ha 000MX KOHIIAX
3aru0Obl JIMHOM He MeHee 2 moiiMoB (5 cMm) [9.1].

e (CBsI3M MOTYT KPETUTHCS K apMaTypHBIM CETKaM, 3aKJIaJIbIBaeMbIM
B oAuvH MO0 B 00a cios creHbl (puc. 10.1.2 a, 0, B), a TaKXKe BbI-
TTOJTHSTBLCS B BUZIE OMHOM CETKM, COeAMHSIIoNIeH ciiou. PaccTosiHue
MEXKIy TIONePEYHBIMU CTePKHIMMU, COSTMHSIIONIUMU CJIOM, OOBIU-
Ho npuHuMaetcs 15 aroitmoB (38 cm) [9.3]. [luis obecnieueHust CBo-
OOIHBIX MEPEMEILIEHUI CIIOEB OTHOCUTEIBHO JIPYT APYra HE TOJbKO
110 BEPTUKAJIN, HO U TI0 TOPU3OHTAIM CETKHU MpeIaraeTcs neiaaTh
C MPSIMOYTOJIbHBIMM sTueiikamu. [IpuMeHeHne CeTOK ¢ 3Ur3aroo0-
pa3HbIMUY MONEPEYHBIMU CTEPXKHSIMU B MHOTOCJIOMHOM KaMEHHOM
KJIafKe He TOIycKaeTcs.

e Jlyst cTeHbl, 00a CJIOSI KOTOPOM BOCHPUHMMAIOT TOPU30HTAJIbHYIO
Harpy3Ky 13 IIJIOCKOCTU CTeHBI (cavity wall), amameTp cTajbHBIX
CBsI3ell 00BIYHO peKoMeHayeTcs 3,8—4,8 MM B citydae, eClIu IIUpU-
Ha 3a30pa MeKay CJIOSIMU KJIaJKu He TipeBbiiaeT 11,4 cm [9.3].

e [Ilar cBs3eii mo TOpU3OHTAIM, KaK IIPaBUjIO, He MpeBbiiiaeT 91 cm
IIPY OOBIYHBIX CBSI3SIX U 41 cM IIpu perynupyeMbIx cBs3sx. I1o Bep-
TUKAJI MaKCUMAaJIbHOE PACCTOSTHUE MEXKITY CBSI3SIMU TIPUHUMAETCS
61141 cM COOTBETCTBEHHO ISl HEPETYIMPYEMBIX U PETYINPYEMBIX
CBSI3EI.

e Ha 1 M2 MOBEPXHOCTU CTEHBI IPUHUMAETCA 4 CBA3U IIPU UX IUa-
Metpe 3,8 MM 1 2,4 cBsi3u nipu guametpe 4,8 mMm [9.3]. B oreuect-
BEHHBIX HOpMax [9.8] mpuHsaTO, uTO Ha 1 M2 MOBEPXHOCTH CTEHBI
CYMMAapHOE CeYeHUE CBA3EI JOJDKHO COCTABIATEL He MeHee 0,4 cMm2,
YTO MPAKTUYECKHU COOTBETCTBYET MPUBEACHHBIM BBIIIC 3HAYCHU-
sm. Lllar cBs3eit He perTaMeHTUPOBaH.

e Jlns kupninyHoit o6auoBku (Brick Veneer), kpersiieiicss ruoKu-
MM CBSI3SIMU K 3KeJIe300€ TOHHOM CTeHe, KapKacy, TMaMeTphl CBsI3eit
MIPUHUMAIOTCS TAKUMU K€, KaK U B MHOTOCIOMHBIX KaMEHHBIX
creHax. 1o BepTUKaaI MaKCUMaJbHOE PACCTOSTHUE MEXITY CBSI3SI-
MU nipuHuMaeTcs 46 cm 1 o ropusoHTaau — 81 cm [9.3].



e B MecTax n1BepHBIX 1 OKOHHBIX IPOEMOB, BOJIM3U YIJIOB, Aehopma-
LIMOHHBIX IIBOB JIOJIXKHbBI YCTAHABJIMBATHCS JOTIOJHUTEbHbBIE CBSI-
31 Ha pacctosiHuM 20 ¢M ot Kpas [9.3].

e C uesiblo MpeaoTBpallleHUs 3aMayMBaHUS BHYTPEHHETO CJOS
KJIaJK¥ JTOXXJEBbIMU BOJaMU (B CJlydae BOBMOXHOCTU UX MPOHUK-
HOBEHUS CKBO3b JIMLIEBOM CJION CTEHbI) CBSI3M BBIMIOJIHSIOTCS C Ka-
nejbHUKOM. ITpu 5TOM ciieyeT UMETh B BUAY, YTO B PSIJE CIyvyaen
0CeBasl XKeCTKOCTb CBSI3U C KaIleJbHUKOM MOXET 0Ka3aThCs MOYTH
B JIBa pa3a HUXe, YeM TaKOol Xe CBI3U 0e3 KareJlbHUKa.

Ilpu necosnadenuu 20pu30HMAABbHBIX PACHIGOPHBIX WB08 HAPYICHOO
U 6HYmMpPeHHe20 CA0e6 KAa0Ku npumeHstomcs pezyaupyemoie céazu. OHU
COCTOST U3 IBYX 3BE€HbEB, OJHO U3 KOTOPBIX 3aKJIaIbIBAETCS BO BHYT-
PEeHHUIA CJI0M, a ApYroe — B HapyKHbI. CoeTnHEHNE 3BEHbEB OCYIIIe-
CTBJISIETCS BHYTPU 3a30pa. Takue CBS3U BBINOJHSIOTCS KaK U3 OTAE/b-
HBIX CTEPXKHEM, TaK U MPSIMOYTOJbHBIX, TPEYTOJbHBIX U T.II. paMOK
(puc. 10.1.4, 10.1.5, cm. cTp. ???). OnHO U3 3BEHHBEB MOXET BBIIOJI-
HSITbCSI U3 METAJJINUECKOTO YyroJika, a Ipyroe — U3 OTAeIbHOTO CTePK-
Hs (puc. 10.1.8 cMm. cTp. ???).

B perynunpyeMoii cBs3u, re 0JHO 3B€HO COCTOUT U3 yroJjika, 1eJse-
Cco00pa3HO pa3MellaTh YTOJ0K B HAPYXKHOM CJIo€, a BO BHYTPEHHUI
MMOMECTUTh CTEPXKEHb, KOTOPBIM JIErye NpoKoJoTh yrerunTeab. Haao
OTMETUTD, UTO Oyiaromaps 6ojiee TEMIOMY KJIMMaTy BO MHOTHX CTpa-
Hax 3a30p MeX/y Hapy>kKHbIM U BHYTPEHHUM CJIOSIMU KJIaJKU HE BCET-
Jla 3afoJIHSIETCSl YTEIUIMTEJIeM, UYTO HECKOJIbKO YMNpPOIIaeT Kak
KOHCTPYKIIMIO CBSI3U, TaK U CIIOCOO €€ YCTAHOBKMU.

T'ubkue peryaupyemble CBSI3U 00JagaloT PsSAOM JOCTOMHCTB IO
CPaBHEHUIO C OOBIYHBIMU:
® BO3MOXHOCTb COEIMHEHMUS IBYX CJIOEB CTEHbI MIPU HECOBMAAEHUN

YPOBHS TOPU3OHTAIbHBIX 11IBOB;
® BO3MOXHOCTb 00Jiee HaAesKHOM aHKEPOBKU CBsI3€i B KaXKIbIi 13

CJI0€B. 3a CYET BBIMOJHEHUS CBSI3U U3 JBYX 3BEHBEB MOSIBISETCS

BO3MOXHOCTb MCTIOJIb30BaTh HallexXHbIe [T-00pa3Hbie U T.M. CBI3U

B KaxIoM cjioe 0e3 co3maHus HpoOjeM IIpU IMPOILyCKe CBSI3U

CKBO3b YTEIUIUTED;
® BO3MOXHOCTb YCTPOMCTBa JIMILIEBOTO CJIOSI MOCJE BHYTPEHHEIO

CJI0S1 CTE€HBI;
® (QoJblas MoAATIMBOCTb CBSI3U B BEPTUKAJIBHOM IJIOCKOCTH.

Hapsiny ¢ 1oCTOMHCTBaMU MPU YyCTPOMCTBE TMOKHX PETYIUPYEMBbIX
CBsI3€ii HEOOXOIMMO YUUTHIBATh U UX HETOCTATKM.

JIBYX3BEHbEBbIE CBSI3W SIBJISIIOTCS, KaK IpaBujIo, Oosiee MoaaTiu-
BbIMHU HE TOJILKO B BEPTUKAJIBbHOM IJIOCKOCTU, HO U BIIOJIb CBOE OCU
3a CUeT BO3MOXKHOrO JitopTa B COEAUHEHUHU, a TaKxKe M3ruda BepTu-
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KaJIbHOTO y4yacTKa CBsI3U. YeM 00Jibllle HECOOCHOCTb HApY:KHOIO U
BHYTPEHHETO 3BEHBEB, TEM OOJIbIIIE BEPTUKAIBHOE TIIEUO CBSI3U U €¢
MoJaaTAuBOCTh. Heodunakxoevte aropmot coedunenuii u eeauyun éepmu-
KaAbHbIX niex y pazHbIx cés3ell npueoodsam K momy, 4mo nooamauéocnis
ces3ell Ha 00HOM U MOM Jice YHaAcmKe CIeHbl MOJXCer CYyUleCeeHHo pas3-
aunamocsi. Imo, 6 c6010 ouepedsb, Modcem npuecmu K He0OH08PeMeHHO-
My exarouenuto ecex cesseil 6 pavbomy. MSJC Code [9.4] orpaHUIMBAIOT
BO3MOKHBII JTI0(T coenMHEHUsI IBYX 3BeHbeB 1/16 mioiima (1,6 Mm).
Bmecrte ¢ Tem, HauboJjiee pacrpocTpaHEHHbIE KOHCTPYKLIMU CBSI3Ei
umetot 1ot ot 0 1o 0,3 aroiima (0—8 MMm).

C ueanio 6oaee pasHomepHO20 BKAIOUEHUS 6CeX C83ell 8 pabomy aBTO-
pPOM HacTOSIIel MOHOTPA(UN peKomMeHdyencs blNOAHAMb npeodsapu-
meabHoe Hamscenue ceaseil. IlpuMep Takoil CBSI3M MpuUBENEeH Ha
puc. 10.1.9, cM. cTp. ???. 3aBoauMOE B JIMLIEBOI CJIOI CTEHBI 3BEHO
BBITIOJTHSIETCSI U3 METAJUIMYEeCKOro yrojika. BHyTpeHHee 3BEHO BBI-
nosiHsgeTcs: u3 I'-obpaszHoii mmwibku. [lpenBapuTebHOE HaTSIKEHUE
OCYIIECTBIISIETCS C TIOMOIIBIO Pe3b00BOTO COSMMHEHUS TIOCIe YKIIaI-
KU BBIIIIE YPOBHS CBSI3M HECKOJIBKUX PSIIOB KJIAAKW U CXBATbIBAHMS
pactBopa. Bo n3bexaHue BbIIEPTMBAHUS CBSI3M YCUJINE HATSKEHUS
JIOJKHO OBITh HEOOJBIIMM, HO JOCTAaTOYHBIM [Jis BbIOOpa Jrodra
B COCIMHEHNY 3BEHbEB.

YtoObl MMETh BO3MOXHOCTb 0OoJiee 3((OEKTUBHO MPOU3BOAUTH
MpenBapuTeIbHOE HaTSIKEHWE CBSI3M, AaBTOPOM IIpeasioKeHa
KOHCTPYKIIMS TBYX3BEHbEBOM PETyJIMPYyeMOil CBSI3M, BHEIITHEE 3BEHO
KOTOPOI BHITIOTHSETCS M3 TKAHOM CETKM M3 KOMIIO3UTHOTO MaTepua-
ga (puc. 10.1.11). s nydiieit pukcaumu B paCTBOPHOM I1IBE CETKa
Ha | cM 3a1aBIMBaeTCs B HUKEPACITOIOKEHHOE OTBEPCTHUE B KUPITUYE.
Buyrpennee 3BeHO I1-00pa3Hoii (pOpMBbI U3rOTaBIUBAETCS U3 KOMIIO-
3UTHOTO MaTepuajia ¢ HU3KOM TEeIJIONMPOBOIHOCTHIO. JIBa €ro KOoHIIa
(IIMWJIbKK) MPOITYCKAIOTCSI CKBO3b BHYTPEHHUU Cioi Kianku. s
3TOTO OHU C OJETHIMM Ha HUX KAPTOHHBIMU TWJIb3aMU TTOMEIIA0TCS
B PAaCTBOPHBIE IIBBI BO BpeMsI KJIaAKu. Ha KoHIIax MITHMIeK BBITIOTHS -
eTcs pe3nda oo yrouiieHus. ITociae Habopa pacTBOPOM IIBOB J0C-
TaTOYHOI MPOYHOCTU TTPOM3BOAMTCS HATSKEHUE IITMNJIEK C BHYTPEH-
HEM CTOPOHbI CTE€HBI raiikaMmu 100 11alidaMu-KINHbSIMU.

OMBIT BKCIUTyaTalluy PEryJIMPYEeMBbIX CBSI3eil OTHOCUTEIHLHO HEBE-
JIUK ¥ OHU B OOJIBINIEH CTETIEHU, YeM HeperyJIrupyemMble CBI3U, TpeOy-
10T OKCITePUMEHTATbHOI TTPOBEPKHU.

3a py0OexKoM MpPOBOAMIOCH MHOI'O MCCIEAOBAHUI CTEH C TUOKUMM
CBSI3SIMU 1 OJTM3KMX K HUM T10 KOHCTPYKIIMHU TOHKUX JIUIIEBBIX CTEHOK,
KPeTsIInMXcs K PacIoJoKeHHON 3a HUMU HECyIed KOHCTPYKIIWU.
Braromapst 3TUM MccaenOBaHUSIM MPOBEPSUIMCH U COBEPIIIEHCTBOBA-
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JINCh MPUMEHSIEMBIE TUITBI CBSI3ei, pa3pabaThbIBaIMCh METOIBI MX pac-
yera. Takue McciiefoBaHKs ITPOIOJIKAIOTCS U ceifyac.

Ilpaxmura omevecmeennozo cmpoumenbcmea NOKA3aid, 4o Hedoc-
mamo4mo npodymManHoe npuMeHeHue WUPOKO PACNPOCIPAHEHHBIX 34 Py-
Oedcom KoHCmPYKUUIL 8bI36A.10 Y HAC MACCOBble DegheKknbL U asapuu MHO-
20CA0UHBIX cmeH (CM. eaasy 2). Imo c8A3aH0 Kak ¢ omauyuem @ Goavuiu-
HCmee cAy4aes KAUMAmu1eckux yca06uil, max u ¢ Ka1ecmeom npumensi-
eMblx Mmamepuanos u npouszeoocmea pabom. Ilpu npoexmuposanuu peoxo
GBINOAHAIOMCSL PACHEembl CIeH KaK MHO20CAOUHBIX KOHCIPYKUUIL.

9.2. dKcnepuMeHTasibHbI€ UCCefOBaHUA Yy3JI0B aHKEPOBKU
rM6KnX cBA3en B KNapgKy

Poccuiickue ycaogusa sxcnayamayuu HapyJcHvlX CHEH 60 MHO20M ONl-
aunaromes om ycaosuii 6 dpyeux cmpanax. OCHOBHOE OTJIMUME COCTOUT
B 00Jiee XOJOAHBIX U MPOAOJLKUTENIbHBIX 3UMaxX. DTO TpeOyeT Ipume-
HeHUs 00Jiee TOJICTHIX CIOEB YTETUIMTENS U, CIeA0BaTeIbHO, YCTPOi-
cTBa 0oJiee IIMPOKMX 3a30POB MEXIY CI0SIMU Kilanku. MMerorcs ot-
JINYMS U B KQUeCTBE KJIAJTOYHBIX MaTepUaioB, CBSI3El, KaueCcTBe Mpo-
MU3BOACTBa paboT. Bece 3T0 TpedyeT NpoBeAeHUS JOMOTHUTEIbHBIX UC-
cliefoBaHUI, 0COOEHHO CTEH M3 MHOTOCJIOMHON KJIAaJKM C TMOKUMU
cBa3gIMU. Takue nccienoBaHus y Hac TOJIBKO pa3BOpaurBaloOTCS.

Psan uccnenoBanuii npopoautcsa B HHMUMCK um. B.A. KydyepeH-
Ko. Hike mpuBeneHBl pe3yabTaThl SKCIIePUMEHTAILHBIX MCCIIeI0Ba-
HUIT HEKOTOPBIX TUITOB TUOKMX CBSI3ell, BBITIOJHEHHBIE IO PYKOBOMI-
ctBoM aBTopa acrimpaHToM C.B. BeTeHMHBIM. DTU UCHBITAaHUS pac-
CMaTPUBAJIMCH KaK TTOCTAHOBOYHBIE JIJIST TIPOBEACHUST CEPUM TIOCIIEy-
IOIIMX B3KCIepuMeHToB. MccnemoBanoch BIMSIHME Ha MPOYHOCTH U
MOAATIMBOCTD CBSA3€M MX KOHCTPYKIWM, TTYOMHBI 3a0e/IK1, CEUYECHMS
CTaJIBHBIX CTepsKHEeH. [ToMIMO IMPOKO MPUMEHSIEMBIX CTATBHBIX CBS-
3¢l MCCIemoBaIUCh CBSI3M, BBHITIOJIHEHHBIE M3 JIBYX BUIOB CETOK U3
CTEKJIOBOJIOKHA, BBIITYCKAaeMbIX 3aBOAOM B I. ['ychb-XpycTanbHblil Bia-
JIUMUpPCKOM obnactu. Takxke mccienoBaniach paboTa CBsI3ei B TOHKUX
CTeHKax (TOJIIMHON B MOJKUpPIIMYA, T.€. 12 cM) IIpU pa3InyHBIX CXe-
Max oInupaHust oopa3uoB. st ucciaegoBaHus ObLIM BEIOpaHbI Hau0o-
Jiee pacnpoCTpaHEHHbIE y HAC BUbI CBA3el: Z-; #-; Q-00pa3Hbie. CeT-
KU U3 CTEKJIOBOJIOKHA OBIIY IBYX BUIIOB — KJIESTHBIE 1 TKAHEBBIC.

Bbutn mosrydeHbl TPOYHOCTHBIE U Ae(OPMAITMOHHBIE XapaKTepUC-
TUKM MaTepualia CTAIbHBIX CBSI3EH 1 CTEKJIIOBOJIOKOHHBIX CETOK.

OmHOBpPEMEHHO MPOBEACHBI UCITBITAHUS Ha BBIPHIB CBSI3EH, 3aJ10-
JKEHHBIX B TOPM3OHTAJbHbBIC IIBHI KIanku. OOpasibl TPEACTaBISIIN
co0oi1 cTeHKU ¢ pa3MepaMi B utaHe 51-50 ¢cM U TOJILIMHOIM B ITOJKUP-
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Puc. 9.2.1 a, 6. O6pasey A1 UCTIbITAHUV MPOYHOCTU MMOKUX CBA3EN Ha BbIPbIB N3 KMPMINYHOIO
JIMLEeBOro crosi; 6 — cxema UCrbITaHui

rnuya (12 cm). Knagka Obl1a BeIMOIHEHA U3 MOJIHOTEIOT0 KepaMUuuec-
koro kuprnya mapku 200 ¢ pazmepamu 25-12:6,5 cM Ha pacTBOpe Map-
KM 75 cocTaBa LIEeMEHT: U3BECTh: MeCOK B cooTHowmeHuu 1:0,7:7.

Harpy3ska npukiaapiBajach ¢ TOMOIIbIO CHEUMATBLHOTO MPUCIIO-
co0s1eHUs1, 000PYIOBAHHOIO TUIPABIMYECKHUM JOMKPATOM U IMHAMO-
MeTpoM. YepTexx u ¢poTo obpasiia, cxeMa UCIIbITAHUN MPUBEACHBI Ha
puc. 9.2.1 a, 6, B, 1. Io yrinam o6pasiibl UMEM OTIOPHI, TTPEMSATCTBYIO-
1IME MEPEMEIIEHUIO U3 TJIOCKOCTH.

Yactpe 00pa3LoB pa3pyliuiach OT M3rMba I0 TOpPU30HTAJIbHBIM
1IBaM, y YaCTW MPOU30IIIO BbIAEPTUBAHNE CBSI3M U3 1IBA, Y YACTU —
pa3pbIB cBa3eit. Ha puc. 9.2.2, a npuBeaeHbl rpadMKy 3aBUCMMOCTH
MEepeMEIICHUN CBSI3€M OT MPUKIAIbIBAEMOIO K HMM OCEBOIO YCHU-
Just N. AHau3 NOJyYEHHbBIX PE3YJIbTATOB MO3BOJIWI CAENATh CJIETYI0-
mue BbiBoabl. ITpu nmpounom pactBope (M50 u BbIllIe) HE3aMKHYThIE
cBs3u (Z-; [-; [-obpa3Hble U T.11.), U3TOTOBJIEHHBIE U3 IPOBOJIOKU M-
aMeTpoM He Oosiee 3 MM C mpeaenoM TekydecTd He Boiiie 250 Mlla,
BbIJIEPIUBAIOTCS 0€3 3aMETHOTO pa3pylleHUs] pacTBOpHOTro 1iBa. [1pu
M3TOTOBJICHUM TaKUX CBSI3€il U3 apMaTyphbl AuaMeTpoM 6 MM U Goliee
MPOUCXOAUT JMOO BBIPHIB YUacTKa KJIaJKH, OO pa3pylleHre caMoi
KJIagK1 OT M3ruba ee U3 IIOCKOCTU. XapaKTep pa3pylleHUs B 3TOM
cJlyyae 3aBUCUT OT PACCTOSTHUSI MEX]Y CBSI3SIMU B CTEHE — MPU OTHO-
CUTEJIbHO HEOOJbIIOM pACCTOSSHUM TIPOUCXOIAUT BBIPBHIB CBSI3HU,
a B IPOTUBHOM cCJlydyae — pa3pylieHue Kiaaku oT u3ruoa.

B cuity oTHOCUTENIBHO HEOOJIBILIONW TPOUYHOCTU CBSI3€1, U3TOTOBJIEH -
HbIX U3 10JI0C CTEKJIOBOJIOKOHHBIX CETOK, pa3pyllieHre KJIaaK1 He Ha0-
JIIOJIAJIOCh Y TPOUCXOJWJI BBIPBIB WX pa3pbiB CBA3U. OCOOEHHOCTHIO
paboThl CTEKJIOBOJIOKOHHBIX CETOK SIBUJIOCH TO, YTO HATSDKEHUE BCEX
MPOAOJIbHBIX CTEPXKHEM TMPOMCXOAMUJIO HepaBHOMEPHO. Bcienctsue
9TOT0 MPOYHOCTb CETKM U3 HECKOJIBKMX CTEPXKHEN ObLTa HUXKE CyMMap-
HOM MPOYHOCTHU TaKOT'O XK€ KOJUUYECTBA OTACIbHO UCTIBITAHHBIX CTEPXK-
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Puc. 9.2.2. [paghmk 3aBUCUMOCTU NepeMeLLeHus CBS3N OT ycunnsi Bbipbisa N

Heii. KoahGUuuMeHT ncnonb3o0BaHus IIPOYHOCTU MPOIOIbHBIX CTePK-
HEH KJIESIHOM CEeTKM U3MEHSJICS C IIMPUHOM CETKM U MpPU TPEX IPO-
JIOJbHBIX BojJoKHaX cocTtaBwi 0,75. KoagdUIMEeHT MCIIOIb30BaHUS
MPOAOJbHBIX BOJJOKOH B TKAHOW CETKe ObUT OJIM30K K EAMHMUIIE.

IIpenenbHble 3HAUEHUS ITIEPEMEILIEHUI B y3JIe CBsI3€id COCTAaBUJIU:

Z- 1 Q-00pa3HbIX cBI3eil — oT 1,3 1o 1,5 mM;

#-00pa3HO1 CETKM M3 apMaTyphbl AUaMeTpoM 2,7 MM — 3MM;

U3 CTEKJIOBOJOKOHHBIX CETOK — = 3 MM.

KecTKkocTh CBsI3ei Ha pacTsLKeHUe £ BBIYMCIISIIACH 10 (hopMyJIe:

£E=N,/e, (9.2.1)

rjie e, — NpelejbHasg BeJIUYMHA IEPEMEILEHNUS CBA3U; N, — Mpeaesib-
HOE yCUJIHE.

ZKecTkocTh cBsI3eit cocTaBuia:

Q-00pa3Hble AUaMETPOM 6 MM IIpU AaHKEPOBKE 3a METII0 —
2,3 kH/mm;

Q-00pa3Hble JuaMeTpoM 6 MM MpU aHKEPOBKE 3a OTTUOBI —
3,4 xH/mm;

Z-o6pasHble quametpoM 6 MM — 2,0 kH/MM;

Z-o6pa3zHbie nnameTpoM 3 MM — 0,73 kH/MMm;

#-obpasHas — 1,6 kH/Mm;

CTEKJIOBOJIOKOHHAs ceTka — MmeHee 0,35 kH/Mm.

IMepemerieHns CBSI3M CKIIANBIBAIOTCS M3 TIEPEMEIICHUI B y3JIe aH-
KEPOBKM 3a CUET ero MoJaTIMBOCTH M TIepeMeIlIeHN 3a cueT nedop-
Maluii coOCTBeHHO cBs3U. IlocaenHss BemuurHa 3aBUCUT OT JUTUHBI
CBs3U. B MmpoBeeHHOM 3KCTIIepUMEeHTe OIpeiesisyiach CyMMapHasl Be-
JIMYUHA TIPH JUTUHE CBSA3U OT MOBEPXHOCTH KJIAIKHM 10 Kpast 3aKMMHO-
r'o yCTpoiicTBa 9 cM.
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ZKecTKoCTb CBSI3U CTEHBI C IBYMSI CIIOSIMU KJIaJIKW, BBITTOJTHEHHBIMU
M3 OJHOTO U TOTO K€ MaTepuralia, U pacCTOSHUU MEXIY oMU 18 cm
Oy/ieT paBHa MOJIOBMHE MOJIyYUEHHOTO U3 DKCIIEPUMEHTA 3HAUYEeHUS.

BbII0 YCTAaHOBNEHO, UTO €8A3U, U320MO6AeHHble 6 8Ude céapHoil #-
06pasnoil cemru uz apmamyput ouamempom 3 Mm, TPeUTIOKEHHOMN aBTO-
pom ettte B 1987 rony B cepun 2.130.8 [1.14], asaaromcesa nauboaee npeo-
NOYMUMEAbHBIMU N0 CPABHEHUIO € OPY2UMU UCHBIMAHHBIMU C8A3AMU. 7 -,
[-; Q-o00pa3Hble CBsI3U WISl oOecIieueHUs] HeOOXOIMMOM KeCTKOCTHU
JOJIKHBI U3rOTaBIMBATLCS IUaMeTpoM 5 MM 1 6onee. [Ipu aToM pacxoo
cmaau na #-o6pasnyio cemxy 6 1,5—2 pasa menvue, ueM y 3TUX CBsI3ei.
IToMKrMO SKOHOMUHU CTaJIM HEMAJIOBAXKHBIM (PAKTOPOM 371€CH SIBJISIETCS
yeeauuenue 0o 5% conpomueaenus cmenvt menaonepeoaue.

ITpoBeaeHHbIE UCCIEAOBAHUS MTOKA3AIU TAKXKE 803MONCHOCb NPU-
MeHeHUs 8 Kavecmee 2UOKUX Cés13ell CemoK U3 CMeK106040KHA U Opy2ux
KOMNO3UMHbBIX MAMepuaioé npu ycioeuu obecnedenus ux npeosapu-
meabHo20 namsycenus. OCOOEHHO yIOOHO UCITOIb30BaTh TKAHbIE CET-
KM, o0JafamolIre OOJbIION T'MOKOCThIO, B KAUECTBE PEryIMpPyeMbIX
MPU HECOBMNAJEHUY TOPU3OHTAJIbHBIX IIBOB HAPY>KHOTO Y BHYTPEHHE-
ro cioeB creHbl (puc. 10.1.11, cm. cTp. ???).

M3 ucnbiTannii ObLIO YCTAaHOBJIEHO, YTO MPOHHOCHb HA U32UO U3
NA0CKOCMU MOHKUX CHEHOK (MOAWUHOI 6 NOAKUPNUY4a) 3a4acmylo 3Ha-
YUMeabHO HUdICe NPOUHOCU KAK CAMOI C853U, MAK U y31a ee AHKEPOGKU.
Ilosmomy npu npoexmupoganuu cmen ¢ 2UOKUMU C8A3AMU HEOOX00UMO
uCxXo0ums u3 ONMUMAALHO20 COOMHOUEHUA NPOYHOCMU C8A3ell, UX Y3108
AHKEPOBKU U NPOYHOCHU KAAOKU CA0€8 CIeHbl HA U32U0 U3 N10cKocmu.
B nocnenHem ciyyae HeOOXOAMMO YUYUTHIBATh YCJIOBUS OMTMpPAHUS Ha-
PY>XHOM CT€HBI Ha TIEPECEKAIOIIUECS C HEl CTEHBI U TTePEKPBITHUS.

ITpuBeneHHbIe Pe3yJbTaThl SBJASIOTCS MEPBbIM 3TANIOM MPOBOAM-
MOTro B HAacCTOsIIee BpeMS MCCIeJ0BaHUS MO OOOOIIEHUIO OTEeYEeCT-
BEHHOTO M 3apy0e>KHOT0 OTbITa BO3BEACHMS CTEH U3 KAMEHHOM KJlal-
KU C TMOKMMU CBSI3IMU IPUMEHUTEBHO K MECTHBIM YCJIOBUSIM.

9.3. UccnepoBaHne Nnpu4nH o6pasoBaHns Aed)eKToB
B KUPMUYHOM KJlagKe NULLEBOro Criosi Hapy>XHbIX
CTeH 34aHun

9.3.1. Hccaedosanue npuuun 06pazosanus deghekmos 6 KUpnU4Ho Kaao-
Ke AUUes020 CA0s HAPYICHBIX CMeH 30aHUll, PACNOAONCEHHbIX HA
ya. Maenumoeopckas ¢ Mockee

,HJIH YTOUHCHHUA IIPUYUH BO3HMUKHOBCHUA [le(l)eKTOB B JIMLIEBOM
cJioe ObLIM BBIMOJHEHBI PACYECTHO-TCOPETUYCCKHNEC HMCCIICOAO0OBAHNMA.
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HMccnenoBanus BKJIOUaau B ce0s1 pacyeTbl METOJIOM KOHEUHBIX dJie-
MEHTOB (pparMeHTOB 3JaHUI U CTEH C JIMLIEBBIM KUPIUYHBIM CJIOEM.

B xauecTBe HaTypHOro MpOTOTUIIA ObLIM BHIOpAHBI ABa 22-3TaxX-
HBIX XXWJIBIX IoMa Ha ya. Marautoropckas B Mockse (2002—2003 ro-
nb1). @parMeHT IJ1aHa 30aHUS TIpUBeAeH Ha puc. 2.3.7 6.

Hecyiime sneMeHTbl HapyXXHbIX 1 BHYTPEHHUX CTE€H W MEePEeKpbI-
TUI BBITIOJTHEHBI U3 MOHOJUTHOTO XeJie300eToHa. [TunoHbl 001mn110-
BaHbl KMPIIMYHOW KJIaAKOU TojamuHoi 12 cm. KpeneHue auieBoro
CJ1051 K XKeJIe300€TOHHBIM MMUJIOHAM OCYIIECTBISIETCS TMOKUMU CTaslb-
HBIMU CBSA3SIMU. B ypoBHE MeEXIy3TaXKHbIX MEPEKPBITUIA JULIEBOM
CJION KJIaJIKU HauMHasl C 1IeCTOTO 3TaXa yCTaHaBJIMBAETCSl HA CTaslb-
HOM YTOJIOK, KPETIIIUIACS K TTePEKPBITUIO.

Ha yuyacTtke HapyXXHBIX CTEH, IJIE XKeJe300€TOHHbIE TTUIOHBI OTCYT-
CTBYIOT, BHYTPEHHU CJION CTEHBI BBITTOJHEH U3 SY€UCTOOETOHHBIX KaM-
Hell. DTOT CJI0i1 CTeHBI IMMO3TAXKHO OMUPAETCS HA TUIMThI IIEPEKPHITUIA.

CHapyxXu Kjiaaka M3 sSYeUMCTOOETOHHBIX KaMHEl oOJIMIIoBaHa
CJIOeM KJI1aJIKH1 U3 TJIMHSIHOIo Kupnuya ToamuHou 12 cm. CBsI3b ciio-
€B OCYILIECTBJISIETCSl 3aBEICHHBIMU B 00a CJIOSI THIYKOBBIMU KUPITH-
yamu. JIuLeBoi cjioil U3 KMPOUYHON KJIaAKW Ha IMEePeKPBhITUST WU
Kakue-aubo Ipyrue 3JeMeHThI 10 BCell BbICOTE CTEHbI HE OTIUPAET-
cs. ['opuzoHTabHbIE Ae(OpMaALIMOHHbBIE IIBbI MEXIY HU30M YroJiKa
1 BEPXOM TOJBEAECHHOUN MO/ HEro KJIaAKW OTCYTCTBYIOT U 3aIlOJIHE-
Hbl paCTBOPOM.

Bbl10 ycTaHOBJIEHO, YTO Ha YIJIy 3IaHUSI B ypoBHE 4—6 sTaxei
B JIMLIEBOM KUPIIMYHOM CJIo€ 00pa3oBajiach BEPTUKAIbHAS TPEIIMHA.
Tam >xe oOpazoBajiach HaKJIOHHAS TPELIMHA U TPOU30IIUIO BbIITyYMBa-
HUeE JIMLIEBOIO CJIOS1 U3 INIOCKOCTU CTEHHI 10 5 MM (puc. 2.3.7 X, 3, 1).
Ha npyrom yuyactke 31aHusl B ypOBHE NEPEKPHITHS HaJ MEPBbIM 3Ta-
JKOM TIPOM3OIIUIO pa3fapoOyieHue JMLEBOTo ciosl Kiaaku (poro Ha
puc. 2.3.7, K).

bonee moapoOHO omucaHue KOHCTPYKLMM 30aHUSI U 1e(DEKTOB
KJIaJIKM JIMLIEBOTO CJI0s IIpUBeIeHBI B pasaene 2.3.7.

[nsa aHanuza HaNpsKEHHO-Ie(POpMUPOBAHHOIO COCTOSIHUS
KOHCTPYKILMI HAPY>KHBIX CT€H, B TOM YMCJIE JULIEBOTO CI0S1 KJIAJKH,
ObLI IPOM3BEACH pacueT IIPOCTPAaHCTBEHHOro (hparMeHTa 22-3TaxKHO-
ro 3maHus o nporpamme «JIupas, peannsylolneil MeToa KOHEYHOTO
9JIEMEHTA.

PacyeTbl BBINOJHSIMCH 11O PYKOBOJCTBOM aBTOpa MHXEHEPOM
A.B. 3yeBoii. PacueTHas cxeMa ¢pparMeHTa npuBeAeHa Ha puc. 9.3.1 a.

HapyxHble cTeHbI 3a1aBAIUCh ABYXCAOMHBbIMU. [Tpu 5TOM KaxKablid
U3 CJIOEB 33J]aBAJICSI KOHEYHBIMU 2JIeMeHTaMu 0060J10uku. TTepekpbiTrst
TakXe anmpoKCUMMUPOBAIUCH KOHEUHBIMU 2JIEMEHTaMU O0O0JIOUKHU.
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ITo nmpoekTy JULIEeBOM CI0I KMpPIIMYa CBEIIMBACTCS C 3aBEACHHOIO
B HEroO CTaJIbHOTO yroJjika Ha 4 cM. TakuM 00pa3oM, OCh peaKLU OIo-
PBI JIULIEBOTO CJI0SI HAa YTOJIOK HE COBIAJAET C LIEHTPOM TSIXKECTU TOPU-
30HTAJIBHOTO CEUEHUS JIULEBOTO CJ0sI. DKCUEHTPUCUTET peakUuun
OIOPbl OTHOCUTEJIBHO LIEHTPA TSIXKECTU CEYEHUs JIMLEBOTO CJIOS OIl-
penessiacs U3 BCIIOMOraTeJbHOro pacuera (CM. MoApoOHee pasz-
nen 9.6). PacueTHas cxeMa y3jia OIMMPaHUs JTMLIEBOTO CJIOS Ha CTallb-
HOW YToJIOK mpuBeneHa Ha puc. 9.6.1, cm. ctp. ???. KoHeuHble 3i1e-
MEHTBbI UMeJd BbICOTY 12 MM. Monynu aedopmanuii paCTBOPHOTO
111Ba 33/1aBAJIUCh C YYETOM €T0 KaueCcTBa U BOZMOXHOW KOHLIEHTPALIUU
HamnpspkeHuid Ha orope. M3 aTtoro pacuera Obula ITOJIydeHa 3Iiopa
BEPTUKAJIbHbBIX HAMIPSIKEHU I, IEUCTBYIOLIMUX B KJIAJAKE JTULIEBOTO CJIOS
B MECTE OMMPaHUs Ha yroJoK. DKCUEHTPUCUTET peakiliu OMOpPHI OIl-
penessiics Kak pacCTOSIHME MEXIY LIEHTPOM TSIXKECTH 3MMIOPbl BEPTU-
KaJIbHBbIX HaMPSDKEHU M LIEHTPOM TSKECTU TOPU3OHTAJIBHOTO ceve-
HUS JIMLEBOrO cjiosl. B ciyyae HEKAYeCTBEHHOIO PacTBOPHOIO IIBa
MEXy HU30M YTojKa U BEPXHUM KHUPIUUYOM BTOT IKCLEHTPUCUTET
okasblBaeTcd enle 6osbliie. bojee Toro, mpoBeeHHBIM 00CIEI0BAHM -
€M ObLIIO YCTAaHOBJIEHO, YTO BO MHOTHX MECTaX KUPIUYU CBELINBAJIUCH
¢ yrojka u 6oJjiee yem 4 cMm.

OKCLEHTPUCUTET PEAKIIMUA OMOPbl B paCUETHOM CXeMe 3aaBajics
C MOMOIIBIO XKECTKOM TOPU30HTAJBbHOM BCTaBKM, >KECTKO MPUKPEII-
JIEHHOM K KOHEUHOMY 2JIEMEHTY 000JIOUKH, allIIPOKCUMUPYIOIIEH JIK-
1eBoit cioit kiuanku. [llupuHa 3TOM MIaCTUHBI paBHSIACh 9KCIEHT-
PUCHUTETY peaklMy Omopbl. B OCHOBHOM pacuere BeIMYMHa 3TOTO
9KCUEHTPUCUTETA TPUHMUMAIACh PABHOM 5 CM.

3amaBajiuch BepTUKaJIbHASI HAarpy3Ka OT COOCTBEHHOI'O Beca MaTe-
pUAJIOB CTEH W TEPEeKPbITUI, BpEMEHHAasl Harpy3ka Ha MepeKpbITUs,
BETpOBasl Harpy3ka, TeMIieparypHasi Harpy3ka 1 9KBUBaJIeHTHas TeM-
repaTtypHasi Harpy3ka oT ycajJku MaTepuaioB.

TemnepaTypHble HArPY3KW Opajii B COOTBETCTBUHU C pa3aesioM 6.6.
K kaxmoMy U3 cj10€B U MEePEKPHITUSIM MPUKIAAbIBATMCh COOTBETCTBY -
Io11Me NpUpalleH!s] TEMIIEPATYPhl 3a TIEPUO] C MOMEHTA 3aMbIKAHUS
KOHCTPYKLIMU. 32 MOMEHT 3aMbIKaHUsI KOHCTPYKUMU MPUHUMAIOCh
BpeMsI BO3BEIEHUS JTULIEBOTO CI0sI KJIAJKU HAPYXKHbBIX CTEH.

B temnoe Bpemsi rona JMLIEBOM CI0M KJIaaKu paciuupsiercs. ['opu-
30HTAJIbHbIE MEPEMEIICHUST Ha YTy CTeHbI BIOJb €€ ocu (och X Ha
puc. 9.3.1 a) cocTaBuJIM B TeTJI0€ BpeMsi roja 6osiee 1 MM B ypoBHE Tie-
PEKPBITHS HaJ IIECTBIM 3TaXoM (CM. BIIOPY TOPU3OHTAIbHBIX Tepe-
MEIIeHUI Ha yIy cTeHbl Ha puc. 9.3.1 6). HanoMHuM, 4TO UMEHHO
C IIIECTOTO ATaxa Hayajach yCTAHOBKA OMOPHBIX YTOJKOB, 3aBOAUMBIX
B KJIQJIKy JIMLIEBOTO CJIOSI. DTO BBI3BAJIO B CBA35IX HA YIJIy CTEHbI 3HA-
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BuyTpennuii cnoit
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x.6. GeTona g
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JInnesoii cioii Kmaaku

Puc. 9.3.1 a. ®parmMeHT pacHeTHOV CXeMbl BbICOTOM Tpu Taxa

YUTEJIbHBIE pacTIruBalolIne ycuaus. [1py HekaueCTBEHHOM pacTBOP-
HOM IIIBE U CBECE JIMLIEBOTO CJIOSI C OIIOPHOTO YroJIKa Ha 5 CM yCUIUS
B CBSI3SIX MOT'YT YBEJIMYUTHC elie mpuMepHo Ha 10 %.

B cBs1351X, pacrosioxkeHHBIX Ha paccTossHuU ot yria 0,5 M u 6ostee,
YCUJIUSI OKA3bIBAIOTCSI BO MHOTO Pa3 MEHbIIIE.

B nepBy1o ouepenb BHIKIIOUAINCH U3 paOOTHI CBSI3U, PACIIOIOXKEH-
HbI€ HIXKE OIOPHBIX YTOJIKOB, T.€. HECKOJIBKO HIXKE YPOBHS ITEPEKPHI-
TUSI HaJA IIECThIM 3TaxkoM. [locie 3TOro pacTaruBamolyde YCUIUS
B HIKEPACITOJIOXEHHBIX CBSI3SX BBIpACTAU J0 TPEACIbHBIX U OHU
TaKXe BBIKJIFOUAIMCh U3 padoThl. [Ipoliecc mocieaqoBaTeIbHOTO BbIK-
JIIOYEHMUST CBSI3el U3 pabOTHI MOCTEIIEHHO PACIIPOCTPAHSIIICS A0 HUXK-
HUX dTaXeMn.

B menaoe eépemsa 2oda deghopmauuu auyeeozo caosa Ha yeay cmemnl
HpUGOOAM He MOAbKO K GbIPbley KPAUHUX cés3ell, HO U 00pa3oeanuro
6 Kaaodke eepmuraivhvlx mpewun (cragust 1 Ha puc. 9.3.1, B; ¢poTo Ha
puc. 2.3.7, X, 3). Ilockoavky omcmosugue na paccmosinuu oxoao 1 m om
yeaa cmenbl 83U U3 padombL He BbIKAIOHUAUCH, MAM RPOU30ULEA UI0M
KAGOKU AuleBo2o c40s u3 e2o niockocmu (poto Ha puc. 2.3.7, X, n).

B xoa00n0e épemsa 200a auueeoii caoii kaadxu coucumaemcs. Topuzon-
maavHble memnepamypubie deghopmayuu coepi’cUsarOmcs nepeceKaro-
WuUMuUCs CMEHamMU U 8 MeCmax 20pU30HMAAbHBIX ONop cmen (nepexpol-
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Puc. 9.3.1 6. [O0pr30HTa IbHbIE NEPEMELLEHNS Ha Yrily JILEBOro Cr1051, PACIONOXEHHOro HanpoTUB
KNaAKN U3 S4eNCTO-6E€TOHHbIX KaMHevi 1o ocu X Ha yriy 3faHus, ocsie o6pasoBaHus TpeLYHbI
Ha yriy CTeHbl Ha BCIO BbICOTY

muil, 6a1K0H08, ONOPHBIX Y204K08, KPERAUUXCA K nepeKkpbimusm). B pe-
3yapmame 6 AUUEEOM CA0€ GO3HUKAIOM 20PU30HMAAbHbIE PACMALUBAIO-
wue nanpaxcenus (noapodHee cM. pasaei 9.3.3). Beauuuna smux nan-
PAdICEHUIL NPesbICUAA NPOUHOCIb KAAOKU HA PACMsidiceHue, Yo npueelo
K PACKPbIMUI0 CIMapuvixX u 00pazoeanuio HOGbIX Mpeusur Ha yeay cmeHbl
(ctaguu 1 u 2 Ha puc. 9.3.1, B).

Ilocae paszdeaenus auye6o2o caos Ha omoeabHble N0.10CbL 6ePMUKAAD-
HbIMU U HAKAOHHBIMU MPEWUHAMU U HACMUYHOM GbIKAIOMEHUN U3 Pado-
mbol 2uOKUX c8s3ell 603MONCHA NOMePA YCMOUMUBOCHU AUUEGbLM CA0eM
6caedcmeue npodoavro2o useuba (ctagus 3 Ha puc. 9.3.1 B).

Kak oTmeuasioch BbIlIIe, HA OMHOM YJacTKe 30aHUSI B YpOBHE TIepeK-
PBITHSI HaJl TIEPBBIM 3TaXKOM TTPOM3OIILIO Pa3npoOIeHUe JTUIIEBOTO CIIOS
kiaaku (puc. 2.3.7, K). Ha 3Tom yyacTke Kj1aaKa JULIEBOIO CJI0SI KPETIUT-
¢S K BHYTPEHHEMY CJIOIO U3 STUEMCTOOCTOHHBIX KAMHEH ITyTeM TepeBsi3-
KM TBhIYKOBBIMM Kupnuyamu. IIpoBemeHHBIM oOciemoBaHueM (pas-
Jen 2.5.2) ObUIO YCTaHOBJIEHO HM3KO0E KaYyeCTBO TOPU3OHTAIBHBIX PACcT-
BOPHBIX IIIBOB KJIAIKH JIMIIEBOTO CJIOST B YPOBHE MIepeKPHITUS. B maHHOM
cJIy4yae 9TO OBIJIO CBSA3aHO CO CJIOKHOCTBIO KAaUeCTBEHHOTO 3aITOJTHEHUS
pPacTBOPOM IIIBa TIPM YKJIAIKe Ha TaXkKe BEPXHETO psiia KuprnuJa. AHa-
JIN3 HaIpsLKEHHO-Ie(OPMUPOBAHHOTO COCTOSIHUS KJIAIKW JIMIIEBOTO
CJIOS TIOKA3bIBAeT, YTO HAMOOJBIIINE BEPTUKAIbHBIE HAMPSDKEHMST BO3-
HMKAIOT B KJIaKe HIDKHMX 2Taxei. X BemumHa, mojacudTaHHas 0e3
yueTa KOHLIEHTpalUuy HanpspkeHuid, nocturaeT Tam 1,4 MIla. C yuetom
KOHIIEHTPAIIMM HAMpPsDKEHWIT WX BEJIMYMHA HA OTHETbHBIX YJacTKax
MPeBBIIIAET IPOUYHOCTD KJIaAKKM Ha cxkaTue, paBHyto 1,5 MI1a.
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CTAJIUS 3. TIpomomnbHBIHKU3rHO U MOTEPst YCTOIYMBOCTH OTCIOMBIIETOCS JIMLIEBOTO CIIOS.

Puc. 9.3.1 B. Tpy cTaguv paspyLUeHusi TMUEBOro Cr10si U3 KUPIYHON Kinaaku

Takum o6pa3oM, ObLIO YCTAHOBJIEHO, YTO OCHOBHOI RPUMUHOIL OMIC-
AOCHUS AUUEBO20 CA051 KAAOKU U pa3opolaeHUs KUPpnu1a 6 yposHe nepex-
Polmuil A6UA0CL OMCYHICIMEUE 8 AUUECOM CA0€ 20PUOHMAALHBIX U 8ep-
mukaavHvix dehopmauuonnvtx weos. Iopuzonmaavhote wewvt Heoodxoou-
Mbl 0451 KOMREHCayul Pa3HOCMU 6ePMUKAAbHBIX NepeMeuleHUIl Jceae30-
Oemonnoco kaprkaca (nuiona) u KUpnu4Hou KAaOKU, 6bl3bl6AEMbBIX
KPAmKOBPEeMEHHbBIMU U OAUMEAbHBIMU Oehopmauuamu Mamepuaios
(ycadxu, nabyxaunus, noazyvecmu), a maxxyce memnepamypHoimu oe-
dopmayusamu (6v136anHbLMU UZMEHEHUEM MEMNEPAMYPbL 6030YXa U COA-
Heunoli paduauueii). Ilpu 2ubkux nepexpoimusax 603MoNCHO MaAKice 64u-
sAHue ux npoeuba. Bepmurxaivroie wievl npu3eanvt 6 0CHOBHOM KOMMIEHCU-
POBamMb 20pU3OHMANbHBIE MEeMNePAnYPHO-8AANCHOCHIHbLE dedhopmanuu.

Ilomumo neobxodumocmu ycmpolicmea 6epmuKaabHbIX Memnepa-
MYPHBIX W08 8 AUUEBOM CA0€ KAAOKU 00ANCHbI MAKice npedycmampu-
6aMbCA U 00bIMHO YCMPAUBAEMble MEHCCEKUUOHHbBIE 0CAOOUHbBLE UIBHL.
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PexomMeHmanum no ycTpoiicTBy aeopMaiOHHbBIX IIIBOB ITPUBE/IE-
HbI B I1aBe 10.

9.3.2. Hcceaedosanue npuuun 00pazosanus dehpekmog 6 kaaoke AUueeo2o
CN0S HAPYICHBIX CMeH 30aHUs, PAcnoaodicerHo2o Ha ya. Cmapocao-
bodckas 6 Mockae

B xauecTBe HaTypHOro MpOTOTMIA ObLIa BbIOpaHa IISITUATAXKHAS
CeKIIMs XUjIoro noma, Ha yi. Ctapociaoboackas B Mockse.

HapyxHbie cTeHbI 00JIMLIOBAHBI KUPIIMYHON KJIaAKOM TOJIIMHOM
12 cMm. PaccmaTpuBaiuch ABa BUIa KOHCTPYKUMU BHYTPEHHETO CJIOsI
Hapy>XHbIX CTEH:

— Hecylue Xkejae300eTOHHbIe KOHCTPYKIIUY;

— KJIaJKa U3 MEeHOOETOHHBIX KaMHEM, yCTaHaBIMBaeMbIX Ha Tie-
PEKpPBITHS.

Kpernienue auiieBoro cios K >Keje300eTOHHbIM CTeHAM BbITMOJIHE-
HO CTaJIbHbIMU KpoHIITeHaMu. OHU pa3MellaloTcs Mo ¢ 11aroM ro-
pu3oHTaIN 75 cM 1 110 BepTukaau — 1,5 M. B ypoBHe epeKpbITUIA 11~
LIEBOM CJIOW KPEMUTCS C MTOMOIIbIO 3aBeIEHHbBIX B KJIAJKy CTaJbHBIX
YTOJIKOB, KPEISIIMXCS B CBOIO OUEPE/Ib K CTAIbHBIM KPOHIITEHHAM.

IMonpoGHee onucaHye KOHCTPYKILIMIA HApY>KHBIX CTeH JaHO B pazaene 2.5.3.

Kaxk ormeuanocs B r1aBe 2, B IMLIEBOM CJIO€ KJIaAKHU, IIPEUMYILECT-
BEHHO BOJIM3M YIJIOB, UMEIOTCSI BEPTUKAJIbHBIE TPpELIMHBI. B ypoBHeE 11e-
PEKPBITUI B MECTaX YCTAHOBKHU CTAJIbHbBIX YTOJKOB IMPOU30IILIO pa3py-
LLIeHME KJIaAK1 Ha BBICOTY OJHOTO—TpeX psiaoB (poTo Ha puc. 2.3.8 0).

g yTouHeHus TPUYMH BO3HUKHOBEHUS Ne(EKTOB B JUIIEBOM
cJloe ObUIM BbIMOJHEHBI PacyeTbl METOAOM KOHEUHBIX 2JIEMEHTOB
IIPOCTPAHCTBEHHBIX (pparMeHTOB 3maHus. PacueTHast cxema par-
MEHTa NnpuBeaeHa Ha puc. 9.3.2 a. Cjiou 00JIMIIOBKY U XeJe300€TOH -
HBIX CTEH alMpPOKCUMMUPOBAIUCH KOHEUHBIMU DJIEMEHTaMU 000JI0U-
KU, CBSI3U U OTIOPHbBIE YTOJIKU — CTEPXKHSIMU.

K cTteHaM u mepeKkpbITUSIM MPUKIIAIbIBAJIMCh BEPTUKAIbHbBIE pac-
YeTHbIE HArPYy3KM OT UX BECa M BpeMEHHas Harpy3ka.

TemniepatypHble Harpy3ku 3aaBajliChb B COOTBETCTBUM C pasfie-
JoM 6.6. K KaxkmomMy 13 CJ10€B U MePEKPHITUSIM ITPUKJIAIBIBAIUCH COOT-
BETCTBYIOILIME MPUPALLIEHUS TEMIEPATYPhl 3a MEPUOS C MOMEHTA 3a-
MbIKaHUSI KOHCTPYKIIMU. 32 MOMEHT 3aMbIKaHUsI KOHCTPYKIIUU TPU-
HUMAaJIOCh BpEMS BO3BEIEHUS JTULIEBOTO CJIOS KIaJAKU HApYXKHbBIX CTEH.

JlulieBoil cjioil ObLT 3aKperieH B TOPM30HTAIbLHOI IJIOCKOCTHU
CTaJIbHBIMU CBS3SIMM.

YcTaHOBJIEHO, YTO B XOJIOJHOE BPEMSI TO/ia B JIMIIEBOM CJIO€ BO3HU-
KaloT 3HAUMTEIbHbIE TOPU3OHTAJIbHBIE PACTATUBAIOIIME HATIPSIKEHUS
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BCJIEAICTBUE CAEPXKMBAHUS CBOOOTHBIX TeMIIEpaTypPHBIX JAehopMaIinii
KJIaIK1 B MecTax ee onupanus. Ilpu omcymcmeuu é docmamounom ko-
Auvecmee 6epMuUKAIbHbIX 0ehOPMAUUOHHBIX ULBOE 8 KAAOKe 80aU3U ONOp,
a makjjice Ha y21ax, 8 Mecmax nepece4eHull AUYeevIxX cA0e6 U m.n. 603Hu-
Kaiom epmuxatbHvle mpeuwjunbl.

Bmecme ¢ mem, noaosxcenue 6o mnoz2o pas yxyouaemcsi caedcmeue
OMCYMCMEUsA U 20PU3OHMAAbHBIX 0ePOPMAUUOHHBIX UIB08, O UEM ObLIO
CKa3aHo B MpeAbIAyIeM pasaene. Omcymcmeue 20pu30HmMAAbHLIX Oe-
dhopmayuonnvix weoe cnocobcmeyem He moAbKo 00pA306aAHUI0 U PACK-
PbImMuIo 6epMuUKAAbHbIX U HAKAOHHBIX MPEWUH, GbIPbIGY cés3ell, HO U 10-
KaabHOMY paspyuteHuro KAaoKku 8 ypogHe nepexpoimuil.

IIpoexTom ObLIa TIpenyCcMOTPeHAa YKIIaaKa MPOAOJbHBIX CTePKHEM
13 TJIaAKOI apMaTyphl, 4TO HETb3sI MPU3HATh 3 (GEKTUBHBIM M3-3a UX
BO3MOXKXHOTO TIPOCKaIb3bIBAaHUS B pacTBOPHOM IBe. PaccrosiHue
MEXIy CeTKaMM I10 BBICOTE He JIOJIKHO IpeBbiiiaTh 40 cM, a He 1,5 M,
KaK 3TO MPUHSITO IO IPoeKTy. Takum oOpa3om, MpeaycMOTPEHHOE
MPOEKTOM apMUPOBaHUE TMPAKTUYECKN HE CIOCOOCTBYET MOBBIIIIE-
HUIO MIPOYHOCTHU KJIAIKM KaK Ha PacTsSKEHHME 110 TOPU3OHTANIM, TaK 1
Ha cXKaTue 110 BEPTUKAJIN.

HMnnocTpaiueit Tomy, YTO OAHOM M3 OCHOBHBIX IIPUYMH 00pa3oBa-
HUST BEPTUKAIBHBIX TPEIINH BOJU3U YIJIOB SIBUJIOCH OTCYTCTBUE BEP-
TMKaJIbHBIX TEMIIEPATYPHBIX IIBOB, CIYKUT (poTo Ha puc. 2.3.9 u, roe
MOKa3aHbl TPEIIMHBI HA YTy CTEH OMHO3TAXKHOTO Bbe3la B rapax, u
r1e BEPTUKAIbHBIC HATPY3KU SIBJISIOTCS HE3HAYMTEIbHBIMMU.

9.4. UccnepgoBaHue BAUSIHUS XXECTKOCTU CBA3en
Ha Hanpﬂ)KEHHO-AEd)OpMVIpOBaHHOE CoCTOfAHME
nuueBoro crnodq

BrimorHeHa olleHKa BIMSIHUS KECTKOCTU CBSI3e# JUIST KpeTUIeHUS
JIUIIEBOTO CJIOS U3 KUPITUIHON KJIAIKU TIPU OTCYTCTBUM WJIM HATMUUU
BEPTUKATBHBIX ¥ TOPU3OHTATBHBIX Te(pOPMALIMOHHBIX IITBOB. B Kaue-
CTBE pacyeTHOM MOJeJu BbIOpaH MpoToTul 3gaHus Ha Ctapociobo-
nckoit ynmuite. Onrcanne KOHCTPYKIIMM Hapy>KHBIX CTEH 3MaHUS 1 JIe-
(bekTOB B HUX MpUBEIEHO B pasaenax 2.5.3 1 9.3.2.

PacuerHas cxema (pparmeHTa 31aHus IIpuBeaeHa Ha puc. 9.3.2.

BbU10 YCTAaHOBJIEHO, UYTO ueM Jcecmye sABAAIOMCA ONOPHbBIE
KOHCcmpyKuuu u céa3u (6 mom uucae 8binoaHeHHbvle 8 gude KPOHUMelHos)
u uem Oaudice n00X00M OHU K yeay, MeM 8blule MAKCUMAAbHbIE 8eauHl-
Hbl PACMAUBAIOWUX HANPANCEHUN U meMm Oaudice nepemeuiaromcs onu
K yeay.
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TI'opu3oHTanbHBIE pacTIrMBalO- i i
II1M€ HaIpsKEHUS BO MHOIHMX CIIy- Bh A S
Yasx MPeBBIIIAIOT TPOYHOCTh KJIal- ;
K1 PacTSKEHUIO TI0 TIepeBI3aHHBIM
IIBaM.

IIpoBeneHHbIE  MCCIETOBAHUS
MOKa3aJIu, YTO @ cay4ae npumMeHeHuUs
8Mecmo JceCKUX ces3ell 2UOKUX noc-
aedcmeusa omcymcmeus degpopmauu-
OHHBIX W08 CKA3bIGAIOMCA 6 MEHb-
weii cmenenu. B xpoH1ITeiHAX, 0CO-
OCHHO pacMoJ0XKEHHBIX BOJIM3U YyT- I
JIOB CTE€H, MOTYT BO3HMKATh [
3HAUUTEIbHBIE  PacTITMBAIOIINE I EE8

7

s

¥ A -

YCWJIYSI, TIPEBBIIIAIOIINE TTPOYHOCTh 7

aHKEpOB Ha BbIPbIB. [loa BiussHUEM T

3HAKOIMEPEMEHHBIX TEMIIEPATYPHbBIX

N Puc. 9.3.2. PacyetHas cxema gpparmeHTa
,Z[C(I)OpMaLlI/II/I IPOUCXOHAUT PACIIA-  3panms Ha yn. CTapocnobogckas
ThIBAHUE OITOPHBIX KPOHIITECHHOB,
YTO B HEKOTOPOM CTENEeHU MPUOIMKAET UX K TMOKUM CBSI3SIM U MOJIO-
KUTEJIbHO BJIMACT Ha CHM2KCHUHE YPOBHA HaHpH}KCHI/IfI B O6.JH/IL[OBKC.
B 10 ke BpeMsi, MHOIOKpPAaTHO MOBTOPsSIEMbI€ 3HAKOIIEPEMEHHBIE BO3-
JIENCTBUSI CHUXKAIOT HAJIEXKHOCTb AaHKEPOBKM KPOHILTEHOB.

Vi Wi Wi Wi

9.5. UccnepoBaHue HanpsHKeHHO-AeOpMUPOBAHHOIO
COCTOSIHUSI JIULIEBOrO CJI0sl NpU TeMnepaTypHo-
BNa)KHOCTHbIX BO3[AEMCTBUSAX

9.5. 1. Onucanue paccuumoleaembvix (hpasmeHmos cmen

Hdna yTouHeHUs] HaNpPsSKeHHO-Ie(pOPMUPOBAHHOTO COCTOSTHUS
KJIQIKY JIMIIEBOTO CJIOSI TIPU TEMIIePaTYPHBIX BO3ACHCTBUIX OBLITN BbI-
MOJIHEHBI pacyeThl TPOCTPAHCTBEHHBIX (ParMeHTOB 3HaHMI
[9.5-9.6]. ®dparMeHTbl MMEIU IPSIMOYTOJBbHYIO U 0o0Jiee CIOKHYIO
B IU1aHe popMy ¢ rabaputamu a0 22-25 M. PacueTHbIe cXeMbl HEKOTO-
PBIX (pparMeHTOB JaHbI Ha puc. 9.5.1-9.5.12.

BricoTa ¢parmeHTOB BapbupoBanach oT 3 no 24 M. PaccunThiBa-
JIUCHh (PparMEeHTHI C PA3TMIYHBIMU BapUaHTAMU TPAHUYHBIX YCIOBUIA.

boita npuHsTa ciaeaymooliass KOHCTpyKLus (pparmeHToB. Hapyx-
HbIIA (JIMLIEBOI) CJIOM HApPYXHbBIX CTE€H BBIMNOJHEH M3 KUPHUYHOMN
KJIaIKW TOJIIMHOM 12 cM. DTOT CJI0M ONMpaeTcs Ha 0ajIKy U3 XKeJie30-
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OeTOoHAa MJIM CTAJIbHOTO yrosika. bajika coeuHeHa ¢ TIMTOM MepeKpbl-
THS KeJ1Ie300eTOHHBIMU pedpamu. B psime (pparMeHTOB Ha oIlope Mmpu-
HUMaJlach XeCTKas 3a/ie/ika. BapbupoBaMCh ceUeHUs OTOPHBIX dJie-
MEHTOB, MaTepuaJl, 1Iar U KOHCTpYKLUs pedep. [linTta nepekpbITus
BBIIIOJIHEHA M3 MOHOJIMTHOTIO Xejae300eToHa. PaccmaTpuBaiuch pas-
JIMYHbIE BAPUAHTBI BHYTPEHHETO CJI0S1 HAPY>KHBIX CTEH: U3 MOHOJIUT-
HOTO XeJIe300€TOHa, KJIaJKU U3 KepaMUYECKOro KUpnuya Wik Kam-
Hell U3 STYEUCTOro OeToHa.

HapyxHbiii cjioil cTeH Kpemwicsi K BHYTPEHHEMY CJIOI0 C I10-
MOIIIbIO TUOKHUX CBSI3EH.

TTAuThl NEPEKPBITUIA U CJIOEB HAPYXXHBIX CTEH anMpOKCUMUPOBA-
JINCh KOHEYHBIMM 3JIeMEHTaMUu 000/104K1. ONIOpHbIEe 0aIK1 U COEeIU-
HSIIOLIME UX C TUIMTOM MepeKpbITUSl pedpa alnmpoOKCUMUPOBAIUCH KO-
HEYHbIMU BJIEMEHTaMM cTepxHs. [MOKue CBSI3U 3a4aBaJIUCh TaKXke
C TTOMOII[bI0O KOHEYHOTO 3JIEMEHTA CTEPXKHSI.

PaccmaTtpuBasiuch (pparMeHTbl ¢ pa3MYHbIM PacMoyioKeHUEM U
11aroM BePTUKAJIbHBIX 1e(hOPMALIMOHHBIX IIIBOB B HAPYXKHbBIX CTEHAX,
a TaKXXe BapUaHTbl C OKOHHBIMU U IBEPHBIMU MPOEMaMU B HAPY>KHBIX
CTeHax 1 0e3 HHUX.

HedopMallMOHHbIE XapaKTePUCTUKM KIAAKM M Kejle300eToHa
MPUHUMAJIMCH C YYETOM ITOJ3Y4YeCTH MaTepUaoB.

KoadppuuueHT muHEeHHOro paciiMpeHus KIaaKu M3 TIUHSIHOIO
kuprurya npuHAT paBHbIM 0,000005, xene3o6eTona — 0,00001.

TemneparypHble Harpy3ku 3aJaBajIuCh B COOTBETCTBUM C pasfe-
JioM 6.6. K KaxknmoMy 13 CJ10eB 1 [IePEKPHITHSIM IIPUKJIaAbIBAIUCH COOTBE-
TCTBYIOLLIME MPUPALLIEHUS TEMIIEPATYPhI 32 NIEPUOJ] C MOMEHTA 3aMbIKa-
HUST KOHCTPYKLIMHU. 32 MOMEHT 3aMbIKaHUsI KOHCTPYKLIMK TPUHUMAJIOCh
BpEMsI BO3BEJEHHUS JIMLIEBOTO CJI0S1 KJTAIKW HApY>KHBIX CTEH.

Temnepartypa pedep, COeAUHSIIOIINX OITOPHYIO 0aJIKy ¢ IIJIUTO Te-
PEKPBITHS, MPUHUMAJIACh CPEHEN MEXIY UX TeMIIepaTypaMu.

ITonyyeHHbIE M3 pacyeTOB M30MOJIS TOPU3OHTATBHBIX HaIpsKe-
HUIl B OOJIMIIOBKE HEKOTOPbIX (DparMeHTOB MPUBEAEHBI Ha
puc. 9.5.1-9.5.14, smopbl NPOJOABHBIX YCUIUN B TMOKUX CBS3SX Ha
puc. 9.5.16; 9.5.18; 9.5.19.

9.5.2. Anaau3 HanpaxceHHO-0e@dopMUPOBAHHO20 COCMOSHUS KAAOKU AlU-
1e6020 CA05 NPU MeMNEePamypHO-6AANCHOCIMHBIX 8030eUCMBUSX

bouio YCTaHOBJICHO, YTO 6 Kaadke AUUCB020 CA0A écaedcmeue mem-
nepamypHblxX 6030eticmeuil Mo2cym 603HUKAMb 3HA4UMENbHblE COPU3OH -
maJasvHble pacmsAcuearouiue HanpaAMNCeHusl. Imu HANpAM}CEeHUsA cKaadvlea-
omcs 6 OCHOGHOM U3 Hallpﬂ.)l(’eﬂllli, GO3HUKarowux ecaedcmeue 0ceo2o
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Puc. 9.5.1 a. Pac4eTHasi cxema ¢hparmeHTa ¢ rabapuramu 22 - 25 m

Pacmsdicenust u u3euda HapyyucHoz20 caos u3 e2o niockocmu. B xauectse
npuMepa Ha puc. 9.5.1-9.5.12 uzobpaxeHbl U30MOJISI TOPU3OHTAIb-
HBIX HAIPSDKEHUI, CIIOCOOHBIX BO3HUKHYTH B JIMLIEBOM (HAPY>KHOM)
CJI0€ B TEIIJIO€ U XOJIOIHOE BpeMs roja.

IIpsimoJinHeliHbII B JIAHE YYACTOK HAPYKHOTO CJIOSI

PaccmoTpuM  npamoauneiinwiii
B IIJIJaHE y4acTOK HapY>KHOTO CJIOS
CTeHBI, TI0 TpaHUIIAM KOTOPOTO
MMEIOTCSI IBa BEPTUKAJIBHBIX TeM-
repaTypHBbIX 11Ba. B miockux dpar-
MEHTax C JOBYMS BEPTUKAJbHBIMU
TEMIIepaTypHLIMU IIIBAMM IO Tpa-
Hulle (parMeHTa MaKCUMaJIbHbIE
BEJIMUYMHBI PACTITUBAIOIINX HATIPSI-
KEHMU HaOJ0galoTcsl Ha Omope
B CpeJIHEIi YacTu CTeHbI (puc. 9.5.7;
9.5.8; 9.5.11). OOBACHSIETCS 3TO
TeM, YTO Ha OTIOpPe TOPU3OHTAIbHBIE
TepeMeIleHusI, BhI3BAHHbIC TEMIIe-
paTypHBIMU aehOpMaILUSIMU, CAep-
JKMBAIOTCSI OTIOPHBIMU KOHCTPYK-
musgmu. TakuM oOpa3oM, 3TU Hall-

Puc. 9.5.1 6. Pac4eTHasi cxema ¢hparmeHTa
¢ rabapuitamm 22 - 25 M. Bug ceepxy
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Puc. 9.5.1 B. ®parmeHT @1 51.6. CTeHbI pasmepom 22 - 25 M ¢ BHYTPEHHUM CJI0EM U3 SHEUCTbIX
KaMHew. V130ronsi ropu3oHTasbHbIX HanpskeHwi (63 yHeTa HanpskeHuii ot naruba m3
M10CKOCTY), REVICTBYIOLUMX B JIETHEE Bpemsi
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Puc. 9.5.1 r. ®parmeHT @1 51.6. CTeHbI pasmMepom 22 - 25 M C BHYTPEHHUM C/I0eM U3
S1YeNCTOOETOHHbIX KaMHeli (YCII0BHO He rokasaH). Sntopbl ropU30HTa IbHbIX HAMPSKEHUI OT
nsrnba u3 ni0CKoCTH, AEVICTBYIOLUMNX B JIETHEE BPEeMs

22



S T T,
T
ar |1‘J

o -0,22
Puc. 9.5.1 g. ®parmeHT @1 51.6. CTeHbI pa3dmepom 22 - 25 M C BHYTPEHHUM CII0eM 13

S14eNCTOOETOHHbIX KaMHeli (YCII0BHO He rokasaH). Sntopbl ropu30HTa IbHbIX HanpsXkeHuii (6e3
yyeta usruba u3 naocKocTH), REVICTBYIOLUMX B 3UMHEE BPEMSI

6=%0,18
6=+03
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Puc. 9.5.1 e. ®parmeHT @1 51.6. CTeHbI pasmepom 22 - 25 M ¢ BHYTPEHHUM CJI0eM U3
S1YeNCTOOETOHHbIX KaMHeli (YCII0BHO He rokasaH). Sntopbl ropU30HTa IbHbIX HAMPSKEHUI OT
nsrmnba u3 ni0CKOCTN, AEVICTBYIOLUNX B 3UMHEE BpeMsi
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Puc. 9.5.1 x. ®parmeHT @1 cTeHbl pasmepom 22 - 25 M. VicxogHas v edOpMUPOBaHHAsA CXEMbI
Hapy>HOro cr105 Af1s1 IETHEr0 BPEMEeHMN

Puc. 9.5.1. 3. ®parmeHT @1 cTeHbI pasmepom 22 - 25 M. VicxogHas n feghopmmpoBaHHasi cCXxembl
Hapy>XHOro cs1051 4151 3UMHEro BpeMeHu
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Puc. 9.5.2 a. ®parmeHT @1 [1T1.6. cTeHbI paamepom 22 - 25 m ¢ [1-06pasHbIM y4acTKOM
Hapy>XHoro cs105. V130ro7sisi ropu30HTasIbHbIX HANPsKeHWV B HapyXHoM crioe (6e3 yyeta

HanpsKeHu oT n3rnba m3 niiocKocTH), AEeVICTBYIOLMX B JIETHEE BPeMsi

2y
x

Puc. 9.5.2 6. ®parmeHT @1 [1T1.6. cTeHbI padmepom 22 - 25 m ¢ [1-06pasHbIM yHacTKOM
Hapy>XHOro cs105. V130107151 ropu30HTasIbHbIX HANPSXKEHWI B HAPYXXHOM OT M3rnba n3 rnjaockocTu,

[evicTByloLMX B IeTHEE Bpemsi
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Puc. 9.5.2 B. ®parmeHT @1 1 T1.6. cTeHbI padmepom 22 - 25 m ¢ [1-06pa3HbIM yHacTkom
Hapy>HOro crosi. V130rosisi ropu3oHTaslbHbIX HarnpsyKeHuii B HapyXxHom crioe (6e3 y4eta
HanpskeHu n3rnba m3 niiocKoCcTH), AEVICTBYIOLUMX B 3UMHEE BpPeMsi

Puc. 9.5.2 r. ®parment @1 [171.6. cTeHbl pasmepom 22 - 25 M ¢ [1-06pasHbIM y4acTKom
Hapy>Horo cs1os. VicxoaHas v [eghopMmpoBaHHas CXeMbl HapyXXHOro C/1051 U OMOPHOV b6asnku ¢

pebpamu a1s1 IETHEro BPeMeH!
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Puc. 9.5.2 n. ®parmeHT @1 [1T1.6. cTeHbl padmepom 22 - 25 m ¢ [1-06pasHbIM yHacTKOM
Hapy>Horo cs1os. VicxogHas v [eghopM1MpoBaHHas CXeMbl HapyXXHOro C/1051 M OMOPHOV b6asnku ¢
pebpamu 5151 BUMHEro BpeMeH!
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Puc. 9.5.3 a. ®parmeHT @1 [1T1.6. cTeHbI paamepom 22 - 25 m ¢ [1-06pasHbIM yHacTKOM
Hapy>HOro cnosi. V130nossi ropu3oHTasIbHbIX HaNpsKeHW B HapyxHom crioe (6e3 yyeta
HanpsKeHuii n3ruba u3 riocKoCTH), AEVICTBYIOLUMX B 3UMHEE BPeMsi
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Puc. 9.5.3 6. ®parmeHT @1 [1T1.6. cTeHbl padmepom 22 - 25 m ¢ [1-06pa3HbIM yHacTKOM

Hapy>KHOro CJ10s ¢ mpoemamu. V130rorisi ropu3oHTasbHbIX HAMPSXXeHWi B HapyXXHOM crioe (6e3
y4eta u3ruéa u3 rinocKocTy), AeViCTBYIOLUMX B JIETHEE BPeMsi

PSKEHUST BBI3BAaHBI B OCHOBHOM OCEBBIMU TOPU30HTATBLHBIMU YCUITH -
SIMM, AEHCTBYIOIIMMHM B TTOCKOCTH CTeHBI. He3HayuTenbHbIE TOPH-
30HTaJIbHbIE HAMPSKEHUS OT U3rMba HApY>KHOTO CJIOSI U3 €ro IIOC-
KOCTH HaOJII0IAIOTCSI B MECTaX PaclojIoXKeHUsl pedep, COeNUHSIIONINX
OITOPHYIO 0Ky C TJIUTOM MEPEKPHITHS.

IIpencraBisgeT uHTEpec TOT (haKT, YTO PaACTSLKEHME HApPY>KHOIO
CJI0s1 BO3MOXKHO KakK B JIETHEE, TaK 1 B 3UMHee BpeMs. B ocHOBHOM Bce
3aBUCUT OT COOTHOIIIEHMS KO3 (GUITMEHTOB TEMITePaTYPHOTO PaCIIIM-
PEHUS KJIAIKU JIUIIEBOTO CJIOSI, MaTepUaJIOB OTIOPHON OaKu, TTUTHI
MePEKPBITUSI, BHYTPEHHETO cj1osl. B ciydae, korma atu KoagguiumeH-
THI COBIAAAIOT, TOPU3OHTATbHBIE NeopMallMi KJIAAKU Hapy>KHOTO
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Puc. 9.5.4 a. ®parmeHT @1 [1T1.6. cTeHbI paamepom 22 - 25 m ¢ [-06pasHbIM yHacTKOM
Hapy>XHoro cs10s1 pasmepom 5,5 - 7,25 M ¢ BHYTPeHHVUM CJI0eM TsxKesnoro 6etoHa. Msonons
rOPU30HTAaIIbHBIX HAMPSKEHWI B HAPYXXHOM cioe (6e3 y4eTa HanpsikeHui ot uaruba m3
M10CKOCTY), REVICTBYIOLUMX B JIETHEE BpeMsi
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Puc. 9.5.4 6. ®parmeHT @1 1 1.6. cTEHBI pasamepom 22 - 25 m ¢ [-06pa3HbIM y4acTKOM
Hapy>XHoro cs1051 pa3mepom 5,5 - 7,25 M ¢ BHYTPEHHVUM CJ1I0eM Tsxesnoro 6eToHa. Maonons
rOpU30HTaSIbHbIX HAMPSXKEHWI B HapyXHOM CJ10€ C yHeTOM HarpsiXeHwii OT usrnba u3 rniocKocTu,
[evicTByloLMX B JIeTHee Bpems

naa) .05

Puc. 9.5.5 a. ®parmeHT @1 2 1.6. CTEHbI Puc. 9.5.5 6. ®parmeHT @1 2 T.6. CTEHBI
pasmepom 22 - 25 M ¢ [-06pasHbiM paamepom 22 - 25 m ¢ [-06pasHbiM
Y4acTKOM Hapy>Horo csiosl pasmepom 2,5 - Y4aCTKOM Hapy>XHOro Criosi pa3amepom 2,5 -
7,25 M ¢ BHYTPeHHUM CII0eM U3 TSXXEs10ro 7,25 M ¢ BHYTPEHHUM CI/TI0EM TSKEI0ro
6eToHa. V13orons ropu3oHTasbHbIX 6eToHa. V130n0os1si ropn30HTa IbHbIX
HarpsxeHwi B HapyXHom crioe (6e3 y4eTa HarpspKeHW B Hapy>XXHOM cJioe OT uarnba
HanpskeHui oT n3ruba m3 rniocKocTH), W3 1710CKOCTU, BENCTBYIOLYMX B JIETHEE
[AevicTByloLMX B JIeTHee Bpemsi Bpems

CJIOS IPSIMOJIMHEMHBIX Y4aCTKOB OT TEMITepaTYPHBIX BO3IeCTBUI OY-
JyT IPAaKTUYECKU CBOOOIHBIMU. B 5TOM ciydyae pacTsiruBaroiime Ham-
PSIKEHUST B HAPY>KHOM CJIO€ BO3MOXHBI MPAKTUYECKU TOJBbKO OT U3TH-
0a ero M3 MJIOCKOCTU B MECTax pacroyioKeHus pedbep, KOTopble, Kak
OTMEYaJIOCh, SBJISIIOTCSI HE3HAYNUTEIbHBIMU.

29
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0,17 023 021 T 1002 £005

Puc. 9.5.6. ®parmeHT @1 3 T.6. cTeHbl pasmepom 22 - 25 M ¢ [-06pa3HbIM y4acTKOM HapyXHOro
cs1051 pa3amepom 2,5 - 2 M ¢ BHYTPEHHUM CJ/I0eM, OrOPHbIMM 6anikamm 1 pebpamu n3 TsaXenoro
6eToHa. V130ronsi ropu3oHTasIbHbIX HAMPSXKeHW B HaPYXXHOM Crioe:

a — 6e3 y4eTa HanpsikeHu oT n3rnba m3 rniocKocT1

6 — OT U3rnba m3 NI0CKOCTH Mpu TeMrepaType BO3BEAEHNsI HapyXXHOro crosi

tc = ..... C; uaMeHeHve Temneparypbl B HapyXHom crioe tw,He = + 50,7 C; BO BHYTPEHHEM crioe 1
nepekpbiTum tctp, Bc = -4 C

Teneps paccMOTPUM CIIEAYIOLINIA CIyYaii:

— Koaghpuyuenm memnepamyprozo pacumupenus KAaoku HapyyucHo20
€05 HUICE, MeM Y Mamepuaia OnopHol 0aixu;

— KAAOKa HapyycHO20 CA0A 603600UNICs 8 3UMHee 8pemsl.

B neTHee Bpemsi cBOOOAHBIE TOPU3OHTAIbHEIE IeopMalli OIIOP-
HOW 0ajiku, MOJACYMTAHHbIE B MPEANOJOXEHUU pa3lebHON pabOThI
C HapyXHBbIM CJIOEM, OyayT TMpeBbIlIaTh AeopMalii KIaaKu Tpo-
MOPILIMOHAJILHO OTHOILIEHUIO MX KOA(M@MUIMEHTOB TEeMMEPATYpHOTO
pacuupeHus. TakuMm oOpa3oM, oropHas Oajka pacTSIrMBaeT HapyxK-

0,22+0,04=0,26

Ty
%

Puc. 9.5.7. ®parmeHT @1 T.6. CTeHbI pasmepom 22 - 25 M C MIIOCKUMM ¢hparMeHTaMy Ha BHELLUHEM
Y71y € BHYTPEHHUM C/I0EM, OMOPHbIMU 6arikamu 1 pebpamu u3 Tsxesnoro 6eToHa. Usonons
rOPU3OHTasTbHBIX HaMPSKEHWI B HapyXXHOM crioe 6e3 y4eTa Hanps)keHwii oT nsrnba mu3 niockocTi
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Puc. 9.5.8. ®parmeHT @1 cTeHbl padmMepoM 22 - 25 M C NPSIMOSTMHENHbIMU yHacTKaMu HapyXXHOro
cr1051. MI30onsi ropu3oHTasbHbIX HaNpPsXXeHWE B HapyXXHOM crioe (6e3 y4eTa HarnpspkeHui ot

uarnéa u3 I'U'IOCKOCTM), AeicTByoLYMX B IETHEE BpEeMs

Puc. 9.5.9 a. ®parmeHT @113 cTeHbl pasmepom 22 - 25 M ¢ [-06pasHbIM yHacTKOM HapyXHOro
criosi paamepom 1,9 - 1,1 M. VI30rons ropusoHTasnibHbIX HanpsixXeHui B HapyXxXHoM crioe (6e3 y4eTta

HarnpspKkeHwii oT n3rmba u3 nnocKoCcTy), AeViCTBYIOLUMX B JIETHEE BPEeMSs
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Puc. 9.5.9 6. ®parmeHT @113 cTeHbl pasamepom 22 - 25 M ¢ [-06pa3HbIM yHacTKOM Hapy>XHOro
crosi paamepom 1,9 - 1,1 M. V13005151 ropu3oHTasIbHbIX HAMPSXXKeHW B HapyXXHOM cJioe OT U3rnba
U3 M/I0CKOCTU, AEVICTBYIOLUMX B JIETHEE BPeMsi

| -0,18

= -0,21

-0.19 -0,16 048

Puc. 9.5.9 B. ®parmeHT @113 cTeHbl pasmepom 22 - 25 M ¢ [-06pa3HbIM y4acTKOM HapyXHOro
crosi paamepom 1,9 - 1,1 M. Y30rons ropusoHTasibHbIX HanpsiXXeHwi B Hapy>XHoM croe (6e3 y4eTta
HanpsKeHuii oT n3rmnba u3 niaocKocTy), AeVICTBYIOLMX B 3UMHEe BpeMsi

32



| 1 £0,08

+0,10

2y

Puc. 9.5.9 r. ®parmeHT @113 cTeHbl paamepom 22 - 25 m ¢ [-06pasHbIM y4acTKOM

Puc. 9.5.10. ®parmeHT ®1Z cTeHbl pasmepom 22 - 25 M ¢ Z-06pasHbIM y4acTKOM HapyXHoro
CJ1051 C BHYTPEHHVUM CJ10eM, ONOPHOV 6asIkKov 1 pebpamu n3 MOHOJIUTHOIO Xese306eToHa.
W3ononsa ropn3oHTasibHbIX HarpsKeHU B HapyXHOM cJ10e, AeVICTBYIOLMNX B JIETHEe BPeMs npu
Temreparype BO3BEAEHWNS HAPYXHOro c/os to =..... C

a — 6e3 y4eta HanpsKeHu oT nsrnba mu3 rniocKocT1

6 — oT U3rnba m3 nyI0CKoCTH

33



0,30

Puc. 9.5.11. ®parmeHT @1 cTeHbl pa3mepom 22 - 25 M ¢ BHYTPEHHVUM CII0EM U3 MOHO/IMTHOIO
JKene306eToHa, OroPHO 6asikou u pebpamm u3 kepamamnTa. VI30rosnsi ropu30oHTasIbHbIX
HanpskeHui (6e3 y4eTa HanpsikKeHui oT n3rnba m3 niiocKocTH), AEVICTBYIOLUMX B 3UMHEe BPeMsi

2y

0,30

Puc. 9.5.12. ®parmeHT @1 cTeHbl pasmepom 22 - 25 M ¢ BHYTPEHHUM CI0eM U3 MOHO/IMTHOIO
)Kesie306eToHa, OrOPHO 6asIKou 1 pebpamm U3 KepamsmnTa, ¢ TeMnepaTtypHbIMU LBamu. Msonons
rOpU30HTasIbHbIX HANPSXKEHWI (6€3 y4eTa HanpsKeHui oT udrnba mu3 rniocKocTy), AEVICTBYOLMX B
31MHee Bpems
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HBII CJION B JIETHEE BPEMSI.

Ilpu 6036edenuu KA1a0KU HAPYIHCHOR0 CA0A 6 AemHee 6DeMs OTIOPHAs
Oasika B 3UMHEe BpeMs CXKMMaeT KJIaIKy Hapy>KHOTO CJIOS U B HEM,
MPEeUMYIIECTBEHHO Ha OIMOpe, BO3HMWKAIOT TOPU30HTAIbHbBIE CKUMA-
IOIIME HATIPSDKEHUS.

Ha npaktuke 6oee niu MmeHee 01M3Kue 3HaueHUS KO3 (GUILINEHTOB
TEMIIEPATYPHOTO PaCIIMPEHMsT MaTepruaIoB HApYKHOTO CJIOSI U OTOp-
HO 0aTK BOZMOXHBI B CJTydae U3TOTOBICHUS KIIAIKN U3 CUJTMKATHOTO
KUpHnya uin 0eTOHHBIX KaMHEN, a OaJIKi — 13 3KeJIe300eToOHA WU CTa-
Jm. B To ke BpeMs1, Koa(ppuLimeHT TeMIlepaTypHOTo JMHEHHOTO pacily-
peHus KJ1aaku U3 Kepamudeckoro kupru4da paseH 0,000005, a koaddu-
LIMEHTHI TS XKeJIe300€TOHA 1 CTaJIi TIPUMEPHO B JIBa pa3a BBIIIIE.

K coxaneHuro, BO MHOTUX MaTepHasiax Hapsiay ¢ TeMIlepaTypHBbI-
MM MOTYT Pa3BUBAThCs deghopmauuu ycaoku uiu nabyxanus. Harpu-
Mep, JeopMalsIM yCaaKU UM HaOyXaHus (B 3aBUCMMOCTHU OT BJIaxK-
HOCTM MaTepuaja) MOABEPXKEeHbI TaKue MaTepHualibl, KaK KJIaaKu M3
CUJIMKATHOTO KMpInya, 0eTOHHBIX KaMHeil. B To e BpeMsI, Kianka u3
KepaMUYECKMX KaMHeH M KUpIHUYa TPAKTUIECKU HE HCTBITHIBACT
aTux aedopmanuii. BeanuuHbl BIaXXKHOCTHBIX JedopMaluii MOIYT
OBITH COTIOCTaBMMBI C TeMIlepaTypHBIMHU. B pacueTax BiasKHOCTHBIE
necdopmanuu §(sh) oObIYHO 3a4alOTCsI C IMOMOILbIO KBUBAJECHTHON
temmeparypsl 1(sh).,,

T(sh),, = E(sh)/a,,

rae a, — Ko3(hOULMEHT TEMIIEPATYPHOTO JMHEHHOIO paCIMpPEHUS.

HaubGosnee nHTeHCHMBHO IedopMalMy yCaaKu IIPOTEKAlOT B Iep-
BbI€ MECSIIBI C MOMEHTA BO3BeAeHUS KOHCTpYKLMK (puc. 6.8.1). Ox-
HaKO BPEMS BO3BEJEHUS Pa3IMUHbIX KOHCTPYKIIMI 31aHUSI MOXET He
coBnagaTh. Tak, KUpMMYHas KJajgKa Hapy>KHOTO CJIOSI BEIETCS C OTC-
TaBaHWEM OT BO3BEJEHUSI MOHOJMTHBIX KOHCTPYKLMI KapKaca U Te-
pekpbiTus. He Bcerna coBmagaeT BpeMsi BO3BEIEHUS HApPYXXKHOTO U
BHYTPEHHETO CJIOEB HAPYXKHOM cTeHbl. [Ipruem pacxoxieHue Bo Bpe-
MEHU BO3BEJIEHUS 9TUX KOHCTPYKIIUIA MOXKET ObITh KAK OTHOCUTEJbHO
HEOOJIBbIINM, TaK U AOCTUTATh OAHOIO roaa u 6osee. [TocKoabKY B pe-
JIbHBIX YCJIOBUSIX BpeMsl BO3BEACHMSI PA3IMUYHBIX KOHCTPYKIIUNA He
BCerja MOXET ObITh 3apaHee CIUIAHUPOBAHO, pacuyeT PEKOMEHAYETCS
MPOU3BOIUTD IS Pa3IMUHBIX COUETAHUI TeMIepaTypHO-BIAXKHOCT-
HBIX BO3JICVCTBUM.

B mutockux pparMeHTax ycuaus 6 2uOKux c6s3:1x MOTYT BbI3bIBATHCS
B OCHOBHOM IpU BHELIEHTPEHHOM OMUPAHWUM HAPYKHOTO CJ10s, OTK-
JIOHEHUHU €ro OT BEpPTUKaIU. B ciayyae OTCYTCTBUS TOPU30OHTAIbHBIX
JnecopMallMOHHBIX 1IBOB MJIM HEKAYECTBEHHOTO MX MCITOJHEHUS OTU
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YCWJIMST MOTYT OKa3aThCsl OCOOEHHO CYIIIeCTBEHHBIMU. B BepXHUX 3Ta-
JKax BBICOKMX 3IaHUI JOTIOJHUTENbHBIC YCUIIMS B CBS3SIX, IOJUIEXKA-
1€ YYETY, MOTYT BBI3BIBATHCS M BETPOBBIMM Harpy3KaMu.

IIpocTpancTBeHHbIE (PparMeHTbI

B mpocTpaHcTBeHHBIX (hparMeHTax IO CPaBHEHUIO C ITPSIMOJTMHEH -
HBIMM 3HAYUTEJIbHO BO3pACTaeT BIMSHUE KOHCTPYKIIMU, MaTeprana,
Pa3MepOB ILUIUT NEPEKPHITUNA U pedep, COSINHSIIOLIMX OIIOPHYIO OaIKY
C TUTUTOM.

PaccmorpuM I'-00pa3Hblil (pparMeHT MATUATAXKHON KJIaAKU C Io-
PU30HTATBLHBIMA U BEPTUKAJIbHBIMU OIOPAMM TOJIBKO B OCHOBAaHUU.
ITo rpanuniaMm pparmMeHTa UMEIOTCSl BepTUKAIbHBIE aedopMaloH-
Hble IBBI. OTHOIIIEHNE PACCTOSTHUS MEXKIY TeMIIepaTyPHBIMM IIIBAaMU
K BbIcOTe cTeHbI paBHO 0,8 (puc. 9.5.13 a). PacueTsl nokasanu cieay-
fomee. HampsokeHusT oT TeMIlepaTypHBIX BO3IEHCTBUI B JIMIIEBOM
CJI0€ B CpeNHel 1 BepXHEeil YacTsIX CTEHBI B IECSITKHU pa3 MEHBIIIE, YeM
Ha orope. DTo OOBSICHSIETCSI TEM, UYTO 8 8epXHell 4acmu 6bICOKUX CHeH
C 8ePMUKAAbHBIMU 0ehOPMAUUOHHBIMU WEAMU 20PU30OHMAAbHbIE nepe-
MeujeHus. cO0epiucUsarOmcs NPaKmu4ecKu moabKo SUOKUMU CEA3AMU,
pacnoaodcennvimu 60ausu yeaa. Ilpu smom co cmoponst éepmuxaavrnozo
OehopmMauuoHH020 Wea 20PU30HMAIbHbIE NePeMeujeHus 8 NA0CKOCmu
CMeHbl A8AAIOMCS NPAKMu4ecKu c0000HbImu. B ocnosanuu sxce cmenot
20pU30HMAAbHbIE NepeMeuieHUsl COeplHCUBAIOMCA euje U ONOPHbLIMU
KOHCMPYKUUAMU — NEPEeKPbIMUAMU, CIAAbHbIMU Y20AKAMU U M. 1.

B ananornynom I'-oOpa3HOM (parMeHTe OMHOITAKHOU KIaAKU
HaNPsKEHHO-Ae(DOPMUPOBAHHOE COCTOSTHUE JIUIIEBOTO CJI0ST IIPAKTH-
YeCKHU TIOJHOCTBIO COBITAAeT C HaMpPSKEHHO-Ae(POpMUPOBAHHBIM
COCTOSTHMEM B YPOBHE TEPBOTO 3Taka aHAIOTMYHON TSTUITAXKHOM
CTECHBI.

Takum 06pa3zoM, MOXHO cliejlaTh CJeIYIOUIUN BbIBOI. B naockux
dpazmenmax 2opu3onmanvHvle pacmseusarouiiie HANPAXCeHUA 8 Kiaoke
AUUEB020 CA0S B03HUKAIOM U3-3A COEPICUBANUSL 8 NAOCKOCHIU CHIEeHbL HA
onope 20pu30OHMAAbHBLIX memnepamypusix depopmauuii. B npocmpan-
CMBEeHHbIX (hpazmenmax 60.au3u yeaa K1aoka Auyeo20 cA01 nooeepa-
emcsa, kpome mozo, us2ufy u3 ceoei naockocmu (puc. 9.5.20—9.5.22).
Beauuunvt pacmsazusarouwux nanpajcenuii om uzeuba mozym 06vimo co-
NOCMAGUMDBL NO GEAUMUHE C HANPANCCHUAMU OM 0CE6020 PACHIANCEHUSL.

B Z-o6pasnvix ghpacmenmax c nByMs BepTUKATbHBIMU TEMITEPATYP-
HbIMU BamMu (puc. 9.5.10; 9.5.22) BcaeacTBrue TeMnepaTypHbIX BO3-
JIECTBUI MOXKET IIPOUCXOIUTD CO8UE C10€6 OMHOCUMEAbHO OpYye dpyaa.
YeM MeHbIIIe JUIMHA CPEIHENM CTeHBI, TeM OOJIbIIIE OIIYIIAeTCs B -
HUE CIBUTA JIMIIEBBIX CJIOEB KPAafHUX CTEH OTHOCUTEIBLHO APYT-apyra
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1 TeM BBIIIIE PACTSATUBAIOIINE HATIPSDKEHUSI B HAPYKHOM CJIOE OT €0
n3ruda u3 mIocKocTu. Ilpu KOpOTKUX CpeaHUX CTeHaX B Z-00pa3HbIX
(parMeHTax BepOATHOCTh 00pa30BaHUS TPEIIMH B KJIaIKe JIMIIEBOTO
CJI0$1 CTOJTb BEJIMKA, UTO HUX B JIIOOOM ClTydae peKOMEHIYETCS YCTPOi-
CTBO BEPTUKAJIBHBIX TEMIIEPATYPHBIX IIIBOB [0 BHYTPEHHEMY YTITy.

B I1-06pa3nbix hpaemenmax ¢ KOpOTKUMU CPETHUMU CTEHAMU BO3-
pacTaeT BAMSHUE M3ruMOa JUIIEBOTO CJIOSI M3 €Tr0 TUIOCKOCTU BCIIEI-
CTBUE mepeMellieHuid KpailHux cteH (9.5.21). OgHako 5TO BIUSHUE
OKa3bIBAaeTCS HE CTOJb CYIIECTBEHHO, KaK MPpU CABUTE B Z-00pa3HBIX
¢parmeHTax.

ITocKOaBKY MpU OTCYTCTBUYM BEPTUKAJIBHBIX TEMITEPaTYPHBIX IITBOB
(puc. 9.5.13, 6) ropu30OHTaJIbHbIE TIEPEMEIIEHUS B TIJIOCKOCTHA CTEHbI
He SBJISTIOTCS CBOOOIHBIMU JTaxke TIPU BHICOKMX CTEHAX, HATIPSIKEHUS
TaM He CTOJIb 3HAYMTEJbHO M3MEHSIOTCS TI0 BBICOTE CTEHBI, KaK BO
¢dparMeHTe ¢ TEeMMepaTypHbIMHU 11BaMu (puc. 9.5.13 a).

Kak ormeuanoch, uem 6oavuie coepiycusaromcs Ha onope Auue602o
c1051 c80000Hble MeEeMNEPAMYPHO-6AANCHOCTIHbIE dedhopmayuu KiaoKu,
mem 0oavluue 20pU3OHMAAbHbIE PACMSAUGAIOWUE HANDSANCEHUA 8 Hell
GO3HUKAIOM.

Ha nanpsckeHHO-aepopMUPOBAaHHOE COCTOSIHME HAPY>KHOIO CJIOST
OUYeHb OOJTBIIIOE BIMSHUE OKA3bIBAIOT TUIUTHI IIEPEKPHITHIT, KOTOPHIE Ha-
XOISATCS B OTJMYHBIX OT HAPY:KHOTO CJIOST YCIOBMSX, TaK KaK OHU He
TTOBEPXKEHBI CTOJIb 3HAUMTENILHBIM TIeperagaM TeMiiepatyp. B To xe
BpeMs1 KO OULIMEHT IMHEITHOIO paclIpeHus XKe1e300€TOHA B IBa pa-
3a BBIIIIE, YeM KJIAJAKWA M3 KepaMUUYECKOro KUpIuyJa win kamHeir. Oco-
OEHHO CKa3bIBAIOTCS AehOPMAIIMH TUTAT B MX TUTOCKOCTH Ha YIJIax CTEH.

HedopManiny IIMT NepeKPHITUI MepeaaroTcs Ha OIOPHYIO OaIKy
yepe3 XKejae300eTOHHbIE pedpa, coeanHsIoIIe 0aaKy ¢ IuToi. I1o3-
TOMY TIPY OTCYTCTBMU Ha YTJIy MIepeceKaroIInxcs CTeH pedep BIUsSHUE
TeMIIepaTypPHO-BIAXKHOCTHBIX Ae(opMalnii TUIMT TEPeKPBITUI Ha
HaNPsKEHHO-Ie(OPMUPOBAHHOE COCTOSTHUE HAPYKHOTO CJIOSI MOTJIO
OBl OKa3aThCs B psifie CIydyaeB 3HAYUTETLHO MEHbIIIE.

Yem sncecmue KOHCOIbHBLIE pebpa u wem 0auxce no0X00am oHU K yeay,
mem Gbvlule MAKCUMANbHBIE GEAUMUHBI PACMALUGAIOUWUX HANDPANCCHUT
6 AuUesoOM cao0e u mem Oaudice nepemeularomcs OHU K yeay.

bruto mcciaenoBaHo BIMSHUE pa3MepOB M TTOJIOKEHUST Ha CTEHE
OKOHHBIX M ABEPHBIX MMPOEMOB. B KauecTBe mpumepa U300l TOpU-
30HTAJIBHBIX HAMPSKEHUI HEKOTOPBIX ()parMEHTOB B JIMIIEBOM CJIOE€
CTeHbI pUBeJEHBI Ha puc. 9.5.3 a, 6. VI3 cpaBHEHUS 3TUX 3MIOP C aHa-
JIOTUYHBIMU B (pparmMeHTax 06€3 OKOH BUJIHO, YTO Ha4u4ue OKOHHBIX
npoemog He 0Ka3aa0 CYueCrmeeHH020 GAUAHUS HA GeAUHUHDI MAKCUMANL-
HbIX pacmszusarowux Hanpsycenuii. B To e BpeMsi, BOJM3U OKOHHbBIX
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Puc. 9.5.13 a, 6, B, . ®parMeHT MATUITAXHOU CTEHbI C [-06pa3HbIM y4aCTKOM HapyXXHbIX CTEH
6e3 ropu30HTasIbHbIX Y BEPTUKAIIbHbIX OMOP B YPOBHE MEPEKPLITUIA. V30018 ropu3oHTabHbIX
HarnpsKeHW B HapyXXHOM Crioe:

a — B JIeTHee BpeMsi 6€3 y4eTa HanpsKeHui oT n3rmba mu3 niocKocTu;

6 — TO Xe OT usrmba u3 nIoCKoCTH;

B — B 3UMHee Bpemsi 6e3 ydeTa HarnpskeHui oT narnba 13 niaocKocTu;

r —TO Xe, OT u3rnba u3 rni1ocKocT1

MPOEMOB, 0COOEHHO B YPOBHE BepxXa 1 HM3a IPOEMOB, BO3MOXHA KOH-
LIEHTPALMS PACTATUBAIOIINX M KacaTeJbHBIX HAMPsKeHU, Cr1ocoo-
HBIX BbI3BATH TPELINHBI.

Hanpsaxcenno-oegpopmuposantoe cocmosinue KAaOKU HAPYHCHO20
CA051 UBMEHSIeMCsl 8 meveHue 2004 6 3A8UCUMOCII OM MeMNepamypbl
oKpyJcarouie2o 803dyxa u coanexnol paduauuu. Ilpu smom onpedeasiio-
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WuUM A645€mcs nepuood 3aMbIKAHUsL KOHCIMPYKUUN, COBNAOAIOWUIL CO 8pe-
MeHeM 8036edenust KAaOKU HApYICHO20 c105. VI3MeHeHNe TeMIiepaTyphbl
KOHCTPYKIIMIT MMEHHO C MOMEHTA BO3BEICHUS KJIAIKU HApYy>KHOTO
CJI0$1 TIPUBOIUT K U3MEHEHMIO €T0 HaIPsKeHHO-1e(hOPMUPOBAHHOTO
coctosiHus. [Ipr 3TOM BaXXKHO YYMTBHIBATh M3MEHEHUE TeMIlepaTyphbl
He TOJIbKO HApYKHOTO CJI0$T, HO 1 APYTUX KOHCTPYKIMiA. K H1UM B mep-
BYIO 04YepeIb OTHOCSTCS TIMTHI MIEPEeKPBITUI, ONTOPHBIE OaTKH, Coe-
IUHSTIONINE MX C TUTUTOI TEePeKphITUs pedpa, BHYTpEeHHUE CJIOM Ha-
PYKHBIX CTEH.

B paspmene 6.6 mpuBeneHBI IIPUMEPhI OMPEACICHMSI PACYSTHBIX
TeMIepaTyp KOHCTPYKIIMI B 3aBUCHUMOCTH OT MEpUOIa BO3BEICHUS
HapY>XHOTO CJI0ST KJIAAKY 1 TIeproa rofa, Uik KOTOPOTO BHITIOTHSIET-
Cs pacyeT. YUUTBIBAIMCH BAPMAHTHI PACITONIOKEHMST KOHCTPYKIIMI Ha
COJTHEUHOI cTOpoHe U B TeHU. [ToM1MO JIeTHEeTo 1 3MMHETO MIEPUOIOB
BO3BEICHUS KJIAJIKN PaCCMATPUBAIICS TIEPUOJ MEKCE30HBSI C HYJIEBOI
TeMIIepaTypoii Hapy>kKHOTO Bo3myxa. Kpome Toro, paccMaTpuBallCh
BapMaHTHI C TeMIIepaTypoil BHYTPEHHEro BO3/IyXa B IMOMEIICHUMN He
TOJIbKO B TIEPMOJT OKCIUTyaTallu, HO TaKKe M TIPU OTpaHUYEHHOM T10-
Jlaye Tervia B IEPUOL 3aBEPIIAIOLIETO 3Tala CTPOUTEIbCTBA

PacueTbl BBIMOTHSIUCH UTST BCEX MPUBEICHHBIX BAPUAHTOB TIepe-
Mag0B TEMITepaTyp B TeUeHUE To1a. bbIo yCTaHOBIEHO, UTO MJIsT 00JIb-
IIMHCTBA KOHCTPYKIIUN CTEH U MEPEKPHITUI 00pa3oBaHUe TeMIiepa-
TYPHBIX TPEIIWH B KJIaAKe HAPY’KHOTO CJIOSI BO3MOXKHO KaK B JIETHUH,
Tak M B 3UMHMI TIepUOIBI Toma. BelIo Takke yCTaHOBJIEHO, YTO 045
MOCKOBCK020 pe2uoHa 3umoil Haubonee 6eposmHo 00pasoeamue mpeujun
6 cayuae 6036e0eHUA HAPYICHO20 CAOS 8 MeICCe30Hbe, d AenOM — 8 CAY-
uae 6036e0eHUsL HAPYHCHO20 CA0A 3UMOIL.

PaccMoTpuM maeanm3mpoBaHHYIO CXeMY, B KOTOPOW Hapy>KHBIE
CTEHBI B OCHOBAHUHU HE UMEIOT BO3MOXHOCTH TepeMeIaThcs Kak Io
BEepPTUKAJIM, TaK 1 110 TOPU30HTAIN. BooOIIIe rOBOpsI, Takas pacueTHast
CXeMa MCIOJIb3YeTCs MPM pacyeTe Ha TeMIlepaTypHO-BIaKHOCTHBIC
BO3ICICTBUSI HAPYKHBIX OMHOCIOMHBIX KUPIIUYHBIX cTeH [1.6, 6.9].

B aTOoM ciyyae MakcMMallbHBIE BEJIMUMHBI TOPM30OHTAIBHBIX pac-
TATUBAIOLINX HAIPSDKeHW B Hapy>KHOM CJIO€ BO3HUKAIOT B 3UMHEE
BpeMsl B pe3yJbTaTe CIASPKMBAHWS TOPU3OHTAIBHBIX JehopMariuii
KJIaIK B OCHOBAaHUM CTEHBI.

BriBoabI
l'opusoHTaNbHBIC paCTATUBAIONINE HATPSDKEHUS, NEMCTBYIOLINE
B JIMIIEBOM CJIO€ KJIAAKH, CITOCOOHBI BBI3BaThb B HEil BepTHMKAJIbHBIC
TpelnHbl (hOoTO HAa pUCyHKax pasnena 2). [TosydeHHbIe B IPUBEAEH-
HBIX BBIIIE pacyeTax BEJIMUYMHBI BO MHOTHX CJIydasX TPEBBIIIAIOT
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MPOYHOCTh KJIAAKU PACTSDKEHUIO IO IIePeBsI3aHHbIM IBaM. PacueTsl
BEJIMCh JIJISI MAaKCHMAaJIbHO BO3MOXKHOI'O B MOCKOBCKOM PErMOHE Iepe-
aja TeMIleparyp, KOTOPbIA MOXET CJIYYUThCS IIPU CAMOM HeOJ1aror-
PUSATHOM CTE€YEHUU OOCTOSITEIbCTB. B MeiCTBUTEILHOCTH Iieperan
TeMIIEpaTyp MOXET OKa3aThCsl MeHblle. bojiee TOro, Ha pa3jIMYHbBIX
y4acTKaxX CTeH OJHOTO U TOTO K€ 3JaHUS TTepera TeMIepaTyp MOXeT
OTJIMYAThCSI KaK B CUJIY Pa3IMYHbIX IIEPUOIOB UX BO3BEACHUS, TaK U
Pa3IMYHOI OpHEHTALIMU OTHOCUTEIbHO COHIA. B Kakoii-To cTeneHu
3TO IOATBEPXIAETCsS AAaHHBIMU HATYPHBIX HaOMIOACHUI, KOIaa je-
(beKTBI IPOSABIISIOTCS 10 (pacamam He BCeTaa paBHOMEPHO. 311eCh, OfI-
HAaKO, HeJIb3sl UCKJII0YATh TaKXKe (paKTop BO3MOXHOIO Pa3HOro Kade-
CTBa MPOM3BEICHHBIX PA0OT Ha Pa3IMYHbIX YIaCTKaX CTCH.

[MoaBoast UTOr CKa3aHHOMY, MOXHO BBIICIIUTh OCHOBHbIE (haKTO-
Pbl, BIMSIIOLIME Ha HaIpsSLKeHHO-AeMOPMUPOBAHHOE COCTOSIHUE
KJIAZKU JIMLIEBOTO CJIOS:
® o0pazoeanue 6epMUKAALHBIX U HAKAOHHBIX MPEUUH 8 KAadKe Hapy#c-

HO020 €051 603MOJCHO KAK 6 AemHee, MaK U 6 3UMHee 8pemMst 2004 U 3d-

sucum om nepuooa e20 6036e0eHu;
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Puc. 9.5.14 a. ®parmeHT @2 cTeHbl paamepom 10 - 12 M BbICOTON Tpu 3Taxa 6e3
ropuU30HTasIbHbIX AeOPMAaLMOHHBIX LLIBOB B yPOBHE MNEPEKPbITMIA. V13007151 ropu30oHTasbHbIX
HanpskeHwii (6e3 yyeta Hanps)KeHuii oT n3rnba u3 riocKocTy) B JIeTHEe Bpemsi
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®  20pU30HMAAbHbIE PACMAUGAIOWUE HANPANCCHUS 6 AUUEGOM CA0e
60.4U3U Y2106, BbI36AHHBIE €20 U32UGOM U3 NAOCKOCHIU, CONOCMAGUMbL
N0 6eAuMUHe ¢ HANPANCCHUAMU O 0CEEbIX YCUANIL;

® oceeble YCUAUA BOZHUKAIOM NPEUMYUIECHIGEHHO OMl COePIHCUGAHUS
CB00O0OHBIX 20PUZOHMAALHBIX NepeMeUleHull KAAOKU AUle6o20 CA0s
ONOPHBLIMU KOHCIPYKUUAMU U COCPEOOMOUEHbBL 8 OCHOGHOM HA Onope;

® MOMEHNIbL, 6bI3bIEAIOULIE U3UO KAAOKU AUUEBO20 CAOS U3 €20 NAOC-
Kocmu, cocpeoonouenvl npeuMyuiecneeHHo 60ausu y2a06 ghpazmen-
moe u pacnpeoeieHst no 6bICOMe CHEHbL 00CIAMOYHO PAGHOMEPHO;

e ¢ Z u Il-o6pasnvix (hpacmenmax éo3pacmaem eausHue uzeuba auye-
6020 ca05 u3 e2o naockocmu. Ocobenno 3mo npossasemcs 6 Z-obpas-
HbIX (hpazmenmax écaedcmeue coguza 08yx KpaiiHux cmeH OmHoCuU-
meavro dpye opyea (puc.9.5.21; 9.5.22).

9.5.3. Anaau3 éausHus pazauyHblX aKmopos Ha 8eAUHUHY YCUAULL 8 2Ub-
KUX CBA35X
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Puc. 9.5.14 6. ®parmeHT @2 cTeHbl padmepom 10 - 12 M BbICOTON Tpu 3Taxa 6e3
ropu30HTasIbHbIX AEHOPMAaLMNOHHBIX LLUBOB B YPOBHE MepeKpbITUiA. VI30Mossi ropn3oHTanbHbIX
HanpskKeHwuii oT n3rnba m3 niIocKoCT! B IETHeE Bpemsi
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Topusonansisie anpsxenns, Mila

Puc. 9.5.15. Ipacbuk nameHeHusi

ropn30HTalIbHbIX Haﬂpﬂ)l(eHMﬁ B O6}7ML[OBK€

1o BbicOoTE

Bericora H, M

Vriosas
CBS3b

Buytpennuii croit

CTEHBI :

Hapyxuslii coit
CTCHBI

‘VenoBHbIE 0603HAYEHHS:

4x4 - rabapuThl B IUIaHE Y4acTKa CTCH

TIAA  cvvcmn cmre s Ban casmeem v

ITpoGaema oOpa3zoBaHus B IULIE-
BOM CJIO€ KJIaJIKM BEPTUKAJIbHBIX
TeMIepaTypHO-yCaJOUHBIX  Tpe-
IIMH, K COXAJICHUIO, SIBJISIETCS Ja-
JIEKO HE €TMHCTBEHHOM.

Bcaedcmeue  memnepamypho-
BAANCHOCMHDBIX Oeghopmauuii 6 2ub-
KUX CB8A34X 6 OCHOBHOM, DPACN0A0-
JMCeHHBIX 60aU3U Yead, GOZHUKAIOM
pacmsieuearoujue ycuaus.

IIpy oTCyTCTBMU IO TIpaHULIAM
(¢parmMeHTa BEepPTUKAJIBHBIX TEMIIC-
paTypHBIX IIBOB TOPU30HTAJbHBIE
MepeMelleHUsT KJIaAKU JIMIEBOrO
CJIOSI TIPU TeMIIEPATypPHOM pacIliy-
pEHUUM pa3BUBAIOTCSI B OCHOBHOM
B CTOPOHY YIJIa IepecevyeHusT CTEH.
OTUM NiepeMelIEHUSIM TIPENsITCTBY -
10T PACITOJIOXKEHHBIE Ha YTy CBSI3MU.
IIpu Hanmuum mo rpaHuLiaM ¢par-

66
H24

DparvenTs! Ge3 TemTepaTypHbIX LIBOB

weam mnd&redaunar > o edd

Veunue Ne, T¢

Puc. 9.5.16. lNpumepHsbie antopbl yeunmii NC ropn3oHTaslbHbIX CBA3SIX Ha Y1y CTeHbl 63
rOpU30HTasIbHbIX U BEPTUKASIbHBIX OMOP B YPOBHE MEPEKPbITUI (Ha paccTosiHum 50 cM OT yrna) oT
TEMIEpaTypHbIX BO3AEVICTBUV B TEMN/10€ BPeMs roga rpu XecTKov orope B OCHOBaHUN
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MEHTa BEPTUKAJIbHBIX Me(OPMAIIMOHHBIX IIIBOB KjIamKa JUIIEBOTO
CJI0S1 UMEET BO3MOXKHOCTh PACIIUPSTHCS B CTOPOHY 3THUX IIBOB. [1pu
5TOM TOPU3OHTAJIbHBIE TIepEeMEIIeHUST KJIaaK B YIJIy OKa3bIBAIOTCS
He3HAUUTEJbHBIMU. He3HAauuTeIbHBIMU OKAa3bIBAIOTCS TIPU ITOM U
YCWINS B CBSI3SIX.

OOBIYHO MaKCHUMaJbHbIEe BEJMYMHBI HAMPSKEHWI BO3HUKAIOT
B CBSI3$IX, PACIIOJIOXKEHHBIX Ha YTy B IUIOCKOCTHU CTeHBI O0€3 TeMriepa-
TYPHBIX IITBOB.

Ha puc. 9.5.1 6 uzo0paxxeHbl 3MIOPbl TOPU3OHTAIBHBIX YCUJIHUIA,
JNEVCTBYIOIINX B CBSA3SIX, PACIIOJOXEHHBIX Ha YIJIy CTeH C OOJIBIINM
OTHOILIEHUEM BBICOTHI K JjIMHE. B cTeHax (hparMeHTOB 0€3 BepTUKAIb-
HBIX ¥ TOPU3OHTATbHBIX TEMIIEPATyPHBIX IITBOB OHU JOCTUTAIOT MaK-
CUMaJIbHBIX 3HAY€HUI B OOJILIIMHCTBE CJIy4aeB C BHICOThI 2—4-X MET-
poB. Bo dparmeHTax ¢ TemrepaTypHbIMUA BEpTUKATbHBIMU IITBAMM TIO
Mepe YObIBAHUSI BIIMSIHUSI OITOPHBIX KOHCTPYKIUMI YCUIUASI B CBSI3SIX
CTAHOBSITCS HE3HAUMTEIbHBIMU C BbICOTHI 4—10-TH METPOB B 3aBUCU-
MOCTHU OT COOTHOIIIEHUS BHICOTHI M IJTMHBI CTEHBI.

AHain3 pe3yJbTaTOB PACU€TOB MTOKA3bIBAET, UYTO YCUAUS 8 Y2A08bIX
C8A35X Mo2ym 0ocmuzamo npedeabHbIX 3HAMeHUll KaK 6 menavlil, max u
6 X0.100HbLI Nepuodbl 2004 8 3a6UCUMOCTII O MEMNePamypbl HAPYIHCHO-
20 C1051 6 MOMEHM €20 6036e0eHUs.

9.5.4. Bvieod 3asucumocmu 20pU30HMANbHBIX PACMALUBAIOUUX HANDS-
JCEHUTl 8 MUUEBOM CA0e CIEeHbL Om 2abapumoes gpasmeHma u epa-
HUYHBIX YCA0BUIL

Kak oTMeuanoch, BEIMYMHBI TOPU3OHTAIBHBIX PACTATUBAIOIINX
HaNPsSDKEHUI B JIMIIEBOM CJIOE 3aBUCAT OT MHOTMX (hakToOpoB. Iis
MPUOTMKEHHOM OLIEHKU 3TUX BEJIMUUH PaCCMOTPUM MX 3aBUCUMOCTD
OT KOH(pUTYpaluu, JJIMHBI CTEH Y HAJIMYMS WIIM OTCYTCTBUS T10 Tpa-
HUIIaM (pparMeHTa CTeHbI BEpTUKAJIbHBIX TEMITEPAaTYPHBIX IITBOB.

ITocTpouM Mo IaHHBIM pacyeToB (PparMeHTOB C HelehopMUpye-
MO TITUTOM TIEPEKPHITUS IPpacUKKU 3aBUCUMOCTH MaKCUMAaJIbHBIX BE-
JIMYUH TOPU3OHTANBHBIX PACTITUBAIOIINX HATIPSDKEHUM B KITaaKe M-
LIEBOTO CJIOSI OT TabapuTOB (PparMeHTa, IJIMH CTEH ¥ TPAHUIHBIX YCII0-
Buii (puc. 9.5.17).

7151 3TOro 10 OCHM OPAMHAT OTJIOXHMM TOJydYeHHBbIE M3 PacuyeToB
MaKCcUMaJIbHbIE€ BeJIMYMHBbI HanpspkeHuii. ITo ocu abcuucc Oymem
OTKJIAABIBaTh PACYETHYIO CYMMapHYIO IJIMHY CTeH parMeHToB. Haz-
HauyeHWe pacyeTHON CyMMAapHON JJIMHBI TTPOU3BOIUTCS IO CIEIYI0-
UM hopmyJiam:

it I'-o00pa3HbIX (hparMeHTOB C IBYMSI TeMIEpPaTypHbIMU IIBaMU
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(puc. 9.5.20):
L=L.+L, 9.5.1)

rne L n Ly — IJIMHA CTEHBI OT yIja A0 J1edopMallMOHHOIO 1IBa COOT-
BETCTBEHHO 1O OCcsIM X 1 Y

st IT-o0pa3Hbix (pparMeHTOB U Z-00pa3HbIX (pparMeHTOB C IBY-
MsI TeMIiepaTypHbIMU BamMu (puc. 9.5.21; 9.5.22):

L=L ,+L,+L; (9.5.2)

111 [1-00pa3HbIX (pparMeHTOB 0€3 BepTUKAJbHbBIX TEMIIEPATYPHBIX
IIIBOB:

L=2(L,+L); (9.5.3)
n71s1 I'-00pa3HbIX (pparMeHTOB C OMHUM TeMIIEPaTyPHBIM IIIBOM:
L=2(L,+L); 9.5.4)
n7s1 I'-o0pa3HbIX (pparMeHTOB Oe3 TeMIIepaTypPHbIX IIIBOB:
L=4(L,+L). 9.5.5)
DT0T rpauK MOXKeT OBITh aIIPOKCUMUPOBAH CJIEAyIoIIei (popMyJI0ii:
0=a (0,67 +0,0088L)E, a, A, [MIla], (9.5.6)
% Z Ej c;o,a7+0.00%L'E“'“‘ o

13 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49

Pacuernas nimna L, M

Puc. 9.5.17. lpachvk 3aBUCUMOCTN MaKCUMaSIbHbIX 3HA4YEHUV FOPU3OHTAsTbHBIX HAMNPSXKEHWV G B
JINLEBOM CJ10€ OT pacHeTHOM A/INHbI CTEHbI
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rae a = 1; E, — Moaynb neopmannii KJIaaku, ONpeaeisseMblil ¢ yJe-
TOM JUTMUTEJbHBIX AeOopMaIinii, TaK KaKk U3MEHEHHUE TeMIIepaTypsl OT
MOMEHTa 3aMBbIKaHMSI KOHCTPYKIIUM IO pacyeTHOTO Teproaa mpoTe-
KaeT B TeYeHUE JJINTELHOTO BpeMeH! 110 (hopMyJie:

E, = E'; 9.5.7)

rae F — MoyJb YIIPYTOCTH KJIAKK; #§ — KO3(MMUIIMEHT, YYUTHIBAIO-
LI BIMSHWE NOJI3YYeCTH KJIaJKu, ONpeaesgeMslii o [1.5]; a, — ko-
3 OUIIMEHT TMHEINHOIO pacIlMpeHMs KJIaaKW; Af — pacCUeTHBII Iepe-
aj TeMIepaTyp.

l'opuzoHTanbHOE yeWIKe, NEeWCTBYIONIEE B KJIAJIKe JIUIIEBOTO CIOS,
cJIemyeT OnpenessaTh o hopmyIe:

N =04, (9.5.8)

rae A — TIomanb BEPTUKAIBHOTO CEYEHUST KIJIAAKKU JIUIIEBOTO CIIOS
OpyTTO (C yUeTOM BePTUKAIbHBIX IIIBOB) BHICOTOM 1 M.

IIpoBepka MPOYHOCTU KIJIAAKU Ha PacTSKEHUE TTPOM3BOIUTCS TIO
(opmynam (9.9.1) u (9.9.2).

9.5.5. Bbi6od 3asucumocmu pacmseu8arouiux ycuauii 6 euOKUx cesa3sx
om eabapumoe pacmenma cmeH U epaHUMHbIX YCA0BULL

J1s1 mpuONMXKEHHON OLEHKM BEJIMUYMH YCUJIMUA B TUOKUX CBSI3SIX
MIpUHUMaeM, 9YTO OHU B TEPBYIO OYepelb 3aBUCAT OT CyMMapHOI
JIUTMHBI CTE€H W HaJW4YMS WIM OTCYTCTBMS MO TpaHUIIaM (pparMeHTa
CTeH TeMIIepaTypHBIX IITBOB. BBIBemeM MNpPUOIMKEHHYIO 3aBUCH-
MOCTh BEJITMYMH MaKCUMaJIbHBIX PaCTATUBAIOIINX YCUJINI B pacIo-
JIOKEHHBIX Ha YIJIy TMOKUX CBS3SIX OT HEKOTOPOW pacuyeTHON CyM-
MapHOW JJIMHBI CTEH.

AHaJIOTMYHO TOMY, KaK 3TO OBLJIO CAETaHO MJIS TOPU30OHTATIBHBIX
pacTATUBAIONINX HAMPSKEHUI B JTULIEBOM CJIO€, TIOCTPOUM TpaduKu
3aBUCMMOCTH MaKCUMAJIbHBIX YCWIMHI B CBS3SIX OT CYMMapHOI pac-
YETHON IJIMHBI cTeH (puc. 9.5.18, 9.5.19).

g 2TOro OTJI0XUM IO OCH OPAMHAT MOJIyUeHHBIE U3 PACcUeTOB
(bparMeHTOB CTeH ¢ Hene(OPMUPYEMOM TUTUTOM TEepeKPBITUS MaK-
CUMaJIbHbIe BEJIMUYMHBI PACTITUBAIONINX YCUINI B cBa3sX. [1o ocu
abcimcc OymeM OTKIIaAbIBaTh PACYETHYIO CYMMAapHYIO JUIMHY CTEH.
IIpuHuMaeM 1iar cBsi3eli Mo BLICOTE Ha yIIy CTeHbI 25 cM. HasHaue-
HHUE pacyeTHON CyMMapHOM IJIMHBI TPOU3BOAUTCS TI0 CIAEAYIOIINM
dopmynam:

1yt I'-o06pa3HbIX (hparMEHTOB ¢ BHELIHUM YIVIOM C ABYMS TeMIIe-
paTypHBIMM IIIBAMM TIPUHUMAETCS MaKCUMaIbHOE M3 IBYX 3HAUCHUA
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(puc. 9.5.20):
L=L,+025L,/L, 9.5.9)
L=L,+025L/L, (9.5.10)

rne L on Ly — IJIMHA CTEHBI OT yIJja A0 JedopMallMOHHOIO 1IBa COOT-
BETCTBEHHO 1O OCcsIM X 1 Y

1711 I'-00pa3HbIX (DparMeHTOB C BHEIIHUM YIJIOM C OJHUM TeMIle-
paTypHBIM IITBOM:

L=2L,+0,75L,/L; (9.5.11)

DTOT rpadrK MOXKET OBITh alIIPOKCUMUPOBAH CAEAYIOIIUMU (Pop-
MyJIaMHU:

N=221[aln(L —b) + c| E,a, At KH nipu L>8,5; (9.5.12)
N=1,65[d L’ + ¢| E_a,AtKH, ipu L<8,5,  (9.5.13)

rae Ko3¢pGULUUEeHTh MPUHUMAIOT cleaypolnue 3HayeHus: a = 0,73;
b=28;c=3,3;d=0,05; e =0,15; monynb yripyroctu 3amaercs B MIla,
temriepatypa — B °C; E; @, — COOTBETCTBEHHO MOYJIb 1e(OopMaLInii U
K02 GULMEHT TMHEMHOTO pacliMPeHUs KJIalKW; Af — pacueTHbIi 1e-
penana TeMmneparyp.

B I'-06pa3Hbix (pparmMeHTax ¢ BHYyTPEHHUM YIJIOM U C IBYMSI TEM-
MepaTypHbIMU 1IBAaMU YCUJIMSI B CBSA3SIX MOTYT IPEBBIIATH YCUIUS
B cBs3six ['-00pa3HbIX ()parMEeHTOB C BHYTPEHHHM YIJIOM IIOUTH B
10 pa3. To ke oTHOCUTCS U K Z-00pa3HbIM (pparMmeHTaM. B 310l CBsI-
31 PEKOMEH/IYETCS YCTPOMCTBO BEPTUKAJIBbHBIX TEMIIEPATYPHbIX 11IBOB
HE TOJIbKO IO BHEIIHUM, HO ¥ MO BHYTPEHHHUM YyrjaM. Z-o0pa3Hble
¢parMeHTBbI, 0COOEHHO C KOPOTKOM CpellHei CTOPOHOI, JOXKHbI pa3-
OuBaThCs Ha ABa uiau 0oJjiee (hparMeHTOB B JIDOOM CiIydae.

ITpoBepka MPOYHOCTU CBSI3M M aHKEPHOIO y3ja Ha pacTsKeHUe
rmpousBoauTcs no popmynam (9.10.1)—(9.10.2).

9.6. UccnepoBaHue HanpsHKeHHO-AeOPMUPOBAHHOIO
COCTOSIHMSI JILIEBOrO CJI0Sl Ha NPSIMOJIMHEMHOM y4acTKe
NPV BHELLEHTPEHHOM ONMUpPaHUu

YacTo KJamka JUIEBOTO CI0sI CBEITMBACTCSI C OTIOPHON KOHCTPYK-
unu. Hampumep, mpu onmmMpaHny Ha CTaIbHOM YTOJIOK CBEC BEJTUIMHOMN
B 2—4 cM AesiaeTcs U3 9CTETUYECKUX COOOpaXKeHU M U /11 OTpaHUYEHUS
TIOTIaAaHus BJIard Ha YroJIOK, OCOOEHHO €CJIM OH c/eJlaH M3 OOBIYHO
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PaccTosiue OT yIIa CTEHbI JI0 BEPTHKAILHOTO TEMIIEpaTypHOro mBa LX, M

‘Veusue B CBA3M,

PACIONOKEHHOH

B1011b ock X

HPAKTHYECKH
Yeunue B cBA3M. He 3asHeuT o1 Ly
pacnonoxerHoi 1 3aBHCAT TOJIBKO
B0 OCHY or Lx.

TPAKTHYECKH

HE 3aBHCHT OT Lx
M 3aBUCAT TOJILKO
or Ly.

Puc. 9.5.18. MakcumaribHble ycuins B yriioBbIX CBSI3SIX NPU HASIMYMM TEMIepaTypHbIX
BEPTUKasIbHbIX LLBOB M0 06enm cTopoHam. LLlar ceszevi 50 - 50 cM OT yrna Ha paccTosiHum 25 cMm

Verue B canx, T¢

Viossie caas,
pacrionoKeHHEIe
Bitoms ocu Y.

VEoBEIe CBA3H, PACTIOTOAEHHE BI0TS 0k X.

o 02 5 & s & 7 % s w0 w w5 s s a8 w519 Pacuernat Ammma crems Lo yoma, s

Puc. 9.5.19. CBoaHbIvi rpachmk 3aBUCUMOCTU ycunmii B cBs3siX NCB, pacriosioXeHHbIX Ha BHELLHEM
Yr71y OT pacHeTHOV A/nHbI, B MIIOCKOCTU KOTOPOU HaxoAMTCs CBS3b
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Puc. 9.5.20 a. Cxembl gechopmavinii Puc. 9.5.20 6. Cxembl gechopmavinii
Hapy>XHOro MLeBoro cfos Ha [-obpasHom Hapy>XHoro nmuyesoro cnosi Ha [-o6pasHom
y4acTtke ¢ BHeLLUHeM yriioMm 3umo rnpu ero y4acTtke J1eToM rpu ero Bo3sefeHnn 3umont

BO3BELEHIM B MEXCe30Hbe npu t = 0°C

cTaid. 3a CUeT HETOYHOCTH MOHTaka BeJIMYMHA CBeca KJIaIKH C OTop-
HOW KOHCTPYKIIMY MOXKET 3HAYUTEJIbHO YBEIUIUTHCI. ABTOPY TTPUXO-
IVJI0CHh HAOIOAATh CTy9au B OTEUECTBEHHOM MTPAKTHKE, KOT/Ia BEIMUM-
Ha cBeca IpeBblilaga 8—12 cM, T.e. KJlaaKa JIMLEBOIo CJI0s MpaKTuiec-
K1 BOOOIIIe HE OMMpajach Ha CTAILHOW YTOJIOK WJIM MOHOJIUTHOE TIe-
PeKpbITHE (CM. TJ1aBy 2).

DKCIUEHTPUCUTET OMMPaHUsT KJIAIKN Ha OMOPHYI KOHCTPYKIIUIO
MOXKET BOSHUKHYTh U BCJIEACTBME HEOAMHAKOBOTO KaUeCTBA CMEKHBIX
Y4aCTKOB TOPU30HTAIBHOTO paCTBOPHOTO II1BA.

C 1enplo McCaenoBaHUs BIMSHUS SKCIIEHTPUCUTETA OTIUPAHUS
KJIaJIKU JIMLIEBOTO CJI0ST Ha YCUIUS B THOKUX CBS3SIX OBLIM BBITIOTHE -
HBI pacyeThl METOJIOM KOHEUHOTO 3JIeMEeHTa TJIOCKUX (PparMeHTOB.
HccnenoBasioch onmupaHue JUIIEBOTO CI0sS Ha CTaJIbHOM YroJIOK,
KPETSIININCS K 3KeJe300e TOHHOMY KapKacy.

Pacuernas cxema (pparmeHTa rnpuBeneHa Ha puc. 9.6.1 a, 6, B, T.

Monynb nedopmaiinii KUpIMYHON KIaIKy JIUIIEBOTO CJIOST TPUHU -
MaJsics paBHbIM 1360 MIla ¢ yyeToM mosi3ydecTu Kak JUIsl KJIAAKU U3
Kepammuyeckoro kuprnuya mapku 100 Ha pactBope mapku 50. B kaue-
CTBE OTIOPHOI 0aJIKM OBLT MPUHSAT CTaJIbHOM yrosok Ne 10.

B psine ¢pparmeHTOB HEOOHOPOAHOE KAayeCTBO PACTBOPHOIO IIIBa
MMUTUPOBAIOCH Pa3HBIM MOIYJIEeM HedopMaiiuii pacTBOpa CMEXKHBIX
y4acTkoB oT 25 no 250 MIla. OTMeTuM, 4TO CTOJIb HU3KUE 3HAYEHUS
Moy nepopmMalinii paCTBOPHOTO IIIBA TTO CPABHEHUIO C MOIYJIEM Je-
(opmarmii pacTBOpa MPUHSTH HA OCHOBE dKCIIEPUMEHTABbHbBIX JIaH-
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Heix. B padore C.B. INoxsikosa [6.2] mokazaHo, 4To MOAYJb nedopma-
LIMI 111Ba OIpeaesisieTcs TJaBHbIM 00pa3oM aecdopMalusIMu 00XKaTus
KOHTAKTHBIX 30H pacTBOpa ¢ KUPITMYOM U TpUMepHO B 40 pa3 HiKe
MOJIYJISI pacTBOPA, MOJTYYEHHOTO U3 UCITBITAHUI KyOUKOB.

PaccmatpuBanuchk hparMeHTHI CTEH B OIMH U OoJiee (10 MsITH) 3Ta-
XKeii. B mepBoM citydyae uccienoBajach padoTa JIULEBOIO CI0SI IIPU 10~
ATaXXHOW pa3pe3ke rOPU30HTATBLHBIMU Ae(hOPMAlIMOHHBIMU IIIBAMMU,
BO BTOPOM TP UX OTCYTCTBUM.

boLo ycTraHOBJIEHO Clieayroliee.

Cayuaii 1. Ilosmaxcnas paszpeska 20pu3onmaavHoiMu deghopmayuon-
HblMU weamu

ITpu xopoI1ieM KauecTBe pacCTBOPHOTO IIIBa Ha OTIOPEe M CBeCe KUp-
MUYHON KJIaAKW C yrojka Ha 4 CM BEpPTUKaJIbHBIC HAIPSKEHUS
B KJIaJIKe JIMIIEBOTO CJI0ST OT COOCTBEHHOTO Beca KIJIAJIKHM HE MPeBBIIIa-
1oT 0,15 MIla. PactsaruBarooiyne yCuansl B TMOKUX CBSI3SIX HE IIPEBbI-
marot 0,34 xH. IIporu6 yrojka He3HAYUTEJICH.

I1p1 HM3KOM KayecTBEe paCTBOPHBIX IIIBOB M TOM K€ CBECE KJIAIKU
C yroJjika BepTUKaJIbHbIE HaIlpskKeHMsT MoryT BeipacTu 1o 0,4 MITa. Pac-

e A
[ T Lo . b ! =
I i i) Ii
Puc. 9.5.21 a. Cxemb! gegpopmarmii
HapyxHoro nmyesoro cnosi Ha 1-o6pa3Hom Puc. 9.5.21 6. Cxembl geghopmavjmii
y4acTke 3UMOoW npu ero BO3BEAEHUN B Hapy>xHoro imyeBoro cnos Ha [1-o6pa3Hom
MeXCce30Hbe rnpu t = 0’%c y4acTke 1eToM npuv ero BO3BEAEHNN 3UMOV
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Onopnas Ganka

Puc. 9.5.22 a. CxeMbl geghopmavnmii Hapy>XKHOro IMLEeBoro crosi Ha Z-06pa3HoM y4acTKe 1Mo
1PV €ro BO3BEeAEHUM B MEXCe30Hbe rpu t = 0°C

TATUBAIONINE YCUIUS B THOKMX CBS3SIX TIPU 3TOM MIPAKTUYECKHU HE U3Me-
HSIIOTCS, TaK KaK MPOTM0 yrojika Takske M3MEHUIICS HE3HAYUTETBLHO.

Ipu cBece KIIAAKU € YIOJIKa Ha 6 CM U TUIOXOM KayeCTBE PacTBOP-
HOTO IIIBa BePTUMKAIbHBIE HAIPSDKEHUS B KJIAIKe JIMILIEBOTO CJIOS OT
cobcTBeHHOrO Beca Kiaaku gocturaior 1 MIla. PacraruBaroiiue ycu-
Jvsl B TMOKMX cBs3sx He npeBbimaoT 0,43 kH. IIporu6 yroyika rakxke
HE3HAUUTEJIEH.

Tax kak Kiamka BBIITOJHEHA C TOPU3OHTAIBHBIMU PACTBOPHBIMU
IIBaMU, BIMSIHUE BEPTUKAJIBHBIX TeMIIepaTypHBIX AedopMarivii Ha
HaNPsKEHHO-Ie(OPMUPOBAHHOE COCTOSTHUE KJIAIKU JIUILIEBOTO CIIOS
1 YCUJINS B THOKHUX CBSI3SIX TPAKTUYECKU OTCYTCTBYET.

W3 mpuBeneHHBIX pe3yJbTaTOB PAacueTOB CJEMYET, UTO HpU ceece
AUYEBO20 CA051 C ONOPHO20 CHMAABHOO Y204KA HA NOAOBUHY MOAUUHBL
ca0s (6 cm) nanpaxcenus 6 Kaadke Mo2ym 00CMUSHYMb ee PaAcHemHOo20
conpomugaenus. llpu naoxom Kauecmee pacmeopnozo uiea 6 OnMOeabHbIX
Mecmax écaedcmeue KOHUEHMPAUUU HANPSICEHUL] MOJCem nPpou3oimu
paspyuienue HUMNCHUX ps1008 KAaoKu.

Cayuaii 2. Ilosmasicnas paspe3xa 20pu30HMAAbHLIMU 0ephopMauuon-
HbIMU Weamu omcymcemeyem
ITpu OTCYTCTBUM TOPU3OHTATLHBIX Ae(DOPMALMOHHBIX IIIBOB 3aBe-
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OnopHas 6anka
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Puc. 9.5.22 6. Cxemb! gechopmaLjuii Hapy>XHOro NLEBOro criosi Ha Z-06pa3HoM y4acTKe J1IeToM
npu ero Bo3BeeHNN 3UMOU

JIEHHbIE B JIMLIEBOW CJIOU CTaJbHbIE YTOJKHW, KaK MPaBUJIO, YXYAIIAloT
CUTYyalIMI0. DTO MPOUCXOJUT IO CAEAYIOIIMM NpUYrMHaM. BepTukab-
Hbl€ YyCUJIUS B KJIaJKe JIMLIEBOTO €051 0€3 TOPU3OHTATBHBIX Aedopma-
LIMOHHBIX IIBOB, KaK OBLIO MOKa3aHo B pa3aeie 9.3.2, BOZBHUKAIOT He
TOJIBKO OT COOCTBEHHOIO Beca KJalKW, HO U 10 APYTUM MPUUMHAM.
Cpenu HUX BbIAESIOTCS Ae(opMaliiu KJIaJK/ JULIEBOTO CJIOS 1 Kap-
Kaca, B TOM UMCJIe TeMITepaTypHO-BIaXKHOCTHBIE.

Kak 6bu10 MokazaHo BbILIE, MPU TJIOXOM KavyeCTBE PACTBOPHBIX
IIBOB Y HEJIOCTATOYHOM OINMPAHMU Jaxe MPU HaIuuuu Aedopmariu-
OHHBIX IIIBOB MOXET IMPOU30MUTH JIOKAJIbHOE pa3pyllieHue Kiiaaku. 1o-
PU30OHMAAbHbLE PACBOPHbLE WEbL MENHCOY HUZOM Y204KA U NO0BOOUMBIM
noo0 Hezo 6epXHUM KUPNUHOM AUUEB020 CA05, KAK NPABUL0, HU3K020 KaYe-
cmea u3-3a mpyoHocmu 3anoanenus 3mozo wea pacmeopom. Ilosmomy
6 IMUX MEeCMax 603HUKAIOM MAKIce SHAUUMEAbHble 6ePMUKAIbHbIE HAN -
DPAdNCeHuA.

Kpome Toro, Kak rnokazaHo B pazaeie 9.3.2, mpu OTCYyTCTBUM TOpU-
30HTAJIbHBIX J1€(DOPMALIMOHHBIX IIIBOB B F'MOKHWX CBSI3SIX BO3HUKAIOT
3HAUYUTEIbHbIE YCWIIUS. DTU YCUIIUSI CYMMUPYIOTCS C YCUJIUSIMU, BbI3-
BaHHBIMU TOPU3OHTAILHOU COCTABJISIIONIEH TeMIIepaTypHO-BIaXHO-
CTHBIX AeopMallrii, YTO B ellle O0JIbIIEei CTEIEH! CIIOCOOCTBYET BhI-
PBIBY CBSI3EHA.
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Onopnas Gaska : Onopuas 6aika :

7T (|
1I L 'I l Lx l
Puc. 9.5.23 a. Cxembl gegpopmavymii Puc. 9.5.23 6. Cxembl gegpopmavjmii
JIMLEBOrO CJI1051 Ha MPAMOSIMHEVIHOM y4acTke JIMLEBOro C/1051 Ha MPAMOSIMHENHOM y4acTke
JIETOM MPU €ro BO3BEAEHUN 3UMO 3UMOVI NP ero BO3BEAEHUN B MEXCE3OHbE
npu t = 0°C

9.7. HasHauyeHue paccTosfiHUIM MeXAy BepTUKaibHbIMU
AecdopMaLMOHHbIMY LLBaMX B IULLEEBOM CJloe Knaaku
M MEeCT UX PacnosioXeHus

PaccrostHust Mex 1y BepTUKaJIbHBIMU Ae(POPMALIMOHHBIMU 1IBAMU
MOTYT Ha3HAvYaThCs U3 COOJIOIEHUS CIEIYIOIINX YCIOBUIA:

— HENpEeBBIIIEHUE MPOYHOCTH KJIAJKHW JIULIEBOTO CJI0SI Ha PaCTsKe-
HUE B COOTBETCTBUMU C pa3aesiom 9.9;

— HETpPEeBbILIEHNE TTPOYHOCTU CBSI3€M U aHKEPHBIX Y3JIOB Ha pac-
TSDKEHUE B COOTBETCTBUM C pasaesnom 9.10.

B n11000M ciydae mpu Ha3zHAY€HMM MECT PacCIIOIOKEHUST BEPTU-
KaJIbHBIX TEMIIEPATYPHBbIX IIIBOB PEKOMEHAYETCS TPUAEPXKUBATHCS
CJIEAYIOLIMX TTPABUJL:
® peKOMeHyeTcsd pa3buBKa BepPTUKAJbHBIMU TEeMIMEPATYPHBIMU

IIBAMU TPOCTPAHCTBEHHBIX B IJIaHE KOHCTPYKLUMIN Ha TJIOCKUE

(¢parMeHTHI;
® He peKOMEHIYIOTCsl Z-00pa3Hble B IIaHe (DparMeHThl, 0COOEHHO,

MPU IJIMHE CPEHEN CTEHbI MeHEe 2 M;
® [IIBBI IPEANOUYTUTE]bHO pacnoJiaraTh Ha yrjiax, B MecTax rnepeceye-

HUIi CTeH, Mepernajgax BbICOT, BOJM3U TPOEMOB,3
® 1pu pa3duBKe Z-00pa3HbIX B IJIaHe (pparMeHTOB AehopMauoOH-

HbBII 1110B peKOMEH/IyeTCsl Ha3HavyaTh B HanboJjee JJIMHHOU CTeHe

B MECT€ MEPECEUECHUS CO CPEIHE CTEHOM.

ITpy NpoxoxXaeHUU BEPTUKAIBHOIO Ae(OpPMallMOHHOrO 1IBa MO
IrpaHU1IEe OKOHHOTO WJIM JBEPHOTO ITPOEMa MOTYT BO3HUKHYTb 3aTpy/I-
HEHHUSI C y3JIOM MEpeceuyeHus IIBOM HAANPOEMHON MepeMbIYKU
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6’,,.8,:.0,15 Mna 6’ma¥=-1.0 MMa
MNmax=0,34 kH Nmax=0,40 kH

Puc. 9.6.1. VI3onons BepTuKasibHbIX HANPsXKeHW B HapyXXHOM (IMLEBOM) crloe, OnuparoLLMMCs Ha
cTasibHOU yrosok:

a — geghopmupoBaHHas cxema;

6 — BapmaHT OrupaHmsi C XOPOLLIMM Ka4eCTBOM pacTBOPHOIO LLIBA M CBECOM KUprnya ¢ yrosika Ha 40 Mv;

B — BapuaHT OfUPaHunsi C HU3KUM Ka4eCTBOM PacTBOPHOIO LLBA M CBECOM KMprn4a ¢ yrosnka Ha 60 Mm

(puc. 9.7.1). B ciyyae nepeMblUKM U3 CTAIBHOIO yToJKa HEOOXOAUMO
B MECTE OMWPAHUS TEePEeMbIUKM Ha KJIAAKYy CBEPXY M CHM3Y yrojka
VJIOXKUTh MPOKJIAAKK. DTO JOJKHO O0ECIEUUTh CKOJIBLXKEHUE KIIaaKu
O MeTaJlTy.

ITpoknanku DOJKHBI YKJIAAbIBATbCS HAa POBHYIO MOBEPXHOCTb,
YTOOBI M30eXaTh 3HAYUTEIbHOrO TpeHus. I1o Topily cTaabHOIO yroJji-
Ka CO CTOPOHBI TEMIEPATYPHOTO 1IBA HEOOXOAMMO MPOJIOXKHUTH YIIPY-
il MaTepuan.

AHaJIOTMYHBIM 00pa30M MOXKET OBITh PelleH TeMIlIepaTypHBI 1110B
U MPU XKeJIe300€TOHHBIX TTepeMbIuKaXx.

He pexomeHayeTcs Ha3HayaTh PACCTOSTHUE MEXIY BEPTUKAIbHbI-
MU TeMIIepaTypHbIMU 1IBaMu Oosiee 9 M.

OnTUMaJIbHBIM SIBJISIETCSI yCTPOMCTBA BEPTUKAJILHOTO 111BA HA pac-
crossHuM 12 cM oT yria. OgHaKo 13 KOHCTPYKTUBHBIX COOOpaKeHUt
MUHUMAaJIbHOE PACCTOSIHUE 11IBa 0 yIjia OyAeT He MeHee 25 cM.

9.8. HasHa4yeHMe paccTOsiHUIA MeXAY FrOPU30HTalNbHbLIMU
AecopMaLMOHHbIMM LUBaMU B JIMLLEBOM CJI0€ KJTafKu

YacTo BO3HUKAET HEOOXOIUMOCTb COKPATUTh KOJINYECTBO Aeop-
MaIIMOHHBIX IBOB. [IpMYMH TOMY MOXKET OBITh HECKOJIBKO:
— TPYyIOEMKOCThb BBITIOJIHEHMS Ae(DOPMAIITMOHHBIX IITBOB TIPU pe-
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MOHTE JIMILIEBOTO CJIOSI, B KOTOPOM FOPU30HTAIbHbBIE IIBBI OTCYTCTBY-
10T WJIM BBITIOJIHEHbI HEKAY€CTBEHHO;

— apXUTEKTYypHbIE TpeOOBaAHUS;

— COKpalleHUE TEIJIONOTEPh YEPE3 HAPYKHBIE CTEHBI.

AHaJIu3 MPOBEJAEHHBIX KOMIbIOTEPHBIX PACYETOB MOKa3aj, UTo
HanpsXKeHHO-1e(OpMUPOBAHHOE COCTOSIHME KJAJAKU JIMLEBOIO
CJIOS U YCUJIUIA B CBSI35IX 3aBUCUT OT OYE€Hb OOJIBIIOIO Yyucia pas-
JIMYHBIX (paKTOPOB U BbIOpaHHOI pacueTHO# cxembl. HeyueT Toro
WJIYM MHOTO (haKTopa HapsIly C HEKOPPEKTHO COCTaBJIEHHOM pacyeT-
HOM CXE€MOI MOT'YT IPUBECTU K CEPbEe3HBIM ITOTPELIHOCTSIM. B aT0M
CBSI3M PEKOMEHJYETCS TPU YCTPOUWCTBE FOPU3OHTAIbHBIX Nedop-
MalMOHHBIX IIIBOB COOJII0AAaTh KOHCTPYKTUBHBIE TpeboBaHus. Or-
TUMaJIbHBIM SIBJSIETCS YCTPOMCTBO FOPU3OHTANBHBIX JedopMaliv-
OHHBIX LIBOB B YPOBHE MEPEKPBHITUN KaxXI0To 3Taxka. Bo3mMoxHO
YCTPOUCTBO TOPU3OHTAJIbHBIX IIIBOB U€PE3 ATAX MPU BbICOTE CTEHbI
6e3 mBa He Oosiee 6,5 M. Ilpu 3TOM JOJIKHBI BBIMOJHATHCS
KOHCTPYKTUBHbBIE TPEOOBAHMUSI, B YACTHOCTU MO YCTPOUCTBY 1OMOJ -
HUTEJIbHBIX PACHOPOK B YPOBHE MEPEKPBITUMA [IJIs1 0OecTieueHusl yc-
TOMYUBOCTU JulieBoro ciosi. He donyckaemca ycmpoiicmeo eopu-
30HMAALHBIX 0ePOPMAUUOHHBIX WBOE pedice, HeM 8 KAXCOOM Imadice
6 cayvae no3maix3cHo20 ONUPAHUSA HAPYIHCHO20 CA051 HA NAUMDbL NepeK-
polmuil uau opyzue onopuvie KoHcmpykuuu (y20iKu, KpOHuimeiunol,
Kepamsumobemonnvte Oaiku u m.n.). 3T0 BHI3BAHO BO3MOXHOCTBIO
nporuda MJIUThl MEePEKPbITUS U TepeJauyu ¢ Hee Harpy3Ku Ha Ha-
PY>XHBIH CJIOM.

OTMETUM, YTO BO BHYTPEHHEM CJIO€ HAPY>KHOM CTEHBI U3 KUPIHY-
HOM WM KAMEHHOM KJIaIKM TakXXe JOJIKEH ObITh MPEayCMOTPEH TO-
PU3OHTAILHBIN Je(OpPMalIMOHHBIN 1110B B YPOHE HU3a MEPEKPHITUS
Kaxaoro staxa. M3BecTHBI cilydyau, KOrjaa MpoucXOAuIo BbIyuynBa-
HUE LTYKATypHOTO CJIOS, BHIMOJIHEHHOTO M3 MPOYHOTO pacTBOpa Mo
KJIaJIKe U3 SYeUCTOOETOHHBIX KaMHEM, BCIEICTBME €ro 00XKaTus T -
TOI MEPEKPHITUS.

Heo6xonuMo nmoHUMaTh, YTO € YBEJIMUYEHUEM PACCTOSTHUAS MEXIY
TOPU3OHTAJIbHBIMU 1€(DOPMALIMOHHBIMU IIBAMM CHUXKAETCS HaleX-
HOCTb KOHCTPYKIIMHU JaxKe MPU cOOJII0IeHUU TPeOOBAHUA MO YCTPOU-
CTBY BEPTUKAJIbHBIX TEMIIEpPATYpPHBIX IIBOB. DTO OOCTOSTEIBLCTBO
npeajaraeTcsl yYUuThIBaTh MyTeM BBEIEHUS ITOMOJHUTEIbHOTO KO2(h-
(buLeHTa yCI0BUH PabOTHL 1 ; = 2 TIPU PACCTOSIHUU MEXIY TOPU30H-
TaJIbHBIMU Ae(POpMaLlMOHHBIMU LIBaMu Oosiblie 3,5 M. Koadduuu-
eHT nojacrasisiercd B hopmyisl (9.9.1), (9.9.2), (9.10.1) (9.10.2) nas
MPOBEPKU MPOUYHOCTHU KJIAJIKU JIMLIEBOTO CJIOSI HA PACTSIKEHUE U U310
U3 TJIOCKOCTU U TMOKMX CBSI3€ii Ha BBIPBIB.
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Tabauua

MakcumaJjibHble BeJJMYMHbI PACCTOSHUN MEXKIY BEPTUKAJIbHBIMH
nedopMAIMOHHBLIMH IBAMU B JIMIIEBOM (HAPY2KHOM) CJI0€ KJIAJAKU
HAPYXKHBIX CTEH

MakcumanbHble BENNYNHBI PACCTOSHUIN
Mexnay BepTukasibHbIMM AedOopMaLUMOHHbIMM LWBaAMU, M

Mepenap
Temneparyp Mexay
Hanbonee XonoaHom

n Tennon

dopma yyacTka CTeHbI

13 MNHAHOIO KMpPnnya,
KepaMmny4eckmnx

M MPUPOAHbIX KAMHEN.

dopma yvacTka CTeHbI
13 CUNKATHOrO KMpnuya,
OETOHHbIX,
A4EeNCTOOETOHHBIX KAMHEN

nATUAHesKamy, °C. Mpsimo- L-o6pasHas Mpsimo- L-o6pasHas
NUHelHas nUHeliHas
80 10 5 7 5
60 14 7 8
40 18 9 9 7
Ilpumeuanus.

1. Paccmosinus mexcoy 6epmukaibHbIMU 0eqhopmMayuoOHHbIMU Weamu
HasHauenvl 045 CAyHas KOHCMPYKMUBHO2O0 APMUPOBAHUS KAAOKU COoe-
1ACHO paccmosHUI0 MexcOy 20PU30OHMANbHBIMU O0eqhopMAayUOHHBIMU
weamu He 6onee 3,5 m.

2. B cayuae 0onoanumenvHo2o apmupo8anus KAaoOKU paccmosiHus Meic-
0y 8ePMUKANBHBIMU WBAMU HAZHAYAIOMCS NO PE3YAbMAMam pacuema.

3. B cayuae npumenenus cheyuanvHulX KOHCMPYKMUBHBIX MEPONDUS-
muil, obecneuugarouux NPOCKanb3vleanue KAAOKU HAPYICHO2O €05 NO
KOHCMPYKUUU HA e20 Onope, pacCmOsHUs MeXcdy GePMUKAAbHbIMU WBAMU,
npusedenrvle 6 maoa. 1, moeym o6vims yeeauuerwt ¢ 1,5 pasa.

4. Ilpu paccmosHuu mexncoy 20pu30oHMAaNbHbIMU OeopmautOHHbIMU
weamu bonee 00H020 Smanica uau 3,5 M paccmosiHus Mexcoy 6epmuKanbHbl-
My weamu, npusedentvie 6 maoa. 1, 0oaxicHvr Gbims yMmeHblueHst 8 2 pasa.

9.9. I'IposepKa MPOYHOCTU KiagKu nUueBoro cyosd Ha pacTts>xeHue

C ueavto noevluieHUss NPOHHOCHU KAAOKU PACHIANCEHUIO 8 20PU30H-
maavHble Webl ciedyem yKaaosvleams apMamypHble cemiu. YKIaaKa oT-
JEeTbHBIX TIPONOJILHBIX CTEPXKHEN Hea(pheKTUBHA M3-32 MX BO3MOX-
HOTO MPOCKATb3bIBAHUS B PACTBOPHOM IIIBe. PaccTosiHre MexXIy ceT-
KaMU 110 BBICOTE He JOJKHO IipeBbiaTh 40 cM. B mpoTuBHOM ciiydae
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apMHUpPOBaHNE CUMTAETCS KOHCTPYKTUMBHBIM. [IpOYHOCTH KiIamku Ha
pacTsoKeHUe TIpoBepsieTes 1Mo (popMyiam:
JUTSI HeapMUPOBAHHOM KJTaIKH:

N,=R A,>m N, 9.9.1)
JUISI apMUPOBAHHOM KJTAIKU:
N, =y, R, A>m N, 9.9.2)

rie R, — pacueTHOe CONPOTUBJIEHUE KIIaJIK1 PACTSKEHUIO 110 NEPEBH-
3aHHOMY CEYeHUI0, IpuHUMaeMoe 1o tabu. 11 [1.5]; R, — pacueTHOe
CONIPOTUBJICHKE MTPOJOJIBHOM apMaTyphl; A,, — MJIOIAAb BEPTUKAIb-
HOTO CeUeHUs KJIAAK! MO KUPIMUYY HETTO (3a BHIYETOM ILIOIIAIN Ce-
YEeHUS BEPTUKAJIBbHBIX LIBOB); A, — IUIOIIAAL CEYEHUSA MPOJOTBHOM
apMartypbl; y,, — KO3(MOULIUEHT yCIOBUI pabOThI, ONPEAETIAEMBIii 110
tabu. 13 [1.5]. ITpu apmupoBanuu cetkamu y,, = 0,75; N, — Hecymas
CIOCOOHOCTh KJIaJKM Ha pacTsKeHue; N — TOpU30HTAILHOE PACTSITH -
Barolllee yCUIre, onpeaesieMoe U3 pacyeTa 1o ImporpaMmmMam, peain-
3YIOIIMM METOJ KOHEYHOTO 3JIeMEHTa U T.II, JIMOO MO MPUOIVKEHHBIM
dopmynam (9.5.12); m; — Ko>pdULIMEHT ycI0BUA paObOTHI KJIAIKU JIK-
LIEBOTO CJI0S1, TIPUHUMAEMBIil B COOTBETCTBUU C pa3nesioM 9.8 paBHBIM
1,0 Ipu pacCTOSTHUM MEXITY BEPTUKAIBHBIMU TeMIIepaTYPHBIMHU I1Ba-
Mu He 6osiee 3,5 M u 2,0 — r1pu GOIbILIEM PACCTOSTHUU.

9.10. NpoBepka NPOYHOCTU N'MGKUX CBA3EWA U aHKEPHbIX Y3/10B
Ha pacTskeHue

B pesynbTaTte meiicTBUS 3HAUUTEIBHBIX PACTATUBAIOIINX YCUJIUMA
B CBSI3M MOXET IPOM30MTU €€ BBIKIIOUEHUE U3 padOThl. 31eCh BO3-
MOXKHBI IBa BApMAHTA: pa3pbiB CBSI3U 1 BBHIPBIB €€ M3 KITAIKHU.

[TpouHoCTB CBsI3M Ha pacTsukeHue N, ( mpoBepsietcst 1o dhopmye:

N, =m m,N. (9.10.1)

[TpouHOCTD y3/1a aHKEPOBKHM CBA3U Ny , IPOBEPSETCA 110 (hOpMyJIE:
bl

N, ,2m m,N. (9.10.2)

B ¢popmynax npuHSTH cieayole 0003HaYeHUS:
N — pactaruBaroliiee yCUJIME B CBSI3H, OMpeessieMoe U3 pacyeTa Imo
TporpaMMam, peaar3yoiM MeTOI KOHEYHOTO 3JIeMeHTa U T.I1, IM00
110 IpuoKeHHBIM opMmynaM (9.5.9) u (9.5.13); m ; — koadPuLueHT
YCJI0BUIA pabOThI KJIAAKM JIMLIEBOTO CJI0sI, IIPMHUMaeMblil paBHBIM 1,0
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MPU PACCTOSTHUM MEXJTY TOPU3OHTATbHBIMU TEMIIEPATYPHBIMU 111Ba-
Mmu He 6ostee 3,5 M 1 2,0 — 1pu GoJIbIIEM 3HAYEHUU; M, — KOd(PhULIK-
€HT YCJIOBUM paboOThl CBs3ell, 3aBUCSIIUI OT HEPAaBHOMEPHOCTU
BKJIIOUEHMUS B PaOOTY OT/EJIbHBIX CBSI3€i, OT KOHCTPYKIIMU CBSI3U, Ha-
JINYUS WX OTCYTCTBUS MPeIBapUTEILHOTO HANPsIKeHUs cBsi3eit. [1pu
OTCYTCTBUU JAHHBIX IPUHUMAETCA M, = 2.

9.11. Npumepbl onpefeneHns rOpU3oHTasIbHbIX PacTArMBaoLUX
HanpshXeHuii B KNnaake NIMLEBOro CJlosi U pacTsarMBaroLmx
ycunuii B rubkux cesasax. HasHayeHne paccTosiHuii Mexay
BepTMKanbHbIMU AePOPMaLMOHHbLIMU LUBAMU B JIMLLEBOM
cnoe Knapku

OnpenesieHe rOPU30HTAIBHBIX PACTATHBAIONIMX HANPSKEHMI
B KJIaJIKe JINLIEBOro CJIOS.
ITpoBepka NpOYHOCTH KJIAJKH JIUIIEBOTO CJI0S HA PACTSKEHUE

PaccmorpumM I'-00pas3nsblii pparmeHT (puc. 9.5.20) ¢ nauHaMu CTO-
poH 3 U 6 M ¢ ABYMsI BEPTHKAJIbHBIMU TEMIIEPATYPHBIMU IIBaAMHU.
Kranka auiieBoro ciios BHITIOJIHEHA U3 KEPAMUUYECKOT0 KUITMYa Map-
ku 100 Ha pactBope Mapku 50.

TommuHa cost 061MLoBKY paBHsIach 12 cMm. KoadduimeHT muHei-
HOTO paclIMpeHus KJIaaku t U3 mmHsHoro kupruya rmpusst 0,000005.

OrnpeneneHne pacTATMBaIOIINX HATIPSKeHUH B KJTaaKe TTPON3BOIM
IpU pacueTHOM Tiepenane Temneparyp At = 50°C. JIuueBoii ciioii 3aK-
pETUIeH B TOPU30HTATBHOM MJIOCKOCTA THOKMUMU CTATbHBIMM CBSI3SIMMU.

KpaiiHue cBsI3M pacHojioXeHbI Ha PacCTOSIHUM 25 CM OT yIJia.
Crnenyoluii psa CBsI3eid OTCTOUT OT HUX Ha 25 cM. IIlar octajibHBIX
cBsa3eit mo ropuzoHTanu — 50 cm. Ilar cBs3eii mo BeicoTe — 50 cM.
Ceuenue cBsi3eit @6Al. OnupaHue JULEBOIO CJIOSI TaM IIPOU3BEIE -
HO Ha KepaM3UTOOETOHHYIO 0aJIKy CeUYeHUEM, COEAMHEHHYIO C IJIM-
TOM IepeKpbhITUSl KOHCOJbHBIMM pebOpamu (pa3pe3d 1-1 Ha
puc. 9.5.1).

PacueTHOe comnpoTHUBIEHUE KIAAKWA CXaTUO R B COOTBETCTBUM
¢ Tab6x. 2 [1.5] pasuo 1,5 MIla. Moxyias ynpyroctu E’ onpenesnsincst
o popmyite (6.2.13):

E’=aR,=1000 x 3,0 = 3000 MITa,
IJe a — yIpyras xapaKTepucTUKa KJIaJKu, IpuHUMaeMasl 1o tabi. 15
[1.5] mis ximagku M3 TJAMHSIHOTO KMpIWJa IiacTu4eckoro popMoBa-

Hus paBHoii 1000; R, — BpeMEHHO€E CONPOTUBJIEHUE KJIaJIKU CXKATHIO,
omnpeaensiemoe o opmyie (3) [1.5]:
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R,=kR=2x1,5=3MIla,

rae k — ko3 ULUEeHT, IpUMHUMaeMBblil 1o Tada. 14 [1.5] mas knagku
U3 KUpIIM4a paBHbLIM 2,0.

Mogayne nedopmaumii Knaaku E,. onpenensuics 1o ¢Gopmyiie
(9.5.7):

E_= E°%n=3000/2,2= 1364 MIla,

rae # — Koa(phUIIMEHT, YYUTHIBAIOIINI BIUSHUE ITOJI3YYeCTH KIaaKHy, O~
penessieMblii o [1.5] 1 paBHBIN 111 KJIaAKW U3 TJIMHSHOIO Kuprnuya 2,2.
PacueTHy1o cymMmMapHYI0 JUIMHY onipeaenuM 1o gopmyite (9.5.1):

L=L,+L=6+3=9m

Omnpenenum 110 dopmyiie (9.5.6) MaKCUMaIbHYIO BEJIMYMHY FOPU-
30HTAJIbHBIX PACTATMBAIOLINX HAIIPSDKEHUM B KJIaAKe JIMLIEBOTO CJIOSI:

o=a (0,67 + 0,0088L)E, a, At =
= (0,67 + 0,0088 x 9) 1364 x 0,000005 x 50,7 = 0,26 MITa.

Topu3zoHTaNbHOE yCWIIKeE, AEICTBYIOIIEE B KJIAIKe JULIEBOIO CJIOS,
ornpeaeaum no dpopmye (9.5.8):

N=04=0,26 x0,12=0,03 MH,

rne A — muiollanb BEPTUKAJIBHOTO CEUYEHUS KJIaIKM JIULEBOTO CJIOS
OpyTTO (C y4eTOM ILIOLIAAY CEYEHUS] BEPTUKAJIbHBIX IIIBOB) BHICOTOM
1 M, paBHas:

A=0,12x1,0=0,12 m2.

[Ipo4yHOCTh HEapMUPOBAHHOM KJIAAKM HAa PACTSKEHME IIPOBEPSIET-
cs 1o popmyie (9.9.1):

N,=R,A,=0,18x0,06=0,011 MH < m,N=1 x 0,035 MH;

rie A,, — Tomaab BEPTUKAJILHOIO CeYeHUA KIIaAKM 110 KUPIUYY HET-
TO (32 BLIUETOM IUIOIIAAN CEUEHUST BEPTUKAJIBHBIX IIIBOB), paBHAs:

Agy=A/2=0,12/2=0,06 M

R, — pacyeTHOE CONPOTUBIICHHE KJIAIKU PACTSXKEHUIO 110 TEPEBA3aH-
HOMY ceuyeHu1o, IpuHumMaemoe 1o tabyu. 11 CHull [1.5] u paBHOe
0,18 MIla mist K1agky U3 Kupnuda Mapku 1o rmpouyHoctu 100.

ITockoyibKy MPOYHOCTh KJIAAKM Ha pacTsKeHME He obecliedyeHa,
HEOOXOIMMO BBHITIOTHUTH €€ apMUPOBaHUE MO0 COKPATUTh PacCTOSI-
HUE MEXTY BEPTUKATbHBIMU TEMIIEPATyPHBIMU IIIBAMU.

IIpoyHOCTH apMUPOBAHHOI KIaIK/ Ha pacTsDKeHUE TTPOBEPSIETCS
o opmyite (9.9.2):

t“ nt
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N,=7p, R A;>0,75x225A4,>m,N=1x0,03=0,03 MH,

rae R, — pacueTHOEe CONPOTUBJIEHUE MPOIOJIBHONI apMaTypbl CETKH,
npuHuMaemoe 1o [9.6] mist apmatypsl Kiacca Al paBHbiM 225 MIla;
Vs — KOOMOULMEHT YCIOBUIA pabOTHI, onpenessgeMblii o 1adj. 13
[1.5]. IIpn apmupoBanuu cetkamu y,, = 0,75; A, — muomans ceyeHus
MPOIOJIBLHOM apMaTyphI.

Orcrona TpedyeMoe cedeHMe MPOI0JbHON rOpu30HTaIbHONM apMa-
TYPHI B JIMLIEBOM CJI0€ KJIaaKU BbicoTo 1,0 M paBHO:

A, = m ,N/(y,R) = 0,03/ (0,75 x 225)=0,000178 M2 = 1,78 cm2.

Crenyet OTMETUTD, UTO HanboJjiee 3(pHeKTUBHO ObLIO ObI yCTaHAB-
JIUBaThb CETKHM C TIPOMOJBHON apMaTypoil HaMMEHBIIEro auameTpa
(3 MM) u pacrionaraTh ux vaitie. [IpumMeHeHMe CeTOK U3 apMaTyphbl AU~
aMeTpoM OOJIbIIIe S MM MPUBEAET K YBEJTMUEHUIO TOJIIUHBI TOPU30H-
TaJbHBIX PACTBOPHBIX IIIBOB B MECTAX MEPEXJIECTa CETOK.

[puHMMaeM apMUpOBaHWE TOPU3OHTAIBHBIMU CETKAMM C TPEeMS
IIPOIOJILHBIMU CTEPXKHSIMU Uepe3 YeThipe psiaa kiaaku (~ 31 cm). Ta-
KM oOpa3oMm, TpeOyemasl IUIOLIaAb CEUYeHMSI OIHOIrO IIPOAOJbHOIO
CTEPXKHS paBHA:

A= 1,78 /[3(100/31)] = 0,184 cm2.

[puHMMaeM AraMeTp MPOIOIbHOIM apMatypbl 5 MM (A, = 0,196 cm?).

ITonepeunyto apMatypy Ha3Ha4Yae€M KOHCTPYKTMBHO W3 apMaTyphbl
JuaMeTpoM 3 MM ¢ 1maroM 200 M.

HauGonbliiie BeTUUMHBI TOPU3OHTATBHBIX PACTATUMBAIOIIMX Hall-
PSDKEHUM AEUCTBYIOT B HAXKHEN TPETU CTEHBI, T. €. HA BBICOTE OT OIIO-
pbl oKoJio | M. Bpllie apMupoBaHUE BBIMOJHSETCS KOHCTPYKTUBHO
TEMU K€ CETKaMU C IIaroM 4yepe3 IecsAThb PSIIoB Kiaaku (~ 77¢cm).

Ha yrnax usrubatoirie MOMEHTBI PacpeIeSIEHbI IO BLICOTE CTEHBI
JIOBOJIbHO paBHOMEpHO. [To3TOMy apMUpOBaHKWE TaM BBIMOJIHSETCS
CeTKaMu 4yepes JBa psijia Ha BCIO BBICOTY CTEHBI.

CoeanHeHue MepecekarolMXcsl CETOK Ha yIrilaX CTeH JOJKHO BbITIOJ-
HAThCsI ['-00pa3HbIMU CBapHBIMU ceTKaMu. Ha nmpsiIMOJIMHEHBIX yJacT-
Kax JIOIyCKAEeTCs YKJIaAbIBaTh CETKM BHaxjecT. [TompoOHee KOHCTPYK-
TUBHbIC TPeOOBAaHMSI 10 apMUPOBAHUIO MMPUBEAEHHI B r1aBe 10.

9.12. OnpepeneHne pacTArMBaloLLMUX YCUJIUK B TMGKUX CBA3AX
Hns Toro xe I'-obpasHoro ¢parmeHTa ¢ rabaputaMu 6 X 3 M, 4TO U
B npuMepe pazaena 9.12.1, onpeaeaum pacTATUBAIOLIWE YCUIUS

B TUOKUX CBSI3SIX.
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st I'-00pa3HbIX (pparMeHTOB C ABYMSI TeMIlepaTypHBIMU IIBaMU
Ha3HaUYeHWE pacuyeTHO CyMMAapHOU IJIMHBI MPOU3BOAUTCS 1O Hop-
Mysam (9.5.9) u (9.5.10) 1 npuHUMaeTCcss MaKCUMaJIbHOE 13 IBYX 3Ha-
YECHUN:

L=L,+025L,/L,=6+025x3/6=612m;
L=1L,+025L,/L,=3+025x6/3=35m.

IMockonbky L = 6,12 M < 8,5 M, MaKCMMaJIbHbIE PACTITUBAIOLINE
YCUJIUS B TUOKUX CBSI3SIX ompeaeauM 1o gopmyiie (9.5.13):

N=1,65/d L*+ e] E_a,At= 1,65 (0,05 x 6,122 + 0,15) 3000/2,2 x
% 0,000005 x 50,7 = 1,15 kH.

[IpoBepKka MPOYHOCTU CBSI3M HA pACTSIKEHUE MPOU3BOAMTCS I10
(opmyse (9.10.1):

N, = A R;=28x225=6300 H=63KH >m, m, N=
= 1 X 2 X 1,15 = 3,3KH3

A, — TUIOLIA/Ib CEYEHU MPONOJIbHOI apMaTyphl CBA3U IMAMETPOM
6 MM, paBHasi 28 MM?; R, — pacueTHOEe CONPOTHUBJICHUE MPOIOJIbHOIA
apMartypbl, ipuHuMaemoe 1o [9.4] a5t apmaTtyphbl kiacca Al paBHbIM
225 MIla.

BriBoabI

1. ITpruMHOI OTCIIOCHMSI JIMLIEBOTO CJI0SI KIAaAKWA U pa3apo0ieHUs
KUPIIMYa B yPOBHE MEePEKPHITHI 00CIeTI0BAHHBIX 3MaHUI SIBUIOCH OT-
CYTCTBME B JINIIEBOM CJIO€ TOPU3OHTAJIBHBIX M BEPTUKAIBHBIX 1eop-
MaIIMOHHBIX IIIBOB.

2. OOpa3oBaHUe BEPTUKAIbHBIX M HAKJIOHHBIX TPELIMH B KJIaaKe
HapYy>XHOTO CJIOS, @ TAaKXKe BBIPHIB CBSI3€il BOBMOXHBI KaK B JIETHEE,
TaK ¥ B 3UMHee BpeMs roja.

3. Haubo:blime BeJIMYMHbBI PACTITMBAIOIINX HANIPSIKEHUH B JIMLIE-
BOM CJIO€, CITOCOOHBIE BBI3BaTh 0Opa30BaHME BEPTUKATLHBIX W HaK-
JIOHHBIX TPEIINH, HAOIIOMAI0TCS Ha OTTOpe W BOJIM3U YTJIOB.

4. B Z- u I1-o0pa3HbIX (pparMeHTax Bo3pacTaeT BIUSIHUE M3ruda
JIMLIEBOTO CJIOST U3 €ro IIOCKOCTU. OCOOEHHO 3TO IMPOSIBIISETCS B Z-
00pa3HBIX (pparMeHTax BCIEACTBUE CABMTA ABYX KPAiTHMX CTEH OTHO-
CUTENIbHO npyr-npyra (puc. 9.5.21; 9.5.22).

5. HaubGonbliue pacTaruBaioiiyde yCUIWsl BO3HUKAIOT B CBSI3SIX,
PaCITOJIOXKEeHHBIX BOJIM3U YTJIOB.

6. O1LieHKa BeJIMUYMH TOPU30HTANIbHBIX PACTATMBAIOLINX HAMpPsKe-
HUI B KJIaJKe JIMIEBOTO CJIOS M YCWJIMI B CBA3SIX MOXKET ITPOU3BO-
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JUTHCS MO MpUOJIMKEHHBIM (opMysiaM B 3aBUCUMOCTU OT (DOPMBI
(parmeHTa B 1J1aHe, JUIMH €ro CTOPOH, N1e(OpMallMOHHBIX XapaKTe-
PUCTUK MaTEPUAJIOB KOHCTPYKIIUI U PACUETHBIX MepeTiaoB TeMIiepa-
Typ.

7. Ilpu cBece JTULIEBOIO CJI0SI C OIIOPHOTO CTaJIbHOI'O YIroJIKa Ha I10-
JIOBUHY TOJILIMHBI ¢J10s1 (6 CM) HANpPSDKEHUST B KJIAIKe MOTYT JOCTUI-
HYTb €€ pacUeTHOI0 CONpOTUBIeHUS. [Tpu MI0XOM KayecTBe pacTBOpP-
HOTO 111Ba B OTJIEJIbHBIX MECTaX BCJIEICTBME KOHIIEHTPALIMU HAIPsIKe-
HUM MOXET IIPOM30MTU Pa3pylLIEeHNE HUXKHUX PSIOB KITAIKU.

8. PaccrostHus MexX Iy BepTUKaIbHBIMU Ie(OpMaLlMOHHBIMU I11Ba-
MU JOJDKHBI Ha3HayaTbCsl M3 YCJIOBUS HEIPEBBILIEHUS MPOYHOCTU
KJIaJIKU JIMLIEBOTO CJI051, CBSI3€1 U aHKEPHBIX Y3JI0B Ha PACTSIXKEHMUE.

B nmo6oMm ciydae, mipy Ha3HAYEHUM MECT PACIIOJIOXEHUSI BEPTU-
KaJIbHBbIX TEMIIEPATYPHbIX IIBOB CJIEIYET BBIMOJHITH KOHCTPYKTUB-
Hble TpeboBaHus (cM. TaaBy 10).

9. PesynbTaThl MCHBITAHUN TMOKa3aiu, 4yto Z-, [-; Q-o0pa3Hble
CBSI3U 7151 oOecrnieyeHust HeOOXOAMMOM KECTKOCTH JOXKHbBI U3TOTaB-
JIMBAThCSl AUaMEeTpoM 5 MM U OoJiee.

CBs131, U3rOTOBJIEHHBIE B BUE CBAPHOI #-00pa3HOli CEeTKM U3 ap-
MaTypbl IMaMeTPOM 3 MM SIBJISIIOTCSI HanboJiee MpearnoyTUTeIbHbIMU
10 CPAaBHEHMUIO C Z-, [-; Q2-00pa3HbIMU CBSI3SIMU.

Pacxon cranu Ha #-00pa3Hyto ceTKy B 1,5—2 pa3a MeHbllIe, YeM Ha
5TU cB3U. CONMPOTUBIIEHUE TEIJIONEPENaUe CTEHbI CO CBSA3SIMU B BU-
Jie CBapHOIi #-00pa3Hoii CETKM TaKxXKe BhIlle 10 5%.
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Puc. 9.1.1. [nbkas cBs3b N3 CTEKII0BO/IOKHA Npon3BoAcTBa buvickoro 3asoga

Puc. 9.1.2. Mbkas cBsi3b N3 CTEK/IOBOJSIOKHA MPOoM3BoACTBa (hrpMbl «Matek»
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Puc. 9.2.1 r. Bagenka ceTku u3 CTEKII0BONIOKHA B pacTBOPHbIW LLIOB
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