Benopycckuilt HAMOHAJIBbHBIN TEXHUYECKUI YHUBEPCUTET

CrpoutenbHblil GaKkyIbTET
Kadenpa «CtpoutenbHbie KOHCTPYKIIMM UMEHU JIOKTOpa
TeXHUYEeCKuX Hayk mpodeccopa T. M. [lemonbmaa»

COTI'JTACOBAHO COTI'JTACOBAHO
3aB.kadenpoit Hexan CD
B.B. bonnaps C.H. KoBmap
20231 2023r

JIEKTPOHHBIA YYEBHO-METOAUYECKNI KOMILJIEKC
0 Y4eOHOM TUCUUILIUHE

«MeTanmn4eckue KOHCTPYKIIAN

s cnenuadabHocTH 1-70 07 01 «CTpouTEeIbCTBO TEMJIOBBIX H
ATOMHBIX 3JIEKTPOCTAHIIM D)

CocraButens: XKabunckuit A.H. noneHT, K.T.H.

PaccMoTpeno u yTBepKIeHO
Ha 3acenanun CoBeTa CTpOUTENBHOIO (PaKyybTeTa
27.02. 2023r, npoTokoi Ne 6

Munck BHTY 2023



Ilepeyenb MmaTepuasioB

Y4eOHO- METOAMUYECKUN KOMITJIEKC COAEPIKUT DJIEKTPOHHBIN JOKYMEHT COCTOSIIMN
Y3 CJIEAYIOINX OCHOBHBIX YaCTEH.

IHosicHuTEILHAA 3AIMCKA.

BcnomorareabHblii  pazgen  —  y4yeOHas mporpaMma O JUCHUILIMHE
«Merammueckne KOHCTpyKumm» 1o crnenuainbHoctd 1-70 07 01 «CrpourtenscTBo
TEIUIOBBIX M ATOMHBIX 3JEKTPOCTAHLMI» pa3paboTaHa B COOTBETCTBUU YUYEOHOU
nporpaMmon «Mertammmyeckue KoHCTpykumm», yTB. 05.11.2019, per. NeV-CD69-
24/yu.

NudopmanmoHHO MeTOAMYECKAas 4acTh:

- CpEACTBA IMATHOCTUKHU PE3YJIbTATOB YUEOHOM AESTEIbHOCTH;

- IEpEYECHb TEM NPAKTUYECKUX 3aHATUH;

- IepeYeHb TEM Ja0OPATOPHBIX 3aAHITUH;

- COZIEp’KaHNE KypPCOBOI'O MPOEKTA.

Teopernyeckne M mnNpaKkTHYecKHMe  MaTepuaJbl MO0 pa3gejaMm y4eOHOM
nporpaMmmbl (pa3paboTaHbl B COOTBETCTBUHM ¢ HOBBbIMH CtpoutenbHbiMu [IpaBumamu
CIT1 5.04.01-2021 CranbHble KOHCTPYKIIHHN):

- CcoJIepKaHuE MaTepHralia JUCLHUIUIMHBI B COOTBETCTBUU C YUEOHBIM IIAHOM;

- NpPAaKTUYECKUE 3aHATHUA C NPUMEpPaMH pacueTa CTaJbHBIX KOHCTPYKLMH IO
paszenam Kypca;

KoHnTpouab 3HaHuMil — 5K3aMEHAaLIMOHHBIE BOIPOCHI, BOITPOCHI 110
CaMOCTOATENBbHOM paboTe U 3a4eTy MO AUCLUILIMHE U Ap.

Conep:xanme
1. TIOSCHUTEITBHAS BATTHICKA ...vveeuveiesutetesiteeessseeasstee et e s st e sabe e e st e e st e as bt e e s b e e e abn e e e bn e e s be e e s bn e e nbe e e nnnee e 8
2. YYEBHAA TTPOT'POMMA 110 JUCHUIUIMHE «METAJIJIMYECKUE KOHCTPYKINN» 10
2.1 YYEBHO-METOJIMYECKAS KAPTA YUYEBHOM JJUCIUATIIAHBI ........coovevvverrirenens 19
OYHA S ®OPMA TTOJIYUEHU A BBICIHIET'O OBPA3OBAHUA ........ooiiiiieeeee e 19
3. THG)OPMAITMOHHO — METOIMUCCKAST TACTD ....uveeurveanteesureanteessesassessseeassesssessssesssesasessssesssessssssnsessseens 25
3.1 CpencTBa AMArHOCTUKU PE3YJIBTATOB YUEOHOM EATEIBHOCTH . .vvvvveereesreessreareesineenneesnreenneens 25
3.2 IlepedeHb TEM MPAKTHUECKUX BAHITHI ....eeivvieiirieiteiesrinesrisssreessnessssneessssessnseesnneesneessnneeens 25
3.3 IlepedeHb TEM JTAOOPATOPHBIX BAHITHH .. vvetuvvressrrressseeessreeesssesssssesssssesssssesssssesssssesssssessnsesssnsenans 25
3.4 KypcoBoii mpoekT « CTaabHOU KapKac OJTHOATAKHOTO MPOU3BOJCTBEHHOTO 3AAHUD) ........... 26
3.5 Meronuyeckue peKOMEHAAINH [0 OPTaHU3alMU U BBIIIOJIHEHUIO CaMOCTOSITENbHOM paboThI
(1021 (5 £ 1) TP OO T TP UPR PR 26
3.6 MeTOIBI (TEXHOTOTHH ) OOYIEHUS «.....vveuveantreasteeseessreasseessseesseeasseansesssseessesssseesseesnseessessnsessseens 26
3.7 KoMIbIOTEpHBIE TPOTPAMMBI, 3JEKTPOHHBIE YUEOHO-METOIUUECKHUE TIOCOOUS ... 27
3.8 Hay4HO-METOIMUECKHUE MATEPHATIBI ....eeuvreeureesriereeasreasseessneesseessseassesssneesneessreessesssneesnessnneessenas 27
4. TEOPETUYECKME U ITPAKTUYECKUE MATEPUAJIBI IO PA3JIEJIAM YUYEBHOM
TTPOTPAMMBDBI ...ttt enn e ne e e e nne e s 28
Pazzien |. OBILASI XAPAKTEPUCTUKA METAJJIMYECKUX KOHCTPYKIIUM ........coocvvvvreees 28
Tema 1.1. HOMEHKIATYPa, OOTACTD TIPHMEHEHHUS . ... ceuveereeerseessreaseeasseesseessneassesssneesseessseessessseenseesnnes 28

Tema 1.2. OcHOBHBIE 0COOEHHOCTH METAIITMUECKUX KOHCTPYKIUN U MPEIbsIBIIEMbIe K HUM
TPEOOBAHIIS ...tttk stttk etk b et e b b e bt e ab e b e b £ e ss e AR e e b e e s b e e b e e bt e bt e bt b e et Rt e bt n b 30



Pazzgen |l. MATEPUAJIBI METAJUIMYECKUX KOHCTPYKIIMIA. PABOTA MATEPHUAJIA....... 32

Tema 2.1. CTpOUTENBHBIE CTATU U ATTFOMUHUEBBIE CIITIAB ....vvevviesriiieriesseessreessesssnesssesssnesssesssnessnesssnes 32
20 W IR, E20) (007 W (5 01031 2 (ot 08 (R ot 2 ) 1 OO PT PP 35
2.1.2. HUBKOTETUPOBAHHBIE CTATIHL. ...veureeseeeasreessreasreessneasseessseassesssssassesssneassesssneesnessnneessessnneesnessnnes 36
2.1.3 EBpornetickuit CTaHIAPT CTATCH TTO EBPOKOIIY . .eivivviiiiiiiiiiiiieiiiiieiniieessiiee st 36
2.1.4, CTPYKTYPA CTAITH «..vveeiuveeessteesssseessssesssaesassesatssssstesesstesesssessassessssseessssesssssessssessnssessnseessssenans 39
2.1.5. TepMHUUECKAS OOPAOOTKA CTATH .....vveurivreriasrisieesseassesseessesssessessseassesseessssssssseesnessnesneesnessnssns 41
B B T O 33 1) 1 (TP 42
2.1.7. AJTFOMUHUEBBIC CIIIABBL. +....tveeiutetesuteeessteeasuseeessteeessseeassseeeasseeaassessasseesasseessseesneesssneeesnneeesnnnas 42

Tema 2.2. PaboTa cTaiy MO HArPY3KOM, BBIOOP CTATCH .....e.virveeiiiiriniietisiiesieesie s 45
2.2.1. Pabota craneii mpu OAHOKPATHOM CTATHYECKOM PACTSIKEHUH U COKATHHL. ...vvevvevveeeevenneenees 45
2.2.2. CnoxHO€ HAIpsHKEHHOE COCTOSHUE. [IpUBEIEHHBIE HATIPSIKEHUS . ...vvvveeeeesereeeeesnreennee s 48
2.2.3 Pabora MeTayuIoB MPU KOHIEHTPAITUU HATIPSIKCHII ....vvvivvieiiiiieisiieesniieessiressieee e e snsee e 50
2.2.4 PaboTa MeTayuIOB IPU MOBTOPSIOMIMXCS HArPY3Kax. SIBICHUE HAKIICTIA. ...evvvvveerrvreessveeensnens 51
2.2.5. SIBICHME YCTATOCTH METAIIA. . .cuviesveiisriestrisstissstssseessasssbessbssssbaesbssabessanassbessab e e b e s ssne e sres s 53
2.2.6. YIADHAST BABKOCTD ...veeiutvreiutreesteeesutsteastetesssssesssesaassesaassesaassessassessassesabseeabseeasseeesabeeesnneeesnnnas 55
2.2.7. BAUsIHUE TEMIIEPATYPBI U PATHMALIIH ....vvevierrieeereesresieesseassessessseassesssessssssssseessessnssneessessnssns 56
2.2.8. KOPPO3HS METATIIOB. ......veiurieiueiauriesieessreessreaseesieesneesss e beessseanseessn e e ne s sen e e sneesnn e e nne e nan e e nneesnnis S7
R R 3 (410 o I 1 1 OO PT TR 58

[Tpaktndeckoe 3anarue Ne 1. OnpeneneHne reOMeTpUIECKH XapaKTEPUCTUK CEYCHUH 2JI€MEHTOB ....59
Paznen [1l. OCHOBbBI PACUETA METAJIIMUECKUX ......cccooiiiiiiieiiesiesesee e 61
KOHCTPYKLIMTL ...ttt ettt e ettt ettt et et e et et s s e e et ee e e s et et et s s e eeeen e, 61

Tema 3.1. MeToauka pacuera METAJUTMYECKUX KOHCTPYKLIMN NOOMPEIETbHBIM COCTOSIHUSM........... 61
3.1.1. O6mas XapakTepUCTUKA MPEACTBHBIX COCTOTHUM. ..vovvirriiiiiiiierisieeirieie s 61
3.1.2. XapakTepuCTUUECKUE U PACUETHBIE 3HAYCHUS IPOUHOCTHU CTATCH. ...eevvvrvriiieriniieiiieiieeeeens 63
3.1.3. HarPY3KH M BOBIICHCTBHS .. .eeuveeureereessriaseessneesseessneessesssneesseessneassesssneesneessneensesasneenneesnneensenas 64
3.1.4. CoueTaHus HATPY30K U BOZTCHCTBHI ....cccvviririiieiiiiieiiee e stee st nnee s 65

Tema 3.2. PaboTa u pacyeT Ha IPOYHOCTH LIEHTPAJIbHO-HATPYKEHHBIX, H3THOAEMBIX U

BHETICHTPEHHO-CHKATBIX DIIEMEHTOB .......vesveestisreteessesseesseesesssesseesseasseabeesseassesseenbeasseabeebeannesseenbeennenees 67
3.2.1 LIeHTpambHO- HATPYIKEHHBIE DIIEMEHTDL. ... .uvveeeiuirreeessusreeesssstsresssssneeesassneeessnnnseessasnneessnsssees 67
3.2.2. WM3rubaemble sneMeHTH. PacueT Ha NpOYHOCTh MU YIPYTOil M yHpyromaacTU4ecKoi
PAOOTE METATIIA. .....eeveeeteitee ittt etttk b et e bbb e bt e bt e b e b e e st he e bt e bt be e b e et b e nb e e n e e abeen e 67
3.2.3. Pacuér Ha MPOYHOCTH HJIEMEHTOB MOABEPKEHHBIX OCEBOU CHIIE C UBTHOOM.....ccvvrvveriinnnnse 72

Tema 3.3. YCcTOHYMBOCTB LIEHTPAIbHO-C)KATHIX, BHELIECHTPEHHO-CKATHIX U M3TMOAaEMBIX 3JIEMEHTOB

............................................................................................................................................................. 72
3.3.1 IIpoBepka yCTOMYMBOCTH LIEHTPAIBHO CKATOTO CTEPIKHS CIUIOIIHOTO U CKBO3HOTO
(oo (5351717 ST PRSP SUPR PR 72
3.3.2. PacueT yCTOMYMBOCTH BHELUEHTPEHHO —CKATBIX U CKATO-U30THYTHIX 3JIEMEHTOB
CIUTOITHOTO U CKBOBHOTO CEUCHUM .....vveutiesiiiaitiesteeateesiteateessteebe et ebeessn e e beesnneesneesnneenbeennneenneesnnis 76
3.3.3. Pacuer Ha yCTOWYMBOCTb 3JIEMEHTOB OCTOSIHHOTO CE€UYEHUSs], U3ruOaeMble B INIOCKOCTH
HAUMEHDBIIIEH JKECTKOCTH ...veeuvveesutreesstneesuseaessseeesssesesssesassseesasseseassesaasseeaasseeabeeeaabseesaneeesaneeesnneeeanneas 80
3.3.4. Ilpoepka o0mIEH YCTOMYUBOCTU U3THOACMBIX DIEMEHTOB ......vivvvirviesrisieeieeressresieesnessnenes 80

[IpakTuueckoe 3anstue Ne2. OnpezesieHne HeCyliel CHOCOOHOCTH PACTSAHYTHIX U CKATBIX AJIEMEHTOB .

[Tpaxtuueckoe 3anstue Ne3. OmnpeneneHre HECYIIeH ClTOCOOHOCTH IEHTPAIBHO CXKATHIX AJIEMEHTOB 82

3



L ki (S G YO0 ) Ll AN 1 21 5 1 T 83

Tema 4.1. OOIIast XAPAKTEPUCTHKA COPTAMEHTA ....vvevvirveesressresseesseassesseesesssesseessesssssseassessnsssessnessnesses 83
Pasnen V. COEUHEHUS METAJUIMYECKUX KOHCTPYKIIAM. ......ocvovvereeieieeseee e, 85
Tewma 5.1. Capnble coeuHeHus1. CTBIKOBBIE U YIJIOBBIE IIBbI, KOHCTPYHUPOBAHUE U PACUET ........... 85
5.1.1. Capnble COeIMHEHUS, BUABI CBAPKH, MAaTEPUAIIBI 111 CBAPHBIX COCTUHEHUM. .....vvveeneee. 85
5.1.2. PacCUeT CTBIKOBBIX COEIITHEHII . ..oeevvvevrrrrssesseessesssssssssssssessstsnssssessssessssntsseessseesstinnnreeeses 89
5.1.3. Pacuer COETMHEHUIN C YTTIOBBIMU IIBAMUY .....vveeiurrreisreressresassseessssesssssesssssessassessssssesssesesssesans 91
5.1.4. KOHCTPYKTHUBHBIE TPEOOBAHUS K CBAPHBIM COCTAMHEHMSIM .....vvvviveeriesrisiessieenessnesieesnessnsnes 97
Tema 5.2. BOATOBBIE U 3aKICHOYHBIE COCMIMHEHIS .....ccvvvurunnseeeeeseissstsissseesstessssasssssessssesssssssesssssessnes 99
5.2.1. OGnacTh MPUMEHECHHSI, BUIIBI OOJITOB ....ccuvveruvrestesiureassesssseessesssseensessssaessesssseassesaseessessnsessseeas 99
5.2.2. PacueT COSTMHEHNN HA OOBITHBIX OOIITAX +.vvieeerrrerrrsessseeessresssssssseessssessssnnseesssssssmmnnneeeres 101
5.2.3.TpeOoBaHUS K OOITOBBIM COCITIHEHIISIM ......ccuvvreiureeesnreeesssesessseessssesssssesssssessnssessnsseesseeesnes 105
5.3. Pacuer coeMHEHUN HA BHICOKOTIPOTHBIX OOTITAX ..vvrerurrressreressreessresssssesssssessssnesssssesssseeessseesnnns 106
5.4 PacrioyIOKEHUE OTBEPCTHH JITIS OOTITOB. ..veivvreirrressirsesstesesstesssssesssssesssssesssssesssssesssssessnssesssessnnns 108
[Tpaktaeckoe 3ansitue Ne4. KOHCTpyupOBaHUE M PACUET CBAPHBIX COCAMHEHUM ...ocvvvevveereeerireainnns 110
[Tpaktaeckoe 3ansitue NoS. KoHCTpynpoBaHUE U pacdeT OONTOBBIX COCAMHEHUM .....vvervveerveernveainnns 112
Paznen VI. OBIIUE CBEJIEHUS O TTPOLIECCE .......cciiiiiiieiieeeeieeee e 113
U TEXHOJIOTTIML CBAPKI ..ottt sttt et nneesnbeennee s 113
Tewmbl 6.1. Bubl CBapKH, CBAPOUHBIE MATEPHAIIB .....uveerveirsriesseeasreesseessneessesssreessesssnesssesssneessesssneens 113
Tema 6.2. CBapHble COEIMHEHUS, CBAPOUHBIE HATPSIKEHUS U JEPOPMALIUH ....oovvvnreereeernreeneennnenns 134
Tema 6.3. CriocoObI BHITIOITHEHHUS IIBOB, 1e()EKTHI U KOHTPOJIb Ka4eCTBA CBAPHBIX COCTMHEHHUH ... 136
Tema 6.4. TepMmudeckas pe3Ka, TEXHUKA OC30TTACHOCTH ..vvvevrereiurersssreessssesssssesssssesssssesssseesssseesssseeens 141
Paznen VII. OCHOBBI ITPOEKTHUPOBAHUS .......ccviiiiiiie e 147
METAJUTMYECKHUX KOHCTPYKIII. .......covoeviveseeeiesiieessesese e esesses s sesnisnesse st 147
Tema 7.1. Opranu3zaiusi IpOEKTUPOBAHUS, OCHOBBI TEXHOJIOTHH M3TOTOBICHUS .....oevvvenveeieenneennn 147
Paznmen VIII. BAJIKU, BAJIOYHBIE KOHCTPYKIMMU. .......ccoiiiiiiiiiieiie e 149
Tema 8.1. KOMIIOHOBKA OATOUHBIX KOHCTPYKIIMH ....ccuvveieiinriesieeereesiee e snee e snee e snee e e nnesenee e 149
Tema 8.2. TIpOEKTUPOBAHNUE COCTABHBIX OQITOK ......vviureeiressreessreasreesseessseesseeanneessessnneessesssreessesssneees 156
8.2.1. TToA0O0p CEUEHMSI COCTABHOM OQITKHL. ... .eervveureesireesreessreaneessneesseessneesnessnneasneesnneesnessnneenneesnnes 156
8.2.2. I3MeHeHne CeUCHUS OATKH TIO JITTHE TIPOIICTA. 1.vvveervrresssressssressssressssesssresssseessssesssseessssees 161
8.2.3. TIpoBepka oO0IIeH YCTOHYUBOCTH OATOK COCTABHOTO CEUCHH. .vvvvrvresisrreessieeessneeesssenensnens 165
8.2.4. IIpoBepka MECTHON YCTOMYMBOCTHU DIIEMEHTOB CEUCHMS .. .couvvevriarisiireeiiesineessessinas e 166
COCTABHOM OATTKH ....vetvteutiesiteeteesiteesteeaste e bt e esteeabeeasb e e be e es et e be e e Rb e e be e eas e e ebe e e R b e e beeemb e e ebeeanbeenbeeennee e 166
8.2.5. PacueT COEIUHEHUS MOSICOB CO CTEHKOM .uvvvunniiiiiiiietiiiesseeeesiisssiasseessssesssrassssesssesssrannsns 173
8.2.6. PacueT ¥ KOHCTPYHUPOBAHUE OTTOPHBIX YACTEM ...eovvveeriiriiiirieiiesireesree e 174
COCTABHBIX OATTOK ...ttt tuvtteeutteeastteesateeeastetessteeessteaessteeeasteeessbe e e asbe e e ab b e e e bt e e e bb e e e abbeeeabbeeeabbeennbeeennneeennes 174
Tema 8.3. Pacuer neraneil U y3JI0B COCTABHBIX OQITOK .....cuvverurersreessrrsreesseeareessnesneessessneessesssneenns 178
8.3.1. PacyeT u KOHCTPYHUPOBAHHUE Y3JIOB COMPSIKCHUI OATTOK. ... uvveeirreesiieesiieesieeesieeessneeensnens 178
8.3.2. [IpoekTupOBaHNE MOHTAXKHBIX CTHIKOB 0AJTOK Ha CBAPKE M OOJTAX ..vevvrvvreirvreesrveressrenessnnns 180
[Tpaktueckoe 3ausitue Ne6. IloabGop u mpoBepka cedeHHid MPOKATHBIX U COCTABHBIX OAllOK AJIs
CTaIuil yIPYTOH U YIPYTO MIACTUUCCKOM PAOOTBL. ... eiuvieuriiiieriesrisieesreasse st e ste st sneesn e 185
[Tpaktuueckoe 3anarue Ne7. KoHCTpyHpoBaHME M pacueT y3JI0B COMPHKEHHS OATTOK .....ccvvrvvrveennene. 195
Paznmen IX. HEHTPAJIBHO CXKATBIE KOJIOHHDBL. ......ccoiiiiiiiiiiici e 197
Tema 9.1. O01mas XapaKTePUCTUKA KOJIOHH, PACUETHASL CXEMA ... uveerrrresreerrresnreesseesneessessneessesaneesns 197
9.2. KOHCTPYKIIHS M PACUET CTIUTOUTHBIX KOJOHH. .utvteiutviessteeesssesassseessssesssssesssssessnssessnseessnseessseesnnes 199

4



9.2.1. MecTHast yCTOMYUBOCTD 3JIEMEHTOB CEUEHMS KOJIOHHDBL ... .vieviiiirieiiesinie e snee s sne s 203

Tema 9.3. KOHCTPYKIIUS M PACUET CKBOZHBIX KOTIOHH ...uvviiurieieiisriesiesssresssesssneessessnssssesssnesssesssnee e 205
9.3.1. PacueT MJIaHOK CKBOBHOM KOJIOHHDBI. ......eiureeiriasriessreareessesasreesseeasneessesssneessessnneessesannessnessnns 209
9.3.2. PacUeT PACKOCHOM PEIIETKH. ...e..vveeureeeriasreesseeasreesseeaneessesasseesmesssneessessneesmesssneessesannessnessnnes 211

Tema 9.4 KOHCTPYKITHS U PACUET Y3TIOB M TCTATICH KOTIOHH ..eeevvreevreeeireesireesseessssnessseessneesssseeens 212
9.4.1. ba3bl HEHTPATTEHO CHKATBIX KOJIOHH .. .tvteistrtessteeessteeesssesesssesssssesssssesssssesssssessnssessnssessnsessssees 212
0.4.2. OTOJIOBKH KOJIOHH ... .utttetteeesteeastaeassesasssesasstesaseaeasbssaasbessasbesaassesaanbeeabseesbeeesnbeeesnneeesnneas 218

[Tpaktuyeckoe 3anarue Ne8. IloxOop u mpoBepka ce4eHus LEHTPATBHO CKATBHIX KOJIOHH CIUIOIIHOTO U
CKBO3HOTO ceueHUi. OroloBOK KOJIOHHBI. ¥Y3JIbl CONPSHKCHUS OATIOK € KOTOHHAMH .....vverveverreeennens. 219
Pazfenn X. DEPMDBI ........ooiiiiiiieii e 228

Tema 10.1. Knaccudukanys, KOMIOHOBKA, TUIIBL DEPM, PACUET PEPM ....vvvrereerirrrreerieerreerneennneens 228
10.1.1. OOmIASt XAPAKTEPUCTIKA DEPM ...veureireeiesreerireareesireaneessreaseessneasseessneessesssneesnessneessessnneeses 229
10.1.2. OnipeAeTICHUE YCUITHH B CTEPIKHIX (DEPM ..vvrvvvieiirieiiiresssireessireessssesssssessssessseesssessssseesnnns 231
10.1.3. THUIBI CEUCHUM CTEPIKHEH +vvevvvveirriessiiiessiiiessireessiteessisesssssesssssesssseessseesssesssssessnseesssseesssns 233
10.1.4. OnpeneneHne pacueTHBIX JUIMH CTEPKHEH DEPM.....cccoviviiiiiiiiiiiiiiiiiiciicc e 235
10.1.5. TIpenenbHbIe THOKOCTU DIIEMEHTOB (DEPM....c.uviveerriiiriiiieiissiesieesresssesieesressesiessnesnesieenneas 236
10.1.6. TTon00p CEYEHUN CTEPIKHEH PEPM....oiuviiviiriiiiiiiiiiiiiie e 237
10.1.7. Pacder cTep>KHEH MO MPEACTBHOM THOKOCTH ... .ceuvivreieerinsresteeteassesseesreesesieesseenesseenneas 239

Tema 10.2. KorcTpykiwsi, paboTa v pacueT Y3JI0B U TETATCH (DEPM ...ocvvererrrreeriieiiienieesieesieeeeeens 239

10.2.1. ®epmbl u3 napubix yroyukos. Ha puc. 10.8. u3o0pakeHbl y31bl (pepMBbl CO CTEPIKHIMU U3
CHApEHHBIX YTOJIKOB C ONMPAHUEM HA BEPXHUM MOSIC IPOTOHOB MM COOPHBIX JKEI€300€TOHHBIX

TITTHT TIOKDBITHSL. +euvvveensveesssneessssesssssessssstesssesesstssesssesesssesssssssssssssssssesssssessnssessnssessnssessssessnssessseesnnes 240
10.2.2. DEPMBI U3 KPYTIIBIX TPYO 1 tvtetreeeiurreasirieasiteeassseessssesssssesssssesssssessssesssssessssssssssesssesssseesnnns 244
10.2.3. depMbl U3 IIPAMOYTOIBHBIX TPYO ..veuviiiviivieiiiiiiiiieieste sttt 245
10.2.4. ®epmbl € NOSICAMU U3 IIUPOKOTIOIOUYHBIX TABPOB ...veevvviisrisiriaiiesirieressinesssesssnesssessanee s 248
10.2.5. @epMBl U3 OJUHOUHBIX YTOIIKOB ... veeuevieureesereasreesireaseessseasesssnsasseessneassesssneessesssneessessneens 249
[Tpaktuueckoe 3anstue Ne 9. Iloxbop u mpoBepKa ceUeHUi CTep)KHEH CTPONMMIBHBIX (hepM U3 TTapHBIX
D200 10 ) SOOI PRSPPSO 250
[TpakTrueckoe 3anatue Nel(. KoHcTpyupoBaHue 1 pacdeT y3/10B CTPOINMIBHBIX DEPM.......ccverveennnnn. 252
Paznen XI.  OCHOBBI ITPOEKTMPOBAHUWA U KOMIIOHOBKU KAPKACA 3JAHUA .......... 255
Tema 11.1. KOHCTPYKTHBHBIC CXEMBI KAPKACOB 3ITAHMM .. ...vvveevreeesreesssresssssesssssesssssessseessseesssseeans 255
11.1.1. OOmias XapaKTEPUCTUKA KAPKACOB ....vveurirrrireereesnesieesseassesseesneassessessseassesseessesssessesssessnens 255
11.1.2 Ilpumep METAUIMYECKOTO KapKaca IIaBHOI0 KOPIyca KOHACHCAIMOHHON 3JIEKTPOCTAHIIH
(G O TSRO R TR PTPR PP PPPI 257
Tema 11.2. KomnoHoBka nokpbIiTHs. KOMIIOHOBKA MONEPEYHOM pamMbl 30aHUS, CBSI3H ......ccvvenve... 258
11.2. 1. KOHCTPYKIHS KPOBIIH ...uvviuriesteeasreesieeasseessseasseessneaseessseasesssnsasseessseassesannessnessnneessessnneenns 258
11.2.2. KOMITOHOBKA TOTIEPEUHBIX PAM. «...uveerereesreessreasreessreaseessreasesssneassesssneassesssnsessessnseessessseens 260
L1.2.3 CBMBH vt 262
Paznen XII. OCOBEHHOCTU PABOTHI 1 PACHETA KAPKACA 3JAHUS .......ccoooveiiiiiiee, 269
Tema 12.1. JlelicTBUTENIbHAS pA0OTA CTATBHOTO KAPKACA +vvevvvvrervreresreesssressssresssssesssssessssessssseesssseeans 269
Tema 12.2. CoueTaHust Harpy3o0K, ONpeAeICHUE PACYUETHBIX YCHINH B JIEMEHTaX MONEPEYHON paMbl
312215070 (UUURTT T 270
12.2.1. Bo160p pacdeTHOM CXEMBI TIP3 ....cc.oiiiiiiiiiiiiiic e 270
12.2.2 Onpenenenne HArpy30K Ha TIP3 ... 271
12.2.3 Onpenenennie ycuauit B aeMEHTAX [TP3 ... 274



ITpaktueckoe 3ansTue Nell m Nel2. OnpenesneHue Harpy30K Ha MONEPEYHYIO paMy 34aHHUS,

pacueTHas cxeMa. ONPENEIIEHNE PACUETHBIX YCHIIHM ...vvevviiiriiiiiisiriesiie sttt s 275
Paznen XII.  DJIEMEHTDBI TTIOKPBITHS .....coooiiiiiiiiiccece e 276
Tema 13.1. KOHCTPYKIIM TTOKPBITHS .....vveureeeeeasreesseeasseessesasseessesasneessesssneesseesnnesssesssnesssesssnesssessneenes 276
Tema 13.2. PacdeT CIUTONIHBIX M CKBOZHBIX TIPOTOHOB ... ..eieutreesreeassreessssessssseessssesssssessssessssessssseeens 277
13.2.1. BECIIPOTOHHOE TIOKPBITHC ...uvvveesrreessresssssesssssesssssesssssesssssesssssessnssesssssesssssessssessnssesssseesnnes 281
Tema 13.3. PaGota u pacueT cTponmiIbHON (epMbl B CUCTEME MONEPEUHOM paMbl 3AAHUS. ............. 282
13.3.1. OTIOPHBIE Y3IIBI (DEPM.....eeiviiiiiiiiiirietiiiie sttt sb e sb e nre s 283
[Tpaktuueckoe 3anarue Nel3 KoHcTpynpoBaHUE U pacdeT OMOPHBIX Y3ITOB MEPM .....vvrvvervirverrieennnnn 288
Paznen XIV.  KOJIOHHDBI KAPKACA ...t 292
Tema 14.1. KoJIOHHBI OJTHOITAKHBIX TPOUZBOJICTBEHHBIX ....vvveevreeeirressreessseesssseessssesssseesssseesssseeens 292
14.1.1. OnipeiesieHNE PACYCTHOM JITTHHBI KOTIOHH ....uvvveevreessreesssressssseesssesssseesssesssssessnseessseessnns 294
14.2. PacueTr 1 KOHCTPYHPOBAHNE BHEIICHTPEHHO —C)KATBIX KOJIOHH CIUIOIIHOTO CEYCHHS.............. 297
14.2.1 Pacuer MECTHOM YCTOMYMBOCTH MOJIKH U CTEHKU CEUCHUS KOTOHHBI ..vvvvvruvvrrrerinireeennnenns 300
Tema 14.3. Pacuet u KOHCTPYHUpPOBaHKUE BHELIEHTPEHHO—C)KAThIX KOJIOHH CKBO3HOTO CEYECHH .. ..... 301
14.3.1 KOMIIOHOBKA CEUEHNUSI KOJIOHHBI U PACUET BETBEH....ouvvviiviiiiiiiiiiiie st 301
14.3.2 PacueT peHIETKH CKBOZHOM KOJIOHHDBI .....uvviiviisrieiienssiesisssses s sssessins b ssnsssnes s snes s 305
14.3.3 PacueT ycTOWYMBOCTH KOJIOHHBI KAK €IMHOTO CTEPIKHS «...vvivreeiriasriesireereessnessneessneessessnneenns 306
Tema 14.4. KOHCTPYKIMSI U PACUET OCHOBHBIX Y3JIOB KOJIOHH .....uveervrinsriesseesnreesiessneesiesssneessesssneenns 307
14.4.1. Y31bl conpsKeHUs! BEpXHEH M HIYKHEH 4acTel CTYNEHYATHIX KOMOHH .....vvevversreeieernneenns 307
14.4.2 TlonkpaHOBBIE KOHCOJU KOJIOHH MOCTOSTHHOTO TIO BBICOTE ... vveureeereasreesnneaneesnneesressnneenes 309
o (5] 1 SO PP PRROPR 309
14.4.3 KoHcTpyKIus U pacdeT 0a3 BHEIEHTPEHHO - CHKATBIX KOJOHH ....vvvevvveessireesieeesieesssseesnnns 310
[Tpaktuueckoe 3anstue Nel4. Ilonbop u npoBepka ceueHUs! BHELIEHTPEHHO- CKAThIX KOJOHH
Q1A (0] 1103 (0 O (515176 O T T TP UP PP PRP TP 318
[Tpaktudeckoe 3anstue Nel5 I[lonGop u mpoBepka ceueHus! BHEEHTPEHHO CKATBHIX KOJIOHH
IR0k (0 IO (5] 126 SO U P PR TP 323
IIpaxktnueckoe 3ansTue Nel6 KoHCTpyrnpoBaHUE U pacueT CONPSKEHUsI BEPXHEW U HUKHEN JacTei
KOJIOHHBI. PACUET OQ3BI KOJTOHHBL. .....uvvieiutiieiitiiesiieeesiteeessteessiteeassbeesssteessseeesasseessbeessseeessbseesnbeeesnseeesneeas 328
Paznen XV. DOJIEMEHTDBI @AXBEPKA .......cccioiiiiii e 336
Tema 15.1. KOHCTPYKIHSA M PACUET DAXBEPKA CTCH ..vvvvevvereireesssreesssressssresssssesssssesssssesssssesssseesssseeans 336
Paznen XVI. TTOAKPAHOBBIE KOHCTPYKIMMU ........cccoiiiiiiiiiiiiieecceee e 339
Tema 16.1. XapakTepuCcTHKa MOJKPAHOBBIX KOHCTPYKIMH, pacyeT MOJKPAHOBBIX OAJIOK ............... 339
16.1.1 CIUTOIIHBIC TTOAKPAHOBBIE OATTKH ...eeuvvveeretieeurieesuteesssseesssseesssesssseessseessssessnsneesnseeessseeesnes 342
16.1.2. TIOAKPAHOBBIE (DEPMBIL, +...cuvvveieesieesresieesteesseeseesteessesssesbeessesseesbeesbeasnesseenneasnenneeaneesnesneenneas 348
Tema 16.2 V315l ¥ 1€TaNH MOAKPAHOBBIX KOHCTPYKIIHI . ...c.veeiieisreesieesieesieesneesiee e siee e 350
Paznen XVII. IMCTOBBIE KOHCTPYKIIMMI. .......ccccoiiiiiiiiiiiiiieseee e 353
Tema 17.1. O0mas xapakTepUCTHKA JTUCTOBBIX KOHCTPYKITUH, OCHOBBI PA0OTHI M PaCUCTa............. 353
17.1.1. OCOOCHHOCTH PACUETA +.uvvvrervvesasreesssresssssesssssesssssesssssesssssesssssesssssesssssessssessnssessnsesssseesssns 354
Tema 17.2 BepTUKaIbHbBIE HATUHIPUUECKUE PEZCPBYAPDL. .uvvvreeiirrreesiirrreesinrreessssineesssnsnseesssnsees 357
17.2.1 O0m1ast XapaKTEPUCTHKA PE3CPBYAPOB. ....veerrirrrireesrissresieessesseesseessesssesseessessessesssessseseesnens 357
17.2.2 KOHCTPYKITUSL U PACUET PE3CPBYAPOB ...uvirerirvierrissresirareasresseesseassessessseassessessressssssessseessens 358
Tema 17.3 T'opu3oHTaNIbHBIE HIUIUHAPUUECKHE PEZEPBYAPBI ..vvevreerrvresreesreesnreessesaneesseesreessessneees 362
Tema 17.4 TLIAPOBBIE PEBEPBYAPDI ....eevreiureerireareesiriasreesieeareesseeareessesasreesseeareessesaneesseeaneesnesanneens 365
Paznen XVIII  KOHCTPYKIIUM BEICOTHBIX COOPYIKEHUM. .........ocvvviicieeeeee e, 366

6



TeEMA 18.1. DAIIIHIL Tl MAUTDL.....uuueeeetueeeeesasesessusesessassesessasessssasesessasesessnsesestntesessnssesessnseesestnreerens 366

Tema 18.2. OmOPbI JIDIL. ...coiiiiiiiiiie e 369
18.2.1. Omnpenenenne yCUIUN B CKBO3HBIX TPOCTPAHCTBEHHBIX ...cc.vvverreersreereessneesneesneessessneenes 371
cTepkHAX OamteH u MauT. OcobeHHOCTH MPOEKTUPOBAHUSA JIODIT ..oovvviiiiiii 371

PA3JIEJI XIX. OCHOBBI 2dKOHOMUKHN METAJJIMYECKUX KOHCTPYKILIUNA .
EBPOITEMCHUE TTPABHMIIA PACUETA ......c.cooiiiiiieeeieeeiete e 375
Tema 19.1. OcHOBHBIE [10JIOKEHUS] SKOHOMUYECKOH 3()(heKTUBHOCTH METAIITMYECKUX KOHCTPYKLIUH

........................................................................................................................................................... 375

Tewma 19.2. OcHOBHBIE 110JIOKEHUS pacuyeTa CTAIbHBIX KOHCTPYKIUHI M0 EBPOKOAY ......covveieiennee. 375
19.2.1. KnacCupUKAIHS MOTIEPEUHBIX CEUCHMM. ... vevverreesresiresieessesseesseessesssesseessesssesieesneanesseennens 376
19.2.2. O6mue cBeeHNs pacyeTa HEeHTPaIbHO HArPy>KEHHBIX JIEMEHTOB 110 IPEEIbHBIM
COCTOSTHUSIM HECYIIEH CTIOCOOHOCTH ..vvvuuvvreutrressteeessteeesssesessseesssseessssesssssesssnesssnessnssessssessseesnnes 377
19.2.3. O6mume cBeaeHUs pacueTa U3ru0aeMbIX AJIEMEHTOB 110 MPEAETHHBIM COCTOSTHUSAM HECYICH
01 (011010} ¢ (0w Z TSP O RSP UR PP PR 378
19.2.4. Pacuer Hecy1elt ctOCOOHOCTH NOMEPEYHOTO CEUEHHS 3JIEMEHTOB, OIBEPKEHHBIX
JIEVCTBUIO OCEBOU CUJIBI U U3THOATOIIIX MOMEHTOB ...cccitiiiiieieeieeeeeeeeeesesessessssesssssssssssesessssssseseseens 380
19.2.5. Pacuer Hecy1iel CIOCOOHOCTH 10 YCTOHYMBOCTHU MONEPEYHOTO CEUEHUS SJIEMEHTOB,
MOJABEPIKEHHBIX JTICUCTBUIO OCEBOM CHUIIBI ....uvvieiteiessteeessteeassteesssseessssessasseesnseessneesnseesnsseessneesnnns 382

TIPHITOIKEHIE A ...ttt r et e sb e e e e nr e e e e e ne e enn e 383
Tabmuua A.1 (tabn.b.1 CIT)— Koadduuuent ycnosuii paboThl KOHCTPYKIMKA U 3JIEMEHTOB Yc.383
Oxonuanue TaOMUIBL A.1 (TAOM. B.1 CII) c..ooiiiiiiiiiiiii e 384
Tabmuua A.2 (tabn. 7 CII) Koapdunmentsr GpopMbl ceueHus Npu pacyeTe JIEMEHTOB Ha
HIEHTPATBHOE CHKATHIC ...veuvveeenteeeanteeessteaessteeessseeesaseeeasseeeasseeeasteeeasbeeaasseeaseeeaanseeanbeeeanneeeanneeeanneeennes 384
Tabnuna A.3 (Ta6u. I'.1 CII) — Matepuansl 1)1 CBapKH, COOTBETCTBYIOIIUE CTAIH ......cenvveee. 385

Tabmuma A.4 (tabn. A.3 CII) XapakTepucTHUeCKHE U pacueTHbIC 3HAUCHUS TIpe/iesia TEKYUECTH 1
mpejiesa MPOYHOCTH TIPH PACTSHKCHUH, CKATHU M U3THOE JINCTOBOTO, IIMPOKOITOJIOCHOTO

YHHBEPCAIBHOTO, COPTOBOTO TIPOKATA H TPYOD. ....cevveveeeiieeeeeeteeeeesesisissesenesesistssenesesssesssssnsnessesasnas 385
Ta6muma A.5 (tabn. A.5 CII) XapakTepuCTHYECKUE U pacueTHbIC 3HAYSHUS TIpeiesia TEKYUeCTH U

npejiesia MPOYHOCTH TIPH PACTSHKEHUH, CKATHU M U3TH0E (PACOHHOTO MPOKATA ..vevvvvveeirveeesnveeennns 387

Tabnuna A.6 (tabn.5 CIT) PacueTHblie 3HaYeHUS MPOYHOCTH OJHOOOITOBOTO COCTUHEHHUS ........ 387

Tabmuua A.7 (Tabn. .1 CII) — KoaddunmeHT ycTOWIMBOCTH MTPU HEHTPAILHOM CKaTUH (@..388

O. KOHTPOIID BHAHMI ....cc.vviieiieiie ittt ettt n e an e m e st e ne e s e e ne e enn e 388

5.1 IlepeyeHb KOHTPOIBHBIX BOIIPOCOB U 33JaHUI ISl CAMOCTOSTENBHON pabOThI CTYAEHTOB ... 388

5.2 TlepedeHb KOHTPOIBHBIX BOITPOCOB K IKZAMEHY ...euvvveeureressreresssnesssresssssesssssessnssessnssessssessssees 389

5.3 IlepedeHb KOHTPOJIBHBIX BOIIPOCOB K BAUETY ...eeruvrevrirurieiierssriesiessnesssessssesssnssssesssessssessnesssnas 391

] 8 VS 0 g ) O PT TR 393



1.11osicHUTEILHAS 3aIIUCKA

Hean DYMK

[Iporpecc B cTpOUTEIBHON OTpaciv BO MHOIOM OMNPEAEINISIETCS YPOBHEM Pa3BUTHUS
METAJUIMYECKUX KOHCTPYKUHUM, KOTOpPBIE IIMPOKO MPUMEHSIOTCS B TPAXIAHCKOM U
MPOMBIIJIECHHOM CTPOUTENIbCTBE, B TOM YHUCIE U NPU CTPOUTENHCTBE 3JaHUU U
COOPYKEHUH TETUIOBBIX U aTOMHBIX 3JIeKTpocTaHiuil. [loaToMy moAroToBKa KaapoB AJis
MPOCKTUPOBAHUS CTPOUTEIBHBIX OOBEKTOB ¢ KOHCTPYKTUBHBIMHU (hOpMaMH U3 MeTasia
ABJISIETCS Ba)KHOW 3amauei Boicuied mkonbsl Pb, u co3manue nannoro 9YMK Oyner
CIIOCOOCTBOBATH PEIICHUIO YKa3aHHOM 3a/1auu.

OJEKTPOHHBIM  Yy4EOHO-METOJAMYECKUNA KOMIUIEKC MO Y4YeOHOW AUCIUILINHE
«MeTanueckrue KOHCTPYKIIUU» pa3paboTaH B COOTBETCTBUHU C YUe€OHOM MPOTrpaMMoit
VUPEKJICHHUS BBICIIETO  oOpa3oBaHUs M0 Yy4eOHOW JucuuIUiiHe «Metanyeckue
KOHCTpYKIMU» 11 crieruaibHoCcTH 1-70 07 01 «CTpOUTENbCTBO TEIJIOBBIX U aTOMHBIX
anexkTpocTanuuit» yTB. 05.11.2019, per. NeV JI-CD69-24/yu.

OCHOBHOWI HedbI0 HW3YYEHHUH Y4eOHOH JUCHMILIMHBI «MeTraminyeckue
KOHCTPYKIIUU»  ABJISETCS — (OPMHUPOBAHWE 3HAHUN, HEOOXOIMMBIE NJIi TTOHHMMAaHUS
pabOThl KOHCTPYKTHUBHBIX 3JIEMEHTOB M CHUCTEM, Pa3BUTHUE HABBIKOB HH>KEHEPHOTO
aHaJIu3a, KOHCTPYUPOBAHUS U pacueTa CTPOUTENbHBIX METAJUIMYECKUX KOHCTPYKIIHM,
MOATOTOBKA K MNPOPEeCCUOHATBHONW JESITEIBHOCTH B 00JAaCTU MPOCKTUPOBAHUS
METAJUTMYECKUX KOHCTPYKIUUA 3JaHUNW U COOPYKEHHI, B TOM YHUCJIE U TEIJIOBBIX U
aATOMHBIX JIEKTPOCTAHIIUIA.

OcHoOBHO# 3a/1a4ell MpenoJaBaHUs JUCHUIUIMHBI SBJSIETCS HAYYUTh CTYJICHTOB
pacyeTy U TPOCKTUPOBAHMIO TEXHUYECKM W DKOHOMHUYECKHM OOOCHOBAaHHBIX
CTPOUTEIIBHBIX METAJUIMUYECKUX KOHCTPYKIIMH 3aHUN W COOPYXKEHUM, B TOM YHUCJE U
TEIJIOBBIX W AaTOMHBIX DJJIEKTPOCTAHIMH, OTBEYAIOMIMX TPEOOBAHUSIM TMPOYHOCTH,
AKECTKOCTH, JOJITOBEYHOCTH, ICTETUYHOCTH, O3HAKOMJIEHUE C OCHOBHBIMU TE€HICHIUSIMHU
pa3BUTUA M  NEPCHEKTUBAMH NPUMEHEHHS  METAUIMYECKHX  KOHCTPYKUHUHM B
MIPOMBIIJIEHHOM U TPa)IaHCKOM CTPOUTEIbCTBE.

B pesyabrare u3ydyeHHs Y4eOHOH auUCHUIUIMHBI «MeTananyeckue
KOHCTPYKIUM» OYyAyIIMHA CIEenHaIuCT J0JIKeH:

3HATH:

— METO/IbI pacueTa Ha MPOYHOCTh, YCTOMYUBOCTD U KECTKOCTH;

— OCHOBBI POECKTUPOBAHUS JIEMEHTOB METAJUIMUYECKUX KOHCTPYKIIUH;

— OCOOEHHOCTH pacueTa METAUTMYECKUX KOHCTPYKIIMI KapKacoB 3/1aHHl, B TOM
YHCJI€ U TEIUIOBBIX U @TOMHBIX 3JICKTPOCTAHITUH;

YMeETh:

— KOMITOHOBaTh KapKachl MPOMBIIIJIEHHBIX 37aHUNA, B TOM YHCIE U TEIUIOBBIX U
ATOMHBIX AJIEKTPOCTAHIINM;

— OIPENENSATh HArPY3KH U YCHIHS B 3JIEMEHTAaX KapKacoB 3[1aHUI, B TOM YHUCIIE U
TEIUIOBBIX U aTOMHBIX 3JIEKTPOCTaHIIUIA;

—  TO0JIb30BaThCsl  TEXHUYECKMMH  HOPMATUBHBIMU  MPABOBBIMU  aKTaMu
(TexHnueckuMu Kojaekcamu ycrtaHoBuBlueics npaktuku (TKII),  crpourenbHbiMu
Hopmamu u npaBwiamu benapycu (CH u CII), texuuueckumu periamentamu (TP),
rocyaapctBeHHbIMU cTangaptramu (I'OCTamu) u ap;



— paccuuThiBaTh M KOHCTPYMPOBATh METANIMYECKHE KOHCTPYKIUHU OOIIETro
Ha3HAYEHUs U NPUMEHAEMBIX B IPOMBIIIJIEHHOM, IPaXIaHCKOM M THAPOTEXHUYECKOM
CTPOUTEIIbCTBE;

BJIAIeTh HABBIKAMM:

— pacuera METAJUIMYECKUX KOHCTPYKUMHM KAapKacoB TEIUIOBBIX M aTOMHBIX
3JIEKTPOCTAHIMH 10 METOY MPEAECIbHBIX COCTOSHU;
— pacuera METAUIMYECKUX KOHCTPYKIMH OOIIero Ha3HA4eHUsT MO0 METOIy
MPEEIBbHBIX COCTOSIHUN;
— KOHCTPYUPOBAHUE PJIEMEHTOB KOHCTPYKIIHI: OallOK, epM, KOJTOHH.
OcBoeHue JaHHOM y4eOHOM JUCUUIUIMHBI oOecreyuBaeT (OpMUPOBAHUE

CIEIYIOIINUX KOMIIETCHIIHM:

— AK-1. YMmers npumeHsTh 6a30Bbl€ HayYHO-TEOPETUUYECKHE 3HAHUS JUISl pElICHUS
TEOPETUYECKHUX U NMPAKTUUECKUX 3a7adu.

— AK-2. BiiaieTb CUCTEMHBIM M CPAaBHUTEIBHBIM aHAJIU30M.

— AK-3. Bianets ncciaenoBaTeIbCKUMU HaBBIKAMHU.

— AK-6. Bnagets MeXIUCHUIUIMHAPHBIM MOJIX0/I0M MPU PEIICHUU POOIIEM.

—I1K-1. TlpuMeHsSTh COBpEMEHHBbIE METOJAbl BO3BEIECHUA OOBEKTOB, 00ECIEUMBAIOIINE
BBICOKHI TEXHUKO-3KOHOMHWYECKHUI YPOBEHD BBITTOJTHEHUS CTPOUTEIBHBIX MPOLIECCOB.
—I1K-8. ObecneunBarh KayeCTBEHHOE BBIIOJIHEHHE CTPOUTEIBHBIX PabOT B TOYHOM
COOTBETCTBHHM C TIPOEKTOM, COCTaBJIATh aKThl HA BBIMOJHEHUE CKPBITBHIX pPadoT,
OTIPENENSITh W JOKYMEHTAIBHO O(OPMIISATH OOBEMBI BBIOJTHEHHBIX CTPOUTEIBHBIX
pabor.

—IIK-12.  OcymecTBasiTh  NPOPUIAKTUYECKUA  OCMOTP  COOPY>KEHHMH  CHCTEM,
CBOEBPEMEHHO  BBIABIIATh  JI€PEKThl, BBISICHATh MNPUYUMHBI WX TMOSABJICHUS U
pa3pabaTbIBaTh MEPOMIPUSITHS 110 UX MPEAYIPEKICHHUIO.

—I1K-13. Bectu HaOmtofeHus 3a 3MaHUSMH U COOPYKCHHSIMHU, PETYJSIPHO CHUMATh W
AHAJIN3UPOBATH ITOKA3aHUS YCTAHOBJICHHOU KOHTPOJIBbHO-U3MEPUTEIBHON anIapaTypsl.
—IIK-14. OmnenuBarh XapakTep W O00BEMBI ACHEKTOB W IOBPEKJICHHH 3IaHHN U
COOPY)KE€HUH, TMPOBOJUTH CHJIAMHU OSKCIUIYyaTallMOHHOTO IIEPCOHANIA PEMOHTHO-
BOCCTaHOBUTENbHBIE PAOOTHI.

—I1K-15. B nepuoj cTpouTeNnbCTBa U SKCIUTYaTalluU 3[JaHUM U COOPYKEHUU COOJIIOAATh
TpeOOBaHMS OXpaHbl OKPYKAIOIIEH Cpenibl, aTMOCPEPHOr0 BO3AYyXa, TOBEPXHOCTHBIX U
TPYHTOBBIX BOJI.

—I1K-19. B cocrtaBe Tpynmbl CHEIUAINCTOB pa3padaThiBaTh apXUTEKTYPHBIE H
CTPOUTEIBbHBIE MPOEKTHI 3JaHUN W COOPYKEHHM DHEPreTHUYECKHUX Y3JI0B, BBINOJHSATH
CTaTUYECKHUE U JUHAMUYECKUE PACUEThl COOPYKEHHM.

—I1K-24. OcymecTBisATh aBTOPCKHUIM HAA30P 332 CTPOUTENBCTBOM SHEPrETUYECKUX
3aHUN U COOPYKEHUM.



2. YYHEBHASA NNPOI'POMMA 110 JUCHUIIVIMHE «<METAJIJIMYECKHUE
KOHCTPYKIUN»
s cneguaJbHocTH 1-70 07 01 «CTpONTEILCTBO TEIJIOBBIX M AaTOMHBIX

3JIEKTPOCTAHIU D)

PaGouass  yueOHas  mnporpamma  «MeTajuinueckue  KOHCTPYKIMU»  TIO
cneunanibHOCTH 1-70 07 01 «CTpouTEnsCTBO TEIIOBBIX U ATOMHBIX 3JIEKTPOCTAHIIUI
pa3paboTaHa B COOTBETCTBMU C 0a30BOM ydeOHOW mnporpammont «Mertamnyeckue
KOHCTpYKIuu», yTB. 03.02.2012, per. NeT/] —J.095/Tu..

CornacHo yueOHOMY IJIaHy ISl OYHOM (hOPMBI OJTYYEHHUSI BBICILIETO 00pa30BaHUs
Ha U3y4YeHHE Y4eOHOW AUCITUTUTMHBI OTBEJCHO BCETo 278 4acoB, U3 HUX ayJUTOPHBIX -
1324aca. Ha kypcoBoii mpoekT oTBe/IeHO Bcero 60 yacoB, U3 HUX - 16 ayJIUTOPHBIX.

Pacnpenenenue ayIuTOPHBIX YAaCOB MO KypcaM, CEMECTPaM U BUJIaM 3aHATHI
npuBeAeHO B Tabnuie 1.

Tabnuua 1.

Ounas ¢opma MoxyyeHus BICHIET0 00pa30BaHUs

Jlexuun JIabopartopusbie | [Ipaktnueckue | opma TeKkyIen
Kypc | Cemectp ’ PATOP P P Y
q. 3aHATHS, Y. 3aHATHS, . aTTeCTalllU

3 5 34 18 16 DK3aMEH

KYpPCOBOM IIPOEKT,

3 6 48 - 16

3a4€CT

COAEPKXAHUE YYEBHOI'O MATEPHUAJIA

Pa3nen |. OBILIASA XAPAKTEPUCTUKA METAJIVIMYECKHUX
KOHCTPYKIUM
Tema 1.1. Homenkiiatypa, 00J1acTh NpuMeHeHHU S
CoBpeMeHHBIE KOHCTPYKTHUBHBIC ()OPMBI, OCHOBHBIE CBOMCTBA M TEXHHYECKHE
BO3MO>XHOCTH METAJUIMYECKUX KOHCTPYKIIMH, UX HCIOJB30BAHUE MPHU CTPOUTEIHCTBE
TETJIOBBIX U ATOMHBIX 3JIEKTPOCTAHIIUM.
[IpeanochUIKM U OCHOBHBIE HAMpPaBJICHUS] TEXHUYECKOTO MPOrpecca, MOBBIIMICHUE
3G (HEKTUBHOCTH METALTUICCKUX KOHCTPYKITHM.
Paznen |1. MATEPUAJIBI METAJUVIMYECKNX KOHCTPYKIIUA.
PABOTA MATEPHAIJIA
Tema 2.1. CTpouTe/ibHBIE CTAJIU U AJTIOMHUHUEBBIE CIJIABBI
OO6mras XxapakTepUCTHKa CTalleld, XMMUYECKHI COCTaB U OCOOCHHOCTH CTPYKTYPHI
cTajeid, MEXaHM4YECKUE CBOMCTBA, CBAPUBAEMOCTb, KOPPO3UiIHASA CTOMKOCTb, BIUSHUE
XUMHUYECKOTO COCTaBa M croco0a Mpou3BOJCTBA Ha cBoicTtBa craied, THITA wu
TEXHUYECKHE YCIOBHS Ha CTald, KaTeropwu TpeOOBaHWM, TPyNIbl MPOYHOCTH,
COIIOCTaBJIEHUE CcTael ¢ EBpOonencKMMU CTaH1apTaMHu.
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ANIOMUHUEBBIE  CIUIABBI:  KJjaccuukaus 10  crmocobamM  IPOU3BOJICTBA,
YIPOUYHEHHUIO U XUMHUYECKOMY COCTaBY, CBOMCTBA CIVIABOB M 00JIACTh UX MIPUMCHECHUS B
CTPOUTEIILCTRBE.

Tema 2.2. PaboTa cTaJjieii moa Harpy3Kou, BbIOOP cTasei

PaGoTta craneii mnpu OJHOKPATHOM CTAaTHYECKOM pACTSHKEHUHM U CXKATHU:
JMarpaMMbl U CTauu paOOThI YIIIEPOJUCTHIX M JISTUPOBAHHBIX CTaJIed B 3aBUCHUMOCTHU
OT UX CTPYKTYphl, YHHU(PUUIHUPOBAHHAS JMarpaMMa yHOpPyroriacCTU4eCKOM paboTh
CTpPOUTEIIbHBIX cTajiel. PaboTa cTanu npu clioKHOM HaNps>KEHHOM COCTOSIHUU, TIEPEX O/
CTaJiv B IJIACTUYECKYIO CTaHIO.

Binusitnue paznuuHbix (akTOpOB M YCIOBHM Ha XapakTep paboThl U pa3pylIeHUs
METaJlIa: BUJbI pa3pylIECHUs], UX MOCIEICTBUS; CI0KHOE HAIPSIKEHHOE COCTOSIHUE U €TO
BJIMSIHUE HA XapakTep pa3pylICHUs; KOHUECHTPAIU HANPSHKEHUM; XPYIIKOE pa3pylIeHUE
Kak IMpOLECC Ppa3BUTHS TPEIIMH. BiusHUe mpenmecTBYOMEd IIaCTUYECKOU
nedopManm Ha PabOTy MeTajila IpH IOBTOPHOM HArpy»XeHUH, SIBIICHHE HaKJIerna.
BriHOCTMBOCTh MeTallla MPU MHOTOKpPaTHOM TMOBTOpHOM Harpyske. OCOOEHHOCTH
paboThl MeTa/ula TpH JUHAMHYECKOM  HArpy’>KeHWUH, YJapHas BS3KOCTh. BiusHue
TeMIIEpaTypbl Ha CBOMCTBAa MeTala, XJIAAHOJIOMKOCTh, OTHECTOMKOCTh CTallel |
ATIOMUHUEBBIX CIUIaBOB. OXpynuMBaHWE CTalM TOJA JCHCTBHEM IPOHUKAIOIIEH
paauany; U3MEHEHHE CBOWCTB MeETaJllla BO BPEMEHH; KOPPO3Hsl MeTalljia, CIOCOOBI
3alIUThl METAJUIA OT KOPPO3UHU.

BriOop crameldi B 3aBUCUMOCTM OT YCJIOBHM BO3BEIEHHS U JKCIUTyaTallUH
METAJUTMYECKUX KOHCTPYKUMM. BbIOOp cranieil ajis KapkacoB TEIIOBBIX M aTOMHBIX
AJIEKTPOCTAHLIU .

Pasznen 111.OCHOBBI PACUETA METAJJIMYECKUX KOHCTPYKIU

Tema 3.1. Meroanka pacyera MeTAJUIMYECKUX KOHCTPYKIHUI 10 NpeleabHbIM

COCTOSIHUSIM

Pacuer KOHCTpyKUMI MO NPEAECNbHBIM COCTOSIHUSIM IEepBOM rpynmnbl. CMbICH
OCHOBHOTO pacyeTHOrO HepaBeHCTBAa. Harpysku M Bo3AeHcTBHS: KiaccuHKaIus,
HOPMATHUBHBIE U pACUETHBIE HATPY3KH, KOIPPHUIMEHTHl HAAEKHOCTU IO HArpyske,
COUeTaHWs HArpy30oK © ycwiui, kod3pdurnmentsl codetanuii. HopmaTuBHBIE
CONPOTHUBJIEHUS MaTepuaja Mo Npeaesy TEKYyYeCTH M BPEMEHHOMY COIPOTHBIICHHMIO,
KO3 (PUIMEHT HANEKHOCTH 1O Marepuany, JONOJHUTENbHBIA  KO3(PPUUIUEHT
HAJEKHOCTU TI0 BPEMEHHOMY CONPOTUBIEHUIO; KOI(PPUIMEHT YyCIOBUI pabOThI
KOHCTPYKIMHU; KO3(D(PUIMEHT HaASKHOCTH 1O HA3HAYEHUI0O U OTBETCTBEHHOCTH
COOPYKEHUS.

PacueT KOHCTPYKIIMiI MO MpeAebHBIM COCTOSIHUSIM BTOPOM TPYMIIbI.

OCHOBHBIE MOJIOKEHUS pacueTa MO MPENEIbHBIM COCTOSHUSIM B COOTBETCTBUM C
EBponenickumu npaBuiiamu.

Tema 3.2. Pabora m pacyer HAa NPOYHOCTH HEHTPAJbHO- HAIPY:KEHHBIX,

H3rudaeMpIX U BHELCHTPEHHO-HATPY/KEHHBIX 3J1€MEHTOB

PaboTa 1 pacyeT Ha MPOYHOCTh UEHTPAIBHO- HATPY>KEHHBIX 3JIEMEHTOB.

Pabota m pacuer u3rnOaempIX 3JIEMEHTOB B YNPYrod M YIPYroIUIaCTUYECKOU
CTaausAX, MApHUP IUIACTHYHOCTH MPU HU3THOE, COBMECTHOE JCHCTBHE HOPMAIbHBIX H
KacaTeJIbHbIX HaIPSKEHUH.
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HanpsoxkeHHoe cocTtositHMe M pacdeT Ha MPOYHOCTh CEYEHUW BHELEHTPEHHO-
Harpy»KeHHBIX 3JIEMEHTOB B YIPYTOM U yIPYTOIJIACTUYECKON CTaAusIX pabOThI.

Pacuyer a11eMeHTOB Ha MPOYHOCTH C YYETOM XPYIKOI'0 pa3pyLUCHUS.

Tema 3.3. YCTOMYHUBOCTHL HEHTPAJBHO CHKATHIX, BHEHEHTPEHHO—CKATBIX M

U3rndaemMbIxX 3JIEMEHTOB

[ToTepst yCTOMYMBOCTH IICHTPAIBLHO CXKATOTO CTEPXKHSA: (OpPMBI TIOTEpHU
YCTOWYHUBOCTH, KPUTHUYECKUE HAINPSIKEHUS TMPU YIOPYTOM BBIMYYUBAHUU CTEPHKHS,
pacyeTHasl JJIMHA, TUOKOCTb, NPOBEpKA YCTOWYMBOCTH CTEPKHS, KOIP(PULHUEHT
MPOJOJIBLHOIO U3rubda, yCIoBHasi THOKOCTh CTEPKHSL.

[Torepst yCTOMYMBOCTH BHEUECHTPEHHO—CKATHIX U CXKATO-U30THYTHIX 3JIEMEHTOB,
W3TUOHO-KpyTUJIbHAsT ¢dopMma TOoTepu ycToMuumBocTH. PacdeT Ha yCTOMYMBOCTH
AJIEMEHTOB TMOCTOSHHOTO CEYEHUS B IUJIOCKOCTH M M3 IUIOCKOCTH JECUCTBHUS MOMEHTA,
COBIIQ/IAIOIIEN C IIJIOCKOCTBIO CUMMETPUH.

[IpoBepka o011l yCTONYMBOCTH U3TrHOAEMbIX 3JIEMEHTOB.

Paznen IV. COPTAMEHT
Tema 4.1. O01masi XapaKTeprUCTHKA COPTAMEHTA
JlucToBoii 1 PO MIBHBINA MPOKAT, THYyThIC U TIpeccoBaHHbie Tpoduu. ['OCTr Ha
CTaJIBHOM ITPOKAT, COKPALIEHHbIE COPTAMEHTBHI.
CoBepiIeHCTBOBAHHE COPTAMEHTA, HOBBIE 3¢ (eKTUBHBIE npoduiin,
o0OecleunBaIlNe CHIKEHUE pacxofa MeTalyla M TPYAOEMKOCTH H3TOTOBJIECHUS
KOHCTPYKIIHH.

Paznea V. COEAJMHEHUSA METAJUVIMYECKUX KOHCTPYKI_II/Iﬁ

Tema 5.1. CBapHble coeTUHEHMSI

O6nacTe TNpHMEHEHHMs, BHJBl CBapHBIX IIIBOB W COCIMHCHHUH, CBapOYHBIC
MaTepualbl, paCU€THbIC CONTPOTUBJICHUS CBAPHBIX COCTUHEHUM.

CBapHble COCIMHEHUS CTHIKOBBIMU IIBAMH: KOHCTPYHPOBAaHHE, OCOOEHHOCTHU
paboThl W pacyeTa Ha pa3iauuHbie BUAbl ycuiaud. COeIUHEHUS YTJIOBBIMU IIBAMM:
KOHCTPYHUPOBaHUE, OCOOCHHOCTHM pPabOTHl W pacyeTa Ha pa3IUyHbIE BUJIBI YCHIIHIL.
OcobeHHocTH pabOTHI COCAMHEHUW TIPU MHOTOKPATHBIX TMOBTOPHBIX Harpys3kax,
BIIMSIHUE KOHIIEHTPATOB HampsikeHui. KoHCTpykTuBHBIE TpeOOBaHMS K CBapHBIM
COEIUHEHHUSIM.

Tema 5.2. BoJITOBBIE H 3aKJI€NIOYHbIE COeTHHEHHUA

O6nacte mnpuMeHeHUs, BuABI 0OonToB. CoenWHEHHMS Ha OOBIYHBIX OOJITaX:
KOHCTPYHPOBaHHUE, OCOOCHHOCTH PAOOTBHI M pacyeTa COSTWHCHHWM Ha CIABUTAIOIINE
yCUJIUSL — Cpe3 U CMSTUE, Ha PACTSOHKEHUE, MPOBEPKA MPOYHOCTH COEAMHSIEMBIX
3JICMCHTOB.

Tema 5.3. CoenuHeHnsi HA BLICOKONMPOYHBIX 00JTAX

Ocob6enHocTu paboThl U pacyeTa (GPUKIIMOHHBIX COCTMHEHUN Ha BBICOKOIPOYHBIX
Ooontax. Pabora coeauHEeHUM NpU MHOTOKPATHBIX Harpy3kax. KOHCTpyKTHBHBIE
TpeOOBaHUSI K OOJITOBBIM COCIUHEHUSIM.

Kparkas xapakrepucTuka HOBBIX BUJIOB COSAMHEHUM: KIECOOITOBBIX, HA HECYIITUX
BBICOKOIIPOYHBIX 00JITaX, CAMOHApE3aI0IIUX BUHTAX, JI00CIIX.
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Pa3znen VI. OBIIUE CBEJAEHUSA O TIPOLHECCE
N TEXHOJIOI'UU CBAPKH

Tema 6.1. Buabl cBapKu, CBapO4YHbIe MATEPUAJIbI

MecTo 1 posib CBapKM B TEXHOJIOTMYECKOM IIPOLIECCE M3IOTOBJIICHUS M MOHTaXKa
CTPOUTENBHBIX KOHCTpyKUui. Knaccudukanums BunoB cBapku. CBapouHas Jgyra Kak
UCTOYHUK TeIula. [lnaBieHMe M IEpEeHOC JIIEKTPOAHOIO MeTaula Ha  H3ZCIHE.
CymHocTh, cXeMbl, 001aCTh IPUMEHEHUSI U TEXHUKO-DPKOHOMHYECKUE XapaKTEPUCTUKHU
OCHOBHBIX BUJOB CBAPKU: AYTOBOM, MJIEKTPOILIAKOBON U KOHTAKTHOM.

Beibop BHaa cBapku, pojJa TOKa M MapaMeTpOB pEXHMa CBAapKHU, CBAPOYHOE
o0opynoBanue. CBapouHble MaTEpHUANIbI: DJIEKTPOABl C TOKPBITUEM, DIJIEKTPOAHAS
MPOBOJIOKA, (IFOCHI M 3alIUTHBIE ra3bl, CaMO3aIIMTHAs MOPOILKOBAas U JIETUPOBaHHAas
npoBojioka. Kinaccudukanus  cBapoYHBIX  MarepuajioB MO  T'OCYAApCTBEHHBIM
cTanjgapTaM. Pekomenaanuu no BI0OpPY CBaApOUYHBIX MaTEpUAIOB.

Tema 6.2. Buabl cBapHbIX COeAUHEHUI, TUIIBI LIBOB, CBapO4YHbIe AedopManuu

U HANIPSAKEHUA

3aBOJICKME M MOHTaXXHBIE COCJUHEHUS. TEXHOJOTMYECKHE M DKCILTyaTallMOHHBIE
TpeOOBaHUS K CBapHbIM coenuHeHUs M. OcHOBHbIE (DaKTOpBI Ipoliecca CBapKH,
BIIMAIOLIME HAa CBOWCTBA CBAPHBIX COCAUMHEHWN. BiusHue temmepaTypbl U3AENIds NPU
BBIITOJTHEHUHN CBApHOTO 111BA HA CBOWCTBA COCAUHEHNS.

Capounsle aedopmalii W HanpsoKeHUd. Meponpuarus 10  yMEHBIICHHUIO
CBapOYHBIX JAe(opManuii U HANPsLDKEHUH Ha CTAaAUU MPOCKTUPOBAHUS U U3TOTOBJIECHUS
CTPOUTENIBHBIX KOHCTPYKIUH. [I0ArOTOBKA METATUIMYECKUX JIIEMEHTOB II0J] CBAPKY.

Tema 6.3. Cnoco0 BBINOJHEHUS WHIBOB, Je()eKTbl M KOHTPOJIb KayecTBa

CBAPHBIX COCAMHEHMNH

Croco0® BBIMOJHEHHUs IBOB MO CEYEHUI0 M MO JUIMHE, BIMSHUE crnocoba Ha
KauecTBO CBAapHOTO coenuHenwus. JledexTsl cBapHbIX coenunennii. KoHTponb kadecTBa
CBapHbIX COEIUHEHUH, OObIYHBIE U (PU3NYECKUE METOAbI KOHTPOJs. MeponpusTus 1o
IpeTyNpexICHNI0 U YCTPAHEHHIO 1€(DEKTOB COeTMHEHUH.

Tema 6.4. Tepmuueckas pe3ka, TeXHUKA 0€30MACHOCTH

Tepmuueckas pe3ka: CYIIHOCTb, CX€Ma HPOLECCa, TEXHUKO-DKOHOMHUYECKHE
XapaKTEepPUCTUKU. TEXHONOTMs pe3Ku: MapaMeTpbl pexuMa pe3Kku, 000pyIOBaHUE,
KOHTPOJIb Ka4eCTBa.

Texnuka 0e301acHOCTH pu IIPOU3BOJICTBE CBAPOYHBIX pabor:
ANEKTPOOE30MaCHOCTh, MOKAPOOE30NaCHOCTh U MEPOIPHUSITHS IO OXpaHE OKPY’Karollen
CpEBbL.

Pasznen VII. OCHOBBI IPOEKTUPOBAHUSA
METAJJIAYECKUX KOHCTPYKIIMIA
Tema 7.1.0pranusanusi IPOEKTUPOBAHNS, OCHOBBI TEXHOJIOTHH
HU3TrOTOBJICHUS

Craguu m sTanel NPOEKTUPOBAHUSA, COCTAB MpoekTa. HOpMBI MpoEKTUpOBaHUS U
rOCyJapCTBEHHBIE CTAHAAPTHI HA BBIINIOJHEHHUE IPOECKTHON JOKYMEHTALUH.

OCHOBBI TEXHOJIOTMM HM3TOTOBJICHUS METAJUIMYECKUX KOHCTpPYKUIMW. Opranusanus
IIPOU3BOJICTBEHHOTO MOTOKAa. KpaTkoe 03HAKOMIIEHHWE C OCHOBHBIMHU OII€palMsIMHU: Ha
CKJIaJie MeTallja, B leXaX MOJr0TOBKU, 00pabOTKH, COOPO-CBAPKH, MASIPONIOTPY3KH.
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Tunuzauuss w yHudUKaUs — OCHOBHOM MyTh K CHIDKEHHMIO TPYJIOEMKOCTH
M3TOTOBJICHUS] METAJUTMYECKUX KOHCTPYKIIHMM.

Pasznen VIIL.BAJIKHA, BAJIOYHBIE KOHCTPYKIINU

Tema 8.1. KoMnoHoBKka 0a109HBIX KOHCTPYKIUH, NMPOKAaTHbIE 0aJIKH

O6nacTp npUMeHeHHUs, KJacCU(UKAIHUS: 110 CTATUYECKUM CXEMaM, TUIIAM CEUYECHUH,
crocob6aM COeIMHEHUSI JIEMEHTOB CEUEHUS], BUAY MAaT€pPUAIOB.

KomnoHoBka 0anouHbIX MEPEKPHITHIL: T€HEpPaAJIbHbBIE Pa3MePbl, CXEMbl KOMIIOHOBKU
B IJJaHE U IO BBICOTE, ONTHUMU3ALMSA KOMIIOHOBKU. BuIbI HacTUiOB, 0COOEHHOCTH
paboTsl u pacuera. [Tonbop u npoBepka cedeHH MPOKATHBIX OAJIOK.

Tema 8.2. IIpoekTHpOBaHUE COCTABHBIX 0AJIOK

Omnpenenenre Harpy30K U YCHJIHMNA, BBIOOP BBICOTHI M KOMIIOHOBKA PallMOHAIBHOIO
CeueHUs, U3MEHEHHE CEYECHUs MO JUIMHE OajKu, MpoBepKa MPOYHOCTU B YHPYrod H
YIOPYTOIMJIACTUYECKOM CTaausX, OOEClEeUeHHE KECTKOCTH U OOIlel yCTOMYMBOCTH
O0amok. MecTHass yCTOMYMBOCTbh AJIEMEHTOB CEYEHHSI IPHU PA3IMYHOM HANPSKEHHOM
COCTOSIHUH, CITOCOOBI MPOBEPKU U 00ECTIEUEHNS MECTHON YCTOMYUBOCTH.

Tema 8.3. Pacuer nerajieii # y3J10B COCTABHBIX 0AJIOK

KoHcTpykuus, o0coOeHHOCTH paboThl U pacyeTa AeTalleld U y3J10B COCTAaBHBIX

0aJIoOK: COeIMHEHHMSI MOSICHBIX JIMCTOB U CTEHKHU, OIOPHOM YacTu Oajku, 3aBOJCKHUX
U YKPYITHUTEIBHBIX CTHIKOB OAJIOK C pa3IuYHbIMU BUJIAMH COEIUHEHUH.

Paznen |X. HEHTPAJIBHO CKATBIE KOJTOHHBbI

Tema 9.1. O01mas XapaKTePUCTUKA KOJIOHH, PACYeT CIVIOIIHBIX KOJIOHH

OOmrasi xapakTepuUCTHKa, TUIBI KOJOHH W CEYEHWUU, OOOCHOBAHHWE pPACUYECTHOU
cxeMbl KOJIOHHbI. KoHCTpykuus, moaOOp W MpPOBEpPKA CEUEHHUS CIUIOMIHBIX KOJIOHH,
o0ecrnieueHne MECTHOM YCTOMYMBOCTHU 3JIEMEHTOB CEUCHUS.

Tema 9.2. KoHCTpYKIIUSI M pacyeT CKBO3HBIX KOJIOHH

KoncTpykiust 1 0cOOEHHOCTH pabOThl CKBO3HBIX KOJIOHH, MPUBEJCHHAS THOKOCTD,
noA0O0p U MPOBEpPKA CEUCHUSI KOJTOHHBI, COEAMHUTEIbHBIX IJIAHOK, 3JIEMEHTOB PEIIETKU
U UX IPUKPEIICHUS K BETBSIM KOJIOHHBI.

Tema 9.3. KoncTpykuus u pacuer jeraJjieil M y3J10B KOJOHH

Tunel conpsbkeHus! KOJIOHH ¢ pyHAaMEHTaMH, ONTMpaHre KOJOHHBI Ha ()YHIaMEHT,
KOHCTPYKIIUSI, 0OCOOCHHOCTH PabOThI U pacyeT 0a3 KOJOHH; 0a3bl Jyisi OE3BBIBEPOUYHOTO
MOHTaka. OTOJIOBKHM KOJIOHH, KOHCTPYKIIHS, pa00oTa U pacyeT OroJIOBKOB KOJIOHH.

Paznen X.®EPMbI
Tema 10.1. Kinaccnuxanusi, KOMIOHOBKA, THIIBI ce4eHUH (epM, pacueT pepm
O06macTb TPUMEHEHHUS JIETKUX U TsDKembIX  (epM, KiaccupUKAIMS: TI0

CTaTUYECKUM CXEeMaM, 110 OUYEPTAHUIO TIOSCOB, TUITY PEIICTKH, TUITY CEUEHUHN CTEp>KHEM,
BUJy COEIUMHEHUS M MaTepuany cTepxHeil. KommoHoBKa cTponmuibHBIX —(depm,
TeHEepalbHBIE pa3Mepbl, ydeT TpeOoBaHWN YHU(UKALNW, YCIOBUH OSKCIUTyaTalluy,
W3TOTOBJICHUS U TIEPEBO3KH.

OcoOenHocTu pacuera epm: ONpeAeseHHe HArpy30K M PacyeTHbIX BHYTPEHHHX
YCUJIMM, y4YeT TOABIKHBIX M BHEY3JOBbIX Harpy3ok. OOecneuenue oOmieit
yCcToiuuBOCTH (pepM B cucTeMe NMOKPBITHS, pacueTHbIE AJIUHBI cTepkHel (hepm. BriGop
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TUIA CEUYEHHUs, MOJA0OpP W TMPOBEPKA CEUEHHUS PACTAHYTBIX M CXKATBIX CTEp>KHEU
CTPONUIBHBIX (hepM, YUeT Npe/IeTbHON THOKOCTH.

Tema 10.2. KoncTpykumsi, padboTa u pacuer y3J10B M jJeTaseil pepm

KoHncrpykius, paboTa u pacder y3JoB, 3aBOACKHX M YKPYHHHUTEIBHBIX CTHIKOB
CTPONUIBHBIX (epM.

KoHcTpykTuBHBIE pemieHus Jerkux (epM ¢ TPUMEHEHHUEM IMUPOKOMOIOYHBIX
JIBYTaBPOB U TaBPOB, OJJMHOYHBIX YTOJKOB, KPYTJIBIX TPYO, THYTHIX U THYTO3aMKHYTBIX
npoduIeH.

Paznen XI. OCHOBbBI IPOEKTUPOBAHUSA U KOMITIOHOBKH
KAPKACA 3IAHUA

Tema 11.1. KOHCTPYKTHBHBIE CXeMbI KAPKACOB 31aHU I

KoMnoHOBKa KOHCTPYKTHMBHOM CXE€Mbl KapkacoB 3aHuid. O0nacTh mNpUMEHEHHS,
oOliasi XapakTepUCTUKA: CXe€Ma Kapkaca, MONEPEYHbIe M MPOJ0JIbHbIE KOHCTPYKIUH,
OCHOBHBIE JJIEMEHTHI KapKaca U UX (QyHKUHUH, METAUIMYECKHE U CMEIIAHHbBIE KapKachl.
OCHOBBI KOMIIOHOBKH. YHHU(pUKALK 00bEMHO-TUIAHUPOBOYHBIX MapaMeTpoB. Paz0OuBka
CEeTKM KOJIOHH, TEeMIIepaTypHble IIBbI, HMX Ha3HaueHue. BrpiOop mnonepeuHoin
KOHCTPYKIIMH, TUIIbI pUTeJIed, KOJIOHH, Y3J0BBIX COIPSKEHU.

OCHOBHBIE THUIIBI KOMIIOHOBKM KapKacOB TEIUIOBBIX M aTOMHBIX AJEKTPOCTAHLIHAM.
IIpumepsl KapKacos.

Tema 11.2. KommoHoBka mnokpbiTHsi. KoOMIOHOBKa mnonmepe4yHod pambl
31aHUsA, CBA3H

CocTraB MOKPBITHS, TUIIBI KPOBEIBHBIX 3JIEMEHTOB, CXEMBbI MOKPBITUN C MIPOrOHAMU
1 6€3 IPOrOHOB, BEIOOP CXEMBI CTPOIMMIIBHBIX U MOACTPONMIBHBIX hepM U (OHAPEH.

KoMmnoHOBKa momnepeyHor pamel, ONPEACICHUE OCHOBHBIX pPa3MEPOB KOJIOHH,
CTponuibHBIX  ¢epMm, (¢GoHapeli OCOOCHHOCTHM KOMIIOHOBKHM  MHOTOIPOJIETHBIX
MIONIEPEYHBIX PaM.

KoMmmnoHOBKa  mpONONBHBIX  KOHCTPYKIIMM  Kapkaca: CBsi3eBasg  CUCTEMa
KOHCTPYKIMH, CXEMbl M OCHOBHbIE (DYHKIMHU CBS3€H MO KOJIOHHAM IPU MOHTAXKE U
DKCIUTyaTalHu.

CBsi3M 1O TOKPBITUIO, CXEMbl U OCHOBHBIE (DYHKIIMM CBsI3eld NpU MOHTaXE U
DKCIUTyaTalHH.

Paznea XI1. OCOBEHHOCTHU PABOTBHI U PACUETA KAPKACA
3AAHUA

Tema 12.1. JleficTBuTE/1bHAs1 Pa00Ta CTAJTBLHOI0 KapKaca

B3aumopelicTBrEe mONEPEYHBIX U MPOAOJIBHBIX KOHCTPYKIHM KapKaca 3JaHus,
HECYIIUX M OTPAXKJAIOMIMX KOHCTPYKIMM, COBMECTHas paboTa 3JIEMEHTOB Kapkaca,
OCHOBaHHI U (PYHIaMEHTOB, TIOJIATIMBOCTH Y3JIOBBIX COPSIKECHUM.

Tema 12.2. CoueraHusi Harpy3ok, oOmnpejaejeHHEe PacCYEeTHBIX YCHJIMHA B

3JIEMEHTAaX MOMePeYHO paMbl 31aHUS

Bbibop pacueTHON cXeMbl M OIpEAENICHHE HAarpy30K Ha IMONEPEYHYI0 pamy.
[Ipaktuueckue cnocoObl U mnpumeHenne OBM s pacdyera pam. [IpuHIUIBI
ONpENENICHUs] PACUYETHBIX YCWJIMH B CEUEHHSIX pPaMbl, COYETaHUS HArpy30K H
KOMOUWHAIIUU yCUIIHA.
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Paznen XIIl. SJJEMEHTBI IOKPBITUSA

Tema 13.1. PacyeT CIUIOIMIHBIX M CKBO3HBIX IIPOrOHOB

KoHcTpyKkiiuss U pacueT CIUIOMIHBIX M CKBO3HBIX MPOTOHOB, KPYIHOPa3MEPHBIX
METaJUNIMYECKUX TaHeJIel C IJIOCKUM W TPO(QUIMPOBAHHBIM HACTUIIOM, OIKMPAaHUE
IIPOTOHOB U TMaHeJIe Ha pUuresb nomnepeyHoi pambl. KOHCTpYKTUBHOE pellieHHEe KapKaca
donaps. Jlerkue orpaxziaromme METAUIMYECKUEe KOHCTPYKIMH: KOHCTPYKTHUBHBIE
pElIeHMs], pacyeT U MPOEKTUPOBAHUE.

Tema 13.2. PaGora m pacuer CTpONWIbHOI ¢epMbl B cHCTeMe IOMEpPeYHOi

paMbl 31aHUSs

OcobeHHOCTH paboOTHl M pacyeTa CTPONUIBLHON (epMbl B CHCTEME MONEPEUHOMN
pambl, y4eT ONOPHBIX MOMEHTOB M pacmopa pambl. KoHcTpykuus, pabota u pacuer
[IAPHUPHOTO U KECTKOTO MPHUMBIKAHUS CTPONUIBHOW (epMbl K KoJoHHE. OmnupaHue
MOJACTPONMIBHOM (DepMbI Ha KOJIOHHY U CTPONMIIBHOM (hepMbl HA MOACTPONUIBHYIO.

PaznenX1V. KOJIOHHbBI KAPKACA

Tema 14.1. BHelleHTPEHHO—C:KaThble KOJOHHBI CILIOIIHOTO CeYeHM s

Bunbl KOJOHH, TUIBI CEYEHHM, pacueTHbIE UIMHBI KOJIOHH, BO3MOXHBIE (HOPMBI
IIOTE€PU YCTOUYHUBOCTH.

KoHncrpykuus, moadop ¥ NpoBepKa CEUeHHs CIUIONIHOW BHEIEHTPEHHO —CXKATOM
KOJIOHHBI, Y4eT TpeOOBaHUN K MECTHOM YCTOMYUBOCTH MOJIOK U CTEHKU KOJIOHHBI.

Tema 14.2. BHelIleHTPEHHO—CKATHIE KOJIOHHbI CKBO3HOI'0 CeYeHMSI

KoHncrpykius, monbop M mpoBepka CEUeHUS CKBO3HOW BHEIEHTPEHHO —CXKATOM
KOJIOHHBI: YCTOMYMBOCTh BETBEH M CTEP)KHsS KOJOHHBI B II€JIOM, padoTa M pacyer
PELIETKH.

Tema 14.3. KoHCTpYKUMs M pacyeT OCHOBHBIX Y3JI0B KOJIOHH

KoHncTpykuusi, 0coOOEHHOCTH pabOThl M pacueTa OCHOBHBIX Y3JI0B KOJIOHHBI, BBIOOP
pacyeTHbIX  KOMOMHAIM{  yCWIMWA: HAJAKpPAaHOBOW M TMOJKPAHOBOM  YacTew,
YKPYIHUTENbHBIN CTHIK, 0a3a, aHKEPHBbIE OOJITHI.

Paznea XV.2JIEMEHTBI ®PAXBEPKA
Tema 15.1. KoncTrpykuust u pacuer (paxBepka cTeH
KommnonoBka (paxBepka TOPIEBBIX M MPOJOJIBHBIX M CTEH. DJIEMEHTHI (paxBepka:
HA3HAYEHUE, TUIBI CEYEHUHN, KOHCTPYKIMHU MPUKPEIIJICHUS K OCHOBHBIM JJIEMEHTaM U
CBsI35IM KapKaca, 0COOCHHOCTH paOOThI U pacuera.

Pazgea XVI. HIOAKPAHOBBIE KOHCTPYKIIUHU
Tema 16.1. XapakTepucTuka TOAKPAHOBBLIX KOHCTPYKIHMii, pac4er
NMOJAKPAHOBBIX 0AJIOK
OO0masi XapakTEepUCTUKAa TMOJKPAHOBBIX KOHCTPYKIIMI: COCTaB KOHCTPYKIIHM,
CTATUYECKHUE CXEMbl, TUIbI CEYEHUM, OCOOCHHOCTHU PabOThl, HArpy3ku. [lelicTBuTEILHAS
paboTa NOJAKPAHOBBIX KOHCTPYKLIMH.
CruioniHbie TOJKPaHOBbIE OalKl CUMMETPUYHOTO M HECUMMETPUYHOTO CEUCHHIH,
TOPMO3HBIE KOHCTPYKIMH, UX HazHadueHue. OmnpenereHrue pacyeTHBIX YCHIHM,
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KOMIIOHOBKA CE€YEHMsI, OCOOEHHOCTH pacyeTa U KOHCTPYHPOBAHUS MOJKPAHOBBIX 0ajok
0€3 1 ¢ TOPMO3HBIMU KOHCTPYKLHUSMHU CIUIOIIHOTO U CKBO3HOT'O CEYEHUIA.
Tema 16.2. IloaxkpaHoBbie (Qepmbl, Yy3Jbl H JAeTAIH MNOAKPAHOBBIX
KOHCTPYKIUM

[TonkpaHoBbie (epMbl, MOAKPAHOBO-NIOACTPONUIIbHBIE (EPMbI, MyTH MOJBECHBIX
KpPaHOB: 0COOEHHOCTH KOHCTPYHUPOBaHUs, pabOTHI U pacuera.

ConpskeHUs] MOJKPAHOBBIX OAJIOK M TOPMO3HBIX KOHCTPYKUMH C KOJOHHAMMU:
0COOEHHOCTH padOThl M KOHCTPYHpOBaHUsA. KpaHOBBIE penbChl M MX KpPEIUIEHUS K
Oasikam, yropsl

Pazpen XVII. JUCTOBBIE KOHCTPYKIIUHU
Tema 17.1. O01as XapaKTepUCTHKA JJUCTOBbIX KOHCTPYKIUIA,
OCHOBBI Pa0dOTHI M pacyera

O6mactb U 00bEM TMpPUMEHEHHs, OOIas XapakTEPUCTHKA: BHUJbl JUCTOBBIX
KOHCTPYKIIUH, OCOOEGHHOCTH JKCIUTyaTallid, W3TOTOBJICHUS M MOHTaXka, HArpy3KH U
BO3JICHCTBUSI, OCOOCHHOCTH pabOTHI JINCTOBBIX KOHCTPYKIUH. TpeOoBaHUs K JIUCTOBBIM
KOHCTPYKUMSAM, IPUHIUIBI PAMOHAIIBHOIO IPOEKTUPOBAHUS.

HanpspbkeHHoe cocTOsiHME M OCHOBBI pacyeTa TOHKHMX IIJIACTMHOK M 00OJIOYEK,
KpaeBoi 3G(DHEKT, yCTONIMBOCTh UIUHAPHUECCKUX U C(HepUIeCKUX 000T0UEK.

Tema 17.2. BeprukajbHble HUJIMHAPUYECKHE pe3epByapbl

PezepByapsr: 00J1acTh MPUMEHEHHS, KJ1accudukanus, OCOOEHHOCTH
NPOEKTUPOBaHUs. BepTuKalbHbIE IWIMHIPUYECKUE PE3EPBYapbl HU3KOIO JaBJICHMUS:
KOMITOHOBKA, KOHCTPYKI[USI, 0OCOOEHHOCTH pa0dOThI U pacyeTa CTeHKHU, JHUINA, KPOBIIH.

Tema 17.3. 'opu3oHTAJIbHbIC HWIHHAPUYECKHE Pe3epByapbl

['opr3oHTaNBHBIE HUIMHAPUYECKUE PE3EPBYAPHI BBICOKOTO JIABJICHUS:

KOMIIOHOBKA, KOHCTPYKIUS, OCOOGHHOCTH pPAaOOThl M pacuera CTEHKH, THHIIA,
omnop. [IlapoBsie pe3epByapbl BBICOKOTO J1aBJICHUS.

Paznen XVIIL.LKOHCTPYKIIMUA BBICOTHBIX COOPYKEHUI

Tema 18.1. bBamun U Ma4YTHI

O6nacTh  TPUMEHEHHUS, OCHOBHBIE THUMBl  KOHCTPYKLIMH, OCOOEHHOCTH
HKCIUTyaTalli U TPOEKTUPOBAHMS, HATPY3KU U BO3ICHCTBHUSL.

Cxewmbl OalleH W MadT, OCHOBHBIE pa3Mephl, OUYepTaHUs MOsICOB, (popma cTBOINA,
CXEMBI pPemIeTKH U auadparM, TUIBI CEYCHUN TOSCOB U DJIEMEHTOB PEIICTKU, YJICHEHHE
Ha OTHPABOYHBIE BJEMEHThI, KOHCTPYKIHS Y3J0B, OCOOCHHOCTM pabdOThl U pacuera
OalTH! ¥ MayT B [IEJIOM, OTJICIBHBIX SJIEMEHTOB M Y3JIOB.

Tema 18.2. Onopsl JMHUI JJIeKTPonIepeaay

Omnopsl TMHUH AIEKTponiepead, OTKPBITHIX PACTIPEISIUTEIBHBIX YCTPOWCTB: THITHI
U CXEMbl OIOp, Harpy3kd U BO3AEUCTBUSA, OCOOEHHOCTH KOMIIOHOBKHM, KOHCTPYKLUH,
paboTa 1 OCHOBHBIE MOJIOXKEHHS pacyeTa orop.

Pazgea XI1X. OCHOBbI JKOHOMUKHN METAJIVIMUECKHUX
KOHCTPYKIIUA
Tema 19.1. OcHOBHBIE N0JIOKEHUS IKOHOMU1ECKOH 3(PPEeKTHUBHOCTH
METAJLUIHYeCKUX KOHCTPYKIUii
17



CoOBeEpILICHCTBOBAHHE  KOHCTPYKTMBHBIX  pEIICHHM HAa  OCHOBE  METOJIOB
ONTUMM3ALMN KOHCTPYKIUH, NMPUMEHEHUS MPOrPECCUBHBIX KOHCTPYKTHUBHBIX (QOpM,
MCIOJIb30BAaHUE MATEPHUAIIOB, TPO(HIIEH, 3aBOJICKMX U MOHTaXXHBIX COCTMHEHUN

Tema 19.2. OcHOBHBIE MNOJIOKEHHSI PacCyeT CTAJbHBLIX KOHCTPYKIHUI 10

EBpokony

OcoOEHHOCTH W OCHOBHBIC TMIOJOXKEHHUS pacyeTa CTAIbHBIX KOHCTPYKIIHUHA I10

EBpokony.
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2.1 YYEBHO-METOIUYECKAS KAPTA YYEBHOM JUCIUILINHBI
OYHASA ®OPMA INOJYYEHUA BBICHIEI'O OBPA30OBAHUA

KommgectBo aAyauTo

HBIX 4aCOB =
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= Haspanue pas/ena, TeMbl = |2 E % é S é Sé 5 g =
= 5 = z T &% < 2 5
& = é & z S S §
=)
iS)
1 2 3 4 5 6 7 8 9
S cemecTp
I OBIIAS XAPAKTEPUCTUKA METAJUIMYECKMX KOHCTPYKINN
1.1. | Homenkiarypa, 00acTs IpuMEHEHHS 1
. MATEPHAJIbI METAJUIMYECKMX KOHCTPYKIIMIA. PABOTA Konrponbhas
MATEPHAIJIA pabora
2.1. | CrpouTensHbIE CTAN U aTIOMUHUEBBIE CILIABBI 2
[Ip.3 | Ompenenenue reoMeTPHYECKUX XapaKTEPUCTHUK CEUCHUH JIEMEHTOB 2
Nel
2.2. | Pabota craneii moa Harpy3Kkoii, BEIOOp cTasneit 3
I1l. | OCHOBBI PACUETA METAJIJIMYECKNX KOHCTPYKIIMH KonrposnbHas
pabora
3.1. | Meromuka pacyera METAUIMYCCKHMX KOHCTPYKIMU IO TMPEAeIbHBIM 2
COCTOSIHUSIM
3.2. | Pabota u pacueT Ha MPOYHOCTH IIEHTPATHHO-HATPYKEHHBIX, U3TH0aEMBIX 2
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Y BHELUEHTPEHHO — HArpy>KEHHBIX 3JIEMEHTOB

Ilp.3 | Onpexnenenue Hecyle ClIOCOOHOCTU PACTAHYTHIX U CXKATHIX FJIEMEHTOB
No2

3.3. | YCTOMYMBOCTh  IECHTPAJIbHO  CXKATBIX, BHELEHTPCHHO-CXKATBIX  H

M3ru0aeMbIX 2JICMEHTOB.
IIp.3 | Onpenenenue HeCyIIeH CIOCOOHOCTH IIEHTPAIBHO CHKATHIX JIEMEHTOB
Ne3
IV. | COPTAMEHT
4.1. | Ob6mas xapakTeprucTHKa COPTAMEHTA
V. COEJIMHEHNM S METAJIJIMYECKUX KOHCTPYKIIMMI KonTposnbHas
pabota

5.1. | CpapHble COCMHEHUS
IIp.3 | KoHcTpyupoBaHue U pacyeT CBAPHBIX COCTUHCHUI
No4
5.2. BonToBrle u 3aKjIenIOUYHbBIC COCAUHEHUS

5.3. | CoenuHeHus Ha BBICOKOIIPOYHBIX 0OJITaX
IIp.3 | KoHcTpynpoBaHue u pacyer OOITOBBIX COCANHECHUI
Ne5

V1. | OBIIUE CBEAEHIA O ITPOLECCEN TEXHOJIOI'MU CBAPKU 3ammura

nabopaTopHBIX
pabot

6.1. | Buasl cBapkH, CBAPOYHBIC MATEPHATBI

JI6. | Pyunas snmekTpomyroBasi cBapka MOKPHITHIM DJIEKTPOIOM. Ortuet JIb
Nel

JIo. Ortuer JIb
Ne2 | ABTOmarmyeckas M MMoJyaBTOMAaTHYECKas AyroBasi CBapka
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JI6. | KoHTakTHas cBapka Ortuer JIb
Ne3
6.2. | Buabl cBapHBIX COETUHEHUH, CBAPOYHBIE Ae(opMalvy 1 HaNpsHKEHUSI
JI6. | CBapouHble HapsKEHUS U AeopManun Ortuer JIb
Ne5
6.3. | CocoOBbl BBINTONHEHUS] IIBOB, Ae(DEKTHI W KOHTPOIb KauecTBa CBApHBIX
COCIMHEHUH
JI6. | JledexTbl cBapHBIX COCIMHEHUH Ortuer JIb
Neb
6.4 | Tepmuueckas pe3ka, TEXHUKa O0€30MaCHOCTH
JI6. | Tepmmueckas pe3ka MeTaJIoB. TexHUKa O€30IaCHOCTH MIPH MPOBEICHUHN Ortuet JIb
Ne4 | cBapouHBIX pabot
VII. | OCHOBBI ITPOEKTUPOBAHNW S METAJIUJIMYECKUX Konrtponbnas
KOHCTPYKIIMU pabora
7.1. | Oprannzanust IpOEKTUPOBAHIS, OCHOBBI TEXHOJIOTUH M3TOTOBIICHUS
VIII. | BAJIKH, BAJIOYHBIE KOHCTPYKIMN KonTponbhas
pabora
8.1. | KommmoHoBKa 0aj09HBIX KOHCTPYKIIHH, TPOKATHBIC OATKU
IIp.3 | [TogOop 1 MpoBepKa CEUEeHU MPOKATHBIX U COCTABHBIX 0AJIOK ISl CTa iU
Ne6 | ynpyroii u ynpyromiactuaeckoi paboThI
8.2. | [IpoekTupoBaHUE COCTABHBIX OATOK
8.3. | Pacuera neraseil M y3J70B COCTaBHBIX OaJlOK
IIp.3 | KoHcTpyupoBaHHe U pacyeT y3JI0B COMPsKEHUs Oalok
Ne7
IX. | HEHTPAJIBHO CXXATBIE KOJIOHHbI KonTponbHas
pabora
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9.1. | OOmmas xapakTepUCTHKA KOJIOHH, PaCcYeT CIUIONIHBIX KOJIOHH 2

9.2. | KoHCTpYyKIHS U pacdeT CKBO3HBIX KOJIOH 2
IIp.3 | IlogGop u MpoBepKa CEUCHUS IEHTPAITBHO-CKATONH KOJTOHHEI 2

Ne8

9.3. | KoHCTpyKIWs U pacyeT AeTaieil v y3JI0B KOJOHH 4

Htoro 3a cemectp | 34 16 18 DK3ameH
6 cemecTp
X. | ®EPMbI KonTponsHas
pabota

10.1. | Knaccudukanys, KOMIOHOBKA, THIIBI CCUCHUH (epM, pacueT GpepMm 4
IIp.3 | [ToxGop u mpOBepKa CEUCHUIA CTEPXKHEW CTPOMUIBHBIX (DepM C pa3THYHBIMH 2
Ne9 | Tunamu ceueHuit
10.2. | KoHcTpykuusi, paboTa U pacueT y3JIoB U JeTaned Gpepm 4
IIp.3 | KoHcrpynpoBaHue U pacueT y3JI0B CTPOMMIBHBIX Gepm 2
NelO

XI. | OCHOBBI ITPOEKTUPOBAHUWA 1 KOMITOHOBKM KAPKACA

3HAHUA

11.1. | KOHCTpYKTHBHBIC CXEMbI KAPKACOB 3JIaHUI 2
11.2. | KomnoHOBKa OKpBITHsL. KOMITOHOBKA MOTIEPEYHOI paMbl 3aHHS, CBSI3H 3

XIl. | OCOBEHHOCTHU PABOTbHI 1 PACUETA KAPKACA 3J1AHU A
12.1. | JeiicTBuTenbHas paboTa CTaJbHOTO KapKaca 1
IIp.3 | OmpexeneHne HArpy3oK Ha IMOIMEPEYHYIO pamy, pacdeTHas cxema. Pacuer Ha 2
Nell | OBM
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12.2. | Coueranus Harpy3oK, OnpeeIICHNE PACUSTHBIX YCHUIIHIA B AJICMEHTAX
MIONEPEYHON paMbl 3/1aHUS

IIp.3 | Onpenenenre pacyETHBIX YCHIINMA B 3JIEMEHTAX paMbl OJTHOMIPOJIETHOTO

Nel2 | mpousBoacTBEHHOTO 31aHUs

X1, | 2JIEMEHTHI [IOKPBITUA KonTponbHas
pabota

13.1. | Pacuer CIJIONIHBIX U CKBO3HBIX IPOTOHOB

13.2. | PaboTa 1 pacueT cTpONMIbHOH (hepMBI B CHCTEME NIOTIEPEYHON paMBbl 3aHUs

IIp.3 | KoncrpynpoBaHue 1 pacueT OMOPHBIX y3JI0B (epm

Nel3

XIV. | KOJJIOHHbBI KAPKACA Kontponbhas
pabota

14.1. | BHeueHTpeHHO —CKaThle KOJIOHHBI CIIIOMIHOTO CEeUCHHS

[Ip.3 | [lonbop u mpoBepka ceueHHs BHELEHTPEHHO-CXKATBIX KOJIOHH CIUIOIIHOTO

Nel4 | ceueHus

14.2. | BHEUEHTPEHHO —CXKATOH KOJIOHHBI CKBO3HOTO CEUCHHUSI

[p.3 | Iogbop W mpoBepka cedeHHsi BHELHEHTPEHHO — CXKAThIX KOJOHH CKBO3ZHOI'O

Nel5 | ceuenus

14.3. | KoHCTpyKIHMs M pacyeT OCHOBHBIX Y3JI0B KOJIOHHBI

IIp.3 | KoHcTpynpoBaHue M pacueT CONpsDKEHHs BEPXHEH M HIDKHEH 4acTH KOJIOHHBI.

Nel6 | Pacuer 6a3bl KOJIOHHBI

XV. | DJIEMEHTbBI ®AXBEPKA KontposnbHas
pabota

15.1. | KoncTpykimst u pacuet paxBepka CTeH

XVI. | IOAKPAHOBBIE KOHCTPYKIINU KonTponbHas
pabota

16.1. | XapakrepucTHKa IMOJAKPAHOBBIX KOHCTPYKIIUH, pacyeT MOIKPAHOBBIX

OaJIoK
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1 2 3 4 6 9
16.2. | [TogxpaHOBBIEC (DEPMBI, Y3IIbI U ACTAIN TOAKPAHOBBIX KOHCTPYKITHIA 2
XVIL. | IMCTOBBLIE KOHCTPYKINU
17.1. | Obmiast xapakTEepUCTUKA JIMCTOBBIX KOHCTPYKLUI, OCHOBBI PalOOTHI U 2
pacueTa
17.2. | BepTukanbHble IMJIMHAPHUYECKHE PE3EPBYaphI 2
17.3. | T'opu3oHTaNBHBIC HWIMHAPHYECKHUE PE3EPBYaphl 1
XVIII. | KOHCTPYKIIUU BEICOTHBIX COOPYXXEHUM Konrponbhas
pabota
18.1. | bamHau, MayTeI 2
18.2. | Onops! NuHUIA 251eKTpoNEpeIay 1
XIX. | OCHOBBI S KOHOMMKHN METAJUIMYECKX KOHCTPYKIIMIA
19.1 | OcHOBHBIE MOJIOKEHUSI IKOHOMHUYECKOI APPEKTUBHOCTH METAILTHYECKIX 1
KOHCTPYKIMHI
19.1. | OcHOBHBIE MOJIOKEHHUS pacyeTa CTAIBHBIX KOHCTPYKIHHI 110 EBpokoay 1
KypcoBoii npoekt 16 3amura
KYPCOBOTO
IIPOCKTa
Hroro 3a cemectp | 48 16 3ager
Bcero aynuropHsIx 4acos 82 32 18
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3. MndopMaiuoHHO — METOANYECKAS YACTh
3.1 CpeacTBa IMarHOCTUKH Pe3yJIbTATOB YUeOHOM 1eATeIbHOCTH

OreHka ypOBHsSI 3HAHUM CTYJ€HTA IPOU3BOJUTCS IO JAECATUOAILHOM IIKaie
B COOTBETCTBUU C KPUTEPHUAMH, YTBEPXKIAEHHBIMU MUHUCTEPCTBOM OOpa3oBaHUs
Pecnybnuku benapycs.

JAnsi  OUEHKHM  JOCTHXKEHUM  CTYJIEHTa  HUCIHOJB3YETCS  CIEAYIOLIUN
JUArHOCTUYECKUI UHCTPYMEHT:

- YCTHBIW U MUCBbMEHHBIN OIIPOC BO BpPEMS IPAKTUUECKUX 3aAHATHUI;

- cobeceoBaHue TpHU TPOBEJACHUU HWHIAUBUIYAIbHBIX M TPYMIOBBIX
KOHCYJIbTAIlU;

- c/laya SK3aMEHa;

- c/laya 3ay4eTa.

3.2 [lepevyeHb TeM NPAKTHYECKUX 3aHATHIA

1.Onpenenenrie reOMETPUIECKUX XAPAKTEPUCTUK CEUEHUH DIIEMEHTOB.

2.0npeneneHue HecyIel CnoCOOHOCTH PACTSHYTHIX U U3TH0AeMbIX AJIEMEHTOB.

3.0npenenenne HeCyIIe CoCOOHOCTH IIEHTPAIbHO-CKATHIX 3JIEMEHTOB.

4. KoHCTpyHpOBaHUE U pacyeT CBAPHBIX COCINHEHUM.

5. KonctpyupoBanue u pacuer 60JITOBBIX COCTUHEHUM.

6. [lonOop ¥ mpoBepka ceuyeHUW MPOKATHBIX M COCTAaBHBIX OaloOK ISl CTaauid
YOPYTroi U yHIpyromaacTUYeCcKOi paboThl.

7. KoHCTpyupoBaHUE U pacueT y3JI0B COMPSHKEHUS OaOK.

8. [TonOop u npoBepKa ceueHus IEHTPATbHO-CKaTOM KOJTOHHBI.

9. [Toxbop u mpoBepKa CEUCHU CTEPKHEH CTPOMIIIBHBIX (PEPM C Pa3TInIHBIMU
TUMAMH CEYEHUU.

10.KoHcTpyHpoBaHUE U pacyeT y3/10B CTPONMIBHBIX (EPM.

11. Onpenenenne Harpy30K Ha MOMEPEUHYIO paMy, pacdyeTHas cxema. Pacuer Ha
OBM.

12. OmnpeneneHre pacyeTHBIX YCWIMM B JJIEMEHTAaX MONEPEYHOU pambl
POU3BOICTBEHHOTO 37aHUSI.

13. KoHCTpyHpOBaHUE U pacyeT OMOPHBIX y3J10B PEepM.

14. TlonGop m mpoBepKa ceueHUsI BHEIEHTPEHHO-CHKATHIX KOJIOHH CIUIOIIHOTO
CEYEHUS.

15. Tlombop u mpoBepka CEYEHUs BHEIEHTPEHHO-CXKATHIX KOJIOHH CKBO3HOTO
CEYCHHMUS.

16. KoHcTpyupoBaHHe M pacyeT CONPSHKEHUS BEpXHEM M HUKHEH 4YacTu
KOJIOHHBI. PacyeT 6a3bl KOJOHHBI

3.3 Ilepeuyenn TeM J1a00PATOPHBIX 3AHATHI

1.PydHast 351eKTpOIyroBasi CBapka MOKPBITHIM 3JIEKTPOJIOM.

2. ABTOMaTHYECKas M MOJTyaBTOMAaTHYECKas IyroBasi CBapKa.

3. KoHTakTHas cBapka.

4. Tepmuyeckas pe3ka MeTaiioB. TexHuka 0€30MacHOCTH IIPHU MPOBECHUN
CBapOYHBIX padoT.
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5. CBapouHbIe HAPSDKEHUS U Aepopmarum.
6. JleekTbl CBapHBIX COETUHEHMIA.

3.4 KypcoBoii npoekT « CTajabHOH KapKac 0JHOITAKHOT0
NPOM3BOJACTBEHHOI0 31aHUSD)

KypcoBoif mpoekT cTaBUT CcBOEH I1eibl0 OTpabOTKYy BOIIPOCOB pacyeTa U
MPOCKTUPOBAHKS METAJNIMYECKUX KOHCTPYKUHWA MPOU3BOJCTBEHHBIX 3/IaHHUI C
LEJIBIO MOBBIIICHHS Ka4eCTBA YCBOEHUS MaTepHaa.

B cocrtaB npoekTa BXOIUT:

1. Bpibop cxembl Kapkaca M KOMIIOHOBKA TIOTIEPEYHOM paMbl, MOKPBITHS,
CBsI3el U (haxBepKa.

2. OnpeneneHre Harpy30K Ha MOIMEPEUHYI0 paMy.

3. Cratuyeckuid pacyeT IMOMNEPEYHOM paMbl M COCTABJICHUE COYETAHUMU
PACUYETHBIX YCUIIUN.

4. PacdeT U KOHCTPYUPOBAHHUE KOJIOHHBI.

5. PacueT u KOHCTpYUPOBAHKUE CTPONMIBHON (hEPMBI.

6. Jluct ¢opmata Al B cragum KM (KOHCTPYKUMH METAJUIMYECKUE),
BKJIFOUAIOIINI: CXEMbl PACIIOJIOKEHUS KOHCTPYKTHUBHBIX 3JIEMEHTOB Ha YpOBHE
HUKHETO U BEPXHEro MoscoB (epM; MPOJIOJIbHBIA U MONEPEYHBIA pa3pe3bl; Y3JIbl
conpspkeHui pepM ¢ KOJTOHHAMHM, MOJAKPAHOBBIX OAJIOK ¢ KOJOHHAMM, KOJOHHBI C
dbynnamenTamu; Tabnuiy « BenoMocTh 351eMEHTOBY; TPUMEYaHHUS.

7. Jlucr ¢dopmata Al B craguum KMJ[ (KOHCTpYKIMH METAITMYECKUE,
JETATUPOBOYHBIE), BKIIOYAOMINN depTex (epmbl; Tabmuiy «Crenudurarsy;
MPUMEYaAHUS.

8. [losicuuTenbHAas 3aIIMCKa C 3CKH3aMH, pacieTaMu U 000CHOBAaHUEM
NIPUHATHIX PEIICHUMN.

3.5 MeToauyeckne peKOMEHIAMHU 10 OPraHU3aANMU U BbINOJTHEHUIO
CaMOCTOAITeJIbHOM PAa0OTHI CTYACHTOB

[Ipy wW3ydYeHMM AUCHUIUIMHBI PEKOMEHAYETCS MCIIONb30BATh CIEAYIOIIUE
(bOpMBI CAaMOCTOSITEILHOM pabOTHI:

- U3yYEHHE TEXHUUYECKOM U HOPMATUBHOM JIMTEPATYPHI IO KYpPCy U3ydaeMOn
TV CUUTUIAHBL;

- BBIIIOJIHEHHUE KYPCOBOI'0 ITPOEKTA 110 UHIUBUIYaJIbHOMY 3aJIaHUIO,
BKJTFOYAIOIIETO PaCUETHO-TIOSCHUTEIHLHYIO 3aMMUCKY U TPaduIeCcKyIO 4acTh,
BBITIOJIHEHHY0, COTJIACHO JIEUCTBYIOIIMX CTPOUTEIBHBIX HOPM, CTAHAAPTOB U
TEXHUYECKUX YCIIOBHH;

- mpopaboTKa TeM (BOIIPOCOB), BLIHECEHHBIX HA CAMOCTOSITEILHOE N3YUCHHE.

3.6 MeTtoab! (TEXHOJIOTHN) O0y4eHHUS
[lepeuncienHble  Bbllle  TpeOOBaHMS, TNPEIbABIAEMblE K Oyayuiemy
CHELMAIIUCTY, AOJKHBI ObITh C(POPMHUPOBAHBI y CTYIEHTOB B IpoOIiecce 00yUEeHHUS.
[ToaToMy CTyAE€HT JOJIKEH HE TOJBKO XOpOILIO YCBOUTh TEOPETUYECKUI
MaTepuai, HO YMETh €ro MPUMEHSTh K PEIICHNIO0 KaK CTaHJapTHBIX 3a/1a4 10 BCEM
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pazzenam Kypca, TaK U HE CTaHJAPTHBIX TEXHUYECKUX 3a/1ad. Y CTyACHTA JOJKHBI
ObITH CPOPMHUPOBAHBI HABBIKM HECTAHJAPTHOTO TBOPUYECKOTO MBIIIJICHUS, YMEHHE
HaXOJUTh ONTHUMAJILHOE pElIeHUE TOM WJIM MHOW 3aJlayM MO MPOEKTUPOBAHUIO U
KOHCTPYHUPOBAHHUIO.

B sT0l1 CBsI3M BaXkHA aKTUBHU3AIUsI CAMOCTOSATEILHOU pabOThl CTY/IEHTOB, KaK
BO BpeMsl ayIUTOPHBIX 3aHATUM, TaK U MIPU BHITIOJHEHUHU JOMAIIIHUX 3aJaHUH.

C 1enpl0 aKTHBU3AIMKM MO3HABATENHHON JEATEIBHOCTH CTYJIEHTOB CIEIYyEeT
HIMPOKO HCIIOJIb30BaTh MPOOJIEMHBIE METOJIbI OOYy4EHHMs, HE OrpaHUYMBATHCS Ha
JEKUUAX HW3JI0KEHUEM TEOPETUYECKOro Marepuaia WM pEHIeHHeM 3a1ad, a
BOBJIEKATh CTY/CHTOB B IUCKYCCHUIO, CTABUTH I€PE] HUMHU POOJIEMHBIE BOIIPOCHI.

BaxxupIM sIBJII€TCS HE TOJIBKO KOHTPOJIb 32 pabOTOM CTYAEHTOB, 32 KAUECTBOM
YCBOGHHUS UMU MaTepHajia MyTeM MPOBEACHUS ayAUTOPHBIX KOHTPOJBHBIX PabdoT,
IyTEM OINpoca M 3alUThl JOMAIIHUX 3aJaHUH, HO U MOBBIIICHWE KadyecTBa U
METOJIMYECKOr0 YPOBHS MPOBEJICHUS 3aHATUN NPENnoJaBaTeIsiMU, MOCTOSHHBIN
0OMEH HX ONBITOM pabOThl HA METOIMYECKUX CEMHUHAPAX.

OCHOBHBIMM MeTOAAMH (TEXHOJOTUSMH) OOYUEHHs, OTBEUAIOIIMMH UEISIM
U3YYEHUS AUCIUIUIMHBI SBIISIOTCS:

— DJIEMEHTHI NpoOsieMHOro o0ydeHus (MpoOJIEeMHOE HU3J0KEHHE, BapUaTHBHOE
U3JI0’KEHHE, YACTUYHO-TTIOMCKOBBIN METO);

—DJIEMEHTHI y4e0HO-HMCCIIeIOBATEIHCKON NEeSITeTLHOCTH, peanu3anus
TBOPUECKOTO TOJXO0/a, pealn3yeMble Ha TMPAKTUYECKUX 3aHATUSIX U TpHU
CaMOCTOSTEIILHON padoTe;

— NIPOEKTHBIE TEXHOJIOTMH, UCIOJIb3YyEMbIE NMPU MPOEKTUPOBAHUU KOHKPETHOIO
00BEKTa, peann3yemMble MPU BBIIIOJHEHUN KYPCOBOT'O MPOEKTA.

3.7 KoMnboTepHble NIPOrpaMMBbl,
3J1eKTPOHHBbIE Y4eOHO-MeToAuYeCKUe Noco0us
MuorodyHkroHanbHbIE TporpammHbie komiuiekesl LIRA, SCAD,
MSC/NASTRAN wu npyrue cucTeMsbl JUIsl pacuera, UCCIeA0BaHUS 1
POEKTUPOBAHUS KOHCTPYKIIUN PAa3IMYHOTO HA3HAYCHHS HA OCHOBE KOHEYHO-
aJIeMEeHTHOro ananu3a; maket AUtoCAD u ap.
[Iporpammusbie pa3paboTKy Kadeap Mo BHIMOIHEHUIO KYPCOBBIX U
JUIUIOMHBIX TIPOEKTOB.

3.8 HayuHo-MeTOIM4YeCKHEe MATEPHAIbI
B y4ebHOM mporiecce UCmoab3yI0TCsl METOUIECKUE TTOCOOUS U yKa3aHUS 110
KypCOBOMY H JUIUIOMHOMY TPOCKTUPOBAHHIO, pPa3/laTOYHBIE MaTepuaabl |
pe3yNbTaThl HAYYHO-UCCIIEIOBATEILCKUX PabOT Kademp.
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4. TEOPETHUYECKHUE U INPAKTUYECKHUE MATEPHAJIBI 110
PA3JIEJIAM YYEBHOU ITPOI'PAMMBI

Pasznen |. OBIIHAS XAPAKTEPUCTUKA METAJIVIMMECKUX
KOHCTPYKIIUH
Tema 1.1. Homenkiiatypa, 00J1acTh NpuMeHeHH S

Hcmopusa ucnonv3osanus memaniuyeckux KOHCMPYKWUI HACUUTHIBAECT
OKOJIO  JIBYX  Teicsdeneruid.  IlepBple  MerayuiMueckue  KOHCTPYKLHH
U3rOTABIMBAINCh M3 TaK HA3bIBAEMOIO KPUYHOIO Kejle3a, KOTOpoe u3-3a
HECOBEPILIEHHOI'O0 METO/AAa IOJYYEHUS HMENIO TMOPUCTYI0O U HEOJIHOPOJIHYIO
CTPYKTYPY, &, B CBA3U C 3TUM, HU3KYIO IPOYHOCTH U BBICOKYIO 1€()OPMATUBHOCTD.

B mepuon (ot XIl go wawama XVII B.) MeTainueckue KOHCTPYKIIUU
MPUMEHSUIUCH B YHUKAIBHBIX K TOMY BPEMEHHU COOPYKEHUSIX (LIEPKBEH, ABOPIIOB U
JIp.), BBIKOBBIBAIMCH U3 KPUYHOIO JK€Jie3a B BUJIE 3aTSKEK, PACIIOPOB, CKPEN AJIS
KaMeHHOW Kiaaku. COeIMHEHHE 3JIEMEHTOB OCYLIECTBISUINCH HA IMPOYIIMHAX U
mWThIpsAX. OJHUM U3 HEPBBIX TAKUX KOHCTPYKUUU SBISIOTCS 3aTSDKKU Y CIIEHCKOTO
cobopa Bo Bimagumupe (1158 r.).

C navama XVIII no cepenunpl XIX BEKOB MeTaIIMYECKHE KOHCTPYKIIMHU
U3TOTAaBIMBAINCH TPEUMYILIECTBEHHO M3 uyryHa. Mcmnonb3ys xopoliue JIUTeHHbIe
CBOWCTBAa YYyIryHa, a TaKX€ BBICOKYIO KOPPO3HIHYK CTOMKOCTb, CTPOUTEIU
3anagHoit EBponbl m Poccuiickoil MMnepun M3roTaBivMBalii U3 HETO, MPEKIE
BCEro, MPOJIETHBIE CTPOEHHUSI MOCTOB. [1epBbIii UyTyHHBIH MOCT OBLIT U3TOTOBJICH B
Anrmuu B 1779 rony, a B Poccuu B IletepOypre B 1784 romy. Torma xe c
UCIIOJIb30BAaHUEM METAJUIOKOHCTPYKUMH OBbUIM  BO3JABUTHYTHI HM3BECTHEUILINE
oOlIecTBEHHbIE  OOBEKTHI:  Tearp  (paniy3cko  komemuu (1786  T1.),
Anekcangpuiickuit  Teatp (1830 r.), 3umuuit asopernr (1837 r.), Kymox
NcakueBckoro cobopa (1840-x rr.) wum jap. CylecTBEHHO YCIOXHUJIUCH
KOHCTPYKTHUBHBIE (DOPMBI: MOSBUIUCH APOYHBbIC KOHCTPYKIIMH W IIMPEHTEIbHBIC
Oanku. [l MeTalIMYecKuX JAeTallell UCIONIb30BaJIUCh YK€ YTOJIKM W IIBEJUIEPHI,
M3rOTaBIMBaEeMble THYTheM pazorpeThix mnonoc. C 1830 roma misi coenrHEHUN
METaNINYECKUX KOHCTPYKIUHN CTaIH MPUMEHATHCS 3aKJICIIKH.

C cepenunbl XIX n Havana XX BEKOB, XapakTepHU3yeTcsl OypHBIM pa3BUTHEM
METANINYECKUX KOHCTPYKIUH. B 310 Bpemsi mosiBUIMCH 3PPEKTHUBHBIE CIIOCOObI
BBIIUIABKA CTalM, KOTOpass M CTAHOBUTCA JOMHHHUPYIOIIMM METAlJIOM B
ctpoutenbctBe. B 1840 1. Bbim ocBoeH mporiecc moiydeHus MNpoGUILHOTO
MeTalyla ¥ MPOKAaTHOTO Jucta. Jpyrum ¢daktopoM, 0OYCIOBHUBIIUM pE3KOE
yBEJIMYEHNE 00HEMOB U3TOTOBICHUS METAITIOKOHCTPYKIIHA, SBHJIOCh H300pETEHHE
B 1881 rony B Poccunm snekrpocBapku. Ha 3TOT nepuon npuxoauTcs MOsSBICHUE
HOBBIX KOHCTPYKTHUBHBIX (DOpPM: IJIOCKMX CTEP>KHEBBIX KOHCTpYKUUU (Pepm),
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paMHO-apOYHBIX CHCTEM, CTEP)KHEBBIX OAIlleH, JIMCTOBBIX BUCSYHX MOKPBITHMA,
CTaJbHBIX pe3epByapoB. Torma »xe ObLT OCBOCH MPOKAT CTAd - TOSBUJIUCH
YTOJIKH, IIBEJUIEPHI, IBYTABPHI.

MHOX€eCTBO 3aMeuaTeIbHbIX COOPYXKEHUN ObUIO MOCTPOECHO B 3TOT MEPHO/I:
MaBUJILOHBI NMAPWKCKUX BbICTaBOK (1867, 1878, 1889 rr.), rae nmponeTsl JOCTUTIIH
115 M, Ditpenena 6amnusa (1889r.), maBmnbonsl sipmapku B Hmwkaem Hosropose
(1896r.), nebapkanep Kuerckoro Bok3ana (1913 r.), axypHbIe CTep>KHEBBIC OaITHH
[IlyxoBa B MockBe u T1.1. B 3T0 e BpeMms ObLJIO BO3BEICHO IEPBOE
MPOU3BOJICTBEHHOE 3/1aHME CcO cTaidbHbIM KapkacoM (CIHIA) u MHOXECTBO
CTaJbHBIX JKEJIE3HOAOPOKHBIX MOCTOB.

Bo Bropoii momoBuHe XX Beka, KpoMe€ IIPUMEHECHHS OOBIUHBIX CTajleH,
HIMPOKOE MPUMEHEHUE TMOJYyYHIIA JIETUPOBAHHBIE CTAlM W CIUIABBI AJFOMUHUSL.
bt pa3paboTaHbl TpeIBAPUTENHHO HAMPSHKCHHBIE METATIOKOHCTPYKIIUH,
BAHTOBBIE  MOKPBITHUS,  MNPOCTPAHCTBEHHBIE  CTEPKHEBbIE  KOHCTPYKIUU
(CTpYKTYpbl), TOHKOJIUCTOBbIC METAIMYECKHE OOOJOYKH TMOKPBHITUM 3AaHUN U
COOpYXEeHUU, TpaHCHOPMUPYEMBbIE KOHCTPYKIHUHU. bBbIIN yCOBEPIIEHCTBOBAHBI
cedyeHus mpoduiel, MOSBWINCHL NMPO(UIN C MapajiebHBIMU TPaHSIMH TOJIOK U
npoduau (B OCHOBHOM U3 CIUIaBa QJIIOMHUHHS), HW3TOTaBIUBaE€Mble METOJIOM
npeccoBanusi. OCHOBHBIM BHJOM COEIMHEHHMS OcCTanach cBapka. Kpome Toro,
MOJIYYHJIA PACTIPOCTPAHCHUE COCTUHEHUS Ha OOBIYHBIX W HA BBICOKOTPOYHBIX
00aTax, CTamu MPUMEHSATHCS KJICEBHIE COCAMHCHHS W COCAMHEHUS Ha IIOOCISX.
3HaYUTENBHBIM COOBITHUEM SIBWJIACh pa3pabOTKa W BHEAPEHHE HOBOTO METOJa
pacyeTa KOHCTPYKIIMU 0 MPEICIbHBIM COCTOSIHUSIM.

Cpenun  yHUKaJIbHBIX  coopyxeHuid XX BeKa C  HCMOJb30BAaHUEM
METAJTMYECKUX KOHCTPYKIIMM MOXKHO Ha3BaTh, MPEXKIE BCETO, OJIUMITUNUCKHE
o0bekThl B TopoHTO, MionxeHne u MockBe, cpeili KOTOPBIX CIEAYET BBIICIUTH
KPBITBII CTaMOH pa3mMepoM B muiane 224x183 m u Benotpek pazmepoM 168x138 m
B MockBe, mocT miposieTtoM 1420 M B AHTIuu, cTallbHBIE KapKackl HEOOCKPEOOB B
CIHIA mn Mamaiizun, 6amas BeicoToir 370 m B KueBe, mauta BeIcOTOM 646 M B
[Tosb1e.

B Pb k ynukansHbiM o00bekTaM XX U XXI| BeKkoB ¢ MNpUMEHEHUEM
METAJUTMYECKUX  KOHCTPYKIIMM MOHO OTHECTH: JIBoperr cropra,
Jlerkoatnetnyeckuii Manex, @yTOonpHBIN MaHek, MUHCK-apeHa, KOHbKOOESKHBIH
cTaguoH, Bemorpek, KpbIThIl KaToK.

Homenxknamypa  memanauueckux  KoHcmpykyuu.  Meramnmndeckue
KOHCTPYKIIMM TPUMEHSIOTCA CETroAHS BO BCEX BHUJAX 3[aHUM U HHKEHEPHBIX
COOpYXEHUU, OCOOCHHO €ClId HEOOXOIUMbl 3HAYUTEJIbHBIE MPOJIETHI, BHICOTA U
Harpy3ku. I[loTpeOHOCTP B METAUIMUECKMX KOHCTPYKIUSX OYEHb BEJUKa U
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HEMPEPHIBHO yBEIMYMBACTCSA. B 3aBHCHMOCTH OT KOHCTPYKTUBHOW (OPMBI U
Ha3HAYCHUSI METAJUIMYECKUE KOHCTPYKIIMU MOKHO Pa3feInuTh HA CEMb BUJIOB:

l. IIpoMbllIJIEHHBIE 3aHUSA, B TOM YHCIE 3/1aHUA TEIUIOBBIX M AaTOMHBIX
anekTpocTaHuuid. Kapkachkl MNPOMBIIUICHHBIX 3JaHUM  OBIBAIOT  MOJHOCTHIO
METANIMYECKUMH M CMEIIAaHHBIMU  (METaUIMYeCcKoe  IMOKPBITHE  TO
XKene300€TOHHBIM KOJIOHHaM). [IpoMbITIUIeHHBIE 3/aHUS TPU HEOOXOJAMMOCTH
000pYyAYIOTCSI MOCTOBBIMU U MOJIBECHBIMU KPAHAMH.

2. bonblenposieTHbIe 3aHus. JTO, KaK MPAaBWIIO, 3/1aHUA OOLIECTBEHHOIO
Ha3HAYCHUS: CIIOPTUBHBIC, PBIHKH, MTABUJIbOHBI, aHrapbl. OHM UMEIOT MPOJIETHI 0
100 — 150 m. Jlns GobIIenpOSETHRIX 3JJaHUi MPUMEHSIOTCSI OajlOouHbIe, paMHEIE,
apoYHbIe, BUCAYNE, KOMOMHUPOBAHHBIE KOHCTPYKTUBHBIE CXEMbl KAPKACOB.

3. Mocrtsbl, 3cTakagpl. B KOHCTpYKTUBHOM OTHOUIEHWH MOCTBI M 3CTaKaJlbl
UMCIOT  pa3HOOOpa3HbIC CHCTEMBI: Oajo4HEIE, apoyHbIE, BHUCSUHE,
KOMOWHUPOBaHHbIC.

4. JluctoBele KOHCTPYKUMHU. JIMCTOBBIE KOHCTPYKLIMHM TPHUMEHSIOTCA B
pe3epByapax, rasrojbaepax, OyHKepax, Oakax, METaHTEHKaX, TpyOOompoBOAax
OOJIBIIIOTO JUaMETpa.

5. bamau, mauTel. [IpUMEHSIOTCS U1 paauo, TEIEBUIACHUA U COTOBOM CBSI3H,
B TEOJIE3UYECKON Ciyx0e, B oOmopax JHMHHM DIeKTpornepenad, B HEPTIHBIX
BBIIIKAX, JBIMOBBIX U BEHTUJISILIUOHHBIX TPyOax.

6. Kapkacbl MHOrosTaxubix 31aHuil. [I[pUMEHSIIOTCS B MPOMBIIUICHHBIX U
rPaXJaHCKUX 3AaHUSX.

7. Ilpoune koHCTpyKuHMH. K HUM OTHOCATCS KapKachl paJHOTENIECKOIIOB,
TPaMILTMHOB, MJIAaTGOPM MO pa3BOJKE HE(PTH, Taza B MOPE, KapKachl HAIIAXTHBIX
KOMPOB, KOHCTPYKIIMM aTOMHOW SHEPTETUKH U JP.

Tema 1.2. OcHOBHBIE 0CO0EHHOCTH METANJIMYECKUX KOHCTPYKIUIA 1
npeabsiBjsieMble K HUM TPeOOBaHMS

Merannuyeckre KOHCTPYKIIMU XapaKTepU3yrTCs OOJbIIMM pa3zHOOOpa3zueM
CHUCTEM U KOHCTPYKTUBHBIX (opMm. OHAKO OHM OOBEAMHEHBI JBYMSI OCHOBHBIMU
(dakropamu:

1) UcxomubiM MaTepuaaoM ISl BCEX KOHCTPYKIMM SIBISETCS MPOKATHBIN
METaJlJI, BBIITYCKAEMBIHN 10 €IMHOMY COPTaAMEHTY;

2) Bce KOHCTpYKUMH MMEIOT €IWHBIA TEXHOJOTMYECKUM MPOIECC
U3TOTOBIICHUS, B OCHOBE KOTOPOTO JIKUT XOJI0/IHasg 00paboTKa MeTasia, U UMEIOT
€AUHBIN BUJ COCIMHEHUS JeTalell B KOHCTPYKTUBHBIE 3JIEMEHTHI (Ha CBapKe U Ha
0osnrax).

Memannuueckue koncmpyKyuu 061a0arom ciedyiouumu 00CMOUHCMEAMU:

1. HanexHocTs. Hanexnoctb oOecrieunBaercs COBITIaJICHHUEM

JNEUCTBUTEIBHON pabOThl KOHCTPYKLIMHA B YNPYrod CTagud C pacyeTHbBIMU
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IpEeAnoChUIKaMu. Marepual METaJUIMYECKUX KOHCTPYKIMH OJHOPOAEH U
M30TPOIIEH.

2. JlerkocTth. MeTtaiunueckue KOHCTPYKLMH JIETYE KAMEHHBIX, IEPEBSIHHBIX U
KEJIe300€TOHHBIX. JIerkocTb KOHCTPYKUMH C  Onpelensiercs OTHOIIEHUEM
IUJIOTHOCTHU MaTepuaa P K €ro paC4eTHOMY 3HAYCHHUIO IIpeiesia TEKYYeCTH fyq

(fya = Ry, roe Ry—obo3HavyeHne pac4yeTHOro 3HAYECHUSA IIPEJea TEKYYECTH II0
CHulI 11-23-81)
C =p / fyd

Yem MeHbIIIE € , TEM OTHOCUTEIBHO JIErdue KOHCTPYKITHSI.

Hanpumep, m1a Manoyriepoaucroi ctamn ¢ = 3,7- 10% (1/m) , nna 6erona
knacca C 25/30 ¢ =1.85 -1073 (1/ m), mus mepesa 5,4 -10* (1/m). Takum o6pasom,
U3 PACCMOTPEHHBIX KOHCTPYKIIMA METAJUTMYECKHUE SBIISIOTCS CAMBIMH JIETKUMHU.

3. UunyctpuanbHOCTh. MeTamndeckue KOHCTPYKIIMM H3TOTaBIMBAIOTCS Ha
3aBogax 3MK c BBICOKOH CTENEHbIO 3aBOJACKOM TOTOBHOCTH. MOHTa)
KOHCTPYKITUH TIPOU3ZBOAMUTCS HMHIYCTPHAIBHBIMA METOAAMH C TPUMCHEHHEM
BBICOKOIIPOU3BOIUTEIILHON TEXHUKHU.

4. Henponunaemocts. HenpoHumaeMocTs o0OecniedyuBaeTcsi  BBICOKOMU
IUIOTHOCTBIO MeTaiioB. Hemponuiiaemocth siBIsieTcs HEOOXOAUMBIM YCIOBHUEM
JUIST IPUMEHEHUS] METaJUIMYEeCKUX KOHCTPYKIMM B pe3epByapax, rasroiibaepax,
TpyOONpOBOJAX U T.MI.

5. Pa3HooOpa3ue KOHCTPYKTHUBHBIX (DOPM, 3CTETUUYHOCTh. MeTalinyecKkue
KOHCTPYKIIMU TO3BOJISIIOT MCIOJIB30BaTh Pa3IMUHbIE OPUTHHAIBHBIE OYEPTaHUs
3MIaHUI U COOPYKEHUH, OTJIMYAIONIUECS HU3SIIIECTBOM (OPM U KOHCTPYKTHUBHBIX
pELICHUN.

6. PeMOHTHONPUTOMAHOCTP U COXPAHSIEMOCTb MeTauIM4eckoro ¢oHaa
(9KcruTyaTanus, pa3dopka U rneperiaBka).

Memannuueckue KOHCMPYKYUU UmMerom HeooCmamKu:

1. Koppo3us. lloBblllIeHHE KOPPO3MOHHOW CTOMKOCTH METAJIIMYECKUX
KOHCTPYKIIMH JOCTUTAETCS BKJIIOUEHUEM B CTajdb CHEIHUAIBHBIX JIETUPYIOIIUX
DJIEMEHTOB, MMOKPHITHEM KOHCTPYKITUH 3aIIUTHBIMU TUICHKAMHU (JJaKaMH, KpacKaMH,
SMAJISIMA M T.I1.), BEIOOPOM pallMOHAILHOW KOHCTPYKTHUBHOM (hOPMBI 3JIEMEHTOB
(6e3 mieneit, mazyx). Koppo3roHHasi CTOMKOCTh aJIIlOMUHUEBBIX CIUIABOB U YYTyHa
3HAYUTEJIBHO BBILIE KOPPO3UOHHOM CTOMKOCTH CTAJIH.

2. HeOomnbiiass OrHECTOMKOCTh. Y CTalled NP TMOBBIIIEHUU TEMIEPATYpPhI
t>200°C ymenbmaercss Moaynb ymnpyroctu E ymensmmaercs u mpu t > 500°C -
550°C  monynes ympyroctu paBeH E=0 (3akon I'yka o = €E), nactynaer
TeMIlepaTypHasi IUIACTHYHOCTh. [lOBBINNIEHWE OTHECTOMKOCTH  KOHCTPYKIIUU
JIOCTUTAETCS JICTUPOBAHUEM CTalld, WX 3alIUTON OTHECTOWKHUMH OOJHIIOBKAMU

(BCHy‘-II/IBaIOH_[I/IMI/ICH INIOKPBITUSAMU, MaTaMHu u3 MHHCpaHBHOfI BAaThI,
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TUIICOKAPTOHHBIMH TUINTAMH, CTPOUTEIBHBIM PACTBOPOM, OETOHOM, KEPAMHUKOU U
T.IL.).

[Ipy  OpPOEKTUPOBAHMM  METALNIMYECKUX  KOHCTPYKUMH  HEOOXOAMMO
YUHUTBHIBATH CIEAYIOIINE TPEOOBAHMS TEXHUYECKOTO Iporpecca:

1. YcnoBus skcIutyaTalum.

2. DKOHOMHIO METaJIa.

3. TpancropTaGenbHOCTD.

4. TeXHONOTUYHOCThH B U3TOTOBJICHUM.

5. CKOpOCTHON MOHTAaXK.

6. JlonroBeyHocTh ((pU3MUECKUN M MOpPAJBbHBIA HM3HOC; (PU3MYECKUN H3HOC
CBS3aH C MpoIlecCaMU KOPPO3WHU, a TAKXKE C TMOBPESKICHUAMHU U JAePeKTaMmH, a
MOPAJIbHBIN — C U3BMEHEHUEM YCIIOBUM IKCILTyaTalluH).

7. DCTEeTUYHOCTH (TapMOHUYHBIE ()OPMBI).

OCHOBHBIE HANPABIIEHUS PA3BUTHS METAINIOCTPOUTENCTBA!

1. CHrmKeHHne MacChl KOHCTPYKIIHM.

2. TexHONOTMYHOCTh B U3TOTOBJICHHH.

3. TeXHONOTUYHOCTh B MOHTAXKE.

4. CHM)KEHHE CTOMMOCTH 3KCILTyaTallud KOHCTPYKLHUU.

Pa3zBuTHe S5THX HaMpaBIE€HUM MOMXET OCYIIECTBISTBCA YE€pe3 MNPUHIUII
TUNU3alUU U YHU(DUKAIIMK KOHCTPYKUUN (TUIMIOBBIE CEpUU, TUIOBBIC 37aHMs). B
KOHEYHOM MTOr€ 3TO MPHUBOJUT K IMOBBIILIEHUIO KayecTBa IPOEKTUPOBAHUS,
U3TOTOBJICHUS M MOHTa)ka KOHCTPYKLHM, a TAaKK€ K CHM)KEHUIO CTOMMOCTH HX
BO3BEJICHUS U OKCIUTyaTallUu.

Pasnen |I. MATEPUAJIBI METAJUIMUECKUX KOHCTPYKIIUMA.
PABOTA MATEPHAUJIA.

Tema 2.1. CTponTeibHbIE CTAJIN U AJTIOMHUHHEBbIE CILIAB

Cranp — 3T0 cIUIaB *Keje3a ¢ yraepojoM (yriaepoaa a0 2%) U JerupyoimnumMu
KOMIIOHEHTaMU (KOTOpPbIE BBOASTCS JUIsl YIYUIICHUs CBOMCTBA CTAIM) U BPEIHBIMU
npuUMecsiMU  (KOTOpbIE TOMAAal0T W3 PyAbl WM 00pa3yloTcs B MpoOLEcCce
BBITJIABKH).

KauecTBOo cranmm ompemensieTcss €€ MEXaHWYSCKUMHU XapaKTePUCTUKAMHU
(MPOYHOCTH, YNIPYTOCTh, MIACTHYHOCTh, XPYIKOCTh) U CBAPUBAEMOCTBIO, KOTOpas
3aBHCHUT OT XUMHUYECKOI'0 COCTaBa U TEXHOJIOI'MH ITPOU3BOJICTBA CTAJIH.

[TpoyHOCTH CTamu XapakTepHU3yeTCs CONMPOTHUBICHUEM MaTepuaa BHEUTHUM
BO3JICUCTBUSIM 0€3 pa3pylieHus, K KOTOPbIM OTHOCSITCS:

— XapaKTepuUCTUYeCKHe 3HaueHus mpejaena tekydectd fy« (0,) u mpenena
npoyHocTd fux (ou), (B ckoOkax oOO3HAYCHHs Npeaena TEKYydecTH W Mpejeiia
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npoyHocTH cooTBeTcTBYOT CHull); B CBPOICUCKUX HOpMax (EN)
COOTBETCTBEHHO 0003HaYeHHs MPUHATH fy u fy, ;

— YOPYTOCTh — MPEICSIOM MPOTOPLIMOHAIBHOCTH 0),

— IJJACTUYHOCTh — OTHOCHUTEIIBHOM Jieopmarueni €

— XpYIKOCTb — TOKaszareneM ynapHou Bszkocth KC mnpm pas3nmmyHbIX
TeMIiepaTypax.

[Io XxuMUYECKOMY COCTaBy CTaJd MOJPA3JEISAIOTCA Ha YTIEPOJUCThIE U
JIETUPOBAHHBIE.

Jnst  yraepoaucThiX — CcTajed, MPOYHOCTh OMNPENENsieTCs COAEp)KaHHEeM
yriaepoaa (JerHpyromue 3JIEMEHTHI CHelUalibHO He BBoasaTcs). Cramm 1o
COJZIEpKaHUIO yTIepo1a NoApa3IesoTCs Ha:

— MaJIOyTIEPOIUCTHIC , comepxkanue yriepoaa 1o 0,25% ;

— CpeaHeyTriepoaucThie, coaepxanue yriaepoaa 0,25 — 0,6%

— BBICOKOYTJIEPOAUCTHIC, cofepxkanue yriepoaa  0,6-2%.

Jnst  CTpOUTENbHBIX  METAUIMYECKUX  KOHCTPYKIUMH  MPUMEHSIOT
MaJOyTJIEPOUCThIE CTaJM, IMOCKOJIbKY OHHM OO0Jaar0T BBICOKON MPOYHOCTHIO,
MJIACTUYHOCTBIO, XOPOILIO CBAapUBAETCH.

B nerupoBaHHbIX cTamnsax cojepxanue yriaeponaa a0 0,18%, npounocts cranu
MOBBIIAIOT J00ABJICHUEM JIETUPYIOIMIUX 3JIEMEHTOB, Takux kak Mapranen (I),
kpemuuii (C), meas (), amomunuii (FO), nukens (H), xpom (X), Banaauii (®),
monuoaeH (M), tutran (T) u ap., ( B CKOOKaxX IPUHATO 0003HAUYECHUE DJIIECMEHTOB B
cootBercTBUM ¢ ['OCT).

B 3aBucumMocTH OT cojiepKaHUS JETUPYIONIUX KOMIIOHEHTOB, KOTOpPBIC
BBOJISITCS JUTsl YITYUIIICHUS] CBOMCTB CTaJIH, CTAU JACIATCS Ha:

— HU3KOJIETUPOBAHHbBIE, CYMMAPHOE COJIEPKAHUE JIETUPYIOLIUX 3JIEMEHTOB /10
2,5%;

— CpeaHeIeTUPOBaHHbBIC, JIETUPYIONTUX dJIeMeHTOB 2,5 — 10%;

— BBICOKOJIETUPOBAHHBIE, JISTUPYIOIIUX d1eMeHTOB Oosiee 10%;

3a cueT BBEICHHS JIETUPYIOIIUX KOMIIOHEHTOB MPOYHOCTh  CTalu
3HAYNTEIBHO TMOBBITIaeTcs (B 1,5-2 m Gojee pasza), HO CTallb CTAHOBUTCS MEHEE

IJIACTUYHOM, XYK€ CBApUBACTCS. BIlMsSHHE XMMHYECKUX 3JIEMEHTOB HAa CBOWMCTBA
cTanu ykazaHo B Tabmure 2.1.
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Tadomuna 2.1 BiausgHue XuUMHUYECKHX DJIEMEHTOB HA CBOMCTBA CTAIA

Haumenosanue | CumBon | fy | fue | € | k¢ | Crapu- Kopposu-
XHM. JICMEHTA B BAaCMOCTh | OHHAsl CTOHKOCTh
MapKax
cTan
Yraepon + ++ | = | - - 0
Kpemnuit C + |+ | -] = - -
Mapranen r + + - + 0 +
Menb yi| + + 0 0 - ++
XpoMm X + |+ | 0] + 0 +
Huxkenp H
docdop I1 + |+ | =] = - +
Cepa - - 10| - 0 0
AJIFOMUHUHT 1O 0 0O (0] + 0 0
[Ipumeuanus: 3HaK «+» 0003HAYaET yBEJIMUCHHE (YIYUILICHHUE); «++»
03HauyaeT 3HAYUTEILHOE YBEIUUCHUE; «-» YMEHbIICHUE (YXYIEHUE); «=»
03HAYaeT 3HAYUTEIbHOE YMEHbIIIEHUE; «0» HE BIUSET.

[Ipu BBIMUIABKE CTaIu U3 PYAbl OCTAIOTCS BpelHble MPUMeECH TaKue Kak cepa
S u dochop P, u3 BO3myXa B pacIuIaBICHHBIA METAJUT IMOMAIAI0T BOJOPO/I,
KHUCIIOPOJ] ¥ 30T, BCE 3TU NMPUMECH YXYJIIAIOT KauecTBO ctanu. Cepa yMeHbIIAeT
MPOYHOCTHBIC XAPAKTEPUCTUKHU U TJIABHOE JIETAeT €€ KPACHOJOMKOM (XpyINKoil u
CKJIOHHOHM K 0Opa3oBaHuio TpeuuH rnpu temmeparype 800 — 1000°C), uto Bieyer
3a €000l TOSBIEHWUE CBapoOuyHBIX TpemuH. {Dochop pe3ko yMeHbIIaeT
MJIACTUYHOCTh U YAAPHYIO BS3KOCTh CTaJM, JIENIAeT €€ XJIaJHOJOMKOM (XpymKou
Npu OTPUIATEIBHBIX TeMIeparypax). Bomopoa, Kuciaopod U a3oT yXyauaroT
CTPYKTYPY CTaJlld U CIIOCOOCTBYIOT YBEJIIMUCHUIO €€ XPYIKOCTH.

st CTPOUTENIBHBIX METAUTMYECKUX KOHCTPYKIIUH MPUMEHSIOT B OCHOBHOM
HU3KOJIETUPOBaHHBIE  CTalld (M CpeIHENETHPOBAaHHBIE C  COJIEpKaHUEM
JETUPYIOIINX  KOMIIOHEHTOB 10 5%), KOTOpblE OTHOCUTEIBHO XOPOIIO
cBapuBatorcsi.  CpelnHelerMpOBaHHbIE M BBICOKOJETMPOBAHHBIE  CTaJlU
(KOHCTPYKIIMOHHbIE W HWHCTPYMEHTAJIbHBIC), KaK IMPaBWIO, HCIOJIb3YIOTCA B
JIPYTUX OTPACIISAX MPOMBIILICHHOCTH.
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2.1.1. Manoyznepooucmote cmanu.
[Tocrasmstor mo 'OCT 380-2005, TOCT 535-2005 u T'OCT 27772-2021.

Cranmu ¢ OAMHAKOBBIM XUMHUYECKHUM COCTAaBOM U MEXaHWYECKUMHU CBONCTBAMU
cocTaBisiioT oaHy Mapky. ITo atomy 'OCT 380 u 'OCT 535 cranu mapkupyrot
Cr0, Crl, CT2, CT3, CT4, CT5 u Ct6. Ins CTPOUTEIBHBIX KOHCTPYKIIUM
npumensitor Ct3, a umerHo Ct3km, Ct3nc, Ct3cn u Cr3l'me. Hudpsr 1,2...6
0003HAYaIOT YCJIOBHBIA TOPSAIKOBBIM HOMEp CTayd, 4eM Ooibiie mudpa, TeM
OosblIee coaepxkanue B Hel yraepona. s ctanu Ct3 conepsxanue yraepona 0,14
+0,22%, npenen Tekyuectu fyx = 235 + 255 MIla w npenen mpouHoctd  fuc =
360~ 380 MIla, yeM Tose MPOKaT, TEM MPOYHOCTHBIC CBOWCTBA CTald HUXKE,
3Ta CTajdb Xopomio cBapuBaeTcsi. CTeNeHb PACKUCICHUS CTAIM 0003HAYAETCS
UHJEKCAMH «CID» (CIIOKOWHAs), «1c» (MONyCroKOMHas) U «km» (kumsmias). [lpu
pasNuBe CTalIM B M3JIOKHUIBI OHA KUIUT, OYPHO BBIACIAIOTCS, UMEIOIINECS B HEH
rassl  CIOCOOCTBYIOT o0pa3oBaHUIO  Ta3oBBIX  Iy3bIped  (IedeKToB
KPUCTAINTIMYECKON PEIIETKH) U PaCcCIOCHUI0 MeTalla mpu mnpokarke. s toro
yTOOBI CTAJIb 3aCThIBAJIA CIOKOMHO B pacIUIaBICHHBIA METAJUT B KOBIIIE JOOABIISIIOT
packuciautenn, oobryHo 310 Kpemuuii (C), ana Ct3cn, conepxkanue kpemuus 0,15
+~ 0,3%, gna Cr3mc, coaepxkanme kpemuus 0,05 <+ 0,15%, nns Cr3km,
coaepxxkanne kpeMuus He Oonee 0,05 %. CrnokoiHas cTajib MMEET JyYIIYIo,
YHOOPSIAOUECHHYI0, MEJIKO3EPHUCTYIO CTPYKTYPY M OJIHOPOJHOE CTpPOCHHE, Ooiee
BBICOKHE NMPOYHOCTHBIE CBOMCTBA. DTH TMOKAa3aTeNy B MOJIYCIIOKOWHON U KUMISIIEH
CTaJsIX COOTBETCTBEHHO HUWXKE, MO3TOMY Jii OTBETCTBEHHBIX KOHCTPYKIUU C
OOJBIIMMHU YCHIMAMH, a TaKXKe IpPH 3HAKOTIEPEMEHHBIX U BHUOPAIMOHHBIX
BO3JICUCTBUSIX U HHU3KMX OTPULATEIbHBIX TEMIleparypax d3KCIUTyaTaluu
MPUMEHSIIOT CIOKOWHBIE CTajd, B MEHEE OTBETCTBEHHBIX — IOJYCHOKOWHBIE U
kunsinue crand. Kpome KpemMHUS XOPOIIMMHU PACKUCIUTENSIMU  SIBISIFOTCS
Maprasnen, antoMuHud U tuTad. Crane Cr3I'mc umeer copep:kaHue KPEMHHS HE
oostee 0,15 %, nomonHuTenbHO packucieHa mapranuem (0,8 +1,1%), oTHOCUTCS K
CIIOKOMHOM CTAaJIH.

[Ipu mpoeKTUPOBAaHUU CTaTbHBIX KOHCTPYKIIUI MPUMEHSIOT CTPOUTEIIbHBIC
KOHCTpyKIMOHHBIE cTamu 1o ['OCT 27772-2021r. DToMy JOKYMEHTY OBbLI
MPUCBOCH CTaTyCc MEXrocyaapCTBEHHOIO0 CTaHJapTa. B cOOTBETCTBUU C ATUM
CTaHJAPTOM CTpPOUTEIbHBIE cTamu obo3zHavarorcs: C235, C245, C255, (345,
C355, C375 u np., rtne C - cTpoutenbHas cTaib, a udpa — npenesa TeKy4ecTd B
MIIa naunbonee ToHkoro nucra npokara. [lo cnocoOy packucienus: cranb C235
oTHOcUTCS K kwurstmed (km), C245 — k mosycnokonHo (mc) m C255 — x
criokoriHou (cm) cramaMm. Cramu C345, C355, C375u pap (oTHOCATCS K
HU3KOJIETUPOBAHHBIM) — 10 CIIOCO0Y PACKUCIICHUS SBJISIOTCS CIOKOWHBIMU.

35



MexaHnueckue  XapakTEPUCTUKU  CTaJ€d  ONPENEHAIOTCA:  IPEAEI
TEKy4eCTH M Tpeaes MPOYHOCTH Ha o0paslax Mo pe3yibTaTaM HCIBITAaHUH Ha
pacTspKeHue, yJIapHasi BI3KOCTh — MCTIBITAaHUSAMHE Ha yaap oopasuoB tuna KCU u
KCV. UYTo0Obl UCKITIOUUTH XPYIIKOE pa3pyllieHrue MPU caMoil HU3KOM Temmeparype
IKCIUTyaTalli MUHUMAJIbHOE 3HAUYECHUE YJIapHOUW BA3KOCTH JUISl TAaKUX OOpPa3IoB
npu  nonoxutenbHo  «+20°C, 0°C» wm otpunarensHoit «-20°C, -40°Cy
TeMIIeparype JOJDKHEI ObITh He MeHee 29 JIx/cm? s o6pasuos tuna KCU u He
menee 34 JIx/cm? nis o6pasuos tuma KCV. BeiGop cTamu mjs KOHCTPYKIMU
IPUHAMAETCS B 3aBUCUMOCTH OT YCJIOBUHN IKCIUTyaTaIMH 3/1aHUS WIH COOPY>KEHUSI.

2.1.2. Huzkonezuposanusle cmau.
HuskonernpoBaHHbIE CTald OTHOCSTCS K CTJISAM TOBBIMICHHON IMPOYHOCTH.

Conepxxanue yriepoaa He 6onee 0,18%, a moBbIlIeHHE TPOYHOCTH JTOCTUTACTCS
BBEJICHUEM JIETHUPYIOIIUX 3JIeMEHTOB. (003HaYyeHHE MapoOK TMOCTPOEHO 10
CIIeNyIOIEMY TPHUHIMIY: TEpBbie HUPPHI 0003HAYAIOT CPEAHEE KOIMYECTBO
yTiepoJia B COThIX AOJSAX MPOIEHTa, OYKBBI MOKA3bIBAIOT HAIMYKE JIETUPYIOIINX
KOMITOHEHTOB, IM(GpHl 3a OyKBaMH YyKa3blBAIOT KOJUYECTBO JICTUPYIOIIMX
KOMITOHEHTOB B IEJBIX MpoileHTax (mudpa 1 oOBIYHO HE TPOCTABISAETCA); €CIU
aerupyromiero kommnoHeHta Mensmie 0,3%, To OoH B 00O3HAUEHUE MapKud HE
Beoautcs. Hanpumep, 15XCHJ[ (I'OCT 19282) o6o3HavaeT ctajib CO CpeaHUM
conepxanuem yriepoga 0,15%, nerupoBaHHyr0 XpOMOM, KPEMHUEM, HUKEJIEM U
Menpio B kKonudectBax 6osee 0,3% u meneel% xaxmoro; 091 2C (I'OCT 19282)
cTajb co cpeaHuM coaepxkanueM yriepoaa 0,09%, nernpoBaHHyr0 Mapraiem a0
2% u kpeMHueM B konnuecTBe 6onee 0,3% u meneel% (comeprkaHue KOIMUECTBA
BCEX KOMIIOHEHTOB M BpeAHbIX npumeceil npuBoautcs B ['OCTax u B Tabnuue
2.1).

B coorBerctBun ¢ I'OCT 27772 x HM3KOJETMPOBAaHHBIM CTajsIM OTHOCSTCS
cramu (C345, C355, C375, C390 u ap. Hanpumep, C345, cranbs ¢ mnpenesnom
Tekyudectr 345 MIla.

2.1.3 Esponeiickuit Cmanoapm cmaneii no Eepokooy.
EBponeiickuii cranmapt k KoHCTpYKIMOoHHBIM ctaiisiMm EN 10025 moarorosnen

Texamueckum  komuterom ECISS/TC 10  (EBpomeiickuii  KOMHTET 1O
CTaHAapTU3aluu >xene3a W uyryHa) “KoHcTpykunonHblie cramu — Mapku u
kauectBo”, onoopeH CEN (EBpomeiickuM KOMUTETOM MO CTaHaapTh3anuu) 1
anpenst 2004 r. EBpomelickoMy cTaHAapTy HpUCBOEH craryc HamumonanbHOTO
cTaHaapra 6e3 kakux-nubo maMenenwit juisi crpan EC. Bcerymaromme ¢ HuM B
MPOTHUBOpEYHE HamuoHambHble cTaHnapTel ctpaH CEN  nomkHbl ObUIH  OBITH
yOpaHbl U3 oOpalieHus.
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B nmanHOM nOKyMeHTE ompeaenieHbl BoceMb Mapok cranmu S185, S235, S275,
S355, S450, E295, E335, E360. OHu paznuyaroTcsi MO CBOUM MEXaHHUYECKUM
corictBaM. CUMBON S TPUHAT A1 KOHCTPYKIIMOHHOM CTanu, cuMBOJ E - mid
uHkeHepHot  cranu. [{udpa oOo3Hauaer — HOMHHAJIBHOE 3HAYEHHE Mperelia
tekyuectu fy B MIla. Jns nmpoBepku cootBercTBHs KOHCTpyKimd EN 1993 1-1 u
JIOCTaTOYHOCTHU TUIACTUYHOCTH K CTAJIM YCTaHOBJICHBI CIEAYIONINE TPeOOBaHMSI.

Jlns ynpyroro pacuera:

ful fy>1,10; yminaenue paspbiBa He Menee 15% (pu ammee o6pasua 5,65VA.,
rae A, — IUIOMIAAb TONEPEYHOro ceueHms); &u > 15 & (eu —medopmarnms npenena
MIPOYHOCTH, a &y - Aeopmarius npeaena TeKy4ecTH).

J1J1st IIIaCTUYECKOro pacyera:

ful fy > 1,15; ynnuHenue paspbiBa He MeHee 15% (mpu uiMHE oOpasia
5,65VA0); eu> 20 gy.

Moayns ynpyrocTd npH pacdere npuHAT paBHbIM E = 2,1:10° H/MM?, uto Ha
2% ormuaercs ot Hammx HopM (E = 2,06-10° H/mm?).

[To kadecTBy cTanu pa3inyarOTCs B 3aBUCMMOCTH OT 3aJJaHHBIX TPEOOBAHUN K
pabote ynmapa (ymapHod Bsa3koctH). Mapku cramm S235 u S275 wMoryr
nocTtaBiATbCs ¢ kadectBoM JR, JO m J2. Mapka S355 MOXeET MOCTaBIATHCS C
kadyecTtBoM JR, JO, J2 u K2. Mapka S450 nocrasnsiercs ¢ kauectBom JO. [[ns1 Bcex
CTaJiel TapaHTUPYETCS 3HAYCHHUE YyIapHOW Bs3KOCTH Ha obOpasmax tuma KCV,
3HaYeHHE KOTOPOTo JOJKHO OBITh He MeHee 27 mk/cm?, st JR - mpu t =+20° C; JO
-mpu t =0°C; J2 - mpu t =-20° C u K2 - mpu t = -40° C.

CriocoObl pacKucieHusl CTalid 0003HadaroTcs ciuenyromuMm obpazom: FN -
HEYCIOKOCHHas (Kumsmias) crajb, KOoTopas He jomyckaercs, FF - momHOCTBIO
pacKHCIIEHHas CTallb, COJEpIKalllas a30TOCBS3YIOIIME DJJIEMEHTHI B KOJIMYECTBE,
JIOCTaTOYHOM ISl CBSI3bIBAHUS TPUCYTCTBYomero azora (Hampumep, 0,020 %
00111eT0 aTOMUHUSA MUHUMYM). OOBIUHO B Kau4€CTBE PYKOBOJICTBA MPUHUMAETCS
MUHHUMAJILHOE COOTHOIICHHE AIFOMUHUS K a30Ty 2:1, eclii HE  MPUCYTCTBYIOT
JIpYrUe a30TOCBS3YIOLIME D3JIEMEHTHl.  PackuciaeHue craam OCyLIeCTBISETCS
nobaskamu Al, Si, Mn, Ti.

Craniu MOTYT TIOCTaBISATHCS B KaTaHOM coctossHuM (+AR), 310 cocrosiHUE
MOCTaBKM 0€3 TMPOBEACHUS] KaKOW-THOO CHeluaqbHOW TMPOKATKH  W/WUIU
TepMoobOpadoTkn. Hopmamusyromas mpokarka (+N), 3To Takoi mpoliecc
MIPOKATKH, MPU KOTOPOM KOHEUYHas AedopMaius MPOU3BOJAUTCS B OMpPEACICHHOM
TEMIIEPATYpPHOM JIMana30HEe M B pe3yJibTaTe€ KOTOPOTO COCTOSHHE Marepualia
SKBUBAJICHTHO COCTOSIHUIO, JOCTUTaeMOMY TMOCJI€ HOpPMaJIM3alUU, C TE€M, YTOOBI
3aJIaHHBbIE 3HAYECHUSI MEXAHUYECKHX CBOHCTB COXPAHSUIUCh J@aXe TMOocie
HOpManu3anuu. TepMmomexaHnudeckass npokatka (M), mpoliecc NMpPOKaTKH, MpU

KOTOPOM KOHCYHAsA I[C(bOpMaHI/UI IMPOU3BOAUTCA B OIIPCACICHHOM TCMIICPATYPHOM
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JMana3oHe U B pe3yJibTaTe KOTOPOro Marepuasl MpUOOpETaeT Takue CBOMCTBA,
KOTOpbIE HE MOTYT OBbITh JOCTUTHYTBHI WJM IOBTOPEHBI TOJIBKO C IMOMOILBIO
TepMOOOpaOOTKU. MOXHO OTHOCHUTH TMPOLECChl, B KOTOPBIX MCIOJIb3YETCS
OXJIQXKJICHHE C MOBBIIIEHHOW CKOPOCTHIO, B TOM YHCJIE CAMOOTIYCK, HO UCKIIOUas
OpsAMYIO 3aKalIKy M 3aKalKy M OTHycK. TemmepaTypHbId peKMM OUYEHb BayKeH,
MOCKOJIBKY TocieAytomuii HarpeB cBeiie 580°C MOXET CHU3UTH 3HAYCHUE
npoyHocTd. (B HekoTopeix myOnMKamusaxX TakkKe HCHoib3yeTrcs abOpeBuaTtypa
TMCP (TepMoMexaHUYECKUI KOHTPOJIUPYEMbIN MPOIECC)).

Hwxe npuBeneH npumep MapKUpOBKH cTaiu 1o cranaapty EN:

Crans EN 10025-2 — S355J0C+N (unu +AR)

O603HaueHNE BKIIOYAET:

-HoMmep aaHHoro gokymenta (EN 10025-2);

-Ha3BaHUE CTaju, CAMBOJ S (151 KOHCTPYKIIMOHHOW CTaJIN);

-MUHUMAaJIbHOE 3Ha4Y€HUE 3aJaHHOTO mpenena Tekydectu B MIla (1 Mlla =
1 H/Mm?) st TonmmH < 16 MM;

- 0003HaYEeHHE KAaYeCTBa CTaJM OTHOCHUTENIbHO 33JIaHHbIX 3HAYEHHI paboThl
yaapa (JR, JO, J2 u K2);

- cuMBOJI C MPUTOTHOCTH K OTOOPTOBKE B XOJIOJHOM COCTOSIHUU;

- ykazanue «+N uiam +AR», ecnu IpoayKIus 3aKa3bIBaCTCs U MOCTABISETCS B
COCTOSIHUM HOPMAJIM3YIOLIEH MPOKAaTKa WA B KATAHOM COCTOSTHUU.

Jlnst  maHHOTO TIpUMeEpa yKa3aHHas Mapka CcTajaud OyJeT YWTaThes:
KOHCTPYKIIMOHHAsI CTajib (S), 3aJaHHbIH MUHUMAaJIbHBIN mpenen Tekyudectu 355
MIla npm Ttemmeparype Okpyxkaroouniend cpensl paBHod 0°C, MHHUMAaIbHas
BenuunHa padotel yaapa 27 Jx npu t= 0°C (JO), npurogHoctb kK 0TOOPTOBKE B
xosogHoM cocTostHuM  (C), COCTOsIHME TIOCTAaBKM IIOCJIE HOPMAJIM3YIOLIEH
npokatku (+N) (uu B kataHoM cocTosiHuU (+AR)).

B Tabnume 2.2 npuBeneHa BBIOOPKA XUMHUYECKOTO COCTaBa WM 3HAYCHHUE
yaapHoO# Bs3kocTH ctany u3 crangapta EN 10025-2 u TOCT 27772.

Tabnuma 2. 2. XuMHUeCKHii COCTaB CTAIM U 3HAYCHHUE YAAPHOU BSI3KOCTH.

00603- [Cno-| CB % max amus
Haye-  [coO HOMHHAIIbHOM Si Mn P S [Ni  Cr| Cu
HHE TOJIIIHMHBI %
pac- | MPOIYKIMH B MM % % % % (% %] max | PaGora ymapa
Kucie 16 [> 16 max max | max | max |max max| ¢ (ynapHas
HUS <40 140 d d,e f BSI3KOCTB)
IMTo EN 10025-2 (FN — HeycmokoeHHas (KHIISIas) CTajlb He JOMYCKaeTCs); KCV | t°C
( FF—T0MHOCTBIO paCKUCIICHHAS CTAb) TK/cM?
S235JR | FN | 0,17 | 0,17 |0,20 - 14 10,03510,035|0,12 -] 0,55 27 +20
S235J0 | FN 0,17 | 0,17 | 0,17 - 14 ]0,030|0,030|0,12 -] 0,55 27 0
S235J2 | FF 0,17 | 0,17 |0,17 - 1.4 ]0,025|0,025] - -1 0,55 27 -20

38



S355JR | FN 10,24 | 0,24 0,24 0.55 16 |0,035|0,035]|012 -] 0,55 27 +20
S355J0 | FN [0,20j] 0,20k |0,22| 0.55 16 |0,030]0,030]0,12 -| 0,55 27 0

S355J2 | FF 10,205 0,20k | 0,22 0.55 1,6 |0,025 (0,025 | - -| 0,55 27 -20
S355K2 | FF [0,20j] 0,20k [0,22] 0.55 1,6 |0,025 (0,025 - -| 0,55 40 -40
Mo T'OCT 27772-2021 ( xn - xumsAIias cTajib, J0MycKaercs s 3 u 4 KCV | t°C
TPy KOHCTPYKIHN); KCU
TOK/CM?

C235 | km (0,22 0,22 |0,22| 0,05 06 | 0,04 | 0,04 |03 03| 0,3 - -
C245 | nc |0,22| 0,22 |0,22]0,06-0,15( 1,0 | 0,04 |0,025|0,3 0,3| 0,3 34 -20

29 0
C255 | cm (0,17 0,17 |0,17]0,15-0,3 1,0 | 0.035|0,025|0,3 0,3| 0,3 34 -20

29 -40
C345 | em |0,15( 0,15 0,15 0,8 |1,3-1,7f 0,03 |0,025(0,3 0,3 0,3 34 |-20-40

29 -40

C355 | em | 0,14 0,14 |0,14|0,15-0,8| 1-1,8 | 0,025 ]0,025(0,3 0,3 0,3 34 |-20-40

AHanu3 XMMHAYECKOTr0 COCTaBa CTalM nmokasbiBaet, uro no 'OCT conepkanue
yriepoja AoJxkHO ObITh He Oonee 0,22%, BpemHbIx mpumeceit: cepa - S < 0,04%
st ctanu C235 u gpyrux mapok - S < 0,025%, docdop - P < 0,04% nns cranei
C235 m C245 wn ppyrmx Mmapok- P < 0,035%0,025%, Oomnee mOBBIIICHHOE
comepkanne Ni u Xr. IloBbllieHHOE CcoOAepKaHHE S CIIOCOOCTBYET SIBICHHUIO
KPAaCHOJIOMKOCTH B CTaJid, P TOBBIIIAET XPYNKOCTh TIPH TMOHWKECHUU
TEMIIEpaTyphbl, YXYy/AIIAETCS CBapHUBAEMOCTh  CTaiad. HecBs3aHHBIM  a30T
CIIOCOOCTBYET CTapeHHUIO CTald. YIydllleHWe CBOWCTB CTajel JOCTUraercs
TEPMUUYECKON 00pabOTKON - HOpMau3aluen.

ITo EN mus cramu S235 conepxkanne C momkHO ObITh He Oonee 0,17%, cranb
Oosee yKcTas 1o cojepxkanuio npumecer - S < (0,035-0025%), P < (0,035-0025%)
u N, kadecTBO CTaiM BBHINIE W JOCTUTACTCS TIOBBIICHUEM YHCTOTHI CTaJiel TIO
XUMHUYECKOMY COCTaBy, II0 COJCPKAHHWIO JIMKBAlMK W HEMETAJUTMYECKHUX
BKJIFOUEHUH, POBEACHUIO HOPMAJIU3YIOIIEH Y TEPMOMEXAHUYECKOU MPOKATKHU.

2.1.4. Cmpykmypa cmanu
CTpyKTypa MaJOyIJepoJMCTON CTajlu, OIpenessiomas e MeXaHH4ecKue

CBOWCTBA, 3aBUCHUT OT TEMIIEPATYpPbl OXJAXKICHHS. Temmeparypa IUIaBICHUs
guctoro xene3a 1535°C. Ilpu oxnaxnaenun (Hmwke 1535°C) B mporuecce
KpUCTA/UIM3aIuu ~ oOpasyeTcs  TaKk  Has3bplBaeéMoe  O-)Kele30,  WMEIoIee
KPUCTAIUIMYECKYI0 pemeéTKy 00bEMHO meHTpupoBaHHOro Kyba (OIIK-pemérky)
(puc. 2.1, a).
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&) roe
® — meaezo

O = yraepog

Puc 2.1 CrpykrypHOE nNpeBpalieHue xene3a

IIpn Temmneparype 1400°C xene30 HaxXOAUTCA B TBEPAOM COCTOSHHM U B
npolecce OXJaXKACHUS MPOUCXOIUT U3MEHEHUE CTPYKTYPhl U 00pa3oBaHUE U3 O-
xKeje3a — CTPYKTYpbl Y-)KeJe30, 00nafaromiel rpaHeeHTPUPOBAHHON pPEelIeTKON
(F'IIK-— pemerkoit) puc. 2.1, 6. Ilpm ocTeIBaHWM BIUIOTH 10 TEeMIIEpaTypHl,
npumepro, 910°C oOpasyercst TBepiAblii pacTBOp yriiepona B Y-KeJese,
Ha3bIBa€MbIIl ayCTEHUTOM, B KOTOPOM aTOMBI YIJIEpOJia PACIOIAratoTCs B LIEHTPE
I'TIK- pewerku (puc. 2.1, B).

[Ipu Ttemmeparype Hmwxke 910°C HaumHaetrcs pacnan ayCTEHHUTA.
Oobpazyromeecst a-xkene3o ¢ OLIK-pemeTkoil, Ha3bIBaeTcst GeppuUTOM; A-KEIe30 B
OTJIMYUE OT Y-)KeJie3a IUIOXO PAcTBOPSIET YIiepoJ, MU IMOATOMY €ro B (eppure
COJICPKUTCST HE3HAUYMTENIbHOE KoJn4yecTBO. CBOOOIHBIN YTriaepo] BXOAUT B
XMMUYECKOE COeTMHEHHE C KeJe30M, o0pa3ys kapoun xkene3a FesC, HazpiBaeMoro
nemeHTuToM. [lo mMepe BbaeneHus peppura U3 aycTeHuTa, MOCIETHUI Bce Oosee
oboramaercs yriepojaoM U npu temneparype 723°C mpeBpaiiaeTcss B HNEPIUT -
CMECh, COCTOSIIIYIO U3 TUTACTHHOK (eppuTa U 1eMeHTuTa (kapouaa sxenesa FesC).
Takum oOpa3oMm, TMpuU HOPMAIbHOW TeMIEpaType CTalb COCTOUT M3 JIBYX
OCHOBHBIX (ha3 — (eppuTa U LIEMEHTHTA, KOTOPhIE 00Pa3ylOT CaMOCTOSITEIIbHbIE
3epHa, a TaKKe BXOJAT B BUJC IUIACTUHOK B COCTaB MepiuTa (CBETJbIC 3€pHA —
(beppuT, TEMHBIC — IEPJIUT U IIeMEeHTUTA) (puc.2.2).

Puc 2.2 MukpocTpyKTypa MajoyriepoauCcTON CTalld, MOJyYeHHas Ha nuinde
(3epHa eppuTa — CBETIIas OKpacka, MepnTa U IEMEHTUTA —TEMHas).
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@eppuT BechbMa IUIACTUYEH M MAJONPOYEH, LEMEHTUT TBEpA, OOJazaeT
BBICOKOM NPOYHOCTBIO U  XPYINOK, MEPAUT 00JaJaeT MPOMEKYTOUYHBIMU
CBOMCTBaMHU MEXy HUMU. B 3aBUCHMOCTH OT coJepkaHusl yriepoaa npeoodiaaaer
Ta WIA WHasg CTPYKTypHas cocTaBisromas. BenuunHa 3epHa  OKa3bIBaeT
3HAYNUTEIBPHOE BIIMSIHUE HA MEXAHWYECKHE CBOMCTBA cTaind. UYem MeHbLIe 3€pHa,
TEM BBIIIE KAYECTBO CTaJIN.

CTpyKTypa HU3KOJIETUDOBAHHOW CTalW AHAJIOTMYHA MAajoyIJIEpOJUCTON

cTtanu. YriepoAa B HHU3KOJETMPOBAHHBIX CTalAX OObIYHO He Ooisee 0,18%.
Beeaenue nerupyromux 100aBOK yIpoOyHsIET (PEPPUTOBYIO OCHOBY M IPOCIONKHU
MEX]ly 3€pHaMH, CTaJlb CTAHOBUTCS OOJIee IPOYHasi, HO MEHEE IJIaCTUYHas.

2.1.5. Tepmuueckasn oopadomka cmanu
3HAYUTENIbHOE MOBBIIIEHNE TPOYHOCTH, 1e(OPMATUBHOCTH U IPYTHX CBOICTB

CTaJy IOMHMO JICTHPOBAHMS JOCTUTAIOT TEPMHUYCCKOW 0O0paboTKOM Oiaromaps
TOMY, YTO IOJ BIUSHUEM TEMIEpPATyphbl, a TAKXKE pEKUMa HarpeBa U CKOPOCTH
OXJIQXKJEHUSI U3MEHSAETCS CTPYKTypa, BEJIMYMHA 3€pHAa M PacTBOPUMOCTH
JICTUPYIOIINX SJIEMEHTOB CTaiu. J[Jisg yaydllieHus CBOMCTB CTalld UCIOJIb3YHOTCS
CIEAYIOIIUE BUJIBI TEPMUUYECKOU 00pabOTKu:

Hopmanuzaius — HarpeB cTajau 0 TeMIepaTypbl 00pa30oBaHUs ayCTEHHTA

(> 910° C) u oxnaxnaenue Ha Bozmyxe (mpu Temmeparype <~ 20°). Hopmanusanus
CIOCOOCTBYET YMOPSAOUYEHUIO CTPYKTYpPHI CTaIM, CHUMAeT BHYTPEHHUE JE(HEKTHI,
YMEHBIIAET KOJWYECTBO ACPEKTOB KPUCTAUIMUECKOW pemeTku. B pesynbrare
HOPMAJTU3AIMH TTOBBIIIACTCS IPOYHOCTb, INIACTUIHOCTD U yAapHas BSI3KOCTb.

3akajika — HarpeB J0 TeMIlepaTypbl 00pa30BaHUsS ayCTEHUTA (BECh MEPIUT U
deppuT mpeBpalarTCcs B ayCTEHUT) M TOcJeayolee ObICTpoe oxyaxacHue. B
pesynbTate  ObicTporo  oxnaxknaenus — [L[K-pemeTrka  mpeBpamiaercss B
TETPOTOHAIBHYIO PEIICTKY, MPU 3TOM TEpPEeMENICHHs yTiaepoaa Ui 00pa3oBaHuUs
depputa W mepauTa TMPOM3OWTH HE YCMeBalOT. B wmTore 3akanku oOpasyeTcs
CTPYKTypHass MOAH(UKAIMsA, Ha3blBacMas MapTCHCHUTOM. 3aKajka yBEIHMYHMBACT
MPOYHOCTH CTAJIA, HO CHUKAET TUIACTUYHOCTD, YTO TOBBINIAET CKIIOHHOCTh CTAJIH K
XPYIKOMY pa3pyIIeHHIO.

Otnyck. DTa TepMHUYecKas OTepalus OCYIIECTBISETCS TOCTe 3aKajKu.
Merann HarpeBaerca mo Temmeparypel 600° — 680° u 3areM MemIeHHO
OXJaXJaeTcs B Tiedd. B pesynbrare OTIyCKa YMEHBINACTCS BHYTpPEHHEE
HaMpsDKeHUE, o0pa3yeTcss Menko3epHucTas gepputHas cTpykTypa. Ctanp mocie
OTIyCKa 00JIaJaeT ONTHUMAJLHBIM COYETAHUEM TMPOYHOCTHBIX W TUTACTUYECKHX
CBOWCTB.
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Manoyraepoauctsle YW HU3KOJETMPOBAaHHBIE  CTAld  IIOJBEPraroTCs
TEPMUYECKOMY YIIPOYHEHHUIO. JIJIsl yBETMYEHUS IPOYHOCTH U CBOMCTB CTAJIA YaCTO
IMPUMEHSIIOT 3aKAJIKY C IMOCIEAYIOINM OTITYCKOM.

2.1.6. Cmapenue.
[Ipu OnarompusTHBIX OOCTOSATETHCTBAX YTJIEPOJ, a30T W KapOWABl APYTHX

3JIEMEHTOB BBIJICIISIIOTCS M PaCIIONIaratoTCsl MEXy 3epHaMU (peppuTa U pa3iInuHbIX
Ie(PEKTOB KPHUCTAUIMYECKON PEIIeTKH. DTO MPUBOAUT K MOBBIIICHHUIO Tpeena
TEKy4eCTH, Mpejesia MPOYHOCTH, YMEHBIICHUIO MJIACTHYHOCTH M COMPOTHBICHUSA
XPYIKOMY pa3pylieHHi0. DTa TepecTpoiiKka CTPYKTypbl W HW3MEHEHHE CBOWCTB
CTaJIM TPOUCXOIUT B TCUCHUH JIUTEIHHOTO BPEMEHH, MOITOMY TaKOe SBIICHHE
Ha3bIBACTCs CTAPEHUEM (€CTECTBEHHBIM CTaPEHHUEM).

CrapeHnto crnocoOCTBYIOT: a) MEXAaHWYECKHE BO3JCHCTBUS U OCOOCHHO
pasBuUTHE  IUTacTUYeCKHX  nedopmaruii  (MexaHWYeckoe  crapeHue); 0)
TEMIEpaTypHble KoJieOaHWs, TPUBOAAIINE K W3MEHEHHUI0O pPacTBOPUMOCTH,
T (}y3ur KOMIIOHEHTOB M HUX BBIJIEJICHUIO (TEPMHUUYECKOE CTapeHHE), HArpeB A0
150-200°C mosker pe3ko yBeIUYMTh Ipolecc crapenus. Ilpu miaactTuueckom
neOpPMUPOBAHNN U TOCIEAYIOIIEeM HarpeBe WHTCHCHBHOCTh CTapeHHUS PE3KO
noBbIIIaeTCA (MCKyCCTBEHHOE CTAPEHUE).

[Tockonpky  cTapeHME€  IOHMXKAET  CONPOTHUBIICHUE  JIUHAMUYECKUM
BO3JCHCTBHAM M XPYNKOMY pa3pylLICHHIO, OHO pacCMaTpHUBAaeTCi KakK SBIICHUE
otpuniatensHoe. Hanbomnee moaBep:keHbl CTAPEHUIO 3arpsi3HEHHBIE U HACKIIICHHBIE
ra3aMu CTajii, HallpuMep KUTISAIIUE CTaH.

2.1.7. Antomunuesnie cniaeonl.
AJIFOMUHUM 1O CBOMM CBOMCTBaM CYIIECTBEHHO OTJIWYAETCS OT cTajau. Ero

yaenbHbIi Bec 2,64 — 2,81/M3, T. e. oH mouTH B 3 pasa nerde ctamu. OH MeHee
KECTOK, MOAynb ynpyroctu E = 0,7-10° MIla, 4ro Takke B 3 pa3a MEHbIIE.
ATIOMMHHMI OY€Hb IJIACTHUYEH, MAJIONPOYEH, MpEeaea IPOYHOCTH COCTABISIET [5-
90 MIIa

(7,5 — 9 xH/cm? ), mpepen texyuectn 30-40 MIla (3 — 4 xH/cm?) , mostomy B
YUCTOM BHJIE JIJISl CTPOUTENBHBIX KOHCTPYKIIUNA OH HE TPUMEHSIETCH.

YOpouyHSIOT — aTOMUHHMN JIETUPOBAaHUEM, HArapTOBKOM  (BBITSKKOM),
TepMuueckoit 00padoTkoi (T) U eCTeCTBEHHBIM WJIM UCKYCCTBEHHBIM CTApEHUEM.
[ToaTOMy antoMUHUEBBIE CILIaBbl UMEIOT OOJIBIIOE KOJIMYECTBO Mapok (Tabiauua
2.3).

1. CruiaBbl aqlOMUHUSL ¢ MarHueM (Hampumep, Mapku AMrSB, AMr)),

XOpOIIIO CBAPUBAIOTCS U BeChbMa KOppo3ueycTounbl. [Ipenen mpoyHOCTH OKOJIO0
300-320MTIa, mpexnen Tekydect okosio 160MIla.
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2. CrnaBbl  aIFOMUHUS C MEIbIO, MArHUEM M HEOOJIBIIIUM KOJIMYECTBOM
mapranma (mapku J[16-T, J[1-T wm ap.), Ha3zpBaoTcs aypamtoMuHbl. OHH
JI0OCTaTOYHO MPOYHBIE, MJIOXO CBAPHBAIOTCS U CKIOHHBI K 00Opa30BaHHUIO TPEIIUH
IIPY BBICOKMX TEMIIEpaTypax, MO3TOMY HMPUMEHSIOT IS KJICMaHbIX KOHCTPYKIIHH.
[Tpenen npounoctu okoino 400-520Mlla, npenen rexkydectu okono 280-380 Mlla.

3. CrnaBbl  aJIOMHUHHSI ¢ KPEMHUEM W MarHheM, Ha3bIBalOT aBUAJIEM
(mapku AB-1T u ap.) Xopomo cBapuBaercs, O4eHb CTOECK MPOTHUB KOPPO3UHU.
[Ipenen mpounoctu okosio 280-330 MIla , mpeaen texkydectu okojo 230-280
MIla.

4. Breicokonpounsie crmiaBel  (Mapku B95TI wu  np.) OcHoBHbIE
KOMITOHEHTHI: IIUHK, Meab, Mapranen. [Ipenen mpounoctu okono 500-550 Mlla,
npeaen Tekydectu okono 400-450MlI1a.

5. JIist cBapHBIX KOHCTPYKITMH MPUMEHSIOT MAarHUEBBIC CIUIABBI, IS
KIEMaHHbIX — JypallOMHH W aBWajdb, BBICOKONPOYHBIE CIUIaBBI — B
UCKITIOUNTETHHBIX CTydasX.

Tabnuua 2.3. HekoTopble CIUIaBbl aIlOMUHMUS, IPUMEHSEMbIE B

CTPOHTEILCTRE.

OCHOBHBIE XUM. Oo0o3nauenue ciutaBa u | [Ipenen npoynocTH fux
DJIEMEHTHI CIUIaBa BUJ 00pabOTKH npu pactspkennu, MlIla

Al - Mg - Si AIlIM 250

(aBuanp)

Al - Mn AMDM 400

Al - Mg AMr2M 700

(Marsanmin) AMr2H?2 1250

AJBIT 550

Al - Mg - Si AJI31T1 1200

AJ131T4 550

AJI31TS 1000

1915 1750

Al-Zn-Mg-Cu 1915T 1950

1925 1750

1935T 1400

AJIOMHHHMEBBIE CIUIaBbl MOCTABIISIIOTCS OOJBIION YAaCThIO MEXaHUYECKU WIIN
TepMHYECKH 00paboTaHHBIMM. MexaHudeckas oO0pa0OTKa 3akKJIIOYaeTcs B
PEeIBAPUTETHLHON BBITSKKE METalljia J0 MOSBJICHUS TUIACTUYECKHUX Je(POpMaIinii.
Takas o0OpaboTka Ha3bIBaeTCd HArapTOBKOMW WM TOJYHarapToBKOo - B
3aBUCUMOCTH OT CTEMEHHU IUIACTMUYECKOro YJIMHEHHUS - U 0003Hayaercs
cootBeTcTBeHHO OykBoi "H" 1 "H2". HarapToBka yBelMYMBaeT NPOYHOCTH CILIaBa
M YMEHBIIAET €ro IUIACTUYHOCThb. IlodmyHaraproBka OKa3blBAET aHAJOTHMYHOE
BJIUSIHWE, HO B MEHbIIEH cTeneHu. HarapToBka u mojiyHarapToBKa NPUMEHSIOTCA
MIPEUMYIIECTBEHHO ISl TEPMUYECKU HEYIIPOUYHSAEMBIX CIIJIABOB.
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Tepmuueckas 00padoTKa aTFOMUHUS TIPUMEHSIETCS B BHJIC OT)KUATA U 3aKAJIKU
C MOCIEAYIOIUM CTApEHUEM JUISl YIYUYLIEHHUS MEXaHMYECKHUX CBOMICTB CIUIABOB.
Omxur 3akiroyaercss B HarpeBe cruiaBa Jno Temnepatypsl 250...300° C ¢
MOCJICAYIOIIMM MEIJICHHBIM OXJaXJeHueM. B pesynbpTaTe OTXKUTra MPOUCXOIUT
CHIDKEHHE BHYTPEHHHMX HANpsSOKEHUW, W3MEJIbYaHUE 3€peH, YJydIlaeTcs
MexaHuueckasi oopabaTeiBaeMocTh. CriaBbl, MOJABEPIIINECS OTXKUTY, HA3bIBAOTCS
OTOXOKCHHBIMH HUIH MATKHMH, M TIOCIIe UX 0003HAaYCHUs cTaBUTCS OykBa "M".

CrnaBbl, 3aKalleHHBIE U COCTApEHHbIE B ECTECTBEHHBIX YCIOBHSX (IpHU
KOMHATHOM Temreparype), ooo3HauyaroTcss OykBoit "T". Te ke cruiaBbl, HO TpHU
HCKYCCTBEHHOM YOBICTPEHHUH Mpoliecca CTapeHus (BhIICPIKKE 3aKaJIEHHOIO CIlaBa
npu Temneparype 150...200° C B TedyeHHE HECKOJBKHMX YacOB) MMEIOT B KOHIIE
o0o3nauenusa "T1". CmaBbl aglOMHHMS, TOJY3aKAJIEHHbIE ECTECTBEHHO U
UCKYCCTBEHHO COCTapeHHbIe 0003HadalTCcs cooTBercTBeHHO: "T4" wm "TS5".
CrnaBbl alMIOMHUHUS C HCKYCCTBEHHBIM CTape€HHEM HMEIOT 0osiee BBICOKHE
MEXaHUYECKUE XapaKTEPUCTUKH IO CPABHEHUIO C €CTECTBEHHO COCTAPEHHBIMU, HO
IpU 3TOM UX Pa3yNpOYHEHHUE MPU CBAPKE MPOUCXOJUT B 3HAUUTEIBHO OOJbIIECH
crenenu. Toxe caMoe MOXKHO CKa3aTh U B OTHOLICGHUH HarapTOBaHHBIX CILIABOB.

Bce cmiaBbl amtOMUHUS, UCHOJIB3YEMbIE JJISI CTPOUTEIBHBIX KOHCTPYKIIUH,
MOCTABIIAIOTCA C TApaHTUSIMU KaK @0 XHWMHYECKOMY COCTaBy, TaK M IO
MEXaHUYECKUM CBOMCTBaM. @DU3NYECKHE XapAKTEPUCTUKH CIUIABOB ATIOMHUHUS
NpUBEICHBI B TabmuIe 2.3.

CruiaBbl QJIFOMUHHS UMEIOT PSif] CYIIECTBEHHBIX TPEUMYIIECTB 110 CPABHEHUIO
CO CTalblo, Cpeau KOTOPBIX CJIEAYET Ha3BaTh CJEAYIOIIME: MEHbIIas Macca,
CTOMKOCTh TPOTHUB KOPPO3WH, HM3TOTOBICHUE Tpodmieii Oojiee parioHATBHON
(GbOpMBI B CBSA3U C BOBMOKHOCTBIO MCIOJIB30BAHUS /ISl 5TOI0 METO/1a MIPECCOBAHUS
COXpaHEHUE MEXaHUYECKUX CBOMCTB MPU OTPUIATEILHBIX TEMIIEpATypax, JTyUllnui
BHEIIHUN BUJI W OTCYTCTBUE HCKpooOpazoBanuil. K HemgocraTkam CruiaBoB
QTIOMUHHUSL  CJIEyeT OTHECTM MEHBIIUNH MOJAYJdb  YIPYTOCTH, OOJBIION
KOA(h(DUIIMEHT JIMHEWHOTO paciIMpeHus, 0ojiee CI0XKHYI TEXHOJOTHIO CBapKH,
pa3ynpoYHEHNE HEKOTOPHIX CIUIABOB MPU CBAPKE, BBICOKYIO CTOUMOCTb.

B tabnuime 2.4 npuBeneHpl (HU3NYECKUE XAPAKTEPUCTUKH CTAIA U CIJIABOB
ATFOMUHMUSL.
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Tabnuia 2.4 Ouznyeckre XapaKTEPUCTUKH CTAIH U CIIABOB aTFOMUHUS

HaumenoBanue u 06003HaueHNE 3HayYeHUS
(bU3NYECKON XapaKTEPUCTHKU TUISL CTaJIA JUTSL CTIJIABOB
TFOMHUHHSI
Mogayns ynpyroctu (E), MIla 2.06-10° 0.7-10°
Monyns casura (G), MIla 0.78-10° 0.265-10°
Koaddumment nonepeuaroi 0.3 0.3
nedhopmanuu Ilyaccona
Koadduruent nuneitHoro 0.12-10* 0.23-10*
pacmmpenus, 1/rpajg
[110THOCTD, KI/M> 7850 2700
TeMneparypa niaBjaeHuUs 1525 400...500

Tema 2.2. PaGora crajm noj Harpy3koii, BbI0oOp craJiei

2.2.1. Paboma cmaneit npu 00HOKPAMHOM CHAMUYECKOM PACMANCEHUU U
corcamuu.
OcHOBY cTanu cOCTaBIseT (PeppuUT ¢ BKIIOUCHUSIMH MEPIHUTA. 3€pHA MEepIUTa

3HAUYUTEITFHO TpOoYHee (HEeppUTOBOM OCHOBHI. DTH JIBE pa3HbIC MO MPOYHOCTH,
YOPYTUM U TUIACTUYECKHM ITOKa3aTeNIsIM COCTABJISIOLIME U ONPEIEISIIOT padoTy
YTIEPOJUCTON CTalM MO HArpy3KOil.

CnBuHYTh OJHY YacTh MOHOKpHCTa/UIa JKejie3a IO JPYrod 3HAYUTEIHHO
Jerye, 4eM pazopBaTh UX, MOATOMY IJIacTUUYEeCKue AedopMallii B 3epHaX >KeJe3a
MPOTEKAIOT MyTEM CJIBHTA.

OOpa3oBaHuIO CABUTOB B 3epHaxX (eppuTa MPEnsTCTBYIOT OOJee MPOUYHbIE
3epHa MepJIuTa.

OnHOOCHOE HANPSIKEHHOE COCTOSHUE WILTIOCTPHUpPYETCS auarpaMmmon ''c-g",
cM. puc. 2.3.
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Puc. 2.3. Paborta crammapTHOrOo OO0pa3siia CTadu TPH PACTSHKCHUU: @ —
oOpazerl JJjisl UCIBITAaHUN; 6 — JUarpaMMbl pacTsKeHUs: 1| — MaJoyriepoaucTon
cTanu; 2 - 4yryHa; 3 — BBICOKONPOYHOM JierupoBanHou ctanu 12I'H2ZM®AILO; 4 —
aJIIOMHUHHSA;, 5 — aTFOMUHHUEBOr0 citaBa AMrr2; 6 - aimoMuaueBoro criaasal915T.

OGo3Ha4eHns Ha PUCYHKE: 0y, = fy) - VIS MAJOYTIEPOJAUCTON CTalM; Ogy =
fyk - I8 HHU3KOJNETMPOBAHHOW CTalmW; Oy = fuk, rne  fy, m fuk -
XapaKTEPUCTHUECKOE 3HAYEHHE IMpeliesa TEeKy4eCcTH WIM Mpeaena HpOYHOCTH,
COOTBETCTBEHHO.

s yriepoaucroir cramu (muarpamMma 1) mpu pacTsbkeHuM oOpasia Ha
NepBOM CTaguu /10 Mpejena MPONOPIHUOHANBHOCTH Op TMPOUCXOIAT YIpYyTHe
nedopmaru (aepopManu MpOMOPIMOHATIBHBI HANIPSDKEHUSIM — yIpyrasi padorta
matepuana). [lpu ympyroit pabore meramna v=0.3. Ha srtoit cramum paboThI
MeTalljia 3aBUCUMOCTD "G-¢" sIBsieTCs IMHEMHOM U coOmoaeTcs 3akoH ['yka:

o=c¢E.

rae E - Momynb ynipyroctu.

Vhpyras pabora Merauia 3akaHuuMBaeTcsl (YyCJIOBHO) MpH HANpPsDKEHHSX
pPaBHBIX MpeleNy MPONOPIUOHANBHOCTH, 4YeMy cooTBeTcTByeT €=0.1%. Ilpu
HAMPSDKCHUSAX, TPEBBIMIAIOIINX TMPEAeT MPOMOPIMOHAIBHOCTH, KPOME YIPYTHX
nedopMaIii MOSBIISIFOTCS TUIACTHYECKUE (HEOOpaTuMbIe) ae(pOopMaIiny.

Ha BTOpo¥i cranuu HanpsHpKeHUs BO3PACTAIOT OT op A0 MHpeAeia TEKYYECTH oy
(fyk). Toseasrorcs capuru B 3epHax (epputa. IIponopuuoHanIbHOCTh MEXKITY
HanpsDKeHUSAMU U nedopmarusimMu Hapymiaetcs. Jlehopmaruu HaunHAIOT pacTu
obicTpee HampspkeHud. [Ipw  HanpsDKEHHMSIX, pPAaBHBIX TIPENeNy TEKYy4YecTH,
HAYMHAETCsl MHTEHCHUBHOE pa3BUTHE IUIACTHYECKUX nedopmanuii: nedopmanuu
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yBEIUYUBAIOTCA Oe€3 YyBENWYeHHs Harpy3ku (MmMertama, kKak Obl Teder). Ha
nuarpamme "c-g" 3ToMy aTamy paboThl MeTalsla COOTBETCTBYET TOPU30HTAIBHBIN

"

y4acToOK auarpammbl "c-g" (g cTayieil ¢ coaepaHueM YIJiepojaa B IMpejenax
0.1-0.3%). DTOT y4acTOK, Ha3bIBA€MbIH IUIOMAAKOH TekydecTd ( fyx ), MMeer
npoTsiKEHHOCTh OT 1.5 10 3%. Pa3zButue nedopmanuiu npoucxoguT B pe3yabTare
YOPYTUX W HEOOPAaTHMBIX CIBHTOB 3¢peH (DeppUT, YTO MPUBOIUT K PA3BUTHIO
3HAUUTETBHBIX Je(opMaiuii, KOTopas y MaJOyTJIepOJUCTON CTald COCTaBIsET
npumepHo 1,5-2%. I[lpu cHATHUM Harpy3KH ympyras 4acThb jAeQopMallud CTalu
BO3BPAIIAETCs, @ HEYNIPYyTast OCTACTCs, MPUBOJIS K OCTATOYHBIM Je(OpMaIIUsIM.

Ha Tpetbeil cramuu HanpsDKEHHS BO3PACTAOT OT Mpejesia TEKY4YeCTH oy 0
npeaena npouHoctd oy (fyr ).  Pa3sBurme nmedopmanuii 3arpymHsercs Ooliee
MIPOYHBIMH U KECTKUMU 3epHaMu riepiuta. {151 o6pa3oBaHus COBMECTHOTO C/IBUTA
3epeH (eppuTa U nmepauTa 3epHa Gpeppurta JOIKHBI 00TEKaTh 3epHA MEPJIUTA, YTO U
NPUBOJUT K TIOBBINICHUIO HANPSDKCHWH. DTy CTaJAWI0 HA3bIBAIOT CTajuei
caMOyInpouHeHHs. Marepuan B Heil paboTaeT, KaK ynpyromiacTH4eCKui.

Jlanee mpoOUCXOIUT CHUIYKEHHUE HAMpPsDKEHUN Gy 32 cueT 00pa30oBaHUsl MICHKU
(MECTHOrO yMEHBIIEHHUSI TMOIMEPEYHOro CcedyeHus obpa3la B ciraboM Mecte).
Ceuenue B II€WKE WHTEHCUBHO YMEHBIIAETCS, YTO MPUBOJIUT B UTOTE K Pa3phbIBY
obpa3iia.

Kak oTMewanoch TpOTsHKEHHAs IUIOMIAAKA TEKYy4eCTH CYIIECTBYET MpHU
coaepxxanumn yriaepogaa 0,1-0,3%. Ilpu MeHbIIeM colepKaHUM yriepoja 3€peH
NepauTa HEJOCTATOYHO JUIS CACPKUBAHUS CIBUTOB IO 3¢pHaM (eppuTa (CM. puc.
2.3). Ilpu OonplieM cojep)KaHUM yTiepoja 3€peH TNepiauTa MHOr0 WU
JETUPYIONIUX DJIEMEHTOB, OHHU MOJHOCTBIO OJOKHPYIOT 3epHa (eppuTa U HE JAIOT
BO3MOXHOCTH Pa3BHBAThCS MO HUM CIBUTaM, OTCYTCTBYET IUIOIIAJIKA TEKYYECTH
(mnarpamma 3, IS BBICOKOYTJIEPOJMCTHIX M JIETUPOBAHHBIX cTaiyei). C 1enbio
orpaHudeHus nedopmarii y crajmed mpu OTCYTCTBHUHU IUIONIAJIKM TEKY4YeCTH
BBEJICH YCJOBHBIH TIpPENeN TEKY4eCTH Oy, , KOTOPBI YCTAaHABIMBACTCS TII0
OTHOCUTENbHOMY yanuHeHuto €=0,2%, T.e. 3a XapaKTEepUCTUYECKOE 3HAUYECHUE
npesieNa TEKYYECTH HHU3KOJETUPOBAHHOM CTanM  fy, NPMHAMAKOT HaNpsSKEHHS
paBHBIE Ty -

[TockonbKy, HanOoOJIbIIIEE Pa3BUTHE TUTACTHYECKHUX Je(POpPMAIIHA TTPOUCXOTUT
IPY HANPSDKCHUSX, PABHBIX MPEACITy TEKYYECTH, TO MPHUHATO CYUTATh, YTO TMPHU
OJTHOOCHOM HaNpPSHKEHHOM COCTOSTHUH TIEPEX0]l MeTajlla B TUTACTUYECKYIO CTaIHIO
OCYHIECTBIISETCS TIPU 0 = fy .

Ha puc. 2.3. mpuBeneHbl Takke AUarpaMMbl PAcTsDKEHUS IS YyryHa W
AJIFOMMHUEBBIX CIIIaBOB.
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2.2.2. Cnoscnoe nanpscennoe cocmosnnue. Ilpuseoennvie nanpsasicenus

N3BecTHO, 4TO y CTANIM ITpH fyk /fur < 0,75 mocie ynpyroit paboTsl 1
HEOOJIBIIIOr0 TIEPEXOHOI0 Y4YacTKa HACTyIaeT INIACTMUYECKOE TEYCHHEe, YTO Ha
IUIOMIAKE OTMEYaeTCs MPOTSHKEHHOM  IIOMIAAKOM  TekydecTtd (puc.2.5,
nuarpamma 3).

CnoxHO€ HANpPsHKEHHOE COCTOSIHUE XapaKTEPU3YyeTCs HAWYMeM JBYX WIH
TpeX TJaBHBIX HOPMAJIbHBIX HAIpPSHKEHUM G1, 62 U 03, JEUCTBYIOLIUX
OJIHOBpPEeMEHHO (puc. 2.4).

]
T Y a,
Puc. 2.4 CnoxHoe Hanps>KeHHOE COCTOSIHUE

Ecnu npu 01HOOCHOM HaMpPsHKEHHOM COCTOSIHUU TIJIacTUYECKHue JefopMariuu
Pa3BUBAIOTCS MPU HANPSDKCHUSAX, PABHBIX MPEAeNy TEKY4YeCTH, TO MPHU CIOKHOM
HaIPS)KEHHOM COCTOSIHUM MEPEXO0]I B IJIACTUYECKOE COCTOSIHUE 3aBUCUT OT 3HaKa
M COOTHOIICHWS JICUCTBYIOIIMX HanpsbkeHu. [lpw  omgHO3HAYHOM  TOJIE
HAMPsHKCHUH, KOT/Ia BCE HAIPSOKEHUS MO0 PaCTATHUBAIONINE, JIMOO CKUMAIOIINE,
HAMPSDKCHUSI G2 M O3 CACPKUBAIOT pas3BUTHE nedopmariuii B HampaBlIeHUU
HampspkeHUd o1 . B 3TOM cnydae pa3BUTHE IJIaCTUYECKUX JedopMmanuii
3ama3/bIBaeT, Mpe/e TEKYYeCTH TMOBBIMIACTCS, a MPOTSHKEHHOCTh IUIOMIAJAKU
TEKYy4eCTH YMEHBIIIAETCS, BO3HUKAET OMACHOCTh XPYIKOTO Pa3pyIICHHUS.

[Ipu pa3HO3HAYHBIX HANPSHKEHUSIX (CKaTUE B OJTHOM U PACTSHKEHHUE B APYTroM
HampaBJIeHUH) HaOdogaeTcss oOpaTHas kKaptuHa. l[lmactuueckuwe nedopmaruu
HAYMHAIOTCSl paHbIlle, YEM TJIaBHbIC HANPSKEHUS AOCTUTIM Mpelesia TEKy4eCTH
OJTHOOCHOTO HATPY>KEHUs, CTaIh CTAHOBHUTCS KaK ObI 00JIe€ IIIaCTUIHOM.

Ha puc. 2.5 mnpowmuttocTpupoBaHa paboTa CTadd MOpH  JIBYXOCHOM
HaIpPSHKEHHOM COCTOSIHUM JIJIs 00pasIloB, 3arpy’KEHHBIX OJIHOBPEMEHHO B JIBYX
HaIMpaBJICHUSAX AuarpamMMmamu "o-¢", ¢ pa3ButueMm jaepopManuii B HAMpaBICHUU
HaNpsDKEHUH 61 (IuarpaMmel 1 u 2).
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Puc. 2.5 Paborta ctanu npu mIOCKOM JIBYXOCHOM HAaIpsHKEHHOM COCTOSIHHUH:

1- npu pactskeHun odpasla B ABYX HANpaBIEHUSAX (61U G2 —OJIMHAKOBOTO
3HAKa); 2— MPU PACTSHKCHUU B OJTHOM M C)KaTHH B JIPYTOM HarpaBieHUH (61 U G2—
pa3HOTO 3HaKa); 3 — OIHOOCHOE HampshkeHHoe coctosiaue (61701 62=0).

[Ipn oaHO3HAYHBIX HAMpsLKEHUSX (quarpamMma 1) 30Ha ynpyroi paOoTh
MeTaljla YBEJIMYMBAETCSA, a 30HA YNPYro-IJIacCTHUYEeCKOM pabOThl YMEHBIIAETCS.
[Tpu pa3HO3HAUHBIX HANpPSDKEHUAX (IuarpamMma 2) HaAoOOpoT: ympyras 30Ha
YMEHBUIAETCS, a YIPYrO-INIACTUYECKAs] 30HA YBEIUYUBACTCS.

B coorBercTBUM ¢ 4eTBEpTOW (PHEPreTHUUECKOM) TEOpHel MNPOYHOCTH
nepexoJl MaTepuajga B IUIACTUYECKYIO CTaJui0 pabOThl MPHU  CIOXHOM
HaIpsHKEHHOM COCTOSIHUM OLICHUBAETCSl PUBEACHHBIMU HANPSIKEHUSIMH, KOTOPbBIE
ompeaenstores mo Gopmyne 2.1.

[lon mnpusedennvimu nanpadxcenuamu TOHUMAIOT TaKUe HaINpPSHKEHUS
CJIIOKHOTO HAINPSKEHHOI'O COCTOSIHUSA, KOTOpbIE II0 MEPEXody Marepuana B
IUTACTUYECKYIO CTAIMI0 COOTBETCTBYIOT OJJHOOCHOMY HAIPSKEHHOMY COCTOSIHUIO.

Oef = Voi + 02 + 03 — (0105 + 0,05 + 0301) = fyk (2.1))

I'AC Gef - IPUBCACHHOC HAIIPAXKCHUC, O1, G2, G3 - I''IABHBIC HAIIPSAXKCHUA, fyk

—  XapaKTepUCTHYECKOE 3HAYeHWE TMpejesia TEeKy4eCTH TPH  OJHOOCHOM
HANPSHKCHHOM COCTOSTHHH.

3aMeHss ITIaBHBIE HANPSDUKEHUS HOPMAIBHBIMM M KacaTeNbHBIMH, fyx Ha fyq
3allMIIeM YCJIOBHE Tepexoja CTalId B IUIACTUYECKYIO CTaJWI0O TPH CIIOXKHOM
HAMPSHKEHHOM cocTossHuU ((popmyia 2.2):

Oof = \/a,? + 03% + 07 — (O‘xO'y + 0,0, + UZJx) + B(Ty%y + nglz +14) = fya

(2.2)
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Ecnim 0.5 < fyq — ymnpyras paboTa cramm, a €clu Ogr > fyqg
iacTudeckasi paboTa cTalu.

[Ipy 1nIOCKOM HaNpsKEHHOM COCTOSIHUU 0,=0,17, =0,17, =0,
PUBEIACHHBIC HANPSKEHUS Oy IyT paBHbI:

Ocf = /07 + 0% — 0,0, + 372, .
[Tpu mpocTtom wu3rude :

Ocr = /0% + 375, .

IIpu mpocTOM cABUTE YCIIOBHUE MIIACTUYHOCTH:

f
Uef = /3‘[3%3] = fyd’ 50051 Txy: %; = 0;58fyd'

2.2.3 Paboma memanios npu KOHUCHMPAYUU HANPAIHCCHUTL
B Mecrax nckaxeHusi ceueHus (y OTBEpCTUH, BBHITOUYEK, HAAPE30B, TPEIIUH U
T.Jl.) TPOUCXOAUT HCKAKCHUE JUHUN TJIaBHBIX HAIpPSOKEHUM, B HUX BO3HHUKAECT
KOHIICHTpAIUsl HANpPsSHKEHUH - HEpPaBHOMEPHOE paclpejielieHHe HANpsOKeHUH 10
ceuenuto (cm.puc. 2.6, ceuenue b, A). dakTOphl, BBI3BIBAIONINEC HUCKPUBIICHUE
CHJIOBOTO TIOTOKA (OTBEPCTHS, BEITOUKH, HAAPE3bl, TPECIIUHBI U Ip.), HA3BIBAFOTCS
KOHYEHMpamopamu HanpsiceHull.
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Puc. 2.6 KonueHTtpauus HanpsiKeHUN

OtHomieHre  HaWOOJIBIIIETO  HAMPSDKEHUS B MECT€  KOHIICHTpAallUU
HAMPSHDKCHUH K HOMHUHAIBHOMY PaBHOMEPHO pPacCHpe/IeICHHOMY HANPsDKCHHUIO B
MecTe oclla0eHus Ha3bIBaeTCsl KO (PUITMEHTOM KOHIICHTPAIIUH.

K= 0max/0n TA€ Omgx - MAKCUMaJIbHBIE HANpPSOKEHUST B MECTE
KOHIIEHTPAIUH; Oy = N/A, - HOMHHAJIBHOE HAMPSHKCHHIO B OCIa0JIEHHOM
CEUYECHUHU.

KoaduineHT KOHIICHTpalUK 3aBUCUT OT pajauyca KpUBU3HBI I (OCTPOTHI)
Hazpes3a. Uem MEHbIIe paauyc Haapesa, TeM BhIle KOAGOUIIMEHT KOHIICHTPAIIUH.

Tak, y KpyIJIbIX OTBEPCTHM M NONYKpyribIX BbITodek K = 1,5...3, y ocTpeix
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(pBaHbIX) - MOXeT nocturath 6...9. Jlns  TpemuHbl I — oo, k0d(pdUIIUEHT
KOHIICHTPAIUN CTPEMUTCS K OECKOHEUHOCTH.

Uem pe3due MeHseTCs cedeHue, TeM Ooibiie Oyner KodhPuimeHT
KOHLEHTpaluu. [Ipu KoOHIeHTpauuy HaNpsyKEHUH MOXKHO BBIJIEIUTD JIBA Y4aCTKA B
AMIOpPE HANPSIKEHUW: YYaCTOK, /i€ MPOUCXOJUT PE3KOE U3MEHEHHWE HANPSKEHUN
(yuacTok A Ha puc. 2.6) U y4acTOK, I/l HaIpsHDKEHUS] MEHSIFOTCS TUIaBHO (Y4acTOK
b na puc. 2.6). B wMecrax pe3Koro HU3MEHEHHs HaNpsHDKEHUH pa3BUTHE
IUTACTUYECKUX JeQopMaluii CTAHOBHUTCS 3aTPyJHUTENBHBIM (M3-32 3aEPKKU
COCeIHUMHM MEHee HampsuDKeHHbIMH yuyacTkamu). [losTomy paspbiB oOpasna Ha
y4acTKe A IPOUCXOJHUT 3a CUET HOPMAJIbHBIX HANPSLKEHUI, a Ha ydacTke b 3a cuer
KacaTelpHbIX HanpspkeHuil. [loaTBep:kaeHueM 3Toro siBisieTcss opma pas3pblBa.
Ha ywactkax A mNpOMCXOAUT XPYNKHM pa3pbiB, XapaKTEPHBIMU INPHU3HAKAMU
KOTOPOTO SIBJIAETCS OTCYTCTBUE IIEMKHM W NEPHEHAUKYISPHOCTH MOBEPXHOCTH
pasphbiBa (3epHUCTAs PBIXJas CTPYKTypa) K HanpaBieHUto ycuus. M3-3a 3aaepKku
Pa3BUTHS IUIACTUYECKUX Jedopmaiuil paspyliaronife HampskeHus (CpeaHue)
OKa3bIBAIOTCS BBIIIIE, YEM JIJIS TJIAJIKMX 00pa3IloB.

B cBs3uM ¢ TeM, UYTO KOHILEHTpaIusi HANpsOKEHUS Kak Obl YBEITWYUBAET
IPOYHOCTh MaTepHalia, B pacuerax KOHCTPYKIHUH MpPU CTaTUYECKOM HArpyske u
HOpPMAJIbHBIX TEeMIlepaTypax  OHa CYUIECTBEHHOTO BIMSHUS Ha HECYLIYIO
CIIOCOOHOCTh HE OKA3bIBAET U HE YUUTHIBACTCS.

[Tpu MOHMKEHHBIX TEMIepaTypax MPOYHOCTh TNIAJKUX 00pa3IOB MOBBIIIACTCS
BO BCEM /IMala30HE OTPULATEIBHBIX TEMIIEpaTyp, a O0pa3suoB C HAAPE30OM
(KOHIICHTpAaTOpaMHU HAIPSDKCHUI) MOBBIMIACTCS 10 HEKOTOPOH OTpHIATEIbHOMN
TEMIIEpaTyphl, a 3aTeM NoHMXkaeTcsa. B oOpasmax c¢ "Hakienom" U ¢ OCTPBIM

KOHIICHTPATOPOM HANpPsHKCHUH pa3pylIaloiue HANpsHKCHUS TOMYyYaroTCs HUXKE
fyk yxe mpu Temneparype pasHon - 30 °C. Oco60 HEOTAroNpUATHOE BIHSHHE
KOHIICHTPATOPhI HAIPSHKECHUH OKa3bIBAIOT MPU COYETAHUU HHU3KHX TEMIIEpaTyp U
JTUHAMUYCCKUX BO3JCHCTBUM, a Tak)Ke TPH PE3KOM CHIKCHHH TEMIICPaTypHl,
HOCSIIIIAM XapaKTep TEMIIEPaTypHOTO yAapa, BBI3BIBAIOIINE XPYIKOE Pa3pylICHUE
KOHCTPYKITUH.

CrapeHne, BBI3BaHHOE Pa3BUTHEM IUTACTHYCCKHX JedopmManuii (IIpu mpaBKe,
B MeCTax KOHIIGHTpAllUM HaNpsOKeHUH W Ap.), 3HAYUTEIBbHO CHHXKAeT
COTIPOTUBJISIEMOCTh XPYIIKOMY pa3pyIICHHIO, JOBEAS €ro JI0 3HAYCHHWH Tpeaera
TEKY4YECTH U JTaKE HUXKE.

2.2.4 Paboma memannoe npu no6mopAOWUXca Hazpy3Kax .

Henenue naxknena.
[ToBTOpHOE HArpyXeHHE MOXKET OCYIIECTBIATHCS C IepephiIBOM U 0e3

nepepbiBa (Puc. 2.7). Ecau HanpspkeHHs HE MPEBBINIAIOT MPEAei] TEKy4YeCTH,
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MOBTOPHOE HATPY>KCHHE HE CKA3bIBACTCS HAa MEXAHMYECKHX CBOWCTBAX METaIa,
MOCKOJBKY ymnpyrue naedopmanuu oOpatumbl. [Ipu pabore wmarepuaia B
YOPYTOILUIACTUYECKON CTaJud TIOBTOPHAs Harpy3ka BeEACT K YBEIWYCHUIO
macTuyeckux nedopmaruii (puc. 2.7, a)).

a} g} 3
o ] - 5 jk :g’

e o

Brmameyspre
deqapma it

G

Puc. 2.7 lnarpammbl AeopMHUpPOBAHUS CTAIH MIPU MOBTOPHOM HArpy>XEHUU:
a) —TIpu 3arpyxeHun 0e3 mepepbiBa ; 0) — C mepephiBOM (MOCTE OTAbIXAa); B) —
MHOTOKpPAaTHOE OJIHO3HAYHOE 3arpy’keHue Oe3 mepephiBa; I') — MHOTOKPaTHOE
pa3HO3HAYHOE 3arpyKEHUE.

Ecnau oOpazery 3arpy3uth 10 TJIaCTHYECKOW cTaauu (Mpenesia TeKyuyecTH) U
3aTEM CHSTh Harpy3Ky, TO OH HE BEPHETCA B UCXOJHOE COCTOSIHUE C COXPaHEHUEM
MIPEXKHUX Pa3MEPOB, TOSBATCSA OCTaTOYHBIE nedopmanuu &,., (puc. 2.7, 0)). Ilpu
MOBTOPHOM Harpy>kKeHUM Oe3 TepepblBa JAUarpamMMbl pasrpy3kd W HArpy3Ku
UMEIOT TeTaeo0pa3Hbiil Xxapakrep (puc. 2.7, B), 1)).

[Ipy HEkOoTOpOM TmeEpepbIBE — OTABIXE YIPYyrMe€ CBOMCTBA  CTaju
BOCCTAHABJIMBAIOTCA M JOCTUTAIOT NPEAENIOB MPEAbIAYUIEro IUKIA, MOBTOPSS
npsiMyro pasrpy3ku (puc. 2.7, 0)), HO TOJBKO JO YPOBHS MPEABIIYIIETO
HarpyxeHusi. Toke camoe OyJeT MOBTOPATCA M B TOM CcClly4ae eciau OyJner
nmpoijieHa  BCS IUIOMIAJIKa TEKy4ecTH. B 3ToM ciydyae mpu MOBTOPHBIX
Harpy>KeHHsIX CTajlb He OyJeT MMEeTh IUIOMIAJIKU TEKY4YeCTH, TOBBIIIAIOTCS €e
YOPYTHE CBOMCTBA. Omo no@vluleHue YApy2ux Cceoucme cmaiu 3d cyem
npeouleCmayowux niacmuyeckux degopmayuti Hazviéaemcs Hakjaenom. Hakien
CBSI3aH CO CTapEHUEM U HCKAKEHHEM aTOMHOM pEIIEeTKH KPUCTAJIOB U
3aKpETUICHHEM €€ B HOBOM JI€(hOPMHUPOBAHHOM COCTOSTHHH.

Haknen BbI3bIBaET MOBBIIIEHUE MPOYHOCTH, HO CHIKAETCSl IUIACTUYHOCT.
B cranbHBIX KOHCTPYKIMSAX HAKJIEMN JeNaeT CTajlb 0ojiee KECTKOM M CKIOHHOW K
XpYIKOMY  pa3pylIEHUIO, 4YTO HEOJarompusTHO CKa3blBaeTcsi Ha pabore
KOHCTpYKIMH. Hakien BO3HHMKAaeT MpuU XOJIOAHOW THOKE AJIEMEHTOB, MPOOUMBKE
OTBEPCTHUM, PE3KE JIMCTOB HOKHULIAMHU U JIP.
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[ToBpiieHre MPOYHOCTH OJarogapsi HaKJeMmy MCIONb3yeTCs B AIFOMUHUEBBIX
CIUlaBaX M B apMmarype >KeJe300€TOHHBIX KOHCTPYKIUH [Jsl YBEJIUYEHUs €€
KECTKOCTU ¥ YMEHbILIEHUS TPEUIMHOOOpa3oBaHusl OaTOHA.

2.2.5. Henenue ycmanocmu memaina.

[Ipu MHOTOKpaTHOM (MUJUTMOHBI pa3) MOBTOPHOM HAarpy>KeHUH HaOIo1aeTcs
SBJICHHE, UMEHYEMOE YCTAJIOCTbI0 METaJlIa, BbIpAXKAIOUIEeCs B MOHM)XEHHH €ro
IPOYHOCTH. Y CTAJIOCTh - 3TO MPOLECC MOCTENEHHOTO HAKOIIEHUS MOBPEKICHUN
MaTepuaia noJ JeHCTBUEM HENMPEPHIBHO MOBTOPSAIOIIMXCSA HArPY30K, MPUBOASAIINX
K pa3pylICHUIO IpPU HaNpsHKEHUSX AaKe MEHbIe Ipenena TekydecTtu. Bpems
HOSIBJICHUSI YCTAJIOCTH MeTajljla 3aBHCUT KOJIMYECTBA LUKJIOB HArpyKeHUH u
3HAYEHUN HaIpsOKEHUN: YeM OoJblle HamnpsKeHWe, TeM MeHble TpeOyeTcs
LUUKIOB Harpy3kd [Uis  paspymieHus oOpasua. CrnocoOHOCTh — MeTaia
CONPOTUBJIATHCS YCTAIOCTHOMY Pa3pyIICHUIO HA3bIBAETCS 8bIHOCAUBOCIBIO.

o
o

Puc.2.7 T'paduk 3aBECEMOCTH pa3pyHIAIONIUX HAMPSIKEHUH OT KOJIMYECTBA
LUKJIOB HATPY>KEHUS N.

Y cramm ¢ yBEIWYEHHEM YHCIIA HArPyKEHUU MPOYHOCTh CHUKAETCH,
NpUOJIMKAACh K HEKOTOpOH BenwuuHe oy (puc.2.7), mpu KOTOpoW (maxe mpu
J1000M OOJBIIEM YBETUYEHUH YUCIIA HATPY30K) pa3pylIeHUs] HE MPOUCXOIUT. JTa
BEJIMYMHA HANIPSDKEHUN Oy, HA3BIBAETCS MPENETIOM YCMALOCMHOU (6UOPAYUOHHOU)
npounocmu (BbIHOCTUBOCTH) f;, .  Ilpemenmy ycTaJOCTHONH MPOYHOCTH CTalU
f, oTBeuaer mpumepHo 10 MiH. 1UKIOB Harpy3ku. OpHAKO yXe MpU 2 MIIH.
yCTAJIOCTHAs! MPOYHOCTh MAJI0 OTIMYAETCY OT €€ Mpejiesia, MO3TOMY MCIbITaHUS Ha
BBIHOCJIMBOCTh NMPUMEHUTEIHHO K CTAJIbHBIM KOHCTPYKIHUSAM MPOU3BOJAT HA 0asze
2x10° uknoB Harpysku.

[Ipenen BBIHOCAMBOCTH  3aBUCUT, TaKkkKe, OT XapaKTEpPUCTUKU IUKJA
(p=omin/omax). Ha puc. 2.8 npuBeAeHBI HEKOTOpPHIE XapaKTEPUCTUKH IIHKIIOB
Harpy>keHusi. Harbosee HeOMaronpusTHBIM SBJISETCS IUKII ¢ P = -1! Tak JJis cTanu
C245mpu p=0 f,=240 Mlla, ampu p =-1 f,= 140 MIla.
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Puc. 2.8. XapaKkTepucTHKHU [IUKJIOB HAIpy>KEHUS:
a) — OJIHO3HAYHBIN (HECUMMETPUYHBIN); O) — MOJHBIA OJHO3HAYHBIN; B) —
MOJIHBIN pa3HO3HAYHBINA (CUMMETPUYHBIN).

HpyruMm (akTopoM, OKa3blBAIOIIMM BJIUSHUE Ha NPEe] BBIHOCIUBOCTH,
ABJISIETCS IPOYHOCTh METAJLJIA - C YBEJIMYEHUEM IIPOYHOCTH NPEIET BBIHOCIUBOCTH
TaKXE€ YBEIMYHBACTCS. Haubonee cymiecTtBeHHOE BIMSHHE Ha Mpeieln
BBIHOCJIMBOCTH OKAa3bIBAIOT KOHLEHTPATOPHl HanpsukeHud. Tak, ns cramm C245 -
IIPY KOHLIEHTPATOpE B HAa4yaje CBApPHOI'O YIJIOBOrO HIBAa (HEMPOBAp B KOPHE IIBA) -
npezen BIHOCIUBOCTH paBeH nuib 40 MITa. [Ipu koHUeHTpaTopax HAIPsIKEHUN -
IIPEAENT BBIHOCIMBOCTH BBICOKOIIPOYHBIX CTAJIEW Maj0 OTIMYAeTCs OT Ipenesa
BBIHOCJIMBOCTH  MaJOYTJIEPOINUCTHIX craneii. [losToMy B KOHCTPYKIMSX,
BOCIIPMHHUMAIOIIIUE TIEPEMEHHBIE HAIPY3KH, HE BCET/IA BBITOAHO MPUMEHSTH CTAJIN
NOBBIIIEHHONM MPOYHOCTH ©O€3 MNpuHATHS chneuuanbHbix Mep. Ha mpepen
BBIHOCJIMBOCTH OKa3bIBAET BJIMSHUE TAKKE BUJ HAIPSOIKEHUS - MPU NpPeoOIIalaHun
ckatusg OH Oombiie, 4yeM npu pacTsbkeHud. OTpuIatenbHas TeMIeparypa
HECKOJIBKO  IIOBBIIIAECT  IIPEAEed  BBIHOCIMBOCTM  MAJIOYIVIEPOAUCTBIX U
HU3KOJIETUPOBAHHBIX CTAJIEH.

IIpr MHOTOKpAaTHBIX HENPEPBIBHBIX HArpPyKEHUAX pPa3pblB METAJUIMYECKUX
JJIEMEHTOB SBJACTCA XpPYyNKUM. IIOBEpXHOCTH paspylleHHs HMEET JBa SPKO
BBIPAKEHHBIX YYacTKa: TIAAKUN (31ech 00pa30BajuCh MEPBbIE MUKPOTPEIIUHBI U
IpU TOBTOPHBIX HArpyXEHHUSIX IMOBEPXHOCTU OTHUIM(POBATUCH) U 3EPHUCTHIN
(3aech MpoM30LIEN OKOHYATENIbHBIN Pa3phiB).

[IOBBICUTH CONMPOTHUBJIIEHHWE YCTAJIOCTHOMY pAa3pyLICHUIO KOHCTPYKIIUU
MOYHO PSIIOM MEPOIPUATHIA:

— B KOHCTPYKUUSAX O€3 KOHLIEHTPATOPOB HANpPSDKEHUN NEepexoJoM OT
MaJIOYTJIEPOJAUCTBIX CTAJIEH K CTAJIAM JISTUPOBAHHBIM;
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— B KOHCTPYKLHMSIX CO 3HAYUTEIbHBIMU KOHIICHTPATOpaMH HAMNPSHKEHUM:
CIJIAXKMBAHUEM CHUJIOBOTO TOTOKA, NMEPEXOAs K KOHCTPYKIHUSM ¢ 0ojee MSATKUMU
KOHIICHTpAaTOpaMU HAMpPsHKEHUH;

— CHWXEHUEM KOHLEHTpAlMu HampspkeHUu  o0paboTKoi, Hampumep,
3aUMCTKON MOBEPXHOCTU CTHIKOBBIX IIIBOB a0pa3UBHBIM KPYTOM WK (Dpe3oi;

—CO37laHUEM  OJarOmpHUsTHBIX BHYTPEHHUX  HAMpPSOKECHUH, HaMpUMeEp
HarpeBOM y MECT KOHIICHTPAIIMU HAMPSHKEHUN € LENbI0 CO3JaHUsl HaNpsHKEHUN
CKATHUs B MECTaX KOHLEHTPALIMU U APYTHE MEPOTPUSITHSL.

2.2.6. Yoapnas eéazxocmo

CKJIIOHHOCTh CTald K XPYNKOMY pa3pylIEHWI0O W YYBCTBUTEIBHOCTH K
KOHIICHTPALIMU HANPsHKEHUN MPOBEPSETCA UCIBITAHUEM Ha YAApPHYIO BSI3KOCTb.
Wcnbrranus npousBoasatcs Ha oopaszinax tuna KCU nu6o Ha obpasmax tuma KCV
— C ocTpbiM mojape3oM. Pasmepst crangaptHoro oopasua tuna KCU npuBeneHs
Ha puc. 2.9. (oOpa3usl Tuna KCV uMmeroT Ttakue xe pa3smepbl, TOJbKO OCTpPbIN
noape3 2 Mm) .

i) - : T
r=7 y =
o) s S e
| & T
Lt | T
ﬁ:
. a} .
r=025 L [
"“'.- Iﬂ f‘_-’ a. ll.'ql
b 5
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2l “
\ Dy v -
MPEMUHg - - o I
. S |

= _,AF_.l yi)

Puc. 2.9. Cxema ucnbITaHUI U TUIIBI 00Pa31OB JUIsl UCOIBITAHUN HA yAApHYIO
BSI3KOCTh: a) — CXEMa HCIBITAaHWA Ha MasTHHKOBOM Korpe; 0) - oopaszen KCU ¢
NOJYKpYTiabsiM Hazipe3oMm (Menaxe); B) - oopazery KCV ¢ V-o0pa3HbsiM  Haape3oM
(ITapmm); T) — 0o6pazen ¢ TpenuHo (Jpo3moBckoro).

Vnapuas Bsskocts (KC B [x/cM?)) onpenensercs yaenbHoit paboroit ([x),
3aTpadyrBacMoOi Ha pa3pylIeHHe CTaHIApTHOro obpasma ¢ HaapesdoMm ( KCU wmm
KCV) npu pa3nuyHbIx Temieparypax Ha MasTHHKOBOM koripe. Hanpes B oOpasie
SBIIAETCS KOHIIEHTPATOPOM HANPSIKEHUW U BBI3BIBAET MX BCIUIECK Y KOpHS
Hajpe3a. YapHoe JelcTBHE Ha 0o0pasel] yBEIUYMBAET BO3MOKHOCTH IEpexoja
MeTasia 00pasiia B XpyInKOe COCTOSTHUE.

55



3HaUYE€HHUE YJIapHOU BA3KOCTU 3aBUCHUT OT TEMIEPATyphl U BEJIIMYMHBI 3€pHA.
Uem Hmke TeMrmeparypa W KpylnHEe BEIWYMHA 3€pHa cTaiu, TeM 3HaueHne KC
HUKE, M HAoOOpOT, MJI1 MEJIKO3EPHUCTOU CTPYKTYpbl U TMOJIOKHUTEIbHOU
Temriepatype — Bbllie. [lepexom OT BA3KOro pa3pylieHUs CTald K XPYNKOMY
MPOUCXO/IUT, KaK MPaBHUIIO, CKAYKOOOPA3HO B Y3KOM TEMIIEpaTypHOM Juana3oHe,
Ha3bIBAEMOM NOpo2oM Xaaooaomkocmu (KpUTHYECKas TeMIeparypa Iepexoaa
CTaJId U3 IJIACTHYECKOr0 B XPYIKOE COCTOsiHUE). [lopoe xaadonomkocmu — 3TO
TeMIlepaTypa, Ipu KOTOPOM MPOMCXOAMUT CHaJ yIapHOW BA3KOCTH WM yAapHas
BSI3KOCTh Y CTaHAAapTHOTO oOpasma ¢ Haxpe3om Tuma U cHmkaercs Hmwke KC < 29
Jx / cM? u Hagpesom thna V cHmxaercs Hmwke KC < 34 JIx / cm? | cranb
NEPEXOUT B XPYNKOE COCTOSHME. YJapHas BSA3KOCTb PE3KO CHIXKAETCA Y
COCTApEHHOT0 MeTajlla, HampuMep y KUrsmed cranu. s HU3KoJIerupoBaHHBIX
CTaJlel B JAuana3oHe pabOThl OTPHUIATENBHBIX TEMIIEpPATyp 3HAYCHHE YIapHOMN
BSI3KOCTU MPUOIMKAETCS K 3HAYCHHUSIM MaJIOYTJIEPOJUCTON CTaIIH.

B geiicTByrommx nOpaBWiIaxX MNPOEKTUPOBAHUS HAJEKHOCTh CTaJbHBIX
KOHCTPYKIIMH IO OTHOLICHHIO K XPYNKOMY pa3pylIeHUIO JOCTUTaeTcs, B
OCHOBHOM, BBIOOPOM MAapKH CTajJM C FapaHTUPOBAHHOM yAapHOM BSI3KOCTHIO MPHU
NOHW)KEHHOW  pacyeTHOM  TemImeparype, a  Takke  CIeUHaTbHBIMU
KOHCTPYKTUBHBIMHU W TEXHOJIOTMYECKHUMH MEPONPUATUIMH. bpakoBo4HbBIE
3HaueHus ymapHoiu Bsiskoctu mpuBenaeHsl B ['OCT nHa crtans. B Tabmmme 2.2
IPUBEAECHBl OPAKOBOYHBIE 3HAYECHUS YJApPHOW BA3KOCTH Ui PA3JMYHBIX MapoK
CTaJIeil OTEYECTBEHHBIX U €BPONEUCKUX CTaHJIapTOB.

2.2.7. Bauanue memnepamypul u paouayuu
3HayeHus TMpefena TEKydyecTH U TIpejeia MTpodyHocTH (cMm. Tabi.2.2)

OTHOCSTCS K HopMasibHOM TemnepaTtype 20°C. [Ipu n3mMeHeHnn TemmnepaTypsl 3TU
nokazaresu MeHstoTes (puc. 2.10).

& B
aekilaind Enticn?
Hf
50 < 210
~_ |2

18194
N—16-70*

[ ™

(4
=100 O *100+200 +300+%00 500 +600

Puc. 2.10. MexaHnueckne XapakTEPUCTUKU MaJOYIJIEPOAUCTON CTAIA IIPU
U3MEHEHUHU TeMIeparypbl: 1 — MOAYJb YOPYrocTH; 2 — Mpeaes MPOYHOCTH fyx
(BPEMEHHOE CONPTHUBIIEHUE); 3 — MPEEI TEKYIECTH fy .
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MexaHuueckue XapakTepUCTHKU CTalld MPU HATPEBAaHUU 1O TeMIepaTypbl
100...200°C  mpaktuyecku He MeHseTcs. llpu oTpumaTenbHON TemIiieparype
npenesa  OPOYHOCTHM M MpEeJeN TEeKYy4YeCTH CYIIECTBEHHO IMOBBIIMIAIOTCS U
IpUOINKAIOTCS MEXLy CO00M, MacTuyeckas ctainus padoTbl yMeHblnaercs. [lpu
temriepatype 200...300°C npenen mpOYHOCTH CTATU HECKOIBKO TOBBIIIAETCS.

[Ipu Ttemneparypax Bbime  400...500°C 3amedaercsi pe3KO€ CHUKEHUE
fuk Ufuk ; mpu 600°C oHM ONWM3KM K HYJIIO W HECymas CIOCOOHOCTh CTaJH
MIPAKTUYECKU NCUEPIIHIBACTCS.

[Tox neiictBueM paauanmoHHoro oOmydeHus (OomOapmupoBka a u [ -
YaCTUIIaMH, TPOTOHAMH, HEUPOHAMH, YCKOPEHHBIMHM HOHAMHU) IPOUCXOJIUT HE
TOJIbKO HWOHHW3allUsl MeTajla HO W BBHIOMBAHHE aTOMOB W3 KPUCTAJUIMYECKOU
pEIIeTKH, BbI3bIBasS KAaCKaJbl AaTOMHBIX CTOJIKHOBEHHHW U CMEIIEHUH C
o0pa3oBaHMEM KpPYIHBIX CKOIUICHHM BakaHCUU, oOmactel pa3ynpodHEHus,
JUCIIOKAIITMOHHBIX TIETeNIb U JIp., HAa3bIBAEMBIX PaJMANMOHHBIMU Aedekramu. B
pe3ysbTaTe YEro YBEJIWYMBAETCS HECKOJBKO IPOYHOCTh (KaK NpH 3aKaJIKe),
CHWKAETCS MJIACTUYHOCTD, MMAJIaeT IJIOTHOCTh, CTANIb CTAHOBUTCS XpynKoi. Kpome
3TOr0 Mpu TNOBBINIEHHBIX TeMmiepaTypax(350...600°C) npoucxoauT Tra3oBoe
pazOyxaHue NpH paJuallMOHHO-XMMHUYECKHX TMPEBpAlICHUSX 3JIEeMEHTOB. YTo
IPUBOAUT K yBenudeHuto oobema 10 10% Taxum ob6pazom mpu paaraiiioOHHOM
00JIy4EHUN MEHSIIOTCSI HE TOJBKO MEXAaHUYECKHE XApAaKTEPUCTUKHU CTajed, HO U
XUMUYECKHE U (PU3UYECKUE CBOMCTBRA.

2.2.8. Koppo3usi MmeTa1ji0B
Koppo3ueit meTanna Ha3bIBalOT pa3pyllIeHHE €ro MOBEPXHOCTH BCIIEICTBHE

XUMUYECKOTO,  JJICKTPOXMMHUYECKOTO M OMOJIOTHYECKOrO0  BO3JICUCTBUI
okpyxatomierd cpenbl. I[lokazatenstMu cpelibl, ONPEAENSIONIMMHA CTEIEHb €€
arpecCUBHOCTM IO OTHOUIEHHWIO K KOHCTPYKLMSM, SBIISETCS OTHOCHUTENIbHAS
BIIQXXHOCTh (KpUTHUYECKasi BIaXHOCTh mna cramu 70...75%, korma BeImagaet
KOHJIEHCAT), TeMIlepaTrypa, COCTaB M KOHLEHTpAlMsl Ta30B WU TMbUIM, TyMaHbI
arpecCUBHBIX >XKUJKOCTEH np. CTpouTEIbHbIE CTalbHbIE KOHCTPYKIUM TJIaBHBIM
00pa3oM TMOJBEP>KEHBI DJICKTPOXUMHYECKON, aTMOChEpHON KOPpPO3WH, KOTOpas
ONPENETACTCS JJICKTPOXMMUYECKUMH TMPOLIECCAMM Ha TOBEPXHOCTH CTAA B
MPUCYTCTBUH BJIaru. Buapl KOppO3MOHHOTO pa3pylIeHUs TOKa3aHbl Ha puc. 2.11.
KpoMe arpeccuBHOCTH cCpeApl SKCIUTyaTallMOHHAsi  CKOPOCTh KOPPO3UU
3aBUCUT OT XMUMHYECKOTO COCTaBa CTaIH. [[ns arpecCHBHOM Cpeapl CleayeT
MPUHUMATH JieTupoBaHHble ctayiu mapok C345K, 10XCH/I, 15XCH/, 10XHAII,
KOTOPbI€ UMEIOT MOBBIIIEHHYI0 KOPPO3UOHHYIO CTOMKOCTh U KOPPO3UPYIOT MOUTH
B 1,5 paza mMemyieHHee MaJOyTJIEpOAUCTON cTamu. ATmocdepocToiikas craib
10XHJIT MoXeT mpUMEHATHCS O€3 AHTHKOPPO3UOHHOM 3aIUTHI.
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Puc. 2.11. Buasr koppo3uu:

a) — paBHOMepHas; 0) — HepaBHOMepHast; B) — matHamu (d >h); r) — s3BenHas
(d >> h); n1) — Toueunas, murtunrosas (d < h); €) — MEXKPUCTAJUIMTHAS, XK) —
HOJIMOBEPXHOCTHAS; M) — KOPPO3HOHHOE PaCTPECKHUBAHUE.

Jns 3amuThl CTaJbHBIX KOHCTPYKLUMU OT KOPPO3UHM IPUMEHSIOT CTaju
JIETUPOBAHHBIC CHEIUAIBHBIMA J00aBKaMH, HAHECCHHUE 3allUTHBIX MOKPBHITUN
(aHOIMpOBaHME, IMHKOBAHUE), 3aIIUTA JJAKOKPACOUHBIMU MOKPBITHSIMHU.

2.2.9. Bvioop cmanu.

Beibop cramm i METAUTMYECKMX KOHCTPYKIIMH  OCYIIECTBISETCS B
3aBHCHUMOCTH OT BUJIa Harpy3KkH, TEMIEPaTypHBIX YCIOBHM 3KCIUTyaTalluu U BHUIA
COEIMHEHUI, a Takke B 3aBUCUMOCTH OT CTENEHEHl OTBETCTBEHHOCTU
KOHCTPYKTHUBHOTO PEIICHUS 3/1aHUS U COOPY KECHHUS.

B cootBerctBUM C¢ mpuiokeHuemM A [5] pasnmuyaror ciemyromue TPYIIBI
CTAJIbHBIX KOHCTPYKIUH, ISl KOTOPBIX MPUMEHSIOTCS CIEAYIONIUE CTAH:

['pynna 1. CBapHble KOHCTPYKIMHU WM UX 3JEMEHTHI, padoTalIue B 0000
TSOKENIBIX  YCIIOBUSIX, WM TIOJBEPraloluecss BO3ACHCTBHIO JIUHAMUYECKUX,
BUOPAIIMOHHBIX WM TOJBIKHBIX HArpy3ok (Oajku KpaHOBBIX IyTeH, pabodmx
TUIOMIAZ0K, KOHCTPYKIIMKA OYHKEPHBIX U Pa3rpy304YHBIX 3CTaKal, PacoHKU GpepMm u
ap.). Ilpumensitot cranu C255, C345, C355 ...

['pynma 2. CBapHble KOHCTPYKIMM WJIM HMX 3JIEMEHTHI, paboTarouiue MpH
CTaTMYECKON Harpy3ke M MpH HAIWYUHN PACTATUBAIONIUX HampsoKeHUi (hepmsl,
Oanku, purenu Ap.). [lpumenstor cranu C245 C255, C345, C355...

I'pynna 3. CBapHble KOHCTPYKIIMHM WJIM MX 3JIEMEHTHI, paboTarolue mpu
CTaTUYECKOM Harpy3ke TMpeuMYyIIECTBEHHO Ha CKaTtue (KOJOHHBI, CTOWKH,
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onopHele WKThl uAp.). Ilpumenstor cranu C235 (B psane caydaen), C245 C255,
C345, C355...
['pynna 4. BcnomoraTtenbHble KOHCTPYKUUU (CBSI3U, KPOME YKa3aHHBIX B Tp.
3, aneMeHThl (haxBepka, orpaxkaeHus u ap.) [lpumensitor cranmu C235, C245...
[Ipu BBIOOpPE MapKu  CTanu NPEANOYTEHHE HAJI0 OTJaBaTh IEPBOM
PEKOMEHJOBAaHHOM CTAIM WIM JPYTMX — IMpPU TEXHUKO-3KOHOMUYECKOM
000CHOBaHUM.

Conepxxanue npakTuueckux 3ansaruii mo |l pasgeny

IIpakTuyeckoe 3ausitue Ne 1. Onpedenenue zeomempuuecxku
XapaKkmepucmuK ceyeHuil 3J1eMeHmaoe

Ipumep 2.1. OnpeneneHue TEOMETPUYECKU  XAPAKTEPUCTHUK CEUEHUS
npuBeneHHoro Ha puc. |l. 1 (pa3mepsl B MM): LIEHTp TsKecTH ceueHus, A, Iy, ly,
Wiy, Wy, S,

tr =18

h=450
hw=414

18

bf=450

t

Puc. Il.1 Ceuenne KOIOHHBI
CedeHrne CUMMETPUYHOE, HEHTP TSHKECTH HAXOJAUTCS MOCEPEANHE CEUCHUS.
IImomane ceueHus:

A=2bt; +ht, =2-45-1,8+41,4-1=203,4 cm?;

MoOMeHTBI HHCPIHHN CCUCHUA!

3 bt 2 ] 3 13
| :ﬂ+2[L+bftf£m;twj le 41,4 +2(45 18

12 12 12 12

2
+45¢g.(@) J=81539,6 em;

t;b? 453
l, =2[ f f}:(l'g i J=27337,5 om;

12 12

Pannyce! nnepunn ceuenus:
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. _ [ _ [e1539,6
203,4

=20,02 cm;

-

|, [273375

YN A\ 2034

=11,59 cm.

-

MoOMeHTBI COIIPOTHUBJICHUA:

1 81539,6
W,==%= = 3623,98 cnM®,
y 22,5
I 27337,5
W, =<= = 1215 cM®
yooox 22,5

CraTu4ecKuii MOMEHT MOJIKH U TTOJIOBUHBI CEUECHUS

Sp=Ar yr=(45-1,8)-(0,5-41,4 + 0,5 1,8) = 1749,6 cM®,

Sy =Asyr + 0,54, 0,25h,, = (45-1,8)-(0,5-41,4+0,5-1,8) + (0,5-41,4- 1"
0,25-41,4) = 1749,6 + 214,245 = 1963,845 cm®,

IIpumep 2.2. OnpeneneHue reOMETPUUECKA XapaKTEPUCTUK CeueHus Oajkwu,

npuBegeHHoro Ha puc. Il. 2 (pasmepsl B MM): LIEHTp TsKECTH ceueHus, A, Iy, ly,
Wi, Wy,
.
' TR
8
X X gg
[Te}
|
>
y i X
560
Puc. 1l. 2. Ceuenue Oanku

IImomane ceueHus
A=32-25+80-08+56"2=256cMm2
OHpeI[eJ'H/IM I_IGHTp TAXKECCTU CCUCHUA, I/ICXOI[HYIO OCb COBMCCTHUM C FpaHBIO
HUKHETO 1osica. PaccTogaue oT ATOU OCU A0 OCHTpa
%S _ 32:2,5:(84,5-0,52,5)+80:0,8:(0,5:80+2)+56:2:0,5:2
y= YA; 32-2,5+80:0,8+562
MOMGHTBI I/IHepI_[I/IH CCUCHUA:

.2.53 80°
L =222 1+32-25-(845-36,95—0,5-25)2 + 22— +80-0,8- (0,580 + 2 —

.23
36,95)% + 53—22 +56-2-(36,95—0,5-2)% = 352088,77 cm?,
. _2,5-323+2-563+80-0,83
Y12 12 12

MoMEHTBI COIIPOTHUBJICHUA OTHOCUTCIIbHO BCPXHET'O U HUKHCT'O ITIOACOB Oaaku

352088,77 352088,77
=t 7404603, W, = ! = 9528 7em
: 84,5—-36,95 : 36,95

= 36,95c¢cmM,

= 36099,41cm*.
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Paszpnen |11. OCHOBBI PACYETA METAJVIMYECKUX
KOHCTPYKIIUMN.

Tema 3.1. MeToauka pacyera MeTAVINYECKUX KOHCTPYKIM
noémnpeae;JbHbIM COCTOSIHUSIM

3.1.1. Obwan xapakmepucmuka npedenbHbvIX COCMOAHUIL

Pacuer MeTammmuecKkux KOHCTPYKIHMA MTPOU3BOAUTCS 110 METOY MPEAEIbHBIX
cocTossHMI. MeTo1 pacyeTa Mo MpeaesibHBIM COCTOSIHUAM co3/1aH B 50-x rogax XX
Beka B CCCP u BBeneH B neicteue ¢ 1.01.1955 .

[Tox npeneabHbIMU COCTOSHUSMHU TOHUMAIOT TaKUE COCTOSIHUS, PU KOTOPBIX
KOHCTPYKI[MM  TEPECTAIOT  yAOBIETBOPATh  3aJaHHBIM  3KCIUTyaTallMOHHBIM
TpeOOBAHUSM WA TPEOOBAHUSIM IPU MPOU3BOJCTBE PadOT.

B pacuere KOHCTpYKUMN YyYHMTBIBAIOTCS JBE TPYIIbl PEACIbHBIX
COCTOSIHUU:
nepeasi epynna — 1O IOTEPE HECYIIEW CHOCOOHOCTH WM HENPUTOJHOCTH
KOHCTPYKIIMH K JaJbHEUIIEW JKCIUTyaTalu! ;
émopasi 2cpynna — TO HENPUTOJHOCTH KOHCTPYKUMA K HOPMaJbHOM
AKCIUTyaTallH.

K npenenbHbIM COCTOSIHUSIM TIEPBOM TPYIIIIBI OTHOCST:

- pa3pyuieH#us J1r000ro xapakrepa (BSI3Koe, XpyInKoe, yCTaJI0CTHOER);

- TIOTEPIO0 YCTOMYMBOCTH (POPMBI (HATTPUMED, MOTEPIO YCTOMUUBOCTH CXKATOTO
WJIU U3ru0aeMoro bJIEMEHTA);

- TIOTEPI0 YCTOWYMBOCTHU MOJOKEHUS (OMPOKUIBIBAHUE JBIMOBOU TpyOBl U
ap.);

- BOSHUKHOBEHHE TPEIINH, KOTOPbIE MOTYT IPUBECTH K OOPYIICHHUIO;

- Ype3MepHOEe Pa3BUTHUE TUIACTUUECKUX (OCTATOYHBIX) AePOopMalnil.

K mnpenenbHbIM COCTOSIHUSIM BTOPOW TPYNIbl OTHOCSATCS IEPEMEIICHHUS,
OCaJIKu, KoJieOaHusl, 3aTPyAHSIONIME HOPMaJbHYIO OJKCIUTyaranuio. Hampumep,
Ype3MEpHbIA MPOrud MOAKPAHOBOM Oalku MPUBOAUT K MPOOYKCOBBIBAHUIO KpaHa
U 3aTPyJHSET €ro MepeIBHKEHHE; IEepeMEIIeHUs Kapkaca (KOJIOHH) — K
MOBPEXKICHNUIO CTEHOBOI'O 3all0JTHEHUS U T.I1.

VYcaoBue Ay OEepBOW  TPYMNNbl MPEACNIbHBIX COCTOSHUM MOXKET OBITh

3amnucaHo B 00IIEM BHUJIE:
Ed<Rdq, (3.1)
rne Eq — pacueTHoe 3HaueHue dpdexta BO3ACHCTBUN WM PACUETHOE YCHIINE
(BepOSITHOCTHOE MaKCHMAaJIbHOE 3HAYCHUE YCHJIUS B CEYCHHH DJJICMCHTA 3a BECh
NIEpHO/I AKCILTyaTanuu (PyHKIHS Harpy30K U BO3ACHCTBHIA));
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R; — pacuerHoe 3HA4YeHHE COMNPOTUBIEHUS dJEMEHTAa WM Hecyuas
CIIOCOOHOCTh (BEPOSITHOCTHOE MHHHUMAIIbHOE 3HAYEHHE HECYyIIeH CIOCOOHOCTH
aneMeHTa ((pYHKIMS CBOWCTB MaTepuaa, ycjaoBUil paboThl, pa3MEpOB JIEMEHTA )).

3HadyeHue Ey ONpenenstor:

Eq =X N; Fyi v ke v (3.2)
rae Fy,; — xapakrepuctuieckoe (HOpMaTUBHOE) 3HAUYCHUE 1 - M HATPY3KU;

N; — ycuiue B pacCUUTHIBAEMOM BIIEMEHTE OT i - i Harpy3ku mpu Fj,;=1;

Yri — YaCTHBIA KOI(PMULMEHT 110 HArpy3Ke JUIA 1 - i HarpysKH,

kr; — xosddunmenT mocneAcTBHL, MPUHUMAEMBI B 3aBUCUMOCTH OT YPOBHS
OTBETCTBEHHOCTH 3JaHUsl WIH COOpPYXXEHHUS, KOTOpas, B CBOI O4Yepelp,
OTIpe/IeNIsIeTCSl pa3MEepPOM MAaTEepPUAIBHOTO U COLHMAIBHOIO yiiepba, BO3MOKHOTO
IPU JOCTUKEHUHU KOHCTPYKLIMSAMHU MPENEIbHOTO COCTOSHUS, IPUHUMAEMBIH 110

CH [4] Tabn. A.6 B 3aBUCHMMOCTH OT KJacca TMOCiIeACTBuN, Tabna. 4.1
(cootBerctBenHO s CCl- 0,9; mis CC2-1,0; s CC3-1,1). Bwibop 3HaucHMiA
ko3 durueHTa ky; IpON3BOAUTCS MPOSKTHOW OpraHU3allMeil Mo COTIACOBAHUIO C
3aKa34YuKOM;

Yec — KO3(Q(PUUUEHT COYETaHUM, YUHUTHIBAIOIIMI BEPOSTHOCTH OJHOBPEMEHHOIO
JNEUCTBUS Harpy30K U BO3JIEHUCTBUM C MAKCUMAaJIbHOW BEJIMYUHOM, 3aBUCUT OT BUA
U KOJIMYECTBA HArpy30kK U Bo3aeicTBuil ( We<l) ;

PacuetHoe comporuBienne (Hecymias CHocoOHOCTh) Ry MO Tpenemny
TEKy4YEeCTH MaTepuana:

_ Af yk'Ye

Rq —T:A'fyd'yc’ (3.3)

rae A — reoMeTpuuecKas XapakTepHCTUKA CEUeHHS;
fyx — XapakTepUCTHYECKOE 3HaueHue mpenena Tekydectd craau (B CHull
[11] — f,x oOo3Haumu kak Ryn);
Ym — YacCTHBIM KOXPPUIMEHT MO Marepualy, YYUTHIBAEMbI HW3MEHYMBOCTH
MEXaHMYECKUX XapakTepucThk (cM. tadut. 3 CII [5]);
fyd— pacueTHOE 3HAUCHHUE Mpeieaa TCKYUYECTH.
[To popmyme (3.3) onpenenstoT HECYIIy0 CIIOCOOHOCTh B OCHOBHOM BCEX BHUJIOB
CTPOUTEIBHBIX CTATHHBIX KOHCTPYKIHH (0anku, hepMbl , KOJOHHBI, PUTEIH | T.J).
PacuetHoe compotuBieHue (Hecymas CcnocoOHOCTh) R,; mo mpexaeny
IPOYHOCTH MaTepuaa:
Rd — — AfukYc

A fuave
= , 3.4
YuVm Yu ( )

r1e fyx - XapaKTepuCcTUIeCKoe 3HaueHue mpeaesna npounoctu craau (B CHull [11]

— fux0003Hauanm kak Run);
fud— pacueTHOE 3HAUCHUE Mpe/ieia MPOYHOCTH;
vu=1,3 —gacTHBIN KOA)PUITUEHT 711 KOHCTPYKIIUU U DJIIEMEHTOB,
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PaCcCUMTHIBAEMBIX HA TMPOYHOCTh C HCIOJIb30BAHUEM PACUETHOrO 3HAYCHUS
npejena NpoYHOCTH.

[To gopmyne (3.4) ompeaensitoT HECYIIYIO CIIOCOOHOCTh TaKUX KOHCTPYKIIMM
JUIS. KOTOPBIX paboTa CTald ¢ YYETOM Pa3BUTHS IJIACTUYECKUX Jaedopmariuii He
HapylIaeT HOPMaIbHYIO SKCIUTyaTaI[uio KOHCTPYKIHH (Harpumep, TpyOOoIpoBO/IbI,
ra3omnpoBOALI U JIP.).

VYcenoBue miissi BTOPOM  TPYNIbI IPEACIBHBIX COCTOSHHN MOXET OBITh

3aIMCaHO B BUJIE:
Oi <0, YFy 6w kp <6 (3.5)

rne O, - AedopMarus WIK TepeMelieHrne KOHCTPYKINU, BOSHUKAIONIUE OT
XapaKTepUCTUYECKNX HArpy30K M BO3ACUCTBUM Fy; ;

Oi — ynpyrast aegopmarys Wik nepeMenieHue KOHCTPYKLUHU, BO3ZHUKAIOIINE
OT YCWJIMS B PACCUUTBIBAEMOM 3JIeMeHTe oT Fp;=1 ;

0 — npenenbHbe nepopMaluy UK MepeMEeIeHUs, YCTaHOBICHHbIE HOPMaMU
WIM  3aJlaHUEM Ha  IPOEKTHUPOBAHUE, OIPAHUYMBAIOIINE  HOPMAIbHYIO
skcrutyaraiuio (pasgen 18 CIT [5]) .

3.1.2. Xapakmepucmuueckue u pacuemnple 3Ha4eHUsA NPOYHOCMU CMaAell.

B Tabmune 3.1 mpuBeneHB 3HAuYEHUS PAcUETHBIX 3HAYEHUN Mpejerna
TekydecTH fyq  mpenena mnpouHocTH fug cTanm mpokara, THyTBHIX poduIeh U TpyO
JUIA PA3IMYHBIX BHIOB HANPSOKEHHBIX COCTOSHMH, TIE fy M fy COOTBETCTBEHHO,
XapaKTepUCTHUUECKUE 3HAYEHUsI Tpejesia TEeKy4eCTH U TMpeliesia MPOYHOCTH,
MPUHUMAEMBIE COTJIACHO CTAHIApTaM Ha MPOKaT.

Tadauua 3.1. PacueTHble XapaKTepUCTUKH MAaTEePUAJIOB

PacuetHoe
HamnpsbxenHoe cocTosiHue 3HAYCHHE
MPOYHOCTH CTaju
nmpokaTa u Tpyo

ITo npenemy fye= fyu/Vm
Pactsxenue, cxxatue, U3ruo TEKYy4eCTH
ITo BpeMeHHOMY | fud = fi1 /Vim
COIPOTHBIICHUIO
Casur fs=0,58f,4

CwMsiTHe TOpIEeBOM MOBEPXHOCTHU (MpU HAIMYUM NPUTOHKK) | T,= fir /Vm

CmsTHe MecTHOe B IMIuHApHuYeckuXx mapHupax (nandax) | fip= 0,5 fik /Vm
[P IJIOTHOM KacaHuu

JlnameTpasbHOE CkaThe KaTkoB (Ipu cBoOOaHOM KacaHuu B | fa=0,025 £, /Vim
KOHCTPYKIUSX C OTPAaHUYEHHOM MOABHKHOCTBIO)

30ecb ¥m— 4acTHBIN KOI(PGUIUEHT 10 MaTepualy.
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IIpu pacyere cTanbHBIX KOHCTPYKIMH B KA4eCTBE MEXAHUYECKHUX
XapaKTEPUCTUK MPOYHOCTH METAJIJIA UCHOJB3YIOT XapaKTEPUCTUUECKUE 3HAUECHUS
Tpesiena TEKYYECTH fy, U NpeeNa IPOIHOCTH CTalH fy,y, KOTOPHIE ONMPENENAIOT Ha

OCHOBE JAaHHBIX PE3YJbTATOB HCHBITAHWA OOpa3lOB MPU HX CTATUCTHYECKOU
00paboTKe METo/laMHi TEOPUHU BEpOSITHOCTEN ¢ obecredyeHHOCThi0 He MeHnee (.95.
PacueTHbie 3HaueHHs Tpejesia TEKy4eCTH M Mpejesia MPOYHOCTH MOJIydaroTcs
JIeJICHUEeM WX XapaKTepUCTHUYECKUX 3HAYEHUM Ha YacTHBIA  KOI(POUIIMEHT MO
Mmarepuany ym (cM.1abm.3.1). 3HaueHus 3Toro koddduimeHTa MU3MEHIIOTCS B

npenenax ot 1.025 o 1.1 B 3aBucuMocTH ot nipokara cormacio taodur. 3 CII [5] .

IIpu pacuere CTaJIBHBIX KOHCTPYKUMH B 3aBUCUMOCTH OT HalpsKEHHO-
nedopmupoBanHoro cocrosuus (panee HJIC) nmomepednblie ceUeHHS] KOHCTPYKINN
MOJIPA3IEISIFOTCS HA TPH KJIACCA PACUETHOTO CEYEHUS:
1-it knmacc — HJIC, mpu KOTOpOM HOpMaJIbHbIE HAMpSKEHUS 10 BCel
TUTOMIAIV CEYCHUS HE TPEBBINIAIOT PEIEN TeKy4ecTH cTanu: 6 < fyq
(ynmpyroe cocTostHUE CEYEeHHUs);

2-it kmacc — HJIC, npu koTopoM B OAHOM 4YacTu ceueHus G < fyq, a B qpyroit
o = fya (ynpyro-miactuyeckoe COCTOSHUE CEUCHHUS);

3-ii kmacc — HJIC, mpu KOTOpOM 1O BCEH IUIOMAAM ceueHUus & = fyg
(MIaCTUYECKOE COCTOSIHUE CEYEHHsI, YCIOBHBIM IUIACTUYECKHM
HIAPHUD).

3.1.3. Hazpy3ku u 6030eiicmeusn

[Ipu POEKTUPOBAHUM CTPOUTEIBHBIX KOHCTPYKIIUN JOJIKHBI YUHUTHIBATHCS
Harpy3KkH, BO3HUKAIOIINE KaK B CTAJIWU AKCIUTyaTalluu, TaK U MIPH U3rOTOBJIECHUH,
TPAHCIIOPTUPOBKE, XPAHEHUHU U MOHTAXKE KOHCTPYKIIHM.

ITo BpemeHM NeNCTBUS HATPY3KH MOAPA3ACIISIOTCS !

— Ha MOCTOSIHHBIEC (BEC MOCTOSHHBIX YacTeil 3JaHuM, TaBJICHUE TPYHTA, MPE.
HaIpsDKEHKME- 9TU Harpy3Ku HEM3MEHHBI BO BPEMEHM );

— U BPEMEHHbBIE, KOTOPBIE, B CBOIO OUY€pElb, PA3JCISIIOTCA HA: BPEMEHHBIE -
JUIUTENIbHBIE (BEC CTAIlMOHAPHOTO OOOpYAOBaHMS, NaBJIEHUE Ta30B, CHITYYUX U
Ip.), I KpaTKOBPEMEHHbIE (HArpy3KH OT CHETra, BETpa, IOJI0JIe/1a, TEMIIEpaTypHbIE
BO3JICMCTBUS, HArpy3kKd OT MOJBEMHBIX MEXAHU3MOB, OT JIIOJICH, HArpy3Ku,
BO3HUKAIOIIUE MTPU PEMOHTE, TPAHCIOPTUPOBKE, MOHTAXKE U AP.);

— ocoOwpie  (celicMHYECKHE  BO3JCUCTBHUS, HArpy3KH, BBI3BAHHBIC
HEHCIPABHOCTHIO 000PYIOBaHUSI M HEPABHOMEPHOM OCaJKOM IPYHTA).

Hexotopble KpaTKOBpEMEHHbIE HArpy3kd MOTYT paccMaTpUBaThCS Kak
JUIMTENIbHBIE, HO C TMOHWXEHHBIM 3HaueHueM (mpumepHo 20-30% OT mOJIHOTO
3HaY€HHUsI). DTO BBINOJHAETCS B pacyeTax, IJE€ YUYUTHIBACTCA JIJIUTEIBHOCTD
BO3JICMCTBUS HATPY3KH, HAIIPUMED, B pACUETaX HA BBIHOCIUBOCTD.
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3HaYeHUE HArPy30K SIBIISIIOTCA CIIyYalHBIMU, U3MEHSIOIIMMUCS BO BPEMEHU U
MPOCTPAHCTBE. B HOpMax OCHOBHBIMHU XapaKTEPUCTUKAMU HArPy30K SIBJISFOTCSA HUX
xapaktepuctrueckue 3HaueHus (cM. CH [4]). B nanbHeiinem 3Ti Harpy3ku OyayT
o0o3HauaTtbcs OykBamu ¢ uHACKCOM "K" (O, Pr, U T.1.). XapaKTEPUCTHUCCKHE
HArpy3Kd NPUHUMAIOTCS TI0 YepTekaM (BeC KOHCTPYKIUH, MOJOB, KPOBEIb U JIp.)
U CTaHJapTaM Ha OTJEJIbHbIE BUJIbI BO3JECUCTBUI (CHET, BETEp, KPAaHOBBIE W JP.
Bo3eicTBuA). [locneHre Ha3Ha4YaeTCs HA OCHOBE CTAaTHUCTHYCCKUX HAOIIOACHUM
pu ux o0paboTKe METOJJaMU TEOPUU BEPOSTHOCTEH U TEOPUU HAJICKHOCTH.

Hanpumep, xapakTepucTHYECKOE 3HAUEHNE CHETOBOW HArPy3KU MPUHUMAETCS
[0 KapTe CHETOBBIX PanMOHOB Pb B 3aBUCHUMOCTH OT BBICOTBI MECTHOCTH Ha
ypoBHEM Mops. BerpoBasi Harpy3ka OmpeaensTcs B 3aBUCUMOCTH OT 0a30BOM
BEJIMYMHBI CKOpocTH BeTpa (21 wmm 23 m/cek. s paionoB PbB) y ydyerom tuna
MOBEPXHOCTH (IIIEPOXOBATOCTH) MECTHOCTH, oporpaduu, TypOyJIeHTHOCTH BETpa
3HaueHUEe CKOPOCTU BETpa OMNPEACNSIIOTCS Ha OCHOBAaHMHM MHOTOJIETHHUX
HaOMIOJICHUM I KaXA0ro pailoHa Ha ypoBHE 10 METpPOB OT MOBEPXHOCTH 3EMIIU
(3TUM 3aHUMAIOTCS METEOCTaHIINM, PACIIONIOKEHHBIE IO BCell cTpane). B kauecTBe
3HAYEHHUS CKOPOCTH BETpa Il OMPEACIICHHS XapaKTePUCTHUECKON Harpy3Ku
NPUHUMACTCS 3HAYEHWE, BEPOSITHOCTh IMPEBBIMIEHUS KOTOPOTO  SBJISIETCS
HE3HAYUTEIHHOM, HalpuMep, KOTOpasi MOKET ObITh MPEBBIIIEHA TOJIBKO OJMH pa3 B
teuenrne S50 neT. 3HaueHUs BO3JICHCTBUH OT cHera W BeTpa cM. [6 u 7]. MHorma
CTaTUCTUYECKUX JIAaHHBIX HET, M TOrJa 3HAYeHUE HOPMATHUBHON Harpy3Ku
HA3HAYaeTCs Ha OCHOBE HMH)XEHEPHOTO onbiTa. Hampumep, Harpy3ku OT JIOJEH,
Harpy3KH, BO3HUKAIOIIUE MPU PEMOHTE U T.]I.

N3MeHYnBOCTh HArpy3Kd U BIUSHHE (3HAYUMOCTb) ATOM H3MEHUYMBOCTHU
YYUTBIBAETCS YAaCTHBIM KO3(P(GUIIMEHTOM TIO0 Harpyske. XapaKTepUCTHYECKas
Harpy3ka yMHOXKEHHAasi Ha YacTHBIA KOA(DPUIMEHT HAJEKHOCTU IO HArpy3Ke
Ha3bIBACTCsI pacueTHoit Fy = Fy - yy.

3HayeHUsT YacTHBIX KOA(D(PUIMEHTOB 1O HArpy3ke Il  CTaJIbHBIX
KOHCTpYKIIMI mnpuHuMaroT B cootrBerctBuM ¢ CH [4] npunoxenne A
tabaumaA.3(npuMevanus 3).

3.1.4. Couemanusa nazpy3ok u 6030eiicmeuil

Harpy3ku neicTBYIOT Ha KOHCTPYKIIMU HE Pa3jeibHO, @ B COYETAHUU JPYT C
JPYyroM, T.€. KOHCTPYKIIMM HaXOIATCA TOJ BO3JEHCTBHEM, Kak MPaBUIIO,
HECKOJIbKUX U3 HuX. Hanmpumep, Oanku MOKPBITUS HAXOISTCS MOJ BO3ACHCTBHEM
cOOCTBEHHOT'0 BeCa W CHEra; KOJOHHBI NMPOM3JAaHUN BOCIPUHUMAIOT HATPY3KHU OT
cOOCTBEHHOT0 Beca, IPy30MOILEMHOTO KpaHa | T.]I.

CodeTtanusi Harpy30K YCTAHABJIMBAIOTCA HMCXOAS W3 (U3UYECKH PEaTbHBIX

BAPDHUAHTOB OJHOBPEMEHHOro uX neWcrtBuA. Ilpm pacuere CTpOUTENBHBIX
65



KOHCTPYKIIMHA  HWCHOJB3YIOT, B OOJBIIMHCTBE CIy4aeB, [BA COYCTAHHUSA
npuBenenabie B 6.10.2.3 [4] (CH 2.01.01-2022 «OcHOBBI TPOCKTHPOBAHHUS
CTPOMUTEIILHBIX KOHCTPYKIUI») hopMyibl (6.16) u (6.17)

Z V6.0 "+ " VeP " "YW o Qs "t Zyo,i\Vo,iQk,iv

Z &€Y6,Ck; "+ 1P +" Yoi Qi " +" z TaiWo Qi

=1 >1

rje Bce 0003HaueHus U BenmunHbl npuBeaeHsl B CH 2.01.01-2022;

Gk - XapaKTePUCTHUECKOE 3HAYCHHE TIOCTOSTHHOT'O BO3/ICHCTBUS;
P — pETIPE3CHTATUBHOE ~ 3HAYCHHUE  YCWIIMS  TPEABAPUTEIHHOTO
HaIPsOKESHUSI
Q1 - XapaKTePUCTHUECKOE 3HAYCHHUE TOMUHHUPYIOIIETO TIEPEeMEHHOTO
BO3/eicTBUS 1
Qkj - XapaKTEePUCTUUECKOE 3HAUCHHE COIMYTCTBYIOIIETO MIEPEMEHHOTO
BO3JIEHCTBUA I;
YGj, 7YP, YQ - COOTBETCTBEHHO YAaCTHBIH KOA(DMHUIMEHT I BO3ACHCTBUU
TIOCTOSTHHBIC, MPABAPUTEIHHOE HAPSHKEHUE, IEPEMCHHBIE;
Yo - KOX(POUIMEHT, YYUTHIBAIONINN KOMOMHAIIMOHHOE 3HAYCHHUE

MIEPEMEHHOTO BO3JICHCTBUS;
B pacuerax cTajdpHBIX M KeJI€300€TOHHBIX KOHCTPYKUMH NPUHUMAIOT B
dopmynax (6.16) u (6.17) [4] cnenyronie 3HaYCHHUS YaCTHBIX KOA(D(OUITUCHTOB:
— JIJI IOCTOSIHHOTO BO3ACHCTBUSL:
OT COOCTBEHHOTO BeCa KOHCTPYKIIMH, BBIMOJHAEMBIX B 3aBOJICKUX YCIIOBHUSX,
YG,sup = 1,2;
OT COOCTBEHHOIO BeCa KOHCTPYKLHH, BBIIOJIHSAEMBIX Ha CTPOUTEIBHOU
IomaaAKe, Yo sup = 1,3;
— JUTSL APYTUX MOCTOSSHHBIX BO3JACHCTBUM Y6 sup = 1,3;
- &=0,85.
— s QYHKIIMOHANBHOM HArpy3ku Yo = 1,4 (TeXHOJIOTHYECKUE U Ap.);
— JUIsl CHETOBOM HArpy3ku Yo = 1,6 NpH OTHOLIEHHHM XapaKTEPUCTHUECKOTO
3HAUEHHUSI CHETOBOW HArpy3KH K IOJIHOW Harpy3ke Ha 3JIEMEHT KOHCTPYKIIHMH,
BKJIOYAasi HArPY3Ky OT ero coO0cTBeHHOro Beca (6onee 0,5), u yo = 1,5 — B apyrux
Clyvasx;
— U1 BETPOBOT'O BO3JEHCTBUA Yo = 1,5;
[Ipy oAHOBpEMEHHOM JEWCTBUM HECKOJBKMX BPEMEHHBIX Harpy3ok (Oosiee

JByX) BEPOATHOCTb TOT'0, YTO BCE OHU B OJHO M TOXXE BPEMS U B OJTHOM U TOM K€
MecTe OyIyT HMMETh HAuOOJNBIINE 3HAYEHUs, MaJOBEPOATHA. ITOT (akTop
YUUTBHIBACTCS BBEACHHEM B pacyeTHble (opMynbl Kodddunuenta couetanuii P,
3HayeHus: kotoporo menbine 1,0. 3HaueHne ko3((PUIMEHTOB coueTaHUIl 3aBHCUT
OT KOJIMYECTBA W THUIIA HArpy30K U Bo3aercTBuil u npunumMaercs no CH 2.01.01
Koapdunumentor coueranuit (cm.popmyner (6.16) w  (6.17) [4]: s

JOMUHHUPYIONIEH W OCHOBHOE COMYTCTBYIOIIEE 3HAUYCHHUE HArpy3ku - Woi =1,0;
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npyrue comyTtcTByronue (Woi ): cHer - yos =0,6, Betep Wow =0,6; AJisi KpaHOB BO
Bcex ciyyvasx yoi =1,0.

Pacuer no 1-o#1 rpynne npenenbHbIX COCTOSHUM BBINIOJIHSAIOTCS Ha IEUCTBUE
pacyeTHBIX HAarpy3ok, a Mo 2-OMy — Ha JEHCTBHUE XapaKTEPUCTHUUYECKUX
(HopMaTHBHBIX) Harpy3ok. Bce pacdeTsl Ha TIPOYHOCTH BBINOJHSIOTCS C
UCTIOJIb30BAaHUEM TE€OMETPUUYECKUX XapaKTEPUCTHK CEUEHUH, BBIYMCIIEHHBIX C
y4eTOM Oclla0JeHui, a Ha YCTOMYMBOCTh M JKECTKOCTh - 0e3 yuera ociabiieHHit
(mpu 3TOM OcnabeHns He JOJKHBI peBbIaTh 15% OT miIomanayu BCero CeYeHus).

Tema 3.2. Pabora u pacyer HA NMPOYHOCTH LEHTPAJIbHO-HATPYKEHHBIX,
U3rudaemMbIX M1 BHEIEHTPEHHO-CKATHIX 3JIEMEHTOB

3.2.1 lleHTpajbHO- HATPYKEHHbIE 3JI€eMEHTHI.

DONeMEeHThl CYUTAIOTCA LEHTPAJbHO-HArPY)KEHHBIMHU, €CJIM HaIlpaBJeHUE
JIEUCTBUSA PACTATUBAIONIEM WJIM CKUMAIOIIEH CHJIBI COBIIAAACT C OCEBOU JIMHUEU
aneMeHTa. LleHTpanbHO-HArpy>XeHHbIE 3JEMEHThl PACCUUTHIBAIOTCS TOJBKO IO
NEPBOMY MPEIEIBHOMY COCTOSHUIO. IIpu 3TOM pacTsHyTble - TOJNBKO Ha
IPOYHOCTb, & CXKAThIE - HA IPOYHOCTh U OOILYI0 YCTONUNBOCTD.

PacueTr Ha NpPOYHOCTPH 3JIEMEHTOB U3 CTAJIU C XapaKTEPUCTUUECKUM 3HAYEHUEM
npenena tekydectu fy < 440 H/MM? mpu HEHTPaIbHOM PACTSKEHUH WM CHKATHU
cuioil Ngd BRIOTHAIOT 110 hopmyJie

_Nea 4 (3.6)
AnfydYc
Pacuer Ha TPOYHOCTH PACTSIHYTBIX SJIEMEHTOB, JKCIUTyaTallUs KOTOPBIX
BO3MOXKHa W TIOCJI€ JOCTIDKCHHSI METAUIOM Tpefesia TEeKy4ecTH, a TakkKe
pacTSHYTBHIX WJIM CXKaThIX DJJEMEHTOB U3 CTajJd C XapaKTePUCTUUYECKUM
3HayeHueM Inpejena Tekyuectd fyx > 440 H/mm? BemonssioT no gopmyie (3.6) ¢

o f
3aMeHo# 3HaueHus fyg Ha ~< o popmyie
Y

u

NEgd Yu
—<1 v
Anfua¥e (3 )

rae Ned - pacTATHBAIOIIEE WM CKUMAIOIIEE YCUIIHE, BBI3BAHHOE PACUCTHBIMU
Harpy3Kamu;

An - TUTOIIA/b CEUCHHUS HETTO (C yUETOM OCIa0ICHHH);

Yu — 9acTHBIN KO3 dunmeHT paBubii 1.3.

3.2.2. U3rubdaemplie 3jieMeHThI. PacueT HA MPOYHOCTH NPHU YNPYrod u
YIPYIOIUIaCTHYECKOH padoTe MeTaLia.
B 3aBucMMOCTM OT Ha3HAa4€HHWs M YCIOBHM DOKCIUIyaTalud KOHCTPYKIIMH

pacdeTr M3rn0aeMbIX AJIEMEHTOB (OaJIOK) BBEIMIONHSIOT 0€3 y4eTa WU C y4eTOM
lacTUYecKuX Jedopmalii B COOTBETCTBUU C KJIACCOM AJIEMEHTOB COIIIACHO
1.3.2.
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banku 1-ro kimacca NpuMEHSIIOT AJIsl HArpy30K BCEX BUAOB U PAaCCUUTHIBAIOT B
npenenax ynpyrux naedopmanuii; Oanku 2-ro M 3-ro Kjacca OPUMEHSIOT s
CTaTUYECKUX HArpy30K M paCCUUTHIBAIOT C YYETOM pPAa3BUTHUS IIACTUYECKHUX
nedopMaruii.

banku kpaHOBBIX IMyTeH Mpu pacuere Ha MPOYHOCTh OTHOCAT K 1-My Kiaccy.
bucranpHble Oankd OTHOCAT KO 2-My KIAcCy U PACCYUTHIBAIOT C YYETOM
OrpaHUYECHHBIX TUIACTUYECKUX Je(OpMAaLIMil B CTEHKE,

a) Pacuem na npounocmo npu ynpyzoii pabome memanna.

Haubonee wacto cedeHue H3ruOAEMbIX 3JIEMEHTOB NPUHUMAETCS B BUJE
JIByTaBpa, Kak Hanboyiee SKOHOMUYHOE 10 pacxoAy Merauia. B nanpHelimem Bce
(GopMyIbl U MOl HANpsHKEHU OyIyT AaHbl MPUMEHHUTEIHHO K JBYTaBPOBOMY
ceuenuto. Kak u3BecTHO, HampsKeHUs MpU U3THOE pacipeesaioTCs B CEYEHUH 110
JUHEeHHOMY 3akoHY (puc. 3.1). Omopsl a) U 0) COOTBETCTBYIOT yIpyrou pabdore
MaTepuaia, Te s 3MIopbl 0) - HampshKeHUs B KpaWHUX BOJIOKHAX JIOCTHUIIIN
npezena TeKydecTn (Ha PUCYHKE HANPSDKEHHS PaBHBIC MPEACTY TEKY4YeCTH Op =

fyk)-

A
|
T
| |
i
L]
| T
|
] *\I
i &,
T
| |||.||
anp
:@'r
=
[+
L K
=6 W

M(_ Ny A E | b | £
ﬁ A_é__d,_ = — | —-e

Puc.3.1 Dnropsl HOpMaNIbHBIX HANPSKEHUN MTPU U3ruode

a), 0) — ynpyras pabota ; B) — yHpyromjiacTuueckas: ) — IUlacTUYecKas
pabora (IapHUp MIACTHYHOCTH); 1) — cxeMa Oanku. (Ha pucynke o = f).

Pacuér Ha npouHocTh 6anok 1 kiacca cienyeT BbIIOIHATh MO0 GopMyIam:
MIpU JACHCTBUM MOMEHTA B OJ{HOM M3 IJIaBHBIX TUIOCKOCTEH

_ Mea o ¢ (3.8)

Wanmin fyd Ye
IIpY JICUCTBUU B CEUCHUU IONIEPEYHON CUIIbI

VEa S
Tt fove < 1, (3.9)

Inpu HCﬁCTBHH MOMCHTOB B JIBYX TJIaBHBIX IIJIOCKOCTAX

My Eq My Eq
—=y 4+ ———x <1, 3.10
Ln fyaYe Y * Iyn fydYc ( )

rae Whmin - MUHUMAJIbHBIH MOMEHT COMPOTHUBIIEHUS paCCMaprUBaAEMOr0 CEUCHUS;
S — craruueckuié MOMEHT CIBUTaeMOW YacTH CEYEHUsI OPYTTO OTHOCUTEJIBHO
HEUTPAIIbHOM OCH;
fya - pacueTHOE 3HAUCHME TIpeIeIa TEKYICCTH;
fs - pacueTHOE 3HAUYCHME MPOYHOCTH HA CPE3;
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Ixsn 1 lyn - MOMEHTBI MHEPLIMHU CEUYEHHS] HETTO OTHOCHUTEIIBHO paccMaTpHBAEMBbIX
TOYEK CEUCHUS X U Y;
X W Y - paccCTOSHHUA OT IVIABHBIX OCEH 10 paccMaTpUBAEMOM TOUKU CEUEHUS;
Y. - KO3pPuuueHT ycnoBusi pabOTHI.
[IpoBepka MpPOYHOCTU CTEHKHU OaJKW TNpPU OAHOBPEMEHHOM JIEHCTBUU B
CTEHKE MOMEHTA 1 MONEPEYHON CUIIbI OTpeiesisieTcs o GopMyIie:

JOZ = 0,0, + 02 + 312, < 1,154y, , ;—yy <1 (3.11)

rae 0y = Mygq V/Iq - HOpPMaNbHOE HANPSHKEHUE B CPEIUHHON IUIOCKOCTH

CTEHKH, apajuieIbHOE MPOI0JILHON OCU OAJIKH;
gy = My, gq x/I,, - TO XKe, MEPIEHANKYIIPHOE K IPOJOIBHOM OCH Oanku, B
TOM YHCIIEe 0j,, onpeaenseMoe o dpopmyie (3.14);
Tyy = VEaS/(Ixty) - KacaTenbHOE HANPSHKEHUE B CTCHKE.

Hanpsixennst o, n o, , nNpuHuvmaemble B ¢opmyne (3.11) co ceoumm
3HaKamm, a TaKkKe T,, OnpeaensioT B OHOW 1 TOWN e Touke CTeHKM banku.
Koadpduument 1.15 mnpeamonaraer pa3BUTHE B CTEHKE IUIACTUYECKHUX
nedopmaliuii, B TO BpeMsl Kak Mojka padoTaer B ynpyroi craaiuu v o0muil nporud
OaJIKK HE U3MEHSETCH.

[Ipu mpoBepke NPOYHOCTH HA ACHUCTBUE NOINEPEYHOW CHUJIbBI HA OMOpe s
paspe3Hbix Oanok dopmyny (3.9) cremyer wucmonb3oBaTh 0e3 ydera pabOTHI
MOSICOB.

B 6ankax, paccuntbiBaeMbix 1o popmyiie (3.10), 3HaueHUsT HAOPSHKEHUN B
CTEHKE OaJIKu JTOJDKHBI ObITh MpoBepeHbl 1o (opmyisie (3.11) B nByX TriaBHBIX
IJIOCKOCTSAX U3ruoa.

[Ipu ocnabneHun cTeHKH OaNKU OTBEPCTUAMH JJis OOJNTOB JIEBYIO YacTh
dopmymsr (3.9), a Taxke 3HAYEHHE Ty B GopMyte (3.11), cenyer ymHOXaTh Ha
kodhumeHT «, onpenensieMslit o Gpopmyiie

a = a/(a; —d,) (3.12)
rJ€ @i - ar OTBEPCTUN B OJJTHOM BEPTUKAIBLHOM PSAY;
do - TMameTp oTBEpCTHSL.

PacueTr Ha mpo4YHOCTH CTEHKHU OaKU, HE YKPEIUIEHHON pedpaMu KECTKOCTH,
IIPU JEHUCTBUM MECTHOIO HANPSIKEHUSA Oloc B MECTax IPUIOKEHUS HArpy3ku K
BEpPXHEMY Moscy (puc. 3.2.), a Tak)Ke B OMIOPHBIX CCUCHUAX CIICAYET BBIMOIHSITH 11O

dbopmyiie

;L; <1 (3.13)
yd Yc
e Oloc = lZfoiv' (3.14)

3nech Frg —pacueTHOe 3HaUEHUE HATPY3KH (CHUJIbI);
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Ief — YCIOBHasA JUIMHA paclupCAacCICHUA HArpy3ku, OIpcaciicMas 110

dopmynam:
JUISI CITy4aeB, MPEACTaBICHHBIX HA pUCYHKax 3.2,a) U 3.2,0)
lef = b+ 2h (3.15)

JUTSI CITydasi, MPEACTaBICHHOTO Ha PHUCYHKE, 3.2,B)

lep = ¢3\/ Lig/ty (3.16)

h - pasmep, paBHBII CyMMe TOJIIUHBI BEPXHErO Tosica OaJKK U KaTeTa MOsICHOTO
1Ba, €CJIM HIDKHSA Oanika cBapHas (CM. pUCYHOK 3.2,a), UJIM PACCTOSIHUIO OT
Hapy>KHOM T'paHU TOJKU /10 Hayalla BHYTPEHHETO 3aKpYTJICHUS CTEHKH, €CIU
HUKHSIS Oasika mpokaTHast (CM. pUCYHOK 3.2,0));

Y - ko3dpuULIMEeHT, TPUHUMAEMBbId paBHBIM: 3,25 - ISl CBApHBIX M MPOKATHBIX

0aJoK;

4,5 - nyist 6anok ¢ GPUKIIMOHHBIME MOSCHBIMHA COCTMHEHUSIMU;

l1if - cymma coOCTBEHHBIX MOMEHTOB MHEpLUHU MOsAca OATKK U KPaHOBOTO pejbca
WIM MOMEHT WHEPIIMH CEUYEHHUs, COCTOAIIErO M3 IMOosica M pejbca B cllydae
IpPUBApKU peiibca MIBaMU, 00€CIEeUMBAIOIIMMHI COBMECTHYIO paboTy mosica |
pelnbca;

b —muprHa onmpaHus.

Frq Frg % FM lF}d
FM FL-}#
T i ]E sy

\| JIIIII'\ '::J'\\ﬁ ; —
2 ler

< lef 5 tw SA Lef \( tw
| { |
T R SN ) \

H
|
fl ill'

Pucynok 3.2 Cxembl pacnpejejieHdsi COCPeI0TOYEHHOH HArpy3Kd Ha
CTeHKY OajIkm: a — cBapHas; O — NMpoOKaTHas; B — CBapHas WJIM NpOKaTHas Mpu

Harpy3Ke OT KoJjeca KpaHa.

Ecnn creHka ykperuieHa pedpaMy >KECTKOCTH, TO OHA PAacCUMTHIBAECTCS HA
YCTOMYMBOCTH KaK IEHTPAJIBLHO CXKaThIi 35ieMeHT. [Ipu 3TOM B pacueTHOe ceueHue
BKJIIOUAIOTCST 00a pedpa >KEeCTKOCTM W 4YacTh CTEHKH, UIMPUHOW paBHOU

0,65t/ E/fya ¢ Kaxmoil cTOpOHBI OT pebpa KECTKOCTH.

[IpoBepKy MPOYHOCTH CTEHKHU MPHU OJHOBPEMEHHOM JCHCTBUU M3THOAIOIETO
MOMEHTA B INIOCKOCTH CTEHKH M, p; ¥ MECTHON HArpy3KH Feq BBINOJIHSAIOT B

TOYKE y BEpXHEro rnosca creHku (puc. 3.2) mo ¢opmyne (3.11) c 3ameHolt 0, Ha
Oloc .
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0) Pacuem na npounocmos npu ynpy2oniacmuyecKkoii pabome memanind.
Pacuer Ha mpoyHOCTH pa3pe3HbIX OaloKk 2-r0 W 3-TO Kjacca JBYTaBPOBOTO H

KOpOOYaToro CeyeHui JOMYCKAETCS  BBINOJHATH C YYE€TOM pPa3BUTHS
ITACTHYECKUX Nedopmaruii Mo CEUYCHHUIO, TO3BOJIIONICTO YMEHBIIUTh PACXO]l
Mertaiia Ha 5...15%. Bwmecte ¢ Tem mpu ynpyrormiacTH4ecKoi paboTe cralu,
YBEJIMYMBACTCS PUCK MCUEPIAHUs HECYIIEH CITOCOOHOCTH KOHCTPYKIIUHU, MO3TOMY
ydeT paboThl MeTaia 3a MPEeioM YIPYTOCTH, JOMYCKAeTCs BBIMOJIHATH MpPU
CHEAYIOUIUX YCIOBUSIX:

- IPY CTAaTUYECKON HATrPY3KE;

- Ipeie TeKYUYESCTH CTaIM He JOJDKeH npeBbimarh fyx <440 Mlla, a
VxEd

KacaTeNbHbIE HAIPSIKEHUSA - Ty = < 0.9fs (kpoMe OIOpHBIX CEYCHUN ),

- obecrieyeHa MeCTHasl yCTOMUHUBOCTh 3JIEMEHTOB CEUEHUsI U 0011as

YCTOMYHUBOCTb KOHCTPYKIIUHU.

Ha puc.3.1 npuBeneHsl 310pbl HOPMATIBHBIX HAIPSLDKEHUN TpU padoTte Oanku
B yHOpyro-mactuueckord (B)) u rmuiactuueckou (T)) (wapnup niacmuunocmu)
cTaausix paboTel. B mnepBoM ciyuyae, B CEUEHHMHM HU3rMOAEMOro »>JIeMEHTa
IPUCYTCTBYET ympyras 30Ha paboTel (0 < fy,, BO BTOPOM CIIydae, HaANpsdCeHus
pasHvle npedery MmeKyyeCmu pa3suearomcs no 6cemy CedeHuro, 3mo U ecmv
WAPHUDP NAACMUYHOCHIU.

Pacyer Ha mpoYHOCTH pa3pe3HBIX OalOK IBYTaBPOBOTO W KOPOOUYATOTO
CEUYCHHI mNpU COOJIOJCHUM YCIOBHM TEPEYUCICHHBIX HIDKE (KpOME OMOPHBIX
CEUEHMI1) CIIeAYeT BBITIOIHATH 1O (HOpMyJIam:

— TIpY U3ruoe B TUIOCKOCTH HauOOJIbIEH sxecTkoCTH (1x>1y)

My gq
: < 1 3.18
Cx BWxnmin fyd Yc ( )

VyEd

— 1pu m3rude B ABYX TJIAaBHBIX IINIOCKOCTAX W HANPSAKCHUAX Ty = 2A
f

0,5f,

My Ed My EaYmo < 1 (3.19)
Cx BWxnmin fyaYc Cy Wynmin fyd Ve - .

rae Myed, Myed — aOCOIIOTHBIC 3HAYCHHS M3TMOAIOIIMX MOMECHTOB,

Vy - momepeyHas CHjia OTHOCHTEILHO OCH Y;

Cx, Cy- KO3 UIUMCHTHI, TPUHUMAEMbIC COTJIACHO MPHIIOKEeHUs E, TaOiuIibl
E.1[5]:

npu 1, < 0,5f;, B=1,;

npu 0,5, < 17, < 0,9f,)
f=1- —20_ (;—’f)4 (3.20)

ar+ 0,25
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rae af = Ag/A,, - OTHOLIEHUE IJIOMIAIN CEYEHUS NOSCA K IUIOMAI CEYCHHUS

CTEHKH (/11 HCCUMMETPUYHOTO ceueHus Af - TUIOINA/Ib MEHBIIETO 105Ca)

3.2.3. Pac4éT Ha MPOYHOCTH 3J1eMEHTOB MOBEP:KEHHBIX 0CEBOIi cCuJie ¢
U3rudom.
Pacuét Ha MPOYHOCTH BHEIICHTPEHHO- CHKATHIX (CKATO-U3TNOAEMBIX) U

BHELIEHTPEHHO- PACTAHYTHIX (PaCTAHYTO-U3rM0aeMbIX) 3JIEMEHTOB U3 CTAJIH C
IpeIeNoM TeKy4eCcTH fy,, < 440Mlla, He noABEPraloOmMuUXCs HEMOCPEACTBEHHOMY
BO3/ICHCTBHIO TMHAMUYECKUX HArpy30K, Mpu HanpsokeHusx T < 0,5f, u o =
Ngq/Ayn > 0,1f,4 cnemyeT BBIIONHATE 1O popMye:
n
N M, Ed My Ed
(Ld> + = + z <1, (3.21)
Anfyd Cy Wxn,min fyd Cy Wyn,min fyd
ra€ Ned, Myed, M,ed — pacueTHble 3HAUYEHHUS COOTBETCTBEHHO MPOOJILHOM
CHUJIBI, U3TrU0AIOIIMX MOMEHTOB MPU HanboJjee HeOIaronpusITHOM UX COYETAHUH,

N, Cx, Cy - KO3(UIMEHTHI, NpUHUMaeMbIe 1o Tadmuiie E.1 npunoxenune E [5].
Ecmn 0 = Ngg/Ap < 0,1f,4, Gopmyny (3.21) crenyer NpuMEHATH MpPH
BBITIOJTHEHUU TpeOOBaHUI 00ecredeHrss MECTHON YCTOMYMBOCTU CTEHKU C YUYETOM
pa3BUTHs IUTacTHYEeCKHX aedopmanmii, 0, =0, T < f;, (858 u Tadbn E.l
(mpunoxenue E)[5]).
Pacy€r Ha IpPOYHOCTH IJIEMEHTOB B CiIy4asx, HE IPEAYCMOTPEHHBIX pacu€éToOM
o popmysie (3.21), ciieayer BBIMOIHATH 1O GopMyJie

NEgq My Ed My Ed
+ + x <1, 3.22
Anfya Ve = InfydYe yE Iyn fyd Ye ( )

rjac X, Y - pacCTosiHUs OT I'IaBHBIX oceu a0 paCCManI/IBaeMOﬁ TOYKH CCUCHUA.

PacuéTr Ha mNPOYHOCTH BHEIEHTPEHHO CXKATBIX (CXKATO-M3THMOACMBIX )
anmeMeHTOB 1o (opmysie (3.21) He TpeOyercs BBIMONHATH MPHU 3HAYCHHUU
NPUBEEHHOTO OTHOCUTENILHOIO OKCUEHTpUCHTETa  Mr < 20, (cMm. 3.3.2)
OTCYTCTBHHM OCJIA0JICHHS CEUEHUS W OJMHAKOBBIX 3HAYCHHUSX HM3THOAFOIINX
MOMEHTOB, MPUHUMAEMBIX B pacu€Tax Ha MPOYHOCTh U YCTONYUBOCTb.

Tema 3.3. YcT0ilUMBOCTH HEHTPAJIbHO-CKATHIX, BHEIEHTPEHHO-
CKATHIX U M3rudaemMbIX JIEMEHTOB
3.3.1 IIpoBepka YCTOWYMBOCTH HEHTPAJIBLHO C:KATOT0 CTEPIKHS
CIUIOIIHOTO M CKBO3HOI'0 CeYeHUI
OO6me nonoxkeHusi. B KOpOTKUX CTEpkKHSAX MpU pabOTe Ha CKATUE CTalb

BeJIeT ce0s Tak e, KaK U B PACTIHYTHIX JJIEMEHTAX, O3TOMY MX PaCCUMTHIBAIOT
Ha MPOYHOCTH MO TOM ke hopMyIie, UTO U PACTSHYTHIE.
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PaccMoTpuM mpsiMOM, OTHOCUTENIBHO JUJIMHHBIM CTEPKEHb, CHKATBIM OCEBOM
cuioit (puc. 3.3).

Fep

Puc. 3.3. IIpogonbHbIil U3rubd LEHTPATbHO-CKATOTO CTEPKHS.

[Ipu yBenMUYEHNN CHUJIBI CTEPKEHb BHaYaje OyIeT OCTaBaThCA MPSMBIM JI0 TEX
IIOp, IIOKAa BHEIIHAS CHUJAa HE JOCTUTHET KPUTHYECKOro 3HaudeHus. llpum
JOCTH)KEHUH CHJION KPUTHUYECKOTO 3HA4YEHUs MpsSMOJIMHEHas (opma mepecraer
OBITh YCTONYMBOW, CTEPKEHb M3rMOAETCS B IUNIOCKOCTH HAMMEHBUIEH KECTKOCTH.
VYcroiluuBeiM  cocTosiHueM — OyJeT HoBasi KpuBoJiMHeWHas ¢opma. Ilpu
HE3HAYUTEIbHOM YBEJIUYCHUH HArPYy3KH UCKPUBJICHUE CTEPXKHS HaYMHAET ObICTPO
HapacTaTh, U CTEp>KEHb TEpsieT HECyllylo crnocoOHOcTh. Takas ¢opma mnorepu
HECYILIEW CIIOCOOHOCTH CTEPKHSI Ha3bIBAETCS MOTEPEN yCTOWYMBOCTU U OTHOCUTCS
K IIEPBOM TPYIIIE MPEACIbHBIX COCTOSHHUM.

JIns neHTpanbHO CHKATOrO CTEP KHS, IIAPHUPHO 3aKPEIUICHHOTO MO KOHIAM
(OCHOBHOM ciTyyail), KpUTUYECKYIO COKUMAIOUIYIO CHITy ONpPEnessitoT 1o (opmysie
Diinepa (BbIBeIeHHOM UM erie B 1744 1):

2
T Elmin
NCT - 12
ef

(3.23)

rae E — moaxie ynpyrocty; Iy, i, - MUHUMAaJIbHBIA OCEBOM MOMEHT UHEPLIUH;
lef - pacueTHas JUIMHA CTEPIKHSL.

CoOTBETCTBEHHO KPUTHYECKUE HAIPSLDKEHUS Oy IyT paBHbI

Ocr = N /A = P Elpin [ I3 A =?Eilyy [12, = T°E/2* (3.24)

r0€ bmin = v Imin/A - paguyc uHepunM; A = lgr/ipiy - THOKOCTH
CTCPXKHS;
leg = w1 - pacyeTHas JUIMHA CTEPXKHSA, U - KOIQOUUMEHT NpPHUBEIECHUS

MOJIHOM JUIMHBI CTEPXKHS | K pacyeTHOW, MPUHUMAEMON OT YCIIOBUW 3aKperIeHUs
CTEePIKHS M ero 3arpyxeHus (tadi.3.2).
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Tabnuua 3.2.

Cxema N
_ AR I T I T /
3aKpen / = j
JeHus \ / I i
KOJIOHHBI |,:| '.'f / ]
(cToiikn) | ;# i
U BUJ r 1 N =
Harpy3Ku s b e el
H 1,0 0,7 0,5 2,0 1,0 2,0 0,725 1,12

®opmyina (3.24) crpaBeyiMBa TOJBKO MPU MOCTOSHHOM MOJYJE ynpyroctu E, B
npenenax ynpyrux aegopmaruii, To eCTh IPHU HAMPSHKCHHUSIX, HE MPEBBIIIAOIINX

npejen NPONOPIUOHATLHOCTH 0, U A =T ’E/ g, . Ilpu cpemHux © Majbix

THOKOCTSIX MOTEPS YCTOWYUBOCTH CTEPXKHSI MPOUCXOJUT B YIPYTrOIUIACTHYECKON
crajuu paboTel Matepuana g, < g < f,.

®opmyna (3.24) moka3bIBacT, YTO HECyIash CIIOCOOHOCTh CTEPIKHS MOMKET
OBITh YBEJIMYEHA ITyTEM YBEIMYECHHUS] MOMEHTA HHEPLUHU, 0€3 N3MEHEHUS TII0IAIN
MONEPEYHOr0 CEYECHUS, NMyTEM PA3MEIICHHUS MaTepuana KaK MOYKHO JalbIlIe OT
[JIaBHBIX OCEl MHEpLUH nonepeyHoro cedeHus. [loatomy TpyOuarble ceueHus
HanOoJiee SKOHOMUYHBI, YEM CIUIOIIHbIE CEYEHHUs. YMEHbINas TOJIIMHY CTEHKHU
TaKMX CEYCHWH W YBEIWYMBAs IIONEPEYHBbIE pPA3MEPBI, MOKHO IIOBBICUTH HX
YCTOMYUBOCTb.

B peasbHBIX KOHCTPYKLMSIX BCErJa €CThb NPHUYMHBI, BBI3BIBAIOLIUME KPOME
OCEBOT'0 CXKATHs €I U U3TUO, K HUM OTHOCATCS SKCLIEHTPUCHUTETHI B IPUIIOKEHUHU
Harpy3Kkd, HayajbHble  MPOTrHObI, HCKPHUBJIECHHS W JAp. NPHUYHUHBI, KOTOpPHIE
Ha3bIBAIOT Clly4alHbIMU. M3ydeHHE UX CTaTUCTUYECKUMHU METOJIAMM MOKAa3bIBaET,
CIy4aiiHbI€ IKCLEHTPUCUTETHI U MOTHYTOCTH YBEIMYMBAIOTCS NPHU BO3PACTAHUU
ruOkoctu. Bce 3TO mNpuBOIUT K TOMY, UTO (PAKTUYECKHE KPUTHUUYECKUE
HAIPSHKEHUS O, OYAyT MEHBIIIE, TIOJICYMTAHHBIX TI0 (opmyde (3.24).
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Taxum 06pa3zom, mpoBepKa YCTOWIMBOCTU CTEPIKHEH, CKATBIX OCEBOW CHIIOMN,
CBOJUTCA K CPABHEHHIO HANPSHKEHUN, PABHOMEPHO PACIPENEIICHHBIX 110 CEYEHUIO,
C KPUTHYECKUMH, BBIUYHCIECHHBIX C YUETOM HAa4aJbHbBIX YKCLIEHTPUCUTETOB, T. €.

_ NEga
0=—"50c (3.25)
YroObl KakAbld pa3 HE ONPEAeNsiTb 0., B TEXHUYECKHX YCIOBHUSIX Ha
IPOEKTUPOBAHUE NAIOTCA 3HAYEHUSA @ = Oy /f,q — KOIpuyuenm npueedenus

pAacuemHblX — 3HAYEeHUU  npedela  meKyyecmu K pacdemuviM — 3HAYeHUsIM
KPUMU4eCKUX Hanps’ceHutl nomepu YCmoudusoCmu CmepicHell, COHcamvix 0cesou
cunou. ITOT KOIPOUIIMEHT ¢ HA3BIBAIOT KOIDDuyueHmom ycmonudusocmu npu
yenmpaibHom cocamuu. Jlanee TpHBEIEHbI OCHOBHBIC MPAKTUYCCKUE METOIbI
pacdera ICHTPAIBHO CIKATHIX CTEPKHEH HAa yCTONIHBOCTb.

Pacuem __cmepoicnenl _cnjiouwiH020 __ce4eHus _Ha YCMOU4ueocmov npu
uenmpanvnom cocamuu oceeou cunou (cm. 7.1.3[5]) npu obecrieueHUN MECTHOM
YCTOWMYUBOCTH 3JIEMEHTOB CEUCHHS BBITIOTHSIOT 110 (hopMyIie

NEq
— <1, 3.26
©-Afyave ( )

rae @ - Ko3QPUIUEHT yCTOWYMBOCTH TIPU IIEHTPATLHOM CHKATHH; TIPU A > 0,6
OTIPEICIIAIOT 10 (hopMyJIe

2 —2
¢=-0,5.9=V% %39’48" . (3.262)

31eCh O BBIYUCIISIOT MO (popMyIie

6:9,87-(1—a+[3i)+722,

oaufB  — Ko3hOUIKMEHTHI ONpeaesisatoT mo tadbmaure 7 [5] B 3aBUCUMOCTH
OT THIa CeucHHs (a — KPYyIJIbIe U MPAMOYTOJIbHBIE TPyObl, b — IByTaBpBI U JIp.
CIUTOIIHBIC CEYCHHUS; C — JBYTaBPbI, IIBEJUICPHl OTHOCHTEIBHO OCH C MECHBIICH
YKECTKOCTBIO U JIp.);

A =lgf/i - THOKOCTB CTEPIHKHS,

" — f
A — ycIIOBHAst THOKOCTH CTEPIKHS; A=A -, /VE“

Uucnennble 3Ha4€HUsI (P, BBIUUCICHHBIC MO (opMyJie, MPUHUMAIOT HE 0oJiee
7,6//T2 NPy 3HAYCHHUSX yCIOBHOW TuOkoctu Oojee 3,8; 4,4 u 5,8 qis TUIIOB
ceueHuii a, b u ¢, coorBeTCTBEHHO.

I[Ipu 3HaueHnsx A < 0,6 gomyckaercs mpuHAMaTh @ =1,

Boruncnennsie 3nadeHus koddduimenta ¢ npuseneHsl B Tabm.J.1[5] wu

OMPEACIAIOTCS UHTEPIIONAINMEH B 3aBUCHMOCTH OT A M THIA ceueHuid @, b u ¢
COOTBETCTBEHHO.
AHain3, pacyeTHbIX (OPMYN MMOKA3bIBAET, UTO YCTOMUYHMBOCTH IIEHTPAIBHO

CXKaTbIX CTGp)KHCfI MaJio 3aBUCUT OT IPOYHOCTH MCTAlId, II09TOMY
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WCII0JIb30BAHUE BBICOKOMPOUYHBIX CTAJEH JJIA ITUX JIEMEHTOB, B PSAE CIIy4aeB, HE
coBceM 3P(HEKTUBHO.

Pacuer criionHbIX CTEPKHEN HA YCTOMUYUBOCTD, HANPUMED, ABYTABPOBOIO
CEUEHHMS C IByMsI MaTepUaJIbHBIMHU OCSIMH, BBIIIOIHSIIOT 1O opMmyiie (3.26)
OTHOCHUTEJIBHO KaXI0M U3 ocel (0cH X-X U y-Y).

Pacuem _ck603HblX __cmepiicHell _HA __YCHMOUYUEOCHIb, COCHOAWUX U3
OMOeIbHbIX 6emaEeil, COeJUHEHHBIX IVIAHKAMM MJIM PelIeTKOM, T.€. UMEIOIIUX
cB00OHYIO OCh (cM. 9.3, puc. 9.6) BBITIOJIHSIIOT:

OTHOCUTEJIBHO MaTepHaIbHOW OCH (MapajuiebHOM TUIOCKOCTH TUIAHOK WIIN
peteTok) o ¢popmyie (3.26);

OTHOCUTEIBHO CBOOOJHON ocH (MEepHEeHAMKYJSPHON IMJIOCKOCTH IUIAHOK HIIN
— Nea <1 , rmoe
@A fyave

KO3 GHUIUEHT @ OTHOCUTEIILHO CBOOOJIHOM ocu ompenelisitor mo Gopmyiie (3.26a)

PEIIETOK) - BBINOJHAIOT ToXe 1o (opmyne (3.26) -

mist cedenuii Tuma «b», 3aMeHas A Ha yCIOBHYIO IIPHBENCHHYIO THOKOCTD A -

T fya o o
3Hauenue Aor = Agf / % BBIYUCIISIOT B 3aBUCMMOCTH OT 3HAYEHMI [IPUBEIEHHOM

THOKOCTH /Tef no ¢opMmynam, HpuBeAeHHBIM B Tabmuie 8 [5] mis ceueHus c

KOJIMYCCTBOM IaHenel He MeHee mectd (wau mo ¢gopmynam (9.9) u (9.10) 9.3
DYMK).

3HaueHne KOIPPUIMEHTA (@, OTHOCUTEILHO CBOOOJHONM OCH, MOXXHO

onpenenuth uaTepnosuei o tabauue J.1 [5] B 3aBucumoctn ot A = &, wm
TUIMA cedeHuit «by .

Pacyer Ha yCTOMYMBOCTB CTEP)KHEN CKBO3ZHOTO CEYEHHUS C KOJIMYECTBOM ITaHENIEH
MEHE€ IIECTH BBITOIHSIOT:

— TIPHU TUTAHKaX — KaK pacueT paMHBIX CUCTEM;

— TpH pelieTkax — B COOTBeTCTBHU ¢ 7.2.5 [5] .

3.3.2. PacuyeT yCTOWYMBOCTH BHEHEHTPEHHO —C:KATHIX U C:KATO-U30THYTHIX
3JIEMEHTOB CILIOIIHOTO0 M CKBO3HOI'0 CeUeHMIii

OOmme  MOJI0XKEHHS. Mertonuka  pacueTa,  M3JIOKEHHAs  HUKE,
peaycCMaTpUBACT JUIIh OJWH, YAaCTHBIM CIIy4dall 3arpyKeHHsl, KOTJIa TUIOCKOCTh
JEeUCTBUST M3ru0aroIero MoMeHTa (IIOCKOCTh U3ruda) COBIAMIAET C MIOCKOCTHIO
CUMMETPHH.

BHeneHTpeHHO-CKAThIe DJIEMEHTHI, B OTJIMYHE OT IIEHTPaIbHO-CKATHIX,
U3ru0arOTCA ¢ MOMEHTA MNpUIOKeHUs Harpy3ku. Ilpm HexkoTopom 3HaueHuu N
TanbHEHIIee yBETWYCHUE HArpy3KH CTAaHOBUTCS HEBO3MOXHBIM: Majeuiiee
YBEJIMYCHHE HArpPy3KH BBI3BIBACT Oecrpe/ielbHOEe HapacTaHUue MPOoruooB (CM. puc.
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3.4). 3nauenne N, COOTBETCTBYIOIIEE TOMY MOMEHTY, SIBISETCS KPUTUUECKUM
(Ncr), a otHomIeHHe Ner/A maeT 3HaUEHHE KPUTHUYESCKOTO HANpsKeHUs (05).

Puc. 3.4. 3aBucumocts mporuda oT Harpy3Ku

3HaueHHE KPUTUUYECKOTO HANPSLKEHUs JJI BHELIEHTPEHHO-CHKATOTO CTEPKHS
05, KaKk TMpaBWJIO, MEHBIIE, YeM IS IECHTPAIbHO-CXKATOTO O, . KpuTHueckoe
HaNpsDKEHUE 711 BHELIEHTPEHHO-CHKATBIX 3JIEMEHTOB 3aBHCUT OT TpeX (DaKTOB:
TMOKOCTH,  JKCLUEHTpucuTera U (popmbel  cedeHus. Ilpy  1OCTOSHHOM
JKCIIEHTpUCUTETEe (€) C YBEIMYCHHUEM THOKOCTH YBEIMYMUBACTCS HapacTaHUE
nporu0a (f) u u3rudaromero MoMeHra:

Med=NEeq(e+f).

B urtore, KpuTu4eCKOE€ COCTOSIHME HACTYIAET NP MEHbILIEM 3HAYEHUE
cuibl Ned M, CI€I0BATENBHO, KPUTHYECKOTO HAMPSDKEHMS, T.€. C YBEIMYEHUEM
TMOKOCTH KPUTHUYECKOE HAIIPSKEHUE YMEHBIIIAETCS.

C yBenMYEHUEM DHKCUEHTPUCUTETAa KPUTHUECKHE HAIpPSIKEHUS TaKkKe
yMeHbIatorcsa. OHako, BIUSHUE SKCIEHTPUCUTETA HE OJJMHAKOBO ISl pa3JIMYHBIX
CCUCHHI U 3aBHCHUT OT siApoBoro paccrosaus (p=W/A). SlapoBoe paccTosHue - 310
pPacCTOSIHME OT LEHTpa TSKECTH CEYEHHS 0 T'PAaHULBI sJpa CEYEHHs, KOTOPOE, B
CBOIO OYEpElb, XapaKTEPU3YETCs TEM, YTO, €CIIM CKMMAOIIAsl CUjla HAXOJIUTCS B
npenensax 3TOro sjpa, TO BCe CeUeHHe OyAeT CKaro, a €ClIM 3a IpeleJaMu 3TOro
A7Ipa, TO KPOME C)KaTHS B CEUEHUH MOSABATCS PACTATUBAIOIINE HAMIPSKEHUS.

Jlnist TByTaBpOBOTO CEYEHUsI, BHICOTOM N, paamyc sipa B IUIOCKOCTH CTEHKH
cocrapysier npuMepro 0.37h, a ans npsmoyrosibHoro 0.16h, T.e., Hanpumep, I
nByTaBpa NeS0 BbicoTO# 50 CM M TIpU SKCIEHTPUCUTETE PaBHOM 16 cM JIBYTaBp
Oyner tompko cxar (p=0,37-50 = 18,5cm > 16¢M), a TpPSIMOYTONBHUK Oyjaer
UMETh YK€ PA3HO3HAUHYIO OSIIOpY HamnpsokeHWid. Jlis Toro, 4troObl yBsA3aTh
SKCLIEHTPUCUTET C paJuyCcoM fAJlpa CEUEHHUs, B TMpaBUIAX HCIOJIb3YIOT
OTHOCHUTEJIbHBIN IKCIIEHTPUCUTET, KOTOPBIN ISl CIJIOIIHBIX CTEPKHEU paBeH

m =e/p = Med-A/(Nea W), (3.27)
rae € = Med/Neq — sxcrientpucuteT (Med 1 Neq npunumarot corsacho 9.2.3 [5]));
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A - mnomanb CTepKHS;
W, - MOMEHT conpoTHUBIICHUS JJIsl HAUOO0JIee CHKATOTO BOJIOKHA CEUEHUS,
JlJ1 CKBO3HBIX CTEPKHEN OTHOCUTEJbHBIN SKCIIEHTPUCUTET PABEH
m = Meq-A-a/(Ned-J), (3.28)
I7IC a - PAcCTOSIHUE OT ILIEHTPA TSHKECTH BCEro CEUYEHHUsS O OCH Hambojiee

C)KaToil BETBHU, HO HE MEHBIIIE PACCTOSHUSA O OCH CTEHKU Haubosee CKaTol BETBU.

Tperunii gaxtop - popma cedyeHHs, YUUTHIBAETCS TOJBKO ISl CTEP)KHEU €O
CIUIOLIHOM CTEHKOW (cruiomHble cedeHus). C 3TOW Uenblo A 3THX CTep)KHEH
BBIUMCIISICTCS] IPUBEACHHBIN KCIICHTPUCUTET

Mef = m-n (3.29)

rae M - kodhduiuenT BausHUA (OPMBI CEUEHHUS HA PA3BUTHE IUIACTUYCCKUX
nedopMariuii.

Koaddumuent m 3aBHCHT OT TOro, Kakash 4YacTh CEUEHHUS OXBaThIBACTCS

IJJACTUYHOCTBIO TNPU OJHOW M TOM K€ JIope HanpsokeHui. llpu mossnenun
IUIACTUYHOCTH, 4YacTh CEUEHHs BBIKIIOYaeTCs U3 paldoThl, M MEHSIOTCA
Tr€OMETPUUECKHUE XaPAKTEPUCTUKH, KPUTUUECKUE HATIPSIKEHNS] YMEHBIIAIOTCS.

3HaueHus KodppuuueHTa 1 NpuBeeHb! B npaBuiax (Tadia. 1.2, npunoxeHue
2 [5]) B 3aBuCMMOCTH OT BHMJA CCUCHHS, OTHOCHTEIBHOI'O 3KCICHTPUCHTETA U
YCIIOBHOM THOKOCTH, KOTOpPasl paBHA:

1= A fya/E (3.30)

B CKBO3HBIX BHEICHTPEHHO-CXKATBHIX JJIeMEHTaX KOIDOUIIMEHT BIUSHUS
dbopMbl HE YYMTBIBAETCS - MPEANOJIaraeTcs, YTO HAMNpsDKEHUST B BETBAX
pacrpenensoTcss pPAaBHOMEPHO IO CEYEHUIO.

a) Pacuem na ycmouuueocmv GHEUEHMPEHHO-CHCAMDBIX IIEMEHMOE
CHJIOUIHO20 CeUeHUA NPU 0elCMEUs MOMEHMA 8 0OHOU U3 2/1A8HbIX NJIOCKOCHIENl

BBITIOJIHAIOT B 3TOM MIIOCKOCTH (TJI0cKasi popMa MOTEpH YyCTOWYUBOCTH), TaK U U3
IUIOCKOCTA ~ JEHUCTBUSA  MOMEHTa  (M3rHOHO-KpyTWIbHas  ¢gopMa  TOTepH
YCTONYUBOCTH).

Pacuer ycTOMYMBOCTH B IJIOCKOCTU JACHCTBUSI MOMEHTa MPOU3BOAUTCS IO

dbopmyie:

N
Y (3.31)
PeAfyaYc
rae Qe — KOd(PQUIMEHT YCTONYMBOCTH IIPU BHELEHTPEHHOM CIXKATHH.

3HadeHne 3TOro KOI(PPUIMEHTA IS CHIOWHBIX CMepXCHeli OTPENESIOTCS TI0
tabn. /1.3, mpunoxenus J| [5] B 3aBUCUMOCTH OT yCJIOBHOM THOKOCTH A
(popmyma (3.30)) B TUIOCKOCTH W3TMOA W TPHUBEACHHOTO JKCIEHTPUCUTETA Mef

(popmyma ( 3.29)).
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6) Pacuem na ycmoﬁtmeocmb JdJIeEMEeHmoe6 CNJI0UWIH020 ceuenun u3

HI0CKOCMU_OCUCMEU MOMEHMA.

Bo BHCUCHTPCHHO-CKATBIX JJICMCHTAX CNJIOUWHO20 NOCMOAHHO20 Ce4YeHUsl,

KpOME KOpOoOYaToro, y KOTOPBIX >KECTKOCTH B OOOMX TJIaBHBIX HAmpaBIICHUSX
pasmuunbl (Jx > Jy) ¥ MOMEHT JAEHCTBYET B IUIOCKOCTH OOJBIICH >KECTKOCTH,
BO3MOXXHA NOTEPS YCTOWYHMBOCTH B HANPABICHUM MEHBIIEH KECTKOCTHU. B 3THX
CIy4asix HpoeepKa YCmOouYyugoCmu U3 NJI0CKOCMU u32uba TPOU3BOIUTCA I10

dbopmyie:

NEg

—E < 3.32

c@yAfyave ( )

e @y — KOIDQUIMEHT YCTOWYMBOCTH MPH IIEHTPAILHOM CIKATHH,

MPUHUMAEMBIN KaK IS IIEHTPAIbHO-CKATOTO CTEPKHS MPHU MOTEPE YCTOMINBOCTH
B HaIIpaBJICHUU MEHBIIICH )KECTKOCTH;

¢ — KOOQGUIMEHT NPUBENEHUSA (D), K YCIOBUSIM TIPOCTPAHCTBEHHOU (HOPMBI
MOTepU YCTOWYMBOCTH TIPH HAIWYUU M3THOAIOIIETO MOMEHTa B IUIOCKOCTH
HauOOIbIIEH KECTKOCTH.

Koadduiment ¢ B hopmyite (3.32) cieayer onpeaesiTh:

- TIpH 3HAYCHUSIX OTHOCHUTEIBHOTO JKCIICHTpUCUTETa Myx< 5 mo ¢popmyire:

c= fl(1+amy) <1, (3.33)
- IPU 3HAYEHUSX OTHOCUTENBHOTO JdKCIeHTprucHuTeTa My >10 mo dhopmyne
C:1/(1+mx'§0y/(0b), (334)

riae @b — KOod(PIUIHMEHT yCTOMYMBOCTH MPHU U3rKOe; onpeneistoT mo 8.4.2 u
npunoxkenuio XK [5] kak mist Ganku ¢ AByMs M 0oJjice 3aKpEIUICHHSIMH C)KaTOTO
nosica;

- OpH 3HAYEHUSX OTHOCHUTEIBHOIO JKCIeHTpucutera 5 < My <10 mo
dbopmye:

c=cs5(2 - 0,2my)+c10(0,2-my - 1), (3.35)

I7Ie Cs U Cio - 3HaueHUs Kod((HIMeHTa, BEIYUCICHHBIE COOTBETCTBEHHO TIO
dopmyne (3.33) npu m=5u (3.34) mpu my =10.

Koaddunuentsr o u B onpenenstorcs mo taduuie 22 [5] B 3aBUCHMOCTH OT
TUTIA CEYEHUs], OTHOCUTEIBHOTO SKCIIEHTPUCHUTETA My, U THOKOCTH OTHOCUTEIHHO
ocu "y".

[Ipu ompeneneHUH OTHOCUTEIBHOTO SKcueHTpucutera My = Myed -A/(Ned-W,),
3a paCYETHBIA MOMEHT Mx Ed TPUHUMAOT:

- JUIA CTEp’KHEW C OAHUM 3allleMJICHHBIM, a JAPYTMM CBOOOJIHBIM KOHIIOM -
MOMEHT B 3aJIeJIKe, HO HEC MEHEE MOMEHTA B CEUEHUH, OTCTOAIIEM Ha TPETh JJTMHBI
CTEPKHS OT 3aJICJIKH;

- U CTEP)KHEHM C IIAPHUPHO-ONEPTHIMU KOHILIAMHU, 3aKPEIUIEHHBIMU OT
CMEIIECHUH U3 TJIOCKOCTH M3TH0a - MaKCHMaJbHBI MOMEHT B TMpeEJeiiax CpemHen
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TPETHU IJIMHBI CTEPKHSI, HO HE MEHEE MOJOBHUHBI HAMOOJIBIIIETO MOMEHTA IO JJIUHE
CTEpIKHS.

6) Pacuem Ha ycmouuugocmov GHEUECHMPEHHO-CHCAMBIX CHIEPIHCHE
CK603HO20  CEYeHUsA C_COCOUHUMEbHbIMU _NJIAHKAMU __UWIU _pPeulemKamu
PACROIONHCEHHBIMU 6 NJIA0CKOCMAX, RNAPAIEIAbHbBIX NIA0CKOCMU O0elcmeus
MOMeHma, BLITIOJHAIOT KaK pacuyeT eIUHOro CTepPsKHs B 1esioM 1Mo dopmyire (3.31)
TaK M OTJICJIbHBIX BeTBeH 1o dopmyiie (3.26).

Hns ckeosuwvix cmepoicnell C pelIeTKaMU ¢ ompeaensercs mo Ttadn. J.4,
npunoxenus [ [5] B 3aBUCHMOCTH OT YCJIOBHOM NPHUBEIECHHOM I'MOKOCTH Ay

=Aef+/ fya/E 1 oTHOCHTENbHOTO 3KcleHTpucuTeTa M (hopmyna (3.28). 3nauenue
Aef BBIUMCISIOT B 3aBHCHMOCTH OT 3HAYCHWH NPMBEIECHHOM TMOKOCTH A,

ornpeaensseMbIX 1o hopMyiam, IPUBEACHHBIM B Tadsmie 8[5] niu B 9.3.
[Ipu pacuere BETBEW NMPOJOIBHYIO CHIIY B KaXIOW BETBU OIPEIENSAIOT C yYETOM
u3rubaromero Momenra coracuo 9.3.3 [5].
3.3.3. Pacyer Ha yCTOHYMBOCTH 3JIEMEHTOB NOCTOSIHHOTO CEYEHM,

H3rudaeMblie B IJIOCKOCTH HAMMEHbBIIIEH KeCTKOCTH
BHEICHTPEHHO- C)KaThle DJIEMEHTBI, M3TH0AeMbIC B TUIOCKOCTH HAaMMEHBIIICH
xectkoctd (J, < Jv m ey# 0) paccunthiBaroT mo gopmyie (3.31), a mpu Ax > Ay,
TAKXKE NPOBEPSIOM pAciemom HA YCHOUYUBOCHb U3 NIOCKOCHMU Oelcmeus

MOMERMAa KAK UeHMpailbHO-CoHcAmbvle daemernmsl I10 (1)0pMy.He

A - —<1 (3.36)

7 - ¢y - - KOODPUIMEHT YCTONIMBOCTH MPH IIEHTPATIHHOM CKATHH;
onpenensitor 1o 3.3.1.
ITpu A, <A, mpoBepKa yCTOMYMBOCTU W3 IUIOCKOCTH JEHCTBMS MOMEHTa HE

TpeOyercs.

3.3.4. IlpoBepka o0meii ycTOH4YMBOCTH U3rudaeMbIX 3J1€MEHTOB

N3rubaemMbie 37I€MEHTBI MOTYT BBIMTH W3 paOOTHI BCIEICTBUE MOTEPH UMHU
oOmelt  ycroitunBoct. I[lpu moTepe yCTOWYMBOCTH U3THMOAEMbI  DJIEMEHT
(manpumep, Oanka) MpHU PaCHOIOKEHUU HArpy3KH B IUIOCKOCTH TJIaBHOM OCH
WHEPIIMM CHayajga W3rh0aeTcs B CBOCW IUIOCKOCTH, 3aTE€M MPU JTOCTHKEHUU
Harpy3kod KpPUTHYECKOTO 3HAYCHHS HAUYMHAET 3aKPYYUBATHCS M BBIXOAUTH W3
IUTOCKOCTH M3ruba (puc. 3.5).
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Puc. 3.5. Ilorepst ycTOWYMBOCTH ABYTaBPOBOM OAJIKH.

Kputnueckue HampsiKeHUs O, NPU KOTOPHIX Oajka TepsieT YCTOWYMBOCTb,
3aBUCAT OT MOJIOKEHUS HArpy3KH, MPU PACIIONIOKEHHH HArpy3Kd IO BEPXHEMY
nosicy OajKyd yBEIMYMBACT CKPYYMBAHUE, [0 HIDKHEMY IOSICY — YMEHBIIIAET €ro.
[ToaTOMy pacnonokeHrne Harpy3Ku 10 BEpXHEMY MOSCY 3HAYUTEIBHO ONACHEE.

B HEcUMMETpUYHBIX JBYTAaBPOBBIX Oankax ¢ 060jee pa3BUTHIM BEPXHHUM IOSICOM
nornepeyHass >KECTKOCTb 3a CUYeT MOIIHOro Tosica OoJibllle, B pe3yJbTaTe
KPUTHUUYECKUE HAMPSOKEHUSI OCTAlOTCS MPUMEPHO TaKUMU K€, Kak H s
CUMMETPUYHBIX.

Pacuem na ycmoiiuugocmv 0a10K 08ymaspo6020 Ce4eHus, U3UdAemMvlx 6
N10CKOCHU CHEHKU, BBITIONHSIOT 110 (opMyJie

MEgq
—<1 37
PpWexfyd Ve - (3 3 )

rine W., - MOMEHT CONPOTHUBIICHUS CCUCHHSI OTHOCUTEIIBHO OCH X-X,
BBIYHMCIICHHBIN JJI CKATOTO T0sICa;

@p - XK0dQUIMEHT yCcTOHUYMBOCTH TIpH U3rube; Tae @p = 0./ fya, @b —
4acTO Ha3bIBAIOT, KOA(MOUIIMEHTOM CHIDKEHHUS PacYeTHOrO 3HAYCHHS TIpenuesa
TEKY4eCTH TpH H3THUOHO-KPYTWIBHON (QopMe TOTEepHu YCTOMYMBOCTH Oaok,
OTpeNeNsoT corjacHo npuiaoxenuto XK [5] mist 6agok ¢ OMOPHBIMU CCUCHUSIMH,
3aKPETUICHHBIMU OT OOKOBOTO CMEIIEHUS U TIOBOPOTA.

YcToiunBOCTh 0alOK  CYMTAIOT 00CCTICUCHHOM:

a) Ipu Tepegadye Harpy3kd Ha Oaliky uepe3 CIUIOIIHOM JKECTKUW HaCTUI
(Keme300€TOHHBIC TUTUTHI M3 TSDKEJIOTO0, JITKOTO M SYEHUCTOr0 OCTOHA; TUIOCKHHA U
npOQHIMPOBAHHBIM METAUITMYSCKUA HACTHII, BOJIHUCTYIO CTallb M T. IL.),
HETIPEPBIBHO OMUPAIONIUNACSI Ha CKAThIM TOSIC OalKW WU CBS3aHHBIA C HUM C
MOMOIIBIO CBapKH, OOJITOB, CaMOHApE3alOIUX BUHTOB W [p.; CHJIBI TPEHUS HE
YYHUTHIBAIOT;

v _
0) mpy 3HAYEHUSX YCIOBHOM TMOKOCTH CXKATOro Tosica Oaliku i, :%f. X He



TIPEBBIIAIONIEM 3HAYEHMH Aw, ONpenenseMblX 1o ¢opmynam Tadm. 12 [5] ans
OQJIOK CUMMETPUYHOI'O JIBYyTABPOBOTO CEUYEHHUS WJIM aCUMETPUYHOTO - C OoJiee
Pa3BUTBIM CHKATHIM IOSICOM C OTHOLIEHUEM HIMPUHBI PACTSHYTOTO IMOsica K MIMPUHE
oxaroro nosica e menee 0,75. 3uech lop — pacyeTHas JmHa OAIKM, IIPUHUMAEMas

PaBHOM PacCCTOSIHUIO MEKIYy TOUYKaMU 3aKPEIIJICHUS CKATOTO Tosica OT MOMEPEUHbIX
CMEIICHUH (CBSA3SIMHU, TOUYKAMHU KPEIUICHUS HACTHIIOM); b- mmpuHa cxatoro mosica
OaKH.
Coaep:xanue npakrnyeckux 3anatuii mo 111 pasgeny
Ilpakmuueckoe 3anamue Ne2. Onpenenenue Hecyleil cocoOOHOCTH
PACTSAHYTBIX H CXKATHIX JIEMEHTOB .

Ipumep 3.1. Omnpegenutrh Hecyllyto crnocoOHOCTh naByTaBpa  Ne20),
paboTaroliero Ha pactsbkenue, ctaib C245. y, = 1.

N3 copramenTa: s asyrtaBpa Ne2( mmomiaas paBHa A = 26,8 cm? 5 =8, 4mmM.
B coorserctuu ¢ Tabn. A.3 [5] ms cramm C245 fy4=230 MIla =23kH/cm? (ipu
toimue ot 4 10 30Mm).

NEg
AnfydYc
OTIPEICIIUM HECYIIYIO CIIOCOOHOCTD MPU PabOTE Ha PACTIKEHUE

N= 26,8-23.0-1 = 616,4 Ku.

Pacuer Ha NPOYHOCTH BBHIMOJHSIOT MO (opMyIie <1, orkynma

IIpakTHueckoe 3ansaTue Ne3. Onpedenenue necyuieil cnocoonocmu
UEHMPAILHO CHCAMBLX ITIEMEHMOE
Ipumep 3.2. OmnpenenuTs HECYIIYIO CHOCOOHOCTh IEHTPAJIBHO CIKATOM
CTOMKHM ceueHueM, npuBeaeHHbIM Ha puc.lll.1. Crans C255, croiika anuHol § M
3aiemiieHa B (PyH/JIaMeHTEe U BBEPXY UMEET IIapHUPHOE 3aKperuieHue, y, = 1.
B coorserctBuu ¢ Tabn. A.3, [5] musa cramu C 255 fy ¢ =240 MIla=24xH/cm?
(npu TonuuHe oT 10 10 20MM).

y
o A
[

< tw=10 |} ber=220 |
o ha!
LO)| <t X
Nl ‘ -
= L

0|

il bt=450

Puc. Ill.1 Ceuenue cTOMKMU.
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_ Nea <1.
@A fyave
CeueHue CTOUKH CUMMCTPUYIHOC, HOCHTP TSIKCCTHU HAXOAHUTCA IMOCCPCIANHC
CCUCHUA.
I'eomeTrprueckn XapakTEpUCTUK CEUCHUS !
IJiomaab CCUCHUSA .
A=2bt; +ht, =2-45-1,8+41,4-1=203 4 cm?;

Pacuer Beem B cooTBeTCcTBUU C hopmyion (3.25)

MOMCHTHEI I/IHepI_II/II/I CCUCHMUA:

t3 2 .41 43 183
| - thN bete” bt hy +ty ) |_1-4L4 Lo [ 4518
12 12 2 12 12

2
+45-1,8-(41’42+1’8j J:81539,6 o

t b3 453

1, =2| o0 || 2845 97337 5 eni;
12 12

paanyChbl HHCPIUU CCUCHUA!

|
\/Z 81539.6 _ 0 09 cur i, = F _ 273375 11 59 on
A\ 2034 A N 2034

OnpenenuM ruOKOCTH CCUCHHUS .
Ly _ 560
Ay =F=

20 = 28, X = Ax[Fya/E=28,/24/21000 =0,95,
Ly _ 560
Ay =2 =77-=483, 1, =483,/24/21000= 1,63,

ix 20,02
Lty

rne I, =1, =p-1=0,7-800=560cM - pacyeTHas JUIMHA CTEPIKHSL.
Tak xak cBapHO¥i AByTaBp, 1o tabi. 7[5] Tum cevenus B;
ock X-X: A, = 0,95 wu3 Ttada. /1 [5]

g A, = 0,8 -= ¢, = 0,967,

A, = 1,0 = @, = 0,948, no uaTepnonsmu 1 A, = 0,95 =
¥x=0,9528.

Torma Neg,= 0,9528-203.4-24,0-1 = 4651,72 kH

Ocb y-y: /1y =1,63; wm3Ta6n. JI1 CII s /1y = 1,6 -= ¢,; = 0,881,
Ay = 1,8 -= ¢, = 0,855, orcroaa no uarepnomsiunn s A, = 1,63 =
¢,=0,8771.

Torma Neg= 0,8771-203.4-24,0-1 = 4281,6 kH

Ortcrona Hecymas cmocooHocTh kKomoHHbl Neg= 4281,6 kH

Pazgean IV. COPTAMEHT

Tema 4.1. O0mas XxapaKTepUCTHKA COPTAMEHTA
CoprameHT »3TO Karaior mnpoduneil c¢ ykazaHueM uX (GOpPMbI, Pa3MEpOB,

TCOMCTPHUYICCKHUX XaPAKTCPUCTUK U MACCBHI.
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CoBpeMEeHHBII1 COPTaMEHT BKJIIOYAET B ¢€0s1 JIMCTOBOM MPOKAT, NPOpUIN B
BU/JIE YTOJIKOB, IIBEJJIEPOB, JBYTaBPOB, TABPOB, KPYTJIbIX U MPSIMOYTOJIbHBIX TPYO
(cm. puc. 4.1), a Tak ke ycloxkHeHHbIe Tpoduau ¢ orrudamu, "Oynpoamu'" u mp.

Puc. 4.1. OcHoBHbIE BUJIBI TTpOd e

a) — qumct; 0) — yrojaku;, B) — IIBEJUIEp; T') IIBEUIEP C MapauiedTbHBIMU
IpaHsAMHU MOJIOK; J1) — IBYTaBp; €) - ABYTaBp C MapajuieIbHBIMU TPaHIMH TMOJIOK; XK)
— TaBp; W) CBApHOM JBYTaBp; K) — Kpyrjias TpyOa; i), M) — KBaapaTHbIA H
MPSMOYTOJIBHBINA THYTO3aMKHYTBIN MPO(HIIb.

VYronku u mBEUIEpPhl MOTYT OBITh MNPOKATHBIMU WM XOJOJAHOTHYTHIMHU.
JIucToBOM MpPOKAT BKIKOYAET: CTAIb TOJICTOJUCTOBYIO, TONMHOW 4...160 MM,
mpuHa JucToB 600...3600 MM, nyuHa 10 12 M; cTallb TOHKOJIXWCTOBYIO, TOJIIIMHON
0.2..4 mm ¢ mmpuHor nuctoB B npeaenax 600...1400 mm u mmmHo#t 1.2...5 Mm;
CTaJIb IUPOKOIOJOCHYIO TOMUHON 4...60 MM ¢ mupunoit noaoc 200...1050 mm u
qmHo  9...12  mMM.  Kpome  yKa3aHHBIX  JIUCTOB,  METaJUTypruyeckas
MPOMBIIINICHHOCTh ~ TIOCTABJISIET  JIUCTOBYIO CTallb  PYJOHHYIO, puUbIEHYIO,
MIPOCEYHOBBITSKHYIO, OLIMHKOBaHHYIO, KpoBelbHYI0. Ha deprexkax cedyeHue
JIMCTOBBIX JeTalied 0003HA4YaeTCsl 4YepTol ¢ NByMs uuciamu, Hanpumep: - 100x8,
r7ie IEPBOE YKCIIO YKA3bIBAET LIMPUHY JACTaJH, 2 BTOPOE - TOJIIHHY.

CopTaMeHT YTONKOBBIX NpodUieH BKIIOYACT YTOJIKA PABHOIOJIOYHBIE U
HepaBHOMOJ0YHbIe. COPTAMEHT CTaJldi MPOKATHOM YrOJKOBOW pPaBHOIOJIOYHOU
(I'OCT8509) coctout u3 118 Tunopazmepos, pazMep MoJIOK U3MeHsiercst oT 20 MM
10 250 mm, a TonmmuuHa noJok oT 3 MM 10 30 mM. CopTaMeHT HEpaBHOMOJIOYHBIX
npokatHbix yrojikoB (I'OCT8510) cocroutr u3 66 TUMOpa3MepoB, MPU ITOM
pa3mepsl MOJOK U3MEHSIOTCS B npenenax 16..250 MM, a TONIMMHBI B Ipeaenax
3..20 mM. Ha uepTexax mpokaTHbIE YTOJKH 0003HAYAIOTCS YTOJKOBBIM 3HAKOM M
Mecto s dopmysb. IBYMSL (711 PaBHOIIOJIOYHBIX YIOJIKOB) WX Tpems (i
HEPABHOIIOJOYHBIX YTOJIKOB) uucliaMH, Hampumep: L 75x8, rme mepBas 1udpa
o003Ha4yaeT pa3Mep IOJOK, a BTOpas - TOJIMMHY moJiok; L 250x160x20, rme

NEepBBIC J[Ba YKCJIa 0003HAYAIOT pa3Mepbl MOJOK, a TPEThS - TOJIIMHY MOJIOK.
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VYTronku THyThle Takke OBIBalOT PABHONOJOYHBIE W HEPAaBHOIOJOYHBIE. [l X
0003HAUEHHUs HA YepTeXax IMepes] YroJKOBbIM 3HAKOM CTaBATcs JiBe OykBbl "['H",
Hanpumep: ['n L120x6. [InrHa X0J0AHOTHYTHIX MpoQuiIei onpenensercs AUMHON
JIMCTOBBIX 3arOTOBOK.

Coprament mnpokatHbsix 1mBemwiepoB (['OCT8240) Bkimouaer B ceds
HIBEJUIEPHI C YKIIOHOM BHYTPEHHUX TI'pAaHEH MOJOK M ¢ MapaJuiebHbIMU TPAHIMU
nosiok. CopTaMeHT MEpPBBIX W BTOPBIX COCTOUT U3 22-X TUNOpa3MepoB. Ha
YepTekax IMBeJUIepbl 0003HAYAIOTCS 3HAKOM "[" M YHCIIOM, KOTOpoe 0003HaudaeT
BBICOTY MmBeuiepa B '"cMm', Hampumep: [40. Ilpm mnapamnensHbIX TIpaHAX
noOasisieTcst OykBa «m»yHanpumep, [40m.

CopTraMeHT ByTaBpOB BKJIIOYAET B C€0sl ABYTaBPbI C YKIIOHOM BHYTPEHHUX
rpaneid nojok ('OCT8239) u ¢ mapamiensHbiMu rpadsmu noiok ('OCT26020).
KonnuecTBo THIOpa3sMepoB ABYTaBpPOB C YKJIOHOM BHYTPEHHHX MOJIOK paBHO 28.
Ha wueprexxax Takue JAByTaBpbl oOo3HawaroTcss 3HakoM "I" u  uyuciom,
o003HayaromuUM BBICOTY JAByTaBpa B '"cMm", Hampumep [24. JIByTaBphl C
napajuieIbHbIMU TPAHSAMHU TOJIOK MOAPA3ACISIIOTCS Ha JABYTaBPbl HOPMAJIbHbBIC
(o603navaroTcs OykBoit "b"), mmpokomnonaounsie (I11), kononnsie (K) u komoHHBIE
ymmpennbie (KY). Ilpumep o603HaueHus mupokomnoaounoro asyrtaspa: 11001112,
rae "100" - 3To HoMuHanbHas BeicoTa cedueHus B "'cMm", I - mmpoxomnoaounsrif, "2"
- HOMEp JByTaBpa C HOMHHaJIBbHOM BbICOTOM, paBHOW 100cM. AHaJIOTMYHYIO
KJIacCU(DUKAIIMI0O MMEIOT W TaBpbl, K YKa3aHHBIM BbIII€ OyKBEHHBIM CHMBOJIAM
nooasisiercas Oyka "T". Ilpumep o0003HaueHUSI MIMPOKOMOJIOYHOTO TaBpa:
T20IIT2. JlnuHBI yroJIKOB, IIBEJUIEPOB, JIBYTABPOB M TaBPOB HAXOIATCS B
uHTepBae 4...13 m.

Kpome ykazaHHbIX Npoduiei, COpTaMeHT COACPKUT TpyOuaTbie Npoduin
(Kpyryible U TPSAMOYTOJbHBIE), KPAaHOBBIE W KEJIE3HOAOPOKHBIE PENIbChl, CTalh
KBa/IPAaTHYIO U KPYTIyt0, NpOdUIu i1 OKOHHBIX U (DOHAPHBIX MEPETIETOB.

Pasnen V. COEJJUHEHUS METAJUVIMYECKUX KOHCTPYKIIUA.
CoenunHenns ObIBAIOT:
CBapHEIC,
Ha 0oJTax;
Ha 3aKJIenKax,
KOMOWHUPOBaHHBIC.

Tema 5.1. CBapnble coenfuHeHusi. CTbIKOBbIC U YIJIOBbIE LIBbI,
KOHCTPYHPOBAaHHE U pacyer

5.1.1. CBapHble coeqMHEeHUsI, BUIbI CBAPKHU, MAaTePHAJIbI JJIsl CBAPHBIX
COeIMHEeHHH.

B Hacrosimiee Bpems CBapKa sIBJIIETCS. OCHOBHBIM BUIOM COEIUHEHUM IIPH
W3FOTOBJIICHUH METAIUIMYeCKUX KoHCTpykuui. Ilpumepno 90% Bcex
METAJNIOKOHCTPYKIUI U3rOTABIUBAIOTCS C IPUMEHEHUEM CBAPKH.
Hocmouncmea ceapnvix coeouHeHull:
—ynpouiaeTcst KOHCTPYKTUBHAs (hopma;
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—TPYJOEMKOCTh H3rOTOBJEHHS, IpumMepHo, Ha 20% Huxke OO0JITOBBIX
COCJIMHCHM;

—pacxon metayyia Ha 10-20% wmenbIe yem a1t 00JITOBBIX COSTUHEHMUIA;

Heoocmamxu:

—BHYTPEHHHE OCTATOYHBIE CBAPOYHBIC HATIPSKEHUS,

— KOHIIEHTPATOPhI HANIPSKEHUH;

— KOHTPOJIb KauecTBa 3aTpyAHEH.

I[lo cmocoOy MexaHW3allMK CBapKy TMOAPA3ACNAIOT Ha  PYYHYIO,
aBTOMATHUYECKYI0 M TMOJyaBTOMaTuueckyro. [Ipu pydHON cBapke B KauecTBe
CBAPOYHBIX MATEPUAJIOB HCIOJB3YIOT JJIEKTPOJABl C 3alIUTHBIM MOKPBITHEM,
KOTOpBIE MOJApa3aAesioTes o Tumam: 942, D42A, 246, 246A, 250, 350A, 260,
D70. bykBa "D" o6o3nawaer "anmekTpona', a uudpa ykKaspIBaeT BPEMEHHOE
CONIPOTHBJICHHE HAIUIABICHHOTO MeTajia »snektpoxga B kH/cm?. Ecom  x
0003HAYEHHUIO THUIIA AIEKTpoaa aobasisgercs OykBa "A'", TO 3TO CBUAETEIbCTBYET
O TOBBIIICHHOW MJIACTUYHOCTHU HATUIABICHHOTO METAJIIa AJIEKTPOJa U UX YHUCTOTE
1o cojiep>kanuio cepbl U pocdopa. Takue 37IeKTPOIBI UCTIOIB3YIOTCS ISl CBapKU
KOHCTPYKIIMH pabOTalOMMX HA TUHAMUYECKUE HATPY3KHU.

IIpy aBTOMAaTHYECKOM U IIOJyaBTOMAaTUYECKOM CBApKE UCIIOJIb3YIOTCS
CBapoyHas MPOBOJOKA 0€3 KaKUX-TUOO 3alIUTHBIX MOKPHITHH WM MOPOIIKOBAs
npoBojioka. B mepBoM ciywae, Ui 3alMTBl AYTH W SKHAKOTO MeTajla OT
OKpPY>KaIoIIEero BO37yXa, UCMOIB3YIOT (UIoC (IpaHyIMpPOBAHHBINA MOPOIIOK) WITU
3aUTHBIN ra3. Bo BTOpoMm ciydae 3amuTHbIE (DYHKIIUU BBITOTHSET TMOPOIIOK,
pacronaraemMbpliii BO BHYTPEHHEH IIOJOCTH MOPOIIKOBOM MPOBOJIOKU. BrIOOp
CBapOYHBIX MAaTEPUAIOB OCYIIECTBIISICTCSI B COOTBETCTBUU € 5.6 [5] B 3aBUCHMOCTH
OT MPOYHOCTHU MeTajljla U YCIOBUM SKCILTyaTallii KOHCTPYKIui (Tadm. 5.1).

Hanpumep, konctpykiuu u3 cranm C235, C245, C255  BapsaT saeKkTpoaamu
242, D42A, 946, 946A, u3 cranu (C345 HCTOJIB3YIOT 3JIEKTPOIbI 950,
DO50A. [nga cBapku KOHCTPYKIMM B 3allATHOM Ta3€ HCHOJB3YIOT TOJYIO
npoBoJIOoKy Takyro kak  C-08, CB-08A, CB-081'2C. Hanpumep, C-08XI'CMA
o0o3nauaer CB- cBapo4Has MPOBOJIOKA, MepBasi udpa — CoAEpKaHUE yrieposia B
cotbix noisix (0,08%); xpoma (X), mapranua (I'), kpemuus (C), monmubaena (M) -
Kaxaoro 1o 1%; OykBa A B KOHIIE IOKA3bIBACT MOBBIIMICHHYIO IJIACTUYHOCTh U
YUCTOTY IIPOBOJIOKHU TI0 COJIEpkKaHUIO cephl U hochopa.

JlomyckaeTcsi UCIHOJIb30BaHUE CBAapOUYHBIX MAaTEpHUANIOB, HE YyKa3aHHBIX B
tabauue 5.1, mpyu 3TOM MEXaHUYECKUE XapaKTEPUCTUKH HAIUIaBJICHHOIO METalia C
UX TPUMEHEHHEM JOJDKHBI OBITh HE HIDKE XapaKTEePUCTHK, 00ECTIeUMBAEMBIX
MPUMEHEHUEM MaTepUaliOB, YKa3aHHBIX B TAOJIHIIE.
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Tabnuna 5.1—- MaTtepuansl 1151 CBapKH, COOTBETCTBYIOIINE CTaJIH

Mapka maTepuana Onsi cBapkm
Xapaktepuctuny . -
CBapoO4yHOM NPOBOJIOKN ANA aBTOMaTnU4eCcKoun
eCKoe 3Ha4vyeHune o
npepena n MexaHmn4eckou CBapKVI . Tun
Tekysectm B YINEKMCIIOM rase drioca ”:Ss:;';?;” anektpoaa
cranu fyk, H/mm? WNW B €ro cMecy foA
dntocom
C aproHom
CB-08A AH-348-A, 0429,
,D,O 290 AH_601)' 342AY
CB-08I2C, CB-08TA M®PK-56CY, 3469,
. 035 )
CB-08CHT, UF-02, UF-03" | qpan-s, | 246A
CB-08I'CMT CB-10IA2 AH-17-M, Mnn-AH-8
Cs-10r22 AH-43, 350,
OT 290 f10 440 Ce-10HMA AH-47, 350A
AH-348-A3),
MoK-56CH,
UF-02, UF-03%
CB-08I'2C,
_56CH
Ot 440 po 590 CB-08I'CHT, Cs-10M'A?2 MOK-56C7, Mr-AH-3, 350A
UF-02, UF-03% | mr.AH-8
CB-08CMT Ce-10HMA 360
CB-08XHM
Ce-08XI'CMA Cs-10HMA AH-17-M, 360
Ot 590 MNdK-56CY, MM-AH-3,
CB-10XIM2CMA CB-08XH2I'MIO UF-02, UF-03 Mnri-AH-8 370

1 dnoc AH-60 1 anekTpoabl TMNoB 342, D42A, 46, I46A D50 NpUMEHSIOT ANA KOHCTPYKUMIA rpynn 2 1 3 npu
pacyeTHbIX Temnepatypax t > —45 °C.

2) He npumeHsATb B codeTaHunm ¢ dorirocom AH-43.

3 Ona dntoca AH-348-A TpebyeTcst [OMNOMHUTENbHBIA KOHTPOMb MEXaHUYEeCKUX CBONCTB MeTasna LiBa npu cBapke
COEAVMHEHVIN 3NEMEHTOB BCEX TOJLUMHOW Mpu pacyeTHon Temnepatype t < -45°C u tonwmH Goree 32 - npwu
pacyeTHbIX Temnepartypax t>-45 °C.

4 Kepamuyeckuin dontoc MOK-56C no CoOTBETCTBYIOWMM TEXHUYECKUM YCIIOBUSM.

5 Kepamuueckuin  oriioC  CBApOYHbIii - arnomepupoBaHHbii Mapok UF-02 n UF-03 no cooTBeTCTBYIOLWMM
TEXHUYECKUM YCIOBUSIM.

Tunwt ceapnbvix w606 u coeounenuii. 110 KOHCTpyKTUBHOMY IIPU3HAKY CBApHBIE
LIBBI NOAPA3AEISIIOTCS Ha CcmblKogble U y2n06ble. (CTBIKOBBIE IIBBI COCIHUHSIOT
AJIEMEHTBI, PACIOJIOKEHHbIE B OJHOW IJIOCKOCTH, @ YTJIOBBIE IIBBI - 3JIEMEHTHI,
pacnoJIoKEHHbIE B pa3HbIX IUIOCKOCTAX Ha puc. 5.1 mpuBeneHsl THUIBI CBapHBIX
COEIMHEHU: CTHIKOBBIMHU ILIBAMU - @) — JIUCTOB U YTOJIKOB; YIJIOBBIMU IIBaMU - 0)

— HaxJIECTOYHOE, B) — B TaBp, I') — B yIOJ.
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CrpikOBbIE BBl HaumOOJiee palMOHAIBHBI IO Pacxoay MPHUCATOYHOIO
Marepuasa, IUIaBHas Iepeada CHJIOBOIO IOTOKA, MMEET MECTO HAMMEHBIIEEe
KOJIMYECTBO KOHLIEHTPATOPOB HANPSHKEHUH, YAOOHBI 1711 IPOBEICHUSI KOHTPOJISL.

B coenuHenuss ¢  yrioBbIMH  IIBaM  HaOI0JaeTcs  HEpPaBHOMEpPHOE
pacupenesieHue CHJIOBOTO II0TOKA, BBI3BIBAIOIICE KOHIICHTPALMIO HANPSIKECHUM,
IIO3TOMY TAaKHE COECAVHEHUsS HE PEKOMEHAYIOTCSA INPUMEHATH B KOHCTPYKLMSAX,
BOCIIPUHUMAIOIIMX IIEPEMEHHbIC WIM JWHAMUYECKHE  HArpy3Kd, a TaKke
DKCIUTYaTUPYEMBIX MPU HU3KUX TEMIIEpaTypax.

QI@%:E—P Qe " >
A —

o)

= T

a) y'TE)'ﬂn:%

Puc. 5.1 Tunsl cBapHBIX COEJUHEHUH: a) — JIMCTOB M YIOJIKOB - CTBIKOBBIMHU

mBaMu; 0)— HAXJIECTOYHOE - YIJIOBBIMU IIBaMU , B) — B TaBp, I') — B yTOJ.
JInsi KauecTBEHHOTO BBIMOJIHEHUSI CBApHOrO IlBa C IOJHBIM IPOBAPOM

NpeyCMATPUBAIOT PA3JIMYHbIC (OPMBI pa3ieiIKd KPOMOK (puc. 5.2), KOTOphIC
HAa3HA4aroT B 3aBUCUMOCTH OT BMJ1a CBAPKHU U TOJILMHBI CBAPUBAEMBIX 3JIEMEHTOB.
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Puc. 5.2 ®dopma moAroTOBKM KPOMOK CBAapHUBAEMbIX DJIEMEHTOB: a) —
CTBIKOBBIX COCIMHEHH; 0) — YTJIOBBIX COSMHEHUH; B) - COSTUHEHUHN B yTOJ.

Pa3ﬂen1<a KPOMOK BBIIOJIHAIOT HC TOJBKO JJIA CTBIKOBBIX, HO U JI YIJIOBBIX
IIBOB.

5.1.2. PacueT CTBHIKOBBLIX COCIHMHEHUH .

PacyeT CTBIKOBBIX CBApHBIX COCMHEHUW BBIMNOJHSIOT B NPEANOI0KEHUU, YTO
pacrpeiesicHue HaNpsHKEHW B CBAPHOM IIIBE PAaBHOMEPHOE, B 3TOM CJy4ae OB
JIOJDKEH OBITh C MOJTHBIM IPOBAPOM M KaUu€CTBEHHBIM, 0€3 MOPE30B U HEMPOBAPOB,
C TIOJIHOM 3aBapKoWl KOHIIOB. B cilyyae OJHOCTOpOHHEW CBapKH HEOOXOJIUMO
IIPOU3BOIUTH MMOABAPKY KOPHS IIBA WIIM BaAPUTh Ha MOJAKIaaKe (puc. 5.3).

al.

i

]
1
1
1

ModBopia.

KOPHA flodpeast flodxnadra
g) 1
, /
IL
Fﬁ'ﬁpﬂﬂdp KOPHR
Puc.5.3 1lloB BCTBIK: a) — NpaBWIbHBIA, C TOJHBIM MpPOBapoM; 0) — C
nedeKTaMu.
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CTBIKOBBIE TIBBI MOTYT OBITh TpsiMbie (puc.5.4a), mpsMble HA BHIBOJHBIE
iaHku (puc. 5.40) u kocbie (puc.S. 4B)

al
o __ Ouw _
N 1 BE (N
- = = - =H—
N__ ¢ —~ N
c.j‘___._ 1 J £ =
6) EUCOGHME NATHKU ¢

) o

v lx o E

- . ! = M
S ()

Puc.5.4 K pacueTy CTBIKOBBIX COECIMHEHUH Ha MPOJOJIBHYIO CHUIIY: a) — JIUCTOB, 0)
— JIMCTOB C TJIaHKaMH, B) —JIUCTOB C KOCBIM IIIBOM; Ha U3TUO: T') — JIUCTOB.

Pacuer cBapHBIX CTBIKOBBIX COEIMHEHUNM TIPU JEUCTBHE PACUETHOTO
3HaueHust oceBod cuibl Neg (puc. 5.4, a)), mzrubaroniero momenta Megqg (puc.
5.4,r)) u nonepedHoi cuibl VEq ClieyeT MpoBepsATh Mo popmyiam:

— IIPU OCEBOM CuJIe, IPOXOISIICH Yepe3 HEHTP TAKECTU CEUCHHUS:

—Nee 1, (5.1)

twlw-fwy Yc
— IIpU U3rU0aI0IIEeM MOMEHTE:
6M
_Mea . (5.2)

tw'l\%v-fwy-yc -

— IIPU IONIEPEYHON CHIIE:

4
—Ff <1 (5.3)
twlwfws Ve
TI€ fiyy = fya - PDACYETHOE 3HAYEHHE NPOYHOCTH CTHIKOBOIO IIBA, IO

npefeny TEeKydecTH, pacTsiKeHHo U m3ruly (¢ (u3mueckuMu MeEToAaMu
KOHTPOJIS), CKATHIO; fyy = 0,85f,4 - TOKe, pacTspkeHuto U u3ruOy, HO Oe3
du3nYecKuX METOJIOB KOHTPOJIS;, pacyeTHOE 3HAUYCHHUE Tpejiesia TeKyueCcTH CTaju
fya TPUHUMAIOTCS TI0 HAUOOJIEE TOJICTOMY U3 CBAPUBAEMBIX JJIEMEHTOB,;
fws, = fs - pacueTHOe 3HaYEHUE NPOYHOCTHU CTBIKOBOTO I1IBA CPE3Y;

tw = t, tme t — MEHbBIIIAs U3 TOJIIUH COSANHIEMBIX 3JIEMEHTOB;
l,, =1 — 2t — pacueTHas AjMHA LIBA, paBHAs MOJIHOW €ro JJIMHE, YMEHbUIEHHOU
Ha 2f, WIM TMONHON ero AJMHE TpPHU CBAapKE 3JEMEHTOB C HCIOJIb30BAHHEM
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BBIBOJIHBIX TUIAHOK (puc. 5.4, 0)). Ilocie cBapku, BBIBOAHBIC IUIAHKH O0OpE3alorT,
TOPIIBI JINCTOB 3aYUIIAIOT a0pPa3uBHBIM KPYTOM;

[Ipu pelicTBUM Ha COEIMHEHHE OJHOBpeMEHHO oceBo cuibl Ned
usrubaromero momeHTa Med M nonepednoi cuiibl Ved B HauOoliee HAPSHKEHHOU
TOYKE CEUYEHUs] TMPOBEpKa TMPOYHOCTH BBHIMIOJHACTCS IO MPUBEIACHHOMY
HaIPSKEHUIO

G + G+ 3017 < fuy 5.)

B Tex ciywasx, korma ycimoBue mnpouHoctd Ha Ned mo dopmyne (5.1) He
BBITOJTHACTCS, PEKOMEHAYETCsl MPUMEHATh Kocod moB (puc. 5.4, B)). IIpoBepky
MPOYHOCTH KOCOTO IIIBA BHITIOIHSIOT MO popmyJie

/awz +37,% < fiy (5.5)

rae o, = Nsina/t, L, "y, <fwy, Tw=Ncosa/t,: Ly Ve < fis;
[

’

w = ly/sina -pacuerHas AIMHA KOCOTO IIBA.

[Ipu pacuere CBapHBIX CTBIKOBBIX COCIUHEHUW SJEMEHTOB W3 CTaleu C
OTHOIIEHUEM fy,q/Vy > fyq , OKCIUIyaTalus KOTOPHIX BO3MOXHA M HOCIE

JOCTHIKEHHS CTAIBIO MpEJENa TEKYYECTH, a TAaKKe U3 CTanu ¢ fy > 440Mlla

B popmynax (5.1) — (5.4), Bmecto fy,y, CHEIYET IPUHUMATS fi, /Yy, TAE  fiyy =
fu, Yu=13, (HEOOXOAMMO MPHUMEHSITH TOJBKO C (UIUUECCKUMU METOIAMHU
KOHTPOJIS 11IBA).

PacueT CTBIKOBBIX CBAapHBIX COEJUHEHUN BBITIOJHATH HE TpeOyeTcs Mpu
NPUMEHEHUU CBAPOYHBIX MaTepHuayioB corjacHo tabmurne .1 (mpunoxenue I')[5],
IpU TOJHOM IMPOBape COEAUHAEMBIX 35eMeHTOB M cruiomHoM (100 %-HOM)
KOHTPOJIE KAa4EeCTBA COECIMHEHUI HEpa3pylIalolMMU METOIAMMU.

5.1.3. Pacuer coequHeHUii ¢ yIJIOBBIMH IIBAMHU

Ecnu anemMeHThl HAaXOATCSl B Pa3HBIX MIIOCKOCTSIX U UX COEJIUHECHUE
BBITIOJTHSIETCS IIBOM B YTOJ1, TO X HA3bIBAIOT COSMHEHUSIMU C YTJIOBBIMHU I1IBaMH,
a IBBI YIIIOBBIMU (puC. 5.7).

B 3aBHCUMOCTH OT OpUEHTAIIMU YTJIOBOTO I1BAa OTHOCUTENIBHO JTUHUU JICUCTBUS
OCEBOT'0 YCUJIUS YIJIOBBIC IIBBI MOAPA3CISIOTCS Ha JJOOOBbIE U (DJIaHTOBBIE (PHC.

5.5).
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Puc.5.5 Turmsl yrinoBeix mBoB ((hJIaHTOBBIC U JTOOOBBIE).

Pacnipenenenne HanpspkeHUHM 10 JUIMHE YIVIOBOTO IIBA HEPABHOMEPHO.
Hawubomnee HarpyXeHHbIC y4acTKH, Hampumep, s ¢uanroBoro msa (puc. 5.6),
HaxOJTCS B HA4YAJIE U B KOHIIE COCAMHEHNU B YIJIOBOM ILIBE. [10osBII€eHHE TpEIUHbI
B IIBE€ HayMHAeTCsd MO TopuaM (KOHUEHTpalus HalpsDKeHWH), 4TO SIBISETCA
IIPUYUHON €T0 pa3pyLICHUS.

| = -

- | -
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AUNUR PEIPYCHER wioa |

Puc.5.6 Pacrnpenenenve HampspDKeHHM M pa3pyllieHHE YTI0OBOro (DIaHTOBOTO
1IBa.

[IpoBepka MPOYHOCTH CBApHBIX COECAWHEHUN C MPUMEHEHUEM YTIJIOBBIX IIBOB
IPOU3BOAUTCS 110 ABYM CEUECHHSIM:

- 110 MeTaJuly 1Ba (puc. 5.7, ceuenue 1);

- 110 METaJly TpaHullbl CIUlaBieHus (puc. 5.7, ceueHue 2).
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Puc. 5.7 Cxema pacyeTHBIX CEUEHUH CBapHOrO0 COEJAMHEHHS C YIJIOBBIMH
mBaMu: 1 — Mo MeTajly 1Ba; 2 — 0 METaJly TPaHUIlbl CIUIABIICHUS.

Karetbl cBapubix 1mBOoB (kf)  Clemyer NpUHMMATh, Kak MPaBUIO, C
cooTHomeHreM pazmepoB 1:1. Ilpu pa3HBIX TONIMHAX CBAPUBAEMBIX JIEMEHTOB
JIOTTYCKaeTCsl MPUHUMATh IIBBI C HEPABHBIMU KaT€TaMH, MPU 3TOM, 32 PACUCTHBIN
KaTeT MIBa NMPUHUMAETCS Kf i KarTeT yrimoBoro mmsa JOMDKEH yHTOBIETBODATH
TpeOOBaHUSIM pacuera M ObITh, KaK MPaBWIO, HE MEHEEe YKa3aHHOTO B Tabmuie 5.3
B 3aBHCHMOCTH OT TOJIIIMHBI 00JIee TOJICTOrO U3 CBAPUBAEMBIX 3JIEMEHTOB, YTOOBI
00€CIeUnTh NPOBAP CO CTOPOHBI TOJICTOrO dnemenTa. Takxke (Ky) NODKEH OBbITh HE
oonee 1,2t, rne t — HauMeHbIIass U3 TOJIIKUH CBAPUBAEMBIX SJIEMEHTOB, YTOOBI
UCKITIOUNTD TIPOXKOT O0JIee TOHKOTO M3 CBAPUBAEMBIX AJIEMEHTOB. JIJIsT TPOKATHBIX
KPOMOK TIOJIOK YT'OJIKOB, JBYTABPOB W IIBEJUICPOB Kfmax HE JODKCH MPEBBIMIATH
0,9t.

Pacuer cBapHBIX COCJUHEHUH C YIJIOBBIMHU IIIBAMHU TPU JACHCTBUU OCEBOTO
ycmust Ned ClleTyeT BBITIONHATh Ha cpe3 (YCIOBHBIN) MO OJHOMY M3 JABYX CCUCHUU
(cM. puc. 5.7) TO YCIOBUAM:

Bffwf <1
-pu g7 <1 10 Meraiuy miBa
N
Ed <1, (5.6)
Brks lwfwrYc
f
- IpH Pl 51 1o METaJUly TPaHHUIIbI CIIJIABICHHS

BZfWZ

NEq
— < 1, 5.7
Bzkf lw fwzYc ( )

rae By u f, - K0odhPUIUEHTHI yCIOBHS CBAPKH, YUUTHIBAIOLINE TIIyOUHY
NPOIUTABIICHUS IIIBA M TPAHUIIBI CIUIABJICHUS B 3aBUCHMOCTH OT BUIa CBAPKH 1
0JIOXKEeHHS 11Ba (Ta0:1.5.2 miu taou. 40, [5]);

l, - pacueTHas JJMHA CBApHOTO IIBA, IPUHAMAaEMasi MEHbIIIE €ro MOJHOM
JUTMHBI Ha 10MM;

Y. - K03duruent ycmous padotsl (cM. Taba. b.1 [5]);

fwf - DacyYeTHOE 3HAYCHHME NPOYHOCTH YIJIOBOIO IIBAa II0 METAly IIBa,
3aBHCSINEE OT IPOYHOCTH MeTala JJIEKTPOJia WM CBAapPOYHOW IPOBOJIOKH,
IpUHUMAETCs PaBHBIM fi, ¢ = 0,55fu/Viym» 30€Ch fwue — Xapakrepuctuyeckoe

93



3HaUEHWE TIpejesia TMPOYHOCTH HAIUIABICHHOTO MeTala IIBa, Vym = 1,25 -
YaCTHBIM KOO PUIIMEHT 110 MaTepuay; 3HaueHus f, » NPUBEICHBI B Ta0. 5.4.

fwz - pacueTHOe 3HaYCHHWE MPOYHOCTH YIJIOBOTO IIBA IO METAUTy TPAHHIIBI
CIUIaBJICHUS, 3aBUCAIIEE OT MPOYHOCTH METalla COENMHSAEMBIX 3JIEMEHTOB W
npunumaercss paBHbIM fw,= 0.45fu4, 3mecy fus — MeHbIee pacdyeTHoe 3HAUCHHE

mnpeacia MpoYHOCTH COCAUHACMBIX 3JICMCHTOB.

Tabn. 5.2 — 3nauenus kKO3PpPUIUEHTOB ff U f;

Bun [Tonoxenune Ko» 3navenus kodpdunreHToB Pru Bz mpu
CBapKH U 1IBa bdur; | HOpMaIbHBIX PEKHMAaX CBAPKU M KaTETax IBOB
JIAAMETP HEHTEI Ki,MmMm
CBAapOYHOMI 3-8 9-12 14-16 cB. 16
IPOBOJIOKH
ABTOMaTH4YEC B nopouky Vi 1,1 0,7
kas npu d=3-5mMm )i 1,15 1,0
Hwxuee B 1,1 09 09 0,7
)2 1,15 1,05 1,05 1,0
ABTOMaTuuec B nogouxy Pt 0,9 0,8 0,7
Kasg 1 B2 1,05 1,0
MEXaHU3UPOBAHH
ast Ipu Hwxnee, fi 0,9 08 07
d=1,4-2mm TOPHU30HTAIBHOE,
BEpPTUKAIBHOE B 1,05 1.0
Pyunas; B nonouky
MEXaHH3UPOBAHH P 0.7
as mpu d<l,4mm Hikree,
WA IOPOWKOBOH | ropysonTansHoe, B 1,0
HPOBOJIOKOH BEPTHKAIILHOE

[Ipu mpoEKTUPOBAHUM CBAPHOTO COCAMHEHHUS C YIJIOBBIMU IIIBAMU Ha JCHCTBUE
IPOJIOJIBHON CHIIBI yIOOHEE OMpEeNsITh HEOOXOUMYIO JUTMHY CBAPHOTO IIBA W3
BhIpaxkeHu# (5.6) uiu (5.7), MU 3TOM KaTETOM IIIBa 3aJ1al0TCA.

HpI/I BZfWZ

Lwg = Nga/Brkrfwrve t1lem,
Bffwf >1
BZfWZ

- Ipu

Bffwf < 1

— pacdcT BCAYT 11O MCTAJLJTY IIBa

lyz = NEd/ﬁZkffWYC +1em,

rjae -

(5.8)

(5.8a)

HernpoBapa 1o topiam sa 1no 0,5cm (Smm).

—I10 MCTAJIJTY T'PpaHUIIbI CILJIABJICHUA

pacueTHyo JUIMHY CBapHOro miBa l,, YBEJIMYMBAIOT Ha IcM C yd4eTom
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Ecnu nnuna ¢uanroBoro miBa [, okaszanach OoJibllie JOIMYCTUMON pacyeTHOM
mmHbl, paBHoW  85Brks, TO paunMoHanbHEE ONPENENATh Ky MUCXOIS H3 €r0
JIOITY CTUMOM JIJINHBI

Kt = 5-\[Nga/B5 urve (5.9)

MuHuManbHBIM KaTeT IIBa HaA3HAYACTCS HCXO0as U3 Ta6J'II/II_[I>I 5.3

Pacuem na u3eué u nonepeunylo cuiy, HalpUMeEp, JINCTA, NPUBAPEHHOIO
JIBYMsI YTJIOBBIMH IBamMu (puc. 5.8a)) BBIMONHAIOT 1O PaBHOJCHCTBYIONTUM
HaIpsDKEHUSIM B HanOoJiee HalpsSHKEHHOM Touke. 3/1ech pacyeTHas JJIMHA CBApPHOTO
IIBa paBHa ero juHe 3a BeraeToM 1 cm (I, = 1 — 1 cm).

ITo meTaiuty mBa

60/ )T + Vial (287l < e (5.10)

ITo rpaHuie crimaBieHUs

6050/ (28,420 + Vial 2Bk < fure (5.11)

o)
Ty
—
[ e ' Y
" | [
‘ _=—,_¢FI T
[

Puc. 5.8 K pacdery cBapHBIX COCTMHCHHI C YTIJIOBBIMH IIIBAMH: a) — HA MOMEHT
Y TIONIEPEYHYIO0 CUITYy; 0) — MpUBapKa yroJika.

[Tpu npukpenyieHnn yriioBEIMU IIIBAMU HECUMMETPUYHBIX TIpoduiiet, Harpumep
yToiKoB K ¢aconke ¢epm (puc. 5.8 6)), HEOOXOAUMO YUUTHIBATH HEPABHOMEPHOE
pacmpeneneHue yCWiIus MEXIy naByMs mmBamu. Ycwime N pacmpenensercs

00paTHO MPOMOPIMOHAIBHO PACCTOSIHUSM OT CBApHBIX IIBOB JO OCH 3JIEMEHTA.
b—z
Tornma ycuiaue, BOCHIPUHHMAEMOE CBAapHbIMU IIBaMH 1Mo 00ymky N; = N - 2=

zZ o
aN u no mepy N, =N 7" = (1 —a)N. TloxacraBiuss HalJCHHbIE 3HAYECHHUS
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ycuiuid B popmyay (5.8), MOKHO BBIYMCIIUTh JUIMHY CBApHBIX IIBOB 10 0OYHIKY [4
v nepy l, npu 3a1aHHbIX KaTeTax Kry ke .

3naueHne KOdPGUIUMEHTa @  3aBUCUT OT THUIA YTOJKOB M B pacueTax MOXKET
OBITh TPHUHATO: ISl PAaBHOOOKUX YroJNKOB paBHBIM 0,7; &His HEpaBHOOOKOTO
yrojiKa, MpUKperiieMoro Manoi monkoil 0,65; nans HepaBHOOOKOIrO YToJKa,
npuKperuisieMoro 0onbinoi noykoi 0,75.

Tabnuma 5.3 — MuHUMaNbHBIN KaTET YIJIOBBIX IIIBOB

e —— —y — -

MuHUMaNTEHEIH KaTeT mea ky, MM, IPH TOIIHHE
TH coeHHEHAS Bu cBapKy Bosee TOJICTOro W3 CBapHBAEMBIX JIEMEHTOB 7%, MM
4-5 6-10 | 11-16 | 17-22 | 23-32 | 3340
Taspozsoe ¢
JIBy CTOPOHHHUMH
YIJIOBBIMH IIBAMH; 3 4 6 10 12 16
HaxJICCTOYHOE H Pyunag nyrogas,
YIIIOBOE aBTOMaTH4ecKas H
Yrnosoe u MEeXaHH3HpOBaHHAN
AP L 3 5 8 12 16 22
OTHOCTOPOHHHMH
YITIOBBIMH IIBaMH

* Ilpu ycnosmn ¢ > 0,67, rae ¢ — TomuuHa 60Jiee TOHKOIO H3 CBAPHBAEMEIX 3JIEMEHTOB.

ITpumegaHus

| B KOHCTPYKIMAX M3 CTANM C NpeaeoM Tekydecty casime 590 H/mm? MUHMMANBHBIN KaTeT MBOB chneayer
INPHHUMATH 110 TEXHOJOTHIECKHM PErIaMEHTaM Ha H3rOTOBJICHHE.

2 Jlns Beex cranell mpu TommuHe 3nemeHToB Gosee 40 MM MMHMMATBHBINA KaTer CBapHOro mBa Ay cremyer
NPHHMMATB 110 pacyery.

3 Ilpu Tonmumne Gonee TOHKOIO H3 CBAPHBAEMBIX 3JEMEHTOB ! < 0,67, MHHHUMAILHBIH KaTer CBAPHOIO WIBA A
CJIelyeT MPHHUMaTh 110 pacyeTy, Ho He Oonee 1,2 1.

Tabmuma 5.4 CBapouHble MaTepraibl U PACUCTHBIE 3HAYEHUS POYHOCTH YTIIOBOTO
miBa cpesy (ycioBHOMY) 1o Metasury mBa fuwr, MIla

CBapoyHbI MaTepuvan ok, Hivi? o, Hir2
Twn anekTpoaa Mapka npoBonoku
042, 542A Cg-08, CB-08A 410 180
346, 346A CB-08I'A 450 200
350, 350A CB-08I2C, Cs-10lA, MMM-AH-8, MNM-AH-3 490 215
360 CB-08M2C%, Cs-10HMA, CB-102 590 240
370 CB-10XM"2CMA, CB-08XH2I'MIO 685 280
285 — 835 340

D Tonbko Ans WBOB ¢ kaTeToM ki < 8 MM B KOHCTPYKLMAX M3 CTanu C XapaKTEpPUCTUYECKUM 3HaYeHWeM npeaena
TekydecTn 440 H/mm? 1 Gonee.

B paGquX COCANMHCHUAX  YIJIOBBIC MIBBI BBIIIOJIHAIOT CIIJIOHNIHBIMH II0 BCEH

JUTUHE.
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[IpepbIBUCTBIE YIIOBBIE IIBHI JOIMYCKAECTCS MPUMEHATH Uil COEIMHEHHI B
KOHCTpYKIusx rpynnbl 4 (tadm. A.l (npunoxenue A) [5]) mpu craTmueckoii
Harpy3ke W M30BITOYHON Hecyleld CHOCOOHOCTH HEMPEPHIBHOIO — IIBa
MUHUMAJIBHOTO pa3Mepa, a TakKe MPU PeKOHCTPYUPYEMBIX KOHCTPYKLMSIX TPYIIIIbI
3, BKCIUTyaTUPyEMBIX B HEAarpeCCUBHBIX cpefax. PasMepsl cBapHOTO IIBa JTOJKHBI
COOTBETCTBOBAaTh TpeOOBaHUSIM, MPHUBEJACHH B JaHHOM paszjiene. PaccrosiHue
MEXy y4acCTKaMHU CBapHbBIX IIBOB HE JOJKHO MPEBBIIIATH OJHOrO W3 3HAUYCHUI:
200mM, 12tmin — B ckaroM dsneMeHTe (tmin — TOJIIMHA CaMOro TOHKOTO M3
COCIMHSEMBIX IEMEHTOB), 16 tmin - B pacTAsHyTOM 31eMeHTe. B KOHCTpyKIMsX
rpymnmnsl 4 pacCTOSHUE MEXK]y YYaCTKaMU IBa AOMYCKAeTCs yBeInUnuBaTh Ha 50%.
CBapHble HIBBI IO KOHI[AM COEIMHIEMBIX 3JIEMEHTOB BBINOJIHSIOT JJINHOM HE MEHE
0,75b , roe b - mmpuHa Gojee y3Kkoi U3 COCAUHAECMBIX IIJIACTHH.

OAHOCTOPOHHKE YTJIOBBIE IIBBI B PACUETHBIX COEIMHEHMIX HE JoMycKaroTcs. B
HE PAaCUYETHBIX COEIMHEHMSIX OJHOCTOPOHHHUE YTIJIOBBIE IUBHI JOIMYCKAIOTCS MpHU
CJIEIYIOIUX YCIOBUSAX:

— TeMIeparypa dKCIUTyaTalluy He JoJKHa ObITh HUke MUHYC 45°C;

— cpeJla PKCIUTyaTallii He arpecCUBHAs WU cl1aboarpecCuBHAs.

5.1.4. KoHcTpyKTHBHBIE TPeOOBAHUSA K CBAPHBIM COEeUHEHUAM

OOpa3oBaHue CBapHBIX COCAMHEHUN  COMPOBOXKIACTCS  MOSBICHUEM
CBAapOUHBIX HampspkeHu u  nedopmaruit. (1  yMeHBbIIEHUS CBapOYHBIX
HampsbKeHut U gedopmanuii  ciaeAyeT  NPUACPKHUBATHCS  CIETYIONIUX
PEKOMEHIALNN:

KaTeThl CBapHBIX IIIBOB Ha3HA4YaTh IO BO3MOXXHOCTH MHMHHUMAJIbHO
JIOTTY CTUMBIMU;

HE JIONYCKaTh MePeCceYeHMs] CBAPHBIX IIBOB U OJIM3KOTO UX PACIIOIIOKEHUS;

pacronaraTb CBapHbI€ IIBbl CUMMETPUYHO OTHOCUTEIBHO LIEHTPA TAXKECTU
CEYCHHMUS.

CBapouHble HANPSDKEHHSI U JAe(OpMalid MOTYT OBITh YMEHBIIECHBI TAKKE C
MOMOIIBI0 TEXHOJOTUUECKUX MEPONPUITUHN: MPABWIHHBIM BHIOOPOM MapaMeTpOB
CBAapKHU M OYEPETHOCTHU BBITTOJTHEHHUS CBAPHBIX IIIBOB.

Hpyrum OTpUIIATEIbHBIM CJICJICTBUEM CBAapKH SIBISETCS KOHIICHTpAIus
HaIPsKEHU B OCHOBHOM METAJIJIE B MECTaX PacloJIOKEHUsI CBapHBIX MBOB. (s
YMEHBILIEHUS 3TOTO SIBJICHUS CIEAYET OTPaHUYMBATh HAMMEHBIIIEE 3HAUYCHHE, KaK
KaTreTa IBa, TaK M PACUETHOW IMHBI. YTOOBI 0OECTIEUnTh MPOBApP CO CTOPOHBI
0oJiee TOJICTOrO M3 CBAPMBAEMBIX 3JIEMEHTOB MHUHUMAJbHBIA KAaTeT IIBa JIOJKEH
OBITh HE MEHEE BEIWYHMHBI COTJIACHO TAaOMUIBLI 5.3, yem OOJbIIEe TOJIIMHA, TEM
OoJibIlIe KaTeT; OT TIIyOWHBI MPOILIaBJIeHUs (MPU aBTOMATUYECKOM CBapKe - KaTeT
MEHBIIIE, YeM MPU PYYHOW) U OT MPOYHOCTH METaIa COCAMHSEMBIX 3JIEMEHTOB
(ueM BBIIIIE TPOYHOCTD, TEM OOJbIIEe KaTeT). HanmensbIee 3HaueHne KaTeTa IIBa,
00yCJIOBIIGHHOE TEXHOJOTHMEH CBapKd paBHO 3 MM, JUIsi aBTOMATHYECKOW U
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IIOJIyaBTOMAaTUYECKOW CBAapKW, U 4MM Ul Py4YHOU CBAapku. Karersl mIBOB MOTYT
UMETh TOJIbKO Lejble 3HAa4eHHs, npu 3ToM 10 10 MM OHM MOTYT MUMETh Kak
YEeTHbIE, TAaK U HEYETHbIC 3HaUCHHUs, a cBbilie 10 MM, TONbKO YeTHble. PacueTHas
JUTMHA CBApHOTO 1IBa JOJKHA ObITh HE MeHbIe 40 MM win 4Ks.

CornacHo mpaBuiI, KaTeT CBAPHOIO IIBa HE JODKEeH ObITh Oonee 1,2t, rae t -
MEHbIIIas] TOJIIMHA COEIUHSIEMBIX 3JeMEHTOB. [Ipu pacmnonokeHuu mBa BAOIb
3aKpYTJICHHOW KPOMKH, HAlpUMep, BAOJb MOJKHU yTOJIKa, HauOOJbIlee 3HaUYCHUE
KaTeTa yMeHbIaercs u coctaisieT 0.9 OT TONIMHBI yToJKa.

C nmpyrod CTOpPOHBI, I COKpPAIEHUS TPYAO3aTpaT KATEThl CBAPHBIX IIBOB
cleyeT Ha3Ha4aTh TAKUMH, YTOOBI UX MOXHO OBLJIO BBIIOJHUTH 32 OJIMH MPOXO/I,
TaK Kak MpU MHOTOMPOXOJHOM IIBE TPeOyeTCsl 3a4nCTKa KaXKI0ro MPeablayIero
CJIOS HAIUIaBJICHHOrO0 MeTaula OT mwuiaka ¥ Opeir. C 3TOM TOYKM 3peHus,
ONTUMAJIbHBIN pa3Mep KaTeTa clielyeT NpuHUMaTh paBHbIM 6- 8MM. [Ipu cBapke "B
JOOYKY"  pa3Mep Karera CBAapHOIO IIBa BBINOJHSAEMOIO 3a OJUH IPOXOJ
YBEIMYHMBAETCS IPUMEPHO B IMOJITOpA pasza sl PyYHOM M IOTYyaBTOMATHUYECKOU
CBapKH U B JIBa pa3a- i1 aBTOMATUYECKOM.

HaunGomnpime HanmpsikeHUs: BOSHUKAIOT 10 KpasiM CBapHOTO 1IBA, YMEHBIIASICh
K ero cepenune. [Ipu caumKom JJIMHHBIX IIBaX UX CPEHSS YAaCTh OKa3bIBaeTCs HE
BOBJICUCHHOW B paboTy, W TOIJa HeECylas CHOCOOHOCTh CBAapHOTO IIBa C
YBEIIMYEHHUEM €ro JJINHBI He Bo3pacTtaeT. CoriacHo mpaBui, pacueTHas JJIMHA
CBapHOTO yIJIOBOTO IIBAa HE JOJDKHA TmpeBbimarh 85-Liki. HckimoueHue
COCTABJISIIOT CBAPHBIE IIBBI, YCHJIMS Ha KOTOpbIE MEPENAIOTCS HEMPEPHIBHO MO HX
JUIMHE, HallpUMEDP, MOSACHBIE MBI B COCTABHBIX OajKax.

[Ipn coenuHEHUU B CTBIK TOJICTHIX AJIEMEHTOB HEOOXOIUMO ISl TIOJHOTO
NPOIJIABJICHUSI TIPEIyCMaTpPUBaTh PA3ACIKy KPOMOK U, NMPU HEOOXOIUMOCTH,
noaBapky kopHs 1miBa. [1loB gomkeH OBITh BBIMYKJIBIM, BOTHYTBHIE IIBBI HE
nomnyckarTcsa. [Ipr OqHOCTOPOHHEW PY4YHOM CBAapKE Pa3/ENKy KPOMOK CIEAYET
npeaycMaTpuBaTh IpU TONIIMHE Oosee 8 MM, IpU MOJTyaBTOMAaTUYECKOH - Oonee
12 MM u npu aBTomaTuyeckoir Oosiee 14 mm. Ecnu cBapka JBYCTOPOHHSIS, TO
HauMEHbIIAs  TOJIIMHA, NpH KOTOpPOM Tpedyercs pasfenka KpOMOK,
yBenuuuBaercs B 1.5 pa3sa.
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Tema 5.2. BoJTOBBIE H 3aKJeNNOYHbIE COeTHHEHUS

5.2.1. Ob6n1acTh NpUMeHeHN s, BUAbI 00JITOB

KpoMe cBapku B METaUIMYECKUX KOHCTPYKIHUAX MPUMEHSIOT OOJTOBBIE U
3aKJIeNOYHbIe COCIMHEHHUS. BonToBnie COEJIMHEHHUSI PUMEHSIOT
MPEUMYIIECTBEHHO MPU MOHTa)Xe, BCJIEICTBHE MPOCTOTHI YCTAaHOBKH OOJTOB, HE
TpeOyeTcss cHheruaibHOe O0OpyJOBaHUE, OTCYTCTBYIOT TOPSYHE MPOIIECCHI,
CYIIECTBEHHO CHMXXAETCS TPYAOEMKOCTh MOHTa)Ka KOHCTPYKIUN 110 CPABHEHUIO CO
CBapHbIMM M 3aKJENOYHBIMU COEOUHEHUsMH. Bmecte ¢ TeM H3roTOBIEHUE
OOJTOBBIX COEIMHEHUI 00Jiee TPYJIOEMKO, YCIOKHAETCS KOHCTPYKTHUBHAs (hopma
U3-3a BBIIOJIHEHUS! OTBEPCTUI, HECKOJIBKO YBEIMUHUBAETCS PAcX0/ MeTajlia.

B cBs3u ¢ pa3BuTHEM CBapKd U COEIMHEHUIM Ha BBICOKOMPOYHBIX OO0JTaX,
3aKJIETOYHbIE COCAMHEHHMS B CTAJIbHBIX KOHCTPYKIUSAX MPUMEHSIOTCS B
OTNIETBHBIX CIIyYasX: MPU HATWYUU JTUHAMUYECKHX M BHOPAIMOHHBIX HArPYy30K
(6aykm >Kene3HOIOPOKHBIX MOCTOB, TOJKPAHOBBIE OATKKA MO KPaHBI C TAKEIBIM
PEKUMOM pabOTHl M APYTrUe aHAIOTWYHBIE KOHCTpPYyKImH). [Ipolecc mocTaHOBKH
3aKJIEIOK OYE€Hb TPYJOEMOK, MPUCYTCTBYIOT CJOXHBIE TOpPSYHE MPOLECCHI
0COOEHHO Ha MOHTaXe.

B coenuHeHUsAX CTaNbHBIX KOHCTPYKIMH TPUMEHSIOT OOBIYHBIC OOJTHI,
BBICOKOTIPOYHbIE OO0JTHI W O0ONTh aHKepHble ((PpyHIameHTHbIe). OOBIYHBIE U
BBICOKOIIPOYHBIE OOJITHI TMPUMEHSIOTCS [Ji1 COEAUMHEHHUS HJIEMEHTOB JApPYyr C
JPYTOM, aHKEPHBIE — JIJIsl COSIMHEHUSI KOHCTPYKINNA ¢ (QyHIaMEHTaMHU.

Oovlunble 001mbl N3rOTaBINBAIOT T'PyOOl, HOPMAJIBHOW U MOBBIIIEHHOU
touHocTH C, B 1 A cOOTBETCTBEHHO. JJ1s1 paCUETHBIX COEAMHEHHI HCIIOIb3YOTCS
O0onTel Kiacca TouHocTH B um A nmns HepacuetHsix — C. bontel rpy6oil u
HOPMAaJIbHOM TOYHOCTHM M3rOTABJIMBAIOT M3 YIVIEPOJAMCTOM CTald, OOJTHI
ITOBBIIEHHON TOYHOCTHU — U3 YTJIEPOJANUCTON U JIETUPOBAHHOM CTaJIH.

CoenuHeHUsT 00pa3yrOTCS IOCTAaHOBKOHW OOJTOB B TPOKOJIOTHIE HWJIU
MPOCBEPJICHHBIE OTBEPCTHUS C MOCIEAYIOMIUM 3aKkpyunBaHueM raek. [lox raiiky, a
MHOTJIA ¥ TI0JI TOJIOBKY 00JITa, CTaBsT a0y

bounrsl knacca Tounoctu "C" AOMYyCKAaeT MIIIOCOBBIE U MUHYCOBBIE JIOMYCKHU
pyu U3roToBiieHuU Oonta. Hampumep, npu HOMHHAIBHOM Jnamerpe 6onra 20 MM
ero (akTUYecKuil nuamerp MoxeT ObITh B uHTepBasie 19.45..20.84 mm. Toxe
JIOTyCcKaeTcs Uil 00JITOB Kjlacca TOUHOCTH "B", HO B MeHbIIIEM HHTepBasie. bonThl
Kj1lacca TOYHOCTH "A'" MOryT UMETh TOJBKO MHUHYCOBBIE JIOIMYCKH Ha JUAMETP
cTepkHs - 0koo 0.25 — 0.3 mm.

bonte! knacca Tounoctu "C" n "B" cTraBAT B OTBEpCTHSA, TUAMETP KOTOPBIX,
COOTBETCTBEHHO, Ha 2..3 MM 1 Ha 1 MM Oosblie aAuameTpa crepxHs Oonra. [lpu
cOoopke coeauHeHuit Ha Oositax TouHOocTH "C" u "B" nmomyckaeTcsi HecoBnajeHue

("wepnoma”) orBepctuii. CoeauHenuss Ha Oonrax kimacca touynoctu "B" u "C"
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SIBJISIFOTCSL 00Jiee MPOCTHIMU B M3TOTOBJICHUM (OTBEPCTUSI MOKHO CBEPIUTH WIIH
KOJIOTh OTJEIBHO B KaXJOM COEIUHSIEMOM DJJIEMEHTE), HO TaKue COCIUHCHUS
ABJISIIOTCST OoJiee JepOopMATUBHBIMU M B HHUX BO3MOXXHAa HEPAaBHOMEPHOCTHh B
pacrnpeesieHuy yCHIHs MeXTy O0aTamHu.

BonTel TouHOCTM "A" CTaBATCS B OTBEpPCTHSA, paBHBIC aUaMeTpy OoJiTa
("uepHoTa" 3;mech He momyckaercs). CoequHeHns Ha 60aTax Kiracca TogHOCTH "A"
SBIIAIOTCS OOJiee TPYJOEMKHMMHU, HO 3aTo MeHee nedopmatuBHbIMU. Takue
COCAMHEHUSI UCTIOIB3YIOTCSA MPEUMYIIIECTBEHHO B KOHCTPYKIIMSIX, PaOOTAONINX Ha
JUHaMu4eckue Harpysku. [Ipu nuHamuyeckux Harpyskax Juisi MpeaoTBpalieHus
CaMOOTKPYYMBaHMS TaeK CIEAyeT HCMOJb30BaTh KOHTPrallku WU NPY>KUHHbBIC
1aiiobl, eclii coeIMHEHUE paboTaeT Ha C/IBUT.

[Io mpowyHocTu OONTHI TOApA3NENSAIOTCS Ha Kiacchl mpouHoctu. Kitace
MPOYHOCTH OO0JTa YKa3bIBAaCTCS HA TOJOBKE W OMpeneseTcs AByMs Iudpamu,
pa3eICHHBIMU TOYKOMW. JIJII COCMMHEHWN CTAIBHBIX KOHCTPYKIHM HMCIOJb3YIOT
OONTHI clienyomuX KiaccoB mpounoctu: 4.6, 5.6, 4.8, 5.8, 6.6, 8.8, 10.9. IlepBas
mugppa, ymMHOkeHHas Ha 10, - 3TO XapaKTepUCTUYECKOE 3HAaYEHUE Npenaesna
IPOYHOCTH cTanu Gonrta B kH/cM?; mpousBeeHue nepBoil 1 BTOPoil u(pp paBHO
npeety XapakTepUCTHUECKOMY 3HAUCHHIO TIpejiesia TeKYy4YeCTH MeTajlla TaKKe B
kH/cM?. BpiGop GONTOB NPOM3BOAMTCA B 3aBUCUMOCTH OT BHJA HArpy3Ku
(cTaTMyeckast WM JUHAMHUYECKas) ¥ BUIa HAMIPSXKEHHOTO COCTOSIHUSA (PaCTsKeHUE
WJIU CPE3) U TEMIIEPATYPhI KCILTyaTalUu.

Buvicokonpounwie 0o1mwt. bointsl kitaccoB npoyHocTy 8.8 u 10.9 oTtHOCATCS
K BBICOKONPOYHBIM, HW3rOTABIMBAIOTCA U3 YIVIEPOJAMCTOM CcTaiu 35 WA
JIETUPOBAHHOM CTaju BBICOKOU mpouHocTH, HanpuMep, 40X, 40XDA, 38XC u ap.
COOTBETCTBEHHO. [ '0TOBBIE OOITHI TEPMHUUECKU YIIPOUHSIFOTCS.

BricokonpouHbie OONTHI SBISIOTCS OO0JITaMM HOPMAlbHOM TOYHOCTH, HX
CTaBAT B OTBEPCTHS OOJIBIIETO JAMAMETpa, yeM OONT, HO MX TalKH 3aTSITUBAIOT
TapUPOBOYHBIM KJIIOYOM, TMO3BOJISIIOIIUM CO3/1aTh W KOHTPOJIUPOBATh CHUILY
HATsOKEHUsT O0nTOB.  bosblmas  cuiia HaTsbkeHUss OoyitTa IUIOTHO CTSTHBAET
COCMHSIEMbIC DJIEMEHTHl M O0ECleYMBAeT MOHOJUTHOCTH coeAauHeHus. [lpu
JNEUCTBUM HA TaKO€ COCAMHEHUE CJBHUTAIONIUX CHJI MEXIYy COCIUHSICMBIMU
AJIEMEHTaMH BO3HUKAIOT CHJIBI TPEHUSI, TPEMSATCTBYIOIIUE CIIBUHY ATUX AJIEMEHTOB
OTHOCUTEJILHO JIpyT napyra. Takum oOpa3oM, BBICOKONPOYHBIA OONT, paboTas Ha
OCEBOE pacTsDKeHHE, O0ecleuMBaeT Tepenadyy CHUJl CIBUTa TPEHUEM MEXIY
COCAUHSEMBIMH  DJIEMEHTAMHU, HMEHHO TIO3TOMY IMOJO0HOE€  COEJAMHEHUE
HA3bIBACTCA (PPUKUUOHHBIM. Y CTAaHABIMBAIOT OONTHI B OTBEepcTUs Ha [-5 MM
Oonblie quaMeTpa 6osirta.

Jns yBenu4eHUss CUJ TPEHUS NMOBEPXHOCTH DJEMEHTOB B MECTE CThIKa

OYHITA0T OT I'pA3U, MaACid, PKABUHUHbI, OKaJIWMHbBI MCTAJNIMYCCKHMHU HIICTKAMU,
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NEeCKOCTPYHUHBIM alapaToM U Apyrumu cnocobamu. [loj raiiky u rojaoBky Oosita
00513aTE€JIbHO YCTAHABJIMBAIOTCS IIAHOBI.

[Ipu pasmMerienru O0OJITOB OTPAaHUYUBAIOTCS KaK MUHUMAJbHBIE PACCTOSIHUS
Mexay OonramMM, TaKk W  MakCUMajibHble. MMHHMaJIbHBIE  PACCTOSIHUS
ONPENCIIAIOTCA W3 YCIOBUS TPOYHOCTH METAJUIa COEIUHSIEMBIX JJIEMEHTOB,
MAaKCHUMAaJIbHBIE - W3 YCIJIOBHUS IUIOTHOCTH COeIMHEHH. M3 3Tux ke ycnoBui
OTIPEIEISAIOTCA MUHIUMAJIbHBIE U MAaKCHUMAaJIbHBIE PACCTOSIHHS OT IIeHTpa 00iTa 10
Kpass oneMmeHTa. llpu pas3MemieHnn OONATOB CIEAYEeT TakKe YUYUTHIBATH
MUHHUMAaJbHBIE PACCTOSIHUS, HEOOXOIUMBbIEC VISl 3aKPYUUBAHUS TaeK.

5.2.2. Pacuer coequHeHU#i HA OOBIYHBIX 00JITAX

Pacuem na cpe3 u cmamue. Ecnu BemiHee ycWIIM€ HAMpaBICHO
NEPIICHIUKYJIIPHO K och Oonrta (cM. puc. 5.5), TO Hecymas CIIOCOOHOCTb
00JTOBOTO COCAMHEHMS OIpEAeNsaeTCS KaK MPOYHOCTHIO MeTaiia 0oJiTa, TaKk H
MPOYHOCTHIO METAJIJIA COSAUHSAEMBIX JIEMEHTOB.

BhemiHee  ycunue  CTPEMHUTCST  CHABUHYTH  COCJUHSIEMBIE  AJIEMEHTHI
OTHOCHUTEJILHO JAPYT ApyTa, OOJTHI MPETSITCTBYIOT 3TOMY CJIBUTY, B HUX BO3HUKAIOT
nedopManuu OT u3ruba crepkHs O0onrta. Metann 0oiTa HAXOTUTCA B CIOKHOM
HAMpsDKEHHOM ~ COCTOSIHMM, B HEM BO3HUKAIOT HaNpsDKeHHs OT M3ruoa,
pacTspKeHHs, cpe3a W CKpyuuBaHus. [lox nencTBMEM 3TUX HaNpsHKEHAW 11O
IJIOCKOCTH Cpe3a MPOMCXOAUT cpe3 boira (cM. puc. 5.5,a)) .

Taxxke B CIOXHOM HaNpsHKEHHOM COCTOSTHUM HaXOJATCS U COEIUHSIEMBIC
anemeHThl. [lpu caBure OOATOB HA CTEHKY JIMCTOB JIEUCTBYIOT CMHHAIOIIUE
HarpspbKeHus. B coenHsSeMBbIX 3JIeMEHTaX BO3HUKAIOT HAIPSHKCHUS PACTSIKEHUS,
CKaTHUS M CMATHS, TPH OTOM HMMEET MECTO KOHIICHTpAIlUs HaIpsKEHUH
(HepaBHOMEPHOE pacIpe/ieieHue HATPsDKEHUI 1Mo cedeHuto) (cM. puc. 5.5,0)). lox
JEUCTBUEM ITUX HAMPSHKEHUN MTPOUCXOAUT CMSITHE U BHIKOJ JIMCTA.
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Puc. 5.5. PabGora 601TOBOTO COSAMHEHHS a) — YHCJIO IUIOMIA0K cpe3a; 0) —

HAIps’KCHHOC COCTOAHHUC JINCTA.

Pacyer BeayT mcxonas M3 BO3MOXKHOTO BHJA Pa3pyLICHHS COCIUHEHUS II0
cpe3y Oonra, Kak MPaBUIO, TMPH TOJCTBIX COCAMHAEMBIX JINCTAX WM CMSTHIO
COEIMHSAEMBIX 3JIEMEHTOB IIPH TOHKUX JIUCTAX:

a) pacyeTHOE YCHJIHE, KOTOPOE MOXET ObITh BOCIPHUHATO OJAHUM OOJITOM,
CJIEyET ONMpeAeATh Mo hopMyIam:

npu paboTe Ha cpe3

Nbs = fos Ao Ns 3 %, (5.12)
npu paboTe Ha CMATHUE!
Nop = fop db -2 b e, (5.13)

rne fos 1 fop, - pacdeTHbie 3HAUCHUS TPOYHOCTH 00JITA, COOTBETCTBEHHO, - HA CpE3
U CMSITHE MeTalla COCAMHICMBIX JJIeMEeHTOB (mpuHUMaroT 1o Tabn. 5,[5]),
NOJACUYUTaHHbIE 3HaUeHHUS - npuBeeHbl B Tabnuax 20.10 u 20.11 npunoxenus A;
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7 - KO3QOULHEHT yCcIOBUNA pabOThl COEAMHEHUS (3aBUCUT OT KJIAcca TOYHOCTH
OonToB), mpuHUMaeTcs 1o 1aoi. 42 [5] u npunumarot He 6omeel,0 ;
Ap - momaab 6onTa OpyTTo NpUHUMAIOT 10 Ta611.20.14 mpunoxenus A
Ns - YUCJIO MIIOCKOCTEH cpe3a B 00Te;
dy - muamerp Oonra;
2t - HauMeHbIIast CyMMa TOJIIIIUH JIEMEHTOB, CMHHAEMbIX B OJJHOM HAIpaBIICHUU;

[Ipu pacuyere OONTOBBIX COEAUHEHUN JAHAMETp OOJTa, Kak MpaBUIIo,
peaBapuTeIbHO Ha3HavaeTcs B uHTepBaie (1.0...2)t, rae t HauMeHbIIask TONIKUHA
KpallHUX »JJIEMEHTOB. B MOHTaXHBIX COEAMHEHUSX PEKOMEHAYETCA IUaMETP
OOJITOB MIPUHUMAThH HE MEHbIIIE 16MM.

[Ipu neiictBuu Ha GOJITOBOE COCAMHEHHE OCEBOM CHJIBbI, MPOXOJAIICH uepe3
HEHTP TSDKECTH COEIUHEHUs, paclpeliesieHue pacueTHOro oceBoro ycmius Neg
MeXly 00JITaMy MPUHUMAIOT paBHOMEPHBIM. B 3TOM cirydae koiauuecTBo O0JNTOB B
COEIMHEHHMH ONPENEISIOT 1Mo (hopmyie

N = Ned/ No.min, (5.14)
rae Npmin - MeHbIIEe 3HAUYEHHE PACUETHOTO YCUJIUS, KOTOPOE MOXKET ObITh
BOCIIPUHATO OJAHMM OOJITOM U ompeenseMoe 1o ¢popmyite (5.12) wiu (5.13).

B kpermieHusx OIHOTrO »dJeMEHTa K JpYyroMy uepe3 MpOKIAIAKd WU
MIPOMEKYTOUHBIE AJIEMEHTHI, & TaKK€ B KPEIJICHUSX C OJJOCTOPOHHEH HaKIIaIKON
KOJIMYECTBO OOJITOB YBEIMYMBACTCS IO CPaBHEHUIO C pacueTHBIM Ha 10% (cM. puc.

5.6, 6)).

a) p 8)

Kopomau

| L
5) -
4 N
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Puc. 5.6. K paGote coennHeHus: a) — CAMMETpUYHas nepeiada ycwius; 0) —
HECUMMETPUYHAS; B) — C TIOMOIIBIO KOPOTHIIIICH.

B 60ATOBBIX COEMMHEHUSAX C IMPUMEHEHHEM “KOpOThIiiel” (cM. puc. 5.6, B)),
VIJIMHSETCA NyTh MEpelayd YCUIUS C OJHOTO 3JIEMEHTa Ha JApYro u, Kak
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CIIEICTBUE OTOTO, YBEIUUMBaeTca JedopMaTHUBHOCTb. [l  yMeHbIIECHUS
neOpPMATUBHOCTH PEKOMEHIyeTCSI KOJIMYECTBO OOJTOB Ha OJHON W3 CTOPOH
"kopotbima" yBennuusath Ha 50%.
CoeaunsieMble 3JIEMEHTBI, KPOME pacueTra Ha Cpe3 U CMATHE, MPOBEPAIOTCS
eIlle Ha MTPOYHOCTH MO OCIA0JIEHHOMY CEYEHUIO:
0= Ned/An <fyd 7 (5.15)

rae An - IUIOIAb COSTMHSIEMOTO PJIEMEHTA C YU€TOM OCJIabieHu (OTBEPCTHl oA
OONTHI);
fyd - pacdyeTHOE 3HAUCHUE MpEea TEKYUYECTH CTATU, COSTUHICMBIX JJIEMEHTOB.

[Tpu peiicTBuM Ha GOATOBOE coenrHeHHWE MOMeHTa Megqd, BBI3BIBAIOIIETO CIBUT

COCAMHSAECMBIX JIEMEHTOB, PACIPEICIICHUE YCUIUM Ha OONTHI CIAEAyeT MPUHUMATh
MPOTIOPIIMOHAJIBHO ~ PAcCTOSHUSM ~ OT  IIEHTpa TSHKECTH  COSIWHEHHS  JI0
paccmaTtpuBaeMoro Oosita. PacuerHoe ycwime B HanOoliee HArpy>KeHHOM OOJITe
NbmaxEd HE JOKHO MPEBBIIATh MEHbIIEro u3  3HaueHWl Nps min  Npp,
BBIUMCIICHHBIX 110 popmynam (5.12) u (5.13).

IIpu 01THOBpEMEHHOM JICHCTBUH Ha OOJITOBOS COSIMHEHNE MOMEHTA U IONIEPEYHOM

CHJIbI, HCﬁCTByEMHX B OJHOM MJOCKOCTH ¥ BBI3BIBAIOIINX CABHUI' COCIUHACMBIX
9JICMCHTOB, OO0JITEI IIPOBCPAIOT HA MAKCUMAJIBHOC paBHOHeﬁCTBYIOHICC yCUiue

Ny gq = A/ N2y + NZ,, nefictByromee na 6ont. B HauGonee HarpyxeHHOM Gonte
OHO HE JIOJDKHO IpeBbIIaTh MEHbIIEro u3 3HadyeHU Nbps vin Npp, BBIYMCIEHHBIX
no gopmynam (5.12) u (5.13) mmm 14.2.9 [5] . 3meck Nom— pacueTHOE yCcHiIHE OT
MOMEHTa, JCHCTBYyIoIee Ha 00T KpalHero psga; Npy - pacdeTHOe yCwine Ha
OONT OT TMOMEPEeYHOW CHIIbI, B MPEAINOJIOKEHUH, YTO BCE OONTHI HArpy>KEHBI
OJIMHAKOBO.

Pacuem coedunenuit na pacmsaicenue.

Ecnu BHemHsass cuna, JeHCTByIOIlas Ha COEJUWHEHWE, HalpaBlieHa
napayyieIbHO TPOIOJIBHOW OCH OOJITOB, TO OHU OyayT paboTaTh Ha pacTsHKEHUE
WM, HA3bIBAIOT elle, paboTaTh Ha OTPBIB royioBok (cMm. puc. 5.7, a)). Ilpu
CTaTMYECKOM Harpy3Ke KauecTBO OTBEPCTUI HE UTpaeT posu mpu padoTte OONTOB
Ha PpaCTsHKEHUE, TI03TOMY HCIIOJIh30BaHUE OOJITOB TOBBIMICHHOW TOYHOCTH HE
1es1Ieco00pas3Ho, Kak 0oJee 10poroe.

PacueTHoe ycunme pacTsiKeHUIO, KOTOPOE MOXET ObITh BOCIPUHATO OJHUM
0oaTOM, OyIET paBHO

Not = fotAsn Ye, (5.16)

rae for - pacueTHBIC 3HaYECHUE MPOYHOCTH 0OJITA PACTHKEHUIO (MPUHUMAIOT
1o 1a20:1.20.10 npunoxxenus A);

Ay, - IOIIAAb cedeHust 0oita HeTTO (M0 BHYTPEHHEH Hape3ke 00JTa).
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Puc. 5.7. Pabora 601TOB Ha pacTsHKeHHE
a) — (QuaHlleBoe CHUMMETPUYHOE COEIUHEHHE, 0) - HECUMMETPUYHOE

COCOAMHCHHUC

Heob6xonumoe konuyecTBO OOATOB B COEAUHEHHH, pabOTarOUIero Ha
neiictBue pactaruBaromied cuiabl Ned , NPWIOKEHHOM K LEHTPY TSAKECTH

coenuHeHus (Bce 6OJITHI pabOTAIOT OJMHAKOBO), OIPEACISAETCS M0 (GOpMYJIe
N = Nea/ Not (5.17)

Pacuem coedunenuii pabomarouwiux Ha cpe3 U pacmsadxiceHue.

[Ipyu oOAHOBpEMEHHOM JEWCTBUU Ha OOJITOBOE COCIUHEHHE YCHIIHM,
BBI3BIBAIOIIMX CPE3 W pacTsHKEHUE OONTOB, Hawbojee HaNpsDKCHHBIA OOJT
MIPOBEPSIOT HA pacTshHKEHUE ¢ yueToM Gopmydibl (5.16), a Takxke o Gpopmyre

\/(“"\I_j +[NN_J <1 (5.17a)

rae Nsed ¥ Nted  — COOTBETCTBEHHO pacueTHbIE 3HAUYEHUSI CPE3bIBAIOLIUX U

PaACTATHBAIOIINX YCHIIUH, TCHCTBYIOIIMX HA OOJIT;
Nbs, Not — pacuernsie ycumusi; onpenenstor mo dopmyrnam (5.12) u (5.16),
COOTBETCTBEHHO.

5.2.3.TpeGoBanust K 60JITOBBIM CO€TUHEHUSIM

BonTel, umeromue mo JiuMHE HEHApE3aHHOW YacTH Y4YacTKU C Pa3IuYHBIMU
JMaMeTpaMH, He JIOMYCKAeTCs NMPUMEHSITh B COCIMHEHUSAX, B KOTOPBIX 3TU OOJTHI
paboTaroT Ha cpes.

Pe3pba Oonrta, BOCHPHUHUMAIONIETO CIBUTAIONIEEe YCUJIIME, B DJIEMEHTax
CTPYKTYPHBIX KOHCTPYKLIMH, ONOp JIMHUM DJJEKTPOIepeaady ¢ OTKPBITBIX
pacCIpeieINTENBHBIX YCTPOWCTB, @ TAaKXKE B COCAUHEHHSX TMPU TOJIIMHE
HApy»XHOTO 3JIEMEHTa 0 8§ MM JIOJDKHA HAXOJWUTHCS BHE IMAKETA COCIMHSEMBIX
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3JIeMEHTOB. B ocTanpHBIX ciyyasx pe3pba 0oiTa HE JIOJKHA BXOAWTH BIUIYyOb
oTBepcTHsl Oojiee YeM Ha IMOJOBUHY TOJILMHBI KpAaWHEro 3J€MEHTa CO CTOPOHBI
TalKy WJIM CBBILIE 5 MM.

B pacuetHbIXx coeauHeHHAX C OonaTamMu KiaccoB mpodyHocT A u B (3a
VCKJIFOUEHHUEM BCIIOMOTaTEIbHBIX KOHCTPYKIMI) CIEyET IPEAYCMaTPUBAaTh MEPHI
IPOTUB CAMOOTBHUHUYMBAHHUS T'aeK (IIOCTAaHOBKA MPYXMHHBIX I1aii0, BTOPBIX Taek,
YaCTUYHOE IIPEABAPUTEILHOE HATSHKEHUE U JIP.)

Ha CKOIIEHHBIX MOBEPXHOCTAX COEAMHSEMBIX JETaled M  3JIEMEHTOB
(BHYTpEHHHUE TpaHU MOJOK JIBYTaBPOB M IIBEJIEPOB) IMOJ I'OJOBKH OOJTOB WIH
raeK CieayeT YCTaHaBIIMBATh KOChIE IIAaiObI.

5.3. Pacuer coequHeHNiA HA BLICOKOMPOYHBIX 00JITAaX

Pacuer mpoyHOCTH COeNMHEHMs] HAa BBHICOKOTPOYHBIX OONTAaX BBHITOIHSIOT B
MPEANOI0KEHNH, YTO TPHU JICUCTBUHM BHEIIHETO YCUJIUS, CABUTY COCIMHSIEMBIX
DJIEMEHTOB OTHOCUTEIBHO JPYT JApyra TMPENITCTBYIOT CHJIBI TPEHUS MEXKIY
3IIEMEHTAaMHU B pE3yJbTaTe MPeIBAPUTEILHOTO HATSHKCHHUS OONTOB, caMU OONTHI
paboTalOT TOJNBKO Ha pacTspkeHue. PacuetHoe ycunne Qph, KOTOPOE MOMXKET
BOCIIPHHUMATh OJIHA TIOBEPXHOCTHh TPCHHSI COCIUHSICMBIX DJIIEMEHTOB, CTSHYTHIM
OJIHMM BBICOKOIIPOYHBIM O0JITOM, omnpesensieTcs no Gpopmyie:

Qoh = fon Abn-Lis/ 1, (5.18)
Apn — IUIONMIAab ce4deHus Oonta HETTO (M0 pe3rde); MPUHUMAIOT TI0
tabnuie 20.14 npunoxenue A;

U - KO3 UIMEHT TPEeHMS, 3aBUCAIIUN OT crocoda oOpabOTKH KOHTAaKTHBIX
MOBEPXHOCTEMN COETMHAEMBIX 2JIEMEHTOB (CM. Tab. 5.5);

Yh - K03 UIMEHT, 3aBUCAIIANA OT BHJAA HArpy3KH (CTaTWdeckas WM
JUHAMHU4YEcKas), crnocoba o0pabdOTKM TIOBEPXHOCTEH, Pa3sHOCTH  MEXIY
HOMHWHAJIBHBIMH THAMETPAMU OTBEPCTUH U OOJITOB, CITOCO0A KOHTPOJISI HATSHKCHUS
001TOB (10 KPYTALIEMY MOMEHTY WJIH IO YIJy MOBOpOTa raiiku) (tadi. 5.5); ;

fon - pacyeTHOe 3HAaUEHWE MPOYHOCTH HA PACTIKEHHUE BBICOKOMPOYHOTO
00JTa, ONpenensoT

fon = 0.7 fou, (5.19)

e foux — Ipeen MPOYHOCTH MeTaIa 00JTa MOCe TEPMOOOPAOOTKH.
XapakTepuCTUIECKUE U PACUCTHBIE 3HAYCHUS TIPeieia MPOYHOCTH HA PACTSIKEHUE
BBICOKOIIPOYHBIX 00JTOB M3 ctaimu 40X nmpuBeneHs! B Tadm. I'.7 nmpunoxenus I [5].

TpeOyemoe KoJMyecTBO OOATOB B COEIMHEHUHU ONpeesseTcs o popMmyiie:
N = Nea/(Qon.K % 52), (5.20)
rae yb — KOI(DPUUIUEHT yCIoBUS pabOThl (PPUKIIMOHHOTO  COEAUHEHUS,
3aBUCSIIUN OT KOJTUYECTBA «N» OOJITOB B COSAMHEHUHU U MPUHUMAEMbIA PaBHBIM:
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0,8 mpu n<5;

0,9 mpu 5 <n <10;

1,0 mpu n >10.

roe k— KOmu4yecTBO NMOCKOCTEN TPeHUs:;

Yo — KoadduimeHnt ycioBui paboTel, ompeaensercas mo Tabnuie b.1
(mpunoxenne b) [5];

[Ipu netictBum Ha (GPUKIMOHHOE COCTMHEHHE MOMEHTA, BBI3BIBAIOIIETO CIBUT
COEMHSIEMBIX 3JIEMEHTOB, paclpe/iejeHHe yCUIU Ha OONTHI ClieyeT MPUHUMATh
IPOMOPIIMOHATIFHO  PAaCCTOSIHUSIM ~ OT  I[EHTpa TSHKECTH COCAMHEHHUS IO
paccmatpuBaeMoro 6oisra. PacueTtHoe ycunue B Hanbosee Harpy>XeHHOM OoJiTe
NomaxEd HE TOJDKHO MpeBbiaTh 3Ha4eHUs KQph pacueTHOro ycwims, KOTOpoe
BOCIIPUHUMAETCSl TUIOCKOCTSIMU TPEHHUSI, CTAHYTBIX OJHUM BBICOKOIPOUYHBIM
oomrom, rae Qvh onpenensercs mo Gopmyae (5.18).

Tabmuna 5.5. — KoaddutmeHntsr y u yn

KoaddunmeHT yh mpu KOHTpoOIIe HATSHKEHUS
00JITOB 10 MOMEHTY 3aKpy4HBAHHUS IPU

Crnioco6 00paboTku Koadduuuent | Harpyske 1 pa3HOCTH HOMHHAJIbHBIX JUAMETPOB
(OYMCTKM) COENNHAEMBIX TpEeHUs U OTBEpCTUH U OONTOB §, MM,
MIOBEPXHOCTEH JUHAMUYecKass npu § = | JUHAMHMYecKas Ipu
3—6; 6=1;
cTatudeckass npu § = cTaTuyeckas npu
5-6 6=1-4
1 JlpoGemeTHBIH nin 0,58 1,35 1,12

JIpoOeCTPYHHBIN IBYX
MMOBEPXHOCTEH 0e3
KOHCEpPBAINH

2 Ta3omamMeHHBIN IBYX 0,42 1,35 1,12
HoBEpxXHOCTEN 0€3
KOHCEPBAIHH

3 3.CTaipHBIMH IIETKAMUA 0,35 1,35 1,17
JIByX MOBEpXHOCTEN O€3
KOHCEpBaIlUH

4 be3 o6paboTku 0,25 1,70 1,30

MpumeyaHne — T[lpn KOHTPOME HaTsHXKeHUs BGONTOB MO Yriy NOBOPOTA ramkm 3HAYEHUS Yh
cnegyet ymHoxatb Ha 0,9

PacueTr Ha MPOYHOCTH COEAMHSIEMBIX 3JIE€MEHTOB, OCIA0JIEHHBIX OTBEPCTUIMU
BO (DPUKIIMOHHOM COEIUHEHUH, CJICAYET BBIOIHATH C YY4ETOM TOT'0, YTO MOJOBHHA
YCHUJIHSI, TPUXOMISIIETOCS Ha KaKIbld OONIT, B pacCMaTPHMBAEMOM CEUYECHUHU YIiKE
nepenaHa cujaaMu TpeHus. IIpu 3TOM MPOBEPKY OCIa0IEHHBIX CEYSHUH CIeayeT
BBINOJIHATH 110 popmyiie (5.15):
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— TIpU TIOJIBYDKHBIX, BUOPAIMOHHBIX M JAPYTHX JUHAMWYECKUX Harpy3kax — II0
IUIOIIAIN CEYECHUA HETTO An;

— MPU CTAaTMYECKUX HArpy3kax — Mo Iiomaau cedeHus Opyrro A (mpu An >
0,854) nmu no ycnoHo 1utornaan Ac = 1,18 An (mpu An< 0,854).

Koncmpykmuenvie mpeoosanua. [luamerp Ooita BO  (PPUKIIMOHHOM
COCIMHCHUH MPUHUMAIOT TpH yCcIIoBUU Y I < 4dy, Te Yt — cymmapHast TOJIIIMHA
COCITUHSEMBIX JJIEMECHTOB, CIIBUTACMBIX B OJIHOM HampaBieHHW, Op — muamerp
0onTa, ¢ OOJBIIMM KOJWYECTBOM OOJNTOB MX AMAMETP Ha3HA4arOT OJIU3KUM K
MakcuMalibHOMY 3HadeHuto. [lo raiiky 0osiTa yCTaHaBIMBAIOT OJHY LIEHOY.

[Ipu npoexkTupoBaHuU (PUKIIMOHHBIX COCAUHEHUM CIEAyeT O0OecreynuBaTh
BO3MOXHOCTh CBOOOJTHOTO JJOCTYIIA /ISl YCTAHOBKHU OOJITOB, IJIOTHOTO CTSTUBAHUS
nakera OoJNTaMU M 3aKpyUMBaHHUS Taek C MPUMEHEHUEM JIMHAMOMETPHUYECKHUX
KJIFOYEH, TAUKOBEPTOB U P.

5.4 PacnoJio:keHue OTBepPCTHH 111 00JITOB.

boatel (B TOM 4yucie BBICOKONPOYHBIE) CIEAyeT pa3MelaTh COTJacHO
TpeOOBaHUSAM TaOMUIBl 5.6, MPU 3TOM B CTHIKAX MU y3JIaX - HA MUHHUMAaJbHBIX
paccTosiHUSX, a TJe OOJThl COCIWHUTENIbHBIC, KOHCTPYKTHBHBIE - Ha
MaKCHUMAaJIbHBIX PACCTOSHUSAX. PacrmoiioxkeHue OOJITOB MOXKET OBITh PSIIOBOE U
nraxmaTtHoe (puc. 5.8). st ymoOcTBa MEHTPHI OOJITOB PACIONaraoT MO MPSMBIM
JUHUSAM — pUcKam, NapajijedbHbIX JEUCTBYIOLIEMY YCWIHIO. PaccTosHne Mexmy
COCEJHUMU pHUCKAMU HA3bIBACTCS JOPOXKKOW, a paCCTOSHUE MEXIy ABYyMS
COCEIHHUMH 10 PUCKE OOJITaMU — IIarOM.

a) 0)

1
dopoxcrg t B

_— » pucku °
o d | s I 2 3 | | I
= B
— e ] - -l—é—«-¢-——¢——
"tf 'l - - 4_ e; —— — — — L
L] !I -
pucka dopoau:;r ' | azt

Puc. 5.8. Pa3memenue 60aTOB: a) psiaoBoe; 0) — IaxmMaTHOE.
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Tabnuma 5.6. — Paccrossaust mpu pa3MenieHnn 00JITOB

XapaKTepI/ICTI/IKa pacCToAHUA U ITpeJciia TCKY4YCCTU Paccrosnus pu
COCANHACMBIX DJICMCHTOB pa3sMCIICHUU 00/ITOB

1 PaccosHue MeXIy LEHTpaMH OTBEpPCTHH Uil OOJTOB B J1I0OOM
HaTpaBJICHUU:
a) MUHUMaJIbHOE:
npu fy< 375 MIla 2,5do
npu fy> 375 MIla 3do
MaKCHUMaJbHOE B KpallHMX psAaax MpH OTCYTCTBHM OKAHMIISIOLIMX YTOJIKOB
IIPU PACTSKEHUM U CKATUU 8do mim 12t
MaKCUMAaJIbHOE B CPEIHUX Ps/iaxX, a TaKKe B KpaHUX pAgax NpU HATHYUU
OKalMJISIOIIMX YTOIKOB:
IPU pacTHKCHUH 16d, mu 24t
IPU CXKATUH 12d, wim 18t
2 PaccTosHHE OT LleHTpa OTBEPCTHS AJIsi 00JITa 10 Kpast SJIeMEeHTa
a) MUHMMAJIbHOE BJI0JIb YCHIIHS:

npu fy< 375 Mlla 2d,
npu fy> 375 MIla 2,5do
0) TO e, MONEPEK YCUIINS:
1pU 0OPE3HBIX KPOMKAX 1,5do
[P IPOKATHBIX KPOMKAX 1,2d,
B) MAaKCMMaJIbHOE 4d, w8t

MUHUMAJIBHOE BO (DPHUKIIMOHHBIX COCAMHEHHSX IMPH JIIO00M KPOMKE H
J000M HaNPABJICHUH YCHITUS 1,3do
3 PaccTosiHME MHUHMMATbHOE MEXIY IIEHTPAaMU OTBEPCTUH BIOJb YCHUIHUS
JUTst OONITOB, Pa3MEIICHHBIX B IIIAXMAaTHOM TOPSJIKE u+ 1,5d,

O6o3Ha4yeHus1, TPUHSATHIE B TAOIUIIE

do— muameTp oTBEpCTHUS;

t — TommuHA HanboIee TOHKOTO HAPY)KHOTO JJIEMEHTA,

U — paccTosiHUE MONEePeK YCUINA MEXY PsiaMi OTBEPCTHH.

[Tpumeyanus

1 JImameTp OoTBepCTHii cieqyeT MPUHUMATB: Ui OONTOB Kiacca TOYHOCTH A Oo = Ob; mist 60NTOB
KJlacca TOYHOCTH B B KOHCTPYKLHMSX ONOP BBICOKOBOJIBTHBIX JIMHUU DJIEKTpONeperad, OTKPBITBIX
pacrpeeuTeNIbHBIX YCTPOCTB oacTannuit do = db + 1 MM, B octanbHbIX ciydasx Oo = db + (1; 2
i 3 Mm), e Ob— guamerp Oonta.

2 B 01HOOOJITOBBIX COEIUHEHUSX AJIEMEHTOB PELIETKH (PacKOCOB M PAacIOpOK), KPOME MOCTOSHHO
paboTaronmx Ha pacTsHKEHHE, MTPH TOIUHE 3JIEMEHTOB 0 6 MM W3 CTalIH C TPEACIIOM TEKy4eCTH J0
375 MIla paccrosiHUE OT Kpas 3JeMeHTa JI0 [IEHTPa OTBEPCTHUS BIOJb ycuiaus npuauMaroT 1,5d, (6e3
JIOMyCKa NPH HM3TOTOBJIEHUHU 3JIEMEHTOB B CTOPOHY YMEHBIIEHHUS, O YeM JIOJDKHO OBITh yKa3aHO B
MIPOCKTE).

3 Ilpu pa3zmemnieHn# GONATOB B MIAXMATHOM IOPSIKE Ha PACCTOSIHUU, HE MEHEe YKa3aHHOTO B MO3UIMU
3, IUIOMIAagb CEUEHUs JJeMEeHTa  An OINpelNeNsioT C YYEeTOM OCJalJIeHUs] €ro OTBEPCTUSIMH,

PacoJI0KEHHBIMU B OTHOM CEUEHUU MOIEPEK YCUius (He Mo 3Ur3ary).
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[Ipy mnpukpervieHMH Yrojka OJHOW TMOJKOW O0dTaMu, pa3MenaeMbIMU B
IaXMAaTHOM MOPSAKE, OTBEPCTHE, HamboJiee yAAJIEHHOE OT €ro KOHUA, CJIeayeT
pa3Meniath Ha pucke Oirbkaiiiei k o0ymky (puc. 5.8, a)). JlonyckaeTcss KpenuTh
3JIEMEHTHI OJlHUM OontoM. B paconHOM mpokare (yrojku, IByTaBpbl, LIBEIEPHI)
IIOJIOXKEHUE PHUCOK M MaKCHUMAJIbHbIE JUAaMETPbl OTBEPCTUI IPUBEIACHHBIX
HOPMAJISIX, OITyOJINKOBAHHBIX B CITIPABOYHHKAX.

Conepxkanue NpaKTHYECKHUX 3aHATHI MO pa3aeny V.

IIpakTuyeckoe 3ansitue Ned. Koncmpyupoeanue u pacuem ceapHvlx

coeouneHu
IIpumep 5. 1.

PaccuutaTh CcBapHOE COEIMHEHHME CTAJIbHOW TMOJOCHI, paloTarolmed Ha
pacTsDKEHHE, BCTHIK, BBIOJHEHHOE JJIEKTPOAYTOBOM PYYHOM CBapKoMl C
BU3YaJIbHBIM KOHTpoJieM (cM. puc. V.1). Pazmep nmonocst 300x20mM, crans C245,
pactsaruBaromas cmita Neg= 1150xkH, anexrpoasr 942, y,. = 1,0.

Puc. V.1 CoennHenne CTEIKOBBIM IIIBOM.

[IpoBepka MpOYHOCTH IBA BHITIOJIHAETCS 1O (hopMyJie

Ngqg _ 1150 _ 5 B .
twlw¥e  2:(30-2:2)1 22.1kH/em” > fy,,, = 19,57kH/cem”;

rae fuy, = 0,85 f,4 = 0,85-23 = 19,57kH/cm?, 3nech ms C245

JW,N =

fya = 230Mma = 23kH/cm?®  (tabn. A.3 npunoxenne A) ]).

Tak kak TPOYHOCTH IIIBA HE oOOECIeYeHa BBIMTOJHICM CBApHOW IIOB Ha
BBIBOJIHBIE TIaHKH ( cM. puc. 5.4, 0)), rorna [,,=30cm.

IIpoBepsieM POYHOCTH 111BA
N 1150
OwN = tw-lljjyc = ——= 19,16kH/cm* < f,, = 19,57kH/cm? . TIpounocts

Ba ooOecIrieueHa.
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Ipumep 5.2.

TpeOyercst paccunTaTh NPUKpEIJIEHUE ABYX YrojIkoB L 75x8 k QacoHke
tonmmmaon 1 =10 mm (puc. V.2.). Marepuan — cranp C245; cBapka pydHas.
Pacyer BBINOMHUTH MO HECYLIEH CTOCOOHOCTH YTOJIKOB. ¥, = 1.

(=10 & 2] Tax8
ié_‘ ) T r—
‘i il
i0

Puc. V.2. K npumepy 5.2.

[To copramenTy mromans L 75x8 pasaa A =11,5¢m?. [Tnsa C245
fya = 240Mna = 24kH/cm?  (tabu. A5, (npunoxenue A) [5]),

fua = 370 MIla = 37kH/cm?.
Hecymast cnocoOHOCTH 2-X yTOJIKOB paBHA

Neg=2-11,5-24 -1 = 552 kH.

[IBeI BeITOTHSIEM 31eKkTpoaaMu 942 (tada. I'.1 (mpunoxkenue I')[5]),
fwr =18,0 kH/cm? (Tabm.5.4 ), fwr=10,45-37,0 = 16,65 kH/cm? (Tab. 4
)[5D).
Ilo Tabi. 5.2 npu pyuHoii ceapke By = 0,7 B, =1,0.

Tak kak 3HaueHUs

fwrBr=18,0-0,7 = 12,5 xH/cm? < fwB,=16,65-1,0=16,65
xkH/cm?,

CJIEJIOBATENIbHO, pacyeT CBApHBIX YIJIOBBIX IIBOB OyJeM BECTH 10 METaJLTy

IIIBa.
[TpuHuMaem Jy1st pacueTa KaTeThl 11Ba: MaKCUMAJIbHBIN KaTeT 1B

10 00YWIKY Kfmax = 1, 2tpin = 1,28 = 9, MM, npunnmaem ky = 8 mm;

no nepy Kgmax =0,9t,=0,9-8=7,2 mM, npunumaemM Ky =5 MM, 41O

COOTBETCTBYET MHHHUMAJIBHOMY KaTeTy mBa mpH tmax=10 MM (Ta61.5.3) .
PaccuntaeM AMHBI CBAPHBIX IIIBOB:

10 O0YIIKY ly1r = aNgq/(2Bs K1 fY o)+l =
0,7-552/(2-0,7-0,8-18,0-1) + 1 = 20,16 cM; npuHUMAaeM JIUHY IIBa
o ooymky ly,1 =210 mm.
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1o mepy lwz = (1 — @)Nga/(2Bs kpry o)+l =
0,3-552/(2-0,7-0,5-18,0-1) + 1 = 14,14cm, nupuHUMAEM JJIUHY IIBa
o 1,,,=150 mm.

IIpakTuueckoe 3ansitue NeS. Koncmpyupoeanue u pacuem 00,1mo6vix
coeouHenuil
IIpumep 5.3.
Paccuurate OosiToBOoe coeawHeHWe nBYX JucTOB 360x20 MM ¢ JAByMms
HaKJIaJKaMH, pa0dOTaIMMHU Ha IeHTpalbHOe pacTsukeHue cuinord Neq=1150 xH
(puc. V.3.) Cranp muctoB C255. Knace tounoctu 6ontoB B. y. = 1.

12
N-1200uH
- N
i =2
4]
| .1
1 1%
- '
_ : ¢
1 _;:“
m = S % =
” ;m
- ;
70
] — 1430
50 0
490

Puc. V.3. KoHcTpykuus cTbika Ha 60aTax

Hasnavaem Haknaaky tommumHon =12 MM, mmpuHONM paBHOU mMpHHE JucTa. s
cramu C255 f,4 = 230Mna = 23,kH/cM?, f,, = 370 MIla = 37kH/cm?.

npu t=20-40mMm (tabn. A.3, (mpunoxenue A) [5]),

[MTpuanmaem auamerp OonroB d = 20 mm (Gonter M20) kiacca POYHOCTH
4.6, mis KOTOPBIX pacyeTHasi MPOYHOCTH 00JITa HA Cpe3
fps = 150 MITa=15 kH /cm? (1abn. I'.5 (npunoxenne I)[5]) u Ha cmaThe fop =
485 Mlla (tabn. I'.6 (mpunoxenue [')[5]). Umcmo mromamok cpeza Ns=2;
HAaWMEHBIIAas TOJIIIUHA JJIECMEHTOB, CMUHAEMBIX B OJTHOM HalPaBJICHUH
Y.t = 20 mm. Koaddunment ycosust padboTsl coenunenus Yy = 0,9
(tabi. 42 [5]) cm.puc . V.3.

B cootBercTBUU ¢ hopmynamu (5.12) u (5.13) onpenenum pacdueTHOE yCHIIUE,
KOTOPOE MOKET OBITh BOCIIPUHSTO OJJHUM OOJITOM

Ha cpe3 Nps =15,0-3,14-2-0,9-1 = 84,78 xH;

Ha cmsAtie Ny, =48,5-2-2-0,9-1 = 174,6 kH.
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KonmdecTBo 60ITOB 1O OJIHY CTOPOHY CThIKA ompeaeisieM mo Gopmyie (5.14)

Neq = 1150/84,78=13,7, npuanmMaeM 15 O0NTOB, MX PACIIOIOKCHHE
npusezeHo Ha puc. V.3. OtBepcTust 1y 607ATOB IPUHATH do=21 MM.

[IpoBepuM MPOYHOCTH JIUCTA [0 OCIA0JICHHOMY CEYEHHIO

6 = Ngg/A, = 1150/((36 — 5 2,1) - 2)=22,5 kH/em’<f 4 =
23,0xH/cm . [IpounocTs obOecrieueHa.

Pa3nen VI. OBIIUE CBEJIEHUSA O NIPOLECCE
N TEXHOJIOTUHU CBAPKHA
(Temsl paccmaTpuBatoTcs B 1abopaTopHbix 3aHATUsAX JI0.Nel —JI6.6

Tembl 6.1. Buabl cBapku, CBapOYHbIE MATEPHAJIbI

JlaGoparopuass padora Ne 1

PYUHASA AYT'OBAS CBAPKA NTOKPBITHIM JIEKTPOJ1OM

Heabr padoTbl — O3HAKOMIICHHME CO CBapOYHbBIM OOOPYJIOBAHHEM U
MHCTPYMEHTOM, MPAKTUYECKOE 3HAKOMCTBO C IMPOLIECCOM CBAPKHU, OMPEAECICHUE
TEXHOJIOTUYECKUX NTAPaMETPOB CBAPKU M CBAPHOTO COEUHECHUA.

Cxema céapku u 0CHOBHblE napamempbul

IIpu 3TOM BHIE CBapKH IOJ1adya 3JEKTPOJa B 30HY JIyTM U NEpPEMEIICHUE AYTH
BJIOJIb CBAapHOTO IIIBA OCYLIECTBIIETCS BPYUHYIO. VICTOUHHMKOM Temia SIBJISIETCS
DJIEKTpUYECKass Ayra — JUIMTENbHBIA JJIEKTPUYECKUN pa3psl NPOUCXOAAIINAN B
ra3oBOM IMPOMEXKYTKE MEXKAY OIJIEKTPOJAOM H u3aelneM. BoibTamMnepHsie

XapaKTepUCTUKN TyTH NPUBEIEHBI HA pUCYHKE 1.1a.
U

Puc. 1.1. BonbramnepHble XapakKTepUCTUKH TyTH (a)U UCTOYHUKA nuTaHus (0):
1 — xpyTonanaromas;2 — nmoyioronajaromas; 3 — xecrtkas /

['padux «HampskeHHME — CHJIa TOKa» MOCTPOCH MPH MOCTOSIHHOW JJIMHE AYTH.
Ha rpaduke 1.la ™MoxxHO BbACNUTH TpU ydacTka. [lepBwiii  yuyacTok
XapaKkTepu3yeTcs MaJeHUEeM HAIPSKEHUS IyTH IPU YBEJIMYEHUU CBAPOYHOTO TOKA.
Takass  xapakTepucCTHKa  SIBJSIETCS  CJIEJACTBUEM  OIEPEKAIONIEIO0  pocCTa
3JIEKTPONPOBOJAHOCTH JIyT'M MO OTHOIIEHUIO K pOCTy cuibl Toka. Ha BTOpoM
y4acTKE POCT 3JEKTPOMPOBOAHOCTH MPSIMO MPOMOPLHMOHANIEH POCTY CHUJIbI TOKA U
MO3TOMY Ha 3TOM Yy4YacTKE HaNpsDKEHHE OCTaeTcsi MOCTOSHHBIM. Ha TpeTrhem
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Y4aCTKE DJEKTPONPOBOAHOCTh HE  YBEIMYMBAETCS, YTO BBI3BIBAET POCT
HaIIpsDKEHMS TYTU [IPU YBEJIMYEHNUN CBAPOYHOTO TOKA.

Puc. 1.2. Cxema cBapKu MOKPBITHIM 3JIEKTPOJIOM

Jyra pacnnaBisieT KPOMKH COCIUHSEMBIX OJJIEMEHTOB, a TaKXKe METalll
AJIEKTPOJa M €ro MOKphiTHe. B pesynbrare oOpasyercs cBapoyHash BaHHA W3
JKUJIKOTO METalljia, TA€ PAaCIUIaBJICHHBIE KOMIIOHEHTBI TOKPBITUS SJICKTPOAA
BCIUIBIBAIOT HA MOBEPXHOCTh B BUJE Hulaka. [locne ynameHWss UCTOYHMKA TeIia
MPOUCXOAUT KPUCTAUIM3AIMS  PACIUIABIEHHOTO MeTalla ¢ 00pa3oBaHUEM
CBapHOTO IIBa, a 3aCTHIBIIMK MUIaK 0O0pa3yeT TMOBEPXHOCTHYIO KOPKY,
3alMIIAONIYI0 €1le TOpSAYMi METaJUl IIBa OT BPEIHOIO BO3JEUCTBUS BO3ayxa. B
COCTaB TMOKPBITUS DJIEKTPOJA, KPOME IUIAKOOOpa3yIoIIUX, BXOIAT TaK¥kKe
KOMIIOHEHTBI, KOTOpPbIe OOpa3ylOT Ta3oBYyHO 3allUTy JIyT'M W PaCIIaBICHHOTO
MeTalia, JETUPYIOT U padUHUPYIOT METAJI IIBa, MOJJISPKUBAIOT CTaOUIIbHOE
TOpEHUE AyTH.

OCHOBHBIMHM TMapaMEeTpPaMU CBapKH SIBJISIOTCS: CUJa TOKa, [JIMHA JYyTH,
HaIpspKEHHUE Ha AyTe, TUaMeTpP U CKOPOCTh NMEPEMELICHUS AIIEKTPOAa.

C yBenu4eHUEM CHJIBI TOKA yBEJIWYUBAETCS INIyOMHA TNpoIuiaBieHus. To ke
MPOUCXOJUT C YMEHBIICHUEM JUAMETPA 3JIEKTPOJIa TPU NOCTOSTHHOM cuiie Toka. C
YBEIIMYEHUEM JIJIMHBI JyTH, & TAKXXE CKOPOCTH MEPEMEIIEHUS IEKTpojia TIIyOnHa
NpoIiaBiieHuss ymeHblnaeTcd. (C  yBEIMYEHUEM HaMpsHKEHUST MPOUCXOUT
YBEJIMYEHUE LIMPUHBI CBApHOro miBa. [Ipu myroBoil cBapke MOCTOSIHHBIM TOKOM
00OBIYHO

MPUMEHSAOT NPSMYK MOJISIPHOCTh, KOTJA KaTOJIOM SIBJISIETCS BJEKTPOHd, a
aHomom wuznenue. OmHAKO BO3MOXKHA H OOpaTHas TMOJSPHOCTH, KOTOPYIO
MPUMEHSAIOT B TEX CIydasiX, KOrJa HYXXHO YMEHBUIWTH BBIJCICHHE TEIJla Ha
W3/EIUY, HAMPUMEP, MPU CBAPKE TOHKOTO WM JIETKOIUIaBKOro Mmetamia. [lpu
CBapKe MEPEMEHHBIM TOKOM MOJIIPHOCTh HE UMEET 3HAYECHUSI.

Obopyodosanue, c6apOYHbIL UHCIPYMEHM U MAMEPUATbl

OCHOBHBIM O00OpPY/JIOBaHMEM TIIPU PYYHOW CBapKe  SBISIOTCS HMCTOYHHUKU
MUTAHUS, K KOTOPBIM OTHOCSITCSI TpaHC(OPMATOPHI, TEHEPATOPHI, BHIPSIMUTEITN U
CBapOYHbIC HHBEPTOpPHl. Bce HUCTOYHHMKKM THUTAaHUA JOJKHBI YIOBJIECTBOPSTH
CIEAYIOIIUM TPEOOBAHUSIM:
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— HaIpsHKEHUE XOJIOCTOrO0 XOJa JOJKHO OBITh JOCTATOYHBIM JJIS 3a)KUTaHUS
nyru (60-90 B);

— UMETh YCTPOICTBO JJIsl PETYJIMPOBKH CBAPOYHOTO TOKA;

— BOCCTaHaBJIMBaTh paboyee HaIpsDKEHHE I0CIE KOPOTKOTO 3aMbIKaHUS 3a
0,02-0,04 c;

— obecrieuynBaTh 0€30MaCHOE BEACHUE CBAPOYHBIX PabOT.

BHemnss BonbTaMiepHas XapakKTepUCTHKA UCTOYHUKOB MUTAaHUS (3aBUCUMOCTD
HaIpsDKEHUs] Ha 3aKMMax OT CBAPOYHOI'O TOKA) MOXKET OBITh: KpyTOoHadarouiei
(HanmpsKEHWE YMEHBIIAETCS C YBEJIMUYEHUEM CBAPOYHOI0 TOKA); MOJOrOoNa aromiei
(HampsKEHUE Tak)Ke YMEHBIAeTCsl, HO MEIJICHHO); >KECTKOW (HampsiKeHue He
usmensiercs) (puc. 1.1.0).

TpanchopmaTopsl SBIAIOTCA UCTOYHUKOM MEPEMEHHOTO TOKa. BonpTamnepHbie
XapaKTePUCTHKU CBAPOUYHBIX TPAHC(HOPMATOPOB, UCIIOIB3YEMbIX B CTPOUTENILCTBE,
MOTYT OBITH KPYTO- M IIOJOTOIAJaoIIeuMu. TpaHchopMaTop COCTOMT U3
MarHuTONpPOBO/AA (CEepAEeYHUKA) U KaTylIeK MEePBUYHON M BTOPUYHOU OOMOTKH
(puc. 1.3). Ha nepBuuHoii 0OMOTKe HampspkeHue coctasiser 220 unu 380 B.
CHWKEHUE HaNpshKeHUs U, COOTBETCTBEHHO, VYBEIMYEHHE CHJIbl TOKAa Ha
BTOPUYHON OOMOTKE JJOCTUIaeTCA 3a CUE€T MEHBIIEr0 KOJUYECTBA BUTKOB.

Puc. 1.3. Cxema cBapouHOTO TpaHCcpopMaTopa:
| — mepBuyHas oOmotka: |l — Bropuunas oomMoTKa

Hactpoiika pexuma paOoTel TpaHcpopMaropa MOXKET OCYIIECTBIATHCS
CIEAYIOIIUMU CIIOCO0aMU:

— W3MEHEHUEM PACCTOSIHHMSI MEXIy OOMOTKaMH, KOTOpPHIE B JIaHHOM CITydae
JIOJOKHBI OBITh TIOJIBWYKHBIMU (TIPU YMEHBIIICHUN PACCTOSIHHUSI MEXIYy OOMOTKaMU
CUJIa TOKA YBEITUYMBAETCS U HA000POT);

— W3MEHEHHMEM IIOJIOKEHUS IMOJBUKHOIO MAarHUTHOTO UIYHTa B MarHUTHOM
CEpICYHHUKE;

— BKJIOYEHHEM B JJIEKTPUYECKYIO IIelb PEAKTHMBHOW KATyIIKU (apoccens),
U3MEHEHUEM MAarHUTHOTO COMPOTHUBICHUS KOTOPOH H3MEHSIOT CHIIy CBapOUYHOTO
TOKa.
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['enepaTopbl — Cily’KaT UCTOYHUKOM MOCTOSIHHOTO TOKA M UMEIOT IPUBOJ ABYX
BUJIOB: OT OJJIEKTpOABUTATENsl (CBapOYHBIE MpeoOpazoBaTeiv) U OT JBUTATENS
BHYTPEHHETO cropanus (CBapoyHble arperathl). MIX OCHOBHBIMHU 3JIEeMEHTaMU
SIBJISIFOTCSI IPUBOAHOM JIBUTATENh M CBAPOYHBINA FeHEepPaTop.

BreimpsmuTenu npeoOpa3yroT NMEepeMEHHBIM TOK B IMOCTOSHHBIA. OCHOBHBIMH
AJIEMEHTAMH  BBIIPSAMUTEIS  SBJSIOTCS  MOHIDKAIONMIUKA — TpaHchopMmaTop U
BBITIPSIMHUTENIBHBIN 010K, [locmenanii cobnpaercst U3 CEICHOBBIX, KPEMHUEBBIX HIIH
T€pPMaHUEBBIX BEHTWICH. BEHTUIbL — 3TO MHOTOCJIOWHBIA 3JIEMEHT, 00Jadaroninii
CBOMCTBOM IPOBOJIUTH TOK B OJJHOM HaIpaBJICHUH.

Hanbomnee coBpeMEHHBIM HMCTOYHUKOM MHUTAHUSI MOCTOSTHHOTO TOKa SIBJISIIOTCS
CBapOYHBbIC MHBEPTOPHI. PaboTa CBapOYHOr0 MHBEPTOpA MOCTPOEHA HA TPHUHITUIIC
¢dazoBoro caBura (MHBEPCHUM) HAMPSDKCHHUS, OCYIISCTBISIEMOTO AJICKTPOHHOMN
MUKPOIIPOIIECCOPHOM CXEMOM C MOKAcKaIHbIM YCHUJICHMEM TOKa. 3a CYET TaKOro
MPUHITUIIA YAAETCS MOJYUYUTh MUPOKUN CIIEKTP BOJBTAMIIEPHBIX XapaKTEPUCTUK -
OT KPYTOIAIAOIIEN 10 BOCXOISIIEH.

[Ipu ucnoyib30BaHNUM MHOTOMOCTOBBIX UCTOYHUKOB MUTAHUS UX BOJIbTaMIIEpHAsI
XapaKTepUCTHUKA JI0JKHA OBITh JKECTKOM, TaK KakK MpH MaJarolieil XxapaKTepUCTUKE
OJIHOBpEMEHHasi padoTa HECKOJIbKUX CBapOYHBIX IOCTOB HEBO3MOXKHA. Jis
MOJTyYeHHUsI TIaJaoIIel XapaKTepUCTUKN U ISl PETYJIMPOBKU CHIIBI TOKA KaXKJbIN
CBapOYHBIM TMOCT TMOJAKIIOYACTCS K MCTOYHUKY TIOCTOSSHHOIO TOKa depes
OammactHele peoctaThl (puc. 1.4) umm dYepe3 APOCCEIH, €CIM HCTOYHHK

[

Puc. 1.4. Cxema Ha yeThIpe cBapouHbIX nocta: P — pyounsuuk; UII- uctounuk

MNEPEMCHHOI'0O TOKaA.

nutanust; bP — GamnactHeli peocTart.

OT UCTOYHMKA MUTAHUS K U3JACIHIO U JIEKTPOIOAEPKATENO TOK MOCTYHAET MO
THOKHMM IPOBOJIaM C PE3WHOBOM M30JIAIKEH. [[TnHA 3TUX MPOBOJOB JOKHA OBITH
He Oosee 30—40 M, mpu OoJblICH JUIMHE MPOUCXOIUT CYIIECTBEHHOE MaJCHUE
HaNpsDKEHUS TyTH, MPEBbIIIAIONIEe A0MYyCTUMBIE npeenbl — 4—5%.

DNeKTpoI0AepKATENIb — 3TO MPHUCIIOCOOICHUE IS 3aKpEIICHUs SJISKTpoJa U
oABOAA K HEMY TOKA. DJICKTPOJOSPKATEIN OTIIMYAOTCS CIIOCOOOM yAep KaHUs
AJIEKTPOJa W OBIBAIOT: BHWIIOYHBIC, IPYXKHHHBIC, 3)KUMHBIE M O€30TapKOBBIC.
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DReKTpoAoAepKATENN KIAaCCHPHUIMPYIOTCS Mo Tumam, Hanpumep: 31-25, 31-50,
rae nocienHss nudpa, ymHo)keHHas Ha 10, yka3plBaeT HOMHUHAJIbHOE 3HAYEHUE
TOKa MIPU CBapKe.

DNEKTPOJi COCTOUT U3 METAIITMYECKOTO CTEP>KHA (CBAPOUYHOM TPOBOJIOKH) U
MOKPBITUS. DIIEKTPOIbI MOAPA3AEISIOTCS IO TUIaM, HarpuMep, 942, 346, 346A,
350, 350A u no mapkam (YOHU 13/45, OMM-5, IM-7, AHO-5, O3C-4, BCII-1
U ap.). Tum snexTposia 0TpaXkaeT MEXaHMYECKUE XapaKTEPUCTUKH HAIIABIEHHOT O
Metalia, (Hanpumep, 342 - npejen NpoYHOCTH CBAPHOIO IIBa HAa Pa3phiB —
42xH/cm? (420 MITa), a 6ykBa A 00603HAYAET, YTO CBAPHOM IOB 001a1a€eT
MOBBIIICHHBIMU TJIACTUYECKUMU CBOMCTBAMHU), @ MapKH 3JIEKTPOJa
XapaKTepU3yIT COCTAB MOKPHITUS WIH YCIOBHOE 0003HAUCHHUE 3T OTOBUTEIS.

3aoicueanue ceapounou oyeu u ynpasienue 0y2otl

YcTaHoBUTH CBOOOAHBINM KOHEI[ JIEKTPOIa HaJ M3CIIUEeM Ha PacCTOSHUU 5—6
CM; 3aKpPBITh JHUIO IUTKOM MM MacKOi, KOCHYTbCS 3JIEKTPOJIOM U3JIEIUS U TOTYAC
K€ OTBECTHU JJICKTPOJ OT M3JENHs Ha paccTosHue 2—3 MM (OOBIYHO JJIMHA JTYTH
cocraBisier 0,5-1,1 numamerpa anekrtpona). Ilpu Oosblield JyvHE ayra racHer.
Ecnu snekTpos ycneBaeT MNPUILIABUTHCS K H3JEIUI0, TO €ro HY)KHO cHaudasa
NoKayaTh M TOJIbKO 3aTEM OTOPBaTh OT AETANIM; IMOCJE MOJYYEHHUS YCTOMYMBOTO
TOPEHUS] Jyrd CIEAYeT ONPEACIUTh ONTHUMAJIbHYI0 CKOPOCTb JIBHXKCHUS
IIEKTPOJA, JUIsl YETO MOBOJUTH 3JIEKTPOAOM C PA3IMYHON CKOPOCTHIO, BCAKHM pa3
aHAJIM3UPYS Ka4e€CTBO HAILJIABJICHHOIO I1IBA.

Buinonnenue ceapnuix weos

B o0mem cnydae mpoliecc CBapKM COCTOMT M3 CIEAYIOIIMX ornepanuid:l.
00paboTKa KPOMOK COEAMHSEMBIX 3J€MEHTOB; 2. OUMCTKAa KPOMOK Ha HIMPUHY
20MM; 3. cOOpKa COEAMHIEMBIX IIEMEHTOB U UX (PUKCAIUs C TOMOLIBIO PUXBATOK
win cTpyOruH; 4. CBapka; 5. mpaBka; 6. OunMcTKa CBApHBIX IIBOB OT IIIaKa U
Ope13r metaina; 7. Kontposnb kadecTsa.

[Ipy BBINOJHEHUM CBAapHBIX LIBOB CIIEAYET YYUTBHIBATh, 4TO O€3 pa3iesIKu
CBApUBAEMbIX KPOMOK MOKHO COEAMHSITH AJIEMEHTHl TOJIIMHON A0 8 MM Ipu
OJIHOCTOPOHHEH cBapke U 10 12 MM — nipu AByCTOpOHHEH. 151 GOJIBIINX TONIUH
KPOMKHU COEAMHIEMBIX 3JIEMEHTOB JIOJKHBI UMETh pa3ieiky (puc. 1.5).
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Puc. 1.5. Paznienka KpoMOK COEMHUTEIBHBIX 3JIEMEHTOB

Paznenku Y—ob6pasusie, V—o0pa3ubie u U-oOpasnsie (puc. 1.5 0, B, €, 3)
JeNnalTcsa, Kak MpaBWIIO, MPH OAHOCTOpOoHHEeM joctyne.  COOTBETCTBEHHO
paznenku X—oOpasnble U K—oOpaszueie (pucyHok 1.5 T, 1, W) HOenaloT NOpH
JIBYCTOPOHHEM JIOCTyNE. Y—00pa3Hble pa3[eiKu SBISIOTCS MEHEee TPYI0EMKHUMU
IIPU MOATOTOBKE KPOMOK CBApUBAEMBIX J€Tajei, OJHAKO MPU HAIIaBKE CBAPHOTO
mBa  TPYJOEMKOCTh TIPH O3THUX pa3fenkax OyaeT yxke Ooiblle, TaKk Kak
YBEIMYHMBACTCS 00bEM HAIUIABICHHOTO METajlIa M0 CPAaBHEHHIO ¢ X—00pa3HOU U
K—o06pa3Hoii paznenkamu. YKa3aHHBIM HEJOCTAaTOK OTHOCHUTCS Takke U K V-
obpaznoit, u k U-o0pa3noit pasnmenke. X—oOpasubie U K—oOpasHbie paznenku,
KpOME yMCHBIIICHUS O00bEMa HAIUTABJICHHOTO METajlla, ITO3BOJISIOT TaKXkKe
3HAYUTEIHLHO YMEHBIIUTh CBapOYHbIC AchOpMAlMM — 3]IeCh HaIUTaBJICHHBIN
METaJJl PacIojaraercs CUMMETPUYHO OTHOCUTEIBHO  CPEIWHHOW TIOCKOCTH
COCIMHSIEMBIX JETAJNICH, U MOATOMY YCaT04HbIe AehOopMaIlii OTHOCUTEIBHO 3TOU
TUIOCKOCTH OyIyT OJTMHAKOBBIMH.

Ecnu Ha MOBEpXHOCTH KPOMOK COCIMHIEMBIX 3JIEMEHTOB HMEETCS OKaJIMHa,
pKaBYHMHA, Kpacka, CMa3ka WM Bjara, MX HEOOXOAMMO yAaIUTh MEXaHUYECKUM
WM XUMHYECKUM criocoOom Ha mupuHy 20MM. COopka u3Ienuit Uil BBITIOTHEHUS
CBapHOTO COCJMHCHHS MPOM3BOAUTCS C YUCTOM JIONYCTHUMBIX 3a30poB (puc. 1.5),
MOCJIe Yero MpPOW3BOJUTCS NMPHUXBATKa JETalei, T.e. CBapKa KOPOTKUMH IIIBAaMU
mmuHOM 30—40 MM gepe3 100200 mm, yTo obecrieunBaeT (PUKCAIMIO B3aMMHOTO
pacToNIOKEHHS JIeTaliell B Tpollecce CBapKH. YKa3zaHHAs OMEparus MOXKET ObITh
BBITIOJTHCHA C TIOMOIIBIO CTPYOIIHH.

CBapHbIe BBl B 3aBUCUMOCTH OT TOJIIIMHBI CBAPUBAEMOT0 METa/lJla MOTYT
ObITh OJHOCIOMHBIE (puc. 1.6a) uiau MHOrocioiHwie (puc. 1.6B, T), IpU ATOM
KQXK/IBI CJION MOKET BBIMOJIHATHCA 32 OAUH (pUc. 1.6 T') WM HECKOJIBKO TPOX0JI0B
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(puc. 1.6B). [Ins nyumiero nporuiaBieHus HyJaeBoi moB (Ha puc. 1.6 obo3HaueH -1
(0) crnenyer BBIMOJHATH AIEKTpoAoM auamerpoMm 3—4 mwm. Ilpu nBycTOopoHHEH
CBapKe HYJEBOW IIOB CIIEYeT BBHIMOJIHATH CO CTOPOHBI, MPOTHBOIOJIOXKHON
npuxBaTkaMm. PeKoMeHIyeMoe KOJIMYECTBO CJIOEB B 3aBUCHUMOCTH OT TOJIIWHBI
CBapMBaEeMOro MeTalla TNPHUBOJUTCS B CIPABOYHOM JuTepaTrype (B JaHHOM
y4eOHO-METO/T ITOCOOMH 110 CBApKeE).

a)

s S S
(RS /RTE

Puc. 1.6. Ilonepeunbie ceueHus CBapHBIX MBOB (LppaMu yKa3zaHa
MOCJIeI0BATEILHOCTh HAIJIABKHU): & — OJTHONPOXO IHBIN;

0 — OJTHOTIPOXO/IHBIN C MOJBAPKOU KOPHS;

B — MHOT'OIIPOXO/IHBIN; T — MHOTOCJIOMHBIN

[Ipn nBWXKEHHUHM DIIEKTPOAA TOJBKO B TMPOJOJHHOM HAIPABICHUU
OTHOCUTEIHHO OCH IIIBa MIMPUHA HAIUIABJICHHOTO MeETaula IMOJIydaeTcs
paBHont 0,8—1,5 nuamerpa 37M€KTpojJa B 3aBUCUMOCTH OT CHJIBI TOKa U
HanpsHKCHUS (C YBEJIMYCHUEM HAIPsHKCHUS IIMPHUHA BaJIMKa YBEIINMYUBACTCS)
U CKOPOCTH JBWKCHHS  (C YBEIMYCHHEM CKOPOCTH IIMPHHA BaJIMKa
yMmeHbinaetcsi). llosromy mansa  monyudeHus Oosiee  IIUPOKUX — BaJUKOB
HEO0OXOMMO COBEPIIUTH JIEKTPOJIOM U TIoTIepeyHbie ABMKeHus (puc. 1.7).

Puc.1.7. CxeMa OCHOBHBIX TPA€KTOPHUI JBUKEHUS KOHIIA JIEKTPO]Ia

B mporiecce cBapku 1o mepe IMiaaBiIeHUs] CTAIBHOTO CTEPXKHS HEOOXOIUMO
MepeMenaTh 3JIEKTPOJ] TAKXKE WU 0 HAMNPABICHHUIO K u3aenuto. JnuHa myru
JIOJKHA OBITh TOCTOSSHHOW M KOPOTKOW, TakK Kak IMpU OOJBIION JIJIMHE
YXYIIIaeTCsl KaYeCTBO HAIUIABJIEHHOIO METalljla M3-3a OCJIa0JIeHHs] Ta30BOM
3aIlUTHI, & TAKXKE YBEIIMUMBACTCS pa30phI3TMBAHUE PACIUIABICHHOTO MeTalljia
anektpona. Ilpu OoJbIION CKOPOCTH CBapKh BO3MOXHO 00pa3oBaHuUE
HEMPOBApOB, NPU MAJIOKW CKOPOCTH — MPOXKOroB (ONTHMAaibHAs CKOPOCThb
YCTaHaBIIUBACTCSl CTYJCHTOM OIBITHBIM IIyTEM Ha IIEPBOM ATale B MPOLECCE
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oOy4eHMs] 3aXUratb Iyry M ynpasisaTh €10). Ilpu oOpa3oBanum mBa 3a
HECKOJIbKO MPOXOJ0B HEOOXOJUMO MPEABIAYIINE CIOW OYUCTUTH OT IIJIaKa U
OpbI3r MeTallIa.

JIisi BBINIOJIHEHUS! CBAPHBIX IIBOB HCIIOJIB3YIOTCS HECKOJIBKO MPHEMOB:
HAMpoOXoJl, OT CepeIuHbl, OOpPAaTHOCTYINEHYATHIM, OJIOKaMH, KacKaJoM,
ropkoi. Ha puc. 1.8 mpuBeaeHbl cXeMbl YKa3aHHBIX MPUEMOB. Bribop Toro
WJIM MHOTO IPUEMA 3aBUCUT OT JUIMHBI IBA U €TI0 TOJIIUHBIL.

IlepBblii IprEM MCTIOJIB3YETCS MIPU CBAPKE KOPOTKUX IIBOB JUIMHOM 10

500 mM. Bropoii mpuem ucnone3yercda npu anuae n1o 1000 mm. bosee
JUIMHHBIE MIBBI BBIIOJIHAIOTCS oOpaTHOCTyneH4YaThiM criocoOoMm. IlepBbie Tpu
npreMa MCIOJIb3YIOTCS ISl BBIMOTHEHHS IIBOB HEOOJBIION TOMIIUHBI (MIPU
BBICOTE€ KareTa ImBa He Oosee 8§ MM). [lnmHa cryneHu (a) mpUHUMAETCSA
paBuoit 100 —350 MM, mpuyem Oosiee KOPOTKHE CTYNEHW HA3HAYAIOTCS TPH
CBapKe TOHKOI'O MeTaiia, a 6ojee IJIMHHbIE — IPU CBapKe TOJICTOTO MeTallja.
[Ipy wucnosb3oBaHUM OOPATHOCTYNEHYATOTO METOAA JJI BBINOJIHEHUS
MHOT'OCJIOMHBIX IIBOB KAXKJIBIM TOCIEAYIOIAN CJIOW HAIUIABIIAETCS B
MIPOTUBOIIOJIOKHOM HAMPABIEHUU MPEABIAYIIEMY, ITIPXU TOM KOHIIBI CMEKHBIX
CTyTeHEeN JOJKHBI OBITh CMEIIEHBI OTHOCUTENIBHO JIPYT pyra Ha 25-50 MM.

Puc. 1.8. Cxema BBINOJHEHUS CBApHBIX IIBOB: a — HaAmpoxona; 0 — OT
CepelIMHbl; B — OOpaTHOCTyNEeHYaThlid; T — OJOKaMu; J — KacKaJaMu; € —
TOPKOM.

HamnaBka mBa 650kaMu, KacKaJlaMd W TOPKOW MCTOJIB3YETCS TOIBKO IS
BBITIOJTHEHUST MHOTOCIOMHBIX BOB. [Ipu 3TOM JiuHa cekiuu (pa3Mmepa «ax)
npuHumaetcs pasaoit 300-400 mm npu V-00pas3Hoii pazaenke kpomok u 500-
800 mm mpu X-oOpaszHoil. B mpenenax KaxIoW CEKIMU IIOB HAIUIaBJIsSETCS
oOpaTHOCTyIeHYaThIM criocoboM ¢ pasmepom cryrnenn 150-200 mm. Kak
MpaBUiIO, CBAPKY MeTalljla TOJUIMHOW Oojee 25 MM BBIMOJHSIOT «TOPKOM»
win  «xackagamu». IlpuBeneHHble crocoObl CBapKu oOecrneunBaloT OoJee
pPaBHOMEPHBIA HArpeB MeTajjla 1O JJIMHE CBapHOrO IBa M YMEHBIIAOT
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CKOPOCTh OXJIAKJEHHUS, 4YTO CIHOCOOCTBYET YMEHBIICHUI) CBApOYHBIX
HaIPSKEHUH.

bonbmioe BnusHMEe Ha (QOpMUPOBAHHME IIBA OKA3bIBAaET IIOJIOKEHHE
9JIEKTPOJ1a OTHOCUTEIBHO MOBEPXHOCTH M3aenus (puc. 1.9): yrnom Hazaz (Ha
H0JTbEM) WUJIH YIJIOM BHepe] (Ha CIyCK).

'5:! Viea :I':l el e:-
-— —-—— ! — [
fiiﬁ%gimmi T |

Puc. 1.9. TlonoxxeHne 37eKTpo/1a MPU CBAPKE U COOTBETCTBYIOIIEE
CEYECHUE 1IBA:

a — yrioM Ha3aj; O — yrjioM BOepe.l; B — Ha MOIbEM;

I — Ha CITyCK; [, € — CEYEHHUE I1IBa

[Ipu cBapke yriom Hazaja (Ha MOABEM) YJIYUIIAIOTCS YCIOBHUS OTTECHEHMS
pacIUIaBJICHHOIO Me€Tajula HW3-3a JYyI'M, YTO CIOCOOCTBYET YBEJIMYEHUIO
riyounsl nporuiasieHus h (puc. 1.9 m). [Ipu cBapke yriiom Brepen (Ha CITycK)
pacCIUIaBICHHBIA METAJII MOATEKAET MOJ AYry M YMEHBIIAET Terionepenavyy
OCHOBHOMY METajlly, 4YTO B CBOIO OY€peAb YMEHbBIIAET TIyOUHY
nporutaBienus (puc.1.9 e). Cpapka yriioM BHOeped HCHOJB3YETCA TMpHU
COEIMHEHUU TOHKUX JINCTOB WJIW U3AEJIHI U3 JIETKOIJIaBKUX METAJUIOB.

Ha mapameTpsl cBapKu 0Ka3bIBAa€T BIHSIHUE TPOCTPAHCTBEHHOE MOJI0KEHUE
iBa B MpOLECCe ero HamiaBku. [lo 3TOMy NpH3HAKy pa3inyarOT HUXKHEE
MOJIOKEHHE (Jyra pacrojaraeTcsi HaJl U3JIeJIUEeM), MOTOJOYHOE (JAyra TOpUT
NOJ W3JENUeM), TOPHU30OHTAIbHOE (JIyra TOpUT COOKY BEpPTUKAJIBHO
pPacnojiO)KEHHOTO M3JIETUsl M AJIEKTPOJ JBHXKETCA TOPU30HTAIBHO) H
BEPTUKAIBLHOE (JIyra TOPUT COOKY BEPTUKAIBHO PACIOJIOKEHHOTO U3JIETUs U
AIIEKTPOJ] JBIKETCS BEpTHKaIbHO). Hambonee OmarompusTHBI YCIOBUS
CBApKM B HWIKHEM TOJIOKEHUM M HauOoyiee HeONaronmpusiTHHI MPH CBapKe
NOTOJIOYHBIX IIBOB M BEPTHKAIbHBIX CBepXy BHU3. Ilpu cBapke
TOPU30HTANBHBIX M BEPTUKAJIBHBIX IIBOB CHJIa TOKa yMeHbInaeTcs Ha 10-15
% 1O CpPaBHEHHMIO CO CBAapKOM B HWXXHEM TIOJOXKEHHHM, a IpPH CBapKe
MIOTOJIOYHBIX MBOB Ha 20-25%, mpu 3TOM NPUMEHSAIOTCS JIEKTPOJbI Majoro
JTMaMeTpa v BapsT MPU CaMOil KOPOTKOM Ayre.

3akaHyMBasg HaIUIaBKy CBapHOIO IIBa, HE CIEIYET PE3KO OOphIBaTh YTy,
TaKk KaKk B 3TOM ciy4yae oOpa3yercs KpaTep, SBISIOLIUICS, Kak IMpaBuio,

MECTOM O00pa3oBaHMA TPEUIMH, MAYry CIEAyeT TacuTb MEIJICHHBIM
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YBEIIMYCHUEM €€ JUIMHBI, B OTOM CIIydae HAIUIABJICHHBIM METaJul 3JIEKTPO/aa
npeaynpexaaeT oopazoBanue Kparepa. Ilocie OKOHUaHHS CBapKH CIEIyeT
3a4MCTUTH OB OT IIIJIAKa U METAUTMYECKUX OPBI3T U BU3YAIbHBIM CIIOCOOOM
POaHAIN3UPOBATh KAYECTBO CBAPHOTO COCTMHEHUSI.

JlaGopaTopHasi padora Ne 2
ABTOMATHYECKASA U ITOJTIYABTOMATHUHYECKASA AYTI'OBASI CBAPKA

Henp padorbl — H3y4YEHHE CXEMbl CBApOYHBIX IPOIECCOB, 3HAKOMCTBO C
000py10BaHUEM, OTIPEEICHUE TAPAMETPOB CBAPKHU.

Cywnocms u OCHOBHbIE napamempul

IIpn aBTOMATHYECKOW CBapKe I10Jaya CBAPOYHOU IIPOBOJIOKU B 30HY IAyI'H U
NEepEMEILIEHHE Oyrd BIOJb IIBA MEXaHW3UpOBaHbl. [Ipu mosryaBTOMaTH4EeCKON
CBapKe€ MEXaHMW3UPOBAHA TOJBKO I0/1a4a CBAPOYHOM MPOBOJIOKH, a MEPEMELICHUE
JyTY BJIOJIb IIBA OCYILECTBIISECTCA BPYUHYIO.

Ilyeosas ceapra noo garocom

®dnroc — rpaHyJIMpOBaHHBIN MOpoiIoK (pa3Mep 3epeH paBeH 0,25 — 4 mwm).
Ha3znauenue ¢mroca — 3ammura AYrd M PacIUIaBIEHHOTO MeTalia, a TaKke
JerupoBaHue U papuHUpoBaHHe MeTauia mBa. [1lo xumudyeckomy coctaBy (¢uroc
HAaNOMUHAET 00Ma3Ky AJIEKTpoJa ¢ MoKpeiTHeM. BriOop (iroca ocymiecTBisiercs
o Tab:1. 55, [8].

OmHUM M3 3JEKTPOAOB NPU CBapKe MOJ ciloeM (¢uroca CIyXHUT CBapOYHAs
npoBosioka. O003HAYCHHS CBApOYHOW MPOBOJIOKM TpuBEAcHBI B Tabi. 55, [8]..
«CB» — 0003HaUaeT «CBAapOYHas», ajee CIEAyeT COAEpKaHUE YIiepoJa B COThIX
JIOJIAX TMPOLEHTA, 3aTEM CJIETYIOT CUMBOJIBI XMMHUYECKUX 3JIEMEHTOB, BXOSAIINX B
COCTaB MeTajlyla CBAPOYHOU MPOBOJIOKH, I7ie HU(DPHI YKa3bIBAIOT UX MPOLIEHTHOE
cozepkaHue (eciau MPOIEHTHOE cojliepkaHue He mpeBbimaeT 1%, To mudpa, kax
npaBuiio, He cTaBUTCs). bykBa «A» B KOHIle 0003HAUCHHSI CBAPOYHOM MPOBOJIOKU
YKa3bIBAE€T HA MOBBIIIEHHYK YUCTOTY MO XMMCOCTaBY (IIOHM>KEHHOE COZAEpKaHUE
cepsl u pocdopa).

Cxema HamIaBKM CBApHOIO IIBa MPU AaBTOMAaTUYECKOM CBapke moja (iarocoM
npuBezeHa Ha puc. 2.1. @nroc 3ackinaercs Bepeau IeKTpoia U3 OyHKepa clloeM
40-80 mwm, mupunHoit 40-100 mM. McTouHMKOM Teria SIBISETCS AJIEKTpUUecKas
Ayra, NOoJ AEUCTBUEM KOTOPOU MPOUCXOAUT pACIUIaBICHUE KPOMOK COEIMHIEMBIX
3JIEMEHTOB, 3JEKTPOAHONW MpoBOJOKK M ¢uroca. [Ipu 3TOM razoobpasyromue
KOMIIOHEHTHI (DIII0ca CO3/1al0T Ta30BBIN My3bIPh BOKPYT AyTH. JlaBieHune ra3oBoro
y3bIpsl CIIOCOOCTBYET OTTECHEHMIO PACILIABJIEHHOIO METaJlla U3 MO AyTU U TEM
cCaMbIM yBEJIMYMBaeT riyOuHy mnporuiaBieHus. [lo Mepe ynaneHuss HCTOUYHMKA
TEIJIa PpACIUIABICHHBIM METAJI KPUCTAUIM3yeTCs B  CBAapHOM 1IOB, a
pacruiaBieHHbIN (IroC, OCThIBasi, 00pa3yeT 3alUTHYIO IJIAKOBYIO KOPKY.
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TEIOEERNE CEIPOYHEA EZHHE

TYEEDE SATESPIEE M dmnc

~— HANPAEN2EKa CEEDER

pAMMAETERELLE dmoc
CEApHOE IIOE
CLEOEHOE M3TILI

roybEEs
NP OTMMEENSHER

Puc. 2.1. Cxema cBapku noj GpirocomMm

OCHOBHBIMM MapaMeTpaMu CBapKH MO (PIIFOCOM SIBIISIIOTCA: CHJIA TOKA, JUAMETP
ANEKTPOJA, JJIMHA TyTH, HANpsSHKEHHE Ha Ayre, CKOPOCTh IABUYKEHHS 3JIEKTPOJa
BJIOJIb CBAPHOIO IIIBA M CKOPOCTh MOJAa4u SJEKTPOAHOM MpOBOJIOKU. Cuia Toka
u3mensiercst B npeaenax 400-2000 A. IImoTHOCTH TOKa (OTHOIIEHHE BEIUYMHBI
TOKa U IUIOMIAIH CEYEHHUS 3JIEKTpoa) cocTaBiseT 35-250 A/mm?. C yBenudeHneM
IUVIOTHOCTH TOKa NPOUCXOJUT YBEIMYEHHE T[IyOWHBI NPOIUIABICHUS, C
YBEIMYECHUEM JUIMHBl JYI'M W CKOPOCTH [JBHXKEHUS OJJEKTpPOoJa BAOJbL IIBA,
Hao0OpOT, TIIyOMHa NpOoIUIaBieHUsl yMeHblnaetTcs. [Ipu yBennueHun HanpsoKeHUs
YT YBEITUYMBAETCS KOJIMYECTBO TEIUIa, pacxoJyeMoe Ha paciuiaBieHue ¢Iroca.
[Ipu »TOM pacTeT ImMpUHA 1IBA, a TJIyOMHA TMPOIUIABICHUS W3MEHSIETCS
HE3HAYUTEIBHO.

Jlnst mpouecca CBapKH, KpOME MEPEUYMCIIEHHBIX NAapaMeTpOB, UMEET 3HAUYCHHE
TaK)K€ BBUIET 3JIEKTPoJia (pacCTOSTHUE OT TOKOMOABOJA /10 AYTH) U TOJILIMHA CJIOS
¢aroca. C yBenmMYeHUEM BbUIETA BO3PACTAET HATPEB AJIEKTPOJA U CKOPOCThb €ro
IUTABJICHUS, YTO, B CBOIO O4Yepellb, YBEIMYMBAET KOJIMYECTBO HAIJIABISIEMOIO
MeTaJljia moJ 1yroi U, B KOHEUHOM UTOre, MOXKET BbI3BaTh YMEHbILIEHUE IITyOUHbI
IPOIJIABICHUSA. AHAJIIOTUYHBIN PE3yJIbTAT MOJY4YaeTCd M B Cllydac yMEHBIICHUS
TOJIIMHBI cJosi (oca — MPU Majol TOJIIMHE (Uroca yBEIUYUBAETCS €ro
ra3onpoHMIIAEMOCTh, YTO YMEHbINAET JaBJI€HUWE B Tra3oBoM Iy3bipe. Kak
CJIEJICTBHE 3TOT0, MPOUCXOAUT YBEJIMUEHNE HAIJIABIIEHHOTO METajula MoJl Jyrou, u
CJIeI0BAaTEIbHO, YMEHbIIIEHUE TIIyOUHBI TPOTLIABIICHUS.

Ha puc. 2.2. yka3anbl pa3Mepbl CBApHOIO IIBa, a Ha puc. 2.3. NMpUBElIEHA UX
3aBUCUMOCTh OT OCHOBHBIX IapaMeTpoB cBapku. CKOPOCTh MOAAYH DJIEKTPOIHON
IIPOBOJIOKM 3aBHCHUT IIPEXKJE BCETO OT CHJIbI TOKA: C YBEJIMYEHHUEM CHJIbI TOKA
JIOJDKHA BO3pacTaTh U CKOPOCTh mojauyu (puc. 2.4.). 3aBUCUMOCTb K€ CKOPOCTHU
NOJIay OT JUaMeTpa AJIEKTPOJHON MPOBOJIOKM OOpaTHas: 4yeM OoJbllie JUamerp,
T€M MeEHbIlIe CKOpocTh (puc. 2.4). I'paduxu Ha puc. 2.4 naHbl Jjs MPOBOJIOKU
mapku CB08 nipu Hanpsbkennn 40—42 B u nipu Beuiere anektpoaa S0 M.

123



Puc. 2.2. OcHOBHBIE pa3Mepbl CEYEHUS 1B

[IpeumymiectBa CcBapku 1OJX  (IIOCOM: BBICOKas MPOU3BOJUTEIBHOCT,
BbI3BaHHAsl MEXaHU3allMell Mmpoliecca; BHICOKOE KaueCTBO M CTAOMIBHOCTh CBOMCTB
CBapHBIX IIBOB;, MEHBIIWW, 4Ye€M IIpU PYYHOM CBapKe, pacxox MeTauia Hu
anekTposHepruu. K HemocTaTkaM ciielyeT OTHECTH BO3MOXHOCTh CBAPKHU TOJIBKO B
HIDKHEM TIOJIO)KEHHUH, OTCYTCTBHE BM3YaJbHOTO KOHTpPOJS MpoIlecca CBapKHy,
KpOME TOT'0, aBTOMaTHUYECKast cBapKa 11esiecooOpasHa JuIlh NPy JUTHHHBIX II1BaX.

[Ipy aBTOMATMYECKOW M IIOJyaBTOMATHYECKOW CBapKe HWMEET 3HAYCHHE
MOJIOKEHHE 3JIEKTpoja (puc. 2.5.) MO OTHOIICHUIO K COeAUHsAEMBIM netalism. [Ipu
CBapKe «B JOJ0YKY» (pHC. 2.5a) MOXKHO MOJYYUTh OJHOCIOWHBINA IIOB OOJIBIIETO
CEUYEHHUs, YeM MPU HAKIOHHOM HjekTpoie (puc. 2.5 6, B), HO B ITOM Ciyyae
TpeOyeTcs OoJIbIlIasi TOUHOCTh COOPKHU — 3a30p HE JIOJDKEH OBITH Oosee 1,5 MM, B TO
BpEMsI KaK MPU HAKIIOHHOM 3JIEKTPOJE 3a30p MOXKET ObITh 3 MM. [l obecrieueHus
poBapa MpHU Pa3TMIHON TONIINHE CBAPUBAEMBIX JJIEMEHTOB CBAapKa BBITIOJTHSICTCS
B HECUMMETPHYHYIO OTHOCHUTEIBHO YIJIa «JIOJOYKY» WIM HECHMMETPUYHO
HAKJIOHHBIM 3JIEKTPOJOM. B HaxJecTouHbIX coequHeHusix (puc. 2.5B) mpu
TOJIIIMHE BEPXHEro JJIEMEHTA J0 8 MM CBapKy MOXKHO BECTH BEPTHUKAIbHBIM

SJICKTPOAOM.
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Puc. 2.3. 3aBUCUMOCTbH pa3MepOB CBApPHOTO IIBa OT CUJIbI TOKA (a), HAIPSIAKEHUS
nyru (0), CKOPOCTH CBapKH (B) M OT BbLIETA AeKTpoaa (T)/
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Puc. 2.4. 3aBUCUMOCTH CKOPOCTH MOJAYH IEKTPOJTHON MPOBOJIOKU
OT CWJIBI TOKA U AMAMETpa dJIEKTPoJa IpH BeUIETe d1eKTpona 50 MM

A3k,

Puc. 2.5. CxemMa BBINOJHEHHUS YTIOBBIX LIBOB.

Ilyeoeas ceapka 6 3auumnom easze

Bb10op 3amMTHOrO ra3a onpeAensercss MNpPexae BCEr0 XMMUYECKUM COCTABOM
CBapMBAaEMOI'o0 MeTajula — JJIS CBApKU CTAJbHBIX M3JCNIUNA MPUMEHSETCS, Kak
MPaBUJIO, YTJIEKUCHBIM Ta3, Il CBapKW AJFOMUHHMEBBIX M3JIEIUA — aproH WIu
cMech aproHa c¢ reiuem. Yriekucibii raz (CO2) mocrtaBisieTcss B OaijioHax
YEpHOI'0 I[BETA, AprOH B OAJIOHAX CEPOro LBETA, FEJIMi B OATIOHAX KOPUYHEBOIO
LBETA.

Cxema HaIlaBKM CBapHOTO IIBa C TPUMEHEHUEM 3aIUTHOIO ra3a MpuBEIeHa Ha
puc. 2.6. OTINYUTENBHONW 0COOEHHOCTBIO 3TOTO BUJIa CBAPKH SIBIISIETCSI OTCYTCTBUE
daroca, 3amUTHBIE (QYHKIMM KOTOPOTO BBIMOJHSIOTCA Tra3oM. [a3 MOXeT
M0/IaBaThCsl B 30HY JYTM IIEHTPaJIbHO, KaK IMOKa3aHo Ha puc. 2.6, u cOOKy —
HaBCTpeUy JBWXKEHHUIO 3jekTpona. llociaenHuit cmoco® mnpuUMEHsETCS Mpu
OOJIBIINX CKOPOCTSIX CBAPKH.
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Puc. 2.6. CxeMa cBapKu B 3alIUTHOM Ta3e

DNeKTpo MpU CBapKEe MOXKET ObITh KaK TUIABSIIMMCS, TaK U HEIUIABSIIUMCS C
UCIOJIb30BAaHUEM TIPHUCAIOYHOrO0 MeTaula uiau 0e3 Hero. Bropoit cmocob
1esiecoo0paseH g COSAMHEHUS MeTalljla TOJIIHUHON 10 5—6 MM. Buj Toka MOXeT
ObITh TEPEMEHHBIM WM TOCTOSHHBIM, OJIHAKO TPHU IUIABSIIEMCS BJEKTPOJE
MPUMEHEHHUE TIEPEMEHHOI0 TOKa 3aTPyAHUTEIBHO U3-3a2 HECTAOUIBLHOCTU JYTH.

OCHOBHBIMH TIapaMeTpaMU PEKHUMa CBAPKHU SBIISIOTCS CUJIAa TOKa, HAIMPSHKEHUE
JyTHU, TUAMETP DJICKTPOJIa, CKOPOCTh MEPEMENICHUS dIEKTPOIa U CKOPOCTh MOJIaun
AJIIEKTPOJAHON MPOBOJIOKH, BBUIET 3JIEKTPOJIA, MOJAPHOCTh TOKA, pacxXxold U COCTaB
3allMTHOTO Ta3a.

3aKOHOMEPHOCTh U3MEHEHHUs (POPMBI CBAPHBIX IIIBOB OT OCHOBHBIX MMapaMeTPOB
TakKasl ke, KaK ¥ IpH CBapKe 1Mo (GIroCcoM.

[TonsipHOCTH TOKA NP CBapKe MOXKET OBITh MPsAMOI, B 3TOM ciyyae 70% Ttemiia
BBIJIC/IsIETC Ha aHojie (u3nenuu) U oOpaTtHOoil. [lpm o0OpaTHON MOJAPHOCTH
YBEIIMYMBACTCSl Pa3orpeB MeTalljia JJEKTpoJa U, CJeJA0BaTeIbHO, BO3pacraet
CKOPOCTb  PACIUIaBJICHHUS] CBapOYHOM TMPOBOJIOKH, YMEHbBINAETCS TIyOMHA
MPOIUIABJIEHUS, HO YBEJINYMBAETCS IIMPUHA CBAPHOTO IIBA.

Pacxon (maBneHue) ra3za 3aBUCHT OT THIIA CBAPHOTO COEAWMHEHUS, TOJIIUHBI
U3JIeNIUA U CKOPOCTU CBApKu (C YBEJIMYEHHEM CKOPOCTH CBAapKH pacxoj rasza
yBenunuuBaetcsi). Kpome Toro, pacxoj rasa 3aBHUCUT OT CKOPOCTH BETpa — 4UeM
CUJIbHEE BETEP, TEM OOJIbIIE PACXO.

[IpenmMy1iiecTBaMu CBapKHu B Cpe/ie 3allIMTHOTO Ta3a SBISIIOTCS:

— BO3MOHOCTh CBapKH B JIIOOOM IOJIOKEHUU;

— BO3MOKHOCTh BU3YaJIbHOTO KOHTPOJIS 32 MPOIIECCOM 00pa30BaHMsI CBAPHOTO
IBA;

— OTCYTCTBHUE OTIEPAIIHIA 11O 3aChITIKE, YOOpKe (hiroca v 1Mo yIajJeHUIo MUTaKa.

Henoctatkamu  SBIAIOTCA:  HEOOXOJIMMOCTh  3alllUTHBIX ~ MEp  MPOTHUB
MOBBIICHHOM CBETOBOM M TEIUIOBOM paJvallMd W BO3MOXXHOCTb CIIyBaHMS
3alIMTHOTO Ta3a.

Jlyeoeas ceapka nopowkogol npooIoKou
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Cxema cBapku mpuBejieHa Ha puc. 2.7,a. 3amuTHbIe (YHKIIUU IPU TaKOH CBapKe
BBITIOJIHSIET CEPACYHUK, cocrosimuid Ha 40-60 % u3 HEMEeTAUIMYECKUX
MaTepHalioB, a AJIEKTPOJOM SBJISETCS MeTauimyeckas 000JI0YKa MOPOUIKOBOM
npoBoyioku (puc. 2.7,0). IlopomikoBbie MPOBOJOKKA OBIBAIOT CaMO3alIUTHBIC
(cBapka BBIMONHSECTCA 0€3 KAKUX-IMOO JIOTIONHUTEIBHBIX MaTEpHAIOB) W
ra3o3aluTHbIE (CBapKa BBINOJHAETCA B CPelle 3allUTHOrO rasa). I'azo3amuTHbie
NO3BOJISIIOT TOJY4YUTh 0oJiee BBICOKHME IOKAa3aTead CBAapOYHOIO Ipolecca M
KayeCTBa CBAPHBIX IIIBOB.

CBapka HOpOIIKOBOM MPOBOJIOKOW COBMEIAET B CeOE MPEUMYLIECTBA CBAPKH
noa cioem (Qaoca U ¢ TOPUMEHEHHWEM 3allUTHBIX Ta30B — BBICOKas
MIPOU3BOJAUTENLHOCTh, BO3MOKHOCTh CBApKH B JIIOOOM TMOJOKEHUU, BUIUMOCTH
Ipolecca CBapKu, OTCYTCTBUE ChIIy4yuX MarTepuaioB. K Hegocrtatkam cliienyer
OTHECTH MAaJyl0 IOINEPEUYHYI0 KECTKOCTh MOPOIIKOBOM IMPOBOJIOKH, YTO MOKET
IPUBECTH K MPOCKAIb3BIBAHUIO IOPOIIKOBOW TMPOBOJOKM B  IMOJAOLIEM
MEXaHU3Me, T.€. K IMPUOCTAHOBKE IOJAaYM NPOBOJOKM B 30HY TOpPEHHUS IYTU.
BToppIM  HEZOCTAaTKOM  TMOPOIIKOBOM  ITPOBOJIOKM  SIBIIIETCS.  BO3MOKHOE
YBJIQXKHEHHE Cep/ICYHUKA MPOBOJIOKH, YTO IPUBOAUT K MOSIBJICHUIO MOP B CBAPHOM
IIBE, 3aCOpEHHE MeTajlyla IIBa HEMETANIMYEeCKUMH BKIIOUYCHUAMH. J[7s
IpeaynpexIeHus o0pa3oBaHUsl MOP B CBAPHOM IIIBE HEOOXOIUMO MOPOIIKOBYIO
IPOBOJIOKY IIPEABAPHUTENLHO NPOKaIMBaTh npu Temmeparype 250-300°C B
T€UYECHUE 2—3 4acoB ISl yAAJIEHHUS BIIAry.

CTENEHAT OOON0HES

cepmeuHeE (Mopomor )
EZITH faCT ZEEHHOID

NMAEDEIT EODES

Puc. 2.7. Cxema cBapku MOPOIIKOBON MPOBOJOKOHN (a);ceueHusi MOPOIIKOBOM
poBOJIOKH (0)

DJIEKTPOAYTOBasi CBapKa MOKET BBIMOJHATHCS TAK)KE MPOBOJIOKOW CILIONIHOTO
ceyeHus 0Oe3 KakoW-1mOO 3ammuThl. B cocraB TakoW MPOBOJOKHA BBOASTCS
PACKUCIIUTENN W DJIEMEHTHI, CHIKAIOIIME PACTBOPUMOCTH a30Ta B KUJIKOM
MeTamne. TexHuka CBapKM TaKMMHU MPOBOJOKAMM Takas K€, KaKk M B Cpeae
3alMTHOrO ra3a. OTrpaHUYEHHOCTh IPUMEHEHUS STOrO BHJIA CBAPKU BbI3BaHA
BBICOKOW CTOMMOCTBIO MPOBOJOKM U HEJOCTATOYHON CTAOMIBLHOCTHIO KauecTBa
CBapHOTO I1IBA.
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HUcmounuku numanus u obopyoosanue

HMcToyHUKOM  MUTaHUS MOTYT ObITh  TpaHCPOpPMaTOpHI,

BBIIIPAMUTCIIN WJIX UHBCPTOPLI. HMcTOoUuHMKHM mUTaHUS OBIBAIOT OAHOIIOCTOBBIC C

reHEPATOPHI,

MaIAr0NIEN, TTOJIOTONAAOIIEN, )KECTKON U YHUBEPCAIBHOW XapaKTEPUCTUKON WU
MHOT'OITIOCTOBBIE C JKECTKOM XapakTepUCTUKOM. Bemmpsmurenn tuna BJY
(McTonb3yeMble NIl BBITIONHEHUS HACTOSIICH JTaOOpaTOpHON pabOThI) SBISIOTCS
YHUBEPCAIbHBIMU, T.€. UX BHEIIHS BOJbTAMIIEpHAsI XapaKTEPUCTHKA MOXKET OBITh

HagaroIIer WINA )KECTKOU

E2CCETA © MPOEQOECH

ITMIET WIIPRETSHH

O EHTATENE

EAQEC0 MEXEHHEEMI

éb ~ mapan SMIEHHT

Puc. 2.8. Cxema cBapoOYHOTO TpakTopa

B kauectBe nmpumepa, B Tabaune 2.2 npuBeAeHa TEXHUYECKAsT XapaKTepUCTUKA
cBapouHoro Tpaktopa AJIP- 1002-VY 3, cxema KOTOpOro npuBeaeHa Ha puc. 2.8.

Texnnueckasi XapaKTepUCTHKA CBAapO4YHOro Tpakropa A/[®- 1002-¥Y3

Tabawnma 2.2
C
HuameTtp KOpocT® CxopocThb Homunans I"aGapur
oxayu . Macca,
ANEKTPOA, CBapKH, | HBIA (LxBxH),
ANEKTPOA, KT
MM M/4 TOK, A MM
M/4
716x346x52
3.5 60-362 | 12-82 1000 a Xox 45
[Ipn cBapke aBTOMaroM TrabapuTHBIE pa3Mepbl CEYEHUH  CBapHUBAEMOM

KOHCTPYKIIMU JOJI)KHBI COOTBETCTBOBAThH apaMeTpaM aBTomara (puc. 2.9).

a.

&.

10

o
B

e T Husa
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Puc. 2.9. JlocTynHOCTh HaJOKEHHUs IIBOB IIPU aBTOMAaTUYECKOW CBapke Oajok B
MOJIOKEHUH “‘B JIOJOYKY .a) YCTaHOBKAa CBAapOYHOr0 aBTOMara, 0) MpelesbHbIe
pa3Mepbl CBapUBAEMOTO JIBYTaBpa

B monyaBTomarax mpu cBapke moj (irocoM Ha JepikaTesie yCTaHABIMBAETCS
Oynkep mis 3ackinku ¢uroca. DIrOC MOXKET TOJIABaThCsl TAKKE U3 OTIEIHHOTO
OyHKepa C TMOMOINBIO CXKAaTOTO BO3AyXa IO PE3MHOBOWM TPyOKe WJIM TIO PYKaBy
BMECTE C MpoBOJIOKOH. [Ipu cBapke B cpeAe 3allMTHBIX Ta30B MOJIYaBTOMATHI
KOMIUIEKTYIOTCA OajuIOHOM JUIsl Ta3a, pPEeIyKTOpOM, IOAOrpeBaTeNeM Tras3a |
IIUTAHTOM JIJ1s1 TTofa4u rasa (puc. 2.10).

MOIOTpEE =R (=R BamHC
PEEIT00 -PEOIOmAED

SISTCEITIE N OO

Puc. 2.10. Cxema cBapKkH M0JIyaBTOMAaTOM B 3aIIUTHOM Ta3e

JlaGopaTopHasi padora Ne 3
KOHTAKTHASA CBAPKA

He.]'lb paﬁoTbl — HU3YYCHHUC CXCMbI CBAPOYHLBIX IIPOICCCOB H 060py1103aHH51,
OIIPCACIICHUC ITapaMCTPOB CBAPKH..

OT1nnuuTeNnbHass 0COOCHHOCTh KOHTAKTHOM CBApPKHU — IIPUMCHCHHNC JABJICHUA Ha
COCOAHUHACMBIC OJICMCHTHI. HNcTtouynnkom TCILJIa ABJIACTCA MMPOXOKACHUC
QICKTPUYICCKOIO TOKa B MCCTC KOHTAKTa COCAMHACMBIX 3JICMCHTOB. KonTakTHas
CBapKa ObIBaeT cileayrommx BHAOB: CTBIKOBas (B TOM 4YHCJIC COIIPOTHBIICHHUCM,

HEMPEPHIBHBIM OTUTABJIICHHEM U OTUIABJICHHEM C MTOJOTPEBOM), TOUCUHAS U IIIOBHAS
(puc. 3.1).

a) | &). P =)

] - ’

Puc. 3.1. Cxema KOHTaKTHOM CBAapKu: a) CThIKOBasl, 0) ToueuHasi, B) IIOBHAs
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Cmulkosas ceapka cOnpomueieHuem

CtbIkOBasi cBapKa MPUMEHSIETCS MJI COCIUHEHUSI CTEPKHEU MO MX TOpPIaM.
CTbhIkOBasi CBapKa COIPOTHUBICHUEM OCYIIECTBISICTCS CIEAYIOMIMM 00pa3oMm:
TOPLIBI  COCMIMHSIEMBIX JJIEMEHTOB TMPUBOJATCA B  CONPUKOCHOBEHUE U
CIABIIMBAIOTCS; MPOMYCKAETCS SJEKTPUUECKUN TOK, KOTOPBIN Pa3orpeBaeT TOPIIbI
COCAMHSEMBIX 3JIEMEHTOB, UTO BMECTE C JIABJICHUEM MPUBOJUT K UX COETUHEHHUIO.
Jlns oOecrieueHusi TWIOTHOTO KOHTAKTa MO BCEMY IMOIMEPEYHOMY CEUCHUIO TOPIIbI
COEIMHSEMBIX CTEP)KHEN JOJIKHBI ObITh MPEIBAPUTEIHHO 00paOOTaHBbI.

OcHOBHbIC TapamMeTphl CTBIKOBOM CBapKU COMPOTHUBICHUEM: IUIOTHOCTH
CBapOYHOTO TOKa, BennuuHa nasiieHus (P), Bpemsi nmedicTBusl TOKa, MPHUIYCK Ha
ocanky u ycranoBounas jumHa (). [Tpunmyck Ha ocauky mpeaycMaTpuBacTCs JUis
KOMIIEHCAllUU YMEHBIIEHUS JUIUHBI CTEPKHEN MPU UX CIIaBIMBAHUH.

O61acTh NPUMEHEHHUS — COSMHEHNE CTEPKHEN IUIomanbo 10 300 Mm? u Tpyo
arameTpoM 10 40 mm.

Cmubikogas ceapka oniasieHueM (HenpepvléHbIM U ¢ N0002PeB8OM,)

[Ipn CTBIKOBOW CBapke HENPEPHIBHBIM OIUIABJICHUEM B COMPUKOCHOBEHUE
MIPUBOJISATCS DJIEMEHTHI, YK€ BKIIOUCHHBIC B AJICKTPUUYECKYIO 1ieTb. [Ipu aTOM BUE
CBapKd  OIUIABJICHUE  TOPLOB  MPOUCXOAUT  MIPEABApPUTENBHO, IO  HUX
conpukocHoBeHUsl. (CBapouHOE CoOeAMHEHHWE OoOpa3yercs IMOocie CHAaBIMBaHUs
(ocaznku) pacriaBieHHbIX TOPIOB. O0IaCTh NPUMEHEHUS — COEITUHEHHUE CTEPKHEN
C IWIomaabo cedenus 10 1200 mm?,

CTBIKOBOU CBapKoOW OIUIaBJIECHUEM C TMOJOTPEBOM MPOU3BOAUTCS COCAUHEHUE
AJIEMEHTOB, TaKXK€ TNPEJABAPUTEIBLHO BKJIIOUCHHBIX B JJEKTPUUECKYIO IICIb.
OrnaBieHUe TOPIOB 3/1€Ch OCYIIECTBISAECTCS C MOMOIIBI HECKOJBKUX KOPOTKUX
3aMbIKaHHI, BO3HUKAIOIIMX IPU HUX CONpuUKocHOBeHUU. Ilocie mocTatoyHoro
pacruIaBiIeHHS TOPIBI CKUMAIOTCS (OCAXKUBAIOTCS) M 00pa3yeTcsi COeTUHEHUE.

OcHOBHbIE MapamMeTpbl CTHIKOBOM CBapKW OIUIABJICHHEM: IUIOTHOCTh TOKa,
BeJnurHa JaByieHus (P), CKOpOCTh OIUIaBIEHUS U OCAJIKH, MPUITYCK HA OTUIaBJICHUE
¥ 0CaJIKy; JUIUTEIHLHOCTh CBAPKU U YCTAHOBOYHAS JTMHA.

OO6nacTh TPUMEHEHHSI — COCIMHEHUE CTEP)KHEH C Tuiomaapio ceueHus 10 6000
MM,

Toueunas ceapka.

ToueuHnass cBapka TOpPUMEHSIETCA Il COEJUHEHHS  IEPECEKAIOIINXCA
apMaTypHBIX CTEP>KHEHN U JJIsl COEIMHEHUS TUCTOBBIX 3JIEMEHTOB BHAXJIECTKY.

[Ipu To4Ye4yHOU CBapKe COEAUHSEMbIC DJIEMEHTHI, YJI0KEHHBIE APYr Ha Jpyra,
CXKUMAIOTCA ~ DJICKTPOJAMU  KOHTAaKTHOM  MAalllMHBI, 3aTe€M  BKJIIOYAEeTCs
AIIEKTPUUYECKHUI TOK. B pe3ynbTaTe mpoXoXIeHUs TOKa B COCIMHAEMbIX JIEMEHTAX

oOpasyercsi nuTOoe SApO (TOYKA), pa3sMepbl KOTOPOTrO OrPAHMYEHBI IUIOIIAJIbIO
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TOPIIOB 3JEKTPOMOB. TOK BBIKIIIOYAETCS TOCIE OOpa3oBaHW JHMTOrO sjapa, a
ANEKTPOJIBI PA3KUMAFOTCS TTOCIIC TTOJTHON KPUCTAUTM3AIIUN METAIJIA JIUTOTO SIIpa.

Haubomee  pacmpocTpaHeHHBIE  IWKIJIBI, TPUMEHSAEMBIE Uil  CBAapKH
MaJIOyTJICPOJIUCTON CTald W CIUIABOB aJFOMHMHMS, NMPUBEJICHBI Ha puc. 3.2a, 0.
Kakaplii UK COCTOUT M3 YETHIPEX OIepaluii: cxxaThe (COeAUHSAEMBIC 3JIEMCHTHI
TOJNBKO CKHMAIOTCS); CBapka (BKIIOYACTCS TOK M TPOUCXOIUT pacIlIaBIICHHE
MeTalllla MEXJIy DSJSKTPOJaMH); INPOKOBKA (TOK BBIKIIOYCH, IIPOMCXOIUT
KpUCTA/UIA3AIMsl  CBApOYHOW TOYKH); Tay3a (JaBICHUE OTCYTCTBYET, TOK
BBIKJIIOUCH).

OCHOBHBIMHM TTapaMeTpaMU TOUYEYHOW CBApKH SBISIFOTCS CHJIa TOKa W CHIIA
cxatus (P), KOTopble B 3aBUCUMOCTH OT TOJIIIMHBI U BHJIAa METajlsla MOTYT OBITh
MOCTOSSHHBIMHA HJIM TIEPEMCHHBIMHA B TCUYCHHE ITMKJIA CBapKd OAHOW Toukh. K
OCHOBHBIM ITapaMeTpaM OTHOCHUTCS TaKXe MPOJAOJDKATEIBHOCTD KaKI0H onepaluu

LUKJIA.
a. .
Tjcwe maz ) I
Divoome: ciETim ) b

(i a

cxame caagey ap [{:B'FE!IE:' t

Puc. 3.2. [{ukibl TOYEYHON CBapKH

Lllosnas ceapra

[[loBHast cBapka mpuUMeHsieTCsl NI 00pa30BaHUsI HAXJIECTOUYHBIX COCAUHEHUM
JTUACTOBBIX Jeraned. [Ipy 1mOBHOM CBapKe BJIEKTPOJAMHU CIIY)KAT BpallArOIIUECs
POJIMKU, KOTOpbIE OOpa3yloT CBApHOW IIOB B BUJIE CIUIOIIHOTO psijia TOYEK Ha
COeAUHSAEMBIX AnemMeHTax. Juamerp snekTponoB-ponukoB paseH 40—400 mm. Tok
Ha 3JIEKTPOJIbI MOXKET M0J1aBaThCA HEMPEPHIBHO MJIU UMIYJIbCAMU. DJIEKTPOIbI TaK
ke, KaK U B TOYEYHOM CBApKE, CKUMAIOT COCTUHSIEMBbIE 3JIEMEHTHI.

OCHOBHBIC TTapaMETpPhI IIIOBHOW CBapKH: CHJIa TOKa, Cxkumaroiiee nasieHue(P),
JUTUTEIIBHOCTD OTNEpalil UKJIa, CKOPOCTh CBAPKHU.

Ipeumywecmea u neoocmamxu

[IpeumyimiecTBOM BCEX BHJIOB KOHTAaKTHOM CBapKu SIBJISIETCS  BBICOKAs
IPOU3BOJAUTEIILHOCTh, MEXaHU3allMsd U aBTOMATHU3aIUsl CBApOYHOro mpoiecca. K
HEJI0CTaTKaM CJIEAyeT OTHECTH HEOOXOIMMOCTh JOCTABKH JIeTajeil K CBAPOYHBIM
MallliHaM, a HE€ HaoOOpOT, OoJiblliKe TpeOyeMble MOIIHOCTH MAIHUH, Y3KYIO
CHEIMaTN3alAI0 MAIITHH.
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OO6opynoBaHue )i KOHTAKTHON CBapKH

a. Obopyoosanue 015 CMbIKOBOU C8APKU

Ha pucynke 3.3 uzo0paxeHa cxema MallluHbl 1Ji1 CTBIKOBON CBapKu. 3aKUMHOE
YCTPOMCTBO MalTMHBI COCTOUT U3 HETOJBHKHOW U MOABM)KHOH TUIHT, Ha KOTOPBIX
PaCTOJIOKEHBI 3KUMBI NIl KPETUICHUS COCIUHSAEMBIX JJIEMEHTOB. IlpuBon
0CaJIOYHO-TIOIAIOIIETO MEXaHW3Ma MOXKET OBITh PYYHBIM, JIEKTPOMEXAHUUYECKUM
WIN TUIPABINYECKUM. Ha CTHIKOBBIX MalllMHAX C MPYKUHHBIM HIIA PHIYa’KHBIM
TIPUBOIOM MOKHO BBITIOJTHATH  CTHIKOBYIO CBapKy COTIPOTHBIICHUEM,
HEMPEPHIBHBIM OIUTABJICHHEM WM OIUIABJIEHUEM C TOJOTPEBOM. MaIuHbl s
CTBIKOBOM CBapKH, KakK MPaBHIIO, 000PYIYIOTCS MPUCIIOCOOIECHUSIMH JIJIS OTXKUTA U
cHsATUA rpaTa. OTXKUT TPOU3BOJUTCS ISl TUKBUAAIIMH 3aKATOYHBIX CTPYKTYpP (151
YMCHBIIIEHUSI XPYNMKOCTH MeTallla) B 30HE CThIKA. I'parT — W3MMIIKH (Karwin)
MeTasia, 00pasyromuecs Mpu 0CaIKEe U pacIoyiaraeMble Mo MEPUMETPY CTHIKA.

L2 THH A2 AE2 EEEHMEL
CTepEN
TOIEICERER
FESIDIEFCERER TR
R —
IPE
TpaHCHopaETOp L1 PHEOR
TpamcpopuaTop | ]
- —
Lt

=

T—T T—T

Puc. 3.3. CxeMa MaluHbl JJ1s1 CTBIKOBOW CBapKHU

0. Mawunbsl 0151 moyeuHou U WOBHOU C8APOK

CxemMa cTallMOHApPHOW MAIIUHBI [JIi OJHOTOYEYHOW KOHTAKTHON CBapKu
npuBe/icHa Ha pucyHke 3.4. B kopmyce MammHbI MOMENIEHBI: TpaHchopmaTop,
NepeKIIoYaTeN CTYNeHEeH W anmapaTypa ynpaBieHus (peryisarop Bpemenu). Ha
KOHCOJISIX PacIOJIOKEHBI JIBA 3JIEKTPOJIOAEPKATEINSI, OJUH M3 KOTOPBIX CBSI3aH C
MEXaHU3MOM cCkaTtus. BropuuHas oOMOTKa TpaHcpopMaropa COEIUHEHA C
BEpXHUM U HIKHUM JyekTpoaamu. llepBuyHas oOMOTKa HMMEET OTMAMKH,
COCAMHEHHbIE C  TEPEKIoYaTesieM  CTyNEHeW, C  TOMONIbI0  KOTOPBIX
YCTaHABJIMBAETCS HY)KHOE BTOPUYHOE HampsbkeHue. BiitoueHHe U BBIKIIOYEHUE
MEPBUYHON OOMOTKHU OCYIIECTBISCTCS KOHTAKTOPOM.

Perynstop BpemMeHu ympaBisieT MOCIEA0BATEILHOCTBI0 W JIUTEIBHOCTHIO
omnepaiui, BBINOJHIEMBIX B TEUEHUE OJHOTO ILMKJA: CKAaTUE NETAIe MEXIy
JeKTpoAamMu  (CxkaTue); BKIOUYEHHWE W BBIKIIOYEHHE TOKa  (CBapka);
BBIJICP)KMBAHKE JETalel MOJ| JIaBJICHUEM MOCJE BBIKIIOUYEHUSI TOKa (IIPOKOBKA);
NOABEM BEPXHErO AJEKTPOAA W BBIICPKUBAHUE €r0 B MOJHITOM IOJOXKEHUU 0
Hayajla Cclieqylouiero mnukia (maysa). JIMUTENbHOCTh  KaXJ0M  Olepanuu
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YCTaHABJIMBACTCSA C IOMOIIBIO PYKOSTOK, BBIBEICHHBIX Ha IIaHEJb PETYJIATOPA.
Bxirouenre MamuvHbl OCYIIECTBIISICTCS NENAIBHOW KHOMNKOW. s momydyeHus
OJIHOM TOYKH TeJIalib HAXKUMAETCSI U OBICTPO OTITYCKAEeTCs, €CIU MeAallb JIepKaTh,
TO ITUKJIBI CBAPKHU OYIYT MMOBTOPSATHCS.

MamuHbl 711 KOHTAKTHOM IIIOBHOM CBApKM AHAJOTMYHBI [0 CTPYKTypeE
MalllMHaM JIJI1 TOYe4YHOM cBapku. OTiWYue 3aKI04aeTcss B TOM, YTO BMECTO
CTEPKHEBBIX BJIEKTPOJOB MIPUMEHSAIOTCA JECKTPObI B BUAE POJIMKOB.

JIns ToueuHOM CBapKH aJtOMUHUS HCIOIB3YIOTCS CIIENUAIBHBIE [TOJyaBTOMATHI.
JIns.  BBIIIOJHEHWST TOYEYHOM CBapKH aQNIOMHUHUSL B CXEMY  YIIPABJICHHUS
I0JIyaBTOMAaTa BHOCSTCS U3MEHEHMUS, MIO3BOJISIOIIUE OCYIIECTBUTD LIMKJI CBAPKH I10
cxeme:

BKJIFOUCHUE TOKa WM OJHOBPEMEHHAS I10JIaya CBAPOYHOM IIPOBOJIOKH C Majou
CKOPOCTBIO;

BO30YXKJIEHHUE JTyTH;

CBapKa (CKOPOCTh MOJIauu MPOBOJIOKU YBEIUUUBACTCS);

raineHue Ayru (OKOHYaHUE [HUKIA).

M. ESTIETOD
TEOANERI R EROTEE —_—

Puc. 3.4. CxeMa MaluHbl JJ1s1 TOYEYHON CBAPKHU

PaGoTa momyaBTOMaTa OCyIIecTBIsIETCS B ciemyromeM mnopsake. [Ipu mepBom
Haxatun KHomku «lIlyck», Haxopjsmielcss Ha pydke MHCTOJIETa, HAYMHAETCS
MpoJyBKa mUCToJieTa Ta3oM (aproHom). IIpu BTOpoM HakaTuu KHOMKH «Ilyck»
BKJIIOYAETCS JBUTATENIb TOJauyd TPOBOJIOKH. CKOPOCTh IMOJa4u IMPOBOJIOKU
OTpeeNsieTCs TMOJIOKEHUEM JIBMXKKA TMOJIBYHKOBOTO peoctara. llpu kacaHum
MIPOBOJIOKOW HW3/I€NMs CKOPOCTh IOJaud TPOBOJIOKM BO3pacTaer 1o paboueit
(BenmmunHa  pabodeil  CKOPOCTH  ONpPENENseTCs  MOJIOKEHHUEM  PYKOSTKH
aBToTpaHcpopmaTopa) W  BKJIIOYACTCS pele  BpeMEeHH. Bpems  cBapku
YCTaHABJIMBAETCS MEpPeMEHHbIM pe3ucTopoM. [locne mcrteueHus yCTaHOBIEHHOIO
CpOKa CBapKu 4Yepe3 pejie pa3pbiBacTCs LENb MUTAHUS JABUTATENs, W TMojada
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IIPOBOJIOKM Npekpanjaerca. B tedenne 1-1,5 ¢ MpOMCXOIWT IIABHOE ramieHue
nyru. llomaya rasa 3akaHumBaeTcs 4epe3 S5 CEK. IIOCIE OKOHYAaHUS CBapKU
OTIIyCKOM KHONKHU «IIyck».

Tema 6.2. CBapHbIe COCIUHECHUS, CBAPOYHbIC HATIPSKEHUA U

nepopmanuu
JlaGopaTopHnast padora Ne 5
CBAPOYHBIE HANTPSKEHUSA U JE®@OPMALIUN

Heab padoTbl — 3KCIEPUMEHTAIBHOE U3YUYEHHE CBAPOUYHBIX JAepopMaluii U
HaIpPsKEHUM.

Bosnuknoeenue ceapounvix nanpsoicenuti u oegpopmayutl

B 30He cBapHOro mBa mpoiecc CBapKu COMPOBOXKIACTCS CTPYKTYPHBIMHU U
XUMUYECKUMHA HM3MEHEHHMSIMU MeTajula: oOpa3yroTcsl 3aKalO4YHbIE CTPYKTYpBI,
U3MEHSIOTCS pa3Mepbl 3epeH (epputra u mepiaura, B OTIMYHE OT OCHOBHOTO
MeTajjla I[IOB HMEET CTPYKTypy JUTOro Meramia (¢ OoJsbllield H30TpOnuei
CBOMCTB, 4Y€M TMPOKATHOM MeTallJl), XUMHUYECKUH COCTaB CBApHOro IIIBa
ONpEeNENseTC XUMCOCTABOM HE TOJIBKO OCHOBHOTO METajlla, HO TaKKe MeTaiia
ANEKTPOJa M 3alMUTHOTO TMOKpHITHS. Kpome CTpyKTypHBIX W XUMHUYECKHX
U3MEHEHHH, B COCIMHSIEMBIX JIEMEHTAaX U CBAPHOM IIBE BO3HHMKAIOT CBAPOUYHBIE
HaNPsOKEHUS M COOTBETCTBYIOLINE UM JieOpMaIii.

[losiBnenue CBApOYHBIX HaIPSKEHUM SABJISIETCS pe3yIbTaToOM
HECOOTBETCTBUSl MEXJy TEMIIEpaTypHbIMU JAeQopMalusIMH  COEIMHIEMBIX
AJIIEMEHTOB M paclpe/esieHueM TeMIepaTrypbl MO HMX I[IUPUHE MpPU HAIJIABKE
cBapHoOro mBa. TemrepaTypHble AedopMaliK, KaK U3BECTHO, JIMHEWHO 3aBUCAT OT
U3MEHEHHUI TeMIiepaTyphbl, T.e. (hpopMa TOPLIOB COEIUHAEMbIX AJIEMEHTOB JOJIKHA
NOBTOPUTH (GopMy Trpaduka pacrnpeneicHus Temmeparypbl (puc. S.la, 0-1).
Opnako ¢akTuueckas popMa TOPIIOB UMEET OUYepTaHUE, MPECTABICHHOE HA PUC.
5.1, 6-2. Ilocnme oXJaxxJICHHUS HECOOTBETCTBHE MEXIy AchopManusaMu (CM. pHC.
5.1, 6-3) u pacnpeaesieHEM TeMIiepaTypsl (cM. puc. 5.1, 6-4) Takke coxpaHsieTcs.

Pa3HocTh Mexay TemneparypHbIMU (TEOPETHUYECKUMHU) U (PAKTHUECKUMU
nedopMalsiMU ONpPEeNsieT 3HaK U 3HAUCHHE CBAapOYHBIX HANPSDKEHHI: eciu 3Ta
pa3HOCTh oTpHIaTenbHa (pakTuyeckue nedopmaiu 60JblIe TEMIEPATYPHBIX), TO
B OTOM MECTE€ BO3HUKAIOT PACTATMBAIONINE HAMPSIKEHUS; YeM OOJIbIlle Pa3HOCTh
nedopmaiiii, TeM OOJbIIE HANPSKEHUS. OIMIOpa CBAPOYHBIX HAMPSKEHUN
npuBeneHa Ha puc. 5.1 B. CBapouHble HaINpPsHKEHUS SIBISIIOTCS COOCTBEHHBIMU
HaAIpPsDKEHUSMU M JTOJKHBI ObITh CaMOYPAaBHOBEIIEHHBIMH, T.€. IUIOLIAAb SIIOPbI
CKUMAIOLIUX HANPSHDKEHUH TOJKHA ObITh paBHA IUIOLIAAM SMIOPhI PACTATUBAIOIIUX
HanpsDKeHU. 3HAYeHUs CBApPOUYHBIX HAIPSKEHUW 3aBUCAT OT CHJIBI TOKa U
HaIpsDKeHUs (MpsiMasi 3aBUCUMOCTh) M CKOPOCTH CBAapKH (0OpaTHast 3aBUCUMOCT ).
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Puc. 5.1. O6pazoBaHue cBapOYHbBIX HAMPSHKEHUH B CTBIKOBOM COEIUHEHMM:
a — pacmpelIeseHUEe TeMIEpaTypsl IO IIMPUHE COEAMHSIEMBIX IETaJIed IOCie
HAIUTaBKM CBapHOTO 1Ba; O — QopMa TOPIOB COEAMHSEMBIX JAeTanen: 1-—
HEMOCPEJCTBEHHO  IOCJE€  HAIUIaBKM  CBApHOrO  1IBa  COOTBETCTBYIOLIAS
pacnpesesieHUuI0 TeMIneparypsl (Teopetudeckas); 2 — To ke(pakruueckas); 3 —
nociie OCTBIBAHHUS COOTBETCTBYIOIIAS pacnpeeneHuIo TeMIepaTyp
(Teopernyeckas); 4 — To ke (paxTuueckas); B — 3MIOpa CBAPOUHBIX HATIPSIKEHUH.

CBapouHble HaNpPsHKEHHS] BOSHUKAIOT HE TOJIBKO B HANPABIEHWU CBApPHOTO
IIBa, HO W B NEPHEHAMKYJSIPHOM HANPABICHUU. 3HAYEHUS 3TUX HAIPSIKEHUI
3aBUCAT, IIPEXKE BCErO, OT CTEIEHU 3aKPEIUICHUS KPA€B COCIUHAEMBIX IUIACTUH OT
NEepPEMEIICHHM, MePIEeHINKYIIPHBIX CBAPHOMY IIBY U OT 00bE€Ma HAIIABIEHHOIO
MeTalia.

IToMMMO yKa3aHHBIX IIPUYMH, HA 3HAYEHUS CBAPOYHBIX HAIPSIKEHUU Kak
BJ10J1b, TaK U IOIIEPEK CBAPHBIX IIIBOB OKA3bIBAIOT BIMAHUE UCXOJHAs TEMIIEpaTypa
COEIMHSEMBIX JIeTaneil, cnocod0 M MOCJIEI0BATENbHOCTh BBINOJHEHUS CBapHBIX
IIBOB, OJM3KOE PACIOJIOKEHHE CBAapHBIX IIBOB — MPU PACIOJIOKEHHH CBAapPHBIX
IIBOB Ha HEOOJBIIEM PAaCCTOSHUM APYr OT Apyra MX CBApOYHbIE HANPSHKEHUS
MOI'yT CYMMUPOBATHCH.

CBapouHble HaNpPsKEHUA, SBISSCH CaMOYpPAaBHOBELIEHHBIMU, HE CHHKAIOT
IIPOYHOCTh COEOUHSAEMBIX JIEMEHTOB IPU CTaTHYECKOW Harpys3ke. OaHako mnpu
JTUHAMUYECKUX HarpyXeHHsIX CBApOYHBIE HaIPSKECHUS OKa3bIBAIOT
OTPULIATEIbHOE BJIUSHUE HA HECYIIYK CIOCOOHOCTh. CBapOUHBbIE HaIPSKEHUS
MOTyT O0Opa30OBbIBATh 30HBI C HANPSIKEHUAMH OJMHAKOBOIO 3HAKa, YTO
IPEIATCTBYET Pa3BUTUIO IUIACTUYHOCTH M MOXET MPUBECTH K XPYHKOMY
paspymieHuto. COBIAaJCHHUE IO 3HAKY CBAPOYHBIX HAIPSIKEHUM C HANpPSKCHUSIMU
OT BHEIIHMX HAarpy30K BIJIeYeT 3a COOOM MpPEeXIEBPEMEHHOE TMOSBICHUE
IacTUYecKux aedopmarii ¥ COOTBETCTBEHHO CHI)KEHHE YCTOMUMBOCTU CHKATBIX
anemMeHToB.  Kpome  TOro, cBapouHblE  HAIPSOHKEHHS  CONPOBOXKIAOTCS
COOTBETCTBYIOIIMMHU  J1epOpMaLlUsIMU, KOTOpPbIE HCKaXalT TI'€OMETPUUYECKYIO
(dopMy ce4eHHI1 1 KOHCTPYKTUBHOTO 3JIEMEHTA B LIEJIOM.

JIist yMEeHbIIEHUsI CBApOYHbIX AepopMaluil peKOMEHAYETCs pacioJiaraTh
CBapHbBIC IIBBI CUMMETPUYHO OTHOCHUTEJIBHO LIEHTpPA TSKECTU  CEUYECHUs
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KOHCTPYKLMH, NpeycMaTpuBaTh OOpaTHBIM BBITMO AeTanell mepea UX CBApKOH, a
TaK)Ke MpeaycMaTpuBaTh alipoOUPOBAHHBIE COOTHOIIECHUS TOJUIUH COEAMHIEMBIX
2JIEMEHTOB, 00ECIIEUNBAIOIIUE UX IPIMOIMHENHOCTD I10CJIE CBAPKU.

Tema 6.3. CiocoObl BbINOJTHEHHS IBOB, 1e()eKThl 1 KOHTPOJIb
KA4eCcTBA CBAPHBIX COeANHEHUH

JlaGopaTopHnasi padora Ne 6
JIE®EKTHI CBAPHBIX COEJIMHEHUI

Lenb padoThl — 3HAKOMCTBO C Je(eKTaMU CBApHBIX COEAMHEHUN H C
METOJIaMH KOHTPOJISI Ka4eCTBa CBAPHBIX IIIBOB.

Jlepexmui 21exKkmpo0dy20801l ceapxu

HemnpoBap o0pasyercs u3-3a Majoil CHIIbI TOKa, OOJIBIION CKOPOCTH CBapKH,
CMEIIEHUS DJIEKTPOJia C OCH IIIBA, HEYJAOBIECTBOPUTEILHON COOPKHU (yMEHBIIICHUS
3a30pa MEXy COCIUHSIEMBIMH 3JIEMEHTAMH), a TAKXKe IMPU CBApKE DJIEMEHTOB
OOJBIIION TOJIIUHBI 0€3 pa3IesiKu KpOMOK (pUCYHOK 6.1, a).

[Togpe3 (kaHaBka BIOJIb IIBa) OOpa3zyeTcsi MpH 3aBBIIICHHOW CHIIE TOKa,
OOJIBIIIOM KaTETE IIIBa, BHIMOJTHAEMOTO HE «B JIOJIOUYKY», MO CKOPOCTH CBAPKH H
3aBBIIICHHOM HampsikeHuu (puc. 6.1,0).

[Ipoxxor (CKBO3HOE OTBEPCTHE B CBAapHOM IIIBE) SIBIAETCS CJEACTBHEM
BBITEKAHUS JKUIKOTO MeETajula W3 CBapOYHON BaHHBL. [IpUYMHBI TOSIBICHUS
pOoJKOTa: OOJBINAs CHiia TOKAa, Majiasi CKOPOCTh CBApKH, HEIUIOTHOE MPHJICTAHUE

COCIMHSIEMBIX AJIEMEHTOB MEXKTy COOOM (ITPU CBApKE «HA BECY») WIIH K MOAKIAIKE
(puc. 6.1B).

T K

Puc. 6.1. JlepexTbl cBapHBIX I1IBOB

[[InakoBbIE ¥ OKUCHBIE BKIIOUEHUS B TEJI€ CBAPHOTO I1Ba 00pa3yroTcs Mpu
3aHWOKEHHOM CWJIE TOKa, 3arpsA3HEHHOCTH KPOMOK COEIUHSAEMBIX DJIEMEHTOB,
HEJOCTaTOYHOM 3alUTe JKUIAKOIO0 MeTauia (HampuMep, INpU JJIMHHOM [1yre),
IIJIOXOM OYMCTKE MPEABIAYILIErO CJIOS MBA OT NUIAKA.

He3zaBapenHsie kpaTephl MOSBISIOTCS B pe3ybTaTe ObICTPOro 0OphIBa IyTH.
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[Topel ¥ pakoBUHBI B CBapHOM IIBE OOpa3yrTCs NPH HUCHOJIb30BAaHUU
YBIQKHEHHBIX CBapOYHBIX MAaTEpHaJIOB, M3-3a 3arpA3HEHHOCTH  KPOMOK
COEIMHSIEMBIX 3JIEMEHTOB, HAPYLIEHUH T'a30BOM 3alIUThl TyT'H, HU3KOIO KayecTBa
CBAapOYHBIX MAaTEPUAJIOB.

TpemHbl — NPUYUHBI TOSBICHUS: HEMPAaBUIIbHAS TEXHOJIOTHS CBapKu
METAJJIOB, CKJIOHHBIX K OOpa30BaHHWIO TPEIIMH (HAmpUMEp, C TOBBIIMICHHBIM
colepKaHUEM Cepbl WM yriiepoja), OOJIbIIINE CBApPOUYHBIC HAMPSKCHUS,
BO3HMKAIOIME TPH HECBOOOJHBIX KPOMKAaX COEAMHIEMBIX 3JIEMEHTOB, a TaKkKe
IIPY HEMPABWIIBHOM NOCJIEOBATEIBHOCTU BBIIIOJIHEHUS CBAPHBIX IIBOB.

HecnnaBnenue odpasyercs B pe3ysibTaTe HEMOIHOIO PACIUIABIECHUS KPOMOK
COEIMHSEMBIX 3JIEMEHTOB WJIU MPEbIAYIINX CIOEB IIIBa.

OtknoHeHne (OpMBI CBApHOTO IIBA: Ype3MEpHAasl BBIMYKIOCTh WM
BOTHYTOCTh, HEPABHOMEpHAs IIMPUHA CBAPHOTO IIBa MO €ro JJIMHE, BOTHYTOCTh
KOpHs cBapHOro mBa (puc. 6.1r), HamibeiBel (puc. 6.11) u noarexku (puc. 6.le),
rpy0as 4euyiyaTocTs.

JledexThl cBapKy BBI3BIBAIOT KOHIEHTPAIIUIO HAMPSXKEHUN B KOHCTPYKITUSX,
YMEHBIIAIOT IUJIACTUYECKUE CBOMCTBA MeETajula, PE3KO CHIKAIOT MPOYHOCTH
CBApHBIX COCAMHEHUM MpPH JAUHAMUUYECKUX HaArpy3kax M MPH OTPUILIATEIIHHBIX
TeMIiepaTypax.

Buytpennue aedeKThl 3JIEKTPOIYroBOM CBApKH M TPEIIMHBI YCTPAHSIIOTCS
BBIPYOKOH e(heKTHOTO ydacTKa IIBa TEPMUYCCKAM HIIM MEXaHHUECKUM CITOCOOOM
JI0 OCHOBHOT'O METaJljla M MOBTOPHOM HaIJIaBKOW cBapHOro miBa. [loBepxXHOCTHBIE
Ne(EKThl YCTPAHSIOTCA MO0 WX 3aYUCTKOM (Upe3MepHasi BBIMYKJIOCTb, HAILIBIBHI),
aM00 HAIUIaBKOM JOMOJHUTENBHBIX CJIOEB (MOAPE3bl, MPOKOTH, Ype3MepHas
BOTHYTOCTb, IIOJITEKH).

Hegexmui cmuikosoii ceapku

Haubonee pacnpoctpaneHHbIMU JIe(hEKTaMU CTHIKOBOM CBAPKH SIBISIOTCS:

CMEILIEHUE OCEN COEOUHSIEMBIX 3JIEMEHTOB M HenpoBap. [[puunHOM nepBoro
nedekra SBISETCS HENmpaBWJIbHAS YCTAHOBKA CTEP)KHEW B 3aXHMaxX CBapOYHOU
MamuHbl. [TpyunHON BTOpOro Aedekta sSBIAIOTCS OKHCIEHHE W3-332 OTKIOHEHHUS B
TOKOBOM  pEXUME, Malblii MPUITYCK Ha OIUIaBJICHUE, HEJ0CTaTOYHAas
IPOJOJDKUTENBHOCTh OCAJKM TOJI TOKOM W Majas CKOPOCTh OCaJKU. Y3Jbl C
nedeKTaMu CTHIKOBOU CBApKH OpaKyrOTCS.

Hegexmbr moueunou ceapku

HempoBap (Mayiblii  auaMeTp CBapHOM TOYKHM) HOSBISETCS  H3-3a
YpEe3MEPHOTr0 IUAMETPa NIEKTPOJA IIPH HETOCTATOYHOM TOKE M BPEMEHU CBapKH, a
TaK)K€ M3-3a IIYHTUPOBAHUS TOKA.

Hapy>kHbIil BBIIJIECK METaJlJIa B CBAPHOM TOYKE MPOUCXOJUT MPHU OOJbIION

CHUJIC TOKA, a TAKIKC ITPH IICPCKOCC ,IIGTaJ'IGI‘/JI OTHOCHUTCIIBHO TOPLOB 3JICKTPOAOB.
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UpesmepHble BMATHHBI (YMEHBIIICHHE TOJIIMHBI B MECTaX OOpa3oBaHUS
CBapHBIX TOYEK) MOTYT OBITb BCJIEACTBHE YPE3MEPHOM CHUJIbI TOKAa, BPEMEHU
CBapKH, YBEJIMUEHHOT'O YCUJIUS CKATHUS B MEPUOJI POKOBKH, a TAKXKE U3-3a MAJIOTO
IUaMEeTpa 3JIEKTPOIOB.

[Tpo>xor MOXeT OBITh CJEICTBHEM BKIIOUEHHS TOKa O O0XKaTHsl neraiei
WIH HAJTMYUS OOJIBIITNX 3230POB MEKY COSTUHSEMBIMU JACTAIISIMH.

BeIpbIB TOSIBIIIETCST TPU  MPEKICBPEMEHHOM CHSTUU JAaBieHusa (mpu
HEJ0CTaTOYHOU MPOIOJKUTEIbHOCTH POKOBKH).

Takue nedexTsl TOYEYHOW CBapKU KAaK HEMpOBap, Ype3MEpHbIE€ BMSATHHBI,
IPOXKOT Y BBIPBIB YCTPAHSIOTCS HAIUIABKOM JOIOJHUTEIIBHOM TOYKU. HapykHbin
BBIIJIECK METa/lla CBAapHOM TOYKM YCTPAHSIETCA MEXAHUYECKOM 3a4MCTKOU
JIMIITHETO METaJlIa.

Memoovl KOHmMPOIA KA4ecmea CapHvlX COeOUHEHU

Jlist oOHapyKEHUSI TOBEPXHOCTHBIX M KPYIHBIX AE(PEKTOB B CBAPHBIX
COEIMHEHHMSIX (ITOAPE3bl, MPOKOTH, HE3aBAPEHHBIE KPATEPHI, IOBEPXHOCTHHIE MTOPHI
U TPELIUHBI, OTKJIOHEHUS B (OpPME CBAPHOIO WIBA) HMCHOJB3YETCS BHU3yalbHBIN
KOHTPOJIb (BHEUTHUNA OCMOTD).

[IpoyHOCTHBIE XapAKTEPUCTHUKU CBAPHBIX COEAMHEHUHN (pa3pbIBHOE
yCWIIHE, yAapHasl BA3KOCTbh, 3arM0 B XOJIOHOM COCTOSIHUU U JIP.) KOHTPOJIUPYIOTCS
YAaCTUYHBIM WJIM MOJIHBIM pa3pylI€eHueM o0pasiia Ha UCIBITATEIbHBIX MalllHHAX.

HenpoHumaeMocTh CBapHbIX COEJUHEHUH NPOBEPSAETCS C IOMOILIBIO
KEpOCHHA, BaKyyMa, THEBMAaTHYECKOTO MJIM THJIPABINYECKOro naBiieHus. [lepBblit
crnoco0 OCHOBaH Ha CIOCOOHOCTHM KEpOCHMHA MPOHUKATh Yepe3 HMMEIOLIUECs
HEIUIOTHOCTH W OKpAaIlMBaTh MeEJ, KOTOPBIM IIPEIBAPUTEIBHO MMOKPHIBACTCS
IPOTUBOIIOJIOXKHASL CTOPOHA CBapHOro mBa. OcTajbHbIE CIOCOOBI OCHOBaHBI Ha
YMEHBIIIEHUHU BaKyyMa WJIH JIaBJICHUS YEPE3 TPEIIUHBI U MOPHI B CBAPHOM IIIBE.

Menkue moBepXHOCTHBIE JAehEKThl MOTYT OBITh OOHAPYXKEHBI C MOMOIIBIO
IIBETHON JE(PEKTOCKOINNHU, CYIIHOCTh KOTOPOH COCTOMT B cienyromeM. Ha
OUHMIIEHHYI0 TOBEPXHOCTh IIBA HAHOCUTCS CJIOM HMHIMKATOPHOM >KUIKOCTH,
KOTOpas MOCJI€ BBIAEPKKHA B 5—7 MUHYT CMBIBAETCSI, & IOBEPXHOCTh MPOTUPAETCS.
3aTeM TOHKUM CIIOEM HAHOCHUTCS IMpPOSIBUTENb, Hanmpumep, koanuH. [IposBurens
OKpalllUBaeTCs B APKUI I[BET OCTaBIIeiCs B NedekTax HHAUKATOPHON KUIKOCTHIO,
TEM caMbiM OOHApY’KHBasi TMOBEPXHOCTHBIE JeheKThl CcBapHOro IBa. L[BeTHOM
METOJI TO3BOJIAET OOHAPYX UTh NehEeKThl ¢ MUHHUMaIbHOU riryOuHoil 0,02 MM u
MuHUMaNbHOH mmpuHon 0,002 MM. MeTon 007agaeT BBICOKOW MOOMIBHOCTBIO U
IPOU3BOJAUTEIBHOCTBIO, OCOOEHHO MPU  HWCIOJb30BAHUM  MaTEpPUAIIOB B
a’po30JIbHOM ymakoBke. PaboTa ¢ a’po30/isMU  JOJKHA TPOU3BOJIUTHCS B
cnenoaexe (xanat, papTyk, mepyaTku) U Ha paccTosiHUM He MeHee 20 M OT MecTa

CBApPKH, OTKPBITBHIC YUAaCTKHU TCJIa CIICAYCT 06CpCFaTI) OT IIoIIagaHusA aBPOSOHBHOﬁ
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CTpyH, a TMOMEIICHUE JOKHO OBbITh O00OpYJOBAaHO MNPUTOUYHO-BBITSKHOU
BeHTWsIIMend. K HemocTaTkam meroda CilieayeT OTHECTH: TPYJIHOCTb KOHTPOJIsS
CBApHBIX IIBOB ¢ TIpyOON UelIyH4aTOCThIO; OTHEOMACHOCTh M TOKCHYHOCTh
IIPUMEHSIEMBIX MaTEPHUAIIOB.

Jist  oOHapyXeHuss BHYTPEHHHMX, a TaKkKe MEJIKUX MOBEPXHOCTHBIX
Ne(eKTOB HCIOJB3YIOTCS  (PU3NYECKHE METOIbl KOHTPOJIA: TMPOCBEYMBAHUE
PEHTIC€HOBCKMMU M TaMMa-JIydaMH, YyJIbTPa3BYKOBOWM W MarHUTOTpadUUECKHA.
[lepBblli METOJT OCHOBAaH Ha CIOCOOHOCTH 3JIEKTPOMArHUTHBIX BOJIH C YaCTOTOMU
5:1010-6-1019 I't mpoHUKATh CKBO3b METAJUIBI 1 BO3/IEHCTBOBATH Ha (POTOTLICHKY.
Kaccera ¢ Qoromenkoit pacrnojaraercss 1OJ CBapHbIM IIBOM, a C
MIPOTHUBOIIOJIOKHON CTOPOHBI UCTOYHUK M3TYyUEHHUS — PEHTTEHOBCKAsl TpyOKa WIn
paaroakTUBHBIN wm30Ton (Tynuid-170, wupuanii-192, uesmii-137, kobanbt-60).
JledekT cBapHOTO IIBa MOTJIOMIAET JIYYH B MEHBIICH CTETICHH, YEM OKPYKAIOIIUN
€ro MeTajll, TO3TOMY 3MYJbCHUs Mo MedekToM oOmydaeTcsi 60aee MHTEHCUBHO U
npu oOpaboTke B mposiBUTesne uepHeeT. [lo 3TuM yuacTkam U ompeaesieTcs
pacnoJioxkeHue, popma u pazmepsl Je(EKTOB.

[IpeuMymecTBaMu 3TOTO METOJIa SIBJISIETCS BO3MOXXHOCThH OMPEICIICHUS
xapakTtepa Jedexrta U ero pa3MepoB, , Haaudue JAoKymMeHTa ((OTOIICHKH),
XapaKTEepU3YIOUIEro Ka4yecTBO cBapHOro mBa. K HegocTaTkam mMeToaa OTHOCSTCS:
BPEIHOCTh PEHTIEHOBCKUX M TamMMa-Tydyell g YelOBEYECKOro OpraHu3Ma,
BBICOKAsi CTOMMOCTh M TPYJIOEMKOCTh, CBSI3aHHAs C TMOCIEIyIomel o0paboTkoi
doTomneHok, Manas 3p(HEeKTUBHOCTh MPU OOHAPYKEHUHU TPELIUH, HEOOXOAUMOCTh
JIBYCTOPOHHETO JOCTyla K CBapHOMYy MmiBYy. I[Ipu paauanioHHBIX MeToaax
KOHTPOJSL JUIE  M3MEPEHUsT HWHIUBHAYAJIbHBIX 103 OOJIydeHUS  KaKIbId
paboTaromuii TOJKEH UMETh JO3UMETD.

VYabTpa3ByKOBOM METOJI OCHOBaH Ha CIOCOOHOCTU YJIBTPA3BYKOBBIX
KOJeOaHU MPSIMOJIUHEHHO pPACIPOCTPAHITHCS B METAIE W OTPaKaThbCid OT
TpaHUIbI pa3jena cpe/l.

HCT OUHHE ITHTAHHA

C LT T T T T
T ek i S -

Puc. 6.2. Cxema mpocBeunBaHusl MeTALIA
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s IIOJTyYEHHS YJIBTPa3BYKOBBIX KoseOaHui UCIIOJIB3YETCS
NbE303JIEKTPUUECKU  3(P(EKT, KOTOPBIA 3aKiro4aeTcss B MpPeoOpa3oBaHUU
ANEKTPUUECKUX KOJIEOAHMH BBICOKOM YacTOThl B MEXaHUYECKUE KoJeOaHus ¢
MOMOIIBIO UCKYCCTBEHHBIX MMbE30KPUCTAINIOB, HallpuMep, TUTaHata 6apus BaTiO3
. CxeMa mpoBepKHU CBApHBIX IIBOB YJIbTPa3BYKOM IpUBEEHA Ha puc. 6.3.

VYIbpTpa3ByKOBOM  HUMIyJIbC  IOJAETCSI B METAI C  IOMOIIBIO
npu3MaTudeckoro umryna. Ilpm mOCTH)KEHMM TIIOBEPXHOCTH pasfena cpen ¢
pa3IMYHBIMU aKyCTUYECKHMMH CBOWCTBAMH, T.€. Ie€(EKTa, yIbTpa3ByKOBas BOJHA
YaCTUYHO OTPaXAeTCsl U BOCHPUHHUMAETCS TEM K€ IIYNOM, YTO (PUKCHpPYETCS
CBETOBOM WJIM 3BYKOBOW CHUTHAJIIM3ALMEN. YJIBTPA3BYKOBON METOJ IPUMEHSETCS
npu TonumHax 1,5...200 mMm. YiabTpa3BykoBOM MeToj OOHapyKeHHUs Ie(eKTOB
CBOOOJIEH OT HEJAOCTATKOB MPOCBEYMBAHUS PEHTTEHOBCKUMH U TaMMa-Iy4aMu, HO
HE TIO3BOJISIET OMNpeAesATh xapakrep aedextoB. Hampumep, mpu 3ToM MeTone
TPYAHO OTJIMYMTH TPEIIMHY OT HENpOBapa, IOpbl OT LUIAKOBBIX BKIIIOYEHUH;
HeA((DEKTUBEH MPU KOHTPOJIE KAYeCTBA CTaJed C KPyHMHO3EPHUCTOU CTPYKTYpOM;
HE MO3BOJISIET UMETh JOKYMEHT Ka4eCTBAa CBAPHOI'O COEAUHEHHS; TOCTOBEPHOCTH

oOHapyxeHHsl 1e(PEeKTOB 3aBUCUT OT KBAJIM(PUKALUU OTIEpaTOpa.

T HEMATH SR B

neherT (Topa, parEo-

/j/ EHHZ, HECIIIAENSHEES )

Puc. 6.3. Cxema ob6Hapy>keHus 1eEKTOB C TOMOIIBIO yIbTPa3ByKa

ME2E0ZIEMEHT

Maruautorpaguiyeckuii MeToj] OCHOBaH Ha (PUKCAIlMM MArHUTHBIX TMOJEH
paccesiHusl Ha MarHUTHOM JIEHTE, KOTOpas NPHKUMAETCS K CBAPHOMY LIBY IIPH €0
HaMarHM4MBaHUU. B OJHOpPOJHOM MeTajle MAarHWTHBIA MOTOK PAaCHpeneisieTcs
paBHOMEPHO 0€3 MCKaXXEHUH, a NpU HaIUYUM Je()EKTOB MATHUTHBIA IOTOK
MCKa)XaeTCsl, YTO MPOSIBISAETCS HA MOBEPXHOCTU METAJJIA B BUJIE MOJIEH PACCESTHUS.
HamarnuunBaHue  HcCleQyeMoro ydacTKa CBapHOrO 1IBa  MPOU3BOJSAT
3JIEKTpOMAarHuTamMu uiau cojeHougamu. Ilocne 3ammcu MarHUTHOrO penbeda
CBapHOrO I1IBa JIEHTA IPOITYCKAETCS Yepe3 BOCIPOU3BOSILEE YCTPONUCTBO, I1€ Ha
OJIHOM M3 3KPaHOB €r0 JBYXJIYY€BOWH TPYOKH BO3ZHUKAIOT BUJIMMBIC M300paKEHUS
MarHUTHBIX JIy4ei, a Ha JAPYrOM — HMIIYJbChl, XapaKTEpU3YIOIIHE HaIU4Yne
nedexroB. KoHTpacTHOCTh M300pakeHUs XapaKTepu3yeT INIyOMHY UX 3aJleraHus, a
(¢bopMa MArHUTHBIX MOJIEM MPUMEPHO COOTBETCTBYET OYEPTAHUSIM JI€(PEKTOB,
HaIlpuMep, ra30BbI€ MOPHI U IIJAKOBBIE BKIIFOUEHUS MOSBISIOTCS HA KpaHE B BUIE
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TEMHBIX TSITEH, HEMPOBAp — B BUJIE JIMHUMN, TPEUIUHBI — B BHJI€ 3UI'3aro00pa3HbIX
JIMHUW C HEPOBHBIMM KPasMH.

Maruautorpaguueckuii MeTosl 00JaAaeT BBICOKOM MPOU3BOJIUTEIBHOCTHIO,
HU3KOM CTOMMOCTBIO M XOpPOLIEH 4YyBCTBHUTEIBHOCTBIO. K Hemocratkam merona
OTHOCATCS: MaJIbIi TNAIIa30H KOHTPOJIMPYEMBIX TOIIIHH (10 25 MM), 3aBUCUMOCTD
oOHapyxeHHsI N1e(peKTOB OT INIyOMHBl HMX 3ajJieraHusi, TPYAHOCTb BBISBICHUS
ne(eKTOB MPHU TPyOOUEIITyHUaThIX IITBAX.

Tema 6.4. Tepmuueckasi pe3ka, TeXHUKA 0€30IIaCHOCTH
JlabopaTopHasi pabora Ne 4
TEPMHUYECKAS PE3KA METAJIJIOB
LHeab pabdoTbl — uW3yuYeHUE CYIIHOCTH, OCHOBHBIX TMapaMeTpoB U
000pyI0BaHUs MIPU PE3KE METAILIIOB.
Cywnocms mepmuyeckou pe3ku u 0oaacmu npuMeHeHus
Tepmuyeckass pe3ka MeETaIOB ObIBA€T CHEAYIONIUX BHUJIOB: KHUCIOPOJHAS
(razoBas), Ayro.asi, BO3yIIIHO-TyrOBasi, KUCJIOPOJAHO-yTOBas U MIa3MEHHasI.
Kucnopoounas peszra
Kucnopoanast pe3xka oCHoBaHa Ha CBOMCTBE HEKOTOPBIX METAJJIOB, HATPETHIX J0
BBICOKOU TeMIlepaTyphl, cropatbh B cTpye kuciopoga. OOpasyromuecs mpu 3TOM
OKHCJIBbI Y IIUIAKK YAAJSIOTCS HAOpPOM ra3oBou cTpyu. [IpeaBapurenbHbiil Harpes
MeTajla 10 TeMIepaTypbl  BOCIUIAMEHEHHSI  MPOU3BOAMTCS  IJIAMEHEM,
o0pa3yronMcesl Mpu CropaHWM TOpHOYEro rasa (aleTwieHa, MapoB OEH3WHA,
IpoIiaHa, NponaH-0yTaHa, IPUPOJHOTO ra3a) B cTpye Kuciaopoaa (puc. 4.1).

IEHAN TE TDETE

m *\ﬂix\\\\\w

TROIFETH TC']ZEI-JE }P:'::':'E.k MEETIT

CTPYE PERFLETO
KICTOPOmE

Puc. 4.1. Cxema KuCIOpOAHOMN PE3KU

Kucnoponnass pe3ka mnpuMeHMMa Uil  METAIOB,  OOJIaIarolIux
CIICIYIOIIMMHU CBOWCTBAMM:

TEeMIIepaTypa BOCIUIAMEHEHHUsI METajlyla B CTPY€ KHUCIOPOJia JO0KHA OBITh
HIKE TEMIIEPATYPHI €r0 IJIABJICHUS;

TeMreparypa IUIaBJIEHUS OKHCIIOB, OOpa3yIOIIUXCS B MPOIECCE CropaHus
MeTallia, J0JKHA ObITh HUKE TEMIIEpATyPhl IUIABJICHUS METaJljIa;
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TEIUIOBBIJICTICHUSI TPU CrOpaHUUM MeETaJla JOCTATOYHBI JJisi IPOrpeBa
[IIyOMHHBIX CJIOEB U3/EIIUA 10 TEMIIEPaTypbl BOCIUIAMEHEHUS;

KUIKOTEKY4YeCTh OKHMCIOB M IUIAKOB JOCTAaTOYHA IS YAAQJIECHUS UX W3
MOJIOCTH pe3a HArlOpOM Ira30BOM CTPYH;

HEBBICOKAsi  TEIUIONPOBOJAHOCTh  HeoOXoauma  isi  OBICTPOTO U
KOHIICHTPHUPOBAHHOTO HarpeBa.

VYka3zaHHbBIM ~ TpeOOBaHUSIM  YJIOBJIETBOPSIOT  MaJIOYTJICPOIUCTBIC U
HU3KOJIETUPOBAHHbIE CTalu. /[l CIUIaBOB aJlOMHUHMS, YyryHa U CTaJled C
NOBBIIIEHHBIM cojJiep>kaHueM yriepoaa (6omaee 0,5 %) U Jerupyroumx 3J1€MEHTOB
(6onee 5 %) xuciopoaHas pe3ka He HpuMmeHsercs. Hampumep, Temmeparypa
TUTABJICHHS YyTyHa HUXKE TEMIIEpaTyphbl €ro BOCIUIAMEHEHUS, a CIIaBbl AIFOMUHUS
U JPYTUX IBETHBIX METAIOB 00JIaJAl0T CIUIIIKOM OOJIBIION TETIONPOBOIHOCTHIO.
JIJist pe3ku 3THX METaUIOB MPUMEHSETCS KUCIOPOoaHO-GIrocoBas pe3ka. B atom
cllydae B 30HY pE€3KHM IMOJaeTcsi MOPOLIKOOOpa3HbIA (UIroC, KOTOPHBIHA, cropas,
BBIJICJIIET JONOJHUTENBHOE TEIJIO B IMOJOCTH pe3a U, KpOME TOro, BCTyIas B
pPEaKLHIO ¢ OKUCIAMH CrOPAaeMOr0 METajlla, CHUKAET TEMIIEpaTypy UX IJIABICHUS
1 00€eCleynBaeT TEM CaMbIM YJaJIeHUE X U3 MOJOCTH pe3a.

OCHOBHBIMM MapaMeTpaMu KUCIOPOJHON PE3KH SBIISIOTCS:

MOIIIHOCTh MOIOTPEBATENILHOTO MJIaMEHH (Pacxo/i TOPIOYEero rasa);

MPOJOKUTEIBLHOCTh TPEIBAPUTEIIBHOTO MOAOTPEBA 0 BOCIUIAMEHEHHS
MeTania;

JABJICHUE PEKYIIET0 KUCIOPOa;

OOBEMHBIN pacxo/l PeXKyLIEro KHUCIOPOa;

HIMPUHA MTOJIOCTHU Pe3a;

CKOPOCTb pe3a.

Bce mapameTpsl, KpoMe MOCJIEAHETO, C YBEJIMYEHHEM TOJIIMHBI METasuia
YBEIMYMBAIOTCA (3HAUCHUS OCHOBHBIX MTapaMeTPOB MpUBEeHbI B Ta0muIe 4.1).

Ilyeosas peska

JlyroBass  pe3ka  BBINOJHSETCS  pacIUlaBI€HUEM  MeTaula  TEeIuioM
nekTpuueckod ayru. Ilpm  3TOoM  yJaneHwe — paciuIaBIIEHHOTO — MeTaiia
OCYILIECTBJISIETCS KO3BIPHKOM TIOKPBITUSA d3JeKTpoaa. Jius JIyroBod pesku
UCIIOJIB3YETCsl TO ke 000pyJI0OBaHWE, YTO W JUIsl AYTOBOW CBapKu, HO NMPU 3TOM
UCIIONB3YIOT crnenuanbHbie anekTpoasl Mapku O3P-1. Ilpouecc ayroBoil pesku
MaJIONPOU3BOJUTEIIEH U KAUECTBO PE3KU HEBBICOKOE.

Bo3zoywno-oyeoeas peska

[Tpn BO3ayIIHO-AYrOBOM pe3ke (puc. 4.2) MeTal pacIUIaBiIseTCs TEIIOM
ANEKTPUYECKOU IyTH, FrOpsILeld MEeXy U3EIUEM U HEIUIaBALUMCS 3JIEKTPOIOM, a
yAaJIeHUe KUIKOTO MeTajlia OCYIIECTBIAECTCS CTPYyeil cikatoro Bo3ayxa. /laBnenue

Bo3ayxa oObryHO coctasiser 0,6—0,8 MIlla, cuna toka 300-1500 A. BoszmymiHo-
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IYyTOBYK) PE3Ky IIPUMEHSIOT I BBICOKOYIJIEPOAMCTBIX, HU3KOJETUPOBAHHBIX
CTaJIEN, YyT'yHA, CIUIABOB AJIFOMUHMSA U APYTUX IBETHBIX METAJUIOB TOJIIUHON

5-25 mm. Ilpu 3TOM My pPe3Ku MalOyIJIEPOJUCTHIX CIJIABOB B Cilyyae
NPUMEHEHUSI TOCTOSTHHOTO TOKa MCHOJb3yeTcs oOpaTHas MOJSIPHOCTh, a JUJIst
CILJIABOB LIBETHBIX METAJUIOB — MPSIMasi OJISIPHOCTb.

EOZIYXAE

Puc. 4.2. CxemMa BO3IyIIHO-yTOBOM PE3KH

Kucnopoono-oyeosas pesxa

[Ipy >TOM BHAE pe3KWM Jyra pa3orpeBaeT MeTajll, a 3aTeM B CTpye
KHCIIOpOZa MPOUCXOAUT ero ropeHue. CTpyst KUCIOPO1a TAKKE UCIIOIb3YETCS IS
yAAJIEHUs IPOLYKTOB FOPEHUS U3 MOJIOCTH Pe3a.

IInasmennas pesxa

[Ina3MeHHasi pe3ka OCHOBaHAa Ha pacIUIaBICHUM METaJla U YJaJ€HUU €ro
1a3MeHHoM crpyeil. [1ma3ma MoskeT ObITh MOJydYeHA MPSMBIM WM KOCBEHHBIM
nyteM (puc. 4.3). B mepBoM ciydae ra3, mojJaBaeMblii B COIUIO TUIa3MaTpPOHA,
HarpeBaeTcsi M HWOHU3UpYyeTcs, yBenuuuBasich B oObeme B 50-100 pa3, u
BBIPBIBACTCSI M3 comjia ¢ Oonblioi ckopocThio. [loTOK MOHM3MpPOBaHHOIO rasza
(mIa3Mel), CKMMast CTOJIO IyTH, KOTOpasi TOPUT, MEKIY U3JIEIUEM U BIIEKTPOJIOM,
noBeImaeT ero temueparypy a0 30000° C. Ilpu kocBEHHOM 06pPAa30BaHMU ILIA3MBEI
Jyra TOpUT MEXKIY COIUIOM IUIa3MaTpoHa U AeKTponoM. ['a3, mpoxoasauuii uepes
Iyry, o0pasyeT IIOTOK IUIa3Mbl, TeMmIeparypa Kotoporo mocturaer 16000° C.
[TepBbIii crioco0 HMCMONAB3yETCs Ml PE3KU TOJIbKO METAJJIOB, & BTOPOM Crocod
UCIIOJIb3YeTCsl ISl PE3KM KaK METAJUIMYECKUX, TaK W HEMEeTaNIMYeCKHUX

MaTepHAaJIOB.
a). B).

—_—

U

OEIDeMEEI STIWE

Puc. 4.3. Cxema nosiydeHus TIa3MEHHOM TyTrd MPSMOro (a) U KOCBEHHOTO
(6) nevicTBus

OCHOBHBIMM TMapaMeTpaMu IUIA3MEHHOM pE3KU SBISIIOTCS: CHJIa TOKa,
pacxon M COCTaB ras3a, AMaMeTp U JUIMHA KaHAJIa IUIa3MaTpOHa, PACCTOSTHUE MEXIY

143



COIUIOM IIJla3MaTpoHa U wu3JaenueM. B kadecTBe ma3mMoo0pasyromux TIa3oB
MPUMEHSIIOTCS: a30T, BOJOPOJ, a30THO-BOJIOPOJHBIC CMECH, a TaKkKe BO3IYX.
[TocneaHuit MCHOJIB3YETCA TOJBKO JJIsi PE3KM YEPHBIX META/IOB U TOJIBKO MpHU
MCIOJIb30BAaHUU ITUPKOHUEBBIX WM radHUEBBIX JIEKTPOAOB. s pe3Kku IBETHBIX
METaJJIOB UCIOIB3YIOTCS aprOHO-BOJAOPOJAHbIE cMecH. VICTOUHHMKM MUTaHUS TpU
IUTA3MEHHON pe3Ke JOJKHBI HMMETh KPYTOMANAMONIYI0 WJIM BEPTHKAIHHYIO
XapaKTEPUCTHUKY C HaMpspDKEHUEM xoJioctoro xoaa 1o 120 - 300 B.

[Ina3mMeHHass pe3ka MOXKET NPUMEHATHCS [IJIsi PE3KH BCEX METalIoB
touHOM 10 100 mm. Ckopocthb pe3a gocturaer 10 M/mMuH, a lUpUHA pe3a MOKET
M3MEHSATHCS OT ACCATHIX J0JIeH MIuTUMeTpa 10 8—10 M.

[IpeumyiiecTBOM BCE€X BHUJOB TEPMHUYECKOM pE3KHM MO CPAaBHEHHUIO C
MEXaHUYECKON Pe3KOi SBISETCS MOOUIBHOCTh U YHUBEPCATLHOCTh, BO3MOKHOCTh
BBITIOJIHUTh pe3bl JII000H KOH(UTYypari W B Pa3HOOOPa3HbIX TMOJOKECHHSX, B
CTAIMOHAPHBIX YCIOBHSIX U B YCIOBHSIX MOHTAXHOM ILJIOTIAKH.

K HemocTaTkam TepMHUUECKON PE3KU CIIeAyeT OTHECTH OOJIBIIYI0, YeEM MpHU
MEXaHUYECKON pe3Kke MIMPUHY TMOJIOCTU pe3a, U3MEHEHHE CTPYKTYphl MeTallia
BOJIM3HM KPOMOK pe3a, MEepOX0BaTYI0 MOBEPXHOCTh IJIOCKOCTH Pe3a.

Obopyoosanue 0151 mepMu4ecKoll pe3Ku Memaiid

B xommuiekT oOopynoBaHusi JUIsi KUCIOPOAHOW PE3KH METAIOB BXOMST:
pe3aK, IUIaHTH, PEryJHupyrollas anmapatrypa (peayKTOphl), ra3oBble OaJlJIOHBI.
Pezaku moapasznensioTcs Ha ra3oBble, IS KUCIOpOAHOU pe3ku (puc.4.4), u raso-
JyTOBBIE, IS BO3AYILIHO-AYTOBOM, KHUCIOpOAHO-AYroBoi (puc.4.5).Ilopsaok
paboThl Ta3zoBoro pesaka(puc. 4.4) cleayomui: MO OTACIbHBIM KaHajJaM
KHCJIOPOJ W TOPIOYMM Ta3 TMOCTYyNalT B CMECUTEIbHYIO Kamepy U 00pa3yroT
rOpIOYYI0 CMECh, KOTOpass TpPH BBIXOJE M3 HAKOHCYHUKA pe3aKa SsBISICTCS
TOTUIMBOM JUIsl TOJOTPEBAIOIIETO IUIAMEHHU; IIOCJI€ HarpeBa MeTaia Jio
TEeMIIepaTypbl BOCIUIAMEHEHHSI 10 CIHEHUAIbHOMY KaHAly TOJAeTCs PEeXYIIUn
KHCIIOPOJ.

ESHTHIE PESEVIIETD
ERCTOPOEA

mmnpm:—mﬁ ESHTHIE

Puc. 4.4. Cxema ra3zoBoro pe3aka
Pe3aku mJisi KUCIOPOJHOW pE3KH C MPUMEHEHHEM KEepOCHHA WM OeH3MHA
UMEIOT UCIIapUTENb, TI€ )KUJIKOE TOpIoUee HarpeBaeTcs ImiaMeHeM MoI0rpeBaTes
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W 1mpeBpamaeTcss B map. [a30Bble pe3akd UCHOJB3YIOTCA JJISI  PE3KHU
MAJIOYTJIEPOJIUCTHIX U HU3KOJETMPOBAHHBIX cTanel Toamuuon 3—300 mm.

Ha pucynke 4.5 npuBelneHa cxema pe3aka JJis BO3AYLIHO-TyTOBOM pPE3KH.
DnekTpo (HeIUIaBsIIIUIICS) MPUKUMACTCS pblYaroM K TOJOBKE pe3aka, B KOTOPOi
UMEIOTCSI OTBEPCTHUS JIJISI BBIXOJIa CKAaTOTo Bo3ayxa. K royiioBke BO3MyX MOJaeTCs
yepe3 HUMIMENb U KaHall, pacloiOKEHHBIN B pyKOATKE pe3aka. Bo3ayliHo-1yroBsie

pEe3aKu UCIOJIb3YIOTCS JJIs PE3KU MeTalljla TOJIIMHON J10 25 MM.

ESHTHI:

PYHDETIZ

HHITIES

Puc. 4.5. CxeMa BO3IyIITHO-TyTOBOT'O pe3aka

[1na3MOTpOHBI [IJIs1 TUIA3MEHHOW pe3Ku ObIBAIOT C BO3AYIIHBIM U BOJSITHBIM
oxJlaxxaeHueMm. [lma3MOTpOH COCTOUT U3 TOJOBKM U PYKOSITKA C y3JIOM
yrnpaBieHus. ['0loBka BKIIIOYAaeT B ceO0sl KaTOAHBIN y3ell ¢ BOJb(PPaMOBHIM WU
JPYTUM HEIUIABSIIUMCS 3JIEKTPOJIOM U COTLIO, MOJKIIOYEHHOE K aHOAY UCTOYHHUKA
nuTaHus. B y3je ympaBieHuss HAXOOUTCS BEHTWIb JUIA ToAaud pabodero
1a3M000pa3yIOIIEro ra3a v KHOIKa JJIsl BKIIFOUEHHS] HCTOYHUKA MMUTAHMUS.

TEXHUKA BE3OITACHOCTH
IIPU MTPOBEJAEHUN CBAPOYHbLIX PABOT

OO01ue cBegeHus

CwmepTrenbHbIM 11 4yenoBeka siBysieTcss Tok cwio 0,1 A u Beime. Cuna
TOKa, MOPAXAIOIIErO0 YEJIOBEUECKHM OpraHu3M, 3aBUCHUT, TIPEXkKIE BCEro, OT
AJIEKTPUYECKOTO COMPOTUBJICHUS opranu3ma. IIpu pacuerax 3a BEIUYUHY
CONPOTHUBJICHUSI 4enoBeueckoro opranu3ma npunumaerca 1000 Om. OgHako B
JNEUCTBUTEIHLHOCTH 3Ta BEJIMUMHA pa3lIMdyHa y pa3HbIX JIOACH W, KpOME TOr0, JJIs
Ka)kJI0ro 4YeJIOBEKa OHA HE SBJISICTCS BEIMUYMHOM IMTOCTOSHHON M 3aBUCHUT OT MHOTHX
dbakTopoB. Hanpumep, mpu HaIu4YuM BJIard Ha OBEPXHOCTH KOXH, MPU YCTAIOCTH
WJIU OTbSTHEHWH, NPU TOBBIIIIECHHON BJIAXXHOCTH BO3]lyXa, MPU HAJIMYUU B BO3AYXE
METAUIMYECKOW TMBUIM  COMPOTHUBJICHHE YEJIOBEYECKOTO OpraHu3Ma pe3Ko
CHIDKACTCH.

Kpome cuinbl TOka, CTeNEHb MOPaXEHHUSI OpraHU3Ma YeJOBEKa 3aBUCUT OT
MPOJOJDKUTEILHOCTH  JACHCTBUS ~ DJIEKTPUYECKOr0 TOKa W OT  IUIOIIAJH
COMPUKOCHOBEHUSA C TOKOBEIYIIMMH 3JIEMEHTAMHU — C YBEJIMYEHUEM YKa3aHHBIX
(haKTOpOB CTENEHBb MOPAKEHUS TAKKE YBEITUUUBACTCS.

Hawnbonee onmacHbIM 1J1s1 UeTOBEKa SIBJISICTCS] IEPEMEHHBIM TOK YaCTOTON
80 I'ti — OH B TPU-TIATH pa3 ONACHEE MOCTOSTHHOTO MPU MPOYUX PABHBIX YCIOBUSX.
C yBeIMYEHHUEM YacCTOTHI NIEPEMEHHOI0 TOKA CTENECHb MOPAKEHUS YEJIOBEYECKOTO
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opranu3ma ymenbmaercs, a npu vacrore 20000 ['m m BbIIE OH CTAHOBUTCA
0€30MaCHBIM.

C yBenuMuyeHHEeM HaNpsHKEHUs CUJla TOKA, BO3JIEHCTBYIOLIErO HA YEJIOBEKA,
Takke yBenuuuBaeTcs. [lo HammM HOpMaM OTHOCHTENIBHO 0O€30MacHbIM
HaANPsHDKCHUEM SIBIISIETCS] DJIEKTPUYECKUN TOK HampsbkeHueM 36 B (nmpu pabGote B
cyxux mectax) u 12 B (ipu paboTe B CBIPBIX MeCTax).

[Ipyn mopaxeHUM dYeIOBEKa SJIECKTPUYECKAM TOKOM HEOOXOIMMO, TPEkKIe
BCEro, OCBOOOAMTH IMOCTPAJABILIEr0 OT 3JIEKTponpoBoaa. Ecium moctpagaBmimit
NOTEpsJl CO3HAHHWE, €ro HeoOXOJMMO [0 MPUXOJa Bpaya YJIOXKUTh Ha CIIHHY,
o0ecreuynTh TPUTOK CBEXKEro BO3JyXa, pacTUpaTh U  COrpeBaTh  TEJO
MOCTpPAJaBIIEro, JaBaTh HIOXaTh HamAThIpHBIA cnupt. [lpw  penkom u
CYJIOPOKHOM JIbIXaHUU HEOOXOJMMO cJielaTh UCKYCCTBEHHOE JbIXaHUE U MacCax
cepaua.

Meponpuamus no npedomspaweHuI0 NOPax*ceHus dINeKmpuiecKuM moKom

Koprmyca cBapo4HBIX anmapaTtoB AOTKHBI ObITh 3a3€MJICHBI.

[lepen  HavamoM  J1a0OpaTOpHBIX  pabOT  HEOOXOAUMO  MPOBEPUTH
UCIIPABHOCTh U30JISIIUH.

Henw3s wucnonb3oBaTh B KayecTBe OOpaTHOro  MpoBOJA  TPYObI
CAaHTEXHUYECKUX YCTPOMCTB, METAJIOKOHCTPYKIMH 3JaHUsl, TEXHOJOTUYECKOE
000py0BaHUE.

[Tpu mpoBeneHnn 1a0OPATOPHBIX PaldOT CienyeT U30eraTh MPUKOCHOBEHUH
K TOKOBEYIIIUM YaCTsIM MEPBUYHOMN LIETIH.

Bce npucoenvHeHus: mpoBOJIOB MPOU3BOJUTH TOJBKO MPHU BBIKIIOUEHHOM
pyOUIIbHUKE.

Cnengyer wu3beratb OJHOBPEMEHHOTO NPUKOCHOBEHHMS K M3JEIHI0 U K
HEU30JUPOBAHHBIM  TOKOBEAYIIMM  4YacTsM  CBapOYHOM  IIeMU;  OCOOYIO
OCTOPOXHOCTh CJIEIYET MPOSBIISITh MPU 3aMEHE AJIEKTPOAA, TAK KaK HANpPSKEHUE
X0JIOCTOTO X0/1a 00JbIIIe, 4YeM padoyee (IpU TOPEHUU JYTH).

Henb3st BBITIOTHATH CBAPKY B MOKPOU OJCKIE.

Meponpuamus no 3awyume om c6emogoti paouayuu

CBapky U pe3Ky, a Takke HaOJI0JIEHUE 3a JEKTPOAYTOM MPHU BHITOJIHEHUH
7ab0paTOpHBIX paboT Clie1yeT BECTH C MPUMEHEHHUEM CBETO(PUIBTPOB.

PaGouee MecTo 1O BBHIMOJHEHUIO CBAPHBIX IIBOB HEOOXOIUMO M30JIUPOBATH
CIELMAIBHBIMY IIIMTKAaMH WJIH MIUPMAMH U3 HECTOPAEMBIX MaTEPUAJIOB.

3awuma om 8peodHbIX 2a308bIX GblOEICHULL

K kaxaomy cBapouyHOMY IOCTYy HEOOXOAMMO OOECIEUUTh AOCTYII
CBEXEro BO3/1yXa.
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Jlist 06e3kupruBaHUsT KPOMOK COCIUHSECMBIX DJIEMEHTOB HEJb3sl IPUMEHSTh
XJIOPUPOBAHHBIC YTIIEBOJIOPOIbI (TPUXJIOPITUIICH, TUXJIOPITUIIEH), 00pa3yIoIINe B
npolecce CBAPKH YAYIUIUBBIN ra3 — (ho3rex.

3awguma om mennoswix 0H#0208

CBapHble BBl W PE3Ky MeTala HEOOXOJUMO BBINOJIHATH TOJBKO B
cnenoaexje (0OTUHKU ¢ OOKOBOHM 3aCTEKKOHM, Ope3eHTOBbIE OPIOKH HABBIMYCK U
0e3 OTBOPOTOB, OpPEe3eHTOBAsI KYpTKa ¢ KapMaHAMH, 3aKPHIBAIOIIMMUCS KJIallaHAMH,
U C pyKaBaMHU, 3aBS3aHHBIMHU TECbMOM ), JTUIIO JOJKHO OBITH 3aKPBITO IIMTKOM, a Ha
roJIOBE JIOJDKEH OBITh FOJIOBHOM yOOp mim (uUOpOIUTOBas KacKa, PyKH JOJHKHBI
OBITh B PYKaBWIIaX, a MPHU BBITIOJIHCHUH ITOTOJIOYHONW CBAapKH — B acOECTOBBIX
HapyKaBHUKaX.

3awguma om nodxxcapos

PaGouee mMecTo Tpu BBHITIOJHEHWH CBApHBIX IIBOB M PE3KH METANIOB B
paanyce SM JOKHO OBITh OYUIIIEHO OT B3PHIBOOIIACHBIX U OTHEOIACHBIX BEIIECTB.

HepeBsHHbIE NpeaMeThl Ha paboyeM MecTe€ JOJDKHBI ObITh TMOKPBITHI
CTaJIbHBIM JIUCTOM HJIA aCOECTOM.

[Ipn Tepmuyeckoil pe3ke B ciyyae Mmoxkapa HEOOXOAMMO, MPEXKIE BCEro,
MOTAaCUTh IJIaMs TOPEJKU U IPEKPATUTh MOJavdy KUCIOPOa.

Pa3znen VII. OCHOBBI IPOEKTUPOBAHUSA
METAJUIMYECKHUX KOHCTPYKIIUMNA.

Tema 7.1. Opranu3anusi NPOeKTHPOBAHUSNA, OCHOBBI TEXHOJIOTHMHU
U3rOTOBJICHUS

Opzanuzayusa  npoekmuposanus.  [IpoeKTUpPOBaHHE  METALTUYECKUX
KOHCTPYKI[MH OOBIYHO BBITIOJIHAETCS B JIBE€ CTaIUU — HPOEKMHOe 3d0aHue CO

CMGTHO-(i)I/IHaHCOBBIM pacueToM H DCZ60'~£ML7 npoekm — TIIpU BO3MOXHOCTHU

LIIMPOKOTO MCIIOJIB30BAHUSA THUIIOBBIX IIPOCKTOB M THUIIOBBIX PELICHUW HWIIU
IIOBTOPHOTO  MCIIOJB30BAHUS  JKOHOMMYHBIX  IIPOEKTOB  AHAJOIMYHBIX
MPEINPUITUNA, 3TAaHAN U COOPYKEHUMU.

Ilpoexmnoe 3a0anue — UMEET LENBIO BBIABUTH TEXHUYECKYIO BO3MOKHOCTh U
HKOHOMHYECKYIO I1I€JIECO00Pa3HOCTh MPEANOIAraéMoro CTPOUTENbCTBA B JTAHHOM
MECTE€ M B HaMEUEHHBbIE CPOKH, OOECIEYUTh MPABWIbHBIA BHIOOD TUIOIMIAJKH IS
CTPOUTEIBCTBA, MCTOYHUKUA CHAOKEHHUS CBIPbEM, TOIJIMBOM, BOJOW, 3HEpruew,
CTPOMUTEJIBHBIM MATEPUAIOM, a TaKKe YCTAaHOBUTb OCHOBHBIC TEXHUYECKHUE
pELICHUs] TPOEKTUPYEMBIX OOBEKTOB, OOIIYIH0 CTOMMOCTb CTPOUTENbCTBA U
ocHoBHbie TOII. Texuuueckuit mpoekT — pazpabaThiBacTCsi HA OCHOBE MMPOEKTHOTO
3aIaHUs TIPU TPOECKTUPOBAHUM IO TPEM CTaAUAM. TEXHMYECKHUUA NPOEKT COCTOUT
UX TEX JK€ 4aCTel W pa3/eliOB, YTO U IPOEKTHOE 3aJaHue. B HEM yTOUHSIOTCS BCE
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MaTepualibl U JAaHHbIE, NPUHATHIE B NPOEKTHOM 3aJaHuu. Pabouuil MmpoekT —
npeaHa3HavyaeTcsl sl HU3TOTOBJIEHHUS 3JIEMEHTOB KOHCTPYKLMHI (OTHpaBOYHBIX
MapoK), HUX YKPYNHUTEIBbHOH COOpPKH, a TakKe MOHTaXa COOpPYXEHUH U3
YKPYITHEHHBIX U HE YKPYIHEHHBIX OTIPABOYHBIX JIEMEHTOB.

Pabouuii npoekm cmaibHblX KOHCMPYKYUIL COCHOUM U3 08YX YACMElL:

1. Pabouuit npoexm cmaouu KM (KOHCTPYKUMUA METAINIMYECKUE),
COCTaBIIEMBIX Ha OCHOBAHUM YTBEPXKIAEHHOI'O MPOEKTHOTO 3aJaHus IpH
IIPOEKTUPOBAHMMU. B cOCTaB mpoeKTa BXOIAT: KOMIIOHOBOYHBIE CXEMBbI 3JaHUS,
cOOp Harpy3okK, CTaTUYECKHUE PACUETHI U MOJ00p CEUEHU OCHOBHBIX 3JIEMEHTOB U
KOHCTPYKIIMHM, COCTaBJISETCS BEJOMOCTb AJIEMEHTOB, PACCUMTHIBAECTCS CMETa Ha
00BEKT U pa3pabaTbIBaIOTCSI OCHOBHBIEC uepTexu ctaguu KM. Ota cragust npoekra
pa3pabaThIBaeTCs CHEIUATIM3UPOBAHHON MTPOCKTHOM OpraHu3aIue.

2. Pabouuii npoexm cmaouu KMJ] (KOHCTPYKIIMM METALTHYECKUE,
JIETaJTUPOBKA), COCTaBJISIEMbIX Ha ocHoBaHuUM ueprexxkert KM; ueprexxu KMJ]
pa3padaTbIBalOTC KOHCTPYKTOPCKMMM OIOpO 3aBoja-u3rotoBurenda. B cocras
yeptesxkeit KM BXOJAT: MOSCHUTENbHASA 3alMCKa, JaHHBIE O Harpyskax, oOlue
YEpTEKU, CXEMbI PACIIOJIOKEHUS DJIEMEHTOB KOHCTPYKIIMI ¢ TaOiuIlaMu CeYeHUi
3JIEMEHTOB, PACUETHBIE JIUCTBl U YEPTEXKHU HanboJiee BaXKHBIX Y3JI0B KOHCTPYKLHUH,
a Takke pabouue uepTeku (PyHIAMEHTOB C 3aKJIaJHBIMU YacTSIMU M IOJIHAS
cBojHas crenudukanua Metawia 1no npogmisM. CXeMbl  pacHoOKEHUs
AJIIEMEHTOB KOHCTPYKUMN AAKOTCS I KaKJIOM TpyINIbl KOHCTPYKLMM (KOJOHHBI,
NOJKPAHOBbIE OajKy, B3JEMEHThl MOKPBITHUS, (GaxBepka M T.A.). DIJIEMEHTbI
KOHCTPYKIIMM Ha cXeMax Mapkupyrorcsa. Ha Bcex weprexax, A€ yKa3aHbl
pacIojoKeHUe U MapKUPOBKa JieTajell KOHCTPYKIIUH, Jal0TCs TaOJIMIIbl CEUCHHU,
COZEpKalllUe MapKy »dJIEMEHTA, 3CKHW3 CEYEHHUs, COCTAB CEUYEHHUS W YCUJIIUSL.
Pexomenmyembie macmTaObl CXEMAaTHUYECKHX IUJITAHOB W Pa3pe30B OTIETbHBIX
rpynn koHcTpykuuii — 1:200; 1:300; 1:400; momepeunsix paspe3oB — 1:50; 1:75;
1:100; y3no0B — 1:10: 1:15; 1:20.

Crneundukanus crajyd JOJDKHA COAEPXkAaTh: MAapKy CTalH, NMpopuib CTaH,
JUIMHBI, KOJWYECTBO IWITYK, Bec W npumedanus. Ueprexu KMJ cocrosar wus
U300pKEHUN 3aBOJCKUX H3JAEIUNA (OTHPABOYHBIX D3JIEMEHTOB), MO KOTOPHIM
MIPOU3BOJIUTCSI M3TOTOBJIEHHE, U MOHTAXXHBIX CXEM, IO KOTOPBIM MPOU3BOAUTCS
MOHTaX KOHCTPYKLIHM.

B nosicHuTenbHOW  3amMcKe  yKa3bIBAIOTCSA: OOMIasi  XapaKTEepUCTHKA
KOHCTPYKIIMM, a TakK€ BHUIOB 3aBOJCKMX W MOHTAXHBIX COCIMHEHUW, BEC
KOHCTPYKIMH — OOLMH WM MO OTAENbHBIM IpyINIaM (CBapHblE U KIENaHbIE),
BECOBBIE MOKA3aTeIu Ha €AMHUILY TUIOIAIU 00beMa.

JleTannupoBOYHBIN YepTEk BKIIIOUAET B CEOSI:
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1. I'paduueckoe nzoOpaxeHne OTIPaBOYHBIX Mapok B mMacmTabe 1:10; 1:15;
1:20 co Bcemu pasMepamMu U yKa3aHUSIMU, HEOOXOJIUMBIMH JJISI MU3TOTOBJICHUS
KaXXJ0M J1eTanu, COOpPKU OTIPABOYHBIX 3JIEMEHTOB U UX CBAPKHU WM KIICTIKH.

2. T'eomerpuueckyro cxeMy (g pelIeT4aTbIX KOHCTPYyKUMH). 3.
Crnenudukanuoo aetanedl JUisi KakJ0W OTIPaBOYHON MapKu C yKa3aHHEM MapKH
CTaJIH.

4. Tabnuiry OTHpPaBOYHBIX SJEMEHTOB, a TaKke TabmuIly (creruduKaiuio)
3aBOJICKMX CBAPHBIX LIBOB MJIH 3aKJICTIOK.

5. [IpuMeuanusi, Kacaronecs U3roToBieHus: KoHCTpyKuuid. [Ipu paspabotke
JETATUPOBOYHBIX YEPTEKEU CIIEAYyeT CTPEMHUTHCS K YMEHBUICHUIO YMCIia TUIIOB
OTIIPABOYHBIX JIEMEHTOB U JIE€TAJEH KaXJO0r0 3JIEMEHTA, a TAKKE K YMECHBIICHHUIO
qucia IPUMEHsEMBIX COPTOB U Ipoduieil mpoxara.

OcHo6bl mexHo02uU U320MO6ICHUA MEMAIUYECKUX KOHCMPYKYUL.

N3rortosieHue METaNINYECKUX KOHCTPYKLUI BBIIIOJIHAETCS Ha
CHEUUATU3UPOBAHHBIX 3aBOJIAX METAINIOKOHCTPYKIIHIA.

Pabora HauMHaeTcs co ckiajza MeTajuia, rje¢ B COOTBETCTBUU C TEXHUYECKOM
cnenuukanuei Ha 00BbEKT MPOU3BOAAT KOMIUIEKTALMIO MpoduiIeil mpokara.

[IpokaT nmocrasisercs B IeX NOJATOTOBKH, B KOTOPOM M3TOTABIMBAIOT 3aTOTOBKU
JUI KOHCTPYKUMN. 3arOTOBKU AETajeil U JIEMEHTOB M3rOTaBIMBAIOT MO pabounM
yeprexam craguu KM/I.

COopka KOHCTPYKLMHU U3 JAeTajeil BHIIOIHACTCS B 1IeXe COOPKHU, T/Ie C TOMOIIIBIO
CBapHBIX NPHUXBATOK COOMPAIOTCS KOHCTPYKUMHU. I[Tpu HM3roToBieHUH OO0JIBIIOTO
KOJIMYECTBA OJJMHAKOBBIX KOHCTPYKIMH WM MX OTIPABOYHBIX MapoOK, COOMPAIOT
11a0J10H (KOMHpP) KOHCTPYKIIMH, KOTOPBINA B TaJbHEHIIIEM UCIIOJIb3YETCS B KAUECTBE
mabiaoHa 1711 COOPKH TaKMX K€ KOHCTPYKIMH (Ha3bIBalOT cOOpKa MO KOIMHUPY ).

CBapka coOpaHHBIX KOHCTPYKIIUN BBIMOJHSETCS B LIEXE CBAPKH.

[Tpu BBINIOJHEHUU BCEX OMNEpalUil MO MOATOTOBKE, COOpPKE U CBApPKE BEIETCS
THIATEJIbHBIA KOHTPOJb 32 MPAaBWJIBHBIM IPOBEACHUEM BCEX BHJIOB ONEPALMI U
paboT, COOTBETCTBUIO MapoOK CTajei, TUMOB Mpoduiei, KayecTBa COOpKU U
CBapOUHbIX pabOT B cooTBeTCTBUU ¢ uepTexkamu craguu KMJI. ITocne mokpacku B
1eX€e MOKPACKH, KOHCTPYKIIUU MOAAIOTCS Ha CKJIaJ] TOTOBOM MPOAYKIIMH 3aBOJA.

Pa3znen VIIl. BAJKHU, BAJIOYHBIE KOHCTPYKIUMN.

Tema 8.1. KoMnoHnoBka 0a109HbIX KOHCTPYKIIUIA

PaGoune GaiouHbIe TUTOIIAAKU MPOU3BOICTBEHHBIX 3/IaHUN BHITIONHSIIOTCS B

BUJIC CaAMOCTOSITENIbHBIX BCTPOCHHBIX B 3/IaHUE COOPYKEHHH, OMUPAIOMIMXCS Ha

OTJeNbHbIE KOJMOHHBI. [0 KOMOHHAM yCTaHaBIMBAIOT CUCTEMY HECYHIMX OaloK

(6amounyro momanky). Ha OGanku omupaercss CTaIbHOM WM >KeNe300€TOHHBIN
HacTui (pucyHok 8.1).
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Pucynoxk 8.1 TexHomorudeckas rioniajika mpou3BOJCTBEHHOT'O 3/IaHU:

1- xoOoHHBI; 2— cHCTeMa HeCyIHX 0ajloK; 3— HaCTWI; 4— JIECTHHUIIA; S—
orpakJeHne; 6— BepTUKAIbHBIC CBS3H 110 KOJOHHAM.

B 3aBucuMocTH OT pacnoyioKeHusi Oajok OallouHble — IUIOIIAJKH
pa3nensaoTCs Ha TPU OCHOBHBIC THTIA (PUCYHOK 8.2): YIIPOIICHHBINA, HOPMaJbHBIN
yCIOXHEHHBIN. B nepBom Ture 0anouHoi miomaaky (pUCyHOK 8.2,a) Harpys3ka ot
HACTWJIA TEpPEJAeTCsl HEMOCPEICTBEHHO Ha OalK, ONMUpArOUIUMecss Ha CTEHBbI WUJIU
KOJIOHHBI. B Gano4yHoi 1momanke BToporo tuna (pucyHok 8.2,0) 6anku HacTuia
OMHPAIOTCS Ha rJIaBHbIE OaNKH, a T€, B CBOIO OUYepe/Ib, HAa KOJIOHHBI iU CTeHbI. U B
TPEThEM THUIE OATTIOYHOMN TIOMAIAKU (PUCYHOK §.2,B) OalKK HACTUIIA ONUPAIOTCS Ha
BCIIOMOTATEIbHBIC OAJIKU, KOTOPBIE KPETSITCS K TJIaBHBIM Oankam. Jljis 3Toro tumna
OamoYHON TUIOMAJKA Harpy3ka OT HAcTWja TEpenaeTcs Ha Omophl Hawmbosee
JUTHHHBIM Ty TEM.

Kax mpaBuio, 6aiku HaCTWIIA U BCTIOMOTATENIbHBIC OAJKU MPOCKTUPYIOT U3
MPOKATHBIX MpoduieH, a rJIaBHbIe — MOTYT OBbITh KaK MPOKATHBIMU (K3 OOJIBIINUX
npodueit), Tak U COCTaBHBIMU (CBApHBIE WJIH OOJITOBBIE).
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Pucynok 8.2. Tunsl 6an04HbIX TIOLIAA0K
a) — YIpoIleHHast; 0) —HOPMaJbHOTO TUIA; B) —yCJIOKHEHHOTO TUIA;
1 — rmaBHBIC OanKkH; 2 — BCIIOMOTaTeIbHBIC OaJIKU;
3 — Oanku HacTuia; 4 — KOJIOHHBI

OOGbiuHO Oanky HacTWUIa MPOCKTUPYIOT mposieToM a0 8M. Hawubonee
panmoHaNbHBIM TpoduieM sl 0anoK SBISETCS ABYTAaBp, peke Oaaku HaCTHIIA
MPOEKTUPYIOT U3 MIBEIIJIEPOB.

ConpsikeHne 0anok MOXKET ObITh ATAKHOE, B OJHOM YPOBHE M MOHUKEHHOE
(pucyHok 8.3).
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Pucynok 8.3. CxeMmbl conpsikeHU# 0aok:
a) — ATAXKHOE CONPSKEHUE; 0) — CONPSHKEHHE B OJJHOM YPOBHE;
B) — IOHIDKEHHOE COTPsDKEHHE; | — TIIaBHbBIE OaKy;
2 — BcloMorarebHbIe 0anku; 3 — Oajkyu HacTHIIa; 4 — HaCTUII

Pasmep oT HmKHEro mosica riaBHOM OajKy J0 BepXa HACTHIIA HA3BIBACTCS
CTPOUTEIHHOM BBICOTOM MEPEKPHITUS OATTOYHOMN TIIOMIAKH.

CxeMy 0ano4yHOM MIOMAIK OOBIYHO HA3HAYAIOT UCXOJIS U3 PACIIONOKEHUS
TEXHOJIOTUYECKOT0 000PY/I0BaHUS U B 3aBUCMMOCTH OT THIIa HACTHUJIA.

banku HacTuiia B TiaHe PEKOMEHIYETCS pa3MeIllaTh ¢ MOCTOSHHBIM IIaroM
MO JJIMHE MOJAEPKUBAIOIINX UX OaNoK (TJIaBHBIX WJIM BCIOMOTraTenbHbIX). [llar
OaJIOK_HacCTUJIa OMpEeIIeTCsl HeCylel CIIOCOOHOCTBIO U JKECTKOCThIO HACTUIIA U
00bIYHO Ha3zHauaeTcs paBHbIM 0,6...1,6 M mpu ctadbHOM Hactwie u 1,5...3,5 m
IIPU JKEJIe300€TOHHOM HACTHIIE.

TonmuHy CTAIBHOTO U KEJIE300€TOHHOTO MOHOJUTHOIO  HACTUJIOB
ONPENEIIAIOT pacyeToM. B KypCcOBOM MPOEKTE PEKOMEH1yeMasl TOJIILMHA HACTHIIA B
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3aBHCHMOCTH OT IIara OajJioK M BPEMEHHOW IMOJIE3HOH HOPMATHBHOW HArpys3Kd

npuBesieHa B Tabiuinax 1 u 2 npuwioxenust 1.

banku HacTha MOXHO MPOCKTUPOBATh Pa3pe3HbIMH W HEPa3pE3HBIMH.
[Tocnenuss craTuyeckas cxema yJaoOHA IPH ATAKHOM COMNPSHKEHUU Oanok (CM.
puc. 8.3, a).

['maBHble Oanku OPUEHTUPYIOT B HAMNPABICHUHM OOJBIIETO IIara KOJOHH
(MPOAOIBHOTO WM TIOTIEPEYHOT0) U, KaK MPABUIIO, WX MPOSKTUPYIOT Pa3pe3HbIMHU.
[TponeT rmaBHBIX 0agoK MOXKET OBITH 9...18 M. [[ns1 yaoOcTBa epeBo3KU TIIaBHbBIE
Oamku JIeNsAT Ha OTIPABOYHBIC AJIEMEHTHI, KOTOPhIE HAa MOHTaXe OOBEIUHSIOT B
CIMHYI0 KOHCTPYKIIMIO C HCIOJb30BAaHWEM HAKIAAOK HAa CBapKe WU
BBICOKONPOYHBIX OONTAX.

[Ipu ycTaHOBKE TJIaBHBIX OQJIOK Ha KOJOHHBI COOKY BO3MOYKHO pa3MEIICHHE
OaJIOK HACTUJIA 1O OCSIM KOJIOHH (pucyHoK 8.2, 0). [Ipu ycTaHOBKE I1aBHBIX OaloK
Ha KOJOHHBI CBepXy cjeayeT wu30eraTb pa3MenieHus OaJlok HacTHIIa
HETMOCPEICTBEHHO HaJl OMOpaMH TJIaBHBIX Oajok. B 3ToM cirydae Oanku HacTmia
CMEIIAl0T Ha TOJIIara OT OCH KOJIOHHBI WJIM YCTAHABJIMBAIOT CIApPCHHBIC OaIKu
MeHbIIIeH MomHoCTH (pHc. 8.4).

a5 4 3 mzw L3
1A \&//F
|

2~

a a a a

[1/2‘ a’// 2001 1200

Pucynok 18.4. Pazmenienue 6ajiok HacTuja MpU YCTAHOBKE IJIABHBIX OAJIOK
Ha KOJIOHHBI CBEPXY:
a) — CO CMeIlleHneM 0aloK HacTUIIa Ha ToJara; 0) — ¢ UCIOJIb30BaHUEM
CIIapeHHBIX OAJIOK ¢ MEHBIIIEH HeCcyIel CIIOCOOHOCTRIO; 1 — KOJOHHBI; 2 —
riIaBHbIC Oayku; 3 — Oanku HacTuiIa; 4 — CrlapeHHbIC OaJIKH.

HpI/I PaCIOJOKCHNN MOHTAXXHOI'O CTBbIKA I'JIaBHBIX OaJIoK B CCPCANHC HX
IpoJicrta yCTaHOBKa 0aJIoOK HAacTWJIa B OTOM MECTE HE PCKOMCHAYCTCA. I[JIH 9TOr0
o JJIHUHE TJJaBHOM OaJIku IMPUHUMACTCA HCUCTHOC KOJIWMYCCTBO IIAroB OaJIoK
HaCTHIIa.

8.1.1. PacueT npoKaTHbIX HAJIOK.

Pacder Ha mnpouHocTh  Oasok (KpomMe OaqoK ¢ THOKOW CTEHKOW),
U3rubacMpIX B OJHOW M3 TJABHBIX IIOCKOCTEH, CJICYeT BBIMOJHATh B
cootBetcTBUH ¢ 8.2.1 [5] mo popmyiie
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Me, <1
Wn,minfdeC =t (8.1)
raie  Meqd - pacyeTHOE 3HAUYCHHE U3rM0a0IIero MOMEHTA,
Wh min — MUHUMaJIbHBIA MOMEHT CONPOTHUBIICHUS CEUECHUS OaJIKH.

Pa3pesnpie  Oanku, HeCyllMe CTAaTUYECKYI0 Harpy3ky, H3 CTald C
XapaKTEPUCTHYECKMM 3HAYCHHEM npenena Tekydectu fu < 440 H/mm? mis
KOTOPBIX oOecredeHa o01as yCTOMYMBOCTD (CKAThIM MOSIC PACKPEIUIEH KECTKUM
HACTHJIOM), oOecrieueHa MeCTHasi yCTOMYMBOCTh CTEHKHM M IOJIOK U B MECTE, I'lie
JeWcTBYeT Mmax KacaresibHble HampspkeHus twx < 0,9fs, MOKHO paccuuTBIBaTH C

y4eTOM pa3BHTHS IIACTHYECKUX NMedopmanuii o hopmysie (8.2.3 [5]) :

- IpY U3THOE B OJTHOM M3 TJIaBHBIX IIJIOCKOCTEH (Ix > ly)

M
— B <y (8.2)
CXBWxn,minfdec
tne CxWinmin = Wp  — IUIaCTHYECKHUIT MOMEHT COTIPOTUBIICHUSI,
MxEd — 3HaYEHHE PacueTHOTO M3rHOAIOIEr0 MOMEHTA,
Cx — KO3(hUIMEHT mepexona OT YHNPYroro MOMEHTAa COINPOTHUBIECHUS K

TIACTUYECKOMY, TpuHUMatoT 110 Tadnuie E.1 (mpunoxenue E) [5] ;
B — k03 duuMeHT, IPUHUMALOT:
npu t, <05, B=1
npu 0,5f, <7, <0,9f,

4
B = 1. 920 [z ,
oy +0,25 | f
34€Ch o :% — OTHOLICHHUEC IUIOIIaAN CE€UYCHUA I104ACa K IIomaan CECUYCHUA

CTCHKH (V1T HECMMMETPUYHOTO ceueHUs Af — TUIONIaJb MEHBIIIETO
nosica; JuIisl KopoOdaToro ceueHusi Ay — CyMMapHas TUIOIIaIb CCUCHHM
JIBYX CTEHOK);

Ha nepBom stamne pacdera 0ajok HACTHIIA PACUETHBIE YCUIIUS pa3pelIaeTcs
ONPENCIISATh

MEd=QM6, u VEd=aV6;

rae Ms u Vs — COOTBETCTBEHHO OallOYHbIE 3HAUEHUSI MOMEHTA U MOTIEPEUHOM
CHUJIBI;

a = 1,01...1,02 — xo>ddurmeHT, ydnuTHIBAIOMUNA COOCTBEHHBIM BEC
OaJIoK.

[Ipu pacuere Oanmok HAcTUIa U BTOPOCTENEHHBIX OajJOK TpeOyemblii MOMEHT
COIIPOTHBIIEHUS] COOTBETCTBEHHO  OINPEAEIAIOT 1o hopmysie:

IpHU yIpyroi craauu pabotel Matepuana Wi.q = Mgy/( fyaYe)
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npu pabote B miactudeckoit cramuu  Wyeqr = Mga/(Ce1Bfya¥e), THE Cyq

MOYKHO TPHUHSTH B IIEPBOM NMPUOIMKEHUN C,q —1,12.

[To 3naueHnt0 Wheal. U3 COpTaMEeHTa B COOTBETCTBUU C MPUHATHIM CEUCHHEM
(IByTaBp, MIBEJUIEP | JIP.) BHIOUPAIOT OJIM3NIEKAIINI HOMEP TPOPIIsL, Y KOTOPOTO
Wh,min > Whear , 31€ch  Wh min — MOMEHT CONPOTUBJICHUS CEUCHUSI HETTO, MPUHSTHIN
110 COPTAMEHTY.

[TpyHMMAas BO BHUMaHUE, YTO MPHU ONPEICICHUN PACUCTHBIX YCHINN Harpy3Ka
OT COOCTBEHHOr0 Beca OalKd NpPUHUMAACh NPUOIMKEHHO WM BOOOIIE HE
YYHUTHIBAJIACh, CIICAYCT BBIMOJIHUTh KOPPEKTUPOBKY HArPYy3KH C YYETOM
COOCTBEHHOr0 Beca Oanku (B COPTaMEHTE JaeTCs BEC OJHOTO MOTOHHOTO METpa
npoduis) U YTOUHUTHh pacyeTHbIC 3HAUCHUS JCUCTBYOMMX ycwinii Meq u Veq .
YrounstoT ko3 dunueHT «cx» 1o tabnuue E.1 (mpunoxenue E) [5] u mposepsitor
MIPOYHOCTh MPUHATOTO ceueHus Oanku Ha u3rud mo ¢popmyiam 8.1 mwim 8.2.

Ilpounocms npoxammuvix 6anok na coeuz B coorBerctBuu ¢ 8.2.1 [5]
BBITIOJTHACTCS T10 cleayromei popmyse:
Yer® g (8.3)
It fsve
rae Ved- pacyeTHOE 3HaYCHHE MOMEPEUYHON CUJTBI;
S - craTrueckuit MOMEHT CIIBUTA€MOM YacTH CEYCHUS OPYTTO OTHOCHUTEIBHO
HEUTPAIbHOU OCH;
| - MOMEHT MHEepLHUH MONEPEUYHOTO CEUCHHUS;
tw - TOJILIMHA CTEHKH.
CeueHue 0anok cuMTaeTcs MNOJO0OPAHHBIM YIOBIETBOPUTENIBHO, ECIH
OTHOLIeHUE ycunui o gpopmysie 8.1 unu 8.2 u 8.3 muHuManbHO 01mu3Ko K 1,0.
Ilposepka scecmkocmu 0anoK BBITIONHAETCS Ha XapaKTEPUCTUUYECKUE
Harpy3KH.
[TporuGel  Ganku HE  JOJDKHBI — MPEBBIIATH  NPENETbHBIX  3HAUYCHHI
YCTAaHOBJICHHBIX ~ HOpPMaMH  TpoekTupoBanus. Jlns  paspesHoit  Oankw,
3arpy’>keHHOM PaBHOMEPHO PpACTPEJEICHHOW Harpy3kou, MNporud MOMXKHO
OTIPENICHUTH 10 HOopMyJTIe

fmax = M <fu, (84)
384EJ

rae  (n—xapakTepucTHyecKas Harpyska,

| — mposner Oaskwy;

fu — mpenenpHOE 3HAUCHKE MTPOruba, MPUHUMAEMOE B COOTBETCTBHH C
18 [5].

Ecnu mpoBepka Ha KECTKOCTh HE BBIMOJHSIETCS, HEOOXOAUMO YBEIUYUTH
CeUeHHe OAJTKA U CHOBA OMPEICITHATD fmax .

Pacuem oowenr ycmointuueocmu npokamuwviX 0anok. BbINOTHAIOT B
coorBercTBuU ¢ 8.4[5]. TlpoBepka oOriel yCTOWYMBOCTH OaJIoK HE Tpedyercs,
€CJIM BBITIOJIHSIETCS] OJTHO U3 CJIEIYIOLIUX YCIOBHIA:

155



1) npu nepenaye Harpy3Ku 4epe3 CIUIOUIHOM KECTKUN HACTHII, HEPEPBIBHO
ONMUPAIOIIMICS Ha CXaTbld MOAC Oalku M HENPEPHIBHO C HUM CBSI3aHHBIN
(>kes1e300€ TOHHBIE IUTUTHI WU CTAIbHON HACTHUI);

2) eclii OTHOIICHHWE PACUCTHOW JUIMHBI Oanku le¢ M3 MIOCKOCTH JeHCTBHUS
Harpy3ku (WU JJIMHBI ydacTKa Oallkiu MEXIy CBSA3SMH) K IIMPUHE CKATOTO Mosica
bt He mpeBbImacT mpeaesibHO A0MycTUMBIX 3HaueHHH (lef/ Dof), ompenenseMbix mo
dbopmynnam Tadauier 12 [5].

Ecnu 5t TpeGoBaHus HE BBITOJIHAIOTCS, TO MMPOBEPKY OOIIEH YCTOHYMBOCTH
0aI0K HEOOXOAMMO BECTH B cooTBeTCTBHH € 8.4.2 [5].

IIpoBepka MECTHOM yCTOMYHMBOCTH IOSICOB M CTEHKH IMPOKATHBIX OAJIOK HE
TpebyeTcs, T.K. OHa 0OecTieueHa UX TOJMIIMHAMU, IPUHITHIMUA B COPTAMEHTE.

Tema 8.2. IIpoekTHpOBaHME COCTABHBIX 0AJIOK
8.2.1. Ilondop ceueHus: coctaBHoil Oanku. B Oamounoil momanke
TJIaBHBIE OaKu, KaK MPaBUIIO0, TPOSKTUPYIOT U3 COCTABHBIX CBAPHBIX JABYTAaBPOB
CUMMETPUYHOTO ceYeHUs (PUCYHOK 8.5), pexe — HECHMMETPUYHOTO CEUCHHSI.
Jlist PJKOHOMHUH MaTepHaja B COCTaBHBIX OajKaxX M3MEHSIOT CeYeHHUE MO JUIMHE B
COOTBETCTBUHM C JMIOPON M3THOAIONIMX MOMEHTOB. B 3TOoM ciydae ympyro-
IlacTudeckas pabora maTepuaia He JOIMyCTHMA.

ho
x
x
h

tr

Pucynok 8.5. Ceuenue cocTaBHOW CBapHOM OANKH.

Onpeodenenue Hazpy3oK u pacyemHsviX yCUIUl.
[Ipu onpenenennn Harpy30K Ha TIaBHYIO OalKy HEOOXOUMO YUYUTHIBAThH
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HArpy3Kd OT MOKPBITHS, TUII 0aJOYHOMN IUIONIAJKU, KOHCTPYKIIMIO CONPSIKEHUS
Oamok HacTwia (3TaKHOE WJIM B OJHOM YpOBHE) ¢ TriaBHOW. Harpysky or
COOCTBEHHOIO Beca IJIaBHBIX OajJOK Ha TMEpBOM JTale€ YYHUTHIBAIOT
IpUOJIMKEHHO IMyTEM YBEIMUYECHUSI ONTOPHBIX peakiuil 6anok Hactuia Ha 2...5 %
B 3aBUCUMOCTH OT 3HAa4Y€HUs HArpy3Kd M TMposieta riaBHoW Oanku. [lpu
KOJIMYECTBE OaJIOK HACTWIAa n > 5 OMOpHBIE peakluu 3TUX OaJOK MOTYT OBITh
3aMEHEHBI YKBUBAJIEHTHOW PABHOMEPHO PACIPEAEIEHHON HArPY3KOM
Qore = (1,02...1,05) Feq/ a,

rae Fed — onopHoe naBienue AByX 0ajgoK HACTUIIA;
a — mar 6aJIoK HacTuia (PacCTOSHUE MEXIY COCPETOTOUCHHBIMU CHIIAMHU ).

Pacuernpiii  um3rubarommii  MOMEHT MNpH  JCHCTBUM  PaBHOMEPHO
pacrmpeneneHHOl Harpy3ku Ha Oaiky B cepeArHe IpoJjeTa U MomepeyHas cuiia
Ha orope OyAyT paBHBI

2 I

Meq = % ; 1 VEd = qy%, (8.5.)

riae | — nposeT riaaBHO# OanKkw.

Onpeoenenue evicomol 6anku. IIpoekTUpOBaHNE COCTABHBIX OATOK OOBIYHO
BEJIyT B J[BA dTara:
1) KOMIIOHOBKA ¥ MTOI00P CEYCHUS OAITKH;
2) mpoBepKa MPOYHOCTH, JKECTKOCTH M YCTOWYMBOCTH OQJIKM B IICJIOM H €€
AJIEMEHTOB.

[TonGop cedenust Oalky HAYMHAIOT C OMNpEACNICHUS €€ MUHUMAaIbHOU
BBICOTBI (N min), IpH KOTOpOI OHa OyJET yIOBJICTBOPATH 3aJIaHHBIM YCIOBHUSIM
KECTKOCTU. JIJI1 OJHOMPOJIETHON WIAPHUPHO OMEPTOM IO KOHIAM OajKu
MOCTOSAHHOM ECTKOCTH, HArpy>KEHHOW PaBHOMEPHO PaCHpPEACICHHONW MO BCEMY
MpOJIETY HArpy3KOi, MUHUMAaJIbHas BLICOTA CEUCHHS OMpeeseTcs o popmyJie

5 fyal® (Gr+pi)
Rmin = —> , (8.6)
24E fu(g+p)
rae gk, Pk— COOTBETCTBEHHO XapPAKTEPUCTUUECKOE 3HAUCHUE IOCTOSIHHOU U
BPEMEHHOW HArpy3KHu; g, P - COOTBETCTBEHHO PACUETHBIE HATPY3KHU;

f. — HOpMUpyeMoe TpeieTbHOe 3HaYCHUE MPOornda OANKU (JUIs TIIaBHOW OaJIKH,
yame Bcero, f, =1/400 I.

3areM OnpeesIFOT ONTUMAIbHYIO BBICOTY ceueHus Oanku (Nopt) U3 ycmoBus
MHUHHMAJIBHOTO pacxoaa Matepuana. Kak mpaBuiio, ONTUMalIbHOE CEYCHHE Oallku
10 PacxoJy MeTala UMEET MECTO, KOTJa IUIONIAJU CCUCHHH IMOSICOB M CTCHKH
paBHBI MEKIY COOOM.
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OnTuMaabHYIO BBICOTY CEUCHHS OATKH MOXKHO OINPEACIUTH 1Mo hopMyIie

hopt: K {V% . (87)

— TpeOyeMblii MOMEHT COMPOTUBIICHUS OAJIKU;

— Mgq
rae Weaie. =
fyave

k=1,15 — qs 6anKku MOCTOSHHOTIO 110 JUIMHE CEYCHUS;
k=1,1— msg Gajaky MepEeMECHHOTO CCUCHHMS.
tw - TOJIIIIMHA CTCHKHU MPEBAPUTEIHEHO MOYKHO OTIPEICIIUTh 110
AMIUPUYECKON PopMmyiie :

- 3h
tw=7+ m(MM) (8.8)

IJI€ BBICOTY OaJIKd MOYKHO IIPUHSTH
h=(1/8...1/12)l (M) — nns1 pa3pe3HbIX OAIOK ;
h=(1/14...1/20)l (M) — 1t Hepa3pe3HBIX.
PexkoMeHyeMast TONIMHA CTCHKH B 3aBUCHMOCTH OT BBICOTHI OalIkKM MpUBEICHA
B TaOymmne 8.1.

Tabnuna 8.1. PexomeHayemble TOMIUHBI CTEHOK COCTAaBHBIX 0alOK M MX

THOKOCTH
h,m <l 1,5 2,0 3,0
tw, MM 8...10 10...12 12...14 16...18
Jw =h/tw 100..125 125...150 145...165 165...185

Kpome Toro, BwicoTa ceueHusi Oamku AOHKHA OBITh HE 00JIE€ CTPOUTEIHHOM
BBICOTBI TTEPEKPBITUS (Nemp), HA3HAYACMOW U3 YCIIOBUN KOMITOHOBKHU 3JIaHUS, U HE
OoJiee TPaHCIIOPTHOTO radapuTa 1mo BeIcOTe hyp < 3,85M.

Haubonee nenecoobpa3Ho MpUHUMATh BBHICOTY OalKy ONM3KOW K ONTHUMAIbHOM
BbICOTE Nopt ¥ He MeHbIIEH Nmin, yCTAHOBICHHOMN M3 YCIOBHS JIOIMYCTUMOTO MPOruoda
Oanku. EctecTBeHHO, UTO BO BCEX CIIydasX MPHUHSATAs BHICOTA OAJIKU JOJIKHA OBIThH
HE BBIIIIE 33/IaHHON CTPOUTEIHLHOMN BBICOTHI MEPEKPHITHSI.

Pexomenmyercst Takke BBICOTY CTEHKH OaJKu Ha3HA4aTh C YYETOM COpPTaMEHTa
Ha JUCTOBOM mpokaT. Eciam BeICOTa MOJOOPAaHHOTO 3HAYCHHSI OTIMYACTCS OT
pa3MepoB JUCTOB MPOKATa, CIeyeT Ha3HaYaTh BBICOTY COCTABHOW Oalku KpaTHOU
50 MM nipu h <1 ™M u kpatHoii 100 mm —ipu h >1 M.

Onpeodenenue monwunst cmenku. llociie Ha3HAYECHWS BBICOTHI OaJKH
OTIPEJICIIAIOT TOJIIUHY CTCHKH. MUHHUMAIBHYIO TOJIIUHY CTCHKH OIPEACIISIOT
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UCXONll W3 YCIOBHA pabOThl €e Ha cpe3, B COOTBETCTBHH C COPTAMEHTOM Ha
IPOKAT.

[IpenBapuTebHO BBICOTY CTEHKU MPUHUMAIOT (pHC, &.5).
hw=h—(2...6) cm uau hy=(0,95...0,98) h,

rae h — BeIcOTa ceueHus OaKH.

OmnpenensioT TONIMHY CTEHKU U3 YCIOBHs ee paboThl Ha cpes

R VEd
tw.mln k hwfs)/c ’ (89)
rae k' = 1,2 — npu pabore Ha cpe3 BCEro ABYTaBPOBOIO CCUEHUS, IPH

ONMMpaHuM OAJIKU Ha KOJIOHHY CBEpXY IO THUITY, PUBEICHHOMY Ha pucyHke 8.13,
0;

k' = 1,5 — npu pabote Ha cpe3 TOJIBKO CTCHKH Oanku (0e3 ydeTa TOsCOoB),
KOTJIa OIMpaHne CBapHO OaJKy Ha KOJOHHY BBITIOJMHSETCS Yepe3 OMmopHoe pedpo,
MpUBApPEHHOE K TOPITY OalKu, MO TUITY, MPUBEICHHOMY Ha pucyHke 8.13, a, B;

VEd— MakcuMasbHasl monepeyHas Cuiia s OaKH.

Ecnu Tommmuaa twmin OyneTr oTinyaTbesl Oojiee yeM Ha 2 MM OT paHee
npunaToii mo dopmyne (8.8) mus onpenenenus hop, TOrma cieayer Ha3HAYUTH
TOJIIUHY CTEHKH tw= tw.min B 3aT€M OTKOPPEKTHPOBATH 3HAUYEHUS hopt 11 .

TonmuHy CTEHKM W3 yCIOBUS OOECIEYCHHS] MECTHOM YCTOWMYMBOCTU 0Oe€3
JIOTIOTHUTEIBHON TMOCTAHOBKH MPOAOIBHBIX pebdep KECTKOCTH OMPEIENSIOT TI0

dbopmyie
hw /f_yd
== =, (8.10)

OxoHYATENbHYIO TONIUHY CTEHKH {w IPUHUMAIOT U3 TOJIIUH, TOJTYYEHHBIX
o ¢opmymam (8.9) u (8.10), u yBsI3bIBAIOT C COPTAMEHTOM Ha JIICTOBOW MPOKAT .

OOBIYHO MUHUMAJIBHYIO TOJIIMHY CTEHKHM MPHUHUMAIOT ly HE MeHee 8§ MM
(oueHb penko 6MM) U Ha3HAYAIOT MIPH TOJIIMHE JIUCTOB 10 12 MM KpatHO# 1 MM, a
npu 6ombieit TonmHe (10 20 MM) — kpatHO# 2 MM. CTeHKH TOIIMHON Oonee 14
MM MPOEKTUPYIOT CPABHUTEIHHO PEAKO — KaK MPABHIIO, B 0anKax BBICOTO Ooee
2 M 1 ipu oTHOIICHUH Nopt / tw= 160...220.

Iloobop ceuenusn noscos. llocne Ha3HAUEHUS BBICOTHI CTEHKU MEPEXOIAT K
pacueTy pa3MepoB CEUCHUS TOSICOB.

B cBapHbpIX Oankax mosica OOBIYHO TPUHUMAIOT W3 OJUHOYHBIX JIUCTOB
YHHUBEpCaIbHOU cTanu. M3 ycrmoBus cBaprBaeMOCTH TOJIIUHY IMOSICOB HA3HAYAIOT
He 6oree 2...3 TonuuH cteHkH (tf < 3 tw ). [[puMeHeHne MosCHBIX TUCTOB C
tr > 30 MM HepalMOHaJIbHO, TaK Kak B ATOM CIIy4ae CHHXKAETCA pacueTHOe
3HA4YCHHE TMpeieia TeKYYECTH CTalH.

[IIupuHy mosica cocTaBHOW OaJK¥ MPUHUMAIOT OOBIYHO B mpexaenax bf =
(1/3...1/5) -h , Ho He menee 180 mm (br > 180 mm). ITpu br /h > 1/3 cymecrBenHo
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IPOSIBIISIETCS. HEPABHOMEPHOCTh HANPSHKEHHUH 110 MIMPHHE 1osica, a pu by /h < 1/5
Majia 60KOBast KECTKOCTh MOsICa OAJIKH. [TosToMy 1m0  KOHCTPYKTHBHBIM
cooOpaxkeHUsIM MmUpHHY Tosca b < 180 mm mimu br < h/ 10 nmpunumars He
CIIe/TyeT.

[Togbop cedyeHUs: MOSICOB COCTABHBIX OATOK MPOHM3BOAMTCS B CICIYIOLICM

HOpsIKE:
1) OTIpEJICISIETCS MOMEHT MHEPIIUU CTEHKH
I cate = wh (8.11)
12
rae hw = (0,96...0,98) h — npuHUMAaIOT TIpEeIBAPUTEIHHO.
2) MOMEHT WHEPIIUU MOSICOB
J f calc — Jeale — J w ,cacl (8-12)

rie Jeal = W cale - h/ 2 — TpeOyeMblit MOMEHT MHEPIIUH BCETO CEUCHUS OAIKH;
3) ompenensIoT IUIOIIAAb CCUYCHHS OJHOW IOJIKH, YYHMTHIBAs, YTO MOMECHT

hw + 0,5 ( h — hy)

nHepimu nonok J 1= 24 t(ho/2)?, tae ho
2]

f calc ’ (813)

At cale = 2
hy

. 1
4) 3a1aBIIVChH NTUPUHOMN TOJKHU Df = n h, onpenensoT TpedyeMyr0 TOIIUHY

TIOJIOK
ttcale > At calc / br. (8.14)

OxoHYaTenbHO pa3Mepsl T+ U Df yBSA3BIBAIOT ¢ COpTaMEHTOM Ha JIMCTOBOM
npokar. Iupuny monku Dt pekoMeHayeTcs NpUHUMATh KpaTHoi 10 MM Tak,
qTOOBI (haKTHYECKas TIJIOMIA b IMOJOK ObllIa HE MEHEe PacyeTHOM:

At =bi-tr >4+ calc.

[Mpu HaszHaveHuw pasmepoB t ¢ u Df cxkaroro mosica HEOOXOIUMO, YTOOBI
cOOJII0IaTIOCh YCJIOBHE O0ECIEYeHUs] MECTHOM YCTOMYMBOCTH CBeca IOJKH, a
UMEHHO

ber /tr< 05 =,
f yd
rae b.s=0,5(bf — tw).

JIJ1st pacTsiHYyTOTO MOsica OaNKK HE PEKOMEHIYETCsl TPUHUMATh IITUPUHY
br > 30tr u3 ycioBHS pPaBHOMEPHOTO PaCHpEICIICHUs HAMPSHKCHUH 1O IMHPUHE
nosica.

Ilposepka npounocmu é6anku.  Ilocne Ha3HAYCHUS Pa3MEPOB AIIEMEHTOB
cedeHHs OAJKH BBIMOITHSIIOT €€ TTIOBEPOYHBIA pacyer.

1). IlpoBepka nmpodyHOCTH OaIOK HA M3rKHO, pabOTAIOIMIUX B YIIPYTrOH CTaIuu
OTHOCHUTEJILHO OCH X-X, IPOU3BOIUTCS TTO (opMyIIe

— Mra 4 (8.15)

WnminfyaVe
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rie  Med= Mmax— MaKCUMaJIbHBINA M3TrHOAIONTNIT MOMEHT OT BHEIITHEH HArpy3KH C
YUETOM YK€ pakmuueckoeo eeca Oanku, ONPEAEIIIeMOro o IPUHITOMY €€

CEUEHUIO;

2]
Win min = TX — MOMEHT COIIPOTHUBJICHHSI CEUCHUS OaJIKU;

t, h3 h

\]X: V;-2W+2bftf[

w+tf

2
] — MOMCHT MHCPIUHN CCUHCHUA 6aJ'IKI/I,

hw = h — 2t — BeICOTa CTeHKH OaJIKH.

OtHomenue BeaudyuH no ¢opmysie (8.15) momkHO OBITh KaK MOXKHO OJIHXKe
K €TUHUIIE, TIPEBBIIIEHUE — HE JTOTTYCKAEeTCSl.

Ecnu 3Tu ycrnoBus He BBITIOJIHSIOTCS, TO HEOOXOAMMO TMOIKOPPEKTUPOBATH
ceueHne Oamku. OOBIYHO 3TO JOCTUTACTCS M3MEHEHHEM pa3Mepa IMIUPHUHBI MTOJTKA
bt.

2). IIpoBepka KacaTCIIbHBIX HAIPSIKEHUN TPOU3BOJIUTCS I CEUCHHUS C
nonepedHoi cuoit Veq = Vmax . Kak npaBuio, 370 OTHOCUTCS K C€YEHUSAM OaJioK B
IPUONOPHBIX 30HaX. I[IpoBepka MPOYHOCTM TO KacaTelbHBIM HAIPSHKEHUSIM
BBITIOJIHAETCS 110 (hOpMyJIe

VEaSx o q, (8.16)

ILetwfsve
rae Sx = br tr (hw + tr) /2 + twhuw?/8 — cratuueckuii MOMEHT IOIyceueHUs GaIKK

OTHOCHUTEILHO HEUTPaIbHOM OCH (OCh X-X).

Jlist 0anok mepeMEeHHOro CeYeHHs MPOBEpPKa MPOYHOCTH MO KacaTelbHBIM
HanpsokeHusIM 1o popmyse (8.16) BBIMONHSAETCS TOCTE pacdyeTa Mo M3MEHEHHUIO
ceueHust OaJIKHU 110 JJINHE.

3). IIpoBepka sxecTKOCTH Oanku TpedyeTrcss TOJIBKO TOTrja, KOorja cama
BBICOTA CEUCHUS OATKH MEHbIIIE MUHUMATBHOH (N < Nmin).

8.2.2. U3MeHeHHe ceueHUs 0AJIKM 110 JAJMHE MpoJieTa.
Ceuenne O6aJIOK MOJOUPAIOT MO MaKCUMaJIbHOMY MOMEHTY. biuxke k omnope

MOMEHTBl YMEHBIIAIOTCA W JJIs pa3pe3HbIX Oanok paBHbl Hymto. lloatomy st
PKOHOMHMM MaTepuajia BBIMOJHSAIOT W3MEHeHue ceueHust Oanku. Teopermyecku
caMOil OSKOHOMHUYHOM IO pacxoqy MeTajula ABiseTcs Oajka, MOMEHTHI
COTPOTHUBJICHUSI CEUCHUN KOTOPOH TMOBTOPSIOT OYEPTAHHE SIIOPHI M3TUOAIOIINX
MOMEHTOB.

B pa3pessbix cBapHbIX Oangkax MCHOJB3YIOT OOBIYHO JIBa BapUaHTa
U3MEHEHUSI CEUEHHIl: 3a CYET M3MEHEHHUS IIUPHUHBI IMOSCAa WU BBICOTHI CTEHKU
(pucynok 8.6 a, 0). B Oankax mposietom 10 30 M OOBIYHO BBINOJIHAIOT OJHO
U3MEHEHHE ceueHus (110 OJJHY CTOPOHY OT OCH CUMMETPHH OaJIKU IO JJIMHE).

HaunbGonee >x0oHOMHYHBIMU OajkaMHM MO Pacxoiy MaTepuayia MOryT ObITbh
CEUYCHUs, IOJTyYeHHbIC TIPU HEMPEPHIBHOM N3MEHEHUHU MIMPUHBI MOSICOB OaJIKH
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Pucynox 8.6.. I3mMenenus ceuenuii 6anok:
a) — U3BMEHEHHE IIUPUHBI MOJ0K; 0) — I3MEHEHUE BHICOTHI CTEHKH;
B) — HETIPEPHIBHOE M3MEHEHUE IIIUPUHBI MOSCOB.

(pucyHok 8.6, B). OnHaKo W B 3TOM CIly4ya€ yBEJIWYMBAIOTCS TPYyAO3aTpaThl Ha
u3roToBiieHue. Takol BUJ M3MEHEHHsI CEUCHUS 0aI0K MCTIONb3YETCs PEIKO.

Kak mpaBuio, u3MeHeHHE ceueHUs OaldKd BBIMIOJHIIOT HW3MEHEHHEM
MIMPUHBI Tosica Ha paccrosHuu x =(1/5...1/6) or omopsl (pucyHok 8.6, a).
[{enecooOpa3HO TOMIHUHY TOJIKK OCTABIIATH 0€3 H3MEHECHUS U YMEHBIIATh MIUPUHY
nosiku. [Ipu paBHOMEpPHO pacmpeeieHHON Harpy3Ke (| m3rubarommii MOMEHT M1 B
MeCTe U3MEHEHUS CEUEHUSI Ha PACCTOSIHUU X OT OIOPHI onpeensercs no Gopmye

M1 =q - x(l -x)/2. (8.17)

[TosicHble TUCTBHI B MECTE€ U3MEHEHHUSI CEUCHUSI MOKHO BapUTh MPSMBIM IIIBOM
BCTBHIK (PUCYHOK 8.7, a) Ui ¢ TPUMEHEHUEM KOCOro IBa (pUCYHOK 8.7, 0).

Ecnu cThikoBaTh pacTSHYTHIA MOSIC MPSMBIM IIBOM C BBIBOJIOM Haudajia U
KOHIIA I1IBa Ha TEXHOJOTMYECKUE TUIAHKU C NMPUMEHEHUEM (DU3UYECKUX METOOB
KOHTPOJISI UJIM K€ BBIIOJIHATH KOCOM (PaBHOIMPOUHBIN) CTHIK, TO MIPU ONPEIACICHUN
TpeOyeMOoro MOMEHTa COMPOTHUBIICHHS OAJKH B MECTE M3MEHEHUS CEUEHUS CIEAYyeT
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UCIIOJIb30BaTh PACUCTHOE 3HAUCHHE MPOYHOCTH CTHIKOBOro mmBa fuy = fyg. B
napyrux ciydasx fwy = 0,85 fya.
JInst CKaThIX CTHIKOBBIX IBOB fwy = fyg HE3aBHCHMMO OT METOZOB KOHTPOJIS

II1Ba.
ul 8 ]
Beibadrbie naakk /J/
%\Lnocne chapku cpesamre) 1 E—, /f s
o = j—
_ N _
= A T I 7 Z 0
T A ~——
~ \‘_‘1:-‘

R
(CmeikoBog wnb o pusi—eckami~~ T

MenodaML KOHTPOAR

Pucynok 8.7. KoHCTpyKIHMsI CThIKa HUKHETO 1O0sica (pacTSIHYTOIO):
a) — C IPSIMBIM LIBOM IIPU MPUMEHEHUH (PU3NYECKUX METOI0B KOHTPOJIA (C
BBIBOJIOM KOHILIOB I1IBa Ha BBIBOJIHBIE IJIAHKH); 0) — C KOCBIM PaBHOIIPOYHBIM
IIBOM.

TpeOyemblii MOMEHT CONPOTHUBIICHHS Oadkh B MECTE H3MCHCHHS CCUCHHS
MOKHO OIIPEJICTUTH 10 (hopMyIie

Weaic1 = fﬁlyc (8.18)

Hanee ompenensitor  TpeOyemyro IUIONIaAb MOsACa B MECTE€ H3MEHEHUS
ceyeHus

: h t,-h
/A\f,(:al(;:2|:\/\/c - — 12hN:|/(hW+tf)2

alc,1 2
Torz[a IIpHUHA 1mosAca B MCCTC UIBMCHCHHA CCUCHUA 6y):[eT paBHa
A ca
bra = —==. (8.19)

f

[Ipy oOkOHYATETHLHOM HA3HAYEHUW INMHUPUHBI TMOsiICAa HEOOXOAMMO, UYTOOBI

COOJIOAANUCH CIIEAYIONINE TEXHOJIOTUYECKNE M KOHCTPYKTHBHBIC YCIIOBHS:
br1>0,5bf; b1>0,1h u bri> 180 mm.

[To GonbleMy U3 HUX Ha3HAYAIOT MUPUHY MoJku Dr1. Eciu mupuna nosica
bt1, moacunrannas mo Gopmyie (8.19), okazanach 3HAYUTEIILHO MEHBIIIE
HA3HAYEHHOM, PEKOMEH IyETCS TI0 33JaHHON MTUPHUHE MOsCa YTOUHUTH MECTO
U3MEHEHHS CEUCHUS OaJIKU.

MecTo u3MeHeHu s ceueHus ONPEIEISETCS U3 YCIOBHS paBeHCTBA HECYIIEH
CHOCOOHOCTH OalKé B 3TOM MECTE BHEIIHEMY u3rudaromemy momeHty M' = M,

rne  M' =Wy fuwy'yc — Hecymas cnocoOHOCTH OaTKM U3MEHEHHOTO
CCUCHUS;

Wjy,1 — MOMEHT CONPOTUBJICHUS OATKU C ITMPUHON TOJKH Df 1;

M1 = gX(€ —X)/2 — u3rubaronuii MOMEHT B MECTE U3MEHCHUS CCUCHHUS OT

BHEIIHEH HArpy3KH.
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PemuB kBagpaTHOE ypaBHEHHUE, ONPEACIISIIOT X1 U X2 — PACCTOSIHUS OT OHOPbI
JI0 MECT U3MEHCHUS CEUCHUS

l 12 2M
X12=>+ /— -
2 4 q

Pacuem npounocmu cmeHKu 6 Mmecme U3MEHEHUA CeYeHUA OanKu
BBITIOJIHSAIOT 110 MPUBEICHHBIM HAIMPSDIKEHUSM, TaK KaK B 3TOM MECTE JCHCTBYIOT
OO0JIbIIFE HOPMATbHBIC HAIPSKEHUST OT M3THOAIOIIEr0 MOMEHTA U U KacaTelbHbIe
HanpspkeHus: (pucyHok 8.8). HambGosnee HeOmaronmpusiTHBIM SIBISETCS CEUEHUE
CTEHKH B YPOBHE MOSCHBIX IIIBOB B MECTE COSTUHEHUS TTOJIOK CO CTCHKOM.

| |
rrryrererrrr e

T max

= <

PR TR SR TN N W A R W

W .. -

Pucynox 8.8. HanpsixkeHHOE COCTOSIHME CTEHKH.

[IpoBepKy NPOYHOCTH CTEHKH MO MPUBEACHHBIM HAMpsKEeHUsIM (cM. 3.2.2,
dbopmyay (3.11)) BemMoOTHAIOT MO HopmyJie

Oef = \/512 +3712 < 1,15fyd Ve, (8-20)

Ml'hW Vlsfl
<f " T1= = <fsyc;
Wx,l‘h = Je ! Ix,ltw =Ts e

rac o1—

rne Mi u Vi— COOTBETCTBEHHO M3THMOAIOIINI MOMEHT U MOTIEpEeYHas Cuja B
MECTE U3MEHEHUS CEUCHUSI;

e (L

St1 = b1 - tr(hw + tw)/2 — cTaTHYECKUIt MOMEHT TIOJIKH B H3MEHEHHOM

CECUCHUMH;

3

t -h h, +t
Jx,l W12W+2bf,1'tf[ vt

2
J — MOMCHT MHCPIMU U3MCHCHHOT'O CCUCHMU .

Pacuem npounocmu cmenku no KacameaibHoIM HARPAIHCEHUAM
BBIIIOJIHAIOT Y ONOPBI, I/I€ JEHCTBYET MaKCUMaJIbHAsl ornepevHas cuia V gd

Yed P o q, (8.21)

Lei twfsve
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rae Sx = Sxi1=bra- tr(hw + tw)/2 + twhw?/8 — craTuueckuii MOMEHT MOTyCEUeHUS
OaJIku (B I3MEHEHHOM CEUCHUS OaJIKN).

Pacuem sycecmkocmu 0anok OTHOCUTCS KO BTOPOM Tpynne NpeeibHbIX
cocTosiHUi. Pacuer BeayT Ha XapakTepUCTHUYECKUE HArpy3Ku. JJsi rinaBHBIX Oalok
NOCTOSIHHOTO TIO0 JJIMHE CEYEHHUs MPU PABHOMEPHO paCHpeleNIeHHON Harpyske
MIPOBEPKY KECTKOCTU MOXKHO BBITIOJIHATH 10 opmyre 8.4,

Jlnst Gajok MEepEeMEHHOrO0 CEYEHUsS M3-32 YMEHBILIEHHUS CEYEHUS Yy OIOpHI
MOCPEJICTBOM YMEHBIIIEHUS MIUPUHBI TOsiCA CHUYXKAETCS O0IIas yCTOWYHUBOCTH
0aJlOK ¥ yBEIMYMUBAIOTCSA MPOTUOBI. Tak NIl OJMHOMPOJETHOW Oajaku, MApHUPHO
ONEPTOM MpPU PABHOMEPHO pPACHpPEICICHHON Harpy3ke IO BCEMY IMpOJIETy U
U3MEHEHUU ceueHus Ha paccTossHud (1/6)] oT omopsl, IPOBEPKY KECTKOCTH MOKHO
BBITIOJTHUTB 110 hopMyJIe

max = l.Qn|4( Do 257} < fu, (8.22)
EJ,, EJ,

54 384

rae Jx u Jx,1 — MOMEHTBI HHEPIIMH ITOJTHOTO M H3MEHEHHOTO CEUCHUI OaITKH;
tu— npenenbHOE 3HAaYCHHE MTPOruoda, npuauMaemoe mo 18 [5].

8.2.3. IlpoBepka o61eii ycTOMYMBOCTH 010K COCTABHOIO CeYeHHUSI.
Qo6wyio ycmoudusocms 0an10K MONCHO He NPOBePsmby.

a) Mpu Tepeaaye Harpy3Kd 4epe3 CIUIOIIHOW KECTKUM HACTWJI, HEIPEPHIBHO
OMUPAIOIIUNICS Ha CXaTblii TOsIC (3KEeNe300€TOHHbIE IUIUTHI, IUIOCKHH U
npoUIUPOBAHHBIA METATMYECKUM HACTUI M T.I.) U CBS3AHHBIH C HUM C
MTOMOIIIBIO CBAPKHU, OOJITOB H JIp.;

0) a TakXke, eClM OTHOIICHHUEC pPacUYeTHOW JUIMHBI Oanku let M3 TIOCKOCTH
JEUCTBUA HArpy3ku (WM JJIMHBI y9acTKa OajKu MEXIy CBSI3SIMH) K IMHPUHE
CKaToTo Tosica br He mpeBbIIaeT npeIeTbHO JOMYCTUMbIX 3HAUYCHUH, PAaBHBIX:

— TpW TPUIOKECHWHW HArpy3KH K BEPXHEMY TOSCY W TIPH 3HAYCHUSIX
YCIIOBHO# THOKOCTH C)KaToro Tosica 6anku A, = l;—jf \/fyTTf HE MPEBBIIIAIOIIUX €€
[PEICIbHBIX 3HAUYCHHUI Aub, OIPEACISEMBIX IO dopmyite (71) Tabmurer 12 [5]
JU1s1 0JIOK CAMMETPUYHOTO JIBYTaBPOBOT'O CEUCHMSI

Ty < T |22 [0 35+ 2222 4 (0,76 - %) ﬁ] \/E (8.23)
f tr ho o
riae o = hw + tf — paccTosiHue MEXTy IEHTPAMHM TSXKECTH MOSICOB OAJIKH;

o = y 31ECHh ch — MOMCHT COIIPOTHUBJICHHUA IJIA CKATOTO ITOACA.

cxYc

B dopmyne (8.23) 3HaueHus L, OMpeAeneHk! IpH

h b b
1< b—o <6 um 15< t—f535,nnﬂ 6aJ'IOKCOTHOIHeHI/IeML_—f< 158
f f f

o Ji
NPUBEAECHHON popMyIie MPUHUMAIOT = 15.
f
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Jlnst 6anok ¢ otHomenueM Dt/ tr < 15 B aT0it hopmyIte crieayeT MpUHUMATH
bt/ t: = 15. 3mech br u tf — cOOTBETCTBEHHO MIMPHUHA U TOJIIMHA CKATOTO MOsCA.
Ilpu HesvinoIHeHuU VKA3aHHbIX mMpebosanuil 00wy yCmoudugocms OaioK

cnedyem npogepams no gopmyne (cm. 3.3.4)

M
—xEd <. (8.24)
(Pchxfydyc
rie @b — KOIPPUIMEHT YCTOMYMBOCTU TIPU H3TUOE; OMPEAETSIOT COIJIACHO

npuwiokenuro XK [5] mias Ganok ¢ OMOPHBIMH CEUYCHUSMH, 3aKPEIUICHHBIMH OT
OOKOBBIX CMEIICHUHN U TOBOPOTA.

Pacuetnyro mmHy le¢ Oamku W3 ee IUIOCKOCTH NPUHUMAIOT pPaBHOM
PaCCTOSHUIO MEXIy CBSA3SIMH HMJIM TOYKAMH 3aKpEIUICHHS >KECTKOTrO HacThIIa,
NPETATCTBYIONIMMHE TIONIEPEYHOMY CMEIICHHIO CKaToro mosca. [Ipu orcyrcrBun
cBsizeit min kpervieHuit Hactwa les = 1, Iy =1, rme | — mponet Gankwu.

Ecnmu okaxercs, 4ro oOmas ycToMuMBOCTH Oanku HE oOecredyeHa, To
CIeIyeT YMCHBIIUTh paCUeTHYH JUIMHY CXKaTOro Iosica, YCTaHOBHUB
JOTIOJTHUTEILHO CBSI3H.

8.2.4. TIpoBepka MeCTHOI YCTOIYMBOCTH JIEMEHTOB CeYEeHUsI
COCTABHOM 0aJIKM

[Torepy MeCTHOM  yCTOMYMBOCTM  XapaKTEPU3YIOTCS  BbIIYYHMBAHUEM
OTIIETHHBIX YYAaCTKOB CXXATOTO TOsSca WM CTEHKH Oalkh T1OoJ JACHCTBUEM
CKUMAIOIIUX HOPMAJIbHBIX U KACATEJIbHBIX HANPSIKCHUM.

1) Mecmnaa ycmointuusocms crcamozo nosca. llosc Oaiku sBisIETCS
tactTuHkoi mupuHOr Def = (b - tw)/2 (cBec MOJIKM), 3aIEMJICHHOM MO OXHOM
NpPOJOJILHOM  CTOPOHE  CTEHKM  Oalkw, Harpy>k€HHOM  PaBHOMEPHO
pacrpeneseHHbIMA  CKMMAoIUMU  HanpsbkeHusimu.  [lpu moctrkeHuu
HAMPSDKCHUH  KPUTHYECKUX 3HAYEHWM TMO0siC OaJKu TepsAeT YCTOWYMUBOCTB,
BBIITYYUBASICh IO CUHYCOUIAIBHOM KpUBOH (puc.8.8a).

Puc. 8.8a Ilotepst MECTHOI yCTOMYHUBOCTH CHKATOTO MOsica OAJIKHU.
MecTHy10 yCTOMYHMBOCTH C)KATOro mosica OaJku OOBIMHO 00€CIeYnBaAIOT
COOTBETCTBYIOIIUM BEIOOPOM OTHOIIICHHS CBeca Mosica Der K TonmmumHe tr, 1€ Def

166



OPUHUMAETCS PaBHOW PACCTOSHHMIO OT T'PAHUM CTEHKHU A0 Kpas MOSICHOrO JIMCTa
(monkwu) (cMm. pucyHok 8.5).

MecTHasi yCTOMYMBOCTh CKAaTOro mnosica (CBeca MOJKH) MPU €ro ynpyrou
pabote Oyner obecredeHa, eClid yCIOBHAas TMOKOCTh CBECA II0ACA A =< Ve
f
Oaytok 1-ro Kiacca mpu BBIMOIHEHUH MPABHJI €€ IPOYHOCTH 110 3.2.2 hopmyse (3.8) He
TPEBBILIAET NPEAEIBHBIX 3HAUCHUM Ay r ,  ONPEIENSIEMBIX 110 (HOPMYJIE:

— JUIsI cBeca MoJIkK (0e3 okaiimMiieHus: U OTru0a) IByTaBPOBOIO CEUEHUS

_ f
Ay =0,5- /é—‘” (8.25)

_ Mx,Ed
1€ O — HanmeeHHe B CXKXATOM II0sICE paBHoe O'C - S fyd-

xncYc

Ecnu MecTHas ycTOWYMBOCTH Mmosica HE oOecredyeHa, He0OXOAUMO YMEHBIIUTD
HIMPUHY MOsICa WIN YBEIUYHUTh €ro TONIINHY.

JIist ApyTUX THIOB CEYeHHM (KOpoOYaThie, OMCTAIBHBIC) YCTOMYMBOCTD CHKATHIX
MOSICOB CUUTAIOT 00ECIICUEHHOW MTPU COOMIOJCHUU YCIOBUM, IPUBEACHHBIX B
8.5.18 [5].

2) Mecmnasn ycmouuueocms cmenku. CTeHKa 0aaKy IPEACTaBIICT CO0OM
JUIMHHYIO TJIACTUHKY, YIPYTO 3alllEMIICHHYIO B Nosicax. B pa3nuyHbIX CEUeHHSIX
CTEHKHU TO JUIMHE OajKyd BO3HUKAIOT KacaTelbHbIE HAMpPsLKEHUS OT caBura (t),
HOpMaJlbHbIE HAMpsDKEHUsT OT u3ruda (G) W HOPMallbHbIE HANPSIKEHUS OT
JOKAJIbHBIX BO3JCHCTBUHA (0loc). BbIMyunBaHue CTEHKH (ITOTEpS MECTHOU
YCTOHYMBOCTH) MOXKET MPOU3OUTH OTICIBHO OT JCHCTBHUS TIIABHBIX CHKUMAFOIINX
KacaTebHBIX HAMPSOKEHUM T, CHKUMAKOIMIMX HOPMAIbHBIX G W MECTHBIX
CXKUMAIOIIUX Oloc HANPSOKCHHWM, a TakkKe IPU COBMECTHOM uX jeiictBum. Ha
PUCYHKE TIOKa3aH XapaKTep BHITyYMBAHUSI CTEHKH OT HOPMAaJbHBIX HAIpPSIKEHUM
B CXATOM 30HE CTEHKM M KAacaTEJIbHbIX HANPSKEHUW — IO JIMHUU TJIABHBIX

CKUMAIOIIUX HAIPSKCHUN. .
v -6

i 1

+6 +6

Puc. 8.8 0. IloTepss MecTHOM yCTOMYMBOCTH CTEHKH OT HOPMAJIbHBIX WU
KacaTeJIbHbIX HAIIPSKCHUH.

MecTHass yCTOMYMBOCTH CTEHKH MOXET OBITh oOOecredeHa IyTeM

YBEIMYEHHSI €€ TOJILMHBI WM IOCTAaHOBKOM pedep JKECTKOCTU. Y BEIMYEHUE
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TOJIITAUHBI CTEHKW W3-3a OOJBIIMX €€ pa3sMepoB TMPUBOAUT K OOJBIIOMY

mepepacxoay Marepuaia, a IOCTaHOBKAa pedep KECTKOCTH PacHoSIOKEHHBIX

HOPMAJILHO K TTIOBEPXHOCTH BBHIITYUYHMBAHKS JIMCTA YBEIMUMUBACT )KECTKOCTh CTEHKH.
Pebpa xecTkocTH MOTYT OBITH ClIeIyOIKX TUTIOB ( puc.8.9):

— TIOTIepeYHbIe OCHOBHBIC pedpa, MOCTaBICHHBIE Ha BCIO BHICOTY CTCHKH,

— TIPOJOJIbHBIE pedpa;

— TIPOMEXYTOYHBIC TONEPEUHbIE KOPOTKHE pedpa (pacroiararoT MExIy
CKATBIM TIOSICOM M TIPOJOIBLHBIM peOpoM).

[Ipu moctanoBke pebep IKECTKOCTH CTeHKa Oankud pa3OuBaeTcs Ha

OTJICTbHBIC MPSMOYTOIBHBIC OTCEKU (TUTACTHHKH), 3aKJIFOUCHHBIE MEXTY TOsiICaMu
U pebpamu, JJII KOTOPHIX M BBIMOJHSIOT MPOBEPKH MECTHOW YCTOWYUBOCTH
(pucyHok 8.9).

PacueTHBIMU pa3mMepaMu TMPOBEPSEMBIX OTCEKOB SIBISIOTCS: PACCTOSHUS
MEX]Ty OCSIMHU TIOTIEPEYHBIX OCHOBHBIX peOep JKECTKOCTH (@) M pacdyeTHas BBICOTa
cteku (hef), paBHas B cBapHBIX Oalikax ITOJIHOM BBICOTE CTCHKH, M B OaJikax,
COCTABJICHHBIX HX TMPOKATHBIX MPOQPWICH — PACCTOSHUIO MEXKIy HadaaiaMu
BHYTPCHHHX 3aKPYTJICHHM.

B coorBerctBum ¢ 8.5.9 [5], ecnu 3HaueHWE YCIIOBHOW THOKOCTH CTEHKH

= hy ff rn .
Ay = twif yEd oosbiie 3,2 (4, > 3,2) — npu OTCYTCTBHY MOABUKHOM HAarpy3KH Ha
nosice Oanku winu A, > 2,2 — TpHW HaJUYUUA TaKOH HArpy3KH, CTEHKY Oalku

CIEAYET YKPEIUISITh OCHOBHBIMU MONIEPEYHBIMU PEOPaMHU KECTKOCTH.

Pebpa sxecTkoCTH OOBIYHO pacCIIONararoTCs B MECTax ONMUpaHus 0aIoK HACTHIIA
WIM HENOABWXKHBIX COCPEOTOUYEHHBIX CHUJI M Ha OIOopax, >KeJIaTelbHO ¢
MOCTOSIHHBIM IIaroM 10 JuinHe 6anku. OTCyTCTBUE MOMEPEUHbIX pedep KEeCTKOCTH
JIOJDKHO OBITH 000CHOBaHO pacueToM 1o 8.2.2 [5].

e 2 ;
s — ﬁ—

TTIILTER]
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Pucynox 8.9. Pebpa xecTKOCTH B COCTaBHOM Oanke:
1 — ocHOBHBIE TIOTIEpEUHBbIC pedpa; 2 — MPOA0IbHbBIE Pedpa;
3 — IONOTHUTENBHBIE MTOTIEpEYHbIe pedpa

Pebpa xecTKOCTH HE pacrojararoTcs B MECTaX MOHTaXHBIX CTHIKOB. [Ipu
HaJIMYUM CBAPHOTO CTHIKA CTEHKH MONEpPEUYHbIe pedpa ynajstoTcs OT MECTa CThIKa
HEe MeHee, yeM Ha 10 TOJIIUH CTeHKHU.

PaccrosiHue Mexay OCHOBHBIMU MOMNEPEYHBIMU pedpamMu KeCTKOCTH (a)

(puc.8.9) He moipKHO mpeBbImaTh a < 2Net mpH Z >3,2 u a<2,5he npu

/1_W<3,2.

— f
[Tpu %, >5,5-1/y—d (0 — HampsbKeHHE B CKAaTOM Mosice Oalku),  Kpome
(o)

OCHOBHBIX TOIEPEYHBIX pedep YyCTaHABIMBAIOT MPOOJIbHBIE pedpa KeCTKOCTH Ha
paccrostaun hi= (0,25...0,3)hw co cropoHsl cxaroro nosica (puc. 8.9).
VYcerolunBOCTh CTEHKH Oallku, YKPEIUICHHOW MONEpPEeYHbIMU OCHOBHBIMHU
pebdpamMu KECTKOCTH, OyJeT oOecreueHa, €CIM TPU COOJIOJICHUH ISl CTCHKHU
YCIIOBHSI TIPOYHOCTH IO TPUBEACHHBIM HampspkeHusM (dopmyna 8.20) ycioBHas

I'HOKOCTh CTEHKH A, HE OyIeT NpeBhIIaTh
3,5— —OpH OTCYTCTBMM MECTHOTO HampsikeHus: (Gloc = 0) B Oankax c
JIBYCTOPOHHUMHU MOSICHBIMU IIBAMU;
2,5 — TIpU HAIMYUM MECTHOTO HANpPsDKEHUS Oloc B Oalkax ¢
JIBYCTOPOHHUMHU NOSICHBIMH ILIBAMH.

3). MecTHasi yCTOMYHMBOCTh CTEHKH 0ajkH 1 Kjacca CHMMETPHUYHOIO
CeYeHHsl TPH OTCYTCTBHH MECTHBIX HampsikeHuil (oioc = 0), ¢ ycioBHOI

¥ f
rMOKOCTBIO CTEHKHU A, < 5,5 fd (o0 — HampspDKeHHE B CXKaTOM T0sice OalikH),

YKPEIUICHHOW  TOJIBKO  TOTNEPEYHBIMA  OCHOBHBIMH  peOpamMu  JKECTKOCTH,
BBITIOJTHSIETCS 110 (popMyIie:

\/(a/ o, ) +(zlz,) <7, (8.26)
Mx Eay

ric o = I—y — CKUMArmeCC HAIIPAKCHUC Y pvaeTHOﬁ I'paHHUIbI
x

CTCHKH, IPUHUMACMOC CO 3HAKOM «IIJIFOCH»
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yc — KO3 PULIMEHT yCca0BUS padOThl, TPUHUMAEMBIH 17151 6asloK yc= 1.

Cpennue 3HaueHUss MOMEHTa M, Ed M TIOTIEpeUHON CUiibl VEd ONpPENessioT B
pacueTHOM ceueHun orceka. OTceK — 3TO 30Ha OAJIKU JJIMHOW @ MEXKy CMEKHBIMU
nonepeyHsiMu pebpamu (puc. 8.9). PacuerHnle ceueHus OaJKu IS OTCEKOB C
pa3IMYHBIM COOTHOIIIGHHEM Iara pedep a W BBICOTHI CTEHKH hw ciemyer
npuHuMaTh 1o pucyHky 8.10. Ecnu anvna oTceka 6oJibliie ero pacueTHON BBICOTHI,
TO Mxged ¥ VEd CIIeIyeT BBIYUCISTH I 00Jiee HAMPSKEHHOTO Y4acTKa C JUTHHOM,
paBHOM BBICOTE OTCEKA.

Kputnueckue HoOpMaibHbIE (0cr) W KacaTelbHbIE (Ter) HAINPSDKCHUSA,
SIBJIIFOLAECS] KPUTEPUEM OLICHKM MECTHOW YCTOMYMBOCTH CTEHKH, 3aBUCAILIECH OT
FEOMETPUYECKUX Pa3MEPOB OTCEKa, CTEMEHU 3alleMJICHUS] CTEHKU TMOsICaMH,
HACTUJIOM W TMPOYHOCTHBIX CBOWCTB CTaJIM, OMPEICISIIOT B COOTBETCTBUH C 8.5.3

[5].

— CPCAHEC KAaCAaTCIbHOC HAIIPAKCHHUC B IIPCACTIaAX OTCCKA,

Kputnyeckne HopMaabHbIC HANIPSHKEHUS B pacCMaTPUBAEMOM OTCEKE OaTKH
OTPECIAIOT 10 hopmyJie

Gy =X (8.27)

KoadpuumeHT cer 1711 CBapHBIX COCTABHBIX OAJIOK OMpenessieTcss Mo Taol.
8.2 B 3aBUCUMOCTHU OT 3HAYEHUH O

5= ﬂ[tf be | (8.28)

tw hef

rae br, tf — cOOTBETCTBEHHO MIMpHWHA M TOJIIMHA C)KATOrO IMosica OajaKu
paccMaTpUBaEMOT0 OTCEKa;

[ = 00 — Ip¥ HEMPEPHIBHOM OIUPAHUH ILIUT Ha MOSIC OaIKH;

S = 0,8 — B mpoumnx ciryqasix.

Ta6muma 8.2 3naueHus ko3 HUIUEHTa Cor

0 <0,8 1,0 2,0 4,0 6,0 10,0 > 30

Cor 30,0 31,5 33,3 34,6 34,8 351 35,5

Kputnueckne KacarelbHbIE HaIlpPsDKEHUST B CTEHKE, YKPEIUICHHOU
MOTIEPEYHBIMH peOpamMu KECTKOCTH, ONIPENIETISIOT 10 hopMyIie
0,76j f.
|7 (8.29)
u Ay
/i€ (. — OTHOIIIEHUE OOJIBIIIEH CTOPOHBI OTCEKA K MEHBIIICH,

ecmd a < hef, u =hetla; ecim a>her, u = al her.

5, ﬁé ; (8.30)

d — MeHbIIIas U3 CTOPOH OTCeKa, eciu a < Ner, To d = a; eciu a > her, To d =
hef; (i1t cBapHBIX OaTOK her = hy) .

1, =10,3- (1+
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[Ipu orcyTcTBUM monepedHbix pedep sxkectkoctd u = I/ her, rne | — mponer
OAJIKH.

Kputnyeckre KacaTelbHbIC HANPsSDKCHUST B CTEHKE, HEYKPEIUICHHOM
pebpamu KeCTKOCTH, ONPEETSIOT o Gpopmyrie

rw=10,3% . (8.31)
d
GShW C7>hW
\ ’ | N 2
AN s N .
\ Y N Ve
N7 — h \\ //
S FARN T W RN =
’ \ s N
7 . . .
a Y1 a/2 a AL A hw
hw /2
M1~ " M,
M \
M M M

Pucynox 8.10. K ompexnenennto pacdyeTHOTO U3ruOArONIETO MOMEHTA
(M —pacueTHBIN U3rHOAIONUH MOMEHT JIJISl OTCEKA).

[Tocrme mpoBEpKH MECTHOM YCTOMYHMBOCTHM CTEHOK HA3HAYAKOTCA pa3MeEpbl
pebep KECTKOCTH.
HIupuHy norepednbix pedep kectkocTH (bn) mpuHUMarOT He MeHbIIIE:

a) bn = % +40 MM — 151 TAPHBIX CUMMETPHUYHBIX pebep;

h
0) bh = i+50 MM — JIJIs1 OTHOCTOPOHHHUX peodep.

TommuHa pedpa 1oKHA OBITh HE MEHEEe  tg = 2by, /fELd :

Pera JKCCTKOCTU MPHUKPCIUIAOTCA K CTCHKC HCIPCPLIBHBIMU YIJIOBBIMHU

mBaMu (cM. pucyHok 8.11).

CBapHbIC MIBBI HAa3HAYAOTCS OOBIYHO KOHCTPYKTHBHO B COOTBETCTBHH C
tabmunei 5.3. [Ipu cratudeckoi Harpys3ke MmornepeyuHbie pedpa MpuBapuUBaIOTCS U
K rosicaM 0aJiok.

Topupsl pedep AOMKHBI UMETh CKOCHI ¢ pazMmepamu 40x40mm umu 40x60MMm
JUISl CHUPKCHHUSI KOHIIGHTPAIlMK CBApOYHBIX HAIPSIKEHUH U TPOMYCKa MOSCHBIX
mBoB (pucyHok 8.11).
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Puc. 8.11. Ilonepeunslie napHbie peOpa >KECTKOCTH.

IMToniepeunbic  pedpa KECTKOCTH, PACIONOKCHHBIE B MECTE TPHIOKCHUS
COCPEIOTOYEHHON HArpy3KH K BEPXHEMY IIOACY, IPOBEPSAIOT pacyeToM Ha
YCTOMYMBOCTh, KakK IEHTPAIbHO-CKATYI0 CTOWKY (MOTYT OBITh OJHOCTOPOHHHE
pebpa — pacuer cm.8.5.9, 8.5.10 [5]).

[Ipu 3TOM B pacueTHOE CEUCHUE CTOMKH BKIIIOUYAIOT CEYCHUE pedep KECTKOCTH

o E o
MU MOJIOCHI CTCHKH IIUPUHOU 0,65t - /f— C KaXJ0i CTOpOHBI pebpa (Ha pUCYHKE
yd

3aITPUXOBAHHBIA yYaCcTOK CTEHKH), a PACUETHYIO JJIMHY CTOWKH TPUHUMAIOT
PaBHOM PACUETHOU BBICOTE CTEHKH her.

4) MecTHasi YCTOWYHBOCTh CTEHOK 0aqiok 1-ro Kjacca NpH HAJIWYHH
MecTHOro HampsikeHusi (6ioc # 0), CUMMETPHYHOTO CEUYCHHS, YKPEILICHHBIX
TOJILKO TIOTIEPEYHBIMH peOpaMu KECTKOCTH W TMPH YCIOBHON THOKOCTH CTEHKU

_ [
A, <6- y? BBITOJIHICTCS 110 (hopMyJIe

2 2
(e} (e} T
4+ _~loc + []
Gcr Gloc,cr Tcr

<1 (8.31 a)
Ye
IJIe Ger U Ter — KpUTHYECKOe HanpspkeHue onpeaessior no 8.5.3-8.5.4 [5];
Cloccr — KPUTHYECKHE MECTHBIC HAIPSDKCHHS, BBIYMCISIOT IO GOpMYyIIe
o _ C1C2fyd
loc,cr X 2 !

w
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371eCh C1 M C2 — KOA(D(PHIIMEHTHI, ONpeAeisAtoT B cOOTBeTCTBUU ¢ 8.5.5[5].

[Mapametpsr B popmysie (8.31 a) u pacyeTHBIC MOJIOKEHUS TAKIKE ONPEACISIFOTCS
no 8.2.4 3).

8.2.5. Pacuer coeqHEeHN MOACOB CO CTEHKOM

Ecnu Obl nmosica u cTeHka 0ajiky He ObLIIM COEIMHEHBI IPYT € APYIOM, TO MPU
U3ru0e OHU CABUHYIHUCH Obl OJIUH OTHOCUTEIBHO JIPYTrOro, STOMY CABUTY
NPEMSTCTBYIOT X COSJAMHEHNE HA CBapKe WM Ha Oonrax (3akienkax) (puc. 8.12).

a) §) ) 2

Pucynok 8.12. K pacuety coearHeHHs MOSICOB 0aJIOK CO CTEHKOU
a) — 0e3 COeTMHEHHUSI TI05Ica CO CTEHKOM; 0) — C COeIMHEHUEM IIIBaMHU; B) - C
JBYXCTOPOHHMMH YTJIOBBIMH IIIBAMU; T') - C COCIMHEHUEM Ha OOJITaX.

B 0ankax COCTaBHOTO CEUEHHUS! COSAMHEHHUS TOSCOB CO CTEHKOH OOBIYHO
BBITIOJIHAIOT C JIBYCTOPOHHUMU WJIH, PEXKE, C OJHOCTOPOHHUMH YTJIOBBIMU IIBAMHU.

[TosicHbie coeuHEeHUsT 00ECTIEUNBAIOT COBMECTHYIO PabOTy MOSCOB U CTEHKH
U TPENATCTBYIOT WX B3aUMHOMY cCIBHTy. PacueTHoe caBurarwoiiee ycuwine Ha
€IMHUILY JUIMHBI TI05Ca, BBI3BIBAEMOM IMOMNEPEYHON CHIIOW, OMNPENECIISIIOT IO
dbopmye
= (8.32)

r7ie Ved — pacyeTHOE 3HAUYCHHE TTONIEPEUHON CHIIBI Ha OTope Oakw;

S=As-y = (brts)'y — cTarmueckuidi MOMEHT OpPYTTO CIBHUTAacMOW YaCTH
ceyeHus (Tosica) OTHOCHUTEIIBHO HEWTpadbHOM OCH; 37eCh Y — pPacCTOSIHUE OT
IICHTpa TSHKECTHU TosIca 10 HeHTpaabHOM ocH X-X (puc. 8.12, B);

| — MoMeHT wuHepnuu cedyeHus Oanku OpyTro (0€3 yuera ocnabieHus
OTBEPCTHSIMH TIPHU OOJITOBBIX COCTMHCHUSIX ).

[TosicHpIC TIBBI BBITONHSIOT HEMPEPHIBHBIMH, C OJMHAKOBBIM KaTCTOM IIO
BCEH UTHHE OaIKU.

[IpuMeHsATh OTHOCTOPOHHHUE YTJIOBBIE HIBBHI JOMYCKAETCA TMPHU CIETYIOUTUX
YCIIOBUSAX:

1) crarmdeckass Harpys3ka, pPacIloOJIOKCHHAass CHMMETPHUYHO OTHOCHTEIHHO

BEPTUKAIILHON OCH MOMIEPEYHOTO CEUCHUS OAIKH;

2) MecTHasi yCTOWYMBOCTh CTEHKH 00eCIIeUeHa;

3) oOmras yCTOMYNBOCTh OAIKU OOCCIICUeHa,;

4) OTCYTCTBYIOT MECTHBIC HanpspKeHUsI B Oaike (o1oc = 0);

TEd =
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5) marepuan Oanku paboTaeTr B ynpyroi crajuu.

Beibop MarepuanoB il cBapkKu (THIBI JJIEKTPOJIOB WM CBapOYHOMN
MPOBOJIOKH, (PJIFOCOB) MPOU3BOAUTCS O Tadiuie 5.1 B 3aBUCUMOCTU OT T'PYIIIbI
KOHCTPYKLIMH U MapKU CBapUBaeMOU CTaJIH.

CBapHbIe MMOSICHBIC COSTMHEHHUSI COCTABHON JIBYTaBPOBOW OajKy Ha €IMHUILY
JUTUHBI TIPH oloc = 0 (Hanpumep, pu onmupaHuy OAJIOK HACTHIIA HA TIIaBHYO OalKy
B MeCTaX YCTaHOBKM TIONEPEYHBIX pedep IKECTKOCTH), PAaCCUMTBHIBAIOT Ha
CABMTarollee ycuine led :

-ecmu fifwi< f:fwz - pacuer Bemyt mo meramty mBa o Gopmysie

T;d <1
NBeKfrve - (8.33)

-ecmu fifws> Pofw: - pacder BexyT mo Meraury rpaHHIBI CILIABICHHS, B
sTOoM ciy4dae B popmyite (8.33) caeayer BMecto [ fur moacTaBuTh 7 fw .
re N — KOJUYECTBO YIIIOBBIX MOSICHBIX MIBOB ( N = 2 — TIpH JBYCTOPOHHUX
U N =1— npu 0OJHOCTOPOHHMX IIIBAX ;
fuf— pacdeTHOE 3HaYEHHE MPOYHOCTH YTIIOBBIX IIBOB HA cpe3 (YCIOBHBIN) IO
MeTaJuTy miBa (1abin.5.4);
f. = 0,45fi — pacueTHOe 3HaYeHWE MPOYHOCTH YIVIOBHIX IIBOB Ha Cpe3
(YCIIOBHBII) 10 METaJUTy TPAHMIIBI CTUIABJICHUS,

fuk— XxapakTeprcTHUecKkoe 3HaUCHHE Mpe/ielia MPOYHOCTH |

[, fz — K03 OUITMEHTHI YCIIOBHS CBAPKH, IPUHUMAEMBbIC ISl CTaJIU 110
Tabmuie 5.2;

ki — KaTeT 1IBa, MPUHUMAETCS U3 YCIOBHUSA, 9TO Kf,max> Kf > Kf,min,

30ech  Kimax= 1,2tmin , @ tmin— MEHBIIIAsI U3 TOJIIIUH CTEHKH U I10sIca OaJIKH;

Kf,min — MUHUMAaJIBHO JIOITYCTUMBIH KaTeT, ONpeaeiIicHHbIN 1o Tadymie 5.3 B
3aBUCHUMOCTH OT MAKCUMAaJIbHOM TOJIIIUHBI CBAPUBAEMBIX 3JIEMEHTOB 1 MM.

PacueTr GppuKUMOHHBIX MOSICHBIX COEAMHEHUI COCTAaBHOMN JBYTaBPOBOM
0aJIKi Ha BBICOKOIIPOYHBIX 00JITa BBITOJIHSAIOT B cOOTBeTCTBUU ¢ 14.4 [5].

8.2.6. PacueT M KOHCTPYHPOBaHUE ONOPHBIX YACTeI

COCTABHBIX 0AJIOK

Cornpsbkenne 6aloK CO CTaJTbHBIMA KOJIOHHAMU OCYIIECTBIISIETCS IMTyTEM UX
OTNMPAHUs CBEPXY WIIM MPUMBIKaHUs COOKY K KOJIOHHE (pucyHOK 8.13).

B nmpaktuke CTpouTenhCTBA IIMPOKO NPUMEHSETCS KOHCTPYKTHBHOE
pellieHre OTOPHON YacTh Oaliku ¢ TOpueBbIM pedpoM (pucyHok 8.13, a), B)).
KoHCTpYKTHBHOE pElIeHHe OMOPHOW YacTH C BHYTPEHHUMHU pedpaMu (pUCYHOK
8.13, 0)) ucmonb3yercs pexe, T.K. OHO CIIOKHEE M HE 00CCIICUNBACT IEHTPATLHOM
nepeavyv Harpy3Ky Ha KOJIOHHY.

[Iupuny omopHOro pedpa MO KOHCTPYKTUBHBIM COOOPaKCHHSAM OOBIYHO
npuHuMaroT bp > 180 mm. OHa He JT0JDKHA OBITH OOJIbIIIE IUPHHBI MOsica OAJIKK Ha
omope. 3aJlaBIIKCh IMIMPUHOW OMOPHOro pedpa, ONPENesstoT ero TOJIIUHY U3
YCJIOBUSI CMSITHSI TOPIIEBON TOBEPXHOCTH

t,=——or
by fpYc

(8.34)
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rae F — onopnas peakuus 6ayiku;
yc = 1 — ko3 dunueHT ycnoBus padoThI;
fo — pacdeTHOE 3HAauUEHME MPOYHOCTH CTAJIHM HA CMSITUE TOPIIEBOM

MOBEPXHOCTH (MPY HATUYUU IPUTOHKH ), KOTOPOE OMPEIEAETCs 0 Tadaue
A.6 [5] B 3aBucuMocTH OT fuk.

a)

6)
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Pucynok 8.13. (mauano). Onupanue riiaBHbIX 00K HA KOJIOHHBI:
a) — CBepXy, 4epe3 CTporajabHbIe OMOpHBIE pedpa Oanku;
0) — cBepXy, uepe3 OMOPHBIE TOIKIIAIKH;
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Pucynok 8.13. (mponomkenue). Onupanue riaBHbIX 0aloK Ha KOJIOHHBI:
B) — cOOKYy, uepe3 CTporaHHbIE OMOPHbBIE pedpa OaIKH.

TonmuHy OomopHOTO pedpa, OOBIYHO, TPUHUMAOT OJIM3KOM K TONIINHE
nosica, HO He MeHee 10...12 mm. OtHomenue tp/ tw 10KHO OBITH HE OoJIee 3.

[TpoBepka MECTHON YCTOMYMBOCTH OIOPHOTO pedpa.

B cootBercTBuu ¢ 7.3.8 [5] MecTHas ycToiunBOCTh pedpa OyaeT
ber [fya
tp \ E

obecrieuena, i yClloBHas THOKOCTh cBeca pebpa A, = HE

TIPEeBBINIACT TIPEIeNbHON THOKOCTH A, , onpesiensemoii o gopmyie (36)
Tabmuuet 10 [S], T.e. momxHO cobmomatbes ycnopue A, < Ay

Def /%‘i < (0,36 + 0,17), (8.35)

tp
rae bef = 0,5(bp — tw) — pacueTHas MIMPHHA CBECa OMTOPHOIO PeoOpa;

- fyd o
A=A, /% — YCIIOBHAsI THOKOCTH OMOPHON YacTH OajKu ¢ THOKOCTBIO Ay,
omnpezenseMoii mo popmyie (8.37).
HwkHre Topibl ONOpHBIX pedep kecTkocTd (prcyHOK 8.13) H0IKHBI OBITH
O g) @HBI JMOO IUIOTHO NPUTHAHBI WM MPUBAPEHBI K HIKHEMY IOSCY OalKu.

HauprkeHus B 3THX CEYEHMAX IIPU JECUCTBUM OINOPHOM PEAKIUMU HE JOJDKHBI
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NPEBBINIATH PACYCTHOTO 3HAYCHHUS MMPOYHOCTU CTAIM: B MEPBOM cirydae (PUCYHOK
8.13 a). B)) — na cmstue fp mpu a < 1,5t u Ha cxatue fyq mpu a > 1,5t; Bo Bropom
ciyuae (pucyHok 8.13 0)) — Ha cmsTue fp.

B Oankax ¢ BHYTpeHHUMH ONMOPHBIMH peOpamMu TpH HEOOIBIIMX OMOPHBIX
peakMsIX MX TOPIBl HE MPUCTPArUBAIOT W OMOpHAs PEaKIUs MepenaeTcs depes
TOPU3OHTAIbHBIE CBApHbIE IIIBBI, COCAUHSIONIMNE pedpa C HIKHUM TMOSICOM
(pucyHok 8.13, 6). DTu MBI IPOBEPSIIOT HA CPE3 OT OMOPHON peakIiuu, a pedpa —
Ha cMsTHe. [Ipu CTpOraHHBIX HIDKHHX TOPIIAX OMOPHBIX pedep MX MpUBApUBAIOT
IBaMU C MUHUMAJIbHBIM KaTETOM.

Pacuem na ycmoiiuueocms onoprozo ceuenusn 6aiku

VY4acTok CTeHKM OajKi HaJl OMOpPOM PacCUUTHIBAIOT HA YCTOMYMBOCTH IPHU
LHEHTPAIbHOM C)KaTUU M3 IJIOCKOCTH OaJIKM KaK CTOMKY, HarpyXEHHYI ONOPHOMN
peakiuen.

Jlyis Gasiku ¢ ornopHBIMU pedpamu skecTKocTH (puc. 8.13) B pacueTHOE CeUeHHUE
ATOM CTOMKU BKJIFOYAIOT CEUCHHE OMOPHBIX pedep M MOJOCHl CTEHKU IMTUPUHON HE

{E .
oonee 0,65t, - £ C K&K/IOH CTOPOHEI pebpa.
yd

[IpoBepKy yCTOMYMBOCTH OMOPHON CTOMKH U3 €€ IIOCKOCTH (OCh X-X)
BBITIOJIHAIOT KaK JUIs IICHTPAJIbHO-CKATOTO YCIOBHOTO CTEPKHSI ITTUHOM, paBHOMN
BBICOTE CTEHKH M Harpy>KEHHOM CHIJION paBHOM OMOPHOM peakiuu 0anku (puc.
8.13.B) mo popmye

N
—Ed <1, (8.36)
PAerfydVe
, E
rae Aef =t - bp + 0,65t2, e pacueTHas IJIOIIA/Ib OTIOPHOTO CEUCHUS
yd
Oanku (JU1s1 OMOPHBIX YacTel 1Mo pucyHky 8.13, a, B);

U Ae=t,b, + cty, + 0,65t2 ’fi — pacdeTHasi 4aCTh OITOPHOTO

yd
cedeHus 6anKu (J1s1 OMOPHBIX YYACTKOB MO pUCYHKY 8.13, 0) ¢ BHyTpEHHUMH

’ E
pe6paMI/I, AJI Cliy4dast CCJIn c< O,65tw f_ , 3/ICCh C — BBICTYIIArOIasA 4aCTb CTCHKH;
yd

¢ — KO3(QPUIMEHT YCTOMYMBOCTH UEHTPAIBHO CXKATOIO CTEPKHA,
omnpenenseMslii mo tadmuie J.1 (mpunoxenue /1) [5] B 3aBHCHMOCTH OT THOKOCTH

Ay = Ay /fELd U THITa ce9eHus «c» (Tabdn.7 [5]) ;

rme A= " —THOKOCTH OMOPHOI YaCTH; (8.37)

T

h — pacyeTHas BbICOTA CTOMKHM paBHAs BBICOTE CTCHKH;

Ix =

A — padnyC HHCPLUHUU YCIIOBHOI'O CTCPIKHA C INIOIIAAbIO0 CCUHCHUA Aef ;
ef

|« — MOMEHT MHEpIUU OTIOPHOUN YaCTH CEYEHUS OTHOCUTEIHHO OCHU CTEHKH
(M3 TUIOCKOCTHU OAJIKM).
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OmnopHas peakiys B CBapHBIX Oaikax MepenaeTcsl Ha OopHoe pedpo yepes
YTIIOBBIC IIBBI IPUBAPKHU peOpa K CTEHKE. Y YUThIBas JIOKAJILHBIN XapaKTep
JEHCTBUS ONIOPHOM PEaKIny, 32 PACUCTHYIO JUTMHY CBAPHOTO IIBA IPUHUMAIOT
yuacTok mBa jumHoit lw = 85 fr. ki . 3HaueHue karera cBapHoro 1Ba I1I1 (cm.
pucyHok 8.1B) ompexensiem mo Gpopmyiie

Keio = 1 NEgd
f,min — ﬁf —170fwfyc.
KareTs! IBOB (111 OTIOPHBIX YACTEH ) MPHUKPEIISIONINX OIIOPHOE pedpo K

nosicaM OaJIKH, Ha3HAYal0T KOHCTPYKTUBHO, IPUHUMAs KaTeT I11Ba B COOTBETCTBUH
¢ Tabnumeit 5.3 (wu Taba. 39 [5]).

(8.38)

Tema 8.3. Pacuer nerajieii u y3/10B COCTABHBIX 0AJIOK
8.3.1. Pacuer U KOHCTPYMPOBaHUE Y3J10B CONPSIKEHUI 010K
ComnpsikeHus TJIABHBIX U BTOPOCTEIIEHHBIX OAJIOK MEXIy OO0 OBIBAIOT:
ATa)KHBIE, B OJTHOM YPOBHE BEPXHHX TIOSCOB U C MOHMKEHHBIM PACIIONOKEHUEM
BEPXHHX TOSCOB BTOPOCTEIIEHHBIX Oaslok (pucyHok 8.3). Haubosee mupoko B
IPAKTHKE CTPOUTEIHCTBA PUMEHSETCS CONPsDKEHNUE OAIOK B OJTHOM YPOBHE.
Pacuem conpasicenua 0anok ¢ 00Hom ypoeHe.
Ha puc. 8.14 npuBeneHsl conpsikeHUs: 0aJ0K HacTUIa C IJIaBHBIMU OajkaMu B
0JIHOM ypoBHe. Ha pucyHkax nmpuBeeHbl IPUMEPHI PACIONIOKEHUS OTBEPCTHUH .
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Puc.8.14. llapaupHBIC Y3716l CONPSKCHHUA OAIIOK B OJTHOM YPOBHE:
a) — K TIOTIEPEYHOMY PeOpy KECTKOCTH TJIaBHOM Oajku Ha O0JTax;
0) — To ke, Ha MOHTa)KHOH CBapKe; B) — K CTEHKE IJIABHON OaJKu;
I')— C MOHTQKHBIMU CTOJTUKAMH.
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[Tpu conpsxennn 0aaok B OAHOM ypoBHE (pUCYHOK 8.14, a) KOTM4ecTBO

00TOB onpeaesnsercs 1no Gopmysam:

Jiist 601TOB rpy0Oit U HOPMAJIBHOW TOYHOCTH
L2F (8.39)
Nb,min

rae 1,2 — ko3¢ (pUIHUEeHT, yYUTHIBAIOIIUA YaCTUYHOE 3allleMJIEHnEe OaJIoK Ha
OIopE;

F1 — onopHas peakuus BTOPOCTETIEHHON OalKu;

Nb,min — pacdeTHOE ycuiine 001Ta, ONpeeasieMoe Kak MEHbIIee U3 JIBYX
pacUeTHBIX YCUJINH MpHU paboTe Ha cpe3 WM CMATHE, KOTOPBIE OMPEACTISIOT:

npu paboTe Ha CMATHE

Ncal >

Nop =fop b d * tmin yc; (8.40)
nipu paboTe Ha cpes
d2
Nbs = fps¥p 5~ NsVe (8.41)

riae d — Hapy>KHBIN THaMeTp CTEPIKHS 00ITa;
Ns —4UCIIO PACYETHBIX CPE30B OAHOTO OONTA (A1 pacCMaTpUBAEMOTO
ciydvas Ns = 1);
tmin —TOJNIIIIMHA pedpa KECTKOCTU r1aBHOM Oanku (1s) Miau CTeHKH Oaliku
Hactuia (tw);
Yo — KO3(PGUIIMEHT yCIOBUH pabOThl OOJITOBOTO COSTUHEHHUS; OMPEACIISIIOT

o tadsntie 42 [5] u mpuaMMaroT He 6oiee 1,0;

Y¢ — Kko3ppuuueHT ycioBUld padOThl KOHCTPYKUMH H  3JIEMEHTOB;

onpenensatoT no tadbnuie b.1 (mpunoxenue b) [5];
fop, fos — pacueTHple 3HAYEHHsS TPOYHOCTH OONTa HA CMSITHE H Cpe3,
ycTaHaBinuBaeMbie 1o Tabnumam I'.2 u I".6 npunoxxenus I' [5].
KonuuecTBo 00JITOB IpH CONpsiKEHUU OAJIOK B OJHOM YPOBHE
(pucynok 8.14, a)) oObiyHO mpuHHMaeTcsi He Oosee 4. Pasmemnienue 00nTOB
BBITIOJTHSIOT B COOTBETCTBHM ¢ TpeOoBaHMsIMH TaOmuIel 41 [5] U, kKaK mpaBuUIIo,
pacCToSsIHUSL MEXAy OoJNTaMd  NPUHUMAIOT ONM3KMMH K MHUHHUMAaJIbHOMY (C
okpyrieHuem 1o Smm). Ha puc.8.14 a) npuBeneH npumMep pacronoxkeHus 600JITOB
M20 ¢ otBepctusimu d =21 mMm.

[Ipu GonbiiomM KoaudecTBE OOJITOB 11€ECO00pPa3HO MEPEHTH K COMPSIKEHUIO
Oamok Ha cBapke (pucyHok 8.14, 6, B) WM ¢ MPUMEHEHHEM OIMOPHBIX CTOJIMKOB
(pucynok 8.14,r).

Pacuer cBapHBIX COCAMHEHWI BBIMIONHSIOT YIJIOBBIMU IIIBAMH, KOTOPHIE
pPacCUUTHIBAIOT Ha OMOPHYIO peakiuio Oanok HacTwia. [Ipu kpersenuu Oanku
HACTWJIA K TIOTIEPEYHOMY peOpy JKECTKOCTH IJIaBHOM OajiKh Ha MOHTa)XKHOW CBapKe
(pucyHnok 8.14, 6) unu K cTeHKe riaaBHOU Oanku (pucyHok 8.14, B) njiMHa CBapHOTO
[IBa OMPENESAETCS KOHCTPYKTUBHO B 3aBHCHUMOCTHU OT BBICOTHI OajKyh HACTUIIA.
Ecmu fifwe < p:fw: pacder BeayT mo Metasuly 1Ba, KaTeT YIIIOBBIX CBAPHBIX IIIBOB
12 mosxet onpenensTees 1o Gpopmyiie

1,2F,
kfz ﬁflwfwfyc ' (842)
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rie fwt — pacueTHOE 3HAYCHHE MPOYHOCTH CBAPHOTO IIIBA HA CPE3 TI0 METAJLTY
IIBa.

Ecmu fifw.< pdwt B hopmyie (8.42) ciienyer BMecTo [, fwt mojacraBuTh
,Bz , fwz.

[Ipu BBIpe3e noJiok B O6asikax HacTuia (pucyHok 8.14, a-B) HEOOXOAMMO
BBITIOJTHUTH MTPOBEPKY MPOYHOCTH OCITA0JICHHOTO CEUCHUS 110 KacaTeIbHbIM
HaNPsOKEHUSM (B OMOPHBIX yUacTKax) mo Gopmyre

= VZM < foe, (8.43)

nt

rae Vmax=F1 — omopHas peakiys OaJIKi HACTHIIA,
Ant = (h'w — n - do)tw — TIOIAAL CEUEHMS CTEHKU OalIKK HACTHIIA C
Y4E€TOM BBIpe3a U 0CJIabJICHHs] CTEHKH OTBEPCTUSIMU;
h'w— BbICOTa CTEHKM OaJIK¥ B OTIOPHOM CEYCHUH
N, do — KOJUYECTBO M TUAMETP OTBEPCTHH 10 OOITHI, COOTBETCTBEHHO.

8.3.2. IIpoekTHpOBaHNE MOHTAKHBIX CTHIKOB 0ajJl0K Ha CBapkKe H
0oJTax
CtbIKH 0QJIOK MOTYT OBITh 3aBOJICKHE U MOHTa)KHBIE.

B 3aB0JICKHX CTBIKaX WX PacIojoKeHHe 00yCIOBICHO JJIMHAMU MpOKaTa UiIu
KOHCTPYKTHBHBIMU COOOpaXKeHUsIMH (CTBIK HE JIOJKEH COBIAJaTh C MECTOM
IIPUMBIKaHHUS BCIIOMOTATEIbHBIX OAJIOK, ¢ peOpaMu KECTKOCTH | T.I1.)

MoHTaXHbIE CTBIKA Ha3HAYAIOT IS Oal0K OOJIBIION JIUHEL. M3roTOBIECHHEIE
Ha 3aBOJE OTHPABOYHBICE MAapKW MEPEBO3SAT HA CTPOUTEIBHYHO IUIOIIAAKY, TJIE
MPOU3BOJIAT YKPYITHUTEIbHYIO COOPKY KOHCTPYKIIHUH.

=TT

Puc. 8.14.1. CtbIku IpOKaTHBIX OATTOK
a) — BCTBIK; 0) — BCTBIK C HAaKJIaJKaMH; B) — TOJBKO C HaKJIaJKaMU

Ha puc 8.14.1 noka3aHbl 3aBOJCKHME U MOHTAKHBIE CTHIKM MPOKATHBIX OaJIOK.
HaubGonee mnpocTeiM sBisieTcss CThIK Ha puc.8.14.1a), ogHako MpU py4yHOU
cBapke 0e3 (pM3MYECKHUX METOJO0B KOHTPOJIS IIOB JJIsl PacTSHYTOIo mnosica Oyjaer
MMETh MEHBIIYIO MPOYHOCTh, TaK Kak fi,, = 0,85f,4. [looTomy npu ycrporicTse
TaKOIr'0 CThIKa B CEYEHHH, I/I€ AEUCTBYET OOJIBIION U3rHOAIOIINIl MOMEHT, JENat0T
IPSIMO¥ CTBHIK OAJIOK, a TIOJIKU YCHIIMBAaIOT Hakiaakamu (puc. 8.141 6)):
Mgq = Wynfwy + Nyh,
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riue W,,, — MOMEHT CONPOTHUBIICHHUS CTHIKOBOTO MiBa; N, — ycuiiue B Hakiajke; h
—BbIcOTa Oasnku. 13 310l (opMyJibl OIPEAEISIIOT YCHUIIME B HAKJIAAKE U IJIOLAAb €€
nonepeunoro ceuenms Ay = Ny/f,4. IBBl npukpennsomye HaKIaaKu
pacCUMTHIBAIOT HA YCWJIME B HakjJaAKe (II0 KKIYK CTOPOHY HAKJIAAKH) U JUIs
YMEHBIICHUSI CBAPOYHBIX HANPSDKEHUHA HE JOBOIAT JO OCH CThIKA Ha 25 MM C
Ka)XJ0M CTOPOHBI.

Creik Oanok ¢ Haknaakamu (puc.8.14.1 B)) IpuMEHSIOT TOrAa, KOTria TpyaHO
o0paboTaTh TOpLBI MOJA CBAapKy (HampuMeEp, B MOJEBBIX MACTEPCKHX), a H3—3a
0O0JIBIION KOHUEHTpAIMU HAMPSXKEHUN €ro MPUMEHSIOT TOJbKO MPHU CTaTUYECKON
Harpy3ke. PaccuuThIBalOT CTHIK B MPEANOJIOKEHUH (B 3amac MPOYHOCTH), YTO
MOMEHT BOCIIPUHUMAETCS TOPU3OHTAIIBHBIMU HaKJIaJKaMH, a ToNepeyHas cuiia —
BEPTUKAJIBHBIMU HaKJIaJAKaMHU 10 CTCHKE.

3aBOJICKHE CTBIKHA CBapHBIX OAIOK OCYIIECTBISIOT COSAMHEHHUEM JIUCTOB 10
cOopku ux B 6ayky (puc.8.14.2 a), CTBIK PacTAHYTOTO IMOsCa, €CIIM OH PACIIOJIOKEH
B 30HE MaKCMMaJbHOIO MOMEHTAa BBIIOJHSIIOT KOCBIM WJIM CBAPUBAIOT IMPSMBIM
IIBOM Ha BBIBOJIHBIC IUIAHKHU C (PU3MUECKMMM METOJaMH KOHTpPOJS, a CXKATOro —
IPSIMBIM ILIBOM.

Ha MoHTaxke ckxaTblii MOSC M CTEHKY COEAUHSIOT MNPSAMBIM IIBOM, a
pacTSHYTBIA MOSC — KOCBIM, TaK KaK HAa MOHTa)Xe€ MPUMEHSIOT PYYHYIO CBapKy,
(¢u3nyuecKkrue METOJbl KOHTPOJIS IBa 3aTPYJHEHBI, MOATOMY JUIsl PAaCTSIHYTOrO
nosica  fi, = 0,85f,4 . UTOOBI yMEHBIINTH CBApPOYHBIE HANPSIKEHHUS, IIBbI
BBITIOJIHAIOT B TIOCIIEIOBATEIbHOCTH, IPUBEACHHON Ha puc 8.14.2 0).

a9 9 »
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e p—
= - 3 3 e ———— -
< < > ! 9
¥ J ' = E—— ™
P e o R e e
i ‘

Puc. 8.14.2. CTbIkM COCTaBHBIX CBapPHBIX 0ATIOK
a) —3aBOJICKOM; 0) - MOHTaXHBIN

OOBIYHO CTHIK BBHITIOJIHAIOT MO cepeauHe Oanku (OMHAKOBBIE OTIPABOYHBIC
Mapky) B 30HE€ MaKCHUMalbHOrO MoOMeHTa. Pacuer BenyT B ciemyrouien
MOCJIeI0BATEILHOCTH: ONPEACIISIIOT MOMEHT BOCIIPUHUMAEMBIN mosicaMu

_ Iy _ My —
My = Mgq — M YCHJIHE B TOACAX Ny = [ speck hy = hg — ty,
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rae | u lf — MOMEHTBI MHEpLIUM OalKu M MOSACOB, COOTBETCTBEHHO; Mg Uty —
BbICOTA Oa/JIKM U TOJILIMHA [1051€a, COOTBETCTBEHHO.

Ha ycunue Ny mpoBepsroT mpsAMO# 1moB BepxHero mosca (fyy = fyq), eciu
IPOYHOCTh HE oOecreueHa — IIOB BBINOJHSAIOT HAa BBIBOAHbIE IaHku. s
HUKHETO PACTSHYTOrO IOsica OMNPENENSIOT pPAcCUYeTHYI0 JUIMHY KOCOIo IIBa
npu fy, = 0,85f),4, 10 KOTOPOH ONPENEAIOT YTOJI HAKIOHA IIBA.

Ha momenT B crenke M,, = Mgy — My TpOBEpSIOT MPOYHOCTH CTHIKOBOTO IIIBA
CTEHKHU.

Monmasicnotit cmvlKk 0an0K HA 8bICOKONPOUHBIX OOMAX

B psge ciaydaeB MOHTaXHBIE CTHIKM COCTaBHBIX OajOK BBIMOJHSIOT Ha
oontax. Ha mMoHTa)ke mpeamodTeHrue HEOOXOIUMO OTJaBaTh CABUTOYCTOMYUBBIM
COCIMHEHUSIM Ha BBICOKOIIPOYHBIX OOJITaX.

MOoHTaXHBIE CTBIKH 0aJIOK COCTaBHOI'O CEYCHHUS Ha BHICOKOIPOYHBIX O0JITaX
BBITIOJTHSIOT C HaKJIaJKaM{ OOBIYHO I10 TPH Ha Ka)KJOM IOsICe | I10 JIBE Ha CTCHKE
(pucyHok 8.15). MoHTaXHBIE CTBIKH Yallle yCTPAUBAIOT TI0 CEPEIMHE TPOJIeTa.
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Puc. 8.15. MoOHTaXHBII CTHIK COCTaBHBIX 0AJIOK HAa BHICOKOITPOYHBIX OOJITaX.

CTbhIK paccuuThIBaeTCs Ha M3rUOAIOIIMKA MOMEHT, IONEpPeYHasi CHila paBHA
Hym0. B ciyuae ycrpoiicTBa cThika B MNPOMEXYTKax MpOJ€Ta, pacyeT CThIKa
BBIIIOJIHSAIOT HA COBMECTHOE JCHCTBUE MOMEHTA U MONEPEYHON CUJIBL.

W3rubaromuii MOMEHT paclpeienseTcss MEXIy JJEMEHTaMU CEeYEHHUs
IPONOPLUUOHATIBHO UX U3TMOHBIM KECTKOCTSIM:
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. I
— MOMEHT, BOCIPUHHMMAaeMbIi nosicamu, paBeH M¢= Mg, Tf ;

. . I
— MOMEHT, BOCIPUHUMAEMbIil CTeHKOM, paBeH Mw = Mg, TW ;

rae lw, If, | -cOOTBETCTBEHHO MOMEHTHI MHEPIIUU CTEHKH, MTOSICOB U BCETO
CEUYCHMSI OTHOCHUTEIBHO HEUTPAIILHOU OCH;

Ecnu nelicTByeT nonepevHas cuia, TO OHa BOCIIPUHUMAETCS CTEHKOM.

B kauecTBe nmpumepa pacCMOTPUM pacueT U KOHCTPYUPOBAHUE MOHTAKHOTO
CTBIKA IO CepeArHE MpoJieTa OaIKu.

1) Pacuem coedunenus cmvika noscos.

CyMMapHas 1ioniajib FOpU30HTAIBHBIX HAKJIAJOK JIOJKHA OBITh HE MEHEe
iomanu cedeHus mnosica. lllupuHy HapyXHBIX HAKIAJOK MPUHUMAIOT pPaBHOMU
mupuHe mosca Oanku. [llupuHy BHYTPEHHUX  HAKJIAJO0K IPUHUMAIOT
KOHCTPYKTHUBHO M3 YCIIOBHS pACIOJOXEHUST OOJTOB U TMOSICHBIX IIIBOB.
Pexomenmyercss MpUMEHSTH JUIsl CTHIKOB BBICOKONPOUYHBIE O0NTHI TuameTpom 20,
24 u 27 MM (cM. 5.3, KOHCTPYKTHBHBIE TpeOoBaHMs). Pa3sHOCTP HOMHHAIBHBIX
JMAMETPOB OTBEPCTHS U 00JITa MOXKET IPUHUMATHCSA OT 1 70 6 MM (CM. TaOIHILy

5.5]) .
chme, BOCHpI/IHI/IMaeMOG HaKJIaJIKaMMH:
M f
Ni= 1=

rae ho— paccTosiHEe MEXTy MosicaMu OaKH.
Heobxoanmoe koau4yecTBo O0JITOB MO OJJHY CTOPOHY CThIKA JJIsi
TOPU30HTAIFHON HAKIAJAKU MOYKHO ONPEICINTh:

n>—~, (8.44)
Qonk¥pYe

riae K — urcio moBepxuocreit Tpenus ( K = 1 — npu 0THOCTOPOHHUX
HakJaaKax; K = 2 — mpu ABYCTOPOHHMX );
Qbh — HECyIIIast CTOCOOHOCTh OJTHOM MTOBEPXHOCTHU TPEHUS JISl OJTHOTO

BBICOKOTIPOYHOTO O0JTAa,

Qbn = fbhAbn U , (8.45)
Yh

rae fon = 0,7 foux — pacdeTHOE 3HAUCHUE TIpE/Ieiia MPOYHOCTH HA PACTSIKEHUE
BBICOKOMIPOYHOTO 00JITa;

fouk —XapakTeprCcTHYECKOE 3HAUCHUE Mpejielia IPOYHOCTH MaTepraia
BBICOKOIIPOYHBIX 00JTOB (cM. Ta0. I'.8 mpunoxenwue I [5]);

!, Yh — COOTBETCTBEHHO KO3(PGHUIIMCHT TPEHUS U KO PHUIIMEHT HaIC)KHOCTH,
npuHuMaeMbie 1o Tabaume 43[5] B 3aBHcMMOCTH OT cmocoba 00paboTKH
COCIMHSCMBIX IOBEPXHOCTEH, CIoco0a peryJupoBaHUS HATSHKCHHS OOJITOB,
Pa3HOCTH MEXIY HOMUHAIBHBIX TUAMETPOB OTBEPCTUH U OOJTOB M BHJIa HATPY3KH
(TMHAMUYECKAs WITH CTaTHUYECKas);

Abn — TIOIAIb cedeHUs 0oJiTa HeTTO (110 pe3bde) (cMm. Tadmuiy A.16
npuioxeHue A);

Vb — KO PUIMEeHT ycmoBuil paboThl COSAMHEHUS, 3HAYCHUE KOTOPOTO
3aBUCHUT OT KoimdectBa 60itoB N u paBHo 0,8 mpu N < 5; 0,9 —mpu 5 <n<10; 1,0
—mpu N > 10 (a1 mosicaprx 601TOB b = 1,0).
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ITo nosicam OonTbl HEOOXOAMMO pa3MelaTh C MUHUMAJIbHBIM IIAroM (CM.
Tabmnuiry 5.6) 9TO MO3BOJSET YMEHBIIUTH Pa3Mephl MOSICHBIX HAKIIAIOK.

2) Ilposepka npounocmu nosca 0ci1adaeHHO20 OMEePCmusMu.

CornacHo 14.3.11[5] mnpoBepky NPOYHOCTH COCIUHSICMBIX 3JIEMEHTOB,
0cNabIEeHHBIX OTBEPCTHSIMH IO/ BBICOKOIIPOYHBIC OONTHI, CIEAYET BBINOJHATH C
y4eTOM TOrO, YTO TIOJIOBUHA YCHUJIMW, MPUXOIAIIASCA HAa KaXKIplii OONT, B
paccMaTprUBaEMOM CEUYEHUH YXKe TepeaaHa cuiamu TpeHus. [Ipu sTom mpoBepky
OCJIa0JICHHBIX CEYEHHMM BBIMOIHSIOT MPHU MOJBWKHBIX, BUOPAIIMOHHBIX U JAPYTHX
JTUHAMUYECKUX HArpy3Kax — M0 TUIOMAIN CEUCHUSI HETTO Anet; TPH CTATHUECKHUX
Harpy3kax — 1o 1ionaau ceueHus opyTTo A (ipu Anet > 0,85A) niu o yciioBHOM
iotmann Aef = 1,18Anet (mpu Anet < 0,85A).

Taxum 006pa3zom pacueTHOE yCuiHe, IeHCTBYIOIIEE B OCIa0JIEHHOM CEUEHUU
1osica paBHO

n
Nfo= Nt - N, -0,5F°,

rae No — YKCiI0 OOJITOB B OCIIA0JICHHOM CEUEHUH T05ICa;
N — 4ucio OOJTOB B COEIMHEHHH T10 OJIHY CTOPOHY CTHIKA.
[Tosica G6anku, ociabaeHHBIE OTBEPCTHUSMU, JOJDKHBI OBITH MPOBEPEHBI HA

MPOYHOCTH 1O hopmyJie

N
o :ﬁ < fyd Ve (846)

rae  Afo— IUIONIAAb OCJIA0JEHHOTO CEUCHHS T0sica, TPUHUMAETCS PaBHOM:

As = t: br — momane ceyeHus mosicoB OpyTTo (03 yueTa OTBEPCTHIA);

Anet —TUTOIIA[b CEUEHHUs TMosica HETTO (C ydeToM ociabyieHus Tmosica
OTBEPCTUSIMHU).

3) Cmuix cmenku.

PaccunthiBaloT Ha COBMECTHOE JEHCTBUE B CEUEHHWU M3THOAIONIETO
MOMEHTa, BOCHpuHHUMaeMoro creHkoit (Mw) u mnomepeuHort cwibl (Ved ).
PaBHopeiicTByIOIIEE yCHIME S OT M3rMOAIOMIEr0 MOMEHTa W TIOTIEPEYHOU CHITBI
JUIS KpaifHero psiga OOJITOB MO OAHY CTOPOHY CThIKA MOHO OINPEAEIUThH IO

bopmyire:

f.o

S = N2y +V7 . (8.47)
M a

W max
hIE:S
JEHCTBUSA U3THOAIOIIEr0 MOMEHTA B CTEHKE;
Amax—8xp — PACCTOSTHUE MEXKy KPAHUMU psiiaMu OOJITOB;
Y ad=ai’+ a’+ ...+ ay’
a1, a2, @i — PacCTOsTHUE MEXK]Ty OOJITaMH CUMMETPUYHO PACTIOJIOAKEHHBIX
OTHOCUTEJIBHO HEUTPAIbHOU OCH OAJIKH;

A€ Nmax = — MaKCUMAJIbHOE yCUJIUE sl OOJITOB KpaitHEro psijia OT

Vv o o
V= %d — YCHUIIHC, IICPCaaBacMOC Ha 00T OT ACUCTBYIOIIICH B 30HC CThIKA

TIONIEPEYHOM CHJIBI (pacrpeiesieTcss PABHOMEPHO Ha BCE OOJITHI 110 OJHY CTOPOHY
CTHIKA ).
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Ecnu nonepeunas cuna Veq= 0, TO pacdeT BBIMOTHSIOT TONbKO HA Nmax .
Heo6xonumoe kommdectBo 601TOB (M) B KpaitHEM psiy 1O OJHY CTOPOHY
CTBIKA OIPEEIISIOT

- S
m= TR ecau Ved#0, m (8.48)
= _Mmax  eonm Veg=0 (8.49)
Qvr kK ¥pYe ' Ed ' '

KonuuecTtBo psiioB OOJNTOB 1O CTEHKE NPUHUMAIOT HE MEHEe JIBYX.
Pa3merieHre 00JITOB Ha BEPTUKAJIBHBIX HAKJIAJKaX BBITIOIHSIIOT B COOTBETCTBUHU C
tabmuieit 5.6 (wam tadm. 41 [5]). PaccrostHue Mexmy LeHTpamMH OOJITOB IIO
BEPTUKAJIM HY)KHO TIPUHUMAThH OJIM3KMM K MakcuMajibHOMY €3 < 8do mim ez <12t ,
rae do — quaMeTp oTBepCTHs 1o 00T, I— ToIKuHa HanboJIee TOHKOTO JIKCTa. ITO
MO3BOJISIET YMEHBIIUTh KOJUYECTBO OOJTOB B CTHIKOBOM COCIWHEHWU CTECHKH.
Paccrosinuss MeXy BEpTUKAIBHBIMU psAlaMU OOJTOB MPUHUMAIOTCS OJIM3KAM K
MUHUMAJIBHOMY € > 2,500, 4TO TO3BOJSET YMEHBIIUTH INMHPUHY HAKJIAJIOK.
Pazmepbr oT 1menTpa Oosita 10 Kpas DBJEMEHTA Ha3HA4yaloT OJM3KUM K
MHUHHMaJIbHOMY pasmepy e > 2 do (pucyHok 8.15). TonmuHy HaKIamgoK
MPUHUMAIOT KOHCTPYKTUBHO C YY€TOM COPTAMEHTa Ha MPOKAT, YTOObI CyMMapHas
TOJIIIMHA HAKJIAJIOK ObLIa HE MEHEe TOJIIIUHBI CTCHKHU.

3) Ilposepxa ocrabnenHHo20 ceueHuss CHEeHKU.

[Ipy BBIMOJHEHUM CTHIKA O CEpeUHE MpojeTa OalaKu, MpOoBEepKa MPOYHOCTH

CEUEHHMS CThIKA BBIMOJIHSAIOT HAa MOMEHT My .

PacuerHoe 3HaueHue W3rMOAIONIEr0  MOMEHTA, JICHCTBYIOIIETO B
0CIIa0JICHHOM CEYEHUHU CTEHKU (HAKIIAJKH), MOKHO ONPEEIUTH M0 (hopmyJie

Mw.o = Mw— Mw E,

my,

rae Mg — Yuciao OOJNITOB B KpallHEM psily MO OJIHY CTOPOHY CThIKa B
HaKJIAJIKE.

Crenky (Hakianku) Oanku, OCHaOJICHHYI0 OTBEPCTUSMH, MPOBEPSIOT Ha
MPOYHOCTH 1O HopMyJie

MWO

Wi < fydyc ) (8-50)

TrAc Ww_n —MOMCHT COIIPOTHUBJICHUA HCTTO CTCHKHU (HaKHa)IOK), ocJ1a0JICHHBIX
OTBCPCTHAMMU.

Coaep:xaHue NpakTU4eCKUX 3aHATHH o pa3aeay V.

IIpakTuyeckoe 3ausitue Ne6. I10060op u npoeepka ceuenuii NPOKAMHBLIX U
COCMABHBIX 0ANOK 011 CMAOUl YRPY20ll U YRPY20 NAACMUYECKOU Padon bl

IIpumep 8. 1. Pacuem 6anxku nacmuna.

[TopoOpaTh ceueHne OanKu HACTUIIA, LIAPHUPHO OMEPTOM Ha rIaBHbIE OaJIKH.
[Tponer G6anku HacTuna paseH 5,4 M. PacueTrHas cxema Oaliku NpUBE/IEHA HA PUC.
VIII.1, xapakrepuctuueckas Harpy3ka (.= 35 kH/M; pacuerHas Harpy3ka Q=
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40 xH/m (mpu pacdete Harpy3Ku yuTeH KO3 (PHUIIMEHT OTBETCTBEHHOCTH
coopyxeHust KrL).

[Mpunumaem craip mapku C245, B cootBercTBuu ¢ Tabumueit A.4 fyg = 240Mna
=24 kH/cm? npu t= 4 - 20mmM. B coorserctsuu ¢ tabmuueii b.1[5] xo>duiment
ycioBus pabotsl paBeH y.=1,0.

Pacuernas cxema 6anku npuBeaeHa Ha pucynke VIILL .

Y.V V VvV V VYV V V¥V /*I
’ %’ | =5400 T
’ !
i !
i !

L[
I — ,
— T

Puc. VIIIl.1 PacuerHas cxema Oajiku.

M

BeimonauM nipeBapuTeNbHBIA 1OAOOp ceueHusi Oanku Oe3 yuera ee
coOCTBEHHOI'O Beca.
PacueTHoe 3HaUCHME H3rNOAIOIIIETO MOMEHTA
Meg= S5 =254 _ 1458 iy,
8 8
TpeOyemblii MOMEHT COMPOTHBIICHHS

M 145,8:102
Weale, =——=24— = =542.4 cm®3,
c1Bfya¥e 11212410

riae c¢; TnpuHUMaeM paBHbM 1,12 u f = 1.
ITo copramenty I'OCT8239 BeiOupaem nBytaBp | Ne 33 co ciepyrommmu
XapaKTEPUCTUKAMU CEUEHUSI:
W, = 597 cm®; J, = 9840 cm*; S=339 cm?, h = 330 mm; br =140 mm;
tw =6 Mm; tr = 11,2 mm; p = 42.2 xr/m =0,422 xH/m.
VYTouHsieM pacyeTHYI0 Harpy3Ky Ha Oaliky ¢ y4eToM ee COOCTBEHHOI'O Beca
q=(q+p-y)=(40+ 0,422 - 1,2) = 40,51 xkH/m.
PacyeTHoe 3HaUeHNE N3rNOAIOIIEr0 MOMEHTA
"12 _ 40,51-5.42

Meg = 2 . = 147,66 kH - M

PacueTHOE 3HaueHnE HOHGpeqHOﬁ CUIJIbI B OHOpHOﬁ yaCcTHu
/ .

Ves= 1 = 20554 —100,36kH
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2). [IpoBepKy MPOYHOCTH OAJIKH 10 M3THOAIONIEMY MOMEHTY BBITIOJIHICM I10

dopmyiie (em. 8.2.1 [5])

Mgq 147,66-102
c1BWynfyaYe ~ 10851597241
riae c1 = ¢x = 1,085 (mo Tabmune E.1 [5]), Tak kak

Ar _ teby  _ 11,2:140 o
A Lhoz) sEseziD = 0,85 u B cpeHeit
yactu Oanku ( rae nedcTByeT Mmax ) 7x = 0;
B=1, 1k .<05f (cm. 8.2.3[5]).

[TpounocTs Oanku Ha U3rud odecrneyeHa.
3). IIpoBepKy MPOYHOCTU IO IMOMEPSUYHON CHIIE B OMOPHOM YacTU Oajaku

(M=0) BeImosHSIOT 110 opmyiie (cm. 8.2.1 [5])

V.S 109,38-339
—Ed® <1 TOrnda =0,38<1,0
It,fy, 9840-0,6:14,5'1,1

rnie hw=h-2t=346-2"-0,85=32,9 cm;
fs= 0,58f,a = 0,58:24,0 = 13,92xH/cM? — pacyeTHOE 3HAYEHHE IPOYHOCTH
CTaJId Ha Cpes3.
[IpounocTs Ganku Ha cpe3 obecredeHa.
4). IIpoBepka >KeCTKOCTU OaTKK HACTHJIIA
5.9" -1 5-35422:1072-540% 540
5

=193 cm<f,=— = 2,16 cm,
384-E-J, 384206009840 250

rae 4 = (g« + p) = (35 + 0,422) = 35,422 xH/m —xapakTepucTuieckas Harpy3ka
Ha 0aJKy HACTUJIIA;
f. — cm. Tabmuiy 49 [5].
KectrocTh 6anku obecreueHa.
5). OOmias ycTOWYMBOCTH Oanku oOecCIeUeHa KeIe300eTOHHBIM
HACTHUJIOM, HENPEPHIBHO OIMUPAIONIMMCS Ha BEPXHHM CXKaThli mosic. [IpoBepka
o011elt ycTOWYMBOCTH Oaliku He TpedyeTcs.

=0,95<1,0,

fmax =

IIpumep 8. 2. Ilo0b0p ceuenusa znasnoit 6anku.

PaccuuTaTh T71aBHY0 62Ky 0ajg09HOM TUTOMAAKKA U BBIIOJTHUTH N3MECHECHHE
€e CeUCHHUs I10 JJINHE.

WcxonHple NaHHBIC: Harpy3ka cratmdeckas, mpoyiet Oamnku | = 10,8wm,
HAaCTHJI — CTaJbHOM JUCT. THIl CEUYEeHHMs] — CUMMETPHUYHBIA CBAPHOW NIBYTaBp M3
JIUCTOBOTO MPOKATa.

banku HacTWiIa MPUMBIKAIOT K TJIaBHOW Oanmke cOoky ¢ marom 1,2 M, 1o
OakaMm CBEpXy MPUBAPEH CTATHLHOW HACTHUIL.

PacueTHas cocpenoToueHHas Harpy3ka oT OaJoK HaCTHIIA, MPUMBIKAIOIINX K
rJIaBHOM Oasike ¢ o0eux cTopoH, paBHa F = 2R, = 2-77,32 = 154,64 xH, rae Rn—
OoTopHas peakius ogHou Oanku Hactwia, U F, = 130,07xH —xapakrepuctuueckas
Harpyska oT 0ayiok HacTwiIa (TIpU pacueTe Harpy3Ky Ha OaJIKU HACTUJIA YK€ YUTEH
K03(hPHUIIUEHT OTBETCTBEHHOCTH COOPYX)eHUs KrL) .

1). CraTrueckuii pacueT OayIKH.

Pacuernas cxema Ganku nmokasana Ha pucynke VII1.2 .
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a a=1200
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1=9%1200=10800
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L TIITR7777

X 1-2x X

ST == @

Vimax Mmax
v S]] @

Puc. VIII.2 PacuerHas cxema rjIaBHOM OaJIKu

Tak kak yucno 0ajgok HacTwiIa OoJiee MATH, TO y3ioBas Harpyska (F) moxer
ObITh 3aMEHEHAa paCUeTHOM HKBUBAJICHTHOM paBHOMEPHO pacnpeieIeHHON
Harpy3Komu.

Qows = 1,032 = 1,03151‘"264 =132,7 xH/m,

rae 1,03 — koappuuenT, yuuteiBaronuii CoOOCTBEHHBIN BeC OaJKU.

XapaKTepI/ICTI/I‘ICCKaSI OKBHUBAJICHTHAA HAI'py3Ka

Qieows = 1,03 =2 =111,6 kHwm,

MakcuManbHBI U3rHOAOIIMI MOMEHT B CEpEIMHE IPOJIeTa TJIaBHOM OalKu W
MaKCHUMaJIbHas TIOTIepevHas Cujia Ha oriope OyAyT paBHBI

Mimax = 0|3K38~I2 2132,7510,82 _1934,8 kH-M:

Vmax = qang' = 132’72.10’8 = 716,6 kH.

2). HonOop ceyeHus TIIaBHOW OATIKH.

banku OTHOCATCA KO BTOPOW TIpynne KOHCTPYKLUMM, JJII HEE HCIOJIb3YEM
JIMCTOBYIO IIUPOKOIIOJIOCHYI0 YHUBEpPCANbHYIO cTanb C245 ¢
fya = 230 MIla =23 kH/cm? (mpu t = 4...30mm) Tabm. A.3[5] (wm Tabn1.A.3
npuinoxenne A YMK).

TpeOyembIii MOMEHT CONIPOTUBIICHUS OATKU

Wogle = Mmax — 1934810° _g419 5 cnrd,
fyae 231
MuHuManbpHas 1o )KECTKOCTH BBICOTA CEUEHUs OanKu
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n _ 5fyal’Qrscs, _ 5:230:10%:250-111,6
min 24E f,,Qoxn 24-206000-10,8:132,7

=0,528 M,

l
e f, = 5o OHPeIeIseTCs 110 tabi. 49[5].

OmnpenensieM ONTUMAIbHYIO BBICOTY OAJIKH, MPEABAPUTEIBHO 3a/1aB €€ BHICOTY

h= 1,=1%%_1080mm > hmin = 528MMm
10 10

M pacCUUTaB TOJIIMHY CTCHKHU

=7+ 0 =7+ 2190 - 10 24n0.
1000 1000

[IpenBapurensuo npunumaem ty = 10mMM. Torga onTtumalnibHasi BeICOTa OANKU

Oyzer paBHa
hopt = & /W—l =11 /8‘”2'2 =100,9 cm.
tw 1,0

[Mpunumaem BeicoTy ceueHust 6aku h = 1000Mm.
MuHnuManpHas TOJIIMHA CTEHKH U3 YCJIOBHS €€ paboThl Ha cpe3 (I BapuaHTa
onupaHus 0aJKu Ha KOJIOHHY 4epe3 TopIiieBoe pedpo (cM. pucyHok 8.13, B))

B 74 716,6
tomin = k' 2225 = 15—22° (g5
: huwfeVe 95-13,34-1

/i€ PEABAPUTEIbHO IPUHUMAEM

hw=h—(2...6)cm =100 — 5 = 95¢cmMm;

fs=0,58-fya = 0,58-23,0 = 13,34 xkH/cm?.

Tax kak twmin = 8,5Mm < ty = 10MM IpUHUMAaeM TONIIHUHY CTCHKH tw = IMMm.
OmnpenensieM ONTUMAIBHYIO BBHICOTY Oaliku ¢ tw = 9mm.

Nopt =K /Wt—‘” =11 /84015'2 = 106,3cm =1063Mm.

OxoHYaTeabHO Ha3HaYaeM BbICOTY Oanku h = 1100mMm.
TonmmHa cTeHKH U3 yCIOBUA OOECIEeYeHUs: MECTHOW YCTOMYMBOCTH 0Oe€3
MOCTAHOBKHM JIOMOJIHUTEIBHBIX MNPOAOJBHBIX pedep KEeCcTKOCTH (M. QopMmyiry

(8.10)).
_ 105 230

tw = 5 2.06-10* = 0,58CM <tw= O,9CM,
rae hw =h—-(2...6)cM=110—-5=105¢cm.
[Mpuaumaem BeicoTy O0anku h =1100Mm u tw = 9mm.
Omnpenenum TpeOyeMblii MOMEHT UHEPIIUU BCE OaKku

Weqh  8412,2:110

Lica = CZ‘” = . =462671cm*.

Onpeaenm MOMEHT UHEPIIMU CTEHKH OallKu
0,9-1053 4

Ly cal = =86821,9 cm”,

rae npuarMaeM hy = 105¢M mpu ToNImuHE TOAKH 25MM.
OnpenenuM TpeOyeMbIil MOMEHT HHEPLIUU MTOSICOB
Ir cat = Lycar — Iw,car =462671 — 86821,9=375849,1 cm*.

Omnpenenum TpeOdyeMyro IJI0IIA b CEUCHUS OJTHOU IMOJIKH
_ 2lfcq  2-375849,1

— — 2
Af,cal = h(z) = 107,52 —65 CM~,

riae ho = hw + 0,5 (h — hy) = 105 +0,5(110-105) = 107,5¢m.
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OmnpenenvM MmUpUHY MONKKH, npuHEMaroT by =~ (1/3 — 1/5)h, oOwraHO

1 1
IPUHUMAIOT Dt =~ Zh = 1 -110=27,5¢cm.

[Mpu tf = 25 MM NOAYYUM MUPUHY TONKH Dt cale =65/2,5=26CMm, uyTO0 TpuMepHO

omu3ko k br = 27,5cm. Tlpumem br=27cwm, tr= 25 Mm,

torna Ar=27:2,5=67,5¢cm? > 65 cm?.
¥ - % = 2,78 < 3 — ycnoBue CBapHUBaEMOCTH COOIIOIACTCS.

, bt=270 ro

| ]
T T A‘

tw

t

fw=9

1100

hw
1050
h=

um} \mu N

%f% 135

Aso

te

25

Puc. VII1.3 Ceuenue rinaBHoit Oanku
3) T'eomeTpudeckue XapaKTEPUCTHKHU PUHATOTO ceueHus oanku (puc. VIII1.3):

. 3
=225 4227 2,5 (15522) =86821,9+390023,4=476845 3en
W, = % = 8669,2cM > Weale = 8412, 2cM?;

27-2,5(105+2,5 0.9-1052
S, = (2 ) 4 —% = 3628,1+1240,3=4868 donr’
4) YToYHsAEM PACUETHYIO HArpy3Ky Ha OajKy ¢ YYETOM ¢ COOCTBEHHOIO

BCCa

e 15464+1 802:1,2=131,1xH/Mm

rme p = (hwtw + 2bit)l-p= (1,05-0,009 + 2-0,27-0,025) -1-7850 = 180,2 xr/m,
371eCch MIIOTHOCTH ctainu 7850kr/M° u Ha mmune 1,0M.

YTOUYHEHHBIE PACUETHBIEC 3HAUCHUS YCUIINT
131,1-10,82

Mg, = BEEr— =1911,44xH wm;
131,1-10,8

Ve = ———— = 707,94

5). IIpoBepka MPOYHOCTH OAJIKK Ha M3rHO

190



Mg _1911,44-102
WxnminfyaVe 8412,2+23,01
Hecymas cnocoObHocTh Oanku Ha u3rud obecrneueHa.

[TpoBepka mpouHocTH OajgKky Ha cpe3 OyIeT BBIMOJIHEHA MOCIe W3MEHEHUs
€€ CeUEHHUs M0 JJINHE.

6). U3sMeHeHue ceueHus OaIKU 110 JUIMHE IPOJIeTa.

W3meHeHnne cedeHusi OanKy BBITIONHSEM YMEHBIICHHWEM IIUPUHBI TOsca Y
OTIOPBI, TONIIMHA M05Ca IOCTOSIHHAS (CM. PUCYHOK).

=0,99 <1,

HpeI[BapI/ITeJ'IBHO Ha3Ha4YacM PACCTOAHUC OT OIIOPHI Oanku J0 TOYKH Haydajia

1
M3MEPEHHsI CCUCHUS X = EI = 610,8= 1,8m.

N3rubaronuii MOMEHT B MECTE U3MEPEHUS CEUCHUS

M, = q’BKB’;(l"‘) — 131'1'1'8(210'8‘1'8): 1061,9 kH'm.

Tpebyemblit MOMEHT COMPOTUBIICHUS OAJIKK B MECTE U3MEHEHUS CCUCHUS
M 1061,9-102
Weale1 = —— = =5431,7cm3,
fwyYe 19,551

IJI€ pPaCYETHOE 3HAYECHHUE IPOYHOCTH CTBHIKOBOTO IIIBA PABHO

fwy = O,85fy — 0,85-230=195,5 MHa:19,55KH/CM2,
T.K. CBapKa IMOSCHBIX JIMCTOB MpeJroiaraeTcss 0e3 (U3NYECKUX METOJIOB

KOHTPOJIS € UCIIOJIb30BaHUEM IPSIMBIX CTBIKOBBIX IIIBOB.

MomeHT HHCPIHHU B MCCTC U3MCHCHUSA CCUCHUA

Wealah _ 5431,7:110

Ix,cal,l - > > —298743,5 CM4.
TpeOyembIii MOMEHT WHEPITUH T0siCa
It catr = Lycars — Iy= 298743,5- 22295 211921 6 o,

Tpebyemas momaab mosica B MeCTe U3MEHEHUS CEUCHUSI

Ifcai12 211921,6:2_
f1 =L = = 36,6 oM.
’ (h—tf)? 107,52

YMeHbllIeHHas IIMPHUHA ITOACHBIX JINCTOB

brs _32656 = 14,6cM = 146Mm < 180MM.

Haznauaem b1 = 180mMm.
OrmpenenyM MOMEHT UHEPLUH OaJIKM JIJIsl U3MEHEHHOTO CEYEHHS

¢ h? h +t, ¥ 09.105° 2
IXl — W w +2bf & f _ 0,9 105 +2182,5 105+ 2,5 —
12 2 12 2
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=86822 + 260016 = 346838 cm*.
MomMeHT conpoTuBieHUs OATKU AJI1 N3MEHEHHOTO CEUEHUS PaBeH

21 .
Wyp = “xt 2346838 = 636 cpd,
h 110

Hecymas cnocobHOCTh 6anku 1Mo M3rubaromeMy MOMEHTY H3MEHEHHOTO
CCUCHUs

Myrd1 = Wxafuwyye = 6306-19,55-1-102 = 1232,8 xH M.

Torna
! 12 2MyRa 10,8 10,82  2:1232,8
X =-— |—_—ZTxRd1 _ — — =5,4-3,2=2.2M.
2 4 Q' sxn 2 4 131,1

[IpuHuMaeM paccTosHHE 10 MecTa U3MEHEHHUs ceueHus nosica X = 2,1m.
7) IIpoBepka NPOYHOCTH CTCHKHU OANKH B MI3MCHEHHOM CEYCHUH

*21

X
mryrerrr T e

Puc.VI1I11.3.a. HanpsikeHHOE COCTOSTHHE CTEHKH B MECTE U3MEHEHUS CEUCHUS

[IpoBepKy MNPOYHOCTH CTEHKH B HW3MEHEHHOM CEYEHHUM BBIMOJHSIIOT TI0
MPUBEIACHHBIM HAMPSHKEHUAM 110 (hopMyJie

Opf = /012 + 377 < L,15f47..

Omnpenenum ycuinusi Ha pacCTOSTHUA X = 2,1M OT ommopsl
131,1-2,1(10,8-2,1
M, = (2 )= 1197,6 xHwm,

V, = 131,1(0,5 - 10,8 — 2,1) =432,6 kH.
3HaquI/IH HaHpﬂ)KeHHﬁ B CTCHKC UBMCHCHHOI'O CCUCHUA
Mh  1197,6:105-102
o =—" = =18,1xH/cm? < 23-1=23 kH/c™m?;
W, ;h 6306-110
VyS 432,6:2418,7
7, = 220 = = 3,35 kH/cM? < foye = 13,34-1=13,34 kH/cm?
Iy1tw 34683809
S,, =b,,t, (h, +t,)/2=18-2,5(105+2,5)/2 = 2418,7 c®.

O =+/18,12 + 33,352 = 19,0 < 1,15f, 4%, = 1,15-23 - 1
=26,45 xkH/cm?.

[IpouHocTh oOecreyeHa.
7). IIpoBepka npoyHoCcTH OajKu Ha cpe3 MO KacaTeJIbHbIM HANpsSKEHUEM

‘y OIIOPHBI)

192



VeaS _ _ 707943659 6o
Iytwfsyc  346838:0,91334:1 '
rae

S, =by(h, +t;)/2+t,h; /8 = 18-2,5(105+2,5)/2 + 0,9-105%/8 =
2419+1240 = 3659 cm®

Hecymas cnocobHOoCTh Oanku Ha cpe3 o0ecrieyeHa.

IIpumep 8.3. Pacuem coedunenus nosacoe co cCmeHKoul d6anku.

[To nanHbBIM IpUMepa 8.2 pacCcUUTaTh CBApHBIE HIBBI COCIMHEHUS TIOSICOB CO
crenkoii 6anku (puc. VIIL.3). Ilomepeunas cuia y omopsl paBaa 707,94 kH.

CoenvHeHnE MOSICOB CO CTEHKON Ha3HAadyaeM C JBYCTOPOHHUMH YTJIOBBIMU
IIBaMH C MPUMEHEHUEM aBTOMATHUYECKOW CBAPKH B JIOJJOUKY B CPEAE YIIIEKUCIIOTO
rasa, CBapoOYHOW TPOBOJIOKOH auamerpoMm 3 MM mapkm CB-08A Tabm. I'.1 [5].
Cranp C245, f,4 = 360MIla. Pacuer BoimonHsieM B cooTBeTcTBUH € 8.2.5 DYMK.

OnpenenuM pacueTHOE, CABUTAIONIEE MOSAC YCHIINE HAa €UHUILY IJTUHBI

VEgS 707,94-2418,75
T = L — = 4,94 xH/cwm,
1 346838

rac 4Jid CCUCHUS 6aHKI/I Y OIIOPHI
S; =18-2,5(105+2,5)/2 =2418,75 cM®, I, = 346838 cm*.
PacueTHbIe XapaKTEPUCTUKH I pacyeTa CBapHBIX IIBOB
fir =180 MIla ta6n. T.2[5];  f,,; =0,45-360=162,0 MIla ta6m. 4[5];

B.=0,7; g,=1, Tabn. 40[5] npu Tonmmue cB. 16MM.
fwrBr180-0,7=126Mlla >f,,,, =162-1=162 MIIa.
CremoBaTelIbHO pacyeT BeIEM 10 METaJLIy IIBa .

OHpGI[GJ'H/IM KaTeT CBAPHOTIO ITOSCHOI'O HIIBA:
T 4,9

F T nBifwsre | 20,718,011
B cootercTBru ¢ Tabmunel 39 [5], nasnadaem ky = Kf i = 10MM,

= 0,2cM=2MM

Ipumep 8. 4. Pacuem onopnozo peopa (onopnozo yuacmka) 6aiku Ha
YCmMouuugocms.

PaccuuTaTh onopHoe pedpo Ti1aBHON OaJIKU ¥ MPOBEPUTH OMOPHBINA y4aCTOK
Oanku Ha ycroiauBocTh (puc. VIII.4).  OnopHas peakius paBHa MOMEPSUHOM
cune Ha omope F=710 xkH. Bricora 6amkm - 1100 MM, crenku — 1050 mm,
mupuHa mnosica — 180 MM, TommuHa ctreHkd — tw =9 mm. Cramp Oamku C245.
[TpumbikaHue OATKU K KOJIOHHE COOKY .
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Puc. VII1.4. K pacueTy onopHoro ys3ia.

Pacuer BoimosHsieM B cooTBeTcTBUU € 8.5.17[5] (Wi 8.2.6 DYMK).
1) Ipuaumaem mmpuHy oropHoro pedpa bp=br =180 MM, Toraa ero TommuHa

paBHa
F

tp B bpfpyc’

rae F — onopHas peakius 0anku;

ve = 1 — K03 GUIIUEHT yCIIOBUS PAOOTHI;

fo — pacuerHoe 3HaueHHWe TMpoKaTa  CTald HA  CMSTHE TOPICBOU
MOBEPXHOCTH (MPU HATMYUK MPUTOHKH ), KOTOPOE OMPEAEIISIeTCs 10 TabIuile
A.6 [5] B 3aBucumocTH ot fuw=360 MI]a, fp = 351MIla =35,1 kH/cM?,

710

P 18-351-1
KonctpykTuBHO ipuHUMaeMm t p =14 mMm.

t = 1,12cMm.

2) IlpoBepuM yCTOMYUBOCTH OMOPHOM YaCTH OaNKK (pacyeTHas cXeMa OIOPHOM
yactu Oanku npuseneHa Ha puc. VIII.4) o popmyie
N
"
qﬂfqeff3u1Yk
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raie A = t, * by + 0,65t} |~ =18 1.4 + 0,65 0,9’ /2026300 —49 44 cr? —

yd
pacueTHas IIoIas OmopHoro ceueHus oanku (puc. VIII1.4.);
fya = 230MIla = 23xH/cm?, Tabm. A.3[5];

0.65-0 94_ 20600
1,4-183 ’ ’ \/ 23 . 681,1
I, = + = 681,1cm?; i, = =3,71 cMm;

X 12 12 49,44
A, = 105 = 28,3
X371 T

Onpenenum /TX = A, ,fELd = 28.3 /2026300 = 0,95,

torma  ¢x=0,907 — k03P HULHEHT YCTONUMBOCTH LIEHTPAILHO CKATOTO CTEPIKHS,
ompenenseM no tabmune /1.1 npunoxenue /| [5] B 3aBHcHMMOCTH OT THOKOCTH
A, = 0,95 wu tHna ceyeHus «c» Tabdi.7 [5].

[IpoBepka ycTOMUMBOCTH
710

=0,69 < 1.
0,907-49,44-23-1
VY cTOMUMBOCTh OOPHOM CTOMKHM OOecreyeHa.
3) IIpoBepuM MECTHYIO yCTOHYHBOCTH OMOpHOTO pedpa (cm. 7.3.8 [5]).

_ / 0,5(18-0,9 ’ 23
Onpenenum A, = Dep |fya _ 05C ) = 0,204 u
ty \ E 1,4 20600

Ay = 0,36 + 0,11 =0,36+0,1-0,95= 0,455.
Tak kak /Tp = 0,204 < A,,; = 0,455 MecTHas yCTOWUMBOCTH pebpa obecreueHa.

IIpakTnueckoe 3ansaTue Ne7. Koncmpyupoeanue u pacuem y3106
conpaxcenusn 0a10K

IIpumep 8.5. Paccunrare y3en conpsikeHus: OaJIKi HACTHIIA C TJIABHOW OaJIKOM

Ha OonTax.

Jano: Oanka Hactuia apytasp I 3061 (tr =8,5mm, tw =5,8mMm ). Crams C255
o 'OCT 27772, fya= 250 MIla (Tabn . A.4[5] npu t<10, ) . OnopHast peakuus
oanku F = 70,1 kH. Paccuurats y3en conpsixeHus 0aaky HACTHUIIA C TJIAaBHON
oankoil. Tonuua pedpa xxecTkocTu 6anku 9 Mmm. ConpsiKeHUE BBITTOJHUTH B
OJTHOM YPOBHE.

1). ITppHIMaEM KOHCTPYKITUIO COTIPSDKCHHS C PUMBIKAHUEM OajIK/ HAacTHIa
K IIOTIEPEYHOMY peOpy JKECTKOCTH IIaBHOM Oanku Ha Oonrax (puc. VIIL5).
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Puc. VIII.5. Conpsixenue 6ajku HaCTHIIA € TJIABHOM.

ITo tabmuue I'.3 [5] npuHKMaeM B cOeTMHEHUH OOITHI HOPMAJIbHOM
TOYHOCTH Kiacca 4.6 quametpom d = 20 mm.

PacuetHoe ycuime ogHOro 60/ITa Ha Cpe3
d? 3,14-22
Nbs = fps = ¥p "= N5 " ¥e = 15,0-0,9 - =——-1-1= 424 xH,
rae fos = 150 MIla — o Tadmuue I'.5 [5]; v, = 0,9 (ta6m.42[5], a/d=2d/d=2,
vy = (04-2402)09 =0,9).
PacueTHoe ycuime 0gHOro 00JITa Ha CMATHE
Nbp = fbp Yo - d : tmin Y& 50 - 0,9 -2 0,581 =52,2 KH,

rie fop = 500 MIla — o Tabaume I'.6 [5] mist 60aTOB Ki1acca TOYHOCTH «By
npu fu = 380 MIla g C255;

tmin = tw,,» = 5,8 MM — TonmuHa crenku 6anku Hactuia (130B1).

2). KommaecTBo 00ITOB B COCAUHECHUH

1,2F -
Neat =2 =% =198 m.
I\Ib,min 42,4
rae F = 70,1 xH — onopnas peakuust 0anku HaCTUTIA;
Nb,min = 42,4 kH.

HpI/IHI/IMaCM KOJIMYECTBO OOJITOB B COCIMHCHUU N = 2 ImT. (CM. PUCYHOK

VIILG.).
JluameTp OTBEpPCTUIA 1O OOJITHI
do=d+ Imm=20+1 =21 mm.
Paccrosiaue Mexty 6Goatamu 1o BepTukaiiu (cM. tadmuiyy 41, [5])
e>2,5d0=2,5-21=52,5mm.
[Mpuaumaem e = 60 MM < 8 do= 8 - 21 = 168 mm;
e=60MMm <12 ty, =12 - 5,8 =69,6 mm.
Pacrnonoxxenre 601TOB 1 BBIPE30B MO OaJKe MPUBEICHO HA PUCYHKE.
3).IIpounocTh 0C1a0ICHHOTO OMIOPHOTO CEYECHUS OaJIKH
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o= % — %1 = =8,76kH/cMm? < fope = 14 - 1 = 14kH/cm?.
rne Veda = F=70,3 kH;

fs = 0,58-fyg = 0,58-250= 140 Mna =14kH/cmM?> — pacuernoe
CONPOTHBIIEHHE CTAJIU HA CPE3;

An=(18-2-2,1)- 0,58 = 8,0 cm?;
[TpouHOCTH OCNA0JIEHHOTO OMOPHOTO CEYCHUS OaKN o0ecredyeHa.

Paszpen IX. HEHTPAJIBHO CKATBIE KOJIOHHBI.

Tema 9.1. O61mas xapaKTepUCTUKA KOJIOHH, PACYETHAS CXeMa
B Merammmuecknx KOHCTPYKIUSAX IMAPOKO MPUMEHSIOTCS KOJOHHHI (puc. 9.1 a)
WU CTEP)KHH, paboTarolire Ha IeHTpaiabHoe cxxaTue (puc. 9.1 0).

8w

‘_ r.-t.'h?qpmehrb

4*!'—-.4

| =

“Pyndamnr]] Fasa Q\'
| AN N
zzz2.

Puc.9.1 DneMentsl , paboTaroniye Ha HEHTPAIbLHOE CKATHE
a) — KOJIOHHA; 0) - CXKaTblid CTEPKEHb TSHKENON (PepMBI.

KonoHHBl TepemaroT Harpy3ky OT  BBIIICICKANUX KOHCTPYKIIMHA  Ha
HUKEJIeKAIMe KOHCTPYKIIMU Wi  Ha (QyHmameHTol. lleHTpanbHO CkaTbie
KOJIOHHBI TPHUMEHSIOTCS ISl TOAJEPKAHUS MEXKIYITAKHBIX TEPEeKPHITUH U
MOKPBITUN 3JaHWM, B pab0YMX IUIONMIAKaX, MyTENpoBOJaxX, dCTakamgax W T. II.
KosonHa coctout u3 tpex yacteit (puc. 9.1a): 0201060k, Ha KOTOPBIH OMUPAIOTCS
BBINIEJICKAIINE KOHCTPYKIIMH, CMepoiceHb, SIEMEHT Tepelalonuii Harpy3Ky OT
OroJIOBKa K 0a3ze; 6asa, nepefaronias Harpy3Ky OT CTep>KHS Ha (yHIaMEHT.

KooHHBI M CKaThle CTEP)KHH MOTYT ObITh crutomHbiME (puc. 9.2, 9.3) - Bce
OCH MaTrepualbHble WIM CKBO3HBIMH, COCTOSAIIMMHU 4Yalle W3 JBYX BETBEH,
COEIUHCHHBIX pelIeTkoi (cM. puc. 9.6), nMeromue 0Hy CBOOOIHYIO OCh.
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Pacuer w KOHCTpyHMpOBaHHE IIEHTPATHHO-CKATHIX KOJOHH W CTEp)KHEU
MIPOU3BOJIUTCS AHAJIOTHUYHO.

Buvioop pacuemnoii cxemol.

PacueTHyto cxemy OJHOSIpPYCHOH KOJIOHHBI ONPEIENSIOT ¢ y4eToM croco0a
3aKperuieHus ee B (yHIaMEHTE, a TaKkKe Croco0a MPUKPEIUICHHS! BBIIIEIEKAIINX
KOHCTPYKITUH, epealoNIuX Harpy3Ky Ha KOJIOHHY.

CoenuHeHue KOJIOHHBI ¢ (yHIAMEHTOM MOXET OBITh JKECTKUM U
mapHupHeEIM.  Ecnmu  QyHIaMeHT J0CTaTOYHO MACCHUBEH, OIMUPAeTCs Ha
HEMPOCAOYHBIA TPYHT, a 0a3a KOJIOHHBI pa3BUTa M MMEET HAJACKHOE aHKEPHOE
KpeIICHUE, KOJOHHY MOYKHO CUMTaTh 3alleMJICHHOW B (yHIaMmeHte. B apyrux
ClIy4asix — HIaQpHUPHOE 3aKperieHHe.

ConpsikeHre 6aJloK ¢ KOJIOHHAMU MOXET OBITh CBEPXY Ha OTOJIOBOK U COOKY
(puc.9.2).

-8} 4) 8 & g)

I ¥ | -V -
=RE== ¢

Puc. 9.2 Cxembl conpspkeHHs OaIOK ¢ KOJTOHHOM

[Ipy OAHOSAPYCHBIX KOJOHHAaX OamKkh WM JAPYyrue KOHCTPYKIUHU MOTYT
onupaThecs cBepxy (puc. 9.2,a) n)). Takoe coequHeHHe, NMPU 3alIEeMICHHBIX BHU3Y
KOJIOHHAX, YJJ00HO IIPU MOHTa)e, OCYILIECTBIISIETCS UeTKas nepeadya Harpy3Kku ot
BBIIIIE JISKAIUX KOHCTPYKIIMWA HA OTOJIOBOK; MTPU 3TOM KOJIOHHA paccMaTpHUBAECTCs
KaKk [IapHUPHO 3akKperuieHHas B BepXHEM KoOHIE. Torma mnpu  KECTKOM
3aKpETUICHUH KOJIOHHBI B (yHJIAMEHTE pacueTHas JUIMHA KOJIOHHBI (Tabm. 9.1)
npunumaercs paHod 0,71, a npu mapuupaom — |, rae | — reomerpueckas
JUTMHA KOJIOHHBI OT GyHAaMEHTa J10 HU3a 0aJloK .

Bonee >xecTkuM sBisieTCsl coelMHEHHE OaJOYHON KOHCTPYKIMU K KOJIOHHE
cOooky (puc. 9.2, 0)). IIpy gocTaToOYHO MOITHOM OaTOYHON KOHCTPYKIIUH H
KECTKOM NPUKPEIUIEHMH OaloK K KOJOHHaM TMOCJIEIHWE  MOYKHO CYHMTATh
3alIeMJICHHBIMH BBEpXy. Torga pacueTHas JJIMHA B IUIOCKOCTH TJIABHBIX OasioK
MOXeT TpuHUMaTbcs paBHOW 0,71 mpu mapHUpHOM 3aKpEIICHUH KOJOHHBI C
¢ynmamentom 0,51 mnpwm xectkom. OHAKO W B IOCICAHEM Cllydae dYalie
IPUHUMAIOT 0,71, mockonbKy BCIEACTBHE W3rMOa OallOK HET MOJIHOTO
3aIeMJICHUSI.
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B obmiem ciyyae pacueTHas JUIMHA KOJIOHHBI ONpenensaercs, Kak lr = 1 - u,

37ech |- reomeTpudeckast IJIMHA KOJOHHBI, U - KOA((QUIIMEHT pacueTHON JUTHHBI,
3aBUCHUT OT 3aKpEIIEHUs KOHIIOB CTEP KHS, MPUHUMAaeETcs 1o Taou. 9.1.

Tabmuna 9.1 Koosddumuent pacdetHodt MHBI U ISl CTEepXKHEU
MTOCTOSTHHOT'O CEUEHUS

' i L
Cxewma i
sakpenine- |
=]

HHA KOHIIOE
CTepMHA

—

Koaddu- 0,7 0,5 l 2
LIHEHT
pacueTHOH

JUTHHEL [t

[Tpu ABYTaBpPOBBIX KOJIOHHAX TJaBHbIE Oalku yJOOHO TPUKPEIUISATH HE K
CTeHKe, a K nojikam (puc. 9.2, B)). B aToM cityuyae npu pacnoyioKeHUU BPEeMEHHOU
Harpy3kyd € OJIHOM CTOPOHBI KOJIOHHBI, MOCJHEIHsAA paboTaeT Ha BHELIEHTPEHHOE
cKatue, TJie 3HaYeHHEe MOMEHTa MOXXHO NMpUHMMATh paBHbIM Med=Nepe, 31ech
NEd- ortopHOE JaBICHUE OT OJTHOCTOPOHHEH BPEMEHHOM Harpy3ku (puc. 9.2, B)).

9.2. KoHCTPYKIMA ¥ pacyeT CIVIOMIHBIX KOJOHH.
Hawnbomee pacmpocTpaHEHHBIM CEUYEHHEM CIUIONTHBIX KOJIOHH SIBJISICTCS

JIBYyTaBp, MPOKATHOW (IIMPOKOIOJOYHBIN) WM CBAapHOM, HamboJyiee YJIOOHBIN B
W3TOTOBJICHUU TPU TMOMOIIY aBTOMATUYECKOW CBAPKU U MO3BOJISIONIMKI JTOBOJBHO
POCTO OCYHIECTBJISITH TMPUMBIKAHME OalOK H JPYTUX MOJJAEPKUBAIOIINX
KOHCTPYKIUH. Pa3nudHple THMBI CEYCHHI CIUIONIHBIX KOJOHH IMOKa3aHbI HA PHC.
9.3u94.

YToObI KOJIOHHA ObLJIa PABHOYCTOMYMBOM, THOKOCTh €€ B IJIOCKOCTH OCH X-X
JIOJKHA OBITh paBHA TMOKOCTH B IUIOCKOCTH OCH Y-y, T.e. A, = A,. OnHako s
JBYTaBPOBBIX ceueHuil (puc. 9.3, a)) 3T0 ycimoBue He COOMIOIAETCS, TOCKOIBKY Y
HUX PaIuyChl MHEPIIMH OTHOCUTEIILHO Ocel pasHble. Tak s nByTaBpa (Ta61.9.2)
i, ~043h, a iy = 0,24b , cnenoBaTenbHO, MpU A, = /1y JUISL  TIOJTy4EeHUS
pPaBHOYCTOWYMBOTO cedeHus: HyxHO, 4ToObl 0,43h = 0,24b , wim b = 2h, 4TO
NPUBOJUT K BEChbMa HEYJOOHBIM B KOHCTPYKTHBHOM OTHOIICHUH CEUYCHUH,
MPAKTUYECKU HEMPUMEHSEMBIM.
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Puc. 9.3 OTKpbIThIE CEUEHMS CIUIOIIHBIX CTep>KHEN

g , 5) y g9, 2)
L3 k-
¥ ¥ ¥

Puc. 9.4 3aMKHYTbIE CeYEHUS CIUTONMIHBIX CTEPKHEH

OObIUHBIC TPOKATHBIE OOBIKHOBEHHBIC IBYTaBPHI MPHUMEHSIOT PEIKO, YaIle
MPUMEHSIIOT IIHPOKOIOJIOYHBIE JBYTaBpbl, Y KOTOPHIX b = h, 4YTO TaKXke HE
YJIOBJICTBOPSIET YCJIOBUIO PABHOYCTOWYMBOCTH, HO BCE XK€ SBJISETCS BIIOJIHE
MIPUTOTHBIM.

CaapHble KOJIOHHHI (puc. 9.3, 6)) 10CTaTOYHO IKOHOMHUYHBI, TAK KaK MOTYT
UMETh Pa3BUTOE CEUCHHE, 00ECICUMBAIONINE KOJIOHHE JOCTATOUYHYIO JKECTKOCTb,
MOATOMY OHU SIBJISIFOTCSI OCHOBHBIM THUIIOM CEUEHUS CKATHIX KOJIOHH.

Tabnuna 9.2 TlpubnuxeHHbIC 3HAUCHHS PAJIUyCOB CEUCHHUS CIIIONIHBIX
KOJIOHH (iy ~ayh n iy, = a,b)

Ceuenite

oy 0,42 0,32 0,32 0,33

ay 0,24 0,49 0,58 0,33

PaBHOYCTOWYMBBIMU B JIBYX HANpPaBIEHUSAX SBISIIOTCS KOJOHHBI KPECTOBOTO
ceueHuit (puc. 9.3, B) © T)), AN yBEIMYCHUS MPOYHOCTH UX MOXKHO YCHIHUTH
nononHuTeNbHO Juctamu (puc. 9.3, m)). CBapka maeT BO3MOXKHOCThH TOJydYaTh
KOJIOHHBI 3aMKHYTOTO CEUYEHHS U JIPYTUX THUIIOB, HAIPUMEP U3 JIBYX IIBEIUICPOB,
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YTOJIKOB, CEUCHHsSI KOTOPBIX TIPH OOJIBIIUX HArpy3KaxX MOTYT OBITh YCHJICHBI (pHC.
9.4, B), 1)).
BecbMa panroHanbHbl KOJIOHHBI TpyO4yaToro ceuenuit (puc. 9.4, a)) .
Ilo060p ceuenus cniowiHOll KOJIOHHDL.
CedeHre KOJIOHHBI MPUHUMAIOT B 3aBUCUMOCTH OT HArpy3Kd, BBICOTBI, CXEMBI
CONPSDKEHUSI ¢ (PYHIAMEHTOM | BBINICIEKAIUMU KOHCTPYKIMsA. Yarie Bcero
NPOCKTUPYIOT CEUYECHUE B BHJC CBapHOTO IByTaBpa ¢ h>b; (puc. 9.5).

Pebpo

~ JKCCTKOCTH

ay

Puc. 9.5. CrepikeHb KOJOHHBI CTUIONTHOTO CEUCHUS:
h — BbIcOTa ceueHUs KOJIOHHBI; Dy, tf — IMIMPUHA U TOJIIIMHA MTOJIOK KOJIOHHBI;
hw, tw — BBICOTA W TOJIIIIMHA CTCHKU KOJIOHHBI; Def — CBEC MOJIOK

3a/1aBIIUCh TUIIOM CEYEHUS KOJOHHBI, OMpeNesieM TpeOyeMylo IUIOIIa b
cedeHus no popmye:
Acal = Ned /(@1 Ay, Ve ) (9.1)

rae Ned —pacdeTHOe yCHiIMe Ha KOJOHHY; fyd - IpMHUMAETCS B 3aBUCHMMOCTH OT
NpHUHATON Mapku ctanu 10 Tadm. A.3[5] (wm tadn. A.4 npuinoxenne A DYMK).

Jlnst onpeneneHust @1 3amaloTcs TMOKOCThIO KOJIOHHBI A1, 3HA4YE€HHE KOTOPOH
MOHO IPUHUMATh MPHU JIJIMHE KOJOHHBI 5 - 7 M ¢ Harpy3koi 1500-2000xH —
A1=100...70, s 6osee MOITHBIX KOJIOHH ¢ Harpy3kor 2500-4000xH —

A1=70...50. 3agaBuiuce A1, ONPEACISIIOT YCIOBHYIO THOKOCTh /Tl =1 ’fELd ITo

ta6u. JI.1 [5] mns tuna cedenns «b» M ycIoBHOM THOKOCTH A; 1O HHTEPIOIAIUN
ompenensieM @1 W B IEPBOM MPHUOIMKEHUH OMPEACISIOT TPeOyeMyIo IUIONMIAb
koyIoHHBI. (THIT ceueHus cTep)kHed npuBeaeH Taoi.7 [5]).

3aTeM OmpeeNsoT TpeOyeMble pagnyChl HHEPIHH CEUCHHSI OTHOCUTEILHO OCei
X-X U Y-y

ivcat = I,/A1, m iycal = ly//11
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3uech [, [, - pacyeTHas AJMHA CTEPIXKHS KOJOHHBI OTHOCHTENIBHO OCEH X-X U
y-y COOTBETCTBEHHO. 3aBHCUMOCTbH PaJiyca WHEPIMH OT THMa cedeHus (Tabi.9.2)
IPUOIMKEHHO BhIpaxaeTcs: GopMyIaMu

iy ®axh n i, = a,b
rae h u b — BbIcOTa ¥ MIMpPUHA CEUCHHS KOJIOHHBI.
Otcrona onpenenseM TpeOyemble TeHepaIbHbIE pa3Mephbl KOJIOHHBI
hear = ix/ay ¥ beg = iy/ay-

ITo nmanHbIM 3HaueHUN A.q;, heqy Y beqg KOMIIOHYEM CEUEHHUE KOJOHHBI C
Y4ETOM CJEAYIOILIETO;

- U1 KOJIOHHBI JIBYTaBPOBOTO CEUYEHUS PEKOMEHIYEeTCS MPUHUMATh BBICOTY
CEUEHUs M LIMPUHY IOJIKM KOJOHHBI, IPUMEPHO, PaBHbBIMU h = b, TOJUIMHY
CTEHKH IIPOHUMATh B npeenax t,,= 8-16 mm, Tommuuny nosiku tr=8-40 mm;

- YYUTHIBATh YCIOBHS CBAPUBAEMOCTH, UTOOBI tr [ty < 3;

- ycloBHS 0O0ECI€YeHHss MECTHON YCTOMYHMBOCTH: CT€HKH h,,/t,, < 60 mis
Maoyriepoauctoin u hy, /t, < 50 119 HHU3KOIETMPOBAHHOW CTajel, IMOJIKH
bf/ ty < 30 s MajoOyrJIepoanucCToOd u bf / tr <30 s HU3KOJETHPOBAHHOM
CTaJici.

C yueroM Bcex ITUX TPeOOBAaHUM HA3HAYACTCS CEUCHHE KOJOHHBI, TaK YTOOBI
IUTOIIAAb KOJIOHHEI A Obuia Oym3Kka K Acal.

OmnpenensieM reoOMeTPUISCKHIE XapaKTEPUCTUKHU CEUCHUS: TUIOIIAAb A, MOMECHTBI

uHepuuu I, u I, paguycel unepuun i, =+/I,/A un i, = /1, /A.
OmnpenensieM (paKTUIECKYIO THOKOCTH CTEPIKHS

=%y 2,=2 (9.2)
ly

lx

7 fyd
U nanee 1o Ayg, ONPENETSEM YCIOBHYIO THOKOCTE Apmax = Amax % . ITo

tabn. JI.1 [5] B 3aBucumMocTH OT THma cedyeHus a, b wim ¢ U Ay, 1O
UHTEPIIONIALMN  OTpeaesieM KO3 PUIUESHT @min- TWI CEUEHUs CTEepKHEH
npuBeJieH B Tab.7 [5].

3HadeHne ¢ — Kod(h(HUIHEHTa YCTOMYMBOCTH MPHU IEHTPATHBHOM CXKATHU JISI
CIUIOLIHON KOJIOHHBI TIPH A >0,6 TaK K€ MOXHO Onpeaeauth mo ¢opmyne (9)
7.1.3 [5]).

[IpoBepka yCTOMYMBOCTH MPHUHATOTO CEYCHUS KOJOHHBI BBITIONHSAETCS TIO0
bopmyie

Nea 4 (9.3)

PminAfydYe
Otnomenne pacuerHoro ycuwiauss Ned K Hecylield CHOCOOHOCTH KOJOHHBI
NOHKHO ObITh Onm3ko k 1,0  (mpumepro 0,9 - 1,0). Ecmm ycnoBue He
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coOI0IaeTCs, BHOCAT TMOMPaBKY B pa3Mepbl CEUEHUS W TPOBEPSIOT CEUCHUE
TTOBTOPHO.

Kpome mpoBepkr KOJOHHBI Ha YCTOMYHMBOCTH JOJDKHO COOJIFOAATHCS YCIOBHE,
IpU KOTOPOM THOKOCTB €€ CTeP KHSI T0JDKHA ObITh MEHBIIIE PEIEIBHOM, T. €.,
A < Au , KoTOpyto onpenensor 1o tadbm. 33 [5]: Au =180 — 600, 31ech

a=—Nes  >05 uHE
(PAfdec

9.2.1. MecTHasi yCTOHYHUBOCTD 3JIEMEHTOB CeYEHUSI KOJOHHBI

TOHKOCTEHHBIE CTEP>KHM KOJIOHHBI CTEHKA M TOJIKA, OCOOCHHO HEOOJIbIIOM
rUOKOCTH, TPU JEHCTBUU CXKUMAIOMIMX YCHJIMH MOTYT BBIITYYUTHCS, TO €CTh
MOTEPATh YCTOMYMBOCTh PAHBIIIE, YEM TPOUCXOAUT MTOTEPS YCTOUUUBOCTH

CTEpPXHS B LI€JIOM (CM. PUCYHOK). MecTHOE BbIITyYHMBaHUE KaKUM JIMOO 3JIEMEHTOM
CEUYCHHS] KOJIOHHBI (MOTEPs] MECTHOM YCTOMYHMBOCTH) M BBIXOJ €ro M3 palbOThI
pPE3KO  OCNa0JIsIET CTEp)KEeHb, YacTO Jejas OCTaBIIYIOCS 4YacThb CEUYEHUS
HECUMMETPUYHON; HEHTP M3rubda MpH STOM IMEpPEeMENIaeTCs, CTePKeHb HAUMHAET
3aKpY4YMBaTHCA U OBICTPO TEPSET OOILYI0 YCTOWYUBOCTD.
Crep>keHb KOJIOHHBI COCTOUT U3 OTJEIbHBIX MJIACTUH, COYJIEHEHHBIX MEXy COO0M
HIAPHUPHO, YNPYyro WKW KecTko. Ilpu pAelcTBUM CKUMAOMIMX — YCUIIUH
HaANpPsHKEHUS B TJIACTUHKAX JOCTUTAOT KPUTUYECKUX 3HAYEHHH, YTO MPUBOJIUT UX
K BBIITyYMBAHUIO, KaK MPaBWIO, MO BOJIHOOOpa3HOM moBepxHOCTU. KpuTnueckue
HaIpsDKEHUS IUIACTUHKY 3aBUCAT OT CBOMCTB Marepuana E U pa3MepoB IIaCTHHBI
— UIUPUHBI, ITTUHBI U TOJIHHBI.
a) MecTHast yCTOMYMBOCTD IMOJIKH.

B coorBerctBum ¢ 7.3.8 [5] yCTOMYMBOCTH TMOSCHBIX JIMCTOB U TIOJIOK

LEHTPAIbHO-CKATBIX 3JIEMEHTOB CIUIOLUIHOTO CEYEHUS CUMTAIOT OOECIIEYEHHOM,

by | [ha

€CIIM  yCJIOBHAas THMOKOCTh cBeca mosica (TOJKH) A =\ E
f

HC IIPCBLIIACT

3HAQYCHUH TPEJCIbHONM YCIOBHOM THOKOCTH cBeca mosica (TOJKH) Ay
orpenensieMbIx 1o ¢popmyiaam tadbmuisl 10 [5].
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U3  yciaoBus /Tf < /Tuf, IDI(S /Tuf =0,36+ 0,11 (tabm. 10 [5]), Haiinem
OTHOIICHHUE Def K tf, MPHM KOTOPOM MECTHAs YCTOHMYMBOCTH CTEHKH KOJOHHBI
JIByTaBpOBOTO ceyeHHsI OyneT o0ecnedeHa:

IIpHU yCJIOBHOM ruOkocT KomoHHbl 0,8 <A <4,0

2ef < (0,36 +0,12) [ (9.4)
tr fyad

npu A<08 wim A>40 B ¢opmyne (9.4) npunath A=08 160 A=4,0
COOTBETCTBEHHO.
[Ipu mpoBepke yCTOMUMBOCTH TMOSICHBIX JIMCTOB 3a PACUETHYIO IIMPUHY CBEca
Def IPUHUMAIOT PACCTOSHHE:
— OT TpaHM CTEHKU JO Kpas IMOSCHOro JucTa (MOJIKH) — B CBapHBIX
AIIEMEHTAX;
— OT OCH KpaifHero 0oJiTa B MOsICE J0 Kpasi MOSICHOTO JINCTa — B AJIEMEHTAaX C
(GPUKITMOHHBIMU TTOSICHBIMUA COSTMHCHUSIMU,
— OT Hayaja BHYTPEHHEro 3aKpyIJI€HUus OO Kpas MOJKA — B MPOKATHBIX
npoPHIIsX.
Ecniun wmecTHass ycTOWYMBOCTH TOJIKM HE oOecleueHa, YBEJIMYMBAIOT €€
TOJIIIMHY WA YMEHBIIAIOT ITUPUHY (CBEC).
0) MecTHasi yCTOUYMBOCTh CTEHKH.
B coorBercTBun ¢ 7.3.2 [5] MecTHass yCTOWYMBOCTH CTEHOK IIEHTPAJIbHO-
CKATBIX JIEMEHTOB CIUIONTHOTO CEUYEHUS CUYUTAIOT 00ECTIEUeHHOM, €ClTU YCIOBHAs

— h f o o o
TMOKOCTh CTEHKHU xW:LNif-,/VE" HE MPEBBIIACT 3HAYEHUM MPEIEIIbHON YCIOBHOU

TMOKOCTH 2, ONpeaeasieMbIxX 1o ¢hopMyinaM Tadauisr 9 [5].

uw?

Wcxons u3 aroro ycnosusi Ay, < A, , NOJYy4UM OTHOIICHUE Nef K tw TpH KOTOPOM
MECTHasi YCTOWYMBOCTb CTEHKH KOJIOHHBI JBYTaBPOBOI'O CEUeHHs] Oyaer

’;—‘:f < 1w \[% (9.5)
e HaubOoJIbIIIAs YCIOBHAS THOKOCTh CTEHKH Ay PABHA:
mpul <20, — Aw=L130+015% ;
npu A>20, — dw =1,20+0,35%, HO He 6oJee 2,30 ;

rae het —pacdeTHas BbICOTA CTCHKH, HPUHUMAIOT PaBHOM:

oOecrieycHa,

— JUTst CBapHOTO AByTaBpa Net = hy;
— JUId TPOKATHBIX NPO(GHICH KOJOHH, PACCTOSHHIO MEXKIy HadagaMu
BHYTPEHHUX 3aKpPyTJICHHUI;
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— f d 9
A=A ’% — YCJIOBHaAA r'iOKOCTh CTCPIKHA OTHOCHUTCIIBHO OCH C MAKCUMAJIBHOU

I'MOKOCTBIO.

Ipu A, = 2,3 CTEHKY KOJOHHEI CIeAyeT YKPEeIIaTh TONEpPEeUHbIMU pedpamu
KECTKOCTH, PACIOJIOKEHHBIMH Ha paccTossHuu (2,5-3)hef  Apyr oT apyra, HO He
MEHee JABYX peOep Ha KaXAbld OTIPABOYHBIA SJIEMEHT Pa3zmeprl mapHbIX
NONEPEYHBIX pedep KECTKOCTH NPUHUMAIOT CJIETYOIUMHU:

HIMpHUHA pedpa

b, 2%4—401\41\4; (9.6)

R
e -

Tema 9.3. KoHcTpyKIusi M pacuyeT CKBO3HbIX KOJIOHH
CrepkeHb CKBO3HOM KOJIOHHBI COCTOMT M3 JIByX WJIM HECKOJBKHX BETBEW,

TONIINHA pedpa

HO HE MecHEee 6 MM.

COCIMHCHHBIX IUIAaHKAMU WJIM penreTkoid. Hamboslee MUPOKO MPUMEHSIOTCS
KOJIOHHBI C BETBSIMU W3 MPOKATHBIX IIBEIICPOB WM JBYTAaBPOB, COCAMHCHHBIX B
TUTOCKOCTSIX IOJIOK BETBEH TUTAHKaMH WK pemeTkoi (puc. 9.6 u puc. 9.7). [Togbop
CCUCHHMH TaKMX KOJOHH BEIyT, MCXOJIs M3 pacueTa Ha YCTOHYHMBOCTH
OTHOCHTEJIbHO MaTEPUATBHOM OCH X-X ¥ CBOOOAHOI ocu —y-Y. Och, iepecekaroras
BETBU KOJIOHHBI M3 JIBYTaBPOB WM IIBEJJICPOB, HAa3bIBACTCS MATEPUAIBHOH, a OCh

niepeceKarolas IIaHKH WM PacKocChl, - CBOOOAHOW. B cedenuu, cocrosimeM u3
YeThIPEeX BETBEH (M3 YroiKkoB), 00e ocu — cBOOOIHBIE (pHC.9.6 B)).

2) 6) B)

Puc. 9.6. CedeHusi CKBO3HBIX KOJIOHH C BETBSIMHU U3 JIByTaBPOB,
LIBEJUIEPOB W YT'OJKOB.

1) Pacuem CK603HBIX KOJOHH HA  YCHMOUYUGOCMb  OMHOCUMENbHO

MamepuanbHoll 0cu X—X.
Pacuer BeayT, Kak ¥ KOJOHH CIUIOLIHOTO ceueHus, (cM. puc 9.6, och X-X), CM.
9.2. 3amaBmIUCh THOKOCTBIO KOJMOHHBI A1 onpenensioT ¢1 (tadim. .1 [5], ceuenune
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«b») m mo popmyne (9.1) onpenensoT Acal KOJOHHBI, IUIONIAIb CEYCHUS BETBU
OPUHUMAIOT 10 COPTaMEHTy Tak 4ToObl Ap > 0,5 Aca. 3aTeM HOpOBEPSIOT
MPOYHOCTh KOJIOHHBI 110 (hopmyIie

_Ned ¢ (9.8)
PxAfyaYe

rae A=2Ap, 31ech Ap— IJI0OMAAb CEUCHUS BETBU KOJIOHHBI;
@ — k03¢ (. yCTONYMBOCTHU MPHU LEHTPATLHOM CXKaTUM OTHOCHUTEIIBHO MAaTepH-

N T fyd
TBHOM OCH X-X, ONIPEIEIAIOT Mo A = A, ’% , T ceueHus «b», Tadma. .1 [5].

2) Komnonoexka ceuenus CKG603HbIX KOJIOHH OMHOCUMENIbHO CB0000HOI
ocu y-y.

Bexyr mno Qopmyne (9.8) c¢ samenoit ¢y Ha @, . Kooppuumenr ¢,
OTHOCHTEIILHO CBOOOJHONW OCH (IEPIEHIUKYIAPHON IIIOCKOCTH IUIAHOK HJIH
pemretok) omnpenensitor mo opmynam (9) u (10) [5] ana ceuenmii Tma «by,

3aMeHsis A Ha YCIOBHYIO IIPMBEIEHHYIO THOKOCTb Aor, WM MHTEpHONAUUEH Mo
tabmune 1.1 [5] mo 3mauennsam A = A, ansd Tuna cedenus «by.

3nauenue Aqr = Aery/fya/E  ONpenensior B 3aBUCHMOCTH OT BEIHYUHBI
MIPUBEICHHOM THOKOCTH A, ompeaeisieMbix 1no dopmynam (9.9) u (9.10) wim no

tabuune 8 [5], mIs cTep)kHElH CKBO3HOIO CCUYECHMS C KOJUYCCTBOM IIaHEJCH He
MEHEE IIECTH.

Ha puc. 9.7 npuBeneHa KOHCTPYKTHBHAS CXeMa KOJIOHH C PEIIeTKOM a) U 0) U C
nIaHKamu B). PelieTky 0ObIYHO BBIMOJTHSIOT U3 YT'OJIKOB, a TUTAHKU — U3 JIUCTA.

a) 6)

Pacxocs
Y

Puc. 9.7.(Hauano puc.) Crep>keHb KOJIOHHbI CKBO3HOTO CEUCHUS
a) — C TPEYroJbHOU PElIeTKO; 0) — TpeyroiabHasl ¢ paclmopKamu;
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Puc. 9.7. (Ilpononmxenue puc.). Crep>keHb KOJIOHHBI CKBO3HOT'O CEYEHUS:
B) — C IJIAHKAMHU,;

3HaueHUe MPUBEICHHON THOKOCTH onpeaessieTcs mo ¢popmynam Tadi. 8 [5]
U JUIS cXeM cedeHui (puc. 9.6 a), 0) ):

- ¢ ruankamu (puc. 8.7 B)) Aot = \/ki +0,82-(1+n)-AZ,, (9.9)

o _ 2 A
- ¢ pemetkoii (puc.9.7 a) 6)) Aeg =, [My + 0"—Ad : (9.10)
1

l .
rae A, = l—y — rUOKOCTh CKBO3HOTO CTEPKHS B TUIOCKOCTHU, IEPIICHANKYISIPHON
y

ocu y-Y;

Ap1 — THOKOCTH OT/ICJIBHOM BETBU MPU M3rMOe U3 IMIIOCKOCTH BETBU, HA Y4aCTKe
MEXy IIBaMU, PUKPEIUISIONIME IJIaHKU (TpuHUMaetcs He Ooiee 40);

l..b
_ b1 o .
n= | - OTHOIICHUC ITOT'OHHBIX ) KECTKOCTCHU BECTBU U ITJIAHKHA,
s'b
;a3 y .
Is = 12 — MOMCHT I/IHepLII/II/I OJHOMH IINIAHKHW OTHOCHUTCIIBHO CO6CTB6HHOI/I OoCH,

b — paccTosiHue MEX1y LIEHTPAMHU TSHKECTH BETBEH KOJIOHHBI,

ts u ds - ToNIIMHA ¥ IIMPUHA TJTAHKH;

Iy, — MOMEHT HMHEpPIUU BETBU OTHOCUTENbHO ocu 1-1 mapannenbHOM
CBOOOJIHOW OCH CKBO3HOM KOJIOHHBI (puc. 9.8);
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A, Ajg — mjom@aaM CceyeHWs CTEepPKHS KOJIOHHBI M PACKOCOB PEIIETKH,
COOTBETCTBEHHO;
d3
a=10- KOA(UIIUEHT, 3aBUCAIIUI OT TUIA PEIIeTKH, cM. puc.9.7 a) u 0),

b2,
IpyTUX TUMOB cM. puc.3[5] ;
Ib — paccTosiHHE MEXTY Y37IaMH PEIIETKHU U IIaHOK;
d —mmuHa packoca.
upuny KOMOHHBEI b (pa3smBIDKKY BETBEM) ONPENENIAIOT M3  YCIOBHUS

PaBHOYCTOWYMBOCTHU CTEPKHSI OTHOCUTEIBHO OCEU X-X U y-y (T. €. U3 YCIOBHUS, YTO

Ay = het ). Pasmep b mMoxHO ompemenuts o hopmyie

b>132%p

Lyay

TJI€ Olx U Oly — KO3 PUIIMEeHTBI, TPUHUMAaEMBbIe 10 Tab. 9.3;

(9.11)

Ix 1 ly — pacyeTHbIC ATUHBI KOJIOHHBI OTHOCUTEIBHO OCEH X U .

Tabnunua 9.3. TlpuOirkeHHbIC 3HAUCHHSI PAINyCOB HHEPIIMHA CKBO3HBIX KOJIOHH
(iy = axh, i, = a,b)

L)
= fi}_*! i ir; : ] j_'qj fiﬂ
e B el o
Oy 0,41 0,39 | 0,33 0,13
%y 0,52 0,44 0,6 0,43

[Tpu skcrutyaranuu (OYKMCTKA, MOKpAcka M Ap.) I JOCTyNa BHYTPb CEUCHHS,
HEOOXO0JJMMO HAJIMYKE 3a30pa MEXIY BETBSIMU, KOTOPHIM MPUHUMAETCSI HE MEHEE
100 MM, TOoT/1a IIMPUHA KOJIOHHBI JOJKHA OBITH HE MEHEE

b> be +100 MM,

e br — mmpuHa MoJIKK BETBY KOJIOHHBI.

Takum o0OpazoM, 4YTOOBI ONPENENHTH 3HAYEHHE MPUBEAECHHOM THOKOCTH U
BBINIOJIHUTh TMPOBEPKY YCTOMYMBOCTH KOJIOHHBI OTHOCUTEIBHO CBOOOAHOW OCH,
HE0OXO0/IMMO BBITIOJIHUTH PACUET MJIAHOK WM PEUIETKH.

3) Ilposepka ycmoituugocmu Ko10OHHbL OMHOCUMETIbHO C60000HOU OCU.

[Toce KOMITIOHOBKHM CEYEHHs KOJIOHHBI, BbIOOpA THUIIa PEIIETKH, CXEMBbI €€
pPacoJIOKEHHUSI U pacueTa CEUYEHHs JIEMEHTOB PEUIETKU (IUIAHKU WJIM PaCKOCHI),
OTIpECISAI0T MPUBEIECHHYIO T'MOKOCTh KOJIOHHBI Ay, OTHOCHUTENIBHO CBOOOJTHOM
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OCH Y-y, 3aTeM YCIOBHYIO NpPHUBEICHHYIO T'MOKOCTb A, F = e/ fyal/E 151
BEITIOJTHAIOT TPOBEPKY OOIIEH yCTOWYUBOCTH KOJIOHHBI OTHOCUTEIIBHO CBOOOHON
ocH y-y 1o ¢opmyiie
_Mea g
(pyAf yd.yc
rne A=2A4¢ — mionagb CEUCHUs KOJOHHBI;
@y — KO3(PGUIMEHT YCTOMUUBOCTH MIPU IEHTPATBLHOM CXKAaTUM OTHOCHUTEIIBHO
CBOOOMHOM ocu (NMEepPHEHAUKYJSIPHOW IUIOCKOCTH IUIAHOK WJIM  PEIIETOK)

OINPEENAIOT UHTEPONALKMEN 110 B 3aBUCUMOCTH OT A = A, W THIa ceueHuit «by .
4) Ilposepka ycmoiiuugocmu 6emeu KOJa0HHbL.

KpoMe npoBepkr yCTOWYMBOCTH KOJOHHBI JAENAKOT MPOBEPKY YCTOMYMBOCTH
BETBU OTHOCHTEIHFHO COOCTBEHHOHM OCH TapasuiebHO OocH y-y. PacdeTHoe ycunme
Nesed = 0,5NEd . 3a pacueTHy10 JUIMHY OTIEIBHOW BETBU MPUHUMAETCS PACCTOSHUE
"B cBeTy" NpHU HCNOIB30BAHUM IJIAHOK U PACCTOSIHME MEXKIY N€OMETPUUYECKUMHU
IICHTPaMH Y3JIOB TIPU PacKOCHO# peretke (puc. 9.7).

9.3.1. PacyeT nj1aHOK CKBO3HOI KOJOHHBI.

B mnpsmMoMm IeHTpaibHO—CKAaTOM CTEP>KHE CKBO3HOTO CEUYEHHUS YCUJIUA B
MJIaHKaxX W packocax He BOo3HUKaT. OJIHAKO B MPEIECTbHOM COCTOSTHUU CTEPKEHb
MOKET HCKPHBHUTHCS, MOsBIsiCTCS m3rubOarormmii MomeHT M=Ny (Y - BenuumHa
CTpENKH mporuda) M Kak CJIEICTBHE JTOTO, - ToMepedyHas cuwia. Tak Kak oHa
BO3HMKAET TMPU YCIOBUU TMPOJOJIBHOTO HM3ruda, TO W HA3bIBACTCA YCIOBHOMN
nonepeyHon cuinon V. Pacuer pemeTku (MIaHKM ¥ PacKOChI) BBHIOJIHSIOT Ha

YCIIOBHYIO TIONIEPEYHYIO CHITY, ONpenessseMyro mo gopmyne (cM. m. 7.2.7 [5])

Viie = 7.15- 107 (2330 - i) Nea (9.12)

yd) @
rac NEd — PaCUCTHOC YCUJINC B CKBO3HOM CTCPIKHC,

¢ — KO3 (HULHUEHT YyCTOWYUBOCTH MPU LEHTPAIBHOM CKATHH, IPUHUMAEMbIN
IIPU PACUETE CTEPKHS CKBO3HOTO CEYEHHMSI B IIJIOCKOCTH IIJIAHOK WIIA PELIETOK.

[[1aHKKM OPOEKTUPYIOT M3 JIUCTOBOTO Ipokara. [IupuHy NiIaHOK NPUHUMAKOT
ds =~ (0,5-0,8)b, a Tommuny ts~ (1/15-1/30)ds.
Kak npaBuiio, TONIIMHY IJIAHOK HAa3HA4YalOT B peaenaax 6—12 M.

PaccTossHme Mexay IUTaHKaMH B CBeTy HasHavawoT l,; = (35-40)i;; mpum
Ha3HAYEHUU PACCTOSHHS B CBETY MEXJy IIaHKaMu lpy HeoOXomumo, 4Todsr A, >
Ap1; 11 — paaMyc MHEPIHU BETBU OTHOCUTEIILHO CBOCH OCH, MapaUIeIbHON OCH
Y-y CKBO3HOTO CTEPKHS KOJIOHHBI;

A

—_— l_y
y .

; — r'HOKOCTh KOJIOHHBI OTHOCUTEILHO OCH y-y,
y
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iy = IXV; I, =2 (11 + Al(g)z) — COOTBETCTBEHHO PAJNyC M MOMEHT MHEPIUHU
KOJIOHHBI OTHOCHUTEIBHO OCH )-);

|1 —MOMEHT WHEpLHMH CeYeHUs BETBU KOJOHHBI OTHOCHTEJIbHO COOCTBEHHBIN
OCH BETBH Yy1-Y1 ;

A, A — momanas ce4eHus CTEP>KHS KOJIOHHBI U €€ OJIHOM BETBHU.

[1nanku paboTaroT Ha U3TKO U Cpe3.

YcnoBHast noniepeuHast Ve CHIa pacrpeienseTcsi MOPOBHY MEKIy IUIAaHKaMu
oxuoi rpanu Vg = V. /2, B IIIOCKOCTAX BETBEH, NEPIEHIUKYIISAPHBIX CBOOOTHOM

ocu (cm. 7.2.7 [5]). Pacuetnas cxema npuBeieHa Ha puc. 9.8.

Vs Ve i
o T
s Fs
[ i M FIF 3
Fe
>—>VS »—;-VS L
Yy
X X
:
|
Yy |
b

Puc.9.8 K pacuery mmanok

Pacuer coeMHUTENBHBIX TUIAHOK M UX KperuieHu# (cM. puc. 9.8) BBIMOJHSIOT,
KaK pacyeT 3JIeMEHTOB 0e3pacKOCHBIX (hepM, Ha COBMECTHOE JeHCTBUE CHIIbI Fs,
cpesaronied IuiaHKy, 1 mMomeHTa Ms, u3rubarmmniero miaHKy B €€ IJIOCKOCTH.
3unauenus Fs u Ms onpenensitor mo Gpopmynam:

3 :VE'b , (9,13)
slb
M, ==k, (9,14)

rae Vs — ycioBHas momnepeyHas cuia, MPUXoIAIascs Ha MJIaHKy OJTHOM T'paHu.

HpOBepKy MMPOYHOCTHU COCAHMHHTCIIBHLIX IINIAHOK Ha U3rud u CpEC3 BLIIIOJIHAIOT
10O HOPMAJIBHBIM U KAaCATCJIIbHBIM HAIIPAXKCHUAM 110 (bOpMyJIaM

o= 6 Ms/(ts 'd52 YC) —<fyd: u T =Fs/(ts ’ds VC) _<fs (915)
[IpoBepka IIBOB, NPUKPEIUIAIOIINX KAKAbIA KOHEL IUIAHKA K BETBIM
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KOJIOHHBI, IPOU3BOJUTCS HA PABHOJACUCTBYIOIINE HAIIPSKEHUS OT M3ruda t,, 1 OT
cpesa tp . Benm Brfyr < B,fwz Pacyer BeneM mo MeTasuly 1Ba 1o Gpopmyiie

Vg + 1% < furVe (9.16)

e fwr ., fwz pacyueTHble 3HAYEHHs] TMPOYHOCTH YIJIOBOTO IIBA Ha Cpe3
COOTBETCTBCHHO I10 METAJLTY IIIBa ¥ METAJLTY TPAHMIIBI CIIJIaBICHUS;

v — K03 dummeHT ycnoBus padboThl, IpUHUMAIOT 10 Tadi. b.1[5].
T™ U TF - HaIllpsDKEHUS B CBapHOM IBe OT Ms u Fs o MeTasuty mBa.
Ecmm Brfws > Bzfwz PacdeT BeleM IO METAILTY TPAHUIIBI CIUIABICHMS IIBA II0

dopmyne (9.16) ¢ 3amenok f,r Ha  f,, U TV M TF- PACCUHTBIBAIOT 110 METAILTY

rpaHulbl cruiaBiieHus. [Ipu pacdeTe mBOB KaTeT yIrJiOBOTO MIBA K; MPUHUMAETCS

HE MEHee Karera, coriacHo tadum. 39[5].

YToOBI MPEeOTBPATUTD 3aKPYyUYHBAHUE CKBO3HBIX KOJIOHH, IPUMEPHO uepe3 3-4m
[0 BBICOTE€ YCTAHABJIMBAIOT TOPU3OHTAIbHbIE JHadparMbl, OOBIYHO M3 JIUCTa
TONMIIMHON 8-12 MMm.

9.3.2. PacuyeT pacKoCHOIi pemieTKu.

Pacuer cBoAMTCS K OMpPEEIICHUIO CEYCHHS U pacueTy CBapHOTO COCTMHEHUS
PacKOCOB M CTOEK K BETBSAM KOJOHHBI. CXEeMBI PElIeTOK MpUBEIEHBI Ha puc. 9.9.
CedyeHHE pacKOCOB M CTOCK OOBIYHO MPOCKTUPYIOT W3 OJMHOYHBIX YTOJKOB,
IPUBAPUBAEMBIX K IOJIKaM BETBEH KOJIOHHHI (puc. 9.7).

a)

Vs

2,

)]

A

v. K]

Ly

ly

B)

5

L,

by

Puc.9.9 K pacuetry packocHOU pelieTku

Pacuer »iemeHTOB COCAMHHUTCIIBHBIX PCHICTOK COCTABHBIX CTep)I(Heﬁ

BBITMOJTHSIIOT KaK pacyeT 3JIEMEHTOB PELIETOK IIOCKUX (pepMm. Ycuine B packoce U
croiike (puc.9.9 0)) omnpenensioT Mo (GUKTUBHOW morepedyHou cuire (cm. 9.3.1
dopmyiy (9.12)) mo hopmyiam
Ng = Vs/sin a. u Ne=Vs
B o06miem citydae [uisl pelIeToK, NpUBEAEHHBIX Ha puc. 9.9, ycuine B packoce
OMpeeTsIOT o GpopmyJie
_oavd

N
d b

(9.17)
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rae o — k03 pHIKMEeHT, NPUHMMAIOT paBHbIM: 1,0 — [IA penIeTkH
COIIacHO PUCYHKY 9.9 a), 0) u 0,5 — cornacHo pUCYHKY 9.9 B);
Vs — yclooBHas IMoOmepedHas CHIa, MPUXOAAMIAsACS Ha OAHY IUIOCKOCTh
PELIEeTKH.

CeyeHne YroJIKOB packoca M CTOWKHM OMNPENeNsioT Mo (opmyse pacueTa
LHEHTPAJIbHO CKATOro 3yemMeHTa (cMm. 3.2.1) mis Tuna ceyeHus «c». 3a pacyeTHYIO
JUIMHY TPUHUMAETCs JUIMHA 3JeMeHTa MeXay y3iaamu. [IpeaBaputenbHo THOKOCTh
Ha3HA4yaroT Onm3KkoM K mpeaensHo B mpeaenax 120..150. Jlns cedyenwii u3
YTOJKOB, THOKOCTh 3JIEMEHTA OMPENEISIOT OTHOCUTEIBHO OCHM C MHHHMAJIbHOU
KECTKOCTBIO U 3HaUeHHUE Kod(ppuimenTa y, npuHumMaercs paBubiM Y, = 0,75.

N3 ycrnoBus yHUPUKALMK PEKOMEHIYETCS CEYEHUE pACKOCOB M CTOEK
OpUHUMAaTh OJMHAKOBBIMH. KperuieHne packocoB M CTOEK K  BETBIM
OCYLIECTBJISIETCS. C TIOMOIIBIO CBApHBIX YIJIOBBIX IIIBOB, pacyeT KOTOPBIX
BBITIOJIHAETCS KaK JUIsl OOBIYHBIX CBAPHBIX COSAMHEHUM.

Tema 9.4 KoHcTpykuus U pacyeT y3JI0B M JieTajiell KOJOHH

9.4.1. ba3bl HIEHTPAJBHO CKATHIX KOJOHH

baza (OammMak) KOJOHHBI CIYKUT I TMepeladyd Harpy3Kd OT CTEpXKHS
PaBHOMEpPHO TO TUIONIAJM ONUpaHUs Ha PyHIaMEHT (omopy) U obecreuynBaeT
3aKpPEIUIEHNE HUKHETO KOHIA B COOTBETCTBUU C MPUHATOU PACUETHON CXEMOM.

ba3bl LEHTpanbHO CXKATBIX KOJOHH MOTYT OBITh HIAPHUPHBIE WIHA >KECTKHUE.
Konctpykuusi 6a3 JomKHA OTBEYaTh NMPUHSATOMY B pacueTHOM cxeme crocoly
CONpshKEHHS KOJIOHH ¢ (hyHIAaMeHToM (puc. 9.10).

Paznuyarot 1Ba OCHOBHBIX THMA 0a3 — ¢ TpaBepcamMu U (ppe3epOBaHHBIM TOPIIOM.
basel ¢ TpaBepcamu 0OBIYHO MPUHUMAIOT JJIsl KOJIOHH ¢ ycunusimu 10 4000-5000
kH. Ha puc. 9.10 nmpuBeneHsl KOHCTPYKTHBHBIE pelIeHUsI 0a3 ¢ TpaBepcamH TpH
UX I[IAPHUPHOM U JKECTKOM COMpsDKeHUsX ¢ (yHaameHToM. B mepBoM ciyuae
(pnc.9.10 a)) coemmHenue 6a3bl ¢ (QYyHAAMEHTOM OCYIIECTBISICTCS aHKEPHBIMHU
oontamu auametpoMm 24-30 MM HEMOCPEACTBEHHO Yepe3 IUIUTY, & BO BTOPOM
(puc.9.10 6)) — aHKepHBIMH OOATaAMH JUAMETPOM 24-36 MM 4Yepe3 TpPaBepChI C
VCIIOJIb30BAaHUEM aHKEPHBIX INIUTOK TOMIMHON 30—40 Mm.
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Onopran
anuma

Waifs b=20

AHKEDHBIE
Sonme!

e fonmb:

L Anrepnsie noumny 0 3040

e

Puc. 9.10 Ba3bl eHTpaJIbHO C3KaThIX KOJIOHH
a) — MapHUPHBIE 0) — KECTKUE.

B xomonnax ¢ 6ompmumu pacuetHpiMu yermmmsimu (6000 — 10000 xkH u Gomee)
nenaecooOpa3Ho (¢pe3epoBaTh TOpEll KOJOHHBI W TuMTy. [lnura mpu momouu
YCTaHOBOYHBIX OONTOB BBIBEpsiCTCS Ha (yHIAMEHTE B MPOEKTHOE IOJOXKEHHE,
MIOJITMBACTCSI PACTBOPOM M TOCIIE 3TOTO Ha IUIUTY IO PUCKAM yCTaHaBIUBACTCS
KoJoHHA. B 3TOM ciydae TpaBepca u pebpa MOTYT OTCYTCTBOBATh, IUIATA JOJKHA
UMETh 3HAUYUTENBHYIO TOJIIKMHY, YTOOBl PAaBHOMEPHO IepeaBaTh Harpy3Ky Ha
¢ynnament. OO6bIYHO 6a3a KOJIOHHBI ycTtaHaBinuBaeTcs Ha 500 — 1000 MM Huxe
OTMETKH TI0JIa 3[aHUsI © OOCTOHUPYETCS JIJIS 3alTUTHI OT KOPPO3HUH.

[Tnomane omopHOW MIWTHI 0a3 IEHTPATBHO CXKATHIX KOJIOHH OMPEACISIOT W3
yCJOBUSI cMATHS MaTepuana gyHaamenta. Eciu pyHaamMeHT u3 Tskenoro 0eToHa,
TO Tpebyemasi Tionaib

Ay = —2L (9.18)

feud®u
Tac Neq — PacuCeTHOC YCHIIMEC B KOJIOHHE C YYETOM €€ COOCTBEHHOTO BeEca,
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feus — pacueTHOE compoTHBICHNE OETOHA CMSTHIO;
oy = 0,75 — mpu paBHOMEPHOM CMSITHH.

ap A

AHKCpHasd

‘l LUIHTKa
|

X
Z| oreperne R=50 / o 2

orpeperie R=50

JUIA CTOKa BO,IbI -1 JUISL CTOKA BOJIbI
(» l 5'2 )‘[u /)l 2'2
T_¥ 3 :
k p— =] =% .
O s | 43 Oz + <| 5
& S| | @o h | =
b = . T + &
e ,l s T TV
O M ! !
/ ’ $ I L |
y P / h i |
L N OCH QHKCPHBIX
oaTon
€ Gep 2 o
(ENEEEEEENENNEE (KIT!
ﬂ&b i
Iq» lelﬁ':l' r[“. b
Mon k Q‘ IM @ ﬂ Mp
My

Puc. 9.11 Tumne! 06a3 KOJIOHH:

a — TIPY MAPHUPHOM 3aKPETUICHUH ¢ (PyHIaMEHTOM; O — TIPH )KECTKOM
3aKPEIUICHUH;, 6, 2— PACUETHBIC CXEMBI TPABEPCHI U pedpa

Ha3nauuB mimprHy OIOPHOW TUTUTHI
Byn =B+ 2(ty + ) (9.19)
rae B- — mmpuHa nojaku 1ub0 BETBU KOJIOHHBI
trp— TOMIIMHA TpaBEPCHI, MPUHUMAIOT TOMIHUHON 8—16 MM;
C — BBUIET KOHCOJIBHOT'O YYacTKa IJIUThI, 00bIYHO MpUHUMAIOT OT 20 10 100 MM.

JUITMHY TUTUTBI ONPENENSIOT 10 (hopMyIie

Au
L > 5t (9.20)

Pa3mepsl By 1 Lin pekoMeHiyeTcst Ha3HauaTh KpaTHbIMU 50 MM.

[ty paccuuThIBAlOT HA UW3rMO Kak IUIACTUHKY, HArpy>XeHHYI CHHU3Y

PaBHOMEPHO pachlpeelIeHHOW Harpy3koi (OmOpHBIM JaBieHHEM (QyHIaMEHTa
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NEg
LHJ'[BHJ'I

kosionHsI (8.6.2 [5]).
B COOTBETCTBUM C KOHCTPYKIMEH 0a3bl MUIMTa MOKET UMETh YUACTKH, ONECPTHIC

Oy = < feud@y ) ¥ ONEPTYIO HA DJIEMEHTHI CEUYCHHS CTEpXKHS M 0asbl

Ha YeThlpe CTOpOHBI (KOoHTyp 1), Ha Tpu CTOpOHBI (KOHTYp 2)
¥ KOHCOJIbHBIE (KOHTYD 3), cM. puc. 9.11.

HaunGonpmme wu3rudaronyie MOMEHThl Ha MOJOCE E€JUHUYHOW IIMPUHBI B
IUTACTMHKAX, ONEPThIX HAa 4YeThlpe WIM TPU CTOPOHBI COOTBETCTBEHHO,
onpeaesroTes 1mo Gpopmysam (cM.

Mlzocqbaz; (9.21)

M, = Bo,a?, (9.22)
rie a — JJIMHa KOPOTKOM CTOPOHBI ydacTKa (KOHTYp 1); @i — JjuHa CBOOOJIHOIO
Kpas IIUThl (KOHTYp 2); o U B — KO3DPUIMEHTHI, TMOJyYECHHbIE AKAJIEMUKOM
b. I'. 'anepkunbiM 1 ipuBeieHHBIE B Ta01. 9.4 1 9.5.

Taomuna 9.4.
3nauenus koddurmenta "o 111 MITACTUHOK, OTMIEPTHIX HA YETHIPE KAHTa
b/a 1 1.1 1.2 1.3 14 1.5 1.6 1.7 1.8 1.9 2 >2

o. |0.048]0.055|0.063|0.069 | 0.075|0.081|0.086 | 0.091 | 0.094 [0.098| 0.1 | 0.125

Tao0muna 9.5.
3naueHus kodpdurmenta "B" Il MIACTUHOK, OMEPTHIX HA TPU KaHTA
bi/ai 0.5 0.6 0.7 0.8 0.9 1 1.2 1.4 2 >2

B 0.06 | 0.074 | 0.088 | 0.097 | 0.107 | 0.112 | 0.12 | 0.126 | 0.132 0.133

B tabmunax b/a - oTHomeHwe Gosiee ATMHHON CTOPOHBI TUIACTHHKH K OoJiee
KOpOTKOM; hi/ai - OTHOIIEHNE 3aKPETIJICHHOM CTOPOHBI IJIACTUHKU K CBOOOTHOM.

[Ipn oTHOmIEHWN OOJNBIICH CTOPOHBI IIACTUHKH, OMEPTOM TIO YEThIpeM
CTOpPOHAaM, K MEHBIIICH CTOpoHE: D/a > 2, pacyeTHBIH MOMEHT B HEH OTpeeIIsIeTCs
KaK JIJI1 OJTHOMPOJIETHOM OajKu ¢ MPOJETOM, PAaBHBIM pa3Mepy MEHbIIIEH CTOPOHBI

MJIACTUHKH, 0 popmyTie
2

a
M; =o; —. 9.23
=02 (9.23)
Ecnn nmg niacTUHKH, ONEPTOM MO TPEM CTOPOHAM, OTHOILIEHUE 3aKPEIJICHHOU
CTOPOHBI IUIACTUHKH K CBOOOMHOM Di/ai < 0,5, To u3ruOaroniuii MOMEHT B Hel

OTIPENIeNISIeTCS KaK JIJIsi KOHCOJILHOW OaJIK! C BEUIETOM, PaBHBIM D1, 10 opmyiie
2

M, :%bl? (9.24)

Ha xoHCOJBPHOM y4acTKe U3ruOaronIiuii MOMEHT ONpeaessieTcs mo ¢hopmMysie
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2
_ Gcb C
2
HO HaH60HI)HIeMy n3 HaﬁHeHHBIX I/I3FH6aIOIIII/IX MOMCHTOB OHpe,Z[eJISIIOT

M, (9.25)

TOJIIIUHY IJIHUTBI:

6Mmax
ton = /W' (9.26)

rae yc — o tabu. b.1 [5];

f yo — pacueTHOEp 3HaUCHHE TpeIea TeKYYeCTH CTaIH, IPHHUMAaEMOoe 10 TalI..
A.3[5].

[Ipn koHcTpyHpoBaHuM 0a3bl HEOOXOJUMO CTPEMUTHCA K TOMY, YTOOBI
MOMEHTbl Ha pa3HbIX Y4acTKaxX IUIMTHl ObUIM OJIM3KUMHU JpYr K Apyry. OTO
JOCTUTAEeTCd M3MEHEHHEM pPa3MEPOB OTCEKOB IyTEM IMOCTAHOBKM auadparM U
pebep xectkocT (cm. puc. 9.11). OGbIYHO TONIMHY MPUHUMAIOT B Mpeenax
1640 mm.

BbeicoTy TpaBepchl ONpEeneNnstoT W3 YclIoBUs pPabOThl Ha Cpe3 IIBOB,
NPUKPEIUISIIOIINX TPABEPCY K CTEPHKHIO KOJOHHBI,

f fwf

eciu <1 — pacuer BeayT 10 MeTaILTy LIBa

BZfWZ
hup = Nga/(MBrksfugpye) +lem, (9.27)
Bify
Inpu Bszfz >1 _ pacdcT BCAYT 11O MCTAJINIy I'paHUIbl CIIJIABJICHUA, 3aMCHSA B

(1)0pMyne (9-27) ,Bffwf Ha .Bszz.

r€ N — YUCIJIO YIJIOBBIX IIBOB, MIPUKPEIUIAIOIIMX TPABEPCY K CTEPKHIO KOJIOHHBI;
fws ¥ fwz — PacueTHbIE 3HAYEHNS IPOYHOCTH YIJIOBOI'O IBA HA CPE3 10 METAILTY

IBa W METAJUTy TPaHULIbI CIIJIABJICHHUS,
Bt 1 Bz - K03hHULIMEHTHI yCIOBUS CBAPKH, MPUHUMAIOT 10 Tabdn. 5.2 DYMK.
OOBIYHO cBAapKy 0a3bl BBHIMOJIHSIOT MOJYyaBTOMATAMH B CTPY€ YIJIEKUCIIOrO ras3a
C UCIIOJIb30BaHUEM MPOBOJIOKH, MAPKY KOTOPOU BbIOMparoT 1o Tadi. 5.1 9YMK.
J{ns yMEeHbBIIEHUS! BBICOTHI TPaBEPChl MOKHO YUHUTHIBATH YACTUUHYIO IEpeavy
YCWIHSI Ha IUIMTY OT CTEP>KHsSI KOJOHHBI 4Ye€pe3 LIBbI, COCAUHSIOINE UX JIPYT C

JPYTOM.
3Hast pa3Mepbl TPABEPChI, €€ MPOBEPSIOT Ha U3TKO ¥ cpe3 1Mo hopMyiam
Mmax
0 === fya¥e (9.28)
™D
1= < fy (9.29)
Erphp

rae M., — OonblMi U3 WU3rHOAIOIIMX MOMEHTOB HAa KOHCOJM WJIM B IPOJIETE

TpaBepCHI;
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2 .
WTp =t1phrp /6 —MOMCHT COIIPOTUBJICHUA TPABCPCHI,

Vip — monepeuHas cujia B TpaBepce.
PacuetHas cxema TpaBepchl npuBesieHa Ha puc. 9.11B. OHa npencrasisier coooi
JBYXKOHCOJIbHYIO 0aJIKy, Harpy>KEHHYIO PAaBHOMEPHO paclpeeIeHHOW Harpy3Koi

Grp = Oy,

rae d,, — IMMpUHA TPY30BOH IIIONIaau, KoTopas 1 6a3sl Ha puc. 9.11, a) pasHa

d»=C+t;» +0,5a,
a st 6a3el Ha puc 9.11, 6

dTP:O,SBm.
I/ISFI/I6aIOHII/I€ MOMCHTBI Ha OIIOpEC W B IIPOJICTC MW IIOIICPCHHAA CHJIA
B TpaBepce
M,, = el 9.30
om — ~ 5, ( . )
Grp d°  Grp 1
My = === =53 (9.31)
VTpl = %Tp lTp; (932)
Vipz = Goup @/2. (9.33)

AHaJIOTUYHO PacCUMUTHIBAIOT pebpa 0a3bl, Takke paboTaromue Ha U3Tud U Cpes.
Pacuernas cxema pebpa npuBenena Ha puc. 9.11r. 3aechr npu onpeneneranu Mp u
Vp pPaBHOMEPHO pacnpeie/ieHHas Harpy3Kka ¢, BBIYUCIACTCS 1O (opmyie

4p = O'q)(al + tp).

CapHble YIJIOBBIE IIBBI, MPUKPEIUIAIONIME pedpa K KOJIOHHE, MPOBEPSIOTCS Ha
PaBHOJICHUCTBYIOLIUE HAMPSIKEHUS OT U3ruda T,, U cpe3a Ty.

f
Eciu Ef fo <1 — pacuer BeayT IO MeTAILTY IIBa pebpa

Z WZ

Ty = TI%/I + TI% = fwfyc (9.34)
M b? 2Bf krh?
rae Ty = Wp, rae M, = —%2 LW, = 2Br kphiy 6f v,

V.
Ty = ﬁ, rac Vp :qp bl' AW = Z,Bf kfh’W’
hy =h, -1 cm.
Bifs
ITpu Bf :

ZfWZ

Q)opMyne (9-34) ﬁf fwf Ha .BZ fwz.

>1 _ pacucT BSAYT 110 MCTAJLIY I'PAHUILIBI CIUIABJICHUA, 3aMCHAA B
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[IBBI, MPUKpEIUIAIONINE TPaBepCy U pedpa K IIUTE, PACCUUTHIBAIOT HA YCHIINA,
coOpaHHbIE C COOTBETCTBYIOIIMX I'PY30BBIX IJIOMIAAEH. 3/1eCh IO U3BECTHOW JJIMHE
IIBa HAXOJAT BBICOTY KareTa 1iBa ;.

9.4.2. Oro/10BKH KOJOHH

KOHCTpYKTHBHOE pEIICHHE OTroJIOBKAa 3aBUCHUT OT THIA CEYCHHUS KOJIOHH,
criocoba omupaHusi pureneil (cBepxy wim cOoky). Ha puc. 9.12 mnpuBencHs
KOHCTPYKITUU OTOJIOBKOB KOJIOHH TIPH ONMPAHUU Ha HUX KOHCTPYKUUU cBepxy. Ha
puc.8.13, B) mpuBeAcHa KOHCTPYKIIMS OTOJIOBKA KOJIOHHBI CIUIOIIHOTO CEUYCHUS
IIpH ONUpPAaHUU OaloK cOOKy, a Ha  puc. 1X.6. (mpumep 9.3) — onupanue Gaok
cOOKy Ha KOJIOHHY CKBO3HOTO CCUCHHSI.

Topey
@peIepodamy

& pa=F0un “ E
.-.E-

Puc. 9.12. OroyioBKy KOJIOHH MPU ONUPAHUU KOHCTPYKIUNA CBEPXY.

Pacyer orosoBka BBIIOJHSETCS B 3aBUCUMOCTU OT BbIOPAaHHOI'O BapuaHTa €ro
KOHCTPYKTMBHOI'O pElIeHUs. B HMKe IpUBENEHHBIX IPUMEpPax pPacCMOTPEHBI
BO3MOKHBIE KOHCTPYKILIMH OI'0JIOBKOB KOJIOHH U UX pacyer.

218



ConepxxaHue NpaKTHYECKHUX 3aHATHI Mo pa3aeny |X.
IIpakTuueckoe 3ausatue Ne§. Ilo0oop u nposepka ceuenusn yeHmpaibHo
CoHCamplX KOJIOHH CRIOUWHO20 U CK803H020 cevenull. 020/1080K KOIOHHbL. Y3.1bl
conpaxcenusn 0a10K ¢ KOJTOHHAMU

Ipumep 9.1. Illooodpams ceuenue cmeprcna cnaoWIHON KOJIOHHbL

[TogoOpath ceyeHHWE CTEp)KHS CIUIOIMIHOM IIEHTPAIbHO CXKATOW KOJOHHBI
NByTaBpoBOro ceueHusi, pacuetHoe ycuwiane Neg = 2600 xH. 3akpemenue
KOJIOHHBI C ()yHTaMEHTOM OTHOCHTEIIHO OCH X-X — )K€CTKO€, OTHOCUTEILHO OCU
y-y — mapaupHoe. OTMeTKa YpOBHS 1MojIa BTOPOro 3Taxka 12 M, TONIIMHA HACTUIa
0,12 M, BeIcOoTa Oasiku Ha omope 1,5 M, hy =0,7 M, onupaHue GaJikk Ha KOJOHHY
mapaupHoe (puc. 1X.1). y. = 1,0.

+12.000

N

A

120

b -

1500
2
2

20

+10.360

11,06

l%ﬂ}’:
1,=7.742

.\ : |
[-é« ' !
=7 |
-0.700 ;_ o -
r—--—--- J‘T
L - - - . _ _ _ _

Puc. 1X.1. K onpeneneHuto pacueTHON JUIMHBI CIUIOMTHON KOJTOHHBI

1. B cootBerctBum ¢ Tadn. A.3 [5] (wm Tabn. A.3 npunoxenuss A DYMK) s
KOJIOHHBI ITpuHUMaeM ctainb C245 - fg = 230 MITa=23 kH/cm? mipu t = 4-30 M.
['eomeTpryeckas IuHA KOJOHHBI 32 BBIYETOM TOJIIIMHBI HACTHJIA U BBICOTHI
OaJIKK Ha oTIope

1=12+0,7-0,12-1,5-0,02=11,06 m.
[Ipu 3amaHHBIX 3aKperieHrusX 0a3bl KOJIOHHBI €€ pacueTHas JInHa
L, =10-u=11,060,7=7,742Mm m l, =1-p=11,06-1,0= 11,06 mro
PacuetHoe ycuaue ¢ yaeToM cOOCTBEHHOTO Beca KOJIOHHBI
N=2600-1,01=2626 xH.
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Ha nepBom 3tamne pacuera npumeM TuOkocth A1 = 90, Torma

I =1 /%‘1 =90 /Zf;go =3.0. Tlo ta6m. JI.1 [5] (wm  1a6n. A.6 IYMK) s

tuna ceuenns b ¢, = 0,643.

Onpenenum Tpedyemble IIIONIaAb CEYEHUS KOJIOHHBI U PaJANYChl UHEPLUUH

N 2626
= =177,5 cm?:
®1fydYc 0,643-23:1,0

Ixcal= /ll—x = 774,2/90=8,6 cm; lyca=1106/90= 12,3cm.
1

OmnpenenuM ( ¢ yaerom Tadir. 9.2) pacueTHbIC BHICOTY H ITUPUHY KOJIOHHBI
Neal = ixcal /a1:8,6/0,42: 20,5CM, bcaI:iycaI /a2=12,3/0,24 = 51,25CM

[To HalileHHBIM BETMYMHAM CKOMIIOHYEM CEYEHUE KOJIOHHHBI.

Haznauum h = 450 mm, bs = 450 mm (h > b).

TonmuHy CTEeHKN Ha3HAYUM U3 YCIOBHS 00ECIEYSHUS €€ MECTHOM

Acal,l =

yeroitunsoctu A, < A, (7.3.1[5]) . dnst atoro u3 hopmynsl (9.5) npu

/Tl =3 >20mu qu:1,20+0,357_u, OITpEIEITUM
hy 0,95-45

(1,2+0,35,) |E/fya - (1,2+o,35-3)\/W0/23= 0,63 cm

ty =

[Tpunumaem tonumHy creHku tw = 10 mm. TpeOyemas mioianb noscoB
As =177,5 - 1,0-0,95-45 = 134,8 cm, 311ech BBICOTY CTEHKH ITpuMeM paBHoii 0,95h.
Onpeaenum TpeOdyeMyro TOJIIUHY MOJIKA
tr = 134,8/(2:45) = 1,49 cm.
[Tpuaumaem tr = 18 mm.
[TpunsiToe ceueHue KOJIOHHBI TpuBeieHO Ha puc. |X. 2
by =450 MM, t; =18 MM, h, =450—2-18=414 MM, t, =10 MM.

tr 18
Jlnst ceueHys npu  —- = 1’—0 =1,8<3, YCIIOBUE CBAPUBAECMOCTH YIOBJIETBOPSAETCS.
2. [IpoBepka yCTOWYMBOCTH KOJIOHHHBI.

Onpez[eJmM IrCOMCTPHUUCCKHC XaPaAKTCPUCTUKU CKOMIIOHOBAHHOI'O CCUCHUA:

VY

18

e

tw=10 ber=220

414
X

\

h=450

huw

18 |

br=450

ts

Puc. 1X. 2 CeueHue CIUIONIHON KOJIOHHBI
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A=2bt; +ht, =2-45-1,8+41,4-1= 203, 4 cm’;

t;3 . 3 18
I, = tWhN +2 bty ———+bst; h”+tw _LaL4 +2- 45-18 +
12 12 2 12 12

2
+45-1,8-(41’42+1’8) J=81539,6 v
tib} | (1845 A
Iy =2 —| = — 273375 cu’:
12 12

I
I =«/I—X = 22390 20000 iy =y = 218915 1159 om
A\ 2034 A\ 2034

Onpenenum THOKOCTH KOJTOHHBI:

Ay =2 =3867, A =-——=9542,
20 02 159

Tak kak }Ly > }Lx, ITPOBCPKY YCTOI/I‘-II/IBOCTI/I KOJIOHHBI BBITIOJIHACM OTHOCHUTCIIBHO OCH

VY. /Ty =4 ,fELd = 95,45 /22’30 =3,19. ITo Ta6m. J.1 [5] nna Tvma ceyeHus
«by - @, = 0,604, .

YTOUHHUM pacyeTHOE yCHIIME B KOJIOHHE C YYETOM COOCTBEHHOT'O Beca
Nea= 2600+ (203,4-107%-78,5-11,6 - 1,2) =2600+23,4= 2623,4 kH, rae Yr =
1,2 yacTHbI K03(d. IO Harpy3Ke sl COOCTBEHHOTO Beca KOJIOHHBI.
[IpoBepka NpUHATOTO CEYEHUS
Ng4 2623,4
@y A-fya¥e 0,604-203,4-23-1,0 0,93 < 1,0.

T. €. yCTOﬁqHBOCTB KOJIOHHBI 0OecIieucHa.

2. IlpoBepuM MECTHYH0 YyCTOWYHUBOCTh TIOJIOK M CTEHKH KOJIOHHBI
cootBercTBuM ¢ 9.2.1 (mmm 7.3[5]).

[Monka. ( 7.3.8[5])
Tak kak 7[ > A, pacuer BeJIeM 1o /1 Onpenenum

1= bif,/fyd/ M\/ZB/Z%OO =0,408,

ITo Ta6JI. 10 [5])
Zur = 0,36 + 0,11 =0,35+0,1-3,19= 0,669, 37ech A = 1.
Tak xak Ay = 0,408 < A,r = 0,669
obecrneyena.
Crenka ( 7.3.2[5])
OHpGI[CJ'II/IM

"efﬂ/fyd/ = (52580 /23720600 =1,38,

B

MCCTHas YCTOﬁqHBOCTB ITOJIKH
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ITo Tabm. 9 [5])

npu A >20, — w 21,20+0,35}_L, HO He Oonee 2,30 ; 3mech A= /Ty.
OnpenenuM Ay, = 1,2+ 0.35-3,19 = 2,32, 1, = 2,3.

Tak kak A, = 1,38 < A, = 2,3 MecTHas yCTOHYHBOCTb CTEHKH

obecrieueHa.

Tak xak A, = 1,38 < 2,3, 1o JUIMHE KOJIOHHBI KOHCTPYKTHBHO YCTAHABIHBAEM
110 JIBE Tapbl pedep KeCTKOCTH ¢ pa3zMepamu corsacHo hopmynam (9.6) u (9.7):

/R
bn=ﬁ+40=ﬁ+40=53,8MM; t, =2, |- =2.55. ﬂ:s,enm
30 30 E 2,06-10°

[Tpuaumaem b, =55mm; t, =6 MM

Ipumep 9.2. TloaGop cevyeHus1 cTeP:KHI CKBO3HOI KOJOHHBI

[TogoOpath cedyeHUE CTEPXKHS CKBO3HOM KOJIOHHBI OajO4yHOW TUIOMIAJKH,
HArpy»KCHHOW pacueTHOW HArpy3Koi OT BhIIIenexanmx KoHcTpykuid N=2900kH.
(puc. 1X. 3). 3akpervicHHe KOJOHHBI C (DYHIAMEHTOM J>KECTKOE B ILUIOCKOCTH
NPUMBIKAHUSI TJABHBIX Oanok (T.€. OTHOCHUTEIBHO OCH Y) U IIApHUPHOE
OTHOCUTEJIFHO OCH X. BricoTa ypoBHS mosa 6anouyHoi momanku 10 m, TommuHa
Hactuia 0,22 M, BRICOTA IJIaBHOW M BTOPOCTEIICHHOM 0aJlOK COOTBETCTBEHHO 1,6 M
u 0,396 m (140b1). PacueTHbie cxembl KOJTOHHBI IpuBeACHBI HA puc. 1X. 3.

+10.000 A
DI g ¢N
— N Y ;7
JIFC (LEF
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L / T !
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| | ! I I
— f | I
! | |
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I'masHas Sanka

BropocteneHnad
Ganka (40E1)
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Puc. IX. 3 K ompeneneHuto pacaeTHON AJIMHBI CKBO3HOW KOJIOHHBI

1. B coorBerctBum ¢ Tadd. A.4 [5] s komoHHbl npuHUMaeM ctainb C255 b-1 -
fya = 240 MITa=24 kH/cm? mipu t = 10-20 mM. CeueHne KOJIOHHEI U3 JBYTAaBPOB C
napajuiesbHbIMU rpadsimu nosok mo I'OCT 26020.
PacueTHbIC UTMHBI KOJIOHHBI OTHOCHUTEIILHO OCCH X U Y

l, = u,1=1(10+1- 0,22- 0,396)= 10,384m,

l, = uy1=0,7(10+1- 0,22- 1,6-0,02)= 6,412m,

2. Pacder KOJIOHHBI OTHOCHUTEIBHO OCH X-X.

Onpenenum TpeOyeMyro IIOMAIb CEUCHHMS, 3aIaBIIICh THOKOCTHIO A1 = 70.

=X /fELd =70 /zzz’(())o =2,39. Ilo Ta6m. /1.1 [5]) ¢4 = 0,762, Tun ceueHus «by.

N 2900
Acalx = = :158,6 CMZZ
’ ®1fydYec 0,762:24-1,0

[Imomaas 0THOW BETBU KOJIOHHEI
158,6

Ay = — = 79,3cM?.
% Y1 I[To coprameHTy i BETBEHM KOJIOHHBI IPUHHUMAIOT
- ] nByTaBpbl  Ned5b1  (puc. [1X.4) co crexyromumu
NN ¥ TCOMETPUYCCKUMH XapaKTePUCTHKAMH:
= 6 h =400 mm, As = 76,23 cM?, ix = 18,09 cwm,
= \f“ . = 24940 cm”, i1 = 3,75 cm, 1,1 = 1073,7 em?,
b+

Puc. IX. 4 Ceyegme =11 MM, tw = 7,8 MM, br = 180 mm.
JByTaBpa
OmnpenenrM r’HOKOCTh CTEPIKHS OTHOCHUTEIBHO OCH X-X
A, =10,384-100/18,09 =57,4

1, =574 | 222
20600

=1,96. ITo ta6mn. /1.1 [5]) ¢, = 0,832, Tum ceueHus «by.

YTOYHHM pacyeTHOE yCUJIME B KOJIOHHE C Y4€TOM COOCTBEHHOI'O Beca
N= 2900+ (59,8-2-1072(10 — 0,22 + 1) - 1,2) =2900+12,7= 2912,7 kH, rne
54,7xr/m macca 1m aByTaBpaNe40B2.

[TIpoBepka NpUHATOTO CEYEHHUS
N 2912,7
@xARyY:  0,832:152,46:24-1,0

=0,96<1,0

Pacuer KOJOHHBI OTHOCHTEIBHO CBOOOMHOM ocu y (puc. 1X.5). [ns aroro,
ucnosb3ysi popmyiy 9.11, onmpenenum TpeOyeMyro pa3fBUIKKY BETBEM KOJIOHHBI
o gopmyiie

lya 6,412:0,41
b>132XEh=13—"—7"—
Lay 10,384-0,52

40=25,317cm

Tak kak pazmep b 10KEeH yIOBIETBOPSITH YCIOBHIO
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b> b+ 100 mm = 180 + 100 = 280 mm, npuaumaem b = 320 mm.

Jlns 0ObeIMHEHNST BETBEH KOJIOHHBI Ha3HAYAEM IJIAHKH Pa3MepoOM
ds=(0,5-0,8)b =(0,5-0,8) - 320 = 160-256 mm. [Ipunumaem ds = 250 mm.
TonmuHa IiaHok

15 30 15 30

[Ipunumaem ts = 11 mm.

1450
1200
P
b

|
250

Puc. I1X.5 Ceuenue CKBO3HOI KOJIOHHBI

y dlt,  (25,0°1,1
CoOCTBEHHBII1 MOMEHT MHEPUUH IUIAHKU | = izts _{ 12) =1443,3cm*.

[TpenBapuTenbHO 3a1aeMCsi THOKOCTBIO BETBU:
Ao1 = Ip /i1 = 35, ( 0Ob1uHO MpuHUMAIOT He Oosiee 40)
torma lp=3511=35-3,75=131,3cm=1,313 m.
[Mpuanmaem lp = 1,2 m.
Paccrostaue mexay ocsimu tianok | = 1,2 + 0,25 =1,45 m.
OnpenenuM TEOMETPHYECKHE XApPaKTEPUCTUKH  CEYCHHUS  KOJIOHHBI  OT-
HOCHUTEJIBHO OCH Y-Y:

2 . 523194
I,=2 [24940 +76,23 (2) ] =52319,4 CM [y = /2_76 —=18,5

['MOKOCTh KOJIOHHBI OTHOCUTEIBHO OCH Y-y ly = 641,2/18,5 = 34,7.

['MOKOCTh BETBH KOJIOHHBI W3 INIOCKOCTH BETBH Ap1 = lp / 11=120/3,75=32
( JOIKHO OBITE [y, > Ap1).
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OTHOIIEHNE MOTOHHBIX KECTKOCTEH BETBU M IUIAHKU

n :¥ _ 1073732 _ 0,165 -
s'b

Il 14323145

OmnpeaenuM MpUBEACHHYO THOKOCTh KOJOHHBI (Ta0I.8 [5]Tum ceuenus 1)

Mot = \/7»5 +0,82-(1+n)-A%;, =/3472 + 0,82(1 + 0,165)322=46,7.

Taxk kak Aef = 46,7 <Ax=61,85, TO yCTOMYMBOCTH KOJIOHHBI OTHOCHUTEJIHHO
CBOOOJIHOM OcH oOecIIeUeHa.

Ipumep 9.3. Pacuem 020108Ka KONOHHBI CKBO3HO20 CEYEHUA
Paccuurath orosoBok ckBO3HOM KOJOHHBI puc. 1X.6. Crans xonoHHbI - C245,
BeTBU 13 1BYTaBpoB Ned() 'OCT 8239 . OnopHast peakiiysi riIaBHON OalKu
N=840 xH, Tonmuna u mmpruHa OMOPHOTO pedpa rIaBHON OATKM COOTBETCTBEHHO
paBubl tp, =14mm u  bp= 200mMm. Bropocrenennsie 6anku BeinonHeHsl u3 14061,
omopHasi peakius BropocreneHHoi Oamku Np =93xkH. KoncTtpykuuio oromoBka
OPUHATH coriacHo puc. 1X.6.

TR T
I : : S 4051
) W1
e 85

I YR . -

[ L; S L RN EE E;

H HHH\HHH: tc g ; E

[| [T E~ TTTT T T T T I T T T TT 7T

I 1 a-a 3 = W2
i JEC[Q .

, b=320 AL Njy

Puc. IX.6. KoHCTpyKIHs OrojIoBKa KOJIOHHBI CKBO3HOTO CEUCHUS
1. TonmiHa ONMOPHOro CTOJIMKA, HA KOTOPBIM ONMUpaeTcs riaBHas Oajika:

ter >t + 10 Mm = 14 + 10 = 24 mm.
[Ipunumaem te; =25mm.
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[TpuBapKy cTOIMKA K KOJIOHHE OYJIeM OCYIIECTBIATH MOTyaBTOMATHIECKOM
CBAPKOM B CPeZE YITIEKUCIIOrO ra3a CBapoO4YHOU npoBoiokoi Ce-0812C
nuametrpoM 1,4 mm. Cranb cronuka C245. Torna B coorBeTcTBum ¢ 1ab6m. I'.1, .2,
tabm.4 u 40 [5]: fur = 215 MIla, fu; = 0,45 fu = 0,45-360 = 162MI]a,
Br=0,7, B.=1,0, 3meck fux =360MIla npu TomiuHe cToaruka 30MM.
OnpenensemM
fwt Br = 215-0,7 = 150,5 MlI1a;
fwz B2 = 162-1,0 = 162 MI1a=16,2xH/cm?.
Tak xak
fwt Br = 150,5 MIIa < fw; B, = 162 MI]a,
pacueT cBapHBIX IIIBOB BEJEM 110 METaJLTy IIBA.

Cronuk 1emecoodpa3Ho MpUBApUBaTh K BETBH KOJIOHHBI IO TPEM CTOPOHAM.
Hwxuuii moe W2 BeinonHsieM BhicoTol Kf = 10 MM, Tak Kak IIPH TOJIIUHE CTCHKU
BETBU KOJOHHBI tw = 8,3 MM m mpH TOJIIUHE CTOIMKA ler =25 MM MUHHMaNbHas
BeNMYMHA KaTtera mBa coriacHo Tada. 39[5] Kimin = 10 MM, a MakcHMaNbHBIH
Kimax = 1,2tmin = 1,2tw = 1,2 - 8,3 = 10 mMMm.

Y4uThIBasl, 4TO CTEHKA TOHKAas 1moB W2 nmpruMeMm B 3amac IpOYHOCTH.

s mBoB W 1 mpuBapku CTOJNHMKA K ToJKaM npuHuMaeM Ki = 14 MM, Tak kak
TOJIIMHA TIOJKH BETBU KOJIOHHBI, K KOTOpOH OyAeT NMpHUBApUBATHCS OMOPHBIN
cronuk, tr = 13 mM. Torma aauHa OOPHOTO CTOJIMKA

1,3N; _ 1,3:840 _ _
€ 2Bfksfwrve ©2:0,71,421,5:1°1 +1,0 =259 +1=269cum

[Mpunumaewm lc = 270m.

JIns KaueCTBEHHOW NMPUBAPKU CTOJIMKA K MOJKaM BETBEH KOJIOHHBI BBITIOJIHSIEM
pa3/iesiKy ero KpOMOK B COOTBETCTBUM ¢ puc. 1X6, y3emn 4.

Jimsg  yculieHWsT CTEHKH BETBEM KOJOHHBI 10 BCEHM BBICOTE OrOJIOBKA
yCTaHaBJIMBaeM BepTUKaIbHOE peOpo TommHoi t = 8 MM. B 30He nmpuBapku cTo-
JIMKa YCTaHABIIMBAEM TapHbBIE MTONIEPEUHbIE pedpa KecTKoCTH ¢ pasmepamu 150 x 8
MM. WX NpUKpEIUIEHUE K BETBAM KOJIOHHBI OCYIIECTBIISIEM CBAPHBIMH IIBAMU C
BBICOTOM Karera Ki = 6 MMm.

Bropocrenennyro Oaliky onupaeM Ha CTOJMK, BBITIOJIHGHHBIM M3 IIBEJJIeepa,
crans C245. Homep mBesiepa ompejaessieM M3 YCIOBHS pabOThl CTOJIMKA Ha

n3ruo:
1,3Npl  1,3-93-0,32
M. = b = =9,672xH-™m
4
9,673-10%
Wey = ———— =42 cMm®
231

[To copramenty npuruMaem mBemtep Ne 16 ¢ Wy = 61,16cm u tw = 4 M.
BbIcOTy KareTa CBapHOTO MIBa, MPUKPEIUISIOMIETO CTOJIMK K BETBH KOJIOHHBI,
paccuutaem no Gopmyse
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1,3N 1,393
kf = 6 — = 0,27 CcM =2’7 MM, IPUHUMAEM Kf =4MM,
2BzlwfwzYc 2:1,0:16°13,725°1-1
rae lw = h = 16 cM, Tak Kak KOHIIEBbIE YYaCTKH LIBOB BBIBEIEHHI Ha MOJKHU

mBesuiepa; h — BeIcoTa IIBEsUIEpA.

Ilpumep 9.10 HekxoTopble KOHCTPYKTHBHbIE pelIeHUs  Y3J10B
CONpsIKeHUs 0aJI0K C KOJIOHHAMU

Cpenuuii psaa KOJOHH 0aJIOUYHOM IUIOMIAAKHA
1)

&
4-4 +10.850 I"'
-400x25 H0 4 )
£255 g
& < /9 @\‘“f
- 52/ N
Omb. 823 — -
-1350x10 -410x8
(755 = (255 o
| =
-85x9 = 2
(755 5 \a7
-400x25 ;
(755 & K_/
200 200 L
400 = ‘ E
( ) ¢ OukBenHas ock )3 :
| E A 35 1 | 3
=420x30 EIIIIIIIIIIII- I-_‘zflgx ;/@ T
(255 y T W
20|, 210 210 210 20

.

420 440

( ) . dyxBennaa ack ( ) ¢ Uu@pobas oce

BapuanT onupanust 6anok Hactuna b2 ceepxy Ha kononny K1, 6anku b1 cOoky;
4-4- mpuBeIECHO KaK periaeTcss KOHCTPYKIUs pedep xectkocTu ['b.
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¥Y3ea2. Bapuant onupanus 6anok Hactuiia b3 Ha nononHUTENBHBIE peOpa
psinom ¢ onopHbIM pedpom I'b .

banku b3 oTcTynarot oT ocu 00bIYHO (PEKOMEHYETCs) HE MEHEE, UeM Ha
200 mm (Ha uepTexxel25mm). banku b3 Hano paccunrtatk, T.K Harpy3ka Ha Hee
MEHBIIIE, YeM Ha CpeJHHE OaJKu.

¥3ea.1. Onupanne cpemnnnx 6anok Hactuia b1 Ha momepeunsie pedpa I'b .

Pasznea X. PEPMbI

Tema 10.1. Knaccupurkanus, KOMIIOHOBKA, TUNIBI (pepM, pacueT pepm
CranbHble (pepMbl MHUPOKO MPUMEHSIOTCS B MOKPBITUSAX MPOMBIIIJIEHHBIX U

IpaXIaHCKUX 3/IaHUM, aHTapoB, BOK3aJOB, MOCTaxX, TPAaHCIOPTHBIX Taliepew,

rpaneit OameHn u maur. dDepMbl MO CpaBHEHHIO C OallKaMU SKOHOMUYHEE TI10
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pacxofy marepuana, MOXHO MpUIATh JI00€ OYEPTAHHE, OHU OTHOCHUTEIIBHO
IPOCTHI B U3rOTOBJICHUU.
10.1.1. O6mas xapakrepucTuka gepm

depma - 3TO IIIOCKAsl, TEOMETPUYECKH HEU3MEHseMash KOHCTPYKLuS,
COCTOSAIIAsE U3 OTACIbHBIX MPAMOJIUHEHHBIX CTEPIKHEH, paboTarolast Ha U3rud Kax
u Oanka. DepMbl COCTOAT U3 BEPXHETO M HIHKHETO MOSICOB, MEXIY KOTOPHIMHU
pacrojararTcs IEMEHThI PEIISTKH - PAaCKOCHI U CTOWKH (cM. puc. 10.1).

B 3aBucuMocTH OT Harpy3ok M THUINa ceYeHHH (hepMbl MOAPA3ICIAIOTCS Ha
Jerkue U Tsokenble. Jlerkue (epmMbl MPOEKTUPYIOT M3 OJAMHOYHBIX M IMapHBIX
YTOJKOB, KpYIiblX U THyTOcBapHbIX npoduieit (I'CII), TaBpoB; Tskenble — U3
JBYTaBPOB M MOLIHBIX TPYO.

OCHOBHBIMH T€OMETPUYECKUMU Mapamerpamu depMm sBistoTcs: npoiet (1),
pacCTOsIHUE MEXIY y3JaMu BEpXHero mnosica - pasmep nanenu (ln), ykiioH BEpXHETo
nosica (i) u Beicota epmbl Ha orope (hon).

g( L :
£

Puc. 10.1. ®epma: 1- HUKHUM MOSC; 2- BEPXHUHU I0SC; 3-PacKOCHI; 4- CTOMKH.

1/

Ha puc. 10.2 npuBenena knaccudpukanus ¢pepMm mo ouepranuro. s KpyTo
YKJIOHHBIX KpOBENIb HCIHONB3YIOTCA (epMbl TpeyroiapbHoro odepranus. K wux
HEJ0CTaTKaM MOKHO OTHECTHU CJIEAYIOLIUE: CONPSKEHUE C KOJIOHHOW MOXET ObITh
TOJBKO IIAPHUPHBIM; B CpeIHEH 4YacTH PACKOCHI MOJY4YalOTCs YpPE3MEpPHO
JUIMHHBIMH M UX C€YEHHE MPUXOAUTCSA YaCTO Ha3HAYaTh MO MPEAETbHON THOKOCTH,
T.e. NMPOYHOCTh METAJUIa B HHUX Hegoucnonb3yercs. Kpome Ttoro, ouepranue
TPEYrojbHBIX (epM HE B TOJHOM Mepe COOTBETCTBYET JMIOPE M3THOAIOIINX
MOMEHTOB, KOTOpasi IPH PaBHOMEPHOU Harpys3ke OyJeT odepueHa Mo KBaJpaTHON
napaboe.
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NN

Puc. 10.2. Ouepranust depMm: a, 0- TpEyroiabHOE; B- TpamneleugaibHOe; I-

fEmD

IMOJIMI'OHAJIBHOC; A- C MapaJUICIIbHBIMU ITOsSACaAMM.

Tpaneueunanbubie (epMbl SBIAIOTCS HauOoOJee PaCHpPOCTPAHCHHBIMU, OHU B
Jy4lieil CTeNeHH COOTBETCTBYIOT SIIOPE MOMEHTOB U JIMIIEHBI HEIOCTaTKOB,
yKa3aHHBIX I TpeyroibHbIX (epM. IlomuronanbHeie ¢epmbl B erie OoJbIeh
CTENEHU COOTBETCTBYIOT 3IMIOPE HM3rMOAIOIMX MOMEHTOB. OJHAKoO, NpH 3TOM
YBEIMYHMBAETCS KOJMYECTBO IEPEIOMOB BEPXHErO I0sSiCa, T.€. BEPXHUH MOsC
coOupaercss M3 OOJIBLIETO KOJIMYECTBA DJIEMEHTOB. YBEJIWYEHUE KOJUYECTBA
COOpPOYHBIX 3JIEMEHTOB CYIIECTBEHHO YBEIMYMBAET TPYAOEMKOCTh MU3TOTOBJICHUSI.
®epMbl MOJUTOHATBLHOTO OYEPTAHUSI HAXOMAST MPUMEHEHUE MPEUMYIIECTBEHHO
JUTSL TIPOJIETHBIX CTpoeHUil MocToB. [IpemmymiectBamu depM ¢ mapaiielbHbIMUA
MOSICAMU SIBIISIFOTCS OJIMHAKOBBIE YTIIbI HAKJIOHA PACKOCOB (T.€. Y3JIbI COOUpaIOTCs
110 OJJHOMY I1a0JIOHY) U OJIMHAKOBBIE JUTMHBI SJIEMEHTOB PELIETKH.

Jnst OonbliMHCTBA (pepM HUKHUN MOSC MPU OTCYTCTBUU HArpy3Ku HMEET
npsiMoJinHelHoe ouepTanue. OHAKO, B HEKOTOPBIX CIy4asx, HIKHHUM MOSIC MOXKET
UMETh OOpaTHBIA BHITMO, HA3bIBAEMBIM CTPOUTENBHBIM MOABEMOM (cM. puc. 10.2
n). CTpouTenbHBIA TOABEM KOMIIGHCUPYET Mporud ¢epmbl MOA HArpy3KOM u
npeaycMaTpuBaercs oObrdHO it pepm mposerom Oonee 30 M u s pepm ¢
IJIOCKOW KpoBJeW. B mepBoM ciydae, 3HA4Y€HUE CTPOUTEIBHOTO IOABEMA
MPUHUMAETCSI paBHBIM MTPOTHUOY (HEPMBI OT MOCTOSHHBIX U JTUTEIHHBIX HATPy30K,
a BO BTOPOM cilydae - nporu0y (epMsl oT Bcex Harpy3ok mitoc 1/200 nposnera.

Tuner pewemox, WUCHONB3yeMbIX B (epmax, mpuBeieHsl Ha puc. 10.3.
TpeyrofabHbIi THUI PEIIETKH COCTOUT W3 OJHUX TOJIBKO PAacKOCOB, KOTOpPbIE
paboTalOT W Ha pacTsDKeHHe, W Ha cxarue. KonmuecTBO packocoB PaBHO
YABOEHHOMY KOJIMYECTBY TaHeNeld BepxHero mosica. [IOCKOJIBKY 3JI€MEHTBI
pELIETKH BOCIPUHUMAIOT MONEPEYHYIO CUITY, TO YCHJIME B HUX OYyJIeT TEM MEHBbIIIE,
yeM OOJIbLIE YyTroJa MEXIYy PackoCoM M ropu3OHTaiblo. [IpenMymiecTBoM BTOPOIo
TUIA PEHIETKU (TPEeyrojibHOM CO CTOWKamu) SIBJISIETCS YMEHbBILIEHUE KOJUYECTBa
snemeHnToB. Ecnu B mepBom ciyuae st mecturnanenbHor ¢epmbl (I = 18 m)
KOJIMYECTBO 3JIEMEHTOB peleTku (0e3 OMOpHBIX CTOEK) paBHO 12, TO BO BTOpPOM
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(Opu OAMHAKOBOM KOJIMUECTBE MaHeseil) Toibko 8. IlpenmyliecTBOM pacKOCHOM
peuietku (cM. puc. 10.2 B) siBAsieTCS TO, YTO 3/1€Ch JTMHHBIC DJIEMEHTHI (PacKOCHI)
paboTaroT Ha pacTsbKeHHUE, a KOpOoTKue (CTOMKH) - Ha cxkartue. [lpu Bocxosiem
HaIIPaBJICHUM - PACKOCHI CXaThbl, a CTOMKH pacTAHyThl. Kpome Toro, packocHas
pelieTKa TaK ke, Kak U TpeyroyibHasi, 00JagaeT OO0JbIION KECTKOCTHIO U MOTOMY
MPUMEHSIETCS PU OOJIBIIHNX MOMEPEYHBIX CHIIAX U TIPHU HEOOJBIION BEICOTE (hepM.
OnTUMalIbHBIN YTOJl HAKJIOHA JJI TPEYTOJIbHOM pemeTku — 45°, s moAKOCHON —
35°.

Pemietku, nzobpaxkennsie Ha puc. 10.3 1, 1, €, &, OTHOCATCA K CHEI[UaTbHbIM.
[[InpeHrenbHass WUCIHONB3YETCS IS YMEHBIICHUS PACCTOSHUS MEXKIY Y3JIaMu
BEPXHErO0 MO0sca, HAIpPUMEDP, MPU BHEY3JIOBOM HArpysKe, BTOpas - IPU Harpyske
NepeMEeHHOW  HampaBjieHHocTH  (Hampumep, BeTpoBoi).  [lomypackocHas
(TpeyronpHasi) U poMOMYECKas pemeTKu 00Jadar0T MOBBIIIICHHOW KECTKOCTHIO H
MO3TOMY HCIOJB3YIOTCS B KOHCTPYKIIUAX C HEOOJBIIUMHU IMONEPEUYHBIMU

pa3Mmepamu (B OanHsax, MmayTax, onopax JIOII).
a 6

TIIIY KKK RS

Puc. 10.3. Tunsl pemérox ¢epM: a- TpeyrosbHasi; O- TpPEyrojbHas cO
CTOMKaMHu; B- pacKoCHas; TI- LIIOpEeHreiabHas; J- KpecTooOpas3Has; e-
MOJIypacKoCHasi; - poMOUYecKasl.

[Ipy peasbHOM  TPOSKTHPOBAHWM  BBICOTA (EpM  OTpaHUIHBACTCS
TPAHCHIOPTHBIMU COOOpPaXKEHHUSIMU 3a HUCKIIOUeHHeM ¢epMm, cOOpKa KOTOPBIX
OCYIIECTBIISIETCS HA MOHTAXXHOU Tutomaake. [Ipu mpoeKkTupoBaHUH TakXKe CIeayeT
YYHUTHIBaTh TPeOOBaHUS yHUGDUKAIMK, CTAHIAPTU3AMMA W BHUJ OTPaKIAFOIINX
DJIEMEHTOB IMOKPBITHSI.

10.1.2. Onpenenenne ycusauii B cTep:kusx pepm

Pacuer ¢depm HaumHaeTcs C ompeneneHus Harpy3ok. Harpysku Ha depmy
MOTYT OBITh PaBHOMEPHO pacIpelleJICHHBIMU (OT COOCTBEHHOTO Beca IMOKPBITHS,
CHEera, BeTpa) U COCPENOTOUYCHHBIMHU, MPUIOKEHHBIMU K BEPXHEMY U HIDKHEMY
nosicy. CHeroByro Harpy3ky Ha @epMy HEOOXOIMMO YYMUTHIBaTh Kak
pacmpeseieHHyI0 M0 BCeMy MpOJIETy, TaK U Ha TOJOBHHE MposeTra (cieBa U
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CIpaBa), 3TOT CJIy4ail MOKET MMETh MECTO NPH OYHMCTKe cHera. (cM. puc. 10.4).
[Tpu Harpy3ke Ha MOJIOBUHE MPOJIETa HAPSDKEHHOE COCTOSIHUE CPEHUX PACKOCOB
MOKET OKa3aThCs 0osiee HEeONIaronpusaTHBIM, YEM MPU HArpy3Ke M0 BCEMY IMPOJIETY.
[Ipu pacuere depm clenyeT TakkKe YUYUTHIBATh OINOPHBIE MOMEHTHI, €CIlU
conpspkeHue pepM ¢ KOJJOHHAMHU JKECTKOE.

Ot BHEmHEN Harpy3ku B CTEpPXKHSIX (epM BO3HHKAIOT OCEBBIC YCHIIHUS
(pacTsbKkeHUEe WIHM C)KaTue), a Takke m3rudaromue MoMmeHTH. [Ipu ompenenenun
OCEBBIX yCWIMH Y316l (epM CUUTAIOTCS MIAPHUPHBIMU, a BCSA Harpyska
MPUBOJUTCA K y3JIOBOM, BKJIIOUYAsl ONMOPHBIE MOMEHTHI MPHU KECTKOM COMPSIKEHUU
depMbl C KOJIOHHOHM, KOTOpbIE 3aMEHSIOTCS MNapod TOPU30HTAIBHBIX cuiI,
OPWIOKEHHBIX K OMOPHBIM y371aM ¢epmbl. OceBble yCHUIMS MOTYT OBITh
onpe/eneHbl MO0 aHATUTUYECKU (BBIPE3aHHEM Y3JIOB HIIM METOJIOM CEUCHHUIA),
6o rpaduuecku (moctpoeHueM auarpamMmbl MakcBemwia-Kpemonsr). Yceumus B
CTEpXKHAX (epM oOmpenensoTcs pa3feNabHO OT Kaxaod Harpysku. Jlamee
COCTABJICHHMEM PACUYETHBIX COUYETAHUN HArpy30K ONPEIENSIOT PACUETHBIE YCHUIUS
JUISl TOJ00pa CEUEHHI CTepKHEN (PepMBI.

Puc. 10.4. Harpy3ku neiictByromme Ha ¢epmy: 1-Harpyska oT COOCTBEHHOTO
BECA NOKPBITUS; 2- CHErOBas IO BCEMY IIPOJIETY; 3- CHETOBasl HA JIEBOM IOJOBUHE
nposi€Ta; 4- CHeroBasi Ha MPaBoOM MOJIOBUHE MPOJETA.

W3rubaromime MOMEHTBI B CTEpPXKHSIX (epM Ompenenstorcss Mpu HaIUuuu
BHEY3JIOBOIl HAarpy3K, SKCLIEHTPHUCHUTETa B y3/1ax (OCH CTEp)KHEW B y3ie He
NIEPECEKAIOTCS B OJTHOM TOYKE), a TAKXKE, €CIIM NONEePEeYHas ’KECTKOCTb CTEPKHEN B
IUIOCKOCTH (pepMBI IIPEBBILIACT MpeesibHbIe 3HaueHUs. 3rubaromniye MOMEHTHI OT
BHEY3JIOBOM HAarpy3ku Ha BEpPXHUH WM HWKHMHA TOAC (PEepMbl MOTYT OBITh
olpezesieHbl KakK Julsl HEpa3pe3Hoil Oalky Ha ynpyro IpoCeAarolluX ONopax, Iae
ornopaMu SBISAIOTCS  y3ibl (Gepmbl. [losiBieHne u3rudarwImKUX MOMEHTOB OT
OKCUEHTPUCUTETOB B  y31ax (¢epM cleqyeT MCKII4YaTh Ha  CTaJuu

232



KOHCTPYHUPOBAHUS: OCH CTEP>KHEH B y371aX JOJDKHBI IEPECEKAThCSA B OJJHOM TOUYKE.
Henz0eXHOCTh MOSBIEHHS SKCIEHTPUCUTETOB B y3J1aX MOXET ObITh 00yCIIOBIIEHA
TOJIBKO B CTBIKaX MosAcoB (cM. puc. 10.5), uz-3a npoduiieii pasusix pazmepos. [lpu
HQJIMYUM SKCLEHTPUCUTETA U3THOAIOLINIl MOMEHT B 3TOM y3iie OyaeT paBeH: M =
Nz-e. DTOT MOMEHT JOMYCKAaeTCs pacHpelneisiTh MEXKIY CTEpKHSMH B JaHHOM
y3j€e, NpSAMO MPONOPLUUOHAIBHO HMX IOTOHHBIM YECTKOCTSAM, HampuMep, s
crepxHs Nel:
M1 = M1/ 2,

rae Mi - yacTh MOMEHTa, NMpUXOoAIasica Ha crepkeHb Nel; i1 - moroHHas
’KECTKOCTh 3TOTO CTEPXKHS; X.li - CyMMa IOTOHHBIX JKECTKOCTCH CTep)KHCH B
JaHHOM y3iie. [IoroHHas K€CTKOCTb 3/1€Chb ONpPENEsAeTCs ACICHHEM MOMEHTa
MHEPLUU CEYCHMs CTEPKHS B IUIOCKOCTH (epMbl Ha JUIMHY CTEPXKHS. Y3JIOBbIE
HKCLEHTPUCUTETHI JOIYCKAETCSl HE YUYUTHIBATh, €CJIM OTHOLLIEHNE YKCLIEHTPUCUTETA
K BBICOTE CEUEHHM nosica He npeBbIimaet 1.5% BBICOTHI Mmosca.

Puc. 10.5. DKCEHTPUCUTET B MECTE CTHIKA MTOSICHBIX CTEPKHEM.

N3rubaroniime MOMEHTBHI, BO3HHMKAIOIIME H3-3a JKECTKOCTU Y3J0B GdepM,
YYUTBIBAIOTCS TOJIBKO JJIS TSDKENBIX (pepM CO CTEP)KHSIMHU U3 JIBYTaBPOB M TPYO
IIPU OTHOIIICHUH BBICOTHI MX CEUCHHS (pa3Mep B INIOCKOCTH (pepMBbI) K €ro JIJTHHE
oompmeri 1/10. OpgHako, Kak ITOKA3bIBAIOT SKCICPUMEHTAJIbHBIC HCCIICIOBAHMS,
M3ru0aroMe MOMEHTHI, BO3HUKAIOIIUE H3-32 KECTKOCTH Y3JIOB, HE OKa3bIBAIOT
CYIIECTBEHHOTO  BJIMSIHUSI Ha  HaMNpPsOKEHHO-e(POPMHUPOBAHHOE  COCTOSTHUE
CTEpKHEU (PepMBbl.

10.1.3. Tunsl ceyeHuii cTepkHei
HaubGonee pacmpocTpaHeHHBIE THUIIBI CEUEHUN BJIEMEHTOB JIETKUX (epm

npuBesieHbl Ha puc. 10.6.
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Puc. 10.6. Tumbl ceueHnii 371eMEHTOB (pepm

Haubosnee pacnpocTpaHeHHBIM CEUEHHEM CTEpKHEN (pepM SBIISIETCS CEYEHUE
u3 Byx yronkoB (cm. puc. 10.6 6)-¢). Takoe ceueHue yA00HO TIpH
KOHCTPYHUPOBAHUU Y3JIOB U MO3BOJISIET BAPbUPOBAThH PAJNYC UHEPIIUHU B MIIOCKOCTH
U U3 IJIOCKOCTH (PepMbl, UCIOJIb3Yysl PaBHOIOJIOYHBIE WM HEPaBHOIOJOYHBIC
yroiku. OmgHaKo, ceueHus: U3 JBYX YTOJIKOB UMEIOT Psijl HEIOCTAaTKOB: OOJbIIas
4acTh MeTajlyla KOHIUEHTPUPYETCS Yy ILEHTpa TSIKECTH CEUYEHHUs, IOITOMY
TEOMETPUYECKUE XAPAKTEPUCTUKHU, HAMPUMEP pPaJUyC UHEPIIHMH, MOJIY4YalOTCs HE
HauOOJBIIIMMU MPU JTAHHOM TUIOIIA N MTOMIEPEYHOT0 CEUCHHS, YTO BJIEYET 32 COOOM
YBEIMYEHHUE PAcX0/ia MeTalia Uil CKAThIX CTEPIKHEH.

CeueHusi CTEpPIKHEHW U3 KPYTJIBIX M MPIMOYTOJIBHBIX TpyO (cM. puc. 10.6, a),
0) TOJHOCTBIO CBOOOJHBI OT HEIOCTATKOB CCUCHHWI M3 YTOJIKOB: METaUl HE
KOHIICHTPUPYETCS Y ICHTPA TSHKECTH CEYCHHS, KOJTUIECTBO COOPOUYHBIX JeTallel B
y3Jie U TOBEPXHOCTh I OKPACKM MUHUMasIbHBIE. OJIHAKO, y3Jbl depM U3 Tpyo
CJIEeAYyEeT MPOBEPSATHh HA BBIPhIBAHUE WM MPOJABIMBAHUE, UTO MOXKET MOTPEOOBAThH
YBEJIMYEHUE TIOMEPEYHOTO CEYEHHUS CTEpP)KHEHW 10 CPaBHEHHIO C pacueToOM Ha
pacTsokeHue Wi ckatue. GepMbl ¢ TAKUMU CTEPKHSMHU Hanbojee SKOHOMUYHBI
no pacxony marepuana (dxoHomuuHee Ha 20-30%, yem ¢depMbl W3 MapHBIX
YTOJKOB).

[Tpumenenne TaBpoB s mosicoB gepm (cMm. puc. 10.6, u) mO3BOJISAET
3HAYUTETFHO YIPOCTUTH Y3IbI (epMbl. YTOJIKH PACKOCOB U CTOEK MOXKHO
MPUBApPUBATh K CTCHKE TaBpa. ITO YMEHBIIIAECT KOJUYECTBO COOPOUHBIX JI€TAlIeH U
CHUKAET TPYAOEMKOCTh U3TOTOBJICHHUSI.

[Ipy OTHOCUTENBHO HEOOJBIIUX YCHIMSAX CTEPKHU (PEpMbl  MOXKHO
BBIMIOJIHATh U3 OJMHOYHBIX YTOJKOB (puc. 10.6, k), yMEHbIIAETCA KOJIUYECTBO

234



COOpPOUYHBIX JeTaliei M CYNIECTBEHHO CHUXAET OOBEM CBapOUYHBIX PAOOT IO
CpaBHEHUIO ¢ (hepMaMu U3 MAPHBIX YTOJKOB.

Jlnst  depm, mosica KOTOPBIX BOCHPHHUMAIOT ITOMHMO OCEBBIX YCHIIAN
U3rudaIe MOMEHTHI (BHEY3JIOBbIE HArpy3kH), palMOHAIBLHO CEUEHUE W3
JIByTaBpa WK JABYX IBeuiepos (puc. 10.6, k), n)).

10.1.4. Onpenenenne pacyeTHbIX AJMH cTepxkHel pepm

Jis depM pa3muyaroT pacueTHbIC JUIMHBI B TUIOCKOCTH (lx) M M3 MIockocTH
depmbr  (ly). 3HaueHuWe pacyeTHOW JUIMHBI ONPEICIIACTCSA, NPEKIES BCETO,
PACCTOSITHUEM MEXJY TOUYKAMHM, 3aKPEIUICHHBIMU OT cMelleHui. s packocoB u
CTOCK TAaKMMU TOYKAMU B IUIOCKOCTH M M3 IUIOCKOCTH (EepMbl SBISIOTCS
reOMETPUYECKUE LIEHTPHI Y3JI0B. TOXKe HJisi CTEep)KHEM TMOsSICOB, HO TOJIBKO B
IOCKOCTH (Gepmbl. M3 MJIOCKOCTH TaKMMHM TOYKaMU JJsi CTEp)KHEW IMOsSCOB
SBJIAFOTCS Y3JIbl, 3aKPEIUIEHHBIE C IIOMOIIBIO IPYTHX KOHCTPYKTHBHBIX 3JIEMEHTOB
(POTOHOB, CBS3EH, TUTUT MTOKPHITHS).

Hpyrum (axtopoMm, onpenessomUM 3HaY€HUE pacyeTHOW JJIMHBI, SBIAETCA
KECTKOCTh y3JIOBOTO COEJIMHEHHUS CTEpXHEH, 3aBHCSIIAs OT CEYEHUs U
KOHCTPYKTHUBHOTO pelieHus y3ia. JKecTKoCTh y3710BOTO COEAMHEHUS B MIIOCKOCTH
dbepmbl 3aBUCUT elie B OoJbllIeld CTENEeHHU, OT KOJMYECTBA M MOIIHOCTH
pPACTAHYTBIX JJIEMEHTOB, MPUMBIKAIOUIMX K JaHHOMY Y31y, T.K. HMEHHO,
pacTSAHyThIE AJIEMEHTHI MPENSATCTBYIOT IMOBOPOTY y37da B IUIOCKOCTU (hepMbl
(otHocuTenbHO ocu "X"). Tak B ¢epmax ¢ y3n0BbIMU (pacOHKaMH (M3 TapHBIX
YTOJIKOB) pacyeTHas JJMHA B MNIOCKOCTH (DepMBbI ISl IPOMEXYTOUHBIX PACKOCOB U
croek paHa 0,8 [, a B pepmax u3 tpy0 - 0,8 L.

B o0miem ciyuae pacueTHast JIMHA CTEPKHS ONPEAEAETCS

leg =11, (10.1)

rine Y - Ko3(ppUUUEHT MpUBENECHHUS K PACUETHOW IJIMHE, 3aBUCAILIUNA OT
croco0a 3aKperuieHus] KOHIIOB CTepXKHsA;, | - reoMeTpuyeckas JUIMHA CTEepPIKHS
(paccrosiHue Mexay ILeHTpamu y3ioB). B tabn. 10.1 mpuBeneHbl pacueTHbIC
JUITMHBI SJIEMEHTOB JIJIs1 HAanOO0JIee paclpOCTPAHEHHBIX CIyYaeB MIIOCKUX (epM.

Tabnuua 10.1 PacueTHble JUIMHBI 2JIEMEHTOB (pepM
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Honpasne:are PacueTHas ITHHA fgf

NOTEPH YCTOMMHBOCTH MOACOS, GHOPHED PACKOCOE | TPOTHX SNEMEHTOB PellieT-
M CTOEK K

1. B miockocTH depMil:
a) mA GepM, KpoMe YKa- | ! 0,81
ZaHHLN B no3. 1.6 ;
6) ana depM U3 OTMHOY- .
HEIX YroNkosB H ¢epM c npH- ! 0.9/
EpETieHHEM SNEMEHTOE pe- ) .
IETKH K NOSACAM BIPHTEIK o

2. W3 wiocKocTH epMEL: _
a) wa deps, KpoMe yKa- A i
3aHHBIX B 103, 2,6
G) mna depd ¢ MoACcAMH
M3 saMKHYTEIX npodMnei ¢
TPHKpeTITeHAeM  SNeMeHTOB h 0,94
EIETEN K IOHCAM EMPHTHE
INpuMevaHue ! -rcoMeTpiMeckad AMHHA SIeMEHTA (pacCTOAHHE MEXIY LEH-
TpamMH ywioB); /; - paccTosiHMe MeXOy LEHTpaMH Y3105, 3aKpeiUleHHWX OT CMellleHHA M3

nrockocTH tepms! (nogcamy depM, CES3TMHE, TUIHTEMI MOKPHTHA H T.4.).

[Ipy mepeMeHHOM YCWIMH TIO0 JJIMHE CTEP)KHS, KaK 3TO TMOKa3aHO Ha PHC.
10.7, ero pacuetHas JjiMHA OTpeenseTcs no Gopmyre:

ly = (0.75+0.25N2/N1) 1, (10.2)
rae N1>N2. @opmyna 10.2 peiicTBuTeNbHA PU PaBHOM AJTMHE TTAHECH.
Ne
by =t

Puc. 10.7. K onpeneneHnto pacyéTHOM MJIMHBI CTEPKHS C NEPEMEHHBIM
OCEBBIM YCHUIIUEM.

10.1.5. IlpeaejbHble THOKOCTH JIEMEHTOB (hepM

OnemeHThl  (epM ClenyeT MPOEKTUPOBATh, KaK MPaBUIO, U3 KECTKUX
ctepxHeil. OCOOEHHO 3TO BaXKHO JUISL CHKATHIX DJIEMEHTOB, MPEIEIbHOE COCTOSHUE
KOTOPBIX ONPEAEISAETCS MOTEPEN YCTOMUNBOCTHU. [103TOMY [U1s1 CIKATBIX 3JIEMEHTOB
dbepM B OTEUECTBEHHBIX MpaBWIaX, B OTJIWYUU OT 3apyOEKHBIX, YCTAHOBJICHBI
TpeOOBaHMSI 11O MPEAEIbHON TMOKOCTH.

[IpenenbHast TMOKOCTD A, AJIS CKATHIX DIEMEHTOB ()epM U CBSI3€H 3aBHCHUT OT
HA3HAYEHUS CTEP)KHS U CTENEHU €ro 3arpyXeHHocTd. JlJIg CXKaThIX 3JEMEHTOB

(dbepMBbI: MOSICOB, OMOPHBIX PackocoB U cTtoek — A, = 180 — 60a, mis apyrux -
236



Ay =210 — 60a, rae a = Ngq/(PAfyay:) — kK0dbdHUUNEHT, TPHHUMAEMBIH He
menee 0,5; N - pacuetnoe ycunue, QAf),qY. - HeECymas CloCOOHOCTh 3JIEMEHTA.

PactsiHyThIe CTEPKHU TaK)Ke HE JOJDKHBI ObITh CIUIIKOM THOKUMH, OCOOEHHO
IpU BO3JCUCTBUM TUHAMUYECKUX HATPY30K, KOTOpasi MOKET BbI3BaTh, HAIPUMED,
BUOpAIMIO DJEMEHTOB HWXKHEro rmosica. J[[ias pacTSHyTBIX CTEp)KHEW mpu
CTaTUYECKON Harpyske mpenenbHas ruOkocTh paBHa 400, a mpu ITUHAMHUYECKOU
Harpy3Ke JJIs OTOPHBIX PACKOCOB M cToeK — 250 u npyrux anmementoB — 350.

3HaueHUs NPEEIbHBIX THOKOCTEN CKAThIX M PACTSHYTBIX CTEepKHEH (pepMm
npuBeeHbl B Ta0. 33 u 34 [5].

10.1.6. Iloadop ceyennii crep:kHei Gpepm

@Depmbl  u3z yzoakoe. llpu pacuere cTepkHel (epMbl HEOOXOIUMO
CTPEMHThHCS, YTOOBI JIJIsi TOJIOOpaHHBIX ceYeHUil Obuta oOecreueHa MPOYHOCTh U
YCTOMYUBOCTh, THOKOCTH HE MPEBBIIIANA MPEJCTbHBIX 3HAUYEHUH, U CTETICHb 3araca
MPOYHOCTU ObUIa MUHUMAILHOU (yCJIOBHE 3KOHOMUU Marepuana). Kpome Toro
nosica (¢epMbl (OCOOCHHO HHUMXKHErO0 PaCTAHYTOro) oO0nafgaiu JOCTaTOYHOU
KECTKOCTBIO M3 IJIOCKOCTH, HEOOXOIUMOH MPH U3TOTOBIICHUH, TPAHCIIOPTUPOBKE
U 0COOCHHO MpU MOHTaxe Ppepmbl. C yueToM 3TOr0 pEeKOMEHIYIOTCS CIEIYIOLne
THUIIbI CEUCHU PJIEMEHTOB (P€PMBbI U3 CIIAPEHHBIX YTOJIKOB:

B CHETEIX TOACAN, PACKOCaX | L'TUﬁE\'ﬂ.‘L_. i TARHKE B (CTAME- B PACTHAYTEIN NOACAX, B CHATEIX NOACAX 1101 I:IJ{:IEIH.IJHH[I_.
HEIX AMEMECHTAX MPH MPOYMHX PABHEIX YCITOBHAX B WTHHHEIX PACKOCAX PR []I[I}'JI:EI['I'_‘.'.ILEIII]I:'i PEMIETHES

== Bl
| +

B OMOPHEX PACEOCAN] B KOHEKOBEIX CTOMKAY IZI}I'_‘}'J.‘-[LI

TonmuHy GacoHOK (PacCTOSTHUE MEXTy ABYMsI YTOJIKaAMH) OMPEACIISIOT 110
BEJINYMHE PACUETHOT'O YCUJIUS B OIIOPHOM PACKOCE B COOTBETCTBUU C
pexkoMmenaarusimMu Tabaunsl 10.1a:

Tabmuma 10.1a  PexomeHyeMble TOMIIUHBI (DACOHOK

Yeuaue N, kH Ho 150 160=250 260=400 4 10=600 61 0=1000 1010=1400
TanmmHa, Ma i b3 10 12 14 |6
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Pacmanymote cmepocnu @epmot. CeueHue pacTIHYThIX CTEPKHEN (epMbl
ONPENENSAIOT U3 YCIOBUS
NEq
A =
cal fyaYe
rie Aqq; — Tpedyemas IIomaib CEUYeHUs;

fya - PacueTHoe 3HAYEHME NPEENA TEKYUECTH CTAIIH,

Y — YacTHBIM K03(dunumeHT yciaoBus paboThl, mpuHUMArOT 1o Tadm b.1[5].
[To mnomaau cedeHust A ,;ONPeneSIoT IUIOMIAlb OJTHOTO YIOJKa U IO COPTaMEHTY
IPUHUMAIOT COOTBETCTBYIOIIMI pa3zmep mpoduiisi, y KOToporo oOmas miomais A
JOJDKHA OBITh HECKOJIBKO Ooiblie pacueTHOoW. Ilpu BBIOOpE YroJIKOB U3
COpTaMeHTa MpearouYTeHue HeoOXOAMMO OTJaBaTh YrojkaM ¢ Oosiee pa3BUTHIM
CEUYCHHEM M C MEHBIIECH TONIIMHOW MOJKHA, MUHUMAJIbHBIA YTOJIOK MPUHUMACTCS
50x5.

[TpoBepKy MPUHATOTO CEYSHHsI MPOBEPSIOT MO PopMyJie

M <1, (103)
AfyaYe

rae A — miomaab CeYeHus JByX yrOJKOB.

Corcamole cmeparcnu ghepmol.

CedeHus CKATBIX CTEPKHEN ONPEIENSIOT U3 YCIOBUS yCTOMYUBOCTH.

JInst cKaThIX CTEp)KHEHW M3 MApHBIX YTOJIKOB BHAaYase 3aJal0Tcs THOKOCThIO B
npenenax A; =70...100 ams mosicoB, OMOPHBIX packocoB U ctoek u 90...120 mns

T fyd
IpPOYUX DJIEMEHTOB pemeTku. Omnpenenstor yCIOBHYH THOKOCTh A = A4 % .

3areM OMNpeneNsitoT JUIsi paccMaTpuBaeMoOro CTEep>KHA TpeOyemble IUIOIa b
MIOTIEPEYHOTO CeueHUs (2-X YTOJNIKOB) U PaIuyChl HHEPITUU

N l l
A =—" == i =X 10.4
cal (Plfydyc, x,cal A y,cal A ( )
rne @q - KOdDPUIMEHT yCTOMYMBOCTM TP IIEHTPAIBLHOM CXKAaTUU

onpenensror o A; mo Ta6m.J1.1 [5] (A, = 1) 15 THIA CEUEHNS «C»,

Ve - KOOQPuIueHT yciaoBus paboThl, NpuHUMAKOT 1o Tadn. b.1 [5], rme mis
CKaTBIX DJIEMEHTOB PENIeTKH (KpoMe onopHbiX) ¥, = 0,8 mnpu A > 60.

[To coprameHTy MOAOUPAIOT CEYCHHE, YTOOBI TUIOMIA/Ib CEUCHUS U3 TAPHBIX
YTONKOB A = Ay, painyChl HHEPUUH CTEPKHSA Iy = Iycqy U Iy = Ly cqr. s
ONpEIENENHs iy TOMUHY (HACOHKH IPUHUMAIOT MO PACUETHOMY YCHIIMIO B
OTIOPHOM packoce B cooTBeTcTBUM ¢ Tabnmiei 10.1a. Tlocne moxbopa cedeHus
OTIPEACIISAIOT THOKOCTh PUHATOTO CEUSHUS B TUIOCKOCTH U U3 TUIOCKOCTH (PePMBI

Ay =L /iy, Ay =1,/1,.

[To HanOobIIeH U3 HUX THOKOCTU Ay gy, OMPEACISIIOT YCIOBHYIO THOKOCTD
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Mnax = Amazr/ fya/E nno tabn. J1.1[5] (Amax = A) IUIS CEYEHHS THIIA «C»
10 UHTEPIIOSIHUN ONPEACISIIOT QD ip-

[TpoBepka ycTOHYMBOCTH ceueHus 1o hopmyie

N
——< 1 .
PminAfyYc - (10 4)

OTHolleHHe BeNMWYUH B (opmyse A0KHO ObiTh Omm3kum k 1 (< 1,0). B
CJly4ae eclid 9TO YCIIOBHE He COOJI0AaeTCs, YTOUHSIOT CEUEHUE W TMOBTOPHO €ro
IPOBEPSIOT.

Kpome mpoBepku MPOYHOCTH W YCTOMUMBOCTU CTEpPKHEH HEOOXOAMMO,
4TOOBI TMOKOCTh CTepikHeH A, m A, Obl1a MeHbLIE NpeaenbHol A, (Tabn. 33,
34[5]). Hns pacTsSHYTBIX CTEp)KHEH MpH CTaTUYCCKOW Harpys3ke IpeiebHas
ruokocth paBHa 400, a mpu AMHAMUYECKON HArpy3ke ISl OMOPHBIX PACKOCOB U
croek — 250 u apyrux — 350. J{7s c)KaThIX 2JIEMEHTOB (DEPMBI: MOSCOB, OMOPHBIX
packocoB u cTtoek — A, = 180 — 60a, mia apyrux - A, = 210 — 60a, roc a =
Nga/(9AfyaYc) — kodddunuent, npuauMaeMslii He menee 0,5 1o 1,0).

10.1.7. Pacuert cTep:kHel Mo npeaeabHOH rndKOCTH

Psin  crepxkHeil Jserkux (QepM UMEIOT HE3HAYUTEIbHBIE YCWIHS W,
cJe0BaTeIbHO, HEOOIbIINE HAaNpshKeHUs. K TakuM CTep>KHSIM OOBIYHO OTHOCSITCS
pacKkochl B CpeAHUX TaHeNsx (epM, JOMOJHUTEIbHbIE CTOWKH B TPEYrOJIHbHOM
pemieTke, dMeMeHThl cBsize M T. 1. CeueHusl ITHX CTEpKHEH MoAOHUparoT 1Mo
peACIbHON THOKOCTH.

3Has pacueTHBIE JUIMHBI CTEPXKHS Ly ¥ [, ¥ 3HAYEHUE TPENETHLHONU THOKOCTH

, l
Ay (06b1uHO Tpu @ = 0,5) onpenenstor Tpedyemble PaanyCchl UHEPLMU Ly cq; = A—x
u

_ l
U lycql = ﬁ U TI0 HUM TMOJIOUPAIOT CEYCHHE TaK, YTOOBI pauyChl MHEPIIUU OBLITU

Oonmm3ku K TpeOyeMbIM 3HadeHUsIM. CeueHHUsT YTOKOB JTOJKHBI OBITh Pa3BUTHIMU C
MHUHUMAJIbHOUN TOJIIMHOM MOJIOK.
[IpoBepky yCTONYMBOCTH, 3aT€M, BBIOJIHSIOT 110 (hopmyie (10.4).

Tema 10.2. KoncTpykuusi, padboTa u pacuer y3J10B u JeTajei pepm

KonctpynpoBanue ¢epm ciieyeT HauuHaTh C BBIUEPUUBAHUS OCEBbIX JIMHUM,
00pa3yromux reoMeTPUYECKYI0 CXEMY KOHCTPYKIMH. 3aTEM Ha 4YEpTEX HAHOCAT
KOHTYpPBI CTEpP)KHEW Tak, YTOOBI OCEBbI€ JIMHUU COBMAJANN C LEHTPAMHU TSHKECTH
ceyeHuil. /{1 yrojakoB, TaBpoB MPUBSI3KU OCel OKPYIIISIOT A0 5 MM. B depmax c
OOJTOBBIMU COECMHEHHUSMH OCH CIIEyeT NMpPHUBSA3bIBaTh MO puckam. He 3a0ynsbTe,
4TO €CJIM PacIICHTPOBKA CTepkHeH B y3iax mpesbimaer 0, 015h, roe h — BeicoTa
CEUEHHUsl DJJIEMEHTa, TO MpPU pacueTe HEOOXOAUMO YYeCTb JOMOJIHUTEIbHBIN
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y310Boii MomeHT (cMm. puc. 10.5). KouctpykTtuBHOE pemieHue y3m0B (epMm
3aBHCHUT, TIPEXKJIE BCETO, OT BUJIA UCTIOIB3yEMBIX MPOQHIICH.

10.2.1. ®@epmbl U3 napHbIx yroakon. Ha puc. 10.8. uzo0paxeHs! y3ibl
(depMBI CO CTEPKHSIMU U3 CIIAPEHHBIX YTOJKOB C ONMMMPAaHUEM Ha BEPXHHUU TOSIC
MIPOTOHOB WJTM COOPHBIX KEJI€300€TOHHBIX TTUT MOKPHITHS.

18- 1k

Puc.10.8. V¥Y3nbl ¢gepm u3 mapHBIX YrOJIKOB: a — KpEIUICHHWE packoca K
(daconke; 6 — MPOMEXKYTOUHBIN y3€1; B, I — ONIUPAHUE IPOTOHOB U TIJIUT

[Ipu KOHCTPYHPOBAHUU ITHUX y3JI0B, TAKKE KaK U y3JI0B U3 APYrUX Mpoduieit
CIIeIyeT CTPEMHTCSI K TOMY, YTOOBI OCH COIPSTAaeMBIX CTEPKHEH MEepeceKalluch B
OAHOM TOYKe y3na. Pe3ky cTep:KHEW pEemeTKH MPOU3BOAIT HOPMAIBHO K OCH
cTepkHs. DepMbI ¢ CEUCHHEM U3 TIAPHBIX YTOJKOB TPEOYIOT OOJBIIIOE KOJIHMIECTBO
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COOPOYHBIX JIeTaNIel, HapuMep I COOpKH y3I1a, n3o0paxkeHHoro Ha puc. 10.8 ),
TpeOyeTcsi ceMb COOPOYHBIX JETalied, UTO YBEJIMYMBAET TPYI03aTPaThl U 0ObEMBI
CBAapOUYHBbIX paboT; OoJbpIIas MNOBEPXHOCTb [JISI OKPAaCKM M TPYIOEMKOCTb
BO30OHOBJICHHSI OKpPAaCKM MEXIY YrojJKaMu, UYTO CYIIECTBEHHO CHHYKAET
KOPPO3HOHHYIO CTOMKOCTh KOHCTPYKIIHH.

JInst  CHWDKEHHSI BJIMSHUS CBApOYHBIX HANPSDKCHUM PAaCCTOSHUE MEXKIY
compsiraeMbIMU yrojikamu (pasmep "a", puc. 10.8,0) npuHEMarOT HE MEHEe
6ty - 20 MM (0OBIuHO TpEHUMaKOT He MeHee 40-50mm), HO u He Oombiie 80 mMMm.
3necp "ty - TommuHa (PAcCOHKHM, Ha3HAayaeMas IO HauOOJbIIEMY YCHUIIUIO B
OTMIOPHOM CTepkHE pemerku (cMm. Tabmumy 1.10.1.6.). Pasmepsl dacoHok
OTIPENIENSAIOTCA JUIMHAMHU CBapHBIX IIIBOB, MPUKPEIUISIOMIUX YTOJKU PEIIeTKH K
daconke. Ycunue B anemente (puc.10.8, a) onpenensior:

Nyg = 2222 W= N, (105)

rie b - mupuHa MOJKU YIOJKa;, Zy — PacCTOSHUE OT LIEHTPA THKECTH YrojKa

= alNll/I Nl'[ =

70 ero o0yiika. 3HaYeHue a; U (5 B 3aBUCUMOCTH OT THIIA YTOJIKOB IPUBEICHBI B
taba. 10.2.
Tabmuma 10.2. Pactipenenenue ycuiani Mexy IIBaMU 1O OOYIIKY U Mepy

e -

Tt ceverms & o

07 { 0,3

-]

0,75 0,25

I— 0,65 0,35

CBapHble BB, TNPUKPEIUISIONMIAEC TIOSICHBIE YrOJKM K  (pacoHKe,

PacCUUTHIBAIOTCS HAa PAaBHOJICUCTBYIOIIEE ycuinue paBHoe (puc.10.8,B):
Ngq = /P2 + (N, — N,)?, (10.6)
rae N, > N;- pacueTHbIC YCUJIUS B CTEPIKHSIX.

[Ipu pacuere cBapHBIX IIBOB PEKOMEHIYETCS UCIIOJIb30BAaTh KATEThI IIBOB 110
o0yuiky Ha (2 — 4) MM OoJblIe, YeM IO Mepy, C YYETOM TOro, YTO KaTeT IIBa I10
00YWIKY Kfmax = 1,2tmin 1 10 1EPY - kfmax = 0,9, 1€ tin - MEHbIIAA U3
TOJIMH JIMCTA (ACOHKU M TOJKH YroiiKa tn; Kfmin - TPUHUMAETCA C YyYE€TOM

1a071.39 [5].
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Y4uThiBasi CIOKHOE HAMPSOKEHHOE COCTOSHUE B (paCOHKAX, a TaKKe
KOHIICHTPAIIMIO CBAPOUYHBIX HAMPsHKEHUN B CBApHBIX IIBAX, PEKOMEHIYETCs CTallb
it (DACOHOK TPUHUMATH KakK JUIsi KOHCTPYKIUMH 1-o¥l rpynmbl (IpUMEHEHHE
craneit C235 u C245 He nomyckaeTcs).

Ha puc.10.9 npuBeneHsl KOHCTPYKIMS Y3JI0B (DepM ¢ U3MEHEHUEM CEYEHUS
no aauHe 1oscoB. CTBHIK MOSICOB BBHIMOJHSIOT CO CTOPOHBI y37a C MEHBIIUM
YCUJIMEM B MoOsICax.

Illll-i.lhllill: I}.Ih.JiII.JllIJ.I'

T nrrimr -{"

T T TR T 1

Puc. 10.9. VY3nbl ¢depM ¢ HU3MEHEHHEM CEUEHHS: a — C YTOJKOBBIMU
HaKJIaJIkaMu; O — C JIMCTOBBIMU HaKJIaJIKaMHU.

CTbhIKM TIOSICOB HEOOXOJAMMO TEPEKPHIBATh HAKIIAJKAMH, BHITIOJHEHHBIMU W3
yrojikoB (puc.10.9, a) (mpu 0AMHAKOBOM TOJIIIMHE YTOJKOB MOSICOB) TN JTUCTOBBIX
Hakianok (puc. 10.9, 6).

VYToJIKu MPUHUMAIOTCSI TOTO K€ KalnuOpa, YTO U MOSICHBIE, HO B HUX CPE3aeTCs
OOYIIIOK U MOJIKA YroJiKa. Y MEHBIIICHHUE €T0 IIOIIAAN KOMIIEHCUPYETCs (PaCOHKOM.
[Tmomanp ceueHust HaKJIAJAO0K JOJDKHA OBITh HE MEHEE IUIOIIAU CEUCHHS TTOJI0K
MOSICHBIX YTOJIKOB CTBIKYEMBIX JJIEMEHTOB. 3a TMpeJeibl YTrOJKOB HaKJIAJKU
BBICTYTIAIOT HE MeHee YeM Ha 20 MM U oTCTynaroT OT (acOHKU HE MEHEe YeM Ha
40mm. CtbIK BEIHOCUTCS 3a mpeaenbl y3ia Ha 300 — 500 mwm.
Pacuert ctrika (puc. 10.9,6) MOKHO BBITIOJHATH IO YIIPOIIEHHON MeToauKe. J1Jis
HTOTO OMPEACIISAIOT HAMPSKEHHUE B CTHIKE:
Ocr = 112N1/Ayc = fyd]/cr (107)
rne Ay = 24, + 2tyb - ycnoBHas pacyeTHas IUIOIIAJb, paBHAs CyMMe

IUTOIIAIcH HAKJIAAOK M 4YacTH Iiomaan ¢GacoHKH BbicoToi 2b (b - mupuHa
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nojku yroika, puc.10.9,6). Pacuer cBapHBIX HIBOB TNPUKPEIUICHUH HAKIIAIKU
BEJyT HA YCUIIHUE
Ny = Ay0cr. (108)

[IBBI, MPUKPEIUISIOIME YTOIKHU M05Ica K (PaCOHKE, BBIIOIHSIIOT Ha pACUETHBIE
yCWIMSI B TOSCaX 3a BBIUETOM YCHUJIMS, MEPENaBaEMOro C Yrojka Ha YIoJOK
HAKJIQJIKON: COOTBETCTBEHHO CJ€Ba U ClpaBa CThika yronkoB - 1,2N; — 2N, wu
12N, — 2N, , HO He MeHbIle yeMm Ha ycwius 1,2N,;/2 m 1,2N,/2. Y3noBsie
(dhacoHKH BBICTYHAIOT 3a 00ymkHu Ha 15-20 Mm.

YtoObl ceueHus: AIEMEHTOB (epM M3 JIBYX YTOJIKOB paOOTalM KaK €IUHBIH
CTEP>KEHb, 3TH YTOJKU COCIUHSIOT MEXIy CO00i mpokiankamu mupuHoi 60-80
MM, TOJIIIMHON PAaBHOW TONIIHMHE (PACOHKU. Y CTAHABIMBAIOT MPOKIAIKA 1O JJIUHE
CXKaThIX CTepkHeW Ha paccTosiHuu | < 40i, 1o jyIMHE PacTAHYTHIX cTepxkHen [ <
80i , rne i - paanyCc MHEPIMHU YyTOJKA OTHOCUTEIBHO TJIABHOW OCH, MapajuieIbHON
IJIOCKOCTU PACIIONOKEHUS MPOKIAIO0K, TPUUEM MEXAY y3JaMU JIOJKHO OBbITh HE
MeHee JABYX MPOKIAJIOK.

Ykpynuumenwnuie y3not gpepm

®epMbl 0ONIBLINX MPOJIETOB MEPEBO3SAT HA CTPOUTEIBHYIO IUIOMIAJKY B BUIC
OTIPABOYHBIX Mapok (ABYX mNody(depM, WHOT/Ia W MEHBIIMMHU dYacTsmu). Ha
CTPOUTEIBHON IUIOUIAIKE U3 HUX COOMpPAOT €auHylo (pepMy. YKpyIHUTEIbHbIE
VI MOHTQKHBIE Y3JIbl, BBITIOJHSIEMbIE HA CTPOUTEIBHON MIIOIAIKE, TOJKHBI OBITh
MPOCTHIMU B BBITIOJIHEHUU U HAJISKHBIMU B padoTe.

Ha puc. 10.10 noka3zan Hambosiee TEXHOJOTUYHBIM B H3TOTOBJICHUU
MOHTQ)XXHBIA y3€J C JINCTOBBIMU HakJIagkamu. Tak ke, Kak U B IPOMEKYTOUHBIX
3aBOJICKHX y3JIaX C JIUCTOBBIMH HaKJIaJKaMH, MOsICa PEKOMEHYETCSl pACCUUTHIBATh
Ha ycuue 1,2N,; (N, - ycuue B mosice).

['opu3oHTanbHbIE HAKIAAKA NPUHUMAIOT TOJIIMHOW HE MEHE TOJIIMHBI
MOJIKM YTOJIKA, BHICTYNAIOT HAKJIAJKU 3a MpEJeibl YroJKOB HE MeHee yeM Ha 20
MM. BeprTukanbHble HakjgaJAKd MO (AcOHKAM BBINOJHSIOT TOJIIIMHOW pPaBHOU
ToimuHe (AacoHKH, BBICOTOM He Menee 20 (b — mmpuHa monku yrojka) u
MIUPUHON 00bIYHO HE MeHee 180 mm.

PacueT cThika BBINOJIHAETCS aHAJIOIMYHO PAaCcyYETy 3aBOJCKOIO CThIKA B MECTE
WU3MEHEHUS CEUECHHUSI MOSCOB.

Hpyrue TUNbBl YKPYMHUTEIbHBIX CTHIKOB C YTOJIKOBBIMU HaKJIaJKaMu Ha
Oositax mpuBeneHuu B [1, 2, 3].
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Puc. 10.10.MoHTaXHBI! y3€J C JINCTOBBIMHU HAKJIAIKAMHU.

Ces3u o epMaM Takke MPOCKTUPYIOT U3 yrojkoB. Eciam cxema cBsazei
KpecTooOpa3Has (CBsi3u pabOTalOT Ha pacTsHKeHHME) mpu 1mare gepm 10 6 M
BKJIFOUUTEJIBHO — W3 OJMHOYHBIX YTOJKOB, B OCTaJbHBIX CIydasX —
KpecTooOpa3zHoro ceueHus. llpenenbHble THOKOCTH MAJis CBSA3EM MPUBEACHBI B
tabm.33 u 34[5].

10.2.2. ®epmbl U3 KPYIJILIX TPYO

B dbepmax u3 Kpyrasix TpyO B OCHOBHOM MPUMEHSIOT AJIEKTPOCBApHBIE TPYObI
nuamerpoM 40-530 mM. U3 ycrmoBUsT MECTHOM YCTOMYMBOCTH TOHKOCTEHHOCTH
ceueHuit (OTHOIIEHHE quameTpa TpyOsl D k ee TomimuHe t) He JOHKHO MPEBBIIATD
st mosicoB 30-35, mnsa pemretkn 80-90. [lnmst ymporeHuss KOHCTPYKITUH Y3JI0B
Jyd4Ille TPUMEHSATh TPEYTOJIbHYIO pElIeTKY (epMbl 0€3 TOMOTHUTEIbHBIX CTOCK.
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®epmbl U3 TpyO Hanbosee SKOHOMHYHBI 110 pacxoAy marepuana (IpuMepHO
Ha 30% nerye ¢epM W3 MapHBIX YIOJKOB), 00JIAAIOT BBICOKOH KOPPO3UHHON
CTOMKOCTBIO, HO CIIOKHBI B  HW3TOTOBJIICHMHM W3-3a (PUTYpPHOW pE3KH TOPIIOB
AJIIEMEHTOB PEIIETKHU.

V3l ¢depm u3 Kpyriaeix TpyO mpuBeaeHsl Ha puc. 10.11. HaumGomee
parmoHanbHBl Oecaconounsie y3ael (puc. 10.11,a), 6). Ilpu BeITONTHEHUH
(bUrypHOI pe3KH KOHIIOB CIECIHATBHBIMUA MalTUHAMU y3JIbI C HETIOCPEACTBEHHBIM
MPUMBIKAHUEM Jal0T HanOoJiee Ka4eCTBEHHOE COCIWHEHHWE C MHHHMAIbHBIMU
3aTpaTaMu TpyJa W MarepuanoB. Bo u3bexaHuM npojaBiIuBaHusA TPyObl Mosca,
AJIEMEHTBI PEIICTKU HE JODKHBI ObITh MeHbIme 0,3 nmamerpa TpyOsl mosica. Ha
puc.10.11,06) mokasan mosic ycwieHHbIM Haknanakoi. Ha puc. 10.11, B), 1) u 1), e)
MOKa3aHbl y3Jbl CO CIUIIOIIEHHBIMUA KOHIIaMH U ¢ (hacoHkamu. CIUTIONIMBaHUE
KOHIIOB JIOMYCTHUMO JHIIb UIsi TPYO W3 MaJOyTIAEPOIUCTON CTaau WU JIPYTroi
IJIACTUYHOM CTaJIu.

Puc. 10.11. ¥Y3ns1 dhepm u3 tpyo.

st y3110B (hepM U3 KpyriibIX TpyO BBITTOJIHSIOTCS CIEIYIOIINE PACUETHI:

- pacueTr Ha MPOJIaBJIMBAHKUE MOSICHOM TPyObl OT COBOKYIHOCTH BO3/ECHCTBUH,
IIepe1aBaeMbIX IPUMBIKAIOIIUMU CTEPKHSAMHU PEIIETKHU;

- pacyeT Ha MPOYHOCTH NPUMBIKAHUsI KaKJI0T0 JIEMEHTA PELIETKH K MOSICY;

- pacyer Ha MPOYHOCTh CBAPHBIX IIBOB.

10.2.3. ®@epMbl U3 NPAMOYTOJbHBIX TPYO

®epmel u3 ['CII (ux Ha3pBatoT hepmbl THIIA «MOJIOIEUHOY ), BBITOIHSIOT C
HUCXOJSIIMMU ONIOPHBIMH PACKOCaMU U TPEYTOJIbHON PEMIETKOM.
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OHU SKOHOMHUYHBI MO pacxody Marepuana (mpumepHo Ha 15-25% nerue
dbepM U3 MapHBIX YIOJIKOB), OO0JAJafOT BBICOKOHW KOPPO3UHHON CTOMKOCTHIO,
NpOCThl B M3TOTOBJIICHUHM, B CPAaBHEHUU C (PepMaMu U3 KPYIJIbIX TpyO, u3-3a
IPSIMOTO pe3a TOPLIOB PJIEMEHTOB PEIIETKHU.

Jnst takux depMm Hambosee paMOHANbHON SBISETCA TPEyrojbHas peleTKa.
[IpuMeHsIOT KBaJipaTHBIE W MPSMOYTOJbHbIE TPYObl TONIIMHOM HE MeHee 3 MM,
KOTOpbIE M3rOTABIMBAIOT HAa CHEIUANBHBIX THOOUYHBIX MamuHax. Ha puc. 10.12 u
puc.10.13 mpuBeneHs! y31bl pepm U3 rHyTO - cBapHbIX npoduieit (I'CIT).

Puc. 10.12. ¥Y3nst pepm u3 I'CII: a) — mpomexyTOUHBIN 3aBOJCKON y3ei; 0) —
(baHIIeBbIII MOHTAXKHBIHN Y3€ll.

upuny crepxneid pemretkn b, (M3 miockoctn koHcTpykmmm) (puc. 10.13)
JKEJIaTeIbHO Ha3HauaTh BO3MOXKHO OOJIBINEH, HO HE 00Jiee BETUIHHBI
b, < by — 2(t; + t;) u3 yCnOBUs HAJOKEHHUS MPOJIOJIBHBIX CBAPHBIX IUBOB U HE
menee 0,6 momepeyHoro pazmepa mosica by, sl MpeIOTBPAIICHUS TPOAABIHNBAHUS

Iosca, tr{ 141 td — COOTBCTCTBCHHO, TOJJIIIMHA CTCHKHU IIO0ACA U PACKOCA. 3330}) «C»

MPUHUMAIOT HE MeHee | SMM.
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Puc. 10.13. K onpenenenuto pazmepoB crepxxaeit pepm u3 I'CII.

[TonGop cedeHus 31eMeHTOB (hepMbl IPOU3BOIUTCS AJIsL PACTSIHYTHIX 3JIEMEHTOB
0 TPOYHOCTH W CXKATBIX — [0 YCTOWYMBOCTH, C OOS3aTEIBHOW MPOBEPKOU
MecTHOU ycronunuBocTH cTteHKH ['CII. Ecnm mectHas ycronuuBocts crenku 1'CII
He o0ecreyeHa, pacyeT BeAy M0 pPEeIyUUPOBAHHOW IUJIOMIATU CEYEeHHS Ad
[IpoBepka mectHOM ycroiunBocTU cTeHkH ['CII u onpenenenre Ad BBIMOJIHIETCA
B cooTBeTCTBUH ¢ 7.3.6 1 7.3.9 [5].

[IpoBepka ycroiunBocTH cxatoro crepxkHsa u3 ['CII BemmosHseTcs Mo

NEg
opMmyine —=— <
(1) PMY PAfyave

C 3ameHoi momanu A Ha Ad, ecnu MecTHas ycroitunBocTh cteHku ['CII e

oOecrieyeHa.

Jnst y3n0B depMm u3 I'CII BRIMOTHSAIOTCS CIEAYIONINE PACUETHI:

- Ha MPO/IaBIMBaHUE (BBIPHIBAHNE) yUaCcTKa TOPU3OHTAILHON CTEHKH ITOSCHOM
TpyObl B MeCT€ NPHUMBIKAHUS KaXJAOTO0 CTEPXKHS PEHIETKH (ITOT pacyeT He
nemaercs, ecau bp/b,>0.9);

- Ha MPOYHOCTH yYacTKa BEPTHKAIHHOW CTEHKH TOsiCA B MECTE MPUMBIKAHUS
TOJILKO C)KATOT'O CTEPIKHS PEIICTKH (3TOT pacyeT He Aenaetcs, eciu bp/hq<0.85);

- pacyeT Ha MPOYHOCTh MPUMBIKAHUS KKIOTO JJIEMEHTA PEIICTKH K TOSCY;

- pacyeT Ha MPOYHOCTH CBAPHBIX ITBOB.

st MoHTaxHBIX CTBIKOB (puc. 10.12 6), B) mydiie BCEro HMCHOIB30BATh
dnanHIeBble coeIMHEHNS Ha 00TaX, MPUYEM B CTHIKAX CHKATOTO MOsCa MPUMEHSIOT
OObIYHBIE OONTHI, a [JIsi PACTAHYTOrO IMO0sICA — BBICOKONPOYHBIE OONTHI C
IPEIBAPUTEILHBIM HATSDKCHHEM. Y CHUJIUE MPEIBAPUTEIHHOTO HATSIKEHUS OOJITOB
JOJKHO ObITh HE MeHee yeM Ha 10% Oosibllie yCUIMs B CThIKE MPU PaCUETHBIX
Harpy3kax. OTO HEOOXOAMMO IS TPEIOTBPAIICHHUS PACKPBITHUS CThIKA |
oOpazoBaHus 3a30pa.
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[Tone3Ho BCMOMHUTH, YTO Marepuan (iaHna paboTaeT B HANpPaBICHUH,
NEPHEHIUKYJISIPHOM TIJIOCKOCTH MpOKaTa, YTOObl MPEAOTBPATUTh €r0 PacCIOCHUE
HEOOXOJMMO  TPUMEHITh  KAueCTBEHHbIE CTajld C  TapaHTUPOBAHHBIMU
MEXaHUYECKUMH CBOMCTBAMM B HANpPABICHUU TOJIIIMHBI NPOKaTa, HalpUMEp
09I"2C umu 1412A® u ap. Tonmuny ¢uanna npuHumaiot 20-30 mm. CBs3H 110
dbepmam npoektupytot Takxke u3 ['CII.

10.2.4. @epMbl € MOSICAMU U3 HIUPOKOIMOJOYHBIX TABPOB

[Ipumenenue TaBpoB aiia mosicoB pepm (cMm. puc. 10.14) taxxe mo3Bosser
YIy4IIUTh SKOHOMUYECKHE IOKa3aTelau (epM MO CpaBHEHUIO ¢ (pepMamMu U3
CHApPEHHBIX YIOJKOB M 3HAYUTEIBHO YNPOCTUTH y3ibl. Cokpamjarorcs
TpyAO3aTpaThl 32 CUET YMEHBLICHHs KOJMYECTBAa COOPOYHBIX JeTajled M oObeMa
CBapOYHBIX pabOT, CHIXKAETCS] pacxoj MeTajla 3a CUET JIy4IIUX FeOMETPUUYECKHUX
XapaKTepUCTHK TaBpa U 3a CYET yMEHbIIEHUs pa3MepoB (acoHok. Hemoctarkom
SBIJISIETCSI CJIO)KHOCTh HM3TOTOBJICHHSI TaBPOB, KOTOPBIE MOJY4YalOT  POCIYCKOM
JBYTaBpPOB, 4YTO JIOCTATOYHO TPYAOEMKO MU TpeldyeT NOCIeayIoued MpaBKu
npodus.

a)._.

E) men SO0

Puc. 10.14. VY3ne1 ¢pepm c moscamMu W3 HIMPOKOIOJIOYHBIX TaBPOB: a) — C
PEIIeTKON W3 MapHBIX YTOJKOB; 0) — C PENIeTKON W3 OJMHOYHBIX YTOJIKOB, IO
pa3HbIE CTOPOHBI CTEHKH TaBpa; 6) — ¢ (PacCOHKOM.

248



Pacuer ceueHuii mosicOB U3 TaBpOB aHAJIOTHYEH PacUYETy CEUCHHUI U3 MapHBIX
YTOJIKOB, MPUMEHSIOT TaBphl U3 copTtameHTa Tuma «Iy».

Pacuer y31m0B QepM U3 TaBpOB U PEIIETKHM W3 YTOJIKOB CBOJAUTCA K
OTIPENICTICHUIO PAa3MEPOB CBAPHBIX IIBOB MPHUBAPKUA JIIEMEHTOB PEIICTKH, I10
KOTOPBIM UM KOHCTpyupyeTrcs y3eia. KoHCTpyupoBaHHE Y3JIOB BBIOJIHSIETCA
aHAJIOTMYHO (hepMaM U3 MapHBIX YTOIKOB.

[Ipu koHCTpyWpoBaHUM Y350B (epM ¢ mosicaMd U3 TaBpPOB ClEIyeT
cTpeMuTbesi Kk OecaconHounomy Bapuanty (puc. 10.14, a). 6). Ecau BbICOTHI
CTEHKHM TaBpa HE JOCTaTOYHO JJIS  PACIOJIOKECHHS  CBapHBIX  IIIBOB,
NPUKPEIUISIIONINX CTEP>KHU PEIIeTKH, TOo Jo0aBisieTcs (acoHKa TOJIIIMHOU
Onmu3koi y ToimuHe creHkud TaBpa (puc. 10.14, 6). IIpo4HOCTH CTHIKOBOrO IIBa
MPOBEPSIOT HA CABUTAIOIIYIO CHIIY B MOsCAX.

10.2.5. ®epMbl U3 OAMHOYHBIX YTOJKOB

B npakTuke CTpoUTENbCTBA Yallle BCETO MCIONB3YIOT (epMbl U3 OAUHOUYHBIX
YTOJKOB C TPEYTOJbHOM pelIeTko, npuBeaeHHol Ha puc. 10.15. V3nsl Gpepm u3
OJIMHOYHBIX YTOJKOB PEIIAtOT MPUBAPKON YTOJKOB PEIIETKU K CTEHKE BHYTpPEHHEH
rpaau  mosicoB (puc. 10.15,a), a ecnu mBa He JOCTATOYHO — €Ilie U K (pacoHKe
(puc. 10.15,6), mnpuBapeHHOW K TONKEe yroaka. Jas coopyxeHudr B
TPYIHOAOCTYITHBIX paliOHaX CTPOUTEIHCTBA, HAPUMED, PU TPAHCIIOPTUPOBAHUHN
BepToJieTaMH, (epMa TEPEBO3UTCA «POCCHINbIO», a COEAUHEHUE DIIEMEHTOB
BBIMOJIHSIOT Ha OonTax (puc. 10.15,6).

[Ipu u3roroBneHUH CTEp)KHEW (PepM M3 OAMHOYHBIX YTOJIKOB, NMPUMEPHO, B
JIBa pa3a yMEHbIIAETCS KOJUYECTBO COOPOUYHBIX JeTalied M CYyIIECTBEHHO
CHUXKAETCS O0BEM CBAapOUYHBIX PabOT MO CpaBHEHUIO ¢ (epMaMu U3 MapHBIX
YTOJKOB, TaKkKe YIYYIIalTCS YCJIOBHS JUIsi HAaHECEHHUS W BO30OHOBICHUS
AHTUKOPPO3UUHOTO TMOKpHITHSA. Hemoctatkom ¢depM U3 OJWHOYHBIX YTOJIKOB
SBIIAETCS ACCUMMETPHUSl OTHOCUTENIBHO BEPTHKAIBHOM IJIOCKOCTH, KOTOpas
CONPOBOXKJIACTCSI TMOSIBJICHUEM KPYTAIIMX MOMEHTOB, a TakXe M3ru0arommx
MOMEHTOB, KakK B IJIOCKOCTH, TaK M U3 TUIOCKOCTU (hepMBI.

[Tosica ¢epM Tpu OTCYTCTBUM BHEY3JIOBOM HArpy3KM MU PACICHTPOBKU B
y3J71aX pacCUMTHIBAIOTCS TaK K€, Kak U B OOBIUHBIX (pepMax, T.e. Ha OCEBOE CKaTHe
WIN pacTspkeHue. Eciii pacyeTHbIe MJIMHBI B TUIOCKOCTH U M3 TUIOCKOCTH (DepMbl
OJIMHAKOBBI, TO TIPU OMPEICICHUN THOKOCTH MPUHUMAIOT MUHUMAIBHBIA PAAYC
VHEPLUUU OAHOTO YTOJIKA Ly -
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Puc. 10.15. V3nbl depM W3 OIWHOYHBIX YTOJIKOB. 1- TJIaHKa B OMOPHOM
packoce.

DNEeMEHThl PelIeTKU U3 OAWHOYHBIX YTOJIKOB padOTarOT B 00JI€€ CIIOKHBIX
YCJIOBUSX. ACUMMETPUYHOE MPUKPETUICHUE OHOM MOJIKU MPUBOIUT K MOSBICHUIO
B HUX JIOTIOJTHUTEIBLHBIX MOMEHTOB, KaK B IIJIOCKOCTH, TaK U U3 TJIOCKOCTU (PEpMBI.
B mnepBoMm mnpuOMMKEHHH MOXKHO paccMaTpUBaTh AJIIEMEHTBHl PEIHIETKH Kak
LHEHTPAJbHO-CXKAThIE WJM  pACTSIHYThle, a BIHUSHUE MOMEHTOB YYECTh
kodhunmenTom ycioBuit pabotel Yy, = 0,75 u mpu omnpenercHUH THOKOCTH
NPUHUMAIOT PAUyC MWHEPUUU OJHOTO VYIroJKa I,,j, OTHOCHUTEIBHO OCH C
MHUHHUMAJIbHOM )KECTKOCTHIO.

Conepkanue NpaKTHYECKHUX 3aHATHI M0 pa3aeny X.

IIpakTnuyeckoe 3ausitue Ne 9. I1o06op u nposepka ceuenuit cmepirchneil
CMPONUTIbHBIX (hepM U3 NAPHBIX Y201K0E

Ipumep. 10.1. Tpebyerca noo0paTh CEUEHUE CHKATOIO packoca Gepmbl U3
HapHbIX YroikoB mo pacuetHoMy ycwinio Neqs = 48 xH. Pacuernble nnuHb
packoca l, = 3,2m; |, = 4,0M. Tommuuna paconkn t=10 mm. Crans — C245,
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Ilo Tabn. A.5[5] nns cramu C 245 f,; = 240 MIla = 24 kH/cM? ipu
tomubae 4-20 Mm.
Tax kak ycwime mayo, pacdeT BBIMOJHSEM IO MpeAebHOW TruOKocTH. Jlis
packoca A, = 210 — 60a. ITpumem a = 0,5, Torma 4,, = 180.

. Le _ 320
Ompenenum  TpeOyeMble pPaguyChl HMHEPUUM iy cq) = = Te0 = 1,78cm,
u
l 400
i =Y -
lycal = A 180 2,22c¢cM.

[To ux 3HaYeHUAM U3 COpPTAMEHTAa Ha3HAYae€M YTOJIKM, YTOOBl MX PpPaJdyChl
WHEpIUU ObUTH OJIM3KUMH K TPEOYyEeMbIM 1 MUHUMAJIHLHOM TOJIITUHOMN TOJIKH. .
[IpuHuMaeM cedeHHe U3 JBYX YTOJIKOB 63X5, paauychl MHEPIIUU CEUYCHUS
iy =1,94cm; iy, = 2,96cm - nipu TosmmHe paconku 10mm:
A=2x6,13=12,26cm?%; 1, = 320/1,94 = 165 < A,, = 180,
Ay, =400/2,96 = 135 <A,.

10 Ayay=165 onpenensieM Apay = Amax/fya/E = 1654/24/20600 =5,63.
[Io Tabm. B.I[S] JUIL CEYEHMS THUIIA «C» I10 UHTEPIIOIALNHN OIIPEACIIEM
Omin = 0,237. Tak xak A,,,4, > 60 7y, =0,8.

[IpoBepka yCTOMYMBOCTH CEUYEHUs MO (popMyie

N 48
= = 0,86 < 1.
OminAfya¥e  0,237'12,26:24:0,8 ’

IMpumep 10.2. Tpebyercs mogoOparh ceueHue BEepxXHEro mosica Gpepmbl u3
JIBYX YroyikoB, pacuetHoe ycunue Negq = 750 xkH. PacuerHass nnuHa cTepxHs B
mI0CKOCTU pepmbl — 3 M, u3 miockoctd - 6 M. TommuHa dacoHok tp=12 mwm.
Cranb yronkos C245, daconok — C255,y,. = 1.0.

Mo tabn. A.5[5] mas cramm C 245 f,; = 240 MIla = 24 xH/cM® mipn
tommune 4-20 mm. Ilo Tabm. A.5[5] nna cramu C 255 f,4 = 240 Mlla =

24 xH/cm? npu Tommune 4-30 M.
Onpenenum TpeOyeMyr0 IUIOMIANb CEYEHHs YTOJKOB, IJIS 3TOTO 3a1aluMCH

ruokocteio A1 =80 , ompemenum A; = A1/ fya/E =804/24/20600 =2,37 1o

tabn. B.1[5] w1 cedeHus TUma «C» 1O WHTEPIIONSIHA onipeaeisieM ¢, = 0,668;
Ng4 750

O fya¥e 0,668 241
[Ipnanmaem ceuenne n3 AByx yroakoB 140x10  wu3 copramenta

= 46,78cmM 2

Acqr =

A= 27,33:2=54,65 cm?; i, = 4,33cM ; npu TommuHe (acoHKH tp=12 MM mms
CEUCHUA iy = 6,26 cM.
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Onpenenum A,,=300/4,33=69,3; )Ly = 600/6,26 = 95,8; no A4, = 95,8
HAXOIUM A = Amax+/ fya/E =95,84/24/20600 =3,26. Ilo Tabn. b.1[5] nns

CEUEHMS TUIA «C» I10 UHTEPHOJSALUUU ONPENETIeM  Pnin=0,917.

- N 750
JlenmaeM MpoBepKy YCTOMYMBOCTH: Ed =112 > 1.
PminAfyaVe 0,517-54,65-24-1

[lepenanpspkeHre, yTOUHIEM CeUeHUE , IPUHUMAaeM jBa yroiaka 140x12 w3
copramenta A= 32,49:2=64,98 cm?; i,, = 4,31cM ; npu TommuHE (ACOHKH
tp=12 M™m 11 cevenns i, = 6,3 cM.

Onpenensem

Ay =22 =95,2; yrounsiem A = Ay/fya/E =95,2,/24/20600 =3,25. Tlo Ta6u.

B.1[5] JUTSL  CEYCHUS THTIA «C» TI0 MHTEPIOJISAIUA ONpeneisieM ¢,y =0,519.

N 750
Ed = — 0’93 < 1
PminARyY. 0,519-64,98-24-1

[IpoBepka yCTOMYMBOCTH:

HGCYHIEUI CITOCOOHOCTH CeUeHHUs oOecIieueHa.

IIpakTuyeckoe 3anaTue Nel0. Koucmpyuposanue u pacuem y3noe
CMponuIbHbLIX Pepm

PaccuutaTh M 3aKOHCTPYMpPOBATh y3€J CTPONWIBHOM (epMbl U3 MAPHBIX
YTOJKOB B MecTe u3MeHeHus ceuenus (puc. X.1).

I 80x6 I 63x5 N 90x6

260
330

70

JL90x6 JL125x9

— fuw“ ]
5-110; ,5-110
gl e = -

—
/ 5-130 [5-1100 15-110 /
o T

T

T 1

Puc. X.1. Koncrpykmus y3na dhepMbl
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Ceuennst yroikoB NpUBEACHbI HAa pUCYHKE, ToimmuHa ¢acoHnku 10 mm.
Pacuernnie ycunusa Ni1=480xH, N2=970xH, N3=390xH, N4=190xH, Ns=250kH.
Cranb yronkos - C245, paconok — C255. Cpapka nojiyaBTOMaTH4ecKas B cpejie
YIJIEKUCIIOTO Ta3a .

1)B cootBercTBuH Taba. A.5[5] (wau A.4 npuitoxeHue A) I YTOJIKOB U3
cramu C 245 f,4 = 240 MIla = 24 kH/c™?, f,,;, = 370MIla npu Tommmse 4-20
mM. ITo Tabm. A.3[5] ans pacomok u3 cramu C 255 fy,4 = 240 MIla = 24 xH/cm?
npu TonmuHe 4-10 mm.

B coorBerctBuu ¢ tab6n. I'.1 u I'.2 mpunoxenue ['[5], cBapky BbIIOIHIEM
cBapoyHoi npososokoii Cs-08, f, r = 18 kH/cM? u
fwz = 0,45 fyi = 0,45-37,0 = 16,65kH /cm? (Tabm. 4[5]),
Br =109, B, =105 tabn. 40 [5].
Onpenenum : Brfws = 0,918 = 16,237kH/cM?,
B,fwz = 1,05+ 16,65 = 17,48kH/cm?.
Tax xak frfys < Bzfwz PACUET CBAPHBIX HIBOB BEJIEM IO METAJLTY ILBA.

2)PaccuntaeM JMHY IIBOB NMPHUBApKH packoca w3 yroikoB 80x6 k (acoHke,
ycmne N3=390kH. [Ipunumaem kateT miBa mo oOymiKy k;’r6 =6 MM H M0 TIepy
k;'r=4 MM (cM. Ta0. 39, [5]). Onpeneaum IIHMHBI CBAPHBIX [IIBOB

o6 _ 07390 _ _
w = 2-0,9-0,6-18-1+1 14+1=15cm,

s _ 03390 _ _ .

Ly = 2.0’9.0'4,1_8_1"'1—9,02+1—10,02CM, npuauMaeM Iy, =10cwm.

3)PaccurtaeM IMHY IIBOB IMPUBAPKH packoca U3 yroykoB 90x6 k daconke,
N3=250kH. [Ipuarmaem KarteT mBa 1o oOyuIky k;’c6 =6 MM u 110 Tiepy k=4 Mm

(cm. Tabm. 39 [5]). Onpenenum ATUHBI CBAPHBIX IIBOB
0,7:250
190 = ——"—+1=9+1=10cwm,
2:0,9:0,6:18'1

=232 1 58.11-68cm npuHuMaeMm [, =7cwm.
W 20904181 ’ T w

4) B wmacmrabe 1:10 xoHCTpywpyem (acoHKy y3ja B COOTBETCTBHU C
pa3MepaMH BBIYHCICHHBIX IIBOB MO PAcKOCaM, OINpPEAEseM MO YEePTEeKY IITUHBI
CBapHBIX IIBOB NMPUBAPKH CTOUKH 10 oOymiky u nepy [,,=140-10=130 mm =13 cm.

OnpenensieM KaTeThl 1IBOB:
0,7-190

06 __ —
kf = 20913181 0,32cwm,
0,3-190
K = 220 =0, 14cwm,
2:0,9-13-181

B coorsercrBuu ¢ Tabn. 39[5] npunumaem ky = k;6 =4MM.
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5) Ceuenne KaxI0i U3 TUCTOBBIX HAKIAAOK MpuHUMaeM 105x10 MM
(b,=125-40+20=105mm). Tlo dopmyre (10.7) mpoBepsieM  MPOYHOCTH
0CJIa0JICHHOTO CeYEHUs

1,2-480
©2:9:1+2-10,5-1

JInvHy 1BOB, NPUKPEIUISIONIMX HAKIAJIKY K HUKHEMY MOSICY, pPACCUMTHIBAEM Ha
ycuiue B Hakiaagku N,

Ny,=0c - A, =14,8-10,5-1=155,4 kH.

[IpyHnMaeM karet mBa 1o nepy yroska 90x6 k Haknazke,

k f =5 MM, TOrJia JJTMHA IBA 10 OJIHY CTOPOHY HAKJIAJIKA paBHA
| = 155,4
W ™ 2.090,5181

14,8 < 24 kKH/cm?.

GCT

+ 1 = 10,7 cm, npunumaem [, =11 cm = 110 mm.

6) PaccuuThiBacM MBI, MPHKPEIUISIONINE YTOJKH HIDKHero mosica 90x6 k
dacoHke, Ha OOJIBIIICE U3 YCHIIUMA N’1 =12N1-2Ny u N"1: 1,2N1/2. Tlpuaumaem
B cooTBeTCTBUH C Tabm. 39[5]. ks =5 mm.

N;=1,2-480—2-155,4 = 265,2 kH,
. 480
N; =1,2-——=288 kH.

0,7:288
Torma 199 = ——~——+1=11,5+1=12,5cM, mpuaumaem I3° = 130MM.
2:0,9-0,5-181
Hpuaumaem 198 = 199 = 130 mm, Torna
0,3-288

K = =0,22cwm,

2:0,9-(13-1)-18-1
Ipunnmaem kf =4mm (cm. Tadn. 39[5]).

7) Kouctpykuus y3na B Maciurade 1:10 npuBenena na puc. X.1. Karetsl mBoB
npUBapKu Tosica u3 yroiakoB 125x9 (cmpaBa oT ocu y3na) K ¢acoHke
paccuuThIBaeM aHaANIOrM4yHO, HO Ha ycuine N2=970 kH, ¢ pasmepamu JuHBI 11Ba
0 Tepy U 00YIIKY, TMPHUHATHIX U3 KOHCTPYKIMU y3i1a B Mmacirade 1:10.
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Pazpen XI. OCHOBBI HPOEKTUPOBAHHUSA 1 KOMIIOHOBKH
KAPKACA 3JIAHUA

Tema 11.1. KoHCTPYKTHBHBIE CXeMbl KAPKACOB 31aHU I

11.1.1. Oéwmana xapakmepucmuxa KapKacoe

[IpumepHo 65% NPOMBIIIIEHHBIX 34aHUN SBIAIOTCA OAHOJTAXXHBIMH, YTO
00yCIIOBJIEHO, MPEXIE BCEro, UX XOPOIIMMHU HSKOHOMUYECKUMHU IOKa3aTEeJIIMU U
IPEeUMYIECTBAMM IIpU 3KciulyaTanuu. KpoMe TOro, B OJHOATAXKHBIX 31aHUAX
3HAYNUTEIBHO TMPOIIE PEUIAIOTCA BONPOCHl PEKOHCTPYKLUHH, ECTECTBEHHOTO
OCBEIIEHUs M a’pauuu. Kak mpaBuiio, OJHO3Ta)KHBIE MPOMBILUIEHHBIE 31aHUS
000pyAYIOTCS MOCTOBBIMH HWJIM TOJIBECHBIMH TI'PY30HOJBEMHBIMU KpaHaMH, YTO
N03BOJIIET OOCITYKUBATh MPAKTUYECKU BCIO IIOLIA/Ib LIeXa.

Puc. 11.1. KoHCTpyKTHUBHAsI cXeMa JABYX MPOJIETHOTO MPOMBIIUIEHHOTO 3/JaHUS
1- komonnsr; 2- Qepmbl; 3- moakpaHoBeie Oamkwm; 4- [l-oOpa3Hbrit
CBETOA’PAIMOHHBIN (POHAPD; 5 — CBSA3U MO KOJOHHAM.

Kapkac mpoOMBINIIICHHBIX 3JaHUN COCTOMT W3 TIOMEPEYHBIX W TPOIOIBHBIX
koHCTpykiuuil. K monepeynbiM KoHCTpykiusiMm (cMm. puc. 11.1) otHOcsTcs:
KOJIOHHBI, OQJIKM TIOKPBITUH WM CTPONWIbHBIC (pepMbl (pUTenH), K TPOAOIbHBIM:
MOJIKPAHOBBIE OAQJIKH, CBSI3M, MPOTOHBI TOKPBHITHH, IMOACTPONUIBHBIC (BEepMBI,
aneMeHThl (haxBepka. IlomepeuHbie KOHCTPYKIIMA OOpas3yrOT MOMEPEUHYI0 pamy
smanus  ([IP3), koTopas BOCIpPUHWMAET BEPTUKAIBHBIC W  IOMEPCUHBIE
TOPU30HTAIBHBIC HArPY3KH, JICHCTBYIOIIHE HA 3/IaHHE.

OCHOBHBIMM TE€OMETPHUYECCKUMHU IapaMeTpaMH TPOMBIIIUICHHBIX —3JaHUHN
SIBJITFOTCS: TIPOJIET, IIar KOJIOHH M BbicoTa. Hanboee yrmoTpeOuTeIbHbIC 3HAYCHUS
nposietoB (L) paBubl 18, 24. 30 u 36 M, mara xonouH (B) - 6 u 12 M, BbIcOTa 10
HU3a TOKPBITUS JUKTYETCS TEXHOJOTMYECKUM IMPOIIECCOM M pa3MENIeHHUEM
KPaHOBOTO 000PYIOBaHUSL. .

TpeGoBaHus TpenbABIIEMble K MPOMBIIUICHHBIM 3JaHUSIM: 3TO, MPEXIe
BCETO,  YIOBJICTBOPEHHWE  YCJIOBHSM  OKCIUTyaTalldd, JOJTOBEYHOCTH U
DKOHOMHUYHOCTH, KOM(OPTHOCTH i pabdodero mepcoHada W ICTETUYHOCTH.
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Kpome sTOrO, TIpM MPOEKTUPOBAHWHM YUYUTHIBAIOTCS TPEOOBAHUS THUMU3ANNH U
VH]1Y CTPHAIN3ALUN.

[Ipu OosblIONW [OJIMHE W IIUPUHE MPOMBINUICHHBIC 3JaHUS JACNATCS Ha
temrneparypubie otceku (puc. 11.2.). IIpomonbHbie 3JIEeMEHTHI Kapkaca 37aHus
OONBIIMX  pa3MEpPOB  YMIUHSIOTCS WA  yKOPAa4UMBaKOTCA OT  KoyieOaHui
TeMIlepaTypbl W B KOHCTPYKIMSIX BO3HHUKAIOT OOJBIIME JOMOJHUTEIbHBIC
HaIpsKEHHUS.

a) waz Kerow
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Puc. 11.2. CeTka KOJIOHH

@) — OJTHOIIPOJICTHOTO 3/1aHus; 0) — MHOTOIPOJIETHOTO 37aHHUs C MOMEPEUHBIM
TEMIIEPATYPHBIM IIIBOM; B) — 3/IaHUS C TIPOIOJIBHBIM TEMIIEPATYPHBIM IITBOM.

Pasmepsl TemmepaTypHBIX OTCEKOB HA3HAYAIOTCS TAaKUM 00pa3oM, YTOOBI
HANPSOKEHUSIMU OT TEMIIEPAaTypHBIX JedopMaliii B KOHCTPYKIHSIX (OCOOCHHO B
KOJIOHHAX) MOXHO ObLI0 mpeHeOpeus. [ITuHy TeMIepaTypHOoro 0J10Ka 1Mo UIMHE U
mpuHe 31aHus (ta6ma.43 [5]), COOTBETCTBEHHO, MPUHMMAIOT HE Oosee: Jis
oTaruiMBaeMbIX 37aHuil - 230 M u - 150M; 19 HeoTamIMBaeMBIX  3JaHUM —
200m u - 120M. Mexay TemmepaTypHbIMU OJIOKaMU yCTPanWBalOT TeMIIepaTypHO-
nepopmarmonnbie mBbl (TJL). Brmomp TemmepaTypHBIX IIBOB YCTpauWBaeTcCs
CABOCHHBIN psiJl KOJIOHH, KOTOPbIE 00ECIEUNBaIOT HE3aBUCUMOCTh TEMIIEPATyPHBIX
nedopMaiuii B KaKJI0M TEMIEPATypHOM OTCEKe. Y TOPIOB 3/1aHUs, KaK MPaBHIIO,

256



KOJIOHHBI cienyeT cmemarh Ha 500 MM OT mOmepedYHOr KOOPAMHATHOM OCH IS
yA00CTBa BBINOJHEHUSI  YIJIOB 1I€Xa M3 CTAHJAPTHBIX KPOBEJBHBIX U CTEHOBBIX
[aHEJIEH.

11.1.2 TlpuMep MeTAIMYECKOT0 KapKaca rJIaBHOI0 Kopmyca

KoHieHcanuoHHo# 1ekTpocTanmuu (KIC) no mpoekty 67-68 npuBeieH Ha
puc. 11.3.
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Puc. 11.3. Meramumueckuii kapkac riaBHoro kopmyca KOC

HNcxonss w3  ycloBWil pa3MelieHUus TEXHOJIOTUYECKOro O0OpYI0BaHMS
MPOJIETHI MPUHATHI paBHBIMU 45 M U 39 M. @epMbl CTadbHbIC MOJUTOHAIBLHOIO
OYEpPTaHUA C TAHEIAMUA BEPXHUM MOSICOM CKBO3HOIO CEYEHHS B y3JIaX KOTOPBIX
YCTAHOBJICHBI CTAJIbHBIC TIUTHI MOKPHITUS U Teruiast KpoBiisd. Comnpsbkenue Gepm ¢
KOJIOHHaMu mapHupHoe. KosoHHs! Mo ocsiM A u I CKBO3HOTO CE€YeHUs C BETBSIMU
Y3 JBYTABPOB M PACKOCHOM PELIETKOM, a B 0caX b u B - crutomHoro asyTaBpoBoro
CEUCHUS C IMOsSCaMM W3 CBapHBIX JBYTaBPOB W CTEHKH, YCHJICHHOW IPOIOJbHBIM
pebpoM sl oOecriedeHHsT €€ MECTHOM ycToMumBOCTH. KOHCTpyKIMM Kapkaca
M3rOTaBJIMBAIOTCS Ha 3aBOJI€ B BHUJIE OTHPABOYHBIX MApPOK, JUIMHY 3aBOJICKOTO
3JIEMEHTa KOJIOHH IPUHUMAIOT U3 YCIOBHH KECTKOCTH paBHON 22—25 M.

Puremim B ocax b u B BbINIOJHEHBI CBApHBIMHU, JABYTABPOBOTO CEUYCHUS.
YcToiunBOCTh KapKaca B IONEPEYHOM HAIpaBJICHUHM OOECIeYMBACTCS >KECTKOU
BCTaBKOM B ocsix b m B B BuAE 3TakepKu M BBEPXY YCTAHOBKOW CKBO3HBIX
MOJAKOCOB. YCTOMYMBOCThH KapKaca B IIPOJIOJILHOM HaIlpaBJICHHH 00ECIIeUnBaCTCs
CHCTEMOM CBS3€H MO KOJIOHHAM U CBA3SIMU MO MOKPBITHIO.
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JInst  M3roTOBJIEHMS TSAXKEIO-HATPY’KEHHBIX 3JIEMEHTOB METaNIMYECKOIro
Kapkaca 11eJ1ecoo00pa3HO HCIOJIb30BaTh HU3KOJIETHPOBAHHBIE CTAIM U CTaJH,
UMEIOILIME TOBBIIIEHHYI0 MPOYHOCTh. D(PPEKT MOXKET naTh MPUMEHEHUE IS
KOJOHH TJIaBHOTO KOpPIyCa BBICOKONPOYHOM CTalM W CTajd [OBBIIICHHON
npouyHoctn kiaccoB C52 m C60. MoHTaXHbIE COECIWHEHHUS METAJUIMYECKOIO
KapKaca IJIaBHOTO KOpIyca BBIMOJIHAIOT Ha OOJdTax € IMOCIENYIOIIEH CBapKOM.
[{enecooOpa3HO MPUMEHEHHE TSI COETMHEHUH BBICOKOIIPOYHBIX OOJITOB.

Tema 11.2. KomnoHnoBka nokpbiTusi. KoMnoHoBka momepe4yHoii pambl
31aHMs, CBA3H

11.2. 1. KoncTpyKuusi KpOBJIH

Cuctema TOKPBITHS MPOU3BOJACTBEHHBIX 3JaHUM COCTOUT M3 KPOBEIbHBIX
(orpaxkaaronux) KOHCTPYKIIMM, HECYIIUX 3JIEMEHTOB (IIPOroHOB, Pepm, dhoHapeit),
Ha KOTOpPBIE OMHUPAETCS KPOBIS, M CBA3CH MO MOKPBITUIO, OOECIEUHBAIOIINX
MPOCTPAHCTBEHHYIO HEU3MEHSAEMOCTh, MECTKOCTh W YCTOMYUBOCTH BCETO
MOKPBITUS U €ro 3JIeMeHTOB. KOHCTpYKIMs KpOBEIBHOTO MOKPBITUS PEIIAeTCs C
NpUMEHEHHEM POTroHOB min 0e3 Hux (puc.11.4).

Ilpu npoconnom pewenuu (puc.1l.4, a) Ha cTponmibHbie (EpMbI WIH
OaJIKW MOHTUPYIOTCS MPOTOHBI ¢ maroM 1,5 - 3 M, M0 KOTOPHIM YKJIAJbIBAOTCS
JUCTBI TPO(PIIMPOBAHHOTO HACTHIIA, WM MEIKOpPa3MEpHBbIE KPOBEIbHBIE TUIUTHI,
WIN CTaJdbHbIE JIUCTBI U Jp. M 3aT€M OrPAXKJAIOUIUE HJIEMEHTHl MOKPBITHS:
NapoU30JISALHUs, YTEIUIUTENb (IUIUTOYHBIN) W THAPOU3OSALMOHHBIN KoBep. [lpu
3TOM BapHaHTE MPOPHACTUIT YKIIAbIBAETCS TopaMu MoNepek 3aHusl.

becnpoconnoe pewenue mnokpoiTusi Oosiee mporpeccuBHoe (puc. 11.4, 0).
3nech OpoPUIMPOBAHHBIN TpUMEHSETCS C 0ojiee BBHICOKOW BBICOTOM BOJIHBI,
HACTWJI YKJIAQJBIBACTCS HETOCPEACTBEHHO Ha BEPXHHM IMOSC CTPONMUIBHBIX (hepM,
py 3TOM TO(pbl HACTHUJIA HAMPABICHBI BIOIb 3Manus. [Ipu 3ToM BapuaHTe miar
KOJIOHH MOKET ObITh paBeH 6 wiu 12 M. [Ipu mare xonoHH 12M  uCHONB3yHOTCA
noAcTpornuwibHbie pepmbl. Illar cTpommibHBIX (pepMm MOkeT ObITh 4 uiu 6 M.

e,
."f/'c_f./f.

Puc. 11.4. KOHCTpyKTMBHBIE BapuaHTbl HOKPBITUM CO  CTaJbHBIM
npoQUIMPOBAHHBIM JIMCTOM: a- TPOTOHHOE TOKpHITHE; O- OecrnmporoHHoe
HOKPBITHUE;
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[Ipn 6ecipOroHHOM TOKPBITUU IMIUPOKOE MPUMEHEHUE MOTYUYUIN CTAIbHBIC
IUTUTBl U TIAHEIW TOKPHITHs. JKene300eTOHHbIE IMIUThl MOKPBITUS B HACTOSAIIEE
BpEMSI UCIIOJIB3YIOTCS PEAKO M3-3a OOJIBIIOTO MX BECA, YTO BEJAET K YBEIUUCHHUIO
YCWIMIA Ha HIDKEJIS)KAIIMe KOHCTPYKIIMU U YBEIIMUEHHE pacxoja CTajld Ha KapKac.

KpoBenbHblEe MOKPBITHS MOTYT OBITh menavimu u Xxonoouvimu. Hanboiee
palMOHAIGHBIMU ~ SIBJIIFOTCS ~ KPOBIIM  C  HCIOJB30BAaHUEM  CTAJIBHOTO
npoduiupoBaHHOTO  HacTuia W AG(EKTUBHBIX, JIETKUX  yTEIUIUTEeH
(TEeHOIONMUCTUPOII, MUHEPAJIOBArHbIC IUIATHI, MapdK, u3oBep U Ap.). CranbHOM
npoduaupoBaHHbli  HacTwiI (puc. 11.5 a)) WM3roTaBIMBaIOT M3 OIMHKOBAHHOMU
crany, toaumuaon 0,8; 0,9 u 1,0 MM, mmpunoi okoso 800 — 900 mMm, BbICOTOM
BosIHBI 40, 50, 80, 114 u 155 MM u quHoi#t 1o 12M. Mx o0o3HaueHue, Hanpumep, -
H60-845-0,8 (mactun, BbicoTa BOHBI h= 60MM, mmpuHa aucta — B=845 mm,
tonuHa aucta — t= 0,8mm. [IpodHacThn ykiiaapiBaeTcss Ha TPOTOHBI U KPETIATCS C
HUMHU CaMOHape3aroumMu 00iaTamMu, a Mexay coOOM BAOJb JJIUHHON CTOPOHBI -
KOMOMHHPOBaHHBIMU 3akiienkamu (puc.11.5 6), B)).

Puc. 11.5. Tennas KpoBJisi CO CTAIbHBIM MPO(YHACTUIOM

@) — HacTWIT; 0) — caMOHape3aouil 00JIT; B) KOMOMHUPOBAHHAS 3aKJICIIKA; T')
— y3€J KPOBEIBHOTO MOKPBITHS IO MTPOTOHAM
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XO0JIOHbIE KPOBJIM BBIMOJIHIIOT W3 BOJHUCTBIX AacOECTOLIEMEHTHBIX JIUCTOB,
CTAJIHBIX U aJIFOMUHUEBBIX BOJHUCTBIX JIMCTOB, CTAIbHBIX INIOCKUX JIUCTOB t= 3 —
4 MM ).

[TokpeITHSI TPOM3AAHUI MOTYT ObITH 000PYIOBaHbI CBETO-a3pallMOHHbIMU [1-
o0pa3HbIMU WM 3€HUTHbIMH (poHapsimu. II-oOpa3Hblie QoHapW MMEIOT HIMPUHY
paBHyto 6 wmm 12 ™M, BeicOTy 2..3.5 M, a HX [JIMHA OIPEAEISIETCA
TEXHOJIOTMUECKUMHU MOTPEOHOCTAMHU. 3€HHUTHbIE (OHAPU YCTAHABIMBAIOTCS Ha
HNOKPBITUE B BHJIE OTAEIbHBIX BKpaIUIeHMH B MecTaX, OOYCIOBIEHHBIX
TEXHOJIOTMYECKUM IpoueccoM. Pa3mepbl 3eHUTHBIX (QoHapeil B miuaHe 1.0x1.5;
1.5x1.5; 1.5x3; 1.5x6; 3x3. Beicota 3eHuTHbix ¢onapeit 0.4..0.7 m. Ilo
cpaBHeHUt0 ¢ [I-o0pa3HbiMu (hoHapsiMU 3eHUTHBIE (POHApU MEHEe TPYIOEMKH B
MOHTa)X€, UMEIOT MEHBIIMI pacxo]l METajla, HE YBEIMYHUBAIOT CTPOUTEIBHYIO
BBICOTY 371aHMsI, 00ECIIeUNBAIOT MEHbBIINE TEIJIONOTEPU U HE CO3/aI0T CHETOBBIX
"memkoB". K HemocTaTkam 3€HUTHBIX (pOHApel MOKHO OTHECTH HX MEHBUIYIO
a’paiuio U NoTpeOHOCTh B MOCTOSHHOM OYMCTKE OT MbUIM U CHETA.

11.2.2. KoMIIOHOBKA MOMEPEYHbIX pPaM.

Haubonee yacTo npu KOMIIOHOBKE TONEPEYHBIX PaM MPOMBIIICHHBIX 3JaHUHI
UCIIOJB3YIOTCS OJHOCTYNEHYAThle KOJIOHHBI, COCTOSLIME W3 HAJAKPAHOBOM U
NOJKPAHOBOM YacTel, COOTBETCTBEHHO, BBIIIE M HWXKE YPOBHS ONUPaHUS
HOJIKPaHOBBIX Oayiok (cM. puc. 11.1).
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Puc.11.6. KomnoHoBka nomnepeyHsIx pam

a — cxeMa MOINepeyHOW pambl OJHONPOJETHOrO 34aHus; O, B — KpalHHE
KOJIOHHBI C MPOXOJAMH BJOJb MOAKPAHOBBIX MyTel (BHYTPU KOJOHHBI U COOKY
KOJIOHHBI)
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HankpaHoBass 4acTb KOJOHHBI, KakK IPaBUJIO, NMPUHUMAETCS CIUIOLUIHOTO
CeUeHUsI B BUJIC TIPOKATHOTO WJIM CBAPHOTO JBYTaBpa C BBICOTOU cedeHus b, >400
MM. [loakpaHoBast YaCTh KOJIOHHBI - TAK)KE MOXKET OBITh CIUIOLIHO CEYEHUS MpU
b,< Im (puc.14.5) u npu b,> 1M, moakpaHOBYI0 4YacTh JEIACTCS CKBO3HOTO
CEUEHUs, COCTOSIIEH U3 OTACIBHBIX BETBEH, COCIMHEHHBIX perieTkon (puc. 14.7).
JlenaeTcs 3TO ¢ LENbI0 yMEHbIIEHHs pacxoja Metaiuia. ComnpshKeHUs KOJIOHH €
byHIaMEHTOM BCer/ia *KECTKOe, YTO 00ecreurnBaeT OOJbIIYIO JKECTKOCTh KapKaca
3/1aHUS B MIONIEPEYHOM HaIIPABIICHHUH.

CompsikeHUE KOJIOHH C pHUTelieM MOXKeT ObITh KaK J>KeCTKHM, TaK U
mapHUpHbBIM. JKecTkoe compspkeHue OOBIYHO MPHUMEHSIETCS Ui OJHOMPOJIETHBIX
3laHU ¢ KpaHOBBIM O0OpYyIOBaHUEM, a IIAPHUPHOE Ui MHOTroNpoJeTHbIX. [lpu
ONpPENCIICHUN BEPTHKAJIbHBIX pa3MepoB rmornepeuyHod pambl 3nanus  (I1P3)
OTIPaBHOM BEJIMUYMHOM SBISETCS YpOBEHb TOJIOBKU penbca (yp. T. p.). Ha
puc.11.6.a) aToT pazmep 0003HaueH cuMBOJIOM hi. PaccTosiHUE OT yp. T. p. 10 HU3A
CTPONWIBHBIX KOHCTPYKIUU omnpeaensiercs kak cymma: ho=Hk+{+100mm, roe Hk -
BEPTUKAIbHBIN radaput kpana, f - mporu6® purens, npuHuMaembiii paBHbIM 200-
400 MM, B 3aBUCMMOCTH OT BEJIMYMHBI MposieTa (4eM MOpojeT Oonbllie, TeM U
pasmep Oodmbine), 100 MM —3a30p YCTaHOBJIEHHBIM MO TPEOOBAHUSIM TEXHUKH
0€30MacHOCTH MEXIy HU30M PUTEIII U BEPXOM I'Py30IM0bEMHOTO KpaHa.

BricoTa 31aH1s OT ypOBHS MOJa JI0 HU3a CTPONMIBHOMN (hepMbl paBHA:

H=hy +hz

Pasmep H, ucxons u3 tpeboBanuit ynudukauu, npuaumaetcst kpatasim 200
MM. Beicota HaakpanoBoit (hs) u moakpanoBoit (hy) wacTel KOJOHHBI
OIpeAessoTes o Gpopmysam:

h3:h2+a , hH:H'h3+hd) .

r7ie a - CyMMapHas BbICOTa MOJAKPAHOBOM OalKu U MOJAKPAHOBOTO penbea; hy -
3annyonenue pyHnamenta. Kak nmpasuio - hg=0.6...1 m.

[TpuBsizka KpaliHUX KOJIOHH K ocsaM (Do) Moxer mmers Tpu 3HaueHus: bo =0,
250 u 500 mMm. HyneBas mpuBsizka peKOMEHIyeTCs IJis 31aHui 0€3 KpaHOB WIIH C
KpaHaMU Tpy30MoabeMHOCTh He Oosee 30 T., ¢ marom kojoHH 6M. IIpuBsizka
paBHasg S00MM NMPUHUMAIOT MPU FPY30MOABEMHOCTH KpaHoB Oosiee 80 T. u 6oJee, a
TaK K€ JJIs 3JaHUi ¢ KpaHaMH TsDKEJIOTO U BEChMa TSKETIOTO PEXXMMOB PaOOTHI,
HE3aBUCUMO OT TPY30MOJBEMHOCTH, €CITM B BEpXHEH YaCTH KOJIOHHBI
ycTpauBaeTcsi mpoxon (puc.11.6,0). B ocranpHBIX choydasx OpHBs3Ka
NpUHUMAETCs paBHOU bo = 250 mm.

Iupura (BBICOTA CEYCHWs) HAJKPAHOBOW YacTH KpaiHeW KOJIOHHBI (bs)
HA3HAYAETCS UCXOJIS U3 CIEAYIOIINX TPEX yCIOBUIA:

bB > hB/12, bBS A- B1+b0+(60 — 75)MM, B::400...1000MM,
rae A uMmeet 3HadeHus 750, 1000 u 1250 MM, COOTBETCTBEHHO, MPH KpaHax

rpy3onoabeMHocThi0 20..50 T, 80...125 T u Gosee 125; B1 — yacTh KpaHOBOIO
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MOCTa, BBICTYIAOIIAs 32 OCh peinbca, npuauMaeMas o I'OCT Ha kpaHbl (cM. puc.
11.6.).

[lepBoe ycioBHE TMPOAMKTOBAHO TpPeOOBaHUSMH IO  OOECIECUEHUIO
MUHHMMaJIbHON JKECTKOCTH, BTOpOE - OO0ECIEeUeHHEeM IMpoe3/ia KpaHa MEXIy
kosoHHamH, (60-75)MM, 3TO MHUHHMAJIbHBIM 3a30p MEXIy KOJOHHOH W MOCTOM
kpana, npuHuMaeMbii 1Mo ['OCT Ha kpaHbl, TpeTbe OOYCIOBIIEHO OIBITOM
npoekTrpoBanus (00br4HO paBHOU by = 500; 750 wiu 1000MMm) .

[llupuHy HWKHEH 4YacTH KOJOHHBI Dy Ha3HAYalOT B 3aBUCHMOCTH OT
IPy30M0TbEMHOCTHA KPAaHOB U BBICOTHI 3JaHUS.

bu=A + Do.

Jns cpeaHUX KOJOHH MHOTOMNPOJIETHBIX 3[IaHUM U TPU HAJIWYUU KPaHOB C

JBYX CTOPOH IIMPUHA MOAKPAHOBOW YaCTH MPUHUMAETCS PABHOM:

by=2A, mmu by=2A1 + A2, IpH KpaHaxX pa3HOH IPy30I0IbEMHOCTH.

W3 ycnoBus obecrniedeHUs] *KECTKOCTH IeXa B IOMEPEYHOM HaNpaBlieHUU
HIMPUHY HWKHEH YacTh KOJOHHBI Ha3HauaroT He MeHee 1/20 h - B
HPOMBIIIJICHHBIX 3IaHUSIX CO CPEAHUM PEKUMOM paboThl U He MeHee 1/15 h - B
MPOMBIIIICHHBIX 3JaHUSIX C TSXKEIBIM PEKUMOM pabOThI

Jlnst KOJIOHH TOCTOSHHOTO — ceueHust (Dy= D) ¢ KOHCONSIMH, Ha KOTOpBIE
yCTaHABJIMBAIOT TMOJKPAHOBBIC Oalkk, (Takue KOJOHHBI HCIOJB3YIOTCS TpHU
KpaHax TPy30MObeMHOCThIO 10 20 T) BBICOTAa CE€UYEHUS JOHKHA OBITh HE MEHEe
1/25 Bceit mHBI KOJIOHHBI U Ha3zHadaeTcs B mpenenax 400...1000 mm. Tlpu stom
3HAYEHUE TPUBA3KA MPUHUMAETCS B 3aBUCHMOCTH OT BBICOTHI 3JaHHUS M Ilara
KOJIOHH.

BbicoTa KOJIOHHBI y ONOPBI pUTENs 3aBUCUT OT HPHUHIATOW KOHCTPYKIUHU
CUPOINUIIBHBIX (DEpM U paBHA UX BBICOTE Ha OIOPE.

11.2.3 Css3u
BaxxHpiMM 3JI€MEHTaMHU CTAJIBHOTO KapKaca IPOMBIIIJICHHBIX —3JaHUMN
SIBJISTFOTCSI CUCTEMEI CBsI3ei. CBSI3M HEOOXOIUMBL:

1) obecrnieueHne HEM3MEHSEMOCTH IPOCTPAHCTBEHHOM CHCTEMBI Kapkaca
YCTOMUYUBOCTH €70 CKATHIX FJIEMEHTOB;

2) BOCHPHUSATHE BETPOBBIX HAIPY30K M HHEPIMOHHBIX BO3JCHCTBHI KPaHOB
(MpoAoaBEHOE TOPMOKEHHE) U TIEPEIayu UX HAa (PyHIaMEHTHI;

3) co3maHMe IKECTKOCTH Kapkaca, HEOOXOoIuMoW it oOecredeHHs
HOPMAaJbHBIX YCIIOBUM 3KCITyaTalldd B TEYEHUU BCETO CpPOKa CITyKObI
COOPY>KECHUS;

4) oOecrieycHHE YCIOBHH CKOPOCTHOTO, BBICOKOKAYE€CTBEHHOTO MOHTa)Xa
AJIEMEHTOB COOPY>KCHHS.

Paznuyator cBsi3u MO KOJIOHHAM U CBSI3U MO TOKPBITHIO.

Cea3u mesxcoy KoJ10OHHAMU

BeprukanbHble CBS3M MEXKIY KOJIOHHAMHM OOECIEUHUBAIOT YCTONYMBOCTH

KapKaca B IPOJOJbHOM HaIlpaBJICHUU, BOCIPUHUMAIOT MPOJIOJIbHBIE YCUIIUS OT
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Betpa (W) u mpomonpHOro topmoxenus kpaHa (Tnp) W THepemaroT uUX Ha
dbyHIaMeHTBHl B Mpejenax CBsI3eBOro OJOKa KOJOHH, YMEHBILIAIOT PACYETHYIO
JUIMHY KOJIOHH U3 TIOCKOCTH TonepeyHoi pamel (puc.11.7,0).

a) Prenopri Ocs mesnepamyproes wld

Puc. 11.7. PacnionoxxeHue cBA3eid MEXIy KOJTOHHIIMU
@) - B KOPOTKHUX 3[JaHUSX (TeMIIepaTypHbIX 0JI0Kax); 0) — B JIJIMHHBIX.

BepTukanbHbie CBSI3W MEXIy KOJOHHAMH pACIOJararoT B CpeaHEH YacTh
TEMIIEpaTypHOTO OTCEKa C TEeM, YTOOBl HE MPENATCTBOBATH TEMIIEPATYpPHBIM
nedopMaIusaM IpoA0IbHBIX JIEMEHTOB Kapkaca (ITOJKPaHOBbIC OAKH, PACIIOPKH ,
MOACTPONMIbHBIC (PepMbl, TIporoHkl) (puc. 11.8).

dev A-Gepopmauyon
A CunmmeNTIpU om MeMRBPG

Puc. 11.8. Cxema TemneparypHbIx aegopmanuii

B COOTBETCTBHM ¢ HOpMaMH, PACCTOSIHHE OT TOPIA 34aHHUs (TEMIIEPaTypHOTO
0TCeKa) 0 BEPTHUKAIBHBIX CBSI3€H MKy KOJOHHAMH HE JOJKHO IpeBbiath 90 M
JUTSI OTAIJIMBAEMBIX 3JJaHUM U 75 M JJ11 HEOTaruIMBaeMbIX. g NIMHHBIX 31aHUN
(puc.11.7, 6) paccrosHHEe MEXKAY CBSI3SIMH TI0 cepelluHEe OJoKa HEe JOJIKHO
npeBbimath S0M. TakuM oOpa3zoM, MakcuMaibHas JJIMHA TEMIIEPATYpPHOTO OJIO0Ka
JUISL CTATBHOTO KapKaca OTaIUIMBAaeMbIX 3JaHUi MOXKET ObITh paBHOM 230 M M 1Is
HeoTaruBaeMbIX - 200 M (cM. Ta0a1.45[5]).

BepTukanbHble CBSI3M MO KOJIOHHAM YCTAHABJIMUBAIOT B OJIHMX M TEX K€ OCAX
10 BCEM psijiaM KOJOHH BIOJb 3/1aHusl. CXeMbl BEPTUKAJIbHBIX CBS3EH MOTY OBITh
JIOCTATOYHO pa3zHooOpaszHbiMu  (puc.11.9): KpecTooOpa3HpiMu a) U 0),
NOPTaJIbHBIMU B), MOTYNOPTAILHBIMU T) U AP.
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Jlnst ymeHbIlieHust pacdeTHo JUIMHBI (ly) M3 MIIOCKOCTH MOMEPEYHON paMbl

KOJIOHH, PpACIIOJOKEHHBIX BHE CBS3€BOH IaHENU, MHCIOJIB3YIOTCS PACHOPKH
(puc.11.9 6)).
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Puc. 11.9. [Ipumepsl cxeM BepTUKAIbHBIX CBSI3€H MEXIY KOJIOHHAMU

[Tpu BeICcOTE ceueHust KOJOHHBI h < 600MM CBsI3HM BBITIOJHSIOT OJUHAPHBIMH,
pacroiiaraeémMsble 1o OCHU ce4eHus (3TO UMEET MECTO Yallle JUisl HAJAKPaHOBOM 4acTu
KOJIOHHBI). CBsI3U, PACIOJIOKCHHBIC HIKE TOJKPAHOBBIX Oaiok ¢ h, >600mwm,
JETIAl0T JIBOMHBIMH M PAcCIIONararT B INIOCKOCTH Ka)KJI0M BETBU MOJKPAHOBOU
yacTu KoJoHH (puc.11.9a) (Ha yepTekaX OHM MOKA3bIBAIOTCS CIUIONIHOW U PSIIOM
ITPUXOBOU JTUHUECH ).

E,E[l.; [oaKpaHOBEIE CBASH B JBYXBETEE-

[~ BEIX FEOMOHHAX PaCcroIararyTes
B [TIOCKOCTH OCEH Epana
,JB}-'.‘C['I.'.I[)EE{[]ET[IEII’.‘ CBAZH 10 Ccpea-

HHM PHIAM KOMOHH COEJHHHETCH
pemeTEoil n3 L S0x5-63x6

i

pey
I
o

N
[ &

Onophele nauTe! 083 JBYXBETBEBRIX
CEA3EEEIX KWIOHH J0NOTHHTENLHO
33AHKEPHBATCA B thyHaAMEHT
4[ = N12, BocOpHHHMARLIMME TOPH-

TRttty SOHTANEHYH COCTABMAIIIYEY YCHIHA
I Uit ] & eesseswx paCKOCAX

—

- [ Ip— § . ™ 140x90=8-200x125x 16
T 0= T0xE-200x125x12

Puc. 11.9a. [Ipumep ABYXITOCKOCTHBIX CBSI3€M MEXK]ly KOJIOHHAMHU MPU
BBICOTE CEYEHUs KOJOHHBI N, >600MM
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CeueHue BEpTUKAJIBHBIX CBA3EHM MOJAOMPAIOT HA YCUIUS OT TOPU30HTAIbHbBIX
OPOAOJBHBIX CUJ, AEHCTBYIOIIMX BAOJIb 3/1aHUs (BETEp M CHIIBI MPOJOJIBHOTO
TopmoxeHnus). [lpenenpHas ruOKOCTb 1Sl CBA3EH HIMDKE OajJOK KPaHOBBIX IMyTel
paBHa A, = 180 — 60a u wHaakpaHpBoi yactm - A, = 200 (ta6bm. 33[5]). B
CBA3EBOM 0JIOKE ONOPHBIE TUIUTHI 03 KOJIOHH 3aaHKEPUBAIOTCS K IIBEILIEpaM
(mHomepom > Nel?) B Tene QyHmaMeHTa, BOCIPHHUMAIONIMMU TOPU30HTAIBHBIE
ycuus (puc.11.9a)

['opu3oHTaIbHBIE OTKIOHEHUS! KOJIOHH Ha YPOBHE MOJIKPAHOBOTO peibCa MpU
JICUCTBUH TPOAOIBHON TOPU3OHTAIBLHOW HArpy3KHM HE JOJDKHBI MPEBBIIIATH MJIS
31aHul 0e3 KpaHOB M ¢ MOCTOBBIMH KpaHamu pexumoB padotsl 1K-3K - hi/1000,
pexxumoB 4K — 6K - h1/2000, pexxumos 7K-8K - h1/4000, rae hi-otmMeTka ypoBHS
TOJIOBKH TMOJKPAaHOBOI'O PeJibCa.

Cea3u no nokpvtmuio

CBsi3u 1O TOKPBHITHIO  (IIATPY) YCTAHABIMBAIOT JUIsI  OOecredYeHus
IPOCTPAHCTBEHHOM JKECTKOCTHU KapKaca, YCTOMUMBOCTH MOKPBITUS B LIEJIOM U €T
asieMeHTOB. CBsI3M 10 OKPBITUIO pactnoyaratoT(puc. 11.10):

1) B IJIOCKOCTH BEPXHUX IOSICOB CTPONIIBHBIX (epM — IMONCpECUHBIC
CBSI3EBbIC (P€PMBI U TIPOJIOJIBHBIE IIEMEHTHI (PACTIOPKU) MEXKITY HUMU;

2) B IUIOCKOCTH HW)KHHX IOSICOB CTPONWIBHBIX ()epM - TOINEpPEYHBbIC MU
MIPOJIOJIBHBIC CBSI3EBBIC (DEPMBI, a TaKXKe IMPOJOJIbHBIC PACTSHKKUA MEXK]TY
CMEXHBIMH (pepMamMu;

3) MexIy CTPONMMIBLHBIME (hepMaMH — BEPTHKAIBHBIC CBSI3H;

4) 1o (oHapsM.

Céa3u no eéepxnum noscam. BepxHHil MoOsC CTPONMMILHON (EepMBI CXKaT, a
MOTOMY HE00X0JUMO 00€CNEeUUTh €ro YCTOMYMBOCTh U3 TUIOCKOCTH (hepMbl Mpu
MIPOJIOJIBHOM HW3TrM0€ B CTaJMM MOHTa)a 3JICMCHTOB IOKPBITHS, a TakKKe U B
MpoLecce  JTallbHEUIIEN DKCIUTyaTallMu. Y CTAHABJIMBAKOT  IIONEPEYHBIC
TOPU30HTAJIBHBIC CBSI3U MEXKIY JBYMS CMEXHBIMH (PepMaMH 10 BEPXHHUM I0sCA B
TOpIIaX ¥ MO CePEANHE 3/aHMS B MECTaX YCTAaHOBKH CBSI3€d MO KOJIOHHaM. B »Tux
K€ MECTax yCTaHABJIMBAIOT TOTIEPEYHBIC TOPU3OHTAIBHBIC CBS3H IO HIKHUM
nosicaM (epM U BEpPTUKAIBbHBIE CBSI3M MEXKIY (pepMamu, KOTOpble 00pa3yroT
KECTKUI HeU3MEHsIEeMbIN POCTpaHCTBEHHBIN 00k (puc. 11.10).

[Tpr MOHTaXKe MOCNETYIOIINE CTPONUIbHBIE (DepMBI (10 YCTAHOBKH MPOTOHOB
WTH TUTAT TTIOKPBITHSI) 3aKPETUISIIOTCS ¢ HUM 10 BEPXHEMY TOSICY PacIIOpKaMH, a T1o
HUKHEMY PACTSDKKaMH, YTO OOECIeYMBaeT YMEHBIICHUIO DPACUCTHOW JTHHBI
MOSICOB M3 IIOCKOCTH. [Ipr MOHTa)ke THOKOCTh BEPXHETO TOsiCa MEXIYy TOUYKaAMHU
packperuieHus JoJkHa ObITh He Oosiee 220, a HUKHETO MPU CTATHYECKOM HArpy3Ke
- 400. ITpu GosnbIION JIMHE 3aHUS WX TEMIEPaTypHOro OJoKa I1eJIeco00pas3HbI
JOTIOJTHUTENIbHBIE MPOMEXKYTOUHbBIE TONEPEYHbIE CBSI3EBbIE (PEPMbI, PACCTOSHUE
MEXIYy KOTOPbIMU JOJIKHO ObITh He Oosiee 60 M.
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Céa3u no HUICHUM NOACAM COCTOST U3 NONEPEUYHBIX U IPOJOJIBHBIX CBA3EH
(puc. 11.10, 6).

Ilonepeunvie copuzonmanbHvle 653U 110 HUKHUM I0SICAaM yCTaHABIUBAIOTCS
B T€X )K€ MECTax, /I YCTAHOBJIEHBI IONEPEYHBIE CBA3U IO BEPXHUM IOSICaM, U
IIPEAHA3HAYEHBI JUISI BOCHPUATUS BETPOBOM HArpy3KH, NEHUCTBYIOIIEHM HA TOpEL
3JIaHUsA, KOTOPasl IEpEIaeTCs Yepe3 CTOMKH (paxBepKa.
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Puc. 11.10. CBsi3u 0 MOKPBITHIO
@) — 1o BepxXHUM Tmosicam ¢epm; 0) — Mo HIKHHUM MosicaM (GepMm; B) —
BEPTUKAIILHBIC CBS3M MEXKTYy epMamMHu.

Takum oOpa3om, B mpenenax HUKHETO IMOsCa JIBYX CMEKHBIX CTPOMUIBHBIX
depm oOpasyercss ropuzoHTaNbHas (epMa, KOTOPYIO HA3bIBAIOT GempoBoli
gepmotii. BerpoBas Harpyska, JCHCTBYIOIIas Ha CTEHOBOE OTPaXKIACHHE B TOPIIC
3/aHusl, Yepe3 CTOMKH (axBepKa BBEpPXY MEpelaeTcs B y3JIax Ha BETPOBYIO (epmy
yepes JaucToBoit mapuup (cM. Temy 15.1, puc. 15.1 u puc. 15.2). [lanee BeTpoBas
Harpy3Ka B BHJIC OTIOPHOHN PEaKIMi BETPOBOM (hepMbl BOCTIPUHUMAETCSI CBS3SIMU B
HAJKPAaHOBOW YaCTH KOJIOHH W TIEpPeIaeTCs Ha MOJKPAHOBBIC OajdKd, 3aTeM Ha
CBSI3€BOM OJIOK MO KOJIOHHAM HIKE TTOJKPAHOBOW OalKu M Ha (yHIaMEHTHI (puc.
11.7 m puc. 11.9.a).
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Jlns obecrieueHust y3JI0BOM Iepeadyd BETPOBOM HArpy3KH PacroOIONKEHHE
y3JI0B CBS3EBBIX (PepM JIOJDKHO OBITH YBSI3aHO C PACHOJOKEHHEM (haXBEPKOBBIX
CTOCK M PAaCHOJIO)KCHHUEM Y3JIOB CTPONWIBHBIX (EpM IO HIKHEMY TOSICY.
YMeHbIIIEHHE PACUYeTHOW JUIMHBI HIKHETO mosica GepM, MEXAY KOTOPHIMH HET
CBSI3E€BBIX AJIEMEHTOB, 00ECIIEUNBACTCSI TOCTAHOBKOM pacTsIKEK.

IIpodonbhubie 2opuzonmanbhbie c6a3u O0ECIIEUMBAIOT COBMECTHYIO palboTy
MIOINIEPEYHBIX paM 3JaHHs IIPU JECUCTBUM TOPU3OHTAIBHOM MECTHOM ITONEPEUYHOU
Harpy3ku. K Takum Harpy3kaM OTHOCSITCS MHEPLUOHHBIE CUJIbI MOCTOBBIX KPAHOB
(mormepeyHoe TOPMOKEHHUE TENIEKKH), BBI3BIBAIOLIUE IONEpEeUHble aehopMariu
Kapkaca 37aHus. FEciaum  nomepeyHas JKECTKOCTh KapkKaca HEIO0CTAaTOYHA,
3HAUUTENIbHBIC TOTIEpeUHbIe JAedopMalii Ha YPOBHE Bepxa MOJKPAHOBOUN Oayku,
KpaHbl NpU JABWKEHUM MOTYT 3aKJIIMHUBATh W KakK CIEACTBUE HAPYIIAETCA
HOpMaJlbHAs WX OJKCIUTyaTalus, TOSBIISIIOTCS Ype3MEpHBbIE KoJieOaHWs Kapkaca,
CO3/alI0TCs HEOJIAronpUATHBIE YCIOBHUS UJIsi paOOTHI MEpCOHANa U COXPAHHOCTH
CTEHOBOT'O 3aIIOJTHEHUS.
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Puc. 11.11. PaGoTa cBs3eit o HXKHUM moscaMm (epM Ha JIEUCTBUE KPaHOBOM
(7) u BeTpoBoii Harpy30K () .

[TocTaHOBKa MPOAOJBHBIX CBSA3EHM MO HUKHUM MosicaM (epM 00ecrneynBaroT
IPOCTPAHCTBEHHYIO, COBMECTHYIO pabOTy CHUCTEMBI IUIOCKHUX MOINEPEUYHBIX paM,
BCJIEJICTBUE YEro ImomepeuyHble  JedopManudyd  Kapkaca OT  JIEWCTBHUSA
COCPENOTOYCHHOMN CHUJIBI MONEPEYHOIO0 TOPMOKEHHUS TEJICKKU KpaHa 3HAYUTEIBHO
ymenbiatores (puc. 11.11), xecTKocTh Kapkaca CyIIeCTBEHHO MOBBIIIAETCS.

[IponosbHBIE CBSI3M  pACMOJIararOTCsl  BAOJb KpPAaWHUX PSAOOB  KOJIOHH
OJIHOIIPOJIETHOTO 3/1aHUs. B MHOromposeTHbIX 3aHUAX — 00s3aTeNIbHO MO0 TOpLAM
U B poMexyTkax yepes 60-90 m; B exax ¢ mpoJieTaMu pa3HOU BBICOTHI - Y KPacB
3l1aHUsl U B MecTax Iepemnaza BbICOT. B 3maHusx 0€3 MOCTOBBIX KpaHOB
POAOJIbHbIE TOPU3OHTAIBHBIE CBSA3H HE MPUMEHSIOTCS. Takke MOXKHO 00XOIUThCA
0e3 3TUX CBSI3eH B 3/1aHUAX, OOOPYAOBAHHBIX KPAHAMH, TPY30MOABEMHOCTHIO 10

10 T yieTKOTO WM CpeHero pexxkuma padboThl. [Ipu 3TOM MOKPHITHE JOJKHO OBITH
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0e3 MOoACTpONMUIBHBIX (epM, a BBICOTA 3AaHUS HE JODKHA MpEBbIMATh 18 M.
KoHcTpyKkTUBHBIE pellIeHHS MU TMOA00pP CEYEHHM 3JIEMEHTOB TOPU30HTAIBHBIX
IIPOJIOJIBHBIX CBSI3€M aHAJIOTUYHBI MOTIEPEYHBIM CBSI3SIM.

KOHCTpYyKTHBHBIE CXEMBI CUCTEM CBs3€M mokaszaHbl Ha puc. 11.12.

DOneMeHThl CBSI3€M M3rOTaBIMBAIOT, KaK MpPaBWJIO, U3 YTOJIKOB, KPYIJIBIX U
py06 I'CII, pasmep npoduisi Ha3zHayaeTcs pacueToM U IO MPEACNIbHOM
ruoKoCTH. {7151 CoKaThIX 2IIEMEHTOB CBsi3el TpejesibHas ThOKkocTh paBHa 200, ms
PACTSHYTBIX - MPU TUHAMUYECKON HArpy3Ke ¢ KOJIMYECTBOM ILIMKJIOB HArpy>KEHHs
3a BECh IEPHMOJ DKCIuIyarauuu 3aanms Gomee 2-10° pasma 300, mpm mpyrux

cyqasix — 400.
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Puc 11.12. Cxembl cUCTEMBI CBSI3€H 1O MOKPBITHIO
a, 6 — nipu miare ¢epm 6 M; 6, 2, - ipu mare depm 12 m.

[lpu TpeyronapHOU permieTke cBs3eBbIX (hepm (M300paxkeHa Ha puc.11.12, 0)
BCE JIEMEHTBI CUMTAIOTCS CxKaThIMU. [Ipu kpecTooOpasHoii pemrerke (puc.11.12, a)
BCE PACKOCHI CUMTAIOTCS PACTSIHYTHIMU (31€Ch JOIMYCKAETCA CUYUTATh, UTO CHKATHIE
PacKoChl BBIKIIIOYAIOTCS U3 pabOThI), a CTOWKH - CoKaThIMH. B 31aHusAX ¢ mposieTom
6onee 30 M u BbicoTOM Oosiee 15 M ycuims B CBSI3EBBIX (pepMax OT BETPOBOM
Harpy3Ku cjeayeT ONpelessiTh PacyeToM M CEYEHUs MOoJI0upaTh COTJacHO 3THUX
ycunuid. [Ipy 3ToM ycuinsi, BOSHUKAIOIIME B HUKHUX NOsICaX CTPONMIBHBIX (hepM,
IIPU pacyeTe caMuX CTPONMHIIBHBIX (PEPM HE YUHUTHIBAIOTCS. Y3JIOBBIE COCAMHEHUS
CBSI3EBBIX DJIEMEHTOB, €CJIM HET (PaKTUUECKOTO yCHIINS, PACCUUTHIBAIOTCS HA CHUILY

paBHyt0 60 KH.
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Bepmuxanvnvie ceéazu mexcoy pepmamu npenHazHadyeHbl IS (HUKCAIUH
BEPTUKAIBLHOTO TOJOXKEHUS CTPONWIbHBIX (epM, JUIsi YMEHBIICHHUS pacuyeTHOM
JUIMHBI CTEp)KHEHW MOACOB (epM B TOPU3OHTAIBHOW IJIOCKOCTH W JJIsl Mepeaaydu
TOPU30HTAIBHBIX HArpy30K, JCUCTBYIOIIUX BJOJIb 3/IaHUS HA JUCK TOKPBITHS.
BeptukanbHble CBSI3M YCTAaHABIMBAIOTCA B TEX JKE€ OCAX, YTO M TMOMEPEUHbIC
ropu3oHTanbHble CcBsi3U (cM. puc. 11.10, g). Illar BepTUKaIBHBIX CBSI3€M TOJKEH
COBIIAJIaTh C PACHOJIOKEHUEM Y3J0B [0 HIWKHEMY M BEpXHEMYy IMOSCY
cTponuibHBIX (epMm. Kak mpaBuio, mar BEpTUKAIBHBIX CBsI3ed TPUHUMAECTCS
KpaTHbIM 6M. B mMecTax pacrosioKeHUsi BEPTUKAIbHBIX CBS3€id B CTPOMMIBHBIX
dbepMax crieayer npeaycMaTpuBaTh BEpTUKAIbHBIE CTOMKHU.

BeptukanbHble CBSI3UM TNPOEKTUPYIOTCS B  BuAE (EepMOYEK 3aBOJCKOTO
W3TOTOBJICHUS, CEUYEHHUSI BJIEMEHTOB KOTOPBIX MOAOUPAIOTCA MO MpelebHOU
TUOKOCTH.

Pa3znen XI11. OCOBEHHOCTH PABOTbBI U PACYHETA KAPKACA
3JJAHUA
Tema 12.1. [leiicTBUTebHAS padoTa CTAJIBHOI0 KapKaca

Kapkac 3maHus mnpeactaBiseT CoOOH  MPOCTPAHCTBEHHYIO  CHCTEMY
COCTOSAIIYIO TONEPEYHBIX M MPOJOIbHBIX KOHCTPYKIMM, OOBEIUHEHHBIX MEXKIY
coboit cuctemoit cBs3ei. K momepedHOM KOHCTPYKIMSIM Kapkaca 3JaHus
OTHOCATCS KOJIOHHBI M purenu ((epMbl mnu Oanku) MOKPBHITHS, UX HA3bIBAIOT
nonepeyHoil pamoit 3nanus (I1P3).

ConpspkeHre KOJOHH ¢ (yHIaMEHTaMU B pPAaCUETHOM cXeMe NPHUHUMAIOT
KECTKUM WIHM IapHUPHBIM. JKecTkoe compsbKeHUEe AOHKHO OBITh 0OecreyeHo
KECTKUM 3aKperuieHneM 0a3bl KOJOHHBI ¢ (yHIAaMEHTOM, MOJoIIBa (pyHIaMEHTa
JOJKHA OBITH pa3BUTa W (PYHIAMEHT MOJDKEH OMUPaThCsS Ha IUIOTHBIA TPYHT.
JIto60i1 MOBOPOT KOJOHHBI WM (PyHIaMeHTa OyJeT CIOCOOCTBOBAaTH OTKPBITHE
HIapHHAPA U U3MEHEHHMIO PACUETHOM cXeMbl. EciM 3Th yciioBHs HE COOMIOAAOTCS
COMNPSKEHUE KIIOHBI ¢ (PYHIaMEHTOM CIIelyeT NPUHUMATh [IAPHUPHBIM.

ConpspkeHue purens ¢ KOJIOHHOM MOXET OBIThb Tak € JKECTKUM U
mapHupHbiM.  [lpu  Ha3HAYEeHUM  KECTKOTO  COMPSHKEHUH  HEO0OXOIUMO
PYKOBOJICTBOBATHCS CJIECTYIONIUMU TPEOOBAHUSIMHU:

— KOHCTPYKTHMBHO JOJDKHO OBITH CO3/IaHO MKECTKOE COMPSIKEHHE PUTENS C
KOJIOHHOM, KOTOpO€ 00ecreunBaeT BOCIPUITHE PAMHBIX MOMEHTOB Nosicamu (hepMm
WJIU KECTKUM PEIICHUEM Y3JIOB OaJIOK (C HaKJIaJKaMU, ¢ ByTaMu WK 0€3 HUX) K
KOJIOHHAM;

— KECTKOCTh CEUCHHMSI KOJIOHHBI JIOJDKHA OBITh JIOCTATOYHOMW MO OTHOIICHUIO
K JKECTKOCTH pureis, 1 Ha o0opoT. IIpum ManbIX >KECTKOCTSAX, 3a CUeT u3ruda
CTEpKHS C MaJIOM JKECTKOCThbIO, MOYKET NIPUBECTH K OTKPBITUIO LIapHUpa U
M3MEHECHUIO PACUETHOM CXEMBI.
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He BrpimonHeHne Bcex ATUX TPeOOBAHUN MOXKET TMPUBECTH K TOMY, YTO
JeNCTBUTEIbHAsL paboTa 3JIEMEHTOB Kapkaca OyJeT OTJIMYaThCcsl OT MPUHSTON B
pacyeTHOM cXeMe.

C ucnoJib30BaHUEM MPOTPAMMHBIX KOMILJIEKCOB pacdyeTa Ha DBM, nosiBuiach
BO3MOXKHOCTh BBITIOJIHATH pacueT Kapkaca 3JaHusl HE M0 IUIOCKOW, a Mo
MPOCTPAHCTBEHHON CXEME, C YUYeTOM B paboTe KapKaca MPOJIOIbHBIX AJIEMEHTOB.
Takue pacyeTsl MalOT BO3MOXKHOCTH 0O0Ji€e TOYHO OIICHUTH HANPSDKEHHO —
nehopMHUPOBAHHOE COCTOSIHUME Kapkaca U ero sjaeMeHToB. OJIHaKo, 3/1eCh HaJo
UMETh B BU]Y, IPU BHIOOpPE PACUETHON CXEMbI HAJI0 TIIATEIHHO MOJOUTH K BBIOOPY
JKECTKOCTEH  3JIEMEHTOB, KOTOpbI€ HA3HAYAIOT 10 paHee BBIOJIHEHHBIM
UJEHTUYHBIM TPOEKTaM WJIM 1O MOAOOpPAaHHBIM CEUEHHSIM 3JIEMEHTOB IO
VOPOILEHHBIM PACUETHBIM CXE€MaM, a TaK XK€ K TpPaHUYHBIM YCJIOBUSIM
3aKPETUICHUI AJIEMEHTOB, K YUeTy HECOBEPIICHCTB, B Psijie CaydaeB, (U3MUECKOU
U TEeOMETPUYECKOW HEIMHEHHOCTU u 7ap. (axTopos. O0s13aTeTbHBIM
TpeOOBaHHUEM, SIBISETCA CpPaBHEHUE JKECTKOCTEH DJIEMEHTOB, TPUHATHIX B
pacueTHOM cxeme, C MOoJ00paHHBIMU MO pacueTHBHIM ycuiausiM. Eciau B Hecymux
pJeMEHTax HaONMI0MaeTCs HE3HAYUTEIbHOE pACXOXKJACHUE B  IKECTKOCTSX,
BBITIOJTHEHHBI pacueT CUYUTaeTCsl YIOBJIETBOPUTEIBHBIM. B uHOM ciyuae
TpeOyeTcsi MPOU3BECTH MTOBTOPHBIN pacyer.

Tema 12.2. CoueTanusi HArpy3o0K, onpeae/ieHue pacyeTHbIX YCHIUN B
3JIeMEHTAaX MONepPeYHOol paMbl 31aHUS

12.2.1. Boioop pacuderHoii cxembl [1P3
[Tonepeunbie paMbl NPOMBIIUICHHBIX 3/aHUM — CTaTUYECKA HEONPEIACIUMbIC
cuctembl. Ilpu pacuere IIP3 kpome Harpy3ok HEOOXOJUMO YYUTHIBaTh
TEMIIEPATypPy M arpecCUBHOCTh CPEJIbl DKCIUTyaTallud, a TaKXKe PEXUM padoThI
IPy30M0bEMHOT0 O0OpPY/I0OBaHMS, KOTOPHIA B 3aBUCHUMOCTH OT WHTCHCUBHOCTHU
noapazaenserca Ha pyunou, nerkuit (1K,2K,3K), cpenunii (4K,5K,6K), Tspxenbiii
(7K) u Becbma Ttskenbii (8K). Pacuer [1P3 mpousBomgutTcss B ciemytomieit
MOCJIEI0BATEIbHOCTU:  YCTAHABJIMBAETCS pacyeTHasi CXEMa; OINPEIEsIIOTCs
HArpy3KH; ONPEAENSIIOTCS YCUIIUS B XapaKTEPHBIX CEUEHUSAX OT Ka)K0M HArpy3Ku;
COCTaBIISIFOTCS KOMOWHAIMM PACUYETHBIX HArpy30K, MO KOTOPBIM OMPEACIISIOT
pacyeTHbIE YCWINS AJIs pacuera ceueHuil 3nemenToB [1P3.

Ha pwuc.12.1a¢) npuBeneH KOHCTPYKTHBHBIA  TIONEPEUHBIA  pa3pes
OJIHOTIPOJIETHOM paMbl MPOMBIIICHHOTO 3/IaHUS C KECTKUM COMPSHKEHUEM (PepMbl
K HAJKpPAaHOBOMW 4YaCTH CTYIEHYAThIX KOJOHH M COOTBETCTBYIOIIAS paMme -
pacyeTHasg cxema. B pacdeTHOM cXeMe OCH CTOEK COBMEIIAIOTCA C LEHTPaMH
TSXKECTH CE€YEHUH (II.T) BEPXHEW M HIKHEH 4yacTed KOJIOHHBI, MOCKOJIbKY OHU HE
JIekKaT Ha OJTHOM OCH, UMEETCS UX YCTYII C SKCIIEHTPUCUTETOM
e = (0,45 + 0,55)b, — 0,5b,, , rie b, v b, - COOTBETCTBEHHO, IUPUHA HIDKHEN U
BEPXHEHN 4acCTEW KOJIOHHBI.

Purens Taxke o00O3HA4YaeTCss T€OMETPUUYECKOW OChIO, MPOXOISIEH Yepes
LHEHTP TSKECTH €r0 CEUYECHUs, €CIIM CEYEHHE PUTEINsl CIUIONIHOCTEHYATOE U €ro
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COTIpSKEHHE ¢ KOJIOHHOM skecTkoe. Ecniu B kauecTBe pureis UCHoiab3yercs gepma,
TO NPH )KECTKOM CONPSKEHUM OHa 0003HAYAeTCs OChIO, IPOXOAALIEH uepe3 LEeHTP
TSDKECTH  CEYEHMs HWXKHEro mnosca. Ilpu 1mapHUPHOM  COINPSDKEHUM -
CIUIOLIHOCTEHYAThIi M CKBO3HOM puresnb 0003HAYarOTCS B pPACUETHOM cXeMme
Ir€OMETPUUECKON OCHIO, MPOXOAALIEH Yepe3 LIEHTPbI ONOPHBIX IAPHUPOB.

Ha pwc.12.1,0) IIPUBEICHBl PAacyeTHbIE CXEMbl HEKOTOPBIX paM
MHOT'ONPOJIETHBIX 3aHUW. YUHTBIBAs, YTO MOMEPEUHAS KECTKOCTh TAKUX 3JaHUN
o0OecnieunBaeTca psSAaMHU CTOSIIUX KOJIOHH, COMNpsDKEHHE (GepM ¢ KOJIOHHAMU
IIPUHUAMAETCS IIAPHUPHBIM, 4YTO YIPOLIAET KOHCTPYKIHUIO Y3JIOB CONPSKEHUU
depM ¢ KOJIOHHAMH M CHUXKAeTcs TPYIJOEMKOCTh MOHTaxa. [lyisg KapkacoB c
IpoJIeTaMU Pa3IUYHONW BBICOTHI, 11€JIeCOO0pPa3HO B BBICOTHOM YacTH NPUHUMATh
YKECTKOE COIPSIKEHUE PUTEIIsl C KOJIOHHOM, a Il HUXKHEW — IIapHUPHOE.
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Puc.12.1 PacueTHble cxembl pam
@) — KOHCTPYKTHUBHAsI ¥ pacyeTHas CXEMbI OJHOIPOJICTHON pambl; 0) — BHJIBI
PacCUYEeTHBIX CXEM paM; B) U T') — BIJICTICHUE PACUETHOTO OJIOKA

12.2.2 Onpenenenue Harpy3ok na I1P3
Ha npowmbliiiieHHOE 34aHUe ACHCTBYIOT CIAEAYIOIIUE HArpy3KH: MOCTOSHHbBIE
(COOCTBEHHBIN BEC OrpakIalOIIUX U HECYLIUX KOHCTPYKLHI); BpEMEHHbIE (CHET,

BCTCP, TCXHOJOIMYCCKUC HArpy3kKhn OT O60py,HOBaHI/I$I, Impexjac BCCro, OT
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IPY30IIOAbEMHBIX KPAaHOB) W OCOOBIE HArpy3KH, BBI3BAHHBIE CEHCMUYECKUMH
BO3/ICHCTBUSIMU, HEPABHOMEPHOW OCAJKOW OINOp, aBapUSIMU TEXHOJIOTHYECKOTO
obopynoBanusi. Harpysku, aeiicTByronine Ha 3JjaHu€E, ONPEICNISIOT B COOTBETCTBUU
¢ neuctytomiumu THITA. PacuerHbie 3Ha4ue€HUS BO3JACHCTBUN OMPEACISIOTCA B
3aBUCUMOCTH OT MX XapaKTePUCTUUYECKUX 3HAYCHUN YMHOKEHUEM UX Ha YaCTHbIC
KO3 GHUITUEHTHI TI0 HArpy3Ke B COOTBETCTBUU ¢ 3.1.3 u npuioxenus A [4].

Harpy3ka oT coOCTBEHHOro Beca TOKpBITHSA (g) CUYHTACTCS PaBHOMEPHO
pacrnpeneneHHON BIOJIb PUTENisl paMbl, a Harpy3Ka OT Beca CTEHOBOT'O 3allOJHEHUS
U COOCTBEHHOTO Beca KOJIOHH - cocpefotrodeHHoi (P), U MOXXHO NpUHUMATH
IIPUJIOKEHHOW B YpOBHE HH3a HAJKPAaHOBOM M NOJAKPAHOBOM YacTeW KOJIOHHBI.
(puc. 12.2). CueroBas Harpy3ka (p) TakkKe NPUHHUMACTCS PAaBHOMEPHO
pacnpeneneHHo no anuHe purens pamel (puc. 12.2). BeprukanbHble Harpy3ku
ONPEIENSAIOT C COOTBETCTBYIOIIMX I'PY30BBIX IUIOIIAJIEH, KaK 3TO MOKa3aHO Ha pUC.
12.1,6) u, Npy HATUYHUK TOACTPOIMIBHBIX (DEPM 10 CPEAHHMM PsiaaM KOJIOHH — Ha
puctol2.1 2).
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Puc. 12.2. PacueTHass cxema OJHOINPOJETHOW paMbl C IPUIIOKECHHBIMU
Harpy3kamu

BeTtpoByro Harpysky, IEHWCTBYIOLIYI0O Ha CTEHOBOE OrpaXKJCHHUE, TaKkKe
ONPENETSAIOT C COOTBETCTBYIOIIEW TI'pPy30BOM Iom@aan Ha kojoHHy I[IP3. Ona
ONPENENIAETCS B 3aBUCHMOCTH OT CKOPOCTH BEeTpa JUId 3aJaHHOIO panoHa
CTPOUTEIIbCTBA, BBICOTHI HAJI YPOBHEM 3€MJIM, TUIIA U IEPOXOBATOCTH MECTHOCTH,
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TypOyJICHTHOCTH BETPOBOTO TOTOKA. BerpoByro Harpysky NOpuBOIAT K
PaBHOMEPHO pAaCHpPEACIICHHONM Ha KOJOHHbI C HABETPEHHOW W 3aBETPEHHOM
ctoponsl 31anus (puc. 12.2). Ilpu pacuere I1P3 dakTrueckas BeTpoBasi Harpy3Ka
JI0 TEOMETPUYECKON OCHU pUTelisd 3aMEHSIETCS PaBHOMEPHO pacrpeieiacHHON ((b,
Ov') ¥ cocpenoTodeHHoM (W, W') Harpy3Kamu, AEHCTBYIOIIMMU B TIpeeiaxX BbICOTHI
martpa 31aHus. BerpoBas Harpy3ka Ha camMoO MOKpBITHE (3a CUET 3aBUXPEHUU
BETPOBOI'O IOTOKA), KaK MPaBWJIO, HE YUYWUTHIBACTCS, T.K. NPU TPAJIULMOHHBIX
YKJIOHAaX KpPOBJIM Ha TMOKPBITUM BO3HHMKAET TOJBKO OTPHULATEIBHOE [ABIICHHUE,
yiydinaroniee padoty anementos [1P3.

Harpy3ska ot rpy3onoabeMHbIX KpaHOB Iipu pacuete [IP3 npencraBnsercs B
BUJIC TPEX CHJIOBBIX BO3JCHCTBHIA: BEePTHKAILHOTO HaBICHHUS (Dmax B Dmin),
MPUJIOKEHHBIX MO LEHTPY THKECTH CEUEHUS KOJOHHBI, M3THOAIONIUX MOMEHTOB
Mmax 1 Mmin 1 TOpU30HTANBHOUN cUiibl T, IPUIOKEHHOW B YPOBHE BEPXHErO MOsCA
MOJAKPaHOBOM Oajku, K oJlHOM 13 KoioHH [1P3.

BeprtukanbHoe pgaBneHne Ha KOJOHHY Dmax n Dmin ompenensercs, kak
IpaBWiIO, OT JBYX KpaHOB C MOMOILIBIO JIMHUM BIugHHUS (cM. puc. 12.3) mo

dbopmyie:
Dmax:()/fpmax'zyi Ve + G, )KFL 4| Dmin:(Vmein'ZYi Y.+ an) KFL,

e Pmax ¥ Pmin — COOTBETCTBEHHO, MAKCUMAJILHOE ¥ MUHUMAJILHOE JTaBJICHHUE
Ha KoJjleca KpaHa; j — 4aCTHBIN K0d()(UIIUEHT IO HATPY3KE ; Xyi - -CyMMa OpAUHAT
JUHUU BIIMSHHS, COOTBETCTBEHHO, IOoa cwiamMH P; krL — KoaddUIHEHT
OTBETCTBEHHOCTH COOpYXeHHS, ¥¢ — KO3(h(UIMEHT COYeTaHWUH JUIsi KpaHOBOMU
Harpy3KH.

|

L]
£

L nodup barsu

Puc.12.3. J/Iuans BAUsAHAS ONMIOPHOM peakuyu Ha KOiaoHHY [1P3

Kpansb! cnegyer pacmnoioXuTh TakuM o0pa3oM, 4TOObI CyMMa OpJUHAT Obliia
HauOonbieli. HeoOXoaumbie MpU 3TOM pPACCTOSTHUS MEXKAY KOJIeCaMH KpaHa W
IMIMPUHA MOCTa KpaHa MPUHUMAIOTCS 10 HOPMATHBHBIM JOKyMeHTaM; Gk - Bec
MIOJIKPAHOBBIX KOHCTPYKITHHA.

3HadeHUsI MOMEHTOB Ha yCTyI KojioHHBI [1P3 ompenenstor:

Mmax = Dmax €k; Mmin = Dmin €k,
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i€ €k - DKCIECHTPUCUTET MPUIOKCHHUS KPAHOBOI'O JaBIICHUS HA IOIKPAHOBYIO
gacTh KoyioHHBL: € ~ (0.45 - 0,55)b,, 31eck b, — BrIcOTA ceveHns monakpaHOBOM
YacTH KOJIOHHBI. [OpM30HTa/IbHAS CHJIA BBIYHCISACTCS TAKXKE C MOMOIIBIO JIMHUH
BIIASIHUS
T = (Te-p-Pe-2Yi,) krL,
rae Tk - TOpPH30OHTaIbHAs CHja Ha KOJECO KpaHa, BO3HMKAIOIAS IIpU
TOPMOKCHHHU TEICKKH KpaHa:

12.2.3 Onpenenenue ycuinii B 3jiementax I1P3

Onpenenenue ycunuit B [1P3 npousBoautcsa no HeaehopMUpOBaHHON cxeme,
T.€. TPEANOJAraercs, YTO IIOJ BO3JACWCTBMEM BHEIIHUX  BO3JCHCTBUU
FEOMETPUYECKAST CXEMa IIONEPEYHOM pambl HE NPETEPHEBAET CYLIECTBEHHBIX
M3MEHEHUU. J[pyrum, TakKe CYHIECTBEHHBIM YIPOIIEHUEM pacyera, SBISIETCA
paccmotpenue [1P3, kak minockoi cuctemsl. B peanbubix ycnoBusax [1P3 sBasercs
YacThI0  NIPOCTPAHCTBEHHOIO  Kapkaca  3[aHus, 4YTO  oOecre4yuBaeT
nepepacrpesieiecHie yCUiiui, OCOOCHHO MPU KPUTUYECKOM COCTOSHUU KaKOTO-
aub0  KOHCTPYKTMBHOIO  3JieMeHTa.  J[ns  ydera  IpOCTpaHCTBEHHBIX
B3aMMOJICMCTBUI AJIEMEHTOB KapKaca IpPU pacyeTe MONEpPEYHOM pambl BBOAUTCS
KO3(pPUIMEHT MPOCTPAHCTBEHHON  pabOThl, KOTOPBIM  ompeAenseTcs B
3aBHCUMOCTH OT KE€CTKOCTH KOJIOHH M JUCKA MOKPBITUS, CTENIEHH 3arpy>KEHHOCTH
COCEIHUX KOJIOHH M PAcCTOsTHUSI Mexay Humu. Hambonee CyliecTBEHHO BIUSHUE
IPOCTPAHCTBEHHON paboOThl Kapkaca 37aHuUs MposiBisieTcss npu pacuere [1P3 Ha
KpPaHOBBIE€ BO3JEHCTBHUS.

JIns craThuyeckoro pacyera paMbl JOCTATOYHO 3HATh TOJBKO COOTHOUIEHUE
MOMEHTOB HWHEPIIMU 3JIEMEHTOB paMbl (2 HE WX aOCOJIIOTHBIE 3HAYEHMs). DTH
COOTHOIIIEHUSI OOBIYHO MOXHO MPHHATH B npesenax (puc.12.1a)) I; /I, = 7 ...10,
L,/I; = 20 ...40.

MoMeHT uHEepIMU TOPU3OHTAIBHOTO y4acTKa (YCTyIa) KOJOHHBI TPUHUMAIOT
paBHBIM OE€CKOHEYHOCTH. B MHOTOIpPOJIETHBIX paMax CpeJHUE KOJOHHBI MOIIHEE
KpalHUX, OTHOIICHUS MOMEHTOB uHepuuu (puc. 12.1,0) HIKHEro ydacTka
CpEIHEW KOJIOHHBI I3 W BEPXHEroO €€ ydacTka [, K MOMEHTY MHepuuu [, ydacTka
KpaillHE KOJIOHHBI COCTaBJISIOT:

I3/, =10..30u I,/I, = 1,5...3 - npu OAMHAKOBOM IIIare HAPYXHBIX U
BHYTPEHHUX KOJIOHH;

I3/, =20..60ul,/I, =2,5...7 - npu mare BHYTPEHHHX KOJOHH BIBOEC
OOJIbIIIEM, YEM HAPYKHBIX.

JUis mony4yeHuss TOYHBIX 3Ha4YeHMH ycuwimii B 3nemeHtax [IP3 pacuer
CleayeT IPOM3BECTM HECKOJIbKO pa3. Ha mepBoMm »3rtame, wucCnons3ys
MPEIBAPUTEIbHBIE 3HAUYCHUSI JKECTKOCTHBIX XapaKTEPUCTUK, BBIYMCISIOTCA
YCWJIMSI, COCTaBIISIIOTCSl COUYETAaHUs YCUJIIUMU W MOAOUPAIOTCS CEUEHUs BEpXHEU U
HU>KHEW 4YacTel KOJIOHHBI M purens. Ha BTopom artare, ucnosb3ys )KECTKOCTHBIE
XapaKTepPUCTUKU  MOJOOpAaHHBIX  CEYEHUH, TMPOU3BOJAT, TNPEXKIE  BCEro,
KOPPEKTUPOBKY HECOBIIAJICHUS OCEH BEpPXHEW M HIKHEW YacTell KOJIOHHBI (€) U
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DKCIICHTPUCUTETA MPHUIOKECHHUS KPAHOBOTO HaBIICHUS (k). 3aTeM BBIYUCISIOTCS
YCWIHSI, COCTABIISIFOTCS COYETaHUS! YCWIMI M MOBTOPHO MOJOUPAOTCS CEYEHUS.
[Mukn pacuera MOBTOpPAETCS 0 MOJIy4YeHUs TpeOyeMol TOYHOCTH (KaK IpaBUIIO,
+5%)

Kak 0b110 ckazano Bbile, ycunus B [IP3 onpenenstoTcst oT Kaxa0i Harpy3Ku
OTACIBHO M TOJBKO I XapaKTEPHBIX CEYEHWH. TaKuMH CEUYECHUSIMH JUIS
MOJIKPAHOBOM 4YacTH KOJOHH sBJsitoTCs cedenus [-1 wm II-1I, a qs HagkpaHoBOM
vactu [1I-11T u IV-1V (cMm. puc.12.2).

B cootBercTBUM c [4] M ompeneneHUss pacUETHBIX YCHIHMHA OTIEIbHBIC
BO3/CHCTBUS Ul BBISIBICHUS KPUTHUECKUX CIy4aeB HArpyXeHHs, OObECIUHIIOT B
coueraHusd. [[nsg KaKaOro KpUTUYECKOIO Ciydas HArpy>KeHUs, pacyeTHbIE
3HAQYEHUS] YCWIHM CIEIyeT ONpeAeNsaTh, NPUMEHSS COYETAHUS BO3JCUCTBUM,
KOTOPBIE PACCMATPUBAIOTCS KAaK JNEUCTBYIOIINE ONHOBpeMEHHO. [Ipn 3TOM Kaxkmoe
COUETaHHE BKJIOYAET JOMHHHPYIOLIEE IMEPEMEHHOE BO3JEHCTBHE WM 0co00e
Bo3zzaercTteue. B 3.4.1 npuBeneHbl OCHOBHBIE BUAbI COUYETAHUWA BO3ACUCTBUM I
[1P3.

Menee OnaronpusiTHblE pacyeTHbIE YCHUJIUS M3 JBYX BBIPAXKEHUN COUYETAHMI
JUIsl XapakTepHbIx cedenuil [IP3 BriOupaeTcss nisi AalibHEHIIEro pacyera.
YucneHHble 3HAYEHUsI YaCTHBIX KOA(DPUIIMEHTOB COUYETaHUM ISl ONpeaeIeHUs
pacUETHBIX YCWIMH, YYUTHIBAIOIIMX MalIyl) BEPOSITHOCTh OJHOBPEMEHHOIO
JNEUCTBUS BO3JICUCTBUM, CIIEIyeT NPUHUMATh B COOTBETCTBUU C MPUIIOKEHUEM A
HIIL.1[4]:
— Kod(hpUIeHTHI 1t mocTosTHHOM Harpy3ku & = 0.85;
— K09 GUIMEHTBI JUIs MOJIe3HBIX HArpy30K Yo =0.7;
— K03 GUIMEHTBI U1 CHETOBOI Harpy3ku Yo =0.6;

— K03 PUIMEHTHI U1 BeTPOBOH Harpy3ku Yo =0.6.

Conepxkanue npaKkTHYeCKHUX 3aHATHI Mo pasgeny XI|I.

IpakTuyeckoe 3ansitue Nell u Nel2. Onpeoenenue nazpy3ok na
nonepeunyio pamy 30anus, paciemuan cxema. Onpeoenenue pacuemmvix
ycunuu

BreinonHseTcss KaXAbIM CTYJIEHTOM WHIWBHAYaJlbHO B COOTBETCTBHE C
3aIaHMEM Ha MPOCKTUPOBAHUE. 3HAKOMCTBO C HOPMATUBHBIMU JOKYMEHTAMH I10
OTPE/ICIICHUIO TIOCTOSIHHBIX, CHETOBBIX, BETPOBBIX M KPAHOBBIX Harpy3oK.
[ToaroToBka pacyeTHBIX CXE€M W 3aJaHui g pacdyeta Ha DBM. Omnpexnenenue
PACUYETHBIX YCUJIMI BBITOIHIETCS B COOTBETCTBUU C Pa3pabOTaHHBIMU TAOJIUIIAMH
Kadeapsl B COOTBETCTBHHM ¢ 12.2.
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Pasznen XI1l. JIEMEHTBI IOKPBITHUA

Tema 13.1. KoHCTPpYKUIMH NOKPBITHS

Kak yxe ormeuanoch B 11.2.1. B KOHCTPYKIUSIX HOKPBITUNA HauOOJbIlIEE
pacnpocTpaHEeHUE TOJYyYMIIM JBa KOHCTPYKTUBHBIX PEIICHMS: MPOTOHHOE - C
IPUMEHEHUEM TPOJIOIBHBIX MPOTOHOB U OECIPOrOHHOE — MPU UX OTCYTCTBHH. B
NIEPBOM CIIy4ae B y3Jiax (hepMbl yKJIaJbIBAIOTCS IPOTOHBI, HA KOTOPHIE Yallle BCETO
KpEMHTCS CTajdbHOW mpoduaupoBanHbii Hactun (puc. 11.4, a) wmm, penko,
MEJIKOpa3MEPHBIE KPOBEIbHBIE IUIUTHL. BO BTOPOM cilydyae — HEMOCPEACTBEHHO Ha
(bepMbl KIaayT KpYIMHOpa3MepHbIE IUIUThI WM MaHelu, COBMENAone GyHKIIH
NporoHoB u it (puc. 13.1).

[Ipy MpOroHHOM pELIEHUN KPOBJIM B KaU€CTBE HACTHUJIA IIMPOKO MPUMEHSIOT
OpoQUINPOBAaHHBIE  CTAJbHBIE MW AJIIOMUHUEBBIE JUCTH. KOHCTpYyKTHBHOE
pElICHHE CTaJbHbIX W QJIIOMUHUEBBIX HACTHIOB M KOHCTPYKLHS KpPOBEIb
npHBeJICHbI Ha puc.13.2, a), 6) u 8).
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Puc. 13.1. Cxema nporoHHOro U OECHPOrOHHOTO MOKPBITHUS

Haubonee pacnpocTpaHeHHbBIE TPEXCIOWHBIE MOKPHITUSL C PYJIOHHON KpPOBJIEH.
OcHOBaHHMEM  OTpaXJaromeld  KOHCTPYKIMH  SBISETCS  OLIMHKOBAHHBIM
npoUIMPOBaHHBIN HACTUI JIMHOM OT 3 110 12 M ¢ Tommmuon nucta 0,8-1,0 mm
(puc. 13.2, a, 6). HACTUJI YKJIaIbIBAIOT HAa IPOTOHbI, YCTAHABIMBAEMBIE C I1arom 3
M, M KpPEIsIT K HUM CaMOHape3aroIuMu 0oJaTaMu B Kakaou BojiHe (puc. 11.5, 2).
[To nyuMHE HACTUIIBI COeNMHSIOT 3akienkamu dyepe3 500 mm. Packianky HacTuia
HAYMHAIOT OT TOpLA 3/IaHUs C TOCIEAYIOUIEH YKIAJIKOW IO HEMY CJOEB
TIapPOU3OJISALINN, YTEIUIUTEISA U PYJIOHHOH KpoBiH (puc. 13.2,6).

B kaudecTBe mNapoM3ONSALMKU TMPUMEHSIOT PyOEpOM]I WM TOJUITUICHOBYIO
IUICHKY, a YTEIUIUTEIs] — MUHEPAJOBATHHIC IUIUTHI MOBBIIIEHHONW KECTKOCTH.
YTemnuTtens K CTalbHOMY MNPO(GUIMPOBAHHOMY HACTHIIYy JIyYllleé KPEIUTh
BUHTaMH, YTO TIO3BOJSIET MOBBICHUTH OTHECTOWKOCTh KOHCTPYKIIMM W CHHU3UTH
TPY103aTpaThl.
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Puc. 13.2 Merammueckie orpaxkIarline KOHCTPYKIMH TOKPBITUH: a, 0 —
CTaJIbHbIE U ANTIOMUHHEBBIE NPO(UIMPOBAHHBIC JHCTHI; B — KOHCTPYKLHUSA C
ITOCJIOMHOM COOpPKOM Ha KIJICI0 M BHHTAaX; I' — MOHOIAHENb; J — TPEXCIOWHAS
QIIOMUHUEBAsl TaHeNb, € — TpEexXClIOoWHas KapkacHas IMaHenp; | —
npo(UIMPOBAaHHBIN HACTWIT; 2 — BUHTOBOE COEAMHEHME; 3 — mapou3oisuus; 4 —
OUTYMHasi MacTUKa; 5 — pyJIOHHas KpoOBisl; 6 — rpaBUMHO-3aIUTHBIN CI0M; 7 —
YTEIUIUTENb; 8§ — KapKac MaHENu.

Tema 13.2. PacyeT CINIOIIHBIX M CKBO3HBIX MIPOrOHOB
ITpu mare ¢pepm B < 6 M NpUMEHSIOT CIUIOIIHBIE IPOrOHBI U3 MPOKATHBIX

IIBEJIJICPOB WM JIByTaBPOB, a IpH mmare Gepm 12 M — CKBO3HBIC ITPOTOHBI — B BUJIC
bepm.
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Cniiouwinsle npozoHsl, pacroaoKEeHHbBIE HA CKaTe KPOBJH, padOTArOT HA U3THO
B IBYX IiockocTsax. Ha puc. 13.3.a) mpuBeneHa cxema Harpy3ok, JeHCTBYIOIINX
Ha MPOTOH.

= ; Hﬂﬂ?;ﬁ::r::tii
grgsend My | 1 RN Y |

JE

a=18..22mm

T
a=r8.22mm

Puc. 13.3. K pacdeTy nporoHos
@) — cxema JIeHCTBHS Harpy3okK; 0) — pa3Bsizka MPOrOHOB B TUIOCKOCTH CKaTa
TSXKaMU; B) — K ONIPEACIICHUIO PACUETHBIX YCUIIUNA B IPOTOHE.

HopwmanbHast cocTaBmsitoas Harpy3Kku g, = ¢ COS ¢, JCHUCTBYET B TNIOCKOCTH
OoJIbIIIEH KECTKOCTH TPOrOHA W CKATHAs COCTAaBJISIONIAsA ¢, = q Sin@ — B JI0JIb
ckarta. XOTs 9Ta Harpy3ka HE BeJMKa, BCIEJCTBHE MAJOW YKECTKOCTH IMPOTOHA
OTHOCUTEJILHO OCH Y-y HaINpsOKEHUS OT Hee TMOoJydaroTcs Oonbimmu. Jlis
YMEHBIIIEHUSI M3THOAIOIIEr0 MOMEHTa OT CKaTHOW COCTaBJISIONIEH, IMPOTOHBI
PACKpEIUISIIOT TSDKaMU W3 KpyTJiod cranu guamerpoM 18 — 20 mm (puc.13.3, 6,
y3en A). B maHensx y KOHbKa TSDKM UAYT HAKIOHHO M KPEISTCS K CTPONMMIbHOU
dbepme WM K KOHbKOBOMY IPOTOHY BOJIM3H OIOP.

[Tpu mare ¢epm 6 M ycTaHABIMBAIOT OAWH TSDK, MPHU Iare 12 M Win KpyTOM
ckare Kposie — nydiie 2 Tsoka (puc. 13.3, 6). 3naueHus: n3rubaromumx MOMEHTOB
OT JCHCTBHS CKAaTHOW COCTaBISIONICH MpuBeaeHbl Ha puc. 13.3, ). Pacuer
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IIPOTOHOB  BBIMOJHSIOT B cooTBeTcTBUM 3.2.2. [IpOoYHOCTH TPOTOHOB s
XapaKTEePHBIX TOUYCK CEUCHHUS MPOBEPSIOT 1O hopMyJie

o =Ty + 2 < fray, (13.1)
yn
Ecnum Ha mokpeITHE NIEHCTBYeT CTaTHYECKas Harpyska, TOTa IMPOYHOCTH
IIPOTOHOB paspemraercsi TPOBEPATH € YYSTOM Pa3BUTHS  IJIACTHYCCKUX
nedopmaruii mo hopmyie
MyEgqd MyEa
o = B Wy + Cyj;yn < fyd]/c (132)

TJIE Cy U Cy - IpUHMMArOTCA 10 Tabu.E. lnpunoxenne E [5].

Ecam KpoBenbHBIM HACTUJ KPEMUTCS K IPOTOHAM JKECTKO U o0pasyer
IJIOTHOE TIOJOTHUINE (HAmpuMep, CTaJIbHOM MNpOGUIMPOBAHHBIA  HACTHIIL,
3aKpeIVICHHBIH K TIPOroHaM CcaMOHape3alolmuMu OoJTaMu, CTaJdbHOM JIUCT,
NPUBAPEHHBIM K TMporoHaM H T.I.), TO CKaTHas COCTaBjstomas Oyner
BOCIIPUHUMATLCA CaMHUM TMOJOTHUIEM KpoBiau. HeoOxoaumMocTh B  Tsbkax
OTHAJAET U MPOTOHBI MOKHO PACCUUTHIBATH TOJBKO HA PACUETHYIO HATPY3KY (..
Ha 3Ty e Harpy3ky, TOJBKO OT €€ XapaKTEPUCTUYECKOM COCTABJIAIOIICH,
npoBepstoT mporud. OOIIy0 YCTOWYNBOCTH TPOTOHOB HE MIPOBEPSIOT, TaK KaK OHA
obecrieyeHa KpOBEJIbHBIM HACTUIIOM.

L T

5555
e

7

170 4 110 495

Puc. 13.4. Kposist mo nporonam
@) — C OTIMPaHUEM MEIIKOPa3MEPHBIX KeIe300€TOHHBIX IUTUT K IPOTrOHAM;
0) - ¢ acOECTOLIEMEHTHBIMU U CTAIbHBIMU WJIM AJIFOMMHHUEBBIMU
BOJIHUCTBIMU JIUCTAMU; B) - CO CTaJIbHBIM JINCTOM.
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V31161 KperuieHus MPOrOHOB U HACTHUJIA MPUBEIEHbI Ha puc. 13.4.

CKe03Hble npo2onpl TIOKa3aHbl Ha puc.13.5. BepxHuil nosc 3TUX MPOroOHOB
BBIIIOJIHEH W3 IPOKATHBIX WM THYTBHIX IIBEJUIEPOB, PACHOJOXEHHBIX IOJIKAMU
HapyXy Ha paccTosHUU 80 MM, MEXAy KOTOPBIMH 3aBOJAT JIEMEHThI PELIETKU U3
THYTBIX IIBEJIJIEPOB U MPUBApUBAIOT UX K NosicaM Oe3 ¢acoHOK. Takoe pelieHue
IIPOTOHOB O0ECIEYMBAET MPOCTOTY M3TOTOBJICHUS U JOCTATOUYHYIO >KECKOCTh B
IJIOCKOCTH M M3 TUIOCKOCTH MporoHa. BepxHuil mosic paboTaeT Ha CKaThe C
U3ruOoM (B OJTHOM IJIOCKOCTH, €CIIM OTCYTCTBYET CKAaTHAsl COCTaBIIAIOIIAs, WIH B

JBYX IUIOCKOCTSIX), OCTaJIbHbIE 3JIEMEHThl PACCUUTHIBAIOTCS Ha MPOAOJIbHbBIC
yCHITHS

“'Fv.-_i;-;g.ﬁﬂﬂf i
]

Puc.13.5 CkBo3HBIE TPOTOHBI

a) — xoHctpykuus L[HUUIIpoekTcTanbKOHCTPYKIUS; 0) — KOHCTPYKIIHS
[HTHUUTIpom3nanuit
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13.2.1. BecnporoHHoe MOKpbITHE

Jlnst  GecnporoHHOro MOKPBITHS IIUPOKOE PACHPOCTPAHEHHUE IMOIYUYUIH
KPYIHOIIAHENIbHBIE JKENIe300€TOHHBIE TUIMTHI MOKPBITUH mmpuHoN 1.5 u 3 M u
nnuHor 6 u 12 m. 1x Beicota npu nposiere 6 M — 300 MM u nipu niposere 12 m —
450 mm. Mx HemocTaTtok — Gonbinoil cobcTtBenHbI Bec (o1 1,2 1o 2,4 1/M?), uTo
yTSDKENIeT KOHCTPYKUUU (hepM, KOJOHH U (DyHIaMEHTOB.

Ha puc. 13.2, npuBeeHBl KOHCTPYKIUM METaUNTMYECKUX IMaHENeu: o) —
MOHOIAHENIA; 0) — TPEXCIOWHOH AaTIOMHUHUEBON TMAHEIH; €) — TPEeXCIOHHOU
KapKacHOM MaHEeJH .

JIByxcioiiHbIe TTaHEeX (MOHOIIAHENH ) U3TOTABIMBAIOT B 3aBOJICKUX YCIOBUSIX C
3QJINBOYHOM  IEHOIUIACTOBOW  TEIUIOM3OJSALMEN — IEHONOJMYPETaH WU
(peHONBHBII MEHOMIACT MIOTHOCTEIO 45-80 Kr/M°. [UAPOU30IALMOHHBII KOBEp U3
TPEXCIOMHOro pydbepouaa Ui OJHOCIOWHON MOJMMEPHOHN IIIEHKHU (TUApOOyTHIL,
apmorusipooytui) (puc. 13.2, r). [lanenu u3rotraBauBaroT AJIUHON OT 3 10 12 M u
mpuHoit ot 0,74 no 0,845 m. TommuuHa yremnurens B npeaenax ot 30 7o 80 MM B
3aBUCUMOCTH OT KJIMMaTHYecKOro paioHa. K HecyluM KOHCTPYKLMSIM MaHEIu
KpeIsiT CaMOHAape3allMMH BUHTaMU. lIpuMeHeHHe OJHOCIOWHBIX KpOBENb
CHIKAeT TpyJo3arpaTrbl Ha CTpouIuiomanke B 3-4 pa3a 1O CpPaBHEHUIO C
MHOT'OCJIOMHBIMU.

Monomnanenu, o0nagas psioM MOJIOKHUTEIbHBIX KAYECTB UMEIOT CYIIIECTBEHHBIE
HEJOCTaTKU:

- HEJIOCTaTOYHAs! OTHECTOMKOCTH;

- HEJIOJITOBEYHOCTh PYJIOHHOM KPOBIIN;

- OoJibLLIAsE TPYIOEMKOCTD 33JI€JKU CTHIKOB B YCIIOBUSAX CTPOUIIIIOIIAIKH.

TpexcnoliHple MaHenu — BBINOJHAKOT U3 JABYX NPO(UIMPOBAHHBIX CTAJBHBIX
JUCTOB M CJIOS YTEIUIMTENs, PAacHOJO)KEHHOrO0 MEXJ1y HuMU. Bepxuuit
OOJIMIIOBOYHBIN JIUCT TONIIMHOW 1 MM C 3alIUTHBIM TMOJUMEPHBIM TOKPBITHEM
UMEET Pa3pEeKEHHYI0 MPOPUIUPOBKY, a HOKHUHI TonmuHoi 0,8 MM umeer Oosee
Mmenkui npoduns (puc. 13.2 0). Tonmuua yreruTens cocrasiser ot 60 mgo 80
MM. Takue maHenu ABIAIOTCS Ooyiee MHAYCTPUAIBHBIMH 1O CPABHEHHUIO C
PAacCCMOTPEHHBIMH, HO  CBsSI3aHbl € OOJIBIIMM  PacXoJIOM  CTajJbHOTO
PO UIUPOBAHHOTO JIUCTA.

Tpexcrnolinpie TaHeIH BBIMOJIHSIIOTCA B KAPKACHOM U OECKapKacCHOM BapUaHTaX.
KapkacHblii BapuaHT MO3BOJISIET MOBBICUTh JKECTKOCTh MaHENIEH U YBEIUYUTh UX
pa3mep 10 3x12 M. OONUIIOBKY B TaKMX MaHESAX KPEMIT K KapKacy 3akjenkamu
WM CaMOHApe3al0IMMU BUHTAMH, @ CAMH IAaHEJIH — K MPOTOHAM C MOMOIIBIO
caMOHape3arolMX BUHTOB 3a HUKHIOK 00NMIOBKY. Kapkac maHenei BBIOJIHSIOT
U3 THYTHIX npodumieii (mBemwieproro win Z npoduisi). B kadectBe 00JIMIIOBOK
MOTYT OBITh UCIIOJIb30BaHbl U AIFIOMUHUEBBIE TUIOCKUE JTUCTHI (puc. 13.2 e).

[Ipumep kapkaca naHenu npuBeacH Ha puc 13.6.

281



Fogmend_Apogire. & L=t _ Tt n00-
(R e e [ Hoonen | e &%

el J-4m

|

=300

Puc. 13.6. Korcrpykuusi nmaneian u3 THYThIX npoduiieit ¢ mpoduinpoBaHHBIM
HaCTUJIOM

[IpumeHeHne TpPeXCIONHBIX KapKacHbIX U OECKapKacHBIX IMaHEJIed CBA3aHO C
OOJIBIIMMH CIIOKHOCTSMU YCTPOMCTBA U 00ECIIEUCHHSI HaJIEAKHOCTH MECT CTHIKOB,
NPUMBIKAHUS TIOKPBITUS K IapareraM, KapHu3aM, €HAOBaM, a TaKke IpHu
IIPOMYCKE 4Yepe3 KPOBIO KOMMYyHHUKanuid. KpoMe 3TOro, B MOKpBITHSX TaKOTO
TUNIAa TPYAHO  O0ECHeYUTh  TEIUIOM3OISUUMOHHYI0  OJHOPOJHOCTh  H3-3a
00pa3yIoluXcsi «MOCTHUKOB XOJIOZa», a B OECKAapKacHBIX MaHENIsX — elle u
paccioeHus MoJ| BO3ICMCTBUEM HArpy30K.

Tema 13.3. PaGora u pacuer cTponuwibHOW ¢epMbl B CHCTEME
MOINepPeYHO pamMbl 31aHUS

ConpsikeHre CTpONUIbHBIX (epM ¢ KOJIOHHAMH MOKET OBITh IIAPHUPHBIM U
xecTkuM. [lpu  mapHupHOM omnupaHuun ¢epMbl  Ha  KOJOHHBI  (depma
PacCUYUTHIBACTCS KaK OTJENIbHAs CAMOCTOATENbHAS KOHCTPYKIIMS Ha BEPTUKAIbHbBIE
Harpy3ku (cMm paznen X). Ilpu xectkom compsikeHud ¢GepMbl ¢ KOJIOHHAMU
BO3HHMKAIOT paMHbIe MOMEHTHI (puc.13.7, a), KoTopbie BO3ICHCTBYIOT Ha (epMmy,
OHA CTAaHOBUTCS HArpy»XEHHOW HE TOJIbKO BEPTHKAJIBHBIMH HArpy3KamMu, HO U
napamM rOPU30HTaTbHBIX cul (puc.13.7, 6) .

)
N
=

1N AN ANZAN
111111 e

Puc. 13.7 k pacuety ¢epmMbl C y4€TOM paMHBIX MOMEHTOB

3HayeHUsT MaKCHUMaJlbHOTO MOMEHTAa JIEBOM OMNOpbl M1 ONpeAenstoT U3
TaOJMIIBl PACUYETHBIX YCUJIUN KOJOHHBI JJIS €€ BEPXHEro CEUeHUs, 3HAUYCHUE
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MOMEHTA TpaBOM OMOpbl M> HaJO ONPEASTUTh ISl TOH K€ caMOl KOMOWHAITUU
Harpy30K JuUid JIEBOM M COOTBETCTBEHHO IIPaBOM KOJIOHHBL. 3HA4YE€HUs
TOPU30HTAIBHBIX TIAP CHUJI, ICUCTBYIOIIUX B y3i1aX (pepMbl, ONpeAeistoT:

Hi =M1 Ih,, wn H» =M> Ih,, (cMm. puc. 13.7,6). OT 3TUX TOPU3OHTAIBHBIX CHJI
IOCTPOEHUEM OTAEJIbHOM AUarpaMMbl YCWIMHA ONPEACTAIOT YCHIIUS B CTEPKHAX
(bepMmbl.

Pacuetnbie ycunus nns mombopa cedeHUi 3JeMEHTOB (epMbl ONPENETSIOT
CIOKEHUEM YCWJIMH OT BEPTUKAIBHBIX M JOMOJHUTEIBHBIX TOPU30HTAIBHBIX
Harpy3ok (pamMHbIX MOMEHTOB). Eciu ycuinus B paccMaTpUBAaeMOM CTEP)KHE OT
paMHBIX MOMEHTOB W BEPTUKAJIBHOM HArpy3Kd OJIHOTO 3HaKa (CTEp)KEHb
JOTpy’Kaercs) yCWIngd CyMMUpPYIOTCS. Eciiu 3HaKu ycuius pa3Hble U YCUJIHE OT
ONOPHOTO MOMEHTA MEHBIIIE MO a0COJIOTHOW BEJIIMYMHE, TO 33 PACUETHOE YCHIINE
MPUHUMAIOT YCUJIME OT BEPTUKAIBHON Harpy3ku, TO €CTh pa3rpy3Ky CTEp>KHS HE
YUYHUTBIBAIOT, UCXOJIS M3 TOTO, YTO OMOPHOE KPEIUICHUS PUTEIsl MOXKET OCialbeTh,
yCWJIME€ OT MOMEHTa YMEHBIIUTCS WIH Jaxe OyAeT paBHO HyJto. Ecnu ycunus ot
OMOPHBIX MOMEHTOB OOJIbIIIE YCHJIHMS OT BEPTUKAJIBHOW HArpy3Ku, TO CTEPKEHb
JOJIKEH OBITh MPOBEPEH Ha alNre0panvecKyro CyMMY 3TUX YCUIIUH.

13.3.1. OnopHble y3iabl (hepm

KoHcTpykuust onmopHbIX y3710B (pepM MOXKET ObITh JOBOJIBHO pPa3HOOOpPa3HOM
U pelaeTcs B 3aBUCUMOCTH OT CIOC00a COMPSKEHUsS! pUressi ¢ KOJOHHOM(CBEpXY
Ha Or0JIOBOK KOJIOHHBI M cOOKy). Hanbosnee mmpoko pacrnpocTpaHeHO ONUpaHue
CTPONUJIbHBIX (hepM COOKY KOJOHHBI Ha OmopHbIA cronuk (puc. 13.8, a) Takoe
COMPSDKEHUE TIO3BOJISIET OCYIIECTBISATh KakK IIAPHUPHOE, TaK M KECTKOe
coeHEeHUEe PepMbl C KOJIOHHOM.

Hlapnupnoe conpsasicenue pepmol ¢ KoJ10OHHOI.

Cmanvuvie kononHvl. KOHCTPYKIMS OMOPHOTO y3ma  (epMbl Ha CTaNbHYIO
KOJIOHHY 4Yallleé BCEro pelraercs ¢ ONHMpaHUEM uepe3 OmopHoe pedpo,
npuBapeHHoro K ¢aconke (puc. 13.8, a). Onopnas peakuus Fp =A mnepenaercs ¢
OomopHOTro pebpa (Gepmbl Yepe3 CTpOraHHbIE MOBEPXHOCTH HA OIMOPHBIM CTOJIHK.
OnopHoe pebpo momkeH BbicTynaTh Ha 10-20 MM Hmke (acoHku, HO He OoJiee
1,5t, (t, — Tonmuua pedpa). TonmmHy pedpa OnpeaessitoT U3 YCIAOBHS CMSITHS

tp = Fr/(bpfp¥e) (13.3)

TA€ f, - PacyeTHOE 3HAYCHME NPOYHOCTH CTald HA CMATHE TOPIEBOH
MOBEPXHOCTH (IIPY HAJTMYMH [TPUTOHKH ), IPUHUMAETCS 110 Tadi. A.6 [5];

b, - mmpuna pebpa, npunnmaercs He menee 180 M.

p
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Puc.13.8. Y31l onupanus cTponiibHON (hepMbl Ha KOJIOHHY COOKY
@) — o0t BUIT; 0), 8) — BAPUAHTHI KPETUICHUSI BEPXHETO IMOsICa MPH KECTKOM
COTIPSKEHUU (DEPMBI C KOJIOHHOM.

JanpHeimmii pacdyer omopHoro y3ma ¢depmbl (puc. 13.8) 3aBucur ot
pacYeTHON CXeMbI CONPSKEHUS PEPMBI C KOJIOHHOM.

JlnuHa cBapHOro IIBa MPUBAPKU OMOPHOTO pedpa K (hacoHKe ompeaesieTcs
U3 KOHCTPYHMPOBaHHUS OMNOPHOTO y37a (epMbl MpU pacueTre CBapHBIX IIBOB
IPUBAPKK OMIOPHOTO packoca U HIKHEro nosica. KateT cBapHOTro 1miBa onpeessitor
U3 YCIIOBHUSI, YTO pacyeTHas JJIMHA YKa3aHHOT'O CBAapHOTrO IIBa JOJIKHA ObITh HE
6onee 856¢ks. C yuerom Tabn. 39[5] oxkOHYATENEHO NPMHUMAIOT Pa3MEp KaTeTa
IIBa.

OnopHBIA CTOJMK JENAKT M3 JIMCTA UIMPUHOW paBHOU b, = b, + 20 MM,
TOJIIMHON paBHOU t. = t, + 10 MM, 00br4HO He Oosee 30-40 mm. IIpu omopHoi

peakuun Fr< 200-250 x H — u3 yronka co cpe3anHoi noikoil. BeicoTy cronmka
pacCUuThIBAIOT Ha ycwiue paBHoe 2/3 Fp , BCIEACTBUE BO3MOXKHOM
HEPaBHOMEPHOCTHU Nepenayn onopHoil peakuuu. Kpensr ¢pepmy k KojgoHHE uepes
omopHoe pebpo Oontamu rpy0OoOi Waum HOpMabHOW ToyHOocTH M16 —-M20 ¢
OTBEPCTUSIMHU Ha 3 MM OOJIbIIIE TUaMeTpa OOJITOB.

Bepxuuu yzen gpepmobi. Ilpu mapHUpHOM CONPSDKEHUH (HEPMBI C KOJTOHHOM

paMHBIE MOMEHTBI PaBHBI HYJIO U COOTBETCTBEHHO TOpPH30HTaNbHBIC cuibl H=0
(puc.13.7 6)). @namen BepxXHEro ysma JAenarOT TOHKMM ( tg = 8 — 10 MM)

HEOONBIION JUTMHBI, paccTosHue Mexay Oontamu (Bug b-Bb puc.13.8 a))
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npuHUMaT Joctarodno OonbmuM (b= 160-200 mMm). Ilpu Takux pa3smepax OH
Oyner ruOkuMm, obecrnedyuT CBOOOAY TOPU3OHTAIBHBIX AePOpMalUil BEPXHETO
nosica npu u3rude Gepmsl OT IEUCTBHS BEPTUKAIBHBIX HAarpy30K, TO €CTb OyJeT
o0ecrieueHo MapHUPHOE CONpPsHKEHHE PepMbl C KOJIOHHOM.

VY3en conpspKeHHsl BEPXHETO Mosca MOXKET pelIaThes Mo THUITY y3Ja Ha puc.
13.8 6), HO Oe3 mpuBapKu (PAaCOHKHU K KPETEKHBIM deMeHTaM (yTOJIOK, JIUCT), TS
CBOOO/IBI TOPU3OHTANBHBIX JAehopmMalrii osica B (pacoHke o1 OONTHI BBHITTOIHSIIOT
OBaJIbHBIE OTBEPCTHUSI.

Kenezobemonnvie konounvi. Ha puc 13.8.1. mokaszaHbl y3/bl ONUpaHUS
dbepMbI Ha KeIe300€TOHHYIO KOJIOHHY CBEPXY.

OnopHsIii y3el npu MAapHUPHOM ONMPAHUU HA HUKEJIEKaIe KOHCTPYKIUU
(’xene300€TOHHBIE KOJIOHHBI, KUPIIUYHBIE CTEHBI U Jp.) COCTOUT U3 OIIOPHOTO y3Jia
C IUTUTOM, Yepe3 KOTopyio (pepma 3aaHkepuBaeTcs K onope. B KUpIUYHBIX cTeHaX
HOJT TUIUTOM YCTPauBaIOT KeJIe300€TOHHYIO OTYIIKY.

S dgdde
.20

Puc. 13.8. 1. OnopHsIii y3em Gpepmbl Ha OMOPY CBEPXY.
a) — ONMHMpaHUe HA YPOBHE HUKHETO M0sica; 0) — TO ke, BEPXHETO Mosica.
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[lnomans OMOPHOM TUIUTHI OMPENETSAeTCS W3 YCIOBUS CMSTHS MaTepuaia
OTIOpBI, a TOJIIMIUHY IUIUTHI OMPEACNISIIOT U3 YCJIOBUSL €€ padoThl Ha W3rUO MpHU
ONMpaHUU €€ Ha JIBa, TPU KaHTa, TaK XKe Kak U B 0a3ax koioHH (cM. 9.4.1 DYMK).

b, mpuBapuBarmue (GacoHKy H OMNOPHYIO CTOMKY K IUIHUTE,
pacCUMTHIBAIOT Ha OMNOPHYIO peaknuio. CaMu OMOpPHBIE Y3IIbI MPOEKTUPYIOT
aHAJOTUYHO OOBIYHBIM y3j1aM (DepMBL.

Kecmkoe conpasicenue ghepmol ¢ KONOHHOMU.

[Ipu xecTkoM compspkeHUH (QepMbl ¢ KOJIOHHOW, omupaHue (epmbl Ha
KOJIOHHY BBITIOJNIHSAIOT CcOOKy Ha cronmk (puc. 13.8 a), omopHoe pebpo
PacCUUTHIBAIOT, KaK U NP IMIAPHUPHOM COTPSIKEHUH.

CapHbie IIBHI NPUBApPKH OMOPHOr0 pedpa K ¢GacoOHKE PacCUUTHIBAOTCS Ha
OIOPHYIO peakinio Fg U TOpU3OHTAIBHYIO cuity H=M/N,, NPUIOKCHHYIO 110 OCH
HIDKHETO Tosica, rae hon, - BeicoTa depmbl Ha omope (puc.13.7 a)). OTHOCUTEIIBHO
CepeMHBI CBApHOTO MIBa criia H TpUiIokKeHa ¢ dKCIeHTpucuTeToM (cMm. puc 13.9),
T.. HA y3el JIeWCTBYIOT OMOpHas peakuus - Fr, ropusoHTanpHas cuwia - H u
y3JIOBOM MOMEHT -M=He, rae e - SKCUEHTPUCUTET PaBHBIM PACCTOSHUIO OT 1. T.
HIDKHETO T0sica 0 CepeIMHbI CBAPHOIO IIIBA.

\\ - T_
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Puc.13.9. K pacuery mBa npukpermeHus (aaHua K pacoHke

[IpoBepka TPOYHOCTM CBApHOrO IBa BBINOJHIETCS Ha JICHCTBUE
PABHOJICMCTBYIOIIUX HAIIPSIKECHUH,

ecid frfwr < Bzfwz - TO pacyeT BEIyT 10 METAJLLY B,

Ty = \/(TWF)Z + (TWH + TWM)Z < fwfyc’ (13.4)
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rnce Tyr = FR/(Z,Bf kflw) < fwfyc; Twu = H/(Zﬁf kflw) < fwfyc;

T = 6He /(2Bf kelyy?) < fusVe (13.5)

eciu Brfr > Bz fwz - TO pacyeT BEAyT 10 METAIUTY IPAHMIIbI CILIABJICHUS, T.€
B (DOpMyIIBI, BMECTO [3¢f, s TOACTaBIAEM f,f,,,; 3H€Ch K f- KaTeT mBa (OOBIMHO
KaTeTOM IIBa 3aJar0Tcs ¢ yaeToMm 1adm.39 [5].).

Bepxnuii ysen (puc.13.8, a)).
B y31e xpemieHus BepxHero mosica cuina H ctpeMuTthest oTopBaTh (uiaHerr ot

KOJIOHHBI M BbI3bIBaeT ero wm3ru0d (puc.13.8, a)) Bug 5-b)). bBontsl,
OpUKpeIusiione (iaHen K KOJOHHE, paboTaioT Ha pacTspkeHue. OOBIYHO TMpHU
pacuere 3aJar0TCsl KJIAaCCOM MPOYHOCTH OONTOB (MPUHUMAIOT - HE HIKE KII. 5.6) U
uX KojauuecTBOM N = 4, 6 u 8. (kak mpaBujo, MpuHUMAIOT N = 4). OnpenensoT
TpebyeMyto oML OTHOTO OoJTa 1o Gopmyie

Apn = H/(nfbtyc)’ (13.6)

rae fps — pacueTHoe 3HA4YeHHEe MPOYHOCTH Oonrta Ha pactsokenue. [lo
TpeOdyemMoil mionaau IpUHUMAIOT AUaMeTp 0oiTa Tak, 4TOObI €ro IUIoaab Obliia
Oonblie TpeOyeMol, eciin AuaMeTp 00ATOB OOJBIION, HAZIO MIPUHATH OOJITHI O0JIee
BBICOKOTO Kjlacca MPOYHOCTH M IMOBTOPHTH pacyeT. Jmamerp OOJTOB MPHHUMAIOT
00bruH0  d= (1 - 2)tmin, 31€Ch  tmin - TOMIIMHA 0OJIEE TOHKOTO M3 COCIUHAEMBIX
AJIIEMEHTOB.

bonTel B daniie HeoOXoauMO pacrmojiaraTh HA MUHMMAJIBHOM PAaCCTOSIHUU,
T.¢ b=Dmin, ¥ MO BepTUKaIK TaK, 4TOOBI IIEHTP TSKECTH OOJITOBOTO TIOJIS COBIIAIAT
C JJUHUEH AerCcTBHS criibl H.

Onanen; paboraer Ha u3rud. MomeHT Bo ¢iaHIle OmpeaessieTcsl, Kak B

3alIeMJICHHO! OaJike MPOJIeTOM D, paBHBIM PacCTOSIHUIO MEXTy OoJITaMu
Hb
My, = —. 13.7
bn 8 ( )
[IpupaBHSB ACHCTBYIONMH MOMEHT K HECYyIIeW CIocOOHOCTH uiaHia Ha
U3TUO, OTIPEICIIUM €ro TONIIUHY

2
Q_atq)

3Hb
= o fyaYe, momydnm ty =

4af ydyc.

3areM MO COPTAMEHTY Ha JIMCTOBYIO CTalb TPUHUMAaEM ty, 31eCh d —
BbicoTa ¢umanma (puc.13.8), mpuHMMaeTCs TOCIEe KOHCTPYHPOBAHUS y37a, a
MMEHHO TIOCJIe pacyeTa CBApHBIX IIBOB MPUBAPKH YTOJIKOB Tosica K (hacoHKE U
pasmerteHus 00aTOB 1O (uIaHILy.

Ecnu no kakum — 1100 mMpUYMHAM HE YJAeTCsl 3aKOHCTPYUPOBATh JAHHBIN
y3el, 4ToObl JUHUSA JeWcTBUS cuiibl H mpoxoauna depe3 LEHTPhl CBAPHOTO U
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OOJITOBOTO COEIMHEHUs, TO IIBbl U OONTHI paccuuThIBalOT Ha ycuwiue H u
JOTIOJIHUTENBHBIA MOMEHT, OT UMEIOIIET0 MECTO B COEAMHEHUH DKCLIEHTPUCUTETA .
Bo3MOXHBI Takke Ipyrue peleHus IpUKpPeIIeHus BEpXHEro nosca Gepmsl B
pamHbIX y3nax puc. 13.8. 0), g). B stux pemenusix TtpeOyercs BBINOJHEHUE
CBAPHBIX IIBOB Ha BBICOTE, YTO ABJISETCSA JOBOJIBHO TPYIOEMKOU OIEpalvei.

B BBICOKHX paMax C JIErKOM KPOBJIEN U TSKEJNBIMA KPAaHAMHU PAMHBIA MOMEHT
MOXKET OBITh JPYroro 3HaKa, 4YTO BBI3BIBAET IOSIBICHHE B HUXKHEM Yy3Jie
PacTIATrMBaOIIMX YCWINN, OTPHIBAIOLIUX €ro OT KOJIOHHBI. Tpedyercss mpoBepka
HWDKHETO y371a Ha PACTATUBAIOLIEE YCUINE U, B PAJIE CIy4ae, YCTAHOBKHU PacIOpOK
10 HIDKHEMY TOSICY ISl 00eClieYeHusl yCTOMYMBOCTH MOSACA U3 TUIOCKOCTU (DEpMBI.

Coaep:xanue npakTu4ecKux 3aHATui mo pasaeay X1

IIpakTnueckoe 3ansatue Nel3 Koncmpyupoeanue u pacuem onopuvix
Y3108 hepm

3anpoeKTUPOBaTh JKECTKUI y3€ll CONpsKEeHUs (PepMbl C KOJOHHOU COOKY.
(puc. XI1I.1) Beicota depmbr Ha onope pasHa 3050 mm. Pamubii Moment M, =

405 xH - M. Cramp C255 (f,q = 240MIla =24xH/cvm?, f, = 37,0kH/cM? npu
tommuHe 10-20mm). Tonmuna paconku 10 mm, . = 1.
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Puc. XI11.2. K pacuety y3na 1.

¥Y3ea 1. Koncrpykuus ysna npuBeneHa Ha puc. XII.2. Yronku BepxHero
nosica L 80x6.

288



Omnpenernsem ropu3oHTaNbHyt0 cuity H=M, /h,, =405/3,05=132,8xH, xoTopas
CTPEMHUTCS OTOpBaTh (hiraHelr] BepxHero nosica ot koiouusl (puc. XI11.1.)
[TpunuMaem GOATHI KJIacca MPOYHOCTH KI.5.6. ¢ f5,;=225 MIla = 22,5 kH/cm?,
(taba. I'.5[5], konmyecTBO 6ONTOB pUHUMaeM N =4,

Omnpenensator TpedyeMyro IUIOIAAL OJHOro 60JTa 1o hopmyIie:

Ay, = H/(fpeye) = 132,8/(4-22,5-1) = 1,48 cM?

[Ipuaumaem Gonrtel MI18,  A,, = 1,57 cm® (tabn. TI.9[5]). Bonrsl
pacrmoyiaraéM CHMMETPUYHO OTHOCHTEIIBHO OCEH y37a B COOTBETCTBHE C Tabi. 41
[5].

PaccuuthiBaeM CcBapHBbIC IIBBI MPUBAPKH YTOJKOB K (PACOHKE Ha YCUIIUE
H=132,8xH. B coorBerctBuu ¢ Tada. I'.1 u I'.2 [5], cBapKy BBIOJIHSIEM CBAPOYHOM
npoonokoii CB-08A,  fi,r = 180 MIla = 18 xkH/cM* u  f,, = 0,45 f), =
0,45+ 37,0 = 16,65kH/cm? (Tabm. 4 [5]). Br =09, B, =105 tabn. 40 [5].

Onpenenum Brfws = 0,9 - 18 = 16,237kH/cM?,
By fwz = 1,05 16,65 = 17,48kH/cMm?.
Tax xak fBffws < Bzfwz PACUET CBAPHBIX NIBOB BEJIEM 10 METAILTY ILBA.

OmnpenenuM JUIMHBI CBAPHBIX IIBOB, MPUHUMaeM kf =5MM (Tadu. 39 [5]).

o6 071328 _ _
= ———" +1=58+1= M
w 20905181 5.8 6,8cm,
0,3-132,8
L, = m+1:2,5+1:3,5 cM, mpuHuMaem L, =7cm.

[IpuHuMaeM JUIHMHY CBapHBIX MBOB 1Mo 0=0ymky III1 - 70MMm  u mepy
2 - 60mm.
B macmrabe 1:10 koHCcTpyupyem (pacoHKy y3jia B COOTBETCTBUU C pazMepaMu

BBIYHCIICHHBIX IIIBOB M PACIIOJIOKEHUEM OOJITOB, OmpesensieM pa3Mepsl (uiaHIa.
Bricota dnanna pasna 200 mm. He 3a0yzaem, uro 6onTel U QuiaHel] pacroyaraeM
CUMMETPUYHO II.T. TOSICHOTO yroika. OtBepctus moja 00atel Jo =19 MM (K.
tounoctu B), b= 100 mm.

dnanen padoraet Ha u3rud (cMm. puc. XI11.2).

Nb 132,810 3ND 3-132,8:10
quﬂ =—= = 166 kH- cmu, n ty = = |—— = 1,44cwm,
8 8 4afyqve 4-20-24-1

npuHuMaeM ty = 16 uwm;

Paccunraem mBbl ipuBapku (acoHKU K OnmopHOMY pebpy. Omnpeaenum KateT
mBa [113
132,8

ky = 2:0,9-9-(20-1)-18'1
[Mpunumaem k,, = 6mmM, (Tabda. 39 [5]).

=0,21 cm.
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¥Y3ea 2. Pacuem u koncmpyupoeanue y3na 2

Paccuurtath omopHoe pedOpo HUXKHEro y3na ¢epmMbl U CBapHbIE MIBBI €r0
npuBapke Kk (aconke. OnopHas peakiusi Fr = 760 xkH, ropusoHTanpHas cuia
H=M, Ih,, =405/3,05=132,8kH. Bricotra ¢acouku l; =450mMm ompenencHa wu3
KOHCTPYUpPOBAHUsI y3ja IO CBapHbIM IIBAM, PACCUMTAHHBIX HJs MNPUBAPKU
OTOPHOTO packoca u HwkHero nosica Ha ycwust N2 - Ni. Tommuna daconku 10
mMMm. Jlnmea omopHoro pebpa [, =450 + 15 = 465 mm. Koucrpykuus ysna

npuseneHa Ha puc. XII1.3.

/

<
<
0,5/

< 7 <>
bbb bedony
<7 <>
=450
0,5/

< 1,5t

Puc. XI11.3. K pacuety y3na 2.

[Ipunumaem mwupuHy onopHoro pedpa b, = 180 mm.

TonmuHy omopHoro pebpa ompenensem mo ¢opmyie (13.3) u3 ycnoBus
CMSATHS TIPHU HAJTMYUK TPUroHku (Tadm. A.6 [5].) Jus cramu C255 (f,, = 370MIla
=37xH/cm?, mpu tommuee npokara 10-20 mm, f, =361MIla =36,1xH/cm? (Tabm.
A.6[5]).

t,= Fr/(by" fp "¥e) =760/(18-36,1-1) = 1,17cm, npunnMaem
t, = 14 mm.
Tax xak  Brfir < Bzfwz PacyeT CBapHBIX HIBOB BEIEM II0 METALTy mIBa (CM.

pacuer y3na 1).
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IIpoBepka MNPOYHOCTH CBApHOrO IIBa BBINNOJHIETCA HAa  JIEMCTBUE
paBHOJEHCTBYIOIUX HampstkeHud (cm. 13.3.1 dopmyna (13.4)). Ilpunumaem
katet mBa ki =7 mwm (Tabma.39[5]).

Ty = \/(TWF)Z + (TWH + TWM)Z =

V13,72 + (2,45 + 2,05)2 = 14,4 < f,,y. = 18xH/cm?,

rae Typ =760/(2-09-0,7-(45—1)) = 13,7 < f,,r = 18xH/cM?;
7, =132,8/(2:0,9:0,7 - (45 — 1)) = 2,45 < 18xH/cm?;
Ty =6-132,8:6/(2:0,9:0,7 - 44%) = 2,05 < 18xH/cM?,

rae € =60 MM — 3KCUEHTPUCHUTET NPUIIOKEHUS ycunus H,
M =H-e = 132,8- 6=796,8 xH-cM — MOMEHT OTHOCHTEJILHO II.T. IIIBa;
ks = 7mm, (Tabm. 38, [8]);

[IpouHocTs mBa obecredyeHa.
OnopHbIi CTOMMK PUHUMAEM TOIIMIUHOM t,, = t, + 10 = 14 + 10 = 24 mm,

NPUHUMAEM t,,, = 25 MM.
OmnpenenuM BBICOTY OMOPHOTO CTOJIMKA M3 YCIOBUS pabOTHI CBAPHBIX IIBOB HA
cpes. [lpunumaem ky = 12mm, (Tabmn. 39, [5]).

Tak xak Brfus < Bzfwz PACUET CBAPHBIX MIBOB BEIEM 10 METAJLTY IIBA.

_ _ L3FR _ 1,3:660 _ _
T 2Brksfwrve T 2:0,91,2:181 +1=221+1=231cm,

NPUHAMAaeM BBICOTY cTonuKa .. = 240 MM.
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Pazgea X1IV. KOJIOHHBI KAPKACA
Tema 14.1. KoJIOHHBI 0JHO3TAKHBIX MPOU3BOACTBEHHbBIX

B kapkacax MNpOMBINUICHHBIX 3JaHUM MOTYT MPUMEHATHCS KOJOHHBI Tpex
TUIIOB: MOCTOSIHHOTO IO BBICOTE CEUEHHS, MEPEMEHHOTO TI0 BBICOTE CEUCHHUS —
CTyneH4aThle U pa3aenbHble (pucl4.l u 14.2).

KosonHbl mocToHHOTO 110 BbIcOTe ceueHus (puc. 14.1 @) 0OBIYHO MPOSKTUPYIOT
IpU KpaHax Ipy30MoabeMHOCThIO 10 15-20 T npu HeOonbIIoN BhICOTE 1Iexa (10 8-
10m). KoJIOHHBI TPOEKTUPYIOT CIUIOIIHOTO M CKBO3HOTO ceyeHui. bosbinoe
JIOCTOMHCTBO OCOOCHHO CIUIOIIHBIX KOJOHH HMX KOHCTPYKTHBHas MPOCTOTa U
HEOOJbITIas TPYJ0EMKOCTh U3TOTOBIICHUS.

Puc. 14.1 KosioHHBI NpOW3BOICTBEHHBIX 3JJaHUI
@) — TMIOCTOSTHHOTO TI0 BBICOTE CEUCHHUST; 0) CTyIeHYaTas ¢ pa3/IeIbHON KOJOHHOU
JUISl yCTAHOBKH JIONOJIHUTEIBHOTO KpaHa B IPOJIETe

Ilpu kpaHax OONbBIICH TIPy30MOABEMHOCTH BBITOJHEE IEPEXOAWTH Ha
CTyleHUYaThIle KOJOHHBI. Hamboubliee pacmpocTpaHeHUe MOJYUYHIN CTyIIeHYaThie
KOJIOHHBI CIUIOIIHOIO U CKBO3HOTO ceueHuit (puc. 14.2 a), 6-2)).

BepxHsist HaJKpaHOBas 4acTh KOJOHH OOBIYHO MPOCKTHPYETCS CHMMETPUYHOIO
CCUCHHSI B BHJIC COCTABHOTO CBApHOTO WJIM MPOKATHOTO JByTaBpa. [lOAKpaHOBYIO
94acTh KOJIOHH KPaWHUX PAOB 3/IaHUS Yallle BCETO MPUHUMAIOT HECUMMETPUUHOTO
ceUyeHHus, a cpeaHux — cumMmerpuyHoro (puc. 14.2, r). IloaxkpaHOBbIE BETBU
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HUKHEW 4acCTU KOJIOHH BCETJla MPOEKTUPYIOT U3 JBYTaBpa. 3/1€Ch MPEANOYTECHUE
ClIemyeT OTAaBaTh MPOKATHBIM MpoduiasiM. PasMepbl CEUeHHs CTYIMEHYAThIX
KOJIOHH, a TaK)K€ THUI Ce4YeHUs (CIUIONIHAS WM CKBO3HAs KOJIOHHBI) HA3HAYAIOT B
COOTBETCTBHH C PEKOMEHIALUSIMU, TPUBEICHHBIMU B paziene XI.

[Ipy peKOHCTPYKIMU I1eXa M MOCTAHOBKM HOBBIX KPaHOB WJIM IPH YCTaHOBKE
KpaHOB  OOJIBIION Tpy30MOJBEMHOCTH M WX HEBBICOKOM  PaCIHOJIOKEHUU
IPHUMEHSIOT pa3/Ie/IbHbIC KOJOHHBI (puc. 14.1 0)).

ﬂm: é)
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o+ q- N S
Puc. 14.2. CryneHuyarbie KOJOHHBI TPOU3BOJACTBEHHBIX 3IaHUMN

@) — CIUIOIIHOTO CEYEHHUs KpaWHero psaa; 0) — CKBO3HOIO; ) — C MPOXOI0M
cOOKY KOJIOHHBI; T') — C TIPOXOJIOM B CTEHKE KOJIOHHBI CPETHETO PAJIa .

Pa3nenbHbIe KOJIOHHBI  MPOEKTUPYIOT M3 MMPOKATHOT'O MJIM CBAPHOTO JIBYTaBpa,
CBA3AHHBIX C OCHOBHOW KOJIOHHOM Kapkaca  TIMOKMMHM COEIMHHUTEIbHBIMU
TOPU30HTATBHBIMU TTaHKaMH TommuHOou t = 10-12MMm. KomoHHBI paccUMTHIBAIOT
Ha [ICHTPAJIbHOE CKATHUE, KAK CTOUKY, HATPYKEHHYIO OCEBOM CUJIOW PABHOU CyMME
OTIOPHBIX PEAKIUN MOAKPAHOBHIX OAJIOK, C pACUETHOM JJIMHOMN B MJIOCKOCTH PaMbl
PaBHOM PaCCTOSIHUIO MEXKY IUIAHKaMHU, a U3 IUIOCKOCTH - BCEHN JUIMHE, C YYETOM €€
3aKperuieHusi ¢ (QyHaaMeHToM. PaccrosiHne MexIy IUIaHKamH I1e1eco00pa3Ho
HA3HA4YaTh U3 YCJIOBHUS PaBHOYCTOMYMBOCTU ITOW KOJIOHHBI B 00EHMX IUIOCKOCTSX
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Ax=)\y). Ecimm ocHOBHAs KOJJOHHA CKBO3HOT'O CEUCHMS IIJIAHKH JJIA IIPUKPCILICHUA
y.
paSI[eHBHOﬁ KOJIOHHBI pacriojiararoT K y3JjiaM KpCIUUICHHA PCIICTKH.

14.1.1. Onpenenenne pacyeTHOM ATUHBI KOJIOHH

KosioHHY MpOMBIIIIIEHHOTO 3JaHUS MOXXHO TMPEJICTaBUTh KaK CTEP)KEHb,
MOJIBEP>KEHHBIN CTYNEHYaTOMY  CXAaTHI0O C H3TMOOM, HMEIOIIMM >KECTKOe
3aleMJIeHNEe HIDKHETO KOHIIA U YIIPYTOe 3aKpEIUIeHHe OT MONePeYyHOro CMEeIEeHUs
U MOBOpOTa (MpU KECTKOM TMPUCOCAUHEHUH PUTEIsd) BEPXHETO KOHIA. PermmuTh
3a/1a4yy YCTOMYMBOCTH TaKOTO CTEP>KHS JOBOJBHO CIIOXHO, TIO3TOMY BBOJST Pl
JOMYIICHUI: WCaTU3UPYIOT YCIOBHS OMNUPAHUST BEPXHETO KOHILA CTEPIKHS,
3arpyKarT CuilaMd B y3JlaX M YCTylmaX, BBOJAT 3HAYCHHUS] OCPEIHEHHBIX
K03 PHUITHEHTOB.

B o01em cimydae pacueTHasl IJIMHA CTEPKHA ONpenesseTcs

lep = 1l

rie [ 3aBUCUT OT 3aKpPEIUICHUS KOHILIOB KOJIOHHBI, €€ THUIa, COOTHOLIEHUS
MOMEHTOB UHEPIIUU U HATPY3KH.

PaccmoTpum onpenieneHre pacyeTHOM JUIMHBI KOJIOHH B TiockocTu [1P3.

JInst cTyneH4YaThIX KOJIOHH JK€CTKUX B HUJKHEHW 4acTH U CPAaBHUTEIIBHO THOKHX B
BEpXHEH, YCIOBHUS 3aKpEIUICHUSI BEPXHETO KOHIIA HA YCTOMYMBOCTH KOJIOHHBI
BIUAIOT Majo. [loaToMy mnpaBwiaMu TPOECKTUPOBAHUSI MPEAYCMOTPEHBI YEThIPE
pacueTHbIe CXEMbI ONUpaHus BepXHero kKoHia. HmxHuil KOHel KOJIOHHBI BCEraa
cuuTaeTcs 3aiieMiaeHHbIM (puc. 14.3).

o

T
VTl

Puc. 14.3. K onpenenenuo pacueTHbIX JUIMH KOJIOHH

[ —

1. KoJIOHHBI _OAHOMPOJICTHBIX paM ¢ TIAPHWPHBIM _ONHWPAHUEM PUTEIs
(puc.14.3, a). llpenmnonaraercsi, 4To 00€ KOJIOHHBI HAXOMSITCS B OJMHAKOBBIX
YCJIOBUSIX W MOTYT OJHOBPEMEHHO TOTEPATHh yCTOWYUBOCTH (YIEPKUBAIOIIETO
BIIMSIHUSL BTOPOM KOJIOHHBI HET). CuuTaercs, 4To KOHey KOAOHHbL C80000eH Om
3aKpenieHull .

2. KoJIOHHBI OJIHONIPOJIETHBIX paM C 3aleMJIeHHbIM purens (puc.14.3, 6). O6e
KOJIOHHBI HaxOJATCS B OJAMHAKOBBIX YCJIOBHUSX U MOTYT OJHOBPEMEHHO IMOTEPSTh
yCTOMYMBOCTh, OJIHAKO B OTJIWYUE TIEPBOTO CiIy4yass IMOBOPOTa KOHIIOB HE
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npoucxoaut. CunuTaercs, YTO KOJIOHHA UMeem KOHelY, 3aKPenjeHHbulll MOJIbKO Om
HOB0POMA, HO C BO3MONCHOCMBIO €20 CB0O0OHO20 CMEUeHUsL.

3. KosionHbl nByX (M 00Jiee) MPOJETHBIX paM C IIAPHUPHBIM ONUPAHUEM
purenass (puc.14.3, 6). Cuuraercs, YTO MOMEHT TMOTEPU YCTOMUYHUBOCTU
paccMaTpuBaeMOM KOJIOHHBI CMEIIEHUsI €€ BEPXHEro KOHIa He MPOUCXOIUT (eCTh
TOJIBKO TIOBOPOT), TaK KaK OHA YJEP>KUBACTCS APYTUMH YCTONYMBBIMHU KOJIOHHAMHU.
[Tpu TaKkoil cxeMe Ko10HHA umeem HeNnoOBUNHCHBIL UAPHUPHO-ONEPMbLIL KOHEY.

4. Kononsbl jaBYX (W 0ojee) TPOJETHBIX paM C 3allleMJICHHBIM pUTeNIeM
(puc.14.3, 2). Ilpu Takoil cxemMe KOJIOHHA UMeem HeNnOOBUNCHLIU U 3AKPeNnIeHHbllU
om nogopoma KoHely.

KoaduureHt pacueTHol IIUHBI | JJIs OTACJIBHBIX YYaCTKOB CTYIEHYATHIX

KOJIOHH B IUIOCKOCTH paMbl OINPENENsIoT 1mo npwiokeHno K[5] wmm Ha ocHOBe
pPACUCTHON CXEMbI, YUYUTHIBAIONICH (DAKTHUYCCKHE YCIIOBHS 3aKPCIICHHS KOHIIOB
kosionH, ¢ yaerom 10.3.1 u 10.3.2[5] .

B oOmem ciydae, pacueTHas AJMHA OJHOCTYIEHYATOM KOJOHHBI B IJIOCKOCTH
ITP3 (puc. 14.3) nns HYbKHEH | BEpXHEH yacTei ompesaessercs mo Gopmysiam

Ief, x1 = “1'1; (141)
Ief, x2 = Holp. (14-2)

rae Kod(pQUIMEHT pacyeTHOW MJIMHBI |1 JJIS HHXKHErO Yyd4acTKa KOJIOHH
NPUHUMAIOT 10 TabmuiaM npuinoxenus K[5] :
— TIpU BEPXHEM KOHIIE KOJIOHH, CBOOOJHOM OT 3akperuieHuii (cxema 1), — 1o
taomuie K.1[5];
— TP 3aKPEIUICHUH BEPXHErO KOHIA OT MOBOPOTA, HO C BO3MOXHOCTBIO €r0
cBoboaHoro cmeienus (cxema 2)— mo tadnuie K.2[5];

— TIpU 3aKPEIUICHWM BEPXHEr0 KOHIA OT CMemleHUs (CXeMbl 3 U 4) — 10
bopmyie
W, = Hfz"‘”fl'(ﬁ_ )
R p
rne M m Hy1 — xodddurmenTsr pacdyeTHON IIMHBI HIDKHETO Y4YacTKa

KOJIOHHBI TIPY PacUeTHBIX 3HaueHUsX Harpy3ok F1, =0 u F2 = 0 cooTBeTCTBEHHO
(puc. 14.4); onpeaenstoT NMpU MIAPHUPHOM ONMHPAHUU BEPXHETO KOHIIA MO TaOJIuIIe
K.3, a npu 3aKkpericHuu oT moBopoTa — 1o Tabmwuime K.4[5]:

B tabmumax K.1 — K.4[5]

| | I
Y , [h
m

rae li, Iz, |1, |2 — MOMeHTBI HHEpLIMK CeUeHMI

Y JJTMHBI HIPKHETO M BEPXHEr0 Y4aCTKOB KOJIOHHBI COOTBETCTBEHHO (puc.14.4) .
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Ny _Rth ’

P=N, "R | .
371eCh F, — MaKCUMaJIbHOE YCHIINE,
nepe1aBacMoe Ha OTOJIOBOK KOJIOHHBI I, FrmDpa S
OT MOKPBITHUS
(KpOBJISL U CHET); ! 2y
F =D, — OIIOPHOE JaBIICHUE KPAHOB.
Puc.14.4. O6o3HaueHus h =

JJIs1 KOJIOHHBI

KoadhpummenT pacueTHOM IIUHBI 71 BEPXHETO Y4acTKa KOJOHH
omnpeaenseTcs no popmyie
Hp =ky /0g <3.

[Ipu ompenenenny 3HaYeHWH KOA(GOUIIMEHTOB L1 M 12 CICAYET MOMHHUTH, UTO
JUI OJHOTIPOJIETHBIX 3[aHUHM C KECTKUM COTPSIKECHHEM PUTENs C KOJOHHOW ee
BEPXHUH KOHEI[ 3aKpelyieH TOJBKO OT TOBOPOTA, T.€. BO3MOXKHO IJMHEHHOE
CMEIIICHNE BEpXa paMbl.

PacderHas juiMHA KOJIOHH W3 IJIOCKOCTH paMbl (B HaNpaBJICHWUU BAOJb 37aHUS)
MIPUHUMAECTCS. PABHOM PACCTOSAHUIO MEX]Y 3aKPEIUIEHHBIMA OT CMEIICHUS W3
MJIOCKOCTH TOYKaMU (OMOpaMHu KOJIOHH, TMOJKPAaHOBBIMHM Oallkamu, y3jaMu
KpeIUIeHUs] CBA3ed W pureneil u T.a.). Ilpu 3TOM JOMKHBI YUUTHIBATHCS
(dakTHUECKHE YCIOBUS 3aKPETUICHUS KOHIIOB KOJIOHH.

Pacuernas mymHa OTHOCTYIIEHYATHIX KOJOHH U3 tiockocty [1PL mns HukHero u
BEPXHETr0 YYaCTKOB KOJIOHHBI MOXKET OBITh OIpesieseHa no ¢hopmyiam

let, y1 = Byths (14.3)

Ief,y2 :Hy2(|2 —h.), (144)

rae W1 = 0,7 — ko3pduIueHT pacyeTHON JJIMHBI MPHU PEIICHHH 0a3bl KOJIOHH,
obecrieunBaroIIeH UX 3aleMIICHHE U3 TIJIOCKOCTH PaMbl;

ly1 = 1,0 — B OCTAIbHBIX CITy4YasiX;

Wy = 1,0 — xoahdunmeHT pacyeTHON JUTHMHBI JJIS BEpXHEH YacTH KOJIOHH;

hu.6 — BBICOTA MOJIKPAHOBO OaJIKH;

It 1 |2 — COOTBETCTBEHHO JUIMHA HUYKHETO M BEPXHETO YYaCTKOB CTYIEHYATOU
KOJIOHHBI.
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14.2. PacyeT U KOHCTPYHPOBAHHE BHEIIEHTPEHHO —C:KATHIX KOJIOHH
CILUIOIIHOTO CeYEeHUs
CruioniHele KOJOHHBI PEKOMEHAYETCS MPOCKTUPOBATh IMPHU BHICOTE CEUYCHUS

h <1000 MM. Tumbl cedyeHuil MOAKPAHOBON W HAIKPAHOBOM YaCTEH CTYIIEHYATHIX
KOJIOHH IIPUBEJICHBI Ha puc. 14.5.

9 a

bef

tr

Puc. 14.5. Turnsl ce4eHUN CIUIOIIHBIX KOJOHH:
a — HaJIKpaHOBOM YacTH; O, 8 — TOAKPAHOBOM YaCTH KOJIOHH KpalHHX PSJIOB

[TogGop ceueHHs] CIUIOIIHBIX KOJOHH HAYMWHAIOT C OPHEHTHUPOBOYHOTO
orpeeeHus: TpedyeMoi miomany ceueHus mo Gopmyie
o cienywlieit hopmyie:
N
A = 72 (1,25 +2,25), (14.5)

fyaYe
rae e = @,
NEq
h — BbICOTa CCUEHHUS KOJIOHHBI.

Jlasiee ¢ yueToM copTaMeHTa METajljla KOMIIOHYIOT CEYEHUE CTEPKHSA KOJIOHHBI.
CnenyeT MOMHHTb, YTO B COOTBETCTBUM C COPTAMEHTOM JIMCTOBas CTajb
MTOCTABJISICTCS CIEAYIOIEW TOMIMHBL OT 8 10 12 MM ¢ rpamamuen yepe3 1 mMm, ot
12 no 22 mm — 4vepe3 2 mMm u ganee 25, 28, 30, 32, 36, 40 mm. IIpu KOMIIOHOBKE
CeUYeHUs HEOOXOANUMO TaKkKe 00ECIIEYUTh MECTHYIO YCTOMUUBOCTh €r0 3JIEMEHTOB.

OOBIYHO TOJIIUHY CTEHKU MPU KOMIIOHOBKE CEUEHHUS OMPEACIISIIOT U3 YCIOBUS,

4TOOBI OTHOIIEHUE h,/t, ObUTO B mpenenax 60—120, mpu 3TOM MEHbBIINE 3HAYCHUS

npuHUMatoT 1pu Oonbiux N 1 Manbix M, Gosbine — B 00paTHbIX ciaydasx. CTeHKY
OOBIYHO BBIMOJHSIOT TOMMMHONW 8—16 mMM. OKOHYATENbHYIO MPOBEPKY MECTHOU
YCTOHYMBOCTU CTEHKH NMPOU3BOJAT MOCIIE O00pa CEYESHHUS.

Jlnst obGecriedeHusi yCTOWYUBOCTH KOJIOHHBI M3 TJIOCKOCTH JICWCTBHSI MOMEHTA
IIMpUHA TOJKHU (WIM IMHMpUHA OOJee HArpyKEHHOro IO0sica HECUMMETPUYHOIO
CeUeHUs) MpuHUMaeTcs B mpenenax b > (1/20...1/30) BBICOTHI KOJIOHHBI.

B KonOHHaX HECMMMETPUYHOIO ce4eHHs (MOJKpaHOBas 4acTh) A yA00CTBa
IPOEKTUPOBaHUs 0a3bl LIMPUHY BETBEH pallMOHAIBHO HA3HAYATh OJMHAKOBO.

OOBIYHO nJIs1 MPEABAPUTENIBHOIO MOAOOpa CEYEHMs TOJIIMHY IOJKA MOYKHO
OIIPEAEIUTh U3 BBIPAKECHUN

tf > bef/(o,Sle/fyd) Wi tf > bf/W/E/fyd )
rae 2o ~b;. (cm. puc. 14.5, a).
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Tomummny monokx o6pryHo mpuaMMaroT tr = 1040 mwm, mpudem tr > tw, u 1s
obecniedyeHus CBapUBaEMOCTHU HE00X01UMO cobmoieHne yCIIOBUS
te / tw < 3.

[Tocnme KOMIOHOBKHM CEYEHHsI KOJIOHHBI OINPEACNSAIOT €€ TEeOMETPUUYECKUe
XapaKTepUCTHKH. [IJiT KOJOHH HECUMMETPUYHOTO ceueHus (cM. puc. 14.5, 6, )
NPEABAPUTENBHO ONPENENAIOT MOJI0KEHUE LIEHTPA TSHKECTH, I1OCIIE YEr0 ONPEAEISIOT
MOMEHTBI MHepuH lx, ly 1 panuycs! nHepmn

iX:\/%; isz%. (14.6)

3nech A, Iy, ly — akTryeckas miomnaab ¥ MOMEHTHI HHEPIIMU CKOMIIOHOBAHHOTO
cedyeHHs KOJIOHHbI. CTepKeHb BHEIICHTPEHHO - CKaTOW KOJIOHHBI (MJTU €€ y4acTOK)
MPOBEPAIOT HA MPOYHOCTh U HA YCTOMYUBOCTH B 00EUX TUIOCKOCTSIX.

Ilposepka npounocmu.

[IpoYyHOCTH BHEHIEHTPEHHO CXKAThIX KOJIOHH, BBITIOJIHEHHBIX W3 CTalIH C
npeaenoMm tekydectu Ao 530 Mlla, He moaBepraromuxcs HENOCPEICTBEHHOMY
BO3JCHCTBHIO JUHAMU4Yeckor HarpyskH, npu T < 0,5fyg u N / (Afyg) > 0,1 crenqyer
MPOBEPSTH 1O hopMmyie

n
(M) + M <1, (14.7)
AnfyaYc CxWxnminfydYe
rae N u Cx mpuHuMaroTes mo tada. E.1 [5].
[TpoBepky NPOYHOCTH CJEAYET MPOU3BOAUTH TOJBKO JUIsI OYEHb MOIIHBIX WU
HEBBICOKUX KOJIOHH, CEUCHUSI KOTOPBIX OCIA0JICHBI.

PacueT Ha MpOYHOCTH BHEIICHTPEHHO CXKATHIX KOJOHH BBITIOHITH HE TpeOyeTcs,
€CIM 3HAaYeHWE TIPUBEACHHOTO OHKCIEHTpUCUTETa Mef < 20 W OTCYTCTBYIOT
OCITa0JICHUS] CEYCHHUS W TPU OJMHAKOBBIX 3HAYCHUSIX HM3THOAIOIINX MOMEHTOB,
NPHUHATHIX B pacueTax Ha YCTOMYUBOCTH M MPOYHOCTH [5], 1. 9.1.2.

Pacuem ycmoiiuugocmu KoJ10HHbL 8 RIAOCKOCMU 0EUCMEUA MOMEHMA.

[To reoMeTpUYECKIM XapaKTEPUCTUKAM KOJIOHHBI ONIPEIEISIOT €€ THOKOCTh Ax H

YCIOBHYIO TMOKOCTH A, , KOI(PQHIMEHTHI #, My, Mef, Qe ¥ IPOBEPSAIOT

YCTOWYMBOCTD CTEP)KHS B IUIOCKOCTH JedcTBHUs MomeHTta (cMm. 9.2.2 [5]) mo
dbopmyie

NEa
—<1 14.
PeAfyaVYe - ( 8)

37IECh (P, ONpeneyatoT o Tabdi. J[.3[5] mo HHTEepHOIAIUN B 3aBUCUMOCTH OT
A =/1X fyd/EI/I mele’]mx,
lef,x

rae A, = 371eCh lefx—, pacueTHas JJIMHA;

X
n — KodhduIMeHT BIUSHUS QOPMBI CeUeHHUs, ONpenestorT no tadnume /1.2

(mpunoxenue [1) [5];

CIICOAYCT IIOMHUTD, YTO IIPHU ONPCACICHUH OTHOCUTCIIBPHOT'O OKCIICHTPUCUTETA
e  Mpgq4A

m. = =
x Px NEdWc’

34€Ch W — 3T0O MOMEHT COIIPOTHUBJICHUS CCUCHM, BBIUMCJIICHHBIN JIIA HauoOoJiee
CXKaToro BOJIOKHaA.
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IIpoBepka YCTOMYHMBOCTH KOJIOHHbI M3 IJIOCKOCTH JeCTBUS MOMEHTA.
[IpoBepKky yCTOMYMBOCTM KOJIOHH CIUIONIHOTO IIOCTOSIHHOTO CEYEHHSs, KpOMe
KOpOOYaToro, U3 MIOCKOCTH JCHCTBUS MOMEHTA (OTHOCHTEILHO OCH Y) MpH U3ruode
UX B IUIOCKOCTH HauOoubie xectkoctu (lx > ly), coBmanaromei ¢ MmiocKoCTbo
cuMMeTpuH, mpom3BoAT (cm. 9.2.4 [5]) mo popmyne

NEq
——<1 14.
cpyAfyaYe - ( 9)

rae ¢ — K03QPUIHUEeHT, YIUTHIBAIONINKA BIMSHIHE MOMEHTa My Ed HAa yCTOHYHBOCTH
BHEI[CHTPEHHO CXKaTOrO0 CTEP)KHS, OTHOCHTEIBHO OCH Y (M3rHOHO-KpYTHIIbHAS
¢dopMa oTepu yCTOWIMBOCTH), onpenesitoT o 9.2.5 [5]:

—napu Mx <5
c=—P <
1+am,
rme o, B — Ko3hGUIUEHTHI; ONPELIIIOT 1Mo Tabnwuie 22[5];
m, — OTHOCHUTEJbHBIA JKCIICHTPUCHTET; m, :M'v% (MyEd IPHHHAMAIOT TIO
Ed c
9.2.6[3]);
— mpu My > 10
1
) 14+ P |

e @b — KO3(DPHUIMEHT YCTONYMBOCTH MPH M3ruoe; onpeneisor mo 8.4.2[5], u
npunoxenuto XK[5], kak mua Oankm ¢ AByMsI M OoJiee 3aKpEIUICHUSIMU
CKaToro Inosca;

—npu 5 <myx < 10
c=20Cs-(2-0,2my) + C10 - (0,2mx — 1),
rjae Cs — OompeAessroT o Gpopmysie mpu My =5, C10 — 1o dopmyrne mpu My = 10;
@y — K03 OUIMEHT YCTOWIMBOCTH TIPH IIEHTPATBHOM CXKATHH, OMPEIeIIsieMbIit
o ta6x. 1.1, [5] , B 3aBucHMOCTH OT A = Ay |fya /E u tuna ceuenus «by», rue

Ay = lety iy,
lef y — pacueTHas IIMHA KOJOHHBI U3 IUIOCKOCTH DAMBL.
Y
371ech HYXKHO TOMHHUTB, YTO MPU OMNPEACICHUU BEJIWYUHBI OTHOCHUTEIHHOIO

DKCLICHTPUCUTETA
UCIIOJIb3yEMOr0 I BBIYMCIEHUS KO3((PUUUEHTa ¢, 3a PACUYETHBIA MOMEHT
IIPUHUMAETCS:

— UI1  CTEp)KHEM €  KOHIAMHU,  3aKpEIUIEHHBIMH  OT  CMEIICHUs

MNCPICHIUKYJIAPHO INNIOCKOCTH ﬂCﬁCTBHﬂ MOMCHTA, — MaKCUMaJIbHbII MOMEHT B
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npeaciax cpeJ:[Heﬁ TPCTU NJIMHBI, HO HC MCHECC ITOJIOBHUHBI HanOOJIBIIIETO MOMEHTA
IO OAJIMHC CTCPIKHA,

— JIA CTGp)KHCfI C OJHHM 3allCMJICHHBIM, a APYI'UM CBO6OI[HI>IM KOHIIOM —
MOMCHT B 3a/ICJIKC, HO HC MCHEC MOMCHTA B CCYCHUH, OTCTOAIICM HA TPCTh AJIMHBI
CTCPIKHA OT 3aACJIKH.

ITpu rubkoctu Ay > 3,14 k03 PUIIMEHT C HE TOJDKEH MPEBBIIATh 3HAYCHUH Crmax,

omnpenenseMbix mo npuioxeruro J1.1[5]; eciau € > Cmax, B hopmyit (14.9) BmecTo C
MIPUHUMAIOT Cmax.
[Ipu oTHOIIEHNN MIUPUHBI ceueHus K ero Beicote menee 0,3 ¢ =0,3.

[locne BBIMTOJHEHHBIX TMPOBEPOK HA YCTOWYMBOCTH M MPOYHOCTH TIPH
HeoOxoauMocTy (TIpH HEeTOHATIPSHKEHUH KOJIOHHBI Oosiee yeM Ha S5 % Wi mpu ee
NepEHaIpPSKEHUN ) MPOU3BOJISIT KOPPEKTHUPOBKY CeYeHUs KOJIOHHBI
Y IOBTOPHO JI€JIal0T IPOBEPKHU.

14.2.1 Pacuer MeCTHOH YCTOWYHBOCTH MOJIKU U CTEHKH CEYeHUs KOJIOHHBI

Ycemoituueocmo nosacoé (10J10K) BHEICHTPECHHO-CKATBHIX KOJIOHH ¢ THOKOCTBIO
0,8<Ax(Ay)<4 CUYUTAIOT OOCCIICUYCHHOM, €CIM YyCIOBHAas THOKOCThL CBeca Iosica

— b f o o
(Tonkm) 2, =t;°f.4/yE‘” (cMm. pucyHok 14.5) He mpeBbIIaCT 3HAYEHUM MpeaeabHON
f

YCIIOBHOM TMOKOCTHM cBeca mosica Ay, ONpenesseMbIx Mo Gopmyiam TaOIuIbl
24[5].
Jnst  IBYTaBpOBBIX CeUeHM mnpu TUOKOCTH cTepxkHa 0,8< /Tx(/Ty) <4

TpejienbHas yCIoBHAs TUOKocTh A=Ay — 0,01(1,15 + 0,74, )m,, tae Awe —
npefenbHOe 3HAUCHHE YCIOBHOW TMOKOCTH CBeca Mosica LEHTPaJIbHO-CKATOTO
yneMenTa, onpenaensemoe no 7.3.8 u 7.3.9[5]. Jns AByTaBPOBOro cedeHus A,y =
0,36 + 0,11, (Ta61.10 popmya (36) [5]).

Mecmnasa ycmoituueocms CmeHKU BBITOJIHSIETCS B COOTBETCTBHU ¢ 9.4.2 u
9.4.3 [5]. MecrHass yCTOWYMBOCTH CTCHOK BHEIEHTPEHHO-CIKATBIX (CXKaTo-
M30THYTHIX) DJEMEHTOB OyleT oOeclieueHa, €ClIM YCIOBHAash THOKOCTh CTEHKHU

. =%\/% HE TMPEBBIINIAECT 3HAYEHUH MpEeAebHOM YCIOBHOW THOKOCTH Auw,
orpeeNsieMbIX 1o Gpopmysiam Tadauib 23 [5].

JInst iByTaBpoBBIX cedeHud mpu 1< Mx<10 u ceQy>@e npeneibHas ycIOBHAs
TUOKOCTh CTeHKH (cM. Ta0.23 dopmyssl (133) u (134)) paBHa

npu A, < 2 pasHa Ay,=1,3+0,1512, n

mpu A, > 2 paBHa A,,,=1,2+0,351,, HO He Gonee 3,1.

Ipu coy< @e u 1< a <2 mpemenbHas yCIOBHAS THOKOCTh Ay, OTNPEETSETCS IO
dopmyite (135) Tada. 23 [5].
CTEeHKHM BHEIEHTPEHHO-CKATHIX (CIKATO-U3rHOAEMBbIX) 3JIEMEHTOB CIUIONTHOTO
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cedeHnst (KOJIOHH, CTOEK, OIOP M T. IL) MPH Aw >2,3 YKPEIUISIOT MOIEPEYHBIMH
pebpamu xecTKOCTH ¢ maroM ot 2,5het 1o 3het, mmpuna pebep nomkHa OBITH HE

h h
Mmenee br > 3—36+40 — JUIsl TAPHBIX CUMMETPHYHBIX pedep, He MeHee by > 2—%+50 -

f
JUTsl OMHOCTOPOHHETO pedpa; TouHa pedpa 10KHA ObITh HE MeHee tr > 2b, 1/%’

Ecnu cTeHka okaxeTcsi HeyCTOMYMBOW, TO MOKHO YBEIUYHThH €€ TOJIIUHY, YTO
YKOHOMHYECKH HEBBITOJIHO, WJIM YKPENUTh MPOJOJIBHBIMH peOpaMu KECTKOCTH
(puc. 14.6, a). B sToM cnydae YacTH CTEHKH MEXKIy peOpoM U TMOSCOM
paccMaTpUBAIOT KaK CAMOCTOSITEIIbHBIC TUTACTHHKU U TTPOBEPSIOT MX YCTOMUYUBOCTh
0 yKa3aHHOW paHee MeTOoAuMKe. MOMEHT WHEpIMH pedpa OTHOCHUTEIHLHO OCH
CTEHKH JOJIKEH OBbITh

L) = 6hgsty,

[TpomonbHBIE peOpa BKIIFOYAOTCS B PACUETHOE CCUCHHUE KOJIOHHBI.

[TocTaHOBKa TIPOAOIBHBIX pedep 3aTPyAHSIECT U3TOTOBJICHUE KOJIOHHBI, IIOATOMY
UX CTaBAT PEIKO.

OOBIYHO HEYCTOWYMBYIO 4YacTh CTEHKHM IHMpUHON a (puc. 14.6, 6) cuurator
BBIKJTIOUMBIIIEHCS U3 paOOTHI M B pACYETHOE CEUEHUE CTEPKHS BBOIST JIUIID TTOJIKU
¥ TIPUMBIKAIONIME K HUM YYacCTKU CTCHKH JJIUHOW Nred / 2, TAC Ha pHCYHKE
yCTOMUYMBAs 4acTh CTEHKH Nreg = hg , ompenensiemas B coorBercTBuu ¢ 7.3.6 [5]).
3aTeM BBINOJIHACTCS MPOBEPKA 00IIeH YCTOMYNBOCTH KOJIOHHEI 10 opmysie (14.8)
C TIOJICTAHOBKOW BMeCTO A BeTWYHWHBI Ag, T. €. TUIOMIAJM CEUEHUS KOJOHHBI C
YCTOMYMBBIMU YYaCTKaMU CTEHKH. 3HaueHus: Ag ompeaenstoT no 1. 7.3.6 [5]. Bee
OCTaJIbHBIE XaPAaKTEPUCTUKH OTMPEACIISIOT KakK ISl BCETO CEUCHUSI.

a 4]

8

tw

@ —== ===

by

t %gred/Z a hred/2

Puc. 14.6. K non6opy ceueHus cTepKHs CIUIOUTHOW KOJIOHHBI:
a — CTEHKa yKpeIruieHa MpoA0JIbHBIMU pedpamMu KeCTKOCTH;
O — pacueTHOE CEeUCHUE KOJIOHHBI ITPU TOHKON (HEyCTOWYNBOM) CTECHKE

Tema 14.3. PacyeT U KOHCTPYHPOBaHME BHELIEHTPEHHO—CKATHIX KOJIOHH
CKBO3HOI0 CeYeHHus
14.3.1 KoMmnioHoBKa ceyeHHs KOJOHHBI M pacyeT BeTBei
CrepKeHb CKBO3HOM KOJIOHHBI COCTOUT M3 JABYX BETBEH, COCAMHCHHBIX MEXKIY
co0oii pemieTkoi. TUITBI cCEUeHUI CKBO3HBIX KOJIOHH MPUBEACHBI Ha puc. 14.7.
Jnst  xkpallHUX psAJIOB KOJOHH OOBIYHO MPOCKTUPYIOT KOJIOHHBI HECUM-
MeTpuyHoro ceyenus (puc. 14.7, a), a qyis cpeiHUX — cuMMeTpuyHoro (puc. 14.7,
0). CkBO3Has KoJIOHHa paboraeT kak (epmMa ¢ mapaieTbHBIMU TOsICAMU
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(BetBsimm). [losica BOCTIpHHUMAIOT IPOAOIBHYIO CHly NEd M U3THOAIOIIMIT MOMEHT
MeEyq, a penieTka — nonepeuHyo cuiyVed.

a % A
_ 1 e
R I I L
.[ T
Ax L
N N
R T2 o Hz
.[ T

Puc. 14.7. Tumsl cedeHUN CKBO3HBIX KOJIOHH:
@ — HECUMMETPUYHBIE; 6 — CHMMETPUYHBIC

Pacuernbie ycumuss Neq¢ u Med U4 mogOopa cedeHus: BETBEH KOJIOHHBI
ONPEIENSIOT U3 Ta0IuIbl KOMOMHAMN ycunid. [Ipyu ux onpeneneHnn UCXOAT U3
TOTO, YTO TIOJOXKUTENbHBII MOMEHT (+M) morpykaeT Hapy>KHYK BETBb, a
oTpuiareNbHblii (-M) — NoaKpaHOBYIO BeTBb (puc. 14.8).

B oOmem ciayuae pacyeTHble TMpPOAOJbHBIE YCHIIMA CXKATUS B BETBAX
onpenenstorcs 1o ¢popmysam (Mo aOCOMOTHON BETUIHHE)

Noy = |Nea 22| + |7222), (14.10)
y MEgq,
Ny, = |NEd,2h_(1) + %a

rie Ned:, Medr ¥ Ned2, Med2 -COOTBETCTBEHHO MPOJOJIBHBIC YCUIIUS U
MOMEHTHI (CO CBOMMHU 3HAKaMHM) JJIsI pacyeTa BETBEUW KOJOHHBI 1 U 2; y1 U y2 —
COOTBETCTBEHHO PACCTOSHUS OT ILIEHTPA TSIKECTU CEYCHHUsS KOJOHHBI JO0 IEHTpa
TSOKECTH COOTBETCTBYIOIIECH BETBH.
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Puc. 14.8. K pacuety ckBO3HOM KOJOHHBI

Tak kak 3apaHee IOJIOXKCHHE IICHTPA TSXKECTH CCUYCHHMS HEM3BECTHO, TO B
NIEpPBOM NPHOIFKEHUU MOXKHO npuHUMaTh y1 =0,45ho; y2=0,55ho , a ho= h.

OmnpenenuB OpUEHTUPOBOYHBIE YCHIIUS B BETBSAX, HAXOAAT TPEOyeMbIe TLIOMIAIH
BETBEH:

A _ Npq
b1 ™ (0,7-0,9 !
(o, 9 fyave
Npo
AbZ

—(07-09)fyave
rne fyg — pacyeTHoe 3HAYEHHWE Tpelena TEKYyYeCTH CTald, NMPUHUMAcMOe B
3aBHCHMOCTH OT MapKH cTajiu 1o 1abm. A.3-A.5 [5];
v. = 1,05 — koaddurment yciaoBus paOOTHI sl KOJOHH OJHO3TAKHBIX
MPOM3BOJICTBEHHBIX 3[IaHUI C MOCTOBBIMH KpaHaMH, IIPUHUMaeMbIii 110 Tad. b.1 [5].
ITo HalAEHHOM IUIOIIAI KOMIIOHYIOT CEUEHUsl BETBEW, IPUHUMAS UX IIUPUHY

1,1
b > (5 + 5) BBICOTBI KOJIOHHBI.

BeTBH KOJIOHHBI PabOTAOT Ha EHTPAILHOE CIKATHE, MOITOMY BCe TPeOOBAHUS
MECTHOM YCTOMYMBOCTH JJIi CTCHKM MW TIIOJIOK W YCIIOBHE CBapHBAEMOCTH
SJIEMEHTOB MPUHUMAIOTCS TaK K€, KaK M JJIS HEHTPAIbHO CXKATHIX KOJOHH (CM.
temy 9.1).
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[MogkpaHOBYIO BETBb PEKOMEHAYETCS IMPOCKTHPOBATh W3  IPOKATHBIX
OOBIKHOBEHHBIX HJIM IIMPOKOIIOJIOYHBIX JIBYTaBPOB, PEXKE — W3 CBapHBIX
coctaBHbIX (puc. 14.7 0), a HApyKHYH BETBb — W3 NPOKATHBIX WM THYTHIX
IIBEJUIEPOB WJIM COCTABHOTO CEUSHHMSI — M3 JIUCTA U YTOJIKOB (cM. puc. 14.8,

BeTBb 2). [llupuny BeTBell b mpuHHMaKOT OJTMHAKOBOA.

CKOMITOHOBAB CEUYCHUS BETBEH, ONPEACISIIOT UX (PaKTUYECKYIO IUIOmanb As1 U
A2, TIONOXEHHWE LEHTPA THKECTH HAPYXKHOM BETBU (PacCTOSIHUE Zo) W UCHTP
TSDKECTH BCETO CCUCHHSI, YTOUHSIOT PACCTOSIHUS Y1 | Y2 U onpenessitot ho = h — zo.

[To ¢popmynam (14.10) yTOUHSIOT pacyeTHbIC MPOJOIbHBIC YCHUIIUS B BETBSAX U
OIIPENIENIIOT TeOMETPHUYECKIE XapaKTEPUCTUKH CEUCHHsSI O0CMX BETBEH U BCETrO
ceueHus] B IeloM. Ha3HauyaloT TUN pEIIeTKH, a TaKKe, NPUHSAB Yroji MOIX0Aaa
packocoB K BeTBSAM o (Om3KuM K 45°), ONpeneNstoT pacCTOSTHUS MEKIY Y3JIaMH
pemetkd lsi 1 |2 (cMm. puc. 14.8). 3aTeM BBIMOJHSAIOT pacdyeT YCTOWYHMBOCTH
NOJAKPAaHOBOW W HApy>KHOW BETBEH KOJOHHBI B O0CHMX IUIOCKOCTSX, Kak
paboTaroIKX Ha IIeHTpalbHOE CxKaTHe, 1o Gopmynam (14.11) u (14.12).

PacuyeT BeTBeii B JI0CKOCTH KOJIOHHBI (PaMbl) OTHOCUTENILHO oceit 1-1 u 2-2
(cm. puc. 14.8)BeimonasroT mo Gopmynam (14.11)

Np1

S I (14.11)
P14p1fyaYe
Np2 S 1
<P2Ab2fyd]/c
e ¢ 4 ¢, — KO3DQUIHEHTH YCTOWYUBOCTH MPH I[EHTPAIBHOM CIKATHU

COOTBETCTBEHHO IMOJKPAHOBOM M HAPY>KHOW BETBEH OTHOCUTEIHHO COOCTBEHHBIX
oceit 1-1 u 2-2, onpenensembie mo tadu. /1 [5] B 3aBHCHMOCTH OT  YCJIOBHOM

“ F fya T fya .
ruOKocTH BeTBEH A; = Ay /% ud, =21, % Y THIIA CEUYEHMs KaKIOW BETBU
coriacHo T1a61.7 [5];

I o
M==L 1 A =22 — rHOKOCTH BETBEH |
h i
i1 ¥ i2 — paaMyChl MHEPIMHU CEUEHUS KaX0M BETBU COOTBETCTBEHHO oceit 1-1 u
2-2(cMm. puc. 14.8).

Pacuer BeTBeli U3 MJIOCKOCTH KOJOHHBI (PaMbl) OTHOCHTEIBHO OCH Y-y
(cMm. puc. 14.8)BpmonHs0T 10 hopmynam (14.12)

Npy
(pylAblfydyC

<1, (14.12)

N
b2 S
@y24p2fyaYe
e ¢y U ¢y — KOOQOUUNEHTHI yCTONYNBOCTU MPH LEHTPAIBHOM CXKATHU IS

KaXJIO BETBM OTHOCHTEIBHO OCH Y-y, ompenensembie mo Ttadm. J1 [5] B
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Tya . 7 . |fa.

3aBUCUMOCTH OT YCIIOBHOM 'MOKOCTH BETBEH Ay = Ay o M Ay = Ay [
THIIA CEYCHUS KaXJI0H BETBHU coriacHo tadi.7 [5];
ly1 lya . .
Ayy =— u A, =-=— —TrUOKOCTHU BETBEW OTHOCUTEILHO OCH Y-V ;
yl ly]_ yz ly]_
ly1 u ly2 — pacdeTHast IIMHA K10 BETBH U3 IJIOCKOCTH KOJIOHHBI, OIpeaeiseMas

o gopmye (14.3);

lys ¥ ly2 — paiilyChl MHEPITUH CEYCHUS KaXKIOM BETBU OTHOCUTEIILHO OCH  Y-Y.

Tak e 3HAYCHUS 1, P2, Y1, P2 - MOKHO OIPEIETATH B COOTBETCTBUH C
7.1.3 [5].

IIo BBIIOJHEHHBIM IIPOBEPKAM YCTOWYMBOCTH BETBEM KOJIOHHBI OLIEHUBAIOT
IPUHATOE CEYEHUE, IPU HEOOXOJUMOCTH KOPPEKTHPYS €ro IUIoWab, IPU 3TOM
CTpPEeMsCh, 4YTOObI 3HAUEHUS JEJIEHUS PACUETHBIX YCUJIUH Ha HECYIIYIO
CIOCOOHOCTH ObLTH Kak MOxHO Onmxke K 1,0 ( mpumepno 0,9-0,99).

Ecnu ycToiunBOCTh BETBEH KOJIOHHBI M3 IUIOCKOCTH HE oOecriedeHa (OOBIYHO
JUIsL BBICOKMX KOJIOHH) BJOJIb 3/IaHHSI MEXKIY KOJIOHHAMU B CHUCTEME CBA3EH B
MIOJKPAHOBOM YacTH YCTAHABJIMBAIOT PACIOPKU MO BETBSIM JUISI YMEHBIICHUS
pacUEeTHOM JUIMHBI U BBITIOJHSIOT HOBTOPHBIM PacueT HA YCTOMYUBOCTh BETBEH.

14.3.2 PacueT pemieTku CKBO3HOM KOJIOHHBI

JIns mpoBepKM yCTOWYHMBOCTHM CKBO3HOW KOJIOHHBI, KaK €IMHOTO CTEPKHSA B
IUIOCKOCTH pambl, HEOOXOAMMO MOA0OpaTh ceueHue peueTku. Pemierky oObIYHO
MPOEKTUPYIOT U3 YTOJIKOB, pacrojlaraéMbIX MO TpaHsSM BeTBEW KOJOHHBI. Pacuer
pemieTku BeayT B cooTBercTBuU ¢ 9.3.7 [5] Ha Gombrryro u3 dakruyeckonn Ved U
ycinoBHON Viic momepedHblx cuil. PakTUUYECKOE 3HAYEHUE IMOMEPEYHOM CHIIBI
MPUHUMAETCS U3 CTATUYECKOTO pacueTa pambl, a YCIOBHOE 3HAUEHUE OMPEIECISAIOT
o ¢opmyte 19 [5] mnm popmyie 9.12 pazaena IX DYMK.

PemeTky B KOJOHHaxX 4Yamle BCEro MPOEKTUPYIOT M3 OJMHOYHBIX YTOJIKOB.
VYeunus B packocax pemerku (puc. 14.8) BIUUCIAIOT MO BBIPAKEHUIO

N, = Zmex (14.13)

2sina
rae o — erJ’I Mencz[y BCTBAMU KOJIOHHBI U paCKocaMH.

Ycunusa B CTOMKax

Nep = 22 (14.14)

PacueT ceueHus packoCOB M CTOCK M3 OJMHOYHBIX YTOJKOB BBIMOJHSIOT Kak
IIEHTPAJIBHO CKATBIX ATeMEeHTOB ¢ yueroM 7.1.3 [5] wim 3.3.1 DYMK 1o dopmyite
NEq
PminAfyaVe —
rae Ned - pacyeTHOE YCHIIUE B PACKOCE MJIH CTOMKE;,

ly

l4,min

v.= 0,75, a 3HaueHne THOKOCTH OMPEACNSIOT IJIsl packoca iy = U CTOUKH

|
LCTzi a_  31echb lg u ler — pacuerHas IMHA PAcKOCOB M CTOCK, paBHas

CT,min
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PACCTOSIHUIO MEXJIY Y3JIaMHU PEIIETKU, & g min U lpmin — PAAUYChl MHEPLUU Ce-
YEHUS DJIEMEHTOB PEIIETKH OTHOCUTEIBHO OCH C MUHUMAJILHOM JKECTKOCTHIO;
Pmin ONpenenstor o 7.1.3[5] wis Thma ceuyeHus «cy.
[IpenenvHast ruOKOCTh I CTEpKHEH pemeTku kKojaoHHbl A, =210 — 60a.

14.3.3 PacueT ycTOMYHUBOCTH KOJIOHHBI KAK €IMHOT0 CTEPIKHS

_Pacder Ha yCTOWYMBOCTH KOJIOHHBI CKBO3HOTO CEUYCHHUS, KaK €IMHOTO CTCP)KHS B
TUTOCKOCTH JICHCTBUS MOMEHTA, BBIIOJHSIOT B cooTBeTcTBHH ¢ 9.3.2 [5] mo dhopmyite
(114) na o6e xomOuHaru ycmumid Med 1 Ned (Ha KOTOpBIE pacCUMTHIBAIM BETBH),
COOTBETCTBEHHO, 10 (hopMyJie

Ngq <
(peAf dec
IDI(S A=A+ A2 — mIomaab CCYCHUsS KOJIOHHBI,
¢ — KOB(b(bI/IHHeHT yCTOﬁqHBOCTH BHCIICHTPCHHO CXATOr'o JJICMCHTA,

npuHUMAaeMbli 1o Tabmn. J[.4 [S], , B 3aBUCUMOCTH OT apaMeTpoB AgpH My;

.= Sya 6 .
ef =Aef |, ~ — YCIOBHAs NPHBEJCHHAS THOKOCTD;
MEgqAa o
m, = ————— — OTHOCUTEJIbHBIA SKCIIECHTPUCHUTET;
NEgaly
@ — pacCTOsHHE OT LEHTPa THKECTH CEUYEHHUs 10 OCH HauboJiee CKaToW BETBU
KOJIOHHBI;
|x — MOMEHT MHEPIIMHU BCEro CeYeHUs! KOJIOHHBI OTHOCUTENBHO CBOOOHOM

OCH X-X;

Do = /xﬁ +a1£ — IIpHUBeJIeHHAs! THOKOCTB KOJIOHHBI (cM. Tab. 8 [5]);

l . I
Ay = l—" i, = If — THOKOCTh M pPaJWyC HWHEPIMHM BCETO CEUEHUS KOJOHHBI
X
OTHOCHUTEJILHO OcH X-X (cM. puc. 14.8);
| x — pacueTHas AJIMHA KOJIOHHBI,

Ad — cyMMapHast IIO0IIalb CEYCHHS IBYX PACKOCOB,;
|3
oy =10$ — k03 durrent (cm. tadi.8 [5].

B

Med 1 Neg — pacueTHbIe 3HaUCHUS U3THOAIOIIET0 MOMEHTA U MPOJOIBLHOMN CHJIHI,
COOTBETCTBEHHO JOTpyXkaromne HapyxHyto (M2 u N2) nin nogkpaHoBywo (M1 u
N1) BETBU KOJIOHHBI.

IIpoBepka yCTOMUUBOCTH CEYEHUSI CKBO3HOM KOJOHHBI KaK €IMHOTO CTEPHKHS U3
IJIOCKOCTH JCHCTBUS MOMEHTAa HE MPOBOJUTCS, IOCKOJIbKY OHa oOecreueHa
YCTOMUYMBOCTBIO OTJEIBHBIX BETBEH OTHOCUTEIIBHO OCH ).

st yBenuYeHUs CONPOTUBISEMOCTH CKBO3HOM KOJOHHBI CKPYUYHMBAHHUIO TIO
JUIMHE CTEpXKHA HE pexe ueM uepe3 4M JONOJHUTEIBHO YCTaHABIMBAIOT
muadparmMbl, IMOCPEACTBOM CBapKd MPUKPEIUIEMble K BETBSIM KOJOHHBI H
AJIEMEHTaM PELIETKH.
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Tema 14.4. KoHCTpYKUMS M pacyeT OCHOBHBIX Y3JI0B KOJIOHH
14.4.1. Y3abl conpsizkeHUs1 BepXHeil 1 HUKHel JyacTeil cTyleH4YaThIX
KOJIOHH

B cryneHuaThIX KOJIOHHax CONpPsDKEHHE BEpXHEH 4YacTH C  HIDKHEH
OCYIIECTBJISIETCSL TIOCPEICTBOM TPABEPChI, KOTOPYIO, KaK MPaBUIIO, MPOESKTUPYIOT
onHocTeH4YaTol. KOHCTpYKTHBHBIE pElIeHUS TaKUX COINPSIKEHUN MPUBEIEHBI Ha
puc. 14.9 .

OnHocTeHuaTast TpaBepca MOXKET ObITh BBIIIOJIHEHA C MOHTaKHBIM CO€TUHEHUEM
BEpXHEW YacTU KOJIOHHBI B ypoBHE ycryna (puc. 14.9, a) uim Bblie ycryna
(puc. 14.9, 6). Bo BTOpOoM ciy4ae JnemaroT Hpope3b B jAeTtand 1, KoTopas
YCTaHABIMBACTCA BHYTPHU TpaBepchl. ToNmuHY nerand | MNpOHMMAKOT paBHOU
TOJILIMHE MOJIKK BEPXHEr0 y4acTKa KOJOHHBI.

BricoTy TpaBepchl pekomeHmyercs npuHuMath hy, = (0,5-0,8) hy — mmpunbl
HIDKHEW YacTH KOJIOHHBI. BepTHkambHOE NIaBieHHE MOIKPAHOBBIX OaOK (Dmax)
nepeaeTcs Ha TPABEPCy CBEPXY Yepe3 FOPU30HTAIIbHYIO TUIUTY TOJIILUHOM
tin = 25-30 mMMm. HwkHuil nosic TpaBepchl CKBO3HOM KOJIOHHBI, a TaKxke
TOPU30HTAJIbHBIE pedpa CIUIOMIHON KOJOHHBI OOBIYHO BBITIONHSIOT TOJIIUHON t =
10-14 mm.

TonmuHy TpaBepchl Ha3HAYAIOT U3 YCIOBUS €€ padOThl HA CMSTHE OT JACUCTBUS
crtbl Dimax Mo hopmyie

D
T 14.1
tTp - leffpyc, ( 5)

rae kg =b, +2t,, —pacueTHas JUIMHA CMMHAEMOI'0 y4acTKa TPaBepChl;
b, — IIMpPHHA ONMOPHOTrO pebpa NOAKPAHOBOM OAJIKH;

fp  — DacueTHOE CIPOTUBIECHUE CMATUIO (IPU HAIUYMH ITIPUTOHKH),
npuHEMaeMoe 1o Tada. A.6 [5];
Y =1 — KO3 PUIMEHT ycaoBuil paboThlI.
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Puc. 14.9. Y3nslI conpsixeHnii BEPXHEN U HUKHEN YaCTEl KOJIOHH:
@) — CKBO3HBIX; 0) — CILIOLTHBIX; 8) — paCUETHAsI CXeMa TPaBEPCHI

TpaBepcy cKBO3HOW KOJOHHBI PACCUUTHIBAIOT KaK OJHONPOJIETHYIO OajlKy ¢
nposietoM, paBHbIM hy (puc. 14.9, 6)). UToOBI yHpOCTHTH PacyeT HECKOJBKO B
3amac MPOYHOCTH, JONYCTUMO CYHUTaTh, YTO YCWIMS IOJHOCTBIO IEPEIAIOTCS
TOJIBKO Y€pe3 MOJIKM BEPXHEW YaCTH KOJIOHHBL. Y CHIIUE B MOJIKE OT IIPOAOJIBHOMN

CHJIBI © MOMEHTA, JICHCTBYIOIIMX B MECTE COMPSDKEHUS Ha TPaBEpCy, OMPEACIISIOT
2 h
rie Nz — pacdyeTHbIC 3HaUYCHHS MTPOJAOIBLHON CHIIBI U M3 - H3rubarommero MOMEHTa,
JOTPY>KAIOIIETo JAaHHYIO MOJIKY, B MECTE CONMPSIKEHUST BEPXHETO yUacTKa KOJIOHBI C
MOJIKPAHOBOM 4acThio, (B KypcoBoM MpoekTe N3 u Mz — 3T0 3HaueHUs1 pacueTHBIX
ycunuil B ceuennu 3-3 [1P3);
h, — BBICOTA CEUEHHUS BEpXHEH YaCTU KOJOHHBHI.

TpaBepcy npoBepsitoT Ha U3rud U cpe3 o hopmyiam

M

Wp S fydyc; (14.16)
p

Ve

o< £y, (14.17)
Tpltp
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Ny

31ech M, = , (h, —h,) — u3rubarommii MOMEHT B TpaBepce;
v, =" 4 05D :
=, ,5D 0 — MAKCUMaJIbHAS TIOTIEPEYHAS CHUJIa;
H

W,, — MHHAMAJIbHbI MOMCHT COLPOTUBIICHHUS TPABEPCHL.
Caapuble mBbl W1, paccuuThHIBAIOT Ha YCWIHE B TOJKE N, . MakCHMaIbHYIO
pacueTHYIO JUTHHY CBapHOTO IIBA IPUHUMAIOT He Oonee |y =85B¢ ;)Ks .

Kpemnnenue tpaBepchl K cTeHKEe BETBH KOJOHHBI (110B W4) paccuuThIBalOT Ha
CYMMapHYIO peakLuio

Nyhg
NW4- == h, + O,SDmax,

a mBbl W2 mpuBapku IOMOJHUTEIHLHOTO pedpa ¢ MPOTHUBOIOJIONKHOW CTOPOHBI
CTEHKHU JIByTaBpa pacCUMTHIBAIOT Ha ycuiue paBHOE 0,5D,,

Kpermienne tpaBepchl K MOJAKPAHOBON BETBU KOJOHHBI MOXKET OCYIIECTBIISCTCS
yepes Mpope3b B CTeHKE AByTaBpa (cM. puc. 14.9, 6, ceue-nue 2—2), Torna cBapHbie
IIBBI (MX YETHIPE) PACCUUTHIBAIOTCS HA MOJHYI0 CYMMapHYIO PEaKIIUIO

Nl'[ hB
Ny, = A + Dinax
H

Ha 2Ty ke crty Nw CTeHKy JByTaBpa MPOBEPSIOT Ha cpe3 1o popmyiie

< fs¥eor

=g
yyika’y
t, — TOJIIMHA CTEHKH BETBU KOJIOHHBI.

[lpu 1, > f;¥, TPOYHOCTH CTEHKH HE oOecrieyeHa, B 9TOM CIy4yae CTEHKY
BBIPE3alOT B 30HE TPABEPCHl U B 3aMEH JIENAIOT 00Jiee TOJCTYI0 BCTaBKY U3 JIHCTA.
Cpapubie mBbl W3 mnpuHUMarOT TakuMH ke, kKak mBbel W4. BepTukanbHyio
HAKJIQJIKy ¥ CBApHBIC IIBHI IO OJJHY CTOPOHY CThiKa W5 0OBIYHO pacCUYMTHIBAIOT HA
HECYIIYI0 COCOOHOCTh MONKU Ny = AffyqY., TAE Af — IUIOIWAAb NOJIKM BEPXHEH
YaCTH KOJIOHHBI.

B cnuomHBIX KOJIOHHAX Ha D, W3 YCJIOBHUS CMSTHUS TaKXe OINPEACNISIOT
TOJIIIIMHY TPaBEPCHI tnpy U HAXOAAT pa3mepsl cBapHbIX BoB W1 (cMm. puc. 14.9, 6).
Ecnu TonuuHa TpaBepchl OKas3anach TOJIIE CTEHKHU CIUIOIIHOW KOJIOHHBI, TOT/Ia B
BEpXY KOJIOHHBI B 30HE TPaBEPCHI JICJIAIOT BCTABKY U3 JIUCTA TOJIIUHONW PABHOU 1y
¥ BbicoTOM h > h,y, +100MM. OcTanbHbIe pa3Mephl MIBOB OMPEICIIIIOT TaK JKe, KakK
U JJIsl CKBO3HBIX KOJIOHH.

14.4.2 TloakpaHOBbIE KOHCOJH KOJOHH MOCTOSIHHOI'O 10 BBICOTE

ceuyeHus

Ha puc. 14.10 npuBeneHbl KOHCTPYKIIMM KOHCOJEW, Ha KOTOpbIE
YCTAaHABJIMBAIOT IIOJKPAHOBBIC Oajdku. B KOJOHHAX CIUIONMIHOTO II0 BBICOTE
CEUCHMSI  TPOEKTUPYIOT OJIHOCTEHYAThIE KOHCOJIM JIByTaBPOBOTO CEUCHUS, B

CKBO3HBIX — KOHCOJIb BBITIOJHSIOT M3 JIBYX IIBEJUICPOB, MPUBAPCHHBIX Y BETBSIM
(puc.14.10, 6).
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Puc. 14.10 TlonkpaHoBbIE KOHCOJU
a— CIUIOIIHOM KOJIOHHBI, O, — CKBO3HOH KOJIOHHBI

Koncomu crutomHoro ceuenuss u mBbl (puc. 14.10,a) paccUMTHIBAIOT Ha
uzrubaromuii MomMeHT Me¢=De  u cpe3 mnomnepeuyHoil cuioi pasHoil D.
HampsokeHust mpoBepsIOT Yy OCHOBaHUSI KOHCOJM M B IIBaX €€ KpervleHus,
npeanoiaras, 4ro M3ruOaIMii MOMEHT (Mapa Cujl) BOCIPUHUMAETCS TOJIBKO
nosicamu, a nomnepednas cuiia Veg =D BocnpuHuMaeTcs CTEHKOM.

KoHconmn W3 mBEUIEpOB B CKBO3HBIX KOJIOHHAaX TaKXe IPOBEPSIOTCS Ha
nerictBue MomMeHTa Mgs=De u mnonepeunoi cunbl Veg=D. VYcunus B miBax
HaXOJsT IO MpaBUJIy pblyara: sl IIBOB HA BHYTPEHHEH BETBU U Ui LIBOB
Hapy>KHOW BETBU OHU OYIyT COOTBETCTBEHHO cienytoumu (puc. 14.10, 6)

N=D(h+e)/h u N'=De/h.

JIisl KOJOHH CpPEIHHMX PSAIOB MHOTONPOJIETHBIX 3aanui (puc. 14.10, a)
KOHCOJIM PAcCUMTHIBAIOT HAa HAMOOJBUIYIO PEAKLUHIO OT MOAKPAHOBOW Oalku ¢
KpaHaMu 0oJIbIIEH TPy30M0AbEMHOCTH.

14.4.3 KoncTpykuus U pacuyer 6023 BHEHEHTPEHHO - CKATHIX KOJOHH

baza sBnsieTcss BecbMa OTBETCTBEHHOW W B TO JKE€ BpEMsl CIOKHOU U
TPYJAOEMKON  4YacThlO KOJIOHHBI. PemieHue 0a3bl 3aBUCUT OT THIIA CEUYEHUS,
MOIIIHOCTH KOJIOHHBI M croco0a yctaHoBKU. KoHcTpykimu 0a3 mpuBEIEHBI s
CKBO3HBIX KOJIOHH Ha puc. 14.11 u 14.12 u cromnbix — Ha puc.14.13 u 14.14.

CymiecTByeT Tp OCHOBHBIX CIIOC00a YCTaHOBKH KOJIOHH:

1) Ha crampHBIC MOAKIANKH TonmuHOW 40-60 MM Mexay mIMTod 0asbl U

GbyHIaMEHTOM C TIOCJICTYIOIIEH 3aTMBKON 3a30pa IIEMEHTHBIM PAaCTBOPOM;

2) Ha BBIBEPCHHYIO MIOBEPXHOCTh PyHIAaMEHTa 0€3 OCIeIyFOIIEeH IO ITUBKY;
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3) Ha 3apaHee YCTaHOBJICHHBIC W BHIBEPCHHBIE OIIOPHBIE TUIUTHI 0a3bI KOJIOHHBI
(Oe3BBIBEpOYHBIN METOJ MOHTaXA).

[lepBblii cmoco0 BechMa TPYAOEMOK, TpeOyeTcssi BbIBEpKa KOJOHH Ha
NOAKJIAAKaX, MOAJMBKa W T. 1. BTopol cmoco® Tak e CJIOXKEeH u3—3a
TPYJAOEMKOCTH BBINIOJHEHUSI TOYHOM moBepXxHOCTU (yHaamenTta. [losTomy B
HACTOSIIEE BpeMS ISl TSHKEIBIX KOJOHH IPUMEHSIIOT O€3BBIBEPOYHBIM METO
mMoHTaxa (puc.14.10.1).

CylIIHOCTh ATOTO METOJAa 3aKJIFYaeTCs B TOM, UYTO Ha (yHIAMEHT C BBICOKOM
TOYHOCTBIO TIPH TTOMOIIM YCTAHOBOYHBIX OOJTOB WIIM CIIEIIHATBHBIX KOHIYKTOPOB
yCTaHABJIMBAIOT OMOPHBIC IUIUTHI (IO PHCKaM Ha HUX) ¢ BepXHEH (ppe3epoBaHHOU
MMOBEPXHOCTHIO. [10J1 TWIMTHI MOJIMBAIOT LEMEHTHBIA PacTBOp. BETBU KOJOHHBI
TaKK€  BBIMOJHSAIOTCSA C (ppe3epOBaHHBIMH TOpIaMH. Ha MOHTa)xe KOJIOHHY
YCTaHABJIMBAIOT MO OCEBBIM PHUCKAM Ha OMOPHYIO IUIMTY, YTO OOECIEUMBAET €€
MPOEKTHOE MOJIOKEHUE 03 NOMOTHUTEIbHOM BbhIBEpKHU. [locie 3Toro ankepHbIMU
O0oNTaMM TJIOTHO MPUTITUBAIOT KOJIOHHY K ¢yHAaMeHTy. [Ipu Hanmuuuu Goabimx
CIBUTAIOIINX YCWJINHI KOJIOHHY IMPUBAPUBAIOT K ONMOPHOM IUIUTE MOCJE YCTAHOBKH.

?f’ fﬁfr—‘_r**“f‘l"?‘
3

Puc. 14.10.1. OnopHsle ILTMTBI 623 TS KOJIOHH C (bpe3epoBaHHBIM TOPIIOM.

[Io cBoeit KOHCTpyKIMM ©a3bl BHELEHTPEHHO-CXKATHIX KOJOHH HECKOJBKO
OTIMYAOTCI OT 0a3 UEHTpPaJIbHO-CXKATHIX KOJOHH. Mmess Te ke OCHOBHBIE
DJIEMEHTHl — OTOPHYIO IUIUTY, TpaBepChl, pedOpa © aHKepHBIE OONTHI, Oaza
BHEIEHTPEHHO-C)KaTOW  KOJIOHHBI ~ pa3BUBAETCA B  IUIOCKOCTH  JICHCTBUS
MU3rH0AMero  MOMEHTa;  aHKEpHble  OOJTHl  JOHKHBI  BOCHPUHUMATH
pacTsIrMBampIIMe yCHIUS OT JelcTBUS MoMeHTa. llox Jerkue KOJOHHBI
NOCTOSIHHOTO CE€YeHMs, 0a3bl, Kak NpaBWJIO, MPOEKTUPYIOT C OOILIEH ONopHOU
IuTOM U TpaBepcamu (puc. 9.10 0)).

ba3zvl ck603nbIX KOIOHH.
J171s CKBO3HBIX KOJIOHH C OOJIBIIION BRICOTON ceueHus 6a3y, Kak MpaBuio,
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IPOEKTUPYIOT MOJ KaXIYI0 BETBb KOJIOHHBI, MX HA3bIBAIOT Pa3JeIbHBIMU 0a3aMHu.
[Tpumepbl  KOHCTPYKTHUBHBIX pEHIEHUH ©0a3 CKBO3HBIX CTYNEHYAaThIX KOJIOHH
npuBeAeHbl Ha puc. 14.11.

Puc.14.11. Pa3nenpHble 0a3bl CKBO3HBIX KOJIOHH
@) —Hapy’KHOTO psija; 0) —CpeAHEro psija MHOI'O IPOJIETHOTO 31aHHU.
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Pacuer u xoHcTpyupoBaHue ©0a3bl TOJI KaXKIyI0 BETBh MPOU3ZBOMAT IO
HauOOJBIIEMy CXKHMAlIeMy ycwinio B BerBu (puc. 14.12), KOTOpBIC
onpexaenstor 1no ¢opmynam (14.10). B ¢opmymax  3HadeHuss Med w1 Ned
MPUHUMAIOTCS HETIOCPEACTBEHHO B OTIOPHOM CEUYCHHH KOJIOHHBI C ()YHIaMEHTOM.
Pacuer 6a3bl moj KaKAyr BETBb MPOCKTUPYIOT TaK K€, KaK W I LEHTPAIbHO
CKaTBIX KOJIOHH (cM. 1. 9.4.1). OKOHYATEIBLHO TOJIIIMHY IUTUT, BHICOTY U TOJIIUHY
TpaBepC MPUHUMAIOT  OJMHAKOBBIMHU 0 MaKCHMaJbHBIM  3HAYCHUSM,
pacCUMTAHHBIX JJISl KaKIOW U3 BETBEH KOJIOHHBI.
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Puc. 14.12.K pacuery 6a3bl BHEIIEHTPEHHO CKAaTOW CKBO3HON KOJOHHBI

B 06a3ax KOJOHH ¢ HECUMMETPHUYHBIM CEYCHHEM BETBEH HEOOXOAMMO IICHTP
OTIOPHOM TUIUTHI COBMEIIATh C IICHTPOM TSKECTH CCUYCHHS BETBH M AHKEPHBIC
00ATBI pa3MeniaTh MO OCSM, CUMMETPHUYHO 3TOMY IICHTPY, WHA4Y€ BO3HHKHET
JOTIOTHUTENbHBIA M3TUOAONMIUNA MOMEHT, KOTOpPBbI HEOOXOIMMO YUYWUTHIBATH B
pacyere.

Jlst pacdyeTa aHKepHBIX OOJTOB BHIOMPAIOTCS KOMOMHAIIMN YCUIIMI B OIOPHOM
CEYCHHH, BHI3BIBAIONIME OTPHIBAIOIINE YCUIIHS KaXKJ0M U3 BETBEH OT (pyHIaMeHTa.
Takumu yCUNIHSMU SIBISIOTCS  MaKCUMabHBIE 3HAYCHHS MOMEHTOB MEdmax

OTPBIBAKOIINX BCTBb, WM COOTBCTCTBYIOIIHC UM MHUHHMAJBbHBIC IIPOJOJIbHBIC
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ycrinst Nedmin . Takve ycuiausi MOryT, Kak MpaBUJIO, MOSIBUTHCS B KOJIOHHE OT
NOCTOSSHHOM W BETPOBOM HAarpy30K (KpaHOBBIE U CHETOBBIE OTCYTCTBYIOT).
PactaruBaromiee ycuiame Al pacdyera aHKEPHBIX OOJTOB MOJ KaXIyl0 BETBb
ONPEIESIIOT

Na — MEd,max;lIZEd,min-Yi' (1418)

II€ Y; - PAaCCTOSIHHE OT I.T. CEYEHHUS KOJOHHBI JO OCH IPOTHUBOIIOJIOKHOU
BETBHU.
Jlnst BOCHpUATHSA JTHUX YCWIMHA YCTaHABIMBAIOTCS aHKEpHbIE OONTHI, TJe

Tpedyemasi IJI0IIaab OJTHOT0 00ITa HETTO JJis JAaHHOW BETBU paBHA
Ng

Apur = 14.19
GHT nf bayc’ ( )

rae  fpq - PacyeTHOE 3HAYCHHE MPOYHOCTH Ha pacTsuKeHHe (DyHIaMEHTHBIX
OonroB, mpuHMMaemoe 1o Ta6n. I.7 [5] ; n - kommyecTBO OONTOB

yCTaHaBIMBAEMBIX 7151 6a3bl BETBU KOJIOHHBI.

Koncrpykiusi 6a3bl CKBO3HOM KOJOHHBI IMOCTOSIHHOTO MO BBICOTE CEUCHHUS
npuBegeHa Ha puc. 14.12.1. Pacder BBINONHSAETCS AaHAJIOTHYHO pacyeTy 60a3
BHEIICHTPEHHO - CXKaThIX KOJOHH MOCTOSHHOTO IO BBICOTE CEUEHHs (CM. pacuer
HIDKE).
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Puc. 14.12.1. KoHcTpykius 6a3bl CKBO3HOW KOJIOHHBI IMOCTOSIHHOTO 1O BBICOTE
CEYCHMUS.

ba3zvl cnaownvix kononn.

Hekoropele THmbl 0a3 BHEIECHTPEHHO CXKAThIX KOJIOHH IPUBEJICHBI Ha PHC.
14.13, 14.13.1 u 14.14. Pacuer O0a3bl KOJIOHHBI BBIINOJHAOT B TOH K€
IIOCJICIOBATEIBHOCTH, YTO M IIEHTPAIbHO-CXKATOW KOJIOHHBI. BHauae onpenensior
pacueTHoe conpoTuBiieHHe 0eToHa cMATHIO feud (M. . 9.4.1)
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Jlng  0a3 BHELEHTPEHHO-CXKAThIX KOJIOHH CIUIOIIHOTO THUIA XapaKTEepHO
HEpaBHOMEPHOE pacrpeielicHne AaBlieHus Ha pyHaameHT (puc.14.14 0) .

N
a 1
“V /H\Ml ly
I NE] o os ERTA
E Il JE Ell IE
E Nl 3E §E Ey [ 41 | IE |
E Il JE = Ell IE
I | I W — - |
e
E E“””“”“EE“I“““I“EE“““” g m
Al F |9 L
I { - . ES
Log |
6 O in G 02 O
T e [ o=
8 O TN Mm ”
= LT, CHATOR 20HE
i 'ilil‘%
y max

Puc. 14.14 K pacuerty 0a3 CIUIOIIHBIX BHEIIEHTPEHHO CKATHIX KOJIOHH

a- oOuuit Buj 0asbl; O — AMIOpa HAMPSHKEHUN B OETOHE IS pacueTa TOJIIIUHBI
IUTUTHI; B - — JITFOpa HANIPSDKEHUM B OCTOHE JJIs pacyeTa aHKEPHBIX OOJITOB

B HanpaBieHun AeHCTBHS MOMEHTA I10J] OMOPHOW IIMTON 0a3bl BO3HHUKAIOT
HauOOJBIINE CHKUMAIOIINE HAMPSKEHUS, a C MPOTUBOIOJIOKHOU CTOPOHBI —
HauMeHbIue. Pacuer 6a3el mpousBoauTcs Ha koMOuHammio ycwiuid Ned u Meg,
co3Jaronux HauOoJbliee ckatue OeToHa y Kpas miuThl. Ha puc.14.14 takumu
ycunusimu sBIsiioTcst N1 My,

Pacuer 0a3bl BHEIEHTPEHHO CXAaThIX CIUIOMIHBIX KOJIOHH BBIMOJHSAIOT B
cooTBeTCTBUM ¢ ykazanmsmu 1. 9.3.1. 3Has pacueTHOe cCONMpOTHUBIECHUE OETOHA
cMATHIO feud M 3a1aBIINCH IIUPUHON ITUTHI By, ONPENEISIOT €€ TPEOYyEMYIO JUTHHY
Lu: 1o dhopmyiie

N N 2 6M
L, 1 ( 1 ) + 1

=—+
ZBnnfcud ay ZBnnfcud ay Brmfcud ay

[TpunsB pa3mepsl MIUTH (pekoMeHayeTcst By, U Ly mpuHMMaTh kpatHO S0MM),
pacrnojaraeM ee TakuM o0pa3oM, YTOOBI €€ CepeliMHa COBMeIlajgach C IEHTPOM
TSOKECTH CeYeHHS KOJIOHHBI. OmpeiersieM Hauboblliee CKMMAIOIIee U HAaUMEHBIIHE
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HanpsDKeHuss B OeToHe (yHAaMeHTa 1Mo KpasMm IuThl 0as3wl (puc. 14.14, 6) mo
cnenyromuM hopmyam:
- HauOOJIbILIME CKUMAIOIINE HAIIPSKEHUS B OETOHE MO KPako IJIUTHI
Gq)max:ﬁ—i_ M__ N GM; < g oy (14.20)
AUI WI'IJ'I BHJ'ILHH BHJ'I JT
- HAUMEHBILINE - Y IPOTHUBONOJIOKHOIO Kpas
G(bmjnz%_\/'://ll anNll_n - GMé < Toud Oy (14.21)
T 1 T T Bnner

Tax ke, Kak ¥ B LIGHTPAJIbHO CXKAaThIX KOJOHHAX, TPABEPCHI, pedpa HKECTKOCTH U
auadparMbl pacuieHSIOT MIIMTY Ha ydacTku 1, 2, 3, 4 (KOHCOJbHBIE, ONEPTHIE IO
TPEM U YETbIpEM CTOpoHaMm), puc. 14.14 a. [Ipu 3ToM cunuTarOT (HECKOJIBKO B 3arac
OPOYHOCTH), YTO IIJIUTA HA KaXJOM YYacTKEe HarpyeHa paBHOMEPHO
pacnpeneneHHbIM PEaKTUBHBIM JaBlIeHUEM (yHJIaMEHTa, PABHBIM MaKCUMAIbHOMY
HaNpPSDKEHUI0, JEHCTBYIOLIEMY Ha JaHHOM ydYacTke (01, G2, O3, G4, CM. PHC.
14.14 6). N3rubaronme MOMEHTHI JJIsl KaX0T0 U3 YYACTKOB OMPEACIISIIOT 10 (hop-
myiam (9.21)—(9.25). ITo makcumabHOMY K3 HEX 110 Gopmyie (9.26) onpeaensior
TOJIIUHY TUTUATHI.

TpaBepcy, muadgparmMbpl u pebOpa IKECTKOCTH TNPUHUMAIOT  TOJIIMHON
t = 10-16 mm. VX cedeHus ¥ KpeTUICHUsI PACCUNTHIBAIOT HA YCUJIHUS, OTIPECIIIeMbIC
C COOTBETCTBYIOIIMX T'PY30BBIX IUIOLIAACH, Tak ke, Kak U JUisl 0a3 LEHTPaJIbHO
CKaTbIX KOJIOHH.

Ankepuoie 001mul.

[Ipu OosbliOM 3HAYE€HWH H3ruUbOAONIEro MoMmMeHTa M,,,, U HeOOIbIION
COOTBETCTBYIOLIENW MNPOAOJABHOU cuie Np,;; MOMEHT CTPEMHUTCS OTOPBATH BETBb
KOJIOHHBI y TPOTUBOIOJIOKHOTO Kpas IUIMTBI, B 3TOM CJIy4yae pacTATMBAIOLIUE
yCUJIUSL BOCHPUHUMAIOTCS aHKepHbIMH Oontamu. Hampsokenuss B GeToHe mon
IUVIUTON onpenenstor no popmynam (14.20) u (14.21) puc. 14.14 B.

AHKepHblE OONThl PACCUMTHIBAIOT YIPOUIEHHBIM CIIOCOOOM HCXOHAsl W3
NpeANoNoKeHusi, uto  pactaruBaromas cwia Z=Na (puc. 14.146),
COOTBETCTBYIOIIASl ~ PACTSHYTOM 30HE OIIOPbl  HANPSDKEHHUM, MOJHOCTHIO
BOCIIPUHUMAETCSI aHKEPHBIMHU O0JITaMH, HAXOASIIMMHUCS Ha OJJHOM CTOpOHE 0asbl.
VYpaBHeHUE paBHOBECHsS] OTHOCUTENIBHO IIEHTPA TSXKECTHU CXKATOM 30HBI OEeTOHa
UMEeT BU/T

Mmax — Nmina — zy = 0.
Orcrona ycunue, ACHCTBYIOIIEE HAa aHKEpPHbIE OONTHI (C OJHOM CTOPOHBI
OalMaka), MOKET ObITh ONPEAEIICHO N0 CcheAyome popmyie:
M Nin @
y (14.22)
r71€ Mmax ¥ Nmin — pacueTHasi KOMOMHAIIUS YCUIIMI JUIsl pacueTa aHKEPHBIX 00ITOB
(IO 3TUM YCHJIUSAM ONPENEHSAIOT G o M O iy ¥ CTPOUTCS BIIIOPA HANPSIKEHUH B

max — '“min

OeToHe);
@ — pacCTOSIHHWE OT IIEHTPa TSHKECTH CEUCHHWs KOJOHHBI J0 ILEHTPa TSHKECTH
CKaTo# 30HbI OeTOHA (pyHAAMEHTA.
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[Tnomans cedeHUss OMHOTO aHKEpHOro OonTa HETTO (IO HaApe3Ke) Ha
paccUMTHIBAEMON CTOPOHE 0a3bI MOXKET OBITH HAWJIEHA TI0 BHIPAKCHHIO

Na (14.23)

nf bayc,
34ECHh fba — pacdCTHOC COIIPOTHUBIICHUC PACTAKCHHUIO (I)YHI[aMeHTHBIX 6OJITOB,

npuarMaeMoe 1o Tabn. I'.7 [5]; n - koaumdecTBO OOJNTOB Ha PACCUUTHIBACMOMN
CTOpOHE 0a3bl.

Aa,HT =

ConepxxaHue NpaKTHYECKHUX 3aHATHI Mo pa3geay XIV

IIpakTuyeckoe 3ansaTue Nel4. Ilog0dop u npoBepka ceyeHUs] BHELICHTPEHHO-
CKATBIX KOJIOHH CILIOIIHOIO CeYEHUS

Ipumep 14.1. Ilo060p ceuenua cmepircHa HAOKPAHOBOU YACMU CHLYREHYAM O
KOJIOHH®bL

Ha puc. XIV.1l. npuBeneHa KOHCTPYKTHUBHAasi cXe€Ma CTYNEHYATON KOJIOHHBI.
TpeOyetrcsi momoOpaTh CedYeHHE CTEp)KHS HAIKpPAHOBOM  YacTH CTyNeHYaTou
KOJIOHHBI.

Hcxo/iHbIE JaHHBIE : CEYEHUE KOJIOHHBI B BHUJIE CBAPHOIO JIBYTaBpa BBICOTOM
h=750 MM , MaTepua KOJIOHHHI - cTalb C245;

pacdeTHble ycwius (Ui HAJKPAHOBOI'O ydyacTKa CTYNCHYATOW KOJIOHHBI) Ng =
824 xH, M4 = -862 xH-m, npu TOi ke KOMOMHAIMU HArpy30K MOMEHT Ha
IPOTUBOIONIOXKHOM KOHIIE M3 = -39 kH-M; pacueTHas JyiMHa B IIOCKOCTU PaMbl
o = 19,11 M, a u3 miockocty - |y = 4,57 m (remerpuueckas JJIMHA MPUBEACHA
Ha PUCYHKE).

750 'I'
4 7\ M=862 kHn
AL EA
\
[

hn=1800

O A-A

6.37 M

Lz

'; X

= \

2 e L |
239 g
: /‘=’ M=-39 kbHm l | I y
| > -
|

=750
b T ‘ AE J'—ETH

(=]
) I I
50( é' L ! ______ ) .L
1 I

'l=1 _ | l ha=1500 {

|
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Puc. XIV.1. KoHCTpyKTHBHas cXeMa CTYIIEHYATON KOJIOHHBI
a —CXeMa KOJIOHHBI; O — CEYEHHE BEpXHEN U HUKHEHN YacTel KOJOHBI

[To Tabn. A.3 [5] HaxomuMm pacyeTHbIC 3HAYCHHUE Mpe/eia TEKyYeCTH IS

IIPUHATOMN CTaJIN:
— g mucra t=2-20 MM,  fyg =230 MITa=23 kH/cm?;

TpeOyemyto miIomaas CEYeHHs! ONpeAeIIUM 1Mo GopmyJie:

N, e\ _ 824 1,046\ _ )
Aca =5 (125 +227) = 72 (125 4227 72) = 1473 oot
M, 862
rae e N, 824 ,046 ™, yc = 1,05 (Tabun. b.1[5]).

KommoHyeMm ceueHre KOJIOHHBI, YYUTBIBas 4TO OTHOIIEHHE Ny / tw = 60—120

(tw = (75-2-2,0) / (60+120) = (1,18+0,59) cMm, oTHOMmIEHNE bf > (1/20+1/30)
ly> = (1/20+ 1/30) - 457 = (23 +15,2) cm. [IpuHrMaeM CTeHKY TONIUHON 10MM u
oKy u3 aucta 260x20mm.  Ilpu tw = 10 mMm u tr = 20 MM yclioBHE CBapUBacMOCTH
cteHku ¢ oot (tr/tw < 3) cobmomaercs.

Ceuenue KOJIOHHBI IpuBeeHO Ha puc. XIV.2.

9 | X
N ! _
3 y
N 4| _
5 o
S
i u
S
hi=20 he= 710 hi=20
h=750

Puc. XIV.2. Ceuenue BepxHeil yacTu KOJIOHHbI

Ornpenenm reoOMeTPUIECKUE XapaKTEPUCTUKH MMPUHSITOTO CEYEHUS:
A=26-2,0-2+710-1,0=175wm?

3 2 3
NG +2,26.2,0.(§_Q] +2. 22O 168014 6cn;
12 2 2 12

X

3 3

2028 ) TLO-WOT cagy o

12
i, = /M =31,02 c™m;

175
iy = _581(;;,6 =579 cMm;
W, = ﬂ :M = 4491,1CM3.

h 75

Ilposepka ycmoituusocmu KOnoHHbL 8 RAOCKOCHMU 0CHCMEUSL MOMEHMA

JIJis IpOBEpKH YCTOMYUBOCTH KOJIOHHBI ONPEAeTTUM (PAKTUIECKYIO U YCIOBHYIO
TMOKOCTh  CTEP)KHS, TPHUBEACHHBIA  OTHOCHUTENBHBIH  OKCIEHTPHUCHTET U
KO(PULIHEHT e

_be 1911107 —616<1 ~120 =150
*T g, 3102 w CoT
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rjae A, — 3HauYeHHUE NPEIeIbHON TMOKOCTH.

= fya _ 230 _
X, = A, / 24 = 61,6 | =2,058.

OTHOCUTENLHBIN OKCOCHTPUCUTCT

eA 1,046-175-107*
my=c=——""—%"
We  4491,1-10
We = Wy;
(1)aKTI/ILIeCKOG OTHOILICHUC
Al A,=26-2,0/(1-71,0)=0,732>0,5 n 0,1 <mx <5.

ITo Tabmn. /1.3 [5]:
npu As/ Aw=0,5
Nos = (1,75 —0,1m) —0,02(5 — m) 2, =
= (1,75-0,1-4,075) 0,02 (5—4,075) - 2,058 =1,304;
npu As/ Aw=1,0
Tho = (1,90—0,1m) - 0,02(6 — M)A, =
=(1,90-0,1-4,075)—0,02- (6—4,075) - 2,058 =1,413.
IMpu 3wavenun A /Aw = 0,732 10 UHTEPHOIANMH TPUHUMACM
n = 1,34. Takum 06pa3oMm, NpUBEICHHBIN OTHOCUTEIbHBIN SKCIIEHTPUCUTET
My =nm, =1,34-4,075=5,46.
Koadduiment @e = 0,2055, mpunumaercst mo tadn. /1.3 [5] mo uHTEepmoasAiuu B

3aBUCUMOCTU OT A, =2,058 u Met = 5,46. [IpoBepka yCTOMYNBOCTH KOJIOHHBI
N 824
Oy = —— = = 21,82 < f,q = 23kH/cM? .
@eAye  0,2055:175:1,05
Ilposepxa ycmoituugocmu Kononnsl U3 ni0cCKOCmU 0elicmeus MOMenma
OmnpenenyimM THOKOCTH CTEPXKHSI BEPXHEH YaCTH KOJIOHHBI OTHOCUTEIHFHO OCH Y-
ly, 457
hy =22 =22" 278,942,
Iy 579

Torna ko dunment npogoasHoro usruda gy = 0,715 (npussar mo Tada. 1.1 [5]

= 23,0
B 3aBUCUMOCTHA OT A, = A Tya _ 78,942 =2,64 nns tuna ceueHus b).
y YAl E 2,06-10%

Onpenenum 3HaueHwe koddduimenta C, OPUHSAB 3a PACUCTHBIA MOMEHT
MaKCHUMaJIbHbIH MOMEHT B MpeJliejax CpelHed TpeTh JIMHbI BEpXHEH 4YacTu
KOJIOHHBI (HO HE MEeHee MOJOBUHBI Mmax), puc. XIV.3 (HanomMuHaeMm, 4TO MOMEHT B
ceueHnu 4-4 Ma =39 xHwm Haiien npu TOH ke AJi1 KOMOMHAIIMYA HArpy30K, YTO U
MOMEHT B ce4eHuu 3-3) :

=4,075;

M, = (862—39)-E+39=587,667KH'M, 0,5M,x =0,5-862=431xH-Mm.
3

CnenoBaTenbHO, pacueTHBIN MOMEHT My = 587,667 kH-M.
OTHOCUTENBHBIN IKCUEHTPUCUTET
o _My A _587,667-10"° 17510

¥ - ~—=2,779<5.
N, W,  824-107°.4491,1-10
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Me=M,.=-862 xHn (1,2,467.9)

/

Kombrmarprs
Harpy30K

6,370

I

M=-39 xHn (1,2,4,67.8)
Puc. XIV.3. K onpenenenuto MmomeHTa M,

B cootBerctBuu ¢ 9.2.5 [5], 3HaueHue kordduirenTa ¢ npu 3HaYCHUIX

My < 5 onpenensercs o Gopmyie
1

¢ 1+gmx “1ro7s92779 R

3meck o BeIMUCIIeH 1o Gopmyram tadi. 22 [5], mpu 1 <my < 5:
a=0,65+0,05m, =0,65+0,05-2,779=0,789.

Koaddumment B = 1,0, Tak kak

Ay = 78,942,/23/20600 = 2,64 < 3,14.

[TpoBepruM yCTOMYMBOCTD CTEPI)KHS KOJOHHBI M3 TUIOCKOCTH JCUCTBUS MOMEHTa
o ¢opmyiie

824

N
oy =——= = 20,04 < f,q = 23kH/cM?.
coyAy.  0313:0,715175:1,05

Ilpoeepka npounocmu KonoHnHbl
B cBs13u ¢ Tem, uTto Mer = 5,46 < 20 1 OTCYTCTBYIOT OCJIa0JICHUSI CEUEHUST BEpXHEH
YacTH KOJIOHHBI, PacyeT Ha MPOYHOCTH BBITIOJHSTH HE TpeOyeTcs.

Ilposepka zubkocmu KonoHHB
B coorBerctBun ¢ Ttabm. 33 [5], mpeacnbHas TMOKOCTh OCHOBHBIX KOJOHH

KapKkaca paBHa
Aer=180 - 60a = 180 — 60-0,954 = 122,8,

824
= 0,954
0,2055-175:23-1,05

3HaueHUs Ax M Ay HE IPEBBIIAIOT Ay

Ilposepka mecmmnoit ycmoituugocmu noiok
Y CTOWYMBOCTD MOsICa KOJIOHHBI CYUTAETCS 00€CTIEYeHHON, €CITU YCIOBHAS

ruOKkocThb cBeca nosica Ay (cm. 9.4.7 [5]) He npeBbIlIaeT 3Ha4EHUH IIPEETbHOM
YCJIOBHOM rHOKOCTH cBeca mosca A, s , onpenenseMoi mo tabmn. 24[5],

— b, _
3nech Ap = t—f /%Sluf.
f

a mpejelibHasi yCIOBHAsi TMOKOCTh paBHA

rae a =
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Aup = Aupe — 0,01(L,15 + 0,74,)my, a Aype = 0,36 + 0,11 (1a6:1.10[5]).
Beimmonaum pacucTt

/T_12,5 23 oot
F= 2 20600

< (0,36 +0,1-2,058) —0,01-(1,15+ 0,7 -2,058)4,075 = 0,461
T. €. MECTHasl YCTOMYUBOCTb MOJIOK OOECIeueHa.
Ilposepka mecmuoit ycmoituugocmu CmeHKu
VY cTONYMBOCTD CTEHKU KOJIOHHBI CYUTAETCA 0OECIIEUEHHOM, €CU yCJIOBHAas
ruOKOCTh CTeHKH (cM. 9.4.2 [5]) He npeBbIIIaeT 3HAYCHUI MPECIbHOMN YCIOBHOM
rMOKOCTH CTEHKH, OmpeesieMoit mo tadm. 23[5], To ecth

7 hef fyd T
= — |==<
/1w ty ,/ £ —Auw'

TJIe TIpe/iebHAs YCIOBHAS THOKOCTh CTEHKH mpu A, = 2,058 > 2
onpenensiercs Ay, = 1,2+ 0,35 4,.
BrinmosniauM pacuer

=237>1,, =12+ 035-1, = 1,2+ 0,35- 2,058 =1,92,

7 o—7uo | 23
W ™ "1,0 + 20600
T. €. MECTHAs YCTOHYMBOCTh CTCHKH HE 00eCIeUcHa.

Tak kak yciaoBue He coOmOgaeTcs, TO TpeOyeTcss TpoBepka oOIek
YCTOMYUBOCTH KOJIOHHBI 0€3 y4eTa HEYCTOWYMBON YaCTH CTEHKHU 110 YMEHBIIICHHOM
rortaau ceuenus Aq (7.3.5[5]).

Onpenensiem 3nauenne Ag = A — (her — hy)t,, = 175 — (71 — 54,58) - 1,0 =
158,58 cm?,

rae hd :tw 'l:?_\’uw _(%W _1j'(xuw _12_0’15X):| ffE,z
uw yd
1,0{1,92 - (32 -1)- (192 - 1,2 - 0,15 - 2,058)| 22619 _ 54,58 ow,
1,92 23

(mpu » > 3,5 chexyer mpuHEMAaTth A = 3,5); A, = 7Tl\/240/(2,06 -10%) = 2,423

[TpoBepsieM yCTOMYMBOCTh KOJIOHHBI:

N 824
O, =—+—= = 24,08 > f,4 = 23kH/cM?
@eAgVe  0,2055-158,58-1,05

[lepenanpsikeHue, yCIOBUE HE BBINOJIHAETCS. YBEIWYMBAEM TOJIIMHY CTEHKH:
tw=11 MM u npou3BOAUM NEpEpaACYUET:
A=26-20-2+710-1,1=182,1 cm?

713 2 ) 3
|x=1’11271 +2-26-2,0-(7—25—£j +2.20:20

2
i = (13972 55 68 ou:
X 1821 ’ ’

w, =2 J 21718972 oo 1 enid:
h 75

=171397,2 cm*;

X
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I Y

b 30,68-10°
Ay = Ap\[fya/E=62,288,/240/(2,06 - 105) =2,13
_eA_1,046-182,1.10"

W, 4570,1-10°°

m, =4,168.

Ipu My > 1 1 Ax>2 (1a61.23 [5]):
/Tuw =12+ 0,351_,( =1,2+0,35-2,13 = 1,945 < 3,1;
A, = 71 23 =2,16 > 1,945

Y 1,1.02,06-10¢4 7 S

YcnoBue He BBITIONHSACTCS, YCTOWYMBOCTh CTCHKH He oOecmnedeHa. Onpeaensem
3HadyeHue Aqg:

Ag=A—(hes — hg)t, = 1821 — (71— 62,48) - 1,1 = 172,73 cm?,

rme hg =1,1[1945 — (22— 1)- (1,945 - 1,2 - 0,15 - 2,13)] /2'02'310‘* -
62,48cm.
HpoeepﬂeM ycmoﬁlmgocmb KOJIOHHBbl

N 824
O, =——= =22,1< fyq = 23kH/cm?
QeAgVe  0,2055-172,73-1,05 y

Y CcTOMYMBOCTh KOJIOHHBI 00ecIieueHa.

IIpakTueckoe 3anusitue NelS Iloooop u npoeepka ceuenusn eneyeHmpeHHoO
CHCAMBIX KOJIOHH CKBO3HO20 CeUeHUs

pumep 10.2.

[TomoOpaTh cedeHHWE CTEp)KHS HIDKHEH YacTH CTYNEHYaTOW KOJIOHHBHI,
npuBeneHHou Ha puc. XIV.1.

Hcxo/lHbIE JIaHHBIE : CEUYEHHE KOJOHHBI CKBO3HOE, COCTOMT M3 JBYX BETBEi
BeicoToit h=1500 MM , MaTepHall KOJIOHHBI - cTains C245;

pacueTHbIe YCHIUA JJIsl TOJKpaHoBOM BeTBU KojoHHBI N1 = 2834 xH, M1 = -1328
kH-M, s HapyxsON BerBu KomoHHBI N2 = 2919 xH, M> = +1715 xH-m;
nonepeyHas cuna V = 204 xH;

pacueTHas JuIMHA B IIOCKOCTH pambl Iyt = 30,06 M, a u3 miockoctu - Iy =
15,03 M (reOmeTpuyecKas JJIMHA IPUBEICHA HA PUCYHKE).

1) Iloo6op ceuenusn eemeeii KOJIOHHBL.
[To Tabn. A.3 [5] HaxoauM pacueTHbIE 3HAYCHHUS Mpenesia TEeKydeCTH IS
npunsTol cramu C245— s mucra t=2-20 mp,  fyg =230 MIla=23 xkH/cm?;

OmnpenenuM OpPUEHTUPOBOYHO MPOJOJBHBIE YCHIIMA B BETBAX MO (popmyrnam

(14.10) npunsB ho = hy:
B MIOJAKPaHOBOM
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_2834-05-15 1328

N, = 15 + 15 = 2302,333 xH,
Hapy»xHoii
2919-0,5-1,5 1715
= = 2602,833 kH,

N., =
52 1,5 15
Omnpenennm TpeOyeMyto IO CEUCHHsSI BETBeH 1Mo Gpopmyite (14.12):

2302,333

Ap = —" =119,2 cMm?

b1 ™ (823-1,05 ’ :
2602,833

Ay, = 2202833 _ 1347 cu2
0,8-23-1,05

Y4uTBIBas, YTO MTUPHUHA KOJOHHBI JOJDKHA OBITH B IMpejeiax

bt > (1/20-+-1/30) ly> = (1/20+1/30) - 1503 = (75,1 +50,1) cm
U UCXOIA U3 TpeOyeMoi IUIOMAAN CEUCHHsS BETBEH IO COPTAMEHTY, MPUHHUMAaeM
ceueHHe MOJKPAHOBOM BeTBH 13 aByTaBpa 155 (A = = 118 cm?, ly1 = 55962 cm?, iy1 =
21,8 cm, 11 = 1356 cm?, i1 = 3,39 cMm), a ceyenune HapyKHOU BeTBH M3 JucTa 500 x
14 MM ¥ IByX PaBHONOJIOUHBIX yronkoB L 125 x 14 mm (AL = 33,37 cm?, Ix = 482
cM*, ZoL=3,61 cM, Apa = 50-1,4 +2-33,37 = 136,74 cm?).
Ha puc. XIV.4, a, npuBeneHo ceueHre BETBE KOJIOHHBI U UX OCEH.

0) Cxema peleTku

a)
X
Asa /l\ Api
N2 ] 1
Te ] M2 —

7 I o
= N2 | -
H o u.tB o
T & Nez : TuT —NeT—=y 1L
A o =

——_ Ny = a
1 \‘b g
y2=682 yi=790 g,‘L 3
yo=28 ho=1472 4
h=1500
ler=h0=1472

Puc. XIV.4. K npumepy pacuera CKBO3HOI KOJIOHHBI:
a — C€YCHHE KOJIOHBI; O — TeOMETpHUEcKasi CXeMa pelieTKu

OmnpenensieM TIeOMETPUYECKUE XapaKTEPUCTUKM HAPYKHOM BETBU: LIEHTP
TSYKECTH BETBH; MOMEHT MHEPLIUH U PAINyC UHEPLIUU

2-33,37-(1,4+3,61)+50-1,4-ﬁ

y_ZAYi_ 2 98 en

00— - =2, ;
2 A 136,74
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3
]*4 50 +2- [482+33 37 (——3 61) } 53637,99 cu’;

lyz _ [53637,99 o oo -
A, \ 136,74

3
5014 +50-1,4-(2,8—’7)2+
+2-[482+33,37-(2,8—1,4—3,61)2]:1610 em?;

iy = bo _ | 1610 =3,43 cm;
\/ A, \/136,74

hy =h, —y, =150—-2,8=147,2 cm.

OHpGI{CHI/IM IMOJIOKCHHC LICHTPA TAKCCTHU BCCTO CCUCHUA
Agfy 136741472 o0

h= S A 136,74+118
Vo =hy—1,=147,2—-79,0=68,2 cm.

|2=

VYTOUHUM yCuiIMs B BETBSIX KOJOHHBI IO popMmynam (14.10)
N, = 28340, 682 1328 — 2215 H:
1,472 1 472
- 2919-0,790 N 1715 _ 97321
1,472 1,472

2) Ilposepxa ycmoutuuseocmu éemeeii KOJOHHDL.
[IpyHUMaeM pacrnoioKeHHe PacKoCoB corjacHo puc. 14.4, 6

a) Ilposepka napysicrou emsu 8 niockocmu KoaoHusl (0cb 2-2) 1., =150 cm

o 1045y

270, 343

Onpenenum /12 = 43,7 ’20 00 = = 1,46. Ilo Ta6xa JI.1[5] mmis Tuma cedeHs «cC» 1o

uHTepnoisauu onpeaenum ¢2=0,833

N 2732
2 = = 22,8 < f.y = 23 kH/ew?,
©24p2Y, 0,833:136,74-1,05 y

0) IIposepka Hapyscholl 6emeau u3 niIOCKOCMuU KOJOHHbL (0Cb Y-Y)
ly, =1503 cm;

!
_z_ DO g5 690

i, 19,806

Onpenenum A, = 75,89 / o0 = = 2,53. Ilo Ta6m J[.1[5] mis Tuma ceueHs «c» 1o

UHTEpIOIAIH onpeaenum ¢2=0,648
2 = 29,4 > f,4 = 23 kH/eM,

Py2Ap2¥e  0,648:136,74-1,05
YcroiunBOCTh HApyHOW BETBHM M3 IUIOCKOCTU KOJIOHHBI He oOecredyeHa
MOATOMY  JJIsi

PKOHOMMYECKH  HeEIeJIeco00pa3Ho,
YCTaHABIIMBa€M MEXIy KOJIOHHAMHU

Np2

VYBenmnunBaTth CEeUEHUE
YMEHBIIICHUS PACUCTHOU JUIMHBI BETBEH ly1
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paciiopKu MMoCCpCaANHE BbICOTHL HUKHEH qaCTH, TaKUM 06pa30M, pacdceTHasa OJinHa
1503

BeTBEH 1y = 1), = — = 751,5¢cm.
. 7515
Torpa 1y HapyKHOU BETBU )Lyz = To806 37,94 .
Onpenennum Zyz = 37,94 2026300 = 1,26. Ilo Tabm JI.1[5] nmms Tuma cedeHs «c»

10 MHTEPITOJISIIIAK onpeaeiuM @y2=0,863

Np2 2732
®y24p2Yc 0,863:136,741,05
B) IIposepka nookpanooll 6emau 8 NJI0CKOCMU KOJIOHHbL (PAMbl):

= 22,0 < f,q = 23 kH/eM,

l,; =150 cm;
p= o 2150y oy,
i, 3,39
= 23
Onpenenum A, = 44,247 ~0c00 = 1,47. Ilo Ta6m J[.1[5] s Tuma ceueHs «c»

o MHTEpHOSIIIH onpeaenum ¢2=0,831

N 2215
P = = 21,51 < f,q4 = 23 xH/cM?,
¢.4p;  0,831:118:1,05 y

r) IIposepka noOkpano8oti 6emau U3 NI0CKOCMU KOJIOHHbL (PAMbL):

1503
= 5 = 751,5¢cm.

. 751,5
Torma st Hapy>KHON BETBU Ayl = is = 34,472 .

)

y1

Onpenenum Zyl = 34,472 /2026300 = 1,15. ITo Ta6xa .1[5] s THIa cedeHs «C»

0 MHTEPITOJISIIINY onpeaeuM ¢y1=0,879

N 2215
i = 20,33 < f,q = 23 xH/cMm?,
@y14p1  0,8791181,05

HenonanpsbxkeHre B BETBSAX KOJOHHBI HE3HAUUTENbHOE, B nipenenax 5% - 10 %.

3) Pacuem pewiemku KOJ1OHHBbL.

OnpenenuM pacyeTHYIO TIONEPEYHYI0 CHJTy, JEHCTBYIOLIYIO HAa pELIETKY
KOJIOHHBI KaK OOJBIIYIO U3 IBYX:

no pacuery — V=204 xH;

. _ E\N
ycnoBHo# — Vs = 7.15- 10 6 (2330 - f_>%d;

yd
rae Neqg= 2919kH;
OmnpenenuM B popmysie 3HadueHne ¢, coriacHo 7.2.7 [5], (¢ = ¢y ko3 dunmenT
YCTOHYMBOCTH TIPU IICHTPAIBHOM C)KAaTUU TIPU PACUYETE CTEPXKHS CKBO3HOI'O
CCUEHHUSI B IUIOCKOCTU PEIICTKH).
OmnpenenuM reoOMeTPHUSCKUE XapaKTePUCTHKH BCETO CEUCHUS:
I, =1610+136,74-68,2% +1356 +118-79,0> =1375000 cm*;

ly =1y 4 + 1, ,, =55962 +53637,99=109599,99 cu*;
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~ fl_x _ [t375000 ..
A 254,74 ’ ’
_ | _ [10959999
T AT [T 25478 SE

['MOKOCTh CTEP>KHS KOJIOHHBI
30,06

Ay = = 40,9;
0,735
,= 1503 _ o5 47
0,2074

Onpeaenum A = 40,9 ’20600 = 1,37; mo Ttabn JI.1[5] mns tuma cedens «by» mo
uHTepnosauu onpeaenum ¢x=0,908;

torza Ve = 7.15 - 1076 (2330 — 2222) 222 =3 96xH

Pacuer pemetku BeinosinseM Ha V=204 kH.

Ycunms B packocax v CTOMKaxX onpeaeaum 1mno hopmyaam
Vinax 204

Ny =—== =145,506 xH;
2V51n a  2:0.701
N = max:lOZKH;
rae sino=—— 147 2 =0,701.
210,2
Tpebyemas mioiab paCKOCOB M CTOEK
N 145,506
Ag=—2—= = 13,47 cM?,
P1RyYc 0,6:24,0-0,75
N, 102
Ay =———= = 9,44 cm?,

P1RyYc 0,6:24,0-0,75

rae kodddummenTom ¢ 3amaemcs B mpeaemax ¢ = 0,5-0,8, a xoadpdunment
ycloBHiA paboThl cornacHo tadi. b.1[5], npunumaem y, =0,75

Hasnavaem pacKoChl U3 PaBHOIOJIOYHBIX YroyikoB cedenueM L 100 x 8 mm (4g =

15,6 c¢M?, ig min = 1,98 cM), a CTOWKH W3 PABHONOJOYHBIX YTOJKOB — CEYEHUEM
L_80 x 7 MM (Aer = 10,8 ¢M?, icrmin = 1,58 cm).

BrruncnuM ruGKoCcTh paCKOCOB U CTOEK:

hg=—a 2102 4068
l4 min J 8
k1472

i 02032,
iymn 1,58

Jlnst packoca onpeaenum /ld = 106,18 206400 = 3,62, o Ta6m [.1[5] nnsa Tuma

CEUEHS «C» M0 UHTEPHOJALMNU onpenenum ¢q¢=0,457; a1t CTOMKHU

/1CT = 93,2 /20600 = 3,18, mo Tabm [.1[5] ams Tuma ceueHs «C» mo

UHTEPIONIALNN onpeaenum ¢c=0,530.
[IpoBepuM HaNpsHKEHUS] B pACKOCAX U CTOHKAX:
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Ng 145,506
04 =

= = = 27,1 > 24 kHlem?,
©alaYec 0,457-15,6-0,75

Ner _ 102
PerAcrYe N 0,530:10,8:0,75
YBenmnuum ceueHue packoca, mpumem L 100 x 10 ¢ Aq¢ = 19,24 M2, Torma

N 145,506
i = = 22,06 < 24 kH/em?,
PalAaYe 0,457-19,24-0,75

YCTOMYMBOCTh 00O€ecreyeHa.
4) Ilposepka ycmoiiuueocmu KONOHHbL KAK €OUHO20 CIEPIHCHA.
Omnpenenum NpUBEICHHY0 THOKOCTh CTEPIKHS

Aef = \//Tg +ay = \/40,92 + 28,57 2272 427
d

2:19,24

Ocr = = 23,7 < 24 kH/cMm?,

04 =

3 3
rae o, =10 "’2 =10- 2’122 = 28,57.
hy2l, 1,472% 1,5
YcnoBHas npuBeieHHAs THOKOCTh

Xer = Aep[fya/E =42,7,/23/20600=1,43.

IIpoBepuM yCTOWYHUBOCTH KOJOHHBI KaK €IMHOTO CTEPXKHA B IIJIOCKOCTH
JEeUCTBUST MOMEHTA [IJIi KOMOWHAIIMK YCWJIMH, JOTPYKAIOIIUX TMOJKPAaHOBYIO

BCTBb:
-3
m -~ MiAy 1328107 0.025474-0.790  ooq
N, Iy 2834-10° 1375000-10"
no tabn.J[.4 [5] nns m, =0,686 u A, = 1,43 1O UHTEPNOJIALUK OLPENEIIEM
Y. = 0,548,
N

2834

= = 19,3 < 23 kH/cMm2
PAY, 0,548:254,74:1,05

IIpoBepuM yCTOMYHMBOCTH KOJIOHHBI KAaK €IMHOTO CTEPKHSA B IUIOCKOCTH
JEUCTBUSA MOMEHTA JJIsi KOMOMHAIIMK YCUIIUH, TOTPY>KAIOIINX HAPYKHYIO BETBb:

-3
m, :& Ay, _ 1715-10 _ .0,025474 0,622 —0,742:
Ny Iy 2919-10° 1375000-10"
no Tabu. 1.4 [5] nasg m, =0,742 u Aef = 1,43 110 UHTEPIONAIUU
onpenensiem @, = 0,525
N 2919

= = 20,8 < 24 kH/c™m?.
®oAYe  0,525:254,74-1,05

VY CTOMYUBOCTH KOJIOHHBI 00€ecIeyeHa.

IIpakTHuyeckoe 3anaTue Nel6.
Koncmpyuposanue u pacuem conpsascenusn eepxneil u Huy3cHell uacmeil
Konouuwvl. Pacuem 6a3vi K010HHb
Ipumep 10.3. Pacuet conpspkeHus: BepXHel U HIDKHEH 4acTell KOJIOHHBI.
Paccuntarh coeiMHEHHWE BEpXHEW YACTH KOJOHHBI C HIDKHEH, MPHUHSIB
cedyeHus cornacHo npumepam 10.1 u 10.2.

ux
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VicxonHple JaHHBIC: pPAaCUYCTHBIC YCHIIMS B MECTE COMPSDIKEHUS BEpXHEH U
HWKHeW (ceuenue 3-3) uactedt komonHbl N3z = —830 xkH, Mz = 228 kH-wM,
MaKCHMaJIbHOE JIaBJICHHE IOJKPAHOBBIX Oanok Dmax = 2248 kH, a mmpuHa
ornopHoro pedpa nojakpanoBoi o6aku B, = 400 Mm. Marepuan KOHCTPYKIIHHA CTaJIb
C245. KoHCTpYyKTUBHOE PEILICHUE CThIKA MpUBeAeHO Ha puc. XIV.5.

1).Hasnauaem svicomy mpagepcwi:
h,, =(0,5-0,8)h, =(0,5-0,8)-1500 =750 1200 mm.

ITpuarMaem h,, =800 mm.

OnpenenuM TOJIIKMHY TPaBEPChl U3 YCIOBUS CMSTHUS, IPUHSAB TOPU3OHTAIBHbBIN
pacrpeneauTeNbHbIN JTUCT TOJIIIUHON t =25 MM:

D 2248
T = =1,32 cM?,
leffpYe  (4042:2,5):36,11,05

rae fp = 361 MIla = 36,1 kH/cm?, Tabit. A.6 [5] mpu fuk =370 MIla mis mucra t=4-
30mm, Tabn.  A.3[5].

[Ipuaumaem ty, = 16 mm.

HwxHuil mosic TpaBepchl Ha3HAYUM KOHCTPYKTMBHO M3 Jucta 515 x 12 mwm,
BEpXHHE TOPU30HTaIbHBIE pebdpa — u3 aucrta 250 x 12 MM, 4YTO MO3BOJUT
NPHUBAPUTH UX U3HYTPHU K BETBIM KOJIOHHBKI (pa3pe3 1-1 Ha puc. XIV.5) .

ha=750

i #1220 11220 400
25 2egbl 25 = + h = g

Cnoproe pedpo
nodxp. Sanku

500

2-2
.................. 250 || 250

500

25
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Puc. XIV.5. KoHcTpykuus conpsibkeHus] BEpXHEH YaCTH KOJIOHHBI C HUYKHEH,

pacueTHasi cCxeMa TpaBepChl

2). Pacuemmvie 3Hauenus uzeubarowieco MOMeHmMa u NONEPedHol CUbl
6 mpasepce

My, = b )= 1907 (5 75) 260,625 kH
h, 15
Vip = Sp 8+ 05Dpq = 7527 4 052248 = 14835

&+%:ﬁ+@:7191ﬂ.
2 h 075 2

rae ycuiue B moike N, paBHO N, =
3). Pacuem mpasepceoi.
OmnpenenuM MOJIOKEHUE TICHTPA TSHKECTH CEYCHUS TPABEPCHI:
2.25,0-1,2-(8,2-15-0,6)+1,6-80-(40+1,2)+1,2-515-0,6
Y= (2-25,0-1,2+1,6-80+12.515)
Y, =81,2-37,0=44,2 cm.
MOMEHT MHEPIINH CEUEHUS TPABEPCHI

i 2 1,2)°
x=1’6 80 +1,6-80- 37-—@—1,2 +2-25.0'(' ) +
1 2 12

=37,0cMm.

2 3
r22s012 (4215 22) S BOLZ,

2
+51,5-1, 2.(37 —%) =195766,143 cm”.

MuHHUMaTBbHBIA MOMEHT CONMPOTUBIICHUS] TPABEPCHI

= 195766,143 _ 4129 o,
44,2
[IpoBepka MpPOYHOCTH TpaBEPCHl HA U3rKO U cpe3, hopmydsl (14.16) u (14.17)
. 2
g =220 _ g9« £ = 23,0 kH/cvZ:
4429-1,05 Y

rae fya = 230 MITa= 23kn/cM?, ns nmucra ¢ t = 4-30 MM, Tadn. A.3[5];
=190 _ 110 < £ = 13,34 kH/cw?,
1,6:80-1,05

rae fs = 0,58 fyg = 0,58- 230 = 133,4 MIla = 13,34 xH/cm?.

4). Pacuem céapHbix wi6os.
330



CBapky TpaBepchl MTPOU3BOINM ToiTlyaBToMaTamu mpoBosiokort CBOSI'A mo Tad:.
I".1 [5] B ctpye yranekucnoro rasa. 1o tabn. I'.2 [5] npunumaem f,,r = 200 MIla =
20xH/cm?,

fwz = 0,45f,« = 0,45 - 370 =166,5 MIla

B cootBercTBuM ¢ Tabm. 40 [5] g momyaBTOMATHYECKOW CBapKH MPOBOJIOKOM
d=14-2wmm, B+ =09 u [, =1,05.

B cBs13u ¢ TeM, 4TO 3HAYCHUS

Brfwr =0,9-200 = 180 > B,f,, = 1,05 -166,5=174,8 MlI]a,
pacyeT CBapHBIX IIIBOB BBIMOJHSIOT MO METAUly TpPaHUIbl CIUIABJICHUS  IIBA
¢ fiyy = 174,8 MIla =17,48xH/cM?.

BricoTy karera 1IBOB MPHUBApKU BEPTUKAIBHBIX peOep K TpaBepce ONpeeIuM
U3 YCIoBUSL MX paboThl Ha cpe3 Ha ycwine N, =719xH, TPUHSIB TOIIIHUHY
BEPTUKAIBHBIX pedep B TpaBepce paBHOW TOJNIIMHE TIOJKA BEpPXHEW YacTu
KOJIOHHBI, T. € t=20 MM, a pacyeTHYIO JJIMHY IIBOB || =85k B

N 719
kf = L = = 0,35 CM,
4-85BrBfwrYc 85-4-0,9-1,05-17,48-1,05

IPUHUMAEM K = 6MM.

Bricora karera WMIBOB IIpUBApKU TPaBEPChl K CTEHKE AByTaBpa MOJAKPAHOBOM
BETBH, pACCUUTHIBAEMbIX Ha CUITy V,, = 1483,5 kH

ey = \/2-85-0 9-1285?-,’157 ae10s - 0 71em,

MIpUHUMAEM K; =9 mMm.

BeprukanibHoe peOpo co  CTOPOHBI  TMOAKPAHOBOW  BETBH  KOJIOHHBI
paccuuthiBaeTcs Ha cuity 0,5Dmax=0,5- 2248 = 1124 kH,
4YTO MEHbIIE Vi, = 1483,5kH, KOHCTPYKTHBHO TOJIIMHY 3TOTO pebpa npuHUMaeM
PaBHOH TOJIIKMHE TPABEPCHI (t,, =16 Mm ), 8 MIBBI €0 NPUBAPKU HA3HAYAEM TAKUMM

ke, a uMeHHO ¢ Kf =9Mm. [IIBBI ¢ HPOTHBOIOJIOXKHONW CTOPOHBI TPABEPCHI K

Hapy)KHEH BETBU NPHHUMAEM C Ky = OMM,

OKoHuamenvbHO 6ce BepMUKATIbHbIE C8APHbIE UIBbL NPUBAPKU MPABEPCHl K
Kononne npunumaem ¢ kg = 9 MM (na puc. onucka, emecmo 6 mm (creea) oyoem
9 mum).

5). Ilposepra cmenku Ha cpes.

[IpoBepuM CTEHKY MOJKPAHOBOW BETBH KOJOHHBI Y MECTA KPEIUICHUS TPaBEPCHI

u pedpa Ha cpe3 mo hopmyre :
N 2607,5

Ty = = = 14,1 xka/cm? > fs =13,34 xu/cm?
2hoptywye  2:80:1,1:1,05

34E€CH

N =719-222 4 2248 = 2607,5 xH,

15
ty, =11MMm — rommuna crenku 155.
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B cBA3u ¢ TeM, 4YTO YCIOBHUE NPOYHOCTA HE BBINOJHIETCA, B CTEHKE
MOJAKPAHOBOM BETBU JieJIaéM BCTaBKY W3 JjucTa ToiamuHOu t =14 mm u nnuHoU

1000 mMm, TOrIa
2607,5

Tw = 78014105 11,1 ku/cm2 < fs =13,92 kn/cM?, IpoUHOCTH OOECIEYEHa.
6). Pacuem naknaoxu.
upuHy BEpTHKAIBHON HAKJIAJKH, COCTUHSIONIEH BEPXHIOK YacTh KOJOHHBI C
Hapy>XKHOH BETBBIO €€ HIDKHEH YacTH, IPUHUMAEM
b, =b; +50 =260+ 50 =310 mm,

a TOJUMHY Ha3HaAyYaeM U3 YCJIOBHUS PABEHCTBA IUIOWIAJCH HAKIAIKH
Y TOJIKA BEPXHEN YaCTU KOJIOHHBI, 3 UMEHHO:
t,=26-2,0/31=167cm.
[Ipunumaem t, =18 mm. Haknanky mnpuBapuBacM IIBaMU C KaTeTOM ki =9mm.

CBapKy NpUHUMAEM PYYHYIO 3JIEKTpoaaMu Mapku 946. Toraa

fws = 200 MIla =20 kH/em?, Br = 0,7. B, = 1,0;

Brfws = 0,7-200 = 140 < B,f,,, = 1,0 -166,5=174,8 Mlla, pacueT BeneM 1o
MeTally I1Ba.

MakcumanbHOe ycuiue, JEHCTBYIONIEe Ha HaKIaAKy, IPUHUMAEM IO HeCyIIeH
CIIOCOOHOCTH TOJIKM KOJIOHHBI, II0 KOTOPOMY HaieM JJIMHY IIBa MO OJJHY CTOPOHY
HAKJIAKU:

Nf =26-2-23-1,05 =1255,8 kH.
JlnvHa 1mBa 1o oqHy CTOPOHY HAKJIAJAKU

I, = ——=>>8 112475 +1= 48,5 cwm.
2-0,7-0,9-:20-1,05

[Tpuaumaem [, =500 mMm. Jlnuna Hakmaaku Oyaet paBaa 1000mm.

Ipumep 10.4. Pacuem 6a3vl cniowinoil 6HeYEHMPEHHO - CHCAMOU KOJIOHHDbL

Paccuntath ¥ 3akOHCTpyHpoOBaTh 0a3y CIUIONTHONW BHEIICHTPEHHO - CXKaTON
KOJIOHHBI Ha pacueTHble yeunust N1 = —1650 kH, M1 =—-1101 kH-m.

Knacc 6erona (ynmamenta C?/3. CeueHHe KOJOHBI M KOHCTPYKIHIO 0a3bl
npuHATh coraacHo puc. XIV.6. Cranp kononusr C355, fyg =350 MIla u

fyg =340MIla npu TonmuHe mpokara 8-16mMm u 16-40 MM, COOTBETCTBEHHO.

1). Pacuem onopmoii niumoi.

PacuetHoe comporuBieHne OeToHa kinacca C?/3p HmpH MECTHOM CMSTHH C
ydeTroM ko3 dunmenta oy = 0,75

fouq Oy =17,7-0,75=13,3 MITa.

[lnomans OMOPHOM TMJUTHI ONPEACNSIOT W3 YCIOBUS CMATUS O€ToHA.

OmnpenensieM HIUPUHY TUTUTHI
Bur = bk + 250 = 400 + 2:50 = 500 mm;

TOTJIa JJIMHA TUTUTTHL OyIeT paBHa
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2
L - 1,650 N 1,650 N 6-1,101 ~1128 .
- 2:0,5-13;3 2-0,5-13,3 0,5-13,3

Hasnadaem pa3Mepsl OMOpPHOM MIUTHI 0a3bl TaKUM 00pa3oM, YTOOBI HA TUIUTE
pa3Menanuch BCE 3JIEMEHTHI CTEPXKHS KOJIOHHBI, TpaBepChl U pedpa 0a3bl, @ mak-
Jice Yenmp msANcecmu cedenusi KOJIOHHbL Q0HCH COBNA0AMb C YEHMPOM NIUNDbL:

[TpuaumaeM By = 500 MM, Lz = 1250 mm.

OnopHoe naBieHue QPyH1aMeHTa

omax=ﬁ+ M _ 160 11016 111 Mita<i3,3 MiTa,
An W, 05125 05125

o =N M __1650 1’101'62 — 5,8 MITa<13,3 MITa,
A W_ 05125 05125

& 22 451 523 8.3
400x22 ﬂ

T

QO

o~

98

&l &

=
"‘_‘l

Q

L

* - Ipy30Bas NIOWAMb TPABEPCH
* *. rpysosag naomamas pebpa

V772

Bx=400
Brur=500

4+
38

625 625
Lnon=1250

6 o —ssMMma 0=4,63MIla _0.=7,83 MITa
i : C— e /

wom:n,x MITa=0,

6,;=0;=10.93 MIla

Puc. XIV.6. K pacuery 0a3bl KOJIOHHBIL:
@ — KOHCTPYKTUBHOE pelieHue 0a3bl; O — 3MI0pa HANPsHKEHUN Uil pacyeTa 0asbl.

[Tnuta 6a3el padboTaet Ha U3rKud (cMm. Temy 9.4.1).

Ha xonconvrnom yuacmxe 1 MOMEHT B IUTUTE ONPECIIUM 10 popmyrie
c? (0,0204)>

M, =6, — =11,1- =0,0023 MH - m.
2

Ha yyacmke 2 nnuta onepta 1o 4yetbipeM ctopoHam. J{iisa Hee
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b _ (400-2-13) _51.
a 73,35
Torga MOMEHT B IJTUTE ONMpEENM 1o (hopmyIie
M, = ac,a? =0,125-10,93- (0,07335)? =0,0074 MH - m,
riae a=0,125 B COOTBETCTBHUU ¢ Taba. 9.4.

by

50
Ha yuacmxke 3 ninmurta onepTa 1o TpeM cropoHam. JJist Hee a =15 0,323<0,5.

Torga MOMEHT B IUTUTE ONPEEInM 1o hopmyJie

2 2
My =0 L =1o,930-(@j =0,0137 MH - M.
2 2

Ha yuacmke 4 nnura onepra no Tpem cropoHaM. /s Hee %= ;ig =0,89>0,5.
Torga MOMEHT B TUIMTE ONpeeTuM 1o hopMmyie
M, =PBo,a° =0,106-7,83-0,275° =0,0627 MH - M,
rae p=0,106 B COOTBETCTBUH ¢ Ta0I. 9.5.
Ha yyacmke 5 nnuta onepTta, Kak ¥ Ha y4dacTke 4.
Torjga MOMEHT B TUIUTE ONpEeNuM 1o hopMmyie
Mg =Bosa? =0,106-4,63-0,275° =0,0371 MH - m,
rae B=0,106, B COOTBETCTBUH ¢ Ta0I. 9.5.
ITo MaKCUMaJIbHOMY n3 HANJCHHBIX MOMEHTOB Mmax = My =
=0,0627 MH-Mm 1o dhopmyiie (8.26) onpenenum TpeOyeMyrO TOIIINHY TITUTHI:

,6-0 0627
t., = . =0,03MmM =3,0c™m
T 340-1,2 ’ U M,

rae Y. = 1,2 —mo n. 9, tabn. 5.1 [5]. dusa C355 ¢ fyg = 340 MIla — tabm. A.3[5]
g sctoB 1640 M.
[Tpuaumaem TodUHY TIUTHL ., =30 MM.

[Mpu tommmue muThl 30 MM ycitoBre cBapuBaeMOCTH (tmax/tmin < 3) co cTeHKoM
koJoHHBI (tw = 10 MMm), TpaBepcamu u pebpamu (t = 12 Mm) coGmroaeTcs.

2). Pacuem mpasepcol u pebep scecmxocmu.

[Toronnass Harpy3ka Ha TpaBepcy (CM. pacyeTHYI CXeMy TpaBepChl Ha PHC.
XIV.6 B)

Grp = 02(c + trp + 0,5b) = 10,93(0,0204 + 0,012 + 0,5 - 0,155) = 1,2 MH/m

Grpmp = 02(C + trp + 0,4b) = 10,93(0,0204 + 0,012 + 0,4 - 0,155) = 1,03 MH/m
Ycuame BOCIPUHUMAEMOE TPaBEPCOU
Ny, =12-0,05-2+1,03-0,4 = 0,532 MH =532 xH

CormacHO  NpPUHATOW  KOHCTPYKIIMM  0a3bl  TpaBepca  IMpUBapUBaCTCA
K BETBSIM KOJIOHHBI YTJIOBBIMH IIBaMH. B coorBercTBum (Tadi. 39 [5]) karer mBa
npunarMaem K¢ =10 mm.

B cootBerctBuu ¢ Taba. I'.1 [5] ams moiayaBTOMaTHYeCKO# CBaApKU MTPOBOJIOKOM
Cs-08I2C, d =14-2 mm, Bt =08 up; =1, fws = 215 MIla, Tabm.T". 2 [5] u
fwz = 0,45 - 345 = 155,25 MIla (ta6m1.4[5]).

Torna 3HaueHus

Brfws = 0,8-215 =172 > B,f,,, = 1-155,23 = 155,25 Mlla,
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pacdeT CBAPHBIX HIBOB BBIIIOJHAIOT TOJIBKO IIO MCTAJULY I'PaHUIbI CIUIABJIICHUA C
fiwy = 155,25 MIla =15,52xH/cM?.
OmnpenenuM BBICOTY TpaBEpChl U3 YCIOBUS PaOOTHI IIBOB Ha Cpe3 Mo (GopMyIie

(9.27).
532

h. =
™  2.1-1,0-15,52-1,05
[IpyHrMaeM BBICOTY TpaBEPCHI th =22 cm.

+1=17,3 cm

N3rubaronime MOMEHTBI U MOMEPEYHbIE CUIIBI B TPABEPCE
~1,2.0,05

o1

=0,0015 MH - m;

. 2
My, = 2222 — 0,0015 = 0,0191 MH - ;

Qrp = 1,03-°2+1,2- 0,05 = 0,266 MH,
[IpoBepum TpaBepcy Ha u3rud u cpe3 no Gopmymnam (9.28) u (9.29):

. 5
o = 201107 _ 198 kH/em? < 35,0 kH/cM?,
96,8:1,05
. 3
— 0266107 g 6 xH/em? < 0,58-35,0= 20,3 kH/cMm?
1,2-22:1,05

2
rae W, :%:96,8 v,
OmpenenuM  TONIIMHY CBAapHBIX IIBOB B MECTE NPUBAPKU TPABEPCHI

K IINIUTC:
532

kp =
1,0-57-15,52-1,05
rne Y1, =(G-2-2)+(G0—-1)=57cm
B cootBercTBun ¢ Tabdn. 39 [5] mpu TomiuHe OoJiee TOJICTOTO 3jeMeHTa Oa3bl
KOJIOHHBI (IUUTHI), paBHOTO 30 MM, MUHUMAJbHBIA KaTET IIBA MPUHUMAETCS
paBHBIM 10 MM.
PebGpo paccunThiBaeM Kak KOHCOJBHYIO OaiKy C 3alieMJIEHHEM B MECTE €ro
MIPUBAPKHU K CTEHKE KOJIOHHBI.

N3rubaroriyue MOMEHT U MONEepedHas cuia B pedpe
Gpl”  1,33-0,2452
Mp = =
2
Q, =G}, =1,33-0,245=0,326 MH,

= 0,4 cM = 4 MM,

=0,0399 MH - m;

riae
Gp = 05a, =4,63- (0,275 +0,012) =1,33 MH/x;
_ 500-10
P2
[TpunsiB BeIcOTy pebpa hy = 300 MM u t, =12 MM, TpOBEPUM €ro MPOYHOCTH Ha

u3rud u cpes:

o= M,  0,0399-10°
W, 1801

I =245mm =0,245 m.

= 22,1 < fyq = 35 xkH/em?,

= Q _ 0326'10°
toln  1,2:30-1,05

= 8,6 < f; = 0,58 - 35 = 20,3 xkH/cm?;
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1,2-30°
rae W, === =180 cm’.
6
[IpoBepuM MPOYHOCTH YIJIOBBIX IIBOB, MPUKPEIUIAIONIUX pedpo K CTEHKE
KOJIOHHBI, Ha3HAYMB UX KaTeThl Ki = 10 Mm:

Ty = /T@M + 12, =y 14,232 + 5,512 =15,26 xH/cm?

rae
Twom = 0,0399-10°/280,3 = 14,23 < f,,, =15,52 kH/em?,

Two = 0,326-10%/2-1-1-29 =551 < f_ =1552 xH/em?,
MOMCHT COITPOTUBJICHHUA 3TUX JIBYX IIIBOB
_ 2Bgksly,®  2:11(30-1)2

_ 3
Wwp = . = 280,3 cm”.
KateTs! 1IBOB, MPUKPEIUISIOMMNX PEOPO K TUIUTE:
0,326:103
= 0,41 cm.

f = 211.(245-1)15,52-10,5
Konctpyktusro npuaumaem ki = 10 mm (tab:. 39 [5]).

Paznen XV. IJIEMEHTBI ®AXBEPKA

Tema 15.1. Koncrpykuus 1 pacuer (paxsepka cTeH

JIisi CTEHOBOTO 3amlOJHEHWS B TMPOMBINIJICHHBIX 37aHUSAX, KaK IMPaBUIIoO,
UCIIOJIB3YIOT COOpHBIC >KETE300CTOHHBIC TAHEIN WIM TPEXCIOWHBIC TMaHEeIH C
2G(HEKTUBHBIM  YTEIUIUTEIEM W METAJUTMYECKONW  OOIIMBKOU 3aBOJICKOTO
U3TOTOBIICHUA. B mepBoM cityuae, MaHenu pacrlojiararoTCs TOPU30HTAIBHO, a BO
BTOPOM - BEPTHKaJIbHO. TpEeXCIOHHOE CTCHOBOE 3alloJHEHHWE MOXET OBITh
00pa3oBaHO MW HEMOCPEJACTBEHHO HAa CTPOMTEIBHON IuTOMaAKe (IOJUCTOBAs
cOopka).

daxBepKOM HaA3bIBACTCS CUCTEMA KOHCTPYKTHBHBIX JIEMEHTOB (CTOEK, pUTEICH
¥ PACTIOPOK), CITy>Kalasi IJisl OAIepKaHUSI CTEHOBOTO 3aIOTHEHUS U 0(OPMIICHUS
nmpoeMoB (OKOH, BOPOT M T.1.). DaxBepK CTEH MOXKET OBITh NPOJOJIBHBIM U
TOPIICBBIM.

[TpomonbHBINA (paxBepK YyCTpauBarOT BAOJIL HAPYKHOTO psAia KOJIOHH TOT/A,
KOT/Ia JUIMHA CTEHOBBIX TaHEJCH MEHbBINE Iara KOJIOHH TIONEPEYHOW pambl
KapKaca WIM TPH TPEXCIOWHBIX TMAHENSAX ¢ IIaroM KOJOHH Oojiee 6 M, Korma
TpeOyeTcs yCTaHOBKA CTOCK (paxBepka MEXITy OCHOBHBIMH KOJIOHHAMH U MEXKIY
HUMHU PpAaCTOJaraloT CHUCTEMY pUTeled JUisi KpeIUIeHWS MaHeled M OKOHHBIX
npoemoB (puc.15.1, a). BBepxy croiiku QaxBepka ONUPAIOTCI B y3jlax K
MPOJIOJILHBIM CBSI3€BBIM (pepMaM 10 TOKPBHITHIO, uepe3 KOTOphIE BETPOBas
Harpy3Ka mepeaeTcs Ha KOJOHHBI KapKaca 31aHusl.
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VY CTpOHCTBO TOPLEBBIX CTEH 3[aHMS BCJIEACTBUE OONBIIMX Pa3MEPOB MPOJIETOB
Bcerja TpedyeT yCTaHOBKHM MPOMEXYTOUHBIX cToeK (axsepka. Ha puc.15.1, 0)
IPUBEIEHO KOHCTPYKTUBHOE PEILLIEHUE TOPLEBOro (paxBepKa, COCTOSILErO U3 CTOEK
M pUrelIel CO CTEHOBBIM 3allOJIHECHUEM U3 TPEeXCIOuHbIX IaHenen. Ilpu
UCIIOJIb30BAaHUU JKEJIE300€TOHHBIX IaHeNed BMECTO pHUrelied HUCIOJb3YIOTCS
pacnopK, KOTOpbIE pacrlojlaraloTcs B IUIOCKOCTH (DaXBEPKOBBIX CTOEK JUIs
YMEHBIIICHUS MX pacyeTHOM mmuHbl. YacTtoTa pacmoyiokKEHUs CTOeK QaxBepka
3aBUCUT OT KOHCTPYKIIMHM CTEHOBOI'O 3allOJIHEHHS M NPUHUMAETCS OOBIYHO
yepe3z 6 wim 12 M, a 4acToTa PACIIOJOXKEHUSI PUTEIIEM - OT MX HECyIUEeu
CIIOCOOHOCTH, T.K. PACCTOSHUE MEXIY PUTeIsIMU SIBIAETCS TMPOJIETOM ISt
BEPTUKAJIBHO PACIIOJIOKEHHBIX CTEHOBBIX MAaHENEd WM ONOpOMl  JIpYyroro
3aMoJIHEHUs, BOCHIPUHUMAIOIIUMU €I1I€ U BETPOBYIO HAIPY3KY.

BepxHue ydacTkuM CTOEK TOpLEBOro (axBepka ONUPAIOTCd B y3Jax Ha
NONEPEeYHbIE CBA3EBbIE (PEPMBI OOBIYHO B YPOBHE HIKHHMX MOSCOB CTPOMUIBHBIX
depMm (KOTOpBIC HA3BIBAIOT BETpOBBIMH (epmamu) (puc. 15.1 B), XoTs B psne
ciy4aeB (Hampumep, s pepm Tura «Moso1eqHo» U Jp.) TONepeyHbIe CBI3EBbIE
dbepmbl pacrnoyiaraloT B YpOBHE BEPXHHUX IOSICOB CTPONMMWIBHBIX depM. UTOOBI He
NPEensTCTBOBAaTh MNPOrudy CTPONWIbHOW (hepMbl OT BEPTUKAIbHBIX HArpy3oK,
KpEIUIEHUE CTOEK BBIMOIHSIIOT C MOMOIIBIO JIUCmO6bIX wiapHupoe (puc. 15.1,B),
KOTOPBIN HE MPEensTCTBYET nedopmanuu pepmMbl B BEPTUKAILHOM HANpPaBICHUH U
BMECTE C TeM oO0ecnedMBaeT TMepenadyy Ha CBS3eBY0 (epMy TOJBKO
TOPU30HTAIBHBIX BETPOBBIX YCUIUH.

Taxoit a1ucmosoint wapnup npencrasisier coo0l TOHKUM JUCT ToamuHON 8-10
MM, mupuHOM 150-200 MM, KOTOpBII B BEPTUKAIBHOM HAIIPABICHUHU JIETKO
U3rubaeTcss W HE MpensTCTBYeT nporudy ¢epmbl. B ropus3oHTasbHOM
HaIpaBJI€HUU JIUCT MEpPelaeT BETPOBYIO HAarpy3Ky OT CTOMKH (haxBepka B y3ell
BETPOBOM (pepMbl, cam TUCT paboTaeT Ha MPOJAOIBHYIO CHITY.
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Puc. 15.1. Koncrpykuus daxsepka

@) — TPOJOJIbHBIN; ©0) —TOpIEBOW; B) — KpEIUICHHE CTOMKM (axBepka
JUCTOBBIM IIAPHUPOM; T') — pacueTHas CXeMa CTOUKH (axBepKa.

KoHCTpyKTHBHBIE pellIeHHs y3JI0B KperieHus CcToek (axBepka B
3aBUCUMOCTH OT PACIMOJIOKEHUSI TMOMEPEUHBIX CBA3EBBIX (DEpM U KOHCTPYKIUU
JIMCTOBOTO MIAPHHUPA IPUBEAECHBI HA puc. 15.2.

DOneMeHThl (paxBepka BOCHPUHUMAIOT BETPOBYIO HArpy3Ky, Harpy3kKy OT HUX
cOOCTBEHHOT'0 BECa M BECa CTEHOBOI'O 3alI0JIHEHUS.

PacueTnass cxema croiiku (axBepka mnpuBeaeHa Ha puc. 15.1, 1). Bec
CTEHOBOTO  OTpaXJACHUs MPUIOKEH SKCUEHTpUYHO. BerpoBas Harpyska
coOMpaeTcss ¢ COOTBETCTBYIOIIEH TPY30BOM ILIOIMIAAM CTOMKH. Takum 00pazom,
cToiiKa (axBepka paboTaeT Ha C)KaThe ¢ U3THOOM.
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Puc.15.2 Ilpumbikanue cToek ¢axBepka K KOHCTPYKITUSM MOKPBITHS:

a — B YPOBHE BEPXHETrO M0sica CTPONMUIBHON (pepMbl; O, B — B YPOBHE HHXKHETO
nosica CTpONMJIbHOU (pepMbl

Croiiku onuparoT Ha QyHAAMEHT HIAPHUPHO.

Croiiku (paxBepka pacCUMTHIBAIOT KaK BHEIEHTPEHHO CXKAThle KOJOHHBI
cruiomHoro ceveHus (cm. 14.2). PacueTHas [iuMHA CTOMKM NPUHUMAETCS paBHOMU
pPacCTOSIHUIO MEXAYy TOUKaMH packperuieHus. [IpenenpHass THOKOCTh CTOEK
npuHuMaeTcs 1o tadi. 33 [5].

Purenu paGoTaroT Ha U3rud OT AEUCTBUSI BEPTUKAIbHBIX U TOPU3OHTAIBHBIX
Harpy3oK, B 3aBHCHUMOCTH OT KOHCTPYKIMH CTE€H U 3aKPEIJICHUs CTEHOBOTO
3anonHeHus. IlpenenbHble mMporuObl CTOEK M purenei (axsepka HE TOJKHBI
npesbimath 1/200 npostera 3neMeHTa.

Pazgen XVI. MOAKPAHOBBIE KOHCTPYKIIUA
Tema 16.1. XapakTepucTHKA NOJAKPAHOBBIX KOHCTPYKUMM, pacueT

NMOAKPAHOBBIX 0AJIOK
IloakpaHOBBIE KOHCTPYKIMU BOCHPUHUMAIOT BO3JIEUCTBUS OT MOABEMHO-

TPAHCIIOPTHOTO 00OpyIOBaHUs (TJIaBHBIM O0pa3oM MOCTOBBIX ONOPHBIX U
IOJIBECHBIX KpaHOB). KOMIUIEKC TOJIKPAaHOBBIX KOHCTpyKIud (puc. 16,1,a)
BKJIIOYAET B ceOsl MOJKPAHOBbIE OalKu, TOPMO3HbIE OaJIKH, KpEIruieHUsl O0aJloK K
KOJIOHHAM, KpPaHOBBIM pEeNbC C KPEIUICHUSIMU €ro K IMOAKPaHOBOW Oanke u
KpPaHOBBIE YIIOPHI B TOPLIAX 3/IaHUS.
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OCHOBHBIE  HECyIIME DJIEMEHTbl IOJKPAaHOBBIX  KOHCTPYKIMH —
MOJIKPAHOBBIE OAJIKH, KOTOPbIE MOTYT OBbITh pa3pe3HbIMU W HEPAa3pe3HbIMU (pHC.
16,1. 6, 6), u pemieruathie oaKpaHoBbIe Oanku (pepmsl) (puc. 16,1, 2,), KoTOpbIC
IPUMEHSIOTCS MpH JierkuX kpaHax (Q<30 1) u 6oubiiux 1rarax kojaouH (B>18 m).

ay

Puc. 16.1. [TogkpaHoBbie KOHCTPYKIIUH
@) — dyeMeHTHI: 1- moakpaHoBast Oanka; 2 — TOpMO3Has Oanka; 3 — KpaHOBBIH
penbC; 6) — 0) — KOHCTPYKTHBHBIE CXEMBI ITOJAKPAHOBBIX 0aIOK

Yaie Bcero mpuMEHsIOT MOAKPAHOBBIE OAJIKU CIUIOMIHOTO cedeHus. Pa3zpesHbie
Oanky Mpolle B MOHTaXe, HEUyBCTBUTENbHbIE K ocaake omnop. Hepaspesusie -
PKOHOMHYHEE pa3pe3Hbix Ha 12+15% mo pacxomy Mmerania, HO 6oJee TPYyJAOEMKH
Opu MOHTaXe, TaK KaKk HEOOXOAMMO YCTPOMCTBO MOHTAXKHBIX CTBIKOB, H
YyBCTBUTEJIBHBI K OcagKaM omnop. [IpuMeHeHune pemeryaTsix MoIKPaHOBBIX OaloK
C )KECTKUM BEpXHHM mosicoM (puc. 16.1. 1)), maeT S3KOHOMHIO MeTasIa
10 #15+20% 10 cpaBHEHMIO CO CIUIOIIHBIMU Pa3pe3HbIMU OAIKaMHU.

[Tpu Gonbiux mposierax (mar KoJoHH 36 M U 0oJiee) U TAKENBIX KpaHaX 4acTo
OPUMEHSAIOT KOMOMHHPOBAHHBIE CUCTEMBI, 00BEINHSAIONIYIO B ce0e MOAKPAHOBYIO
O0anKy W MOACTPONWIbHYIO (QepMy — MOAKPAHOBO- TMOJCTPOINUIbHBIE (HEepMbI
(III®) (puc. 16,1,0). Crepxkau GepMbl BHIIOTHIIOT U3 IBYTABPOB, HIDKHUH MOSIC
— KOpoOYaToro Ce4eHusi, Ha BEPXHHUM MOSC KOTOPOTO YKJIAABIBAKOT PEJIbCHI IS
JBUYKEHUSI MOCTOBBIX KpaHOB. COEJMHEHHUE 3JEMEHTOB B Y3JIaX BBIIIOJHSIIOT Ha
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BBICOKONIPOYHBIX Oontax. Beicoty IIII®D npurumarot (B ocsix) B mpenenax (1/6-
1/8) mpometa, BBICOTY KeCTKOro HmxHero mosica - (1/5-1/7) nnwebl naHenw,
KOTOPYIO NMPUHUMAIOT KpaTHOW 6 M. HukHuii nosic pepmbl Kpome pacTsHKeHUS U
u3rnba paboTaeT Ha CTECHEHHOE KPYUYEeHHE, 3JIEMEHThI PEHIETKA — Ha MPOJI0JIbHbIE
YCWIHSI M JIOTIOJIHUTEIbHBIE MOMEHTHI , BOSHUKAIOIIKNE OT CKPYUHUBAHUS HUKHETO
nosica.

Haczpy3ku na nookpanoevle KOHCmMpPYKyuu

Harpy3ku OT KpaHa mepenaroTcs Ha MOJKPAHOBYHO KOHCTPYKIIMIO Yepes3
KoJieca KpaHa (KaTKH), pacroioKEHHbIE Ha KOHIIEBOM Oajke KpaHOBOro mocta. Ha
OJIHOM CTOpOHE MOCTa KpaHa OBIBAOT J[Ba, YEThIpEe KaTka u Oosee (puc. 16.2,a, 6).

? 4]

A L AR A

¥ T

-y

Puc. 16.2. Harpy3ku ot kpaHOB
a, 0) - &Ba, YeThIpe KaTKa Ha OJHOW CTOpPOHE KpaHa; ) — pacueTHas
Harpyska oT JByX CONMKEHHBIX KPaHOB

HopmaTuBHBIMM Harpy3kamMH JUisi pacuera MOJKPAHOBBIX KOHCTPYKIIHA
SABJISIFOTCSL:

- BEPTUKAJIBHOE JIaBJICHUE HA KATOK Pmax , (IpU NpUOIMKEHHON TENIEKKE C
MaKCUMaJIbHBIM Tpy30M K Oanke), npunumaemas no ['OCT Ha kpaHbl, B KOTOpOM
JAI0TCsl BCE JIAHHBIE 110 KpaHy (pa3Mepsl, BeC U JIp.);

- CWJIa MOMEPEYHOr0 TOPMOKEHHSI HA KATOK Tk, BO3HHUKAOIIAsl OT TOPMOKEHHUS
TEJIEKKH C TPYy30M BJIOJIb KPAaHOBOTO, ONPEIEISIOT

T, =Ty/n, 34ech momepevyHoe TOPU3OHTATBHOE YCHIME OT TEIICKKH C
rpy3zom paBuo - Ty = 0,1(Q + G)2/4,

IJI€ N - YUCJIO KOJIeC Ha 0JHOM cTopoHe KpaHa; 0.1 — koappuuuenT TpeHus
KAaTKOB TEJICKKHU MPU TOPMOXKEHHH JIJIsi KpaHOB ¢ rubkum noasecom (0,2 — ans
KPAaHOB C JKECTKHM IMoJBecOM); 2/4 — npoOb, I/ie B YHCIHUTENE YKa3aHO YHCIIO
TOPMO3HBIX KOJIEC, @ B 3HAMEHATEJIE — O0IIee YUCIIO KOJIEC TENIEKKH.
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[lonkpaHOBBIE KOHCTPYKLMH, KakK MPaBHIIO, PAaCCUUTBHIBAIOT OT JIBYX
CONMDKEHHBIX KPAaHOB Ha MaKCHMajbHble Harpy3ku (puc. 16.2, ¢). B 3anac
IPOYHOCTH CUUTAIOT, YTO BEPTUKAIbHbIE HArpy3Kd BOCHPUHHMMAET IMOJKPAaHOBas
0anka, a TOPU30HTAJIBHBIE CHJIBI IONEPEYHOr0 TOPMOXKEHUS — TOPMO3Has
KOHCTPYKIUSI.

16.1.1 CnyiomHble MOAKPAHOBBIE DAJIKHU
Tunbel ceyeHUWH TOAKPAHOBBIX OaJoOK 3aBUCAT OT HUX IHpojeTa
Ipy30MO0ILEMHOCTH U peXXHMa paboThl KpaHOB (puc. 16.3).

P

Puc. 16.3. CedyeHus CIUIONIHBIX TIOJIKPAHOBBIX 0aJ0K

@) — W3 TPOKATHBIX MPOQUIICH, YCHICHHBIX JHCTOM M YrOjKamu; 0) —
JByTaBpOBas CBapHas Oajka, HECUMMETPUYHOTO CEYCHHS; B) — JBYTaBPOBBIC
CBapHBIC CUMMETPHYHOTO CEUEHUS OaIKh ¢ TOPMO3HBIMH KOHCTPYKIHSMU; T) —
JIBYTaBPOBBIC OAJIKU C YCUJICHHBIM BEPXHUM ITOSICOM

JIs1i  MOAKPaHOBBIX 0aJIOK nposetom | < 6 MeTpoB W KpaHax
rpy3onoabeMHocTbi0 Q< 10 T NMpUMEHSIOT MPOKATHBIE JIBYTaBPhI, YCHIJICHHbBIE
JMCTOM WJIM YTOJKaMH MO BepxHemy mosicy (puc.16.3, a)) wuimm OByTaBpOBEIC
cBapHble OalKu, HECHMMETPUYHOIO CEYCHHS] C PA3BUTHIM BEPXHHUM IMOSICOM

(puc.16.3, 0)) .
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IIpu kpanax rpy3onoabeMHOCTHI0 Q >10 T C mMpoJieTOM MOAKPAHOBBIX
6amok | > 6 m (I = 6 u 12M) TPUMEHSIOT ABYTaBPOBBIC CBAapHBIC OalIKu
CUMMETPUYHOTIO CEUCHHUS C TOPMO3HBIMHU KOHCTpYyKIuu (puc. 16.3, 6),2), B cocTaB
KOTOPBIX BXOAUT TOPMO3HOH sucT (16.3,8) win Topmo3Has ¢epma (prc.16.4),
KOTOpasi SKOHOMHYHEE II0 pacxojy CTalld, HO CJOXXKHEE B H3TOTOBICHUU W
MOHTaXe.

NI/

NI

Puc. 16.4. CkBo3Has TOPMO3HAsI KOHCTPYKIIMS
@) — KpalHero psija; 0) — cpeaHero psaaa

Jlnst TOpMO3HBIX KOHCTpYKUMM mupuHOH 10 1000 MM OOBIYHO NPUMEHSIOT
pudnensiii auct t= 6+ 8 mm (puc. 16.3.6), KOTOPHIH MPUBAPHBAIOT K BEPXHEMY
NosICY MOAKPAHOBOW Oajikv M C MPOTHUBOIMOJIOKHOW CTOPOHBI K OKAMMIISIOIIEMY
3JEMEHTY (3TO MOXET OBbITh IIBEIUIEp MPHU MpojeTe Oanku A0 6 M WU  TOSIC
BCIIOMOTaTeIbHOM (hepMbl M3 OJUHOYHBIX YroJKOB). TOPMO3HBIC JINCTHI CHU3Y
YKPEIUISIOT MONepeYyHbIMU pedpamu - 65X6 ¢ marom 1.5+2 m.

[Ipn mupuHe TOpMO3HBIX KOHCTpyKimii Oosee 1000 MM mpuMEHSIOT
TopMo3Hbie (epmbl (puc. 16.4), mosica ¥ PEHICTKY KOTOPBIX BBINOJIHSIOT U3
OJIMHOYHBIX yTONKOB. [10 mimHe MeX Iy MOJKpaHOBOM OAKOW U BCTIOMOTaTeIbHON
dbepmoii ycTpanBaeTCsl CCTeMa BEPTUKAIBHBIX CBsI3e. B psine ciydaeB mo Bepxy
TOPMO3HOH ()epMBI yCTPaWBAIOT IUIOMAAKK (IEPEBSHHBIM HACTWII) IS YI00CTBa
npoxoja U 00CITyKUBAHUS TTyTEH.

Ocobennocmu pacuema cniaouiHbIX NOOKPAHOGBIX DAI0K

Yeunud B TNOAKPAHOBBIX KOHCTPYKIUSX OMNPEIEISAIOTCS MO JUHUAM
BIIUSIHUSA JJI1 CUCTEMBI TTOJBMXKHBIX IPy30B. [l pa3pe3HbIX MOJKPAHOBBIX 0alok
JUISL ONPEACNICHUSI MAaKCHUMaJIbHOTO MOMEHTa MOKHO HCHOJIb30BaTh MHPABUIIO
Bunknepa.

[To »TomMy mnpaBuiay HauOONBIINNA H3THOAIOUIUNA MOMEHT M,,,, B Oajlke OT
CHUCTEMbl CHJI BO3HUKAET, €CIM PaBHOJCHUCTBYIONIIAsl BCEX CHJI, HAXOASIIMXCS Ha
Oanke R = ), P u Ommkaiimas K HEdl cuia Ha KAaTOK KpaHa PaBHOYIAJICHBI OT
cepenunbl niposiéra Oanku (puc. 16.6, a). [Ipu satom M,,,, OyaeT HaXOAUTHCS 1O
CUJION (KaTKoM) Onmkaiiiei K cepeluHe MposeTa.
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Haubonbimas nomnepeunas cwia Q,,,, B pa3pe3Hoi Oanke OyAeT NpU TaKOM
MOJIOKEHUM  HArpy3KH, KoOrja OJIUH U3 KaTkoB (cuia) HaxoAUTCs
HEIMOCPEJICTBEHHO Ha OMOpe, a OCTAJBHBIC PACIOJIOKEHBI KaK MOXKHO OJIIKE K
9TOH ke onope (puc. 16.6, 6).

Pacué€tHpie ycmus B Oalike OT BEpTUKAIBHBIX Harpy3ok M u Q ompenensior C
y4eTOM  BJIHMSHUS ~ COOCTBEHHOTO  Beca  TOJKPAHOBBIX  KOHCTPYKIIUN
kodhpummentom a = 1,02 <+ 1,05, rorma

M=aM,,,; 1 Q = aQax; (16.1)
iy } -q!_ - o) Npafunsuo
P PP | P p Pl |P P
N 1 S Y L Y L
T (7, % % -
7 | 2 'E=ﬂ~mr HenpabBunswo |,
[
| A ] P p| |p P
— b,
| Mpsgiug 7%"' ”;’;
| & < § prare

Puc. 16.6. K omnpeneneHnio pacueTHbIX YCWJIMH B pa3pe3HON MOJAKPAHOBOM
Oanke a) - HaWOOJBIIMK WU3rHOAIONIMIA MOMEHT; 0) — HanOOJbIIas TONEpeYHAs
cwria. (Ha puc. Q 3ameHHTH Ha V)

B Hepa3pesHbIX MOJIKPAHOBBIX Oankax M4 U Viyqy ONPEISTSIOTCS TIO0
JIMHUSM BIIUSTHUS.
Pacyernbie ycunus My, V), OT TOPU3OHTAIBLHON MOMEPEYHON HArpys3ku T,

HaXOJAT IIPU TOM K€ ITOJIOKCHHUH KPAaHOB, IIOOTOMY

TK TK
M, :P_KMmax;HVy = P_KVmax- (16.2)

KoMnoHOBKY cedeHHs] MOIKPaHOBOM Oalku, C Yy4YETOM OIpeaeieHHs
ONTHUMAJIBHOW M MUHHUMAJIHOM BBICOTBI, MPOU3BOJAT B TOM K€ MOPSAIKE, YTO U
00bIYHBbIX 0anok (cMm. Temy 8.2, pazaen VIII OYMK)

Ilpoesepounvie pacuémovlt nOOKpPaAHOBbIX 0ANO0K

a) Pacuém na npounocms 110 HOPMaJIbHBIM HAIPSKEHUSM ITPOU3BOJIUTCS B
IPEAIOIOKEHNH, YTO BEPTUKAJIbHAS HArpy3Ka BOCIPUHUMAETCS TOJIBKO CEYEHUEM
noJIKpaHOBOU Oainku (6e3 y4éra TOPMO3HOW KOHCTPYKIMH), a TOPU3OHTAJIbHAS —
TOJIBKO TOPMO3HOH Oaikoil, B COCTaB CEYEHUs KOTOPOM BXOJIAT: BEPXHUU MOSAC
NOJIKPAHOBOM OaKy, TOPMO3HOM JIUCT U OKaWMJISIOIIMMA 35eMeHT (puc. Puc. 16.7).
PacueT BepXHero nosica OTHOCUTENLHO TOYKHU A BBIIOJHAIOT MO hopmyJie:
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M | My :
Wy g + Iyt X = fdeCs (163)

HUKHETO T10sIca OaJIKu:.
My
Wiy i

< fya¥e, (164)

rne Wyp , W,, — MOMEHTBI CONPOTHUBIICHHS Il BEPXHETO M HHMIKHETO
TOSICOB MOAKPAHOBOU Oasnku; I, — MOMEHTHI MHEPIMH TOPMO3HOM Oanku; x, -

pacCTOsTHUE OT 11.T. TOPMO3HOM KOHCTPYKIIUHU /10 TOYKH A (puc. 16.7)

>
s Xn Xn v
@
P
T
X— A ’lI—L 1
t ] 0T 3
=
>
® X L.T. X
=
@

Puc. 16.7. K pacuery nogkpaHoBoii 0anku
JI1st IoIKpaHOBBIX OaOK HE CUMMETpUYHOro ceuenus (puc.16.3 a) u 0))
pOJb TOPMO3HOM KOHCTPYKIIMM WIPaeT YCHWJICHHBIM BEPXHUM I0AC,  pacyer

MPOYHOCTU BBIMOJHAIOT 1o popmynam (16.3) u (16.4), rne ; I, — MOMEHTHI

y.T
MHEPIMU BEPXHETO T0sca; X, = 0,5bf - paccTosHME OT II.T. BEPXHETO MOsCA 10
paccMaTprUBaeMOU TOUYKHU.

Ecnu TopMo3Has KOHCTPYKLMA 3alIpOEKTUPOBaHa B Bue depmsl (puc. 16.4) , to

yCTOﬁqHBOCTB BCPXHETO II0ACA HOJIKpaHOBOﬁ OaJIKu MOJKHO IMPOBCPUTH 110

bopmyiie:
& Ny Mioc
Iy Yo + PAf T Wy en = fyd]/Cl (165)

M
rae Ny = h—y - pacyeTHOE MNPOJOJIBHOE YCWIME B BEPXHEM IOSACE OT
t

FOPM3OHTANBHEIX TONEpeuHbx cuil T, (M, 3ameHseTcs MOpOH CHI € IUIEYOM
PaBHBIM  BBICOTE IMOJAKPAHOBOM KOHCTPYKUMHU hy; Af - IUIOIIab BEPXHETO IOsCA

Oanku; @ - Kod(PUIMEHT NPOAOJILHOIO M3rubda BEPXHEro mosica U3 IJIOCKOCTH
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OaJIKM MpU PacyYETHOW JJIMHE, PABHOW PACCTOSHUIO MEXKIY y3J1aMd TOPMO3HOMU

0.97,d . .
dbepMmbl; M;,. = —— , MECTHBII H3THOAIONINN MOMEHT B BEPXHEM I10sIce OAIKU B

TOPU30HTAILHONW IUIOCKOCTH OT OOKOBOIO JaBicHHS Kartka KkpaHa T, , d —
pPacCTOSTHHE MEXKIy Y3J1aMd TOPMO3HOMN depmbr; 0.9 —  koadduimeHt,
YYUTHIBAIOIIMA ~ HEPAa3pe3HOCTh BEPXHEro mosica B ysmax; W, — MoMeHT
CONIPOTHUBJICHUS BEPXHETO Mosica 0aJTKH OTHOCHTEIIEHO BEPTUKAIBLHOM OCH.

. 0) Pacuém na cpe3 10 orope BBITIOJIHASTCS 110 (hopMyIie

noxyc
S-<fye.  (167)

V.X'
rne Q— momepevHas cuja Ha OTope.
8) Ilpounocme cmenku Ha Oelicmeue MAKCUMATLHLIX —MeCHHbIX

HanpsiceHull IPOBEPSIOT Mo Gopmyrie:

_ yF1PK
O-loc,y - twles < fydyc ’

31 .
rae lef =C /th — ycnoBHas (pacu€THasi) AJIMHA PACHpEAeNICHUs] YCUIUA
w

Pk, 3aBUCSAIIAas OT XKECTKOCTH TOsICa, pPeiibca M CIIOCO0a COMPSHKCHHUS Tosica H
creakn; C — K03 (GUIMEHT NMPUHUMAEMBIH IS CBapHBIX M IPOKATHBIX OajloK
C=3,25; I — cymMma COOCTBEHHBIX MOMEHTOB HHEPIMM IOsca OalKu |

KpaHOBOTO pelbca, JIMOO OOIMMH MOMEHT WHEPIMH pelibca W Tosica B Clydae
IPUBApPKU pelibca IIBaMHU, OOECIEYHBAIOIIMMU COBMECTHYIO PabOTy penbca U
nosca; Yfy — KOIPOUUMEHT yBEIMYEHHS BEPTUKAIBLHOW —COCPENOTOYECHHOM
Harpy3kKd Ha KOJIECO, YUYUTBHIBAIONIMN BO3MOXKHOE TIEpepaclpeic/iCcHUe YCHINN
MeX Ty KoJa€caMu U TMHAMHYECKUHN XapaKTep Harpy3Ku M PaBHBIM:

- 1.8 mpu pexxume 8K (B.T.) u sxéctkom moasece rpysa

- 1.7 mpu pexxume 8K (B.T.) u rubxom noasece rpysa

- 1.6 mpu pexxume 7K (TskENBINA pekuM pabOTHI)

-1.1 npu npoyux pexumax

8) llposepka cmenok noOKpano8vlx OANOK HA YPOBHE MOSCHBIX IIBOB Ha
COBMECTHOE JIEUCTBHE 0, T U MECMHBIX O, IPOU3BOAUTCA 110 HOpMYyJIE:

Opf = \/0,? — 0x0ocy + Ojocy + 375, < Bfya¥e, (16.8)

M '
31€Ch O, = I—xy - HOpPMAJIbHbIC HANPSHKEHUS B CTEHKE OajlKu HAa YpPOBHE
X

MOSICHOTO 111Ba; Y - PACCTOSIHHE OT HEUTPAJTIbHOM OCH JI0 MOSCHOIO LIBA:

V SnOﬂCa
% — KacaTelbHble HAIPSHKCHHS Ha YPOBHE IOSCHOTO IIBA;
x*tw

Y=Ve —lf [ Txy =
ko3 duruent f = 1.15 — npu pacuére pa3pe3nsix 0anok, f = 1.3 — npu pacuére
CeUeHM Ha Oropax Hepa3pe3HbIX OaJOK.
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CreHKM MOAKPAHOBBIX Oanok mpu pexkumax padotel kpanoB 7K m 8K
kpome Toro mo 1. 8.3.3[5] mpoBepsOT Ha JOMOJIHHUTEIbHBIC KOMIIOHEHTBI
HaNPS)KEHHOTO COCTOSTHUSL.

2) Obwasn ycmouuusocms nOOKPAHO8bIX OANOK TPOBEpsETCs 1o GhopmyJie:

Mx
PsWx
NPUHUMAIOT PACCTOSHHUE MEXAY TOUYKAMH 3aKpEeIUICHWH C)KaToro Iosica OT

o= < fyaVc TPUYEM TIpU OINPENEIECHUH ¢, 3a PACYETHYIO JUIMHY [of

TMONIEPEYHBIX CMelleHui (y3namu casel). [lpu orcyrerBum cBssei lo = L. Ilpu
HaJW4YUU CIUIOITHOM TOPMO3HOM KOHCTPYKIIMHM, HENPEPBIBHO ONMPAIOLICHCS Ha
CXKAThI TOSIC U HAASKHO C HUM CBSI3aHHOM, OO0IIas YCTOMYMBOCTh HE
IIPOBEPSAETCA.

0) Ilposepka mecmHoOlU ycmouuugocmu 31eMeHMO8 CeyeHus Ui
MPOKATHBIX Oanok He Tpebyercs. It cocTaBHBIX CeUeHUN MECTHAsl yCTOMYUBOCTh
CKATOrO TMOosICa MPOBEPSAETCA aHAJIOTUYHO, KaK U OOBIYHBIX 0aJlOK, B 3aBUCHMOCTH
OT OTHOILIEHUS YCIIOBHOM TMOKOCTH CBEca CXKAaToro mosica K €€ TOJIIIUHE /Tf =
b.rlt Iya KOTOpOe He JOJKHO mpeBblmath A, = 0,5 Iya rie  O;-

ef'" " f\l E p A p Uu ’ o A c
HaIpsDKEHUS B CKATOM I0sice OaNKu.
MecTHasi yCTOMYMBOCTh CTEHKM OOECIEeYEHa, €CIH YCIOBHas T'MOKOCTb

CTEeHKH: A, = ftl—w f%d < 2.5, (cm. 8.5.1[5]). B mporuBHOM ciydae MecTHas

YCTOMYUBOCTH CTCHKH MPOBEPACTCS C YIETOM MECTHBIX HOPMAJIbHBIX HAIPSKECHUI
Oloc,y» 1O popmyie (cm. 8.5.3[5]) :

O 4 Slcyyz 4 T2
(G e (<.

Oloc,cr

Pa3mepnl pebep KECTKOCTH M UX YCTAaHOBKA BBITIOIHSCTCS aHAJTOTMYHO
oObryHbIM OankamM. Ha puc. 16.8 mnpuBeneHsl TpUMEPHl YCTAaHOBKU pebdep
KECTKOCTH Ha CBApPHBIX MOJAKPAHOBBIX Oanmkax. PekomeHmyeTcst oOpeiBaTh pedpa
Ha BbIcoTe 60 MM OT HMXHero mosica (tunm 1, puc.16.8) ¢ BBIBOJOM Ha TOpell
pebpa cBapHoro mBa. Takue MEpPONPHUATHS YMEHBIIAIOT KOHIICHTPAIUIO
HaIpPsHDKEHUN B PAaCTAHYTON 30HE CTEHKU U CHMXKAIOT BO3MOXKHOCTh MOSIBIICHHS TaM
TPCIIHHEI.
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Puc.16.8 Pebpa xecTKOCTH Ha CBapHBIX MOJKPAHOBBIX OanKax:
a —TionepeyuHbie pedpa; 6 — monepevyHbie U MPoI0JIbHBIE pedpa

orc) Pacuém na eviHOCIU60CMb BBIIOMHAIOT JUIS MOJKPAHOBBIX 0OaJIOK
0co060ro pexxuMa paboThl Ha HAIPY3Ky OT OJHOIO KpaHa C KOJIMYECTBOM LUKIIOB
narpyxenuii 10°u Gonee (cm. pasmen 12.2 [5].

16.1.2. IlonkpaHoBbIe (pepmbl,

[MogkpanoBeie depmbl  (puc. 16.9) mpoekTupyro Mmoja KpaHbl HEOOIBIION
rpy3onogbeMHocTd  (He 6osnee 20-30 T) JIETKOTO M CPEHETrO PEKUMOB PAOOTHI,
nponetom 18 — 30 M. Mx mpuMeHeHHE BBI3BAHO TPEOOBAHUSIMU >KECTKOCTU U
BMECTE C TEM Takas KOHCTPYKIHMS SBJISIETCS 3HAYUTEIBbHO OSKOHOMHYHEE
crutomHbIX Oanmok. Hemoctatkamu Takux ¢epm sIBISETCS HU3Kas yCTaJOCTHas
NMPOYHOCTh Y3JIOBBIX COEAMHEHWH C YTIJIOBHIMH IIBAMH M BBICOKHM YPOBHEM
KOHIICHTPATOPOB HAMpPSDKEHUH. DTO SBISIETCS CICICTBUEM TOSBICHUS TPEIIMH B
COCIMHEHUSX C YIJIOBBIMH IIBaMu. TpeOyeTcs TIIATENbHBI KOHTPOJbh 3a HX
BBIMIOJTHEHUEM U COCTOSTHUEM B MPOILIECCE IKCILUTyaTaluu GepM.

[To pacueTHO¥ cxeme CTep)KHEBas MOJKpaHOBas Oajka MPEACTABISIET COOOM
KOMOMHHUPOBAHHYIO KOHCTPYKIIHMIO C KECTKUM BEPXHUM MosicoM. Bepxuuii mosic
paboTtaer Ha c)kathe ¢ HM3rHOOM, a TaK K€ BOCHPHUHHUMAET JIOMOJHUTEIbHBIC
NPOAOJbHBIC YCHJIHMSI OT TIOTIEPEYHBIX TOPMO3HBIX HArpy30K, MPOEKTHPYIOT B
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BH/JI€ TPOKATHOI'O WJIM CBApHOTO JIByTaBpa. PerieTka BOCIIPUHUMAET MOMNEPEUHYIO
CUJIy, CEUeHHsI paboTalOT Ha CKaTUE W PACTHKEHHE (PACCUMTHIBAIOTCS KAk
OOBIYHBIE IIEHTPAJIbHO HArpy>KEHHbIE DJJEMEHTHl). PemieTky daiie Bcero
IPOCKTUPYIOT CEUYEHHWEM W3 TAapHBIX YrOJIKOB. [ OpU3OHTANbHBIE  CHIIBI
MOTIEPEYHOTO TOPMOXKEHHS TEJICKKH BOCIIPUHUMAIOTCSI TOPMO3HON KOHCTPYKITUEH,
yanie pemerdyaroi (puc.16.4). Ha BepxHuil mosic yKiaablBalOT PEIbChI, KOTOPHIE
KPETISIT C MOMOIIBIO CIIEHUANIBHBIX TIUTOK UK KproubeB (puc. 16.12)

-

Qa 0

*’  H f ITI

Puc. 16.9. PemeruaTas monkpanoBas 0aika
a) — cxema; 0) — THUIIBI CCUYCHHWH BEPXHEIrO I05Ca; B) — KOHCTPYKTHBHOE
perieHne

PacuerHble 1aMHBI CTEp)KHEH MW MpefelibHble TUOKOCTH, pacueT W
KOHCTPYMPOBAHHE Y3JIOB INPHUHUMAIOT M NPOCKTUPYIOT AHAJIOTMYHO, Kak H
0OBIYHBIX CTponuiabHBIX (hepM. Ha puc.16.10 npuBegeHa KOHCTPYKLMS OMOPHOTO
Y IPOMEKYTOUYHBIX y3JI0B MOJKPAHOBOM (PEPMBI.
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1-1

n x 200

150

Vaen b

AALLAL

40

Puc. 16.10 Capnblie y37bl IOAKPAHOBBIX (epM.

Tema 16.2 Y3J1bl 1 AeTaIH MOAKPAHOBBIX KOHCTPYKIHUHA

OnopHnuie y3/161 HOOKPAHOBBIX OAI0K.

[Ipy nmpoekTHUpOBaHUU Y3JIOB KPEIUICHUN IMOJKPAHOBBIX 0aJOK K KOJOHHAM
HY’)KHO y4YHUTHIBaThb OCOOCHHOCTH WX JEWUCTBHUTENbHON paboTel. [Ipm aBmxeHUU
KpaHa C TPy30M OIOPHBIE CEYCHUS OATIOK UMEIOT JehopMaIii B TOPU30HTAIHLHOM
¥ BEPTUKAIHHOM HAIPaBJICHUSX, OMOPHBIE pedpa HECKOJIHKO MOBOPAYMBAIOTCS U
CKUMaIOTCA. Takoi ke MOBOPOT MPOUCXOJIUT U B OMIOPHBIX CEUCHUSX TOPMO3HBIX
OaJloK Moj BO3JEHCTBHEM TOpU3OHTaNbHBIX cwi. Ha puc. 16.11 npuBenen yzen
KpeIUIeHHs OAJIKU K KOJIOHHE MPU HAIMYUU TOPMO3HOU KOHCTPYKIIUH .

KoHcTpykiusi  KperieHud J0/DKHa — O0ECHEeYMTh  JKECTKYI0 — Iepenavy
TOPU30HTAIBHBIX CHJI Ha KOJIOHHY, JONMYyCKas MHpU 3TOM CBOOOAY MOBOpPOTa
OTIOPHBIX ce4YeHMil. ['opu3oHTaNbHAsA cujla TOPMO3HOM (GepMbl (PaCTATHBAIOIIAS)
BOCIIPMHUMAETCSI BEPTUKAIBbHOW IJIAHKOM, KOTOpasi MPUBAPUBAETCS MO TOpLAM, U
yIopaMu TP CKATUHU. B TO e BpeMs BCIIECTBUE HEOOIBINON KECTKOCTH TUTAHKA
B TOPU30HTAJILHOM HAIPAaBJICHUU U HEOOJBIION KECTKOCTH JuadparMbl KOJIOHHBI,
K KOTOpOW KpEmuTCs IUIaHKa B BEPTUKAJIHHOM HAIPABICHUHM, ITPOUCXOIUT
cBOOOHAs AedhopMaliusl OTIOPHOTO ceueHUs 0K U TOPMO3HOM (hepMBI.
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Puc. 16.11 VY3en kperieHus: 6aJiku K KOJIOHHE
Jlpyrue KOHCTPYKTUBHBIC PEIICHHUS MTOJKPAHOBBIX OAJIOK MPUBEICHBI B [2].

Kpennenue penvca, ynopwi

Ha puc. 16.12 npuBeaeHbl KOHCTPYKTUBHBIE PEIICHUSI KPETUIEHUM pesibca K
BEPXHEMY MOSICY MOAKPaHOBBIX Oanok. CriennanbHble KpaHOBBIE penbebl Tuma KP
KPEIsT ¢ TOMOIIBI0 TaHOoK (puc. 16.12 a), yctanaBnuBaembie yepe3 600-750 M.
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Puc.16.12. Kpemnenue penbca K MOJKpaHOBOM Oalke
a) — KpaHoBoro penbca KP; 0) — xelre3HOJ0pOIKHOTO.

JKene3HOMOpOKHBIE PENbChl HMMEIOT BBICOKYIO IIEHKY M WX KpemsaT ¢
MOMOIIIBIO CTICIUATBHBIX KpIoubeB (puc. 16.12. 6).

Bce TumbI KperieHui JTOKHBI 00eCTIeunBaTh PUXTOBKY pelibca B Mpeaesiax
20-30 MM, Tak KaKk OHH CMEIIAIOTCS B Tpoliecce dkcruryatanuu. [ToaTomy Harmyxo
NpUBApUBATh PEIbC K TOSCY HE PEKOMEHAyeTcs. BapwaHT pacronoxeHus

OTBEpPCTHIA B BEpXHEM Mosice Oanku il KpEeIUIeHUs pelbca NPUBEIAEH Ha
puc.16.13.

2x40
2 | [ * 5 s
S R I, B . O k4
= Sy S TN VY TN L] = et 25 C L
- A ¥ ++ U + F
| G .
3 | 142375 362 |§2:3
‘B 3 0 1L
h & e — —— ey
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= !
T 97 |5 2« 1500 ¥ 1497
| I e

Puc.16.13 PacnonioxxeHne OTBEpCTHI B BEpXHEM IOsIce OaTKU

YHopsl AJjisi KpaHOB YCTaHABJIMBAKOTCS MO KOHIAM MOJAKPAHOBOTO IMYTH JJIs
dbuKcaluyu NpenesbHOr0 MOJIOKEHUSI KPaHOB. JHEprus yjapa ABMXKYIIEro KpaHa
HACTOJIBKO BEJIMKA, UTO 3alPOCKTUPOBATH YIIOP AOBOJIBHO TPYAHO, IOATOMY KPaHBI
000pYIyIOTCS KOHIIEBBIMHM BBIKIIOYATEISIMU W CHCTEMOW aBTOOJIOKHUPOBKH,

00eCreuynBaOIIMMI OTKJIIOYCHHE XOJa M TOPMOXKCHHE KpaHa y TOPIIOB 37aHUS.
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Jnss cmsAryeHuss BO3MOXHBIX  yJAapOB K IMEPEAHEH 4YacTu ymnopa CleLyeT
NPUKPEIUISITh JAEPEeBSIHHBIA Opyc (TBepAble MOpOAbI, Hampumep, 1OyO W Ap) Ha
YpOBHE oydepa JEPEBSIHHOTO MOCTA. (puc.16.14).

Puc.16.14 Ynops! 1151 KpaHOB pa3HOM IPy30MOABEMHOCTH:
a—10 50 tc; 6 — mo 250 Tc

B 3maHuAX ¢ KpaHaMH TSDKEJIOrO M BEChbMa TSKEJIOr0 PEXUMOB padOTHI
pPEKOMEHIyeTCs, B3aMEH JEPEBSHHBIX OpyCOB, YCTAaHOBKAa MPY>KMHHBIX OyQepoB
KEJIE3HOAOPOKHOTO TUIIA.

Pazngea XVII. JUCTOBBIE KOHCTPYKIIUU.
Tema 17.1. O01mas xapaKTepUCTHKA JIUCTOBBIX KOHCTPYKIHH, OCHOBBI

padoTHI U pacyeTa

JIucTOBBIMM  Ha3bIBAIOT  KOHCTPYKLHMH, COCTOSIIIME B  OCHOBHOM U3
METAJNIMYECKUX JIMCTOB WJIM JIEHT (000JI0UEK), MpeIHA3HAUYCHHBIX JJI1 XpaHEHUS,
TPaHCIOPTUPOBAHUS )KUIKOCTEH, Ta30B U CHIITYYUX MATEPUATIOB.

K 5THM KOHCTPYKIIMSM OTHOCSTCS:

— pe3epByapsl sl XpaHEHUsI He(PTENPOAYKTOB, BOJBI U JPYTUX KUJKOCTEH;

— rasroJyibJIephl Il XpaHEHUS U pacipeiesieHus ra3oB;

— OyHKepa U CHJIOCHI JJIsl XpaHEHUS U MTEPETrpy3KHU ChITyUYHNX MAaTEpPHAJIOB;

— TpyOOnpoBOAbl OOJBIIMX JTUAMETPOB JJIsl TPAHCIIOPTUPOBAHMSI KHUJIKOCTEH,
ra3oB U pa3MeIbYE€HHBIX WIH Pa3KMKEHHBIX TBEPBIX BELIECTB;

— CHEeUUalbHblE KOHCTPYKUHWH METAJUIYPrUYE€CKOM, XUMHUYECKOW U Jp.
oTpacieil MPOMBIIUICHHOCTU: KOXKYXH JOMEHHBIX I€4eil, BO3AyXOHArpeBaTeiu;
IBLICYJIOBUTENH; ABIMOBBIC TPYOBI; CILIONIHOCTEHYAThIE OAIIHU; TPaJupPHH U T.J.

Takue nuCcTOBBIE KOHCTPYKIUU 3aHUMAIOT OKOJO 30% OT BCeX CTPOMUTENIBHBIX
METaNINYECKUX KOHCTPYKIUH.

Oc00EHHOCTH JIMCTOBBIX KOHCTPYKIIHMMA

VYcnoBus paboThl TUCTOBBIX KOHCTPYKIHMM TOCTATOYHO pa3HOOOPA3HBI:

— OHM MOTryT OBbITh HAJ3€MHBIMHM, HA3€MHBIMM, IOJy3ariyOJEHHBIMH,
I0JI3€MHBIMHU, [101BOJJHBIMU;

— MOTYT BOCIIPpUHUMATh CTaTUYECKUE U JTUHAMUUYECKHUE HAIPy3KH;

— paboTaTh O HU3KUM, CPEAHUM U BBICOKHM JIaBJICHUEM;
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— IIOA BO3JECUCTBMEM HMU3KHMX M BBICOKMX TEMIIEpaTyp, HEUTPAIBHBIX U
arpeCCUBHBIX CPENI.

[Ipu U3roTOBIEHUU JIMCTOBBIX KOHCTPYKIMH TpeOyeTcsl onepaiuu, KOTopble He
OPUMEHSIOTCS Il OOBIYHBIX KOHCTPYKLMM, Takue Kak (PACOHHBIA pacKpow,
BAJIbIIOBKA, IITAMIIOBKA, U3TOTOBJIEHUE PYJIOHHBIX 3arOTOBOK U JIp.

Tpebyercs BbinoiHEHNE OOJIBLION MPOTSHKEHHOCTH CBAapHBIX IIBOB ( B 2-3 pasa
Oonblie 4YeM Uil OOBIYHBIX KOHCTPYKIMM Ha eauHuly Beca). CBapHble
COCAUHEHHUs 3JIEMEHTOB JIMCTOBBIX KOHCTPYKIMM BBIIOJHAIOT BCTHIK, BHAXJIECTKY
u BIpUTHIK. [IInpoko npuMeHseTcss aBTOMaTUIeCKas dJIEKTPOLyTroBasi CBapKa.

CBapHble MIBBI JOJKHBI OBITH HE TOJBKO MPOYHBIMU, HO U IUIOTHBIMHU
(HEMPOHUIIAEMBIMH), TMO3TOMY IIHPOKO HCIOJB3YIOTCS pa3JIMYHbIE METOJIbI
kouTpoist: Y3K, panuorpadudeckuii, KamuUISIPHBIN, METOJ] KEPOCHHOBOM MPOOHI C
MeJI0OBOM 00Ma3Koil u JIp.

JIucToBBIE KOHCTPYKLUMH BCErJa COBMEIIAIOT HECYIIYI0O M OIPAXKIAIOIIYIO
(GyHKUIUU.

17.1.1. OcobenHOCTH pacueTa

BoNbIIMHCTBO JIMCTOBBIX KOHCTPYKITUH SBJISIIOTCSI TOHKOCTEHHBIMU 000JIOYKaMU
BpallleHHusl, KOTOPhIC€ PpPACCUUTHIBAIOT HA IPOYHOCTh, YCTOMYHUBOCTH U
BBIHOCJTUBOCT.

JIns HUX XapaKTepHO ABYXOCHOBHOE HAIPSIKEHHOE COCTOSIHHME, a B MecTax
CONPSKEHUS ¢ AHUIEM U péOpaMu KECTKOCTH, B MECTaxX COIPSIKSHHUS 000J09eK
pa3IMYHON KpUBHU3HBI (T.€. Ha TpaHUIIC HM3MEHEHHS pajguyca KpPUBH3HBI)
BO3HHMKAIOT MECTHBIE BBICOKME HAIPSHKEHUsS, OBICTPO 3aTyXamIlue II0 Mepe
yAaJIeHUs OT 3TUX y4aCTKOB, ATO — TaK Ha3bIBaeMOE SBJICHUE KpaeBoro dddeKTa.

bezmomenmnan meopus pacuema

K o00oi0ukaM 0OBIYHO OTHOCSTCSI JINCTOBBIE KOHCTPYKIIMH, JJISI KOTOPBIX 7/t =
20, roe r - paguyc KpUBM3HBI, a t - ToJumMHa 000J04KU. [ToBepXHOCTH Takux
000J104eK UMEIOT OJHY Wi ABE (17151 chep) CAMMETPHUH U JIBA PAJNYCa KPUBHU3HBI.

PaccunthiBatoT 000JIOYKH METOJaMU TEOPUHU YHPYTOCTH U TEOPUH O0OJIOUEK.
Ecnu obonouka crnionrHas, Tajgkasi, OJHOH TOJIIWHBI U OOJBIION BEJIMYUHEI,
JIOCTATOYHO yAaJeHHas OT KPaeBBIX JUHUM, MPEMSITCTBYIOMMNX WA UCKAXKAIOIINX
WX TIUIABHOCTh jAedopMalidif, TO Takue OOOJIOYKH PACCUUTHIBAIOTCA IO
0€3MOMEHTHOUM Teopuu pacuera. K kpaeBbIM JHMHUSM OTHOCSTCS MECTa y YTOpa,
CONpPSKEHNWE CTEHKH C JHUIIEM, U3MEHEHHE TOJIIUHBI CTEHKH, Y MECT pebdep
’KECTKOCTH.

Jlns takux 000J0YEK HANPSHKEHHOE COCTOSHHE II0J HArpy3KoM XOpoIo
onuckiBaeTcs ypaBHeHueM Jlamnaca (cMm. puc 17.1.a)).

o o p
94 % _P (17.1)
T1 Ty t
rac 04 U1 0, — COOTBCTCTBCHHO, HOPMAJIbHBIC MCPUJIHUOHAJIBHBIC W KOJIBICBLIC
HalpsOKEHWss , 1, M T, — paIdyChl KPHMBU3HBI O0OJOYKHM BpalleHUs,

COOTBCTCTBCHHO, B MCPpHUIAMOHAIIBHOM H KOJIBIICBOM HAIPABJIICHUAX;, P —
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BHYTPEHHEE JABJICHUE, ICMCTBYIOIIEE HA JIEMEHTAPHYIO IJIOMAAKY; t - TommuHa
0007104KU. B3aUMOCBSI3b HANIPSIKEHU 0 U 0, OIHUCHIBACTCS] YpaBHEHUEM

HpOBepKy IMPOYHOCTHU 060.]10"11(1/1 BBIITOJIHAKOT I10 (I)OpMyJIe

— 2 2
Oef = \/01 +0;, —010; = fwyyc d (17.3)
In€  fiy - PACYETHOE 3HAYEHUE NPOYHOCTH CTBIKOBOTO MHIBA, KOTOPOE PaBHO

fwy = fya- ¢ (usMueckuMu MeTONAMHM KOHTPOJIA WBa | fy, = 0,85f,,- Ge3
bU3HYECKIX METOJ0B KOHTPOJIS; Y, - KOO(PMUIIUECHT yCIOBUS pabOTHI.

N3 ypaBHenus (17.1) MOXHO TOJYYUThb 3HAYEHUS HANPSKEHUM IS
HEKOTOPBIX 000JIOUEK MPU JCHCTBUU HA CTECHKY JABJICHHS paBHOTO .

a) T 7

6) | i

ISERRERRERE

Puc. 17.1 K pacuery o6onouex
a) — paBHOBECHE dJIEMEHTa 000JI0YKH; 0), B), T) — ImpocTerime 000I0YKH MO/
BHYTPEHHHM JIaBJICHUEM

[IapoBas obosouka (puc. 17.1, 6). Ucnons3ys ypaBuenue (17.1), npunumas ry
=T, =T,aTak X€ 01 = 0, = 0, IOJTYYUM

298 po=E (17.4)
r t t

Hunuaapuyeckas obosouka (puc. 17.1, B). Hcmonws3ys ypaBuenume (17.1),
OpUHUMAsT 7y = 00, TOJYYHM

) _
2=l no =" (175)
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HaHpH)KeHI/ISI 01 DOJIy4yuM, CYHTas, 4YTO AABJICHHEC P ﬂeﬁCTByeT Ha TOPIbI

000J109KH
2
o, == TP (176)
A 2nrt 2t
Konnueckas o6osiouka (puc. 17.1, r). Ucnonb3ys ypaBHenue (17.1), npunumas

T V)
T =00, T, = ——, 30€Chb I -pamuyC KPUBM3HBI B 000N TOYKE O000JI0YKH,

IMOJIy4YUuM

pT; pT,
0, =—— WU 0y = —— 17.7
2 tcosa 1 2t cos ( )

Kpaeesoit y¢pghexm

Kak yxe oTmedanoch, y MeCT HOpPEmsTCTBYIOUIMX CB0OOJEe nedopmanuit
o0oJouek (KpaeBbIX JIMHUIN) TpOsBIseTCs: KpaeBoi 3pdexr — n3rud (puc. 17.2).
Bo3Hnukatomune MoMmeHThl KpaeBoro 3ddexra M, dYacTo OBIBAIOT OOJBIIUMH,
OJIHAKO OHM OBICTPO 3aTyXalOT MO MeEpe yJajleHUs. DMIOPbl MOMEHTOB HMEIOT
BOJIHOOOpAa3HBIA XapakTep, TaK B LHUIMHAPUYECKOW 000i0uke (y yTopa) MOMEHT
IIEPBOM BOJIHBI JOCTHUTAET HYJEBOIO 3HAYCHUS HA PACCTOSIHUU S = 0,78vrt , a4 BO
BTOPOI BOJIHE MOMEHT yMeHbIIaeTcs 0osee ueM B 20 pas.

f.

— ]

i A
t : A
.- . A
N S é
P S :— M M;%
R £ K——
< | —
v I é /
— ¥ g \
Aruue g - Y Forty
]
VY yropa. B 30mne pebpa . B mMecte uamMeHeHus: TOIIMHBL.

Puc. 17.2 MowmeHT kpaeBoro 3pdekra

IIpu compspDKeHHH MUIMHAPHYECKUX O000JOYEK ¢ IUIOCKMM JTHHUIIEM KpacBOM
MOMEHT M, Ha | IJIMHBI MOKHO MPUOIMKEHHO OMPEICIUTH MO (HopMyJie
M, = aprt, (17.8)
rie « = 0,3 npu xectkom 3amemienud u  a = 0,1 IpU  yIpyrom
3alIeMJICHUH ITUJTUHIPUICCKON 000JIOUKH B THUIIIC.
JloTIOTHUTEIbHBIE MECTHBIE HAMpPsHKEHHUST OT M3ruda B 000JI0YKE HA €INUHHUILY

JUTHHBI OTIPEJIEISIFOTCS TI0 (hopMyIie
6M,

o= (17.9)

1t2°

Ycemoiiuueocmo o60n0uex

Kpome paboThl cTeHKH 000JIOUKH Ha PaCTsHKEHUE MPHU AKCIUTyaTalli B CTEHKE
MOT'YT BO3HUKHYTb HOPMAJIbHBIE CKUMAIOIIUE HAIPSKECHUS IIPU OIOPOKHEHUU —
BaKyyM, BHEIITHUX BO3JICHCTBUIA: COOCTBEHHBIN BEC, CHET, BETEP U JIp., BCICACTBUE
4yero 000JI0YKa MOXKET MOTEPSATh YCTOMYUBOCTb.
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Pacyer Ha yCTOMYMBOCTD 3aMKHYTBHIX KPYTOBBIX IIMJIMHJIPUYECKUX 000JI0YEK
BpallleHUsI, PaBHOMEPHO CXKAThIX TMapajuieJIbHO OO0pa3yroImuM (TOCTOSHHAS
Harpy3sKa, CHEr, BETep U JIp.), CIAEAYET BbIIOJIHATH 110 GopMyIie

01 = YeOcr,1 s (17-10)
a TIpH JIEWCTBUM BHEUIHErO PAaBHOMEPHOTO JABJICHMS p, HOPMAIBHOTO K OOKOBOM
MOBEPXHOCTH (Hampumep, BakyyM) o ¢opmyJie
Oy < YeOcr,2 - (17-11)
IIpyu OZHOBpPEMEHHOM JACHCTBUU HATPYy30K IIPOBEPKY YCTOMYMBOCTH CTEHKHU

clielyeT BBINOJHATH M0 hopMyIie
01

02

oo + oo <., (17.12)

r€ 01 U 0, — COOTBETCTBEHHO, CXXMMAIOIIME HOPMAJIbHbIE MEPUIUOHAIBHBIE U
KOJIBLICBBIC HANIPSKEHUS, ONIPEACIISIIOT OT BHEIIHUX HArpy30K U BO3JCHCTBHIA;
Ocrq U O¢rp — COOTBETCTBEHHO, KPUTHYECKHE HOPMAJIbHBIE MEPHIMOHAILHBIE U
KOJIBLICBBIC HAMNPSDKEHUS, 3aBUCAIIME OT pa3Mepa OO0OJIOYKHU, €€ TOJIIHUHBI,
KPUBU3HBI, CBOWMCTB CTajdu (OMPEHENsIOT IO HOPMATUBHBIM JIOKYMEHTaM B
3aBUCUMOCTH OT TUIIA O00JIOYKHU)

Pacuer Ha yCTOWYMBOCTB NOJHON chepruueckoil 000JI0UKH (MIM €€ CerMEeHTa)
npu v/t < 750 ¥ AeHWCTBUHM BHEIIHETO PAaBHOMEPHOI'O JABJICHHUS p, HOPMAIbHOTO
K OOKOBOI MOBEPXHOCTU (HAPUMEP, BAKYYM) CIIEIYET BBIMIOIHATh MO (hopMmyie

o < V.0, (17.13)
0,1Et

rae o =pr/2t — HOpPMalbHbIE CKHMAIONIME HANPKCHUSA;, Oy = — -

KPUTUYECKHE HAMPSIKEHNUS, IPUHUMAEMBbIE He Ooiee R,

Tema 17.2 Bepruka/ibHble HWIHHAPUYECKHE pPe3epBYyapbl.

17.2.1 O0masi xapakTepucTUKA pPe3epPBYapoB

B 3aBucuMOCTH OT MOJIOKEHMS B POCTPAHCTBE U T€OMETPUUECKON (POPMBI OHU
JENSITCS Ha NWIUHAPUYECKHE (BEPTUKAIbHBIE U TOPU30HTANIbHBIE), ChepudecKre u
KaIJICBUIHBIE.

ITo pacnonoXeHn0 OTHOCUTENBHO MUIAHUPOBOYHOTO YPOBHSI 36MJIM PA3JIUYaLOT:
HaJ3eMHbIE (Ha OMOpax), Ha3eMHble, MONYy3arTyOJIEHHbIE, TMOA3EMHbIE U
MOJIBO/THBIE.

OHu MOTryT OBITH TOCTOSIHHOT'O U IEPEMEHHOT0 OOBEMOB.

Tun pesepByapa BbIOMPAIOT B 3aBUCMMOCTU OT CBOMCTB XPaHUMOM >KHJKOCTH,
peXrMa dKCIUTyaTaluu, KIMMaTHIeCKUX 0COOCHHOCTEH pailoHa CTPOUTEbCTRA.

HauGonbliee pacnpocTpaHeHUE MOMYYUIId BEPTUKAIbHBIE U TOPU30HTAJILHBIC
HWIHHAPUYECKUE PE3EPBYaAPhI KAK CAMBIE TPOCTHIE MTPY U3TOTOBJIECHUU U MOHTAXE.

BepTukanpHble pe3epByapbl CO CTAllMOHAPHOW KPBIIEH SBIISIIOTCS COCYAaMu
HU3KOTO JaBJICHHs, B KOTOPBIX XpaHAT HEMTENPOAYKTHI TPH MaJol HX
obopauuBaemoctu (10 — 12 pa3 B rox). B Hux oOpasyercsi n30bITOUHOE JaBICHUE
B Mapo-Bo3aywHoil 30He n0 2klla, a npu onopoxxnenun Bakyym (o 0,25kIIa).
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TunoBble pe3epByapbl H3TOTABIMBAIOTCA BMECTHMOCTBIO 1000 — 5000Mm3 |
npuMeHsoT ¢ o0bemamu 10000m3, 20000M3 1 ¢ GobIIMMK OOBEMaMH.

BeprukanpHble pe3epByapbl ¢ NIABAIOMIEW KPBIIIEH U IIOHTOHOM IPUMEHSIOT
Opyu XpaHEHUU HePTenpoAyKTOB Npu OoibIION oOopaunMBaeMocTH. B HuX
PAKTUYECKU OTCYTCTBYET M30BITOUYHOE 1aBJIIEHUE U BAKYYM.

PezepByapbl moBbimieHHOoro gaBineHus (mo  30xIla) wucnome3yror i
JUIUTEIBHOIO XpaHEHUs1 HePTENpOAYKTOB IPpU UX oOopaunBaemMocTd He Oosiee 10
— 12 pa3 B rog.

[lapoBuaHbIE pe3epByapbl — JAJs1 XpaHEHUs OOJBIIMX OOBEMOB CHKMKEHHBIX
ra3os.

KanneBuanble pesepByapbl — Uil XpaHEHHUsS O€H3MHA C BBICOKOW YIPYTOCTBIO
apoB.

17.2.2 KoHcTpyKUMS M pacyeT pe3epByapoB
Ha puc. 17.3 mnpuBeneH oOwWuMid BUJ BEPTUKAIBHOTO LHMIMHIPHUYECKOTO

pe3epByapa.

RN e

-t 0+ 22200

Puc. 17.3. OOmwmii BuA BEPTUKAIHHOTO MWJIMHAPUYECKOTO pe3epByapa u
IIATOBOMW KPBIIIH.

OCHOBHBIE PJIEMEHTBI PE3EpBYyapa:

— CTEeHKa (Kopmyc);

— JHUIILE;

— Kpbliia (MOKPBITHE).

O0GopynoBaHue pe3epByapa COCTOUT M3 apMaTypbl (yCTpOMCTBa Jisl 3alvBa,
3aMepa M BBIMYCKAa  JKUAKOCTHU, NPEAOXPAHUTEIbHBIX  KJIAlMaHOB) U
MPUCIIOCOOJICHUH 111 OYUCTKH U OCMOTP (JIECTHUIIBI, JIFOKH, JIa3bl U JIp.)

Bce aneMeHThl KOHCTPYKIIMI M3rOTaBIMBAIOT U3 JIMCTOBOM CTalld, HAUMEHbIIIAs
tonuuHa aucta 4 mum. [Ipumensemeie ctanu C245, C255, C345, C345K u apyrue,
a TakkKe alllOMUHUEBBIC CIUIaBbl. BepTukaibHbie pe3epByapbl IMPOCThI B
W3TOTOBJIEHUH U MOHTAXKE, TOCTATOYHO SKOHOMUYHBI I10 PACXOy CTaJH.

ITo wnccnepoBanmsm B.I'. IllyxoBa  yCTaHOBJIEHBI ONTHUMAJbHBIE pPa3MEpbI
BEPTUKAIBHOTO IWJIMHAPUYECKOTO pe3epByapa TMOCTOSHHOTO 00bEMa, TMpu
KOTOPBIX pacxojl MeTajia OyJeT HauMEHbIIMM. Tak, pe3epByap CO CTEHKOM
MOCTOSTHHOM TOJIIIMHBI MMEET MHUHHMAJbHYIO Maccy, €CJIM Macca JHUIIA U
TOKPBITHS BJIBOC MEHBIIIE MACChl CTEHKH [(Muu + Muox) / Mer] = 2, TOT/1a 3HAYCHHE
ONITHMAJIBHON BBICOTHI Pe3epByapa onpeaessercs mo hopmyse
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%4 A
hope = [Ex ()2, (17.14)

riae V — o0bEM pe3epByapa;

A= tuw .+ topus -romm. noxp - — CyMMa TOJIIIMAHBI JHUILA U PUBEAEHHON TOIUIAHBI
MOKPBITHS C YYETOM KapKaca;

ter. — TOJIIIMHA CTEHKU KOPITYCa.

B pesepByapax Oosbminx 0OBEMOB TOJIIMHA CTEHKH IMEPEMEHHA IO BBICOTE.
Macca Takoro pesepByapa MHOJYYHTCS MUHUMAJIBHOM, €CIM CyMMapHas Macca
JTHUIIIA U IOKPBITHS paBHA MAcCe CTEHKH, T.€. M. +Mioxp.= Mer.

B aTom citydae ontuManbeHas BbICOTa pe3epByapa paBHa

hopt = \/(fwy A)/Vf Vore (17.15)
rae A= to.. + tupus. momy. noxp-,~ CyMMa TOJIIIMH JHUILNA U TIOKPBITHUSA;
Y — YacCTHBIM KOOY()GUIMEHT 10 HArpysKe,
Yx — YACIBHBIN BEC KUIKOCTH.

Koncmpykyus cmenku sepmuxanvio2o yununopuiecko2o pesepsyapa

CreHka pesepByapa COCTOUT M3 psna Kosen (o0edaek) BBICOTOM, paBHOM
mupuHe Jcta. Yaiie BCero AJisi CTEHKHW HUCIONB3YIOT JUCTBI pazmepamu 1500
(1800)x6000 MM HE3aBUCHMO OT TOJIITHHBI.

- _

~
N 1

e

W T . . W e O e T W P T
-
I

Puc . 17.4 Crenka pe3epByapa

CoeauHsI0T nosca MeX1y coO0M BCTHIK MM BHAXJIECTKY B TE€JIECKOMUYECKOM
WIK cTyneHdyaroM mnopsake. ConpsKeHHE BCTHIK BBINOJHSIIOT B OCHOBHOM Ha
3aBOJIE U3TOTOBUTEINE (PEXKE HA MOHTAXKE), BHAXJIECTKY — KaK Ha 3aBOJIE, TaK U Ha
MOHTaXxke. PacnpocTpaHEHHBI METOJ] CTPOMTENIbCTBA PE3EPBYapoOB  SBISETCA
METOJI PYJIOHUPOBAHUS, 3AKIIOYAIOIIUNCSA B TOM, UTO MOJIOTHO CTEHKU CBapUBAIOT
Ha 3aBOJIE AaBTOMATHMYECKOW CBapkod (TommuHOM mucta A0 16-18 wmm),
CBOpAuMBAaIOT B PYJOHBI Maccoii He Oonee 60 T W TPaHCHOPTHPYIOT Ha
CTPOUTEIBHYIO IUIOMIAAKY. TaMm pyJIOHBI pa3BOPAYMBAOT U BBIIOJIHSIOT CBApHOU
MOHTaXHBIN CTBIK ¢ (PU3MUECKUMU METOJIaMU KOHTPOJIS.
Hnuwe pezepsyapa
Ha puc 17.5 npuBeaeHo KOHCTPYKTHBHOE PELICHUE AHUIIA pe3epByapa. Tak Kak
JHUIIIE pe3epByapa OMMPAETCs MO BCEH CBOEH IUIONIAJM HA MECYAHOE OCHOBAaHHUE,
TO OT JAaBJEHUS JKUJIKOCTU OHO HCIHBITHIBAET HE3HAUYMTEJIbHBIE HAIPSKEHUS.
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[lopToMy TONIIMHY JIACTAa JHUIIA HE PACCUMUTHIBAIOT, a IPUHUMAIOT
KOHCTPYKTUBHO TONmMHOW 4 -6MM C y4€ToM yJOOOCTB MOHTaxa U
CONPOTUBIIAEMOCTH KOppO3uM. I 3alIUThl OT KOPPO3UU IECYAHOE OCHOBAHUE
1OJ1 THUIIEM MPONUTHIBAIOT OUTYMOM.

Puc.17. 5 [uume pe3epByapa.
IIpu o6beme V<1000Mm® u quamerpe JI<15M tgm = 4mm; mpu V>1000Mm3 u J1=18 -
25M, tgw = SMMm; Tipu [I > 25M , tue= 6MM.

JIMCTHI ONIOTHMII THUIIA COSTUHSIOT MEXKTy OO0 BCTHIK. KpaitHue aucThl —
"okpailiku" — MNPUHUMAIOT TOJIIIE JIMCTOB CpeaHel yacTu Aauuia. IlonmotHuie
JHUIA TaK JK€ HM3rOTAaBJIMBACTCSA Ha 3aBOJIC B BHJE HECKOJILKHX MOHTAXXHBIX
AJIEMEHTOB, KOTOPhIE€ CBOPAYMUBAIOTCA B PYJIOHBI JIsl TPAHCIIOPTUPOBKH HA MECTO
CTPOUTENbCTBA. MOHTaXHBIE CTBIKM  IOJIOTHUIN JHHUINA  OCYIIECTBISIOT
BHAXJIECTKY MOCJIE PACKATKU PYJIOHOB JIHUIIIA HA TIECYAHOM OCHOBAHUHU.

Kpwvuua pezepsyapa.

Bui6op TuIa MOKPHITHS 3aBUCHUT OT YCIOBHH JKCIUTyaTalldd pe3epByapa: eciu
npeod1agaloT Harpy3KH Ha MOKPHITHE, IEHCTBYIOIINE CBEPXY BHU3 (BEC MOKPHITHUS
1 TETUIOU3O0JISLIMS, CHET, BAKYYM), TO IIPUMCHSIOTCS KOHMYECKUE UIH CPepruUeCKUe
MOKPBITUS, €CIU MpeodiajaroT Harpy3ku, JACHCTBYIOIIME CHU3Y BBEpX
(BHyTpeHHEe M30BITOYHOE JABJICHHE MApOBO3IYIIHOM CMECH), TO IMPEANOYTCHHUE
OTNAIOT CPEPOIUITUHAPUUECKUM WU TOPOCHEPUIECKUM MOKPHITUSIM (puc. 17.6).

o 8 7 3
i

Puc.17.6. Tumsl kpoBesb
a - KoHWYecKas; 0 — Bucsdas; B — cepuueckas, r — cepoeBuaHas WU
cheporINHIPUICCKAS.

Konunueckue Kpsoimim cocTosT u3 (pepM, MpOroHOB, paauaibHBIX 0aJIOK U CBS3EH
JIOBOJIBHO TPYJIO€MKH IPU U3TOTOBJIEHUHM M MOHTaxe. B OCHOBHOM NpHUMEHsETCA
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KoHM4Yeckass mroBas ¢opma. IluTel KOHCTPYyHPYIOTCS U3  KapKacos,
W3TOTOBJIEHHBIX M3 MPOKATHBIX IBYTAaBPOB M IIBEJUIEPOB, K KOTOPOMY NpHUBapeHa
oOmuMBKa M3 CTajdbHBIX JUCTOB ( t=2,5—3mMm). Ilpu MmUTOBOM NOKPHITUU
CYIIECTBEHHO YMEHBINAETCS YHUCIO MOHTAXHBIX DJJEMEHTOB U YNPOLIAETCS
MOHTaX.

Puc. 17.7. IIur KpoBIM BEPTUKAIBHOIO IMWJIMHIPUYECKOIO pe3epByapa
BMeCTUMOCTBIO 3000 M3

Cdeprueckre TOKPBITHS HMCIOJIB3YIOT IS PE3epPBYyapoB OONBIINX OOBEMOB,
TIPEJICTABIIIOT COOOM KYIIOJ, CEKTOPHBIC IITUTHI KOTOPOTO OMHMPAIOTCS HA BEpXHEE
00BSI30YHOE KOJIBIIO.

Pacuém na npounocmo

CreHka kopmyca SIBISIETCS HECYLIMM 3JIEMEHTOM U PACCUUTHIBAETCS MO METONIY
NPEeNeNbHBIX COCTOSHUW  Ha JIEWCTBHE THUIPOCTATUYECKOTO M W30BITOYHOTO
JTaBJICHUH.
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Puc. 17.8. K pacuery pe3epByapa. 1- cTenka; 2- mauie; 3- Kpbiiia; 4 —IraxTHas
JIECTHUIIA.

Ha rimyOuHe Xx OT BBICHIEr0 YPOBHS KUJKOCTH pe3epByapa I'MAPOCTATUUECKOEe

JaBJICHUE PABHO P, =) *X, KPOME TOTO JECUCTBYET M30BITOYHOE IABJICHHE P, .

o o p o
3anumeM ypaBHenue Jlannaca r—l + T—z =7 TJe 1, = oo, Toraa r—l = 0, npumem
1 2 1

, =T, TOJIy4YuM

o =5, (17.16)
[ToacraBnsast B ypaBHeHnue (17.16) 3HaueHUsS TUAPOCTATUYECKOTO M U30BITOYHOIO
JABJICHUM, MOJIYyYUM 3HAYEHUE HOPMAIbHBIX PACTATUBAIOIIMX HANPSKEHUU B
J000M KOJIbLIE CTEHKH Ha PACCTOSIHUM  X; 10 HU3a KOJIbLIa

G, = (yfl'y'xi‘t"Yfzpu)T (17.17)

Toraa TonmMHa CTEHKH KaXKJ0ro KoJiblla (0O0euaiiki) OyAeT paBHa
(= Y1y =itV p20u)T . (17.18)
fwyYe
rae Yri=L1L1wu vyrp =12 - vacTHble KOI()(DHUIMEHTHl IO HArpyske,
COOTBETCTBEHHO, [JISl THAPOCTATUYECKOTO HABJICHUS M W30BITOYHOTO JaBIICHUS;
Ye = 0,8 - koddduument ycnaoBus pabOTBl U CTEHKH; f,,, — PacueTHOE

3HAYCHME IPOYHOCTH CTBIKOBOTO MIBA, KOTOPOE PAaBHO  fi, = fyq - ¢
(pusMUeCKUMU METOJAMU KOHTpPOJIA mBa U fi,,, = 0,85f,4- 06e3 dusnueckux
METOJI0B KOHTPOJIS.

OKoHYATENBHO TOJIIUHY CTEHKHU KaXX0i 00e4aiiku MPUHUMAIOT TI0 COPTAMEHTY
Ha JINCTOBOM MPOKAT C YYETOM IMPHUITyCKa Ha KOPPO3HIO U MUHYCOBOTO JIOMyCKa Ha
npokar t = t; + Ayq + Ags.

B wmecte compsikeHHMs CTEHKM C JHMINEM BO3HHMKAeT W3THOAIOMUN MOMEHT
KpaeBoro 3Q¢ekra, KOTOpPhIi C YYETOM YIPYrOCTH 3alEMJIEHUS MOXKHO
OTIpEeAETUTH IO (opMyJIIe

M, = O,1(yf1 y-H+ yfzpu)r - t, (17.19)
rae H — BwIcoTa pe3epByapa.
YtoObl HE YBETUYMBATH KECTKOCTh COMPSDKCHHS C JHUINEM, BBICTYI JHHINA
ciaenyer npuHuMaTh paBHbIM 50 MMm. B MecTe compsieHHss TPOYHOCTh CBAPHBIX
IIBOB MPOBEPSIOT MO hopmyJie
Ow=My/W,, = fwyyc, (17.20)
rae W, — MOMEHT cOnmpOoTUBIICHUS C€UeHUs | CM JIBYX YTJIOBBIX IIIBOB.

Tema 17.3 T'opu3oHTAJIbHbIEC HWINHAPUYECKHE Pe3epBYyapbl
['opuzoHTaNbHBIE TUIUHIPUYECKUE PE3EPBYAPHI MPOEKTUPYIOT BMECTUMOCTBIO

or 3 M 1o 300 M. Ux mocTomHCTBa: 1) MPOCTOTa KOHCTPYKTHBHOU (GOpMBI; 2)
BO3MOKHOCTH IMIOTOYHOTO M3TOTOBIICHUS HA 3aBOJIE M MEPEBO3Ka B TOTOBOM BHJIE;
3) yno6cTBO HAA3EMHOM U MOA3EMHON YCTAaHOBKH; 4) BO3MOXHOCTh JKCILTyaTalluu
npu  BeICOKMX gaBienuax (mo 2000 kH/m? ) m Baakyme (mo 100 xH/m? ),
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BCIICICTBUE YEr0 CHWXKAKOTCS IOTEPU JICTKOUCIAPSIOIMUXCSA JKUAKOCTEN IpHU
xpaHeHun. Henmocratkamu — SBISIIOTCS  YCTPOMCTBO — CIELMANBHBIX ONOP H
CpPaBHHUTEIIbHAS CIOKHOCTh 3aMepa KUJIKOCTH.

[IpoekTupyroT pesepByapsl anuHou — 2 - 30 M, quametrpom — 1,4 - 4 M, kopmyc
BBITIOJTHSIIOT U3 JIMCTOBOM CTalIM TOJIIUHON - 3 — 36 MM, o0eyallku CBapUBaIOT U3
OAHOTO WM ABYX JUCTOB mmpuHou 1500 — 2000 mMm. KoHCTpyKkumsi pe3epByapa
sMecTuMocThio 100 M3 npuBeena na puc. 17.9.

2, =200 G dewmr-
ARG Gl T2 v )

\\3 -8
T:illl - RV

Hill
H} |I'

Puc. 17.9. T'opu30HTaIbHbIN HMIMHAPUYECKHN pe3epByap BMeCTUMOCTEIO 100 M3
pa3pe3 A-A — nuadparma xKeCcTKOCTH

PezepByp cocTouT U3 UMIMHAPUYECKONW 000JOYKM (CTEHKAa KOpIyca); JBYX
JHUI 110 TOpUaM; auadparMm KeCTKOCTH, B MECTaX YCTaHOBKH OIOP; FOPJIOBUHBI
muamerpom 500 — 750 mm (uist ocMOTpa, peMOHTa W OYUCTKH) C KPBIIIKON U
Ja3oM; MydT, BEHTUJICH U JIp. apMaTyphI.
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Onopbl  pe3epByapoB MOTYT OBITh CTOCUYHBIMH H  CEJJIOBHIHBIMH,
BHITIOJIHSIEMble M3 kenezo0eroHa. Ha puc. 17.11. mnpuBenmena cxema
TOPU30HTAIILHOTO pe3epByapa ¢ HMWIMHAPUYECKUMH  JHUIIAMHA BMECTHUMOCTHIO
100 M3 1 CTOCYHBIMH OIIOPaMH.
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Puc. 17.10. I'opuszoHTaNbHBIN pe3epByap C HUWIMHAPUYECKUMH  JTHHUIIAMHU
BMeCTUMOCTBIO 100 M> M CTOEUHBIMM OIIOPAMH.

JlHuIa pe3epByapoB JENAOT MJIOCKUMH, KOHUYECKUMU, LIMJINHIPUYECKUMU,
chepudecKuMU U AUTICOBUTHBIME (puc. 17.10).

[In0ocKKMe MHMINA TPUMEHSIOTCS npH o0bemax 10 100 M3 u paBnenusx no 40
KH/M? , KOHUYECKHE — IPH TeX ke 00beMax U AaBinenud 10 50 mM° . DTu mHumma,
paboTtaromue npu HOBITOYHBIX JaBieHux Oosiee 40-50 kH/M?, MOJTy4aroTCs
CIIMIIKOM J1€(OPMATUBHBIMHU, YTO JI€JIa€T HEBO3MOXKHBIM TOUYHOE H3MEpPEHUE
o0bema xuakoctu. [losToMy nunuHApudeckue, chepruuyeckue U SIIUICOBUAHbBIE
JTHUINA SBISIOTCS O0Jiee 1eaeco00pa3HbIMH.

b
2

Puc.17.10. Tunsl JHUIL TOPU3OHTATIBHBIX PE3EPBYAPOB

@) -IUIOCKOE; 6) — KOHHUYECKOE; 6) — HWJIMHIPUYECKOe; 2) — cepuueckoe; 1) —
SJTUTICOBHTHOE.
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[TockonmbKy OIOpPHI, YCTAaHOBIEHHBIE B MecTax jAuadparM IKECTKOCTH,
o0OecrieunBalOT paboTy KopIyca pe3epByapa KakK JIBEXKOHCOJIBHOW Oanku
KOJIBLIEBOTO CEUEHMs (C HArpy3Kol OT Beca pe3epByapa U JKHUJIKOCTH), TO HX
PaCIOIOKEHUE ONMPEAENSIIOT U3 YCIOBUS PAaBEHCTBA IMPOJETHOTO M KOHCOJBHBIX
MOMEHTOB.

CreHka Kopmyca BOCIPHHUMAET HAIpPSOKEHUS MpU W3rude, mpu padbore 1o
OaO4YHON CcXeMe, a TAK)Ke HAMpPSOHKEHUS OT THAPOCTATHYECKOTO U U30BITOUYHOTO
JABJICHUSI TABJICHUSA , JEMCTBYIOIIETO HA KOPITYC U JHUILE PE3EpPBYapa.

Tema 17.4 IllapoBbie pe3epByapbl

Coysxat Juist XpaHEeHUs CKMDKEHHBIX Ta30B U JIETKUX (pakuuii OeH3UHA pU
BMecTuMocTd 600-4000M° py M30BITOUHBIX AaBieHUIX 250-1800 kH/m?
(puc. 17.11)

Puc.17.11. [llapoBsie pe3epByapbl
a) — Ha CTAJIbHBIX JIanax; 0) — Ha KOJIBIIEBOM OTMOPE; B) — HA TPyOUATHIX CTOMKAX.

Pacuetnyto TonmmHy 000JI09KH pe3epByapa , paboTaromIero Mo BEICOKUM
JaBJICHUEM, onpenenstoT u3 popmynsl (17.21) 6e3 yueta MecTHOTO U3ruda u
KOHIICHTPAIIUU HAIPSHDKCHUH Y OTTOP

¢ = Wy D¥vpapdr g 59
2RwyYc
rae Yri=11wu Vyrp =12 - yactHble KOIQOUIHMEHTHI MO HArpyske,

COOTBETCTBEHHO, /I THAPOCTATUYECKOTO NABJICHUS M HU30BITOYHOTO JIABJICHHS;
Ye = 0,7 - xodduument ycnosus pabOTBl Ul CTEHKH; fyy, = 0,85f,; —
pacdyeTHOE 3HAUYCHHWE IMPOYHOCTH CTHIKOBOTO IIBAa, T.K MBI MOHTa)XHBIC,
(bu3HYEeCKUEe METOIBI KOHTPOJISI 3aTPYTHEHBI.
OKOHYATEIIbHO TOJIIMHY CTCHKH IMPUHUMAIOT [0 COPTAMEHTY Ha JIMCTOBOTO
IIpoKaTa C y4eTOM MpPHITYyCKa Ha OKaJTMHOOOpa30BaHUE U BBHITSDKKY NMPHU TOpSUCH
mramIioBke (Ha 2-3 MM OoJbIie).

YcTaHaBIMBAaKOT pe3epByaphl dalle Ha CHCIHAIbHOEC KONbIO win 8-12
CTOCUHBIX KOJIOHH TpyOuaTtoro cedeHudt co cBsa3siMu. CTOMKHM MOTYT OBITh
HAKJIOHHBIMH W BEPTHKAJIbHBIMH, OHH HE JOJDKHBI MONaJaTh Ha CTHIK JIUCTOB
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ob6onoukn. Ilosic, Ha KOTOPBIH OMUpAETCs pe3epByap, YCUIUBAIOT IO 3KBATOPY
IIPOJIOJIBHBIMU U TIOTIEPEYHBIMH peOpaMu )KECTKOCTH C BHYTPEHHEH CTOPOHBI.
B cnywyae Hammums Bakyyma HeoOXoaMMa TPOBEpKa MECTHON yCTOWYHMBOCTH
CTEHKH 110 opmyJie.
0 < YO (17.22)

A€ HOPMAJIbHLBIC COKUMAIOIHUEC HAIIPSIXKCHUA B 000JI04YKE OT BaKyyMa paBHBI

= gepdr (17 .93)

2t
31ech  Yre = 1,15 - K0dGPuIMEHT HaIEKHOCTH IO HArpy3Ke i Bakyyma (IIpu

HOPMATHBHOM JaBjieHuH 10 82kH/cM?, mpu GoJbIeM 3HAYEHHMH 33 PACUETHBIN
BaKyyM IIpUHHUMaeTcs gasiaeHue pasHoe 100xH/cm?).
Kputndeckoe Hanpsbkenue paBHo (HO He O6odee fyq) mo hopmyiie
- = 0,1Et/r, (17.24)
I€ 7 - pajnyC CPeIUHHON MOBEPXHOCTHU CHEPHI.

HekoTopsblie cxembl pacKkpost IAapOBBIX 000104YEK MPUBEEHBI HAa puc. 17.12

e
*@*ﬁ&

Puc. 17.12 Cxembl pacKkpos MIapOBBIX PE3ePBYapoB BMECTUMOCTEIO 600 M3

Packpoii MoxeT ObITh (GyTOONBHBIM U MEPUIUOHAIBHBIM, TIOCTeqHuN (puc. 17.12
B) U 1)) OOECleunBaeT BO3MOXXHOCTh HMCIIOJIb30BAHUSI aBTOMATHUYECKOW CBapKu
CBAPOYHBIM TPAKTOPOM.

Pazgen XVIII KOHCTPYKIMUU BLICOTHBIX COOPYKEHUM.

Tema 18.1. bamiau u Ma4YTBI
K OamieHHBIM ¥ Ma4TOBBIM KOHCTPYKIUSIM  OTHOCSITCS  COOPYXKEHUS,

MMpCaACTaBJIAOIINC cO0O0l BBICOKHE OIIOPBbI PA3JIMYHOI'O HA3HAYCHUA: AHTCHHBIC
COOPYXKCHUA OJIA paauo, TCICBUACHUA, PCTPAHCILIOMK W T.II.; BBIIIKKW JJIA
6ypeHI/I5{, OCBCHICHUA, TICOACIHMYCCKOI'0O Ha3HAYCHHUA MW Jp., OIIOPEI JIMHUHA
QJICKTpOIICpEaAaIn, KAHATHBIX OOPOT" A T.II.
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bawmnsamu naszviearomesi CcBOOOJHO CTOSIIIME COOPYXEHUS, CTBOJ KOTOPBIX
KECTKO 3aJieJlaH B OCHOBAHUM U pabOTaeT KaK KOHCOJIb.

Maumer  npedcmaensrom coOOW BBICOKME TOHKOCTBOJIbHbIE KOHCTPYKIIHH,
pacyalieHHbIE OTTsDKKaMu M paloTarolue Kak Oajka Ha Ha YOPYruX OIopax.
MauTbl S5KOHOMUYHEE OallleH 10 PacXoiy CTalu, HOT JJIsl UX YCTaHOBKHU TpeOyeTcs
OO0JIbIIIas TUIOIIA/Ib.

Harpyskamu ajis GareH u MauT SIBISIIOTCSI COOCTBEHHBIN BeC M 000pyA0BaHMUE,
u3-3a OOJBIION MX BBICOTHI JJOMUHUPYIOIIEE BIMSHUE HAa U3 PaOdOTy OKa3bIBAIOT
BeTep W roisioned. Jlyisi cTBOJia MauThl HANpPSIKEHUS OT BEPTUKAJIBLHOW CHIIBI
COCTABJISIIOT OKOJIO TOJOBUHBI PACUETHBIX YCWUJIMI BCIEACTBUE BO3JCUCTBUS
BEPTUKAILHON COCTaBIIAIONICH OTTSKEK.

Jlnst yMeHbIIeHHs] BO3JICHCTBUSI OT BETpa PallMOHAIBHO MPUMEHSTH TPyOdaThie
CEUYCHMS, UMCIOIINE HAWITYUIIYI0 00TEKAaeMOCTh, YTO TO3BOJISIET CHU3UTH PaCXo]]
matepuana 10 50% B cpaBHEHUH C KOHCTPYKIMSAMU U3 MPOKATHBIX npoduieit. Jlis
MOBBIIIECHUS )KECTKOCTU HA KPYUEHHE MO JJIMHE CTBOJIA YCTPAWBaIOT auadparmbl
HE peXe YeM uepe3 MHTEpPBAJ PaBHBIM TPEXKpPaTHOMY MOMEPEYHOMY CEUCHHIO
CTBOJIA.

[IpoexkTupyror OamHu U MauTel u3 craieit C245, C255, C345 u np.,. Hus
TPYJIHOAOCTYIHBIX MECT WHOTJIa TPAHCHOPTUPYEMBIX M MOHTHPYEMBIX
BEPTOJIETAMU 11€JI€CO00Pa3HO MPUMEHSATH ATFOMHUHHUBBIC CTLIABHI.

Koncmpykmuenusie peuienus

Bbawnu. CtBosbI OallieH MPOSKTUPYIOT CKBO3HOTO CEUCHHUS, OalleH HeOobIai
BBICOTBI — CKBO3HOTO M CIUIONIHOTO TpyOudaroro ceuenus. Ha puc. 18.1 mokazan
oOmuii  BUA CKBO3HOW  OamHu u ee ouepranus. lllmpuna 06a3wer OanrHu
npuHUMaeTcss B mpenenax 1/6 — 1/15 BwicoThl, BepxHero ceueHus 1 —2 M.
OCHOBHBIMM THIIAMHU PEIICTKH SBISIIOTCSA: KPECTOBAas C JIOTIOJHUTEIHHBIMH
pacnopkamu, poMOMYecKass M MOJypackocHas. MOHTUPYIOT OaIllHU OTACIbHBIMU
CeKIMSIMUC (IIaHIIEBBIMU COCTMHEHUSMH Ha OOJITax.
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Puc. 18.1. O0mmii Bu OarrHu.
a) cxema OarrHu; 0) CeYeHUs] CKBO3HOM OalTHu

Maumeu.
CTBOJIBI MAUT MPOEKTUPYIOT MOCTOSTHHOTO IO BBICOTE€ CKBO3HOT'O MJIW CILIONIHOIO
ceuenus. Ha puc.18.2 nmokazan oOmuii Buja Mautel. CedueHue B TJIaHe CKBO3HBIX
MauT MPUHUMAIOT TPEYTOJIBHBIMU WJIM KBAJpaTHBIMH, C OTTsDKKaMH. CeueHus
MOSICOB, Kak OoJiee 00TeKaeMBbIe, JTyUIlle BCErO JeaTh U3 TPYO, M1 PEeIIECTKH
WCTIOJIB3YIOT TPYOBI WU KPYTJIbIe CTEP)KHU. MadThl pa3TUIHON BHICOTHI
COOMPAIOT U3 OJIMHAKOBBIX THUIOBBIX CEKIIUN, OTTSIKKH — U3 CTATbHBIX KAHATOB C
YKECTKUM CEpJCYHUKOM. Y CTAaHABIUBAIOT WX Ha (DYHIAMEHTHI, OETOHHBIE
aHKEepHbIC OJIOKH, PaCIOJIOKEHHBIC B 3eMJIC.

OTTSHKKM pa3HBIX SIPYCOB Pa3MEMIAIOTCA WM MApAJUICIBHO JPYT APYry, WIH
CXOmATCs B OJHY Touky. [lns oOecrnedeHus: MOMEPEUYHOM MKECTKOCTH MauThl
HAWUMEHBIIIMK yroJl HAKJIOHA OTTSHKKM M BEpTUKaNM mnpuHuMaercs 30°.
Haubomnbiee yrpyroe nepeMenieHue KOHIIa MayThl U TOYEK, B KOTOPBIX KPEMSATCS
OTTSDKKH, HE TOJDKEH TpeBbImath 1/100 paccTosSHUS OT 3TUX TOYEK JI0 3€MITH.
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Puc.18.2. O0umii B MayTHL.
a) — cXxeMa MauThl; 0) — pacueTHas cxema.

CrBOJI MauThl INAPHUPHO OMNHUPAETCA HA LEHTpalbHyr0 onopy. Ilpm
HEOOXOJMMOCTH MauTy H30JUPYIOT OT 3eMJIM 004K000pa3HbIMU (apdopoBbEIMU
U30JISITOPAMU, Ha KOTOPYIO CTaBsT OAIAHCUPHYIO OMOPHYIO IIIUTY. BHYTpH cTBOJNA
YCTPauBaIOT BEPTUKAIBHYIO JECTHUILY C MTPOMEKYTOUYHBIMU TUTOIATKAMH.

Tema 18.2. Onopsi JIDII.

Bo3aymnsie nunun snekrponepenayun (JIDII), pacnonokeHHbIE HA OTKPHITOM
BO3/yX€, MpPeAHA3HAYEHbl JJIsI MEpPEauyd WM PaCHpeliesICHUsT 3JIEKTPOIHEPTUHU TIO0
TOJIBIM MPOBOJIAM, MPUKPEIJICHHBIM HU30JIITOPAMH U apMaTypoil K omopam (puc.
18.3). Ha omopax cBepxy, NMpH BBICOKMX HAMPSDKEHHSIX 3aKPEIUISIOTCS OJMH HJIH
JIBa CTAJIBHBIX TPO303amMTHBIX Tpoca (Ha puc. 18.3 - C-70), HA KOHCONIX K

M30JITOpaM — CTajieallfoMUHUEBbIe TTpoBoa Mapku AC, nuamerpom 25- 37 Mw,
Maccoi 1250-2750 kr/km.

Ha puc. 18.4 npuBeneH pUCYHOK MNPOMEXKYTOUHOM MOPTAIBHOM OMOPHI U3
YIOJIKOB Ha OTTsKKax iuHun 500 xB.
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Puc.18. 3. OOumit BuJ 0JHOCTBOJILHON JTMHEHHOM OMOPHI ABYXIIEITHON JIMHUU
220 xB (cTBOM OMIOpHI B BUJIE OAITHN)

Paccrosaue mexnay onopamu JIDII ¢ nHanpsixkennem 220 — 300kB npuaumaercs
200 — 400 M, Ha muHUAX ¢ HanpspkeHneMm 400 — 500kB — 1o 500 — 600 M, yeM u
ONpeIeIIIeTCs Harpy3Ka Ha HUX OT IIPOBOJIOB.

Omnopst JIDII paznensitoTcs HAa JUHEWHBIE (TPOMEXYTOUYHBIE), PACIIOIOKEHHbIE
Ha MPAMOJMHEMHOM Yy4YacTKe, CHeluadbHble (AaHKEPHBIE), PACIOJIO0KEHHBIE B
yriax Tpaccel (YrjoBbl€), Yy MEPEXOJ0B Yepe3 BOJHBIE MPErpaabl U JIpyrue
npensaTcTBUs (mepexoubie). Onopel MOryT ObITh OJJHOCTBOJIBHBIE U MOPTaJIbHbBIE
(IBYXCTBOJIbHBIE WJIM YETHIPEXCTBOJbHBIE). OJIHOCTBOJIbHBIE OMOPHI YIIUPSIOTCS
BHU3Y U OMTUPAIOTCS HA OTJEIbHBIE COOPHBIE JKeNIe300eTOHHBIC (DYHIaMEHTHI.
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Puc. 18.4. OOwmuii BUA MpOMEKYTOUYHON MOPTAIbHON OMOPHI U3 YTOJIKOB Ha
orTspkkax TuHuM 500 KB (cTBOJIBI CTOEK OMOPHI B BUJIE MaUT)

JluneliHple OMOPHI BOCHPUHUMAIOT OTHOCHTEJIBHO HEOOJBIINE MPOI0JIbHBIC
ycunus. Ha cnienuanbHbie onmopbl JEUCTBYIOT OOJIBIIME JOTOJHUTEIbHBIC YCUITUS
OT YTIJIOBOM COCTaBJISIONICH TSKEHHUS MPOBOJIOB, PA3HOCTH TSHKEHUS Y TIEPEXOJIOB U
T.4. st onop JIDII xapakrepHa paboTa Ha KpydeHUE IPU OJHOCTOPOHHEM OOpHIBE
npoBooB. Onopsl JIDIT umerot BeicoTy20 — 40 M, y Iepexo/10B peK U T.I. ONOPbI
MPOEKTUPYIOT BbIcOTOM 10 80 — 100 M.

CeueHue MOSACOB U PACKOCOB OOBIYHO MPUHUMAIOT U3 OJMHOYHBIX YTOJIKOB, BCS
oropa JIEUTCS Ha OTACJIbHBIC CEKIIMM C MOHTQKHBIMH COCJIMHEHUSIMH Ha CBapKe
WM Ha OoJITax.

18.2.1. Omnpenesienne yCUJIUii B CKBO3HBIX POCTPAHCTBEHHBIX

crepkHAX OameH U MauT. OcodenHocTn npoektupoBanus JIDII

CTBONBI CKBO3HBIX OalieH ¥ MadT SBISIOTCS TPOCTPAaHCTBEHHBIMU
CTEP)KHSAMH C TPaHSIMH U3 TUIOCKHX (pepm. B o0mem ciydae B CEUCHHHM CTEpPIKHS

371



JeUCTBYIOT HOpMasibHasg U momepeunas cuwibl N u Q, a Taxke m3rubarommue u
KpyTsue MoMeHTsl M u My, (puc.4.a)

sl £

N
M _ .
N 1
G _ C SMK,D | ©
A

\
I

a) 0) B) r)

Puc.18.5. K onpeznenenuto ycunuii B 3JieMeHTaX IPOCTPAHCTBEHHBIX CKBO3HBIX
CTep KHEU OaIlieH U MauT.

TouHoe ompezneneHne yCWIMI B CTEPKHSX IOSICOB M PELIETKH SBJISETCS
CJIOKHOW 3aJadei, OJHAKO JUIsl NEPBOM HMTEpalMy pacdeTa Il ONpPEACIICHUS
CEUYEHMI CTEp>KHEW JJI1 CTBOJIOB C MapajuleNIbHBIMU MOscaMH (WJIM MUMEIOLUMU
HEOONBIION YKJIOH) 3T YCWJIMS MOXHO HAWTH MNPUOIMKEHHBIM CIIOCOOOM.
VYceunus B nmosicax BO3HUKAIOT TJIABHBIM 00pa30M OT ACHCTBUS HOPMAJIbHOW CUJIBI U

A3rndaronero MOMeHTa
Nz=Nn+ Nm, (18.1)

a B PaCKOCax PELIETKHA — OT IEUCTBU MOMEPEYHOM CUJIbI U KPYTAIIErO MOMEHTA

Np=Ng + N,  (18.2)
Ycunaue B mosice OT ACHCTBUS HOPMAJILHON CHITBI C OJTMHAKOBBIMU CEYCHUSMHU
MOXKHO OTPENIETUTH 10 (popmyiie

Ny =N/(ncosy), (18.3)

A€ M — KOJWYECTBO BETBEW WJIA TPAHEUN CTEPHKHEW; Y — yroJl HAKJIOHA BETBU K
BEPTUKAJIBHOMN OCH.

Haubonbiiee ycunue B rosice OT ACHCTBUS M3ru0aroiiero MoMeHTa OyeT paBHoO:
— B TpEXIpaHHOM cTBoJjIE (puc.18.5,0)

Nw=M/h,  (18.4)
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— B YETBIpEXTPaHHOM CTBOJIE (puc.18.5,B)
Nm = M/2h, (18.5)

— B MHOT'OIpaHHOM cTBOJIe (prcl8.5,r)

Mh

NMZZ—hiZ,

(18.6)
rae ), hiz = 2h%+. ..+h?, 3necy h; — paccTosHUS MeXTy LIEHTPaMH BeTBeil
ctBoja. [ludpa 2 yka3piBaeT, 4TO Ha PACCTOSIHUM h; ¢ Ka)KIOW CTOPOHBI
HAXOJATCA IO JIBE BETBU.

Haubosnpiee ycuiane B BETBH YETHIPEXTPAHHOTO KBaJIPAaTHOTO CTBOJIA OT M3ruba

U IeWCTBUM BETPOBOM HArpy3KH, 1EHCTBYIOLIEH B JJI00OM HampaBlieHUH, Oy1eT
M

hy2'
Yeuiue B packocax IpU JEUCTBUM ITOIIEPEYHON CUIIbI MOKHO OIPEAEIUTD 10

dbopmyie

NP HAIpaBJIECHUH BETPA NEPHEHAUKYISIPHO AUAroHanu ceueHuss Ny, =

Q
Ny = ——— 18.7
Q 2cosfBcosa’ ( )
rae 2 — 4Kciao pabodux rpaHei; - yroJl HakJIOHA Iapbl pacCMaTPHUBAEMBbIX
rpaHeill K OCU CEUEHUS; @ — Yrojl HAKJIOHA PACKOCOB K TOPU30HTY.

CoOCTaBISIONIYI0 YCHIIHS B PACKOCE OT KPYTSIIEr0 MOMEHTAa MOYKHO HAWTH B
MPETOI0KEHUH, YTO OH PEATU3YyETCA CYMMOW MOMEHTOB OT CHJI, JEHUCTBYIOIINX
TOPU30HTAIBHO BJOJb KaXKJOW T'paHM, YMHOXEHHBIX Ha CBOU IUIEYM, PaBHbBIC
PacCTOSIHUIO (¢ OT LIEHTPa TSHKECTH CEYEHHUs A0 Kakaou rpanu. Torma ycuiue B
packoce paccMaTpruBaeMoi Tpadu OyAeT paBHO

N, = —2 (18.8)

p nacosa’

OmnpenenuB no ¢opmynam (18.1) u (18.2) pacuerHbie ycuiausi B mosicax U
packocax, pacCUMTHIBAIOT HMX KaK IEHTPaJIbHO CXKaThle CTEPKHH. PacueTHyro
JUIMHBI TIOSCOB M PACKOCOB IpPU YHUCJIE T[pPaHEd 10 MIECTH BKIIOYHUTEIBHO
MPUHUMAIOT PAaBHOM PacCTOSTHUAM MeXAy y3iamu. Eciu rpaneit Bocemb u OoJee,
TO PACUETHYIO JIJIMHY TIOSICOB B PaJMAIbHOM HAIMpaBJIEHWW HANIO OpaTh paBHOU
PACCTOSTHUIO MEXJY JKECTKUMH JuadparMamu, pacroIOKEHHBIMH TOMEPEK
CTEPKHSI.

Becb cTBON OamiHM W Y4YacTKM CTBOJIa MayThl MEXJY pacCKpEIIeHHbIMU
TOYKaMHU JOJDKHBI OBITh MPOBEPEHbl Ha OONIYI0 YCTOMYMBOCTh KaK €JUHbIC
CTEP>KHU COCTABHOI'O CEUYCHMUS.
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Ocobennocmu npoexmuposanusn JIIIT
Omnops1 JIDII paccunThiBatoTCsS Ha TPU PEKUMA — TPU COUETAHHS HATPY3OK:

1) HOpMaJbHBIH PEXHM PAOOTHI JIMHUM — MPOBOJIAa HE OOOpBaHbI (OCHOBHOEC

COUYETAHUE HATPY30K);

2) MOHTXHBIA PEKUM —MOHTaXK IPOBOJIOB M TPOCOB C OJTHON CTOPOHBI OMOPHI

(IONOJIHUTENBHOE COYETAaHUE HATPY30K);

3) aBapuiHBIN PEKUM JIMHUM — YacTh IPOBOJOB 000pBaHa (0c000e coueTaHHe

Harpy3oK).

[Ipu pacuere omop ¥ (yHAAMEHTOB B MOHTAKHOM PEXKHMME Ha BCE BUJbI

Harpy30K BBOJAWTCSA €IMHBIA  Kodbduuuent mo Hnarpyske yr = 1,1, 3a

UCKIIFOUEHUEM MAacChl MOHTEpAa M MOHTAXKHBIX NPHUCIOCOOJICHUM, ISt

KOTOPBIX Yf = 1,3.

[Ipu pacuere onop ¥ (PyHIAMEHTOB B aBAPUWHOM pEXKUME HOPMATUBHOE
3HaYEHUE TSDKEHHMST TPOBOJIOB WM TPOCOB TIPU OJHOCTOPOHHEM OOpBIBE
YMHOXKAIOT Ha Y5 = 1,3.

[IpomexyTouHbIE ONOPHI JIMHUM HanpspkeHueM a0 220 kB paccuntsiBatoT Ha
OOpBIB  OJHOTO W3 TIPOBOJIOB, CO3JAONIMNA HAWOOJBIINNA H3THOAONIUNA WU
KPYTSAIIMA MOMEHT;, aHKEpHBbIC€ OMOpPbl JIMHUM TOro K€ HampsHKeHUs
PAcCUYUTHIBAIOTCS Ha OOpBIB JBYX M3 TPEX WM TPEX M3 IIECTH MPOBOJOB HIIU
IPO303aIUTHOTO Tpoca (TIpr HEOOOPBAHHBIX MPOBOIAX ).

[Ipu omnpeneneHHH  BETPOBOM  HArpy3KM  HEOOXOJUMMO  YUHUTHIBATh
HEPAaBHOMEPHOCTb  pACHpEeNIeHUs CKOPOCTHOIO  Hamopa MO  NPOJETy,
a’pOJIMHAMUYECKUE 3HAYEHUM JJI1 MPOBOJOB U TPOCOB (UHUCTHIX WM MOKPBHITHIX
rojlojieioM u Ap.). Ycwius B crepxkHsax omop JIDII ompenenstor 0OBIYHBIMU
METOJIaMH CTPOUTENIbHON MEXaHUKH (CM. CTBOJIBI OAIlleH U MauT), TOJI00p cedeHu i
¥ KOHCTPYHMPOBAHUE Y3JIOB BEIyT aHAJIOTUYHO, KaK CTPOMUIBHBIX (hepM.
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PA3JIEJI XIX. OCHOBbI DdKOHOMHWKHN META/VIMYECKUX
KOHCTPYKIUI . EBPOIIEMCHUE NPABUJIA PACUETA

Tema 19.1. OcHOBHBIE 110JI0KEHHSI IKOHOMHUYECKOH I(PPEKTUBHOCTH

METAJJINYECKUX KOHCTPYKIMH

CTouMOCTh KOHCTPYKILHI SIBJISIETCSI OJJHUM W3 OCHOBHBIX €€ SKOHOMHUYECKUX
noka3zateneid. O01as CTOMMOCTh METANIMYECKUX KOHCTPYKIMNA CKIIaJAbIBACTCS U3
CIEQYIOIINX YACTEHU:
— CTOMMOCTb MPOEKTHUPOBAHUS, 3aBUCAILIASL OT KOHCTPYKTUBHOTO PEIICHMS 3aHUs
U BUJAa KOHCTPYKIIMI, UX CIOXKHOCTH, IOBTOPSIEMOCTH;
— CTOMMOCTH METajljla U APYTUX MaTepuaioB (JIEKTPOJbI, METU3bl, OKPACOUHBIE
MaTepuaibl U JIp.), PaCX0yeMble IPU U3TOTOBJICHUH;
— CTOMMOCTb W3JIEpKEK MPOU3BOJACTBA NPH HW3FOTOBICHHUH, 3aBHUCSIIAS OT
MEXaHOBOOPY>KEHHOCTH 3aBOJla MEXaHM3MaMH U 00O0pYIOBAHHUEM, CIOXKHOCTU U
CEPUHNHOCTY KOHCTPYKIIUH:
— TpaHCHOPTHBIX pacxXoJOB Ha IEpPEBO3KY, 3aBHUCSIIYI0 OT radapuToB
KOHCTPYKIIMH, 1aJTbHOCTH, TPAHCIIOPTHBIX CPEACTB:
— CTOMMOCTHM MOHTaxa (cOOpKa, YCTaHOBKA), 3aBHUCSAIIAs OT BHUJAA, CIOKHOCTH
KOHCTPYKIUH, MEXaHU3MOB, IPUCIIOCOOJIEHUH U YCIOBUN IPOU3BOJCTBA padoT.

OCHOBHOI ~ 00BEM  CTPOMTENBHBIX  METAUIMYECKHX  KOHCTPYKUUU
U3rOTABJIMBAETCS HA CHELUATM3UPOBAHHBIX 3aBOJAX. MOHTaX METANIMYECKHUX
KOHCTPYKIMH BEAYT ClIEHUATM3UPOBAHHBIE MOHTAKHbBIE OPraHU3aLUH.

Tema 19.2. OcHOBHbBIE IT0JIOKEHHUS PACYETA CTAJIbHBIX KOHCTPYKIHUIA 110
EBpoxony
B nacrosimee Bpemst B Pb pacuer CTpOUTENBHBIX CTajJbHBIX KOHCTPYKIMU
MokHO BbIMOJMHATE 1Mo TKITEN wu HamuoHanbHbIM TNpUIIOKEHUSM K HUM
(EBpokomam).
OcHoBHble OOKYMeHMmbl, N0 KOMOPbIM 6bINOJHAEmMCs cOOp HA2PY30K U
onpeoeienue paciemusblix YCUIUL:
1. TKIT EN 1990-2011 «EBpokoa. OcHOBBI IPOEKTHUPOBAHUS CTPOUTEIbHBIX
KOHCTpYKLMi» - M: MAuC, 2012
2. TKII EN 1991-1-1-1. Erpokox 1. Bo3aeicTBust Ha HECyIIHE KOHCTPYKIIUH.
UYacts 1-1. Y nenbHbINM Bec, MOCTOSIHHBIE ¥ BPEMEHHBIE HATPY3KH HA 3TaHUS /
Musck: MUHCTPOUAPXUTEKTYPBL,.
3. TKII EN 1991-1-3. Bo3aeiictBue Ha KoHCTpyKiuu. Yacts 1-3. OOmue
Bo3aeicTBUsI. CHeroBbie Bo3necTBUs/ MuHck: Munctpoitapxutektypsi, 2009.
4, TKII EN 1991-1-4 Bo3netictBue Ha KOHCTpYKIuU. Yacth 1-4. O6mue

BO3/eicTBUS. BeTpoBbie Bo3neicTBuA. / MuHCK: MuHcTpoitapxutekTypsl, 2009.
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Pacuem cmanvnvix xoncmpyxyuii no Eeépoxooam 6binOaHAIOM NO MemoouKe
npeoebHbIX COCMOSHUL 8 COOMBEMCMEUU C.

5. TKII EN 1993-1-1-2009. EBpoxoa 3. IIpoexTtupoBaHuE CTaJlbHBIX
koHcTpyknui. Yacte 1-1. O6mue npauia u npaBuia ais 3qanuid. - M: MAuC,
20009.

3HaYeHUS YaCTHBIX KOX(POUIMEHTOB HAACKHOCTH OINPEACISAIOTCS HX
KaJIMOPOBKOM TEOPUHU PUCKOB BEPOSITHOCTHBIMM METOJIaMH pacyeTa.

19.2.1. Knaccugpukayusn nonepeunsix ceuenuii
B coorBerctBum ¢ TKII EN 1993-1-1 (m. 5.5.2) pasznuyaroT 4eThIpe Kiiacca

IIOIIEPEYHBIX CEYCHUN:

—xnacc 1 — momepeuHble Cce4YeHHs, B KOTOPBIX MOXKET 00pa3oBaThCs
IUTACTUYECKUI IApHUP C BpallaTeIbHOW CIIOCOOHOCTHIO, TpeOyeMoil il pacuera
B IUTACTUYECKON CTaJANU U JOCTUTaeMOil 0e3 CHMKEHMsI Hecyllel ClIOCOOHOCTH;

—KJacc 2 — TIONEpeYHble CEYEeHHs, B KOTOPBIX MOTYT PpPa3BUBATHCS
lacTH4eckue naepopManud, HO B KOTOpPbIX OIpaHMYEHA BpalllaTeabHas
CIIOCOOHOCTB BCJIEJICTBUE MTOTEPHU MECTHOM YCTOMYHUBOCTH;

— KJJacc 3 — TMOMNEpeYHbIe CEUEHHUs, B KOTOPHIX HAIMpsHKEHUE B KpailHUX
CKaTbIX BOJIOKHAX CTaJlbHOTO DJJIEMEHTa TIpU YOPYIOM paclpeleleHUuu
HaIPSDKEHUM MOJXKET JOCTUTHYTh IIpeJiesia TEKy4YeCTH, HO IIOTeps MECTHOM
YCTOMYMBOCTH MPEMATCTBYET Pa3BUTHUIO IIIACTUUYECKUX AePOpMaIHii;

— KJ1acc 4 — monepeyHble CEYEHNUs, B KOTOPBIX MOTEPSI MECTHON YCTOMYMBOCTH
HACTyMaeT M0 JOCTHXKEHMs TMpeneia TEeKydecTH B OAHOW uiu Oosee 30HaX
HOTIEPEYHOT O CEUEHUSI.

Knaccudukanus mnomnepedyHblXx CEYEHHM 3aBHCHT OT OTHOIIECHUS IIUPUHBI K
TOJIIIMHE YacTeW CEYeHHUs, PACIOJIOKEHHBIX B €ro cxaTod 3oHe. C)KaTble 30HBI
BKJIFOYAIOT BCE YACTHU IOINEPEYHOr0 CEYEHUs, KOTOPBIE MOJHOCTBIO WIM YaCTHYHO
CKaTbl IOJ JEHCTBHEM pacCMATPUBAEMOIO COYETaHUS HArpy3oK. Pasnmnunble
CKaTbleé YacTH IONEPEYHOr0 CEYEHMs (TaKMe KaK CTEHKa WM I0JIKa) MOTYT
OTHOCHTBHCA K Pa3JIMYHBbIM KJIacCaM.

[lonepeunble ceyeHUs KIACCU(PUUUPYIOTCS MO HAWBBICUIEMY (HauMeHee
OJIaroNpuUsATHOMY) KJAacCy C)KaTbIX 4YacTel ceueHud. VICKIIOYeHUs NMPUBEIEHBI B
TKIT EN 1993-1-1 (1. 6.2.1(10) u m. 6.2.2.4(1)). AnbTepHaTUBHO KJaccH(pHKAIIHS
MOTIEPEYHOT0 CEYEHHUS] MOXKET OBbITh YCTAHOBJIEHA C YYETOM KJaCCU(pUKALMU Kak
IIOJIKH, TaK U CTEHKHU.

Omnpenenenune Kiacca MOMEPEIYHOTO CEUCHHS OTIPEIEISIETCS B COOTBETCTBHH C
ta01.5.2, TKIT EN 1993-1-1.

Onpeoenenue >¢hhexmusnozo nonepeuno2o ceueHus

376



Pacuer snemeHTOB cedeHmeM 4 Kiacca BBIMOIHSAETCS MO A()PEKTUBHBIM
MONEPEYHBIM CEUCHUSIM. XapaKTEPUCTUKHU IP(HEKTUBHOTO MOMEPEYHOTO CEUYEHUS
KOHCTPYKIIMH, KaK MPaBUJIO, ONPEACNSIOT M0 3(Q(PEKTUBHBIM IUIOMIAIAM CHKATHIX
AJIEMEHTOB U 3()(PEKTUBHBIM IUJIOMIAJSAM PACTSIHYTHIX 3JIEMEHTOB BCIEACTBUE
addexTa cIBUTOBOIO 3ana3/bIBaHusl.

O¢ddexTruBHYIO TUIOMAAL CEUEHUS Aeff OTIPEICIISIOT, CIUTAS], YTO IMOMEPEIHOE
CEUYEHHUE TOJBEPraeTcsi TOJbKO OceBOMYy CxkaTuio cuiioil Nggy. sl momepeyHbIx
cedyeHui 4-To Kj1acca UMEET MECTO SKCLUEHTPUCHUTET €y, KOTOPBIN MOSBIISIETCS U3-32
CMENIEHUS LIEHTpa THKECTU d(PPEKTUBHON TUIOMIAAN CEUCHHS Aeff, OTHOCUTEIIBHO
[EHTpa TSKECTU TOMEPEYHOro CEeUeHUs OpPYTTO, B pe3yibTaTe 4Yero BO3HHUKAET
JIOTIOJTHATEIIPHBIA M3TrHOAOIMii MOMEHT, KOTOPBIH, KaK IPaBHIO, HEOOXOIUMO
YYHUTHIBaTh TP TpoBepke mornepeunoro cedeHus corinacHo TKIT EN 1993-1-5
(m. 4.6).

MowmenT conpotunenus: d3pdexruBHoro ceueHus: W Onpenenstor, cunras,
YTO MONEPEYHOE CEUEHHE MOJBEPraeTCs TOIbKO u3rndaromemy MmoMeHty Mgqy. Ilpu
JIEUCTBUM HM3THOAIOIINX MOMEHTOB B JIBYX TJIAaBHBIX IIJIOCKOCTSIX, KaK IPaBUIIO,
ONPENCNISIIOT MOMEHTHI CONPOTUBICHUS A(PPEKTUBHOTO CEUEHUS] OTHOCUTEIBHO
JIBYX TJIaBHBIX OCEH.

Ilpumeuanue — Kak anbTepHaTHBa, JOIyCKaeTcs onpeAensTh 3(h(eKkTuBHOE
MONEPEYHOE CEUEHHE C TPUMEHEHHEM PEe3YJbTHPYIOIIETO  PaclpeeIcHHUs
NPOJOJLHBIX HANpsKeHU OT oaHoBpeMeHHOro JedcTBUST Ngg U Megg.
JIOTIOTHUTENBHBINT MOMEHT OT €y HEOOXOJMMO YUUTHIBATh, YTO TPEOYET MOBTOPHBIX
pacueToB.

19.2.2. Obuue céedenusn pacuema yeHmMpPaIbHO HAZPYHCEHHBIX IJIEMEHIO0E
O npeoenbHbIM COCOAHUAM HeCyujeil CnoCcoOOHOCmuU

a) Illenmpanvno- pacmanymole 3j1emeHnbl

ConpoTuBIEHUE MONEPEYHBIX CEYEHUN LEHTPAIbHO PACTSIHYTHIX 3JIEMEHTOB

oOecrieueHo, ecnu BeIModHseTcss cienytomee yciaosue no TKII EN 1993-1-1

(. 6.2.3):

N
Ed 4

Nt ,ra

rJIe JUIsl CEYEeHUM C OTBEPCTUSIMHU i1 OOJTOB pacyeTHOE 3HAUCHHE HECYIIEH

CIIOCOOHOCTH Ha pacTsKCHUE Nt' Rd CICOYyEeT IpUHUMAaTb HAUMCHBIIIMM H3:
Afy o
a) - Ny pqg = —— — pacueTHOE 3HAYECHHE HECYIEeW CIOCOOHOCTU MOMEPEYHOTO
bt Ymo

CCUCHMU 6p}ITTO B IJIAaCTUYECKOM craauy,
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0,94netf, .
0) - Ny pg = —2% - pacueTHOE 3HAYEHHE HECYILIEH CIIOCOOHOCTH IONEPEYHOrO
" Ym2

CCUCHMS HETTO B INIACTUUYECKOU cTaauy Ipvu HaJIM4YHUKn OTBGpCTI/Iﬁ pInIb: | 0O0ITOB.

0) Llenmpanvno —corcamoie r1emeHmbl
ComnpoTUBIEHUE TMONMEPEYHBIX CEUEHUM IIEHTPATbHO-CKATHIX 3JIEMEHTOB

obecrieueHo, eciu BbINONHsETCS cienyromee yciaosue nmo TKIT EN 1993-1-1
(m. 6.2.4):

N
_—"Bd <10
Nc,Rd
A- fy .
rue NC,Rd = — pacyeTHOE 3HAYCHHE HECYIIEeH CIOCOOHOCTH IOIEPEYHOTO
Ymo
ceueHus KiaccoB 1-3;
Aeff ’ 1:y o
N ¢.Rd =~ — DAaCyYETHOE 3HAYECHUE HECYLIEH CITOCOOHOCTH TIOTICPEYHOTO
Ymo

cedyeHus kjacca 4,
31ech Aeff — TuIOMAAL 3P(HEKTUBHOTO MONEPEYHOTO CEUYEHHs, BhIUUCIAEMas MpU
neiictBun pasHomepHoro cxkatus mo TKIT EN 1993-1-5 (1. 4.3).

[Ipu cMmemieHuu €n 1EeHTpa THKeCTH 3PHEKTUBHOTO MOMEPEYHOTO CEUEHUS
TIOMIAABI0 Aeff OTHOCUTEIBHO IIEHTPA TSKECTH MOMEPEYHOTO CEUEHUs OpyTTO
CIEAYeT YUYWUTHIBATH JOMOJHUTENbHBIA u3rudaronmii MoMeHT AMgd = Neqen . B
3TOM CcIlydae dJIEMEHT CIIEyeT pPacCUMThIBaTh MO HECYIEH CIMOCOOHOCTH Kak
CKATO-U3rn0aeMblIi.

19.2.3. Obowue ceedenun pacuema uzzudaemvix I1eMeHmMO8 NO NPEOEbHbIM
COCIMOAHUAM Hecyujell CROCOOHOCmU
ConpoTuBieHne U3rndaeMbIX JICMEHTOB MOMEPEUHBIX CEUYSHHUI BCEX KIIACCOB
Oyner obecriedeHo, eciu BoimoHsercs ycnoue mo TKIT EN 1993-1-1 (1. 6.2.5(1)):

Meg 1,0,
Mc,Rd
rine Meq — pacueTHOE 3HAUEHUE U3THOAIOIIEI0 MOMEHTA;
Mcrd — pacueTHOE 3HAUEHHE HECYLIEH CIIOCOOHOCTU Ha M3TMO OTHOCUTEIBHO
OJTHOM M3 TJIABHBIX OCEH MOMEPEYHOTO CEUCHUS.
[Ipo4HOCTH TIONEPEYHBIX CEYEHUW HA JICMCTBUE TMOMEPEYHOM CHIIBI JTOJDKHA
YAOBJIETBOPSITH YCIOBUSIM:

4=

Vc, Rd

<1,0 — s momepeyHsIX ceYeHM KiaccoB 1,2 u 3
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4=

Vb.Rd
rne  VEed — pacueTHOE 3HAUYCHUE MOTICPEUYHON CUIIBI,

<1,0 — st monepeYHbBIX CCUCHMI Kitacca 4

Vc,Rd — pacueTHOE 3HaUYCHUE HECYIIEH CIIOCOOHOCTH MOMEPEYHOTO CEUCHUS Ha
CIIBUT;

VbRrd — pacueTHOE 3HAYEHHE HECYIIeH CMOCOOHOCTH Ha CABUT A
MOTIEPEYHBIX CEYEHUH Kiacca 4 Mpu NoTepe MECTHOW YCTOMYMBOCTU CTEHKH.

B ta6aune 19.1 npuBeaeHs! GopMyIibl A1 ONpeeIeHUs] paCUETHBIX 3HAYCHUN
Hecyuieil crnocoOHocTH Ha U3rud Mcrd 0€3 yueTa monepeyHol CHIIbl U pacueTHBIX
3HAUYCHUI HeCyIlew cnocoOHOCTH Ha ¢BUT VcRrd U VhRrd  3JIEMEHTOB IMOIMEPEYHBIX
cedyeHuit kiaccoB 1, 2, 3 u 4. Yder monepeuHoi CHIbl Ha TIPOYHOCTh CEYEHHUS Ha
u3ru6 BeIIOJHSIOT B cooTBeTcTBUHU ¢ TKIT EN 1993-1-1(11. 6.2.8).

[lnomane caura B IJIACTHYECKOW cTaauu padboTel Ay IpH OTCYTCTBUU
Kpy4eHHs] JUIsi HEKOTOPHIX THUMOB Mpoduiaeil JgomyckaeTcss MNPUHUMATh B
cootBercTBuH ¢ TKIT EN 1993-1-1 (1. 6.2.6(3)).

Tabnuua 19.1 PacueTHoe 3HaUE€HHE HECYIIEH CIIOCOOHOCTH HA U3TMO U CIIBUT

Kmacc PacuetHOC 3HaueHUE .

. PacuetrHoe 3HaUeHUE Hecyleh

MONEPEYHBIX | HECyIIel CTOCOOHOCTH Ha
CITOCOOHOCTH Ha CABHT

CceueHH I m3rud Mcrd
W, - f f
Mc g =Mpps =—— A/\/y—
1,2 Yo Vc,Rd :VpI,Rd = 3
o TKIT EN 1993-1-1 T™mo
(6.2.5(2)) o TKIT EN 1993-1-1 (6.2.6(2))
f
Wy - | -t, =
McRd:Mele:M Y/ _ W\/§
’ ’ T™mo CRI ™ g o
3 “TmMo

o TKIT EN 1993-1-1 CCJIM MCCTHAA YCTONMYUBOCTH CTCHKHU

MIpU CIBUTE OOecIieueHa,

6.2.5(2
( @) no TKIT EN 1993-1-1 (6.2.6(4))
n fyw Ny -ty
Vi rg =V, +V, <
M- :Weﬁ,min : fy b,Rd = Vbw,Rd T Vbf,Rd YM1‘\/§
4 ’ T™Mo
o TKIT EN 1993-1-1 €CJIM MECTHasl YCTOMYMBOCTh CTEHKHU
(6.2.5(2)) IIPH CIIBUTE HE o0OecTieueHa,

ro TKIT EN 1993-1-5 (5.2-5.4)

[Tpumeuanue — Weimin ¢4 Weft,min COOTBETCTBYIOT BOJIOKHAM C MaKCUMAaJIbHBIM

379




HaIpsHKEHUEM B YIPYrou crajauu; Ay — IIomaab CABUra.

JlJis MByTaBpOBBIX CEUEHUH Kiacca 3 TpU MPOBEPKE MPOYHOCTH Ha CABUT B
yIPYToi CTaJnu, €CIM MECTHas YCTOMYUBOCTh CTEHKH oOecrieuena u As/ Aw > 0,6,
pacyeTHOE 3HAUYCHHUE HECYIIeH ClTOCOOHOCTH Ha CABUT ONPEACIISIOT Mo (hopmye:

Vy g =y
V3 Ymo
rae  Af— IUIONIAIb MOMEPEYHOTO CEYCHUS OTHOM MOJIKH;
A, =h, -1, — IuIOmMAaak MONEPEYHOr0 CEYECHUS CTEHKH.

19.2.4. Pacuem necywieit cnocoOHOCIMU RONEPEUHO20 CeUeHUs ITIEMEHM 08,
HO00BEPIHCEHHBIX OCICMEUIO 0CEBOIL CUIbL U U3ZUOAIOUUX MOMEHNOE
a) Ilonepeunvie ceuenusn knaccoe 1 u 2
ConpoTuBiieHHE TOMEPEYHbIX CeYeHHM KiaccoB 1 u 2 obecnedyeHo, eciu
BoinosiHseTcst ycnosue mo TKIT EN 1993-1-1 (. 6.2.9.1):
Mgg <My Ra:

rae Meqd — pacdueTHOe 3HAUEHUE U3THOAIOIIET0 MOMEHTA;

Mn,rd — pacueTHOE 3HAYCHHUE HECYIICH CIIOCOOHOCTH MOMEPEYHOTO CEUCHUS
Ha W3rH0 B TUIACTUYECKOW CTaJWMH, YMEHBIICHHOE BCIICJICTBUE JEHCTBUS OCEBOM
cuibl Neg.

JIisi TpOKAaTHBIX M CBapHBIX PaBHOIOJOYHBIX JBYTAaBPOB, IPHU pacuere
KOTOPBIX He yuuThiBatoTcs oTBepctusi cormacuHo TKIT EN 1993-1-1 (m. 6.2.4(3)),
pacuetHoe 3HaueHHe Mngrda agomyckaercsa ompegensate no TKITEN 1993-1-1
(popmymsr (6.36) —(6.38)):

— TIpH IEWCTBUH M3THOAFOIIET0O MOMEHTA OTHOCUTEIIHHO OCH Y — V-

1-n

— IIpH ISHCTBUH U3THOAOIIET0 MOMEHTA OTHOCUTEILHO OCH Z-Z:

|\/IN,z,Rd <M pl,z,Rd TPU N =a,
n—-a

2
M <M Al1-| —— npun > a
N,z,Rd pl,z,Rd (1_6{) p

rae N=Ned/ Npird;
a=(A-2b-t;)/A<0,5;

Npi,Rd — pacyeTHOE 3HaYeHUE Hecyllell CIOCOOHOCTH MONEPEUYHOI0 CEUEHHUS
Ha CXKaTHE B MJIACTUYECKOMN CTauu;
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W, - f
1, .
Moy rd = —PY Y _ pacuerHoe 3HaueHHEe HeCyuleil CIOCOGHOCTH;
™o
IOIEPEYHOr0 CEYEHUS Ha U3TUO B IUIACTUYECKOM CTalul OTHOCUTEIBHO OCH Y-Y;
Wpl,z ) fy .
Mplzrd =—— — PpAacuyeTHOe 3HA4YCHHE HECYLIEH CIMOCOOHOCTH
Ll ’ ’YM 0

MOTIEPEYHOT0 CEUEHUs Ha U3TUO0 B TNIACTUYECKON CTaJAUU OTHOCUTENBHO OCH Z-Z;
ConpoTuBIIEHHE 3aMKHYTBIX IONEPEYHBbIX CEYEHUH KiaccoB | u 2 ciemyer
nposepsaTh mo TKIT EN 1993-1-1 (dopmyisr (6.39) —(6.40)).
[Ipn 1ByXOCHOM JE€HCTBUM M3rMOArONIMX MOMEHTOB OTHOCUTEIBHO OCEl Y —
Y U Z—Z CONpPOTUBJIEHUE MOMEPEUYHBbIX CEeUeHUM KiaccoB 1 m 2 pomyckaercs
nposepsaTh mo TKIT EN 1993-1-1 (popmyia (6.41)):

a §
M
n z,Ed

M\,y,Rrd My 2.Rd

Myea <1

rie @ U [/ — mapamMeTpbl, 3HAYEHHUS KOTOPHIX C 3amacoM MOXKHO MPHHUMATH
PaBHBIMH €IMHUIIC UITH BHIYUCICHHBIM:

a=2, f=5n—F =1 — nyis ABYTaBPOBBIX MOMEPEUHBIX CCUCHHUIA;

a=2,p=2 — U1 KpYTJIbIX TPYO;

a =L =1,66/(1-1,13n) npu @ = [ <6 — A5 IPIMOYTOJIBHBIX TPYO.

0) Ilonepeunvie ceuenusn kinacca 3. CONPOTUBIECHUE DSIEMEHTOB
MOTIEPEYHOTO CeUeHMs Kiacca 3 o0ecrneueHo, eclii MaKCHMaJIbHbIE HaIPsHKCHUS

Ox,Ed, OT JIEMCTBUS OCEBOM CHJIBI M  M3THOAIONIET0 MOMEHTA YJOBJIETBOPSIOT

ycrmoButo TKIT EN 1993-1-1 (m. 6.2.9.2):
M
OxEd = Neg , Myea  Mags fy .
A Wel,y Wel,z Tmo

8) Honepelmble ceuenus Kuacca 4. COHpOTI/IBHCHI/Ie SJICMCHTOB

MOTIEPEYHOTO CeYeHMs Kjacca 4 oOecredeHa, eCiu MaKCHUMAalIbHbIE HaIpsHKCHUS
OxEd, OT JCHCTBUS OCEBOM CHJIBI W HW3TMOAIONIETO MOMEHTA, BBIYMCICHHBIC C
WCIIOJIb30BAHUEM TEOMETPUYECKUX XaPAKTEPUCTHK A(P(HEKTUBHOTO TOMEPEUHOTO
ceuenus, yaorierBopstoT yeinosuto TKIT EN 1993-1-1 (m. 6.2.9.3):

_Ngg Myeg+Ngg-eyy M,gq+Ngg-ey, fy
cSx,Ed - + + <
'%f‘f Weff,y,min Wef'f,z,min TmMo

e Aeff — TuIOmAAs AGHEKTUBHOTO MOMEPEUHOTO CEUEHUS, BBIYUCICHHOTO MpPHU

JEUCTBUM TOJIBKO PABHOMEPHOI'O CKATHS;

Weity,min, Weff,zmin — MUHAMaJIbHBIE MOMEHTBI CONPOTUBIIEHUS d(HPEKTUBHOTO
MONEPEYHOr0 CEUEHMUsI, BBIYMCICHHOTO MPU JACUCTBUU TOJBKO M3THOAIOIIETO
MOMEHTa OTHOCHUTEBHO OCE€ Y —Y U Z — Z, COOTBETCTBEHHO;
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Ny — CMEIIEHHE LEHTPa THKEeCTH 3(P(HEKTHUBHOTO MOMEPEYHOTO CEYCHHUS,
BBIUMCJIICHHOTO TpPHU JCHCTBHHM TOJBKO PABHOMEPHOTO CXKaTHs, OTHOCHUTEIIBHO
[EHTPa TSHKECTH TIOTIEPEYHOTO CEUEHUs OPyTTO.

IIpumeuanue: 3HaKM OCEBBIX CHUJ M W3THOAIOUIMX MOMEHTOB 3aBUCAT OT

COUYETaHUS HAMPSHKEHUN OT ITUX YCUITUH.
19.2.5. Pacuem necywieit cnocooHocmu no ycmouuueocmu nonepeuHozo
CceueHUs I71eMEHM 08, NOOBEPHCEHHBIX 0ClICHIBUIO 0CEBO CUIb
Ckatble DJIEMEHTHI, MOJBEPKECHHBIE JEHCTBUIO OCEBOW CHIIBI,  CIEAYET
IPOBEPSTH HA YCTOMYUBOCTH IO (popmyIie
Nea 10,
Np,ra
IIe pacueTHOEe 3HA4YeHHE HEeCYIeH CIIOCOOHOCTH CXKATOro 3JIEMEHTa IO

yCTOMUUBOCTU Ny pg CIIEAYET IPUHUMATEL PABHBIM:
XAfy

Np,ra =5

3]1€Ch )Y - MOHWXAOWUK KO3 (UIIMEHT JIJIs1 COOTBETCTBYIOIIEH KPUBOU
MOTEPH YCTOMUHUBOCTH, otipeensieMbiii B coorBeTcTBur ¢ TKIT EN 1993-1-1 (1.
6.3.1.2).

Ananuz  pesyromamos  cmamuyeckoeo — pacuema — BBIIOJTHEHHBIA B
COOTBETCTBHE C pekomeHmanusmu eBpomerickux Hopm TKIT EN 1991 mnokaszamn,
YTO 3HAYEHUS BHYTPEHHUX yCWiHil B anemeHtax Ha 20-30% Oosblie, yeM, eciiu
cuntath mo CII. DTo BBI3BAHO TEM, YTO MPUMEHSIOTCS OONBIINE 3HAYCHUS
K03 (PUIIMEHTOB HAAEKHOCTU 1O Harpy3ke. [lpu cocTaBieHMM KOMOWHAIUN
BHyTpeHHUX ycunuid mo TKIT EN 1990 ncnonb3ytoTcst HECKOJIBKO WHBIE MOAXObI
U Ko3((PUIIMEHTHI cOoueTaHWil, a Tak e MpH pacueTe, HalpUMep, MONEPEeyHON
pambl, TIOMHUMO OCHOBHBIX HArpy3ok, HEOOXOAMMO YYHMTHIBATh SKBHBAJICHTHBIC
TOPU30OHTANBHBIE YCWJIMA B JTaXaX paMbl, YYHUTHIBAIOIIUME HaYaJbHBIC
HECOBEPIICHCTBA KOHCTPYKIIUH.

ComnocTaBUTENBHBIN aHATN3 pacdyeTa CTATLHBIX KOHCTPYKIIMH MO HAIMOHATHHBIM
npaBuwiam CII u eBponeiickum TKII EN-1-1 noxka3zan, 49rto cranbHble
KOHCTpYyKIMH, paccuutannble corinacHo TKII EN, npumepHo, nmeror onnHakoBbIi
3amac MPOYHOCTH, YTO CBUJCTEIBCTBYET O JOCTaTOYHO BBICOKON CTENEeHU
HA/Ie)KHOCTH, PACCUYUTHIBAEMBIX KOHCTPYKIUI MO HAIIMOHATBHBIM M €BPONEHCKUM
IpaBHUJIaM pacyeTa.

382



Hpuiaoxenue A

Ta6bnuua A.1 (Tabn.b.1 ClNM)— KoadbdmumeHT ycrnoBui paboTbl KOHCTPYKLMA U INIEMEHTOB Yc

OneMeHTbI KOHCTPYKLUIA

3HaveHune koapduumeHTa
ycrnoBui paboTbl KOHCTPYKUMI
N 3NIEMEHTOB Yc

1 Banku cnnowHOro cevyeHns U cxaTtble dNeMeHTbl epM MNepeKkpbITUii
non 3anamMu TeaTpoB, KryGoOB, KMHOTeaTpoB, MoAd TpubyHamu, nod
NOMELLEHNAMN MarasvHoOB, KHUMOXpPaHWUIWLL W apXMBOB W T. M. Npu
nepemMeHHOI Harpyske, He MpeBbILLaloLLEe BEC NepeKpbITU

0,90

2 KOnOoHHbI:
OBLLECTBEHHbIX W XUMbIX 34aHUA MPU MOCTOAHHOW Harpyske He Me-
Hee 0,8 pacueTHoOM

MHOrO3TaXXHbIX 34aHUI BbicOTON A0 150 m

[OBYTaBPOBOro CEYEHN MHOrO3TaXKHbIX 34aHWIN BbicoTon 6onee 150 m
KOpoB4aToro ce4eHms MHOMO3TaXKHbIX 30aHU BbicoTon 6onee 150 m
Onopbl BOAOHAMOPHbIX BalueH

0,95
0,95
0,90
0,87
0,95

3 KOMnOHHbI OAHO3TaXKHbIX Npon3BOACTBEHHbIX 34aHUIN C MOCTOBbIMMU KpaHaMmun

1,05

4 CxaTble OCHOBHblE 3IeMEHThbl (KPOME OMOPHBIX) PELLETKM COCTaBHOro
TaBPOBOrO CeYeHus U3 ABYX YrofikoB B CBapHbIX ddepmax MOKPbITUA U
nepekpbITUA, NPU pacyeTe Ha YCTOMYMBOCTb YKa3aHHbLIX 3/1EMEHTOB Mo-
KOCTbIO A > 60

0,80

5 PacTaHyTble aM1eMeHTbI (3aTSKKU, TATWU, OTTSKKKW, NOABECKM) NpU pacyeTe
Ha NPOYHOCTb MO HeocnabneHHOMY CeyeHuIo

0,90

6 JnemeHTbl KOHCTPYKLMI U3 CTanu ¢ npeaenom Tekydectu Ao 440 H/mm?2,
HecyluMe CTaTUYECKYI0 Harpysky, Npu pacyeTe Ha NPOYHOCTb MO CEeYEHUIo,
ocnabneHHoMy oTBEPCTUAMU Ans 6oNToB (KpoMe (PPUKLIMOHHBIX COeQUHEHWIA)

1,10

7 CxaTble 9nemMeHTbl peleTkn MPOCTPaHCTBEHHbIX  peLleTyaTbiX
KOHCTPYKLUMIA N3 OOMHOYHBIX YrONKOB, NPUKpennsieMble 0gHOM MONKon (ans
HepaBHOMOMOYHbIX YroyikoB — GornbLUen NONKON):
a) HEMoCpeACTBEHHO K Nosicam CBapHbIMY LUBaMu Unun AByms U 6onee
fontamu, yctaHOBNEHHbIMWY BOOSb Yronka:
packocbl (CM. pucyHOK 15 a)) n pacnopku (cM. pucyHok 15 6), B), €) [5])
packochkl (CM. pucyHok 15 B)—e)) [5]

0) HenocpeaCTBEHHO K nosicaM OgHMM BonTom unu 4vepes acoHky
He3aBUCUMO OT BUAA COEANHEHNS

0,90
0,80

0,75

8 CxaTble 3neMeHTbl U3 OAMHOYHbLIX YrOJIKOB, MNPUKPEMNSEMbIX OOHON
nonkown (Ons HEepPaBHOMOMOYHbIX YrONMKOB — MEHbLUEN MOMKoW), 3a
UCKITIOYEHNEM 3MIEMEHTOB NMOCKUX (OEPM W3 OOMHOYHBLIX YrOMKOB U
3MNEeMEHTOB, yKa3aHHbIX B M03. 7 HacToswen Tabnuubl, packocoB (CM.
pucyHok 15 ©) [5]), npukpennsieMbIX HEMOCPEACTBEHHO K MOsSiCaM CBapHbIMU
wBamMum Unm ABymMa U 6onee 60]‘ITaMI/I, YCTaHOBJ1IEHHbIMW BOOJ1b YroJika, u
MNOCKUX cbepM 13 OANHOYHbIX YroJ1KoB

0,75
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OkoH4aHue Tabnuubl A.1 (Tabn. 6.1 CIM)

3HayeHune koadhdpuumeHTa

OneMeHTbI KOHCTPYKLUIA yCrnoBwui paboTbl KOHCTPYKLIMIA
N 3NEMEHTOB Yc

9 OnopHble MAUTbI M3 cTanu C npedenoMm Tekydectn go 390 H/mm?,
HecyLLMe cTaTU4eCKyo Harpysky, TOSNLUHOW, MM:

a) 0o 40 Bkntou. 1,20
©)ce.40 “ 60 1,15
B) “ 60 “80 “ 1,10
lNpumeyaHus

1 KoadpduumeHTbl yc < 1 COBMECTHO HE Y4MTbIBAKOTCS.

2 [Npu pacyeTe Ha NPOYHOCTL NO CeYeHuto, ocriabneHHoMy oTBepcTUsaMU Ans 6onToB, KO3 MULNEHTLI YyCrOBUIA
paboTbl KOHCTPYKLMIA U ANIEMEHTOB, YKa3aHHble AN no3. 6 n 1, 6 u 2, 6 1 3, yunTbIBalOT COBMECTHO.

3 lpu pacyeTe ONOpHbIX NANT KOIDDULMEHTI, YKadaHHbIe Ans no3. 9 1 2, 9 n 3, y4nTbIBaOT COBMECTHO.

4 KoadbdpumumeHTbl ANA 3NeMeHToB No3. 1 1 2 y4nThIBaKOT Takke Npu pacyeTe Nx coeanHeHun.

5 B cnyuvasix, He OroBOpeHHbIX B HacTosLLen Tabnuue, B opmynax npyHumarot ye = 1,0.

Tabnuua A.2 (tabn. 7 ClM) KoadduumeHTbl (hopMbl CeYEHUA NPU pacyeTe 3IeMEHTOB Ha LieHTparnbHoe
cxatue

Tun ceyeHns 3HaveHune
KoadhduumneHTa
O603HauyeHne dopma o 5
2 0,03 0,06
b | C ) ¥ 0,04 0,09

: -T[=[|Ax - ng_ﬂ —$_ L 0,04 0,14

lMpumeyvaHus
1 3HayeHuns k0ahDUMLMEHTOB ANIA NPOKaTHBIX ABYTaBpPOB BbicoTon 6onee 500 MM Npu pacyeTe Ha yCTONYMBOCTDb B

NOCKOCTM CTEHOK MPUHUMAIOT N0 TUMY CEYEHMs a.
2 Ha pwucyHkax HacTtoswen Tabnuubl OCU «X-X» U «y-y» OOO3HA4YeHbl B CEYEHMSAX, HOpMarbHO K KOTOPbIM

pacrnonaraeTcsi pacyeTHasi NNOCKOCTb [Ans onpefeneHuss @ no dopmyne (9), B ocTamnbHbIX CEYEHUSX
K03 pULIMEHTBI HE 3aBUCST OT PACHETHOMN NITOCKOCTY.
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Tabnuua A.3 (Tabn. .1 Cl) — MaTepuanbl Ans cBapku, COOTBETCTBYHOLLME CTanm

Mapka MaTepuana ans cBapku

Xapaktepuctu
YyeckKoe caapquoﬁl NMPOBOJIOKM O5A
3Ha4veHune aBTOMaTUYECKOMN Tun
npenena N MexXaHN4eCcKon cBapku NMopoLLKOBO
TEKy4ecTu cntoca i anekTpoaa
cTanu fyk, B yrnekucnom rase non NPOBOOKM
H/MMZ nnnm B ero cMmecu CbJ'IPOCOM
C aproHom
[o 290 CB-08I2C CB-08A AH-348-A, Mr-AH-3, 242,
AH-60Y, Mr-AH-8 942A
Cs-08TA M®K-56C7, 346,
UF-02, UF-03% D46A
OT1 290 o CB-10IA? AH-17-M, 350,
590 Ca-1012? AH-43, O50A
Ce-10HMA AH-47,
AH-348-A3),
M®K-56C,
UF-02, UF-03%
OT 590 CB-08I2C, Ce-10HMA AH-17-M, Mr-AH-3, 360
CB-08XITCMA MoK-56C, rnn-AH-8
Ce-10XT2CMA | Cs-08XH2rMio | UF-02, UF-03% 370

D dnoc AH-60 v anektpogbl TMMOB 42, 946, 350 NpUMEHSIOT ONA KOHCTPYKUMIA rpynn 2 1 3 npu
pac4eTHbIX TeMnepatypax t > —45 °C.

2) He npumeHsaTb B codeTaHnm ¢ dortocom AH-43.

3) ina dorioca AH-348-A TpebyeTcst AONOMHUTENBHBIN KOHTPOSb MEXaHUYECKUX CBOMCTB MeTarnmna Lisa npu
CBapke COeQUHEHWIA 3NeMEHTOB TOMLMHOW 6onee 32 MM Npu pacyeTHbIX TemnepaTypax t > —45 °C.

4 Kepamuueckunii doritoc MOK-56C No TEXHUYECKUM YCMOBUAM A aBTOMaTUYECKOR CBapKM CThIKOBbIX
COeaNHEHWI KOHCTPYKLMIA NPONETHLIX CTPOEHUI CTanbHbIX MOCTOB.

5) Kepamuueckuin GoriioC CBapoYHbIi arnomepupoBaHHbin Mapok UF-02 n UF-03 no cooTBETCTBYIOLLUM
TEXHWYECKMM YCIOBUSIM.

Tabnuue.

lNpumedaHue — TNpu COOTBETCTBYHOLLEM TEXHUKO-3KOHOMUYECKOM OBOCHOBaHUM ANt CBAPKW KOHCTPYKLMN
MCMONb3YIOT CBapOYHble MaTepuanbl (MPOBOSIOKW, (OMKOChI, 3alUMTHbIE rasbl), He YkasdaHHble B HacTosiLLei
Tabnuue. Mpn 3TOM MexaHnyeckMe CBOWCTBA MeTanrna LBa, BbINOMHAEMOro C X NPUMEHEHUEM, OOMKHbI
OblTb HE HWXEe CBOWCTB, 06ecneuvMBaeMbiXx NMPUMEHEHWEM MaTepuarnoB, NPUBEAEHHbIX B HAaCTOsLEN

Tabnuua A.4 (Tabn. A.3 CI1) XapakrepucTtuueckue n pacueTHble 3HaUEHUs peaerna TeKy4ecTy 1

npegena NPoOYHOCTMU MPU PACTSXKEHUU, CKATUM M N3rnbe NMMCTOBOro, LUIMPOKOMOSIOCHOrO YHUBEPCANbHOro,
COpTOBOro nNpokaTa u Tpy6?

Mapka TonwmHa npokaTa, Mm fyk, H/MMm?2 fuk, H/MM?2 fya, H/MMm? fud, H/MM?2

cTanm

C235 OT1 2,0 oo 4,0 Bkntou. 235 360 230/225 350/345

C245 Ot 2,0 oo 3,9 Bkntou. 245 370 240/235 360/350
“ 40 “ 30 “ 235 370 230/225 360/350

C255 OT1 2,0 go 3,9 Bkntou. 255 380 250/245 370/360
“ 40 “ 10 ¢ 245 380 240/235 370/360
Cs.10 “ 20 °“ 245 370 240/235 360/350
“ 20 “ 40 ¢ 235 370 230/225 360/350
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OkoH4aHue Tabnuubl A.4

Mapka TonuwuHa npokata, Mm fyk, H/mm? fuk, H/MMZ2 fya, H/MM? fud, H/MM?2
cTanm
C345 O12,0 go 10 BKItOM. 345 490 340/330 480/470
Cs.10 “ 20 * 325 470 320/310 460/450
“20 “ 40 * 305 460 300/290 450/440
“40 “ 60 “ 285 450 280/270 440/430
“60 “ 80 ¢ 275 440 270/260 430/420
“ 80 “ 160 ¢ 265 430 260/250 420/410
C345K OT 4,0 po 10 BkJtOM. 345 470 340/330 460/450
C355 OT 8,0 oo 16 Bkntou. 355 470 350/340 460/450
Cs.16 “ 40 “ 345 470 340/330 460/450
“ 40 “ 60 335 470 330/320 460/450
“ 60 “ 80 ¢ 325 470 320/310 460/450
C355 Cs. 80 go 100 Bkrtou. 315 470 310/300 460/450
“ 100 “ 160 ¢ 295 470 285/280 460/450
C355-1, Ot 8,0 go 16 Bkntou. 345 470 350/340 460/450
C355-K | cs.16 “ 40 © 345 470 340/330 460/450
“ 40 “ 50 ¢ 335 470 330/320 460/450
C355I1 OT 8,0 oo 16 Bkntou. 355 470 350/340 460/450
Cs.16 “ 40 “ 345 470 340/330 460/450
C390, OT 8,0 oo 50 Bkntou. 390 520 380/370 505/495
C390-1
C440 OT 8,0 oo 50 Bkntou. 440 540 430/420 525/515
C550 OT 8,0 oo 50 Bkntou. 540 640 525/515 625/610
C590 OT 8,0 go 50 Bkntou. 590 685 575/560 670/650
C690 Ot 8,0 oo 50 Bkniou. 690 785 -/650 ~745
1) Tpybbl cranbHble 6eclIOBHbIE W GeCLUOBHblE ropsaYenedOpMUPOBaHHbIE, a Takke oreKTpoCBapHble

npsIMOLLOBHbIE ¢ anameTpoM 114-530 MM, ¢ TonmwwmHOM cTeHku oT 4 go 12,7 mm; gunameTtpom 508-1422 mwm, c
TOnWMHOM cTeHkn oT 8 go 50 mm 1 ¢ guameTtpom 530—1420 MM, yrnyylIeHHON CBapMBaeMOCTUN U XNaJoCTOMKOCTU AN
CTPOUTENBHBIX METaNNMYECKMX KOHCTPYKLMIA creayeT NPUHUMaTh No OEACTBYIOLLMM TEXHUYECKMM YCIIOBUSIM.

lNpumeyaHus

1 3a xapakTepucTUyYeckme 3Ha4yeHUs NPOYHOCTM CTanu npokaTta NPUHATLI FapaHTMPOBaHHbIE 3Ha4YeHWUs npeaena
TeKy4yecTu 1 npegena npodYHocTu ctanu cornacHo THIA.

2 PacyeTHble 3HayeHus npedena TekydecTM UM npederna MnpOYHOCTM  MOMyYeHbl  AereHneMm  Ux
XapakTePUCTUYECKUX 3HAYEHUIM Ha YacTHble KO3IMMULUMEHTbI Mo MaTtepuany, npuHAtele no Tabnuue 3[5]. B
yucnuTene npuMBeAeHbl pacyeTHblEe 3HaYeHUs Npeaena TeKy4yecTn 1 npeaena npoYHOCTU npokata npu ym = 1,025;
B 3HaMeHaTerne — npu ym = 1,050, ¢ TOYHOCTbIO A0 5 H/MM?2,
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Tabnuua A.5 (tabn. A5 CIl) XapaktepuctuyeckMe M pacyeTHble 3Ha4YeHUs npegena TeKy4yecTu W
npegena NPoOYHOCTM NPU PACTAXKEHUU, CXKaTUM U n3rnée (pacoHHOro npokarta

Mapka TonwmHa npokaTa, Mm fyk, H/mm2 fuk, H/MM?2 fyd, H/MM2 fud, H/MMm?
cTanu
C245 O1 4,0 po 20 Bkntou. 245 370 240/235 360/350
“ 20 " 40 ¢ 235 370 230/225 360/350
C255 O1 4,0 po 10 Bkntou. 255 380 250/245 370/360
“10 “ 20 * 245 370 240/235 360/350
“20 " 40 * 235 370 230/225 360/350
C345 O1 4,0 po 10 Bkntou. 345 480 340/330 470/460
“10 “ 20 * 325 470 320/310 460/450
“20 “ 40 305 460 300/290 450/440
C345K Ot 4,0 po 10 Bkntou. 345 470 340/330 460/450
C355 Ot 8,0 oo 16 Bkntou. 355 470 350/340 460/450
“ 16 “ 40 * 345 470 340/330 460/450
C355-1 Ot 8,0 oo 16 Bkntou. 355 470 350/340 460/450
“ 16 “ 40 * 345 470 340/330 460/450
C390 OT 8,0 go 10 Bkntou. 390 520 380/370 505/495
“10 “ 20 * 380 500 370/360 480/475
“20 “ 40 * 370 490 360/350 480/470
lMpumeyaHus

1 3a TonwuHy hacoHHOro npokaTta NPUHUMAIOT TOSLUMHY MOJIKM.

2 3a xapakTepucTuyeckne 3HayeHWs NMPOYHOCTM (PacOHHOro MpokaTa MNPUHSATHI FrapaHTUPOBAHHbLIE 3HAYeHUA
npeaena Teky4yecTn 1 npegena NpoYyHocTn ctanu cornacHo THIMA.

3 PacyeTHble 3HayeHWss npegena TekydyecTM U npefdena  MNPOYHOCTU  MOMyYeHbl  AEeneHneM  Ux
XapakTEPUCTUYECKUX 3HAYEHUIM Ha YacTHble KO3IMMULUMEHTbI Mo MaTtepuany, npuHAtele no Tabnuue 3[5]. B
yucnuTene npuBeAeHbl pacyeTHble 3Ha4YeHns npeaena Teky4yecTu u npegena npoYHoCcTn npokata npu ym = 1,025;
B 3HaMeHaTene — npu ym = 1,050, ¢ TOYHOCTbIO A0 5 H/MM?2,

Ta6nuua A.6 (Tabn.5 CI1) PacyeTHble 3Ha4YeHUsi NPOYHOCTU OQHOBONTOBOro coeanHeHUs

2 PacuyeTHOe 3Ha4YeHne NPOYHOCTM OAHOBONTOBOrO COEAUHEHUS
I
HanpsixeHHoe g2
COCTOsIHVE S Ha cpe3 1 pacTsxeHve 6oNToB KNaccoB NPOYHOCTU Ha cmATne
g 3 coeaMHsIeMbIX
8| 46 5.6 5.8 8.8 10.9 12.9 aneMeHTOB
Cpes fos 0,38fouk | 0,42fouk | 0,41fouk 0,40fouk 0,35f0uk —
PactspkeHune fot 0,42fouk | 0,45fouk | 0,41fouk | 0,54f0uk 0,70fouk —
CwmsaTue: fop* —
a) bonTbl knacca 1,60fud
TOYHOCTU A
©) 6onTbl knacca 1,35fud
TOYHOCTU B

* OnpegensioT 4ns coeanHAeMbIX 3fIEMEHTOB U3 CTanu ¢ npeaenoM TekydecTtu Ao 440 H/mm2,
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Tabnuua A.7 (Tabn. .1 CMN) — KoadhpuumneHT ycTONUMBOCTU NPU LIEHTPasNIbHOM CXaTun @

YcnosHas KoadhdumumeHT ¢ onsa tuna cevyeHns YcnosHas KoahpumumeHT ¢ onsa tuna cevyeHns
rMbKocTb A a b c rMBKoCTb A a b c

0,4 1000 1000 984 4,8 330 308
0,6 994 986 956 50 304 289
0,8 981 967 929 52 281 271
1,0 968 948 901 54 261 255
12 953 927 872 5,6 242 241
14 938 905 842 5,8 226

1,6 920 881 811 6,0 211

1.8 900 855 778 6,2 198

2,0 877 826 744 6,4 186

2,2 851 794 709 6,6 174

24 821 760 672 6,8 164

2,6 786 723 635 7,0 155

2,8 747 683 598 7,2 147

3,0 704 643 562 7,4 139

3,2 660 602 527 7,6 132

34 616 562 493 7,8 125

3,6 572 524 460 8,0 119

3,8 526 487 430 8,5 105

4,0 475 453 402 9,0 094

4,2 431 422 375 9,5 084

4,4 393 392 351 10,0 076

4,6 359 329

lNMpumeyarue — 3HaveHns koadduULMeHToB ¢ B Tabnuue yeenuyeHsl B 1000 pas.

5. KonTpoanb 3Hanmii

5.1 IlepeyeHb KOHTPOJIbHBIX BOIPOCOB M 33IaHUM VIS CAMOCTOSITEIbHOM

padoTHI CTYACHTOB

1. KOHCTpYKTHBHBIE CXEMBI KapKacOB IIPOM3JaHUI, B TOM YHCJIE U TEIUIOBBIX U
aTOMHBIX 3JIEKTPOCTAHIUH, 0COOEHHOCTH Harpy3o0K.

2. ATYOMUHHEBBIE CIUIaBbl, MAPKHUPOBKA.

3. Pacuer 351eMEHTOB Ha IPOYHOCTH € YYETOM XPYIIKOTO Pa3pyILICHHUS.

4. Y371bl KpEIIEHUN TOPMO3HBIX KOHCTPYKLIHM, KOHCTPYKLHS OITOPHBIX Y3JIOB.

5. 'opr3oHTaNbHBIE HUIMHAPUYECKUE PE3EPBYApPbl, KOHCTPYKIIMS, HAIIPSYKEHHOE
COCTOSIHUE, OIIOPBI.
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6.bamnu, MauThl, KOHCTPYKTUBHBIE CXEMbI, KOHCTPYKIIUU OIOP U Y3JIOB
CONPSKCHUU.

7. Onopsl uaul anextponepeaad (JIDIT), KOHCTPYKTUBHBIE CXEMBbI, aBapUHbBIC
CUTYaIUHU.

5.2 IlepeyeHb KOHTPOJIbHBIX BOIMPOCOB K IK3aMeHY
1. Ucropus pa3BuTus MeTauinueckux KoHcTpykuuii (MK).

.

Homenknatypa u o6nacts npumenenust MK. JloctonHcTBa 1
Henocratku MK.

Tunuzauus u yaupuxanus MK.

Opraauzanus npoexktupoBanus MK.

CrpykTypa cTalnu U XUMUYECKUI COCTaB.

Cnioco0Ob1 M3roToBJICHUS (BBITIIIaBKHU) cTaneil. Packucienue.
Tepmuueckas 06paboTKa cTaJICH.

O N h W

MapkupoBka u KjIacCUPHUKAIUI MaJIOYTJIEPOIUCTHIX U

HU3KOJIETUPOBAHHBIX CTAJIEH, UX BBIOOD ISl CTPOUTENIBHBIX

METAJUIOKOHCTPYKITUH.

9. ANOMHHHEBBIC CIUIaBBl — MAPKUPOBKA, CTPYKTYpa, CBONCTBA.

10.Coprament. O003HauEHNE CEYEHUI 3JIEMEHTOB.

11.Pabota cranu nox Harpy3koil. luarpamma paboThl cTanu Ha
pacTsbkeHrne. MexaHn4ecKre XapaKTepUCTUKU cTalu (Tpezen
TEKy4eCTH, Mpeiesl IPOYHOCTH, OTHOCUTENbHAS edopManius,
yaapHasi BSI3KOCTb ).

12.PaboTa cTaiy npu CI0KHOM HAMPSKEHHOM COCTOSTHUM.
[TpuBeeHHBIE HANIPSKEHUS, YCIOBUE MIIACTUYHOCTH.

13.Pabota cranu npu MOBTOPHBIX Harpy3kax. Hakmuern.

14.PaboTa cTanu npu MHOTOKPATHO MOBTOPSIOIIEHCS HArpYy3Ke, SBJICHUE
yCTaJIOCTH MeTallja.

15.Pabota cranu npu KOHIIEHTPAIIMU HAMpsKEHU. XpymnKoe
paspyuienne. @akTopsl, BAUSIOMINE HA XPYIKOCTh CTaJIH.

16.Metox pacuera CTPOUTENbHBIX KOHCTPYKIUH 1O TPEAEIbHBIM
COCTOSIHUSIM.

17.Knaccuduxanus Harpy30K 1 BO31€MCTBUH.

18.HopmartuBHbI€ U pacueTHble Harpy3ku. CoueTaHus Harpy3oK.

19.HopmatuBHbBI€ 1 pacueTHbIE conpoTuBiaeHUs ctanu. KosdduimeHTs
yCIIOBUH pa0bOThI U HAJEKHOCTH 110 HA3HAUYEHUIO.

20.Pacyer neHTpasbHO-HATPY>KEHHBIX 2JIEMEHTOB Ha MTPOYHOCTb.

21.Pacyer HeHTpaIbHO-CKATHIX 3JIEMEHTOB Ha YCTOMYUBOCTb.
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22.Pacuer u3rnbaeMbIX 2JI€MEHTOB B YIIPYTOH CTaJuH paOOThHI
MaTepHaia.

23.Pacuer u3rubaemMpix 3J1€MEHTOB B YIIPYTrOIUIACTUYECKOW CTaIuu
pabotel maTepuana. [llapHup MiacTUYHOCTH.

24.Pacuer BHELIEHTPEHHO-HATPY>KEHHBIX 2JIEMEHTOB Ha MPOYHOCTb.

25.Pacuer BHEIIEHTPEHHO-CKATHIX AJIEMEHTOB Ha YCTOMYHBOCTD.

26.00mue cBeeHns U PU3NIECKUE OCHOBBI CBAPKH METAJIJIOB.

27.Bunst ceapku. CBapouHbie MaTepuainbl. KOHTpOIb KauecTBa CBapKH.

28.Tunbsl CBapHBIX COCTUHEHUH.

29.PacueTt cTBIKOBBIX 1IBOB Ha aeiictBue N, Mu 'V .

30.Pacuet yrinoBeix mBoB Ha jaeiicteue N, M uV.

31.KoHcTpyKTHBHBIE TPEOOBAaHUS K CBAPHBIM, YTIIOBBIM U CTHIKOBBIM
IIBaM.

32.JlocTonHCTBa M HEAOCTATKU OOJNTOBBIX COSAUHEHUM. THITHI OOJITOB.

33.00b14HbBIC 00ATHI, paboTa ¥ pacueT OOATOBBIX COCTUHCHHUA HA
pacTsHKCHUE U CIIBHT.

34.PaboTa 1 pacyeT COeJMHEHUI Ha BHICOKOMPOYHBIX O00NTaX Ha
JIEHCTBYE TIPOIOJIBHON CHJIBI, TPOBEPKA OCIA0JIEHHOTO CEUCHHUS.

35.KoHCcTpyKTHBHBIE TPeOOBaHUS K pa3MeEIIeHUI0 OOJITOB.

36.37. O6mas XxapakTeprucTUKa OaOK M THUITBI OAJIOYHBIX ILIOIIAI0K.
ConpsixeHus: 6aox.

37.IIpuHIUIIBI pacyeTa ¥ KOHCTPYHPOBAHUS IPOKATHBIX OAJIOK B
ynpyroi ctaguu paboTel. [IpoBepka )KECTKOCTH.

38.TTon0op cedeHus U MpoBEpKa HECYILIEH CITOCOOHOCTH MTPOKATHBIX
0aJIOK B yIPyromiacCTUYECKON CTaJ K pabOThl MaTepHalia.

39.KomrioHoBKa 1 10100p CEYCHUST COCTABHBIX OAJIOK.

40.M3meHeHue ceueHus 6ayok o anuue. [IpoBepka mpoyHOCTH.

41.PacueTr coeJMHEHHUsI MOSICOB OAJIKM CO CTEHKOM.

42 .TloHATHE MECTHON YCTOWYMBOCTH TUTACTUHKH (3JIeMeHTa). MecTHast
YCTOMYMBOCTB CKATOTO MOsAca OaKH.

43.TloTepst ¥ IpOBEepKa YCTOMYUBOCTH CTEHKH OaJIKU OT JICUCTBUS
KacaTeJbHbIX HaIPSKCHUH.

44 Tloteps 1 MpoOBEpKa YCTOMUUBOCTH CTEHKH OaJIKU OT IEUCTBUS
HOPMAJIBHBIX HAIIPSKCHUH.

45.T1oTeps u MpoBEpKa YCTOMYMBOCTH CTEHKU OAIKU OT COBMECTHOTO
JIEUCTBUS KacaTeIbHBIX, HOPMAIBHBIX M MECTHBIX HANIPSDKCHHM.

46.1TpoBepka 00111eil YCTOMUYUBOCTH OAJIOK, MEPOIIPUSITHS TIO
o0ecrieueHuIo 00IIeH YCTOMUYUBOCTH OAJIOK.
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47 . KOHCTpYKLHS K pacyeT CONPSKEHUS OAIOK CO CTAIbHBIMU
KOJIOHHAMH.

48.Pacuer ONOpHBIX YYaCTKOB COCTABHBIX OAJIOK HA CTAIbHYIO KOJIOHHY.

49.KOHCTPYKIIMS U pacyeT ONUpaHus OAJIOK Ha CTEHBI U 3K/0 MOTyIIKH.

50.KoHcTpynpoBaHue U pacdeT ConpsiKeHui 0amok APyT ¢ IPYroMm.

51.CTpikM POKATHBIX 0AJIOK HA CBApKE U C HakIaakaMu. KoHCTpyKIus u
pacyer.

52.CBapHbI€ CTHIKH COCTaBHBIX 0anok. KoHCcTpykius u pacuer.

53.001mas xapakTepuCcTUKa U TUIIBI CEYCHUI EHTPATBbHO-CKATHIX
KOJOHH. VX pacueTHbIe CXeMbl, paCUETHBIE JITTUHBI.

54.TTonbop cedeHus CILUTOMIHBIX KOJIOHH. [IpoBepku ycToitunBocTu
KOJIOHHBI U MECTHOM YCTOMYHUBOCTH TMOJIOK U CTEHKH.

55.1Toa6op cedenust CKBO3HBIX KOJOHH. [[puHIMIT paBHOYCTOWYHUBOCTH.

56.Pacuer miaHOYHOM penieTKu CKBO3HOM KOJIOHHBI M €€ IPUKPEIIICHUS
K BETBSIM.

57.PacyeT pacKOCHOM pemIeTKU CKBO3HOM KOJIOHHBI.

58.KouncTpykuus u pacuet 60a3 KOJIOHH.

59.KoHcTpyKIIMs U pacdyeT OrojoBKOB KOJIOHH.

5.3 IlepevyeHb KOHTPOJIBbHBIX BOIIPOCOB K 3a4eTy
1. O6mactp mnpUMEHEHUS W KiIacCUPUKAUSg KapKacoB  OJHOITAKHBIX
IIPOU3BOJICTBEHHBIX 3JaHUN.
BeprukanpHas KOMIOHOBKA MMOMEPEYHON OJHONPOJIETHON PaMBL.
['opusoHTaIBHAS KOMIIOHOBKA IIOIIEPEYHON OJHOIIPOJIETHOU PaMBl.
OKcrutyaTallmoOHHbIE TPeOOBaHUS K MPOU3BOJICTBEHHBIM 3/IaHUSIM.
DKOHOMHUYECKHE TPEOOBAHUS K KOHCTPYKIUSM KapKacoB.
Pa3zmenmenne kog0HH Kapkaca B IuIaHe. TeMnepaTypHbIe BB
KoHcTpyKTHBHBIE CXEMBI KOJIOHH KapKaca Y TUIIbl UX CEYEHUM
PacuetHble IIMHBI KOJOHH OCTOSTHHOTO IO BBICOTE CEYEHUS CEUCHUS.

©ooNo O WDN

. PacdeTHble IIMHBI CTYNIEHYATHIX KOJIOHH.

10 Onpenenenue Harpy30K U BO3JICUCTBHI HA MONEPEUHYIO pamy 31aHUs
(ITP3). Omnpenenenue pacuetTHbix ycuiuii B [1P3

11. KoHCTpYKIIMH MOKPBITHS TPOMBIIIICHHBIX 3IaHUHN C JIETKUMU H TSHKEITBIMU
KPOBJISIMU.

12.Jlerkue xponu 1o nmporonaM. CIUIOUIHbIE IPOTOHBL, KOHCTPYKLUS, padoTa,
OCHOBBI pacuera.

13. Jlerkue KpoBIHM MO CKBO3HBIM MporoHam. CKBO3HbIE MPOTOHBI,
KOHCTPYKI[US, pad0Ta, OCHOBHBIE MMOJOKEHUS pacyera.

14. O61as xapakTepucTiKa U 00JacTh IpUMEHEHUS HepM .
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15. Ouepranus gpepm. JlocTOMHCTBA U HEJOCTATKU PA3HBIX TUIIOB OYEPTAHUU.
CrpounTenbHbIN MOABEM.

16. Ha3nauenue pazmepoB epM. Tumsl ceueHuit crep:xuen pepm.

[TpuHLMIT NX HA3HAYECHUS.

17. Cucremsl pemieTok hepM, UX JOCTOUHCTBA U HEJIOCTATKHU.

18. OmnpeneneHue Harpy3ok Ha epMy U YCUIIUI B CTEPIKHSX.

19. PacuerHble IIMHBI U TIPEACIIbHBIC THOKOCTH CTEPIKHEH hepM.

20. ITox6op ceueHus pacTAHYTHIX U CKATBIX CTEP)KHEH (epm U3 MapHbBIX
YT OJIKOB.

21. TTonOop ceueHuns CKATHIX CTEPIKHEH (PepMbI U3 TAPHBIX YTOJIKOB TI0

peAeIbHON THOKOCTH.

22. PacdeTr U KOHCTPYHPOBAHHE MPOMEXYTOUHBIX y3J0B (hepM U3 mapHbIX
YTOJIKOB.

23. PacueT 1 KOHCTpyHUpOBaHUE Y3JI0B (pepM U3 MAPHBIX YTOJIKOB C
3aBOJICKUMU CTBIKAMU TOSICOB.

24. PacyeT 1 KOHCTPYUPOBaHHUE Y3JI0B OMUPAaHUs (PepM U3 MapHBIX YTOJIKOB
Ha KUPIUYHbIE MO0 Kene300€TOHHBIE CTEHBI.

25. Pacuer 1 KOHCTPYHPOBAHUE MOHTAKHBIX (YKPYIHUTEIbHBIX) y3J10B (hepm
U3 ApHBIX YTOJIKOB.

26. Pacuer U KOHCTpYHPOBaHUE MIAPHUPHBIX U KECTKUX y3JI0B IPUMBIKAHUS
(depM 13 MapHbIX YTOJIKOB K CTAIbHBIM KOJIOHHAM.

27. ®epmbl U3 OIMHOYHBIX YTOJIKOB, pacyeT CTEP)KHEH, KOHCTPYHPOBAHHE
y3JI0B.

28. depmpbl ¢ MOSCaMH U3 TAaBPOB, pacyeT CTePKHEH, KOHCTPYHUPOBAHUE
y3JI0B.

29.Depmbl u3 THyTO-cBapHbIX mpoduneii (I'CII), pacuer cTepxHeid,
KOHCTPYHUPOBAHUE y3J10B, OCHOBBI pacyeTa.

30.Kapxacel npoMBIIIIEHHBIX 31aHUN. [IpUHIIMIIBI YyCTAHOBKU CBSI3€H 1O
kojoHHaM. Ux pabora.

31.Ha3naueHue 1 ycTaHOBKa CBsI3€H 1O MOKPBITHIO. CBSA3M MO BEPXHUM U
HIDKHUM TOSICaM..

32.11poBepka Ha MPOYHOCTH U YCTOMYMBOCTh BHELIEHTPEHHO CKAThIX
CIUIOIIHBIX KOJOHH B INIOCKOCTH U U3 IUIOCKOCTH PaMBl.

33. TIpoBepka MECTHOM yCTOMYMBOCTH DJIEMEHTOB CEUEHUS BHEIICHTPEHHO
CKaTbIX KOJIOHH CIUIOLIHOTO CEYEHHS.

34.KoMmoHOBKa U 1OA00p CEUEHUH BHEIEHTPEHHO CKATHIX KOJIOHH CKBO3HOTO
ceyeHuss. OCHOBHBIE MOJIOKEHUS.

35.1IpoBepka yCTOHYMBOCTH OTCIBHBIX BETBEH BHEIIEHTPEHHO CKATBIX
CKBO3HBIX KOJIOHH.

36.11poBepka yCTOMYMBOCTH BHELIEHTPEHHO CXKATON KOJIOHHBI CKBO3HOI'O
CEUEHUS KaK €IMHOrO CTEPXKHI..

37.PacueT 371€MEHTOB PELIETKN BHELEHTPEHHO CKAThIX KOJIOHH CKBO3HOI'O
CEUCHMUS.
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38.Pacuet conpspkeHuit HAIKPaHOBOW M IOJKPAHOBOW YacTel CTYMEHYAThIX
KOJIOHH.

39. PacyeT u KOHCTpyupoBaHue 0a3 CKBO3HBIX BHEIEHTPEHHO CKAThIX
KOJIOHH..

40. PacueT 1 KOHCTpyHpOBaHUE 0a3 CIUIONIHBIX BHELICHTPEHHO CXKAThIX
KOJIOHH.

41. Haznauenue u cuctemsl (paxBepka cTeH. Pacuer cToek u puresneit
daxBepka cteH. JIMCTOBOM IapHUP.

42. CocTtaB NOJKPAHOBBIX KOHCTPYKIMH. VX KOHCTPYKTUBHBIE PELICHMUS.

43. OmpeneneHre pacueTHBIX YCUIINM B pa3pe3HbIX MOJIKPAHOBBIX OaKax.

44. PacyeT U KOHCTpYHPOBAHHUE MOAKPAHOBBIX OAJIOK HECUMMETPUIHOTO
CEUCHMUS.

45. TlogkpaHoBble OadKU CUMMETPUYHOTO CEUYEHHUS, UX IPUMEHEHHE.
ToOpMO3HBIX KOHCTPYKLUWA, UX KOHCTPYKTUBHBIE PEIICHHS], HA3HAUCHHE.

46. Pacder moAKpaHOBBIX OATIOK HA TPOYHOCTH CO CIUIONTHOW TOPMO3HOM
KOHCTPYKILIUEH.

47. Pacder moAKpaHOBBIX OAJIOK HAa TPOYHOCTH CO CKBO3HOM TOPMO3HOM
KOHCTPYKILIUEH.

48. Pacuyer moaKpaHOBBIX 0aJOK HAa BBIHOCIUBOCTD U )KECTKOCTb.

49. Pacuyer coelMHEHUS MOACOB OJKPAHOBON OAIKU CO CTEHKOM.

50. IIpoBepka MpOYHOCTH CTEHKHU MOJKPAHOBOW OalIku Ha JeicTBHE
MaKCHUMaJIbHBIX MECTHBIX HalPSDKEHHI, a TAK)KE€ HA COBMECTHOE JIEHCTBHE
BCEX KOMIIOHEHTOB HAINPSKEHHOT'O COCTOSIHHUSI.

51. OcHOBHBIE TIOJIOKEHUS pacueTa MOJIKPAHOBBIX 0aJIOK Ha OOITYTO
YCTOWYMBOCTB U 3JIEMEHTOB CEYEHUSI HA MECTHYIO YCTOWYUBOCTD.

52. OnopHbI€ y371bl TOJKPAHOBBIX KOHCTPYKIMA. KOHCTPYKIIMU yIIOpOB.
Kpemenus penbcos.

53.JIucTtoBbIE KOHCTPYKIIMH, HOMEHKJIATypa, OCOOCHHOCTH pPabOThl U
U3TOTOBJICHHUS.

54.0cobeHHocT pabOThl M pacyeTa JUCTOBBIX KOHCTPYKIIHMM, ypaBHEHHE
Jlamutaca.

55.MomeHT kpaeBoro 3¢ dexra, ero yuer B paboTe JIMCTOBBIX KOHCTPYKIIHMA.

56.1TpoBepka yCTOWYUBOCTH 000JI0YEK, HATPY3KHU U YCUIIHS JIJIs pacyera.

S7.BepTukanbHble LUIMHAPUYECKUE PE3EPBYapbl, KOHCTPYKLHS, OCHOBBI

pacyera.
58. bamau, ™mautel, omopsl JIDII, KOHCTPYKIMSA, OCHOBHBIC TIOJOKCHHUS
pacyera.
Jlurepatypsl
OCHOBHAA JIMTEPATYPA

1. Merannmnueckue KOHCTPYKIMHU: Y4eOHUK JUisi cTpouT. By30B. B 3 1./ Ilon
pen. B.B. 'opeBa. — 2-¢ u3n., nepepal. u momn. — M.: Beicias mikona, 2001.
T. 1. DneMeHThI CTAIbHBIX KOHCTPYKIMWA. —527 C.
T. 2. Konctpykuuu 3nanuii. — 528 c.
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T. 3. CnennanbHble KOHCTPYKIMU U COOpPYXKEHUs. — S44c.

Merannmnueckue kKoHCTpyKiuu. CrenuanbHbiii Kype. — 3-¢ usn./ [lom pen.
E.N. benens. — M.: Crpoiusznar, 1991. — 687 c.

Merannudyeckue KoHCTpykumu: OOmmi kypce: YueOHuk st By3os/ Ilox
pen. I'.C. BenenukoBa. — 7-e u3fl., nepepad. u gomn. — M.: Crpoituzaar, 1998.
—760c.

CH 2.01.01-2022 OcHOBBI NPOEKTUPOBAHUS CTPOUTEINBHBIX KOHCTPYKIIUN
CII 5.04.01-2021 Cranbnble kKoHCTpYKIUH. (C MpaBKaMu U U3BMEHEHUSIMU ).
CH 2.01.04-2019 BosneiictBus Ha KOHCTpYKIMU. OOIMe BO3ICHCTBUSA.
CHeroBbl€ Harpy3Ku

CH 2.01.05-2019 Bo3neiictBusi Ha KOHCTpyKimu. OOIIHE BO3JCUCTBUS.
BeTrpoBsie Bo3aencTBUA

JIOITOJIHUTEJIbBHAA JIMTEPATYPA

Mertannmnueckue KoHCTpyKunu: CrpaBoyHUK npoektupoBiirka. B 3 1./ Ilox
obur. pea. B.B. Ky3nenosa. — M.: U3a-so ACB.

T.1. O6mas gacte, 1998. — 576 c.

T.2. CtanpHble KOHCTPYKIMH 3JaHUN U cOopykeHul, 1998. — 512 c.

T.3. CranbHble COOPYKEHUS, KOHCTPYKIUHU U3 aJTIOMUHHUEBBIX CILIABOB.
KoHctpykius, obcneoBanne, yCUJICHHE W UCTIBITAHUE KOHCTPYKIHH, 1999.
- 528 c.

[IpoexkTupoBaHre METAIUTMYECKUX KOHCTpYKIMid. Crell. kypc: Yueo.
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