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1. OBIIME ITOJOXEHUA

1.1. Hacrosimee pykoBoacTBo pazpaborano k rimaBam CHull 11-17-77 u CHull II-21-75, c
y4eToM «YKa3aHHUH 10 MPOEKTUPOBAHUIO, YCTPOUCTBY U IIpUEeMKe (GyHIAMEHTOB U3 OYpOHAOMBHBIX
cait» (PCH 263-74), «PekoMenaanuii no npoeKTupoBaHuio OypoHaOUBHBIX CBail P JAEUCTBUU Ha
HHUX TOPHU3OHTAJIBHOW Harpy3km», «PexkomeHmanuii 10 NPOEKTUPOBAHUIO U  YCTPOUCTBY
¢byH1aMeHTOB U3 OypOHAaOMBHBIX CBail Ha MOJpadaThIBAEMbIX TEPPUTOPUIX» U PACIIPOCTPAHSAETCS
Ha TMPOEKTUPOBAHUE U YCTPONCTBO MOANOPHBIX CTEH M YAEPKHUBAIOIIMX MPOTHBOOIOI3HEBBIX
COOpYKE€HUI 13 OypOHAOUBHBIX CBaM.

1.2. Ilpu npoeKkTHpOBaHUHU MOMOPHBIX COOPYKEHUN U3 OypOHAOUBHBIX CBall KpPOME HACTOSIILIErO
nokyMeHTa cienyer pykoBoactBoBarbess CHull 11-6-74, CHull 2.02.01-83, CHull 2.03.01-84.

1.3. K ynepkuBaromuM MpoTUBOOIIOI3HEBBIM COOPYXKEHUAM U3 OypOHAOUBHBIX CBall OTHOCATCS:
COOPYKEHHUsI, BOCIPUHUMAIOLIME OIOJ3HEBOE JIaBJICHUE CMEUIAOIINX UM CIIOCOOHBIX CMECTUTHCA
IPYHTOBBIX Macc U 00ecrevynBaroiie YCTOWYUBOCTh BCETO OINOJI3HEBOIO MACCHBA WJIM €0 YacTH,
PacroJIO’KEHHBIE BBIIIE YIEP/KUBAIOIIETO COOPYXKEHUS; COOPY)KEHHUs, paboTaroliMe B YCIOBUSAX
00TeKaHus UX TPYHTOM (OT/IeIbHbIE TTIyOOKHE OIOPHI).

11 puMcHYaHHUuC. Bo Bcex TNMEPEUYUCIICHHBIX Cl1ydasaX BO3MOXHO IMPUMECHCHHUC aHKCPOB.

1.4. byponaOuBHbIE cBaM MHOJNOPHBIX COOPYKEHHUI CielyeT, KaK MpaBWiO, U3TOTOBIATH O€3
VIIUPEHUs] MATHl C COCPEJOTOYCHHBIM apMUpOBaHHEM (KOHILIEHTpAlMe MpoaoJibHON pabodeit
apMaTypbl B 30HaX HauOOJBIIMX CKUMAIOLIUX M PACTATMBAIOIIMX YCHJIMH MONEpPEUHbIX CEUEHUU
CBall) W C HEPaBHOMEPHBIM apMHUpPOBAHUEM IO JJIMHE CTBOJA - YAaCTUYHO OOOpPBAaHHBIMU
MIPOJIOJIbHBIMHM CTEP’KHAMU apMaTypHbIX KapKacoB B COOTBETCTBUHM C JIIOpaMU HM3rHOAONINX
MOMEHTOB.

1.5. Ilpu mnOpOEKTUPOBAHWU MOANOPHBIX CTEH U YAECPKHUBAIOIIMX POTUBOOIIOI3HEBbIX
COOPYXEHUH HE0OXOAUMO 00ECIIEUNTh UX HAJIEKHOCTh B COOTBETCTBUHU C KJIIACCOM COOPYKEHHUS.

II puMEcHYaHHUC. Knacc IOAIIOPHOI'0 COOPYKCHHA ONPCACIIACTCA MO KacCy COOpY)KCHPIﬁ, HaxXoOAImuXxcCs B 30HE
NEPpEMCUICHUA I'PYHTA.

1.6. IlpoekTel CTpPOUTENHCTBA MPOTHUBOOIOI3HEBBIX COOPY)KEHUH U CBS3aHHbIE C HUMU
MEpPOIPUATHS JOJDKHBI pa3pabaThIBaThCs, KaK IPaBHIO, B MPOPMIAKTHUUECKUX LENIIX C YUETOM
HE00X0IMMOCTH 00ecreYeHUs AOJITOBPEMEHHON YCTOMYUBOCTU CKJIOHOB (OTKOCOB) U COONIOACHHUS
TpeOOBaHUN TI0O OXpaHE OKpYyXaromed mpupogHoit cpensl. [lpu 3TOM  gonaTOBpeMEeHHAs
YCTOWYMBOCTb CKJIOHOB (OTKOCOB) JOJDKHA JIOCTUraThCsi BBIOOPOM Hambosee 3KOHOMUYECKOTO
KOMILJIEKCA IPOTUBOOIOJI3HEBBIX 3AIIUTHBIX COOPYKEHUN U MEPONPUITUH.

1.7. Ilpy DPOEKTUPOBAHMM KOMIUIEKCOB IPOTHBOOIIOI3HEBBIX 3AIUTHBIX COOPYKECHHU U
MEpPOIPUATHIT HEOOXOIMMO YUUTHIBaTh JeOopMaluu CKJIOHA (OTKOCA) MO MEXaHU3MY CMEIEHHUS
(Tum  OmoN3HSA) M pa3sMEpOB OIOJI3BHEBOIO Yy4yacTKa IO MPOCTHUPAHUIO U TJIyOMHE ero
pacrpocTpaHeHusl.

1.8. MexaHn3M CMEIIEHUS OIIOJI3HEBOM MAacChl, Pa3Mephbl OIOJ3HEBOTO TeJla M IPUYUHBI
OTIOJI3HENPOSIBJICHUS] JIOJDKHBI OBITH OIPENENeHbl Ha OCHOBAaHMM WHXEHEPHO-TE€0JIOTUYECKUX,
TUIPOTE0JIOTUYECKUX U THAPOJIOTUYECKUX UCCIIEI0BaHUM OMOI3HEBOrO pailoHa. [Ipu 3ToM 10IKHBI
ObITh BBIABJIEHBl U OLEHEHbl (aKTOpbI, BbHI3bIBAIOIIME ATH MpoLEcchl U (PAKTOPHL,
IIPOTUBOACHUCTBYIOIINE UM, a TAK)KE CTENIEHb UX BJIMSIHHS HA YCTOMYMBOCTH CKJIOHOB (0TKOCOB). Ha
OCHOBAaHUHU ATHX MaTEpUAJIOB COCTABJIAETCS CBOJHAS MHKEHEPHO-IEOJIOTHYecKasl TOKyMEHTalus,
KOTOpasi CIY)KUT HCXOJHBIM MaTepUajoM IPH pacueTax OIOJ3HEBOIO JaBJICHUS U pPa3pabOTKe
MIPOTUBOOTOI3HEBBIX MEPOIIPUITUH.

1.9. K npoTHBOOMNOJ3HEBBIM MEPOIPUATHIM, HanOoJiee 4acTO MPUMEHSIEMbIM B MH)KEHEPHOU
MIPaKTUKE, OTHOCSTCS:

a) perylMpoBaHUE MOBEPXHOCTHOIO CTOKA BOJBI HAa OIOJI3HEBOM YYacTKE U HPUJIETAIOIIUX K
HUM TEPPUTOPUSIX;

0) neperyiaHupOBKa MOBEPXHOCTH OMOJ3HS 0 YCTONYMBOIO COCTOSHUS;

B) PEryJIMpOBaHUE MOJI3EMHOTO CTOKA BObI;

I') BO3BE/ICHUE YEPKUBAIOLIUX COOPYKEHUH HA IyTH IBUYKEHUS OIOJI3HS;



1) 3aKpelyieHue TPYHTOB IOBEPXHOCTHOTO CJIOSI B 30HE KOHTaKTa OIOJ3HEBOTO Tela ¢
MOJICTWIAIOIIEN TOBEPXHOCTHIO.

[lepeuncrnenHble MTPOTUBOOTIOI3HEBBIE MEPOTIPUATHS MOT'YT OBITh IPUMEHEHBI JIMOO pa3/esibHoO,
00 KOMITJIEKCHO B 3aBUCUMOCTU OT MH)KEHEPHO-T€0JIOTMYECKUX U THIPOTE€0IOTMUECKUX YCIOBUI
Y4acTKa.

1.10 Pacuer yCTOMYMBOCTH YIEPKUBAIOIIMX IPOTUBOOINOJI3HEBBIX COOPYKEHUHN CIeayeT
MIPOM3BOJIUTh Ha BO3AEUCTBUE JECWCTBUTEIHLHOIO OIOJ3HEBOIO JABJICHUS, JECUCTBYIOIIETO Ha €ro
OTJIeIbHbIE YaCTH WU B LIEJIOM Ha COOpPYKEHUE.

1.11. Hambonee peanpHasi BeIUYMHA OIOJIBHEBOTO JABJICHUS HA KAXKIbIA SJIEMEHT
3ariay0JIEHHOTO COOPY)KEHMSI MOKET OBITh MOJIyd€Ha M0 IJIaHy U30JIMHEMHOIO IMOJIsSl ONOJI3HEBOIO
JABJICHUS, TIOCTPOSHHOTO HA OCHOBE pelIeHus 00beMHOM 3a/1auu (CM. pasi. S).

1.12. OueHKy yCTOMYMBOCTH OIOJ3HEBBIX CKJIOHOB M MCKYCCTBEHHBIX OTKOCOB CIIEAYyeT
IIPOM3BOJIUTEH UCXOS U3 Haubosee HEOIAronpUsATHBIX YCIOBHUH, BO3MOXKHBIX JJIsl JAHHOTO y4acTKa,
C Y4YETOM BO3MOXKHBIX CHJI (PUIBTPALMOHHOIO MABJICHHUS HANOPHBIX BOJ, CEMCMMUYECKUX CHJI
3eMJIETPSICEHUS U JJIUTEIbHON MPOYHOCTH BSI3KUX TPYHTOB.

2. KOHCTPYKIIAH 3ATJTYBJEHHBIX HH)KEHEPHBIX COOPY KEHUM

2.1. KOHCTpYKTHBHBIE CXEMbl 3ariyOJICHHbIX WHXEHEPHbIX COOPYXEHHH BBIOMpaOT B
3aBHCUMOCTH OT Ha3HA4YCHUs MPOCKTHPYEMOTO COOPYXCHHsS, XapakTepa W  BEIHYUHBI
JCUCTBYIOINX HArpy30K, THAPOTEOJOTHYECKHX W WH)KEHEPHO-TCOJOTHYECKHX YCIOBHU paiioHa
CTPOMTENBCTBA, ITITAHUPOBOYHOTO PEIICHUSI MECTHOCTH U IPYTUX (PaKTOPOB.

2.2. Kondurypamus coopyKeHHsI B IJIaHE OMPEAEISIeTCs €r0 Ha3HAYECHUEM.

2.3. I'mybuna 3ayoxeHuss OypOHAaOMBHBIX CBail B IpyHTE€ Ha3HayaeTcs B 3aBUCUMOCTU OT
JEWCTBYIOIIUX HATPY30K U MIPUHATON KOHCTPYKIIUH COOPYKCHHSL.

2.4. 3armyOneHHbIE WH)XCHEPHBIE COOPY)KEHUSI B 3aBHCHMOCTH OT Pa3MEIIECHUs CBail B TUIaHE
MOTYT OBITh:

a) OJHOPSIIHBIMHU - TPU CPaBHUTEIBHO HEOOJBIINX BEIMYMHAX JIABJICHHS TPYyHTa Ha
COOPYKEHUE;
0) ABYXpSAHBIMH - TpH OOJBIIUX BEJIWYWHAX JABJICHUS TPYHTa W HEOOXOIUMOCTH HE

IperpaxjaTh (QUIbTPALIMOHHBIA MOTOK (€CIM BO3MOXKHO YCTPOMCTBO OJHOPSIHOTO COOPYKEHHUS,
HO Ipu 3TOM oOpasyercsd (GWIBTPALMOHHAS 3aBeCa, YTO HEXKEIATENbHO, CIELyeT yCTpauBaThb
JBYXPSITHOE COOPYKEHUE, KOTOPOE HE J0JKHO 3HAYUTENIHHO TOBBIIIATh YPOBEHb T'PYHTOBBIX BOJ);
B) B BUJIE KYCTOB - I10J] YCTOU WJIU OT/I€IbHbIE ONOPHI;
I') TPEXPSIIHBIMU - IIPU TOKA3aHHOCTH PacueToOM HX 11eJIeCO00pa3HOCTH.

IMpumeuanue. [IpuMeHeHHe COOpYXKEHHII C pa3MelleHMEM CBaii B IUlaHe Ooiee 4eM B TpU psga He
PEKOMEHAYETCSL.

Pa3nuunbie BUABI 3ar1y0J€HHBIX HHKEHEPHBIX COOPYKEHUN C MCIOJIb30BaHUEM OypOHaOMBHBIX
CBail NpuBeJIeHbI Ha puc. 1-16.

2.5. CedeHne HECYIMUX KOHCTPYKIIUH COOPYKCHHUH ompenemsitor pacueTom. [lpu sTtoMm cremayer
OT/IaBaTh IpeArnoyTeHne OypoHaOMBHBIM CBasiM OOJIBLLIOTO JAMAMETpa, TaK KaK OHU, Kak MpaBuio,
MO3BOJISIIOT COKPATUTh PAacX0]] MaTE€pPHAJOB MO CPaBHEHUIO C NMPUMEHEHHEM OypOHAaOMBHBIX CBaii
MEHBLIETO JAUaMeTpa.
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Puc.1. OnHOpsTHBIE MTOAMOPHBIE CTEHKH ¢ OYPOHAOHBHBIMU CBasMHU, 00BETMHEHHBIMH POCTBEPKOM
1 - 0OBEIMHSIONINI POCTBEPK; 2 - JKeNe300eTOHHAs 3a0upka; 3 - cBast; 4 - xKene300eToHHast 3a0hpKa
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Puc.2. [ToanopHble CTEHKH, BO3BOJMMBIE Ha OHOPSTHBIX OYpOHAOMBHBIX CBasIX, 00bEIMHEHHBIX POCTBEPKOM
1 - MoHOJIMTHAs Jkene300eToHHas 3a0upKa; 2 - cBau; 3 - 3achIKa; 4 - pOCTBEPK
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Puc.3. [ToanopHsle CTEHKH, BO3BOJMMbIE Ha ABYXPSAIHBIX OYPOHAOMBHEIX CBAsiX, 00bEAMHEHHBIX POCTBEPKOM
1 - MoHONIHTHAS JKeJTe300eTOHHAs 3a0HpKa; 2 - 00BEIUHSIONINI POCTBEPK; 3 - cBaw; 4 - aHKEP; 5 - aHKepHasl cBas
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Puc.4. OnHopsiiHOE CBaliHOE 3arpaxkJeHue U3 OypOHaOMBHBIX CBail, 00bETUHEHHBIX POCTBEPKOM
1 - 0OBenMHSIOIUIA POCTBEPK; 2 - CBaHHBIN P, 3 - cBau



Puc.5. OnHOpsiaHbIE MOAIOPHBIC CTEHKU ¢ 0YpOHAOMBHBIMU CBAsIMHU C POCTBEPKOM M aHKEPAMHU
1 - )kerne300eToHHAs 3a0KpKa; 2 - CBau; 3 - aHKEP
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Puc.6. OnHOpsiAHBIE TOIIOPHBIE CTEHKH C OYpOHAOUBHBIMY CBasIMH C POCTBEPKAaMH U aHKEpaMH
1 - 0OBEeIMHSIONINI POCTBEPK; 2 - JKene300eToHHas 3a0upKa; 3 - CBalHbIH psi; 4 - CBau; S5 - TOPU3OHTAIILHBIN aHKep; 6
- aHKEpHBIE TEMEHTBHI; 7 - AaHKEPYIOILUE FTEMEHThI
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Puc.7. CpaitHoe 3arpax/ieHue U3 OAHOPSTHBIX HAOMBHBIX CBAall M CUCTEM I'PYHTOHAOMBHBIX CBai
1 - OypoHaOuBHBIE CBau; 2 - TPYHTOHAOMBHBIE CBan

Puc.8. JIByxpsiiHOE CBalfHOE 3arpakieHue, 00beJHHEHHOE OOIUM POCTBEPKOM B BUJIE (hepMBbI
1 - pocTBepk B Buze pepMsr; 2 - cBau
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Puc.9. JIByxbpsipycHOe cBalfHOE 3arpakJeHue 13 IBYXPsIHbIX OypOHAOHBHBIX CBail, 00bEIMHEHHBIX POCTBEPKAMH H
aHKepaMu
1 - cBam; 2 - aHkep; 3 - 00ObEANHSAIONINN POCTBEPK
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Puc.10. JIByxbsipycHOE CBaiiHOE 3arpakicHrue 0e3 aHKepOB
1 - OOBEIUHSIONINI POCTBEPK; 2 - CBaM; 3 - TUHUSA CKOJIBKCHHUS



Puc.11. IToamopHbie CTEHKX U3 TPEXPSAIHBIX OYPOHAOUBHBIX CBai, 00bEIMHEHHBIX POCTBEPKOM
1 - 0OBEOUHSIONINI POCTBEPK; 2 - CBaH
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Puc.12. [loamnopHbie CTEHKH U3 ABYXPSIHBIX CBail, 00beIMHEHHBIX POCTBEPKOM M aHKEPHBIMHU CBAasMHU
1 - 0OBenUHSIOINIA POCTBEPK; 2 - aHKep; 3 - cBau; 4 - aHKEepHas cBast
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Puc.13. Y nepxuBaroriye mpoTHBOOIIOI3HEBBIC COOPYKEHHUS U3 OYpOHAOUBHBIX CBail C ApOYHBIM 3aIOJTHCHUEM MEXKITY
HUMH
1 - 0OBeMHSIONINI POCTBEPK; 2 - OypOHAOUBHBIE CBaM; 3 - xKeJIe300€TOHHBINH POCTBEPK; 4 - TPYHTOOETOHHbBIE CBAU
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Puc.16. Y nepxuBaroriye npoTHBOOIOI3HEBBIC COOPY)KEHHS U3 CUHCTEMBI TIOATIOPHBIX CTEH, 00hETHHCHHBIX aHKePaMH
1 - MoHOHMTHAS Kelle300eTOHHAs 3a0UpKa; 2 - aHKep; 3 - aHKepHas CBast; 4 - OANOpHAs CTCHKA; 5 - 00heIUHSIFOIIUHA
pocTBepK; 6 - MPOTUBOOIOI3HEBOE YAEPIKUBAIOIIEE COOPYXKEHHE; 7 - CBaM; § - JINHUS CKOJIBKEHus; 9 - cBan

2.6. ApmupoBath cBau CleIyeT:

a) B MPOJI0JILHOM HarpaBiieHUH cTaibio kinacca A-III (Bo3MokHO mprMeHeHue cTainu Kiacca A-
11);

0) B MOMepeYHOM - cTajbio Kinacca BA-I.

2.7. B OypoHaOMBHBIX CBasx 3arjyOJEHHBIX COOPYKEHUU CJEeIyeT NMPUMEHSATh PaBHOMEPHO
pacnpeiesieHHOe, COCPEA0TOUEHHOE CUMMETPUYHOE U HECUMMETPUYHOE apMHUPOBAHHUE C YACTUYHO
00OpBaHHBIMU apMaTypHBIMH Kapkacamu (puc. 17, 18) B COOTBETCTBUU C AMIOPaMU U3THOAIOLINX
MOMEHTOB.

2.8. B ocranpHOIl YacTH apMHpOBaHUE, a TakkKe OCETOH 3ariyOJeHHBIX HWH)KEHEPHBIX

COOPYKEHUH CIIeTyeT MPUHUMATh B COOTBETCTBUU ¢ T1aBoil CHull «beToHHbIC U XKene300€TOHHBIE
KOHCTPYKIUW.
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Puc.17. ByponaOuBHbIE CBau C paBHOMEPHO pacIpe/ieieHHBIM apMHUPOBaHHEM
a - IpUMEHsIEMbIE BUJIBL; 6 - ¢ 0OOPBAaHHBIM apMaTYPHBIM KapKacoM; 6 - C 000pBaHHBIMU apMaTypHBIMH CTEPIKHIMHU
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Puc.18. ByponaOuBHbIe cBau C COCPEIOTOYCHHBIM HECUMMETPHYHBIM apMHPOBAaHHEM
a - C apMaTypHBIM KapKacoM I10 BCel JUTMHE CBau; 6 - ¢ 000OpBAaHHBIM apMaTypHBIM KapKacoM; 6 - C YaCTHYHO
000pBaHHBIM apMaTypPHBIM KapKacoM
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2.9. Aukepsl IS 3ari1yOJIEHHBIX HHKEHEPHBIX COOPYKEHUH CleyeT MpeaycMaTpUBaTh C IEJbI0



oOecrieueHUss  UX  YCTOWYMBOCTHM,  yMEHBLIEHUS  BEJIMYMH  M3rHOAIOIMX  MOMEHTOB,
nepepe3bIBaoIIUX CUIT U JepopManuil.

2.10. AHkKeppl ObIBalOT MOCTOSSHHBIMU U BpeMEHHbIMU. [locTosiHHBIE aHKEpbl MpeIHa3HAYCHbI
JUis paboThl B MEPUOJ CTPOUTEIHCTBA M AKCIUTyaTallMM COOPYKEHHH, a BPEMEHHBIE - TOJIbKO B
IIEPUOJ YCTPOKCTBA COOPYKEHUS.

2.11. Bug ankepoB (BepTHKalIbHbIE, HAKJIOHHbIE, OypOBbIe, 3a0MBHBIE U T.J.) CIEAYET Ha3HAYATh
Ha OCHOBAaHHHM TEXHUKO-)KOHOMHYECKOTO CpPaBHEHHs PpA3IMYHBIX BapHUaHTOB HCXOIA W3
MHXEHEPHO-T€0JIOTUYECKUX YCIIOBUN IUIOIIAJKU CTPOUTEILCTBA, YCIOBUNM MPOU3BOACTBA padOTHI,
00€CNeYeHHOCTH MOJAPSATHON CTPOUTENbHONW OpraHu3alui HEOOXOJMMBIMU MEXaHU3MaMU U
000pyI0BaHHUEM.

2.12. AHkepbl cienyeT pacmoJiaraTh 3a INpeAeJaMd BO3MOXKHOM IMPHU3Mbl OOpYILEHHS TpyHTa
(17 MOANOPHBIX CTEH) JUOO B HECMEIAIoLEMCSl MacCHMBE IpyHTa (s MPOTHBOOMOJI3HEBBIX
COOPYKEHHI ).

2.13. BypoBble aHKEpbl MOYKHO NMPUMEHATh B Pa3IUYHbIX IPYHTOBBIX YCIOBUSAX, B TOM YHCIIE B
IPYHTax C TBEPJbIMU BKJIIOUEHUSMHU.

NHbekunoHHble aHKephl CleayeT MPUMEHSATh B II€CUaHBIX IPyHTaX, a € pa30ypuBaeMbIM
VIIUPEHUEM - B TJIMHUCTBIX. AHKEpbl IWIMHIPUYECKUE U € KaMY(JIETHBIM YIIUPEHHUEM MOKHO
yCTpauBaTh B MECYAHBIX U TJIMHUCTBIX TPYHTAaX.

2.14. Hecymas crnocoOHOCTh aHKepa MO TPYHTY OOECIeYyMBAETCS 3aKPEIICHHBIM I'PYHTOBBIM
MacCHUBOM B paboueil 30He, ITuHA KOTOpoi 4-6 M.

JUist 3aKpeTuIeHns] TPYHTa B HUKHIOK YacThb CKBAKMHBI MTOJAETCS O] JABJICHUEM LIEMEHTHBIN
pactBop. PabGouyro 30HYy OTAETSAIOT OT BEpXHEH YacTH aHKepa MPOOKO i CO31aHusI N30BITOYHOTO
JABJICHUS U IIPEAOTBPALIEHUS YTEUYKH pacTBOpA.

2.15. AmHKepbl C YHIMPEHHUEM pa3JCIAIOTCS Ha HWMEIOIIHUE VIIUPHUTENb, BXOISIIUN B
KOHCTPYKLMIO aHKepa, U aHKepbl ¢ pa3dypuBaeMbIM yiiupeHueM. [lepBbrie aHKepbl TPUMEHSIOTCS
[IPEUMYILIECTBEHHO B IIECUAaHBIX I'PYHTaX, a BTOPBIE - TOJbKO B TJIMHUCTBIX U CKATbHBIX.

2.16. KoHcTpyKiusi MOCTOSIHHBIX aHKEPOB JIOJKHA OOECHeunBaTh HAAEKHOCTh UX pabOTHI BO
BpEMsI CTPOUTENBCTBA U KCIUTYaTallud COOPYKEHUSI.

2.17. AHKEpHBIE TATH MOTYT M3TOTOBJIATBCS W3 CTEPKHEBOM, IPOBOJIOYHOMW, IPSAIEBOM H
KaHATHOM apMaTyphl.

2.18. bypoHaOuBHbIE CBau MOJNOPHBIX COOPYKEHUH CJenyeT, Kak MpaBUiio, OOBEAUHATH
POCTBEpPKAMH.

2.19. B 3aBUCMMOCTM OT XapakTepa COIPSIKEHUS CBall C POCTBEPKOM HX PA3LCIAIOT HaA
CIIEyIOIIHE:

YKECTKHE - ITPH 3aLEMJICHUU CBAald B POCTBEPKE;

ITOJATJIMBBIC - TP IIAPHUPHOM COIIPSHKEHUU CBAl C POCTBEPKOM.

2.20. KoHCTpyKIHS CONpPSDKEHUsI CBall ¢ pOCTBEPKOM BBIOMPAETCS B 3aBUCUMOCTU OT XapakTepa
U BEJIMYMH JICHCTBYIOLIMX HArpy30K, KOJMYECTBA PAJOB CBAall B HAIPABJICHUM JACUCTBUS HAarpy30K
(npu ogHOM psne cBail B HANpaBJICHUU JEHCTBUS Harpy3KU KOHCTPYKIUSI COINpPSDKEHUs CBall ¢
POCTBEpKOM MpPAaKTUYECKH HE OKAa3bIBAET BIUSHUS Ha pabOTy MOAMOPHOTO coopyxeHwus ). s
YMEHBIIEHHUS YCWJIMH B CBasX W TOPU3OHTAIBHBIX CMEUICHUH TMOJIINOPHBIX COOPYKEHUM
PEKOMEHIYETCSI IPUMEHSTD KECTKOE CONPSKEHHUE CBAail C pOCTBEPKOM.

3. UHODKEHEPHO-TEOJIOI'MYECKHUE U3BICKAHUA

3.1. 3arnyOneHHble HHXXEHEPHbIE COOpPYXEHUs M3 OypoHAaOMBHBIX CBall  JOJDKHBI
IIPOEKTUPOBATHCSI HA OCHOBAHMM TIIATEJIIBHO MPOBEICHHBIX KOMIUIEKCHBIX TOMOTpaduyecKux,
MHXEHEPHO-T€0JIOTUYECKUX U TUIPOTE0JIOrMUYEeCKUX M3bICKaHUH, a TakkKe HCCIIEOBAHUN (PU3UKO-
MEXaHUYECKUX CBOMCTB TI'PYHTOB IUIOLIAJKH CTPOMTEIHCTBA COIVIACHO pabodyeil mporpamMMe B
ooveme, mpemycmorpenHom CHull 11-9-78 “UnxenepHble, W3bICKaHWUS ISl CTPOUTEIIHCTBA.
OcHoBuble mnonoxenus”, CHull II-17-77 “Cpaiinble (QyHIaMEHTBI”, M HACTOALIEMY pa3lerly
PykoBonxctsa.

3.2. UHXeHepHO-IreoJIOTUYECKHE U3bICKAaHUS, IPOBOJAUMBIE JJs ONIPENCIICHUs BEIUYUH




OTIOJI3HEBOTO JABJICHUS, JIOJDKHBI OBITh BBINOJHEHBI C Y4Y€TOM OCOOEHHOCTEW, CBSI3aHHBIX C
MIOJIyUEHUEM JIOCTOBEPHBIX JAHHBIX IO T'€OJIOTUYECKOMY CTPOCHMIO OIOJI3BHEBOI'O CKJIOHA, IIO
TUIPOTE0JIOTUYECKOMY YCIIOBUIO OIIOJI3HEBOTO Yy4yacTKa, MO (DU3MKO-MEXaHUYECKUM CBOMCTBAM
IPYHTOB IOICTUJIAIOIIEH TOJIIIN U OTIOJ3HEBOTO TeJa B UX €CTECTBEHHOM COCTOSIHUH.

3.3. B KoMIUIEKC HMH)KEHEPHBIX H3bICKAaHUM, MPOBOJMMBIX Ha OIOJ3HEBBIX YdacTKax JUIs
000CHOBAHHUSI MPOEKTHBIX PEILIEHUH 110 IPOTUBOOIIOI3HEBBIM MEPOIIPHUITHIM, BXOJIAT:

a) TOTIOr€0Ie3NYECKIE U3bICKAHUS, B PE3Yy/IbTATE BHIIOJHEHHUS! KOTOPBIX JIOJKHO OBITH CO3JaHO
BBICOTHO-IIJIAHOBOE CHEMOYHOE 00OCHOBAaHME, MOJY4YEHBI TONOrpa(pUuUecKre IUIaHbI OIMOJI3HEBOIO
yuactka B Macmrabax ot 1:1000 go 1:500, Ha 0OCHOBE KOTOPBIX IOJIKHBI ObITh BEIHECEHBI B HATYPY
BCE 3aIPOEKTUPOBAHHBIC pPa3BEIOYHBIE BBIPAOOTKH, TOUKH TI€0JOTMYECKUX U TIe0(pU3NYECKUX
onpoOOBaHUI U TOUKH CTALIMOHAPHBIX HAOIIOAATEIbHBIX CTAHIINN;

0) MH)XEHEPHO-Te0JIOTUYECKUE U3bICKAHUS, BKIIIOYAIONINE B €e0sl MH)KEHEPHO-T'€0JI0rHYECKYIO
PEKOTHOCHUPOBKY, WHKEHEPHO-T€0JIOTHYECKYIO ChEMKY, WHKEHEPHO-T€0JIOTUYECKYIO Pa3BEIKy U
MHXEHEPHO-Te0JIOTHYECKOE OIIPOOOBAHUE.

B pesynbpTaTe BBINOJIHEHUS MHXXEHEPHO-I'€OJOIMUECKUX M3BICKAHMM Ha OIOJI3HEBBIX Y4acTKaX
JOJIKHBI OBITH MOJyYEHbl MaTepHUaJIbl, MO3BOJISIIOIINE C 3aJJAaHHOM TOUYHOCTHIO YCTAHOBUTH KOHTYP
OTOJI3HEBOIO Tejla Kak IO INIyOMHEe 3ajieraHusi, TaKk WU MO IUIOL[aJAd €ro paclpoCTpaHEHHUs,
JIUTOJIOTUYECKHE pa3pe3bl U COCTAB IPYHTOB OIOJI3HEBOTO TeJia M MOJCTUIIAIOIIEH TOJIIH, a TaKXKe
UX IPOYHOCTHBIC U Ie()OpPMATHBHBIE XapaKTEPUCTHKH;

B) THUAPOTEOJIOTUYECKUE U3bICKAHUS, IPOBOJUMBIE Ha OIOJ3HEBBIX YYacTKaX C LEJbIO
MIOJIyY€HUSI JAHHBIX 00 YpPOBHSX TPYHTOBBIX BOJ, THIPABIMYECKOM TIpagueHTe, KOdpPUIUEHTE
¢uibTpanuyu, HANpaBiICHUN JBHKEHHUS IOJ3EMHBIX BOJ, PEXHUME MOJ3EMHBIX BOJ M CKOPOCTU
¢bunbTpanuu.

3.4. BaxsHeWlluMu MaTepualaMy, MOJy4YaeMbIMH B pe3yJIbTaTe€ IPOBEIEHUS WH)KEHEPHO-
re0JIOTHYECKMX HW3bICKAHUH Ha OMNOJ3HEBBIX Y4YacTKax, SBJSIIOTCS IUIAaH MOJACTUJIAIOIIEH
MTOBEPXHOCTH OMNOJI3HA (I1JIaH OBEPXHOCTH CKOJIbKEHUS OMOJI3HSA) U pacueTHbIEe 3HauUeHus: (pU3nKo-
MEXaHUYECKUX CBOWCTB IPYHTOB. DTH MaTepuaibl SBJISIOTCS HCXOJHBIMH Ha OCHOBE KOTOPBIX
BBINIOJIHSAIOTCS BCE MOCIEAYIOIIME PacyeThl MO OLIEHKE YCTOMYMBOCTH OMOJ3HEBBIX CKJIOHOB U IO
OTPE/IENICHUIO OTIOJI3HEBOTO JIaBJICHUS Ha 3ariayOJIEHHbIE COOPYKEHUSI.

TouHOCTb OIpeneneHtsl OMOI3HEBOTO AABJICHUS B KXK/I0M TOUKE OIOJI3HEBOI'O MAacCHBa MPEXK/Ie
BCEr0 3aBHUCUT OT TOYHOCTHU IIOCTPOEHMSI IUIaHA IOBEPXHOCTU CKOJIbKEHHUS omoi3HsA. Jlig
MIOJIy4Y€HUSI BEJIMUYMHBI OIOJ3HEBOIO JABJIEHUS C TOYHOCTHIO 10 0,1 T MOBEPXHOCTH CKOJIbKEHUS
OMOJ3HS JIOJDKHA OBITH IOJy4YyeHa C OJMHAKOBOM TOYHOCTBHIO TONOrpaUuecKodl MOBEPXHOCTH
OTIOJI3HEBOTO YyYacTKa, MOJYYEHHOW KpymHOMacmTabHoW Tomorpaduyeckoi cwremkon (1:500;
1:1000).

3.5. HeoOxommMoe KOJHMYECTBO pPAa3BEIOYHBIX BBIPAOOTOK, OOECIEYMBAIOIICE IMOCTPOCHUE
MOBEPXHOCTU CKOJIKEHUS OIOJ3HS, MO TOYHOCTH OJMHAKOBOW C TOHOrpapMuecKuM ILJIAHOM
JTHEBHOM MMOBEPXHOCTH OIOJ3HEBOT0 y4acTKa, MOYKHO MPEAPACCUUTATh 0 POpMYyIie, CBSI3bIBAIOIIEH
OLIMOKY OIpeAeseHus] OTMETKH [0 TOPU30HTAISAM TONOrpaUUecKOoro IjlaHa C TOYHOCTBIO
OTpEJeNIeHUs] BBICOTHOM OTMETKHM IHKETHBIX TOYEK IIPU ChEMKE B 3aBHUCHUMOCTH OT YKJIOHA
MECTHOCTH, MaclliTada CbeMKH U TYCTOThI TUKETHBIX TOUEK:

my = +4/0,44p° +1,05¢%°N? +0,67b%°L* +a°h?, M

e mo - OIKOKa ONpPEIeIeHNs BBICOTHOM OTMETKHM TOYKH I10 TOIOIUIaHy, IPUHUMAaeMasi paBHOU
+0,15h¢; p - cpenHsis KBaapaTHUecKas OUIMOKa OTMETKU NMUKETHOM TOUYKU MPHU TONOrpaduyecKoit
cbeMke; N - 3HaMeHaTeldb YUCIEHHOIo maciitaba Tonorpaduyeckoro IUlaHa; [ - CPeAHUM YKIIOH
MECTHOCTHU; /o - TPUHATAs BbICOTA CEUEHUS TOPU3OHTAIEH Ha IUIaHe; L - pacCTOSHUS MEXIy
MUKETHBIMU TOYKaMmH; d, b, ¢ - Ko3(h(UUUEHTH, 3HAYEHHUs] KOTOPhIX IPU IPEABAPUTEIBHBIX
pacdeTax pekoMeHayetcst npuHuMaTh paBHbME: a=0,07; 5=0,01; ¢=0,00008.

JIJ'I?I obecreyeHus IMOCTPOCHHA IOBCPXHOCTH CKOJIBKCHHA, paBHOI\/'I TOYHOCTH TOIIOIlJIaHa
MCCTHOCTH, PACCTOAHHUEC MCKAY Pa3sBECAOYHBIMU BI)Ipa6OTKaMI/I Ha OIIOJI3BHEBOM YYAaCTKE JOJI2KHO



OBbITh PAaBHBIM PACCTOSIHUIO L MEKy MUKETHBIMH TOUKaMH Ha TONOrpaduyecKoMm ILIaHe.

Takoe paccTosiHHE MOXHO IpPEIpacCYUTaTh U3 ypaBHEHUs (1), peliuB €ro OTHOCUTENbHO L U
3aMEHUB M Ha M. - CPEJIHIOI0 KBaJPaTUYECKYIO OIIMOKY OMpEeesieHUsI BHICOTHOH OTMETKH TOYKH
NepeceyeHms] MOBEPXHOCTU CKOJILKEHHS C Pa3BEJOYHON BBIPAOOTKOM, KOTOpPAsi, COIJIACHO TEOPHUHU
omunOOoK, paBHa

2

2 2
“'c = l"l' + mr > (2)
rac m, - CpCaAHAA KBagpaTUUCCKaA ommoOKa ONpCACIICHUSA FJ'Iy6I/IHBI Pa3BCIOYHBIX BBIpa6OTOK.

Takum oOpa3om, paccTosHUE MEXKAY pa3BEeJOYHBIMU BbIpAOOTKAMU Ha OIOJI3HEBOM Y4YacTKe
MOXKHO OIPEIENIUTh, €ciu OyIeT M3BECTHO CpEeJHEE 3HAUCHHE YKJIOHA MOBEPXHOCTU CKOJIbKEHHS
OTIOJI3HSL.

3HaueHuEe YKJIOHA [IOBEPXHOCTH CKOJIBKEHHS B OTHEJIbHBIX TOYKAaX HEMNOCPEICTBEHHO
U3MepseTCs B MeCTaX BCKpbITUA ee mypdamu uau aynxkamu. Eciau MOBEpXHOCTb CKOJBKEHUS
ITOJICEYEHA TOJIBKO CKBAaKMHAMH, TO JUJIS ONPEIEIICHHS YKIOHA B Psiie TOYEK MOYKHO MCIOJIb30BaTh
pe3yiabTaThl T€0AE3MUYECKUX HAOIOEHUN 3a CMEIICHHEM OIIOJI3HS, KOTOpbIE MPOBOJATCS Ha
OTIOJI3HEBOM YyYacTKe [0 Hauyaja IMPOEKTUPOBAHUS CETU pa3BelOYHbIX BbIpaboTOk. [lomyuus mo
pe3yiapTaTaM TreoAe3MYeCKUX HaONIOACHUNA 3HAYeHUS TOPU30HTAIBHOIO U  BEPTUKAIBHOTO
CMELIECHUH psifia pErepoB Ha OMNOJ3HEBOM TeJle, BEIMYMHY YKIOHA B 3THX TOYKaX ONPENEISIOT IO

bopmyre
i=AH/d, 3)

rae AH - BelnuyMHA M3MEHEHHUS! BBICOTHOIO IMOJIOKEHUS pabodero pemepa Mexay cepusMu
reoJIe3nYeCcKoro HaboeHusl; d - BEIUYMHA TOPU30HTAILHOTO CMEIIEHHUS ATOTO e perepa 3a 3TOT
e MEPUOI.

[Ipu 3HAYUTENBHBIX KOJIEOAHUSIX CPEIHUX YKIOHOB TOBEPXHOCTH CKOJIBbKEHHS OIOJI3HEBOU
Y4acTOK CJIE[lyeT pa3/eiuTh Ha YacTH, B Ipe/esiaXx KOTOPhIX 3HAUEHUS YKIOHOB MOBEPXHOCTH
CKOJIbKEHUS KOJIEONIIOTCS B HEOOJIBIINX IIPEIeIIax.

Pacnionoxxenne pa3BeOYHBIX BBIPAOOTOK ClIEyeT MPOEKTUPOBATH JUIsl KaXKIOM Takol dactu
OTJIENBHO.

HaubGonee panuoHaJbHBIM  ClIeqyeT CUMTaTh I[POBEJEHUE HHIKEHEPHO-IE€OJOTHYECKUX
M3bICKAHUH Ha OIOJI3BHEBBIX YYaCTKaX METOJOM IIOCTEIIEHHOTO CrYLIEHUS CETH pa3BeIOYHBIX
BBIPAOOTOK.

Jjis 3TOrO CHavana BBIIOJHAIOT IPOXOKY B PEAKOM CETH OMOPHBIX BBIPAOOTOK B BUJIE IIYP(OB,
IyIOK W CKBAXUH KOJIOHKOBOrO OypeHHsi ¢ OTOOpoM mpoO TrpyHTa, a 3aTeM CryHmIaloT CeTh
BbIPA0OTOK 00Jiee BBICOKOTIPOU3BOAUTEIBHBIM CIIOCOOOM.

K uncny takux cnocoG0B MOYKHO OTHECTH METOJIbl CTATUYECKOTO 30HIMPOBAHMSI OIOJI3HEBOIO
MaccuBa ycraHoBkamu C-832, ¢ MOMOIIBIO KOTOPBIX MOXKHO (PUKCHPOBATH IOBEPXHOCTD
CKOJIbKEHUS OTIOJI3HS B CETH TOUYEK, 3alIPOCKTUPOBAHHBIX U3JI0KEHHBIM CIIOCOOOM.

3.6. 3HayeHMs CABUTOBBIX XapaKTepUCTUK ¢ U C, UCHOJIb3YEMbIX MpPH OLIEHKE YCTOMYMBOCTU
OTIOJI3HEBBIX CKJIOHOB, JIOJDKHBI ObITh, KAaK IPaBHIIO, ONpEAENeHBbl MO pe3ylbTaTaM HaTypHBIX
C/ABUT'OBBIX UCIBITAHUHN, IPOBEJACHHBIX B 30HE KOHTAKTa OTOJ3HA C MOACTUIIAIONIEH TOJIIEeH UK 10
MaTepuagaM CbeMKH OOpYILIEHHBIX Y4aCTKOB.

3.7. Haubonee 3¢ppeKTUBHBIM METOJOM HATypHBIX MCHBITAHUN IPYHTOB CIIEJyeT CUMTATh Cpe3
0JIOKOB-IICJIMKOB, OKOHTYPEHHBIX B 3a0051X M B CT€HaX MIypQOB ¢ MOMOIIBI0 Tpex Imene (puc. 19).
Cpe3 Takux OJIOKOB IMPOU3BOJUTCS C IMOMOIIBIO THJPABIUYECKUX JIOMKPATOB IO HAKJIOHHOU
(uKCHPOBAaHHOM IIIOCKOCTH.
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Puc.19. Cxema HaTypHBIX CABUIOBBIX UCTIBITAHUIN IPYHTOB

HpOBG}IfI Ha OJHOM M TOM XKE€ MCCTC ABAa TAKHX HCIIBITAHUSA TPpU PA3JIMYHBIX 3HAYCHHUAX YIJIOB
MmaacHus IMJIOCKOCTHU Cpe3a, MOXKXHO OIPCACIIUTb PACUCTHBIC 3HAUCHUA CABUTOBBIX XAPAKTCPUCTUK
rpyHTa, 0 hOpMyIIam:

Oy sinoy B — Oy sinay F |
b
O, cosa,F —Qcosa I,
C= O (sz'nal - cosaltg(p) O (sz'naz - cosaztg(p)
B £

1gp =
4)

rae Q1 u O, - 3HaYSHUS CPE3aroIIEro YCHINS, CO3JaBaeMOro JIOMKpPaTOM B MOMEHT cpe3a Ooka-
nenuka npu 1-mM m 2-M wmensiTaHusax; £ u F, - momaayd MOBEPXHOCTH cpe3a npu l-mu 2-m
UCIIBITAHUSAX; 0.1=01-f1; 0x=02-f2; (puc. 20); f1, ¥ f> - YrIIbl IAJAEHUS IIOCKOCTH cpe3a npu 1-M u 2-
M HCIIBITAaHUSIX, U3MEPSEMBIE C TOMOILIBIO YIIIOMEPA; 01 U O - YIJIbl MaJleHUs MII0OCKOCTH TOPLIOBOM
LIeJIM, KyJ1a 3aKJ1aJbIBA€TCS JJOMKpAT.

3.8. OueHb TOUHBIE 3HAYEHUS CIBUIOBBIX XapaKTEPUCTUK IPYHTOB IO MOBEPXHOCTU CMEILIECHUS
OMOJ3HS IOJIyJalOT IO METOAy OOpaTHBIX pacyeToB. J[iIs 3TOro, HUCHOJB3ys MaTepuallbl
Tonorpaguuecko ChbeMKH OOpYIIEHHBIX YYaCTKOB OIIOJ3HEBOTO pailoHa, CTPOST pa3pesbl Mo
HauboJiee XapaKTepHbIM ceueHUsM ydyacTka. Ha 3Tux paspe3ax HaHOCAT KOHTYpP OIIOJI3HEBOIO
y4acTKa JI0 €ro 0OpyIIeHus U mocie oopymeHus (puc. 21), a 3aTeM pa3OMBarOT UX BEPTUKATbLHBIMU
JUHUAMHW Ha OTACJIBbHBIC OTCCKU M 10 KaXXKJIOMY CCUYCHHIO COCTAaBJIAIOT IIO0 JBa YPAaBHCHUA
[IPEIeIbHOTO PAaBHOBECHS.

[IpenenbHOE paBHOBECHE MTPU3MBI IO OOPYIIEHHS 3aIIUIIETCS B BUIE



Shiylrsinf=Xh;ylycospirtgp+CZl; )
a TocJjie OOpYIIEeHUsT ypaBHEHUE PABHOBECHUS TIPUMET BT
Shivy-lysinf'=Xh'sylcosp'rtge (6)

rjae h; u h'; - BepTUKaIbHbIE MOIIIHOCTH OTCEKOB JI0 M TOCiIe OOPYIIEHUs PU3MBL; f; U f; - yribl
MaJCHUs JIMHUN CKOJBKEHUS B OTCEKax N0 M Iociie OOpYIIeHWs MpU3MblL; /; - JUIMHA JUHUH
CKOJIbJKEHUS B OTCEKaXx.

Puc.20. Cxema K oIpeiesIeHHIO CABUIOBBIX XapaKTEPUCTUK TPYHTOB IO HATYPHBIM UCIIBITAaHUSIM
1 - nomkpaT

Puc.21. Cxema K ONpeeneHuo CABUTOBBIX XapaKTEPUCTHK TPYHTOB 110 CheMKe 00pYIIeHHH
1 - KOHTYp OTKOCa 70 O0pYIIeHNSs; 2 - KOHTYP OTKOCa I0CIe O0PYIIECHHST; 3 - IIOBEPXHOCTh CKOJIBKEHHUS OTOJI3HS

3HaueHus CABHUI'OBBIX XaPAKTCPHUCTHUK II0 TMOBCPXHOCTHU O6pym€HI/I$[ ONPCACIAOTCA 110
dbopmymnam:

_ Lhiylisin i
Y hlylcos B’ ™
C= 2 hyylisin B = X by ylicos B; ige
21 '

3.9. Tlpu pacuerax YCTOWYMBOCTH 3arilyOJE€HHBIX COOPY)KEHHMH Ha OIOJ3HIX B KAa4eCTBE
pacueTHbIX 3HAYEHUW MOTYT ObITh MCHOJIb30BaHbl CABUTOBBIE XapaKTEPUCTUKH T'PYHTOB
OTIOJI3HEBOI Macchl, OmpejesnsieMble JabOpaTOPHBIMU MCIBITAHUSAMH 00pa3lloB I'pyHTa Ha cCpes.
Cornacno cymectBytomuMm ['OCTam, Takue HCOBITaHUS MPOBOJATCS Ha NpuUbOpax OJHO- WU



JIBYXINIOCKOCTHOTO cpe3a. IIpoBenss MHOrOKpaTHbIE HCIBITaHUS NPU  Pa3HBIX 3HAYEHUAX
BEPTUKAIBHOIO HAIpsDKEHUsT Ha oOpasen, JUIsl KaKJIOM JIUTOJOTHYECKOW pa3HOCTU TIPYHTOB
3HAYEHUS CABUTOBBIX XapaKTEPUCTUK ONPEIEIISIOT 10 hopMysiam:

_ nz(ciri)_zci 2T,

T e (e 8
C:chzri_zgi Z(Giri) ®
nXo; _(zci )2 ’
re 0; - 3HAUCHHs BEPTHKAIBHBIX HAINPsHKCHHH, CO3/aBaeMbIX Ha o00Opasel Npu KaxIoM

UCIBITAHUY; T; - 3HAYEHUSI KacaTeIbHbIX (TOPU30HTAIbHBIX) HAPSKEHUH, BO3HUKAIOLIUX [P cpe3e
00pa3IoB; N - YKCIIO UCTIBITAHH.

3.10. B cioywasix korja omoJi3HEBas Macca B 30HE CJIBUra IPEJCTaBJI€HA BOJOHACBHIIIEHHBIMU
[VIMHUCTBIMU TPYHTAMM, NPU pacyeTax YCTONYMBOCTH TAKOTO CKJIOHA HEOOXOJWMO YYHMTHIBATH
JUINTENbHYIO MPOYHOCTh TJIMHUCTBIX TIPYHTOB, TOJ KOTOPOH IMOHUMAETCs COINPOTUBISEMOCTD
IPYHTOB Pa3pyLIECHUIO 1101 BO3IEHCTBUEM JIMTEIBHON HATPY3KH.

JlnntenbHasi IPOYHOCTH MIMHUCTHIX TPYHTOB B OOJIBIIMHCTBE CIy4aeB 00yCIOBIIEHA XapaKTEpOM
BO3HUKHOBEHHS U HW3MEHEHHS BO BPEMEHM H30bITOYHOTO JaBJICHUS B IIOPOBOH BOJE
BOJIOHACBIIIIEHHOTO TPYHTa U MOJ3Yy4YECThIO CKeJieTa BOJOHACHIINIEHHOTO M HEBOJOHACBILIEHHOIO
IPYHTOB.

ConpoTuBieHHE TIMHUCTOIO IPyHTa CABUTY B HEKOHCOJIMIUPOBAHHOM COCTOSIHUM HAa MOMEHT
BpPEMEHH { MOCIIE MPUIIOKEHUS HAarpy3Ku P, MOKHO IIPEJICTaBUTh B BUJE

r,=(P-Uge' -C, 9)

rae ¢’ u C' - yroyl BHYTPEHHETO TPEHUS M CLEIUJICHHE I'PYHTOB, COOTBETCTBYIOILUE YCIOBUIO
MOJIHOTO YIUIOTHEHUs NOJ 3aJaHHOM Harpy3kou P; U - mopoBo€ JaBJ€HHE, BO3HUKAIOIIEE B
o0Opasiie rpyHTa Ha MOMEHT BPEMEHH 1.

BenuuuHy 1 xapakrep U3MEHEHHUsS] BO BpEMEHH MOPOBOro JaBieHUsi U UCKIIOUUTEIBHO TPYAHO
OTNPEENNTh, TAK KaK IIPU BCEX PAaBHBIX YCIOBUSAX OHU 3aBUCAT OT pa3MepoB oOpa3lia Wi MaccHBa.

[Tpu ompeneneHUy ATUTETHHON MPOYHOCTH TIIMHUCTHIX TPYHTOB, 3a/1a9y MOKHO 3HAYHUTEIHEHO
yOpocTuTh, eciu B ¢opmyne (9) mMOpoBoe MaBJIICHHE 3aMEHUTh JPYrUMHU TOKa3aTeIsIMU,
(YHKIIMOHATILHO CBA3aHHBIMHU C HUM.

BenuunHa nosiHOTO AaBieHus Ha 00pasell rpyHTa MOKET ObITh IIPEICTABIICHA BBIPAXKEHUEM

P=P, +U, (10)
rae P - 3gdekTuBHOE AaBICHUE, BOCIPUHUMAEMOE CKEJIETOM TPYHTA.
[ToncraBus 3Hauenue P u3 (10) B (9), mosnyuum
7, =P, ig9'+C" (11)

Takum o0Opa3zoM, MPENCTaBIACTCS BO3MOXKHOCTD JJIUTEIBbHYIO MPOYHOCTh TJIMHUCTBIX TPYHTOB
BBIPA3UTh TOJBKO B 3aBUCUMOCTH OT 3((HEKTUBHOTO MaBICHUS Py

3.11. Benmuuuny >¢dekTuBHOTO AaBICHUS P, COOTBETCTBYIOIIYIO TaHHOW BiaxHocTH W u
BPEMEHHU f, PEKOMEH/IYETCSl OIPEIEIIATh 10 popMyJie

P =P [1-2ginTZeN ) (12)
- T 2H

rac Pz - OBITOBOE JaBJICHUC Ha FJ'IY61/IHC z, H - momosuHa MOIODHOCTHU YIINIOTHACMOTO CJIOA IIPU
JIBYCTOPOHHEM JIPEHUPOBAHUU; N - HEKOTOpOE Oe3pa3MepHOE YHCIIO, OTIPEACISICMOS BRIPAKCHHUEM:



:Ct

SR, (13)
4 H?
Cy - K0O3QGUUHMEHT KOHCOIUAALUH, ONIPEENIIeMBbIN 10 popmyie
K \l-¢
C, = ‘1’(—@’), (14)

a-p,

rae Ky - koappuuueHT GuiabTpayiv rpyHTOB; &, - CPEIAHUMH, Ul paCCMaTPUBAEMOIO COCTOSIHUS
rpyHTa, KOI(POUIHUEHT MOPUCTOCTH; a - KOIPPHUIMEHT CKUMAEMOCTH TPYHTA, OTBEYAIOUIUN
paccMaTpuBaeMOMY HAMPSHKEHHOMY COCTOSIHHIO; P4 - INIOTHOCTD BOJIBI; ¢ - BPEMsI HCTIBITAHHUS.

3.12. Ecan B n1a00opaTOpHBIX YCIOBHUSAX MPOMOJIEIUPOBATH MPOLECC CIBUTOBOW JedopMaliuy,
OMKChbIBaeMblil BbIpaxkeHueM (11), TO MOYKHO MOTyYUTh CABUTOBBIE XapaKTEPUCTHUKU TPYHTOB @' U
C', COOTBETCTBYIOIIME PA3IUYHON UIMTEIbHOCTU UCHBITAHUS. [IUTEIbHbIE NCIIBITAHUS TIIMHUCTBIX
IPYHTOB MOKHO IPOBOJUTH OJTHUM U3 CJIETYIOLIIUX METOIOB:

1. TlapamnenbHble HCHBITAaHUS Ccepuil OOPa3LOB-ONM3HENOB MPU PaA3IUYHBIX 3HAYCHUSIX
MIOCTOSIHHOTO CJIBUTAIOIIETO HANPSHKEHUsI (METOJ UCTIBITAaHUSI 00pa3IOB Ha MOJI3YYECTh).

2. UcnbiTanust 06pa31ioB-0JU3HELIOB MPU PA3IUYHBIX CKOPOCTSIX IPUIIOKEHUS HArPY30K.

[To nmepBoMy MeTO/ly UCIIBITAHUS IPOBOJSATCS B CIEAYIOLIEM HOPSIIKE:

a) U3 MOHOJIUTA IPYHTA JaHHOM IMJIOTHOCTU-BIAXKHOCTH U3TOTOBJISIOT HECKOJIBKO Hap 00pa3loB,
a 3aTeM HcnblTaHueM napbl 0o0pasuoB no meroguke ['OCT 12248-78 omnpenenstoT CTaHAAPTHOE
3HAYEHUE COMPOTUBIICHUS CABUTY Tepm)

0) MPOBOSAT MCTBITAHUS HA TMOJI3Yy4eCTh HECKOJBKO IMap 00pa3lioB, U3TOTOBJICHHBIX U3 TOTO K€
MOHOJIUTA.

Kaxxnas mapa ucnbIThiBaeéMbIX 00pa3loB HArpyxaeTcs BEPTUKAJIbHBIMH Harpy3kamu, paBHbIMU
P, BoruncneHusiMu 1o ¢opmyiae (12) u MOCTOSHHBIMHM, HO U KaXJOW Hapbl pasHbIMU 110
BEJIMYMHE CABUTAIONIMMU Harpy3KaMu, COCTaBJSIONIMMHA HEKOTOPYIO JIOJIIO OT 7., (40, 50, 60, 70,
80, 90, 95 %);

B) MO pe3yJibTaTaM HCIbITAaHUM 00pa3LoB CTPOAT CEMEWCTBO KPHUBBIX MoJI3ydecTu (puc. 22) u
OTPEEISAI0T BpeMsi OT MOMEHTA IPHUJIOKEHUSI HAarpy3KH 10 MOMEHTa pa3pylueHusi oopasuos. Ilpu
3TOM 3a MOMEHT pa3pylleHus oOpa3ua NpUHUMAaeTCs BpeMsl, IpU KOTOpoM JiedopMalivs U3 CTaauu
YCTaHOBUBILEHCS MOJI3Y4ECTH NEPEXOTUT B CTAIUIO IPOrPECCUPYIOIIETO TEUEHUS;

Ty

Jmuocumensyag de@opMauusn,

ty  tit, ts t

Puc.22. I'padmk vcnbITaHMii TPYHTOB Ha MONI3Y4eCTh
7, T3 - KPUBBIE IIPOIPECCUPYIOIIEH OA3YUEeCTH; T, - KpUBas YCTAaHOBUBIIEHCSA MOM3YYECTH; 7) - KpUBas
HEYCTaHOBUBILEHCS 3aTyXaroUlel MoI3y4ecTH

I') UCHOJb3ysd KPHUBBIE MOJ3Yy4eCcTH (CM. puc. 22), CTpOST KPUBYIO JIUTEIBbHON MPOYHOCTU
(JUTMTENBHOTO CONPOTUBJIEHUS CIBUTY), C IOMOIIBIO KOTOPOH (puc. 23) ONpeaesoT 3HAUYCHUE Ty
COOTBETCTBYIOIIEE JUIUTEIHHOW MPOYHOCTH TPYHTA, T.C. 3HAYCHUE COMPOTHBIICHUS CIBUTY, HE



3aBUCSILETO OT JUITUTEIbHOCTH UCIIBITAHUS TPYHTOB;

1) MOJICTAaBUB IIOJIyYCHHOE 3HAYCHHE T,, B ypaBHeHue (11), moxHo ompenenuts ¢’ u C’,
COOTBETCTBYIOIEE JITUTEIbHON IPOYHOCTH IPYHTOB.

[To BTOpOMY METOy UCHIBITAHUS BBIMOIHSIIOTCS CIEAYIOUIUM 00pa3oM:

a) TaK K€ KaK U B [IEPBOM METOJIE, ONPEAEIAIOT CTaHAAPTHOE 3HAYEHUE CONPOTUBIICHUS CABUTY
Tem TIYTEM MCTIBITAHUS MTaphbl 00pa3lioB, OTOOPaHHBIX U3 MOHOJINTA;

0) U3roTaBIMBAOT 4-5 00PA3IOB U3 TOTO K€ MOHOJIUTA, KAKJIBIH U3 KOTOPHIX UCIBITHIBACTCS HA
Cpe3 Mpu VIUIOTHAIIEH Harpy3ke P, (P, s Kaxaoro oOpasla Ha3HavaeTcs pa3HoM) H
BO3pACTAIOIIMMH PaBHBIMU CTYNEHSIMU Yepe3 paBHbIE HHTEPBAJIbl BPEMEHH CIABUTAIOIIMMHU
Harpy3KaMu 7.y. IHTepBalibl IPUIIOKEHUS CTYIIEHEN CIIBUTAIOLINX HArPYy30K JJIsl pa3HbIX 00pa3IoB
H3MCHSIOT OT 5 JI0 HECKOJIBKHUX JHEH;

B) M3 Ka)XOrO MCIBITAHUS OINPEAEISIOT UINTENbHOCTh WCIBITAHUS MPU JAHHOW CKOPOCTU U
conpotusiieHue capury no ¢opmyine (11). Ilo noaydyeHHBIM JaHHBIM CTPOST KPUBBIE JUTUTEIBHON

IIPOYHOCTHU (puc. 24);

Teq

o it & ¢

Puc.23. Kpuast ;uTenbpHOTO COMPOTHBIICHUS CABUTY (AJTUTENBLHOM TPOYHOCTH; 110 IEPBOMY METOTY)

g
LC‘

4

Puc.24. KpuBble [THTENTFHON TPOYHOCTH IPYHTA (IO BTOPOMY METOLY)

t, = const
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Puc.25. I'padmk 3aBUCHMOCTH CABHUTAIOUINX HANPSDKEHUH OT BEPTHKAJIBHOW HArpy3KH

r) TpaHCHOPMUPYST CEMENHCTBO KPUBBIX T.9-t B CEMEHCTBO KPUBBIX Too-P., MOTYyYalOT JUATPAMMY
cagura (puc. 25) s r000ro 3HAYEHUS JACUCTBHUS caBuraromieid Harpy3kd. C MOMONIBIO TaKoi



nuarpammsl rpaduyecku onpeaenstor 3HauyeHus ¢’ u C', COOTBETCTBYIOLUE JAHHOMY BPEMEHHU /
4. OCHOBHBIE YKA3AHUA 110 TIPOEKTUPOBAHUIO U PACYETY

4.1. TlpoekTt 3ariiyOJE€HHOTO COOPYKECHHS pa3padaThIBacTCS IMOCJIE CTAaTHYECKOTO pacdera H
MIPOEKTUPOBAHUSI BCEX KOHCTPYKIMM U JJIEMEHTOB Ha OCHOBE pE3ylIbTaTOB HHXEHEPHO-
re0JIOTHYECKUX U3bICKAaHUM U 3a/1aHUs Ha IIPOEKTUPOBAHHUE.

4.2. IlpoexT 3ariy0JI€HHbIX HHKEHEPHBIX COOPYKEHHUH T0JKEH COJepKaTh:

a) MHXXEHEPHO-T€0JIOTUYECKUE JIaHHbIE CTPOUTENHbHON IUIOMIAJKA - TOIMOIUIAH Yy4acTKa, J0
Hayaja M IIOCJIE OKOHYAHUS CTPOUTENIbCTBA, IUIAH Pa3BEIOYHBIX CKBAXKUH M TI'EOJIOTUYECKHX
pa3pe30B 10 HUM, OCHOBHbBIE XapaKTEPUCTUKU IPYHTOB BCEX HAIJIACTOBAHUM (CM. pazjien 2);

0) muaH COOpYKEHHsS M BEpTHKAJIbHBbIE pa3pe3bl MO HEMY C yKa3aHHEM TI'PYHTOB OCHOBaHUS,
HEOOXO0IMMBIX Pa3MEPOB U OTMETOK;

B) pabouue yepTexu KOHCTPYKIMI BCEX TUIIOB CBall U POCTBEPKOB C YKAa3aHMEM pPACUETHBIX U
HOPMAaTUBHBIX CXEM Harpy3oK B BHJI€ CYMMAapHBIX 3HAYE€HUH COCPETOTOUEHHBIX U PaCHpeIeIEHHBIX
3HAYEHUH BEPTUKAIBHBIX U TOPU30HTAIBHBIX CUJI U U3TUOAIOIINX MOMEHTOB;

I') pacCu€THBIE CXEMbI COOPYKEHHUS;

1) pacxoj U TpeOoBaHUS K MaTepuaiaM KOHCTPYKIIHIA;

e) mpoekt opranuzamuu crpoutenbeTBa (IIOC), B KOTOpoM HOMKEH OBITH yKa3aH MOPSIOK
MIPOM3BOJICTBA PadOT;

) MpoekT npousBojcTBa padot (I1I1P), B cocTaBe KOTOPOro JOKHBI ObITh:

- TEXHOJIOTMYECKUE KapThl CO CXEMaMM YCTPOHCTBAa COOpYXKEHHH, BEAOMOCTSIMH HOTPEOHOTO
000py/I0BaHUs, MEXaHU3MOB U IPUCHOCOOJIEHUH, MOCIEI0BATEIbHOCTRI0 pabOYUX MPOIECCOB U
MPOJIOJKUTENBHOCTBIO UX BBINOJIHEHUS, YHCIEHHOCTbIO M KBaJUM(UKALMOHHBIM COCTaBOM
Opurampi;

- CTPOUTEIbHBIN T€HEPANIbHBIH IJ1aH 00bEKTa UM KOMILIEKCa 0OBEKTOB;

- pelIeHHUsI 110 BBIIIOJHEHUIO MEPOIIPUATHI MOATOTOBUTEIBHOTO IEPUOAA;

- YKa3aHHUsI 110 TEXHUKE O€30MacHOCTH Ha KaXKJJOM JITarle;

- BEIOMOCTH 00BEMOB paboOT ¥ MaTEPHAJIOB;

- CXEMBbI [T0OTEPAIMOHHOTO KOHTPOJIS KauecTBa padoT;

- rpaMKy IOTOYHOM OpPraHu3aluy CTPOUTENILCTBA COOPYKEHUSI UITM KOMILJIEKCA COOPYKEHHUI;

1) IPOEKT OPraHU30BaHHOI'O OTBOJIAa ATMOC(HEPHBIX OCAJAKOB C TEPPUTOPUH 0OBEKTA HA IEPUOIbI
CTPOUTENIbCTBA U DKCILTyaTalluu;

K) pPacyeTHO-TIOSCHUTEIbHYIO 3alUCKy C TEXHUKO-dKOHOMUYECKMM OOOCHOBaHMEM BbIOOpa
KOHCTPYKLUH U TEXHOJIOIMM MPOU3BOJCTBA pabOT (3alucKa 3aKa3yuKy HE MepelaeTcs, a XpaHUTCs
B apXMBE€ OpraHU3aluy, COCTaBUBLIEH ee).

IMpumeuanus: 1. Ykazannsie B 11.4.2 371eMEHTHI IPOEKTA 3arTyOJIEHHOI'O COOPYKEHHSI MOXKHO COBMEIIATb.

2. Ha nnane caii JOJIKHBI OLITH YKa3aHbl UX HOME€pa U HAIIPpaBJICHUEC Z[eﬁCTBPIH FOpH3OHTaJ’IBHOI71 Harpysku.

3. IIpoekt mpousBoacTBa pador (cM. m.4.2 "x") U PacYeTHO-TOACHUTEIBHYIO 3aIUCKy IO BBHIOOPY TEXHOJIOTHU
MPOU3BOJICTBA PAOOT (cM. 1.4.2 "K") BBIMONHAETCS MPOU3BOICTBEHHOI OpraHU3alyei, BeIyliei CTpOUTEIbCTRO.

4.3. PexomeHayeTcs CIeAYIOMUN MOPSIOK TPOCKTUPOBAHMS 3aTTyOJICHHBIX COOPYKECHUM:

a) MO pe3ylbTaraM HWHKEHEPHO-T€OJIOTUYECKUX H3bICKAHUH Ha IUIOIIAJKE CTPOUTENIbCTBA
onpezensercs IacT (IJIacThl) TPYHTA, BOCIPUHUMAIOUINI HArpy3Ky, M Ha3HA4aloTCd OTMETKU
3aJ10KEHMS IISIT CBak;

0) onpenensoTcsa pacueTHbIE U HOPMAaTUBHBIE HAIPY3KH, ACUCTBYIOIINE HA COOPYKEHUE;

B) BbIOMpaeTcs [uaMeTp CBail U OPUEHTUPOBOYHO HA3HAYAIOTCSI pa3Mephbl POCTBEPKOB;

I) Ha3Ha4yaroTCsl NapaMeTpsl cBail (Mapku OeToHa W apMHpPOBAHHE) M ONPEACNSAIOTCA HX
TPEIUHOCTOUKOCTh U IPOYHOCTb;

1) MPOU3BOJAUTCS PAacUyeT COOPYKEHUS 10 MPeeIbHBIM COCTOSIHUSAM IEPBOI 1 BTOPOH (B cilydae
HE0OX0IMMOCTH) TPYIIIL;

€) COCTaBJISIETCS PaCUETHO-MOSICHUTEbHAS 3aUCKa (CM. I1. 4.2 «K»);

) pa3pabaTbIBaeTCs MPOCKT 3arIy0JICHHOTO COOpyx eHus (11.4.2).

4.4. PacyeTHyr0 BEMYMHY FOPU3OHTAIBHOTO KOA(puUIMeHTa nocreian (ko3ppuuuent nocrenu



C.) cnenyet onpenensts no npuioxenuto k CHull 11-17-77.

4.5. IIpu BeIOOpE nmuameTpa, crnocoda (COCPEeAOTOUCHHOE CUMMETPUYHOE HIIM HECUMMETPUYHOE
apMHUpOBaHME) U MPOLIEHTAa APMUPOBAHUS CBail HEOOXOAMMO UCXOIUTh U3 JEHCTBYIOLIUX HArpy30K,
KOHCTPYKLIUU COOPY>KEHUS U TUAPOTEOJIOTUYECKUX YCIOBUHM.

4.6. 3amUTHBIN CI0W OETOHA /ISl TPOIOJIBHON apMaTyphl IOJDKEH COCTaBIATh HE MeHee S0 MM.

4.7. Jlniuna OypoHaOMBHBIX CBail BBIOMPAETCS B 3aBUCHUMOCTH OT T'€OJIOTHYECKUX YCIOBHIMA
IUIOUIA/IKK CTPOUTENBCTBA MPOEKTUPYEMOTO COOpYyKeHUs. [ 1yOuHY 3a7elKu CcBall HUXKE BBICOTHI
MOANOPHON CTEHKHM WJIM HWXKE JECWCTBUS OIMOJI3HEBOIO JABJICHUS HAa3HAYAIOT NPUMEHHUTENBHO K
CXeMe OIOop ITyOOKOT0 3aJI05KEHUS.

4.8. Ilpm mnpoeKTUPOBAHHWU TMOANOPHBIX CTEH U YAEPKUBAIOIIMX I[POTHUBOOMOI3HEBbIX
COOPYKEHUI HE0OX0IUMO 00ECTIEYUTh Ha/IEKHOCTh 3aKPEIJICHHSI OI0JI3AI0IEro IPyHTA.

4.9. TlognopHble COOpPYKEHUS CIEAYeT PacCUUTHIBATh MO MPEAEIbHBIM COCTOSHUSM IEPBOMl U
BTOPOM T'PYIIIL.

4.10. TloxmopHbIe COOPYXKEHHUS CIIEIYeT PACCUMTHIBATH HAa MAaKCUMAaJbHOE JaBJIEHWE TPYHTA,
KOTOpPO€ MOKET BOSHUKHYTh MPHU €ro IKCIUTyaTalluH.

4.11. B cnydae HaJM4yusl WM BO3MOXKHOCTU NOMNAJAHUSI B IPYHT, OKPYKAIOIIUNA COOPYKEHUE,
arpeccUBHBIX BOJ| CJIENyeT IpeaycMaTpUBaTh MEPOIPHUATHS B COOTBETCTBUH C TpeOOBaHUAMU
CHull 2.03.11-85 «3amuTa cTpOUTENbHBIX KOHCTPYKIUN OT KOPPO3UL».

4.12. B KOHCTpyKUUAX MNOANOpHBIX coopyxeHuit I m Il k;macca kamuTanbHOCTH ciexyer
IpelycMaTpuBaTh YCTAHOBKY PENEPOB VIS MOCIEAYIOUUX U3MEPEHUN UX JedopMaruil.

4.13. Jna xene300€TOHHBIX KOHCTPYKLUUH TOJAMOPHBIX COOPYKEHUH ClleyeT MpPUHATH
ropsiYeKaTaHyr apMaTypy kinaccoB: A-I - 711 XOMyTOB, HONEPEYHON M MOHTaKHOM apMartypsl; A-II
n A-III - gns mpononpHOW M momepeyHoi apmartypbl Mapka OeToHa MO NMPOYHOCTH Ha CKATHE
npuHuMaercs He Hiwke M 200.

4.14. byponaOuBHbIE CBal MOJNOPHBIX COOPYXEHHUH CienyeT, Kak IpaBuUio, OObEIUHATH
POCTBEPKOM.

4.15. Ceuenne u apMUpOBaHUE POCTBEPKA OINPEAEISACTCS KOHCTPYKTUBHBIMU TPeOOBAaHUSAMU U
pacueroM B cootBeTcTBUU co CHulI 2.03.01-84.

4.16. PaccrosiHue OT Kpasi pOCTBEpKa JI0 TPaHU CBaW (C y4€TOM €€ JOIMYCTHMOTO BO3MOKHOTO
OTKJIOHCHHSI) TIOJDKHO OBITh HE MEHEE 5 CM, a 3aJie/iKa CBau B POCTBEPK - HE MeHee 10 cMm.

4.17. JlnuHa 3ajenku apMaTypbl CBal B POCTBEPK OIpEAEseTcsl pacdeToM (IpH >KECTKOM
COMPSDKEHUH ), 3aBUCUT OT KOHCTPYKIIMH COTPSIKEHHSI CBAU C POCTBEPKOM M JOJKHA COCTABJIATH HE
MeHee:

25 cM - mpu WAPHUPHOM CONPSDKEHUU; 25d cM - IIPU JKECTKOM COMPSDKEHUH, TAe d - TuaMeTp
3a/1eTIbIBAEMOM apMaTypBhl.

4.18. KoHCTpyKIMS CONPSDKEHUSI CBAU C POCTBEPKOM BBIOMPAETCS B 3aBUCUMOCTU OT XapakTepa
Y BEJIMYMH JEHCTBYIOIIMX HAarpy30K, KOJIMYECTBA PSJIOB CBail B HAIpaBJIEHUH JAECUCTBUS Harpy3Ku
(npu 0THOM psizie cBall KOHCTPYKIIMS CONPSKEHUSI CBall C POCTBEPKOM NMPAKTUYECKH HE OKa3bIBAET
BIIUSIHUS HAa pabOTy MOANOPHOTO COOPYKEHHUS).

C nuenpi0 yMeHbIIEHHMs YyCUJIMH B cBasgx U jAepopMmManuil MOAMOPHBIX COOPYXKEHUI
PEKOMEHAYETCSI IPUMEHSTH )KECTKOE COIPSIKEHUE POCTBEPKA CO CBASMHU.

4.19. [IpouHOCTh MOANOPHBIX COOPYKEHUH TOJDKHA YIOBIETBOPATH YCIOBUAM:

M<M,; (15)

0<0p, (16)

rae M u Q - COOTBETCTBEHHO MOMEHT U IOIEpeyHasi cujia, JeHCTBYIOIUE B pacCMaTpUBaEMOM
CCUCHUU, Mp u Qp COOTBCTCTBCHHO MOMCHT MW [IIOIICp€UYHasd Cujla, BOCIHPHUHUMACMBIC
paccMaTpUBaEeMbIM CEUEHUEM U OIIpesieNIseMble Ul CBail - 10 pa3aeny 4 HacTOSIIEro PyKOBOJICTBA;
it poctBepka - o CHull 2.03.01-84.

4.20. Pacuer xene300€TOHHBIX KOHCTPYKIMM MOJIOPHBIX COOPYKEHUN MO TPEHIMHOCTOMKOCTH
U LIMPHUHE PACKPBITHS TPELIMH MOXKHO HE MPOU3BOAUTDH B CIydae OTCYTCTBHS BO3JEHUCTBUS Ha HUX



arpecCUBHOM Cpebl.

4.21. Pacyer 3aaHKEPHBIX MOJMOPHBIX COOPYKEHUH CIIETYyEeT MPOU3BOIUTH C YIETOM CMEIICHUS
aHKEpOB, YYUTHIBas JAe(opMalliOHHbIE CBOMCTBA I'PyHTa OCHOBAaHUSA M I'PYHTA, HaXOJALIErocs 3a
COOPYKEHHUEM.

4.22. Cnyuaiinple (HE TOJMAIOIIHMECS y4deTy) aegopMamuy aHKEpPOB 3a CUET 3a30POB B y3iIax
COWICHEHHs] W ONUPAHMUA CIEAyeT JUKBUIAUPOBATH MOHTAXKHBIM YCHUIHMEM, KOTOPOE HOJDKHO
KOHTPOJIMPOBATHCA.

4.23. Jlng METa)NIOKOHCTPYKIMM IOCTOSIHHBIX aHKEpOB JOJDKHA OBITh HpeaycMOTpeHa
AHTUKOPPO3UOHHAS 3alUTa.

4.24. AHTUKOpPPO3HOHHAs 3alluTa JOJDKHA OBITh IPEIyCMOTPEHA TAKXKE JJIS METaNInYecKUX
IIPYTKOB BPEMEHHBIX aHKEPOB, KOTJJa MUHUMAJIbHBIA INaMETP COCTABJISIET MEHEE & MM.

AHTUKOPpPO3MOHHAS 3alMTa JIOJDKHA OBITh CTOMKON K BellecTBaM, PacTBOPEHHBIM B BOJE,
OakTepusiM, ONyXKJaIOIKUM TOKaM, a TaKK€ K MEXaHMYECKUM BO3JCHCTBHUSAM, BO3HUKAIOIIUM IIpU
TPaHCIIOPTUPOBKE U YCTaHOBKE aHKepoB; OHa [0JKHA OBITH JOCTATOYHO 3JACTHYHOM, 4YTOOBI
nepopMUpPOBAThCS ¢ aHKEPHOM MATON B MIPOLIECCE HATSYKEHUS U SKCILTyaTalluu aHKepa.

4.25. Tlpn HalIW4YuM TPYHTOBBIX BOJ B MECTaX YCTAaHOBKHU IIKEPOB B COOPYXKEHHE CIEAYyeT
IpelycMaTpuBaTh YIUIOTHSAIOIIME YCTPOMCTBA B YCTbSIX CKBaXUH (OTBEPCTUS B CTEHAX),
MIPENSATCTBYIONINE IPOHUKHOBEHHIO BOJIBI 3a COOPYKEHHE.

5. PACYET YCTOMYUBOCTH OMOJI3BHEBBIX CKJIOHOB U METO/IbI
OIIPEAEJIEHUS OITOJI3BHEBOTI'O JABJIEHUSA HA 3AT'JTIYBJIEHHBIE
COOPYKEHUA

5.1. MHorue Meroapl pacyera, MPUMEHSEMbIE B HACTOSIEE BpeMs B MPAKTUKE MHKEHEPHBIX
pacueToB  YCTOMYMBOCTM TOPHBIX CKJIOHOB, CTPaJalOT HEJOCTaTOYHBIM TEOPETHUYECKUM
000CHOBAHMEM TI0 YaCTU MPABUIBHOTO y4yeTa MHOTO00Opa3HbIX (PAKTOPOB, BIUSIOLUIUX HA pa3BUTHE
OTOJI3HEBOIO0 IMpollecca, WJIM HEJOCTaTOYHON MaTeMaTHYecKONM CTPOrOCThI0 B IPHUHSTHIX
pacueTHbIX cxemax. K uuciay Takux MOKHO OTHOCHTH BC€ METOJbl, B KOTOPBIX IpEAEIbHOE
paBHOBECHE OTKOCA IPOBEPSAETCS OTHOCUTENBHO KPYTJIOIMWIMHIAPUYECKONM WM  MIApOBOM
MIOBEPXHOCTH, MOCTPOEHHOW B MacCHBE OTKOCA PA3JIMYHBIMM T'€OMETPUYECKUMHU Ipuemamu 0e3
yueTa HanpsKeHHO-1e(OPMallMOHHOTO COCTOSIHUS IIPUOTKOCHOM 30HBI.

5.2. TlpenBaputenbHas OICHKA YCTOWYMBOCTH TOPHBIX CKJIOHOB MOKET OBITh BBITIOJIHEHA
MeTO/laMU peuieHusl riockoi 3agauun lllaxyHsHua npu HaIUMYUM (UKCHPOBAHHBIX MMOBEPXHOCTEH
CKOJIbJKEHUS, TIOJIO’KEHNE KOTOPBIX B MAaCCUBE OTKOCA MPEAOIPEIEIEHO IT'€0JI0MMUECKUM CTPOCHUEM
U METOJIOM IIOCTPOEHHUS PaBHOYCTOMYMBBIX OTKOCOB IO Oe3pa3MepHbIM KoopauHatam B. B.
COKOJIOBCKOTO, KOTOPbI MOXHO HPUMEHSATH B CIy4yasXx OTCYTCTBHSI B MacCHBE OTKOca
(UKCHPOBaHHBIX TOBEPXHOCTEN CKOJIBKEHUS.

5.3. Pacuer yCTOMYMBOCTH OIIOJ3HEBOIO CKJIOHAa 1o Merony lllaxyHsHIa BBINOJNHSETCS B
CIEAYIOUIEH MOCIIEI0BATEIIBHOCTH:

a) Mo MarepuajaM TONOrpapuyecKol CbeMKH W MH)KEHEp MO T'€0JOIMUYECKUM H3bICKAHUSM,
IIPOBEJICHHBIM Ha OTOJI3HEBOM Y4YacTKe, CTPOSIT pa3pesbl IO JIMHUAM Pa3BeOYHBIX BbIpaboTok. Ha
paspe3bl HAHOCAT MPOQMITH MOBEPXHOCTH 3€MITH M IMHUN CKOJIBKEHUS OTIOJI3HS (puc. 26);

0) pa3buBaroOT paszpe3 OMOJI3HEBOTO TeJlda BEPTUKAIBHBIMU JIMHUAMH Ha OTIIEIBHBIC OTCEKH TaK,
YTOOBI JIMHUU CKOJIBKEHHUS B Mpeieax Kax/JI0ro 0TCeKa NMEIN HEM3MEHHbIN YKIIOH;

B) JUI K&XKJJOTO OTCEKA OIPENENSIIOT €ro BEC U 3HAYEHHE OMOJI3HEBOI0 JaBJICHUs 10 (popMyraMm:

B = hlyy; (17)

E; = P sin B; —cos BitgpP,— Cl; + E;_, cos(ﬁi_l - B; ), (18)

rae P; - Bec i-ro otceka; E; n E;; - 3HaUeHHUA ONOI3HEBOTO JABJICHUS COOTBETCTBEHHO B [-TOM K
BBIIIIEJICKAIIIEM OTCEKax; /; - CPeaHss BEPTUKAIbHAS MOIIHOCThH i-TO OTCeKa; f; U fi; - yIIbI
MaJIeHUs] JTUHUU CKOJIBKECHHUS COOTBETCTBEHHO B i-TOM M BBIIIENEXKameM oTcekax; ¢ u C - yron
BHYTPEHHETO TPEHUS U CIEIJICHUE TPYHTOB 10 MMOBEPXHOCTH CKOJIBKEHUS OTION3HSL.



Puc.26. Cxema k pacueTy ornoi3HeBoro AaBieHus o meroxy laxynsama:
1 - mpoduIb MOBEPXHOCTH 3eMIIH; 2 - TPODHIIH TOBEPXHOCTH CKOJIBKEHHUS

) [0 KaXJOMY pa3pe3y CTpPOST 3II0pY OIOJI3HEBOro JaBiieHUs (puc. 27), Ha KOTOPOHW YETKO
pa3rpaHUYMBAIOTCSA YYaCTKM YCTOMUMBOIO M HEYCTOWYMBOTO COCTOSIHHS OINOJ3HEBOro ckjioHa. C
MTOMOIIBIO 3TUX SIIOP MPEACTABIAETCS BO3MOKHOCTD IIPOU3BOIUTH OOIIYI0O OLIEHKY YCTOWYMBOCTH
CKJIOHA N0 KaXJ0My pa3pe3y M ONpEIesiTh UYHCICHHbIE 3HAUYEHHUs OIOJI3HEBOIO MABJICHUS B
Ka)KJJOM TOUKe pa3pe3a C yueTOM PEaKTUBHBIX CHUJI COCEHUX OTCEKOB.

5.4. Pacuer yCTOWYMBOCTH METO/IOM MOCTPOECHUSI PABHOYCTONUMBBIX OTKOCOB 10 O€3pa3MepHbIM
koopauHaTaMm B. B. CokoJIOBCKOTO BBIMIOJIHAETCS B CJIEAYIOLIEH OCIe10BaTEIbHOCTH:

a) o MarepuajgaM TONorpagpuueckoil CheMKU U MHKEHEPHO-T€OJOTHYECKIX U3bICKAaHUM CTPOST
BEpPTHUKAIbHBIE pa3pe3bl 0 Hanbosee XapakTepHbIM CEYEHUSIM ONOJI3HEBOTO yyacTka. Ha paspesax
HaHOCATCS (pakTHUECKUN NMPO(UIL MOBEPXHOCTH 3€MJIM MO JAHHOMY CEYEHHMIO U I'€OJIOTHYECKOE
CTPOEHHE MACCHBA;

Puc.27. Omropa onon3zueBoro fgapneHus mno meroxy lllaxynsxmna

0) 3amaBuIMCh 3HaueHueM" Kod(@uIMeHTa 3amaca YCTOMYMBOCTU (M1l MPEAENbHOTO ciydas
n,=1), BBIYHCISIOT PAacUeTHBIC 3HAUYCHHSA (H3MKO-MEXAaHHMYECKHX CBOMCTB I'PYHTOB B Ipenesax
pacueTHO ri1yOouHbI o popmyrnam:

/. C.
n n
y y

rie ¢p,, Cp, yp - paCUCTHBIC 3HAUCHUS YI1a BHYTPEHHETO TPEHUS, CIEIUICHHS 1 00bEMHOTO Beca
TPYHTOB; Y., - CpeAHEee 3HaueHHe O0OBEMHOIr0 Beca I'PYHTOB IO PACUYETHOMY CEUYCHUIO; [f=Igyp -
K03 (UILIMEHT BHYTPEHHET0 TPEHUS TPYHTOB;

B) 3a/IaBLIMCh IUIOCKOM MPSAMOYTOJIbHOW CUCTEMON KOOPJIMHAT U HANPaBUB KOOPAMHATHBIE OCU
TaK, KaK MMOKa3aHO Ha pHC. 28, BEIYUCIIOT 3HAUYCHHs Oe3pa3MepHBIX aOCIUCC Ui TOYEK, 3apaHee
HaMEUEHHBIX Ha OTKOCE, TI0 popMysiam:



JUIsl TOYKH, PAcIlOJIOKEHHOW Ha HIDKHEW OpoBKe oTkoca (Touka 1), Oe3pasmepHas abcuucca
BBIYHUCIISIETCS TI0 popMmyIie

X| = y—pxl, (20)

Cp

a IJ1d OCTAJIBHBIX TOYEK Ha OTKOCE COOTBETCTBEHHO
Y Y Y
Xy =L X, X§="LX5;.. X, =-LX,, (21)
2 2 3 3 n n
Cp Cp Cp

rae Xy, Xa,...X, - pa3MepHble aOCIHUCChl TOYEK, 3HAUCHUSI KOTOPBIX ISl TOYKHA [ BBIYUCIISIFOTCS
o ¢hopmyiie

Xy=H,-H,; (22)
a IJIs1 OCTAJIBHBIX TOYCK
X, =X, —Ah; X3=X,-2Ah;..; X, =X, —(n—1)Ah; (23)
An=Ho =y (24)
n

rae H, - BeICOTHAs 0OTMETKA TOYKH, PACIOJIOKCHHOM Ha BEpXHEH OpoBKke oTKoca; H| - TO ke, As
TOYKH, PACIIOJIOKEHHOW Ha HIDKHEW OpOBKE OTKOCA; 7 - KOJHMYECTBO TOYEK, HAMECUCHHBIX Ha
OTKOCE;

Puc.28. Cxema nocTpoeHHs: paBHOYCTOYHMBBIX OTKOCOB N0 Oe3pa3MepHbIM KoopauHatam B. B. CokonoBckoro

r) u3 Tabnui Oe3pa3MEpHBIX KOOPAMHAT BBHIINUCHIBAIOT 3HAUEHUS O€3pa3sMEpHBIX OpJUHAT,
COOTBCTCTBYIOIIMEC BBIYHMCICHHBIM 3HAYCHUAM 663p33M€pHI)IX a6CHI/ICC TOYCK U PACUCTHOMY
3HAYEHHIO @),.

Ilo stum JaHHBIM BBIYUCJIAIOT 3HAUYCHUA PASMEPHBIX OpJAUHAT BCEX TOUYCK paBHOYCTOI\/'I‘II/IBOFO
0TKOCa, 1Mo (hopmyram:

B=0: Y= (- B) 2 1= (- 1) s, = (- ). e3)

n
7p Yo 7p

rae Y5, Y',...Y",, - 6e3pa3MepHble OpJUHATHI TOYEK, BHIMTMCAHHBIE U3 TAOIUI[ Oe3pa3MEepHBIX
KOODAHMHAT;

1) TIPOU3BOAMTCS TIOCTPOEHUE PABHOYCTOWYMBOTO OTKOCa. st 3TOTO uepe3 TOUKy 1 mpoBOAST



BEPTUKAIBHO OCh X M HA HEW MO pa3MEpHBIM adCIMccaM CTPOSAT MPOeKIuu Touek 1, 2, 3,..., n, Ha
ocb X, a 3aTeM OT HUX IPOBOJAT NEPIEHIUKYISAPHI, HA KOTOPHIX OTKJIAAbIBAIOT COOTBETCTBYIOLIUE
pa3MepHble opauHaThl ToyeK. COeMHUB KOHIbI NEPIEHIUKYISPOB IJIABHOM JIMHUEH, MOJIydaroT
KOHTYp PaBHOYCTOMYMBOTO OTKOCA, BJOJb KOTOPOTO BCE TOYKM MMEIOT OJIMHAKOBBIN (3aaHHbIN)
3amac yCTOMYMBOCTH.

Ecnu nmoctpouTh Mo M370KEHHOW METOJMKE PaBHOYCTOMUYMBBIN OTKOC, 0Onajarouiuil 3amacom
YCTOWYUBOCTH 71,=1, TO TAKOW KOHTYpP Ha3bIBACTCA MIPEAECIBHBIM.

CpaBHuBas NpeAenbHbIi KOHTYp OTKOca C (PaKTHUYECKUM, MOKHO CJeJaThb TOYHYIO OLIEHKY
YCTOMYHMBOCTH CYIIECTBYIOIIETO CKIIOHA.

5.5. JIns ONOJI3HEBBIX CKJIIOHOB, CIIOKEHHBIX PA3HOPOJIHBIMU I'DYHTaMHU Pa3JIMYHON MOIIHOCTH,
3aJIeraloIMMH TOPU30HTAIBHO WM NAJA0IIMMU B OOpaTHYIO CTOPOHY OTKOCA, TaKK€ BO3MOXKHO
IIPUMEHEHHUE BBIIMIEU3I0)KEHHON METOJUKU MOCTPOCHUSI PAaBHOYCTOMUYMBBIX OTKOCOB, TaK KakK IO
re0JIOTHYECKUM YCIOBHSIM HU OJIHA MPOCIJIOKA WM KOHTAKTHas MOBEPXHOCTh MEXAY CIOSMU HE
MOJXKET CIIY>KUTb IOBEPXHOCTHIO CKOJIbKEHHUSL.

B pacuerHOl cXeM€ MHOTOCIOMHOIO OTKOCa ITIOCTPOCHHE PAaBHOYCTOMYMBBIX OTKOCOB
BBIINIOJIHAETCS Pa3/ieibHO IO KAXKJBIM CJOSIM C HCIOJIb30BAHUEM IPOYHOCTHBIX XapaKTEPUCTHUK
IPYHTOB Ka)KJIOTO CJIOSI U C Y4ETOM IIyOMHBI 3aJIeraHusl CJIOSI.

I[Io »oroil cxeme pacueTHO-rpaUyecKue OIepalyd  BBIINOJHSAIOTCA B CIELyHOIIen
MOCJIEJOBATEIbHOCTHU

a) JUIsl KaXJIOTO CJIOS TPYHTOB, BBIJCJIEHHBIX B IIpelelaxX pPacyeTHOro paspe3a CKIOHA,
BBIYMCIISIOT PacyeTHbIE 3HAUEHUS (PU3MKO-MEXaHMYECKMX CBOMCTB € Y4E€TOM 3aJaHHOIO 3amaca
YCTOWMYMBOCTH 110 (hopMysam:

i
£ C > vh
¢, =arctg—; C, =—; v, =-+—, (26)
n, n, h
1

rac h- BEpTUKAJIbHAA MOITHOCTDb Ka)KJI0T'O CJI0A;

0) mpoBens och X uyepe3 caMyl0 HIDKHIOK TOYKYy OTKoca (Touka 4 Ha puc. 29), CTposT
PaBHOYCTOMUYMBBII OTKOC 3TOTO CJIOS [0 METOJIMKE, U3JI0KEHHOH B 11.5.4, NCHOJIB3YsI IPOYHOCTHBIE
XapaKTEPUCTUKHU TPYHTOB ATOTO CJIOS;

B) MepeMeniaroT och X MapauiebHO camMo cebe 10 TepecedeHHs ¢ TOYKOW B, KoTopas
pacroJjio’)keHa Ha MOBEPXHOCTH, PA3AESAIONIe HUKHUN M BbIIIENEKAIlUN CIIOH, a 3aT€M CTPOST
PaBHOYCTOMUMBBII KOHTYpP OTKOCA 3TOTO CJI0S [0 METOAMKE, U3JI0KEHHOMH B 11. 5.4;

I') OINHCAaHHBIM IIPUEMOM IPOU3BOJUTCS MOCTPOCHHUE PABHO-YCTOWYMBBIX OTKOCOB BCEX
OCTAJIbHBIX BBIIIEIEKALIUX CJIOEB, EepeMelas KakIblii pa3 ocb X J0 MepeceyeHus: ¢ rPaHUuYHOM
TOYKOW MEXAy CIOSAMHU U HCIOJb3yd KaXAbld pa3 MPOYHOCTHbIE XAPAKTEPUCTUKH T'PYHTOB
pacyeTHoOTo CIIos.

5.6. Jlns monydeHus YHCIEHHOTO 3HAYEHHs OIOJ3HEBOIO JAaBJIEHUS B OTIEJBHBIX TOYKaX
OTOJI3HEBOIO MAacCHBa Haubosiee MPUTOJHBIMHM CIIEyeT CUUTaTh OOBEMHBIE METOJbl pacyera,
OCHOBaHHBIE HAa T€OMETPU3ALIMU OTIOJI3HEBOTO MacCHBa.

Jlig ciydasi, Korja B MacCHBE OIIOJI3HEBOI'O CKJIOHA MMEETCS €CTECTBEHHAas IOBEPXHOCTb
CKOJIbJKEHUS OTIOJI3HS, paCU€T BBIIOJIHAETCS B CIEAYIOUICH MOCIe10BaTeNbHOCTH:

a) Mo Marepuagam ToOnorpauyeckol ChEMKH U HHIKEHEPHO-IE€OJOTUYECKHX HW3bICKAaHUM,
IIPOBEJICHHBIX Ha OIMOJI3HEBOM CKJIOHE, COCTABJIAIOT TONOrpapuuecKuil IiiaH JHEBHOM MOBEPXHOCTH
omnoj3HeBoro ydactka wmacmraba 1:500, muiaH HOBEPXHOCTH CKOJIBKEHMSI OMOJ3HSA TOrO JKe
MacmTaba M OINpEeNessloTCS pacyeTHble 3HA4YeHUA (PU3MKO-MEXaHHMYECKUX CBOMCTB TPYHTOB,
COOTBETCTBYIOILIUE HX €CTECTBEHHOMY COCTOSHMIO Ha MOMEHT HCCIIE[OBaHHUS B 30HE CABUTA
OTIOJI3HS;
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Puc.29. Cxema noctpoeHust paBHOYCTOMYMBOI'O OTKOCA IIPU MHOT'OCJIOMHOM HAaIUIaCTOBAHUH IPYHTOB
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Puc.31. M3onuHuM MOBEPXHOCTH CKOIBKEHUS OMOI3HS

6) COBMCCTHUB II0 KOOPAWMHATHBIM CCTKaM TOIIOIIJIaH I[HeBHOﬁ IMOBEPXHOCTU C IIJIAaHOM
MIOBEPXHOCTU CKOJbKeHUs onois3Hs (puc. 30, 31), BBIMOJHAIOT rpauueckoe BBIYUTAHHE STHX
MMOBEPXHOCTEH METOJIOM, M3JIOKEHHBIM B Kypce reoMeTpuu Heap. B pesynbrare 3TOTO MOTydaroT
HOBBIA ILIaH Tonorpa(bnqecxoro nopsAaKa, Ha KOTOPOM HM30JMHUKU COCAUHAIOT TOYKH C
OJMHAKOBBIMU BCPTHUKAJIbHBIMU MOIIHOCTAMMU OIIOJI3BHEBOT'O TECJIA. OTOT IJIaH HA3BIBAETCA IUIAHOM
M30MOIITHOCTH OMO3HA (puc. 32);
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Puc.32. M3onuHny H30MOIIHOCTH OMOI3HSA

B) rpaduueckuM IuddepeHIMPOBAHUEM MOBEPXHOCTH CKOJIBKEHHUS OIOJI3HS MOJIy4aloT elle
OJIMH IUIaH TONOrpapuyecKoro NopsAaKa, Ha KOTOPOM M30JIMHUU COEAUHSAIOT TOUKH C OJJUHAKOBBIMU
YKJIOHaMU TOBEPXHOCTH CKOJIbKeHUus (puc. 33). DTOT IlaH Ha3blBaeTcs IUIAHOM H30YKJIOHOB
MTOBEPXHOCTHU CKOJIbKEHUS OTOJI3HS;
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Puc.33. [1naH U30yKIIOHOB MMOBEPXHOCTH CKOJIBKEHUS OMOJI3HS

') pa30MBaIOT OIOJI3HEBOE TEJIO HA PsiJ] AIEMEHTAPHBIX KBAJIPATHBIX MPU3M C TAKUM PacdeTOM,
9YTOOBI MOBEPXHOCTh CKOJIBKEHHS B Ipelenax KaKJOoW MpU3Mbl COXpaHsjga HEM3MEHHBIN ckaT (Ha
II1aHaX M30MOIMHOCTH W M30YKJIIOHOB IPOCKOHHN 3JICMCHTAPHBIX IPU3M I/1306pa)KeHBI B BUJIC CE€TU
KBaJIpaToB);

1) O IUIaHy HM30MOIIHOCTH OIPEICISIOT YHCICHHBIC 3HAYCHHS BEPTHKAIBHOW MOIIHOCTH
OTIOJI3HS /1 B IEHTpPE KaXJIOTo KBaApara, a Mo IUIAHY W30YKIOHOB ONPEACISIOT 3HAYCHUS YIJIOB
naacHus ﬂ IMOBEPXHOCTHU CKOJIBKCHUSA B KAXKJIOM KBaApaTE;

€) MO YHWCJICHHBIM 3HAYEHHSM YIJIOB MaJIeHUS MOBEPXHOCTU CKOJbXEHUS [, BEpTUKaIbHON



MOIIIHOCTH OIOJI3HS /i, 00bEMHOTO Beca IPYHTOB ), IUIOIIA/IM OCHOBAHHUS 3JIEMEHTAPHBIX IPU3M S U
C/BUTOBBIX XapaKTEPUCTHK IpyHTOB @ U C B 30HE CIIBUTa, OMOJ3HS, JUIS KaXIO0M 3JIeMEHTapHOU
MIPU3MBI BEIYUCIISIIOT 3HAYEHHUS CIIBUTAIOIINX U YAEPKUBAIOMINUX CHII 110 (hopmynam (puc. 34):

T, =hyS-sinf; (27)

Ty = hyS-cos Bigp + CS; (28)

K) U1 KaKJIOM 3JIEMEHTApHOW MPU3Mbl ONPEAEISIOT YHUCICHHbIE 3HAYEHUS OIOJI3HEBOIO
JABJICHUS, KaK Pa3HOCTh MEX]y CABUTAIOIIMMU U YACPKUBAIOLIMMU CHIIaMU, 110 (hopMyJie

AT =T,y T = hySlsin B — cos Btgp)—CS; (29)
3) ONPEACIIAIOT OOIIUH 3armac YCTOMYMBOCTH OTIOJI3HEBOTO CKIIOHA IO popmyrie

n, = ZTYH/ZTCH. (30)
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Puc.34. Cxema k pacdeTy OIOJI3HEBOrO JAaBJICHUS B AJIEMEHTAPHBIX IPU3MAX

B dopmyne (30) omosi3HEBBIE MaBIEHUS CO 3HAKOM ILTIOC 0003HAYAIOT aKTUBHBIE CHJIBI, & CO
3HaKOM MHHYC - TACCUBHBIE CHJIBI;

1) BBIYUCIISIOT YMCIICHHBIC 3HAUYEHUS OTIOJI3HEBOTO JTABJICHUS JUIS BCEX 3JEMEHTAPHBIX MPHU3M C
YUETOM PEaKTUBHBIX CHJI COCETHUX TPU3M.

CornacHo cxeme Ha puc. 35, 3TU BEJTMUYHUHBI MOTYT OBbITh OIIpEIeIeHbI 0 (hopMyIaM:

IUTSL TIPU3M, PACTIOJIOKEHHBIX B CAMOM BEPXHEM PSLy C HATOPHOU CTOPOHBI

AT, = Shyy (sin p; — cos B;1gp)~ CS, (1)
a IUIs BCEX OCTAIBHBIX IIPH3M

AT, = S[hy(sin B, - cos B, 1gp) - C|+ AT,_y[cos(B,_y — B;)— sin(B,_ — B; )igp] (32)

rae AT, - 3Ha4eHHE TOJHOTO OTOJ3HEBOTO AaBJeHHS B i-il mpu3Me; AT, - TO *Ke, B COCeIHEH
(BBILIENEXkKAIIEH) TPU3ME; f; - YTOJl Ia/IeHUs IOBEPXHOCTHU CKOJIBKEHUS B i-il IpU3Me; fi; - TO K€, B
COCETHEH (BBIMIEIISKAIICH) TPU3ME;

K) BBIIMCBIBAIOT 3HAUEHUS OIOJI3HEBOTO JIABJICHUS Y LIGHTPOB COOTBETCTBYIOUIMX KBaJpaTOB M,
IPUHSIB MX KaK YHCJIOBBbIE OTMETKM, Ha IIJJaHE CTPOSAT W30JIMHUHM, COCAMHAIOIINE TOYKU C



OJIMHAKOBBIMU TIOJIHBIMU OTIOJI3HEBBIMHU JIaBJICHUSIMH (puc. 36).

WWWWM
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Puc.35. Cxema k pacdeTy OIOI3HEBOrO JABJIEHUS C yI€TOM PEAKTUBHBIX CHJI COCEAHUX MPU3M
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Puc.36. I1mad cumoBoro moiist OIoJj3HEBOr0 CKJIIOHA

&
B
§
S
e

OTOT IUIaH HA3bIBAETCS M30JIMHEHHBIM IJIAHOM CHUJIOBOTO I0JISI ONOJI3HEBOTO CKJIOHA, KOTOPBIN
MO3BOJISIET JIETKO M MPOCTO OIpPEAENsATh 3HAYEHMs NEHCTBUTENILHOTO OIOJI3HEBOIO JABJICHHS B
J000# TOYKE WIIH TI0 JIIOOOMY CEYEHHIO ATOTO TIOJIS.

5.7. Jna cnyyas, KOrJa B MacCHBE OIIOJ3HEBOIO CKIIOHA OTCYTCTBYET (DMKCHpOBaHHAas
€CTECTBEHHAsl TIOBEPXHOCTh CKOJILKEHHSI OTIOJI3HS, pacueT YCTOMYMBOCTU CKJIOHA U OIpe/eieHHe
OITOJIBHECBOT'O AABJICHUA B HEM MOKHO IMPOU3BOAWUTH METOJO0OM, aHAJIOTMYHBIM HNPCAbIAYIIEMY, €CIIN
OyZeT oIpeneseHo MOJI0KEHNE TTOBEPXHOCTH CKOJIbKEHUSI B MaCCHBE OIOJI3HEBOIO CKJIOHA. 3ajayda



B 9TOM CIIy4ae PelaeTcs CIEAYOIHUM 00pa3oM:

a) mo MaTrepuaigaM Tomnorpauyeckol ChEMKH U HH)KEHEPHO-T'€OJOIMUECKUX H3bICKaHUMN
CTPOUTCSl TOIOIUIAH OIOJI3HEBOIO YYacTKa W OIPENENIAIOTCS pacueTHble 3HAueHUs (U3MUKO-
MEXaHUYECKUX CBOUCTB (¢, C, y) TPYHTOB OINOJI3HEBOI'O MacCHBa;

0) Ha TOIOIUIaHE OTOJI3HEBOTO Y4acTKa HaMevaroT psJl Ipo(UIbHBIX CEYEHUH, pacnojaraéMbix B
HanOoJsiee XapakTepHbIX MecTax penbeda (puc. 37), U MO KaxAOMy HAMEYCHHOMY CEUCHHUIO
METO/IaMH, U3J0XKEHHBIMU B M. 5.4 uiau B 5.5, CTpOAT NpelesibHbIe KOHTYPhl PaBHOYCTONYMBBIX
OTKOCOB C 3aI1aCOM YCTOMYUBOCTH 1,~1;

B) Ha MpeAeNbHBIX KOHTYypaxX paBHOYCTONYMBBIX OTKOCOB (puc. 38) HaMedaroT psii TOYEK, AJs
KOTOPBIX OMNPENENIAIOT MX BBICOTHBIE OTMETKHU (C IMOMOIIbIO BBICOTHOM CETKH) M BEIMYMHBI
3aJI0’)KEHUSl 3TUX TOYEK OT Hayayna KoopauHar. [lo BeiauunHam 3ajl0’)KeHUN HaMEYEHHbIE Ha
MIpe/iebHBIX KOHTYPAaX TOUKU MEPEHOCITCS Ha IJIaH M OKOJIO HUX MOJIHUCBIBAIOTCS MX BBICOTHBIE
OTMETKH;

I') 0CJIe€ HAHECEHUs Ha IUIaH BCEX TOUYEK, HAMEUYEHHBIX Ha MPEAETIbHBIX KOHTYpax OTKOCOB IO
BCEM CEUEHHUSM, Ha OCHOBE BBICOTHBIX OTMETOK 3THUX TOYEK CTPOAT TOPU3OHTAIU MpEAEIbHOU
MIOBEPXHOCTU OTKOCA, KOTOpasi U MPUHUMAETCS 3a MOBEPXHOCTh CKOJIbKEHUS onoi3Hs (puc. 37);

) uMmes Tonorpaguyeckuil IUIaH JHEBHOW IOBEPXHOCTH OIOJ3HEBOTO Y4YacTKa, IUIaH
MOBEPXHOCTU CKOJBKEHHUS OIOJ3HA M (PU3UKO-MEXaHHYECKHE CBOWCTBA TPYHTOB, MOXHO
BBINIOJIHUTh OLIEHKY YCTOMYMBOCTU CKJIOHAa M HOCTPOUTH HW3OJIMHEWHBIM IUIAaH CHJIOBOTO IOJIS
OMOJI3HEBOTO JABJICHHUS IT0 METOINKE, N3I0KEHHOM B II. 5.6.

5.8. OO6beMHbIe METO/Ibl, ONMCaHHbIE B III. 5.6 U 5.7, mpenHa3HayeHbl AJs TeX Cly4aeB, Korja B
MaccUB€ TOPHOIO CKJIOHA OTCYTCTBYET (PHIIbTpPAllMOHHOE JaBJ€HHE HANOpHBIX Boj. Eciu xe mo
pe3yiapTaTaM THJIPOreOJOTUYECKHMX H3bICKAHWN YCTAHOBJIEHO HAIW4YUe (QUIBTPAIMOHHOTO
JIABJICHHUS B OIIOJ3HEBOM MAacCHBE, TO IPU pacyeTax YCTOMUMBOCTH TaKOrO CKJIOHA CIEIyeT
00s3aTeNIbHO YUYUTHIBATh X BIUSHUE.

B kaxmoll Touke BOJIOHACHIIIEHHOTO TI'PYHTOBOTO MacCHBa HallpaBlIeHHE (PUIBTPALIMOHHOIO
JABJICHUS MOYKHO NPUHUMATh MapaJlIC/IbHBIM KacaTeNbHOW K JENPECCUOHHOW IMOBEPXHOCTU H
MIPUJIOKEHHBIM K CepeMHE ITyOUHbI (PMIIBTPAIIMIOHHOTO TOTOKA.






Puc.37. [1nan npenenbHON MOBEPXHOCTH OMOI3HS B U30TPOITHOM Cpefie

1258
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Puc.38. IToctpoenue npenenbHbIX KoHTypoB B.B. Cokonosckoro (7,=1)
1 - npoduab TONOMOBEPXHOCTH; 2 - IPEEIbHBINA YCTOWYMBEIN poduib otkoca (1o B.B. CokonoBckomy)

[Ipu Takol cxeme CHIJIOBBIX BO3JEMCTBUI (DUIBTPALMOHHOIO JABJIEHUS HA OINOJI3HEBOW CKJIOH
Y4eT 3TOr0 JaBJIEHHsS Ha YCTOMYHUBOCTH CKIIOHA MOYKHO BBITIOJIHUTH CIEAYIOLUIUM 00pa3oMm:

a) Mo pe3yJapTaTaM TONOrpauyecKuX, HHKEHEPHO-T€OJIOTUYECKUX U TUIAPOTre€0IOrHYECKUX
U3bICKaHUH, TPOBEICHHBIX Ha OMOJI3HEBOM yYacTKE, COCTABJIAIOT TONOTrpadUUeCKHil MIaH THEBHOU
noBepxHocTu (puc. 30), maH MOBEPXHOCTH CKOJIBXKEHUSI ONOJI3HS (pUC. 31) M MI1aH AETPECCUOHHOM
MIOBEPXHOCTU YPOBHS IT'PYHTOBBIX BoJ (puc. 39);

0) MeTo oM IpadUyYecKoro BHIYMTAHUS MOBEPXHOCTEH TOMOrpaduyeckoro Mnopsika MoJyyaroT
IJIaH M30MOIIHOCTU BCEro OMNOJ3HEBOro Tena (puc. 32) (M3 JTHEBHOM MOBEPXHOCTH BBIUUTAETCA
IIOBEPXHOCTh CKOJIBKEHUS OIOJI3HS) U IUIaH U30MOILIHOCTH 3aTOIIEHHOHN 4acTU OIOJI3HEBOIO Tejla
(puc. 40) (U3 nenpeccHOHHOW MOBEPXHOCTH YPOBHS T'PYHTOBBIX BOJI BBIYMTAETCSI MOBEPXHOCTH
cKoJibkeHus: Onon3Hs);

B) TaK )K€ Kak M B IMpPEAbIAYIIHX OOBEMHBIX METOJAX, OMOJI3HEBOE TEJO0 Pa3OMBAIOT Ha psij
JIEMEHTAPHBIX NPU3M, KOTOpbIE M300pa)K€Hbl HA IUIAHE HW30MOLIHOCTH BCErO IOJI3HEBOIO Teja
(puc. 32) u Ha MmjaHe U30MOIIHOCTU 3aTOIJIEHHON 4acTu omnoJi3HeBoro tena (cMm. puc. 40) ceTbio
KBaJIpaToB;
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Puc.39. U3onuann nenpeccuoHHON MOBEPXHOCTH YPOBHS I'PYHTOBBIX BOJ

I) MO TUIAHY TOBEPXHOCTH CKOJIBKCHHSI OTOJI3HS OMNPEACNISIOT 3HAYCHUs YIJIOB I1aJICHUS
MMOBEPXHOCTH CKOJIBKEHHUS B KAXKIOM KBaapare 1o Ghopmyie

1gf=hy/l, (33)

a 110 IUIaHy HCHpCCCHOHHOfI IMOBECPXHOCTHU YPOBHA TI'PYHTOBBIX BOJ OHNPCACIAIOT 3HAYCHUA



T'HJIPABINYECKOr0 rPaJMeHTa B LIEHTPE KaXKJI0r0 KBajpaTa:
tga=hy/l’, (34)

rae /o - BBICOTA CeUeHUs M30JIMHUM Ha rane (puc. 31, 39); [ - 3ay10’)KeHne MEXy COCEITHUMH
M30JIMHUAMY Ha 1aHe (puc. 31); /' - 3amoxkeHne Mexly COCeHUMH M30JMHUSAMH Ha IIaHe (puc.
39); a - yron HakJIOHa JENPECCUOHHON OBEPXHOCTH B LICHTPE KBAJPATOB;

1) 7S KOKIO0W 3JIEMEHTApHOW TPHU3MBI ONPENCISIIOT 3HAUYEHUs TOJHOTO Beca MPU3Mbl P U
B3BEILIMBAIOIIETO AABICHUS BOABI Py, IO pOpMyIiam:

P = hys; (35)

Pgi = h@iywS(l - n,) = hgi}/WS > (36)
l+¢

rae h; - BepTUKaibHas (IOJIHAs) MOILIHOCTh OMOJ3HSA B i-H MpU3Me, OomlpenenseMas Mo IUIaHy
n3oMoInHoct (puc. 32); hy - BepTUKaIbHAs MOIIHOCTb 3aTOIUIEHHOM 4YacTH OIOJI3HEBOTO Teja,
onpezenseMas Mo IUIaHy U30MOIIHOCTH 3aTOIIEHHOM YacTH OMoJI3HEeBOro teia (cM. puc. 40); S -
IJIOLIAa/1b OCHOBAHMSI 3JIEMEHTAPHOM MPU3MBI; },, - 00BEMHBIN BEC BOJBI; - 00BEMHBIN BEC IPYHTOB
OTIOJI3HEBOM Macchl; n' - 00beM NyCTOT B €QuWHHUIE O00Obe€Ma TPYHTOBOW MAacChl OIOJ3HA, & -
K03 (ULMEHT HOPUCTOCTH IPYHTA OIOJI3HEBOW MAaCCHI;

€) BBIYUCISIIOT 3HAYCHUS (QUIBTPALIMOHHOIO JaBJCHUSI JIEHCTBYIOILEIO Ha  KaXIyIO
AJIEMEHTApHYIO IPU3MY, [0 Gopmyiie
= hgyS1go; (37)

)K) C yU€TOM q)HHBT‘paHI/IOHHOFO JaBJICHUA HAIIOPHBIX BOJ M B3BCIIMBAIOIINX CHUJI TPYHTOBBIX BO/J
BBIYUCIIAOT 3HAYCHUSA CABUTAIOIINUX U YACPKHUBAIOMIUX CHUIT IJIA K&)I(I[Ofl BHGMGHTapHOfI IIPU3MBI,

o ¢popmynam (puc. 41):
T.y = By sin B; + Py cos(f; — ;)= P, sin f; (38)

i

Ly

Ty = [P cos B; — P,; cos B; + Fy, sin(ﬂi - al-)tgqo] + CS; (39)
1) OTIPENIEISAIOT OOIINIA 3aT1ac YCTOMYMBOCTH CKJIOHA 10 (hopmyrie

n, =T /ST ; (40)
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Puc.40. MI30MOIIHOCTH 3aTOIUIEHHON YaCTH OIIOJI3HEBOIO Tela

K) JUI K&KJOU 3J1€MEHTapHO! MPU3MBbI BBIYUCIIAIOT 3HAYEHHUS TIOJTHOTO OIOJI3HEBOTO JJABJICHHUS C
YUeTOM (bl/IJ'[BTpaHI/IOHHOFO JaBJICHUA HAIIOPHBIX BOJ W PCAKTHBHBIX CHUJI COCCIHUX IIPU3M IIO
dbopmymnam:

JUTSL TIPU3M CaMOTO BEPXHETO psifia ¢ HATOPHOU CTOPOHBI

;=TT = B(sin B; — cos B;1gp)+ qui[COS(ﬁi —a;)-sin(B; - a, Jigp]+ B, cos B ;1gp — CS, (41)

a IJIA OCTAJIBHBIX IMPHU3M



AT; = P(sin B; — cos B;tgp)+ Py;lcos(B; — ;) — sin(B; — o Jigp] +
+P,; cosPtgp — C'S + AT,_j[cos(B,_, — B;)— sin(Bi_, — B; kgol;

J) Ha HOBBIM IUIAH, T/I€ HAHECEHBI LEHTPHI KAXKAOTO KBaJpaTa SJIEMEHTAPHBIX MPHU3M, OKOJIO
KaX/JIOTO IIGHTPa BBHIMCHIBAIOT YHCJICHHBICE 3HAYCHUs IIOJHOTO OIOJI3HEBOTO JaBJICHUS,
COOTBETCTBYIOIIIETO ITHM KBaJpaTaM, W, IMPUHSIB WX KaK YHCIOBBIE OTMETKH, Ha IUIAHE CTPOST
W30JIMHUM PABHBIX OMOJ3HEBBIX NIABJICHUM. DTOT miaH (puc. 42) mpencraBisier cobor oObeMHOe
M300pakeHUE CUIIOBOTO TOJISi OTION3HEBOTO JAaBJICHHS, TI0I00HOTO M300paxkeHHOMY Ha puc. 36. C
MTOMOIIIBIO ATOTO TUTAHA MOJKHO JIETKO OIPEIENIUTh YHCICHHBIC 3HAYEHUS OTIOJI3HEBOTO JIABJICHUS C
y4eToOM (QHIBTPAIIMOHHOTO JABJICHUS HANOPHBIX BOJ, B3BEIIMBAIONINX CHJI TPYHTOBBIX BOJ H
PEaKTUBHBIX CHJI COCETHUX MPU3M JUIS JTIFOO0H TOYKH MITH CEYECHUS OTIOJI3HEBOTO ITOJIS.

5.9. Pacuer ycTOWYMBOCTH HCKYCCTBEHHBIX OTKOCOB MOYHO MPOM3BOJWUTH HA OCHOBE PELICHUS
IIJIOCKOM 3aJa4H.

JInsi MCKYCCTBEHHBIX OTKOCOB, CJIO)KEHHBIX CIIOSIMH PA3HOPOJIHBIX TPYHTOB, MAJAlONINX B
CTOPOHY OTKOCa M HMMEIOIIUX II0JIOTOe WJIM HAKJIOHHOE 3aJIeTaHre, YCTOWYHMBAsh MOBEPXHOCTH
OTKOCa MOKET OBITh 33aJ]aHa Kpy4e HACIOCHHUS TPYHTOB.

g)

(42)

a)

_Aura Y.7.8.

Puc.41. CxembI k pacyeTy OMOJI3HEBOI'O AaBJICHUA C YIE€TOM (bPIHI)T‘paLII/IOHHOFO JaBJICHUA HAIIOPHBIX BO/I
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Puc.42. I1naH cunoBoro mosi ONOI3HEBOTO JABJICHUS C Y4eTOM (DHIBTPALIMOHHOIO IABJICHHS HATIOPHBIX BOJ

B sToM ciyuae 3HaueHne yCTOMYMBOTO yrila 0TKOca onpezaensercs mo Gopmyne (puc. 43):

2C

ctga =ctgf —

yH(sin® B - %sin 2Bigp’)’

(43)

I7I€ o - YCTOMYMBBIM Yroa OTKoca; f - Yrojl HajJeHus TPyHTOBBIX cioeB; ¢’ u C' - yron
BHYTPEHHETO TPEHMSI U CLEIJIEHUE IPYHTOB 110 KOHTAKTHOM MOBEPXHOCTH MEX]Y CIOSIMU I'PYHTOB;



H - BepTHKabHAS BHICOTA OTKOCA; ¥ - 00BEMHBIN BEC TPYHTOB.

5.10. JJns Tex e TpYHTOBBIX YCJIOBMI, HO KOT'Za NOAPE3Ka I'PYHTOBBIX CIOEB HEAOIYCTHMA,
IIOBEPXHOCTH OTKOCA CIEAyeT IpUJaTh HAKIOH OJMHAKOBBIM C TOBEPXHOCTSMHU HACIOCHUS

TPYHTOB.
It aToro cimyyast HauboJiee npuroana gopmyna (puc. 44):

H= Ectg(%o - 2) L (44)
y 2 \l—-ctgatge

rae @' - yroia BHYTPEHHEro TPEHMsI TPYHTOB IO KOHTakTHOW moBepxHocTtH; ¢ u C - yroia
BHYTPEHHETO TPEHUS U CLEIUIEHUE TPYHTOB B KPECT HACIIOEHUS TPYHTOB.

Puc.43. Cxema pacyera yCTOMYHMBOCTH OTKOCOB C MOApPE3aHHBIMU cl1oaMU 1o Merony A.I1L. Jlu
1 - KOHTaKTBl HACIIOCHHS TIOPOJIBI

Puc.44. Cxema K pacyery yCTOWIMBOCTH OTKOca 1o meroay I'. JI. ducenko
6. PACUET YCTOMUYUBOCTHU 3ATJYBJEHHBIX COOPYKEHUHN HA OIIOJI3HSAX

6.1. 3army0OsieHHbIE COOPYKEHHsI, BO3BOJUMbIE Ha OIMOJI3HEBBIX CKJIOHAX, MIPEIHA3HAYAIOTCS JUIs
CTaOMIM3alMU OIOJI3HEBBIX MOJBMKEK WIM Ul MPEIOXPAaHEHHUS OT pPa3pyLICHUsS HHKEHEPHBIX
COOPY)KEHUI, BO3BE/IEHHBIX HA HUX, B YCIIOBUAX OOTEKaHUS UX OTIOJI3HEM.

B Hacrosimee Bpems HauOolsiee paclpoOCTpaHEHHbIMH BHAAMU 3ariyOJC€HHBIX COOPYKEHUH,
MIpeIHa3HAYEHHBIMU JUISl yACPXKAHUS OIOJI3BHEBBIX CKIIOHOB, SIBJISIIOTCSI CBAallHBIE 3arpa)ACHUS U
yAEpKHUBAIOLIME CTEHbl Ha CBalHBIX (¢yHAaMeHTaX. O(QPEKTUBHOCTb ITHUX COOPYKEHHM
OTIpEIeNIAETCS MPEXKIE BCEro MX YCTOMYMBOCTBHIO M IPOYHOCTHIO MPHU BO3ACUCTBUM HAa HUX CHJI
OTIOJI3HEBOTO JIaBJICHUSI.

6.2. J17151 HEKOTOPBIX MHKEHEPHBIX COOPYKEHHUH (Ha3eMHbIe TPYyOOIIPOBO/IbI HA CBAMHBIX OTIOPAX,
3CTaKaabl U Jp.) BO3MOKHO COXpaHEHHE MX Oe3aBapUHHOTO 3KCILTyaTallMOHHOI'O COCTOSHUSI U B
YCIOBUSAX HEMPEKPALAIOUINXCS OIOJI3HEBBIX MOJBUKEK, €CIU CBailHble OMOpPbhl WM KOJOHHBI
00TeKarTCs ONOJ3HEM IIPU COXPAHEHUH UX YCTOWYMBOCTH.

OOTekaHue OIOJ3HEM 3ariIyOJICHHBIX COOPYKEHHH BO3MOXKHO TOJIBKO TIPH OMPEIEICHHBIX
YCIIOBUSX, 3aBUCSIINX OT COCTOSTHUSI TPYHTOBOM MacChl OMOJI3HSL.

6.3. Ecnu 3armyOiieHHbIE COOpPYXKEHUSI pacCcMaTpuBaTh KakK MPENSTCTBUS HA MYTH JBUKCHHS



OTIOJI3HEBOI Macchl, TO CIEAYET OKUJAaTh, YTO CO CTOPOHBI HAIOJI3aHUsI OMOJ3HS Y 3ariy0JIEeHHOTO
COOpY)KEHHsI 00pa3yeTcsl YIUIOTHEHHAas 30Ha M3 HaloJ3alouiero rpyHra. JlanbHeiliiee ABMKEHUE
OTIOJI3HEBOI Macchl BBI30BET 00pa30oBaHKe MOBEPXHOCTEN CKOJIbKEHUS B YIUIOTHEHHOM 30HE.

CornacHO TeOpUH IPEIEIBHOTO PAaBHOBECHSI CBA3HO-CHIITYUYEHl CpeJibl CABUTOBbIE AepopMaluy B
o0JacTu npeaenbHO HaNpsKEHHOW cpeibl BCEr/ia MPOUCXO AT M0 ABYM CeMEeNCTBaM MOBEPXHOCTEN
CKOJIKEHHUS, pACHOJaraloluxcs CHUMMETPUYHO OTHOCHUTEIBHO  HANpaBJCHUS  IJIAaBHOTO
HaNpPsDKEHUS U TIepeceKaroluxcs Mex 1y co0oi o yriom

0 =90° —o. (45)

Puc.45. Cxema oOTekaHHs OMOJI3HEM OAWHOYHON CBaHHOM OMOPHI

CrnenoBaTenbHO, B Ka)KJIOM MOTIEPEYHOM CEYCHUU CBAMHOW OIMOPHI MM KOJOHHBI, 00TEKaeMBbIX
OTIOJI3HEM, Mpu3Ma OOTEKaHUsT MOXKET OBITh MPEACTAaBJICHA B BHUJE TpexrpaHHuka (puc. 45),
ONMPAIOLIETOCsl CBOMM OCHOBAaHUEM Ha CBaio, a OOKOBBIE I'PAHU €r0 MEPECEKaTCs MO YIriioM 0.
Ecim na OoOKkOBbIE TpaHM TakKOW TMPU3MBI TPWIOKEHA CHJIAa OIOJI3HEBOTO JaBJICHUS,
WHTEHCUBHOCTHIO AT, TO yCTIOBHE MPEACIBHOTO PAaBHOBECHS Ha ATHX I'PAHIX MOXKET OBITh 3aITMCAHO
B BHUJIC

ATd cos%ctg% = ATd cosgtggo +Cd ctg% ) (46)

rae d - JUIMHa OCHOBaHUS NpU3Mbl OOTEKaHHWs, paBHAs TUAMETPY IMONEPEYHOro CEYeHUs IpU
Kpyriiod ero ¢opMme WM JUIMHE CTOPOHBI HpU KBaApaTHOW (opMe MOMEpeyHOro CEeYEeHUs
3ariay0J€eHHOM KOHCTPYKLIUU.

6.4. [IporHo3 BO3MOXHOCTU OOTEKaHUS ONOJI3HEM 3arylyOJeHHBIX CBAWHBIX ONOP WM KOJOHH
MO>KHO TIPOU3BOJIUTH IO CIIEAYIOMIEH cXxeMe:
a) o0TeKaHne BO3MOKHO, €CITH

ATd cosgctgg>ATdcothgq0+Cdcth; (47)
2 72 2 2
0) o0TekaHne HEe BO3MOKHO, €CIIH
ATd cos%ctg% < ATd cosgtggo +Cd ctg% ; (48)

6.5. Ecmu cBaiiHyl0 Omopy WIM KOJOHHY B TMpeaeiax HX 3ariyOJIeHHOW YacTH CYUTaTh
a0COJIFOTHO JKE€CTKOM, a MPOYHOCTh UX Ha CPe3 OT JACHCTBUS OIMOJI3HEBOTO JIaBJICHUs 00eCIIeUYeHHOMH,
TO YCTOMYMBOCTh TaKUX KOHCTPYKIMI B YCIOBUSX OOTEKaHHUS UX OINOJI3HEM OYAET ONpPEleNsThCs
TOJIBKO BEJTMYMHOM 3ariayOsieHHs UX B MOJCTUIIAIOIIUN OMOJI3€Hb HEMOABWKHBIN rpyHT. [Ipu sTOM
3a 0e30MacHyl0 BEJIWYUHY 3aryyOjieHusl cleyeT IpUHUMaTh Ty, KOTOpas oOecredrnBaeT
Ipe/ieIbHOE PAaBHOBECHE ITUX KOHCTPYKIUH MpU AEHCTBUM HA HUX OIPOKU/IBIBAIOIINX CHJI.

6.6. PacueTHyro BeNMYMHY 3ariyOJeHHS] B HEIMOJBIDKHBIN TOJICTUJIAIONIMNA TPYHT CBaWHOU
OTIOPbI WJIA KOJIOHHBI MOKHO OTIPEAETUTh U3 PELICHUs] KyOMUYeCKOro ypaBHEHUS BUJA!

a4y Bygch® +[2P, 1=0, (49)

> wclah +1ay) = a P 1n® —[Rp(ayhy + ay))Vh —[2R7 +15h R B0



rAe h - pacyeTHas BEIWYMHA 3arTyOJICHUs CBAaWHOW OTOPHI B HETOJBIIKHBIN TOICTUIIAIOIINNA
rpyHT omoJi3HsA (puc. 46); h; - BepTUKAIbHAS MOIIHOCTH OIOJI3HEBOTO TEla B TOYKE YCTAaHOBKH
CBalHOM OMNOPHI WJIM KOJIOHHBI (OmpenersieTcss MO IUIaHy W30MOIMHOCTH ONOJ3HsA);, Rrp -
PaBHOAEHCTBYIOIIAs OIOJI3HEBOIO JABJICHUS Ha CBalo, orpeaessemas no gopmyie

Ry = AT'hy; (50)
AT' - ”HTEHCUBHOCTh BOCIIPUHUMAEMOM 9acTH OTIOJI3HEBOTO JIABJICHUS HA CBAlo, ONpeaeseMast
o ¢hopmyie
(AT sin & tgo + C)d cosf3
2 . 51
5 : (51)
2
AT - Benu4WHA OIOJI3HEBOTO JAaBJICHUS B TOUKE YCTAaHOBKHM CBaH, ONpeaesieMasl Mo IUIaHy

CWJIOBOTO II0JI1 OIOJ3HEBOIO JaBJE€HUA; d - JUAMETp IONEpPEeYHOro CEYEHUs CBau; a; -
k03¢ duLmeHT, onpenenseMbli o Gopmyie

AT =

h,tg

dy sin(45° + ‘pj cosp

a, = o (Q _E) (sin g + cosg tg(p}; (52)
2
a, - kKoapurment, onpenensiemslil mo Gopmyse
a, = cd(;osB : 53)
sin o~ B

Py - peakTHBHas cWia YIDIOTHCHHS TPYHTOB Ha TPAHUIE MEXKIY OIOJI3HEBBIM TEJIOM U
MOJCTHIIAIOIINM TpyHTOM (pHc. 46.a), onpenernsiemMast 1mo Ghopmyiie
P lyEO .
max 2 0
oo (54)
I=p,
Ey - monmyne oOmeit nedopmarii TPYHTOB MOACTHIIAIOIICH TOMIIU;, Mo - KOdQduimeHt
OTHOCHUTENIBHONW KOMIIPECCHOHHOM JedopMaryu I'pyHTOB MOICTHIIAIONICH TOMIHM; /, - BEIHMYMHA

OTHOCHUTENIbHOU AedopMaliy TpyHTOB Ha I'PAaHULE MEXAY OMOJI3HEBBIM TEJIOM U MOJCTUIIAIOIIEH
TOJIIIEH, 3HAYCHHE KOTOPOU MOYKHO OTPEICIIUTH 10 hopmysie

lyzl_y/ykp; (55)
Yip - KPUTHYECKAS INIOTHOCTh IPYHTOB MOJICTHIIAOIICH TOJIIH.

6.7. 3HaueHuWe KPUTUYECKOM IIJIOTHOCTU TPYHTOB PEKOMEHIYETCSl OIpeaeisaTh Jubo 1o
pe3ynbraTaM J1a00paTOPHBIX HCIBITAHUNM TPYHTOB Ha MPUOOpPE MHOTOIUIOCKOCTHOTO CIBUTA IMpU
Pa3IMYHbIX 3HAYEHUSAX YIUIOTHSIOUIEH HArpy3KHy, J1M00 4epe3 KpUTHUECKHUE MOPUCTOCTU IPYHTOB 110

bopmyie

Yy
—tga In Gl]’

Vip (56)

1+8Kp.1
IZIe )y - YICJIbHBIM BeC TPYHTOB; /g0 - KOI(PQUIMEHT, XapaKTEpU3YIOIUN HAKIOH KPHUBOW;
ep=f(Inc) k ocu abcuucc; o - YIUIOTHSIOLIIEE [aBJIECHUE, COOTBETCTBYIOLIEE JaHHOMY
HAIps>KECHHOMY COCTOSHHIO I'PYHTOB; Exp.1 - KPUTHYCCKasd IMOPUCTOCTb I'PYHTA IPH YIINIOTHAIOIICM

JABJICHUH, PABHOM 0
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Puc.46. Cxema k pacueTy BEJIMYMHBI 3arTyOICHUS CBAMHBIX OIOP B HEMOABIIKHBIN MOICTHIIAIOIINNA OMOJ3¢Hb IPYHT



6.8. CpaiiHple 3arpaxAeHUs, MpeAHAa3HAUYEHHbIE [UIS IOJHOTO YIEpXaHUS OIOJ3HEBOTO
CMEILEHHUS, JOJDKHBI Y0BIETBOPSTH IBYM YCIOBUSM:

1) kaxnas cBas 3arpaJUTeNbHOTO psjia JODKHA CONPOTHUBIATHCA OMPOKUIBIBAIOLIEH CHIIE
OTIOJI3HEBOTO JIaBJICHUS;

2) paccTOsSTHUE MEXKJAY COCEIHUMHU CBasiMU B Psly JOJDKHO OBITh MPHUHATO TAaKUM, YTOOBI
UCKJIIOYUTH MPOCAYMBAHUE OTIOJI3HEBOM MaCChl MEXIAY HUMHU.

6.9. B 3aBucumoctu OT (U3MKO-MEXaHUYECKOTO COCTOSIHHUS TPYHTOB OIIOJI3HEBOW MAaccChl
CBaliHbIE 3arpakJICHUs Ha OMOJ3HAX MOTYT ObITh OJHOPSAHBIMU U MHOTOPSAHBIMHU.

6.10. Pacuer BenuuuH 3ariayOjieHHs KaKJ0il CBau B 3arpaJUTEIbHOM PALY BBIIOJIHSETCS I10
METOJIMKE, N3JI0KEHHOM B 1. 6.6 HacTosmiero PykoBocTaa.

6.11. PaccrosiHMe Mexay cBassMM B CBailHOM 3arpakJ€HUHM JIOJDKHO OBITh pacCUUTaHO Tak,
4YTOOBl yJEP’KUBAIOIINE CHJIbI, BO3HHUKAIOUIME Yy KaxaoW ymioTHeHHOH 30Hbl ABC/[ (puc. 47),
MIPEBOCXOIUIIN CYMMAapHYIO CHIy OI0JI3HEBOrO /laBieHus, JeMCTBYIOLIET0 Ha KaX Iyl CBalo.

U3 puc. 47 cienyert, 4To A5 MPEIETBHOIO CiIydasi MOKHO 3aIllicaTh

ATS, = (AT, sin%tg(p + C}i ctggh , (57)

rae AT - BeTUYHHA OTOJI3HEBOTO JIABJICHHMS, IMPUXOIAIIASACA HA SAWMHUITY ITUTOMAJAN B 001acTu
ABC/] (puc. 47); S| - miomaas aKTABHOW 30HBI OMOJ3HA MEXKIY COCEAHHUMHU CBasMH B PsIY,
3HAYEHHE KOTOPOM, COTIIACHO pHC. 47, MOXKET OBITH OTIPEIeTICHO 1O (hopmyIe:

d(l—sinzﬁ)

1 , 1

S, :E(ll -1 )b :5(211 _d)'—ez; (58)
2s1n§

[} - pacCTOsHME MEX/y COCCIHHMMHU CBasIMH B psiny; d - IuaMeTp MOMEPEevHOr0 CEYCHHs CBau;
6=90°-¢.

[ToncraBus 3Hauenue S; u3 (58) B (57) u pemuB paBEHCTBO OTHOCUTEIHLHO MCKOMOW BEITMYUHBI
[}, momydnm

0
l, =2htg=tgp+ ——F~ +—cos—.
] 2 AT, cosg 2 2 (59)

S
oy
AY ._.......nl...._.j__._._.

Puc.47. K pacucTy pacCTOAHUA MCKAY CBAAMU IIPU OJHOPATHOM CBaliHOM 3arpaxJacHuu



Puc.48. Cxema pacdyera MHOTOPSITHOT'O CBAHHOTO 3arpax<ICHUS

6.12. IIlpu MHOropsAHOM CBallHOM 3arpaXJIeHUU CBau B IUIAHE JOJDKHBI OBITH pa3MEIIeHbl B
maxmaTHOM nopsake (puc. 48). Pacuer paccTosHUS MKy CBastMM MOXKHO IPOU3BOJIUTH U B 3TOM
ciydae 1o (opmyne (59), HO 3HaAYCHHE OTOJ3HEBOTO [ABJICHUS, BOCIPUHUMAEMOTO CBasIMHU
MOCJIEAYIOIUX PSI0B, JOJDKHO OBITh OMNpEAEIeHO KaK pa3HOCTb MEXAY CyMMapHOM CHJION
OTIOJI3HEBOT'O JABJICHMSI MEXAY CBasiMU 1-TO psja U yJIep>KUBAIOIIMMHU CHIIaMU, BO3HUKAIOLUIUMH Y
KaXKJIOM CBau MpeIbIAYIIUX PAIOB.

Tak, Hampumep, 3HAUEHUE OIOJI3HEBOIO MJABJICHUS MEXKIY CBasMU 2-rO0 psjla MOXKET ObITb
ompeneneHo no hopmyie

AT,S, = ATS, - (AT, sin%tg(p + C}i ctg% , (60)

rac ATZ - BCJIMUKWHA OIIOJIBHCBOTO JAaBJICHUA, IPUXOAAIICTOCA HA CAUHHULY IIJIOIAAN B aKTUBHOU
30HE 2-TO psAJia CBATHOTO 3arpaxiacHus; S, - TUIOMA b aKTHBHOM 30HBI OTIOJI3HSI MKy COCETHUMHU
CBasIMU 2-TO pAaa 3arpakJacHus.

6.13. IlpuMeHeHune CBafHOTO 3arpakJIeHUsl B KAYECTBE COOPYKEHHS [UIsl IOJIHOM cTabuiau3auuu
OTIOJI3HEBOM MOJBMKKH BO3MOKHO HE BO BCEX CIIyYasiX.

Ecnau onos3HeBas macca IPEACTABIICHA PHIXJIBIMU OTJIOKECHHUSIMHM TEKy4ed KOHCHCTEHIIMH, TO
yaepKaTh TaKyl0 Maccy CBalHBIMU 3arpa’kJICHUSMH HE IMPEACTaBISETCS BO3MOXKHBIM. J[is aTux
ciydyaeB Ooisiee 3((EKTUBHBIMU OKaXyTCSl BO3BEJICHUE YJCPKUBAIOLIUX COOPYKEHUH B BUJIE
CBATHO-TIAHEJIbHBIX CTEH.

6.14. KoHCTpyKIIUSI pPEKOMEHIYEMOW CBalHO-TAHEIBHOW YIEp)KUBAIOUIEH CTEHBI COCTOUT U3
KeJ1e300€TOHHBIX TaHEJIbHBIX CTEH U YIIOPHBIX CBaHBIX cTOEK (puc. 49).

[lanenbHbIE CTEHBI, 3ariyOJI€HHbIE 1O MOBEPXHOCTH CKOJIBKEHUSI OIOJI3HS, BOCIPUHUMAIOT HA
ce0s aBJeHHE HAIOJ3aI0LIeil OMOJI3HEBONW MACChl, a CBallHbIE CTOMKHU IPEIOXPAaHSAIOT IMaHEJIbHBIE
CTEHBI OT OPOKHUIbIBAHHUS.

6.15. PacyeT yCTOMYMBOCTH TaKOW KOHCTPYKIIHS yACP>KUBAIOIINX CTEH HA OTIOJI3HSIX BKITIOYAET B
ce0s ompeeNeHne yCTOMYUBOCTH YIOPHBIX CBAaWHBIX CTOEK, ONpeAeIeHUE MPOYHOCTH MaHEIbHbIX
IUIUT HAa W3rM0 U OIpe/eleHHe BEPTUKAIbHOM BBICOTHI MAHEIBbHOM CTEHBI, HCKIIOYArOIIeH
IIEPENOJI3aHuE OMOJI3HEBOM MACCHI Yepe3 Hee.

B cooTBeTCTBHM € 3TUM pacyeT YCTOMYMBOCTH YAEPKUBAIOLIEH MAHEJIbHOW CTEHbI HA OMOJI3HAX
BBITIOJTHAETCS B CIEAYIOLIEH ITOCIIEN0BATEIIBHOCTH:

a) Ha IUIaHEe CUJIOBOTO I0JI ONOJ3HEBOI0 JaBJICHUS MPOCKTUPYIOT OCh YACPKUBAIOLIEH CTEHBI U
CTPOSIT SIIOPY OMOJI3HEBOTO JIABJICHUS TI0 ATOMY cedeHuIo (puc. 50);

0) mnoaduparoTCs THUIOPAa3MEphl TMAHENbHBIX IUIMT M KOHCTPYKLUU CBaWHBIX CTOEK,



COOTBCTCTBYIOIIMEC YCTAHOBJICHHBIM 3HAYCHUAM OIIOJIBHCBOI'O JAaBJICHHA W BCPTUKAJIBHBIM
MOIIHOCTAM OIIOJI3HEBOT'O TECJIA,

Inonareboe
meno

fodernunarowud
epyHm

Puc. 49. Cxema KOHCTPYKIIMU CBaHO-TTaHETBHON yIep KUBAIOLIEH CTEHBI
1 - maHenbHBIE IUIUTHI; 2 - OIOPHAs CBast

Puc.51. Cxema K omnpe/ie/ieHHIo KOJTMYeCTBa YIIOPHBIX CTOEK Ha CBalHO-TIaHENIbHOM CTEHE
1 - KOHTYp OMOJN3HS; 2 - MaHeIbHAs CTCHA; 3 - YIIOPHBIE CBaM; 4 - OCh TPyOOIIpOBOIa

ATi4y

Puc.52. Cxema k ompeneneHno BeTMYNHbI OIIOI3HEBOI0 1aBJICHUS, BOCIPUHIUMAEMOr0 KaX10M YIIOpHON CTOMKON



B) ONPEICIIAIOT HEOOXOAMMOE KOJIMYECTBO YHMOPHBIX CBAWHBIX CTOCK Ha 3alPOCKTHPOBAHHOM
YYACTKE YACPKUBAIOLIEH CTEHbI U MECTa UX YCTAHOBKH. ECIM IPeayCMOTPETh YCTAaHOBKY YIOPHBIX
CTOCK B MECTAaX CTBIKOBKHU IMAHCJIBHBIX IIJIMT, TO KOJUYCCTBO YIIOPHBIX CTOCK B YIlep)I(HBaIOHIGfI
CTEHE MOKHO OTIpenenuTh 1o dopmyiie (puc. S1):

m=§+1, 61)

rae L - o0mast niuHa i yAePKUBAIOIICH CTCHBI B IJIaHe; / - JTMHA TaHEIbHOM TUIUTHI:

I) 1O DIIOpPe OIOJI3HEBOTO JAaBJCHUS OMNPECSISIIOT BEIUYMHY OTIOJI3HEBOTO JIABJICHHS,
BOCTIPUHUMAEMOTO KKJIOW YIIOPHOUW CTOUKOM, 1o Gopmyiie (puc. 52):
, (AT, +2AT + AT, )
ATi — i i i , (62)
6
rae AT; - BeIMYMHA OTOJI3HEBOTO JABJICHUS B TOYKE YCTAaHOBKHU i-M CTOWKHU; AT, - TO ke, B
TOYKE YCTAaHOBKH IpeAbIAyIel CTOWKH; AT} - TO K€, B TOUKE YCTaHOBKHU IOCIENYIOLIEH CBaliHON
CTOMKU,;

1) IO METOJIUKE, U3JIOKCHHOM B 1. 6.6, ONIPENETSAIOT YUCICHHOE 3HAYCHHE PACUETHON BETUMYUHBI
3ariay0JsieHusl CBalHBIX CTOEK B HEIOJBIKHBIN MOACTUJIAIOIIMM IPYHT OMOJI3HS, 0OecreurBaroiei
[IpeIOXpaHEeHHE YIEPKUBAIOIIEH CTEHBI OT ONPOKUIbIBAHMUS;

€) ONIPENENIIOT BEPTHUKAIbHYIO BBICOTY MAHENIbHOW CTEHbI, HMCKIIIOYAIOUIYI0O BO3MOXHOCThH
MePEnoJI3aHusl €e OMoJa3HeM cBepxy (puc. 53), mo hopmyse

. AT(cosg —sin gtg(p)sin %

’ 63
cos— lthcos(g+BItg@+tg(j] +C(p (63)

2 X
CoS 4

rje h, - BepTUKaJlbHas MOIIHOCTh Onoj3HeBoro Tena B ceueHuu EJI (puc. 53); f - yron nanenus
MIOBEPXHOCTHU CKOJIBKEHUSI OIOJI3HS B TOYKE YCTAaHOBKM CBailHON croiiku; A7 - BelUYUHA
OTOJI3HEBOro JamieHusi B ceueHuu EJI, ompenensemas mo IuiaHy CHUJIOBOIO TOJISL OINOJI3HEBOIO
nasienus; 0=90°-¢; ¢ u C - yroj BHyTPEHHEr0 TPEHHS U CLEIJICHHE IPYHTOB OIIOJ3HEBOM MacChl.
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Puc.53. K pacuety BepTUKaIBHOI BBICOTHI yE€p>KHUBAIOIIEH TaHEIbHOM CTEHBI Ha OMOJI3HIIX
1 - MOBEPXHOCTH OMOJI3HS TOCIIE CTA0WIN3ALNK; 2 - HICXOAHOE MOJIOKEHNE TOBEPXHOCTH OIOJI3HS; 3 - MOBEPXHOCTH
CKOJIBKEHUS! OTOI3HS

7. OBECIIEYEHUE YCTOMYUBOCTHU I'OPHBIX CKJIOHOB

7.1. 3amura HHKEHEPHBIX COOPYKEHUH, II0JIBEPTAEMBIX PA3PYILIECHUIO B PE3yJbTaTe OMOI3HEBBIX
MOJBIKEK, MEPONPUITHSIMM, OINHCAHHBIMU B MPEIbIAYHIEM pa3jesie, BCEerja COIMNPSHKEHO C
OOJIBIIMMHU 3aTpaTaMyd BPEMEHH U CPEACTB, O3TOMY Mepe]] HayaJloM CTPOUTEIHCTBA MHXKEHEPHBIX
COOPY)KEHMH B OINOJ3HEBbIX pailloHax clieyeT CYUTaTh IeJecO00pa3sHbIM IPOU3BOJIUTH
MIpEeIBAPUTENIbHYI0 MH)KEHEPHYIO MTOATOTOBKY TEPPUTOPHIA.

7.2. OnHuM U3 3(pPEKTUBHBIX METOJOB WHKEHEPHOU MOATOTOBKH ONOJI3HEOMACHBIX YYaCTKOB
II0J] 3aCTPOMKY SIBJISIETCS INEPEINIAHUPOBKA IOBEPXHOCTH OIIOJI3HEBOIO CKJIOHA 10 YCTOWYMBOTO
COCTOSIHUSL M TPOBEACHHUE MEPOINPHUAITUIA IO OrpPakJEHUIO OIOJ3HEBOTO ydacTKa OT MpPUTOKa
MTOBEPXHOCTHBIX U TPYHTOBBIX BO/I.

7.3. Cyrp MeTOJa BEpPTHKAIbHOM IUIAHUPOBKU TIOBEPXHOCTH OIOJ3HSA JO YCTONYHMBOIO
COCTOSIHUSL COCTOMT B TOM, YTO Ha OIIOJI3HEBBIX YYacTKaxX IPOU3BOJUTCS IEeperIaHMpOBKa
CYIIECTBYIOIIEH IMOBEPXHOCTH /0 YCTOWYMBOW ITyTEM NEPEMEIIECHHS] TPYHTOBOM MacChl U3 30HBI
AKTHBHOT'O OIIOJI3HEBOTO JIABJIICHHS B 30HY NMAaCCUBHOIO CONPOTHUBIICHUS, T.€. B 30HE AKTHBHOIO
OTIOJI3HEBOI'O JABJIEHUS MCKYCCTBEHHO YMEHBIIAETCSI MOIIHOCTH OIOJI3HEBOTO TEJla IIYTEM CPE3KH
IPYHTOB, a B IACCUBHOW 30HE YBEJIMYUBAIOT €0 MOIIHOCTb ITyTE€M HACBINKH T'PYHTA.

7.4. Jlng cocTaBlieHUsl NPOEKTa BEPTUKAJIBHOM IMJIAHUPOBKU MpPEIaraéMblM HAMH METOJO0M
HE00X0IMMO, UMETh CJIEYIOLIUE UCXOIHbIE MaTepHaIb:

a) KpynHoMmacmTaOHbIi Tonorpadudeckuid mian (1:500, 1:1000), Ha KOTOpPOM HOKHBI OBITH
HAHECEHbl KOHTYpP OIIOJI3HS, IHPOEKTUPYEMble WH)KEHEPHbIE COOPY)KEHHMsI U pPa3BEJOYHBIE



BBIPaOOTKH;

0) IUIaH TOBEPXHOCTU CKOJBKEHHUS OIOJ3HS, IOJIYYEHHBIH B pe3ylbTaTe HWH)KEHEPHBIX
M3BICKAHU;

B) (pU3HKO-MEXaHUUECKUE XapaKTEPUCTUKHU I'PYHTOB (¢, C, ¥), COOTBETCTBYIOLIUE €CTECTBEHHBIM
YCIOBHSIM B 30HE CABHMIa ONOJ3HS (B 30HE KOHTAKTa OIOJI3HEBOTO Tejla C IOACTUIAIOLICH
MTOBEPXHOCTHIO).

7.5. T'padoaHanuTuyeckue ONepauuud IpU MPOEKTUPOBAHUM BEPTUKAJIBHON IJIAHUPOBKU
MOBEPXHOCTH  ONOJI3HS /10  YCTOMYMBOIO  COCTOSIHHS  BBINOJHAIOTCA B ClEQyHOLIEH
MIOCJIEI0BATEIbHOCTH:

a) pa30MBAIOT OINOJ3HEBOE TEJIO Ha ps AJIEMEHTapHbIX KBaJApaTHbIX MHpu3sM. Ha mane
MOBEPXHOCTU CKOJBKEHUS OMNOJI3HS (puc. 54) oHM u300pakeHbl B BUAE CETU KBaJpaToB,
MTOKPBIBAIOIIUX BECH OMOJI3HEBON KOHTYP;

0) B KaXIOW MpHU3ME OIpPEAessSOT 3HAYEHMs YIJIOB IaJIEHUS TOBEPXHOCTH CKOJIBKEHHS I10

bopmyre
1gf=hy/d, (64)

rae hp - BbICOTa CEYEHHsS] TOPU3OHTAJIE Ha IUIAaHE MOBEPXHOCTH CKOJBXKEHHS OMON3HS; d -
3aJI0’KEHHE MEX]1y TOPU30HTAIISIMU;

B) JUISl KaXJOW DJIEMEHTapHOM HpPHU3Mbl BBIUUCISIOT IPOEKTHHIE 3HAYEHUS BEPTUKAIbHON
MOIIHOCTH OIOJI3Hs, OOECIeYMBAIOIEH B. KaXKAOH NpHU3Me 3aJaHHBIM 3amac yCTOWYMBOCTH.
VYuuTeiBasg, 4YTO B KaXJOW IPU3ME 3amac yCTOMYHMBOCTH OIPENEISAETCS KaK OTHOLIECHUE
YAEPKUBAIOUICH CHIIBI K CABUTAIOIIEH CUJIC, 4 YACPKUBAIOIUE U CABUTAIOIINE CUIIBI, CO31aBAEMBIC
BECOM IPU3MBbI, MOTYT OBbITh OIIpeAEIeHBI 0 (popMysiam:

T,y =hyScos Bigp'+ C'S;

(65)
T., =hySsin 3,
3ariac YCTOI\/’I'-II/IBOCTI/I Ka)K)IOI\/’I IMPU3MbI MOKHO IIPEACTABUTh BBIPAXKCHUCM
:hyScothg¢+CS (66)
Y hy Ssin 8

rAe h - BEpTUKaJIbHAS MOIIHOCTH OIOJI3HS B AJIEMEHTApPHOW MpH3MeE; S - IJIOMIaab OCHOBAHMS
AJIEMEHTAPHOU MPU3MBI; ff - YTOJI TQJCHHUS TTIOBEPXHOCTH CKOJIBKEHHS B AJIEMEHTApPHOU TIPU3ME.

Ecim B ¢opmyne (66) 3amaTbCsi 3HAUCHMEM 3amaca YCTOWYMBOCTH 7, TO, PEIIUB €€
OTHOCHTEIIEHO /A, MOKHO HAaWTH 3HAYCHHE IMPOCKTHOW MOIIHOCTH OIIOJ3HS, 00ecreunBaronien
3aJaHHBIH 3a1ac yCTOMYMBOCTH, 10 hopmyIie

C!
- y(n, sin B — cos Btgyp’) '

By (67)
rae y - OOBEMHBIH BEC TPYHTOB OIOJI3HEBOW Macchl B dJieMeHTapHOW mpusme; ¢’ u C' - yrou
BHYTPEHHETO TPCHHS U CIICTUICHUE TPYHTOB TI0 TOBEPXHOCTH CKOJIBKEHUS OTIOJI3HS;

I') BBIUMCJICHHbIE 3HAYEHUS! MPOEKTHBIX MOIIHOCTEH OMOJ3HS BBIMCBHIBAIOT B LIEHTPE KaXKIOIO
KBaJipaTa, n300pakaroluX Ha IUIAHE OCHOBAHUS KaXKJJOM 31IEeMEHTApHON IPU3MBI, U, IPUHSB UX KaK
YHUCJIOBbIE OTMETKM, Ha IUJIaHE CTPOSAT H30JMHUU PABHBIX IMPOEKTHBIX MOIIHOCTEH OIOJI3HS,
KOTOPBI Ha3bIBAETCS IUIAHOM MPOEKTHOW M30MOIIHOCTH OMOJ3HSA (puc. 54);
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Puc. 54, N30n1Hus NOBEPXHOCTH CKOJBKEHUS
777~ - (1) ¥ IPOEKTHOM MOIIHOCTH ¢~~~ - (2) OMOJI3HEBOTO Y4acTKa

-

1) METOJaMH, U3BECTHBIMU U3 Kypca FOPHOM T'€OMETPUH, BBINOIHIIOT Ipaduyeckoe CloKeHHe
MMOBEPXHOCTH, MPOCKTHOH HW30MONIHOCTH W TOBEPXHOCTH CKOJBKCHHS OINOJI3HA. B pesynbrare
ATOTO TMOJIy4al0T HOBYIO TIOBEPXHOCTH TOMOTPAapHUECKOTO TMOpsAKa, KOTopas u300pakaer
YCTOWYHMBYIO NMPOEKTHYIO MOBEPXHOCTH OMOJI3HEBOTO Teja C 33JaHHBIM 3aI1acOM YCTOHYUBOCTH 71,
(puc. 55);



Puc. 55. T'opuzoHTaIN TOMONOBEPXHOCTH U M30JIMHUU TIPOEKTHOM MOBEPXHOCTU OTOI3HS
N« —=“-1 - TOPU3OHTAIH TOTIONIOBEPXHOCTH; -2 - U30JUHUU NMPOESKTHON MOBEPXHOCTH

€) COCTaBJIAIOT MPOEKT BEPTUKAIbHON IIAHUPOBKH CYILECTBYIOIIEH MOBEPXHOCTU OMOJ3HS O]
YCTOWYMBYIO MPOEKTHYIO. {151 3TOro, COBMECTUB 1O KOOPAUHATHBIM CETKaM IUIaHbI IPOEKTHOU U
CYLIECTBYIOIIEH MOBEPXHOCTU OIOJI3HEBOTO Tela, MPOU3BOJAT Trpapuueckoe BBIYUTAHHE STHX
MoBepXHOCTEH. B pesynpTaTe 3TOr0 MoJiyyaroT HOBYIO MOBEPXHOCTh TONOTpadUyYecKoro mopsjaka,
M300paXaromlyro IJIaH HU30JUMHUM PaBHBIX pabOYMX OTMETOK. DTOT IUIaH U SIBISIETCA MPOEKTOM
BEPTUKAIbHON IMJIAHUPOBKU CYLIECTBYIOIIEH MOBEPXHOCTH OIOJI3HS O] YCTONYHUBYIO MPOEKTHYIO
MMOBEPXHOCTH (pHC. 56).
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Puc.56. N3oauHnn pabounx OTMETOK P BEPTUKAIBHOW TNIAHUPOBKE MOBEPXHOCTH OIOJI3HS 110l YCTOWYHBYIO
MIPOEKTHYIO IIOBEPXHOCTh

7.6. Jna 1npoBeAeHHUs BEPTUKAIbHOM IUIAHUPOBKM IOBEPXHOCTH OIOJI3HS, COTJIACHO
COCTaBJIEHHOMY IPOEKTY, HEOOXOJMMO BBITIOJHUTH CIEAYIOIINE paOOTHI:

a) COCTaBJISIIOT pa30MBOYHBIN UepTeX JJs BBIHOCA LIEHTPOB KBAJPATOB 3JIEMEHTAPHBIX MPU3M C
IIJIJaHA B HaTypy;

0) MeTolaMu, H3BECTHBIMH U3 Kypca HMH)KEHEPHOM TIeoJie3UuH, BBIHOCAT M 3aKpPEIUISIOT
KOJIBIIIKAaMU HEHTPBI KBAJPATOB AJIEMEHTAPHBIX IPU3M;

B) 1O IUJIaHY M30JWHUN pabodMx OTMETOK (CM. pUC. 56) OmpenessioT YHMCICHHBIE 3HAYCHUS
paboynx OTMETOK C COOTBETCTBYIOIIMMHM MM 3HaKaMU W BBIINUCBHIBAIOT HMX HAa KOJBILIKAX,
3aKPEIUICHHBIX B LIEHTPaxX KBAaJAPATOB 2JIEMEHTAPHBIX IIPU3M;

r) mo paboyuM OTMETKaM, BBIIMCAHHBIM Ha KOJIBIIIKAX, MPOU3BOAMUTCSA IEperlaHupOBKa
MOBEpXHOCTU onoJ3HA. HoBasg moBepXHOCTb, IMOJy4Y€HHas B pe3ylbTare »3TOro, OyAer
PaBHOYCTOMYMBOM BO BCEX TOUKAX C 3aJaHHBIM 3al1aCOM YCTOMYMBOCTH.

7.7. BplIeONUCaHHBIA METOJ BEPTUKAIBHOM IUIAHUPOBKM IIOBEPXHOCTH OIIOJI3HA  JI0-



YCTOWYMBOTO COCTOSIHUS IMPUMEHUM JJIsl T€X CIy4aeB, KOTJa rOJOBHAsl YacTh OMOJ3HS MPUMBIKAET
HEMOCPEJCTBEHHO K BEPIIMHE FOPHOTO CKJIOHA M MO3TOMY HCKJIIOYAEeTCs BO3MOXKHOCTh IMOAPE3KH
CKJIOHA IIPU CPE3KE IPYHTOB B aKTUBHOM 30HE OIOJI3HS.

7.8. B Tex ciaydasx, KOrja ONMOJ3HEBOM yYaCTOK 3aXBaThIBAE€T CPEIHION WJIM HIKHIOK 4YacTh
TOPHOTO CKJIOHA, MEpPEMEIIEHHE TPYHTOB U3 aKTHBHOW 30HBI OMOJ3HS B IACCUBHYIO 0053aTElIbHO
BBI30BET IMOJIpE3Ky TOPHOTO CKJIOHAa B TOJOBHOM YacTH OMOJ3HS, TJe, KakK IpaBuHio,
MIPUYpPOUYMBACTCSl aKTHUBHAs 30Ha omnoi3HA. llogpeska TopHOro ckiioHa HEM30EKHO BBI3OBET
pa3BUTHE HOBOI'O OIOJ3HEBOTO MPOIECCa Ha MOIPE3aHHOM CKIIOHE.

CnenoBarenbHO, B 3TUX Cily4asX [EpPEIUIAHUPOBKA IMOBEPXHOCTH OIOJ3HS 10 YCTOMYHMBOTO
COCTOSIHUS JI0JDKHA OBITh 3alIPOEKTHPOBAaHA TaK, YTOOBI UCKIKOYUTH CPE3KY TPYHTOB B I'OJIOBHOM
YacTHU aKTUBHOM 30HBI OMOJ3HA. DTOT0 MOKHO JJOOUTHCS, €CIIM YBEJIMUYHUTH OMOJI3HEBOE JIaBJICHUE B
MaCCUBHOM 30HE Ha BEJIMYMUHY, 00ECIEYMBAIONIYI0 KOMIICHCAIMIO M30BITKA aKTHBHOTO JABJICHUS
IyT€M HACBINKH IPYHTA TOJHKO B MAaCCUBHOW 30HE, OCTaBUB HETPOHYTOW MOBEPXHOCTH OIOJ3HS B
AKTHBHOM 30HE.

7.9. IlpoexkTupoBaHUE BEPTUKAIBHOM IIJJAHUPOBKU ITOBEPXHOCTH OIIOJI3HA N0 YCTOMYUBOIO
COCTOSIHUS B 3TOM CJIy4ae BBIIOJIHSAETCS CIEAYIOIINM 00pa3oM:

a) Ha IJIaHEe U30MOIIHOCTH OIOJI3HS, OJYYEHHOM METOJIOM, OIMCAaHHBIM B II. 5.6 «0» (cM. puc.
32), pa30buBalOT CeTh KBaJpaToB, MOKPBIBAIOIIMX BECh OIOJI3HEBONW KOHTYpP M IPEICTaBIISAIOIINE
co00i1 rOpU30HTAJIbHBIE MPOEKIMH JIEMEHTAPHBIX MPHU3M, Ha KOTOpbIE pa3OUTO BCE OIMOJI3HEBOE
TEJO;

0) Mo IUIaHy MOBEPXHOCTH CKOJIbKEHHUS Omoi3Hs (cM. puc. 31) ompenenstoT 4YucCICHHbIE
3HAYEHUS YIJIOB IaJICHUS TOBEPXHOCTH CKOJIBKEHUS £ B KOKJOM KBaJlpaTe 3JIEMEHTapHbIX IPU3M,
a 10 TUIaHy U30MOIIHOCTU OMOJ3HA (CM. pHC. 32) ONpenestoT 3Ha4YeHUs] BEPTUKAIbHON MOILHOCTH
OMOJ3HSA /1 B LEHTPE KaXJO0ro KBaJpaTa 3JIEMEHTapHbIX MPU3M. MeToauka ONpeleleHUus STHX
BEJIMYUH ONHKCAHA B II. 5.6 «1»;

B) JUISl KaXJOW B3JEMEHTAPHOW MNPU3Mbl BBIYMCISIOT 3HAUEHUS IMPUBEJCHHOIO OIOJI3HEBOIO
JaBJieHUs 0e3 yyeTa, peaKTUBHBIX CHJI COCEIHUX MPU3M IO GopmyIie

AT = hy(sin B —cos Btgp')—C'; (63)

I') BbIIMCAaB B LIEHTPE Ka)KJIOTO KBajpaTa BbIYMCICHHbIE 3HaueHUs AT M HpUHSIB HUX Kak
YHCJIOBbIE OTMETKH, CTPOST IJIaH M30JMHUM PABHBIX OMOJ3HEBBbIX AaBieHui (puc 57). Ha stom
IUIaHE YEeTKO BBLAEISAIOTCS 30Hbl AKTUBHOTO M IACCHUBHOTO OINOJI3HEBOTO JaBJIEHUH, KOTOpHIE
pa3aenoTCs U30JMHUSAMU C HYJIEBBIM 3HaY€HHEM OIOJI3HEBOT'O JAaBJICHNUS;

1) ONIPECIIAIOT OOIIUI 3a1mac yCTOMYUBOCTH OIOJI3HEBOTO CKJIOHA T10 (hopMyIie

_ 2T o

y - )
2T

6) 3a1aBIINUCh 3HAYCHUEM 3alraca YCTOI\/'I‘II/IBOCTI/I CKJIOHA, OIPCACIAIOT MNPOCKTHOC 3HAYCHUC

CYMMBI ITAaCCHUBHOT'O OIIOJIBHEBOT'O OAaBJICHUA, O6€CHC‘II/IBaIOHICFO 3aJIaHHBIM 3arac }’CTOI\/'I‘II/IBOCTI/I
BCEIr0 OITIOJI3HEBOI'O CKJIOHA.

n (69)

n_
2(=AT)=n(+AT;) (70)
rae (+AT;) - cuibl ONOJI3HEBOTO JABJICHUS, CO3/1aBa€Mble JIEMEHTAPHBIMU NPU3MaMU aKTUBHOM

30HBI; 1’y - YCTOWYMBOE IIPOEKTHOE 3HAUCHHE 3aI1aca yCTOMYMBOCTHU ONOJI3HEBOIO CKIIOHA;

) ONPENENIAIOT CYMMY JOIOJHHUTEIHLHOIO OIOJI3HEBOTO JaBJCHHUS, KOTOPOE HEOOXOIUMO
CO31aTh B MTACCHBHOMW 30HE OMOJI3HS, 10 (GopmyIie

> AT, =3(- AT')-X(- AT,); (71)

(-AT;) - cuibl ONOJ3HEBOIO JABJIEHUS, CO3JAaBaeMbl€ AJIEMEHTAPHBIMU MPU3MAMU MacCCUBHOMU
30HBI;



3) TPOEKTHOC 3HAYCHHWE OIIOJI3HEBOTO JABJICHUS B KAXKIOW NIpPHU3ME IACCHBHOW 30HBI
omnpenessieTcs mo Gpopmyie

Y AT = AT, + ATy, (72)

rae ATy; - TOTOJHUTENbHOE 3HAYE€HUE OIOJI3HEBOTO JIABJICHUS HA KAXKIYIO MPU3MY IMaCCUBHOMU

30HBI, 3HaU€HUE KOTOPOrO MPU PaBHOMEPHOM paclpeesieHUU HACBIIIKM HAa BCIO IACCHUBHYIO 30HY
MO>KHO OIPEAEIUTh 10 hopMmyIie

ATy, = Y(-AT")-X(- AT)) (73)
m

m - KOJIMYECTBO 3JICMCHTAPHBIX ITPHU3M B ITACCUBHOM 30HE OITIOJI3HA,

a 0 i} 2 d e » 3
=
/] 05| op | ~d
\ g 2,0 3,5\ "-J&.___ 4 1 —--.\
~.
: : . \ N
& 2,2 294§ g% g7

N\
g7 | 09 | 05 | 69 | 43 )w\

=004 03| ‘04 | -43 w/ ~az‘
(, T~ ( \

N
\)(ZD# 0,9 \'0,3 03 |67

.,._g,m ..‘0'5 ‘QL '0:7 b\ az
\ 4\

09 | AR B4 | 02 [N\62 \w

\
|
I
|
!
N | AN
08 | -07 |08 X’M“@Q 03 ,,
-
|

Aw
‘)
ﬂ
L= .
i
L9
Qo
4
ey
1
K
0
S
-

-

N
P




Puc.57. OKOHTypI/IBaHI/Ie 30H MAaCCMBHOI'O OIIOJIBHEBOI'O JaBJICHUA Ha OIIOJI3HCBOM YYaCTKE

1) Ha ocHOBaHMUU (hopMyJibl (68) MOKHO HANMKCATh, YTO

AT = hy,y (sin B; = cos fiigp") - C, (74)

rze hy, - IPOEKTHOE 3HAUYEHUE BEPTUKAIBHOM MOIHOCTH OIOJI3HS B LEHTPE KaKIOro KBajapara
JJIEMEHTApHOW NpU3MBbl B IIACCUBHOM 30HE OIMNOJ3HS, oOOecrneyuBaroliee 3a/JaHHBIM 3amac
YCTOWYHUBOCTH.

Torma s KaIOro LEHTpa 3JIEMEHTApHOW NpU3Mbl B IaCCHBHOM 30HE OIOJI3HS MOXHO
HaIlUCaTh

_ AT +C .
P y(sin B; —cos P;tgp") '

K) BBIIKCAB B IIEHTPE KaKJOr0 KBaJpaTa acCCUBHOM 30HbI OIOJI3HS BBIYMCICHHbIE 3HAUYCHUS /1y
U MPUHSAB UX KAaK YHCIOBBIE OTMETKHU, Ha IJIAHE CTPOSAT U30JIMHUM PABHBIX MPOEKTHBIX MOIHOCTEH
ONOJI3HS B Ipelenax MacCUBHOM 30HBI (puc. 58). OTOT rpaduk sBISETCS ILIAHOM YCTONYMBON
M30MOIIHOCTH OTOJI3HS B TACCUBHOM 30HE;

J1) BBIMOJIHUB I'pauyecKoe CI0KEHNE MOBEPXHOCTU MPOEKTHONW U30MOIIHOCTH C OBEPXHOCTHIO
CKOJIBXKEHUST OTOJI3HS, MOJTYYalOT YCTOWYHMBYIO MOBEPXHOCTH OTMOJ3HEBOro ydyacTka (puc. 59), a
npousBeAss  rpaduyeckoe  BbIUMTAHHME U3  MPOEKTHOM  TOBEPXHOCTH  CYHIECTBYIOLIYIO
TOINOMOBEPXHOCTh OMNOJI3HS, MOJY4YaroT IUIaH M30JIMHUM pabodyMX OTMETOK, KOTOPBIH M SIBISETCS
IIPOEKTOM BEPTHUKAJIbHOM MJIAHUPOBKH [1aCCUBHOM 30HbI 010JI3HsI (puc. 60).

7.10. JlintenpHass YCTOMYMBOCTH TOPHOTO CKJIOHA, IEPEINIAHUPOBAHHOTO 10 YCTOMYUBOIO
COCTOSIHUSI HA MOMEHT HCCJIEeI0OBAaHUS, MOKET ObITh COXPAHEHA TOJIBKO MPHU YCIOBUH COXpPaHEHUS
HEU3MEHHBIM FTOPHOT€0JIOTHYECKUX U THAPOTe0JIOTHYECKUX YCIOBUI Ha ONIOJ3HEBOM yJacTKe.

7.11. U3 ymncna pakTopoB, ONpeAensionuX YCTOMUYMBOE COCTOSIHUE FOPHOTO CKJIOHA, BEylIee
MECTO OTBOJUTCS BO3MOKHOMY HM3MEHEHMIO BOJIOHACHIIIEHHOCTH TIPYHTOB OIIOJI3HEBOW MacChl U
MOJACTUJIAIOIIEH TONIM, IO3TOMY OJHHUM W3 BaXHEMIIUX MNPOPUIAKTUUECKUX Mep 0
MPENYNPEXKICHUIO PA3BUTUS ONOJ3HEW CUMTAIOTCS MEPOINPUATHS O OTPaXKIEHUIO OIOJI3HEBOI'O
y4acTKa OT MPUTOKA MOBEPXHOCTHBIX BOJI U3 OKPYKaOIIEH MECTHOCTH, OTBOJI TOBEPXHOCTHBIX BOJ]
C CaMOr0 OIIOJI3HEBOI'O Y4acTKa U MOHMKEHUE YPOBHS IPYHTOBBIX BOJ| HA OIOJI3HEBOM YYacTKE Ha
TaKyl0 BEJIMUMHY, [IPH KOTOpOi oOecnieunBaiach Obl 33JjaHHAs] YCTOMYMBOCTD OTOJI3HEBOTO CKJIOHA.

7.12. B HHXXEHEPHON NPAKTUKE MEPONPUATHS IO OrPAXKICHHUIO OIOJI3HEBBIX YYacCTKOB OT
IIPUTOKA JIMBHEBBIX BOJI M MaBOJKOB M3 OKPYXKAIOLIEH MECTHOCTH U OTBOJ] IOBEPXHOCTHOI'O CTOKa
U3 OIOJI3HEBOTO Y4acTKa OOBIYHO OCYILECTBISIETCSI CUCTEMOW HAarOpHbIX U BOJOOTBOJHBIX KaHaB.
[Ipu sTOM BOJOOTpaxAarolias ¥ BOJOOTBOAHAS CHUCTEMa Ha OMOJ3HEBOM YYaCTKE JOJIKHA OBITH
3alpOEKTUPOBAHA U YCTPOEHA TaK, YTOOBl 00ECIeYUTh MOJIHBIM MepexBaT MOBEPXHOCTHOIO CTOKA
BO/JIbl U3 OKPYXAIOIIe MECTHOCTH M OTBOJI 3THUX BOJ M IOBEPXHOCTHBIX BOJI C CAMOTO OIOJI3HEBOIO
y4acTKa 3a IpeJiesibl ON0JI3HEBOIO PalioHa.

(75)
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Puc.58. [1nan ycTONUMBBIX MPOEKTHBIX MOIIHOCTEH OTOI3HS B MACCUBHON 30HE
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Puc.59. [1nan ycToitunBO# MpOEKTHON MOBEPXHOCTH OIOJI3HS
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Puc.60. [Tnan u3onuHUi pabounX OTMETOK B MTACCUBHOW 30HE

7.13. KamepalibHOE TpacCHpOBaHUE BOJOOTPAKIAIOIIUX U BOJOOTBOIHBIX CUCTEM BBITOIHSAETCS
Ha OCHOBE KPYITHOMACIITaOHOTO TONOrpauuecKoro rmiaHa ONOJ3HEBOIO y4acTKa U MpHIIeraroiien
MECTHOCTHU C YYETOM CIIEIYIOIINX TPEOOBAHUMN:

a) BOJOCOOpHBIE IUIOIIAJH, TATOTEIOUIME K OIOJI3HEBOMY YYacTKy M Ha CaMOM OIIOJI3HEBOM
Y4acTKe, JOJKHBI ObITh OKOHTYPEHBI Ha OCHOBE TOIOTEOJIE3MYECKHUX MAaTepHajoB, JOCTOBEPHO



OTPKAIIIUX pebed) MECTHOCTHM HAa MOMEHT HCCIIeIOBaHUs. BaxxHeWied 3agadeid mpu ITOM
SBJIIETCS TOYHOE IMOCTPOEHUE HAa TOIMOIUIAHAX CHCTEM BOJOPA3JENIbHBIX U BOJOCIUBHBIX JHHHM
METO/IaMH, U3BECTHBIMU U3 Kypca HHKEHEPHO reo1e3uu;

0) pacdyeT MaKCMMaJbHOTO IPUTOKA JIMBHEBBHIX BOJ W BOJBI CHErOTasHUS C OacCEWHOB,
TATOTEIOLIMX K 3alIPOEKTUPOBAHHBIM HATOPHBIM U BOJIOOTBOJHBIM KaHaBaM, CJlEIyeT MPOU3BOIUTH
¢ 00s13aTeIbHBIM Y4ETOM BO3MOKHOU MH(UIBTPALIH 3TUX BOJ B TPYHTOBOE OCHOBAHUE;

B) KaMepaJbHOE TpPAacCUPOBAHUE CHUCTEM HAropHbIX U BOJOOTBOJHBIX KaHaB ClEAyeT
MIPOM3BOJIUTh C Y4ETOM MHUHUMAJIBHBIX 3aTPAaT HA UX BO3BEACHUE U MAKCUMAJIbHOM 3(PPEKTUBHOCTH
AKCIUTYaTallMy ATUX CUCTEM. {151 7TOro He0OOXO0IMMO CTPEMUTHCS K TOMY, YTOOBI 3TU KaHaBbl ObUIH
pacmojio’)KeHbl IO BO3MOXKHOCTH IO JIMHUSIM BOJOCJIMBOB IPU JBYCTOPOHHEM IPHUTOKE
MIOBEPXHOCTHOTO CTOKA, a MPU OJHOCTOPOHHEM IPUTOKE UX CIIEAyeT pacroJiaraTh IO JHHHSIM,
NEpHEeHIUKYIAPHbIM K HAalpaBiICHUSIM HauOONbIIUX CKaTOB BOJOCOOPHON IUIOIIATU IO
HauvKpaT4yaumen Tpacce;

I') pacyeT MOINEPEYHOIro CEYEHHs] KaHaB CIIEAYeT MPOU3BOJAUTH MCXOJS U3 YCJIOBHUM IOJHOIO
obecrneyeHus pacxo/ia BOJibl IOBEPXHOCTHOIO CTOKA C Y4ETOM IPOJOJIBHOIO YKJIOHA JHA KaHAB Ha
KKJIOM y4JacTKe Tpacchl. [[7si 3TOro Tpaccy 3ampOeKTHpOBAHHOW KaHABBI CleAyeT Pa30uTh Ha
OT/ICNIbHBIC YYaCTKUA C OJMHAKOBBIMHU TPOJOJBHBIMU YKIOHAMHU M JAJbHEUIIUN THAPABINYECKUN
pacueTr IpOU3BOIUTH Pa3/IeIbHO Ha KaXKJIOM Y4acCTKe;

1) B T€X Ciyd4asiX, KOI/la OTIOJI3HEBOM Y4acTOK PacIlOJOkKeH Yy MOJHOXKUS WM B CPEAHEN YacTu
TOPHOTO CKJIOHA, TPAacCy OCHOBHOW HAaropHOM KaHaBbl CJIEYET PaCHOJIOKHUTh C HATOPHOW CTOPOHBI
OTOJI3HEBOIO0 y4YacTKa BJIOJIb €r0 BEpXHEW TIpaHMIlbl [0 JMHUSIM pacyeTHOro ykjoHa. Tpaccy
BOJIOOTBOJIHBIX KaHaB B ATOM CJIy4ae clie[lyeT pacroJjiarath B/ioJib OOKOBBIX I'PAaHUI] OIMOJI3HS 32 €ro
npeaenoM Ha pacctosiHuU 7-10 M ¢ pacderom cOpoca BOJBI B MECTA, TJI€ UCKIIFOYAETCS TOAMUTKA
OTIOJI3HEBOI'0 Y4acTKa UM 00pa30BaHKHE HOBBIX OIOJI3HEH B pe3yabTaTe MOJIUTKU BOJIOM;

€) B TeX ClydasX, KOI/la ONOJ3€Hb pa3BUT Ha BEPIIMHHOM YacTH TOPHOIO CKJIOHA, a
BOJIOCOOpHBIE OacceiiHbl MpUJIeraloT K OOKOBBIM IpaHHIAM OIOJI3HS, HaropHble KaHABBI JIOJKHBI
OBITh 3aIPOEKTUPOBAHBI BJIOJIb OOKOBBIX TpaHMI] OMOJ3HS MO JIMHUSAM BOJIOCIIMBA WIHM MPU HUX
OTCYTCTBMH 10 JIMHUSAM HauOOJIBIINX CKATOB 3a Mpe/iejaMH OMOJI3HEBOIO KOHTYpa;

) BOJIOOTBO/I TOBEPXHOCTHOI'O CTOKA M3 CaMOI'0 OIOJI3HEBOI'0 y4acTKa Lelecoo0pa3Hee BCEro
OCYILIECTBUTh CHCTEMOW BOJIOOTBOAHBIX JIOTKOB, pAacHoJIaraéMblX IO BOJOCIMBHBIM JIMHUSIM,
00pa30BaHHBIM Ha OIOJI3HEBOM YYAaCTKE B PE3y/bTaTe dPO3HOHHBIX MPOIECCOB MIIM €CTECTBEHHOU
dbopmoii penbeda;

3) pacueT MPUTOKA BOJIbI MOBEPXHOCTHOTO CTOKA HA KaX/bIH y4aCTOK TPAacChl HATOPHBIX KaHaB
pEKOMEHAYETCs POU3BOAUTD IO opMmyIie

Q=Fh, =FhyA,, (76)

rjae F - miomanas BojgocOopa, TATOTEIOMAs K JAHHOMY YYacTKy Tpacchl; O - IPUTOK BOJBI U3
JAHHOW BOJIOCOOPHOM TUIOMIATHU; /. - TOJIIIMHA CJIOS CTEKAIoMEed BOABI, /iy - TOJIIWHA CIIOS
BBINIABIINX OCAJKOB; A, - KOAPPUIIMEHT NaBOJAKOBOIO CTOKA, 3HAYEHHUE KOTOPOTO OIpeesieTcs 1o

bopmyie
Je =he[hg (77)

n) dopmyia (76) MO3BOISAET ONPEACTIATh MAKCHMAIBHO BO3MOYKHBIN MPUTOK BOJBI JIJIsl JAHHOTO
y4acTKa TPACChI 110 U3BECTHBIM 3HAYCHHUSIM MAaKCHMAIBHBIX OCAIKOB /Ay U KodhduimeHTa A.;

K) 3HAYCHHUS MaKCUMaJbHBIX OCAJOK /Ui JAHHOTO pailoHa YCTaHABIMBAIOTCS IO MaTepHaiaM
MHOTOJIETHEH METEOCBOIKH;

) TUIOHIAAb KUBOTO CEYCHHS KaHAB B KOHIIE Ka)JIOTO YYacTKa TPACChl MOYKHO OMPEIENSATh IO

bopmyie
0=0/V., (78)

rae Q - o0beM NpuToKa BOJbl B KAHABY M3 JAHHOI'O Y4acTKa, onpezeseMblil o ¢popmyne (76);
@ - )KABOE CEYCHUE KaHaBhI; V. - CKOPOCTh IMIOTOKA BOJIBI B KaHABE;



M) IpU PaBHOMEPHOM JBM)KEHHMM KHUJKOCTH B KaHaBE€ CKOPOCTb TEUEHHUs ONpEIesercs IO
bopmyre

v, =y R, (79)

r7€ i - TPOJOJIbHBINA YKJIIOH JHA KaHaBbl, R - THUJIPABIMYECKUN paanyC, 3HaYECHUE KOTOPOTO IS
TUAPABIMYECKH HAUBBITOTHEHIIIETO TpanelenJaIbHOTO CEUCHUs] MOYKHO TPUHSTH paBHBIM R=5h";
h'. - TmyOuHa 3aTorieHHOM yacTu kaHaBbl; Cyy - ko3 dunment Llle3u, onpenensiemsrii mo hopmyse

Cpy=——RY; (80)
i
=250 -013-0,75R(n - 010} 81)

nyg - KO3(G(GUIUEHT EepOX0BATOCTH, 3HAUEHUE KOTOPOro B 3aBUCHMOCTH OT THIMA OOJIUIIOBKHU U
€€ COCTOSIHHSI MO>KHO OIpPEAETUTh Mo Tadi. 1;
H) TOCJI€ ONPEAEICHHS )KUBOIO CEYEHUsI KaHaB MOKHO 3alIPOEKTHPOBATh U MONIEPEYHOE CEUCHUE

KaHaBbI.
Tabmmna 1
Koy puument ruapaBiudeckoi epoxoBaTOCTH.
CocTostHIE TOBEPXHOCTH
No .. XapakTtep MOBEpXHOCTH pycia
OUYCHb XOPOIIICe XopoIee 00BIUHOE IJI0X0€

KanaBsl o/iepHOBaHHBIE:

1 a) C 3eMJISTHBIM JTHOM 0,028 0,030 0,033 0,035

0) C MOIIICHBIM JTHOM 0,025 0,030 0,035 0,040

KaHnaBsl ¢ 3aMOIIEHHBIM KOHTYPOM,

2 MOIIICHHBIC OOBIYHBIM OYJIBIKHBIM - 0,020 0,022 0,027
KaMHEM, OJIMHOYHOE MM JBOMHOE

3 Kanaggl, 3aMOIIIEHHBIE PBAHBIM i 0,027 0,030 0.035
KaMHEM

4 KaHnaBgl, 3aMOIIIEHHBIE KPYITHBIM 0.017 0.022 0,023 0,030
KaMHEM

5 ByroBas xiianka, rpydas OeTOHUPOBKa 0,017 0,020 0,025 0,030

6 I'pybast OyroBast Kiaaka 0,020 0,025 0,027 0,030

7 [lepoxoBarast OeTOHHAs TOBEPXHOCTD i 0.014 0.016 0,018
(GeroHHast uINTa)
I'maakast GeTOHHAs TIOBEPXHOCTh

8 (OeTOHHBIE IUIUTHI, KJIaJKa U3 0,012 0,014 0,015 0,016
TECOBOT'0 KAMHS)

9 3eMIIsiHBIE KAHABBI MPABHIIBHON i 0.017 0,018 i
(hOpMBI B TUTOTHOM JIECCE

10 To xe, B JIeCCE MM TPABUH C ITHCTOH 0.017 0,020 0,020 0.025
IJIEHKOM

Jns 3Toro, 3aMaBIIMCh 3HAYCHUSIMU

IIMPUHBI JTHA KaHaBbl b U KOAPPUIMEHTOM OTKOCa m W
UCHOoJIb3YS (QOopMyNy IUIOMAAM TpareueuaaJbHOTO CEYEHMs, MOKHO OIpPEIENIUTh 3HAaYCHHE
rI1yOUHBI 3aTOIIEHHON YacTu (puc. 61) KaHaBBI.

U3 puc. 61 nmeem

o =(b+mh. i, (82)

OTKyJa

2
W :—bi\/b +4ma), (83)

K 2m

rje o - IUIOLAAb >KMBOIO CEYEHHs! KaHaBbl, Beluucisemas no Qopmyne (78); A’ - rnmyOuHa



3aTOIICHHOM 9aCTH KaHABBI;

(s

b

Puc.61. K onpeneneHuio nomnepeyHoro ce4yeHus KaHaB

0) IOJIHAs TJTyOMHA KaHaBbl JI0JDKHA ObITh OOJIbLIE 3aTOIUIEHHON Ha BEIMYHMHY 3amnaca /i, T.€.
A
he =h.+h,. (84)

UucnenHoe 3HaueHue /1, N0KHO ObITh mpuHATO HEe MeHee 0,2-0,3 m. CiemoBarenbHO, MOJIHAS
ITyOrHa KaHaBbI JIOJDKHA OBITH paBHA

h.=h.+03wm; (85)

H) mIomaau XUBOro CCYCHHA KaHaBbl (v B HAYAJIC U B KOHIEC Y4YaCTKa TpacCbl MOI'YT OBITH HE
OJMHAKOBBIMHU, TaK KaK paC‘-IeTHBII\/’I IMPHUTOK MOBECPXHOCTHOI'O CTOKA B HUX 6YI[CT Pa3HBIM.

B oeJIAX SKOHOMHH CTPOUTCIIBHBIX pa60T mmomaan XWUBOro CCYCHUA B Hadalle Yy4YacCcTKa
OJMHAKOBOI'O YKJIOHA MOYXHO IMMPHHUMAThL HAIIOJIOBUHY MCHbBIIIC, YEM B KOHIIC Yy4aCTKa, T. €. ) KUBOC
CCUCHUC KaHaBbI B HAYAJIC KaXXJ0I'0 ydaCcTKa BBIYUCIIATH 110 (bOpMy.]'IC

w=0/2V,; (86)

P) KaXIblil MOCIEIyOIUNA Y4acTOK Tpacchl KaHaB CIEAYeT 3alpOEKTUPOBATh TaK, YTOOBI
MPOJIOJIbHBIM  YKIIOH TMOCJHENYyIoImero y4yactka Obul Oousblie mnpeabiaymiero. Eciau  Takas
BO3MOXHOCTb M0 YCJIOBHSIM MECTHOCTH HCKJIIOYAETCs, TO COMNPSHKEHHE YKJIOHOB JOJKHO OBIThH
IIPOM3BEACHO CO CABMKKOW Ha BEIMUYUHY, ONpeAesieMyto 1o Gopmyie

=l =h (87)

L

rae h; - riyOMHa KaHaBbl B KOHLIE NMPEABIAYIIETrO0 y4dacTka; A, - IiiyOMHa KaHaBbl B Hayalie
MOCIIEAYIOLEr0 Y4acTKa; i; - IPOAOJIBbHBIN YKIOH MPEbIAYILEro y4acTKa.

Takas caBMXKa 00ECIeUUT PACUETHYIO TIIyOUHY /12 B TOUKE CONPSIKEHUsI YKIOHOB (puc. 62);

¢) BO u30exaHHe Pa3MbIBOB JIHO U OTKOCHI HarOpHbIX M BOJOOTBOJHBIX KaHaB, JIOJKHBI OBITH
COOTBETCTBYIOIIMM 00pa3oM 3akperuieHbl. THIbl KpEIUIeHUs] Ha Ka)KJOM YYacTKe JOJIKHBI OBITh
BBIOpAaHbl MCXOJI1 U3 PACUETHBIX CKOPOCTEH TeueHus BOJbl W TIIyOMHBI motoka. B Tabn. 2
IIPUBEICHBI PEKOMEHyeMbl€ TUIIBI KaHAB B 3aBUCUMOCTU OT CKOPOCTHU M ITyOUHBI TIOTOKA;

/4
rylyr i
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/
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I I

Puc.62. Cxema omnpezienieHNs CONPSKEHNS YKIOHOB

Tab6nua 2



IIOHyCTHMbIe CpeaAHUuE CKOPOCTH TCUCHHUSA NIl HCKYCCTBCHHO YKPCIIJICHHBIX KaHaB

e CpenHsis r1yOMHA TOTOKA, M
. _r[ Tuns! ykperieHuit 0,4 | 1 | 2 | 3
o CpeqHue CKOpOCTH TEYESHUsI, M/C
1 2 3 4 5 6
1 OnepHoOBKa ianiMs (Ha TUIOTHOM OCHOBAHHUH ) 0,9 1,2 1,3 1,4
2 OnepHOBKa "B CTEHKY" 1,5 1,8 2 2,2
OnuHOYHOE MOIIleHHE Ha MXY (CJION MXa He
MeHee 5 cM) n3 OyJIbDKHHKA Pa3MepoM, CM:
3 75 2 2,5 3 3,5
20 2,5 3 3,5 4
25 3 3,5 4 4,5
OpnnHOYHOE MoIlleHne Ha 1eOHe (cioi He MeHee
10 cM) 13 pBaHOrO KaMHsI pa3MepoM, CM:
4 15 2,5 3 3,5 4
20 3 3,5 4 4,5
26 3,5 4 4,5 5
JIBOiitHOE MOIIIEHHE 13 PBAHOTO KaMHsI Ha IeOHe.
5 N N . 9 3,5 4.5 5 5,5
Hwxumii crioit u3 kamuelt 15 cm, Bepxuuii -20 cm
ByroBas kiagka n3 kamMHsl I3BECTKOBBIX TIOPO/T (C
6 3 3,5 4 4,5
npenenoM npouHocty He MeHee 10 MIla)
ByroBas ki1agka n3 kaMHs1 KpENKHX 1Mopox (¢
7 6,5 8 10 12
npenenoM mpouHocty He MeHee 30 MIla)
Beronnas onexna, Mapka OeToHa
] 170 6 8 9 10
140 6 7 8 9
110 5 6 7 7
BeToHHBIE JIOTKH C TJ1aIKOH TTOBEPXHOCTHIO,
Mapka OeToHa:
9 170 13 16 19 20
140 12 14 16 18
110 10 12 13 15

T) B HESIX HUCKIIOYCHHS 3aWJIMBAaHUS PyceNl HArOpHBIX W BOJOOTBOJTHBIX KaHaB WX TpPaccy
CIeyeT 3ampOeKTHUPOBATh C Y4€TOM MHUHHUMAJIBHOTO YKJIOHA, O00OECIEUMBAIONIETO MHUHUMAJILHO
JOMYCTUMYIO CKOPOCTh TEUEHHS, HCKIIIOYAIOUIYI0 3aujIMBaHUE pycel. 3HaYeHHe ITOH CKOpPOCTH
MO>KHO OIPEAETUTH M0 hopMyIie

V. =ah-0,64, (88)

rae 4 - riayOMHa TMOTOKA; o - KOA(MOUIMEHT, 3aBUCSIIUA OT KPYIMHOCTH (PpaKiuii HAHOCOB
(¢=0,34-0,71 npu kpynaoctu Ppakiuu ot 0,1 10 1 Mm).

Bo Bcex ciydasix MUHMMaJbHBIM YKJIOH JHA HAarOpHbIX U BOJOOTBOJHBIX KaHAB JIOJKEH OBITH
menee 0,002.

7.14. MeponpusiTuss 1O BOJOOTBOLY C OIIOJI3BHEBOIO Yy4acTKa MPOBOJATCS C LENbIO
MIPEeIOTBPAILEHUS] Pa3MBbIBOB MOBEPXHOCTHOIO CJIOSl U COKpAIlEHUS MHQUIbTpALMH aTMOC(HEPHBIX
OCaJIKOB B OTIOJI3HEBOM MaCCHB.

OTu MeponpuaTus 00eCeunBalOTCS CUCTEMON BOJIOOTBOJHBIX KaHAB, YCTPAUBAEMbIX HA CAMOM
OMOJI3HEBOM yudacTke. CHCTEMY 3TUX KaHAB pa3/IessioT Ha CJAEAYIOLINE TPYIIIbL:

1) xanmTa)XHO-OTBOJHBIE, MpeAHA3HAUYEHHBbIE i1 cOOpa M OTBOJAA BOJbI, HAKallJIMBAaeMOW B
Pa3IMYHbIX MHUKPOIOHMKEHUSIX peibeda OIMOJI3HEBOIO ydyacTKa M KanTaked B MecTax BbIXOJa
MO/I3€MHBIX HCTOYHHUKOB;

2) BOI0COOpHBIE, MpeHA3HAUYCHHBIE I cOOpa M 0TBOIa aTMOC(EPHBIX OCAIKOB;

3) ocymuTenbHbIE - IS APEHUPOBAHUS BEPXHETO CJIOSI TPYHTOB OIOJI3HS;

4) BOIOCOPOCHBIE - [Tl TIPOITYCKa COOPAHHBIX BOJI IO OIMOJI3HEBOMY YYacTKY.

7.15. JIns npoeKkTUpOBaHUs BCEX MEPEUYUCIECHHBIX TPYII APEHAXHOW CUCTEMBI HEOO0XOAUMO
pacnojiaratb MnoApoOHbIM TOHOTpa@HUUECKUM IJIJAHOM OIOJI3HEBOIO y4acTKa C BBICOTOM CEYEHHs




ropusoHTasield He 6osee 0,5 M U peaqbHO OTPAKAIOIINM peibed OTOJ3HEBOTO y4acTKa HA MOMEHT
IIPOEKTHUPOBAHUSI.

7.16. KanTa)xHO-OTBO/IHbIE KaHABbI JJOJDKHBI OBITh 3aIIPOEKTUPOBAHBI C TAKUM PACUETOM, YTOOBI
UCKJIIOYUTh Pa3MbIB [TOBEPXHOCTHOTO CJIOSI TPYHTA (110 JIMHUSAM JOIYCTHUMBIX YKJIOHOB) U B TO )K€
BpeMsi 10 KpaTyaillieMy HalpaBJIEHUIO K MECTY cOpoca BOJIBI.

7.17. BonocOopHble KaHaBbl JOJDKHBI OBITh 3aIIPOEKTUPOBAHBI TaK, YTOOBI OHU MPOXOJMIH 10
BO3MOYHOCTH MEPIEHIUKYISIPHO HAMpaBICHUIO MOBEPXHOCTHOTO CTOKA U C Y4ETOM cOpoca 3THX
BOJl B BOJIOCOPOCHBIE KaHaBbl, KOTOpbIE B 3aBUCMMOCTH OT XapakTepa penbeda MOTyT ObITh
PacroJIOKEHbl UM BHYTPU KOHTYpa OIOJI3HS, WU 32 IIPEEIOM OIOI3HEBOIO y4acTKa.

[IpoexTupoBaHe BOIOCOOPHBIX KaHaB HA OTIOJ3HEBOM Y4YacTKe JOJKHO OBITh CTPOTO YBSI3aHO C
penbeoM MECTHOCTH OIOJI3HEBOTO Y4acTKa.

KanraxHo-0TBO/IHBIE U BOJOCOOPHBIE KaHaBbl OOBIYHO YyCTpauBalOTCS 0€3 HCKYCCTBEHHBIX
YKpEeIJIeHUH IHa U OTKOCOB U 0€3 ruApaBINvYEeCKUX PacyeToB.

7.18. BomocOpocHbIe KaHABBI HA OTOJI3HE TPACCUPYIOTCS C TAKUM PACYETOM, YTOOBI 00ECIIeUnTh
KpaTyallIue MyTu CTEKaHMs BOJBI U3 KallTa)XKHO-OTBOJAHBIX M BOJAOCOOPHBIX cucteM. Tpaccy Takux
KaHaB HauOoJiee 11eaecoo0pa3Ho MPOJIOKUTD 110 JIUHUSIM TaJIbBETOB, €CJIM OHU UMEIOTCS Ha JAHHOM
y4acTKe.

Ceuenust BOJOCOPOCHBIX KaHaB OMNPEIENSAIOT  BBIIICU3JIOKEHHBIMH  T'MJIPABIMYECKUMU
pacueramu. KperuieHue 3TUX KaHaB cleAyeT MPeAyCMOTPETh C Y4eTOM HX AepopMaluu IMpU
OTIOJI3HEBBIX IMOJIBUXKKAX, MO3TOMY MPHUHATO CUMTATh, YTO JUIsl ITUX THUIOB KaHaB Hauboisee
MIPUTOJHBI  KEJIE300€TOHHBIE JIOTKM U3 OTAEIbHBIX 3BEHBEB, JOMYCKAIOIIUX HEKOTOpHIE
IIPOJIOJIbHBIE ITEPEMEILIEHUSI.

7.19. I'nyOuHHOE ApEHUPOBAHUE OMOJI3HEBBIX YUaCTKOB MPOBOJUTCS IJIs IIepeXBaTa MoA3EMHBIX
BOJI, IOJICTYNAIOUINX K OIMOJI3HEBOMY YYacCTKy U IMOHWKEHHS YPOBHS MOA3EMHBIX (TPYHTOBBIX) BOJ
Ha CaMOM OIOJI3HEBOM Y4aCTKe.

OTH  MepOoNpHUSATHS  HaNpaBlieHbl HAa  JIMKBUJALUIO TUAPOJMHAMUYECKOTO  JaBJICHUS
(¢puIbTPalIMOHHOTO NaBJIEHUS) HANOPHBIX BOJ, KOTOpPbIE 3HAUMUTEIBHO CHIKAIOT YCTONYMBOCTH
CKJIOHA.

7.20. J1ns riyOMHHOTO JPEHUPOBAHUS HA MPAKTUKE OOBIYHO MPHUMEHSIOTCS CIEIYIOIINE BHUIbI
JPEHAKHBIX COOPYKEHUI:

1) rosioBHBIE [peHa)XW TPaBUTALMOHHOTO THMNA JJIs IepexBaTra IOJ3€MHOT0 IOTOKa,
HaIPABJIEHHOTO K OIOJI3HIO;

2) ApeHaku T'PaBUTALMOHHOTO W BEHTWJISLIMOHHOTO TUIA JJISl MOHMKEHUS YPOBHS TPYHTOBBIX
BO/] HAa OTIOJI3HEBOM YYaCTKe;

3) KanTa)xHble yCTPONUCTBA.

7.21. ' paBUTALIMOHHBIE IPEHAKHU COCTOST U3 CIACTYIOIIMX OCHOBHBIX AJIEMEHTOB:

a) KOJUIEKTOP, 00eCrednBaOIMi cOOp U OTBOJ BOJIBI,

0) IpeHaxHas oOcbllka, obOnagaromas Oosiee BBICOKUM KOd((ULIKMEHTOM (QHIbTpALUH, YeM
IPYHTBI BOJOHOCHOTO CJIOS;

B) yCTpoiicTBa, 00ecreunBaone cBOOOJHBINA BBITYCK BOJABI U3 JApeHaka Ha MOBEPXHOCTh U B
HEMOATOIUICHHBIN pe3epByap.

7.22. BEeHTWIALIMOHHBIE IPEHAXKHU IMPUMEHSIOTCS JJI OCYILIEHUS TSKEIbIX TIIMHUCTBIX TPYHTOB
OMOJ3HSA C OYEHb MaJIbIM KO3(p(PUIMEHTOM (UIbTpaIMK, KOrJAa I'PaBUTALMOHHBIE IPEHAXHU HE
o0ecreunBarOT OCyLUIEHUS] TPYHTOB U3-3a UX MaJIOW BOJOOT/IAUH.

BeHTunsnuoHHple ApeHaku OObIYHO TMPUMEHSIOTCS B KOMOHMHALMM C T'PaBUTALMOHHBIMU H
cocTOST M3 MephOpUPOBAHHBIX TpPyO, 3aKiIaAbIBAEMbIX B CPEJHIOI0 YacTh JIPEHAKHOIO
3aMoJHUTENS. DTU TpyObl Ha BRITSKHBIX CTOSIKAX CHa0XkaroTcs edaeKkTopaMu, o0ecrneunBaroIuMU
HENpephIBHBIA TOK BO3[yXa, U 3a CYET 3TOTO NPOU3BOJUTCS OCYLIEHHUE I'PYHTOB B OIOJI3HEBOM
MaccuBe. J[BHKeHue BO3AyXa B BEHTUJISIIUOHHOM JPEHAXE OCYLIECTBIISIETCS MYTEM €CTECTBEHHOM
HUPKYISIIUU MEXAY 00JacTsIMH C Pa3IMYHBIMM TEeMIlepaTypoil M naBieHueM. Uem OoJiblie 3Ta
Pa3HOCTh, TEM UHTEHCUBHEE OCYIIAETCS IPYHT.

Pa3znocth naBienust OyzneT TeM BbIlIe, YeM 00JIbllie Pa3HOCTh OTMETOK JIOTKA JPEHbI Ha BBIITYCKE



u JeduieKTopa BBITSHKHONW TPYyObl, MOATOMY BEHTHIISILIMOHHBIE JIpEHAKU HauboJiee LernecooOpa3Ho
MPUMEHSTh Ha KPYThIX CKJIOHAX, pacroJjiarasi Ux 1o HanpaBJIEHUIO CMEIIEHUS OTIOJI3HS.

7.23. KanraxHble yCTpOMCTBa MPEACTABIAIOT COO0OM KOJOIbI, CHAOKEHHBIE OOpaTHBHIMU
¢unbTpamu (puc. 63). OTH KOJOIAUBl YCTpauBarOTCS M3 MepHOpPUPOBAHHBIX OETOHHBIX WIN
&KeJe300€TOHHBIX 3BeHbeB. KanTakHbple KOOI TpeIHa3HaueHbl s cOopa U 0TBOJAa I'PYHTOBBIX
BO/J] U3 OJJUHOYHBIX POJHUKOBBIX HCTOUYHUKOB, BBIXOISAIINX HA IOBEPXHOCTH OIOJI3HEBOTO TEJa.

7.24. B Tex cimyyasix, KOTJla Ha ONOJI3HEBOM YYacTKE MMEET MECTO BbIXOJ BOJOHOCHOTO CJOf,
BBIJICPKAHHOIO B IpeJiesiax OMNOJ3HA BO (POHTAILHOM HAIpaBJIEHUH, Ui MepexBaTra U OTBOJAA
BO/Ibl, BBITEKAIOIIIEH U3 3TOTO CJIOSI, yCTPAUBAIOTCS KAITa)XH, COCTOSIIIME U3 HACJIIOHHOTO 00paTHOrO
¢uibTpa, YKIAJAbIBAEMOIO0 Ha BCIO MOIIHOCTb BOJOHOCHOTrO cjos (puc. 64) B codyeTaHuu c
YTEIJIEHHBIM BOJOOTBO/IHBIM JIOTKOM JIMOO MOJ3EMHBIM KOJIIEKTOPOM.
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Puc. 63. Cxema ycTpoiicTBa KanTaked B BUe KOJIOALA
1 - cOpocHast kaHaBa; 2 - )Kene300eTOHHOE KOJIBIIO; 3 - 0OpaTHBIN QUIBTD

AN

Puc.64. Cxema ycTpoiicTBa KanTaKel B BUAE HACIOHHOIO 00PaTHOrO (BHIBTPa
1 - HAaCJIOHHBINA 00paTHBIN PUIBTP; 2 - IUIUTHBIE TIOKPBITHSL; 3 - YPOBEHb TPYHTOBBIX BOJ; 4 - BOJOYIODP; S -
BOJIOOTBOJHBIH JIOTOK

7.25. T'onoBHBIEC IpeHAXU TPABUTAIMOHHOTO THIMA JOJKHBI 00ECIEYUTh MepexBaT MOA3EMHOTO
MIOTOKA, HAIPABJICHHOIO K OMOJ3HI0. OOBIYHO UX PacIoIararoT 3a MpejiellaMU OIOJI3HEBOTO TeJla U
yCTpauBaloT B BUJIE:

a) TOPU3OHTAIBHBIX TPYOUATHIX JApEHaKEU-IIperpainTeeii;

0) IpeHaKHBIX TaJIepeit;

B) BEPTUKAJIbHBIX JPEHAXKEH;

I') KOMOMHUPOBAHHBIX JIPEHAKEH.



7.26. [lpumeneHnre IpeHaXHBIX Tajepeu i, TepexBara MOJI3eMHBIX MMOTOKOB Ha OTOJI3HEBBIX
ydacTkax Manod((eKTHUBHO H3-32 UX BBICOKON CTOMMOCTH, CJOXHOCTH HX OJKCIUIyaTallUd H
NojJiep>KaHusi, Mo3TOMYy B KauecTBe HaubOosiee 3((EeKTUBHBIX PEKOMEHIYIOTCSI TOPU30HTAJIbHBIE
TpyOuaThle IPeHAKU WK KOMOMHAIIUS UX C BEPTUKAIbHBIMU APEHAKAMH.

7.27. Ilpm TOpOEKTUPOBAHMU TOPU3OHTAIBHBIX TPYyOUyaThIX JpeHaxel Heo0X0oAUMO
PYKOBOJICTBOBATbCSI CIEAYIOIIMMHI OCHOBHBIMHU MOJIOKEHUSMHU:

a) TOPU3OHTAJIbHbIE TPyOuUaThle OPEHaXU OOBIYHO YKJIAJIBIBAIOTCS B OTKPBITHIE TpPAHIIEH Ha
[IyOMHY 3aJIETaHUs BOJIOYIIOPHOTO CJIOS;

0) Tpacca TOJIOBHOTO TpPyO4aTtoro IpeHaka TOJDKHA MPOXOAHWTH 3a IMPEeTaMH OIMOJI3HEBOTO
KOHTYpa Ha paccTosiHuU He MeHee 20-25 Mm;

B) TpyObl A JApeHaked NPUMEHSIOTCS Kepamuueckue, OeTOHHbIE, acOeCTOLEMEHTHbIE U U3
MOPUCTOr0 OETOHA B 3aBUCUMOCTH OT arpEeCCUBHBIX CBOMCTB I0/I3€MHBIX BOJI;

I') MUHUMaJIbHAs JI0IYCTUMAasi CKOPOCTh TE€UEHUS B APEHAXKHBIX TpyOax, MpeaoXpaHsomas ux ot
3amnmmBanus, npuHuMaercs 0,2-1 m/c. B 3aBUCMMOCTH OT 3TOr0 W Ha3HAYAIOTCS TMPOIOJIBHEIE
YKJIOHBI TPYyO4aThIX JPEH MPHU UX TPACCUPOBAHUU;

1) JpeHakHble TPYObl NOJKHBI ObITh CHAOMXEHBI KPYIJIBIMH WM LIEJIEBUIHBIMH OTBEPCTUSMU
(nephopupoBaHbl) A5 HOCTYIJICHUS B HUX BOJBI;

€) Mocie YKIaAKu TpyO B TpaHUIEW IOCJIETHUE 3achlIalOTCid Ha BCIO MOLIHOCTH XOPOIIO
GUABTPYIOIMKUM MaTepHaIOM (TIECOK, TpaBuid, mebeHs). [Ipu 6osbmom korhdunrenTe huabTpamun
BOJIOHOCHBIX 'PYHTOB C HU30BOI CTOPOHBI TpaHILE yCTpauBaeTcsl SKpaH U3 JKUPHOU TIIMHBI,

XK) Uil 00eCTICUeHHMs] HOPMAJIBHOW PaOOThl TOPU3OHTAIBHOTO TPyO4AaTOro IpeHaka IO €ro
Tpacce yCTPauBaKOTCA CMOTPOBBIE, TIOBOPOTHBIE U IepenagHble KouoAsl. Komoamnsl HaMmeyaoT Ha
BCEX IIOBOPOTAX TPACCHI, B TOUKAX MepesioMa MPOoAO0IbHOro Npouiist APpeHbl U Ha MPSIMOTMHEHHBIX
yuacTtkax He pexe yeMm uepe3 50 M. Komoamsl Moryr ObITh COOpYXKEHBI U3 KeIe300€TOHHBIX
3BEHBEB KPYIJION WM KBAJIPaTHON (GOpPMBI TUaMETPOM HE MeHee 1M;

1

Puc. 65. OronoBku ApeH MOpTaIbHOrO THIIA
1 - TpyOuaTast qpena; 2 - TEpMOHU3OJISIINS; 3 - OETOHHBIN JIOTOK; 4 - OETOHHAs CTEHKa

3) JUIsl BBIITyCKa BOJbI U3 JPEHbl Ha MOBEPXHOCTh WM B BOJOOTBOJHYIO KaHaBY yCTpauBarOTCs
CHelHalIbHbIE OT0JIOBKH MOPTAIBHOTO TUIMA (puUc. 65) n3 6eTOHA WIIM KAMEHHOM KIJIaJKU.

7.28. Jlnia onpeneneHus mapaMmeTpoB TpyOo HEOOXOUMO BBITIOJTHUTH THAPABINYECKUE PACUETHI B
CIEAYIOUIEN MOCIIEI0BATEIBHOCTH:

a) OIPENEIIIOT IPUTOK BOJbI K IPEHAKHOMY COOPYXEHHUIO Ha IMOTOHHYIO €IUHUILY €0 JIJIHHBI.
Jlyig ciaydast IpUTOKa BOJIBI 110 HAKIIOHHOMY IUIACTy 3Ta BEJIMYMHA BBIYUCIIAETCS 10 popmyIie

180° —
g=2K,d 20 % (89)
180°
rae Ky - xoddduuuent ¢unbrpanuy BOJOHOCHOTO I'PYHTA; d - IIMPUHA LIEIU JIPEHAXKHOM

KaHaBbl, WK JHAMETP JAPEHaKHOM TPYyOBl; o - YToJI Ma/IeHUsl HOBEPXHOCTH BOJIOYIOPA.

C npyroit CTOpPOHBI, 3TO 3HAYEHUE ¢ MOXKHO OMPEAENIUThH MO CpelHEH CKOPOCTH (pUiIbTpauuu
BO/IbI JJIs1 JAHHOTO BEPTUKAIBHOTO CeueHus, o popmyiie



q=KyJH, (90)
rae J - THApaBInYeCKUi rpaueHT (YKJIOH 1iacTta); H - MOITHOCTh BOJOHOCHOTO CJIOS;

0) npupaBHsB mpaBbie yactd (89) m (90) m pemmB paBEeHCTBO OTHOCHUTEIBHO d, TOIy4YUM
IaMeTp APEeHaKHOU TPyOsbI

[§]
g7 180" (91)
2 180° -«
B) ONpPEAEISAIOT CyMMAapHBI MPUTOK BOJIbI B JPEHAKHOE COOPYKEHUE
0=gql, (92)

rje / - IrHa IpeHaKHOTO COOPYKEHUS;

I') OIPENEIIAIOT CYMMAapHBI pacXo] BOJIbl B BBIXOJHOM CEYEHHUH TPyOUaTOro JpeHaxka

O, =qlm,, (93)
re My - KOYPPUIUEHT, YYUTHIBAIOIIHN BO3MOKHOCTh IMOCTEIEHHOTO 3alJINBaHUS TPYOBHI.

CrnenoBaTenbHO, AMAMETP TPYObI, OOECHEUYHBAIONIMN TOJHOE TOTJIOMICHHE IPUTOKA BOJIBI,
MO>KHO OTIPEJICIUTH 1O (hopMyIIe

__O0 180° Oy 180°
20K, 180° o 20m, Ky 180° —a

(94)

1) KOJIMYECTBO OTBEPCTHH B MepPOpUpOBaHHON Tpyde ompenensiercs HCXOAs U3 CKOPOCTU
BTEKAHUSI BOJIbI U3 IPYHTA B OTBEPCTUS TPYOBI O hopmyre

q
n=_———, 95
2V F ©3)

BT~ OTB
rae Foms - TUIOMIAJb OJTHOTO OTBEPCTUSI; Vi - CKOPOCTh BTEKAHMSI BHJIbI B OTBEPCTHS TPYOBI,
omnpezensaeMas U3 COOTHOIIEHUS:
Ve <V, (96)

BT — ' JIOI’

371€Ch Vyon - AOMYCTUMAsi CKOPOCTh BTEKaHMSI BOJbI B TpyOy MCKIIIOYArOIIasi 3aujIuBaHue TPyObl,
BEJIMUYMHA KOTOPOH OIpeaesseTcs no Gopmyie:

Vion = 0,037VK' 97)

(K" - xoappuiueHT GunpTpauu ApeHaxHOM OOCBINKH Ha KOHTAKTe ¢ TpyOoil).

7.29. [Insa IpeHUpOBaHMS OJHOTO HJIM HECKOJIBKMX BOJOHOCHBIX FOPHU30HTOB, 3aJErarOlIUX Ha
O0onbpIIMX TIyOMHAX, Ieeco00pa3HO NPUMEHEHHE BEPTUKAJIBHOTO JIpeHa)ka B BUJE OypOBBIX
CKBa)XMH WJIM IAaXTHBIX KOJIOJIIIEB.

[Ipy TPOEKTHPOBAHWM APEHAKHBIX COOPYKEHHH ATOTO THMA CIEAYET PYKOBOJCTBOBATHCS
CJIEYIOIMMH MOJIOKEHUSIMHU:

1) BepTHUKanbHBIE JApPEHAXXHBIC BBIPAOOTKH JENATCS HAa COBEPUICHHBIC, IOBEICHHBIC [0
BOJIOYIIOpa, U HECOBEPIIECHHbIE, HE JOXOAdALINE IO TiIyOuHe 10 Bojoymnopa. [Ipu npenupoBanun
OTIOJI3HEBBIX YYaCTKOB CJIEyeT MCIOJb30BaTh MPEUMYIIIECTBEHHO COBEPLIECHHBIE BEIPAOOTKH;

2) Mo cxeMe JIPEHUPOBAHUS BEPTHKAIbHBIC IPEHAKHBIC BBIPAOOTKH JCISATCS HAa BOJOOTAAIOIIHNE
1 Bojonoromaromue. K Bo1ooTaaommuM oTHOCATCS BBIpaOOTKH, U3 KOTOPHIX OTKauMBaeTCs BOJa
Ha MOBEPXHOCTh TE€M WJIM MHBIM CIIOCOOOM, a K BOJOIOIJIONIAIOIIMM OTHOCST BbIPaOOTKH, depe3
KOTOpBIE IIPOIyCKAaeTCs BOJA U3 BEPXHEr0 BOJOHOCHOTO TOPU30HTA B  HUXKEIEKallue
BOJIOIOIJIONIAIOIIHE CIIOH.



JUis npeHupoBaHMs OIOJ3HEBBIX YYaCTKOB HamOojee YacTo NPUMEHHUMbI BOJIOOTAAIOIINE
IpeHaxkHble BbBIpAOOTKHU. [IpuMeHeHHe BOJOMOTJOMIAIIIMX JIPEHAKHBIX BBIPAOOTOK Ha
OTOJI3HEBBIX Yy4acTKaX BO3MOXHO TOJIbKO B TE€X CIIy4asiX, KOIJla HW)KE BOJOYIIOPHOTO CJIOS,
MO/ICTUJIAIOIIETO OIOJI3HEBOE TEJIO, 3aJIEraeT CJI0i MOpoJI ¢ XOpoIlel BOJONPOHULIAEMOCTbIO U IIPU
OTCYTCTBMM HAIllOpPHBIX BOJ B HUX. B 3TuX ciiyuasix Bcerja ciiefyeT MpeaycMOTpeTh JPEHUPOBAHHE
OTIOJI3HEBOI0 y4acTKa BOJOIOTJIOMIAIOUIMMHI BbIPaOOTKAMHU, 3KCILTyaTallsl KOTOPhIX 3HAUYUTEIbHO
SKOHOMMYHEE, YEM BOJIOOTIAIOIINX;

3) BepTHKalbHbIE JApPEHAXHbIE BBIPAOOTKH, NpPEJHA3HAUYECHHbIE IS TMOJ3EMHOT0 IIOTOKa,
MIPOEKTUPYIOTCA B BUJE (PUIBTPALMOHHON 3aBEChl, HAIIPABJIEHHOM B KPECT HalpaBJIEHUS JBUKCHUS
nmoToka. BeipaboTKku B 3aBece pacmoJiararorcs JIMO0 B OJUH Psiji, JIMOO B JIBa psifa B IIaXMaTHOM
nopsizike. PaccTosiHusg Mex 1y BhIpaOOTKaMU ONPEENAI0TCA THAPABIMUYECKUMH pacueTaMu;

4) BepTHKalbHbIE JAPEHAKHbIE BBIPAOOTKHM OOBIYHO HA BCIO MOIIHOCTH BOJOHOCHOIO CJIOS
obopynyrorcsi ¢dunbTpamu. Matepuansl GuIbTpa JOJDKHBI OBITH TOJOOpaHBl W3 pacyera
HENpepeIBHOIO  obecrieueHus  QuiIbTpauMud  BOABI  4Yepe3 HUX W JOJDKHBI  OBITh
IPYHTOHEITPOHUIIACMBIMH;

5) yCThbsl BEpPTUKAIBHBIX IPEHAXHBIX BHIPAOOTOK JOJKHBI ObITH 000PYAOBaHB OCTOHHBIMH HJIN
KeJ1e300€TOHHBIMU KOJIOIAMU C 3aKPbIBAIOIIMMUCS KPBILIKAMU;

6) TUIpaBIMYECKUE pacCUYeTbl [0 ONPEJCNICHUI0 NapaMeTpoB (QUIbTPALIMOHHBIX 3aBeC
BBITIOJIHSAIOTCS B CJIEIYIOIIEM MOPSIJIKE:

a) OMPENEISIOT AeOUT OJMHOYHOTO KOJIOIIA, TI0 GopMyIIam:

JJI1 BOJOOTAAOIIINX KOJIOAIICB
2 2
mc!H —h )
0= . (98)

n
o
IUTST BOOIIOTJIOIIAOIIMX KOJIOIIIEB
2 2
rx\hy— H
0= I E (99)

rae H - BepTUKaJIbHAs MOIIHOCTH BOJOHOCHOTO CJIOSl B JJaHHOW Touke (puc. 66); ro - paanyc
KOJIO/IIA; /1o - TIyOMHA BOJIBI B KOJIOJIIE, ONpeeseMas o ¢popMmyiie:

R
hozroln—+\/(r0 +inf' R+ H?, (100)
) o

3mech R - pammyc BIMSHHS KOJIOAIA, 3HAa4YeHHe KoToporo, mo ¢opmyne I[lobemoHocresa,
IIPE/ICTABILIETCS B CICAYIOIIEM BHIC:

R= ZL (101)
26K (2H - hy)

€ - KOO(PPUIUEHT MOPUCTOCTU IPYHTOB;

T 7 //////A7{ PP TAPTT 7777

Puc. 66. CxeMa K onpeieeHnIo 1e01Ta BOIbI OJJUHOYHOrO KOJIOAIA



1 - nempeccuoHHast KpUBas; 2 - BOJOYIIOP

0) ucxons W3 YCIOBUHM, YTO JEOUT U PACCTOSHUS MEXAYy JApPEHaKHBIMU BbIpaOOTKaMu
(GuIbTPAaMOHHOM 3aBeChl OYyIyT OJMHAKOBBIMU, MOKHO OIPENEIUTh PACUETHOE PACCTOSIHUE MEXAY
BbIPa0OTKAMU U3 PELICHUs YpaBHEHUS

>0, R
wropr == R (102)
ﬂ'K ro
rae R - paauyc BIMSIHMS JAPEHAKHOM BBIPAaOOTKU, MPUHUMAEMbId 3a PACCTOSHUS MEXKIY
BBIpa0OTKaMU; /4 - TIIyOMHA BOABI B KoJioate (puc. 66);

7) oTKauka BOJbl M3 BEPTHKAIbHBIX JAPEHAXKHBIX BBIPAOOTOK MPOU3BOJAUTCS JINOO CaMOTEKOM,
7100 € MOMOILBIO CTIEHUATbHBIX YCTPOMCTB B BUI€ HACOCHBIX YCTAHOBOK PA3JIMYHOIO TUIIA.

CaMoTeuHbII OTBOJA BOJBI W3 JAPEHAKHBIX KOJOJLEB MOYXKHO OCYILIECTBUTH C IOMOLUIBIO
BOJIOOTBOJIHBIX IITOJIEH WJIM CKBaKUH C 3a0MBHBIMH QuiIbTpaMu. B ciaydyae caMou3nusHus BOAbI U3
KOJIOJIEB (apTe3uaHCKHUe KOJIOIbI) OTBOJ] BOJIbI U3 IPEHAKHBIX KOJIOIEB MOKHO OCYILIECTBUTH IO
BOJIOOTBOJIHBIM KaHaBaM WJIM JIOTKaM, MPOJIOKEHHBIM Ha MOBEPXHOCTU OIOJI3HEBOrO y4yacTka. B
cllydae HalM4Msl Ha OIOJI3HEBBIX CKJIOHAX HECKOJIBKMX BOJIOHOCHBIX TOPU30HTOB, pa3JIEN€HHBIX
BOJIOYIIOPHBIMU IUIaCTaMH, HauboJsiee pallMOHAIbHBIMU CUMUTAIOTCS KOMOMHHPOBAHHbBIEC APEHAXKH,
IpecTaBIstone co00i coueTaHue TOPU30HTAIBHBIX U BEPTUKAJIBHBIX JApeHa)xel, 00beAMHEHHbIX
B OJIHY CUCTEMY.

7.30. IIpoTuBOOTION3HEBBIE KOMOMHUPOBAHHBIC APEHAKU COCTOST U3 CICAYIONINX 3JIEMEHTOB:

a) IPpEHAKHBIX WIM BOJOOTBOJIHBIX ILITOJIEH MJIH CKBAYKUH;

0) BEpTUKAIbHBIX CKBAKHH «CKBO3HBIX (PMIBTPOB» WM IIAXTHBIX KOJIOIIEB;

B) 3a0MBHBIX (PUIBTPOB.

7.31. JlpeHaXHbIE CHUCTEMBI ISl BOJOTIOHIDKEHHS OIOJ3HEBOIO y4YacTKa dYaile BCETo
MIPUMEHSIOTCS B BUJI€ CUCTEMbI IPABUTALIMOHHOTO ¥ BEHTWISILIMOHHOTO THIIA, a TAKXK€ KalTa)KHbIX
YCTPOWCTB.

OcHoBHbIE TPeOOBaHUS NPEABSABIIAEMBIE K 3TUM CHCTEMaM:

a) rpaBUTALIMIOHHOE JPEHUPOBAHKE MPU BOJIOTIOHWKEHUH OIOJI3BHEBBIX YYaCTKOB PEKOMEHYETCS
IIPUMEHATh B TPYHTax C XOPOWIEW BOAOOTAAYEH. EcCiM OIOJ3HEBBI MACCHB IPEICTaBJIEH
[JIMHUCTBIM TPYHTOM WM TSDKEIBIMU CYIJIMHKAMU C Majlol BOJAONPOHHUIIAEMOCTBIO, TO CJEIyET
MPUMEHSTh BEHTUISIIUOHHOE IPEHUPOBAHKUE U UX COUYETAHUE;

0) rpaBUTAllMOHHBIE JPEHAXKHBIE CHCTEMbI YCTpPAMBAIOTCS B BHJAE TPyOuUaThIX JpeHaxei
TPaHILIEHHOr0 THUIAa M TOPU3OHTAIBHBIX WJIM HAKIOHHBIX JAPEHAXKHBIX CKBaXHUH. BpiOop Tuma
JPEHaXKHBIX YCTPONCTB Ha OIOJI3HE NMPOU3BOAUTCSA U3 HaubOJee BO3MOKHOTO MOHMKEHUS YPOBHS
IPYHTOBBIX BOJ] C MUHUMAJIbHBIM KOJIMYECTBOM JIPEHAXKE;

B) B LEJNSIX MpEIOXpaHEHUS OT pa3pylICHUs IpPU OIOJI3HEBBIX IOJBMKKAX JpPEHa)XHbIE
yCTpOIICTBAa rPaBUTALIMIOHHOTO U BEHTUJISILIMOHHOTO TUIIA CJIEIYET paciojiaraTh BAOJIb HAlIPaBICHUS
MIepeMEILEHUs OTIOJI3HS;

I') pacCTOSTHUS MEXAY IpEeHakaMu cleAyeT NPUHMMAaTh U3 pacdyera oOecnedeHUs CHIKEHUS
YPOBHS TPYHTOBBIX BOJ 10 3aJJaHHOW TJyOMHBI, BEJIMYMHA KOTOPOM MOKET OBITh OINpejesieHa U3
BBIpKCHUS

hmax:0,733%lgl+ 2| (103)

rae 2] - pacCTOsSHHE MEXAY APCHAMU; Myuy - NPEBBINICHHE MAaKCHUMAIbHOW OTMETKH KPHUBOW

JETIPECCUU HaJl OTMETKOM JHa ApeHsbl; Ky - ko3 puuuenT GuiabTpanum; g - AByCTOPOHHUI IPUTOK
BOJIbI HA | M IpeHbl, YUCIEHHOE 3HaYeHHE KOTOPOr0 MOXHO ONPEAeNuTh 1o hopmyiie

H-h
q=(—2 O]quJc : (104)



rae H - MOUIHOCTh BOJOHOCHOIO CJIOA HaJl JIPEHOH; Ao - BbICOTA CIIOSI BOJBI B JIpEHE IPH
YCTaHOBHBILEMCS PEKUME; J., - CPETHUIN YKIIOH KPUBOU JETIPECCHUH;

1) TpU TMPOEKTUPOBAHUHU JPEHA)KEW BEHTWISILIMOHHOTO THUIA TPEXAE BCEro HeoOX0IuMO
ONBITHBIM IIYTEM OIPEACIUTh pa3Mepbl 30HbI BIMSHUS KaXKJIOro. 3aTeM OCYIIAeMbIH Y4acTOK
JIEJIUTCSI Ha OTJIEJIbHBIE IPOJAOJBHBIE IOJOCHI C pasMepaMU 30HbI BIMSHHUSA KaXKIOTO JPEHAXKA.
KonmnuecTtBo HEOOXOAMMBIX JPEH Ha OCYILIAEMOM Y4acTKe oIpenaeisercs no popmyie

N=F,/f,, (105)

rzie f, - II0Iab MOJOCHl 30HbI BIMSIHUSA OJHON JOpeHsl; ), - CyMMapHas IUIOIIab OCYIIAeMOTro
Y4aCTKa.

7.32. C uenpi0 yMEHbIICHUSI HHPUIBTPALMH aTMOC(HEPHBIX OCAIKOB B OMOJ3HEBBIM MACCUB U
MpeloOTBpallleHUus] 00pa30BaHUSI HA IOBEPXHOCTU OIOJ3HEBOIO Y4YacTKa IMPOMOUH, PBITBUH H
OBparoB, B KOTOPbIX OOBIYHO HAKAIUIMBAETCA BOJA IOBEPXHOCTHOIO CTOKA M TEM CaMbIM
CIOCOOCTBYET MPOHMKHOBEHHUIO BOJIbI MOBEPXHOCTHOI'O CTOKAa B OIOJI3HEBBIM MacCHB, CHMKas
YCTOWYMBOCTh CKJIOHA, HEOOXOJMMO IPOBOJAUTH CHELHMAIBHBIE MEPOIPHUITHS, U3 YHCIa KOTOPBIX
HanOosiee Y PEKTUBHBI CIEAYIONINE:

1) manupoBka M yTpamMOOBKa IMOBEPXHOCTHU OIOJ3HEBOIO y4yacTKa C LEJIbl0 oOecredeHus
MaKCHUMAaJIbHOTO CTOKa BOJBI W3 JIaHHOTO Yy4YacTKa B BOJOCOOpHBIE CHUCTEMBl, YCTPOCHHbIE Ha
onoi3HeBoM ydactke. Hanbonpmuii 53pPexT 3TuMu MEponpusTUIMU MOKHO JOCTUTHYTb, €CIIM OHU
OyAyT BBIIIOJHEHBI COBMECTHO U B YBSI3KE C BEPTUKAIBbHOU IJIAHUPOBKOM MOBEPXHOCTH OTIOJI3HS J0
YCTOMYHBOTO COCTOSIHHUS;

2) YyKpeIUIeHHE TOBEPXHOCTHOIO CJIOS OIOJI3BHEBOIO ydyacTKa C LEJbl0 yMEHbIIEHUs
MH(QUIBTPALUU BOJBI IOBEPXHOCTHOTO CTOKA U IMPEIOXPAHEHUS IOBEPXHOCTHOIO CJIOSI TPYHTa OT
SPO3HOHHBIX MPOIIECCOB.

OTU MEpONPUSTUSI MOTYT OBITh BBIIIOJIHEHBI CIEAYIOIIMMH CIIOCO0aMu:

a) IpeHUPOBAHUEM ITOBEPXHOCTH OMOJI3HEBOTO y4acTKa IOCJE ero MIaHUPOBKH;

0) TpaBOCEsSHHUEM B COUETAHUM C HACAXKJIEHUEM KyCTapHHUKOB;

B) Outymu3zanueid, HepTeBaHHMEM U TyJAPOHMPOBAHHEM IIOBEPXHOCTHOTO CJIOSI OIOJI3HEBOIO
y4acTKa;

I') YIUIOTHEHHUEM I[OBEPXHOCTHOTO CJOS OMNOJ3HA BTPaMOOBBIBAHMEM B HETO CMECHU TJIMHBI,
IecKa, IjiaKa WiH eOCHKY,

3) arposiecoMennopanus ONOJ3HEBBIX YYaCTKOB C LIEJIbIO MPEAOXPAHEHUS TOBEPXHOCTHOTO CJIOS
OT pa3MbIBOB U 00pa30BaHUs OBPAroB B MEPHO/I 3aTSHKHBIX JIUBHEBBIX JOXKAECH U TABOJKOB.

[Ipy BBINOIHEHUM 3TUX MEPOINPHUATHI HEOOXOIAMMO MPEXJE BCEro NPEeayCMOTPETh MEphI IO
COXPAHEHHUIO CYILECTBYIOIIEH IPeBECHO-KYCTAPHUKOBON PACTUTEIBHOCTH Ha OIOJI3HEBOM CKJIOHE U
3a ero mpexaenamu. B mectax, rae B X0/€ CTPOUTEIbHBIX PabOT JIECOKYCTapHUKOBBIM MOKPOB
YHUUYTOXEH, HEOOXOJUMO MPOU3BOJUTh HMX HCKYCCTBEHHOE HAaCaXJIEHHE C COOJIOJCHUEM
HEOOXO0IMMBIX YCIOBUM UX COXpaHEHHUS.

Ha nmosorux onona3HeBbIX CKIOHAX ¢ KPYTU3HOM cKaTa 10 15° necoHacakIeHue peKOMEHIYETCs
IIPOU3BOIUTH NapaieIbHbIMU, B3aUMOTIEPECEKAIOUMUCS IO IPSIMBIM YTJIOM pPsJIaMu.

Ha xpyThIX OMOJI3BHEBBIX CKJIOHAX MOCAJKY JEPEBHEB OOBIYHO PEKOMEHIYETCSl MPOU3BOAUTH B
1axMaTHOM Mopsizike. Takas cxema Moca/iKu JIepeBbeB 00eCreunBaeT YMEHbIIEHUE CKOPOCTH CTOKA
BO/JIbl B TIEPUO/]I JINBHEW U MABOJKOB M TEM CAMbIM MPEAOTBPAIIAET Pa3MbIB IOBEPXHOCTHOTO CJIOS

IpYyHTA.
8. PACYET IOJAIMOPHBIX COOPYKEHHUM IO NPEJAEJbHBIM COCTOSHUSAM

8.1. Pacuer MOANOpHBIX COOPY)KEHHH IO NPEAEIbHBIM COCTOSHUSM MEpBOMl TIpymmbl (IO
MPOYHOCTU U YCTOWYUBOCTH) CJEAYeT IPOU3BOJUTH Ha JECHCTBUE pPACUETHBIX HAarpy3ok u
BO3/ICHCTBUM.

8.2. Pacuer mo npOYHOCTHM KOHCTPYKLIHMM HOAIOPHBIX COOPYKEHHH ClEeIyeT IPOU3BOIUTH
coryacHO pasznenaMm 3 u 4 Hacrtosimiero PykoBoacTBa B COOTBETCTBHM C JCUCTBYIOIIMMHU B HHX



yeunusaMu. llpu 3TOM creayeT HCHoJsib30BaTh XapaKTEPUCTUKU MaTepUaloB W TPYHTOB JUIS
IIPEAEIIBHBIX COCTOSIHAN MTEPBOM TPYIIIIHI.
8.3. OnpeneneHue ycunui B cBasix (puc. 67) cienyet Npou3BOIUTh 10 GopMyIie.

rae M; - MOMEHT B CBae B i-il Touke; My - MOMEHT B MECTE€ CONPSHKEHUSI CBau C POCTBEPKOM
(meficTByeT MpH >KECTKOM COEAMHEHMHM CBaW C POCTBEPKOM); (Jyp - TOPU3OHTAIbHOE YCUJIHE B
POCTBEpKE; X - paccTosiHUE OT ycunus (o A0 i-il TOUKH; M, - MOMEHT B i-i TOYKE OT aKTHBHOTO
(OnoJ3HEBOro) AaBIEHUA TPYHTA; M, - MOMEHT OT YCHUJIMH, PACIOJIOKEHHBIX BBIIIE TOUYKU k, B i-U
TOYKE OT PEAKTUBHBIX JIABJICHUN I'PYyHTA.

8.4. MoMmeHT B i-i TOUKE MOKHO TaK)K€ BBIUUCIUTH 110 hopMyIie

v = 0 =20+ vi0)B, (107)
i 2
a
rae M; - To xe, uto u B Qopmyne (106); yir1, ¥i, Vi1 - TOPH3OHTAIBHOE CMEIIECHUE TOYKH,

PacCIOJIOKEHHOW COOTBETCTBEHHO HA BEJIMUYMHY d BbIIIE TOYKH I, B TOYKE I U HA BEJIMYMHY @ HHXKE
TOYKH i; B; - )KECTKOCTh CBau B TOUKE [; @ - BEIMYNHA YJaCTKOB, Ha KOTOPBIC pa30uTa cBas.

8.5. Pacuer BeneM crnenyromum oopazom:

a) 3a/1aeMcsl pa3MepaMu COOPYKEHHUsI, MapKOil OETOHA U apMUPOBAHHUEM;

0) ompeensieM TPEITUHOCTOMKOCTh OypOHAOMBHBIX CBAl M X KECTKOCTh Ipu M=M;

B) COCTaBJIsIEM ypaBHEHMUsI, BIUMTAsI paBble yacTH BoipaskeHuit (106) u (107) npyr u3 npyra;

I') HEIOCTAIOIIME YPAaBHEHHUS, HEOOXOIUMBIE /7151 OTHICKAHUSI HEU3BECTHBIX, [TOTy4aeM U3 OOIINX
YCIIOBUM CTaTUKH;
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Puc. 67. IloanopHoe coopyxeHrne U3 OypOHAOMBHBIX CBaii
a - cXxeMa IMOJIIOPHOT'0 COOPYKEHUS U ISHCTBYIOIINE Ha HEro Harpy3Kky; O - pacueTHas cxema cBaii, HeoCpeICTBEHHO
BOCIIPHHUAMAIOIIHX JTaBJICHUE TPYHTA; B - pacyeTHAs CXeMa CBail, BOCIPUHUMAIOIIUX JaBJICHHE TPYHTA Yepe3
TOPU30HTAIBHOE YCHIIUE U U3THOAIOIINIT MOMCHT B POCTBEPKE; T - CXEMa PACUCTHOM IIMIOPHI PEAKTUBHBIX JTABJICHUI
IpyHTa Ha CBaro

1) peliaeM ypaBHCHHUS;

€) HaxoJUM JICHCTBYIOIIME B CBasX MOMEHTHI W 1O HHUM OTpEIEIseMbIe EeHCTBUTEIbHBIC
JKECTKOCTH,

) HaXOJJUM HOBbI€ 3HAUEHUSI TOPU3OHTAIbHBIX KO3(PPHUIIMEHTOB MOCTENU U3 YCIOBHIA:

Y 8.
21-(0, /)" (108)
Yo
krni = Qm'/ym' : (109)
B Boipaxkenusix (108) u (109) npunaTh cneayromnye 0003HaueHuUs:
Vni - TEpeMelleHHe i-il TOUKM OIpeAesieHHOE MNpu HocienHeM pacdere; yo=1 cMm; QO -

MONIEPEYHOEe yCUJIMe, JIEHCTBYIOIIEe Ha i-M ydacTke; (Jp - MOIEPEYHOE YCUJIME, BBI3bIBAIOIIEE



nepeMeInieHne i-T0 ydactka BI0Jb ocu Y Ha 1 cM; Ay, - TOpU3OHTANIBHBIN KOY(DPHUIIMEHT MOCTENH i-
r'0 y4acTKa;

3) noACTaBIsAEM HaI\/'I)leHHBIC KCCTKOCTHU U 3HAYCHHA T'OPU30OHTAJIbHBIX KOB(l)(l)I/IIII/IeHTOB IIOCTEIIN
B YpaBHCHHA 1 BHOBb PCHIAEM UX;
I/I) pacucT BEAEM 0 TEX IMOP, ITOKA HE BBIMMOJITHUTCA YCIIOBHEC

My =M1 1009 < +5%, (110)

n
rae M, - MOMEHT B Jit000il i-if Touke HaWJEHHBIA MpU MOcienHeM pacyere; M,.; TO ke, npu
MPEABIAYILEM pacyeTe.

8.6. YCTOMUYMBOCTh COOPY)KEHHSI CUUTACTCS 00CCIICYCHHOM, €CITi COOII0IAat0TCS YCIIOBUS:

yoséd; (111)
1

I7i€ Jo - NepeMeIleHNEe B YPOBHE MOBEPXHOCTU IPYHTA, CO3JAIOIIET0 PEaKTUBHbIE ycunus; d -
JMaMeTp cBau; /1 - TIyOMHA 3a/I€]IKU CBau B TPYHT, CO3/AIOLIUN PEaKTUBHbBIE YCHIIHSL.

8.7. Pacuer MOJNOPHBIX COOPYXEHHH MO MpeNelbHbIM COCTOSIHUSIM BTOPON TIpymmbl (110
TPEIUHOCTOMKOCTH, IIUPUHE PACKPBITUS TPEeUIMH M AepopManusM) cielyeT MNPOU3BOAUTH Ha
JNENCTBHE HOPMATUBHBIX HATPY30K U BO3JICHCTBUMN.

8.8. Pacuer mno nmnpenenbHBIM COCTOSIHHAAM BTOPOM TpYyNNbl KOHCTPYKUMW I1OJMOPHBIX
COOPYKEHHUI ClIeNyeT MPOU3BOAUTH, COIVIacCHO paszaeinam 4 u 9 Hacrosmero PykoBoacTBa, B
COOTBETCTBUU C JCHCTByOIIMMU B HUX ycunusmu. Ilpu 53ToM crienyer HMCHOJIb30BaTh
XapaKTEPUCTUKU MaTEpUAJIOB U TPYHTOB AJISl IPEJIENIbHBIX COCTOSIHUN BTOPOU PYMIIbI.

9. PACYET CTBOJIA BYPOHABUBHBIX CBAH IO MTPOYHOCTH
a. [Ipo4yHOCTH ceyeHUil, HOPMAJIBHBIX K POJ0JIbHOM OCH 3J1eMEeHTa

9.1. Ompenenenue MpeACIbHBIX YCHUIUNH B CEUECHWH, HOPMAJIBHOM K MPOJOJIBHON OCH CBaw,
MIPOM3BOIUTCS UCXOIS U3 CICAYIOIINX MPEAMOCHIIOK:

- CONMPOTHUBJICHUE OETOHA PACTSHKEHHUIO PABHO HYITIO;

- HalIpaBJICHHE B OETOHE C)KAaTOM 30HBI PACIPEIEIEHO PABHOMEPHO U YHUCIIEHHO PABHO R,;;

- pacTATUBAIOIMC W CKUMAIOMIUEC HAIPSKCHHUA B HpOI[OJ'II:HOfI apMaTtyp€ 4YHCJICHHO pPAaBHbI
COOTBETCTBEHHO R, M R¢.

9.2. Pacuet noypkeH Npou3BOAUThCS U3 yenoBus (15). Bennunny M, onpenenseM no ¢popmyie

— ! ’
M,=R,,S5+R,S, + RS (113)

ac—a’

rae Ry, - pacdeTHas IpPU3MEHHas MPOYHOCTh OETOHA Ul IPENENBbHBIX COCTOSIHUM MEpBOii
rpynnsl; S's, Su S’ - CTaTHYECKHEe MOMEHTHI COOTBETCTBEHHO IUIONIAJICH CXKATOM 30HBI OETOHA,
pacTAHYTOM M CKAaTOW apmaTypbsl OTHOCHUTEIBHO HYJIEBOM JwmHUW; R, R, - pacueTrHoe
COIIPOTHBIIEHHE COOTBETCTBEHHO PACTSKEHUIO M CXKATUIO apMaTypsl Ui MPEIEIbHBIX COCTOSHHAN
IIEPBOM T'PYIIIBL.

Benuuuny S’ onpenensem no popmyne

S; = r3/3[2sinp + sinpcos2 p +3cos p(p + sin p + sin p cos p)], (114)

rJie 7 - paaryc IOMEPEYHOTO CEUCHHUS CBaW; p - TMOJOBUHA MEHBIIETO yriia (p - B pajHaHax),
o0Opa3yeMoro JByMs paadycaMH, IMPOBEJACHHBIMU M3 IIEHTPA CCUCHUS K JBYM KPAWHHM TOYKaM
cKaTo 30HBI ceueHus (puc.68).



Benuuunst S, u S’, onpenensiem o Gpopmynam:

Sa ZZfaiyai; (115)

i=l

n
r_ '
S, = _Z[fal-ym-- (116)
i=
B dpopmynax (115) u (116) npunsTh! cnenyomuye 06003HaYeHUS:
fa;, f'a; - MO COOTBETCTBEHHO PACTSHYTBIX U CXKATbIX apMaTypHBIX CTEPKHEH; Vui; V'ai -
KpaTyallIie pacCTOSHUS OT COOTBETCTBYIOUIUX PACTSHYTBIX U CKAThIX apMaTypHBIX CTEpKHEH 10
HYJIEBOW JIMHUHU.

Puc.68. Cxema ycunuit ¥ 91mop HanpsHKEHUH B CEYEHUH, HOPMAJIBHOM K MPOJIONILHOM OCH JIEMEHTA, TIPH pacuere
cTBOJIa OypOHAOMBHOM CBau 110 MPOYHOCTH

9.3. ITnomane cxKaToW 30HBI CEYEHUS I ONIpEeAEIAeTCS B 3aBUCUMOCTH OT BHJIa apMUPOBAHMS:
a) Uil CcBal C COCpPEAOTOYEHHBIM HECUMMETpU4YHbIM (puc. 69.0) u paBHOMEPHO
pacnpezneneHHbIM (puc. 69.a) apMupoBaHUEM

RBFB - RBCFE: .
= mee ey (117)

np

0) /U1 cBail ¢ COCPEOTOUECHHBIM CUMMETPUYHBIM (puUC. 69,B) apMHUpPOBaHUEM

Fy = R, Fy —0.5R, Fy E (118)
R,,

[Ipumeuanue. [lnomanp cxxaroit 3086 OeToHa ompeneneHa mo ¢opmymnam (117) u (118) u He

2
AOJDKHA MPEBbIMIATE ITOJIOBHHBI IUIOIIAAN TOMEPECYHOTO CCUCHUA 3JIEMCHTA, T.C. BCIIMYHWHBI % .



fa
P P
Puc. 69. Cxema k onpejiefeHUIO TUIOIIAAN CXKAaTOM 30HBI MOMIEPEYHOr0 CeYEHMsI CTBOJIA CBal

9.4. Pacuer BeeM cienyromumM 0opazom:

a) 3aJaeMcs BeIMYUHAMU 7, R,,, apMaTypoil I, u F'; ¥ ee pacrosokKeHueM;

0) B 3aBUCMMOCTH OT BHJIa apMUPOBAHUs OMpeaeisieM BeIUUnHY Fj; u3 Beipakenuit (111) wim
(118);

B) ompeessieM 3HaueHue GyHKIuu (2p-sinlp) mo dhopmyse

2F;

2p—sin2p =—>*; (119)
r

') IO HalJIeHHOMY 3HadeHHIo (pyHKUuU (2p-sinlp), onpenenseM 3HAYCHHE YyIiia p U 3HaueHUue

. . 2 . .
dyHKIIH [25sin p+sin p cos™ p+3cos p(p+sin p+sinpcos p)] pxonsmeit B Boipaskenne (114)
1) OTIIpEICIIIeM BBICOTY CKAaTOM 30HBI OETOHA X TI0 (popMyIIe

X= r(l—cosp) (120)

U TpOBEpseM, NMPaBUIbHO JIM MBI OTHECIH apMmarypy K F, u F'a B ciydyae omubku pacuer
ClIelyeT NOBTOPUTH;

€) Haias BEJIUYUHBI YV, U 'y, ONpPENesieM BEIUYUHbI S, U S'; U mpoBepsieM cOOII0aeTcs U
yciosue (113).

0. IIpoyHOCTH CeYeHHUIl, HAKJIOHHBIX K NPOJ0JbHOH OCH 3JIEMEHTA, HA /IeliCTBHE NMONepPeYHOo
CHJIBI

9.5.11pu pacuete JIEMEHTOB Ha JIEHCTBHE MOMEPEYHON CHIIBI IOJDKHO COOIIOIATHCS YCIIOBHE
!
O<035R,,Fy, (121)
rae F's - mnomanas 6eToHa, HaXOAAIIErocs B Mpe/ieiax BHICOTHI.

9.6. Pacuer Ha JieficTBUE MONIEPEYHOM CHIIBI HE POU3BOIUTCS, €CIIU COOIIIOIAeTCs YCIOBHE
!
O<08R,Fy, (122)

rac Q - IIoIIepCYHasA Cuja, I[GI\/IICTBYIOHIaﬂ B HAKJIOHHOM CC€UYCHHH, OT CYMMBbI BHCIITHUX HArpy3o0KkK,
PACIIOJIOKCHHBIX IO OAHY CTOPOHY OT paCCMaTpUBaA€MOro CCUCHUA.

9.7. llpu HecoOmoaeHuu ycnoBus (122) pacuer OypoHaOMBHBIX CBal MPOU3BOIUTCS U3 YCIOBHS
Q<2R,F.+0;, (123)

rae LR, F, - cyMMa MONEpeyHbIX YCUJIMM, BOCIpUHUMaeMmas xomyramu; (Js - IOINEpPEeYyHOe
yCHJInE, BOCIIPUHUMAEMOE OETOHOM.

B ¢opmyie (123) nmpunsATH cneayomue 0003HaAYCHUS:

R, - pacueTHOE CONpPOTUBJIEHHE apMaTypbl XOMYTOB MJIsi NPEAENbHBIX COCTOSIHUN IEepBOM
IPYIIBl HA JEMCTBUE NONEPEYHOM CWIBL; [, - ABOMHAS IUIONIAJb CEYEHUs XOMYTa, I1EpECEeKaeMOro
HAKJIOHHOM TPEINHOM.

Benuuuny Qs onpenensiem mno ¢popmyie



_ 2R, Fyhy
6T o

rac C- JJIMHA NPOCKIWH HAKJIOHHOI'O0 CCUCHUA HAa IIPOJO0JIBHYIO OCh DJICMCHTA.

(124)

B. HpO‘lI—[OCTI) ceqe}mﬁ, HAKJIOHHBIX K l'[pO}IO.]'lI)HOﬁ OCH JJIEMEHTAa, HA JaelcTBHE
H3rudaroIero MOMeHTa

9.8. Pacuer ceueHuii, HAKJIOHHBIX K MPOJOJILHOM OCH dJE€MEHTa, Ha JEHCTBHE H3THOAIOIIETO
MOMeHTa caeayeT npousBoauTs o CHull 2.03.01-84.

10. TPEIIUHOCTOMKOCTH 1 )KECTKOCTHh BYPOHABUBHBIX CBAH ITPH
HN3TI'UBE

a. Oﬁpa:mBaHue TPCIIUH, HOPMAJIBHBIX 1 HAKJIOHHBIX K l'lpOI[O.]'leOﬁ OCH JJIEMEHTAa

10.1. Ycunme, BOCIPUHMMAEMOE CEYEHUEM, HOPMAIBHBIM K MPOJIOJIBHOM OCH DJIEMEHTA,
OTpEEINAETCS UCXOAS U3 CAEAYIOIINX MOJI0KEHUIA:

- ceyeHus nociue aedopManuil 0CTalTCs MI0CKUMU;

- HampspKeHHWsi B OCTOHE CXKATOM 30HBI OMNPEACNSAIOTCS C YYETOM YIPYTrOIIaCTUYECKHUX
nedopmaruii;

- DIMIOpa HAMPSDKEHUM B CKATOM 30HE TPEYTOJIbHA;

- HAIPsDKEHHS B OETOHE PACTSHYTON 30HBI PACTIPEICIICHBl PABHOMEPHO U YHCJICHHO PaBHBI Rpll;

- HalpsDKEHUS B apMaType paBHBI alreOpanvyecKoid CyMMe HanpshKEHUH, BRI3BAHHBIX YCAIKOW U
M0JI3Y4eCThbl0 OETOHA, U HAIPSDKEHUIO, OTBEYAIOIIEMY MpUpaIleHnto aAedopmaiuil oKpyKaroero
OeroHa;

- 3MIOpA HAIPSDKEHUM B CKATOM M PACTSIHYTOM apMaType U3MEHSETCS 10 JINHEWHOMY 3aKOHY.

10.2. Pacuer mo 0O6pa3oBaHMIO TPEIIUH MPOU3BOJUTCS U3 YCIOBUS

M <My (125)

rae M - wsrubarouuii MOMEHT, JEMCTBYIOIIMI B paccMaTpuBaeMOM ceueHuu; Mr - MOMEHT,
BOCIIPUHUMAEMbIil CeYeHHUEM, HOPMAJIbHBIM K IPOJOJBHOW OCH d3JeMEHTa, NMpU 0O0pa3oBaHUU
TPENIUH U ONpeeIsieMbIi 10 (hopmyrie
nS,, —nS

ao , "“ao +S6.p’ (126)
\4 \4

My :S6.0+

rae Sso U Ssp - CTATUYECKHE MOMEHTHI COOTBETCTBEHHO C)KATOM M PACTSIHYTOM 30H OeToHa
OTHOCUTENIbHO HyJneBo#l aunuu; n=E,/E; (E, - MOAyllb yNpyrocTu apMatrypsl, E; - HadaJabHBIN
MOJYJIb YIIPYrocTH 0eToHa); Sy, Syo - CTATUUECKHNE MOMEHTHI IUIOIIA/Ie COOTBETCTBEHHO CXKATOM
A' ¥ pacTsHyTO# A apMaTypbl OTHOCUTEIBHO HYJIEBOH JIMHUU.

Benuuunel, Bxoasmme B Beipakenue (126), onpenensrorcs o GopMysiaMm:
a) mpu x<v:
3
I'c,

S, = m[3p(l +4cos’ p)— sin pcos p(13 +2cos’ p)]; (127)

3

r’'R
= TPH [4,712388 cos p+3sin p(cos2 p+cosp—sinpcosp+ 1)+ 3cosp arcsin(l —sin p)— sin’ p}; (128)

.0

!
nSa.o _ Os

inif&i[r(l—cosp)—a{]; (129)

v vr(l—cosp) i3



nS,o _ znﬁl [,, l+c0sp) ] (130)

v vr(l cosp) iz

IIpU X7

1'06

Se, = 20+ c0s) [3p(1 +cos’ p)+ 16 cos p(2 +cos’ p—sin p)+ sin pcos p(17cos2 p—13sin’ p)]; (131)

3
"R
S50 = Tpn[2sinp + sinpcos2 p +3cos p(p + sin p + sin p cos p)], (132)

nSuo _
v vr(l +cosp) iz

Zn fa [r l+c0sp) l (133)

nS,o _ znﬁl [,, 1— cosp) ] (134)

v vr(l +cosp) iz

B dpopmynax (127)-(134) npunsaTsl ciaeayromue 0603HauYeHUS:

0s - HauOoJblllee HAINpPSHKEHHE B CXKATOM 30HE CEUYEHHMs]; p - IOJOBUHA MEHbBIIEro yria (p B
paanaHax), o0pa3yeMoro JAByMs paJuycaMi, MPOBEAECHHBIMU U3 LIEHTPA CEUYEHHUS K JABYM KpalHUM
TOYKAaM CKaTol 30HBI ceueHMs (puc. 70); R, -pacueTHOE CONPOTHBJIEHHE OETOHA OCEBOMY
PaCTSDKEHUIO JUISl MIPEAETIbHBIX COCTOSTHUI BTOPOM TPYIIIBI; V - KOAPGUIUEHT, XapaKTepU3YIOIIHii
YOPYroIuiacTUUeCKOe COCTOSIHME OeTOHa CyKaToi 30HBI M paBHbIN: 0,45 - mMpuU KPaTKOBPEMEHHOM
NEeUCTBUM HArpy3ku, 0,15 - nmpu IMTENbHOM IEHCTBUM HArpy3KH; 7 - paguyc MONEPEYHOr0 CeYEHUS
anemenTa; n=E,/Es (a'; n a; - xpaTdaidline pacCTOSHUS OT IEHTPA TSHKECTH COOTBETCTBYIOIIETO
CKaTOr0 M PACTAHYTOTO apMaTypHOTO CTEP>KHS J0 IIOCKOCTEM, MEPIEHINKYISAPHBIX IUIOCKOCTH
n3ruba, ¥ IpoXoJsIIUX COOTBETCTBEHHO yepe3 Hanbosee ckaToe U Haubosiee pacTsIHyTO€ BOJIOKHO
CeueHus).

Hp nMedaHue. B nanbonee paciopoCTpaHCHHOM CJj1ydac - MPpUMCEHCHHUC apMaTypbl OJHOI'0O Kjacca B CKaTOW U
paCTHHyTOﬁ 30HaX CEYCHHA - BEJIMYNHY #1; MOKHO BBIHOCUTDH 34 3HAK HHTeraJ’ILHOﬁ CYMMBI.

Oy

et o 3
Nso
\\ o
ot DY

Puc. 70. Cxema ycHIIHiA ¥ SIIOp HANPSHKEHUH B CEUEHUH, HOPMAIBHOM K ITPOJIONBHON OCH U3rnbaeMoi OypoHaOWBH oM
CBaH, IIPU pacuere ee 0 00pa30BaHUIO TPEILIHH U ONPEASICHUIO KECTKOCTH 10 00pa30BaHus TPEILUH



10.3. [lna onpeneneHus NOJ0KEHUS HYJIEBOW JMHUU U BEJIMYMHBI, UCIIOIb3YEM JBa YpaBHEHUS
paBHOBECHSI:

N6.0+N£,1_Na_N6.p:0’. (135)
S5 =00 - 200 5~ (136)

B ypaBuenusx (135) u (136) npunsTsI cienyromnue 0003Ha4eHUs:
Nso U N5, - paBHOJEHCTBYIOIIME YCWINH B OETOHE COOTBETCTBEHHO B CXKATOM U PaCTSIHYTOH
3oHax cedyeHus; N'; ; N, - paBHOJACUCTBYIOIHNE yCHJIMK COOTBETCTBEHHO B CXKAaTOW M PACTSIHYTOM

apMmatype; Ss p; nS,, ; nS,, ; S5 - BEIMUUHBI T€ XKe, 4To U B popmyiie (126).
\% \%
Benuuunel, Bxosmue B ypaBaenue (135), onpenensiem o ¢popmMysiam:
a) npu x<r
N;, = r2—6(3sznp 3pcos p —sin p) (137)
“ 3 -cosp)
Njp=r"R,(3141592 - p+05sin2p); (138)
N, =——2—> n fa;|r{l —cos 139
¢ = s COSP)Z ifa[r(1-cos p)-ai} (139)
u —Zn fa[r(1+cosp)-a;] (140)
vr(l—cosp) iz
0) pu x>r
2
o = ¢[sin p(3 —sin® p)+ 3pcos p + 6.cos parcsin(l —sin p)+ 6sin p cos p(l +cos p —sin p)l (141)
3(1+cosp)
N, =—2—> n fa;|r{1+ cos 143
¢ = s COSP)Z /[l +cosp)-ai} (143)
—Zn fa; [r 1- cosp) ] (144)
vr(l—cosp) iz

10.4. Pacuer BezeTcss METOJOM MOCJEI0BATENbHBIX PUOIMKEHUN U BBIITOIHAETCS CIEAYIOUIUM
obpazom:

a) 3a7aeMcs yriioM p (mpu x<r ero BeJIWYrWHA OOBIYHO COIMOCTaBJsET HE MeHee 1,3 pan), cuuTas
qTO0 X<7;

0) u3 ypaBHeHus (135) BbruncisieM 3HaU€HUE 05 110 (popmyiie

O’6N6.p

, , (145)
Ns,+N,+N,

Cp =

TaK KaK BEJIMYMHA 0; BXOJUT B YUCIUTENh U 3HAMEHATEN b NMPaBOM YacTu BeIipakeHus (145) [cm
¢dopmynsl (137), (139), (140)], To oHU COKpaIaroTCs;




B) 110 3a/IaHHOMY 3HAYEHUIO YTJIa p ¥ HAUJACHHOU BEIMYHMHE 05 OTMPEIEIISIEM 3HAUCHUE YPaBHEHUS
(136);

r) ecnu 3HadyeHwe ypaBHeHHs (130) He paBHO HYJIIO, TO 3aJaeMCs CJICAYIOIIUM OOJIBIIUM
3HAQYEHHEM yTJjia p U BHOBb IMPOU3BOUM BBIUUCIEHUS 10 TE€X MOP, MOKa ypaBHeHUe (136) He OyneT
PaBHO HYIIO;

[Ipumeuanwue. Ecnu npu 3Hauennn p=1,570796 ypasuenwue (136) He paBHO HYJIIO, TO Y Hac x>7. B aTOM ciydae

pacyer BeJieM B TaKOi e MOCIIeI0BATEIbHOCTH, HO 3HAUEHHS 0; onpenesitoT u3 ¢popmyn (141)-(144), a 3HaueHue yria
p, HauMHas ¢ BenumyuHb! 1,570796, nocreneHHoO yMeHbIast 1o BBINOIHEHUs ycioBus (136).

OmnpenenuB npu nomomu ypaBHeHuil (135) u (136) 3HaueHue yrja p W BEIUYHMHBI 05 IO
dbopmyre (136) HaxoasT BenuuuHy M7 1 IPOBEPSIOT, cOOM0aeTcs Jin yeinoBue (125).

10.5 Pacuet no 06pa30BaHUIO TPELIUH, HAKIIOHHBIX K IPOI0JIBHON OCH 3JIEMEHTA, CIIEyeT BECTH
no CHulT1 2.03.01-84.

0. ZKecTKOCTh M IIMPHHA PACKPBITHS TPELUH U3rndaeMbIX OypoHaOuBHBIX cBail. KecTKocTh
OypoHaOHMBHBIX CBail HA yYaCTKaX C TPELIMHAMH B PACTAAHYTOM 30He

10.6. XKecTtkocTh n3rudaroux OypoHaOMBHBIX CBail ONpeAENseTcsl U3 YCIOBUM, U3JI0KEHHbBIX B
. 10.1 Hacrosmero PykoBoacTsa.
10.7. JKectkocTh OypoHaOMBHBIX CBall Ha Yyd4acTKax, e o0Opa3yloTcs HOpPMallbHblEe K
MIPOIOJIBHOM OCH TPEUIHHBI, OTIPEICISIETCS TI0 (GopMyIIe
M
B=——71—,
My _ My (146)

B, B,

rae B - )KeCTKOCTh CBaWl B paccMaTpUBaeMoM cedeHuu; Mj u M, MOMEHTbI COOTBETCTBEHHO OT
KPAaTKOBPEMEHHOI'O W JIJIMTEIBHOTO JIEUCTBUSI MOCTOSIHHBIX W JUIMTENIbHBIX HArpy3ok; By u B -
YKECTKOCTh CBaW B PaCCMaTPUBAEMOM CEUYEHHUH OT ACHCTBUS COOTBETCTBEHHO KPAaTKOBPEMEHHOTO U
OT JUTUTEIIBLHOTO ACUCTBUS MOCTOSHHBIX U JUTUTEIIbHBIX HATPY30K; M - TIOJIHBI MOMEHT (MOMEHT OT
NeUCTBUS BCEX HArpy30K), IEHCTBYIOUINI B pacCMaTpUBAEMOM CEUECHUH.

Benuuuns! By u B, onipeaenseM no Gopmynam:

_ kaEar(licosp)_ (147)
09no,
vM  E h.x
B, i (148)

" 10y~ Xgx]

B dpopmynax (147) u (148) npunsTh cienyomuye 0003HaYeHUS:

W, - K03h(OUIMEHT, YUUTHIBAIOIINN pabOTy pacTsIHYTOro OE€TOHA HAa y4acTKe C TPEHIMHAMU U
onpenensemblii mno n. 4.29 CHull 2.03.01-84; ws; - KO3h(UUKUEHT, YUUTHIBAIOIIUN
HEPaBHOMEPHOCTh paciipeseieHus JeopMaluii KpaliHEero cXaroro BoJIOKHa O€TOHA Ha Yy4acTKe ¢
TpemnHaMu U paBHbi 0,9. OcranbHble 0003HAYEHMs T€ e, 4TO M B pazzaene 10a HAcTOSALIETo
PYKOBO/JICTBA.

[Ipumeuanue. B ¢popmyne (147) 3nak "MuHyc" craBUTCs npu X<r, 3HaK "muiroc" - npu x>r

10.8. [l onpeieneHus MOJI0KEHU HYJIEBOM JINHUN U BEJIMYUHBI UCIOJIB3YIOTCS TPU YPaBHEHUS
paBHoBecus: (135), (136) u

M40 LS. _05M =0. (149)
A%

CxeMbl yCWJIMA W SIIOpHl HANpsOKEHWM TOKa3aHbpl HAa puc. 71. BenmuuuHbl, BXOAsmue B
ypaBHenus (135), (136) u (149), onpenenstores mno Gopmymnam:
a) npu x<r:



Nj, =r"R,[3141592— p +0,5(sin2p + sin2y) - y1;

3

"R
So.p =+ 3pH.[4,712388+ 3sin pcos p(cos p —sin p) +3cos p arcsin(l — sin p) + 3 cos(sinp —1) +
+3sinp—sin’ p—2siny—sinycos® y—3cos y(y +siny+1+sinycosy)l;
0) tpu x>r
N5.p = rszH[,D —0,5(sin2p —sin2y) -y,
3
So.p = T[2szn,0 + sin pcos” p+3cos p(p +sinp+sinpcos p)—2siny —sinycos” y —

—3cos y(y+siny+sinycosy)—3(cosy—cos p)(y—0,5sin2y)].

(150)

(151)

(152)

(153)

OcTanpHble BeIUYUHBI, BXojsmue B ypaBHeHus (135), (136) u (149), onpenensitorcss corjaacHO

pazzeny 9.8 Hacrosmero PykoBoacrsa.

RPE‘——\

Puc.71. Cxema ycuiuii u 31iop HaInpspKeHHH B CEUEHHH, HOPMaJIBHOM K TIPOIOTIBHOM OCH M3rnbaeMoi 0ypoHaOMBHOM

CBau, IpH ONpECACICHUN €€ JKCCTKOCTHU MOCJIC PACKPBITHUA TPCUINH U OIIPCACICHUA BEINYUHBI UX PACKPBITUA

B. Pacuer no PACKPLITHIO TPCIIUH, HOPMAJBHBIX K l'[pO)IO.]'II:HOﬁ OCH JdJIEMEHTA

10.9. llupuHa packpbITUS TPELIMH, HOPMAJIBHBIX K MPOJOJIBHON OCH 3JIEMEHTA, OMpPEAEIISETCS
mo ¢opmyne (138) CHull II-21-75 ¢ BBemeHnmem B ee mpaByl YacTh Kodhdumuenta Kj,
YUUTBHIBAIOUIETO YyCJIOBUSL OeTOHHMpOBaHMSI U paBHOrO Ks=l - mpu OETOHHUPOBAHUU «CYXUM

criocobom»; Ks=2 - npyu 6ETOHUPOBAHUH C IPUMEHEHUEM IIIMHUCTOTO PacTBOPA.

Benuuuna o, B 3TOM citydae onpenessercs JUlsi Haubosee pacTAHYyTOro apMaTypHOI'O CTEpPXKHSI

nipu oMoty popmy (140) mnu (144) B npenosIoKEHUH, YTO B HUX BEJIMYMHA fa; paBHA HYJIIO.

r. Pacuer no PACKPLITHIO TPEIIUH, HAKJTOHHBIX K l'[pOI[O.]'lI:HOﬁ OCH JJIEMEHTA

10.10. InpuHa pacKpbITUS TPEUIMH, HAKJIOHHBIX K MPOJOJBHON OCH 3JIEMEHTA, OIPEAEIAETCS

o gopmyne (146) CHull 11-21-75. [Ipunuem B HamieM ciaydae:
M =F,/du;

(154)



t=0/F}. (155)

B dpopmynax (154) u (155) npunsaTs! cienyromue 0603HauYeHUS:
d - nuametp cBau; F's - Tuiomaapr 6€ToHa, HAXOAIIETOCs B MPEJIEIaxX BHICOTHI:
ocTajabHble 0003HaueHud Te ke, yro u CHull 2.03.01-84.

11. YCTPOUCTBO 3ATJTYBJIEHHBIX TH)KEHEPHBIX COOPY KEHUI

a. YcTpoiicTBO OypoHAaOMBHBIX CBAHl CyXHM CIOCOOOM

11.1. BypoHaOuBHBIE CBaU B CBSI3HBIX CYXMX U MaJOBJIQXKHBIX TPYHTaX YCTPAUBAIOT CJIEIYIOLINM
criocoboM: OypoBOi arperar, CHaOXXEHHbIH pabo4YMM OpPraHOM, JCHCTBYIOUIUM IO HPUHIMILY
BpaliareabHoro OypeHus (IIHEKOBas KOJOHHA WJIM KOBIIOBBIA Oyp), pa3OypHBaeT CKBaXHHY
HEOOXO0IMMBIX AUaMeTpa U IIyOUHBI.

VYcThe CKBaXHMHBI OT BO3MOXKHOTO OOpYIICHHS 3alllMIIAIOT METaUIMYECKUM MaTpyOKOM.
BypeHue BBINOJHAIOT ¢ MEPUOAWYECKON BbIJayeil I'pyHTa Ha MOBEPXHOCTb B OTBaJ WJIM TPYHT
Ipy35T B aBTOTPAHCIOPT.

B HeoOxoaumbIX citydasx, OcCjie TOro, Kak 3a00i CKBaKMHbBI IOCTUTHET MPOEKTHON OTMETKH, B
HIOKHEH dYacTW WIM N0 JJIUHE CKBaXHUHBI pa30ypuBaroT moiocte. [lo oxoHuaHuu OypeHus
CKBA)KUHY OCBUJETEIbCTBYIOT.

3areM B CKBa)XHMHY YCTaHaBJIMBAIOT apMaTypHBIN KapKac, IOCIIe Yero OETOHUPYIOT CKBaXKHUHY.

beronupoBaHue OCYLIECTBISIOT METOJIOM BepTUKaIbHO mepemernatoueiics Ttpyosr (BIIT),
[Ipumensiemble OETOHOJMUTHBIE TPYOBl, KaK IpaBUIIO, CEKIMOHHBIE, CO CThIKAMH pa3JIMYHbIX
KOHCTPYKIUH U TEJIECKOIINYECKHE.

beronHylo cMech B MPUEMHYIO BOPOHKY OETOHOJUTHOW TPYObI MOJAIOT HEMOCPEJCTBEHHO W3
aBTOOETOHOCMECHUTEIIS MJIH CHEIUAIBHOTO TIPUEMHOT0 OyHKEpa, MPUTOTOBIISIIOT €€ Ha MecCTe JIM0o
JOCTaBJISIOT HEHTPATU30BAHHO.

[To mepe 6eToHMpOBaHUS OETOHOIUTHAS TPYOa U3BJICKACTCS U3 CKBAYKUHBI.

beroHHyl0 cMech B CKBaXXMHE MOXHO YIUIOTHATH C IOMOILBIO BUOPATOPOB, YKPEIUIEHHBIX Ha
MIPUEMHON BOPOHKE OETOHOJIUTHOU TPYOBI.

[lo oxoHuaHuM OETOHUPOBAHHSA CKBAKHMHBI TOJOBY cBau (OPMYIOT B CHEIHAIbHOM
MHBEHTApHOM KOHAYKTOpE.

[To 3TO¥ TEXHOJOrMM MPUTOTOBIAIOT OypoHaOuBHBIE cBau nuamerpoMm oT 400 mo 1200 MM u
MIHOM 110 30 M.

Bbypenue ckBaxunsl nuamerpom 400-1200 MM npousBoauTcs HaBecHbIM 00opynoBanuem CO-2,
HBO-1 (CO-1200), CO-1200/2000 na 6a3ze xpaHoB-3kckaBaTopoB I-10011, 3-1252 wmm MKI'-25
CTaHKaMH BpamaTesbHoro mHekoBoro Oypenus YI'BX-150, BTC-2 wumu moOpiMu  JpyrumMu
YCTaHOBKaMH, MO3BOJIIOIIMMU OypUTh CKBaXHHBI JuameTrpoM He MeHee 400 MM 110 Ti1yOuHBI,
MIPEAYCMOTPEHHOMN POEKTOM.

[Ipu ycTaHOBKE M LIGHTPOBKE OYpPOBOI0 CTaHKA CMEIIECHHUS B IJIAaHE M OTKJIOHEHUS BEPTUKAIbHON
OCH LITaHTU OT IIPOEKTHOTO MOJIOXKEHHUS OCU CBAU HE JTOMYCKAIOTCA.

beronnpoBanue ocymecTBisIeTCs TMMOJa4ei OCTOHHOM CMecH uepe3 BOPOHKY (OyHKep) ¢
OCTOHOUTHOU TPyOO# HAPYKHBIM JUAMETPOM, Ha 25-30 MM MEHBIIUM JUaMETpa CKBAXUHBI (st
OETOHHBIX CBail) WM BHYTPEHHETO JUaMeTpa apMaTypHOTO Kapkaca (/7S jKeJe300€TOHHBIX CBaif),
HO HE MeHee 273 MM.

JliinHa OETOHOIUTHOM TPYyObl Ha3HAYAETCS TAKOW, YTOOBI 3a30p MEXAY HUKHUM KOHILIOM TPYObI
1 3a00eM CKBaXUHBI Iepe]] Ha4asioM OeToHUpoBaHus ObUT B nipezenax 20-50 cm.

Jliia 6eToHupoBaHuUs NpUMeHsieTcsi OeToHHast cMech Mapku He Huke 200 ¢ ocankoit koHyca 14-
16 cm.

Jlyist 6eToHUpOBaHUSI HEAPMUPOBAHHBIX CBail muamerpoM 600 MM 1 OoJbIIe ¢ mojgadel OeTOHHOM
cMecH uepe3 OETOHOJUTHYI0 TpyOy JOMyCKaeTcss NpUMEHEHHE OETOHHOM cMecH IUTaCTUYHON
KOHCUCTEHIIMM € ocalkoi KoHyca 8-10 cM mpu 00s13aTelbHOM YIUIOTHEHUM O€TOHa B TOJIOBHOM
4acTU TIIyOMHHBIM 3JIeKTpoBHOpaTopoM (BuOpoOynaBoii min BuOpoursoi). KpynHocts rpaBust 1ist
M3rOTOBJIEHUS! OETOHHBIX CBail 10JKHA ObITh He O60see 40 MM, a mebHs 30 mm. [IpoyHocTs rpaBus



nu meOHs 1oKkHa ObITh He MeHee 80 Mlla.
beronnpoBanue OypoHaOMBHBIX CBail IOJHKHO TIPOU3BOAUTHCS 0€3 TIEPEPHIBOB.

TexHonoruueckas cxema ycTpoWcTBa OypOHAOMBHBIX CBall CyXHMM CIOCOOOM IOKa3aHa Ha PHC.
72.

0. YcrpoiicTBO 0ypoHAaOMBHBIX CBAll MOKPBHIM CIIOCOOOM

11.2. TexHosorus M3roToBJI€HUS OYpOHAOMBHBIX CBall C KpEIUICHHEM CTEHOK CKBAXKUH OT
oOpy1IeHHsI N30bITOYHBIM JIaBJICHUEM BOJIbI WJIM IIMHUCTOTO pacTBOpa MpHUMEHsETcs pu padboTe B
HEYCTONYMBBIX OOBOIHEHHBIX TPYHTaX.

bypeHue CKBaXXMH OCYIIECTBIISETCS BpALATEIbHBIM CIIOCOOOM, OJIHAKO IMpPH IPOXOJIKE
CKaJbHBIX BKIIIOUEHHH M TMPOCIOEK MOTYT OBITh HCIIOJb30BaHbl CMEHHbIE pabOYUE OpraHsbl
yaapHoro tumna (rpedepsl u 1070Ta).

CreHKH CKBa)XMHBI B 3TOM CIIy4ae YAEpPKUBAIOT OT OOPYIIEHHS TJIMHUCTBIM PAacTBOPOM HIIU
M30BITOYHBIM JIABJIICHUEM CTOJIOA BOJBI B CKBAXKHMHE. JTOMY K€ CHOCOOCTBYET M 0Opa3oBaHHME Ha
CTEHKaX CKBa)KUHBI TJIMHUCTON KOPKH.
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Puc.72. Cxema ycrpoiicTBa OypOHaOMBHBIX CBail C YIIMPEHHOH MSTOW CyXUM CIIOCOOOM
a - imHekoBoe Oypenue nuamerpom 400-600 MM; 6 - YCTPOHCTBO YIIMPEHHON ITOIOCTH MPHU MIOMOLIH PACIIUPHUTEIS; B -
yCTaHOBKA KOHJYKTOpa MHBEHTAPHOM OMagyOKH M apMaTypHOTo KapKaca; T - OITyCKaHHe BOPOHKHU C OETOHOIUTHOM
TpyOOii; 1T - 3aIOJHCHNE CKBaKUHBI OeTOHHOU cMechio Mapok 200-300 ¢ ocankoit konyca 10-12 cM; e - u3BieucHue
OETOHONUTHOM TPYOBI M (POPMHUPOBAHKE TOJIOBBI CBAM;
1 - cTpenoBoii kpaH; 2 - HaBecHOE OypoBoe obopynoBanue CO-2; 3 - OypoBasi CKBa)XUHA; 4 - PACIIUPUTEND; S -
KOHJYKTOp-onaiyOka; 6 - apMaTypHbIi KapKac; 7 - BOpOHKa OETOHOJIHMTHOM TpyOBb! (OyHKep); 8 - BHOpoOaps; 9 -
yIIMpEeHHas MsTa
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Puc. 73. Texnonorunueckas cxema ycTpoicTBa OypOHaOMBHBIX CBall B HEYCTOWYMBBIX TPYHTAX
a - GypeHHe CKBaXUHBI XKEIOHKOIT; 0 - mocajika 00cagHol TpyObl; B - OypeHHe CKBaXUHBI 0 MPOSKTHON OTMETKH; T -
3a4YHCTKA JTHA CKBAKUHBI M OTKAYMBAHHUE TYJIBIIBI; J - YCTAHOBKA apMATYPHOTO KapKaca; € - 3al0IHCHHE CKBAKUHBI
0eTOHOM;
1 - 6ypoBas ycranoBka YKC-22; 2 - sxenonka; 3 - Buoparop BII-80; 4 - obcannas Tpy6Oa; 5 - myOMHHBINH Hacoc; 6 -
apMaTypHBIH KapKac; 7 - 0ETOHOJIUTHAS Tpyda ¢ BHOPOOYHKEpOM

Puc. 74. Texnonorudueckas cxema ycTporucTBa OypOHaOMBHBIX CBall B HEYCTOWYMBBIX TPYHTAX C TIPHMEHEHHEM
oypoBoii yctanorku CO-1000/1200
a - OypeHue CKBaXXUHBI; O - YCTPOMCTBO YIIMPEHHOH MOJOCTH MPH TIOMOIIH PACIIUPUTEINS MO/ 3alIUTOH TIIMHUCTOTO
pacTBopa; B - yCTaHOBKA apMaTypHOT'O KapKaca; I' - yCTaHOBKa OETOHOJIMTHOM TpyOBl 1 OETOHUPOBAHHE YIIUPEHHON
noocty u crBoia MeronoM BIIT; 1 - ycTaHOBKa MHBEHTApHOM ONaayOKH M OETOHHPOBaHHE Or0JIOBKA CBaH;

1 - crpenoBoii kpan MKI'-25; 2 - 6ypoBoit koHIyKTOp; 3 - OypOBO# padoumnii opras; 4 - OypoBOM HIHHAD; S -
aBTOCaMOCBaJT; 6 - EMKOCTb JUIsl TJIMHUCTOT'O PacTBOpa; 7 - pacIIMpHUTENb; 8 - apMaTypHBIi Kapkac; 9 - OyHkep ¢
OeToHONUTHOM TpyOOit; 10 - aBTOOETOHOCMECHTEND; 11 - HHBeHTapHas onanyOka; 12 - ctBon OypoHaOuBHOM cBau; 13 -
yIIMpEeHHas MsTa

[Tocne mnpoumsBojacTBa OypoOBBIX pabOT M 3aYMCTKH 320051 B CKBAKHWHY YCTaHABIIUBAIOT



apMatypHblii kapkac U MetoaoM BIIT 0eToHHpPYIOT JUTHIMM OETOHHBIMH CMECSIMH C OCaJIKON
koHyca 16-20 cm. Ilpu 6eTroHupoBaHuM MO BOLY IPUMEHSIOT CEKIIMOHHbIE OETOHOJIUTHBIE TPYOBI €
OBICTPOPA3bEMHBIMHU CTHIKAMHU.

Crioco0 OeroHupoBaHuss U (opMOBaHMS TOJOBBl CBau HE OTJIMYAETCS OT crocoda
OETOHMPOBAHUS CBall B CyXUX I'PYHTaX.

MunumanbHbll  AuamMeTp OypeHMsl CKBaXKMHBI, KOTOpPBIA MOXET ObIThb MNPUHAT IO
TEXHOJIOTHYECKUM YCIIOBUSIM YCTPOICTBA OETOHHBIX HAaOMBHBIX CBail, OETOHUPYEMBIX I10JBOIHBIM
crioco6om, paseH 390-400 MM, xene300eToHHBIX - 500 MM.

MaxkcumanbHblii tuamerp OypeHusi ckBaxkuH yctaHoBkamu YPB-3AM u YI'BX-130 - 800 mm,
IIpU yJIapHO-KaHATHOM W BpalaTesibHO-BcachiBatouieM Oypenuu - 1200 mm, CO-1200 - no 1500
MM. Jlnametp pazOypusaemsbix ymupenuit 1200, 1400, 1600, 1800 u 2000 mm.

CocTaB INIMHUCTOTO PAacTBOPA 337A€TCS MPOEKTOM M MOJI0MPAETCsl CTPOUTENBHOM JabopaTtopueit
B 3aBUCHUMOCTH OT XapaKTEPUCTUKH NPOPE3aEMbIX TPYHTOB U MPUMEHSEMOM IIHHBI.

YpoBeHb TIJIMHUCTOTO pacTBOpa B CKBaKHWHE HE3aBUCHMO OT crocoba OypeHHus AO0JDKEH
MIPEBBILIATh YPOBEHb TPYHTOBBIX BOJI HE MEHEe 4yeM Ha | M mpu Haiuyuu o6cagHoi TpyObl, a npu
OTCYTCTBHH HE JIOJDKEH OBITh HUXKE YCThsI CKBAXKHHBI.

CocraB OeTOHHOM cMecH JO0JDKEH 00ecreurBaTh MOJyY€HUE MPOYHOTO U JJOJrOBEYHOro OeToHa
3aIaHHOM MapKd U YAOBJIETBOPATH TpeboBanmsM aeiicTByromux ['OCToB Ha THAPOTEXHUYECKUMA
0€eToH.

[Ipounocts GeToHa Mpu oAOOPE ero cocTaBa HazHavyaeTcst Ha 10% BbIlle TPUHATON MPOEKTOM.

Mapka OeToHa aJis TOABOJHOTO OeTOHHMpOBaHUsS nomyckaercs He Hike 300 mpu pacxone
eMenTa He Menee 400 kr Ha 1 M° GeToHa.

TexHonornueckas cxema ycrpoiictBa OypoHaOMBHBIX CBall B HEYCTOMYMBBIX IPyHTaX IOKa3aHa
Ha puc. 73, 74.

12. HATYPHBIE UCIIBITAHUA BYPOHABUBHBIX CBAM

12.1. byponaOuBHbIE cBau, IpUMEHSEMbIE B (PyH/IaMEHTaX YJEp>KUBAIOIIUX COOPYKEHUH, dale
BCEr0 TOJIBEP)KEHbI COBMECTHBIM BO3JEHCTBUSAM BEPTUKAJIBHOM M TOPU3OHTAJIBHON Harpysku, a
OypoHaOMBHBIE CBaW, yCTpauBacMble Ha OTOJ3HEBBIX YyYacTKax B KayeCTBE YIOPHBIX CTOEK s
YAEPKUBAIOUIMX CTEH WM B CBAlHBIX 3arpakJ€HUsX, MOJABEPralOTCs CIBUTAIOUIMM Harpy3kKam
(Jaie BCero moJ yriioM K Ocu cBau) 0e3 BepTUKAIBLHOM BAaBJIMBaroIieil Harpy3ku. C yd4eTom 3TOro
HaTypHbIE HCIBITaHUS OypoHAOWMBHBIX CBail cleAayeT MPOBOAMTH B OJHUX CIydasX TOJIBKO Ha
JNEUCTBHE TOPU3OHTAIIBHOM HAarpy3kW, B JPYIrMX - Ha COBMECTHOE JIEHCTBHE BEPTHUKAIbHBIX
BJIaBJIMBAIOLIUX U TOPU3OHTAIBHBIX YCHIIUH.

a. UcnbiTaHue cBali HA TOPU30HTAJILHYI0O HATPY3KY

12.2. 3arpy3ka HUCHBITBIBAEMOM CBaW IMPOU3BOJUTCS HPHU IMOMOIIU OJHOTO WM HECKOJbKHX
JOMKpaTOB, YIOPHOT'O YCTPOMCTBA U ONIOPHOW KOHCTPYKIUU.

12.3. Ilpu ucnbITaHUM OJHOW CBaW OMOPOM I CO3JaHUSI TOPU3OHTAIBHOM HArpy3Kd MOXKET
CIIYKUTh JII00ass KOHCTPYKIHUS (HampuMep, POCTBEPK), PACIOJOKEHHAas B HEMOCPEICTBEHHOU
ommzocTH (puc. 75).

12.4. Tlpu ucnoblTaHUU JBYX CBail 3arpy304HO€ YCTPOMCTBO (JIOMKpAaT U YHOpHBbIE OalKu)
pacnojaraiorcss Mexay HuMH. CBau cioyxaT omopamu Uil 3arpy304HOro YCTpOWCTBAa H
UCHBITHIBAIOTCS OJHOBpeMeHHO (puc. 76). PacctosHue Mexay cBasMU B 3TOM cClydae JOJIKHO
cocTaBisATh He MeHee 4d wnu 2D (d - HapyXHbIil 1uameTp cBau; D - 1uaMeTp YILIUPEHHUS).

12.5. Ilpu ucnpiTanusIXx Tpex U Oosiee cBail ymopoM MOXET ObITh OIOpa, PACIOJIOKEHHAs B
reoMeTpuueckoM IeHTpe Kycra. Ilpu ngocraroyHoM Hanmuyuu 00OpYyIOBaHHS BCE CBau
UCIBITHIBAIOTCS OJHOBpeMeHHO (puc. 77). B 3ToM ciydae cBau MOXHO HCIBITBHIBATh TaKXkKe
MONIAPHO, a OCTaBUIYIOCSA (MpU HEUYETHOM KOJHMYECTBE) CBAIO HCIBITATh C MOMOIIBIO OMOPHOIO
yCTpoiicTBa, 00pa30BaHHOTO U3 IBYX UCIIBITAHHBIX CBall U Oanku (puc. 78).
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Puc. 75. Cxema ucnpITaHus OJTHON CBaKM Ha TOPU3OHTAIBHYIO HATPY3KY
1 - ucnbITEIBaeMast cBast; 2 - THAPOAOMKpAT; 3 - mporubomMepsr; 4 - pacnopHast 6aika; 5 - Ganka Uit KperieHus
nporuboMepoB

12.6. Ilpu HU3KOM POCTBEPKE, a TAKXKE MPU HATUINH HECKOJIBKUX CBAll B HAIPABICHUU JACHCTBUSA
TOPU30HTAJIBHBIX U MOMEHTHBIX HAarpy30K PEKOMEHAYETCS HMCIBITHIBATH CBAH OJHOBPEMEHHO C
POCTBEPKOM, KOHCTPYKIIMSI KOTOPOTO NMPUHUMAETCS MO0 MPOEKTY, a IIUPHUHA - PABHOM IIary cBail B
pAny, NEPIEHIUKYIAPHOM ACHCTBUIO HATPY3KH.
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Puc. 76. Cxema 0JHOBPEMEHHOT'0 UCTIBITAHUS ABYX CBai
1 - ucnbITBEIBaeMast cBast; 2 - MpOruOOMepHI; 3 - pacropHble 0aKu; 4 - THAPOJOMKPAT; 5 - OaNKu I KpeIuIeHNs
nporuboMepoB




Puc. 77. CxemMa 0JJHOBPEMEHHOT 0 UCIIBITAHUS YETHIPEX CBaif
1 - ucmBITEIBaEMBIE CBau; 2 - TUAPOAOMKPAT; 3 - OMOPHBIN y3eI
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Puc. 78. Cxema ucIbITaHUsI CBau C YIIOPOM B JIBE COCETHHE
1 - ynopHble cBawu; 2 - yriopHas 0anka; 3 - pacriopHas 6ajika; 4 - THIPOJOMKPAT; 5 - HCIIbIThIBaEMast CBast

12.7. MuHAMaJIBHOE PAacCTOSTHUE MEXKY OCSIMHA OJUHOYHBIX OIBITHBIX CBAM, UCIBITHIBAEMBIX Ha
NeCTBHE TOPU3OHTAJIBHBIX CUJ, JOJUKHO OBITh HE MEHEE PAcCTOSIHMS MEXAY OCSIMU cBail B
pOCTBEpKE.

12.8. YmopHoe yCTpOMCTBO [UIsl UCIBITAaHUS CBall COCTOMT W3 LEHTPUPYIOLIEH NPOKIAJIKH,
YCTaHaBIMBAEMOW Yy TOJIOBBI CBau, M pacmopHoil Oanku. CriemyeT o00s3aTeNbHO pacdyeToM
IIPOBEPSTH UX TPOYHOCTE.

12.9. Tlporubomepsl Kpemsarcss K YrojKy, paclojOKEHHOMY HEpIEeHIUKYJISIPHO HarpaBiICHHUIO
NEeUCTBUS HArpy3KH. YTOJIOK KPEMUTCS K IBYM CTOWKam, 3a0UTHIM B TPYHT CO CTOPOHBI JE€HCTBUSA
Harpy3ku BHE 30HBI nedopmaruu, T.e. He MeHee 4eM B 20-30 cM OT IJIOCKOCTEH, mapayienbHbIX
JNENCTBUIO HATPY3KH U MPOXOALIUX 10 KACATEIBHBIM K HAPYKHOM ITOBEPXHOCTU CBAM.

12.10. Hutu nporubomepoB pacrosararTcs napajuleJbHO HANPaBJICHUIO NEHCTBUS Harpy3ku B
OJIHOM YPOBHE Ha IUIOCKOCTH, HEPIEHANKYISAPHOU JEWCTBUIO HArpy3kd, Ha OJUHAKOBOM
PAcCTOSTHUU OT BEPTUKAIBHOM INIOCKOCTH, IIPOXOALIEH Yepe3 JIMHUKO IEUCTBUS HATPY3KH.

12.11. Onrtuyeckue KBaJIpaHTbl YCTaHABIMBAIOTCS Ha TJIAJKYI0 TOPU3OHTAJIbHYIO IUIACTHUHKY,
KECTKO YKPEIUIEHHYIO B T'OJIOBE CBaH.

12.12. HuBenup ycranaBiuBaeTcsi Ha rojoBy cBau. Och ero (pukcupyercs B rOpH30HTAIHHOE
[IOJIOKEHWE B HANPABICHWH JeHUCTBHUS Harpysku. Ha paccrosHum 5-7 M OoT HuBenupa
YCTaHaBJIMBAETCsS BEPTHUKAJIbHAS pelKa, Ha KOTOPOM OTMEYaeTCs IOJIOKEHHE OCH HUBEIHpa JI0 U
IoCJ€ MPUIIOKEHUS Harpy3kd. [Io HM3MepeHHBIM IEepeMENIEHUsM OCH HHUBEIMpa II0 pEeHKe M



PACCTOSTHUIO OT HUBEIUPA 0 PEUKH ONPEIEIAETCS TAHIEHC YIJla HAKJIOHA TOJIOBBI CBaW, a 110 HEMY
- M CaM YroJl HaKJIOHa.

12.13. Cratuueckue HWCIBITAaHUS CBail Ha TOPU30OHTAIBHYIO HArpy3Ky MpeAarnosaraimr
YCTaHOBJICHUE 3aBHCHUMOCTH T'OPU30HTAIBHBIX MEPEMEIIECHUM U YIJIOB ITOBOPOTA TOJIOBBI CBAaW OT
JNENCTBUS HATPY3KH, BO3PACTAIOIIEH IOCTEIIEHHO, CTYIIEHAMM.

12.14. BenuuuHa cTyneHeld Harpy30K YCTaHABIIMBAETCS MPOTrpaMMOMN IOJIEBBIX HCIBITAHUN B
pasmepe 1/10 mpeanosiaraemoit mpeneapHO HAarpy3KH Ha CBalo.

12.15. MHTepBanbl MeXQy OTCUETaMHM Ha KaXJOM CTYIEHU HArpy3KH IPUHUMAKOTCS COTJIACHO
I'OCT 5686-78.

12.16. TopuzoHTalbHOE MEpeMEIleHUEe TOJIOBbl CBal NpPU 3aJaHHOW CTYNEHH Harpy3Ku
CUMTAETCsl CTAOMIM3UPOBAHHBIM, €CIM €ro IpHpainieHue cocraBiser He Oonee 0,1 MM npu
PacroJIoKEeHUU CBau (J10 IIyOUHBI ee 3a/1€JIK1) B IIecKax - 3a OCIeAHUN Yac, B INIMHUCTBIX TPYHTaX
- 3@ IOceHue 2 4.

12.17. HcnelTanue cBaii Ha TOPU3OHTAIBHYIO HArpy3Ky PEKOMEHIYETCS IPOBOJWUTH JBYMS
cioco0amu:

1) mocne crabunu3aluy NEpEeMENIeHUM Ha KaXJ0M CTYNEHU Harpy3ku MEepexolsaT cpasy K
cienymomel cTyreHu. B KoHIe 3arpy’eHusi IpOU3BOIAT MOJIHYIO pa3rpy3Ky (puc. 79.a);

2) nocye cTabUIM3aluy MepeMEIeHN Ha KaX/I0M CTYMEeHH HAarpy3Kd MPOU3BOJSAT YaCTUUHYIO
pa3rpy3Ky Ha OJHY CTYNEHb JI0 MPEAUIECTBYIOUIEH CTYIEHH. Y CTAHOBUB BEIMYMHY OCTATOYHOU U
yrnpyroit nedopmanuy, Harpy3Ky yBEJIWYMBAIOT Ha JBE CTYNEHH cpas3y, T.e. J0 BEJIUYUHBI
ouepesiHOM cTyneHu. B KoHIe 3arpykeHust Ipou3BOIAT HOJIHYIO pa3rpy3Ky (puc. 79.B).

11 puMcHYaHHUC. Ilonnas pas3rpys3ka Nponu3BOAUTCA CTYICHAMUA, paBHbBIMU OI[HOﬁ WK IBYM CTYIICHAM Harpysku.

12.18. Ilpu wucneITaHUM Ha JEUCTBUE TOPU3OHTAIBHOM HArpy3Ku CBal, JOIYCTUMBIE
negopManuu KOTOPbIX NMpeBbIaT 10 MM, a Takke Ipu HEOOXOJUMMOCTH OIPEIEICHHs BEIMUHHBI
IIepeEMENICHUs TOJIOBBI CBau IIPU 33JlaHHOM HArpy3Ke 3arpyKeHHe PEKOMEHJIYeTCs IPOU3BOJIUTH
OOJIBIIMMHU CTYNEHSIMU C Pa3rpy3Koi Mocie KaKa0h CTyneHu 10 Hyns (puc. 79.6).

a) 0] 8)
L L 1T
8% = S pE T g 3 !
T ot ISR i ras
o - L. S5 .~
S £ S o Iy
B nk i § Qs 3 tj o [
g g} I BRI ') IS gg’
X g = ) f R ]
23 S Sl oo 8
oy , N
ISR T S S / g
< | U §§ INERES s
L ) LI [ ,/
[Opu3oHmanskoe nepemewe- TOpU3OHTIONBHOE 1EPEMEYP~ (GPUBOHTIC I6HTE TELEMELYE-
nue clau, A, v nuecéau , Ap, MM wue cbau, ., mm

Puc. 79. I'pahuky 3aBUCHMOCTH TOPU30HTAIFHOTO MTEPEMENICHHS CBaK OT BHJA HATrPY3KH.
a - IpY paBHOMEPHO BO3pacTalolIeii Harpy3ke; O - TO ke, C MOJTHOH Pa3rpy3Koil Ka)JI0M CTYNeHH; B - TP PABHOMEPHO
BO3pACTalOIIeH Harpy3Ke ¢ YaCTUYHOM pa3rpy3Koi Mmocie Kax/J0i CTYIIeHH.

0. UcnbiTaHue CBail HA COBMECTHOE JielicTBHE BEPTUKAJIBHBIX BAAB/IMBAIOIINX H
TOPU30HTAJIBbHBIX yCI/[.J'II/[ﬁ

12.19. Ilpu oXuoaeMbpIX TOPU3OHTAIBHBIX IMEPEMEIICHUIX CBaW OT JEWCTBUS ITOCTOSIHHOW
Harpy3ku Oosiee 10 MM U JeHiCTBUM Ha HEe BEPTUKAJILHOM BIABIMBAIOIIEH HArpy3KH UCIBITAHUS
CJIelyeT IIPOBOJUTE HA COBMECTHOE JIEUCTBUE BEPTUKAIBLHON U TOPU30HTAIBHON HAarpy30K.

12.20. BepTuKalbHYI0O W TOPHU3OHTAJIBHYK) HArpy3Ku CIEIYeT INPUKIAIbIBaTh OJHOBPEMEHHO
MOHOTOHHO BO3pacTalOIIMMM  CTYNEHAMH, paBHbIMH 1/10 pacueTHOM BepTUKAIbHOU U
TOPU30HTAIBHOM HAarpy3KH Ha CBAalo.

12.21. WcnplTanne cBall Ha COBMECTHOE JEHCTBHE BEPTUKAIBHOM M TOPU30HTAJIBHOM HArpy3ok
MO>KHO IPOBOJIUTH ABYMS CLIOCOOAMMU:

1) nBymst unu Oosiee JOMKpaTaMu, CO3AAIOIIMMU Pa3/eIbHO TOPU30HTAIbHBIE U BEPTUKAIbHBIE



Harpys3Ku;

2) OAHMM JIOMKpPATOM, pacHoJlaraéMbIM MOJ U3MEHSIOUIMMCS YIJIOM K T'OJIOBE CBAaW TaK, YTOOBI
TFOPU30HTAJIbHAS W BEpPTHKAJbHAsl COCTABISIOUIME YCWIHSA, IEPEIaBaEMOr0 JIOMKpaToM, ObUIH
PaBHBIMHU CTYIICHSIMHU Harpy3KH.

12.22. Ilpn ucnblTaHUK OAHUM JOMKPATOM HArpy3Ky Ha IOJIOBY CBau CIEeAyeT IepeaaBaTh 4yepes
KAaTKOBBIM IIApHUP, HAJEKHO MPHUKPEIUIEHHBIH K rojioBe cBau. OCh JEHCTBUS HArpy3Ku AOJDKHA
ObITh HEPIEHIUKYJSPHA MPOJOJIbHON OCH KAaTKOBOI'O LIApHUpA U MPOXOJAUThH depe3 Hee. JIuHus
JNEUCTBHs HArpy3KH JIOJDKHA JEIUTh INapHUP HA JBE paBHble 4yacTH. IIpomonbHas ocw mapHupa
JOJKHA JIEKaTh B OJHOM BEPTHKAJIBHOM IIJIOCKOCTH C OCbIO CHMMETPHUM ITONEPEYHOIO CEYCHHUS
cBau. IlnacTuHa, yepe3 KOTOpPYHO NEPENAeTCs yCWIME Ha TOJIOBY CBaW, JOJDKHA PacIojararbes
CUMMETPUYHO OTHOCUTENIBHO MTPOJIOJIBHON OCH IIApHUpPA U HAIIPABJICHUS ACUCTBUS HAIPY3KHU.

12.23. Hutu nporuGoMepoB cieayeT KpenuTh K JBYM LITBHIPSAM TaK, KaK 3TO MPEIyCMOTPEHO II.
12.9 Hacrosiero PykoBoacTsa.

12.24. Ontuueckue KBaIpaHThl WX HUBEIHP YCTAHABJIMBAIOT KaK MpeaycMOTpeHo mim. 12.11 u
12.12.

12.25. HUcneiTanus cieayeT BECTH OO JOCTHUKEHHUSI CBA€ll MPENEIbHOTO CONPOTUBIICHHUS HA
JNENCTBHE BEPTUKAIBHOW MIIM TOPU30HTAIBHON HATPY3KH.



